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ABSTRACT

As an outcome of globalization and liberalization of economic policies, exploration for and mining of minerals have
become one of the recent lucrative trades in India. Due to stringent environment legislations, reclamation and reforesta-
tion of the mined out sites have become obligatory. Information on distribution of nutrients before and after mining
provides valuable insights while developing and executing the strategy for reclamation and revegetation of the mined
out sites. Successful mine reclamation plan chiefly requires information on the soil characteristics in the area during its
natural state. With this aim, investigations into spatial and temporal variations in soil nutrients and other physico-
chemical parameters among three proposed bauxite mine locations near Araku valley, India were conducted. Soil sam-
ples were collected every three months for two years. At each location, samples from three sites in triplicates from four
successive layers (0 - 5 cm, 5 - 10 cm, 10 - 15 cm and 15 - 20 cm depth) were collected. Concentrations of Total Or-
ganic Carbon (TOC), Total Nitrogen (TN), Total Available Phosphorous (TAP), Total Available Sulphur (TAS), C:N,
C:P, and C:S decreased along the soil layers, while N:P increased. All the parameters studied varied significantly
among months (GLM-ANOVA, P < 0.05). Principal Component Analysis (PCA) done on the soil physico-chemical
dataset showed first 5 components (Eigen Value > 1) explaining 87.3% of the total variance. Of these, the first compo-
nent accounted for 21.0% and the second for 20.1% of the total variance. The principal components represented

C:N/Soil N, C:P/Soil P/N:P, EC, Soil S/C:S and Soil C axes, respectively.
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1. Introduction

The estimation of available nutrients in soil, a complex
heterogeneous system, has pedological as well as eco-
logical importance. Understanding spatial changes in soil
nutrients is important as they may differ markedly among
identical locations subjected to natural and man-made
disturbances. Vertical, horizontal and temporal distribu-
tion of nutrients in soils is controlled by combinations of
factor viz., parent material, topography, soil management
practices and rainfall in the area [1,2]. Akin to this, land
use patterns and vegetation play important roles in soil
nutrient transformation and fertility [3]. Anthropogenic
changes such as fire [4] alter several processes in soil;
physical (porosity, soil structure and aggregate stability,
and water repellency), chemical (soil organic matter, nu-
trient availability and cycling, pH and C:N) and bio-
logical (microbial composition, soil faunal diversity and
density, biomass productivity and carbon sequestration).
The use of C:N as an indicator of ecosystem stability has
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necessitated precise estimations on the soil C and N
pools worldwide. Several studies [5-7] show that soil
properties, disturbance frequency, topography, and vege-
tation are interrelated, and therefore change in one of the
properties may have effect on the other.

Spatial studies of soil help in describing soil properties
of a landscape, a function of vegetation distribution [1],
productivity and diversity of plant communities [8]. At
smaller scales, it influences plant establishment [9] and
the outcome of plant-plant interactions [10]. Study of
soils in mountain ecosystems show patterns in at least
four different spatial scales. Firstly, soils may differ
among hillocks/mountains; secondly, among sites within
the same hillock/mountain; thirdly, among vegetation
types (usually associated with elevation) within hillock/
mountain; and finally among topographic positions with-
in a vegetation type. Many researchers have attempted to
examine nutrient variability in different habitat types in
India. For example, Sharma and Sharma [11] reviewed
the effect of forest ecosystems on soil properties. Gupta et
al. [12] working on the effect of leaf litter on plant growth
reported significant improvement in physico-chemical
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parameters such as pH, EC, organic carbon and other
major nutrients (N, P and K) in an amended mine spoil.
Various forms of phosphorous and soil acidity under
different land management systems in Meghalaya were
examined by Majumdar et al. [13]. Prusty et al. [8] stud-
ied the spatio-temporal distribution of nutrients in dif-
ferent habitats in the Keoladeo National Park located in
the semi-arid region of Rajasthan.

Notable changes in soil properties can be seen in min-
ing areas and assessing the distribution pattern of nutri-
ents before and after mining would provide insights into
the likely mobility and bioavailability of these nutrients.
During literature review we did not come across any
study which had carried out soil survey before the mining
activities in India. Thus, the present investigation is an
attempt to document nutrient distribution in soils on a
spatio-temporal scale in proposed bauxite rich areas in a
tropical savannah in the Eastern Ghats of India. The in-
formation on soil nutrients would be valuable during the
reclamation of the area. As mentioned earlier study of
soils in mountain ecosystems can show patterns in at
least four different spatial scales. The broad vegetation
pattern in Araku is savannah type in all the three hil-
locks/locations studied. Therefore, variations with respect
to vegetation types and topographic positions during the
present study were not attempted.

