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Abstract 
The paper examines the link between value chain participation and welfare 
changes for wheat farmers in Tanzania. Specifically, the paper analyzes the 
wheat value chain from production to consumption, explores participation in 
the value chain, and examines the net effect of farmers’ participation in the 
value chain. A logistic model is used to explore the factors influencing far-
mers’ participation in the value chain and to estimate propensity scores to 
match the covariates for participants and nonparticipants. Applying the near-
est neighbor and caliper radius matching algorithms found that only a few 
farmers are vertically (~17%) and horizontally (~39%) coordinated based on 
participation in contracts and associations, respectively. At the vertical coor-
dination level, characteristics are significantly different for farmers with and 
without contracts in terms of land size, technical efficiency, allocative effi-
ciency, output per acre, frequency of extension visits, frequency of village 
meetings attendance, and off-farm income. At the horizontal coordination 
level, farmers who join associations differ significantly from nonmembers in 
terms of level of education, frequency of village meetings attendance, output 
per acre, technical efficiency, and allocative efficiency. Vertical coordination 
participants receive a profit of 126 TSh/kg more for wheat than nonpartici-
pants, with the difference significant at the 1% level. Horizontal coordination 
participants receive a profit of 46 TSh/kg more for wheat than nonpartici-
pants, with the difference significant at the 5% level. The sensitivity analysis 
reveals that farmers’ participation in the value chain is generally insensitive to 
unobserved covariates. The findings suggest that establishing more contracts 
and stronger associations that specifically deal with wheat production has a 
positive impact on farmers’ welfare. 
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1. Introduction 

The rapid growth in the consumption of wheat in Tanzania and more impor-
tantly the widening of the gap between consumption and domestic wheat pro-
duction have become a major concern for the Tanzanian government. The situa-
tion is troubling given the additional burden that wheat imports place on the 
demands for the country’s scarce foreign exchange and the fact that there are 
areas of the country agronomically suitable for the production of the crop that 
are underutilized. Of equal concern is the fact that past efforts by the govern-
ment to spur domestic production have not generated the intended effect. Be-
tween 2005 and 2010, the Tanzanian government implemented the East African 
Community Common External Tariff (35% ad valorem) and expensive import 
procedures at the Dar es Salaam port in Tanzania with the hope that increasing 
the domestic wheat prices farmers received would boost domestic production. 
Despite these efforts, growth in production failed dismally to keep pace with that 
of consumption. The failure of many of the small-scale to medium-scale farmers 
to participate in the value chain hinders farmers from accessing high-value 
wheat markets and obtaining the returns that would enable them to increase 
their productivity and profitability. For example, most small-scale farmers in 
Tanzania sell their crops at the farm gate to intermediaries (brokers), often at a 
low price [1]. Lack of strong linkages between farmers and postharvest actors in 
the wheat value chain marginalizes farmers’ welfare gain because prices received 
from intermediaries are much lower and rarely cover the cost of production.  

There are two types of linkages within the value chain literature: horizontal 
and vertical. Horizontal linkage for farmers refers to their membership and par-
ticipation in farm associations. Farmers’ participation in horizontal coordination 
has shown progressive outcomes through their collective actions as documented 
in the literature. Acting collectively enables farmers to reduce their transaction 
costs for accessing inputs and transporting outputs, ease their access to market 
information and extension services, and improve their bargaining power with 
postharvest actors [2] [3] [4] [5] [6]. Despite such apparent advantages to far-
mers, the findings in the literature are not clear-cut regarding the value of par-
ticipation in associations to farmers’ welfare due to differences in production 
locations and agro-economics [7]. 

Vertical linkage refers to various associations between farmers and postharv-
est actors that entail formal and informal contracts that secure market outlets for 
farmers’ output and make it easier for smallholders to overcome constraints 
such as inadequate or limited access to improved inputs, modern technology, 
and credit [8]-[17]. Masakure and Henson [18] list the benefits of contracts in 
reducing market uncertainty, enhancing knowledge acquisition, and increasing 
farmers’ income. 

Despite the economic importance of associations and contracts, most small-scale 
farmers in Tanzania do not participate in the formal value chain. Rather, they 
operate within a framework/system that is characterized by weak or poor coor-
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dination with little or no legal enforcement of contracts between the postharvest 
actors. Moreover, few farmers belong to associations that could help them gain 
access to guaranteed markets and collective bargaining to influence the market 
[19]. 

This article makes two major contributions to the literature. First, a review of 
the literature indicates that there has been no prior formal comprehensive as-
sessment of the value chain participation of wheat farmers in Tanzania based on 
horizontal and vertical coordination as key indicators for farmers’ value chain 
participation. For example, SAGCOT [20] only maps the value chain to trace the 
flow of inputs, goods, and services from production point to the ultimate con-
sumer, and a USAID [21] report on staple-food value chain analysis focuses 
mainly on production and consumption trends, constraints, and opportunities. 
Second, this study is the first to demonstrate a plausible explanation for the 
Tanzanian farmers’ lackluster response to what appears to be a market opportu-
nity to satisfy domestic demand for wheat and wheat products. It also offers 
useful policy suggestions to address the situation. 

In addition, not controlling endogeneity caused by unobservables could result 
in biased estimates, especially when the unobservables affects participation in the 
value chain [22] [23] [24] [25] [26]. These unobservable factors as pointed out 
by Barrett et al. [12] may include individual risk aversion behavior, social capital, 
and trust/distrust of associations and contracts. To control for unobservables, we 
conducted a sensitivity analysis on outcome results, given that the propensity 
score matching (PSM) can only solve observed factor bias, thus producing less 
biased results in assessing the impact of value chain participation on wheat far-
mers’ welfare in Tanzania. 

Following the introduction, section 2 provides an overview of the concept of 
value chain, as well as a discussion of the theoretical underpinnings of the analy-
sis undertaken. In particular, we discuss the rationale for using the propensity 
scoring technique and the additional steps needed to improve the robustness of 
the technique. Section 3 lays out in detail the methodological framework, in-
cluding the specifications used in the analysis and the source of the data used in 
the analysis. The results of the investigation are presented and discussed in sec-
tion 4. Section 5 provides the concluding remarks.  

2. Concept of Value Chain and Theoretical Framework 
2.1. Brief Overview of the Concept of Value Chain and Value Chain 

Development 

The value chain concept carries various definitions based on the question the 
researcher wants to address. Based on Kaplinsky and Morris [27] and Donovan 
et al. [28], a value chain can be defined as an organized system of transforming 
products in various forms from production to consumption. 

As the product moves along the value chain, it increases its value through 
transformation/processing, relocation, and distribution. In agriculture, food safety 
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and food functionality also add value to the products through product differen-
tiation. The incremental value of the resultant products can be identified by their 
price differences. Value Chain Development (VCD) is geared toward analyzing 
the value chain and addressing key weaknesses in a manner that contributes to 
the development or improvement in the value chain. Therefore, VCD is a posi-
tive or desirable change in a value chain to extend or improve productive opera-
tions and generate socioeconomic benefits toward poverty reduction, income 
and employment generation, economic growth, environmental performance, 
gender equity, and other development goals [29]. 

The value chain concept in agriculture involves linkages of actors and their 
agri-food products toward adding value for consumers. The features of value 
chain development include mapping, coordination, governance, upgrading, meet-
ing consumer demand, and competitiveness. Products gain value as they move 
along the value chain to various actors, say from input suppliers (such as seed pro-
viders) to farmers, then to intermediaries such as processors, wholesalers, retailers, 
and ultimately to consumers. Therefore, there must be linkages between actors to 
facilitate the movements of these products. These links need to be effective so that 
the benefits of the value chain are distributed among the chain actors. The value 
chain is not sustainable if only one actor receives all the benefits. 

Often, farmers receive the lowest share of the consumer dollar, which is 
attributed to several factors, including the risk of product damage, high product 
transport costs to urban markets, and weak linkages with actors farther up the 
value chain. To deal with these challenges, value chain actors need to be organ-
ized and have external support to participate effectively in the high-value mar-
kets, including better rural infrastructures, educational institutions, and research 
and extension services. 

