FE3E O F12H
2021 4 6 H

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.37 No.12
Jun. 2021 91

ETs/ M REENEHNEELIHELERETM

& FEE R

Hom A

xR

X804 °, £ FO, &Kak”

(1 FMAOR ARG, K& 130118; 2. #bky HIEATkLays, K& 1300305 3. HF ARG LORHERE RV G5 5 PR 7T,

ANy ARATH AR AL s SR SRR B S SE IR =, K& 130033)

B E: BLEATARPEFERE X R R, KRS B X A S e R AT R SRR
LW T DL MR R R RO R R, R 1401 AN IR, M 8 W AIEIMALTE kR R KR R
BN SRR IE VPN FR AR, X T B BRSO AT R E VRN, RS G R B R EON T B R PPN Fe AR & B
ZERFH: M B LR R SN N ER AL R A LR AR pH W, A B R LR (Total Data
Set, TDS). HEIH#R4E (Important Data Set, IDS) FH/M#EEE (Minimum Data Set, MDS) 43 Jill v 5 1) - 45 it &
ey AEAERFE LRI R, R2AHN 07164 0.771, KW MDS #] LLEAC TDS X B 82 H 35 R BT
T HKRMAE X B E TR E IR AR TE 0.22~0.75 [0, #HMEN 0.53, REIMART ISR THRERmE™
I NS B AR B B R e R R AN RS L 2 A R 1.23~1.43 g/em’, BRI (pH
fH) N 4.74~6.96, HHUFN 33.14~35.81 g/kg, A XBEN 122.46~136.06 mg/kg. %ML RAINHEMREG BLEHE S
B e W, 1R R ROk R E A R B B R LIS R S

KRR 13 BB REEES, BRI LBEREHK

doi: 10.11975/j.issn.1002-6819.2021.12.011
PESES: S1583 SCHRARERD: A

i85, A5, FER, F ETRJHEEHEREBLIHELIRRE TN [V]. RITEFHK, 2021, 37(12): 91-98.
doi: 10.11975/j.issn.1002-6819.2021.12.011
Mei Nan, Gu Yan, Li Dezhong, et al. Soil quality evaluation in topsoil layer of black soil in Jilin Province based on minimum data
set[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2021, 37(12): 91-98. (in Chinese

XEHRS: 1002-6819(2021)-12-0091-08

http://www.tcsae.org

with English abstract) doi: 10.11975/5.issn.1002-6819.2021.12.011

0 51 &

A R M ER A W P 1 LA Ry, AR AT
SRS RGN IEREN . 3 = A ME & e D 38 i It
bt B R B 9 R YRR A i R AR M T AR R
JREIT SRS R, 3R R iR IR AR ),
PR QERR A TR RE T PRI IR BT T R DL R AR 2 Bh A A i
3R, RENS UMb R SR R S B B A
AR, X, 6 T AT AR -, S FLA
Mo E T MBS T CBERY, Wik, L8
B ERBRFEE, XIS %A LR FRE R R
EYIRR.

R BN TAE R AR B RIA,
R IR AR AR R S S AT
Wi E VBTV R B e A, o, IR
BI85 (Soil Quality Index, SQI) Pl Hit5faj Btk Fl

Wk H3A: 2021-03-01 &7 HIA: 2021-05-18

BETH: BIMEREEERRAS LR LR (QT202128); FHEIALK
A 7=l B R AR & (CARS-07-G-6) ;i Ak A& b 2K 27 L BF i 3l 5k 4 151 B
(0201-202023322)

TEZ A Mg, L, PR, BFTC07 AR 3 N S EBOR SR 2 K
M. Email: meinan413@163.com

MOBEIEE: 806, ML, PR, BB FT oy LIRS 7R 4 R
R A . Email: caihongguang1981@163.com

http://www.tcsae.org

BRIV O R B, EAR e, b
A AT LA B g i, H S R R A R
WTEME G R E R R, TR I E beA S0 1) i
i BACER bR . /D EHESE (Minimum Data Set,
MDS) B LR F g2 i 48 A R M 00 e B P - - 38 L
MR 5] IR R AR, BHar 2 M TR
R 720 BHESS IR T 20 FiE R 40 1) ol et 1 358
JR R0, T, AT LGB SR AP, ks
SRBME I 7 T 5 SQL. AR, X 873 AN RE L e i
AMFEARXT SQI DTk 256 i S fa £k @it MDS H11)
FEANFERS D BOBCE AR HEAL AT 53, Aok bR xR it
TN L,

