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Abstract: Urban expansion has been reported to facilitate intrusion of alien plants into seed bank flora from different continents of the
world. The vegetation structure in anthropogenic ecosystems of Meerut region has become home to variety of alien species that could
have a significant impact on the composition of seed bank flora and the ecological processes in vicinity by virtue of better adaptive
potential of these exotics. Five anthropic study sites in a dry tropical urban region of Meerut were selected for seed bank studies. A
total of 44 alien plant species were recorded in the summer and winter seed banks from 100 soil samples (20 from each site). The most
prominent families of dominant alien species in seed banks were: Amaranthaceae (7), Malvaceae (6), Asteraceae (3), Solanaceae (3),
Poaceae (2), Convolvulaceae (2), Fabaceae (2) and Euphorbiaceae (2). Seventeen other families had one species each. These urban
seed banks were dominated by herbs (93.2%), followed by tree species (4.5%) and climbers (2.3%). Of the 44 alien flora identified in
the seed banks, the flora of tropical American continent was most dominant (40.9%) followed by South America (22.7%), Europe and
Asia (11.4% each); North America and Africa (4.5% each); and others viz. Australia and Asia-Africa (2.3% each). These naturalized
alien species in seed banks were threats to Indian dry tropical ecosystems. However, these could variously be utilized to cure skin
diseases, stomach problems, fever, parasitic diseases, dysentery, diuretic, eyes, respiratory disorder, cough, decoction, mental
disorder, liver, muscles disorder, antimicrobial activities, female sexual disorder, inflammation, piles, diabetes, ear, anticancer, hair,
hydrocele, hydrophobia, kidney and could also be used as food & nutrients, fodder, cardio-tonic, anti-toxin, cleaner, insect repellents,

environmental friendly.
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Introduction

A growing number of studies reportedly
focus on understanding the above-ground
vegetation structure in a rapidly developing nation
like India, which is experiencing accelerated
anthropogenic activities, particularly in the Indian
dry tropics (Gupta and Narayan 2006, 2010,
Agrawal and Narayan 2017). Since ancient times,
India's kings, leaders, and commoners have traded
food items like wheat, rice, vegetables, and other
goods with different nations. These trade exchanges
could be attributed to rising number of alien plants
over time (Yadav and Verma 2021). As a result, the
intruded alien plant species are now prevalent in
gardens, farms, roads, riverbanks, industrial
regions, and/or urban disturbed grounds. Such alien
plants could be easily seen in the rapidly
modernizing dry tropical urban habitats of Meerut
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region in India.

Despite the recognition of crucial role of
alien flora as determinants of vegetation dynamics,
few studies have examined changes in seed banks
in relation to plant invasions. Some workers
suggest that the impact of invasive alien species on
plant communities is based on patterns occurring in
the above-ground vegetation e.g. Gioria et al.
(2014). However, understanding the
comprehensive role of seed banks in the invasion
process is still considered limited (Gioria et al.
2012, Gioria and Pysek 2016), and only recently
have large-scale analyses aimed at determining the
likelihood of the establishment or spread of alien
species based on information on the characteristics
of seed banks (Pysek et al. 2015). Local adaptation
of plant characteristics, especially those related to
seeds and seedlings is suggested to be crucial to the
invasion process (Kudoh et al. 2007, Tognetti et al.
2019). As aresult, the seed bank serves as a reserve
from which new recruitment may take place under
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favourable conditions (Kolodziejek and Patykowsk
2015). Whether a naturalized population of alien
species in a seed bank becomes invasive at a
specific location depends on several variables.

Plant invasion is presently considered the
second largest threat to biodiversity. However, the
growing predominance of invasive alien species
has become a ground reality especially across
anthropo-ecosystems in Indian dry tropics
(Agrawal and Narayan 2017). Such an ecologically
stressed situation calls for exploring the usefulness
ofalien flora.

