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Five eroded sites having different number of years since landslide were selected to study the
changes in soil nutrients and vegetation development. Concentration of soil nutrients increa-
sed as succession progresses. The soil of each site was predominantly sandy. All the sites were
dominated by perennials. Species content, density and species diversity increased over time.
The vegetation was entirely herbaceous on the yougest site. While woody species in varying
proportions were found on other sites. Adult saplings of Quercus leucotrichophora were found

only at oldest site.
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Introduction

The Himalayas are highly disturbed by landslides
and erosions. The disturbance processes result in a
great variability in their soil structure and vegeta-
tion composition. Sites disturbed by landslides are
colonized by pioneers. These pioneers are either
immigrants to the damaged sites or residuals emer-
ging from long dormant burried seeds exposed due
to soil movement and mixing curing the process af
landslide (Pandey & Singh 1984/85). Successful es-
tablishment of pioneers depends upon several fac-
tors such as climatic, edaphic and biotic, therefore,
itis of significance to understand what vegetation
and soil changes exist and at what rates they occur
after the disturbances. Such studies are very limi-
ted for this region.

For this study, specially separated areas having
different number of years since a specific distur-
bance (Drury & Nisbet 1973, Austin 1981) were selec-
ted. The present study encompasses soil nutrients,
vegetation composition, vegetal cover, species di-
versity, species density along successional gradi-

ent. Along this, study on vegetation of adjacent
undisturbed forests was also carried out.

Materials and Methods

Study Area

The study area is located in the Kumaun region of
Central Himalaya on the South-east of Khurpatal
lake between 29°25' lat and 79°25' long, encompas-
sing an altitudinal range between 1500 to 2100m.
Township of Nainital (1938m) is situated on the
North-east of study area at a distance of 8 km. The
mean daily temperature ranges from 10.5°C in Janu-
ary to 22.7°C in May, snowfall is frequent during
the winter season. In order to minimize the effect of
climatic differences all the sites were selected with-
in a distance of 5 to 7 km. Landslides are of frequer:.
occurrences in the Central Himalaya but the year
of occurrence is seldom recorded. Based on unwrit-
ten records of the native people we could find da-
maged sites of different age i.c. 2, 5, 10 and 30-yr-
old alongwith a site of recurring erosion.
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Soil Analysis

From each site, five soil samples were collected
randomly from 0-15 cm depth in December 1983,
Moisture content of the soil was determined before
air drying. Air dried soil was passed through a
2mm sieve and the proportion of stone was calcula-
ted (> 2mm; after Kelley & Turner 1978). Propor-
tion of various soil particle size (sand, silt and clay)
was determined by the hydrometer (Bougoucos
1951). The soil pH was measured by pH meter, the
organic carbon by Walkley and Black’s rapid titra-
tion method (1934), the total nitrogen content by
MacroKjeldahl method, and water holding capac-
ity following Piper (1944). The calcium.and potas-
sium contents were estimated by standard proce-
dure as outlined by Jackson (1958).

Vegetation Analysis

Vegetation analysis of the herb layer was conduc-
ted in the year 1984 by using 1 X 1 m quadrat with 15
quadrats. For the determination of density of
shrubs and the saplings, 15.5 x 5m quadrats were
used. Species diversity (H) was computed by using
Shannon Wiener information function (Shannon
& Weaver 1963)

=) el

where N, is the total density for the species i and N is
the total importance value (density) of all the speci-
esin a stand. As the logarithm to the base 2 was used
here, the expression of diversity is in units of bits
per individual.

Beia diversity (BD) was calculated following
Whittaker (1975)

BD=S5.S

where S, is the total number of species occurring in
a set of samples, counting each species only once
and S'is the average number of species per individ-
ual sample. Community coefficient for herb layer,
between different sites were calculated following
Jaccord (1912).

Community coefficient (%)=2W/A+ B x 100

where W refers to the sum of the smaller quantities

(density) of the species common to two sites; 4 is
the sum of the quantitative value (density) of all
species in one of the two sites; and B is the sum of all
quantitative values of all species in other site.

