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Genotypic variation of arsenic and cadmium uptake by upland rice

TAN Yu-rong'?, XU Xiao—yan', DING Yong-zhen*, ZHENG Xiang—qun®, DAI Li-hong?, FENG Ren-wei’, SHI Rong—guang’, ZHOU Li?,
CHEN Pei-zhen?, YANG Bo®

(1.College of Agriculture, Resources and Environmental Sciences, Tianjin Agricultural University, Tianjin 300384, China; 2.Agro—Environ—
mental Protection Institute, Ministry of Agriculture, Tianjin 300191, China )

Abstract: Arsenic(As) and cadmium(Cd) pollution is one of the major environmental problems in rice plantation in China. In this study, pot
experiments were used to study As and Cd absorption and translocation in 29 different genotypic upland rice cultivars. The results showed
that there are remarkable difference in the biomass and As and Cd uptake among upland rice cultivars. The average biomass per plant and
the variation coefficients were 23.57 g and 15.8%, respectively. In shoot, husk and grain(brown rice ), As element concentration were 1.022,
0.177 mg -kg™ and 0.050 mg -kg™ and the variation coefficients were 25.1%, 54.3% and 39.7%, respectively; Cd element concentration
were 0.811, 0.230 mg-kg™" and 0.116 mg-kg™ and the variation coefficients were 58.2%, 38.9% and 58.0%, respectively. The concentration
of As and Cd in plant tissues showed characterisitics as follows : grain<husk <straw, and the Cd and As element content ratios in this three
tissues were 1:1.9:6.7 and 1:3.5:20.4, respectively. The correlation coefficients of Cd concentration among different tissues were higher than
that of As. Correlation analysis showed that, the correlation coefficients of Cd between straw and husk, straw and grain, husk and grain were
0.466(P<0.05), 0.658(P<0.01) and 0.758(P<0.01 ), and that of As were 0.437(P<0.05), 0.290 and 0.611(P<0.01), respectively. The mi—
gration capability of Cd among different tissues were stronger than that of As, and the genotypes differences with capability to absorb and
transport Cd were bigger than As. As element contents in the grain of all cultivars were less than the standard for food security (NY 5115—

2002, 0.5 mg-kg™), and 82.8% of all cultivars contained the Cd contents in the grain less than the standards(GB 2762—2012, 0.2 mg-kg™),
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and 37.9% of all cultivars contained both Cd and As contents in the grain less than half of the standards, including V2, V3, V6, V11, V12,
V13, V15, V16, V19, V20 and V25. This study showed that screening Cd lower absorption of upland rice varieties grown under non-flooded

cultivation can guarantee safety production in China.

Keywords: upland rice; arsenic; cadmium; genotype; screening

R EAH 4 85 Y H 358, 2014 4238
PR ] = B PRI B K A 1 4 ] - 4905 etk Dl A
AR BRY, LR (Cd) il (As ) ¥5 Yy ) f i R %
W A AT RR R AR T7.0%F0 2.7% Ak BT
WAL SRS T TE ANPGRS Y X K R A
KB4 AR A R K 1E EERAEY KRR X
Cd As FYWISCRE F7 55k, FEOR EL UM TR ] Cd (As R 7R
B E R PE, a4 KRS Cd As WIS, 2 24 {if ik
T fR D) E LIRS ) R

YEYIRIR TR 45 )8 , B B TRV A 5 1L A
RSN RIREE 20, st R &5 1l VE W R
& JRAFAE B SRR R 22 57, P AR B A B
239 1y KRG fib FlokF R AR 5 B TE 0.01~1.98 mg kg™ 2
], 5 FE 7R 0.08~49.14 pg-kg™ Z[A], it ] 22 54
B R H A XA A Mei S5 & B[]
KR SRR A AR RS LA 22 b
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IR A8 BRI R K RS AR B R A e B () A BB
B3 2 — T H RSt K/INSZ H R] 7K 53 B 5 i
JUFEAM R : HIEZKS 2, Cd TR ZME As TRk
R K432, Cd IR AR As BRI/ BF
FERIMREK Cd & S K KT Lo 3 g T
KT 41.3%, LLIBIHHEE T I T 70.7% . WK &ET
FEK B AT I8 & AR T8 10~15 3%, AP TCH LA 2
B AAE TN 2.6~2.9 F5M, BEXF R 7 K TR A
BATSYA WA IEE T K 4345 PR S — MRS

