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Driving Factors and Interaction of STN Spatial Variation in
Shaanxi Province Based on Geo — D

WANG Qi CHANG Qingrui  HUANG Yong SHI Botai LUO Lili
(College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; The relationship between the spatial variation of soil total nitrogen (STN) and the natural and
human environment in different climatic regions was revealed by using geographic detector model, a
method of spatial counting to detect spatial variation and identify the driving factors, in Shaanxi Province.
The results showed that the STN content was generally high in the south and low in the north, and
presented a moderate intensity of variation in the 2020s, with an average content of 0.91 g/kg. The
average STN content in Qinba District was the highest (1.40 g/kg), and the lowest (0.37 g/kg) in
Central Mongolia. On the whole, STN variation was more affected by natural factors than human factors,
and influenced by the single factor of soil organic matter content (¢ value of 0. 63 ~0.86) mainly, and
secondly the county-level administrative divisions (¢ value of 0. 13 ~0.67). Among other factors, the
city-level administrative division and the duration of sunshine were more influential in Shaanxi Province,
q value both reached more than 0. 50; in Qinba District and Central Mongolia District, the higher driving
factor was the soil subtypes (¢ value of 0. 22 ~0. 30) ; the degree of influence of municipal administrative
division was the highest (¢ value of 0.31) in Weihe District; the fertilizer application in Shanxi —
Shaanxi — Gansu had the greatest influence (¢ value of 0.47) ; and the available phosphorus content (¢
value of 0.26) in the eastern Inner Mongolia was the higher driving factor on STN variation. The
influence of factors was interactive on the variation of STN, the synergistic effect of the STN showed
mutual enhancement or non-linear enhancement and the interaction of the two factors enhanced the
influence of the single factor on STN.

Key words: soil total nitrogen content; spatial variation; Shaanxi Province; driving factor; geographic

detector model
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1.1 HREHR

B PG 45 b 4 105°297 ~ 111°15'E 31°42" ~
39°35'N Z[a], i A 2. 056 x 10° km* . 445 F5 Atk
KGRV, Mg b, 3220 A et rh AR
I, D . L =, 4k 22 A 4 2,
49 AN, Ho R R DL R YT b B 1 48
WM BRI RO . RRB AL E SRR,
P B AU U O Jb W B | Bl AT R S TR
JE HUE AT B A A0 o Z B IX LT XL B H
DS IX BERICAE S DX, 28R H
li A6 o AR 1) P 8 A A 5 Rk o B B e AL AR A
e, 32 1L I S e U
1.2 HEskiFE R igtRiEE

e SR S I K SR BR P 4 2015—2018
AT [ i M 00 T A R L It 40953 A SRAE AT
(1) 5 A AR Bk P8 T 2015—2018 4 [|] B 74 45 il
F (X) GETHAF S B0k ; = 2 204 >k A 30 m SRTM
(Shuttle radar topography mission, https; // www. usgs.
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IR BERE 22 Bt 0 (http : // www. resde. en/)
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Fig.1 Soil sampling sites distribution map
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Tab.1 Indicators of factors

HA) HF Eisgan A eSS HF B Hfy
A H h 3 ‘ Fy i RAT BUX X
L . ATBUX R (F) PN,
S (A) 4, P& 7K it mm F, B RATHIX K
45 10C P B < G Bl
%&%ﬁ(ﬁ) B l{ﬁ%ﬁﬁi‘l A th {izﬂlﬂﬁ@ﬁﬁ% kg/hm?
Bk (C) C 521 m — Gy FUIE it FH kg/hm?
D, B B G, 8 A i ) kg/hm?
HARE LEMD) D, 13 Gs AT it P kg/hm?
Dy W2 Gs 524 N it kg/hm?
E, SOM Jii it . g/kg
E, kA L
T HEF 5 (E) k, pH i
E, AP i b mg/kg
ks AK Jiit b mg/kg

