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Effects of exogenous zinc on cadmium uptake and transport in rice

CHEN Shi-miao', XIN Zi-bing’, LU Qin—yu', ZHENG Fu—hai’, HE Bing'

(1. Guangxi University, Guangxi Key Laboratory of Agri—environment and Agri—Products Safety, Nanning 530005, China; 2. Guangxi
Zhuang Autonomous Region and Chinese Academy of Sciences, Guangxi Institute of Botany, Guangxi Key Laboratory of Plant Conservation
and Restoration Ecology in Karst Terrain, Guilin 541006, China; 3.Guangzhou Institute of Forestry and Landscape Architecture, Guang-
zhou 510405, China)

Abstract: To investigate the effects of exogenous Zn on Cd uptake and accumulation in rice plants, we analyzed plant biomass, cell wall
components, and concentrations of Cd in root iron plaque, roots, and shoots of rice plants under Cd stress with or without addition of Zn by
using a high Cd—accumulating rice variety, Yanliangyou 888. The results showed that shoot biomass of rice plants was significantly de-
creased under exposure to both Zn and Cd, compared with exposure to Cd only. Applied Zn significantly increased Cd accumulation in both
roots and shoots of rice under Cd stress. The concentrations of Fe and Cd were also 18.70% and 29.99% higher, respectively, in root iron
plaque collected from rice plants exposed to Zn relative to control plants. Meanwhile, exogenous Zn significantly reduced the contents of
pectin and hemicellulose in roots, decreasing the capacity of cell walls to absorb Cd. These results suggest that Zn may increase root uptake
of Cd in rice by improving Cd absorption by the iron plaque, promoting the translocation of Cd to shoots by reducing metal absorption by
cell walls in roots.
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BE(Zn) JEREP T IS ZLICE 5 (Cd) 5 Zn [F]
W, HA AT A2 i . 2 B 5T & BR, Zn T /b
FEHIXT Cd g AR M1, ek A% Cd o 5 0 1T 92 A A VE ik
PR Zn B I AT LA S8 i AR Cd A R R )
BT, M6 100 mg- L 9K ZnO, K A5 B AIAR
By Cd & FFET 30% F1319%% ., BF5% 2B Zn 7 LA
B E ORI R b cd & &, 2 K R st B3 Cd
T ARk Cd 1) b, Ui R 0 Zn® v B AE AR
PR PEIKOF (1070 2 107 A 2 il AK R X Cd i g
W, PR Zon X KR Cd W B 32 1 i AL A R

N=Ewi
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BRI IR . KRR 28 8 5 LA K 200 At i 2 BB
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JITBAF , i Cd ASREIE AL 1) _BFEE"7, 4fi ik
ZH A3 R K R Cd A Zn BRI, A5 B 5 IA R AR TR]
Pl II SEXT C 1A IR ST R T 1 25 S Fe T T 440 i e 2 43
P2 508 SR R R M 20 i R o R 4 R R A ) N
RZ— A 05T F S e 1 57 3 40 B e X6 Cd 114 W%
B, A B 5 e B, SR JE 0 il K R X Zin 1 I T
2 2 2 WA HE 240 B RE IR Zn™, Yang 5P 40 R
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IF N M BE 20 43 AL IS R LRy o Zhu SE2F 5
T, A [ EEAR AR 4y HCL P . Li SE% 4%
A R AN RE L 2 A 98 26 BH , 3 Cd 214 2R pid 3t
R A LT 4 2 2 (HC2) & 5 35 14, {HL 40 fif B
HCd = A0 PG . Cd . Zn &b B 5 i 41 i BE 21
a3, TS 2 2T 2 2 AEAIB AR 20 it e W Cd v 4
FHEMMERY, Zn ik = 23 5 SRS 40 RE 2R
HC1 5 HC2 i RIS, Cd T SRR i R H A 15 41
i e SR e o SR A P R TS P R £
TR K AR 2 Ak R 240 B o BEL A 2K AR 2 U Cd
MzZn AAHEEAEH . AR HC AL UEE & )R 7F
21 i RE v g B TSR e K HC.2 00 76 200 fif BE X 5 4
JR B . TR 3T Zon 2 75 38 1ok i M S Ak
0 B B A3 DTS2 ) Cd 1 W A B 53 | 4R 98 K A
HZn 55 Cd AH BEAE LR, S 2605 YA H oK R
A PR P T B A AR S AR