RS ILRRBERMZ —  B—Fh T
SRR, H— B A2, F R AR T RE S
FEAR As MR, H AT, A S SRR 4R A5 4
TEAHXS A DU ASBIFFEARLLA 29 {53 A [) o PR 78 A A oy
ML, B AR MK AT HXT Cd As B9 S5 R
FHAE, LA EE AR As 5% Cd ISR, R Cd 5 As
15 g U REK 2 4 P 3R IS 8

| HREHE

L1 a4
29 1y SAE B b T A A AR IR R R

M A AR SRR LR 1, X SRR
AR, BAABR KM 2R E 5. TR A MM
A T JE A K PE 3R F 1 KRS £ (0~20
em), 8 HARAT i R4 A s IR 51 ) & .
+ R I AR pH 7.59 .CEC 21.6 cmol - L' AL
Jit 15.25 g-ke™ Bl fi# & 35.47 mg kg™ R 21.58
AR 35.23 mg-kg, 4> As F i 82.6 mg-
ke, 4 Cd &= 1.35 mg-kg™, As Cd 33l J& T RS
i ERARIE(GB 15618—1995 )1 4.13 .1.35 4%,

mg-kg™|

x 1 HiXERELXER

Table 1 Basic information of the tested upland rice cultivars

%45 Number AP ZFR Variety name A Type
Vi R 35-6 FERLE R
V2 YT 2-9 RIS
V3 R TR 2-5 RIS
V4 IR442-2-58 HEALH R
V5 1R1487-372-4 HEALHFL
V6 IR2061-522-6-9 HERVEFL
V7 DALAWAN HERVEFL
V8 DOURADOAGULHA YR A
V9 TRESMESES ML H FL
V10 SERATASMALAM H AL
Vi1 CARTUNA RIS
Vi2 IR60080-46A AL
V13 FNH ML H FL
V14 IR65251-19-1-B HRL R
V15 IR75942-9 HEALH R
V16 MIGA RIS
V17 KU10 RIS
Vi8 MONOLAYA HETR 5 AL
V19 SILEWAH R
V20 NORIN24 ML R FL
V21 MRC172-9 ML H FL
V22 MILT1444 RIS
V23 IR45 HERLEFL
V24 SINALOAAG68 FERLEFL
V25 BLUEBELLE AR A
V26 KN96 HEALH R
V27 KN361-1-8-6 AL
V28 Bk 53 HERLEFL
V29 B4 1111 ML H FL
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ANFEFER R As Cd &= ILFR 2, 29
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P Bloc As PR 0.177 mg-kg™, R RECN
54.3%, fhFh V24 SR, AP V8 VI3 V16.V19,
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Values followed by different letters in a column are significantly different at P<0.05
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Figure 1 The biomass comparisons of different upland rice genotypes at maturation
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Table 2 The content of As and Cd in different tissues of upland rice cultivars
U Varieties As & & Arsenic content/mg kg™ Cd & Cadmium content/mg-kg™
2501} Straw #5¢ Husk F&K Grain 2501} Straw #5¢ Husk F&K Grain

Vi 1.398bc 0.374b 0.068b 1.466ab 0.443a 0.290a
V2 1.202de 0.167efg 0.055¢d 0.252j 0.235efg 0.094dfg
V3 1.256¢d 0.161fg 0.048de 0.263j 0.1651iklm 0.032i
V4 1.035fg 0.185ef 0.044ef 1.457ab 0.338b 0.141c
V5 0.911hi 0.274¢ 0.048de 0.365ij 0.313be 0.130cd
V6 0.904hi 0.126gh 0.042ef 0.828efg 0.125mnop 0.078fgh
\% 1.118ef 0.258cd 0.079a 0.197j 0.279cde 0.112cdf
V8 0.639k 0.087i 0.014h 0.764fgh 0.285¢d 0.104df
\E] 1.201de 0.121gh 0.039ef 1.340bc 0.277cde 0.112cdf
V1o 1.305¢d 0.156fg 0.043ef 0.959def 0.275cde 0.125¢d
Vi1 0.87%hi 0.167efg 0.078a 0.962def 0.177hikl 0.027i
Vi2 1.191de 0.175efg 0.057cd 0.726fgh 0.187ghik 0.088fgh
V13 0.691k 0.074i 0.028gh 0.170j 0.1020p 0.030i
V14 0.857i 0.155¢¢ 0.034f¢ 0.771fgh 0.222fsh 0.136¢
V15 0.971gh 0.153fg 0.049de 0.983def 0.153klmn 0.091dfg
V16 0.707jk 0.066i 0.021h 0.919fg 0.1331mnop 0.062ghi
V17 0.616k 0.203def 0.071ab 1.183cd 0.233efg 0.197b
V18 0.957ghi 0.182ef 0.065bc 0.914efg 0.184hik 0.101df
VI9 0.569k 0.074i 0.027gh 0.175j 0.107nop 0.036i
V20 1.059¢g 0.1591g 0.030fg 0.172] 0.100p 0.038i
V21 0.970gh 0.215de 0.040ef 1.045de 0.177hikl 0.110cdf
V22 1.574a 0.083i 0.031fg 1.462ab 0.306bc 0.288a
V23 1.002gh 0.088hi 0.038ef 1.313bc 0.202ghik 0.118cdf
V24 1.508ab 0.515a 0.078a 0.310j 0.253def 0.143¢
V25 1.166def 0.167efg 0.083a 0.550h1 0.291bed 0.076fgh
V26 0.890hi 0.141g 0.084a 0.687gh 0.208fghi 0.103df
V27 1.223de 0.122gh 0.047de 1.672a 0.235efg 0.203b
V28 0.843ij 0.172efg 0.041ef 1.385bc 0.456a 0.208b
V29 0.984gh 0.300¢ 0.076a 0.240j 0.219fgh 0.105df

