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Abstract: Guava is an exotic fruit crop in India, and its occurrence in wild forests in the mid-hills
of the Himalayas is a rare and unique phenomenon in its distribution. In the Ramganga valley of
Pithoragarh district, Uttarakhand, a naturalized population of guava (in wild habitat) was chanced
upon beside cultivated guava, hence a study was conducted to assess the population structure,
phytosociology, diversity distribution patterns, and fruit variability of the guavas. Various ecological
parameters like frequency, density, abundance, and A/F ratio were used to study the guava and
associated species including tree seedlings in five selected sites. The highest Shannon diversity values
(H = 0.367) for guava were found at Pipaltar village. Significant variability was recorded for the fruit
color (pale yellow, dark yellow, pink, and whitish), fruit shape (long, round to pear-shaped), fruit
length, fruit diameter, fruit weight, pulp color (white to pink), fruit maturity, and total soluble solids
(TSS) content of fruits sampled from different sites. The population of maximum similarities and
divergence was categorized. The present study highlights that guava is regenerating successfully
in the mid-hills of Uttarakhand and that the introduction of guava in the region is not affecting the
diversity of other indigenous species.

Keywords: Psidium guajava; mixed forest site; population structure; diversity indices; IVI

1. Introduction

Guava (Psidium guajava L.) originated in tropical America, where it is still found
cultivated and wild [1-4]. It has spread across the globe, particularly in tropical regions
such as Brazil, Bangladesh, China, India, Indonesia, Egypt, the Philippines, Nigeria, and
Thailand. It is a shallow-rooted small tree that can grow up to 30 feet tall. It has spreading
branches that sometimes reach close to the ground, especially when the tree is heavily
laden with fruit. In many parts of the world, including India, guava is known as “poor
man’s fruit” or the “apple of the tropics” and is consumed both fresh and processed [5].
The genus Psidium comprises approximately 153 species of trees, including 20 species that
produce edible fruits [6].

In India, guava is known by various local names such as “Amrud” in Hindi, “Peraka”
in Malayalam, “Jamrukh/Jam phal” in Gujarati, “Jama pandu” in Telugu, “Seebe/Sibe
hannu/perale” in Kannada, “Payara” in Bengali, “Amrud” in Punjabi, “Peroo” in Marathi,
“Koyyapazham” in Tamil, “Peron” in Konkani, and “Pijuli” in Oriya.

In India, guava was first introduced by the Portuguese in the 17th century [3]. It
has regenerated and spread in India and diverse populations have evolved over the last
four centuries. Guava is reported to be self-pollinated to the tune of 35-40% [7]. Cross-
pollination yields substantially more fruit than self-pollination and restricted pollination [8].
Researchers [9] have reported the maximum fruit set (87.72%) under open pollination.
Cross-pollination has resulted in rich population diversity, and the species has now spread
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to most of the tropical and subtropical regions of the country. The evolved diversity has
been screened by various workers and several varieties of guava have been developed for
different agroclimatic zones through simple selection. The available diversity in India has
been studied by various workers using molecular markers. Naga Chitanya [10] studied the
available diversity of 72 accessions of guava from India using SSR markers and reported
the rich diversity of guava germplasm in the country. Gangappa [7] studied 28 guava
germplasm lines maintained at IARI New Delhi for 33 morpho-biochemical traits using
molecular markers and reported sufficient genetic variability for the studied traits.

