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Abstract. Soil organic matter (SOM) plays an important role both to condition soil properties and to 

mitigate climate change. SOM change pattern after intensive tillage is still not well revealed. Taking 

Sanhu Farm, Jiangling County, Hubei Province, China as a case area, based on topsoil survey samples of 

1990, 1994 and 2000 respectively, the spatial distribution pattern and temporal change of SOM content 

was analyzed. The results show that (1) SOM content successively decreased with the increase of land 

exploitation history; (2) topsoil SOM value of the three survey years showed a similar spatial pattern 

whereby the highest SOM value was distributed in the center, and SOM value decreased incrementally as 

the distance from the center increased, which showed the SOM values were negatively correlated to the 

altitude of study area; (3) there was an overall tendency for the maximum or minimum value of SOM to 

approach to the average value over time; (4) SOM concentration changes were influenced by crop 

systems changes related to the price of crops and related policies. The study depicts SOM variability after 

the reclamation from virgin land to arable land at a landscape scale, which may contribute to research 

revealing spatial distribution patterns and controlling elements of SOM change. 

Keywords: land reclamation from lakes, SOM change pattern, land exploitation history, the kriging 

interpolation, spatial autocorrelation, crop systems 

Introduction 

Soil organic matter (SOM) is the largest source of SOC, which is a key element to 

soil quality for its far reaching effect on soil physical, chemical and biological 

properties (Laik et al., 2009; Nadi et al., 2017). As an important feature of soil, even in 

small amounts, organic matter is very important to keep soil healthy (Osman, 2013). It 

has tremendous biological significance for providing food for microorganisms, storing 

nutrients, retaining water, and performing as a soil conditioner and aggregating agent 

(Manlay et al., 2007; Osman, 2013). The Soil surface comprises the largest carbon stock 

in terrestrial ecosystems, and soils to 1 m depth contain 74% of the total terrestrial C 

stocks (Lal, 2004; Batjes, 2016; Vitharana et al., 2019). The global soil organic carbon 

(SOC) pool is estimated to amount to 1200-1600 Pg carbon in the upper 1 m (Batjes, 

1999), representing 2.5 times the carbon pool in vegetation, or 2 times the amount of 

carbon in the atmosphere. Change of soil organic matter (SOM) content under intensive 
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tillage has becomes a pivotal concern in soil research as an option for mitigation of 

climate change (Schulp et al., 2008b; Das et al., 2008). 

Insight in variability of SOM quality and quantity is required to quantify the 

greenhouse gas mitigation potential of the landscape (Schulp et al., 2008a). Research 

shows that there is a direct link between SOM content and human impact, observed in 

land use patterns or land management systems, for example (Smith et al., 2000; Lettens 

et al., 2005; Abdollahi et al., 2014; Gmach et al., 2018; Wood et al., 2018). SOM 

contents are generally lower after intensive tillage (Degryze et al., 2004; Lettens et al., 

2004a; Gerzabek et al., 2005; Papienik et al., 2007), especially the surface soil organic 

carbon and total nitrogen contents in cultivated areas (Schulp et al., 2008b; Barrett et 

al., 2015; Wood et al., 2018). Afforestation by different plantations increased soil C 

pools to different magnitudes (Laik et al., 2009; Kukuļs et al., 2019). Alternative 

management systems, like reduced tillage or organic farming, have been introduced that 

are considered to lead to more sustainable land use and increased sequestration of 

atmospheric C into agricultural soils (Pulleman et al., 2000). However Dutch research 

highlights some relationships between the SOM content variability and land condition 

before its exploitation. It is not a universal rule to lower SOM contents after intensive 

tillage (Webb, 1998; Schulp et al., 2008b; Abdullah, 2014). 

At landscape scale, patterns of management, land use or land use history might better 

present the spatial variability of SOM pools (Veldkamp et al., 2001; Dendoncker et al., 

2004; Schulp et al., 2008b) while soil and groundwater may dominate over other factors 

that influence SOM pools (quality and quantity) at a national scale. At temporal scales 

up to a few decades, SOM content changes are observed following land use conversions 

(Lettens et al., 2004b; Falloon et al., 2006; Gmach et al., 2018). Intensive cultivation is 

often exerted to land in China to support the large population. Soil pedons and 

characteristics including SOM contents are quite different to the natural ones under the 

Chinese special management patterns. 

