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ABSTRACT

The spatial pattern of plant species diversity signifies the importance of biodiversity in an ecosystem. The landscape heterogeneity
configures the aggregation of functionally and physiologically convergent species, increasing species richness. Banni grassland is
such a heterogeneous ecosystem, which has wetland, grassland, and dryland habitats. Concurrently, the invasion of P. juliflora is slowly
converting it to shrubland. Banni is situated in an arid region. As arid grasslands are more fragile, it is important to analyze the plant
diversity and its spatial distribution to understand the stability of this ecosystem. The goal of the current study was to investigate how
the species composition and distribution vary in Banni grassland. The total plant diversity was examined by Stratified random sampling
for 27 grids (10 x 10 Km) in which five quadrats were considered amounting to 135 sampling points. During the present study, 66 plant
species were identified which included three trees, 16 sub-shrubs and shrubs, 42 grasses and herbs, and five creepers and climbers. The
Kriging interpolation maps for species richness, dominance, evenness, Shannon index, and Simpson index recognized three distinct
regions describing the spatial distribution of plant diversity in the Banni grassland. The dominance index in Banni grassland is maximum
in west Banni and has a declining trend from west to east Banni. Western Banni, where Chari wetland is located, is dominated by Sueda
nudiflora, while Central Banni has vernal pools and Eastern Banni has moderate grassland. Central Banni has the highest density and
abundance of herbs and grasses, followed by Eastern Banni. The present study concluded that Banni grassland is narrow-niched and

ecologically unique. The unique plant composition of Banni grassland requires long-term conservation planning.
Keywords: Banni grassland, Vegetation diversity, Diversity indices, Habitat heterogeneity.

Highlights

- Banniis the largest grassland of India experiences inherent salinity and extreme climatic conditions.
«  Plant diversity in Banni grassland is affected by the allelopathic effect of Prosopis juliflora.
- Banni grassland has sparse vegetation with xeric and a few halophytic species.

+  Plant diversity and richness are comparatively higher in Central Banni.
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INTRODUCTION

ne of the most vital features of terrestrial ecosystems, plant

diversity; is essential for preserving the stability of a region
(Cunningham et al. 2015). In addition to stabilizing slopes and
improving soil, a diverse flora is a reflection of weather events.
An ecosystem explains the relationship between vegetation and
other biotic components; hence, to understand the ecology it
has become important to understand its biodiversity (Givnish
1999; Davis et al. 2021). Diversity in plant species is a fundamental
structural feature of a natural community that affects
several ecosystem processes, including stability and primary
productivity (Schldapfer and Schmid, 1999; Spehn et al., 2000).
Plant diversity plays a significant role in providing ecosystem
services, such as maintaining the safety of watersheds, improving
soil health, providing medicine, mitigating weather conditions,
and serving as habitats for various wild fauna (Quijas et al. 2010).
For the maintenance of biodiversity and the structural integrity
of these systems that ensures the services drawn from them,
understanding them becomes important (Bond, 2008; Bond
and Parr, 2010). The dissemination of species diversity in an
ecosystem has been attributed to multiple factors, including
climate, productivity, biotic interaction, habitat heterogeneity,
etc. (Willig et al. 2003). Plant species diversity is a crucial
structural feature of an ecosystem. Studies have increasingly
shown that plant diversity can affect many ecosystem processes,
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most notably ecosystem stability and productivity (Spehn et al.
2000). Studies have also explained the importance of the species
abundance and distribution pattern of both real and idealized
communities, even though species diversity in the strict sense
refers to the number of species (richness) in a community. A
study of plant diversity in grasslands of Rajasthan emphasized
the need for long-term conservation planning to conserve the
plant diversity of arid ecosystems in India (Krishna et al., 2014).
In 2021, Ganaie and Reshi studied the species diversity in the
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temperate grassland of Kashmir, India. Later, Joshi et al., (2022)
studied forest plant diversity in low hills of the Central Himalayas,
followed by a similar study for Western Himalayas in 2024.

Grasslands are the largest terrestrial ecosystems on Earth,
covering about 40% of the Earth’s surface, with tropical
grasslands covering 20% of the world’s land area (Ramankutty
and Foley, 1999). These ecosystems provide many ecosystem
services to human society (Hu et al. 2014) and have been
reported to support the livelihoods of around 30-43 million
pastoralists worldwide, who rely mainly on livestock rather
than crops, fuel wood, or tourism. Though grasslands support
about one-fifth of the human population (Scholes and Archer,
1997), they are degraded the world over. Tropical grasslands
are thought to be one of the most vulnerable biomes to future
changesin land use and climate (Sala et al., 2009; Morgan et al.,
2011). According to Rawat and Adhikari (2015), in India grasslands
occupy 24% of the total land area. However, between 2005 and
2015, this area has shrunk by 31% (Pandey, 2019) making them
one of the most endangered ecosystems. In India, less than 5%
of grasslands are protected. Nevertheless, the administration
is currently attempting to restore these natural grasslands by
giving priority to turning them into planted forests (Nerlekar
etal., 2022).

Banni grassland is the largest grassland in Asia and occupies
50% of the grassland cover in India (Nerlekar et al., 2022).
Though the rich floral and faunal diversity in Banni has drawn
the attention of numerous researchers, the scientific literature
regarding the number of plant species in the Banni region and
their distribution is limited and records vary. Pandya and Siddha
(1982) documented around 41 plant species, encompassing
grasses, herbs, shrubs, and trees, from the vicinity of Bhrindiyara
village. Later, Bharara and Mathur (1999) identified 30 grass
species from Banni. Additionally, GUIDE (1998) reported 23
grass species at the Dhrodo experimental sites in the Banni
grassland regeneration project. Later GUIDE (2010) reported
192 species of vascular plants that included herbs, shrubs,
trees, and climbers. Therefore, the species diversity studies of
Banni grassland, a fragile ecosystem with inherent salinity and
extreme climatic conditions, were thought about to enrich
the understanding of this system. The objective of the study
is to assess the phytosociology of Banni grassland through
quantitative ecological methods. Species richness, diversity
indices, and distribution of species are considered here.

MATERIALS AND METHODS

Study area

Banni, largest residual grassland in India is situated on the
northern edge of the Bhuj taluka (23° 19’ to 23° 52’ N latitude
and 68°56' to 70° 32’ E longitude) of the Kachchh district (Fig. 1),
in Gujarat separating the Greater Rann of Kachchh from central
part of Kachchh district and covers an area of 3,847 km? (Pillai
etal.2018).

