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Abstract: [ Objective ] Soil degradation on the Loess Plateau has become a major obstacle to regional sustainable development.
Therefore, assessing soil quality is crucial for the conservation and rational use of soil resources. [ Method ]Based on data for soil

physical, chemical, and biological indicators related to soil quality, this study applied the Soil Quality Index method to carry out a
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comprehensive and systematic evaluation of soil quality across the Loess Plateau. [ Result ] The results indicate that(1)soil quality
exhibits a three-tier spatial distribution: the lowest quality occurs in the Mu Us Sandy Land and arid northwest, moderate quality
in the central-western hilly zones, and the highest quality in the southern, eastern, and northern mountain regions as well as the
loess hilly—plain area; (2)under different land-use and geomorphic conditions, soil quality declines in the order forestland >
cropland > grassland > unused land and mountain > loess plateau > plain > loess hills, and within major agricultural areas,
cropland quality decreases in the sequence Fen-Wei Plain > Yinchuan Plain > loess plateau > loess hills; (3)soil nutrients(total
nitrogen, organic matter, total phosphorus), biological activity(nematode abundance, soil respiration intensity), and texture(clay
and silt content)jointly dominate soil quality. [ Conclusion ] This study reveals that soil quality on the Loess Plateau follows a
distinct three-tier spatial pattern with significant differences among land-use types and landforms, primarily governed by nutrients,

biological activity, and texture. These findings provide an important foundation for the conservation and improvement of soil

resources on the Loess Plateau.

Key words: Loess Plateau; Soil quality assessment; Dominant factors; Spatial scale
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e S 53 A Bl VA e DL B v R L P e R

B 5 IR E AR R P R R R X
T BRI, PSR 80~ 14°, PR
it 200~700 mm, KIFF/FEMETE 6—9 H. ¥+
RS )TZ (S TH AR >5% ) 1) HIEREC 6
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IR R H DX 32 2 A e AN 4 o T H AR R
EEROS 7SR S LS i o) 8 Uy R R TR L Y AR AW
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JE ) AEL A DN 2R R 380 0 AR U A VR AR L 2N
MR | 2T BB R T R A s, AR
FEH AR 0 PU GBI VB B R B
T BRGSO I | BT AR, DURAEYh
1.2 HHEkiR

AR5 A FH 10 R it RCHe 40 468 1153 4 498 o o e
T R s AR EEEGE L Y. B
THVRBE DA S B 7 o B AR (% 1), Hrp, 3
FHLT B A WLk & e LI R 8 1.724 15
s b AR DB RO B A b [ K R R
(CSLE), Jf&5& RN FITEA R0, %8 gt
AL BRI . EEORFE S 5 SR TR AR B A DT R

F1 EmEEEER
Table 1  List of basic data
¥ Data ¥ K I Data sources 43 BE#% Resolution H¥E H1i%& Data usage
WHEE (%) I 28 SRR B A 250 m T e

Sand content
pH Al _E 7] | [ I
RL S Il I Al b Al I

Silt content/%
FokL O Il I Al b Al I

Clay content/%
A Il I Al b Al I

Bulk density/ (g-em™)
A& it A I Al I CilR
Coarse fragments/%
TR I I A I I I
Soil thickness /cm
AL & I I i I I |
Soil organic matter/ ( gkg™')
PH T35t I I 6] I Irl I+
CEC/ (cmolkg™)
Eoe) I I il I Ifl I
Total nitrogen/ ( g'kg™)
U I I il I Ifl I
Total phosphorus/ ( g-kg ')
el I I [ I [ I
Total potassium/ ( g-kg ")

