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Abstract

Despite improvements in production incentives, agricultural output in Africa remained sluggish through the 1990s. Low use of purchased inputs
may be part of the cause of persistently low productivity in African agriculture. This article analyzes the roles of relative prices and transactions
costs in explaining low use of chemical inputs among Tanzanian coffee growers. A sample selection model indicates that output prices exert great
influence on input purchases and that both fixed and variable transactions costs affect input use decisions. Travel costs in input and output markets
have distinct effects on input usage, implying distinct avenues for interventions to promote more intensive use of agricultural inputs.
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1. Introduction

Over the last two decades currency devaluations and com-
modity market liberalization have been widely implemented in
Africa in order to stimulate export production. The results of
these reforms have been mixed, but they appear to have had
more success in improving output prices than in improving ac-
tual output (Kherallah et al., 2000). This tendency has been
especially pronounced among traditional agricultural exports
such as coffee, tea, and cocoa, which remain the mainstay of
many African economies. Despite market reforms and some
recent increases in export values, Africa’s share in the world
trade of these products has fallen steadily from 25% in 1980 to
17% in 1990 and less than 15% in 2000 (UNFAO, 2002).

Part of this muted production response may be explained by
the failure of policy reforms to adequately address the provision
of inputs like agrochemicals, extension advice, and finance.
Indeed, commodity market liberalization may have simulta-
neously reduced the costs of marketing output and increased
the costs of providing inputs. Competition among new, private
traders seems to have reduced the costs of exchanging many
export crops, but the presence of multiple marketers can make
completion of other exchanges in the marketing chains more
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costly (Dorward et al., 1998). Quality control of intermediate
inputs, for example, should be easier to provide in a system
with a single official dealer than in an open system with many
distributors. Similarly, crop-secured lending offers the poten-
tial to provide seasonal finance at low monitoring and enforce-
ment costs when there is a monopsonistic buyer, but it can be
costly or impossible to enforce in the presence of multiple out-
put buyers. Because monitoring costs for crop-secured credit
can be reduced further if loans are distributed in the form of
inputs, rather than cash, monopsonists in agricultural output
markets often distribute inputs at all points where production
is collected. In the absence of crop-secured lending, the spatial
distribution of inputs suppliers may contract relative to the dis-
tribution of output markets, raising the travel costs that farmers
face when buying inputs. That fertilizer use has declined in
many African settings despite improvements in output prices
suggests the possibility that transactions costs in quality assur-
ance, seasonal finance, or travel may be stifling output response.
The trend in inputs usage, however, might also be explained by
increasing inputs prices.

It has been well-established that transactions costs in output
markets influence crop choice and marketed supply response
(Goetz, 1992; Jayne, 1994; Key et al., 2000; Omamo, 1998).
Inputs markets may be subject to costs that differ from those
in product markets, and thus transactions costs in those mar-
kets may impose a separate constraint on intensification. For
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example, inputs distributors may be concentrated in larger
towns while product buyers are present in villages, implying
different travel costs for inputs and outputs. Similarly, the costs
of finance that farmers face may affect the costs of acquiring
inputs, but not the costs of selling output.

To better understand the constraints on African export crop
production, this article examines the influences of prices and
transactions costs on the markets for inputs and outputs among
a sample of 250 coffee growers in Tanzania. The transactions
costs considered are the travel costs in output marketing and
costs relating to input use. Because prices for coffee vary both
across villages and through the extended harvest season, the
output price data used here show considerable farm-level vari-
ability. Relative to a frequent situation in which prices vary only
at the village or regional level, these data allow greater oppor-
tunity to measure the relative impacts of prices and transactions
costs.

As in Jha and Hojjati (1993), Saha et al. (1994), and Minot et
al. (2000), this article uses a selection model to assess the impact
of various factors on the separate decisions of whether or not to
use an input and the amount of the input to use. In contrast
to other work on the subject, this article interprets results by
distinguishing between fixed transactions costs, which should
influence only the first decision, and variable transactions costs,
which can influence both decisions. This distinction serves to
improve the estimation procedure and yields insights into the
effectiveness of specific mechanisms for reducing transactions
costs. Also, to better assess the degree to which liquidity con-
strains inputs use, the research uses two-stage least squares to
address potential endogeniety of income.

2. Trends in agricultural inputs use

Between 1990 and 1999, coffee growers in Tanzania saw
incentives rise through (1) macroeconomic reforms that pro-
duced a 50% depreciation of the real exchange rate (World
Bank, 2001); (2) domestic market liberalization, which led to
the share of the world price transmitted to farmers rising from
50 to 90% (Market Development Bureau, 2000; Winter-Nelson
and Temu, 2002); and (3) world market prices that steadily
climbed from 1.40 to 3.00 USS$ per kg (UNFAO, 2002). Despite
these remarkable improvements in producer incentives (shown
in Fig. 1), coffee output and agricultural production, in general,
remained flat (Fig. 2). While lack of an output response may be
partly attributable to the lag between planting coffee seedlings
and harvesting from mature plants, the low yields experienced
by Tanzanian farmers imply considerable room for increased
output from existing mature trees. Coffee yields in Tanzania
over the 1990s averaged 70% of the level achieved in similar
ecological situations in Kenya.

There is evidence of a general decline in the use of inter-
mediate inputs during the 1990s. According to the UNFAO,
fertilizer consumption in Tanzania fell from 46,800 MT in
1990 to 21,000 MT in 1999 (Fig. 2). Meanwhile, the value
of pesticide imports dropped from 18 million US$ (mUS$)
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Fig. 1. Agricultural incentives, Tanzania.

in 1990 to 14 mUS$ in 1995 and 10 mUS$ in 1999. House-
hold data collected for this research suggest a similar trend.
Sixty-five percent of 250 coffee growers surveyed in 2001 re-
ported that they had used agrochemicals in each of the 5 years
up to liberalization in 1995, but only 37% of them indicated
that they had continued to use purchased inputs regularly since
1995.