Comprising 8.4% of the total area of the Kachchh Desert, the
Banni grassland is a stretch of the world’s largest hypersaline
marshlands, with a zone of Tectonic activity that has uplifted
this land, resulting in the mudflat being elevated at a height
of around 4 to 20 meters above the Great Rann (Kar, 2011). The
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Fig. 1: Banni grassland, Kachchh district, Gujarat, India

Fig. 2: Transect for plant species analysis

—

north-flowing river system of the Khari, Chhari, and Kaila rivers
brought the sediments to the Banni area from the Mesozoic
sedimentary strata of the northern Kachchh Mainland (Maurya
1973). The sediments of Banni grassland are of fluvial origin with
layered silt and clay textures (Singh and Kar 2001).

The Banniregion is primarily flat where flooding is common
during the wet season. According to Mehta et al. (2014), Banni is
a dual ecosystem that is made up of a dry environment during
the pre-monsoon and a seasonal wetland during the monsoon.
The sparse vegetation in Banni is primarily reliant on variations
in the monsoon over the years. After the first rain that occurs in
June-July, the grasses begin to grow and endure until December-
January. Banni grassland vegetation is primarily composed
of halophilic forbs and graminoids, with occasional shrubs
and tree cover. Banni was proclaimed as a reserved grassland
traditionally known as “Rakhal” a reserved grassland. In this
reserved grassland, human settlement was restricted and only
grazing of milch cattle was allowed. Later, other livestock were
also allowed to graze, but specific fees were charged. Presently,
these grazing policies have come to an end and livestock from
other regions of the state also move to Banni for grazing during
the monsoon and post-monsoon periods, as there is enough
fodder during this period (Joshi and Kiran 2021).

METHODOLOGY

The study was conducted from December 2021 to May 2022. The
Banni grassland was divided into 27 grids of 10 Km?each (Fig. 1).
Vegetation sampling was carried out in 5 quadrates along
a transect line of 1 km (Fig. 2) in all 27 grids, amounting to a
total of 135 quadrates. The trees planted near villages were not
considered. The size of quadrats varied for each vegetation type
as Tm?for herbs and grasses, 5 m?for shrubs and subshrubs, and
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10 m? for trees, creepers, and climbers (Fig. 2). During analysis,
all data were converted to 10 m2. All the plants were identified
from their key vegetative and reproductive features based on
the literature available on regional floras viz. Flora of Gujarat
State (Shah, 1978), Flora of the Indian desert (Bhandari 1990),
and Indian biodiversity portal (https:/indiabiodiversity.org/
species/show/252920). To find spatial species composition, the
Shannon Wiener, Simpson, and Evenness indices were calculated
for each grid using PAST Software (version 4.03), while density,
frequency, and abundance were calculated for each vegetation
type separately using MS Excel. Species richness for each site
was calculated as described by Aggemyr et al., (2018). Further,
the mean plant species diversity indices were calculated for all
three geographical locations.
The formulas used for these indices are as follows:

Density = Total number of individuals of a species in all quadrats

Total number of quadrats studied

Frequency (%) = Number of quadrats in which the species occurred X 100

Total number of quadrats studied

Abundance = Total number of individuals of a species in all quadrats

Total number of quadrats in which the species occurred

Banni covers a vast area, so to predict the attribute values of
unsampled locations, Kriging interpolation maps were prepared
using QGIS software version 10.7.for species richness, Shannon
index, evenness, species dominance, and abundance calculated
for each grid. Kriging interpolation calculates each interpolated
value to minimum error values. These maps gave three distinct
regions: western, central, and eastern; hence, the data collected
was segregated into these three regions to understand the
spatial distribution of the species.

REsuLTs

A total of 68 plant species were recorded from 135 sampling
points. Among these, only 3 were tree species, two creepers,
and three climbers, while 42 species were grasses and herbs,
and 19 shrubs and sub-shrub.

The species richness represents the number of species
found. The species richness was calculated for each of the 27
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Fig. 3: Spatial distribution of species richness in Banni Grassland
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grids in Banni grassland, which ranged between 29 to 60 and,
when plotted on Kriging interpolation (Fig. 3), shows that species
richness is higher in central Banni with occasional spikes while it
is lower in eastern Banni and lowest in western Banni.

Similarly, the dominance index of plant species from each
27 grids, which ranged between 0.06 to 0.28, is plotted on the
Kriging interpolation map (Fig. 4a). Dominance value showed
an increasing trend from east to west Banni, with small patches
of very high dominance in the west. The evenness index ranges
between 0.3 to 0.8 (Fig. 4b), which shows an opposite trend
with higher values in the east and lower in the west with few
spikes in each area.

As shown in Figs 5a and 5b, the spatial distribution of
Shannon-Wiener Index (H) and Simpson’s index (D), the
measures of biodiversity richness and abundance of the species,
both exhibited similar trends with higher values in eastern
Banni with decreasing trend towards the west. The values
of Simpson diversity and Shannon diversity index ranged
between 0.63 to 0.96 and 1.76 to 3.65, respectively, in Banni
grassland representing low to moderate diversity. Based on the
interpolation maps, to understand the spatial distribution, the
data analyzed is divided into three regions- east, central, and
west. Further, the mean plant species diversity indices were
calculated for all three geographical locations (Table 1), while
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Fig. 4: a. Spatial dominance index of plant diversity in Banni
grassland; b. Spatial Evenness index of plant diversity in Banni
grassland
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Table 1: Diversity indices of different geographical locations of Banni grassland

Diversity indices Taxa_S Individuals Dominance_D Simpson_1-D Shannon_H Evenness_e\H/S
West 234 186.03 0.21 0.79 213 0.37
Central 415 259.8 0.13 0.87 2.82 043
East 26.6 143.46 0.09 0.91 2.79 0.62

Table 2: Tree Species composition and diversity indices in Banni

Grassland
Location Plant species ‘tfpgé Density Frequency Abundance
Acacia nilotica (L.) Del. tree 0.26  25.71 1
West  Acacia Senegal tree 017 1714 1
Azadirachta indica tree 0.14 17.14 0.83
Acacia nilotica (L.) Del. tree 0.24 24 1
Central Acacia Senegal tree 0.06 6 1
Azadirachta indica tree 0.16 16 1
Acacia nilotica (L.) Del. tree 0.3 26 1.15
East Acacia Senegal tree 0.12 12 1
Azadirachta indica tree 0.24 24 1
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Fig. 5: a. Spatial Shannon diversity index of plant diversity in Banni,
grassland; b. Spatial Simpson diversity index of plant diversity in
Banni, grassland
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density, frequency, and abundance are considered for trees
(Table 2), Herbs and grass (Table 3), shrubs and subshrubs (Table 4)
and creepers and climbers (Table 5).

