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Abstract
In Tanzania, diets are dominated by starchy staple crops such as maize, levels of malnutrition are high and largely attributed 
to lack of dietary diversity. We employed fuzzy cognitive mapping to understand the current soybean, maize and chicken 
value chains, to highlight stakeholder relationships and to identify entry points for value chain integration to support nutri-
tious diets in Tanzania. The fuzzy cognitive maps were constructed based on information gathered during household inter-
views with 569 farming households, followed by a participatory workshop with 54 stakeholders involved in the three value 
chains. We found that the soybean, maize and chicken value chains were interconnected, particularly at the level of the 
smallholder farming systems and at processing facilities. Smallholder farming households were part of one or more value 
chains. Chicken feed is an important entry point for integrating the three value chains, as maize and soybean meal are the 
main sources of energy and protein for chicken. Unlike maize, the utilization of soybean in chicken feed is limited, mainly 
due to inadequate quality of processing of soybean grain into meal. As a result, the soybean grain produced by smallholders 
is mainly exported to neighbouring countries for further processing, and soybean meal is imported at relatively high prices. 
Enhancing local sourcing and adequate processing of soybean, coupled with strengthening the integration of smallholder 
farmers with other soybean, maize and chicken value chain actors offers an important opportunity to improve access to 
nutritious diets for local people. Our method revealed the importance of interlinkages that integrate the value chains into a 
network within domestic markets.
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1 Introduction

Member states of the United Nations pledged their joint sup-
port in 2015 for 17 Sustainable Development Goals (SDGs), 
with the second goal (SDG2) aiming to ‘end hunger, achieve 
food security and improved nutrition and promote sustain-
able agriculture’ by the year 2030 (UN, 2015). Achieving 

SDG2 in sub-Saharan Africa (SSA) is a major challenge, as 
the rapid human population growth implies that the demand 
for major cereals will increase three-fold while that of ani-
mal-sourced food (ASF) will double by 2050 (Thornton, 
2010; van Ittersum et al., 2016). Further, there is a ‘missing 
middle’ in terms of the lack of the globally-defined goals and 
local actions, and particularly a lack of connection between 
food production and consumption (Veldhuizen et al., 2020). 
The alarming incidence of food insecurity and undernutri-
tion due to micronutrient deficiency in SSA is associated 
with limited dietary diversity among households (Rajendran 
et al., 2017). Tanzania is a typical example of a country 
facing challenges where limited dietary diversity is com-
mon among disadvantaged urban and rural poor households 
(Alphonce, 2017; Chegere & Stage, 2020; Wenban-Smith 
et al., 2016).

In Tanzania, dietary diversity is surprisingly limited 
in the “breadbasket” regions which are key for food 
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production, including Iringa, Njombe, Mbeya and Ruvuma 
(Altare et al., 2016). The incidence of stunting among the 
under-five children in these regions is above 38% against 
the national prevalence of 35% (Ministry of Health et al., 
2016). Dietary data revealed that the main dishes in these 
regions have low content of essential micronutrients, vita-
mins and amino acids that are critical especially in chil-
dren’s diets (Ministry of Health et al., 2016; Temu et al., 
2014; Wandel & Holmboe-Ottesen, 1992). Inadequate 
diversity in diets is in part related to the high dependence 
on maize and other carbohydrate-rich staples including 
rice, sorghum, millet, roots and tubers (cassava, sweet 
potato and Irish potato), banana and plantain.

Tanzania has set several policies, programs and pro-
jects to achieve SDG2 (Alphonce, 2017). Among these, 
the Agricultural Sector Development Plan phase II 
(ASDP II 2017–2028) and the Tanzania Livestock Mas-
ter Plan (TLMP) both target the improvement of livestock 
productivity and the functioning of the value chains to 
contribute to improving household income and nutri-
tional security (Michael et al., 2018). Poultry products, 
both meat and eggs, could contribute to increased die-
tary diversity. Hence, the TLMP highlights the potential 
of maize and soybean to provide quality chicken feed, 
which is a major constraint to expansion of chicken sec-
tor production (Andrew et  al., 2019; Nandonde et  al., 
2017). Currently, processed chicken feed is comprised 
largely of cereal grain/bran (mainly maize), and fish meal 
(mainly sardines) which could be directly consumed by 
humans, implying food-feed competition (Mkunda et al., 
2020; Tacon & Metian, 2009). As a result, commercial 
chicken feed rations are expensive (particularly the protein 
sources), and contribute about 70% of the production costs 
(Mutayoba et al., 2011).

Agricultural diversification with legumes, fruits, vegeta-
bles and animal-sourced food (ASF) has significant potential 
to improve dietary diversity (De Bruyn et al., 2018). The 
protein from ASF contains the essential amino acids and 
multiple micronutrients (particularly zinc, iron, vitamin A 
and B12) in a form readily absorbable in the human body 
compared with smaller quantities with lower bioavailability 
in plant-sourced foods (Gibson, 2007; Perignon et al., 2018). 
These nutrients are particularly important in reducing mal-
nutrition, helping to improve growth and cognitive develop-
ment of children (Leroy & Frongillo, 2007). The demand 
for chicken meat and eggs in Tanzania exceeds domestic 
production and supply, with average per capita consump-
tion of one egg per week and one chicken per year (MLDF, 
2015). With increasing urbanization, economic growth and 
increasing affluence, the demand for chicken is projected to 
increase by 148%, while that of beef, goat and mutton, pork 
and milk will increase by 87%, 71%, 88%, 42% and 108%, 
respectively, by 2030 (FAO, 2011).

