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The Responses of Plants to High Concentrations of Strontium, Cesium Stress and the Screening of Remediation
Plants
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Abstract : Studies of the resistance and accumulation ability of different plant species to strontium(Sr) and cesium(Cs) has important theo—
retical and practical significance for the bioremediation of Sr and Cs contaminated soil. The resistance and enrichment ability of high con—
centrations of Sr(500 mg Srekg™) or Cs(500 mg Cs*kg™) in thirteen plant species were investigated and evaluated in this study, in order to
screen remediation plants for governance soil Sr or Cs contamination. The results showed that: (1)The sesame (Sesamum indicum) was
strongest resistance to high concentration Sr stress, followed by sunflower( Helianthus annuus ), ved circle leaves amaranthus(fresine herbstii
*Aureo-reticulata’ ), Chicory ( Cichorium intybus ), Hollow lotus seed grass (A lternanthera philoxeroides ), summer squash ( Cucurbita pe—
po), water spinach (Ipomoea aquatica), okra (Hibiscus esculentus ), Sorghum (Sorghum bicolor), malabar spinach [Gynura cusimbua (D.
Don)S. Moore], willow amaranth (Amaranthus mangostanus ), Snap bean ( Phaseolus vulgaris ), pigweeds ( Chenopodium album); (2)The
sesame was also strongest resistance to high concentration Cs stress, followed by water spinach, snap bean, hollow lotus seed grass, summer
squash, okra, sunflower, willow amaranth, red circle leaves amaranthus, pigweeds, malabar spinach, Sorghum, Chicory;(3 )summer squash
had the biggest of Sr accumulation amount, transfer factor( TF value ), the Sr accumulation of unit acreage and the aboveground organs in the
thirteen plant species; (4)Chicory had the biggest Cs accumulation amount and TF value, and pigweeds had the biggest Cs accumulation of
unit acreage and the aboveground organs, followed by hollow lotus seed grass. Based on the resistance and accumulation capacity of these
plants to Sr and Cs , summer squash, Chicory, malabar spinach and okra can be used to repair the high concentration Sr contaminated soil,
and pigweeds, Hollow lotus seed grass, and sunflower can be used to repair of the high concentration Cs contaminated soil.

Keywords: strontium stress; cesium stress ; plant responses ; remediation plants;screening

Wi B HA:2012-10-16
EETA . =L & SRR H (B3120110001 ) 5 VU148 A9 505 I5 A F 5 otk TREERBIFSE T R iOE 4 e Bl
EE R k4 (1958—), 5, WUIEHEE A, 8% . WF95 7 oA TS YR s A B & . E—mail : tangyongjin@swust.edu.cn



RS R FTHI RSRIE Sr.Cs WS RS 552 Wi 961

TEAZ L il SEAZ SO, Sr Cs S UM MEAZ RN 1+
SEAEPRIE RIS Y 7 U N SRR A PR AR
PR AZ5 Ge L3 e AR B DI SE nl A7 7 04,
ANFIFEHIXS Sr.Cs WIS B AL RE AN [R)E-12), G e 4T
Sr.Cs MHEFEERE 50 | THIRSCRIF R Y2 AEY)
BRI E LN FEFRTJZ(0~20 cm)Sr F Cs
B2 & 50l & 167 mg-kg™ Fil 8.24 mg-kg™™, H
FUBFFEAR e 75 gL iR BEALAIR , Ak BRI TR) A, 32 3k
A TS S A BRAL I B 580, XA M MR 2K
SO o WFTEAEIXS B R B Sr. Cs MR F e 1y R B A
LR RIR I S RE T T i S A, v] ik
J¥ Sr.Cs {54 HIEMB IR RIS AT %

1 #MREFE

1.1 B H

RUERF SN2 4, PR E MR R AR T 1
BER LRI YA B8 I p e, s
R IRENE Sr Ml Cs FUTHURE Se Al Cs, BTG
432 Sr(NO, ), Fil CsNOs, 2R 434t