As noted in Table 1, the mean taxa value (species richness)
was found to be highest in Central Banni (41.5) followed by
Eastern Banni (26.6) and Western (23.4). Similarly, mean values
of individuals of different plant species were also highest in
Central Banni (259.8) and lowest in Eastern Banni (143). Even
though in East Banni mean dominance was minimum (0.09) it
was maximum in Western Banni. The Evenness index followed
a reverse pattern with maximum mean values (0.62) in Eastern
Banni and lowest in Western Banni (0.37). Similarly, mean
Simpson diversity was found to be highest in Eastern Banni,
which declines from east to west with values-0.91,0.87,and 0.79,
respectively. Central Banni experiences the highest values of the
Shannon diversity index (2.82), while Western Banni experiences
the lowest (0.79).

In Banni only three species of trees were identified. Trees
like Banyan (Ficus benghalensis), Pipal (Ficus religiosa), Mango
(Mangifera indica), Eucalyptus sp., and other introduced
plantation species were mainly observed near villages and not
considered here. The Density of Acacia nilotica was highestin the
east region with 0.3 m? followed by 0.26 m? in the west region
and 0.24 m? in the central region (Table 2). Azadiracta indica
had maximum density in the east (0.24) and minimum density
in the west region (0.14 m? ), which was almost maintained in
the central (0.16 m?). Acacia senegal has the lowest values with
a decreasing trend from west to east. All three tree species
occurred all over Banni grassland. Comparatively, Central Banni
supported lesser density and abundance of all the three tree
species (Table 2).

A total of 42 species of herbs and shrubs were identified in
Banni grassland during the study. When relative density and
relative abundance of herbs and grasses are considered (Table 3)
4 species of Herbs and grasses emerged to dominate the 3
regions identified. Cressa cretica L. emerged to top the List,
followed by Cyperus rotundus L and Corchorus depressus (L.)
Stocks in west and central Banni while C. depressus (L.) Stocks
and C. rotundus, respectively in east Banni. However, Aeluropus
lagopoides (L.) Trin.ex Thw. was abundant in the east. C. depressus
(L.) Stocks, Cressa cretica L., and C. rotundus L. are the dominating
herb species in eastern Banni.

Fourteen species of herbs and grasses were not recorded
from western Banni. These are Aristida histricula Edgew, Blumea
eriantha DC, Brachiaria ramosas (L.) Stapf, Cyperus haspan L.,
Digera muricata (L.) Mart, Echinochloa colonum (L.) Link, Eclipta
prostrata (L.) L. Mant, Eleusine indica (L.) Gaertn, Eragrostis
japonica, Heliotropium marifolium Koen.ex Retz. Indigofera
linifolia Retz.1. linnaei Ali. Launaea procumbens Roxb and Mollugo
cerviana Ser. Highest densities of Aeluropus lagopoides (L.) Trin.
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Table 3: Herb and grass species composition and diversity indices in Banni Grassland

Veg.  West Central East

S.No. Plant species
type  Density Frequency Abundance Density Frequency Abundance Density Frequency Abundance

1 Achyranthes asperal.  herbs 0.08 8 1 13 60 217 0.6 28.57 2.1

Aeluropus lagopoides

2 T T grass 1032 80 12,9 1092 100 10.92 757 8571 8.83

3 Ammannia bacciferal. herbs 4.54 100 4,54 2.5 80 3.13 0.51 25.71 2

4  Aristidahistricula grass 0 0 0 266 90 296 111 2286 488
Edgew.

5 Bacopamonnieri(L) o g 100 19 008 6 133 017 857 2
Pennell

6 Blumea eriantha DC herbs 0 0 0 1.08 46 2.35 1.29 65.71 1.96

;  Brachiariaramosa(L) o 0 0 7.1 86 8.26 12 60 2
Stapf

8 Chloris barbata Sw. grass 5.14 100 5.14 13.2 78 16.92 4.4 54.29 8.11
Convolvulus

9 microphyllus (Roth) herbs 1.6 80 2 1.02 42 243 1.23 51.43 2.39
Sieb. ex Spr

10 Corchorusdepressus(L) oo 417 go 13.88 2274 80 2843 218 4571 47.69
Stocks

11 Corchorus olitorius L. herbs 0.44 22 2 2.04 88 2.32 0.46 28.57 1.6

12 Cressa cretica L. herbs 2334 78 29.92 53.72 86 62.47 57.8 97.14 59.5

13 Cyperus glomeratus grass 4.06 78 5.21 5.64 100 5.64 0.74 31.43 2.36

14 Cyperus haspan L. grass 0 0 0 1.48 84 1.76 0.17 5.71 3

15 Cyperus rotundus L. grass 6.14 20 30.7 37.88 86 44.05 31.11 62.86 49.5

16 Dactyloctenium grass 074 18 4.11 602 66 9.12 109 40 271
aegypticum (L.) P. B.

17 Dactyloctenium grass 018 8 2.25 106 56 1.89 023 2286 1
sindicum Boiss.

18 Dichanthiumannulatum oo 604 g 0 386 86 4.49 057 2857 2
(Forak.) Stapf

19 Digeramuricata(l) o 0 0 102 34 3 014 1429 1
Mart.

oo  Echinochloacolonum o 0 0 504 88 5.73 097 5143 1.89
(L.) Link

91 [EdiptaprostrataL)L. o 0 0 43 88 489 08 2857 28
Mant.

5y  [Hleusineindica (L) grass 0 0 0 372 30 124 037 1714 217
Gaertn.

23 Eragrostis ciliaris (L.) grass 2.9 80 3.63 4.72 50 9.44 1 40 25

24 Eragrostis japonica grass 0 0 0 6.44 94 6.85 0.29 20 1.43

g5 [Eragrostistremula grass 248 96 258 066 40 165 0 0 0
Hochst.