LAY B R - 3 HcHE o 0.1° [ I

Soil biodiversity index
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ik
4% Data 35 IR Data sources /3% Resolution #¥ FH & Data usage
S G Zenodo FIEILEFHY 1 km A |
Soil respiration (g-m-a™', LA Cif)
ZmFEE (Ind100g") ETH Zurich W58 ¥R 1 km A |
Nematode abundance
e Tt 5 A i TAE 250 m A I
Slope/°
IR AR [ I 250 m A I
Soil erosion rates ( t-km>a ')
7 S X bS5 ) X 1 W I PS¢ ST AN [ 4t 550 DX 8 IR ) B )
Geomorphological regionalization
map of the Loess Plateau
T 35 Il I 250 m SRl 2 ot SR e A B
Fractional vegetation cover
+1E257 Soil type BEUE 5 MR 2 BT 250 m S0 L AN - B Y R
LR AIDEE S WU S B R BT R 250 m G3HT AN [ = b 1) FH 28 AR 98 i A R i
Land use
FE B SR B A SR UK 5 V0 R 2 i vp o™ AR TS X HE L i PR

Yellow River Basin fundamental

dataset

O Bfzs = IREE KEEF 5 ( Big earth data platform for three poles ): https://poles.tpdc.ac.cn/zh-hans/data/elccd22c-348f-41a2-
ab46-dd1a8ac0c955 ; @ Kk ¥ + 4 % #i& & L ( European Soil Data Centre ): https://esdac.jrc.ec.europa.eu/content/global-soil-
biodiversity-maps-0; 3Zenodo #IEILZ -5 ( Zenodo Data Sharing Platform ): https://zenodo.org/records/5909563; 4 ETH Zurich fiff
55 %R ( ETH Zurich Research Collection ): https://www.research-collection.ethz.ch/handle/20.500.11850/354035; Q¥ IR SR~ %
#5F 4 (Resource and Environmental Science Data Platform ): https://www.resdc.cn/data.aspx?DATAID=145; © %55 M55 Rl #5087
% (Resource and Environmental Science Data Platform ): https://www.resdc.cn/DOI/DOLaspx?DOlid=54; D [EZR K% L V3Rl 2250
$E 0> ( National Cryosphere Desert Data Center ): http: //www.ncdc.ac.cn/portal/metadata/6ce682a2-009d-41a8-acb3-c3a81ec4380c.
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bR (WKL ByRL . B A BR A S E(>2 mm ),
R, HHERE . AULUR SR pH. BB TS

RGE, 2SR, 2T TIEPRERE
TRV R RR A SRR R IR
WE ) WS R R o, s
PRI %2 0~20 om MBEE . HIEAYHE bR
R R A L ERE 0~ 15 cm; L ERPIHR
(Rs) Fllt- 34 W) Z REAESR O i (MR BN AR
RIRAL ) Bl

(2) #8bR158 58 o 1t T AR LR AR 4 S A7 e
5, B BRI 23 R BSOS AN 8 bR 24T B
HEARAL P . AR AR 2% 6 B ov) 398 o i 8 5 e 7 RIS
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Table 2 Standard scoring functions and parameters for the soil indicators

PRI A BRI FRUEALTE 3 R AR
a b| bz a
Function Indicator Standard scoring function
e 3 [l Y pH 0.Lx<a,x=a, 55 65 15 8.5
Optimum 02 0.9><[:_7a1+0.1,a1 <x<p 0 20 35 100
—a
R R(x)= b <x<b, v 08 1.1 13 155
Bik: 1-09x =2 b < x<a 0 20 25 100
. a —b
LR A 0 50 65 100
T A 2R 0.3 / / 1.2
Lx=a,
More is better A M (x)=109x X—a £0.Lay <x<a, 5 / / 25
2 Qh 04  / / 0.8
0.Lx<gq
I 10 / / 30
TR 60 / / 100
FHES 384 i 10 / / 20
YRR 0.1 0.9
- R i 200 840
LT 620 1785
f A W &t 0 / / 15
Lx<aq
. e A2y K —
Less is better TR A L(x)=11-09x Yo vca 500 / / 2500
R I 3 ;o 15

0.Lx=a,

TE: x NENEPRIEPRE; ar, ax 20 0 HE AR AT I FHEAN LG SHE, by, by 230530y decil ¥ 6l B9 B IR S AR I S x s the

value of the indicator, a;, a,are the lower and upper threshold values of the indicator, respectively, b;, b,are the lower and upper bounds

of the indicator’s optimal range, respectively.

