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K (Pistacia chinensis) JWAR ( Quercus acutissima) |
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SERI RN bR DX I A A T e A T B4R 1 T
FIRGE K Tt BE T 45 e B AR A WY R, e i) B R R T
Z VAW A 2 B, 72 R 7K s i 4R R, K
TR DL ™ T o I 5E DXRFE A Bl B A 17 50
=21 R,

Rl EHERERERLR

Tab.1 Basic information of the sample plot vegetation

4 hTHS4 B/ m M2/ em S Wi/ m

iy el Platycladus orientalis 2.50 £1.03 3.00 £0. 15 0.45 +0.02
JFRAE Quercus acutissima 3.00 0. 41 3.50 0. 03 1.25+0.23
ik Robinia pseudoacacia 5.00 0. 20 4.50 £1. 11 1.35 +0.34
ik Juglans regia 4.50 £1.12 3.50 £0.39 2.25£0.59
e Melia azedarace 3.80 0.19 3.00 =1.01 1.50 +0. 83
i Diospyros kaki 5.50 +1.45 4.00 +1.93 2.30 +1.42
Bt Ailanthus altissima 6.70 =1.39 11.20 0. 69 4.85+1.23
BiE¥ Diospyros lotus 3.50 £0. 64 7.50 £1.52 3.75£0.23
b Forsythia suspensa 3.00 £1.53 2.50 £0. 62 1.70 +0.35
oY Forsythia viridissima 1.20 £0.93 1.50 £0. 13 1.25+0.34
Fep Cotinus coggygria 5.50 £0. 41 7.50 1. 63 5.25+1.22
Sl Fraxinus chinensis 2.50+1.13 2.00 +0.38 1.25+0.17
553 Gleditsia sinensis 4.00 £0. 67 2.50 £1.98 2.75+1.13
He b AR Acer truncatum 2.00 +0. 19 1.50 £0.52 2.25 £0.49
e Zanthoxylum bungeanum 3.30 +0. 66 2.50 £1.31 2.75 +1.23
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Fig. 1  Location of the study plots, China
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2.4 HEALIE
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3.1 TEBEAMRMZEEETREREMEXME
3.1.1 Y EE IR R R

FEHL SRR RE BRAT LE a0 BRER LE = IR AR S
SEE S, 53 54, 16% .72, 28% . 61. 11%
(322); T FA pH (B P IS 1 728 5 3% O X
BN, 4y 50 h 14.30% (2. 00% 5 + 56 25 5k A8 iR
0.83 ~1.6 g/cm’ ,pH 4{H K 7. 68 ; B A1 L 5 5 41 1
LR PR B IR R . R HAEA K-S K, R A 1L
TR E pH RN IES 3 (P >0.05), HJRE
& A AR EE LR BB T R G, R B AT RO S
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Tab.2  General indicators of the soil physical factors

TN T AL FHE b2 5 FREU % 353 Bz P B e 4
+ g L piE 5~30 7.99 4.32 54.16 10.04 2.61 <0.05 X HK log
BRAT I 0~80 0.29 0.21 72.28 -0.35 0.72 0.20 -
FEYaL. 5~90 0.35 0.21 61.11 -0.03 0.90 <0.05 X EK log
+HiRE 0.83 ~1.60 1.16 0.17 14.30 -0.04 0.23 0.20 -
pH {8 7.27~7.95 7.68 0.15 2.00 -0.36 -0.21 0.20 -

Hehb B 45 R R IE A 0, A5 24T 25 (R (e
3.1.2 MR ERE RO RR A P 2% 18] A2 S
SR SR (181 2) |, BRERAT LLAL, 45 4
PRafr BRI RN 0. 632 ~0.996 (% 3)
o R R BR AL BHEREAM pH HE N B
FARA S (B AR <25% ), RWIH A 1 58
HIGE R PE R R 51k, 25 o) B e AL R w8 o o £ 4R
e LAY R BN 49.91% , A2 FE R TF500 m, i ]
AR S () i SRV R, T B S AL A2 A
W MER o B A LA B AR /N T 100 m,

