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Abstract

The pattern of natural restoration in soil and plaomponents was
studied in five landslide-damaged (1-58-year-oithssin the tropical
moist sal Ehorea robustaforest ecosystem of Nepal Himalaya .Rate of
restoration in soil properties was faster in thdyesuccessional stages
(1-15 year) than late stages while plant biomassvered rapidly after
15-year age. Based on the recovery in ecosysteipepres; the 58-
year-old landslide damaged site demonstrated tresteblishment of
an ecosystem showing closer affinity with the matsal forest. On the
basis of best fit power function models it was doded that the
estimated times for the 58-year old site to rehehevel of undisturbed
matured sal forest would be about 30-35 years forahial biomass (C
and N) and plant biomass and about 100-150 yeaisddr organic
Carbon and total N. Higher accumulation of soitrobial biomass,
plant biomass and high N-mineralization rate & ficcessional stages
indicated the re-establishment of an ecosystem eiritiiched soil and
restitution of nutrient cycling during the courdeeoosystem restoration

Key words: Disturbance, restoration, soil biomass, biodikgrglant
biomass

Introduction

Restoration of degraded lands has been acceptedlzslenge to demonstrate the scope of
ecology in resource management and sustainabldogevent as it requires a thorough
understanding of the ecological principles. In facblogical restoration is a practical test of
our ecological understanding. Bradshaw (1987) dallestoration as an “acid-test for
ecology”. Ecology plays a central role in the imp#ntation of restoration projects.
Restoration ecologists have emphasized concepts asiecosystem health and ecosystem
integrity when articulating restoration goals. Qiusly their objectives are based on
ecological principles (SER, 2002). Natural as vesliman-induced disturbances disrupt the
normal functioning of different ecosystems. Consely, the sustainability of ecosystem
functioning becomes dependent on the scale andhsityeof the disturbances. Hence,
restoration of degraded ecosystem is of paramaupbitance to regain and re-establish
these functions.

Disturbance is a discrete event in time that disrigrosystem community, or population
structure and changes resources availability (Riék&Vhite, 1985). Ecosystem disturbance
alters the relationships of organisms and theiritheh from their natural state. The
ecosystem subjected to catastrophic disturbanaaslilely to be in equilibrium rather it is

expected to be in a dynamic state of recovery fibwd past disturbances. Thus the
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disturbance acts as an important force which doutes to the dynamics of structure and
function of ecosystems (Bormann & Likens, 1979)n&ally the destruction of habitat
results in loss of biodiversity, degradation in ®&iem structure and changes in the
ecosystem functions. Disturbed ecosystems showgelsaim species composition, density,
stand biomass, productivity and in the patternsudfient cycling.

Recovery pattern in different components of lartislilamaged forest ecosystem has been
documented by Garwood (1985), Guariguata (1990)Singhet al. (2001). In the present
study, the pattern of natural restoration in sail @lant components has been documented
in five landslide-damaged (1-58-year-old) siteghia tropical moist SalShorea robusta
forest ecosystem of Nepal Himalaya. Comparisoneweade with an undisturbed forest
site in the same region.

M aterials and M ethods

Study area

The study was conducted in Eastern Siwaliks (Subathyan region), the catchment area
of Koshi River (one of the largest rivers in Nepajljacent to Dharan, Nepal (26°47
26°52N & 87°14-87°22E), within the altitude range of 450 to 750 msl. &ge series of 1,
4, 15, 40, 58-year-old landslide damaged sitessal dorest ecosystem and a mature (>100
years old) undisturbed sal forest, treated asaaerte forest, were selected for this study.

Chemical analysis

Soil samples were collected from three random ionatat each site. At each location the
soil was collected from three pits, composited podled as one replicate. Soil sampling
was carried out in May, July and January (1993-)19&presenting the summer, rainy and
winter season, respectively. Organic C was analygedichromate oxidation in a reflux
system and titration with ferrous ammonium sulpl{tdembasa & Jenkinson, 1973). Total
N was estimated by micro-Kjeldahl method (Jackd®@%8). Soil microbial biomass C and
N were estimated by chloroform fumigation extractroethod (Vancet al, 1987b). NG

N was meausred by phenol disulphonic acid methethguCaSQ@ as the soil extractant
(Jackson, 1958). N/-N was estimated by phenate method (Wetzel & Lik&839), using 2
M KCI as the soil extractant.

Nitrogen mineralization

N-mineralization was measured situ by buried bag technique (Eno, 1960). NO® and
NH4-N were determined initially (at time zero) and tieeovery of buried bags after one
month. The increase in the concentration of amaormarN plus nitrate-N during the field
incubation was estimated as the net N-mineralinatiRastoret al, 1984). The increase in
NHj-N was considered as ammonification and the inereadlQ;-N as the nitrification.

