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Fig. 1 Geomorphology and sampling location map of the study area.
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Table 1 Test results of normal distribution of data.
SN2 AP SR TN && TP &% pH AE
(1) 364 365 362 368 367
FHIME (g/ke) 19.9 1.17 0.705 638 1.41
FRifEZE (g/kg) 8.34 0.466 0290 0.929 0.207

Wik w2 pUR) 0.007 0.041  0.001 0.001 0.005
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2 T IRmR

Table 2 Quality control of analysis methods.

SRTH KR RSD i
(mg/kg)  (AlgC) (%) (%)
TP &%  ICP-OES 5 0.002~0.016 4.78~6.28 100
TN &1t VOL 20 0.001~0.016 377-461 100
HHRRE R VoL 0.10°  0.002~0.011 3.03~6.62 100
pH ISE 0.10™  0.002~0.016 0.59~6.00 100
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Table3 The types of interaction and the basis of

discrimination.
FIWH ZHAEH
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A H AT L) %M IX R pH PR
B4 6.38, Hrff 86.1% 1Y L3 R, 13.9% F 6
. ZAEJLEN 0.780 ~ 1.93g/em’, Bk T N
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ki & G HIN 2.39% ~ 71.9% ., 7] WX N + 33
J2 B AR R

%4 WX EHERZER B R
Table 4 Analytical results of surface soil in the study area.

Auls! R w/ME CPE bR %)
pH 850 387 638 0929 14.6

TN i (g/ke) 280  0.121 1.17  0.466 39.9
TP &t (g/kg) 1.75 0.188  0.705  0.290 412

FHHUR S & (gkg) 484 1.72 19.9 8.34 419
A (gem’) 193 0780 141 0207 14.7
FRLE 1 (%) 7.10  0.0353  3.59 1.25 34.8
KYRLE (%) 91.8 275 727 14.8 203
PRI (%) 71.9 2.39 23.7 15.8 67.0
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Fig. 2 Distribution diagrams of organic matter content (a) and bulk density (b) in soil profile.
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B Hb T H b b R 2R, (A M
5 XK FK Be b LT RS i A4 S IR, 5 K

# 5 WX LA PRI bR R 4R

i JH AL AR A HLAE A O, i 2 R it A LA 2
51 3 7K T A0 K B A HLTE s T A 2 8 i 3 5
AT MR I (R T R M) R A
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Table 5 Soil organic matter content in different grades and area proportions.

. A ML o [l T b o AL & R TR TR L
LR SR TR PR SR
B (g/kg) (km?) %) B (g/kg) (km?) (%)
1 >40 18.3 0.24 I\Y 10 ~ 20 3626 475
1 30~ 40 206 2.71 \ 6~10 547 7.18
m 20 ~30 3070 40.3 Vi <6 161 2.11
A
(8 T i ) AT ik (g/ke)
S R
B <s(V)
T 6~10(V)
[ ] 10~20(1V)
[ ] 20~30(1I)
&1 451] [ 30~40(11)
g k5 4o D)
E3 AP RE
Fig. 3 Classification map of soil organic matter.
6 ARFFRRX LEEIRE RAEH S
Table 6 Statistical table of organic matter content data of different utilization types.
AR AN ELR A A~ LT b = vf AR EL ZZ
— e AL AR AHUB &P b AR RE
(i3] (gkg) (gkg) (gkg) (%)
Eh 173 1.72~47.2 19.5° 7.75 39.7
K PeHn 21 7.07 ~34.6 21.0° 7.94 37.8
JKH 44 5.86~45.5 22.7° 9.00 39.6
Ht 44 1.90 ~ 46.9 19.5° 9.62 493
il 2 24.6 ~48.4 36.5° 16.8 46.0
[l i 13 5.69~37.1 18.7° 9.82 524
A L (5 T, w5 67 4.48 ~40.3 18.6° 7.46 40.1

H: a. b ARIFRFRZERBE (p<0.05).
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A HIERET . H R AR IR T R LS
)34 70 B T, R R T AT
Shy b e 5% o ) F 9 HURR 2 A R i s 4l )
PRIk, A 5 R R 30T B R 22 A G R B0k, 60 4
fRrktE . IR JE M RE4R) DL R R B 1 (B
Ja& B Tl gt R T B ) AR R S A AL
KKEFED.
351 HELEBERGASE

i A SR AT 2 B, BIFT IX R 2 (B L)
HIEAIR S BE (p<0.01), BB (p<<0.01) & ¥
MIIEASCOC R, X R L & B RN T LA
PUBT AR SR O I e (2R . BIFSR X R 43F
A B ST T R B S W EL A AR i Y W B, ] B
WRAYUR M EZORE, 2R/ S EN K, BAMTA
BRI 1)
3.5.2  HHERGRL. BYRCRIR R

