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History

The existence and potential importance of the soil
seed bank have been recognized by ecologists
and evolutionary biologists since the dawn of
modern biology, from Darwin (1859) to Mall
and Singh (2011) and Hong et al. (2012). The
earlier studies of soil seed banks began in 1859
with Darwin, when he observed the emergence
of seedlings using soil samples from the bottom
of a lake. However, the first paper published as a
scientific research report was written by Putersen
in 1882, studying the occurrence of seeds at
different soil depths (Roberts 1981). Very early
ecologists started to investigate the nature and
the density of living seeds in the soil and the
soil seed bank (Darwin 1859; Chippindale and
Milton 1934; Nordhagen 1937; Bannister 1966;
Barclay-Estrup and Gimingham 1975), and in
modern times to determine the significance
of soil seeds in the regeneration of different
plant communities (Thompson and Grime 1979;
Roberts 1981; Mallik et al. 1984; Simpson
et al. 1989; Thompson et al. 1997; Miller and
Cummins 2001; Lemenih and Teketay 2006;
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Tessema et al. 2011b; Mall and Singh 2001; Hong
et al. 2012) and the similarity between the soil
seed bank and aboveground vegetation (Tessema
et al. 2011b). A soil seed bank, which begins at
dispersal and ends with the germination or death
of the seed (Walck et al. 2005), is a reserve of
mature viable seeds located on the soil surface or
buried in the soil (Roberts 1981) that provides a
memory of past vegetation and represents the
structure of future populations (Fisher et al.
2009). Seeds are a crucial and integral part
of an ecosystem that show the past history of
standing vegetation and its future deviation. An
understanding of the population dynamics of
buried viable seeds is of practical importance in
conservation of different communities and weed
management in agriculture (Fenner 1985; Fenner
and Thompson 2005). The balance between trees
and grasses, however, is often highly disturbed
as a consequence of heavy grazing and poor
management (Pugnaire and Lazaro 2000). This
study aimed to gain a better understanding of
soil seed bank dynamics in different ecosystems
of the world. All plants establish themselves
by the expansion and subsequent fragmentation
of vegetative parts such as tillers, rhizomes, or
runners by the successful establishment of a soil
seed bank or bulbils (Freedman et al. 1982).
During the past decade, there has been a rapid
increase of the number of studies assessing
seed density and species richness and the
composition of soil seed banks in a wide range
of plant communities (Thompson et al. 1997).
In India, the soil seed bank has been estimated
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in humid tropical forest (Chandrashekara and
Ramakrishnan 1993), grasslands, irrigated and
dry land agro-ecosystems (Srivastava 2002),
tropical dry forest (Khare 2006), jhum cultivation
(Saxena and Ramakrishnan 1984; Sahoo 1996),
Himalayan moist temperate forest (Viswanth
et al. 2006), and wastelands and roadsides (Yadav
and Tripathi 1981).

Dynamics of a Soil Seed Bank

The soil seed bank is defined as seeds at or
beneath the soil surface that are capable of ger-
minating. Soil seed banks are important in vari-
ous ecosystems where grasses, forbs, and weeds
account for a large part of the vegetation for both
annual and perennial species. The soil seed bank
describes the composition, diversity, and density
of the seed bank. The study of the soil seed bank
is important because the bank influences seed
reserves in the soil for current, past, and future
vegetation. It is the term for the viable seeds
that are present in the topsoil (Roberts 1981).
All the viable seeds present in soil or with soil
debris constitute the soil seed bank (Simpson
et al. 1989). Soil seed banks include all seeds
buried in the soil and those on the soil surface.
Seed banks are essential to maintaining life and
growth in different habitats such as grasslands,
agro-ecosystems, savannas, desert, wetland, sand
dunes, ecotones, plantations, and forests. The
seed bank of an agro-ecosystem would be less
diverse than the seed bank of a forest. Studies
of soil seed banks are of relatively recent origin
considering their importance as a source of di-
versity and continued occupation. The seed banks
are the source of genetic material or evolutionary
memory (Harper 1977).

Soil seed banks have importance in all types
of vegetation. Seed banks can reflect evolution-
ary changes in plant communities as a result of
changes in land use: they provide knowledge of
the size and composition of species and predict
future vegetation. A seed bank may be defined as
a buildup of viable but ungerminated seeds in or
on the soil. It is “an aggregation of ungerminated
seeds potentially capable of replacing adult plants

that may be annuals, dying a natural or unnatu-
ral death, or perennials, susceptible to death by
disease, disturbances, or consumption by animals
including man” (Baker 1989). The second part of
this definition, that is, the potential for replacing
adult plants, is essential. If seeds are permanently
buried too deeply, they fail to be an effective seed
bank; the same is true for some seeds in aerial
portions of plants. It is the reservoir of viable
seeds or of vegetative propagules that are present
in the soil and that is able to recompose natural
vegetation. The seeds of pioneer species are com-
monly present in tropical forest soils, particularly
in secondary forests (Cao et al. 2000).