SEYSMH Average 1.022 0.177 0.050 0.811 0.230 0.116

7R 5 Z 80 Coefficient of variation/% 25.1 54.3 39.7 58.2 38.9 58.0

T AR PR R A [R) BE A B A5 6] — AR AL Cd (As 35

H2EF R (P<0.05), FIH.

Note : Values followed by different letters in a column are significantly different at P<0.05,the same below.

ANFRREA RO, Cd 5 22 SRR K, 250 Cd
SRy 0.811 mg kg™, AF S R EUH 58.2% ,
V1.V4 V22 F1 V27 (250t Cd & s, i V2.V3,
V5.V7.V13.V19.V20.V24 1 V29 251 Cd & fE %
%, ek V27(1.672 mg-kg™) = d: /& V13(0.170
mg-kg" ) 9.8 £, Firc Cd 5N 0.230 mg kg,
AR SEZHRCN 38.9%, ShER VI AN V28 R R, 5

FEmFh V6 VI3 . V16.V19 F1 V20 &k, &
# V28(0.456 mg-kg™) K #H V20(0.100 mg-kg™)
) 4.6 £, BEK Cd SEH 58 0.116 mg-kg™, 28 F 25

H 58.0% , i Fft V1 1 V22
V13 V16 V19 F1 V20 & 25415, fem % V1(0.290 mg-
ke ) A H V11(0.027 mg-kg™ )it 10.76%
23 AEAEFEBETRE As Cd EEM FIEFREKPH
HIZER

AR B RS As Fois ZEOLE 2, 29 7 FF
A FP 2 AF TR R 225 . GH Z8fLi ol 0.151~
0.596, SE-H{H R 0.311, A8 5 ZH0 R 34.0% 5 GS A5 4k
TR 0.020~0.115, SEXME K 0.051, A8 5 ZHH
43.6% ; HS A5 AL A 0.053~0.342 , SE-11H 40.173,

i, MR V3. VI,
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Figure 2 As transport coefficients of different upland rice genotypes

A5 RECN 43.4% . As LEARTRIGR B N 58 R EE
SR UL RN As P IRISCRN % 38 fEAE SR ) L 1A
RIS BRASEFIAR (VL V5 V21 V24 V29), i
KRR K GHSHS>GS, B As ST RS B bR
Ko, WNEM RSB BC IR L, N ZE M BRI
ik

A LR B2 R Cd #i8 KRB AAFER KT
25 (K 3), GH ZB{LJu [ R 0.153~0.941, V- 34 {EH N
0.493, 7R RHBUH 37.5% ;GS AR AL Fl M 0.028~
0.569, F-HE Ky 0.185, 48 5 2K 70.0%; HS A5 (L1
il 0.141~1.416, SEHME 7 0.420, A5 5% ZHCHT5.4%
5 As Hig, Cd #518 ZB AR 5 280K, BB 2R
X Cd AR SCEEAS[R] S A ) 22 S 0K AR, 2
FEEZE M ROk Cd #5758 RBURAR, F53 H H BURE K 5%
BRF AT, T WNZEM R R F 745 ) , bRl ia]
1) Cd 5678 REUEL As Fetb RBCE N %
24 BRERY As Cd FIHEXMED T

SRS Cd A As W BB AR 3. 2
MFvRE K, As 5 Cd FraHC A B2, UiRHZEN

R3 BEBEE As.CdasExH

Table 3 The correlation coefficients among Cd and As content

At As BT As REK As 250 Cd Fi5T Cd OBk Cd
25 As 1

Bt As  0.437* 1

Bk As 0290 0.611%* 1

Zn-cd 0172 1

#ise Cd 0.386* 0.466* 1

Bk Cd 0.091  0.658%* 0.758%* 1

T A SIFORTE 0.05 F0.01 K- FZER B,
Note : *and** ; significance at the 0.05 and 0.01 probability levels,re—

spectively.

