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ABSTRACT

This study assessed the effect of agrochemical related illness on technical efficiency of lowland rice farmers
in Niger and Ogun States of Nigeria. Multi-stage sampling technique was used to obtain primary data from a
cross section of 304 rice farmers in both states through the use of questionnaire/interview guide. Data were
analyzed through the use of descriptive statistics, cost of illness (COI) estimation, data envelopment analysis
(DEA) and Tobit regression. The study revealed that cough was the most (58.10%) prevalent health symptom
associated with the use of agrochemicals in the study area and that 46.70% of the rice farmers relied on
self-medication. Also, the COI estimation revealed that a total of ¥4,273 was expended per treatment. The
results of the DEA showed that rice farmers in the study area were technically inefficient with a mean score
of 0.54, and this was influenced by age (a- 0.002, p < 0.05), sex (a- 0.243, p < 0.01), distance from home to
Jarm (@ - 0.007, p < 0.10), number of farm plots (@ - —0.007, p < 0.10), cost of illness due to agrochemicals
use (a- 5.510 p < 0.10), location (@- —0.298, p < 0.01), farm size (@ - 0.112, p < 0.01), and use of fertilizer
(@- 0.308, p < 0.01). The study concluded that farmers in the study area were exposed to agrochemical
related illnesses and that the exposure influenced their technical efficiency negatively. The study, therefore,
recommends the inclusion/enforcement of safety and health information pertaining to agrochemical use on
extension packages. Also, policies on land reforms should be tailored towards reducing land fragmentation.
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INTRODUCTION

Agrochemical can be defined as any chemical
substance or mixture of substances intended for
preventing, destroying, repelling, or mitigating the
effect of any pest of plants and animals (Asogwa
and Dongo, 2009). They include pesticides such as
herbicides, insecticides, rodenticides, fungicides,
molluscides, nematicides, avicides, repellents and
attractants as well as fertilisers used in agriculture,
public  health, horticulture, food storage.
Agrochemical is considered a vital component of
modern farming, playing a major role in
maintaining high agricultural productivity (Popp et
al., 2013). Despite their popularity and extensive
use, serious concerns about health risks arising
from the exposure of farmers when mixing and

applying pesticides or working in treated fields and
from residues on food and in drinking water for the
general population have been raised (Dabady and
Tulk, 2015). These health risks can influence
farmer’s ability to fully utilize farm inputs at their
disposal and this can translate into lower level of
technical efficiency. Farmers’ health influences the
agricultural system since poor health leads to
decrease in farm workers’ capability and reduces
their ability to explore and adopt innovation and
this in turn reduces their level of efficiency
(Munongo and Chitungo, 2013). In addition, family
time is diverted to caring for the sick and it could
also lead to loss of savings and assets in the course
of dealing with diseases and its consequences.
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Household spending on illness can be classified
into two; direct and indirect. Direct spending
include payment for drugs, consultation, laboratory
test and transportation costs to and from the health
facility while the indirect spending includes
productive time lost due to illness and reduction in
saving and investment (Abeynayake et al., 2015).
The main consequence of illness is a reduction in
the labour workforce which in turn translates into a
decrease in household production and income. Due
to illness and other factors such as underutilization
of farm resources, farmers are unable to produce
quantities that can meet the rice consumption
demand of Nigeria which increased from 1.5
million tonnes in 2014/2015 to 1.7 million tonnes
in 2015/2017 as reported by Nzeka et al. (2016).
Agrochemicals are one of the vital farm inputs used
in especially lowland rice production hence there is
a need to address the health problems associated
with their application so as to prevent output losses
due to such illness. Lowland rice farming is popular
in Niger State as well as in southern Nigeria
(Obalum et al., 2012, 2014), which includes Ogun
State. Therefore, this study assessed the effect of
agrochemical related illnesses on technical
efficiency of lowland rice farming in these states.

