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Characteristics of strontium accumulation and redistribution in organs of Vicia faba grown on Sr—contaminat—
ed soils
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Abstract: The aim of this study was to investigate the characteristics of strontium accumulation and its redistribution in organs of Vicia faba
grown on contaminated soils. Vicia faba was grown on **Sr—contaminated soils ( simulating *Sr pollution ) under pot culture conditions, and
the accumulation, transport, and organ redistribution of Sr were then analyzed at various growth stages. The growth stages included the
seedling stage at 46 days, the budding stage at 87 days, the blooming stage at 136 days, the podding stage at 151 days, and the maturation
stage at 176 days. The results showed that Sr accumulation by V. faba was significantly greater on soils with a higher Sr content (p[Sr] 25~
100 mg kg™ ) (P<0.05). The accumulation of Sr at various growth stages showed the following pattern : maturation stage >podding stage >
blooming stage>budding stage>seedling growing stage. The bioaccumulation factor (BCF) and the translocation factor(TF) of Sr in V. faba
gradually increased with an increase in growing time. Meanwhile, the distribution of Sr in different organs showed the following pattern : leaf
>stem>toot ( seedling stage and budding stage ), stem>leaf>root>flower (blooming stage ), root>pod >stem >leaf ( podding stage ), and stem>
leaf>root>pod shell>seed ( maturation stage ). Furthermore, in this study Sr uptake rates had a connection with the concentration of Sr con—
taminant in the soil. This implies that Sr has an obvious biological accumulation effect in V. faba, is easily transferred to aboveground parts,
and results in serious pollution of the plant’s organs and tissues.
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1.1 K gE
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VB, A AR L0 B 0 F AR5 YR 565 2 25,
i 1 R AL - 40 B 2 AN Se VR JE R 25,
50,100 mg-kg™ (175 YL K- HHT Sr 1594 K FHAIK,
AT 2.5~40 mg-kg Z[0]), RPZEfER 15 Sr AR
(LA b, SNIEHENY Sr ¥R 25~100 mg-kg™; LA
AREN Sr Ak 4 R A X B4 (CK, Sr AR A K
15.68 mg-kg™) . F#AE+ 2k (FRIARIMG: & 15
em, FAE 20 em) . T HEA LRI ML B A BT
42.04 g kg, MNP K451H 4.16.1.21 434 g-kg™,
RN P K 40518 207.1,.361.4.495.2 mg-kg™, 4= Ca
224 g-kg,Sr AJFAE 15.68 mg-kg™, 135 pH 7.02,

1.2 KW AH*

FE IR FH P R 28 (4 A Sr AR IS G oKF |5
AEE I BEYL 2 ALA R, SN Sr 5 YL rKF-43 51
7 0(CK).25.50,100 mg kg™, #5245 A= 7 I3 43531
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Hh bR 43 Sr it (mg-kg™ T8 )=[Sr]—[Sr]y

W E S R EU(BCEF)=[Sr]u/[Sr] 1

FER8 ZEL(TF )= [Srly 1 /[Sr]y

B 2B R 5 (DF ) R ABERAR B 18] Sr (RS
RET A4 : 25 (DF sye)) =22 (DF g ) ALK
(DFpers)) 2 9628 (DF ) e 70— 28 (DF o))
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Sr FEA B M1 A 43 LS rlsoASr]x 100%

Sr WA A (mg - kg™ - d™ T3 ) =[Sr] /[ £ K I [A]]

% SPSS 18.0 B A%t &5 4f #5477 ) 2% 43 #r , LSD
£ 14, Origin 9.0 1EIA

2 ER5HMH

21 EESE BN SRR REBSHE
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IHIXT Sr % SR TG R 28 (TF ) Y3 3, 5
AW RB(BCR) I 2 F Rk (I 1A), 73518
1.44~5.84(CK) .0.84~2.82(25 mg-kg™) .0.46~2.38(50
mg-kg™) F10.43~2.73 (100 mg-kg™). 4HMJE Sr Ky
100 mg-kg™ B, 72 454 F I HIXT Sr i R 43571
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1) .137.40 mg-kg ' (FFAEH ) . 170.40 mg- kg™ (4532
191)H1 316.28 mg-kg (BN ). 4 HIEHHMNE Sri5
Yy iRy 25~100 mg-kg™ Bf, 2 AE FHHIXT Sr 1)
FRUEE 52 R A S > 235 52 1 > I 78 191> L 7R 30 > 1 0
(1A), SR A BN . Rl B A G AR J I
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G TF:3.64~7.10
| Elnas
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The concentration of Sr in soil

