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Soil Health Evaluation of Farmland in Yinchuan Plain Based on Minimum Data Set

WU Xia'?, CAI Jlnjun1 2" WANG Zhangﬁ]un1 2, GUO Xinnian'?, LI Welqlan CHEN Gang'

(1 Institute of Agricultural Resources and Environment, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan
750002, China; 2 Station of Observation and Experiment National Agricultural Environment in Yinchuan, Yinchuan 750002,
China)

Abstract: Soil health evaluation needs to consider regional natural endowment and environmental characteristics, and the
selection of evaluation indicators should be determined based on different regional characteristics. To ensure that the selected
indicators can represent the key attributes and functions of farmland soils in Yinchuan Plain, in this study, 147 farmland soil
samples were collected, 16 soil physical, chemical and biological indicators were determined, principal component analysis (PCA)
was used to screen and construct the minimum data set (MDS) for farmland soil health evaluation, and soil health index (SHI)
method was adopted to evaluate the health status of farmland soils. The results showed that the MDS for soil health evaluation
contained eight indicators: soil water content, water-stable macroaggregates, pH, total salt, total nitrogen, available phosphorus,
organic matter and microbial biomass carbon. The linear regression equation fitted between soil health indices derived from the
MDS and the total data set (TDS) using the weighted synthesis method showed a good performance, which indicated that the
constructed MDS could represent the TDS for soil health evaluation in the study region. The soil health index for farmland in the
Yinchuan Plain, calculated based on the MDS, ranges from 0.18 to 0.78 with an average value of 0.52. Spatially, the soil health
index exhibits a general trend of higher values in the south and lower values in the north. However, distribution remains uneven in
certain areas, indicating significant spatial heterogeneity. The results of this study can provide theoretical support for the
evaluation of farmland soil health in the Yinchuan Plain as well as for green agricultural production.

Key words: Minimum data set; Principal component analysis; Farmland; Health assessment; Yinchuan Plain

ORAETE 7 B A w5 & A SRR AR E IR (NGSB-2021-11-01) . EIZK A ABHA 34T H (U23A20158)F17 B A1
1R BB 414 A A T H (2023GKLRLX20) % Bl

* Sl {EVE#H (nxyccai@163.com)

EHGIAN: REE1984—), o, THEBA, B, FPFRA, FENF LA SEBENTTI . E-mail: wuxia-xia@163.com

http://soils.issas.ac.cn



226 +

e %58 %

TR A e R G E T, X ARVEY A
K ARy AT HE 2 & e oA geE R Y AL g L
A O RRIE R A A AR S SO b 1 5 g
I KM . BB E— RSN, EiEmE T
WEA MR T REge &R, X4 2 M g
R a1 BEE A S AR R,
b, Tl Ak Fe AN A B = b 1) FH S 350 4 398 felt BREIR 1
ANWEEAL, - e B ) B EL 28 ) R 4 23 48 LT Y
F2 W B ERAR L ZU(FAOYKE 2015 4EHfsE Jy “ [
PR 4457, JELL Mg B £ e Rl AR 17 A% O
BOBTF I T — RANVEGTAESY 5 AR i 3582
R B S A e, DR AR R R A
SRS BA D SRt T R 2R K SR B FEAR T R TR E
T EEREE BRI, 53 bl X 75 G ) 2
XTI — R AR, DA DAST AR A X — AR
AR, LA TR A Y i S T R & R,
P, TR R A P, SR S R
R N SRS SN A ISl N R I e 8E 5 VA
AIRREE A R JEAl, XHES R L MR A
HEEZ L,

¥ A e e D S 4 - T A (R
AR IERE AT, X A BV B i
TR ZRIHE | Febrit B . T H I & S5 BRI 58 Rl R
RAWIRA , BOIECE | BRI ST A 5 A
BRI 25 ]RUBE 9 - S f e VAR i g U /A E
BT T 250 A 3 R R 5
ALY Andrews 45 PR B4 4 39845 BT A1) HlE 242
(SMAF) FIERE 2% /R K 2F HE A7 B R 4% IR - A BTy
P (CASH)PVUR B FHAE T () H et FEVEAN vk . B e
221 R AR (SINDL AR F 48 AE T T H., 4%
TR PR AU 5 O A U AR BT RS 1 45
fa RS B, SR S E B AR B EN Y, dehy
MR T T 2 b A VE Y A ™ o TR 2 BER FH A Ml kb ) 25
BIBOEIT R LR T Sl e S e A
SEERT I, W X Bk R R AR bR, R RS
BRIV | fRIE(DELPHIE S 550 456 H AR &1
TR RSP 2 R, ARAS LA 4 1T M S
TR