Vegetation analysis

For vegetation analysis 10 permanent tree plotsh(@8x10 M) and 10 nested shrub plots
(each 5x5 1f) were randomly established in sites of 15-yeag@ater in age. Species
diversity parameters such as Species richness @Wdygl958), Shannon-Wiener index
(Shannon & Weaver, 1963), Equitability (Evenneg3ielou, 1966), Index of dominance
(Simpson, 1949) were determined from density values
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Estimation of plant biomass production
Biomass of trees in plots was estimated by usinty:piomass allometric equations for sub-
montane sal forest in southern Siwaliks (availaiiy for trees=30 cm girth) published by
Singh and Singh (1992). Using the allometric equestj the biomass of different
components of marked trees/shrubs in permanens plas computed for 1994 {Band
1995 (B) from respective girth measurements for estimatibproduction. Fine roots (<10
mm diameter) biomass was determined from five swiholiths (10x10x30 cindepth) on
each site.

Litter mass and litterfall
Litter mass accumulated at each site was colleotemt every season from five 1x m
randomly placed plots and separated as: (a) fedhlitter, (b) partly decayed litter and (c)
non-leaf litter (including reproductive parts). Rbe estimation of litter fall five litter traps
(1x1 nf) was randomly fixed on the forest floor at eadk.sThe turnover ratek) of litter
was calculated following Jenref al (1949).

Results and Discussion

Concentrations of soil organic C and total N insezhwith the age of sites. The 58-year-old
site showed concentrations of soil organic C atal fé that were 75-89% of concentrations
in the undisturbed Sal forest (Tab. 1). The sodnobial biomass, the active fraction of soil
organic matter (expressed as C and N contents®2ased 4-5 times at the 58-year-old site
relative to the 1-year-old site, and the bulk iase occurred within the initial 15 year.
Although the net N-mineralization rate increaseaststently until 58 years of age, the
proportion of nitrification rate relative to amm@oation rate distinctly decreased beyond
40 years. On the other hand, the soil availablabthl NG~ and NH") concentrations
increased from 1-40 year and then declined; with #me proportion of N increased,
however. Rates of restoration in soil propertiesewfaster in the early successional stages
(1-15 year) than late stages. Among different gaberties the restoration of soil microbial
biomass (C and N) was faster than soil organicCtatal N (Singret al, 2001).

Table 1. Comparative account of soil properties (0-10 ciptllein landslide sites and mature sal forest
(MF) in Nepal Himalaya.

Age of site (years)

Parameters 1 2 15 20 ) MF
Organic C (t hd) 13.( 15.C 21.( 25.( 28.( 33.(
Total N (t h&) 1.3€ 1.44 2.01 2.37 2.62 3.2(

Microbial biomass Ci(g g*)  132.0+1! 215.0+1{ 408.0+3( 568.0+4: 638.0+4: 778.0%5:
Microbial biomass Ni(g g%) ~ 14.0+1.7 21.0+2.0 38.0+3.. 50.0#4.t 55.0+3.¢ 65.0%5.c
Ammonification{ig g* mo?)  1.33+0: 2.00+0.« 3.90+0.. 5.66+1.( 9.53+1.. 11.76x2.(

Nitrification(ug g* mo™) 2.50+0¢ 4.16+1.( 6.83+1.¢ 8.00+1.6 6.00+1.0 5.56+1.
N-mineralization ig g‘l mo‘l) 3.83+0.¢ 6.16+1.c 10.73+2.. 13.66%+2.( 15.53+3.( 17.32+3.!
Ammonification:Nitrification  0.5% 0.4¢ 0.57 0.7¢ 1.5¢ 2.11
Available-N g g'l) 2.8+0.t 4,0+0.¢ 14.242.( 16.4+2.( 13.5+1.¢ 12.4+1.7
NH4-N : NOs-N 1.1¢ 1.3¢ 1.5C 1.7z 2.2C 2.4C

Disturbance due to landslide resulted in a redadtospecies diversity. In the herbaceous
species Shannon-Wiener index reduced to 1.71 ieat-gld site in comparison to 2.57 in
mature Sal forest. Similarly, species richness masmum (3.4) at 1-year-old site (Tab. 2).
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However, these parameters exhibited an increasendtwith the passage of time and
reached to maximum level at the 40-year-old site &39 respectively), when the
concentration dominance was conversely minimum6(j0.@&mong the trees, diversity
parameters revealed that the Shannon-Wiener inuéxhe& species richness increased while
concentration of dominance decreased with the &geiaessional communities (Tab. 2).
The 50-year-old site exhibited highest value (1.i)tree diversity which was slightly
higher than that of the mature Sal forest. Maximewel of herb biodiversity at 40-year old
site was assumed to be due to the mixture of eartgessional species (shade intolerant),
intermediate successional species and late suooassipecies (shade tolerant). Based on
"Intermediate Disturbance Hypothesis" (Grime, 19@ston, 1979), van der Marrel (1993)
concluded that under moderate level of disturbahmaliversity is highest in intermediate
successional stage.

Table 2. Comparative account of plant properties in lamds8ites and mature sal forest (MF) in Nepal
Himalaya.

