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M T AP RN - TR B AR R LI B vPAY . fER T
AR, R REX . AP RN 2 - ORI R 5
X 3T T g i e AN I, 0 BG4 BT T R A A e AR A
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PO X R 0 B /N AR & AN HEIE], X 30 B A /N
PR ST B AR . B, FERAT L IRAE RVEAN I,
i BT RE AN [F] ) PO R SR 07 GG HH 3 2 SRR Y B /N B
R

A B R bR 8 58 S5 7 KR VRS B3 (linear
scoring function, L) . 3JE £& 1% VF 4 #& 3¢ ( non-linear
scoring function, NL) H¢# BE AT e brbr e AL 2,
FAL N 0~1 Z[a BN Er " T, AT R BTN
K BB L AT TR AR bR EAL RS, 2 tabn — B A 5%
PrifE, (HRAEVIRRAYERIE IR Z S EhriE, FEOT
Wik = BEARYE TSR IR LM VY 23 B 02 AT 240 v ik
T BB VE R R, KRR TR 2 B T AN R e R A
AL A Oy AR L PR AR R S5 B A P
AU IS0 1 2 v AR 2R P D 40 bR B S R R 4R
5 H AT R A R b, Ul B R T ]
DAVHE fff 1t fz e - 3384 FREVFAR IR L o
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Rt A S — A, E RS RS B, 2021
b [ A A RN 1500 750t BTEEL B0AEL iR M R
[EaC: R W X VA e o L P = B s R S S R S =R e i1
B, RERNTHREBEEH R, FNRERE7 TR,
TR L9407 %) A2 = AL I N B i A 7R 4 TR SR &2 L
REEERILTE, FRoRAEBEEIARE, Al
FEARE N B 5 DB IR R £ B ) it Ay 23 R TR
bel LA MU & BAR, RS EAKE . FE, %
FR9 N T S AL AROBE 1 5 35050 2 4 6 [t 0 e s i o
KRR N 2.02 glem® FEL LR B BEAG 10 B % 0,
A7 A LA 7). e R VAN A5 7 T R K R
FETAR, (HICT @ PR 845 vk R IR 70 e b 122 24270,
AHIE 5 LA b A il ) B o R B 2 Ak A e o A el Dt R
B, BT RESUR B BREVEAN FR bR AR R A E IR B
AT Ety/E 28 =1 TRAMS BN S s s VIR P VA AL
%) [ b R e e VPAN B N BE SR, IR AT AT, A
T 46 240 1 7 5 [l 384 FREIIIR B i B 3 1 B 4R LR o7
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1 RS

1.1 fHRXEER

AP 5 X 37 T e T ol O 25 ot ) Si 6 3l T A A T
WFFE 3L (36.69°N, 114.96°E), iZh [X BRI 30 iE K
Bl M 2 AR X, AEP 3R 131 °Co PPN EA
556.2 mm, PEKEBERE 79 A4, HEFEERNE
(9 1/3. % [X %] % FloRE T AR 133.3 hm?, 5 BE Bk 3t T AR
85%, FEMMEIE. . HR. BEmEZ. 425

WA R, AR B R A RO I AR 60%, 24
Hhy R Bl BIFAE X I RS Y S e, R Sy
=+,
1.2 HIEHERRESNE

A e 3k B S W %) b, o A PP AR R 3~30 a A
&, LRI, FAREEEEDESOm U B, )
PRI A FAEER SN 10a LN CPERE 6a) . 10~
15a CEPHME 13a) M 15a DL E CPREMEE 22a) 34
H, FEARBED BN 130 17 A1 12, T 2020 4 10 H %
BRI, K& 0~20 cm L2 IR, SRS REF
TAECRER M, 5 A (A SREELE Sm Bl E) JRE R
—NEER . RN LR R, Ak AHESEHk
o2, KEseiEmr, R3S (1 ke 2 NHH S,
— R E RS (100 @) fRAFLE 4 °C UK, AT
W 5E T IEpl s AR R ST B SR a0 = B AR 0 S
FFdE 3 e br . [FERH 2" REFUR EH T
M5 33K AR 1 A B A o

