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Abstract 

 
The paper analysed the technical efficiency and its determinants in orange-fleshed sweet potato root 

production system in North central, Nigeria. A multistage sampling was used to select 174 OFSP root 

entrepreneurs in Benue, Nasarawa and Kwara States from whom data were collected on input-output, 
farmer and farm characteristics with the aid of a structured questionnaire. A Cobb-Douglas stochastic 

frontier production function was used to analyse the data.  The results of the analysis showed that the 

mean technical efficiency of OFSP root entrepreneur was 76 percent. The study found that the 
coefficient for household size was negatively assigned and significant at 5 % while age, education, farm 

experience, extension visits and access to credit were positive and have significant influence on 

technical efficiency at 5 % level of probability respectively. The study recommends policy decisions 

that encourage new entrepreneurs to take up OFSP root production and existing ones to remain in 

business through increased access to education, extension services and credit.  
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Introduction 

Orange-Fleshed Sweet potato 

(OFSP) is an improved breed of 

sweet potato (Ipomea batatas 

[L.] Lam.) cultivated in tropical and 

semi-tropical regions of the world 

for food and source of income 

especially among the rural dwellers 

(Adebisi, et al., 2015; Padmaja, 

2009; Mitra, 2012). All varieties of 

OFSP are rich in beta carotene, 

which is a precursor of vitamin A. 

Because of the high content of beta 

carotene, OFSP is considered as a 

key crop to combat vitamin A 

deficiency (VAD) problem in the 

Sub-Saharan Africa (Adebisi et al., 

2015; Low et al., 2007; Low et al., 

2015). 

 

In Nigeria, OFSP like other breeds 

of sweet potato is grown in all parts 

of the country, however 

commercial cultivation appears to 

be concentrated in Northern, semi-

arid agro ecological zone of the 

country covering Benue State, 
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Nasarawa State, Plateau State, Kogi 

State, Kwara State, and Niger State 

(Amienyo and Ataga, 2007; Sweet 

potato Support Platform for West 

Africa, SSP-WA, 2012 in Anderson 

and Gugerty, 2012). Orange-

fleshed sweet potato is economic 

and nutritional crop.  All parts of 

the sweet potato crop have value 

and can be processed into diverse 

products of economic or food value 

(Afuape et al., 2014).  

 

However, it has been observed that 

the potentials of OFSP in Nigeria 

have not been realized due to 

inefficiency in production, low 

level of investment and other 

factors. Some researchers have 

broadly classified these factors into 

socio-economic, biotic, and abiotic 

constraints. Socio-economic 

constraints in the production of 

OFSP include: low quality vine 

(seed) and poor vine delivery 

system and poor agronomic 

practice varieties (Ames, 1996; 

Njeru et al., 2004; Gichuki, et al., 

2006; Kivuva, et al., 2014). 

 

Farm efficiency has fuelled a large 

body of literature globally and is of 

importance both from 

microeconomic and 

macroeconomic points of view. 

Improving the efficiency with 

which farmers use the available 

resources is very crucial to 

increasing output, productivity, 

household income, food security, 

poverty reduction and overall 

economic growth. An efficient 

OFSP enterprise will naturally 

attract more investment. This 

opinion is corroborated by the 

assertion of Farla (2013), that 

investors’ confidence in making 

profit is fundamentally important to 

economic success and long-term 

development of economy. 

 

In spite of the importance of farm 

efficiency, there is limited research 

on the technical efficiency of 

orange-fleshed sweet potato root 

production in North central, 

Nigeria. Orange-fleshed sweet 

potato is a promising root crop for 

combating vitamin A deficiency 

(VAD), generating employments 

for farm households and source of 

income. Previous studies on 

orange-fleshed sweet potato, for 

example, Low, et al., (2015); 

Laurie, et al., (2015); Agili, et al., 

(2015); Abidin, et al., (2015); 

Chima, et al., (2015) did not 

focused on efficiency. This current 

study aims to fills this knowledge 

gap.  

 

The objective of this study is 

therefore to estimate the technical 

efficiency and its determinants in 

orange-fleshed sweet potato root 

production in North Central Nigeria 

using the stochastic frontier Cobb-

Douglas production function. 

Efficiency is an important factor of 

productivity as well as stability of 

production (Hong and Yabe, 2015).  

