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Abstract: To assess the impacts of reclamation on topsoil physic-chemical properties in Pingshuo 

mining area, this paper compared bulk density (BD), field capacity (FC), organic matter (OM), total 

nitrogen (TN) and C/N at 0-10 cm and 10-20 cm of topsoil in typical plots through the transverse, 

longitudinal and comprehensive analysis. The results show, (1) all the physic-chemical indicators except 

BD of unreclaimed plots were lower than original plots and reclaimed plots; reclaimed woodland heaped 

by earth-rock had the highest OM. (2) BD of all plots in 0-10 cm was lower than in 10-20 cm; only 

unreclaimed plots had lower FC in 0-10 cm than in 10-20 cm; most plots had higher OM, TN and C/N at 

0-10 cm than at 10-20 cm layer. (3) BD was significantly negatively correlated with FC and OM in 

original plots; BD and soil chemical indicators showed a significant positive correlation in unreclaimed 

plots, while the FC was significantly negatively correlated with other indicators; relativity of indicators 

in reclaimed plots were similar as original plots, just the relativity of BD and TN was significantly 

negative. (4) it was suggested that reclamation direction is woodland when the dump is heaped by 

earth-rock, while other initial reclamation direction is grassland, which could be changed into arable land 

after a few of years. 
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I. INTRODUCTION 

Land reclamation is defined by taking remediation 

measures to make destroyed land caused by collapse, 

digging, occupation and pollution return to available 

station [1, 2]. Reclamation mode refers to engineering 

and biochemical measures according to the different 

damage, as well as appropriate reclamation direction, 

making the best match and achieving the desired 

effect of reclamation [3, 4]. Irrational reclamation 

mode will make the quality of destroyed land much 

worse, and bring great inconvenience to local 

production and living conditions. The physical 

condition and nutrient content of topsoil that is used 

as plant growth medium determine the basic soil 

fertility, which means the quality of topsoil plays an 

important role in reclamation effect. Physical 

properties and nutrient status of topsoil have changed 

a lot after soil reconstruction, so the research on the 

physical and chemical properties of reclaimed soil 

could provide scientific basis for enhancing land 

productivity and guiding reclamation [5, 6]. Soil bulk 

density (BD) and field capacity (FC) is the basic 

property of soil, while organic matter (OM), total 

nitrogen (TN) and carbon - nitrogen ratio (C/N) are 

important indicators to evaluate soil quality, largely 

affecting the quality of reclaimed land and plant 

species [7-10]. From the physical properties, BD 

reflects the soil particles and porosity, while FC 

reflects the effective supply capacity of soil moisture 

for crops. OM can promote the formation of soil 

aggregate structure, and improve soil physical 

property, which make other nutrient and moisture 

absorb more easily. At the same time, OM has strong 

adsorption capacity which can fix metal ion by the 

way of chelation, thus forming good buffer for metal 

elements and other pollutants [11-13]. Nitrogen is the 

most essential nutrient element for plant, while TN 

includes mineral nitrogen, organic nitrogen and 

ammonium fixed by mineralized clay, all of which are 

the source of the plants to obtain nitrogen from soil 

[14]. C/N relate primarily to the humification degree 
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of OM, which is generally considered to be the 

symbol of mineralization of nitrogen. The smaller the 

C/N, the more available nitrogen released through the 

mineralization of OM, which makes vegetation obtain 

it. While the C/N is greater, it indicates that the 

content of nitrogen in the soil may not satisfy the need 

of microorganisms, and cause the plant to nitrogen 

deficiency, and even accelerate the decomposition of 

OM [15, 16].   

In Pingshuo mining area, spring rainfall is little 

every year, and the average annual wind speed is 

3.5m/s, while the maximum wind speed up to 20m/s. 

