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Abstract —

Backgrounds: Grassland is one of the most important ecosystems of the world which benefits human
directly or indirectly needs to be conserved.

Aims: To examine whether and to what extent soil seed bank has significant role in conservation of
grassland of moist tropics.

Methods: Seedling emergence method (seeds m-2) was used for analysis of soil seed bank. Phyto-
sociological studies (IVI, biodiversity parameters, similarity index,) were carried out for both soil seed
bank and above-ground vegetation. ANOVA, PCA, correlation, regression were used for different
statistical analyses.

Results: Large quanta of viable seeds (28450-30750 seeds m-2) were germinated in moist tropical
grassland. Significant seasonal (p < 0.001) and depth variation were found in germination of seed from
soil seed bank. Mainly persistent seed banks play important role in conservation. Most of the species
were common in both soil seed bank and above-ground vegetation. High similarity (0.72, 0.55) and
positive moderate correlation (r2 = 0.25, p < 0.05) was found between seed bank and above-ground
vegetation.

Conclusion: This result predicted that seed bank can be one of the best options for in situ conservation
of grassland of moist tropics, as many others were also reported for various ecosystems of the world.

Key-Words: Soil Seed Bank; Above-Ground Vegetation; Biodiversity Indices; Principal Component
Analysis; Grassland Ecosystem; Moist Tropics.

INTRODUCTION gradients and they are strong growers,

accumulating a large amount of biomass in such

Grassland or grazing land (include perennial and
annual herbs, grasses, sedges and forbs) are a
dominant land use practices globally (Bugalho and
Abreu 2009). In spite of the prevalence of acclimate
which except in the alpine zones of the Himalayas,
favors tropical forest, about 72 million hectares of
India are under grasslands (Misra 1978). Although,
the grasslands are getting under human and biotic
pressure like cattle grazing, fire, agricultural
expansion, urban encroachment, habitat destruction
and removal of forest but they are key sites for
biodiversity conservation (IUCN 1993). Within this
dynamic landscape, plant communities are in turn
influenced by fire, grazing, cutting and soil moisture

growing season and their seeds are displaced by
wind and animals (Lehmkuhl 1994). Grazing is a
land use covering approximately 3300 million ha
(more than 25%) of the global land surface which
makes it the largest and most extensive land use of
planet earth (Asner et al. 2004). India has 2.7 AU
(animal units) ha™ grazing system (Bugalho and
Abreu 2009) where grassland have traditionally
been used all around the world for grazing and
livestock production fetching products such as milk,
meat, fiber, wools and others.

The soil seed bank is reserve of mature viable
seeds located on the soil surface or buried in soil,
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duff or litter (Roberts 1981) and represents an
important component in the development and
maintenance of plant communities (Simpson 1989).
When a seed arrives at soil surface, it may germinate
immediately or persist in the soil for a short or long
period (Shen et al. 2011). The soil seed bank
represents the potential of latent plant populations
since it is the source for population replacement
(Harper 1977; Han and Zhao 2011). The knowledge
of the seed bank and understanding of the
population dynamics of buried viable seeds is
practical importance in agriculture, forestry and
grassland conservation (Li et al. 2011). Various
aspects of soil seed bank are known, describe
distribution pattern, and dynamics of their density in
the sail (Li et al. 2003) harbor seed rain accumulation
and germination (Tang and Cao 1999; Zhao and Xu
2000; Zhang 2001) address role in reconstruction
and succession (An et al. 1996) play a major role in
natural regeneration after disturbances such as fire,
logging, and overgrazing in moist environments
(Roberts 1981; Swaine and Hall 1983) and
determine the composition as an initial step in
artificial restoration of degraded vegetation (Vander
Valk 1989), act as important attribute to develop the
genetic memory with the addition of seeds over
several years and under potentially different selective
regimes (Han and Zhao 2011) and conservation of
biodiversity  through soil seed bank. An
understanding of formation of persistent seed bank
basically gives idea about conservation of rare and
threatened plants and diverse ecosystems (Li et al.
2011).

There is an increasing demand for reliable
information on seed banks both for scientific and as
decision tool in habitat and landscape management
(Holzel and Otte 2004). Grasslands often contain
large number of persistent seed banks (Perera
2005). An understanding of soil seed bank is the key
to many aspects of practical conservation for
agriculture, and virtually to effective conservation of
rare species and diverse ecosystems (Bertiller and
Aloia 1997). Soil seed bank in nature is an important
determinant of plant community dynamics and it
shows the potential of a community to regenerate
after disturbance (Hopkins and Graham 1983; Baker
1989; Mitchel et al. 1998). In order to provide
sufficient cuttings, fruits and seeds, large living
collections and seed banks are required, if native
populations are to remain unthreatened (Kozuharova
2009). Understanding the impact of environmental
changes in relation to grazing on soil seed banks is
highly important  for  conservation, grazing
management, and restoration purposes (Jones and
Esler 2004; Kassahun et al. 2009). Grazing of
grassland by livestock pressure may change
distribution pattern of seed banks (changes in seed
densities and species richness), such related studies
were sporadic.