WML, BCF 1 TF ~F 34 E 2 EF" B (K 1B),
X, A LR XS 4 Se HUA R TR Ik BE AL e
71, HA X -8 Sr iy B R RE 54N Sr 15
YK A E DA G
22 SrEREZR/EHRHOE

Bifi - 338 v ZR IR S Y5 YL v BE RN, A S (A=
K46 ) MBLE I (K 87 d)R (25 i Sr i B
RN (P<0.05) , Sr 7E4- 4% 1 I 5% A5 e T S A
SN DRy s pDF e FEE A BT ARGSER | BAAS 1
S B Sr iy BRI S T, 4SS 100
mg-kg™ B, IUEF WA (2K (it rb S R A A E
19.73.40.75 .68.50 mg-kg (5 1), Sr 154 G &%
B RBE S A HIE F] 18.819%~26.90% (HR ) .
24.11%~30.10%( 2£ ) Fl 43.48%~56.99% (M) , fEFLHE
A3 15.30%~25.67% (AR ) (13.57%~40.75% (2% )
F140.79%~53.11% (M), BiBH Sr £ &A% B HH o Fe R
BRI M>ZEAR (] 2),

(R 136 d), AT A4 H (IR (25 (A
16) H Sr ) BB E AL B E RN (P<0.05) , #7 H (819 53
B R BN : DF s >DF oy e >DF o -SRI 1
XLk, A A% A E T B4 Sr(16.73%~
21.35% )R EIAEH, AN Sr ok 100 mg-kg™ ),
A S AEH Sr i B IR B 28.23 mg-kg ' (£ Sr i
) 20.55% ), DF e i5 3 0.62(5 2), TEZEIEWI (A=
K 151 d), EIE(IEFIEFE AR AR+ )rh Sr iy 8
TR BN (P<0.05) , 355 22.26~39.08 mg-kg™'( 5

el T

A HORIR) NG FEERRARIRI SN Sr 5 Yl BE , AN [R] A= 1 I 7 22 53 12 25 (P<0.05) s ANl RS - B R AR R AR B I
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In 1A, different lower—case letters indicate significant difference (P<0.05) between the different growth stages in the same St treatment groups.

Different capital letters indicate significant difference (P<0.05) between the different Sr treatment groups in the same growth stage.

In 1B(Radar chart) show that the bioaccumulation factor(BCF) and the transfer factor(TF) of Sr in the different growth periods
B 1 REAEEFREMTED SRR BRl

Figure 1 Accumulation and transfer characterization of Sr in the different growing periods of V. faba
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Table 1 Distribution of Sr in the different organs of V. faba at seedling and flower budding stage

B Growth stage —— B8 Eh Sy B Sroaccumulation in different organs/mg-kg™ T H

H2 Root 2£ Stem H Leaf
i Seedling stage(46 days) CK 6.06+0.26¢ 6.69+0.66d(1.10)* 9.80+0.10d( 1.47 )%
25 6.43+0.15¢ 10.29+0.21¢(1.60) 17.47+0.23¢(1.70)
50 8.50+0.35b 11.24£0.25b(1.32) 22.28+0.32b(1.98)
100 9.50+0.56a 12.11£0.25a(1.24) 28.63+0.64a(2.36)
AW Flower budding stage(87 days) CK 13.43+0.06d 13.57+0.36¢(1.01) 22.79+0.21d(1.68)
25 17.80+0.55¢ 25.57+0.40b(1.44) 29.87+0.31¢(1.17)
50 25.67+0.47a 24.81+0.06h(0.97) 42.85+0.65b(1.73)
100 19.73+0.25b 40.75+1.36a(2.07) 68.50+£0.76a(1.68)

T [/ — 3R /NG PR IR 22 53 8.3 (P<0.05 ) 3% RIR Dy ¥ FOR DFjsre Rl

Note: Values labeled with different letters are significantly different under the various treatments(P<0.05). * indicate DF oy, ** indicate DFjgen. The

same as below.
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Figure 2 Distribution ratio of Sr in the different organs of V. faba in
the seedling and flower budding stage

MR 21.25%~31.24% ) \DF g 43k 0.86~1.85, B i
= TIACAAE T Sr i R TLRE(GR 3), Uk
AT AR AR ZE e Se i) R E R 430
>4 39.03 mg kg™ (12.34% ).105.10 mg 'kg'1(33.23% )

