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Research

Abstract

Background: Marketplaces serve as valuable sources of information regarding the interactions and relationships between
people and plants. In India, the significance of marketplaces remains largely unexplored, despite the country's remarkable
biocultural diversity. To address this research gap, we conducted a study focusing on the diversity of edible wild and
cultivated fruits and vegetables available in both rural and urban markets within the Bhadrak district of Odisha, India.

Methods: We conducted a comprehensive survey of rural and urban marketplaces in the Bhadrak district of Odisha, India,
covering three seasons. Data were collected from 91 informants through semi-structured interviews, key informant
discussions, and direct observations. During field visits, voucher specimens were collected and photographs of marketplaces
as well as the fruits and vegetables being traded were taken.

Results: A total of 93 species, including one species of Pteridophyte, belonging to 37 families and 74 genera, were
documented from the markets in the district. Among these species, 53% were native and 47% were non-native. The families
Cucurbitaceae and Fabaceae were particularly well-represented. Out of the recorded species, 22 (23.7%) were wild species.
Habit analysis revealed that herbs constituted the highest proportion 41.9%, followed by trees 35.5%, Climbers 18.3%, and
shrubs 4.3%. According to the majority of informants, wild fruits and vegetables were valued for both their food and
medicinal properties. Commonly reported species used for both dietary and medicinal purposes included Glinus
oppositifolius (L.) A. DC., Ipomoea aquatica Forrsk., Marsilea minuta L., Moringa oleifera Lam., Syzygium cumini (L.) Skeels,
and Tamarindus indica L. When it came to vegetables, leaves, and stems were commonly consumed, while fruits were
typically eaten raw.

Conclusion: The markets in the Bhadrak district offer a variety of plants, including a wide range of fruits and vegetables.
Through analysis of the collected data, it has been revealed that wild fruits and vegetables play a crucial role in generating
income and have the potential to become a significant supplementary livelihood option for local farming communities. It is
worth noting the dual role of many plant species, serving as dietary components while also contributing to preventive
healthcare practices. Market surveys serve as valuable tools for assessing food environments, and the documented food
heritage holds great importance in promoting bio-conservation, environmental sustainability, and food security.
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Background

The global population is expected to reach 10 billion by 2050 (Sadigov 2022), resulting in the dual burden of malnutrition:
hunger at one end and obesity at the other (Abarca-Gomez et al. 2017; FAO, IFAD, UNICEF, WFP & WHO 2019). Addressing
these challenges requires increasing food production while safeguarding the environment and biodiversity (Jacobsen et al.
2013). Shifting towards healthier diets (Abarca-Gémez et al. 2017, WHO 2019) and preserving crop biodiversity are crucial
for sustainable agriculture (Diazgranados et al. 2020a). Throughout history, humans have cultivated over 40,000 plant
species to meet their needs (Diazgranados et al. 2020b). However, crop biodiversity is diminishing, leading to reliance on a
limited range of crop genetic diversity. Just 17 botanical families, comprising a mere 4% of all plant families, contribute to
80% of global crop production (Meyer et al. 2012; Hufford et al. 2019). Additionally, the world's food calorie intake heavily
relies on only seven crops (Oryza sativa, Triticum aestivum, Glycine max, Saccharum spp., Solanum lycopersicum, Zea mays,
and Solanum tuberosum), making the food supply highly vulnerable (Reeves et al. 2016; Corlett 2016; Nic Lughadha et al.
2020). To combat these issues, a multifaceted global strategy emphasizing regenerative-ecological agriculture can restore
both planetary and human well-being. This strategy encompasses key processes such as energy flow, soil-mineral cycles, the
water cycle, ecological relationships, and human-land linkages (Massy 2017).

Global vegetable production needs to triple to meet the demand if everyone consumed a significant amount of vegetables
intheir diet (Badahur et al. 2018). However, the underconsumption of vegetables is a global problem (Kennedy 2011), leading
to deficiencies in essential vitamins and minerals. Approximately two billion people suffer from malnutrition due to nutrient
deficiencies, including iron, zinc, vitamin A, iodine, and folate. Insufficient vegetable consumption contributes to various
health issues such as heart disease, osteoporosis, high blood pressure, diabetes, and obesity, which are associated with
inadequate intake of fiber, calcium, magnesium, and antioxidants (Kennedy 2011; Muthayya et al. 2013). Inadequate fruit
and vegetable consumption is responsible for an estimated 1.7 million deaths worldwide annually (Lim et al. 2012). Despite
agricultural advancements, only around 18% of individuals in low- and middle-income countries meet the WHO's
recommendation of consuming 400 g/day of fruits and vegetables (Frank et al. 2019). In India, the diet is primarily cereal-
based and lacks diversity (Shankar et al. 2019; Tak et al. 2019), with low average vegetable consumption for both men (143
g/ person/day) and women (138 g/person/day) (Shankar et al. 2017). Household per capita consumption of fruits and
vegetables in India falls significantly short (rural areas 160 g/person/day, urban areas 184 g/person/day) of the WHO target,
influenced by low income, high prices, and social/geographical inequities (Minocha et al. 2018; Sekhar et al. 2017; Tak et al.
2019). Moreover, the Green Revolution and crop intensification have led to a decrease in dietary diversity and the loss of
traditional crops providing essential micronutrients (such as iron, provitamin A, and zinc) for disadvantaged communities
(Webb & Eiselen 2009). Recognizing the importance of biodiversity for food security and sustainable development, there is
a growing focus on promoting underutilized traditional crops and sustainable production methods (FAO 2018; 2019).

Conserving crop wild relatives and valuable plant species is emphasized in the Aichi Biodiversity Targets and the Global
Strategy for Plant Conservation (CBD 2012, CBD 2018). However, efforts to conserve useful wild plant species have not been
successful (Khoury et al. 2019), and overexploitation remains a major cause of plant loss (Brummitt et al. 2015). The draft
post-2020 global biodiversity framework highlights the importance of conserving biodiversity for the benefit of both the
planet and people (CBD 2020). Yet, the rapid loss of locally available plants and traditional knowledge about their use and
cultivation poses a significant threat to livelihoods and food security (Diaz et al. 2019.)