Results

Soil Characteristics

The proportion of particles above 2mm (stone and
other coarse material) increased from oldest to
youngest site (table 1). However, the soil content at
each site was markedly lower (i.e. 4.1-23.5%). This
can be appreciated by comparing the soil content
of relatively undisturbed forest stands. As repor-
ted by Khanna and Singh (1984), stands of pine
forest contain 74.0% soil, those of oak forest
93.7% soil. Soils of all the sites were dominated by
sand (> 90%). Moisture content was below 13%
except at oldest site, where it was about 29%. The
pH was in alkaline range (7.3-9.0). Organic carbon
and total organic matter followed an increasing
trend with the increasing age of the site. Values
ranged from 0.39-1.45% for organic carbon and
0.67-2.49% for total organic content. As expected
the total nitrogen followed the trend of organic
content (0.09% at 2-yr-old site—0.21% at 30-yr-
old site). Calcium concentration did not exhibit
any definite pattern with the age of the site. The soil
at 10-yr-old site was comparatively rich in calcium
(1.80%). The magnesium content in soil increased
with the increasing age of the site attaining maxi-
mum value at 30-yr-old site (0.06%).

In order to elucidate the effect of disturbance on
soil characters of these disturbed sites, values of
undisturbed pine and oak forest stands at similar
elevation in adjacent area are presented in table 2.
Undisturbed soils have higher water holding capa-
city, organic carbon and nutrients. However, their
pH isin acidic range in contrast to alkaline soil of
disturbed forests.

Vegetation

The vegetal cover was insignificant at 2-yr-old site
(<2%), approximately 10% at site of recurring
erosion, 40-55% at 5-yr and 10-yr-old sites and
about 60% at 30-yr-old site. Each site had a mix-
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Table 1 Physical and chemical properties of soil from 0-15 cm depth at different sites

Parameters Age of site (year) Site of
Tecurring
2 5 10 30 erosion
Texture
Stone (%) 95.9 91.3 88.9 76.5 89.5
Soil (%) 4.1 8.7 1.1 235 10.5
Sand (%) 98.0 97.0 95.0 91.0 95.0
Silt (%) 1.0 1.0 2.0 3.0 3.0
Clay (%) 1.0 2.0 3.0 6.0 2.0
Moisture content (%) 7.2 9.6 10.9 28.8 12.5
Water holding capacity (%) 315 329 373 52.1 342
pH 9.0 8.7 8.5 7.3 8.5
Organic carbon (%) 0.39 0.96 1.14 1.45 0.45
Total organic matter (%) 0.67 1.65 1.96 2.49 0.77
Total nitrogen (%) 0.09 0.12 0.15 0.21 0.11
C : N ratio 4.33 8.00 7.60 7.90 4.09
Exchangeable calcium (Meq. %) 1.20 1.40 1.80 0.99 1.40
Exchangeable magnesium (Meq. %) 0.01 0.02 0.03 0.06 0.03

Table 2 Physical and chemical properties of soil from0-10cm  Table 3 Community coefficient between the disturbed sites,
depth in Kumaun Himalaya (after Khanna & Singh 1984) calculated on the basis of density values

Parameters (];);?;iii;e:;) ?:lz(r?/dfo(i;. Age of site Age of site (year) Site gf
(Kilbury) (year) reenTng