F 1 BF A A WIS 0se RFE RS R A TR B A
REERL DR AERLEE X WCs 1 TF BRI BERL
FRZERE DERLAE, AR B SR S SRR T
(A maranth) LI U8 (Iresine herbstii ‘Aureo—reticula—
ta’) F A5 0 3 F B [Alternanthera philoxeroides
(Mart. ) Griseb.], ZZF} 1 JK K 32 ( Chenopodium album
L), P E (Cichorium intybus 1..) F[m H %
(Helianthus annuus ) , 5 5% B 8 B 3% (Hibiscus es—
culentus ) , B KB 19 2 BK (Sesamum indicum ) , 7% 2%
BHW AR B3 [Gynura cusimbua(D. Don)S. Moore], & 1%
B PG 7 (Cucurbita pepo L.), RAFLH = 3
[Sorghum bicolor (L.)Moench] . Z.F} ) 147 & ( Phaseo—
lus vulgaris var. humilis Alef), BELEE} ) ZE K (water—
spinach) , 31T 10 BE 13 R
1.2 ARFE
1.2.1 555k

R 2 LGB R SR [R] M BE Sr BXC Cs
A 8 o )0 N A e i O L i B S T v T
43 Bt FH 4% 2 500 mg Sr.500 mg Cs, L 0 Zb3 Ayt
HR(CK), 13 FifEy, Jit 39 Fhsb B, 5 IRE R . 7%,
SR O EAR 165 mm, 5 130 mmo B 1 kg T 401k
B 7E VY i R R A A% R A WO 16 37 ke R R RL R
PR AT

G O R S A L, Se Cs B RN

47.96.11.14 mg kg™ ,pH 7.5(L:7K=1:1) , A ML & &
31.6 g-kg™!, RABEHUKICHN 2.57.0.985.17.9 g- kg,
TR R A R R 43 1A 302.33.288 mg kg s
T3 1.4 em T AL, T 2011 4F 3 5 HARE T
RIS % R R, AR 340 mL A R
oI K (CK) , (i R HENI T iR B f A K i, PRIE S
T A5 Y

ZNZF AR - EAE I A Tl 8 JE, 25 4 3
W B J A (25 03t B AARL D R 25 6 F1 i 2 ST
AL H R R 6 MR- B 1~2 d BEK 1 IR,
PRAE B8 B TR K 1 60%~70%, #5403 —
o RS 70 d WK WO 1 RINE AR R A
ISR A7 TR AR T v (A ) FNER 4. 41l
R EBSCER, Se A koK i e s, R Ak IE B
FHWE SR AR FARR K 3 o AR S AE 70 CHt
E U 7S i 71 1 71 U = o 7 T e
1.2.2 W A HaE vk

W25 ZEAH X 3 1 B H AR 7™ SPAD-520 M4 R AY
WSE o AEY) T4 53 b A T 3R , Ry B 2 /IRy
KIJG, 767 BB K2 o A I o B R A
MILESTONE 7 &) 7= ETHOS ONE Tl % 7 fif b 11 i
E ARG S E = AAT00 5T IR MO (S0 i R AN 4
T,

PR TR 8 i 7 48 5l A% 25 ) A= RN 18 88 BI
(%) =1 Z b FRAE P PEIRAA CK AL FEAE P MR ) x
100, BI=100 F/R R AL BIZMR S CK A H A
4K, BI>100 F /8 1% 2 AN PR Z R RAE e CK 35,
BI<100 £/ R AP IZ MR T CK 98

W SRR e (T/R )= A4 M 3819 o Hh 5%
BRI N T iz R

R E SR =(Y B YR P R RS
S BT E AR T A% R
RS )/ F T E T E)

TN R AN R () =AE S i T (%)

T b A SR (D) =AY A K i
P EFE (4D

BREB R TF=MY TR RS &
(mg-kg™ DW)/iZA% %= 5 (500 mg kg 1)

2 BRI

2.1 BT Sr.Cs BB B iz
PL O AL BRAEITEIRAE N 100%, AS[ERLIIAS [RIE
PRXTEHR B Se . Cs WHEA AR MR (£ 1.3% 2). 78



962

RAIMER F 2 IRV T R

R Se TR, MBS ZE S R A AT
ESNUE S SR TN S Y Sl A B i Rl N
(R T R TR R BE Cs A T, ZLIR it i A2 1
X 6 MEARFE R UL TR R o e 28 H B AT AR 0
AP RTSE S5 1 . AR, S IE Sr 5
I A- Sl W A - 218 D A g SRk 2
HE B VR BT AR G TS im T Cs TS L35
MR | L JBR0  D R R BR AR P A0 52 8 7
e X SEAR YR AE B2 W Sr 2 Cs 15 Y410 L 3
BF, XTI T . ARSI T, = B (5.0 mmol -
LS. Cs W38 8 X8 S AL 4)y i 4 3% 25 5 F0 T 5 LU
HERRAROL ARWFSE R, 7E 500 mg-kg™ R Sr.Cs

