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Abstract

The expansion of agro-dealers into remote areas can be seen as conducive to more smallholders adopting new technologies and
inputs, to include improved seed and fertilizer. However, lower travel costs may be offset by agro-dealer decisions on stocking
and pricing, reflecting both travel time from wholesale markets as well as the level of competition in localized areas. This paper
investigates the geographical distribution of agro-dealers and related patterns of local market competition on the availability and
prices of maize seed and fertilizer. We use a unique census of agro-dealers in eight districts of Tanzania (n =299) which maps
distribution points for agricultural inputs in these areas. Results suggested that despite a high number of agro-dealers, almost 30%
of farmers lived more than an hour travel time from at least one agro-dealer. Instead of wide geographical coverage, agro-dealers
tended to be found in clusters, with strong variation in cluster sizes between different districts. Overall, more remote agro-dealers
faced less competition, resulting in fewer stocked product choices and charging higher prices to customers, even after controlling
for travel time from district headquarters. Remote farmers are disadvantaged in their uptake of new technologies and critical
production inputs due to lack of competition among agro-dealers. Our results suggest that highly aggregated and/or simplified
measures of market access fail to reflect important heterogeneity in the market access conditions faced by farmers; a better
understanding of distribution networks and competition is needed.
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1 Introduction governments and development partners is one where small-

scale, locally based input distributors, commonly known as

The increased use of inorganic fertilizer, improved seed and
other agricultural inputs are critical components of strategies
aimed at raising farm productivity and living standards in sub-
Saharan Africa (SSA). Authors have attributed the low adop-
tion of improved technologies in African agriculture to vari-
ous factors, including market imperfections and failures in
supply systems (e.g. Duflo et al., 2011; Minten et al., 2013)
and low farmer demand, due to low expected benefits from the
uptake of such inputs (e.g. Burke et al., 2017; Chamberlin
et al., 2020; Duflo et al., 2008; Liverpool-Tasie et al., 2017,
Marenya & Barrett, 2009; Michler et al., 2019; Suri, 2011).
The dominant model of input supply as pursued by national
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agro-dealers, provide the point of access for smallholders
(Makinde & Muhhuku, 2017; Odame & Muange, 2011).
Maize seed companies, for example, depend heavily in agro-
dealers for seed distribution, thus avoiding the high costs in-
volved in selling directly to a sparsely populated farming pop-
ulation, connected by a weak road infrastructure, who pur-
chase small quantities of seed only once or twice a year
(Langyintuo et al., 2010; Rutsaert & Donovan, 2020).
Therefore agro-dealers play a pivotal — if understudied — role
to provide farmers with (i) affordable and convenient access to
yield-enhancing technologies, and (ii) technical advice on
how to use these technologies for maximal economic returns
(Allgood, 2011).

Despite the importance of agro-dealers in the input supply
system, limited attention has been given to systematically de-
scribing farmer access to inputs and distribution of input pro-
viders. While the economic remoteness of much of the region
is well documented (e.g. Chamberlin & Jayne, 2013;
Christiaensen et al., 2003; Headey et al., 2018; Stifel et al.,
2016; Stifel & Minten, 2008), these stylized facts provide little
direct insight into the spatial distribution of market access
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across the farming population, and how market accessibility,
in turn, correlates with local measures of the structure, conduct
and performance in rural input supply markets. In their study
on fertilizer usage by smallholders in Burkina Faso,
Koussoubé and Nauges (2016) found that fertilizer usage
was generally profitable at prevailing prices, even at low in-
vestment levels, and concluded that supply constraints via
local inputs markets were likely inhibiting adoption. Zavale
et al. (2020) found that the growth of the fertilizer industry in
Mozambique was limited by demand side factors (i.e., limited
effective demand from farmers) and supply side factors (in-
cluding high transactions costs). Both of these factors are
known to have strong spatial expressions (Minten et al.,
2013).

How agro-dealers are organized across space — with respect
to farmers as well as with respect to one another — is important
for a number of reasons. First, such disaggregated spatial pat-
terns are more informative about actual access conditions
faced by farmers than aggregate statistics (e.g. ratio of agro-
dealers to farmers in a country). Second, the local configura-
tion of agro-dealers tells us something about local input sup-
ply choices available to neighboring farmers. Third, the local
configuration of agro-dealers may inspire local competition
(or lack thereof) which has potential implications for agro-
dealer pricing and stocking decisions, which in turn affect
farmer input acquisition options. This paper responds to this
gap, with a spatially explicit assessment of how smallholder
access to maize seed and fertilizer is shaped by the spatial
distribution and characteristics of agro-dealers in rural
Tanzania.