Grassland of moist tropics is degrading day by day
due to agricultural practices, buildings, parks, and
plantation (artificial forest) encroachment. The study

of soil seed bank was mostly confined to temperate
and other tropical regions but limited studies were
available for moist tropics however, conservation
aspects of plant diversity of grassland of moist
tropics through soil seed bank are lacking. Limited
studies on plant diversity, and community structure of
grassland community moist tropics were available
(Asthana 1975; Dwivedi, 1978; Tripathi & Shukla
2007). Work on soil seed bank dynamics in
grassland absolutely lacking. Therefore, the study of
soil seed bank is essential for in situ conservation of
grassland of moist tropics. So the main hypothesis of
the present study is to know ecological implications
of soil seed bank in conservation of grassland of
moist tropics. The study aims to evaluate the
structural parameters of community (above-ground
vegetation) in terms of density, composition,
richness, relative density, relative frequency, relative
abundance and IVI, and classify transient and
persistent seed bank, and lastly to measurement of
various biodiversity indices and similarity between
above-ground vegetation and soil seed bank.

MATERIALS AND METHODS
Study site and natural conditions

The study site is located (between 26° 13’ and 27°
29'N latitude and 83° 05’ and 83°56’E longitude) at
elevation of 95 m above mean sea level in a
tropical moist region of Gorakhpur district of
eastern Uttar Pradesh, India. This site is near
Kusmabhi plantation forest. The climate is annually
represented by three distinct seasons - summer
(March-June), rainy (July-October) and winter
(November-February). Total annual rainfall is about
1992 mm (73% rainfall during monsoonal climate
from June to October). Mean maximum
temperature is 31°C and mean minimum
temperature 18°C. Mean maximum and minimum
humidity is 89% and 32%, respectively. The soil is
Gangetic alluvium and color is yellowish brown,
texture is sandy loam and clay and pH is slightly
neutral. Average maximum temperature during wet
summer or rainy period (July to October), winter
(November to Februarg) and dry hot summer
(March to June) is 32°C, 26°C and 35°C, and
average minimum temperature is 22.8°C, 9.5°C
and 20.7°C, respectively. This site is nearly 45
years old semi-natural grazing land.

Soil sampling design

The first experiment was conducted in semi-natural
grazing land in month of June 2007 after seed
germination of most species and before the
beginning of seed dispersal. For soil seed bank
analysis soil was sampled in June 2007
(summer/rainy) and in November 2007 (winter) for
seasonal variation of seed germination again this
was followed for second annual cycle in next year
and analysis was continued till December 2009. At
field site, three contiguous permanent plots of 100
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m x 100 m were marked. Random sampling for seed
bank analysis was done in each plot of grassland.
The soil sampling was done by excavating soil
monolith of 20 cm x 20 cm area and at three different
depth 0-10 cm, 10-20 cm and 20-30 cm. Total
eighteen soil samples were taken in each season,
therefore total seventy two soil samples had been
collected for whole study. Six soil samples from three
different depths in each plot in each season were
collected. The each soil sample was kept in each
marked polythene bags and these were brought to
the botanical garden of Department of Botany, BHU,

Varanasi for further detailed soil seed bank
estimation.
Seed bank analysis (Seedling emergence
Method)

Each weighed soil samples of each depth were
transferred within 3 to 4 days into in separate marked
flat, shallow earthen pots filled to about 1 cm below
its brim in botanical garden. Each earthen pot
sprayed with water to provide adequate soil moisture
according to requirement for seed germination and
seasonal variations from time to time and the
position of each earthen pot was changed every 15
days interval to avoid differences in light exposure.
The composition and vertical distribution of soil seed
bank was estimated by seedling emergence method
(Poiani and Johnson 1988; Ter Heerdt et al. 1996) as
it gives appropriate abundance of viable seeds and
its proper distribution which germinate in open field.
This seedling emergence method is most appropriate
for studying the composition of species and viability
of seeds in the soil seed bank, particularly in natural
systems with high floristic richness (Gross 1990).
Once seedlings emerged were observed and
identified by specimen and herbarium; which were
collected from the standing vegetation of the
grassland from time to time, counted and removed
from the pots at 15-days interval. Those seedlings
which were not identified were transferred to other
earthen pots to allow growing till their flowering stage
for proper identification. Soil samples were
maintained and checked for emerging seedlings for
one year, since a shorter period of study may have
resulted estimation of persistent soil seed bank
(Baskin and Baskin 1998). During the study period,
soil samples in each pot were stirred many times to
bring all possible ungerminated seeds to soil surface
to increase the number of seedling emergence by
proper light exposure. The total emerged seeds were
used as the measure of viable seeds in seed bank.
In botanical garden, a set of six from different three
depths for control, earthen pots were placed during
each season to observe seedling emergence due to
local seed rain. For this control set, soil samples of
botanical garden of each depth were taken and
placed into marked polythene and autoclaved in
laboratory at 200°C for 4 hours to make sure
absence of any viable seeds. The autoclaved soil
samples were transferred into each earthen pot. The
seedlings  which  where  emerged  (Tridax

procumbens, and Desmostachya bipinnata) in
control pots were subtracted from the respective
seedling numbers in different depth soil samples.
Each species which was emerged in soil seed bank
of grassland identified at species level. The seed
bank types have classified according to criteria given
by Thompson et al. (1997). Three main types of seed
bank: transient (seeds surviving < 1 year), short-term
persistent (seeds surviving 1-5 years) and long-term
persistent (seeds surviving > 5 years).

