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Analysis of spatial characteristics of soil nutrients in grasslands in the Fenhe River
upper reaches using GIS technology and cluster analysis
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Abstract: Protecting and managing the soil environment plays a key role in ensuring the sustainable development of
grasslands. This study employed geographic information system technology to investigate the soil nutrient status at
81 sites in grasslands in the upper reaches of Fenhe River. Cluster analysis with soil chemical properties as the
primary criteria was used to group the surface soil of the 81 sites into three categories. The study evaluated spatial

characteristics of soil nutrients for three soil horizons: 0—10 cm, 10— 20 ¢cm, and 20— 30 cm. It was found that the
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overall level of grassland soil health in the study area was suboptimal, with low natural moisture content, relatively
scarce total phosphorus and alkaline nitrogen content, and a weakly alkaline soil pH. There are significant differences
in the spatial distribution characteristics of various nutrient related indicators. The best fitting models of these
different indicators varied between soil horizons, and the spatial autocorrelation of most indicators was weak, which
indicates that the spatial variation of soil nutrients is primarily impacted by both structural and random factors. In the
horizontal direction, a distinct spatial pattern was observed for each indicator. Sites with high soil nutrient
concentrations surrounded by sites also with high soil nutrients, known as high-high concentration aggregation zones,
were predominantly found in the headwaters of the Fenhe River, while sites with low soil nutrient concentrations also
surrounded by sites with low soil nutrients, known as low-low concentration aggregation zones, occurred mainly in
the eastern part of the Fenhe River basin. Low-high clustering areas were scattered, and high-low clustering areas
were less frequent and mostly located in the southern part of the upper reaches. Vertically, across the three soil
horizons at sampling sites, no significant spatial variation was observed for total potassium and the content of other
related soil chemical properties decreased with soil depth. The clustering characteristics of each soil property did not
show a clear change with depth. The results provide scientific and reasonable guidance for the restoration of degraded
grasslands.

Key words: the upper reaches of Fenhe River; soil health; cluster analysis; geostatistics; spatial autocorrelation

b YR R T Y AR R R Y R AR AR Y S M N TR AR S R TR SR £
SR 43 23 18] 43 A FRAE 43 BT BE A6 Ry A ZS PR B8 B FGB Ak 0 08 52 SR A I BRI . g TP R R sk e T
MR T R AT Y B A R MG 2 L GIS IR G ST M Tk SR T i T RRE 2
O FP IR 0T R A R i a AAE SRRAE S R N E L BRIVE B AR K MG T e BT S S 2 R B EE A  rir
1 pH 2 BEHOIR B L o A, FLEL AT /N R b SRR A 25 TRDAR DGk o R 22 BT o R - S 4 bR 2 )RR AE 1 B
G AR — R bR (BRI 4R T, B/ 22 FhE bR 22 D) 4 1 1 X BU IS CRF 9% 25 SR AR 2 B

RSB T I M B WA 2 > 05 i, H H A R R AR 3 S AR TR AL 3 ) 3R 275 30 1 o b - 3R b
PR 8 B DX 35843 A RRAE , 8 0% X6 + 198 2 ] 25 SRR AE A 4 S IF 90 45 B RS 104D 75 U I 19V F L 76 55+ 8GR (L PR A0 R
i L, AR IR AT LR K PR E b 2 Ak S L IR 2R AR R, SR 2 o Ok S A R A 5 b P
NTZ BRSO R VLR R T 8 AN AR L SR FH R U A T TR R R 2 A BT v Rk AR L SR A O
FEPRIEAT L5 A PP S5 R R B b s/ A 2 W R 2 A S e A7 A e X R N T 79 A4S £ B 689 Al A+
HERE T HEAT BT 3 AT, DA T 8 412 8 50 A X 38 b~ MR A8 b A Ab R AIE 5 18 11 08 450 A S R e T 5 R A B &
G W TR (Ulmus pumila) B bR RE 5 A FE 7% 10 2 58 53 S R A 45 R 3R W R 2R 0 A A% s AR e J ] DA R 43R 2
e, 43 B Ry - T A BT R0 LR v i A 85

YRR S 1L PG A R ST L i DX LD P 4 T 3 e AR b X R K R R M I X AR S
PR I8 06 T G 4 B A 37 3 A A S A K B IR R B A EE R Y AR A A5 RO R TR B A SR R S R T
TS e b DX b A 9 fel BRCIR 0 A7 B . ST RIS IE F GIS EAR I M e T ik B S HR B OR E A R
AT AR IT AT U 41X A R 43 A S8 bR Y AR SRR AE B BRRRAE S CH S 1] [ R SGAR BB DAL T it b X
3R 2 R AE SEAT RS R
1 #HREH*E
1.1 FHREREMAL

