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Abstract

This paper evaluated the structure of remnant vegetation (RV) in and
around the farmlands of the undivided Kancheepuram District, Tamil Nadu
of Southern India, to understand its significance in the local ecosystem.
Stratified quadrats along nine randomly selected transects were used for
sampling vegetation. The study recorded 2495 specimens of 96 plant spe-
cies under 43 families in 1848 quadrats (88 of 10 m x 10 m, 352 of 5m x5 m
and 1408 of 1 m x 1 m dimensions) while there was a possibility of recording
more species with better sampling efforts. To know the ethnobotanical uses
of plants, interviews were conducted with local villagers and people belong-
ing to the Irula tribe, and later the data were collated with published infor-
mation. Sixty -six plant species were recorded with traditional uses in food,
fodder, fuel, condiment and medicine. Prosopis juliflora, an alien invasive
species, was a serious threat to the native flora since higher P. juliflora abun-
dance was associated with declining diversity of other plants. The study
found that the absence of monitoring and management protocols leading
to uncontrolled propagation of invasive species could cause potential dam-
age to the region’s dry evergreen forests, which were often located near the
farmlands.

Keywords

ethnobotany, farmland, remnant vegetation (RV), native biodiversity, invasive spe-
cies

Introduction

Currently, farmlands are the predominant landmasses in the world, occupy-
ing over 38 % of the total terrestrial areas, and are most likely to increase in
size, especially in tropical countries where they often replace forested eco-
systems or are placed within 100 m distance from the forests (1-3). For their
vast sprawl and impact on diminishing local biodiversity, farmlands have
long been among the significant conservation concerns for ecologists (4-6).
Even though, studies on the significance of non-crop biodiversity in farm-
land habitats, are gaining wide concern, references from the global south
are still scanty (7-10). Uncultivated patches with natural or semi-natural
remnant vegetation (RV) can be found inside or around farmlands and are
globally referred as shelter-belts, hedgerows, vegetative strips or field-
margin vegetation (10, 11). Significance of such habitat patches is many-
folded including maintenance of B-diversity including useful predator, prey
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and pollinator species beneficial to farming activities, wa-
ter and nutrient retention, delineation of farming areas
and food security(12, 13).

India’s cultivated lands have increased almost four-
fold in the past 3 decades (14). At present, they occupy
over 60% of the total landmass. Though India has opted
for policies like the National Mission for Sustainable Agri-
culture (NMSA) to combat adversities caused by extreme
climates and intensive farming, not much attention is paid
towards effective mitigation like heterogenous agrobiodi-
versity in farmlands by maintaining RV (15). Farmlands in
India are often associated with protected areas (PA), thus
any change in species composition in the former can sig-
nificantly influence the native biodiversity, including en-
demic endangered or vulnerable species (16, 17). It is also
a global concern since 70% of forests are found within
1 km of the forest edge (18). Recent studies in India have
identified ‘invasive species hotspots’ located in close asso-
ciation with PAs and farmlands, which endanger health of
the native species (19, 20). P. juliflora - once introduced for
fencing and firewood in arid regions of India, is one of the
invasive alien species to get negative feedback from farm-
ers and pastoralists for the unmanageable invasion in
functional land areas (21). However, possible impacts of
P. juliflora on RV in India, has not been documented yet.

RV along farmlands growing annual crops in India
often comprises of plant species fundamental to local eco-
systems, cultures, traditional practices and economy
though very little research has been done on that (11, 22,
23). Such studies are crucial in assessing effective local
management practices that address specific problems
integral to target areas (24-26). Keeping these points in
mind, the current study recorded the structure of RV along
paddy fields in the undivided Kancheepuram District in
Tamil Nadu of southern India and critically evaluated its
importance on local biodiversity and ethnobotany.

Study area

Fieldwork was conducted over a fortnight in April 2011 at
the undivided Kancheepuram District of Tamil Nadu,
southern India (11.00' to 12.00' N and 77.28' to 78.50' E).
The district was later divided into Chengalpattu and Kan-
cheepuram in 2019. Study areas were situated on the
north-eastern coast of Tamil Nadu, adjacent to the Bay of
Bengal. The elevation of the area ranges from 100 m ASL in
the west to sea level in the east. The major part of the area
is characterized by an undulating topography with innu-
merable depressions, which are used as irrigation tanks.
The coastal plain displays a gently rolling surface and only
slightly elevated above the local water surfaces on rivers.
There are few sand dunes in the coastal tract. The coastal
landforms include estuarine tidal, mud flats or lagoons
and salt marsh. Soil in the area are 1) Clayey 2) Red sandy
and 3) Alluvial, of which brown clayey soil is the predomi-
nant, covering more than 71% of Kancheepuram District.
Alluvial soils are found along the banks of rivers. Sandy
coastal alluvial soil occurs along the seacoast as a narrow
belt. Agricultural land comprises 56.82% of the total area
followed by barren land (13.08%) and water bodies

(14.77%).

The study was confined to agricultural fields, pre-
dominantly cultivating paddy and occasionally pulses,
groundnuts or vegetables. Post-harvest farmlands, barren
lands used for farming in the past were also considered.

The study area generally experiences hot and hu-
mid climatic conditions. The average minimum and maxi-
mum temperatures are 20 °C and 38 °C respectively. The
daytime temperature may reach as high as 43 °C in sum-
mer. The mean maximum temperature was 39 °C in May
and mean minimum temperature was 21 °C in January
during the year when the study was conducted.

12°450'N

12°300'N
12°300'N

80°0'0"E 80°15'0"E

01.783.5 74 10.5 4
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Fig. 1. Map showing the study area (IRS Liss Ill image 2012) in the undivided
Kancheepuram district of Tamil Nadu and the nine sites where stratified
quadrat samplings were done along fixed transects.

