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A deep dive into the dynamics of
indigenous crops: nutritional
value, production patterns, and
market accessibility in Southern
Highlands of Tanzania

Innocensia John'* and Victor Vicent?

!Department of Agricultural Economics and Business, University of Dar es Salaam, Dar es Salaam,
Tanzania, 2Department of Food Science and Technology, University of Dar es Salaam, Dar es Salaam,
Tanzania

This study explores the value chain of selected indigenous crops in Tanzania,
assessing their potential to address micronutrient deficiencies and contribute to
food security. The research examines production patterns, processing techniques,
and market dynamics, identifying key challenges and opportunities within the value
chain. Crops such as amaranth, sorghum, millet, and baobab are cultivated using
traditional methods, integrating local knowledge and organic inputs. The study
highlights major constraints, including limited market linkages, inadequate processing
infrastructure, and weak policy support, which hinder the commercialization and
accessibility of these crops. Key findings reveal that while indigenous crops are widely
produced and consumed, their market presence remains low due to inefficiencies
in distribution channels and consumer awareness gaps. The study underscores the
high nutritional value of these crops, particularly their rich content of iron, zinc,
and pro-vitamin A, making them crucial in addressing malnutrition. The research
further identifies opportunities for value chain improvements, such as enhanced
processing methods, improved storage facilities, and policy interventions to support
smallholder farmers. The study concludes that strengthening the indigenous crop
value chain through targeted investments in infrastructure, policy support, and
market development can transform these crops into competitive commodities.
Recommendations include increasing consumer education, integrating digital
marketing platforms, and fostering collaborations between stakeholders to enhance
production efficiency and market access. By addressing these challenges, indigenous
crops can play a pivotal role in sustainable agriculture, improving nutrition, and
bolstering the livelihoods of rural farmers in Tanzania.

KEYWORDS

micronutrients deficiencies, nutrition value, value chain, double indigenous crops,
Tanzania

Highlights

« Indigenous crops are abundant in vital micronutrients, including iron, zinc, and
pro-vitamin A, which play a significant role in addressing malnutrition.

o The commercialization and accessibility of these crops are impeded by weak market
connections, insufficient processing facilities, and a lack of supportive policies.
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« Enhancing processing methods, expanding market access via
digital platforms, and raising consumer awareness can
significantly improve the market position of indigenous crops.

o To effectively incorporate indigenous crops into sustainable food
systems, it is crucial to implement strategic measures, including
policy
chain infrastructure.

enhancements and investments in  value

1 Introduction

Micronutrient deficiencies—often referred to as hidden hunger—
continue to be a serious public health concern in Tanzania, especially
in regions like Iringa, Njombe, and Rukwa (Gowele et al., 2021; TNNS,
2018). These deficiencies contribute to widespread malnutrition,
impairing physical and cognitive development while increasing
susceptibility to diseases (Gowele et al, 2021). Addressing
micronutrient deficiencies requires innovative strategies; including the
development of micronutrient-sensitive value chains. Such an
approach involves integrating policy, research, and partnerships to
enhance the production, accessibility, and marketing of nutrient-rich
foods (Kumar et al., 2022).

Indigenous crops, native to specific regions and integral to
traditional diets, hold significant potential to combat malnutrition.
Often classified as orphan crops or neglected crops (Akinola et al.,
2020), they are rich in essential micronutrients such as iron, zinc, and
vitamin A, benefiting vulnerable populations like children and women
(Aderibigbe et al., 2022; Conti et al., 2021; Gowele et al., 2021; Vincent
et al., 2023). Their adaptability to local agro-ecological conditions
make them a sustainable option for improving nutrition (Guodaar
et al, 2021; Weinberger and Msuya, 2004).
underutilization stems from limited production, poor agronomic

However, their

practices, inadequate market access, and low consumer awareness
about their nutritional values (Schipmann and Qaim, 2011; Simon
et al., 2020).

Beyond their nutritional benefits, indigenous contribute to food
security, climate resilience, and biodiversity conservation. Their
drought tolerance and low input requirements make them ideal for
climate-smart agriculture, ensuring resilient food systems amid
changing environmental conditions.

A value chain approach provides a holistic framework to analyze
the production, processing, and marketing systems of indigenous
crops (Donovan et al,, 2015). By identifying gaps, challenges, and
opportunities along the value chain, stakeholders can develop targeted
interventions to enhance efficiency and sustainability (Hellin and
Meijer, 2006). This approach can inform the development of targeted
interventions to enhance the competitiveness, accessibility, and
utilization of these crops (Kaplinsky and Morris, 2001). Strengthening
the value chain for indigenous crops can bolster their role in
addressing micronutrient deficiencies while also improving income
generation for smallholder farmers and promoting sustainable
agricultural  practices (Cunningham  and  Saqib,  2020;
Trienekens, 2011).

Moreover, value chain interventions can enhance the livelihoods
of food producers while improving the availability, affordability, and
quality of nutritious foods. Such intervention requires a focus on the
entire chain—from production to consumption-coupled with

complementary strategies like bio-fortification and modern
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agricultural practices to boost the micronutrient content of staple
crops (Hawkes and Ruel, 2011; Jahiruddin, 2020; Sharma et al., 2024).
Despite their promise, indigenous crops face significant barriers in
their value chains, including inefficient agronomic practices, limited
market access, and insufficient consumer awareness. Overcoming
these challenges is critical to maximizing their potential in addressing
micronutrient deficiencies. This research focuses on the value chain
analysis of selected indigenous crops in Iringa and Njombe, two
regions the Southern Highlands of Tanzania, aiming to explore factors
that hinder their production, processing, and marketability.
Therefore, the study aims first to examine the dynamics of
indigenous crops, with an emphasis on identifying key crop varieties
in the production, processing, consumption, and nutritional values.
Second to investigate the factors affecting the production, processing,
and market accessibility of indigenous crops, especially those with the
potential to combat micronutrient deficiencies. Third to analyze
challenges, gaps, and opportunities for indigenous crops to strengthen
their competitiveness in local, regional, and international markets.