1.1 Spatial distribution of agro-dealers

As noted, there is an existing empirical literature documenting
relatively poor levels of infrastructure and correspondingly
long distances that African farmers must travel to access input
as well as output markets (Chamberlin & Jayne, 2013;
Christiaensen et al., 2003; Stifel et al., 2016; Stifel &
Minten, 2008). More remote areas are associated with lower
rates of market participation, lower rates of technology adop-
tion, higher input prices and lower output prices, and greater
market price volatility. Evidence suggests that farmers’ input
usage is strongly conditioned by their access to input markets.
Haggblade et al. (2017) found that supply-side changes helped
to explain the growth of Mali’s herbicide market, particularly
growth in the number of sellers, number of marketed herbicide
products, and lowering prices. Tamru et al. (2017) reached
similar conclusions for Ethiopia. Farrow et al. (2011) used
spatial analysis to determine optimal locations for new agro-
dealers in Malawi to improve farmer access to inputs in un-
derserved areas. To shorten the distance between farmers and
input suppliers, the Alliance for a Green Revolution in Africa
(AGRA), has supported the rural expansion of agro-dealer
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networks across SSA (Bigirwa & Kapran, 2017). However,
Nagarajan (2015) as well as Odame and Muange (2011) found
that higher concentrations of agro-dealers in Mozambique and
Kenya were found in areas with more intensive production of
high value commercial crops and higher input demand. This
relates to first hypothesis tested in this study:

Hypothesis 1: There is pronounced spatial heterogeneity
in the distribution of agro-dealers

Relatively few studies have evaluated how the character-
istics of input markets vary across space. A study by Minten
et al. (2013) in Ethiopia indicated that the nature of input
supply markets changed strongly with remoteness: prices
increase and selection declines. Benson and Mogues (2018)
reported strong price increases for fertilizer in Mozambique,
Tanzania, and Uganda, which responded, in part, to high
internal road transportation costs within the region (Ncube
etal.,2016). Yet more explicit attention to how the distribu-
tion of agro-dealers is associated with spatial patterns in mar-
ketaccess and market conditions has notbeen examined. One
ofthese factors is the level of competition or market concen-
tration of agro-dealers and choice farmers have between in-
put providers. To the best of our knowledge, the effect of
concentration of input suppliers has not been researched in
developing countries. Chamberlin and Jayne (2013) assume
that competition and trader concentrations are important di-
mensions in rural markets, although also acknowledge that
information on thisisrarely collected in smallholder surveys.
One can assume that this also holds true for input markets.
Collecting complete census of data on the locations and char-
acteristics of agro-dealers in eight districts of Tanzania al-
lows to take the effects of competition into account and test
the following hypotheses:

Hypothesis 2: The number of agro-dealers serving a ru-
ral area decreases with travel time to the nearest urban
center (i.e. there is decreasing local competition)
Hypothesis 3: Input prices increase with decreasing com-
petition, after controlling for travel time to the nearest
urban center

Hypothesis 4: The range of input choices decreases with
decreasing competition, after controlling for travel time
to the nearest urban center

With some caveats, the results from this study generally
support each of these hypotheses. Our analysis implies that
aggregate statistics, such as number of agro-dealers per rural
household, or average travel time to the nearest agro-dealer,
obscure important variation in access distribution.
Furthermore, our results underscore the fact that input market
characteristics can vary substantially across gradients of con-
centration and competition.
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The rest of this paper is organized as follows. Section 2
contextualizes our study with a descriptive overview of agri-
cultural input markets in Tanzania. We describe our analytical
approach, including our data and methods, in section 3. Our
results are presented in the next section in relation to the four
hypotheses (section 4), followed by the concluding remarks
(section 5).

2 Input sector development in Tanzania

The Tanzania Seed Company was the sole supplier of seed
until its collapse in the late 1980s with market liberalization.
Following market liberalization, multinational and regional
seed companies emerged, and have been actively involved
in the Tanzanian seed market. Other seed producers also ap-
peared, including farmer groups and NGOs, but which fo-
cused on producing and distributing improved open-
pollinated varieties (De Groote et al., 2002). Currently, 40
active maize seed companies operate in the country (Mabaya
et al., 2017), and private sector provides 80% of the formal
seed supply (Ashley, 2016). However, much of the certified
maize seed used is not produced in Tanzania (ASARECA/
KIT, 2014). Of the seed supplied by the private sector, 85%
is imported by multinational companies with large South
African and/or Zambian production sites (Ashley, 2016).
Most smallholders access improved varieties, fertilizer and
other inputs through direct purchase from private agro-
dealers (Lyimo et al., 2014).

