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Abstract: Many underutilized edible fruit species (UEFS) are found in the Indo-Gangetic Plains (IGP), which support food security
(ES) for both indigenous people and other dependent communities. Unfortunately, there is little study and fragmented information
available about these naturally edible products. The UEFS of the IGP was the subject of a systematic review utilizing the PRISMA
protocol, which produced implications for FS and land degradation neutrality (LDN). This review aims to survey, summarize, and
annotate the published information about the angiosperms native and naturalized UEFS of IGP to identify and make use of this species,
particularly for the sustainable development of this region. A systematic review confirmed that 371 species of UEFS, of which 62 species
were threatened and near threatened (TNT)-UEFS. Among the TNT-UEFS, 41 species were threatened, while 21 species were NT. The
threatened species were further categorized as per the International Union for Conservation of Nature (IUCN) Red List in the IGP as
vulnerable (21 species), endangered (16 species), and critically endangered (four species). This systematic review suggests integration
of the native and naturalized UEFS in afforestation and reforestation programs to aid in various ecosystem services. Calamus inermis,
Corypha taliera, Licuala peltata, and Saurauia punduana are examples of multipurpose species that require immediate sustainable
conservation and cultivation initiatives to save them from extinction in the near future. Multipurpose species such as Aegle marmelos,
Buchanania lanzan, Manilkara hexandra, Syzygium cuminii, Tamarindus indica are immensely constructive and climate-smart by
surviving in harsh agroclimatic conditions and have great potential for establishment on marginal and wastelands throughout the
IGP region. These resilient fruit species enhance biodiversity, ecosystems, and landscapes in addition to providing food for humans. It
progressively advances India’s commitment to LDN, combating climate change, and achieving the UN-SDGs, which call for reducing
hunger and raising FS by 2030. As a result, the study will offer baseline data for the next investigations and be helpful to policymakers
in creating sustainable and scientific policies for the IGP.

Key words: Native species, underutilized fruits, food security, species conservation, land restoration

1. Introduction Kolkata in the states of Bihar, Uttar Pradesh, and West
1.1. Salient features of Indo-Gangetic Plains Bengal covering an area of about 0.375 million km? (Wagh,
The Indo-Gangetic Plains (IGP) is situated between the 2017) and supporting a population of over 400 million
Ghaggar and Teesta rivers and stretch from Delhi to people (Sinha et al., 2005). The west-east stretched IGP is
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drained by several north-south trending river systems in a
varied climatic setting. Even though the entire IGP exhibits
geomorphological homogeneity, it is divided into three
regions (Table 1), namely Upper Gangetic Plains (GP),
Middle GP, and Lower GP based on agroclimatic zones
(Khanna, 1989) and the geographic and climatic features
of India (Singh, 1971). Generally, the climate of the GP
is tropical and subhumid to humid climate receiving 60
mm to 1600 mm of average rainfall. Further, the western
and southern part of the GP receives less rainfall in
comparison to the eastern and northern parts (Saini,
2008). These soils have good drainage of southeasterly
flowing Ganga and its tributaries which are extensively
cultivated and habited; however, the land degradation
constraints such as flooding, soil salinity, and riverine
erosion are dominated in the GP (Saini, 2008). The
temperature normally ranges from 5 °C to 25 °C during
winter and from 20 °C to 40 °C during summer (Sinha et
al., 2005). The soil characteristics are Quaternary alluvia,
which is monotonous except for some variations in the
peripheral northern and southern parts. Soils are bedded
with varying combinations of clay, sand, gravel, and
their mixture (Sinha et al., 2005). Information related to
the total geographical area, population, forest area, tree
cover, the total number of species, southeasterly flowing
Ganga, and the number of underutilized edible fruit
species (UEFS) in the IGP (present study) were recorded
(Table 1).

Though India stands 2nd position in the world as
the largest producer of fruits', it is still suffering from
hunger and malnutrition (Sarkar and Rakshit, 2021).
According to The State of Food Security and Nutrition
in the World 2020 report, 189.2 million (14%) people
are undernourished, and 34% of children under the age
of five years in India are stunted (FAO, IFAD, UNICEE,
WEP, and WHO, 2020). In the prevalence of stunting,
Bihar ranked highest among all the states of the country,
followed by Uttar Pradesh while Jharkhand followed by
Bihar ranked highest in the prevalence of underweight
(Swaminathan et al., 2019). The IGP still fails to address
its complete food and nutritional security despite being
backboned by agriculture as in many other regions of
the country, and most of the rural community depend
on it for their livelihood. This region is always under
immense pressure to feed its ever increasing population
and suffers from malnutrition, poverty, and hunger.
The average operational land holdings in the states of
Bihar, Uttar Pradesh, and West Bengal were less than
1 ha, which is less than the national average (Singh,
2014). Approximately 90% of farmers were classified
under marginal and small categories, with an average

of half a hectare. This presents serious challenges in
mechanization and the use of costly inputs which is
economically nonviable. Rainfed agriculture with
supplemental irrigation is practiced in most of the GP.
Rice-wheat cropping system is more predominant and
the important cash crops such as sugarcane, potato, and
tobacco, fruit crops such as mango, litchi, and banana,
and vegetable crops such as brinjal, onion, and tomato
are cultivated. The population density and percentage
of the population below the poverty line in the GP were
very high while the literacy rate was low (Census of India,
2011). Although the IGP is blessed with the environment
and resources for agricultural practices fragmentation
of land, green revolution, land degradation, population,
urbanization, and other anthropogenic activities result
in farmers’ reluctance to achieve food and nutritional
security (Singh, 2014).