Data collection

Species composition and diversity of the RV were recorded
by stratified quadrat sampling (27) along 9 randomly se-
lected 1 km transects (Fig. 1). Quadrat plots measuring
10 m x 10 m were laid along each transect (Fig. 2). Inside
each 10 m x 10 m quadrat, 4 quadrats measuring 5m x5 m
were set at 4 corners to sample the shrub species. To docu-
ment the herb species, four 1 m x 1 m quadrats were set
inside each 5 m x 5 m quadrat. In total, 1848 quadrats were
sampled, covering all 9 transects. Ethnobotanical usage of
various plant species was recorded by focus group discus-
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Fig. 2. Transact-based quadrats for sampling vegetation.

sions and semi-structured interviews among 52 respond-
ents including the local villagers and the Irula tribal com-
munity (28). Prior Informed Consent (PIC) for sharing tradi-
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tional knowledge on biological resources was obtained
through the Irula Snake Catcher’s Industrial Co-operative
Society (ISCICS), Tamil Nadu. The available literature on
the uses of plants recorded during the samplings was also
referred to.

The vegetation data were separated into two major
groups - tree and non-tree. Woody plants with Girth at
Breast Height (GBH) more or equal to 10 cm at 1.3 m height
from the ground were classified as trees, and lianas had
> 1cm diameter at 1.3 m from the stem base (29). Different
life forms of plants, including climber, twiner, shrub, un-
dershrub and herb were documented considering growth
forms relevant for the study area, and species-level identi-
fications were primarily made based on Mathew (30, 31).
Taxonomic identification of plants done in the field was re-
confirmed using photographs. Variables recorded for all
plants were species name, family name, the total number
and local usage.

Data analyses

Richness, evenness and relative abundance of the flora
were estimated to understand the ecological diversity of
the sampled vegetation (32). The software SPADE (33),
PAST (34) and Microsoft Excel (version v12) were used to
compute the following diversity estimators -

1) Richness estimator:
Chaol-bc or the bias-corrected estimator for
Chao-1: S=D+ FL{f1 - 1)/[2(f2 + 1)]

was used because the sampling involved abundance-
based data. It was assumed that there were probabilities
for more species in the study area despite the best sam-
pling efforts.

2) Rarefaction curve was the statistical expectation of the
number of species as a function of the accumulated num-
ber of individuals found through several sampling efforts
(35). The curve helped understand if more sampling efforts
would increase the number of species.

3) Diversity index was the estimator combining species
richness and evenness. Shannon diversity (36) was calcu-
lated with the Chaol-bc richness estimator considering
equal detection probability for all species. Diversity indices
for all nine sites were later compared with the total num-
ber of P. juliflora to find if the latter had an impact on spe-

cies diversities. . .
ki L—‘FLI.'Ii’! log[ki J.—"I—_|L|."i‘!:

4) Morisita index was used as a similarity measure and was
expressed as C_gN Where N communities were compared
based on species information shared by at most g commu-
nities (37). Here, the index was used to compare similari-
ties in species diversity between the sites.

Shannon’s index

S=total number of species; xi=the number of individ-
uals (frequency) when the ith species was observed in the
given sample; n=sample size; fj= the number of species
present j times in the sample; D= the number of distinct

902

species; both the rare and abundant groups were covered
in the total sample and in the number of distinct species;
k=the cut-off point of 10 separating the ‘abundant’ and
‘rare’ group of species; Qi=the number of species seen in k
samples based on ‘presence absence’ data.

Results and Discussion

Agricultural fields under the survey had certain human-
made features for facilitating cultivation (high and low
bunds, well-tailing mounds) which later supported thick
vegetation including big trees such as Azadiracta indica.
A good mosaic of RV were observed in all these structures
and around the farmland borders. A total of 2495 speci-
mens of 96 plant species under 43 families were identified
from all the quadrat plots (Supplementary Table 1).
Among these predominant were undershrub and shrub
species (n=38) followed by trees (n=30), climbers and twin-
ers (n=24) and herb species (n=4). A high Chaol-bc rich-
ness estimate of 110.4 (+ 8.7 SE) and different life forms
found during the limited span of the study indicated a het-
erogenous plant diversity in the area (Supplementary Ta-
ble 1 & Table 1). Among the 43 families, Malvaceae was the
most species-heavy (n=11) with maximum numbers of me-
dicinal plants. Malvacecae is considered to be one among
the most over-utilized plant family in the world and its
pharmacological significances are also known for many
years (38-40). Apocynaceae and Fabaceae were the 2 other
families rich with 10 species each, representing various life
forms including undershrub, twiner, climber- many of
which had medicinal properties. Moraceae, Mimocaceae
and Areceae were the three primary families with trees and
were often planted or protected by the farmers for socio-
cultural-economic significances. A total of 66 plant species
were recorded with various ethnobotanical usage.

Many native plant species among these were used
by the local Irula tribal community for treating various ail-
ments, including critical health emergencies like snake-
bite. The Irulas directly consumed different parts of a few
plant species for their medicinal properties and also used
them in cooking. Some plant species were integral to the
Irulas and local villagers since they served as food, fodder
and fuel; many were worshipped as sacred and widely
planted to serve as shade trees (Supplementary Table 1).
Compared to the local villagers, Irulas consumed fruits of
many native plant species like Carissa spinarium, Phoenix
spp., Opuntia dillenii, Guazuma ulmifolia, Pandanus odorif-
er, Streblus asper, Ziziphus oenoplia and Glycosmis pen-
taphylla. Besides this, wide usage of plants like Cocos nu-
cifera, Borassus flabellifer, Moringa oleifera, Pithecellobium
dulce were common for all the local inhabitants of the area
alike (Fig. 3). Despite the diverse usage of M. oleifera in
local cuisine and medicine, the number of trees in the
study area was considerably low, making it a suitable spe-
cies for future plantation initiatives. Cissus quadrangularis
had specific ethnographic usage in some caste rituals, alt-
hough Irulas used this plant and leaves of Carmona retusa
in their culinary preparations mostly because of their me-
dicinal attributes. Another locally available climber, Mukia
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Table 1. Richness, diversity and similarity of plant species found in nine sampling sites. Pairwise comparison between Morisita similarity indices of two combina-
tion sites revealed that species diversity indices were most similar between sites 1 and 7(0.76+0.05).