2. Materials and Methods
2.1. Site Description

The present study was undertaken at Araku, Andhra Pra-
desh, bordering Orissa state in India. Araku has large
scale bauxite deposits and three sampling locations viz.,
Raktakonda, Galikonda and Chittamgondi were selected
for the present study (Figure 1). The area is a hilly ter-
rain ranging in altitude from 1090 m to 1420 m above
mean sea level. The hilltops are covered with lateritic
bauxite capping [14]. The soil is fertile with humus on
top [15], finely grained, non clayey and susceptible to
erosion. Phoenix acaulis is the dominant plant species,
interspersed with various grasses and herbaceous species
and scattered trees, both on the slopes and hilltops [16,
17]. All the three mine sites at the hilltops have more or
less similar vegetation. Moist mixed deciduous forest is
found towards the lower slopes and in the valleys, while
scrubs and dry savannah are seen at the hilltops [15]. The
inhabitants generally light fire on the lower slopes during
February and March for agricultural purposes (slash and
burn cultivation, Podu cultivation). No agricultural ac-
tivity is carried out on the hilltops. The Araku area ex-
periences tropical and humid climate with annual tem-
perature ranging from 10°C to 37.8°C. The annual rain-
fall varies from 800 - 1000 mm in the plains to 1000 mm
- 2000 mm in the hills.

Copyright © 2012 SciRes.
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Figure 1. Location map of study area.

Raktakonda and Galikonda are nearly 1.5 km apart ae-
rially, while the third location, Chittamgondi is almost 7
km away from Raktakonda. According to Geological Sur-
vey of India (GSI) and Mineral Exploration Corpora-
tion Ltd. (MECL), the mineable bauxite reserve in Rak-
takonda is 10.8 million tonnes [18], in Galikonda is
13.60 million tonnes [19], and in Chittamgondi is 24.57
million tonnes [20]. A blanket of laterite bauxite in vary-
ing thickness occurs on the hill top at Galikonda. Bauxite
here is reddish or brownish coloured and seen as moder-
ately hard lenses and weathered patches. Bauxite is re-
sidual in origin and is of quaternary age. The hilltop of
Chittamgondi is covered with outcrops of laterite/bauxite
capping. Gibbsite is the dominant aluminous mineral,
haematite and goethite are iron ore minerals, and kaolo-
nite is the clay mineral in all the three locations. In Rak-
takonda and Galikonda alumina varies from 40% to 56%,
silica 4%, iron oxides 7% - 28%, titanium 3% and alu-
mina/silica module is more than 16%. In Chittamgondi
alumina varies between 40% and 58%, silica < 4% and
iron oxides 5% - 34% [21].

2.2. Soil Sampling, Processing and Analyses

Soil samples were collected on a quarterly basis (No-
vember 2006, February 2007, May 2007, August 2007,
November 2007, February 2008, May 2008 and August
2008) from three sampling locations discussed above
namely Raktakonda (sites; R1, R2 and R3), Galikonda
(sites; G1, G2 and G3) and Chittamgondi (sites; C1, C2
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and C3). At each site, soil samples were collected in trip-
licates from four successive layers, (0 - 5 cm, 5 - 10 cm,
10 - 15 cm and 15 - 20 cm depth) using a plastic scoop
[16]. In total, 864 samples (9 sites x 3 replicates x 4 lay-
ers X 8 months) were collected during the survey. The
samples were packed in pre-cleaned air tight plastic bags,
labeled and transferred to the laboratory for further pro-
cessing and characterization. In laboratory samples were
spread over a plastic tray for colour matching with Mun-
sell soil colour chart, and the colour codes and notations
were recorded. The samples were air-dried and homoge-
nized following Jackson [22], sieved using 2 mm mesh
[23], and stored in pre-cleaned plastic containers [24,25]
till further analyses. A portion of the air dried sample
was hand crushed and analysed for the soil texture and
grain size (sand, slit and clay) after sieving through a
series of standard sieves of different mesh sizes using a
mechanical sieve shaker and the fractions were reported
on percentage basis [25]. The portion of the sample meant
for chemical characterization was analyzed for the pH,
electrical conductivity (EC, mS/cm), total organic carbon
(TOC, %), total nitrogen (TN, %), total available phos-
phorous (TAP, mg/kg), and total available sulphur (TAS,
mg/kg).