1.2. Importance of UEFS in the IGP

A tiny part of the IGP is still pristine and rich in floral
biodiversity, with a high occurrence of UEFS such as
Artocarpus lacucha, Baccaurea ramiflora, Cordia myxa,
Diospyros melanoxylon, Elaeagnus latifolia, Ficus palmata,
Glycosmis pentaphylla, and several others (Plates 1-
3). These are rare minor wild fruits that are native and
unique and mostly eaten by the locals during different
seasons (Jeeva, 2009; Singh et al.,, 2015). These natural
fruits benefit poor people by supplying a nutritional
diet in rural areas and generate additional income,
which are rich sources of macro- and microminerals,
vitamins, fibres, antioxidants, and polyphenols (Suresh
et al., 2014; Singh et al., 2015). Consumption of these
fruits reduces the risk of several diseases such as cancer,
diabetes, heart diseases, and neurodegenerative ailments
(Singh et al., 2015). Most of these UEEFS are easy to grow
with fewer cultural and technical inputs, hardy, and
generate additional income for the farmers (Suresh et
al., 2014). Besides, it depends on various native fauna
and components in the farming systems, for large-scale
plantations in social forestry, and to support timber and
fuel availability in the region (Dwivedi, 1993).

Besides natural threats such as extreme climatic
conditions,  floods, tectonic movements, and
unpredictable monsoons, the IGP is also overburdened
due to nonjudicious management of soil, water, and other
natural resources (Ingram, 2011). This cultivable land
is replaced by industrialization, mining, urbanization,
and other human-induced activities. Hence, the IGP is
facing twin threats i.e. natural as well as human-induced,
any changes in these factors are affecting the pattern
of land use and land cover change, food production,
human settlement, and other socioeconomic, cultural

1PIB Delhi (2021). Production of Fruits and Vegetables [online]. Website https://pib.gov.in/PressReleaselframePage.aspx?PRID=1776584 [accessed 10

March 2023].
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Plate 1. Photograph of some UEFS of the IGP taken during study: a. Monkey Jack
(Artocarpus lacucha); b. Bael (Aegle marmelos); c. Cashew (Anacardium occidentale); d.
Ramphal (Annona reticulata); e. Lakshman phal (Annona muricata); f. Bilimbi (Averrhoa
bilimbi); g. Moottipuli (Baccaurea courtallensis); h. Latka (Baccaurea ramiflora); i. Dwarf
White Bauhinia (Bauhinia acuminata); j. Bet (Calamus Spp.); k. Rattan (Calamus viminalis);
1. Caper bush (Capparis spinosa); m. Karonda (Carissa carandus); n. Assyrian plum (Cordia
myxa); o. Cannonball tree (Couroupita guianensis); p. Elephant Apple (Dillenia indica); q.
Tendu (Diospyros melanoxylon); r. Velvet apple (Diospyros discolor); s. Date-plum (Diospyros

lotus); t. Karakil (Dysoxylum binectariferum).

and environmental conditions of the region (Saini, 2008;
Sarkar and Rakshit, 2023). Nowadays, land degradation is
becoming a global challenge as it poses a high risk to land
productivity, food security, and livelihood opportunities
(Rakesh et al., 2023). The worst effects of land degradation
are malnutrition, disease, forced migration, increased
conflicts cultural damage, and poverty. Hence, it is an
alarming sign to conserve biodiversity and maintain
the ecological balance of the country. Land degradation
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neutrality (LDN) is an important concept to restore our
mother earth from degradation and prevent further
degradation and desertification (Quatrini and Crossman,
2018; Dinesha et al., 2023). Fortunately, tiny sporadic
tropical-subtropical forests of the IGP are endowed with
many UEFS that have an outstanding potential to improve
food and nutritional security among vulnerable groups.
Unfortunately, utilization of native UEFS has steadily
declined because of lack of awareness, discontinuity in
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Plate 2. Photograph of some UEFS of the IGP taken during study: a. Bastard oleaster (Elaeagnus
latifolia); b. Indian olive (Elaeocarpus floribundus); c. Indian coral (Erythrina variegata); d. Banyan
(Ficus benghalensis); e. Panjab fig (Ficus palmata); f. Cluster fig (Ficus racemosa); g. Hauili (Ficus
septica); h. Fig (Ficus spp.); i. Mangosteen (Garcinia kydia); j. Aastani (Glycosmis pentaphylla); k.
Phalsa (Grewia asiatica); 1. Achatta (Lepisanthes senegalensis); m. Wood apple (Limonia acidissimay);
n. Mahua (Madhuca latifolia); o. Khirni (Manilkara hexandra); p. Bullet wood (Mimusops elengi);
q. Mulberry (Morus alba); r. Orange jasmine (Murraya exotica); s. Lotus (Nelumbo nucifera); t.

Nepal fig opuntia (Opuntia ficus-indica).

traditional culture and knowledge, intensive agriculture,
limited research done, inadequate policy support, western
influence, and urbanization (Tomar et al., 2015; Shankar
et al,, 2020). Even though they have many advantages,
research attention or extension activities are meagre.
Hence, the main objective of this review is to survey,
summarize, and annotate the published information about
the angiosperms native and naturalized UEFS of IGP to

identify and make use of this species, particularly for the
sustainable development of this region.