Under such severe condition, the topsoil is easy to be 

affected by the bad climate. Open pit mining 

completely disrupted the original soil structure, and 

the soil profile reconstructed by reclamation need to 

not only withstand the harsh climate, but also promote 

the development of land reclamation [17]. Therefore, 

research on BD, FC, OM, TN and C/N of topsoil 

influenced by reclamation mode is essential for 

building a sustainable mining land use patterns. Based 

on the topsoil sampling and analysis in typical plot, it 

comparatively studies on physic-chemical properties 

of topsoil under different reclamation modes, for the 

purpose of exploring the relationship between them, 

and providing practical basis for reducing the impact 

of mining activities and promoting sustainable land 

use. 

II. STUDY AREA 

Pingshuo mining area is located in the eastern area 

of loess plateau and the northern of Shanxi Province, 

E 112°10' 58"-113°37'20", N 39°23'-39°37' and the 

whole area is 375.12 km2. The landscape of mining 

area is gentle slope hills and the climate belongs to 

typical temperate semi-arid continental monsoon 

climate, with an average annual rainfall is 

428.2-449.0 mm, temperature of 4.8-7.8°C, ≥10°C 

annual accumulated temperature is 2200-2500°C, 

frost-free period is about 115-130 days. The zonal soil 

is chestnut soil and chestnut brown soil and zonal 

vegetation type is steppe. 

III. MATERIAL AND METHODS 

A. Current Land Use of Plot 

The study chose sites and sampling by the way of 

combination field sampling and indoor 

physic-chemical analysis, and the sampling time was 

in August 2012. typical plots were selected by 

drawing on the principles and methods of agricultural 

land classification in the field of standard sample in 

the mining area and the surrounding region [18], 

which included 3 staged of land, (1) undamaged 

arable land; (2) unrelaimed land; (3) reclaimed arable 

land, woodland and grassland (Table 1). 

Table 1. General description of sampling plots. 

No. current land use vegetation overburden condition reclamation years 

01 undamaged arable land potato — — 

02 unreclaimed land — 1m 0 

03 reclaimed arable land potato 1.2m 15 

04 reclaimed arable land potato 1m 2 

05 reclaimed woodland  bushes and trees mixed 1.2m 18 

06 reclaimed woodland bushes and trees mixed heaped by earth-rock 18 

07 reclaimed grassland  alfalfa 1m 18 

 

B. Soil Sampling and Testing 

Distribution and sampling were implemented 

according to terrain, area, and referring to ‘soil 

environmental monitoring technical specifications’ in 

plots. Soil samples were obtained from 0-10 cm and 

10-20 cm depths respectively by cutting ring and 

geotome. 1 kg soil sample were taken into bag by 

quartering and labeled. Bags of soil were taken back 

to the room, waiting for testing after dried and sieved. 

BD was measured by the cutting ring method; FC 

was measured by Wilcox method. Soil samples were 

sieved by 0.25 mm aperture for the purpose of testing 

OM and TN. OM was assessed by oil bath heating 

potassium dichromate oxidation-volumetric method; 

TN was analyzed by Kjeldahl method. C/N was 

calculated by the content of OM and TN. 

IV. RESULTS AND ANALYSIS 

Focus on reclamation plots, physic-chemical 

properties of topsoil was analyzed by the way of 

horizontal, vertical and comprehensive comparison 

among undamaged plots, reclaimed plots and 

unreclaimed plots. As can be seen from Table 2, the 

differences of physic-chemical properties of topsoil 

belong to various stages were obvious through T test 

(P<0.05). 
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Table 2. Characteristic of soil physic-chemical properties for 0-10cm and 10-20cm depth in typical plots.  

