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Study on the difference between cadmium absorption and accumulation in different tea varieties

YANG Liu"?, CHEN Yu—pei', FANG Li', SHI Yuan—zhi"

(1.Tea Research Institute of Chinese Academy of Agricultural Sciences, Key Laboratory for Tea Plant Biology and Resource Utilization,
Ministry of Agriculture and Rural Affairs, Hangzhou 310008, China; 2.Graduate School of Chinese Academy of Agricultural Sciences,
Beijing 100081, China)

Abstract: In order to understand the mechanisms of cadmium absorption and accumulation in different tea varieties, pot experiments were
conducted to investigate dry weight in aboveground part of different tea plant varieties, Cd content, accumulation and translocation of Cd
from soil to different parts of tea plant, and gene expression of Cd-related transport proteins in roots with and without Cd treatment. Results
showed that dry weight of aboveground part of different tea plant varieties increased with Cd content. The Cd content in different tea
varieties was in order of roots>branches>mature leaves>young leaves. The bioaccumulation factor of Cd in roots of plants treated with Cd
ranged from 7.17 to 30.12. The biological transfer factor of Cd from roots to branches, mature leaves, and young leaves in Cd—-treated plants
ranged from 0.017~0.078, 0.002~0.007, and 0.000 3~0.006 1, respectively. Results showed that the expression of CsZIPI, CsZIP2,
CsHMA2, and CsCAX2 was increased in Zijuan, whereas the difference in the expression of CsHMAI among the four tea varieties
(Zhongchal08, Wuniuzao, Zijuan, and Zhenong117) was not significant. In conclusion, when Cd content in soil is more than 0.3 mg - kg™
and less than 1.5 mg-kg™', we may consider young leaves as safe.
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R I ] 5 A8 O A3 A ] £ 9% 5 2014 4524
A 4 3T YR B JE A 40 , TR Ak b 1 49
R R, Bk S B AR R R 19.4%, i Cd
SRR AR TG e E A" B R A
JEI5 Y H N, A5 E A B 5 YRR 2. A
PORIRE EE WA TAEY 2 — U E 20184, & H 2%
A T AR 2 R 289.9 U7 hm?, T B 2% s iy 264 7
12, 2 R R T A e R RS — . R i
PSS A PR AT ERES o9 il s i S

WAk, A0 4w O AR B AT A, A5t
W EE 4 R T Y DR IE T R3S YL HAr At
e 4 JE V5 Y A Y T I T B AR A SR A A A
ARG, WA R BN, R EFS R T £
A E TG Y G O, b Cd V5 Yot o e, A
Fe a0 iy ¥ i ) A% el 4 8 5 4 J V5 YL oY DA Ph
g EEELURE CA AR N BEZ DI e Cd Y
WG E BT Cd X W A= BRAG B | 1 32 1 19 52 i LA
25 Bl -39 Cd A 50k g AR Ao s B R g AR
WEFEAS [ B S Bl JIE X 255 el 1= 3 v Cd A5 3001 i 5 i
A3 pH 54 802 Cd 52 1EAH 6 ; 0 A B T3 /K
R B 58 A W 0 AR Cd AR | & 30 T 4
AR ot ol P A T 2 AR S R AR Cd, — i VR A |
BB T AW B # B Cd AL R . H AT IR
R Cd LB 78 /0, g WA SEAS[R] B FP 2%
PR e AR 1 22 5 LB o ASBIF S A IR A5 A il o
E T AT ER &AL Cd B AR AL Cd 1Y &
i REVL S CA MR s S I BE R 58 , T AN W]
ai FP 2R X Cd F i N 25 57, A E— 25 48 7R A A I
SR Cd AL 2 FLR , B 7R IR SR 3 A5 Cd g
o PRIEAS I B2 4

1 #E5E7FE

1.1 56t

TEWGE TISRAS L1451 9O FARZE R b A
PAZEARR 0y R T b L R M B2 B 25 B 5 iU
R LI B AR R RS R S s . 9 AR
AP IR B A A AR (AN 1) (PAS 108 .3
AR GEE 1) iR 117 FES K ASS B0 P HE Bk
WLEF , LR S AP IEARIE SGE RN 1 s