RN R A BERETR TR IR
R e AR i, A AR v [ AR R IR AT R . F
WIEAMEX . HETR T ARICE - X IR0 7 24+
TEWNJTTH 430 2 P8 - AE R A e 7 A E 43 e T A ek
AR UL R ARSI AR SO . ARIEE X HEr ot
FooE R B, ery R IEAE DR A AR A, &
BRI T A A PR ), B, REATIEH . G
HLAE S5 8 it 70 S 9 Gn T S LI B, LI ML 5 I
SE) S ThREAH S RS e R bR R IE EEAE AP, ik
R, 0T 2 2 B SN Bl 4B bR R IR HOR
IR IR J g i iz, B IBME A )E i, HIEE
P& T 0 B 25 R T SB  J3 () ELAERRE, o T R kAT



92 My TFESHR (http://www.tcsae.org)

2021 4

B ESAIM BRI EEL,

HEAREE LI (1.1 5 km®) 5 RILE R
16.18%, TESMIEHFIFEMREE~X, ULE 64%
FIBH AR A P~ 4 80% LA B &Y, H -1 &
IR S0 TIRE SRS NERFRE L EEREE, K
W ¢ A5 AR A s i 70 B 2 IR A O o %,
THEEM 5 ThRetabr, M LIEREIPN R, @it
AL MDS KIE TN T bR, IRITVEN 4R bR R R IO AT AT
AEFIPE, B H B b ORRR A T B R A i
SHGEHVE . ARG R NEm B T B
HRAR H A BRRS iESR A ER X SHOCFE .

1 #MR57%

1.1 #HHREXER

BF T XA T 2B 32 40 A7 1 5 MRS i SR R IX
EREHEM VO MIEEKER 4 TTIHFEKREEX B HH
FE3E (0~20cm) AFFRNR, MABEFONE o
FAREE . AR, U8 T iR s i i R S
AR KBl JE TR KRBT R E . 4R
AN 3.9, 5.00 4.5, 48 °C, E RN ES BN 700,
650 423, 582 mm. ZXWIYHEFLE, HFERAATE,
BB 2 W SERRE . 5 oRFE X AR Il SR 55
SR, B 1.

F1 EHREELHEIIERHSER

Table 1 Soil sampling point information of layer of black soil in
Jilin Province

W B (XD B PRIV 6
City  County Coordinate Number of sampling points
R FFETH 43°517-44°38' N, 126°24'-127°45'E 6
JKTFTH 43°18-43°35'N, 125°48-126°40'E 4
AN EWSTH 43°117-44°09'N,  124°02'-125°18'E 201
V9Pl ZifE 43°02-43°46' N, 123°45'-124°53'E 105
U1 4 42°317-44°09'N, 123°17'-125°49'E 19
BT 44°30-44°44'N, 125°00"-126°10'E 130
 RTEREL 44°17'-45°28'N, 123°35-125°19°E 25
Fa T T
KIS EL 43°59"-44°42'N, 123°06"-124°45'E 14
TILIX 45°05-45°32'N, 124°36'-125°05'E 1
FEELT 44°02'-44°53'N, 125°14"-126°24'E 188
HEX 43°50-44°31'N, 125°24'-126°29' 170
K#n f&ﬁ& 43.55°-44°55'N, 124°31'-125°45'E 72
LB X 43°53'N, 125°68'E 76
MM 44°30-45°15'N, 126°01’-127°5'E 198
KARTH A 43°05-45°15'N, 124°18'-127°05'E 192
1.2 HuEkiRE
1.2.1 #&R%E

2017, 2018 FHKUGK)G, HHAFEH 30 mx30 m
X IRy A, 3T REALE AR SR, SR R A Rk
EERHLERZ (0~20 cm) KA LIEFEAIL 1401 17,
SRAEM L3R S 2 B ARRT I 7 S T S AL 1 R
M5E
1.2.2 3ZILHFRERTZTNE

S IR EA AR bR 8 T, b HHE EEERHANG
O IR E N R AR ) REEE HUT R
FH E B IR AN v E A BRI 2 R F oK He

121 B 2RNE R EILIRE 20 A 20
JEKH Olsen ¥%; AR E K 1 mol/L NH,Ac $#2H-K
YEOLREVE . MAECR WM BuEllE . TR ENE
KH 2 RURFERCE A1