26 Euphorbia hirtalL. herbs 2.02 80 253 1.08 58 1.86 074 42586 1.73

27  Euphorbia thymifolial. herbs 0.46 20 23 1.84 84 2.19 0 0 0

28 Evolvulus alsinoides (L.) herbs 2.74 80 343 2.62 86 3.05 0.29 14.29 2

29 Frimbristylis millicea (L.) grass 1.34 20 6.7 0.54 20 2.71 242 94 2.57

30 iﬁ”’ogy nahirta(Willd) o 0.6 20 3 043 20 214 288 70 411

3y Heliotropiummarifolium 0 0 0.43 17.14 25 17 78 218

Koen.ex Retz.
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32 Indigofera linifolia Retz. herbs 0.37 22.86 1.63 2.12 84 2.52
33 Indigofera linnaei Ali. herbs 0.2 14.29 1.4 1.9 90 2.1
34 ‘lLaunaeaprocumbens 0 0 074 4286 173 06 38 1.58
Roxb
35 éf)‘;c‘” aspera(Willd) e 084 30 2.8 0.26 17.14 15 126 56 225
36 Mollugo cerviana Ser. herbs 0 0 0 0.23 17.14 1.33 1.68 84 2
37 Mukiamaderespatensis o 5 50 26 069  37.14 185 15 72 2.08
(L.) M. Roem.
38 Pavonia arabica Steud  herbs 1.38 70 1.97 0.74 40 1.86 1.74 84 2.07
39 Physalis minima L. herbs 2.52 100 2.52 1.03 48.57 2.12 1.2 62 1.94
40 Portulaca meridianalL.  herbs 0.54 28 1.93 0.74 37.14 2 1.08 42 2.57
Sporobolus helvolus
41 (Trin) Th. Dur. et Sch grass 1.66 92 1.8 0.97 57.14 1.7 0.8 44 1.82
42 Kf_g Jomacherea L) herbs 094 48 1.96 0.6 40 15 03 12 25
Table 4: Species composition and diversity indices of shrubs/sub-shrubs in Banni grassland
West Central East
S.No. Plant species
Density Frequency Abundance Density  Frequency Abundance Density Frequency Abundance
1 Alhagi maurorum 0.54 28.57 1.9 1.12 52 2.15 0.68 30 2.27
2 Atriplex stocksii 0.54 28.57 1.9 1.66 56 2.96 1.64 48 3.42
3 Cadaba fruticose 0.31 8.57 3.67 1.06 48 2.21 1.2 34 3.53
4 Calotropis procera (Ait.) R. Br. 0.8 26 3.08 1.4 52 2.69 2.6 85 3.06
5 Capparisdecidua(Forsk) 103 428 24 1 44 227 156 70 223
Edgew.
6 Euphorbia caducifolia 0.03 2.86 1 1 48 2.08 0.54 20 2.7
7 Lycium barbarum 0.8 34.29 233 1.08 52 2.08 0.94 36 261
8 Maerua oblongifolia 0.54 28.57 1.9 1 50 2 0.9 38 237
9 Prosopis cineraria 0.91 48.57 1.88 0.56 46 1.22 0.16 16 1
10 Prosopis juliflora (Sw) DC. 2.51 82.86 3.03 3.92 96 4.08 2.92 86 34
1 Salvadora oleoides 0.69 45.71 1.5 0.54 38 1.42 0.42 20 2.1
12 Salvadora persica L. 0.97 57.14 1.7 23 64 3.59 1.38 78 1.77
13 ouaedafiuticosa(l)Forsk-ex o, 2 17 64 266 222 78 2.85
Gmel.
14 Suaeda nudiflora (Willd.) Moq.  3.57 82.86 3.97 2.46 70 3.51 1.7 60 2.83
15 Tamarix sp 2.25 37.14 6.07 0.38 40 0.95 0 0 0
16 Ziziphus numularia 0.66 48.57 1.35 0.78 56 1.39 0.52 34 1.53

ex Thw., Brachiaria ramosa (L.) Stapf, Chloris barbata Sw., C.
depressus (L.) Stocks, C. rotundus L.and C. rotundus L. were found
in in Central Banni. Eragrostis tremula Hochst. and Euphorbia
thymifolia L. were not found in eastern Banni.

When frequency is considered in the western region
Ammannia baccifera L.n, Bacopa monnieri (L.) Pennell, Chloris
barbata Sw., Eragrostis tremula Hochst., Physalis minima L. and
Sporobolus helvolus (Trin.) Th. Dur. et Sch exhibited 90 to 100%
frequency in the west while Aeluropus lagopoides (L.) Trin. ex

International Journal of Plant and Environment, Volume 10 Issue 2 (2024)

Thw., Aristida histricula Edgew., C. glomeratus, and Eragrostis
japonica had maximum frequency in Central Banni, and only
Cressa cretica L. had high frequency in East Banni. Rest all species
ranged between 0 to 89%.

When abundance is considered, again Cressa cretica L
emerged at the top with a maximum abundance of 62.47% in
Central Banni followed by 59.5% in Eastern Banni and 29.92%
in the west. Other species with high abundance in decreasing
orderare C. rotundus L. (44.05%), C. depressus (L.) Stocks (28.43%),

207



Vegetation Composition and Distribution in Banni Grassland

Table 5: Creepers/climbers species composition and diversity indices in Banni grassland

Locations S. No. Plant species Veg. type Density Frequency. Abundance
1 Corallocarpus epigaeus Climber 1.02 32.00 3.19
2 Cucumis callosus Creeper 0.82 30.00 2.73
East 3 Cucumis prophetarum Creeper 0.54 20.00 2.70
4 Momordica balsamina Climber 0.68 28.00 243
5 Pentatropis spiralis Climber 0.60 24.00 2.50
1 Corallocarpus epigaeus Climber 1.20 46.00 261
2 Cucumis callosus Creeper 1.08 50.00 2.16
Central 3 Cucumis prophetarum Creeper 1.22 56.00 2.18
4 Momordica balsamina Climber 1.12 54.00 2.07
5 Pentatropis spiralis Climber 1.70 56.00 3.04
1 Corallocarpus epigaeus Climber 0.91 3143 291
2 Cucumis callosus Creeper 0.97 37.14 2.62
West 3 Cucumis prophetarum Creeper 0.09 5.71 1.50
4 Momordica balsamina Climber 0.74 20.00 3.71
5 Pentatropis spiralis Climber 0.80 34.29 2.33

Chloris barbata Sw. (16.92%), Eleusine indica (L.) Gaertn. (12.4%),
and Aeluropus lagopoides (L.) Trin. ex Thw. (10.92%) in Central
Banni. In western Banni there were C. glomeratus (15.7%), C.
depressus (L.) Stocks (13.88%) and Aeluropus lagopoides (L.) Trin.
ex Thw. (12.9%), while in the east, there were C. rotundus L.
(49.5%), and C. depressus (L.) Stocks (47.69%). Rest all species had
lower abundance.

