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Abstract: [ Objective ] Soil is an important carrier of cultivated land and the basis of agro-ecosystems. Farmland soil health not
only affects crop production and food quality, but also regulates local climate and water environment quality, and sustains
biological safety. Therefore, the assessment of farmland soil health should take into account both soil productivity and

eco-environment effects. As a living ecosystem, soil varies in health status region, time and management practice. A reasonable
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assessment index system and a set of evaluation methods are the premise and foundation of soil health assessment. The aim of this
study was to gain a deeper understanding of the connotations of soil function and soil health, and to explore the actual state of
farmland soil health in China. [ Method ] In this paper, the Fenggiu, Luancheng and Yucheng ecological experiment stations in the
Huang-Huai-Hai Plain, the most important grain producing area in China, were selected as objects for the study. Soil functions
were generalized into five groups: crop production, water holding and purification, nutrient transport and buffering, carbon
sequestration, and habitat and diversity. By referring to the German Miincheberg index scheme, evaluation indices were divided
into basic ones and hazard ones. Out of each function, basic indices were selected in the light of their attributes, inherent or
dynamic, separately, and got combined with region-specific restricting indices that might threaten soil functions to form a soil
health assessment index system for agro-ecosystems. Among basic indices, the inherent attributes were classified or selected from
climate, topography, hydrology and soil conditions, and the dynamic attributes were divided into three aspects including physical,
chemical and biological indices. On considering that the restricting indices impact their inherent and dynamic properties to
varying extent, two multipliers were defined for the two separately. In the end, based on the established soil health assessment
index system, soil health of the three typical agro-ecosystems were assessed using the gray correlation analysis method. [ Result ]
Results show: (1) The three agricultural ecological experiment stations all gained quite high soil health scores in the assessment,
but still differed slightly, showing an order of Yucheng > Luangcheng > Fengqiu; (2) Farmland management methods also affect
soil health, so the farmlands with no fertilizer applied were certainly lower than fertilized ones in productivity; in the Yucheng
station, No. 2 auxiliary plot applied with fertilizer and straw was the highest in soil health score among all the comprehensive and
auxiliary observation fields; and (3) R* between the crop production function and the maize yield reached 0.60. [ Conclusion ]
(1) On the whole, the typical farmlands of the Huang-Huai-Hai Plain are fairly good in soil health, displaying an order of Yucheng
> Luancheng > Fengqiu. (2) By referring to the Miincheberg index scheme, the revised soil health assessment framework has
assigned different multipliers to the inherent and dynamic properties, which proves to be quite reasonable. So the
multi-functionality-based soil health assessment system may serve as reference for further exploring trends of long-term evolution
of soil health, and implementing effective management of soil resources.

Key words: Soil health assessment; Soil function; Agro-ecosystems; Huang-Huai-Hai Plain; Gray correlation analysis
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WAAfE. Bk, WM RHOREEY R I g H 2
FEMERRE ) BB RAR IR . RROK . k. i
Bl AL, pH, FE. FLBE. AREKE.
AW MY 2RSSR AR
1.5 ZEWFMA=E

AR SR PR A IR A A, It I G HR i ok 2%
TEAS VAN X 52 0 [ A 5 sl 28 8 A A . 1 SE e 2o
TE A HRBR PAUE , A5 R B ARG 0 25 TN 48
PR ARG R, B A TSR bR 1A B (DR
BT 5 B X T AR PR B BR 015 8 STk R Y

T &P bR 0 S AR B R A — EE S,
X e A ST R, R, e
FTHRBRBCE B AR AL AN IE ) AR A B X F R PR AR AR
W SCERA T . B RG0S O o G o (E .
PR AR, EMEIEMAE T Y = X/
max{ X }, Wi [ AR BEEN Y=min{ X}/ X .
KTRZ TG A RS2 e bR, 0 9bn
WS [H ARG IRES (R s ) $E i (R
T > SE R ( GB/T 28407-2012) ), X TiEfitg
B, DOSE A IF [ fb ARSI B AR 0~1 Z 1]
FITCR A S X BT MR IE [ 48 bR (A |
FAHLET . CEC %) Fiimfats CilgdR. WS ) 1
SN M BB AR ORI, D08 P 7 e — SR i i I 4
PR B, X e A9 1 ] STkt stk . pHL,
5 E SR AR R DX B FE 5 , (EL X 2 T VA 1 J A
KRHAEB RS, 0 pH. 25 A A0 5 b 2