2 Materials and methods

The survey was conducted in the Iringa and Njombe regions
within the Southern Highlands of Tanzania (Figure 1) from mid-June
to mid-July 2024, spanning approximately 4 weeks. It covered three
Makete,
Wangingombe—and three districts in Iringa Region—Iringa Council,

districts in Njombe Regions—Njombe Council,
Iringa Rural, and Kilolo. These regions were selected based on their
high levels of malnutrition and stunting, a form of chronic
malnutrition prevalent in the Southern Highlands of Tanzania.

In Tanzania, undernutrition remains a critical public health
concern, particularly among schoolchildren from underprivileged
communities in both urban and rural areas. The most prevalent
nutritional challenges include stunting (21-79%), anemia (29-80%),
iron deficiency (33%), and vitamin A deficiency (32%) (Gowele et al.,
2021). The Southern Highlands, especially Iringa and Njombe, are
among the most affected regions. According to the Tanzania National
Nutrition Survey (TNNS, 2018), undernutrition rates are highest in
Njombe (54%), followed by Iringa (51.3%), Katavi (48%), Kagera
(47.9), Songwe (43%), and Kigoma (42%). Despite these challenges,
Iringa and Njombe are also considered Tanzania’s agricultural basket
regions due to their high crop productivity.

This study employed purposive sampling to select farmers
involved in various activities along the value chain for indigenous
crops. Participants were selected from 24 villages distributed across
the six districts, with approximately 716 individuals voluntarily taking
part in the study. Data were collected by trained enumerators through
face-to-face interviews using a structured questionnaire implemented
in the Kobo Toolbox.

A cross-sectional research design was used to assess the
production of selected indigenous crops with the potential to alleviate
micronutrient deficiencies. The study focused on evaluating household
level nutritional awareness and the usage patterns of indigenous crops
while identifying key stakeholders in the value chain, including
producers, processors, and marketers.

Ethical clearance was obtained from the relevant institutional
review board, and permission was secured from local authorities in
the respective regions. All participants were informed about the

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1570750
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

John and Vicent

10.3389/fsufs.2025.1570750

Kigoma
‘ Tabora
FIGURE 1

Study sites of Njombe and Iringa regions

gaskazini-Pemba
usini-Pemba

@kazinwnguja
nzibar South and [Central

® Study sites

purpose of the study, and informed consent was obtained before
participation. Confidentiality and anonymity of respondents were
strictly maintained throughout the research process.

3 Results and discussion
3.1 Descriptive statistics

Results from Table 1 show the key variables used in the analysis.
The variable region shows that approximately 49.3% of households fell
within the Iringa region and the other 50.7% in the Njombe region.
The near-equal distribution between the two regions suggests a
balanced geographic representation in the sample. The household
head variable indicates that 72.91% of the households were male-
headed, while the remaining 27.09% were female-headed, reflecting a
predominant male-headed household structure. Similarly, the gender
variable shows that 70.53% of respondents were male, with the
remaining 29.47% being female, which aligns closely with the
household head data. Marital status showed diversity, with values
ranging from 1 to 4, capturing a broad spectrum of marital situations
across the sample.

The education variable, with a mean of 2.24, provides further
insight into formal education, indicating that a significant proportion
of individuals had basic education (primary and secondary levels).

Frontiers in Sustainable Food Systems

Regarding occupation, 33.48% of households were involved in
agriculture, while the remaining 66.52% engaged in a range of other
occupations, likely including service, trade, and small businesses.

A key insight from the dataset is the significant role of home
gardens, with 62.85% of households maintaining them for food
production. This high percentage reflects the common practice of
household-level food cultivation, particularly in rural and peri-urban
areas where it is vital for food security.

The data also indicate that 83.52% of households relied on farming
for their food supply, and 84.36% recognized climate change as a
major factor affecting their agricultural activities. This suggests that
most households not only depended on farming but also perceived
climate variability as a critical challenge.

Additionally, the data show that 66.06% of households purchased
indigenous foods, emphasizing the importance of market access and
external food sources in complementing home-based food production.
On average, households lived 4 to 5 kilometers from key produce
areas—a moderate distance that could influence food sourcing
frequency and cost.

Only 25.42% of households engaged in processing indigenous
foods, suggesting that most of these foods were consumed in their raw
or minimally processed forms. In this study, minimal processing refers
to basic techniques that preserve the nutritional composition of
indigenous foods, including steaming, boiling, drying, roasting, and
pounding. While a small proportion of households processed these
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TABLE 1 Descriptive statistics.

10.3389/fsufs.2025.1570750

Variable Mean Std. dev. Min Max
Region (Iringa = 1) 0.49 0.50 0 1
District 4.74 1.75 1 7
Head of household (Head = 1) 0.72 0.44 0 1
Gender (Male = 1) 0.71 0.46 0 1
Household main activity 3.97 1.23 1 7
Marital status 2.19 0.77 1 4
Education level 2.24 0.66 1 4
Main occupation 1.34 0.73 1 3
Own home garden (Yes = 1) 0.63 0.48 0 1
Production from farm land (Yes = 1) 0.84 0.37 0 1
Effect from climate change (Yes = 1) 0.84 0.36 0 1
HH purchases IC (Yes = 1) 0.66 0.47 0 1
Distance proximity for IC availability 4.24 1.39 3 6
HH processes IC (Yes = 1) 0.25 0.44 0 1
HH awareness of IC nutrition (Yes = 1) 0.65 0.48 0 1
HH produces IC (Yes = 1) 0.94 0.23 0 1
HH processes IC (Yes = 1) 0.21 0.41 0 1
HH markets IC (Yes = 1) 0.58 0.49 0 1
HH Consumes IC (Yes = 1) 0.93 0.26 0 1
Quantity IC consumed from purchase (kg) 11.82 75.19 0 1,250
Quantity from friends and relatives 5.17 17.79 0 200
Farm size with IC (log of farm size) —0.60 2.54 -9.21 9.89
Farm size without IC (log of farm size) 1.11 2.86 —6.81 10.99

HH, household heads; IC, indigenous crops.

foods, this does not imply that the remaining 74.58% consumed
them raw.