Marketplace

Markets have existed since the dawn of human civilization and serve as locations for traders and buyers to engage in buying
and selling activities (Wengrow 2008; Klemperer 2018). Standard market areas, as defined by Sinker (1964), are places where
farmers can buy or sell their produce. Bestor (2001) opined that to understand a marketplace, we need to look beyond just
the physical space and recognize the social institutions, including government regulations, economic policies, and societal
norms, as well as the actors involved, such as vendors, customers, and intermediaries who facilitate transactions. Additionally,
it is important to recognize the products and cultural meanings associated with marketplaces, including how people interact
with them, the attitudes, values, and beliefs that shape them. The assumption in social sciences is that local ethnic diversity
contributes to the growth and diversification of food products traded in marketplaces. This idea has been shaped by historical
accounts, literature, and ethnographic studies of various markets around the world, which suggest that cultural encounters
in marketplaces facilitate the expansion of trade and merchandise diversity (Maestri 2014). Markets play a crucial role in the
wider community by providing employment opportunities, contributing to local economic development, and facilitating the
trade of various agricultural and non-agricultural products. For instance, markets in different regions may offer staple foods
such as rice, as well as spices, vegetables, fruits, meats, textiles, shoes, and other goods. The diversity of products available
in markets reflects the needs and preferences of the local population and highlights the importance of marketplaces in
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sustaining communities (Spencer 1940; Bestor 2001; Arman 1996; Susanti 2015; Abdullah & Andrabi 2021a; Abdullah &
Andrabi 2021b). The prices of commodities in markets are typically determined through bilateral bargaining, involving face-
to-face social interactions that reflect the economic realities of the local community (Widiandra & Sasana 2013; Muftiana &
Maulina 2016; Haq et al. 2023; Haq et al. 2023a). Marketplaces vary in terms of their frequency and location, with some
markets meeting periodically in remote areas. Different types of markets can be found across countries and regions, such as
street markets in New Zealand (Kikuchi & Ryan 2007), craft markets in South Africa (Kusel & Ras 2010), and open-air Pike fish
markets in the USA (Aiello & Gendelman 2008). Each of these markets serves a unique purpose and reflects the local context
in which they operate.

Open-air market

Open-air markets, also known as local markets, farmers' markets, periodic markets, or floating markets, are important centers
of trade where goods are bought and sold (Morales et al. 1995; Metz & Scherer 2022). These markets provide valuable
information for ethnobotanical studies, offering insights into the diversity of plants (medicinal, edible, and craft materials)
sold in the markets (Bye 1986; Nguyen et al. 2008; Bussmann et al. 2018; Luo et al. 2018; Nguyen et al. 2019; Rakotoarivelo
et al. 2019; Luczaj et al. 2021). Taxonomists also benefit from these markets, as they can identify threatened taxa (Kasper-
Pakosz et al. 2016). Geographers study the spatial organization and temporality of markets (Ali & Khan 2007), while
economists focus on people's purchasing preferences (Brown 2003). Despite urbanization and the rise of supermarkets, open-
air markets continue to be important hubs for plant commerce, serving both urban and rural communities. Many of the
plants sold in these markets come from the wild. Traditional markets in rural China have retained much of their original
features despite accelerated development and modernization (Rozelle et al. 2002; Liu et al. 2022). In Thailand, floating
markets have adapted to changing times and now attract tourists (Pongajarn et al. 2018). Arikamedu, a significant Indian
trading center, and harbor facilitated trade between the east coast of India and the Western world from the 1st century BC
to the 7th century AD (Begley, 1983, 1993; Schmetzer et al. 2017). In this article, we conducted a survey on diversity of edible
wild and cultivated fruits and vegetables available in rural and urban markets of Bhadrak district, Odisha, India. The use of
each plant species, their role in livelihood support, and local perceptions of conservation and management are discussed.

Materials and Methods

Study site

Odisha is the ninth-largest state of India by area and the eleventh-largest by population. It is located on the east coast of India with the
Bay of Bengal forming its eastern and southeastern frontiers. With the eastern Ghat range of hills, almost passing through the heart of
the state, high Similipala hills on its north and around 480 km of coastline on its east, Odisha having varied ecosystems from marine to
semi-arid on the west provides ‘niches’ for diverse animal and plant communities. The entire territory lies in the tropical zone as a result
of which high temperature is recorded particularly during April-May. However, the sea exercises a moderating influence over the
climate of the coastal belt whereas the hill tracts experience an extreme climate. The vegetation found in this region is tropical moist
deciduous forest type (Champion & Seth 1968).

Bhadrak district (20° 43'-21° 13'N and 86° 6'-87° E) is located in northeast Odisha. It spreads over 2505 km?2 with 1.507 million
inhabitants (2011 Census). It borders the Balasore district in the north, Jajpur in the south, the Bay of Bengal and Kendrapara
district in the east and Koenjhar in the west (Figure 1). The district accounts for 1.61% of the state’s territory and shares
3.62% of the state’s population. About 86.66 % of the inhabitants are villagers and the people are engaged in agricultural
practices as their primary occupation. Being situated in close proximity to the Bay of Bengal, the district is experiencing
periodic earth tremors, thunderstorms during monsoon, and dust storms in April and May.

Data collection

A survey was undertaken from January 2019 to April 2021 in rural and urban markets covering all the seasons of Bhadrak, a
coastal district of Odisha, India. Before the field study- aims, methods, and anticipated benefits of the study were adequately
explained to the informants in the local language, i.e. (Odia), due consent and cooperation were taken for the documentation
of the plants used by them. The district's seven blocks (i.e., Basudevpur, Bhadrak, Bhandaripokhari, Bonth, Chandbali,
Dhamnagar, and Tihidi) were visited and 91 informants (male 59 and female 32) were interviewed. Informants from different
ages, professions, and educational backgrounds participated in the study. During field visits, plant samples were collected,
and photographs of marketplaces and plant species were taken. Information was collected from the respondents, especially
wholesale and retail sellers, local farmers, elderly people, and local healers through interviews following standard procedures
(Martin 1995; Huntington 2000). The questionnaire was semi-structured, followed by free interviews, informal
conversations, and direct observations (Khoja et al. 2022a; Khoja et al. 2022b). Personal interviews and group discussions
carried out in the local language revealed specific information about the plants, which were further compared and
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authenticated by crosschecking (Cunningham 2001). During the survey, important taxonomic parameters such as vernacular
names, botanical names, family, flowering, and fruiting times were recorded from the respondents. In addition, parts used,
mode of consumption, medicinal uses of the species if any, source area, gathered from the wild or cultivated, availability,
preference of the consumers, and price of the vegetable or fruit in the market were also discussed with the local people.
Due to the fact that the names of all wild vegetables and fruits were given by their local names, the wild vegetables and fruits
were identified with the help of relevant flora of Odisha (Saxena & Brahmam 1996). The plant list was categorized according
to their systematic positions following the APG IV (2016) classification system. The current nomenclature of each species
was determined by referring to database Plants of the World Online. The collected data was further analyzed and presented

using tables and figures.
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Figure 1. (A) Location of Odisha state in the eastern region of India (B) Map of the Odisha state showing Bhadrak district (C)
Study area showing different blocks of the Bhadrak district
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Table 1. List of fruits and vegetables collected from different marketplaces of Bhadrak district

Plant Species/ Family Local name Habit Season Uses

Abelmoschus esculentus (L.) Bhendi Shrub Rainy, The fruits are used as vegetable.