Many studies have shown the impact of value chain participation in various 
farm aspects, including farmers’ welfare. For example, the study by Birthal et al. 
[30] on vertical coordination in high-value commodities found that contracts 
reduce transaction costs and improve market efficiency to benefit smallholders. 
Coordinated farmers were paid better prices and enjoyed the benefit of assured 
procurement of their products. Valkila et al. [31] employed the value chain ap-
proach to assess whether the Fair Trade system empowers traders. They found 
that despite the premium prices set by Fair Trade, farmers still received the low-
est price share in the value chain. Warsanga [32] employed marketing margins 
to assess price variations among actors within the banana value chain in Tanza-
nia and found that farmers received the lowest price share. Unlike these studies, 
this paper examines the impact on farmer’s welfare by comparing identical 
groups of participant and nonparticipant farmers in the value chain. The find-
ings are used to explain the lacklustre response of farmers to opportunities in the 
wheat market in Tanzania. 

2.2. Theoretical Framework 

A frequent problem encountered by social scientists in the quest to determine 
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the impact of a decision taken by a particular group (treated) vs. a group that has 
not made that decision (untreated) is self-selection. Apart from statistical esti-
mation issues, this presents a challenge to the researcher who in most cases only 
observes the outcome of the choice made by the individual (self-selection) but 
not the effect had that same individual been randomly assigned to a group. 
Comparisons are easier for randomized data (experiments) than for nonrando-
mized data (observations). 

In light of the above, several approaches have been advanced in the literature 
aimed at circumventing this issue. In general, the aim is to evaluate the treat-
ment effect by selecting a control unit (untreated group) that is identical in 
terms of characteristics to the self-selected unit (treated group) in order to make 
inferences about the choices made. Moreover, it is important to account for ob-
servable and unobservable factors when evaluating the treatment effect in order 
to make good inferences about a choice. Failure to do so could result in selection 
bias (endogeneity) problems, thus leading to faulty inferences being drawn re-
garding the choice or particular treatment. As a result, Rosenbaum and Rubin 
[33] proposed using propensity score matching (PSM) to estimate the probability 
(propensity score) of participating in the value chain.  

2.2.1. Propensity Score Matching 
PSM is a statistical technique in which treatment individuals (beneficiaries of the 
program) are matched with one or more of the controlled individuals based on 
scores obtained from the function of covariates. For PSM to yield unbiased infe-
rences, conditional independence must exist between the participants and non-
participants of the program. 

Statistical inference about the treatment effect on the individual outcome in-
volves having prior information before an individual’s participation in the pro-
gram. The missing information (unobserved outcome) is referred to as a 
counterfactual outcome. Because estimating individual treatment effect is im-
possible, one needs to consider either obtaining the average treatment effect (ATE) 
or the average treatment effect on the treated (ATT) where consideration is given 
to the entire sample population. For policy implications, the focus should be on 
the intended group (ATT) rather than the entire group (ATE). 

The expected value of ATT is the difference between the expected value of 
“with” and “without” treatment. That is, the ATT parameter is the actual gain 
from participation in the program and can be compared with its cost to deter-
mine whether the program should proceed, assuming it has a positive impact 
[23]. Accordingly, this paper focuses on ATT by fixing counterfactual informa-
tion from the untreated group using PSM [33]. The major assumption of the 
treatment effect for evaluation studies is that the treatment satisfies the 
exogeneity condition, referred to in the literature by several names. The Uncon-
foundedness assumption states that 

0 1, |R R D K⊥                          (1) 
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where ⊥ denotes independence, 1D =  if treatment was received, and 0D =  
if no treatment was received. The expression above implies that with a given set 
of covariates K unaffected by treatment, the potential outcomes R0, R1 would be 
independent of treatment assignment. Further, it implies that all covariates that 
might affect the treatment and the outcome simultaneously must be observed to 
reduce any biasness that could alter inference. The overlap assumption states 
that 

( )0 1| 1P D K< = < ,                      (2) 

implying that participants and nonparticipants with the same K values both have 
a positive probability of being treated [23]. Assumptions 1 and 2 are strongly 
ignorable [33], where ATE and ATT can be defined for all values of K. In this 
paper, the logit model is chosen due to the presence of binary dependent va-
riables [24]. 

2.2.2. Matching Algorithms 
After the propensity scores have been obtained, the second necessary step is to 
choose matching algorithms. The most common matching algorithm techniques 
are Nearest Neighbor Matching (NN), Caliper and radius, stratification and in-
terval, and Kernel and Local linear [24]. All these types techniques can be done 
with or without replacement. “With replacement” means an individual from the 
control group can be matched more than once, while “without replacement” 
means the individuals from the control group are matched once only with indi-
viduals in the treated group. Both “with” and “without” involve a tradeoff be-
tween bias and efficiency (variance). “With replacement” is useful for dispersed 
propensity score distribution between the control and treated groups. The choice 
will depend on the nature and availability of the data. It would make sense to use 
“with” when there are more observations for the treated group than for the con-
trol group, and to use “without” in the opposite situation.  

Of the various matching techniques, NN is the one most frequently used, 
often in combination with others. NN matches individuals with the closest pro-
pensity score from the control group to those in the treated group. Caliper and 
radius matching resolve the problem of NN when the closest neighbor is far 
away. Caliper imposes a common support condition, whereby observations that 
are out of radius are dropped [34]. One advantage of the caliper technique is that 
it uses all the individuals within the caliper range. When there are suitable 
matches within the range, extra-individuals can be used; otherwise fewer indi-
viduals are used. Thus, caliper shares the attractive feature that avoids the risk of 
unsuitable matches [24]. Once the matching algorithms and their combinations 
have been chosen, the next stage of the process is to check for overlap between 
participants and nonparticipants. 

2.2.3. Overlap 
Overlap (common support condition) ensures that only comparable observa-
tions are used in the matching algorithm before proceeding with the analysis 
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[26]. Several techniques to accomplish this can be found in the literature, in-
cluding visual distribution of propensity scores before and after matching, mi-
nima and maxima comparison, and trimming [25]. Determining overlap in-
volves identifying and retaining those individuals inside the region of a suitable 
match and discarding those outside the region. In other words, once the mini-
mum and maximum propensity scores from both groups have been determined, 
individuals below the minimum or above the maximum of the control (un-
treated) group are discarded [23]. The next step requires revisiting the covariates 
and assessing the quality of matching. The process of doing so is discussed in the 
next subsection. 

2.2.4. Testing the Matching Quality 
Testing the matching quality involves checking all the covariates to determine if 
the balancing property is achieved from relevant variables of both the control 
and treated group. Specifically, the intent is to determine whether any systematic 
differences between the groups remain after the matching is completed (i.e., af-
ter conditioning on the propensity scores). The matching quality checks if 

( )| 1|K D P D K⊥ = ,                     (3) 

where K are the covariates that are independent to treatment (D) after condi-
tioning to their probability of participation: 

( )1|P D K=                          (4) 

If there is still a dependency on K covariates, then it can be concluded that ei-
ther the model is misspecified or lacks good matches between the groups [35]. 
That is, there should be no more new significant information about the treat-
ment decision. In applying the test, various methods have been suggested, in-
cluding standardized bias, t-test, joint significance and pseudo R2, and the strati-
fication test [36] [37] [38]. This paper uses the t-test method for participants and 
nonparticipants for the reasons described below. 

The t-test, which is used to test the means of covariates before and after 
matching, is the preferred test because it gives statistically significant results. Af-
ter the matching quality has been checked and tested, the impact of participation 
is measured using the matched sample. The parameter value is the ATT (the av-
erage treatment effect on the treated). Because the PSM only reduces the 
observable bias, there is the need to conduct a sensitivity test for endogeneity or 
unobservable bias. 