Reduced inputs usage could reflect a number of develop-
ments. First, it may be a response to changes in the relative
prices of inputs and outputs. Through the 1990s, devaluation
of the Tanzanian shilling (Tsh) followed by currency market
liberalization brought substantial increases in the local price of
imported fertilizer and chemical inputs. At the same time, trade
liberalization increased the range of chemicals being imported,
resulting in increased costs to the governmental regulatory sys-
tem and a new tax on agrochemicals. Meanwhile, changes in
market structure may have brought even greater increases in
the input prices perceived by farmers. Prior to coffee market
liberalization in 1995, growers received inputs from cooper-
ative societies on credit, with the costs deducted from final
receipts. This financing system could be maintained at low en-
forcement and monitoring costs because all smallholder coffee
was marketed via the cooperative system. Through automatic
deductions, farmers paid for inputs and other cooperative ser-
vices in proportion to their coffee deliveries. Because the costs
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Fig. 2. Agricultural performance, Tanzania.
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of inputs were bundled with other cooperative expenses, many
growers believed that the inputs were provided at little or no
charge by the central government. For these growers, the per-
ceived price increase in 1996 was from a base of near zero.
Furthermore, since those who did not use inputs still paid for
them through a deduction from sales revenues, nonusers sub-
sidized users prior to 1996. Another implicit subsidy had been
provided to input users through low interest rates that were
charged on the provided inputs. At the same time that these
real or perceived inputs subsidies were removed, output prices
initially rose, as marketing margins fell and international prices
rose, and then fell precipitously in 2000 and 2001 because of a
collapse in international market prices.

Aside from affecting relative prices, liberalization may have
raised transaction costs in input markets. First, by opening up
multiple channels for output marketing, liberalization compli-
cated the provision of crop-secured loans, causing farmers’
costs of seasonal finance to rise. Prior to liberalization, all cof-
fee growers had access to inputs on credit through cooperatives.
With the emergence of competitive coffee trade, enforcement of
crop-secured loans became unmanageable and the credit sys-
tem disintegrated. While all growers had access to seasonal
credit under the controlled system, most growers have had to
self-finance input purchases since 1996.

Beyond affecting the costs of seasonal finance, liberalization
had implications for the spatial distribution of input markets.
Prior to liberalization, inputs were distributed through village-
level cooperative societies where coffee production was also
purchased. Since liberalization, most farmers have continued to
sell output at local villages, but inputs are usually purchased in
towns that can be reached only at greater distance. Many coffee
buyers do provide inputs at villages during the peak coffee
marketing season. Street vendors may also provide coffee inputs
for sale in villages at other times of the year. Nonetheless, most
surveyed coffee growers chose to buy inputs at distant markets
rather than in their local villages. On average, surveyed growers
traveled less than 3 km to sell output, but went about 15 km to
buy inputs in 2001.

The tendency to buy inputs in towns rather than in villages
may be explained by liquidity constraints and efforts to gain
quality assurance. Although inputs are often available from
coffee buyers during the peak sales period, liquidity-constrained
growers might prefer to delay input purchases until closer to the
time of application. Street vendors offer inputs in some villages
in a more timely manner, but there have been numerous reported
cases of paint, solvents, or diluted agrochemical solutions being
sold as pesticides by such vendors. The risk of purchasing poor-
quality inputs may be addressed by use of larger shops that have
longer records and observable sunk investments to enhance their
reputations. Reliance on such shops implies increased travel
costs.

Since the primary cooperative societies were, in fact, often
unable to provide adequate supplies in a timely manner, it may
not be the case that transactions costs rose after liberalization.
In the absence of time series data, this article will not test
whether transactions costs have changed because of marketing

reforms. Rather, it aims to measure how prices and transactions
costs in inputs and output markets currently affect input use
decisions.

3. Surveyed coffee growers

The data for this analysis come from a stratified random
sample of 250 coffee growers in Northern Tanzania surveyed
between August and December 2001, with selected revisits in
April 2002. Farmers were questioned concerning farm opera-
tions, sources of finance, social networks, and marketing behav-
ior. Some descriptive statistics from the sample are provided in
Table 1. Reflecting out-migration of young men, the average
age of household heads in the sample was high, 55 years. All
respondents had grown coffee throughout their adult lives and
all had knowledge of recommended inputs. Fewer than 7% of
them had never used purchased inputs. Hence, this study is not
an analysis of the adoption of a new technology, but of the use
of a known one. Scale of production ranged from a low of 20
trees to a high of 15,000, with farms ranging from 0.25 to
21 acres in size.! Household income and wealth (measured as
an index of various assets) showed similar ranges. Yields var-
ied widely across the sample, with many farmers harvesting no
coffee and a high of about 5 kg per tree. Comparison of mean
and median values indicates a skewness in the distribution
of yields, sales, and total income. Logarithmic transformation
of the data achieves normality for the purposes of later esti-
mations. Prices received in 2001 ranged from Tsh 250 to Tsh
1,000 per kg, depending on timing of sale, location, and the in-
termediary chosen. Falling prices during the marketing season
are the primary cause of intra-village price variation. Product
quality is difficult to discern at the point of sale and does not
appear to have influenced the product prices within villages.

