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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Technical efficiency of improved and local variety 
seed maize farms in Ghana: A meta-frontier 
analysis
Theophilus Tweneboah Kodua1*, Edward Ebo Onumah1 and Akwasi Mensah-Bonsu1

Abstract:  The meta-frontier model technique is employed to compare the technical 
efficiency levels of improved and local maize seed variety farms in Ghana using 
a cross-sectional data from 214 farmers. The study shows that inefficiencies in 
maize production relate to exogenous variables considered even though some of 
the variables are not statistically significant. All input variables considered contri-
bute positively to maize output in both improved and local seed varieties as well as 
in the pooled data. Maize farms generally exhibit increasing returns to scale (IRS) in 
the study area. The mean technical efficiency relative to the meta-frontier is 
estimated to be 72%, 44% and 50% for the improved, local maize seed variety 
farms and the pooled data respectively. Based on the estimated TGR of 90% and 
72% for the improved and local seed variety maize farms, respectively, the study 
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concludes that maize farmers who cultivated improved maize seed varieties are 
more technically efficient compared to their counterparts who do otherwise. It is 
recommended that stakeholder efforts should focus on labour source, education, 
extension contacts, ready market availability and credit that contribute positively to 
farmers’ efficiency to further increase maize output in Ghana. Furthermore, farmers 
should be encouraged and educated more on the benefits of newly developed 
varieties of maize so that they will be convinced enough to adopt in order to 
increase their output in the near future.

Subjects: Agricultural Development; Agricultural Economics; Agriculture and Food;  

Keywords: technology gap ratio; returns to scale; stochastic frontier; maize production; 
Ghana

1. Introduction
The contribution of Ghana’s agriculture sector to its gross domestic product (GDP) over the years has 
experiences continuous decline. For instance, in 2008, the sector contributed 31% to GDP and increased 
slightly to 31.8% in 2009, then fell to 29.8%, 25.3%, 22.7% and 21.3% for the years 2010, 2011, 2012 
and 2013, respectively (GSS, (2013)). Currently, the sector contributes only 18.5% in GDP to the growth 
of the country (Budget statement, 2018). Its contribution is mainly through export earnings from 
principal agricultural products such as timber, cocoa, sea foods, game and wildlife as well as horticul-
tural commodities. The sectors function as a supplier of raw materials to manufacturing industries 
cannot be underestimated even though it remains predominantly small scale. The sector is also 
characterized by smallholder farmers who cultivates mainly staple crops such as cassava, plantain, 
rice, yam, and maize to feed themselves and their immediate families and very little marketable 
surpluses for sale (MoFA, 2009; Antwi-Agyei et al., 2012). Another important contribution of the sector 
is its significant support to ensuring food security in both rural and urban economies of the country.

In Ghana maize (zea mays, L) is identified as an important food security staple crop as in other sub- 
Saharan African countries and other parts of the world. Maize constitutes a lager component of 
human diet and livestock feed as evident the high demand by poultry feed manufacturers (Ravindran, 
2012; Wongnaa & Awunyo-Vitor, 2019). Similarly the brewery industries are also noted for their high 
demand for maize which serves as an important input in their production processes. According to 
Wiredu et al. (2010), maize is not only important for food/feed consumption but also an important 
cash crop for most farm households, hence ensuring sustainable production will eventually promote 
self-sufficiency among household. Maize is estimated to account for about 50% to 60% of all cereal 
production in terms of area plannted (MiDA, 2010). The crop is recognized for its important role in 
emergency preparedness as captured in Ghana’s METASIP (Akramov, 2012).1

Maize production in Ghana is basically done by smallholder farmers under erratic rainfall con-
ditions precipitated by climate change among other things. Even though maize is reported to be 
a warm season crop, it is equally sensitive to high-temperature stress such that high temperatures 
reduces maize yield (Tesfaye et al., 2015). Furthermore, higher temperatures encourage the multi-
plication of some pests and weeds that potentially affect maize yield. It is estimated that high 
temperatures of about 35°C leads to a reduction in maize yield by about 9% (Adhikari et al., 2015). 
Valipour et al. (2021) suggest that the mean of monthly global surface temperature anomalies in 
the period 2000–2019 is 0.54°C higher than that in 1961–1990, indicating rising temperatures in 
the last two decades. This development to a large extent has implications for the production of 
food staples such as maize. For example, Banziger et al. (2004) opine that productivity of maize 
may still be under threat by climate change effects even if plant breeders developed varieties that 
performed well under different biophysical environment.
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Production of the staple crop is done in all the administrative regions. However, the five principal 
producing regions are Brong-Ahafo, Eastern, Ashanti, Northern and Central regions (Amanor- 
Boadu, 2012; Asante et al., 2019). There is relatively an imbalance between current outputs and 
maximum potential outputs due to inadequate input resources and poor production approaches 
inter alia (Asante et al., 2019; MOFA (Ministry of Food and Agriculture), 2015; Wongnaa & Awunyo- 
Vitor, 2019). Food grain failure to keep pace with the increasing population and demand is said to 
be the main cause of food shortage (Asante et al., 2019; Larbi et al., 2013).

The Brong-Ahafo region leads in the production of maize in the country in terms of yield with an 
average of about 2.0mt/ha (Amanor-Boadu, 2012). This corresponds to the national average; how-
ever, it is still far below the achievable yield of 6.0mt/ha. According to Bempomaa and Acquah (2014), 
figures from SRID usually portray that estimated cropped area of maize has been increasing with 
a declining estimated output in metric tonnes. For instance, average production in thousand metric 
tonnes between 2004 and 2006 was 1,172.60 and that of 2007 to 2009 was 1,436.43 representing 
a growth rate of 6.93%. Average annual production between 2010 and 2012 was 1,835.20mt, 
1,741.68mt for 2012 to 2015 representing −1.71% growth rate (SRID, 2016). On the other hand, 
between 2006 and 2014 area planted to maize has increased steadily from 793,000 ha to 
1,025,000 ha. However, SRID reported a low of 880,000 ha area planted to maize for the year 2015 
(MOFA (Ministry of Food and Agriculture), 2015).2 It is expected the estimated output growth will 
correspond to the increase in land area planted to the crop; however, it has not been the case. Such 
occurrences may be as a result of production inefficiencies due to the management practices followed 
by farmers. The presence of inefficiencies in production means that output could be increased without 
increasing input resources. In addition varietal differences in seeds planted could contribute to the 
differences in other input usage and output levels. Thus modern production inputs have the potential 
to contribute substantially to outputs even though their levels of adoption are quite low (Asante et al., 
2019). This paper therefore investigates to better appreciate the performance level of local and 
improved maize seed varieties in order to make pronouncement relevant for policy decision-making 
on which one can boost future production whiles enhancing farmer productivity and efficiencies.