Moench (Malvaceae) summer

Aegle marmelos (L.) Corr. Bela Tree Summer The burnt unripe and ripen fruits are

(Rutaceae) consumed.

Allium cepa L. (Amaryllidaceae) Piaja Herb All season The tender shoot and bulbs are used
as vegetable.

Allium sativum L. Rasuna Herb All season The bulbs are used as vegetable.

(Amaryllidaceae)

Alocasia macrorrhizos (L.) G.Don | Sankhasaru Herb All season Petiole along with stalk is cut into

(Araceae) pieces, boiled in water and consumed
in curry. Tubers are boiled in water and
consumed in either in curry or in
mashed form.

Alternanthera sessilis (L.) R.Br. Madaranga Herb All season Tender shoots along with leaves are

ex DC. (Amaranthaceae) used as vegetable.

Amaranthus gangeticus L. Nalikosala Herb All season Tender shoots along with leaves are

(Amaranthaceae) used as vegetable.

Amaranthus viridis L. Leutia Herb All season Tender shoots along with leaves are

(Amaranthaceae) used as vegetable.

Amorphophallus paeoniifolius Olua Herb Winter Corm is cut into pieces, stir-fried in oil

(Dennst.) Nicolson (Araceae) after eliminating their bitter taste by
boiling them long time in water, and
are eaten with other food.

Anacardium occidentale L. Saitamba Tree Summer The fruits are consumed as raw and

(Anacardiaceae) also used as vegetable.

Ananas comosus (L.) Merr. Sapuri Herb Summer The fruits are consumed as raw and

(Bromeliaceae) also used as vegetable.

Annona reticulata L. Ata Tree Winter The ripen fruits are consumed as raw.

(Annonaceae)

Annona squamosa L. Neuwa Tree Winter The ripen fruits are consumed as raw.

(Annonaceae)

Arachis hypogaea L. (Fabaceae) Badam Herb Winter The fried nuts are consumed and also
used in cakes.

Artocarpus heterophyllus Lam. Panasa Tree Summer The tender fruits are used as vegetable

(Moraceae) and ripen one is consumed as raw.

Artocarpus lacucha Buch. -Ham. | Jeutha Tree Summer The ripen fruits are consumed.

(Moraceae)

Averrhoa carambola L. Karmanga Tree Rainy The fruits are consumed as raw and

(Oxalidaceae) also used as vegetable.

Azadirachta indica A. Juss. Nimba Tree Summer The flowers are used as vegetable.

(Meliaceae)

Basella alba L. (Basellaceae) Poi Herb Summer The tender shoot with leaves is cooked
as vegetable.

Bauhinia acuminata L. Kanchan Tree Winter The flowers are used as vegetable.

(Fabaceae)

Benincasa hispida (Thunb.) Pani kakharu Climber Rainy The tender fruits are used as

Cogn. (Cucurbitaceae) vegetable. Ripen fruits with Vigna
mungo are used for the preparation of
Badi. Ripen fruit is also offered to Devi
Durga during Astami puja.

Beta vulgaris L. Beet Herb Winter The roots are used as vegetable.

(Amaranthaceae)

Borassus flabellifer L. Tala Tree Summer The tender fruits are consumed as raw

(Arecaceae) and ripen one is used for preparing
cakes.

Brassica oleracea var botrytis L. Phulkobi Herb Winter Flowering head is used as vegetable.

(Brassicaceae)

Brassica oleracea L. var. capitata | Bandhakobi Herb Winter Leaves are used as vegetable

L. (Brassicaceae)
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Brassica oleracea var. Ula kobi Herb Winter The stem and the leaves are used as

gongylodes L. (Brassicaceae) vegetable.

Brassica oleracea var. italica Brocoli Herb Winter Flowering head is used as vegetable.

(Brassicaceae)

Cajanus cajan (L.) Huth Harada Shrub Winter The seeds are used as vegetable.

(Fabaceae)

Capsicum annuum L. Capsicum Herb Winter The fruits are used as vegetable.

(Solanaceae)

Capsicum frutescens L. Kancha lanka Herb All season The fruits are consumed as raw and

(Solanaceae) also used as vegetable.

Carica papaya L. (Caricaceae) Amrutabhand | Tree All season The repened fruits are consumed as

a raw and young one is used as

vegetable.

Carissa carandas L. Kerenda koli Shrub Winter The fruits are consumed as raw.

(Apocynaceae)

Chenopodium album L. Bathuasaga Herb Rainy The tender shoot and leaves are used

(Amaranthaceae) as vegetable.

Citrullus lanatus (Thunb.) Tarbhuja Climber Summer The fruits are consumed as raw.

Matsum & Nakai

(Cucurbitaceae)

Citrus limon (L.) Osbeck Lembu Tree All season The fruits are consumed as raw.

(Rutaceae)

Citrus maxima (Burm.) Merr. Batapi Tree Summer, The fruits are consumed as raw.

(Rutaceae) rainy

Citrus reticulata L. (Rutaceae) Kamala Tree Winter The fruits are consumed as raw and its
juice is used in curry.

Coccinia indica Wight & Arn. Kunduri Climber Rainy The fruits are used as vegetable.

(Cucurbitaceae)

Cocos nucifera L. (Arecaceae) Nadia Tree All season The fruits are consumed as raw and
also used as vegetable.

Colocasia esculenta (L.) Schott Saru Herb Winter Tender leaves along with stalk are

(Araceae) cooked with other vegetables. Tubers
cut into pieces are boiled in water and
consumed in either in curry or in
mashed form mostly during the month
of Kartik.

