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Abstract: The plowing charges of farm tractor-hire service enterprises sometimes influence the acreage plowed. This study was to explore the
relationship between farm acreage plowed and the plowing service charges of farm tractor-hire service enterprises and also assess the effect of
changes in plowing charges of farm tractor-hire service providers on the acreage plowed for smallholder farmers in four agro-ecological zones (the
coastal savannah, deciduous forest, transitional, and guinea savannah) of Ghana using a locally weighted regression (LOESS). A total of 120 tractorhire service providers who plowed for smallholder farmers over the period of 2008 and 2011 were randomly sampled across the four agro-ecological
zones and interviewed. The results showed that the relation between the farm acreage plowed and the plowing service charges varied from one agroecological zone to the other and the average maximum acreage plowed per service provider was found to be in the neighborhood of 270 acres at
average rate of GH¢29 per acre in the Coastal Savannah Zone, 850 acres at average rate of GH¢28 per acre in the Deciduous Forest Zone, 650 acres
at average rate of GH¢25 per acre in the Transitional Zone, and 450 acres at average rate of GH¢24 per acre in the Guinea Savannah Zone. The overall
outcome of this study would assist the tractor-hire service providers, policy makers, and agricultural extension agents to know the suitable average
plowing charges that a lot of the smallholder farmers could afford at the various agro-ecological zones to promote the plowing of more farm lands.
Index Terms: Agro-ecological Zone, Ghana, LOESS Analysis, Plowing, Smallholder Farmer.
————————————————————

INTRODUCTION
Agriculture is a strategic sector of development in Ghana
which is dominated by smallholder farmers with holdings
less than 2 ha in size [1]. The sector provides employment
for over 50% of the total workforce in the country [1] and
82.5% of the rural households who are primarily farmers [2].
About 93% of households in the rural northern savannah
areas are involved in farming whiles the corresponding
figure for the rural forest and rural coastal savannah is
81.3% and 64.7% respectively [2]. Most of the farming
activities of these smallholder farmers are done manually
except for some primary tillage (mostly disc plowing) that
are done with tractors predominantly in the rural areas
within the agro-ecological zones favorable for tractor usage.
A survey conducted in 2013 in Ghana by International Food
Policy Research Institute and Savanna Agricultural
Research Institute indicated that almost 50% of smallholder
farmers hired tractor services for plowing [3]. Another work
by Ngeleza et al. [4] revealed that about 35% of maize
farmers hired tractor services purposely for plowing. In
general only 40% of farmers in the country use some form
of mechanization [5]. With even the increased number of
tractors providing mechanization services, some farmers
just could not access the services because of their inability
to raise money for the service fee. There were also
situations where some farmers who had the money have to
approach more than one tractor owner before securing
services to plough their farm [3]. This circumstance was not
quite different from what was experienced outside Ghana in
a place such as Vhembe District in Limpopo Province of

South Africa where Sikhwari [6] found that many farmers
miss out on tilling their land because of cost and the
availability of the plowing service. It was found that
smallholder farmers usually react primarily to costs paid in
cash and cash-equivalent costs involving payments in kind
[7]. A study by Benin et al. [8] confirmed this situation and
further revealed that tractor-hire service providers were able
to service more farmers and also plowed more acreage
when the plowing charges was done on flexible terms
(payment in cash or credit or kind basis). This suggests a
possible relation between the plowing charges and acreage
plowed. In this paper an attempt was made to assess the
effect of changes in plowing service charges of farm tractorhire service enterprises on acreage plowed for smallholder
farmers and also explore the relationship between the farm
acreage plowed and the plowing service charges in the
agro-ecological zones of Ghana.

