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Measuring Technical Efficiency among Maize Farmers in Kenya’s Bread Basket
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Abstract: Maize production is the major farming activities in Kenya’s agriculture which need more attention
to improve productivity to meet the domestic demand. This study therefore, examined the efficiency of different
categories of maize farmers using the survey data obtained from a sample of 540 farmers who were selected
randomly. The data was analyzed using the stochastic frontier and data envelopment analysis. The results
indicate that the overall mean technical efficiency for maize farmers is 85%. However, there are farmers who have
technical efficiency that 1s as low as 56%. Considering the performance of different category of farmers, the
result revealed that the mean technical efficiency of 95, 83 and 80% for large, medium and small scale farmers,
respectively. This suggests that the large scale farmers exhibit a ngher degree of technical efficiency levels than
medium and small scale counterpart. This indicates that there is higher scope to increase the profitability within
small and medium scale farmers than large scale farmers through improving efficiency.
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INTRODUCTION

Even though, maize 1s the most important crops in
Kenya and provide an important source of rural
household income, its production has declined over the
years (Nyoro et al., 2001 ; Republic of Kenya, 2003) and
resulting m rural Kenya income exhibiting a steep
downward trend (Argwings-Kodhek et ai., 2001 ; Republic
of Kenya, 2004). The annual consumption of maize is
estimated at about 3060 thousands ton but its production
varies between 1494 and 3132 thousands ton depending
on the prevailing weather and producer price. Thus to
meet the deficit, the country continues to depend on
unports (Republic of Kenya, 2000, 2004).

To meet this growing demand and achieve self-
sufficiency, the current growth rates for maize should be
doubled through increased productivity of the existing
limited resource. This growing demand made the country
increasingly dependent on umports (Nyangito ef af., 2004).
Over dependence on mports 1s likely to displace the only
livelihood of the local population. Thus, it is not an
appropriate means of achieving food security because it
will affect the domestic production for both food and
exports (Nyoro et al, 2001; Argwings-Kodhek et al,
2001). The study area is basically an agricultural district
which comprise what is known as bread balkst of Kenya
producing the largest portion of maize in the country.
However, the performance of maize n this region has
dropped substantially, exposing the country to great risk
of food shortage which will lead to starvation of many
households i the near future (Kisaka ef al., 2001).

Therefore, the main questions that need to be addressed
are; why such lower productivity in maize farming? Are
the farm mputs utilized effectively and do farmers attain
the optimum yield? These critical 1ssues call for urgent
closer examination of current production system. Thus, it
is imperative that the performance of farmers has to be
assessed m order to find out ways and means of
improving maize productivity. Given the limited arable
land area, the country will have to rely relatively more on
improving farmers” performance than area expansion for
future increases m maize production.

Therefore, it 15 necessary to understand the current
production system, discover the level of farmer’s
performance, identify factors that affect the yield and
devise strategies to improve their performance. Thus, the
objective of this study was to estimate the technical
efficiency of different categories of maize farmers and to
compare the performances among different group of
farmers.

MATERIALS AND METHODS

Study area: The study was conducted m one of what 1s
know as Kenya’s bread basket district and that 1s Uasin
Gishu district in Rift valley province, Kenya. Tt extends
between longitudes 34°50' and 34°57 East and latitude of
0°3' South to 0°1' North. Both primary and secondary data
were used to get the necessary information needed to
achieve the objective of the study. The population for this
survey involved all maize farmers in Uasin-Gishu district.
The farmers were categorized as small, medium and large
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scale on the basis of the farm size they cultivated. For the
purpose of this study, a small-scale farmer was taken to be
a farm household owning 20 acres of land or less,
medium-scale were those with 21-49 acres and large scale
were those who have >30 acres. To get the required
sample size, the multi-stage random sampling procedure
was used and a total of 540 farmers were sampled and
mnterviewed.

