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Abstract

This study examined Probit model analysis of smallholder’s farmers decision to use
agrochemical inputs in Gwagwalada and Kuje Area Councils of Federal Capital Territory,
Abuja, Nigeria. Primary data were used for this study. Data were obtained using structured
questionnaire. The questionnaires were administered to sixty smallholder’s farmers sampled
using a two-stage sampling technique. Data obtained were analyzed using descriptive
statistics and Probit model. Eight estimators, age; farm-size; education—level; extension
services; access to credit; off-farm income; experiences in farming; in the Probit model were
found statistically significant. Results show that the probability of using agrochemical inputs
increases with age; farm-size; family-size; education-level; extension services; experiences
in farming but decreases where they have off-farm income and access to credits. Mc Fadden
Pseudo-R? gives 0.6866 and Probit model correctly classified 93%. This study concluded
that capacity of agricultural extension agents needs to be improved in the study area to
educate farmers to invest in agrochemicals and improved agricultural technologies. Also,
Government needs to improve on good road networks and appropriate policies to regulate
standard, use, safety needs and environment of use of agrochemicals in the study area.
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1. Introduction

Agrochemical a contraction of agricultural chemical is a generic term for the various
chemical products used in agriculture. In most cases, agrochemical refers to the broad range
of pesticide including insecticides, herbicides, and fungicides. It may also include synthetic
fertilizers, hormones and other chemical growth agents and concentrated stores of raw
animal manure (Larry, 2012). Most agrochemicals are toxic and can pose danger to human
health (WHO, 2008); hence, their use is highly regulated internationally, nationally and
regionally with regulations and conventions (PAR, 2000; FAO/WHO, 2001). The cultivation
of crops is accompanied by the application of agrochemicals. Farmers are increasingly
relying on inorganic agriculture mainly because the soils are poor, and indigenous crop
varieties have almost been replaced by improved high yielding varieties which are heavy
nutrient miners. Most of the crops cultivated are short duration crops, the crops are also quite
susceptible to many insect species, which may not only feed but also reproduce on them. So
the farmer seems to have no choice but to treat crops and protect them against insect species
and diseases using agrochemicals (Larry, 2012). Agrochemicals are crop protection products
or agents used to control plants or weeds, diseases, insects or animals that are undesirable or
harmful to man, and or also to promote the growth and development of crops. Local farmers
in developing countries have little or no knowledge on how, what, when and how often to
apply agrochemicals on their crops; the consequence of which is the destruction of entire
crops fields, polluting water bodies and putting human health and environment at risk (
Machipisa, 1996; Ntow, 2004; IUPAC, 2008 ) . Incidentally, many farmers who use these
agrochemicals do not know much about the dangers associated with them and hence end up
tasting to determine their potency and also failing to protect themselves during their
formulation and application. As a result of continuous application of agrochemicals, the
fertility status of farm lands is getting worse year after year; many insects and their predators
are destroyed and others have evolved resistant strains (Tanzubil, 1997). It is also worth
noting that, despite the incessant use of agrochemical products by farmers, 20 — 40 % of
potential food production is still lost every year to pests and diseases (Obeng-Ofori, 1998).
From an agricultural industry perspective, pesticides are an important component of
economic and effective pest control and their continued use is essential (Kent, 1991).
Pesticides are widely used in agricultural production to protect crops and animals from pest
including insects, mites, birds, ticks, nematodes, weeds, fungus, and other organisms that
causes losses and maintain high product quality. Some pesticides are prepared locally by
farmers (natural pesticides e.g. neem extract, wood ash) while others manufactured in
industries through advanced procedures (synthetic or artificial pesticides). The FAO and
WHO statement said that the problem of poor quality pesticides is particularly widespread in
sub- Saharan Africa, where quality control is weak. Smallholder farmers is used more
generally to describe rural producers predominantly in developing countries, who farm using
mainly family labour and for whom the farm provides the principal sources of income (Ellis,
1998). FAO study defines smallholders as farmers with limited resources endowments
relatives to other farmers in the sectors (Dixon et al, 2003). The World Bank’s rural
development strategy defines smallholders as those with a low asset base, operating less than
2 hectares of crop land (World Bank, 2003). This study intends to provide answers to the
following research questions:

e What are the socio- economic characteristics of sampled smallholder’s farmers in the
study area?

