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Uptake and Transfer of Cesium in Gynura cusimbua

Growing in Four Types of Soils
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Abstract : Soil types have important influence on the biomediation of Cs contaminated soil. In order to inves-
tigate how soil types affect the absorption and transfer of Cs in Gynura cusimbua (D. Don) S. Moore, we
cultivated G. cusimbua in four types of soils which are Purplish,Paddy,Red and Yellow from Sichuan Prov-
ince,respectively,and then soils were treated with different concentrations of CsCl (0,20,40,80,120 mg *
kg™') after three-leaf stage. The Cs content in roots,stems and leaves were analyzed after 10,20 and 30 d,
to explore the possible correlations between the bio-enrichment of Cs,soil pH value and soil bio-available
potassium. The results showed that:(1)in four types of soils,Cs content was significantly positively corre-

lated with the treatment concentration and time,and there were obviously differences in G. cusimbua among
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the different organs,and the order of Cs content from high to low was roots,leaves and stems, which mean

that the organs of G. cusimbua had accumulation ability of Cs. (2)In different soils, the bio-enrichment co-

efficient and transfer factor of G. cusimbua were quite different at each treatment stage. The G. cusimbua’s

abilities of bio-enrichment and transfer increased at low concentration before 20d, and then decreased.

Meanwhile,in the four soils,G. cusimbua’s bio-enrichment of down-ground parts outweighed its up-ground

parts,and plant had the highest accumulation of Cs in Yellow soil. (3) There were some correlations among

the bio-available potassium, soil pH value and cesium accumulation of G. cusimbua. Compared with other

three soils,G. cusimbua had the highest Cs accumulation in Yellow soil because of its natural soil pH value

and low concentration of bio-available potassium.

Key words: Gynura cusimbua ; cesium;soil type;bio-enrichment
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Table 1 The pH value, bio-available K and original

Cs contents were measured in four type of soils

S Ak B A L
HIAA pH il ﬁfﬂili o i
Soil type pH value ; ) Cs/(mg+ kg™ 1)
/(mg -+ kg™ 1)
%45 + Purplish soil 7.9 99.00+5. 12¢ 0.21%£0.02d
JK#E + Paddy soil 7.4 212.00+8. 34b 0.8640.09a
£13% Red soil 5.6 324.67+11.66a 0.5240.06b
T Yellow soil 6.9 48.3643.71d 0.3740.02c

T [FFAR NG 7 B 3678 R )+ 3 28 A 2 5754 0. 05 B K.
Note; Different normal letters in the same column indicate significant

difference among soil types at 0. 05 level.
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Fig. 1 The biomass of single plant under different CsCl
concentration treatments for 10 d(A),20 d(B) and 30 d(C)
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Table 2 The cesium content in roots of G. cusimbua seedlings with different CsCl

concentration treatments for 10— 30 day in different types soils

Cs £t Cs content/(mg * kg™ 1)

fib HE i [] . ‘CSCH&E{F _
Tl;?;ten/lzm (,sf,(lrg(g)n.ciztr?t;on %b@j: ‘ 7J(7F'F“1'j:A ?T% o .
! Purplish soil Paddy soil Red soil Yellow soil
CK 12.3740.58e 10.60£0. 32¢ 10, 7740. 63e 23.0740. 13e
20 151.79+1.19d 162.16+1.71d 120.79+0.31d 602. 2344, 25d
10 40 351.47+3.71c 256.36+3. 76¢ 329.54+0.67c 1092.6540.19¢
80 531.76+23.62b 272.13+0.41b 352.76+2.10b 1378.03+1.96b
120 1570.13+21. 4a 656.79+2.32a 966. 8142, 62a 901.7741.53a
CK 15.27+0. 63e 12.85+0. 62¢ 20,0340, 08e 17.06+0. 15¢
20 185.18+3.81d 184.79+3.81d 275.90£2.39d 687.94+6.19d
20 40 391, 4040, 93¢ 369.71+3. 81c 381.99+3.78¢ 1157.65%5.58¢
80 443.05+2.09b 530.59+4, 85b 805.16+4. 48b 1402.06+11.74b
120 743.86+2.82a 681.29+8.79a 1005.58+12.95a 1549.07+3.68a
CK 20.2540. 80e 13.47+0. 23¢ 22.6540.55¢ 34,2940.93e
20 302.7245.21d 289.59+8. 64d 311.7240.81d 815. 7444, 2d
30 40 430.784+1. 81c 484, 4443, 66¢ 428.2042. 23¢ 1247, 45438, 56¢
80 502.51£3.47b 664.81£8.14b 982.06+5. 80b 1591.9545.39b