(3) HHEFRIEHITE ., TR EROLE 2
F FE /434381 ( Principal components analysis, PCA )
TSR PR , ARTNZ T ERA —E R R YE: 1)
PCA J5 AR B AFEAE R T 1 800y, 7R 72
T o AR AR R A B, TTRE R BOCHHE bR
BEIEBRCO, 2) PCA A5 A8 b AN T 23 i it i 11 28
1k, I AR HE R A EE AR AN W) A9 8 3 DI RT REAS
P, 3) RAARFSE SR E, RRBT XS
A [] DX I AIE 5 1] 1 338 o i 5 b Al oy PR XL 22
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IKEIZEE VMY R R, T % I8 br s 5
AR 22 5 BIVAT O B50A (] - S 2R AU s+ b A1 T U
() SQIPY, AR

Z 2 . 2n
SQley =0.5% D S(x;) sin—= (1)

Ko, n FoR AT RN TR PR B S(x) R
febR bR EALTE Sy, © R 3,14,
1.4 EEEFHH
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Table 3 Types of interaction between two covariates

ZHAEH Interaction

JIWiH kP& Criterion

R FARL 55 Weakened, univariate
L PEd 55 Weakened, nonlinear
WA FH45% Enhanced, bivariate
B4 ME45% Enhanced, nonlinear

37, Independent

Min[q(X}), ¢(X,)] < q(X; N X)) <Max[q(X)), g(X,)]
q(X; N X;) <Min[q(X}), ¢(X;)]
q(X; N X5) >Max[g(X)), g(X5)]
q(X; N Xp) > q(X)) +q(X;)

q(X; N X5) =q(X))+q(X,)

2 4 R

2.1 TEREHEFRREITHE

B A AL AR AL R AR R RN RD Rk
(£ 4),FHLJZREZ R 147.20 cm;pH 24 8.06,
A HIEAEIEN 1.34 gem®; HET
THER N 14.52 cmolkg 'y ISR AR TN

S TRFEENR, AU, 2AMEwELLT
i g Y

WS R E 2 RO, — R AR
5280 (Coefficient of variation, CV ) it 11
BT SRR . AT HEIR CV R R/ 145
PR =i 5948 R (CV<15%), TR
M (15%<CV<35% ) FBRAESE (CV=35%) B3, 3L

R4 LTEBEMEFITHIE

Table 4 Statistical characteristics of soil indicators

bR 5 RAL

$84% Indicator & KAH Maximum  #/ME Minimum SEI{H Mean
Standard deviation CV/%
pH 8.88 6.29 8.06 0.39 4.85
HHLF SOM/ (gkg') 101.61 2.65 14.79 11.82 79.94
kL Silt/% 71.50 7.40 50.20 11.52 22.94
kL Sand/% 93.20 4.50 33.36 16.03 48.07
FhRi Clay/% 27.40 1.10 16.34 4.69 28.69
FHE T35 i CEC/cmol kg 38.0 5.95 14.52 4.86 33.45
Bk CF/% 42.00 0.00 8.66 6.49 74.89
AW BD/ (grem™) 1.53 0.85 1.34 0.11 8.04
4k TP/ (gkg!) 0.83 0.31 0.52 0.09 17.75
2R TN/ (gkgt) 3.59 0.22 0.79 0.51 64.89
SH TR/ (gkg™) 23.89 12.13 17.68 1.88 10.61
+ R AL SER/ (tkm2a™) 11186.20 0.00 707.96 1297.90 183.34
g SLe 61.51 0.00 9.74 9.21 94.55
+ )25 Thick/cm 321.00 2.00 147.22 64.18 43.60
2 FJF Nem/ (Ind-100g ") 3163.28 148.78 1258.10 445.06 35.38
3R Y 2R 4L SBI 0.79 0.45 0.61 0.09 14.80

