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Fig. 1 Distribution of sample points, altitude, and land use types in the study area
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Table 1 Descriptive statistical characteristics of soil nutrients

+1E T KAE/ e/ MA/ Yifa/ — Ej@r E’Sﬁﬂ‘ﬁ
o (g - kg (g - kg (g - kg ZHU% T
AU 39.99 7.82 17.06 6.77 39.70 Box-Cox
25 2.11 0.52 1.02 035 34.73 Box-Cox
B 1.35 0.51 0.77 0.15 20.17 N
Aepf 33.83 15.73 19.60 2.70 13.80 Box-Cox

P NCRERA RS, TR

PR HEREAT S BT 1, R PR . AT GRS, 2 2IfFaE
BB (K2), 4007 22 B R BT R T 0.6, BHSHRILLG BA —E & Bk
TIEXEAYT AR AR BA —E RS, WU . B PR
AN ZR Tl ; P EX R IR, UHIAERELIRZE . thERIE LT, 3R Fabn
EMNRES, MZFEHLN R BN s BR AR s A 28 ARG EZ A, AL
PR PR SRR A WA . A YLR S 2R AR B (R=
0.86), I —EAy A A LA, SRir S W kR, e AT =2 B
o LR AR LN AT 25 AR O E , AL AR R, SO A | 7
A S ) FTREHE , S 18] A ASC R R el . BTN

K2 TEFSHFEFEREINSH. SHEHKEFE Moran's I35

Table 2 Semi-variance theoretical model parameters, global Moran's / index and fractal dimension of soil nutrients

TSRS HRER Bl EAE PUE%  BE/m R B 425 Moran's 1 z

HHLBT Spherical 0.106 0.389 27.27 388 0.613 1.873 0.222" 2.904
EA Spherical 0.021 0.077 27.73 370 0.654 1.882 0.236" 3.076
£ Exponential ~ 0.009 0.025 37.22 1941 0.763 1.826 0.324" 4.106
il Exponential ~ 0.001 0.010 12.50 1062 0.876 1.811 0.278" 3.579

T RETR0.01KF ERFE (12>2.58), Tl

2, 4 )5 Moran's 5453 W L5857 0 M AF A S0 25 9 25 0] | AHSC (Moran's >
0.05, 7>2.58), EFRENM, Hhepiryasb) A CH R, 2R, REEAaMLUR
MR, HWNER AR, dIB4ERAIE . AW, BHS R E LR, R
FE BRI R B r 2 M S B o, (B AEBUm I, iR s 23 [a)i%
SEVERY, AN E IR 24N, U R g, X e
2 EEH R . A s s [ A DG 2 — 2 .

Ty 22 PRERGE 3 BRI AR s A 0 23 TR AE DGR v T A =, AR AR R A
W, S EEAA R RIERRRTAEIR . 28, H—RISEHEEW N Kriging A {H It
W, SR IR ZS A Ry, (H TGRS 28 [RIAH OG0 o & PERLE TR b g 12
K% o 42J5 Moran's TH8EUCMNAH M BEF IR DUFP I 0 AE 25 (M) N SR 42, RAHMENLAE T
VLA IE ZS A0 AT AR AR 22 X6 bR vEAL , DL A DX TR SUII ARG 56 B (B A SRR, A5 s
PR E AR EE e . 2 22 RS 4R Moran's THEEUTEXT W 4 iR AN ¢ 4
Gi—, I ADPIBYEEGHATENIE . B —Fh G R NG Tehn, BT HEEE KD,
RENE 25 0] 52 2 P FUAEARL M %) A B LU SR 0 i 25 (0] S R MR 54, B i o TR AU A HL
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FRZ A, AHELENE, S04 TR A 3R o i 25 (] 5 A R A
23 TEFSHTESHIER