The pH and EC were analyzed in soil water extracts
(1:5 w/v) using digital electrodes. TOC (%) was esti-
mated following the modified chromic acid wet digestion
method of Walkley and Black [26], wherein the organic
matter is oxidized with a mixture of potassium dichro-
mate (K,Cr,07) and concentrated sulphuric acid (H,SOy),
utilizing the heat of dilution of the acid to accelerate the
process. The unspent potassium dichromate was back
titrated against ferrous sulphate (FeSO, 7H,0) solution.
TN (%), TAP (mg/kg) and TAS (mg/kg) were estimated
spectrophotometrically using Perkin Elmer Spectropho-
tometer (model Lambda 35). TN was determined fol-
lowing persulphate oxidation method of Raveh and Av-
nimelech [27] coupled with indophenol blue method of
Kaplan [28]. TAP was determined by extracting with am-
monium fluoride extracting solution as per Bray and
Kurtz [29]. TAS was determined turbidimetrically fol-
lowing SubbaRao and SammiReddy [30]. The soil was
extracted with 0.15% CaCl, and turbidity was developed
using barium chloride. The concentrations of nitrogen,
phosphorous and sulphur in the samples were determined
using linear regressions (with zero intercept). The nutria-
ent ratios, C:N, C:P, C:S and N:P, were estimated em-
pirically. All the chemicals used in the study were of AR
grade and the reagents were prepared in double distilled
water (prepared using quartz double distillation assem-
bly). Highest and lowest values represented in the result
section are directly from 864 samples analysed. However,
values represented in Table 3 are average for each vari-
able for each attribute.

Copyright © 2012 SciRes.

2.3. Data Analyses

To find the range, distribution and associations of differ-
ent parameters, basic descriptive statistics was performed
on the analytical data using SPSS 10.0 [31]. Univariate
test to assess variations in the level of these parameters
among the seasons, locations, sites and the layers was
performed adopting the General Linear Model (GLM-
ANOVA). Significant differences of all measurements
were subjected to One-way ANOVA, followed by test of
Least Significant Difference (LSD) as a post-hoc analysis.
The relationships among the soil chemical properties
were analyzed by Principal Component Analysis (PCA)
using orthotran/varimax rotation in SPSS “FACTOR”.
The factors were retained in the analysis based on the
criterion that each retained factor had an Eigen value > 1.
A test of correlation (two-tail) was also performed among
the nutrient elements and their respective ratios using the
software MEGASTAT [32]. All differences reported in
the text are significant at 5% alpha level.

3. Results
3.1. Physico-Chemical Properties

Overall, the soil was very dark brown in colour and with
low chroma. In Raktakonda and Galikonda, soil colour
varied from very dark brown to black, and in Chittam-
gondi from dark reddish brown to very dark brown. Hue
of soil at all the three locations was yellowish red with
few exceptions at Chittamgondi where it was red (Table
1). Soil was moderately textured (sandy loam), and was
rocky and red ferruginous in nature. Particle size was in
the order sand > silt > clay (Table 2). The highest and
lowest pH at Raktakonda was 6.4 and 4.2, at Galikonda
5.9 and 4.7, and at Chittamgondi 6.4 and 5.1, respec-
tively. Electrical conductivity was found highest at Rak-
takonda (75 uS/cm) and lowest (10.4 uS/cm) at Galik-
onda. The pH varied significantly among the months,
locations, sites and layers and EC among the months,
locations and layers (GLM-ANOVA, P < 0.05). Further
post-hoc analysis (LSD, Table 3, P < 0.05) revealed that
the pH in November 2006, August 2007 and November
2007 differed significantly from each other and other
months. Similarly, EC in February 2008 was significant-
ly distinct from that in all other months. The pH and EC
at Chittamgondi varied significantly from that at Rakta-
konda and Galikonda. TOC at Raktakonda ranged be-
tween 1.87% and 4.0%, while at Galikonda, between
2.33% and 4.19% and at Chittamgondi between 0.66%
and 3.7%. TOC varied significantly among months, loca-
tions, sites and layers (GLM-ANOVA, P < 0.05). The
post-hoc analysis showed TOC concentrations of all lo-
cations to be significantly varying among each other.
Overall, TOC showed a decreasing trend along the soil
layers.
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Table 1. Colour codes and notations of the soil layers.

