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ABSTRACT 

 

Rice is staple food in Liberia and therefore self-sufficiency in rice production remains a 

major concern. However, Liberia is experiencing insufficiency in rice production due to 

high production cost and low national average output of 1.2 t/ha, which is significantly 

low as compared to other West African countries. This has resulted in the increased 

importation of rice in the country consequently taking significant portion of the nation’s 

foreign exchange. Rice production and supply is sensitive to profitability. Improving 

profitability provides incentives to increase production and marketable surplus; thereby 

helping Liberia bridge the gap between supply and demand. The best and most effective 

way to improve productivity is through more efficient utilisation of scare resources. This 

study was conducted to analyse profit efficiency among smallholder rice farmers in Bien 

Garr and Panta Districts, Central Liberia. Specifically, it focused on analysing profit 

efficiency and sources of inefficiency. Data were collected from 400 smallholder rice 

farmers using two stage random sampling with stratification.Translog profit function was 

fitted to the data to generate results. The findings revealed that labour cost represented the 

highest percentage of cost structure for all farmers varying from 73-92%. Lowland 

farmers were more profitable than upland farmers. Factors that distinguish significant 

difference between low profit farmers and high profit farmers were level of rice farming 

experience, access to credit and extension services, membership to farmers group, rice 

variety cultivated, use of fertiliser, use of herbicide and agroecology (P<0.05). It was also 

found that smallholder rice farmers were not operating at full profit efficiency level. 

Profit efficiency level varies among the farmers ranging from 13% to 93%, with mean 

efficiency level of 67%. To operate as the best efficient farmers in the study area, on 

average, the sample rice farmers would need to reduce their costs by approximately 28%. 

Inefficiency in rice production was significantly influenced by farming experience, 
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household size, access to credit and extension services, membership to farmers group and 

market information access (P<0.05). From these results, it clear that improvement in 

profit efficiency would require the use of yield improving technologies. Also, there 

should be programs with focus on increase access to credit and extension services. Lastly, 

farmers should be encouraged to join or form association which may bring benefits to 

them. 
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CHAPTER ONE 

 

1.0 INTRODUCTION 

1.1 Background Information 

Rice is the primary staple food crop for Liberia's 3.5 million people representing over 

33% of their food consumption. It accounts for approximately 50% of adult caloric 

intake; with an annual per capita consumption estimated at 133 kg (USAID-BEST, 2014). 

Moreover, rice is largely a price-inelastic commodity in the household, reinforcing the 

colloquial expression that “one has not eaten that day if one has not eaten rice” (USAID, 

2009). In Liberia, rice and its price are considered politically sensitive. Tsimpo and 

Wodon (2008) estimated that a 20% rise in the price of rice would increase the poverty 

headcount by three to four percentage points. Furthermore, the significance of rice in the 

Liberian diet can be elucidated by its demand and consumption pattern over the years. 

Average annual production from 2009-2012 was about 290 600 MT whereas the total 

average annual consumption was over 400 000 MT (NRDS, 2012;FAO, 2013). The gap 

between the demand and local production is met through importation of rice from 

countries such as USA and China which in no doubt takes significant portion of the 

nation’s foreign exchange. Approximately 90% of the locally produced rice is for rural 

households’ consumption and retained seeds and the remaining is sold to the market 

(CFSNS, 2013; USAID-BEST, 2014). Because of the little marketable surplus for urban 

areas, urban households mostly consume imported rice. 

 

Rice is predominantly grown in upland environments between 100 and 300 meters above 

sea level by 75% of the smallholder rice farmers and account for 70-75% of the planted 

area, while the rest is occupied by lowland rice cultivation (CFSNS, 2008; USAID-BEST, 

2014). Liberia has huge potential in rice production. It has very good annual rainfall of 
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approximately 2000mmand it is endowed with about 600 000 ha of irrigable land in 

which less than 10% has been used (Lançon and Erenstein, 2002; NRDS, 2012), and is 

one of the African countries with the highest amount of renewable water resources per 

inhabitant: more than 71 000 m
3
/year (FAO, 2005).Liberia has alluvial soil type that 

containlarge amount of plant nutrients for annual crop production. 

 

Despite the high production potential, yield in Liberia is just about 1.2 t/ha (NRDS, 2012; 

FAO, 2013; USAID-BEST, 2014). This is low when compared to other West African 

Countries with 2.7t/ha in Ghana, 3.0 t/ha in Côte d’Ivoire, 3.4 t/ha in Mali, 4 t/ha in Benin 

and 7.0 t/ha in Senegal (Donkoh and Awuni, 2011; Oladeleet al., 2011; Donkor and 

Uwusu, 2014). The yield gap is approximately triple when compared to potential yield of 

4 t/ha (NRDS, 2012). It has also been noted by USAID-BEST (2014) that Liberia low rice 

yields is due to the predominance of traditional farming practices, the absence of 

mechanization, and low levels of public sector support. According to the Comprehensive 

Food Security and Nutrition Survey, 2013, improved rice seed varieties were used by 

approximately 14% of the rice farmers in Liberia. Nationally, the use of fertilisers, 

herbicides or pesticides is negligible at less than 1% (CFSNS, 2013), but regionally, 

Tarway-Twalla, (2013) found that 24% of the farmers in the western and central regions 

used fertilisers on their farms. In addition, percentage increases in growth rates for yield 

have also been lower than in other countries in the region. For example, from 2001 to 

2013, the average annual growth in yield was only 1.6% as compared to 2.1% in Ghana, 

5.4% in Mali, 5.8% in Senegal, 6.3% in Cote d’Ivoire and 6.8% in Sierra Leone (USAID-

BEST, 2014). This combination of low yield and low growth rates results in limited 

marketable surpluses of local rice and low income from rice production. Furthermore, rice 

production cost in Liberia is higher than the price of a comparative imported parboiled 

rice. For instance, it costs 769 USD/MT in the upland and 718 USD/MT in the lowland; 
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while a metric ton of imported parboiled 25% broken rice costs 682 USD (USAID-BEST, 

2014). 

 

For the past decade, there have been many interventions in the agriculture sector by the 

government and its partners to enhance the productive capacity of farmers to boost rice 

production in Liberia through research and development. There are programs created to 

link farmers to inputs such as improved seed, fertiliser and weed and pest management. 

The Agricultural Sector Rehabilitation Program (ASRP) implemented by the Ministry of 

Agriculture has focused on rehabilitatingexisting rice production facilities, constructing 

agro-processing facilities and farm to market roads. The crop rank first in terms of 

research priorities among all crops within the Central Agriculture Research Institute 

(CARI). Food security and market linked smallholder agricultural production and 

productivity are at the centre stage of the Liberia Agriculture Sector Investment Program 

(LASIP). LASIP highlights investment in food production with availability dimension to 

ensure food; especially rice is available through local production (LASIP, 2010). 

Adhering to the recommendations of the LASIP for the development of sub sector 

policies and the formulation and implementation of a rice policy respectively, the 

National Rice Development Strategy (NRDS) was developed in 2010. The Liberia 

National Rice Development Strategy from 2010-2018 envisions self-sufficiency with 

focus on increasing area of lowland rice hectares, adoption and diffusion of appropriate 

agricultural production technologies such as using high yielding rice varieties, fertiliser, 

field protection chemicals, labour saving machines and building an export capacity for 

rice production with the goal of doubling current production by 2018 (NRDS, 2012). This 

implies that Liberian farmers need to be more efficient in their production activities, and 

should also be responsive to market signals, so that scarce resources are utilized 

efficiently to increase productivity as well as profitability, and ensure supply to the urban 
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market. Furthermore, efficiency gains will have a positive impact on raising farm income 

of these largely resource poor farmers.  

 

Liberia as a member of ECOWAS has adopted the Common External Tariff (CET) in 

January 2014 with 10% tariff band on milled rice (Roquefeuil, 2014). Liberia negotiated 

entry over a three year period that would give it time to adjust to a rate higher the ad hoc 

effect tariff rate since 2008 and a rate which is lower than its nominal rate. The outcome 

is an increase in tariff, providing trade protection benefit to Liberia’s rice production but a 

welfare loss to the Liberia’s rice consumers. Since 2013, the Ministry of Agriculture 

follows a policy requiring the agency to purchase the paddy at 20 USD per 50 kg bag plus 

2 USD per bag for transportation and handling for a total effective farm gate price of 22 

USD per 50 kg bag of paddy. Similarly, WFP procures rice for its Purchase for Progress 

(P4P) program at this same rate. In evaluating this procurement price, the equivalent farm 

gate price for paddy is derived using market prices in the range of 16-20 USD with a 

midpoint estimate of 18 USD per 50 kg of paddy (USAID-BEST, 2014). 

 

1.1.1Rice production in Liberia 

Rice is produced in all parts of Liberia but higher production is experienced in Nimba, 

Bong and Lofa counties. In total, these three counties account for about 58.2% of the area 

under rice production in the country. The remaining counties have less areas of rice 

production (Table 1).  
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Table 1: Estimated rice production by County in Liberia 

County Production area in 000’ ha Percent 

Nimba 51 21.3 

Bong 48 19.9 

Lofa 41 17.0 

Grand Bassa 14 5.7 

Gbarpolu 12 5.2 

Grand Kru 10 3.9 

Sinoe 8 3.5 

Grand Cape Mount 7.5 3.1 

Maryland 7.5 3.1 

River Gee 7.2 3.0 

Bomi 7 2.9 

Margibi 6 2.6 

Montserrado 6 2.6 

River Cess 5 2.1 

Source: NRDS (2012) 

 

Several studies have estimated rice production in Liberia. Tsimpo and Wodon (2008) 

reported that annual rice production in Liberia declined from 180 000 tons at the start of 

the civil conflict to 110 000 tons in 2008. But in 2012, rice production increased to 290 

000 metric tons per annual (FAO, 2013). The increase is conceived to be attributed to an 

increase of the area under rice cultivation (NRDS, 2012). 

 

1.1.2 Trends in Liberia rice supply, demand and trade 

Rice is a commodity of strategic significance in Liberia. Driven by changing preferences 

in the urban and rural areas and compounded by high population growth rates and rapid 

urbanization, rice consumption in Liberia has increased from about 244 000 tons in 2000 

to approximately half a million tons in 2012 (NRDS, 2012).  Liberia net trade is projected 

to grow at 3.3% per year increasing from 220 thousand metric tons in 2011 to 313 000 

MT by 2022. Consumption is expected to increase by 3% per year from 409 000 MT in 

2011 to 567 000 MT by 2022 (Fig.1). The domestic supply projection reflecting an annual 
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growth of 2.7% is based on an expansion in area harvested of 1.7% per year and an 

increase in yields of only 1% per year. As such, the dependency on imports remains 

approximately 60%. 

 

 

Source: Wailes (2013) 

Figure 1: Liberia rice supply and utilization estimates 

 

1.2 Problem Statement and Justification 

Efficient farm practices can enhance productivity, farmers’ profit and marketed rice. In 

Liberia there is a concern among the development agencies and policy makers over the 

persistent low yields and high cost of production in the midst of increasing demand for 

rice (FAO, 2013).The NRDS (2012) anticipates of improving farmers’ profit by creating 

smallholder farmer’s access to yield enhancing inputs and linking farmers to market.  
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Fan et al. (2013) have shown that overcoming production and marketing challenges of 

smallholder farmers will enhance profitability and efficiency; thereby helping to do their 

part in feeding the world’s hungry. Helping small, poor farmers achieve better output for 

their own consumption and to sell at local markets is the most powerful way of combating 

hunger and poverty around the world (Kropffet al., 2013).Improving profitability 

provides incentives to increase production and marketable surplus; thereby helping 

Liberia bridge the gap between supply and demand. This also will increase farmer’s 

income and reduce poverty. On the other hand, in order to realize increased production 

and efficiency, smallholder farmers in developing countries need to efficiently utilize the 

limited resources accessed for improved food security and farm income generation 

(Amos, 2007). 

 

Considerable efforts have been directed at examining productive efficiency of rice 

farmers in West Africa with most of these studies on technical efficiency (Ogundele and 

Okoruwa, 2006; Idiong, 2007; Seidu, 2008; Djokoto, 2012; Abdulaiet al., 2013). Due to 

the fact that farmers face different endowment and different optimal operating points, 

technical efficiency studies may fail to capture inefficiencies associated with different 

factor endowment and input and output prices across farms (Ali and Flinn, 1989 and 

Wang, et al., 1996). Few studies have measured profit efficiency among rice farmers in 

West Africa (Kolawole, 2006;Adamu and Bakari, 2015). These studies have only 

estimated the efficiency levels of farmers but did not estimate the magnitude of profit loss 

based on the estimated efficiency levels. In addition, these studies did not profile high 

efficiency farmers and low efficiency farmers. Furthermore, the results of profit 

efficiency studies on rice production in West Africa and elsewhere vary across location 

and time and also the applicability of these findings are quite limited in specific farmer 

location due to their broad geographic scope, different socio-economic backgrounds and 
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resource endowments.Again, as far as empirical literature in the Liberian context is 

concerned there are virtually no measurements on efficiency in rice production. 

Analysing profit efficiency and sources of inefficiency and estimating the magnitude of 

profit loss due to allocative and technical inefficiencies could provide policy makers with 

useful information to design programs that can contribute to measures needed in 

increasing rice production and productivity for Liberia.  

 

Given this backdrop, the studyanalyses profit efficiency of smallholder rice farmers, 

estimates profit loss, profiles high and low efficiency farmers and identifies farm-specific 

characteristics that explain variation in efficiency of individual farmers. The study 

contributes to the empirical literature with respect to African agriculture more generally, 

and Liberian agriculture in particular. 

 

1.3 Objectives of the Study 

1.3.1 General objective 

To determine the farm level profit efficiency and identify determinants that explain 

variations in efficiency among rice farmers for improving farm performance, food 

security and sustaining rice production in Bein Garr and Panta Districts, Central Liberia. 

 

1.3.2 Specific objectives 

i. To analyse the profit from rice farming. 

ii. To determine socio-demographical, institutional and technological 

characteristics distinguishing low profit from high profit farmers. 

iii. To analyse profit efficiency among rice farmers in the study area. 

iv. To identify farmer and farm specific characteristics that explain variations in 

profit efficiency. 
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1.4 Hypotheses 

1. There is no significant variation in profit among smallholder rice farmers. 

2. The variables such as socio-demographic, institutional and technological 

characteristics are not different between low profit smallholder rice farmers and 

high profit smallholder rice farmers. 

3. Smallholder rice farmers in the study area are not profit efficient. 

4. Farmer’s education, farming experience, off-farm income, household size, main 

occupation, access to credit, access to extension services, rice variety cultivated 

and agroecology have no influence on profit inefficiency.  

 

1.5 Significance of the Study 

Rice is staple food in Liberia and therefore self-sufficiency in rice production remains a 

major concern. However, due to the low productivity (national average output of 1.2 t/ha) 

and high production cost, Liberia is experiencing insufficiency in rice production.This has 

resulted in the increased importation of rice in the country consequently taking significant 

portion of the nation’s foreign exchange. 

 

Domestic rice production has a huge advantage in Liberia. Since production of rice by 

smallholder farmers gives increased direct access to food in their livelihoods, rice gains 

importance in enabling food security, income generation and poverty reduction. 

Furthermore, there is a high demand for rice, especially in the highly populated urban 

centres. This implies that an efficient production system is necessary to ensure increased 

production and supply of marketable surplus. This can be achieved by understanding 

farmer factors that constrain production and profitability and hence profit efficiency.  This 

study therefore analysed profit efficiency among smallholder rice farmers considering 



10 
 

both technical and allocative abilities of the farmers, and identified farm and farmer 

specific characteristics influencing efficiency.  

 

The empirical evidence from the study is essential to policy makers towards better and 

more informed decision-making for formulating appropriate policies, strategies, programs 

and interventions that help to increase rice production and productivity and consequently 

enhance the achievement of the national goals of reducing poverty, improving rural 

income and achieving food security in Liberia. This, in turn, will enable the achievement 

of government targets for rice yields by doubling the local rice production. The empirical 

evidence provided has identified ways and extents of maximising profit in rice 

production. This does not only benefits farm households directly, by increasing incomes 

from rice production, but also the government by reducing the bills on importation of rice.  

 

1.6 Organization of the Study 

The present study is organized in five chapters. The next chapter, Chapter two explores 

and reviews related literature of production and efficiency analysis. It begins with 

efficiency in production and its measurement, review of theoretical framework, and then 

follows by determinants of efficiency and empirical studies on profit efficiency 

measurement in agriculture production. 

 

Chapter three presents the conceptual framework, description of the study area and data 

collection details which include sampling method and sample size of primary data 

collection. Then the data analysis section provides the details of descriptive analysis, 

profitability analysis and stochastic profit frontier analysis. In Chapter four, results are 

presented and discussed. In the first section, descriptive analysis of the survey data which 

includes results on characterization of rice production, rice production technologies and 
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practices and factors underlining productivity differences between farmers are presented 

and discussed. The results on profitability and typologies of rice farmers are also 

presented and discussed in the second section. Finally in the third section, the results on 

profit efficiency and factors influencing profit efficiency are analysed and discussed.The 

last chapter, Chapter five, presents the summary, conclusion and policy implications of 

the findings of the study. 
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CHAPTER TWO 

 

2.0 LITERATURE REVIEW 

2.1 Efficiency in Production and its Measurement 

2.1.1 Concept of efficiency 

The term efficiency in economics is commonly used in a variety of settings which 

includes aspects such as efficient price, efficient markets and efficient firms among 

others.Dzeng and Wu (2013) recently defined efficiency as the goal oriented concept for 

determining the best scenario in which to use the lowest input or reach the highest output. 

In production economics, efficiency can be understood in terms of a firm’s ability to 

convert inputs into outputs and respond optimally to economic signals or prices. 

Production efficiency relates actual output to the maximum possible, and is defined as the 

ratio of actual output to the maximum potential output (Kumbhakaret al., 2015). 

Generally, efficiency is the degree of achievement in the allocation of the available inputs 

and output produced in order to attain a high degree of efficiency in cost, revenue or 

profit. 

 

The concept of measuring efficiency was first discussed in 1951 by Koopmans and 

Debreu. Later in 1957, it was followed by Farrell who empirically measured efficiency. 

Farrell classified efficiency into two components (Kumbhakar and Lovell, 2003). First is 

technical efficiency (TE). According to Kumbhakar and Lovell (2003), technical 

efficiency is achieved when the firm is able to produce a maximum level of outputs given 

a certain level of inputs or minimise inputs given a certain level of outputs. Specifically, 

according to Koopmans (1951), “a producer is technically efficient if it is impossible to 

produce more of an output without producing less of some other outputs or using more of 

some inputs” In other words, there is no wastage incurred in its production.  
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Furthermore according to Ali and Byerlee, (1991), a firm is said to be efficient if it is 

operating on the production frontier. On the other hand, a firm is said to be technically 

inefficient when it fails to achieve the maximum output from the given inputs, or fails to 

operate on the production frontier. Second is allocative efficiency (AE). It is the ability of 

a firm to use inputs in optimal proportions, given their respective prices and available 

technology (Rahman, 2003). The combination of technical and allocative efficiency 

provides the level of economic efficiency (EE). The aim of the producer might include 

such objectives: to produce given outputs at minimum costs (cost efficiency) and to 

allocate inputs and outputs in order to maximise profit (profit efficiency) (Mokhtar et al., 

2006). On the other hand, the cost and profit efficiency are regarded by Berger and 

Mester (1997) as the most important economic efficiency concepts.  

 

According to Ali and Flinn (1989), profit efficiency within a profit function context, is 

defined as the ability of a firm to achieve the highest possible profit, given the prices and 

levels of fixed factors of that firm and profit inefficiency is defined as profit loss from not 

operating on the profit frontier given farm specific prices and resource base. Ali et al. 

(1994) stated that profit function approach combines the concepts of technical and 

allocative efficiency in the profit relationship and any error in the production decision is 

assumed to be translated into lower profits or revenue for the producer. As pointed out by 

a number of researchers including Ogunniyi (2011) a profit function is much superior to 

production function because first it permits straight forward derivation of own-price and 

cross-price elasticities and output supply and input demand functions. Second, the indirect 

elasticity estimates via profit function have a distinct advantage of statistical consistency, 

third, it avoids problems of simultaneity bias because input prices are exogenously 

determined. Furthermore, problems of endogeneity can be avoided by estimating the 

profit or cost function instead of the production function.  
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A simple example of firms using two inputs land and labour to produce rice is depicted in 

Fig. 2. Firms producing along AB are said to be technically efficient because they are 

operating on the “efficiency frontier” or the isoquant, although they represent different 

combinations of land and labour inputs, used in producing output Q. This is the least cost 

combination of inputs. Furthermore, DD' is an iso-cost line, which represents all 

combinations of inputs land and labour, such that input costs sum to the same total cost of 

production, given the firm’s budget. However, any firm intending to maximise profits has 

to produce at Q', which is a point of tangency and representing the least cost combination 

of land and labour in production of Q kilograms of rice. Therefore, at point Q' the 

producer is economically (profit) efficient. 

 

Source: Adapted from Sibiko(2012) and Hyuha (2006) 

Figure 2: Technical, allocative and economic efficiency diagram 

 

2.1.2 Efficiency measurement 

In assessing the efficiency of firms, institutions and organizations, various types of 

measurements have been applied. The difference between these methods is based on the 

assumptions of the data relating to “(i) the functional form of the best-practice frontier, 
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(ii) whether random error is taken into account or not, and (iii) if there is random error, 

the probability distribution assumed for the inefficiencies” (Berger and Humphrey, 1997; 

Zainal and Ismail, 2010). In other words, the approaches for measuring efficiency diverge 

in how much shape is presumed on the frontier and the distributional assumptions 

imposed on the random error and inefficiency. The efficiency measurement is categorised 

into two approaches, parametric and non-parametric. 

 

2.1.2.1 Parametric approach 

Parametric approach presumes an explicit functional form to estimate the frontier of 

either production, cost or profit functions. This approach is stochastic since it allows 

random disturbance along with inefficiency residuals to be accounted for when estimating 

the efficient frontier (Molyneux and Iqbal, 2005). There are three major parametric 

frontier techniques. They are stochastic frontier approach (SFA), distribution-free 

approach (DFA) and thick frontier approach (TFA). 

 

2.1.2.1.1 Stochastic frontier approach (SFA) 

The stochastic frontier approach (SFA) was developed by Aigneret al. (1977) and 

Meeusen and van den Broeck (1977) and, later, by Jondrowet al. (1982). This approach is 

also known as the econometric frontier approach. According to Berger and Humphrey 

(1997), the SFA specifies a functional form for the cost, profit, or production relationship 

among inputs, outputs, and environmental factors, and allows for random error. In 

response to the weaknesses of the deterministic frontier or non-parametric approach, 

especially the non-consideration of random noise, an estimation of a frontier comprising 

both inefficiency and stochastic (random noise) terms was developed by Aigneret al. 

