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Abstract. Soils are an important pool for storing organic carbon. Soil organic carbon (SOC) content is
generally considered as an important indicator to evaluate farmland soil quality. The loss of SOC causes
soil degradation and reduces the sustainability of farmland. In order to reveal the distribution pattern of
SOC in the coastal monsoon area of eastern China, and to clarify the macro dominant factors of SOC
accumulation caused by temperature and precipitation, this paper analyzed the distribution pattern of SOC
in the coastal monsoon area of eastern China by using the SOC data collected from the national soil testing
and formula fertilization data set, and discussed the effects of temperature and precipitation on SOC content.
According to the provincial administrative divisions, the distribution of SOC in the coastal monsoon areas
of eastern China from Heilongjiang Province to Hainan Province was calculated. According to the annual
average temperature <10.18 10.18 ~ 20.95 , >20.95 , annual average precipitation 0~400 mm,
400~800 mm, > 800 mm, the study area was divided into different regions, and the effects of annual average
temperature and annual average precipitation on SOC content were studied. In the region with annual
average temperature less than 10.18he temperature had a negative correlation with the accumulation

of organic carbon, and the ratio of precipitation and temperature had a positive correlation with the
accumulation of SOC; In the regiori ©0.18 ~20.95 , the annual average temperature and annual
average precipitation had a significant positive correlation, and the ratio of precipitation and temperature
had a positive correlation with the accumulation of SOC; In the region >20.8f temperature had a
negative correlation with the accumulation of organic carbon, and the ratio of precipitation and temperature
was not related to the accumulation of SOC. In the range-af(D mm of annual average precipitation,

the temperature had a positive correlation with the accumulation of SOC, and the ratio of precipitation and
temperature had a negative correlation with the accumulation of SOC; In the range~-a8Com of

annual average precipitation, the temperature had a negative correlation with the accumulation of SOC, and
the ratio of precipitation and temperature had a positive correlation with the accumulation of SOC; In the
region >800 mm of annual average precipitation, the temperature had a positive correlation with the
accumulation of organic carbon before the annual average temperature of 2ar@b after the annual
average temperature of 20.95 the temperature had a negative correlation with the accumulation of
organic carbon, and the ratio of precipitation and temperature had no significant effect on the accumulation
of SOC. On the macro scale, the annual average temperature and precipitation had significant effects on
the distribution pattern of SOC in the coastal monsoon area of eastern China. According to the influence of
annual average temperature and annual average precipitation on SOC accumulation, a comprehensive
model based on the annual average temperature and annual average precipitation on SOC accumulation is
established. Through regression verification of the model, the correlation coefficient, r=0.8@98ubic

curve equation could better simulated the relationship between the predicted value and the real value of
SOC, r=0.7048 Ethe model can reflect the cumulative effect of annual average temperature and annual
average precipitation on SOC accumulation Combined with the impact.

Keywords: Eastern coast, SOC, Annual average temperature, Annual average precipitation, Model
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As one of the main terrestrial carbon pools, global climate change has an important impact on soll
carbon pool. SOC has been widely studied as a key determinant of regional food security and global food
crisis warming (Diel and Frank@a02Q Nave et al., 2018). Due to the long-term cultivation of human beings,
the physical and chemical properties of soil change, which accelerates the decomposition of mineral and
soil organic matter, and ultimately leadghe loss of soil productivity (Padilha et al., 2020). Especially in
the global warming environment, some scholars expect to accelerate the decomposition and transformation
of SOC, but the decomposition rate of SOC is not clear (Yan et al., 2017). Some studies have shown that
the impact of precipitation on s SOC is mainly produced by changing the function and structure of terrestrial
ecosystem, because water is the basic driving force of almost all chemical and biological processes,
including plant growth and survival (Gong et al., 2020), photosynthesis (Hui et al., 2018), and microbial
activity (Ma et al., 2020) and soil respiration (Wu et al., 2020). Within tolerable limits, the biological
processes that promote the decomposition of organic carbon will be faster at higher temperatures, with an
average rainfall of 1750 mm to 2500 mm, and the SOC storage is relatively small (Vitharana et al., 2019).

At the regional scale, the effect of precipitation on microbial metabolic limitation strongly restricts the
stability of SOC. With the increase of precipitation, the increase of SOC decomposition rate may be the
result of the increase of microbial nutrition limitation (Cui et al., 2019). However, some scholars believe
that at the regional scale, soil physical and chemical properties and terrain factors may be greater than the
dynamic impact of climatic factors on SOC. Soil pH value is the key control factor of SOC dynamic change,
temperature and humidity are the secondary driving forces of SOC dynamics at regional scale (Xu et al.,
2019). The spatial variation of temperature is often used to characterize the effect of temperature on SOC
storage at current and warmer temperatures (Abramoff et al., 2019). There is a complex relationship
between the intrinsic temperature sensitivity and the apparent temperature sensitivity of organic carbon
decomposition. This relationship is not only controlled by the molecular / chemical composition of organic
carbon pool, but also by the critical temperature of organic carbon decomp(3astnet al., 2019). The
balance of organic carbon in farmland soil depends on how crop and soil management measures affect
biomass carbon input and soil carbon loss through organic matter decomposition and erosion (Ghimire et
al., 2019). Soil tillage often leads to the loss of agricultural SOC, because agricultural activities increase
soil biological activity and bring organic residues in contact with decomposers.