Several studies have investigated the technical efficiencies of firms cutting across financial, manu-
facturing, services, and agricultural sectors (e.g., Binam et al., 2008; Danquah et al., 2019; Mariano et al., 
2010; Moreira & Bravo-Ureta, 2010; Nkamleu et al., 2006; Onumah et al., 2018; Richman, 2010). There 
are also studies that have focused on the technical efficiencies of maize farms in Ghana (e.g., Anang 
et al., 2020; Asante et al., 2019; Bempomaa & Acquah, 2014; Kuwornu et al., 2013; Oppong et al., 2014; 
Sienso, Asuming-Brempong, Amegashie et al., 2014a). However, none of these papers have compre-
hensively compared technical efficiency levels between local maize seed varieties and improved maize 
seed varieties. The conventional stochastic frontier analysis usually used in such efficiency studies 
assume homogenous technology (in our case maize seed variety) among farms. Estimates of these 
studies are suspect so long as differences exist in seed varieties among farm because technology gaps 
(i.e. varietal differences) may be mistaken for technical inefficiencies. The meta-frontier analysis allows 
for technical efficiencies to be comparatively estimated among farms that employ different technol-
ogies, processes, varieties in production. Some studies have employed this approach for country-level 
and regional-level analysis of technical efficiency as well as industries that use different technologies 
(Valliano et al. 2010; Kramol et al., 2010; Mariano et al., 2010; Moreira & Bravo-Ureta, 2010).

The objective of our study is to investigate technical efficiency levels of maize farms in Ghana 
accounting for differences in maize seed varieties used by different farmers. Specifically, we estimate 
the productivity levels of local maize seed varieties and improved maize seed varieties; technical 
efficiency levels and technology gap ratios; identify and estimate the determinants of inefficiencies. 
Findings from these objectives have far-reaching policy implications for the maize production industry 
in Ghana as a whole. Our contribution is to disentangle the potential effects of technical inefficiencies 
and technological gaps (i.e., varietal differences) in maize yield which is overlooked by the standard 
stochastic frontier model widely employed in this kind of studies. In addition to the technical 
efficiency scores estimated in the conventional stochastic frontier model, the metafrontier model 
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we propose in this study allows us to estimate also technology gap ratios. The technology gap ratio is 
important for making sound pronouncement on the varietal differences in maize production.

2. Improved and local maize seed varieties
The two main categorization of maize seed varieties are the focus of analysis as they differ 
significantly in their characteristics and production potential. Agriculture in Ghana is predomi-
nantly dominated by smallholder farmers with low levels of output and efficiency in input resource 
allocation. According to economic theory, the main goal of agricultural production at the micro- 
level is to maximize profit through efficient allocation of input resources. This can be achieved 
either by maximizing output from given set of inputs or by minimizing the cost of resource needed 
to produce a certain level of output.

The variety of crop seed used for cultivation has a major role to play in determining whether or 
not an individual farmer may or may not operate on or near the industry frontier (Villano et al., 
2010). According to Morris et al. (1999), of all inputs used in agricultural production, none has the 
ability to affect productivity more than seed. Hence, if farmers are able to acquire the rightful seed 
varieties, the efficiency with which other inputs are converted into output increases and produc-
tivity rises. The traditional method of crop production by smallholder maize farmers is predomi-
nantly accompanied with the use of farmer-owned seeds.3 These varieties are usually vulnerable 
to pest and diseases such as the MSV, drought and harsh weather conditions, they are low yielding 
and late maturing among others. According to Wiredu et al. (2010), the cultivation of local maize 
seed varieties comes with relatively low-cost implication, less labour requirements.4 Usually, with 
such varieties increasing crop outputs requires the expansion of land area planted to crop. This 
may however not be a sustainable course in the long run due to the increasing competing demand 
for agricultural lands for other infrastructural developments such as human settlements precipi-
tated by expanding population and rapid urbanization.

Considerable investments have been made by governments in Ghana since 1979 in areas of 
maize production technologies.5 For instance, between 1979 and 1997 the government of Ghana 
through Ghana Grains Development Project (GGDP) in collaboration with the Canadian government 
(CIDA) embarked on a project aimed to improve maize with increasing yield capacity, resistance to 
disease and pest, nutritional quality and agro-ecological suitability (Morris et al., 1999). The project 
resulted in the development and promotion of 12 improved seed varieties of maize, fertilizer 
recommendations and plant configuration.6 These varieties were developed based on certain 
desired characteristics such as improved yield potential, acceptable grain size and colour, resis-
tance to disease and pest especially maize streak virus (MSV), quality protein maize, early matur-
ing, drought tolerant etc. Investments into such varietal qualities aimed at improving the 
productivity of maize farms in order to make up for the soaring differences in obtained yields 
and maximum potential yields. However, these improved varieties are found to be associated with 
extra expenses in terms of intensive use of fertilizer, agrochemicals and more labour requirement 
if a farmer wants to get the best yield. Negligence and genuine inability to fulfil this would usually 
result in total crop failure (Wiredu et al., 2010). Kuwornu et al. (2013) have stated that the 
expected effects of such recommendations have not been adequately felt as a result low perfor-
mance of cultivated varieties and that this inadequacy could be attributed to physical environ-
ment, socioeconomic characteristics of producers and poor rural environment conditions. The 
question is whether or not the purpose of investing resources to enhance the quality of maize 
seeds has not been met in terms of increased productivity and efficiency.