A major push towards increased use of seeds and fertilizers
in Tanzania was provided by the National Agricultural Input
Voucher Scheme (NAIVS), supported by The World Bank.
NAIVS was a smart input subsidy program that was piloted in
the 2007/08 season in two districts (World Bank, 2014). The
program was launched at a large scale from 2008/09 as a
response to the sharp rise in global grain and fertilizer prices
in 2007 and 2008. Farmers who met the criteria of the program
could purchase limited quantities of fertilizer (basal and top
dress) and maize or rice seed with a 50% subsidy through
input vouchers that could be redeemed at local agro-dealer
stores. During these years, NAIVS was a major outlet for seed
companies to sell certified seed: seed companies reported sell-
ing 46% of their maize seed through the NAIVS program
(Mabaya et al., 2017). The World Bank support for the
NAIVS program ran until the 2013/14 season but after a year
without support, the government brought the program back in
2015/16, although at a smaller scale (Lewis & Masinjila,
2018; Mather & Ndeytabula, 2016).

A recent assessment of the program (2014) showed that
subsidies had a significant effect on the rice and maize pro-
ductivity in Tanzania and through the program 2400 agro-
dealers were trained on seed and fertilizer management and
business practice. On the other hand, the program also dealt

with logistical challenges such as farmers receiving their
vouchers too late, delayed payments for seed and fertilizer
suppliers as well as the agro-dealers participating in the pro-
gram. Nonetheless, the NAIVS program succeeded in intro-
ducing improved seed and fertilizer across the country, with
74% of the farmers continuing to purchase seed and 19%
continuing to purchase fertilizer (World Bank, 2014).

From 2017, the government initiated the Fertilizer Bulk
Procurement System (FBPS) under the supervision of the
Tanzania Fertilizer Regulatory Authority (TFRA). Instead of
a subsidy system, this program focuses on two types of fertil-
izer, urea and diammonium phosphate (DAP), and organizes
bulk sales through competitive bidding and aims to make
fertilizer more affordable for farmers. One of the challenges
with subsidized fertilizer programs has been the higher-than
expected margins taken on wholesale and agro-dealer level,
with farmers experiencing little in terms of lower input prices
(Cameron et al., 2017). Therefore, the government decided to
work with indicative wholesale and retail prices, regulated by
the TFRA, and stronger border regulation to reduce
smuggling. Cameron et al. (2017) highlighted that this ap-
proach would also present new problems due to increased
government regulation and interference in the supply chain.

3 Material and methods
3.1 Research area and sampling

A survey was conducted with 299 agro-dealers between
September—October 2019. A thorough attempt was made to
interview all the agro-dealers in operation which were located
in the selected districts. The eight districts included were Hai
and Siha (Kilimanjaro region), Hanang and Mbulu (Manyara
region), Mbeya urban and rural' (Mbeya region), Mufindi
(Iringa region) and Mbozi (Songwe region since 2016; previ-
ously part of Mbeya region) (Fig. 1). These districts were
selected purposively to represent a broad range of market ac-
cess and agroecological growing conditions within the
Tanzanian maize belts of the Southern Highlands and
Northern zones.

To ensure total agro-dealer coverage, the sample selection
protocol was applied in a similar manner across each district,
with support from the Tanzanian Agricultural Research
Institute (TARI). On arrival in each district, a meeting was
organized with local District Agriculture and Livestock
Development Officer who maintained a list of agro-dealers
active within the district. Based on the agro-dealer spread

! In the analysis of the results, Mbeya urban and Mbeya rural are considered as
one unit due to their geographical structure with the rural zone almost
completely surrounding the urban zone and a large concentration of agro-
dealers in the urban zone supplying the rural surroundings.
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Fig. 1 Sampled districts in Tanzania

per district, two data collection teams of each four enumera-
tors and one team leader, divided the work and further liaised
with ward or village level agricultural officers to confirm the
original agro-dealer list and provide logistical support (i.e.
make appointments with agro-dealers for the interview as well
as accompanying the team on the store visits). Per town or
market, the data collection team interviewed agro-dealers that
were active in 2019. During these interviews, the agro-dealer
lists were also checked by the participants to check for any
mistakes or missing agro-dealers they knew of. When correc-
tions were necessary, the team would make appointments with
agro-dealers that were not on the list and carry out all remain-
ing interviews before travelling to the next district.