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

Woolf et al. (2019) applied the microbial based organic carbon model to predict SOC, and the predicted
results were consistent with the global organic carbon distribution. Laub et al. (2018) proposed a "mixed
model over continuous depth" (mmcd), which uses linear and quadratic terms to simulate the change of soil
properties with depth, and predicts the spatial distribution of soil properties at the landscape level, the
prediction interval (95%) accurately covers the range of residual measurements. In recent years, with the
application of hyperspectral technology, some scholari tespredict SOC. Gu et al. (2019) hyperspectral
inversion of SOC content in cultivated land was carried out based on wavelet transform, and the prediction
accuracy of SOC content was effectively improved by using the model. Guo et al. (2019) used laboratory
spectral data and aerial hyperspectral images to predict SOC storage. They could successfully predicted
SOC storage through direct and indirect methods. Yang et al. (2020) extracted phenological parameters
from normalized difference vegetation index (NDVI) time series data and combined them with crop rotation
to predict the SOC content of a farmland in Anhui Province. Rotation and two phenological parameters
were added to the natural environment variables, which greatly improved the prediction accuracy. Yang et
al. (2019) used the information of direct rotation and the variables generated by Fourier transform to capture
the periodic effect of crop rotation. The results showed that the combination accuracy of natural
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environment variables, rotation type and Fourier transform variables was the highest. Adi et al. (2020) used
linear regression and potential variable model to study the integration of mixed soil environmental data sets,
the proposed 2-Step-R technology could better predicted SOC model.

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

Mainland China extends from South Asia to East Asia, forming a large area (Chang et al., 2019) affected
by the Asian monsoon. In the eastern monsoon region of China, the spatial and temporal distribution of
precipitation is extremely uneven (Xia et 2D17). Especially in summer, the water vapor in the East China
monsoon region (ECMR) mainly comes from low latitude areas and is affected by the activities of East
Asian tropical cyclone (Lin et al., 2017). The results show that the East Asian summer monsoon is
significantly sensitive to the moist soil in the Yangtze River Delta (Zuo and Zhang et al., 2016). Moreover,
in the 21st century, there is an East Asian summer monsoon in eastern China, and the climate is unstable
(Ma et al., 2019). But basically, the distribution of drought and flood in the south of China is opposite to
that in other regions. The distribution of drought and flood in the Yellow River Basin and Huaihe River
Basin is opposite to that of the Yangtze River Basin and its southern region, while the distribution of drought
and flood in the East is opposite to that in the West (Li et al., 2011).

This paper uses SOC data from China's latest soil test and formula fertilization data setmbined
with the meteorological data of China Meteorologiseience data sharing service network for analysis.

The range of meteorological data spans more than 5,000 kilometers along the southeast coast of China. On
a global scale, revealing the influence of annual average accumulated temperature and annual average
precipitation on SOC content is helpful to clarify the macro-leading factors of SOC distribution. Under the
background of global warming, we study the correlation between soil organic carbon and annual mean
accumulated temperature and precipitation at or abowe. 1t0provides a scientific basis for formulating
farmland soil management policies, promoting soil carbon sequestration and reducing carbon losses.

ODWHULDOV DQG PHWKRGYV
Study site

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

Table 1.Main soil types in the study area

Provinces Provinces

(municipalities) main soll types (municipalities) main soil types
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Figure 1. Schematic diagram of the study area and distribution of sample points

Data sources

The data used in this study comes from the national soil testing and formula fertilization project "Soil
Testing and Formula Fertilization Basic Nutrients Data Se0X2014)" (National Agricultural
Technology Extension Service Cemt 2014), including organic carbon, total nitrogen, Available
phosphorus and available potassium indicators. We use the average value of the SOC samples of the county
(city, district) as its SOC content, and use the GPS coordinates of the administratvasingeographic
coordinates.

The meteorological data used in this study mainly included annual average temperature and annual
average precipitation, which were from "China Meteorological science data sharing service network"
(http://cdc.nmic.cn). The annual average temperature and annual average precipitation data in the climate
data mainly used the average value from 2000 to 2016, and the meteorological data of each county (city,
district) used the meteorological data of corresponding meteorological observation station. Accumulated
temperature « refers to the total temperature when the daily average temperature exceeds or equals to
10+ . Water temperature ratio (P/T) refered to the ratio of annual average precipitation to annual average
temperature.