Location Layer (cm) Colour codes Colour notation
0-5 7.5YR 2.5/1-2.5/2 Black-Very dark brown
5-10 10YR 2/2 Very dark brown
Raktakonda
10-15 7.5YR 2.5/2 Very dark brown
15-20 7.5YR 2.5/3-10YR 3/2 Very dark brown-Very dark grayish brown
0-5 10YR 2/1-2/2 Black-Very dark brown
5-10 10YR 2/1-2/2 Black-Very dark brown
Galikonda
10-15 10YR 2/2-3/2 Very dark brown-Very dark grayish brown
15-20 10YR 2/2-3/1 Very dark brown-Very dark gray
0-5 5YR 2.5/2 10YR 2/2 Dark reddish brown-Very dark brown
5-10 SYR 2.5/2 10YR 2/2 Dark reddish brown-Very dark brown
Chittamgondi
10-15 7.5YR 2.5/2 10YR 2/2 Very dark brown
15-20 7.5YR 2.5/2 10YR 2/2 Very dark brown

Table 2. Soil texture along the layers in the proposed mine
locations at Araku.

Location Layer (cm)  Sand (%)  Silt (%)  Clay (%)

0-5 95.2 3.1 1.5
5-10 93.8 4.1 1.9

Raktakonda
10-15 91.3 49 3.6
15-20 89.7 53 4.7
0-5 94.8 3.1 1.8
5-10 93.5 3.9 23

Galikonda

10-15 90.1 5.4 43
15-20 90.4 4.8 4.5
0-5 923 53 2.1
5-10 91.7 6 2.1

Chittamgondi
10-15 92.1 5.6 2.1
15-20 91.4 5 32

3.2. Soil Nutrients

TN at Raktakonda was between 0.05% and 3.3%, at
Galikonda between 0.04% and 1.7% and at Chittamgondi
between 0.01% and 1.8%. Significant variation of TN
was observed among months, locations and sites (GLM-
ANOVA, P < 0.05). TN values in November 2006 and
August 2008 were significantly different from each other
and from rest of the months (LSD, P < 0.05). TN level at
Chittamgondi was distinct from other two locations. TAP
ranged between 0.04 mg/kg and 7.0 mg/kg. In general,
TAP decreased along the depth of the profile at all the
locations, except for few sites at Raktakonda. TAP con-
centrations varied significantly among months, loca-
tions, sites and layers (GLM-ANOVA, P < 0.05). TAP

Copyright © 2012 SciRes.

concentration in November 2006, February 2008, May
2008 and August 2008 were distinct from each other and
from rest of the months (LSD, P < 0.05). Of the three
locations, Galikonda was significantly distinct from oth-
ers with respect to TAP levels. However, in each of the
locations, no significant variation in TAP levels was ob-
served among sites. TAP content in the upper two layers
(0 - 5 cm and the 5 - 10 cm) differed from each other as
well as from rest of the layers. At Raktakonda, the TAS
ranged between 0.7 mg/kg and 57.4 mg/kg, at Galikonda
between 0.9 mg/kg and 174.3 mg/kg, and at Chittam-
gondi between 2.5 mg/kg and 52.5 mg/kg. TAS was high
in 0 - 5 cm layer and low in 15 - 20 cm and varied sig-
nificantly among locations (LSD, P < 0.05).

3.3. Elemental Ratios

At Raktakonda C:N was between 0.86 and 47.2, at
Galikonda between 2.2 and 68.1 and at Chittamgondi
between 1.1 and 71.9. The C:N varied significantly among
the months, locations and layers (GLM-ANOVA, P <
0.05) and the post-hoc analysis (LSD, P < 0.05) showed
C:N in August 2008 to be distinct from other months.
Among locations, the C:N at Chittamgondi was distinct
and differed significantly from others. Among layers, the
15 - 20 cm layer was distinct from rest others with re-
spect to C:N. C:P ranged between 2908 and 404,752 at
Raktakonda, 7292 and 649,691 at Galikonda, and 3260
and 313,538 at Chittamgondi and varied significantly
only among the months (GLM-ANOVA, P < 0.05). The
post-hoc analysis showed (LSD, P < 0.05) C:P in May
2008 to be distinct from all other months.