Between 2014 and 2018, the International Institute of 
Tropical Agriculture in collaboration with Wageningen 
University (through the N2Africa Project) and Catholic 
Relief Services (CRS) (through the Soya ni Pesa Project), 
promoted soybean production in the Southern Highlands 
of Tanzania (SH) aiming to improve household nutrition 
and cash income, and to enhance soil fertility. The increase 
in soybean production in Tanzania is primarily driven by 
increasing demand for animal feed, and as a fortifier in 
human foods under small to medium-scale processing 
(Martin et al., 2010; Murithi et al., 2014; Wilson, 2018). 
The utilization of soybean in animal feed has increased and 
could substitute fish meal which is currently unsustainable 
in terms of quality and availability. Nevertheless, soybean 
production, processing and supply cannot meet the current 
demand. As a result, Tanzania imports soybean meal from 
India and neighbouring countries (Leonardo et al., 2018; 
Mbwambo et al., 2016).

To assess the integration of soybean in the maize-based 
farming systems and its potential inclusion in chicken feed, 
it is important to understand the functioning of existing 
value chains. The agri-food value chains incorporate dif-
ferent actors and ranges of activities from initial produc-
tion, processing and distribution to consumption (Allen 
& de Brauw, 2019). Understanding the functioning of the 
value chains is important since they may interact with each 
other and/or with other components in a wider food sys-
tem (Veldhuizen et al., 2020). Attaining dietary diversity 
requires a value chain framework that incorporate different 
stakeholders and activities from production to consumption 
to enhance access to diverse diets (Fanzo et al., 2017; Gelli 
et al., 2017). The aim of this study was therefore to under-
stand the soybean, maize and chicken value chains, the key 
stakeholders involved and to identify opportunities and con-
straints in the functioning of the chains to support diverse 
diets in the Southern Highlands of Tanzania.

2  Methodology

2.1  Study area

The present study was conducted in three regions in the 
Southern Highlands (SH) of Tanzania; Iringa, Njombe 
and Ruvuma (Fig. 1). The regions are found between lati-
tude 7.7° S and longitude and 36° E. The altitude ranges 
from 400 m in the lowlands of Ruvuma region to above 
2200 m asl in the highlands of Iringa and Njombe region, 
with much of the area at 1600 masl. The mean minimum 
and maximum temperature is 13 and 22 °C in the high-
lands and 22 °C and 31 °C in the lowlands (Mhagama, 
2020; SAGCOT, 2015). The rainfall pattern is unimodal 
with mean annual rainfall ranging from 600 mm in the 
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lowlands to 2600 mm in the highlands, starting in Novem-
ber and ending in May, followed by a cooler dry season 
from June to October. Soils are highly leached and weath-
ered. The regions contribute about 25% of Tanzania’s 
maize which is mainly produced by smallholder farm-
ers (Suleiman & Kurt, 2015). Other food crops include 
wheat, legumes (mainly common bean, chickpeas and 
soybean), Irish potato, cassava, sunflower, horticultural 
crops, tea and timber. The main livestock species include 
traditional and improved chickens (cross-bred dual- 
purpose, layers and broilers), cattle (beef and dairy), pigs and  
small ruminants (sheep and goats) (Bisanda et al., 1998; 
SAGCOT, 2015).

2.2  Data collection

To understand the production and value chain develop-
ment in the current soybean, maize and chicken value 
chains, we collected secondary and primary data in three 
steps:

 i. Aggregating and analysing secondary data on soybean 
and maize production and utilization.

 ii. Collecting and analysing primary data on chicken pro-
duction and management in urban and rural areas.

 iii. Conducting a participatory workshop on value chain 
mapping and stakeholder analysis in the soybean, 
maize, chicken value chains.

2.2.1  Soybean and maize production and utilization

Data on production and utilization of soybean, were avail-
able from a survey conducted in September 2018 which 
examined production and utilization of soybean among 448 
farming households in Ruvuma and Njombe (Baijukya et al., 
2019) (Table S1). The data were retrieved from the N2Africa 
Open Data Kit aggregate platform, sorted, cleaned and ana-
lysed. The data on production and productivity of maize was 
obtained from Tanzania Annual Agriculture Sample Survey 
2016/17 (NBS, 2012), (Table S1).

2.2.2  Characterisation of chicken production systems

Information on diversity of chicken production systems in 
urban and rural locations, was obtained from semi-structured 
interviews with 121 chicken farmers in the Iringa region 
from November to December 2018. Three administrative 

Fig. 1  Location of study regions and three clusters of farmers interviewed in Ruvuma (A), Njombe (B) and Iringa urban (C) and rural (D) 
regions in the Southern Highlands of Tanzania
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districts were involved, namely Iringa Municipality with 
urban farmers and Kilolo and Iringa with rural chicken farm-
ers (Table S2).

2.2.3  Value chain mapping and stakeholder analysis

To complement the information from the surveys, we used 
Fuzzy Cognitive Mapping (FCM) for value chain mapping 
and stakeholder analysis after pre-testing the approach 
through a focus group discussion (FGD) with four stake-
holders involved in the chicken value chain. FCM is a semi-
quantitative modelling tool used to structure stakeholder 
knowledge and views in a diagrammatic format, whereby 
the system components and relationships between the com-
ponents are defined based on the stakeholder views and 
opinions (Jetter & Kok, 2014; Özesmi & Özesmi, 2004). 
The stakeholders involved in the FGD included two livestock 
extension workers, an animal-feed specialist and an inte-
grated farmer, raising different species of poultry and also 
engaged in egg collection from other farmers and marketing. 
During the FGD, the participants were asked to identify the 
main components constituting the value chain from the point 
of production to consumption. In a next step, the stakehold-
ers defined the strengths of the causal relationships between 
the identified components by filling a matrix based on seven 
categories as applied by Verkerk et al. (2017) i.e. no con-
nection (0) very strong positive (+ + +), moderate positive 
(+ +) or weak positive ( +) pointing at the strength of the 
connections between value chain components; and strong 
negative (–-), moderate negative (–) and weak negative (-) 
pointing at levels of constraints and weak connections. The 
exercise took about four hours for the whole process, leading 
to problems with stakeholder engagement by the end of the 
session. We therefore adjusted and simplified the method-
ology and organised a multi-stakeholder workshop with 54 
stakeholders involved in the value chains as explained in the 
next section.