Coriandrum sativum L. Dhania Herb Winter The leaves are consumed as raw and

(Apiaceae) also used as vegetable.

Cucumis sativus L. Kakudi Climber All season The young fruits are consumed raw

(Cucurbitaceae) and ripen one is used as vegetable.

Cucurbita maxima Duchesne Boitalu Climber All season Fruits, flowers and tender shoots with

(Cucurbitaceae) leaves are used as vegetable.

Curcuma longa L. Haldi Herb All season The rhizomes are consumed as raw

(Zingiberaceae) and also used as vegetable. Leaves are
used for the preparation of rice cakes.

Curcuma amada Roxb. Amba-ada Herb Winter, The rhizomes are used as vegetable.

(Zingiberaceae) summer

Daucus carota L. Gajar Herb Winter The root is consumed as raw and also

(Apiaceae) used as vegetable.

Dioscorea alata L. Khamba alu Climbere Winter, The tubers are used as vegetable.

(Dioscoreaceae) summer

Diospyros melanoxylon Roxb. Kendu Tree Summer The ripen fruits are consumed.

(Ebenaceae)

Dillenia indica L. (Dilleniaceae) Owu Tree Rainy The fruits are used as vegetable.

Enhydra fluctuans Lour. Hidimicha Herb All season Freshly collected tender shoots and

(Asteraceae) leaves are eaten fried or cooked with
other vegetables.

Feronia limonia (L.) Swingle Kaitha Tree Summer The fruits are consumed as chatni.

(Rutaceae)

Glinus oppositifolius (L.) A. DC. Pitasaga Herb Winter, Leaves along with tender shoots are

(Molluginaceae) summer consumed as vegetable.

Grewia asiatica L. (Malvaceae) Phasakoli Tree Summer The ripen fruits are consumed.
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Ipomoea aquatica Forrsk. Kalama saga Climber All season Tender leafy shoots are eaten fried or
(Convolvulaceae) cooked.
Ipomoaea batatas (L.) Lam. Kandamula Climber Winter The fried tubers are consumed.
(Convolvulaceae)
Lablab purpureus (L.) Sweet Simba Climber Winter The fruits are consumed as raw and
(Fabaceae) also used as vegetable.
Lagenaria siceraria (Mollina) Laoo Climber Rainy The fruits are consumed as raw and
standley (Cucurbitaceae) also used as vegetable.
Luffa acutangula (L.) Roxb. Janhi Climber Rainy The fruits are consumed as raw and
(Cucurbitaceae) also used as vegetable.
Madhuca indica Gmel. Mahula Tree Summer The fruits are used as vegetable.
(Sapotaceae)
Mangifera indica L. Amba Tree Summer The fruits are consumed as raw and
(Anacardiaceae) also used as vegetable.
Manilkara zapota (L.) P. Royen Sapeta Tree Summer The ripen fruits are consumed.
(Sapotaceae)
Mentha spicata L. (Lamiaceae) Podina Herb All season The leaves are consumed as raw and
also used as vegetable.
Momordica charantia L. Kalara Climber All season The fruits are used as vegetable.
(Cucurbitaceae)
Momordica dioica Kankad Climber Rainy The fruits are consumed as vegetable.
Roxb. ex Willd. (Cucurbitaceae)
Moringa oleifera Lam. Sajana Tree Fruit Fruits, flowers and tender leaves are
(Moringaceae) (Summer), | used as vegetable.
leaf all
season
Murraya koenigii (L.) Sprenge Bhrusunga Tree All season The tender leaves are used as
(Rutaceae) vegetable.
Musa x paradisiaca L. Kadali Tree All season The fruits are used as vegetable.
(Musaceae)
Phaseolus vulgaris L. (Fabaceae) | Bean Tree Winter The fruits are used as vegetable.
Phoenix sylvestris (L.) Roxb. Khajuri Tree Summer The ripened fruits are consumed.
(Arecaceae)
Pisum sativum Ser. (Fabaceae) Matar Climber Winter The fruits are consumed as raw and
also used as vegetable.
Polygonum plebeium Muthisaga Herb Summer The leaves are cooked as vegetable.
R.Br. (Polygonaceae)
Psidium guajava L. (Myrtaceae) Pijuli Tree All season The fruits are consumed.
Punica granatum L. (Lythraceae) | Bedana Shrub All season The fruits are consumed.
Raphanus raphanistrum subsp. Mula Herb Winter The roots are consumed as raw and
Sativus (L.) Domin (Brassicaceae) also used as vegetable.
Solanum lycopersicum L. Tomato Herb Winter The fruits are used as vegetable.
(Solanaceae)
Solanum melongena L. Baigana Herb All season The fruits are used as vegetable.
(Solanaceae)
Solanum tuberosum L. Alu Herb All season The tubers are used as vegetable.
(Solanaceae)
Spinacia oleracea L. Palanga Herb Winter The leaves are used as vegetable.
(Amaranthaceae)
Spondias pinnata Salama Tree Summer The fruits are used as vegetable.
(L.f.) Kurz (Anacardiaceae)
Syzygium cumini Jamkoli Tree Rainy The ripened fruits are eaten.
(L.) Skeels (Myrtaceae)
Syzygium samarangense Jamrul Tree Summer The ripened fruits are eaten.
(Blume) Merr. & L.M.Perry
(Myrtaceae)
Tamarindus indica L. (Fabaceae) | Tentuli Tree Summer The fruits are consumed as raw and
also used as vegetable.
Trapa natans (L.) Roxb. Pani-singada Herb Winter The nuts are consumed raw.
(Trapaceae)
Trichosanthes cucumerina L. Salara Climber Rainy The fruits are used as vegetable.

(Cucurbitaceae)
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Trichosanthes dioica Roxb. Potala Climber Summer The fruits are used as vegetable.
(Cucurbitaceae)

Trigonella foenum-graecum Methi Herb Winter The tender shoot with leaves are

L. (Fabaceae) cooked as vegetable.

Vigna mungo (L.) Hepper Biri Herb Winter The seeds are used as vegetable.
(Fabaceae)

Vigna unguiculata (L.) Walp. Judanga Climber All season The fruits are used as vegetable.
(Fabaceae)

Vigna radiata (L.) R. Wilczek Mugo Herb Winter The seeds are used as vegetable.
(Fabaceae)

Zea mays L. (Poaceae) Maka Herb Winter The fried fruits are consumed.
Zingiber officinale Roscoe Ada Herb All season The rhizomes are consumed as raw
(Zingiberaceae) and also used as vegetable.
Ziziphus mauritiana Lam. Barkoli Tree Winter The fruits are consumed as raw and
(Rhamnaceae) also used as vegetable.
Pteridophyte

Marsilea minuta L. Sunsunia Herb All season Tender leaf and petiole are used as
(Marsileaceae) vegetable.