Although 64.80% of respondents were aware of indigenous foods,
awareness alone does not ensure proper utilization or integration into
daily diets. The ways in which these foods are prepared, processed,
and consumed significantly impacts their nutritional benefits.
Additionally, factors such as availability, affordability, taste preferences,
and cultural perceptions may limit their potential to
address malnutrition.

The relatively low number of households purchasing large
quantities of indigenous crops may reflect economic constraints,
seasonal availability, or a preference for homegrown sources over
market purchases rather than a lack of knowledge about their benefits.

In terms of production, 94.27% of households were involved in
food production, confirming a strong reliance on agriculture for
household food security. However, only 20.95% of households
processed their food, likely due to limited infrastructure or access to
preservation technology. Market participation was moderate, with
58.10% of households engaging in market-related activities, while
consumption remained high, with 93.02% regularly consuming the
foods they produce. While 58.10% of households engaged in market-
related activities, the scale and frequency of participation varied
significantly, with some selling small quantities in informal markets

and others accessing structured markets.

Frontiers in Sustainable Food Systems

Limited processing (20.95%) may also influence market
participation, as unprocessed indigenous foods often have a shorter
shelf life, limiting their commercial viability. Households that
process foods, such as through drying, roasting, or milling into
flour, may have better opportunities for market integration,
allowing them to reduce post-harvest losses and enhance value
addition. However, challenges such as infrastructure, access to
technology, and market linkages constrain both processing
and commercialization.

Disparities in indigenous crop consumption and production were
evident, as reflected in large standard deviations. While a small
percentage of households produced and consumed substantial
quantities, most engaged at much lower amounts. Although the data
indicate that a majority of households consumed indigenous crops,
the quantities varied significantly. The large standard deviations
suggest that while some households had ample access, others
consumed minimal quantities, potentially insufficient to meet their
nutritional needs.

The discrepancy may stem from differences in how households
obtain indigenous crops—whether through home production, market
purchases from neighbors or relatives. Extreme values highlight the
heterogeneous nature of agricultural production, where some
households operate at a subsistence level, while others produce excess
for sale or distribution.
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Farm size disparities further confirms these inequalities, with a
small proportion of households controlling significantly larger
landholdings. This distribution impacts food production, market
access, and income levels, which in turn influence food security.
Additionally, the average distance from key produce areas may affect
accessibility, particularly for lower-income households.

In summary, the dataset highlights the central role of agriculture
in household food security, with significant reliance on home
production and local markets for indigenous food sourcing. While
64.80% of households were aware of indigenous crops, this awareness
does not always translate into high consumption. Factors such as
affordability, cultural perceptions, taste preferences, and availability
influence the extent to which these foods are integrated into daily
diets. Moreover, only 20.95% of households engaged in food
processing, suggesting that limited infrastructure, lack of preservation
technology, and low market incentives may hinder value addition and
long-term utilization of indigenous crops.

Market participation was also moderate, with 58.10% of
households engaging in market-related activities, further reinforcing
the idea that many households relied more on home production rather
than purchasing indigenous crops. However, disparities existed in
indigenous crop consumption and production, as reflected in large
standard deviations—a small percentage of households produced and
consumed significant quantities, while most operated at a subsistence
level with much lower consumption.

Home gardens played a crucial role in indigenous food sourcing,
with 62.85% of households cultivating them, particularly in rural and
peri-urban areas where they serve as a key strategy for food security
and dietary diversity. Despite this, constraints such as seasonal
variations, climate change (recognized as a challenge by 84.36% of
households), and limited access to processing and storage technologies

10.3389/fsufs.2025.1570750

may further impact the stability of indigenous food supply
and consumption.

These findings provide a comprehensive understanding of the
factors shaping indigenous food production and consumption
behaviors, underscoring the need for policies that support smallholder
farmers, improve market access, enhance process capacity, and foster
sustainable agricultural practices (Guodaar et al., 2021). Addressing
the challenges in processing, market participation, and production
disparities will be crucial in maximizing the potential of indigenous
crops for food security and nutrition.

3.2 Indigenous crop activities and
cultivation patterns

The findings indicate a high level of engagement in various
activities related to indigenous crops, with notable disparities in
production, consumption, marketing, and processing. A substantial
majority of respondents (94.28%) reported participating in production
activities, leaving a mere 5.72% who did not participate (Figure 2).
Likewise, the consumption of indigenous crops was prevalent, with
93.03% of respondents affirming their consumption, while only 6.97%
abstained.

The high involvement in production (94.28%) and consumption
(93.03%) of indigenous crops reflects their cultural and economic
importance, but it does not necessarily indicate a direct link to
knowledge of their nutritional benefits. While traditional knowledge
may influence cultivation, some farmers grow these crops out of habit
or economic necessity rather than nutritional awareness.

In contrast, participation in marketing was moderate. While
58.16% of respondents were involved in marketing efforts, 41.84%

100 9478
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FIGURE 2
Participation in indigenous crop activities.
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were not, suggesting that a significant portion remains disengaged.
The moderate marketing participation (58.16%) suggests that
production is more supply-driven than demand-driven. If nutritional
awareness were a key factor, stronger market engagement, value-
added processing, and support from agricultural extension or health
education programs would be expected.