Data analysis

In this study, ArcGIS software was used for semi variance analysis to determine the optimal theoretical
semi variance model, and the optimal parameters of Kriging interpolation were obtained. Then spatial
interpolation was conducted by geostatistics module of ArcGIS software to obtain the spatial distribution
pattern of SOC in the study area. Routine statistical analysis, ANOVA and regression analysis were
performed in Excel and SPSS software. Variance analysis was used to reveal whether there were significant
differences in the effects of different factors on SOC.

5HVXOWYV
Distribution pattern of SOC in East China
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It could be seen from Table 2 that from Heilongjiang Province, Jilin Province, Liaoning Province,
Beijing City, Tianjin city, Hebei Province, Shandong Province, Jiangsu Province, Shanghai City, Zhejiang
Province, Fujian Province, Guangdong Province and Hainan Province, the SOC conggthbtdedrease
first, then increased and then decreased.

The content of SOC in Heilongjiang Province was the highest (19.82%)gWjth the decrease of
latitude, the SOC content in Jilin Province (16.01 gikgiaoning Province (10.22 g-Ky, Hebei Province
(9.73 g-kgh), Tianjin (10.80 g-kg) showed a trend of gradual decrease, and reached the lowest value (8.08
g-kg?) in Beijing. After that, SOC content increased with the decrease of latitude: from Shandong Province
(10.85 g-kdh), Jiangsu Province (12.63 g-Kg Shanghai (15.56 g-Ky to Zhejiang Province (16.21 g-kg
1. However, from Fujian Province (15.32 g-§gGuangdong Province (13.82 g-Rgto Hainan Province
(8.99 g-kg), SOC content showed a downward trend with the decrease of latitude, which was consistent
with the trend of organic carbon change with latitude studied by predecessors (Wang et al., 2016).

Table 2. Content of SOC in different Provinces (municipalities)
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The northern and eastern areas of Northeast China are northeast forest areas, the northeast forest areas
are located in Heilongjiang Province, Jilin Province and Inner Mongolia Autonomous Region, they are
mainly composed of the Great Xing'an Mountains, the small Xing'an Mountains and the Changbai
Mountains, the eastern Liaoning Province also belonged to the Changbai Mountains (Deng et al., 2018)
the total area was 53.5 million hectares, and the forest area was 35.9 million hectares, of which the natural
forest area was as high as 91.4% (Wei et al., 2013). According to Figure 2, the content of SOC was between
5.88 g-kg'~33.17 g-kd. The average SOC content in Heilongjiang Province was 23.33,gHag in Jilin
Province was 16.50 g-Kgand that in Liaoning Province was 10.23 gtkgihe SOC content in the north
and east of Northeast China was higher than that in the central and southern regions. The decomposition
rate of soil organic matter in warm temperate zone and temperate zone in the south of Northeast China was
faster than that in cold temperate zone of North China, and the decomposition rate of SOC in the middle
was at an average level. From the southern (Liaoning Province), central (Jilin Province) to the northern
(Heilongjiang Province) of Northeast China, the SOC content of forest soil showed an obvious increasing
trend. With the increase of latitude, the total organic carbon content of forest soil disigaieantly.

It may be closely related to the thickness of soil genetic layer in northeast forest area (Xi et al., 2010). On
the whole, the SOC content decreased gradually from northeast to southwest along the Northeast transect,
this possibility was due to the influence of climate factors such as temperature and rainfall on soil intrinsic
change and its formation (Zhou et al., 2016).
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Figure 2. Distribution of SOC Northeast China

In terms of geographical location, Beijing and Tianjin are surrounded by Hebei Province. The SOC
content in the north, northeast and southwest of the study area was higher than that in the middle and eastern
regionskE the overall spatial distribution of SOC decreased from the north to the south. According to Figure
3, the content of SOC was between 5.13 §-Hgh.85 g-kd, the average SOC content in Hebei Province
was 9.73 g-kd, that in Beijing city was 8.08 g-Kgand that in Tianjin city was 10.80 g-kgrhe northern
part of Hebei Province was mostly located in Yanshan Mountains, and Bashang grassland in the northeast
of Zhangjiakou had higher SOC content. The southwest of Hebei Province was located in the eastern
piedmont plain of Taihang Mountains, and the content of SOC was also high (Cao et al., 2016). In the
middle and eastern part of Hebei Province, the salt content of soil and groundwater was mainly from
seawater, and the content of soil salt was higher than that of SOC (Tiarz@iL.,