B AL AR 4 20 kg, BRI AR HE MR - pH
419 AHPLT SR 1714 g kg A 172 g kg AR
% 56.3 mg- kg LA 167.7 mg- kg™ Cd 7 it 0.142
mg-kg'o BRAEFIRE AR 3Bk, 0 A AT — JRI XS
—402—
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Table 1 Basic information of the tested tea varieties

wh FEAEYE: i i

Varieties Characteristics Processing suitability

AZE OPER JEAR P2 AR R £ S

A
FIM 1S JEVER A T b (i) A= LS
il R et ol
2108 TEPER GEAR T R A £ S
A JOMER AR I AR 2SN RAR S
Wi 117 VEFR JNRARR ik R FAR - S

RS JEVER VNIRRT 2k RN 200k Sk 2R
IR OMER UNRRR RS PR, 202K K
RS
P TEPEZR GEAR hi2E AR BIpAt LU0% Sk
Bl E TEPEZR GEAR RIZE WRAERD BIEAE LI A

PEAT A5 = B (40 e IEBY , B3 A0t 25 L I 2 g (N
P,05:K.0=22:8:12) , & M0 HE : XT HE (CK) AT Cd
A3, HoAr Cd AR FEAMIE AR T CA(NOs) . W % 1245 Cd
TN I mg-keg !, B SRE R HL 5445 IR 1
e K PR R AR )RR 7K & 1Y 65%~70% , S i 2B
A R AR, SRR A R SR A — 2
1.2 HENFEERUE

ZEB R = AN 5, F BEOHRS (— 2F =) i
M AT AR AR 43 FFEORE , [R]EBCAS AR A B £
B, APIRE G2 A ORISR = R R B KIS TR
=W, 2R AR T R 1K A R P bR
AT G B TR 80 CHLT FAH i, FREUFIC 5%
BB T . AR S R R A L )
BB AR o IR RO T bR Bk A
S54RI, B R 100 H Fiike A% BRI

FREL(0.200 0+0.001) g HEHIFE b T R VU IR L8
LA 4 mL HNO; #1 4 mL HF, 50 A I 1 #% 1Y
(MARS6, 3 [E CEM A F] ) , % T2 )7 (0 48 ) FF i 72
25 min N FH % 180 °C, IF7E 180 CLR+F 20 min, %
A7 =T XU R X 150 “CHERR 28 ) 1
mL A, F 3% il BR IS (VIV) % %5 2 50 mL %5 &
M, 50 mL B0 RAFREI . FRER(0.200 0+0.001)g -+
HERE M TR 2068, A 6 mL HNO;. 2 mL
HCIA 1 mL HEF, BS54 1A
S TE 30 min Y FHIEL Z 190 °C, FF7E 190 CA4£4%F 30 min,
A LRI b R o0 B G A 55 B A T
1 (HR-ICP-MS, ELEMENT II , 2& [& $i i ) I K
HCd frat . BT R84l , SRR I A
U T Fek T P SR WO R & 04 A5 22 T4 10% fils R
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VR WRIR U 24 h, 28 AR IK I UE =K, K8 1Kk =
IR T .
1.3 UESETIEENG

EER! Mg-L'1 [ Ba.B.Co.Fe.Ga.In . K. .Li.Lu.
Na.Rh.Sc.T1.U.Y JA 33 HO0HUAR A5 P F A T iR 1k
PERE 1 pg - LB Li THEUR T 10° epse MoO/0<
0.2% , L ICP-MS TAEZH: RF J1 51 245 W, 1% 4]
U 15.99 Lemin™, Hi BT 0.99 L-min™, <
W 0.971 Lemin™ , SRAFETRIE -2.40 mm , R AL [6] 20
s, FAHHRELO o
14 EREXSIHEAKX

B4 B 5 4 280 (Bioconcentration factor, BCF ) J&
TEAE I —FRAOL Y 4 B U R R HOT e LI h
[Fi] — i EE 45 Je8 O F VK B2 Y LUABL, BCF>1, BERA AR ) 5
A BR AR RE

EL BB R (Biological transfer factor, BTF)
SEARAEY M b b R VR S T B A AR
4R I FE 2 Fe, BTF> 1, Ul B R 76 1A N iz iy
IR IRE

4 Jm B R AR BT iy T B
THEE E"Jﬁﬁ,mg'kg’lo

H 4 AR O3 A IR TR A I AR A ) 4 R R R
g AR R R R AR 1 Be(E

AL

BCF=Z5 ) 1A Py e — B A7 8 4 &8 % it (mg - kg ™)/
3 R S i (mg kg ™)