AR BATE NP BRI T - e R
WAGIRR , BEAE G —WbrdE R 72, JLHIETE
PRIEPEA A AN, TRERIE I A sE R, DO R A
[l DX 3ok, AS ) R A e A T Y R
BRAFFE R W], A1 A8 b5 e 0% 0T L S0 M S e - I
FRARDL , (B 58 % B8 br B i AR BORE FE AR, HAR b3

A EZMICRFER, W T HE bAoA
AT ETE, B, MORE Y oy A=)
Fe bR B O + BT BUR T S48, A
e/ NEE B (Minimum data set, MDS)3E PEH + 3 fid
FERY TR 12 R TS, Devine 26Ok B 1 38 5 /K
HLOAE . HE s AR 10 MEbR, SR
FHERZE AT i A 1 56 R AR e W7 M 8 - 498 fidt
FRVPANAEAY | X9 X A g B gk AT 1 PP Akl 43 o
ZEFE AR AT I RS M (PCAYKS IR K A
F R LRA T 0 E A e S E O T K HE . LA
Z AR T 250 M i b MR AR AL 38 S 80
TUHR, SR I(E 2 5 R 1 HOGT T 3 o )
s, RASEIMEERCSHEE LEREFR
FR 483 ¢ SR B R R B AR T AT S 800 e/ NEUIR 4
133 TR H IR A R . A HATC A A
Z LRV I S BR S, AE TR X TR
HAs. PPN IXEL . PR R EESEAR S AHIR], BT
Mg b SOUACE St B AT — R . B, W
R A [7) DXl ST B A7 100 i 32 168 L A IPAN F b, ST
AR VEN s

NP EA TR 2 I 55k Zim Rz m), £
O] RO IR R IA RO A, IR E P I E Y
PEBTR ™ X o BT AN ZEIE Bl 5 DL SR P ik
BEAEAD, S EOCEARAY RS G K B
b, BIEwRA L, HEFERLAE R,
MR TSP T FE - St R Al S o T P A2 Je e
HAr, CAANDEEE XN L5 E . #Hiib
FifE . AEEREAEFRITA A SY, Blan, FHAT
WL GB/T33469—2016 ( BF M BH454% ) Frifi
X7 AT R RN SR, R )E SRR T B A
JT GRS LI, (BTN S 2 EE B 2
T 2 PR 32 B o Wk U 5 4 T BBk 5
P RN, G IEA A 2. ER
Wi, sCHMEES FIsc e bEEE 5 N HEbr, JERAKEC
G AR L MBI B RIS, 25 R R WIZ SR 4R fig
AR XS R 22 5, A PR AL TR
W, AHIZBE RS UE i . WIS PR SR AE R A
AT RER M PEMN M R RSB X Hik, FxTE
AV R F AR P da bR 2 1 )R, AT LAAR )
PR A H RO G, S R fh
AR RR, R 3 43P O 0 5 A A f
FREVF e/ NER A, b - B fa Fe R Dl i A 7
HACTEAN, R T A B - 8 g R A A b g
[T R SR AR A B AR

http://soils.issas.ac.cn



513 R FET /N AR BN P A - S A 227
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AR T RGE X AT R e X (8] 1), %X
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30000 Zody, PUZRGFH, Sl An, DN B
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Fig. 1 Locations of research area and soil sampling sites
1.2 TEFEREE