Cumulative sp. Richness Estimator Estimate for sp. Rich- Number of shared sp. Diversity Estimator C29 Estimate /
richness (mean) ness (+SE) in two sites (pair wise comparison) Est_Standard Error
95 Chaol-bc 110.4+£8.7 D12=14 C22(1.2) 0.51 0.06
D13=14 C22(1.3) 0.1 0.02
D14=11 C22(1.4) 0.21  0.04
D15=15 C22(1.5) 0.35 0.06
D16=17 C22(1.6) 0.68  0.06
D17=16 C22(1.7) 0.76 0.05
D18=13 C22(1.8) 0.35 0.05
D19=6 C22(1.9) 0.1 0.02
D23=9 C22(2.3) 0.03 0.01
D24=12 C22(2.4) 0.43  0.05
D25=12 C22(2.5) 0.44  0.06
D26=12 C22(2.6) 0.35  0.05
D27=13 C22(2.7) 0.47  0.05
D28=12 C22(2.8) 0.45. 0.05
D29=7 C22(2.9) 0.21  0.04
D34=6 €22(3.4) 0.03 0.01
D35=11 C22(3.5) 0.35  0.07
D36=12 C22(3.6) 0.1 0.01
D37=11 C22(3.7) 0.06. 0.01
D38=11 C22(3.8) 0.04. 0.01
D39=6 C22(3.9) 0.04 0.01
D45=12 C22(4.5) 0.64. 0.06
D46=9 C22(4.6) 0.45  0.05
D47=10 C22(4.7) 0.34  0.05
D48=8 C22(4.8) 0.66 0.05
D49=6 C22(4.9) 0.57  0.05
D56=11 €22(5.6) 0.54  0.06
D57=14 C22(5.7) 0.51  0.06
D58=11 €22(5.8) 07 0.6
D59=7 €22(5.9) 0.55  0.06
D67=16 €22(6.7) 0.74 0.04
D68=11 €22(6.8) 0.45  0.05
D69=10 C22(6.9) 0.37  0.05
D78=13 €22(7.8) 035 0.05
D79=6 C22(7.9) 0.26  0.04
D89=5 C22(8.9) 0.57  0.05

maderaspatana, named after the capital city of TamilNadu  who were aware of its healing properties against the com-
(Madras), had specific culinary usage among the locals mon cold. Villagers were aware of the medicinal properties
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Fig. 3. Afarmland in the study area showing (A) RV bordering the rice paddy cultivation, with diverse native flora providing ecosystem services like

904

F

(B) Ani-

someles malabarica; (C) Cayratia trifolia; (D) Solanaum trilobatum; (E) Calotropis gigantea with usage in traditional medicine and (F) Borassus flabellifer (leaf)

serving as platter to an indigenous Irula family to enjoy cooked food in field.

of locally available trees, shrubs and herbs like Azadirachta
indica, Vitex negundo, Corymbia citridora, Achyranthes
aspera, Cardiospermum halicacabum, Solanum trilobatum.
A. indica was considered sacred for the majority of Hindu
communities and it had an important place among the
Irulas as ‘Kanniamman’ or the ‘snake goddess’ whom they
ardently worshipped. Extensive samplings conducted over
different seasons, would probably reveal additional infor-
mation on the local plant species like Rauvolfia tetraphylla
or Andrographis paniculata which have important ethno-
medicinal usages (41-44).

Local usage also varied for the distribution of plant
species in the area which changed according to the soil
salinity and land use. Morisita similarity index for species
diversity was found to be high between sites- 1, 2, 4, 6 and
7 rather than sites- 3, 5, 8 and 9 (Supplementary Table 1).
The proximity to the sea and inadequate rainwater har-
vesting systems made sites like 3, 5 and 8 less species di-
verse compared to those with ample water resources. Site
9, although placed away from the shoreline, was found to
be the least species-rich. Considering the asymptote in the
rarefaction curve, it was assumed that plant species rich-
ness would not increase there even with greater sampling
efforts (Fig. 4). This could be due to local practices of eradi-

cating native vegetation at the cost of alien invasive spe-
cies like P. juliflora which served as fuelwood or fodder and
restricted the propagation of native species for the strong
allelopathic and allelochemical properties (45). Since plant
species richness is directly proportional to species abun-
dance and diversity, the sites with single-species domi-

No. of species

] 100 15 0 10 -] 350 %0 0
No. ofindividnals

Fig. 4. Individual-based rarefaction curve showing species accumulation
pattern (cumulative) for plants recorded in nine sites. Sites 1, 2, 4-8 had the
potential for higher species richness with bigger sample sizes or more sam-
pling efforts.
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nance showed lower species diversity. A similar situation
was also observed at site 4. The main reason contributing
to low species diversity at both the sites were due to local
practices of managing RV and frequent clearing and burn-
ing of ‘apparently unwanted wild plants’ which added to
the amount of harmful greenhouse gases. Mainstreaming
large scale biodiversity conservation requires active in-
volvement of local stakeholders, aware of the ecological
services or disservices associated with the landscapes they
manage. The above findings strongly suggest that farm-
land associated RV can be managed by frequent monitor-
ing and preservation through a more participatory ap-
proach from the landowners and policy makers alike (46).