7 SOM £ 7~ A HLJF ( Soil organic matter) ; AP 275 A % #5 ( Available phosphorus) ; AK 275 3# % £ ( Available potassium) ,

x2 EFHRRE

Tab.2 Classification criterion of factors

X+ 1 2 3 4 5 6 7 8 9 10
2391 ~ 2197 ~ 2027 ~ 1884 ~ 1713 ~ 0~
A,/h >2 564
2 564 2391 2197 2027 1884 1713
802.9 ~ 700.0 ~ 622.8 ~ 568.3 ~ 515.9 ~ 448.6 ~ 0~
A,/mm >913.0
913.0 802.9 700. 0 622.8 568.3 515.9 448. 6
. 4207 ~ 4057 ~ 3837 ~ 3672 ~ 3492 ~ 3302 ~ 2994 ~ 2587 ~ 0~
A,/ >4323
4323 4207 4 057 3837 3672 3492 3302 2994 2587
0~ 454 ~ 590 ~ 726 ~ 864 ~ 1000 ~ 1132 ~ 1279 ~ 1457 ~
C/m >1674
454 590 726 864 1 000 1132 1279 1457 1674
El/(g'kgil) >40 30 ~40 25 ~30 20 ~25 15 ~20 10 ~ 15 5~10 0~5
14.96 ~ 12.43 ~ 11.34 ~ 10. 07 ~ 9.32 ~ 8. 65 ~ 7.62 ~ 6.10 ~ 0~
E, >30. 15
30. 15 14. 96 12.43 11. 34 10. 07 9.32 8. 65 7.62 6. 10
E, 0-~6 6~7 7~8 8~9 >9
E4/(mg'kgil) >50 40 ~50 30 ~40 20 ~30 15 ~20 10 ~ 15 5~10 0~5
ES/(mg'kgil) >300 250 ~300 200 ~250 150 ~200 100 ~150 60 ~ 100 30 ~60 0 ~30
) 1948.5~ 1285.5~ 990.0 ~ 777.0 ~ 552.0 ~ 337.5 ~ 196.5 ~ 109.5 ~ 0~
G,/ (kg-hm™2)  >2812.5
2812.5 1948.5 1285.5 990. 0 777.0 552.0 337.5 196. 5 109. 5
) 567.0 ~ 438.0 ~ 330.0 ~ 246.0 ~ 202.5 ~ 169.5 ~ 121.5 ~ 75.0 ~ 0~
G/ (kg-hm™") >750.0
750. 0 567.0 438.0 330.0 246.0 202.5 169.5 121.5 75.0
) 135.0 ~ 93.0 ~ 64.5 ~ 42.0 ~ 28.5 ~ 19.5 ~ 15.0 ~ 9.0 ~ 0~
G,/ (kg-hm™") >190.5
190. 5 135.0 93.0 64.5 42.0 28.5 19.5 15.0 9.0
) 235.5 ~ 139.5 ~ 109.5 ~ 69.0 ~ 45.0 ~ 25.5 ~ 18.0 ~ 4.5 ~ 0~
G5/ (kg-hm ") >349.5
349.5 235.5 139.5 109.5 69.0 45.0 25.5 18.0 4.5
) 1059.0 ~ 687.0 ~ 459.0 ~ 285.0 ~ 157.5 ~ 108.0 ~ 62.3 ~ 36.0 ~ 0~
G/ (kg-hm ") >1971.0
1971.0 1059.0 687.0 459.0 285.0 157.5 108.0 62.3 36.0
1.3 WxRFE (Min ), ¥ ¥ {4 ( Mean ) . 5 #E W 22 ( Standard
1.3.1 Zigeity deviation, SD) Fl72 5 REL C, # iR B VY4 23 &+

KM MG S B KA (Max) (fe/ME X STN 19 40 i R fE, Hob 28 5% R BOCR A
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Nielsen(1985) %43 bR, 24 €, <10% B}, H 5545 &,
10 < C, <100% K}, Jyrp 2578 SEag i 5 €, > 100% K,
AR
1.3.2  HbBRERIN A%

b BRI 25 2 4 s PR 5 R g ) — s ] 05 B
J5 i, R PR 400 5 38 A AR I 8 4R 5 B VS 4
STN K 5l Rl % B R 7 5% 0 ) ]2 se HAR