A great deal of promise has been reported
for significant pharmacological investigations of
the active principles involved in the traditional
knowledge and medicinal virtues of these common
alien plants in Indian dry tropics (Chaudhary and
Narayan 2013). Despite their significant medical
relevance, these weeds have never been generally
considered part of the traditional medicinal flora
(Chaudhary et al. 2011). Animal and human life on
earth is sustained through the use of wild plants and
their products to provide fundamental necessities
like food and medicine (Singh ef al. 2016). There
are over 2500 plant species in India that have been
recognized and are consumed as food by several
people dispersed throughout the nation (Jain 1991).
Indigenous medicines are growing popular among
people in both rural and urban regions because they
are secure, affordable, and efficient (Abbasi et al.
2010). There is a concern that indigenous
knowledge of traditional medicine is vanishing due
to verbal transmission of knowledge (Ssegawa and
Kasenene 2007, Bhatia ez al. 2014) regarding the
usage of medicinally relevant plants and behavior
from one generation to the next (Bhatia et al. 2014).
Documentation will aid in the preservation of such
knowledge and enable future research on the
effectiveness and safety of medicinal herbs to
support traditional use (Bunalema et al. 2014). The
floristic composition of a region's potential soil
seed banks, however, has not received adequate
attention.

The present study aims to (i) investigate the
prevalence of alien flora in soil seed banks across
diverse urban ecosystem in an Indian dry tropical
region and (ii) understand their life-form, nativity
and uses of economic importance.

Materials and methods
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Study area

Meerut city is a part of the National Capital
Region of Delhi, located between 28°57' N and
29°02' N lat. and 77°40' E and 77°45' E long.). Its
eastern and western boundaries are limited by the
Himalayan Rivers Ganga and Yamuna respectively.
This region has witnessed rapid developmental
activity in the last 4-6 decades. Extreme dryness
with intensely hot summer months May and June
(44.5°C) while cold winter in the months of
December and January (2.5°C) is the characteristic
of the Meerut climate. Five permanent research
sites were selected for the present study
representing different habitat conditions. These
included (i) the university campus (UC), which is a
very crowded campus with students and visitors;
(i1) the Kali river bank (RB), a sink for the city's
industrial effluents and dumps; (iii) a brick kiln
(BK), which uses the most fertile alluvial soils of
the upper Gangetic plains; (iv) wasteland (WL),
which receives garbage from Meerut City, and (v) a
roadside (RS), located at National Highway (NH-
334), a highly travelled roadway where
developmental operations continued.

Collection, Identification, and Documentation
of seedlings emergents

A total of one hundred soil seed bank
samples were collected in March 2019, referred to
as summer seed bank (SSB), and in November
2019, referred to as winter seed bank (WSB) to
investigate the seed bank flora of different land-use
conditions. Plant species were identified according
to Sharma (1980), Gaur (1999) and according to the
available flora by Kanjilal (1928) and Duthie
(1960). Ten surface soil samples (each of the size of
25 cm %X 25 cm x 5 cm) were collected randomly in
summer and winter season from each of the five
study sites with the help of a knife and spoon. The
collected soil samples were air-dried and sieved
through a 2 mm sieve for removing the vegetative
fragments. The soil was then spread uniformly in
round earthen pots and was placed in a shade house
with transparent roof and fiber walls. The pots were
watered regularly. The seedling emergence was
investigated for eleven months to record the late
emergents too. The seedlings were allowed to grow
to the identifiable stage and then eliminated. Seed
density of sites was estimated by the seedling
emergence method which is considered an effective
experimental technique for assessing both the
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Plate 1: Showing some of the alien plants recorded in soil seed banks across five diverse anthropic study sites in dry
tropical region of Meerut, India.



transient and persistent components of seed banks
(Thomson and Grime 1979).

Determination of family, life-forms, nativity,
and economic importance

These identified plant species were listed
alphabetically in tabular form with family, nativity,
habitats, and also its uses. Names and families of
listed plant species were updated using the “Plants
of the world online (POWO)”
(https://powo.science.kew.org) taxonomic
database and life forms according to the Raunkiaer
(1934) and Mishra (1968). The nativity of non-
native species, has been confirmed from the
published literature viz. Negi and Hajra (2007),
Khuroo et al. (2007), Reddy et al. (2008), Khanna
(2009), Singh et al. (2010), Joshi and Rawat (2011),
Kumar and Bihari (2015), Agrawal and Narayan
(2017) and online available database
https://powo.science.kew.org,
https://www.ipni.org. Medicinal properties and
other economic uses are described as per published
literature.