BT, AR SRR S &M T EE ARk,
Sr b i BERKZE AN Lk o N, ) H 2RS4
ErEUD PR T E N, KRS SE T E > (F
1);Cs B (AR R AR 28 3 S s, 21 (3 - i 45
M2 2 Bl /b s 2RSS T B3I, 451 55 T H b
(#%2),

AT PR T A7 A S BEAN AR %o A% 2% i 3 1
JLN 0 ABFEA PG S TE R, A 4 7 e o e PR A
YIBiIbaE RE SRR bR . 22 1 BoR, BREE Sr A
20K ) H S AET [ i AR 2 e 2 B 1 ) Ji
L, A ) S i ) 671 1) SN o BT Se JBibIE B 75 55
MUK I 22 R > ) H 25 S Z1 (R 10> 44 15> 25 O F B>

xR 1 EYMHEIRXT S BB RN R 32 (BI/% )

Table 1 The biological index of plant traits under Sr stress(% )

HEAIFI Plant species ik gk HeRa R i At G
Emergence Survival — Chlorophyll content  Seedling height Live leaf number per stem Dry weight/pot
WO BE Amaranth 70.4 39.1 87.7 88.1 94.3 71.6
LTRIM W Tresine herbstii* Aureo—reticulata’ 46.7 43.9 92.6 1105 118.9 100.9
25 UYE T Alternanthera philoxeroides 100.0 100.0 102.4 90.0 100.9 95.7
KRHZE Gynura cusimbua(D. Don)S. Moore 100.0 100.0 99.8 84.5 100.0 72.7
S4B Cichorium intybus L. 70.9 100.0 100.4 107.5 112.9 98.6
WFKZE Hibiscus esculentus 100.0 75.0 1113 92.5 157.9 86.9
ZK Sesamum indicum 97.9 175.0 104.9 924 83.2 181.3
JKIKZ Chenopodium album 1. 100.0 88.0 90.7 84.6 92.7 67.7
PUHI Cucurbita pepo L. 100.0 90.0 107.1 112.8 100.0 90.6
3R Sorghum bicolor(1..) Moench 100.0 85.7 101.1 94.0 96.0 81.6
VUZE TS Phaseolus vulgaris var. humilis Alef. 94.7 88.9 98.4 91.5 17.2 69.5
QK waterspinach 71.4 66.7 100.1 101.0 100.0 87.8
[ H 2% Helianthus annuus 100.0 95.0 493 112.0 129.4 121.0

R 2 EYHEIRRT Cs BMBRINARZHEEL(BY/% )
Table 2 The biological index of plant traits under Cs stress(%)

FEHIFIZE Plant species iR ﬁﬁ& e it —Eﬁ% ] ) FEs AL ﬁ%:i
Emergence Survival — Chlorophyll content  Seedling height Live leaf number per stem Dry weight/pot
WO UE A maranth 100.0 30.4 88.7 61.2 70.2 29.6
LTEM W Iresine herbstii‘ Aureo-reticulata’ 85.0 415 77.4 59.2 77.8 26.9
2505 Alternanthera philoxeroides 100.0 100.0 108.2 85.7 93.2 79.1
KHZE Gynura cusimbua(D. Don)S. Moore 100.0 100.0 129.9 56.2 74.4 232
3§E Cichorium intybus L. 82.1 28.0 93.3 58.2 96.8 7.1
WFKZE Hibiscus esculentus 100.0 100.0 88.4 72.6 136.8 473
ZK Sesamum indicum 87.2 125.0 89.8 52.5 68.8 119.8
JKIKZE Chenopodium album L. 100.0 100.0 79.7 68.6 96.1 25.3
PUHI Cucurbita pepo 1. 95.0 100.0 100.4 81.3 0.0 47.7
=15 Sorghum bicolor(L..) Moench 78.6 64.3 101.1 55.4 84.0 13.8
VUZE . Phaseolus vulgaris var. humilis Alef. — 100.0 100.0 105.9 935 84.5 96.2
ZEE waterspinach 82.9 96.7 107.2 116.2 111.8 115.0
i H %% Helianthus annuus 100.0 100.0 100.9 33.1 8.8 35.8
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Table 3 The plant absorption, transportion and accumulation of Sr