Results

Taxonomic inventory

The data collected from the Bhadrak district revealed that the rural and urban marketplaces contain a total of 93 plant

species (53% native and 47% non-native) belonging to 37 families and 74 genera. Among the 93 species, only one species

was represented by Pteridophyta, while the remaining 92 plant species were angiosperms. (Table 1, Figures 2 and 3). The

well-represented families in species quantity were: Cucurbitaceae (11 sp.) followed by Fabaceae (10sp.), Rutaceae and

Amaranthaceae (6 sp. each). Nineteen families in the study area were monospecific, such as Baselaceae, Bromeliaceae,

Cariaceae, and Molluginaceae, among others. Habit analysis showed that herbs were represented by the highest proportion
with 39 species [41.9%], trees by 33 species [35.5%], climbers by 17 species [18.3%], and shrubs by 4 species [4.3%] (Figure
4). Of the reported 93 species, the contribution of cultivated plant species was highest (58 sp.; 62.3%) followed by wild (22
sp.; 23.7%) and wild -cum cultivated (13 sp.; 14%) (Figure 5).

Table 2. Price list of some wild and wild-cum cultivated fruits and vegetables collected from different marketplaces of

Bhadrak district

Plant Species/ Family

Plants parts sold in market

Price in rupees/kg or piece

Aegle marmelos (L.) Corr. (Rutaceae)

Fruit

15-50/- per piece

Alocasia macrorrhizos (L.) G.Don (Araceae)

Corm

30/-

Alternanthera sessilis (L.) R.Br. ex DC.
(Amaranthaceae)

Tender shoot with leaves

40/-

Ananas comosus (L.) Merr. (Bromeliaceae) Fruit 20-50/- per piece
Annona reticulata L. (Annonaceae) Fruit 80/-

Annona squamosa L. (Annonaceae) Fruit 80/-
Artocarpus heterophyllus Lam. (Moraceae) Fruit 100-250/-
Artocarpus lacucha Buch. -Ham. (Moraceae) Fruit 100/-

Averrhoa carambola L. (Oxalidaceae) Fruit 30/-
Azadirachta indica A. Juss. (Meliaceae) Flower 20/- per bundle
Borassus flabellifer L. (Arecaceae) Fruit 10/-per piece
Carissa carandas L. (Apocynaceae) Fruit 60/-

Diospyros melanoxylon Roxb. (Ebenaceae) Fruit 50/-

Dillenia indica L. (Dilleniaceae) Fruit 5-10/- per piece
Enhydra fluctuans Lour. (Asteraceae) Tender shoot with leaves 50/-

Feronia limonia (L.) Swingle (Rutaceae) Fruit 5-10/- per piece
Glinus oppositifolius (L.) A. DC. (Molluginaceae) Tender shoot with leaves 40-50/-

Grewia asiatica L. (Malvaceae) Fruit 100/-

Ipomoea aquatica Forrsk. (Convolvulaceae) Tender shoot with leaves 40-50/-

Moringa oleifera Lam. (Moringaceae)

Tender leaf and fruit

10/- one bundle leaves (about
250g. and fruits 60-80/-

Murraya koenigii (L.) Sprenge (Rutaceae) Leaves 50/-
Phoenix sylvestris (L.) Roxb. (Arecaceae) Fruit 80/-
Polygonum plebeium R.Br. (Polygonaceae) Leaves 40-50/-
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Psidium guajava L. (Myrtaceae) Fruit (wild variety) 40-60/-
Spinacia oleracea L. (Amaranthaceae) Leaves 20-30/-
Spondias pinnata (L.f.) Kurz (Anacardiaceae) Fruit 30/-

Syzygium cumini (L.) Skeels (Myrtaceae) Fruit 50-60/-
Tamarindus indica L. (Fabaceae) Fruit 50-60/-
Ziziphus mauritiana Lam. (Rhamnaceae) Fruit 30-50/-
Marsilea minuta L. (Marsileaceae) Leaves 40-50/-

Plant Parts usage (roots, shoots, leaves, fruits, and others)

In the marketplaces of Bhadrak district, a wide variety of edible wild and cultivated plants were collected, belonging to
different food categories. These included different types of root vegetables like bulbs (Allium cepa L. and Allium sativum L.),
corms (Alocasia macrorrhizos (L.) G.Don and Amorphophallus paeoniifolius (Dennst.) Nicolson), tubers (/lpomoea batatas (L.)
Lam. and Solanum tuberosum L.) and rhizomes (Curcuma longa L. and Zingiber officinale Roscoe). The market also exhibited
a variety of edible greens, including leaves, stems, and shoots, such as Enhydra fluctuans Lour., Glinus oppositifolius (L.) A.
DC., Ipomoea aquatica Forrsk. and Murraya koenigii (L.) Sprenge. Fleshy fruits, including berries or drupes, were also
observed, such as Annona squamosa L., Artocarpus heterophyllus Lam., Dillenia indica L., Feronia limonia (L.) Swingle, Grewia
asiatica L., Mangifera indica L. Manilkara zapota (L.) P. Royen, Psidium guajava L., Punica granatum L. and Syzygium cumini
(L.) Skeels). Furthermore, seeds from plants like Vigna mungo (L.) Hepper and Vigna radiata (L.) R. Wilczek was recorded,
along with nuts such as Arachis hypogaea L. (peanut) and Trapa natans (L.) Roxb. (Water chestnut). (Table 1). Participants
reported that the availability of wild vegetables was seasonal, and for most of the year, they were scarce. The wild vegetables
were typically not cultivated but rather gathered from various habitats, including forests, arable fields, and even
anthropogenically disturbed areas like roadsides and wastelands, during seasons when they were abundant.