(1977) and Meeusen and van den Broeck (Kumbhakaret al., 2015). It also has the ability 

to be estimated using a single-step procedure. The parameters of a stochastic frontier are 
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simultaneously estimated with those of an inefficiency model in which inefficiency 

effects are specified as a function of other variables (Behr and Tente, 2008; Mohammed 

et al., 2013). The distributional assumption for the stochastic term components is depicted 

by two-sided normal distribution, while the inefficiency term is assumed to be one-sided 

distribution. 

 

However, the stochastic frontier analysis is not lacking of shortcomings. It imposes 

specific assumptions on both functional form of the frontier and distribution of error term 

(Gebregziabheret al., 2012).  The procedure lacks a priori justification for the selection of 

a particular distributional form for the one sided inefficiency term (Mohammed et al., 

2013). Arnade and Trueblood (2002) faulted the one-step procedure employed by 

stochasticfrontier analysis as that which relies on computationally intensive estimation 

technique which cannot always distinguish between types of inefficiency. Despite these 

weaknesses, this study adopted the stochastic frontierprocedure considering its attributes 

of separating the error term into two components (efficiency and noise).  

 

2.1.2.1.2 Distribution-free approach  

Distribution-free approach (DFA) was introduced by Berger (1993) following his 

criticism of the stochastic frontier approach. DFA specifies a functional form for the 

frontier, but separates the inefficiencies in a different way. The DFA assumes that the 

efficiency of each firm is stable and does not change over time, whereas random errors 

will average out to zero in the end (Berger et al., 1993). Thus, in contrast to the SFA, this 

approach sets no specific type of distribution to the inefficiency term. Generally, it needs 

a panel data set so that the cancellation of the error terms finds enough time to retain a 

zero value (Zainal and Ismail, 2010).  
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2.1.2.1.3 Thick frontier approach  

The Thick frontier approach (TFA) was proposed by Berger and Humphrey in 1992. The 

thick frontier approach assumes that production levels may deviate from the frontier due 

to measurement errors or to factors beyond the control of the firm’s management, besides 

inefficiency. Thus, observations may lie on both sides of the frontier (Wagenvoort and 

Schure, 2005). TFA does not enforce any distributional assumptions on inefficiency as 

well as random error, and does not provide exact estimates of efficiency for individual 

firms (Berger and Humphrey, 1997). This method is less popular amongst researchers.  

 

The drawback of the parametric approaches lies on imposing a specified functional form 

that assumes the shape of the frontier. If it is misspecified, the calculated efficiency may 

be confounded with the specification error. 

 

2.1.2.2 Non-parametric approach 

Non-parametric or linear programming approach does not specify functional form to 

estimate the best practice frontier. It designates the best practice firms on the frontier and 

other firms are considered less efficient relative to the ones defining the frontier 

(Morandiet al., 2013). This approach does not allow for any random disturbances. 

Deviations of the data from the frontier are inefficiency residuals that are strictly one-

sided and negative (for production and profit model) or positive (for cost model). This is 

due to the fact that the data cannot lie above the estimated maximum production/profit or 

fall below the minimum cost function (Molyneux andIqbal, 2005). There are two 

techniques under non parametric approach. They are data envelopment analysis (DEA) 

and free disposal hull approach (FDH). 
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2.1.2.2.1 Data envelopment analysis 

Data envelopment analysis (DEA) was developed by Charneset al. (1978) who 

reformulated Farrell’s idea into mathematical problem. It is defined as “a linear 

programming technique where the set of best-practice or frontier observations are those 

which no other decision making unit or linear combination of units has as much or more 

of every output (given inputs) or as little or less of every input (given outputs)” (Berger 

and Humphrey, 1997). In other words, DEA computes a ratio of outputs to inputs for each 

decision making unit (DMU) and the result is reported as the relative efficiency score 

which ranges between zero and one or 0 and 100%(Avkiran, 1999). Thus, the unit which 

scores one is fully efficient while those with results lower than one are inefficient relative 

to other units. The DEA frontier is shaped as the piecewise linear combinations that join 

the set of these best practice observations, yielding a convex production possibilities set. 

Because of that, it does not require the explicit specification of the form of the underlying 

production relationship (Berger and Humphrey, 1997). One of the DEA’s benefits is its 

ability to create prospective improvements for inefficient units and identify the units for 

benchmarking (Avkiran, 1999). Besides, it also does not require information about the 

process or relationship between the inputs and outputs (McEachern andParadi, 2007).  

 

The DEA however, is more sensitive to outliers and cannot measure random errors 

(exogenous shocks beyond the control of the production unit) and tests hypotheses which 

limits its application in some studies (Ray, 2012). On the other hand, the technique 

requires standard formulation of DEA linear program for each DMU. It is also 

computationally intensive when the number of DMUs is large (Raju and Kumar, 2006).  
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2.1.2.2.2 Free disposal hull approach  

Free disposal hull approach (FDH) was introduced in 1984 by Deprins,Simar and Tulkens 

(Zainal and Ismail, 2010). It differs from DEA as it does not take into account the 

convexity assumption. In referring to Tulkens (1993), Berger and Humphrey (1997) 

stressed that the points on lines connecting the DEA vertices are not included in the 

frontier. Instead, the FDH production possibilities set is composed of only the DEA 

vertices and the free disposal hull points interior to these vertices. Because the FDH 

frontier is either congruent with or interior to the DEA frontier, FDH will typically 

generate larger estimates of average efficiency than DEA (Zainal and Ismail, 2010). The 

major disadvantage of FDH is similar to that of DEA, which is ignoring the random error. 

Nevertheless, “it considers the variation of efficiency over time and makes no assumption 

as to the type of the distribution of the inefficiency component, and thus the measured 

distance between the estimated observation and the frontier is wholly considered as 

inefficiency” (Molyneux andIqbal, 2005).  

 

Unlike the parametric approaches, the disadvantage of the nonparametric approaches is 

due to the fact that they enforce less structure on the frontier but do not allow for random 

error due to luck, data problems, or other measurement errors. If random error presents, 

then the calculated efficiency may be perplexed with these random deviations from the 

right efficiency frontier. 

 

In view of the above methods of the approaches in efficiency measurement, the DEA 

(non-parametric) and SFA (parametric) are most commonly used in empirical studies. 

Both methods estimate the efficiency frontier and calculate the firms’ technical, cost and 

profit efficiency relative to it. The frontier shows the best performance observed among 

the firms and it is considered as the efficient frontier. The SFA approach requires that a 
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functional form be specified for the frontier production function while DEA approach 

uses linear programming to construct a piece-wise frontier that envelops the observations 

of all firms. An advantage of the DEA method is that multiple inputs and outputs can be 

considered simultaneously, and inputs and outputs can be quantified using different units 

of measurement. However, a strong point of SFA in comparison to DEA is that it takes 

into account measurement errors and other noise in the data. The SFA has the ability to 

estimate the frontier simultaneously with the inefficiency model using a single-step 

procedure.The choice of estimation method has been an issue of debate. Morandiet al. 

(2013) and Dzeng and Wu (2013)recently compared these two methods and found that 

SFA gives better results than DEA. 

 

2.1.2.3 The functional forms of stochastic frontier model 

In an empirical study, the choice of functional form is very essential, since the functional 

form can significantly affect the results. A number of functional forms exist in literature 

for estimating the stochastic frontier which includes the Cobb- Douglas and flexible 

functional forms, such as normalized quadratic, normalized translog and generalized 

Leontif.The functional forms most commonly used for profit frontier estimation are 

Cobb-Douglas and translog (transcendental logarithmic) functional forms (Hyuha, 2006). 

The Cobb-Douglas specification is very simple, requires estimation of few parametersand 

allows the focus to be on the error term (Kumbhakar and Lovell, 2000). However, it is 

very restrictive and it imposes strong assumptions about constant elasticity of production 

and substitutions. On the other hand, the translog specification provides a more flexible 

approach to estimation of efficiency and requires less restriction to production elasticities 

and substitution. The main disadvantages of the translog model are its susceptibility to 

multi-collinearity and potential problems of insufficient degrees of freedom due to the 

presence of interaction terms (Abdulai and Huffman, 2000; Magangaet al. 2012). It 
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requires estimation of many parameters and more difficult to interpret. Thus, the 

adequacy of the Cobb-Douglas should be tested against a flexible functional form, the 

translog functional form. 

 

2.2 Review of Theoretical Framework 

The study is based onthe neo-classical production theory with the view that the farm is a 

cost minimising and profit maximising entity and theories of rural households’ behaviours 

which integrate in a single institution decisions regarding production, consumption and 

reproduction overtime. These households are only semi commercialised in the sense that, 

even if all markets work, at least some of their production is kept for home consumption 

and some of their labour resources are used directly for home production. Food produced 

in excess of household consumption is sold on the product market, and family labour 

supplied in excess of use on the home plot is sold on the labour market. If production is 

less than consumption and/or labour supplied less than needs for the plot, the household is 

a net buyer of food and/or a net employer of labour. Hence, farm profit comprises implicit 

profits from goods produced and consumed by the same household, and consumption 

included both purchased and self-produced goods. 

 

2.2.1 Theories of peasant farm household production behaviour 

According to Ellis (1992) peasants are farm households, with access to a piece of land 

and utilizing mainly household labour in farm production. They are located in a larger 

dominant economic and political system that could affect their production behaviour, but 

fundamentally they are characterized by partial engagement in markets, which are often 

imperfect or incomplete.  Hunt (1991) identifies peasant farms as both production and 

consumption units: a proportion of produce is sold to meet their cash requirements and 

financial obligations, and a part is consumed by them. These units involve a variety of 
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market and non-markets tasks such as agriculture, pastoralism, fishing and crafts. Peasant 

farms typically have to work with developing markets that function sporadically and 

somewhat disconnectedly across locations and time. 

 

The recognition that farm household behaviour is typically influenced by several natural, 

market, and social uncertainties in developing countries has raised some complexities in 

terms of understanding their production decisions. Seeking to insure household members 

against hunger and destitution is of great importance to any rural family in a less 

developed setting (Dasgupta, 1993). Within the standard expected utility approach, the 

introduction of risk in peasant production choices has entailed including household 

preferences toward risk (e.g., risk aversion). However, the risk behaviour of agents is 

determined not only by preferences but also by the availability of institutions that 

facilitate risk bearing (Roumasset, 1976). In other words, where institutional 

arrangements provide imperfect insurance, households will self-protect by exercising 

caution in their production decisions (Morduch, 1995). All these factors shape farm 

households’ production choices and explain why vulnerable peasants are often observed 

to sacrifice expected profits for greater self-protection. This is because risk management 

is costly, and will differ across households at different points in the wealth distribution, 

with subsequent implications in terms of efficiency losses and poverty traps (Morduch, 

1994).  

 

Alternative economic theories (profit maximisation, utility maximisation and risk-averse) 

of peasant household behaviour approaches assumes that peasant households have an 

objective function to maximise, with a set of constraints. Moreover, these theories are 

based on a set of assumptions about the workings of the wider economy within which 

peasant production takes place.  First, consider the model of the “profit-maximising” 
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peasant, which has been criticized on the ground that it overlooks the aspect of 

consumption in peasant household decision processes. Subsequently, neoclassical 

agricultural household models, which incorporate both the production and consumption 

goals of farm households, have become popular. Mostly as a reaction to these models, 

other economists have crafted the risk aversion theory, which states that the objective 

function of peasant households is to secure the survival of the household by avoiding risk. 

 

2.2.1.1 Profit-maximisation 

Schultz’s (1964) hypothesis that farm households in developing countries are “poor but 

efficient” gave rise to a long debate among economists and a new wave of empirical work 

designed to test it. Prior to Schultz’s work, development economics had been dominated 

by the notion that peasant farmers were poor because they were backward and inefficient. 

Referring explicitly to allocative efficiency, and implicitly to technical efficiency, Schultz 

describes the peasant production mode as profit-maximisation behaviour, where 

efficiency is defined in a context of perfect competition (that is, where producers all apply 

the same prices, workers are paid according to the value of their marginal product, 

inefficient firms go out of business, and entrepreneurs display non-diminishing marginal 

utility of money income) (Mendola, 2007).  

 

Several studies have adopted the allocative efficiency criterion to test whether peasants 

were or were not efficient (that is, whether they were profit maximisers or not) with some 

contradictory results (Bliss and Stern 1982). Conflicting evidence apart, the main caveat 

in this approach is that profit maximisation has both a behavioural content (motivation of 

the household) and a technical-economic content (economic performance of the farm as a 

business enterprise). Most work in the area of efficiency infers the nature of the former by 

investigating on the latter. It is therefore concerned less with the way a farm household 
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reaches its decisions than with the outcome of those decisions for the efficiency of the 

farm as a firm. 

 

2.2.1.2 Utility maximisation 

Utility maximisation approaches encompass the dual character of peasant households as 

both families and enterprises and thereby take account of the consumption side of peasant 

decision making. In expanding the scope of the Chayanovian model and assuming perfect 

markets, the neoclassical farm household model became popular in the 1960s to explain 

the behaviour of farm households in simultaneous decision making about consumption 

and production. This model typically incorporates the notion of full household income 

(Becker 1965) and conceives of the household as a production unit that converts 

purchased goods and services as well as its own resources into use values or utilities when 

consumed. Thus, the household maximises utility through the consumption of all 

available commodities (that is, home-produced goods, market-purchased goods, and 

leisure), subject to full income constraints. The model shows that if all markets exist and 

all goods are tradeable, prices are exogenous and production decisions are taken 

independently of consumption decision. In such conditions the decision making process 

could be regarded as recursive (or separable), because time spent on leisure and time used 

in production becomes independent; utilization of family labour will be directly linked to 

the market-determined wage rate, and income is singled out as the only link between 

production and consumption (Singh et al., 1986; Mendola, 2007).  

 

In contrast to consumer theory in which the household budget is generally assumed to be 

fixed, in the farm household model, the budget constraint is endogenous and depends on 

production decisions that contribute to income through farm profits. Thus, to the standard 

Slutsky effects in the consumer model, the agricultural household models add an 
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additional, “farm profit” effect, which may be positive (e.g., if the price of the home-

produced staple increases) or negative (such as when the market wage increases, 

squeezing profits) (Taylor and Adelman, 2003). 

 

In the absence of a labour market, as in the Chayanovian model, or any other missing 

market, the decision may not be recursive because the family will be left to decide about 

the percentage of its total available time to be devoted to production (the difference being 

assumed to be used for leisure). Therefore, there is no separability between consumption 

and production (Mendola, 2007).  

 

The household’s objective is still to maximise (a discounted future stream of expected) 

utility from a list of consumption goods (including home-produced goods, purchased 

goods, and leisure), but subject to what may be a large set of constraints, in which a 

missing market is yet another constraint on the household. At the same time, the task of 

empirical economics has shifted to providing evidence of market inefficiencies and their 

impact on (second-best) household production choices (de Janvryet al., 1991). 

 

2.2.1.3 The risk-averse peasant 

Peasants produce under very high levels of uncertainty induced by natural hazards 

(weather, pests, diseases, natural disasters); market fluctuations; and social uncertainty 

(insecurity associated with control over resources, such as land tenure and state 

interventions, and war) (Ellis, 1992). These conditions pose risks to peasant production 

and make farmers very cautious in their decision making (Walker and Jodha, 1986). It is 

not surprising, therefore, that farmers (in common with most other decision makers) are 

generally assumed to exhibit risk aversion in their decision making. Lipton’s (1968) 

criticism of the profit approach sought to show how the existence of uncertainty and risk 
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eroded the theoretical basis of the profit-maximising model. He argued that small farmers 

are, of necessity, risk-averse, because they have to secure their household needs from 

their current production or face starvation. There is no room for aiming at higher income 

levels by taking risky decisions (Lipton and Longhurst, 1989). 

 

There are two ways of conceptualizing farm households’ risk-aversion: the standard 

expected utility theory and the disaster avoidance approach (Mendola, 2007). According 

to the former approach, farm households make choices from available risky alternatives, 

based on what appeals most to their given preferences in relation to outcomes and their 

beliefs about the probability of their occurrence. Both household behaviour and its 

revealed attitude toward risk (example, risk aversion) are reflected in its utility function. 

Other things being equal, a risk-averse household prefers a smooth consumption stream to 

a fluctuating one, which-in contexts of incomplete capital markets or underdeveloped 

institutional arrangements-entails a low risk portfolio choice of productive activities 

(Morduch, 1994). 

 

Critics of the full optimality approach in peasant production modelling formulated the 

idea of household production behaviour at low levels of income in uncertain 

environments. They assume that, when choosing among risky income streams, 

households first opt for safety and from the safe alternatives they choose based on 

expected utility (and possibly expected income). These models based on a feasible 

decision process (or a rule of thumb) are known as safety first models of choice under 

uncertainty: here, the decision maker is assumed to ensure survival for him or herself and 

therefore wants to avoid the risk of his or her income or return falling below a certain 

minimum (subsistence) level (Mendola, 2007). Thus, risk is defined as the probability that 

the stochastic variable in question (income) will take on a value less than some critical or 
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disaster level. This safety-first criterion can lead to the household favouring either risky 

income streams or low risk alternatives. This is to say that there are no reasons to expect 

that individuals behave in conformity with the expected utility theory at very low levels 

of income, which is in stressful circumstances. The disaster avoidance perspective is 

helpful for describing individual choice under such conditions (Dasgupta, 1993). 

 

2.3 Determinants of Efficiency 

Estimation of efficiency without clearly identifying important socio economic and 

demographic, institutional and policy variables, has limited importance for policy and 

management purposes. Hence, in this study, identification and analysis of the underlying 

factors of inefficiency was given priority.  According to Rahman (2013), determinants of 

farm production efficiency are categorised into three based on nature of relationship that 

exist between a farm and some factors within and outside the farm. The three aspects of 

the relationship that influence efficiency of farm production are: farm – farmer 

relationship, farm – institution relationship and farm – production relationship. 

 

Farm-farmer relationship: This describes the influence of farmer’s socio-economic 

characteristics on farm production. Age, farming experience, farm size, education, 

household size, income, cooperative participation and land ownership status of farmers 

have been identified as factors that influence farm production efficiency (Ogundariet al., 

2006; Idionget al., 2007; Ngangaet al., 2010; Ogunniyi, 2011; Oladeebo and Oluwaranti, 

2012 and Sadiq and Singh, 2015). Farmers with high level of education adopt new 

technologies easily and use them effectively to enhance productivity. Moreover, 

efficiency can be enhanced by farmer’s years of farming experience. Rahman (2003), 

found that farmers with long years of experience of modern rice farming helps farmers to 

allocate modern inputs effectively, thereby allowing them to operate at higher level of 
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efficiency in Bangladeshi. The land ownership status is also important because farmers 

that own parcels of land for farming tend to be more productive. 

 

Farm-institution relationship: In the developing countries, improvement of agricultural 

production, efficiency and sustainability depends on the supports given to the farmers 

which enable them to adopt new technologies and decide wisely in the management of 

their farms (Rahman, 2013). Production efficiency can be driven by some institutions 

such as rendering essential services in the areas of Agricultural extension, credit, research, 

infrastructure etc. Agricu1tural extension through advisory services and programs forges 

to strengthen the farmers’ capacity to develop by providing access to agricultural 

information. Extension services can contribute to improvement in agricultural 

development and enhance good living condition of farmers in rural areas.Farmers who 

have access to extension services perform significantly better in operating at higher level 

of efficiency (Rahman, 2002; Hyuha, 2006; Ogunniyi, 2011; Mawaet al., 2014; Sadiq and 

Singh, 2015).  Research focuses on the technical aspects for generating useful 

technologies, while extension focuses on the acceptance and adoption of those 

technologies by users. Research institutions need strong extension services to work in a 

field problems-oriented mode, and the extension services need the backstopping of strong 

agricultural research institutions to effectively serve the farming communities. 

 

Easy and adequate access to agricultural credit has particular importance for improving 

and sustaining production efficiency of farms (Yasinet al., 2014). The need for 

agricultural loan among the small scale farmers cannot be over emphasized as it enables 

them to establish and expand their farms. One of the problems confronting small-scale 

enterprises according to Rahman (2013), is inadequate capital despite the fact that small-



29 
 

scale farmers produce the bulk of the food consumed locally and some export crops 

which generate foreign exchange. 

 

One of the main driving force for economic growth and development is agricultural 

marketing. It has a guiding and stimulating impact on production and distribution of 

agricultural produce. Agricultural marketing acts as an agent of rural development. 

Moreover, agricultural marketing plays a coordinating role, steering supply and demand 

with respect to place, time and form utilities (Rahman, 2013). A properly functioning 

market (such as pricing system) for agricultural products is generally perceived as the best 

organizational structure to achieve more efficient production, in terms of type, quantity, 

quality and consumption decisions (Bardhan, 1990; Rahman, 2013). The possible 

increment in output resulting from the introduction of improved technology cannot be 

exploited in the absence of convenient marketing conditions. According to Andargachew 

(1990) efficient, integrated and responsive market mechanism is of critical importance for 

optimal use of resources in agriculture and in stimulating farmers to increase their output. 

Value addition is a factor that promotes efficiency and prosperity of farm business. It has 

almost become a magic formula for sustainable agricultural investments. An agricultural 

value chain consist of a series of activities that add value to agricultural produce, 

beginning with production, linking with processing and getting the final product to the 

end user or consumer. Value addition has a particular importance in that it offers a 

strategy for transforming an unprofitable enterprise into a profitable one (Rahman, 2013). 

 

Farm-production relationship: Production of farm produce involves different 

relationships between inputs and outputs. Production relationship provides tools for 

analysing problems of production and resource-use efficiency. According to Rahman, 

(2013), farm production efficiency may be analysed under three micro-economic 
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relationships. Factor-Product relationship in which the economists tries to determine the 

most profitable amount of resource to use to produce a given level of output or to 

determine the most profitable amount of output to produce at a given level of input. 

Factor-Factor relationship for determining the most profitable combination of inputs in 

producing a given level of output (cost minimisation) or to determine the most profitable 

level of output to produce at a given combination of resources (output maximisation). 

Product-Product relationship which determine the most profitable level of input to use to 

produce a given combination of products or to determine profitable combination of 

products at a given level of input. 