Results and discussion

Altogether, 44 identified plant species were
recorded as aliens across summer and winter seed
banks (Plate-1) at five anthropogenic study sites in
the Meerut region distributed over 25 families and
40 genera. The most prominent families of alien
flora in seed banks (number of species in
parentheses) were: Amaranthaceae (7), Malvaceae
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(6), Asteraceae (3), Solanaceae (3), Poaceae (2),
Convolvulaceae (2), Fabaceae (2) and
Euphorbiaceae (2). Seventeen other families had
only one species each (Fig. 1). These top eight
families are major contributors (61.4%) of the alien
species in many regions of Asia (Wu et al. 2004 a b,
Zebre et al. 2004) and the world (Pysek 1998).
Previous studies on invasive species diversity by
different authors (Rao and Murugan 2006, Huang
etal. 2009; Khuroo et al. 2007) reported Asteraceae
family to be a noxious group of species in the
tropical and subtropical regions of the world. Some
alien species occurred at all the five study sites
(UC, RB, BK, WL, and RS) viz. Chenopodium
album, Oxalis corniculata and Torenia crustacea
(Table 1).

Out of the 44 identified alien species, herbs
(41) formed the most dominant life form followed
by trees (2) and climbers (1). Herbaceous species'
seeds commonly predominate in seed banks, albeit
these species' abundance and composition, lifetime
and viability of their seeds, germination
techniques, and depth distribution of their seeds in
the soil varied greatly (Madawala et al. 2016).
Herbs were mostly dominated by annual plants
while shrubs were absent in the seed banks (Fig. 2).
This study was also comparable to other urban
buried seed bank studies in being dominated by
herbaceous species in vacant lots (Pellissier et al.
2008, Overdyck and Clarkson 2012, Londe et al.
2017).

The tree flora was represented by
Eucalyptus globulus, Morus alba, and Ipomoea
indica was the only species of climbers recorded in

Number of species

- N W &t & N

Families

Figure 1: Distribution of alien plant families in soil seed flora across five diverse habitats in a dry tropical urban region

of Meerut, India.
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Table 1. Alien plants recorded in soil seed banks across five diverse urban habitats in a dry tropical region of Meerut and
their economic uses.

Plant species Family fﬁ ;frf] Nativity Hlili)l;?f:lts Uses References
Achyranthes aspera L. | Amaranthaceae H Aljnzrrti}cl;a %)J\/(]i’ RB, BK, Diuretic, renal dropsies aAl?%%rl\gal et
Alternanthera sessilis Tropical UC, RB, BK, | Night blindness, | Aggarwal et
(L.) R.Br. ex DC. Amaranthaceae H Amgrica WL galgactagogue properties alz.g%OIZ