Guava is a cost-effective and rich source of various nutrients and minerals. Guava fruits
contain 13% carbohydrates and significant amount of vitamin C (228 mg ascorbic acid /100 g),
vitamin A (140 mg retinol equivalent/100 g) and minerals such as calcium, phosphorus and
iron [11]. The vitamin C content is three times higher than that of citrus [12]. Researchers [13]
have reported that during fruit processing, 30 percent of the by-products are a useful source
of dietary fiber (soluble and insoluble), vitamins (A, E, 3-carotene), minerals (selenium,
zinc), proteins (transferrin, ceruloplasmin, albumin), antioxidants, flavonoids, flavonols,
and condensed tannins. Some of them are present in higher concentrations in the by-
products than in the pulp; they force us to reconsider the current use of by-products.
India is the largest producer of guava in the world, producing 45.82 105 metric tons of
fruits from a 3.08 105 ha area [14]. The major guava-growing states in India include Bihar,
Chhattisgarh, Madhya Pradesh, Odisha, Uttar Pradesh, and West Bengal. The highest
guava productivity is in Andhra Pradesh (24.12 t/ha), followed by Punjab (22.5 t/ha),
Assam (21.84 t/ha), Madhya Pradesh (19.52 t/ha), and Uttar Pradesh (18.75 t/ha) and
Uttarakhand 5.63 t/ha [15].

In Uttarakhand, horticultural crops such as guava, mango, banana, apple, peach,
oranges, citrus, and mulberry are grown extensively. Agriculture, forest products, and
wild edible plants form the major sources of livelihood and food security for the state’s
inhabitants. The state’s plant richness, particularly the diversity of forest species, is used
for various purposes, including edible vegetables, fruits, medicine, aromatics, wood, and
several non-woody forest products [16,17]. In the Pithoragarh region, forests are dominated
by Pinus roxburghii and Quercus spp., particularly in the mid-hills as a pure patch but
mostly mixed with other broad-leaved species in hills and valley areas where they are
closely associated with Mallotus philippensis, Sapium insigne, Pyrus pashia, Murraya koenigii,
and Woodfordia fruticosa, etc. In November 2021, a team of NBPGR scientists conducted
an exploration in the Muwani and Pipaltar areas of Pithorgarh, wherein a naturalized
population of guava was identified in the wild habitat along with the forest community
in the Ramganga valley of the Pithoragarh district, Uttarakhand. Guava has also been
naturalized in several countries [18,19]. It has spread quickly in most of the areas of its
introduction, and in some countries, it is now considered as an invasive weed threatening
the endemic flora. The species was introduced into the Galapagos Islands in the late 19th
century [20]. It has spread both in cultivated as well as non-cultivated and forest areas
and is now considered as an invasive weed in the Galapagos Islands [20-23]. In the New
Zealand archipelago also, P. guajava has become as invasive weed and a threat to the native
species diversity [24]. In Tanzania and Kenya, guava is regarded as one of the worst
invaders invading unused sites [25].

In view of the importance of guava germplasm and the associated risk of its intro-
duction, this study was conducted with the following objectives: (i) to understand the
history and habitat status of the naturalized guava population in the wild; (ii) to assess
variability in fruit parameters; (iii) to conduct a phytosociological analysis of the vegetation;
and (iv) to carry out a quantitative assessment of ecological parameters.

2. Materials and Methods
2.1. Study Area

The study was conducted in the Ramganga valley in the Pithoragarh district of Ut-
tarakhand, where a naturalized population of guava (P. guajava) coexists with mixed forest
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species located between 28.48° and 30.68° N latitude and 79.53° to 81.19° E longitude. The
area features a narrow altitudinal gradient ranging from 750 m to 1350 m above mean sea
level, with a sub-montane climate and undulating topography with gentle slopes on the
north, north-eastern, and north-western faces and somewhat steep slopes on the south
and south-western faces. It is situated in the middle Himalayan region of the state, about
150 km away from the plains of the Gangetic region. These valleys are rich in agro-diversity,
wild edibles, crop wild relatives, and cultural/ethnic diversity.

The study area was divided into three habitats: cultivated land (used by farmers for
growing agri-horticultural crops), abandoned land (previously used agricultural lands but
no longer in use due to farmer relocation or degradation from intensive land use), and wild
habitat (natural vegetation with guava populations on steep hill slopes). Five sites were
investigated for fruit variability parameters, plant community structure, and population
dynamics: Site-I (Barla, wild habitat), Site-1I (Pipaltar, abandoned land), Site-III (Barla
village, cultivated land), Site-IV (Murti, abandoned land), and Site-V (Gaina, cultivated
land) (Figure 1).
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Figure 1. Study sites in Pithoragarh district, Uttarakhand.

