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Abstract

Globally, one-third of the food produced for human consumption globally is wasted,

a figure projected to rise with increased food production. Collaborative efforts

across food supply chains can mitigate post-harvest losses, playing a crucial role

in enhancing food security. However, frameworks for multi-stakeholder collabora-
tions remain underdeveloped, particularly in developing countries. We address this
gap by focusing on the case study of tomato food supply chain in Tanzania. Using
value chain analysis with farmers, traders, and transporters in the Iringa and Morogoro
regions, findings reveal that 28% of post-harvest losses stem from climate and weather
conditions, followed by limited market knowledge (12.5%) and inadequate storage
facilities (11%). The results further show that only a small proportion of the tomato

is transported to the market due to bad roads and there is limited number of process-
ing industries, exacerbating the issue. Farmers have no knowledge as to how much
they will produce or where they will sell in the next season. Building on these findings,
the study revises Bhattacharya and Fayezi's (Ind Mark Manag 93: 328-343, 2021) frame-
work to propose a tailored multi-stakeholder collaboration framework for the Tanzania
food supply chain context. This framework aims to empower smallholder farmers

to reduce losses and increase incomes while fostering sustainable collaborations appli-
cable to other value chains and regions.

Keywords: Supply chain collaborations, Postharvest losses, Framework, Tomato
smallholder farmers

Introduction

The current global population growth rate demands for increasing food production to
satisfy food security, nutrition and health requirements (Daszkiewicz 2022; Oluwole
et al. 2023). Approximately, one-third of food produced globally and 30% of food in
Sub-Saharan Africa is lost before reaching consumers (Gustavsson 2011; Joensuu et al.
2021; Oluwole et al. 2023; AUC 2018; Sheahan and Barrett 2017). In Tanzania, food loss
accounts for 30—40% of total annual crop production, with significant losses reported
in fruits, vegetables, and root crops (URT 2019). These losses are projected to rise

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0001-8706-037X
http://orcid.org/0000-0002-8010-5528
http://orcid.org/0000-0003-1453-7979
http://orcid.org/0000-0002-8152-3211
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40100-025-00351-z&domain=pdf

Izdori et al. Agricultural and Food Economics (2025) 13:6 Page 2 of 16

alongside increased production, due to factors such as poor agricultural inputs, climatic
variability, and inefficiencies in market chains (Oluwole et al. 2023; Joensuu et al. 2021).

Managing post-harvest food loss (PHL), which for the purpose of this study is the
same as food loss as defined in (Parfitt et al. 2010), is critical for achieving food security,
nutrition, and sustainable agriculture (Oluwole et al. 2023). Recent research highlights
that interventions involving multiple stakeholders along food supply chains (FSCs) are
more effective, as they address systemic dynamics (AUC 2018; Wagenberg et al. 2019;
Bhattacharya and Fayezi 2021; Bustos and Moors 2018; Filimonau and Ermolaev 2021)
as opposed to those targeting single actors or stages of the food chain (Gustavsson 2011).
Multi-stakeholder interventions form what are known as “supply chain collaborations”
that have a potential of reducing PHL through joint efforts to distribute risks and costs
among stakeholders (Dania et al. 2018). Such collaborations foster innovation, facilitate
institutional change, and reduce market inefficiencies, benefiting both producers and
consumers (Drost et al. 2012; Gomez et al. 2020).

Despite these benefits, research on multi-stakeholder collaboration to reduce PHL in
developing countries, particularly in Africa, remains limited (Bhattacharya and Fayezi
2021). Even though, literature shows the presence of collaborative interventions for
PHL among FSC actors and within the food system in developing countries (Chegere
et al. 2020; Wagenberg et al. 2019), they have yet to significantly benefit smallholder
tomato farmers who still face low productivity and high PHL (Mutayoba and Ngaruko
2018; Ombaeli et al. 2022). Furthermore, the collaborative interventions that show the
potential of reducing PHL in developed countries need to be adopted to local context
prevalent in developing countries. It is also reported that the current FSCs in develop-
ing countries as well as power dynamics do not favor collaborations for PHL reduction,
despite the reported high losses (Bustos and Moors 2018). We align our thinking that
forming collaborations entails formalization of governance structures and establishing
arrangements that specify objectives, activities, roles and responsibilities of the stake-
holders involved (Bitzer 2011; Bhattacharya and Fayezi 2021).