North China (SOC)
value (g'kg")

wr high: 14.85
B jow: 5.13

Figure 3. Distribution of SOC in North China
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The East China of the study area mainly includes Shandong Province, Jiangsu Province, Shanghai city,
Zhejiang Province and Fujian Province. It could be seen friguré4 that the SOC content in the study
area increased gradually from north to south, the average SOC content in Shandong Province was 8.09
g-kg?, and that in Jiangsu Province was 12.52 g, llge average SOC content in most areas of Shandong
Province and Jiangsu Province was lower than 10.0'gday that in Shanghai city was 15.57 g-kand
that in Zhejiang Province was 16.21 g*kgnd that in Fujian Province was 15.32 g-k@§ihe western and
northern areas of Shandong Province were the vast plain areas, and the SOCGMesrgentrally low,
and that in the south central region and the eastern mountainous and hillyaré@gher, and that in the
west of Nansi Lakevas also higher, and that in Dongying-Binzhou Yellow River Delta and Eastern
Shandong coastal zomess the lowest (Dai et al., 2017). The SOC content in Zhejiang Prowiese
decreasing from southwest to northeast, wiaeh related to the distribution of topography and soil types
in Zhejiang Province, and the topography inclines from southwest to northeast. The SOC content of Fujian
Provincewsas lower in the eastern coastal areas and higher in the western inland areas, the higher the altitude
was that, the lower the temperatuves in the western region, while the lower altitude area in the East had
higher temperature, more convenient agricultural production and lower SOC content, the maiwagsason
that the content of SOC in the western regimss higher because of the higher altitude and lower
temperature in the western region, while in the lower altitude area in the East, the tempasahigber,
the agricultural productiowas more convenient and the SOC contea lower (Qi et al., 2017).

- Legend
East China (SOC)
value (g'kg")
w high: 20.61

- low:  4.56

Figure 4. Distribution of SOC in East China

The South China of the study area included Guangdong Province. It could be seeigtirens Ehat the
content of SOGvas between 10.94 g-Kgo 17.44 g-kd, with an average of 15.32 g-kgthe content of
SOC in the southeast coastal area and Leizhou peninaslower than that in the northern area, while
that in red soil, lateritic red soil and paddy seds higher. Guangdongas located in the tropical and
subtropical areas, where the hydrothermal conditieere well, the vegetation grew luxuriantly, and the
microbial activitieswvere intense, so the decomposition rate of S@€ also fast (Luo et al., 2018).
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Figure 5. Distribution of SOC in Guangdong Province

The South China of the study area included Hainan Province also. It could be seen froif thiafuitee
content of SOGvas between 3.69 g-Kgo 14. 97 g-kg, with an average of 8.99 g-kgHainan Province
was surrounded by low and flat, high in the middle, with Wuzhi Mountain and Hegeling as the core of
uplift, descending step by step from the outer periphery, consisting of mountains, hills, plateaus and plains,
with clear cascade structuiiéhe high value area of surface SOC in Hainan Prowirasamainly distributed
in the northern volcanic rock area and the central mountain area (Qiongzhong, Wuzhishan, Baisha,
Tunchang), and decreased from the high value area to the coastal area. The SOC content in the eastern
regionwas higher than that in the western region (Fang, 2012).

Hainan province (SOC)
value (g-kg")

s high: 14.97

C ,"r B Jow: 3.69

Figure 6. Distribution of SOC in Guangdong Province
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Effects of hydrothermal conditions on SOC distribution pattern
Effect of temperature on SOC distribution pattern

Generally speaking, at higher temperature, the physical and chemical reaction process invtse soil
faster, the microbial activityas strong and the metabolismas vigorous, the soil animalgere active, and
the crop growth ratevas also fast. Therefore, the decomposition rate of SOC and nwiéemntalso fast,
and the content of SOC and nutriarss relatively low. On the contrary, SQas easy to accumulate (Gao
et al.,2020; Tan et al.2020; Bhattacharyya et al2020).

It could be seen fromigure 7 that the relationship between SOC content and annual average
temperature was a cubic curyes; -0.01076x3 + 0.5032¢2 - 6.9794x+ 39.1888, (r=0.737&En=780EP @
001) LW UHDFKHG WKH ERWWRP RI WKH FXUYH DW DERXW e DQG WKH
GHULYDWLYH RI WKH FXUYH WKH WZR LQIOHFWLRQ SRLA@WYV RI WKH F
shown in Figure 7, according to the inflection point of the curve, the relationship between organic carbon

content and hydrothermal conditions was studied in the temperature ra@ge of o~ .
DQG ! . =
40 -
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Figure 7. Relationship between SOC and annual average temperature (n = 883)

