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Low—cadmium accumulation wheat varieties preparation in acid brown soil region of Shandong Province

JING Yongping"?, NIE Yan®, LI Yan"*', KANG Xin’, HUANG Xianmin®’, ZHAO Ruijun*, ZHONG Ziwen'

(1. Institute of Agricultural Resources and Environment, Shandong Academy of Agricultural Sciences, Jinan 250100, China; 2. Key
Laboratory of Agro—Environment in Huang—Huai—Hai Plain, Ministry of Agriculture and Rural Affairs, Jinan 250100, China;
3. Agricultural Environmental Protection and Rural Energy General Station of Shandong Provincial Department of Agriculture and
Rural Areas, Jinan 250100, China; 4. Zhaoyuan Agricultural Technology Extension Center Shandong, Zhaoyuan 265400, China;
5. Yinchuan Agricultural Technology Extension Service Center, Yinchuan 750002, China)

Abstract: To determine the low—cumulative wheat varieties suitable for planting in the Cd pollution risk area of acidic brown soil in
Shandong, 20 local wheat cultivars were selected as specimina, and field experiments were conducted to analyze the differences in grain Cd
accumulation of the 20 wheat cultivars. The results showed that the Cd content in wheat grains ranged from 0.013 mg+ kg™ to 0.116 mg-
kg™'. Furthermore, the enrichment and transport coefficients were significantly different (P<0.05), among different varieties, the maximum
enrichment coefficient is more than 9 times the minimum value, and the maximum transfer coefficient of different parts of wheat is 2-5
times the minimum value. Based on cluster analysis, enrichment coefficient, transport coefficient, and other indicators, 3 wheat varieties
(Yannong 745, Jimai 55, Jinuo 116) exhibited low accumulation characteristics under experimental conditions, while the results of wheat

yield indicated that 2 of them were higher than the average output. Combined with health risk evaluation indicators, two Cd low—
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accumulation wheat varieties with higher yields (Yannong 745, Jimai 55) were finally determined. Thus, the present study suggests Cd low

accumulation wheat varieties for the safe utilization of local acidic brown soil Cd contaminated arable land. However, further studies are

required to confirm the stability of the selected wheat cultivars with low Cd accumulation and the key influencing factors.

Keywords: soil; wheat; yield; low—accumulation; Cd; enrichment coefficient; transport coefficient
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FRIT, i DA 72 b Cd A AR 1) B8 3 2 3 oy
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A r= i Cd & A&, JE A RS AR E 4R Cd iy
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KHZE 5 Wi B E 4 @, &% Cd 1) & TR
B N RRES MR, FRE R,
AR o i i | G S W Sl 71 - R v A
Wit , Cdi5 g/ A R LA A i i AAREH Cd 45
439%™, ik Cd Ik RAB/INE Sh R Sl i R
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Z I T B 2 56T CA Ik BRUNE F R i i 5T
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2257 J AR KRG FREE I 52 AN ] /N2 o DX 3
INBE W8 B AP R R ZE 5. L, B R E Cd s
P DK HEAT CA IR SRR/ INAZ SR i e A o b B

A ST LA AR Ot 2 A 18 DX 32 FhoREL 9 20 > 7)N
22 b AR A e b R TE AR Cd 5 5 R v e R
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o A VA O =8 7 B < VN o W N B e R
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1 #MR5EFE

1.1 K 3R

WIS T 20202021 4 iR B b S A7 F IR
TR T A A8 DX 32 Ja IO T R i P 2 XL
DU 7o B K0 AR R RKGE B, H R 4R35 H RS
$02503.2 h, 4R 11.5 °C, A oK 2 607.3
mm, EHZE K 1 664.8 mm. T LART A AR 544 e
PR, KRBT Al A 7= T2 R s K525 15 YL bl
TV TR, T Il R AR B R 3
PR 1 B 43 DX ek -3 Cd bR . X - 3R
B MU NP B+ + 484 Cd 5 0 0.293~
0.553 mg-kg ™!, SEHIME 4 0.376 mg-kg ™!, PO KM 0.338
mg-kg ™, FRUENN 2 (STDEV) 4 0.076, Cd &5 5 B HURE
BN AR AR/, - HE pH o 5.6, A LT & R
2247 gk, A AW M RS 1.28.0.69.
15.10 g~ kg™, ol A 20 . 2 R0CH FIAT RO &5 & 0 51 Ky
160.28.,387.56.83.23 mg-kg -
1.2 Rt