Above-ground vegetation analysis

The species composition in above-ground vegetation
was observed at regular monthly interval from June
2007 to December 2009. At experimental site three
contiguous permanent plots of 100 m x 100 m was
marked. Species were observed with 25 random
quadrats sampling of 50 cm x 50 cm in each plot of
grassland for above-ground vegetation. Data were
analyzed as randomized complete block design
established in each plots with 25 quadrats
replicates. The botanical name was followed by
local flora (Srivastava 1976; Ansari et al. 2006).
Plants were categorized into native and exotic
species (Khanna 2009). In each subplot, species
composition, species richness, species diversity,
relative density, relative frequency, relative
abundance and Importance value index (IVI) were
calculated.

Statistical data analyses

After counting total numbers of seedling
emergence, seed density was calculated as seeds
m™. Composition of seed bank of each species in
three different depths in each sample and total
plant density (plants m™ of each species) in above-
ground vegetation were analyzed statistically by
one-way ANOVA and Tukey’s multiple comparison
tests. Multivariate analysis of variance (MANOVA)
was performed to show impact of depth and
season on seed bank by general linear model
(GLM) on SPSS version 16 (2008). The species
diversity in soil seed bank and above-ground
vegetation was measured using richness index
(Magurran 1988), Shannon-Wiener diversity index
(1963), Pielou evenness (1966), Margalef
abundance index (1958) and Simpson dominance
index (1949) on Biodiversity Pro software
(McAleece et al. 1997) and Instat +v3.36 Software
(2006). We used Sorenson’s (1948) similarity
coefficient and Jaccard’s (1912) similarity
coefficient to calculate similarity between soil seed
bank and above-ground vegetation.

Magurran richness index = S

5
Simpson dominance index: D = 1-~i=1  p?:

Margalef abundance index D = S-1/In N
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5
Shannon-Wiener diversity index: H’ = - <=1 p, In
Pi;

Pielou eveness index: J' = D/ (1-1/S);
Equitability (Evenness) (e)
e=H/InSorJ’ =H/Hmax

J’: Pielou evenness index

H’: The observed value of Shannon index
H'max: In S

Where pi = the proportion of all individuals which
belong to species i (number of all individuals of each
species i/N) or relative abundance of the it species,
S = total number of species in the sample or species
richness N = total number of individuals of all
species.

Sorenson’s similarity coefficient: S = (2C/ A+B) 100
C = the sum of common species both of A and B

A = the number of species present in above-ground
vegetation

B = the number of species present in soil seed bank

Jaccard’s similarity coefficient: J =a/S
a = the number of species common to seed bank
and vegetation

S = the total number of species present in both.

The percentage values of the relative frequency,
relative density and relative abundance designated
as the Importance Value Index (IVI) of the species
(Curtis 1959). Importance Value Index (IVI) was used
to determine the overall importance of each species
in both soil seed bank and above-ground vegetation.
IVI of all plants based on relative frequency, relative
density and relative abundance was calculated by
following formulae-

Relative frequency (RF) = frequency of a species
x100 / sum frequency of all species

Relative density (RD) = number of individuals of
species x100 / total number of individuals

Relative abundance (RA) = abundance of a species
x 100 / abundance of all species

IVI=RD + RA + RF

RESULTS

Above-ground vegetation and soil seed bank
diversity and richness

Total 38 species were recorded in both soil seed
bank and above-ground vegetation in which total 28
species were in soil seed bank and 31 were in
above-ground vegetation; 7 and 10 species were
confined to soil seed bank and above-ground
vegetation respectively, 21 were common in both
(Table 1). Seed bank and standing vegetation had
18, 20 annuals and 10, 11 perennials respectively.
Total 16 were monocotyledonous and 22
dicotyledonous in both soil seed bank and above-
ground vegetation. 10 species were exotics and 18
natives in seed bank while in above-ground
vegetation 12 exotics and 19 natives were recorded.
Family Poaceae (10) represented its maximum
number of species.

Total 18 species were found in rainy/summer
season, 16 in winter and 6 were in entire season
during whole study period (Table 2). These 6
species were Cynodon dactylon, Desmodium
triflorum, Dichanthium annulatum, Euphorbia hirta,
Oplismenus burmanii, and Parthenium
hysterophorus.

On the basis of VI the most prominent species in
both soil seed bank and above-ground vegetation
were Cynodon dactylon, Euphorbia hirta,
Oplismenus burmanii, Dichanthium annualatum,
and Digitaria ciliaris, while Alternenthera sessilis
had minimum IVI in seed bank. Jatropha curcus
had maximum IVl and Sida cordifolia have
minimum VI in above-ground vegetation. Cyperus
kylingia had maximum IVl and Fimbristylis
schoenoides had minimum IVI in seed bank (Table
3).

Species richness, diversity and density of soil
seed bank

Mean of total seed density of each species in all
depths showed significant (p < 0.001) annual and
seasonal variations (Table 4). Digitaria ciliaris
contributed maximum (12%) and Alternenthera
sessilis contributed minimum (0.21%) in seed bank.
Seed germination with seasonal variation in both
annual cycles showed maximum germination
during rainy season (42461 m'z) followed by
summer (16190 m™) and winter (16135 m™). Ten
exotic of seed bank contributed 32% of total seed
germination but the potential of seed germination
(seed m? of these exotics (Euphorbia hirta,
Evolvulus nummularis, Parthenium hysterophorus)
were higher than native in moist tropical grassland.