2.2.5. Sensitivity Analysis 
The last step for this analysis is to check the sensitivity of confounders on our 
results. The treatment effect estimation is based on two major assumptions: un-
confoundedness and overlap. The unconfoundedness assumption is a strong as-
sumption that can lead to bias estimates if there are confounders that affect both 
participation and the outcome simultaneously [39]. This is because the estima-
tors from matching will not be robust to the hidden bias. While the magnitude 
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of selection bias cannot be estimated with nonexperimental data, it can be ad-
dressed by sensitivity analysis. A sensitivity analysis gives answers on whether 
the inference about the outcome can be altered by unobservables or confounders. 
Stated slightly differently, it tells how strongly the unmeasured variables could 
alter the inference made from the analyzed model. That is, the participation 
probability, say, iπ , is determined by observables ik  and unobservables iu  
such that  

( ) ( )Pr 1|i i i i iD k F k uπ β γ= = = + ,                (5) 

where γ shows the extent to which iu  could affect the participation decision of 
individual i. Then 0γ =  if there is no hidden bias and iπ  is only determined 
by ik . If 0γ > , this implies there is an unobserved effect on participation and 
that two observations, say, i and j, with the same k (identical value) differ in their 
probability of receiving treatment. The sensitivity of the results from hidden bias 
can be checked by varying the value of γ. By varying the values of γ, the bounds 
for significance and the confidence interval can be generated [39] [40] [41]. 

Rosenbaum’s technique of sensitivity analysis depends on the sensitivity pa-
rameter, γ, which determines the degree of departure from treatment or partici-
pation. Thus, two individuals, i and j, with the same covariates k differ in their 
odds of participation in the program by at most a factor, γ. In experimental stu-
dies, the randomization ensures that the γ value is always 1 to control for bias 
[42]. 

In the odds criteria, values of γ are normally generated and tested in the mod-
el to see whether the findings will change. The odds ratio in sensitivity analysis is 
used because it shows how great the differences in π would need to be to change 
our estimated results. If iπ  is the probability of participation for individual i, 

then the odds that individual i participates in the program is 
1

i

i

π
π−

. The odds 

ratio is bounded by gamma (γ) such that 

( )

( )

11

1

i

i

j

j

π
π

γ
πγ
π

−
= =

−
                        

(6) 

The expression implies that there would be a hidden bias if two individuals 
with the same covariate values k have a different probability of participating in 
the program. That is, we would have hidden bias if jik k=  but i jπ π≠  for in-
dividuals i and j. The basic process for a sensitivity analysis has two steps. First, 
is the selection of values for γ. Second, the γ values can either be used on p 
values or on the effect (outcome) to see how the values change as gamma in-
creases. For binary outcomes, the sensitivity analysis is based on McNemar’s test. 
For other outcomes, we use the sensitivity test based on the Hodges-Lehmann 
point estimate for the signed rank test because the outcome is a continuous 
variable. 
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3. Method and Data 
3.1. Method 

Participation of farmers in the value chain is associated with linkages among 
themselves (horizontal coordination) and between postharvest actors (vertical 
coordination). An experimental approach (treatment and control) is used to 
determine the extent to which farmers benefit from value chain participation 
and to identify a causal relationship between participation and an outcome or set 
of outcomes. PSM is used to evaluate the impact of participation in contracts (C) 
and associations (A) on wheat farmers’ welfare. Based on Heckman et al. [33] 
and Dehejia and Wahba [34]), the propensity scores were estimated using logis-
tic probability regression, the algorithms for matching were selected, common 
support conditions were checked for variables that influenced both vertical and 
horizontal coordination participation, the ATT was estimated, and a sensitivity 
analysis was conducted to check for any confounder effect.  

The treatment groups for this study are the participants in contracts and 
associations, while the control groups are the nonparticipants in contracts and 
associations. The outcome (R) is the wheat net profit per kilogram (kg). The 
impact of participation in contracts and associations on household wheat profit 
(R) is estimated by taking the average difference for R across both the treatment 
and control groups after controlling for differences in participation due to 
observable variables (k). First, we use the logit model to estimate the probability 
of farmers’ participation, assuming that the error term is logistically distributed 
[43]. The logit model for C and A are specified as 

( ) e1|
1 e

k

r kP C k
α

α

′

′= =
+                       

(7) 

( ) e1|
1 e

k

r kP A k
α

α

′

′= =
+

                      (8) 

where C represents contracts (dummy), and A represents membership in an as-
sociation (dummy). C takes on a value of 1 if the farmer had a contract during 
the wheat sales, and zero otherwise. Likewise, A takes on a value of 1 if the far-
mer belonged to a wheat association, and a value of zero if not. Following the 
probability estimation, the nearest neighbor (NN) and caliper algorithms with 
varied radii are used, respectively, to match the control and treatment groups 
based on propensity scores. The matched sample is used to determine the aver-
age treatment effect on treated (ATT) group for net profit R. Explicitly, the 
treatment effect for individual i is written as 

1 0i i iT R R= −                           (9) 

where Ri is the outcome of an ith individual with treatment, and R0 is the out-
come of the same ith individual without treatment. However, because R0 is not 
observed the counterfactual profit is used. In this case, the expected treatment 
effect of participation or average treatment effect on treated (ATT) is the differ-
ence between the actual profit and the profit if the farmer did not participate in 
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the contract (C) or association (A). 

( ) ( )1 0

Observed Counterfactual

| 1 | 1c i iATT E R C E R C= = − =
 

               

(10) 

( ) ( )1 0

Observed Counterfactual

| 1 | 1c i iATT E R A E R A= = − =
 

               

(11) 

where ( )1 | 1iE R C =  and ( )1 | 1iE R A =  are the observed net profit, and 
( )0 | 1iE R C =  and ( )0 | 1iE R A =  are the counterfactual net profits for contract 

participation and membership in a farmer’s association, respectively. 
A proxy is needed for the counterfactual. A ready candidate for the proxy is to 

use an outcome observed from the untreated group (or a subset of the group). 
Comparing the average difference in the outcome of the treated vs the proxy as 
counterfactual, the estimated ATT is 

 ( ) ( )1 0

Proxy

| 1 | 0C i i c iATT E R C E R C ATT v= = − = +=


          

(12) 

         

(13) 

where ( )0 | 0iE R C =  and ( )0 | 0iE R A =  are the net profit proxies for contract 
and membership participation, respectively, as obtained from the matched con-
trol group. The difference between the true ATT and the estimated ATT is the 
estimation bias due to some farmers being selected (or self-selected) for the 
treated group and others for the untreated group such that proxies have to be 
used for counterfactual outcomes. This bias is referred to as “selection bias” in 
the econometric literature and is given by 

( ) ( )1 0

Counterfactual Proxy

| 1 | 0i i iv E R C E R C− == =
 

                

(14) 

( ) ( )1 0

Counterfactual Proxy

| 1 | 0i i iu E R A E R A− == =
 

                

(15) 

where iv  and iu  are biases given by unobserved pre-existing differences be-
tween the groups. Thus, the true parameter of ATT is only identified if the 
counterfactual net profit is similar to proxy net profit without considering 
unobserved biases. That is 

( ) ( )0 0| 1 | 0i iE R C E R C= = =                  (16) 

( ) ( )0 0| 1 | 0i iE R A E R A= = =                   (17) 

After the ATT is obtained, we can now further check for the unobserved effect. 
Let the probability of participation in value chain for individual i be iπ  and for 
the matched individual j be jπ . Assuming each individual i is exactly matched 
by individual j, their treatments odds are given by 

( )1
i

i
i

O π
π

=
−                         

(18) 

( )1
j

j
j

O
π

π
=

−
                        

(19) 
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The odds ratio for the paired matched individuals is given by 

( )

( )

1

1

i

ii

jj

j

O
O

π
π

γ
π
π

−
= =

−
                      

(20) 

where γ is the treatment odd ratio in Rosenbaum’s sensitivity analysis and 
represents the probability ratio of participants to the matched nonparticipants of 
the value chain. From  

( ) ( )Pr 1|i i i i iD k F k wπ β γ= = = +                 (21) 

Assume the F function has a logistic distribution. Then odds ratio equation 
becomes 

( )

( )

( )
( )
11 e
1 e

1

i i

j j

i
k w

i ji
k w

j j i

j

β γ

β γ

π
π ππ

π π π
π

+

+

−−
= =

−
−

                 

(22) 

Since the values of i jk k=  after matching, then 
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The individuals still differ in their odds of participation by a factor γ and their 
unobserved covariate w. If there are no differences in unobserved variables 

i jw w=  or if unobserved variables have no influence on the probability of par-
ticipating 0γ = , the odds ratio is 1, implying the absence of hidden or unob-
served selection bias. Following Rosenbaum [39] and Aakvik [40], the bounds 
for the odds ratio in equation 23 above is given by 
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where iπ  represents individual i participating in the value chain, while jπ  
represents individual j not participating in the value chain despite the similarity 
in the covariate value with individual i. Similarly, γ shows the difference in the 
odds of treatment and unobservable covariates between two individuals of the 
same covariate values. 