As shown in Table 3, in the region & e LW PDLQO\ LQFOXGHG +HLORQJMLDAQ.
Province and northern part of Hebei Province, the SOC content had a very significant relationship with
annual average temperature, P/T and annual accumulat&echD W XUH R ¥, r=0.7193%, r=-
0. 7467, respectively; The correlation between SOC content and annual average precipitation was weak
U 7KH UHVXOWY VKRZHG WKDW LQ WKH DUHD RI DQQXDO DY
average precipitation index was not related to the accumulation of SOC content, and the temperature index
was the main contributing factor to the accumulation of SOC content. The annual accumulated temperature
Rl ¢« « KDG D QHJDWLYH FRUUH b\Véidg&i@ cZrbdh, Kvhwhkwhs Bligkh RigherD W L R
than the annual average temperature, and played a major negative correlation, while the P/T had a major
positive correlation with the accumulation of organic carbon
,Q WKH UHJLRQ RIle« LW P DduQed LidoQing Province, Hebei Province, Shandong
Province, Beijing City, Tianjin city, Jiangsu Province, Zhejiang Province, Shanghai city and Fujian
Province, the SOC content had a very significant relationship with annual precipitation, annual average
tHPSHUDWXUH ZDWHU WHPSHUDWXUH UDWLR DQG "DAD8¢D,0 DFFXPXOL
0.7724", 0.8293, respectively; The results showed that: in the area of annual average temperature of
. ~ e SUHFLSLWDWLRQ LQGH[ DQG WHPSHUDWXUH LQGH[ MRLQW
carbon content, and both played a negative correlation role. The correlation between annual accumulated



temperature and SOC content was the best, while the correlation between P/T and SOC content was poor.

303 The correlation between annual mean temperature and SOC content was slightly lower than that between
304  annual precipitation and SOC content, and the contribution of precipitation index to SOC accumulation was
305 nhigher.
306 7KH UHJLRQ RI DERYH - PDLQO\ LQFOXGHG )XMLDQ 3URYLQFH
307 Province, the SOC content was negatively correlated with the annual mean temperature and the annual
308 DFFXPXODWHG WHPSH0.5680X U+ GBIDE", respdctively, while the SOC content was
309 significantly correlated with the annual average precipitation (r = 0:%ahd the water temperature ratio
310 (r = 0.4471); 7TKH UHVXOWV VKRZHG WKDW LQ WKH UHJLRQ ZLWK DQQXIE
311 temperature index was the main negative correlation contribution factor of SOC content accumulation,
312  while precipitation index had no strong effect on SOC content accumulation. Among them, the negative
313 FRUUHODWLRQ HIIHFW RI DQQXDO DFFXPXODWHG WHPSHUDWXUH - .
314  was slightly higher than the annual average temperature, which played a major negative correlation role.
315
316 Table 3. Changes of SOC under different annual average temperature in the eastern China
317 Coastal Monso® 5HJLR® JiNJ
g L] L] L] U L]
+HLORQJML| /LDRQLQJ 3URYLQ| )XMLDQ 3UR
ZHPSHUDMW BURYLQFH | BURYLQFH 6KDQG| *XDQJGRQJ
UDQJH BURYLQFH | %HLMLQJ FLW\ 7L| SBURYLQFH
BURYLQFH | -LDQJVX 3URYLQF| S3URYLQFH
SURYLQFH BURYLQFH 6KDQJI
BURYLQFH *XDQJ(
1XPEHU RI
5HODWLRQ\[([[( V(T ([ \[([[(
DQQXDO D [
SUHFLSLW U U U
5HODWLRQ]| \ [ \ [ [ \ [
DQQXDO D [
WHPSHUD| U U U
(| \ [ [ VoI
5HODWLRQ [ [ [ [ [
S W U
U U
5HODWLRQ
WKH Dod | [ \ ([[ (1 \ [
DFFXPXOL
WHPSHUDW U U v
S$YHUDJH Y
OLQLPXP Y
OD[LPXP YI
6WDQGDUG
318 Note:*P @0.05 **P @0.01, n = 780. The same below.
319
320 Effect of annual average precipitation on SOC distribution pattern
321 Precipitation is closely related to soil moisture and directly affects soil moisture, soil aeration and soil
322 redox process to a great extent. Soil water directly affected the activity of soil microorganisms, and
323 participated in the process of mineral weathering, organic matter synthesis and decomposition, so the
324  impact of precipitation on SOC content was direct (Cui et al., 2019; Liu et al., 2016a). However,
325  precipitation was not the only factor in the accumulation of SOC. Temperature could also directly or
326 indirectly affected the process of microbial activity through precipitation, thus affected the accumulation
327  of SOC. Therefore, according to the division standard of annual average precipitation (drought < 400 mm,



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

In the region of 0 mm- 400 mm precipitation, SOC content had a very relationship correlation with
annual average precipitation, annual average temperature, P/T and annual accumulated temperature of
e o+ U ™, r =-0.8908, r =0.903T, r =0.8808, respectively. The correlation between SOC
content and P/T was the best, which indicated that the coupling effect of annual average precipitation and
annual average temperature played an important role in SOC accumulation.