2. Materials and methods

2.1. Protocol for systematic review

This study implements the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
protocol (Mobher et al., 2009; Liu et al., 2021) to review the
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Plate 3. Photograph of some UEFS of the IGP taken during study: a. Indian trumpet (Oroxylum
indicum); b. Passion Fruit (Plassiflora edulis); c¢. Malay gooseberry (Phyllanthus acidus); d. Amla
(Phyllanthus emblica); e. Jungle Jilebi (Pithecellobium dulce); f. Chitki (Securinega virosa); g. Marking
nut (Semecarpus kurgii); h. Sal (Shorea robusta); i. Jangli bhata (Solanum indicum); j. Black nightshade
(Solanum nigrum); k. Jangli Badam (Sterculia foetida); 1. Hirik (Sterculia guttata); m. Watery rose
apple (Syzygium aqueum); n. Mountain Apple (Syzygium jambos); o. Jamun spp. (Syzygium spp.); p.
Jamun (Syzygium cuminii); q. Wax apple (Syzygium samarangense); r. Black Myrobalan (Terminalia
chebula); s. Giloy (Tinospora cordifolia); t. Tin koli (Ziziphus rugosa).

published information pertaining to the angiospermic
native and naturalized UEFS of the IGP. The outline
map of the study area is presented in Figure 1. A
systematic review was executed using the flow diagram
(Figure 2, adapted from Moher et al. (2009)). An
exact explanation and categorization of major and
underutilized (minor) fruits are perhaps difficult as
of complexity and it depends on multiple factors such

448

as availability, awareness, consumption, distribution,
exploitation, knowledge, popularity, production,
and utilization (Tripathi, 2019). Our definition of
UEES excludes species that falls under widespread to
moderate commercial importance category and species
which has been widely naturalized, cultivated, and well
known in the IGP of Indian subcontinent. For instance,
Tamarindus indica is well known, widespread, and
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Figure 1. Outline map of the study area.
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Figure 2. Flow diagram of UEFS of IGP (adapted from Moher et al. (2009)).

widely naturalized in southern India while in other
parts of India including GP it still falls under the UEFS
category (Mahapatra and Panda, 2009). However, this
review includes only a lesser known, lesser distributed,
underutilized, undomesticated, and wild edible fruit
species from forests, agroforestry systems, gardens,
vacant, and other marginal lands (Figure 3).

2.2. Survey and analysis

In this analysis, we examine the literature focused
on angiospermic native and naturalized UEFS of the
IGP. We reviewed published articles, book chapters,
and scientific reports to analyze the ethnomedicinal/
traditional/indigenous use, growth pattern, and
seasonal availability of UEFS in the IGP. Our

search keywords are forest fruits, wild edible fruits,
underutilized fruits, and lesser-known fruits, and we
used Google, Google Scholar, J-Gate, Scopus, and Web
of Science for our searches. The total of 542 articles
which includes the UEFS conservation, documentation,
ecology, economics, and ethnobotany in topics of
agriculture, botany, environment, forestry and climate
change studies, food science, horticulture, medicinal
and aromatic plants, social science, and urban studies
were considered. Finally, 211 articles were included in
the synthesis after the exclusion of duplicates (N = 158),
based on criteria (N = 120) and other reasons (N = 53)
(Figure 2). Following the guidelines of Sardeshpande and
Shackleton (2019), articles concerning the nutritional
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Figure 3. Constraints of UEFS.

value, toxicity, historical and horticultural records, and
pharmacology of UEFS were excluded based on certain
criteria. From these excluded 331 articles, some related
to nutrient composition, evolution, genetics, chemistry,
pharmacology, toxicology, immunology, medicine, etc., of
UEFS were considered an accessory literature to strengthen
our systematic review. The published scientific names of the
UEEFS were verified from online sources such as Plantlist?
and International Plant Names Index’. The recorded
species were divided into eight categories as per the IUCN
conservation status namely not evaluated (NE), data
deficient (DD), least concern (LC), near threatened (NT),
vulnerable (VU), endangered (EN), critically endangered
(CR) and extinct in the wild (EW) and verified from the
TUCN* The information from the literature found from the
mentioned sources was used to prepare a comprehensive
list of species with scientific names, common names,
family, life form, origin, flowering and fruiting time, state-
wise distribution, nutritional status, uses, products, other
significance, TUCN status and sources (Table 2).

3. Results and discussion

3.1. Diversity of the UEFS

The systematic review resulted in a repository of 371 fruit
species, belonging to 197 genera in 85 families. Among 85
plant families, at least the top 10 families have been found
to be dominant in the IGP which was represented by the
maximum number of UEFS (Figure 4). Further, our habit-
wise analysis has revealed that around 268 species (72%)
were trees, 52 species (14%) were shrubs, 20 species (5%)
were herbs, and 32 species (9%) were climbers (Figure 5).
Among these fruit species, 341 species (92%) were native
and 30 species (8%) were naturalized to the IGP (Table
2). A maximum number of species was recorded in West
Bengal (342 species), followed by Bihar (219 species),
and a minimum (149 species) in Uttar Pradesh. The
recorded 371 species were divided into eight categories
(Figure 6) namely NE (115 species), DD (eight species),
LC (185 species), NT (21 species), VU (21 species), EN
(16 species), CR (four species), and EW (one species). The
present study categorized 115 UEFS species under the NE

2The Plant List (2013). Version 1.1 [online]. Website http://www.theplantlist.org/ [accessed 15 March 2023].

*IPNI (2024). International Plant Names Index [online]. Website http://www.ipni.org, The Royal Botanic Gardens, Kew, Harvard University Herbaria

& Libraries and Australian National Herbarium [accessed 15 March 2023].

4IUCN (2024). The IUCN Red List of Threatened Species. Version 2023-1 [online]. Website https://www.iucnredlist.org [accessed 21 April 2023].
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Figure 4. Statistics of top 10 families of UEFS of the IGP which is
represented by maximum number of species.

Figure 5. Habit-wise species distribution.
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Figure 6. Conservation status of UEFS of IGP as per IUCN categories.

category which needs further extensive survey to enlist
under the IUCN conservation list for future conservation,
research, and developmental initiatives at the local and
regional levels. The literature studies confirmed that,
of the total 371 species of UEFS recorded, most of the
species reported to have medicinal and economic values
but few species were observed to be extremely rare and
threatened in their native or naturalized habitat, which
needs immediate conservation initiatives for scientific and
sustainable conservation, production, and utilization.