2.2.4  Multi‑stakeholder workshop

A participatory workshop was organised in May 2019 com-
prising 54 stakeholder-representatives including farmers, 
input suppliers, government agencies and non-governmen-
tal organisations (NGOs) involved in soybean, maize and 
chicken value chain development. The objective of the work-
shop was to map the current soybean, maize and chicken 
value chains, the stakeholders involved and to identify 
important entry points for integrating the three value chains.

The stakeholders were divided into three working groups 
based on their involvement in each value chain, with 21, 18 
and 16 participants working on soybean, maize and chicken 
value chains, respectively. The participant groups were first 

asked to identify the actors involved in the value chain from 
production to consumption. Next, the stakeholders defined 
the strengths of the relationships between the identified value 
chain actors by connecting them on a map using arrows of 
thickness, relative to their importance in the value chain. The 
rapporteurs from each group presented the developed value 
chain and stakeholders involved to all participants for further 
discussion. Subsequently, each group listed the opportunities 
and critical constraints limiting the functioning of the value 
chains, followed by ranking the most important ones. The 
final exercise was a plenary assessment to identify important 
entry points for integrating the three value chains for food 
and feed production based on the expert views and further 
discussion among all stakeholders.

2.3  Fuzzy cognitive mapping

We developed the FCMs based on the primary data col-
lected during the household interviews and a multi- 
stakeholder workshop (described in Sect. 2.2.4 above) as well  
as expert knowledge. In the first step, we grouped the value 
chain actors into nine (9) classes based on the stakeholders' 
views during the participatory workshop i.e. (i) producers 
(smallholders, medium and large scale farmers for maize, 
soybean and chicken); (ii) agricultural input suppliers; (iii) 
extension service providers (government and private); (iv) 
government agencies and regulatory bodies (e.g. seed certifi-
cation, National Bureau of Standards, Food and Drugs Con-
trol Authority, Ministry of Trade (import–export control), 
policymakers etc.); (v) agricultural research and develop-
ment organisations (local and international); (vi) market-
ing and trading agencies (local and export); (vii) proces-
sors (medium scale millers, feed processors); (viii) financial 
institutions; and (ix) consumers (food and feed). The out-
put indicators of the three value chains included household 
income and access to diverse diets through own-production 
and purchase.

In Fig. 2, we provide an example of stepwise construc-
tion of the FCM for the soybean value chain where we cat-
egorised the FCM components into three types of variables 
i.e. transmitter, receiver and ordinary variables (Gray et al., 
2012). The same approach was applied in developing FCMs 
for the maize and chicken value chains. The transmitter vari-
ables are those having a significant influence on the sys-
tem and affect other variables (and are not affected by other 
variables), while the receiver variables are affected by other 
variables but do not affect other variables. The ordinary 
variables are nodes in between the transmitter and receiv-
ers (Gray et al., 2012; Malek, 2017). The FCM component 
may also act as a central driver especially when its inclusion 
or exclusion strongly impacts the model (Sperry & Jetter, 
2019). In the current study, the fuzzy cognitive maps were 
developed by defining the value chain indicators, variables 
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and drivers following the protocol by Kokkinos et al. (2018) 
and Murungweni et al. (2011) based on the following steps:

 (i) Defining the indicators of the functioning of the 
value chains i.e. (a) household production/harvest 
(soybean, maize and chicken), (b) household food 
availability (diverse diets), (c) feed availability for 
the chicken and (d) cash from surplus produce.

 (ii) Defining the variables in the functioning of the 
maize, soybean and chicken value chains based on 
the constraints identified by the stakeholder groups 
during the participatory workshop.

 (iii) Defining the drivers determining the functioning 
of the value chains i.e. the presence of research and 
development initiatives, availability of extension 
services, government policies, presence of farmer 
groups/platform, financial institutions and microfi-
nance, market availability (traders, processors and 
the end users (food and feed).

2.4  Data analysis

The quantitative data from the surveys were analysed using 
Statistical Package for Social Sciences (SPSS) version 25 
to obtain the descriptive statistics to find frequencies and 
mean values that describe the household demographics and 
socio-economic activities. The significance of the mean dif-
ferences was assessed using Analysis of Variance (ANOVA) 
and Chi-square tests. Furthermore, to understand the current 
maize production and productivity in different regions, we 
computed means and percentages based on the secondary 

data from the annual agricultural sample survey 2016/17 
(National Bureau of Standards 2017).

The qualitative information collected during the inter-
views, participatory workshop, documentation and experts’ 
views were entered into the online modelling software 
“Mental Modeller”, where FCM graphs were generated 
based on the pre-defined indicators, variables and driv-
ers following the protocol by Kokkinos et al. (2018) and 
(Murungweni et al., 2011). The value chain components 
were linked by attaching weights, where the following 
aspects were calculated:

 i. Total number of value chain components
 ii. Total number of connections between the value chain 

components (positive and negative)
 iii. Indegree and outdegree of each value chain compo-

nent calculated based on the column and row sum of 
the absolute values of the variables, respectively. The 
indegree presents the strength of the variables (incom-
ing connections) while the outdegree (out-going con-
nections) is a measure of influence between the vari-
ables FCM (Papageorgiou & Kontogianni, 2012).

 iv. Number of connections per value chain component
 v. Type of value chain component (transmitter, ordinary 

or receiver components)
 vi. Total number of connections divided by the number 

of variables
 vii. Structural density: number of all identified connec-

tions divided by total number of all possible connec-
tions between variables in the FCM (Malek, 2017).

 viii. Complexity score: the ratio between receiver variables 
and transmitter variables.