At Raktakonda C:S ranged between 389 and 35,487, at
Galikonda between 197 and 34,063, and at Chittamgondi
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Table 3. Physico-chemical properties (means, n = 3) of the soil in three bauxite rich locations in the Eastern Ghats.

Parameters Attributes 1 2 3 4 5 6 7 8 9
Month 5.8 5.5 5.5 52° 5.3¢ 5.4° 5.6° 5.5
Location 5.4° 5.4 5.7

pH
Site 5.4° 5.5 5.3° 5.3° 5.4° 5.5 6.1° 5.5 55°
Layer 5.6° 5.5 5.5° 5.4°
Month 38 38 29° 20° 19 42° 27° 29°

EC (mS/cm) Location 29° 29° 32°
Layer 38 20° 25¢ 28°
Month 3.0° 3.0° 2.6° 2.5 2.6° 2.6° 2.4 2.3°
Location 2.6" 3.1° 2.2°

TOC (%)
Site 2.8 2.3 2.7° 3.1° 3.0° 3.1° 1.6° 2.6° 2.4°
Layer 2.6° 2.5° 2.5° 2.9°
Month 0.6" 1.1° 1.1° 0.3 0.2° 0.2 0.2 0.1°

TN (%) Location 0.5 0.5 0.4°
Site 0.6" 0.5 0.5 0.5 0.5 0.5 0.4° 0.4° 0.5
Month 1.9 1.7° 1.5° 1.4° 1.4° 0.8° 0.5 1.2

TAP (mg/kg) Location 1.3 1.1° 1.5°
Layer 2.1° 1.2° 1.0° 0.9°

TAS (mg/kg) Location 21.0° 22.0° 18.0°
Month 17.9° 6.8 2.6° 11.2° 16.4° 22.3° 18.8° 40.7°

C:N Location 14.4* 15.9° 21.0°
Layer 14.9° 14.1° 15.1° 24,3

C:P Month 24,650° 27,992° 25,574 34,797° 37,686° 129475  666,535°  104,888°

C:S Month 2660° 8508" 3405 4208" 1380° 1645° 4910° 2128

Np Month 4640° 10165° 10207° 3956° 3135° 8311° 39,487° 6833°

. Layer 3029° 10,464° 16,662° 13212°

Source of variation: season (1, Nov 2006; 2, Feb 2007; 3, May 2007; 4, Aug 2007; 5, Nov 2007; 6, Feb 2008; 7, May 2008; 8, Aug 2008); location (1, Rakta-
konda; 2, Galikonda; 3, Chittamgondi); Site (1, R1; 2, R2; 3, R3; 4, G1; 5, G2; 6, G3; 7, C1; 8, C2; 9, C3); and depth (1,0-5cm; 2,5 - 10 cm; 3, 10 - 15 cm; 4,
15 - 20 cm). Within rows, means followed by the same letter are not significantly different at P = 0.05.

between 277 and 11,063, and varied significantly among
months (GLM-ANOVA, P < 0.05). February 2007 was
different and distinct from all other seasons (LSD, P <
0.05) with respect to C:S. At Raktakonda N:P was be-
tween 150.3 and 28,614, at Galikonda between 147 and
53,626, and at Chittamgondi between 86 and 43,233, and
the ratio in May 2008 was distinct from the other months
and the 0 - 5 cm layer was distinct from the rest all layers
(LSD, P < 0.05). pH was positively correlated (2-tail test,
P < 0.05) with EC and TAP, and negatively with TOC.
Electrical conductivity was positively correlated with
TOC, TN and TAP. TOC was correlated with TN and

Copyright © 2012 SciRes.

TAS. TN was positively correlated with TAP, and TAP
was positively correlated with TAS (Table 4). Principal
Component Analysis (PCA) performed to examine the
pattern of variations in the data sets resulted in 5 compo-
nents, which explained 87.3% of the total variance (Ta-
ble 5). Of these, the first PC (PC1) accounted for 21.0%
of the total variance in soil characteristics among sam-
ples, reflecting the influence of the variables such as C:N
and nitrogen. PC2 accounted for 20.1% of the total vari-
ance and reflected the influence of the C:P, P and N:P.
The influence of EC was reflected by PC3, which ac-
counted for 19.1% of the total variance. PC4 accounting

0JSS



358 Soil Properties of a Tropical Savannah in the Eastern Ghats of India

Table 4. Correlation matrix of select parameters in the soil system of Eastern Ghats.