The work of Thompson and Grime (1979)
reflects fall and spring germination periods and
degree of persistence. They defined four types
of soil seed banks for herbaceous species, which
fell into transient and persistent categories. Trop-
ical soil seed banks show even more diversified
strategies. Garwood (1989) described five soil
seed bank strategies from the tropics: transient,
persistent, pseudo-persistent, seasonal transient,
and delayed transient seed banks: these arise
from the more complex reproductive phenology
of tropical plants and germination patterns of
tropical seeds. A diversity of alternative patterns
is possible, such as the pseudo-persistent seed
banks found in tropical forests and cold deserts
where continued dispersal guarantees the pres-
ence of a soil seed bank. Many studies suggest
that seed banks persist in disturbance regimes,
but persistent seed banks are not able to main-
tain their populations and regenerate without the
environmental changes that are caused by distur-
bances. Annuals generally have persistent seed
banks more often than other life forms; in annu-
als, the persistent stage is the seed only, but even
in harsh environments not all annuals produce a
persistent seed bank. In some communities peren-
nial woody species produce large seed banks.
Generally, small seeds have greater longevity in
the seed banks (Harper 1977). The soil seed bank
is the cause of persistence of annual species,
but for perennials, there is a bank of vegetative
propagules such as tubers, rhizomes, and stolons
(Fernandez-Quintanilla et al. 1991). The revege-
tation of plants in the standing vegetation of any
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ecosystem after any disturbance to the vegetation
often depends on the persistence of seeds in the
soil (Bakker et al. 1996). The seed bank types
in a plant community often determine how the
plant community will react to disturbance. Thus,
an understanding of persistent seed banks is the
key to many aspects of the practical management
of weeds in agricultural fields and in conservation
of different ecosystems such as grassland, plan-
tation, natural forests, and deserts. Seed banks
are classified as temporary or persistent. Tem-
porary seed banks are composed of seeds with
a short life that do not enter dormancy and are
dispersed for short periods of time during the
year (Garwood 1989). Persistent seed banks are
composed of seeds that have more than 1 year of
age, and reserves of these seeds remain in the soil
year after year, buried in the soil. Seeds of species
that form seed banks must be viable for long
periods of time. Seeds persist in the soil far longer
at high altitudes, but this can be because low tem-
peratures prevent seed germination, or perhaps
conditions found at high altitudes may favor seed
survival. Persistent seed banks are the product of
large seed crops produced in particularly favor-
able years, and the spatial pattern of seeds reflects
the spatial pattern of seed production.

A number of environmental conditions influ-
ence seed bank dynamics via influence on seed
production or other stages of the life cycle. Vari-
ations in soil conditions also affect the devel-
opment and size of seed banks. Different soil
parameters according to season affect the germi-
nation of seeds from soil seed banks and influence
species composition in aboveground vegetation.
Annuals generally germinate in a soil seed bank
because perennial grasses often propagate vege-
tatively (O’Connor 1996). This pattern is derived
by differences in the phenology of perennial
versus annual species resulting from late-season
disturbances: 98 % of the native species in a plant
community are perennial, so by managing peren-
nial species, native species can be maintained.
The seed bank reflects the historical process of
the plant life cycle from its establishment in the
environment to its distribution in time and space.
The seed bank is the store of seeds buried in the
soil, composed of seed produced on site and seed

moved (dispersed) into the area. The dormant
seed banks are seeds awaiting stimuli or the right
conditions before germination. Active seed banks
are seeds in a temporary stage, requiring only
favorable temperature and moisture to germinate.
Dispersed seed with simple germination whose
stimulus requirements have already been met
is seed recruited from the dormant seed bank.
Different soil depths that provide favorable soil
moisture or humidity for seed germination deter-
mine recruitment and plant community structure.
Environmental variables as well as the standing
vegetation of a site can induce or inhibit seed
germination from the soil seed bank (Bueno and
Baruch 2011). Canopy species modify understory
conditions by altering water and nutrient avail-
ability, thus modifying the microclimate, and by
determining the quality of the litter that covers
the soil (Godefroid et al. 2006). Microenviron-
mental changes following gap creation allow seed
germination, seedling establishment, and sapling
recruitment (Cao et al. 2000). Graham and Hop-
kins (1990) predicted that any forest development
tending to increase areas of persistent high light
intensity would allow the invasion and reproduc-
tion of weeds.