N

SN 0 40 80 120 160 km

Bl rEAHSATEHE

Fig.1 Schematic diagram of soil sampling distribution
1.3 TEREITFMAZE
13,1 b SdE Ragt g

WHRER G BGRAE T3 B A P ) 8 ANMEAR L+
e R A K (Total Data Set, TDS) , I FH B2 /K #R A
RAPE R EEHIEE (Important Data Set, IDS) , =+
J853 43T 45 Norm {ELAG 22 fie /N Hd AR U151,

Norm {B A ZARARAE H1 57 4B 2 425 1A vh Ok
WK, KEBK, RUNZIPRETA TR 4
EEATEON, MR G5 B RE SR . Norm fH 1t
BARITR

k
Ny = |20 (i) (D

i=1

A Ny 2 H i NEARTERFIEE =1 BIRT £ AN TR
CRERAT s pa 5 | MBARTESE kAN ERr EIEAT A
N kAN TR R
1.3.2 BEheasiEs

BB LN Fa bl i KT o M i e AR, s ISP
Wi brtg o s s BNALE BIRRAER 1025 s
B BHRE R IR ER 2 (SQI-TDS)  H EHR4E
[ 3R a8 (SQI-IDS) Al /INEHE 42 11 358 i B4
# (SQI-MDS) . HHHE AR

sQl=>Wis 2)
i1

A SQI N1 E 4B (Soil Quality Index) , W, N
i DU IRIRRR IO, SONER | T IRERFRIOFRUETS 2, n
NEBIREF ISR R
1.4 iRz

% FH SPSS22.0 i 8 13E47 3 o 43 i S WA B AH 5%
PESYHT, FH Origin 2018 X H i HEAT LR TERL A -

2 FER5HM

2.1 HEIREMHRERERIT S
Bz 3 — o ISR AR e, B 1
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B ERHE (R2) . BRABREK (CV) kK
R BRRAR I BUBRFERE , 150 4 FhRAL: AMgUgHRIR CV <
10%; IRBURIERE 10%<CV<50%; HEEFURIEIR 50% <
CV<100%; TREUZIEFR CV=100%Y. AHF7T%EL 8 T
HASEARE NN TR T, BHEREANANBURSRIR, R R
BN 6.37%. HHEEE. pHE. AR, 2% #EA.

TR S R E BN 17.18%- 13.54%- 18.06%- 25.42%
26.78%- 31.94%, JfEUEFEIR. HAWE (54.69 mg/kg)
NP BURETRbR, TR RN 64.82%. HILATULAEH R+
HHZ A48 bR 008 Sl KT e b AL e k. &
K BN 3.83~15.00 thm?, ZF5 A% 12.05%, HEITAE
JIERR, W LR RERSERR RS E AR AR T

R2 HMERETMERREERHSSH

Table 2 Membership function and parameter of evaluation indicators for cultivated land quality

Ei=Eay IR E SRR X R B R SRR e B SRJ& B 22 Membership function parameter
Index Effect of soil attribute index on crop yield Membership function a b b b,
#FZJE B Top layer thickness/cm + 13.00 35.00
4% Total nitrogen/(g-kg™") + 10,x=b 0.19 2.47
A HLF Organic matter/(g-kg™) + 10.63 44.97
s A i =10.1+09x| =% | a<x<b
TR Available nitrogen/(mg-kg™) + J@)=10.1+0.9x| - —], 23.52 282.00
TR Available 0lx<
+ Lx<a 81 182.
phosphorus/(mg-kg™) 78 82.70
2 Available potassium/(mg-kg™ + 41.49 495.00
=% =
Bulk d .*#%ﬁj o +- o 111 1.53 127 139
ulk density of topsoil/(g-cm™) )= 1_0.9{%], b <x<b
FETEE pH +- O_HO_QX(;—a}ang‘ 3.90 8.27 518 627
1—a

T 7 FoR LR R R S MK R
by Y RIRIE R ER T E . Tl

Note: “+” indicates that the relationship between soil index and yield is S-shaped curve; “-

“L7 FoR IR R 2 R S TR R

“+ -7 FoR LHHRARX T B BWMA AR R a. by b

” indicates an inverse S-shaped curve relationship between soil indexes and yield; “+

-” indicates a parabolic curve relationship between soil indexes and yield; a, b, b; and b, are the critical values of membership function respectively. The same below.