BT RBR IR @R e br A R, 456 S fr7E
(VR TE SRR e 5, SR e 33 SRR AR R
Fr 20 Tio T EIKE KRBT VRN E, K TIENE
tHEmE, REME (0~10cm) ANEEZMEE (10~
200 RAAERE ™, KRR R A (0.25~2 mm)
KRG I e P, SR R A 92 e pH ME, AR RN
AMINAGED A U, BB BTG E R, e
T B0 5E A BB (Olsen-P), KA G & 2 58 o 4%
B, MRS, TR AR, B AL B R
AR A HRVERN R F H B & 55 3 TR R S v A
S8, RIETE TR R AR B AR BRI 2 A, R
R AT R BRAM RE B bR 20 6 6 BE I e B, L3RR R
FASR € B 30 5
1.3 HIEEREMN
L3, 1 S

K E R ik i e /N S . VRA LR R
B, GEPRRFIEE KT 1 FERSE NI 8RR X T4
—ANFERSY, R OR B DR A A A T S5 R R 2
10% YUl N I 4E R . WR— D FERS R —NMERFFE
BOR, NgE NN BESE . F D EROEE LZAE
PRAF AR, X FE bR b AT BORBRAH R 0 #r s AR R
HNT 0.6, FTERRIBEN RN EIEE, B HIERE
T AR A B NIRRT
1.3.2 BEMERIRNF RS

KGR AR L VT 4y SR B B A I (g B R b e
M 0~1 Z A i TE B E 7 78, kT et v R
B, B CEOGELET A CEUNEREE” 1 FE bR 2R
(D FL O &, BTRET “hhamii” ffEes,
IR T BAEEREE, AR (D S SWERES TR
EYEER, B (2 iHE.

St = X/ Xinax 1
SLZ: min/-x (2>
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A Sy HIEAEL MR AL AT 0 B 1 20 a 2&VF
S RBUR BBy, EARFRPET 1 x, &84
MARAREEIME: bR TRERIE, 6 BRI 1
FRARVE R A b 1 N-2.5, FF6 “HUNELE" FRARIIVES
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By AN WEYERR. TIEER O IEIT, R
WREMWE., REMZHEE T BN 8
Rl R4 pH. B RUE. AR, R
T H SR 2, OGS 2 P g
209 g g R
1.3.3 LB HTHE

K ZE At S -3 e FE 2 (soil health index,
SHD), A& it E AN bR =R,
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A S, AR LB AR A VP4 S 5
N TR R FR B fabn g, W, R LR
o oxof L R A ELAR
1.4 BRSO

K H IBMSPSS 25.0 #HAT R fA RS iH 0 b, AHOC
YEIHT. DT Z M LRt . SRA BT 250
(One-way ANOVA), Duncan’s %46 56 A~ [F] 44 6 75 % 5]
M BRI ER (P<0.05) . FH OriginPro 2023b
BEAT AR5 Hr AR

2 HBRESH

2.1 BEEEBREEREA ST

B e S EL . AR AR AR R 1. KT
VIERAEART S, LS AR ME N 14.6%, KIZANE
2 IAEE 4> 79 1203 kPa F1 1023 kPa, 74853 &%k
53] 40.5% Al 32.1%. 3K E AR LY B O 1.23~
1.57 g/em’®, “FIYME N 1.42 glem®. 7K a1 [ 5 44 5 B 2
R 16.7%, 57 FRECN 37.0%.
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Table 1 Descriptive statistics of measured soil health indicators in intensive vineyards
$447 Indicator LHRfE SRR BIME L ON P PRz RRE
Soil health indicators Minimum Maximum Mean Standard deviation Coefficient of variation/%
TIKE/ % 7.8 20.5 14.6 25 17.4
S b K ZHIE /kPa 233 2620 1203 488 41
Physical indicators ﬂﬁ%)ﬁﬂ)ﬁ/}cpa 552 1922 1023 328 32
7 E/(grem) 1.23 1.57 1.42 0.07 4.96
IREAVE I TR AR % 6.0 30.0 16.7 6.2 37.0
pH {& 6.96 8.30 7.94 0.26 3.25
%8 /(gke ") 72 15.0 114 1.7 153
R (mg-kg ™) 4.9 52.8 37.4 10.5 28.1
TR/ (mg-kg ™) 200 623 397 109 27
T i:?ﬁz'riffﬁ/(mg-kgj) 3898 5050 4430 298 7
Chemical indicators ﬁc?ﬁi‘f&k@%/(mgkg ) 280 672 460 %8 21
R (mgkg ™) 6.5 16.5 115 24 21.0
ARk (mg-kg ™) 6.6 12.8 9.2 1.4 15.0
A3 (mg-kg ™) 0.8 2.5 1.6 0.4 27.2
AR (mgkg ™) 1.3 10.0 3.7 1.8 49.9
A4 (mg-kg ™) 12.7 262.0 86.1 50.7 58.9
HHRR (gkg ") 5.6 13.1 8.3 1.7 20.2
AW R (mg-kg ) 161 378 271 56 20
Biological indicators TR A/ (mg g ) 1.0 2.8 1.7 0.4 21.9
IR /(mgkg ' -d ) 5.6 14.6 10.8 1.9 17.2

