
�(�M�W�X�V�M�F�Y�X�M�S�R���4�E�X�X�I�V�R���S�J���7�S�M�P���3�V�K�E�R�M�G���'�E�V�F�S�R���E�R�H���-�X�W
�6�I�K�M�S�R�E�P���,�Y�Q�M�¦�G�E�X�M�S�R���'�S�R�W�X�E�R�X���M�R���X�L�I���'�S�E�W�X�E�P
�1�S�R�W�S�S�R���6�I�K�M�S�R���S�J���)�E�W�X�I�V�R���'�L�M�R�E
�7�L�Y�X�M�E�R���0�M�Y�Á

�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�<�M�E�R�W�L�I�R�K���<�M�I�Á
�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�<�M�E�S�G�L�Y�E�R���;�E�R�K�Á
�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�<�M�R�\�M�R���*�I�R�K�Á
�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�<�M�E�R�H�E���,�S�Y�Á
�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�7�L�Y�S�N�M�R���;�E�R�K�Á
�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�/�I�]�Y���0�M�R�Á
�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�1�I�M���,�Y�E�R�K�Á
�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�7�L�Y�K�E�R�K���.�M�E�Á
�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�=�E�R�P�M�R���,�S�Y�Á�������¦ �����������������������$�U�U���G�S�Q���

�2�E�R�R�M�R�K���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�7�I�R���(�S�Y�Á
�.�M�P�M�R���%�K�V�M�G�Y�P�X�Y�V�E�P���9�R�M�Z�I�V�W�M�X�]

�6�I�W�I�E�V�G�L���%�V�X�M�G�P�I

�/�I�]�[�S�V�H�W�����)�E�W�X�I�V�R���G�S�E�W�X�����7�3�'�����%�R�R�Y�E�P���E�Z�I�V�E�K�I���X�I�Q�T�I�V�E�X�Y�V�I�����%�R�R�Y�E�P���E�Z�I�V�E�K�I���T�V�I�G�M�T�M�X�E�X�M�S�R�����1�S�H�I�P

�4�S�W�X�I�H���(�E�X�I�����1�E�]�������X�L������������

�(�3�-�����L�X�X�T�W�������H�S�M���S�V�K���������������������V�W�������V�W�����������������Z��

https://doi.org/10.21203/rs.3.rs-445815/v1
mailto:2483977138@qq.com
https://doi.org/10.21203/rs.3.rs-445815/v1


�0�M�G�I�R�W�I�����q ���O���8�L�M�W���[�S�V�O���M�W���P�M�G�I�R�W�I�H���Y�R�H�I�V���E���'�V�I�E�X�M�Z�I���'�S�Q�Q�S�R�W���%�X�X�V�M�F�Y�X�M�S�R�����������-�R�X�I�V�R�E�X�M�S�R�E�P���0�M�G�I�R�W�I�����Á

�6�I�E�H���*�Y�P�P���0�M�G�I�R�W�I

https://creativecommons.org/licenses/by/4.0/


Distribution pattern of soil organic carbon and its regional 1 

humification constant in the coastal monsoon region of eastern 2 

China 3 
Shutian Liu1,2,3,# & Xiansheng Xie1,2,3,# & Xiaochuan Wang1,2,3 & Xinxin Feng1,2,3 & Xianda Hou1,2,3 & 4 
Shuojin Wang1,2,3 & Keyu Lin1,2,3 & Mei Huang1,2,3 & Shugang Jia1,2,3 & Yanlin Hou1,2,3,* & Sen Dou4* 5 

 6 
1Guangxi Geographical Indication Crops Research Centre of Big Data Mining and Experimental Engineering Technology, 7 
Nanning Normal University, Nanning 530001, China; 8 
2Guangxi Key Laboratory of Earth Surface Processes and Intelligent Simulation, Nanning Normal University, Nanning 9 
530001, China; 10 
3School of Geography and Planning, Nanning Normal University, Nanning 530001, China; 11 
4College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China 12 
#Joint first authors 13 
*Corresponding author, e-mail: 2483977138@qq.com; dousen1959@126.com 14 
 (Received; accepted ) 15 

Abstract. Soils are an important pool for storing organic carbon. Soil organic carbon (SOC) content is 16 
generally considered as an important indicator to evaluate farmland soil quality. The loss of SOC causes 17 
soil degradation and reduces the sustainability of farmland. In order to reveal the distribution pattern of 18 
SOC in the coastal monsoon area of eastern China, and to clarify the macro dominant factors of SOC 19 
accumulation caused by temperature and precipitation, this paper analyzed the distribution pattern of SOC 20 
in the coastal monsoon area of eastern China by using the SOC data collected from the national soil testing 21 
and formula fertilization data set, and discussed the effects of temperature and precipitation on SOC content. 22 
According to the provincial administrative divisions, the distribution of SOC in the coastal monsoon areas 23 
of eastern China from Heilongjiang Province to Hainan Province was calculated. According to the annual 24 
average temperature <10.18�� , 10.18 ��  ~ 20.95�� , >20.95�� , annual average precipitation 0~400 mm, 25 
400~800 mm, > 800 mm, the study area was divided into different regions, and the effects of annual average 26 
temperature and annual average precipitation on SOC content were studied. In the region with annual 27 
average temperature less than 10.18�� , the temperature had a negative correlation with the accumulation 28 
of organic carbon, and the ratio of precipitation and temperature had a positive correlation with the 29 
accumulation of SOC; In the region of 10.18�� ~20.95�� , the annual average temperature and annual 30 
average precipitation had a significant positive correlation, and the ratio of precipitation and temperature 31 
had a positive correlation with the accumulation of SOC; In the region >20.95�� , the temperature had a 32 
negative correlation with the accumulation of organic carbon, and the ratio of precipitation and temperature 33 
was not related to the accumulation of SOC. In the range of 0 ~ 400 mm of annual average precipitation, 34 
the temperature had a positive correlation with the accumulation of SOC, and the ratio of precipitation and 35 
temperature had a negative correlation with the accumulation of SOC; In the range of 400 ~ 800 mm of 36 
annual average precipitation, the temperature had a negative correlation with the accumulation of SOC, and 37 
the ratio of precipitation and temperature had a positive correlation with the accumulation of SOC; In the 38 
region >800 mm of annual average precipitation, the temperature had a positive correlation with the 39 
accumulation of organic carbon before the annual average temperature of 20.95�� , and after the annual 40 
average temperature of 20.95�� , the temperature had a negative correlation with the accumulation of 41 
organic carbon, and the ratio of precipitation and temperature had no significant effect on the accumulation 42 
of SOC. On the macro scale, the annual average temperature and precipitation had significant effects on 43 
the distribution pattern of SOC in the coastal monsoon area of eastern China. According to the influence of 44 
annual average temperature and annual average precipitation on SOC accumulation, a comprehensive 45 
model based on the annual average temperature and annual average precipitation on SOC accumulation is 46 
established. Through regression verification of the model, the correlation coefficient, r=0.9998** , the cubic 47 
curve equation could better simulated the relationship between the predicted value and the real value of 48 
SOC, r=0.7048** �Èthe model can reflect the cumulative effect of annual average temperature and annual 49 
average precipitation on SOC accumulation Combined with the impact. 50 

Keywords: Eastern coast, SOC, Annual average temperature, Annual average precipitation, Model 51 