Expenditures on chemical inputs averaged Tsh 7,500, com-
pared with average coffee revenues of over Tsh 100,000. In con-
trast to output prices, input prices were almost constant across
the sample, reflecting reliance on distributors whose prices are
set in contracts with wholesalers. Average distance to input
markets was five times greater than distance to output markets
(14.5 km compared to 2.69), and a large share (36%) of users
relied on buses or cars to transport inputs while 40% transported
inputs on foot. In contrast, 72% of growers delivered their out-
put on foot and only 11% used vehicles. Among the input
users, the average volume of pesticides purchased was less than
10 kg.

Partly to offset the costs of travel, many of the surveyed
growers organize themselves into groups for joint sales or pur-
chases. Twenty percent of those surveyed had bought inputs
jointly with other growers, while over 47% had sold jointly
with others. Because of the potential for social networks to af-
fect farmer decisions and costs, the survey solicited information

! Producers at either extreme of the range in tree count could be considered
outliers. However, results of statistical analyses were not affected by the exclu-
sion of those who had fewer than 60 or more than 6,000 trees. Model results
shown in this article include the full range of farm scale.
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Table 1
Descriptive statistics

N Minimum Maximum Mean Std. dev. Median
Age of household head (years) 248 26 90 55 12.97 54
Education of household head (years) 248 0.00 20 6.38 3.44 7
Household size (headcount) 247 1.00 7.00 4.00 1.51 4
Female-headed household (0/1) 250 0.00 1.00 0.09 0.29 0
Tree count 247 20 15,000 857 118,914 615
Average age of trees (years) 243 2.00 100 31.50 16.82 30
Wealth index 249 0.00 14.45 2.24 1.98 1.72
Total household income (Tsh), 2000 247 0.00 3,550,000 328,686 485,220 140,000
Income per household member (Tsh) 245 0.00 626,667 83,075 115,354 36,000
% of income from nonfarm source, 2000 247 0.00 100 14.25 28.94 0.00
Yield (Kg/tree), 2000 247 0.00 5.00 0.41 0.65 0.23
Yield (Kg/tree), 2001 247 0.00 4.50 0.20 0.42 0.14
Price (Tsh/kg), 2000 223 350 1,500 660 225.84 650
Price (Tsh/kg), 2001 186 250 1,000 533 130.04 500
Total sales (kg), 2000 246 0.00 5,000 246 412.56 120
Total sales (kg), 2001 247 0.00 4,000 185 405.22 50
Chemical inputs used (Tsh), 2001 250 0.00 125,000 7,510 18,259 0.00
Repeated inputs use since, 1995 (0/1) 250 0.00 1.00 0.43 0.49 0.00
Travel time to market (min) 241 0.00 120 31 23.75 30
Distance to inputs source (km) 198 0.05 57.00 14.51 17.78 7.00
Distance to coffee buyer (km) 219 0.00 125.00 2.69 10.69 1.00
Joint purchases (0/1) 250 0.00 1.00 0.20 0.40 0.00
Joint sales (0/1) 250 0.00 1.00 0.47 0.50 0.00
Associational activity (0/1) 249 0.00 1.00 0.16 0.37 0.00
Purchased bad inputs (0/1) 249 0.00 1.00 0.41 0.49 0.00
No access to credit (0/1) 250 0.00 1.00 0.60 0.49 1.00

Source: Survey results.

on formal and informal associations. The data reveal a subset
of farmers, 17%, who were especially active in formal associ-
ations such as churches/mosques, cooperatives, and self-help
groups.

Concerning input quality, 40% of the growers surveyed re-
ported that they had bought inputs that proved to be ineffective
or harmful in the past. While many farmers had suffered losses
through purchase of poor-quality inputs, almost all growers re-
ported that purchasing from reputable dealers would ensure the
quality of agrochemicals. Growers reported that such dealers
were not necessarily more expensive than other sources, but
that they could be reached only by traveling “a long way” rela-
tive to other suppliers.

Chemical inputs expenditures in 2001 ranged from 0 to Tsh
125,000 with the majority of growers buying none. Recom-
mended practices call for use of chemical fertilizer and repeated
application of copper-based fungicides to control leaf rust, other
fungicides to address coffee berry disease, and insecticides.
Failure to use these inputs results in lower yields and lower
quality coffee selling at a discount in international markets.> Of
the surveyed farmers, only 60% used any of the recommended

21f this coffee could be certified as organic, the discount would become a
premium. However, organic certification is not likely for smallholder-grown
Tanzanian coffee since neither mechanisms for identity preservation from farm
through factory and auction, nor monitoring systems to ensure farm-level com-
pliance, are in place.

inputs in 2000, and only 35% applied one or more of them in
2001. Less than 10% used all the recommended inputs in either
year. Among the users, applications rates averaged about 60%
of the recommended rate (Table 2). Although most farmers did
not use chemical inputs in 2001, fewer than 20% considered
the products to be ineffective and less than 5% reported that
they were unavailable. However, relatively large percentages
attributed their low use of inputs either to a lack of cash for
purchases (70%), to a lack of credit for purchases (30%), to a
lack of household labor time (35%), or to a lack of funds to hire
workers (72%). Over 60% of the growers reported that they had
no access to credit from formal or informal sources to finance
input usage.

