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ABSTRACT

The present investigation entitled “Effect of altitude and aspect on soil physico-chemical
characteristics in Shankaracharya forest”” was carried out, during the year 2011 and 2012. The
soil was slightly acidic in reaction with mean soil pH value of 6.4. The soil chemical properties
viz. Available Nitrogen (N), Available Phosphorus (P) and Available Potassium (K) varied
significantly and increased with the increase in altitude. The maximum values for these
characteristics were recorded at upper elevation (N =211.6 kg ha™, P = 18.5 kg ha™ and K =
183.1 kg ha™) followed by middle elevation (N = 207.3 kg ha™*, P = 14.8 kg ha™ and K = 175.1
kg ha™) and lower elevation (N= 194.3 Kg ha™, P = 12.3 kg ha™ and K =171.8 kg ha™).
Significant variations were also recorded among these parameters on different aspects and the
corresponding soil depth. In general, soil fertility was high at the higher altitudes, where thick
organic surface layer was prevailing, in contrast to the thin layer at lower altitude.
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INTRODUCTION
The soil and vegetation have a complex inter-
relation because they develop together over a
long period of time. The vegetation influences
the chemical properties of soil to a great
extent. The selective absorption of nutrient
elements by different tree species and their
capacity to return them to the soil brings about
changes in soil properties’. Concentration of

elements in the soils is thus a good indicator of
their availability to plants®. Similarly, less soil
moisture evaporation under the canopy of trees
particularly on north facing slopes exhibits
numerous effects on different soil properties
resulting in less organic matter decomposition
and consequently more organic carbon and
total nitrogen accumulation®.
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Consequently, the soil nutrient pool and
general fertility on north facing slopes
becomes greater than those on south facing
slopes, which leads to high variability in plant
species, vegetation type and plant community
existing on the same site*. The development of
soil at different aspects and altitudes is under
the influence of climax species. The growth
rate of these forests with respect to standing
volume and biomass attained under protected
conditions with minimum biotic interference
can provide significant information on carbon
storage®. Process based models are thus
increasingly  applied in  forestry  for
determining tree growth with respect to soil
properties®® "8,

The present study was; therefore,
undertaken to study  physico-chemical
characteristics of this unique man made
reserved forest soil which now comprises of
both tropical and temperate origin. The
information generated from this study has
helped to classify this reserved forest hillock
on the basis of some edaphic characteristics.
The study which focused on the physic-
chemical properties has provided basis for
formulating  future ~ management  and
silvicultural plan for this reserve forest grove.

MATERIALS AND METHODS
The present investigations were carried out on
Shankaracharya hillock which stands declared
as a reserve forest under Section 11 of the
Forest Act of 1987 and a Game Sanctuary
under Section 5 of the Game Prevention Act of

Soil pH = log

H+ is expressed as g ions/It.

Electrical conductivity (uS/cm)

The conductivity of soil samples was
measured at 20 °C with the help of a digital
CD-601 Conductivity meter. Twenty five gram
(25 g) of air dried soil sample was thoroughly
mixed with 50 ml of distilled water (1:2 w/v)
and conductivity of the soil samples was
recorded after 30 minutes. The conductivity
meter was calibrated before use with standard
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1998°. The hillock is maintained by the Forest
Department, Government of Jammu and
Kashmir  for religious, aesthetic and
recreational purposes. The study site is located
between 34°04’ 35.56” to 34°05' 25.08" N
latitude and 74°50” 03.16" to 74°51’ 08.63" E
longitude (Table 1). Spread over an area of
141.93 ha, this forest grove lies in South-
Eastern side of Srinagar and presents a
marvelous view of world famous Dal Lake and
other adjoining environs. The altitude of the
study site varies from 1575 to 1967 m asl
(Table 1) with entire hillock serving as a
catchment area to Dal Lake.

Soil analysis

A total of 18 soil samples were collected at
two depths viz., 0-15 and 15-30 cm at each
sampling site a small amount of soil was
combined from three randomly located points.
The soil samples were air dried and processed
through a 2mm sieve whilst twigs, roots and
gravel were removed. The sieved fraction of
soil was homogenized and used for analysis of
different physico-chemical parameters as per
standard procedures described by **.