202149 A 1 H—10 A 16 H XSRS ERhE K
FHVEY A A FH - SR TR A SRR o ARG A % IX L A1)

M ARV VEY A TS DU PR R B, A —
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AN B T EEC100 g 24 ERE2 Y, fET
=20 C UKFE, S0 T SRR A ) A
B RN E 5 Tl AR AR AR A 4%, A Il 5256
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UEAh, F 100 em® 3577 B 26 43 L 3 425
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IR IR 4 SREEFEIRT, FH GPS 105 RAE H He il
SRR, DFFEIX SR A 147 DA H T 3RS, RS+
BRI DIRE W A o8 B, SRR IEY B £
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WAEEATEM , FF2456 RFESUEPR TS0, 450
IR, 147 AN R HERE S 16 TR bREE T KT,
AT N —2 00T
1.3.1  HIEY IR bR T KR (SWC)R HIHE
THEME , 25 (SBDYR I TIEME , HUAL LR
K, Clay) R H7S ImmRaH 73— L E P& a2
IKEEMRBAIRMKREGEE0.25 mm HRBIERE/EL,
WSA)FR FH i 07 125 U 7
132 BHfbsdsts B3 pH SRAHEMIROK L
JEE L 2.5 0 DE, (TS RAHE Sk iR
o5 D, PHESF3c#ik(CEC)R FH L R ES 38 4
FE, AR (TN R B RR TH & L
FERILMGE, 5w (AP) R HRRIR S 4NI= 4240 B BT
Fea e, U (AK)R A LR B2 H— K I
BE
1.3.3  tHEYHERR T HEEHLET(SOM)R H &
Yo T R AL 2 AR A — AL T IV s v e, S E AR
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Table I Backgrounds of samples of farmland soils in each county
B, X)) HAf AREWRA0*hmY)  SFHSIRCEC) Mok (mm) e SKFEHLAEY)
HNTIX 10 3.88 10.8 145.5 R Y w4 e KEE. B, BRHLE R
AT E 11 3.53 11.1 177.2 Wt RS+ KRG, Bk, BHLESE
B 16 428 9.9 147.0 B A N N w2 e KFE. Bk, BRHERSE
AR 6 2.44 9.8 149.8 iR ﬁ-ﬁi KRG, BK
HARX 16 2.81 10.7 137.5 ?@Wi b Fok. MBE. B
T H 47 6.38 9.7 141.1 PR R ﬂi m KRG, FoK. NE . BBHLEESE
i3 X 10 3.08 1.2 205.0 {E{ﬁ(‘j:\ KRG, Tk, BB
AT 31 3.91 10.1 2009  HEWRE . Wit ik%%i\ B KRG, FOk. NE . BRHLEESE
GGACTACHVGGGTATCTAAT-3"), ¥ XN V3~ BT TEPRAE P I BR A A 48 b5 2 1] 1 i 40 22

V4 l: Y1) B AiA R BRI BE I i VK 7

el

WK A Ilumina F & (PE250), i

FF5 'J?Kﬁﬁ Usearch J71EiE4
AR B2 N EAE 4325 550(0TU),  HeX NCBI 168

DNA $ds 15 754
- OTU #4

FRBEFRE Z R

1.4 TEERTMH
1.4.1

PR 5 b SR e BRI

Rl
THREE . I, #=97%

THIRR P ISTERE , $d/IMEAS R B4l
FEs L B2

B HT, 4 Shannon

A5 R T

WARE A 16 A~ R bR E 7 AR P 4
B4 4 (Total data set, TDS), Ffiz I T #rikit

S, BN AR R G O HEAT I — A 2 L AR A
FE AR 8 A 5 - S R 1) G R v S R, (E
il v A R T AR B HR AR B e S YRR AR, T
B g AR T AR B A PR AR N S AU R

B, A7 76 B SH0E 00 8 B 00 8 22 Ry 40 2k R R
oo B BT AX A a A b 250 R FE bR S
Toe/IMEFRRAR, 25 5500 S5 /ME R e KA 8 3 A%
PRk, WL 3 f5FR 2 EE; a A1 b W)
LRERGE b T SE, B oT X SE A
IR A R e Y AR R A e b A i R s
J& PREL AN 2 TR o

F2 TEBERIFNENREEHRNE
Table 2 Membership functions and weights of soil health evaluation indicators
SR PR A HEARK TEMMFEIR bR E 2 TR
a ap b, b
S 7l 1 =b SWC(%) 6.23 28.03 0.061 0
0,
f(x): X a<x<b WSA(%) 4.01 76.56 0.058 5
b- CEC(cmol/kg) 2.61 21.45 0.0510
0 x<a
TN(g/kg) 0.21 1.56 0.073 1
AK(mg/kg) 50.00 546.42 0.075 6
SOM(g/kg) 4.11 26.00 0.069 2
MBC(mg/kg) 16.73 340.96 0.053 5
MBN(mg/kg) 1.70 39.02 0.068 7
SUE(mg/(g-d)) 0.05 1.53 0.067 0
ALP(mg/(g-d)) 0.32 5.48 0.061 6
Shannon 8.21 10.43 0.051 4
2 S %I 1 r<a pH 7.70 9.09 0.078 7
/'(x): b—x a<x<b TS(g/kg) 0.30 4.84 0.073 5
b—a
0 x=b
k7R 1 a, <x<b, SBD(g/cm’) 1.11 1.25 1.35 1.59 0.0479
x—a Clay(%) 6.88 15.00 25.00 42.08 0.0512
a<x<a,
/'(x) a,—a AP(mg/kg) 6.50 30.00 40.00 76.78 0.058 1
b—x
b, <x<b
b—b,
0 x=bakx<a
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& %% (SHI-TDS) 1 fiw /)y B #5 4F + HE {d FR 45 %K
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b SHI g R RETE R w85 | A IR ARAL
Hy SN | A RIERIRR IS I) s n N EEESR
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1.5 #iE4hiE