Many studies have provided a comprehensive review
of UEFS in the context of World, Continent, India, and
portion of the GP (Verheij et al., 1991; Mahapatra et al.,
2012; Suresh et al., 2014; Singh et al,, 2015). Native and
naturalized UEFS are primarily organic, nutritious and
have huge cultural, medicinal, regulatory, and supporting
values. UEFS constitutes the major source of subsidiary
nutrients to the tribal, forest dwellers, and marginalized
local communities since the cultivar fruits are less familiar
and not accessible to them. On the other hand, urban
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communities are not familiar with the UEFS which tribal
and local communities utilize. Most of the forest dwellers
and tribal populations largely depend on forest resources
for their livelihood and sustenance. Though they collect
a portion of the excessively available fruits from the
forest for their sustenance, huge quantities are wasted as
uncollected. Documentation of indigenous knowledge
on medicinal, therapeutic, and nutritional properties of
UEFS through ethnobotanical studies is significant for the
sustainable bioprospecting, conservation, and utilization
of natural products (Biswas et al., 2018).

3.2. Collection calendar of UEFS

UEFS are mainly collected from forests and other
unmanaged landscapes, and they supplement diverse
nutrient-dense food and also enhance ecosystem services,
livelihoods, and climate resilience (Mahapatra and Panda,
2009; Biswas et al., 2018). The collection calendar includes
the flowering and fruiting periods in the months for
each species were recorded (Table 2) and the additional
details of other species under various families have also
been illustrated in Supplementary Table. The extent of
the collection of UEFS depends on various factors such
as agriculture failure, adverse climatic conditions, erratic
rainfall, famine, war, and other lean times (Mahapatra
and Panda, 2009). In this study, the most concentrated
period of UEEFS collection was from April to August, and
some species were collected year-round. The year-round
availability of UEFS from different species supplements a
diverse and nutrient-dense food supply and enhances the
livelihoods of the dependent communities (Mahapatra
and Panda, 2009). Madhuca latifolia was collected from
March to August (Ajesh et al., 2012; Banarjee et al., 2013);
Mangifera sylvatica was collected from April to September
(Paul, 2013; Abdullah et al., 2020); Licuala peltata was
collected from September to May (Mondal, 2019). Corypha
taliera, a monocarpic species, is presently categorized as
extinct in the wild (EW) under the IUCN Red list category
and few are present in Kolkata, India. The flowering and
fruiting period (October-February) of this species is also
important to develop appropriate conservation measures
to save this species from the extinction in near future
(Johnson, 1998; Paul, 2013; Kour et al., 2018).

3.3. Nutritional status and value-added products of UEFS
UEFS can fulfill the growing need of alternative
bionutritional sources for food and nutritional security
through bioprospecting of these natural products. Many
studies showed the significance of UEFS as an important
source of nutrient for rural poor and tribals (Mahapatra
and Panda, 2009; Suresh et al., 2014; Tomar et al., 2015).
The nutritional values of many UEFS such as Mimusops
elengi for carbohydrate content, Ziziphus rugosa for sugar
content, Bridelia tomentosa for protein content, Terminalia
citrine for vitamin C content were found to be at par with
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the domesticated popular fruits such as banana, guava,
mango, papaya, strawberry, and various other fruits
(Mahapatra et al., 2012). Higher total soluble solid (TSS),
amino acids, vitamins, minerals, and antioxidants of UEFS
are reported globally (Deshmukh and Waghmode, 2011;
Mahapatra et al., 2012; Suresh et al., 2014; Biswas et al.,
2018). UEFS have been found to improve household food
and nutritional security under normal circumstances
as well as during food scarcity in both rural and urban
contexts (Mahapatra and Panda, 2009; Biswas et al., 2018).

UEFS would facilitate small-scale commercial
production of value-added products in rural poor and
tribal communities and also help in promoting food
security, doubling farmers’ income, reducing postharvest
losses, and contributing to the sustainable development of
the dependent communities. Many studies demonstrated
the production of good quality dry fruits, jams, juices,
and other drinks using simple procedures that are suitable
for small-scale commercial production. Many UEFS are
used in pickle preparation by the indigenous tribes and
pulp is used for making jam, jelly, wine, and refreshing
drinks. Seeds of some UEFS are used for the extraction of
crude oil for culinary (e.g., Carallia brachiata, Diploknema
butyracea, Garcinia xanthochymus, Madhuca latifolia
and Terminalia chebula), medicinal (e.g., Atalantia
monophylla, Gynocardia odorata, Hodgsonia macrocarpa,
Sterculia foetida and Terminalia bellirica) and many other
purposes including cosmetics, fuel, and manufactured
products. Most of these species are used as an ingredient
in the preparation of Triphala, Chavanprash, and other
Ayurvedic formulations such as Asava and Arishta.
Information on the nutritional properties of most of the
UEFS lacks details regarding their economic potential,
nutrition, utility, and storage capability. These aspects
are the least researched and unfamiliar, except for their
consumption value and taste (Mahapatra et al., 2012). The
present study indicates the scope of using UEFS for dietary
supplements since it has valuable ingredients such as Fe,
Na, K, Ca, and several others. Physicochemical analysis
of UEFS aids in the provision of developing new varieties
(Mahapatra et al., 2012).