The area receives about 2000 mm of annual rainfall, with the rainy season (July-August)
accounting for roughly 60% of overall rainfall. The relative humidity varies from 30 to 80%
annually. The mean maximum temperature varies between 4.5 °C (December—January)
and 34.5 °C (May-June), with soil types ranging from sandy to course silty, fine silty, and
fine loamy to fine-textured soils among the sites [26]. The study area has a rich diversity
of agri-horticulture crops that have been grown in traditional agroecosystems since time
immemorial. The principal traditional crops are cereals: Oryza sativa, Triticum aestivum, and
Hordeum vulgare; minor millets: Echinochloa frumentacea, Eleusine coracana, and Setaria italica;
pulses: Phaseolus vulgaris, P. lunatus, Vigna mungo, and Glysine max (Kala bhatt); oilseeds:
Brassica rapa var. yellow sarsaon, and B. rapa var. brown sarsaon; spices and condiments:
Curcuma longa, and Zingiber officinale; vegetables: Benincasa hispida, Cucurbita moschata, etc.,
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and fruits: Mangifera indica, Citrus limon, C. sinensis C. reticulata, Psidium guajava, Prunus
armeniaca, P. domestica, P. persica, Musa spp., etc.

2.2. Socio-Economic Data Recorded

To comprehend the socio-economic status of the local people, a questionnaire was
developed based on the parameters used by various institutions [27]. The purpose of this
questionnaire was to gather data on the status of the guava crop, baseline information on
various parameters for on-farm conservation, and information related to the management
of plant genetic resources (PGRs). The questionnaire covered a wide range of parameters
including geographical position, village population, crops grown, guava fruit production,
local consumption, labor cost, distance to markets from villages, the socio-economic status
of villagers, and income derived from guava, among others.

During the field study, farmers were interviewed to gather information on the intro-
duction of guava in the region, the history of wild guava habitats in the area, the quantity
of guava collected from the wild and cultivated areas, the period of availability and regen-
eration of species, and the cropping systems being followed in the area. The study was
conducted across five sites and ten villages, with two villages studied in each site.

2.3. Ecological Sampling and Quantitative Data Analysis

In the selected sites, transects (200 m? to 400 m?) were laid out and random sampling
was conducted using the quadrat method [28,29]. In each site, all trees were individually
measured at breast height (1.37 m from the ground) to record diameter. Across the five
sites, trees were sampled by randomly placing ten quadrats (10 m x 10 m sizes), and
shrubs and seedlings were sampled by 20 quadrats (5 m x 5 m sizes) within the same
transect. The tree and shrub species were identified according to Flowers of the Himalaya
and Flora of Chamoli [30,31]. Data analysis was performed following standard ecological
methods [32]. Vegetation quantitative parameters were estimated based on the ecological
formulae given below:

Total number of quadrats in which species present x 100

Frequency (%) = Number of quadrats sampled
Density — Total individual of a species
Y~ Total number quadrat studied
Abundance — Number of individuals of a species

No. of quadrats in which species present

The importance value index (IVI) was calculated using the formula given by Curtis
and McIntosh [33].

IVI = Relative frequency (RF) + Relative density (RD) + Relative dominance (RDOM)

The ratio of abundance to frequency (A /F ratio) was used to represent the distribution
pattern [34] of the species. A/F ratio values less than 0.025 indicate a normal or uniform
distribution, values between 0.025 and 0.05 indicate a random distribution, and values
above 0.05 indicate a clustered or contagious distribution [34]. The diversity values of
each species and from each site were calculated by using the Shannon diversity index and
Simpson index of dominance [35].

H=-Y_ [(ni/N) In (ni/N)]

where H = Shannon diversity index, ni = individuals of a species, N = total individuals of
all species, and In = natural log.
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Simpson’s index (SD) is a measure of diversity that considers the number of species
present and the relative abundance of each species [36].