In this case, eγ  is the measure of the degree of departure from participation 
that is free of hidden bias. The package rbound in the r-program is used such 
that γ is the log odds of the differential assignment to treatment due to unob-
served factors. The profit outcome is a continuous variable; thus the sensitivity 
test for p-value is conducted using the Wilcoxon signed rank p-value test. For 
the profit effect due to participation, the Hodges-Lehmann point estimate test is 
used. The null hypothesis is 1γ = , implying that there is no unobserved bias 
that would badly affect our inference (ATT). 
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3.2. Data 

Data were collected through a field survey in northern highland area of Tanzania 
where 90% of the total cultivated wheat is produced. Arusha and Kilimanjaro, 
which are two relatively homogenous regions in agricultural land use, produc-
tion practices, and ecological condition, were chosen. Two districts from Arusha 
(Karatu and Monduli) and one from Kilimanjaro (Hai) were selected based on 
their level of wheat production. Next, the Mbulumbulu and Rhotia wards were 
selected in the Karatu District, the Mondulijuu Ward was selected in the Mon-
duli District, and the Ngarenairobi Ward was selected in the Hai District to form 
a more homogenous stratum by location to represent the variability in wheat 
growing conditions by the wards. The sampling frame was obtained from village 
officials who provided lists of farmers who grew wheat during the 2014/15 crop 
season. The combination of random and snowball sampling techniques were used 
select the survey respondents. Trained enumerators administered a pre-tested 
questionnaire to farmers to obtain information related to production, costs, and 
marketing practices. Demographic information was collected on solicited heads 
of households that included household size, age, gender, education, and occupa-
tion of the respondents, as well as information on the number of wheat contracts, 
membership in a group/association, and production and marketing of wheat 
challenges that the survey respondents had encountered during the 2014/15 
wheat season. In addition, formal discussions with key informants such as gov-
ernment officials and traders were conducted to solicit their opinions about the 
2014/15 wheat crop. This information supplemented the data collected from the 
structured questionnaire for farmers. 

The final sample included 350 farmers despite several farmers switching from 
wheat production to barley production or significantly reducing their wheat 
production. Barley competes directly with wheat in Tanzania since both crops 
are grown under the same conditions using the same inputs. The differences in-
clude seeds and buyers. Barley has the advantage in that it sells for a slightly 
higher price than wheat and receives full support from private brewery compa-
nies. Such support includes the provision of inputs, assistance with harvesting 
and transporting the crop. Despite the difficulty encountered, a total of 310 out 
of 350 farmers completed the questionnaires and participated in the analysis. In-
complete questionnaires were discarded. The focus of this study was small-scale 
farmers who are the majority of farmers in Tanzania, with land size ranging 
from 0.2 to 2 hectares (the equivalent of 0.5 to 5 acres).  

4. Results and Discussions 
4.1. Value Chain Structure 

The wheat value chain in the study area consists of four main value chains: 
wheat input, wheat grain, wheat flour, and wheat product. We focus mainly on 
farmers’ participation in the wheat grain value chain, which consists of produc-
ers, brokers, wholesalers, and retailers. 
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Although landholdings in the study area range from 0.5 acres to more than 50 
acres, the bulk of farmers represented in the survey are small-scale farmers with 
land averaging about 5 acres. Figure 1 depicts the wheat grain value chain. As 
can be seen in Figure 1, the farmers sell wheat grain to local retailers, brokers, 
and wholesalers. The wheat brokers in the study area are the major/dominant 
players in the wheat grain value chain because they are involved in organizing 
most of the transactions between the traders and the farmers. They participate in 
the harvesting and transporting of crops to the urban market/warehouse “go-
down” where they meet with wholesalers or processors.  

Brokers and traders visit at the farm gate to bid for prices shortly before the 
harvest. Sometimes brokers and traders agree to harvest the crops themselves in 
exchange for one bag (100 kgs) of wheat to every acre harvested as the cost of 
harvesting. The brokers and traders harvest and transport the wheat to the pro-
cessors for further value adding activities. Once the wheat is sold, the brokers 
and traders then deduct their costs and give the cash balance to the farmers. 

One disadvantage that farmers face in selling their wheat to the brokers and 
traders at the farm gate is that each bag of wheat actually holds from 110 kgs to 
130 kgs, depending on how much extra (overflow) the bags can extend. In the 
Swahili language, the overflow bags are called “lumbesa” (extended bags). 

4.2 Value Chain Coordination 

Coordination along the chain is achieved by means of contracts and associations  
 

 
Figure 1. Wheat grain value chain map. 
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between and within actors. Two types of coordination are identified: vertical 
(contracts with brokers and traders) and horizontal (membership in associa-
tions). Table 1 shows that only 16.5% of all the farmers surveyed had a contract 
with traders, and most of those were verbal agreements only. This implies that 
the majorities of small-scale farmers are not coordinated vertically and sell their 
wheat grain to spot markets or at the farm gate. The small percentage of farmers 
with contracts implies weak vertical coordination between farmers and other 
actors of the wheat grain value chain. Because the relationship between farmers 
and traders starts at harvest time, there are no set predetermined prices or for-
ward contracts. Neither is there any type of arrangement that would compel 
buyers to provide agricultural inputs nor farmers to supply wheat. In addition, 
verbal contracts do not force the wheat buyer to provide technical or extension 
support, which leaves farmers in a dilemma during high peak/good harvests. 
This is in sharp contrast to the situation that exists for barley, whereby the 
companies purchasing the barley also finance the inputs and provide extension 
and transportation services. Barley contracts are a type of centralized agreement 
where the buyers take care of almost everything while the farmer only takes care 
of the operations costs (land preparation, planting, spraying, and fertilization). 
As a result, many farmers have exchanged/reduced wheat cultivation for barley.  

Table 2 shows that 39.4% of the total producers surveyed belonged to wheat 
associations. The fact that the vast majority were not part of associations indi-
cates weak horizontal coordination. Most of these associations are not formed 
officially; oftentimes it is just a group of farmers working together on various 
economic and community activities. 

4.3. Mean Characteristics of Participants and Nonparticipants of 
Value Chain 

The participants and nonparticipants of vertical coordination differ significantly  
 

Table 1. Farmers’ vertical coordination by wards.  

Ward Noncontract Contract Total 

Mbulumbulu 96 20 116 

 (82.7) (17.3)  

Rhotia 49 9 58 

 (84.5) (15.5)  

Monduli juu 96 18 114 

 (84.2) (15.8)  

Ngarenairobi 18 4 22 

 (81.8) (18.2)  

Total 259 51 310 

 (83.5) (16.5)  

~Values in bracket are percentages. 
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Table 2. Farmers’ horizontal coordination by wards. 

Ward Nonmembers Members Total 

Mbulumbulu 67 49 116 

 (57.8) (42.2)  

Rhotia 44 14 58 

 (75.9) (24.1)  

Monduli juu 64 50 114 

 (56.1) (43.9)  

Ngarenairobi 13 9 22 

 (59.1) (40.9)  

Total 188 122 310 

 (60.6) (39.4)  

~Values in brackets are percentages. 
 

in farm and farmer characteristics. Nonparticipants are more experienced in 
farming, have a larger number of household members, and a larger number of 
adults in the household. Participants are characterized by larger numbers of 
farmers leasing the land, higher frequency of extension visitations, higher 
attendence atvillage meetings, higher off-farm income, larger proportion of 
land used for wheat production more output per acre, and fewer seeds 
planted per acre. Further, participants have a higher technical efficiency (TE 
scores) and allocation efficiency (AE scores) compared to nonparticipants at 
the 1% significance level (Table 3). For the rest of the characteristics, the dif-
ferences between participant and nonparticipant farmers were not significant. 
This implies that relatively suitable matches would be available for vertical 
coordination participants and nonparticipants to analyze the impact of ver-
tical coordination participation on farmer’s welfare as measured by wheat 
profit per kg.  