 

 

2.4 Empirical Studies on Profit Efficiency Measurement of Agricultural Production 

In this section, the literature on profit efficiency measurement of agricultural production 

is reviewed. It gives an overview of the efficiency analytical approach and data set 

employed to generate results. The summaries of the empirical studies are shown in Table 

2. 
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Table 2: Empirical studies on profit efficiency measurement of crop production 

 

Author(s) Country Crop Functional 

form 

Data set Main results 

Rahman, 2003 Bangladesh Rice Translog Cross-section with 380 farmers PE = 0.77 

Kolawole, 2006 Nigeria Rice C-D Cross-section with 200 farmers PE = 0.60 

Hyuhaet al., 2007 Uganda Rice Translog Cross-section with 253 farmers PE = 0.66 

Islam et al., 2011 Bangladesh Rice C-D Cross-section with 360 farmers MFB: PE = 0.68 

NMFB:PE = 0.52 

Galawat and Yabe, 2012 Brunei Rice Translog Cross-section with 82 farmers PE = 0.81 

Oladeebo and Oluwaranti, 2012 Nigeria Cassava C-D Cross-section with 194 farmers PE = 0.79 

Magana et al., 2012 Malawi Irish 

potato 

Translog Cross-section with 200 farmers PE = 0.74 

Akpanet al., 2012 Nigeria Cassava C-D Cross-section with 300 farmers PE = 0.61 

Mohammed et al., 2013 Nigeria Castor Translog Cross-section with 131 farmers PE = 0.89 

Dwiet al., 2014 Indonesia Vegetable Translog Cross-section with 192 farmers PE = 0.53 

Bidzakinet al., 2014 Ghana Maize C-D Cross-section with 144 farmers PE = 0.61 

Yasinet al., 2014 Pakistan Wheat C-D Cross-section with 150 farmers PE = 0.91 

Sadiq and Singh, 2015 Nigeria Maize C-D Cross-section with 120 farmers PE = 0.71 

 

C-D = Cobb Douglas; PE = Profit efficiency; MFB = Micro-finance borrower; NMFB = Non micro-finance borrower;  
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One of the studies that analysed profit efficiency in agricultural production is Mohammed 

et al. (2013) on castor producers in Nigeria. The authors in applying the theory of duality, 

use profit function rather than cost function because of the observed limitations of the 

cost function. As observed by Lopez (1982), a serious limitation of the cost function 

approach in that it assumes output levels not to be affected by factor price change and 

thus, the indirect effect of factor price change on factor demand are ignored. Moreover, 

the inclusion of output levels as explanatory variable may lead to simultaneous equation 

bias if output levels are not indeed exogenous. In line with this, Mester (2003) faulted the 

cost function over profit function in that while the dependent variable in the cost function 

does not allow consideration of revenues, profit function allows for consideration of 

revenues that can be earned by varying output as well as inputs. Mohammed and others 

estimated the data using maximum likelihood estimation (MLE) and ordinary least square 

(OLS) and rejected the OLS by using Log likelihood test. Using the stochastic translog 

profit frontier function, they found inefficiency among castor producers and the factors 

influencing inefficiency were education, extension contact, access to credit and proximity 

to market. 

 

Similar methodology was used by Dwiet al. (2014) to analyse the level of profit 

efficiency due to various infrastructure conditions and to reveal the determinants of 

vegetable farming profit. They revealed that vegetable farming was not yet efficient, with 

an efficiency level of 53%. They found that the increase in seed technology is effective in 

increasing vegetable farming profit efficiency.They argued that the need of seeds does not 

only concern the quantity, but more importantly the quality. Seed quality is produced 

through hybrid technology. Accessibility to seed technology and affordable prices can 

allow farmers the incentive to adopt good technology such as seed of high yielding 

varieties. The adoption of good technology, such as the application of certified seeds, can 
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influence the cost per output which affects farming profit. Consistent with Galawat and 

Yabe (2012), the authors also argued that farmers who adopted high yield variety 

compared to conventional variety tend to be more profit efficient and incur less profit-

loss. 

 

Another study that has made remarkable contribution to efficiency literature was by 

Magana et al. (2012) on Irish potato producers in Malawi. The authors used a stochastic 

translog profit frontier function to estimate efficiencies among farmers. It was found that 

experience positively influenced profit efficiency. They argued that profit efficiency 

increases with the number of years spent by the household head in Irish potato marketing 

which suggests that efficiency in Irish potato farming in the study area is highly 

dependent on the experience of farmers. Experience in Irish potato production may lead 

to better managerial skills being acquired over time and eliminated unnecessary 

transaction cost. Experience enhances proficiency. Various authors have found that 

experience in farming enhances efficiency.Akpanet al. (2012) found farming experience 

to positively influence profit efficiency among cassava farmers in Nigeria. Further, the 

study of Sadiq and Singh (2015) on maize farmers in Nigeria found that farmers with 

experience perform better than those without. They argued that maize farmers with more 

years of experience tend to operate at significantly higher level of profit efficiency.   

 

In their study on economic efficiency of cassava based farmers in Nigeria, Akpanet al. 

(2013), use translog stochastic profit frontier function to estimate efficiency. They found 

low average profit efficiency of 58% which is similar with that found by Dwiet al. (2014) 

in vegetable farming in Indonesia. Akpan and others further showed that level of farming 

involvement, household size, soil management technique adopted, extension and farm 

size were significant factors influencing profit efficiency of cassava based farmers in 
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Nigeria.  On the other hand, Dwiet al. (2014) found that seed technology adoption, credit, 

formal and non-formal education and access to input market were effective factors 

increasing vegetable faming profit efficiency. They further argued that access to input 

markets tend to help farmers purchase input at the right quantity, time, and price. 

Purchasing input correctly leads to an increase in input utilization efficiency. 

 

Other studies have focused on the use of Stochastic Cobb Douglas profit frontier function 

in estimating efficiency. Yasinet al. (2014) used Cobb Douglas frontier profit function to 

compared profit efficiency of organic and conventional wheat Production in Pakistan. 

They found that average profit efficiency of organic wheat farmers was relatively higher 

than that of conventional wheat farmers; and indicated that organic wheat farmers are 

more profit efficient than conventional farmers. They further showed that education and 

experience in wheat farming significantly reduced profit inefficiency in both organic and 

conventional wheat farming. Similarly, Sadiq and Singh (2015) employedCobb-Douglas 

stochastic profit frontier function to measure profit efficiency among maize farmers in 

Nigeria and found thatprofit efficiency of the farmers varied widely between 12% and 

95% with a mean of 71%. They further found that extension services significantly 

influences efficiency. They argued that farmers who have access to extension services 

perform significantly better in operating at higher level of efficiency. Similarly, 

Mohammed at al. (2013) found a positive effect between extension visits and profit 

efficiency which implies that the more extension visits a farmer accessed from the 

extension workers; the more economically efficient he became. This is consistent with 

findings by Magana et al. (2012). The authors observed that regular provision of 

extension services on new seed varieties, farming technologies, and market information 

helped new farmers, who lack the experience, to be able to efficiently combine farm 

inputs just like their more experienced counterparts. 
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The studies of Oladeebo and Oluwaranti (2012) on cassava farmers in Nigeria and 

Bidzakinet al. (2014) on maize production in Ghana used the stochastic Cobb-Douglas 

profit frontier to estimate profit efficiency among farmers. The authors observed a 

negative coefficient for household size, suggesting that the larger the household the lower 

the overall efficiency. This result is similar with the studies of Kolawole (2006),Mulwaet 

al. (2009) andAkpanet al. (2013). Mulwa and others argued that larger households had 

the potential for providing cheaper farm labour, however they found that would have been 

used to purchase other farm inputs is often allocated to some other necessity like 

household consumption, hence the negative effect on overall efficiency.  

 

Furthermore, Abu et al. (2012) also used Cobb-Douglas stochastic profit function to 

determine the technical, allocative and economic efficiency among sesame farmers in 

Nigeria. They found that farming experience, educational status and access to credit are 

factors that influence efficiency. Access and availability to credit enhance efficiency. 

Mohammed et al. (2013) found access to credit significantly influence profit efficiency. 

They argued that credit availability increases profit efficiency among irrigated castor 

farmers. An alternatives to credit sources at the disposal of farmers could afford them to 

access funds to purchase high technology farm inputs that could lead to reduction in 

inefficiency. Others research in conformity of credit access increasing efficiency 

includeHyuhaet al. (2007), Kolawole (2006), and Ogunniyi (2008). Agricultural credit is 

important since it increases input utilization efficiency, influencing farming productivity. 

At a certain input and output price, increase in productivity caused by credit support can 

increase farming profit. Dwiet al. (2014) found that agricultural credit has a negative and 

significant effect on profit inefficiency. They argued that increase in credit amount can 

increase farming profit efficiency. The difference between the study of Dwiet al. (2014) 

and the other studies is that Dwiet al. (2014) utilized the amount of credit, while the other 
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studies used credit access variable using dummy variable. But it generated similar results 

that indicate credit can increase profit efficiency. 

 

The above empirical studies were focus on other crops. However, there are also empirical 

studies of profit efficiency in rice production. Some of the studies employed the 

stochastic translog profit frontier function (Rahman, 2003; Hyuhaet al., 2007; Galawat 

and Yabe, 2012), while others used the stochastic Cobb Douglas frontier function 

(Kolawole, 2007; Islam et al., 2011). In estimating profit efficiency among Bangladeshi 

rice farmers, Rahman (2003) used stochastic translog frontier function. He found that 

there are high levels of inefficiency in modern rice cultivation due to a combination of 

both technical and allocative inefficiency. He further revealed that efficiency differences 

are explained largely by infrastructure, soil fertility, experience, extension services, 

tenancy and share of non-agricultural income. Similar methodology was employed by 

Hyuhaet al. (2007) to investigate profit efficiency among rice producers in Uganda. They 

found that rice farmers were not operating on the profit frontier. Hyuha and others 

revealed that low education and limited access to extension services were the main causes 

of inefficiency. They argued that these two factors hampered the attainment of reasonable 

technical and allocative efficiency. Furthermore, in an attempts to study the production 

efficiency among rice farmers in Brunei, Galawat and Yabe adopted the stochastic 

translog frontier function and found a mean profit efficiency score of about 81%. They 

further found non-membership of cooperative, lack of irrigation, lack of training and low 

yield variety as factors that are related to profit-loss and profit inefficiency. They argued 

that membership in farmer`s organisations/cooperatives allow the farmers to have the 

opportunity of sharing information with other farmers especially on ‘how to’ knowledge 

and input prices on modern rice production practices by interacting with other farmers. 

Contrary to Galawat and Yabe argument, Nyagakaet al. (2009) found that farmers who 
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participated in such associations were less economically efficient. This is contrary to 

expectations since farmer associations are supposed to be instruments through which 

farmers can mitigate market imperfections. However, the results are similar to those 

found by Mbanasor and Kalu (2008) indicating that probably the farmer organisations 

were facing management problems that were depriving members the benefits from such 

groups. 

 

On the other hand, stochastic Cobb Douglas profit frontier function was employed by 

Kolawole (2006) to determine profit efficiency among small scale rice farmers in Nigeria. 

He found that rice farmers were fairly efficient in their resources allocation. Kolawole 

further revealed that profit efficiency where positively influenced by age, educational 

level, farming experiences and household size. Similar methodology was used in a study 

by Islam et al. (2011) to measure profit efficiency among small scale rice farmers in 

Bangladesh. They found mean profit efficiency of the microfinance borrowers and non-

borrowers were estimated at 68% and 52% respectively, hence suggesting that a 

considerable share of profits were lost due to profit inefficiency in rice production. They 

showed that age, extension visits, off-farm income, region and farm size were the key 

determinants of inefficiency. They further argued that larger off-farm income share and 

farm size significantly reduce the profit efficiency. Farmers who have greater off-farm 

income tend to be have higher level of inefficiency. Ali and Flinn (1989) and Rahman 

(2003) reported similar results. Having greater off-farm income entails the reallocation of 

time not spent on farming activities. It can deprives the farm of valuable time to perform 

the farming activities in a timely manner. This is contrary to Hyuhaet al. (2007) who 

found that access to off-farm income increase profit efficiency. Off-farm income can be 

used to purchase agricultural input and other services which can improve productivity and 

enhance efficiency. 
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CHAPTER THREE 

 

3.0 METHODOLOGY 

3.1Conceptual Framework 

The framework as shown in Fig.3, represents how various factors inter-relate to influence 

rice productivity, profitability and profit efficiency. It is based on production theory with 

focus on productivity. Productivity measures how efficiently inputs for production are 

being utilized in production to produce a given level of output (Coelliet al., 2005). Thus, 

rice productivity is influenced by the use of production inputs and other inter-related 

factors.The output (yield) from rice farming is determined by farmer practices, physical 

environment and research and development. Farmer practices are influenced by the 

physical environment while research and development is influenced by the potential 

demand for rice. 

 

On the other hand, the output market can be influenced by the potential demand, 

transaction cost and size of the market to determine the output price. Since smallholder 

farmers main objective of producing rice is for own consumption and little sold to the 

market, the output price comprises of retail and market selling prices. Hence, the quantity 

of rice sold to the market is multiplied by market selling price while the quantity of rice 

consumed is multiplied by the retail price. The total revenue is equal to the revenue from 

marketed rice and revenue from own consumption and stock.  

 

Cost of supply of inputs such as seed, fertiliser, herbicide, and labour can be influenced 

by transaction cost, size of market, input production cost, import policies and socio-

demographic, institutional and technological factors which in term determine the cost of 
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production. The profit which is determined by subtracting cost of production from the 

revenue can be influenced by the socio-demographic, institutional and technological 

factors.  

 

 
 

 

Source: Modified from Crawford et al. (2001) 

 

Figure 3: Conceptual framework of factors influencing profit efficiency 
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3.2 Theoretical Model 

Profit maximisation under competitive market structure 

Max           …………………………………………………………………... (1) 

The restricted profit in equation (1) is subject to the production function 

                  …………………………………………………….…………… (2) 

    Labour;    Seed;    Fertiliser;    Herbicide;    vector of fixed factors (land 

and tools). 

Assuming that the production function is continuous and strictly concave. Substituting 

equations (1) and (2) gives the profit function. 

                         
 
   ………………………………..………………….. (3) 

To maximise profit, take the derivative of the profit function with respect to inputs and set 

this equal to zero. This will give the quantity of inputs that maximise profit, assuming of 

course that the farm has already taken steps to minimise costs. 

  

   
  

                 

   
     …………………………………………………… (4) 

or, the value of marginal physical product of inputs equal to the price of inputs. 

           ………………………………………………...……………………... 

(5) 

Under the assumption of strictly concave production function, the second order condition 

are satisfied. Then input demand and output supply function can be determined 

  
                     …………………………………………….….………… (6) 

  
                                                                                    ..(7) 

Since the input demand (6) and output supply (7) functions give profit maximising 

choices as functions of the parameters, the indirect profit function is derived that gives us 

maximal profit as function of the parameters.  
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   ……………………………………………… (8) 

The profit maximising input demand for an input is non-increasing in its prices. That is, if 

input prices rise, profit won’t rise. 

   

   
  ………………………………………………………………………………..... (9) 

While output supply is non-decreasing in output price. That is, if output price rises, profit 

won’t fall. 

   

   
  …………………………………………………………………………….….. (10) 

The shifting up and down of the profit function holding all prices constant will depend on 

four set of factors. They are technological factor, farmer related factor, agroecology (farm 

characteristics) and institutional factor. 

 

 

3.3Study Area and Characteristics 

Liberia is situated on the Atlantic coast of West Africa and has a population of about 3.5 

million people and a land area of 11 370 km
2
 of which 15 050 km

2
 is water and the 

remaining 96 320 km
2
is land. It borders the North Atlantic Ocean, Sierra Leone to the 

northwest, Guinea to the north, and Côte d’Ivoire to the east. The absolute location of 

Liberia is latitudes 4
o
 20’ and 8

o
 30’ north of the equator and longitudes 7

o
 18’ and 11

o
 

20’ west of the prime meridian.  

 

 

The temperatures range between 23
o
-32

o
C with little variation throughout the year.  The 

average annual rainfall near the coast amounts to 4770 mm. Towards the interior, the 

amount of rainfall decreases to an average annual of 2080 mm. Seasons in Liberia are not 

determined by changing temperature because it is fairly warm throughout the year, but by 

the prevailing precipitation (rainfall). Therefore, a rainy (wet) and dry (sunny) seasons 
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can be differentiated. The rainy season begins in April and ends in October, while the dry 

season is from November to March. Most of the country comprises of forest except a 

narrow strip along the coast where mangrove vegetation alternate with coastal savanna. 

The climatic conditions in the entire country allow the vegetation to develop into a 

tropical rainforest. Based on the nature of the climate and soil types, three vegetation belts 

can be identified in Liberia. They are the Coastal Savanna, the High Rainforest Belt, and 

the Northern Savanna.  

 

Although reliable detailed data on farm models are scarce, there are three main farming 

systems in Liberia, characterized by the scale of production: (i) large plantations based on 

a forest farming system (which produce major export crops and cover the largest 

proportion of the arable land in Liberia); (ii) domestically owned medium-size 

commercial farms producing industrial crops for export; and (iii) small household farms, 

which is predominant and represents the livelihood of the majority of the rural population 

(which use traditional production techniques with very little inputs). 

 

Liberia is divided into fifteen counties and further sub divided into districts(Fig.4). The 

population comprises sixteen indigenous ethnic groups and various foreign minorities. 

This study covered the central region which comprises four counties (Margibi, Grand 

Bassa, Bong and Nimba) with predominant rice cultivators (55%) and is generally 

suitable for rice production; hence it was appropriate for this study. Specifically, the study 

focused on two representative counties namely: Nimba and Bong which ranked the 

highest in the 2011 rice production with about 61 600 (21.2%) and 60 900 (21.0%) MT 

respectively. The combined estimates of these two counties accounted for 42.2% of the 

total production and 41.2% of area of rice harvested in Liberia (NRDS, 2012). 
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Nimba County has a total area (of land and water) 2300 km
2
 and a population of about 

462 000 persons (LISGIS, 2008). Subsistence farming is currently the main source of 

income of the people of Nimba. The typical farming pattern is slash-and-burn and annual 

bush fallowing. The main food products are rice, cassava, plantain, banana, yam, and 

sweet potatoes. Some 75% of farm produce is used for family consumption. Cash crop 

production of rubber trees, cocoa, sugar cane and coffee is the other main source of 

income in the County. 

 

Bong County is situated roughly at the geographic centre of Liberia. It has a population of 

about 333 500 persons (LISGIS, 2008). Bong County is situated in the Mountain and 

Plateau zones of the agro-ecosystem of Liberia, where citizens traditionally grow rice, 

cassava, maize, oil palm, cocoa, coffee, rubber and sugar cane.  
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Figure 4: Map of the study area 
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3.4Research Design 

3.4.1 Sampling procedure and sample size 

The population of interest constituted smallholder rice farmers inBein Garr District of 

Nimba County and Panta District of Bong County, while the sampling unit was the farm 

household. Two stage random sampling with stratification was adopted (Fig.5). At the 

first stage, villages from each district were stratified into two, viz. upland and lowland 

rain-fed villages. Nine upland villages and six lowland villages in Bein Garr District and 

eight upland villages and seven lowland villages in Panta District were listed in the first 

stage frame. Five upland villages and three lowland villages in Bein Garr and four upland 

villages and four lowland villages in Panta were sampled from the frame with probability 

proportional to size. Using this method, larger villages were more likely to be included in 

the sample than smaller villages. In the second stage, 25 farmers were sampled from each 

village with simple random sampling. The sample size was determined by using Cochran 

(1977) formula: 

  
    

  
                                         

Where n is the minimum sample size; Z is 1.96 at 95% confidence level; P is the 

population proportion i.e. the proportion of rice producers in the area assumed P=0.5. 

While e is the margin of error (acceptable error) which is assumed to be 0.05 and q is a 

weighting variable computed as (1-P).  

 

  
                  

       
                                     

 

Accordingly, a minimum sample size was calculated as 385 farming households as shown 

above, but this increased to a total sample size of 400 farmers to simplify enumeration in 

the field and allow for incomplete data.  
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Figure 5: Sampling method for primary data collection 

 

3.4.2 Data collection technique 

This was a cross sectional study and involved collecting data from a single agricultural 

season. Primary data were collected for the 2014/15 farming season using structured 

questionnaires to carry on face-to-face interviews with individual farmers. The structured 

questionnaire was pre-tested by using eight farm households in both Bein Garr and Panta 

Districts; enabling to correct mistakes, evaluate the relevance of a given question, add 

relevant information, exclude irrelevant information and to make overall improvement on 

the standard of the questionnaire in line with the objectives of the survey. Then the 

corrected version of questionnaire was used for interviewing rice farmers in the study 

area.  
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In order to administer the questionnaire to the farmers, the four enumerators, who are 

believed to have good experience in terms of relaying the relevant information to the 

respondents and had good communication ability, were hired. A week of intensive 

training was given to the enumerators to make them acquainted with the questionnaire. 

All the enumerators had previous working experience in the study area and were able to 

understand the language, culture and tradition of the study area. This enabled them to 

overcome the barrier of communication with the households. The data included 

information on rice farming operations such as: quantities of seeds, planting and 

topdressing fertiliser, herbicides, pesticides, land area, labour man-days and output data 

for rice such as quantity sold, consumed and retained for seed. In addition, information on 

average input prices was also collected from the respondents. The questionnaire is 

appended in Appendix 12. 

 

The land area under rice (hectares) was then used to standardize the rest of the inputs, so 

that each input was considered in terms of the quantity per hectare. Additional data 

focused on household socio-economic and institutional characteristics such as the 

farmer’s age, gender, years of schooling, farming experience, main occupation, household 

size, income and asset profiles, distance to the market, marketing information, extension 

contacts, group membership, pre and post-harvest loses and credit. 

 

In the process of the data collection, appropriate cross check on the filled questionnaires 

was made to ensure validation of responses on regular basis. Incomplete questionnaires 

were detected and improved by carrying out revisits to the respondents. Day to day follow 

up and motivation of the enumerators was done to improve the overall quality of the 

sample survey. 
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3.5 Analytical Framework 

The primary farm household data were the main source of information used for analysis.  

For purposes of this study, descriptive statistical analysis and profitability analysis were 

used to characterize the socioeconomic characteristics of rice farmers and explore the 

existing rice production systems in the selected districts in Central Liberia. The 

descriptive statistics included the frequencies, mean, median, minimum, maximum and 

standard deviations. The results were then presented in tables and charts from which 

inferences were drawn. Comparison of means was computed using an independent 

sample t-test, while comparison of variances was done using chi-square tests at 5% 

significance level. The descriptive statistics were run in IBM SPSS (version 21) while the 

empirical models were run using FRONTIER 4.1 Computer Package. To analyse profit 

efficiency among rice farmers and identify farmer and farm specific characteristic that 

explain variation in efficiency in Central Liberia, stochastic profit frontier function was 

used. The research framework of data collection and data analysis is summarized below 

in Fig. 6. 
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Figure 6: Research analytical framework 

 

3.5.1 Descriptive analysis 

The descriptive analysis was used in summarizing the important characteristics of the 

respondents (rice farmers) by using simple statistical analysis. Frequency and percentage 

were used to characterized land size and distribution in the study area. Farm size and 

output by rice variety cultivated were analysed by using mean, median and standard 

deviation. Farm output cauterization by household demographic characteristics, access to 

services and technology was done by using mean and percentages and summary statistics 

of inputs used and output by rice production technologies and practices was done by 

using mean, median and standard deviation. 
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3.5.2 Profitability analysis 

The profitability analysis was used to evaluate rice farm performances of the crop year 

2014/15. This analysis was based on per unit of land in hectare.Profit is derived by 

subtracting the total cost, which include variable costs and fixed costs, from the revenue 

for each individual household. The total variable cost (TVC) consists of expenses or costs 

of seed, fertilisers, herbicides and labour. Seed, fertiliser and herbicide prices are 

measured as total expenditure on kilogram of seed and fertiliser respectively and litre of 

herbicide. Labour costs were quantified from rice production activities of field clearing, 

ploughing, harrowing, planting, weeding, fertiliser application, herbicides application, 

birds scaring, harvesting and storing. For family labour, the wage rate paid to hired labour 

was used as a measure of opportunity cost. That is, the income the family member would 

lose by not hiring himself/herself out an activity on someone else’s farm and instead 

doing the same activity on his/her own farm. 