Different fertilizers affect the size (Barberi
et al. 1998), diversity (Boguzas et al. 2004), and
community structure of a seed bank (Davis et al.
2005a). These changes in diversity are related
to the productivity and stability of the ecosys-
tem (Zhang et al. 2004a; Zhang et al. 2004b;
Xiang et al. 2006). The increasing amounts of
nitrogen and other different fertilizers in the soil
may affect the composition and dynamics of the
soil seed bank, leading to a decrease in species
richness. In most seed bank studies a number of
species were detected in the seed banks that were
not seen in the vegetation (Fig. 3.1).

Vertical Distribution and Longevity
of Seeds

Vertical distribution of seed banks shows that
majority of seeds in grasslands (and probably no-
till agricultural fields) are located in the upper
1 in. (2 cm) of the soil profile; nearly the entire
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Fig. 3.1 Flow chart of soil
seed bank dynamics (From
Harper 1977)

seed bank is in the upper 10 cm. The majority of
seeds in cultivated soils are in the upper 15 cm
of the soil profile and can be found as deep
as the soil is tilled; as the intensity of tillage
declines, the seed bank moves closer to the soil
surface. Many physical and biological factors
affect the vertical distribution of seeds in the soil,
as most seeds are found near the soil surface and
deeply buried seeds rarely germinate from the
soil. Long-lived seeds are characteristic of dis-
turbed habitats. Most long-lived seeds are annuals
or biennials; biennials are especially prevalent
in soil samples taken from dated archaeological
sites. Small seeds tend to have much longer soil
lives than large ones; very large seeds have very
short soil lives. Longevity depends on species,
depth of seed burial, soil type, tillage, crop ro-
tations, etc. Seed longevity increases with depth
of burial. Many seeds in the soil decay or are
lost because of pathogenic soil microflora and
predation. Seedling germination is greater in cul-
tivated fields than undisturbed soils; cultivation
reduces the soil seed bank more rapidly than in
undisturbed soil. Seedling germination increases
with decreasing soil burial depth.

Seed Rain

Seed rain represents an historical record of the
past vegetation that grew on or near the area. The

population dynamics of aboveground plants can
be strongly influenced by vegetative reproduction
(via rhizomes, new aboveground shoots, or other
organs, e.g., bud bank) (Benson et al. 2004) and
by sexual reproduction (seed rain and seed bank)
(Bakker et al. 1996). Therefore, studies of the
seed rain, seed bank, and bud bank are of crucial
importance in understanding the regeneration of
plant communities after disturbance events and
the consequent increase of plant diversity. Seed
dispersal can have an impact on species compo-
sition (Matthiessen and Hillebrand 2006), forest
diversity (Janzen 1970), and the dynamics of
plant communities (Nathan and Ne’eman 2004)
and can determine spatial ranges of population
regeneration (Levine and Murrell 2003). For seed
rain study, seed traps are placed inside and out-
side the gaps. Late-season seed rain has a greater
proportion of perennial species and native species
in comparison to early-season seed rain. The
term seed rain refers to the process by which
seeds enter the seed bank. Seeds either generated
and produced on site or carried to the site by a
dispersal agent become incorporated into the soil.
These patterns arise because species that success-
fully form persistent seed banks are the species
with greatest seed longevity. It is one of the two
contrasting strategies plants may employ to real-
ize success in replacing themselves and ensuring
maintenance of the species. A plant dispersing its
seed is most successful, evolutionarily speaking,
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if it can place its seed in an environment suitable
for germination and growth. Such safe sites, as
they are called, are generally rare in natural
landscapes. To find them, seeds must be dispersed
widely in space (to increase the probability of
landing in a rare safe site) or widely in time (to
increase the probability the seed will survive long
enough for a safe site to materialize). Plants with
high seed longevity have evolved the strategy of
waiting patiently for the right time. If seeds can
remain viable for many years, and new seeds
continue to “rain” down, it is easy to see where
the term seed bank comes from, as the seeds
accumulate over time and form a reserve of seeds
in the soil. Seed rain decreases with increasing
altitude but seed bank density changes slightly.
The establishment of target species will depend
on seed dispersal (Bossuyt and Honnay 2008).
Thus, seed rain or seed dispersal is important for
restoration of an ecosystem.

Dynamics of a Weed Seed Bank
in an Agro-Ecosystem

A soil seed bank present in an agro-ecosystem
is related to weed studies of the so-called weed
seed bank. Weed species resist in several ad-
verse climatic conditions, tolerating high and low
temperatures, dry and humid environments, and
variations in oxygen supply (Christoffoleti and
Caetano 1998). The weed seed bank has been
studied more intensely than other seed banks
because of its economical importance. In agro-
ecosystems, the soil seed bank is closely related
to weed studies. Its determination allows building
models of population establishment through time,
making possible the definition of weed control
programs (Martins and Silva 1994). Knowledge
of the emergence rate of the different species
from a soil seed bank in these areas can be applied
to soil and crop management programs, which
can result in a rational use of herbicides (Voll
et al. 1996). Weed seed banks are reserves of
viable seeds present on the surface and in the
soil. The seed bank consists of new seeds recently
shed by a weed plant as well as older seeds that
have persisted in the soil for several years. The