PR IE T I TR EEW I, TR A K 716 km, U A 38728 km®, b i #l DX T 1L PG 45 P AL
(38°7'—39°8" N,111°22" —112°39" E), HuJ¥ LA 1L M A0 Fe b oy 8, BB 29 160 km, J&@ JRUHS Bl M 2 UMt L 22



534 B 3 W Fll2F 3 2025 4 19

WO, AR R KB 437, 6 mm, FEAEPTE6—9 ] H LW, L A AEREK 1Y 75. 2920 5 AL BE L) AR AR R R
L T 4 Oy 2 5 - SRR DL A e O RS A D R e s AR
1.2 BFR 7k

2021 4F 8— 10 H , M 4l v ¥ 1= e b DX 1% b JE2 b 5 AR5 F 36 B 81 &b Ftthy (&1 1), B> A LR B 3~ A SR all . X
FE B R AT BE R BE S A A, A SRR R4 0~10 cm . 10~20 em ,20~30 cm 34~ + 2 T 3ERE i ZEBR AW
WRZE A 2 W J5 o B FE MR [R) )2 R R G O B R L R AR AR T O LB R G, S )
243 FE o B — 4 AR RO B S HE T & [ 4R B 7K R (natural moisture content, NMC)Ab, H A3 #F f 7 1] 52
55 HEAT KT 3 2 mm B B

KA pH i (HZP-T503 B, 4 8 ) I 72 1€ pHOOK 6 51 1) 5 A Ab B 7 2% DL K B 3 400 AR 3k 355 40 41 1) AH
AR BRI AE 75 S (AR AT o HAR IR « £ 5847 L (soil organic matter, SOM) £ f >R H 5 8% iR #f
5 — BLR AN N A A ;4 A (total nitrogen, TN) & & 5% HIHIL I & AL I A€ 5 4 8% (total phosphorus, TP) %
R AUE AL B B YL T SE 5 4 41 (total potassium, TK) 7 2R & & Ak 80 0 5 i 0 %2 5 58 #% & (available
nitrogen, AN) £ % FH 0l fi# 7€ 18 92 ) 5€ ; 1 2L B (available phosphorus, AP) % 2% 0.5 mol- L~ #k iR & 44 12
P — AR BT HE (a3 I 5 5 B A (available potassium, AK) & ik 2R ] 20 R S5 48 U — O 6 BE w42

111°00"E 112°00"E 113°00"E
— o
z /
N J
=1 =
5 )

e A
\«- i “ '“y

38°0.'0" N
38°00"N

| | #WFR X Studyh

[T ] 17 5t City pegid o S
o T E ’i o AR Cluster A sampling p :'f~
S g o ‘ © BIERA A ClusterB samplioint
T O f * CHERFF AT Cluster C sampling points
@ ' — Vﬁ/ﬁj Fenhe River 0 .40 20 40
' \ XEL 5L County boundary
111°00" E 112°00"E 113°00" E 112°00"E

E1 HRRMBUEERRESSH
Fig. 1 Location of the study area and the distribution of sampling sites
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Table 1 Statistics of average content of relevant indicators for each cluster category

%5 pH A HLIT - 7 e i it A R Y IR kR
Type Organic matter  Total nitrogen  Total phospho- Total potassi- Available nitro-  Available phospho-  Available potassi-  Soil water
(g-kg ") (g-kg ) rus (g-kg ') um (g-kg™ ') gen(mg-kg ')  rus(mg-kg ) um (mg-kg™')  content (%)
A 8.39 16.9 0.89 0.37 13.25 45.44 11.40 179.95 12.5
8.38 23.7 0.80 0.40 13.32 52.88 15.31 250. 40 13.3

C 7.90 23.4 1.19 0.35 14.68 66.71 16.17 202.59 12.1
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Table 2 Semivariogram parameters of relevant indicators in 0—10 cm soil layer

EiEEIN T Pl HEA1H 5 RIE REL Pk

Index Model Nugget Sill Range (km)  Coefficient of determination Nugget/sill
A HLIR Organic matter 1R % Exponential 3522. 000 4982. 000 0. 9660 0.827 0.707
4K Total nitrogen #6841 Exponential 0.195 0.301 0.1170 0.159 0. 648
4% Total phosphorus #6 %t Exponential 0.014 0.027 0. 3960 0.396 0.519
4 Total potassium =5 11 Gaussian 6.710 9.130 0.0282 0.842 0.735
WA Available phosphorus 1= 7 Gaussian 109. 800 109. 900 0.1143 0.521 0.999
B Available potassium = 3 Gaussian 11418. 000 11430. 000 0.0918 0.681 0.999
B fi#% %0 Available nitrogen 1= 7 Gaussian 127.089 819.194 0. 4983 0. 344 0.155