CHICKEN 
FEED Household 

food 
CASH

Extension services 
(government and 

private)

Government 
policy and 
regulations

Research and 
development (local 
and international) AMCOS, VICOBA, SACCOS

Lack aggregation 
of produce

High costs of 
seeds & fertilizer

Lack of inoculants 
& quality seeds Inadequate 

farm machinery

Uncertainties of rain

Limited access to finance

SOYBEAN 
PRODUCTION

Market 
uncertainties

Lack of market 
information 

Limited knowledge 
(soybean-new crop)

Emerging soybean 
platform Chicken production 

(meat & eggs)

Fig. 2  FCM framework in the case of soybean value chain map-
ping and stakeholder relationship based on the approach applied 
by (Murungweni et  al., 2011). The steps involved: (A) Defining the 
indicators in the functioning of the value chain (circles); (B) defin-
ing the variables affecting the functioning of the value chain (boxes 

with plain text); (C) the drivers determining the functioning of the 
value chain (boxes with bold text). AMCOS stands for Agricultural 
and Marketing Cooperative Societies while VICOBA and SACCOS 
stands for Village Community Banks and Savings and Credit Coop-
erative Societies, respectively
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 ix. The centrality of the nodes in the model i.e. the sum 
of the out-going and incoming connections.

Following the FCM modelling, we developed the graphs 
with + and – signs indicating the direction of the connections 
and arrows of different thickness indicating the strength of 
the connection (Figs. S1-S3), and red fonts indicating nega-
tive strength. In the next step we further transformed the 
developed FCM into simplified diagrams using Microsoft 
Visio 2010 following the protocol in Sect. 2.4 as depicted 
in Figs. 4, 5, 6. The numbers in between lines in the devel-
oped figs were retrieved from the FCM matrix where the 
model generates the values between -1 and + 1 indicating 
the strength of the connections between value chain compo-
nents. We assigned the values into the model based on the 
constraints and opportunities identified by the stakeholder 
groups during the participatory workshop using the modi-
fied FCM framework applied by Verkerk et al. (2017). In 
the modified framework, the strength of connection between 
value chain components were classified into strong positive 
(> + 0.7), moderate/medium (+ 0.5 to + 0.7), weak positive 
(+ 0.1 to + 0.4); and strong negative (> -0.7), moderate nega-
tive (-0.5 to -0.7) and weak negative (-0.1 to -0.4) pointing 
at levels of constraints and weak connections; and zero (no 
connection).

3  Results

3.1  Crop production and utilization

Maize is grown by smallholder farmers in the South-
ern Highlands (SH) for household consumption and sale. 
According to the Annual Agricultural Sample Survey 2017, 
the average yield of maize in the SH during the 2016/17 
growing season was 1.7 t/ha; slightly above the national 
average of 1.2 t/ha (Table S1) (NBS, 2017). In the same 
period, the SH produced 1.7 million t of maize, contributing 
to about 30% and 31% of the total maize produced and sold 
in the country, respectively. Based on the N2Africa survey, 
we found that most households in the SH grew legumes as 
a sole crop (81%) while 19% intercropped legumes mainly 
with maize (95%) and other crops (5%) (Table S1). There 
was a large variation in the choice of legume produced 
among households. Of all respondents, 65% grew legumes, 
mainly common bean (41%) and soybean (15%). Other leg-
umes grown were groundnut grown by 25% of the farmers 
and cowpea only by one farmer. The average maize produc-
tion was 1070 kg per household (range from 54–7000 kg). 
Value addition was mainly done on staple crops whereby 
83% of the respondents milled maize flour locally for house-
hold consumption. Soybean was grown as a cash crop, with 
only 1% of the respondents reporting that they processed it 

for food. Other crops were processed in a very small propor-
tion by the households.

3.2  Characterisation of chicken production systems

Three systems of chicken production were identified in the 
study area i.e. extensive, semi-intensive and intensive sys-
tems. The extensive system was comprised of indigenous 
chicken breeds raised under the low input–output system. 
The intensive systems raised specialized breeds under 
high input–output systems with commercial broilers, lay-
ers and improved dual-purpose crossbreed (mainly Sasso 
and Kuroiler breeds). Within urban locations, most farmers  
raised chicken under the intensive system (75%), while in 
rural location chickens were raised under semi-intensive 
(37%), free-range production (38%) and intensive system 
(49%) (Table S2). The households interviewed in urban loca- 
tions raised much larger numbers of chickens, produced more  
eggs and consumed more ASF than those in rural locations. 
Some of the farmers produced chicks themselves, while oth-
ers purchased one-day old chicks from small-scale (local) 
and/or from large-scale hatcheries and brooders, mainly 
through selling agents.

3.3  Chicken feeds and feed ingredients

The urban farmers fed their chickens on purchased local feed 
rations/feed ingredients from local stores and market (69%) 
and commercial feed (40%), while those practising free-
range and semi-intensive systems relied on a combination 
of scavenging and kitchen-waste (21%). On the other hand, 
chicken farmers in rural locations relied on both locally 
made feed rations (48%), scavenging (36%) and commercial 
feed rations (22%). The most common feed ingredients used 
in chicken feed formulation in the region were maize (grain/
bran) and sunflower seed cake (Fig. 3), mainly sourced from 
local millers and middlemen at grain market and stores. Fish 
meal and soybean were also important sources of protein in 
chicken feed, particularly for the improved chicken breeds.

3.4  Soybean value chain development 
and stakeholder’s analysis

Soybean is an emerging crop in the SH, mainly grown as 
a cash crop for export to the neighbouring countries and 
for animal feed and small-scale fortified baby food process-
ing. The stakeholders in the soybean value chain identified 
during the participatory workshop included agricultural 
input suppliers, smallholder and mid-scale farmers, farmer 
groups/networks, traders, marketing agents, service provid-
ers (machine hiring), extension service providers (govern-
ment and NGOs), research organization (government and 
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international research organisations), wholesalers, retailers 
and supermarkets and financial institutions (Fig. S1).

