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Received 13 October 2017
Accepted 06 November 2017

Due to extensive and unmanaged coal mining in the southern part of Nokrek Biosphere Re-

serve of Meghalaya, the area has been turned into degraded land since nutrient deficient
sandy spoils are hostile for the growth and regeneration of plant communities. Soil is sandy
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to sandy loam and red, brown to dark brown in colour. The physico-chemical properties of
the soil were greatly affected due to coal mining. There is an increased acidity i.e. from 6.00
in the undisturbed forest (control site) to 3.50 in the coal mine spoil since abandoned mine
spoil discharge acidic water that are enriched with iron and other metals and metalloids.
Apart from this, soil nutrients are greatly depleted. The core zone soils are rich in organic
matter and nutrients whereas coalmine spoils show sign of degradation especially in the nu-

trient content.
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Introduction

Surface mining of coal causes enormous
damage to the flora, fauna, disrupts local hydro-
logical cycle and alters characteristics of soil
system due to destruction of the vegetal cover.
On a global scale about 20 percent deforestation
in developing countries may be attributable to
mining.! Low concentrations of N and P were
observed by Maharana and Patelin Basundhara
open cast coal mine dump soils.? Specific soil-
related constraints to mine soil reclamation are
low pH, soil erosion, elemental toxicity (e.g. Al,
Mn, etc.) and non-availability of N, P and K in
the spoil.® Nutrient-deficient sandy mine spoils
are generally hostile to plant growth and revege-
tation. Reclamation strategies, other than natu-

ral colonization, are very tardy process.

A proper understanding of the impact of
mining on the vegetation, biodiversity and soil is
a pre-requisite for the effective management of
the biosphere reserve. The main objective of the
present research thus was to study the impact of
mining on the physico-chemical properties of
soils of the buffer zone of the biosphere reserve.

Materials and Methods

Study site

Nokrek Biosphere Reserve is spread over an
area of 820 sq. km covering parts of East Garo
Hills, West Garo Hills and South Garo Hills dis-
tricts of Meghalaya. It lies between 90°13’ E and
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Figure 1 | Map showing the location of study sites in the Nokrek Biosphere Reserve, Meghalaya.

90°35’ E longitudes (Fig. 1). The NBR is situated
on entirely hilly terrain of Tura ranges of moun-
tain system ranging from 200 m to 1412 m alti-
tude. The highest peak of this ridge called Nok-
rek Peak (1412 m a.s.l) lies within the core zone
of the Nokrek BR. The core zone, which is also
designated as Nokrek National Park, comprises
of 47.48 sq. km area of the ridge of Nokrek Hills,
spread in east-west direction. The core zone
supporting the virgin vegetation of the area is
also the catchment area of the major rivers of
the Garo Hills, namely Simsang, Dedari, Dareng
and Ganol, which originate from the Nokrek BR.
The buffer zone of the Nokrek BR has an area of
772.52 sq. km.

In entire Garo Hills districts the total reserve
of coal has been estimated to be 39,000 million
tonnes, and West Derenggre area comprises
more than 35 % of it. A considerable portion of
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this deposit falls under the Nokrek BR, which
lies in the southern and eastern sides of the
buffer zone of the BR. Because of the ecological
setting, peculiar land holding systems and lack
of infrastructure, unscientific extraction of coal
in unorganized sector is going on and the area
affected by coal mining is increasing day-by-day.

Coal mining is restricted to the southern part
of the BR between 200 m and 500 m elevation
where the forest is tropical evergreen to semi-
evergreen type. Commercial extraction of the
coal started in 1985 in Darenggre area. Since
then the number of coalmines in the BR has in-
creased many folds. The activity is going on in
eighteen villages. The thickness of the coal seam
ranges from 0.46 m to 2.13 m. Each of these vil-
lages has 50-300 quarries depending on the
number of families in the village. Each quarry
occupies an area within 30-50 m radius, while
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Fig. 2 | Coal mining in the study site. a: Rat-hole, b: Dumping of coal, c: Coal mine spoil.

the spoils around each quarry have a radius of
20-25 m. Tree felling in the coal mine areas has
adversely affected the forest cover and mine
spoils are devoid of herbaceous cover (Fig. 2 a-c).

