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ABSTRACT
Smallholder vegetable farmers involved in agricultural produc-
tion are confronted with numerous challenges which can
adversely affect performance. Farmers would prefer to adopt
the most profitable vegetable production systems. A cost-benefit
analysis of integrated crop management (ICM) and conventional
method (CM) systems for vegetable production was conducted.
Primary data were solicited from 120 vegetable farmers using
questionnaires. Descriptive statistics were used to describe levels
of awareness and extent to which farmers understood use of the
ICM system. A cash flow projection was done on a 0.4 ha size of
land for 5 years. Net present value (NPV) and cost-benefit ratio
(CBR) analyses were performed for farmers operating under the
ICM and CM production systems. The NPV analysis indicated
production of vegetables under both systems was viable. The
incremental NPV for cabbage (Brassica oleracea var. capitata L.)
and onion (Allium cepa L.) production, and the whole farm enter-
prise were all positive, indicating the ICM system was more
financially viable than the CM system. The NPV increase was
GHS 2563.58 (GHS is Ghanaian currency, 1$US = 3.5 GHS in
January 2015 when data were collected) for cabbage and GHS
3949.43 for onion, and of the whole farm enterprise, i.e., com-
bined cabbage and onion production, was GHS 6162.75. The CBR
analysis indicated that vegetable production under the two sys-
tems was viable, confirming results of the NPV analyses. The CBR
for cabbage production was 1.58 for the CM and 2.08 for the ICM
systems; the CBR for onion production was 2.69 for the CM and
4.36 for the ICM systems. The CBR for whole farm enterprise was
2.42 for the CM and 3.93 for the ICM systems. Sensitivity analyses,
under the assumption of a 5% reduction in yield and a 10% cost
over-run, indicated positive NPVs for both production systems for
cabbage and onion production, and the whole farm enterprise.
The NPVs from use of the ICM systemwere higher than under the
CM system. Overall, vegetable production is profitable under
both the ICM and CM systems, and awareness is a factor influen-
cing practice of the ICM system.
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Smallholder farmers play a crucial role in developing and emerging economies
(Panichvejsunti et al., 2018). However, smallholder farmers are confronted
with numerous challenges which adversely affect performance. Cost of pro-
duction is of great concern to vegetable farmers. Due to higher costs and
reduced revenues, lower profit is generated from production of vegetables.
Farmers would prefer to adopt the system of vegetable production, which is
most profitable. Apart from the conventional system of vegetable production
(conventional method (CM)), other systems of vegetable production such as
the integrated crop management (ICM) are in place in other locations.

The CM of vegetable production involves practicing conventional tillage and
application of commercial fertilizers and synthetic agricultural pesticides to
crops to reduce pest infestation (Ferdous et al., 2018; Timprasert et al., 2014).
Insect pests and diseases destroy most crops grown in Ghana and farmers apply
high quantities of synthetic pesticides in attempts to gain control (Dinham,
2003; Timprasert et al., 2014). Unfortunately, these chemicals are not applied at
the right dose resulting in pesticide residues in, and on, vegetables. Some farmers
apply these chemicals near maturity, others apply some a few weeks prior to
harvest and supply to the market before the recommended safety period for
consumption is reached. Consumers perceive vegetables at the market as unsafe,
unhealthy, and harmful for human consumption (Fianko et al., 2011; Obuobie
et al., 2006). Most farmers experience side effects due to mishandling of chemi-
cals (Ackerson and Awuah, 2010; Wu et al., 2001).

