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Screening of rhizomatic accumulators to uranium and cadmium

JIANG Wen-jing*?, WANG Dan**, YAO Tian-yue®?

(1.College of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China; 2.State Defense Key
Laboratory of the Nuclear Waste and Environmental Security, Southwest University of Science and Technology, Mianyang 621010, China)
Abstract:; To study plants uranium(U) and cadmium(Cd) enrichment characteristics is significance. The U-Cd-contaminated soil was con-
ducted to study the tolerance ,accumulation and transformation of U and Cd using eight rhizomatic plants( Saussurea involucrata, Colocasia
esculenta L., Acorus calamus L., Alocasia macrorrhiza L., Ipomoea batatas, Dioscorea Transversa, Solanum tuberosum, Brassica oleracea
var. caulorapa, Helianthus annuus ) under the additional 150 mg-kg U,15 mg-kg Cd; The sunflower worked as CK. The advantage of e-
valuation method was used to synthesized comment these plants. Results was showed that the roots of the implemented plants are the main
parts to store the U and Cd; the translocation factor from the underground part to the storage is lower than the factor from the storage to up-
ground part; the synthesized comment of Saussurea involucrata, with the best tolerance and stronger capability in extracting and accumulat—
ing U and Cd, is the highest among the eight species of plants. The U content in underground part and the bioaccumulation factor of Saus—
surea involucrata are up to 638.89 mg-kg™ DW and 4.26, respectively. Moreover, the single U bioaccumulation quantity and the total U and
Cd bioaccumulation quantity of Saussurea involucrata are also highest up to 3 564.75 g and 4 342.95 g, respectively. On the contrary, the
Brassica oleracea var. caulorapa perform worst in this experiment, whose U and Cd contents are down to 1.45 mg-kg™ DW 7 11.45 mg-kg™
DW, respectively. The Brassica oleracea var. caulorapa has the ability to recycle the contaminated soil.
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WA AR K e 25 N2t R BRI £ B9[] i) e
PR T ORI AR R AR
Z— EHE SRR, R SR S AR
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Y A AR 5 Y LIRS B Tk, HAHAE
fi] B B B ELAN T 2R W5 YL s s B, H 4
BURFEME G 0 FEETF-Bez —B, i & et ) i ik
MEAE Y PEEAAZ O 5 LRGSR & R Y T2
£ K% 18 ¥ 32 (Thlaspiarvense L.), 52 1 # 32 (Vio -
labaoshaensis ) , — & 7E B SR 14 T X811 & 4 1 0 5l
B ik 2130.1168 mg - kg -8 i ] H 2% ( Helianthus
annuus ) F1 E[J B 3+ 3£ (Brassica juncea) W & #8 & &
iy, H ) HZEX Y A B TR, B
SN ARl K i i 2 bR

TG 1 e SR ) O 8 T2 B A AE DU A [ R

(1) B3EE SRk B EAE Y W5 R Ik
J& R 100 mg - kg™ Hsf 2 i A4 A 0 %) T 1 A AN B
B, REBEY 6 & A1 5880 7% & 7E 200
mg-kg™ Dh AR HUSHEY AR ZEE, fEER
A /NI R R TGV T e AR TR X At 4b
PRSI AN fi HEAMR AT 250 S5 vy A A Xl At ) i A2 4 N 4R
etk R @EV A EENI AR SR, FLIEA
JEF IR E R IAS] 13 mg- kg, RUHE A 24 R0
WeFEAE R E

(2)Z 1LY F 2 PR B AL S 2 s
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T AETE A Y RN R &R e, Hith T AE K
ARVEEL 55 T FEOC R Z T SR E S S, WH
P58 PR A SR AT A . EE LR SE
BRBE, R AR 56T R SRS E AR I AR .

(3)—AE D S v I IR 2 AR 0B R 4
S8 WO 3 IR A 0F L HRPUAD R E R RE B
55, XA B L EA R, H 5
Xof 4 T A IS A

() RZHom Yy s 40 4% = 5 R oo R, 17 1
TEAZ R, B BURSE B R BRI AR

MRS A Y K AR , B BeZE T
PEETH A R AR R I B TR, Hith NS
TR AR BHT M b E H S B 8 R ZEAAH M%)
BE AR A TR AR, FUB R AE
FAUSE 7300 150 mg-kg™ -1 15 mg-kg™ - HYE A
YRS, 8 R T SZ PE A . R SR A iy
P [F] Ao 3k MU v i o A AR A i 1) H 25 AR Ry