Methodology 

The study was conducted in the 

North Central geo-political zone of 

Nigeria. The geo-political zone 

comprises six states, namely: 
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Benue, Kogi, Nasarawa, Plateau, 

Kwara and Niger. This geo-

political zone was chosen based on 

the intensity of orange-fleshed 

sweet potato root production.  

Multistage sampling procedure was 

employed to select the respondents 

in this study. The first stage 

involved the purposely selection of 

three states out of six states in the 

North central based on their distinct 

OFSP production (National Root 

Crops Research Institute, NRCRI, 

2012). The three selected states 

were Benue, Nasarawa and Kwara. 

The second stage involved the 

purposely selection of Local 

Government Areas (LGAs) from 

the three selected states based on 

the intensity of OFSP production. 

Thus, in the second stage, Gboko, 

Konshisha, Vandeikya, and 

Makurdi were selected from Benue 

state while Karu, Lafia, JDA, and 

Nassarawa Egon were selected 

from Nasarawa state while Ilorin 

East, Ifelodun, and Patigi, were 

selected from Kwara state. The 

third stage involved the random 

selection of 174 (consisted of 87 

root entrepreneurs from Benue, 33 

from Nasarawa and 54 from Kwara 

States) farm households from the 

selected local government areas 

based on sampling frame from the 

respective ADPs. Data were 

collected on inputs, output and 

farm-farmer socioeconomic 

characteristics with aid of 

structured questionnaire. The 

Cobb-Douglas stochastic frontier 

production model was used to 

analyse the data. 

 

The empirical model  

Since orange-fleshed sweet potato 

root production is classical example 

of single output and multiple-input 

production, this study employed an 

econometric approach for 

measuring technical efficiency 

based on the Cobb-Douglas 

stochastic frontier function. Cobb-

Douglas stochastic production 

function model was employed 

according to Seyoum, et al., (1998) 

in estimating the technical 

efficiency of OFSP root 

entrepreneurs and expressed thus: 

lny = β0 + β1lnX1 + β2lnX2 + 

β3lnX3 + β4lnX4 + β5lnX5 +  (vi – 

ui)       … 1 

Where ln is natural logarithm, Y 

represents OFSP root output in Kg 

of the ith farm, X1 is farm size in 

hectares, X2 is farm labour input in 

man-days, X3 is fertilizer used in 

kg, X4 is pesticide in liters, X5 is 

quantity of planting material in kg, 

Vi is error term beyond the control 

of the OFSP root entrepreneur, Ui 

is error term under the control of 

the OFSP root entrepreneur, β0 - β5 

are regression parameters to be 

estimated. 

The determinants of technical 

efficiency of OFSP root 

entrepreneurs were modeled in 

terms of socio-economic variables 

and farm specific factors. 

Following Battese and Coelli 

(1995), the determinants of 

technical efficiency model was 

simultaneously estimated with Exp 

(-μi) defined by: 
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Exp (-μi) = δ0 + δ1z1 + δ2z2 + δ3z3 + 

δ4z4 + δ5z5 + δ6z6 + δ7z7 + δ8z8 + 

δ9z9+ δ10z10 …2 

Where Exp(-μi) is the technical 

efficiency of the ith OFSP root 

entrepreneur, Z1 is the age of the 

household head in years, Z2 is 

gender of the household head, a 

dummy variable, 1 for male and 0 

for female, Z3 is household head 

level of education in years, Z4 is 

household size in number, Z5 is 

farm experience of household head 

in years, Z6 is access to credit, a 

dummy variable, 1 for access and  

0 for no access, Z7 is number of 

times visited by an extension agent 

per farming year, Z8 is membership 

of cooperative societies, a dummy 

variable, 1 for member and  0 for 

non member, Z9  is  production 

system, a dummy variable, 1 for 

sole cropping and  0 for mixed 

cropping,  Z10 is farm size in 

hectares, while δ0,…, δ10  are 

regression parameters to be 

estimated. 