Variables pH EC TOC N TAP TAS C:N C:P C:S N:P

pH 1

EC 0.256 1
TOC —0.226 0.129 1

N NS 0.153 0.245 1

TAP 0.258 0.278 NS 0.166 1

TAS NS NS 0.119 NS 0.085 1

C:N NS NS NS —0.317 NS NS 1

C:P NS —0.071 NS —0.077 —0.158 NS NS 1

C:S NS NS NS NS NS —0.175 NS NS 1

N:P NS NS NS NS —0.191 NS NS 0.890 NS 1

864 Sample size, +0.067 critical value for R at P < 0.05 (two-tail), NS: Not Significant at P < 0.05.

Table 5. PCA of soil variables from all the three locations—Factor loadings.

Principal Components

Parameters
PC1 (C:N, Soil N) PC2 (C:P, Soil P, N:P) PC3 (EC) PC4 (Soil S, C:S) PC5 (Soil C)

pH 0.080 —0.133 0.424 0.021 —0.638

EC 0.068 —0.101 0.958 0.014 0.059
TOC 0.123 0.113 0.167 0.062 0.874

N 0.939 —0.109 0.124 0.043 0.133
TAP 0.143 —0.854 0.210 —0.036 —0.005
TAS 0.035 —0.045 0.044 —0.908 0.188

C:N -0.972 0.076 —0.027 0.007 0.080

C:P —-0.107 0.928 —0.080 0.082 0.212

C:S 0.090 0.085 0.031 0.872 0.279

N:P 0.644 0.727 —0.044 0.068 0.111
Total loading* 2.313 2211 2.098 1.606 1.374
% Variance explained 21.027 20.102 19.076 14.598 12.491

Extraction Method: principal component analysis; Rotation Method: varimax with Kaiser normalization (rotation converged in 5 iterations). “Sums of squared

loadings.

for 14.6% of the variance indicated the influence of soil
sulphur and carbon to elemental ratio (C:S), while PC5
accounted for 12.5% of the variance indicating the influ-
ence of soil carbon. From these results it was concluded
that the most important factors governing variation in
soil composition are C:N/Soil N, C:P/Soil P/N:P, EC,
Soil S/C:S and Soil C, respectively.

Copyright © 2012 SciRes.

4. Discussion
4.1. Physico-Chemical Properties

Study of soil properties in natural and man-made ecosys-
tems is important in developing appropriate ecologically
sustainable management plans [9,33,34]. Variation in the
diversity of plants, which happens through succession, to
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an extent, causes the heterogeneity of belowground soil
nutrient environment. Fitcher et al. [35] studied the che-
mistry and the quantitative mineralogy of clay, silt and
sand fraction of two acid forest soils from the Strengbach
catchment (Vosges Mountain, France). The land use pat-
tern and/or type have significant influence on the distri-
bution of different particle size fractions in the soil; as
the slopes become gentler, higher quantities of finer par-
ticles get deposited at the bottom; a universal situation
and Araku soils are not exceptions. Being a proposed
bauxite mine area, it is expected to have good concentra-
tion of Fe. Thus, red and brown soil colours are attribute-
able to the Fe compounds resulting from the formation of
secondary Fe oxides. This finding is supported by a sim-
ilar finding by Hausenbuiller [36] who reported that pro-
nounced red and yellow colours are due to mineral sub-
stances that have undergone extensive weathering. In the
case of Raktakonda and Galikonda, the samples were col-
lected from lands which were relatively less frequented
by the people residing in the valleys. On the other hand,
site C1 was a pathway for human beings and cattle to
reach the hilltop/plateau, thus, relatively disturbed when
compared to other sites. Hence, the soil at Cl site was
relatively reddish in colour. The organic matter accumu-
lating under grassland vegetation is darkest. The C1 site
at Chittamgondi did not support much vegetation growth
and the absence of vegetation could be attributed to such
colour differences among the sites.

The study of soil pH is important since it controls the
base status and microbial activities [37]. The acidic na-
ture of soils as observed presently could also be a pro-
perty inherited directly from the parent material. At low
pH, acidity can directly inhibit plant growth and make
most of the elements including toxic metals in soil bio-
available and induce production of toxic soluble-alu-
minium in the soil-water solution. In general, all forms of
acidity fall after fire. The acidity again starts increasing
because of the regeneration of organic matter in the soil
and increase in exchangeable AI’" level. Exchangeable
bases in soil decrease during cultivation because of re-
moval of weeds/plants, leaching and erosion losses from
the soil. As organic matter is a major contributor of pH
dependent acidity in the soils, it may decrease after fire
due to the burning of organic matter in the soil [3].