BTF=2 1 by b &0 8 46 J& & i (mg - kg™ ) /ML
o> HE 4 5 i (mg kg ™)

4 Jm B2 (mg - kg™) =TH I P & Jm W
(mg L) X{H AT (mL) /9 5 i (g )

& AT R =R AL ) B 4 R R A (mg
kg ) ZR BRI EE G B R AU (mg-kg ™) x100%
1.5 EBIFRITFNIRE

A i 4 B T P B o - iR B B R

i K AL B & ) (NY 659—2003 ) .

+ A R V5 Y bR o (R A R
JH M A 558375 G XURS 48 2 45 1fE (1X17) ) (GB 15618—
2018),
1.6 ZRRERE RNA RS cDNA & 7%

BO.1 g ZEBHAR R A R I RN Aprep pure Z 4
Z WA S RNA $2 BUA ] £ (Tiangen, 6 50) #4756
RNA A9$2HL, NanoDrop 2000 f3§ & 42 B2 25 110 5 43 )
FE TR ICRNA T Ko v i, [RIBE FH 19% Byt He s Jig v
UKAS I EL RNA 528 1% . >R H] Prime Script RT reagent
Kit(TaKaRa, K% )4 Fir i B AR AR A8 RNA S s
cDNA, i FIEH IR 07
1.7 WH;FEEPCR

DL B0 Ab B A AN RE B RNA S S Y ¢cDNA N
BAR , SR qRT-PCR XA [] 5 B it Rl AR B 1 S e i
AP TRIB T . 9N E 7 qRT-PCRFEF 514 1L
2, N B GAPDH ., ###E SYBR Green | Master
(TaKaRa, K% ) (9452 15 08 W1 o 3547 52 I 2¢Ot 2
PCR (Quantitative real time RT-PCR) , 5Z I & & W .
SYBR Green | Master 5 pL, I Fi#E5[47 (10 wmol «
L7)4% 0.1 uL,cDNA 2 pL, il ddH,0 EZAEF10 pl.
Roche Light Cycler 480 125 qRT-PCR #J¥- 55 , [ i
FEF 195 CHIZAEME 30 5,95 CAEYES s, 60 CiB K FE A
34 s, 40 M B AR RR 2 H A 2K, 45 R R A
2RO .
1.8 #ELLIR

K Excel 2013 #4784 40 21, SigmaPlot 12.5 %
L, FIH SAS 9.4 GEit o3 Bk A v Bcs b A T B R 28 22
431 (One—way ANOVA) .a=0.05 7KF F [ LSD K5

2 #EREW®R

2.1 CAMARREIZR miit_E 2R T4 B ER M
Cd A PR fr) A Wy R/ N AR )0 T 5 Jas T 4R
NETE R B, AR AL AR L 5 T SR

R2 KNAXEEPCRS|MEF

Table 2 Quantitative PCR primer sequences

LA K Gene name

YJHE Function

[ 15 |9 Sense primer(5'~3")

V#5149 Anti—sense primer(5'~3")

GAPDH e TTGGCATCGTTGAGGGTCT CAGTGGGAACACGGAAAGC

CsZIP1 VRIS G T 20 ML P i TCTCCCCGTTTCAGTCCT ATCCACCATCATCGTCCC

CsZIP2 VA 4 R ) L N e s ATGCTTGGTGATTGTGTGG CTGCTGAGCCTTGAGTTG

CsHMAI VA G R TR A A7 AATGGTTGGTGACGGTAT AGGGAAGTTGTTTGATGAG

CsHMA2 R T 4 AR A N B A CCGCTATACTTGCGTTGG CTTTGCCTCTTTTTCCTGAT

CsCAX2 R T 4 R A 200 N it GGGGGATAAAAAATCACC GGAACCTCTTCTTCAGGAG
http://'www.aed.org.cn —403—
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A PR FER I Cd A 32 E R, 4550 K
F T3 o i /S, PR R R, HoAh D 22 1) 22 S5 oA
5B AEUS MR I 458 - RR AR 55 XF BEAH L, R4y
st A B4 T O e AN [ R i, I 2 2R
TH 5 TR /N Wi 117 Feo k. WFSE R AR ARk
AT DI HEAR ) 0 ARG, ) A A AR R IR MR B Cd X
TR P B 11 K 1 St ol ) A A R R FE 5 Zhi 4520
PRI R 32 R A8 A1 1 R W ) A K 5 X0 JR A 460 % BRI
WHECd(2.5 mg- L)X 2L MAKEA — &Lk E
FH R — 0 PR I BRI 44T 5000 o
22 AEAEMBRHEHBUNBSEER