3. Materials and Methods
The parametric frontier approach is adopted to estimate the technical efficiency levels of local and 
improved maize seed variety farms in this study. Specifically, the stochastic frontier model pro-
posed by Aigner et al. (1977) is used. The stochastic meta-frontier model was developed by Battese 
and Rao (2002) and G. E. Battese et al. (2004). It follows Hayami (1969) and Hayami and Ruttan 
(1970) ideas of meta-production technology making it possible to cater for the differences in the 
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seed varieties that could be inaccurately labelled as technical inefficiency in maize production. This 
method is an improvement of the conventional stochastic frontier method because it is designed 
to deal with the heterogeneity in maize seed varieties (i.e. technological differences). Meta-frontier 
is a smooth function that envelopes the two categories of maize producers.

The local, improved maize seed varieties and the pooled data can be represented by “k” in 
a conventional stochastic frontier model as 

Yi ¼ fðxi; βkÞevk
i � uk

i ;exiβkþvk
i � uk

i (1) 

where Yi represents the maize output of the ith farmer in the k-th group; xi is a vector of input 
resources used by the ith producer in the kth group; βk denotes a vector of parameters to be 
estimated for the individual farms; vk

i represents the noise error (that is factors that affect 
production but exogenous to the production unit or the producer); uk

i on the other hand denotes 
a non-negative variable associated with technical inefficiency. The meta-frontier production func-
tion is specified as 

Y�i ¼ fðxi; β�Þ ¼ exiβ� (2) 

where β* represents the vector of parameters for the meta-frontier production function such that 
xiβ� � xiβk, k = 1,2 (i.e., improved and local maize seed varieties)

3.1. Empirical model specification
The empirical meta-frontier model for the study is defined in terms of a translog functional form. 
The study specifies a stochastic meta-frontier production function using the flexible translog7 

specification because of its advantages some of which are outlined in Onumah et al. (2018). 

ln Yi ¼ ln β0 þ∑4
i¼1βi ln Xi þ

1
2

∑4
i¼1∑4

j¼1βij ln Xi ln Xj þ ðVi � UiÞ (3) 

Yi is the level of maize output of the ith producer measured in kilograms per hectare, X1 denotes 
labour measured in man-days per hectare, X2 is seed measured in kilograms per hectare, X3 is 
fertilizer measured in kilograms per hectare, X4 is other cost measured in Ghana Cedis (Ghc) per 
hectare.8

To explain inefficiency the model below is also specified: 

μi ¼ δ0 þ δ1Z1 þ δ2Z2 þ δ3Z3 þ δ4Z4 þ δ5Z5 þ δ6Z6 þ δ7Z7 þ δ8Z8 (4) 

where Z1 represents gender measured as a dummy variable that captures whether a primary 
decision-maker is a male or female. It takes the value 1 if the primary decision-maker is a male 
and 0 otherwise; Z2 stands for education measured as the number of years of formal education 
a farmer has attained; Z3 denotes farmers’ experience measured as the number of years a farmer 
has in maize farming; Z4 represents the variable credit measured in Ghana cedis (GHc); Z5 denotes 
extension service that measures the contact farmers have with technical experts in their field of 
operation; Z6 stands for FBO membership status of a farmer measured as a dummy variable to 
take on the value of 1 if a farmer belongs to an FBO and 0 otherwise; Z7 represents labour source 
measured as a dummy variable taking the value of 1 if a farmer’s major source of labour for farm 
operations is the family and 0 otherwise; Z8 denotes whether a farmer have access to ready 
market for his/her produce after harvest. It was measured as a dummy variable taking the value of 
1 if a farmer has ready access and 0 otherwise.
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3.1.1. Hypothesis test
The study performs the following hypotheses to examine the adequacy of specified models, 
whether or not inefficiencies are present as well as the relevance of exogenous variables to explain 
the inefficiencies if present. Whether or not it was appropriate to use the metafrontier model is 
also tested. 

H0: βij = 0. This is the null hypothesis that Cobb–Douglas production function is a statistically valid 
model appropriate for the datasets and it adequately represents the production frontier functions. 
This hypothesis is tested against the alternative H1: βij ≠ 0.

H0: γ = δ0 = δ1 = δ2 = , . . . ., = δ8 = 0. This implies that inefficiency effects are nonexistence in the 
model at every level and that each farmer operates on the production frontier against the 
alternative that, H1: γ ≠ δ0≠ δ1≠ δ2≠, . . . .,≠δ8 ≠ 0.

H0: γ = 0; hypothesis that inefficiency effects are non-stochastic. This hypothesis implies that the 
stochastic frontier model turns into traditional average response function (OLS) whereby the 
explanatory variables of the inefficiency model are incorporated into the production function. 
This is tested against the alternative that H1:γ ≠ 0.

H0: δ0=δ1 = δ2 = , . . . ., = δ8 = 0. the simpler half-normal distribution is an adequate representation of 
the data given the general truncated normal distribution that is assumed. This is tested against the 
alternative hypothesis H1: δ0=δ1≠ δ2≠, . . . .,≠δ8 ≠ 0.

H0: δ1 = δ2 = , . . . ., = δ8 = 0, the variables included in the inefficiency effect model have no effect on 
the level of efficiency. In other words, farm-specific factors do not influence inefficiencies. The 
alternative hypothesis is H1: δ1≠ δ2≠, . . . .,≠δ8 ≠ 0.