�,�Q�W�U�R�G�X�F�W�L�R�Q�� 52 

As one of the main terrestrial carbon pools, global climate change has an important impact on soil 53 
carbon pool. SOC has been widely studied as a key determinant of regional food security and global food 54 
crisis warming (Diel and Franko, 2020; Nave et al., 2018). Due to the long-term cultivation of human beings, 55 
the physical and chemical properties of soil change, which accelerates the decomposition of mineral and 56 
soil organic matter, and ultimately leads to the loss of soil productivity (Padilha et al., 2020). Especially in 57 
the global warming environment, some scholars expect to accelerate the decomposition and transformation 58 
of SOC, but the decomposition rate of SOC is not clear (Yan et al., 2017). Some studies have shown that 59 
the impact of precipitation on s SOC is mainly produced by changing the function and structure of terrestrial 60 
ecosystem, because water is the basic driving force of almost all chemical and biological processes, 61 
including plant growth and survival (Gong et al., 2020), photosynthesis (Hui et al., 2018), and microbial 62 
activity (Ma et al., 2020) and soil respiration (Wu et al., 2020). Within tolerable limits, the biological 63 
processes that promote the decomposition of organic carbon will be faster at higher temperatures, with an 64 
average rainfall of 1750 mm to 2500 mm, and the SOC storage is relatively small (Vitharana et al., 2019). 65 

At the regional scale, the effect of precipitation on microbial metabolic limitation strongly restricts the 66 
stability of SOC. With the increase of precipitation, the increase of SOC decomposition rate may be the 67 
result of the increase of microbial nutrition limitation (Cui et al., 2019). However, some scholars believe 68 
that at the regional scale, soil physical and chemical properties and terrain factors may be greater than the 69 
dynamic impact of climatic factors on SOC. Soil pH value is the key control factor of SOC dynamic change, 70 
temperature and humidity are the secondary driving forces of SOC dynamics at regional scale (Xu et al., 71 
2019). The spatial variation of temperature is often used to characterize the effect of temperature on SOC 72 
storage at current and warmer temperatures (Abramoff et al., 2019). There is a complex relationship 73 
between the intrinsic temperature sensitivity and the apparent temperature sensitivity of organic carbon 74 
decomposition. This relationship is not only controlled by the molecular / chemical composition of organic 75 
carbon pool, but also by the critical temperature of organic carbon decomposition (Dash et al., 2019). The 76 
balance of organic carbon in farmland soil depends on how crop and soil management measures affect 77 
biomass carbon input and soil carbon loss through organic matter decomposition and erosion (Ghimire et 78 
al., 2019). Soil tillage often leads to the loss of agricultural SOC, because agricultural activities increase 79 
soil biological activity and bring organic residues in contact with decomposers. 80 

Since the mid-20th century, many scholars have established SOC models. After decades of research, 81 
many SOC simulation models have been established. Among them, century, Roth C and DNDC models are 82 
widely used. Century model was first used to simulate soil organic matter in grassland ecosystem (Li et al., 83 
2016). Later, it was applied to the farmland (Sakrabani and Hollis, 2018) and wetland (Ouyang et al., 2014) 84 
and other ecosystems, and got good simulation and prediction results. The Roth C model can better simulate 85 
the trend of farmland SOC (Senapati et al., 2014). The structure of the model is relatively simple. It only 86 
considers the process of organic carbon in the soil, does not consider the plant growth process, and does 87 
not consider the amount of organic carbon that plants or crops enter into the soil. The DNDC model can 88 
simulate the biochemical processes of carbon (Zhang et al., 2017; Li et al., 2016) and nitrogen (Jiang et al., 89 
2019), as well as denitrification and decomposition processes (Gilhespy et al., 2014), and the prediction 90 
intensity of the model is very high (Khalil et al., 2019). However, different land use types lead to significant 91 
changes in SOC concentration and chemical structure, thus affecting the absorption and dynamic cycle of 92 
soil carbon in the ecosystem (Bhattacharyya et al., 2020). 93 

Woolf et al. (2019) applied the microbial based organic carbon model to predict SOC, and the predicted 94 
results were consistent with the global organic carbon distribution. Laub et al. (2018) proposed a "mixed 95 
model over continuous depth" (mmcd), which uses linear and quadratic terms to simulate the change of soil 96 
properties with depth, and predicts the spatial distribution of soil properties at the landscape level, the 97 
prediction interval (95%) accurately covers the range of residual measurements. In recent years, with the 98 
application of hyperspectral technology, some scholars use it to predict SOC. Gu et al. (2019) hyperspectral 99 
inversion of SOC content in cultivated land was carried out based on wavelet transform, and the prediction 100 
accuracy of SOC content was effectively improved by using the model. Guo et al. (2019) used laboratory 101 
spectral data and aerial hyperspectral images to predict SOC storage. They could successfully predicted 102 
SOC storage through direct and indirect methods. Yang et al. (2020) extracted phenological parameters 103 
from normalized difference vegetation index (NDVI) time series data and combined them with crop rotation 104 
to predict the SOC content of a farmland in Anhui Province. Rotation and two phenological parameters 105 
were added to the natural environment variables, which greatly improved the prediction accuracy. Yang et 106 
al. (2019) used the information of direct rotation and the variables generated by Fourier transform to capture 107 
the periodic effect of crop rotation. The results showed that the combination accuracy of natural 108 



environment variables, rotation type and Fourier transform variables was the highest. Adi et al. (2020) used 109 
linear regression and potential variable model to study the integration of mixed soil environmental data sets, 110 
the proposed 2-Step-R technology could better predicted SOC model. 111 

In terms of the current methods for studying the prediction models of organic carbon, the main 112 
influencing factors and control process of SOC distribution are still poorly understood at the macro scale, 113 
which is an important reason for the emergence of unknown carbon sink, prediction of climate change and 114 
its impact uncertainty. Climate, soil texture and management time are the main driving factors of SOC 115 
change (Liang et al., 2020). Temperature and precipitation simultaneously affect SOC content in 116 
agricultural ecosystems. Although individual effects of these parameters have been widely studied, their 117 
comprehensive effects are still poorly understood in the regional scope (Felton et al., 2020). 118 

Mainland China extends from South Asia to East Asia, forming a large area (Chang et al., 2019) affected 119 
by the Asian monsoon. In the eastern monsoon region of China, the spatial and temporal distribution of 120 
precipitation is extremely uneven (Xia et al., 2017). Especially in summer, the water vapor in the East China 121 
monsoon region (ECMR) mainly comes from low latitude areas and is affected by the activities of East 122 
Asian tropical cyclone (Lin et al., 2017). The results show that the East Asian summer monsoon is 123 
significantly sensitive to the moist soil in the Yangtze River Delta (Zuo and Zhang et al., 2016). Moreover, 124 
in the 21st century, there is an East Asian summer monsoon in eastern China, and the climate is unstable 125 
(Ma et al., 2019). But basically, the distribution of drought and flood in the south of China is opposite to 126 
that in other regions. The distribution of drought and flood in the Yellow River Basin and Huaihe River 127 
Basin is opposite to that of the Yangtze River Basin and its southern region, while the distribution of drought 128 
and flood in the East is opposite to that in the West (Li et al., 2011). 129 

This paper uses SOC data from China's latest soil test and formula fertilization data set, and combined 130 
with the meteorological data of China Meteorological science data sharing service network for analysis. 131 
The range of meteorological data spans more than 5,000 kilometers along the southeast coast of China. On 132 
a global scale, revealing the influence of annual average accumulated temperature and annual average 133 
precipitation on SOC content is helpful to clarify the macro-leading factors of SOC distribution. Under the 134 
background of global warming, we study the correlation between soil organic carbon and annual mean 135 
accumulated temperature and precipitation at or above 10�• . It provides a scientific basis for formulating 136 
farmland soil management policies, promoting soil carbon sequestration and reducing carbon losses. 137 

�0�D�W�H�U�L�D�O�V���D�Q�G���P�H�W�K�R�G�V 138 

Study site 139 

This study covers 13 Provinces (autonomous regions and municipalities) in the southeast coastal 140 
monsoon region of China, including Heilongjiang Province, Jilin Province, Liaoning Province, Beijing City, 141 
Tianjin city, Hebei Province, Shandong Province, Jiangsu Province, Shanghai City, Zhejiang Province, 142 
Fujian Province, Guangdong Province and Hainan Province. Jilin and Heilongjiang Provinces close to the 143 
sea of Japan. The main soil types in each study area are shown in Table 1, and the distribution of sample 144 
points is shown in Figure 1.  145 