XTI IR AR, A I 3% pH AR YE A
6.96~8.30, “FIJME N 7.94, J& T oML, HHEET
BIAEN 11.4 glkg, LR RECN 153%. LBEHUGFESF
BoR 2% 221 S MM b, i
AR AR SRS M BRI Rk
BN 37.4. 397. 4430, 460 f1 11.5 mg/kg, ¥ITFE
Ko LA R F PN 9.19 mg/kg, Ab T HEEK
S, I A AN BT & & N 1.6 A 3.7
mg/kg, b TR Z FEE K. RS AR T
BIME R 86.1 mg/kg, &5 RN 58.9%.

%) el LA MR bR L EE A VLR TSR LR

FIRI 30 . 3 WL R 0 0 8.3 g/kg (5.6~
13.1 g/kg), ATELZ KT, H3EE T F 2 5 & ok
271 mg/kg, +IEE AR IEIFILE I ME 7500 1.7 mg/g
F110.8 mg/(kg-d).-
2.2 FEEITEBRRITNRNEESEN

FRRA TR TR, BHEE> 1 FRAE S R
TFOTHRE A 68.2%. TEE5 1 ERRH B 5 F 4, W
DRI ¥~ 28K B A48 XL 7E B K Rl F-Ar 21 10% Y8 A ) 48 £
FEA M. . E@AE, AR, BRSO REL
AR, WRJE IR, S B Esy . FE. SRR
KRR R AE (R 2).
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Table 2  Principal component analysis of the soil health indicators

T+ bR %43 Component

Soil health indicators 1 2 3 4 5
7K Soil water content 0.11 -0.05 025 -0.72 0.02
FJZTERE Surface hardness 036 072 0.10 0.19 -0.13
7% Z 1§ Subsurface hardness 0.18 0.78 020 0.2 0.004
%% & Bulk density 0.08 0.04 026 074 -0.18
KEaVER R 4k Wet aggregate stability  -0.09 -0.07 0.06 -0.12 0.89
pH {i pH value -041 045 -034 -025 -0.03
4% Total nitrogen 0.86 023 0.08 0.10 0.16
3 Available P 0.71 -0.15 0.19 0.18 0.0l
FERE Available K 0.84 0.03 008 0.13 -0.11
e tE4% Exchangeable Ca -0.35 041 -0.002 050 0.03
2 Hek4% Exchangeable Mg 0.09 034 077 0.8 -0.08
H %%k Available Fe 0.77 0.9 0.06 -0.15 -0.22
%4 Available Mn 081 020 -0.03 -024 -0.18
45 %4 Available Cu 077 0.1 020 -0.15 -0.16
HREF Available Zn 0.75 0.14 0.19 0.04 -0.14
= ¥4 Exchangeable Na 0.08 0.04 090 -0.15 0.07
HHH% Soil organic carbon 0.86 0.19 0.04 0.06 023
7% A% Permanganate oxidizable carbon  0.58 -0.02 -0.15 -0.10 0.44
+ 3% A Soil protein 0.82 -0.01 -0.10 -0.12 0.23
T+ IEMEI Soil respiration 024 037 0.13 031 -0.02
$H{E{Y Eigenvalue 667 198 1.88 178 133
J5 £ 5T#k % Variance contribution rate 33.3 9.88 941 890 6.63
23 5Tk #% Cumulative contribution rate 333 432 52.6  61.5 682

