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TR, RIGE, BKFBFH, ¥ A, @ A, B
(CREASRE ST 0P LR S SR, LR F IR ST 245e, A8 230036)

W OE NN FEFIE H a4 K AE 5 (Cadmium , Cd) S22 B 5345 (9 52 00 , 48 SCR 200000 1 0 1k R T /N RG24
(Half dose wheat straw, HDWS) , 415 (Full dose wheat straw, FDWS ) i& FH X 4384 %034 Cd S KRG Cd W40 43 A7 52 i . 25 SR 3%
B, ZINZE RE AR A FHBEAR T /K R v 0145 45 B JUTAR SR 200 i BE (1) (40 8 (F2) AT ¥ PR 0 (13) P A Cd 7 ik B X R FEAIR 11.0%~
51.19%) R4 R T 2R A AN B AR B F1LUF2 R0 F3 ) Cd 1 1 (10.19%~35.5% ) o [RII, /INZ2 R AT 30 FH I8 25 A AIK T 34 00 AR i
WIKFEZEA FL 2 H 1 Cd 75 1 (31.3%~47.4%) , I8 b 5 REAR T 43 BE R 30 01 25300 13 TP 9 Cd % £ (49.4%~51.1%) ; HDWS I
FDWS % CK 4 &8 3 BRI T /KRG M 1385019 Cd AR B (P<0.05) o /NZZAE R4 FH A 3 B2 2 /K i A 25 400 6 B 1 5 B vt IX B AL A
H,BEBRACT KRS P Cd &8, BIRT Cd IR T XU . ARIEITITEE R, /NS AT 2 id FH B I Cd 15 % 38 B KR
G H DGT RPN KRG Cd A RUEIL F b2 32 B0k
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Effects of returning wheat straw on available cadmium and subcellular distribution of cadmium in rice

HUANG Jie-ying, WU Xiu—yuan, TONG Ying-ying, CAO Sen, GAO Yue, YANG Hui-yan

(Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention, School of Resources and Environment,
Anhui Agricultural University, Hefei 230036, China)

Abstract: The effects of wheat straw returning treatments on distribution of cadmium subcellular in rice were studied by a pot experiment
for providing a scientific basis of straw returning at Cd polluted area. The different straw returning treatments were 7 850 kg-hm?(FDWS),
3925 kg-hm>(HDWS) of wheat straw and CK with no straw returning. The soil available Cd and the distribution characteristics of Cd in
rice subcellular structures were studied. The results showed that wheat straw returning treatments decreased the Cd contents in the cell wall
(F1), organelles (F2), and soluble matter (F3) of rice roots (by 11.0%~51.1% compared to the CK) at the seedling and tillering stages,
while the Cd content was increased in the F1, F2, and F3 of rice stems(by 10.1%~35.5%) at the filling and mature stages. Meanwhile, the
results showed that wheat straw returning significantly reduced the Cd content in the F1 and F2 of rice stems(by 31.3%~47.4%) at the fill-
ing and mature stages, and also reduced the Cd content in the F3 of rice stems(49.4%~51.1%) at the tillering and filling stages. When com-
pared HDWS and FDWS with CK, both straw returning treatments remarkably decreased the total accumulation of Cd in shoots (P<0.05).
Cell wall binding and vacuolar compartmentalization were very important Cd detoxification mechanisms in rice roots, and Cd transportation

from roots to shoots was restricted by wheat straw returning, which also significantly lessened the Cd content of rice grains, thus reducing
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the food safety risks resulting from Cd. Based on the above results, the FDWS treatment is recommended to safely produce rice in Cd—pol-

luted soils, and correlation analysis revealed that the diffusive gradients in thin—films (DGT) may be a better indicator than traditional

chemical extractants at reflecting the bioavailability of Cd in soils.