weed seed bank is the main source of weeds
in agricultural fields. Most weeds start their life
cycle from a single seed in the soil. If these weeds
escape control, they grow and produce thousands
of seeds, depending on the species. These seeds
are returned to the soil seed bank and become
the source of future weed populations. Therefore,
knowledge of seed return and seed bank dynam-
ics can help in future weed management. There
are enormous numbers of viable weed seeds in
the soil. Although a great number of the buried
seeds die within a few years, seeds of some
species can remain viable for decades. It has been
estimated that only 1–9 % of the viable seeds
produced in a given year develop into seedlings;
the rest remain viable and will germinate in
subsequent years, depending on the depth of their
burial. Seeds are dispersed both horizontally and
vertically in the soil profile. It has been reported
that the majority (approximately 95 %) of the
seeds entering the seed bank are from annual
weeds; only about 4 % come from perennial
weeds. Seed bank input is determined by seed
rain from the weed plants. In other words, seed
bank input is the number of seeds produced
and shed by the plant. Although the horizon-
tal distribution of weed seeds in the seed bank
generally follows the direction of crop rows, the
type of tillage is the main factor determining the
vertical distribution of weed seeds within the soil
profile.

The weed seed bank is the reserve of viable
weed seeds present on the soil surface and scat-
tered throughout the soil profile. It consists of
both new weed seeds recently shed and older
seeds that have persisted in the soil from previous
years. In practice, a weed seed bank also includes
the tubers, bulbs, rhizomes, and other vegetative
structures through which some of our most seri-
ous perennial weeds propagate themselves. In the
following discussion, the term “weed seed bank”
is defined as the sum of viable weed seeds and
vegetative propagules that are present in the soil
and thus contribute to weed pressure in future
crops. Agricultural soils can contain thousands of
weed seeds and a dozen or more vegetative weed
propagules per square foot. The weed seed bank
serves as a physical history of the past successes
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and failures of cropping systems, and knowledge
of its content (size and species composition) can
help producers both anticipate and ameliorate po-
tential impacts of crop–weed competition on crop
yield and quality. Eliminating “deposits” to the
weed seed bank, which is also called seed rain,
is the best approach to ease future weed man-
agement. During a 5-year period in Nebraska,
broadleaf and grass weed seed banks were re-
duced to 5 % of their original density when weeds
were not allowed to produce seeds. However, in
the sixth year, weeds were not controlled and the
seed bank density increased to 90 % of the orig-
inal level (Burnside et al. 1986). Weed seeds can
reach the soil surface and become part of the soil
seed bank through several processes. The main
source of weed seeds in the seed bank is from
local matured weeds that set seed. Agricultural
weeds can also enter a field on animals, wind, and
water, as well as on machinery during activities
such as cultivation and harvesting. Weed seeds
can have numerous fates after they are dispersed
into a field. Some seeds germinate, emerge, grow,
and produce more seeds; others germinate and
die, decay in the soil, or fall to predation. The
seeds and other propagules of most weeds have
evolved mechanisms that render a portion of
propagules dormant (alive but not able to ger-
minate) or conditionally dormant (depending on
soil moisture, temperature, and light) for vary-
ing periods of time after they are shed. This
adaptation helps the weed survive in a period-
ically disturbed, inhospitable, and unpredictable
environment.

Weed seeds can change from a state of dor-
mancy to nondormancy, in which they can then
germinate over a wide range of environmental
conditions. Because dormant weed seeds can cre-
ate future weed problems, weed scientists think
of dormancy as a dispersal mechanism through
time. Maintaining excellent weed control for sev-
eral consecutive seasons can eliminate a large
majority of the weed seed bank, but a small
percentage of viable, highly dormant seeds per-
sist, which can be difficult to eliminate (Egley
1996). Researchers are seeking more effective
means to flush out these dormant seeds through
multiple stimuli (Egley 1996). Weed species also

differ in the seasonal timing of their germination
and emergence. Germination of many species is
governed by “growing degree-days” (GDD) or
the summation of the number of degrees by which
each day’s average temperature exceeds a base
temperature. This initial or primary dormancy
delays emergence until near the beginning of
the next growing season – late spring for warm-
season weeds (dormancy broken by the cold pe-
riod over winter) and fall for winter annual weeds
(dormancy broken by a hot period in summer) –
when emerging weeds have the greatest likeli-
hood of completing their life cycles and setting
the next generation of seed.