SD = ¥ (ni/N)?

where SD = Simpson index of dominance, ni is the importance value index of a species, and
N is the importance value index of all the species.

2.4. Fruit Morphological Parameters Recorded

A total of 200 guava fruit samples were gathered from 40 trees across the sites, with
five fruits sampled per tree and eight trees per site. The physical characteristics of the
guava fruits were assessed following the standard scientific protocols from Sinha and
Sinha [37]. A digital Vernier caliper was employed to measure the linear dimensions of the
fruits, providing the size in millimeters. The total soluble solids (TSS), expressed as °Brix,
were determined using a digital refractometer (PAL-3, ATAGO, Tokyo, Japan). Variability
was recorded for various aspects of the fruit, including maturity, skin color, shape, length,
diameter, weight, pulp color, total soluble solids (TSS), and the number of seeds per fruit.

3. Results
3.1. Guava Cultivation and Socio-Economic Status of the Local People

The questionnaire data reveal that guava was introduced into the area around
120-130 years ago. The seeds were dispersed to forest areas and by birds, monkeys, shep-
herds, and fodder gatherers and the species started regenerating in the area, leading to
the naturalization of cultivated guava in the region (Scheme 1). In Pipaltar and Murti
villages, guava trees were observed regenerating naturally in forest areas through root
suckers (Scheme 1).

The fruit season begins in September with early maturity types and ends in December
with late maturity types. The guava fruit pulp was either white or pink, with local people
mainly preferring the pink-colored, sweet-fleshed fruits for daily consumption. Most of the
local people grow guava for their own consumption and only a few farmers sell it in the
local market at a price of INR 10-15/kg. In the region, some of the problems associated
with guava cultivation were infestation by fruit flies and damage by monkeys and birds.
Farmers expressed interest in continuing its cultivation but desired some incentives in the
form of price support due to fluctuations as the prices go down during a market glut. They
also expressed the need for better market facilities.

In the study area, the survey revealed that the guava population is found in three major
habitats—(i) guava in natural population/forest sites, (ii) guava in the abandoned land
areas near the villages, and (iii) guava in individual home vegetable gardens and adjoining
cultivated land /fields. Both white pulp and pink pulp guava fruits are commonly found in
the area. In the Pipaltar area, during peak production period (September—-November) the
local supply of guava is higher than the demand. Moreover, transportation to nearby cities
such as Pithoragarh, Haldwani, Tanakpur, etc., incurs high labor charges (for transporting
to road head) and transportation costs. The survey included the response of communities
regarding the conservation of guava diversity on farms and in wild habitats. Local farmers
have shown their willingness to extend guava cultivation and expressed interest in high-
yielding varieties. They also felt the need for small scale food processing units in the
villages for making jam, jelly, and other processed food items.
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Scheme 1. Guava in a wild habitat at Barla (A). Saplings and seedlings of guava at the Murthi site (B).

3.2. Variability Analysis in Fruit Characteristics

During the field study, various types of guava fruits were collected to analyze the
variability in different parameters. Both the qualitative and quantitative characteristics
of guava fruit parameters were recorded for a comparative assessment of fruit variability.
Variability was observed in pulp color (white to pink), fruit maturity (early September to late
December), TSS content (7.2-12.2 brix) fruit color (ranging from pale yellow, dark yellow,
pink, to whitish), fruit shape (long, round to pear-shaped), fruit length (34.35-80.7 mm),
fruit diameter (34.05-70.78 mm), and fruit weight (34.45-79.78 g) (Supplementary Material).
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3.3. Analysis of Phytosociological Characteristics and Population Structure

The study quantitatively analyzed three types of guava habitats at five sites on fre-
quency, density, abundance, species association, dominance—diversity pattern, and regener-
ation status. Guava was found distributed in all three habitat types across the five sites. The
highest frequency of guava was observed in an abandoned site at Pipaltar village (40%),
followed by Barla village (cultivated field), and Gaina (cultivated field). In wild habitats,
the frequency was found to be 30%. Other associated tree species had a frequency ranging

from 10% (Aegle marmelos) to 80% (Mallotus philippensis) (Table 1).