3.5  Constraints and opportunities in the soybean 
value chain development

The soybean value chain was underdeveloped, where we 
found a negative connection between soybean farmers and 
processors (with a weak connection of -1), mainly con-
strained by high uncertainties in the output market (-1) 
and inadequate processing facilities (-1) in the country 
(Fig. 4). The uncertainties in the soybean market were 
mainly associated with lack of market information, weak 
linkages between producers and buyers, weak farmer 
organisation and lack of aggregation of the produce. As a 
result, traders collected soybean from individual farmers 
in the region. On one hand, soybean farmers complained 
that there was no market for their produce, while on the 
other hand traders complained that they could not collect 
the small amounts of produce from disaggregated farmers.  
Similar findings were observed during the N2Africa end 
line survey, where 26.6% of the interviewed farmers 
engaged in farmer groups and/or cooperatives.

Other challenges limiting the growth of the soybean 
value chain included lack of improved quality seeds, limited 
availability of inoculants, high costs of inputs (quality seeds, 
fertilizers), inadequate labour-saving technologies (i.e. 
planters, harvesters, threshers), limited access to finance 
and lack of awareness of farmers on soybean production as 
a new crop. The government and private extension service 

providers contributed to improving awareness of farmers in 
soybean production. However, there were insufficient exten-
sion staff in the region, leading to a medium connection 
(+ 0.6) connection between farmers and extension service 
providers in the FCM (Figs. 4 and S1).

There were strong positive connections (+ 1) between 
soybean farmers and NGO’s, agricultural research and 
development institutes (local and international) in the 
region mainly related to the initiatives in promoting the 
development of the agricultural sector i.e. the Southern 
Agricultural Growth Corridor (SAGCOT) initiatives, the 
N2Africa project and local initiatives on soybean research 
and dissemination of best-bet technologies to smallholder 
farmers. Furthermore, the government policy of promot-
ing industrialization has a positive impact on promot-
ing soybean production (+ 0.75) and processing (+ 0.5) 
that could ultimately contribute to the development of 
the soybean value chain. Nevertheless, soybean was pro-
cessed locally using mechanical extraction facilities with 
inadequate processing capacity, resulting in poor quality 
soybean meal with a large residual oil content. When used 
in chicken feed formulation this has a negative effect on 
the growth of chickens leading to a negative relationship 
between processors and chicken producers (-0.75) and 
limited extraction of soy oil for household consumption 
(-0.5). A large quantity of soybean was exported to neigh-
bouring countries for processing, with imports of soybean 
meal. Chicken farmers preferred the imported soybean 
meal despite the higher prices due to its good quality 
compared to the locally processed soybean meal result- 

Fig. 3  The main ingredients 
used in locally-made feed 
rations for different types  
of chicken based on farmer 
interviews. sc = seed cake
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ing in medium connections between chicken farmers, feed 
processors and the import agents (+ 0.5). Other oppor-
tunities for the growth of soybean value chain indicated 
by the stakeholders during the workshop included: sup-
portive policy environment for private sector investment 
in soybean production and processing, Value Added Tax 
(VAT) removal on animal feeds, the existence of Agri-
cultural and Marketing Cooperative Societies (AMCOS), 
the existence of Village Community Banks (VICOBA), 
Saving and Credit Cooperative Societies (SACCOS), 
emerging soybean platform in improving access to input, 
output market and information and the growing demand 
for soybean meal as chicken feed.

3.6  Maize value chain mapping and stakeholder 
analysis

Maize was grown as both a food and a cash crop. The sur-
plus produce was traded mainly as dried grain through the 
informal value chain whereby middlemen were involved in 
grain collection from the farms and selling on to large grain 
traders. The grain traders were connected to the consumers 
through sale of maize grain to the urban market, supply to 
the grain millers for further processing into various products 
for consumers within the region and/or export outside of the 
region (Fig. S2). Some consumers would also access the 

maize flour/dehulled maize grain from small-scale process-
ing units (hammer mills) located throughout the region. The 
mid and large-scale processors produced quality maize prod-
ucts using roller milling machines while following quality 
standard procedures i.e. sorting, cleaning, milling and pack-
aging. The main products produced by mid and large-scale 
maize millers included the dehulled maize, white/brown 
maize flour and fortified flour that was supplied to consum-
ers (within and outside the region) through the distributors 
selling agents, wholesalers, and retailers. The by-product 
(maize bran/maize bran with germ) was an important animal 
feed or ingredient in feed formulation, mainly for chicken. 
Besides dried corn, sale of green maize cobs was an impor-
tant source of income for smallholder farmers, particularly 
those with access to irrigation during the off-season.

3.7  Constraints and opportunities in maize value 
chain development

Despite the significant importance of maize production and 
supply to neighbouring countries, the maize value chain 
was poorly coordinated, mainly dominated by middle-
men/traders operating in the informal value chain leading 
to low profitability for producers. There were inadequate 
storage facilities and warehouse services, contribute to 
periodic oversupply and low prices of maize in the market 
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particularly during the harvesting season (Fig. 5). The 
functioning of the maize value chain at producer level 
was mainly constrained by limited access to finances, high 
costs of inputs, inadequate farm machinery and implements. 
Other challenges highlighted by stakeholders included the 
effects of climate change (i.e. changes in annual rainfall 
patterns and prolonged dry seasons), declining soil fertility 
and soil organic matter due to continuous maize monocrop-
ping with few inputs. In 2017/18 the Tanzanian government 
banned the export of maize to ensure food security for the 
citizens, which led to a medium strength to the household 
food (+ 0.5) and increased availability of chicken feed (+ 1). 
On the other hand, the export ban had negative effects on 
producers as it led to a decrease in the price of maize and 
household income (-1).

The increasing demand for maize in the chicken feed 
industry creates a potential market opportunity leading to 
a strong connection between maize and chicken farmers 
(+ 1). The households producing both maize and chicken 
can utilize the grains in chicken feed formulation and 
improve the production of meat and eggs for the house-
hold at low cost and obtaining income from surplus pro-
duce (+ 1). Other drivers in the functioning of the current 
maize value chain included promising agricultural poli-
cies and programmes i.e. Agricultural Sector Development 

Programme (ASDP II), SAGCOT, the establishment of 
National Food Reserve Agency (NFRA), Tanzania Invest-
ment Bank (TIB) and Tanzania Agricultural Development 
Bank (TADB) as well as the country’s industrialization 
policy in promoting local production and processing. 
Besides, the existence of agricultural research and devel-
opment institutes (local and international) and NGOs con-
tributed to the development of the value chain through 
training and enhanced access to inputs and best-bet tech-
nologies and practices aimed at improving maize produc-
tivity (e.g. climate-smart agriculture—CSA). Additionally, 
the initiatives on providing extension services (govern-
ment and NGOs), contributed to the dissemination of the 
CSA initiatives (+ 1).