AR R F 5E A WAL IX 413531, K 345k 34
B4, A X ZH R4 40y 20 /N X, /N X R HE H 3.3
mx50 m, FZEVH IR I . B4~ DXL N BEBLAIAR 20 4>/
Az R (R 1) o $8 Y MR > B A T ) B
1.3 HEM/NEFRRE

3 IAE /N 22 i R FSCE R A /N 22 5 Bt RRE )3
NI IERE S . ARSNGB, 4 LS
PR KA o B BEAS/INX N S ANRE A5 RO RE S 45 1

F1 #Hil/hEm

Table 1 Tested wheat varieties

2 s =
number number number

1 Az 23 8 A 745 15 M4 1212
2 i3 44 9 A 572 16 A 999
3 h# 578 10 Y4 106 17 U270
4 1li4€ 38 11 1572 0435 18 T 5022
5 Pz 415 12 A 55 19 W 5172
6 B 206 13 Biki 116 20 Ui 38
7 #F33 14 M 215
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1.4.1 L3575 K pH I E

Z B A2 2 B 7 ) AT A 8 bR
W2 - 58 pH R FH HL AL A HLJSER FH Fe Ry | B fi
ROR T 1 | A S0 R P 2 AN i B -1 26
Prib 632 (Olsen 22 ) , AR R H] S IR B AR I - K I3
FEVE A E R RO B IR OE BUE Wk VR
He ik, R R BB
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1 3% Cd & & 73 B >k H HNOs-HC10.-HF ¥
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2l HC10., 35 N #% (220 °C) 1 h 2245, JF s 4k s
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R, BT H R EANEE 250 °C, R BRI HOE
SERASBUT RS M I W% 7% 2 50 mL 25 it T H
SKGESS B0 IR 1 s AR

- ERN/INE i Cd 38R T o e e BT
Mg, AR E 32 M, IR E R
FrUEY) T (K% : GBW-07603 ; 13 : GBW-07404) 45
il AT B, PRE A AT iR 25 8 I AE 10% LAY .
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R -FE %38 BB (TF ) =R FF Cd % i (mg-
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FE T — KL 55 38 220 (TF wosrsen) = FF L Cd 7% 12
(mg-kg " )/FEFF Cd & (mg-kg™) (3)
1.6 SR IEN

R BT -5 Y48 BRI B 25 5T R B
PR /INZZ K o 4 T s YR LA T XU P o

(1) 75 g 0k

R 15 PR BO A AT

C

P,~=§ (4)
KPR E SR 0TS 4850 C o E 4R 1 SE
T, me ke SN E SR PEM AR, mg ke o A
R (R 22 EZE M B is YR E)
(GB 2762—2017) i) FR & PEA A 1, Cd 24 0.1 mg -
kg™ FRLPR UG Qe AR B G A3 bR P<1 JCTS G
P>1 K155,

(2) NI Z 256 15 Y e 5ok

WHEE E5 5 15 P Aa o TR AT

2 2
[)?%= Pmax ; Pavc (5)

K Py N E 5515 YL AR H s P H/ N KPR
4 B e R 15 Yo d8 55 P /N ZE AR HE 42
J& LR G AR O S . AR SR A Ts Y AR B0
Ye BRI AR UE : Po<0.7 1515 % 42, 0.7~1.0 % 4
(AR ), Pu>1.0755%,

(3)/INZE i g B XUBS: PEA

ARG E R B THQ) A AT

EDI=(C-FIR-EF-ED)/(365Bw-AT)>" (6)
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D71, 24 THQ<1.0 B, A A A A7 f 119 B 45 J XF A4
it B 5 A A S RS B 5 € R /N kR T A R
i, pg kg s FIR W NG HAYBA R, g N -d';
EF J G208 iU 365 d-a™' s ED B FEAER B 77.3
a( FE N P34 754 ) s Bw R BN BF-34 B 14 5T o,
W 64.3 kg N5 AT A HE A SE, HU77.3 23365 5%
ERBGRD MIHL B, pg-ke ' -d ™. BFEER
AR P B RIA KB EHE A 150 g« A
d s R 56 ER A S B RS, CAI RD M 1.0 pg-
kg'-d's
1.7 BESIT S5 Hh

JIT A 52 56 K0 S £ FHl WPS Office PEA TSR FF
SPSS 22 1 Origin 2018 X {4 1 4t 1143 B Ko B e 2
il o8 FH B0 DR 2R )y 22 40 A B 4% Ak 1 ) 5 %o HEL AL 7y 22
Stk R RGREXARTR SR T RIS .