3.4. Contribution to food security and livelihoods

The contribution of UEFS to food security and livelihoods
of the dependent community is well documented even
during erratic times such as agriculture failure, adverse
climatic conditions, unpredictable rainfall, famine, war,
and other lean times (Jeeva, 2009; Mahapatra and Panda,
2009). Most of the UEFS are available around the year
and they supply diverse nutrient-dense foods to the
dependent communities. Rural and tribal communities
in many regions of the world depend on wild resources
including UEFS to meet their food and livelihood needs.
These UEFS add diversity to family diet and contribute
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to household food and nutritional security along with
livelihood improvements. Improving the food value
can be a commendable step towards ensuring food and
nutritional security as it further strengthens the education,
employment, and health sectors, small-scale industries,
tourism, transportation, and socioeconomical status,
women empowerment, etc. Grading, processing, value
addition, and packaging are the important practices to
fetch better prices in the market. A considerable quantity
of UEEFS is wasted due to the lack of adequate storage
facilities. This waste can be significantly reduced by using
advanced and appropriate storage facilities. These UEFS
can be processed into various products, including dry
fruits, pickles, jams, jellies, juices, wines, and numerous
others, through the application of traditional knowledge
and advanced techniques. The quality and shelf life
of the products could be improved considerably and
reduce postharvest losses with the application of modern
techniques such as solar drying, electric tray dehydration,
pretreatment techniques, and several other methods
(Meghwal and Singh, 2016). The application of postharvest
value addition technologies may result in the development
of small-scale industries which provide livelihoods to the
rural masses throughout the year.

3.5. Other significant uses

Apart from the edibility, most of these UEFS are
multiuse biological resources that have potential for
cosmetic, medicinal, nutraceutical, ornamental, religious,
therapeutic, wood, nonwood, and other ancillary
purposes (Jeeva, 2009; Mahapatra and Panda, 2009). For
example, Gynocardia odorata, Hodgsonia macrocarpa, and
Terminalia bellirica are used for medicinal, cosmetics,
and manufactured products (Table 2 and Supplementary
Table). Species such as Bridelia tomentosa, Carissa
carandus, and Ziziphus rugosa are highly recognized for
their nutraceutical values and Aegle marmelos, Ficus
religiosa, and Limonia acidissima have strong folklore
and religious connections. Species such as Grewia
asiatica, Morinda angustifolia, and Stixis suaveolens are
used for aromatic and beverage purposes (Table 2 and
Supplementary Table).

3.5.1. Medicinal and therapeutic potentials of UEFS

UEFS is used in the treatment of a wide range of ailments
as they are rich sources of antioxidants, minerals, and
vitamins. For instance, some fruits rich in vitamin C are
easily assimilated by the human body and have great
antioxidant properties. Thus, they can be used to cure
insomnia, scurvy, and constipation, and rejuvenate skin
cells and hair growth. Phytochemicals of some UEFS
possess diuretic, antibacterial, and antifungal properties
and nematode toxicity. For instance, a decoction from the
root and bark of wild ber is beneficial in the treatment of
dysentery, diarrhea, sore throat, and bleeding gums (Kour

et al., 2018). Bael fruits are rich in marmelosin active
constituent which acts as an astringent, cardiac depressant,
diuretic, laxative, and stomachic and these fruits are also
used as a common home remedy for diarrhea, digestive
disorders, and dysentery (Mahapatra and Panda, 2009).
The kernels of chironji yield light yellow oil, a substitute
for olive or almond oils in folk medicine and this seed oil
is applied to glandular swellings of neck, itching, and other
skin complaints (Mahapatra and Panda, 2009). UEFS
such as Atalantia monophylla, Diploknema butyracea,
Pandanus odorifer, Protium serratum, Sterculia foetida and
Terminalia bellirica are used for numerous therapeutic
advantages (Mahapatra and Panda, 2009; Paul, 2013).
In addition, these UEFS possess comparatively more
nutrients than major fruits; hence, they are used to treat
many nutrient deficiencies and other ailments (Meghwal
and Singh, 2016).

3.5.2. UEFS association with culture, folklore, and
socioeconomy

UEFS has been integrally associated with the culture,
socioeconomy, and folklore of indigenous people.
Approximately 7000 species of UEFS are documented
globally (Grivetti and Ogle, 2000). Out of which, 1000
species were identified in America, 1200 species in Africa,
and 800 species in Asia (Verheij et al., 1991). Out of 800
species, approximately 371 species (present study) are
prevalent in the IGP. Tribals of various ethnic groups such
as Kols, Gonds, Oraons, Mundas, Santals, Tharus, and
others are predominant in the various parts of the IGP
and follow traditional farm practices (Table 1). Most of the
UEFS are used in their diverse and seasonal diets, often
shared among each other or sold in local markets. Tribal
and rural poor are accustomed to consuming UEFS in a
variety of forms, including raw, pickled, boiled or cooked
with other dishes (Shankar et al., 2020). In numerous
developing nations, wild fruits are often the only fruits
consumed by rural poor and tribals as they cannot afford
cultivated commercial fruits (Mahapatra et al, 2012).
Some UEFS have commercial values while others possess
medicinal, religious, or sociocultural values. Hence, there
is a need for further research on domestication, as well as
ex situ and in situ conservation.

Earlier studies have demonstrated that different tribe
communities used various wild fruits for different purposes,
showing the diversity of knowledge among the indigenous
people from region to region and nation to nation (Grivetti
and Ogle, 2000; Deshmukh and Waghmode, 2011). The
knowledge and utilization of UEFS depends on availability,
habit, habitat, frequency of food shortages, and people’s
way of life in terms of their social (including age and
gender perceptions), cultural, religious (for e.g., sacred
groves), and economic domains (Suresh et al., 2014; Kour
etal,, 2018). In India, some species such as Aegle marmelos,
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Limonia acidissima, Ficus sp., and many other species have
strong connections with culture, folklore, and religious
beliefs. Nowadays, this traditional culture and knowledge
are losing significance due to Western influence, intensive
agriculture, and urbanization, resulting in the degradation
of harmonious relations among biodiversity, farming, and
folklore. Hence, it is imperative to renew, document, and
utilize traditional knowledge systems for socioeconomic
benefits and environmental balance.