3.8  Chicken value chain mapping and stakeholder 
analysis

The informal value chain dominated the chicken value chain, 
whereby chicken farmers could sell live chickens and eggs 
to middlemen and traders in different channels where vari-
ous stakeholders are involved (Fig. S3). These include: the 
households’ own-production and consumption, selling live 
chickens and eggs to neighbours, slaughtered/processed 
chickens sold to hotels, restaurants and catering services, 
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live chickens sold to middlemen/primary market (village 
level) and ultimately transported to the secondary market 
(district/municipality). Live chickens from secondary market 
or mid and large-scale farms, were sold to the informal mid-
dleman/agent to process and supply to consumers, hotels, 
restaurants, catering services, mini supermarkets etc. On the 
other hand, chickens from secondary markets were either 
sold to consumers within the region (live chickens/slaugh-
tered) and/or transported from secondary markets to tertiary 
markets outside the region, mainly Dar es Salaam. The eggs 
produced on farm were sold to middlemen, selling agents 
and/or directly sold to markets, local shops, restaurants, and 
hotels and/or exported to other regions after being collected 
by traders.

3.8.1  Constraints and opportunities in the integrated 
chicken value chain

During the workshop, stakeholders indicated that limited 
access to quality feeds and feed ingredients were among the 
major constraints limiting the development of the chicken 
sector. Despite having feed processors in the region, the 
commercial chicken feed ration was expensive and mostly 
not available in small packages, leading to a weak relation-
ship between smallholder chicken producers and commer-
cial feed processors (+ 0.25 in Fig. 6). Most smallholder 
chicken farmers were unable to purchase bulky feed while 
some farmers under intensive and semi-intensive system 

partly fed their chicks with commercial feed rations during 
the early stages of growth and ultimately switched/combined 
locally made and commercial feed rations to reduce the cost 
of production.

Soybean meal and fishmeal were the important protein 
sources used in chicken feed rations by farmers in the SH 
regions. Notwithstanding, fishmeal was scarce and expen-
sive. Soybean meal could either be accessed from local 
processing facilities within the region or through import. 
The latter option was expensive but mostly preferred by 
farmers due to the good quality of the imported meal. 
Imported soybean meal was sold at almost three times the 
price of whole soybean grain produced in the region. The 
local soybean meal was produced using mechanical extrac-
tion, with inadequate capacity to extrude oil from the grain 
which limited its value as chicken feed. Other challenges 
limiting the development of chicken value chain included 
the inadequate supply of day-old chicks (particularly for 
broilers and local chickens), lack of market infrastruc-
tures and disorganized marketing systems for chickens. 
Besides, there was a prevalence of chicken diseases mainly 
associated with limited access to veterinary and extension 
services, equipment, drugs and vaccines particularly for 
control of Newcastle disease.

The opportunities envisaged in the chicken value chain 
included organizing farmers into groups to enhance mass 
vaccination of chickens, the introduction of small pack-
ages of vaccines and drugs for smallholder farmers and 
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promoting chicken out-grower schemes. The government, 
NGOs and international development organisations have sig-
nificant opportunities to improve chicken production through 
improved awareness of smallholder farmers on efficient 
management practices and assisting farmers to organise into 
groups. Furthermore, the local presence of hatcheries (i.e. 
Silverlands and Mkuza Chick), and the ongoing chicken pro-
jects focusing on genetic improvement including the African 
Chicken Genetic Gain initiative and the involvement of Hen-
drix genetics, provided opportunities to improve access to 
high producing and well-adapted chicken breeds.

3.9  Integrating the soybean‑maize‑chicken value 
chains within the agri‑food‑feed system

The stakeholder workshop highlighted that the three value 
chains were interconnected, particularly at the point of 
production and of processing (Fig.  7). A smallholder 
chicken farmer could also be a maize and/or soybean 
farmer and benefit from own production and consump-
tion of chicken meat and eggs as well as from maize and 
soybean for home consumption. The maize and soybean 
farmers would also sell the surplus produce to chicken 
farmers, mainly through middlemen and selling agents 
and ultimately being customers of chickens and eggs from 

chicken farmers. At the farm level, the household has to 
make decisions on resource allocation (i.e. their land, 
capital and labour) if they decide to produce soybean, 
maize and/or chicken. At the processing level, maize and 
soybean could be processed into diverse food products 
based on consumer preferences. On the other hand, the 
animal feed processors could use maize and soybean (the 
grain or by-products) as energy and protein source in live-
stock feed formulation, mainly for chicken.

3.9.1  Value chain integration using the FCM

Unlike the individual chains, the integrated soybean-maize-
chicken value chains constituted a network of 29 FCM 
nodes (ordinary variables) connected by 117 connections, 
of which 66% were positive connections (Table 1). Also, 
the large number of nodes (29 nodes) in the integrated value 
chains indicated a strong connection between the value chain 
components compared with the individual chains. Using an 
integrating value chain lens showed that improving access 
to diverse diets for the household and other consumers was 
the most important aspect in the functioning of the value 
chain (receiver component) (Table S3 and Fig. S3). The 
main drivers in the individual and integrated value chain 
included the existence of supportive government policies, 

Fig. 7  Key influencers in integrating the soybean-maize-chicken value chains
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research and development organisations contributing to find-
ing solutions to the existing challenges and promoting best-
bet agricultural practices, organising farmer into groups, 
providing agricultural training to smallholder farmers and 
value chain actors. Another driver to integrate the chains 
included the existence of large scale and local hatcheries to 
meet the demand for day-old chicks. When looking at the 
values of indegree and outdegree in the FCM (Table S3), 
we can derive a picture of the importance of different value 
chain components. For instance, the variables with positive 
indegree and zero outdegree mostly received input from 
other value chain component “considered as receivers” while 
the variables with zero in-degree and positive outdegree are 
considered as senders.