H0: f X; βIV� �
¼ f X; βLV� �

, there are no differences in maize varieties, therefore the specification of 
metafrontier model is not required. The alternative hypothesis is given as H1: f X; βIV� �

�f X; βLV� �
. It 

is important to assess whether or not all groups share the same production technology or if all 
farm-level data were obtained from a single production frontier with the same underlying tech-
nology. If it so happens that the same technology is use across groups then there would be no 
need for estimating efficiency levels relative to meta-frontier production function. The generalized 
likelihood-ratio test is used to validate the stated hypotheses. It is specified as

LR ¼ � 2 ln L H0ð Þf g½ � � ln L H1ð Þf g (5) 
3.2. Study area and Sampling method
9This study was conducted in the Brong-Ahafo region of Ghana because the region is predo-
minantly an agriculture area where a lot of the country’s maize is grown (SRID, 2016). The 
Brong-Ahafo region is described as the food basket of Ghana. Two areas of the region, 
Kintampo and Nkoranza made up of four districts; Kintampo north municipal, Kintampo south 
district, Nkoranza north district and Nkoranza south district were chosen for the study. With the 
assistance of MoFA directorate in the selected districts, major maize producing communities 
were selected. A multistage sampling technique was used to select respondents for the study. 
The Brong-Ahafo region was purposively selected in the first stage. In the second stage, four 
districts were purposively selected due to the intensity of maize production in these areas. 
Communities within the selected districts were randomly selected in the third stage from a list 
of major maize producing communities. Finally, farm-level data was obtained through inter-
views with the help of a well-designed questionnaire on output, input, price information and 
relevant exogenous variables. Twelve communities were visited for the data collection and the 
sample selected from each community is done based on the total number of registered 
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farmers in the community out of the total sample required for the study. Communities with 
large numbers were given higher proportion compared to communities with smaller numbers. 
In total, a sample size of 214 was used for the study. This comprised of 117 local maize seed 
variety farmers and 97 improved maize seed variety farmers.

4. Results and Discussion
The specification of a Cobb-Douglas function for the dataset at the group levels and also in the 
pooled data is rejected in favour of the translog functional form(Table 1). It implies that the 
estimates of the translog model are more accurate and consistent compared to the results in the 
Cobb-Douglas functional form. The second hypothesis test showed that inefficiency effects are 
present in all the models (i.e. improved, local frontiers and the pooled data frontier). Hence the 
decision to preclude them from the models was rejected. This is confirmed by a high value of 
γ = 0.91 and γ = 0.97 for improved and local maize farms which is statistically significant from 
zero. J. A. Onumah et al. (2013); Ayinde et al. (2009) also found similar results. The hypothesis 
that the inefficiency effects are non-stochastic, suggesting that the stochastic frontier model 
reduces to average production function (OLS) where the explanatory variables are incorporated 
into the production function was also rejected. This means that the stochastic frontier model best 
fits the data. The fourth null hypothesis tested was the half normal distribution against the 
truncated normal distributional assumption. The decision to adopt the half normal distributional 
assumption was also rejected in favour of the truncated normal distributional assumption. The 
half normal assumes the average of the inefficiency error term to be zero whereas the truncated 
normal assumes a mean, μ for the inefficiency error component. In other words the half normal 
distribution inherently assumes that most of the observed farms are operating near full effi-
ciency, while the truncated normal distribution assumption posits that majority of farms/firms in 
some sectors especially the agriculture sector exhibit some degree of inefficiency dependent on 
certain factors.

The null hypothesis that the exogenous variables included in the inefficiency model have no effects 
on farmers’ level of efficiency was rejected. This therefore means the combined effects of the 
exogenous variables hypothesized in the inefficiency model are statistically significant in explaining 
farm efficiency. The final hypothesis that was important to this study tested the assumption that 
improved maize seed variety farms and local maize seed variety farms are the same was also 
rejected. The specification of the meta-frontier would not be important if it had turn out that the 
technologies in the two farms were the same. With 14 degrees of freedom, the LR statistic was 62.66. 
This value is greater than the LR critical of 35.43, at 1% significant level. Therefore, the null hypothesis 
was rejected. In other words, the improved and local seed variety maize farms are not the same. The 
appropriateness of specifying a meta-frontier model was as well tested for with the generalized 
likelihood ratio test. The value of the likelihood function for the unrestricted model is the sum of the 
log-likelihood value for improved and local stochastic frontiers. This value was computed to be 
−117.59. However, the log-likelihood value of the pooled stochastic frontiers of the two technologies 
is the likelihood function for the restricted model. This value is also −149.30. The degree of freedom is 
the difference between the number of parameters estimated under the unrestricted and restricted 
models. This difference is calculated to be 14 parameters. The meta-frontier analysis is therefore an 
appropriate estimation technique to use in this work. Asravor et al. (2015), J. A. Onumah et al. (2013), 
G. Battese et al. (2001), and Binam et al. (2008) made similar observation.

4.1. Stochastic frontier and meta-frontier estimates
The results of the study in Table 2 indicate that all input variables contribute positively to the output of 
maize in the study area. In other words all variable inputs employed in the improved seed and local seed 
variety frontier models meet our a priori expectations. This is an indication that if we want to increase 
output, then we can increase inputs used. The greatest share of productivity according to the results was 
due to seed followed by other cost, labour input and fertilizer respectively. Abdulai et al. (2013) and 
Asante et al. (2019) makes similar observation for maize production across various ecological zones in 
Ghana. However, the greatest share of productivity is due to seed in the improved group. A percentage 
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increase in seed, fertilizer, labour and other cost will eventually lead to about 0.59%, 0.03%, 0.13% and 
0.25% in output, respectively, in the improved variety farms. In the local variety group however, 
a percentage increase in the aforementioned input variables will lead to 0.63%, 0.09%, 0.19% and 
0.22% increase in output, respectively. The findings of this study confirms what was observed by Asravor 
et al. (2015) except for seed where their study revealed a negative contribution to output of rice. Ayinde 
et al. (2009) also observed a positive relationship between labour, fertilizer input variables and output of 
rice output in Nigeria under Nerica, Mai-Nasara and Ofada varieties. However, seed contributed nega-
tively to rice output. In Binam et al. (2008) study on the productivity potential and efficiency of cocoa 
farms in some selected West African countries, all input variables contributed positively to cocoa output.