3.2 Survey implementation and design
Interviews were carried out with the individual who was most

knowledgeable about maize seed sales and day-to-day seed-
related transactions. This selection was based on some
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screening questions. More than half of the respondents were
the store owner (55.5%), 39.8% were experienced employees
and 4.7% identified themselves as store managers. Interviews
lasted roughly 60 min and information was recorded with
tablets by experienced enumerators.

The survey covered current stock, pricing and sales of
maize seed and fertilizer, among other topics. It was exten-
sively pretested and revised over several iterations. The
questions included a mix of closed questions and more
interactive questions. Flash cards were used in some cases
to facilitate engagement with interviewees for multiple
choice questions.

3.3 Analysis of agro-dealer clusters and travel time

Analysis was carried out on two levels: agro-dealer level
and agro-dealer cluster level. Agro-dealer clusters consid-
ered all agro-dealers that were located within a 1 km radi-
us. Clustering was done through a two-step process. First,
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Table 1 Agro-dealer clusters (based on 1 km radius) in 8 districts in Tanzania
Cluster size Number of clusters Total # of agro-dealers per cluster size
1 54 54 No competition
(18.1% of agro-dealers)
2 20 40 1-2 competitors
3 9 27 (22.4% of agro-dealers)
4 2 8 3-5 competitors
5 4 20 (15.4% of agro-dealers)
6 3 18
7 1 7 6-10 competitors
8 2 16 (17.7% of agro-dealers)
9 1 9
10 1 10
11 1 11
12 1 12 > 10 competitors (26.4% of agro-dealers)
14 1 14
19 1 19
34 1 34
Total 102 299

Note: The number of competitors is one less than the cluster size. For example, in a cluster of 3, each agro-dealer has 2 competitors within that cluster.

Source: Agro-dealer survey data collected by authors in 2019

the statistical package in R was used to automatically clus-
ter all agro-dealers within several predefined radii: 500 m,
1 km, 2 km and 5 km. The software initially considers all
the agro-dealers as clusters. Then it incrementally joins the
two closest agro-dealers into one cluster, until all agro-
dealers close enough to be in a circle of the predefined
radius are clustered together. An evaluation of the
predefined radii showed that 500 m was too narrow, with
clusters being positioned right next to each other, however
2 km was already quite broad, sometimes covering two
markets or towns. Therefore, 1 km radius was selected as
the preferred cluster-size. Secondly, the team went over
each cluster to see if there weren’t any clusters that needed
to be separated or merged. Three manual corrections (all
mergers) were carried out to finetune the clusters. Table 1
reports the different cluster sizes and number of clusters in
the study sample. Cluster sizes ranged from 1 up to 34
agro-dealers in a single cluster. 18.1% of the agro-dealers
had no competition and 22.4% had one or two competitors.
There were 4 agro-dealer clusters with over 10 competi-
tors, which accounted for 26.4% of the total agro-dealer
sample.

To approximate the effective distances between farm loca-
tions and the nearest agro-dealer, and from agro-dealers to the
district headquarters, we employ a geospatial travel time mod-
el which uses data on the road network, elevation and
landcover to estimate the time it takes to travel from any

location within the study area to the nearest agro-dealer.
This model is similar to models used in other studies (e.g.
Chamberlin et al., 2014; Headey et al., 2018; Weiss et al.,
2018), and calibrated such that known travel times between
locations in the study site are accurately approximated. Data
on the road network come from the OpenStrectMap database
(OSM, 2021). The model uses a least-cost algorithm, mea-
sured in minutes, such that the most efficient route between
locations is the basis of the travel time estimate. In this model,
farmers are assumed to walk in areas without roads, and to use
motorized transportation where there are roads. As such, it
may be considered a lower bound estimate of travel times,
as it does not account for waiting times or delays in transpor-
tation services.