depth indicator 01 plot 02 plot 03 plot 04 plot 05 plot 06 plot 07 plot 

0-10cm 

BDg/cm3 

FC% 

1.24±0.03 

18.72±1.98 

1.74±0.05 

14.52±0.32 

1.25+0.02 

18.85±0.63 

1.50±0.02 

14.83±0.89 

1.19±0.03 

20.33±0.90 

1.29±0.03 

12.03±0.28 

1.30±0.02 

18.52±1.26 

OMg/kg 10.66±8.13 2.98±1.30 3.58±1.61 3.31±1.60 9.96±7.30 29.98±10.60 3.30±1.50 

TNg/kg 0.58±0.14 0.27±0.10 0.31±0.11 0.26±0.08 0.49±0.12 0.77±0.15 0.29±0.11 

T/N 14.89±3.43 7.47±1.87 7.53±2.35 14.00±3.03 13.76±3.31 26.35±5.78 8.93±1.93 

10-20cm 

BDg/cm3 

FC% 

1.39±0.02 

16.52±0.53 

1.76±0.04 

17.23±0.31 

1.36±0.02 

18.43±0.56 

1.60±0.03 

13.92±0.71 

1.20±0.02 

18.88±1.2 

1.56±0.02 

11.80±0.62 

1.23±0.02 

16.65±1.02 

OMg/kg 8.02±5.4 2.30±0.91 3.65±1.32 5.03±2.11 7.77±3.21 7.89±3.40 4.9±3.03 

TNg/kg 0.57±0.14 0.27±0.10 0.21±0.07 0.26±0.09 0.39±0.11 0.46±0.12 0.40±0.11 

T/N 10.96±3.12 5.76±1.56 11.76±2.43 13.09±3.01 13.48±3.23 11.6±2.43 8.29±1.88 

 

A. Horizontal Analysis of Physic-chemical 

Properties of Topsoil 

Horizontal analysis is for physic-chemical 

properties of topsoil in the same depth, but in the land 

use of different stage and types. 

From the physical indicators of topsoil in the 

range of 0-10 cm, the average BD in undamaged plots 

and reclamation plots was lower than the unreclaimed 

land, while the standard deviation was on the contrary. 

As for FC, the mean and standard deviation in 

undamaged land and reclamation land except the 

reclamation woodland heaped by earth-rock were 

higher than unreclaimed land. In the 10-20 cm range, 

the change of mean and standard deviation of BD was 

the same as in the range of 0-10 cm range. The mean 

of FC in unreclaimed land was only lower than the 

long-time reclaimed arable land and woodland heaped 

normally, while the standard deviation was lower than 

any other plots. 

From the chemical indicators of topsoil in the 

range of 0-10 cm, the mean and standard deviation of 

OM and C/N in unreclaimed plots were lower than 

that in undamaged plots and reclaimed plots. While 

the OM in undamaged plots and reclaimed woodland 

was obviously higher than that of other plots. For TN, 

the mean and standard deviation in unreclaimed plots 

were only slightly higher than short-time reclamation 

arable land. In the range of 10-20 cm, the mean and 

standard deviation of OM and C/N were consistent 

with the changes in 0-10 cm, but the difference 

among them was not significantly better than in the 

0-10 cm. For TN, the mean and standard deviation in 

unreclaimed plots were a little higher than in 

reclamation plots, but the difference was not 

significant. 

B. Vertical Analysis of Physic-chemical Properties 

of Topsoil 

Vertical analysis is for physic-chemical properties 

of topsoil in different depths, but in the land use of 

same stage and types.  

From the physical indicators of topsoil, the mean 

of BD in 10-20 cm was higher than in 0-10 cm in all 

the plots except reclaimed grassland, and the ratio 

was 12.10%, 1.15%, 8.80%, 6.67%, 0.84%, 20.93% 

and -5.38%, while the difference of standard 

deviation was not significant. In addition to 

unreclaimed plots, the mean of FC of other plots in 

0-10 cm was higher than that in 10-20 cm, and the 

ratio was 13.31%, -15.73%, 2.28%, 6.54%, 7.68%, 

1.95% and 11.23% respectively, while the standard 

deviation in reclaimed woodland was higher in 

10-20cm. 