R3 10~20cm T EEXERFERIABSH

Table 3 Semivariogram parameters of relevant indicators in 10—20 cm soil layer

EiRan TR gl A AR PeiE ZR AL Pt

Index Model Nugget Sill Range (km)  Coefficient of determination ~Nugget/sill
A HLI Organic matter = 1 Gaussian 95. 500 100. 100 0.1160 0.720 0.954
4% Total nitrogen BRI} Spherical 0.137 0.176 0.1220 0.301 0.778
4= Total phosphorus 1= 7 Gaussian 0.018 0.021 0.0237 0.168 0.857
28l Total potassium 2% Linear 0.114 8.266 0.5211 0.216 0.014
WAL Available phosphorus 5 87 Gaussian 92. 800 92. 900 0.1160 0.539 0.999
AP Available potassium 1 3 Gaussian 3753. 000 3843. 000 0.1126 0. 669 0.977
T fi# & Available nitrogen & 17 Gaussian 324.812 405. 809 0.0109 0.199 0. 800
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S s SOM VTN VAP AK 9 HIE H 3 ™>0. 75, HAT 8059 19 25 18] [ AH OGP, J0A8 SRp AR Z BE AL IR g 8 K. TN
TK AP B E MG BAUSER R, SOM TP AK Jy m B, AN I S 2R PERERL (% 4) .
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F4 20~-30cm TEEXERFIERIABSH
Table 4 Semivariogram parameters of relevant indicators in 20—30 cm soil layer
£ A Pedel EEH 5 T RR Pk
Index Model Nugget Sill Range (km) Coefficient of determination ~ Nugget/sill
A3 ML Organic matter = Gaussian 72.000 78.100 0.1386 0.877 0.922
4% Total nitrogen ER 1T Spherical 0.076 0.085 0.1130 0.344 0.894
4% Total phosphorus =7 Gaussian 0.002 0.019 0.8949 0.621 0.105
44 Total potassium BRI Spherical 3.491 5.211 0.1140 0.782 0.670
A Available phosphorus — BRTfj Spherical 84.300 84.400 0.1210 0.322 0.999
HRLAN Available potassium 5 1 Gaussian 2323.000 2346. 000 0.1126 0.595 0.990
i f# &L Available nitrogen 28 % Linear 34.177 416.029 0.5387 0.732 0.082
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Fig. 2 Spatial distribution pattern of relevant indicators in 0—10 cm soil layer

AHHUR Ko o il N
Organic matter (g-kg ") Total nitrogen (g-kg ") . Total phosphorus (g-kg ") Total potassium (g-kg ') A
m 0.58~4.64 B 0.19~0.51 o N 0.02~0.19 N 8.20~11.86 g~
I 4.64~6.62 0 0.51~0.61 B 0.19~0.28 B 11.86~13.51
6.62~10.68 0.61~0.64 0.28~0.32 13.51~14.26
10.68~19.03 0.64~0.74 0.32~0.40 14.26~15.92
B 19.03~36.16 B e  0.74~1.06  0.40~0.57 B 15.92~19.58
N 36.16~71.34 m 1.06~2.06 mm 0.57~0.92 . 19.58~27.65 © &
VAT Rivers — VA Rivers — T Rivers — T Rivers
ol T R
Aavailable nitrogen (mg-kg ') Available phosphorus (mg-kg") Available potassium (mg-kg ) L
B 6.98~17.59 B .45-4.69 B 52.00~83.53
W 17.59~24.48 0 4.69~6.61 1 83.53~100.03
24.48~35.09 6.61~10.85 100.03~131.56 3
35.09~51.43 10.85~20.21 131.56~191.82
B 51.43~76.59 I 20.21~40.86 B 191.82~306.96 P
B 76.59~115.33 B 40.86~86.44 I 306.96~527.00%
~ I Rivers ——JATIfi Rivers VT Rivers 25 50 100 km
3 10~20cm X EHEXIERHNZE S HAR
Fig. 3 Spatial distribution pattern of relevant indicators in 10-20 cm soil layer
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Fig. 4 Spatial distribution pattern of relevant indicators in 20-30 cm soil layer
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55 (% 5).