Management of Weed Seed Bank

Several factors other than mean daily soil temper-
ature have a major impact on the timing of weed
germination and emergence in the field. Adequate
soil moisture is critical for germination, and good
seed–soil contact is also important in facilitating
the moisture uptake that is required to initiate
the process. In addition, many weed seeds are
also stimulated to germinate by light (even the
very brief flash occasioned by daytime soil distur-
bance), fluctuations in temperature and moisture,
or increases in oxygen or nitrate nitrogen (N)
levels in the soil. Tillage, which exposes seeds to
these stimuli, is therefore a critical determinant
of seed germination. The timing of N fertil-
izer applications can also influence the number
of weeds germinating (Menalled and Schnobeck
2011). For example, many weed species can be
stimulated by large increases in soluble N after
incorporation of a legume cover crop or inhibited
by delayed applications of N fertilizer (Menalled
and Schnobeck 2011). Although the horizontal
distribution of weed seeds in the seed bank gen-
erally follows the direction of crop rows, type of
tillage is the main factor determining the vertical
distribution of weed seeds within the soil profile.
In plowed fields, the majority of weed seeds
are buried 10.16–15.24 cm (below the surface
(Cousens and Moss 1990). Under reduced tillage
systems such as chisel plowing, approximately
80–90 % of the weed seeds are distributed in the
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top 4 in. In no-till fields, the majority of weed
seeds remain at or near the soil surface. Clements
et al. (1996) have shown that soil texture may
influence weed seed distribution in the soil profile
under these different tillage systems. Understand-
ing the impact of management practices on the
vertical distribution of seeds is important because
it can help us predict weed emergence patterns.
For example, in most soils small-seeded weeds
germinate at very shallow depths (less than 0.5
in.). Large-seeded weeds such as the common
sunflower have more seed reserves and may ger-
minate from greater depths.

Effect of Tillage on Weed Seed Bank

In no-tillage fields, the majority of weed seeds re-
main at or near the soil surface. Soil texture may
influence weed seed distribution in the soil profile
under these different tillage systems. The hori-
zontal distribution of the weed seeds in the seed
bank generally follows the direction of crop rows
whereas the vertical distribution is influenced
by the type of tillage (Menalled and Schnobeck
2011). The greatest diversity of weed species has
been observed on field edges and heathlands. In
terms of vertical distribution, reports from several
states have shown that the majority of weed seeds
in a no-till system were located in the top 2 in. of
the soil profile. In an annual plow system, seeds
were distributed in the upper 12 in. of the soil pro-
file with 25 % of the seed in the upper 0–3 in.. Un-
der reduced tillage systems such as ridge till and
chisel plow, 50 % of the weed seeds were located
in the upper 3 in. of the soil profile. The size and
composition of the seed bank reflects the past and
present weed management systems applied in the
field and determines the future weed populations.
So, it is important to limit current contributions
to the weed seed bank for future weed man-
agement (Menalled and Schnobeck 2011). The
effect of tillage on the weed seed banks will vary
by soil type. Understanding the processes that
influence the weed seed bank allow us to manip-
ulate and manage weed seed banks effectively by
implementing more informed weed management
strategies. One strategy is to shift weed seeds

from the dormant to the active part of the seed
bank: keeping weed seeds on the soil surface and
exposing them to harsh environmental conditions
and predation can enhance the mortality of the
seeds. Weeds can never be eradicated, only man-
aged. The first step toward improving our weed
control practices is to understand how tillage can
influence the positioning of weed seeds in the
soil. Actual seed longevity in the soil depends on
an interaction of many factors, including intrinsic
dormancy of the seed population, depth of seed
burial, frequency of disturbance, environmental
conditions (light, moisture, temperature), and bi-
ological processes such as predation, allelopathy,
and microbial attack (Davis et al. 2005a; Liebman
et al. 2001). Understanding how management
practices or soil conditions can modify the res-
idence time of viable seeds can help producers
minimize future weed problems. For example,
seeds of 20 weed species that were mixed into
the top 6 in. of soil persisted longer in untilled
soil than in soil tilled four times annually (Mohler
2001), which likely reflects greater germination
losses in the disturbed treatment. On the other
hand, a single tillage can enhance the longevity of
recently shed weed seeds, because buried seeds
are usually more persistent compared to those
left at the surface where they are exposed to
predators, certain pathogens, and wide fluctua-
tions of temperature and moisture. However, soil-
borne pathogens may also contribute to attrition
of buried seeds, even in large-seeded species such
as velvetleaf (Davis and Renner 2006) (Fig. 3.2).