1

METHODOLOGY

1.1
Study Area and Data Collection
The study was conducted on tractor-hire service enterprises
providing plowing services to smallholder farmers in 38
districts of Ghana across four agro-ecological zones
(coastal savannah, deciduous forest, transitional and
guinea savannah) as shown in Fig. 1.
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Source: Authors’ illustration.
Fig. 1. Map of Ghana showing districts surveyed in the four agro-ecological zones.
Purposively, all tractor-hire service provider enterprises who
were established through the support of the Government’s
special hire purchase scheme (total of 42 service providers as
at year 2010), were identified across four (4) agro-ecological
zones and interviewed together with one or two randomly
sampled enterprise(s) that were set up through the sole effort
and finance of the owner and also servicing smallholder
farmers within the same operating (or catchment) area. Finally,
a total of 120 service providers (as detailed in Table 1) who
plowed for smallholder farmers over the period of 2008 and
2011 were interviewed.
Table 1. Distribution of Service Providers in the Agroecological Zones Covered

Agroecological
zones
Coastal
savannah.
Deciduous
forest.
Guinea
savannah.

Number
of
districts

Number of
service
providers

Average
distribution
of service
providers
per district

9

22

2.4

6

12

2.0

16

45

2.8

Transitional.
Total

7
38

41
120

5.9

Source: Field Survey of Service Providers.
The instrument employed was a questionnaire which was
designed to include both structured and semi-structured
questions to make room for uniform answers and individual
opinions. The questionnaire was designed to collect a range of
data that included acreage plowed, fee charged per acreage
plowed, location of service provider in the community and
district, and the number of farmers serviced. To help correct
errors related to clearness and accurateness of the questions,
a pre-test of the questionnaire was done on five tractor-hire
enterprises that have not been included in the main study
sample. The data collected and used in the analysis were
completely primary which were got through face-to-face
interview of the tractor-hire service providers using the
questionnaire.

1.2
Data Analysis
The study employed bivariate local polynomial regression
(LOESS) to determine the type of relationship that exist
between acreage plowed and plowing charges and the effects
of charges on acreage plowed. LOESS is nonparametric and
fitting technique that does not require an a priori specification
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of the relationship between the dependent and independent
variables [9]. It combines simple regression over small subsets
of the data with nonlinear smoothing techniques similar to a
least-squares method for data analysis [10]. The LOESS
smoothing technique additionally allows 95% confidence
intervals to be simply generated using bootstrap techniques.
This is a very useful tool for discerning systematic structure
within empirical data [9]. LOESS is a kernel smoothing method
that essentially fits local polynomial regressions and joins
(smooth) them together [11]. The regression fit at point x is
made using points in the neighborhood of x, weighted by their
distance from x. Half the size of the smoothing window is
called the span or bandwidth, which is defined based on a
nearest neighbor strategy. As the span increases the
estimated curve becomes smoother. In choosing the span or
bandwidth, care must be taken since small values do not
provide much smoothing and large values also provides too
much smoothing. A span or bandwidth that is too small in value
(meaning that insufficient data fall within the window) produces
a curve characterized by a lot of noise (results in large
variance). A large span or bandwidth value produces an over
smoothed local polynomial regression which may not fit the
data adequately and may result in loss of vital information (thus Fig. 2. Confidence Envelope for Charges and Acreage Plowed
in the Coastal Savannah Zone
fit will have large bias) [9]. In this study LOESS was employed
because parametric models like the linear, logarithm and the
exponential regression models could not fit the data well. Also
other complex parametric models which involved interaction of
variables could also not give adequate fit for the data. In this
study, a span or bandwidth of 0.75 was used in the LOESS
plots. For diagnostics, absolute residuals were plotted against
the predictors (fitted values) to detect the dependence of the
residuals on predictors. These were executed by using R
Statistical Software.

2

RESULTS AND DISCUSSION

The certainty of an estimation of the curves that depicts the
relation between the plowing service charges of farm tractor
hiring enterprises and the acreage plowed was established by
the 95% confidence bands in Fig. 2, 3, 4, and 5. Almost all the
data points of plowing service charges against acreage plowed
in the four agro-ecological zones fall within the upper and lower
confidence bounds, hence suggesting a 95% certainty of how
well the data define the best-fit curve.
Fig. 3. Confidence Envelope for Charges and Acreage Plowed
in the Deciduous Forest Zone
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Fig. 4. Confidence Envelope for Charges and Acreage Plowed
in the Transitional Zone

Fig. 6. Absolute Residuals against Fitted Values in the Coastal
Savannah Zone

Fig. 5. Confidence Envelope for Charges and Acreage Plowed
in the Guinea Savannah Zone