The result of the study revealed that all input elasticities are inelastic. This implies that a percent 
increase in each input results in less than 1% increase output. The summation of partial elasticities of 
output with respect to each input used in production across all groups and in the pooled data exhibits 
increasing returns to scale in maize production in the study area. Function coefficient of 1.01, 1.14 
and 1.55 means that a percentage increase in all input variables results in 1.01%, 1.14% and 1.55% 
increase in maize output in the improved maize farms, local maize farms and in the pooled data, 
respectively. This is an indication that maize farmers in the study area are still operating in the first 
stage of production. Therefore, they have enough room to increase their scale of production in the 
long run when farmer efficiency is improved. Seed, labour and other cost are statistically significant 
determinants of maize output in the study area. Seed is statistically significant at 1% in both the 
improved and local varieties. Labour is statistically significant at 10% in the improved and 1% in the 
local. Other cost is statistically significant at 5% and 10% under improved and local groups, respec-
tively. These are indications that the allocation of these inputs were productive, hence consciously 
increasing seed, labour and other cost in maize production increases maize output. After seed, other 
cost has greater coefficient than labour and fertilizer. This therefore means that paying more 
attention to investment in other inputs such as pesticides, weedicides, hiring of ploughing machines, 
tractor services can enhance the levels of maize output in the Brong-Ahafo Region of Ghana. This 
result is consistent with the studies of Sienso, Asuming-Brempong, Amegashie et al. (2014a). 
However, it is contrary to the observations made by Kuwornu et al. (2013) who reported a negative 
contribution of seed, fertilizer and family labour to maize output in the Eastern Region.

The estimated gamma values for the improved, local maize variety groups and the pooled data are 
0.91, 0.97 and 0.95, respectively. The gamma value is a measure of variation in total output of maize 
due to inefficiencies in the combination and usage of input variables. Therefore to have a gamma 
value of 0.91 means that 91% of the variations in maize output under the improved seed frontier is 
attributable to inefficiency in input use and other farm-level practices. Similarly, 97%, 95% of varia-
tions in maize output in the local variety maize farms and in the pooled data, respectively, are due to 
inefficiencies and farm-level practices. This means that stochastic factors beyond the control of the 
farmer contributes 9%, 3% and 5% of variation in output for improved, local and pooled data 
respectively. Endowment constraint, policy constraints, unfavourable weather conditions, disease 
and pest infestation as well as measurement errors are typical examples of stochastic factors 
(Binam et al., 2008).

4.2. Technical efficiency and technology gap ratios
Technical efficiency gains translates directly into improvements in farm household incomes and 
farmers benefit from such gains (J. A. Onumah et al., 2013). The results of the study show that 
mean technical efficiencies of the individual group frontier models are 0.75, 0.59 and 0.65 for the 
improved variety maize seed farms, the local variety maize seed farms and the pooled data respec-
tively. This means that on the average, maize farmers achieve 75%, 59% and 65% of their frontier 
outputs given their present input use and the varietal technology available to them. In other words 
maize farms are losing 25%, 41% and 35% of their maximum potential output to inefficiencies in 
input use and poor agronomic practices. Therefore, if maize farmers have to achieve 100% of their 
frontier output, they should focus efforts to close the gap between their current performance levels 
and the maximum potential performance of their system by minimizing the effects of some 
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inefficiency factors. The best-performing farmer on the other hand achieves 97% and 95% of the 
frontier output for the improved and the local groups, respectively. On the other hand the least 
performing farmer achieves 12% and 9% of their potential frontier outputs under the improved and 
local groups, respectively.

The technology gap ratio measures the gap between a given maize production variety 
(improved and local seed varieties) and the technology that is available to the whole maize 
industry given vector of inputs (Gero, 2020; Alem et al., 2019; Nguyen et al., 2019; Villano et al., 
2010; Binam et al., 2008; G. E. Battese et al., 2004). In other words, if producers were technically 
efficient in relation to the stochastic frontier at the farm level, they could still increase output by 
closing a gap between their current performance and the best practice for the industry. The closer 
the value is to 1, the smaller the gap between the individual frontier and the meta-frontier. As 
shown in Table 3, TGRs of 0.90, 0.72 and 0.81 are estimated for improved, local seed variety farms 
and the pooled data respectively. The implication is that if the average producer in the improved, 
local seed variety and the pooled were to be technically efficient (i.e. on their group frontier), they 
could still increase output by closing a gap of 10%, 28% and 19%, respectively, if they were to 
employ the most efficient meta-technology for the entire maize farming sector. This means that 
the gap between the current technologies and the meta-frontier is much smaller in the improved 
maize farms than in the local variety farms. That is the technology gaps for average producers are 
much smaller in the improved variety group and so their present technologies are near the 
possibilities frontier of the meta-technology. However, the gap in technology ranges from 

Table 1. Hypothesis test results
Hypotheses LR statistics (λ) Critical Value Decision
1. H0 : βik ¼ 0

Improved 17.16 18.31 RejectH0

Local 20.84 18.31 RejectH0

Pooled 35.26 18.31 RejectH0

2. 
H0 : γ ¼ δ0 ¼ δ1 ¼ ::; . . . ;¼ δ8 ¼ 0

Improved 42.67a 28.86b RejectH0

Local 33.66a 28.86b RejectH0

Pooled 66.01a 28.86b RejectH0

3. H0 : γ ¼ 0

Improved 13.84a 9.50b RejectH0

Local 20.55a 9.50b RejectH0

Pooled 33.53a 9.50b RejectH0

4. H0 : δ0 ¼ δ1 ¼ ::; . . . ;¼ δ8 ¼ 0

Improved 28.84 19.68 RejectH0

Local 13.10 19.68 RejectH0

Pooled 32.48 19.68 RejectH0

5. H0 : δ1 ¼ δ2 ¼ ::; . . . ;¼ δ8 ¼ 0

Improved 27.22 15.51 RejectH0

Local 9.24 15.51 RejectH0

Pooled 28.40 15.51 RejectH0

6. H0 : fLV X; βLVð Þ ¼ fIV X; βIVð Þ

Pooled only 62.66 35.43 RejectH0

a≡ Values of test for the one sided error obtained from the Ox output of ML estimates. b ≡ Critical values at 0.001 for the test of hypothesis involving gamma 
and it is obtained from Kodde and Palm (1986). 
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a minimum of 0.44 to 0.99 for the improved maize farms and 0.22 to 0.99 for their counterparts 
who cultivate the local varieties.