Data analysis: The study employed Data Envelopment
Analysis Models as analytical tools in data analysis. The
empirical model specification used are:

Data envelope analysis: The technical efficiencies were
calculated wusing mput-oriented Data Envelopment
Analysis (DEA) approach with the assumption of Variable
Return to Scales (VRS). Since, farmers usually have more
control over their inputs than their outputs, the present
study used the input-oriented DEA Model with Variable
Return to Scale (VRS) Technology. The envelopment form
of the input-oriented VRS DEA Model is specified as
follows:

Minimise 0:
6, A (1)
Subject to:
-v+Y Az0 (2)
Ox - X Az0 (3
NI'xA =1 4
Ax0 (5)

where, 0, is the scalar which measures the technical
efficiency of the ith farmer and (1-0)) measures the
technical inefficiency of the ith farmer. The B, can have
any value between 0 and 1, a value of one indicates that
the farmer is on the frontier and 100% technical efficient
and a value of <1 indicating thatthe farm is technically

Table 1: Maximum likelihood estimates of parameters in maize production

inefficient and it can reduce all its inputs by at least
(1 - 6,)x100% without affecting the output (Singh et al.,
2000; Jaforullah, 2003; Lissitsa ef al., 2005).

RESULTS AND DISCUSSION

Efficiency plays a significant role in increasing maize
farmers gam. Usmg the Stochastic Frontier Analysis
(SFA) Model, the coefficient of the variables, the
parameter o°and vy are estimated. The parameter ¢° is the
sum of u and v (0,” + 0,%) and the parameter vy is the ratio
of the variance of u to the sum of the variance of uand
v (00", Tt was found that the estimates of these
parameters are significant at 1% level of significance
(Table 1).

The fact that gamma (y) is significantly different from
zero implies that the effect of techmcal mefficiency plays
an important role in the variation of observed maize
output. The mean estimated values of gamma (y) were
0.88. This implies that on average 88% of total vanation in
maize output is due to technical inefficiency. This result
is consistent with results reported by Sharma et al. (1999),
Binam et @f. (2004) and Shanmugam (2003).

The estimated values of gamma (y) for each category
(Table 1) indicate that 97, 99 and 69% of the total variation
in maize output 1s due to techmnical inefficiency within
large, medium and small scale maize farmers, respectively.
According to the analysis results, the overall technical
efficiency of sample respondents ranges from 66-100%
with a mean of 85% (Table 2). These figures suggest that
on average, maize growers in Kenya are producing at
about 85% of their potential output level, given the
present state of technology and input levels.

Large scale farmer: The mean technical efficiency for
large scale maize farmers was found to be 94% within a
range of 84-100%. This finding confirm to a similar finding
by Sharma ef al. (1999). However, 1t had showed a higher
mean technical efficiency level than the one reported by
Shanmugam (2003). These figures indicate that on an
average, the output actually produced by large scale

Large scale farmers

Medium scale farmers Small scale farmers

Tndependent variables Coefficients (3 t-ratio Coefficients (3 t-ratio Coefficients (3;) t-ratio
Constant 3.184 1.688* 0.358 0.348 2.745 6.441
LnX, (value of tractor) -0.108 0.496 0.510 5.268%* 0.004 0.264
LnX; (labour) 0.168 1.770* 0.337 3.705%* 0.141 2.078%#
LnX; (fertilizer) 0.578 4.290%** 0.206 2.903%** 0.303 6.036%*
LnX, (pesticide) 0.055 4.184#%* 0.010 1.632% -0.009 1.225
LnX; (seed) -0.278 0.867 -1.116 3.872%* -0.163 1.203
Sigma-squared (o%) 0.175 3417 0.201 7.016%* 0.146 5.534 4
Gamma () 0.970 0.059 0.997 316.173 0.696 5.706%*
Log likelihood 1.910 - 4.007 - 43.500 -

LR (Likelihood Ratio) 8.550 - 18.227 4.250

**Significant at 1%6 level; *Significant at 5% level; [3; is the coefficients of the variable i where (i=0, 1, 2, 0.5)
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Table 2: Minimum, maximum and mean technical efficiencies for maize

farmers
Categories Minimum Maximum Mean
Large scale 0.84 1.0 0.94
Medium scale 0.58 1.0 0.83
small scale 0.57 1.0 0.80
Over all 0.66 1.0 0.85