4  Discussion

Using FCM, we realize that there are complicated fuzzy net-
works within and among the components of the three value 
chains. The analysis provided insights on the opportunities 
to integrate the three value chains which in turn could con-
tributing to improving access to quality nutrient-dense feed 
for chickens and ultimately improve access to diverse diets 
(meat and eggs) for people. To the best of our knowledge, the 
current study is the first to apply FCM method in value chain 
mapping based on stakeholder views and opinion. Previous 
studies applied FCM in modelling agricultural systems and 
assessing socio-ecological sustainability in agroecosystem 
(Aravindakshan et al., 2021; Kok, 2009), livelihood vulnera-
bility assessment (Murungweni et al., 2011), climate change 
adaptation (Verkerk et al., 2017), food security assessment 
(Aliyev et al., 2017), sustainable food consumption (Morone 
et al., 2019) and healthy diet assessment (Wang et al., 2016).

The complex networks among value chain components 
that we identified could be of advantage in terms of value 

chain robustness, efficiency and smallholder inclusion. Com-
plex networks are likely to be more robust in the face of 
pressures since there are no dominant buyers in the value 
chains that can make or break the chain. Also, they could 
be more efficient as parts of the network consist of shorter 
value chains, having fewer intermediaries, which may reduce 
transaction costs (Lee et al., 2012). The networks could also 
be more inclusive as farmers can choose to enter the network 
where the value chains fit their capacities. Most studies on 
value chain analysis have applied a vertical linear frame-
work, focusing on the structured market where there are 
organised producers, wholesalers, retailers and consumers 
while addressing the issue related to value chain govern-
ance (Gibbon & Ponte, 2005; Tallontire et al., 2011). Such 
value chains could be vulnerable as the dominant players 
can make decisions affecting the functioning of the entire 
value chain. Vertical value chains often have standards with 
which smallholders must comply, which may lead to exclu-
sion of specific smallholders (Lee et al., 2012; Tallontire 
et al., 2011). Furthermore, they also need to connect to large 
numbers of suppliers which require multiple intermediaries 
which may affect their efficiency and transaction costs (Lee 
et al., 2012). Narrow vertical value chains might thus have 
little relevance for domestic markets within African coun-
tries (Gibbon & Ponte, 2005) and for the type of products 
produced by smallholders, since most smallholder farmers in 
SSA sell their produce through different local market outlets.

In the present study, we found that the soybean, maize 
and chicken value chains are particularly inter-connected at 
two levels: at the smallholder farming system level and at 
the level of processing facilities. The production of maize, 
soybean, chicken can directly contribute to a diverse diet or 
household income through sale of surplus produce. Small-
holder farming households can be producers in one or more 
value chains (Leonardo et al., 2018) while they could also 
benefit directly from their own production and consumption. 

Table 1  Key characteristics of 
the fuzzy cognitive maps on 
soybean, maize, chicken and the 
integrated value chains in the 
Southern Highlands of Tanzania

FCM properties Value chain type

Soybean 
value 
chain

Maize 
value 
chain

Chicken 
value 
chain

Integrated chicken-
soybean-maize value 
chains

Total components 21 22 19 33
Total connections 50 56 53 117
Number of positive connections 30 35 40 77
Number of negative connections 20 21 13 40
Density 0.12 0.12 0.17 0.11
Connections per components 2.33 2.55 2.80 3.55
Number of driver components (influential) 5 3 4 3
Number of receiver components (dependent) 1 1 1 1
Number of ordinary components 15 18 14 29
Complexity score 0.2 0.33 0.25 0.33
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On the other hand, the farming household can access diverse 
diets through the income-food purchase pathway (De Jager 
et al., 2017), whereby the crop farmers in our case study 
could access chicken meat and eggs with the cash generated 
through sales of maize and soybean.

Diversification through legume-cereal intercrop and/ 
or rotations have significant advantages in improving 
resource-use efficiency, weed, pest and disease control (Ojiem 
et al., 2014), and increased yield of subsequent maize in soy-
bean-maize rotations (Rurangwa et al., 2018; Van Vugt et al., 
2018). Despite diversification in the farming system, we found 
that there is a high variation in grain production among house-
holds. This variability in crop production reflects the hetero-
geneity in the socio-economic status of the farming household 
in terms of land, labour and capital endowments, as well as 
biophysical factors, whereby the resource-poor farmers are 
most vulnerable (Van Vugt et al., 2018).

Diversifying diets by including animal sourced foods is 
an important means to improve growth, development and 
cognitive responses in young children, particularly during 
the first 1000 days of life (Stark et al., 2020). In Tanza-
nia, chickens are mostly managed and/or owned by women 
(De Bruyn et al., 2017; Galiè et al., 2015) who are mainly 
responsible for household diets (Ochieng et  al., 2017). 
Therefore, improving the productivity of chickens could 
provide a direct route to improve access to nutritious diets 
in the household and thus to reducing undernutrition.

Diets may also be improved through other interventions 
related to maize and legumes. Ongoing initiatives, includ-
ing the introduction and promotion of Quality Protein Maize 
(QPM) that has an additional amount of essential amino acids 
(lysine and tryptophan) (De Groote et al., 2010; Krivanek 
et al., 2007) may also contribute to higher quality diets for 
people. The efficient utilization and dissemination of maize 
flour fortified with soybean could have a significant poten-
tial for reducing malnutrition through provision of essential 
nutrients and vitamins. Furthermore, the efficient utilization 
of QPM and soybean in chicken feed could reduce the costs 
of production and ultimately improve chicken productivity to 
meet the increasing demand for quality eggs and meat (De 
Groote et al., 2010; Panda et al., 2011).