The two most abundant plant species found in all
the sites were P. juliflora (n = 284) and P. odorifer (n = 282),
closely followed by A. indica (n = 176), Morinda pubescens
(n = 141) and B. flabellifer (n = 137). Other plants found in
significant numbers were undershrubs and shrubs like,
V. negundo (n = 120), Ipomoea carnea (n = 109), Lantana
camara (n = 104), C. retusa (n = 75) and Hygrophila auricu-
lata (n = 64). P. odorifer was found to form natural clumps
in fields, most of which were not cultivated for a while.
P. odorifer showed almost equal distribution in all the ten
quadrats laid at two sites closely placed to the seashore
and often in close proximity with saltpans. The sandy
brown soil with higher salinity, supported specialist spe-
cies like P. odorifer. Such plant species are often found in
high density along with water bodies in coastal areas and
the complex structure of their aerial roots like that in
Pandanus are advantageous in preventing land erosion
against natural calamities like tsunamis (47, 48).

Most sites with a high diversity of native plants as
RV, also had farming activities round the year as per obser-
vations and information collected from the local farmers.
However, the data was not quantified scientifically. This
observation indicated that RV did not impose any negative
impact on the overall functionality of farmlands and the
average yield (Fig. 3), as was also observed by Rey Benayas
and Bullock in a European context (49). Maintaining native
plants along field margins is beneficial for local biodiversi-
ty, pest control, crop pollination, better water retention
and soil quality, food/nutrition security and additional
ecosystem services (50-53). Few particular tree species like
A. indica, Ficus benghalensis, Ficus religiosa, Pongamia pin-
nata received local attention due to their religious affilia-
tions and importance to serve as effective shade trees for
the farmers, agriculture laborers or pastoralists. Locally
abundant tree species like B. flabellifer were preserved for
their integral connection with local socio-cultural and eco-
nomic environment. Almost all parts of B. flabellifer includ-
ing tender root, tender and ripened fruit, stem, bark, leaf
and inflorescence were used as food, condiment, bever-
age, medicine, fuel, building/thatching material and craft
(Fig. 3). But other than a few eminent species like these,
local farmers of the present days, were unaware of the
diverse prospects of farmland associated RV including
their potential in aiding to annual crop yield and livelihood
options (54, 55). The study area did not have any major
crop-raiding species which would use farmland associated

vegetation for shelter and thus add to ecological disser-
vice. Instead beneficial species crucial in maintaining eco-
system balance including snakes, amphibians, insectivore
birds, Indian grey mongoose, golden jackal etc were found
in such habitat patches. The importance of preserving RV
along farmlands has been emphasized since a long time
(56) though, such resolutions are not reflected in the agri-
culture policies of India. This coupled with declining resili-
ence towards wildlife and less dependence on native
plants for food or nutritional supplement, often lead to the
complete removal of RV in and around farmlands. India
currently has an estimated 110 million Ha of agricultural
area with RV which, if properly managed, can support con-
siderable biodiversity in agroecosystems despite the
alarming habitat loss threatening the country’s natural
heritage, help to achieve India’s ‘Conference Of the Parties
-21’ and Sustainable Development Goals by increased car-
bon sink and sustainable agriculture, enhance food securi-
ty and secure traditional knowledge which otherwise may
be lost over time(15, 57).

Higher abundance of farmland associated P. juliflo-
ra, an alien invasive species to India, was identified as a
threat to the local ecosystem. The species was favoured by
the local people mostly because of services provided as
firewood or fodder When the number of all other species
and P. juliflora were computed, it was evident that sites
with higher P. juliflora abundance, supported less number
of all other plant species (Fig. 5). This also affected the
overall plant species diversities in the concerned areas.
Site six (Shannon index 2.75) and Site two (Shannon index
2.97) showed almost similar compositions of plants as Site
seven (Shannon index 2.83) and Site one (Shannon index
3.03). All these sites were species diverse and had more
native plants than P. juliflora (Fig. 5).

Human practices are known to exert direct and long
-term effects on local plant diversities which often have
global consequences (58). As an example, P. juliflora -once
introduced in India for specific ecological services, is cur-

No. of P.juliflora
\
-]
No. of all-other species

U T T T T T T
174 262 0 § 2.T% H

Shannon diversity indices of nine sites
Fig. 5. Total Number of P. juliflora (square marker) and all other species
(round marker) plotted against the consecutive Shannon (MLE) diversity

indices of nine sites. Most cases, higher Shannon index were related to lower
abundance in P. juliflora and higher abundance of other plant species.

rently detrimental to native flora and fauna (59). Pjuliflora
is adept to propagate in a variety of habitats including
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farmland associated RV patches and shows high dispersal
through local inhabitants and livestock (60). A recent study
in the Pudukkotai district of Tamil Nadu found P. juliflora
to occupy 94% of the total geographic area (61). It also
found that P. juliflora invaded more in the agricultural fal-
low lands along the water bodies, and thus had the capaci-
ty to quickly propagate into the neighbouring districts.
Since the current study area was adjacent to the dry ever-
green forests in the undivided Kancheepuram district,
there were chances of P. juliflora invasion inside the PAs if
not monitored regularly (62). There is an urgent need to
create awareness among various stakeholders since
P. juliflora is not only harmful to the native biodiversity but
also to livestock grazing, crop production, groundwater
level, economy and human health (63, 64). Without region-
specific studies on P. juliflora and management practices
to arrest further spread of the species, there is ample
scope for irreversible damage to the local ecosystem since
future climatic conditions in India, are predicted to favour
fast proliferation of this species throughout the country
(65). Further detailed studies to determine the regenera-
tion rate of P. juliflorain the study area, future probabili-
ties of invasion and its impact on ecological health, remain
essential.