Table 1. Population structure of guava and their associate species in different sites of Pithoragarh,

Uttrakhand.
Vgraon (TS commaname PR Py e v
(A/F Ratio)
Trees
Psidium guajava L. Guava 30 0.8 0.089 33.64
Mallotus philippensis (Lam.) Muell. Arg. Kamela dye 80 45 0.070 137.07
I Barla Murraya koenigii (L.) Spreng. Curry leaf 70 2.6 0.053 82.13
(Wild habitat) Sapium insigne (Royle) Benth. Hook.f. Khinna, Khirun 50 0.9 0.036 47.17
Shrubs
Colebrookia oppositifolia Pansre, Binda 60 2.2 0.061 126.45
Woodfordia fruticosa Dhavari 50 12 0.048 87.33
Murraya koenigii Curry leaf 60 1.0 0.028 86.22
Trees
Psidium guajava L. Guava 40 11 0.069 83.40
Jatropha curcus L. Ratanjot 20 05 0.125 29.47
Murraya koenigii (L.) Spreng. Curry leaf 40 0.7 0.044 34.07
IL. Pipaltar Mallotus philippensis (Lam.) Muell. Arg. Kamela dye tree 40 0.7 0.044 42.23
(Abandoned land) Sapium insigne (Royle) Benth. Hook.f. Khinna, Khirun 50 0.8 0.032 63.87
Pyrus pashia Buch.-Ham. ex D. Don. Mahul, wild pear 40 0.4 0.023 34.82
Aegle marmelos (L.) Correa Bael, stone apple 10 0.1 0.100 12.14
Shrubs
Agave americana Gwarpatha 20 0.3 0.075 300.00
Trees
Psidium guajava L. Guava 40 0.7 0.044 52.17
Mangifera indica L. Aam, mango 30 0.3 0.033 26.02
Emblica officinalis L. Aonla 20 0.2 0.050 22.36
Celtis australis L. Kharik 40 0.6 0.038 44.42
IIL. Barla village Grewia optiva J.R. Drumn. Ex Burret Bhimal 70 11 0.022 78.50
(Cultivated)
Toona ciliata M.Roem. Toon 30 0.3 0.033 24.41
Litsea monopetala (Roxb. Ex Baker) Pers. Katmarra 20 0.3 0.075 21.20
Ficus semicordata Buch.Ham.ex Roxb. Timla, Timul 30 0.4 0.044 30.91
Seedling
Psidium guajava L. Guava 30 0.3 0.033 300.00
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Table 1. Cont.
Study Sites Vegsit:;il(i):g(/’lsie;l/isnl;ub/ Common Name Fre?:/‘l) incy (Treliz/lisg(?;nz) Dli’t;?t)elll'::on IVI
(A/F Ratio)
Trees

Psidium guajava L. Guava 30 2.2 0.244 103.59

Woodfordia fruticosa (L.) Kurz Dhavari 50 13 0.052 69.79

Madhuca longifolia (J. Koenig ex (L.) Mahua 50 0.7 0.028 51.15

J.EMacbr.

IV Murti Syzygium cumini (L. J am}‘)‘ﬂ;g“k 40 0.4 0.024 35.07

(Abandoned land) Erythrina indica Lam. Indian coral tree 40 0.5 0.031 40.39
Shrubs /Saplings

Psidium guajava L. Guava 50 2.9 0.116 204.37

Woodfordia fruticosa (L.) Kurz Dhavari 70 13 0.026 95.63

Seedlings
Psidium guajava L. Guava 30 11 0.122 300.00
Trees

Psidium guajava L. Guava 40 0.6 0.038 57.87

Ficus semicordata Buch.Ham.ex Roxb. Timla, Timul 20 0.2 0.050 22.92

S(lctilvmg?;g? Celtis australis L. Kharik 50 0.7 0.028 67.51
Grewia optiva ] R. Drumn. Ex Burret Bhimal 60 0.8 0.022 77.10