Monthly variations of total seedling emergence of
first annual cycle highlighted maximum number of
seeds were in the month of September and
minimum in January (Fig. 1). Maximum numbers of
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seeds were germinated in 0-10 cm in all seasons
and minimum in 20-30 cm. In first annual cycle
(2007-2008) maximum seedling were emerged than
second annual cycle (2008-2009), because heavy
rainfall cause seeds non-viable, dead and inactive
due to excessive soil moisture.

The numbers of species were found higher in rainy
than summer and winter due to favorable condition
for maximum seed germination of plants. Significant
(p < 0.001) seasonal variations were found in seed
germination. Seed bank size decreased with
increasing of depth in entire season (Fig. 2). As
depth increased, the number of seeds decreased
from 16050 seeds m™ (0-10 cm) to 9200 seeds m™
(10-20 cm) to 3200 m™ (20-30 cm) during first annual
cycle (2007-2008) and also decreased from 17250
m? (0-10 cm) to 9000 m™ (10-20 cm) to 4500 m™
(20-30 cm) during second annual cycle (2008-2009).

Multivariate analysis of variance (MANOVA) for all
plants showed significant impact of depths (p > 0.05)
and seasons (p > 0.001) on germination of seeds F,,
1 value (4.155, 20.435).

Established vegetation and soil seed bank

Mean plant density (plant density m?) of each
species in above-ground vegetation was significant
(p < 0.001) (Table 5). Cynodon dactylon had
maximum (1221 plants m? and Saccharaum
spontaneum minimum (98 plants m™) density.

The measurement of various biodiversity indices in
terms of species richness, diversity, dominance,
abundance and evenness were calculated showing
for above-ground vegetation and soil seed bank
(Table 6). The species confined to soil seed bank
only were Bonnaya brachiata, Chrysopogon
aciculatus, Cyperus kyllingia, Echinochloa crus-galli,
Eragrotis tenella, Fimbristylis schoenoides and
Imperata cylindrica. The species C. dactylon, E.
nummularis and O. burmanii and E. hirta were
dominant in both soil seed bank and above-ground
vegetation.

The result of seed germination denoted that
maximum number of species have formed persistent
seed bank and also these were dominant in above-
ground vegetation, it means seed bank of moist
tropical grassland has its implication on
conservation.

High similarity was observed between soil seed bank
and above-ground vegetation. In grassland, the
Sorenson’s and Jaccard’s similarity coefficient
between the established above-ground vegetation
and soil seed bank were 0.72 and 0.55 respectively
in study period; but during first annual cycle
Sorenson’s similarity between soil seed bank and
above-ground vegetation was 0.78 and in second
annual cycle it was 0.65. Jaccard’s similarity was
0.57 in first annual cycle and 0.61 in second annual

cycle. Similarity between soil seed bank and above-
ground vegetation as positively correlated (Pearson r
= 0.277). These results showed strong relationship
between soil seed bank and above-ground
vegetation. Regression anaIQ/sis showed that there
was positive correlation (r* = 0.077, p > 0.05)
between soil seed bank and above-ground
vegetation (Fig 3). The p-value for this relationship is
non-significant at 5% significance.

DISCUSSION

Grassland ecosystems, in two of three possible
scenarios of biodiversity change for the year 2100,
appear to be the most threatened biome; in the
third scenario (Sala et al. 2000). Grasslands are
among the most vulnerable biomes following
tropical forests, arctic ecosystems, and southern
temperate forests (Sala et al. 2000). They are quite
sensitive ecosystems and are located in most parts
of the world where ecosystems are going to be
affected most by human activity (Sala et al. 2001).
Grasslands are heavily used ecosystems in tropics,
so it is necessary to implement new sound
management practices as soil seed bank to
address biodiversity. Viable seeds in the soil seed
bank can be the base of restoration of grassland
community, the density of viable seeds declines
with time, so restoration should be mostly likely
successful on the youngest sites (Bossuyt et al.
2001). In Terai grassland, nearly five species
typically contribute than 80-90% of the cover within
each grassland assemblage (Peet et al. 1999). The
Terai arc landscape (TAL) is best surviving
remnant of the once extensive alluvial grassland
and forest ecosystems in the eco-region. This
particular area harbors a variety of threatened plant
and wild animal of India (Semwal 2005), so this
particular  area  required protection  and
conservation of these rare and vulnerable species
using soil seed bank tool.

The seedling emergence method has been used in
many studies because of easy of identification of
emerging seedlings, and the presumption of the
number of viable seeds (Baskin and Baskin 1998).
In Californian grasslands dicotyledonous seeds
were prominent than monocotyledons in soil seed
bank (Rice 1989), as were also find by Roberts
(1981) but in present study equal contribution of
monocot and dicotyledonous were recorded. The
presence of a species in the seed bank but not in
the vegetation could be a consequence of seed
dispersal from adjacent areas or seed persistence
in the soil after the death of adult plant
(Esmailzadeh et al. 2011).