MATERIAL AND METHODS
Area of Study
The study was carried out in Niger and Ogun states
in the North Central and South West zones of
Nigeria respectively. Niger State is located
between Latitude 8°22°N and 11°30°’N and
Longitude 3°30’N and 7°20’E and it covers about
86,000 sq. km? (about 8.6 million hectares), (Niger
State GIS, 2007) The State experiences distinct dry
and wet seasons. The mean annual rainfall varies
1100 mm in the north to 1600 mm in the south
while the mean minimum and maximum
temperature is 26°C and 36°C respectively. The
2006 census, puts the population at 3.95 million
people with a projection of about 5.21 million
people in year 2016 based on the 3.2% growth rate
(NPC, 2014) and a population density of 284
persons per square km (Niger State GIS, 2007).
Ogun State is located in the south western part
of Nigeria. It lies between Latitude 6.9098 N and
Longitude 3.2584°E and it covers about 16,980 sq.
km® (National Bureau of Statistics (NBS, 2006).
The State experiences distinct dry and wet seasons.
The mean annual rainfall varies from 1050 mm in
the north to 1280 mm in the south while the mean
minimum and maximum temperature is 23'C and
32'C respectively. The rainy season starts in March
and ends in November and it is followed by the dry
season which starts in November/December and
extends to March/April of the succeeding year. The
state characterised by its rain forest, swampy forest
and derived savannah vegetation. The 2006 census,
puts the population of Ogun State at 3.75 million

people with a projection of about 5.22 people in
year 2016 based on the growth rate of 3.2% (NPC,
2014) and a population density of 222 persons per
square km (NBS, 2016).

Sources and Method of Data Collection

This study was based on primary data collected by
the administration of questionnaire on rice farmers
(who constituted the study population) located in
Niger and Ogun States, respectively.

Sampling Technique

Multistage sampling technique was used to select
300 rice farmers from Niger and Ogun States of
Nigeria. In the first stage, proportionate sampling
technique (on a ratio 1:1.5) was used to select two
zones (Zones 1 and 3) out of the three agricultural
zones selected in Niger state while three zones out
of the four agricultural zones were selected from
Ogun State. In the second stage, five local
government areas were selected from Zone 1
(given that it is the major rice producing zone in
the state), and one local government area from
Zone 3 in Niger State. In Ogun State, one local
government was selected from each of the zone
using simple random sampling technique. This
gives a total of nine (9) LGAs altogether.

In the third stage, systematic sampling
technique was used to select 30 respondents from
each of the LGAs in Niger State making a total of
180 respondents while40 respondents were
selected from each of the LGAs in Ogun State
making a total of 120 respondents. However only
266 respondents returned the questionnaire and
were included in the analysis.

Method of Data Analysis

Descriptive statistics

Descriptive statistics such as mean, standard
deviation, frequencies and percentages, was used
to describe respondents by symptoms experienced
and type of treatment sought during the course of
illness. It was also used to describe the variables
included in the DEA model.

Economic cost of illness
The economic cost of illness (COI) was calculated
using the formula used by Abeynayake et al.
(2015) and it is stated as:

TCI=TDC+ TIC.........coceoeee. (1)

where TCI is total cost of illness (NGN); TDC is
total direct cost, that is, cost incurred as a result of
symptoms/impairment arising from the use of
agrochemicals, including cost of drugs, herbs and
doctor’s consultations in addition to transportation
to health facilities, hospital bills and laboratory
tests; and TIC is ILP + ILO, where TIC is total
indirect cost (NGN), ILP is income loss due to
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working hours loss (NGN), and ILO is income loss
of caregiver (NGN). The health impairment and
symptoms that fell into this analysis were cough,
diarrhoea, cold and chest pain.

Data Envelopment Analysis

Estimate of technical efficiency was obtained by
estimating an input oriented DEA model and it is
specified as:

TEn minaign gn ........................... (2)
subject to;
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6, - ascalar less or equal to one and it defines the
TE of field n. Where; Y is rice output (kg) X is a
vector of inputs and it includes; X; - seed (kg) X, -
land (ha) X; - fertilizer (kg) X4- Land (ha) Xs -
pesticide (g/a.i/ha) X - Labour (mandays) When
0, - 1, it indicates that field n is technically
efficient. However, a value less than 1 indicates
that field n is technically inefficient. The inclusion
of ¥1_,4; — 1 in equation 2 implies that TE for
field n is calculated under variable returns to scale.