A1 127.30 mg-kg'(40.25% ), [RIA, B 3 H AMJE Sr
5 YL B RGN, AR e Ae Hh Sr i BB B,
ik #] 13.65~32.34 mg -kg™ (& B R A 10.22% ~
15.47% ) , S5 TERAXT E , il &2 52 (L3 72 A,
BT ) Se g RSN T 11.18%~27.80% (%
4) (BB Sr R TCH R 2816 (P>0.05) Itk
Hh,Sr fER A E T BERE L (E 3) RN
ZESHSHISTEFAER]) R > T3> 28> (453523 ) Al
ZESHSHRSTEFESFI T (R ) . Sr A B a4 F A
WA E TR BRE S et R Bl AR R
W Sr TR BB S s B (e E5t ), &
FOX LR E S ) BB E B E (A 4),
2.3 EXT 118 Sr R R

Bifi - 33 Se V5 YL B RIEIN, TR O R F I
1, A EAR R 3 Se i IR ISGHE R 2 B SE i (P<
0.05), 245MJE Sr 2 100 mg-kg™ I, 25 I 4 ) B AR i
HRA AT 1.092 mg-ke-d' (P ) . 1.483 mg kg™~
d(IEEHT) . 1.010 mg'kg_l‘d_l(%%,ﬂﬁ ).1.128 mg'kg'l'
A (L5 ) 1.767 mg-kg™ - ORI, J2 % BEZH 1Y

R2 ST EREAERERE PSS

Table 2 Distribution of Sr in the different organs of V. faba at blooming stage

KB Sr BFHE Sr accumulation in different organs/mg-kg™ T H

HEH BT Growth stage AN Sr/mg kg™

2 Root 22 Stem H Leaf 1€ Flower
JF4E3] Blooming stage(136 d) CK 16.67+0.38¢c 19.73£0.23d(1.18) 17.93+0.86d(0.91) 14.76+1.24¢(0.75))#
25 20.96+0.44h 27.49+0.26¢(1.31) 19.82+0.43¢(0.72) 17.5320.29b(0.64)
50 21.57+0.12b 30.47+0.90b(1.41) 34.07+0.25b(1.12) 17.30+1.21b(0.57)
100 25.07£0.31a 45.24+0.74a(1.80) 38.860.12a(0.86) 28.23+0.17a(0.62)

T # R DF s
Note : # indicate DFjgoyersen-
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Table 3 Distribution of Sr in the different organs of V. faba at podding stage

KB Sr BFHE Sr accumulation in different organs/mg-kg™ T H

HEH I Growth stage SN Sr/mg kg™

2 Root 2% Stem H Leaf 3 *pod
£E3528] Podding stage( 151 d) CK 25.79+0.51d 12.03+0.06d(0.47) 11.13+0.57d(0.93) 22.26+1.52¢(1.85)##
25 27.82+0.41c 22.72+0.43¢(0.82) 20.77 £0.06¢(0.91) 26.03+0.81b(1.15)
50 34.46+0.43b 28.45+0.12b(0.83) 28.23+0.60b(0.99) 24.60+1.22b(0.86)
100 36.77+0.95a 45.19+0.21a(1.23) 49.37+1.21a(1.09) 39.08+0.51a(0.86)

T 4 S PR 3E5T R AR TI 5“7 FR DF g0

Note: “*”the pod including pod shell and immature seeds. “##” indicate DF .

R4 S ERENAAEREFHSEFE

Table 4 Distribution of Sr in the different organs of V. faba at maturation stage

KB Sr BFHE Sr accumulation in different organs/mg kg™ T H

HF I Growth stage 4N Sr/mg-kg™

#2 Root 2% Stem - Leaf J7% Pod shell FhF Seed
JEMA Maturation stage CK 17.23+0.51d 28.10£0.79d(1.63)  21.13+1.00d(0.75)  13.65£0.30d(0.49)& 11.42+0.23ab(0.41)&&
(176 d) 25 18.60+0.55¢ 36.60+0.36¢(1.97) 30.47+0.29¢(0.83) 17.73£0.55¢(0.48) 11.21+0.80b(0.31)
50 26.16+0.32h 51.06+0.50b(1.95)  47.78+1.31b(0.94) 19.60+0.36b(0.38) 11.84+0.25ah(0.23)
100 39.03+0.06a  105.10+ 0.79a(2.69) 127.30+ 0.30a(1.21)  32.34+1.05a(0.31) 12.51+0.35a(0.12)