(1) B4

PRI 52 me) R XX B 7 48 4 3 B S X STN
23 () 40 S A A R R, B AR A5l ¢ i, R A =0y

ZN,,U’;

TN
N,——FZKMIX h B BICEL
N——4 X 1Y FRLIC L
o, ——STN & E1EFRMX h 17 2%
o’ ——STN & EAE4 XA ) %
q {H R FXF STN 52 J) (E3C (0,1 ] (A8 K
FWIH 5 STN 25 [i] 43 A3 #— 3, A+ A9 5% i ) 8%
5 o

(2) 38 H M

ZE B A FHA I A5 A R 1T 3P0 A [ 52 ) A X
Z WA HAE R, VPG 7 X, 5 X, %) STN &% &# Y
525 RS ) B B TR - 52 ) ) S A BBl ST 50 0 5%k
S9N o B AT E PR E X, X, g (A 88
JE&EMWA T2, IR X, N X, 0 g (8, &5
XPEUE q(X,) «q(X,) «q(X, NX,) #EAT R, H
WrH 2 5EAER (R 3)

®3 WAFZEERER

Tab.3 Two-factor interaction types

q=1

A

4K H 2 HAEH
q(X;NX,) <Min(q(X,;),q(X,)) Al 2k M v 55
Min(q(X;),q(X,)) <q(X,NX,) <
B TR T 4 1 ek 5
Max(q(X;),q(X,))
(X, NX,) >Max(q(X;),q(X,)) XL T34 53

q(X;NX,) =q(X;) +q(X,) GLYA
q(X;NXy) >q(X;) +q(X,) AR £k P4 o

2 HREHH

2.1 BEEE STN & BGHHH

BETEA STN P35 & (R H) W 0.91 g/ke
(e 4) 7 49 1 S PR 2 B @5 L IR A0S 1E . 45 T
SRR R K STN A RS H 1. 40 ¢/kg,
%2 AR (0. 37 g/ke) ,$5 IR 7 44 55— W 4%
2R EAN AR A B R 3 T S KR
IR E /M T K BT X SR X, 8

UL e A A RS B0 BREIX STN 33
o AR SR . P PR H X BRI STN A2
SRBU R B 50% |, 3% B X 2 X S 20 B
X STN FY 52 Wi 3 85 B AU X
®4 PEZE STN 2 2HR LI
Tab.4 Descriptive statistics of STN content in

Shaanxi Province

B, R/ (g kg ™) A5

BRRME  RAME O FPHE WilEE REU%
e 74 45 3.00 0.07 0.91 0.47 51.65
ZHEKX 2.93 0.14 1. 40 0.51 36.43
I X 3.00 0.14 1.02 0.35 34.31
WX 2.06 0.08 0.52 0.28 53.85
5P 1.39 0.07 0.37 0.17 45.95
FARIX 2.67 0.07 0.41 0.25 60. 98

2.2 EFHEMUSH

Bk I AR ST X STN 3R ) (K7 B 52 ) g {8 22
SR (E2) , P HEEX A, B.C,HX C, ¥
HX A, D ,5HIX A, BE, E, F, G 5% B,
C.D,.D,.D, E, E, G, G G, G G %HT MR
R Z 50 7 g (HAE 1 0. 05 W MER I, SOM &
LR R ) R (0.63 ~0.86) , HL AT B X R
(0.13 ~0.67) K Z . AIAl X 3, 3K 3l 5% ) )
MR B INR IR Sy B PE 45 (0.10 ~0.80) ¥ Bk H X
(0.05 ~0.70) . Z& 1 X (0.04 ~ 0.80) , I ¥ X
(0.03 ~0.63) 52 H X (0.10 ~0.86) . 5% 4 X (0. 04 ~
0.79),

G G, -
B2 B P 2 A )8 IX B8 00 g [
Fig.2 g values of driving factors in different climatic zones