 

To enable the quantification of price of labour, number of person (labour unit) required to 

perform a particular amount of work was also estimated. The amount of work that can be 

done by one labour unit in one day is called man-day (one man day is equivalent to eight 

working hours). Thus, the number of days spent on doing a particular activity in the field 

was estimated. The total cost of labour was obtained by taking the average cost of man-

day (150LRD/man-days including food and drinks (USAID-BEST, 2014) multiplied by 

the total man-day for all rice farming activities. 

 

Fixed costs include the value of fixed assets such as land, tools, machinery and buildings. 

Farmers in the study area did not have machinery and building as assets for production. 

Smallholder farmers in the study are using small rudimentary tools as fixed equipment 

that are not only used for rice production but also all crops production. These small tools 
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are used until they are worn out. As such, the final value for such type of fixed equipment 

is valued at zero. In calculating the depreciation for these tools for area under rice, the 

result is small and insignificant that it does not affect the overall results of the study. 

Therefore, they were not included in the analysis. Result and details of the depreciation 

calculation of small tools are shown in Appendix 8.Farmers also are involved with 

shifting cultivation where in the land is left idle for several years to be fallowed.The 

length of farrow period in Liberia ranges between 6-15 years (Arcelormittal, 2014). As 

such the land has no economically valuable output in the fallow period. Hence, the net 

value of production forgone is zero. Furthermore, farmers are customary owners of land 

and are not paying taxes for farm land. Hence, land was not included in the quantification 

of the costs.Based on the above reasons, fixed cost was not included the analysisand it has 

been noted as a negligible portion of farming enterprise especially in the case of small 

scale subsistence farming (Omoteshaet al., 2010; Abdullahi, 2012; and Ohen and Ajah 

2015). 

 

On the revenue side, rice production revenue is the amount that a farm receives from the 

sales of rice output. The farmers in the region are operating on a subsistence basis and as 

such their major objective of producing rice is for consumption and retains seeds for next 

farming (both accounting for approximately 90%) and the remaining 10% sold to the 

market. Hence, the total revenue of rice production was derived by converting paddy into 

clean grain rice with 60% recovery per kilogram of paddy rice (USAID-BEST, 2014). For 

marketed rice, the total quantity in kilogram of clean rice was multiplied by the market 

price per kilogram of clean rice that households sold and for rice that was used for home 

consumption and stock, the total quantity in kilogram of rice was multiplied by10% 

higher than the market price. This 10% was based on the household willing to pay the 

retail price rather than the market (selling) price(SaraviaMatus and Gomez y Paloma, 
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2014). Therefore, the total revenue is equal to the revenue from marketed rice and 

revenue from consumption and stock. 

 

Profitability of rice production among the categories of smallholder rice farmers was 

determined as given below: 

 

          …………………………………………………………….………….. (13) 

    Profit from rice production by     household in LRD/ha; 

    Total revenue from rice production by     household in LRD/ha; 

     Total cost of rice production by     household in LRD/ha 

 

              …………………………………………………………...…….. (14) 

    Market selling price of rice in LRD/kg; 

     Quantity of rice marketed by     household in kg; 

    Retail selling price of rice LRD/kg; 

     Quantity of rice consumed/retained as seed by     household in kg 

 

             ……………………………………………………...……………. (15) 

      Total variable cost for     household in LRD/ha; 

      Total fixed cost for     household in LRD/ha 

 

                                      …………………………… (16) 

 

      Quantity of labour used by    household man-day/ha; 

    Wage of labour in LRD/man-day; 

       Quantity of seed used by     household in kg/ha; 
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       Quantity of fertiliser used by     household in kg/ha; 

       Quantity of herbicide used by     household in litre/ha 

 

The calculation for depreciation of key assets (such as tools) for rice production was 

computed using the straight-line method. The formula used for calculating depreciation is 

as follow: 

  
       

 
 
     

     
 …………………………………………………………………… (17) 

d = Annual depreciation; Iv = Initial value; Fv = Final or residual value; n = Economic 

life expressed in years;      =Area under rice;      = Total area under crop. 

 

The effect of agroecology and technology on farmers’ profit was determined by the 

generalized linear regression model. The model is specified as follow: 

 

                               ……………………...……………….. (18) 

 

  = Profit in Liberian dollars per hectare 

   = Agroecology (1 for Lowland, 0 for Upland) 

   = Use of fertiliser (1 for Yes, 0 for No) 

   = Use of herbicide (1 for Yes, 0 for No) 

   = Variety (1 for local, 0 for improved) 

   = Constant 

      = Coefficient 

   = Stochastic error term 
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3.5.3 Characteristics distinguishing low profit from high profit smallholder farmers 

Descriptive statistics (percentage) and chi square test were used. Farmers were divided 

into profit terciles (low, medium and high). Comparisons were done between low profit 

and high profit smallholder rice farmers as to whether there was association on variables 

used. The variables used for the analysis were classified into three: socio-demographic, 

institutional and technological characteristics.  

 

3.5.4Model specification 

3.5.4.1 Empirical stochastic profit frontier function 

In an empirical study, the choice of functional form is very essential, since the functional 

form can significantly affect the results. In the literature, profit function has been 

estimated by different functional forms such as translog, Cobb-Douglas, normalized 

quadratic, and generalized Leontif. The functional forms most commonly used for profit 

frontier estimation are Cobb-Douglas and translog (transcendental logarithmic) functional 

forms (Hyuha, 2006). Variables were specified into both Cobb-Douglas and translog 

frontiers equations and determine which functional form fit the data well.  

The Cobb-Douglas stochastic profit frontier function is as expressed below: 

 

                                                     …..……... (19) 
 

Where, the subscript “i”, denotes the i
th

 farmer in the sample (i = 1, 2, 3…... n; n = 400)  

   = Normalized profit in Liberian dollars (LRD)per hectare with weighted output price 

in for the i
th

 farmer,  

  = Cultivated land area for rice (ha), 

  = Normalized cost of seed in LRD per hectare (cost of seed divided by weighted output 

price),  
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  = Normalized cost of fertilisers in LRD per hectare (cost of fertilisers divided by 

weighted output price), 

  = Normalized cost of herbicide in LRD per hectare (cost of chemicals divided by 

weighted output price), 

  = Normalized cost of labour per hectare (cost of labour divided by weighted output 

price), 

   = Parameters to be estimated, 

Vi = Random error which are assumed to be independently and identically distributed as 

         
     

Ui = Non-negative profit inefficiency effects which are assumed to be half normal and 

independently distributed           
    

 

 

The Translog profit model frontier is specified as follow: 

 

     

                                                                   
  

               
                 

 
                

                 
  

                                                                           

                                                                      

                                                                 

  …………………………….…………………………….………….. (20) 

 

The variables in equation (20) are specified as above in equation (19). Equations 19 and 

20 estimated by the maximum likelihood analysis creates consistent estimators for  ,  , 

and  , where   is a vector of unknown parameters,        and      
    

 .The 
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value of Gamma (   indicates the level of inefficiency such that;     implies that 

deviations from the frontier are entirely due to noise as there is no evidence for the 

presence of inefficiency effects. The value of     indicate that all deviations from the 

frontier are due to inefficiency. 

 

The profit efficiency frontier was normalized using the weighted price of 

output(Appendix 9) to reflect the prices of rice marketed and consumed (that is market 

price and retail price). Costs of inputs were used for the estimation rather than price 

because prices do not varies among farmers and hence prices will not show no difference. 

Costs of inputs will show significant difference because farmers have different quantity of 

inputs.  

 

The above model was estimated by single step procedure using Frontier version 4.1.             

The single step procedure was used in order to avoid bias as the result of misspecification 

that is always brought by the use of two step procedure. Single step procedure estimates 

in a single equation the parameters for the efficiency model, profit efficiency scores, 

value of gamma and sources of inefficiency in the production system. 

 

3.5.4.2 Test statistic 

The first test involved selection of the functional form of the model, whether a Cobb-

Douglas or translog function was suitable for the data. Secondly, whether we should 

assume half normal or a more general truncated normal distribution. Thirdly, testing 

whether inefficiencies exist or not. Lastly whether profit is along the frontier, which is 

one of the main hypotheses of the study. 
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Testing for these hypotheses require imposition of restrictions on the model or the 

functional forms (Battese and Coelli, 1995) and using the log likelihood values to 

compare outcome values with those provided in Kodde and Palm (1986). The log 

likelihood (LL) test statistic compares the log likelihood values from the restricted model 

(LR) (Null hypothesis) and the unrestricted log likelihood (LU) model (the alternative). 

The value obtained is multiplied by negative two and then compared with the critical 

values in Kodde and Palm (1986) with the degrees of freedom equal to the parameters 

excluded in the unrestricted model. 

 

In order to decide on the functional form and to test the significance of the variance 

parameters in the stochastic frontier profit function and other null hypothesis, the 

generalized likelihood ratio (LR) test can be used. These tests employ the following 

calculation(Greene, 2012). 

           
     

     
  

                                                               

     and       denote the values of the likelihood function under the null hypothesis 

     and alternative      hypothesis involve, respectively. If the given null hypothesis is 

true,   has approximately chi-square distribution or chi-square distribution when the null 

hypothesis involves     (Coelli, 1995; Khan et al., 2010). 

 

3.5.4.3The profit inefficiency model 

Sources of inefficiency were determined through assumption on the inefficiency error 

component. The inefficiency error component    was assumed to follow a truncated 

normal distribution with a mean as a function of the hypothesized sources of inefficiency 



58 
 

in production (Battese and Coelli, 1995). Empirically, the inefficiency model used was 

determined by using equation (12) as: 

 

                                                   

             … ……………………………………………………………………. (22) 

 

The variables         are given in Table 4 below and          were parameter to be 

estimated. 

 

Table 3: Description of variables and expected signs for inefficiency model 

Variable Description Expected 

sign 

  = Education Years of education - 

  = Farming experience Years of experience in rice 

production 

- 

  = Off-farm income (Dummy) Off-farm income = 1 

No off-farm income = 0 

-/+ 

  = Household size Number of household member -/+ 

  = Main occupation (Dummy) Farming = 1 

Formal employment = 0 

-/+ 

  = Access to extension services 
(Dummy) 

Access to extension services = 1 

No access to extension = 0 

- 

  = Access to credit (Dummy) Access to credit = 1 

No access to credit = 0 

- 

  = Group membership Membership to group = 1 

Non membership to group = 0 

- 

  = Access to market information 

(Dummy) 

Access to market information = 1 

No access to market information = 0 

- 

   = Variety of seed planted 
(Dummy) 

Improved = 1 

Local = 0 

-/+ 

   = Agroecology (Dummy) Upland = 1 

Lowland = 0 

-/+ 

 

Education, which represents human capital of the head is assumed to have positive impact 

on efficiency. The number of years of schooling achieved by the household head, is used 

as a proxy for managerial input. Increased farming experience coupled with higher level 



59 
 

of educational achievement may lead to better assessment of the importance and 

complexities of good farming decision, including efficient use of inputs.  

 

The positive expected sign shows that specific factor increases of inefficiency (decreasing 

profit efficiency) and the negative expected sign shows a decrease of inefficiency 

(increasing profit efficiency). Years of experience in rice production, educational level of 

household head, access to extension services and access to credit are hypothesized to 

carry a negative sign in the inefficiency model, implying that they enhance 

efficiency.Experience enhances proficiency. Farmers who have more years in rice 

production acquired more skills in managing the farm resources and achieved higher 

levels of efficiency. 

 

Off-farm income is expected to influence efficiency both positively and negatively. Off-

farm income can be used to purchase agricultural input and other services which can 

improve productivity and enhance efficiency. On the other hand, having off-farm income 

entails the reallocation of time not spent on farming activities. It can deprives the farm of 

valuable time to perform the farming activities in a timely manner. Hence, farmers who 

acquire off-farm income tend to be have higher level of inefficiency.  

 

Household size is expected to influence efficiency both positively and negatively.Larger 

households have the potential for providing cheaper farm labour that can enhance 

productivity and efficiency. However, the larger household sizes the more pressure on 

household’s resources and income that can be used to purchase other farm inputs to 

improve productivity, hence the negative effect on overall efficiency. 
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The main occupation of household head is indeterminate, since participation in the 

nonfarm labour market may restrict production and decision making activities, thereby 

increasing inefficiency. On the other hand, increasing nonfarm work might reduce 

financial constraints, particularly for resource-poor farmers, enabling them to purchase 

productivity enhancing inputs. 

 

Access to extension services is a channel for the diffusion of new technologies to the 

farmer; hence, it is expected to reduce inefficiency in production.Credit is a catalyst to the 

use of improved technology such as fertiliser, high yielding seeds, etc., which in turn 

should lead to a reduction in profit inefficiency. Credit constraint may increase 

inefficiency of farmers by limiting the adoption of technologies and the acquisition of 

important information for increasing productivity. The availability of credit will release 

the constraints of production facilitating to get the inputs on a timely basis and hence is 

supposed to increase the efficiency of the farmers.  

 

Membership in farmer`s group allows the farmers to have the opportunity of sharing 

information with other farmers especially individual best practices and input prices by 

interacting with other farmers. The group can also serve as a conduit that bring unity 

among the farmers and improve networking. Therefore, it is predicted that membership in 

group positively influence efficiency among farmers. 

 

Access to market information is expected to positively influence efficiency. Access to 

markets (inputs and outputs) information can help farmers to purchase inputs at the right 

quantity, time and price and also to sell farm produce. Hence, access to market 

information is predicted to affect farmer’s profit efficiency. 
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There are two varieties cultivated by rice farmers; local variety and improved variety. 

Improved variety is a technology that enhances yield, thereby increasing profitability. It is 

expected that, improved variety increase efficiency in production. The two rice farming 

ecologies are the lowland and upland. Efficiency variations between farms can be 

explained by the farm biophysical environment and location characteristics. Farm location 

is important since farms may operate under different altitude or climatic conditions and 

different soil quality and availability of water. Two dummy variables are introduced for 

capturing this effect for the two farming ecologies in the study area. The sign of the 

estimated coefficients is undetermined. 

After rice farmer profit efficiency level was known, the profit loss was calculated using 

the following formula: 

                                                (23) 

 

Where PL is the profit loss and PE is the profit efficiency. The maximum profit per 

hectare could be calculated by dividing the actual profit per hectare with the efficiency 

level. 

 

3.6 Limitations of the Study 

This study relies on a cross sectional data (that is, a single production period) which 

maybe distorted by period specific abnormalities. Also the was designed to cover the 

entire Central Liberia which is the rice producing belt but due to the outbreak of the Ebola 

virus prior to data collection, two of the counties in the region that were less affected by 

outbreak were selected for data collection. In a nutshell, this study focuses on smallholder 

rice farmers in Bein Garr District of Nimba County and Panta District of Bong County. 

These farmers are not necessarily representative of the total population of Central Liberia, 

lest to say Liberian farmers. As such, generalization of the results may not be possible 

without taking note of limitations.  



62 
 

CHAPTER FOUR 

 

4.0 RESULTS AND DISCUSSION 

4.1 Descriptive Analysis of the Survey Data 

4.1.1 Characterization of rice production 

This section discusses land use with focus on land characteristics and allocation to rice, 

rice production technologies and practices and factors underlining productivity 

differences between farmers. 

 

4.1.1.1 Access to land and its utilization 

Total arable land area in Liberia is estimated at 4.6 million hectares while planted area 

totals only several hundred thousand hectares (GOL, 2007). In the study area, the average 

land size per households is about 15 ha with 15% in the lowland and 85% in the upland 

(Table 4). 

 

Table 4: Land size and distribution in the study area 

Variable Land size hectare Distribution by Agroecology 

Lowland size and (%) Upland size and (%) 

Sample 14.85 2.17 (14.6) 12.68 (85.4) 

Bein Garr 13.98 2.03 (14.5) 11.95 (85.5) 

Panta 15.61 2.85 (18.3) 12.76 (81.7) 

 

Rice occupied approximately 8%share of the landin the study area (Fig.7) with average 

farm size of about one hectare depicting rice farm size is small for farming households. 

Interestingly, most of the land (37%) left to fallow because of the farming practice in the 

area which is mainly slash and burn shifting cultivation. Approximately six hectare of 

farm land per households in the study is left to fallow (Appendix 1). The length of the 

fallow period according to ArcelorMittal (2014) depends on several factors, including soil 



63 
 

type, bush growth, water supply, available labour and expertise. The fields are then left 

fallow to regain fertility for between six and fifteen years, with an average of about eight 

years. Length of the fallow period may also tend to increase with distance from 

permanent settlements but is also determined by factors such as labour availability.The 

average walking distance from the homestead to the farm in the study area is about 52 

minutes (Fig.8). 

 

 

Figure 7: Land allocation to crop in the study area 

 

 

Figure 8: Distance from homestead to the rice farm 
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Land is allotted to household, and the landholder has an inheritable right for use.Farm 

land is traditionally allocated on a kinship basis within rural communities. As noted in 

Appendix 2, more than 70% of the land ownership in Bein Garr and Panta Districts is 

inherited (customary). Customary tenure systems have historically provided farmers with 

sufficient tenure security (Lawry et al. 2014; Hartman et al., 2015).  

 

4.1.1.2 Production technologies and practices 

Rice production technologies are defined in term of the usage of improved inputs such as 

seeds, fertiliser and herbicides. These input use status are compared to standard 

recommendation.  

 

Table 5: Farm size and output by rice variety cultivated 

Type of 

variety 

n Mean farm 

size (ha) 

Std Median Output 

(kg/ha) 

Std Median 

Improved 201 1.0 0.6 0.8 2013 1499 1582 

Nerica L14 9 1.1 0.7 1.0 1972 1189 1570 

Lac-23 72 1.2 0.6 1.2 1639 1451 1240 

Nerica L19 49 1.0 0.7 0.8 2032 1342 1581 

Suakoko-8 71 0.8 0.4 0.6 2385 1614 1914 

Local 234 1.1 0.6 1.0 1040 679 880 

 

To keep up with the pressure of increasing food demand, the development of new and 

better varieties has been of interest to researchers. Generally in Africa and Liberia in 

particular, the development of high yielding varieties of rice is intended to address food 

insecurity. Among the successes of rice development in Africa has been the release of the 

New Rice for Africa (NERICA). It has an upland rice variety (NERICA L14) with high 

yielding characteristics of Asian species as well as resistant to water stress, pests and 

diseases of African environment and can do better both in poor and relatively high fertile 

soil (Kijimaet al., 2006). According to WARDA (2001), NERICA L14 has yield potential 
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that has been estimated between 2.5 t/ha (2500 kg/ha) for low fertile soils and 5 t/ha 

(5000 kg/ha) for high fertile soils, which is a promising innovation. Based on the results 

presented in Table 5, smallholder farmers’ yields (1.9 t/ha or 1900 kg/ha) for NERICA 

L14 far below the anticipated amount (between 2.5 and 5 t/ha).  

 

Another upland variety common among rice farmers in Liberia is Lac 23. This variety 

performs well in upland bush fallow cropping system which is dominant among rice 

farmers in Liberia.It is drought tolerant and susceptible to iron toxicity. The growth 

duration is between 140-145 days. The potential under such condition according to 

FAO(2002), ranges from 2 to 3.5 t/ha (2000 to 3500 kg/ha). The results as indicated in 

Table 5 show that farmers are producing about 1.6 t/ha (1600 kg/ha). This indicates that 

small holder farmers have a potential of expanding production from 1600 to 3500 kg/ha. 

 

In Liberia, Suakoko-8 is the commonly preferred rice variety for farmers in the lowland. 

It is tolerant to both iron toxicity and diseases (Matlon, 1993). According to FAO(2002), 

the growth duration is about 140-145 day with a yield potential between 2.5 t/ha (2500 

kg/ha) to 4 t/ha (4000 kg/ha). However, the current Suakoko-8 yields at farm level are 

estimated at about 2.3 t/ha (2300 kg/ha) which is low as compared to the potential of 4 

t/ha. 

 

NREICA-L19 is lowland variety that can perform well under rain-fed and irrigated 

conditions. It tolerates iron toxicity, drought and diseases. The growth duration of the 

variety is estimated at 90-100days with yield potential of 6 t/ha (AfricaRice, 2010). 

However, results presented in Table 5 estimated smallholder farmers’ yields at 2 t/ha for 

NERICA L19; which is far below the anticipated amount of 6 t/ha.  
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The results showed rice productivity is low in the study area compared to the potential of 

these varieties. The average yield for these improved varieties is approximately 2 t/ha 

(2000 kg/ha) and that of the local varieties is about 1 t/ha (1000 kg/ha). These yields are 

even far below the National Rice Development Strategy yield of 4 t/ha (4000 kg/ha) 

(NRDS, 2012). Though the improved varieties are doing far better in term of productivity 

than the local varieties, it is noted that most of the farmers (54%) were using local 

varieties and the remaining 46% were using improved varieties (Appendix 3). 

Furthermore, the quantity of seed planted in the study area was 70 kg/ha; with 68kg/ha in 

the lowland and72 kg/ha in the upland (Table 6). The seed application rate is less than the 

recommended rate of 80-120 kg/ha (Oikehet al., 2008). This provides an indication of 

underutilization and inefficient usage of inputs. 

 

Farm productivity is positively affected by the use of organic inputs and investments in 

soil conservation practices and weed management (Sibiko, 2012). Fertiliser is a major 

land-augmenting input that increases crop yield per hectare by improving the fertility and 

productivity of the soil. Despite the significance of fertiliser in enhancing high output, 

only 13% of the farmers used this valuable input in the study area (Appendix 3). 

Moreover, the quantity of fertiliser (NPK 15-15-15) applied per hectare was 70 kg and 

onlyin the lowland ecology (Table 6). The level of usage is even low as compared to 

recommended application of 100 kg/ha (Oikehet al., 2008; Ezuiet al., 2010; Homenauth, 

2013). There are many reasons that may explain the lack of implementation of complete-

dose fertilization, including the cost of the fertiliser at recommended rate being beyond 

the reach of farmers, and farmers’ lack of appropriatefertiliser-management skills. On the 

other hand, herbicide is used by only 9% of the rice farming households in the study area 

with application rate of 2 litre/ha. The results confirmed the CFSNS(2013), report that 

fertiliser or herbicide usage is negligible at less than 1% in Liberia and also the generally 



67 
 

known view about developing counties agriculture that, it is characterized by low input 

usage (Crawford et al., 2003) probably due to poor revenue returns or lack of awareness. 