Soil pH

The pH of soil samples was measured at
20 °C with the help of a digital pH meter
(model AP x 175 E/C). Twenty five gram (25
g) of air dry soil sample was thoroughly mixed
with 50 ml of distilled water (1:2 w/v) and the
reading for pH of the soil samples was taken
after 30 minutes. The pH meter was calibrated
before use with Standard pH buffers (pH 4 and
pH 7)*,

L =log (H)

0.01M potassium chloride solution. The results
were expressed as uS/cm at 20°C*,

Available nitrogen (kg ha™)

The distillation  process helps liberate
ammonia which is absorbed in boric acid. The
distillate is titrated with standard acid
(N/1OHCL) and the nitrogen is calculated
using the exact titre value of the acid™.
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Take 5 g soil in Kjeldhal tube
8%

Add a little distilled water and 25 ml KMnO,
%
Place a conical flask (250 ml) containing 25ml boric acid solution in such a way that the end of condenser tube
dips into the boric acid solution.

Connect the Kjeldhal tube to the distillation assembly and add about 25ml sodium hydroxide (2.5%)
%

Set the process time 15-18 minutes (about 150ml distillation is collected in receiving flask) and
Test with red litmus paper to ensure total distillation

Titrate the distillate with standard 0.02N H,SO4to wine red end point

Run a blank in the same way

( sample titre-blank titre)0.02 x 14 x 2.24 x 10°
Weight of soil sample (g) x 1000

Available nitrogen (kg ha’

Available phosphorus (kg ha™)
Olsen’s method 1954" was used to determine available phosphorus in soil samples.

Take 1 g ofsail
AddV¥
20mINaHCO;

v
Shaking on a mechanical shaker for 30 minutes
AddV
5 ml extract in 25ml U/F
Add¥
5 ml Ammonium Molibdate
Add\

10 ml D/W
Add\

1 ml stannous chloride and dilute to 25 ml-Blue colour on spectro photometer

Reading at 660 W/l % AB

The concentrations of available phosphorus were calculated by reference to a calibration graph plotted
from the standard phosphorus (KH,PO,) solution. Blanks were run in the same manner without soil.

Available potassium (kg ha™)
The available potassium was estimated by N-Ammonium Acetate Method'® using Digital Flame

Photometer (Model CL 22D).
Take 5 g soil
Add\¥
25 ml Ammonium acetate solution
J
Shake for 5minutes
J
Filter
J
Feed on flame photometer
Record the readings
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Statistical analysis
The data collected in the field was statistically
analysed according to well designed
procedures prescribed by *°.

RESULTS
The results of present investigation entitled
“Effect of altitude and aspect on soil physico-
chemical characteristics in Shankaracharya
forest” are presented in under the following
main headings:
Soil pH
The data on soil characteristics (Table 2)
depicts that the mean soil pH values on lower
altitude (1575-1705m) were 6.0, 6.1 and 6.7
on NorthWest, North East and South East
aspects respectively. The mean values of soil
pH were 6.4 and 6.1 along the soil depth of 0-
15 and 15-30 cm. The interaction values for
soil pH between altitude, aspects and soil
depths were significantly different (p< 0.05)
with each other. The mean pH values at
middle altitudinal range of 1705-1835 m were
in order of 6.1, 6.2 and 6.9 on NorthWest,
North East and South East aspects
respectively. Again, the pH values differed
significantly (p< 0.05) from 6.5 to 6.3 at 0-15
and 15-30 cm of soil depth.The mean pH
values on upper altitudinal range (1837-1967
m) were 6.3, 6.4 and 7.0 on NorthWest, North
East and South East aspects respectively. The
pH values decreased from 6.5 to 6.3 with
increase in soil depth from 0-15 cm and 15-30
cm. The overall average soil pH of
Shankaracharya hillock was 6.3.
Electrical conductivity (EC dScm™)
The mean values of electrical conductivity
(Table 2) on lower altitudinal gradient of
1575-1705m were 0.24, 0.22 and 0.32 dS cm™
on NorthWest, North East and South East
aspects respectively. The mean values of EC
recorded with respect to soil depth were 0.27
and 0.24 at 0-15cm and 15-30 cm respectively.
The wvariation in EC was also evident on
middle altitudinal range of 1705-1835 m. The
average values of EC at this altitude were in
order of 0.26, 0.24 and 0.33 dScm™ on North
West, North East and South East aspects
respectively. The EC wvalues exhibited
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significant variation (p< 0.05) between the two
soil depths with mean electrical conductivity
values of 0.30 and 0.25 dS cm™ at 0-15 and
15-30 cm of soil depth at the available
aspects. The mean values at the upper
altitudinal range of 1837-1967 m were 0.28,
0.26 and 0.36 (p< 0.05) on NorthWest, North
East and South East aspects respectively. The
EC values decreased significantly along the
soil depth on all the available aspects with
mean values of 0.32 and 0.27 dScm™ at the
soil depth of 0-15 to 15-30 cm respectively.
The overall average EC values along an
altitudinal gradient on all the available aspects
in each soil depth on Shankaracharya hillock
was 0.27 dScm™