Results and Discussion 

Estimation of technical efficiency 

is presented in Table 1. The result 

shows that the coefficients 

estimated in the model were 

positive and statistically significant 

at 1 % probability level. The 

elasticity of farm size (0.6352) was 

highest followed by planting 

material (0.5561). This explains the 

importance of farm size and 

planting material in OFSP root 

production in the study area. The 

positive coefficients of farm size, 

planting material, and labour 

indicate that 1 % increase in the 

amount of these variables would 

increase OFSP root output by 

0.6352 %, 0.5561 %, and 0.3844 % 

respectively. The return to scale 

parameter is 1.9368, implying 

increasing return to scale. The 

implication is that OFSP root 

entrepreneurs in the study area are 

operating in the irrational stage of 

production, stage one thereby 

underutilizing productive 

resources. 

The estimated variance parameter 

(𝝈𝟐) was significantly different 

from zero indicating goodness of fit 

and the correctness of the 

distribution assumption of the 

composite error term specified in 

the model. The variance ratio (𝜸) 
was also significantly different 

from zero. This shows that the farm 

specific variability contributed 

about 43% variation in yield among 

the OFSP root entrepreneurs. This 

implies that 43% of the differences 

between the observed and the 

maximum production frontier 

output were due to differences in 

farmers level of technical 

efficiency and not related to 

random variability. Thus, these 

factors are under the control of the 

OFSP root entrepreneur and the 

influence of which could be 

reduced to enhance technical 

efficiency of the OFSP production 

in the study area. This result is 

consistent with the findings of 

Mbanasor and Kalu (2008); Gbigbi 

(2011). 
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The result of the frequency 

distribution of technical efficiency 

estimates is presented in Table 2. 

The result shows that the technical 

efficiency of OFSP root production 

ranges from 0.51 to 0.95 with a 

mean of 0.76. Thus, the most 

technically efficient OFSP root 

entrepreneur is operating below the 

frontier level under the current 

technology. Therefore, if an 

average OFSP root entrepreneur in 

North central, Nigeria was to 

achieve the technical efficiency 

level of the most efficient 

counterpart, then the average OFSP 

root entrepreneur could realise 

about 20 percent cost saving (i.e., 

1-[0.76/0.95]100) (Bravo-Ureta and 

Pinheiro, 1997) without reducing 

output. Similarly, for the most 

technically inefficient OFSP root 

entrepreneur in the study area will 

have an efficiency gain of about 

46.30 percent (i.e., 1-

[0.51/0.95]100), in OFSP root 

production if he or she is to attain 

the efficiency of the most technical 

efficient root entrepreneur in the 

study area. The study reveals that 

OFSP root entrepreneurs in the 

sample were technical inefficient. 

This result is consistent with the 

finding of Aye and Mungatana 

(2012). 

 

 

 

Table 1: Maximum Likelihood Estimates of the Cobb-Douglas 

Stochastic Production Function for Orange-Fleshed Sweet potato Root 

(n=174) 

Production factor Parameter Coefficient Standard error t-value 

Constant term 𝛃𝟎 8.6245 0.7665 11.2524*** 

Farm size (X1) 𝛃𝟏 0.6352 0.0732 8.6784*** 

Planting Materials (X2) 𝛃𝟐 0.5561 0.0532 10.4536*** 

Labour (X3) 𝛃𝟑 0.3844 0.0746 5.1538*** 

Fertilizer (X4) 𝛃𝟒 0.0097 0.0136 0.7155 

Pesticides (X5) 𝛃𝟓 0.3514 0.0486 0.7231 

Diagnostics statistics     

Log-likelihood function  85.6151   

Sigma Square 𝛔𝟐 0.2720 0.0757 3.5935*** 

Gamma 𝛄 0.4315 0.1386 3.1165*** 

LR-Test  12.1325   

Source: Field Survey Data, (2016). ***  indicates statistically significant at 1.0%. 

 

 



           J.T. Nyor et al./J. Sustain. Agric. Environ 17 (2019) (1): 32 - 42 
 

37 
 

Table 2: Frequency Distribution of Efficiency Estimates of Orange-

Fleshed Sweet potato Root Entrepreneurs (n=174) 

Efficiency level  Frequency Percentage (%) 

0.51-0.60 11 6.32 

0.61-0.70 29 16.67 

0.71-0.80 106 60.92 

0.81-0.90 23 14.37 

0.91-1.00 3 1.72 

Total 174 100 

Mean technical efficiency 0.76  

Minimum technical efficiency 0.51  

Maximum technical efficiency 0.95  

                Source: Field Survey data, (2016) 