The mean technical efficiency scores for improved variety maize farms and local maize farms 
relative to the meta-frontier efficiency scores are 0.72 and 0.44, respectively (Table 3). Reinforcing the 
assertion of the TGR, the values of the technical efficiency scores relative to the meta-frontier implies 
that farms in the improved group are technically more efficient than their counterparts under the 
local seed variety system. This may be attributable to correct and timely application of recommended 
fertilizers as the improved maize varieties come as a complete package in terms of quantities and 
periods of recommended fertilizer application together with other cultural practices. Therefore, local 
seed variety producers should be encouraged to increase their learning on managerial practices with 
regard to the use of inputs in order to catch up with their improved variety grower counterparts. They 
may also be encouraged to switch to the use of newly improved maize seed varieties with its 
accompanying cultural packages in their production to enable them obtain significant increases in 
output while enhancing their use of other variable inputs. From Table 3 it is observed that technical 
efficiency scores relative to the individual group stochastic frontiers are greater than that of those 
relative to the meta-frontier. This is because the constraints in the group linear programming problem 
are a subset of the constraints in the meta-frontier linear programming problem (Nkamleu et al., 
2006). The difference between the two efficiency scores indicate the order of bias efficiencies 
obtained by using the group frontiers, relative to the technology available for the entire industry. 
Furthermore, the results reinforces the position that using the estimates from the individual group 
frontiers for improved and local variety seed maize farms for comparison of technical efficiencies may 
be misleading (Asante et al., 2019; O’Donnell et al., 2008; G. E. Battese et al., 2004).

4.3. Determinants of technical efficiency
Technical efficiency scores of production agents are important yet lacking substance in making 
pronouncement for evidence-based policy interventions, therefore it is appropriate to go a step 
further in identifying factors that potentially influence variation in the technical efficiency 
estimates (J. A. Onumah et al., 2013; Onumah et al., 2018). The results of the inefficiency 

Table 2. The stochastic frontier and meta-frontier models estimate
Variable10 Parameter Improved (ML) Local (ML) Pooled (ML) Meta (LP)
Constant β0 0.539 (4.24)*** 0.488 (3.34)*** 0.070 (0.99) 0.650(7.88)***

LnSeed β1 0.589 (3.55)*** 0.630 (7.55)*** 0.557 (6.29)*** 0.489(3.96)***

LnFertilizer β2 0.032 (0.28) 0.095 (1.05) 0.616 (3.78)*** 0.091(0.89)

LnLabour β3 0.131 (1.66)* 0.195 (2.65)*** 0.177 (3.28)*** 0.152(1.60)*

LnOC β4 0.252 (2.09)** 0.222 (1.78)* 0.203 (2.35)** 0.254(2.10)**

LnSeed_sq β5 −0.692 (−2.11)** −0.640 (−1.46) −0.695 (−2.91)*** −0.478(−1.30)

LnFertilizer_sq β6 −0.225 (−0.95) −0.122 (−0.41) −0.114 (−0.53) −0.039(−0.17)

LnLabour_sq β7 0.118 (0.65) −0.121 (−0.84) −0.062 (−0.60) 0.089(0.47)

LnOC_sq β8 −0.129 (−0.34) −0.986(−3.92)*** −0.656 (−3.51)*** −0.306(−1.01)

LnSeed*LnFert β9 0.381 (1.86)* 0.043 (0.16) 0.165 (0.98) 0.146(0.60)

LnSeed*LnLabor β10 0.195 (1.14) 0.241 (1.45) 0.204 (1.83)* 0.214(1.39)

LnSeed*LnOC β11 0.460 (1.47) 0.764 (2.52)** 0.717 (4.14)*** 0.504(1.84)*

LnFert*LnLabour β12 −0.103 (−0.76) −0.180 (−1.45) −0.190 (−1.80)* −0.141(−1.05)

LnFert*LnOC β13 −0.138 (−0.96) 0.163 (0.99) 0.019 (0.18) −0.074(−0.46)

LnLabour*LnOC β14 0.401 (−1.63)* −0.213 (−1.51) −0.232 (−2.32)** −0.373(−1.71)*

Log likelihood function −42.38 −75.59 −149.30

γ ¼ σ2
u= σ2

u þ σ2
v

� �
0.91 0.97 0.95

***, ** and * denote statistical significance at 1%, 5% and 10% respectively. 
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model show that labour source, years of formal education, number of extension contacts, farm- 
gate purchases and credit are statistically significant determinants of maize farmers’ technical 
efficiency in Ghana as shown in Table 4. The variable farm-gate purchase has a negative 
coefficient and statistically significant at 1% in the improved group and 5% in the pooled 
data. This implies that having ready market for produce potentially increases the technical 
efficiency of maize farmers because it serves as an incentive for them towards production. 
Even though farm-gate purchase was found not to be significant under the local maize farms, it 
had the appropriate negative coefficient. Availability of ready market11 motivates producers in 
the study area as they are assured of timely recovery of investments after harvesting their 
produce which may eventually increase their access to production inputs in subsequent produc-
tion season. This finding confirms the observation made by Asravor et al. (2015) and Cobbina 
(2010) who found that reliable access to the produce market will motivate farmers to put in 
their best in order to earn more income, leading to increased efficiency of the farmers.

Farmers’ access to credit is not just enough to boost their efficiency, the amount of credit accessed 
is more important in determining the quality and quantities of inputs they are able to purchase for 
production. The study revealed that the amount of credit a farmer receives for production has 
a negative coefficient and significant at 5% under the improved and 10% in the pooled but not 
significant under local system. This implies that increased credit amount has positive effect on 
farmer’s efficiency. In other words farmers with access to sufficient amount of credit at relatively 
less cost tend to be technically efficient in their production process compared to their counterparts 
who do not. The variable is statistically significant at 5% in the improved variety seed farm group but 
not in the local even though the a priori sign is met. One may argue that the technology employed by 
a farmer influences their credit access/amount potential in the sense that the creditor may assess 
their level of risk on the basis of their technology employed. This observation confirms that of Binam 
et al. (2008). They observed that the role of credit cannot be overemphasized in agricultural produc-
tivity of poor farmers in West and Central Africa, so developing viable rural credit institutions is 
a necessary condition for increasing land and labour productivity.