Keywords : cadmium; subcellular distribution; wheat straw returning; rice; DGT

PR A Hb o 4 Je v e HndE R E
LA T 25 b XA AE 13 Cd V5 e [a) B, ST FR Gk
1.3 77 km™", HL7E 2005 4F 3] 2017 4 (1], Cd & 801 5%
{EA T — AR KRG R X Cd WU RE T Bk
B IEAR AR TEREFAED XS Cd B #8 5 fh i 72
A A A R © 28 R PR A 6 Cd B R 1)
PR 2 1k WS R VYRR Cd % 1 52 4 i
R W2 RS 0 VR 760 A8 B ) R ) i ) [ B A DG B AR
Fi5 HERE A 20 o 4 R [ A DX = Ak AT DLk A Cd
PEA 1B 2% , DT U8 A2 Cd X 41 it 25 A B 245 #4) ) i
PR T Cd XA A AE A A . B,
ANTRIEROL KRS Cd B 40 5 A, A B T RGP -
BoOKRRGH CAA RN, ENTEN 1 EE SR
H A AP B A PR ER A BLES B A — IR AR
FNS AH I SR TR BT, 6 B2 T B R R R (Diffusive
gradients in thin—films, DGT)" M 4% F 5 B ) — Ik 42
YRR 3 A 4 e S A RIER R RS -
A R B LS M S e Cd 1A 3OPE fe Cd 3% a2 1
o B, DGT Bl iA Ay o — i Ft il i 4 W Wi Cd Y 5
S

W EDEFREF K E L, FEFE N L n A P 5T I b
TN T R, I A A B 35% LA
U HT AR R R AR R AR T Cd X KA Y
B, KPP AR RE AN AT RE SRS AT A H 5 | B AT A
AW Cdgsi G, NTMREAL IR R Cd & A
I A DA B 5T 22 RS FF Ry K iR B, 5 AR 7 S
PRI O , HASFF A X Cd B ff 5 HLERATSAS B A o
DRI, BF 5% /N 22 i s FH % Cd 8 KRG AR DY 19 310 41
A3 A FEAE S W, A BT BLAR RS AT AL TR KX Cd
iR SZ AL -

A FE LA AL X Cd V5 Y 38R X 42, LA
SEBRAE P HR RS A R A AR, $i K RS AR AL R
O SO AE AT AL F AR B ads FH B LS b s e 1 HH ) S B

MO0 L BFFE/INAE RS AT B X KA Cd 720 i 7>
AT BIRZ IR, A BRI A0 A B AR RE AT T K
X Cd BT 52 g e AL, () B o ) 3 7 L 7 1 - 338
R ARCETHN T-B, 0 KRG Cdis
T OUREAT VA XS L, DUBIOA Cd 95 ek T RS AT ids
TR HERH A

1 #RFTTE

1.1 At
111 a1

P 1 R T LML X (30°56' 39N, 117°
59'16"E), TR KAS -, 154 Cd &t 9
AP EREE i A b 33805 e XUB A5 P A Gk
1)) (GB 15618—2018) 4% F by 338 75 Ji XU 4 45
B2 A5 DA b R E G e AR PR i L2 1,
1.1.2 s FF

HEXFEF AN EZRERT, ARl A 195 . VA
FEFFE T G35 2 3~5 em ]
1.1.3 fiEffEY

B AEY R KR, LA F A 1, 2Bk
b R A 2 B KRR 4 B it
1.1.4 HAbRs

B BE Y RO RSB B I F e R O IR R A B
A
1.2 5%t

T H A B AL PR AR R, 12K AR ki
IS AE LAY R 2= AR A i I i o I 1 8 R IE TG
T FF X BR (CK) L2 5t /N 22 #5 #1318 H (Half dose wheat
straw, HDWS) | 4> &5 /)N 22 F5 #1318 H (Full dose wheat
straw , FDWS)3 AL PR ARALFREE & 120k . DAL #F
B NEREFE T AR R AR N A i R RS AT
A 10.6 g F15.3 ¢ Fad 2 mm G A EEE Cd V5
et FESEA 4228 em. I 4820 em, 155 30 cm 1Y

®1 L T EEAE AR

Table 1 The physico—chemical properties of the tested soil

- e, AL BAlfifE N R P ALK 4Cd
FEHF Index pH(V:m=2.5:1) . 4 . - . o . 4 . -
Organic matter/g-kg™' Avaliable N/mg-kg™ Avaliable P/mg-kg™  Avaliable K/mg-kg" Total Cd/mg-kg
it £ 4 The tested soil 5.76 20.5 182 71.5 115 4.31
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SRR R e B3 AN /N E RS AR IS KRS, H
(NH.4)2S04 . KH:PO, K>SO, 75 Wit HE E , i A 4351 4
N:0.10 g-kg',K,0:0.10 g- kg, P,05s:0.07 g-kg ', ¥
KREFE15 A5 T 201945 H 15 H B # 30 d Bk 4
BT, BEERE T 4K, AR it e 2 b O TR R B
e . KA T 20194F 9 H 30 H R, 451
169 do 43 BITE/KAE I 2 BRI E S0 AN U 25
B3 BRI , F R RS [R) 457 B 4511 440 i
5 Cd F I R, R FE B A AR
A TS50 2 mm 0, T H A RGS Cd =
M7 .