In the region of 400 mm 800 mm precipitation, SOC content had a very significantly relationship with
DQQXDO PHDQ WHPSHUDWXUH 3 7 DQG DQQXDU,b+FBEBXO0ODPWHG WHPS|
0.8731", respectively. The correlation between SOC content and annual average precipitation was r =
0.1000, which indicated that SOC content was not correlated with annual average precipitation, and SOC
content was negatively correlated with P/T. Therefore, in the area of~4D mm precipitation,
temperature index played a major contribution factor to SOC accumulation.

The climate in eastern China was characterized by temperate monsoon climate and subtropical monsoon
climate. The summer monsoon was the main source of precipitation in China. The vast areas in Southeast
China were greatly affected by the southeast monsoon and southwest monsoon, and have more precipitation
(Wang et al., 2013).Therefore, although the temperature of 12 counties (cities and districts) in Jilin Province
near the sea of Japan, including Helong City, Fusong County, Linjiang City, Jiangyuan County, Tonghua
County, Ji'an City, Huanren Manchu Autonomous County, Kuandian Manchu Autonomous County,

Donggang City, Fengcheng City, Zhenxing District and Zhen'an District, was low, the precipitation could

still reach more than 800 mm. In order to eliminate the influence of the above 12 counties (cities, districts)

on the overall statistical results, we removed the data of the above 12 counties (cities, districts) in the area

with precipitation > 800 mm, we found that the correlation between SOC content and annual average
SUHFLSLWDWLRQ DQQXDO DYHUDJH WHPSHUDWXUH 3 7 DQG DQQXDO
that before removing the data, at this time, the SOC content had a very significant relationship with the
DQQXDO DYHUDJH WHPSHUDWXUH DQG DQQXBIB3DrFF-R.POEO,DWHG WHPS
respectively, and also had a significant relationship with the annual average precipitation and P/T, r = -
0.5782", r =-0.517Z, respectively. This showed that the temperature factor was still the main factor of
SOC accumulation in the area with precipitation > 800 mm, followed by precipitation factor. Among them,
the accumulat RQ HIIHFW RI DQQXDO DFFXPXODWHG WHPSHUDWXUH -
higher than the annual average temperature.

L] RQ

Table 4.Changes of SOC under different annual average precipitation in the eastern China
&RDVWDO ORQVRRQ 5HJLRQ J#NJ
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363 Note: The data in (ih Table 4 , these were the statistical data after deleting the data of 12 counties in Jilin Province, including

364 Helong, Fusong, Linjiang, Jiangyuan, Tonghua, Ji'an, Huanren, Kuandian, Donggang, Fengcheng, Zhenxingpardisthess n
365 Liaoning Province.

366
367 Effects of hydrothermal conditions on SOC distribution pattern

A A

368 Based on the principal component analysis results of SPSS 15.0, the author selected annual accumulated

369 WHPSHUDWXUH «+ « DQG DQQXDO DYHUDJH SUHFLSLWDWLRQ DV WZR L
370  After multiple combinations of variables, the correlation of different combinations was repeatedly screened,

371 and the following models were obtained.

372 Designic p mopTA 5 C . frodiPA
logAPA lod\ TA
. D logkT A
373 Then:c loAPAXod TA - Yol TA-J tod PA lad AR
logAPAxiod\ TA
374 Order:iki- D logh A
logAPAXod\ TA - oA TA-J Itod\ PA lag A
375 ko= . -
logAPAxod\ TA
376 K JAoATA+ Hod\PA log FA_ J lofy A
) logA PAxiodh TA lod A Idy R
377 Then:c kﬁ: EXIodA TA+, xC
2
378 Order:k=C
379 Then: K=C )dOgO\PAjO@\ TA D k]g A |d§] Az
logAPAXiod\ TA - Yo\ TA-J bodPA
380
381 Among themC was the organic carbon content (g*kg DQG 0 ZHUHTmMBhe\WDRIwW v
382 DFFXPXODWHG WHPSH B Da¥ tkdadnirl average precipitation (mm).
383 3+ XPLILFDWLRQ FRHIILFLHQW™ UHIHUV WR WKH UDWLR RI DGGHG RU

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



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

SPSS 15.0 multiplerg HVVLRQ ZDV XVHG WR REWDLQ WKH IROORZLQJ DQDO\
=- 0 ZHUH FDODGXOWDODWHG 7KHQG 0 ZHUH D
Closed to 0, with extremely significant correlation.