Labour source captures the effect of major sources of farm labour (family labour and hired 
labour) employed on farm efficiency and it is statistically significant at 10% in the improved group 
and the pooled data but not significant in the local group. The positive sign of the variable means 
that farms that depend on hired labour compared to family labour are more technically efficient. 
Employing hired labour has extra cost implication for farm production; hence farmers try as much 

Table 3. Technical efficiency scores and technology gap ratios
Mean Minimum Maximum Standard Deviation.

Technology Gap Ratios
Improved 0.90 0.44 0.99 0.12

Local 0.72 0.22 0.99 0.15

Pooled 0.81 0.22 0.99 0.16

Technical Efficiency (Group frontier)
Improved 0.75 0.12 0.97 0.22

Local 0.59 0.09 0.95 0.23

Pooled 0.65 0.10 0.94 0.21

Technical Efficiency (Meta-frontier)
Improved 0.72 0.12 0.96 0.22

Local 0.44 0.05 0.87 0.20

Pooled 0.50 0.06 0.91 0.21
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as possible to always get the best out of labour hired (i.e. value for money). The variable is 
significant at 10% level in the improved group but not in the local. This may be partly explained 
by the relevance of skilled labour in production activities with a given technology. Improved maize 
seed variety usually comes at a higher cost to the farmer so they would like as much as possible to 
reduce wastage that may result from using family labour, hence resort intensively to the use of 
hired labour. Maize cultivation is labour intensive and therefore will require more labour especially 
for weeding and harvesting operations (Kuwornu et al., 2013).

The coefficient of formal education is negative under the improved and pooled data and it is 
statistically significant at 5% in the improved group, 10% and 1% in the local group and the pooled 
data, respectively. This implies that increased years in formal education enhances farmer efficiency in 
the use of input resources in maize farming. Even though significant under the local group, it had the 
unexpected apriori sign (positive). With regard to the improved seed variety group, the education 
variable is statistically significant at 5% level and meets our apriori negative sign expectation. This 
suggest that farmers with higher formal education are well equipped and positioned to understand 
the “dos and don’ts” of such technologies. Our finding support the position of other studies that 
education enhances the stock of human knowledge therefore increasing efficiency (Onumah et al., 
2018; Danso-Abbeam et al., 2017; Bhasin, 2009). Generally, more educated farmers are able to 
perceive, interpret and respond to new information and adopt improved technologies such as 
fertilizers, pesticides and planting materials much faster than their counterparts with minimal or no 
years of formal education (Nyagaka et al., 2010). Onumah et al. (2010) also observed that formal fish 
farming education (FFFE) increases fish farmers’ efficiency hence concludes that fish farming pro-
grams should be introduced and encouraged at both the higher and basic institutions in order to 
produce more fish farming expects. This clearly calls for sector-specific training modules as a means 
of enhancing farmer efficiency for increased yield. Similarly, Yiadom-Boakye et al. (2013), Olarinde 
(2011), Mariano et al. (2010), and Nyagaka et al. (2010) reported a positive relationship between 
farmers’ technical efficiency and years of education.

The variable extension is statistically significant at 5% in the improved group and 1% under the 
local group but not in the pooled data. It bears the expected negative sign that implies that farmer’s 
contact with extension service agents for advisory services increases technical efficiency in the 
improved group and the local group, respectively. Binam et al. (2008), Onumah et al. (2010), and 
Yiadom-Boakye et al. (2013) made similar observations. Primarily, agricultural extension agents 
report the needs of farmers to researchers and in turn disseminate new research findings to farmers 
and so one would expect their contact with farmers to enhance efficiency. In particular, this dual 
function of extension service is more important in the use of production inputs such as improved 
varieties of seeds released into the market by research organizations. This study observe that the 

Table 4. Parameter estimates of the inefficiency model
Variable Improved Local Pooled
Constant −0.3539(−0.35) −3.0284(−0.89) −0.9626(−0.95)

Gender −0.6428(−1.39) −0.6034(−0.84) −0.4339(−1.37)

Labour source 0.7085(1.71)* 1.0136(0.99) 0.6309(1.70)*

FBO member −0.4621(−1.18) −0.0254(−0.03) −0.2098(−0.68)

Education −0.7761(2.07)** 0.1549(1.70)* −0.0268(2.79)***

Extension 0.1635(2.21)** −0.1166(2.86)*** −0.0144(1.34)

Farm-gate purchase −1.5536(−2.63)*** −0.7712(−0.88) −1.0078(−2.42)**

Experience 0.0298(1.36) 0.0201(0.53) 0.0200(1.19)

Credit −0.0035(−2.00)** −0.0021(−0.74) −0.0023(−1.90)*

Note: Values in parenthesis are the t-statistics; ***, ** and * represents significance at 1%, 5% and 10% levels respectively. 
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higher the frequency of extension contact with farmers the more efficient they become in production 
under the improved group and the local group. However, in the pooled data same cannot be said.