e What are the factors influencing smallholder’s farmers decision to use agrochemical
inputs in the study area?
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This study seeks to provide answers to the following specific objectives:

e identify the socio-economic characteristics of sampled smallholder’s farmers in the
study area.

e evaluate factors influencing smallholder’s farmers’ decision to use agrochemical
inputs in the study area.

2. Methodology
2.1. The Study Area

The study was conducted in Gwagwalada and Kuje Area Councils of Federal Capital
Territory, Abuja, Nigeria. Federal Capital Territory is located within Latitudes 70° 20! North

of Equator and Longitudes 60° 45' and 70° 39'. Federal Capital Territory has total land area
of about 8,000 Sq Kilometers. It is predominantly a grassy savannah region, thus has
potentials to produce both root crops and tubers such as yam and cassava. It also sustains
legumes (groundnut & cowpea); grains (maize, sorghum & rice); seeds and nuts (melon
seeds & benniseed); animal products (goats, cattle & sheep); fruits and vegetable.

Gwagwalada is geographically located at Latitudes 8° 56' 59! North of Equator and

Longitudes 7°5/59! East of prime meridian on the map of the World. Gwagwalada has an
area of 1,043 Km? and a population of 1,571,770 people and Kuije has an area of 1,644 Km?
and a population of 97,367 people (NPC, 2006). The people are predominantly farmers.

2.2. Method of Data Collection, Sampling Technique and Sample Size

A structured questionnaire was used to interview the selected farmers. Primary data from
the structured questionnaire were therefore summarized and analyzed. A two-stage sampling
technique was used. Purposive sampling technique was used to select the two area councils

(Gwagwalada & Kuje) because the people are predominantly farmers; a simple random
sampling technique was used to select sixty (60) farmers from the two area councils.

2.3. Method of Data Analysis

Data analysis methods used were descriptive statistics and Probit model. Descriptive
statistics were used as a preliminary investigation procedure to gain an understanding of
inherent significant socio-economic characteristics of the smallholder farmers.

The Probit model represents another type of widely used statistical model for studying
data with binomial distributions. The Probit model can be expressed in probability thus:-

Prob(Y =1) = 1—F[~X{_; Bx bl = F[Xk=1Bxbi] = @[Xk=1 B b] 1)
The equation for probability of non event is then:-

Prob(Y =0) = 1— @[X¥_; Brbi] )
The farmer’s decision on use of a particular input depends on the criterion function:-

Y'= yZ;+U; ©))
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Where,
Y* =Underlying index reflecting the difference between the use of an input and its
non-use.
Y = Vector of Parameters to be estimated
Z; = Vector of Exogenous Variables which explain Use of an Input
U; = Standard Normally Distributed Error Term

Given the farmers’ assessment, which Y;" crosses the threshold value, 0, we observe the
farmer using the input in question. In practice, Y;"is unobservable. Its counterpart is Y;
which is defined by;-

Y, = 11fY;" > 0 (Farmer I use the input in question), and

Y; = 0 If otherwise

In the case of normal distribution function, the model to estimate the probability
of observing a farmer using an input can be stated as :-

P(i=2)=0@p) = [*F texp(Z)dz )

Where,

P = Probability that the ith farmer use the input and O otherwise
X =K by 1 Vector of the explanatory Variables.

Z = Standard Normal Variable (i.e Z ~N(0,6%) and

B =K by 1 Vector of the Coefficients estimated.