3.5.3. Ecological and environmental implications

UEEFS also have numerous socioeconomic and ecological
advantages in addition to food, nutrition, medicinal, and
therapeutic advantage. Most of these UEFS contribute
to the diversity of flora and fauna of the region and
offer potential niches to various biotas. UEFS are being
exploited continuously and unscientifically from the
wild without any conservation efforts to propagate
them. Promoting and domesticating these UEFS not
only improves nutritional and livelihood security to the
local and dependent communities but also helps in situ
conservation and well-being of the ecosystem (Singh et al.,
2015). These underexploited species, therefore, need to be
studied, which could help in selecting promising species
for inclusion in various afforestation and reforestation
programs that have so far focused only on timber yielding
species (Mahapatra et al., 2012). Integration of UEFS not
only improves food and nutritional security for humans
but also helps in sustaining wild macro- and microfauna
such as frugivore, herbivore, and many others. Apart from
wood and nonwood products such as timber, dye, fibre,
gum, honey, and resins, UEFS are also used for various
purposes such as aromatic and beverages (Grewia asiatica,
Morinda angustifolia and Stixis suaveolens), birds and bee
foraging (Ehretia acuminate, Elaeagnus pyriformis and
Syzygium cuminii), fodder (Artocarpus lacucha, Meliosma
pinnata, and Morus alba), fuel (Borassus flaballifer,
Ficus semicordata, and Muntingia calabura), aesthetic
and ornamental purposes (Phoenix rupicola, Prunus
cerasoides, and Syzygium jambos). These UEFS have also
been acknowledged as critical resources for long-term
ecological security as they provide multifarious ecosystem
services, grow in varied climatic conditions, and are
resistant to biotic and abiotic stresses (Suresh et al., 2014;
Mahapatra et al., 2012). Such species are encouraged for
commercial production, which plays a significant role
in maintaining ecological balance and environmental
stability through carbon sequestration, nitrogen fixation,
phytoremediation, and soil and moisture conservation.

3.5.4. Potential of further improvement

The narrow altitude difference, coupled with varied
tropical to subtropical biogeographic conditions, was
found in the IGP. This region is home to variability, variety,
and depository of genetic resources of our country, where
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many species originated and are reported to occur in the
tiny sporadic tropical-subtropical forests of the GP and the
foothills of the Himalayas (Shankar et al., 2020). Most of
these UEFS thrive well under adverse climatic conditions
and are good sources of several desirable, resistant, or
tolerant genes for various biotic and abiotic constraints.
These genes can be transferred to cultivated species using
various intergeneric or interspecific breeding programs.
For instance, Prunus nepalensis, commonly known as
Khasi cherry, is resistant to collar rot and powdery mildew
(Pareek et al., 1998). The environment plays a significant
role in the biosynthesis of plant bioactive compounds and
these compounds in fruits grown in one province may
differ from those in the other region. Some fruits like
Diospyros spp. have an astringent taste, which leads to
low consumer preference. This can be improved through
natural ripening and genetic improvement. Therefore,
further investigations into the nutritional aspects,
consumer preference, and genetic improvement of these
UEFS are vital concerns.

3.6. Promotion of documentation, cultivation,
utilization, and marketing of UEFS

The role of UEFS is now widely recognized, yet
unfortunately data available on their documentation,
composition, cultivation, marketing, and utilization is
scanty and sporadic (Suresh et al., 2014). Hence, further
studies are needed to ensure that they become well-
known to everyone and, in return, aid in the conservation,
development, and production of native and naturalized
biodiversity. Nexus among conservation, cultivation,
documentation, marketing, and utilization is important
to achieve adaptability, productivity, and sustainability of
UEFS integrated cultivation practices.

3.6.1. Documentation

The documentation of some UEFS, namely amla, bael,
ber, fig, jamun, wood apple, and many others, is found in
various ancient literatures, including Charaka Samhita and
Vrikshayurveda from the 4th century BC to the present
(Mahapatra and Panda, 2009). Keeping records will help in
assessment, cultivation, domestication, improvement, and
sustainable utilization which can diversify food and enrich
the livelihoods of rural poor and tribals (Mahapatra et al.,
2012). Also, documentation helps to surmount biodiversity
loss and conservation of these valuable bioresources (Laha
et al., 2018). There is a need for the scientific collation and
validation of traditional knowledge available in Vedas,
Grantas, Vrikshayurveda, and numerous other sources.

3.6.2. Cultivation

In ancient Indian times, natural resource-based traditional
cultivation was practiced in collaboration with the
indigenous knowledge and experience of the practitioners,
which safeguards the nation of low population with food
security and ecological balance. In recent times, the
rapid increase in population, which ancient agriculture
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was unable to sustain, and the Green Revolution in
India, which emerged in the mid-60s in response to the
postindependence demand for food, have come into
focus. The overuse of chemical fertilizers, pesticides, and
numerous other synthetic substances, with the objective
of producing more food from limited land area, has
consciously led India to sacrifice its ecological balance and
environmental safety. Furthermore, numerous indigenous
traditional landraces have been driven to extinction as a
consequence of the introduction of hybrids and GM crops.
Although the Green Revolution has incurred a significant
influence on the agricultural sector, initially boosting crop
productivity from the late 1990s onwards, it has begun to
lose its efficacy due to stagnation in yield, long-term soil
health and environmental deterioration.