Available nitrogen (N kg ha™)

The results on available N are summarized in
Table 2. The mean values of available
Nitrogen on lower altitudinal range of 1575-
1705m were 245.5, 247.5 and 89.5 kg ha™ on
North West, North East and South East aspects
respectively. The data further reveals that
available N values decreased significantly (p<
0.05) with increase in respective soil depth
from 218.6 kg ha™ in 0-15 cm to 167.3 kg ha™
in 15-30 cm. The available Nitrogen values at
middle altitudinal range of 1705-1835m were
in order of 257, 260 and 105 kg ha® at
NorthWest, North East and South East aspects
respectively. The value of available nitrogen
decreased from 236.6 to 178.3 kg ha™ at 0-15
and 15-30 cm of soil depths respectively. The
data further reiterates that available Nitrogen
values differed significantly (p< 0.05) with
respect to altitude, aspect and soil depth on the
upper altitudinal range of 1837-1967 m. The
mean available Nitrogen values were 256,
267.5 and 111.5 kg haon NorthWest, North
East and South East aspects respectively. The
variation in availability of Nitrogen with
respect to soil depth was also significantly
different (p< 0.05) and decreased from 241.6
to 181.6 kg ha™ in 0-15 and 15-30 cm
respectively. The overall availability of
Nitrogen in Shankaracharya reserved forest
hillock was 203.87 kg ha™.

Available phosphorus (kg ha™)
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Results presented in Table 2 reveals that mean
values of available phosphorus at lower
altitudinal gradient of 1575-1705 m were 13,
15 and 9 kg ha™ on North West, North East
and South East aspects respectively. The
available Phosphorus levels at the depth of 0-
15 and 15-30 cm were 13.3 and 11.3 kg ha™
respectively. The mean values of available
Phosphorus on middle altitudinal gradient of
1705-1835m were in order of 15, 18.5 and 11
kg ha™ on North West, North East and South
East  aspects respectively. Available
Phosphorus exhibited significant (p<0.05)
change with respect to soil depth and varied
between 16.3 to 13.3kg ha™ at the respective
soil depth of 0-15 and 15-30 cm. The available
Phosphorus values at the upper altitudinal
range of 1837-1967 m were in order of 20,
21.5 and 14 kg ha™ on North West, North East
and South East aspects respectively. The
available  Phosphorus levels  decreased
significantly (p<0.05) from 19.6 to 17.3 kg ha
! at the soil depth of 0-15 and 15-30 cm
respectively. The overall availability of
Phosphorus in Shankaracharya reserved forest
soil was 15.17 kg ha™.

Available potassium (kg ha™)

Int. J. Pure App. Biosci. 5 (1): 585-596 (2017)
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Data in Table 2 depicts that mean available
potassium content on lower altitudinal range of
1575-1705m was 184, 186.5 and 145 kg ha™
on NorthWest, North East and South East
aspects respectively. The mean values of
available Potassium recorded with respect to
soil depth were significantly (p<0.05) different
and decreased from 181 kg ha™ at the depth of
0-15 cm to 162.6 kg ha' at 15-30 cm
respectively. The mean available K values at
middle altitudinal range of 1705-1835m were
in order of 187.5, 191.5 and 146.5 kg ha™ on
North West, North East and South East aspects
respectively. Again, the available Potassium
content differed significantly (p<0.05) and
decreased from 186.3 to 164 kg ha™  with an
increasing soil depth from 0-15 cm to 15-30
cm respectively. The available Potassium
content on upper altitudinal range of 1835-
1967 m was 192.5, 201.0 and 156.0 kg ha™ on
NorthWest, North East and South East aspects
respectively. The available Potassium values
decreased significantly (p<0.05) from 196.6 kg
ha™ in 0-15 cm to 168.3 kg ha™ in 15-30 cm of
soil depth. The overall Potassium content in
Shankaracharya forest soils was 176.43
respectively.