Measurement of Variables

Illness/impairment — the illness/impairment used in
this study were based on farmers’ observation as
no medical test was carried out and agrochemical
related illness reported in literature. Illness episode
or treatment — implies from outset of illness till the
rice farmer returns to his normal activities.
Caregiver - the person who took care of the sick
person during the occasion of illness. Mandays —
imply average male adult work of about 8 h a day.

RESULTS AND DISCUSSIONS

Health Impairment Associated with
Agrochemical Use in Rice Production

Table 1 shows the health impairment associated
with agrochemical use in the study area. Cough
was the most prevalent as indicated by 55.9% and
61.5% of the rice farmers in Niger and Ogun States
respectively. In addition, 26.3% and 9.0% of
respondents in both locations indicated that they
experienced cold and skin irritation, respectively.
However, chest pain was not a common health
impairment around the states since only 2%
reported that they had experienced chest pain in
Niger State while no respondents reported chest pain

Table 1: Health symptoms associated with agrochemical
use in rice production

Symptoms Niger Ogun Pooled
State State

Diarrhoea 7(6.9%) 2(3.1%) 9(5.4%)

Cough 57(55.9%)  40(61.5%)  97(58.1%)

Cold 21(20.6%)  23(35.4%) 44(26.3%)

Chest pain 2(2.0%) 0(0.0%) 2(1.2%)

Skin Disease 15(14.7%)  0(0%) 15(9.0%)

Source: Data from Field Survey 2015

in Ogun State. This is an indication that there are
inherent issues associated with agrochemical
application. More so, rice farmers who fall ill
during the course of production have the tendency
of underutilizing inputs at their disposal and this
could translate into reduced output and farm
profits. This study corroborates the findings of
Truong et al. (1999), Damalas et al. (2011) and Ye
et al. (2016) who reported cough, skin diseases and
chest pain as some of the impairments associated
with the use of agrochemical.

Type of Treatment Sought by Rice Farmers for
Agrochemical-induced Health Impairments
Table 2 indicates the type of treatment sought by
the rice farmers on the occasion of agrochemical
induced health impairments. Most (46.7%) of the
respondents resorted to self-medication. This seems
to be cheaper and available at local health facilities.
However, self-medication was found to be
dangerous because most drugs are designed to treat
specific ailments and have high potency, dosage
specific and they always have their side effects
(West African Rescue Association (WARA, 2016).
Also shown on the table is the fact that 31.1%
employed the use of herbs while only about 5.4%
and 0.6%of the rice farmers applied no treatment or
took a rest respectively. The use of herbs as a
means of treatment could be as a result of the ease
of availability of herbs in the communities. The
implication of this is that, farmers could be putting
themselves at higher risks because they are
unaware of their actual health status.

In addition, prolonged illness can lead to loss
of rice farming knowledge, reduction of rice
farmlands and invariably, a decline in household
income. This finding is in line with Akinbode et al.
(2011) who reported that local herbs and the use of
self-medication were the first line of treatment in
the occasion of illness even though the rice farmers
in North central combined both orthodox and
traditional treatment. Also, the study corroborated
the findings of Alarima and Obikwelu (2018) who
reported that Fulani agropastoralists settling in
Ogun State of Nigeria relied on self-medication
during the occasion of illness.



Lowland Rice Farmers Loss of Technical Efficiency to Agrochemical-Induced Illness in Nigeria 4

Table 2: Type of treatments sought by respondents
during illness

Type of Treatment Niger State Ogun State  Pooled

No treatment 6(5.9%) 3(4.6%) 9(5.4%)
Rest only 1(1.0%) 0(0.0%) 1(0.6%)
Use of herbs 2524.5%)  27(41.5%)  52(31.1%)
Self-medication 57(55.9%)  21(32.3%)  78(46.7%)

Prescribed drugs 4(3.9%) 9(13.8%) 13(7.8%)
without test

Prescribed drug 5(4.9%) 346 8(4.8%)
after test %)
Admitted 4(3.9%) 2(3.1%) 6(3.6%)

Source: Data from Field Survey 2015

Health Cost Associated with Agrochemical-
induced Health Impairments

The use of agrochemical comes with some health
cost as shown on Table 3. The total direct cost was
N583 per illness episode while the time cost
(opportunity cost of time loss as a result of care
giving and absence from work) were N281 and
N3,407 per treatment respectively. The total cost of
illness in Niger and Ogun States were N5,353 and
N2, 877 respectively. The implication is that for an
illness episode as a result of agrochemical use,
farmer’s lost almost 7 times the daily agricultural
wage in the rice farming communities in Niger State
and about 4 times in Ogun State. Also, absence from
work as a result of illness could have a negative
effect on their efficiency (Akinbode et al., 2011).