HRESM

2.1 AEGMNEF=EIEIR

B 20 4 /N2 dn A a7 (R 2) i 3 25
(P<0.05)., FeEE N 5604.2~10 593.0 kg-hm™, Hif
HHAE 215 B9 P=H fe i 4 10 593.0 kg-hm 2 ASHIFSE 4
AR RGN /N SR R TS, 7 5 S 9 500 k-
hm™; 5542 44 5542 106 . TF 22 0435 FIUTF 42 55 557 it i
F 8900 kg hm™, ZbFHh 25K s i vh 22 578 FZe ) 33
B 77 B KA, 435 6 169.5 kg » hm ™ Al 5 604.2
kg-hm?, FEECGEE Jy 438.0 5 ~691.5 7 bk - hm?, Hrp
TF A2 23 MR o TR BT I o 31.8~47.8 K, F
A2 5022 1) BN B AR R o TR AR R = B R R
37.0~49.4 ¢, T 37 578 FUH A 215 (T hi 5T 4 55 5 o
AN T it ol N 22 R R B8 TR R A AE

2

®2 INEFEIEREIE
Table 2 The data of wheat yield index

Al FEEU (T k- hm™) FRLE R TRLJF i
Serial number  Number of ears per acre(10 000 plants) Number of ears/grains 1,000 grain weight/g Yield/(kg+hm™)
1 691.5+52.5a 34.0+5.0¢ 47.0+6.1ab 8 835.4+315.2bc
2 646.5+78.2h 37.146.0b 45.1+8.2h 9 195.2+390.3b
3 462.3+78.4c 31.842.0¢ 49.4+5.2a 6 169.5+300.1d
4 661.5+33.2h 36.5+4.0b 41.0+5.5b 8 595.1+165.0c
5 609.2+78.1¢ 33.946.0¢ 37.0+4.0¢ 6750.3+285.2d
6 648.4261.5h 34.542.0c 47.7%5.0ab 9 075.4+345.1b
7 438.0+48.2d 33.3%3.0¢ 45.2+3.0b 5 604.2+240.3¢
8 658.5+91.5h 38.6+4.0b 46.9+3.6b 10 132.5+345.0ab
9 642.3+69.2h 40.3+3.0ab 47.2+4.0ab 10 380.4+375.4a
10 633.2+57.1b 37.4+2.0b 45.1+3.5h 9 075.2+255.4b
11 670.5+112.5b 36.3+2.2h 46.0+5.3b 9516.2+270.3b
12 663.1296.0b 37.1£2.0b 42.9+4.5h 8 970.4+345.0b
13 588.0297.5¢ 37.5%5.0b 39.6+4.6¢ 8 130.3+360.2¢
14 667.5+67.5h 38.1+4.0b 49.0%5.1a 10 593.0465.0a
15 688.5+82.5a 40.1%5.0ab 43.5+3.6b 10 209.12420.1ab
16 640.5+106.5b 39.3+4.0b 45.3+4.3h 9 693.3+300.2h
17 667.5+97.5h 35.545.0¢ 45.6+4.4h 9 184.5+165.1b
18 502.5+61.5d 47.8+3.0a 43.2+3.5h 8 700.0+225.0bc
19 609.2+105.3b 45.2+5.0ab 44.8+5.2b 8 400.1+255.3¢
20 541.5+67.5d 42.6+4.0ab 43.2+3.5h 8 470.5+270.1¢
SONIE] 691.5 47.8 49.4 10 593.0
/M 438.0 31.8 37.0 5604.2
S B 0.119 0.105 0.068 0.151

T PR R 22 (n=3) o [A]— B AN [A TR R A& ah Bl 2 [0 2253 8.5 (P<0.05) . FIA].

Note: Mean =+ standard error(n=3). The different letters after the same column of data showed significant difference between treatments (P<0.05). The

same below.
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TR EFER, N TF 0.039~0.297 mg- kg Z[A], F-H
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o —
> S}
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g
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=Y

&
Cd content/(mg-kg™
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Ho B Cd & AN, 1245/ 32 (522 55) (15 5/
7 (AR 1212) Cd & 2 AT AR, 145 /N 32 (IR
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Mo BB E RN R EES AT 0119~
0.774 Z 8], & 4 R B/ NI 13 5/ 2 (BEf 116),
R 14 5/ (A 215) o ASTR] S Fb /N 22 1 %
Cd WIS B A7 75 (25 22 5 10 i DR ] B R AN [/ N2
a2 B )AL 22 5
24 ARIBRMNEFHNEERZRBNESTEY

FH 2 4 ] 1, 20 >/ INAZ SRR & 4 R B R
0.038~0.355, A[E MM EER B ES B, &
RN /INZ SRR 1345 (PR 116) , FLIR G2 12
S(FFFE55) .85 (JHK 745) 115 (3532 0435) .18 5
(P2 5022) , & L REUR 235 (h#578)