Own field survey, 2009/2010
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Fig. 1. Distribution of technical efficiency scores within
large scale maize farmers

farmers was 94% of the best practice output. The majority
of large scale maize farmers (45%) have achieved technical
efficiency levels that fall within ranges of 91-98% (28%)
followed by those who achieved the efficiency levels that
fall within 81-90%. The highest efficiency level m thus
category, fall within the range of 98-100% which
constitutes about 26% (Fig. 1). In general, the efficiency
estimate results indicate that >29% of the large scale maize
farmers have an efficiency level below the average farmer
performance in the sample.

For those farmers who (26%) have achieved full
techmical efficiency level, no significant improvements in
productivity gain through improving technical efficiency.
However, the results indicated that a good percentage of
the large scale maize farmers had a technical efficiency
levels below the average farmer in the sample, suggesting
that there 1s room for mcreasing maize output given the
available resources or they can mcrease their profit by
reducing the current level of inputs while maintaining the
same level of output. The above figures suggest that if
the average farmer in the sample was to achieve the
Technical Efficiency (TE) level of its most efficient
counterpart then the average farmer could reduce the
mput use by 6% [1 - (94/100)]. A similar calculation for the
most techmically mefficient farmers reveals mputs savings
of 16% [1 - (B4/100)]. In view of the above facts, it is
advisable to develop a strategy and policy to motivate the
inefficient farmers to achieve full efficiency level and also
mtroducing new technology to mcrease gam for those
who achieved full techmical efficiency. For better
explanation, the graph of the relationship between the
percentages of farmers and the efficiency scores is shown
in Fig. 1.
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Fig. 2. Technical efficiency scores among medium scale

maize farmers

Medium scale farmers: Technical Efficiency (TE) scores
within the medium scale maize farmers vary from 58-100%
with a mean of 83% (Table 2). The estimated mean
technical efficiency implies that on average, the sample
farmers tend to realize only 83% of their technical
abilities. This result is very close to the finding of
Shanmugam (2003). The result indicates that the majority
of the medium scale maize farmers (29.4%) have attained
a technical efficiency levels of 8% and above followed
by those who achieved an efficiency level between
91-98% which accounts for only 3%. About 19.6% of them
achieved a technical efficiency level of between 81 and
90% wlhile 27.5% of them have attamned an efficiency
level between 71-80%. This result indicates that the poor
performing (inefficient) farmers of this group constitute
about 20.6% having technical efficiency levels that fall
<70%, suggesting that they are on average inefficient.
However, some of the medium scale maize farmers are
operating at full technical efficiency level. Thus,
development and adaptation of new technology may be
a key to raise the productivity of such farmers.

According to the finding if the average farmers in the
sample were to attain the technical efficiency level of its
most efficient counterpart, the average farmer could
realize 17% mputs reduction [1 - (83/100)] and the most
technically inefficient farmer in the sample to aclhieve the
level of techmcal efficiency which 1s the same as the star
performing farmer in the sample, the inefficient farmers
could reduced their input up to 42% [1 - (58/100)]. To give
distribution of technical
efficiencies, the distributions of the estimated technical
efficiency scores are shown in Fig. 2. The distribution of
technical efficiency levels indicates that the distribution
15 wregular mmplying that the degree of variability in
efficiency scores 1s wider within the medium scale farmers.
Thus, potential overall mput reduction can be achieved if
all of them operate at full techmically efficiency level.

a better indication of the

Small scale farmer: The estimated technical efficiency
scores for small scale maize farmers vary between 57 and
100% with a mean of 80% (Table 2). The mean technical
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efficiency of this category of farmers is consistent with
the study by Dey et al. (2000). These figures suggest that
on an average the small scale maize farmers achieved only
80% of their potential ability. The techmical efficiency
scores for small scale farmers indicate that majority of
them (40.4%) have achieved a technical efficiency level
between 71 and 80%. About 13.5% of them had an
efficiency level within the range of 61-70% and a few of
them had an efficiency level between 51-60%.