 

 

 

Table 3: Maximum Likelihood Estimates of the Determinants of 

technical Efficiency of Orange-Fleshed Sweet potato Root production 

(n=174) 
Efficiency Factors Parameter Coefficient Standard error t-value 

Constant Term 𝛒𝟎 0.1230 0.1631 0.7545 

Age 𝛒𝟏 0.0040 0.0020 2.0344** 

Education 𝛒𝟐 0.0042 0.0016 2.6383*** 

Gender 𝛒𝟑 -0.0458 0.0532 -0.8612 

Farm Experience 𝛒𝟒 0.0077 0.0038 2.0341** 

Extension visit 𝛒𝟓 0.0212 0.0065 3.2654*** 

Access to credit 𝛒𝟔 0.0293 0.0110 2.6721*** 

Membership of cooperative 𝛒𝟕 0.0198 0.5616 0.3532 

Household size 𝛒𝟖 -0.0040 0.0021 -1.9145** 

Production system 𝛒𝟗 0.0481 0.0592 0.8221 

Off Farm Income 𝛒𝟏𝟎 -0.2016 0.0761 -2.6530*** 

     Source: Field Survey data, (2016). ***, ** statistically significant at 1% and 5 %     

respectively 

  

Determinants of Technical 

Efficiency 

Table 3 shows the factors 

influencing technical efficiency of 

OFSP root entrepreneurs in North 

central, Nigeria. The variables with 

positive signs suggest that increase 

in these variables would lead to 

increase technical efficiency while 

with negative coefficients, increase 

in technical inefficiency. The result 

shows that age, educational 

attainment, farm experience, 

extension visit and access to credit 

have positive coefficients. This 

suggests that these variables had 

positive influence on technical 

efficiency of OFSP root production 

in the study area. 
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Educational level has a positive 

coefficient that is statistically 

significant at 1.0% level, which 

agrees with the apriori 

expectations. This suggests that 

education is critical in managing 

farming business and thus, has 

positive influence on technical 

efficiency. 

Farm experience has a positive 

coefficient as expected and as such 

has a positive influence on 

technical efficiency and statistically 

significant at 5% level of risk. The 

implication is that the more 

experienced a farmer is, the higher 

his level of technical efficiency. 

This result is consistent with 

Bravo-Ureta and Pinheiro (1997) 

who identified positive impact of 

farm experience on efficiency. The 

coefficient of the visit by extension 

agent was positive and statically 

significant at 1 % probability level 

which implies more visit of an 

extension agent will lead to 

increase in technical efficiency of 

the farmer. Off-farm income was 

highly significant at 1% and has a 

negative coefficient, which agrees 

with apriori expectations that 

engagement in non-farm activities 

would lead to less attention to farm 

business, thus reducing technical 

efficiency. 

 

The coefficient of gender is 

negative. The negative coefficient 

of gender implies that male headed 

households in the study area are 

relatively more technically 

inefficient than their female 

counterparts. This suggests that 

OFSP root production is women’s 

business. This result is consist with 

a long held view that sweet potato 

production is women’s affair.  

Household size has a negative 

coefficient and is significant at 5%. 

This implies that OFSP 

entrepreneurs with large household 

sizes will experience lower level of 

technical efficiency. Large 

household sizes are expected to 

enhance labour availability (Nwaru, 

2004). However, the use of 

available family labour on small 

sized farms would result in under-

utilization of labour and hence, 

inefficiency.  

 

Conclusion  

The study showed that OFSP root 

production system was not fully 

technically efficient. The return to 

scale parameter was found to be 

1.9368 implying increasing return 

to scale. The implication is that 

OFSP root entrepreneurs in the 

study area are operating in the 

irrational stage of production, stage 

one thereby underutilizing 

resources. 

The individual technical efficiency 

of OFSP root entrepreneurs ranges 

between 0.51 to 0.95 with a mean 

of 0.76 which reveals substantial 

technical inefficiencies in the 

system, thus considerable room for 

increasing profitability by reducing 

cost. For an average OFSP root 

entrepreneur to be fully technical 

efficient, he or she would be able to 

reduce cost by 20 percent under the 

current technology.  
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The study revealed the important 

factors directly related to technical 

efficiency in orange-fleshed sweet 

potato root production in the study 

area as age, education, farm 

experience, extension visit, and 

access to credit. These results call 

for policy decisions that would 

encourage new entrepreneurs to 

take up OFSP root production 

through enhanced access to 

education, extension services and 

credit. 