KR M FFR O MR ER S iR LizL73 R%/mg-ﬁ-' Hh h%ﬂ;%/mg-@-' R R

Plant species Top c()ftent/ Root (:(i]ntent/ T/R Plant (:t)lrltent/ Plant accuml{}atlon/ Top ac(:umukltlon/ T
mg kg’ DW mg kg DW mg kg™ DW mg* pot mg* pot
MY Amaranth 3299.7 646.2 5.11 2 835.45 27.89 27.59 5.67
ZLIRIM 0 Tresine herbstii* Aureo—reticulata” 2 712.0 814.6 3.33 2 423.69 37.83 33.81 485
250 FET 5 Alternanthera philoxeroides 44319 1 760.4 2.52 3259.87 33.51 25.57 6.52
AREZE Gynura cusimbua(D. Don)S. Moore 5 285.9 600.8 8.79 4976.99 58.88 58.41 9.95
B4 Cichorium intybus 1. 4 363.1 462.9 9.43 3 747.03 62.39 61.17 7.49
WEKZE Hibiscus esculentus 73514 1202.9 6.11 6 902.30 54.80 54.11 13.80
Z K Sesamum indicum 6 814.6 16599 411 6 496.24 49.44 48.66 12.99
JKIRZE Chenopodium album L. 1574.0 497.3 3.17 1 463.31 26.05 25.14 2.93
FEEA Cucurbita pepo L. 13 456.88 945348 142 13 299.39 101.47 98.64 26.59
=5 Sorghum bicolor(L.) Moench 3 748.03 109035  3.44 3 320.44 47.88 45.35 6.64
VUZE . Phaseolus vulgaris var. humilis Alef. 9 621.05 487568 197 9 201.52 46.84 44.64 18.40
%K waterspinach 7 476.44 427863 175 6 851.13 27.68 24.29 13.70
Il H¥8 Helianthus annuus 4764.70 214347 221 4602.39 49.79 48.36 9.20
=4 EHWX Cs FIRY FEBERE
Table 4 The plant absorption, transportion and accumulation of Cs

A ) . M B MR L7/ '{‘Eﬁiﬂ:{%’:/mg'g" iﬂifﬂ%’:/mg'.ﬁ?{" BT ZHL

FEPIFIZE Plant species Top content/  Root content/ T/R  Plant content/  Plant accumulation/ Top accumulation/ "
mg kg’ DW mg kg DW mg kg DW mg* pot” mg*pot”™!

W98 A maranth 4836.8 33395 1.45 4 643.5 18.34 16.64 9.29
LIEM W Tresine herbstii‘ Aureo—reticulata’ 7 858.1 7 065.6 111 7 763.1 32.37 28.83 15.53
250 FHE Alternanthera philoxeroides 9 186.5 3398.1 2.70 6 786.6 57.62 45.66 13.57
KHE3E Gynura cusimbua(D. Don)S. Moore 4 190.0 58742 071 43239 16.34 13.99 8.65
B Cichorium intybus L. 15 745.9 156044 101 15 719.7 18.71 1527 31.44
WFKZE Hibiscus esculentus 45989 8 990.3 0.51 4975.0 21.49 18.17 9.95
ZIR Sesamum indicum 3108.7 8 623.6 0.36 3251.2 16.35 15.23 6.50
JKIKZE Chenopodium album L. 13 026.8 7 063.5 1.84 12 496.9 82.98 78.81 24.99
PU#I Cucurbita pepo 1. 10 665.14 10 665.14 42.87 21.30
5% Sorghum bicolor(L..) Moench 4 386.55 3 687.54 1.19 4216.83 10.25 8.07 8.43
PUZEE Phaseolus vulgaris var. humilis Alef. 5 510.06 7072.60  0.78 5732.01 40.35 33.28 11.46
ZEE waterspinach 5635.73 574163 098 5 657.15 29.93 10.88 11.31
1) H% Helianthus annuus 14 44084 1187322 121 14 216.17 45.49 42.17 28.43
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