Table 2
Surveyed coffee growers’ use of purchased inputs (n = 250)

Share of growers

applying input (%) Median rate per Recommended

1,000 trees (kg) application

1999/2000 200072001 (2000/2001)* rates (kg)
Fertilizer 8.6 6.5 62 100
Red copper 19.8 9.1 8.4 14
Blue copper 55.6 31.5 7.0 10

Any of the above 60.8 353

Source: Survey results.
#Median rate over those applying the inputs only.
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4. Conceptual model

This article seeks to build on existing work on transactions
costs in agricultural markets (Key et al., 2000) by assessing the
impact of transactions costs on input usage. Such analysis is
relevant because inputs may be subject to different sources of
transactions costs than outputs and because input usage may be
affected by transactions costs in output markets. To focus on
this theme, the analysis is based on a simple static model of
an agricultural household in which utility is a function of net
revenue, such that the household objective is to

MAXU) =U(PQ — Cil;),
s.t.: g(Q, I; ; Z) = 0, production function.

Here, P is the output price, Q is the volume of output, /; and
C; reflect the quantity and unit cost of input i, and Z is a
vector of household characteristics. Output is described by a
production function in which 8Q/31; > 0, 3>Q/31; < 0. To
include variable transactions costs (vtc) explicitly, define C; =
(pi + vtc;), where p; is the unit price of input i and vtc; is
the transaction cost per unit of input /. Similarly, the effect
of variable transactions costs in output marketing (vtc,) can
be included through a downward adjustment in output price.
Given the low volumes of inputs used in this study area, travel
costs to buy them are probably invariant to marginal increases
in use rates. To accommodate such fixed transactions costs (ftc)
of input usage, expand the objective function as in Key et al.
(2000) to

MAX(U) = U((P — vtco) Q — (pi + vic); — ftei(ry)),
T = 1 if Ii >0
T, = 0 if I,' =0.

While this objective function could be expanded to reflect fac-
tor market failures, risk aversion, nonrevenue goals, time and
income constraints, etc., first-order conditions will yield a re-
duced form demand for input j of

Ij = f(P,vico, pi,vie; Z) if tj =1,

implying that for those who use inputs, the amount used is
unaffected by the fixed transaction costs. Once the cost of par-
ticipating in the market is paid, fixed transaction costs do not
affect the use rate. Participation in the market is determined
by discrete comparison of expected utility given t; = 1 and
7; = 0, and will therefore be affected by the fixed and variable
transactions costs.

The above static model could be made dynamic by including
past input use, as suggested by Besley and Case (1993). A
dynamic model would be appropriate if learning or sunk costs
affected costs or benefits from use of a technology over time. In
the current application, the technology in question is not new.
Learning effects are therefore not likely to be significant and
the static model is applied.

5. Empirical analysis of inputs usage

Cross-sectional analyses of fertilizer or agrochemical use in
developing countries usually take one of three approaches. In
many cases (Green and Ng’ong’ola, 1993; Kaliba et al., 2000)
a probit or logit model is specified to explain whether or not
farmers use a given input without considering intensity of use.
Alternatively, a tobit model can be applied if the same process
determines both whether a product is used and the intensity of
use (Nkonya et al., 1997). A few studies have applied double-
hurdle models in which the decision to use the input and the
decision of how much to use may be affected by different fac-
tors (Coady, 1995). Because fixed transactions costs could be
expected to affect the decision to participate in a market, but
not the intensity of participation, variants of the double-hurdle
model are appropriate when such transactions costs may be
large. Assuming that the decision to use or not must be made
before the use-intensity decision, a double-hurdle approach can
be applied, using Heckman’s sample selection method (Jha and
Hojjati, 1993; Minot et al., 2000). In this case, a probit model is
used to describe the participation decision and to generate the
inverse Mills’ ratio, which is used in a separate regression to
explain the intensity of use among users.? (Heckman, 1976)

The first element of the selection model is the probit equation
to predict participation in inputs markets:

Prob(INPUTUSE =1)=1— F(—aX)4+u, u~ N(0,1),
(D

where INPUT USE takes the value of 1 if farmers used any red
copper, blue copper, or chemical fertilizer on their 2001 crop,
and is 0 otherwise; X is a vector of explanatory variables; « is
a vector of coefficients to be estimated and u is a random error.

The second equation is a regression explaining the intensity

of input use (USE RATE) measured in total expenditures on the
three chemical inputs per coffee tree in 2001:
USERATE = X + Bor +¢, &~ N(0,0?). 2)
Here X represents the inverse Mills’ ratio calculated from Eq. (1)
as p(a'X)/®(a'X), where ¢ is the probability density function
and & is the cumulative distribution function of the standard
normal. Including A in the OLS estimation of Eq. (2) avoids
sample selection bias that would otherwise arise, while drop-
ping at least one exogenous variable that is present in Eq. (1)
from the estimation of Eq. (2) ensures identification (Madalla,
1983).

Explanatory variables in Egs. (1) and (2) include measures of
output price, transactions costs, factors mitigating transactions
costs, environmental factors affecting input responsiveness, and
farm and farmer characteristics influencing the costs or impacts
of input use. Price effects are measured with the coffee price

3 The Heckman approach may also be implemented, using a maximum like-
lihood technique (StataCorp). Applying this approach to our data yielded qual-
itatively similar results.
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in the 2000 crop year. Because input prices showed almost no
variation across users, the output price reflects the relative price
of output to inputs and is expected to be positively correlated
with participation in the market and with the rate of use.

Because inputs markets are not as widely distributed as out-
put and food markets, farmers face different travel costs when
they sell their output than when they purchase inputs. Both
these costs can affect input use. Distance to commodity mar-
kets effectively reduces the returns to coffee production and
therefore is expected to negatively effect both participation in
input markets and the intensity of use. Because the volumes
of inputs purchases are low and the location of shops can be
inconvenient, the cost of traveling to purchase inputs is proba-
bly fixed over the quantities transacted. Thus, the distance to an
input source is expected to affect participation, but not the inten-
sity of use. Travel costs associated with input purchases were
measured by the distance in kilometers that farmers traveled
to buy inputs (inputs distance). For growers who had not pur-
chased inputs in the last 2 years, the average distance reported
in their village was used. Travel costs in product markets were
measured by the time required to reach the nearest cooperative
office or commercial center (remoteness).