Formation of stakeholders’ collaborations for PHL in developing countries requires
consideration of all these issues. A framework to reduce PHL among tomato farmers,
however, seems to be missing (Rutta 2022; Njume et al. 2020; Ugonna et al. 2015). As
such, food losses and waste, government support and resource allocation is based on
learning from other sectors. Institutions to support farmers with finances provide inno-
vation extension services are failing to see the link between collaboration and improved
farmer livelihoods due to lack of a conceptual framework. A conceptual framework
developed by Bhattacharya and Fayezi (2021) illustrates the collaboration conditions and
how navigating them may result in formation of strong multi-stakeholder collaborations
for reducing food loss and waste (FLW). However, this framework is generalized for
both food loss and food waste and therefore assumes uniformity in developing countries
where the former is prevalent and developed countries where the latter is typical.

This research therefore seeks to explore the prevalent conditions that cause PHL along
the FSC in developing countries and use these to customize the framework. The tomato
FSC is chosen as a case study considering its substantial contribution to the total annual
household income and poverty reduction (de Putter et al. 2007), as well as its high per-
ishability and subsequent post-harvest losses that are estimated to be as high as 50%
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(URT 2019). Furthermore, tomato is the most grown horticultural crop in the country,
grown mostly in Iringa and Morogoro regions (de Putter et al. 2007). Our empirical work
titled ‘multi-stakeholder collaboration framework for post-harvest loss reduction’ modi-
fied from (Bhattacharya and Fayezi 2021), seeks to (i) understand the causes of PHL in
the two study regions of Iringa and Morogoro (ii) analyze the role of stakeholders along
the tomato value chain, and (iii) develop a stakeholder collaboration conceptual frame-
work that supports farmers in reducing PHL.

The proposed framework is expected to provide an overarching structure that guides
policy formulation and governance among smallholder tomato farmers in Tanzania. In
addition, the proposed framework advocates for empowering smallholder farmers to
increase their collaborative advantage. This will result into formation of stronger and
more successful collaborations among FSC stakeholders that aims at reducing PHL,

which may be adopted and scaled-out to other value chains and other regions.

Conceptual background

Conceptual frameworks

Conceptual frameworks are essential tools in research and practice, providing structured
ways to understand, analyze, and address complex issues. They offer a theoretical basis
for organizing ideas, guiding research questions, and interpreting findings. They pro-
vide a visual representation of the study’s structure, making it easier to identify gaps in
knowledge and formulate research questions (Maxwell 2013). A well-constructed con-
ceptual framework serves as a guide for data collection and analysis (Ravitch and Rig-
gan 2017). Conceptual frameworks are widely used across various disciplines, including
social sciences, education, health, and business. They are particularly valuable in fields
where complex, multifaceted phenomena such as the issue of PHL need to be studied.
A framework for stakeholders’ collaboration in reducing PHL requires a logical and
thorough examination of a specific FSC to generate new ideas and concepts on issues
affecting it (Downs 2007; Midgley 2007). The development of a conceptual framework
involves synthesizing existing theories and research to create a new, coherent structure.
The framework which this work builds upon emanates from the work by (Bhattacharya
and Fayezi 2021) as discussed below.

The framework for ameliorating food loss and waste in the supply chain

through multi-stakeholder collaboration by Bhattacharya and Fayezi’s (2021)

The Bhattacharya and Fayezi’s (2021) study explored how multi-stakeholder collabo-
rations can help reduce food loss and waste (FLW) from the end-to-end food supply
chains. It investigated the way various “conditions” can prohibit alignment between
stakeholders resulting in FLW, and how stakeholder can collaborate to reduce FLW. The
framework begins with categorizing stakeholders into core and supporting stakeholders.
The core stakeholders are those responsible in bridging the gap between growers on the
upstream and consumers on the downstream. These include growers, processors, dis-
tributors, manufacturers, wholesalers, retailers, food service businesses, and consumers.
On the other hand, supporting stakeholders are those who support the core stakeholders
in reducing FLW from the food supply chain through design of policies/regulations and
development of technologies. These are such as NGOs, government and government
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agencies, financial institutions, scientific organizations, universities, industry regulatory
bodies/associations, and global organizations.

Two sets of conditions were identified as prohibiting alignment of stakeholders’ inter-
ests to form collaborations. These were termed as structural and sporadic conditions.
The structural conditions are related to the process of product delivery as well as its
quality and originate from the actions of the core value chain actors in the FSC. The
structural conditions are such as poor infrastructure, limited access to markets, lack of
processing industries, etc. On the other hand, the sporadic conditions arise from the
action of supporting value chain actors and include awareness campaigns, policies, regu-
lations, and frameworks.