Table 5.Analysis of model results

lower upper
Coefficients Standard t Stat P-value Lower Upper95% limit limit

0,
error 95% 95.0% 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
0.6596 0.0031 | 209.9597 0 0.6534 0.6658 0.6534 0.6658

395
396

397
398
399

400
401
402
403

404

405
406

407

408

409
410
411
412
413
414

Table 6.Model multiple regression statistics

Related indicators Numerical value
Multiple R 0.9999
R Square 0.9998
Adjusted R Square 0.9998
Standard error 0.0723
Observations 780

Table 7.Analysis of model variance

df SS MS F Significance F
3 16611.9430 | 5537.3143 | 1058121.1996 0
Residual | 776 4.0609 0.0052
Total 779 | 16616.0039

According to the regression statistics in Table 6 and Tablé= 0998 (r = 0.9999), and the standard
error was 0.0672, P < 0.01, with extremely significant correlation.
According to table 5, the equation of SOC prediction modslas follows:
6.1488XodgAPA jod TA 17187 o B loy A°
logAPA lodh TA -1.3420xl0dA TA - 0.696¢ logAPA
Among themC was the organic carbon content (g*kg DQG 0 ZHUHTmaLghe\wn@aw v
DFFXPXODWHG WHPSH B ba¥ tkdJaranirl average precipitation (mm).

Discussion

Effect of temperature on SOC accumulation

In this paper, from the farthest Daxinganling area of Heilongjiang Province to Sanya City of Hainan
Province, the straight-line distance is more than 5000 kilomEtees annual average temperature varies
from- ¢ ~ e DQG WKH DMRKXPXHODDWVMWHAJH RI ¢ ¢ YDULMVEMIREBLHV.
KDG VKRZQ WKDW WKH HIIHFWLYH DFFXPXODWHG WHPSHUDWXUH RI
W\SLFDO HIIHFWLYH DFFXPXODWHG WHPSHUDWXUH JRQH RI « « PRYH
« DQG * RI WKH HITHFWLYH DFFXPXODWHG WHPSHUDWXUH Rl * =« k
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to the northeast. The area of-0 e« RI WKH HIITHFWLYH DFFXPXODWHG WHPSHUDW
VLIQLILFDQWO\ ZKLOH WKHRIUWRHRHIIHFWLYH DFFXPXODWHG WHPS
increases significantly (Liu et al., 2013), this might also be the climatic reason for the decrease of SOC
content in Northeast China (Liu et al.,, 8. 7KH HIIHFWLYH DFFXPXODWHG WHPSHUD
indicator to reflect the heat demand of biological growth and development or to measure regional heat
resources. It basically reflected the linear relationship between crop growth rate and temperature. The
FRUUHODWLRQ EHWZHHQ HIIHFWLY&hdRmkd Bveade Wegeratvnd R&HBEDW X UH -
0.9881" (see Figure 8).

SOC decomposition might be sensitive to temperature rise, and SOC decayed faster in warmer
environment (Zhang et al., 2015). The effect of temperature on SOC was very complex. Temperature
directly affected the accumulation of SOC through the activity of microorganisms. Under the same fertility
level, the higher the annual average temperature was, the higher the crop biomass was, and the more litter
and crop stubble were returned to the soil. Therefore, the input of SOC will increase. But at the same time,
the higher the annual average temperature, the faster the decomposition rate of organic matter (Cao et al.,
2007). Only from the cumulative correlation between temperature and SOC, the contribution of annual
DFFXPXODWHG WHPSHUDWXUH ¢« « WR 62& DFFXPXODWLRQ ZDV VOLJ
WHPSHUDWXUH LQ WKH UHJLRQV RI DQQXD®©®© DYHMWDBIG WHPSHUDWXUEL
and in the regions of annual average precipitation 0 mm ~ 400 mm, 400 mm ~ 800 mm and > 800 mm.
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20 | r=0.988%*n = 780
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Figure 8. Relationship between annual average temperature and effective accumulated temperature
10 (n=883)

Effect of precipitation on SOC accumulation

From the aspect of annual average precipitation, from 346 mm in Baicheng city of Jilin Province to
2300 mm in Wuzhishan City of Hainan Province, the correlation between annual average precipitation and
SOC accumulationvas poor, r = 0.3501 (see Figure. @hanges in precipitation patterns will have a
significant impact on the function and structure of terrestrial ecosystems, asvagtifre basic driving
force for almost all chemical and biological processes, iedpthnt growth and survival, photosynthesis,
microbial activity and soil respiration (Gerten et 2008). The combined effects of temperature rise and
precipitation decrease (or increase) on carbon sequestration rate were less than the sum of their respective
effects, with the individual and simultaneous global changes, the change of SOCeprasemtlinear
model (Zhang et al.2019), SOC decompositionwas more sensitive to temperature change than
precipitation (Guntifias et ak013.
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Figure 9. Relationship between SOC content and annual average precipitation (n=780)

In order to reduce the impact of precipitation on SOC, soil samples were collected in a wide
geographical area along the 400 mm isohyet in China. The results show that temperature accounted for
more than half of the variation of SOC, which was far greater than the comprehensive influence of water
availability, soil properties, vegetation types and soil types (Tan €2Qd(. Therefore, most of the
contribution of water availability to SOC variability should include the contribution of temperature. The
effects of temperature and precipitation on the distribution pattern of SOC in agroecosystem had been
widely studied, but the comprehensive effects of these parameters on the macro scale were still less
reported.