BEH m MRS, n DNTEMR IR R, TR
J AR RR B B b BAEA o A

hi:—{f}ZpUln(p”)(j=1,2;~3n) (1)

i=1
>N I:F‘ s

Py =58;12.8; (2)
i=1
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@/:(l_hjy n(l_hf) (3)

J=1

Kb, CHFTRE, 2 C=1/n(m) B}, 0<h<1,
BEERIEM X R WIEL T, AIhess hiACE 2
SRR, 5 SCERIE OAAT, R ik Aok R SR
P, WIRTSECN Umn, 0<h<l,

JRAB TR 3 AT AR R B VRN X R A5 AR B
SE =2 /¢l ITFw NP o N 3§ -ai
o X ZAEAR BN 5 2 R0 DGR AR BE I — R ik
SR R E RGP iR, b, 4
FATPM X R A8 808 5 HOCHK BE(E ORI, Rom g
“HAEC RS R, BRI LR R A 0, IRk
88 11 LA AR R L SC ik [49] 0 3 e AR £
BRREL & (j), FRARIERIAE A4S iy A B AT 15 2]
IAOCEREEE , fE R EYE (1) S3h&)8E (D)
MIPF5r . AT Re i AT J@ AR o i, 1HEA
Kh:

1= w0 () (4)
=

1.6 BREIEFRE

DATE KU Tk 2y B oA 52 31 B 4 52 ) ) - S0 Sy 36
WE, WE HIRECA 1. WRARST XN e R s
SERR T s A, WA b 2R
PR (JEER ) A BEAG R T R A A SRR
FHf AR R H, SR ERBR 70U b o 4 fe /N TR B
VE R AL T, 25 SIS [w] 114 BIR ] 30048 A % - 4 158
A JE e RSB P S R B AR 22 5, el
TSN T WSS E N F, IR
JE 2 7 [ A RN sh 28 S MR YA — e s, i 4 4
AL TR T | A A R AR S IR h 2 R 5
MR AR XA, X A A S AR X AN, BT RAAR
SCRIIT 2 A3, SRS & RN X A 1)
FE Y - 398 fat B D40 R M R 25 A HR B

SH; = Ik* fy + Dk * [y (5)
5

SH, =Y (W,-SH}) (6)
k=1

L, TRBEH IR, D RSB ERY, A

So 3 SO B PR R B de /DR, W R k T
DREMIALE

DT 45 R TS B e BOE WA A9 8 52 , Mueller
SN S B 15 5 5 TR — R TR 1 B
o i, TR EE MR R, 2%
ST (3 3), FHIFH 1.25 % (XRAFECH
2.1). WAL, ARz DX A7 ) 4 SR A R i
Vo S HAL B R PR RSO, )T SR R = 1.7
U SR AR BAE BRI I N BRATF R R PP R AR, W
SRS A5 1 RGBT R AR

®3 FREEMFEHEWE"
Table 3 Ratings of drought and suggested multipliers

U B ) K

[19]

T 5 AU S

Number of hazard indices

Rating of drought risk

0 1 2 3

2 ( JG None) 2.94
1.75 ( J&-IX None to low ) 2.8 2.4 2.1
1.5 (fik Low) 2.6 2.3 2.0
1.25 (ff&- Low to medium ) 2.1 1.9 1.7
1 (' Medium ) 1.8 1.6 1.5
0.75 ( H1-7% Medium to high ) 1.5 1.3 1.1
0.5 ( / High) 1.0 0.8 0.6

X F A 5% 5t A BRI b, AU S
R0l UL 2% 4 b i a4y 5 3R ( GB/T
28407-2012 ) ), ( L HEFRBE WL R FLE ( HY/T
166-2004 ) ) . ( - HE {2 tho4r 2K S HobR U
(SL190-2007 )) . { & i % FE FARE & PR 255
KL B PR (GB 2763-2019)) ZbriE MIFIYE, LK
AH & SCHR P G 43 G U2 p s )RR B A
K F A E o e e R, B, AU &
T IR DX PN 1 B o) 4 A o) 3 f BRI ) S
FEAR A0 5 A BRI A TR S AR
PERYFEXT SRR EE , Ar e T 2 A%, MIE 3
A 25 S B0 0 - A AT B X FE 9T 5 40 -

2 RS

2.1 SEHRERS S
A S RO SR B L 2R IR e b e
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£E LU SE B R R R M 2017 4EFK 2 32 2 80
MRS, TR 5 A4 I —k, A
SC/b B AT B Ol AR AR B BUEE HE AT 0 AT . SR
% EVP AR AR U I , EF X BT AR A
FE DR A MK U O % S b R A S R,
) 3 A-BURIA T AR S R G S I B T R T
JEAY X, BRIy s A&, 48 A T M LR R
Xof b AR ) TR 22 AN, BRI, ARk A Y [
BIEEOQFEA R FRRERE = 10 CRIR. F