EHRWHENEZm SIN S 8ERNEFHTH
SOM & (0.80)  H AT IX & (0.67) T AT
X ] (0.58) , H AT (0. 54) (/K& (0.46) [
(0.40) B 13565 40% LI o X F, EH
X STN # & £ 232 SOM % & (0.80) \ H A7 H X
R(0.34) % (0.30) B + 2% (0.26) 4 K T
W, WX SIN & &4 7 E5HF R SOM & &
(0.63) , B frr X 4 (0.45) 17 & 47 B X K
(0.31) BRZA b (0.25) H BB (0.24) (BEK &
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(0.18) 4, SOM & # (0.71) , H 2% 17 B X %I
(0.58) ALNEt £ (0. 47) [T HATHIX K (0. 42) |
A N H (0. 40)  H BRI (0. 40) &5 2 8 PR
X STN &g A8 5 () R BLIR B K . FA X STN 7%
U F2 252 SOM 5 (0.79) (AP % # (0.26) LI K&
B PATELIX A (0. 14) 520, g PR 19 i B 7 24 41%
F0.10, S XM EFEmEEFH SOM & &
(0.85) F2(0.22) K +35(0.21), & Lk, W5
STN F i 52 HARP ZH 5 g Sk & T A SCIR & . AL
WP H X 32 B 4R PR 2 52 ) AN SC R 2252 349 A X 45
K, R UL X I 52 N0 3l 5 2 B v o
2.3 ZXEHEASWH

9K gl A % STN 25 [8] 48 53 (1 & & 5% W ) 35 5
K35 A 82 7t , 32 B B R 1 a8 il 4 M 1 o sk
N (E3.4),
2.3.1 HARHERZHAEM T

AR SR X A, 8 SR 2R B ) A 58 BAE AT
Jii2Ese (B 3a ~3d) . H,SOM & & 5 H e A A&
R 19 28 B R e ) Ee , em { 44 SOM & i &2 .
BRA L, AT f# BE STN & 7 88% ~96% A S, It
A BEVEE N H BB K 5 W26 (0.62)  H AT K 5
AL (0.61)  H B K5 425 (0.60) , 11 X Y
RALL 5 W (0.42) B A L5 H 3 2571 (0.39) |
A5 125 (0.39), % [0 X Py W2 5 1 5 2 7Y
(0.45) W2k 54K (0.44) WK 5 AP & &
(0.44) W25 10°C LA LU (0.44) 5 BEH XY
AK F &5 10°C DL EBUR (0.61) (AK & 5Hb 52K

Py ZEX RX
PRI X FTX
1,nD, 40D, 4 np,

ANE, ANC
ANE, A,NB

A NE, A NA,
ANE, A,NA,
ANE, ANE,

ANE,
1,ND,
1,ND,

HEX X
D, D,NE,

D,NE,
D,NE,

D,NE,
D,NE,
E,NE,

E,NE,
E,NE

T HAR

A1(0.60) AK & i S5k AL (0.59) , 5 KX N AP
i Sk (0.50) (AP i 5 MR 2SR (0.50) |
AP & 525 (0.38), DL K 5 v X g k5 T 2%
(0.40) 4k 5 126 (0. 40) 45 [H 9 3¢ H.52 ) J) 7E
R Lo P S IR S /N 5 B g 1 e (9 EE
ZE LXK T X B H X % 52 AR IX P b g 2R R o
STN & w52 43 Ly i . [ A, SOM & 7 5
EHARKNFRCEIER, #E— 22 & SOM & i &
STN K HR% Y.

2.3.2 AXHERILZLEAEMS

ASCH R X STN 25 ] 45 5 (1% 28 H 52 0 F A K
BN R BETE A (0.39 ~0.69) & Bk X (0.37 ~
0.60)  JE X (0.19 ~0.49)  Z [ X (0.14 ~
0.37) . %2 [X (0.08 ~0.13) .22 & X (0.02 ~
0.14)