Though vegetables can be produced using the CM, another set of agronomic
practices, known as ICM, can be practiced by farmers, which could affect produc-
tivity and the sustainability of the environment (Ferdous et al., 2017, 2018;
Kletnikoski et al., 2013; Parra-Lopez et al., 2007). ICM is defined as a holistic
system of crop production that conserves, and enhances, natural resources while
producing food in an economically viable and environmentally sound manner. It
integrates existing farmer practices (local knowledge) with new technologies. The
ICM system, if properly practiced, will allow farmers to produce quality products,
which could increase income (Parra-Lopez et al., 2007). The ICM system is
different from theCMbecause it involvesmanagement practices such asminimum
tillage, nutrient balancing, integrated pest management, intensification of inter-
cropping, crop rotation, and application of manure. Vegetable farmers practicing
integrated pest management, crop rotation, intercropping, and manure applica-
tion reduce use of pesticides, reduce input cost, and increase income
(Theocharopoulos, 2009). Organic agriculture is different from ICM as it includes
management practices such as no-till and cover cropping to minimize erosion,
reduction of pests through rotation, use of manure and natural fertilizers, and
biological methods of pest control (Brumfield et al., 2000). Organic agriculture
prohibits the use of any synthetic materials into the production systems. The ICM
system is receiving attention to address issues of pesticide residues in vegetables
(Kletnikoski et al., 2013; Parra-Lopez et al., 2007; Theocharopoulos, 2009).
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Food supply chains have been transformed from production-oriented
chains to consumer-oriented chains. Farmers must be market-oriented in
their operations and farming practices to meet consumer demand (Kuwornu
et al., 2004, 2005, 2009). However, farmers find it difficult to practice new
technologies as their decision is normally based on benefits derived from the
new technology.

The objectives of the study were to (1) describe the level of awareness of
ICM among vegetable farmers, (2) assess the extent to which vegetable farmers
understand the importance of using ICM, (3) perform a comparative cost-
benefit analysis of using ICM and CM systems among vegetable farmers, and
(4) determine factors influencing practice of ICM among vegetable farmers.

Materials and methods

The study was conducted at Kpong in the Lower Manya Krobo District, in the
Eastern Region of Ghana. A multi-stage sampling technique was used. First,
Kpong was selected since a project on introduction of ICM was implemented
in the area. Second, a combination of simple random sampling and purposive
sampling was employed to select 120 vegetable farmers using CM and ICM
production systems. A total of 89 farmers practicing CM for vegetable produc-
tion were randomly sampled from among 150 farmers. Among the 89 con-
ventional vegetable farmers sampled, 40 produced cabbage (Brassica oleracea
var. capitata L.) and 49 produced onion (Allium cepa L.). Third, all 31
vegetable farmers practicing ICM were interviewed. The 31 vegetable farmers
sampled consisted of 17 cabbage and 14 onion farmers. Primary data collected
included age, educational qualification, gender, household size, years of farm-
ing experience, average annual income from vegetable production, production
of other crops, quantities of vegetables harvested within the cropping season,
and prices at which vegetables were sold. Descriptive statistics (percent) was
used to present levels of awareness of, and use of, ICM. A Likert scale of 1, 2,
or 3 that denoted no understanding, slight understanding, and complete
understanding, respectively, was used to solicit information regarding vegeta-
ble farmer understanding of aspects of the ICM system.

Cost-benefit analysis describes the worth of an investment by comparing
costs involved to benefits received. It is used for financial analysis of projects
to estimate financial viability of the project. The financial ratios used for cost-
benefit analysis included net present value (NPV) and cost-benefit ratio (CBR).
The CBR is defined as the value of all benefits divided by the value today of all
costs. The NPV is the difference between value of all present, and future, benefits
and value of all present, and future, costs (Gittinger, 1982; Kuwornu et al., 2013).

The costs and benefits of the CM to the ICM using the NPV and CBR as
indicators were determined. The underlying assumptions were specified; a cash
flow projection for the CM and ICM systems was estimated; CBRs and NPVs
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were employed using discounted cash flows, and a sensitivity analysis for both
methods was calculated to determine whether NPVs will still be positive if
there is a percent reduction in yield and a percent increase in cost. Before
doing cash flow projections for both methods, costs and returns must be
estimated. Costs of items used for both methods included watering cans,
boots, hoes, machetes, wheel barrows, and a tape measure. The investment
included expenditure on polyvinyl chloride pipes, a pumping machine, and a
knapsack sprayer. Returns were estimated by taking into consideration yields
of cabbage and onion as numbers of bags harvested from a 0.4 ha plot of land
under cultivation.

