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(170, 0.6, 250, 25, 3.4 1200 mg * kg™ ) F 4.8%.
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Pb Cd Cr As Hg Cu
1~5 8.082 0.228 16.367 17.315 0.029 25.887
6~ 10 9.761 0.250 22.683 22212 0.031 30.010
11 ~ 15 7.054 0.205 16.338 10.305 0.027 18.478
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RE (em) 0 ~ 20 8.468 0.232 19.375 18.156 0.032 24.082
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Ph Cd Cr As Hg Cu
1~5 0.048 0.380 0.065 0.693 0.008 0.259
6 ~ 10 0.057 0.416 0.091 0.888 0.009 0.300
11 ~ 15 0.041 0.342 0.065 0.412 0.008 0.185
16 ~ 20 0.044 0.376 0.078 0.634 0.010 0.239
¥iE 0.048 0.379 0.075 0.657 0.009 0.246
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TN 0.049 0.383 0.075 0.657 0.009 0.272
REE (em) 0~ 20 0.050 0.387 0.077 0.726 0.009 0.251
20 ~ 40 0.050 0.386 0.076 0.692 0.008 0.286
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2 S Bk A el 1 e ) T R OL R R i A
S0 W T pH 2 R T A R B R
AHIFFE 1 PR T 5 22 L R e 0o = X 25 el 1) £
SRRRAEE , S5 TR, HR VA R A e X R A el
TR, XS R D R s R
A A S+ B R, (R A L3 pH
SR AT IS AL SR 25 Rk Ss  Rl 2
SRR R R TR R L R, B
FE WS A S A6 5 it DA TR A 2 A A
FEo AR AR A (B AR F R, AR
JI| 4 % bel + 38 As. Pb, Hg. Cr. Cd fl Cu K T
BRI, TR0 o 4 i e BRI B ML 515
PSRRI R 1.00 P, % IR & B A Y
6 P 4B 5 Y4

FH 2 M DX A A AR YD B2 S R AR R LA
FCY AT AR ZE W FEER T, AAFR 0 E 4R PEAL
) A PR A2 Ak LA K g 26 el - 48 DX SRR JiE 25
TEFAEAERR 0 ~ 20 A PN, AR I RS 8 74 el £
Hed 4 Jm S i I - BRAL - B, X AThE
520 4 1) 2 75 el SIS E S K IR RE . R ZG B A
B Hih cr, As FIPh ERESLIL IR, 7R
FPAE 6 ~ 1045 RIS A AR 1 ~ 5
AEA PN, MZERNAL 16 ~ 20 4ERCAIAG 11 ~ 15
AR FRBE IR T Ol S (P<0.05 ), AT sl 45 ) 2 B
Hurbfe 25 . PR RE A A5 it F 2 T ok B 4 R
A, HHPEHCr. AsFIPhbEHEEIE LK, [
BN e oA B X, T T K R A A R 4 T 4

Jo L I R TR A el R 4 R Y
BRI B8 T BRI T SRR T Sl B AR A
BRI . BB, HHESE LS R
11 ~ IS4EHEX T 6 ~ 10 4EFEMK T 38.3%, iX
A BB A 4 el 5 4 JE Y a0 A R i R R
UL M E R TIE Y RNEI O
ANTR) DI RN R B ) 3 4 S Vs Yl A e BRL, A
Pel £ 7 IE) 3% As FaAHXT TAT N i 15.8%, 117 Cu
SHEAEATN 20 ~ 40 em 3 i K PIE (29.626
mg + kg™ o ARV FE AN EIE 2B RER
Mo 5 - e SR A A GO, AP A R, ARIER
WA e As S fEATIE 4, 1 Cu WS EAT
W20 ~ 40 em TIEFE A, [F]IE 4 )8 1Y 2 A1 R AE
Z XA R, X AT RES Y bl 16 s A B
VERE A 5%, HE—20 075 Gt 8Pl 2, R4
75 el - 4 4 SR 15 YR IR T T KT, HLR AR
BAERR A S oAb —3. BRI S, 11M
IR AR AT 4, RS, A
FEAFEPR 6 ~ 10 4T 144 25 178 £ 398 LA KA 7R 47 o, 1 458
R 2 KT 0.7 MLZRAT5 43840, 1 As. Cd 1 Cu
FERR TR IR . UL X ek H i 49 T G 3
IR MARENL, HH T RIVIEMASEES, Kk
I REAATEE & B V5 Y NS, EHLZERMEAERR 6 ~ 10
ELARATIRNIX e g . Rk, db— e e
WA % B LAk b, T EE AR R As. Cd
LA BV,

4 Z5ig

o AR )1 TR T 4 2 el G - S R 4 R R A R AT R
B, MMt - E 48 As. Pb. Hg. Cr. Cd
HlCu S RPIRIRBG YK, HHh R RESER
BTG YR RO ZE A 15 AR B /N 1.0, X
X 4k S, BB ARG, (B
B O SR SR AR B 2RI Bh A
TERMEARRR 6 ~ 10 AFAAAE B 4 s Vo Qe WUy, o
As. Cd Fl Cu JURZEH o i —20 1 X3 A il A
B, SN, RS R E SR
HOE Aso RVARTIT, BRI 2% L7 0 e Ji 75 5
2 77 DX 1) A 4 Pl A A SR AL TR KT, TR
B, FR AR R A 1 1 AR A T KT
BATHE TR E S B E SR, = st ik,
B A A Y T, EE AR
R, I R