 

Table 6: Input usage in rice production 

Input Lowland Upland All sample 

Seed  N 175 225 400 

Quantity(kg/ha)  68 72 70 

St. dev 33 33 33 

Median 62 62 62 

Fertiliser N 50 0 50 

Quantity(kg/ha)  70 0 70 

St. dev 41 0 41 

Median 62 0 62 

Herbicide N 37 0 37 

Quantity(litre/ha)  2 0 2 

St. dev 1.4 0 1.4 

Median 2 0 2 

 

 

 

4.1.2 Factors underlining productivity differences between farmers 

The results as presented in Table 7 show that farmers under the high yield category farm 

sizes are small and using less man day per hectare than farmers that are under the low 

yield category in the study area. The average farm size for the high yield farmers was 0.9 

ha with mean yield of 2200 kg/ha compared with average farm size of 1.3 ha with mean 

yield of about 600 kg/ha for low yield farmers. The result implies that high yield farmers 

are involved intensively in rice production on small area where their resources are 

efficiently utilized. The reverse holds true for low yield farmers where farmers used more 

land in order to cover some of the production risks. Inverse relationship between farm 

productivity and farm size has been reported by several researchers (Masterson, 2007 

andOkoyeet al., 2008). They conclude that the inverse relationship is a result of 

differential factor use intensity, which causes small farms to have greater average and 

marginal productivity of land. Thus, if farm size is small, the farmers are able to combine 
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their resources better. On the other hand, the results show that farm sizes in the upland are 

larger than those of the lowland for all yield categories(Appendix 5). This implies that 

most of the observed output in the upland was heavily dependent on land area cultivated. 

Hence, for upland farmers to achieve greater yields, they have to expand the land area 

cultivated. This is consistent to what Jude (2012), obtained in the study of upland rice in 

South Western Uganda. This practice in the long run can lead to soil degradation and 

deforestation which is not environmentally sustainable. Ogundele and Okoruwa (2006), 

also noted similar practice in Nigeria for rice farmers indicating that the practice is not 

only common in Liberia but other places in Africa. 

 

Experience in growing rice pay-off well as expected. The high yield farming households 

have more farming experience (14 years) than the low yield farming household with 9 

years. Farmers who have more years in rice production acquired more skills in managing 

the farm resources over time and achieved higher output. The results is consistent with 

that of Anigboguet al. (2015), who found farming experience to have a positive 

relationship with farmers output levels inAnambra State, Nigeria indicating that a year 

increase in farming experience will bring about an increase in the farmers output by 

22.9kg.This result is also in conformity with Hyuhaet al.(2007) who found similar finding 

among rice farmers in Uganda. 

 

Education of the farmer plays an important role in decision making and accessing crucial 

production and marketing information. It helps farmers in gaining skills (writing and 

numeracy) and adapts new technologies. The average year of education is not different 

between farmers in the high yield categoryand those in the low yield category (8 years for 

high yield and 7 years for low yield). The results showed that most of the farmers (both 

low and high yield categories) got secondary level of education. This implies that formal 
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education is not essential for rice farmers’ output. The result is contrary to that Hyuha 

(2006) in Uganda and Anigbogaet al. (2015) in Nigeria. They found education level was 

necessary to increase productivity of rice farmers. Educational level of more than 4 years 

has been reported to improve productivity of farmers (Sharma and Leung, 2000). 

 

Farmers that are fully involved with the daily activities of the farm are expected to gain 

more experience in performing the specific tasks of the farm and can achieved higher 

output. The results show farmers who were fully involved in farming (37%) are more in 

the high yield category than farmers who were partly involved with rice farming (15%). 

This result is consistent with classical economic theory which recognizes that 

specialization is a key determinant of productivity and efficiency (Hyuhaet al., 2007). The 

results are contrary with that reported by Tijani(2006), among rice farms in Nigeria and 

Mulwaet al.(2009) among maize farmers in Kenya. These authors observed that farmers 

who entirely depended on farming were disadvantaged in that they did not have regular 

sources of income to finance their farming; rather, they had to wait until harvest time. In 

fact, in most cases the proceeds from the farm are not always reinvested back to the farm, 

due to other household needs or accumulated debts, so that farm productivity decreases 

over time. 

 

As confirmed by Rahman (2003) and Hyuhaet al.(2007), access to extension services is a 

conduit for the diffusion of new technologies to the farmer; hence, it is expected to reduce 

inefficiency in production. More farmers with access to extension services (49%) have 

higher yield of rice in kilogram per hectare than farmers without access to extension 

services (30%). Hyuhaet al.(2007) revealed that lack of extension services reduced 

farmers output of rice that led to low profit of farmers in Northern Uganda. Also, a study 

by Rahman(2003) found that farmers who have access to extension services perform 
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significantly better in terms of earning actual profit, incurring less profit loss and 

operating at higher level of efficiency in Bangladeshi. In the study area, extension 

services were reaching fewer farmers (17%) which might likely be one of the reasons for 

low usage of yield enhancing technologies. The result is in conformity with the finding of 

Jude (2012) in South Western Uganda, who found that fewer farmers (38%) receiving 

extension services was the reason for low usage of yield improving technologies like 

fertilisers and herbicides. 

 

Credit is a catalyst to the use of improved technology such as fertiliser, herbicide and high 

yielding seeds. Credit constraint may limit the adoption of technologies and the 

acquisition of important information for increasing productivity.  The results (Table 7) 

show that farmers with access to credit (36%) under the high yield category were greater 

than farmers without access to credit (29%). The availability of credit loses the 

constraints of production, thus facilitating to get the inputs on a timely basis and hence is 

supposed to increase farmer’s productivity. The result shows that approximately 60% of 

the farmers had access to credit in the study area. It implies that more than half of the 

farmers would have the opportunity to access agricultural inputs (such as seeds, fertilisers 

and farming equipment); access to education and buying of agricultural tools that can 

enhance rice production. It was observed by Hyuhaet al. (2007) among rice farmers in 

Uganda and Goncalveset al. (2008) among milk producing farms in Brazil that access to 

credit is important in production in the sense that it improves farmers’ ability to purchase 

the otherwise unaffordable farm inputs and consequently it significantly improves their 

productivity and level of efficiency. 

 

The usage of improved production technologies such as fertiliser, herbicide and improved 

seeds can positively affect farm productivity. The results show that more farmers (51%) 
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using improved seeds are found under high yield category than the farmers (18%) 

cultivating local seeds in the study area (Table 7). On the other hand, the proportion of 

rice farmers who planted local variety under the low yield category were approximately 

three times larger than farmers who cultivated improved variety. The results show that 

farmers that used improved seeds achieved higher yield per hectare than farmers that used 

local seeds.  

 

Furthermore, proportion of farmers who used fertiliser on their rice farm under the high 

yield category was three times larger than the farmers that did not use fertiliser on their 

rice farm. The reverse of this result holds true for farmers that did not use fertiliser. That 

is larger percentage of farmers that did not use fertiliser (38%) was found under the low 

yield category compared with 4% of the farmers that used fertiliser. The ratio of farmers 

that did not use fertiliser to that of farmers that used fertiliser on their farm under the low 

yield category is approximately ten to one. This implies that the use of fertiliser enhance 

yield of rice. Moreover, proportion of farmers that used herbicide under the high yield 

category was twice as larger than the farmers that did not use herbicide. On the other 

hand, farmers that did not use herbicide under the low yield category were seven times 

larger than farmers that used herbicide. The results showed that yield enhancing 

technologies like improved seeds, fertiliser and herbicide are important in rice 

productivity. The results are consistent with Anigboguet al. (2015), who found fertiliser 

obtained, seedling obtained,  and soil fertility have significant relationship with the 

farmers output. 

 

 

Table 7: Farm output categorisation by household demographic characteristics, 

access to services and technology in the study area 
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Characterization variable All sample (n = 400 ) 

Low 

Mean = 

616 

Std = 175 

Medium 

Mean = 

1128 

Std = 157 

High 

Mean = 2263 

Std = 910 

Area under rice (ha) 1.3 1.2 0.9 

Labour (man-day/ha) 171 166 152 

 

Demographic characteristics  

   

Farming experience (years) 9 12 14 

Sex of household head    

Male (%) 35 32 33 

Female (%) 25 38 37 

Education (years) 7 7 8 

Off farm income (%) 32 37 31 

No off farm income (%) 35 30 35 

 

Access to services  

   

Access to extension (%) 22 28 49 

No access to extension (%) 36 34 30 

Access to credit (%) 32 32 36 

No access to credit (%) 36 35 29 

 

Technology 

   

Used local seeds (%) 47 35 18 

Used improved seeds (%) 18 31 51 

Used fertiliser (%) 4 20 76 

Did not use fertiliser (%) 38 35 27 

Used herbicide (%) 5 27 68 

Did not use herbicide (%) 36 34 30 

 

4.1.3 Category of smallholder rice farmers input use and output in Bein Garr and 

Panta Districts 

Summary statistics of inputs use and output of rice by categories of rice farming 

households in the study area are presented in Table 8. Farmers were categorised based on 

technology and agro-ecology; hence the upland ecology has two categories (upland with 

local variety and upland with improved variety) and the lowland ecology has four 

categories (lowland with local variety, lowland with improved variety, lowland with 

improved variety andfertiliser and lowland with improved variety, fertiliser andherbicide). 

Farm size in the upland ecology is similar for the two categories of rice farming 

households and also in the lowland ecology, farm size does not vary among the categories 
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of rice farming households. Farm sizes in the upland are larger than that of the lowland 

ecology. This is because most of the farmland is located in the upland where farmers are 

comfortable with the traditional shifting cultivation farming method. Furthermore, 

because of the low productivity in the upland as compared to the lowland, farmers in the 

upland increase the area under production in the upland so as to cover the risk of crop 

(rice) failure to certain portion of the land (Table 8). The result corroborates with the 

finding of Jude (2012), who found that upland rice farmers expanded the cultivated land 

in order to achieve greater yields in South Western Uganda. Also, the NRDS (2012), 

report has noted that the increased in rice production in the upland in Liberia is due to the 

increase in the cultivated area. Seed application rate varies among farmers in the study 

area. It range from 63-75 kg/ha with the highest recorded for upland with improved 

variety and lowland with improved variety, fertiliser and herbicide farmers. The results 

show that seed application is low for all categories of households in both the upland and 

lowland ecologies as compared to the recommended seed application rate of 80-100 kg/ha 

for rice farming (Oikehet al., 2008). This is an indication of the inefficient and 

underutilization of input, which highlights the low extension services reaching rice 

farmers. 

 

Farmers in the upland are using more labour than farmers in the lowland. The results in 

Table 8 further show that upland with local variety farmers were using about 160 man-

day per hectare while lowland with local variety farmers were using about 150 man-day 

per hectare. Furthermore, upland with improved variety farmers were using 

approximately 170 man-day per hectare while lowland with improved variety farming 

households were using about 160 man-day per hectare. The lowest man-day per hectare is 

recorded for lowland with improved variety, fertiliserand herbicide. The low labour usage 

maybe due to the application of herbicide which helps to reduce drudgery that is 
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associated with rice production most especially weeding.The main farming activities that 

require more labourwere land preparation, planting, weeding, bird scaring and harvesting 

(Appendix 4).Fertiliser application rate (about 70 kg/ha) was similar for the two 

categories of rice farming households that used the input, but the application rate was far 

low as compared to the recommended rate of 100 kg/ha (Oikehet al., 2008; Ezuiet al., 

2010; Homenauth, 2013). 

 

On the output side, the upland farmers are producing lower as compared to the lowland 

farmers with similar technology. For instance, upland with local variety farmers produced 

about 900 kg/ha (0.9 t/ha) while the lowland with local variety farmers output was about 

1200 kg/ha (1.2 t/ha). On the other hand, the output for upland with improved variety 

farmers was approximately 1200 kg/ha (1.2 t/ha), while the output of rice for lowland 

with improved variety farmers was about 1600 kg/ha (1.6 t/ha). Lowland with improved 

variety, fertiliser and herbicide farmers were the most productive in term of yield with 

about 2500 kg/ha (2.5 t/ha); followed by lowland with improved variety andfertiliser with 

output of about 2100 kg/ha (2.1 t/ha). According to the results, it is confirmed that yield 

for the two categories of farmers in the upland and that of the lowland with local variety 

farmers are similar with the national yield of 1.2 t/ha (NRDS, 2012; FAO, 2013; USAID-

BEST, 2014). Although there is an improvement in productivity for farmers in the 

lowland with improved variety andfertiliser and lowland with improved variety, fertiliser 

and herbicide when compared to the national output, but their output is low as compared 

to other neighbouring countries with similar farming characteristics with 2.7 t/ha in 

Ghana, 3.0 t/ha in Côte d’Ivoire, 3.4 t/ha in Mali, 4 t/ha in Benin (Donkoh andAwuni 

2011; Oladeleet al. 2011; Donkor andUwusu, 2014).The rice yield per hectare in the 

study area ranged from 0.9 t/ha to 2.5 t/ha. This indicates that farmers who achieved low 
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rice output can maximise their productivity by improving their efficiency; implying that 

farmers stay have avenue to exploit the potential output in the study area. 

 

Table 8: Summary statistics of input use and output by production 

technologyandpractices 

Agroecology Technology Description n Mean St. dev Median 

Upland Local variety Land (ha) 154 1.3 0.6 1.2 

Seed (kg/ha) 154 71 34 62 

Labour (man-day/ha) 154 164 40 168 

Productivity (kg/ha) 154 948 455 921 

      

Improved 

variety 

Land (ha) 71 1.3 0.7 1.2 

Seed (kg/ha) 71 75 31 62 

Labour (man-day/ha 71 175 43 172 

Productivity (kg/ha) 71 1294 593 1240 

       

Lowland Local variety Land (ha) 60 0.9 0.7 0.8 

Seed (kg/ha) 60 63 27 62 

Labour (man-day/ha 60 145 32 143 

Productivity (kg/ha) 60 1103 545 1000 

      

Improved 

variety 

Land (ha) 65 1.1 0.7 1.1 

Seed (kg/ha) 65 67 33 62 

Labour (man-day/ha 65 163 45 162 

Productivity (kg/ha) 65 1682 904 1607 

      

Improved 

variety with 

fertiliser 

Land (ha) 13 0.8 0.2 0.8 

Seed (kg/ha) 13 71 28 62 

Labour (man-day/ha) 13 153 25 156 

Fertiliser (kg/ha) 13 71 33 62 

Productivity (kg/ha) 13 2105 159 2111 

      

Improved 

variety with 

fertiliser& 

herbicide 

Land (ha) 37 1.0 0.7 0.8 

Seed (kg/ha) 37 75 41 62 

Labour (man-day/ha 37 145 27 146 

Fertiliser (kg/ha) 37 69 44 62 

Herbicide (litre/ha) 37 2 1.4 2 

Productivity (kg/ha) 37 2506 1556 1779 

 

4.2 Profitability by Rice Production Technology in Bein Garr and Panta Districts 

This section discusses the cost structure and profitability by production technology of 

farmers. Farmer’s production costs and profit are present Liberian dollars (LRD) per 

hectare. Furthermore, farmers are profiled based on profit categories.  
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4.2.1 Cost structure by production technology 

The cost of production varies among rice farmers from 23 500 LRD/ha to 29 700 LRD/ha 

(Appendix 6). The highest production cost is found among lowland with improved 

variety, fertiliser and herbicide farmers. This is due to the fact that these farmers are 

involved with improved technologies that are costly; such as the purchase of fertiliser and 

herbicide. The cost structure of rice production technologies in the study area is shown in 

Table 9. Labour cost represents the highest percentage among total costs for all the 

categories of rice farmers in the study area. The share of labour cost varies by categories 

of rice farmers. Labour cost accounted for about 92% for upland with local variety, 

upland with improved variety, lowland with local variety and lowland with improved 

variety households respectively. For lowland with improved variety andfertiliser, labour 

cost represented 80%; while labour cost accounted for 73% of the lowland with improved 

variety, fertiliser and herbicide farmers. This illustrates that farmers in the study area 

spent the highest on labour, showing that rice farming is labour intensive in all categories 

of rice farming households. Labour expenses have been shown to rank highest in most 

farming enterprises especially rice production. The result corroborates with the finding of 

Kadiriet al.(2014) who found highest percentage of labour accounting for 97% of the total 

variable cost. Also, Nwike and Ugwumba (2015) reported highest labour cost accounting 

for 76% in their study on profitability of rice in Aguata Agricultural zone of Nigeria. The 

result is also in line with Omoteshoet al. (2010) who in their study of rice production in 

Kwara State reported that labour accounted for 74% of total cost.  
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Table 9: Cost structure of rice production technology by farmers 

Agroecology Technology  

n 

Cost share of inputs (%) 

Seed Labour Fertiliser Herbicide Total 

Upland Local variety 154 7 93 0 0 100 

Improved 

variety 

71 8 92 0 0 100 

Lowland Local variety 60 8 92 0 0 100 

Improved 

variety 

65 8 92 0 0 100 

Improved 

variety with 

fertiliser 

13 8 80 12 0 100 

Improved 

variety with 

fertiliser& 

herbicide 

37 8 73 11 8 100 

 

The results for all the categories of rice farmers was however far higher than the 20% 

human labour cost reported by Nirmala and Muthuram (2009) in Kaithal District of 

Haryana India where machine labour constituted the major variable cost of rice 

production. The high labour cost in the study area might be attributable to the lack of 

mechanization and low usage of labour saving input like herbicide. Lowland with 

improved variety, fertiliser and herbicide farmers’ labour cost share was the lowest 

among all the categories of rice farming households in the study area. This result implies 

that the usage of herbicide is essential in the reduction of labour especially weeding. 

 

On the revenue side, 90-95% of the rice output by farmers was for own consumption and 

stock for seeds; only about 5-10% of the rice output was sold by the farmers (Appendix 

6).This implies that large percentage of the rice output is destined for self-consumption. 

This is in line with the finding ofSaraviaMatus and Gomezy Paloma (2014) in Sierra 

Leone where about 70-80% of the staple crop is kept for own consumption. This comes 

from the fact that farm households prefer to secure a minimum food intake and avoid the 

risks and uncertainties of future unpredictable market price variations. 
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4.2.2 Agroecology, technology and profitability 

Profit for each category of rice farming households was calculated. The detailed 

enterprise budget as to how the profit was derived is presented in Appendix 6.All the 

categories of rice producing households have positive profit. This indicates that rice 

production is profitable venture if well managed in the study area. This finding is 

consistent with the findings of many studies that subsistence rice production is profitable 

enterprise (Okamet al., 2016; Nwike and Ugwumba, 2015; Kadiriet al., 2014; Adewuyi 

and Adebayo, 2014; Yohanaet al., 2010). The economic implication of these findings is 

that loans granted to farmers for rice production were of benefit to both lenders and 

borrowers since returns were high enough to repay such loans and the accrued interest. 

Profitability in Liberia dollars per hectare varies from 8300 LRD/ha to 69 300 LRD/ha 

(Table 10). The highest profit is found among lowland with improved variety, 

fertiliserand herbicide farmers. This could be explained by the fact that these farmers are 

using improved technologies such as improved seed, fertiliser and herbicide and also are 

involved with good production practices in lowland ecology especially in the in-land 

valley where there is availability of water throughout the production period that increased 

productivity. 

 

There is significant difference in profit among farmers using similar technologies in 

different agroecology in the study area. Upland with local variety farmers on the average 

earned 8300 LRD/ha while lowland with local variety farmers earned 20 500 LRD/ha. 

The results showed that lowland with local variety farmers profit is more than twice as 

higher than that of the upland with local variety farmers. Also, comparing the upland with 

improved variety farmers with that of the lowland with improved variety farmers, it is 

noted that lowland with improved variety farmers’ profit is approximately twice as higher 
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than the upland with improved variety farmers. This result is in conformity with the 

findingOnoja and Herbert (2012) who found lowland rice production to be more 

profitable than upland rice production.  The implication is that farmers in the lowland 

ecology earned more profit than the farmers in the upland ecology. 

 

Table 10: Profit per hectare for rice by farmer’s production technology 

Technology Upland profit in LRD/ha Lowland profit in LRD/ha 

 Mean St. dev Median Mean St. 

dev 

Median 

Local variety 8368 20305 7452 20599 23131 16606 

Improved variety 22805 25333 19739 40533 38646 26464 

Improved variety with 

fertiliser 

   54775 7897 54668 

Improved variety with 

fertiliser& herbicide 

   69326 62028 41616 

 

4.2.3 Effect of agroecology and technology on farmers’ profit  

Normality test for the profits from rice production was conducted using Shapiro Wilk test 

on the null hypothesis that the observed distribution fits the normal distribution against 

the alternative hypothesis that the observed distribution does not fit the normal 

distribution. The test confirmed the data on profits from rice production to be normally 

distributed as the null hypothesis was not rejected (P>0.05) as shown (Appendix 10). 

Collinearity diagnostics was conducted prior to estimation of the model. The results gave 

the allowable Variance Inflation Factor (VIF) which is tolerable (VIF<5) as shown 

(Appendix 11), indicating no multicollinearity issues.  

 

The result on effect of agroecology and technology on farmers’ profit (Table 11) shows 

that agroecology was positive and statistically significant at 1%. This indicates that being 

in the lowland increase mean profit relative to farmers in the upland holding other factors 

constant. The use of fertiliser was positive and statistically significant at 1% level. This 
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implies that the use of fertiliser in rice production increases mean profit relative to non-

users holding other factors constant. The result for variety planted was negative and 

statistically significant at 1% level. This indicates that using local variety rather than 

improved variety decreases mean profit holding other factors constant (Table 11). 

 

Table 11:Regression analysis on the effect of agroecology and technology on rice 

farmers’ profit 

Model B Std. error t-value Sig. 

Constant 6.556 0.052 125.537 0.000*** 

Agroecology 0.196 0.059 3.345 0.001*** 

Use of fertiliser 0.387 0.152 2.540 0.011*** 

Use of herbicide -0.005 0.166 -0.031 0.975 

Variety -0.342 0.058 -5.933 0.000*** 

*** Significant at 1%; *Significant at 10%; R square = 0.264; Adjusted R square = 0.257; 

Durbin-Watson = 1.506 

 

4.3Characteristics distinguishing low profit from high profit smallholder rice 

farmers in Bein Garr and Panta Districts 

The results as presented in Table 12 show the characteristics distinguishing low profit 

from high profit farmers in the study. Sex of household head was not significantly 

different among the profit category.This implies that sex is not essential for rice farmer’s 

profitability. The result is contrary with the finding of Adewuyi and Adebayo (2014) who 

found male farmers to be operating at a higher level of profitability than their female 

counterparts in Adamawa State, Nigeria. Also, chi-square test reveals no statistical 

significant association (P=0.269) for educational level among the profit categories. 

 

Farmers’ experience and decision-making abilities are crucial determinants for 

profitability. Farm success is often more dependent on the management ability of farmers, 

especially in the area of marketing, than on site-specific conditions. In the study area, 

approximately half of the farmers (49%) with high experience level in rice production 

was found to be under the high profit category compared with the experienced (24%) and 
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low experienced farmers (18%). Furthermore, the proportion of high experienced farmers 

under the high profit category is twice as larger than the experienced farmers, even about 

three times higher than the low experienced farmers. On the other hand, more than half of 

the low experienced farmers were found in the low profit category as compared to the 

experienced and high experienced farmers. The proportion of low experienced farmers in 

the low profit category is higher than the experienced farmers and even triple than the 

high experienced farmers. The chi-square test confirms a strongly statistical significant 

association in level of rice farming experience among the profit categories (P = 0.000). 