Assumptions for comparing costs and benefits of using the CM or ICM
system included the following: (1) a 5% contingency was assigned for the
items because they are not affected when there are changes in prices com-
pared with seed and fertilizer, (2) a 10% contingency was estimated for
variable inputs such as seed and fertilizer because vegetable farmers will
buy these inputs for every cropping season and given the likelihood prices
of these inputs will increase, and (3) for repairs and maintenance in year one,
an 1% of the total cost item was assumed and increased by 1% each year over
the life of the investment. Items reaching their useful life will have zero
salvage value (Okoh et al., 2010).

The cash flow projection was estimated for 5 years because by the end of year
5 it is assumed that the life span of the items used for the vegetable production
would have ended. Costs and benefits of cabbage and onion using the CM or
ICM system were discounted at 28%, the bank lending rate. The CBR can be
expressed using the equation of Gittinger (1982). The decision rule for CBR is
that if CBR > 1 for the CM or ICM system it means vegetables produced under
both methods are financially viable; CBR < 1 for the CM or ICM system means
the vegetable produced under both methods are not financially viable; CBR = 1
for the CM or ICM system means that there is a breakeven (i.e., benefits are
equal to costs). The NPV can be expressed using the equation of Gittinger
(1982). The decision rule for NPV is that if NPV > 0 for the CM or ICM system
it means vegetables produced under both methods are financially viable; NPV <
0 for the CM or ICM system means vegetables produced under both methods
are not financially viable. A sensitivity analysis was conducted with an assump-
tion of a 5% reduction in yield and 10% cost over-run.

The logit regression model normally used in describing a relationship
between a binary response variable and one or more explanatory variables
(which may be either discrete or continuous) was used for analysis of factors
influencing farmers’ decision (willingness) to use the ICM system.
Dependent variables in the regression equation are the logarithm of odds
that an end user will willingly use the ICM system. For this model, the
coefficients do not show the extent to which explanatory variables affect a
dependent variable, but the marginal effect does.
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Results and discussion

Responses to the questions varied (Table 1). Most respondents had no idea to
what ICM referred. Of the 45 farmers who were aware of the ICM, the
majority were using the system. The remaining farmers were using the CM in
the same way as farmers that were not aware of ICM.

Respondents indicated their extent of understanding of the importance of
using ICM through use of crop rotation, intercropping, application of man-
ure, and application of crop residues (Table 1). Most respondents had a
complete understanding of crop rotation because most cultivated other crops
when the vegetable crop season was over. A minority of respondents had a
complete understanding of intercropping.

Most respondents were using synthetic fertilizer, i.e., 15N:15P:15K, and a
large minority of respondents applied manure to their vegetable crops to
improve yields (Table 1). For respondents who were incorporating more of
the crop residue, a large minority indicated they had a complete understanding
of the practice. Most respondents practiced manual weeding rather than apply-
ing herbicides. Most respondents used irrigation for growing cabbage and
onions. A large minority of respondents had a complete understanding of use
of mulching early in the growing cycle to enhance crop growth by conserving
water and reducing weed competition.

All cost items were the same for methods of production, except the
knapsack sprayer was not used for ICM, resulting in a lower total cost for
ICM (Table 2). Initial costs for CM and ICM systems had a 5% contingency

Table 1. Extent to which farmers understood use of the integrated crop management system.
Integrated crop management
system