0.051

(2)

0.04f
B
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éH_
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FEMIREAL I A , IEAE AR S A7 220 & R — 2
3.1.3  HHERIAFE

T A R SR AR L P 22 B
VAR HA AP R i AR 4 T
FIEIR O IEARE  RBUNT 25% )BTRS

0.06

0 ] . . 0
0 136.74 273.48 410.22 0

2% ) B 5 /m
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Fig. 2

Optimal semi-variance function of soil physical and pH values:

(a) soil thickness; (b) gravel ratio; (c) bare rock ratio; (d) soil bulk density; (e) pH value
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Tab.3  Semi-variance models and parameters of the soil physical properties and pH values

I B B AR YedxH HEE Yo 528/ % e R B2 AR/ m
g JEL iy Fe B 0.004 0.023 15.720 0.632 0.102 250
R LA 0.001 0.042 3.300 0.217 0.001 96
EAREELL RG] 0.029 0.058 49.910 0.846 0.001 731
TIEATE AR 0.002 0.027 6.190 0. 865 0. 000 89

pH (& R 0.002 0.026 6.800 0.996 0.000 159

(b) ~

(@

/\

©

! Ii BRA /%

AR /em 4 / AT %
Hl 5.25-6.51 /J B 5.91~12.06 B 14.59-24.06
[ 6.51~7.43 I 12.07~19.28 [ 24.07~30.19
[]744-839 [ 19.29~26.28 []30.20~35.20
[ 18.40~9.49 [ 12629~32.22 [ ]35.21~40.59
[]9.50~10.88 [ 32.23~37.53 [140.60~45.97
[ 10.89~12.41 [ 37.54~43.05 [ 45.98~51.17
I (242~14.34 I 43.06~60.02 B 51.18-61.95
N .
T HER E /(g em-) pH

I 0.89~1.00 B 7.40~7.48

[ 1.01~1.07 [ 7.49~7.56

[ ]1.08~1.14 [17.57~7.63

[ ]1.15~1.19 [17.64~7.68

0 0.5 03 0.6 km [ 1.20~1.25 [ 7.69~7.73

B 1.26~1.32 B 7.74~7.78

I 133~1.46 I 7.79~7.84

B3 LTEYEMpH ERZEERME:
(a) RHERLR ; (b) BRAH; (o) B AR ; (d) R3S (e)pH {H
Fig.3 Spatial variability of the soil physical and pH values:
(a) soil thickness; (b) gravel ratio; (c) bare rock ratio; (d) soil bulk density; (e) pH value
K | B S A AR SRR R WK R, 0K 50.23% A 3.1.4 0 ISR s AR Rk
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PG RN ES NG . FL, R EERRT &
1728 [ T2k

SR, TR A A il S T B R A LA
REFUA (R 5) , & T7 ZRB P E RBUIIRT
0.7, UL T AL it SRR 2 [A] (4U & BE R , RES
FEoT SR 6 PRI FETFE IR S 1 A A G
FRAEe LA HLR . i & R R & R AN 20% ~
50% , BA rh A s () A A S, 2 WA BLTORITE 25
REIRNZ 3 —E W REILIN R il . Al =70 45
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PR R A <20% , BAT R8Iy 23 18] A ARG, i
WM 22 BRI R R, Z BEALIN R 1 32
WAL/ o AR REES R R, 25 570 B SR B A
BOR AL 2R el SRR,

P/ T 200 m, BEUTHAE SR AR DX BB 38 SRR
RRCHAE PR JBE 8 5 1T i 785 2R T AW Y 22 D 500 ~
1000 m, WAL RAE 51 B 22 PR BN, 3 2
P ARRIERSE (B 4) .