Fig. 7. Absolute Residuals against Fitted Values in the
Deciduous Forest Zone

A further plot of absolute residuals against fitted values (Fig. 6,
7, 8, and 9) shows no discernible pattern which again indicates
that the curve of plowing charges of farm tractor-hire service
providers on the acreage plowed in the four selected agroecological zones of Ghana represents best fit of the data as
illustrated in Fig. 10, 11, 12, and 13.
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Fig. 8. Absolute Residuals against Fitted Values in the
Transitional Zone
Fig. 10. LOESS Smoothing for Charges and Acreage Plowed
in the Coastal Savannah Zone
A further incremental change in the charges beyond the
GH¢29 per acre, witnessed a sudden rapid incremental drop in
acreage plowed up to about 75 acres and then a slight rise and
fall within GH¢35 and GH¢40 per acre. This suggested that the
smallholder farmers in this zone began retracting fast from
plowing services (or the service providers within this zone
began losing clients) when the charge went beyond GH¢29 per
acre. The curve probably imply that demand in plowing service
rose even with incremental change in the plowing charges up
to a point and began dropping with further incremental change
in the plowing charge. It further suggests that tractor-hire
service providers operating in the coastal savannah zone
maximized profit when their plowing service charge was in the
neighborhood of GH¢29 per acre.

Fig. 9. Absolute Residuals against Fitted Values in the Guinea
Savannah Zone

2.1 Coastal Savannah Zone
An incremental change in plowing service charge of GH¢20 to
about GH¢29 per acre, was accompanied with a gentle
incremental change in the acreage plowed from a low figure of
about 26 acres to a maximum of about 270 acres in the
Coastal Savannah Zone (Fig. 10).

2.2 Deciduous Forest Zone
In the Deciduous Forest Zone, (Fig. 11), incremental changes
in the plowing charge resulted in rapid decrease of acreage
from a high of about 850 acres at a plowing charge of about
GH¢28 per acre to zero when the charge got to GH¢30 per
acre.
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A further incremental change in the charges caused an
incremental change in the acreage plowed up to a maximum of
about 650 acres in the neighborhood of GH¢33 per acre and
then declined further to about 450 acres at GH¢38 per acre. In
other words, the service providers in this zone always plowed
100 acres to 650 acres for incremental changes in the plowing
charge. This is an indication that the smallholder farmers
operating in this zone employed the tractor-hire services
extensively within plowing charges of GH¢25 and GH¢38 per
acre.

2.4 Guinea Savannah Zone
The acreage plowed in the Guinea Savannah Zone (Fig. 13)
ranges from about 100 acres to 450 acres at plowing charges
of about GH¢18 to GH¢36 per acre.

Fig. 11. LOESS Smoothing for Charges and Acreage Plowed
in the Deciduous Forest Zone
Beyond the GH¢30 per acre, only a maximum of 100 acres
were plowed within GH¢37 and GH¢42 per acre, and GH¢47
and GH¢50 per acre. This is an indication that the smallholder
farmers within this zone began reducing patronage of the
plowing services (or the service providers began losing clients)
when the charge went beyond GH¢28 per acre. The curve
suggests a decline in demand of plowing service with
incremental change in the plowing charges. It further imply that
tractor-hire service providers operating in the forest zone
maximized profit when their plowing service charge was in the
neighborhood of GH¢28 per acre.

2.3 Transitional Zone
The Transitional Zone experienced sharp decline in acreage Fig. 13. LOESS Smoothing for Charges and Acreage Plowed
plowed from 400 acres to about 100 acres for incremental
in the Guinea Savannah Zone
change in the plowing charges from GH¢25 to GH¢26 per acre
(Fig. 12).
An incremental change in the charges resulted in gentle rise in
acreage plowed up to the maximum of 450 acres at GH¢24 per
acre and a further incremental change in the charges caused a
sharp decline in acreage plowed down to figures in the
neighborhood of 150 acres within GH¢29 and GH¢36 per acre
plowing charges. This then implies service providers operated
at maximum profit when the charge is in the neighborhood of
GH¢24 per acre. Again tractor-hire services were extensively
employed in this zone at plowing charges between GH¢18 and
GH¢36 per acre.