4 Results and discussion
4.1 Spatial heterogeneity in input access

Table 2 provides an overview of access to agricultural inputs
per district, including: the ratio of agro-dealers to farmers,
average farmer travel time to the nearest agro-dealer, number
of agro-dealer clusters, distribution of cluster sizes, and shares
of agro-dealers stocking different inputs. On average, there
was one agro-dealer per 1619 farming households with the
highest density in Siha (1:978) and Mbeya (1:1073) and the

@ Springer



1384

Rutsaert P. et al.

Table 2  Agro-dealer coverage and input access per district

Total Hai Hanang  Mbulu Siha Mbeya Mufindi  Mbozi
Number of agrodealers 299 23 24 27 27 89 27 82
Agro-dealer / farmer household ratio 1/1619 1/1870 1/2014 1/1898 1/978 1/1073 1/2919 1/1716
Average farmer travel time to an agro-dealer (minutes) 59 39 57 80 39 42 97 38
% of farmers within 30 min travel time 40% 53% 36% 37% 53% 48% 40% 63%
% of farmers within 1 h travel time 74% 72% 80% 75% 77% 74% 74% 71%
Agro-dealer clusters 102 9 13 8 7 25 18 22
Average cluster size 2.9 2.6 1.8 34 39 3.6 1.5 3.7
Agro-dealer competition
No competition (%) 18.1% 21.7% 33.3% 11.1% 3.7% 3.7% 48.1% 13.4%
1-2 competitors (%) 22.4% 17.4% 37.5% 25.9% 25.9% 25.9% 33.3% 20.7%
3-5 competitors (%) 15.4% 21.7% 0.0% 22.2% 40.7% 40.7% 18.5% 9.8%
6-10 competitors (%) 17.7% 39.1% 29.2% 40.7% 29.6% 29.6% 0.0% 0.0%
>10 competitors (%) 26.4% 0.0% 0.0% 0.0% 0.0% 37.1% 0.0% 56.1%
Input availability at agro-dealer (%)
Maize seeds 100% 100% 100% 100% 100% 100% 100% 100%
Other seeds 68% 87% 83% 89% 89% 62% 70% 50%
Fertilizer 74% 96% 33% 56% 96% 70% 96% 77%
Herbicide 75% 91% 79% 56% 100% 74% 67% 72%
Pesticide 81% 91% 96% 96% 100% 72% 85% 70%
Foliar feeds 65% 83% 79% 74% 85% 58% 67% 51%
Farm tools 52% 52% 54% 59% 78% 47% 59% 44%
Veterinary chemicals 42% 43% 83% 85% 59% 30% 30% 28%
Livestock feeds 19% 35% 29% 22% 11% 18% 26% 11%
# maize seed varieties per store 7.4 (4.6) 9.0 (5.6) 8.4 (3.9) 12.1 4.7) 94 (4.4) 5745 4932 7.2 (3.5)
# fertilizer types per store 4822 39(1.6) 29(14) 4123) 46(2.1) 5123 5629 5.0(2.0

Source: Agro-dealer survey data collected by authors in 2019. Agro-dealer / farmer household ratio is calculated using estimated farm households per
district from the 2007/8 Tanzanian National Agricultural Sample Census data, after incorporating estimated rural population growth rates to generate

estimated numbers of farm households in 2019

lowest density in Mufindi (1:2919).> Compared with the av-
erage of one agro-dealer per 2900 households in Tanzania
reported by Mabaya et al. (2017), the selected regions indicate
a more extensive presence of agro-dealers.

Spatial distribution of the agro-dealer clusters per dis-
trict are visualized in Fig. 2. Looking closer at the average
travel time for farmers to an agro-dealer as well as the
percentage of farmers who lived within 30 and 60 min,
there was less variation between districts, with the excep-
tion of Mufindi and Mbulu. Average travel time across
districts was approximately one hour to the closest agro-
dealer. For Hai, Siha, Mbeya and Mbozi, the average travel
time was approximately 40 min. These places also had the
highest shares of the district’s farmers living within 30 min
of an agro-dealer. Although the number of agro-dealers per
rural household was relatively high, there is pronounced
spatial heterogeneity in agro-dealer distribution,
confirming Aypothesis one. As discussed by Odame and