Toona ciliata M.Roem. Toon 20 0.2 0.050 24.41

Litsea polyantha Juss. Katmarra 40 0.5 0.031 50.19

The maximum density of guava (2.2 trees/100 m?) was found in an abandoned land
at Murthi village, whereas the minimum density (0.6 trees/100 m?) was obtained at Gaina
village. A total of 19 higher plant species were documented within the sampling area,
comprising 15 trees and 4 shrubs, namely Mallotus philippensis, Murraya koenigii, Grewia
oppositifolia, Sapium insigne, and Woodfordia fruticosa (Table 1). In other associate species
of guava, the maximum density was estimated for Mallotus philippensis (4.5), followed by
Murraya koenigii (2.6), Woodfordia fruticosa (1.3), Grewia optiva (1.1), and Sapium insigne (0.9)
in the study sites (Table 1).

The study also analyzed the distribution or dispersion of species, providing valuable
insights into the interaction between individuals of a species and their biotic and abiotic
environments. The contagious distribution, also called the grouped distribution pattern
(ratio of A/F values), is the most common type of dispersion found in nature. It was
observed that guava trees in the naturalized population follow a contagious distribution
(>0.05), whereas most of the cultivated species were distributed randomly (0.025-0.05) and
some species were distributed uniformly, such as Grewia oppositifolia (0.022), Pyrus pashia
(0.023), and Syzygium cumini (0.024) (Table 1).

The study also assessed the population structure, i.e., densities of seedlings, small and
large trees of various species in different habitats, and sites, to understand the vegetation
structure and regeneration patterns. The presence of a sufficient number of seedlings,
saplings, and trees in a wild habitat indicates successful regeneration. The maximum
seedling density (1.1 trees/100 m?) was estimated for guava in an abandoned site at Murthi
village, whereas the minimum density (0.3 trees/100 m?) was obtained in Barla village
(Table 1). The analysis revealed good regeneration of guava in wild habitats, indicating
good scope for an in situ conservation site for guava.
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3.4. Diversity Indices among the Sites

Plant communities vary according to the number of species they contain (richness)
and the relative abundances of those species (evenness). A diversity index is a quantitative
measure that reflects the number of different species and how evenly the individuals are
distributed among those species.

The Shannon diversity (H) values, which were calculated for the five sites of the study
area, ranged from 1.03 to 1.97 for trees and 1.23 to 2.55 for shrub species. The highest
Shannon diversity (H) was found at the Barla (cultivated) Site-III (H = 1.97), followed by
the Murthi (abandoned) Site-IV (H = 1.81) and the Gaina (cultivated) Site-V (H = 1.70)
(Figure 2).

mH mSR mSD

Diversity indices

Study sites

Figure 2. Species richness (SR), Shannon diversity index (H), and Simpson index of dominance (SD)
values in different sites of the study area (Site-I: Barla, wild habitat; Site-II: Pipaltar, abandoned land;
Site-III: Barla, cultivated; Site-IV: Murthi, abandoned; Site-V: Gaina, cultivated).

The Shannon diversity values for guava varied across different sites and habitat types.
The maximum diversity value for guava (H = 0.367) was found at the Pipaltar (abandoned)
Site-II, whereas the minimum diversity (H = 0.245) was observed at the Barla (wild) Site-I.

Among the associated species, the highest diversity was observed for Mallotus philip-
pensis (H = 0.357), followed by Murraya koenigii (H = 0.354) and Woodfordia fruticosa
(H=0.339). The values for dominance are the reverse of those for Shannon diversity
(Figure 2). It is concluded that species-wise diversity values were highest for guava, which
shows that guava has successfully adapted to the natural habitat of the study area.

The importance value index (IVI) was used to determine the relative dominance scores
for species within the study area. The IVI of the guava population varied between 19.94 and
103.59 among all the study sites, with the maximum in Murti village and the minimum
in Barla village (Table 1; Figure 3). Among the other associate species, the maximum IVI
value was estimated for Mallotus philippensis (137.06), followed by Murraya koenigii (82.13),
Grewia oppositifolia (77.1), Woodfordia fruticosa (69.78), and Sapium insigne (63.87) in different
sites (Figure 3). A high importance value indicates a particular species is well represented
in that particular site due to its large number of individuals compared with other species
on that site.
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Figure 3. Phytographs of dominant and co-dominant species in different sites showing relationships
of relative frequency, density, dominance, and importance value index.