From the chemical indicators of topsoil, the mean 

of OM in 0-10 cm only in reclaimed arable land and 

grassland was lower than in 10-20 cm, of which that 

in 0-10 cm in reclaimed woodland heaped by 

earth-rock was much higher than in 10-20 cm, and the 

ratio was 32.91%, 29.57%, -1.92%, -34.19%, 28.19%, 

280% and -32.65%, while the difference of standard 

deviation was not evident. For TN, the mean in 

reclaimed grassland in 0-10 cm was a little lower than 

that in 10-20 cm, while the difference among other 

plots was not significant; there was no obvious rules 

between 0-10 cm and 10-20 cm from the standard 

deviation. For C/N, the mean and standard deviation 

in 0-10 cm was lower than in 10-20 cm only occurred 

in long-time reclaimed arable land, of which the mean 

ratio was 35.86%, 29.69%, -35.97%, 6.95%, 2.08%, 

127% and 7.72%.
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C. Comprehensive Analysis of Physic-chemical 

Properties of Topsoil 

Physic-chemical indicators can reflect land quality 

to a certain extent, while the degree of correlation and 

coordination of indicators can reflect the effect of 

reclamation. Therefore, comprehensive analysis is a 

correlation analysis for physic-chemical properties of 

topsoil in the land use of different stages and types. 

Table 3. Correlation analysis of soil physical and chemical properties in original land. 

 
BD FC OM TN 

FC -0.587
**
 

   
OM -0.306

*
 0.51 

  
TN -0.219 -0.056 0.574

**
 

 
C/N 0.61 -0.058 0.539

**
 -0.189 

** indicates correlations are significant at the P=0.01 level; 

* indicates correlations are significant at the P=0.05 level. 

 

Table 4. Correlation analysis of soil physical and chemical properties in unreclaimed land. 

 
BD FC OM TN 

FC -0.974
**
 

   
OM 0.515

**
 -0.649

**
 

  
TN 0.543

**
 -0.447

**
 0.475

**
 

 
C/N 0.444

**
 -0.613

**
 0.975

**
 0.269 

** indicates correlations are significant at the P=0.01 level; 

* indicates correlations are significant at the P=0.05 level. 

 
Table 5. Correlation analysis of soil physical and chemical properties in reclaimed land. 

 
BD FC OM TN 

FC -0.663** 
   

OM -0.127 0.014 
  

TN -0.339* 0.172 0.731** 
 

C/N 0.148 -0.148 0.59** -0.072 

** indicates correlations are significant at the P=0.01 level; 

* indicates correlations are significant at the P=0.05 level. 

 
It can be seen from Table 3 that BD and OM 

influenced on topsoil properties mostly in undamaged 

plots by correlation analysis. BD and FC had a strong 

negative correlation (P<0.01), while it had a generally 

negative correlation with OM (P<0.05). OM had a 

strong positive correlation with TN and C/N (P<0.01). 

There was no significant correlation between the 

other indicators. 

In Table 4, it can be obtained that most of the 

indicators had a strong correlation and affected 

topsoil properties a lot in unreclaimed plots. BD had a 

strong negative correlation with FC, while a strong 

positive correlation with OM, TN and C/N. FC had a 

strong negative correlation with OM, TN and C/N. 

OM had strong positive correlation with TN and C/N, 

which was the same as in undamaged plots. On the 

contrary, the correlation between TN and C/N was not 

so evident. 

Table 5 shows that BD had a strong negative 

correlation with FC in reclaimed plots (P<0.01), and a 

generally negative correlation with TN, whereas no 

obvious correlation with OM and C/N. OM had a 

strong positive correlation with TN and C/N (P<0.01). 

V. DISCUSSION 

Firstly, through horizontal comparison of 

physic-chemical properties, indicators of unreclaimed 

plots were not as good as the other plots, in which BD 

was particularly prominent. This was mainly because 

the heavy machinery rolled repeat during the process 
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of dumping, so that the soil was compacted, which 

made FC be low. In this case, even if the content of 

nutrient could be a security for crop’s need, but they 

cannot provide for them effectively. Among 

reclaimed plots, in addition to short-time reclaimed 

arable land, BD of other reclaimed plots was almost 

the same as that of undamaged plots, which indicated 

that with the increase of reclamation time, BD had 

been improved greatly by plowing, fertilizer and other 

agricultural measures during the process of land use. 

FC of reclaimed woodland heaped by earth-rock was 

lower, which was closely related to its dump mode. 