Conclusion

Falling broadly under the same physiographic zone, nine
sites selected to study the RV along farmlands in undivided
Kancheepuram District in Tamil Nadu, showed differences
in plant species richness and diversity based on various
factors including proximity to sea or extent of salinity in
the soil, agriculture practices and localised management.
The species composition of the RV represented plants un-
der diverse life forms and families which provided im-
portant ecological services to the area. A total of 66 among
96 recorded plant species in the RV were integral to the
local villagers and the Irula tribal community as food, fod-
der, fuel, therapeutic resource, religious symbols and oth-
er socio-cultural or economic provisions. Hence, proper
management of the RV had significant potential to main-
tain a heterogenous and sustainable agroecosystem in the
area while securing biodiversity and related traditional
knowledge. Certain localized practices like burning and
clearing of useful RV and preference for alien invasive
weeds like Pjuliflora were found to be detrimental not only
to the native plant diversity but also to the local ecosystem
including the nearby tropical dry evergreen forests. The
study indicated 1) the urgency of more participatory re-
search involving the local stakeholders into understanding
attributes of the RV along farmlands and 2) the need to
apply suitable policy decisions in small scale agriculture
practices.

Acknowledgements

We express our sincere thanks to the Irula Snake Catcher’s
Industrial Co-operative Society, Chengalpattu forimmense
help during the study. We thank Dr M. Murugesan, for his
help. We are grateful to Dr PA Azeez for his valuable com-

906

ments on the draft. We are thankful to Dr. K. Venkatraman
and Dr. A. Ramakrishna, former Directors, Zoological Sur-
vey of India, Kolkata.

Authors contributions

DGD carried out the project work by identifying the study
area and human resources, finalized methodology, collect-
ed and analysed data and drafted the manuscript. SB
helped in collection, organization of data and taxonomic
identifications of the plant species. PC identified suitable
methodology to sample vegetation, helped in data cura-
tion and identification of plant species and prepared the
detailed map of the study area. CV provided necessary
resources, conceived of the study and participated in its
design and coordination. PPNR conceived of the study,
helped in drafting the manuscript. All authors read and
approved the final manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interests to declare.

Ethical issues: PIC for sharing traditional knowledge, was
obtained from the Irula members of the ISCICS. In case of
any commercial usage of data provided here, the State
Biodiversity Board of Tamil Nadu must be informed as per
the Biological Diversity Act (2002). Irula members associat-
ed with ISCICS retain the right to any commercial profit
which may derive from the information provided in this
article.

Supplementary data

Supplementary Table 1: Total number of plant species
recorded in all quadrats. Family, life form and ethnobotan-
ical/local usage of each species is mentioned. Literatures
are referred for the data collected on ‘local usage’(35, 36)

References

1. Foley JA, Ramankutty N, Brauman KA, Cassidy ES, Gerber JS,
Johnston M et al. Solutions for a cultivated planet. Nature. 2011,
478(7369): 337-42. https://doi.org/10.1038/nature10452

2. Haddad NM, Brudvig LA, Clobert J, Davies KF, Gonzalez A, Holt
RD et al. Habitat fragmentation and its lasting impact on Earth’s
ecosystems. Science Advances. 2015; 1(2): e1500052. https://
doi.org/10.1126/sciadv.1500052

3. Betts MG, Wolf C, Pfeifer M, Banks-Leite C, Arroyo-Rodriguez V,
Ribeiro DB et al. Extinction filters mediate the global effects of
habitat fragmentation on animals. Science. 2019;366(6470):1236
-39. https://doi.org/10.1126/science.aax9387

4.  Lindenmayer D, Claridge A, Hazell D, Michael D, Crane M, Mac-
Gregor C, Cunningham R. Wildlife on farms: how to conserve
native  animals. Csiro publishing; 2003. https://
doi.org/10.1071/9780643069848

5.  Foley JA, DeFries R, Asner GP, Barford C, Bonan G, Carpenter SR
et al. Global consequences of land use. Science. 2005;309
(5734):570-74.

6. Bowler DE, Bjorkman AD, Dornelas M, Myers Smith IH, Navarro
LM, Niamir A et al. Mapping human pressures on biodiversity

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1038/nature10452
https://doi.org/10.1126/sciadv.1500052
https://doi.org/10.1126/sciadv.1500052
https://doi.org/10.1126/science.aax9387
https://doi.org/10.1071/9780643069848
https://doi.org/10.1071/9780643069848

907 DASTIDARET AL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

across the planet uncovers anthropogenic threat complexes.
People and Nature. 2020;2(2):380-94. https://doi.org/10.1002/
pan3.10071

Rey Benayas JM, Bullock JM. Restoration of biodiversity and
ecosystem services on agricultural land. Ecosystems. 2012;15
(6):883-99. https://doi.org/10.1007/s10021-012-9552-0

Sutcliffe LM, Batary P, Kormann U, Baldi A, Dicks LV, Herzon | et
al. Harnessing the biodiversity value of Central and Eastern
European farmland. Diversity and Distributions. 2015;21(6):722-
30. https://doi.org/10.1111/ddi.12288

Zabel F, Delzeit R, Schneider JM, Seppelt R, Mauser W, Vaclavik
T. Global impacts of future cropland expansion and intensifica-
tion on agricultural markets and biodiversity. Nature Communi-
cations. 2019;10(1):1-10. https://dx.doi.org/10.1038%2Fs41467-
019-10775-z

Bendall E, Westgate M, Haddaway N, Lindenmayer D. Tracking
research trends on the effects of vegetative strips within agricul-
tural landscapes: A systematic map update. Authorea Preprints.
2022. https://doi.org/10.22541/au.164410852.23208571/v1

Nautiyal S, Goswami M. Role of traditional ecological knowledge
on field margin vegetation in sustainable development: A study
in a rural-urban interface of Bengaluru. Trees, Forests and Peo-
ple. 2022;8:100207. https://doi.org/10.1016/j.tfp.2022.100207

Nicholson CC, Ward KL, Williams NM, Isaacs R, Mason KS, Wilson
JK etal. Mismatched outcomes for biodiversity and ecosystem
services: testing the responses of crop pollinators and wild bee
biodiversity to habitat enhancement. Ecology Letters. 2020; 23
(2):326-35. https://doi.org/10.1111/ele.13435

Shi X, Xiao H, Luo S, Hodgson JA, Bianchi FJ, He H, van der Werf
W, Zou Y. Can landscape level semi-natural habitat compensate
for pollinator biodiversity loss due to farmland consolidation?.
Agriculture, Ecosystems and Environment. 2021;319:107519.
https://doi.org/10.1016/j.agee.2021.107519

Modak TS. From public to private irrigation: Implications for
equity in access to water. Review of Agrarian Studies. 2018;8
(1):28-63.