In this paper, we will try to reveal how the SOM contents have been changed under 

intensive tillage at landscape scale, using Sanhu Farm as a case study area, which 

belongs to Jiangling County, Hubei province, China. This site has been reclaimed 

farmland from a lake since 1960 and is currently dominated by anthrosols (Wang et al., 

2010). 

Materials and Methods 

Case study area 

Sanhu Farm (30°10'-30° 16' N, 112°29'-112° 35' E) is located in southeast of 

Jiangling County, Hubei province in central China, with an area of 63.5 km2 (Fig. 1). 

There are 14,812 people in Sanhu Farm and 55.49% of them are peasants. The 

percentage of forest cover is only 1.92%. The max distance from north to south inside 

the farm is 11.2 km while from east to west is 7.75 km. The area is characterized by a 

subtropical humid monsoonal climate. The average monthly temperature reaches a 

maximum of 27.2°C in July and a minimum of 3.5°C in January. The average annual 

temperature is 16.1°C and the average annual precipitation is about 1100 mm. The 

altitude of Sanhu Farm ranges from 25.1 m to 29.3 m, with an average altitude of 

25.8 m (Yellow Sea Height System). The relief of the farm is like a shallow dish, a little 

lower at the center and higher at the surrounding boundary. At the same time, it tilts 
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southwardly with a slope of about one five-thousandth. The parent soil material of 

Sanhu Farm is Quaternary sediments of fluvial or lacustrine deposits. 

Sanhu Farm was once one of the Four Lakes in Jianghan Plain. Jianghan Plain is 

located in the middle reach of the Yangtze River basin where the Han River meets the 

Yangtze. This part of the basin was formed mainly by the alluviation and deposition of 

sediment from these two rivers. Jianghan Plain is one of the most important commodity 

grain and oil production bases of China and it is distinguished by its numerous shallow 

lakes. There were 1,141 lakes during the 1960s, but this number was reduced to 752 

lakes in 1990s. There is a Four-Lake Area in Jianghan Plain, which named for the four 

biggest lakes of Jianghan Plain, one of which was Sanhu Lake which no longer exists 

(only two larger lakes remain of the original four). Sanhu Farm was named after Sanhu 

Lake. 

 

Figure 1. Location of Sanhu Farm 

 

 

The plan of reclamation of Sanhu Lake began from 1960 just after the fulfillment of 

the construction of the Chief Canal of the Four Lake Area. There were two main 

objectives of the reclamation of Sanhu Farm. Firstly, there was a famine nationwide in 

China from 1958 to the early 1960s, and relieving the food problem was of utmost 

importance at that time. Secondly, many people were suffering from schistosome, a 

disease develops in the slack water environments. The reclamation of Sanhu Lake 

effectively addressed both of these concerns. 

The Sanhu Lake area went through three land reclamation periods before reaching its 

present pattern. In the first stage, from 1962 to 1965, there were 33 km2 of cultivated 

land reclaimed. In the second stage, from 1971 to 1973, 16.5 km2 were reclaimed. In the 

third stage, from 1975 to 1979, 14 km2 were reclaimed. By the end of 1979, the present 

pattern of Sanhu Farm had been formed. 
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Three sides of Sanhu Farm is bound by water bodies, that is, Chief Canal of Four-

Lake Area (8.6 km) on the east, Cengda River on the south and Cenhe River on the 

west. There is a well-developed water drainage system in Sanhu Farm, consisting of 7 

main canals, 28 sub-canals and hundreds of ditches, which is connected or controlled by 

culverts and Watergates Developed Artificial Water Systems: numerous canals and 

ditches (Fig. 2). The water drainage system has been efficient to drain logged water to 

the outside canals and to irrigate the farmland, as well. So the area maintains the outline 

of Sanhu Lake. 