ST AT SRR E AT AU T X LIERZ R/ SR p s mor s (K2), 5%
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il g R AL , B PG AL . KR 5 16 1) PN i e e AL A AL R A
Fyo W AMA S AR 2R, MRG0 e rE IRAL , = {E A e i
SR R AL, B b A B P . AR 5 1 BB AAR SR o A B MR DU R 1) N S
B, R R SRR, AN S BEHUR M, AT AR R LR AN

a. AbL(e-ke ) b. &% (gke") c. &i(g-kg ") d. 2fi(gke")
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Fig. 2 Spatial distribution of soil nutrients in the gully region of the Loess Plateau
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54 LRI T AR 5 Moran's 1708 (F3), 4558 /R ke AN [RI R BE 2 i 532 443
fi. HrpHIErm, AV, SR SR AN P TR aM0e, HS58E . F
TR R ] B K S SRR B IEAE, SRR E A &
PR ) EAR DG . MM TR, AL, 2R, &SRS EIEAC, Sk
TR, SMEIREEMR LR, HHAHUNDVIEAEN, LIS UFREs
FRWERF AR, HIr2Zm s R R SBEE A E A T 141 2% 538 21 i
FOK o DAREAS JE B DX A0 ) do 2 B s SR ARG Sk, i B B (B S IR A G

G HIEA ARESS R (K 4), @RI ARIMIE ST 0 230 A s i o
ATSCAER K 2R P T A R4y, (B3 & BURR 40 55w i R IE A DA, HAx
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R3 TEFHSSHEFRTFHINEE Moran's T15E]

Table 3 Bivariate Moran's / index between soil nutrients and environmental factors

TR R W Yam CFmIEE WA R [ ¢ = G e ey SN B
HHUE 0095  -0.122°  0.007  -0210"  -0.154"  0.062  -0.036 0.166' -0.061
e -0.088  -0.130"  0.049  -0239"  -0.204"  0.088  —0.049 0.180" -0.078
gl 0.448"  -0.359" -0.092  -0.101  -0.116  -0.164"  0.188" 0.160" 0.356"
el 0.009  0.049  0291°  -0.089 0.033  0.184°  -0.093 0.151" 0.052

e REAE0.05KF LEE (121>1.96),

iR EF 2 MAFRREN R, DAL, FEAES R A
PO IR L TR 25 SR AT R AR L RS 0, JEm B R
A AZ AP, DL 100 m 2k ) B ) 2 i 3k e, B 5E XK 4 67 T KT 1200 m /Y A 9%
(67.4%), HARFRIMBAHZEAK, BRI, AU, SRS 2 K50
FEaH, 7E1000~1200 m A&k i HANMBER s i 480 O m Rl Va3 o B3 in i v
K, TERT 1200 m Y IXIE K . BBy BOERS SOk BE, B2 S 8019750 1 25
SO ARG T S FARAER Sy, BFIE X LN T 20M9 N T (56.0%), HARZEgh Y
510 . AP . AR T 6CM X & i m HAa e, amihiidl B3 2w
ey MTEA R YOI B AR ZE AN K o S[R3 ) A TR SR AN, Al e - A
K SMAYITES, R IR EAE, R m S (0~45°, 315~360°) .
PP (45~135°) . BH3E (135~225°). BRI (225~315°) ™, AHLE. &A . &%
HEE A AR AR IR s e B3 A B eIk

WEFEIX M A EZE DA (29.34% ) . #fh (28.75%) . kML (21.86%) . Wil
(7.78%) N3, HIEHR S FVE YR 2 55 508 & E3ERsr . WHEESS R P& b

M7 BFR o S AT e (813), RURARMHAABLT . R & e, AF, b
MR AR S TR AR, AR I TE ] A
R4 AEMEHETLERSSEND BRI
Table 4 Distribution characteristics of soil nutrients in different topographical zones (g-kg")
AL o) U ol
i fE/m <1000 10.95+0.33 0.67+0.01 0.70+0.01 18.32+0.44
1000~1100 15.64+3.68 0.94+0.20 0.69+0.04 18.90+1.12
1100~1200 16.76+3.41 1.01+0.18 0.74+0.07 19.55+1.49
>1200 15.25+1.25 0.93+0.07 0.86+0.08 19.65+1.55
ERE/(?) <2 15.29+1.18 0.93+0.06 0.87+0.08 19.63+1.53
2~6 15.14+2.21 0.94+0.13 0.80+0.07 19.25+1.57
6~15 15.80+3.22 0.96+0.18 0.73+0.07 19.65+1.48
15~25 16.38+3.51 0.99+0.19 0.73+0.07 19.34+1.40
>25 15.81£3.93 1.00+0.20 0.71+0.07 19.00£1.16
i FH 15.3242.24 0.92+0.12 0.84+0.09 18.39+0.97
BHY 15.53+2.40 0.93+0.11 0.82+0.09 19.25+1.44
PR3 15.59+2.27 0.96+0.13 0.81+0.11 19.93+1.54
I3k 15.67+2.62 1.02+0.17 0.82+0.14 19.85+1.12
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2.5 TEFS EREERFHIEIES Br
SRyt — 25 U BT e A R X e
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itk W H B 19 PEA/NF0.05, dEMiEe
RMETI AR B H 5T, PR s
Fiks B H BB, ke ik
(i O S D DA E iV <0 N R R e .
HIIRTF0.05, BOERRL LR AR, HOUR  2RA0ME) 2Bk 2H
XF 25 FREE K P A AL AR B, 50 e WGk, SRR K.
Fh e 2R P A A T AT R4 I3 R LRI R R i o AR IE S