Seasonal variability and price

The availability of fruits and vegetables was found to differ from season to season with more variety in winter (Figure 6)
followed by all seasons and summer. For instance, vegetables and fruits like cabbage species, Annona reticulata L., Annona
squamosa L., Averrhoa carambola L., Brassica sp., Lablab purpureus (L.) Sweet, Phaseolus vulgaris L., Pisum sativum Ser.,
Raphanus raphanistrum subsp. Sativus (L.) Domin, Spinacia oleracea L., Trapa natans (L.) Roxb., Vigna mungo (L.) Hepper,
Ziziphus mauritiana Lam. were dominant in winter season. Similarly, Aegle marmelos (L.) Corr., Anacardium occidentale L.,
Ananas comosus (L.) Merr., Artocarpus heterophyllus Lam., Basella alba L., Feronia limonia (L.) Swingle, Manilkara zapota
(L.) P. Royen, Mangifera indica L., Phoenix sylvestris (L.) Roxb., Tamarindus indica L., Trichosanthes dioica Roxb., Spondias
pinnata (L.f.) Kurz was frequent in summer season. Benincasa hispida (Thunb.) Cogn., Coccinia indica Wight & Arn., Dillenia
indica L., Lagenaria siceraria (Mollina) standley, Luffa aegyptiaca Miller, Momordica dioica Roxb. ex Willd., Trichosanthes
cucumerina L., Syzygium cumini (L.) Skeels were commonly available in the rainy season.

In many marketplaces of the district, it was observed that farmers were selling their own products. Informants stated that
vegetables like Glinus oppositifolius (L.) A. DC., Ipomoea aquatica Forrsk. and Marsilea minuta L. was in high demand in
markets. It was noteworthy to mention that some individuals were even selling these vegetables by walking on foot in urban
areas. The price of some wild and wild-cum cultivated fruits and vegetables was depicted in Table 2. The market rates for
cultivated fruits and vegetables varied from market to market and season to season. Initially, the price of cultivated fruits
and vegetables was high, but it gradually decreased as production continued. For example, at the beginning of production,
Brassica oleracea var botrytis L. (locally called phulkobi) was sold at rupees 100/- per kilogram. However, later on, it was sold
per piece (approximately 1 kg) for only rupees 20/-. A minor variation in price was observed for wild fruits and vegetables.
The market rate per kilogram for Glinus oppositifolius (L.) A. DC., Ipomoea aquatica Forrsk., and Marsilea minuta L. ranged
from rupees 40-50.



Ethnobotany Research and Applications

10



Ethnobotany Research and Applications 11

Figure 3. a. Selling of fruits of Aegle marmelos (L.) Corr. and Cocos nucifera L. by a local man in an open-air market b. Selling
of Citrus limon (L.) Osbeck c. Selling of Basella alba L., Ipomoea aquatica Forrsk. and Marsilea minuta L. by the local farmer
d. Selling of varieties of leafy vegetables e. Selling of Glinus oppositifolius (L.) A. DC. and Musa x paradisiaca L. by the local
people. f. Selling flower of Cucurbita maxima Duchesne and fruit of Feronia limonia (L.) Swingle g. Selling flower of
Azadirachta indica A. Juss. and other leafy vegetables h. Selling of Ipomoea aquatica by an old man in the lane of an urban
area
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Figure 5. Distribution of wild, cultivated and wild cum cultivated fruits and vegetables in different marketplaces of Bhadrak
district
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Figure 6. Availability of fruits and vegetables in different seasons in various marketplaces of Bhadrak district

Mode of consumption
Fruits were primarily consumed raw in the study area. Some of the most common fruits consumed by the locals included

Phoenix sylvestris, Tamarindus indica, Syzygium cumini, and Artocarpus heterophyllus, among others. Additionally, the fruits
of Mangifera indica were also dried and used as pickles. The majority of species in the area had only edible parts, while locals
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consumed the leaves, flowers, and fruits of Moringa oleifera Lam. Similarly, the mature seed and young fruit of Artocarpus
heterophyllus were also consumed as vegetables. In the study area, Murraya koenigii leaves were added to pulses and
vegetables as toppings and flavor enhancers.

Ethnomedicinal uses

Respondents stated that some fruits and vegetables were consumed due to their preventive and curative properties. For
example, fresh tender leaf of Azadirachta indica A. Juss. was taken orally for diabetes, applied the leaf juice topically over
boils and the decoction of leaves was taken for curing skin diseases. The flowers of Azadirachta indica were also found to
be useful for treating skin diseases. Tender twigs were commonly used as toothbrushes to maintain oral hygiene and prevent
pyorrhea. Another example is the root paste of Basella alba L., which was taken in the morning on an empty stomach along
with washed rice water for one month to cure irregular periods. The leaf of Basella alba was also rubbed over the affected
area to alleviate irritation and swelling caused by caterpillar bites. Green fruits of Carica papaya L. were used for managing
diabetes. Glinus oppositifolius was used to cure various types of skin diseases like scabies and itches. The Leaf juice of
Ipomoea aquatica mixed with cow ghee was used for treating gonorrhea and as a blood purifier. In cases of jaundice, a
tender twig with leaves was consumed. Mangifera indica L. leaf juice was used to regulate diabetes, and the young shoot of
the plant was used as a tooth stick for dental care. To control blood sugar, a glassful of decoction made from the leaves and
fruit of Momordica charantia L. was consumed. Moringa oleifera Lam. leaves were boiled in water, and one tumbler of the
decoction was taken early in the morning on an empty stomach to control diabetes. The root and bark, when combined with
warm milk, were used to induce abortion, treat menstrual disorders, and manage several venereal diseases. The juice of
fresh shoots and the decoction of leaves from Marsilea minuta L. were used to treat cough, respiratory troubles, and
insomnia. The powder of the seeds and stem bark of Syzygium cumini (L.) Skeels were boiled with water and taken orally to
alleviate stomach troubles. The seed powder was also used for managing diabetes. The slender shoot axis of Syzygium cumini
was used as a tooth stick, and macerated dry leaves served as toothpowder for dental care. Tamarindus indica L. stem bark
powder mixed with curd was taken in the morning to treat bleeding piles, while a paste made from the fruit and honey was
used for menorrhagia. The decoction of Tamarindus indica stem bark was used to cure diarrhea, and a paste prepared from
its seeds was applied for scorpion bites.