 

  
(a) Topsoil Samples (b) Soil Profiles 

Figure 2. Distribution Map of Topsoil Samples (a) or Soil Profiles (b) 

 

 

Before 1994, the main crop in Sanhu Farm was rice because of the enacting of the 

national policy “Food for the Program”, due to the national famine from the late 1950s 

to the early 1960s. After 1994, most of the paddy land was changed to dry crops which 

were harvested twice per year (cotton and rapeseed, respectively). However, the area of 

paddy has been expanding again as a result of the National Commissariat Allowance 

Policy from 2004 and the rising price of rice (Wang et al., 2010), but the speed of 

expansion has been restricted due to the degradation of the local drainage system. As a 

result, it is necessary to study the variation of SOM caused by the fluctuation of land 

use and management and to evaluate the impact of land use change on soil properties 

and climate change at a landscape scale. 

Data collection and processing 

Soil samples processing and analyzing 

Some temporal and typological data were sampled and collected, including soil 

survey data of topsoil random samples without spatial information from both 1980 (643 

samples) and 1987 (516 samples), soil survey data of topsoil with spatial information of 



Wang et al.: SOM variation of topsoil under intensive tillage: the case of Sanhu Farm, Hubei Province, China 

- 10747 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):10743-10757. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1705_1074310757 

© 2019, ALÖKI Kft., Budapest, Hungary 

262 random samples from 1990, 1994 and 2000, and soil horizontal sampling analysis 

data of 12 profiles from 2008 which have spatial points corresponding to former data. 

Soil samples collection and pre-treatment were all carried out from October to 

November just after the harvest of rice in order to keep the seasonal consistency of the 

soil samples. Every topsoil sampling data was a mixture of arable horizon. 12 soil 

profiles (1.0 m wide×0.8 m thick×1.1 m deep) were dug at locations shown in Fig. 2. 

The geographic coordinates of every profile were recorded by GPS as well as photos of 

the landscape where the soil profiles were taken. Samples from every soil horizon in 

each profile were collected using a cutting ring. All soil samples were put in sterilized 

Kraft paper sacks with plastic bags outside to prevent water volatilization and were 

transported to a laboratory and kept at lower temperature. Samples were allowed to air 

dry and passed through a 1 mm bore diameter sieve first. One-fourth volume of every 

soil sample was collected for chemical analysis after passing through a 0.1 mm bore 

diameter sieve. The external heating method (K2Cr2O7 at 0.4 mol/L-H2SO4) was used to 

determine the SOM content of all samples in the laboratory (Walkley and Black, 1934; 

Mirzaee et al., 2016; Singh et al., 2019). 

Geographical data collection and data spatialization 

A GIS based database of the study area was constructed containing a DEM of 

1:10000 (1980), soil survey data of topsoil, and soil horizontal sampling data of several 

profiles and tables of soil survey data. The spatial system of the database is the Xi'an 

Geodetic Coordinate System 1980, Gauss-Krueger Projection. All the soil survey data 

with spatial information were digitalized in the format of DBF. According to the spatial 

information of the geographic coordinates of topsoil samples or soil profiles, the DBF 

data were converted to the point layer of the distribution of topsoil samples (Fig. 2a) or 

soil profiles (Fig. 2b) where the background is a TM image of May, 2005. 

The kriging interpolation for the SOM spatial-temporal pattern prediction 

There were 262 topsoil point observations from 1990, 1994 and 2000 which had 

exactly location information corresponding to the three different years. A DBF file of 

SOM content of 262 topsoil samples of the three years was connected to the point layer 

of the distribution of topsoil samples respectively under the ArcGIS10 platform 

environment. Then the Kriging interpolation technique was applied to depict the spatial 

pattern of SOM of the three years. The Kriging interpolation method is based on 

geostatistical models that include autocorrelation-that is the statistical relationships 

among the measured points. Kriging is a multistep process, includes exploratory 

statistical analysis of the data, variogram modeling, creating the surface, and 

(optionally) exploring a variance surface. The first step for the Kriging interpolation is 

to select the best fitted model which standardizes the mean near to zero, makes the 

Root-Mean-Square as small as possible, makes the average Standard Error near to the 

Root-Mean-Square, and standardizes the Root-Mean-Square Standardized near to one. 