 

 

References 

Abidin, P.E., Chipungu, F, 

Nyekanyeka, T. 

Chilanga,T. Mwenye, O., 

Kazembe, J., Botha, B., and 

Carey, E.E. (2015) Maize-

Orange Fleshed 

Sweetpotato Intercropping. 

Potential for Use to 

Enhance Food Security and 

scaling up the Nutrition 

Effort in Malawi. In Potato 

and Sweetpotato in Africa. 

Eds. Low, J., Nyongesa, 

M., Quinn, S and Panker, 

M. (2015). 

Adebisi, B.A., Phorbee, O.O., 

Chima, B.N., Njoku, J.C., 

Iheonu, M.E., Adegoke, 

A.A., Chima, I.P., Low, 

J.W., and Mbabu, A.N. 

(2015). Orange Fleshed 

Sweetpotato: Production, 

Processing and Utilization. 

A community Training 

Manual. Helen Keller 

International, Nigeria and 

International Potato Center, 

Nigeria. 

Afuape, S.O., Nwankwo, I.I.M., 

Omodamiro, R.M., 

Echendu, T.N.C. and 

Toure, A. (2014). Studies 

on some important 

consumer and processing 

traits for breeding sweet 

potato for varied end-uses. 

Animal Journal of 

Experimental Agriculture, 

4: 114-124. 

Agili, S., Aggrey, B.N., Ngamau, 

K., and Masinde, W.P. 

(2015). In vitro evaluation 

of orange-fleshed 

sweetpotato genotypes for 

drought tolerance using 

polyethylene glycol. In: 

Low, J.; Nyongesa, M.; 

Quinn, S.; Parker, M. (eds). 

Potato and sweetpotato in 

Africa. Transforming the 

value chains for food and 

nutrition security. 

Oxfordshire (UK). CAB 

International. ISBN 978-1-

78064-420-2. pp. 98-109. 

Ames, T., N.E..J.M. Smit, A.R. 

Bruan, J.N. O’Sulvan and 

Skoglund. L.G. (1996). 

Sweetpotato: Major pests, 

diseases, and Nutritional 

disorders. International 

Potato Center (CIP), Lima, 

Peru. 



           J.T. Nyor et al./J. Sustain. Agric. Environ 17 (2019) (1): 32 - 42 
 

40 
 

Amienyo, C. A., and Ataga, A. E. 

(2007). Use of indigenous 

plant extracts for the 

protection of mechanically 

injured sweet potato 

[Ipomoea batatas (L.) Lam] 

tubers. Scientific Research 

and Essay, 2(5), 167-170. 

Anderson, L. and Gugerty, M. K. 

(2012), Sweet Potato Value 

Chain: Nigeria. EPAR 

Brief No. 220. 

Aye, G.C and Mungatana, E.D. 

(2012). Evaluating the 

Performance of Maize 

Farmers in Nigeria Using 

Stochastic Distance and 

Stochastic Production 

Frontiers. Accessed on 

April, 5, 2016.  

Battese, G.E. and Coelli, T.J. 

(1995). A model for 

technical inefficiency 

effects in a stochastic 

frontier production function 

for panel data. Empirical 

Economics, 20, 325332. 

Bravo-Ureta, B. E. and Pinheiro, 

A. E. (1997), Efficiency 

analysis of developing 

country agriculture: a 

review of the frontier 

function literature, 

Agricultural and Resource 

Economics Review, 22, 88- 

101. 

Chima, I., Umoh, M., Njoku, J and 

Mbanasor, J.A. (2012). 

Orange-fleshed 

Sweetpotato in Nigeria: A 

situation Analysis and 

Needs Assessment Report. 

April 2012. 

Farla, K. (2013). Determinants of 

Firms’ Investment 

Behaviour: A Multilevel 

Approach. Working Paper 

Series on Institutions and 

Economic Growth: IPD 

WP15. ISSN 1871-9872. 

Gbigbi, M.T. (2011). Economic 

efficiency of smallholder 

sweet potato producers in 

Delta state, Nigeria: a case 

study of Ughelli south 

Local Government Area. 