This highlights the role of marketing in shaping knowledge and
consumption patterns of indigenous crops by enhancing awareness
(through advertisements, community campaigns, and educational
programs), influencing consumer behavior (via branding, product
diversification, and value-added processing), and driving demand (by
connecting producers, processors, and consumers through structured
marketing systems).

Given that 41.84% of respondents were not engaged in marketing,
expanding marketing initiatives presents an opportunity to boost
awareness, improve accessibility, and increase consumption of
indigenous crops. Strengthening marketing strategies could ultimately
enhance food security, nutritional diversity, and economic benefits for
local communities.

The lowest level of participation was noted in the processing of
indigenous crops, with only 21.06% of respondents reporting
engagement in processing activities, while a considerable majority,
78.94%, did not participate (Figure 2). This finding underscores a
potential deficiency in value addition and processing opportunities
within the indigenous crop value chain, highlighting an area ripe for
future intervention and development (Hawlkes and Ruel, 2011).

While indigenous crop production and consumption are
widespread, marketing and processing remained underdeveloped,
presenting opportunities for improved utilization and economic
benefits. Despite high production (94.28%) and consumption
(93.03%), this does not necessarily reflect nutritional awareness, as
many farmers cultivate these crops out of habit or economic necessity.

Figure 3 illustrates the cultivation patterns of indigenous crops for
the current season, emphasizing both the diversity and prevalence of
these crops. Sweet potato emerged as the predominant crop, cultivated
by 88.84% of respondents. It was closely followed by pumpkin, with a
cultivation rate of 77.13%, and amaranth at 62.62%, reflecting their
significance and popularity among local farmers. Other crops,
including cassava (45.19%), cowpea (43.24%), and okra (42.82%), also
demonstrated considerable cultivation levels, highlighting their
importance within the local food system. Mid-tier crops such as
African nightshade (36.26%) and Ethiopian mustard (31.38%)
contributed to the diversity of diets and nutritional benefits.
Additionally, grains like finger millet and sorghum were cultivated at
moderate rates, each representing 26.36% of the total. Bambara bean
(26.08%) and pigeon pea (23.57%) also played a vital role in
agricultural production. Conversely, crops such as jute mallow
(17.85%), African eggplant (12.41%), and baobab fruit (10.04%)
exhibited lower cultivation rates, indicating limited yet noteworthy
production. Even less common were crops like spider flower (7.67%),
blackjack (7.67%), chili pepper (7.39%), and hyacinth bean (6.97%).
At the lower end of the spectrum were crops with minimal cultivation,
including moringa (5.44%), loose bean (2.79%), bitter lettuce (2.51%),
and jackfruit (1.12%). Rarely cultivated crops consisted of monkey
orange (1.12%), lablab (0.98%), puncture vine (0.56%), and crotalaria
(0.42%), as shown in Figure 3.

Lastly, while certain indigenous crops such as sweet potato,
pumpkin, and amaranth are prevalent this season, a variety of other
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crops are cultivated to varying extents, contributing to agricultural
diversity. The low cultivation rates of some crops present opportunities
to promote lesser-known varieties, which could enhance food security
and community resilience.

The popularity of sweet potato, pumpkin, and amaranth may
be influenced by multiple factors, including both traditional and
scientific awareness of their nutritional benefits. These crops are
widely recognized for their high vitamin and mineral content, such as
vitamin A in pumpkins and sweet potatoes and iron in amaranth.
Traditional knowledge, passed down through generations, highlights
their dietary importance, while scientific research and nutrition
programs reinforces their health benefits. Additionally, their ease of
cultivation, adaptability to local climatic conditions, short growing
cycles, and versatile culinary applications likely contribute to their
widespread production.

However, further investigation is needed to determine whether
their popularity is primarily driven by awareness or other factors such
as market demand, yield stability, or seasonal availability.

3.3 Micronutrient level of indigenous crops

Among the indigenous crops, baobab fruit stands out for its
exceptionally high levels of pro-vitamin A, with 150.00 pg, making it
a key source of this essential nutrient (Table 2). It also provides
significant amounts of iron (9.30 mg) and zinc (1.80 mg), yield a total
average micronutrient score of 53.70. Bambara bean/groundnut is
notable for its iron content (80.44 mg) and zinc (10.94 mg), both
significantly higher than in other crops, while its pro-vitamin A
content stands at 25.00 pg, resulting in an overall average
micronutrient score of 38.79. Monkey orange provides a balanced
mix, with zinc (28.73 mg) being its highest nutrient, followed by iron
(9.77 mg) and pro-vitamin A (27.50 pg), resulting in an average
micronutrient score of 22.00. Cowpea also offers a notable amount
of iron (13.02 mg) and zinc (8.99 mg), along with pro-vitamin A
(25.00 pg), contributing to an average micronutrient score of 15.67.
Lastly, the spider flower has the highest iron content (30.30 mg)
among these crops, although its zinc (0.47 mg) and pro-vitamin A
(2.67 pg) are lower, yielding an average micronutrient score of 11.15.
These crops are all valuable sources of essential nutrients,
contributing significantly to improving nutritional intake in
many regions.