H 4 [ 3 U A o AR AECY R R B R
AR (K 3 W, LEAHE YER
26.78 g/kg) MAE (BIMEN 136 gkg) HHEMEHE X
IR (23.71 g/kg. 1.25 ghkg) KFMIE, FET
SRR BN TR, FENEEZR
GF AT T IR S, B R R R T R 3R
OENL . TEREFR S CBRARA. Rkl SR K pH H
B Ik e A A AL, HOA A AR 4R
FHERRAC. PR E R AR RN (2.17%) 8 T =21

RS T K pH AR AR IR R OK (4+28.30%
-15.19%) , HAHENHE T ZHFEEKF, 1 pH M
AR R SE R T o K 1 AR R B R K, A
+746.59%, FHJER M FLGAR Z K-FIRTH B —RIREE
Ko FRAE DL ERKARLIG IR IR, AT e e 2R 0E i it
fESEFN 7, R e T EPEsh g, KR
T8 17 1358 pH M\ A28 55 R 1 W] A F T 0F 7T X 35
AHEZENTRRNRSEE T HRAMFREECR,  [FE N #
I ERAER U, LA A I it T 5 e T 25

R3 EMERIHEIEREINERFTHERESALREEER

Table 3  Statistical characteristics of soil quality evaluation index of black soil layer in Jilin Province and results of the second soil survey

b o Fe/Mi ﬁf‘ijcﬁ ¥IE NG }Zﬁ%ﬁz é%%?ﬁ:‘/ﬁ\’ﬂggﬁéﬁ%
Soil index Code Minimum Maximum Average Median Star}dgrd Coefﬁglent of  Results (?f t}.le' seconq soil
value Value value deviation  variation/% survey in Jilin province
#t)Z L Top layer thickness/cm X1 13.00 35.00 19.95 2000 343 17.18
#HFZE % Bulk density/(g-cm™) X2 1.11 1.53 1.33 1.32 0.85 6.37 -
BT pH X3 3.90 8.27 5.76 5.70 0.78 13.54 6.79
4=, Total nitrogen of topsoil/(g-kg™) X4 0.19 2.47 1.36 1.36 0.35 25.42 1.25
A HLUA Organic matter/(g-kg™) X5 10.63 44.97 26.78 26.78 4.84 18.06 23.71
AR Available nitrogen/(mg-kg™) X6 23.52 282.00  119.74  117.30  32.07 26.78 122.40
# 2% Available phosphorus/(mg-kg™) X7 7.81 182.70 54.69 44.19 3557 64.82 6.46
HA4H Available potassium/(mg-kg™") X8 41.19 495.00  168.96  163.00  53.96 31.94 131.69
FE & Yield/(thm™) Y 3.83 15.00 10.38 10.28 1.25 12.05

2.2 #HMEITEREITMIERER
2.1 R EELES

AR FILEIHEEE (Soil Depth, SD) . FH
(Bulk Density, BD) . pH1E. 4% (Total Nitrogen,
TN) . 8% (Available Phosphorus, AP) . X4
(Available potassium, AK) . #f# % ( Available Nitrogen,
AN) . HHUF (Soil Organic Matter, SOM) 8 /Mgt
A7 358 5t = VT AN 4 B4 B H 4 4 (Total Data Set, TDS) ,

MELE 8 ANEbr ik 57 R EA OGN 6 NMEhs
(SD.BD.pH.AP. AK. SOM) #4 i 5 44 5 (Important
Data Set, IDS) (% 4) . NHERR IDS H %4545 2 H I
LRI, (R B  HH ER EVPAN R OCR FR bR, i
N EHESE (Minimum Data Set, MDS)#{ 7. %f IDS
B FaFR AT ER 00 (R 5) , REUFEE>1 1 3
ANES CERITTRRER N 68.76%) KA K> 2 1Fk
PRI A S
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R4 MEBEIIRITMIERERFME XD RLEIERE
Table 4 Pearson correlation analysis coefficient matrix for topsoil
evaluation index

X1 X2 X3 X4 X5 X6 X7 X8 Y
X1 1
X2 0.054" 1
X3 -0.065" -0.047 1
X4 -0.078" -0.115" 0.031 1
X5 -0.122" -0.088” 0.101" 0.723™ 1
X6 01877 01737 -0.010 0.75" 0.098" 1
X7 0.038 -0.039 -0.186"0.336" 0.213” 0.201" 1
X8  0.003 -0.043 0.092 0.163" 0.416” -0.176" 0.121" 1
Y -0.179" -0.080" 0.108" 0.023 0.064" 0.041 -0.087" -0.090" 1
W XK REE (P<0.05) 5 **NHILKRMEZE (P<0.0D) .
Note: * denotes significant correlation (P<0.05); ** is a very significant
correlation (P<0.01).