Nautiyal S, Goswami M, Shivakumar P. Field Margin Vegetation
and Socio-Ecological Environment. Springer International Pub-
lishing. 2021. https://doi.org/10.1007/978-3-030-69201-8

Kannan R, Shackleton CM, Shaanker RU. Playing with the forest:
invasive alien plants, policy and protected areas in India. Cur-
rent Science. 2013;1159-65.

Chaudhary A, Brooks TM. National consumption and global
trade impacts on biodiversity. World Development.
2019;121:178-87. https://doi.org/10.1016/
j.worlddev.2017.10.012

Fahrig L, Baudry J, Brotons L, Burel FG, Crist TO, Fuller RJ etal.
Functional landscape heterogeneity and animal biodiversity in
agricultural landscapes. Ecology Letters. 2011;14(2):101-12.
https://doi.org/10.1111/j.1461-0248.2010.01559.x

Adhikari D, Tiwary R, Barik SK. Modelling hotspots for invasive
alien plants in India. PloS one. 2015;10(7):e0134665. https://
doi.org/10.1371/journal.pone.0134665

Singh M, Arunachalam R, Kumar L. Modeling potential hotspots
of invasive Prosopis juliflora (Swartz) DC in India. Ecological
Informatics. 2021;64:101386. https://doi.org/10.1016/
j.ecoinf.2021.101386

Saxena NC. The Woodfuel Scenario and Policy Issues in India.
Regional Wood Energy Document Programme in Asia GCP/
RAS/154/NET Field Document No. 49. Food and Agriculture Or-
ganization of the United Nations, Bang-kok, Thailand. 1997.

Kandel P, Gurung J, Chettri N, Ning W, Sharma E. Biodiversity
research trends and gap analysis from a transboundary land-
scape, Eastern Himalayas. Journal of Asia-Pacific Biodiversity.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

2016;9(1):1-10. https://doi.org/10.1016/j.japbh.2015.11.002

Ravikanth G, Aditya V, Shaanker RU. Biodiversity in and around
Farmlands. Economic and Political Weekly. 2020;55 (49):34-37.

Kibru T, Husseini R, Birhane E, Haggar J, Solomon N. Farmers’
perception and reasons for practicing farmer managed natural
regeneration in Tigray, Ethiopia. Agroforestry Systems. 2021;95
(7):1327-42. https://doi.org/10.1007/s10457-020-00546-x

Lohbeck M, Albers P, Boels LE, Bongers F, Morel S, Sinclair F, et
al. Drivers of farmer-managed natural regeneration in the Sahel.
Lessons for restoration. Scientific Reports. 2020;10(1):1-11.
https://doi.org/10.1038/s41598-020-70746-z

Martin AE, Collins SJ, Crowe S, Girard J, Naujokaitis-Lewis I,
Smith AC et al.. Effects of farmland heterogeneity on biodiversi-
ty are similar to—or even larger than—the effects of farming
practices.  Agriculture, Ecosystems and Environment.
2020;288:106698. https://doi.org/10.1016/j.agee.2019.106698

Sutherland WJ. editor. Ecological Census Techniques a hand-
book (2" Edition). Cambridge University Press. 2006. https://
doi.org/10.1017/CB09780511790508

Martin GJ. Ethnobotany-A People and Plants Conservation Man-
ual. Chapman and Hall, London, New York, Tokyo.1995.

Parthasarathy N, Selwyn MA, Udayakumar M. Tropical dry ever-
green forests of peninsular India: ecology and conservation
significance. Tropical Conservation Science. 2008;1(2):89-110.
https://doi.org/10.1177/194008290800100203

Mathew KM. The flora of the Tamil Nadu Carnatic. 3"ed. Rapinat
herbarium. St. Joseph College. 1983

Mathew KM. An excursion flora of central Tamil Nadu, India.
New Delhi, Oxford and IBH Publishing Company. 1995

Magurran AE. Ecological diversity and its measurement. Chap-
man and Hall. London. 1988. https://doi.org/10.1007/978-94-
015-7358-0

Chao A, Shen TJ. Program SPADE (species prediction and diver-
sity estimation). Program and user's guide. http://
chao.stat.nthu.edu.tw.2010.

Hammer @, Harper DAT, Ryan PD. PAST, Paleontological statis-
tics software package for education and data analysis. Paleon-
tologia Electronica. 2001;41:9.

Colwell RK, Mao CX, Chang J. Interpolating, extrapolating, and
comparing incidence based species accumulation curves. Ecol-
ogy. 2004;85(10):2717-27. https://doi.org/10.1890/03-0557

Shannon CE. A mathematical theory of communication. The Bell
system  technical journal. 1948;27(3):379-423. https://
doi.org/10.1002/j.1538-7305.1948.tb01338.x

Chao A, Jost L, Chiang SC, Jiang YH, Chazdon RL. A two stage
probabilistic approach to multiple community similarity indi-
ces. Biometrics. 2008;64(4):1178-86. https://doi.org/10.1111/
j.1541-0420.2008.01010.x

Sukumaran S, Sujin RM, Geetha VS, Jeeva S. Ethnobotanical
study of medicinal plants used by the Kani tribes of Pechiparai
Hills, Western Ghats, India. Acta Ecologica Sinica. 2021;41(5):365
-76. https://doi.org/10.1016/j.chnaes.2020.04.005

