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Analysis of Spatial Heterogeneity and Influencing Factors of Soil Total Carbon and Nitrogen
—Take the Upper Reaches of Heihe River on Southern Slope of Qilian Mountain as an

Example
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Abstract: In order to further understand the main factors affecting soil nutrients and the coupling between the influencing factors,
this paper takes the Heihe River Basin as the study area and uses field sampling, experimental analysis, and geostatistical analysis to
analyze the total carbon (TC) and nitrogen (TN) of the topsoils (0-20 cm). The spatial heterogeneity is studied, and the single factor
and dual factor effects and applicable conditions of TC and TN are explored using the geo-detector model. The results show that both
TC and TN are belonged to the normal distribution with medium variation, belonged to the first level according to the grading
standard of the 2™ national soil survey, in exponential interpolation models, and the interpolation are influenced by both the
structural factors and random factors. The contents of TC and TN both show the decreasing trend from southeast to northwest, and
the interpolation accuracy of TN is 0.71, higher than that of TC (0.55). The top three independent variables are soil organic
matter(SOM) > bulk density(BD) >NDVI(normalized differential vegetation index) for TN explanatory and SOM > BD
>EC(electrical conductivity) for TC explanatory, the interaction between SOM and other factors is mostly above 0.6. The areas where

the maximum values of TN and TC contents of the soil appear are on the conditions of BD <0.6 g/cm®, EC in 0.3-0.35 pS/cm, pH in
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7-8, SOM in 100-150 g/kg, particle size in 10-100 pm, TEM(average temperature) in —1-1 ‘C, PER(annual precipitation) in
360—390 mm, TWI(terrain humidity index) in 6-9, slope in 15°-25°, NDVI in 0.95-1, aspect in north, and DEM in 2 500-3 500 m. It

should be classified and managed according to the terrain, climate, vegetation and other factors for the improvement of soil quality.

Key words: Soil total carbon (TC); Soil total nitrogen (TN); Geostatistical analysis; Geodetector model
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Table 1 Interaction types

R -
VK L 1 LR BUIE g(x1N x2)<Min(g(x1), ¢(x2))
N M B S B . % 5 B BEEBEH  Min(g(x1),g(x2))<g(x1N x2)<Max(gq(x1),q(x2))
1. NDVI 257 R E TR B 4y 5 A X IFAE Max(g(x1),q(x2))<g(x1N x2)<g(x1)+q(x2)
9 Slope A 12 MR LEZIBFIE 40 Ty 6 4528 A gt gl (:2)
DEM 4R35 h SR e g k4, sy 3 KPR 41N 2pgx])a(2)
*2 ZBETEZELYH
Table 2 Classification of each independent variables
975 R oy
BD(g/cm’) <0.6, 0.6~09, 0.9~12, 12~1.5, 1.5~18
EC(nS/cm) 0.045~0.1, 0.1 ~0.15, 0.15~0.2, 0.2~0.25, 0.25~0.3, 0.3~0.35, 0.35~0.4
pH 6~7. 7~8. 8~9
BB (um) 2~10. 10~100, 100 ~1 000, >1 000
SOM(g/kg) 0~50. 50~100, 100~ 150, >150
TEM(C) “7~=5,5~3, 3~-1, -1~1, 1~3
PER(mm) 300 ~ 330, 330 ~360. 360~390. 390 ~ 420
NDVI <0.00001, 0.00001 ~0.25, 0.25~0.5, 0.5~0.95, 0.95~ 1
Aspect b, vade. P9. PURE. M. REE. AR. ZRAL
Slope(®) 0~3,3~8, 8~15, 15~25, 25~35, >35
DEM(m) 2500 ~3 500 (BiHhLl). 3500 ~4 500 (PEiil). >4 500 (ML)
TWI 3~6, 6~9, 9~12, 12~15, 15~18
2 ZERE545H #3 1EE2HR. 2RAKITER

21 1TELHmERSEHRESRIT

MWF 3 A LIAES, TC SRMTERITE 8.38 ~
112 g/kg, FIIEH 48.35 g/kg, MRIEEE Ik 14
T PAnE, TC SR TH—%; TN FEaE
FEI7E 0.38 ~ 8.20 g/kg, “FYIME N 4.00 g/kg, A —
WA SR o b, TN SR T8 —9. W
JE R g R s RS LE S A 4845, TN 5 TC
SRR T 0, WEEX/NT 0, UL AT
R, HERH, NERREE, =& 10%
<SCV=<100%, J& T4 %, K-SKEHE 1% 1
KK, SIS A ve ARG A

Table 3  Statistical descriptions of soil total carbon and total
nitrogen

b hoME Ol P B 1% KS BRA

(wke) (gke) (eghkg) 22 g g BE gy
TC 8.38 112 48.35 20.42 0.57 -0.35 0.02 47.45
TN 038 8.20 400 1.85 0.42-0.51 0.01 42.24