Seeds in the soil seed bank were more abundant
near the soil surface which decreased with
increasing depth. There was marked effect of soil
depth on germination of seedling through seedling
emergence method in soil seed bank of grassland.
Total seed density was much higher in 0-10 cm soill
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depth than 10-20 cm and then in 20-30 cm soll
depth. In grasslands, we found that the upper parts
of the soil showed a significantly higher seed density
than the lower parts, as has also been described in
other grassland (Kalamees and Zobel 1998). Seed
density and diversity both significantly decreased
below 10 cm. The seed viability strongly depends
upon soil moisture as found that maximum number of
seeds germinated from uppermost layer but proper
moisture content in lower part of soil layer in soil of
moist tropics which enhances better seed
germination. Generally species which were dominant
in standing vegetation, their number of seed are
more found near the soil surface. The decrease in
soil seed bank density in both rainy, summer and
winter season with increasing depth determined by
various environmental factors like organic matter,
litter, moisture content, pH, seed rain, seed
availability, germination, seed predation or seed
viability. Soil seed banks vary seasonally in their size
and composition time to time. The size of a soil seed
bank is controlled primarily both by the numbers of
seeds produced at the site and secondarily by the
fate of these seeds after dispersal (Li et al. 2011).
The size of soil seed bank appeared to be affected
by sampling time, altitude, slope, depth, plant
communities, plant life form and soil environment
parameters such as moisture, aeration, fertility, or
activity of soil microorganisms (Li et al. 2011).
Heavy grazing, human interferences and soil erosion
due to flooding may also decrease species number,
seed production and seed bank density. The
common contributor of this grassland ecosystem is
the predominance of annual species that exclusively
produce seeds during growing season.

Seedling emergence is affected by seasonal
variation mainly by rainfall and temperature because
these two environmental factors maintain moisture
content in soil which helps in germination of seeds of
various different weeds from season to season, so
seeds of weeds mainly germinated in rainy season.
Winter annuals in moist tropics germinate during
November to February. Summer annuals germinate
and flower during the summer rainy season. Seeds
banks of winter and summer annuals showed
contrasting patterns in most part of the year. Some
summer annuals detected in our experimental soil
samples were present in June seed bank but were
absent from November seed bank, this can be
treated as transient. Summer annuals in comparison
to winter annuals are long lived in the soil. Seed
production is largely controlled by amount of rainfall,
light, soil moisture and temperature so soil seed
bank size may have increased in second annual
cycle. Germination of some species happens soon
after dispersal, whereas that of other species is
delayed due to dormancy until a favorable season
when seedlings are likely to survive, grow and go on
to reproduce (Walck et al. 2011).

In tropical grassland seedling emergence occurs
when temperatures are favorable and when rain
starts. Germination is highly dependent on available

soil moisture, temporal changes could alter seedling
emergence (Kos and Poschlod 2008). We found
maximum germination was in rainy but some results
showed that exclusion of rain reduces or does not
affect seedling emergence; though the effect was
dependent on the pattern of rainfall reduction
(Miranda et al. 2009) and on seed production
(Penuelas et al. 2004).

The species of soil seed bank of grassland form both
transient and persistent seed bank in moist tropics.
Seeds of many plants have transient seed bank
which persist in soil for only one year and some
which grow persist more than one year have
persistent seed bank (Thompson et al. 1997). The
size and species composition of the community seed
bank should reflect seasonal changes in abundance
of transient and seasonal-transient seed banks.
Persistent species were dominant in both soil seed
bank and above-ground vegetation which show
that they can better contribute in establishment of
vegetation and can be one of the best tools for
conservation. External factors such as granivores,
fungi, microbes or fire may kill seeds. Input in soil
seed bank depends on seed/fruit production, which
may increase or decrease due to environmental
factors.

Few seeds which are vertically distributed in soil
are not viable, but which are viable and distributed
vertically show seed persistence in soil (Thompson
1993). Vertical distribution of seeds in soil seed
bank may be affected and changed due to grazing
of cattle. Natural re-vegetation of grassland of this
tropical moist area can occur because of the
presence of viable seeds in the soil seed bank
which have high richness of grassland species.
The composition, size and dynamics of the soil
seed bank of grassland are affected by the
presence of the seeds buried in the soil, and this
soil seed bank of grassland is also affected by
environmental factors mainly by rainfall and
temperature. The study of soil seed bank
composition of grassland gives interpretation of the
future vegetation and genetic variability of
grassland that gives proper management and
conservation of vegetation of grassland. The
sensitivity of seedlings to climate change may
depend on the timing of their emergence which
gets affected by temperature with soil moisture
(Baskin and Baskin 1989).

High degree of similarity between the composition
of standing vegetation and that of soil seed bank
were recorded in moist tropics of grassland. The
Sorensen similarity coefficient was high between
soil seed bank and an above-ground vegetation,
similar finding was also reported in Taklimakan
desert (Ning et al. 2007), but low similarity were
reported in Patagonia grassland (Ghermandi
1997). Similarity between soil seed bank density
and above-ground vegetation is positively
correlated as Abella and Springer (2008) reported
in pine forest. Regression analysis showed non-
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significant positive correlation between soil seed
bank density and above-ground vegetation density
as also described in African savanna grassland (O’
Connor and Pickett 1992) in meadows (Kirkham and
Kent 1997) and in Jinshajing hot-dry river valley (Hui
and Keqin 2006).