Considering factors of error covariance analysis of every model type synthetically, the 

Exponential model best fits to identify the SOM for 1990 and the Spherical model best 

fits to identify the SOM for 1994 and 2000. 
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Results and analysis 

The total trend of SOM concentration change 

The average SOM concentration of every survey year was calculated by Excel 

according to all the topsoil random samples (Table 1). Table 1 shows that the mean 

SOM concentration decreased from 1980 to 2008 with an average decrease rate of 

1.01 g/kg per year. At the earliest stage, the SOM concentration decreased rapidly with 

a highest average yearly decrease rate of 2.57 g/kg. At the following stages, the mean 

yearly SOM decrease rate fluctuated under 0.78 g/kg. It tells us the SOM concentration 

successively decreased with the increase of the exploitation history. 

 
Table 1. The average concentration of SOM (Unit:g/kg) 

Year 1980 1987 1990 1994 2000 2008 Total 

Types of Samples topsoil topsoil topsoil topsoil topsoil profile  

Spatial Located? no no Yes Yes Yes Yes  

Number of Samples 643 516 262 262 262 12  

SOM of topsoil 54.0 36.0 35.4 32.9 29.4 25.6  

Annual decrease rate / 2.57 0.20 0.63 0.58 0.78 1.01 

 

 

The samples of 1990, 1994 and 2000 were co-located in the three survey years, so 

the data may show more objective information. The annual decrease rate of SOM 

content was 0.63 g/kg from 1990 to 1994, and 0.58 g/kg from 1994 to 2000. The 

decrease of the former period was more rapid than that of the later period. The value of 

SOM greatly affects the soil productivity. Usually the SOM concentration value can be 

divided into three main grades as POOR, MEDIUM and ABUNDANT. When the SOM 

concentration value falls between 20-40 g/kg, it is MEDIUM; below 20 g/kg, POOR; 

above 40 g/kg, ABUNDANT. Sample numbers and percentages of every SOM 

concentration grade of the three survey years are shown in Table 2. 

 
Table 2. Sample numbers and percentage of every SOM concentration grade 

Year Sample Numbers Sample Number Percentage 

Grade 
<20 g/kg [20-40g/kg] >40g/kg <20 g/kg [20-40g/kg] >40g/kg 

Poor Medium Abundant Poor Medium Abundant 

1990 32 155 75 12.2 59.2 28.6 

1994 46 143 73 17.6 54.6 27.9 

2000 19 193 51 7.3 73.7 19.5 

 

 

Among the 262 samples, there are 75 samples graded as ABUNDANT in 1990, 73 

samples in 1994, but only 51 samples in 2000; The percentage of samples graded as 

ABUNDANT decreased from 28.6% in 1990 to 19.5% in 2000. In the other end, there 

are 32 samples graded as POOR in 1990, 46 samples in 1994, but only 19 samples in 

2000 (Table 2). In the long run, the SOM concentration differences of samples 

decreased after the land reclamation and intensive tillage. 

The prediction of SOM spatial patterns and analysis 

The distribution maps of the topsoil organic matter of the three survey years were 

depicted (Fig. 3) through the Kriging interpolation based on the topsoil sampling point 
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distribution layer under ArcGIS 10.1 platform with selected appropriate models 

(Table 3), and with 10 classes divided by Natural Breaks rule with a slight artificial 

interference. The maps (Fig. 3) show us that there was a high SOM center located in the 

south-middle part of the study area running through all the three survey years. In 1990, 

the SOM values decrease incrementally as the distance from the high SOM center 

increases. Compared with 1990, the highest SOM region of 1994 shrank considerably. 

By 2000, the highest SOM region divided into two centers, and the top two SOM 

classes (Legend) no longer existed, which were component classes of the SOM 

distribution maps of the former two survey years. 

 

Figure 3. The spatial pattern of SOM of topsoil of Sanhu Farm 

 

 

The selected model of 1990 is the Exponential and that of the other two years is the 

Spherical. The performance of Kriging models depends on spatial autocorrelation of the 

topsoil organic matter. The Range (Table 3) tells the scope that spatial autocorrelation 

works, which is one of the principles to set samples. Distances of neighboured samples 

are all less than the Range value, so the Kriging models can be used reliably. 