Nowadays, people are realizing the potential of UEFS
and the demand for quality planting material is increasing.
To meet this demand, vegetative propagation techniques
such as stem cutting, layering, stooling, and grafting are
viable options for commercial multiplication. Various
fruit crop-based models can be adopted to diversify farm
income, minimize the risk, and enhance productivity.
Plantation of UEFS should be done at closer spacing with
locally available perennial organic mulches and proper
management of the canopy. This approach can double
productivity and income, leading to better livelihoods
(Singh et al., 2020). Species such as Eugenia rothii,
Mimusops elengi, Ziziphus oenoplia, Ziziphus rugosa,
Bridelia tomentosa, and Carissa carandus were great
sources of minerals and micronutrients. Therefore, they
were used as promising species for promoting farming
systems suffering from crop loss, food shortage, and chronic
malnutrition. Intercropping during the initial years of an
orchard of bael, chironji, wood apple, and jamun had no
adverse impact on plant growth up to seven years. This can
be extended to three more years if the spacing is increased
to 10 m x 10 m, which can be expected to increase an
income 2-3 times higher (Singh et al., 2020). Generally,
the productivity of native and naturalized UEFS of the IGP
is very low compared with other major fruit crops grown
in India; this might be attributed to the low productivity of
soil, species established through natural regeneration, and
eventually bearing fruits with inferior quality after a long
gestation period. Hence, to solve such major constraints,
there is a critical need to develop improved varieties and
package of practices, and further demonstrate and expose
the established fruit-based farming models to the growers
for popularizing the UEFS.

3.6.3. Utilization

UEFS are eaten worldwide as raw, unripe, and cooked
forms as it covers the greatest area (FAO, 2011).
However, its consumption has gradually decreased due
to the introduction of exotic fruits, undervaluation and

utilization of native fruits, overpopulation, urbanization,
deforestation, intensive agriculture, and numerous other
factors (Deshmukh and Waghmode, 2011). UEFS have
been playing a dual role in supplementing the community
with food and income and buffering food rescuing lives
during food shortages and famines (Grivetti and Ogle,
2000). In a community, their traditional knowledge,
demand, availability in terms of duration and distance,
tastes, and preferences influence the exploitation of UEFS
in a particular area. Poverty and undernourishment are
prevalent in the IGP, while the present study hints that
the UEFS can help to substantiate the food and nutrition
security in this region. Hence, there is a need for a strong
linkage between nutritious food security and biodiversity
for the formulation of policy support to promote the
utilization, value addition, and conservation of UEFS
(Grivetti and Ogle, 2000).

3.6.4. Marketing

Improvement in infrastructure and processing technology
will be needed for cleaning, grading, drying, cooling,
storage, and handling of produce to improve their quality
and self-life, reduce losses and cost of transportation,
and to increase income and employment opportunities,
particularly in rural areas. Promoting UEFS-based
small food industries will contribute to sustainable
rural development by providing manyfold employment
opportunities in agro-based industries, packaging, storage,
preservation, transportation, marketing, and various
other sectors. In addition, a detailed survey is needed
for exploring market potential and developing linkages.
Furthermore, creating awareness and providing training
to various stakeholders through various central and state
government schemes helps to gain a proper marketing
strategy. There is a need for financial, policy, scientific, and
technical support for the effective marketing of UEFS.

3.7. Implications for LDN

Earlier studies show a successful restoration of various
degraded and denuded ecosystems such as degraded
forests (Babu et al., 2009), mined areas (Ahirwal and
Pandey, 2021), and marginal and wastelands (Ghosh et
al., 2021). Successful long-term case studies, research
collaboration from various disciplines, and integration
of practitioner and policy support are important to
achieve LDN with the help of restoration science. The
degradation and denudation of forest ecosystems mainly
through anthropogenic activities is a major driver of
biodiversity loss, carbon (C) emission, and uncertainty of
food and livelihood for forest-dependent communities.
Greenhouse gases such as carbon dioxide (CO,), nitrous
oxide (N,O), methane (CH,), carbon monoxide (CO),
chlorofluorocarbons (CFC), etc., increase the earth’s
temperature; among them, CO, is the key gas playing role
in global warming, which leads to climate change (Lal,
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2004; Sarkar et al., 2020). These climate-change induced
floods, droughts, etc., are degrading soil productivity, crop
yields, and environmental quality (Rakesh et al., 2019).
Additionally, human-induced intensive agriculture is also
degrading the productive soils (Srinivasarao et al., 2021).
According to the data published by the Indian Council
of Agricultural Research (ICAR) and National Academy
of Agricultural Sciences (NAAS) in 2010, there is about
120.72 Mha of land degraded out of 328.73 Mha. Thus,
sequestration of atmospheric C would be the possible
solution for improving soil quality, yield sustainability,
and climate change mitigation (Lal, 2004; Rakesh et al,,
2020; 2022a). Planting trees through agroforestry would
help in achieving restoration of degraded lands (Rakesh
et al., 2022b), and plantation forestry helps in improving
the soil C sequestration and nutrient dynamics through
continuous litter fall (Dinesha et al., 2020; 2024).
Restoration of ecosystems degraded due to mining is a
more challenging task than degraded forests or wastelands
because of inadequate hydrological and topographical
features and soil physicochemical and biological properties
(Ahirwal and Pandey, 2021). Successful afforestation or
reforestation measures mainly include assisted natural
regeneration, planting or sowing of native seeds or
promising naturalized species, improving edaphic and
topographic factors, drainage, and hydrological features,
and protecting from various biotic and abiotic damages
such as fire, flood, grazing, and invasive species (Babu et
al., 2009). The most prominent effects on the success of
restoration of the planted native and naturalized species
depend on the climate, existing natural vegetation,
hydrological features, and soil quality. The reclamation,
rehabilitation, and restoration of degraded ecosystems
such as marginal and wastelands have intensively been
studied in India and provided effective methods for
the management of degraded marginal and wastelands
(Babu et al,, 2009; Ghosh et al., 2021). However, region-
specific models are vital for effective restoration through
vegetation intervention in various geographical regions
of India including the IGP. These UEFS like bael, jamun,
tamarind, chironji, khirni custard apple, etc., are climate
smart, meaning they can survive in harsh climates and
can be established on degraded lands (Singh et al., 2020).
UEFS have great potential for establishment on marginal
and wastelands throughout the GP region. These resilient
fruit species apart from feeding humans also augment
biodiversity, ecosystem, and landscape. This study suggests
the integration of these native and naturalized UEFS for
achieving Indias national commitment to LDN. Of the
196 countries, 123 countries committed to LDN including
India as they participated in the 14th Conference of Parties
(COP14) to the United Nations Convention to Combat
Desertification (UNCCD) in 2019. India, therefore,
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committed to 26 Mha of degraded land to restore land
productivity and ecosystem services by adopting a
landscape restoration approach. The integration of UEFS
to achieve LDN through afforestation or reforestation in
various degraded, denuded, and marginalized ecosystems
has been illustrated in Figure 7. The study we have
conducted is based on data from published literature;
further fieldwork is needed for cultivational aspects,
in-depth analysis of biochemical characteristics, and a
record of indigenous knowledge through ethnobotanical
investigations.