No
understanding

Slight
understanding

Complete
understanding Total

Crop rotation
Frequency 17 22 81 120
Percent 14.17 18.33 67.50 100

Intercropping
Frequency 49 32 39 120
Percent 40.83 26.67 32.50 100

Manure application
Frequency 33 1 56 120
Percent 27.50 25.83 46.67 100

Application of crop residue
Frequency 38 23 59 120
Percent 31.67 19.17 49.17 100

Weeding
Frequency 5 31 84 120
Percent 4.17 25.83 70.00 100

Irrigation
Frequency 6 43 71 120
Percent 5.00 35.83 59.17 100

Mulching
Frequency 52 21 47 120
Percent 43.33 17.50 39.17 100
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to account for additional costs due to unstable prices. Some items such as
watering can, wellington boots, machete, and hoe with a useful life of 2 years
were replaced in the third year. For the third year, cost was GHS 156.45
including items/inputs whose life span did not exceed 2 years. The tape
measure and knapsack sprayer, with a useful life of 3 years, were replaced
in the fourth year. An amount of GHS 120.75 was spent on items, including
those whose useful life exceeded 3 years, but for the ICM system an amount
of GHS 73.5 was spent because the cost of the knapsack sprayer was not
added due to non-application of chemicals.

Five-year cash flow projections under the CM and ICM systems varied
(Tables 3 and 4). For CM, costs for nursery management and bed prepara-
tion were constant throughout the years as laborers usually charge a specific
amount for nursery management and bed preparation, irrespective of rev-
enue generated by the farmer. Costs for repairs and maintenance increased
yearly since items depreciate over time. The cost for seed and fertilizer
increased through the fifth year. Total operating cost increased from year 1
to year 5. The total cash outflow increased from year 1, but decreased in year
2 because no item was replaced in that year. However, there was an increase
in year 3 to year 5.

For the ICM system, cost of materials included seed and fertilizer (manure)
because this method of production discourages use of synthetic chemicals, but
does not completely rule out their use. Costs of materials and other labor
activities varied with respect to revenue and services that included adminis-
trative and marketing cost. Cost for nursery management and bed preparation
were constant and there was no variation with proportion to revenue. Costs for
repairs and maintenance increased yearly since the items depreciated over
time. A 10% contingency was estimated to account for additional costs since

Table 2. Estimated costs of vegetable production under the conventional method (CM) and the
integrated crop management (ICM) systems.

Quantity Value (GHS)

Equipment CM ICM Unit price (GHS)a CM ICM Useful life (years)

Knapsack 1 –b 45.00 45.00 – 3
Watering can 1 1 25.00 25.00 25.00 2
Wellington boot 1 1 20.00 20.00 20.00 2
Pipes 11 11 26.00 286.00 286.00 5
Hoes 2 2 18.00 36.00 36.00 2
Machete 2 2 17.00 34.00 34.00 2
Wheelbarrow 1 1 80.00 80.00 80.00 5
Tape measure 2 2 35.00 70.00 70.00 3
Shovel/Spade 2 2 17.00 34.00 34.00 2
Pumping machine 1 1 65.00 65.00 65.00 5
Subtotal 695.00 650.00
Contingency (5%) 34.75 32.50
Total 729.75 682.50

aExchange rate in 2015: $1US = approx. 3.5 GHS (Ghanaian Cedi).
bKnapsack spraying machine for production of vegetables was not used under the ICM system.
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variable items (seed and fertilizer) increase with respect to changes in prices.
The 10% contingency estimated amounted in the first year and increased
through the fifth year. Total operating cost increased from year 1 to year 5.
Total cash outflow decreased in the second year because there was no item
replaced in that year. It then increased from year 3 to year 5.

Net cash flow is the difference between cash outflow (costs) and cash
inflow (returns) (Tables 3 and 4). For cabbage production using CM, total
cash outflow was higher in the first year compared with revenue producing a
negative net cash flow. This indicates that initial cost of production was
higher compared with revenue obtained from sale of the product at a
particular price. In the second year, there was a decrease in total cash outflow
since no item was replaced in that year. The value of the net cash flow was
positive from year 2 through year 5 indicating revenues in those years were
greater than costs. Cabbage cultivated under ICM had a positive net cash
flow for the 5 years, costs were lower than revenues. The net cash flows
increased from year 1 to year 5. Lower costs could be attributed to non-
application of synthetic pesticides to crops under ICM. Inter-cropping onion
with cabbage reduced pest infestation resulting in improved quality of cab-
bage and consequently market value of cabbage increased compared with
those under CM.