Table 4 shows the characteristics of participants and nonparticipants of asso-
ciations. Many variables are insignificant, which implies that the mean differences 
between participants and nonparticipants in associations are not associated with 
farm and farmer characteristics. Table 4 demonstrates that participants differ 
positively and significantly from nonparticipants in the level of education (10% 
significance level), frequency of meetings attendance (5% significance level), 
output per acre (1% significance level), technical efficience (1% significance 
level), and allocative efficiency (1% significance level). Conversely, nonpartici-
pants differ positively and significantly from participants on better farm equip-
ment ownership and number of herbicide applications at the 10% and 5% signi-
ficance level, respectively. Since most of the variables are either not significant or 
have a weak significance level, there is a good match from nonparticipants to 
analyze the impact of horizontal coordination participation on farmer’s welfare 
as measured by wheat profit per kg. 
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4.4. Factors Influencing Farmers’ Participation in Value Chain 

As mentioned earlier, a logit model was used to determine the factors that in-
fluence the farmer’s participation in contracts and associations to generate the 
fitted values (estimated coefficients) that were used to create the propensity 
scores. Table 5 shows that age of the household head, land leased, frequency of 
extension visits, frequency of meetings attendance, off-farm income, land size 
allocated for wheat, and technical efficiency are significant factors that deter-
mine farmers’ participation in vertical coordination. Unlike younger farmers, 
older farmers might have long-time partners who buy their wheat, and thus are 
more likely to participate in vertical coordination. Farmers who receive more 
extension visitations are more likely to participate in vertical coordination,  

 
Table 3. Characteristics for vertical coordination, participants and nonparticipants. 

Variable 
Nonparticipants  

(n = 259) 
Participants  

(n = 51) 
t-value p-value 

Age 43.54 43.49 0.03 0.9792 

Education 7.06 7.51 −0.83 0.4083 

Experience 14.26 11.63 1.81 0.0739* 

Household composition 6.69 5.69 2.92 0.0044*** 

 
Age below 18 3.20 2.82 1.35 0.1798 

 
Age 18 to 50 3.06 2.53 2.74 0.0076*** 

 
Age 50 and older 0.46 0.35 0.97 0.3376 

Land leased 0.58 0.80 −3.45 0.0009*** 

Extension visit 0.90 2.18 −2.10 0.0080*** 

Meeting 0.38 0.86 −2.10 0.0401** 

Transport ownership 0.07 0.12 −1.08 0.0000*** 

Farm equipment 0.09 0.10 −0.20 0.8402 

Livestock 0.93 0.94 −0.19 0.8531 

Hybrid seed 0.10 0.10 0.13 0.8934 

Off-farm income 0.14 0.29 −2.34 0.0224** 

Land size used 4.60 7.75 −2.36 0.0220** 

Output per acre 686.84 795.91 −270 0.0088*** 

Seed per acre 80.73 75.81 2.28 0.0250** 

Fertilizer Lts/acre 24.63 20.21 1.14 0.2593 

Herbicides Lts/acre 0.69 0.73 −0.57 0.5688 

Insecticides Lts/acre 0.55 0.64 −1.32 0.1921 

Pesticides Lts/acre 0.37 0.42 −0.75 0.4573 

TE scores 0.78 0.85 −4.77 0.0000*** 

AE scores 0.79 0.85 −4.09 0.0001*** 

*significant at 10% level, ** at 5% level, *** at 1% level. 
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Table 4. Characteristics for horizontal coordination, participants and nonparticipants. 

Variable 
Nonparticipants  

(n = 188) 
Participants  

(n = 122) 
t-value p-value 

Age 42.80 44.66 −1.31 0.1928 

Education 6.89 7.54 −1.67 0.0955* 

Experience 13.29 14.66 −1.20 0.2303 

Household composition 6.51 6.55 −0.14 0.8854 

 
Age below 18 3.16 3.11 0.24 0.8130 

 
Age18 to 50 2.97 2.98 −0.09 0.9302 

 
Age 50 and older 0.39 0.52 −1.51 0.1329 

Land leased 0.62 0.62 −0.10 0.9167 

Extension visit 1.07 1.18 −0.42 0.6777 

Meeting 0.32 0.67 −2.56 0.0110** 

Transport ownership 0.05 0.11 −1.64 0.1021 

Farm equipment 0.11 0.06 1.74 0.0833* 

Livestock 0.94 0.93 0.52 0.6031 

Hybrid seed 0.10 0.11 −0.53 0.5989 

Off-farm income 0.15 0.17 −0.41 0.6801 

Land size used 5.23 4.96 0.39 0.6974 

Output/acre 666.21 764.25 −3.33 0.0010*** 

Seed/acre 80.21 79.47 0.38 0.7068 

Fertilizer/acre 22.45 26.15 −1.16 0.2453 

Herbicides/acre 0.73 0.64 2.06 0.0402** 

Insecticides/acre 0.60 0.53 1.53 0.1269 

Pesticides/acre 0.39 0.38 0.25 0.8004 

TE scores 0.77 0.81 −2.73 0.0067*** 

AE scores 0.77 0.84 −5.72 0.0000*** 

*significant at 10% level, ** at 5% level 
 

perhaps because the extension officers provide both technical and marketing in-
formation, including identifying traders willing to negotiate contracts. Farmers 
who attend village meetings are more likely to participate in contracts because 
the meetings allow farmers to gain access to various production and marketing 
information and to meet traders interested in establishing contractual 
arrangements. Farmers with off-farm activities have a greater opportunity of 
meeting wheat traders at off-farm workplaces or in the marketplace. The larger 
the land size allocated for wheat production, the higher the probability of 
participating in vertical coordination. This is probably because traders prefer 
contracting with farmers with larger acreages. Not surprisingly, farmers with 
higher technical efficiency have a greater chance of participating in vertical 
coordination due to contract participation. The marginal effect for age indicates  
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Table 5. Logit estimates of propensity score model for contracted farmers. 