For a non-dichotomous variable, the marginal probability is defined by the partial
derivative of the probability that ¥; = 1 with respect to that variable. For the jth
explanatory variable, the marginal probability is defined by:-

P

— = oX;B)p; (5)

3Xyj

Where,
¢(.) = Distribution Function for the Standard Normal Random Variable
B; = Coefficient of jth explanatory Variable.

The Probit model specification in this analysis can be written as:-
' =XiB +¢ (6)

_(lify; =0
L {0 ifY," <0
Where,
Y; = Observed Dichotomous Dependent Variable which takes Value 1 when the
ith Smallholder Farmer use agrochemical inputs and O, otherwise.

Y;* = Underlying Latent Variable that indexes the use of agrochemicals.

X; = Row Vector of Values of K Regressors for the ith Smallholder Farmers.
B = K X1 Vector of Parameters to be estimated
&; = Error term which is assumed to have standard Normal Distribution.
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3. Results and Discussion
3.1. Descriptive Statistics of Sampled Smallholder Farmers and Apriori Expectations

Table 1 show the variables used in Probit model and the apriori expectation. The mean
age of sampled smallholder’s farmers in the study area is 43 years (Table 2) and this has
implications on the availability of family labour and their productivity because age has a
direct bearing on the availability of farm labour and the ease with which improved
agricultural practices are adopted (Rauf,2010). Age is a very important factor that can have
serious effect on decision making. At times, it could have negative or positive effects (Table
1). In the rural areas where most people are illiterate, age at times could have negative effect
since old people that are already used to a particular way of doing things especially farmers
that are already used to old ways may not be interested in improved technologies. The
average years of schooling is 13. This implies that smallholder’s farmers had post primary
education. Educated farmers are more aware of the benefits of using agrochemicals or
because they are better able to afford to purchase agrochemicals. In some cases, among the
educated individuals, with age, farmers tend to be more enlightened and hence able to
understand innovation quickly and consequently adopt it. From Table 2 it was found that all
the smallholder’s Farmers sampled were very experienced in farming. Sampled farmers had
an average of 10 years experience in farming. Experience in itself could contribute positively
or negatively to technology adoption (Table 1), while at times farmers that are already used
to doing things in a particular old way may find it difficult to change and as such experience
could become an impediment to adoption of innovation. However, experience can also
contribute positively since farmers that have seen and experienced the advantages of such
innovations can share their experiences thereby encouraging other farmers to adopt. Table 2
indicated that on the average, the farm size cultivated by each farmer is 1.12 hectares and
much more family labour was than hired labour. One of the probable reasons for hiring less
proportionate units of labour could be the fact that the average age of farmers are within the
active age bracket as revealed in Table 2 and in addition large family size could provide the
needed assistance for farm operations.

Table 1. Variables Used in Probit Model and Expected Signs (Apriori Expectations)

Variable Unit of Expected
Measurement Signs
Age Years (1)
Farm Size Hectares (+)
Family Size Number Per Household | (+)
Educational Level Years +)
Extension Services Dummy (1,Yes; (+)
0,0therwise)
Access to Credit Dummy (1,Yes; ()
0,0therwise)
Off-Farm Income Naira (+)
Experiences in Years ()
Farming

Source: Field Survey, 2012
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Table 2. Descriptive Statistics of Sampled Smallholder Farmers

Variable Average
Farm Size (Hectares) 1.12
Age (Years) 43
Family Size ( Number Per Household) | 6
Educational Level (Years) 13
Experience in Farming (Years) 10