The framework calls upon both vertical and horizontal collaborations, respectively
among core and supporting stakeholders in reducing post-harvest losses along the value
chain. The framework is confirmed through a systematic literature review and case stud-
ies from different parts of the world. The collaborative conditions upon which stake-
holders build collaborations are termed as sporadic for the supporting stakeholders
and systematic for the core stakeholders. These influence the alignment of stakehold-
ers’ interests and hence collaborative advantages (Caldeira et al. 2019; Gustavsson 2011;
Sheahan and Barrett 2017)).

The framework by Bhattacharya and Fayezi addressed both issues of food loss and
food waste (FLW). However, the distinction between food loss and food waste, based
on the stage at which they occur, and the region’s level of economy indicates a need
for separate interventions to address them. Food loss is defined as harvested food that
never makes it to consumer tables for various reasons while food waste is the food dis-
carded at consumption level (AUC 2018; Wagenberg et al. 2019). Research shows that
in low- and middle-income countries, highest FLW occur at the post-harvest level while
in high income countries highest FLW occur at consumption level as food waste (Gus-
tavsson 2011). Therefore, the stakeholders involved as well as the roles they play in col-
laborations are different. Our study aims at elaborating this difference and customizes
the framework by Bhattacharya and Fayezi, (2021) to address PHL in the context of the
Iringa and Morogoro tomato producing regions in Tanzania, using the empirical insights
from these two case studies.

Drivers of food loss in developing countries

Food loss in Africa is a significant challenge, affecting food security, economic develop-
ment, and environmental sustainability. These losses occur during transportation, stor-
age, and distribution due to delays, spoilage, and exposure to pests and diseases (Kumar
and Kalita 2017). The lack of cold storage and efficient transportation exacerbates the
situation (Affognon et al. 2015; Gustavsson 2011). Farmers in remote or rural areas often
lack access to markets where they can sell their produce quickly (Gustavsson 2011).
Financial barriers, such as limited access to credit and capital, prevent farmers from
investing in better storage facilities, transportation, and technologies that could reduce
food loss (Kaminski and Christiaensen 2014). The inefficiencies in supply chains, includ-
ing a lack of coordination among stakeholders, lead to delays, mismanagement, and food
loss at various stages from production to consumption (Gustavsson 2011; Parfitt et al.
2010). Climate change impacts, such as increased temperatures, unpredictable rainfall
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patterns, and extreme weather events, contribute to food loss by affecting crop yields
and increasing the vulnerability of crops to pests, diseases, and spoilage (Gustavsson
2011; Sasson 2012). Factors such as improper drying, packaging, and storage conditions
expose produce to pests, mold, and spoilage (Sheahan and Barrett 2017). Also, many
smallholder farmers lack access to training and knowledge about modern post-harvest
handling and storage techniques (Kitinoja et al. 2011).

Methodology

This section outlines the details of the research design and methods followed in this
study. It explains some of the key assumptions and implications resulting from the sam-
pling choices made in providing this first assessment of the role stakeholders play in the
tomato value chains of the study areas in reducing food loss and waste and contributing
toward smallholder farmers income.

Study area

To address the objectives of this research, two case study areas (Iringa and Morogoro
regions) were selected from the highest tomato producing regions in Tanzania according
to the 2016/17 Annual Agriculture Sample Survey of Tanzania report (URT 2016). First
region is Iringa, which lies at an altitude of 475 m above sea level with high peaks of 2981
m above level and has a mild climate with average temperatures of 10 °C in May/June
and up to 25 °C during October. Annual rainfall in Iringa ranges from 500 to 1600 mm
annually. Tanzania has two tomato processing industries in Iringa. The second region
is Morogoro, with average temperatures between 18 and 30 °C. Annual rainfall ranges
between 600 and 1800 mm, except for the Eastern parts of the Uluguru mountains
which receives high rainfalls of up to 2850 mm annually, while the leeward sides receive
less than 600 mm annually. The households in these regions are dominated by small-
holder farmers forming about 90 percent of the population (URT 2012, 2022). Weather
conditions are the major determinant of agricultural performance in the study area.