1.3 MEERSFE

1.3.1 3 Cd ARSI E

+ 56 %S Cd 43 3R T CaClL (0.01 mol - L) |
EDTA (0.005 mol - L") 1 DGT 3 Fh H A 0 ek (1) $2 X
FEHE . DGTIE 5 an T,

SR FRR B2 4 B AR I 2 -3 CA ARG . H
AR b 0 i 1) A U8 1 S5 K TR /K R 80% , 13-
548 h J5 i E F DCT I 2255 24 ho [N e i, £
1 mol - L™ Al FR 2 HUAF I

DGT ¥ (Coor)THREFEIT -
c,,(v}; V) 1
Ao MOl [ E B Cd IR SR, g € R ER IO Cd
WRE g - L7 Ve SR BORIARFR, L; V. Ry [ 5 AH AR R,
L; [ N CAIREUCR

FIFHA R (2) 35 DCT Mz

_ MAg
CDGT - DAt ( 2)

Kb Ag Y HUZESE , em; D N BEFR AL E 778 DGT
P2 R BCR B, em® s A B — AR AR
TR, 3.14 em?;¢ A DGT 28 & i & i), s o
1.3.2 A9 S AN ZH 53 Cd 25 &l e

V20 L5320 5 BRI R SR AR K AR, 2T
VEBY D) Ab BR S, 7 IR PREE N A AT B R
Ao DLSRER 15 0 Eu i A2 5G], S 5BGR) oAy
250 mmol « L™ FEM% . 50 mmol - L' tris—HCI . 1.0 mmol -
L™ i SR EEAREE 5.0 mmol - L PLIR MR . 1.0%Polyc-
lar AT PVPP(pH=7.5) .

R FHAr s 0k o3 B AU TR 243 - 4 HIR TR A
Ff & 7 000 1+ min™ B0 20 min, YT TE A 41 i BE 41 43
(F1) 5 #6f E— 2B 43 2 59 _E 3 12 000 - min™
B30 40 min, £ A bW RN Dy 4 1 AT 1 2 )
(F3), ULHE Jy 20 s 20 53 (F2) | 2R AT 2 — o Sl BR 1

M=

fi# (GB 5009.15—2014) F#1

F| F ZEEnit-=700P J5i + W e 43 ot > BE oF Al
ICAP6000Series HL S G 55 25 & G TEALIN & Cd
W FE I A2 o A% v S bR HE A 5t (GBWO0T7405
GBW07460) 47 B 15 .
1.4 HiEIE

K FH Excel 2016, Origin 2017 X 56 %5 41 4k # 43
B AVH FLAE B, SR FH SPSS 25.0 #5741 AH G 23 #r #1122
St EMET