The ratio of Nugget/Partial Sill (Table 3) reveals the factors that may affect the 

spatial autocorrelation of the SOM distribution. When the ratio is smaller than 0.25, the 

spatial autocorrelation of the SOM distribution is very strong and the SOM distribution 

is mainly controlled by structural factors such as climate, soil parent material, landform, 
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etc. When the ratio is bigger than 0.75, the random factors affect the SOM distribution 

more, such as fertilization, cropping pattern, etc. According to Table 3, the SOM spatial 

pattern of 1990 and 2000 were more decided by the structural factors, while that of 

1994 was more decided by random factors. 

Considering the area of Sanhu farm is only 64 km2, the climate type does not change 

and its influence on the distribution of SOM can be omitted. So for the Suhan Farm 

area, we think that the landform and the soil parent material are key structural factors 

for SOM distribution. Meanwhile, Sanhu lake was a lake formed by low-lying land 

where the Yangtze river and its tributaries are found (He, 2002). The soil parent 

material changes with the distance from the center of the lake to the rivers. When the 

sample site is nearer to the center of the lake, the soil parent material has more clays; 

when it is nearer to the rivers, the soil parent material has more sands. In another words, 

the soil parent material is quite uniform with the height of the study area. On the other 

hand, the random factors in the Sanhu Farm area related to human activities, among 

which the cropping pattern was the key factor to influence the SOM spatial pattern. 

 
Table 3. Parameters of semivariogram fitted to SOM distribution patterns 

Year Model Nugget Partial Sill Range Nugget/Partial Sill 

1990 Exponential 0.312 1.651 3577.776 0.189 

1994 Spherical 0.973 1.118 2161.201 0.870 

2000 Spherical 0.082 0.628 2150.335 0.131 

 

 

Driving factors of the SOM spatial pattern changes 

Both structural and random factors affect the SOM spatial patterns. The SOM spatial 

pattern and its change are controlled by the mixture of the two types of factors. Table 3 

shows that the SOM spatial patterns of 1990 and 2000 are affected more by the 

structural factors while that of 1994 is affected more by random factors. We think the 

elevation is the key structural factor and the cropping system is the key random factor. 

The SOM Spatial Patterns of the study area have been controlled by the micro-

landform constantly. This area was reclaimed through a lake, the Sanhu Lake. It was 

formed by the extraction of lake water to the Main Canals, so the study area basically 

kept the landform of the Sanhu Lake. The elevation of study area is between from 

25.1 m to 29.3 m (Fig. 4). Most of this area has a height of around 26-27 m. The center 

part of the former lake was lowest with the richest deposit of peats, a rich source of 

SOM. That's why there is always a high SOM value at the center (Fig. 3). 

When the relation between the SOM values and the elevation was analyzed (Fig. 5), 

it was found that the SOM values in the three survey years all had a strong negative 

correlation with the height. In the other words, in different survey years, between the 

elevation and the SOM value, there showed a similar pattern in which the SOM values 

decreased as the height increased, though every survey year's decreasing gradient was 

slightly different. The decreasing gradient of 1990 was 0.2656; that of 1994, 0.2574; 

that of 2000, 0.3263. The SOM values of 2000 decreased with the decrease of height 

more rapidly than that of the other two survey years. Though the decreasing gradient of 

1990 was quite similar to that of 1994, the value of 1994 was the smallest. 

The SOM values of samples with their corresponding heights were used to make a 

scatter diagram (Fig. 6). The diagram clearly shows the pattern of the changes of the 

SOM values during different periods after the land reclamation and intensive tillage. 
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The red triangles in Fig. 6 represent the SOM values of 1990, blue 1994 and green 

2000. It is important to note that the highest SOM value is not just for the site with the 

lowest height. Rather, the mean value of SOM decreased constantly along the three 

survey years (Table 4). Compared to the SOM values of the three survey years, the data 

from 1994 had the highest standard deviation (Table 4) and the biggest ratio of 

Nugget/Partial Sill (Table 3), which was affected more by human activities. 