x5 EEHBERETEREREMS S (PCA) LR K Norm
Table 5 Principal component analysis results and Norm values of
each indicator in the important data set

HRIREIRIF S Norm {H
Soil index of IDS PCA PCA2  PCA3 Norm value
%#EEE‘ -0.149 -0.594  -0.059 0.667
Top layer thickness
#BtZ % H Bulk density -0.040 -0.048 0.967 0.975
FRTHE pH 0.032 0.731  -0.153 0.808
A HLIK Organic matter 0.735 0.170  -0.130  0.853
W Available phosphorus 0.677 -0.466  -0.125 0.919
JH A Available potassium 0.565 0233 0.153 0.698
BHE Y Eigenvalue 1.251 1175 1.012
Variance contribution /% 25.029 23499 20232
BT ETRE
Cumulative variance 25.029 48.528  68.760
contribution/%

FES TR, BT Norm {H (75 Norm 1H 10%
YO N K ETRFRAH G R (<0.4) RAE & T NIGE
MDS. Zi&% 4 Al%1, £ 14 SOM 5 AP /] Norm
e, HFE A 2 <04, ik N MDS. T
4% 24 3 W45 A pH & BD #A & = Norm 18 7] 4k
A MDS. [KUbE-E#E LR BRI R R SOM.
AP. BD. pH fi. AWFYIETEF: 8 1, MDS €% 4
ANERR, TRFRIF IR EERIET] 50.0%, BoNEEHE L
TV FRbR AR, BORTRREWRR T fabsE (5 B E S X
PR 285 it ) 52
2.2.2 RAEIBELELIEMINIE

/N B VRN FE bR R R S BV S0 OIE 2 I
P I E B P, RNRE R bR R S E Y E
Fes w2 L = VRO AR 1 . 23 % TDS 5 1IDS
WS TR AR AT 2 T, 1B RIS AR BRI A R T %
MR E (£ 6) o F&IEMabr AL EARN SQI B it
HAFEIRETE R SQI. Horh & B R4 L1 i 245
¥ (SQI-TDS) /T 0.28~0.71, “F¥JMEH N 0.53, HE
Bl IR B H (SQI-IDS) T 0.27~0.81, “F
YIMERN 0.59, f/hEdE4sE LR EES (SQI-MDS)
MF 0.22~0.75, FIIMEN 0.53. ML R 55 #7465
(& 2) m/%n1, MDS 5 IDS 5 1) SQI 5 SQI-TDS
PIHEERENIEM KK R (P<0.001) , H SQI-MDS
g RBOKT SQI-IDS iE A2 (0.771>0.716) . it
A 28 37 1 B 2 R VRO R R A T e

SRR T RHE LR E R, AR
B AR -

*6 HEIRRETINMEHRARFAERNE
Table 6 Common factor variance and weight of topsoil quality
evaluation index
AR TFI %

Common factor variance

HLE Weights

LR

i S EE RN AN EE R
PR MRS HORYe S HORd SR
TDS IDS MDS TDS IDS MDS

R

Top layer thickness 0.532 0.378 0.589 0.097 0.107

#HFZ 2 H Bulk density 0.621 0.940 0.864 0.113 0265 0.248

FRTE pH 0.615 0.553 0.572 0.112 0.156 0.164

4% Total nitrogen 0772 - - 0141 - -

AL Organic matter 0.736 0.586 0.680 0.135 0.165 0.196

BRARA Available nitrogen ~ 0.726 - -~ 0133 - -

AW Available phosphorus  0.600  0.691 0.773 0.110 0.195 0.222
JERET Available potassium ~ 0.870 0397 - 0.159 0.112

Note: TDS, Total data set; IDS, Important data set; MDS, Minimum data set.