About 28.7% of them have an efficiency level
between 81-90% while those who attained the ghest
efficiency level accounts for only 11.3%. According to
estimate, 55% of the small scale maize farmers performed
around or below the sample average. This indicates that
there 1s great potential to iumprove output among the small
scale maize farmers, given the current technology and
available inputs or there is higher possibility of minimizing
cost by reducing the current input level while producing
the same output, through achieving the full technical
efficiency level. These results suggest that if the most
technically inefficient farmer in the sample was to achieve
the technical efficiency level similar to the most efficient
farmer in the sample, the mefficient farmer could have
reduced his total mput use by 43% [1 - (57/100)]. Siuularly
if the average farmers in the sample were to reach to the
technical efficiency level of its most efficient counterpart,
the average farmers could gain an input reduction of 20%
[1 - (B0/100)]. Figure 3 shows the distributions of the
estimated efficiencies. The distribution of estimated
technical efficiency scores shows that most of them
concentrated around the mean mdicating that most of
them are not technically efficient, suggesting more room
for productive gain.

Comparison of technical efficiency among maize
farmers: The efficiency analysis revealed that the
estimated mean Technical Efficiency (TE) value for large
scale maize farmers is much higher than medium and small
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Fig. 3: The disttibution of technical efficiency score
within small scale maize farmers

109

scale farmers. However, there is little difference in mean
technical efficiency between the small scale and medium
scale maize farmers. It was also found that the number of
farmers who achieved high techmical efficiency level 1s
greater within large scale than small and medium scale
farmers. Moreover, the least technical efficiency levels
within the large scale farmers lie >81% whereas within the
small and medium scale farmers it falls between 51 and
60%. In view of the above, evidences we can conclude
that large scale maize farmers relatively perform better
than medium and small scale farmers indicating that on
average the potential total input saving is greater within
medium and small scale farmers than large scale farmers.
This suggests that there is high possibility of productive
gain within small and medium scale maize farmers and
therefore, presents a relatively greater scope for
improvement.

The better performance within the large scale maize
farmers may be attributed to better management practice,
access to mputs and access to institutions that help in
improving productivity. In addition, large scale farmers are
business oriented. Thus, they put more efforts to get more
profit. Therefore, the results suggest that more effort has
to be directed towards the medium and small scale maize
farmers to encourage them to improve their input use or
combmation of mputs which leads to the achievement of
full technical efficiency. Mizala et al. (2000) stated that
those farmers who achieved efficiency level below the
average can be classified as both inefficient and
ineffective. Even those who achieved above the average
results would do better if they made full use of their
potential given the mputs available to them. Thus, they
should be encouraged, motivated and educated to
become more efficient. Therefore, the government’s
efforts to unprove the technical efficiency of the maize
growers should be directed more at medium and small
scale farmers as they have lower technical efficiency than
the large scale farmers. On the other hand to improve the
productivity of those farmers who have achieved full
technical efficiency level, development and adoption of
new technology may be a key to raising the productivity.

CONCLUSION

Even though, the results of the study give
considerable evidences that in all categories of maize
production the observed maize output is much less than
its respective potential outputs, indicating that there is
high possibility of substantial input saving in maize
production, the large scale farmers performed relatively
better than small and medium scale farmers. Thus, there 1s
a high potential to improve productive gain within the
small and medium scale maize farmers through improving
their technical efficiency.
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RECOMMENDATIONS

Therefore, more attention needs to be directed to
words encouraging, educating and motivating the small
and medium scale farmers. On the other hand, for those
farmers who achieved near full techmcal efficiency there
may be a need to develop and introduce a new
technology to increase productivity. When mefficiencies
arise, it does not only imply sub-optimal allocation of
resources but it may alse lead to rural mcome
deterioration and farmers’ stagnation. Farmers can
unprove the level of efficiency either by applying a new
technique of production such as different combinations
of inputs or adopting technological progress. They may
accept a new combination of inputs to reduce the total
cost of production than adopting the new technology.
This is because it is more cost effective to achieve
mcreases m farm output by improving efficiency rather
than introducing new technology. Therefore, encouraging
more efficient techniques can be regarded as a policy to
increase the profitability and to release surplus inputs to
be used in the production of an extra amount of either
maize or other products. Finally, further research has to be
done to identify the possible sources of mefficiencies and
magnitudes of their effect in all categories of maize
production. This will provide more mformation for any
attempt to improving productive gains.