MR XA CHEZ L EAER T, BT X 5
He ACHE M3 B m % (K 3e 31) , HER
SR G5 AN, HE S K E AT X R 5
B A2 B2 ) e K (0,37 ~0.69) o Ak, B TY
B 5 X STN & & 52 i AT BUIX ) 5 He A X
PR 14 2 52 ) g A 35 5 28 T DX 5 I it T
55U B AE AR it R R DA K i AR it FH S RURE
BRE Ak A it 2 2 PR 14 58 LR R f ik # 0. 30
PLbs ¥ Bk X 32 &R i SRR i =
(0.58) AN FH & 558 A M8t FH & (0. 57) DL K fk
JIES it ) 2t 5 2 i (0. 58 ) Ak IR it F 2 45 77 G AT B IX.
1 (0. 57) 25 K7 58 B3 W F7 55 R 5 5% T KPS B IE it

ZHEX TE X TEI X
FARIX 2K

A,nD, 40D, 4 n¢

*A,NB NE, N,
L,NE, NE cnD,
A,NE, BNE,
ANE, D ND, BNE,
D,ND, D,NE,

D NE, D,NE,
D NE, D,ND,
DNE; p NE, D NE;
| :

SR T A
Al X

K3 BART  ASCE T3 AR R

Fig.3 Interaction detection of natural factors and human factors
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FH 5 5 4 it FH o 28 A FH DA R R i P o 5
JE it FH e 2T AT BRI R A Rt A TR
TR TAEH A3k 5) 0. 13 DL B SRR N EE A
SCH g Hsg i J) AR, £5 L, N SCHE X STN
B RS 7 AR A R B L, L 38 3 TR M G R
o R 4R 1 3 R AL o
2.3.3 HRHEES ASCHERKL EAER 0
RN E S5 AR ZE R B AEH T, SOM % i &
S NXHEFHE G m 85 (B 4) , WRE/MK
WHBEHIX (0.86 ~0.88) Z 1 [X (0.80 ~0.89) .
BEPE 4 (0.82 ~0.93) Bk H X (0.78 ~0.86) I
WX (0.66 ~0.86) 5/ X (0.35 ~0.81), I4h,
BV (8 X BT X B X 5 AR X B )
FTEXE S AP i EEm Rz, HERWF
H, BREVE A T AT X 32 LA X R 5 A F AR P

CNF,
GHG
€Ne,

Ence, @i,

ENG,
E,NF,

E,NF,

AR s R B XN W S I B R &R
A0 it FH o 55 D - 1 B2 A5 e ) 2435 510 0. 40 DL L
FBEH X P AK B 5 0 B0 IE U0 it DL &
AP & 52 A M0 ACIE it & iR 5 2 A I i
i DL SR b 5 AT i e S R G 2
AT 0.61 ~0.65 Z ], & X B Py STN & i B A7 5%
BRI E RN AP S RE58 AN CHFEHE
VERI B 13493550 0.30 D b2 KN 2R 5 B 4%
7B IX ) M i ) S ot ] e DA B 28 5 L
TEX R G52 Ty 3k 5] 0.34 DL b, 25 F %
S STN &2 NSCHZR 5 H R &R 2 557
JIATR] AR ZE B AR FH ¥4 2 30t A g 5 e 4 M 1
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Interaction detection between natural with human factors
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HEE R XE STN #9230 48 A B 0P,
WEFR X IR A B X R+ B R
FEH X SRAX FE a4 2 0 X Rk
BIDIOKRS £ CE R Bl o S F TR X DR £
WA F . A LR E STN & & AKFA—,
KA bl T A g B BB R A R
SOM 5 STN & i (1. 74 g/kg) ;i ¥ , B AR IR 15
LA A X KR 2, AT B i STN i,
b+ Z2 50 A AR B PE 8 AU ER KT A U X 5 8+ bk i
AKX LG, K02 A T3 2, Hb 1 Al e v i 5
SOM 5 g 5 Jot B 22 PR ol 2°) ) STIN 457 £ 28 42 ffi 1 ( 52
X 0. 34 g/kg) o BA L 40 A0 1E MR R 3
KBRS e T A B X, R
B, B2 FARMEBUS A BEE i BB S5 1 S 9% 4%
HE A B T AR A S AR R D I (52
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