Soil Seed Bank and Aboveground
Vegetation

Several studies in the past have addressed simi-
larities between soil seed banks and aboveground
vegetation (Leck and Graveline 1979; Hender-
son et al. 1988; Levassor et al. 1991), although
several studies showed poor similarities between
species composition of the soil seed bank and the
aboveground vegetation (Bakker and Berendse
1999; Lemenih and Teketay 2006). The similarity
between seed bank and standing vegetation is
expected to decrease with increasing community
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Fig. 3.2 A conceptual model of the movements and fates
of seed. Phase I dispersal is movement of seed from
parent to surface; phase II dispersal includes subsequent

horizontal or vertical movements (From Chambers and
MacMohan 1994)

stability and stress because lack of disturbance
creates sites for germination from the seed bank
and there is a higher investment in clonal rather
than sexual reproduction in stressful conditions
(Bekker et al. 1997). Most species typical of
stable habitats in contrast do not produce long-
lived seeds (Lee 2004). This dissimilarity is the
result of frequent occurrence of perennial grasses
and woody species in aboveground vegetation
(Tessema et al. 2011a) and more annual forbs
in the soil seed bank (Solomon et al. 2006;
Hopfensperger 2007). Such dissimilarities are
caused by species differences in seed dormancy
and germination rates (Baskin and Baskin 2004)
that result from embryonic dormancy or an im-
permeable seed coat or both (Baskin and Baskin
2004). The differences in species composition,
number of species, and germination success of
the soil seed bank down the soil profile might be
attributed to differences in soil texture and other
soil quality parameters (Hopkins and Graham
1983) under the influence of grazing (Tessema

et al. 2011a). Heavy grazing reduces the soil
buffer provided by the soil seed bank (Tessema
et al. 2011b). The seeds in a tropical soil seed
bank were generally near the surface. The sim-
ilarity between seed bank and vegetation was
greater at the site with the more recent history of
grazing, and was more dissimilar at the site that
had been in public ownership longer. The greatest
similarity between seed bank and vegetation was
in the ecotonal community, which forms at the
interface between prairie and woodland. Simi-
lar patterns have been demonstrated for forests.
In a study of seed banks in European forests
varying in age from young (55–116 years old
and established on formerly arable land) to old-
growth forest (greater than 250 years), similar-
ity between seed bank and vegetation decreased
in the older forests. Species in the seed banks
were mainly those typically found along for-
est edges, in earlier successional stages, or in
small disturbances within the forest. This finding
makes it clear that minimization of disturbances
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is imperative for successful management of old-
growth forests. Floristic dissimilarity has been
observed between soil seed banks and above-
ground vegetation generally in various ecosys-
tems of the world (Kellman 1970; Thompson
and Grime 1979). Environmental factors that are
present around buried viable seeds in soil depths
influence their germination and survival (Sakai
et al. 2005). Forest and grasslands can be consid-
ered as long-term stable ecosystems with low dis-
turbance destroying the vegetation, but in some
moist tropical grasslands, a high similarity is
found between the seed bank and standing veg-
etation as a consequence of high seed density,
species richness, diversity, and evenness, which
may be caused by moderate grazing that creates
better soil texture and soil depth rotation. This
high similarity may result from the presence
of both transient and persistent seed banks, but
low similarity is found in moist tropical forests
because of high-level germination of weed seed,
grasses, and forbs rather than shrubs and woody
plants (Mall and Singh, unpublished data). High
similarity between the seed bank and above-
ground vegetation of any ecosystems of the world
produces better recruitment for seed germina-
tion.

In tropical forests, there is often little corre-
spondence between the composition of the veg-
etation and the seed bank (Guevara and Gomez-
Pompa 1972; Hall and Swaine 1980; Saulei and
Swaine 1988; Hopkins et al. 1990; Teketay and
Granstrom 1995), or between the annual seed rain
and the seed bank (Uhl and Clark 1983; Saulei
and Swaine 1988). The same patterns are com-
mon in temperate forests (Livington and Allessio
1968; Enright and Cameron 1988; Matlack and
Good 1990; Schiffman and Johnson 1992; Sem
and Enright 1996).

Thus, we predict that soil seed banks and weed
seed banks can be important tools for conser-
vation: conservation of different ecosystems not
only of India but of the world, with the help
of vegetative propagation and seed rain, which
also provide establishment and recruitment for
germination, giving future diversity of standing
vegetation and better management of weeds in
agro-ecosystems.

Soil Seed Bank and Ecological
Significance in Conservation
of Different Plant Communities

Conservation ecology is a new paradigm of ecol-
ogy that not only scientifically contributes to
international social movements aiming at main-
taining Earth’s biodiversity (Primack 1995) but
also is committed to adaptive ecosystem man-
agement indispensable to the intergenerational
long-term sustainability of mankind (Christensen
et al. 1996). Population ecology plays a central
role in conservation biology because the decline
of local, endemic, or rare species populations
and biological invasion by invasive cosmopolitan
species both constitute major aspects of local and
global biodiversity degradation (Washitani 2001)
(Table 3.1).