Research design
Mixed methods for data collection and analysis were used to enhance the validity and
reliability of the findings. Qualitative data were gathered through field observations,
focus group discussions (FGDs) with farmers, traders, transporters, and local lead-
ers, while quantitative data were collected via a farmer survey. A multistage sampling
technique was used in selecting respondents (Schreinemachers et al. 2015). Purposive
sampling identified one district in each region—Kilolo in Iringa and Mvomero in Moro-
goro—based on high tomato production. Subsequently, three wards in each district were
purposively selected: Ilula, Lugalo, and Ruaha Mbuyuni in Kilolo, and Mlali, Doma, and
Melela in Mvomero. Respondents were randomly selected with the assistance of Village
Extension Officers. Other value chain actors were identified by snowballing from the
consulted farmers, and represent individuals (farmers, traders and transporters) who are
either directly or indirectly involved with the farmer in tomato production.

The farmer survey targeted 280 participants, comprising 167 farmers (51 women,
116 men) from Kilolo and 113 farmers (27 women, 86 men) from Mvomero. The sur-
vey included questions on socio-economic and demographic characteristics, farming
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practices, land ownership, and challenges faced during production and post-harvest
stages. Information on constraints in post-harvest practices was collected, focusing on
perceived environmental issues, policy and regulatory frameworks, transportation, input
supply, and institutional support.

For objective one which aims to establish the common causes of PHL in the case study
areas, we first reviewed literature to list common causes of PHL. Using participatory
approaches, list of the common causes of PHL was discussed together with the farmers
to (i) choose those applicable to them and (ii) rank them starting with those that affect
them most, using same number for those affecting them equally. A field named “other”
was provided for farmers to mention any other causes that were not in the list and rank
them.

To address the second objective that deal with analyzing the roles of stakeholders
along the tomato value chain, we used the stakeholder analysis approach. Qualitative
data was collected to characterize the FSC and identify stakeholders involved on the
farmside through focus group discussions (FGDs) with groups of farmers, traders and
transporters. A total of 12 farmers FGDs (7 in Kilolo and 5 in Mvomero), 8 traders FGDs
(6 in Kilolo and 2 in Mvomero), 8 transporters FGDs (5 in Kilolo and 3 in Mvomero) and
5 leaders FDGs (5 in Kilolo and 2 in Mvomero) were conducted in groups of 6 to 12 par-
ticipants in both Kilolo and Mvomero districts. The tools used in the survey and FDGs
were fed into the mWater software and are available on request.

Finally, to address our third objectives, which deals with developing a stakeholder
collaboration conceptual framework that supports farmers in reducing PHL, we used
literature review to identify a conceptual framework that was fitting into our study con-
text. The components of the framework were fully analyzed to identify areas that are
relevant to our study as well as to identify gaps. Building on objective 1 and 2, we modi-
fied the framework to fit into the Tanzanian context. We first established the different
collaboration “conditions” that prohibit alignment between stakeholders to reduce PHL
in the tomato FSC in Iringa and Morogoro regions of Tanzania. We then explored how
the interplay between different conditions and stakeholder orientations can be aligned
to support stakeholder collaborations in reducing PHL.

Data analysis

Analysis of quantitative data from the farmers’ survey was done in spreadsheet for
frequencies to rank the responses of the causes of PHL. Furthermore, the value chain
framework was used in this study to analyze the flow of tomatoes from production to
the point of transportation outside the farm areas. This analysis identified the actors
involved in production, processing, trading, and transportation, highlighting inef-
ficiencies contributing to PHL. Then, stakeholder analysis which refers to a range of
approaches for the identification and description of stakeholders based on their attrib-
utes, interrelationships and interests related to a given project was employed (Bezabih
et al., 2020). Stakeholder analysis identified linkages among actors by considering all
activities and processes along the tomato value chain, from input supply to end users.
Adopting the salient stakeholder theory by Mitchell et al. (1997) as outlined in (Surucu-
Balci and Tuna 2021), core or leading stakeholders in collaborations were identified. The
quantitative data enabled identification of the causes of PHL and the magnitude of their
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impacts. The qualitative data was used in establishing the weaknesses in the FSC and
establishing the stakeholders involved and their roles.

Results

Causes of PHL

The causes of post-harvest loss (PHL) as ranked through the farmer survey in Kilolo and
Mvomero districts are presented in Fig. 1. Climate and weather conditions were ranked
as the primary causes of PHL by farmers in both districts, reflecting their significant
impact on agricultural outputs. In Kilolo district, the second major cause was a lack
of market demand knowledge, followed by insufficient storage facilities. In contrast, in
Mvomero district, the second-ranked cause was improper handling of tomatoes during
harvesting and marketing, with limited knowledge of post-harvest technologies ranked
third.