Gichuki, S.T., S.C., Jerimiah, D. 

Labonte, K. Burg and 

Kapinga, R. (2006). 

Assessment of genetic 

diversity, farmer 

participatory breeding, and 

sustainable conservation of 

eastern African Sweet 

Potato germplasm. Annual 

report, April 2004-March 

2005., Nairobi Kenya. 

Hong, N.B. and Yabe, M. (2015). 

Technical Efficiency 

Analysis of Tea production 

in the Northern 

Mountainous of Vietnam, 

Global Journal of Science 

Frontier Research, 15 (1)1. 

Kivuva, B. M., Francis J. 

Musembi, S. M. Githiri, 

C.G. and Yencho, J. S, 

(2014). Assessment of 



           J.T. Nyor et al./J. Sustain. Agric. Environ 17 (2019) (1): 32 - 42 
 

41 
 

production constraints and 

farmers’preferences for 

sweetpotato genotypes. 

Journal of Plant Breeding 

and Genetics,2(01):15-29. 

Laurie, S.M., Mtileni, M.M, 

Mphela, W.M, Van den 

Berg, A.A., 

Ramathanvhana, T., 

Sedianne, L., Maraganedza, 

T and du Plooy, C.P. 

(2015). Promotion of 

Vitamin A-enriched 

Sweetpotato for Production 

by Small Scale Commercial 

Farmers in South Africa. In 

Potato and Sweetpotato in 

Africa. Eds. Low, J., 

Nyongesa, M., Quinn, S 

and Panker, M. (2015). 

Low, J. ,Arimond M., Osman, N., 

Cunguana, B., Zano F and 

Tschirley D. (2007) “ A 

food based approach 

introducing orange-fleshed 

sweet potatoes increased 

Vitamin A intake and 

Serum retinol 

concentrations in young 

children in Mozambique”. 

Journal of Nutrition, 137: 

1320-1327, 2007. 

Low,J., Ball, A., Van Jaarsreld, 

P.Y., Namutebi, A., and 

Faber, M (2015) Changing 

Behaviours Regarding 

Orange Fleshed 

Sweetpotato Use in Sub-

Saharan Africa. In Potato 

and Sweetpotato in Africa. 

Eds. Low, J., Nyongesa, 

M., Quinn, S and Panker, 

M. (2015). 

Mbanaor, J.A. and Kalu, K.C. 

(2008). Economic 

efficiency of commercial 

vegetable production 

system in Akwa Ibom state, 

Nigeria: A translog 

Stochastic frontier cost 

function approach. Journal 

of Tropical and subtropical 

Agroecosystems, 8(3): 313-

318. 

Mitra, S. (2012). Nutritional Status 

of Orange-fleshed 

Sweetpotato in Alternating 

of Malnutrition through a 

Food-Based Approach. 

Nutrition and Food 

Sciences. 2(8). 

http://dx.doi.org/10.4172/2

155-9600.1000160. 

Njeru, R.W.,.Mburu, M.W.K., 

Cheramgoi, E., Gibson, 

R.W., Kiburi, Z..M., 

Obudho, E and. Yobera, D. 

(2004). Studies on the 

Physiiological effects of 

viruses on sweetpotato 

yield in Kenya. Ann. Appl. 

Biol. 145:71-76. 

Nwaru, J.C. (2004). “Gender and 

Relative Production 

Efficiency in Food Crops 

Farming in Abia state of 

Nigeria”. The Nigeria 

Agricultural Journal, vol. 

34 pp1-10.  

http://dx.doi.org/10.4172/2155-9600.1000160
http://dx.doi.org/10.4172/2155-9600.1000160


           J.T. Nyor et al./J. Sustain. Agric. Environ 17 (2019) (1): 32 - 42 
 

42 
 

Padmaja, G. (2009). Uses and 

Nutritional Data of 

Sweetpotato. In The 

Sweetpotato. DOI 

10.1007/978-1-4020-9475-

0. 

Seymoun, E., Battese, G.E., and 

Fleming, E.M. (1998). 

Technical efficiency and 

productivity of maize 

producers in eastern 

Ethiopia: a study of farmers 

within and outside the 

Sasakawa-Global 2000 

Project. Agricultural 

Economics, 19 (3), 341-

348. 