AN TR AR it ol 4550 07 1) 8 5 k5 0 A W] 2 Jop
7N M 2a AT, X BR AL FE | Cd Ab R 25 BT A Cd
SR ZEZERRE, CAABEFARHAY A Cd &5 8
T IR N R Cd AR PE R SR AY Cd B R
YR 4 0.010~0.085,0.013~0.094 mg - kg™, F- 4 {1 43
5147 0.033.0.044 mg - kg™ (ZEN % T R R 9
169 BR &) (NY 659—2003) #7245 M Cd<1 mg -
kg™, DRI A Kb 3 BB A Cd % et s S 1% F A o
BEAE . X REARHRR AN [F 5B A Y Cd % R R AR
YR WIA 117>58 55> 880 4 28> FHHE> f K > 203
A>HAS 108> > 5 4= Bl X T Cd A 3w &, A
[ 2SR AN Y Cd B s HE P AR R A 117> 58 35>
G ISR > 2 A PHES R SR P> 25 108> 5
A BL AL IR WA 117 3RS A Cd S R R
SR RO TR Y Cd & i b .

M 2b BT LLE ), X6 BE L Cd b BT SR R
Cd 7 2 ¥ F K ¥k 4 0.079~0.110., 0.092~0.133 mg -
kg™, SEHIE 43 5124 0.090.,0.112 mg - kg™, Cd kb FE T 4%

R I Y Cd 5 o i 2 8 TR IR X RRA R A
[] BB il A A Cd 5 i HE A UR Ol 8 4 2> 28
A ERAG> 2K 108 > Ah K > B > 15 4= >
WA 117> P s %F T CA AL PRI 75, A [R5 S5 it ol i 2
1) Cd 75 S HE PR R B 4 2> 4 3 1A WIR 117>
PHEESEWLE > 5 4= B> R 5 K > 289> 2% 108, He
PSS EEHEAR WL 1T ERARRE . R
R, B Cd B 0 R AT R R B A 2
BN Cd 5 SR AR S R AE XS B Cd AR BETF 4351
FHE: 25 108,

K 2¢ 2w, X 8 Cd AbBE R 254 T Cd S el
IR N 0.116~0.242.0.134~0.412 mg - kg™, - X{E 2351
90.185.0.293 mg kg ™o X REAREER AN [F] A i PR
T Cd F B HEFARK IO 1 4 20w 117>H155 108>
FESERM >4 AR>S HS> A4 RS AR R 1, Hoh
SHFHWA 117 25 BE  CAALIET A EZE R b
KT Cd & HE PN 8 4 2P i >4 7 145>
WA 117> PHEES SR RS> H S 108> S 2R S HRAL K .

P 2d o, X IR Cd Ab BE TR 28R ARES Cd 5 e
B TR 9 0.814~1.88.19.26~42.88 mg - kg™, “F- 14 {8 43
N 1.44 3279 mg-kg'o FTLAFH H, 2SR P B o
I 1 B AL AR , A 25 BB AL 4R & i S B A T i
s AR o X B AR PR R[] A AR AR 4 Cd
P HE AR R W AR 117> FHES 8 4 2> 205 145>
PR > 15 4= B> H 45 108> 28 B > 4 5 K 15 Cd 4b #R
T AR A R ER Y Cd & i HE AR Ry 27
20> 5 A4 LS > 55 B> ¥ & 2> PHES fR AR >
2R 108> 117, 4 1, Cd AL B 117 kv
Cd 7 s, AR Cd 7 i e fi

1401
= [0 xFH CK [0 Cd4b3E Cd treatment Aa
5 120 By
:ﬂﬁj —; | Ab Ab
= 5 100 = Ab
T 80f . Ba
H _E 2 Acd AdAcd Aab Aab
&K= 60f Bab - Ad Ad  Bab Bab
=T
45 aof B
2
z 20
a
0 L — J - :
WA P08 B4 FHE O RSRRE BOWY wHAX & Wik