IMPLICATIONS FOR CONSERVATION

The study of seed banks is fundamental tool for
management and conservation of desirable species
in seed bank in conjugation with their successful
germination and seedling establishment. The vertical
distribution of many seeds of desirable species are
viable and present in all depths showed that better
seed persistence in moist tropical grassland and
enough seed longevity. There is existence of both
transient and persistent seed bank characterizing
native and exotic species which envisaged best
conservation options for moist tropical grassland.
Our findings expressed that moist tropical grassland
conserve majority of viable seeds in form of
persistent bank. Native and exotic species both
formed transient and persistent seed bank have no
effect on germination of seeds with each other.
Management implications focused on grazing during
seed production which enhances seed bank
formation and storage in the soil. The seeds which
are viable would germinate rapidly and played
important role in vegetation restoration. The depth to
which seeds were distributed in the soil might have
several implications for successful regeneration of a
plant community. This study is important because
after flood or other natural and anthropogenic
disturbance can regenerate the grassland community
with the presence of seeds in soil seed bank in moist
tropics. The use of seed bank as tool for restoration
depends strongly on which taxa retain seeds able to
recruit in degraded environment, the results present
in this finding has shown implications for restoration
of disturbed grassland; and useful tool for the
conservation and management of moist tropical
grassland.
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Table 1: Taxa found in both in soil seed bank and
above-ground vegetation of grassland of moist
tropics of India. (Note: A=Annual, P=Perennial,

H=Herb, S=Sedge, Sh=Shrub, G=Grass,

D=Dicotyledonous, M=Monocotyledonous, STP =

Short-term persistent, LTP=Long-term

persistent).
Taxa found only in above-ground Vernacular  LifeForm  Family  Habit Morphotypes Native/Exotic  Seed bank
vegetation Name types
Alysicarpous monolifer DC Juhi ghas A Fabaceae H D Native -
Argemone mexicana  Linn, Satyanashi, A Papaveraceae  H D Exotic
Shailkanta
Linn, Punamava P Amaranthaceae H Di Native

(Rotth.) Clarke - A Cyperaceae N M Native
Cannabis sativa Linn, Bhang A Cannabinacese  Sh D Native
C a Linn, Chakawad A Fabaceae Sh D Exotic
C Motha, Dila A Cyperaceae N M Exotic
Ji Ratanjyot, P Euphorbiaceae ~ Sh D Native
Bagrendi
si Bariyar A Malvaceae H D Native
Tridax g Barahmasi A Asteraceae H D Exotic
Taxa common to both above-ground
vegetation and soil seed banks
ranthe Chirchira P Amaranthaceae  Sh D Native STP
Gandh A Asteraceac H D Exotic STP
Saranchi P Amaranthaceae H D Native Transient
Armal A Primulaceae H D Exotic STP
Vipreetlajja P Oxilidaicac  H D Native STP
- A Acanthaceae H D Native STP
Kukurundha P Asteraceae H D Exotic STP
Chhota A Fabaceae sh D Exotic Transient
chakwad
Mandukparni A Apiaceae H D Native STP
Brahm-buti
Kanchara A Commelinaceae  H M Native STP
Doob ghas P Poaceae G M Native LTP
Motha A Cyperaceae N M Native STP
Tikuli A Fabaceae H D Native STP
Jaunera Poaceae G M Native LTP
Chipbans A Poaceae G M Native LTP
Malankuri P Poaceae G M Native Transient
Dudhi A Euphorbiaceac H D Exotic LTP
Bichhamalia P Convolvulaceae  Herb D Exotic LTP
Chitrabans A Poaceae G M Native Ltp
Gajar ghas P Asteraceae H D Exotic LTP
Kass A Poaceae G M Exotic Transient
- A Scrophulariaceae  H D Native STP
Kuro A Poaceae G M Native Transient
Motha A Cyperaceae S M Native STP
Sanwan A Poaceae G M Exatic Transient
Jugebans A Poaceae G M Native STP
Murena A Cyperaceae S M Native Transient
Sirhu, P Poaceae G M Exatic Transient
Dachela

Table 2: Seasonal species composition
recorded in soil seed bank of different
ecosystems in moist tropics of India

| Species | Summer season | Rainy Season | Whole year

Achyranthes aspera - B +

Winter Season |

Ageratum conyzoides - - -
Alternenthera sessilis - +
Anagallis arvensis

Biophytum sensitivam | |
Blepharis repens - - -
Blumea lacera - +
Bonnaya_brachiata, - +
Cassia occidentalis

Centella asiatica

Chrysopogon aciculatus - - +

Commelina benghalensis - +

Cynodon dactylon + + + +
Cyperus kyllingia
Cyperus rotundus
Desmodiun triflorun + + + +

Dichanthium annulatum + + + +
Digitaria ciliaris
Echinochloa crus-galli
Eleusine indica

Eleusine indica |

Eragrostis tenella | +
Euphorbia hirta | +
Evolvalus nummularius

Fimbristylis schoenoides

Imperata eylindrica (Linn.) |
Oplismenus burmanii -

Parthenium hysterophorus +

Saccharaum spontaneum - - +
Total species in each season 11 19 18 9
Note: + = present, - = absent
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Table 3: IVI of each species recorded in both soil
seed bank/above-ground vegetation in grassland

of moist tropics of India.