BRI | ARSI, MR N1 b ik
B O, KSCIA T R A R KB, R R
YRR E . RIZ RO (FRL . ARL . DK
R, RO SRS WSS R RS YL
R, 2R 2k, 2 MEASE . pH. CEC,
L LB . HEHFRE | ARCE KR . BHRR
YR R AR . Y R R R AR R
TR, A SN 4% 5 ol 25 W 37 L 3EPrA 45
g, W 4. ATRIE W, SuliB R, Kk

R4 AUWMEAUNAERBIESR T

Table 4 Statistics of index data of the comprehensive observation field

845 Index

Ecological experiment station

Ft v Fengqiu Z53 vk Luancheng H 3k Yucheng
=10"CHE Accumulated temperature /°C 4484 4323 4409
AER#E7K & Annual precipitation/mm 450.8 445.1 239.7
FHEEE Aridity index 1.5 1.6 1.5
AR Annual average temperature/ °C 14.9 13.4 14.0
WP 55 % Elevation/m 67.5 50.1 22.0
W FE Slope/° 0.5 0.5 0.2
b K HER Groundwater depth/m 11.7 48.0 2.9
+ F IR Topsoil temperature/ °C 16.2 14.1 14.9
i Soil texture A+ (b ) A+ HrE
41 & & Content of gravels/% 2.0 5.0 4.0
ML OM/ (gkg') 12.95 20.85 18.12
4% Total N/ (gkg ) 1.12 1.34 1.09
£ Total P/ (gkg™) 1.07 0.97 1.06
44 Total K/ (gkg ') 13.2 18.6 17.9
A Alkalytic N/ (mg-kg ') 104.7 104.4 102.6
5L Available P/ (mg-kg ') 16.1 24.9 16.8
B Available K/ ( mg'kg™) 125.3 104.7 159.4
pH 8.2 8.3 8.6
CEC/ ( mmolkg™") 109.5 134.9 128.2
%5 # Bulk density/ ( grem™) 1.4 15 13
FLEREE Porosity/% 45.7 435 52.8
H ] 557K 5 Water holding capacity/% 38.8 28.9 36.4
HRLF KA Available water capacity/% 33.8 9.4 29.5
BHZH AW Tillage root biomass/ ( g'm?) 696.9 602.6 479.0
WA ¥ 42 By R TR Microbial biomass C/ ( mg-kg ') 231.8 408.3 279.2
WA ¥=EJE Microbial abundance/ (g'm?, LI Cit) 84.0 75.0 81.0
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ALy, BIERSRREME, HrhEEh pH m E I, TR 0.975, TREL LN 0.95,
w L B AR, AL S R e, B R 22 HIEERESEITEMN
PR BRT &, M 5 T o R MR T AL I AR SR BN R AR R R, %
TEHEE, TR, RAREEERERE . B AR LSRR, SRR OB TE, T
PO X IR EF, R RR R PR, b AREEMSEREEP AN RS S E BN S
WA H R BRI TIBOCHER BEE . SRR R (5) Fi=k (6) 11545
St ZHEBE, 3 MRS TRHN HIED B R LR AR . IR BIBIE R T, a5
BAL AR -1, Y BAEM, HRELERSE X3 A uagLES Wi | B il FZ01, FZ02 . FZ05 .
(AT B S5 AR )Y T Zbmife, JCIZTARS . Z8dkeb FZO01. FZ02. FZ03 FIEist FZ01. FZ02
KT LI, WIS CRAM BIEGE GBI, 5 R 3 T 25 50T . R 5 (U5
BB bRAE (IR4T ) GB 15618-2018) HHTG YY) 28 T 4% Al A 25 5256 0l 1 300 SRRl rpr 255 WL 37 1)
DR A, THAMS RS L 2R S R RS A TEME . BAORE, 3 uh R
B AT YIR BN T 0.7, TR, BHLE  EWES R, BEE DR ER . JT 1%
BEm U ARG . IR AR AR RSN A ohfe, RO B WSAs; XF TEKEK
SEBREERL, BIRMRRHIE bR E A AR DRk, RN E WSS T XTI BRI
S BERHERESE . R I o8, RS ohIhaE, REUNEISA8E  X TR EAERE T,
TR YA X HEBIRE AR, 0~5cem  FEECR s> B B 1 XS M5 2R TR,
TEGHEBERERTTITHRLZE, FE-EBRENE: R E s E . WP A RESACGE, W
WAL, AR LR E R R, AR m 28, BRI A Y S R L AT
WA, BEE ER LG TAEMHEDE, Bk HEI SN RS T RIEER/NY
FH 48 B Eh i KR R R, U0 P A 23 a7 1 4 PR g e, SRS, 3 AUl - e fa BRIk 24 4
thuifsgm . K2 B s+, PAROERA L, 4, HA @R SR R R O R, Hk
AR EFEARSCIEVE R . ZEEAN AR R, R2ehk, HRER L. WIS RAE, Bmeh i
TS P A —, BEHEARE, 90 cm  EEEAEAMAHNHRAR, AT AR T B T AL
DL JLF R 2R, R &R e mah o R, IR S RmeE, AHT A PR R R 2R
0.95, £, 0 0.85; ZRMuhTRE N 15 BHEISNTH &, T HEhaem kg,