22 tTEEHRERSEMFEITHN

BeGAa 5 R G2 HR7s BEHLER 351 i 2 1]
AR5 RGBS LB P A3 4 hT LU
TN 5 TC F®EMBSHE/ZEGELERE 25% ~
75%, J& T AR, i v R SRR &R
LR
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Table 4 Theoretical models and parameters of soil nutrient
half-variance function

febr BB i SR TR Col(CotC)  PriE Bk
Co C(]+C (1'1'1) Rz

TN 8% 2.72 6.98 1533000 0.39 0.71

TC % 0.15 0.44 1233000 0.35 0.55

P 2 AlA, TC 5 TN &2 i) [ A SRl
F HAHSCHE B 38z @55, TC & & HAHSCHE
BTE 0 ~ 53 333.33 m, TN & A HAHEHEETE 0 ~
70 366.67 m, HEZIEHOCHIEM, VIR IEMDG, &5
) SR AR ;. TC & it B AHOCHE 5 7E 53 333.33 ~

o

106 666.67 m, TN &Y HAHCHEETE 70 366.67 ~
140 733.33 m B}, B EH8507F 0 (H L FiFs, 1B
25 (0] A A MRS s TC & HAY A CHE B 78 KT
106 666.67 m, TN F 1) FAHDGEEAEKT 140 733.33 m
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FETEZS R PR
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Fig. 2 Autocorrelation of soil nutrients
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Fig. 3 Interpolation diagrams of soil total carbon and nitrogen
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Table 5 ¢ values of main influencing factors of soil total carbon and nitrogen
iebs B BD EC pH THEKE TEM PER TWI  Slope NDVI Aspect DEM  SOM
TC q 18 0.43 0.26 0.06 0.06 0.08 0.15 0.01 0.06 0.19 0.14 0.08 0.63
PfH 0.00 0.00 0.05 0.00 0.00 0.00 0.84 0.10 0.00 0.00 0.00 0.00
TN q 18 0.38 0.17 0.06 0.04 0.05 0.16 0.02 0.05 0.19 0.12 0.06 0.58
PfH 0.00 0.01 0.04 0.03 0.04 0.00 0.66 0.16 0.00 0.01 0.00 0.00
*o6 TiE2W. 2RAFWEFIE/ERERM
Table 6 Interaction detection of soil total carbon and nitrogen influencing factors
By BD EC pH  ©THERE  TEM PER NDVI Aspect DEM SOM
TC BD 0.43
EC 0.55 0.26
pH 0.47 0.31 0.06
KLJEE 0.47 0.33 0.15 0.06
TEM 0.48 0.33 0.14 0.15 0.08
PER 0.50 0.40 0.20 0.19 0.20 0.15
NDVI 0.51 0.43 0.25 0.26 0.25 0.26 0.19
Aspect 0.52 0.45 0.21 0.22 0.29 0.33 0.37 0.14
DEM 0.46 0.32 0.14 0.13 0.10 0.19 0.22 0.20 0.08
SOM 0.73 0.73 0.66 0.64 0.66 0.66 0.68 0.78 0.64 0.63
TN BD 0.38
EC 0.47 0.17
pH 0.42 0.24 0.06
KL 0.41 0.23 0.13 0.04
TEM 0.44 0.25 0.13 0.12 0.05
PER 0.47 0.33 0.21 0.18 0.20 0.16
NDVI 0.46 0.36 0.25 0.23 0.25 0.25 0.19
Aspect 0.48 0.39 0.21 0.19 0.28 0.31 0.35 0.12
DEM 0.40 0.22 0.13 0.09 0.08 0.19 0.21 0.17 0.06
SOM 0.66 0.64 0.61 0.58 0.59 0.61 0.62 0.74 0.59 0.58
®7 2k 2RRVETFEREZMEERKT 95%)
Table 7 Significance of differences in total carbon and nitrogen detection factorss
Eizgan BD EC pH TR TEM PER NDVI Aspect DEM SOM
TC BD
EC Y
PH Y Y
KL Y Y N
TEM Y Y N N
PER Y N N N N
NDVI Y N N N N N
Aspect Y N N N N N N
DEM Y Y N N N N N N
SOM Y Y Y Y Y Y Y Y Y
TN BD
EC Y
pH Y N
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& br BD EC pH +HERE  TEM PER NDVI Aspect DEM SOM
TN B Y N N

TEM Y N N N

PER Y N N N N

NDVI Y N N Y N N

Aspect Y N N N N N N

DEM Y N N N N N N N

SOM Y Y Y Y Y Y Y Y Y

IR 400 FH 4 0 52 e AL DXl 1) ) S
BHAEREA BEWZEN, HTIRE LIEIC ) Bbf iy
Xk, HEuk, ABrEA, +3H TN & TC &&F
PR B IX 5k BD<0.6 g/em®, EC 7E 0.3 ~
0.35 uS/em, pH7E 7 ~ 8, FJETE 10 ~ 100 pm, SOM
#£ 100 ~ 150 g/kg, DEM 7£ 2 500 ~ 3 500 m(/=HLl),
PER 7E 360 ~390 mm, TEM £ -1 ~1 ‘C, NDVI fE
0.95~1, TWIZE 6 ~9, Slope 7£ 15° ~ 25°, Aspect
AL T o