Around 18 species of shrubs and subshrubs are recorded
in Banni grassland during the present study (Table 4). Prosopis
juliflora (Sw) DC has the highest density in Central Banni (3.92
/5 m?) followed by Eastern Banni (2.92/5 m?) and Western
Banni (2.51/5m?). Halophyte Suaeda nudiflora (Willd.) Moq has
the highest density in western Banni. Tamarix sp. is a wetland
plant and the highest density of this species is noted near Chari
wetland in western Banni. Calotropis procera (Ait.) R. Br is highly
abundant (3.06) and dense (2.60) in Eastern Banni.

The frequency of shrubs and sub-shrubs was found to range
between 0-96%. Prosopis juliflora in Central Banni exhibited
96% frequency while in eastern Banni and western Banni, it
was 86 and 82.86%, respectively. Another species with a higher
frequency percentage was Calotropis procera (Ait.) R. Br. mainly
in the eastern Banni (85%). Its frequency decreased as we moved
from central to western Banni (52 and 26%, respectively). Other
species with more than 70% frequency were Salvadora persica
L. and Suaeda fruticosa (L.) Forsk. ex Gmel with 78% each and
Capparis decidua (Forsk.) Edgew with 70% in east Banni while
Suaeda nudiflora (Willd.) Mog. with 70% in central Banni. The
other species showed a very low percentage of frequency.

The abundance of shrubs and sub-shrubs in the 3 regions
studied ranged between 0-8 with Tamarix spp. having maximum
abundance in the west (8), very low in the central, and absent
in the east. The next in abundance was Prosopis juliflora (Sw)
DC. with 4.08 abundance in Centre, 3.4 in East, and 3.03 in
West Banni. Among other species, Cadaba fruticosa had 3.67
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abundance in west, 3.53 in east, and 2.21 in central Banni. The
abundance of Calotropis procera (Ait.) R. Br was around 3 in all the
3 regions, whereas the abundance of Atriplex stocksii was 3.42,
which decreased to 2.96 in central Banni and 1.90 in the west.
Salvadora persica L. was next in abundance to Prosopis juliflora
(Sw) DCin central Banni but low in the other two regions, while
Suaeda nudiflora (Willd.) Moq had 3.97 abundance in the west,
which declined to 3.91 in the Central and 2.83 in the east. Rest
all species had lower than 3 abundances in all the regions.

Two species of climber and 3 creepers were recorded in
Banni grassland (Table 5). All the creeper and climber species
have the highest density in central Banni. Here, the densities of
Corallocarpus epigaeus, Cucumis callosus, Cucumis prophetarum,
Momordica balsamina, and Pentatropis spiralis are 1.20/10 m?,
1.08/10 m?, 1.22/10 m?, 1.12/10 m? and 1.70/10 m?, respectively.
The creepers and climber species in Banni are recorded in
post-monsoon season and subsist for a few months only. The
frequency of occurrence for all the creepers and climbers ranged
between 20 to 56% except for Cucumis prophetarum, which
occurred at alow frequency of 5.71%. In general, in central Banni,
creepers and climbers occurred at a higher frequency of around
50%. When abundance is considered, each region had only one
but different species of climber with higher than 3 values. These
are Corallocarpus epigaeus in estern Banni, Pentatropis spiralis in
central Banni, and Momordica balsamina in western Banni. All
other species had abundance values below 3.

Discussion

It has been reported that desert and arid plant communities
have simple structures and a low species diversity, with small
xeric, halophilic, hyper-xeric shrubs and perennial herbage
plants predominating. These plants are adapted to the harsh
and variable environmental conditions of the region. Hence,
in the dry ecosystem, due to their tolerance for environmental
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volatility, dwarf half-shrubs and small shrubs predominate
(Zhangetal., 2017).In arid lands, the majority of the herb species
contain perennial herbs, with annual herbs falling into different
tiers (Zhangetal., 2017). In Banni grassland vegetation depends
on seasonal rainfall, which is scanty and irregular. This results
in sparse vegetation.

Based on 5 Kriging interpolation maps (Figs 3, 4 and 5),
for species richness, dominance, evenness, Shannon index,
and Simpson index, three distinct regions emerged as far as
the spatial distribution of plant diversity of Banni grassland
is deliberated. The central region has higher species richness,
density as well as diversity. The species richness and number of
individuals counted were also higher in the Central region with
a comparatively higher Shannon index. In central Banni several
vernal pools (seasonal wetlands) created during monsoon retain
moisture in the soil for a longer duration, supporting a higher
diversity of species in the region. This region supports more
herbs and grass populations too (Table 3). The saline wetlands
of Kachchh are, although known to sustain low biodiversity,
the biodiversity here is highly distinctive (Chauhan and Gopal,
2016). Most species in central Banni are the species of tropic
or subtropics as well as those depending on dry climatic
conditions. The shrubs in central Banni are mainly adapted
to arid conditions. Due to the presence of seasonal wetlands,
central Banni supports a maximum number of species. Prosopis
juliflora, the invasive species is found to occupy mainly Central
Banni with dense patches. Central Banni has maximum density
and abundance of herbs and grasses too. It is noted here that
central Banni, with vernal pools, is also a habitat for the majority
of grassland species (Table 3). A larger habitat with several
microhabitats is a driver for species diversity at spatial scales
(Lengyel et al., 2016). The central Banni, with vernal wetland
patches, grassland and scrub, has similar conditions and has
shown the presence of maximum species and diversity of plants.

Asfaras habitats created are concerned, Central Banni shows
the presence of vernal wetlands, grasslands, and scrubland, as
well as some saline land near Rann of Kachchh. Alsterberg et
al. (2017) have discussed the relationship of habitat diversity
and multifunctionality, stating that diversity of habitat within
an ecosystem can complement species diversity. Further,
Gastauer et al. (2021) discuss that the increase in ecological
niches available influences the landscape heterogeneity while
configurational land aggregate functionally and physiologically
convergent species increasing species richness. However,
Ben-Hur and Kadmon (2020) report that area heterogeneity
trades off on species richness depending on deterministic
and stochastic drivers of extinction and may have a negative
influence on species richness.

The Chari Dhand wetland in the west mainly supports
wetland species that are not considered in the present study.
However, some of the species with higher density in west are
water-dependent too. In western Banni, the evenness of plant
species distribution is minimal due to the dominancy of a few
species, which also negatively affects the species richness.
Higher dominance of a few species negatively influences the
evenness of species (Akatov et al., 2018). In the Western Banni,
the dominating plant species are Sueda nudiflora and Tamarix.
Sueda spp is a halophyte and has maximum survival in saline
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soil, while Tamarix spp. is a facultative halophyte wetland
species. Western Banni with highly saline wetland- Chari dhand,
supported highest density of both Tamarix spp and Sueda spp.
These are the species that grow well in saline soils (Wungrampha
etal., 2019). These species were also recorded in grids closer to
Rann of Kachchh where flooding occurs in monsoon. The few
species of shrubs present in western Banni with higher density
are halophytes depending on saline soils.