ACKNOWLEDGEMENTS

The researchers gratefully acknowledge the financial
support of DAAD.

REFERENCES

Argwings-Kodhek, G., M.W. Kiuru, D. Tschirley, B.A.
Ochieng and B.W. Landan, 2001. Measuring income
and the potential for poverty reduction in rural
Kenya. Tegemeo TAMPA Project, Tegemeo Institute
of Agricultural Policy and Development, Egerton
University, Kenya.

Binam, I.N,, I. Tonye, N. Wandji, G. Nyambi and M. Akoa,
2004. Factors affecting the technical efficiency among
smallholder farmers in the slash and burn agriculture
zone of cameroon. Food Policy, 29: 531-545.

Dey, M M., F.I. Paraguas, G.B. Bimbao and P.B. Regaspi,
2000. Technical efficiency of tilapia growout pond
operations i the Philippines. Aquacult. Econ.
Manage., 4: 33-47.

Jaforullah, M., 2003. Sensitivity of Techmcal Efficiency
Estimates to  Estimation  Approaches:  An
Investigation Using New Zealand Dairy Industry
Data. University of Otago, Dunedin, Otago.

110

Kisaka, M., J. Okalebo and R. Muasya, 2001. A
diagonostic swrvey on the production constraints
and utilisation of phosphate fortified wheat straw
and maize stover compost for increasing cereal
production in Uasin Gishu District, Kenya. A Report
on Survey, Moi University.

Lissitsa, A., T.J. Coelli and D.3.P. Rao, 2005. Agricultural

economics education 1n ukraimian agricultural
universities: An efficiency analysis using data
envelopment  analysis. Proceedings of the

International Congress of European Association of
Agnicultural Economists, August 23-27, 2005,
Copenhagen, Denmark, pp: 1-17.

Mizala, A., P. Romaguera and D. Farren, 2000. The
technical efficiency of schools n Chile. Center for
Applied Economics, Department of Industnal
Engineering University of Chile, Santiago, Chile,
pp: 1-42.

Nyangito, HO., I. Nzuma, H. Ommeh and M. Mbithi, 2004,
Impact of agricultural trade and related policy reforms
on food security in Kenya. KIPPRA Discussion
Paper No. 39, http://www . liberationafrique. org/TMG/
pdt/DPNO39.pdf.

Nyoro, I, M. Wanzala and T. Awour, 2001. Increasing
Kenya's agricultural competitiveness: Farm level

A Report Tegemeo Institute, Egerton
Umniversity, http://www .tegemeo.org/viewdocument.
asp?ID=§9.

Republic of Kenya, 2000. Economic survey, central bureau
of statistics. Ministry of Finance and Panning,
Government Printers, Nairobi, Kenya.

Republic of Kenya, 2003. Economic survey, central bureau
of statistics. Ministry of Planning and National
Development, Government Printers, Nairobi, Kenya.

Republic of Kenya, 2004. Strategy for revitalizing
agriculture 2004-2014. Mimstry of Agriculture and
Mimstry of Livestock and Fisheries Development,
Nairobi.

Shanmugam, K.R., 2003. Technical efficiency of rice,
groundnut and cotton farms in Tamil Nadu. Indian J.
Agric. Econ., 58: 101-114.

Sharma, K.R., P.S. Leung and HM. Zaleski, 1999.
Technical, allocative and economic efficiencies in
swine production in Hawaii: A comparison of
parametric and nonparametric approaches. Agric.
Econ., 20: 23-35.

Singh, 5., E. Flemmg and T. Coells, 2000. Efficiency and
productivity analysis of cooperative daiwry plants in
Haryana and Purjab States of India. Working Paper
Series m Agricultural and Resource Economics,
Graduate School of Agricultural and Resource
Economics, University of New England.

1ssues.