2 HERE55M

2.1 INEFEFFITHE X KT Cd 4R 53 75 B 220
211 /NFEFREFT I KRG Cd U4 53AT 52 1
1 /N RS AR IR HH X 45 A2 5 K AR AR Cd
YR A S o TSI o AR b N R R I
AR 7K A 01 5 4 BE AR R F1 P2 FF3 iy Cd &
L EER S TR A A AR P F2 R F3
Cd 7 1 s FEAR B4 41 B 2 43 1 Cd % = i |, A
WA B BEAS TR AL BRI R B FISF3>F2, 24 F A )
BAEFEF2 A F3 450 0 Cd & B E 4 He BT EAT L
F1A4 1 Cd & i 5t ok, R R B RS FFid
HE B0 (R 1D . L FL3 P Cd
R CK & T 7 8 H 41 (P<0.05) , B i 15
35.8%~76.0% F1 58.8%~69.1%, ] T 4y BEW] CK 5 7%
FFi8 H 2 2 (8] Cd w22 BE 45 /0, 3 nT B2 A5 FF 8
FH 7 S 5 18] AR 0E T 35 Cd B IR BT, BAER T A4
X Cd W i s . MAZERESR N, F1 2043 FDWS 1 Cd
S 2K F HDWS Ml CK, 76 i 24 F3 4143 HDWS
) Cd & it i 25 K F CK, X R4 v] Bl 55 7 1 1 A i
EA . Wi F2 B AEF BB b Bl 34 00 B
EMER,
2.1.2 /NEREFFIA R K AR ZE Cd 20 5347 i s i
INZEFEFT I S0 45 A2 B A OK T 25 Cd 240 Jif 53
AT HISZ I AN P 2 BT/, /N2 R A 3 R I R A1 T 2
AR K RS 22 BB FL L F2 FR ) Cd & 4, R B 5 1%
I T 4y BESARIHE SR 0T F3 1 Cd 5 &, 76 253045 W40
M2 43 B9 Cd 5 43 e b, AT AE 3 B BEOAR [) Ak B4
EIFI>F3>F2, 7EREIRIN, X3 F1.F3 1 CK 1Y Cd
T TR AT A1 (P<0.05) o 7R F2
CK 1y Cd & & B % = TRFF & B4, Horh , FDWS Al
HDWS [ F2 4143 Cd 7 58 CK 73 5 N B T 45.3% Fil
31.3%, Ut /N RS FFA H— @ FEEE LRI T Cd XF 41
J 25 ) B
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Figure 1 Effects of wheat straw residue amount on Cd subcellular distribution and content in rice roots at different growth stages

22 NERFEAEN CIBZRBLRZENZN

AN FE AT B AN [ A B VK R 45 3 7 Cd 75 3
B R0 40 22 2 FiF 7R o 5 CK A He , HDWS #1 FDWS 7
IR S BERAYS 25 RRAIL T /KRG - R 384 Cd VR (P<
0.05) , [ i 1% 28.5% 1 43.5% , {H 2 76 3% ] HDWS
HFDWS /K5 H R 3543 Cd By ok 3 2 35 T s, 38 i 3k
43.19% F129.2%.

INZEREFF A XN Cd A2 KA i iz 2R 5500 52 M) D
3. TEH VERIAR A NSRS

FEPE EREAR T Cd MK R 3R 38 1 3B 3B 10 5% 32 B
S ABRCR A 3 (P<0.05) . T 74> BEWT , HDWS FiI
FDWS &b R 5 iz 2 5088 CK A i Bt H Rk
FKAF- Ul I TE KR () 38 SR A K ], /N2 R Ak
FIRBAEHE T H AR Cd BT

IINZE FEFF I OGS K R A= 0 (s ) L4 4,
TR b /INZZ RS FEAA B Ah PO X6 AR R A i = A
SE, CK AR AR B b 30 40 26 ) 0 i 8 5 T HDWS
FIFDWS, {H 2z 7Rk i K

R2 NEBEFEANARETHAEREAACISEMZMM (mg-kg")

Table 2 Effect of wheat stalk returning on the Cd contents of each organ in different rice varieties (mg-kg™)

HH i Below—ground Hi I3 Above—ground
Growth stages CK HDWS FDWS CK HDWS FDWS
1 Seedling stage 2.99+0.49a 2.54+0.38a 2.28+0.16a 0.04+0.01a 0.02+0.01a 0.02+0.01a
S BEW] Tillering stage 4.18+0.32a 2.99+0.84b 2.36+0.22b 0.53+0.06a 0.48+0.05a 0.41+0.05a
HEH I Filling stage 2.95+0.26h 4.22+0.3a 3.81+0.4a 0.82+0.04a 0.83+0.11a 0.86+0.13a
NI Maturation stage 3.39+0.33a 4.14+0.38a 3.84+0.21a 0.82+0.08a 0.75+0.16a 0.77+0.02a

TE - HF R /NG FREFOR [ — A B WA R BEE] P<0.05 K E2ESR B, T,

Note: Different letters after the numbers indicate that there were significant differences at the P<0.05 level among different treatments in the same

growth period. The same below.
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Figure 2 Effects of wheat straw residue amount on Cd subcellular distribution and content in rice stems at different growth stages