120

766.3812.67a

774.99£5.71a

1171.90+4.13a

1693.71+7.08a

T« [ G A ] NG B 7R AN Ab B 22 535 0. 05 35K F5 T I

Note: Different normal letters in the same column indicate significant difference among different Cs concentration treatments at 0. 05 level. The same as below.
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Table 3 The cesium content in stems of G. cusimbua seedlings with different CsCl

concentration treatment for 10— 30 day in different types soils

fib P ] CsCl ¥ g Cs #1 Cs content/(mg * kg 1)
Tl;?rz:en/lzm (,sf,(lr:g)n.ciztr?t;on %b@j: ‘ 7J(7F'F“1'j:A QTQ o .
! ! Purplish soil Paddy soil Red soil Yellow soil
CK 1.3940.09e 7.57+0.62¢ 8.5440. 68e 1.7740.01e
20 52.7841.88d 93,6442, 89d 97.6140.69d 340. 6546, 10d
10 40 164.24+3. 25¢ 115.64+4. 29¢ 273.46=1. 14c 457,12+38. 08¢
80 286.69+0. 14b 258.26+1.57b 297.20+3.55b 648.77£3.90b
120 244.974+3.31a 596.50+2.99a 298.95+1.50a 582.244+0.55a
CK 9.37+0.51e 10.73£0.07e 13.7540. 40e 2.73+0.05e
20 72.9840.93d 107.10£1.55d 77.87+0.92d 381.49+1. 34d
20 40 216.98+2.51c 216.61+1.87c 165.64+1. 35¢ 581.71£7. 49¢
80 301.7340.61b 361.65+E7.77h 304.31£2. 64b 731.60%2.50b
120 335.14+1.97a 515.73+2.57a 356.68+3. 45a 816.00E5. 45a
CK 14.68+0. 27¢ 28.63+0.63e 27.8240.58e 10.89+0. 52¢
20 80.19+1. 24d 125.39+3.72d 154.56+0.79d 436.9242.49d
30 40 177.33+2. 45¢ 272.1745.,33¢ 172.77+2.06c 583.0141.72¢
80 324.82+1.34b 434,54+3.16b 420,99+2.11b 797.794£5. 24b
120 384.79+3.65a 538.89+5.03a 495,27+3.71a 845.39+3.93a
x4 AEARBLEDACCILAE 10~30dAKEEHFH CsEE
Table 4 The cesium content in leaves of G. cusimbua seedlings with different CsCl
concentration treatments for 10— 30 day in different types soils
ST CsCl ik Cs & Cs content/(mg +» kg 1)
Dt O oneanirgtion ROt KL =3 S
! ! Purplish soil Paddy soil Red soil Yellow soil
CK 1.5540.03e 12.37+£0.58e 10.5940. 41e 2.67+0. 26e
20 76,9540, 45d 174.46+4.85d 141.02+0. 68d 532.29+8.12d
10 40 174.57+2.10c 284.81+2.59¢ 359.974+0. 34c 603.26+4. 65¢
80 396.10+2. 81b 505.10+0. 82b 502.63+1.19b 788.47+3.83b
120 403, 0640, 68a 270.00+21. 44a 459.6942.01a 879.83+2.40a
CK 11.97+0. 2de 14.56+0. 48e 17.3240. 49e 4.39+0. 26e
20 133.47+1.63d 246.30%3.93d 181.41+1.15d 591.64+5.53d
20 40 262. 1842, 75¢ 475.89+3. 86¢ 296.72£2.32¢ 865. 5944, 03¢
80 412.1142.05b 654.94+1.71b 571, 5745, 80b 887.93+4.39b
120 424.32+3.32a 1329.43+5.48a 635.03+3. 40a 1026.69+12.69a
CK 16.42+0. 1de 18.33+0.51e 25.70%0. 36e 8.95+0. lde
20 146, 95+1. 66d 304.73+3.37d 128.86+1.06d 645.83+4.07d
30 40 277.20+3.55¢ 484.384+1. 65¢ 330. 9345, 05¢ 920.40+4, 76¢c
80 156.18+0.59b 1050.74+19.21b 594.24+3.15b 1.060.38%+7.59b
120 476.75+0. 32a 1434.80%7.85a 670.59+5. 45a 1165.23+7.07a
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Fig. 2 Cs accumulation of single plant under different