x5 BUGEENNHTREBRESTENE

Table 5 Comprehensive soil health scores of the comprehensive observation field

A A SR Rk K Feoris B MG 74k WiE 5 2R Ziaa
YEWLE
Ecological experiment Water holding & Nutrient transport Carbon Habitat Comprehensive
Crop production

station purification &buffering sequestration &diversity score

3 Fruli Fengqiu 1.48 1.25 1.24 1.37 1.51 1.37
Z83f 3 Luancheng 1.39 1.38 1.36 1.74 1.41 1.46
& UE Yucheng 1.44 1.68 1.46 1.38 1.37 1.47

F T AN L SRAE A4 RS Bt AS RARTR], R R A ey B, HARMRAL TR KR,
SR E—E M 2R . B NARRE R ERBE—E 2SR AR AR uE Y 01 54
T2 RSB AES b B3 X BiRRHE (FZ) JgxdIRORBEAC XS, WO - RE ) 1
T ASEA A BT OF B E A hREPE e . AN T HMlRE ML . IR 02 S5 BhRE Mt AL AR B 1o
Il LIE , SHEdF SR N 3 AR EAZS BEIRES . IR DNERF MBI PSS, H A A =ik
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ZEATEME Score

/\ﬁ‘b\ y «29\ Q\’@ <{\§) (\39\ {\)@, é}@ ({\/@ (&Q\ ¥ (\9\ ({\9’»
Ft Fe3fi Fengqiu A5k Luancheng &3k Yucheng
e ZH: ZRa WY, FZ. HBhWI% . Note: ZH stands
for comprehensive observation field , and FZ for auxiliary
observation field.
3 AN [a) X AR SEE R A HH A 7 T RE LR B 1P 40 X 1L
Fig. 3 Comparison between different experiment fields in
comprehensive soil production function score

J7 0 08 v T AR M, 20 R K B [ R X
I 1o KT o NS A HH A 8 S 36l 1) 256 UL I 7 4 1R
B (ZH) RFE, B EE) A = o
2.3 IERITIE

ARG N T B AR A S RS, W
T DREME I M A T — & SR M R AR
R, IEsA X T ae A BRI E A4 etk R 7ok
XM ZE M 2ER. ZFHERSE T HEE
Miincheberg P 24t (M-SQR), I H % & T
B 1 PR 7 of [ A v R s 2 B M i 4 25 St R
AT 2 A%, Mk ha®M, hTeE™
iRk HAS RGP AEatThee, #—2%+
ek PRI RE VA S P AT ELBRIE . 25 R BoR
YEYI A F=IhBE 5= A R* 5% 0.60 (& 4), RIHA
SCHTEEST TP R bR IR R A B

15 000~
o [ |
£ 12 000}
=
on
=
3
S 9000
>
5]
N
§ =37 881.5x-45 397.8
R 6 000+ R*=0.60
o .
H 3000+