Farmers consistently emphasized the role of unpredictable rainfall and prolonged
dry spells in contributing to both pre- and post-harvest losses. Heavy rains exacerbate
price fluctuations due to the damage caused to road and market infrastructure, restrict-
ing farmers’ market access. Additionally, poor road conditions in Kilolo and reliance on
motorcycles for transportation further increase the risk of PHL, particularly when trans-
porting ripe tomatoes.

Traditional practices such as overfilling crates during packaging, observed in Ruaha
Mbuyuni, were identified as another contributing factor. This practice exerts pressure on
tomatoes at the bottom of crates, causing bruising and reducing shelf life. The absence
of proper storage facilities also forces farmers to sell quickly, often at unfavorable prices,
further increasing losses.

The findings highlight the multifaceted nature of PHL, rooted in environmental, infra-
structural, and market-related challenges. Addressing these issues requires interventions
targeting infrastructure improvements, capacity-building for farmers, and the promo-
tion of proper post-harvest practices.

The FSC stakeholders and their roles

The food supply chain

The food supply chain (FSC) describes the processes tomatoes undergo from produc-
tion to consumer tables. However, this study focuses on the farmside stages of the

Insufficient food processing technologies

Lack of linkage between actors from farmgate to market

Lack of processing facilities

Lack of linkages between institutions, value chain, and government
A large number of intermediaries

Lack of knowledge of post-harvest technologies

Insufficient infrastructure for transporting the tomatoes

Poor packaging

Improper handling of the products at the farm and marketplace
Lack of proper storage facilities

Lack of knowledge regarding demand in the market

Climate and weather conditions

= Mvomero = Kilolo 0 5 10 15 20 25 30 35
Percent of respondents

Fig. 1 Ranking of the causes of tomato PHL by farmers in Kilolo and Mvomero districts
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supply chain, up to the point where tomatoes leave the farming areas. The FSCs in
Iringa and Morogoro differ slightly in structure and performance due to regional vari-
ations in infrastructure and market access.

In Iringa, the FSC comprise five stages which are (i) production (ii) local/farmside
transport (iii) marketing and packaging (iv) processing and (v) Transport outside
farm areas. Farmers in Iringa rely heavily on middlemen to access markets, creat-
ing an additional layer that influences pricing and decision-making. In contrast, the
FSC in Morogoro has four stages which are (i) production (ii) local/farmside trans-
port (iii) marketing and packaging and (iv) transport outside farm areas. The actors
in the tomato supply chains of the study areas are presented in Fig. 2. Morogoro lacks
processing industries, which limits value addition opportunities for farmers. Traders
in this region predominantly purchase produce directly at the farm gate, bypassing
middlemen.

The FSC in the two case study areas are fragmented, which is typical for developing
countries. Farmers rarely know who their buyers will be in the next season, nor can they
predict production volumes or potential markets for their produce. This uncertainty,
combined with a lack of formal contracts between farmers and other FSC actors, exac-
erbates post-harvest losses. Literature reports relatively low food losses in developed
countries as compared to food waste due to well organized, influential, and functioning
FSC and supporting environment (Verghese et al. 2013). The FSCs in these countries are
characterized by chain supermarkets, large-scale commercial farmers and supporting
environment like charity shops where food can be donated or sold at a cheaper price to
reduce food losses. Such actors are non-existent in both case study regions.

Addressing these challenges requires strengthening the FSC through improved
infrastructure, better market access, and the establishment of formalized agreements

(a) Iringa region Processing
Poor
pricing, far
from farms

Marketing and Transport outside
Production Farmside transport Packaging farm areas

He sayontie price, Bad roads, Overfilling, poor packaging No temperature

lack of storage and overloading and no cushioning, Unreliable control
processing markets, poor pricing
(b) Morogoro region
Marketingand Transport outside
Production Packaging farm areas

No say on the price,  overfilling, poor packaging
lack of storageand  and no cushioning, Unreliable
processing markets, poor pricing

No temperature
control

Farmside transport

Bad roads,
overloading

Fig. 2 The identified issues at different stages of the tomato supply chain in the study areas

Page 8 of 16
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between farmers and other stakeholders. Furthermore, creating more stable and pre-
dictable supply chains can help reduce losses and increase farmers’ incomes.

The FSC stakeholders and their roles

Stakeholders in the food supply chain (FSC) are categorized into two groups of core and
supporting stakeholders. Core stakeholders are directly responsible for moving produce
from production to consumption (Bhattacharya and Fayezi 2021). These include small-
holder farmers, collectors, traders (wholesalers, retailers, and exporters), and proces-
sors. Without these actors, the FSC cannot function effectively. Supporting stakeholders,
on the other hand, provide crucial services and resources to address FSC inefficiencies.
These include non-governmental organizations (NGOs), government agencies, financial
institutions, researchers, and other industry actors.