/ﬁ\ , ’T%‘ §|J ﬁn‘l:‘%:zljjﬁ . Fig. 3 Distribution characteristics of soil nutrients
in different land use types

FaEE/(gkg?)

SOM=30.42 - 12.98x, - 5.01x, + 1.96x, — 7.46x, — 9.25x, +4.98x, — 19.95x, +
16.26x, — 12.73x,+0.37w,
TN=1.43-0.41x, - 0.08x, +0.01x, - 0.29x, — 0.35x, + 1.76x, — 0.02x, +
0.44x, — 0.40x, +0.15w,
TP=1.09+0.22x, - 0.12x, - 0.09x, — 0.01x, — 0.02x, — 1.67x, +0.70x, +0.19x, +0.02x, (8)
TK=15.72+0.98x, + 1.71x, +2.29x, — 0.45x, + 0.02x, + 16.95x, — 6.35x, + 4.64x, + 0.63x, (9)
Krh: SOM. TN, TP, TKpnlh HEERZAI . 2A . 2. 28 & (g-kg');
O  xo AMEEE s o B xRS xRN x oA ERRL S s xR
T x ANDVI; xo MR RS wohas BI5R 2556 1 .

*®5 ITEFRSOASTEERNQIEBERIEE

Table 5 Test of regression algorithm and choice of forecast model in soil nutrients

(6)

(7)

+ iRt PRIER TR Tz FEiA
By fs I H ST fitk I H 5T FAs I H 5T ks I H ST e
HHLT 7.53(0.006) 9.79(0.002) 1.61(0.205) 3.87(0.038) SEM
g 5.91(0.015) 8.09(0.004) 1.29(0.256) 3.47(0.042) SEM
B0 2.36(0.124) 1.42(0.234) 1.43(0.232) 0.48(0.489) OLS
S 1.49(0.222) 0.99(0.319) 0.77(0.379) 0.27(0.602) OLS

i A5 S NEAE A PE. SEM: ZHIRZERR; OLS: L[,
3 ghigkite

3.1 it

(1) EARWWBERZ AV &R DS m N KE, SaAi &t
el Ao HEESR A AS AR S /MR O 228 > 2R > AL > 280, Stk
WEESF, AU, 2ASTEMLEE. 205, BRNER/DN, 20 A HECER
55, 2528 PR, BEAILIR 26 I As 8] 48 S A s M N Tl 200, X2 XA BILE
S A TSR I AT 3 40 R (] R
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(2) AU, A& W2 B SAE E ym s, plAsfbiediit, F2z
TR Y AR s A AR, ZETREAK 1000~1200 m. 38K T 604k A Mckb 15
s aveEEIMER L AEE, R TR SR BRI 3L
WA AN PERIE 2, Ak . SRR . BoR B eI A b 1
F s AR RO BREHCR A, R YRR, S R SBENUARAE o LS ] A AT A 52
WK, AR A AR

(3) PR TFHEVR . 2R T BN RIREREAS 25 S8 s
MIHRIRL, REAE LA E LS R IS X R A A R (LB AR AN S5, [
B, A5 B B 2 AR BT I P90 A 5 SR LAt — 24550
3.2 g