 146 
Table 1. Main soil types in the study area 147 

Provinces 
(municipalities) main soil types Provinces 

(municipalities) main soil types 

�+�H�L�O�R�Q�J�M�L�D�Q�J���3�U�R�Y�L�Q�F�H �E�O�D�F�N���V�R�L�O�����D�O�E�L�F���V�R�L�O����
�P�H�D�G�R�Z���V�R�L�O�����V�Z�D�P�S���V�R�L�O 

�-�L�O�L�Q���3�U�R�Y�L�Q�F�H �E�O�D�F�N���V�R�L�O�����P�H�D�G�R�Z���V�R�L�O����
�F�K�H�U�Q�R�]�H�P 

�/�L�D�R�Q�L�Q�J���3�U�R�Y�L�Q�F�H �P�H�D�G�R�Z���V�R�L�O�����W�L�G�D�O���V�R�L�O �+�H�E�H�L���3�U�R�Y�L�Q�F�H �F�L�Q�Q�D�P�R�Q���V�R�L�O�����I�O�X�Y�R���V�R�L�O������
�E�U�R�Z�Q���V�R�L�O 

�%�H�L�M�L�Q�J���&�L�W�\ �F�L�Q�Q�D�P�R�Q���V�R�L�O�����I�O�X�Y�R���V�R�L�O������
�E�U�R�Z�Q���V�R�L�O 

�7�L�D�Q�M�L�Q���F�L�W�\ �W�L�G�D�O���V�R�L�O�����F�R�D�V�W�D�O���V�D�O�L�Q�H��
�V�R�L�O�����F�L�Q�Q�D�P�R�Q���V�R�L�O 

�6�K�D�Q�G�R�Q�J���3�U�R�Y�L�Q�F�H �E�U�R�Z�Q���V�R�L�O�����F�L�Q�Q�D�P�R�Q���V�R�L�O����
�I�O�X�Y�R���V�R�L�O�����6�K�D�M�L�D�Q�J���%�O�D�F�N��
�6�R�L�O 

�-�L�D�Q�J�V�X���3�U�R�Y�L�Q�F�H �S�D�G�G�\���V�R�L�O�����I�O�X�Y�R���V�R�L�O����
�E�U�R�Z�Q���V�R�L�O�����\�H�O�O�R�Z���E�U�R�Z�Q��
�V�R�L�O 

�6�K�D�Q�J�K�D�L���&�L�W�\ �S�D�G�G�\���V�R�L�O�����I�O�X�Y�R���V�R�L�O�����\�H�O�O�R�Z��
�E�U�R�Z�Q���V�R�L�O 

�=�K�H�M�L�D�Q�J���3�U�R�Y�L�Q�F�H �U�H�G���V�R�L�O�����S�D�G�G�\���V�R�L�O�����F�R�D�V�W�D�O��
�V�D�O�L�Q�H���V�R�L�O�����I�O�X�Y�R���D�T�X�L�F���V�R�L�O 



�)�X�M�L�D�Q���3�U�R�Y�L�Q�F�H �U�H�G���V�R�L�O�����\�H�O�O�R�Z���V�R�L�O �*�X�D�Q�J�G�R�Q�J��
�3�U�R�Y�L�Q�F�H 

�U�H�G���V�R�L�O�����O�D�W�H�U�L�W�L�F���U�H�G���V�R�L�O����
�O�D�W�R�V�R�O 

�+�D�L�Q�D�Q���3�U�R�Y�L�Q�F�H �/�D�W�R�V�R�O�����O�D�W�H�U�L�W�L�F���U�H�G���V�R�L�O����
�S�D�G�G�\���V�R�L�O 
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 149 
Figure 1. Schematic diagram of the study area and distribution of sample points 150 

 151 
Data sources 152 

The data used in this study comes from the national soil testing and formula fertilization project "Soil 153 
Testing and Formula Fertilization Basic Nutrients Data Set (2005-2014)" (National Agricultural 154 
Technology Extension Service Centre, 2014), including organic carbon, total nitrogen, Available 155 
phosphorus and available potassium indicators. We use the average value of the SOC samples of the county 156 
(city, district) as its SOC content, and use the GPS coordinates of the administrative centre as its geographic 157 
coordinates. 158 

  The meteorological data used in this study mainly included annual average temperature and annual 159 
average precipitation, which were from "China Meteorological science data sharing service network" 160 
(http://cdc.nmic.cn). The annual average temperature and annual average precipitation data in the climate 161 
data mainly used the average value from 2000 to 2016, and the meteorological data of each county (city, 162 
district) used the meteorological data of corresponding meteorological observation station. Accumulated 163 
temperature�•�����•  refers to the total temperature when the daily average temperature exceeds or equals to 164 
10�• . Water temperature ratio (P/T) refered to the ratio of annual average precipitation to annual average 165 
temperature. 166 
 167 
Data analysis 168 

In this study, ArcGIS software was used for semi variance analysis to determine the optimal theoretical 169 
semi variance model, and the optimal parameters of Kriging interpolation were obtained. Then spatial 170 
interpolation was conducted by geostatistics module of ArcGIS software to obtain the spatial distribution 171 
pattern of SOC in the study area. Routine statistical analysis, ANOVA and regression analysis were 172 
performed in Excel and SPSS software. Variance analysis was used to reveal whether there were significant 173 
differences in the effects of different factors on SOC. 174 
�5�H�V�X�O�W�V 175 

Distribution pattern of SOC in East China 176 



It could be seen from Table 2 that from Heilongjiang Province, Jilin Province, Liaoning Province, 177 
Beijing City, Tianjin city, Hebei Province, Shandong Province, Jiangsu Province, Shanghai City, Zhejiang 178 
Province, Fujian Province, Guangdong Province and Hainan Province, the SOC content tended to decrease 179 
first, then increased and then decreased. 180 

The content of SOC in Heilongjiang Province was the highest (19.82 g·kg-1). With the decrease of 181 
latitude, the SOC content in Jilin Province (16.01 g·kg-1), Liaoning Province (10.22 g·kg-1), Hebei Province 182 
(9.73 g·kg-1), Tianjin (10.80 g·kg-1) showed a trend of gradual decrease, and reached the lowest value (8.08 183 
g·kg-1) in Beijing. After that, SOC content increased with the decrease of latitude: from Shandong Province 184 
(10.85 g·kg-1), Jiangsu Province (12.63 g·kg-1), Shanghai (15.56 g·kg-1) to Zhejiang Province (16.21 g·kg-185 
1). However, from Fujian Province (15.32 g·kg-1), Guangdong Province (13.82 g·kg-1), to Hainan Province 186 
(8.99 g·kg-1), SOC content showed a downward trend with the decrease of latitude, which was consistent 187 
with the trend of organic carbon change with latitude studied by predecessors (Wang et al., 2016). 188 
 189 

Table 2. Content of SOC in different Provinces (municipalities) 190 

�3�U�R�Y�L�Q�F�H�V���P�X�Q�L�F�L�S�D�O�L�W�\ 
�1�X�P�E�H�U���R�I�� 

�V�D�P�S�O�H�V 
�0�D�[��
�Y�D�O�X�H 

�0�L�Q�L��
�Y�D�O�X�H 

�$�Y�H�U�D�J�H��
�Y�D�O�X�H 

�6�W�D�Q�G�D�U�G��
�G�H�Y�L�D�W�L�R�Q 

�1�R�U�W�K�H�D�V�W��
�&�K�L�Q�D 

�+�H�L�O�R�Q�J�M�L�D�Q�J��
�3�U�R�Y�L�Q�F�H 

���� ���������� ���������� ���������� �������� 

�-�L�O�L�Q���3�U�R�Y�L�Q�F�H ���� ���������� �������� ���������� �������� 
�/�L�D�R�Q�L�Q�J���3�U�R�Y�L�Q�F�H ���� ���������� �������� ���������� �������� 