% 1.0 1.0 g
a) e SQI-IDS S
= SQI-MDS 0
g .l % =t
@ —08r 108 w2
By =3
® = =
S 06| {0652
L) g £
5 = E
= 2 g
m A4 10455
§ 5 SQI-IDS ;;?;; 5
il S R=0.716(P<0.01) SE
z202r SQI-MDS 1027 £
g R*=0.771(P<0.01) ES
Z 0 N L 0 3
202 0.4 0.6 0.8 @

B AR - A R AR
Soil quality index-Total data set (SQI-TDS)

B2 TRE#HEELERTIHRHAER

Fig.2 Correlation of soil quality indexes among different data sets

2.3 BIHEIER=ITMH

T3 R UG I R A E IOV FR AR T 1S
B, HBUE RN s 3 sr SR . ASCR A MDS 18
FRAR 2 5 Mg i B B R R ATV . R
WRERE, BAESNARMSAHERES (B3 .
—% SQI A7 EkE, TIERERANIZI AR
FEERI IS N ERES (B4 o U R E
HIFRFHAE — s Ju N o] DUt = s, (H 47 &
KRG FEFR TS, ] g ad it 2 <5 =X ) A = g X T a2
LI R AT R

HRYEHEZ T = S AED A T SR8 R B R
KFZ, 4t SQI-MDS 55l & ik, BAH= 18R
BIREUET 0.69~0.76 X[AIRS, RE4ERFRAFH0 IR &
KB Hr=a, BHELTHX SRS, TP 4B T
RIEREER N Zie b 5 TR RS MR L — ok
kA&, K SQI-MDS 4T 0.69~0.76 X [EKF, F/&
BRI EMH )AL T 0.69~0.76 1], MM o] AR 4 5% )& &
R AR M R ARG BV GR T o MR
ATLAE Y, BEHEE I VR R AR R RIS Y 4
MR E N 1.23~1.43 g/em®, pH N 4.84~6.96, AHL
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Jii A 33.14~35.81 g/kg, AN 122.46~136.06 mg/kg.
IR IS HOE BV AT YR TR R A ROK R X B
JB BT EAR AR, B AT DU S5O R R A A O
Febrab TE HYE ], AMSeEHHE L, R
Hh A% B A PR KR

W2 LR R R AL
Soil quality index of topsoil

0.476~0.490
| >0.490~0.502

B -0.502 0530
05300613

0_2240 80 120 160 km

B3 FhETHRELRELMELERE
Fig.3 Topsoil quality of black soil in different counties of central
Jilin Province

o}

Y=-0.018X2+0.442X-1.913
R*=0.524 P<0.05
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e
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Soil qulaity index-Minimum data set
f=]
n
=

I

®

LA
o
5

<
S
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10 14

Rl

1 12

7=t Yield/(t-hm™)
B4 SQI-MDS &5 =X Z#&H (E&RRE)

Fig.4 Fitting diagram of SQI-MDS and yield (county scale)

&7 MDS LIEIFMERAREREE

Table 7 Appropriate range of MDS soil evaluation index system

- "y ENER
tib 0 SR 3 Pov i
Index Membership Membership function pI;anpe
function type e
f&) =1—0.9x(x’1'39)
i o1 123~143
Bulk density/(g-cm™) x—1.11 ’ '
f(x)=0.1+0.9%
0.16
N f(x):l—0.9><(x_26'27
E&;ﬁ{’g .- 100y 474696
. X —3.
=0.1+0.9
f&) x 128 ]
PR _
Organic + f (X)=0.1+0‘9><(x3412'463 j 33'51;‘:
matter/(g-kg") ' ’
A x—7.81
— /- 122.46~
i + =0.1+0.9
Available S X[ 174.89 ) 136.06

phosphorus/(mg-kg™)