The eastern Banni has mostly grassland habitat where the
maximum species of grasses occurred (Table 3), with Cressa
cretica as the dominant herb species. In the neighboring state of
Rajasthan also, this species has been reported as one of the top
five species of saline grassland (Krishna et al., 2014). Banni being
closer to Rann of Kachchh, salinity is higher in the soil. A small
number of halophytes are found in the east. In Eastern Banni
the herbs and shrubs with higher density are either adapted to
dry, dry deciduous, grassland habitats or tropical habitats. Here
comparatively, the tree densities noted are also higher (Table 2).
A mixed type of vegetation predominates in this area. In Eastern
Banni the densities of Prosopis and Sueda nudiflora are moderate
and the distribution is uniform.

The evenness index describes the number of individuals of
each species within the community. In other words, the degree
of equity/equality in the distribution of individuals among
species is known as the evenness of species. The ecology is
better balanced if individuals from different species occur
equally in a habitat. The value of the evenness index are known
to span between 0 and 1, towards 0 when one particular species
is in abundance, and towards 1 when numbers of individuals
of all species in a population are somewhat comparable (Jost,
2010; Duncan et al. 2014). In Banni Grassland mean evenness of
plant species is comparatively low with only the eastern region
having moderate mean evenness. The evenness index has
an inversely proportional relation with the dominance index
(Jost 2010; Akatov et al. 2018), which is also noted in Banni
grassland where eastern region has higher species richness
while dominance is low compared to the western region. Rest
of Banni has a moderate to low evenness index, which implies
that Banni grassland is a moderately stable ecosystem.

In Banni shrub groups are crucial to plant assemblages.
This region has a lower species diversity, a simpler community
structure, and a sparser species makeup. Our study’s findings
demonstrated the moderate variations in species variety seenin
Banni’s semi-arid zone. Numerous local environmental elements,
including soil, water, microclimate, grazing, and others, have
animpact on it (Dedk et al. 2021). Salinity was one of the factors
for restricting species diversity. Sueda nudiflora is the dominant
species in the west where salinity is expected to be high (Dayal
etal. 2023).

As far as Sueda nudiflora is concerned one more region
emerges, that is Northern Banni region, which is expected to
be under the influence of Rann of Kachchh, the largest salt-
encrusted land in the summer, where we measured the low
species diversity too. This species is well-recognized for having
a high degree of salinity adaptability. Although these plants
can indicate the land’s salinity, each species’ ability to adapt
to salinity varies (Zhao et al., 2020). The distribution pattern of
species decides the species diversity of the landscape (Li, et al.,
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2018). The Sueda nudiflora show a stratified distribution, while
in Central Banni, the dominant species is Prosopis juliflora, which
shows patchy distribution.

Both biotic and abiotic factors influence the distribution
patterns of plant communities. Changes in environmental
factors, including soil moisture, salt content, and soil stability,
frequently take place at the same time, creating complex
relationships between plant communities and their surroundings
(Zhuetal.2012).Bai et al. (2021) have shown a positive correlation
between temperature, precipitation, and plant diversity in
inner Mongolian grasslands. In Banni, grassland temperature
is high and precipitation is very low and only during monsoon.
Consequently, the vegetation diversity is maximum only in the
post-monsoon season. In Arid ecosystems where soil moisture
content is lower, plant species can flourish side by side without
directly competing with one another for resources (Abrams,
1995). The dominance index of Banni ranges from 0.09 to 0.2.
Banni grassland is a hypersaline area and experiences high
temperatures with seasonal rainfall and thus is defunct for low
plant diversity comprising halophytic, xeric shrubs and both
annual and perennial herbs. Thus, Banni grassland, because of
higher salinity, can be narrow-niched and ecologically unique,
as described by Krishna et al. (2014) for Grasslands in the
neighboring state of Rajasthan.

CONCLUSION

The current study discusses the phytosociological features of
the Banni grassland by examining the diversity of plant species.
The Banni grassland displays a varied landscape, with wetlands
in the west, vernal pools in central Banni, and grasslands in
eastern Banni. These diverse habitats supported diverse plant
species with maximum vegetation diversity. Central Banni has
maximum density and abundance of herbs and grasses, followed
by Eastern Banni. Grassland habitat is present in Eastern Banni
while Chari wetland in western Banni and vernal pools in Central
Banni. Grassland and agricultural fields mainly occupy Eastern
Banni. The present vegetation study recorded 66 species (3
trees, 16 sub-shrubs and shrubs, 42 grasses and herbs, and 5
creepers and climbers) in the study area. In conclusion, this
article examined the species diversity in plant communities
and the spatial distribution of vegetation within the Banni
grassland ecosystem. The majority of species are saline-alkaline
and xerophytic-tolerant plants. The plant diversity in Banni
grassland is moderate to low. Calotropis procera (Ait.) R. Br. is
dense in Eastern Banni. However, it is sparsely distributed in
Central Banni, where more spots of Prosopis juliflora exist. It is
crucial to comprehend the impact of continued climatic and
human-induced stress on the diversity of species in grasslands
to develop sustainable conservation strategies. This research
establishes foundational data to shape management policies
and conservation measures for vegetation in dry and saline
environments.

ACKNOWLEDGMENT

The first author expresses gratitude to the Government of
Gujarat for awarding the SHODH fellowship, which provided
financial support for this work. We would also like to thank the

210

Head of the Department of Environmental Studies, Faculty of
Science, The M.S. University of Baroda, for providing the essential
facilities.

CONTRIBUTION OF AUTHORS

All the authors provided crucial feedback and contributed to
shaping the research, analysis, and manuscript. Asha Sharma
wrote the manuscript with support and comments from Dr. Arun
Kumar Roy Mahato, while Prof. Geeta Padate critically evaluated
and edited the manuscript and contributed to the final version.

CONFLICT OF INTEREST

All co-authors confirm that the submission is original work and
agree with the contents of the manuscript. We declare that there
are no conflicts of interest to report.

REFERENCES

Abrams P A.(1995). Monotonic or unimodal diversity-productivity gradients:
what does competition theory predict?. Ecology, 76(7): 2019-2027.

Aggemyr, E., Auffret, A. G., Jadergard, L., & Cousins, S. A. (2018). Species
richness and composition differ in response to landscape and
biogeography. Landscape Ecology, 33, 2273-2284. https://doi.
0rg/10.1007/510980-018-0742-9.