WF5E X 18R )2 (LA A WL SRR 7
Fe IR 2800 50 0.410 1 0.726(p<<0.01), 5 ki

# 7 RIZMAN R HLTR S 50 A R 8 B R 2 AR
RE

Table 7 Spearman correlation coefficients between topsoil and

soil profile organic matter and impact factors.

e S 2SN s P 3 LT
MR FEFR
(n=368) (n=52)
TN & 0.898" 0.945"
TP &4 0.560" 0.873"
pH 0.030 -0.307"
Fax:is -0.284" -0.305"
RRL 0.406" 0.751"
MRS it 0.410™ 0.726"
R Er it -0.416" -0.726"
5 BRI B 0.004 -
ST AL -0.089 -
5 RHE 0.019 -
R -0.007 -
o o 0.174™
SR 0.030 -

e e fURAE 0.01 25 R, AHSetER g, <+ RFEALE 0.05
B W), MR, “REBEARITEL,
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i T R 8 R 0.406 F10.751(p<<0.01),
PR BEFAK (K 4 5 a Fl b, 32 7), Sk &2
2 MOASE (B de, 2 7), Wi IR B R B0 R
—0.416 F1-0.726(p<<0.01). A L7 & FLHI i 5 #
B ORI RL AR OGO R SR IZ—HE, 5%
Fb A R0 1) F EHEA HLTRR 2R, iR & i K, FRAE
e 122, RH TANLBRIAE 07,
3,53 3 pH FIEHE

WX HIHERIZA VTS pH A 1 A0 G
(M Bz IR 2 220K 0.0320), 1H 5 A HLE S pH 2 5
FASE (W /R B R Eh—0.307, p<0.05); H1ESR
2 i) AESAVUR R B R T R2 R

80
(a)
70 y=2.515x+10.8
60 b 2=0.142 n=364
2
= 50 ¢
&
\5’ 30 t
T 20 ¢
10 t
0 L
-1 0 1 2 3 4 5 6 7 8
BhRL 4 (%)
80
(b)
70 t y=0.198x+5.51
el 72=0.124 n=362
2
= 50 ¢
4
\g 30 f
T 20
10 t
0 L 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100
WL 5 (%)
80
C
70 1 y=—0.187x+24.4 ©
60 | 72=0.127 n=362
2
% 50 f e
ik | . . -
<~: 40 " . am "y " L]
E( 30 I ' { -.‘.- - - - l.
= | [ L] CL] -
e 20 ﬁﬁ!'-;'\u\ -
A =x .
10 + i e .j." :-I. .:= \:&
0} - -

0 10 20 30 40 50 60 70 80
WAL (%)
E4 RELIBAYEEZ RSB, BPRAER S RXA
Fig. 4 Relationship between organic matter content and sand,

silt and clay content in surface soil.
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Spatial Pattern and Influence Factor Analysis of Soil Organic Matter Based
on the GeoDetector Model: Taking Liaoyang—Anshan Area as an Example

Al Xiaojun'?, YU Xiaojian'?, CHEN Zhansheng"*, HOU Hongxing®, CHEN Xue'?,
GONG Cang*, LI Zigi°, HUO Dong"?*, LIU Jiufen>*""
(1. Center for Geophysical Survey, China Geological Survey, Langfang 065000, China;
2. Technology Innovation Center for Earth Near Surface Detection, China Geological Survey, Langfang 065000,
China;
3. Langfang Natural Resources Comprehensive Survey Center, China Geological Survey, Langfang 065000,
China;
4. Civil-Military Integrated Geological Survey Center of China Geological Survey, Chengdu 611732, China;
5. China University of Geosciences (Beijing), Beijing 100083, China;
6. Command Center for Natural Resources Comprehensive Survey, China Geological Survey, Beijing 100055,
China;
7. Key Laboratory of Coupling Process and Effect of Natural Resources Elements, Beijing 100055, China)

HIGHLIGHTS

(1) In the study area, organic matter content of 10-30g/kg (I, IV) accounted for 87.8% of the area, and the
coefficient of variation was 41.9%, which demonstrated a moderate degree of variation. The organic matter of
soil showed a decreasing trend from southeast to northwest, and organic matter of soil profile decreased with
increasing depth.

(2) Total nitrogen, rainfall, total phosphorus and bulk density played a leading role in the spatial variation of surface
soil organic matter in the study area.