In the study areas, smallholder farmers dominate tomato production but face signifi-
cant challenges, including limited resources, lack of formal education on agronomic
practices, and minimal influence in the FSC. Furthermore, the absence of proper storage
facilities, poor road networks, and a lack of processing industries force farmers to sell
their produce quickly to avoid spoilage, but this leaves them vulnerable to exploitation
by other FSC actors, such as traders and processors, who prioritize maximizing their
profit margins. Also, there are no formal contracts or consistent relationships between
farmers and buyers, exacerbating uncertainty and reducing farmers’ bargaining power.

Traders, collectors, and transporters play a vital role in ensuring that produce moves
efficiently through the FSC. However, in both Iringa and Morogoro, these actors often
exploit farmers due to their limited access to alternative markets. The lack of proper
storage and transportation facilities further increases farmers’ dependence on these
intermediaries.

Supporting stakeholders are essential in addressing these challenges. For example,
NGOs and research institutions often provide technical training, advocate for better
policies, and introduce innovations aimed at reducing post-harvest losses. Government
agencies can facilitate these efforts by creating enabling environments through support-
ive policies and infrastructure investments.

To strengthen the FSC and reduce PHL, it is critical to enhance the coordination and
alignment between core and supporting stakeholders. This includes formalizing rela-
tionships between farmers and other actors, improving access to storage and transporta-
tion infrastructure, and ensuring farmers have access to the resources and knowledge
necessary to improve their practices.

Proposed Stakeholders’ collaboration framework for PHL reduction

The Bhattacharya and Fayezi framework and identified gaps

The Bhattacharya and Fayezi (2021) framework served as the foundation for this study,
offering insights into multi-stakeholder collaborations to reduce food loss and waste
(FLW). However, certain gaps were identified, particularly regarding the context of
developing countries. The revised framework addresses these gaps by emphasizing the
unique challenges faced by smallholder farmers and tailoring solutions to the conditions
of the Tanzanian tomato value chain.
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Structural conditions, as identified in the original framework, relate to systemic issues
within the food supply chain (FSC), such as inadequate infrastructure, limited market
access, and a lack of processing industries. In the Tanzanian context, structural condi-
tions are heavily influenced by government interventions, including regulatory policies,
extension services, and research and development. These interventions are essential for
creating a supportive environment that enables stakeholders to collaborate effectively.

Sporadic conditions, on the other hand, include awareness campaigns, policy gaps,
and uncoordinated efforts by supporting stakeholders. While these conditions were
identified as secondary in the original framework, the revised framework highlights
their critical role in addressing weaknesses within the FSC identified in Section “The
FSC stakeholders and their roles” Education and awareness-raising campaigns are nec-
essary to improve farmers’ use of inputs, packaging, and storage technologies.

The revised framework also redefines vertical and horizontal collaborations based on
issues in Section “Causes of PHL" and "The FSC stakeholders and their roles” In this
framework, vertical collaborations occur between diverse stakeholders, such as farmers,
government agencies, and financial institutions, while horizontal collaborations involve
stakeholders within the same category, such as farmer associations or trader coopera-
tives. This distinction is vital in strengthening the FSC by ensuring alignment among
stakeholders with complementary roles.

A central aspect of our revised framework is the empowerment of smallholder farmers
by placing farmers at the center of the framework to ensure their inclusion in decision-
making processes and providing mechanisms for building their capacity. We also pro-
pose establishing farmer associations as a strategy to enhance their bargaining power,
facilitate access to markets, and improve the efficiency of collaboration with other FSC
actors.

We further introduce feedback loops into the framework to allow continuous improve-
ments based on stakeholder experiences. These loops ensure that policies, interven-
tions, and collaborations remain adaptive to emerging challenges and farmer needs. By
addressing both structural and sporadic conditions, the revised framework aims to cre-
ate a more resilient and efficient tomato value chain in Tanzania.

Discussion of results

Causes of PHL: weaknesses in the FSC

This study sought to examine the drivers of post-harvest loss (PHL) in the tomato value
chain in Iringa and Morogoro regions of Tanzania and propose a framework for reduc-
ing PHL through multi-stakeholder collaboration. The findings highlight the multifac-
eted nature of PHL, rooted in climatic, infrastructural, and market-related challenges.
Farmers in both regions identified climate variability, including unpredictable rainfall
and prolonged dry spells, as the leading cause of PHL. Heavy rains exacerbate these
losses by damaging roads and market infrastructure, limiting access to markets and
increasing spoilage.