Leaves are eaten as a
potherb and whole plant
extract is used in women’s
Amaranthus  spinosus South leucorrhoea, wused b Aggarwal et
L. i Amaranthaceae H America RB women to increase thz alz.g%OIZ
flow of breast milk also
used in febrifuge, fever,
emollient, eczema.
Amaranthus viridis L. Amaranthaceae H ::;gz;icjell RS gr&z};f;:g;;fénhgzsentery’ aAlfg%%rIV;al et
Cutaneous troubles, plant
Argemone mexicana L. | Papaveraceae H A?r(l)m'h RB juice in scabies, and Aggarwal et
erica . al. 2012
ophthalmic
To reduce general body
inflammation,
intoxication, and loss of
appetite. Leaves dried are
smoked through a pipe and
Cannabis sativa L. Cannabaceae H Asia RB, BK, RS zzgfgsggrl;k;l;g (itgrerghlee \; j[“g%%rl\;al et
mixed with egg yolk is
given to children to treat
excessive urination. Leaf
essence is used to relieve
earache.
. Cough, anorexia, piles, .
Ehenop odium  album Amaranthaceae H Europe %(]: RIEB’ BK, dysentery, and diarrhea kill ]13;;95111 et al.
small worms.
Corchorus aestuans L. | Malvaceae H mz;ici ucC Stomachic aAlfg%%rIV;al el
Corchorus olitorius L. | Malvaceae H Africa UC, BK TOnlC., febrifuge, - cystic, | Aggarwal et
dysuria al. 2012
Crgton bonplandianus Euphorbiaceac o South BK, WL Rich in fatty acid, the cake | Aggarwal et
Baill. America is used as manure al. 2012
- . . Anti-bacterial, snake bite,
(Dlilgrl;iff;‘; g:g;glii‘m Acanthaceae H };ﬁg ;‘1:(11‘ UC, RS fever, cold, cough, ear, and aA]ggz(i)r]x;al et
eye treatment
aDrai‘Z:"ﬁZlolZes (L.) | Amaranthaceae H Tropic;al RB Anthglmintic .. against | Aggarwal et
. America intestinal, parasitic al. 2012
Mosyakin & Clements
One of the best fodder
grasses for milking cattle is
cut three to four times
throughout the wet season.
Echinochloa colonum South The §eeds are use'd 3 21 vadav et al.
(L)) Link Poaceae H America WL substltute for‘ rice in | 505y
Rajasthan, India, where
they are boiled in water.
Also used as a poison,
medicine, and
environmental uses.
Skin problems, hepatic
problems such as jaundice,
gastrointestinal problems,
respiratory problems such
Eclipta prostrata (L)) Tropical as asthma, and other | Kumar et al.
Asteraceae H . RB, WL symptoms such as fever, | 2022; Singh
L. America . L
hair loss and whitening of | 2015
hair, cuts, wounds, and
spleen enlargement. Paste
of leaves is applied to cure
pimples and boils etc.
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Mild inflammation of the
respiratory tract,
bronchitis, asthma, fever
and inflammation of the
throat, cystitis, diabetes,
gastritis, kidney disease

(unspecified), laryngitis, | Rathva et al.
fzgi"l{y”’“x globulus |y 1 aceac Australia RB, WL, RS leucorrhea, malaria, | 2020; EMA
) pimples, ringworm, | 2012
wounds, ulcers, of the skin,
urethritis, and vaginitis
uses described in folk
medicines, but not
supported by experimental
or clinical data.
Tropical Cough and asthma, colic, Acoarwal et
Euphorbia hirta L. Euphorbiaceae A pic UC, BK, WL dysentery, latex applied in £8
merica . . al. 2012
the genitourinary tract
Used as a vegetable,
anthe!mmt%c, and to treat Mullick ef al.
Evolvulus Tropical scorpion stings, cuts, fever, 2018:
. Convolvulaceae X ucC wounds and burns, >
nummularius (L.) L. America . . Namrata et al.
hysteria, and convulsion, 2014
the paste is used to treat
scabies.
Cooked as a vegetable,
antitussive, sedative,
cardiotonic, bronchitis,
Gamochaeta . and to treat catarrh and
pensylvanica (Willd.) | Asteraceae Zﬁpl?al UC, RB, BK, asthma. This weed also Horo and
erica RS . - . Topno 2015
Cabrera causes, it is claimed, skin
problems in cattle, and hay
fever and dermatitis in
some people.
Gomphrena South o . .. Tarnam et al.
celosivides Mart. Amaranthaceae America RS Antimicrobial activity 2014
Ipomoea indica Tropical Abath {nadecoctlon ofthe Gurib-Fakim
Convolvulaceae . UC,RB plant is wused to treat
(Burm.) Merr. America D et al. 1996
injuries and carbuncles.
Used as animal food, Yadav et al
Juncus bufonius L. Juncaceae Europe BK medicine, and 2022 ’
environmental uses
L . . South Renal  problems and | Kumar er al
Lepidium didymum L. Brassicaceae America RS scabies. 2022
Labor pain, epilepsy, eye
tonic, and root decoction
are given to cure fever.
Ludwigia perennis L. Onagraceae Africa gg » RB, WL, Dried fruits placed on | Singh2021
lightened charcoal, smoke
released is powerful insect
repellent, etc.
Expectorant, stimulant,
diaphoretic and vulnerary
properties, dropsy, leprosy
Lysimachia & cerebral disease. Fresh
arvensis (L.) UManns | Primulaceae Europe BK, RS herb is rubbed betwefs n | Aggarwal et
& Anderb hands, and a large quantity | al. 2012
’ of leather is formed which
removes dirt. Extract of the
plant is applied for killing
lice and allergies.
Malvastrum Tropical Carbuncles, wounds, and Carag . and
coromandelianum (L.) | Malvaceae America RS dysenter ’ ’ Inocencio
Garcke ysentery. 2017
Megathyrsus maximus . ..
(Jacq.) B.K.Simon & | Poaceae Asia, Africa RB, WL, RS As a“‘“?"‘l food, medicine, | Yadav et ol
S.W.L. Jacobs and environmental uses 2022
A decoction of the leaves is | Adjanohoun
Morus alba L. Moraceae Asia WL used in case of | 1983; Gurib-
hypertension and hernia. Fakim 1990
The whole plant (as such or
extract) is fed to animals
Nicotiana Solanaceac Tropical RB, BK, WL, Szgzri;‘fgthf;"“rgl(i"a‘lé nTth]Z Rao et al.
plumbaginifolia Viv. America RS p P 2015