CsCl treatments for 10 d(A),20 d(B) and 30 d(C)
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Table 5 The up-ground and down-ground bio-enrichment coefficient (BCF) of G. cusimbua seedlings

with different CsCl concentration treatments in different types soils for 10— 30 day

|- & 4 & 3 Up-ground BCF

R & 4 2% Down-ground BCF

WANE CCIRIE
Treament Cfleonemmaton gt kit o1 st ¥at KR s s
! / Purplish Paddy Red Yellow Purplish Paddy Red Yellow
CK - - - - - - - -
20 3.17 5.91 5.86 21,11 7.51 7.77 5.89 29.56
10 40 4,22 4,72 7.87 13.11 8. 74 6.27 8.13 27.06
80 4,36 4,50 4.89 8.90 6.63 3.36 4,38 17.14
120 2.76 7.15 3. 14 5.92 13.06 5.43 8.02 7.49
CK - - - - - - - -
20 5.24 8.31 6.03 24.12 9.16 8.85 13.44 33.62
20 40 6.04 8.52 5. 66 18.28 9.73 9.04 9.42 28.67
80 1,52 6.29 5.22 10. 02 5.52 6.56 9.99 17. 44
120 3.19 6.92 4,03 7.63 6.18 5.63 8.34 12. 86
CK - - - - - - - -
20 5.24 10. 64 6.99 25. 60 14,97 13.88 15.19 40. 04
30 40 5.51 9.36 6.22 18.17 10.71 11.85 10. 56 30. 90
80 4. 84 9.51 6.07 11.57 6. 26 8.22 12.19 19. 80
120 3.54 8.15 4.73 8.41 6.37 6.41 9.72 14,07
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Fz6 AREBFTIERFEIRE CsClLIE 10~30 d KEEX CsHEBREY
Table 6 The transfer factor of G. cusimbua seedlings with different CsCl

concentration treatments in different type soils for 10— 30 day

% 28 Transfer factor

Jib 1 1] CsClifkJiE
Thommat S eneiaryon st KL i s
g xg Purplish soil Paddy soil Red soil Yellow soil

CK — — — —
20 0.422 0. 760 0.994 0.714
10 10 0.482 0.752 0.968 0. 484
80 0. 657 1.339 1.116 0.519
120 0.211 1. 316 0.392 0. 790

CK — — — —
20 0.572 0.938 0. 449 0.717
20 40 0.621 0.942 0. 600 0.638
80 0.819 0.958 0.523 0.574
120 0.516 1.229 0.483 0.594

CK — — — —
20 0. 350 0.767 0. 460 0.639
30 40 0.514 0. 789 0. 589 0.588
80 0.773 1. 156 0. 497 0.584
120 0. 556 1. 271 0. 486 0.598

W I 1) b 2 1R RS B RE R .l 3R 6 Al s B
> e

TEE A L P ARE SR Cs BFE RS R BBEAE CsCl AL PR
YA JRE T 38 T T 2 6 0 Dk LI 2 Ak BN 1) A A L A
XL 5 A 28 Bt B =2 AR B4 8 e R AR RS
Xt Cs ¥iz BE T bl Cs A0 B BE 510 18 988 5 Il 5 » I Bl
A IR ] A S 4 T 5 ¥ 0o . A R TR 0 L KRS
T ARE X Cs B He 12 R B[R] — i N BE Cs
ALk B FEE S 0 ek B AT 0 K 114 B H AR KT
i TR R O Bl A BT ] Y S T 2 Y
KU H S FE KRS e Xt Cs 195532 iE 1 5
5, HAE 30 d DI AKX Cs 5212 fE 11 32 i 4 53k »
WA Cs K mh 5z B4 7y . L3R AR H
Fxt Cs (95518 28 BO7E A [ I 399 D9 Bt 2 Ak B 2 114
S0 B 2P 4 0 DR A I i A Ak RN ] A S
X I 5% 32 2R T S W Ul P B Ak B TR Y SE
KA P ARESEX Cs Fein it ) % BRIk, 75 B
H R HSRRT Cs B HERE R BBRAE 10 d i i BEER
Pezh b HoAe im 28 JORl A Ak B A] 9 35 A2 6 45
A2 EL B A Ak B JRE 0 0 T BT

DA EZERRWIARFIER Cs M R 55z mE )
Bl AR B Cs e J3E 19 3 R SE 8 e d HLAE 20 d i ik )
WEEAED o Ji Wl 2 WA AT 5 - S S TR 1) LB 5 » AR B SR AE
s Cs B E S 5B e ) feolk, B L 4L
AR B (A5 26 R A P OR BT Cs 1 42
RE T 2 R 0o & Tt R gy, SR WIAR B 2 R H-
KEAE Cs I EEAT .