T FR bR R R b, BRI R %> 0.6 KT8
b CE 1D, B 2 T T4 % el 398 (g B V7 A 1) e/
BARE NG WRE IR, SHRIEM. &E.
KRR R B R Ak
2.3 EEEITEERITMN

XoF A B AN B/ N B S AT 32 By T, R R
BB ERANE (3ME D, FHANR @) it
BRI RS LM RO E N S BEE L
HE{i FEFe $ (SHI-L.pg) ZBALTEH 0.57~0.75, “Fi#1E
N0.67, B5RECH 6.58%; e/ EHE4E LI AR AL

(SHI-Lyps) “FHIME N 0.65 (0.52~0.79), AR R2EN
9.33%. MR RECKE, FIHG/DERETFT
TR R TR RO B R OR (] 2a) .

®3 RESTNDRBRRARFHERNE

Table 3 Communality and weight of soil health indicators of total

data set

T e FR AR ANFETF % BE

Soil health indicators Community Weight
2K Z Soil water content 0.603 0.044
FJZMHE Surface hardness 0.716 0.053
PR 20 Subsurface hardness 0.673 0.049
4% T Bulk density 0.658 0.048
IKFaME R 4k Wet aggregate stability 0.825 0.060
pH {H pH value 0.549 0.040
4% Total nitrogen 0.837 0.061
2% Available P 0.601 0.044
JEL A Available K 0.735 0.054
A4S Exchangeable Ca 0.546 0.040
1B Exchangeable Mg 0.752 0.055
A 2% Available Fe 0.708 0.052
A 205 Available Mn 0.784 0.058
A %4 Available Cu 0.691 0.051
%8 Available Zn 0.641 0.047
et 4H Exchangeable Na 0.845 0.062
H LB Soil organic carbon 0.844 0.062
75 MK Permanganate oxidizable carbon 0.561 0.041
L2 [ Soil protein 0.758 0.056
+ IO Soil respiration 0.306 0.022

LR MEVE o R BT S A E P SE (SHI-NLqpg) Flf
N B £ 4 {8 R R B0 (SHI-NLyps) “FEIME 43 5N
0.52 (0.39~0.59) £ 0.51 (0.36~0.66), A& 5F RH% /)
AN 8.40% F1 12.3%. 5 Z&VEVE 43 bR BT 5T 1 25 R 24,
S /NIRRT B ) L R B s R (B 2b) .

BT A HAR AN B/ N R M P AR PE o eR O BT
TR R EIR (R 5D, N [E RO A PR A A A
IR ERARE (P>0.05).

&
i S
O N S o =
i B # g2 075 # #H K H E & #H B K ¥ ¥
2l K E 2 _ B E S £ £ % 8 8 B £ 2 3§ B AR
4R B ¥ % R Yk # KR ® H g H H Corelation cocfficient
GKE {1.0'-0.u?nu.uj| % 001 001 0013 0.093 0.076 0.2 D088 022 020 0.15 0.052 0.24-0.00560.14 0.11 -0.034 1.00
FIFTRE S ' 026 017 -0.046 641 019 37 020 032 651 G40 036 @42 010 GA 011 020 038 050
WHEERE M0 016 00930041 639 0057 021 016 G310 025 008 025 631 019 032 0.032 0068 0.24
?fﬁ;ﬁ ’L.ﬁ‘ 24 007 02 008 o0l 025 0y 0015 -00%0.023 002 003 0076000290057 0.22
AKEAPERR PR 10 001300454954 0.20-0.0080-0.13 020 032 0,10 0073 0.050 0.072 018 0.10 413 060
pH 4 2k 32 Gy 015 0.019 004 016 D22 038 922 W3 0.0 62 1)
e 0 R g e 021 o u@ o o5 010 g G5F g 0 1040
i 0 g 016 020 g5 04 459 B 0 gEF 029 0 021
A 0 05T 010 "" 015 ’ 035 g 0z 70
SEHERG 0 018 022 037 039 0360091 016 05 D 015
SeHebkgE M0 016 012 025 032 g8 018 00680018 029 1°
HARE 0 "' 014 ' 0.36 ' 015
T 'J:ﬂ'.’ A5 014 ’ 035 ' 032 o 020
fri 0 g 0z g8 055 g8 aas
B a0 oose 088 020 08 0 040
SR A DT 0100051 0051
e 0 g8 g oz oo
ey 0 @ o 080
LHEE 0 0
s M oo