This implies that farmers who have more years in rice production acquired more skills in 

managing the farm resources over time and achieved higher output. The result is in 

conformity with the finding of  Okamet al. (2016) who found positive and significant at 

1% level of farming experience for both male and female farmers respectively, implying 

that respondents with higher farming experience tend to be more efficient in the 

production of rice and hence an increase in their profits. Also, Bhuyan and Postel(2009) 

found farming experience to have a positive impact on profitability among organic dairy 

farmers in Northeast United States.  

 

Furthermore, the proportion of farmers who worked full-time on the rice farms under the 

high profit category was more than twice as larger than part-time farmers. On the reverse, 

half of the part-time farmers (50%) were under the low profit category which is twice as 

higher than that of the full-time farmers. This implies that full-time farmers earned higher 

profit than part-time farmers reinforcing the classical economic theory which recognizes 

that specialisation is an important determinant of profitability and efficiency. Farmers 

who are fully involved with the day-to-day activities of the farm, gain managerial 

expertise overtime, efficiency, economies of scope and may operate closer to the 

maximum profitability given his/her own production constraints (Bhuyan and Postel, 
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2009). The result shows that there is a statically significant association with regard to 

farmers’ involvement in rice farming among the profit categories (P = 0.000). The result 

is consistent with Mishra and Morehart (2001), who found that detraction from 

specialization had a negative impact on conventional U.S. dairy farm profitability.  

 

Table 12:Characteristics distinguishing low profit from high profit smallholder 

farmers 

Variable n Profit terciles Chi 

square 

P-value 

Low 

(%) 

Medium 

(%) 
High 

(%) 

Sex Male  348 34 33 33   

Female  52 25 40 35 2.103 0.349 

Level of 

education 

<secondary 377 33 34 33   

>Secondary 23 48 22 30 2.625 0.269 

Level of 

experience in 

rice farming 

Low level 116 54 28 18   

Experience 105 32 44 24   

High level 179 20 31 49 53.103 0.000*** 

Involvement 

in rice 

farming 

Full-time 326 26 33 37   

Part-time 74 50 35 15 16.964 0.000*** 

Off farm 

income 

Yes 185 33 37 30   

No 215 34 30 36 2.772 0.250 

Access to 

credit 

Had credit access 245 25 33 42   

Had no credit access 155 46 35 19 26.830 0.000*** 

Receive  

extension 

service 

Received extension 

service  

67 22 27 51   

Received no 

extension service  

333 35 35 30 11.323 0.003*** 

Group 

membership 

Member of group 188 23 27 50   

Not member of 

group 

212 42 37 18 45.320 0.000*** 

Variety 

cultivated 

Local 214 46 35 19   

Improved 186 18 32 50 53.098 0.000*** 

Use of 

fertiliser 

Used fertiliser 50 6 22 72   

Did not use fertiliser 350 37 35 28 40.823 0.000*** 

Use of 

herbicide 

Used herbicide 37 8 30 62   

Did not use 

herbicide 

363 36 34 30 18.174 0.000*** 

Agroecology Lowland  175 20 35 45   

Upland 225 44 32 24 31.310 0.000*** 

***Significant at 1% 

 

In addition, the result shows no statically significant association between farmers with 

off-farm income and those without off-farm income among the profit categories(P = 
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0.250). It is noted that there is a high percentage of farmers without off-farm income 

(36%) under the high profit category compared with 30% of farmers with off-farm 

income. This can be explained due to the fact that farmers with off-farm income maybe 

engaged in non-farm activities/employment that deprive the farm of valuable time to 

perform farming activities in a timely manner, which eventual transform into low output. 

This finding is in line with the results obtained by Rahman, (2003) who showed that 

households with off-farm income share of more than 40% in total household income 

operate at significantly lower levels of efficiency and hence earn less actual profit and 

incur high profit-loss in Bangladesh.  But contrary with that of Hyuhaet al. (2007), who 

found off-farm income to be negative for rice farmers in Pallisa and Lira districts, 

Uganda; implying that access to off-farm income enhances efficiency and increase profit 

in rice production in the districts. 

 

Access to credit is expected to ease the financial constraint in farming; enhance the 

acquisition of input and improve revenue and subsequently, profit. The result shows that 

the proportion of farmers with access to credit under the high profit category was more 

than twice as larger than the farmers without access to credit. The reverse is true for 

farmers without credit access under the low profit category, where the proportion of 

farmers without access to credit was approximately twice as larger than farmers with 

access to credit. This implies that farmers with access to credit have the opportunity to 

access yield enhancing inputs such as fertiliser, herbicide and improved seeds that can 

increase production. The chi-square test shows statistically significant association(P = 

0.000) between farmers with credit access and those without credit access among the 

profit categories. The result corroborates with the findings of Hyuhaet al.(2007) in 

Northern Uganda and Yasinet al. (2014) in Punjab, Pakistan. They found that farmers 
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who have access to credit have higher profit, less profit lost as compared to those who do 

not have any access to credit for farming.  

 

As with credit, access to extension services is a conduit for the diffusion of new 

technologies and other production and marketing information to the farmers. The results 

show that 51% of the farmers that received extension services was under the high profit 

category compared with 30% of the farmers that did not receive extension services. The 

reverse holds true for farmers that did not receive extension services, wherein high 

percentage (35%) of them was found under that low profit category compared with 22% 

of the farmers that received extension services. There is a statistical significant 

association between farmers that received extension services and those that did not among 

the profit category based on the chi-square test (P = 0.003). The result is in conformity 

with the findings of Rahman(2003), in Bangladesh and Hyuhaet al.(2007) in Northern 

Uganda. They revealed that farmers who have access to extension services perform 

significantly better in terms of earning actual profit, incurring less profit loss.  

 

Furthermore, the result show that there is a statistically significant association between 

group membership and profit categories (P = 0.000). The result reveals that proportion of 

farmers with group membership under all the profit categories was more than twice to 

that of the farmers without any membership in a group. This implies that membership in 

group is essential for rice farmer’s profitability. The result is in conformity with the 

finding of Onyangoet al.(2014), who found mean sale of products before common interest 

group membership to be twice as lesser than after been a member in Kisumu County, 

Kenya. Their finding shows that farmer groups are known to be avenues that facilitate and 

link farmers to new technologies and production practice. 
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Farmers’ access to improved production inputs such as fertiliser, herbicide and improved 

seed can enhance productivity thereby positively influencing profitability. The result 

show that 50% of the farmers that cultivated improved variety were under the high profit 

category compared with 19% of the farmers that cultivated local variety. The proportion 

of farmers that used improvedvariety under the high profit category was almost three 

times as larger than farmers that used local variety. On the other hand, the proportion of 

farmers that cultivated local variety under low profit category was about three times 

higher than farmers that planted improved variety. The results imply that farmers that 

cultivated improved variety earned higher profit than those that used local variety. The 

chi-square test confirms a statistically significant association between rice variety 

cultivated and profit categories (P = 0.000).  

 

In addition, large percentage of farmers that used fertiliser (72%) was under the high 

profit category compared with 28% of the farmers that did not use fertiliser. The 

proportion of farmers who used fertiliser under the high profit category was more than 

twice as larger than the farmers that did not use fertiliser. The reverse of this result holds 

true for farmers that did not use fertiliser. That is larger percentage of farmers that did not 

use fertiliser (37%) was found under the low profit category compared with 6% of the 

farmers that used fertiliser. This implies that the use of fertiliser increases rice 

productivity and profitability. The result shows that there is a statistically significant 

association between the use of fertiliser and profit categories(P = 0.000). The result is in 

line with the finding of Olagunju and Salimonu (2010), who found gross margin of 

fertiliser users to be greater than that of non-fertiliser users; implying that the use of 

fertiliser is profitable in Boluwaduro Local Government area of Nigeria. They found that 

higher proportion (63.3%) of non-fertiliser users earned less than N15 000 while about 

32% of fertiliser users earn the same amount. 



86 
 

Moreover, large percentage of farmers that used herbicide (62%) was found under the 

high profit category compared with 30% of the farmers that did not use herbicide. On the 

other hand, the proportion of farmers that did not use herbicide under the low yield 

category was more than four times larger than farmers that used herbicide. The chi-square 

test confirm a statistically significant association (P = 0.000). The proportion of lowland 

farmers under high profit category is twice as larger than the upland farmers. On the other 

hand, large percentage of upland farmers (44%) was under the low profit category 

compared with 20% of the lowland farmers. This implies that lowland farmers earned 

more profit than the upland farmers. This is consistent with findings ofOnoja and Herbert 

(2012) who found lowland rice production to be more profitable than upland rice 

production.   

 

4.4 Stochastic Profit Frontier Estimates 

In order to achieve objectives three and four of this study, a maximum likelihood of the 

parameters of Cobb-Douglas and Translog stochastic frontier profit function and 

inefficiency was estimated using FRONTIER Version 4.1. Before presenting the results, 

hypotheses on the choice of functional form, appropriate distributional assumption of the 

error term and the presence of inefficiency were testedby using the generalized likelihood 

test as shown inEquation 21. 

 

4.4.1 Criteria for selection of functional forms and Test of hypotheses 

The first test was on the appropriateness of the functional form tested by estimating both 

Cobb-Douglas and Translog profit functions. The null hypothesis stated that the 

coefficients of the second-order variables in the Translog model are zero; implying that 

the Cobb-Douglas function is best fit for the model. It can be expressed mathematically 

as        .Based on the results in Table 13, the null hypothesis was rejected and thus, 
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considering the translog functional form preferable to best represent the data.Hyuha 

(2006), while estimating profit efficiency among rice farmers in Uganda also did reject a 

Cobb-Douglas profit function, while Ngangaet al. (2010), did reject a translog profit 

function while studying profit efficiency among Kenya smallholder milk producer. 

Hence, selection of the functional form depends on test statistic. 

 

The selection of the appropriate distributional assumption of the error term was the 

second test statistic. The hypothesis as to whether the profit efficiency level is 

appropriately estimated using a half-normal (     or a truncated–normal distributional 

assumption of        . The null hypothesis was the half normal distribution and the 

alternative was the general truncated normal distribution. The null hypothesis was 

rejected implying that the truncated-normal distributional assumption is more appropriate 

for the rice farmers in Bein Garr and Panta Districts, Central Liberia. 

 

The evaluation of the presence of inefficiency was the third hypothesis. This can be done 

by considering farm specific factors and their effects on the overall profit efficiency of 

farmers. The null hypothesis was the functional form that had no inefficiency factors, 

meaning that the variance of the inefficiency term was zero and the alternative had the 

inefficiency factors (Equation 22). If the variance was greater than zero, it means that 

profit inefficiency effects are present in the model and hence the stochastic frontier model 

must be employed. Otherwise, the exogenous factors should be incorporated into the main 

output function and estimated using Ordinary Least Square. The hypothesis was tested by 

using the generalized likelihood ratio test based on the values of log likelihood function 

under Ordinary Least Square (OLS) and maximum likelihood estimation (MLE). The null 

hypothesis was rejected. This result is also supported by the estimated   value of 0.963 
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and strongly statistically significant at 1% level (Table 14), indicating that a high level of 

inefficiency exist among rice farmers in the study area.  

 

Table 13: Log likelihood tests for underlying hypothesis 

Null hypothesis   Critical values  Decision 

         29.8 24.4
b
 Rejected 

 

                          
            

219.3 3.8
a
 Rejected 

 

 

                         
                  

77.7 21.7
b
 Rejected 

a
Critical value for the hypothesis of the one sided error is obtained from chi square table 

b
Critical value obtained from table 1ofKodde and Palm (1986) 

 

4.4.2 Maximum likelihood estimates of the profit efficiency model 

The translog profit efficiency frontier function was estimated through single step 

procedure. The maximum likelihood estimates of the parameters of the stochastic profit 

frontier model are presented in Table 14. The results show that the parameter estimated 

coefficient sigma squared (    and gamma (   are statistically significant at 1% level. 

The parameter gamma (   is 0.963, which is interpreted that about 96% profit variation is 

caused by efficiency difference and the rest 4% is caused by external factors which are 

not included in the model. The variation in rice profit is due to random shocks outside the 

farmer’s control. The gamma value is significant and close to one, indicating that the 

factor affecting inefficiency is essential. 

 

The estimation results in Table 14 indicate that the coefficients for seed cost and fertiliser 

cost were negative, indicating that these variables are cardinal parameters influencing rice 

farmers profit. Cost of seed was statistically significant. Holding all factors constant, if 

farmers’ seed and fertiliser costs increase (decrease), profit will decrease (increase). 
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Hence, programs or policy that can enhance the reduction in the costs of seed and 

fertiliser will effectively increase rice farmers’ profit. 

 

Table 14:   Maximum likelihood estimates for parameters of the stochastic Profit 

frontier model 

Variable Coefficient Standard Error T-ratio 

Constant -18.538 0.103 -18.015*** 

Ln Area planted 1.299 1.165 1.115 

Ln Seed cost -1.399 0.930 -1.503* 

Ln Fertiliser cost -0.768 0.887 -0.866 

Ln Herbicide cost 0.614 0.928 0.662 

Ln Labour cost 9.897 0.561 17.638*** 

(Ln Area planted)
2
 0.055 0.073 0.743 

(Ln Seed cost)
2
 0.016 0.102 0.157 

(Ln Fertiliser cost)
2
 -0.052 0.078 -0.666 

(Ln Herbicide cost)
2
 -0.029 0.048 -0.605 

(Ln Labour cost)
2
 -0.950 0.091 -10.442*** 

Ln Area planted*Ln Seed cost -0.315 0.144 -2.180** 

Ln Area planted*Ln Fertiliser cost -0.004 0.111 -0.034 

Ln Area planted*Ln Herbicide cost 0.069 0.129 0.537 

Ln Area planted*Ln Labour cost -0.093 0.209 -0.443 

Ln Seed cost*Ln Fertiliser cost -0.086 0.093 -0.930 

Ln Seed cost*Ln Herbicide cost -0.102 0.101 -1.011 

Ln Seed cost*Ln Labour cost 0.232 0.186 1.249 

Ln Fertiliser cost*Ln Herbicide cost 0.101 0.101 0.994 

Ln Fertiliser cost*Ln Labour cost 0.234 0.166 1.409* 

Ln Herbicide cost*Ln Labour cost -0.079 0.167 -0.476 

Sigma-squared (    3.381 0.643 5.257*** 

Gamma (   0.963 0.009 106.508*** 

 

Number of observations = 400; Log likelihood function = -329.49; LR test = 219.28 

***Significant at 1%; **Significant at 5%; *Significant at 10% 

 

The coefficient for area cultivated with rice is positive and not significant. The positive 

coefficient implies that an increase in the area cultivated with rice, increases farmers’ 

profit. Hyuha (2006) and Jude (2012) found that an expansion of the land area cultivated 

under rice can achieve higher output and increase profit. In addition, it is interesting to 
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note that the coefficients of herbicide and labour costs were positive but, only labour cost 

was statistically significant at 1%. It means that an increase in the costs of labour and 

herbicide will increase farmers’ profit. The indication is that labour and herbicide costs 

are important variables in rice production; reinforcing the evidence that rice farming in 

the study area is labour intensive.As more labour is applied in smallholder rice 

production, output will increase ceteris paribus, will increase profit. This result is similar 

to that of Dwiet al., 2014 on vegetable farming in West Java, Indonesia. 

 

The squared term for labour in the translog model was negative and statistically 

significant at 1%. This implies that continuously increasing the quantity of labour would 

at a point decrease profit. Two of the interaction terms were statistically significant. Area 

planted and seed cost were negative and statistically significant at 5%. This implies that 

area planted and seed are substitutes to each other in smallholder farmers’ rice 

production. On the other hand, fertiliser cost and labour cost were positive and 

statistically significant at 10%; implying that fertiliser and labour are complements in 

smallholder farmers’ rice production in the study area. 

 

4.4.3 Profit efficiency distribution 

The frequency of farm specific efficiency scores for the rice farmers in the study area is 

presented in Table 15. Rice farmers in Bein Garr and Panta Districts exhibit a wide range 

of profit efficiency ranging from 13% to 93%. It is essential to note that this wide 

variation is not unique to Liberia, as similar results have been reported by other scholars 

and researchers in other places. Sadiq and Singh (2015) obtained a minimum of 12% and 

a maximum of 95% for maize farmers in Niger State, Nigeria. Galawat and Yabe (2012) 

reported a minimum of 45.2% and a maximum of 99.2% for rice farmers in Brunei 
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Darussalam. Also, Dwiet al (2014) obtained a minimum of 0% and a maximum of 89% 

for vegetable farmers in West Java, Indonesia. Furthermore, Wang et al. (1996) reported 

efficiency levels ranging from 6% with mean of 62% for rural farm households in China. 

The results show that rice farmers achieved on average 67% level of efficiency in the 

study area. This implies that the average rice farmer in the study area could increase profit 

by 33% to attain frontier by improving their technical and allocative efficiency. This 

result conformed to the findings of Rahman (2003), Magangaet al. (2012), Galawat and 

Yabe (2012) and Sadiq and Singh (2015) who reported mean profit efficiency levels of 

0.77 for Bangladeshi rice farmers, 0.74 for Malawi sweet potato farmers, 0.81 for Brunei 

Darussalam rice farmers and 0.71 for Nigerian maize farmers, respectively. 

 

According to the results (Table 15), there is a wide gap between the profit efficiency level 

of best and worst farmers. To bridge the gap, the best farmers need a cost saving of 7% 

i.e.                  to attain the frontier; the average farmers need a cost saving of 

28% i.e.                     to attain the best efficient farmer in the sample, while 

the least profit efficient farmers require a cost saving of about 86% 

i.e.                    to become the best efficient farmer in the sample. With the 

fact that none of the rice farmers in Bein Garr and Panta Districts on the frontier (i.e. 

efficiency ratio is less than one), it depict that more than the profit maximising level of 

the input vector was employed. The results are consistent with the finding of Magangaet 

al.(2012). 

 

 

 

 

 

 



92 
 

Table 15: Deciles frequency distribution of profit efficiencies of rice farmers 

Efficiency range Frequency Relative efficiency (%) 

0.10 - 0.20 9 2.2 

0.21 – 0.30 14 3.5 

0.31 – 0.40 28 7.0 

0.41 – 0.50 28 7.0 

0.51 – 0.60 38 9.5 

0.61 – 0.70 62 15.5 

0.71 – 0.80 107 26.8 

0.81 – 0.90 110 27.5 

0.91 – 0.99 4 1.0 

Total 400 100 

Minimum                                                            0.13 

Maximum                                                            0.93 

Mean                                                                    0.67 

Standard deviation                                             0.187 

 

 

The average profit efficiency distribution by rice production technology and agroecology 

varies among farmers ranging from 60% to 79% (Table 16). This clearly indicates that the 

least profitable rice production technology farmers can achieve maximum profit by 

improving their efficiency. The highest profit efficiency was recorded for lowland 

farmers that cultivated improved variety and fertiliser. There is a variation in profit 

efficiency among farmers using similar technologies in different agroecology. The results 

show that upland with local variety farmers have lower profit efficiency (60%) than 

lowland with local variety farmers with profit efficiency of 69%. Furthermore, lowland 

with improved variety farmers achieve higher profit efficiency (78%) than upland with 

improved variety farmers with profit efficiency of 69%. This implies that farmers in the 

lowland are more profit efficient than farmers in the upland in the study area. 
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Table 16: Profit efficiency distribution of rice farmers by production technology 

Agroecology Technology n = 400 Mean St. 

Dev 

Min Max 

Upland Local variety 154 0.60 0.19 0.14 0.88 

 Improved variety 71 0.69 0.20 0.13 0.89 

Lowland Local variety 60 0.69 0.16 0.15 0.90 

 Improved variety 65 0.78 0.13 0.22 0.93 

 Improved variety and 

fertiliser 

13 0.79 0.03 0.72 0.83 

 Improved variety, 

fertiliser and herbicide 

37 0.69 0.18 0.32 0.91 

 

4.4.4 Profit efficiency and profit loss terciles in rice production among farmers 

In order to determine the characteristics that distinguish profit efficiency level among rice 

farmers in the study area, profit efficiency scores by farmers werecategorised into three 

groups; that is: low, medium and high. The low profit efficiency farmers represented 35% 

of the sample population with the mean efficiency score of 0.46, the medium profit 

efficiency farmers accounted for 33% with the mean efficiency score of 0.73 and the high 

profit efficiency farmers represented 32% of the sample population with the mean 

efficiency score of 0.86 (Appendix 7).  

 

The results in Tables17and 18 discuss profit efficiency and profit loss terciles among rice 

farmers in the study area. The results show that the proportion of upland rice farmers in 

the low profit efficiency category is more than twice as larger as farmers in the lowland 

ecology. On the other hand, the proportion of rice farmers in the high profit efficiency 

category is approximately two times as larger than farmers in the upland ecology(Table 

17). The proportion of farmers in the upland ecology in the high profit loss category is 

more than twice as larger as the lowland farmers (Table 18). The chi square test results 

show a strongly statistically significant association (P = 0.000). This implies that farmers 
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who are in the lowland ecology compared to upland farmers tend to be more profit 

efficient and incur less profit loss.  

 

Table 17: Profit efficiency tercile in rice production among farmers 

Variable n Profit efficiency tercile 

LRD/ha 

Chi 

square 

P value 

Low 

(%) 

Medium 

(%) 

High 

(%) 

Agroecology Upland 225 45 30 25   

Lowland 175 21 38 41 26.092 0.000*** 

Variety  Improved 186 23 30 47   

Local 214 45 36 19 39.240 0.000*** 

Use of 

fertiliser 

Used fertiliser 50 28 32 40   

Did not use 

fertiliser 

350 36 33 31 1.919 0.383 

Use of 

herbicide 

Used herbicide 37 38 22 40   

Did not use 

herbicide 

363 35 34 31 2.699 0.259 

Sex Male 348 35 33 32   

Female 52 33 35 33 0.115 0.944 

Experience Low level 

experience 

116 56 26 18   

Experienced 105 43 31 26   

High level 

experience 

179 16 39 45 55.995 0.000*** 

Off-farm 

income 

Yes 185 35 35 30   

No 215 34 32 34 0.524 0.770 

Occupation Farming 327 31 31 38   

Formal 

employment 

73 52 41 7 27.000 0.000*** 

Access to 

credit 

Yes 245 27 31 42   

No 155 48 36 16 32.842 0.000*** 

Access to 

extension 

services 

Yes 67 25 25 50   

No 333 37 35 28 11.025 0.004*** 

***Significant at 1% 

 

Furthermore, farmers who cultivated improved (high yielding) varieties compared to local 

varieties tend to be more profit efficient and experience less profit-loss (Table 17 and 18). 

There is a strongly statistically significant association between rice varieties cultivated by 

farmers among the profit efficiency and profit loss categories (P = 0.000). The results 

show that farmers who cultivated improved variety get high actual profit per hectare due 
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to high output per hectare. The evidence in respect to the effect of improved variety 

indicates profits seem to be higher for those farmers paying higher prices for seeds. 

However, this may partially reflect farmers’ profit made due to use of improved (high 

yielding) varieties; as it has been noted that the improved varieties seed prices are usually 

much higher compared to the local varieties. This result is consistent with finding of 

Wadud and Rashid (2011), Ogunniyiet al. (2012) andGalawat and Yabe (2012). 