Akatov, V. V., Akatova, T. V., & Chefranov, C. G. (2018). The relationship of
dominance and evenness with productivity and species richness
in plant communities with different organization models. Russian
journal of ecology, 49, 296-305.

Alsterberg, C., Roger, F., Sundbéck, K., Juhanson, J., Hulth, S., Hallin,
S., & Gamfeldt, L. (2017). Habitat diversity and ecosystem
multifunctionality—The importance of direct and indirect effects.
Science Advances, 3(2), e1601475. DOI: 10.1126/sciadv.1601475

Bai, X., Zhao, W., Wang, J., & Ferreira, C.S.S. (2021). Precipitation drives the
floristic composition and diversity of temperate grasslands in China.
Global Ecology and Conservation, 32, e01933.

Ben-Hur, E., & Kadmon, R. (2020). An experimental test of the area-
heterogeneity tradeoff. Proceedings of the National Academy of
Sciences, 117(9), 4815-4822. https://doi.org/10.1073/pnas.1911540117.

Bhandari, M. M. (1990). Flora of the Indian desert (Rev. Edi.). Scientific
publishers, Jodhpur.

Bharara, L.P., & Mathur, Y.N. (1999). Common property resources: A case
study of grazing lands and their management in the arid zone of
Rajasthan. In: Desert, Drought and Development: studies in resource
management and sustainability. (Eds.) Hooja, R. & Joshi. R. Rawat
Publications, New Delhi. Pp:325- 339

Bond, W.J. (2008). What Limits Trees in C 4 Grasslands and Savannas? Annual
Review of Ecology, Evolution, and Systematics. 39, 641-659.

Bond, W.J., & Parr, C.L. (2010). Beyond the forest edge: Ecology, diversity
and conservation of the grassy biomes. Biological Conservation,
43,2395-2404.

Chauhan, M., & Gopal, B., (2016). Saline Wetlands of the Arid Zone of
Western India. C.M. Finlayson et al. (eds.), The Wetland Book, pp-1-8.
DOI 10.1007/978-94-007-6173-5_173-3

Cunningham, S. C., Mac Nally, R., Baker, P. J., Cavagnaro, T. R., Beringer,
J., Thomson, J. R., & Thompson, R. M. (2015). Balancing the
environmental benefits of reforestation in agricultural regions.
Perspectives in Plant Ecology, Evolution and Systematics, 17(4), 301-
317. https://doi.org/10.1016/j.ppees.2015.06.001.

Davis, E., Trant, A., Hermanutz, L., Way, R.G., Lewkowicz, A.G., CollierL.S.,
Cuerrier, A. & Whitaker, D. (2021). Plant-Environment Interactions
in the Low Arctic Torngat Mountains of Labrador. Ecosystems, 24,
1038-1058. https://doi.org/10.1007/s10021-020-00577-6.

Dayal, D., Naorem, A. K., Patel, S., Kumar, S., Jat, M. S., & Singh, T. (2023).
Halophytic fodder for an extreme saline-sodic ecosystem of arid and
semi-arid regions. Indian Farming, 73(3), 03-06.

International Journal of Plant and Environment, Volume 10 Issue 2 (2024)



Vegetation Composition and Distribution in Banni Grassland

Dedk, B., Kovacs, B., Radai, Z., Apostolova, I., Kelemen, A., Kiss, R., Lukacs,
K., Palpurina, Sopotlieva, D., Bathori, F. & Valkd, O. (2021). Linking
environmental heterogeneity and plant diversity: The ecological
role of small natural features in homogeneous landscapes. Science
of the Total Environment, 763, 144199.

Duncan, S. 1., Lenhart, S. & Sturner, K. K. (2014). Measuring Biodiversity with
Probability. The National Council of Teachers of Mathematics, Inc.,
107 (7), 547 — 549.

Gastauer, M., Mitre, S.K., Carvalho., Trevelin, L.C., Sarmento, P.S. M., Neto,
JALAM., Caldeira, C.F, Ramos, S.J., & Jaffé, R. (2021). Landscape
heterogeneity and habitatamount drive plant diversity in Amazonian
canga ecosystems. Landscape Ecology, 36, 393-406. https://doi.
org/10.1007/s10980-020-01151-0.

GAU (Gujarat Agriculture University) (1999). Grasses of Gujarat. Gujarat
Agriculture University, Ahmedabad, Gujarat, India. Pp: 1-169.
Givnish, T. J. (1999). On the causes of gradients in tropical tree diversity.

Journal of Ecology. 87, 193-210.

GUIDE (Gujarat Institute of Desert Ecology). (1998), Status of Banni Grassland
and exigency of restoration efforts, Gujarat. Gujarat Institute of Desert
Ecology, Bhuj. 66 pp.

GUIDE (Gujarat Institute of Desert Ecology). (2004). Grassland Action Plan
for Kachchh District, Gujarat State (Volume-I, Il & lll). Gujarat Institute
of Desert Ecology (GUIDE); Bhuj- Kachchh (Gujarat), India. 334 p.

GUIDE (Gujarat Institute of Desert Ecology) and GSFD (Gujarat State Forest
Department) (2010). An Integrated Grassland Development in Banni,
Kachchh District, Gujarat States. Progress Report, Gujarat Institute
of Desert Ecology (GUIDE), Bhuj - Kachchh (Gujarat), India.15pp (5)

Ganaie, M. M., & Reshi, Z. A. (2021). Species Diversity and Dominance
Pattern in a Temperate Grassland of Kashmir Himalaya. J. Plant Sci.
Res, 8(2): 211

Hu, S., Yang, Y. Li, A, Liu, K., Mi, C., & Shi, R. (2022). Integrating ecosystem
services into assessments of sustainable development goals: A
case study of the Beijing-tianjin-hebei region, China. Frontiers
in Environmental Science, 10, 897792. https://doi.org/10.3389/
fenvs.2022.897792.

Jost, L. (2010). The relation between evenness and diversity. Diversity, 2(2),
207-232.

Joshi, U., &Kiran, G.S. (2021). Evaluating the Impact of Different Vegetation
Types on NEE: A Case Study of Banni Grasslands, India. Journal of
Environmental Protection, 12, 490-507

Joshi, V.C,,Nedi, V.S., Sundriyal,R.C., & Arya, D. (2024). Temporal changes in
species richness, composition and diversity of the forest stands over
36-year period, Western Himalaya, India. Trees, Forests and People,
16, 100572. https://doi.org/10.1016/j.tfp.2024.100572.