Table 1: Geographical attributes and Lithology of Shankaracharya Reserve Forest

Altitude Aspect Longitude Latitude Lithology Slope

North West 34°04'3536" N 74°50'03.132"E | Deep loam Steep

1575-1705 North East 34°05"25.38" N 74°50'03.145"E | Fine loam Steep

m asl Very
South East 34°05'25.396" N 74°50'03.148"E Silty loam

steep

North West 34°04' 35.44" N 74°50'03.160"E | Deep loam Steep

1705-1835 ) Very
North East 34°0525.46" N 74°50'03.155"E | Fine loam

m asl steep

South East 34°05'25.490"N | 74°50'03.158"E | Silty loam Steep

Very
North West | 34°04'35.508" N 74°50'03.16"E | Deep loam

steep

1835- 1967 _ Very
North East 34°04'35.563"N 74°50'03.16" Fine loam

m asl steep

) Very

South East 34°05'25.083" 74°51' 08.63"E | Silty loam t
steep

Copyright © February, 2017; IJPAB
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Table 2: Soil physico-chemical characteristics of Shankaracharya Reserve Forest across the available aspects along an altitudinal gradient
Altitude (amsl)
Dept 1575-1705 1705-1835 1837-1967
Parameters | hs Aspect Aspect Aspect CD (P<0.05)
©™ | Nw | NE | SE [Mean| NW | NE | SE |Mean | NW | NE | SE | Mean
A B C AxB | AxC BxC
0-15 6.1 6.2 6.9 6.4 6.3 6.4 7.0 6.5 6.4 6.5 7.1 6.6
pH 15-30 5.9 6.0 6.6 6.1 6.0 6.1 6.8 6.3 6.2 6.3 6.9 6.4 0.09 0.11 0.17 0.12 0.19 0.29
Mean 6 6.1 6.7 6.1 6.2 6.9 6.3 6.4 7
0-15 0.25 0.23 [ 0.35| 0.27 0.28 0.26 0.37 0.30 0.30 | 0.28 0.40 0.32
EC (dSm'l) 15-30 | 0.23 0.22 [ 029 | 0.24 0.24 0.23 0.30 0.25 0.26 0.25 0.32 0.27 | 0.011 | 0.015 | 0.013 | 0.017 | 0.022 | 0.025
Mean | 0.24 0.22 | 0.32 0.26 0.24 0.33 0.28 0.26 0.36
Available N 0-15 275 279 105 | 218.6 288 290 132 236.6 | 290 295 140 | 2416
(kg ha-l) 15-30 | 212 216 74 | 167.3 226 230 79 178.3 | 222 240 83 181.6
Mean | 2455 | 2475 | 89.5 257 260 105 256 | 267.5 | 1115 1.6 1.6 1.3 2.8 2.3 2.3
0-15 14 16 10 13.3 17 20 12 16.3 21 23 15 19.6
Available P | 15-30 12 14 8 11.3 13 17 10 13.3 19 20 13 17.3
(kgha') | Mean | 13 15 9 15 185 11 20 | 215 | 14 2.1 2.5 2 2.2 2.4 2.5
0-15 190 193 | 160 | 181 198 200 161 | 186.3 | 208 212 170 | 196.6
Available K | 15-30 | 178 180 130 | 162.6 185 175 132 164 173 190 142 | 168.3
(kgha') [ Mean | 184 | 186.5 | 145 187.55 | 1915 | 146.5 1925 | 201 | 156 3 3 2 5.2 43 43
Copyright © February, 2017; IJPAB 5900
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DISCUSSION
The spatial variation in soil properties is
influenced by both abiotic and biotic factors
viz., topography-induced microclimate
differences, altitude, parent material and
vegetation community'’. The microclimatic
variations with altitude dramatically influence
the weathering rates and leaching intensity,
resulting in feedback on soil properties such as
amount and quality of organic matter ** °.
Aspect is a potential significant factor in
generating differences in edaphic
characteristics > #. For example, the
hydrological and solar energy regimes of
mountainous topography differ according to
aspect, leading to divergence in soil formation
and organic matter decomposition?. Aspect
also induces local variations in microclimate,
which along with chemical and physical
composition of the substrate are the main
regulators of decomposition rates of soil
organic matter™® . Thus any change in land
use pattern through afforestation/ reforestation
may influence the natural phenomena and
ecological processes, leading to a significant
change in soil physical and chemical
properties®.