RN F AR RZ IS0 & b TP SKF, 52002 4F T KNI SE 2% 080
WFFEAHLL, AL AR & SAA T, Refs 1 AR AR BRAIE X 355 5 i ik
SEAEH; IR R A FEORFE XA, D 8 & B RA TR IR 3R A
FERII TS . SO AR SR B . AT RO 42 ) Moran's T8 50 =43 H 5 1k A 45 SR A —
#H, HHFSMAERERRSERE RS, Kb R mERss, S, X
SCAREPIE LSS A, NS B T A R S e, BHLR . 2R E
AR T 2B SRS B A AHDCHERES, BREN, ST aEn T, 5EE
ZEPY | Moore SEIER - SR IXAR BB R T ERAR . AV 2 RS TE nE i
Zie—E, WIE X R M A DR, X BRMOT LIS E . SRR, nTRE A
B /K L IR B S R Z5 R PR, E AR T IR I A B 1 Ry 3% 7 1 BB 1 [l
M EHh R A IR, R ORI OEAL, Bel b ARHE R P 4 A
o R b R, R A3 A SR ) AR O AL Y 2 (R S5 A 5 A L A ARG RS £
e R AR E Y R LA B B R, R S AE VLU MR, HAE S
RWREEEY, A4 R A 2 ) A0 S R P A vy o T il 5 i S ) 52 e R ™
Y], S a2 AR RAERYSE N, BT RS, S ) A A DGR

AT L, AU A AR, BTSRRI E T
HAOMAE—E IR, (HREEEA -3, REFFE" UGS R TR R R, &
I AECY I IFTE I R B AR BFAE R o AR SCUCRIBER . BB L i s ) Rl BE A S A
HUTRI 4 50 2 B2 [A) 0 A 1) R E5 A R W HaE . AR . MR AR b A 2% i B
ORI RK RG2S A TAR A AR, AR R R AR T AR E R, AL
e, AR AR TR, B R PR AR RE 2 L TR AR S A 8
K75 MR . PR/ . M R — BRI 2 IR A IX A TS R R
AR T AP S 2A N & i, Sl ER0NasmESAILR., @A S8R, HRER
W SR BRI UL R IS sh R A R . R . SN
X IR A Tl A=, MEHBEIE 2, VEY X B (0 WSOR I ROR SRR, i i 4l 1
e IR BE AL TCAMNE AL AN T, BRI AT o AL IR k2 S
SEE R R AL A3 i R AR, WAl B e AR B0 X 5 ARG
TF 5% ZE BR IR TR JC LASP AR o — 35, I EE XTI 4RO A ] T LA 5% X 3 i T2
M EARIEIR A, R R AR R B 7 =2, i S e 4 e & iz 24



752 H % % | 2% i 35%:

TIEE IR . P& BRI N A0 LR PR RS 55, B LR BN R A BRE AR,
IFFEIN A3 1) A0 A SRR O 2 R . B ey ol 3K o S i s 7% i ~CIR
DUAIIR R AR, HEMAE T IR AR . s Amlie™; sk, s b py E2E+
WY E SRR, S SEAUR A A S e R R S R, I R AR U B AR R
EPHETE AR

ARSOREACASPREE N X5 3R 2 TR SRR, Bz () [ 5 3 A PR L 4 vy
A, PR AR E BADRE S IME N 75 DR S R E R OCR . Hh AL, 4
PR 25 [ R ZEAS IR AR UL 2 I ) P [T UR1 5 22 s i 72 A A 8 22 1) PR 255 | R e [l
VR ZE, IO 8 2 ) AR P 22 2 TR O 220 1 S 6 T = AR 1, S H BT e A 2R 58 1A
TG AT, FCANRAE [ AR B R LR 5 R U R 2R | A T3 ™ AR A T A 7K
FLEERMAFIE, BHTH— LI

2% X Hk(References):

[1] WA, ATk, T e, 28 0728 5 B0 A8 1 HERRE /-0 v i 8 B9 5 . 7K £ REIF5T, 2008, 15(1): 250-253. [J1-
ANG Q X, FU Q, WANG Z L. Research progress of the spatial variability theory in application to soil characteristic
analysis. Research of Soil and Water Conservation, 2008, 15(1): 250-253.]

[2] ZEHa, S0 fF, PR, A5 MGt T e R v 1 Ry FH R B K AR 4R, 2003, 17(1): 178-182. [LLY, SHI Z,
XU J M, et al. Utilization and perspective of geostatistics in soil sciences. Journal of Soil and Water Conservation, 2003,
17(1): 178-182.]