A HEREIEEREE St/ (gmat, DI C

" 1225.19 119.35 500.66 234.13 46.76
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Table 5 Soil quality index of different natural conditions on the Loess Plateau

i3 3 /MA BRME FHME BUETE ¥
Dimensional Minimum Maximum Mean CV/%
T Hu A #fHL Cultivated land 0.11 1.00 0.55 17.75
Land use b Forest 0.08 1.00 0.67 19.15
il Grassland 0.05 0.98 0.50 29.94
A FH# Unuse land 0.00 1.00 0.34 38.15
A A 1L Mountain 0.13 0.99 0.66 17.51
Landform #1457 Loess tableland 0.14 0.93 0.58 12.79
FJ Plain 0.05 1.0 0.54 23.16
W Hilly 0.06 1.0 0.47 30.18

T, pH. BV ZREMESR . R R MM RN
SSAR SR, 4B L OMDRL. BRDRPHES T RS e R
Wb St LRAR AR A e (5 ). Hih,
pH Il A 384 PR 40 43 551 3 B HS 5 A1 A 5 o ) A8
P pH i 14 DX 3 A 7 1 JRURT A b DX I, 1
pH B AIG DX 358 32 BEAE v AR VR A v 1 A B L -
$P K 3k R A v ) X T B A AR IR X, (R
Pl RECH 1 500~5 000 tkm2at, b3

BORT 10 000 t-km >-a 8 XAV 7 4 i T B 1 AR
B 0.17%, PEILEHB XD B b X A 3K i R A I
Rl H R — AT 1000 tkm2a™,
22 BEISEFEIERENHHFAL

K ER [ BT  ok 2 4 R R IR S
AR ) 8 4 R T FE B 0~
AR RECN 28.41%, R
WX R DHMME N T, —HEIT N

1, ‘FHEHR 0.53,
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Spatial distribution of soil quality in the Loess Plateau
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S o ¥ TR R b 1 AR T A A B R
FEALEB A RIS LR X, IRV YN T,

(3) NSRRI E e, XG0+
L BB . B IRRT R 4 SR 1
TR AR (3205 ). 3 R A i 1 X s 4 v
O3 F A T L M AT A s X A R X, Tt
S8 I AR A X 8 Ry P R ) R Fe B X (P 20,
B IR R AR T Lk, o R AL
1o P DI R I 1 B AR s P D X ) - 4
AR T LR, B Es i, BRI
R A RS I 35k, AR XS LA 1T 9%+ 4
OEE

(4) NFEfEgEREN LR E. 2% (15
RIS Gbrafe ) PO, N2 i RO b B 5 4y

R 6 G, 4y N HREE (< 10% ) AR 10%~30% ).
HR(30%~45% ), 1 (45%~60% ), FF i ( 60%~
75% ). (> 75%) 6 NG, AR,
v D S R A e 7 o B
(K 2).

0.9+ e 09
5 ] H—fkha g5 NDVI
= 084 MM + it H5 5L SQI 0.8 ks
S 0.7 0.7 £
1} 2
ﬁ 5 0.6 0.6 5
> o
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Fractional vegetation cover grade

K2 AR TR T NDVI AL BTR A C &R
Fig. 2 Relationship between NDVI and soil quality under different
fractional vegetation cover grades
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Table 6 Soil quality index of cultivated land in major agricultural regions of the Loess Plateau

T IEPURAE R SQI

Ak X
I/ME SSNEN A AL
Agricultural region

Minimum Maximum Mean CV/%
Y iEEJR Fenwei Plain 0.34 0.83 0.60 8.22
JA[Z5F )5 Hetao Plain 0.12 1.0 0.58 15.57
# 1 H5 Loess tableland 0.14 0.92 0.57 12.25
# 1 B Loess Hilly 0.07 1.0 0.51 17.76

ARXS B R s o3 A TE B e X B A b A 1
Bt b A K5 TR R VD MR KD 4 R e
DR LB, D0 AR Y L R
b M TR A M T B A Gy, SR
FAEE, e B E T A SR GEIRAERE C 2020 4F,