Discussion

One of the most fundamental values of plant biodiversity for human beings is supplying the world's food and nutrition
security (FAO 2019; Gee et al. 2020). The importance of biodiversity has gradually been acquiring greater recognition in the
work of international agencies, such as the Food and Agriculture Organization of the United Nations and the Commission on
Genetic Resources for Food and Agriculture. Locally available wild edible plants can provide consumers with a more diverse
range of nutritionally high-quality compounds (Datta et al. 2019) and can increase the nutrient content of poor diets (Pereira
et al. 2011), producing health benefits (Marrelli et al. 2020; Mateos-Maces et al. 2020). India has experienced rapid economic
growth in recent years, but undernutrition remains a public health problem. Despite being classified as a lower middle-
income country, the burden of undernutrition in India is greater than in some low-income countries, according to the Global
Hunger Index 2016 (von Grebmer et al. 2016). Furthermore, snacking and consuming empty-calorie foods, such as ready-to-
eat processed snacks, canned snacks, and convenience foods in between meals, also contribute to the burden of malnutrition
(Almoraie et al. 2021). The recommended fruit and vegetable intakes as per The World Health Organization (WHO 2019a),
the World Cancer Research Fund (2018), the National Health Service of England (2018) and other studies (Wallace et al.
2020; Wang et al. 2021) should be at least five servings per day. However, the average consumption falls below three to four
servings (Pem & Jeewon 2015; Okop et al. 2019).

Structure and periodicity of rural and urban marketplace

The market structure in India is dichotomous, consisting of rural and urban markets (Sharma & Kumar 2012). The rural and
urban markets in India, including Odisha and Bhadrak district, exhibit significant differences in terms of demographic,
socioeconomic, and cultural factors. These variations can influence consumer behavior, demand patterns, and marketing
strategies, leading to different market structures in these regions (Sharma & Kumar 2012). The infrastructure of vegetable
markets in rural and urban areas can vary based on a range of factors, including location, size, facilities, transportation
options, use of technology, and frequency of market days. Rural markets are generally characterized by a predominantly
open-air format, with vendors setting up stalls or simply laying out their goods on the ground. These markets may be held in
a central location in the village or town. Markets in rural areas typically operate periodically, often only once or twice a week,
opening in the morning and closing before sunset. The specific day(s) on which these markets are held can vary from place
to place, depending on local customs and traditions. In contrast, urban markets are typically more structured, with many
housed in constructed buildings or covered spaces that offer protection from the weather. However, some vendors in urban
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areas may still choose to sell their goods in open markets, either alongside the road or in designated areas. This flexibility in
the format of urban markets allows vendors to cater to different customer needs and preferences, while also providing
opportunities for smaller-scale vendors who may not have access to formal market space. Moreover, urban markets are
generally open daily from morning until 10 pm, offering a wider range of products and services to customers who visit more
frequently.

Diversity of fruits and vegetables

Our study area comprised both rural and urban markets in Bhadrak district. Marketplaces around the world have been found
to offer a diverse array of plant species for sale, including wild edible vegetables and medicinal plants. They also play an
important role in the local economy and interaction among the people (Pemberton & Lee 1996; Xu et al. 2004; Franco et al.
2020). Usually, commodities are still bartered in some markets in inaccessible areas. Some of the wild edible plants are
gathered exclusively for sale, while many others are carried to nearby rural or urban markets for getting higher returns. In
our study area, we identified 93 plant species (cultivated, wild and wild -cum cultivated) consumed as fruits and vegetables.
It was observed that the market availability of 'wild vegetables' is derived from both direct harvesting from the fields and
cultivation using current agronomic techniques. Cucurbitaceae and Fabaceae are prominent families. This finding is
consistent with Ray et al. (2020).

Marketplaces around the world have been found to offer a diverse array of plant species for sale, including wild edible
vegetables and medicinal plants. The number of plant species recorded in the present study can be comparable with the
studies of various scholars. For instance, Luczaj et al. (2013) documented 37 species of wild edible vegetables in eleven town
markets in Dalmatia, a region on the southern coast of Croatia. Similarly, Ertug (2004) found 390 species for sale in local
markets in Turkey, while Hanlidou et al. (2004) documented 172 medicinal plants in Thessaloniki, Greece, of which 131 taxa
are of local origin. In Cyprus, Karousou & Deirmentzoglou (2011) recorded 32 cultivated and 14 wild medicinal herbs sold on
15 stalls scattered through markets. Dogan et al. (2013) surveyed 18 markets in Izmir and found that 46 species of wild edible
plants were sold, while Nedelcheva & Dogan (2015) and Dogan & Nedelcheva (2015) found that medicinal plants are sold
predominantly in Bulgarian markets, whereas more wild vegetables are sold in Turkish markets. Scholars have extensively
documented the plant species sold in various Asian markets (Pemberton & Lee 1996; Xu et al. 2004). Shirai & Rambo (2014)
reported a high diversity of wild species sold in Khon Kaen market located in north—eastern Thailand), with 60 wild species,
including 54 plants and 6 mushrooms. Recently, Franco et al. (2020) recorded 138 taxa from Tamu Kianggeh, an open-air
market in Bandar Seri Begawan, Brunei, and the nearest supermarket. Kar & Borthakur (2007) documented 29 wild vegetables
from the markets of Karbi Anglong, Assam. Konsam et al. (2016) found a variety of wild edible vegetables, with 68 species
sold in different markets in Manipur, India. The ethnobotany of open-air markets has been studied in Pakistan, Iraq, Iran, and
Kyrgyzstan (Hamayun et al. 2003; Mati & de Boer 2011; Amiri & Joharchi 2013). African markets are mostly dominated by
medicinal plants, as reported by Van Andel et al. (2012) and Randriamiharisoa et al. (2015). These studies demonstrate the
importance of open-air markets as sources of both food and medicine and highlight the cultural and ecological diversity of
plant use and trade across different regions.

The traditional knowledge regarding the use of wild plants continues to be practiced among rural communities in the district.
People inhabiting rural areas possess extensive knowledge about local plants, especially wild fruits, and vegetables. The
collection and consumption of wild edible vegetables have become an integral part of the lifestyle, particularly for rural
populations with limited land resources, especially those from poorer communities (Ghorbani et al., 2012). It is observed
that women play a major role in the collection of plants, while selling is predominantly done by male members. In some
open-air markets, women are found selling the items but their number is limited. Wild vegetables play an important role in
daily life and contribute to cash income.