Site selection

Based on the field observations and vegeta-
tion characteristics, 4 sites — two in the core area
i.e., undisturbed subtropical evergreen forest (C-
a and C-b) and two in coal mining areas (CM-a,

CM-b) were selected for the study (Table. 1).
Table 1 | Selected study sites in the BR.
Type Sites and their
altitudes (m)
Undisturbed subtropical evergreen C-a=1300, C-b=1300
forest (C)
Coalmine spoils (CM) CM-a=250, CM-b=314

Soil sampling

Soil samples were collected in January
(winter) and August (rainy) for two consecutive
years during 2001 - 2002 from the selected sites.
At each site, three to five replicate samples were
collected using a steel corer (6.3 cm diameter)
from 0-10 and 10-20 cm depths. The replicated
samples were mixed thoroughly to obtain one
composite sample. Fresh samples were used for
the analysis of soil moisture content and the
rest were air-dried and sieved through 2 mm
sieve and stored for further analysis.

Soil analysis

Soil texture and bulk density were deter-
mined by Bouyoucos hydrometer method and

gravimetric method respectively,* and porosity
was calculated from the bulk density data. Wa-
ter-stable aggregate structure was determined
by following Elliot’s method® and water holding
capacity (WHC) was determined by Keen’s box
method.® Soil moisture content was determined
by taking 10 g fresh sieved soil,*and pH was de-
termined electrometrically in 1:2.5 w/v suspen-
sion of soil in deionised water by a digital pH
meter (SYSTRONICS-335).” Cation exchange ca-
pacity was determined after extracting the ex-
changeable bases from the soil with 1 M ammo-
nium acetate solution (pH 7.0) followed by the
replacement of ammonium-N with potassium
chloride and distillation with magnesium oxide.*

Organic carbon was determined by colori-
metric method.’ Soil organic matter content was
obtained by multiplying the soil organic carbon
content by 1.724 assuming that the SOM con-
tains 58 % of carbon. Total Kjeldahl nitrogen
was determined by digesting air-dried soil sam-
ples with concentrated sulphuric acid using
Kjeltabs (Tector) as catalysts, on a block digester.
Distillation and titration were done simultane-
ously in a Tector Kjeltec Auto 1030 Analyzer.
Available phosphorus was determined after ex-
tracting soil phosphorus in 0.5 M sodium bicar-
bonate solution by ammonium-molybdate blue
method*and exchangeable potassium was deter-
mined by using flame photometer after extract-
ing with 1 M ammonium acetate solution (pH
7.0).4

Statistical analysis

The data were analyzed using two-way and
three-way analysis of variance (ANOVA) (fixed
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effect model) to test the effects of season, soil
depth and/or site on various physico-chemical
properties of the soil. Inter-relationship between
different soil properties, and effect of climatic
variables on soil properties were analyzed by
computing linear regression models and coeffi-
cients of correlation (r) according to Zar.?

Results

Physical properties of soil

Soil texture and bulk density (BD): The tex-
ture of the soil was sandy loam in the undis-
turbed core zone and sandy in the coalmine
spoil. The clay content was generally higher at
the lower depth (10-20 cm). Proportion of sand
and silt were comparatively higher in the undis-
turbed core zone (Table 2). Two-way ANOVA
revealed a significant variation (P<0.01) in the
proportion of fine particles (silt + clay) in soils of
different sites. Bulk density of the soil showed a
significant (P<0.01) variation due to site and soil
depth. At all sites the BD was lower in the upper
layer (0-10 cm) compared to the lower layer (10-
20 cm) (Table 2).

Water holding capacity (WHC): Among the
sites, WHC was comparatively higher in the core
zone than the coalmine spoil, and it declined
significantly (P<0.01) from upper (0-10 cm) to
lower (10-20 cm) soil depth (Fig. 3).
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Fig. 3 | Mean water holding capacity (WHC SE) of sur-
face (0-10 cm) and subsurface (10-20 cm) soil layers of
the BR {core zone (C) and coalmine (CM) spoils}. The
values are means (+SE) of 4 replicate sites.

Soil moisture content (SMC): Higher SMC

was recorded in the undisturbed core zone com-
pared to the mine spoils (Table 3). The SMC var-
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ied significantly (P<0.01) between sites, seasons
and soil depths. During rainy season, values
were higher in the surface soil and lower in the
subsurface soil layer whereas the trend was re-
versed during winter season at most sites (Table
3 & Figure 4).
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Fig. 4 | Mean soil moisture content (SMCzSE) of surface
(0-10 cm) and subsurface (10-20 cm) soil layers of the

BR {core zone (C) and coalmine (CM) spoils}. The values
are means (+SE) of seasonal values and 4 replicate sites.