MLE Marginal Effect 

Contract (dummy) Estimate Std. Error Pr (>|z|) dC/dx Std. Err. P > |z| 

(Intercept) −7.976*** 2.073 0.000 − − − 

Age 0.040* 0.022 0.069 0.003* 0.002 0.066 

Education −0.023 0.056 0.673 −0.002 0.005 0.673 

Experience −0.035 0.025 0.154 −0.003 0.002 0.155 

Household composition −0.311 0.441 0.482 −0.026 0.037 0.479 

 
Age below 18 0.145 0.454 0.749 0.012 0.039 0.748 

 
Age18 to 50 −0.056 0.452 0.902 −0.005 0.039 0.902 

 
Age 50 and older −0.211 0.523 0.686 −0.018 0.045 0.686 

Land leased 1.234*** 0.452 0.006 0.096*** 0.033 0.003 

Extension visit 0.126* 0.068 0.063 0.011* 0.006 0.071 

Meeting 0.355** 0.141 0.012 0.030** 0.012 0.012 

Mbulumbulu 0.182 0.731 0.803 0.016 0.065 0.807 

Rhotia 0.120 0.786 0.879 0.011 0.071 0.883 

Monduli juu 0.377 0.735 0.608 0.034 0.069 0.625 

Transport 0.360 0.602 0.550 0.035 0.065 0.595 

Equipment −0.554 0.624 0.375 −0.039 0.037 0.282 

Livestock 0.317 0.755 0.674 0.024 0.051 0.638 

Hybrid seed −0.411 0.611 0.502 −0.031 0.040 0.442 

Off-farm income 0.912** 0.458 0.047 0.100 0.063 0.111 

Land size 0.094*** 0.030 0.002 0.008*** 0.003 0.003 

Output 0.000 0.001 0.830 0.000 0.000 0.830 

TE scores 5.619*** 2.038 0.006 0.479*** 0.165 0.004 

*significant at 10% level, ** at 5% level, *** at 1%level 
 

that all other factors being held constant, older farmers are more likely (by 0.3%) 
to participate in contracts than younger farmers. The marginal effect of the ex-
tension visits is 1.1% more for visited farmers than for non-visited farmers. Higher 
attendance at village meetings increases a farmer’s probability of participating in 
contracts by 3.0%.The marginal effect for off-farm income shows that farmers with 
higher off-farm income have a 6.3% greater chance of participating in vertical 
coordination than their counterparts. Farmers with larger land size are 0.8% more 
likely to participate in vertical coordination. Farmers with higher technical 
efficiency scores are 48% more likely to participate in vertical coordination. 
However, in general, the low probability of farmers’ participation in contracts 
suggests a weak vertical coordination in the value chain. It is possible that if 
there had been better institutional arrangements, more farmers would have par-
ticipated in contracts.  
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Horizontal coordination is associated with farmers’ formation of groups for 
collective actions in agricultural activities. Table 6 shows the farm and farmer 
characteristics influencing participation in horizontal coordination. Few factors 
significantly influence farmers’ participation, such as meetings attendance (5%), 
farm equipment (5%), and output (5%). Farmers with high-tech farm equipment 
are less likely to participate in associations. Village meetings attendance and lev-
el of output positively and significantly influence participation in horizontal 
coordination by 5% each. Meetings attendance influences farmers’ participation 
in associations because of the camaraderie and the sharing of information and 
expenses, which encourages others to join/form associations. The marginal effect 
of meetings attendance indicates a 7% increase in the probability of farmers who 
attend village meetings to participate in horizontal coordination. 

 
Table 6. Logit estimates of propensity score model for farmers’ membership. 

MLE Marginal Effect 

Membership (dummy) Estimate Std. Error Pr (>|z|) dA/dx Std. Err. P > |z| 

(Intercept) −3.332*** 1.286 0.010 − − − 

Age 0.007 0.014 0.601 0.002 0.003 0.601 

Education 0.062 0.040 0.118 0.015 0.009 0.118 

Experience 0.002 0.016 0.890 0.001 0.004 0.890 

Household composition −0.564 0.468 0.228 −0.133 0.111 0.229 

 
Age below 18 0.613 0.476 0.198 0.144 0.112 0.199 

 
Age18 to 50 0.603 0.476 0.205 0.142 0.113 0.206 

 
Age 50 and older 0.791 0.505 0.117 0.187 0.119 0.118 

Land leased 0.033 0.275 0.906 0.008 0.065 0.906 

Extension visit −0.055 0.062 0.377 −0.013 0.015 0.377 

Meeting 0.294** 0.125 0.018 0.069** 0.030 0.019 

Mbulumbulu −0.016 0.528 0.976 −0.004 0.124 0.976 

Rhotia −0.938* 0.579 0.056 −0.200* 0.108 0.064 

Monduli juu 0.260 0.530 0.624 0.062 0.126 0.626 

Transport 0.671 0.487 0.168 0.165 0.121 0.173 

Equipment −1.043** 0.496 0.035 
−0.211**

* 
0.081 0.009 

Livestock −0.322 0.522 0.538 −0.078 0.129 0.545 

Hybrid seed −0.190 0.426 0.655 −0.044 0.096 0.648 

Off-farm income 0.114 0.366 0.756 0.027 0.088 0.758 

Land size −0.021 0.023 0.348 −0.005 0.005 0.348 

Output 0.002** 0.001 0.014 0.000** 0.000 0.014 

TE scores 1.255 1.225 0.305 0.296 0.288 0.305 

*Significant at 10% level, ** at 5% level, *** at 1% level. 
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4.5. Covariate Balancing Property 

Overlapping of propensity scores between participants and nonparticipants is 
one of two basic assumptions in PSM. The estimates that lie between 0 and 1 are 
used to determine the common support region and to check whether this as-
sumption has been met. Results for both vertical and horizontal coordination are 
provided in Table 7 and Table 8, respectively, to show the covariate balances of 
observables. Visual proofs of histogram distribution (Figures 2-10) are also 
provided to show the balances of the matched treated and control samples. 
Checking the overlap assumption before further analysis is necessary to ensure 
that reliable estimates are presented. Table 7 shows that the matching for the 
control and treated groups is properly overlapped for the selected variables. That 
is, there is no significant difference between the means of the control and treated 
groups after matching. As indicated in Table 7, all of the “after matching” mean 
value differences between the treated and control groups are insignificant.  

Figures 2-6 show the visual look of the distribution before and after match-
ing for various caliper levels and nearest neighbor matching. The histograms’ 
distributions before and after matching for treated (contract) and control 
(noncontract) groups reveal that after matching, the shapes for the treated and 
control groups are similar and that there are no significant differences between 
the two groups, thus suggesting that we can further use the matched sample 
group to examine the effect of farmers’ participation in vertical coordination on 
wheat profit per kg. Table 8 shows that the matching for the control and the 
treated groups under horizontal coordination were properly overlapped. That is, 
there is no significant difference between the means of the control and treated 
groups after matching.  

Figures 7-10 show the visual distribution before and after matching for the 
control and treated groups. The histograms for the nearest neighbor and caliper 
algorithms indicate that the after matching distributions are similar between the 
control and treated groups. This implies that there are no significant differences 
between the two groups. Thus, the matched sample can be used for analyzing the 
effect of horizontal coordination participation on wheat profit per kg. 

4.6. Impact of Vertical and Horizontal Coordination on Wheat 
Farmers’ Net Profit 

The vertical coordination effect was measured using both the nearest neighbor 
and caliper radius matching algorithms. As seen in Figure 6, the nearest neigh-
bor visual distribution did not result in the best matches, so its profit effect of 
130 TSh/kg in Table 9 will still be biased. Caliper radius matching is a flexible 
form of an algorithm that checks matching at various radii. A caliper radius of 
0.01 showed a profit effect of 136 TSh/kg and was significant at the 1% level. 
Despite the visual diagram (Figure 2) showing similar distribution between the 
matched treated and control groups, few treated farmers were used for the anal-
ysis. Possible increases in the samples were checked further by increasing the  
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Table 7. Covariate balancing for contract and noncontract farmers (caliper 0.07). 

 
Sample 

Mean treatment 
(n = 51) 

Mean control 
(n = 259) 

Std Mean Diff p-value 

Age Before 43.49 43.54 −0.401 0.979 

 
After 43.44 43.35 0.702 0.974 

Education Before 7.51 7.07 12.640 0.408 

 
After 7.70 7.06 18.515 0.382 

Experience Before 11.63 14.26 −28.256 0.074* 

 
After 11.56 12.32 −8.057 0.714 

Household composition Before 5.69 6.69 −46.572 0.004*** 

 
After 5.67 5.86 −8.587 0.716 

 
Age below 18 Before 2.82 3.20 −20.867 0.180 

 
 After 2.81 2.93 −6.313 0.762 

 
Age18 to 50 Before 2.53 3.06 −44.148 0.008*** 

 
 After 2.51 2.66 −11.647 0.565 

 
Age 50 and older Before 0.35 0.46 −14.927 0.338 

 
 After 0.37 0.28 12.304 0.531 

Land leased Before 0.80 0.58 55.093 0.001*** 

 
After 0.79 0.83 −8.475 0.609 

Extension visit Before 2.18 0.90 39.882 0.008*** 

 
After 1.65 1.97 −13.308 0.618 

Meeting Before 0.86 0.38 30.507 0.040** 

 
After 0.84 1.22 −24.391 0.298 

Mbulumbulu Before 0.39 0.37 4.360 0.776 

 
After 0.44 0.45 −2.314 0.916 

Rhotia Before 0.18 0.19 −3.303 0.830 

 
After 0.16 0.18 −4.151 0.837 

Monduli juu Before 0.35 0.37 −3.671 0.811 

 
After 0.35 0.32 5.626 0.777 

Transport Before 0.12 0.07 15.984 0.284 

 
After 0.09 0.13 −11.869 0.585 

Equipment Before 0.10 0.09 3.075 0.840 

 
After 0.12 0.12 0.000 1.000 

Livestock Before 0.94 0.93 2.867 0.853 

 
After 0.93 0.94 −4.511 0.815 

Hybrid seed Before 0.10 0.10 −2.067 0.893 

 
After 0.09 0.08 3.956 0.856 

Off-farm income Before 0.29 0.14 34.548 0.022** 

 
After 0.28 0.29 −1.708 0.925 

Land size Before 7.75 4.60 33.983 0.022*** 

 
After 6.00 5.19 12.702 0.469 

Output Before 795.91 686.84 40.779 0.009*** 

 
After 744.38 798.30 −23.257 0.272 

TE scores Before 0.85 0.78 78.885 0.000*** 

 
After 0.84 0.82 17.957 0.432 
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Table 8. Covariate balancing for members and nonmembers farmers (caliper 0.022). 