5 5 10 30  crosion

pH 6.2 6.3

Organic carbon (%) 3N 4.00 2 100 11.8 78 5.6 18.6

Total organic matter (%) 6.40 6.90 5 100 77.7 15.1 59.6

Total nitrogen (%) 0.26 0.40 10 100 17.5 54.9

C : N ratio 14.27 9.93 30 100 13.2

Exchangeable calcium (Meq. %) 10.11 14.65 Site of recurring

Exchangeable magnesium (Meq. %) 1.27 4.19 erosion 100
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ture of annual and perennial species, the latter
comprised generally above two-third of the total.
The percentage of annual species was distinctly
lower at the 2-yr-old site (14.3%) than on the other
sites (26.5-35.0%). Species content progressively
increased with an increase in the age of site and
ranged from 7 species at 2-yr-old site to 48 species
at 30-yr-old site (figure 1). However, at the 10-yr-
old site it was comparatively lower than on 5-yr-
old site. Total number of individuals m ™2 was rec-
orded in the order: 5-yr-old site (87)> 10-yr-old
site (76) > 30-yr-old site (66) > site of recurring er-
osion (54) > 2-yr-old site (6). Species diversity was
higher at the 30-yr-old site (4.32) than at other sites
(2.61-1.77). The beta diversity was 2.8. The 5-yr-
old site showed maximum similarity with 10-yr-
old site (77.7%) followed by site of recuring
erosion (59.5%) (table 3). The 10-yr-old site also
resembled significantly with the site of recurring
erosion (54.9%) and between other sites the simila-
rity values were low and varied between 5.6% and
18.6%.

Each site (except 30-yr-old site) was dominated
by Cnicus argyracanthus and Rumex hastatus. In
addition to these two species, Eriophorum comp-
sum was important component at 2-yr-old site,
5-yr-old site and site of recurring erosion, while
Oenothera rosea at 10-yr-old site and Erigeron kar-
vinskianus and Stachys serricea at 30-yr-old site.

As disturbed sites, on the adjacent undisturbed
sites the number of species increased with increas-
ing age of the site (with the exception of undistur-
bed site adjacent to 10-yr-old site, where the value
was considerably low. Contrary to this undistur-
bed sites had lower number of herb species compa-
red to disturbed sites (Appendix table 1). For exam-
ple, 10 species (minimum) were recorded at the site
adjacent to 2-yr-old site and 33 species (maximum)
at the site adjacent to 30-yr-old site. The number of
species common to both the sites (disturbed as well
as undisturbed) had an increasing trend with with
the age of the disturbed sites: 30-yrold site
(21) > 5-yr-old site (15) > site of recurring erosion
(10)> 10-yr-old site (7) > 2-yr-old site (1). Genera-
\ly, Bidens pilosa, Dicliptira roxburghiana, C. argy-
racanthus, Oxalis corniculata, Rumex hastatus,
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Figure 1 Species content, density (m ™ ?), species diversity and
concentration of dominance in different study sites. Open circ-
le, herb layer; closed circle, shrub layer; open triangle, tree
layer, closed triangle with broken lines, species diversity;
1,2, 3,4and 5 are respectively, 2-yr, 5-yr, 10-yr, 30-yr-old site
and site of recurring erosion



Stachys serricea and Viola serpens were common
to each disturbed and undisturbed site.

Shrubs were absent from 2-yr-old site. At other
sites, species content increased from 5-yr-old site
(2) to 30-yr-old site (9). Total number of individu-
als/m? did not exhibit marked variation among
sites. Berberis asiatica was dominant at all the sites.
Besides this, Crataequs cranulata was also a domi-
nant species at the 5-yr-old and 10-yr-old sites and
Sarcococca hookeriana at 30-yr-old. Beta diversity
was 3-7, which was higher than that recorded for
herb and tree layer. Considering undisturbed sites,
species content of shrub species varied from 1 (site
" adjacent to 2-yr-old site) to 7 (site adjacent to 30-
yr-old site). Aforesaid shrub species of disturbed
sites were also commonly present at adjacent un-
disturbed sites.

Like shrubs tree seedlings also started to appear
from 5-yr-old site, seedlings and saplings of Pinus
roxburghii were found at 5-yr, 10-yr-old sites and
site of recurring erosion. While on 30-yr-old sites
adult trees of Quercus leucotrichophora were pre-
sent. Beta diversity for tree layer was 2.0. At undist-
urbed sites adjacent to 2-yr, 5-yr, 10-yr-old sites
* and site of recurring erosion, mature trees of only
P. roxburghii was present. While at undisturbed
site adjacent to 30-yr-old site, P. roxburghii, Q.
leucotrichophora and Q. dilatata were present.