Previous experience of using poor-quality inputs is expected
to have a residual impact on farmers’ use decisions. A dichoto-
mous variable (used bad inputs) taking the value of 1 if farmers
reported purchasing poor-quality agrochemicals in the past and
0 otherwise is therefore included in the estimation. This vari-
able is expected to be negatively correlated with participation in
Eq. (1), because of mistrust in the value of inputs that can only
be overcome by incurring some cost. Since this cost of quality
assurance is not related to the quantity of inputs used, prior use
of bad inputs is not expected to affect the use rate decision.

Poorly developed and high-cost financial institutions may re-
sult in liquidity constraints that limit input usage at zero or some
other point below the desired rate. Thus we expect liquidity to
be positively correlated with participation in the input market
and the rate of use. Survey data revealed that only 8% of farmers
felt they could borrow money from a formal financial institu-
tion, and only 1 farmer of the 250 sampled had purchased inputs
on credit in the previous year. In the absence of widespread ac-
cess to credit, liquidity is closely related to wealth, which is
measured here by a weighted average of the number of cars,
bicycles, dairy cows, oxen, donkeys, sheep and goats, and ra-
dios owned by residents of the household. The weights used
in the analysis were based roughly on market values, using a
dairy cow as the base. Models were estimated, using a range
of weights, with little impact on results. Because these assets
are not fully divisible, relatively high levels of this wealth in-
dex may not address liquidity constraints, and its insignificance
in the regression does not necessarily imply the absence of a
financial constraint.

Given the difficulties involved in measuring wealth in de-
veloping countries, household income is commonly used as a
measure of liquidity (Coady, 1995; Kaliba et al., 2000). A prob-
lem with this measure is that it may not be exogenous to input

usage; farmers who regularly use more inputs are expected to
have greater farm cash revenues. To address this potential en-
dogeneity, farm income in the year 2000 is regressed against
a set of exogenous variables including those in Eq. (1), and
predicted values from that regression are used as an instrument
for actual farm income in the selection model.* Nonfarm in-
come from 2000 is included as a separate exogenous variable
in the model. It includes salary, business income, remittances,
and gifts received in 2000. Aside from being less subject to
endogeneity, nonfarm income may have a distinct impact on
input use because it represents finance that is not linked to the
agricultural calendar. Income in 2000 is used because chemical
applications for the 2001 coffee harvest would be made in late
calendar year 2000 or early 2001.

Social capital is increasingly recognized as a resource that
can influence production decisions and economic outcomes
(Grootaert, 2001; Narayan and Pritchett, 1999). In this anal-
ysis, social capital is measured through a dichotomous variable
(associations) taking the value of 1 if a household head belongs
to at least four of the following associations: church or mosque,
primary cooperative society, self-help group, farmers’ coopera-
tive, or financial association. These associations were available
throughout the areas surveyed. The threshold of four was se-
lected in an effort to ensure real activity as opposed to purely
nominal participation. Social interaction in any of these associ-
ations may diminish the effects of fixed transactions costs, by
reducing costs of learning about input efficacy, market condi-
tions, and dealer reputations, or by facilitating group buying to
divide the fixed costs of travel. Through reputation or monitor-
ing, social networks might also allow greater access to finance
and reduce the potential for a liquidity constraint to affect either
the decision to use an input or the decision on the rate of use. If
associational activity affects only the fixed transactions costs,
but not liquidity constraints, it will be positive and significant
in the participation model, but not the use intensity model.

The impact of fixed transactions costs on the decision to par-
ticipate could be mitigated by scale. Tree count, the number of
mature coffee trees on land controlled by the grower, is there-
fore expected to be positively correlated with participation in
input markets. The well-documented tendency for management
intensity to decline with scale in tropical Africa (Feder, 1985)
suggests that tree count will be negatively correlated with the
intensity of input use.

Environmental factors included in the model are the aver-
age age of mature coffee trees (tree age) and a dummy vari-
able for Monduli district, the most environmentally distinct of
the four districts represented in the survey. Input use intensity
is expected to rise with age (and size) of trees. Monduli district
receives less rainfall than the other regions surveyed, and has
fewer rivers and streams (United Republic of Tanzania, 1998).

41In their Heckman sample selection model of fertilizer adoption, Jha and
Hojjati (1993) apply a similar instrumental variables approach to address endo-
geniety in area cropped and variety planted. Newey (1987) provides a theoretical
justification for this method.
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Lower and less reliable rainfall reduces the return on pesticide
use, while reduced access to water generally makes pesticide
application more difficult. Thus, being in Monduli is expected
to negatively affect the participation decision and to lead to
lower use rates among those who do use inputs. Farmer char-
acteristics include age (in years), education (in years of formal
schooling), and gender (1 = female). Since the technology un-
der study here is not new, experience and education are not
expected to have strong effects. The number of residents (resi-
dents count) and the share of residents over 65 or under 15 years
of age (dependency ratio) were included to assess the impact
of household labor availability. Finally, past use of inputs was
measured through a dummy variable taking the value of 1 if a
farmer reported having used chemical inputs repeatedly in the
last 5 years. This variable was included to capture unmeasured
farm and farmer characteristics that increase the likelihood of
using inputs. All data that are not categorical were converted
into log form for estimation. Because of the frequency of ze-
ros in the data, 1 (one) was added to all observations before
converting into log form.

