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Abstract

The succession in areas once Vegetated before the disturbance to a forest as climax
community is called secondary succession. Secondary succession is influenced by soil type
and the vegetation that invades the community. During the literature survey we found that the
cropping areas are abandoned in different parts of the world and the fallows left are under
secondary succession. There the socio-economy of the people has been found to affect the
succession. Species diversity, species richness, rate of replacement and the soil type etc. have
been studied by succession researchers. Succession study has also been carried out by using
the tools like remote sensing, geographical information system etc.
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Introduction

Directional and cumulative change of vegetation in a community till the climax community
is called succession. Succession may be the primary if the community change occurs in the
previously non vegetated area. However, secondary succession occurs in once vegetated area

after the disturbance due to climatic, environmental or anthropogenic causes.

In recent past, there was Goth system in hilly areas of Nepal. In Goth system Gothalas used
to live in high hills domesticating buffaloes and other cattle. They used to rare buffaloes.
They usually do not need to take extra care of the cattle as these cattle are used to move
freely and graze nearby natural forests. When the cattle become matured and pregnant, the
buffaloes were brought to the huts or Goths and sold at high price. In recent years, the Goth
system is declining and the areas for Goths have been abandoned due to socio economic
changes in life of the Gothalas and their families although very few Goths are seen in
Bhadaure-Tamagi VDC of Panchase, Kaski. This review has been prepared in connection
with the study of secondary succession in abandoned fallows of Goth practice in Bhanjyang

of Bhadaure-Tamagi VDC, Panchase.

Ecosystems are dynamic. Disturbances lead to changes in ecosystems, collectively called
succession. Disturbances can be natural and/or anthropogenic (human-caused). Natural
disturbances, such as wildfire, play an important role in forest succession. Knowledge of
natural disturbance regimes is important to maintaining biodiversity. In forest succession,
species composition, ecosystem structure (Biotic and abiotic factors) and ecosystem
functioning (Food chain and food web, energy flow) all change gradually over time. In urban
areas, the alterations of natural disturbance regimes, along with the introduction of invasive
species have altered natural succession. Natural disturbances vary in spatial scale (from small
to large areas) and temporal scale (from hours to eons). Variation in the temporal and spatial
scales of disturbances leads to ecosystems spread over the landscape that are in different
successional stages. This landscape diversity meets the needs of a variety of wildlife species
(Binelli et al., 2008).
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Abandonment of cropping and succession

According to Cuesta et al. (2012) agricultural fallows, village commons and degraded
forests, serve as important common community property resources throughout India, but due
to their degraded status they are considered as ‘wastelands’, having little economic value and
poor biodiversity. A study on secondary succession was conducted in agricultural fallows
around Pundicherry, India to review the negative image of ‘wastelands’. Chronosequences of
four sites aged 2, 4, 10 and 50 years were used to investigate change in species composition

and abundance, convergence with a nearby forest and to examine their economic use.

Large extents of abandoned fallows may undergo secondary succession or reforestation.
Researchers experimentally tested the response of soil chemical properties to secondary
succession (old field) and to Quercus ilex plantation (reforested cropland) in a Mediterranean
cropland that was abandoned 13 years ago. They also evaluated the relevance of previous
reforestation management (four combinations of presence and absence of irrigation and
shading) in addition to current environmental conditions (herbaceous community and cover
of oak canopy) on soil chemistry in the reforested cropland. Carbon and NH 4-N
concentrations and availability of mineral N were higher in the reforested cropland than in
the old field. However, soil pH, total N, P, K and NO 3-N concentrations, mineralization
rates, and available PO,>-P were similar in the reforested cropland as well as in the old field.
Previous reforestation management  practices, particularly irrigation, and  current
environmental conditions, mostly biomass and composition of the herbaceous community,
affected soil chemistry. Irrigation increased K and P concentrations and NH ;*-N availability.
This study highlights the overall slow dynamics of soil chemistry in Mediterranean
ecosystems, which has resulted in little variation of soil properties in reforested cropland

after more than a decade.

Vegetation succession plays an important role in soil restoration through accumulation of
vegetation biomass and improved soil plant interaction (Lu et al., 2002). The researchers had

linked Amazonian secondary succession forest growth to soil properties. In their studies in
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three successional sites, pH value found decreased with fallow age, potassium found

decreased, aluminum increased and nitrogen as well as organic matter also decreased.

Study by Liu and Huang (2005) reported that nitrogen and potassium increased in an order
but pH increased because the shrub grassland was succeeded to coniferous forest to
evergreen broad leaved forest. Thus pH seems increasing with fallow age and N, P, K found
decreasing with fallow age.

Succession to naturalized grassland from former agricultural land and pastures is
accompanied by changes in plant biodiversity and in the soil community. These changes are
the result of a reduction or elimination of management, fertilizer applications and of grazing
by large herbivores. Researchers reviewed soil biology studies on agricultural land that are in
various successional stages towards naturalized grasslands, where interactions between plant
species composition changes and the soil ecology affect each other. In many chronosequence
studies, the soil microbial community tends to shift towards a less bacterial, and more fungal
dominated food web energy channel following a reduction in fertilizer inputs and grazing
intensity (Maharning et al., 2009).