While the micronutrient composition of these indigenous
crops provides valuable information, the bioavailability of these
nutrients can be influenced by the presence of enhancers and
antinutritional factors for vitamin and mineral absorption phytates,
tannins, and oxalates can reduce the bioavailability of minerals
such as iron and zinc. However, the presence of vitamin C and
certain amino acids can help enhance the absorption of non-heme
iron, counteracting some of these inhibitory effects. For instance,
baobab fruit, rich in vitamin C, may enhance iron absorption,
whereas Bambara bean and cowpea contain phytates, which could
inhibit mineral uptake. Several studies have reported that
traditional processing methods—such as fermentation, soaking,
and sprouting—can reduce inhibitors and improve nutrient
absorption (Faizal et al, 2023; Rousseau et al., 2020; Samtiya
et al., 2020).
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Among the indigenous crops, the five with the lowest nutrient levels
in various categories include African eggplant, jackfruit, Ethiopian
mustard, moringa (drumstick tree), and okra. African eggplant stands
out for having the lowest micronutrient levels overall, with only 0.93 in
its average score, as it contains very small amounts of pro-vitamin A
(0.17 pg), iron (2.40 mg), and zinc (0.23 mg). Jackfruit also has a low
average micronutrient score of 1.95, with iron at 1.20 mg, zinc at 1.07 mg,
and pro-vitamin A at 3.58 pg. Ethiopian mustard follows closely with an
average micronutrient score of 2.17, offering 1.00 mg of iron, 0.20 mg of
zing, and 5.31 pg of pro-vitamin A. Moringa (drumstick tree) provides
2.41 in average micronutrient score, with iron at 2.43 mg, zinc at 0.38 mg,
and pro-vitamin A at 4.44 pg. Okra, with the lowest pro-vitamin A at
2.50 pg, and iron at 1.70 mg, has a relatively low average micronutrient
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score of 2.68 (Table 2). These crops, while still containing essential
nutrients, offer lower levels compared to other indigenous plants,
highlighting the diversity in nutrient content across different crops.
Vincent et al. (2023) demonstrated that orphan crops (indigenous or
underutilized crops) can provide essential micronutrients to vulnerable
populations while promoting dietary diversity.

3.4 Factors influencing indigenous food
choices

The decision-making process regarding the purchase and
consumption of indigenous foods is predominantly influenced by
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TABLE 2 Micronutrient level of indigenous crops.

Indigenous crop

name

Scientific name

10.3389/fsufs.2025.1570750

Pro-vitamin A

Source

1 Baobab fruit Adansonia digitata L. 3.95-9.13 0.70-1.02 150 Asogwa et al. (2022)
Vigna subterranea (L.)
2 Bambara Bean/groundnut 8.80 + 0.60 1.90 +0.10 25 Yao et al. (2015)
Verdc
3 Monkey Orange Strychnos spp. 3.30 0.50 27.5 Ngadze et al. (2016)
. c v lata (L) 001 001 - Abebe and Alemayehu
owpea igna unguiculata (L. . .
P g ung (2022)
Weinberger and Msuya
5 Spiderflower Cleome gynandra L. 49.95 0.41 2.10
(2004)
Weinberger and Msuya
6 Bitter lettuce Launaea cornuta 44.60 0.26 2.69
(2004)
7 Pigeonpea Cajanus cajan 3.50 4.30 23.30 Majili et al. (2023)
8 Locust Bean Parkia biglobosa 60.00 20.00 Termote et al. (2020).
9 Amaranth leaves Amaranthus spinosus L. 14.86 11.35 46.76 Sarker and Oba (2019)
Weinberger and Msuya
10 Cowpea leaves Vigna unguiculata (L.) 17.90 0.30 4.45
(2004)
Weinberger and Msuya
11 Pumpkin leaves Cucurbita pepo L 26.65 0.20 2.10
(2004)
12 Finger Millet Eleusine coracana L. 3.90 2.30 42.00 Shobana et al. (2013).
Weinberger and Msuya
13 Cassava leaves Manihot esculenta 8.35 0.52 3.64
(2004)
Weinberger and Msuya
14 Puncture vine Oxygonum sinuatum 12.10 0.63 0.34
(2004)
15 Sorghum Sorghum bicolar L. 37.50 18.00 5.00 Andiku et al. (2022)
Endoclita sericeus,
Pandharmise et al.
16 Crotalaria Etiella zinckenella, and 7.61 0.15 7.93
(2022)
Utetheisa ornatrix
17 African nightshade Solanum nigrum 1.30-7.20 0.10-0.56 2.8-14.2 Sangija et al. (2021)
18 Hyacinth bean (lablab) Lablab purpureus (L.) 0.14-1.64 5.10-8.70 0.52 Naeem et al. (2020)
Weinberger and Msuya
19 Chili pepper leaves Capsicum sp. 7.90 0.30 5.55
(2004)
Weinberger and Msuya
20 Black jack Bidens pilosa (L.) 6.10 0.29 1.14
(2004)
Weinberger and Msuya
21 Baobab leaves Adansonia digitata L. 7.90 0.26 2.63
(2004)
Weinberger and Msuya
22 Jute mallow Corchorus olitorius L. 4.05 0.39 1.91
(2004)
Weinberger and Msuya
23 Sweet potato leaves Ipomea batatas (L.) 8.35 0.20 1.93
(2004)
Badrie (2016)
24 Okra Abelmoschus esculentus 18.3-36.68 3.83-6.30 375.00
Gemede et al. (2016)
Owusu et al. (2008)
25 Moringa, drumstick tree Moringa oleifera Lam. 28.29 31.00 427.00
Lyons et al. (2017)
Brassica carinata A.
26 Ethiopian mustard 0.84 0.523 5.31 Byrnes (2018)
Braun
Artocarpus
27 Jack fruit 14.05 + 1.40 531 +1.64 3.58 Ojwang (2020)
heterophyllus
Weinberger and Msuya
28 African eggplant Solanum aethiopicum L. 2.00-2.80 0.12-0.33 0.04-0.29 (2004)
4
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FIGURE 4
Factors influencing indigenous food choices for households.
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availability, as indicated by 74.9% of respondents who regard it as a
crucial factor (Figure 4). This finding suggests that individuals are
inclined to select foods that are easily obtainable. Additionally,
personal preference significantly impacts choices, with 44.49% of
participants stating that they favor foods they find enjoyable.
Affordability also emerges as a vital consideration, with 41.14%
acknowledging that price affects their purchasing behavior.
Convenience of preparation is also an important aspect, with 38.77%
of respondents valuing ease in meal preparation.