Kutal DH, Kunwar RM, Uprety Y, Adhikari YP, Bhattarai S, Adhi-
kari B et al. Selection of medicinal plants for traditional medi-
cines in Nepal. Journal of Ethnobiology and Ethnomedicine.
2021;17(1):1-11. https://doi.org/10.1186/513002-021-00486-5

Mousavi SM, Hashemi SA, Behbudi G, Mazraedoost S, Omidifar
N, Gholami A et al. A review on health benefits of Malva sylvestris
L. nutritional compounds for metabolites, antioxidants, anti-
inflammatory, anticancer and antimicrobial applications. Evi-
dence-Based Complementary and Alternative Medicine. 2021;1-
13. https://doi.org/10.1155/2021/5548404

Senthilkumar K, Mathialagan P, Manivannan C. Herbal snake
bite remedies of Irula tribal people of Kancheepuram district,

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1002/pan3.10071
https://doi.org/10.1002/pan3.10071
https://doi.org/10.1007/s10021-012-9552-0
https://doi.org/10.1111/ddi.12288
https://dx.doi.org/10.1038%2Fs41467-019-10775-z
https://dx.doi.org/10.1038%2Fs41467-019-10775-z
https://doi.org/10.22541/au.164410852.23208571/v1
https://doi.org/10.1016/j.tfp.2022.100207
https://doi.org/10.1111/ele.13435
https://doi.org/10.1016/j.agee.2021.107519
https://doi.org/10.1007/978-3-030-69201-8
https://doi.org/10.1016/j.worlddev.2017.10.012
https://doi.org/10.1016/j.worlddev.2017.10.012
https://doi.org/10.1111/j.1461-0248.2010.01559.x
https://doi.org/10.1371/journal.pone.0134665
https://doi.org/10.1371/journal.pone.0134665
https://doi.org/10.1016/j.ecoinf.2021.101386
https://doi.org/10.1016/j.ecoinf.2021.101386
https://doi.org/10.1016/j.japb.2015.11.002
https://doi.org/10.1007/s10457-020-00546-x
https://doi.org/10.1038/s41598-020-70746-z
https://doi.org/10.1016/j.agee.2019.106698
https://doi.org/10.1017/CBO9780511790508
https://doi.org/10.1017/CBO9780511790508
https://doi.org/10.1177/194008290800100203
https://doi.org/10.1007/978-94-015-7358-0
https://doi.org/10.1007/978-94-015-7358-0
http://chao.stat.nthu.edu.tw.2010
http://chao.stat.nthu.edu.tw.2010
https://doi.org/10.1890/03-0557
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1111/j.1541-0420.2008.01010.x
https://doi.org/10.1111/j.1541-0420.2008.01010.x
https://doi.org/10.1016/j.chnaes.2020.04.005
https://doi.org/10.1186/s13002-021-00486-5
https://doi.org/10.1155/2021/5548404

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Tamil Nadu, India. Int J Curr Microbiol Appl Sci. 2018;7(7):425-
38. https://doi.org/10.20546/ijcmas.2018.707.052

Santhan P. A field study on Indian medicinal plants. Journal of
Medicinal Plants. 2020;8(4):198-205.

Sen S, Chakraborty R. editors. Herbal Medicine in India: Indige-
nous Knowledge, Practice, Innovation and Its Value. Springer
Nature, Singapore; 2019. https://doi.org/10.1007/978-981-13-
7248-3

Srinivasan P, Subramaniyan V, Gk T, Krishnasamy K, Jeya-
lachagan S, Palani M. A survey on medicinal plant knowledge
among the indigenous communities (Tamilians) in the delta
regions of Tamil Nadu, India. Journal of Herbs, Spices and
Plants.2022;28(1):36-72.
https://doi.org/10.1080/10496475.2021.1962474

Butler SJ, Vickery JA, Norris K. Farmland biodiversity and the
footprint of agriculture. Science. 2007;315(5810):381-84. https://
doi.org/10.1126/science.1136607

Tanaka N, Sasaki Y, Mowjood MI, Jinadasa KB, Homchuen S.
Coastal vegetation structures and their functions in tsunami
protection: experience of the recent Indian Ocean tsunami.
Landscape and Ecological Engineering. 2007;3(1):33-45. https://
doi.org/10.1007/s11355-006-0013-9

limura K, Tanaka N. Numerical simulation estimating effects of
tree density distribution in coastal forest on tsunami mitigation.
Ocean Engineering. 2012;54:223-32. https://doi.org/10.1016/
j.oceaneng.2012.07.025

Elfadl MA, Luukkanen O. Field studies on the ecological strate-
gies of Prosopis juliflora in a dryland ecosystem: 1. A leaf gas
exchange approach. Journal of Arid Environments. 2006;66(1):1-
5. https://doi.org/10.1016/].jaridenv.2005.09.006

Rey Benayas JM, Bullock JM. Vegetation restoration and other
actions to enhance wildlife in European agricultural landscapes.
In: Rewilding European Landscapes 2015 (pp. 127-142). Spring-
er, Cham. https://doi.org/10.1007/978-3-319-12039-3_7

Ravikanth G, Aditya V, Shaanker RU. Biodiversity in and around
Farmlands. Economic and Political Weekly. 2020;55 (49):34-37.