Source: Field Survey, 2012

3.2. Maximum Likelihood Estimates and Marginal Probabilities for the Explanatory
Variables in the Probit Model

Table 3 show that extension services was significant (P < 0.01).1t is acknowledged that
farmers are likely to be influenced to make adoption decisions by information sources which
they consider most important since such sources are associated with reliability and credibility
(Rogers, 2003). The result show the important role played by extension agents as sources of
information that influence adoption of agrochemicals. This indicates that farmers still trust
the government extension services when it comes to delivery of agricultural information. It is
not only important to avail farmers with the information about a new innovation, but also the
method of delivering this information is critical in determining adoption. As extension
services increases, tendency for smallholder’s farmers to use agrochemicals increases. This is
the expected results of the extension services (Table 1).According to marginal effects, for an
extension service with large size, the probability of using agrochemicals by smallholder’s
farmers increases by 59.6%.Family size is used as a proxy for labour availability and has a
positive effect on smallholder’s farmers to adopt agrochemicals. The coefficient is
statistically significant at the 1% level in the Probit model. These findings confirm that
labour availability has an impact on the decision for smallholder’s farmers to adopt and
intensify agrochemicals use. These results are consistent with those reported by Zegeye et al
(2001) for adoption of improved maize technology indicating that labour availability
increases the rate of technology adoption. The results in Table 3 indicate that a unit increase
in household size raises the probability of agrochemicals use among smallholder’s farmers
by 16.7%. The coefficient for education level has the expected positive sign and is
statistically significant at 10% level for the agrochemicals adoption case. This result supports
the hypothesis that human capital plays a positive role in the acquisition and evaluation of
new ideas. Moreover programs and materials promoting technological change typically favor
literate farmers. This result is consistent with other findings in Africa including (Nkamleu &
Adesina 2000; Bacha et al, 2001; Zegeye et al, 2001; Chirwa, 2005; Chianu & Tsiyii, 2004).
Off- farm income is hypothesized to compensate for any additional financial resources that
are associated with new technologies. The coefficient for off-farm income has a negative
effect for the adoption of agrochemicals by smallholder’s farmers. The parameter is
statistically significant at 10% level of the Probit model. For the intensity of use, the
coefficient is negative. Results are contrary to what is reported by Chirwa (2005) but support
findings by Makokha et al (2001).This negative effect could be attributed to the higher
relative returns from other investments. If off-farm enterprises have higher returns, then
smallholder’s farmers might prefer to invest in options that have better returns, given the risk
involved in agriculture. Availability of off-farm income decreases the likelihood of adopting
and intensifying agrochemicals use among non-adopters by 3.6%. In this study, farm size in
hectares is taken as a proxy for wealth. The coefficient for farm size is positive as expected
(Table 3 and Table 1). The coefficient is statistically significant at the 10% level for the
Probit model used. A unit increase in farm size increases the probability of agrochemical
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adoption for non- adopters by 5.5%. This finding is consistent with other studies carried out
on adoption of agricultural technologies (Zegeye at al, 2001; Knepper, 2002; Isham, 2002;
Chirwa, 2005).These results are contrary to what Croppenstedt and Demeke (1996) found on
adoption of chemical fertilizer. The findings support the notion that farm size influences
agrochemicals adoption and intensify of use, which is compatible with the notion that access
to agricultural inputs and other services is easier for larger producers. Access to credit has a
negative association with use of agrochemicals by smallholder’s farmers. This is consistent
with expected sign (Table 3 and Table 1). This finding suggests that farmers use credit to
engage in non-farm activities, which are likely to have returns than agricultural production
and as a result it shows that access to credit is not a binding constraint to agrochemical input
use by smallholder’s farmers. As presented and explained in Table 3 results estimated from
Probit model, the model has been estimated by the maximum likelihood method. The model
is significant at 1% level of probability. The estimated coefficients and standard errors
revealed which factors influence respondent’s decision to use agrochemical inputs by
smallholder farmers. A statistically significant coefficient suggests that the likelihood of
decision to use agrochemical inputs by smallholders’ farmers will increase/decrease as the
response of the explanatory variable increases/decreases. The likelihood ratio test statistic
results of the model indicate that all variables are statistically significant. McFadden’s
Pseudo-R? was calculated, and obtained values indicate that the independent variables
included in the Probit model explain significant proportion of the variations smallholder’s
farmers decision to use agrochemical inputs. It was calculated about 0.6866.This value
represents that variables placed in the model explain high level of the probabilities of
decision to use agrochemical inputs by smallholder inputs. Correct prediction rate obtained
from Probit model is 93%.This meant that the Probit model predicts 93% of the cases
correctly.