Age of site (years)

Parameters 1 2 15 0 ) MF
Species richnessl

Trees 11 1.71 1.82 1.57

Shrubs 0.79 11 11 1.2

Herbs 3.4 4.8 8.7 9.0 8.34 6.34
Shanon-Wiener index{()

Trees 1.12 1.59 1.72 1.66

Shrubs 1.70 2.00 2.00 2.00

Herbs 1.71 2.10 2.88 3.00 2.81 2.57
Index of dominancec]

Trees 0.52 0.35 0.30 0.30

Shrubs 0.21 0.15 0.16 0.17

Herbs 0.27 0.19 0.08 0.06 0.08 0.11
Biomass (t ha) 0.840.1 3.8+0.2 101.0+19 476.0+£33 547.0+63 7280+
Herbs* 0.5+0.1 2.2+0.2 1.840.1 1.5+0.1 1.5+0.1 D1+
Shrubs - 0.4+0.1 1.0£0.1 3.3x0.5 4.1+0.3 4.4+0.3
Trees - - 94.0£118 465.0+33 534.0+63 715.0+83
Stand fine root 0.3+0.02 1.2+0.06 4.440.27 5.8+0.37.0+0.34 8.2+0.49
Net production (t hayr) 0.9 35 19.5 26.7 23.6 22.1
Herbs* 0.6 2.0 1.7 14 1.2 1.0
Shrubs - 0.3 0.8 1.9 1.0 1.3
Trees - - 12.7 18.1 15.1 134
Stand fine root 0.3 1.2 4.3 5.3 5.9 6.4
BAR** 0.9 1.1 5.2 17.8 23.2 33.0
Litterfall (t ha™ yr™) 0.3+0.03 0.9+0.05 5.6+0.62 8.8+0.83 9.7+0.80 10.81
Litter mass (t ha) 0.14+0.08 0.4+0.04 2.9+0.2 4.5+0.034 5.1+0.3 B.6+
Turnover; fine root 1.0 1.0 0.97 0.91 0.84 0.78
Turnover; litter 0.90 0.87 0.81 0.78 0.77 0.78

*Aboveground parts, **BAR (Biomass Accumulation Rat

Stand plant biomass and production, fine root besrand production and organic matter
input through litter and fine roots were fastethe younger sites (1 to 40 year-old) and bulk
increase occurred after 15 year. As the pattermeaufvery were slower at 58-year-old site,
the forests of this site may require consideraiohe to reach the level of mature Sal forest.
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BAR (Biomass Accumulation Ratio) showed an incnegdrend with the age of the sites
which indicated a low biomass and high net producttate at the early successional stages
(greater production efficiency) and high biomasd &w production rate (low production
efficiency) at the late successional stages.

Landslide disturbed ecosystem showed several eemsysvel strategies which geared the
damaged system to recover rapidly with passagenef tFast growing nutrient rich herbs at
younger sites play an important role in rapid acglation of soil organic matter by their

highly decomposable soft tissue. Increasing levditter and fine roots in the developing

vegetation and their high turnover rates to releasients rapidly in the younger sites
probably contribute significantly to continual regeation of available N in soil to support a
high net production of developing ecosystem.

Soil microbial biomass which increased with the afjandslide sites reflected the activities
in rapid decomposition, and mineralization in yoengites which become the constant
source of available nutrients. High rate of decosipan, mineralization and high nutrient

uptake in the early stages, exhibit the capacitydpid remobilization of resources reflected
by high rate of net production in developing vegieta Such strategies may efficiently

contribute to the resilience of the damaged ecesysb recover rapidly.

With passage of time, the maturity of the sites wedkected in strong nutrient conserving
mechanisms. Significant retranslocation of nutdenfrom senescing leaves and
immobilization of nutrients in litter mass in thdder sites are the important nutrient
conservation strategies to retain the nutrienthiwithe system and to release them later for
plant use. High nutrient use-efficiencies in thdeol sites showed relationship with high
retranslocation efficiency (Mandal, 1999). The aumbility of ecosystem functioning in
response to environmental perturbations depends thp® capacity of the plant and soll
subsystems to buffer or accommodate losses of keients following disturbance.

In the present study, the 58-year-old site demateddrthe re-establishment of soil nutrients,
plant biomass, microbial biomass and nutrient ogeland as a whole a sustainable
ecosystem after the landslide disturbance. Thevergan ecosystem properties exhibits a
positive feedback relationship and moves the disttirecosystem rapidly towards a stable
nutrient status and its cycling. Based on the reppin ecosystem properties, the 58-year-
old landslide damaged site demonstrated the réledtenent of an ecosystem showing
closer affinity with the mature Sal forest.

On the basis of best fit power function models @sveoncluded that the estimated times for
the 58-year-old site to reach the level of the stwlbed, mature Sal forest would be about
30-35 year for microbial biomass (C & N) and plammass and about 100-150 year for
organic C and total N. Higher accumulation of suitrobial biomass, plant biomass and
high N-mineralization rate at late successionafjesaindicated the re-establishment of an
ecosystem with enriched soil and restitution ofrieat cycling during the course of
ecosystem restoration
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