Joshi, V. C, Bisht, D., Sundriyal, R. C., & Pant, H. (2022). Species richness,
diversity, structure, and distribution patterns across dominating
forest communities of low and mid-hills in the Central Himalaya.
Geology, Ecology, and Landscapes, 7(4), 329-339. https://doi.org/10
.1080/24749508.2021.2022424.

Kar A., (2011). Geomorphology of the arid lands of Kachchh and its
importance in land resources planning. Landforms Processes and
Environment. ACB Publications, Kolkata. pp. 388-414.

Krishna, P. H., Reddy, C. S., Meena, S. L., & Katewa, S. S. (2014). Pattern of
plant species diversity in grasslands of Rajasthan, India. Taiwania,
59(2) 111:118 DOI: 10.6165/tai.2014.59.111.

Lengyel, S., Déri, E., & Magura, T. (2016). Species richness responses to
structural or compositional habitat diversity between and within
grassland patches: a multi-taxon approach. PLoS One, 11(2),
€0149662. doi:10.1371/journal. pone.0149662.

Li,S., Su, P, Zhang, H., Zhou, Z., Xie, T., Shi, R., & Gou, W. (2018). Distribution
patterns of desert plant diversity and relationship to soil properties
in the Heihe River Basin, China. Ecosphere, 9(7), e02355.

Mehta, A., Sinha, M., & Chaudhary, R. (2014). Evaluation of land cover changes
in Bannigrassland using GIS and RS Technology-A Case Study. Bulletin
of Environmental and Scientific Research, 3(4), 18-27.

Morgan, J.A., LeCain, D.R., Pendall, E., Blumenthal, D.M., Kimball, B.A.,

International Journal of Plant and Environment, Volume 10 Issue 2 (2024)

Carrillo, Y., Williams, D.G., Heisler-White, J., Dijkstra, F.A., & West, M.,
(2011). C4 grasses prosper as carbon dioxide eliminates desiccation
in warmed semi-arid grassland. Nature, 476, 202- 205.

Nerlekar, A. N., Mehta, N., Pokar, R., Bhagwat, M., Misher, C., Joshi, P, &
Hiremath, A. J. (2022). Removal or utilization? Testing alternative
approaches to the management of an invasive woody legume in an
arid Indian grassland. Restoration Ecology, 30(1), e13477.

Pandey K. (2019). India lost 31% of grasslands in a decade: Down To Earth.
[2019-9-10]. https://www.downtoearth.org.in/news/agriculture/
india-lost-31-of-grasslands-in-a-decade6664.

Pandya, S. M. and Siddha V. K. (1982). Ecological studies of arid regions of
Kutch (Gujarat state). Final progress report, Dept. of Biosciences,
Saurashtra University, Rajkot.

Pillai, A. A., Anoop, A., Prasad, V., Manoj, M. C., Varghese, S., Sankaran, M., &
Ratnam, J. (2018). Multi-proxy evidence for an arid shiftin the climate
and vegetation of the Banni grasslands of western India during the
mid-to late-Holocene. The Holocene, 28(7), 1057-1070.

Quijas, S., Schmid, B., & Balvanera, P. (2010). Plant diversity enhances
provision of ecosystem services: a new synthesis. Basic and Applied
Ecology, 11(7), 582-593.

Ramankutty, N., &Foley, J. A.(1999). Estimating historical changes in global
land cover: Croplands from 1700 to 1992. Global Biogeochemical
Cycles, 13(4), 997-1027.

Rawat, G.S. & Adhikari, B.S. (Eds.). 2015. Ecology and Management of
Grassland Habitats in India, ENVIS Bulletin. Wildlife and Protected
Areas. Wildlife Institute of India. Vol. 17. 240 Pp.

Sala, O.E., Chapin Il F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R.,
HuberSanwald, E., Huenneke, L.F., Jackson, R.B., Kinzig, A., Leemans,
R., Lodge, D.M., Mooney, H.A., Oesterheld, M., Poff, N.L., Sykes,
M.T., Walker, B.H., Walker, M., Wall, D.H., (2009). Global Biodiversity
Scenarios for the Year 2100. Science, 287, 1770- 1774.

Scholes, R.J. & Archer, S.R. (1997). Tree Grass Interactions in Savannas. Annual
Review Ecological Systematics, 28, 517-544

Schlapfer, F., & Schmid, B. (1999). Ecosystem effects of biodiversity: a
classification of hypotheses and exploration of empirical results.
Ecological Applications, 9(3), 893-912. https://doi.org/10.1890/1051-
0761(1999)009[0893:EEOBAC]2.0.CO;2.

SpehnE.M., JoshiJ., Schmid B., Diemer M., Kérner C. (2000), Above-ground
resource use increases with plant species richness in experimental
grassland ecosystems. Functional Ecology, 14: 326-337. https://doi.
org/10.1046/j.1365-2435.2000.00437.x.

Shah G. L. (1978). Flora of Gujarat State. University Press, Sardar Patel
University. Vallabh Vidyanagar.

Singh, N., & Kar, A. (2001). Characteristics of major soils of Banni mudflat in
arid western India and their relationship with topography. Journal
of Arid Environments, 48(4), 509-520.

Spehn, E.M., Joshi, J., Schmid, B., Alphei, J., & Kérner, C., (2000) Plant
diversity effects on soil heterotrophic activity in experimental
grassland ecosystems. Plant and Soil 224, 217-230. https://doi.
org/10.1023/A:1004891807664

Willig, M. R., Kaufman, D. M. & Stevens, R. D. (2003). Latitudinal gradients
of biodiversity: Pattern, process, scale, and synthesis. Annual Review
of Ecology Evolution and System, 34, 273-3009.

Wungrampha, S., Joshi, R., Singla-Pareek, S. L., & Pareek, A. (2019). How to
survive in a salty desert: An adventure study with Suaeda fruticosa.
Journal of Plant Science and Research, 35(2), 257-261.

Zhang, P, Shao, M. A, & Zhang, X. (2017). Spatial pattern of plant species
diversity and the influencing factors in a Gobi Desert within the
Heihe River Basin, Northwest China. Journal of Arid Land, 9, 379-393.

Zhao, C., Zhang, H., Song, C., Zhu, J. K., & Shabala, S. (2020). Mechanisms
of plant responses and adaptation to soil salinity. The ilnnovation,
1(1) 1-41.

Zhu, J., Yu, J., Wang, P.,, Zhang, Y., & Yu, Q. (2012). Interpreting the
groundwater attributes influencing the distribution patterns
of groundwater-dependent vegetation in northwestern China.
Ecohydrology, 5(5), 628-636.

211