Discussion

Soil

On account of conspicuously low water holding
capacity and largely sandy nature with little orga-
nic matter and nutrient content, the soil of 2-yr-old
site was distinct from those of other sites. At 5-and
10-yr-old sites soil conditions were favourable for
plant growth compared to 2-yr-old site. The site of
recurring erosion resembled with those of 5- and
10-yr-old sites (since this site was subjected to con-
tinual erosion, it can not be placed on age gradi-
ent). On the other hand, as expected, the soil and
vegetation at 30-yr-old site represented distinctly
advanced stage of succession in terms of build up of
soil and vegetation cover.

) Itis evident that soils of disturbed sites, except-
ing that of the oldest site, are very different from
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those of undisturbed forest. Percentage of recov-
ery of nutrients at period of 30-yr was 34% for
organic carbon, 52% for total nitrogen, 14% for
calcium and 1% for magnesium relative to that at
undisturbed oak forest. According to Pandey and
Singh (1984/85) concentration of nutrients in soil
returned to the characteristic level of the reference
forest stand in a period of 40-yr. The rate of change
in soil nutrients was maximum at the initial stages
of succession, again supported by Pandey and
Singh (1984/85) and Mellinger and Mc Naughton
(1975).

Vegetation

Majority of observations (Salisbury 1942, Odum
1969, Pandey & Singh 1984/85) indicate that ann-
ual plants dominate recently damaged sites and
following this, dominance shifted largely to peren-
nials. In this study, perennials showed dominance
from initial to later stages of succession. However,
the proportion of annuals decreased as succession
proceeds, it was 35% at 5-yr-old site and 21 % at the
oldest site. The possible reason for the dominance
of perennial species from the beginning of success-
ion may be because of the well developed undergr-
ound rhizomes that help in regeneration after pert-
urbation. The species richness in the herb layer
increased with the age of the sites—being maxi-
mum at 30-yr-old site. Pandey and Singh (1984-85)
state that the age of the site is possibly related with
species richness. Values of similarity index among
the plant communities (table 3) indicated that the
change in species composition was very rapid from
the youngest to oldest site through intermediate
site. Bornkamn (1981) used the community coefhi-
cient to calculate the rate of secondary succession
and states that a very slow rate indicates temporal
stability.

C. argyracanthus, D. roxburghii and R. hastatus
were present from beginning (2-yr-old site) to the
oldest site (30-yr-old site)}—however, the density
decreased with the age of the site. Horn (1974) arg-
ued that early successional species should persist in
the climax as long as few openings occur from time
to time. S. serricea was present from the beginning
and gained dominance at oldest site. This gradual
long down dominance of perennials eventhough
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certain pioneers persisted to the last stage, reinfor-
ces the importance of “initial floristic composi-
tion” (Egler 1954). Thus, the mechanism determin-
ing the sequence of species in the present study
seems similar to the “tolerance model” of Connell
and Slatyer (1977).

The vegetation of youngest site consisted entire-
ly of a few herbs, few shrubs had established in
intermediate sites and the oldest sites vegetation
consisted of a number of shrubs which are attribu-
ted to undisturbed oak forests e.g. Rosa moschata,
Rubus ellipticaand S. hookeriana. The presence of
Q. leucotrichophora saplings on oldest site indica-
ted that this seedling might have appeared more
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Appendix Table 1 Floristic composition of disturbed and undisturbed sites (forest adjacent to undisturbed site)

Species

2-yr-old Forest 5-yr-old Forest 10-yr-old Forest 30-yr-old Forest

site

adjacent
to 2-yr-
old site

site

adjacent
to S5-yr-
old site

site

adjacent
tol0-yr-
old site

site

Site of Forest
adjacent recurring adjacent
to 30-yr- erosion to site of
old site recur-
ring
erosion

Herb Layer

Agrostis pilosula
Anagallis arvensis
Anaphalis contorta
Argyrolobium flaccidum
Arthraxon nudus
Artemisia vulgaris
Asclepias curassivica
Astragalus leucocephalus
Bidens biternata

B. pilosa

Bothriochloa pertusa

Bupleurum hamittonii Balak.