Variable Sample Mean Treatment Mean Control Std Mean Diff p value 

Age Before 44.66 42.80 15.898 0.193 

 
After 43.69 42.94 6.543 0.674 

Education Before 7.54 6.88 18.864 0.096* 

 
After 7.22 7.61 −11.913 0.387 

Experience Before 14.66 13.29 15.036 0.230 

 
After 13.50 14.51 −11.895 0.405 

Household composition Before 6.55 6.51 1.630 0.885 

 
After 6.40 6.37 1.321 0.917 

 
Age below 18 Before 3.11 3.16 −2.609 0.813 

 
 After 3.02 3.00 1.273 0.920 

 
Age18 to 50 Before 2.98 2.97 1.013 0.930 

 
 After 2.94 3.08 −9.204 0.527 

 
Age 50 and older Before 0.52 0.39 17.029 0.133 

 
 After 0.45 0.31 18.951 0.137 

Land leased Before 0.62 0.62 1.219 0.917 

 
After 0.64 0.68 −7.946 0.560 

Extension visit Before 1.18 1.07 4.739 0.678 

 
After 1.07 0.86 9.588 0.441 

Meeting Before 0.67 0.32 27.255 0.011** 

 
After 0.44 0.50 −5.620 0.718 

Mbulumbulu Before 0.40 0.36 9.194 0.425 

 
After 0.42 0.44 −3.360 0.820 

Rhotia Before 0.11 0.23 −37.273 0.005*** 

 
After 0.14 0.13 3.823 0.764 

Monduli juu Before 0.41 0.34 14.056 0.221 

 
After 0.38 0.34 8.883 0.537 

Transport Before 0.11 0.05 17.225 0.102 

 
After 0.08 0.06 7.335 0.594 

Equipment Before 0.06 0.11 −23.263 0.083* 

 
After 0.07 0.07 1.950 0.892 

Livestock Before 0.93 0.94 −5.814 0.603 

 
After 0.92 0.91 4.890 0.749 

Hybrid seed Before 0.11 0.10 5.940 0.599 

 
After 0.10 0.12 −6.633 0.670 

Off farm income Before 0.17 0.15 4.716 0.680 

 
After 0.17 0.12 14.569 0.285 

Land size Before 4.96 5.23 −4.834 0.697 

 After 5.07 5.27 −3.423 0.822 

Output Before 764.24 666.21 36.845 0.001*** 

 After 727.94 722.31 2.393 0.849 

TE scores Before 0.81 0.77 34.501 0.007*** 

 After 0.80 0.80 0.873 0.947 
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Figure 2. Distribution of propensity scores before and after matching the contract and noncontract farmers by caliper radius of 
0.01. 

 
 

 

Figure 3. Distribution of propensity scores before and after matching the contract and noncontract farmers by caliper radius of 
0.03. 
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Figure 4. Distribution of propensity scores before and after matching the contract and noncontract farmers by caliper radius of 
0.05. 
 
 
 

 

Figure 5. Distribution of propensity scores before and after matching the contract and noncontract farmers by caliper radius of 
0.07. 
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Figure 6. Distribution of propensity score before and after matching the contract and noncontract farmers by nearest neighbor 
algorithm 1:1 but not good match. 
 
 

 

Figure 7. Distribution of propensity scores before and after matching the members and nonmembers by caliper radius of 0.005. 
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Figure 8. Distribution of propensity scores before and after matching the members and nonmembers by caliper radius of 0.02. 
 
 

 

Figure 9. Distribution of propensity scores before and after matching the members and nonmembers by caliper radius of 0.022. 
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Figure 10. Distribution of propensity score before and after matching the members and nonmembers by nearest neighbor algo-
rithm of 1:1 ratio but not a good match. 
 

Table 9. Vertical coordination effect (ATT). 

Method Profit effect SE (AI) t-value p-value Treated Observation 

Neighbor (1:1) 129.53 23.75 5.454 0.000 51 

Caliper 0.01 136.42 21.338 6.394 0.000 30 

Caliper 0.03 129.00 21.056 6.127 0.000 38 

Caliper 0.05 127.64 21.106 6.047 0.000 40 

Caliper 0.07 126.00 21.954 5.739 0.000 43 

 
caliper radius. A caliper radius of 0.07 gave the maximum number of treated 
farmers that matched with the control group and the visual look after matching 
showed a similarity between the matched treated and matched control groups. A 
caliper radius of 0.07 showed a profit effect of 126 TSh/kg and was significant at 
the 1% level for a sample of 43 treated farmers included in the analysis. This 
finding implied that vertical coordination participants earn a higher net profit 
than nonparticipants by over 126 TSh/kg. Because the unobserved confounder 
effect was not considered in the outcome, a sensitivity analysis needed to be 
conducted to see how the unobserved confounding factors might alter our infe-
rence. For horizontal coordination, the analysis also revealed a positive and sig-
nificant impact of farmers’ participation in the value chain through membership 
in associations. The nearest neighbor matching for vertical coordination did not 
show suitable matches for horizontal coordination (Figure 10), thus the profit 
result in Table 10 of Tsh 41/kg was not unbiased. Caliper matching radii of  
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Table 10. Horizontal coordination effect (ATT). 

Method Profit effect SE t-value p-value Treated Observation 

Neighbor (1:1) 41.096 25.527 1.610 0.107 122 

Caliper 0.005 39.268 11.29 3.478 0.001 40 

Caliper 0.02 53.011 22.211 2.387 0.017 79 

Caliper 0.022 46.023 21.282 2.163 0.031 100 

 
0.005, 0.02, and 0.022 were used to check the visual balances of the matched 
sample. The caliper radius of 0.022 accommodated the maximum sample of 100 
treated farmers out of 122 participants. The average net profit effect on treated 
(ATT) was found to be 46 TSh/kg more for participants than for nonparticipants 
and was significant at the 5% level. We further checked the robustness of our 
result from unobserved exposures (confounders) by conducting a sensitivity 
analysis  

4.7. Sensitivity Analysis 

The results in the previous section relied only on the assumption of 
unconfoundedness, or conditional independence. That is, no systematic differ-
ences in the distribution of the covariates between the two groups were caused 
by observable or unobservable (hidden bias) factors. Hidden bias can arise by the 
non-inclusion of variables that may affect both the value chain participation and 
the profit, simultaneously [22] [39] [41] [42]. Thus, this study performed a sen-
sitivity analysis to check the extent to which the inferences made from vertical 
and horizontal coordination participation could be altered by unobservables. 
Table 11 shows the Rosenbaum bounds sensitivity analysis from Wilcoxon’s 
signed rank test and Hodges-Lehmann point estimate test for vertical coordina-
tion. The Hodges-Lehmann test gives the median range of ATT for every value 
of gamma while the Wilcoxon provides their corresponding ranges of signific-
ance levels for each ATT generated from gamma values. The parameter values 
generated from gamma for unobserved covariates explain how hidden biases of 
various magnitudes could alter the profit effect of value chain participation. The 
values of eγ  in Table 11 give the range of the profit effect along with the cor-
responding range of significance levels. When e 1γ = , this implies 0γ = , thus 
meaning that the unobserved covariates have no effect on profit inference and 
that no hidden biases influence the results. This explains why there are single val-
ues at both bounds of 131.92 TSh/kg and why the result is significant at the 1% 
level. If the eγ  values increase up to 4, the participation effect would range 
from 38 TSh.7/kg to 222.6 TSh/kg and the result would still be significant at the 
10% level; this is considered the upper-bound significance threshold for this 
study. In other words, two farmers may differ in their odds of participation by 
a factor of 4 because they differ in terms of unobserved covariates. If the eγ  
values increase beyond 4, the impact of participation would still be positive but 
not significant, meaning that the inference made from participation would be  
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Table 11. Vertical coordination Rosenbaum sensitivity test. 