Water-stable aggregates (WSA): Among dif-
ferent size classes of aggregates, the proportion
of macroaggregates (0.3-2 mm) was maximum in
all the stands (Table 4). The proportion of micro-
aggregates (<0.3 mm) in soil was lesser than the
macro-aggregates in the core zone. The coal-
mine spoil had more or less the same proportion
of micro-aggregate and macro-aggregate (Figure
5). At all sites, the proportion of micro-
aggregates was more in the upper soil layer than
the lower layer.
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Fig. 5 | Water-stable aggregates (+SE) in surface (0-10
cm) soil layer of the BR {core zone (C), and coalmine
(CM) spoils}. The values are means (SE) of 4 replicates.
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Table 2 | Texture and bulk density of soil at the study sites.

Sites Depth (cm) Proportion of soil particles Textural BD
sand (%) silt (%) Clay (%) das (g/cm?)

Core zone* 0-10 66.94 29.73 3.33 SL 1.20

10-20 60.89 28.53 10.58 SL 1.79

Coal mine 0-10 92.74 3.52 3.74 S 1.70

spoil* 10-20 93.15 1.39 5.45 s 1.76

SL=sandy loam; S=sandy; BD=bulk density;
*Mean of the replicate sites

Table 3 | Seasonal variation of soil moisture content (%, +SE) at the study sites.

Sites Depth 1styear 2nd year
(cm) Winter Rainy Mean Winter Rainy Mean
Core zone* 0-10 22.00+0.47 29.13+0.79 25.57 22.27+0.07 33.27+0.83 27.77
10-20 25.15+0.30 28.03+0.15 26.59 22.53+0.15 28.60+0.06 25.57
Coal mine 0-10 5.90+0.77 12.83+0.20 9.37 7.20£0.12 11.23+0.12 9.22
spoil* 10-20 5.900.77 9.03+0.12 7.47 4.63:0.03  9.90%0.12 7.27

*Mean of the replicate sites

Table 4 | Weight distribution (%) in different soil aggregate classes at different sites in the BR.

Sites Depth (cm) Soil aggregate class (mm)
>4.75 2-4.75 0.3-2 0.063-0.3 <0.063
Core zone* 0-10 11.15 16.29 34.79 22.47 15.32
10-20 11.81 16.04 42.75 17.27 12.14
Coal mine spoil* 0-10 7.86 5.00 38.60 38.77 10.69
10-20 6.01 2.96 41.26 37.87 11.92

Micro-aggregates = <0.3 mm; macro-aggregates = >0.3 mm;
*Mean of the replicate sites.

Table 5 | Seasonal variation of soil pH (£SE). *Mean of the replicate sites

Sites Depth 1styear 2" year
(cm) Winter Rainy Mean Winter Rainy Mean
Core zone* 0-10 6.00£0.10 5.91+0.01 5.96 6.03+0.05 5.29+0.02 5.66
10-20 5.88+0.02 5.7740.07 5.83 5.93+0.01 4.4140.02 5.17
Coal mine 0-10 3.50+0.04 5.72+0.03 4.61 4.89+0.03 4.73+0.03 4.81
spoil* 10-20 3.50+0.04 5.74%0.003 4.62 4.65+0.01 4.39+0.06 4.52

*Mean of the replicate sites
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Table 6 | Seasonal variation of total soil organic carbon (%, £SE) in soil. *Mean of the replicate sites

Sites Depth 1styear 2" year

(cm) Winter Rainy Mean Winter Rainy Mean
Core 0-10 5.45+0.02 6.70+0.04 6.08 4.69+0.38 6.86+0.07 5.78
zone* 10-20 3.41+0.05 5.53+0.05 4.47 3.80+0.37 5.39+0.02 4.60
Coalmine 0-10 1.01+£0.01 2.3740.01 1.69 2.21+£0.28 0.3940.03 1.30
spoil* 10-20 1.01+£0.01 1.02+0.04 1.02 2.1140.31 0.3340.01 1.22

Table 7 | Seasonal variation of total nitrogen (%, +SE) in soil.*Mean of the replicate sites

Sites Depth 1styear 2nd year

(cm) Winter Rainy Mean Winter Rainy Mean
Core 0-10 0.29+0.001 0.35+0.000 0.32 0.36+0.005 0.34+0.003 0.35
zone* 10-20 0.22+0.000 0.28+0.003 0.25 0.31+0.005 0.27+0.003 0.29
Coalmine 0-10 0.03+0.001 0.02+0.000 0.03 .0004+0.001 0.09+0.002 0.05
spoil* 10-20 0.03+0.001 0.05+0.0003 0.04 0.004+0.001 0.10£0.001 0.05

Table 8 | Seasonal variation of available phosphorus (ug g*, +SE) in soil. *Mean of the replicate sites