The high ranking of weather and climate conditions is due to the impact on both
pre- and post-harvest losses. The farmers’ high dependency on rainfall coupled with
increased dry spells due to climate change affect farmers in all districts. To cope with
this, the farmers practise “mixed farming” where they resort to irrigation when there is
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no rain. However, the high capital cost for installing the irrigation system is a barrier for
farmers to practise irrigation agriculture, despite the knowledge of its benefits. Weather,
specifically heavy rains is also a major cause of price fluctuations, due to the impact it
has on road and market infrastructure. Limited access to road infrastructure results into
limited access to markets and other services, hence increasing farmers’ vulnerability to
shocks and likelihood of falling deeper into poverty (Gomez et al. 2020).

Lack of information regarding demand and their price fluctuations in the market
causes overproduction (Raut et al. 2018). This coupled with lack of proper storage facili-
ties result into losses to farmers. Harvesting ripe tomatoes as opposed to green tomatoes
is common in developing countries (Njume et al. 2020; Ugonna et al. 2015) and is also
practiced in both districts. It is linked to bruising, shorter shelf life and hence increased
PHL in the absence of immediate markets and proper storage facilities. Also, the bad
roads in Kilolo and the practice of transportation using motorcycles exacerbate PHL
especially where ripe tomatoes are concerned.

Most farmers are cultivating tomato by experience. Their engagement with the sci-
entific community is very low. Few consult agricultural officers but most rely on fellow
farmers and input suppliers for advice. This results in all types of misconduct which end
in PHL. For example, in Ruaha Mbuyuni, packers were seen overfilling crates and com-
pact/press them to accommodate more tomatoes in a crate, which further contributes to
losses by reducing the quality and shelf life of tomatoes.

In summary, it was found that during production, there is no proper market informa-
tion for farmers to make decision on type of produce, quality or even farm gate prices.
At this stage, the farmers have no storage or processing facilities. During transportation,
the farmers are faced with bad roads, overloading of produces, overfilling, poor packag-
ing and unreliable markers. Lastly, once the produce leaves the farm and are at marketing
stage, common issues in both regions include distance (markets are far from the farms),
limited transport around the farming areas, poor pricing and no cooling facilities.

The FSC stakeholders and their roles in collaborations

Similar to the findings of Bhattacharya and Fayezi (2021) for developing countries’ food
supply chains (FSCs), smallholder farmers dominate the production sector in both
study areas. However, existing exploitative conditions and the disadvantaged position of
smallholder farmers (Drost et al. 2012; Gomez et al. 2020) prevent them from having
the same level of power and influence as other FSC actors. This highlights the need to
acknowledge and address the structural imbalance within the FSC. Also, the capacity
of smallholder farmers to invest in post-harvest loss (PHL) reduction strategies, such as
cold storage and improved inputs, remains limited (Rutta 2022). Without external sup-
port, many farmers are unable to adopt measures that could reduce losses and improve
productivity. Government-led interventions, including subsidies and support programs,
have shown positive outcomes in improving farmers’ resilience and capacity to address
PHL challenges. To enhance collaborations within the FSC, there is a need for deliberate
efforts to register and engage supporting actors who can advocate for and assist small-
holder farmers. This role can be effectively played by the government through targeted
policy interventions, such as creating incentives for NGOs, financial institutions, and
private actors to work closely with smallholder farmers. By aligning the interests of core
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and supporting stakeholders, these efforts can reduce power imbalances and foster more
equitable and effective collaborations.

Proposed Stakeholders’ collaboration framework for PHL reduction

Addressing the gaps in the Bhattacharya and Fayezi framework

To address the gaps identified in 4.3, we modified the framework to come up with the
framework in Fig. 3. We adopt Bhattacharya and Fayezi’s definition of structural con-
ditions as those related to the structure of the food supply chain (FSC) and argue that
addressing these conditions begins with creating a structured and well-functioning FSC
(Bustos and Moors 2018). This includes establishing an enabling environment, such as
regulatory services, to improve FSC efficiency and reduce post-harvest loss (PHL). In
Tanzania, this role can be performed better by the government based on parliamentary
approved policies and acts that may not be changed within a short time. However, gov-
ernment interventions must be research-informed and communicated to farmers via
extension services, making the government, research institutions, and extension services
core stakeholders in creating efficient FSCs.