�1�R�U�W�K��
�&�K�L�Q�D 

�+�H�E�H�L���3�U�R�Y�L�Q�F�H ������ ���������� �������� �������� �������� 
�%�H�L�M�L�Q�J���&�L�W�\ �� �������� �������� �������� �������� 
�7�L�D�Q�M�L�Q���F�L�W�\ ���� ���������� �������� ���������� �������� 

�(�D�V�W��
�&�K�L�Q�D 

�6�K�D�Q�G�R�Q�J���3�U�R�Y�L�Q�F�H ������ ���������� �������� �������� �������� 
�-�L�D�Q�J�V�X���3�U�R�Y�L�Q�F�H ���� ���������� �������� ���������� �������� 
�6�K�D�Q�J�K�D�L���&�L�W�\ �� ���������� �������� ���������� �������� 
�=�K�H�M�L�D�Q�J���3�U�R�Y�L�Q�F�H ���� ���������� �������� ���������� �������� 
�)�X�M�L�D�Q���3�U�R�Y�L�Q�F�H ���� ���������� ���������� ���������� �������� 

�6�R�X�W�K��
�&�K�L�Q�D 

�*�X�D�Q�J�G�R�Q�J��
�3�U�R�Y�L�Q�F�H 

���� ���������� �������� ���������� �������� 

�+�D�L�Q�D�Q���3�U�R�Y�L�Q�F�H ���� ���������� �������� �������� �������� 

 191 
The northern and eastern areas of Northeast China are northeast forest areas, the northeast forest areas 192 

are located in Heilongjiang Province, Jilin Province and Inner Mongolia Autonomous Region, they are 193 
mainly composed of the Great Xing'an Mountains, the small Xing'an Mountains and the Changbai 194 
Mountains, the eastern Liaoning Province also belonged to the Changbai Mountains (Deng et al., 2018), 195 
the total area was 53.5 million hectares, and the forest area was 35.9 million hectares, of which the natural 196 
forest area was as high as 91.4% (Wei et al., 2013). According to Figure 2, the content of SOC was between 197 
5.88 g·kg-1~33.17 g·kg-1. The average SOC content in Heilongjiang Province was 23.33 g·kg-1, that in Jilin 198 
Province was 16.50 g·kg-1, and that in Liaoning Province was 10.23 g·kg-1. The SOC content in the north 199 
and east of Northeast China was higher than that in the central and southern regions. The decomposition 200 
rate of soil organic matter in warm temperate zone and temperate zone in the south of Northeast China was 201 
faster than that in cold temperate zone of North China, and the decomposition rate of SOC in the middle 202 
was at an average level. From the southern (Liaoning Province), central (Jilin Province) to the northern 203 
(Heilongjiang Province) of Northeast China, the SOC content of forest soil showed an obvious increasing 204 
trend. With the increase of latitude, the total organic carbon content of forest soil decreased significantly. 205 
It may be closely related to the thickness of soil genetic layer in northeast forest area (Xi et al., 2010). On 206 
the whole, the SOC content decreased gradually from northeast to southwest along the Northeast transect, 207 
this possibility was due to the influence of climate factors such as temperature and rainfall on soil intrinsic 208 
change and its formation (Zhou et al., 2016). 209 



 210 
Figure 2. Distribution of SOC Northeast China 211 

 212 
In terms of geographical location, Beijing and Tianjin are surrounded by Hebei Province. The SOC 213 

content in the north, northeast and southwest of the study area was higher than that in the middle and eastern 214 
regions�Èthe overall spatial distribution of SOC decreased from the north to the south. According to Figure 215 
3, the content of SOC was between 5.13 g·kg-1~14.85 g·kg-1, the average SOC content in Hebei Province 216 
was 9.73 g·kg-1, that in Beijing city was 8.08 g·kg-1, and that in Tianjin city was 10.80 g·kg-1. The northern 217 
part of Hebei Province was mostly located in Yanshan Mountains, and Bashang grassland in the northeast 218 
of Zhangjiakou had higher SOC content. The southwest of Hebei Province was located in the eastern 219 
piedmont plain of Taihang Mountains, and the content of SOC was also high (Cao et al., 2016). In the 220 
middle and eastern part of Hebei Province, the salt content of soil and groundwater was mainly from 221 
seawater, and the content of soil salt was higher than that of SOC (Tian et al., 2019). 222 

 223 
Figure 3. Distribution of SOC in North China  224 



 225 
The East China of the study area mainly includes Shandong Province, Jiangsu Province, Shanghai city, 226 

Zhejiang Province and Fujian Province. It could be seen from Figure 4 that the SOC content in the study 227 
area increased gradually from north to south, the average SOC content in Shandong Province was 8.09 228 
g·kg-1, and that in Jiangsu Province was 12.52 g·kg-1, the average SOC content in most areas of Shandong 229 
Province and Jiangsu Province was lower than 10.0 g·kg-1, and that in Shanghai city was 15.57 g·kg-1, and 230 
that in Zhejiang Province was 16.21 g·kg-1, and that in Fujian Province was 15.32 g·kg-1. The western and 231 
northern areas of Shandong Province were the vast plain areas, and the SOC content was generally low, 232 
and that in the south central region and the eastern mountainous and hilly areas was higher, and that in the 233 
west of Nansi Lake was also higher, and that in Dongying-Binzhou Yellow River Delta and Eastern 234 
Shandong coastal zone was the lowest (Dai et al., 2017). The SOC content in Zhejiang Province was 235 
decreasing from southwest to northeast, which was related to the distribution of topography and soil types 236 
in Zhejiang Province, and the topography inclines from southwest to northeast. The SOC content of Fujian 237 
Province was lower in the eastern coastal areas and higher in the western inland areas, the higher the altitude 238 
was that, the lower the temperature was in the western region, while the lower altitude area in the East had 239 
higher temperature, more convenient agricultural production and lower SOC content, the main reason was 240 
that the content of SOC in the western region was higher because of the higher altitude and lower 241 
temperature in the western region, while in the lower altitude area in the East, the temperature was higher, 242 
the agricultural production was more convenient and the SOC content was lower (Qi et al., 2017). 243 

 244 
Figure 4. Distribution of SOC in East China  245 

 246 
The South China of the study area included Guangdong Province. It could be seen from Figure 5 that the 247 

content of SOC was between 10.94 g·kg-1 to 17.44 g·kg-1, with an average of 15.32 g·kg-1, the content of 248 
SOC in the southeast coastal area and Leizhou peninsula was lower than that in the northern area, while 249 
that in red soil, lateritic red soil and paddy soil was higher. Guangdong was located in the tropical and 250 
subtropical areas, where the hydrothermal conditions were well, the vegetation grew luxuriantly, and the 251 
microbial activities were intense, so the decomposition rate of SOC was also fast (Luo et al., 2018). 252 



 253 
Figure 5. Distribution of SOC in Guangdong Province 254 

 255 
The South China of the study area included Hainan Province also. It could be seen from Figure 6 that the 256 

content of SOC was between 3.69 g·kg-1 to 14. 97 g·kg-1, with an average of 8.99 g·kg-1. Hainan Province 257 
was surrounded by low and flat, high in the middle, with Wuzhi Mountain and Hegeling as the core of 258 
uplift, descending step by step from the outer periphery, consisting of mountains, hills, plateaus and plains, 259 
with clear cascade structure. The high value area of surface SOC in Hainan Province was mainly distributed 260 
in the northern volcanic rock area and the central mountain area (Qiongzhong, Wuzhishan, Baisha, 261 
Tunchang), and decreased from the high value area to the coastal area. The SOC content in the eastern 262 
region was higher than that in the western region (Fang, 2012). 263 