Fkrhr RE As Cd WA MRER R . (HAEFIFEH, As,
Cd SHAHEREC N 0.386, 5 B IEAH X (P<0.05) , 36
BHAC R Cd & ST REPEREE B As it
[FIFPIC R IEAN R T A  As BN ZE0T
S HFEAN O R B 0437, 5 B FHIEMK(P<0.05), Hi5E
EpRE R ARG R B 0.611, 4% 8 2 IEAH K (P<0.01), 25
- SRR AR SETEAS i 25 Cd KB ZEMT 35T S i
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Figure 3 Cd transport coefficients of different upland rice genotypes
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FIEAE, AHSE R B 0.466, Fi5e SRk 2R SRk R
B 2 IEAROG, AHOCREST 0 0.758 F110.658,
Cd FEZEM-S5REK 505 R K ] 0 AH G 22 25080 FL Xt
) As 5, B Cd 35 FAEARRIER T RIS

3 g

3 As Cd A T5 44 EE T ,29 iy A [a] 3 ] Y
BRI EZES BE, R A Y R R S i
MEARZER 1A%, 22 5 KR IR 32 2 7E T R AR R A B
A5 22 5%, DL AN [R) 2k R 0 S R ol A 3 140 i
P

YEVD R i S i 25 5, FEER LN
R, N [R) 35 DR Y A 45 A BN As 5% Cd IR
W B Sk, 2R R SE FVRE K SRR 7 f Y
5 B 2, As 435k 25.1% 54.3% F1 39.7% ,Cd 4y
W°h58.2% 38.9%F1 58.0% , i/~ HY L AE X As B8 Cd
B R S AE I 25 B L R ) 22 5. X SR BIIF ST 45
R—=, M H, Cd A7 REUSIASE T As, 52
RE P XF 31 3 AN RISE D R K R EA i 42 3 AR
LB ZE TR —B EMEED I T 78 Kk
FEXT Cd As BRI, R BIREK Cd 7 it A8 5 R 3k
(40.5%) KT As(17.7%) o 5L 4R 2P 32 SOk K EL
PGt oA, IS BAE R B 4518 o Rl Ak v
A 239 K AF AP R RS OK As AR S R E(51.8%)
KT Cd(39.8% ), AMHFEZEMFIFARL Cd 225 RECK
T As HFSCA S, 78— FRJE b Ui DA ] i ] A 5
FEOXT Cd RIS 22 5 K

P SE R 2L RE % Cd As 25 5 ] B9 R /N
FI R 2> se> kK, 2 A T R s R,
ST G R IEA B, As Cd EHD BN R 48
) R 2 B R BOAN [R) R OK 7 RN ZE I R~ 3 5 1
FCAR L As 2 1:3.5:220.4,Cd R 1:1.9:6.7, M 5172 51 ks
K, Cd HY5EIZBE T2 As 11 1.8 15 ; 2R 250 7%¢ , Cd
HFEIZRE S A2 As 1) 1.7 f%; MZEM-BFFRL, Cd 1954
ZHESTIE As 1) 3 4%, [AlAT, Cd & e 28 e FikE
KA RIS ] 32y AT J 25 TE AR Sk | T ELRE A ¢ 3R
BOYRT As, R Cd AR E TR ER, FRIE
KEFPIEL T 31 Gy AR BKFEXT Cd Fl As %
W, B Cd AZEMFEE BRI R T Aso AR, 5l
As [Cd fEARTA] LR R 2 A5 48 5 M A 4 B ROk UL, 3
Fh#iz ZEC(GH (GS Fl HS) J AR S5 RB BN
Cd ®F As, XELZERUIHT, Cd 7E 2 RAFZR B 1
ERRE I As 3, 1 A RE5%2 Cd BB I L R Y

ZRMWART As.