Summary Statistics of Variables included in the
DEA Model

As shown in Table 4, the average output obtained
by cultivating 1.7 ha of land was 4,937 kg (4.94
tonnes). This translates to 2.90tonnes per hectare,
with an average of 45.6 man-days of labour used
for the farming operations during the season. This
is an indication that rice farmers around the states
are small scale farmers because they cultivate less
than 5 ha of land which is the benchmark according
to Abubakar (2004) and Kakwagh et al. (2011).

Technical Efficiency (TE) of Rice Farmers

Table 5 shows the frequency distribution of the TE
scores of the rice farmers in the study area.
Majority (61.9%) of the rice farmers were
inefficient having technical efficiency score
ranging from less than 0.31 to 0.50 with an average
technical efficiency score of 0.54. The TE is score
is in close range with that obtained by Krishna et
al., (2014) and Binuyo et al., (2016). This implies
that rice farmers in the study areas did not utilize
available resources adequately. Hence, technical
efficiency in rice production can be increased by
46% through efficient use of available resources
given the current state of technology. Further,
21.7% of rice farmers in Niger State had very high

technical efficiency score ranging from 0.91 to
1.00. These farmers could be targeted as contact
farmers to  information  facilitators  and
disseminators of recommended technologies
amongst their peers. The presence of technical
inefficiency is an indication that the rice farmers
have the potentials for increasing output without
increasing the use of inputs. And with the present
competition for production resources, (Sustainable
Development Solutions Network (SDSN, 2013),
farmers have no option other than to improve on
their technical efficiency in order to increase output
for higher income. Age (a - -0.002, p < 0.05), sex
(a - -0.243, p < 0.01), distance from home to farm
(a - 0.007, p < 0.10), number of farm plots (a - -
0.007, p < 0.10), cost of illness due to agrochemical
use (a - -5.510p < 0.10), location (a - -0.298, p <
0.01), farm size (a - -0.112, p < 0.01) and use of
fertilizer (a - -0.308, p<0.01)were the significant
factors that influenced rice farmers level of
technical efficiency (Table 6).

Table 3: Summary of health cost associated with illness

Cost of Treatment Niger State  Ogun State  Pooled

(™/occurrence)

Total Direct Cost 486.19 709.48 583.64
Cost of Care giving  138.00 466.65 281.45
Cost of Absence 4729.77 1701.49 3407.98
from Work

Total Indirect Cost ~ 4867.78 2168.14 3689.43

Source: Data from Field Survey 2015

Table 4: Summary of variables included in the DEA model

Variables Quantity/Cost
Output Quantity (kg) 4937.46
Quantity of Seed Planted (kg) 79.06

Land (ha) 1.70

Labour (man-days) 45.6
Agrochemical(gm/ a.i/ha) 1583.63
Fertilizer (kg) 193

Source: Data from Field Survey 2015

Table S5: Distribution of rice farmers by technical
efficiency scores

TE Scores Niger State Ogun State Pooled
Lessthan 0.31  29(17.5%) 7(10%) 36(15.3%)
0.31-0.40 26(15.7%) 28(40.0%) 54(22.9%)
0.41-0.50 42(25.3%) 14(20.0%) 56(23.7%)
0.51-0.60 18(10.8%) 0(0.0%) 18(7.6%)
0.61-0.70 8(4.8%) 7(10.0%) 15(6.4%)
0.71-0.80 0(0.0%) 0(0.0%) 0(0.0%)
0.81-0.90 7(4.2%) 7(10.0%) 14(5.9%)
0.91-1.00 36(21.7%) 7(10.0%) 43(18.2%)
Minimum 0.12 0.30 0.12
Maximum 1.00 1.00 1.00
Mean 0.55 0.51 0.54