Subsistence to livelihood

Local communities heavily rely on wild fruits and vegetables as a significant source of their livelihood (Sundriyal & Sundriyal
2004). These communities engage in various activities related to the management and use of these plant species, including
trading in local markets. These marketplaces serve as crucial spaces for the exchange of traditional knowledge about wild
fruits and vegetables between sellers and buyers (Monteiro et al. 2010; Franco et al. 2020). The sale of these products
provides economic benefits to local communities and helps to alleviate poverty at the local level (Delang 2006; Jong et al.
2007). It is worth noting that there are approximately 7,000 plant species worldwide that are cultivated or harvested for food
or medicinal purposes from the wild vegetation (Ghane et al. 2010). Among these neglected and underutilized species, many
wild species have played a relevant role in the subsistence of both hunter-gatherers and small farmers (Vazquez-Garcia 2008;
Termote et al. 2011). These plant species not only provide food and medicinal value but also hold cultural significance to local
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communities. Their use and management are critical for maintaining biodiversity in ecosystems and preserving indigenous
knowledge. Respondents stated that the demand for wild edible fruits and vegetables is high, as town dwellers still prefer
traditional ethnic cuisine for their daily food habits (Medhi & Borthakur 2012).

Cultural significance

Bhadrak district offers a wide variety of indigenous produce, reflecting the region's culinary heritage. One of the signature
dishes of Odisha is Ghanta Tarkari, traditionally prepared during Dwitbahana Puja festival between September and October.
The dish is prepared using locally grown vegetables, including Benincasa hispida, Cucurbita maxima, Cucumis sativus, Dillenia
indica, and Dioscorea alata. Ghanta Tarkari is cooked in large quantities and distributed among neighbors, making it a
communal and festive meal. Bela (Aegle marmelos) also called 'Shivaduma' or 'The Tree of Shiva'is a sacred tree in Hinduism
that is often offered in prayers to Lord Shiva and Parvati. This tree has been depicted in the paintings of the famous Ajanta
Caves, showcasing its cultural importance in ancient times (Singh et al., 2019). Bela Pana is a traditional and nutritious
beverage made from the pulp of ripe Bela fruit in the Bhadrak district of Odisha. It is highly valued as Prasad and offered to
various gods and goddesses during Pana Sankranti, celebrated on 14th April every year. The popularity of this ritual has made
ripe Bela fruit abundant in both rural and urban markets, highlighting the region's rich cultural heritage and customs. In
Hinduism, coconuts (Cocos nucifera) are a significant symbol of purity, fertility, and prosperity, commonly used as offerings
in religious ceremonies and worship of deities (Osella & Osella, 2003; Verenkar & Sellappan, 2018; Devi & Ghatani, 2019).
Therefore, the availability of coconut is observed throughout the year, both in rural and urban markets.

Ethnomedicinal uses

The overlapping between food and medicine is well-known in traditional societies (Pieroni et al. 2005). Food can be used as
medicine and vice versa. In the current study, Azadirachta indica A. Juss was used by the locals for the treatment of diabetes,
dental carries and skin ailments. A. indica (locally called nimba) has been used as a medicinal plant in the Indian subcontinent
for more than 4500 years (Kumar & Navaratnam 2013). Almost every part of A. indica (e.g., the stem, bark, roots, leaves,
and flowers) have been used as household remedies for human illnesses. Millions of people globally use nimba twigs as a
source of chewing sticks for dental hygiene (Gupta et al. 2017). Recent studies have confirmed the efficacy of neem leaves
in controlling blood sugar levels (Gupta et al. 2019; Pingali et al. 2020). The use of leaves, bark, and flowers for the treatment
of skin ailments is also reported (Vakshasya & Dixit 2018; Singh et al. 2021). During the survey, some respondents stated
that they use neem leaf beds for patients suffering from chicken pox. Similarly, Glinus oppositifolius is consumed as a
vegetable and is also used for the treatment of skin diseases. In India, Glinus oppositifolius has been used in traditional and
herbal pharmacopeia for the treatment of dermatitis, itches, and skin diseases (Asok Kumar et al. 2009; Sheu et al. 2014;
Ramaseshan et al. 2016)). The Korku tribes of Amravati in Maharashtra and the aboriginals from Gadchiroli district use the
plant as vegetables (Sekharan & Jagadeesan 1997; Jagtap et al. 2006). Similarly, in the current study, Ipomoea aquatica is
used both as a vegetable and as medicine. In most parts of tropical Asia, /. aquatica is a common food consumed by all social
groups, and people have different ways of consuming it (Austin 2008; Fu et al. 2011). In the rural area of India, it is generally
used as a green leafy vegetable (Rao & Tuhina 2002). The plant is reported to be useful for liver diseases (Badruzzaman &
Husain 1992) and high blood pressure (Perry 1980). Marsilea minuta is used as a vegetable and is also recommended for the
treatment of cough, respiratory disorders and insomnia. Similar results have been reported elsewhere (Dixit 1974; Upreti et
al. 2009; Sen et al. 2011; Bachheti et al. 2023). In the studied area, ripe fruits of Syzygium cumini (L.) Skeels are sold in
markets as well as along the roadside and consumed by people from all sections of society. Ripe S. cumini fruits are
considered beneficial for health, and their seeds are regarded as one of the best remedies for controlling sugar levels. These
fruits have been used for centuries as a medicinal food for patients with diabetes (Helmstadter 2008; Ayyanar & Subash-
Babu 2012; Kumari & Kumar 2018; Akbar 2020). The use of S. cumini for toothache is also reported (Sathyavati & Janardhanan
2011).

Conclusion

Within the past few decades, we have seen a transition in food habits and consumption patterns throughout the world. The
food consumption trend exhibits a higher preference for processed and packaged foods having higher salt, sugar and fat but
deficient in nutrient density and dietary diversity. The present study disclosed that the indigenous knowledge concerning
the use of wild fruits and vegetables continues to be in follow among the communities of the study zone. We found that this
area has a reservoir of a variety of wild edibles that have the potential to sustain rural livelihood. The dual role of many
species as dietary components and in preventive health care deserves special attention. The recorded food heritage may be
essential in aiming at fostering bio-conservation, environmental sustainability, food security, and above all preservation of
traditional knowledge. Encouragement of nutrition gardening in all the areas feasible (e.g., home and backyard) in order to
reduce the intensity of malnutrition. Schools/colleges/Universities can promote gardening to motivate students to eat fresh
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and healthily. Benefits from different governmental programs can be harnessed by becoming aware of them, which can help
in funding/training/setting up a nutrition garden. Nutrition gardens can be a source of generating some additional income
with the surplus produce, along with promoting dietary diversity and in turn taking a step closer to food and nutrition
security.
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