B AR TRGE T2 E LR DX AN R B 3 5
SRR I F eI AR YA AN TR
Y BB 8 TR S R AR AR AR A A B A
Pt S R B 5 (R 7), B IERTR RS R A
RBIAER o S i P T iR B B A S5 G

®7 BISRFEIREDHMIIRREEY

Table 7 Cultivated land soil quality index of major soil types on the Loess Plateau

I - 1 T AR AL
L B i
+ e Cultivated land SQI .
e Vi
Soil type /M STNIE FHE R EY
Cultivated land quality grade
Minimum Maximum Mean CV/%
# 1+ Lou soil 0.35 0.82 0.61 7.01 /
# 1 Fluvo-aquic soil 0.20 0.87 0.60 10.32 1~3 %4t
# 1 Cinnamon soil 0.32 0.96 0.59 12.61 1~3 4l
4+ Loessial soil 0.10 0.96 0.52 17.32 4~6 5
K45+ Sierozem 0.12 0.80 0.46 18.28 7~10 %54
X+ Aeolian sand soil 0.12 0.79 0.45 22.56 7~10 %1
23 BErgEtTERENEZMESE AR EACA HLET A FE 252 PR 2R 5 FESE T R4
230 HHERTEAS R R R R FSRREAS] RN BENE B HE IR X, AL B 3R

MAYEIREW], 7RG R (0 <0.05) BUETHE T,
B R Y 3 A AR SR T i R
i R YR AR T R S T S R R . A
FERINGTNES T N S Y A il e POy
i B DX I S 2 [ 0 S (9 B ) g v (RT3 ),
1117 SR B R R 5 B A BRI B
Bk

AR A5 2 BT 88 S5 ) AN [ B 2 0 ) A
A (FE 4a), fEHIBAHISBRER R X, Y%, 4

O EESEN R TR RERBE | (AR R o R A
P LI, SR AL R R Dy e R
EWNR . BRME, LRSS (AL
B, R . &) MR R A SRR X
PSR Y R A B R RN S o A,
TR AR BT R TR A6 0 35 5 T S G
AT g, spEY: X 2 Z R0 - s
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Fig. 4 g-values of soil quality influencing factors for different landforms (a ) and land use (b )
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Table 8 Interaction of soil quality influencing factors across different landform and land use types
Hi 52 Landform type A 2R Land use type
LHAEM
L N3 B A - Bt L b R
Interaction
Mountain Hilly Loess tableland ~ Plain Cultivated Land Forest Grassland ~ Unuse land
FRAHAEM 1 SOMNThick TNNSand SERNSOM  ClayNCF TNNCF SOMNSr TNNSand  ThickNSilt
Dominant interaction 1 0.83 0.776 0.581 0.826 0.647 0.920 0.824 0.972
F R HAEM 2 SOMNTP TNNSilt SERNCF TPNpH TNNTP SOMNSand  TNNTP ClayNNem
Dominant interaction 2 0.829 0.759 0.528 0.826 0.641 0.893 0.822 0.952
F R HEAEH 3 SOMNSilt  TNNClay TPNpH TPNNem TNNBD SOMNCEC  TNNClay SiltNnBD
Dominant interaction 3 0.822 0.755 0.523 0.805 0.612 0.891 0.821 0.947
FRLEEM 4 SOMNSr  TNNThick ~ SERNCEC  TPNCEC  SOMNTP SOMNTN  SOMNClay  SiltNCF
Dominant interaction 4 0.816 0.755 0.519 0.80 0.604 0.890 0.815 0.943
FRZEEM S SOMNSBI  TNNNem SLNpH TPNTN  SOMNClay  SOMNClay SOMNNem  ThickNpH
Dominant interaction 5 0.815 0.751 0.517 0.799 0.599 0.888 0.814 0.939
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Fig.6 Scores of soil quality assessment indicators for different land use types (a) and cultivated land in agricultural zones (b )
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