 264 
Figure 6. Distribution of SOC in Guangdong Province 265 



 266 
Effects of hydrothermal conditions on SOC distribution pattern 267 

Effect of temperature on SOC distribution pattern 268 

Generally speaking, at higher temperature, the physical and chemical reaction process in the soil was 269 
faster, the microbial activity was strong and the metabolism was vigorous, the soil animals were active, and 270 
the crop growth rate was also fast. Therefore, the decomposition rate of SOC and nutrient were also fast, 271 
and the content of SOC and nutrient was relatively low. On the contrary, SOC was easy to accumulate (Gao 272 
et al., 2020; Tan et al., 2020; Bhattacharyya et al., 2020). 273 

It could be seen from Figure 7 that the relationship between SOC content and annual average 274 
temperature was a cubic curve, y = -0.01076 x3 + 0.5032 x2 - 6.9794 x+ 39.1888, (r=0.7374�Èn=780�ÈP�Ø275 
0.01)�����L�W���U�H�D�F�K�H�G���W�K�H���E�R�W�W�R�P���R�I���W�K�H���F�X�U�Y�H���D�W���D�E�R�X�W�������•���D�Q�G���W�K�H���K�L�J�K���S�R�L�Q�W���D�W���D�E�R�X�W�������•�����%�\���F�D�O�F�X�O�D�W�L�Q�J���W�K�H��276 
�G�H�U�L�Y�D�W�L�Y�H���R�I���W�K�H���F�X�U�Y�H�����W�K�H���W�Z�R���L�Q�I�O�H�F�W�L�R�Q���S�R�L�Q�W�V���R�I���W�K�H���F�X�U�Y�H���Z�H�U�H�������������•���D�Q�G�������������•���U�H�V�S�H�F�W�L�Y�H�O�\����As 277 
shown in Figure 7, according to the inflection point of the curve, the relationship between organic carbon 278 
content and hydrothermal conditions was studied in the temperature range of �Ø�����������•���������������• ~ �����������•��279 
�D�Q�G���!�������������•. 280 

 281 

 282 
Figure 7. Relationship between SOC and annual average temperature (n = 883) 283 

 284 
As shown in Table 3, in the region of �Ø�����������•���� �L�W�� �P�D�L�Q�O�\�� �L�Q�F�O�X�G�H�G�� �+�H�L�O�R�Q�J�M�L�D�Q�J�� �3�U�R�Y�L�Q�F�H���� �-�L�O�L�Q��285 

Province and northern part of Hebei Province, the SOC content had a very significant relationship with 286 
annual average temperature, P/T and annual accumulated tem�S�H�U�D�W�X�U�H���R�I���•�����•�����U� ��������** , r=0.7934** , r= -287 
0. 7467** , respectively; The correlation between SOC content and annual average precipitation was weak 288 
���U� ������������������ �7�K�H�� �U�H�V�X�O�W�V�� �V�K�R�Z�H�G�� �W�K�D�W���� �L�Q�� �W�K�H�� �D�U�H�D�� �R�I�� �D�Q�Q�X�D�O�� �D�Y�H�U�D�J�H�� �W�H�P�S�H�U�D�W�X�U�H�� ���� �����������•���� �W�K�H�� �D�Q�Q�X�D�O��289 
average precipitation index was not related to the accumulation of SOC content, and the temperature index 290 
was the main contributing factor to the accumulation of SOC content. The annual accumulated temperature 291 
�R�I���•�����•���K�D�G���D���Q�H�J�D�W�L�Y�H���F�R�U�U�H�O�D�W�L�R�Q���Z�L�W�K���W�K�H���D�F�F�X�P�X�O�D�W�L�Rn of organic carbon, which was slightly higher 292 
than the annual average temperature, and played a major negative correlation, while the P/T had a major 293 
positive correlation with the accumulation of organic carbon 294 

�,�Q���W�K�H���U�H�J�L�R�Q���R�I�������������•�� �����������•�����L�W���P�D�L�Q�O�\���L�Qcluded Liaoning Province, Hebei Province, Shandong 295 
Province, Beijing City, Tianjin city, Jiangsu Province, Zhejiang Province, Shanghai city and Fujian 296 
Province, the SOC content had a very significant relationship with annual precipitation, annual average 297 
t�H�P�S�H�U�D�W�X�U�H���� �Z�D�W�H�U���W�H�P�S�H�U�D�W�X�U�H���U�D�W�L�R���D�Q�G���D�Q�Q�X�D�O���D�F�F�X�P�X�O�D�W�H�G���W�H�P�S�H�U�D�W�X�U�H���•�����•�����U� ������������** �Ã0.8341** , 298 
0.7724** , 0.8293** , respectively; The results showed that: in the area of annual average temperature of 299 
�����������•  ~ �����������•�����S�U�H�F�L�S�L�W�D�W�L�R�Q���L�Q�G�H�[���D�Q�G���W�H�P�S�H�U�D�W�X�U�H���L�Q�G�H�[���M�R�L�Q�W�O�\���G�H�W�H�U�P�L�Q�H�G���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���R�U�J�D�Q�L�F��300 
carbon content, and both played a negative correlation role. The correlation between annual accumulated 301 

y = -0.0108x3 + 0.5032x2 - 6.9794x + 39.1888
r = 0.7374�Èn = 780
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temperature and SOC content was the best, while the correlation between P/T and SOC content was poor. 302 
The correlation between annual mean temperature and SOC content was slightly lower than that between 303 
annual precipitation and SOC content, and the contribution of precipitation index to SOC accumulation was 304 
higher. 305 

�7�K�H�� �U�H�J�L�R�Q�� �R�I�� �D�E�R�Y�H�� ������������ �•�� �P�D�L�Q�O�\�� �L�Q�F�O�X�G�H�G�� �)�X�M�L�D�Q�� �3�U�R�Y�L�Q�F�H���� �*�X�D�Q�J�G�R�Q�J�� �3�U�R�Y�L�Q�F�H�� �D�Q�G�� �+�D�L�Q�D�Q��306 
Province, the SOC content was negatively correlated with the annual mean temperature and the annual 307 
�D�F�F�X�P�X�O�D�W�H�G���W�H�P�S�H�U�D�W�X�U�H���R�I���•�����•�����U��� ��- 0.5690** , r = - 0.6701** , respectively, while the SOC content was 308 
significantly correlated with the annual average precipitation (r = 0.4517*) and the water temperature ratio 309 
(r = 0.4471*); �7�K�H�� �U�H�V�X�O�W�V�� �V�K�R�Z�H�G�� �W�K�D�W���� �L�Q�� �W�K�H�� �U�H�J�L�R�Q�� �Z�L�W�K�� �D�Q�Q�X�D�O�� �D�Y�H�U�D�J�H�� �W�H�P�S�H�U�D�W�X�U�H�� �!�� ������������ �•����310 
temperature index was the main negative correlation contribution factor of SOC content accumulation, 311 
while precipitation index had no strong effect on SOC content accumulation. Among them, the negative 312 
�F�R�U�U�H�O�D�W�L�R�Q���H�I�I�H�F�W���R�I���D�Q�Q�X�D�O���D�F�F�X�P�X�O�D�W�H�G���W�H�P�S�H�U�D�W�X�U�H���•���������•���R�Q���W�K�H���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���R�U�J�D�Q�L�F���F�D�U�E�R�Q���F�R�Q�W�H�Q�W��313 
was slightly higher than the annual average temperature, which played a major negative correlation role. 314 

 315 
Table 3. Changes of SOC under different annual average temperature in the eastern China 316 

Coastal Monsoo�Q���5�H�J�L�R�Q�����J�‡�N�J-1) 317 
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Note: *P�Ø0.05, **P �Ø0.01, n = 780. The same below. 318 