A good population of indigenous people depends on
the tropical savannah of Araku, especially on the forest
products for their livelihood. They cut trees regularly and
burn the vegetation as part of their regular cultivation
practices on the lower slopes. Although agricultural prac-
tices were not followed on the hilltops, the area from
where the samples were collected, we recorded forest
fires every year during February-March. Thus, the lower
TOC values in certain months might be associated with
the regular burning of vegetation in the area. Rainfall
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seasonality strongly influences carbon and nutrient fluxes
from vegetation to soil, concentrating these fluxes at the
onset of the dry season. Such changes would affect the
nutrient cycling pattern and in turn change the equilib-
rium between production of biomass, accumulation of or-
ganic matter and decomposition, and absorption of min-
erals [38]. Organic matter is a primary source of or-
ganic carbon in the soil and gets accumulated in the top-
soil [39]. TOC content is supposed to be higher on slopes
with lower steepness. Higher accumulation of organic
matter in flatter areas could be attributable to the almost
negligible loss of nutrients in these areas. Generally, nu-
trient loss is minimal on gentle slopes than on steep
slopes as was observed in the study area. High TOC was
observed in the top layer of the hillocks which might be
attributed to low angle of slope of the hillocks, as was
observed during sample collection. Slope angle details
were not accounted for in this study, which would have
given a better idea about nutrient mobility in soil. The
higher concentrations of TOC in the upper layers of the
soil were due to the continuous growth and decay of
grasses, which are great accumulators of TOC. TOC
concentrations were significantly distinct among all loca-
tions. In the case of sites, TOC values at R1, R2, C1 and
C3 were distinct from each other (LSD, P < 0.05, Table
3), which could be attributed to the varying degrees of
slopes on the sites.

The nutrients are largely interlinked and influenced by
other physico-chemical characters of the soil, depending
on seasonal changes [40]. Yankelevich et al. [34] pre-
dicted that if each tree species generates a particular soil
environment under its canopy, then under a diverse tree
community, soil chemical properties will be spatially
very heterogeneous. This should be true for the top soil
in particular, because in terms of nutrient availability and
cycling, surface soil seems to be where most plant-soil
biochemical interactions occur in forests [41,42]. Soil
nitrogen content is an important environmental factor
that affects the rate of nutrient uptake by plants. For that
matter, the higher concentration of nitrogen in the upper
layer of soils may be due to the presence of immobilized
nitrogen in the detritus on the soil surface [38,43], which
is prone to microbial decomposition in soils in the sub-
sequent layers [44,45]. TN levels in soils depend on the
organic matter build up in different systems, supported
by the significant positive correlation between TN and
TOC in Araku soils. Although volatilization due to forest
fires is likely to remove nutrients from a system, it can
also convert them to a more available form. For example,
nitrogen is often converted to the more available form
ammonium during volatilization. Thus, even though the
total amount of nitrogen at a site decreases, the amount of
nitrogen available for plant uptake does not necessarily
decrease. It may actually increase or decrease, depending
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on other environmental factors. Volatilization, a temper-
ature dependant process, most commonly affects nitrogen
and to a lesser extent sulphur, phosphorous and carbon,
which in the present case seems to be chiefly due to fre-
quent man made forest fires.

TAP, irrespective of the sites, showed a general de-
creasing trend across the soil layers. It is important to
note that soils high in organic matter generally exhibit
relatively low levels of phosphorus [11]. Phosphates do
not normally stay for very long in soils and are readily
absorbed by plants [39]. Distribution and forms of phos-
phorous in soils help in evaluating the phosphorous
status and degree of chemical weathering of the soils [13,
46]. Phosphorous availability and soil acidity are closely
related and different phosphorous fractions in soils de-
pend on the magnitude and proportion of different forms
of soil acidity. An increase in TAP (in various forms)
after burning might be due to fast mineralization of or-
ganic phosphorous present in plant biomass and quick
release to inorganic forms and its higher solubility. These
observations are in concordance with the findings of
Ramakrishnan and Toky [47]. Forest soils normally con-
tain organic and inorganic forms of phosphorous, most of
which are unavailable to the plants. Venkatachalam et al.
[48] reported that the dominance of unavailable form of
iron and aluminium phosphates is a characteristic feature
of acidic soil. This could be the reason for lower avail-
able phosphorous content when compared to other nutria-
ents observed in the study area. This is further confirmed
by relatively high concentration of organic carbon in the
soils of Araku. The positive correlation of TAP with pH
is in concordance with the findings of Majumdar et al.
[13].