Table 3. Maximum Likelihood Estimates and Marginal Probability for the Explanatory
Variables in the Probit Model.

Variable Estimates | t-Ratio Marginal Probabilities
Age 0.0202** | 2,51 0.018
Farm -Size 0.026* 1.87 0.055
Family-Size 0.024** 2.84 0.167
Educational Level 0.232* 1.76 0.027
Extension Services 0.408*** | 3.13 0.595
Access to Credit -0.021*** | 2.83 -0.022
Off-Farm Income -0.237* 1.77 -0.036
Experience in 0.0259*** | 3.121 0.010
Farming

Log-Likelihood -55.924

Restricted Log-L -179.742

Mc-Fadden Pseudo-R’ | 0.6866

Predicted Percentage | 93.0

Correction

Significance Level 0.00000

Source: Field Survey, 2012
***_ Significant at 1% Probability Level
**_ Significant at 5% Probability Level
*- Significant at 10% Probability Level
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4, Conclusion

This study in conclusion describes some factors involved in adoption of agrochemicals,
specifically those that influence the adoption and intensity of use of agrochemicals among
smallholder’s farmers in the study area. This study concluded that decision to use
agrochemical inputs depends on age; farm size; family size; education level; extension
services; access to credit; off-farm income; experience in farming. The role of information in
farming cannot be overemphasized. Agricultural information reaches the targeted
smallholder’s farmers. The smallholder’s farmers in the study area accessed information
from government extension agents, print media, and other farmers. The implications for this
conclusion is that since farmers seemed to still trust the information from the government,
efforts should be made to avail this information preferably through print media such as
farmers magazines and newspapers which could probably be distributed periodically to
farmers as reference materials. Good road networks to near and distant farms should be
topmost in the list of government priorities to ensure accessibility to these inputs and their
use. In the light of this conclusion, the necessary policies are needed to regulate standard,
use, safety needs and environment, adequate price of agrochemicals and a mechanism to
reach smallholder’s farmers through extension agents.

References

Bacha, D., Aboma, G; Gemeda, A & DeGroote, H (2001). The Determinants of Fertilizer
and Manure Use in Maize Production in Western Oromiya, Ethiopia. Eastern and South
Africa Regional Maize Conference, 11-15 February, Pretoria.

Chianu,J.N & Tsuijii, H (2004). Determinants of Farmers Decision to Adopt or Not
Adopt or Not Adopt Inorganic Fertilizer in the Savannah of Northern Nigeria. Nutrient
Cycling in Agroecosystems 70(3), 293-301.

Chirwa,E.W. (2005). Adoption for Fertilizer and Hybrid Seeds by Smallholder Maize
Farmers in Southern Malawi. Development Southern Africa 22(1), 1-12.

Croppenstedt, A & Demeke, D (1996). Determinants of Adoption and Levels of Demand
for Fertilizer for Cereals Growing Farmers in Ethiopia. Working Papers Series 96-3,
Centre for the Study of African Economics, Oxford University, U.K.

Dixon, J., K. Taniguchi, & H. Wattenbach (2003). Approaches to Assessing thelmpact of
Globalization an African Smallholder: Household and Village Economy Modeling.
Proceedings of Working Session on Globalization and the African Smallholders Study.
Food and Agriculture Organization, Rome.

Ellis, F (1998). Peasant Economics, Farm Households and AgrarianDevelopment.
Cambridge University Press, Cambridge, U.K.