applied externally to the
animal’s body to get rid of
external parasites.
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Cooked as a vegetable at
times of scarcity, the fresh

juice of the plant is givenin | Aggarwal et

. . . UC, RB, BK, | dyspepsia, piles, anemia, | al. 2012;

Oxalis corniculata L. Oxalidaceae Europe WL, RS and tympanitis. Infusion of | Horo and
leaves is used to cure | Topno 2015
opacity of the cornea

Parthenium Asteraceae North UC, RB, BK, | Toxic, febrifuge, | Aggarwal et

hysterophorus L. America WL emmenagogue al. 2012
A decoction of 3 roots
along with 7 leaves of

. Psidium guajava, 3 roots . .

Phyllanthus _amarus Phyllanthaceae Tropl_cal UC, BK, WL of Melochia pyramidata, Gurib-Fakim

Schumach. & Thonn. America : et al. 1996
and roots of Coix lacryma-
jobi is used to treat
diarrhea.

Anticancer, antibacterial,
diabetes, treatment of
malaria, anemia, and .
. Rengifo-
reducing  fever. The
Tropical decoction of leaves and Salgado and
Physalis angulata L. Solanaceae X RB, RS R I P Vargas-Arana
America fruit for “Tertian” due to 2013: Jovel ef
postpartum infections and :
. . al. 1996
maceration of aerial parts
for the treatment of
malaria.
South Tumors, callosities, and | 28 and
Portulaca oleracea L. | Portulacaceae out WL umors, - catlosities, Inocencio
America heart tonic. 2017
Ranunculus sceleratus . Th? pastells used on wz?rts, Kumar et al.
Ranunculaceae Asia RB skin  diseases,  spider

L. . . 2022

toxins, and rheumatism.

Rich in Vit. A & C, B

carotene, cutaneous

disorder. The root powder Acoarwal et

Rumex dentatus L. Polygonaceae Europe RB, WL is taken for eczema and alg%012
constipation. Leaf paste is '
applied for burns and
injuries.

Senna occidentalis (L.) South Purgative, seeds  for | Aggarwal et

Link. Fabaceae America UC, BK external use for skin al. 2012
Paste of leaves is used

South against skin diseases and
Senna tora (L.) Roxb. Fabaceae . RB boils etc. The leaves are | Singh 2015
America .
eaten as a potherb and Skin
diseases.
Stomachic, antipyretic,
astringent, nerving tonic,
. urinary troubles, and liver
Sida acuta Burm.f. Malvaceae Tropl?al UC, RB, BK, revitalization. Demulcent Aggarwal et
America RS P . al. 2012
and diuretic- applied to
testicular  swelling and
elephantiasis.
Dysentry, Astringent,
. South S . Aggarwal et

Sida cordifolia L. Malvaceae America RB dlur_et_lc, urinary trouble, ul 2012
cystitis
Hydrocele, antiseptic,
antidiuretic & laxative.

Berries are used in fever,
diarrhea, eye disease, and
. hydrophobia. Plant juice is
. Tropical . Aggarwal et

Solanum nigrum L. Solanaceae America WL h}/dragogue? cathamc ul 2012
given in chronic
enlargement of the liver,
blood spitting, piles, and
dysentery.