Therefore, adopting improved (high yield) varieties in rice farming will improve profit 

efficiency. Farmers that use fertiliser and herbicide in rice production were more in the 

high profit efficiency category than farmers that did not use fertiliser and herbicide but 

chi square result show no statistically significant difference. 

 

Moreover, the chi square test result confirms that there is no statistically significant 

association between sex of rice farmers and profit efficiency (P = 0.944). This result 

implies that sex is not essential for rice farmer’s profit efficiency. Farmers who have high 

experienced in rice farming under the high profit efficiency category were approximately 

two times as larger than the experienced farmers and the low experienced farmers. It is 

important to note that more low experienced farmers (56%) were found in the low profit 

efficiency category as compared to the experienced and high experienced farmers. On the 

other hand, the proportion of farmers with low rice farming experience were more (53%) 

in the high profit loss category than experienced (32%) and high experienced rice farmers 

(21%). The chi-square test confirms a strongly statistically significant association in level 

of rice farming experience and profit efficiency (P = 0.000). This implies that farmers 

who have more experience in rice farming compared to those who have less experience 

tend to incur less profit loss and high profit efficiency. This result conformed to the 

findings of Rahman (2003). 
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The proportion of the respondents who main occupation is farming under the high profit 

efficiency category was more than three times as larger than those who were formally 

employed and doing rice farming as secondary occupation. On the other hand, about half 

of the respondents who are formally employed (50%) were under the low profit category, 

which is higher than those that are fully involved into farming (31%). The result shows a 

strongly statistically significant association. The result implies that respondents who are 

fully involved in rice cultivation compared to those who are partly involved with rice 

production tend to be more profit efficient, achieve high actual profit and incur less profit 

loss. It has been shown that engaging in non-farm employment could deprive the farm of 

valuable time to perform farming operations in a timely manner. This result is consistent 

with the findings of Abdulai and Huffman (2000), Ali and Flinn (1989) and Rahman 

(2003) who found that non-farm employment can lead to an increase in inefficiency and 

profit loss. 

 

The results show a strongly statistically significant association between credit access and 

profit efficiency (P = 0.000). Farmers with access to credit under the high profit 

efficiency category are three times more than those without access to credit. On the other 

hand, approximately half of the farmers without access to credit (48%) were in the low 

profit efficiency category, which is larger than farmers with access to credit (27%) in the 

low profit efficiency category. Furthermore, farmers without access to credit were about 

twice as more in the high profit loss category than farmers with access to credit. This 

implies that access to farm credit can increase farmers’ profit efficiency and reduced 

profit loss.This result collaborates with the findings of Kolawole (2006), Hyuhaet al. 

(2007),Dwiet al. (2014), Yasinet al. (2014). The importance of credit support to the 

efficiency and success of smallholder farmers has also been reported by other researchers 

(Louw, 2013; Sinyoloet al., 2016). Access to credit reduces the liquidity problem that 
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usually affects farmers during the production period, and it enhances the use of 

agricultural inputs in production by ensuring that farmers secure the inputs in time. This 

leads to improved, farm level efficiency and agricultural productivity, resulting in 

increased farming revenues, which subsequently act as incentives that reduce poverty 

among farmers. As such, the provision of credit should be at the conduit of any effort to 

improve smallholder production. 

 

Table 18: Profit loss tercile in rice production among farmers 

Variable n Profit loss tercile in LRD/ha Chi 

square 

P-value 

Low 

(%)  

Medium 

(%) 

High 

(%) 

Agroecology Upland 225 21 35 44   

Lowland 175 49 31 20 38.790 0.000*** 

Variety 

cultivated 

Improved 186 48 32 20   

Local 214 21 35 44 39.800 0.000*** 

Fertiliser Yes 50 90 10 0   

No 350 25 37 38 83.768 0.000*** 

Herbicide Yes 37 87 14 0   

No 363 28 35 37 53.170 0.000*** 

Gender Male 348 33 33 34   

Female 52 39 36 25 1.876 0.391 

Rice farming 

experience 

Low level 116 23 24 53   

Experienced 105 32 36 32   

High level 179 41 38 21 31.815 0.000*** 

Off-farm Yes 185 35 30 35   

No 215 32 36 32 1.627 0.443 

Occupation Farming 327 35 35 30   

Formal 

employment 

 

73 

 

27 

 

25 

 

48 

 

8.804 

 

0.012** 

Access to 

credit 

Yes 245 35 40 25   

No 155 30 24 46 21.240 0.000*** 

Access to 

extension 

service 

Yes 67 42 39 19   

No 333 32 32 36 7.083 0.029** 

***Significant at 1%; **Significant at 5% 

 

The result shows that the proportion of farmers with access to extension services under 

the high profit efficiency category was about twice as larger than farmers without access 

to extension services. The reverse is true for farmers without access to extension services 

under the low profit efficiency category, whereby the proportion of farmers without 
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access to extension services (37%) was more than farmers with access to extension 

services (25%). Also, farmers without access to extension services were more (36%) in 

the high profit loss category than farmers with access to extension services (19%).                   

The chi square test confirms that there is a statistically significant association. This 

implies that farmers who have access to extension services compared to those who do not 

have access to extension services tend to be more profit efficient and incur less profit loss. 

The result show that access to extension services can reduce profit loss, increase actual 

profit and profit efficiency. The result is supported by other findings such Rahman 

(2003), Hyuhaet al. (2007). 

 

 

4.4.5 Profit loss according to profit efficiency level per hectare among rice farmers 

The average profit efficiency among rice farmers in the study area is low, indicating the 

existence of a relatively large profit loss. The indication of profit loss is also a chance of 

enhancing profit efficiency by identifying the source of profit loss. The results in Table 19 

show that profit loss is higher at a lower efficiency level and profit loss is also negatively 

related to farmer’s actual profit. The average profit loss among rice farmers is relatively 

high approaching up to 19 900 LRD/ha. This is an indication that there is still a relatively 

high profit potential to be obtained by farmers if rice production is conducted technically 

and resources allocated efficiently in the study area. 
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Table 19: Profit loss according to profit efficiency level for rice farmers 

Efficiency 

range 

Frequency Percentage Actual profit 

(LRD/ha) 

Profit Loss 

(LRD/ha) 

0.10 - 0.20 9 2.3  6362.86 34 143.19 

0.21 – 0.30 14 3.5   11 078.41 32 170.07 

0.31 – 0.40 28 7.0   21 411.18 37 185.32 

0.41 – 0.50 28 7.0   20 941.74 25 211.30 

0.51 – 0.60 38 9.5   29 939.67 23011.56 

0.61 – 0.70 62 15.5   37 254.61 18 915.47 

0.71 – 0.80 107 26.8   52 161.24 16 304.69 

0.81 – 0.90 110 27.5   83 458.64 14 601.50 

0.91 – 0.99 4 1.0 175 047.14 15 900.81 

Total 400 100   

Mean     50 769.07 19 915.86 

Min   1.05 0.33 

Max   245 362.53 90 819.79 

Std. Dev   35868.20 10547.71 

Median     43 114.94 17 580.16 

 

 

4.5 Source of Inefficiency in Rice Production 

It is very expedient to identify the sources of inefficiencies for policy purposes which can 

be done by investigating the relationship between farm/farmer characteristics and the 

computed profit inefficiency. The results of the inefficiency model are presented in Table 

20. The variables of the inefficiency were expected to explain the determinants of profit 

efficiency in rice production among farmers. The sign of the variables in the inefficiency 

model is very important in explaining the observed level of profit efficiency of the 

farmers. A negative sign on the coefficient implies that the variable had an effect in 

reducing profit inefficiency, while a positive coefficient signifies the effect of increasing 

inefficiency (Galawat and Yabe, 2012).  

 

The estimated coefficient associated with farming experience, carries the expected 

negative sign and is statistically significant at 1% level. The result implies that those with 

experience are better performers than those without. In other words, rice farmers with 

more years of experience tend to operate at significantly higher level of profit efficiency. 
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The results are consistent with Sadiq and Singh (2015). The estimated coefficient of the 

household size is negative and statistically significant at 1% level. Since rice production 

is labour intensive, the result implies that farmers with increased household size have 

available labour for rice farming which could increase the quantity of rice produce. 

Hence, an increases in household size deceases farmer’s profit inefficiency (increases 

profit efficiency). The results collaborate with Kolawole (2006). 

 

Table 20: Maximum likelihood estimates for parameters of the profit inefficiency 

model 

Inefficiency Variable Parameter Coefficient Standard 

Error 

t-ratio 

Constant    1.441 0.967 1.490* 

Education    0.067 0.127 0.528 

Farming experience    -1.591 0.342 -4.648*** 

Off-farm income    0.364 0.621 0.586 

Household size    -2.930 0.772 -3.796*** 

Occupation    0.955 0.928 1.029 

Access to credit    -2.908 0.828 -3.511*** 

Access to extension services    -3.237 1.114 -2.906*** 

Group membership    -3.324 1.051 -3.163*** 

Market information access    -5.078 1.280 -3.965*** 

Variety     -0.434 0.596 -0.729 

Agroecology     5.849 1.677 3.486*** 

 ***Significant at 1%; **Significant at 5%; *Significant at 10% 

 

The results show a negative relationship and statistically strong significant effect between 

inefficiencies and membership in farmer’s organization/cooperation. Membership in 

farmer`s organizations/cooperatives allow the farmers to have the opportunity of sharing 

information with other farmers and input prices on rice production practices by 

interacting with other farmers. Therefore, inefficiencies among farmers can be reduced if 

farmers join or form any. The dummy coefficient of variety variable showed negative 

correlation and is not statistically significant. Rice variety cultivated is an important input 

factor and determines productivity and farming production. Farmers who adopted 
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improved (high yield) variety compared to local variety tend to have more profit 

efficiency and incur less profit-loss. These results suggest that adopting improved variety 

in farming will improve profit efficiency. 

 

Access to market information (input markets) tends to help farmers purchase input at the 

right quantity, time, and price. The result shows a negative coefficient and strongly 

statistically significant effect of access to market information. Hence, an access to market 

information can affect farming profit efficiency. The results are consistent with Wadud 

and Rashid (2011) and Dwiet al. (2014). 

 

Credit is a catalyst to the use of improved technology such as fertiliser, high yielding 

seeds, etc., which in turn lead to a reduction in profit inefficiency.The result shows a 

negative coefficient and strongly statistically significant effect of access to credit.Credit is 

an important determinant that can increase profit efficiency (Hyuhaet al., 2007; Ogunniyi, 

2008; Dwiet al., 2014). Therefore, Credit constraint increases inefficiency of farmers by 

limiting the adoption of technologies and the acquisition of important information for 

increasing productivity. Like credit, access to extension services increases profit 

efficiency and decreases profit inefficiency. The negative coefficient of access to 

extension services reveals that farmers who have access to extension services perform 

well operating at higher level of efficiency than farmers who have no access to extension 

services. Therefore, extension services serve in reducing profit inefficiency in rice 

production. 

 

The dummy coefficient of agroecologyvariable showed positive correlation and is 

strongly statistically significant at 1% level. Farmers in the lowland ecology perform 

better significantly better in operating at higher level of profit efficiency than farmers in 
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the upland ecology. Farm location is important in enhancing since farms may operate 

under different altitude or climatic conditions and different soil quality and availability of 

water.  

 

4.6Research Hypotheses Summary Results 

Four hypotheses guided this study based on the specific objectives. The first hypothesis 

that no statistically significant difference in profit among smallholder rice farmers was 

rejected. It was found that farmers in the lowland ecology have higher profit than farmers 

in the upland ecology. Furthermore, farmers using improved varieties, fertiliser and 

herbicide were profitable than farmers that did not use improved varieties, fertiliser and 

herbicide. The second hypothesis that variables such as level of education, involvement in 

rice farming, years of experience in rice farming, off-farm income, access to credit, access 

to extension services, rice variety cultivated, use of fertiliser, use of herbicide and 

agroecology were not statistically different between low profit smallholder rice farmers 

and high profit smallholder rice farmers, revealed that some of the hypothesized variables 

were statistically different between low and high profit smallholder rice farmers. Factors 

that were statistically different between low and high profit farmers are level of rice 

farming experience, involvement in rice farming, access to credit, access to extension 

services, rice variety cultivated, use of fertiliser, use of herbicide and agroecology. The 

hypothesis that smallholder rice farmers in Bein Garr and Panta Districts being not profit 

efficient was not rejected. The findings showed that smallholder rice farmers are not 

100% profit efficient. Finally, it was indicated that inefficiency among smallholder rice 

farmers was statistically influenced by rice farming experience, household size, access to 

credit and extension services, group membership, market information access, and 

agroecology. 
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CHAPTER FIVE 

 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusion 

Smallholder rice production in Bein Garr and Panta Districts, Central Liberia is not only 

essential in food security but also poverty reduction, rural employment, and a way of life 

of the people. Farmers are involved with upland and lowland rice production with low 

productivity and high production cost. This study aimed at determining the farm level 

profit efficiency and identifying determinants that explain variations in efficiency among 

rice farmers inBein Garr and Panta Districts, Central Liberia. Specially, the study focused 

on analysing profit from rice cultivation based on production technologies and agro-

ecologies by smallholder farmers, profitability profile of rice on farmers’socio-

demographic, institutional and technological characteristics, analysing profit efficiency 

among rice farmers and identifying sources of profit inefficiency among smallholder rice 

farmers in the study area. A sample of 400 rice farming households were selected 

usingtwo stage random sampling with stratification, and atranslog stochastic profit 

frontier model was used to estimate profit efficiency and sources of inefficiency among 

rice farmers. 

 

Descriptive statistics from this study indicated that average farm size for rice is about one 

ha. Most of the land (75%) is located in the upland ecology and 25% in the lowland 

ecology. More farmers (54%) used local varieties and the remaining 46% used improved 

varieties. Although the improved varieties outputs were higher than the local varieties, but 

productivity of all the varieties cultivated was far below recommended potential yield. 

Furthermore, the use of fertiliser and herbicide was low. Fertiliser and herbicide were 
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used by 13% and 9% respectively of the farmers and only in the lowland ecology. Also, 

the quantity of fertiliser and herbicide applied was below recommended application rate. 

 

For rice farmers’ productivity categorization, farmers under high yield category farm size 

were smaller with less man-day than farmers under low yield category. Moreover, high 

yield farmers have more farming experience (14years) than low yield farmers (9years). 

The average year of education was similar between farmers under high and low yield 

categories. Farmers with access to extension services and credit and those that were full-

time involved in rice farming were more productive than farmers without access to 

extension services, credit and those that were partly involved in rice production. 

Furthermore, farmers that used improved seeds, fertiliser and herbicide were larger in the 

high yield category than farmers that did not use fertiliser and herbicide and used local 

seeds. 

 

Farmers were categorised based on technology and agro-ecology; hence the upland 

ecology has two categories (upland with local variety and upland with improved variety) 

and the lowland ecology has four categories (lowland with local variety, lowland with 

improved variety, lowland with improved variety and fertiliser and lowland with 

improved variety, fertiliser and herbicide). Farm sizes for the categories of upland farmers 

were larger than that of the categories of lowland farmers. Seed application (63-75kg/ha) 

was low for all categories of farmers in both upland and lowland as compared to the 

recommended seed application rate (80-100kg/ha). Also, quantity of fertiliser applied 

(70kg/ha) was far low as compared to the recommended rate (100kg/ha). 

 

Productivity of upland farmers was lower as compared to lowland farmers with similar 

technology. Upland with local variety farmers produced about 0.9 t/ha while lowland with 
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local variety produced about 1.2 t/ha. Furthermore, upland with improved variety 

farmers’ output was about 1.2 t/ha, while lowland with improved variety farmers’ output 

was about 1.6 t/ha. The highest output was produced by lowland with improved variety 

and fertiliser farmers and lowland with improved variety, fertiliser and herbicide farmers 

with 2.1 and 2.5 t/ha respectively. Productivity at farm level is still low as compared to 

other West African Countries with similar farming characteristics. 

 

Quantification of cost of production varies among smallholder farmers ranging from              

23 500 LRD/ha to 29 700 LRD/ha. The highest production cost was found among 

lowland with improved variety, fertiliser and herbicide farmers. Labour cost represented 

the highest percentage among the cost structure for all categories of rice farmers; varying 

from 73-93%. The lowest labourcost share (73%) was found among lowland with 

improved variety, fertiliser and herbicide farmers.   

 

The study found that, all the categories of rice farmers have positive profit; indicating that 

rice production is profitable in the study area. Profitability among the categories of rice 

farmers varies from 8300 LRD/ha to 69 300 LRD/ha. The highest profit was found among 

lowland with improved variety, fertiliser and herbicide farmers. Profit among farmers 

using similar technologies in different agro-ecology showed significant difference. 

Lowland with local variety farmers’ profit was more than twice as higher than that of 

upland local variety farmers. Also, lowland with improved variety farmers’ profit was 

approximately twice as higher than the upland with improved variety farmers.Lowland 

rice farming, and the use of improved variety, fertiliser and herbicide increase farmer’s 

profit in the study.  
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Majority of low profit farmers are categorised by low level of rice farming experience, 

lack of credit access, lack of extension services, non-membership to farmers group, usage 

of local variety, non-usage of fertiliser and herbicide and are involved upland rice 

farming; While most of the high profit farmers are categorised by high level of rice 

farming experience, access to credit and extension services, membership to farmer group, 

usage of improved variety, usage of fertiliser and herbicide and lowland rice farming 

 

It has been shown from translog stochastic profit function that smallholder rice farmers in 

Bein Garr and Panta Districts are not operating at full profit efficiency level. The profit 

efficiency level of smallholder rice farmers in the study area range from 13% to 93%, 

with mean profit efficiency level of 67%; indicates that there are clear opportunities that 

exist for increasing farmers’ efficiency by an average of 33% through their technical and 

allocative efficiencies. To operate as the best farmer profit efficiency levels, the average 

farmers in the sample would need to reduce their costs by approximately 28%. 

Furthermore,the low level of farmers profit efficiency causes high profit loss. The average 

profit-loss among smallholder rice farmers in the study area is about 19 900 LRD/ha 

which could be minimised by improving technical and allocative efficiencies. 

 

The farm-specific variables used to explain inefficiencies indicate that farmers who have 

more experience in rice farming, household size, access to credit and extension services, 

membership to farmer group/association and access to market information tend to be 

more efficient and incur less profit loss. Lowland rice farmers are more efficient and incur 

less profit loss than upland rice farmers. 
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5.2 Recommendation 

i. Farm sizes in the lowland are smaller with increased productivity and profitability 

than the upland ecology. On the other hand, increasing in rice productivity and 

profitability in the upland is being achieved by land expansion. This is not suitable 

and sustainable in the long run as the population increases. It is also not 

environmentally sustainable as it will lead to soil degradation, deforestation and 

even intruding on fragile ecosystem. With the lowland ecology, if there is a good 

source of water, farmers can stay at particular plot or location for very long time 

cultivating rice. Land and water development for lowland is cardinal to improving 

productivity of the rice sub sector. The study therefore recommends that 

government policies and interventions in the rice sub sector should focus on the 

development and rehabilitation of more lowland with good source of irrigation 

and application of appropriate rice production technologies such as the use of 

improved high yielding varieties, fertiliser and herbicide.Hence, this underscores 

the significance of institutional support that would provide for increased 

participation of farmers and farmers’ group in intervention programs that promote 

the adoption of rice yield enhancing technologies. Programs of such should 

include farmer field school with focus on demonstration and on-farm trails and 

promotional events, while rigorous efforts and attention should be given towards 

ensuring a wider and effective coverage for extension services. 

 

ii. Smallholder rice production is labour intensive. Labour cost constituted very high 

percentage (73-92%) for the farmers in Bein Garr and Panta Districts, Central 

Liberia. The use of labour saving technologies is important to lower the cost of 

labour and make the farmers efficient. Hence, study should be done to access how 
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the usage of labour saving technologies such as power tillers and tractors are 

likely to perform compared to current practice. 

 

 

iii. More years of rice farming experience helps farmers to effectively and efficiently 

allocate resources, thereby allowing them to operate at higher level of efficiency. 

This is reinforced by the fact that farmers who had access to credit operate at 

higher level of efficiency and incur less profit loss. This finding is sufficient 

evident to make a robust case in the provision of credit to farmers. Government 

and financial institutions policies should be aimed at increasing and improving 

access to credit. A high level of financial support will not only enhance the 

acquisition and use of capital equipment need to improve farm operations but also 

facilitate the high level of adoption of new and improved technologies. In order to 

reduce costs of rice production, there is need to focus on bringing micro-finance 

institutions closer and accessible to smallholder farmers to enhance their ability in 

purchasing the much needed inputs. Alternatively, inputs credit guarantee scheme 

can help farmers to timely acquire inputs which will increase productivity and 

hence reduce inefficiency.  