The study reveal that male maize farmers are technically efficient in resource utilization compared 
to their female counterparts. This is the same in both the improved seed variety farms and the local 
farms as well as in the pooled data. This could be explained by the fact that male farmers have easier 
and greater access to credit, because they usually own a lot of the productive assets that could be 
used as collateral in accessing credit. Cultural prejudice also play a role in the domineering of male 
farmers in credit access. This finding confirms the observation of Sienso, Asuming-Brempong, 
Amegashie et al. (). It is usually expected that years of farming experience will make farmers more 
efficient as they would have been used to the erratic conditions of agriculture and so would be able to 
make accurate predictions on when to sow, the inputs to use, the quantity to use as well as the timing 
of input application (Sienso, Asuming-Brempong, Amegashie et al., 2014a). However, the study 
revealed a positive coefficient of experience that means that farmers with many years of maize 
farming experience tend to be less efficient compared to those that are relatively young or new in the 
maize production. Perhaps experienced farmers in the study area tend to be conservative in adopting 
newly developed technologies unlike the new ones who want to explore all avenues to increase their 
output. This revelation is consistent with the observation of Olarinde (2011). The study has shown that 
farmers who belonged to farmer-based organizations are more technically efficient compared to 
their counterparts who do not. Even though the variable is statistically not significant in determining 
technical efficiency of farmers, it had a negative coefficient that implies that farmers who belong to 
farmer-based organizations are more efficient and they are likely to benefit from better access to 
inputs and to information on improved practices. In other words farmers who belong to such societies 
interact among themselves, share information on farming technologies, learn from each other’s 
experiences. Similar observation was made by Nyagaka et al. (2010).

5. Conclusion and Recommendation
The meta-frontier approach is employed to comparatively analyse the efficiency levels of the 
improved maize seed variety and local maize seed variety farms in Ghana with a cross-section 
data of 214 farms. The result show that all input variables considered in the study have positive 
effect on production under both maize seed variety farms. It is also shown that productivity 
increases more than proportionate increase in the level of all factor inputs for both varieties of 
maize seed farms. Estimated technology gap ratios (TGRs) and technical efficiencies with respect 
to meta-frontier demonstrates that farmers who use improved maize seed varieties are nearer to 
the best practice technology compared to their counterparts who use local seed variety. This also 
means that users of improved maize seed varieties are more technically efficient compared to the 
local seed variety users. Therefore future increases in maize output that will lead Ghana to bridging 
the gap between actual yields and maximum potential yields is much higher in the use of 
improved maize seed varieties as other studies have also concluded. The study has also shown 
that operational and farm-specific factors together influence the technical efficiency of maize 
farms even though individually some variables are statistically not significant.

The study recommends that the adoption of improved maize seed varieties among producers 
should be intensely encouraged and the management skills pertaining to the use of such varieties 
should also be improved in order to reap the full benefit it offers. This could be achieved by intensifying 
farmer education and training by the relevant stakeholders such as the extension directorate of the 
ministry of food and agriculture (MoFA), Crop Research Institute of Centre for Scientific and Industrial 
Research Institute (CSIR-CRI), and other relevant research institutions as well as agriculture-based 
NGOs that spearhead the development of improved maize seed varieties. Such education and training 
packages should focus on management issues such as rightful application of fertilizers and agro-
chemicals in terms of the appropriate product, quantities and time of application. Furthermore, the 
promotion of improved maize seed varieties should be desired-characteristics (resistance to pest and 
disease, drought tolerant, quality protein maize, early maturing, etc.) specific to the appropriate agro- 
ecological zones. Since enhancing efficiency to improve agricultural output is more cost-effective 
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compared to introducing more and/or new technologies especially when farmers are not making 
optimal use of already existing technologies, it is recommended that knowledge management and 
information sharing on existing improved maize seed varieties should be promoted.

Recommendation for future research
Future studies may consider the specific varieties of maize 
(rather than a broad categorization of “improved seed 
varieties”) that has been developed in Ghana by CSIR-CRI 
and other research institutes – in a metafrontier frame-
work. The study could also be extended to include all 
principal maize producing regions of Ghana.
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Notes
1. METASIP is Ghana’s Medium Term Agriculture 

Sector Investment Plan—implemented in 2011 
and it is informed by the vision of “a modernized 
agriculture which culminates into a structurally 
transformed economy and evident in food security, 
employment opportunities as well as reduced 
poverty”.

2. SRID is the Statistics, Research and Information 
Directorate of Ministry of Food and Agriculture 
(MoFA) in Ghana. They computation of the area 
planted to specific crops are based on regional and 
district cropped areas.

3. These are seeds that have been recycled over 
several cropping season, degenerated and losing 
in quality termed in this study as local seed 
varieties.

4. This perhaps is due to the fact that farmers obtain 
such seeds from their stored harvest of previous 
season. Furthermore, planting these crops do not 
require any special layout as would be outlined for 
newly developed varieties.

5. Varieties and accompanying cultural practices.
6. There were several other projects that resulted in 

the development of improved seed varieties of 
maize including Okomasa, Abeleehi, Mamaba, 
Dadaba, Obaatanpa, Golden Crystal and many 
others.

7. Translog is the transcendental logarithmic and it is 
advantageous because it is less restrictive and it 
also allows for square and cross product terms of 
input variables to be incorporated in the model to 
improve the fitness of the model.

8. The parameters of the meta-frontier model are 
estimated by minimizing the sum of the squares 
of the deviations of the values on the meta-frontier 
from those of the individual stochastic frontier 
production systems at the observed input levels as 
proposed by G. E. Battese et al. (2004). The Ox 
programme developed by Brümmer (2015) is 
employed to obtain the maximum likelihood esti-
mates for the parameters.

9. L(H0) is the value of log-likelihood function under 
the null hypothesis (i.e. the restricted model); L(H1) 
is the value of log-likelihood function under the 
alternative hypothesis (i.e. the unrestricted model). 
LR has an appropriate Chi-square or mixed Chi- 
square distribution, if the given null hypothesis is 
true with a degree of freedom equal to the number 
of parameters assumed to be zero in (H0; Onumah 
et al., 2018). All the critical values can be obtained 
from appropriate chi-square distribution. However, 
if the test of hypothesis involves γ = 0, then the 
asymptotic distribution necessitates mixed chi- 
square distribution. The critical value for such a test 
is obtained from (Kodde & Palm, 1986).

10. LnSeed stands for natural log of seed; LnFertilizer is 
the natural log of fertilizer; LnLabour is the natural 
log of labour; LnOC is the natural log of other costs 
and by extension their square terms and cross 
products respectively.

11. A very strong indicator of this variable in the local 
setting is when farmers before and during harvest 
of their produce get potential buyers to express 
interest in their produce and subsequently buy 
them if they (produce) meet their standards (of 
buyers) and prices are agreed on.
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