(31 BEE, X", s, 55, PRI DO 1 R 23 A4S S SO0 Ak Sy, LHEsAAI, 2014, 51(5): 944-952. [LYU
Z Z,L1U G M, YANG J S, et al. Spatial variability and distribution pattern of soil nutrients in Bohai coastal area. Acta
Pedologica Sinica, 2014, 51(5): 944-952.]

(4] AWIRA, SRH R, Rid 4, 55 TLoRA LA DT & 25 A8 SRR S MRSl 078, L3624, 2014, 51(3): 448-458.
[ZHAO M S, ZHANG G L, WU Y J, et al. Temporal and spatial variability of soil organic matter and its driving force in
Jiangsu province, China. Acta Pedologica Sinica, 2014, 51(3): 448-458.]

[S] WANG T, KANG F, HAN H, et al. Spatial variability of organic carbon and total nitrogen in the soils of a subalpine for-
ested catchment at Mt. Taiyue, China. Catena, 2017, 155: 41-52.

[6] WiR¥s, H D, X T, 5. B 4 i i 8 L ok o - 3R i a3 A8 S5, A 252440, 2013, 33(2): 554-564. [CHEN T,
CHANG Q R, LIU J, et al. Temporal and spatial variability of soil available nutrients in arable lands of Heyang county
in South Loess Plateau. Acta Ecologica Sinica, 2013, 33(2): 554-564.]

(7] BRiE, FEMEDK, E V1, 55, 2008 BE AR m X A HLBT s [V i BT, B AR BE 2241, 2016, 31(12): 2099-2110.
[CHEN Y, QI Y B, WANG Y Y, et al. Spatial characters of soil organic matter with multi-sampling density. Journal of
Natural Resources, 2016, 31(12): 2099-2110.]

[8] e, Wk, 22 4, 45 FRIG T BOAE f) T Indal L e A LA & et 10 25 B) A8 S R P BRBERL 22491, 2014, 34(3):
742-748. [LI L, YAO Y F, QIN F C, et al. Spatial variations of organic carbon of Huanghuadianzi Watershed in Chifeng.
Acta Scientiae Circumstantiae, 2014, 34(3): 742-748.]

(9] AR FE. Bdslfe I A Wi 4 0 S AL RS, IS . AN #79TK2, 2014, [SONG G X. County farmland nutri-
ent dynamic monitoring method optimization and application research. Hangzhou: Zhejiang University, 2014.]

[10] T, B4R, B, 45 VIDOP SR SN R - A AL 28 (AL SRR 5 6 BIDR AR BT IE. FAR BRI, 2016, 31

(5): 855-863. [YU L, WEI D, WANG H X, et al. Spatial variability of soil organic matter and appropriate number of

samples on county scale in Jianghan Plain. Journal of Natural Resources, 2016, 31(5): 855-863.]

AR, IO, RIFNE, 5. REFT DLW X A IR 4 375028 )78 SR AR AE. AR 482440, 2018, 38(8): 2906-2914. [YU

Y F, HE T G, SONG T Q, et al. Spatial variability of limestone soil nutrients in a karst area of Northwestern Guangxi.

Acta Ecologica Sinica, 2018, 38(8): 2906-2914.]

[12] RBER-, Ja e, B, 45, 1 g8 € e DX 897 4325 18] 2355 B R A OGHERIF 5. SRR, 2013, 35(12): 2434-
2443. [DENG O P, ZHOU X, HUANG P P, et al. Correlations between spatial variability of soil nutrients and topograph-
ic factors in the purple hilly region of Sichuan. Resources Science, 2013, 35(12): 2434-2443.]

[1

—



34 Wi 5 ;2 g i YA AR X/ N e R 34 (8] AR SRR B CHRE e PR R 753

[13] VEME. 2 g st DX IR 03 25 18] 03 Al MR R R A7 s vh IR B B0 K LS 5 2R SR RS o
i[>, 2013. [LIU Z P. Spatial distribution of soil nutrients and the impact factors across the Loess Plateau of China. Yan-
gling: Institute of Soil and Water Conversation of Chinese Academy of Sciences, 2013.]