FAO/WHO (2001). Amount of Poor-Quality Pesticide Sold in Developing Countries
Alarmingly High. Food and Agricultural Organization/World Health Organization Press
Release, 1 February, 2001, Rome.

Isham, J (2002).T he Effects of Soil Capital on Fertilizer Adoption: Evidence from Rural
Tanzania. Journal of African Economics 11(1): 39-60.

IUPAC (2008). Global Availability of Information on Agrochemicals. 12" International
Union of Pure and Applied Chemistry (IUPAC).Congress on Pesticides Chemistry, 15"
July, 2008, http;//agrochemicals.iupac.org.

Kent, J (1991). Education and Training in Farm Chemical Management. Proceedings of
Conference on Agriculture, Education and Information Transfer. Murrumbidge College
of Agriculture, 1991.

Knepper, E.T ( 2002). Factors Affecting the Use of Fertilizer by Small and Medium Sized
Farming Households in Zambia, 1997 — 2000, M.Sc Thesis, Michigan State University.

92



O. O. Alabi, A. F. Lawal, A. A. Coker and Y. A. Awoyinka

Larry ,J.K(2012). Dry-Season Farming and Agrochemical MisUse in Upper East Region of
Ghana; Implication and Way Forward. Journal of Agricultural, Food and
Environmental Sciences 5(1): 1-9.

Machipisa, L (1996). Banned Pesticides Heavily Used in the Third World Countries. Albion
Monitor, November 23, 1996,http;//www.monitor.net/monitor.

Makokha, S; Kimani, S; Mwangi, W; Verjuijl, H; & Musembi, F (2001). Determinants of
Fertilizer and Manure Use in Kiambu District, Kenya, International Maizeand Wheat
Improvement Centre (CIMMYT) and Kenya Agricultural Research Institute (KARI),
Mexico, D.F.

Nkamleu, G.B & Adesina, A. A(2000). Determinants of Chemical Input Use in Peri-Urban
Lowland Systems: Bivariate Probit Analysis in Cameroon. Agricultural System 63: 111 —
121.

NPC (2006). National Population Commission, Provisional Population Result Figures 2006,
Abuja, Nigeria.

Ntow,W.J (2004). Organochlorine Pesticides in Water, Sediments, Crops and Human Fluids
in Farming Communities in Ghana. Journal of Archives of Environmental Contamination
and Toxicology 40(4):557-563

Obeng-Ofori, D (1998)..Post Harvest Science. Crop Science Department, University of
Ghana, Legon, October 1998, 71pp.

PAR (2000).Pan Africa Regulation of Dangerous Pesticides in Ghana. Pan African
Monitoring and Briefing Series, No 5, Dakar, Senegal, 16pp.

Raufu, M.O (2010).Characteristics of Input Use by Crop Farmers in South-Western Nigeria.
The Pacific Journal of Science and Technology 11(1):436-441

Rogers, E. M (2003). Diffusion of Innovations. Simon and Schuster International, New
York, USA, Pp 1-284.,

Tanzubil, P.B (1997). Non-Pesticidal Approaches to Monitoring Insect Pests of Sorghum in
Ghana. In: Proceedings of the Third National Workshop on Improving Farming Systems
in the Interior Savanna of Ghana Nyankpala, Tamale, Ghana, April 1993, Pp 227-236

WHO (2008). Public Health and Environment and Qualifying EnvironmentalHealth
Impact.www.WHO.int/topical environmental health/en/

World Bank (2003). Re-Change the Rural Poor. A Renewed Strategy for Rural
Development, Washington, D.C.

Zegeye, T; Tadesse, B & Tesfaye, S (2001). Determinants of Adoption of Improved Maize
Technologies in Major Maize Growing Regions inEthiopia. Second National Maize
Workshop of Ethiopia, 12 — 16, November, Addis- Ababa, Ethiopia.

93



Probit Model Analysis of Smallholder’s Farmers....

94