6. Results

Prior to estimating the selection model, an instrument for
farm income was calculated, using OLS. Exogenous variables
in this estimation included all those described earlier in this arti-
cle plus dummy variables representing two of the four districts
surveyed (Hai and Moshi) and participation in group selling
arrangements. As shown in the first column of Table 3, statisti-
cally significant variables have the expected signs. Farm income
is positively correlated with coffee price received, number and
maturity of trees, and the past use of chemical inputs. The co-
efficient on wealth is positive, but statistically insignificant, a
result that may reflect the coarseness of the wealth index, the
absence of a link between these assets and income, or the ten-
dency for wealth to be more related to nonfarm than to farm
income. Although most of the coefficients are statistically in-
significant, the F-test indicates joint significance and confirms
the relevance of the predicted values as an instrument for farm
income.

The second column of Table 3 presents results from the pro-
bit model of participation in input markets. A Durbin—Wu—
Hausman test failed to reject the hypothesis of endogeneity of
farm income in this model and the models in Table 4, confirming
the appropriateness of applying the instrument.> In the probit
model, the output price is a significant and large determinant
of the decision to use inputs. In addition to price, transactions
costs appear to play a role. The negative and significant coeffi-
cient on remoteness indicates that travel costs in the market for
output diminish the probability of using purchased inputs. The

5 To test the endogeneity of farm income, the residual from the regression
estimating farm income was included in the selection model along with actual
farm income. A statistically significant coefficient on the residual in both stages
of the selection model was taken as evidence of the endogeneity of farm income.

Table 3
Selection model for inputs (probit stage)

Dependent variable Farm income (OLS) Input use (ML probit)

Coefficient Marginal

effect
(dF/dx)
Output price 0.808** 0.894* 0.300*
(2.07) (1.82)
Remoteness 0.082 —-0.316"*  —0.106**
(0.45) (2.08)
Inputs distance 0.111 —0.283**  —0.095**
0.77) (2.26)
Tree count 0.307** —0.059 —0.020
(2.26) 0.37)
Tree age 0.732%%* —0.135 —0.045
(3.54) (0.51)
Farmer age 0.224 0.442 0.149
(0.39) (0.80)
Farmer education 0.281 0.131 0.043
(1.23) (0.71)
Female head —0.511 0.786* —
(1.20) (1.85)
Residents count 0.473 —0.913* —0.306*
(1.05) (1.90)
Dependency ratio —0.461 0.123 0.041
(0.71) (0.19)
Predicted farm income — 0.496 0.167
(1.59)
Nonfarm income 0.013 0.032 0.011
(0.51) (1.48)
Wealth 0.258 —0.552* —0.185*
(0.93) (1.69)
Associations 0.053 0.570* —
(0.15) (1.63)
Repeated inputs use 0.861*** 1.187**
(2.68) 2.97)
Used bad inputs —0.130 0.093 —
(0.49) (0.33)
Monduli 0.103 —0.850 —
(0.19) (1.32)
Hai —0.871** — —
(2.15)
Moshi —1.055%** — —
(2.65)
R? (pseudo R?) 0.33 0.37) —
n 193 193 —
F 6.47 — —
Log likelihood — —80.50 —
Wald Chi? — 62.51 —
Outcomes correctly predicted — 80.31% —

Note: Robust Huber—White t-statistics in parentheses. In each regression,
joint insignificance is rejected at 1%. Marginal effects are not reported for
categorical variables.

*, 1 # represent significance at 10, 5, and 1%, respectively.

distance to an input source discourages input use to a similar
degree. Since input markets are five times more distant than out-
put markets, there may be a considerable potential to increase
inputs use through expansion of the input distribution system.
The coefficients on farm and nonfarm income are positive, but
significant only at 11 and 14%, respectively. A likelihood ratio
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Table 4
Selection model for inputs use intensity (Second stage)

Dependent variable Inputs usage per coffee tree

Model 1 Model 2 Model 3
Output price 1.516*** 1.327%* 1.244%**
(2.27) (2.98) (3.19)
Remoteness —0.376* —0.426** —0.387**
(1.72) (2.29) (2.40)
Inputs distance —0.167 — —
(1.04)
Tree count —0.707*** —0.706*** —0.705***
(4.60) (4.68) (5.12)
Tree age 0.115 0.156 0.137
(0.55) (0.43) (0.76)
Farmer age 0.150 0.138 —
(0.30) (0.31)
Farmer education 0.113 0.091 —
(0.45) (0.35)
Female head 0.980* 0.811** 0.773**
(1.96) (2.31) (2.59)
Residents count —1.350** —1.358*** —1.359%**
(2.40) (3.22) (3.57)
Dependency ratio 0.729 0.656 0.673
(1.36) (1.20) (1.31)
Predicted farm income 0.636* 0.593%** 0.577%*
(1.89) (2.61) (3.01)
Nonfarm income 0.013 —0.005 —
(0.58) (0.30)
Wealth —0.201 —0.094 —
(0.46) (0.32)
Associations 0.523 0.392 0.335
(1.37) (1.35) (1.32)
Repeated inputs use 1.319 1.079* 0.949*
(1.37) (1.64) (1.67)
Monduli 0.875 — —
(0.70)
A (Mills’ ratio) 1.366 1.209** 1.091%**
(1.31) (2.38) (2.69)
n 73 73 73
F 4.85 5.00 7.61
Adj. R? 0.48 0.45 0.50
Ramsey omitted variable (F) 1.10 1.51 1.01

Note: Robust Huber—White #-statistics in parentheses. All variables except
dummy variables have been converted into log form. In each regression, joint
insignificance is rejected at 1%.