An increase of stone made the pore of soil increase, 

resulting in water holding capacity was significantly 

lower than other reclaimed plots; OM and TN in the 

plot was the highest, especially the OM content 

reached 29.98g/kg at 0-10cm, much higher than other 

plots including undamaged plots, which indicated that 

reclaimed woodland had an obvious advantage in 

accumulating OM by the way of dumping with earth 

and rock. Though OM and TN in reclaimed grassland 

were lower than that in undamaged plots, it already 

had the potential of converting to arable land. In 

0-10cm, C/N in all plots except reclaimed woodland 

heaped by earth-rock was between 5 and 15, which 

was generally consistent with C/N of arable land in 

China [9-21]. It was shown that the humification 

degree and mineralization of OM were appropriate, 

which was suitable for crop growth in the region. 

However, the absolute content of OM and TN was 

low, which signified that it still needed to increase the 

application of organic manure and nitrogen in the 

reclamation process. 

Secondly, from the vertical comparison of two 

layers of soil in plots, BD in 0-10cm was lower than 

that in 10-20cm, which was consistent with the 

distribution of BD [22]. FC in 10-20cm was higher 

than that in 0-10cm in unreclaimed plots, just the 

opposite with the other plots, which related to the soil 

reconstruction and reclamation measures. In addition 

to reclaimed grassland and short-time reclaimed 

arable land, the content of OM and TN in 0-10cm was 

higher than that in 10-20cm in other plots, which has 

a certain relationship with reclamation time and 

direction. The content of OM at 0-10cm was 3.8 times 

that of 10-20cm in reclaimed woodland heaped by 

earth-rock, which had links to humus apparently 

existed in the woodland dumped by this way. Overall, 

the mean of FC, OM, TN and C/N at 0-10cm was 

slightly higher than them at 10-20cm, which was 

consistent with previous research [23]. 

Last, BD had a strong negative correlation with 

FC and OM in undamaged land, which showed that 

the negative effect of BD on soil nutrient was 

apparent during the process of land use in this region. 

OM had a strong positive correlation with TN and 

C/N, which indicated that OM was the basis of soil 

fertility, and the central position of nutrient 

supplement and conversion. Correlation of indicators 

was higher in unreclaimed land, in which BD and soil 

nutrient showed significant positive correlation, 

which can be explained that soil reconstruction make 

OM and TN more concentrated. While FC showed 

significant negative correlation with BD and soil 

nutrient indicated that the effective water supply was 

an important factor to guarantee the initial 

reclamation success. Correlation of indicators in 

reclaimed plots was almost the same as that in 

undamaged plots. There was remarkable negative 

relevant relation between BD and TN, which showed 

that land quality had improved and developed toward 

the undamaged land after taking reclamation 

measures. These results were consistent with the 

research implemented by Naiming Zhang, Raj K. 

Shrestha and Rattan Lal [24, 25]. 

VI. CONCLUSION 

Different land use, reclamation time, dump way 

will make BD, FC, OM, TN and TN be different in 

Pingshuo mining area. In addition to BD, other 

indicators in undamaged and reclaimed plots were 

higher than that in unreclaimed plots. OM and TN 

were low in all plots, which indicated that the regional 

background values itself was at a low level, and 

implied that it would face greater difficulties when 

reclamation was implemented under such condition. 

According to the situation of reclaimed arable land 

and grassland, the differences of soil properties of 

topsoil were not obvious between the two reclamation 

modes. But from the point of view of 

economic-ecological benefits and convenient 

management, the direction chosen as grassland was 

more suitable [26]. Dump way was an important 

reason of causing the difference of OM and TN in 

topsoil. It can be found that OM and TN were the 

highest in the reclaimed woodland heaped by 

earth-rock, while C/N was a slight higher, which 

implied that it was not conductive to corruption of 

OM and decomposition of nitrogen in a period of time. 

Therefore, it was suggested that dump way could be 

considered as a reference when choose reclamation 

direction, which meant that woodland may be the first 

consideration in the case of heaped by earth-rock. As 

in the case of soil as only one of the reclamation 

material, the priority for reclamation was grassland. 

After 10 years of reclamation, it can change the way 

of use into arable land according to the 

physic-chemical properties of topsoil. 
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