x4 IEFSESE—MMEER

Tab.4  General indicators of the soil nutrient content

TR AR FHIE FrifEzE A5 R E P I Jig it £ P PG
HHLFE 28.56 ~80.61 57.13 13.03 22.80 -0.74 -0.25 0.200 -
A5 0.82~3.53 2.24 0.61 27.44 ~0.45 -0.03 0.200 -
S 0.19~0.96 0.59 0.13 22.46 0.93 0.06 0.200 -
AR 13.73 ~49.65 26. 41 6.33 23.98 1.58 0.66 0.200 -
BASA 0.27 ~33.90 6.77 6.01 88. 86 5.06 1.69 0.006 FFEL log
SO 4.32 ~36.56 10. 89 5.47 50.23 7.44 2.22 0.002 SEHHR
x5 TEFSERTEAEEIRSHY
Tab.5 Semi-variance model and parameters of the soil nutrient factors
TR BB AAR Hegfl HEHE Hes: 280 % e R AL B2 A5 FE/m
EERiIN Ry i 0.120 0.320 37.500 0.738 0.087 96
2R ERRALAY 0.007 0.036 19. 440 0.777 0.010 156
e BROR A 0.000 0.016 0.620 0.754 0.002 94
HAA BRARAR Y 0. 006 0.021 28.570 0.904 0.036 526
BASA Ry Eis 0.001 1.574 0.060 0.906 0.139 119
UK T U Y 0.017 0.343 4.960 0.725 0.830 830
0.06r (a) 0.0 (o) . u
[ ] n
L
|

e

EN

%H__

0 : : : 0 : : . 0 ‘ . .
0 150.21 300.42 450.63 0 150.21 300.42 450.63 0 150.21 300.42 450.63
22 [ B 85 /m 23 [A] B 5 /m 23 [ B 5 /m
0.015r  (d) 2.03r (e

. . ) 0 ,
0 150.21 300.42 450.63 0 150.21

7 [A] B 25 /m

% [ 1 B/m

15021 30042 450.63

7 [A] B 85 /m

. , 0
300.42 450.63 0

B4 tEFHRMFLFERHE:
(a) &% (b) AHLBG; (o) 2 (d) AT (o) BEASR () B

Fig.4 Optimal semi-variance function of the soil nutrients;

(a) total nitrogen; (b) organic matter; (c) total phosphorus; (d) nitrate nitrogen; (e) ammonium nitrogen; (f) olsen-P
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Ty SR o AL B ) B AR PO iU R 22, 42
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AiE, X5} 4% 35 43 4T 3 8053 43 B ( Principal component
analysis, PCA) I3+ 515 B ZE 1P M 4570 (R 6)
SER R WA e TR O & R R AT S B A

N

AP & (g kg™
I 38.80~46.29
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B 72.39~78.62
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A
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N

A
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Fig.5 Spatial variability of the soil nutrient content:

(a) total nitrogen; (b) organic matter; (c) total phosphorus; (d) nitrate nitrogen; (e) ammonium nitrogen; (f) olsen-P
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Tab.6 Classification of the soil nutrient content

comprehensive scale (IFT)

F GRS IFL %X A EA A% B %
B 41.18 ~46.83 10. 64 10.64
rhis 37.72 ~41.17 17.08 27.72
AR 34.41 ~37.71 25.91 53.63
Viig 31.19 ~34.40 29.63 83.26
AR 26.78 ~31.18 16.74 100. 00
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Fig. 6 Spatial distribution of the soil nutrient content grades
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ARG, EURE 1 7 5 B X 5% X 1 S8 5 43 7 2 5% i -
ENTE

R R RN R R AR R 15 IR
Z [AAEBEZ 2R FH DCA FiI RDA J7 3643 #r + 38 3 4k,
PR R 5 TP AR B T A DG K R . DCA 43
B2 BH , i PO 4 Ak B B2 43 512 0. 69 ,0. 44.0. 21
F10.40 KA —HEF KB 0.69 <3. 0, #E#E
RDA S trdOR S i, i — 221 RDA 43 Hr & B (&
7) HTPR A B fERE T 10.93% F106. 53% 1 1 g
PR 5T 6 Ty 22, Uik B MR RN i R BT DACfR R
17.46% 1 46535 7 A8 4k . T3 AL P i 5 P A
PR Z A A AH O R 0. 39 ~0. 65, R i B4l