2 These density calculations were made using district level farming population
estimates from 2007/08 National Sample Census of Agriculture (National
Bureau of Statistics, 2010). To account for population growth between 2008
and the time of our survey, we use an estimated annual rural population growth
rate of 1.8524%, estimated for Tanzania in 2019 in the World Development
Indicators database compiled by the World Bank, with national rural popula-
tion growth estimates based on the United Nations Population Division’s
World Urbanization Prospects (2018 Revision).
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Muange (2011), demand factors could be a key in influenc-
ing geographical coverage with stronger agro-dealer pres-
ence in districts with higher tendency of farmers to invest
in agricultural inputs. Overall, three quarters of the farmers
in these districts lived within one hour of an agro-dealer.
Reducing distances traveled by farmers to obtain agricul-
tural inputs has been one of the main drivers behind devel-
opment programs for better access to inputs (Adesina et al.,
2014; Makinde & Muhhuku, 2017). While a large size of
the farmer population live within the proximity of an agro-
dealer, these numbers are still low compared to a country
like Kenya (Chamberlin & Jayne, 2013).

The average agro-dealer cluster size across all districts was
2.9, but the levels of agro-dealer concentration (or competition)
were very diverse between the districts. Agro-dealers in Hanang
and Mufindi had the lowest of competition with most of them
standing alone or having 1-2 competitors. The opposite was true
for Mbulu and Siha, Mbeya and Mbozi. In these districts, most
agro-dealers had at least one competitor and in the latter two over
50% of the store had five competitors or more, going up to a
cluster of 34 in Mbeya. In Mbozi, more than 50% of all agro-
dealers in the district were grouped in two agro-dealer clusters.

Maize seed was available at every agro-dealer, and almost
70% of the stores also sold seed for other crops during the
year, but this was more common in the Northern districts (Hai,
Hanang, Mbulu and Siha). Agro-dealers offered a range of
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Fig. 2 Agro-dealer distribution and level of competition per district

maize seed varieties, although the choice in store was lower in
the Southern districts compared to the Northern districts. This
might be due to a higher diversity of agro-ecologies in
Northern Tanzania compared to the Southern zone where
most selected districts were part of the Southern highlands.
In the Southern Highlands, less diversity in varieties is re-
quired due to more uniform elevation (i.e. mainly highlands)
and rainfall patterns, leading to a strong dominance of late
maturity varieties. In the Northern zones, a higher diversity
in elevation and rainfall patterns leads to farmer demand for
early, intermediate as well as late maturity varieties. Fertilizer
availability was rather low in Hanang and Mbulu; on the other
hand, veterinary chemicals were widely sold in those two
districts, which is in line with Manyara being a pastoral farm-
ing region (Chengula et al., 2013). Herbicides as well as pes-
ticides were also widely available across the districts. Agro-
dealers had on average five different fertilizer brands or types
available in their store.

4.2 Relation between spatial distribution and
competition

Here we explore the effects of spatial agro-dealer distribu-
tion on physical access to inputs. The relation between
agro-dealer cluster size and travel time from the district
headquarter (HQ) is plotted in Fig. 3. Cluster sizes became
smaller further away from the district HQ, supporting /y-
pothesis two that remote farmers had less choice between

agro-dealers to purchase their inputs unless they invested
additional time and resources in travel.

Besides choice between agro-dealers, remote farmers
also faced reduced input choices. Figure 4 shows that both
maize seed as well as fertilizer choices diminished the fur-
ther away from the district HQ. While stores had on aver-
age eight maize seed varieties in stock close to city centers,
this dropped below six an hour away from district HQ and
declined further with increased travel time. Availability of
pesticides and herbicides followed a similar pattern. While
chances of finding those products close to the district HQ
is high, this likelihood drops further from district HQ, es-
pecially for herbicides. These results support the second
hypothesis that more remote farmers have fewer choices.

The opposite results were obtained for the sales price of
inputs, more remote farmers paid higher prices for the same
inputs. Figure 5 reports the change in average price for urea as
well as the cheapest fertilizer option on the left. Both prices
were positively correlated with travel time from district HQ.
On the left side seed prices are reported.

3 Besides an increase of the average seed price, the standard deviation in prices
also showed an upward trend further away from the district HQ, which may
indicate increased variability in seed prices. However, our sample size also
decreases with travel time from the district HQ, which would contribute to an
increased standard deviation, and thus we cannot make definitively conclu-
sions about price variability as a function of remoteness. This would be an
interesting avenue for further empirical research.”
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Fig. 3 Cluster size by travel time from district headquarters. Source:
Agro-dealer survey data collected by authors in 2019