3.1 TIEREFMAE
R (B, SGEAREY/NMERF, TE
NEF. BREEAIAE P Sy el Btk 5 R B R R

ARO[y Ah 2 ok R e B IR T £
Jiid, Bl PHER SR A R BUERY . KB B HTVEROL,
TOPSISP., -3 i AR HGES Y, Horh -39 o BB 302
B KR 2 el 78 7 % EE VP TR bR S IUME . AU Je 48
s (B A ELAE PR S5 SR R 3L R soma . [RIE, 7R G 7
Mr¥erri, f/DEHESE (Minimum data set, MDS)[X f& #.
GiAT~ G UTE F RN AT AR i 4 S DR S R R AR
B s, Fpl 2 R BSOSk SR T
B, 6 B AR BRI, AR A R
TEAE AT 6 AL 22eFr (SOM. AP, AK. AN,
pH. TND FHEFESE 1 AL FIZE 5 AL SR bR (BD.
SD) fE A MDS f84RffiiER TDS (FEETE ) U4, F
F PCA 454 NORM 1H ¥ 7516 R ] GEBE G PN P A T L
TR RS B RS, FBA TR bRRIE K E
BE, Mg S MDSP%, MDS 345 B3 4% 57
AN f s (88%) , TIEFREE . RUH w0 A AT R 43
A 52%F1 50%, S5 RZHET AR R —3, KHA
5T AT IR $E 1) TDS 55 i ik H R 1) MDS ¥ 1R i AR5
PERSI7391 0 SQI-MDS 5 SQI-TDS I3 A1 56 % Rtk —#
PLH] MDS RS T B4 TDS $845x) B+ #H 2 I m &
HATIEREN (B 2) o R MDS g H 1 4 MP R
bR, GEEAN ARG, BHESE. LEEA LA
T RSl SO B R Bt S Bt 5 T iR, o 4 pH — %
TE I R R R R L it A2 A DA 1Y, T BAZE AR
AFE R, B R P AR e
3.2 EMEEIHETIER=E
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Soil quality evaluation in topsoil layer of black soil in Jilin Province based
on minimum data set
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(1. College of Agronomy, Jilin Agricultural University, Changchun 130118, China; 2. Soil and Fertilizer Station of Jilin Province,
Changchun 130030, China; 3. Institute of Agricultural Resources and Environment, Jilin Academy of Agricultural Sciences/Key Laboratory
of Northeast Plant Nutrition and Agro-Environment, Ministry of Agriculture and Rural Affairs, Changchun 130033, China)

Abstract: Soil quality refers to the comprehensive capacity of the soil, covering three aspects of maintaining productive
capacity, protecting environmental quality, and promoting animal and plant health, which can sensitively reflect the dynamic
changes of soil conditions and soil management. Soil quality assessment is the quantitative expression of soil intrinsic
properties, which can be reflected through soil physical, chemical, and biological properties. As the main soil type in the main
grain production area of the central plain of Jilin, the quality of black soil directly affects the regional ecological security and
sustainable agricultural development. In this study, the typical black soil in Jilin Province was taken as the research
object,1401 soil samples were collected, and 8 soil physical and chemical indexes and maize yield were determined. The
Minimum Data Set (MDS) method was used to screen the evaluation indicators, the quality of the black soil was evaluated,
and the suitable range of soil parameters was proposed by combining the Soil Quality Index (SQI) and the yield. The results
showed that the surface soil nutrient of black soil maize growing area in Jilin Province was above the medium level, soil
acidification was obvious, and the variation coefficient of soil chemical index was greater than that of the physical index. MDS
for soil quality evaluation of black soil in Jilin Province consisted of soil Bulk Density (BD), Soil Organic Matter (SOM),
Available Phosphorus (AP), and pH value. The filtering rate of indicators reached 50.0%, which significantly simplified the
evaluation index system and eliminated the influence of information overlap among indicators on the evaluation results to the
greatest extent. There were significant differences between the soil quality indexes calculated from the Total Data Set (TDS),
the Important Data Set (IDS) ,and MDS. The positive correlation (0.716(R2TDS_1D5), 0.771(R2TD5_MDS) respectively) showed that
the MDS was suitable to replace the TDS to evaluate the soil quality of the black soil. The SQI of the cultivated layer in the
black soil maize planting area was distributed between 0.22 and 0.75, the average value was 0.53%0.08, and the coefficient of
variation was 0.15, showing a high trend in the east and a low trend in the west. There was a significant correlation between
the SQI and the yield (R>=0.524), which showed that the soil quality index increased firstly and then decreased with the yield,
further proving that the MDS was scientific in evaluating soil quality, and the pursuit of yield should not be at the cost of soil
quality. The optimum range of soil parameters for maintaining higher soil quality and yield in the topsoil layer of black soil
was 1.23-1.43 g/cm’ for BD, 4.74-6.96 for pH, 33.14-35.81 g/kg for SOM, and 122.46-136.06 mg/kg for AP. BD and pH in the
study area were within the appropriate range, and the improvement of SOM and AP content should be realized through straw
returning, rational application of organic fertilizer, and phosphorus fertilizer. The results could provide theoretical and
parameter support for the diagnosis of black soil quality, improvement of black soil fertility, and selection of suitable farmland
management measures in Jilin Province.

Keywords: soils; topsoil layer; minimum data set; soil quality evaluation; soil quality index
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