1 & FIR DF e, && R DFjgrrsgo
Note: & indicate DFjpgens, && indicate DFjeapen-
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Figure 3 Distribution ratio of Sr in the different organs of V. faba in

the blooming, podding and maturation stage
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6), SN Sr gk Sr RAE SR ISH AR AR i
FAEAHE(P<0.01), IAh, e A K E Y Sr RFRE
WM IEA R (P<0.01) . Z5 530, A 5 AR KAt [a]
AT 2520 Sr i RAHEE, HLRXT Sr AR5 4
Herb AR Sr 15 YLk ARG

3 g

R PRE A Sr iR A T2 2R R IO

EAr I 3esee B Be Bz OR
30.12%

16.03% 32.13% 13.28% 8.46%

- 29.04% 22.58%  25.53%

19.77%

22.81%

- 21.92% 30.75% 27.57%

- 23.52% 30.09% 46.39%

27.65% 51.14%

AT Growing period

- 21.21%

0 20 40 60 80 100
St AEAFI#8 B H Y 53 A B 23 H

Distribution ratio of Sr in different organs/%

4 SIEREAREEMNPERETHNRRBESLL
Figure 4 Distribution ratio of Sr in different organs of V. faba in

different growth stages
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x5 BEAREBEAX LEH Sr (VRBLEZ 5

Table 5 Analysis of the uptake rates versus the concentration of Sr during different growth stages

Sr MR ISCH 2K Sr uptake rates /mg-kg” TH-d”

AN Sr/mg kg™

15 Seedling stage

IEE W] Flower budding stage  JF4EH] Blooming stage

253524 Podding stage Y] Maturation stage

N

CK 0.490+0.015d 0.572+0.003d
25 0.743+0.014¢ 0.842+0.013¢
50 0.914+0.020b 1.073+0.002b
100 1.092+0.026a 1.483+0.005a

0.508+0.013d 0.472+0.016d 0.520+0.007d
0.631+0.009¢ 0.645+0.007¢ 0.651+0.008¢
0.760+0.009b 0.766+0.010b 0.889+0.004b
1.010+0.006a 1.128+0.002a 1.797+0.015a

+® 6 BNEREMREX ST

Table 6 Pearson’s correlation analysis of the different parameters

EESES AEREITE] SRR Se BB RIGEAR
Coefficient of correlation Growing time Sr Sr accumulation Uptake rates
HE K] 1 0 0.640%* -0.004
SR Sr 1 0.591%* 0.870%*
Sr R 1 0.726%*
UieiES 1

T+ FoRZ W (P<0.01),
Note: ** Denotes a significant difference at the 0.01 level (N=60).

H BRS80S FEE (SN Sr0.04~1 mmol - L) |
BN 1 FE (AR Sr 1~25 mmol - L) K2 B -5 1E 47
SEIBE S B AE (SRR Sr 25~100 mmol - L)1, A%
R H AR Sr {554 K R 25~100 mg-kg'(0.28~1.14
mmol - L), #EMI 78 TAR 22X L1 Sr (il =2
B BARE A S, 0 ZIP family ,ABC family ,CPx—
ATPase family , Cation Diffusion Facilitator family ,Ca %
FHGZE T RES 5 TR AN L5 Se g,
MR Sr JEAMIIRN, R R E e X A A
FH B Sr 543 FC S 20 ML BE 055 A W PR A
2 e XI5, A AVR 4 L b S () SRR E, 2R 1 Se X
M B 0 SR PR A", R  AE AR R b Sr
DIURBCIRER . 25 B h & A R B A8 25 0 25 I I
7, ABA A K P EA DLRREh s IR SR A 18
KM, SFEAEYIH B Sr R EI]
R, AR RN, A A A T I Sr i SREE
Y N, HSCGAUE R A R R, B AR Se i R
FUE B & AR A 1), 568 Sr 7548 & T i t%
RE 7 , T HA BT i RN, HENNAR H SR
[ Sr AT AR B RS KIS, I 22T 2 b
BB SR, e AR Sr iy R A B I A K
TR R AR AR R A A U]
5 IR R B WA, % I Se By I RE 77 R 1B
HEHB B Sr AT REE RS 2 3, S EUR H Sr R

A [FI, BT Se Ak BT S Ca AL, 7EMH R )R
THEIEFL IC K (Immobile elements ) , - FRIE A7 78 Sr AL
TR A3 AT UK BT AR FE S B HA AR B AR R
7N, xS Sro iy S S BB AR, Y
i GALTIFAEBIS , -rp S RS B BRI, X %
SR N SAEE AR B, HAEY) R, A4
Y M BRI 2 B0 Sr BB R 3222 A
Ro i AATEERK BB O ), AP
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