A1
Fig.1

HIE R B AGAT R R ARAR K AT

Pearson correlation of soil health indicators
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ToOREE: BT RANERE AL R 1R BT

x4 RNEESTNELRERAEBFRHE. NER
X H T IEIhAE
Table 4 Communality and weight of soil health indicators using
the minimum data set and related soil functions

S 3695 217N AHFHZE BE L ThRE
Soil health indicators Community Weight Soil functions
£ 7KZ Soil water content 0.605  0.198 KRR
TR JZAERE Subsurface hardness  0.538  0.176 3R 45 SR R FHLHLA
2% H# Bulk density 0.653 0214 TEE A
ARAEHIR I Wetaggregate 115 105 ER INT ]
stability

A 3149 Exchangeable Na 0.470  0.154 e LN IS

FHLEE Soil organic carbon 0.465 0152  TIEERGEFS5TEH

2.4 ETH/)BIEENEEETIERRITN G ERIE

Xof A H R A AN BN R A B A R AR R AT
R CIVER, 2R R o R R T i feee Ve 1 7
NS IR AR AL () B B R IEA SR R, &tk
P4y B8 B8 A 5 B2 e 1=0.766x+0.130 (R*=0.317, P <
0.0 (B 3a); JE&MIFn kA7 )y: y=0.934x+
0.027 (R>=0.421, P<0.01) (E3b). [H, ZvEmdE
LRPEPTRP T R B R (F 3c ME 3 d).
AT, B /NEORE AR AT DR B A B E S T ORI SR 200
2 el - g fR e

0.85
| 1=0.766x+0.130
2 O80T 317 o®
EZ 0.75 1 P<0.01 .
) =
gz 7 070 o
B S fiid
& B 06sf =
B = L B
=2 E 0.60 3
= 055}
&
0.50
0.45 . . . . ,
0.55 0.60 0.65 0.70 0.75 0.80
A SRR
Soil health index (SHIpg)
a. ZRPEVE ) BRI TDS I
MDS {4 2 m] ) 53
a. Linear regression analysis of soil health
indices based on TDS and MDS using L
0.70
—~ y=0.827x-0.040
.- 0651 pp713 =
% E 0.60 r P<0.01 o o o :_E\(
T g 0.55 R
ﬁ B os0f E
B = B
@ % 045 r )
ﬁ 2 oa0p . ﬁ
& 035F
0.30 . . . . ,
0.55 0.60 0.65 0.70 0.75 0.80
b R (L)

Soil health index (SHI-L;pg)

© LA AL RT3 bR BT
TDS -3 {id Hef5 #e w1 73 #r

c. Linear regression analysis of soil health

indices using L and NL based on TDS

75
0.9 0.8
CV=9.33%
CV=6.58% =12.39
& 508 5507 fov=saon O %
o e g s
’éﬁ‘? =07 K % s
=5 v =5
w206 Pl
B =
HGos Hg
0.4
TDS MDS TDS MDS
Hi#i S Data set HHfitE Data set
a. LRPEVPS) B AU TDS A b. AELAEPE ) B B TDS A
MDS - $ f FER %4 MDS e ff e 55

b. Calculation of soil health indices
using the TDS and MDS based on NL

a. Calculation of soil health indices
using the TDS and MDS based on L

i TDS, @HdidE; MDS, f/EEE. L, Sk Rs; NL, Rk
TEVSr R A T IR
Note: TDS, total data set; MDS, minimum data set. L, linearscoring function;
NL, non-linearscoring function. Same as below.
B2 #WEHE LR
Fig.2 Soil health index of vineyard