&1 Excel 2016 4TI iR ER 32 s >R SPSS
25 %) S R PR AT RAR ST L ARG
TR AR T30 R ArcGIS 10.2 2:HI#F5Y
DX AR a0 A R - S flt BRE PP 1]

2 HBREHSN

2.1 EMfriERRERES T

T3 AR YR R A G R R
3. WEEAR T, BHESOKER . A KSR
FZK R K B R AR 4051 16.61% . 1.35 glem’
26.60% F137.69% , Hih + I H AR 7 RECH 6.87%,
S HALSI(CV<10%), FKZ . Fhb & & KRk
K R ARG 43k B 2 R K (10% < CV <
100%). fb2#48hnd, £33 pH A F 7.70~9.09, “F14
{H 8.33, R RS, RIS X L8 Ttk +
B, R AP 1.20 g/kg, IRRIREFER L
KF(1~3 g/kg), (B2 FRREER(CV=91.98%), /)
EACH 0.30 g/kg, FeRHIL 8.72 g/kg; TIEMHE T
A EIME 9.64 cmol/kg, 755 R %L 40.82%, &
FhEREAS, HHELSATENEN 0.82 gk,
A O A AR o I Sk 28.43 mg/kg Al
229.30 mgkg, HJETHEREALS, AWstrt, A
HUE S AT 4.11~26.00 ghkg, “FIME{H 14.42 g/kg,
A FHBARAKN- 5 APt . RS I A R
125.64 mg/kg £ 13.03 mg/kg, WRMAE . Bt RR GG
PEME A3 M 0.58 mg/(g-d) Fl 2.42 mg/(g-d), ZHTH
Shannon F8EUIIE N 9.71. BRI Shannon 55075
PRI /NCV=5.15%), J& T 352500, HAAYiE
b8k 2 v A AR SO
22 RMNEIESEHE

WFFE X 16 A~ L e DA 5 bn 2 2 ATt 2R
mE 4, £SPUR, FIEE=1WERIA S, B
FUBTHRR A 67.84% 434 1 R 3 for {48 X
>0.5 H7Ef K Norm B 10% 0 B A5 bR AT 384
R AR, B DREGFIBEERE IR S AN TEhR,
5 A EFRT AR Norm [l , A RLBESh, H
flb 3 ASFE bR 1 HE 4 B2 R H A OC R BN
>0.5(% 4), WAL 1 P A FURA SR A
/NSRS 5 a2 TP A HLBT Norm (HATF &
A B/ NS /4 3 b R3S KRR AT
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Table 3  Descriptive statistics of soil health evaluation indicators

izt eIt W R bR He/MiE SPN] FHME P2z 5 24 CV(%)
L//BLE RN SWC(%) 6.23 28.03 16.61 4.90 29.49
SBD(g/cm’) 1.11 1.59 1.35 0.09 6.87
Clay(%) 6.88 42.08 26.60 7.60 28.58
WSA(%) 4.01 76.56 37.69 20.04 53.17
2zt b pH 7.70 9.09 8.33 0.26 3.08
TS(g/kg) 0.30 8.72 1.29 1.19 91.98
CEC(cmol/kg) 2.61 28.26 9.64 3.94 40.82
TN(g/kg) 0.21 1.60 0.82 0.25 30.09
AP(mg/kg) 6.50 106.40 28.43 16.12 56.70
AK(mg/kg) 50.00 561.30 220.30 108.71 49.35
X7 EiEgaN SOM(g/kg) 4.11 26.00 14.42 4.47 30.99
MBC(mg/kg) 16.73 359.69 125.64 71.77 57.13
MBN(mg/kg) 1.70 46.87 13.03 8.66 66.46
SUE(mg/(g-d)) 0.05 1.53 0.58 0.39 66.27
ALP(mg/(g-d)) 0.32 6.12 2.42 1.02 42.10
Shannon 6.59 10.43 9.71 0.50 5.15