Gamma (eγ) 
Hodges-Lehmann point estimate (ATT) Wilcoxon’s signed rank (p-value) 

Lower bound Upper bound Lower bound Upper bound 

1 131.92 131.92 0 0 

1.1 124.92 138.52 0 0 

1.2 115.82 145.72 0 0 

1.3 111.22 151.82 0 0 

1.4 105.42 156.62 0 0.0001 

1.5 101.02 161.22 0 0.0001 

1.6 96.417 166.82 0 0.0003 

1.7 94.117 171.32 0 0.0005 

1.8 90.017 173.72 0 0.0008 

1.9 86.917 178.82 0 0.0013 

2 83.717 182.02 0 0.002 

2.1 80.517 184.62 0 0.0029 

2.2 77.617 186.92 0 0.0041 

2.3 75.617 189.42 0 0.0056 

2.4 73.117 192.22 0 0.0074 

2.5 70.517 194.42 0 0.0096 

2.6 67.417 196.32 0 0.0123 

2.7 65.417 198.02 0 0.0154 

2.8 63.617 200.22 0 0.0189 

2.9 61.517 203.32 0 0.023 

3 58.917 205.72 0 0.0275 

3.1 56.317 206.52 0 0.0325 

3.2 53.517 207.92 0 0.038 

3.3 51.117 209.12 0 0.044 

3.4 48.017 211.32 0 0.0505 

3.5 46.317 213.92 0 0.0575 

3.6 44.017 216.12 0 0.065 

3.7 42.317 217.32 0 0.0729 

3.8 40.717 218.32 0 0.0813 

3.9 40.317 220.52 0 0.0901 

4 38.717 222.62 0 0.0992 

4.1 37.217 224.32 0 0.1088 
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sensitive to hidden bias That is, our significant result would become questiona-
ble due to unobservables if e 4γ >  despite the observed covariates being similar 
in values. The same sensitivity tests of Wilcoxon and Hodges-Lehmann were 
conducted for horizontal coordination participation. Table 12 shows that when 
e 1γ = , the unobserved covariates were not relevant to participation yielding to 
the single value unconfoundedness profit estimate of 48.568 TSh/kg and its cor-
responding significance level of 0.0039. The value of eγ , which indicated the 
magnitude of unobserved parameter values, shows that for a slight increase of 
0.3 (from 1 to 1.3), the profit effect range could be 25.768 TSh/kg to 70.868 
TSh/kg and the corresponding significance level could be 0 (1%) to 0.07 (10%) 
depending on the unobserved value of the covariates. The worst scenario was 
when the value of eγ  was 1.8 and beyond, where the participation effect was 
both insignificant and negative, implying a loss at the lower bound and a gain at 
the higher bound depending on the value of the unobserved covariates. That is, a 
small increase in the odds of horizontal coordination participation would make 
our null hypothesis of no effect from the unobserved covariates rejected. It 
would require a gamma value of 1.4 or more to alter the significance effect of 
horizontal coordination participation due to unobservable covariates.  

5. Conclusions 

The objective of this study was to assess the impact of value chain participation 
on wheat farmers’ welfare in Tanzania. The postulation was that the slow re-
sponse to wheat production could be due to the failure of wheat growers in 
Tanzania to formally participate in the value chain. Nonparticipation breaks the 
information flow about this market opportunity and restricts the potential con-
tribution of this crop to the welfare of farmers. In exploring that broad objective,  

 
Table 12. Horizontal coordination Rosenbaum sensitivity test. 

Gamma (eγ) 
Hodges-Lehmann point estimate (ATT) Wilcoxon’s signed rank (p-value) 

Lower bound Upper bound Lower bound Upper bound 

1 48.568 48.568 0.0039 0.0039 

1.1 40.068 57.168 0.0009 0.0132 

1.2 32.768 64.468 0.0002 0.0343 

1.3 25.768 70.868 0 0.0724 

1.4 20.268 76.968 0 0.1305 

1.5 14.568 82.968 0 0.2076 

1.6 9.2679 87.368 0 0.2995 

1.7 3.8679 92.368 0 0.3992 

1.8 −0.03213 97.968 0 0.4998 

1.9 −4.8321 103.57 0 0.5951 

2 −9.3321 108.47 0 0.6807 
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we described the wheat grain flows from production point to ultimate consump-
tion, analyzed the coordination of wheat actors, explored factors that influence 
participation in the value chain, and examined the net effect of farmers’ partici-
pation in the value chain. The wheat value chain in the study area consists of 
four main chains: the wheat input chain, the wheat grain chain, the wheat flour 
chain, and the wheat products chain. Focusing on the wheat grain chain, we ob-
served that farmers sell wheat grain to local retailers, brokers, and wholesalers at 
the farm gate. The wheat brokers in the study area are the major/dominant players 
in the wheat grain value chain because they are involved in organizing most of 
the transactions between traders and the farmers.  

This study found that only a few farmers are vertically (~17%) and horizon-
tally (~39%) coordinated as indicated by participation in contracts and associa-
tions, respectively. At the vertical coordination level, farmers with contracts had 
characteristics that were significantly different from those without contracts in 
terms of wheat land size, technical efficiency, allocative efficiency, output/acre, 
frequency of extension visits, frequency of village meetings attendance, and 
off-farm income. At the horizontal coordination level, similar findings were ob-
tained in that the farmers who were members of associations differ significantly 
with nonmembers in terms of level of education, frequency of meetings atten-
dance, output per acre, technical efficiency, and allocative efficiency. 

The propensity scoring technique (PSM) was used to explore the causal rela-
tionship between participation and nonparticipation in the wheat value chain 
and the impact on the welfare of wheat farmers as reflected in wheat profits per 
kg. A logistic model was used to explore the factors influencing farmers’ partici-
pation in the value chain and to estimate the propensity scores that were later 
used to match the covariates for participants and nonparticipants. The results 
indicate that participation in vertical coordination was influenced by the age of 
the farmer, land leased, frequency of extension service visits, frequency of meet-
ings attendance by farmers, off-farm income, land size allocated for wheat, and 
technical efficiency. On the other hand, participation in horizontal coordination 
was influenced by the frequency of meetings attendance, farmers’ location, farm 
equipment ownership, and technical efficiency. The fitted values from the logit 
model generated propensity scores that were used to match the participants and 
nonparticipants of the value chain. The overlapping and unconfoundedness as-
sumptions were fulfilled by applying the nearest neighbor and caliper radius 
matching algorithms. The vertical coordination participation impact on farmers’ 
welfare revealed that participants received 126 TSh/kg more for wheat than 
nonparticipants and the difference was significant at the 1% level. Horizontal 
coordination participants received 56 TSh/kg more for wheat more than 
nonparticipants and the difference was significant at the 5% level. The sensitivity 
analysis revealed that our statistical inference on farmers’ participation in the 
value chain is generally insensitive to unobserved covariates. However, we 
cannot ignore the fact that horizontal coordination is somewhat more sensitive 
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to hidden bias than is vertical coordination. In this connection, it should be 
noted that one limitation of the study lies in the fact that the propensity score 
methodology can only ensure balance in measured, not unmeasured, confound-
ers. 

The overall concern of this investigation revolves around the failure of Tanza-
nian farmers to respond to what appears to be a market opportunity to satisfy 
domestic demand for wheat and wheat product. Our study suggests that even in 
the face of relatively weak contracts, farmers who participated in contracts (ver-
tically or horizontally) received added benefits compared to nonparticipants. 
However, the number of farmers who formally participate in contracts is rela-
tively small, implying that the level of support for the hypothesis posited that 
this could be one of the major factors responsible for the lackluster response to 
wheat market opportunity. An implication of our findings is that policy makers 
and other beneficiaries should take steps to encourage and nurture contracts 
through upfront investments to wheat farmers in order to facilitate production 
through binding contracts. Further, more emphasis is needed on offering far-
mers more extension services, better agricultural-related meetings, greater land 
size for wheat production, more off-farm work opportunities, and higher levels 
of technical efficiency. There should also be more emphasis on improving the 
efficiency of horizontal coordination to improve farmers’ welfare. 
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