(3) The explanatory power of the interaction of any two factors on the spatial distribution of organic matter was

greater than that of a single factor.
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ABSTRACT: Spatial pattern of organic matter distribution and its influencing factors in the study area can provide
a decision-making basis for territorial spatial planning. The majority of previous studies in this area focused on the
soil surface, and most of them studied the influence of single factors. Therefore, the characteristics, spatial pattern
and multi-factor influence of soil horizontal and vertical organic matter content were studied. The results showed
that organic matter was higher in the southeast and lower in the northwest, and decreased with increasing depth.
Organic matter was positively correlated with total nitrogen, total phosphorus, viscosity and silt content, and
negatively correlated with sand content and bulk density. The interaction of any two factors was greater than that of
a single factor. The BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.
15898/j.ykes.202412050251.

KEY WORDS: soil organic matter; inductively coupled plasma-optical emission spectrometry; influence factor;

Geodetector; Liaoyang—Anshan

BRIEF REPORT

Significance: With the rapid development of industry and urbanization, the intensity of land use has increased and
refined management has strengthened. Compared with the second national soil census, the overall soil fertility
shows a downward trend. Meanwhile, due to irrational farming, the risk of excessive phosphate fertilizer appeared in
Haicheng City, the carbon storage deficit in Tai’an County was serious (52%), and the risk of degradation of black
soil was high. As an important parameter of soil fertility, soil organic matter not only affects the physical, chemical
— 430 —
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and ecological characteristics of soil, but also directly determines the productivity of soil and the robustness of the
ecosystem!' !, The spatial pattern of organic matter distribution and its influencing factors in the study area can
provide a decision-making basis for territorial spatial planning.

Existing studies have revealed that soil organic matter is comprehensively affected by altitude, average annual
air temperature, soil type, soil parent material, precipitation, land use method, pH value and soil clay content'*. The
research area studied by the above scholars was cultivated land or forest land, and the geostatistical method was still
the most common research method!'®. The research area covers various types of cultivated land, forest and
grassland, and extends from the soil surface to the deep layer. The interaction of multiple factors is the key issue to

117 can reveal the influence of a

be considered. In view of this, the geographical detector developed by Wang, et a
single independent variable on the dependent variable and also identify the interaction effect between the two
factors. A linear relationship is not needed to prevent collinearity caused by multiple variables. The O-value index
can accurately evaluate the interpretation ability of single or interactive variables of geographic detectors on the

18] The Liaoyang—Anshan region is an important part of the old

spatial differentiation of soil organic matter
industrial base and grain production base in northeast China. Soil organic matter has a downward trend™, and its
decline has affected soil environment and crop growth, thus affecting regional food security and ecological balance.
This study combined geostatistics, correlation analysis and a geographic detector model to input more factors that
had not been investigated in previous studies, such as surface matrix configuration, clay, silt, sand, total nitrogen and
total phosphorus content, to analyze the impact of environmental and human factors on soil organic matter
distribution.

Methods: In order to systematically study the internal laws and influencing factors of organic matter distribution in
soil surface and profile, soil surface and profile samples from Liaoyang-Anshan area were collected. The Potassium
dichromate volumetric method, inductively coupled plasma-optical emission spectrometry and Kaye distillation
volumetric method were used to determine the physical and chemical index content of soil. The characteristics,
spatial pattern and influencing factors of soil organic matter content were investigated based on geostatistics,
correlation analysis and the GeoDetector model. Technical standards such as Specification of Multi-Purpose
Geochemical Survey (DZT 0258—2014) and The Specification of Testing Quality Management for Geological
Laboratories (DZ/T 0130—2006) were strictly implemented. Data processing and data quality control are shown in
Table 1 and Table 2.

Data and Result: (1) The soil surface organic matter content in the study area ranged from 1.72 to 48.4g/kg, with an
average value of 19.9g/kg and a coefficient of variation of 41.9%, as shown in Table 4. The spatial variation was
moderate. The overall spatial pattern showed a gradual decrease from southeast to northwest, and the soil profile
organic matter decreased with increasing depth, as shown in Fig.2 and Fig.3. The decrease of organic matter in soil
profile was related to the decrease of soil oxygen content, root biomass and microbial activity'*. (2) Soil surface
and profile organic matter were positively correlated with total N, total P, clay and silt content, and negatively
correlated with sand content and bulk density (p<0.01), as shown in Table 7 and Fig.4, which was determined by the
biogeochemical mechanism of organic matter, N and P covariance and the cascade effect of soil parent material and
texture>". (3) The interaction of any two factors was greater than that of a single factor, and the explanatory
power of the interaction between total nitrogen and the other 16 factors was above 0.80, as shown in Fig.6. The
spatial variation of soil surface organic matter was different, and total nitrogen, rainfall, bulk density and total

phosphorus were the leading factors of spatial variation, which were also affected by multiple factors.
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