[14] XBIAS, SRR, ERR, 5. IRUENNZ T8 1 oA HUTTSS [RVAE SRR S 4 R R 40T, 13082541, 2013, 50(1): 1-11.
[ZHAO M S, ZHANG G L, WANG D C, et al. Spatial variability of soil organic matter and its dominating factors in
Xuhuai Alluvial Plain. Acta Pedologica Sinica, 2013, 50(1): 1-11.]

[15] VTR, PAIL, SRER, 45, B 0O Rl B EE T e A BILITT 2 [ A2 S A i R R 9. A SR WA, 2018, 33
(1): 149-160. [JIANG Y F, SUN K, GUO X, et al. Spatial variability of organic matter and its influencing factors in red
soil with different erosion degrees in South China. Journal of Natural Resources, 2018, 33(1): 149-160.]

[16] FMER, 47+, B, 45 o v SRR B IX E AR VA /N I Bk A LA 2 (] 20 A A= 252441, 2010, 30(1): 52-59.
[GUO S L, CHE S G, LIANG W, et al. SOC spatial distribution at small Wangdonggou watershed in gully region of the
Loess Plateau. Acta Ecologica Sinica, 2010, 30(1): 52-59.]

[17] SPRER], ZETH ], B0A1, 4. /INAUR b Seml i R SRR A HEPR RO A B 4 i S0 AR X ARV /N ). AR 58
224, 2009, 24(7): 1171-1180. [GUO S L, CHE S G, LIANG W, et al. Phosphorus accumulation in soils of a catchment
on the Loess Plateau and potential environmental implications. Journal of Natural Resources, 2009, 24(7): 1171-1180.]

[18] REF, ZESL 7R, E MR, 45, FUOKI/ N 1855 50 A SO S MO 10 0GR R AR 254k, 2011, 22(12): 3163-3168.
[SONG X, LI L D, KOU C L, et al. Soil nutrient distribution and its relations with topography in Huangshui River
Drainage Basin. Chinese Journal of Applied Ecology, 2011, 22(12): 3163-3168.]

[19] 75U, 220, Fh U, A5, ARt 4 0 o 4 Jm 23 () |1 [l A8 s D3R . Al TR 2741, 2010, 26(5): 78-82.
[HUO X N, LI H, SUN D F, et al. Spatial autogression model for heavy metals in cultivated soils of Beijing. Transac-
tions of the CASE, 2010, 26(5): 78-82.]

[20] HEZIRE AP SR, 1 HEEREE B bR, Jbat:  EFRME IR, 1995, [National Environmental Protection Agency.
Environmental Quality Standard for Soils. Beijing: China Standards Press, 1995.]

[21] XI55, SRELHE. PHALHT B DX L A FRIIE X 322 1 e 7R 738 S M RS2 . BSR4, 2012, 34(4): 758-768. [LIU F,
ZHANG H Q. Effects of land use and topographic factors on the variability of soil nutrients in newly reclaimed area in
Yili. Resources Science, 2012, 34(4): 758-768.]

[22] FORE, ABEIE, SRR, A EARE/DN R R B BT, K L ARRIITSE, 2003, 10(1): 81-84. [WANG X G,
HAO M D, ZHANG C X, et al. Study on soil nutrient variation of Wangdonggou Small Valley. Research of Soil and Wa-
ter Conservation, 2003, 10(1): 81-84.]

[23] XSO, WA, SR, 5. BT - 3 - S mi R 00 43 K S IR 3R A= 2241, 2012, 32(17): 5429-5437.
[LIU W J, CHEN S Y, HU F Z, et al. Distributions pattern of phosphorus, potassium and influencing factors in the up-
stream of Shule River Basin. Acta Ecologica Sinica, 2012, 32(17): 5429-5437.]

[24] L%, A, 15, 5. & R /N % 0 1 4 18] S bk, A 482448, 2002, 22(8): 1173-1178. [WANG J, FU
B J, QIUYY, et al. Spatial heterogeneity of soil nutrients in a small catchment of the Loess Plateau. Acta Ecologica Sini-
ca, 2002, 22(8): 1173-1178.]

[25] MOORE I D, GESSLER P E, NIELSEN G A, et al. Soil attribute prediction using terrain analysis. Soil Science Society
of America Journal, 1993, 57(2): 443-452.