The preparation methods commonly used for indigenous foods
include steaming, boiling, drying, roasting, and pounding.
Steaming and boiling help retain water-soluble vitamins but may
cause losses with prolonged cooking. Drying extends shelf life and
concentrates nutrients but reduces heat-sensitive vitamins.
Roasting enhances flavor, improves digestibility, and reduces anti-
nutrients, while pounding alters texture and can impact nutrient
availability by breaking down fiber structures (Rousseau
et al., 2020).

Enjoyment of indigenous foods is influenced by both traditional
and scientific knowledge, though the relationship is complex.
Traditional knowledge shapes preferences through cultural practices
and perceived health benefits, while scientific awareness can reinforce
or reshape enjoyment by highlighting nutritional value. However,
taste, texture, and familiarity often drive food choices more than
conscious awareness of health benefits. Bridging this gap through
education and promotion could increase consumption by aligning
taste preferences with nutritional awareness.

Despite these influences, the nutritional value or health benefits
of the foods is of moderate importance, cited by 19.94% of
respondents, indicating that while health considerations are relevant,
they do not dominate consumer choices (Figure 4). Lastly, the
connection to tradition or culture is the least influential factor, at
12.55%, suggesting that cultural associations with indigenous foods
have a limited impact on consumption decisions. Overall, these results
emphasize that practical factors such as availability, personal
preference, cost, and convenience are the primary drivers of
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indigenous food selection. This highlights the significance of
accessibility and consumer preferences in shaping consumption trends.

In summary, Indigenous food choices are primarily driven by
practical factors such as availability, personal preference, cost, and
convenience, while tradition and cultural associations play a minor
role. Food preparation methods—steaming, boiling, drying, roasting,
and pounding—affect nutrient retention and sensory qualities, with
some methods enhancing shelf life and nutrient digestibility while
others impact vitamin content. Enjoyment of these foods is shaped by
both cultural traditions and scientific knowledge, though taste, texture,
and familiarity often outweigh health considerations. Bridging this gap
through education and promotion could help increase the consumption
of indigenous foods by aligning preferences with nutritional awareness.

3.5 Sources of indigenous foods for
households

Indigenous foods and ingredients are obtained from a diverse array
of sources, which reflect cultural preferences and the availability of these
foods. Among the identified sources, farms located away from
residential areas serve as the predominant supplier, representing 71.83%
of households (Figure 5). This significant proportion underscores the
reliance on traditional agricultural practices and the critical role of
cultivating indigenous crops in rural or peri-urban settings. These farms
typically offer fresh, naturally cultivated produce that meets the desires
of households seeking authenticity and cost-effectiveness in their food
options. Home gardens occupy the second position, with 52.72% of
households utilizing them for indigenous food sources. This substantial
amount highlights the importance of home gardening as a sustainable
and accessible method for growing vital crops and herbs for personal
consumption. Home gardens not only enhance food security but also
aid in the conservation of indigenous plant species, granting households
direct oversight over the quality of their produce. Kiosks and markets
also serve as significant sources, with 29.57 and 28.59% of households
sourcing their ingredients from these venues, respectively (Figure 5).
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Different household sources of indigenous foods.
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These establishments cater to urban and semi-urban populations,
offering a wide variety of indigenous foods in easily accessible locations.
The slightly greater reliance on kiosks suggests their convenience and
potentially lower prices compared to larger market environments. The
role of neighbors or relatives in the food supply is notable, accounting
for 26.64% of sourcing, which illustrates the ongoing significance of
communal and familial networks in food sharing and trade. This source
reflects the entrenched cultural practices within many communities,
where food exchange fosters social connections and encourages the
distribution of indigenous foods. Although street vendors represent a
smaller segment, they still supply 21.06% of households. These vendors
are particularly important in urban contexts, providing ready-to-eat
indigenous foods or ingredients for quick meal preparation. However,
the lower percentage indicates that street vendors may serve a
supplementary role rather than being a primary source of food supply.

3.6 Indigenous crops: production,
processing, marketing, and their role in
food security

The results indicate that indigenous crops play a significant role in
household food security and livelihoods (Akinola et al., 2020: FAO,
2021). A large proportion of households (about 94%) engage in
indigenous crop production, suggesting widespread cultivation and
accessibility (Figure 6). However, only 25% of households participate
in processing, while 75% do not, highlighting a major gap in value
addition. This could be due to limited access to processing facilities,
lack of knowledge, or insufficient incentives for households to invest
in processing activities (Cunningham and Saqib, 2020).

Frontiers in Sustainable Food Systems

While the high participation in indigenous crop production (94%)
suggests widespread cultivation, it does not necessarily indicate strong
awareness of their nutritional benefits. Many households grow these
crops due to tradition, economic necessity, or availability, rather than
a conscious understanding of their health advantages. Nutritional
value is a less dominant factor in food selection, with only 19.94% of
respondents prioritizing it. This suggests that the production of
indigenous crops is mainly driven by practical needs and market
opportunities, rather than informed nutritional choices. Addressing
this gap through education, awareness campaigns, and integrating
nutritional information into agricultural extension services could
enhance the utilization of indigenous crops for their health benefits.
Expanding processing and marketing initiatives could also help
reposition these crops as valuable sources of essential nutrients.