Singh M, Kumar A, Sharma M. Conservation of plant diversity in
agroforestry systems in a biodiversity hotspot region of north-
east India. Agricultural Research. 2021;10(4):569-81. https://
doi.org/10.1007/s40003-020-00525-9

Srivastav AL, Dhyani R, Ranjan M, Madhav S, Sillanpaa M. Cli-
mate-resilient strategies for sustainable management of water
resources and agriculture. Environmental Science and Pollution
Research.  2021;7:1-20. https://doi.org/10.1007/s11356-021-
14332-4

Olimpi EM, Garcia K, Gonthier DJ, Kremen C, Snyder WE, Wilson
Rankin EE, Karp DS. Semi-natural habitat surrounding farms
promotes multifunctionality in avian ecosystem services. Jour-
nal of Applied Ecology. 2022;59(4):898-908. https://
doi.org/10.1111/1365-2664.14124

Clough Y, Barkmann J, Juhrbandt J, Kessler M, Wanger TC, An-
shary A etal. Combining high biodiversity with high yields in
tropical agroforests. In: Proceedings of the National Academy of
Sciences. 2011;108(20):8311-16. https://dx.doi.org/10.1073%
2Fpnas.1016799108

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

908

Newton AC, Evans PM, Watson SC, Ridding LE, Brand S,
McCracken M et al. Ecological restoration of agricultural land
can improve its contribution to economic development. PloS
one. 2021;16(3):€0247850. https://doi.org/10.1371/
journal.pone.0247850

Mattison EH, Norris K. Bridging the gaps between agricultural
policy, land-use and biodiversity. Trends in Ecology and Evolu-
tion. 2005;20(11):610-16. https://doi.org/10.1016/
j.tree.2005.08.011

Vicziany M, Plahe J. Food security and traditional knowledge in
India: the issues. South Asia: Journal of South Asian Studies.
2017;40(3):566-81. http://
dx.doi.org/10.1080/00856401.2017.1342181

Harisha PR, Gowthami R, Setty RS. Vocal to local: indigenous
dietary practices and diversity of wild food plants in Malai Ma-
hadeswara wildlife sanctuary, South India. Ethnobotany Re-
search and Applications. 2021;22:1-27. https://doi.org/10.32859/
era.22.22.1-27

Raman TS, Gonsalves C, Jeganathan P, Mudappa D. Native
shade trees aid bird conservation in tea plantations in southern
India.  Current  Science. 2021;121(2):294-305. https://
doi.org/10.18520/cs/v121/i2/294-305

Srivastava A, Singh S. Role of forest invasive species on the con-
vention on biological diversity CBD. Indian Journal of Environ-
mental Education. 2011;11:33-40.

Hiregoudar A, Rajasekaran A, Singh M. Spatial Mapping of
Prosopis juliflora (Swartz) DC in Pudukkottai District, Tamil Na-
du, India. International Journal of Advanced Remote Sensing
and GIS. 2020;9(1):3374. https://doi.org/10.23953/
cloud.ijarsg.479

Pysek P, Hulme PE, Simberloff D, Bacher S, Blackburn TM, Carl-
ton JT etal. Scientists' warning on invasive alien species. Bio-
logical Reviews. 2020;95(6):1511-34. https://doi.org/10.1111/
brv.12627

Shackleton RT, Le Maitre DC, Pasiecznik NM, Richardson DM.
Prosopis: a global assessment of the biogeography, benefits,
impacts and management of one of the world's worst woody
invasive plant taxa. AoB plants. 2014;6. https://doi.org/10.1093/
aobpla/plu027

Rai PK, Singh JS. Invasive alien plant species: Their impact on
environment, ecosystem services and human health. Ecological
Indicators. 2020;111:106020.  https://dx.doi.org/10.1016%
2Fj.ecolind.2019.106020

Singh M, Arunachalam R, Kumar L. Modeling potential hotspots
of invasive Prosopis juliflora (Swartz) DC in India. Ecological
Informatics. 2021;64:101386. https://doi.org/10.1016/
j.ecoinf.2021.101386

§8§

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.20546/ijcmas.2018.707.052
https://doi.org/10.1007/978-981-13-7248-3
https://doi.org/10.1007/978-981-13-7248-3
https://doi.org/10.1080/10496475.2021.1962474
https://doi.org/10.1126/science.1136607
https://doi.org/10.1126/science.1136607
https://doi.org/10.1007/s11355-006-0013-9
https://doi.org/10.1007/s11355-006-0013-9
https://doi.org/10.1016/j.oceaneng.2012.07.025
https://doi.org/10.1016/j.oceaneng.2012.07.025
https://doi.org/10.1016/j.jaridenv.2005.09.006
https://doi.org/10.1007/978-3-319-12039-3_7
https://doi.org/10.1007/s40003-020-00525-9
https://doi.org/10.1007/s40003-020-00525-9
https://doi.org/10.1007/s11356-021-14332-4
https://doi.org/10.1007/s11356-021-14332-4
https://doi.org/10.1111/1365-2664.14124
https://doi.org/10.1111/1365-2664.14124
https://dx.doi.org/10.1073%2Fpnas.1016799108
https://dx.doi.org/10.1073%2Fpnas.1016799108
https://doi.org/10.1371/journal.pone.0247850
https://doi.org/10.1371/journal.pone.0247850
https://doi.org/10.1016/j.tree.2005.08.011
https://doi.org/10.1016/j.tree.2005.08.011
http://dx.doi.org/10.1080/00856401.2017.1342181
http://dx.doi.org/10.1080/00856401.2017.1342181
https://doi.org/10.32859/era.22.22.1-27
https://doi.org/10.32859/era.22.22.1-27
https://doi.org/10.18520/cs/v121/i2/294-305
https://doi.org/10.18520/cs/v121/i2/294-305
https://doi.org/10.23953/cloud.ijarsg.479
https://doi.org/10.23953/cloud.ijarsg.479
https://doi.org/10.1111/brv.12627
https://doi.org/10.1111/brv.12627
https://doi.org/10.1093/aobpla/plu027
https://doi.org/10.1093/aobpla/plu027
https://dx.doi.org/10.1016%2Fj.ecolind.2019.106020
https://dx.doi.org/10.1016%2Fj.ecolind.2019.106020
https://doi.org/10.1016/j.ecoinf.2021.101386
https://doi.org/10.1016/j.ecoinf.2021.101386