Sites Depth 1styear 2" year
(em) Winter Rainy Mean Winter Rainy Mean
Core zone* 0-10 5.19+0.03 3.1940.04 4.19 5.02+0.00 4,10+0.17 4.56
10-20 4.01+0.06 2.61+0.07 3.31 3.5710.03 3.1740.03 3.37
Coal 0-10 1.46+0.03 1.73+0.00 1.60 1.56+0.03 0.90+0.00 1.23
mine spoil* 10-20 1.46£0.03 3.16+0.00 231 1.91%0.03 0.80+0.00 1.36

Table 9 | Seasonal variation in exchangeable potassium (pg g™, £SE) in soils at the study sites. *Mean of the replicate
sites

Sites Depth 1st year 2nd year
(cm) Winter Rainy Mean Winter Rainy Mean
Core zone* 0-10 31043 220+7 265 200+3 260+4 230
10-20 220+3 190+3 205 150+3 180+2 165
Coalmine 0-10 80+3 703 75 50+4 40+2 45
spoil* 10-20 8013 500 60 19042 5013 120

Table 10 | Total soil organic carbon, total nitrogen contents and C/N ratio in macro (MaA)- and micro (MiA)-
aggregates in soils of the BR.

Sites Depth (cm) SOC TN C/N
MaA MiA MaA MiA MaA MiA
Core zone 0-10 3.06 411 0.42 0.41 7.24 9.96
10-20 2.25 3.47 0.36 0.31 6.25 11.37
Coal mine spoils 0-10 0.38 0.30 0.07 0.09 5.61 1.67
10-20 0.23 0.34 0.07 0.08 3.15 4.28
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Chemical properties of soil

Soil pH: The soil was acidic (pH ranges from
3.50 - 6.14) at all sites. The acidity increased sig-
nificantly (P<0.01) with the increase in soil depth
and varied between different seasons; the values
were generally high during winter and low dur-
ing rainy season (Table 5 & Figure 6). Lowest pH
(3.50) was recorded in the coalmine spoil during
winter season in both the soil depth.
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Fig. 6 | Soil pH (£SE) of surface (0-10 cm) and subsur-
face (10-20 cm) soil layers at different sites of the BR
{core zone (C) and coalmine (CM) spoils}. The values are
means (SE) of seasonal values and 4 replicate sites.

Cation exchange capacity (CEC): Two-way
ANOVA revealed a significant variation (P<0.01)
in CEC between different sites. The minimum
value (2.92 meq/100g) was recorded in the coal-
mine spoil. The upper layer had significantly
higher (P<0.01) CEC than the lower layer (Fig. 7)
in the core zone but lower CEC in the coal mine
zone.

20 -
B0-10cm

_15 ~ 010-20 cm
=)l
8
=10 -

g
E 5
Q
8, Y

c CM
Sites

Fig. 7 | Cation exchange capacity (CEC, +SE) of surface
(0-10 cm) and subsurface (10-20 cm) soil layers of the
BR {core zone (C) and coalmine (CM) spoils}. The values
are means (+SE) of 4 replicate sites.

Total soil organic carbon (SOC): The SOC
content was minimum during the winter season
and maximum during the rainy season, and it
declined significantly (P<0.01) with the increase
in soil depth. The maximum value (6.86 %) was
obtained in the core zone during rainy season at
0-10 cm depth and minimum value (0.33 %) was
recorded in the mine spoils during rainy season
at 10-20 cm depth (Table 6 & Fig. 8). Three-way
ANOVA revealed significant variation (P<0.01) in
SOC content between sites and seasons.

Total nitrogen (TN): TN content showed a
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Fig. 8 | Mean soil organic carbon (SOCSE) of surface (0
-10 cm) and subsurface (10-20 cm) soil layers of the BR
{core zone (C), and coalmine (CM) spoils}. The values
are means (+SE) of seasonal values and 4 replicate sites.

significant (P<0.01) variation between stands,
year, season and soil depth. The concentration
was minimum during winter season and maxi-
mum during rainy season, declining signifi-
cantly (P<0.01) with the increase in soil depth.
Core zone had the highest record of TN (0.36%)
and coal mine spoil recorded the lowest value
(0.0004%) (Table 7 & Fig. 9).

Available phosphorus (P): Available P
showed a significant (P<0.01) variation between
stands and seasons. In the core zone, the
maxima were recorded during winter and min-
ima during the rainy season at core zone. At
mining sites, a reverse trend was observed. The
soil in the core zone had maximum concentra-
tion of available phosphorus (5.19 pg g*) while
that of the mine spoils had the minimum con-
centration (0.80 pg g'). The concentration also
declined with the increase in soil depth (Table 8
& Figure 10).
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Fig. 9 | Mean total nitrogen (TN, +SE) of surface (0-10
cm) and subsurface (10-20 cm) soil layers of the BR
{core zone (C), and coalmine (CM) spoils}. The values
are means (+SE) of seasonal values and 4 replicate sites.
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Fig. 10 | Mean available phosphorus content (P, £SE) of
surface (0-10 cm) and subsurface (10-20 cm) soil layers
of the BR {core zone (C) and coalmine (CM) spoils}. The
values are means (+SE) of seasonal values and 4 repli-
cate sites.