Regarding marketing, 58% of households sell their indigenous
crops, showing that more than half of producers commercialize their
harvest. However, 42% do not market their crops, likely due to poor
market linkages, low demand, or a focus on household consumption
(Conti et al., 2021). The challenges related to poor market linkages
include limited access to established market networks, inadequate
transportation infrastructure, high transportation costs, and the lack
of storage facilities or cold chain infrastructure, which leads to crop
spoilage and limits market participation. Additionally, limited demand
for indigenous crops, influenced by consumer preferences and a lack
of awareness of their nutritional benefits, further contributes to low
market engagement. Despite these challenges, consumption remains
high, with 93% of households consuming indigenous crops,
highlighting their importance in household diets, possibly due to their
nutritional value and cultural significance (Jahiruddin, 2020). Overall,
while indigenous crops are widely produced and consumed, the low
levels of processing and moderate market participation suggest areas
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Household reported indigenous crops: production, processing, marketing, and consumption.

for improvement. Strengthening processing capacities and enhancing
market access could create economic opportunities while promoting
the nutritional benefits of these crops (Vincent et al., 2023).

The production, processing, and market accessibility of indigenous
crops, particularly those with the potential to combat micronutrient
deficiencies, are significantly influenced by awareness of their nutritional
value, farmland production, and home garden production. In this study,
farmland production refers to large-scale cultivation for commercial sale
or meeting larger household needs, often with intensive farming
practices. In contrast, home garden production is smaller-scale and often
subsistence-based, typically carried out within or near households, with
a focus on providing diverse, nutritious foods for household
consumption. While both contribute to food security, farmland
production ensures larger-scale food availability and potential market
surplus, whereas home gardens directly enhance household nutrition by
offering a variety of fresh foods, often improving micronutrient intake.
Both forms of production are essential, with home gardens playing a
more immediate and diverse role in nutrition.

Nutritional awareness plays a crucial role in shaping
production and consumption patterns. With 65% of households
aware of the nutritional benefits of indigenous crops, there is
potential for increased demand and cultivation (Figure 7).
However, the 35% who lack awareness may limit the adoption of
these crops, reducing their impact on food security and nutrition
(Padulosi et al., 2019). Greater awareness can stimulate both
production and market demand, encouraging farmers to cultivate
more and processors to invest in value addition (Kumar et al.,
2022). Awareness is crucial in the adoption of indigenous crops
because it directly influences perception, demand, and decision-
making. When people are informed about the nutritional benefits,
economic potential, and environmental advantages of these crops,
they are more likely to cultivate, consume, or promote them.

Farmland production is the dominant method of cultivating
indigenous crops, with 84% of households engaged in it. This large-
scale production enhances market availability and creates
opportunities for commercial processing (Trienckens, 2011). However,
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constraints such as limited land access, declining soil fertility, and
climatic conditions can influence production levels (Guodaar et al.,
2021). For instance, sorghum and Bambara groundnut are known for
their drought tolerance and climate resilience. These crops are often
considered climate-smart due to their ability to withstand harsh
environmental conditions, including droughts and poor soil fertility,
making them valuable for sustainable food security.

If these challenges remain unaddressed, indigenous crops may not
reach their full potential in addressing micronutrient deficiencies. In
contrast, home garden production, practiced by 63% of households,
provides a more accessible and sustainable way to cultivate nutrient-
rich crops, especially for subsistence use. Home gardens ensure a
steady supply of fresh produce for households, reducing dependency
on external markets. However, the fact that 37% of households do not
engage in home gardening suggests that more efforts are needed to
promote this practice, particularly among vulnerable populations who
may lack access to farmland (Figure 7).

Overall, these factors collectively shape the production,
processing, and market accessibility of indigenous crops. High
awareness levels can drive demand, while strong farmland production
supports commercial-scale availability. However, the relatively lower
home garden production and limited processing opportunities suggest
areas for improvement. Expanding home gardens and increasing
processing capacities can enhance value addition and improve market
access (Simon et al.,, 2020). Addressing gaps in awareness, land access,
and processing infrastructure is essential to maximizing the role of
indigenous crops in combating micronutrient deficiencies and
strengthening food systems (Sharma et al., 2024).

3.7 Challenges, gaps, and opportunities for
indigenous crops
3.7.1 Challenges in market competitiveness

Indigenous crops face numerous challenges in the quest to become
competitive in local, regional, and international markets. One key issue is
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the limited consumer awareness of their nutritional and economic benefits
(FAO, 2019). Despite being nutrient-dense and climate-resilient, these
crops are often perceived as inferior, especially in urban and international
markets, where they are sometimes labeled as poor man’s food (Vats, 2015).
This stigma undermines their social acceptance and economic potential.
The shift from indigenous staples like sorghum and millets to mainstream
crops such as wheat is driven by factors like perceived status, urbanization,
and the availability of imported grains. While mainstream crops may
be more accessible in urban markets, they lack the nutritional density and
climate resilience of indigenous crops. This shift threatens food security and
the preservation of cultural food practices. Exploring the health benefits of
indigenous crops, such as their role in combating malnutrition and
enhancing gut health, could encourage their adoption and safeguard
cultural food heritage.

Market integration is further hindered by weak linkages within
the value chain, limiting farmers’ access to local, regional, and global
markets. Inadequate comprehensive research and development has
resulted in poor yields, low pest resistance, and ineffective post-
harvest techniques, exacerbating losses and reducing profitability
(Simon et al,, 2020). Additionally, fragmented value chains, inadequate
infrastructure—such as poor roads, limited cold storage—and limited
access to financing further constrain the scalability and marketability
of indigenous crops (Barucha and Pretty, 2010).

Poor coordination between smallholder farmers and processing
industries results in inconsistent supply and underutilized process capacity.
The absence of strong farmer cooperatives weakens bargaining power,
leading to low market penetration and exploitative pricing. Furthermore,
weak institutional support and limited agricultural extension services
hinder the adoption of improved farming practices and post-harvest
handling techniques, reducing productivity and competitiveness.
Addressing these challenges through improved infrastructure, farmer
cooperatives, targeted research investments, and supportive policies could
enhance the market potential of indigenous crops.
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3.7.2 Opportunities in a changing global context

Despite various challenges, indigenous crops present significant
opportunities in addressing pressing global issues like food security,
climate change, and biodiversity loss. Many indigenous crops, such as
millet, sorghum, amaranth, and teff, are naturally drought-tolerant
and require fewer inputs, making them ideal candidates for climate-
smart agriculture (FAO, 2021). Their adaptability to marginal soils and
semi-arid conditions make them ideal for regions experiencing erratic
weather patterns due to climate change (Chivenge et al., 2015).