 

iv. Programs or policy that can enhance institutional support in strengthening 

agricultural extension services will improve efficiency among smallholder rice 

farmers. Access to market information increase smallholder farmer’s profit 

efficiency. It is relevant that extension systems should be able to provide the 

farmers with adequate marketing information. Thus it is recommended that 

government, in particular, consider introducing into the extension system 

extension officers who are specialised in agricultural marketing. 
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v. Lastly, farmers who are member of group/association are more efficient and may 

incur less profit loss than farmers who do not. The result is also sufficient to 

encourage farmers to join or form an association in their area as this may bring 

substantial benefits to them. This will bring unity among them, improve 

networking, credit access and create social capital that can make them benefit 

from sharing agricultural and market information that can enable them to adjust 

their inputs relatively more effective.Also, program should be created in these 

farmers’ association whereby more experience farmers can share some best 

practices with the less experienced farmers to increase their efficiency. 
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APPENDICES 

 

Appendix 1:Land utilisation and allocation to crops 

Crop Total sample Farm 

size in ha 

Bein Garr Farm size 

in ha 

Panta Farm size in ha 

Mean Std Median Mean Std Median Mean Std Median 

Rice 1.2 0.66 1.01 1.22 0.65 1.21 1.10 0.67 1.01 

Cassava 0.90 0.46 0.81 0.88 0.46 0.81 0.93 0.46 0.81 

Vegetables 0.71 0.38 0.68 0.81 0.37 0.81 0.48 0.31 0.48 

Rubber 2.59 1.61 2.02 1.8 1.26 1.62 2.87 1.65 2.02 

Banana/plantain 0.70 0.55 0.81 0.72 0.60 0.81 0.61 0.29 0.61 

Sugarcane  0.85 0.43 0.81 0.83 0.44 0.81 1.11 0.14 1.11 

Palm 1.10 1.20 0.71 1.21 1.15 1.21 1.09 1.27 0.71 

Cocoa/coffee 1.3 0.72 1.12 1.01 0.54 0.81 1.82 0.86 1.82 

Fallow 5.5 1.96 4.95 5.5 2.05 4.9 5.6 1.86 5.0 

Total 14.85   13.98   15.61   
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Appendix 2: Land characteristics and ownership in the study area 

Variable name Bein 

Garr 

Panta Chi square Sig 

Agroecology(%)     

Upland 74.71 74.94   

Lowland 25.29 25.06 0.005 0.943 

Source of water (%)     

Rain-fed 85.76 94.79   

Irrigated 14.24 5.21 17.831** 0.001 

Ownership status (%)     

Own land with title 18.02 21.47   

Own land-customary 72.97 71.47   

Squatter 9.01 7.44 1.504 0.471 

 

Appendix 3: Farmers’ rice production input used by agroecology 

Input Lowland Upland All sample 

n % n % n % 

Types of seed       

Improved 114 66 72 32 186 46 

Local 60 34 154 68 214 54 

Fertiliser 50 29 0 0 50 13 

Herbicide 37 21 0 0 37 9 

 

 

Appendix 4: Labour utilisation by activities 
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Appendix 5: Farmers’ output categorisation by household demographic 

characteristics, access to services and technology by agroecology 

Characterization variable Lowland (n = 175) Upland (n = 225 ) 

Low 

Mean = 

685 

Std = 

184 

Mediu

m 

Mean= 

1163 

Std = 

141 

High 

Mean= 

2540 

Std = 

1071 

Low 

Mean = 

589 

Std = 

165 

Mediu

m 

Mean 

= 1102 

Std= 

165 

High 

Mean = 

1844 

Std = 

253 

Area under rice (ha) 1.1 1.1 0.9 1.4 1.3 1.0 

Labour (man-day/ha) 156 156 149 178 174 157 

Demographic characteristics  
Farming experience 

(years) 

10 12 14 9 11 14 

Sex of household head       

Male (%) 23 30 47 44 34 22 

Female (%) 13 50 37 36 28 36 

Education (years) 7 7 8 6 6 7 

Off farm income (%) 21 37 42 41 38 21 

No off farm income (%) 22 29 49 44 31 25 

Access to services  
Access to extension (%) 11 21 68 38 38 24 

No access to extension 

(%) 

25 36 39 43 33 23 

Access to credit (%) 19 31 50 42 32 26 

No access to credit (%) 26 34 40 45 36 19 

Technology 
Used local seeds (%) 42 35 23 49 35 16 

Used improved seeds 

(%) 

11 32 57 28 31 41 

Used fertiliser (%) 4 20 76    

Did not use fertiliser (%) 29 37 34 43 33 24 

Used herbicide (%) 5 27 68    

Did not use herbicide 

(%) 

26 34 40 43 33 24 
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Appendix 6: Enterprise budget for rice production technologies per hectare 

Agroecology Technology Item Quantity Unit price 

(LRD) 

Total 

Upland Local variety Revenue   34947 

Rice (kg/ha) 526 (100%)   

Home consumption/stock 526(100%) 66.44 34947 

Cost   26579 

Seed (kg/ha) 71 28 1979 

Labour (man-day/ha) 164 150 24600 

Improved 

variety 
Revenue   51352 

Rice (kg/ha) 776 (100%)   

Home consumption/stock 742 (96%) 66.44 49298 

Sale 34 (4%) 60.4 2054 

Cost   28547 

Seed (kg/ha) 75 31 2297 

Labour (man-day/ha) 175 150 26250 

Lowland Local variety Revenue   44126 

Rice (kg/ha) 662 (100%)   

Home consumption/stock 636 (96%) 66.44 42556 

Sale 26 (4%) 60.4 1570 

Cost   23527 

Seed (kg/ha) 63 28 1777 

Labour (man-day/ha) 145 150 21750 

Improved 

variety 
Revenue   67038 

Rice (kg/ha) 1009 (100%)   

Home consumption/stock 1009 (100%) 66.44 67038 

Cost   26505 

Seed (kg/ha) 67 31 2055 

Labour (man-day/ha) 163 150 24450 

Improved 

variety with 

fertiliser 

Revenue   83473 

Rice (kg/ha) 1263 (100%)   

Home consumption/stock 1190 (94%) 66.44 79064 

Sale 73 (6%) 60.4 4409 

Cost   28698 

Seed (kg/ha) 71 31 2198 

Labour (man-day/ha) 153 150 22950 

Fertiliser (kg/ha) 71 50 3550 

Improved 

variety with 

fertiliser& 

herbicide 

Revenue   99122 

Rice (kg/ha) 1504(100%)   

Home consumption/stock 1382 (92%) 66.44 91754 

Sale 122(8%) 60.4 7369 

Cost   29797 

Seed (kg/ha) 75 31 2297 

Labour (man-day/ha) 145 150 21750 

Fertiliser (kg/ha) 69 50 3450 

Herbicide (litre/ha) 2 1150 2300 
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Appendix 7: Descriptive statistics of profit efficiency tercile in Bein Garr and 

Panta Districts 

Category N Mean St. Dev Min Max 

Low 139 0.46 0.14 0.13 0.64 

Medium 133 0.73 0.04 0.65 0.79 

High 128 0.86 0.03 0.80 0.93 

Total 400 0.67 0.19 0.13 0.93 

 

Appendix 8: Calculation of depreciation of small tools for rice production 

The calculation for depreciation of key assets (such as tools) for rice production was 

computed using the straight-line method. The formula used for calculating depreciation 

is as follow: 

  
       

 
 
     

     
  

d = Annual depreciation 

Iv = Initial value 

Fv = Final or residual value 

n = Economic life expressed in years 

     =Area under rice 

     = Total area under crop 

 

Initial value (Iv) corresponds to the observed market value of the fixed equipment. In 

the case of Central Liberia, smallholders only reported to have small hand tools as fixed 

equipment. These tools are practically always used until the end of their life time. 

Hence, final value (Fv) for such type of fixed equipment is valued at zero 

(SaraviaMatus and Gomez y Paloma, 2014). 
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Appendix 9: Calculation of weighted price 

 

                       

      
 

   
        

  

   
  

                        

             

        

Wp = weighted price 

   = price per kilogram of rice marketed (market price) 

RM = rice marketed 

   = price per kilogram of rice consumed (retailed price) 

RC = rice consumed 

 

Appendix 10: Test for normality 

Shapiro-Wilk W test for normality on rice profit 

Variable Statistic Df Sig 

Profit in LRD/ha 0.997 400 0.593 

 

 

Appendix 11: Collinearity diagnostics  

Collinearity of agro-ecological and technological factors 

Variable VIF Tolerance Eigen value Condition 

index 

Agroecology 1.277 0.783 1.499 1.353 

Variety 1.247 0.802 0.471 2.414 

Use of fertiliser 3.842 0.260 0.154 4.218 

Use of 

herbicide 

3.490 0.287 0.130 4.592 
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Appendix 12: Research questionnaire 

 

Study Tile: Profit Efficiency among Rice Farmers in Bein Garr and Panta Districts, 

Central Liberia. 

 

Confidentiality: This questionnaire is being administered for academic purpose.                

The information will be used to determine the farm level profit efficiency and the 

underlying determinants among rice farmers in the central region of Liberia. 

NB: The information provided herein will remain strictly confidential. 

 

Section A: General Information 

A1. Questionnaire Number……………………………. 

A2. Respondent’s name ………………………………..  A3. Sex: 1=female; 0=male  

A4. Relationship to head: Head=1; Spouse=2; Son/Daughter=3;  

Father/Mother=4; Grandson/daughter=5; Other relatives=6;Not related=7 

A4. Village ……………..  A5. District …………….. A6. County …………………. 

A7. Village location: 1=Urban; 2=Per-urban; 3=Rural 

A8. GPS Location: E…………… N……………. Altitude………………………… 
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Section B: Farmers’ Household Characteristics 

Please, tell me the name of each person who usually lives here in your household, starting with the Head of the Household. List adult members 

of the household first, then list children. 

No B1. Name B2. Relationship to 

Head 

Head=1 

 Spouse=2 

Son/Daughter=3 

Father/Mother=4 

Grandson/daughter=5 

Other relatives=6 

Not related=7 

B3. Sex 

Male=1 

Female=2 

B4. 

Age in 

years 

 

B5. 

Education 

in years 

B6. Marital 

Status 

Married=1 

Single=2 

Divorced=3 

Widowed=4 

Not 

applicable=9

9 

B7. Involvement in 

Rice Farming 

Works full time on 

farm=1 

Works part-time on 

farm=2 

Rarely works on 

farm=3 

Never works on 

farm=4 

 

B6. Off farm 

income 

Yes=1 

No=2 

1         

2         

3         

4         

5         

6         

7         

8         

9         

10         

11         

12         

13         

14         

15         
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B8. What is the household head 

current occupation? 

1=Farming; 2=Trader; 3=Formal 

employment; 4=Causal work; 

5=other (specify) 

(Write code in the right space) 

(a) 

a) Primary occupation 

b) Secondary occupation (b) 

B9. How many years have you been doing rice farming (years)? 

(Experience in number of years) 

 

 

Section C: Land Ownership and Utilization 

C1. Land ownership and characteristics 

Plot 

No. 

Size Unit 

1=Acre 

2=Hectare 

Topography 

(1) 
Ownership 

Status 

(2) 

Distance 

from 

homestead 

Source 

of 

water 

(3) 

Current 

form of 

use 

 (4) 

        

        

        

        

        

1. Topography: 1= Inland valley; 2= River valley; 3= Floor plain on the coast; 

4=Hill 

2. Ownership Status: 1= Own land with title; 2= Own land-customary; 3= Rented; 

4=Squatter 

3. Source of water: 1= Rain-fed; 2= Irrigated 

4. Current form of use: 1= Under annual crops; 2= Under tree crops; 3= Under 

fallow 

C2. Land allocation to crops in 2013/2014 season 

Plot No. Crops grown Cropping System 

(1) 

Relative area under 

each plot 

Size Unit Code(2) 

     

     

     

     

1. Cropping System: 1= Mono cropping; 2= Crop Rotation; 3= Multiple Cropping; 

4=Mixed cropping 

2. Unit Code: 1=Acre; 2=Hectare  

 

C3. What is the cost of an acre of rented farm land per year? 

LRD__________________________ 
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Section D: Rice Production Inputs and Input Costs  

D1. 

Plo

t 

No. 

D2. 

Varie

ty 

(1) 

D3. 

Type of 

rice 

producti

on 

1=Lowla

nd 

2=Uplan

d 

D4. 

Quantit

y 

planted 

D5. 

Price 

per 

unit 

D6. 

Area 

plante

d 

D7. 

Did 

you 

apply 

fertilis

er 

Yes=1 

No=2 

(If No, 

go to 

D12) 

D8. 

Type of 

fertiliser 

(2) 

D9. 

Quantit

y 

applied 

D10. 

Price 

per 

unit 

D11. 

Area 

applie

d 

D12. 

Did you 

apply 

field 

chemical 

Yes=1 

No=2 (If 

No, go to 

D17) 

D13. 

Type 

of field 

chemic

al 

(3) 

D14. 

Quantit

y 

applied 

D15. 

Price 

per 

unit 

D16. 

Area 

applie

d 

                

                

                

                

                

                

(1) Variety: 1=Nerica 14; 2=Lac 23; 3=FKR 19; 4=Rock 5; 5=Nerica L19; 6=Suakoko 8; 7=Other (specify) 

(2) Type of Fertiliser: 1=NPK; 2=Urea; 3=Other (specify) 

(3) Type field Chemical: 1=Glyposate; 2=Paraquat; 3=Atrazine; 4=Deltaplan 
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Output from Rice Production 

D17. 

Plot 

 (plot # 

from D1) 

D18. 

Variety 

(Variety 

# from 

D2) 

 

D19. 

 Quantity of rice 

Harvested 

Bundle=1 

50kg bag=2 

25kg bag=3 

Tin=4 

Other (specify) 

D20. If farmer used bundles, 

indicate how many bundles make 

a sack/bag the farmer normally 

used? 

25kg bag=1 

50kg bag=2 

90kg bag=5 

Other (specify) 

Quantity Unit 

code 

Quantity Unit code 

      

      

      

      

      

D21. What is the distance from your house to the source of (1) seed ____________ hrs. 

walk (2) Fertiliser_____________ hrs. walk (3) Field chemical__________________ hrs. 

walk? 
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Section E: Labour Inputs in Rice Production 

PLOT NUMBER: ____________ VARIETY NUMBER: _________________ 

E1. What is your main source of labour for rice production? Family labour=1; Hired labour=2, Both=3 

E2. Activity Both Family and Hired Labour and mechanization Demand in Rice Production 2013/2014 farming season (man/day). 

Activity Family Labour Hired Labour Power Tiller Tractor 

Men Women Children Men Women Children 

 No of 

day 

Average no 

of hour/day 

No of 

day 

Average 

no of 

hour/day 

No of 

day 

Average 

no of 

hour/day 

No of 

day 

Avera

ge no 

of 

hour/d

ay 

No of 

day 

Avera

ge no 

of 

hour/d

ay  

No of 

day 

Avera

ge no 

of 

hour/d

ay 

No of 

day 

Avera

ge no 

of 

hour/d

ay 

No of 

day 

Avera

ge no 

of 

hour/d

ay 

Land Preparation                 

Planting                 

1
st
 Top dressing                 

2
nd

 Top dressing                 

1
st
 Weeding                 

2
nd

 Weeding                 

Spraying                 

Irrigation                 

Bird Scaring                 

Harvesting                 

Threshing                  

Drying                 

Packaging                 

Storage                 

Transport from field 

to homestead 

                

                 

NB: Men/Women= >18yrs; Children= <18yrs; 1 man/day= 8hrs of work/day; 1 man/day=0.5*8 child work hours. 
Is the labour from kuu system? Yes=1; No=2 

What was/ were the in-kind payment? ___________________; ____________________; ____________________; _______________________ 

What is the cost in monetary temrs? _________________________________LD 
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LOT NUMBER: ____________ VARIETY NUMBER: _________________ 

E1. What is your main source of labour for rice production? Family labour=1; Hired labour=2, Both =3 

E2. Activity Both Family and Hired Labour and mechanization Demand in Rice Production 2013/2014 farming season (man/day). 

Activity Family Labour Hired Labour Power Tiller Tractor 

Men Women Children Men Women Children 

 No 

of 

day 

Average 

no of 

hour/day 

No 

of 

day 

Average 

no of 

hour/day 

No 

of 

day 

Average no 

of hour/day 

No 

of 

day 

Average 

no of 

hour/day 

No 

of 

day 

Avera

ge no 

of 

hour/d

ay  

No 

of 

day 

Avera

ge no 

of 

hour/d

ay 

No 

of 

day 

Avera

ge no 

of 

hour/d

ay 

No 

of 

day 

Avera

ge no 

of 

hour/d

ay 

Land Preparation                 

Planting                 

1
st
 Top dressing                 

2
nd

 Top dressing                 

1
st
 Weeding                 

2
nd

 Weeding                 

Spraying                 

Irrigation                 

Bird Scaring                 

Harvesting                 

Threshing                  

Drying                 

Packaging                 

Storage                 

Transport from 

field to homestead 

                

                 

NB: Men/Women= >18yrs; Children= <18yrs; 1 man/day= 8hrs of work/day; 1 man/day=0.5*8 child work hours. 

Is the labour from kuu system? Yes=1; No=2 

What was/were the in-kind payment? ___________________; ______________________; ____________________; _______________________ 

What is the cost in monetary terms? _________________________________LRD 
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PLOT NUMBER: ____________ VARIETY NUMBER: _________________ 

E1. What is your main source of labour for rice production? Family labour=1; Hired labour=2, Both =3 

E2. Activity Both Family and Hired Labour and mechanization Demand in Rice Production 2013/2014 farming season (man/day). 

Activity Family Labour Hired Labour Power Tiller Tractor 

Men Women Children Men Women Children 

 No 

of 

day 

Average 

no of 

hour/day 

No 

of 

day 

Average 

no of 

hour/day 

No 

of 

day 

Avera

ge no 

of 

hour/d

ay 

No 

of 

day 

Avera

ge no 

of 

hour/d

ay 

No 

of 

day 

Avera

ge no 

of 

hour/d

ay  

No 

of 

day 

Avera

ge no 

of 

hour/d

ay 

No 

of 

day 

Avera

ge no 

of 

hour/d

ay 

No 

of 

day 

Avera

ge no 

of 

hour/d

ay 

Land Preparation                 

Planting                 

1
st
 Top dressing                 

2
nd

 Top dressing                 

1
st
 Weeding                 

2
nd

 Weeding                 

Spraying                 

Irrigation                 

Bird Scaring                 

Harvesting                 

Threshing                  

Drying                 

Packaging                 

Storage                 

Transport from 

field to homestead 

                

                 

NB: Men/Women= >18yrs; Children= <18yrs; 1 man/day= 8hrs of work/day; 1 man/day=0.5*8 child work hours. 

Is the labour from kuu system? Yes=1; No=2 

What was/were the in-kind payment? ___________________; ______________________; ____________________; _______________________ 

What is the cost in monetary terms? _________________________________ 
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E3. How is wage paid? Per hour=1; per day=2; per task=3 

E4. If wage is paid per hour, how much do you pay? ____________________LRD 

E5. If wage is paid per day, how much do you pay? ____________________LRD 

E6. If wage is paid per task, please give the average wage paid for the following task per 

day 

Task Average wage paid per day (LRD) 

Land Preparation  

Planting  

Fertilizing  

Weeding  

Spraying  

Irrigation  

Bird Scaring  

Harvesting  

Threshing   

Drying  

Packaging  

Storage  

Transport from field to homestead  

 

Section F: Household Asset Endowment 

F1. Please fill the table for 2013/2014 non-agricultural and agricultural assets owned by 

household 
Asset Used 

Yes=1; No=0 

(If No, go to 

next tool) 

Number 

Owned 

How much did 

you pay? 

( cost LRD) 

For long 

asset been 

used? 

Non-Agricultural Asset   

Mobile phone     

Radio     

Bicycle     

Motor cycle     

Vehicle     

Weighing scale     

Shop     

Agricultural Asset   

Cutlasses     

Axes     

Hoes     

Shovels     

Wheel barrow     

Sickle     

Knapsack sprayer     

Watering can     

Power Tiller     

Tractor     
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Section G: Rice Utilization 

 

Please fill the table below for 2013/2014 paddy utilization. 

G1. 

 Did you 

sell rice 

harveste

d last 

season? 

Yes=1 

No=2 (If 

no, go to 

G7) 

 

G2. Quantity of 

rice sold 

Bundles=1 

25kg bag=2 

50kg bag=3 

90kg bag=4 

Kilogram=5 

Other (specify) 

G3. 

Price per 

unit of 

rice sold 

(LRD) 

G4. In what 

form did you 

sell your 

rice? 

Paddy=1 

Clean 

grain=2 

Both=3 

G4. Where 

did you 

sell?  

Home=1 

Local 

market=2 

On the 

farm=3 

Other 

(specify) 

G5.To 

whom did 

you sell? 

Trader=1 

Relative=2 

Neighbor=3 

Cooperative 

association=

4 

Other 

specify 

G6. Cost of 

sale (tax, 

transport, 

etc) (LRD) 

G7. Quantity of 

rice consumed 

Bundles=1 

25kg bag=2 

50kg bag=3 

90kg bag=4 

Kilogram=5 

Other (specify) 

G8. Quantity of 

rice given as gift 

Bundles=1 

25kg bag=2 

50kg bag=3 

90kg bag=4 

Kilogram=5 

Other (specify) 

G9. Quantity 

retained for seed 

Bundles=1 

25kg bag=2 

50kg bag=3 

90kg bag=4 

Kilogram=5 

Other (specify) 

Quantity Unit 

code 

Quantity Unit 

code 

Quantity Unit 

code 

Quantity Unit 

code 

              

 

 

 

G10. What is the distance from your house to the nearest market place (hrs. walk)? __________________________ 
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Section H: Access to Credit, Extension Services and Market Information 

 

Credit Services 

 

H1. During the year 2013/2014 did your household has access to credit services for 

farming? Yes=1; No=2. If no, go to H4. 

 

H2. Who was the main source of credit for your household? Relative=1; Neighbour=2; 

Local seller=3; Susu club=4; Bank=5; NGO=6; Other (Specify) =7 

 

H3. How was credit used? Purchase seeds=1; Purchase fertiliser=2; Purchase 

herbicide=3; Pay for labour=5; Hired tractor services=6; 

 

Extension Services and Association/Group Membership 

 

H4. Did your household receive extension advice during 2013/14 farming season? 

(Yes=1, No=2) If the response is “No”, go to H9. 

 

H5. What is the source of extension services? Government=1; NGO=2; Farmer 

Association=3; Input Dealer=4; other (specify) ________________ 

 

H6. How frequent were you visited by extension agent last year? 1[  ] once per month; 2 [ 

] twice per month; 3 [ ] three times per month; 4 [ ] four times month; 5 [ ] Once a year; 6 

[ ] Twice a year; 7[ ] any time when ask them; 8 other (specify) ________________ 

 

H7. Extension messages and source of Extension 

Extension 

Message 

Received 

Advise  

Yes=1; N0=2 

Number of 

times service 

was received 

Source of Extension 

Government=1; NGO/Dev 

project=2; Cooperative=3; Large 

scale farmer=4; Other (specify)=5 

    

    

    

    

 

H8. Did you receive training from extension staff during the last year? (Yes = 1; No = 2) 

 

H9. What is the distance from your house to extension agent office (hrs. walk)? 

___________________ 
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H10. Are you currently a member of any farmers’ group or local association in this 

village? Yes = 1; No = 2. If yes, please fill the table below. 

Name of group or association What services do you get from the organization/group 

(Buy inputs = 1; Sell produce = 2; Advisory services = 3; 

Dividends = 4; Network = 5; Other1 = 6; Other2 = 7) 

  

  

  
 

H11. What is the distance from your house to the farmers’ organization or group center 

(hrs. walk)? _____________ 

 

Market Information 

 

H12. Did you have marketing information last year? Yes=1; No=2 (If No, go to question 

H16) 

 

H13. If yes for question H12, from whom did you get the market information? District 

Extension Agent=1; Radio=2; Cell phone=3; Friends=4; Brokers=5; From market=6; 

Other (specify) _________________ 

 

H14. What type of information did you get? Price information=1; Market place 

information=2; Buyer information=3; Other (specify) ___________________________ 

 

H15. What time interval do you get the information? Daily=1; Weekly=2; Monthly=3; 

Semi-annually=4; Annually =5; Other (specify) ________________________________ 

 

H16. Did you know the market price before you sold your rice? Yes=1; No=2 

 

H17. What do you do if you did not get the expected price for your rice? Took back 

home=2; Sold at lower price=2; Took to another market on the same day=3; Sold on other 

market day=4 

 

H18. How are the prices determined? Prevailing market price=1; Bases on cost of 

production=2; Arbitrarily =3; Other (specify) _____________________________ 

 

H19. Who set your selling price for rice in last season? Yourself=1; Buyers=2; Set by 

demand and supply=3; Negotiation=4; Other (Specify) ___________________________ 

 

H20. Is storage of rice production a problem for you? Yes=1; No=2 

 

H21. If yes for question H20, indicate the total volume of product damaged in farmer’s 

own unit of measurement and then use proportional piling to show the percentage loss at 

field and harvest. 

Crop Total loss in farmer’s local unit % of loss before harvest % of loss after 

harvest 

Rice    

 