The framework positions the government, research, and extension services as core
stakeholders, with all other actors categorized as supporting stakeholders. Among sup-
porting stakeholders, we distinguish between main supporting actors, who are essential
for moving food along the FSC (e.g., traders, transporters, processors), and secondary
supporting actors, who provide auxiliary services (e.g., NGOs, financial institutions).
This distinction ensures policies can be tailored to address the unique roles of different
actors.

Structural conditions

F1

S

c R

VERTICAL COLLABORATIONS

Collective stakeholder orientation

HORIZONTAL COLLABORATIONS >

Fig. 3 Proposed framework for stakeholders’ collaboration for reducing PHL
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Secondly, we propose redefining the “supporting stakeholders” identified in the orig-
inal framework as “core stakeholders” for PHL reduction, as they play a more central
role in addressing PHL. Actions of growers, processors, distributors, manufacturers,
wholesalers, retailers and consumers tend to increase PHL, while the actions of NGOs,
government and government agencies, financial institutions, scientific organizations,
universities, industry regulatory bodies/associations, and global organizations tend
to reduce PHL (Bhattacharya and Fayezi 2021), making them “core” stakeholders in
reducing PHL. Therefore, in the proposed framework, the supporting stakeholders are
all other stakeholders apart from government and government agencies, research and
development and extension services.

Thirdly, the proposed framework places smallholder farmers at its center, with mech-
anisms to empower them through farmer associations. These associations can act as
representative bodies for engaging with other stakeholders and improving farmers’ bar-
gaining power. Studies show that farmer associations influence profitability (Mwatawala
et al. 2019) and mitigate collaboration failures caused by poor organization (Ledn-Bravo
et al. 2017). Associations can also improve the farmers’ capacity to deliver consistent
volumes, meet quality standards, and ensure a steady supply (Drost et al. 2012). How-
ever, for associations to succeed, structural conditions must include clear rules and regu-
lations (C1 in Fig. 3) and continuous feedback loops from farmers to core stakeholders
(F1 in Fig. 3).

Main supporting actors, such as traders, transporters, and processors, play a pivotal
role in the FSC. These actors provide market access, inputs, and transportation services
essential for smallholder farmers. However, the relationship is often exploitative, leaving
farmers at a disadvantage. Therefore, policy guidelines (C2 in Fig. 3) are necessary to
regulate these interactions and ensure fair benefits for all parties. Feedback loops (F2 in
Fig. 3) enable continuous refinement of these guidelines to address emerging challenges.

We propose that the main supporting actors should also include financiers, NGOs,
external investors etc. who contribute to the FSC activities through direct funding,
interventions, and investments. However, their support must align with national priori-
ties and focus on addressing FSC weaknesses, particularly those affecting smallholder
farmers. Regulatory guidelines (C3 in Fig. 3) can help align these efforts, and feedback
mechanisms (F3 in Fig. 3) can ensure interventions meet the farmers’ needs.

Considering these modifications, the framework becomes as presented in Fig. 3. The
proposed framework supports both vertical and horizontal collaborations. Vertical col-
laborations occur among diverse stakeholders across the FSC, such as farmers, govern-
ment agencies, and traders, while horizontal collaborations involve stakeholders within
the same category, such as farmer or trader associations. These collaborative structures
promote inclusivity, reduce fragmentation, and improve coordination in addressing
PHL.

Conclusion

Our findings align with existing research on the causes of post-harvest loss in developing
countries (Abualtaher and Bar 2020; Bhattacharya and Fayezi 2021; Bradford et al. 2020;
Godfray et al. 2010; Kasso and Bekele 2018; Kitinoja and Kader 2015; Verghese et al.
2013). Our approach differs from previous studies in identifying which stakeholders
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should play the leading “core” role and which should act as supporting actors in address-
ing post-harvest loss. Furthermore, our categorization of horizontal and vertical col-
laborations is based on the roles played by stakeholders. Horizontal collaborations
involve stakeholders with similar roles within the food supply chain, while vertical col-
laborations connect stakeholders with diverse roles. To address these issues, our pro-
posed framework emphasizes facilitating collaborative conditions between smallholder
farmers and core stakeholders (C1), core stakeholders and supporting actors (C2), and
smallholder farmers and supporting actors (C3). These conditions, guided by clear poli-
cies, aim to align stakeholder efforts and promote effective collaborations. By adopting
this framework and implementing policies to regulate and facilitate these collaborative
conditions, developing countries can significantly reduce post-harvest loss. Moreover,
the framework fosters the creation of stronger, more resilient food supply chains that
enhance food security, improve smallholder farmers’ incomes, and promote sustainable
agricultural development.
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