Species [ RD [ RF | RA | IVI
Taxa recorded in AGV
Alysicarpous monolifer -/1.07 -2.11 -/1.36 -/4.54
Argemone mexicana -/3.37 -/2.82 -/3.22 -/9.41
Boerhaavia diffisa -/5.24 -/2.00 -/7.08 -/14.32
Bulbostylis barbata -/4.20 -/2.12 -/5.36 -/11.68
Cannabis sativa -/1.49 -/1.65 -12.46 -/5.60
Cassia tora -/1.83 -329 -/11.50 -/6.62
Cyperus difformis -/4.32 -/3.88 -/3.01 -/11.22
Jatropha curcus -/5.02 -/0.59 -/23.07 -/28.69
Sida cordifolia -/0.749 -/2.58 -/0.78 -4.12
Tridax procumbens -/ -/3.18 -/0.92 -/5.16
1.079
Taxa common to both SSB and AGV
Achyranthes aspera 1.86/1.29 3.72/2.88 | 1.35/1.29 6.92/5.46
Ageratum conyzoides 2.62/1.24 | 4.00/3.96 | 1.76/1.24 8.38/6.44
Alternenthera sessilis 2.81/0.40 | 4.35/2.16 | 1.74/0.40 8.90/2.97
Anagallis arvensis 4.27/1.97 3.67/2.88 | 3.14/1.94 | 11.08/6.82
Biaphytum sensitivum 3.37/2.56 | 2.92/3.31 | 3.12/2.56 9.41/8.44
Blepharis repens 1.08/1.69 2.89/4.17 | 1.00/1.69 | 4.98/7.56
Blumea lacera 3.98/3.02 3.95/3.96 | 2.71/3.02 | 10.65/10.00
Cassia occidentalis 0.81/1.56 | 2.23/1.44 | 0.98/1.57 | 4.02/4.57
Centella asiatica 1.91/2.32 2.35/2.52 | 2.19/2.32 6.45/7.16
Commelina benghalensis 3.21/3.04 2.94/3.74 | 2.94/3.04 9.09/9.84
Cynodon dactylon 7.05/9.26 5.29/5.18 | 3.59/9.25 | 15.94/23.69
Cyperus rotundus 4.023/433 | 4.70/4.89 | 2.30/4.34 | 11.03/13.58
D, dium triflorum 3.35/2.93 2.82/3.02 | 3.21/2.94 9.39/8.90
Dichanthium anmulatum 3.797.12 4.00/4.32 | 2.56/7.12 | 10.35/18.57
Digitaria ciliaris 3.565.54 2.82/4.46 | 3.40/5.54 | 9.79/15.55
Eleusine indica 3.57/1.56 3.41/3.53 | 2.82/1.57 9.80/6.66
Euphorbia hirta 5.40/9.38 5.29/5.04 | 2.75/9.38 | 13.45/23.81
Evolvulus larius 6.50/5.26 5.17/2.52 | 3.39/5.26 | 15.08/345
Oplismenus burmanii 6.13/8.53 5.06/4.61 | 3.27/8.54 | 14.46/21.69
Parthenium hysterophorus 0.735.07 1.41/2.76 | 1.39/5.08 | 3.53/12.89
Saccharaum spontaneum 1.54/1.95 2.70/2.88 | 1.54/1.95 5.78/6.79
Taxa recorded only in SSB
Bonnaya brachiata 4.01/- 5.18/- 4.01/- 13.21/-
Chrysopogon aciculatus 1.81/- 2.52/- 1.81/- 6.15/-
Cyperus kyllingia 4.41/- 4.58/- 4.41/- 13.51/-
Echinochloa crus-galli 2.38/- 2.73/- 2.38/- 7.49/-
Eragrostis tenella 2.29/- 3.89/- 2.29/- 8.47/-
Fimbristylis sch id 1.93/- 3.46/- 1.94/- 7.32/-
Imperata cylindrica 3.04/- 3.24/- 3.04/- 9.33/-

Note:- Absent, RD=Relative density, RF=Relative
frequency, RA=Relative abundance, IVI=Important

Table 4: Characteristics of seed density of each
species with impact of season and depth in soil
seed bank in moist tropics of India [values were

mean of all three depths (0-10cm, 10-20 cm, 20-30

cm) with standard error (SE) in parentheses]
(Summer?, Rainy", Winter" are seasons of first
annual cycle; Summer? Rainy?, Winter® are of

second annual cycle).