1E 10~20 em + 2 H1 (3R 6) , & A OCHE b 35 S B 1 35 25 (W] 1IE A0 5& (Moran’s >0, P<<0. 01,Z2>>2. 58) , % [A] #]
AR/ H 4 B o 8 B 7 Sy 4 U AR AR AR KNI 5 0~10 em £ )2 AR o 5 0~10 em 22 M 1, BR
A LT A R RO A1 A 45 48 A 2 8] [ AR DG M 24 52 T Bt 34, FL o &l 1) 4[] 19 AR DG B G IS T At AR G
FEH7

x5 0~-10cm T EREXERHE/Z=TEHEMEX

Table 5 Global spatial autocorrelation of relevant indicators in 0-10 cm soil layer

Eizga A HLBT o i it R X7 A Exal R
Index Organic Total Available Total Available Total Available
matter nitrogen nitrogen phosphorus phosphorus potassium potassium
42 Jiy Moran’s I Global Moran’s T 0.2658 0.4474 0. 3960 0.4362 0.1370 0.4622 0.2828
122 {f Expectations —0.0076 —0.0076 —0.0076 —0.0076 —0.0076 —0.0076 —0.0076
74343 Z-score 5.2587 8.5908 7.6456 8.3317 3.2968 8.7899 5.6114
P K5 P-test 0 0 0 0 0 0 0

£6 10~20cm T EHXIERNEFZZTEHBHEX

Table 6 Global spatial autocorrelation of relevant indicators in 10—-20 cm soil layer

bR AL Bt At R e A e L
Index Organic Total Available Total Available Total Available
matter nitrogen nitrogen phosphorus phosphorus potassium potassium
4= Ja) Moran’s I Global Moran’s T 0.2833 0.4605 0. 3704 0.3920 0.1237 0.4313 0.3225
W1 (H Expectations —0.0076 —0.0076 —0.0076 —0.0076 —0.0076 —0.0076 —0.0076
Z 134y Z-score 6.0331 8.8491 7.2553 7.5594 3.1378 8.2096 6.5015
P55 P-test 0 0 0 0 0 0 0

£ 20~30 cm 2 (R 7)), U T b 3% Ml X 0 3 5% 3 AH G 98 A5 2 O A W 35 4 ) 0 AH ¢ (Moran” s >0, P<<
0.01,2>>2.58) . 5 0~10 cm - JZAH Fb , BRAT BTG Ak 20 19 25 18] F AH DGR /NIBRR A B4 2 A HoAsda b R/
HEFN A AL . 5 10~20 em + 2 A L, B A WL 4 Wi R4 1, AR d8 A5 25 1] [ A e vk 24 12 R Wt 34 , 8 1)
4= )7y Moran’ s TELHCSR 28 /INERAS o
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®7 20~-30cm T EHEXEHRHE[EEAEX
Table 7 Global spatial autocorrelation of relevant indicators in 20—-30 cm soil layer

EirR 2 A HLB 2R TRt AR R A i A

Index Organic Total Available Total Available Total Available

matter nitrogen nitrogen phosphorus phosphorus potassium potassium

4= Ja) Moran’s I Global Moran’s T 0. 3583 0.4340 0.2966 0.4214 0.1165 0.4578 0.3123
1 ¥ {H Expectations —0.0076 —0.0076 —0.0076 —0.0076 —0.0076 —0.0076 —0.0076
74353 Z-score 7.1145 8.3263 5. 9307 8.0531 3.2930 8.6996 6.3315
P Ki 5 P-test 0 0 0 0 0 0 0

2.4.2 MIRIEARISERIEINT AR E A SRR 2 b, 0 IR AR IEA IR S 4R A e /N

3£ Ja 748 M XA 36 A8 R G 3 AreGIS 10. 8 FF 3545 B 5 ¥ Moran” s T 48 5, I s (6] 4 5 3 i
5~T7).

AR (I

1L S0 A et 5
Organic matter Total nitrogen Total phosphorus Total potassium A
AR TR Uy el
Aavailable nitrogen Available phosphoru: Available potassium A 5% Insignificant
E 11 4 % High-high agglomeration
L= ﬁ% Efé High-low agglomeration
B {i-5 %2 % Low-high agglomeration
KK 4 % Low-low agglomeration
0 50 100 200 km

5 0~10cm T EHEXIERTEER S HHFE

Fig. 5 Spatial clustering distribution characteristics of relevant indicators in 0-10 cm soil layer
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Fig. 6 Spatial clustering distribution characteristics of relevant indicators in 10-20 cm soil layer
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Fig. 7 Spatial clustering distribution characteristics of relevant indicators in 20—-30 cm soil layer
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