4.3 The effect of competition on input prices

We specify a number of regression model specifications to
evaluate the potential role of agro-dealer competition in pric-
ing. Table 3 shows the results of models in which the depen-
dent variable is the price of a 50 kg bag of fertilizer. We show
results for the four most commonly used fertilizer types — urea,
diammonium phosphate (DAP), ammonium sulfate (SA) and
calcium ammonium nitrate (CAN) — as well as the least ex-
pensive fertilizer in stock at any given agro-dealer. (Because
the latter mixes different types of fertilizer, it should be
interpreted with care, as we are not holding type constant.)
For each of these, three specifications are shown: 1) control-
ling only for travel time from the district headquarters (which
is typically the primary wholesale entrepot through which
inputs pass before reaching the agro-dealer location*) and
for cluster size; 2) additionally controlling for other agro-
dealer characteristics® and district fixed-effects; and 3) includ-
ing an additional interaction term that takes a value of one for
areas further than 30 min from the nearest district headquar-
ters. The latter specification is designed to measure whether or
the correlation of prices with cluster size differs between rel-
atively accessible versus more remote areas.’

“ This has not been captured in quantitative data but comes out of qualitative
interviews with agro-dealers as well as government informants.

> Firm-level controls include years in business, an indicator of whether other
shops are operated by the same owner, the number of shop employees, and an
indicator of whether the shop manager reported having been affected by TFRA
indicative pricing recommendations for urea and DAP. As an anonymous
reviewer notes, years in business may serve as a proxy for the quality of input
marketing services provided by the agro-dealer.

© We also include a dummy variable for the community of Haydom, in Mbulu,
Manyara Region, which is located near the border with Singida Region, serv-
ing farmers on both sides of the border, and qualitatively different in this
respect than other locations in our sample, which all primarily serve farmers
within the same district. A total of 6 agro-dealers are located in Haydom.

@ Springer

Unsurprisingly, the selling price increases with travel time
in all cases and decreases with cluster size, although these
coefficient estimates differ in magnitude and significance
across specifications. After controlling for other firm charac-
teristics and district-level fixed effects (which account for
30% of the variation in cluster size), we found that the mag-
nitude of the coefficient estimates for cluster size decreases,
but remains highly significant for the urea and SA price
models. These results are consistent with lower prices being
affected by local agro-dealer competition, as proxied by clus-
ter size, even after controlling for travel time and other geo-
graphic controls.

When we additionally interact the cluster size with a
dummy indicator for relatively remote area (in specifica-
tions 3, 6, 9, 12 and 15), we see that the magnitude of the
coefficient estimate for cluster size is much larger (and
negative) in more remote areas in all specifications (al-
though only highly significantly so in the DAP, CAN,
and least expensive fertilizer models). This result suggests
that competition effects are likely to be more important in
relatively isolated settings. (We also tested for non-
linearities in cluster size, but did not find strong evidence
for any such effects and therefore do not report the results
of those specifications here.)

As discussed in section two, above, beginning in 2018,
Tanzania introduced a system of “indicative” local retail
prices for urea and DAP, defined at local levels — either at
district or ward levels — by the TFRA. Only 21% of agro-
dealers indicated that these indicative prices had any impact
at all on their pricing or stocking decisions. Nonetheless, to
control for this, we included an indicator variable for those
who said that their pricing decisions were affected. While our
results were not sensitive to the inclusion of this control, we
maintained it in the specification with district and firm-level
controls.

The magnitude of the estimated correlations varies by fer-
tilizer type and specification. Using specification (2) for urea,
the most important fertilizer in the region, each additional
competitor within a cluster was associated with a 83 TSh drop
in price, after controlling for travel time. This was equivalent
to just 1.5% of the average price of a 50 kg bag of urea.
However, the difference between a one-agro-dealer cluster
and a cluster of 12 (which occurs at the 75th percentile of
our sample) was 18% — no longer a trivial difference.

We similarly estimated the conditional correlation of maize
seed prices (Table 4). Similar to the fertilizer price results,
seed prices increased with travel time and decreased with
cluster size. Here also, however, the significance of these re-
sults was attenuated by the addition of firm- and district-level
controls. Note that we pool seed varieties in this outcome and
cannot rule out the possibility that agro-dealers preferentially
stock cheaper varieties in more remote and less competitive
locations. These findings generally supported hypothesis 3,
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Fig. 4 Stock availability indicators, by travel time from district headquarters

i.e., that input prices increase with decreasing competition,
after controlling for travel time to the nearest urban center.