As shown in Figure 10, after removing the above 12 counties (districts, cities), the accumulation of SOC
content by annual average temperature and annual average precipitation was interactive. In the area of
annual average precipitation >800 mm, the relationship between SOC content and annual average
temperature was nonlinear in 311 sample points after removing the above 12 counties (districts, cities). In
WKH UHJLRQ RI ! PP WKH DQQXDO DYHUDJH WHPSHUDWXUH
correlation with the accumulation of organic carbon, and the SOC content increased with the increase of
WKH DQQXDO DYHUDJH WHPSHUDWXUH ,Q WKH UHJLRQ RI ! PP
temperature had a negative correlation with the accumulation of organic carbon, and the SOC content
decreased with the increase of the annual average temperature. Therefore, the effected of warming and
precipitation on soil temperature and humidity werre not independent, but show interaction (Guanlin et al.,
2017). In warmer and wetter climates, microbial activity was higher, which resulted in less isolated SOC
(Yang et al.2011). however, with the increased of soil temperature, the activity of microorganisms and the
content of derived compounds increased, which leaded to the degradation of the unstable component SOC,
this process need to be promoted with the increase of precipitation (Che2@2G.,

WKH
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Figure 10. Relationship between SOC content and annual average temperature in the region with
annual precipitation > 800mm (n=311)

SOC content was significantly correlated with water temperature ratio (r = 0./&@33shown in Figure
11). SOC content showed an increasing trend with the increase of P/T. Studies havd shown that the change
of water heat gradient had an effect on the content of soil light fraction organic carbon, awdashare
very significant positive correlation between SOC content and water temperature ratio (Gert2a0s;al.,
Li et al.,2009). Precipitation and temperature havd a positive interaction on the accumulation of SOC. SOC
was the result of precipitation, temperature and other factors (Wang28002).,
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Figure 11. Relationship between SOC content and p/t (n=780)

Effect of hydrothermal conditions on SOC accumulation

At the micro level, the spatial variability of SQ@s the result of the combined action of natural factors
and human factors. The most significant factors affecting 8@@ soil type, land use, soil texture,
topography, soil physical and chemical properties and many other factors (Gela&@akrrouays et
al., 2001; Schillaci et al.2017; Tziachris et al2019; Zhang et al2018). At the same time, soil type, soll
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texture and topography were almost unchanged, while land use had a great impact on SOC. The chemical
composition and physical structure of each part of the plarg different, especially the roatas more

difficult to treat, so the average residence time in thevgasillonger (Heitkamp et ak012; Rasse, et al.,

2005).

Figure 12 reflead the simulation relationship between the predicted value and the real value of SOC.
The results shoed that the cubic curve equation could better simulated the relationship between the
predicted value and the real value of SOC. As mentioned above, with the temperature and precipitation
changing individually or simultaneously, the change of SOC predenhonlinear model (Zhang et al.,

2019). The correlation coefficient r = 0.7048and the cubic curve equation could better simulated the
relationship between the predicted value and the real value of SOC.

35 - y = -0.00823 + 0.29752 - 2.3886 + 12.63
© @ r=0.7048E (n=780)

SOC true value(g-kY

0 5 10 15 20 25
SOC predicted value (g- Ky

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

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

&RQFOXVLRQ

In the eastern coastal monsoon region of China, temperature has a negative correlation with the
accumulation of organic carbon when the annual average temperature is less than,hd8he water
temperature ratio has a positive correlation with the accumulation of SOC, and the content of SOC increases
with the increase of the water temperature ratio; in the region of 20.280.95« , the annual average
temperature and the annual average precipitation have a significant positive correlation, and the water
temperature ratio has a positive correlation with the accumulation of SOC In the regld20d5 » , the
temperature has a negative correlation with the accumulation of organic carbon, and the water temperature
ratio has no correlation with the accumulation of SOC.

In the range of 0 mm to 400 mm, temperature has a positive correlation with the accumulation of organic
carbon, while the water temperature ratio has a negative correlation with the accumulation of SOC In the
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region of > 800mm, the annual average temperature < 20,96e temperature has a positive correlation
with the accumulation of organic carbon, and in the region of > 20.9the temperature has a negative
correlation with the accumulation of organic carbon, but the water temperature ratio has no significant
effect on the accumulation of organic carbon.

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