1 #R5FE

1.1 SEEgit

HE KR i R Sk £ PR A 888 (7K A Cd i A 2R i
) o KA R R O AR R ZF e K AR 4
AR E M — DA R AR E 3 LR R, £ [ PRk
B FRWIE T BRI R 1. REFE IR pH
5.0, %3 d EH— U, Rl E AR I = U it — O I AT
AP, SEE R CKOARES I Cd Zn) (Cd (5 pmol - L™
CdCl,) } Cd+Zn(5 pmol+L™" CdC1,+30 pwmol - L™ ZnCl,)
3AAEIR, B PR 4R E S, B3 A B 1R, Ak
3,9 dJFRAf .
1.2 MEmHERAZE
1.2.1 AW Cd Zn 5 85087

FELAAR 43 b 1 30 FIUAR S5 W 358 43, 17644+ , 20 mmol - L™
EDTA —Na, ¥ 4 20 min, 2% & F /K oh ik 3 ¢, 81,
105 CA 7 30 min, 65 CHET 2 {H fT 4t , KT i i .
HUBE T 0 R A AL R L 3 100 H B, o R
0.300 g F¢ i, ITAAC L SERE R 8 mlL, TCiRe TH fife 123 1 it
(Mars6 CEM, 3E[5]) , 5t WS 73606 8 B 7 Zn  Cd

1 EFRKBRARMENE TR
Table 1 International rice research institute conventional nutrient

solution composition"”!

% . JLE i i £ A
Element ement ct{?tent/ The types of salt Salt doszftlge/
mg-L mg-L
REILR
N 40 NH.NO; 114.3
P 10 NaH,PO.-2H,O 50.4
K 40 K>S0, 89.3
Ca 40 CaCl, 110.8
Mg 40 MgS0,-7H,0 405.0
T ER
Mn 0.5 MnClL-4H.0 1500
Mo 0.05 (NH4)6M0,054+ 2H,0 74
B 0.2 H;BO; 934
Zn 0.01 ZnS0,-TH.0 35
Cu 0.01 CuS0;-5H,0 31
Fe 2.0 FeCl,-6H,0 7700

FEERR (—KEW) 11 990

TE < 46 B TC 2R A A W, A5 bR 2840 VA A , T 50 mL A
FRIRS), MARKFRRRZE 1 Lo (AN, 4 4 LB FRRAS MR 5
ml.

Note: Preparation stock solution of trace element, all kinds of salt
dissolution respectively, blending with 50 mL concentrated sulfuric acid,
add distilled water dilution to 1 L. When used, every 4 L nutrient solution
add 5 mL of trace element.
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£ it B 2 v > UM R R %) 000 o T iy - I $
B SR CHCT FTHC2 RN 45 1 mL, 3 41430 P =
ORI 1 mLAE R %S IO BIE TR, A S mL
] B0 2 M R VS, TR ST, Wl KA 20 min , IR HI B E
&, 7E 520 nm He A, PN 100 pl 1.5 mg- mL ™' [A] 32
FLERVE R IR 2], 5 min J5 520 nm B2 H—K , %
JE (R HE N s 45 AL 4 B RR 1 5 1
1.3 BIRGIT RS

S KR R SPSS 22.0 kAT B[R K 2243 #r
Duncan 7% 2 5 b4, {f FH Origin 9.0 X 21 fifd B 0 56 fi
W E P A T AR R A AR

2 HRESH

2.1 REGEIKFELEERKNZ T

W2 FroR, ¥ Cd AP % Cd+7Zn 40 1R 25 42
TOKFEL AT A Y&, 5 CKAH H 38 138 i 4y
A 27.229% F122.36% . i 3 Cd+Zn 4b BRI 25 FFAIK
TOKFEL AR A YA TR Cd AP CK A i