1.0
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BRR

1.0

'-1.0 Axis-(10.93%) =

7 TEEBERSMFEERETFE RDA HEFE
Fig.7 RDA ranking diagram of the soil physicochemical

properties and topographic vegetation factors

®7 TEFHSMMEEFHERE

Tab.7 Correlations of the soil nutrient and environmental factor

Ho4% ST GR BRR ob pH oP TP NO,"-N  NH,*-N N oM
ELE  0.045 -0.404 % -0.243% -0.424%x —-0.049  0.003  0.360%x  0.276%  0.251%  0.536sx  0.407 %
SLO  0.040  -0.040 0.162 -0.307+ -0.141 -0.116  0.186 0.305%  0.037  0.210 0.218
ASP —0.011 -0.136  -0.249 % —0.159 0.515%% 0.089 -0.162  -0.013 0.017  -0.123 0.062
SP 0.082  0.345sx 0.144  0.316%+ -0.045  0.082 -0.201  -0.216  —0.336 %x —0.390 s —0.302 *
FVC  0.253% -0.230  -0.297 % —-0.040 0.302% 0.030 -0.098 0.135  -0.086 -0.028  -0.063

o * FR P<0.05, #x FR P<0.01,
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Spatial Heterogeneity of Soil Properties by Remote Sensing
Assessment in the Mid-Southern Hilly Regions
of Shandong Province, China

1 1 1 2 . 1
LIU Changyuan' , HAN Wenhao , TIAN Yongren , WANG Zemin~, WANG Yanping
(1. College of Forestry, Shandong Agricultural University, Tai’an 270018 , Shandong, China;
2. National Forest Farm of Mengyin County, Linyi 276200, Shandong, China)

Abstract: The ecosystem in the mid-southern hilly region of Shandong province, China is fragile mountain with
severe soil erosion. As the foundation for life, the spatial variability of regional soil physicochemical properties
holds biological significance for ecological restoration and conservation. Traditional survey methods such as ground
surveys are time-consuming, labor-intensive, require high standards of remote sensing images and experimental
data, and have lengthy assessment cycles.

In this study, typical plots were established in the mid-southern hilly region of Shandong province, China to
reveal the spatial heterogeneity patterns of soil physicochemical properties using geostatistical methods. This was
coupled with the establishment of correlations between spatial interpretation data from drone imagery and ground
survey data.

(1) In the hilly regions of mid-southern Shandong, three indicators—soil thickness, gravel ratio, and rock
exposure ratio—showed high spatial variation, with coefficients of variation being 54.16% , 72.28% , and
61. 11% , respectively, while pH value and bulk density showed smaller variations.

(2) Organic matter content, total nitrogen, and total phosphorus displayed lower spatial variability, with
coefficients of variation ranging from 22% to 28% ; among available nutrients, ammonium nitrogen content

exhibited an 89% variation range, followed by available phosphorus at 50% ; the comprehensive nutrient index of
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the soil also revealed strong spatial differentiation.

(3) Elevation explained 10. 4% , slope angle contributed 4. 3% , and aspect accounted for 2. 7% of the
variability in soil physicochemical properties, all reaching statistically significant levels. These factors were the top
three terrain elements influencing the spatial heterogeneity of soil properties.

This finding suggests that spatial interpretation data inversion techniques can rapidly and accurately elucidate
the change rules and controlling factors of soil physical and chemical properties, providing a basis for large-scale

site condition assessments in the low mountain and hilly area of central and southern Shandong.

Key words: soil physicochemical properties; topographic factors; spatial variation; remote sensing assessment;

mid-southern hilly region of Shandong province
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