x4 FMERERSEFHFTR Norm &

Table 4 Principal component factor loading of evaluation indexes and Norm values

WA bR F 5 axiil Norm &
PCl1 PC2 PC3 PC4 PC5
SBD -0.51 -0.15 0.10 -0.38 -0.30 1 1.13
TN 0.71 0.49 0.05 0.16 0.15 1 1.52
AP 0.71 0.01 0.32 -0.06 0.13 1 1.37
AK 0.70 0.28 0.49 0.05 -0.14 1 1.51
SUE 0.78 —0.04 -0.33 0.06 -0.05 1 1.49
ALP 0.62 0.49 -0.03 0.05 0.21 1 1.38
Clay 0.20 0.71 -0.05 0.04 -0.07 2 1.18
CEC 0.10 0.68 0.06 0.29 0.03 2 1.15
SOM 0.56 0.56 0.11 0.28 0.20 2 1.41
SWC -0.06 0.47 0.61 0.14 0.21 3 1.19
TS 0.04 -0.21 0.86 0.09 0.10 3 1.27
Shannon -0.07 -0.12 -0.58 0.45 0.00 3 1.05
MBC 0.29 0.34 -0.05 0.61 -0.07 4 1.11
MBN 0.00 0.16 0.11 0.84 0.03 4 1.17
WSA -0.03 0.45 0.25 -0.39 0.46 5 1.09
pH -0.19 0.02 -0.11 -0.04 -0.90 5 1.10
FHIEE 3.24 2.47 2.01 1.81 1.32
5 25 BT (%) 20.24 15.46 12.57 11.30 8.27
SR DT (%) 20.24 35.70 48.27 59.57 67.84
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Table 5 Correlations between soil health evaluation indicators
SWC SBD Clay WSA pH TS CEC TN AP AK SOM MBC MBN SUE ALP Shannon

SWC 1

SBD -0.19" 1

Clay 028" -037" 1

WSA 0347 003 0.1 1

pH 020" 028" -0.06 —-0.26" 1

TS 034" 001 -0.13 0.11 -020" 1

CEC 0267 -020" 040" 0.12 -0.14 0.03 1

TN 021" -0.417 0397 020" -027" 002 047" 1

AP 0.18" -0.25" 0.19° 0.19° -0.28" 020" 0.08 0.49” 1

AK 0407 -0357 0357 0.5 -0.08 0.337 0307 058" 063" 1

SOM  0.39™ -0.47" 0.36™ 025" -025" 0.07 048" 086" 0347 054" 1

MBC  0.13 -029" 023" -0.02 -0.01 -0.06 0.34" 045" 0.15 021" 048" 1

MBN  0.19° -0.27" 0.13 -0.08 -0.04 0.05 030" 0237 0.06 014 030" 050" 1

SUE -0.20" -0.41” 0.10 -0.09 -0.08 -0.21" 0.12 050" 029" 036" 038" 0.30" 0.04 1

ALP 0217 -0.417 040" 025" -0.26" -0.05 036" 0.65 047" 0.50" 0.61" 040" 0.14 038" 1
Shannon -0.23" -0.11 -0.02 -0.33" 0.11 -0.39" -0.01 -0.10 -0.12 -0.21" -0.03 0.10 020" 0.06 -0.03 1

. o* . MRIRIRTE P<0.05, P<0.01 /K B EAMRE,
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Table 6 Common factor variance and weights of minimum data
set(MDS) evaluation indicators

MDS P8R NI &
swc 0.482 0.110 7
WSA 0.386 0.088 7
pH 0.373 0.085 7
TS 0.477 0.109 6
TN 0.850 0.1953
AP 0.381 0.087 5
SOM 0.831 0.1909
MBC 0.573 0.1316
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Fig. 2 Linear regression analysis of SHI-MDS and SHI-TDS
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Fig. 3 Distribution of farmland SHI-MDS of Yinchuan Plain
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Table 7  Statistics on farmland SHI-MDS in each county

Bl X) e/ ME S YNIEN EHIME bR 22
AT X 0.18 0.55 0.44 0.08

KT R 0.45 0.69 0.53 0.04

BB 0.37 0.70 0.53 0.06

R 0.30 0.65 0.53 0.06

HARIX 0.24 0.64 0.48 0.08

FEH 0.21 0.69 0.43 0.09

3 X 0.39 0.68 0.56 0.04
el 0.37 0.78 0.57 0.08
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