*, R, represent significance at 10, 5, and 1%, respectively.

test, however, indicated joint significance of farm and nonfarm
income at 9%, x2(2) = 4.96, suggesting the role of liquidity
in the participation decision. A negative relationship between
wealth and input use is contrary to expectations and probably
reflects the crudeness of the wealth index as a measure of lig-
uidity. The positive and significant coefficient on associations
suggests that associational activity can reduce the fixed costs of
using inputs. This result is consistent with observed pooling of
transactions to lower fixed travel costs, and the opportunity that
all associations provide for sharing and processing information
about the use of chemicals, prices, and the reputation of dis-
tributors. Contrary to expectations, female-headed households

were more likely to use inputs than other farms, once differ-
ences in other variables are accounted for. Minot et al. (2000)
find a similar result. In their case, as here, the small number
of female-headed households in the sample may affect the out-
come.

The experience of having purchased poor-quality inputs does
not affect the probability of buying. Since the initial deregu-
lation of the markets, buyers have developed ways to avoid
poor-quality materials. Over 90% of the survey respondents in-
dicated that the main method of avoiding poor-quality products
was to not buy from street vendors. Apparently, the institutions
to reduce risk of poor product quality have developed and tran-
sitional experiences with poor quality control are not exerting
a persistent effect on use decisions. Aside from past use of
chemical inputs and gender, variables capturing farmer char-
acteristics (age, education) are insignificant individually and
jointly, x2(2) = 0.80. Because the technology in question is not
new, the insignificance of age and education is not surprising.
Tree age, tree count, and Monduli district were also individually
and jointly insignificant, x2(3) = 2.11.

Table 4 presents three specifications of the use intensity
model. The dependent variable in these regressions is input
expenditure per tree. The regressions were run, using itera-
tively reweighted least-squares to address heteroskedasticity
(StataCorp, 1999). Because fixed costs should not influence the
degree of input use, experience with poor-quality inputs was
excluded from the intensity of use models. By the same rea-
soning, distance to an input dealer (inputs distance) should be
excluded unless there is a variable component in the travel cost.
Inputs distance is included in the first specification of the use
intensity model to test whether or not it has an impact on use
rate. Insignificance of the variable implies that distance presents
a fixed cost only, making it appropriate to exclude it from the
intensity regression. Dropping this variable has the added ben-
efits of ensuring identification of the estimation and increasing
degrees of freedom. Given its insignificance in the first specifi-
cation and in the probit model, and out of consideration for the
small sample size, the dummy variable for Monduli district is
also dropped from the second specification. A more parsimo-
nious specification is estimated in the third column. In each of
the specifications the Ramsey test fails to reject the hypothesis
of no omitted variables. Statistical significance of the Mills’
ratio in models 2 and 3 implies that selection bias would arise
if it were excluded.

Estimated coefficients and significance levels are similar
across the estimations in Table 4. As in the probit stage, the
output price has a highly significant influence on the intensity
of input use. A 1% increase in output price is estimated to raise
input expenditure by 1.25% or more. This suggests that by re-
ducing marketing margins, liberalization encouraged increases
in input use. At the same time, the dramatic declines in coffee
prices since 1999 are likely to have stimulated dramatic declines
in investment in coffee. Reflecting its fixed cost attributes, dis-
tance to input dealers does not affect the rate of application by
users, but remoteness from the product markets does influence
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input intensity. Since remoteness effectively reduces the out-
put price and may increase the costs of complementary inputs,
this result is consistent with expectations. Although wealth and
nonfarm income are not statistically significant, some evidence
that liquidity affects the intensity of use is given by predicted
farm income which is significant and large in its impact. The
negative and significant coefficient on tree count is consistent
with expectations concerning the inverse relationship between
scale and productivity. This inverse relationship could itself be
attributed to a financial constraint, if farmers with more trees
lack the liquidity to secure sufficient inputs or wage labor for
their scale.

As in the probit model of participation, there is no evi-
dence that household labor availability constrains input use.
Indeed, the number of residents is negatively associated with
use intensity. This result may reflect a preference for using
hired labor for chemical application. The combination of the
strenuousness of operating a pesticide sprayer and the need
for timeliness in application remove children, teenagers attend-
ing school, older farmers, and most women from the pool of
potential applicators. Lack of a sprayer or protective clothing
and particularly sensitive skin were also reasons why house-
hold labor was not used for spraying. Other evidence that
household demographic variables poorly represent the labor
available for spraying may be seen in survey results show-
ing that twice as many households felt that the availability of
hired household labor time was a constraint. Repeated past
use of inputs is associated with more intensive use of chemi-
cals, which is consistent with expectations. Female household
head is positively correlated with input intensity, but farmer
age and education level, as well as tree age, are statistically
insignificant.

The coefficient on associations is positive but statistically in-
significant. The reduced statistical significance of associations
between the probit and the intensity stages is partly a conse-
quence of the reduced sample size. Nonetheless, the finding
that associational activity encourages use of inputs but does not
affect the intensity of use suggests that this social capital only
influences fixed transactions costs. While associations could af-
fect variable costs by providing lower cost finance or facilitating
access to labor for chemical application, the results imply that
they are not doing so effectively.

The marginal effects of variables in a selection model can
be calculated in many ways. The marginal effects in Table 3
indicate the change in the probability of participating in the
inputs market given a change in the exogenous variable. These
values suggest that output price and remoteness, both of which
reflect the relative price of output to inputs, have the largest
impacts on the decision whether to use inputs. Distance to input
markets also has an impact on the probability of using inputs,
which is similar in magnitude to the effect of travel time to an
output market.