F2 KFEH EERIREEYE (g plant”)
Table 2 Shoot and root biomass of rice seedling(g-plant™)

QbR Treatments Hb 13 Shoot LB Root
CK 0.232+0.004a 0.066+0b
Cd 0.228+0.001a 0.084+0.005a
Cd+Zn 0.198+0.001b 0.081+0.003a

T < [\ 50 vh AN ] /N 5 RE R 7 A B TB) 22 S 3k B i 25 KT (P<
0.05), T,

Note:In the same column different lowercase letters refer to significant
differences at 0.05 level(Duncan’s test). The same below.
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The height of bar represents the value of means + standard error(n=4),
different lowercase letters refer to significant differences at
0.05 level(Duncan’s test). The same below
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Figure 1 Shoot and root Cd concentration of rice seedling

RT3 kB EERBRCIBREBEZ (pe- k)
Table 3 shoot and root Cd accumulation of

rice seedling(pg-plant™)

Kb Treatments h_F 3 Shoot HIHB Root
CK Oc Oc
Cd 6.00+0.06b 53.00+1.90b
Cd+Zn 15.69+0.10a 58.37+1.42a
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{E@f TR E’J £, $ Cd Ab 3 CK 5.49:0.07b 1.1620.02b
Cd+Zn 14.94+0.17a 15.74+0.48a
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Figure 2 Shoot and root Zn concentration of rice seedling
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i R R 11.58% , HC1 MR R 7 i N R 11.45% , HC2
WETE IR & 0 14.82% o

L 240 i BE Cd W BT B (1] 50 0 2 it 2 G 151 4, AR A A
BESE Cd P P RRF i 5 Ak 3L ESF [] 7 S T AN BT RS o A
1~150 min, -1~ 4b FH (1% 240 A R 182 o6 R 3 i, B Cd
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B3 KEMHERAEEAS Py ERRSE
Figure 3 Galacturonic acid concentration in different composition

of root cell wall of rice seedling

RS KBERRKBEM S (mg-kg')
Table 5 Iron plaque element of rice seedling(mg-kg™)

AbFE Treatments Fe Cd Zn
CK 6011+233a 46.98+2.18ab 5.31£0.47¢ 194.1+£3.7b
Cd 5179+165b 42.30+1.50b 371.5+15.4b 104.8+5.3¢
Cd+Zn 6147+15%a 49.77+1.00a 483.0+4.9a 405.4+17.8a
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Figure 4 Cd adsorption kinetic curve of cell wall from root of

different treatments

®6 BB NF—RY WA RUESH
Table 6 The adsorption fitting parameters of first—order diffusion

kinetic equation

— 23T 2 First—order diffusion kinetic equation

A3 In(Q..—Q)=a+kit
Treatments
Q. a ki R’
Cd 1.2245 0.157 6 0.0122 0.99
Cd+Zn 1.079 6 0.029 1 0.0136 0.99

2 QoW I AN R 25 5, mg - kg™ 5 Qu ok S RE HSF (1] ¢ B B4 W B, g+
ke 5@ A H s by R W BRI N R B, mg - kgt s e MR R
g R 5 Tl

Note: (.. adsorption capacities of saturation, mg « kg™'; Q.. adsorption
capacity during reaction time, mg * kg™'; a. constant; ki. apparent rate
constant of adsorption reaction, mg « kg™ + s7'; £. Time; R’. Correlation
coefficient. The same below.
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Figure 5 Cd desorption kinetic curve of cell wall from root of

different treatments

RT BRI NF—RY BAERUGSH
Table 7 The desorption fitting parameters of first—order diffusion

kinetic equation

— W7 B2 First-order diffusion kinetic equation

Ak In(Q.—Q.)=a+kt
Treatments
Qn a k R’
Cd 0.663 5 -1.3459 0.009 9 0.94
Cd+Zn 0.6512 -1.3343 0.009 1 0.96
3 itig
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