4.4 Agro-dealer competition and input choice

We applied this framework as well to examine the correlation
between local competition and input choices available to
farmers. Table 5 presents regression estimates for (1) the num-
ber of fertilizers available; (2) the number of maize seed vari-
eties available; (3) the availability of herbicides, and (4) the
availability of pesticides. The latter two are binary outcomes
and the models can be interpreted as linear probability models.
In these specifications, we controlled for firm-level character-
istics and district fixed effects. (Specifications with remote-
ness interaction terms did not indicate significant interaction
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effects and are not shown here.) Across all outcomes, the
coefficient estimates for travel time were negative — indicating
declining choice with travel time — and positive for cluster size
— indicating expanding choice with competition, providing
some support for our 4th hypothesis. (Note that these outcome
variables are defined at the agro-dealer level, so this indicates
increasing choice at any given outlet, i.e., in addition to the
increased choices implied by multiple dealers with differing
stocks in a given location.).

5 Conclusions

Although the literature on input markets and value chains in
developing countries is large, one aspect of input supply
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Table 5 Indicators of stock availability

(€] @

Number of fertilizers available

Number of varieties available

Min. to district —0.0129%** —0.0239%*

HQ (0.00484) (0.00983)

Cluster size -0.0152 0.0840%**
(0.0142) (0.0155)

Firm controls Yes Yes

District FE Yes Yes

N 299 299

R? 0.233 0.342

(3) “)

1 =herbicides available I =pesticides available
—0.00161 —0.00250%*

(0.00140) (0.00115)

0.00230 0.00160

(0.00247) (0.00252)

Yes Yes

Yes Yes

299 299

0.135 0.167

Source: Agro-dealer survey data collected by authors in 2019. Notes: Firm-level controls include an indicator of association membership, and number of
employees. Heteroskedasticity robust standard errors shown in parentheses; significance levels denoted as 0.01 *** 0.05 ** and 0.1 *

bringing new hybrids into remote markets if the varieties
which are most popular nationally are those which are most
likely to find their way into more remote distribution systems
(possibly missing opportunities for better targeting of new
varieties to production conditions faced by seed buyers). On
the other hand, there might be opportunities in remote markets
for local companies who are able to set up shorter distribution
chains and promote their seed at a lower cost than the limited
offer of input suppliers. A better understanding of seed retail
markets and prices would allow stronger territory planning for
local seed producers.

Our study has potentially important implications for policy.
Our results indicate that efforts to understand input adoption
by smallholders should pay greater attention to the geograph-
ical structure of input markets, as well as the local market
characteristics that vary across this geography. In practice this
means acknowledgement of local variations in input market
access conditions when defining agronomic recommendations
and extension programming (e.g. to avoid making recommen-
dations which are not profitable or even feasible), and to ad-
dress market supply constraints in integrated agricultural de-
velopment interventions. Our work complements the empiri-
cal literature on input profitability, availability and access to
information in sub-Saharan Africa, suggesting that the config-
uration of agro-dealers plays an important role in such local
input market characteristics. More and better information on
market characteristics — both from agro-dealer surveys and
more granular market information systems — can help to diag-
nose and address input market constraints where they are most
acute. Policy options for improving market access may in-
clude spatially targeted efforts to incentivize small-scale busi-
ness creation, including training, credit or other incentives for
agro-dealer investments.

Some limitations of our study are in order. First, our dataset
provided a comprehensive measure of agro-dealer distribu-
tions for the districts we studied; it was not nationally repre-
sentative. Expansion of our analysis to additional areas would
be valuable and may generate additional insights about the

distribution of input markets across the country’s diverse ge-
ography. Secondly, we do not consider edge effects —i.e., the
possibility that some farmers near the boundaries of districts
may be most proximate to agro-dealers in neighboring areas.
Given our knowledge of study areas, and the structure of mar-
kets relative to district headquarters, we felt that this was un-
likely to be of consequence for our analysis. Nonetheless,
future studies may address this question more explicitly.
Thirdly, we acknowledge that our conclusions about compe-
tition effects are only tentative, as we cannot claim to fully
control for unobserved factors that may also influence pricing
and stocking decisions. Finally, there would be great value in
additional empirical analysis which more explicitly links
farmer investments and management decisions with the nature
oflocal input supply markets. This would require collection of
farm household survey data which is explicitly linked with
information about local input market characteristics. Such data
do not currently exist, to our knowledge, but could enable
detailed evaluations of how farmer decisions are affected by
localized market conditions.
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