 319 
Effect of annual average precipitation on SOC distribution pattern 320 

Precipitation is closely related to soil moisture and directly affects soil moisture, soil aeration and soil 321 
redox process to a great extent. Soil water directly affected the activity of soil microorganisms, and 322 
participated in the process of mineral weathering, organic matter synthesis and decomposition, so the 323 
impact of precipitation on SOC content was direct (Cui et al., 2019; Liu et al., 2016a). However, 324 
precipitation was not the only factor in the accumulation of SOC. Temperature could also directly or 325 
indirectly affected the process of microbial activity through precipitation, thus affected the accumulation 326 
of SOC. Therefore, according to the division standard of annual average precipitation (drought < 400 mm, 327 



semi-arid 0 ~ 400 mm, semi-humid area 400~800 mm and humid area > 800 mm), this paper continued to 328 
discuss the main influencing factors of SOC under different regional precipitation, as shown in Table 4. 329 

In the region of 0 mm ~ 400 mm precipitation, SOC content had a very relationship correlation with 330 
annual average precipitation, annual average temperature, P/T and annual accumulated temperature of 331 
�•�����•���� �U�� � �� ������������** , r =-0.8908** , r =0.9031** , r =0.8808** , respectively. The correlation between SOC 332 
content and P/T was the best, which indicated that the coupling effect of annual average precipitation and 333 
annual average temperature played an important role in SOC accumulation. 334 

In the region of 400 mm ~ 800 mm precipitation, SOC content had a very significantly relationship with 335 
�D�Q�Q�X�D�O���P�H�D�Q���W�H�P�S�H�U�D�W�X�U�H�����3���7���D�Q�G���D�Q�Q�X�D�O���D�F�F�X�P�X�O�D�W�H�G���W�H�P�S�H�U�D�W�X�U�H���•�����•�����U��� ��������������** , r = -0.8233** , r = 336 
0.8731** , respectively. The correlation between SOC content and annual average precipitation was r = 337 
0.1000, which indicated that SOC content was not correlated with annual average precipitation, and SOC 338 
content was negatively correlated with P/T. Therefore, in the area of 400 ~ 800 mm precipitation, 339 
temperature index played a major contribution factor to SOC accumulation. 340 

The climate in eastern China was characterized by temperate monsoon climate and subtropical monsoon 341 
climate. The summer monsoon was the main source of precipitation in China. The vast areas in Southeast 342 
China were greatly affected by the southeast monsoon and southwest monsoon, and have more precipitation 343 
(Wang et al., 2013).Therefore, although the temperature of 12 counties (cities and districts) in Jilin Province 344 
near the sea of Japan, including Helong City, Fusong County, Linjiang City, Jiangyuan County, Tonghua 345 
County, Ji'an City, Huanren Manchu Autonomous County, Kuandian Manchu Autonomous County, 346 
Donggang City, Fengcheng City, Zhenxing District and Zhen'an District, was low, the precipitation could 347 
still reach more than 800 mm. In order to eliminate the influence of the above 12 counties (cities, districts) 348 
on the overall statistical results, we removed the data of the above 12 counties (cities, districts) in the area 349 
with precipitation > 800 mm, we found that the correlation between SOC content and annual average 350 
�S�U�H�F�L�S�L�W�D�W�L�R�Q�����D�Q�Q�X�D�O���D�Y�H�U�D�J�H���W�H�P�S�H�U�D�W�X�U�H�����3���7���D�Q�G���D�Q�Q�X�D�O���D�F�F�X�P�X�O�D�W�H�G���W�H�P�S�H�U�D�W�X�U�H���•�����•���Z�D�V���E�H�W�W�H�U���W�K�D�Q��351 
that before removing the data, at this time, the SOC content had a very significant relationship with the 352 
�D�Q�Q�X�D�O�� �D�Y�H�U�D�J�H�� �W�H�P�S�H�U�D�W�X�U�H�� �D�Q�G�� �D�Q�Q�X�D�O�� �D�F�F�X�P�X�O�D�W�H�G�� �W�H�P�S�H�U�D�W�X�U�H�� �•�����•���� �U�� � ��-0.6933**  r = -0.7058** , 353 
respectively, and also had a significant relationship with the annual average precipitation and P/T, r = -354 
0.5782** , r =-0.5172** , respectively. This showed that the temperature factor was still the main factor of 355 
SOC accumulation in the area with precipitation > 800 mm, followed by precipitation factor. Among them, 356 
the accumulat�L�R�Q���H�I�I�H�F�W���R�I���D�Q�Q�X�D�O���D�F�F�X�P�X�O�D�W�H�G���W�H�P�S�H�U�D�W�X�U�H���•�����•���R�Q���R�U�J�D�Q�L�F���F�D�U�E�R�Q���F�R�Q�W�H�Q�W���Z�D�V���V�O�L�J�K�W�O�\��357 
higher than the annual average temperature. 358 
 359 

Table 4. Changes of SOC under different annual average precipitation in the eastern China 360 
�&�R�D�V�W�D�O���0�R�Q�V�R�R�Q���5�H�J�L�R�Q�����J�‡�N�J-1) 361 
 362 
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Note: The data in ( ) in Table 4 , these were the statistical data after deleting the data of 12 counties in Jilin Province, including 363 
Helong, Fusong, Linjiang, Jiangyuan, Tonghua, Ji'an, Huanren, Kuandian, Donggang, Fengcheng, Zhenxing and Zhen'an districts in 364 
Liaoning Province. 365 
 366 
Effects of hydrothermal conditions on SOC distribution pattern 367 

Based on the principal component analysis results of SPSS 15.0, the author selected annual accumulated 368 
�W�H�P�S�H�U�D�W�X�U�H���•�����•���D�Q�G���D�Q�Q�X�D�O���D�Y�H�U�D�J�H���S�U�H�F�L�S�L�W�D�W�L�R�Q���D�V���W�Z�R���L�Q�G�H�S�H�Q�G�H�Q�W���Y�D�U�L�D�E�O�H�V���R�I���R�U�J�D�Q�L�F���F�D�U�E�R�Q���P�R�G�Hl. 369 
After multiple combinations of variables, the correlation of different combinations was repeatedly screened, 370 
and the following models were obtained. 371 
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Then: log
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Order: k1 = log T� D � E� � � x�Ä �Å 374 

k2=
log log log log log
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Then: 1
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k
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 380 
Among them, C was the organic carbon content (g·kg-1),�.���������������D�Q�G���0���Z�H�U�H���F�R�Q�V�W�D�Q�W�V����T was the annual 381 

�D�F�F�X�P�X�O�D�W�H�G���W�H�P�S�H�U�D�W�X�U�H���R�I���•�����•�����•������P was the annual average precipitation (mm). 382 
�³�+�X�P�L�I�L�F�D�W�L�R�Q���F�R�H�I�I�L�F�L�H�Q�W�´���U�H�I�H�U�V���W�R���W�K�H���U�D�W�L�R���R�I���D�G�G�H�G���R�U�J�D�Q�L�F���F�D�U�E�R�Q���W�R���D���P�R�U�H���V�W�D�E�O�H���V�R�L�O���F�D�U�E�R�Q���S�R�R�O��383 

(Poeplau et al., 2015). That was to say, the ratio of the amount of plant residues (measured by carbon) added 384 



to the soil one year after decomposition to the original amount was generally used to measure the degree of 385 
humus formation by biochemical and chemical action of animal, plant and microbial residues under the 386 
action of microorganisms. In this paper, we redefined a new constant K, the humification constant of 387 
regional organic carbon for many years, which was a constant under the comprehensive influence of 388 
hydrothermal conditions. 389 

SPSS 15.0 multiple reg�U�H�V�V�L�R�Q���Z�D�V���X�V�H�G���W�R���R�E�W�D�L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���D�Q�D�O�\�V�L�V���U�H�V�X�O�W�V�����D�V���V�K�R�Z�Q���L�Q���7�D�E�O�H���������.��390 
= -��������������������� ����������������������� �������������������0��� �����������������Z�H�U�H���F�D�O�F�X�O�D�W�H�G�����7�K�H���S-�Y�D�O�X�H�V���R�I���.���������������D�Q�G���0���Z�H�U�H���D�O�O�������R�U��391 
Closed to 0, with extremely significant correlation. 392 
 393 