3 ihie

30 TENBEENTESERERNEMN
SOM 5+ R R N ER, MM
ik 0.8 Zifi; B SOM 4b, X434k 4 Rk )i
SRR 4 BD, H5 TN, TC S5, BD it
S ERRLEE, SRR 0 E ik, BD K
VLA H LN, R A RN R 2, I
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BERIEE 10 ~ 100 pm B, TN, TC “F¥ME K ; T EC
AT DA B2 g e 38 B R i SR AR AN R R Y
BRI, s o Ak, RAE T+ fb Ak
AR TR, TR s e 3R AR SR . pH 5
TN. TC ZHAHK, XAREE M TAERR T,
Bl A W 5t A BB A o il 25 52 R0 I P, R IX
DA R sns e -4k 32, Rk, 7F pH 7 ~ 8 eI
BTN, TC F¥HEA K.
R9 TESH. 2ESHIEETFEXM

Table 9 Correlation of soil total carbon and total nitrogen with other

soil factors
SOM BD EC pH i
TN 079"  -0.66" 040"  -036"  -0.20"
TC 084"  -0.68" 050"  -034" 026"

¥ FR P<0.01 KF F B EMHIL,

32 HEEWITESHmERMNEN
FEWE LR, o0 A B Bk P 2 M T 2 it il - 3 55 4%

(A B0 M - AR i A /N ELRER R 1 A AL
SR E g, BTl NDVI 7E 0.95 ~ 1 JEREIAN
TN 5 TC AP R A8 BF5E X RS B0 Bl 40 A1
FESPERR, BRI RE R BT BT AR L AR
WEIEE S AR ST AHA, I P X R e v, LU
RTINS T SO R e o D BN S
IR AT 32 LI bRHE e R A S bRl S DA 7 (R A
KrtzRE, TR LY, T A
SR ZESYE, FECT RS HSIR R
33 SREEMIESBRERNEN

Rl - 37 43 5 i DR 2R (14 45 R R 58 41 45 2T mp
DIFE Y, SAXT RIS i s o A, R
RIZ T2 SRR K . AT, BRI
T IR R TR, WF5E X AR K R AE 340 ~
400 mm, 4EZELRTE N 1 496.3 mm, 7&K R EMKE
) 452 . TERZERIVERTT , Kook T 14857
A BRI PE R -, IR T ROk 5 T e
AR EHMDY, WK LIRS ERE
N RSP I AEASE I E R A, AFREK
I 320.7 ~ 385.8 mm, 4FMIRTE 0.2 ~52°C W, &%
IECEOR A, AR P AR R K B AE 360 ~
390 mm, 4EMJRTE -1 ~1 CYLEN TN 5 TC 1F
BIEIRK, PAEFR S RAART, W22 h T8
T 18 B8 8 K0 3 AS [ 3 )
34 HEXNTESHRERNZMN

HIEXT T 30 & F B CEE, fRig K A&
PRRYZS [ A3 L, BROE XIS P 1 S 2 AR BiFgE IX
FERILHN I EE LAY, AR
K, I Slope 7E 15°~ 25°¥E N TN 5 TC “EH{H
IR, AR MR A5 A T b 1) X 3R 43 1 5 1 e
K, HALT (I LHE TN 5 TC BRI RA, X
5 ARSI T AR LR B AR AT 245 R — 2, X
— G AT RBSE th IR R/ AN, B+
XKy PR R R %, ARIRRIAEE M2, S5
FFI3 3R R BRI 3 AT B B AR IR Z ek, 4
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IO B4 - 3EAE ) B4
4 g

D) R X 4 4 ik 5 4 A AR E B AL Y
S ERE Y A A5 i DR 3 A 1 R R K TR L
PRI, H(ESS R I R r ) ve s s ke 3, |
SERREEARAL , X 55 SRR DX AR B A M A A
BUIOCFR, SRR DX bR 32 B 53 A 76 2R p 50 1 2 )
B A e g AL S s .

2)i i H PR 2% o A el LA, SOM., BD,
EC 2 NDVI J& 51 1 438 4 flke 42 0 & i 28 Ay 45 [
£, AU, HIENESERAAR T RIS A L
e FEAEH .

3) 13 TN K TC ~F-Xfe AR 1 B X I - 35
BD<0.6 g/cm’, EC 7E 0.3 ~0.35 uS/cm, pH 7£ 7~ 8,
KiEETE 10 ~ 100 um, SOM 7E 100 ~ 150 g/kg, DEM
£ 2 500 ~ 3 500 m(f= L), PER 7 360 ~ 390 mm,
TEM7E —1~1 ‘C, NDVI#£ 095~ 1, TWIE 6 ~9,
Slope 7£ 15° ~25°, Aspect ZEILTT
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