R SR ST T R S IR
1 #8FEE

1.1 ##
1.1.1 Y

BhAA 3L 9 b, 208 5 B 8 B . iRk
WOEE BTE I H2E R SR a0
(£ D). FrAEDLHE TR AR TS,

* 1 #kEy
Table 1 Plant species used in the study

%5 No. Fli14 Plant species  %%4% Formal name &} Family J& Genus

1 ¥k Colocasia esculenta L. KEFEF g

2 i Acorus calamus L. K2R )8
3 =S Alocasia macrorrhiza L. KRR )R
4 LR Saussurea involucrata %R+ XNEH/E
5 Ak Ipomoea batatas @R HER
6 JeAR Dioscorea Transversa  figfeRl  HE)E
7 s Solanum tuberosum AR} TR

8 BN Brassica oleracea T F4bRl 2558
9 ] H 2% Helianthus annuus R W HEE

1.1.2 358

fird R XUl [UO,(NOy ), - 6H,0] Al 5 AL 5% ( CdCl, -
2.5H0) B 7344l , Wy F I R RHOR = AR 1 24w
113 13

A S DY R RO e L BT = 0~
15 cm 0 4%, L HESRA O RO 4 SEAR PR BN -
pH 6.88, 4 HLJT 18.99 g- kg™, A B BTk 2L , A
435k 41.35.,166.46 .57.03 mg-kg?, PHE a5l
119.79 mmol -kg™,
1.2 gt

ﬁﬁif’ﬁlﬁtﬁti%ﬁl\ﬂﬁﬁﬁﬂﬂ uo, (N03)2‘6H20 0
CdCl,-2.5H,0 SRS 55 L3 . U F1 Cd HI& 0k
PP A S AE Y SR G, M 5] 150
mg-kg™ +H115mg-kg™ -+, — P AEEAL : (NH,);SO,
24.3 9;KH,PO, 7.02 g;K,S0, 24.52 g., 1RG5 1R
Pl T3 KA R 7K S ) 6096, Y- 2 )]
Jr e g 1 o R A o KO BRI AR ( 98
7354 50,15.20 cm), I E A AL, i B4, B A i
#+ 4kg,

BRSSO R 9 Rt W 4 B RS R B R 4
Bl BRELUTS S LIRS IRE L, S iE 1 4
AT FRICER A AL B, Sk 54 B BN 3 Bk



VLIS 5 BB T R R A 1 )

FPIANT , 36 162 Fk . b 2 v e B De K AR R AR
Br A 4 K AR 1Y) 60% 24647, HKHE
FE AU H A R R e A R e B
AR Z R, AT A ST AR I
1.3 SHMER %
1.3.1 AYpmEig

FER RS FHZEME K e, TB4EW T 240K 57,
W 53 A 1l S TS AR S (AR AT 5 e 25
YIRS G T TE A2 AR , MR A MR 48 Bk 25
TR SSOAR S 1 T A 0 2R ) 40 1R 4% i bnic s B
HEAE R 110 CA T 3h,4RJ5 75 CHL T E4E &,
T R-CRF B 0.001) 23 5511000 i b= 358 I35 A
AT i
1.3.2 il o e

PEHERY) o 3R BRZE AR R HUARA Y 43
R PR AR, A A B S I 100 H i B
AFERFREL 0.1~0.5 g (SZBR S LA P B s
5E ), AT B (SH220) T . R IAACK G JEF
WAL, AAT00, 6 [ ) I 22 T4 A b R o
ICP-MS (55 & Hi B & itk {X , Agilent 7700x, 35 [%]
TSN FDME M F i . B E N 3 .
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Figurel Effects of U and Cd on plant biomass
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P L R b A K A2 2 B I R A
Wit R, SRR 2.33 1% VRl AR A
NI A= 4 it (52 M AR T

W I A R aE T SR R
AR ST RETCH B 2E 5 A Sk AR )
H S5 7E Al R Ia R 30 A 2 2] g i,
Bz min K, HATRA YR8 T 60%L
o AR O Al I A 0 A K AR5 i R AR A e
eV NENTZNE

H & 1D Al AT, FE S AR A Y KT X
ML HEARETH LS RRA YRR B2 2
Pl i
22 EYEEH BHEEMEERY

2 2 R 9 AR A B RN ARl
W SRR Fr i, LA P i 35 o T LAt AR 4 1 )

LR, 3 Sk MR S A% Bl 7 A K #)) 820.57 mg -kg ™
DW, by e/ INal % 2 25 W L R B 70.86 i, —H = H
i35 (P<0.05), BLAb, 2538 ARt FR I R A X WA b )
AE 7, FEH R TGN B A 1 S MK T2 SR AR
AL, KNSRIk 638.89.139.51,271.86 mg- kg™ DW.,