"
I

1 1 1 1 1
1.25 1.30 1.35 1.40 1.45 1.50
+ A FEIIRETT ) Production function score

Kl 4 fE9 A T RERIE

Fig. 4 Verification of crop production function

fEE M-SQR F5br 7 e TR A MY 5 2l
A B A R PRI RN A B 1 AR R R T AR R Y, R
5 = A AR AT I 4, I IR M AR FR Y
SO, Al AR S 4Bk A S BT B0 S S
ZHEAL, CFEfEE ., 2P0, hESERHE T TR
DA 2 P HoAbf I T R, IR
A R BR T 8 A 19 T R A S PP AR R RN v o
Liu SFCHE W T —Fh oAl b B85 b 5 1 87 o 2 &R
g, R REAFEEFRE S B (PCQ) M
W (EQ) PEM ANl ST (T8 bR A 22 Fil— 1 25
BAEENTT %, HIEET Mueller Z T &,
K IR AR 5 f /NP I Pk 25 A, T
B b= GE MR BT T 1M, I DABRPE 45 Pk £
JE DX SCTTRE M B, X RSk AT T SSIERFSY .
H LA K, M-SQR H 3= [ J5 D) AN B 808 FH T
ANTR] ST RE ) L3RR PR, SR AL I A Al
FetE N FHZE G kR

AR SC A S A RPN B B ARHE SRR R 2 2 ) S A
EMIEM R4, (HEERIEN AR B £ LA
TR S Z RAEM . B & e =T esh,
W IR T HAL R T RE . JF DA Ih A4 45
X B FERE IR AG bR, R Bt 25 A7 B — e B B 04 B ol
PR TRy, eI s bR 355 . HUE |
IKIC, IR AR RS T, SR X gt
ATIEHL, BEAR e s 4% 3 D B AY S PRtk 25 Fgs
Mo BT HMREEE X, HEfe, ZREN T
BUER L /DA G, B KRB .
FIRT, BEXHFgE X, ZBRTREARE/N, AR
KEIEARF e M4 etk N F 225, i fil
IRISEXT R o RTFIUERR 4>, SCEXT R A 1Y
AR I IREDEAT T IAE, BUS T A I LA ROR
Ji 22 AT DL 2ok AR B 22 (A A AR B ot Xk At Ty e i
F1 ik — 2 BIE

AW 5T R FI AL R Bk E R b A R, FFARYE
TRAS SR AY BT B H BT A AN B BE A, ki
ZEA VAR M KO o A B AR R AR R AR 4
P A By T (045 BT BAR bR, HA KA
WA, (B 5= P ML AR AR, A EHERS
B A B FT B A — € A5 B 1% 48 b 19 55 B 1 22
o A I A LA SR ] Z AP 2R 5 A ik - T PR
FEXT VAL ZE SR, DRI R 5. sk, i TRR
TR o XoF - £ B 1 5 i 7 4 [ [ S AR TR R R
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258, FTLL, ARSIt T X SE R0 2% .
ARG B THE TP DR TR A TH AR S R T S PR,
SRR L 2R A Al A BOE T 2 I
B, S R (8] AR R AR LR, AR AE—E
A WNE, 5 X AT X ST N, AR
PSPt G0 HRT 5 SRR R . H AT A ST b Jo vk S HF
XA [5) 9 R A TR AR AR AN TR RURE L A [ i IX e 5 7y
PAHIRE , XA BB N G SERI BT B R, ARK
] DA S R BB A X e R AT IR 2 (4 86 5 o

TE L IEAERGT A i R b, 23 I ROBEEDRE T FAR
BORIE P Y, R, A RN, 4
PRI ZR A3 ol B O BAR AR S, A BE N I S/ X
AT TR B BLAY R o 0 T AR AY PR R
FE, MR AR R A R HAARUER, HO8 T
g4t B A0 PRl b o B IS0, T UK R AR AR R B RS
SN ARE . AN S BER X e v I DX I A A AR 2
RGN T RO T, Al G T AR
DR AN o S Pn B TS SR 75 1 X X Il A 25 30
S5 L e, BE— PR R AR AL TR AR R R, DI
TR AN [) RUBE F) - S A B 23 A1 R AIE

3 45

ABIRFE B X e i T R R T AR AR R ST, A
TIERE T INRE . FRKEOKIIRE . IR MBS g b
TRE | e [E A7 RE 1 A B S 3t 5 2 B E D) BE S5 7 i
Fe MEEE R TR BR ) A b, AR L SR B AN 4 A
K& IR @B Mk, TS 5 1 e b
SERb T EL, AR5 o3 R A T R A B A R A
] A BRI PR 7 ofe B, Za PPAL T B Pt 3 gt
RUARHA SRS @RI, BRI, X
THEMRER K B, HB AL THESKF, H
U3 BT 225, ARBUN I e B P B, R
SRR, FRUCRE L. AR AR BT HUR BRAE
Mo, HASBEERMAFE—E 2R AL AR,
HA P RE R Tz b XA Y, - S fl Rl 10
A8 R S, HCR P AC+ A% AT b BB 02 5% B A 3t
LA R o [RIRE, MR A SRR T RK
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