Species Summer' | Rainy' | Winter’ | Summer’ | Rainy’ Winter' | Total [ Contribut]  F |
ion (%)
A asepra [1375(183)] T 619(536) | 8174 130 | 2218 | NS
A._conyzaides 2983 (60.8) T570(740) [10553] 168 | 5283 | N§
A. sessilis 92080 | - . 192 021 | L1000 | NS
Aanensis | | [380649) | [ -] sea0ssg) 12487 1% |67 [T
8. sensicivum MY | - $48.6(63.1) . 16212] 258 |455.485] 0.000°
B. repens I I Te01.2(723)] . [ 681(1099) |10713] 170 | 62938 | 0.0M4*
B.lacera 8134(95.6) 1099.3 (124.9) - 19127 304 | 44693 [ 0.006*
brachiata 1508 (131.8) 1286.4(1624) - 353T2] 40| S25.400] 0.000°
C. occidentalis . . - BA6(1228) [ 446 019 | 101099 0.000°
C. asiatica 6613 (146) §06.7(909) | 14680] 234 | 35.579 | 0.002°
C. aciculatus . . - ST42(693) | 5T42] 091 | 1520 |0.008%
C. benghalensis | [ 1A0(934) | - Twmams | - 19252 306 | 5491 | NS
C. dactylon 10220 (118.2) [ 6988 (62.8)| 1391(712) 15370 (138.3) §70.4(1504) [6770.7] 10.77 | 11851 N§
C hyllingia 26(274) | 1137.2(1392) - 9169 (136.3) - %567 422 | 7817 [0.038*
C.roumdus | 5812(275) | 10146 (596) | - ey - 62 435 | 468 | NS
D. irflorum . . < | W96(745) | 6617(864) | 6204(198) (2917 331 | 0230 | NS
D.anndaom | 10153 (110.1)] 9206 (39.4) | 588.4(729) 876(100.8) | 13003 (869) | 5238 (754) [52244] 831 | 1538 | N§
D. cliaris N382(86.7]) | 9567 (824) | 4434 (67.4)| 64T4(535) | 6364 (1864) | 489.0(554.2) [ 73484 1201 | 061 | NS
E. crus-galli - . - T8 | - T22] 120 | 2366 | N§
E. indica . . 4953 (106.8) 4953 079 | 3355 | NS
E.tenella 7599 (145) 2683070 - - - 13989] 223 [ 1000 [ NS
E.liria | [ 9686 (1335) | 5398 (77.7)| 12221 (19.1)| 370)] 9511 (329) [66303] 1055 | 10w | NS
E_mummularis | TI5.2(676) | 8350 (83.2) |555.2(589)] 8102 (622) | 4TI0(1347) | 407.7(486) [38603] 6.4 | 0005 | NS
F. schoenoides | - | - 616 097 | 100 | NS
I eylindrica . . . . . 9629 153 | 10w | NS
O, burmanii | 11433 (115.3)| 10981 (66.2) |510.2(379) 13186 (47.3) | 1300.6 (486) | 8298 (36.1) |67108] 10.68 | 1000 | NS
P lysterophorus| TI45(769) | 9516 (62.1) |361.2(294)] S46.7756) | 6094 (137.6) | 6318 (414) [3821.2] 1085 | 1000 | NS
5_sponaneun BI7901360) [ 6179 098 | 1000 | N§

Note: NS = Not significant at p > 0.001, * significant at p < 0

001; -= absent.

Table 5: Characteristics of above-ground
vegetation of grassland of moist tropics of India
[values were means of plant densities (plants m

2) with standard error (SE) in parentheses].

Species Mean (SE) F P
Alysicarpous monolifer 203.9 (61.0) | 9.139 | 0.015%
Argemone mexicana 504.0 (47.0) | 0.991 NS
Boerhaavia diffusa 598.7 (67.3) | 0.788 NS
Bulbostylis barbata 5448 (144.7) | 67.721 | 0.000*
Cannabis sativa 180.0 (91.5) | 87.480 | 0.000*
Cassia tora 278.9 (21.0) | 0.015 NS
Cyperus difformis 560.0 (52.1) | 8.882 | 0.016*
Jatropha curcus 507.0 (79.4) 1.784 NS
Sida cordifolia 177.3(52.1) | 2.940 NS
Tridax procumbens 198.0 (57.4) | 9.606 | 0.013*
Achyranthes aspera 263.7 (27.8) | 4.841 | 0.056%
Ageratum conyzoides 373.8 (10.3) | 32.868 | 0.001*
Alternenthera sessilis 381.2 (90.9) | 88.709 | 0.000*
Anagallis arvensis 4304 (41.4) | 0.122 NS
Biophytum sensitivum 495.8 (10.8) | 26.969 | 0.001*
Blepharis repens 141.9(37.3) | 31.508 | 0.000*
Blumea lacera 4493 (13.7) | 6.438 | 0.032*
Cassia occidentalis 158.1(17.14) | 1.896 NS
Centella asiatica 263.3(72.4) | 23.524 | 0.001*
Commelina benghalensis 418.3 (115.8) | 13.635 | 0.006*
Cynodoen dactylon 1220.6 (86.7) | 7.693 | 0.022*
Cyperus rotundus 389.9(37.8) | 0.728 NS
Desmodium triflorum 187.1 (95.0) | 93.725 | 0.000*
Dichanthium annulatum 570.6 (37.5) | 22.865 | 0.002*
Digitaria ciliaris 453.1(23.2) | 0.155 NS
Eleusine indica 423.1(11.8) | 12.246 | 0.00*
Euphorbia hirta 647.3 (35.3) 1.881 NS
Evolvulus nummularius 927.3(94.0) | 3.041 NS
Oplismenus burmanii 880.2 (61.3) 1.241 NS
Parthenium hysterophorus 125.6 (34.7) | 14.070 | 0.005*
Saccharaum spontaneum 97.6(49.6) | 87.273 | 0.000*

Note: NS = Not significant at p > 0.001, * significant at p < 0.001.

Table 6: Different biodiversity indices of soil
seed bank/above-ground vegetation in both
annual cycle of grassland of moist tropics of

India.

Annual | Richness | Diversity | Dominance | Abundance | Evenness
cycle index index index index index
2007-2008 | 21/32 2.47/3.06 | 0.086/0.053 | 1.29/2.6 0.98/0.99
2008-2009 | 26/30 2.54/3.1 10.091/0.052 | 1.39/2.7 0.97/0.98

Figure captions:

Figure 1: Monthly variation of seed germination
(seeds m'Z) in different depths of grassland of moist
tropics, India. (L1AC = First annual cycle; 2AC =

Second annual cycle)

Figure 2: Seasonal variation in seed density (seeds
m™) of grassland of moist tropics, India.

Figure 3: Hypothetical

relation between seed

density in soil seed bank (SSB) and plant density in
above-ground vegetation (AGV).
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