3.8. Current status: risks and conservation

The convention on biological diversity recognizes the
sovereign right of each country over their biodiversity, and
it is therefore necessary to strengthen their scientific and
technological capabilities to ensure this sovereignty (Prakash,
2011). Documentation, evaluation, and prioritization of
endemic, endangered, and threatened plant species and
their conservation for sustainable utilization is a vital
concern (Singh et al., 2020). UEFS have remained neglected
in many regions of the country, including the GP, and some
of the genetic resources of these species are still available in
outfields or forests. Apart from this, some are in the hands
of tribals and local communities, and they use it solely for
their subsistence while also protecting it as part of their
folkloric responsibilities. The diversity of some of the UEFS
is yet to be explored and there is a discontinuity between the
species and regions in terms of scientific research, collection,
documentation, and sustainable utilization. There is a need
for intensive species-specific surveys and explorations in
target variability pockets in diversity-rich areas of the IGP for
systematic evaluation, characterization, and conservation of
indigenous germplasm. Some of the improved varieties such
as bael, jamun, chironji, and tamarind need to be planted on
a commercial scale at farmer’s field with assured incentives
and technical support. There is a need for scientific,
technical, financial, and policy provisions for maintaining a
large number of diverse germplasms of UEFS of the IGP in
the field repository.

3.9. Researchable issues and the way forward

Research work on UEFS should be expanded (Figure 8)
in order to maximize output and economy and overcome
disease and pest problems. Furthermore, linking policy
makers, researchers, and practitioners may build a
strong association between Indias national policies and
ecosystem restoration initiatives. Nutrition surveys need
to be carried out at various levels to understand the use
of native and naturalized UEFS in food and nutritional
security. Awareness and education about nutrition may
help to improve the diversity and quality of complementary
foods by using locally available native and naturalized food
resources. Further studies are needed for the analysis of
nutritional, phytochemical, and therapeutic properties that
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Land Degradation Neutrality: Concept and principles for integration
of Underutilized Native and Naturalized Edible Fruit Species
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Figure 7. Integration of UEFS to achieve LDN
through afforestation or reforestation.
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Figure 8. Researchable issues and the way forward.

will benefit society, and additional studies will also help to
improve knowledge about these species’ habitats according
to the climatic zones of the IGP. Development of improved
varieties, quality planting materials and seeds, extension
services, postharvest management, preservation, marketing,
and transport are vital concerns. Studies on exploration,
collection, documentation, and utilization of UEFS would
be useful in selecting underutilized nutritious fruit species
from wild resources of the IGP. Further research is needed
on extension services in terms of creating awareness about

new technologies, providing the latest information, and
conducting field demonstrations and training programs
for the growers. Furthermore, a detailed survey is needed
to explore market potential and developing linkage. The
intensive species-specific surveys and exploration in target
variability pockets in diversity-rich areas of the IGP will be
useful for inventory and management purposes. States of
the IGP should come up with a clear-cut policy to encourage
and promote cultivation, marketing, and utilization of
UEFS.
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4. Summary and conclusion

UEFS play a vital role in the food and nutrition of the
people and have potential nutraceutical properties. Many
of these enlisted species were economically potential such
as edible, medicinal, ornamental, timber, and many other
uses. There is a need for coordinated research efforts
for the survey, documentation, evaluation, cultivation,
and conservation (ex situ and in situ) of UEFS. The
inclusion of UEFS through afforestation or reforestation
will be effective for conservation and popularization
through awareness and providing suitable standardized
cultivation practices and developed technologies through
training and demonstrations. In addition, developmental
activities like supply of quality planting materials and
processing units for gear-up of their value-added products
at commercial levels through small-scale industries,
self-help groups, and farmer-producer organizations
are considered necessary. The government should also
actively participate in this regard by providing necessary
inputs, technical support, and policy interventions
through various schemes for the establishment of
commercial orchards of these underutilized fruit trees.
These fruits are highly adaptable and show resistance
to various insect pests and diseases; hence, pesticide
and other chemical requirements are almost negligible.
Thus, they can fit well into organic and natural farming,
as they require less attention from the cultivars. On the
other hand, the government is giving more emphasis on
promoting indigenous species through the slogan ‘vocal
for local” and ‘local for global.

There is a gap between national or state policies and
restoration initiatives in India. Replacing natural forests
with fast growing nonnative species for timber and other
purposes may support economic development but at the
cost of losing valuable biodiversity and various ecosystem
services. Many studies and projects are already available
at the national and state levels. However, we lack region-
specific technologies that are accepted by the poor farmers
with fragmented land holdings and fewer technological
inputs. This must be considered by the government
while framing policies for sustainable, environmental,
and economic developments, so that we can connect
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