The relationship between the exogenous variables and the
rate of input use may be assessed either conditional on using
inputs at the time of the survey, or unconditionally. Because the

double-log specification is used, the coefficients in Table 4 are
elasticities conditional on participation. Again, output price and
remoteness from output markets have relatively large impacts
on use intensity, and liquidity, as reflected in predicted farm
income, also has a substantial marginal effect.

Unconditional marginal effects capture the joint impact of a
variable on the changes in the rate of market participation and in
the intensity of use. As shown in Huang et al. (1991), the uncon-
ditional marginal effect of a change in an exogenous variable
can be calculated as the corresponding change in the intensity
of use weighted by the probability of participation plus the cor-
responding change in the probability of participation weighted
by the predicted rate of input use. Table 5 presents the uncon-
ditional marginal effects calculated at the mean, and reports
separately the effect on chemical input use through changes
in participation and changes in intensity of use. Setting aside
demographic variables (age and residents count) the largest
marginal effect emerges from price, with an elasticity of 1.5.
About two thirds of the impact is through increased participa-
tion in input markets and one third from increased intensity of
input use. Travel costs are also significant, with a 1% reduction
in the time required to reach output markets or the distance
required to reach inputs markets, leading to increases in input
use of 0.5 and 0.3%, respectively. Finally, the marginal effect
of predicted income appears large, suggesting a potential for
improved liquidity to increase inputs use.

The high estimated elasticity of input use with respect to
output price reported from this cross-sectional data is consistent
with the dramatic decline in inputs use between 1999 and 2001,
when prices fell by 65% and participation declined from 60 to
35%. While these price effects are substantial, the elasticities
with respect to farm income and distance to inputs markets
suggests some possibility for promoting input usage, even under
reduced prices. For example, making inputs available at all
points of output sale would reduce the distance to input markets

Table 5
Unconditional marginal effects

Dependent Full unconditional ~Marginal impact Marginal impact
variable marginal effect via participation  via intensity
Output price 1.51* 1.00* 0.51*
Remoteness —0.52* —0.36* —0.16*
Inputs distance —0.32* —0.32* —
Tree count —0.34* —0.07* —0.27*
Tree age —0.09 —0.15 0.06
Farmer age 0.55 0.49 0.05
Farmer education 0.18 0.14 0.03
Residents count —1.55* —1.03* —0.52*
Dependancy ratio 0.39 0.14 0.25
Predicted farm 0.79* 0.56* 0.23*
income
Wealth —0.66 —0.62 —0.04
Nonfarm income 0.04 0.04 0.00

Note: Calculations based on data from model 2, Table 4, and probit result in
Table 3. Marginal effects are not reported for categorical variables.
*indicates that the value is based on statistically significant coefficients.
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by over 80%. Given the marginal effect of —0.32 on inputs
distance in Table 5, this implies scope for expanded distribution
to increase input usage.

7. Conclusions

In practice, Africa’s agricultural liberalization programs in
the 1990s focused on output markets and neglected other ex-
changes in production systems. Implicit in these programs was
the assumption that exchanges would arise at reasonably low
costs to support production and trade. By measuring the impact
of nonprice factors on the use of purchased inputs, this article
has attempted to test the appropriateness of that assumption.
Findings show that coffee growers’ use of inputs is highly sen-
sitive to output price, but that transactions costs in travel also
influence input use and consequently output. Results also pro-
vide some evidence that liquidity constraints restrict input use.
At the same time, there is evidence that farmers are organizing
to reduce some of these transactions costs.

In the case studied here, output price, transactions costs in
output markets, and transactions costs in input markets each
influence input use. Market liberalization in 1995 reduced mar-
keting margins by about 30% of the average output price (Temu
et al., 2001), which, based on these results, would lead to an
increase in input use of 45%. Any contraction in the distribu-
tion of inputs or the availability of finance could reverse this
effect. If farmers shifted from purchasing inputs at cooperative
societies to the current distributors, average distance to input
markets would have risen by over 400%. Based on the elastici-
ties in Table 5, an increase in distance of 150% would have been
sufficient to fully offset the effect of improved output prices on
input use. Rising travel costs in input markets may therefore
explain the low use of purchased inputs and limited output re-
sponse following market reforms in the 1990s. Data suggest that
reduced access to output buyers would have an even larger im-
pact on input use, but there is little evidence that buying centers
have become less accessible in the study area. The significance
of farm income in the results implies that reduced access to
seasonal finance could have exacerbated difficulties in securing
inputs.

The cost of acquiring high-quality inputs could be reduced
through cheaper public transportation, deeper penetration of
reputable vendors, greater use of group buying by associations
of farmers, or seasonal finance to facilitate purchase at the
time of crop sales. That 20% of growers or 65% of input users
do buy in groups suggests the significance of social capital
in addressing transactions costs. The emergence of reputable
coffee growers as local level input distributors would seem a
natural progression from group buying, but this development
may be hampered by lack of liquidity among potential farmer-
dealers.

The small size of the sample used in this study suggests cau-
tion in generalizing the specific results of this analysis. Nonethe-
less, the findings that costs as well as prices influence input use

shed some light on Africa’s mixed agricultural performance
since liberalization. Moreover, it is reasonable to expect that
producers, in general, face different sets of transactions costs
for inputs and outputs, and that those costs require distinct inter-
ventions. Furthermore, the results provide evidence that insti-
tutions, such a group buying and use of reputable stockists are
emerging to enhance the functioning of liberalized markets in
Africa. Further institutional innovation in distribution systems
and financial markets is needed to allow farmers and traders to
take greater advantage of existing market opportunities.
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