Source: Data from Field Survey 2015
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The result indicated that as rice farmers grow
older they become less efficient in the use of
production resources. This could possibly be
ascribed to physical (dwindling strength),
economic and psychological factors. Older farmers
tend to have attachment to traditional ways of
farming and they are generally risks averse (Polson
and Spenser, 1991, Ajayi and Adeyemi 2016). The
result contradicts the findings of Rahman ez al.
(2012) who found out that age had negative effect
on technical inefficiency. It is however similar to
Onyenekwe and Okorji (2015) who also found age
to be significant in the same direction. Also, female
rice farmers were more technically efficient than
their male counterparts. In addition, farmers who
have their farms located far away from home are
more technically efficient. With respect to distance
of farm to home, it was reported (Kassali et al.,
2009) that the search for fertile lands could be the
reason why farms are located far away from home.
Also, farmers tend to minimize cost when their
farms are located far from home. This is because
many a times, farmers having their farms far away
from home construct temporary sheds (to sleep on
farm throughout the duration of major farming
operations) located on their farms and this helps
them save costs associated with transportation.

Also, farmers tend to pool their resources
together to ease their movement from their place of
residence to the farm. In addition, location of farms
away from homes helps to reduce the effect of
agrochemical on members of the households and
community not involved in the farming activities
thereby preventing health related cost. However,
the coefficient for cost of illness was significant
and negative implying that the higher the cost of
illness the lower the level of technical efficiency.
This could be explained based on the fact that
farmers who took ill during the course of the
farming season lost their time and resources while
taking care of themselves. Similarly, the coefficient
for location was negative implying that rice farmers
located in Ogun state combine their resources
better than their counterparts in Niger state. Results
also revealed that farm size had an inverse
relationship with technical efficiency, implying that
as farmers increased the area of land cultivated, the
level of technical efficiency reduced. This point to
the fact that, relatively small farmers combine their
resources better (Rosset, 1999). It could be also due
to the scattered nature of their farms. These
findings are corroborated by Binuyo et al. (2016),
Onyenekwe and Okorji (2015), Bhatt and Bhat
(2014) and Tchale (2009), who also reported that
farm size had negative influence on technical
efficiency. In addition, the number of farm plots
influenced technical efficiency negatively. That is
to say, the higher the number of plots the lower the
level of technical efficiency. Higher number of farm

Table 6: Tobit regression results of the determinants of
technical efficiency

Explanatory Variables Coefficients T-Ratio
Age -0.002%* -0.89
Education -0.020 -0.62
sex -0.243%** -2.93
Household size -0.004 -0.49
Marital status 0.067 1.05
Distance to farm 0.007* 1.85
Extension contact -0.001 -0.10
Credit used 3.740 1.28
No of farm plots -0.0065*** -1.76
Cost of illness -5.510%* -1.87
Location -0.298%** -3.56
Farm Size -0.112%%* -4.81
Use fertilizer -0.308%** -3.22
Use herbicide -0.109 -0.98
Use insecticide -0.080 -0.54
Constant 1.593 9.38
Sigma 0.216

LR Chi*(13) 86.010

Log-likelihood 18.280

k%% implies  significance at 1%, 5% and 10%
respectively Source: Data from Field Survey 2015

plots signifies a high degree of land fragmentation.

Land fragmentation is a common feature of rural
farming as most of the rural farmers acquire their
lands through inheritance and this stands as an
obstacle to farm expansion and agricultural
mechanization. It also makes the movement of
labour, machines and other farm inputs difficult
and this may lead to land wastage as farmers tend
to pay more attention to plots that are nearer to
them (Niroula and Thapa 2007). Furthermore,
farmers who applied fertilizer were less technically
efficient than their counterparts who did not. This
could mean that farmers who utilized fertilizers did
not apply the recommended dosage as it is
advisable to apply fertilizer doses after carrying out
soil test. Consequently, they have not yielded the
benefit of fertilizer application.

CONCLUSION AND
RECOMMENDATIONS

Based on the findings, the study concluded that
farmers in the study area were exposed to
agrochemical related illnesses which in turn
influences their technical efficiency negatively. The
study, therefore, recommends the
inclusion/enforcement of safety and health
information pertaining to agrochemical use on
extension packages. Also, farm inputs should be
made easily accessible to younger farmers since
they are more technically efficient and policies on
land reforms should be tailored towards reducing
land fragmentation in the study area.
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