[26] 3KF T, FARZE. B A JE A AR X T AR 98 it 3 R P28 9 2 A BRI . b AR 2530 41z, 2009, 25(6): 231-235.
[ZHANG J N, WANG J J. Research on land use and cover change in Wangdonggou watershed on regional gully water-
shed on Loess Plateau. Chinese Agricultural Science Bulletin, 2009, 25(6): 231-235.]

[27] B, 2, B X B 2R B IUIE 5T, HBRL2, 1991, 11(2): 142-148. [CHEN H, ZHANG S. Nitrogen and
phosphorus movement from loess tillage under modeling the rainfall-runoff erosion processes. Scientia Geographica Si-
nica, 1991, 11(2): 142-148.]

[28] FEFTHE, #7 i, AEmEde, 6. BRPY A e PLB & i ML S5 R A SC &R K AR5 R, 2017, 37(4): 85-91.
[DONG L L, YANG B, LI X H, et al. Content of soil organic matter and its relationships with influencing factors in
Shaanxi province. Bulletin of Soil and Water Conservation, 2017, 37(4): 85-91.]

[29] ER47, £55, (A, 8. RIERTEIN 2370 S H S BRI IR T I 25 0 R HBERRLA EJEE, 2008, 27(4): 42-50. [QIU Y,
WANG Y, FU B J, et al. Spatiotemporal variation in soil quality and its relation to the environmental factors. Progress in
Geography, 2008, 27(4): 42-50.]

[30] KRG, RFnfl, ik T, B4 VA AR DN A R 23 B S0 AT RAE. 7K PR, 1996, 16(4): 26-30. [ZHENG
J'Y, WU R J, ZHAI L N. Distribution of soil fertility in Zhifang Gully Watershed of the Loess Hilly region. Bulletin of



754 H % % | 2% i 35%:

Soil and Water Conservation, 1996, 16(4): 26-30.]

[31] Fm't, TRIA I, XA, 25, 5 24 VD IX g A B E S0 AR A HERT 3R B me . PaAb Ak 2741k, 2011, 20
(8): 168-174. [BAO Y X, XU M G, ZHAO Z Q, et al. Characteristics of soil potassium in oasis farmlands of the Ulan-
buh sandy areas. Acta Agriculturae Boreali-occidentalis Sinica, 2011, 20(8): 168-174.]

[32] o5 . PRIZ IRt b 3 32 23 [R] oA S mi P 3 5. MfEZe: Uil K%, 2007. [WU RY. Study on spatial dis-
tribution and influence factors of soil potassium in Huanxi River Valley. Yaan: Sichuan Agricultural University, 2007.]

Spatial variability of soil nutrients and its affecting factors at
small watershed in gully region of the Loess Plateau

YANG Jing-han, LIU Meng-yun, ZHANG Jie, ZHANG Meng-meng,

CAO Run-shan, CAO Xin-yue

(Key Laboratory of Plant Nutrition and Agri-environment in Northwest China, Ministry of Agriculture, College
of Natural Resources and Environment, Northwest A&F University, Yangling 712100, Shaanxi, China)

Abstract: Studying the spatial variability and its affecting factors of surface soil organic matter
and total nutrients can provide reference for soil management in the ecological fragile zone of
the Loess Plateau. Based on the 93 soil sampling points in Wangdonggou watershed, this paper
used a variety of geostatistical methods to analyze the spatial variability and its influencing
factors of soil nutrients in the gully region of the Loess Plateau. The results showed that soil
nutrient contents in the study area were at a moderate level. The spatial variability was in the
following order: Total phosphorus > total nitrogen > organic matter > total potassium, and they
were dominated by structural factors. Compared with total phosphorus and total potassium,
organic matter and total nitrogen had smaller variation scale, weaker spatial autocorrelation and
higher spatial complexity. Soil organic matter and total nitrogen presented a distribution pattern
of high in the south and low in the north, and their main influencing factors included elevation,
slope, curvature and land use. Total phosphorus was opposite to the former two, namely high in
the north and low in the south. Elevation, slope, land use, soil mechanical composition and
human activity had great influence on it. Total potassium was high in the center and low in the
periphery, and its distribution was relatively scattered, and aspect and soil mechanical
composition had a stronger effect on it. In view of the above results, regression prediction models
between nine environmental factors and soil nutrients were established to provide data support
for the sustainable use of soil resources in the study area.

Keywords: soil nutrients; spatial variability; geostatistics; influence factors; gully region of the

Loess Plateau