In 1982, experimental nitrogen gradients were established on both existing and disturbed
(disked) vegetation in three fields (abandoned 14, 25, and 48 yrs) and on existing vegetation
in native oak savannah. Each of these seven gradients contained five or six replicates of each
of nine treatments that differed in the annual rate of nitrogen addition. In none of the fields
did plant biomass, height, species richness, or light penetration respond to addition of P, K,
Ca, Mg, S, and trace metals. In contrast, plant biomass and height increased significantly, and
light penetration and species richness decreased significantly, with added nitrogen along all
seven gradients. In general, early successional annuals and short-lived perennials and plants
of short stature at maturity reached their peak abundance in low-nitrogen plots, whereas
plots, receiving high rates of nitrogen addition were dominated by long-lived herbaceous and
woody species that are taller at maturity (Tilman,1987)

Species diversity and community composition in fallows under secondary succession

Species diversity and community composition were studied at 23 sites on similar western
hemlock/Douglas-fir forest habitats, in undisturbed old-growth stands and stands at 2, 5, 10,
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15, 20, 30, and 40 years after clear cutting, broadcast burning, and planting with Douglas-fir.
Vegetation was sampled with three 5 x 60 m transects at each site. Invading herbs, then
invading and residual shrubs, and finally conifers dominated through the first 30 years.
Species diversity trends increased with diversity, peaking at 15 years and richness at 15 years
itself. This initially high diversity (higher than that of old-growth stands) is short-lived. After
the tree canopy closes, species diversity declines reaching its lowest values at 40 years
(Schoonmaker and McKee, 1988).

Haripal and Shahoo (2010) examined the vegetational succession and quantitative
community characteristics in some abandoned agricultural ecosystems of western part of
Orissa, India. The phytosociological attributes in different abandoned rice fields were studied
by taking quadrats of suitable sizes (1 x 1, 5 x 5 and 10 x 10 m? for herbaceous grass and
nongrass, shrubs and tree species respectively). Quantitative community characteristics like
frequency, abundance, density of different plant species, diversity and dominance index were
examined. Importance Value Index (IVI) was calculated to understand the importance of
individual species in a community. The distribution patterns of different species were
analyzed by species sequence curve method. Finding showed that there is decrease in the
number of grass stands and increase in the non-grass stands with the increase in the year of
fallow periods. The study also indicated an increasing trend of species richness, abundance
and diversity with increasing year of abandonment indicating the growth of secondary

succession in this region.

Vegetation structure and floristic composition of a 15- yr - old secondary forest in an
abandoned Eucalyptus tereticornis plantation of the Western Ghats (Peninsular India) was
analyzed specifically. The current suite of species includes many with light weight, wind
dispersed seeds and a mix of shade tolerant and intolerant species. The abundance of
evergreen heliophytes with deciduous species suggests eventual development into a semi
evergreen forest type. The present state of the stand may be characterized as a "pre-

equilibrium™ stage in forest development (George et al., 1993).

In a comparison of life-forms, species richness and diversity indices by Kinhal and

Parthasaraathi (2008) showed that herbaceous species dominated up to 10th year sere, from
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which point in succession, woody species became more common. It was in the 50th year sere

that shrubs and secondary tree species occurring in nucleated clumps became dominant.

Thus studies showed that secondary succession begins with herbaceous species. Herbaceous
community is replaced by shrub community and then by tree species ultimately. The species

richness and diversity increases but is greatest at the secondary community.

uUhl et al. (1988) had studied vegetation composition, structure and biomass accumulation on
thirteen forest sites that had been cut and burnt, used as cattle pasture, and then abandoned in
the eastern Amazon near Paragominas, Para, Brazil. These Amazon ecosystems generally can
recover after large-scale pasture disturbances. Only where land has been used too intensively
for long periods, is reforestation uncertain, but probably less than 10% of the pasture land in
northern Para has degraded to this level. Nevertheless, the re-growth forest, regardless of
pasture-use history, will not necessarily have the same characteristics of physiognomy or
species composition as that originally occupying the site. Moreover, as burning becomes
more prevalent in eastern Amazonia, abandoned sites may not develop into forest and the

irreversible degradation of the entire regional ecosystem must be contemplated.

Thus pasture development seems essential for reforestation and increase in biomass and

secondary succession.