INFZRFRL Cd % it AR 5 /N AR [RIFRASE Cd Y
HRERE I K. Fhid REUGEVIN R CABE LB IRk
Ko XF 204N /N2 Sl Cd 538 ZEO T BRI (3R 4)

1111

0.03 H
0
4

ﬂ@ﬂﬂﬂmﬁ il

1 2 3 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20
M4 5 Serial number
1 B 20 N NERTFIEFFACIEE
Figure 1 Grain Cd content of 20 wheat varieties in field experiment
RIMEEPH EMCISENEERY
Table 3 Cd content in aboveground part of wheat at seedling stage
Rl S Cd &t HAER H Rl Cd &t HAERK
Serial number Cd content/(mg-kg™) BCF Serial number Cd content/(mg-kg™) BCF

1 0.160+0.015b 0.481+0.141b 11 0.096+0.021¢ 0.256+0.012¢
2 0.188+0.014a 0.591+0.140a 12 0.053+0.005d 0.168+0.006d
3 0.077+0.011¢ 0.236+0.143¢ 13 0.039+0.011e 0.119+0.005e
4 0.079+0.026¢ 0.258+0.062¢ 14 0.297+0.008a 0.774+0.014a
5 0.164+0.017b 0.477+0.053b 15 0.058+0.015d 0.171+0.007d
6 0.094+0.005¢ 0.308+0.081c 16 0.188+0.006b 0.534+0.008b
7 0.124+0.016bc 0.395+0.123be 17 0.079+0.005¢ 0.229+0.014¢
8 0.148+0.012b 0.445+0.131b 18 0.188+0.005b 0.561+0.009b
9 0.130+0.007b 0.396+0.112h 19 0.177+0.013b 0.462+0.016b
10 0.110+0.007¢ 0.275+0.063¢ 20 0.074+0.010¢ 0.230+0.015¢

1% WHART]
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TF sz M 0.320 (5FHE 116) ~0.642 (55 % 70) , fx KAH
B/ IMBE B 2.01 1% 5 TF i1 0.093 (35 27 38)~0.496
(32 578) , fe KAt/ IMEL R 4.36 /. 1275 /N2 (%
32 55) F120 5 /NFE (5537 38) Y TF warasn T A, LR
115 /NFZ (F5 52 0435) 5 TF wzpn B /N R AP R 135
(Ve 116) .85 (MR 745) (95 (M4 572) .12 5 (TF
7255) 155 (M4 1212) ¢

125 (P52 55) F1 135 /A2 (U5 116) MR T H:
A% 18 A b Bl 7E /N 22 T 1 Rk 0 247 R B AIK Cd 2B
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Table 4 Bioaccumulation coefficient and transport coefficient of

Cd in different wheat varieties

T Res HAERY TF yzwime TF wgrnin
Serial number BCF T FRosizan I

1 0.238+0.005ab 0.564+0.015a 0.333+0.011b
2 0.169+0.001b 0.493+0.017h 0.255+0.015¢
3 0.355+0.011a 0.381+0.009¢ 0.496+0.017a
4 0.158+0.002h 0.365+0.002¢ 0.336+0.007b
5 0.165+0.007h 0.405+0.010be 0.338+0.008b
6 0.145+0.004b 0.438+0.006bc 0.284+0.001be
7 0.107+<0.001¢ 0.367+0.002¢ 0.215+0.002¢
8 0.042+<0.001e 0.348+0.003¢ 0.110+0.010d
9 0.127+0.007b 0.348+0.001¢ 0.215+<0.001¢
10 0.075+0.002d 0.478+0.004b 0.132+0.001d
11 0.055+0.001e 0.480+0.005b 0.105+0.003de
12 0.041+0.003e 0.357+0.007¢ 0.094+<0.001e
13 0.038+0.002e 0.320+0.001¢ 0.109+0.015de
14 0.106+0.003¢ 0.524+0.008ab 0.196+0.007¢
15 0.078+0.005d 0.385+0.002¢ 0.163+<0.001d
16 0.079+0.002d 0.447+0.006b 0.162+0.003d
17 0.093+0.011¢ 0.600+0.015a 0.148+0.001d
18 0.065+0.002d 0.482+0.012h 0.130+0.001d
19 0.137+0.014h 0.510+0.017ab 0.245+0.007¢
20 0.074+0.002d 0.642+0.012a 0.093+<0.001e
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Figure 2 Cluster analysis of cadmium content in wheat grains
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Figure 3 Single factor pollution index of different winter wheat varieties
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Figure 4 Target damage coefficient of different winter wheat varieties
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