3

Fig. 12. LOESS Smoothing for Charges and Acreage Plowed
in the Transitional Zone

CONCLUSION

The relationship between farm acreage plowed and the
plowing service charges varied from one agro-ecological zone
to the other and does not follow any definite pattern however,
the curves derived explained the effect of incremental charges
on acreage plowed in each zone. The reduction in acreage
plowed with respect to incremental change in plowing charges
began at GH¢29 per acre in the Coastal Savannah Zone,
GH¢28 per acre in the Deciduous Forest Zone, and GH¢24 per
acre in the Guinea Savannah Zone. For the Transitional Zone,
the reduction in acreage plowed occurred within charges of
GH¢25 and GH¢26 per acre and again beyond GH¢33 per
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acre. The average maximum acreage plowed per service
provider was 270 acres in the Coastal Savannah Zone, 850
acres in the Deciduous Forest Zone, 650 acres in the
Transitional Zone, and 450 acres in the Guinea Savannah
Zone at average rates of GH¢29 per acre, GH¢28 per acre,
GH¢25 per acre and GH¢24 per acre respectively. The results
further point to the fact that smallholder farmers react to fees
charged for plowing.

ISSN 2277-8616

[10] [W.G. Jacoby, ―Loess: a nonparametric, graphical tool
for depicting relationships between variables,‖
Electoral Studies, vol. 9, no. 4, pp. 577-613, Dec.
2000.
[11] W.S. Cleveland and S.J. Devlin, "Locally-Weighted
Regression: An Approach to Regression Analysis by
Local Fitting," Journal of the American Statistical
Association vol. 83, no. 403, pp. 596–610, Sept. 1988.

Acknowledgment
The authors are very grateful to Ing. Mexoese Nyatuame, a
Senior Lecturer in the Faculty of Engineering of Ho Polytechnic
for reading through the final manuscript and making very
important suggestions.

References
[1] Statistics, Research and Information Directorate
(SRID), ―Agriculture in Ghana: Facts and Figures
(2012),‖ pp. 5, pp. 10, Aug. 2013.
[2] Ghana Statistical Service, ―Ghana Living Standards
Survey Round Six (GLSS6) Main Report,‖ pp. 102,
Aug. 2014.
[3] X. Diao, F. Cossara, N. Houssoua, and S. Kolavalli,
―Mechanization in Ghana: Emerging demand and the
search for alternative supply models,‖ Food Policy,
vol. 48, pp. 168–181, June 2014.
[4] G.K. Ngeleza, R. Owusua, K. Jimah, and S. Kolavalli,
―Cropping practices and labor requirements in field
operations for major crops in Ghana: What needs to
be mechanized?‖ International Food Policy Research
Institute (IFPRI) Discussion Paper, no. 1074, 2011.
[5] MOFA/METASIP, ―The Medium Term Agriculture
Sector Investment Plan (METASIP) of Ghana,‖ pp. 2324, Sept. 2010.
[6] G.P. Sikhwari, ―Factors Restricting the Use of Tractors
by Small-Scale Farmers in Vhembe District, Limpopo
Province, South Africa‖. Journal of Developments in
Sustainable Agriculture, vol. 3, pp. 65-73, 2008.
[7] S.M. Dauda, J.J. Musa and D. Ahmad, ―Mechanization
Effect on Farm Practices in Kwara State, North
Central Nigeria,‖ IOSR Journal of Engineering, vol. 2,
no. 10, pp. 79-84, Oct. 2012.
[8] S. Benin, M. Johnson, E. Abokyi, G. Ahorbo, K. Jimah,
G. Nasser, V. Owusu, J. Taabazuing, and A. Tenga,
―Revisiting Agricultural Input and Farm Support
Subsidies in Africa: The Case of Ghana’s
Mechanization, Fertilizer, Block Farms, and Marketing
Programs,‖ International Food Policy Research
Institute (IFPRI) Discussion Paper, no. 01300, Nov.
2013.
[9] W.G. Jacoby, ―Loess: a nonparametric, graphical tool
for depicting relationship between variables‖ [Journal]
// Elsevier Science, pp. 1-37, 1999.

266
IJSTR©2015
www.ijstr.org