Table 5. Analysis of model results 394 

 Coefficients Standard 
error t Stat P-value Lower 

95% Upper95% 
lower 
limit 

95.0% 

upper 
limit 

95.0% 
�. -6.1488  0.1234  -49.8408  4.4468E-244 -6.3910  -5.9066  -6.3910  -5.9066  
�� 1.7187  0.0324  53.0170  3.5453E-260 1.6551  1.7824  1.6551  1.7824  
�� 1.3420  0.0081  166.2373  0 1.3261  1.3578  1.3261  1.3578  
�0 0.6596  0.0031  209.9597  0 0.6534  0.6658  0.6534  0.6658  

 395 
Table 6. Model multiple regression statistics 396 

Related indicators Numerical value 
Multiple R 0.9999 
R Square 0.9998 

Adjusted R Square 0.9998 
Standard error 0.0723 
Observations 780 

 397 

 398 

Table 7. Analysis of model variance 399 

  df SS MS F Significance F  
3 16611.9430  5537.3143  1058121.1996  0 

Residual 776 4.0609  0.0052    

Total 779 16616.0039      
 400 
According to the regression statistics in Table 6 and Table 7, R2 = 0.9998 (r = 0.9999), and the standard 401 

error was 0.0672, P < 0.01, with extremely significant correlation. 402 
According to table 5, the equation of SOC prediction model was as follows: 403 

2

2
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7187
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 404 

Among them, C was the organic carbon content (g·kg-1),�.���������������D�Q�G���0���Z�H�U�H���F�R�Q�V�W�D�Q�W�V����T was the annual 405 
�D�F�F�X�P�X�O�D�W�H�G���W�H�P�S�H�U�D�W�X�U�H���R�I���•�����•�����•������P was the annual average precipitation (mm). 406 

Discussion 407 

Effect of temperature on SOC accumulation 408 

In this paper, from the farthest Daxinganling area of Heilongjiang Province to Sanya City of Hainan 409 
Province, the straight-line distance is more than 5000 kilometers�Èthe annual average temperature varies 410 
from -�������•  ~ ���������•�����D�Q�G���W�K�H���D�F�F�X�P�X�O�D�W�H�G �W�H�P�S�H�U�D�W�X�U�H���R�I���•�����•���Y�D�U�L�H�V���I�U�R�P�����������• ~ ���������•�����6�W�X�G�L�H�V��411 
�K�D�G�� �V�K�R�Z�Q�� �W�K�D�W���W�K�H�� �H�I�I�H�F�W�L�Y�H���D�F�F�X�P�X�O�D�W�H�G�� �W�H�P�S�H�U�D�W�X�U�H�� �R�I�� �•�����•�� �J�H�Q�H�U�D�O�O�\�� �L�Q�F�U�H�D�V�H�G�� �D�I�W�H�U�� ������������ �D�Q�G�� �W�K�H��412 
�W�\�S�L�F�D�O�� �H�I�I�H�F�W�L�Y�H�� �D�F�F�X�P�X�O�D�W�H�G�� �W�H�P�S�H�U�D�W�X�U�H�� �]�R�Q�H�� �R�I�� �•�����•�� �P�R�Y�H�G�� �Q�R�U�W�K�Z�D�U�G�� �D�V�� �D�� �Z�K�R�O�H���� �7�K�H�� �L�V�R�O�L�Q�H�V�� �R�I��413 
���������•���D�Q�G�����������•���R�I���W�K�H���H�I�I�H�F�W�L�Y�H���D�F�F�X�P�X�O�D�W�H�G���W�H�P�S�H�U�D�W�X�U�H���R�I���•�����•���K�D�Y�H���D���V�L�J�Q�L�I�L�F�D�Q�W���W�U�H�Q�G���R�I���P�L�J�U�D�W�L�R�Q��414 



to the northeast. The area of 0 ~ ���������•�� �R�I�� �W�K�H�� �H�I�I�H�F�W�L�Y�H�� �D�F�F�X�P�X�O�D�W�H�G�� �W�H�P�S�H�U�D�W�X�U�H�� �R�I�� �•�����•�� �G�H�F�U�H�D�V�H�V��415 
�V�L�J�Q�L�I�L�F�D�Q�W�O�\���� �Z�K�L�O�H�� �W�K�H�� �D�U�H�D�� �R�I�� ���������• ~ ���������•�� �R�I�� �W�K�H�� �H�I�I�H�F�W�L�Y�H�� �D�F�F�X�P�X�O�D�W�H�G�� �W�H�P�S�H�U�D�W�X�U�H�� �R�I�� �•�����•��416 
increases significantly (Liu et al., 2013), this might also be the climatic reason for the decrease of SOC 417 
content in Northeast China (Liu et al., 2016b)���� �7�K�H�� �H�I�I�H�F�W�L�Y�H�� �D�F�F�X�P�X�O�D�W�H�G�� �W�H�P�S�H�U�D�W�X�U�H�� �•�����•�� �Z�D�V�� �D�Q��418 
indicator to reflect the heat demand of biological growth and development or to measure regional heat 419 
resources. It basically reflected the linear relationship between crop growth rate and temperature. The 420 
�F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �H�I�I�H�F�W�L�Y�H�� �D�F�F�X�P�X�O�D�W�H�G�� �W�H�P�S�H�U�D�W�X�U�H�� �•�����•��and annual average temperature was r = 421 
0.9881** (see Figure 8). 422 

SOC decomposition might be sensitive to temperature rise, and SOC decayed faster in warmer 423 
environment (Zhang et al., 2015). The effect of temperature on SOC was very complex. Temperature 424 
directly affected the accumulation of SOC through the activity of microorganisms. Under the same fertility 425 
level, the higher the annual average temperature was, the higher the crop biomass was, and the more litter 426 
and crop stubble were returned to the soil. Therefore, the input of SOC will increase. But at the same time, 427 
the higher the annual average temperature, the faster the decomposition rate of organic matter (Cao et al., 428 
2007). Only from the cumulative correlation between temperature and SOC, the contribution of annual 429 
�D�F�F�X�P�X�O�D�W�H�G�� �W�H�P�S�H�U�D�W�X�U�H�� �•�����•�� �W�R�� �6�2�&�� �D�F�F�X�P�X�O�D�W�L�R�Q�� �Z�D�V�� �V�O�L�J�K�W�O�\�� �K�L�J�K�H�U�� �W�K�D�Q�� �W�K�D�W�� �R�I�� �D�Q�Q�X�D�O�� �D�Y�H�U�D�J�H��430 
�W�H�P�S�H�U�D�W�X�U�H���L�Q���W�K�H���U�H�J�L�R�Q�V���R�I���D�Q�Q�X�D�O���D�Y�H�U�D�J�H���W�H�P�S�H�U�D�W�X�U�H�����������������•���������������• ~ �����������•���D�Q�G���!�������������•����431 
and in the regions of annual average precipitation 0 mm ~ 400 mm, 400 mm ~ 800 mm and > 800 mm. 432 

 433 
Figure 8. Relationship between annual average temperature and effective accumulated temperature �1434 

10��  (n = 883) 435 
 436 
Effect of precipitation on SOC accumulation 437 

From the aspect of annual average precipitation, from 346 mm in Baicheng city of Jilin Province to 438 
2300 mm in Wuzhishan City of Hainan Province, the correlation between annual average precipitation and 439 
SOC accumulation was poor, r = 0.3501 (see Figure 9). Changes in precipitation patterns will have a 440 
significant impact on the function and structure of terrestrial ecosystems, as water was the basic driving 441 
force for almost all chemical and biological processes, included plant growth and survival, photosynthesis, 442 
microbial activity and soil respiration (Gerten et al., 2008). The combined effects of temperature rise and 443 
precipitation decrease (or increase) on carbon sequestration rate were less than the sum of their respective 444 
effects, with the individual and simultaneous global changes, the change of SOC presented a nonlinear 445 
model (Zhang et al., 2019), SOC decomposition was more sensitive to temperature change than 446 
precipitation (Guntiñas et al., 2013). 447 

y = 17.727ln(x) - 136.85
r = 0.9881>*n = 780
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 448 
Figure 9. Relationship between SOC content and annual average precipitation (n=780) 449 