FRTEA R YIA N B & R ANER 3 PR, BN T
TR 5 g (364.05 mg - kg™ DW),, {EH: R ANIE
T (PR 25 ) 1) 1 e Ak T AR -, 3R #) 10
mg-kg™ DW, “FE7efl & B 2B s E o T, X
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mg-kg™ DW, H SRR & i i o 25 bR, 53R |
3k VBT AN TR AR DL W
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O Fofv b %t 1 14) e AR ARCR WL 4 AE AR BB )t
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Table 2 U concentration in different parts under U and Cd treatments

2 No. HIMIFIK Plant species i’mj:%ﬁﬁ?\n :gA'blfg;{?glg%t\Jlnd parts/ mﬁfjﬂfﬁglsg)xge/ i@;ﬁiﬁ;r;girg\(;\l;nd ri{figlolt;l\lllv
1 #3k C. esculenta L. 87.722+7.658a 146.096+6.912a 820.570+12.923a 296.475+11.95a
2 EHFER S. involucrata 18.557+1.580cd 139.513+10.444a 638.891+8.070b 271.858+6.605a
3 BT AL calamus L. 47.951+1.584b 24.482+6.071b 456.650+13.090c 96.848+2.426¢
4 [i] H %% H. annuus 1.500+0.092¢e — 103.393+6.633d 10.578+3.105¢ef
5 #1.% |. batatas 17.102+2.202cd — 87.384+6.842d 23.26+0.901de
6 JEI# 2 D. Transversa 38.78+2.951b 27.353+3.364b 44.422+4.852¢ 33.121+2.143d
7 W3 A. macrorrhiza L. 38.314+3.154b 31.908+1.547b 67.082.355de 35.884+0.752d
8 A2 S, tuberosum 3.223+0.252de 2.163+0.435¢c 42.776+4.726¢ 3.739+0.386f
9 514 B. oleracea 1.272+0.324f 1.426+0.310d 11.579+0.916f 1.452+0.490f

T R B P8R e 22 (n=3) s ARl 5 B3R 0.05 /R b 22 5 i 25 (LSD 605 ) s “—

T

"R BT TR B TR0 A5 1 T I

Note ; Data in the table showed mean + standard deviation(n=3); Different letters refer to significant differences at 0.05 level (LSD test ) ; “—"there

is no storage on the body of the plant. The same below.
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Table 3 Cd concentration in different parts under U and Cd treatments

FE2 No. HIMIFIK Plant species i’mj:%ﬁﬁ?\n :gA'blfg;{?gé%t\Jlnd parts/ mﬁiﬁi{skﬁ;fé%:/age/ i@;ﬁiﬁ;rﬁg?g&md ri{figlolt;l\lllv
1 #3k C. esculenta L. 64.743+3.924a 34.191+2.022b 337.449+6.824a 73.752+9.781a
2 EFER S. involucrata 72.472+3.862a 95.792+2.964a 41.255+3.411d 59.721+8.763ab
3 B AL calamus L. 3.501+0.662e 8.201+1.803c 364.047+17.436a 51.19+9.40b
4 [i] H 2% H. annuus 13.634+2.401de — 1.042+0.271e 2.143+0.533d
5 #1% |. batatas 42.723+4.574b — 80.971+4.853c 46.589+2.802hc
6 JEI# 2 D. Transversa 28.594+0.813c 37.743+3.914b 29.658+3.107de 33.726+4.067c
7 W3 A. macrorrhiza L. 9.603+2.004de 7.675+1.689¢ 129.486+11.67b 10.280+2.401d
8 THELHE S, tuberosum 18.61+2.601cd 3.266+0.119cd 60.16+5.202cd 8.160+0.568d
9 2514 B. oleracea 5.270+0.523e 2.432+0.982d 22.575+1.661de 11.447+0.500d
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7 0.071, Ui A ZS HE RISl A R . F TR e
S AT TCEBEAR DL FL -3 v AR e B AR
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Table 4 BCF for U in different parts of plants under U and Cd treatments