 

 
 

Figure 4. The DEM of study area Figure 5. Relationship of SOM concentration 

and elevation 

 

 

Figure 6. Relationship between elevation & SOM concentration of every survey year 

 

 

When the cropping system and its changes were considered (Fig. 7), the cause of the 

speciality of the SOM spatial pattern from1994 can be identified. From 1980 to 1990, 

the paddy land accounted for 56.35% of the total arable land and the dry land accounted 

for 43.65% (Fig. 7a). By then early rice and late rice were planted in rotation in paddy 

land while the dry land was rotated by wheat, rapeseed and soybean. But from 1991 

onward, China assigned cotton production responsibility nationally and the government 

supplied loans with low or free interest to encourage cotton planting. Additionally, the 

25.1m 

29.3m 
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price of cotton rose 10% in 1993 and continued to rise in 1994. This policy had strongly 

affected the cropping system of Sanhu Farm. The paddy land changed to dry land for 

cotton planting continuously in 1991. Until 1995, almost all paddy land was changed to 

dry land, where the paddy land accounted for 4.18% of the total arable land, and the dry 

land accounted for 95.82% (Fig. 7b). The cropping system had been cotton and 

rapeseed in rotation from then. In 1998, however, the price of cotton depreciated 

significantly, and the government reformed the circulation system of cotton the 

following year. Cotton was no more the nationally critical materials, and the risk of 

cotton planting was no longer the joint responsibility of government and peasants (Sun, 

2005). But the cropping system of Sanhu Farm had changed very little for the 

degeneration of irrigation system guaranteed the rice production till 2008 we did our 

last field investigation to the area. 

 
Table 4. The classical statistical features of SOM concentration data of Sanhu Farm 

Year 
Sample 

Number 

Mean 

(g/kg) 

Standard 

deviation 

Coefficient of 

variation (%) 

Maximum 

(g/kg) 

Minimum 

(g/kg) 

1990 262 35.45 13.38 0.38 79.50 11.10 

1994 262 32.92 14.36 0.44 78.70 6.50 

2000 262 29.42 8.59 0.29 50.00 10.00 

 

 

So 1994, a period of cropping system change emerged, which is why the ratio of 

Nugget/Partial Sill of SOM spatial pattern was very high (Table 3). We may suppose 

that, when the cropping system was steady and uniform, the micro-landform was the 

key controlling factor of the SOM spatial pattern of Sanhu farm. But as the cropping 

system changed, the influence of human activity can't be neglected for the SOM 

distribution. Regardless of whether the cropping system was steady, the amount of 

SOM decreased continuously after reclamation and intensive cultivation. 

 

  
 

a. Land use of 1980 b. Land use of 2005  

Figure 7. Land use pattern of Sanhu Farm 

 

 

Discussion 

Our research concerns two significant issues of the soil science domain. 

The first issue is to ascertain the influencing factors and their influences on soil 

quality (Cambardella et al., 2004; Karlen et al., 2013a; Ontl et al., 2015) or carbon 

accounting (Ratayake et al., 2016). 

https://en.wikipedia.org/wiki/Coefficient_of_variation
https://en.wikipedia.org/wiki/Coefficient_of_variation
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Many researchers suggest that soil quality is influenced by inherent (such as parent 

material, climate, and topography) and anthropogenic (such as tillage and crop rotation) 

factors (Karlen et al., 1998; Schwanghart et al., 2011). Research teams from the USDA 

mainly focus on changes in soil quality indicators through long-term care or 

maintenance of the plots for elaborately designed tests of tillage operations over several 

decades (Cambardella et al., 2004; Karlen et al., 2013b). Karlen et al. (2013b) verified 

their hypothesis that long-term moldboard plowing would have the greatest negative 

effect on soil quality indicators, and they put forth that less aggressive tillage systems or 

cropping systems could significantly improve soil quality/health. Cambardella et al. 

(2004) found that soil quality degradation with tillage depends upon landscape position, 

suggesting that soil quality increases on the backslope, and that shoulder landform 

elements are responsible for higher watershed-scale soil quality in the ridge-tilled 

watershed. Ontl et al. (2015) analyzed the influence of different bioenergy cropping 

systems on soil aggregation and particulate organic matter. The result showed that root 

system properties of crops and soil texture influenced the shift of iPOM-C concurrently, 

and cropping system effects were not consistent among positions across landscape. 