TAS concentrations varied significantly among loca-
tions. The significant difference in TAS concentrations at
Chittamgondi could be due to location specific condi-
tions. The higher values of TAS along with soil organic
matter (SOM) in the upper soil layer and its subsequent
decline in the next layer in Chittamgondi indicates that N
and S are largely associated with SOM, which disap-
pears relatively fast through rapid decomposition [49]
mediated by microbes [50,51] and abiotic processes [52].

4.2. Elemental Ratios

Different nutrient ratios showed high variability among
the months, locations and layers (GLM-ANOVA, P <
0.05). Most of the ratios followed the same pattern as
that of nutrients. The nutrient ratios C:P and C:S exhib-
ited a gradual decline with depth. Srivastava and Singh
[53] also reported similar decline in the ratio along the
depth. Vejre et al. [54] reported such narrowing of the
nutrient ratios downward in the soil layers as a result of
the decomposition stage and age of the horizons. C:N
during August 2008 was different from other months due
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to enhanced growth of vegetation after rain during the
month of August. An average C:N > 20, as observed in
certain months, indicates slow decomposition with lower
mobilization of N [8].

Forest-fires increase TAP levels in soils as discussed
above. The significant difference in C:P during May 2008
from all other months could be due to man-made fires on
hilltops during February and March. The statistical cor-
relations among the nutrient elements and their respec-
tive ratios indicate TOC and TN to be important for bio-
geochemical processes in the soil. The positive corre-
lation of TOC, TN, and TAS indicate the availability of
recently shed plant litter, with high elemental ratios.
TOC plays an important role in biochemical processes
determining nutrient levels [55]. The five PCs identified
in the dataset correspond to 1) C:N and Soil N, 2) C:P,
Soil P and N:P, 3) EC, 4) Soil S and C:S, and 5) Soil C,
respectively. PC1 thus suggests the role of TOC and TN
to be very crucial in soil biogeochemical processes and
their direct dependence on each other. In general, varia-
tions of the nutrients and their respective ratios were sig-
nificantly different among months, considering the entire
period of study. The nutrient ratios were not significantly
different among sites. This is attributed to the presence of
some common plant species seen at all sites and also the
similarity of the chief sources of these nutrient elements.

5. Conclusion

Almost all of the nutrients had wide spatial variability
owing to the type of land use in the area, topography,
parent material and the vegetation composition. Irrespec-
tive of the location, site and seasons, most of the nutria-
ents were higher in concentrations in the upper soil layer.
Increase in TOC resulted in high TN concentrations thus,
proving it important in soil biogeochemical processes.
The lower values for TAP revealed that soils of Araku
have relatively high TOC concentrations. The accumula-
tion of nutrients is a reflection of biomass of different
plant species in the stand with their respective composi-
tion of nutrients. Loss of aboveground biomass through
harvesting or forest fires results in direct nutrient losses.
Research shows that the distribution of plant roots along
the soil depth influences nutrient input, its cycling and its
mobilization in the soils. Thus, the quality and quantity
of plant residues integrated in the soil determine the de-
composition rate and plant uptake of nutrient. Seasonal
man-made fires in hilltops are likely to lead to losses of
nutrients and subsequent changes in nutrient concentra-
tions. The degree of losses in labile soil C and N pools
upon the conversion of the forest to agricultural land de-
pends on the method deployed in removing the natural
vegetation. Any land clearing method that does not re-
move the top soil and retains some of the below-ground
phyto-mass may be a sure way of reducing labile soil C
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and N losses upon the transformation of a forest into ag-
ricultural land. Research shows that the top layer of the
soil should be kept intact and separate while mining so
that it can be used for revegetation/soil reclamation. Thus,
it is very important to stop/ban man-made forest fires on
hilltops, which otherwise would lead soil infertile. An
understanding about the organic matter decomposition in
soils along the layers influenced by several factors and
also the bioaccumulation of the nutrients in plant parts
occurring in the area would help facilitate formulating
long term post mining management strategies in savan-
nah grasslands.
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