ShFl Varieties

ANFRE PR CK Cd AL 22 5 8 2, AN [R)/INE P EE R AN [ 200 5l ) 22 55 8 3 (P<0.05) . R[]

Different uppercase letters indicate significant differences between CK and Cd treatments , and different lowercase letters indicate significant differences

among tea plant varieties (P<0.05). The same below

BE1 AEGMFENE LSS FIREE

Figure 1 Dry weight in aboveground part of different tea plant varieties
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Figure 2 Content of Cd in different parts of tea plant varieties

23 AEIEHMmFHTIENESE

MNP 3 0] LA 3, %t B8 Cd b B R AS [ 2% 5 Al
+3E Cd F BT BRI 4 0.185~0.215,0.338~0.761 mg-
ke, S FME 5 5 4 0.194,0.448 mg-kg™'o XiF BE Ab B

TR TRIZ A SR G Cd & i HE AR O 235 1

/Y

F>hZ108>

Cd &
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V17> ¥4 ZE> AR AR 1> S 4 LS SRS > PHEES O &

(3BT i A M - 39875 Y JRURG 45 28 b v
(IR17))(GB 15618—2018) ¥ iE pH<S5.5 i, Cd By A&
iy A 3275 e XU G 6 1B 0.3 mg - kg™, AU 45 il {4
1.5 mg-kg™'o XFRELLFER 25> ah A L33 Cd Ik T
JRURSS 05 30 ; Cd A B R 454 a1 48 Cd & it A F X
5 s 3 {5 KU A 7 A =22 1), SRR T 1 mg - kg™,
AR TR AR K R p 2 3 R Cd ds i B4R DY
24 CAEZWM-LERGENEEMEIS

A 4a 1] LA 2, %R Cd Ab B R A [a] 2544 i b
FRFRXT Cd 1) & 5 R EGE o 1.19~2.83.,7.17~30.12,
SEIE AT A A 1.96 . 17.94, LA ¢ -4 2 B9 Cd 15
Y ZEM R Cd 1 SRR T R, CA b BT, &%
PEARERXT Cd 1= 4L RE ) R o . X IR R R
(RS ARF it o A 50 5 4 8 1 MU O FHEE > B8 4 2> Wk
117> 248 RS2 (ASERON S > 45 108> 48 A > 45 &b
K CAAEIET ARl 2844 S R AR & A2 RE 1R
R >PHEES 58 BY> 2 4= KL B 4 2> AR A R F >3
25> 25 108>H 4K 117,

P&l 4b s X IR Cd A B AR KL T 1052 R EGE
FEl 43 9l J& 0.413~0.760 ., 0.017~0.078 , ~F ¥4 {5 43 51| A
0.55.0.041, X REALI Y4608 RBCK T Cd AL 2T, Jit ]
JE X HE AL PR AN [R) A4 S AR Cd 7 S A, T A
T Cd TR, DRI TSR0 o X BE A B ) B s 2R
B K . B 4b AT LU B, % BEAL RN AN [l 25 4%
PR~ T 1% 12 BB TR R 28 108> 58 S > A A K
P> B4 20 > B0 8 > 5 20 B> 223 L2 S PHEES W A
117; CA 2L 3T AN [A) Z A i A AR A T i % im g TR
YN 117>H 55 108> 85 4 28 >BRW > PHEE> 2 75
FIZE> 2R AO> FR Al R > B 4 B

P dc B RN R Cd AbFE T AR - LA [ F5 52 R B

1.00

0.80

#h7%5 / Cd content/(mg-kg™)

10 43 512 0.043~0.105,0.002~0.007 , V- ¥ {E 4331y
0.066,0.004 . X It b PHR A [ 28 B iy Aol AR — il 2 i
F8 e 32 RE AR U A A R > 55 S > T 2% 108> 5 7
TS TG 2> 25 A B > U AR 117>FHEE 5 Cd 4b
TR AN (] 28 8t Ao A — B 2 v 1 2 3 R AR U Ry
AR 117> 2K 108> B 4 25 > PHE> Al K 11> 55 {5 > 22
AR>S ARSI .

W& 4d 0] LI B %) B8 Cd AR BET AR AH 1 %
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Figure 3 Content of Cd in soil of tea plant varieties
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