V4 W A R 4 S B 32 A B 11 st A% TR 255 i &b
SNBSS R N 22— AN ik 5 7R
FhbE 7E R o 1 SRR B AR E(GB 15618—1995)4.13
TS g g REK As S E RN 0.05 mg-
kg™, FEAIK T 0 F A - KOK AR UME(NY 5115—
2002)19 0.5 mg-kg™, 1M FLAEK As f2 KAH(0.084 mg-
ke ) IUNFRUER) 16.8% , X138 As &5, 5
FERPRL As SR EEIREE T, BAET 8%
REAR 128 As 3G PE, AT E D) As MR, 3 i
FEULHLSH As(IH)F1 As(V)FELE, & m )
Ui (e o g = N P (SN R VAT o K 2 2 B O
As(ID) %Ak As(V), I 5 15 W B SR b0 4 4k
AR S HOK A S AR R A LT |, JF Hid
A LU AR R R )T 3L i0E , DT RS AIE 17
YA, Xu ST R WK AN RR R
AR RS R 10~15 £, TIRASE 4 F Ak
HIREK As & T TR RREL MK S, R,
PR As BEXE . RERKRRE L SNE
FlE

SR , AR A AE R K As & A9 [RIET, 7T B
S FE Cd SR Nt AR AT (R - 3Esc s |
TRIRER LS A4S Cd S n, MmifE it Cd 1 ARk i
R AR, 29 AR ARG K Cd & it 5 E AR
0.2 mg kg (GB 2762—2012) A Lt , 8 b Al 422 31 HE b
fy AR VILVIT V22 V27 1 V2 25 4y, (5
17.2%, 534b 24 A~ SR A BB AR BEOK Cd B A% 21
LR RLIL 82.8% ., EVAKE, 1E T3 Cd AR 1.35 %
AITEOLT A Cd AR AR X Ak, HE s PR AT R 2
A3 - 438 @ B+ (pH 7.59), Cd fA 30 A IR
SEAARRCE RN R PR S KRR Z A 25 52
ABETERRG Cd ML [ BEK 3 B R4k 0.185,
15 SC R S FE Y 20 A SR OKFS N 3 R A
AHFFE R HEH 24 (0.200) , (HZ=HALESIBFTE Y 20
IKFE M FE 12 AL A /N(0.030) , 156 B S A 55 K
1 Cd ¥z R ) i 22 S nTREAN K. (AU, Ak
MhasE A, 5 GE MO St AR A
Ko BRSO REXT Cd %52 RE T H B 22 5 0 i
R T E— 2B 5%

Sk, BT A RRIROK As & R IE T
INEEFRME(NY 5115—2002) , 15 B E s K o 2
FERT S84 SCBURE K As ¥ . Rk Cd &k
#5(0.2 mg-kg™ ) EER Y 7 82.8% ; Kk Cd 15 A ]
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FEbR 50% 3L RL b7 37.9% 4045 V11(0.027 mg-kg™) |
V13 (0.030 mg-kg™) . V3 (0.032 mg-keg™) . V19(0.036
mg -kg™) . V20(0.038 mg-kg™) . V16(0.062 mg-keg™).
V25 (0.076 mg-kg™) V6 (0.078 mg-keg™) . V12(0.088
mg-kg™) . V15(0.091 mg-kg™)F1 V2(0.094 mg-kg™);
REK Cd S RSN ERRA 25% 5L Y 17.2% ., BF5E
R, SE4n] DL e HA As Cd BRI IRy
SRR AL ZEAE W K B SRS R, A RSB Cd
As AT YNGEOL T IRKR LA

4 Hig

(1) 13 As Cd ER/T15YT AR R AR R A 7E
AWy A As (Cd WIS B 35 17 7 B Y Sk R AR 2
5,10 AR REIO Cd A SR 7Y 22 S M4 As R,

I W NEEYESOE RS =y AN 5 =)
ZEMSFTeSREK . AT As s RECEIRRIH GH>
HS>GS, Cd #%iz2 2% GS A%, GH 1 HS K/NA LA
RIZ2 AR, 255, Cd 72 A AR R 2% 1 18] i
FREIES As i, 1 H 2Rz Cd 68 L R 7Y 2=
SR T As,

G)PHR R REREK As I I TAH PR UE , R
K Cd kbR B A A Y 82.8%, TEEHR 50%
25%VAF B FE R Y4350 5 37.9% A0 17.2% , FAAEC |
As BETGYEOUT , 380 28 07 126 X 47 R AR W i iy
SRR PP T W K R AT SEBURE R R A

S 3Lk
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