Soil seed bank studies are of great importance
for the understanding of the secondary succes-
sion, considered as a necessary first step for the
design of ecological restoration plans (Bossuyt
and Honnay 2008). The seed bank represents the
regeneration potential of the ecosystem and pro-
vides the memory of past vegetation, so it can be
an important clue for conservation and restoration
of plant species. In the near future there is a great
role for the soil seed bank in the conservation
of plant diversity and vegetation dynamics. At
the community scale, seed banks can play a role
in local diversity maintenance through temporal
storage effects (Sletvold and Rydgren 2007). Be-
cause of their implications for population persis-
tence and community resilience, seed banks have
also been of interest for conservation research,
but some studies conclude that they have little
potential for restoration of natural ecosystems
(Mitchell et al. 2008). Many studies found lesser
species richness and a higher percentage of weed
seeds and early-successional species in the seed
bank relative to the standing vegetation (Bekker
et al. 2000), concluding that seed banks should be
a “spillover” of ungerminated seeds rather than an
independent driver of population and community
dynamics (Bekker et al. 2000). The soil seed bank
of an ecosystem serves as an indicator of past and
present weed populations: it is the primary source
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Table 3.1 Soil seed bank and weed seed bank studies in
various ecosystems of temperate and tropical regions of
the world: seed banks were determined by the seedling

emergence method for its significant role in conservation
and restoration/management

References Study location Ecosystem Seed bank (number of seeds m�2)
Temperate region
Davis et al. 2005b USA Agro-ecosystem 5,000–30,000
Benvenuti 2007 Italy Agro-ecosystem 140–940
Clements et al. 1996 Canada Agro-ecosystem 1,000–4,000
Sjursen et al. 2008 Norway Agro-ecosystem 10,000–60,000
Kelton et al. 2011 USA Agro-ecosystem 8,048–46,240
Kalamees et al. 2012 Northern Estonia Grassland 20,145
Thompson 1986 England Grassland 1,235
Kalamees and Zobel 2002 Estonia Grassland 2,362
Matus et al. 2005 Hungary Grassland 13,900–24,600
Bakker et al. 1996 Sweden Grassland 13,400
Leckie et al. 2000 Quebec Natural forest 475–16,700
Thompson and Grime 1979 South West England Natural forest 2,937
Staff et al. 1987 South Sweden Natural forest 1,757
Esmailzadeh et al. 2011 Northern Iran Natural forest 28,931
Korb et al. 2005 USA Natural forest 51–940
Decocq et al. 2004 France Plantation 2,085–8,296
Dougall and Dodd 1997 East Kent Plantation 5,847
Granstrom 1988 South Sweden Plantation 30,085
Onaindia and Amezaga 2000 Northern Spain Plantation 401
Erenler et al. 2010 England Plantation 27,300
Landman et al. 2007 USA Wetland 748–10,322
Assini 2001 Italy Wetland 1,560
Amiaud and Touzard 2004 Western France Wetland 1,191–27,340
Tu et al. 1998 USA Wetland 800–38,000
Leck 2003 USA Wetland 450–394,600

Tropical region
Srivastava 2002 India Agro-ecosystem 17,600–17,960
Li et al. 2012 China Agro-ecosystem 20,417–220,831
Feng et al. 2008 China Agro-ecosystem 116,812–294,761
Franke et al. 2007 India Agro-ecosystem 100–1,000
Garcia 1995 Brazil Agro-ecosystem 2,325
Srivastava 2002 India Grassland 16,980–18,720
Zhao et al. 2011 China Grassland 120–1,176
Kassahun et al. 2009 Pakistan Grassland 320–676
Yan et al. 2012 China Grassland 2,553–19,533
Weerasinghe et al. 2008 Japan Grassland 12,220
Cao et al. 2000 South West China Natural forest 4,585–65,665
Hopkins and Graham 1983 North Queensland Australia Natural forest 588–1,068
Saulei and Swaine 1988 New Guinea Natural forest 398
Metcalfe and Turner 1998 Singapore Natural forest Approximately 1,000
Dalling and Denslow 1998 Panama Natural forest 55–243
Wang et al. 2009b South China Plantation 455–967
Bueno and Baruch 2011 Venezuela Plantation 10–1,222
Senebeta and Teketay 2002 Ethiopia Plantation 4,500–82,600
Senebeta et al. 2002 Ethiopia Plantation 2,300–18,650
Mukhongo et al. 2011 Western Kenya Plantation 1,550
Li et al. 2008 China Wetland 40–2,600
Wang et al. 2009a China Wetland 2,000–12,500
Zhao et al. 2008 China Wetland Approximately 5,000–14,000
Hong et al. 2012 China Wetland 11,575–24,831
Wang et al. 2011 China Wetland 19,000
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of future seed infestation as the soil seed bank
may differ in species composition, richness, and
diversity. There has been much work on this topic
related to plant diversity conservation for en-
demic, invasive, and other plant species, whether
herbs, shrubs, and trees, of different regions of
the world. Restoration should be focused on self-
regeneration of native species. The soil seed bank
helps in documentation for conservation of dif-
ferent plant communities of the world. Soil seed
bank study is more useful these days because it
can help in conservation and restoration of veg-
etation and ecosystems. The soil seed bank is an
important component of vegetation dynamics af-
fecting both ecosystem resistance and resilience
(Pugnaire and Lazaro 2000). It is a buildup of
viable but ungerminated seeds present in or on
soil and is essential to maintain life and growth in
ecosystems (Baker 1989). It helps in population
maintenance and provides information about the
size, number, floristic composition, and dynamics
of the seeds present in soil (Dalling et al. 1998).