Diversification in the farming systems is an important 
indicator of household dietary diversity particularly for poor 
rural households (Pellegrini & Tasciotti, 2014; Timler et al., 
2020) and have been considered as a coping strategy on the 
effects of global climate change (McCord et al., 2015). Rely-
ing on maize monocropping could have a risk on the house-
hold income and food security due to market uncertainties. 
The export ban in Tanzania in 2016/17 is a vivid example of 
the risk that farmers could encounter while relying on maize 
monocropping. Short-term export restrictions of agricultural 
commodities have been frequently imposed by developing 
countries in response to price fluctuations and ensuring 

domestic food supply (Diao & Kennedy, 2016; Porteous, 
2017). Despite the benefits of the export ban in ensuring 
food security in developing countries, research shows that 
the rural and urban poor communities are benefited from the 
decrease in the maize price while at the same time this hurts 
farmers who rely on growing maize as a cash crop (Diao & 
Kennedy, 2016).

The increasing intensification of the chicken sector in 
Tanzania implies that the demand for major cereals in the 
animal feed industry will increase. The emerging chicken 
feed industry is an important entry point for integrating 
the three value chains, whereby maize (grain/bran) and 
soybean meal could be used as the main sources of energy 
and protein for chicken, respectively. The intensification 
in chicken production implies a greater need for feed 
resources such as maize and soybean which could also be 
used for human consumption, implying food-feed competi-
tion (Van Zanten et al., 2018). Increasing the resource use 
efficiency in the current farming systems through sustaina-
ble intensification may contribute to reducing the yield gap 
through increased crop productivity per unit of resource 
invested (Tittonell & Giller, 2013) and help to reduce such 
food-feed competition.

Soybean is mainly grown as a cash crop by smallholders 
in Tanzania where only few farmers were involved in value 
addition. Boosting legume production in rural communities 
might improve access to diverse diets particularly for the 
rural poor through production followed by own consumption 
(De Jager et al., 2017). Unlike other grain legumes, soybean 
is not a staple food, and its utilization requires processing 
or longer cooking times. Therefore, education on home 
processing would be required to promote use of soybean to 
improve food and nutritional security (Khojely et al., 2018). 
Since soybean is currently grown as a cash crop, its utiliza-
tion as chicken feed does not raise major issues of food-feed 
competition.

The emerging animal feed industry is the main driver of 
soybean demand in Tanzania. Currently, the annual demand 
for soybean in Tanzania is more than 128,000 t compared to 
the current production of about 8,000–10,000 t (SAGCOT, 
2019). Soybean outweighs other plant protein sources due to 
its high nutritive value in terms of crude protein and energy 
contents (Medic et al., 2014). Nevertheless, its utilization 
in chicken feed requires proper processing to reduce the 
effects of the antinutritional factors and oil content (Dozier 
et al., 2011; Rada et al., 2017). As a result, most animal 
feed processors source soybean meal rather than the whole 
soybean grains due to their limited extrusion capacity and 
associated high investment costs. In 2019, only three out  
of forty commercial animal feed processors in Tanzania, reg- 
istered under Tanzania Animal Feed Manufacturers Asso-
ciation (TAFMA) have solvent extraction with a processing 
capacity of 6,000 t of soybean per year (SAGCOT, 2019). 
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These three animal feed processors include Silverlands Co 
Ltd, Interchick Co Ltd and Tanfeeds Ltd, located in Iringa, 
Dar es Salaam and Morogoro, respectively. The latter was 
the main company processing soybean for sale of soybean 
meal (and soy oil) while others produced soybean meal for 
their own use. The recent expansion of solvent extraction 
facilities at Tanfeed is expected to increase the demand for 
soybean (SnP, 2015) and might also contribute to meeting 
the increasing demand for edible oil (Mgeni et al., 2019) 
and soybean meal required in the chicken feed industry 
(Mbwambo et al., 2016).

The integration of smallholder farmers with other value 
chain actors is an important pathway to improving the func-
tioning of the soybean, maize and chicken value chains that 
might contribute to achieving food security and welfare of  
the farmers (Kissoly et al., 2017). During the implementa-
tion of the N2Africa project, a Soybean Innovation Platform 
was formed in 2015 to facilitate the dissemination of the lat-
est soybean technologies and practices to smallholder farm- 
ers (Odhong, 2018; SnP, 2015). The platform is comprised of 
the representatives from both public and private sectors i.e. 
local and international research institutes, district extension 
officers, village-based agricultural advisors (VBOs), farmer 
associations and agro-input suppliers and other stakeholders 
involved in the value chain. While this platform is a means 
to connect actors within the soybean value chain, similar ini-
tiatives may be needed to integrate well with the maize and 
chicken value chains. Efficient functioning of the integrated 
value chains requires both public and private sector partners 
(Bitzer et al., 2013), value chain collaboration (Kissoly et al., 
2017) and promoting of innovation platforms (Kilelu et al., 
2017). Whereas, most studies to date have explored the integra-
tion of smallholder farmers in value chains of export-oriented 
and high-value cash crops (Barrett et al., 2012; Challies &  
Murray, 2011), our study focused on domestic agricultural 
value chains to reduce the need for imports of soybean meal.

5  Conclusion

To meet the increasing demand for nutritious diets in Tan-
zania, the soybean, maize and chicken value chains all 
have important roles to play. The emerging chicken feed 
industry is an important market outlet for smallholders 
producing maize and soybean in the country providing 
them with an income to buy nutritious food items. Efficient 
processing of soybean has a great potential to increase 
the local availability of soybean both for human food and 
animal feed. Further, domestic production and process-
ing of soybean is expected to reduce the cost of chicken 
feed that currently relies on expensive fish meal. To realise 
the promise of integration of these three value chains, the 

inefficiencies identified in the soybean chain require effort 
to strengthen producer groups, to enhance joint marketing 
of their produce and to enhance private sector investment 
in appropriate soybean processing facilities.
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