B. tenue

Calamintha umbrosa
Clematis connata

Cnicus argyracanthus
Colquhounia coccinea
Cordamine impatiens
Coriaria nepalensis Wall.
Craniotome versicolor
Cyathula tomentosa
Cynodon dactylon
Cynoglossum furcatum
Cyperus iria

Daphne papyraceae Dene.
Dicliptera roxburghiana
Elaeagnus conferta Roxb.
Erianthus rufipilus (Steud.)

Erigeron canadensis Griseb.

E. karvinskianus
Eriophorum comosum
Eulalia hirtifolia
Galinsoga ciliata
Galium aparine

G. rotundifolium Linn.
Geranium nepalense

+ +

Lo+ o+ o+

+

S

+

|

I+ + |

+ o+

! +
+ |
+ o4+

+
|
J

+ +
+
+

+ o+ + + 4+ 4
+
|

+
+

(Table contd...)
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Species

2-yr-old

site

l'orest S-yr-ohd

adjacent
to 2-yr-
old site

site

Forest [0-yr-old Forest 30-yr-old  Forest

adjacent
to S5-yr-
old site

site

adjacent
to10-yr-
old site

sile

Site of  Forest
adjacent recurring adjacent
to 30-yr- erosion (o site of
old site recur-
ring
erosion

Gerbera lanuginosa
Girardinia heterophylla
Impatiens racemosa
Indigofera heterantha Wall.
Inula cuspidata Clarke.
Ipomaea purpurea
Jasminum humile L.
Justicia simplex
Leucas lanata
Micromeria biflora
Oenothera rosea
Oplismenus burmani
Beauv. (D.)
Origanum vulgare L.
Oxalis corniculata
Pennisetum flaccidum

Phyllanthus parvifolius
Buch.-Ham.

Plectranthus coesta

P. striatus

Pogostemon plectranthoides

Polygala triphylla
Buch.-Ham.

Pelvgonum capitatum

Randia tetrasperma
Benth. & Hk. f.

Reinwardia indica
Rubia cordifolia
Rumex hastatus

R. nepalensis
Siegesheckia orientalis
Solanum indicum
Sonchus asper
Sporobolus diander
S. indicus

Stachys serricea
Srellaria media

Strobilanthus dalhousianus
Clarke.

Swertig ciliata (Don.) Brutt.

+ +

+

+ + +

+

R I T S T + +

+
|
+ o+ o+

|
|
1

4+ o+ o+

+
|
)

[
[
+ + +

+
+
+

+ — -
+ — —
(Table contd...)
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Species 2-yr-old Forest S-yr-old Fosest 10-yi-old Forest 30-yr-old Forest  Site of  Forest
sile  adjucent  site  adjacent  site adjacent  site adjacent recurring adjacent
to 2-yr- to 5-yr- tol0-yr- to 30-yr- erosion to site of
old site old site old site old site recur-
ring
erosion
Tephrosia candida Dc. - - -~ — — - — + - _
Themeda anathera (Nees)
Hack. - - - + — — - - — _
Urtica parviflora — — - - - — + + _ _
Valeriana jatamanasi Dc. - - - - - - - + - -
Verbascum thapsus - - - - - - + + - _
Viola serpens + - + + + + - — + +
Vitis himalayana Panch. - - — + — — — — _ +
Xanthoxylum alatum Roxb. - - — - — — - + — _
Shrub Layer
Berberis asiatica - + + + + + + + + +
Boenninghausenia albiflora - - - - - - + + — -
Calotropis procera - - - — + - — — _ _
Crataegus crenulata - + + + + + + + — +
Debregeasia hypoleuca - - - - - - + — - —
Prinsepia utilis - - - - - - + + - _
Rosa moschata - - - - — - + — - +
Rubus elliptica - — - - - - + + - -
Sarcococca hookeriana - - - - - - + + - —
Wikstroemia canescens - - - — — — + + - —
Tree Lyer
Pinus roxburghii - + + + + + - + + +
Quercus dilatata Lindl. - — - - - — - + - -

Q. leucotrichcphora - - - - - — - + - -