The seed banks contain a generally high pro-
portion of early-successional or invasive nontar-
get species. The understanding of the dynam-
ics and functions of seed banks has become a
great challenge to ecologists of plant communi-
ties because this understanding is necessary to
determine the role of this community trait in
ecosystem functioning and also to improve the
integrated management of ecosystems (Luzuriaga
et al. 2005). At high grazing pressures, perennial
grasses are replaced by annual herbs, which could
trigger a vegetation collapse from which recovery
to the grassland state is extremely difficult even
if grazing pressure is greatly reduced (Rietkerk
et al. 1996). The recovery of species that have
disappeared from the aboveground vegetation be-
cause of heavy grazing, however, can be facili-
tated by the soil seed banks (Baker 1989). Soil
seed bank samples that were collected at the
end of the growing season (October–November)
after seed production can serve as an indicator of
viable seeds that did not germinate in the field
during the season. The ecosystem and habitat
affect seed bank size. The seed bank of peren-
nial grasses is often quite small because seed
production is very small relative to that with

annual species. Annual weed species ecosystems
have very large seed banks, especially where
the land has been grazed: grazing increases seed
bank size. Trampling may create conditions in
which seeds retain greater viability in the soil.
Soil disturbance affects seed bank size: one local
or temporary disturbance that allows 1 year of
annual weed growth and seed production can
have profound impact on the seed bank.

The soil seed bank helps in understanding of
the population dynamics of buried viable seeds
and is of practical importance in conservation and
agriculture (Fenner and Thompson 2005). Few
species have seed banks in the tropical forest
in general (Garwood 1989), and autochthonous
seed banks rarely contribute to the regeneration
of deforested tropical forest areas (Teketay and
Granstrom 1995). Seeds are available in the soil
at the end of the dry season. Collecting the tran-
sient seed bank (litter and soil) from the forested
area at the end of the dry season and depositing
it onto degraded areas seems to be a promising
strategy for forest restoration (Sampaio and Scar-
iot, unpublished data). Generally, in plantations
that are near harvest their soil seed bank influ-
ences the establishment of secondary succession
after disturbances. Some of the persistent seeds
in the soil and the seed rain (if any) may lead to
restoration of the vegetation (Teketay 1998). The
soil seed banks of plantations and natural forests
are dominated by herbaceous species and mostly
exhibit a persistent soil seed bank (Teketay and
Granstrom 1995), but few woody species are
also observed in a soil seed bank (Teketay and
Granstrom 1995; Teketay 1998). A soil seed bank
is a key factor for counteracting local extinction
of plant species. The ecological implications of
a soil seed bank in regeneration of different
ecosystems need to be examined by monitoring
the dynamics of the bank following cultivation
activities (Cao et al. 2000).

In India, much research work has been accom-
plished in different ecosystems in both dry and
moist topics. We compared grasslands and agro-
ecosystems, finding a higher seedling emergence
from a soil seed bank or weed seed bank in the
moist tropics than in the dry tropics (Srivastava
2002).
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In this review, in comparison between dif-
ferent ecosystems of temperate and tropical re-
gions we observed that different ecosystems have
more seed germination in the tropics than in
temperate regions, which may be the result of
environmental conditions and high diversity in
both soil seed banks and aboveground vegeta-
tion. Agro-ecosystems of both regions have great
weed seed bank density, so the present study
concluded that the weed seed bank should be
properly managed to control weeds for better
crop yield. We observed that better emergence
of seedlings (seed density m�2) provides ideas
about the conservation and restoration of grass-
lands and wetlands, which may be because of the
high similarity between aboveground vegetation
and the soil seed bank, which comprises grasses,
forbs, weeds, shrubs, etc., because of seed rain
or seed dispersal. Plantations and natural forest
of both tropical and temperate regions have low
germination of seeds from the soil seed bank in
comparison with other ecosystems but have both
high and low similarity, which occurs from the
high germination rate of agricultural weeds, an-
nual/perennial grasses, and forbs. Trees provide
a low contribution of seed germination from the
soil seed bank. Conservation of these ecosystems
through the soil seed bank is limited and has less
significance in these ecosystems. Thus, conser-
vation and restoration of managed and natural
forests should be accomplished by preservation
of desirable seeds in situ and ex situ so that their
biodiversity may exist in future generations.
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