S

(T




| T T —— (. [ |

rhE SR 2024 (3)

‘ (81—, %, BEW, 4 LT GIS I BN ik
SE T : - T 4 5 2 D 54 45 A BOR R AT (1), FRBERYE,
(1] BRERAL, AR, R APMLA A M R 2019, 40 (6) ; 2885-2834.
R T T S 1] o pp O] BTNHEERUR - BGEIOE, TET, R, 5 X
KL 200 (6): 246952 P LR R TR A R A A 5 RASE (1], &
(2] MEEE, WWSH, FEE, % S F TR B X H, 2018, 50(2): 376-384.
o o T O S KGR (11, srtpie 100 IR, T WAL SREOREGEG Rk (M ]
2018, 39 (8): 3917-3926. ALRT: LTk iRRAE, 2004.
(3] Uk, KE, R, % soRpucEaELmopkr [T R R ACLIE, % RRIRERN R
S 1] LA 200 (8) . 1492 VRIERBR A B R AOBFE (1], PEICHEBE R,

S s 1 L N e 2009, 24 (2): 37-41.
(4] XURZ. AR IR SRR (1], FE0L R, (2)
2017, 49 (1): 1-4 [12] MaC, Cui H, Ren C, et al. The seed primer and biofertilizer

[5] Mk, A, W, 4 % AR AR LT 4R, performances of living Chlorella pyrenoidosa on Chenopodium
s UL > NN, P Dl 7N 5
25 [ A0 B E B R AT [ )], TR Al 224, 2021, 34 quinoa under saline—alkali condition [J]. Journal of Applied
ol . v W - Zzik s ’

Phycology, 2022, 34: 1621-1634.

[13] WRAERL B0 2% LU AR oo 4 i b P 215 8 - 19 6 4 J 40 A AT
59 [D1. #1: TER2E, 2017.

[14] Mokih, PEE, s, % RAGS5FEEBEGTTRN
EATMEW R (], K255, 2021, 23 (1)
10-21.

[15] WYL, SkRyE, XDRUA, 5. FCREIAS I O R b TR
EL BTG Y RAIE SBAEAE SIS [) ], ARl B 5 R8s
24, 2021, 38 (5): 755-763.

(3): 641-646.

[6] Mili¢evi¢ T, AniCi¢ UroSevi¢ M, Reli¢ D, et al. Environmental
pollution influence to soil-plant—air system in organic vineyard:
bioavailability, environmental, and health risk assessment [ J ].
Environmental Science and Pollution Research, 2021, 28:
3361-3374.

(7] femedd, Mo, sots, & TEBHT R4 LR
BURHIE SR A A BTS2 R (3. FhoMIAg S, 2022
(4): 35-39.

Distribution characteristics and evaluation of soil heavy metals in different planting years in Yinchuan wine grape-
producing area

LI Ze-min'' °, WANG Zhen-ping’, ZHAO Quan-sheng’, MAMUT Ajiguli’, GUO Xue-qi’, LI Zhao-jun” (1. College of
Resources and Environment, Jilin Agricultural University, Changchun Jilin 130118; 2. College of Agriculture, Ningxia
University, Yinchuan Ningxia 750021; 3. State Key Laboratory of Efficient Utilization of Arid and Semi-arid Arable Land
in Northern China the Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences,
Beijing 100081 )

Abstract: For the green and sustainable development of the wine industry, it was important to assess the soil heavy metal
pollution in typical wine grape-producing areas. In this study, 124 soil samples were collected from the Helan Mountain and
Qingtongxia production areas in Yinchuan, Ningxia, and the contents of Pb, Cd, Cr, As, Hg, and Cu were determined,
and the distribution characteristics and pollution of soil heavy metals were analyzed and evaluated using the pollution index
method in different planting years. The results showed that the content of heavy metals in the soil of the vineyards surveyed did
not exceed the standard value of soil heavy metal pollution. The single and combined pollution indices for all soil heavy metals
were less than 1.0, indicating that the soil pollution level in the research area was safe. For different planting years, the
comprehensive pollution index of soil heavy metal was 6-10>0-5>16-20>11-15 years, and vineyard soils with 6-10 of planting
years had a certain risk of heavy metal pollution, among which As, Cd, and Cu were more prominent. Further analysis
revealed that the higher levels of heavy metals in the inter-row soil than those in the intra-row soil were found, especially
for As, while Cu was easy to accumulate in soil depths of 20-40 c¢m in the intra-row soil. Overall, soil heavy metals in wine
vineyards in the Helan Mountain and Qingtongxia wine-producing areas in Yinchuan were at clean levels. Heavy metal levels
were at warning levels in some planting years and soil layers. The results suggested that the pollution control of heavy metals
such as As and Cd should be a priority in the management of winemaking vineyards.

Key words: wine grapes; heavy metal; planting years; distribution characteristics; pollution assessment
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