#5 No. FE YIRS Plant species b 354> Aboveground parts It 5 43 Storage bR 543 Underground parts Bk Total
1 3k C. esculenta L. 0.585+0.151a 0.974+0.046a 5.470+0.306a 1.043+0.147b
2 EHFER S. involucrata 0.124+0.013c 0.930+0.116a 4.259+0.167b 1.812+0.111a
3 B AL calamus L. 0.320+0.011b 0.190+0.040b 3.044+0.274c 0.646+0.016¢C
4 [i] H 2% H. annuus 0.010+0.001e — 0.689+0.178d 0.076+0. 021ef
5 #1.% |. batatas 0.114+0.013cd — 0.583+0.113d 0.155+0.006de
6 JEI# 2 D. Transversa 0.259+0.054b 0.182+0.056b 0.296+0.053e 0.221+0.027d
7 ¥ A. macrorrhiza 0.255+0.021b 0.213+0.011b 0.447+0.016de 0.239+0.005d
8 ThEAEE S, tuberosum 0.021+0.002de 0.014+0.003c 0.285+0.045e 0.025+0.003f
9 Z ik B. oleracea 0.035+0.004cde 0.016+0.008c 0.191+0.011e 0.071+0.003ef
x5 M IREEATLEVETEYEHEEERY
Table 5 BCF for Cd in different parts of plants under U and Cd treatments
%5 No. FE YA Plant species b 354> Aboveground parts 58 77 Storage bR 543 Underground parts Pk Total
1 #3k C. esculenta L. 4.316+1.061a 2.280+0.410b 22.497+0.921a 4.917+0.852a
2 EFER S. involucrata 4.831+0.725a 4.608+1.933a 2.751+0.427d 3.981+0.784ab
3 BT AL calamus L. 0.233+0.044e 0.547+0.129¢ 24.270+3.829a 3.813+0.636b
4 [i] H %% H. annuus 0.909+0.294de — 0.070+0.018e 0.143+0.036d
5 £1 2 |. batatas 2.848+0.505b — 5.398+0.657¢ 3.093+0.453bc
6 4 2 D. Transversa 1.906+0.054c 2.516+0.564b 1.974+0.408de 2.249+0.272¢c
7 ¥ A. macrorrhiza 0.641+0.200de 0.511+0.138¢c 8.633+1.678b 0.742+0.133d
8 T2 S, tuberosum 1.241+0.173cd 0.218+0.009c 4.011+0.347cd 0.844+0.038d
9 515 B. oleracea 0.351+0.035e 0.162+0.080c 1.905+0.112de 0.723+0.033d
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Table 6 U and Cd TF in different parts under U and Cd treatments
2 No. PRI Plant species ) Acd)
TF1 TF2 R TF1 TF2 R

1 3k C. esculenta L. 0.178+0.004b 0.597+0.125cd 3.350 0.102+0.019b 1.888+0.234bc 18.510
2 E35 R S. involucrata 0.219+0.030b 0.133+0.004d 0.607 1.633+0.413a 1.120+0.262cd 0.690
3 By A calamus L. 0.062+0.009b 1.736+0.373ab 28.00 0.022+0.006b 0.481+0.212d 21.860
4 JEIHR 2 D. Transversa 0.653+0.314a 1.541+0.713b 2.350 1.327+0.451a 0.785+0.182d 0.590
5 ME3E A, macrorrhiza L. 0.476+0.027a 1.206+0.154bc 2.582 0.059+0.009b 1.309+0.449cd 22.190
6 LA S, tuberosum 0.052+0.018b 1.513+0.207b 29.090 0.055+0.007b 5.695+0.686a 103.550
7 K% B. oleracea 0.085+0.041b 2.439+0.854a 28.690 0.085+0.041b 2.439+0.854b 28.690

fie S, 1RI6ZE T SPSS Statistics 22 Frfkxt 9 Rl
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Figure 2 U and Cd accumulation amounts under U and Cd treatments
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Table 7 The complex scores of different plant species

HEiR A4 Plant species ZRET N3 Complex scores g4 4y Total

cd scores
EFEHL S. involucrata 1.195 0.834 2.029
3% C. esculenta L. 0.384 0.641 1.024
B AL calamus L. 0.174 0.337 0.511
£125 |. batatas -0.801 0.330 -0.471
TLEATE S, tuberosum -0.451 0.071 -0.380
Hi”*ﬁ%ar'{s\zis:orea -0.128 -0.128 -0.257
K% B. oleracea -0.405 -0.405 -0.810
WEEE AL macrorrhiza L. 0.094 -0.651 -0.556
1) H 2% H. annuus -0.744 -1.028 -1.773

gk, A BT R R i i R K

PR B AR ZE A W R AR R Y B
FAK, LRGN R ERE s HR 5 H A 430
2 IA] A% 0 RE R A T ik AR M i s i
(345 S 45 TR 2 B o I Hh K 2 BU ) i AR
i BE SRR T M ARG , s HR s K AR
S B S T ARG, UL RA AR T,
ANZS Sy MR ER e i 28 HAth 7 HL 3 2 R vl
R TGRS TR, Y ZE B RN 2 DR
Ml B0 8 1, 38 T RE AR PR R X A Ak
BZ A e B P ARG R S B RS
BRI I 45 S — 35020, i L A s I S50 1] U 1) s s
FBCRIE JHS ) b b FB 0 FE 2 RECR L, WRGR K
Bl GREE AR IR T A R ARE ). X T REEAEDY)
FEMSTHRESEAENREZ —, HERER
A P — 3K
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