Drivers of the succession

Climate change is widely expected to induce large shifts in the geographic distribution of
plant communities, but early successional ecosystems may be less sensitive to broad-scale
climatic trends because they are driven by interactions between species that are only
indirectly related to temperature and rainfall. Building on a biogeographic analysis of
secondary succession rates across the Eastern Deciduous Forest (EDF) of North America, an
experimental study designed to quantify the relative extent to which climate, soil properties,
and geographic species pools drive variation in woody colonization rates of old fields across
the EDF. Using a network of five sites of different soil fertility along a latitudinal gradient

from central New York to northern Florida, there added seeds of nine woody pioneer species
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to recently tilled old fields and monitored first-year growth and survivorship. Results
suggested seedlings of southern woody pioneer species are better able to quickly establish in
fields after abandonment, regardless of climate regime. Sites of lower soil fertility also
exhibited faster rates of seedling growth, likely due to the slower development of the

successional herbaceous community (Fridley and Weight, 2011).

Thus climate change has insignificant effect on early secondary succession because it is

driven by species interaction and indirectly related with temperature and rainfall.

The composition and density of seeds in soils of secondary forests derived on abandoned
fields after 4, 9 and 14 years of abandonment were enumerated to examine whether the soil
seed bank assembles during secondary succession as the plant communities assemble. A total
of 18, 37 and 48 soil samples from 4-, 9- and 14-year old sites, respectively were collected in
15 cm x 15 cm plots up to 9 cm depth. A total of 3, 5 and 9 species were found on sites
abandoned 4, 9 and 14 years ago, respectively. Among different life forms, trees were highly
represented in the soil seed bank of 9-year (60%) and 14-year (33%) old sites compared to 4-
year old site entirely dominated by non-woody flora. The total number of seeds ranged from
327 in the 4-year old site to 146 in the 14-year old site, and the corresponding density of
viable seeds ranged from 141 seeds -m Z in the 4-year old site to 26 seeds m 2 in the 14-year
old site with a consistent decreasing pattern in the chronosequence. The similarity between
the soil seed flora and the standing woody vegetation was low for both 9- and 14-year old
sites while complete dissimilarity was found for 4-year old site. It was concluded that the
species composition of soil seed banks assemble gradually during secondary succession, but
the overall seed density is still low for natural regeneration of trees to rely on. To expedite
the recovery of secondary forests on such abandoned fields, the seed bank needs to be
supplemented by direct seeding, enrichment planting of desired species and installing

artificial perches for facilitating seed dispersal (Gonzalez-Rivas et al., 2009).

Thus seed deposition in soil and subsequent regeneration decreases with fallow ages but

movement and establishment of propagules and seed transfer affects succession.
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Analytical tools in successionstudy

A survey on plant communities by Alard et al. (2005) was performed with similar design for
each site. Multivariate analyses were performed to study the relationships between vegetation
and environmental variables so as to interpret the present vegetation variability. Co-inertia
analyses show that, in both sites, (1) secondary succession dominates the general pattern of
composition gradients in plant communities and (2) succession gradient is strongly connected
with soil depth.

Researchers tested the biomass ratio hypothesis, which postulates that ecosystem properties
should depend on species traits and on species contribution to the total biomass of the
community, in a successional sere following vineyard abandonment in the Mediterranean
region of France. Ecosystem-specific net primary productivity, litter decomposition rate, and
total soil carbon and nitrogen varied significantly with field age, and correlated with
community-aggregated (i.e., weighed according to the relative abundance of species)
functional leaf traits. The three easily measurable traits tested, specific leaf area, leaf dry
matter content, and nitrogen concentration, provide a simple means to scale up from organ to
ecosystem functioning in complex plant communities. Researchers propose that they may be
called “functional markers,” and be used to assess the impacts of community changes on

ecosystem properties induced, in particular, by global change drivers (Erich et al., 1919).

The secondary forest succession was generated and mapped using a geographic information
system (GIS) and remote sensing (RS), along with aerial photographs. Results show that
anthropogenic disturbances and harvesting techniques have been the major causes of the
succession. Under a selective harvesting regime, the trees left uncut or damaged would
become the main components of the subsequent forest succession. The spatial database offers
excellent opportunities to understand the vegetation dynamics and to help the forest manager
in deciding future forest conditions for maintaining biodiversity (Cakir et al., 2009).
Conclusion

Disturbance and then succession provide the necessary nutrients to the growing inhabitants of
the forest. Secondary succession brings about in an ecosystem or community where species
richness goes on increasing, and biomass undergoes increasing with slight increase of older
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fallows. The species diversity also increases gradually. Similarly, there is dominance of the

herbaceous species in early year fallows become dominant and herbs are usually replaced by

shrubs and subsequently by trees. Generally, there appears increasing trend of species

richness, abundance and diversity with increasing year of abandonment.

The nutrient dynamics also shows the definite pattern in successive fallow communities.

Thus pH and Al seems increasing with fallow age and N, P, K and humus found decreasing

with fallow age.

Seed deposition in soil and subsequent regeneration decreases with fallow ages but

movement and establishment of propagules and seed transfer affects succession. Climate

change has insignificant effect on early secondary succession because it is driven by species

interaction and indirectly related with temperature and rainfall Pasture development seems

essential for reforestation and increase in biomass and secondary succession.
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