SOM is a very important indicator of soil quality (Cambardella et al., 2004). We 

emphasized spatial patterns and temporal change of SOM with sampling data from three 

different years, while the USDA observed changes in many indicator variables of soil 

quality among positions across landscape, or under different cropping systems and 

tillage types, by comparing soil layered sampling data from a single year. They 

elaborately designed different scenarios of cropping systems and tillage types on 

different plots which was helpful to get the oriented results, but we analyzed a real-

world cropping system altered by the farmers' wills, and concomitantly affected by both 

the market and policy. Our study area Sanhu Farm was virgin land before the 

reclamations of the 1960s, so it supplied a nice perspective to observe the impact of 

anthropogenic factors. In a spatial visual style, our research supported the hypothesis 

that soil quality is influenced by inherent and anthropogenic factors. 

In another aspect, previous researches on carbon counting achieved some creative 

results. Rice cropping under waterlogged conditions enhances the soil organic matter 

(SOM) accumulation (Lal, 2002; Ratnayake et al., 2016). Wu (2011) reported that SOC 

accumulation in paddy ecosystems was faster and more pronounced than in other arable 

ecosystems. Kölbl et al. (2014) found that lower lands with water logging get greater 

accumulation of SOC in soil. Ratnayake et al. (2016) went further to find that different 

upland crops make limited contribution to carbon accumulation, while rice fields in the 

lower land landscape exhibit greater potential to store SOC in terms of carbon 

sequestration compared with upland cropping systems. Our research results were in 

accord with theirs. Furthermore, we found that the upland cropping systems also 

generate a smaller standard deviation. 

Another issue is on the spatial modelling of SOM (SOC) and model accuracy (Miller 

et al., 2016; Ratnayake et al., 2016), which mainly focus on sampling density, 

efficiency, and the simulating precision of models. Previous research designed the rules 

for model selection which were used in our research in the preceding introduction, and 

the average distance of sample sites was about 350 m, which satisfied the sampling 

distance need (>2150 m) of every model (Table 3). Kriging models we used for 

simulating the spatial-temporal change of SOM rely on spatial autocorrelation, which 

perform best when the distance between points is minimized and only appropriate to use 

for making predictions between points, and they are considered inappropriate for 
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extrapolating beyond the extent of sampling points (Miller et al., 2016). So, near the 

boundary of Sanhu Farm the simulating error of SOM is relatively higher than the 

remaining area for there is no sample outside of the boundary. The biggest advantage of 

the Kriging technique over many classical statistical procedures is that it incorporates 

the spatial correlation of the data. Considering the sampling rule of different years was 

the same, and we mainly cared about the change of SOM, and the boundary area was 

quite limited, so we did not discuss the possible error of the boundary area in our 

calculation. 

Conclusion 

SOM plays a very important role both to condition soil properties and to mitigate 

climate change. Sanhu Farm with an area of 64 km2, which was a lake before the 1960s, 

was used as our study site to observe SOM variability after intensive tillage of the virgin 

land. Based on 262 topsoil survey samples of 1990, 1994 and 2000 respectively, the 

SOM spatial distribution pattern, as well as the temporal change of SOM content of the 

corresponding years, were analyzed. 

The SOM content successively decreased with the increase of the land exploitation 

history. From 1990 to 2000, the sample numbers of SOM grade in Abundant had 

decreased from 28.6% to 19.5%; the SOM grade in Poor decreased from 12.2% to 

7.3%; but the Medium grade increased from 59.2% to 73.7%. We depicted the topsoil 

SOM distribution maps of the three survey years with an appliance of a same legend of 

10 classes divided by Natural Breaks rule under ArcGIS 10 (Fig. 7). Compared with the 

map of 1990, the distribution area of the top grade shrank greatly by 1994, and the top 

two grades were disappeared by 2000. there was an overall tendency for the maximum 

or minimum value of SOM to approach to the average value over time. 

The altitude of Sanhu Farm thus played a controlling role throughout the three survey 

years.The SOM concentration of each survey year was negatively and significantly (at 5 

percent level) correlated with the elevation. The topsoil SOM distribution of the three 

survey years showed a similar spatial pattern whereby the highest SOM concentration 

value grade was distributed in the center, and the SOM value decreased incrementally 

as the distance to the center increased ,which showed the SOM values were negratively 

correlated to the altitude of study area. 

SOM concentration changes were influenced by crop systems changes which were 

affected crop prices and related policies. In particular, the crop system change from rice 

to cotton influenced the decrease of SOM significantly. 
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