It has been reported that forest soils
should be slightly acidic for nutrient supply to
be balanced”. A fertile soil generally has a pH
range between 5.5 and 7.2, which makes the
essential elements and nutrients available to
the plant. The mean pH values recorded at the
lower altitudinal gradient were in order of 6.0
on North Western aspect, 6.1 on North Eastern
aspect and 6.7 South Eastern aspect (Table 2).
At middle altitude the pH values varied
between 6.1 on North Western aspect, 6.2 on
North Eastern aspect to 6.9 on South Eastern
aspect. The soil pH values at higher altitudinal
gradient of 1835-1967m was 6.3 on North
Western aspect, 6.4 on North Eastern aspect
and 7.0 on  South Eastern aspect. The
reduction in pH can be attributed to
accumulation and subsequent slow
decomposition of organic matter, which
releases acids”. The values of pH in present
study are lower than the values of pH recorded
by?® for Kumaun Himalaya. *has also
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recorded near to moderate alkine pH in soils of
Shankaracharya hills. Similarly, pH in the
range of 55 - 6.5 was reported by * in
coniferous forests of Central Himalaya.
Various studies have also shown that litter
quality changes soil pH differently with
increasing acidity for coniferous species and
decreasing acidity for deciduous and
herbaceous litter®™™ *. The results from the
present study are consistent with findings by*®
in the northern highlands of Ethiopia.

Soil EC is known to be influenced
by a number of factors, including soil
water holding capacity, concentration of ions
in soil, type and amount of clay and soil bulk
density®. Generally, it is believed that higher
the concentration of ions in the soil solution
more is its electrical conductance®. The lower
electrical conductivity values in soil are
characteristic to the lesser release of ions from
mineral weathering under different
temperature and moisture regimes*. The mean
Electrical Conductivity values recorded in
Shankaracharya Forest at lower altitudinal
gradient was 0.24dsm™on North Western
aspect, 0.22 dsm™ on North Eastern aspect and
0.32 dsm™ on South Eastern aspect. At middle
altitude, the electric conductivity values were
in order of  0.24 dsm™ on North Eastern
aspect, 0.26 dsm™ on North Western aspect
and 0.33 dsm™ on South Eastern aspect.
Similarly at  higher altitudinal gradient, the
electric conductivity values 0.28 dsm™ on
North Western aspect, 0.26 dsm™ on North
Eastern aspect and 0.36 dsm™ on South
Eastern aspect. The EC recorded at different
altitudes fall within the range of values
reported by*" in low and high altitude soils of
Kashmir Valley.

Soil nitrogen available as ammonical,
nitrate and nitrite form is taken up and utilized
directly by plants® to influence growth®. The
content of nitrogen significantly promotes
productivity, species diversity, community
succession and sustainability of forest
ecosystems®. Although it is estimated that
more than 90% of the soil N reserves are in the
soil organic pool which acts as a potential
source of soil available N through
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mineralization, this element usually acts as a
limiting factor for the productivity of forest
ecosystems*’. The processes of N uptake by
vegetation and its return to soil through
periodic litter fall is one of the basic features
of forest ecosystem®. The available N values
in the soil of Shankaracharya reserve forest are
summarized in table 2. The results of the
present study also reveal that the available
nitrogen content decreased with decrease in
depth on all the aspects at each of the
altitudinal ~ gradient. This depth  wise
distribution of available N content can be
attributed to the fact that most nitrogen forms
part of the soil organic matter which is higher
in surface soils®. A similar trend of decrease
in availability of N content with depth is in
consonance with ** who recorded respective
mean available nitrogen content of 158 and
138 ppm in the surface and sub-surface soils of
Himachal Pradesh.