. Carag  and
Torenia crustacea (L.) Linderniaceae Asia UC, RB, BK, Boils, sores, and itches Inocencio
Cham. & Schitdl. WL, RS > ? ’ 2017
Trianthema . Tropical Asthma, amenorrhea, liver | Aggarwal et
portulacastrum L. Aizoaceae America RB, WL, RS problem, dropsy al. 2012
Triumfetta rhomboidea Malvaceae Troplgal UC, RB Dlarrhea, dysentery, | Aggarwal et
Jacq. America intestinal ulcer al. 2012

Paste of leaves is applied
Veronica  anagallis- for healing of the wound
onic gaitt Plantaginaceae Asia RS and is eaten raw or cooked | Singh 2015
aquatica L.

to treat the respiratory
tract.
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Figure 2: Life form of plant taxa in soil seed banks
across diverse anthropogenic sites in a dry tropical
region of Meerut, India.

this study. The most common genera recorded in
seed banks included Amaranthus, Corchorus,
Senna, and Sida with two plant species in each.
Amongst the 44 alien plant species
identified in the summer and winter seed banks in
this study, the alien flora of tropical America was
most dominant and contributed 40.9% followed by
South America (22.7%); Europe and Asia (11.4%
each); North America and Africa (4.5% each); and
Australia and Asia-Africa (2.3% each) respectively
(Fig.3). Seed bank analyses in our study also
corroborate results from other urban seed bank
studies in being dominated by non-native flora
(Overdyck and Clarkson 2012, Hahs and
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Figure 3: Nativity analysis of seed bank flora in a dry
tropical anthropic urban region in India

McDonnell 2013, Londe et al. 2017).

The present study on soil seed bank flora
revealed a considerable scale of intrusion into the
soil seed banks across various anthropic sites in
urban regions in Indian dry tropics dominated by
the weedy American alien herbs (68.1%) followed
by other continents (31.9% Europe, Asia, and
Africa). But presently, its vegetation is largely
distinct from that in natural ecosystems because of
alterations in resource availability, stress intensity,
and disturbance as reported by Gupta and Narayan
(2010, 2011) for such disturbed ecosystems in
Indian dry tropics. Diverse studies have shown that
the age, area of urban habitats, inhabitant density,
and urban-rural gradient affected plant diversity in
Asian, North American, South American, and
European urban sites (Gustafson and Gardner
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Figure 4: The graphical representation showing the number of plant species used in each category of different uses.



1996, Liet al. 2006, Godefroid and Koedam 2007).

As reported in this study too, many plant
species flourished abundantly in the Indian dry
tropics viz. Achyranthes aspera, Alternanthera
sessilis, Argemone mexicana, Oxalis corniculata,
and Solanum nigrum which have been used
medicinally for a variety of diseases as reported by
Chaudhary et al. (2011). Some alien grasses viz.
Echinochloa colonum and Megathyrsus maximus
were reported in seed bank studies and also
considered useful in the study on standing
vegetation of diverse habitats of Indian dry tropics
atMeerut (Yadav et al. 2022).

In terms of various uses of alien species in
various categories recorded and documented in the
present study, the maximum number of them was
found to be of utility in skin diseases (28), stomach
problems (17), fever (10), food & nutrients (9),
parasitic diseases (8), dysentery (7), diuretic, eyes,
respiratory disorder (6 each), cough, decoction,
mental disorder (5 each), environmental friendly,
fodder, liver, muscles disorder, toxin (4 each),
antimicrobial activities, female sexual disorder,
inflammation, piles (3 each), anti-toxin, cardio-
tonic, diabetes, ear (2 each) and others with single-
use anticancer, cleaner, hair, hydrocele,
hydrophobia, insect repellent and kidney disorder
(Fig. 4).

Conclusion

This study revealed a heavy scale of
intrusion of alien species in soil seed banks
dominated by the weedy American alien herbs
followed by European, Asian, and African into
urban ecosystems in Indian dry tropics. Despite
being a threat to the indigenous urban biodiversity
in Indian dry tropical ecosystems, their medicinal
and other economically beneficial characteristics
have implications for their cautious utilization that
would reduce the pressure on indigenous medicinal
plant species.
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