3.5. Participatory Approach in Guava Conservation and Management Planning

Agriculture is the main livelihood in the study areas, with most farmers cultivating
cereals/pseudo cereals/millets (such as rice, wheat, maize, and finger millet), pulses/grain
legumes, and fruit crops. They supplement their income and diet with locally grown crops,
vegetables, fruits, animal husbandry, and related trades.

Farmers in the study area are particularly concerned about the costs of transportation
and labor, especially when it comes to harvesting guava fruit from distant and steep slopes
and tall trees. The survey revealed that the Pipaltar area is dominated by guava trees but
that they do not make much profit, except for in the Gudoli village where a farmer earns a
substantial income (over INR 2.0 lakh rupees per year) from selling guavas.

The local community is willing to participate in the guava on-farm management and
conservation and is ready to provide community land for this purpose. There is a need
for initiatives to scale up the promising guava germplasm through improved community
participation and by adding value to the local germplasm. The highly perishable nature of
fruits limits their storage and transportation period; moreover, the transportation cost is
high in hilly and remote areas. Therefore, alternative ways to earn from the guava can be
achieved through value addition by sorting and grading and by establishing a guava juice
extraction, jam making, and jelly making plant to enhance the socio-economic condition of
the local people.

4. Discussion

Guava was introduced onto farmer’s fields and, following seed dispersal mechanisms,
was established in adjoining areas that provided space and continues to thrive. In the
present study, guava trees were found growing in home gardens, cultivated and abandoned
fields, and open pasture areas. The species exhibits pioneer characteristics and canonizes
new sites devoid of any tree growth, mainly steep hill slopes occupied by grasses. In Kenya,
the study conducted by Otuoma [38] shows that guava has displaced native plant species;
however, he also concluded that the presence guava as overhead shade trees in ecological
restoration areas has supported the growth of shade-tolerant native tree species.

The success of plants that have naturalized is closely associated with the similarities
and differences in niches and the genetic relationships between alien and native species [39].
Darwin’s “naturalization hypothesis” also suggests that alien species that are phylogenet-
ically distinct from the native flora are more likely to naturalize because of their ability
to exploit the unoccupied ecological niches in native communities. Conversely, Darwin’s
“pre-adaptation hypothesis” proposes that exotic species closely related to indigenous ones
may establish more successfully due to their affinity to the local environment [40,41].

According to Darwin, plants with close relatives tend to colonize the same habitat
because of their similar requirements. Introduction, establishment, naturalization, and subse-
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quent impact are the four major stages of the invasion process of unfamiliar species [39,42].
Habitat filtration, niche differentiation, and interspecific competition are the three important
processes shaping community species composition and structural dynamics.

The diversity index provides valuable information about community composition,
rarity, and commonness in a community, taking into account the relative abundances of
different species to understand community structure. In the present study, the maximum
Shannon diversity index (H = 1.97) was found in cultivated land (Barla, Site III). The high
Shannon diversity value is owed to the fact that the site is a home garden maintained near
a house with variety of multipurpose trees and shrubs that are maintained by farmers
on a small piece of land. In the studied sites, the diversity was found to be lowest in
wild habitats (1.25). The low diversity is mainly attributed to the site quality and high
biotic pressure. The site is characterized by undulating topography, rocky land, steep
slopes, and shallow soil depths. This site is a panchayat land used by the community for
grazing their animals. Guava and a few other species are able to survive the harsh climatic
conditions and biotic pressure. It is evident that guava, having adapted to the wild habitat,
integrates with other associated forest species and maintains their frequency, density, and
diversity. The local dispersal mechanism of fruits/seeds and climatic similarities to its
cultivated habitat may be the key drivers in the successful naturalization of guava in this
part of Uttarakhand.