Beyond their environmental benefits, indigenous crops hold strong
market potential in the global health and wellness industry. The rising
demand for superfoods—rich in micronutrients and bioactive
compounds—positions these crops as attractive options for health-
conscious consumers. Their natural nutritional density, high antioxidant
content, and bioactive compounds make them valuable in promoting
human health (Aderibigbe et al,, 2022; Vincent et al., 2023). Additionally,
the rise of organic and sustainable food movements has further amplified
consumer interest, particularly among those seeking ethical and diverse
food choices (Padulosi et al, 2019; Simon et al,, 2020). By marketing
indigenous crops as organic, sustainable, and culturally unique, they can
gain traction in premium and niche markets, ultimately contributing to
both economic development and food security (Guodaar et al,, 2021;
Weinberger and Msuya, 2004).

3.7.3 Bridging the gaps

To bridge the gaps and fully harness these opportunities, targeted
interventions are essential. Strengthening value chains through
investments in infrastructure, such as storage facilities, transportation
networks, and processing plants, can reduce post-harvest losses,
maintain crop quality, and enhance marketability (Conti et al., 2021).
As such, cold chain systems can extend shelf life, enabling access to
distant markets (FAO, 2021). Training programs for farmers can
promote sustainable cultivation practices and improve productivity,
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while policies that incentivize indigenous crop farming can level the
playing field with dominant cash crops (Barucha and Pretty, 2010).

Furthermore, digital platforms and e-commerce offer innovative
ways to connect producers directly with consumers, enabling them to
tap into wider markets without relying on traditional supply chains.
Lastly, the governments can establish supportive policies, such as
subsidies, tax incentives, and inclusion in food security programs, to
boost indigenous crop production and competitiveness (Akinola
et al., 2020).

3.7.4 Consumer education and value addition

Consumer education is critical to changing perceptions and
increasing demand for indigenous crops. Raising awareness about the
health benefits of indigenous crops, cultural significance, and
ecological sustainability can shift consumer preferences and elevate
their status in both local and global markets (Padulosi et al., 2019).
This is particularly important in urban and global markets, where
consumers are increasingly prioritizing health and sustainability.

Investing in value-added products such as fortified flours, snacks,
and beverages, can help stakeholders create new revenue streams
while appealing to modern consumer tastes (Vats, 2015). Through
coordinated efforts in research, policy, and market development,
indigenous crops can transition from being underutilized resources to
competitive, sustainable commodities that contribute to food security,
biodiversity, and rural livelihoods.

Key interventions include nutrition education, improved storage
and processing technologies, the promotion of indigenous crops, and
policies that empower women in household decision-making (FAO,
2021; National Bureau of Statistics and UNICEE, 2018). These strategies
are particularly relevant in the Southern Highlands of Tanzania
(Njombe and Iringa), where malnutrition and stunting remain
prevalent, despite being major producers of nutrient-rich crops.

3.7.5 Collaboration and innovation
(PPPs)
collaborations can play a pivotal role in transforming the indigenous

Public-private  partnerships and  international
crop sector. Mobilizing funding, facilitating technology transfer, and
initiating market development projects can accelerate growth
(Chivenge et al., 2015). Partnerships with global organizations like the
FAO or regional bodies can also amplify efforts to integrate indigenous
crops into sustainable agricultural and food systems (FAO, 2021).

PPPs enhance research and development, improve processing
technologies, and facilitate market development by promoting these
crops as valuable commodities. PPPs are most effective in marketing
and consumption, where they help change public perceptions and
boost demand. Studies show successful cases, such as quinoas rise to
a global superfood (Jacobsen, 2011) and orange-fleshed sweet potato
campaigns in Kenya improving nutrition (Low et al., 2007). By
mobilizing resources and expertise, PPPs help integrate indigenous
crops into sustainable food systems.

4 Conclusion

This study explored the role of indigenous crops in addressing
micronutrient deficiencies, enhancing food security, and promoting
sustainable agriculture in Southern highlands of Tanzania.
Micronutrient deficiencies, particularly vitamin A, iron, zinc, and
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folate, remain a major public health concern in Tanzania, with high
prevalence among women and children. Indigenous crops such as
sweet potatoes, amaranth, pumpkin, cowpeas, and baobab offer a
promising solution due to their rich nutritional content and adaptability
to local conditions. Despite their potential, weak market linkages,
inadequate processing infrastructure, and limited policy support hinder
their widespread adoption. By analysing the value chain of the
indigenous crops in the in the Southern Highlands of Tanzania
(Njombe and Iringa), crops such as sweet potatoes, amaranth, pumpkin,
cowpeas, and baobab, the research identifies critical gaps in production
inputs, processing techniques, and market accessibility. While these
crops are nutrient-dense and well-adapted to local conditions, their full
potential remains untapped due to weak market linkages, inadequate
processing infrastructure, and limited policy support.

Strengthening the value chain through improved agronomic
practices, enhanced processing technologies, and strategic market
integration is essential to increasing their accessibility and
consumption. Additionally, fostering consumer awareness and policy
support can position these crops as viable solutions for malnutrition
and economic resilience for smallholder farmers. Future research
should focus on developing innovative processing methods, enhancing
value addition, raising public awareness, and establishing policy
frameworks that integrate indigenous crops into mainstream food
systems, ensuring their long-term impact on nutrition, livelihoods,
and agricultural sustainability.
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