Exchangeable potassium (K): The core zone
had the higher concentration of exchangeable K
(265 pg g than the coalmine spoils (45 pg g9
(Table 9 & Figure 11). At all sites, concentration
was significantly (P<0.01) higher in the surface
soil layer than the subsurface layer. It was mini-
mum during rainy season and maximum during
the winter season.

Carbon, nitrogen and C/N ratio in water-
stable aggregates: Organic carbon content in
the micro-aggregate was found to be higher than
the macro-aggregate structure in most of the
cases (Table 10). Highest C and N concentrations
in both micro- and macro-aggregates, were re-
corded the undisturbed core zone and decreas-
ing in mine spoils. C/N ratio was greater in the
micro-aggregates than the macro-aggregates in
the undisturbed core zone. This trend was re-
versed in case of coalmine spoil (Table 10).
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Fig. 11 | Mean exchangeable potassium (K, +SE) of sur-
face (0-10 cm) and subsurface (10-20 cm) soil layers of
the BR {core zone (C) and coalmine (CM) spoils}. The
values are means (+SE) of seasonal values and 4 repli-
cate sites.

Discussion

The physico-chemical properties of mine
spoils were different from those of core zone of
the BR. The effect of these activities started with
the removal of vegetal cover and dumping of the
mine spoil on top of the natural soil. The bulk
density registered a marked increase in the sur-
face soil at coal mining sites. This is attributed
to a significant decrease in silt particles as well
as organic matter content. Similar finding, loss
of finer soil particles, especially the clay compo-
nent from the soil after disturbance has been
reported by Eyre.® Bulk density of mine spoils is
comparatively higher as compared to the native
soil which is in accordance with the findings of
Sadhu et al*® High bulk density would pose re-
striction to the growth of deeper rooted plants
and may be one of the reasons of cessation of
plant growth.”

Similarly decline in WHC from the core zone
compared to coal mining sites is attributed to
increase in the proportion of sand particles and
decrease in organic matter content which is in
accordance with the trend observed by Bahrami
et al' The soils of mining sites were almost with-
out any vegetal cover, coarse textured with low
SOM content, therefore had very low SMC.
Higher evaporation from the soil in the absence
of tree cover and low water retention due to
higher proportion of sand were the reasons for
low SMC of mine spoils.
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The percentage of macro-aggregates in the
coal mine spoil was significantly lower (P<0.01)
than the undisturbed core zone. This has a
strong influence on pH and CEC as is evident
from positive relationships between macroag-
gregates and pH and CEC. Aggregate structure
breaks down as successive layers of soil are re-
moved and stockpiled elsewhere on the site
when mining begins. The resulting compaction
reduces water holding capacity and aeration.?

The coalmine spoil was highly acidic primar-
ily due to the oxidation of iron pyrites in the
overburden.” These minerals, when exposed to
air and moisture, oxidize to produce acid and
soluble salts. Lowering of pH on one hand
strongly hampers the availability of a number of
essential nutrients in the soil,** and on the other
increases the availability of iron, aluminium and
manganese to plant.™ Therefore under very
acidic condition these elements become toxic to
plants. Low concentrations of cations cause
acidity as Ca?, Mg?, K*, and Na* are leached
down the soil profile by excess rains.’

The mine spoils are poor in organic carbon,
TN, available P and exchangeable K. Sadhu et
al.” also reported low percentage of nutrients in
coalmine spoil compared to the native soil. The
shortage of organic matter is attributed to the
absence of litter.” Lower organic carbon content
in spoil than their respective native soil is attrib-
utable to lack of humus content. In contrast, Toy
and Shay"” did not get significant difference in
organic matter content between the mine spoils
and natural soils in Northern Great Plains.

Low N and P in the mine spoils has been at-
tributed to leaching and lack of binding power of
phosphorus.”? Ralte et al?® observed significant
reduction in the soil fertility due to different
land-use practices as compared to the undis-
turbed forest. This was mainly due to significant
reduction in the microbial biomass and enzyme
activities as the coalmine spoils were devoid of
vegetal cover and microbial activities were thus
reduced. Lunt and Hedger?! also reported lack of
macronutrients in the mine wastes where phos-
phorus is a limiting factor during early succes-
sion and colonization.
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