PR AN TR 6 70 4 38 22 SE W AL A X Cs 10 W i %
18 AR SCHEFE T RO 5 B A pH AN [R] A 4 Fh 1
R HZEXS Cs 1Y WL #% 32 15 D0 » e Hp sl 500 5
NEESIRR £ > 5 0 > s, pH (HA R
P BT P R LR KR O Bl 2R 3R
Y AR S B - s b R B 4 Cs 19 A A H
Bl A HEAL B Cs e 138 R DL I A B I (8] 19 22 <
T 5 B A TE A 6 6 AR 5 R A A5 F 5 Y D L/
EMEKXS Cs BW 2 R — B, AR A+ 5
O R EESE R B 40 X Cs (W B & i B3 T b
B KW Cs T 2R L AEAR HRME, H Cs 1E
TIE R AR T B 2% B Cs 19 AW A BRI
BRI e R B3 i @ BOA Cs 1w SR L
A 2 AR O R R BRI > 2K 7
KRG A R B R > AR > 25 AR 2 4 ep ) P OAS [ A
HE B A B[] i Bk i 22 S 1Y 3 B2 R A
[Fi) 6 78 - 8 114 245 g 1 2R AL A 55 i S5 UKL XS Cs
T 2 - TS IR AR %) Cs i 5 5852 . JF B
[l A4 L ol 14 0 0 [ o AL 00 1) A T 5 R DA A
YA TE & & B 6 Cs il 5 #% 38 R e 80K
ERL,

TEIKAE i R H S Cs HAT 847 19 5% 2 fig
J1. HEEE Cs 4b P 8] #4242 4 100 72 47 38 0 5 5 e &
Cs Ab PR B2 86 52 BUSE TH )G B 1 a3 . LR 78 R4
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1E T3 Cs YR FZIAF)] 80 mg « kg ' IHA Fr AL, AT BB
JE PR AR W AR 3B 3 Cs 19 31K 0% 7 i T4t Fn L 3¢
PR AR Cs 14 1B 388 M0 R o DA TAT B3 AER A - 32 A
T ER RS R RE T HL A R S R D BT
(3 S X Cs B IR 5% 38 45 2 0L 7 28 6 £ o, R
HEXT Cs AR E KR £ P20, fFELH 20 d
I B (R R B LA R 0 1 P e B R B
TG R KRG £ b i e is R A X RE SR Ol
KRG H 2 i B R B v LR B T
HERE o HE S A A K AL R R HESE X
Cs M52 7E b #E 10 d B 45 i - UL 5 Bt 5 A 34 s [
1 4E KT 3 T B X — 25 R 5 vk P R &
KA R Cs JBhan i 45 R, BiE Cs B Y 1
TR Ak BB [ ) 4E L A BR (9 POD Al CAT 35 #: 2
TS B TS R R sh S AR AL B A AR
F 2 BN\ R ) A7 B4 Cs L is RE )
FHN AR R R 3R Cs 19 542 BE 1 Bl %5 4k
b AR NP GE DR RIS ] SR N R (B R
AR5 X

BEAh s KR gE 0 K 3 i B 7 ad 5% ia bk
YR I, APT B3 H 42, H 5 12§ = A= g
P73 K 1 H A Btk L R By Cs™ i By R i
i D\ - S8 [ M e a2 B WA P . A, Sacchi 2B
FERM L EEMME K #is (H /K A s E )
FExt KT Cs' ] i1 3 £ M I8, DT 15 B Cs ™
MK RS SR Cs™ W 22 5 i
gk — 8, KXy Wl Cs w5 mi -+ 43 &2
#4,Smolder 27 58 3o K B A+ B se 8 58 1 K
Xt BN Cs™ B2 . KIS ge 25 LR W], 4
Vb KR AR B K vk B S KR R
IRF /N X Cs™ By ML S 1T 2 9 W K A vk B
L — 8 KT 12 3 R KR L A A
WA W 22 5 5 H 85 S0 IR 245 R 5K J5 S A2
Ry F 8 v 52 i) B 25 1 oA ) W B R R
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