Onion produced under CM had a negative net cash flow in year 1 due to
high initial cost invested in year 1 with a lower revenue obtained in that same
year (Table 4). The net cash flow was positive from year 2 through year 5.
Compared with onion produced under ICM, net cash flows were positive
throughout the 5 years and increased from year 1 to year 5 since total cash
outflows were lower than revenues.

The discounted cash flow for cabbage, or onion, produced under CM and
ICM systems varied (Tables 3 and 4), as did the CBRs. The discounted cash
flow for combination of the enterprises, cabbage and onion (whole farm),
varied (Table 5). The NPVs for farmers producing both vegetables were
lower under the CM than ICM systems. The CBRs for producing both
vegetables were lower for the CM than ICM systems.

Cabbage and onion output under both methods varied. Incremental dis-
counted cash flows for cabbage, onion, and whole farm varied (Table 6). The
incremental NPV indicated that cabbage produced under the ICM system
was more viable compared with cabbage production under the CM. The
incremental NPV indicated that onion produced under the ICM system was
more viable than that of the CM. The incremental NPV for the whole farm
enterprise indicated the ICM system was more viable than the CM.

Sensitivity analysis for the whole farm enterprise (combination of cabbage
and onion production) for both ICM and CM, under the assumption of a 5%
reduction in yield and a 10% cost over-run, varied (Table 7). The NPV for
the whole farm vegetable production under the ICM was higher compared
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with the CM system. Cost-benefit analysis results were consistent with other
reports that the ICM system is more profitable than the CM system for
vegetable production (Kletnikoski et al., 2013; Parra-Lopez et al., 2007;
Theocharopoulos, 2009) in different locations under different conditions
providing additional information, especially for an emerging economy.

The pseudo R2 of the model (Table 8) indicated that most variation in
farmer use of ICM is influenced by independent variables. The Wald chi-
square indicated the independent variables explained farmer use of the ICM
system. Empirical results indicated that gender and awareness were signifi-
cant. Both variables indicated a positive relationship with respect to use of
the ICM system by vegetable farmers. Being aware of the technology and
being a male farmer positively influenced farmer use of the ICM system. The
gender distribution of vegetable farmers indicated that the majority were
male. The females were more involved in sorting, packaging, and marketing
of the vegetables. Most farmers used the CM system in vegetable production.
The marginal effect of gender indicates that being a male vegetable farmer
slightly increases the likelihood of using the ICM system. This is consistent
with Doss and Morris (2001) that males use or practice new technology
compared with females. Awareness had a positive influence on use of the
ICM system. The marginal effect of awareness indicates that being aware of
ICM as a production technology substantially increases the likelihood of
using the ICM system. This is consistent with Asrat et al. (2004), Corner-
Thomas et al. (2015), and Udoh et al. (2008) on socioeconomic factors
influencing adoption of new technology. Improved dissemination of infor-
mation about use of the ICM system could improve acceptance. Farmers
using the ICM system may reduce cost of operation.

The ICM system compares favorably with the CM system for cabbage
and onion production. However, producers might be reluctant to switch
from the CM system to the ICM system as it requires more intensive
management. Nevertheless, the ICM system has less negative impact on
the environment.

Table 8. Logit regression model estimatesa of the factors influencing farmers’ practice of
integrated crop management system (n = 120).
Variables Marginal effect Standard error P-value

Gender 0.058* 0.035 0.099
Household size –0.005 0.011 0.673
Age 0.004 0.003 0.147
Education –0.003 0.024 0.909
Average annual income from vegetable production –0.000 0.000 0.106
Farming experience –0.009 0.000 0.183
Production of other crops –0.099 0.084 0.235
Awareness 0.363*** 0.117 0.002

*, ***significant at 10% and 1% levels, respectively.
aPseudo R2 = 0.6141; Wald chi-square statistic = 38.18; Prob > chi-square = 0.000.
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