x5 TEMREEILRERER (SHD
Table 5 Soil health indices of different tree age of vine

SRRy 281k Linear JELE 1% Non-linear
Average tree age SHIppg SHlypg SHlpg SHlyps
6 0.66+0.01a  0.65+0.01a  0.51+0.0la  0.53£0.01a
13 0.68+0.01a  0.64+0.0la  0.52+0.0l1a  0.50+0.02a
22 0.68+0.0la  0.64+0.02a  0.52+0.0la  0.50+0.02a

e AN FRFRRERAEE (P>0.05). SHI, LEdHRE.

Note: The same lowercase letters indicate no significant differences (P > 0.05). SHI,
soil health index.
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Fig.3 Linear regression analysis of soil health index in vineyards
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Soil health evaluation in the intensive vineyard based on minimum data set

WANG Bin' , LI Yun!, LI Ruipeng?® , FANG Fei' , ZHANG Jiangzhou*** , ZHANG Junling?

(1. Technical Centre for Soil, Agriculture and Rural Ecology and Environment, Ministry of Ecology and Environment, Beijing 100012,
China; 2. College of Resources and Environmental Sciences/National Academy of Agriculture Green Development/Key Laboratory of
Plant-Soil Interactions, Ministry of Education, China Agricultural University, Beijing 100193, China; 3. College of Resources and

Environment/ International Magnesium Institute, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Healthy soils can provide the essential ecosystem services for food security and nutrition, climate, and sustainable
development. Soil management practices can be optimized to promote the soil productivity and ecological balance for the high-
yield and high-quality grapes in intensive grape production. This study aims to investigate the soil health status in the intensive
vineyards in Quzhou County, Hebei Province, China. The soil samples were then collected in October 2020. A total of 42
vineyards were sampled in 0-20 cm soil depth. Twenty physical, chemical, and biological indicators were determined, including
soil water content, surface hardness, subsurface hardness, bulk density, wet aggregate stability, pH, total nitrogen, available P
and K, exchangeable Ca and Mg, available Fe, Mn, Cu and Zn, exchangeable Na, soil organic carbon, permanganate oxidizable
carbon, soil protein, and respiration. The principal component analysis was used to establish the minimum dataset for the soil
health evaluation in the intensive vineyards. Two evaluation approaches, Linear (L) and non-linear (NL) scoring functions,
were used to calculate the soil health index. The limiting factors were also identified in the vineyards. The results revealed that
six indicators were selected for the minimum dataset by the principal component analysis, including the soil organic carbon,
soil subsurface hardness, exchangeable sodium, bulk density, water content, and wet stability aggregate. There was a significant
positive correlation (P<0.01) between the soil health index with the total data set and the minimum dataset with linear and
nonlinear scoring functions. Alternatively, the minimum dataset was used to better replace the total dataset, in order to assess
the soil health in vineyards. According to the minimum dataset, the soil health indices ranged from 0.39-0.59 and 0.36-0.66
with average values of 0.52 and 0.51 using linear and nonlinear scoring functions, respectively, indicating the medium level.
The soil health indices in the average tree age of 6, 13, and 22 were 0.64-0.65 and 0.50-0.53 using linear and non-linear scoring
functions using the minimum dataset, respectively. No significant difference was observed in the soil health index among vines
of different tree ages. The soil surface hardness, subsurface hardness, and bulk density in the vineyards were 1 203 kPa, 1 023 kPa,
and 1.42 g/cm’, respectively, indicating a medium compaction level. Soil available P and K, exchangeable Ca and Mg, and
available Fe and Zn were all at the rich level. The average content of soil organic carbon was 8.33 g/kg with a range of 5.6-
13.1 g/kg, which was at the deficiency level. Therefore, the major soil obstacles in the intensive vineyards mainly included soil
compaction, nutrient imbalance, and low organic carbon content. The agricultural measures can be implemented to reduce the
frequency of field management in the optimal utilization of organic or bio-organic fertilizers, and cover crop planting, as well
as the integrated nutrient. These approaches can be expected to enhance the soil health level in the sustainable development of
local grape industries.
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