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Article Research 

Mining causes massive damage to landscape and biological components of an ecosystem. 

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 

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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Figure 1 | Map showing the location of study sites in the Nokrek Biosphere Reserve, Meghalaya. 
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Site selection 

Soil sampling 

Soil analysis Statistical analysis 

Fig. 2 | Coal mining in the study site. a: Rat-hole, b: Dumping of coal, c: Coal mine spoil. 

(c) (a) (b) 

Type Sites and their 
altitudes (m) 

Undisturbed subtropical evergreen 
forest (C) 

C-a=1300, C-b=1300 

Coalmine spoils (CM) CM-a=250, CM-b=314 

 

Table 1 | Selected study sites in the BR. 
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Results 

Physical properties of soil 

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.  

Fig. 4 | Mean soil moisture content (SMC±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. 

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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Sites Depth (cm) Proportion of soil particles Textural 
class 

BD 
 (g/cm3) Sand (%) Silt (%) Clay (%) 

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 
spoil* 

0-10 92.74 3.52 3.74 S 1.70 

10-20 93.15 1.39 5.45 S 1.76 

 

Table 2 | Texture and bulk density of soil at the study sites. 

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

Sites Depth 
(cm) 

1st year 2nd year 

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 
spoil* 

0-10 5.90±0.77 12.83±0.20 9.37 7.20±0.12 11.23±0.12 9.22 

10-20 5.90±0.77 9.03±0.12 7.47 4.63±0.03 9.90±0.12 7.27 

 

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

*Mean of the replicate sites 

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 

 

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

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

Sites Depth 
(cm) 

1st year 2nd year 

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 5.77±0.07 5.83 5.93±0.01 4.41±0.02 5.17 

Coal mine 
spoil* 

0-10 3.50±0.04 5.72±0.03 4.61 4.89±0.03 4.73±0.03 4.81 

10-20 3.50±0.04 5.74±0.003 4.62 4.65±0.01 4.39±0.06 4.52 

 

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

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

Table 8 | Seasonal variation of available phosphorus (µg g-1, ±SE) in soil. *Mean of the replicate sites 

Table 9 | Seasonal variation in exchangeable potassium (µg g-1, ±SE) in soils at the study sites. *Mean of the replicate 
sites 

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) 

1st year 2nd year 

Winter Rainy Mean Winter Rainy Mean 

Core 
zone* 

0-10 0.29±0.001 0.35±0.000 0.32 0.36±0.005 0.34±0.003 0.35 

10-20 0.22±0.000 0.28±0.003 0.25 0.31±0.005 0.27±0.003 0.29 

Coalmine 
spoil* 

0-10 0.03±0.001 0.02±0.000 0.03 .0004±0.001 0.09±0.002 0.05 

10-20 0.03±0.001 0.05±0.0003 0.04 0.004±0.001 0.10±0.001 0.05 

 

Sites Depth 
(cm) 

1st year 2nd year 

Winter Rainy Mean Winter Rainy Mean 

Core zone* 0-10 5.19±0.03 3.19±0.04 4.19 5.02±0.00 4.10±0.17 4.56 

10-20 4.01±0.06 2.61±0.07 3.31 3.57±0.03 3.17±0.03 3.37 

Coal 
mine spoil* 

0-10 1.46±0.03 1.73±0.00 1.60 1.56±0.03 0.90±0.00 1.23 

10-20 1.46±0.03 3.16±0.00 2.31 1.91±0.03 0.80±0.00 1.36 

 

Sites Depth 
(cm) 

1st year 2nd year 

Winter Rainy Mean Winter Rainy Mean 

Core zone* 0-10 310±3 220±7 265 200±3 260±4 230 

10-20 220±3 190±3 205 150±3 180±2 165 

Coalmine 
spoil* 

0-10 80±3 70±3 75 50±4 40±2 45 

10-20 80±3 50±0 60 190±2 50±3 120 

 

Sites Depth (cm) SOC TN C/N 
MaA MiA MaA MiA MaA MiA 

Core zone 0-10 3.06 4.11 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 

 

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

Sites Depth 
(cm) 

1st year 2nd year 
Winter Rainy Mean Winter Rainy Mean 

Core 
zone* 

0-10 5.45±0.02 6.70±0.04 6.08 4.69±0.38 6.86±0.07 5.78 

10-20 3.41±0.05 5.53±0.05 4.47 3.80±0.37 5.39±0.02 4.60 

Coalmine 
spoil* 

0-10 1.01±0.01 2.37±0.01 1.69 2.21±0.28 0.39±0.03 1.30 

10-20 1.01±0.01 1.02±0.04 1.02 2.11±0.31 0.33±0.01 1.22 
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Chemical properties of soil 

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. 

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. 

Fig. 8 | Mean soil organic carbon (SOC±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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Discussion 

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. 

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. 

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. 
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