The IVI for guava and other associated species reveals that in the wild habitat studied
guava had the lowest IVI value (33.64). The maximum IVI was recorded for Mallotus
philippensis (137.06), followed by Murraya koenigii (82.131) and Sapium insigne (47.17). The
low IVI value for guava in the studied area shows that it is not an invasive species and
that the local floral diversity of the region has not been affected much by the introduction
of guava. The IVI of guava on abandoned sites was found to be highest in Murti (103.59)
and Pipaltar (83.40). These sites were previously guava orchards planted by farmers and
later abandoned due to the migration of the farmers from the area. In cultivated sites,
the IVI was highest for Grewia optiva at Barla (78.50) and Gaina (77.10). Grewia optiva is
the preferred multipurpose tree species of the mid-hills of Uttarakhand and is the most
common tree species cultivated in the farmer’s fields.

In forest areas, or lands with good numbers of woody perennials, the species is rarely
found. It is a hardy tree, suitable for growing in unproductive lands, and it can be a valuable
alternative to shifting cultivation areas in the north-east Indian region, where forest land
is cleared for the cultivation of ginger, vegetables, and pulses. A guava-based production
system is a useful economic, viable, and ecologically sustained agroforestry system for the
mid-hills of the eastern and western Himalayas [43,44]. This multi-purpose tree provides
varieties of tangible as well as intangible benefits. The fruits are used for household
consumption, market sale, jam and jelly making, and byproducts for food industry. The
wood is also used as firewood and in charcoal making. The wood is used for making
wood carvings, spear handles, chisels, catapults, fishing rods, treenails, household and
agricultural implements, posts for small houses, and fence posts. The overhead shade of
guava is suitable for shade-loving crops such as ginger and turmeric, improving production
system productivity [43]. Agroforestry is one of the Nature based Solutions (NbS) that
create co-benifits that include envirommental, economic and social benifits [44,45]. In
the present investigation, apart from the planted areas of orchards, home gardens, and
cultivated fields, the species was found colonizing mainly pasture wasteland, where the
factors of locality and not conducive for the growth of luxuriant vegetation. Guava is a
hardy species, and the seeds are spread to new areas by birds, monkeys, rodents, etc. The
chances of it becoming an invasive weed are very small. The reported invasive weeds
of India such as Prosophis julifora, Eupatorum ordoratum, Lantana camera, and Parthenium
hysterophorus were introduced before 1977, during World War I, in the period 1809-10, and
in 1956, respectively [46,47]. Guava was introduced much earlier, i.e., in the 17th century
by the Portuguese, and there is now very little chance of it becoming an invasive weed
and posing a threat to the native biodiversity. It is also absent from the priority list of alien
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invasive weeds given by the National Biodiversity Authority [48]. Reddy [47] has also
excluded the species from list of 173 invasive species in India. On a positive note, in India,
the species has exhibited a beneficial evolutionary trend and several useful verities have
been selected from the evolved diversity of guava in the country. Moreover, guava-based
production systems in the mid-hills of the Himalayas are more productive and sustainable
and provide a viable alternative to mono-cropping and shifting cultivation [43,44].

5. Conclusions

The present study reported the naturalization of guava (P. guajava) in a distant hilly
area of Pithoragarh district, Uttarakhand and investigated its natural plant community
structure, population dynamics, and fruit variability parameters across the sites. In the
studied wild site (Barla), the dominance of guava was lowest as compared to the indigenous
species, and the chances of becoming invasive weed are rare. Guava has adapted in the
region and is generating additional income for the farmers from unproductive lands. The
available diversity should be conserved and the site may be useful for understanding evolu-
tionary studies of guava in the region. The available diversity of guava will be augmented
by importing new exotic germplasms from their native regions. Suitable local genotypes
within the country should also be introduced for the enrichment of guava diversity.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/agriculture14040575/s1, Table S1: Guava fruit characteristics growing in
different habitat in the mid hills of Uttarakhand.
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