R3 NEREFIEAX Cd FEKFEPRERIE REHZ 0

Table 3 Effect of wheat stalk returning on the Cd transfer coefficient in rice

Jb R Treatments ¥ Seedling stage J3EEW] Tillering stage WX Filling stage S Maturation stage
CK 0.013+0.004a 0.127+0.016a 0.277+0.013a 0.241+0.011a
HDWS 0.010+0.005a 0.162+0.082a 0.196+0.034a 0.182+0.052a
FDWS 0.008+0.003a 0.174+0.009a 0.225+0.054a 0.201+0.012a

JINFZERE AT I8 X 7K R i b 453500 Cd B R Y
RN 4 s . 5 CKAHEL , HDWS I FDWS & 3
FEAIR T /K R AR 4 Hh Cd B 2R 4 (P<0.05) , 75 (2 3 FAIG
T B Cd BB (P<0.05) , B b B
BB Cd B R B B AR R 48 0.17% , b PR R) R 15 8 2%
K-

23 INEREFEHEX TIEFRES CIHF T

/NZE AR 6 KRS AN A A B I 3 S0S
Cd Fr & (52 M an &l 3 firzs o S b EDTA $2 IR $2
B Cd &5 T CaCL I DGT 2B Cd & 1 Bl
AT IR EA , 3PP BGRI R E Cd & Y 2 I K
A ANEEREFE AL ) 3 A5 Cd B 2 s )
BN AE CaCl F1 EDTA $2HUR i R IA B &, (i 1

CaCLEZHUAY Cd & HEFIEDTA B2 HUH Cd & & AhBE)
EDTA 201 Cd & BRI T 5 CKH 1) 2 3% 25 5 5
HDWS I FDWS [A] 9 2. 3% 25 5+ . Horp 1 I HDWS 1
FDWS % CK ¥ i & F#AIL T £ 4 CaCLIREGS Cd & &
(P<0.05) , F B0 N 31.1% F130.4% , H HDWS 40 3
) EDTA $£ LA Cd 7 2 8 3 Ik F CK M FDWS (P<
0.05) ; 7E 43 BEW FDWS ¢ CK i #4275 T +3 EDTA
PRI Cd 15 &, P2 R 0 B 15.1% . T /N2 R FF
i FH 5 3 RS Cd 5 1 1 2 RN 78 DGT $2 1K
R, BRI - AE I, FDWS F HDWS
A CK ¥ 2 P T DCTHRBUS Cd By i, F R iR
H14.19% F143.9%. 161 2 50 BEH N, CK 3G K7
2% ,FDWS FI HDWS Zb 3 DGT 452 U4 Cd Kl FERG K
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Table 4 Effects of wheat straw residue amount on Cd accumulation in rice plants

b3 A= Biomass/g - pot™! Cd B ZEH Cd accumulation/pg - pot™ B
Treatments ZFF - B wma 2EFF A [T Total accumulation/pg -« pot™
CK 18.62+1.44a  11.17+0.53a  19.77+1.02a 15.25+2.12a 2.27+0.48a  6.14+0.90a 23.67a
HDWS 18.43+0.73a  10.59+0.7a  16.88+1.31a 13.97+3.32a 2.10+0.38a  3.56+0.22b 19.62b
FDWS 17.45+0.42a  10.33+0.83a  18.2+1.21a  13.47+0.10a 2.24+0.36a  3.95+0.32b 19.65b
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Table 5 Correlation analysis between soil available Cd and Cd contents in subcellular components of rice at the mature stage

I Methods W1 HF2 T F3 Y E3Y) ZEF3 R
DGT 0.372 0.376 0.494 0.689* 0.768 0.148 0.4207%%
CaCl, 0.603 0.669 0.845 0.636 0.694 0.758 0.801%
EDTA 0.314 0.698 0.397 0.274 0.002 0.290 0.397

=9, # s+ 43 HIHRTE 0.05 F10.01 KM, FA.

Note:n=9,* and ** indicate significant correlations at the 0.05 and 0.01 levels, respectively. The same below.

F6 KBELAEAS FBE CdREMXMES

Table 6 Correlation analysis between Cd contents of rice subcellular components and Cd content in rice grains

WF1 i F2 HWF3 ES0| ER2 2EF3 IEEa
HF1 1
M F2 -0.604 1
HEF3 -0.168 0.071 1
25 F1 0.312 -0.616 -0.427 1
2512 0.365 -0.604 -0.707* 0.737 1
2£F3 0.148 0.091 0.313 -0.336 -0.180 1
iR 0.425 -0.307 —0.903 0.518 0.723* -0.412 1
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