 450 
In order to reduce the impact of precipitation on SOC, soil samples were collected in a wide 451 

geographical area along the 400 mm isohyet in China. The results show that temperature accounted for 452 
more than half of the variation of SOC, which was far greater than the comprehensive influence of water 453 
availability, soil properties, vegetation types and soil types (Tan et al., 2020). Therefore, most of the 454 
contribution of water availability to SOC variability should include the contribution of temperature. The 455 
effects of temperature and precipitation on the distribution pattern of SOC in agroecosystem had been 456 
widely studied, but the comprehensive effects of these parameters on the macro scale were still less 457 
reported. 458 

As shown in Figure 10, after removing the above 12 counties (districts, cities), the accumulation of SOC 459 
content by annual average temperature and annual average precipitation was interactive. In the area of 460 
annual average precipitation >800 mm, the relationship between SOC content and annual average 461 
temperature was nonlinear in 311 sample points after removing the above 12 counties (districts, cities). In 462 
�W�K�H�� �U�H�J�L�R�Q�� �R�I�� �!�� �������P�P���� �W�K�H�� �D�Q�Q�X�D�O�� �D�Y�H�U�D�J�H�� �W�H�P�S�H�U�D�W�X�U�H�� ���� ������������ �•���� �W�K�H�� �W�H�P�S�H�U�D�W�X�U�H�� �K�D�G�� �D�� �S�R�V�L�W�L�Y�H��463 
correlation with the accumulation of organic carbon, and the SOC content increased with the increase of 464 
�W�K�H���D�Q�Q�X�D�O���D�Y�H�U�D�J�H���W�H�P�S�H�U�D�W�X�U�H�����,�Q���W�K�H���U�H�J�L�R�Q���R�I���!���������P�P�����W�K�H���D�Q�Q�X�D�O���D�Y�H�U�D�J�H���W�H�P�S�H�U�D�W�X�U�H���!���������������•�����W�K�H��465 
temperature had a negative correlation with the accumulation of organic carbon, and the SOC content 466 
decreased with the increase of the annual average temperature. Therefore, the effected of warming and 467 
precipitation on soil temperature and humidity werre not independent, but show interaction (Guanlin et al., 468 
2017). In warmer and wetter climates, microbial activity was higher, which resulted in less isolated SOC 469 
(Yang et al., 2011). however, with the increased of soil temperature, the activity of microorganisms and the 470 
content of derived compounds increased, which leaded to the degradation of the unstable component SOC, 471 
this process need to be promoted with the increase of precipitation (Chen et al., 2020). 472 
 473 
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 474 
Figure 10. Relationship between SOC content and annual average temperature in the region with 475 

annual precipitation > 800mm (n=311) 476 

 477 
SOC content was significantly correlated with water temperature ratio (r = 0.7503** ) (as shown in Figure 478 

11). SOC content showed an increasing trend with the increase of P/T. Studies havd shown that the change 479 
of water heat gradient had an effect on the content of soil light fraction organic carbon, and there was a 480 
very significant positive correlation between SOC content and water temperature ratio (Gerten et al., 2008; 481 
Li et al., 2009). Precipitation and temperature havd a positive interaction on the accumulation of SOC. SOC 482 
was the result of precipitation, temperature and other factors (Wang et al., 2002). 483 

 484 

 485 
Figure 11. Relationship between SOC content and p/t (n=780) 486 

 487 
Effect of hydrothermal conditions on SOC accumulation 488 

At the micro level, the spatial variability of SOC was the result of the combined action of natural factors 489 
and human factors. The most significant factors affecting SOC were soil type, land use, soil texture, 490 
topography, soil physical and chemical properties and many other factors (Gelaw et al., 2014; Arrouays et 491 
al., 2001; Schillaci et al., 2017; Tziachris et al., 2019; Zhang et al., 2018). At the same time, soil type, soil 492 
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texture and topography were almost unchanged, while land use had a great impact on SOC. The chemical 493 
composition and physical structure of each part of the plant were different, especially the root was more 494 
difficult to treat, so the average residence time in the soil was longer (Heitkamp et al., 2012; Rasse, et al., 495 
2005). 496 

Figure 12 reflected the simulation relationship between the predicted value and the real value of SOC. 497 
The results showed that the cubic curve equation could better simulated the relationship between the 498 
predicted value and the real value of SOC. As mentioned above, with the temperature and precipitation 499 
changing individually or simultaneously, the change of SOC presented a nonlinear model (Zhang et al., 500 
2019). The correlation coefficient r = 0.7048** , and the cubic curve equation could better simulated the 501 
relationship between the predicted value and the real value of SOC. 502 

 503 

 504 
Figure 12. Comparison of SOC predicted value and real value (n=780) 505 

 506 
We think that the factors such as topography, soil type and soil texture are almost unchanged in a certain 507 

area and a certain period of time. All the sampling sites in this study come from agricultural land. In China's 508 
traditional planting structure, most of the agricultural land use patterns have not changed in more than ten 509 
years or even decades. Our results show that climate is the dominant factor affecting SOC content at the 510 
macro level. Therefore, we further put forward the concept of humification constant of regional SOC, which 511 
reflects the equilibrium state of SOC under the condition that the topography, soil type, soil texture and 512 
other factors are almost unchanged. When the land use pattern changes or the planting structure is adjusted, 513 
the SOC equilibrium will be broken and reach a new equilibrium again after a certain period of time (usually 514 
decades) (Kutsch et al., 2009). Climate change is more likely to have a profound impact on carbon 515 
accumulation on a large regional scale (Chen et al., 2016), but can not affect SOC content in a short time. 516 
However, in the long run, climate may still dominate SOC dynamics (Song, et al., 2019). Therefore, 517 
overemphasis on soil fertility or unilateral artificial increase of SOC content may not be successful, because 518 
there is a relative climate equilibrium value of SOC content under certain climatic conditions. 519 

�&�R�Q�F�O�X�V�L�R�Q 520 

In the eastern coastal monsoon region of China, temperature has a negative correlation with the 521 
accumulation of organic carbon when the annual average temperature is less than 10.18 �• , and the water 522 
temperature ratio has a positive correlation with the accumulation of SOC, and the content of SOC increases 523 
with the increase of the water temperature ratio; in the region of 10.18 �•  ~ 20.95 �• , the annual average 524 
temperature and the annual average precipitation have a significant positive correlation, and the water 525 
temperature ratio has a positive correlation with the accumulation of SOC In the region of �Ú 20.95 �• , the 526 
temperature has a negative correlation with the accumulation of organic carbon, and the water temperature 527 
ratio has no correlation with the accumulation of SOC. 528 

In the range of 0 mm to 400 mm, temperature has a positive correlation with the accumulation of organic 529 
carbon, while the water temperature ratio has a negative correlation with the accumulation of SOC In the 530 
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region of > 800mm, the annual average temperature < 20.95 �• , the temperature has a positive correlation 531 
with the accumulation of organic carbon, and in the region of > 20.95 �• , the temperature has a negative 532 
correlation with the accumulation of organic carbon, but the water temperature ratio has no significant 533 
effect on the accumulation of organic carbon. 534 

In this paper, a comprehensive model of the effects of annual mean temperature and annual mean 535 
precipitation on organic carbon accumulation is established, which can better reflect the comprehensive 536 
effects of annual mean temperature and annual mean precipitation on organic carbon accumulation. The 537 
cubic curve equation can better fit the relationship between the predicted value and the actual value of SOC. 538 
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