Phosphorus exists in a number of
organic forms including chelates of iron and
aluminum phosphate which increase its
availability to plants. ** found that soil
phosphate levels are higher in soils under tree
cover when other soil forming factors are kept
constant. It has; however, been reported that a
large proportion of P is stored in the forms that
are unavailable to plants “, for example,
H,PO,, which becomes available at low pH
values and suffers from fixation by hydrous
oxides and silicate minerals *’. While studying
the forest sites of the Eastern Himalaya, *
reported that the distribution of phosphorus
followed no definite trend, though soils at
higher altitude exhibited higher available
phosphorus content. In natural ecosystems, the
concentration and chemical nature of soil
organic phosphorus is mainly determined by a
combination of major soil forming factors like
parent material, climate, topography and
micro-organisms “°. The long term dynamics
of phosphorus in the soil environment is said
to be closely related to the dynamics of
organic carbon, nitrogen and sulphur >,

The available P values in the soil of
Shankaracharya reserve forest are summarized
in Table 2. The mean available P levels at the

Copyright © February, 2017; IJPAB
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lower altitudinal gradient of 1575-1705 m was
13 kg ha™* on North Western aspect, 15 kg ha™
on North Eastern aspect and 9 kg ha™* on South
Eastern aspect. At middle altitude (1705-1835
m), the availability of P was in order of 15.0,
18.5 and 11.0 kg ha™* on North Western, North
Eastern and  South  Eastern  aspects
respectively. The P values at upper altitudinal
gradient of 1835-1967m were in order of 20 kg
ha™ on North Western aspect, 21.5 kg ha™* on
North Eastern aspect and 14.5 kg ha™* on South
Eastern aspect. °*> > have reported respective
available phosphorus levels ranging from 2.35
to 25.66 kg ha™ and 13.72 to 45 kg ha in
some surface soils of Jammu and Kashmir.
The results of the present study also reveal that
the Available P content decreased with
decrease in depth on all the aspects at each
altitudinal ~ gradient. This depth  wise
distribution of available P content can be
attributed to higher levels of organic matter in
surface soils®. A similar trend of decrease in
availability of P content with depth has been
reported by #5455 %,

Potassium plays an important role in
photosynthesis, water regulation of cells,
enlargement of fruit size and resistance to
diseases. Potassium performs very vital
processes like regulating transpiration and
respiration, influencing enzyme action and
synthesis of carbohydrates and proteins *’. The
mean available K values on lower altitudinal
gradient were 184.0, 186.5 and 145.0 kg ha™
on North West, North East and South East
aspects respectively (Table 2). The K levels
on middle altitude was 191.5, 187.5 and 146.5
kg ha'on North Western, North Eastern and
South Eastern aspects. Similarly, the K content
at upper altitudinal gradient was in order of
190.5 kg ha™ on North Western, 201 kg ha™ on
North Eastern and 156 kg ha® on South
Eastern aspect respectively. The values of
available K recorded in the present study are
within the range 145 to 201 kg ha™ reported by
% The results of our study are also in
conformity with those reported by *° for mixed
conifer Dbroadleaved forests of Garhwal
Himalaya. The results on increase in
availability of K with increase in altitude are
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similar to those reported by in Garhwal
Himalaya. ® reported that total soil potassium
differs according to different altitudes and the
higher content of available potassium is found
in surface soil in the form of exchangeable
potassium which later converts as soil
solution. ® reported that available potassium
along an altitudinal gradient on PirPanjal and
Siwalik (Rajouri) ranges on Northern aspect at
Hill base were 102, 126 and 136 kg ha™
between 500-700 m, 98, 110 and 127 kg ha™
on hill slope between 700-900 m and 136, 121
and 153 kg ha™ on hill top between 900-1200
m along the soil depth of 0-10, 10-20 and 20-
30 cm respectively.

60, 61

CONCLUSION

There is evidence that enrichment plantings
help to perk up carbon, nitrogen cycling and
soil biological activities which inturn indicates
that ecosystem functioning is improving. The
overall results of this study can be concluded
as the fertility status with substantial addition
of major nutrient elements viz. N, P and K in
Shankaracharya forest has significantly
increased with the increase in elevation.
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