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Effects of Boron Concentrations on Uptake of Boron and Heavy Metals by Three Hyperaccumulators

LIU Deng-biao', JJANG Cheng-ai'", ZHANG Jia—hui?, ZHAO Tao'

(1.College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2.Animal and Poultry
Products Quality Control, Inspection and Testing Center, Ministry of Agriculture, Guangzhou 510642, China )

Abstract; Boron(B) is an essential micronutrient for the growth of higher plants. This research was aimed to investigate the effects of differ—
ent concentrations of boron(0~15 mg B+L™) on the growth of and B, Zn and Ni uptake by Zn/Cd hyperaccumulator Sedum alfredii, Zn/Cd/
Ni hyperaccumulator Noccaea caerulescens and Ni hyperaccumulator A lyssum murale. The growth and metal uptake of three hyperaccumu—
lators were enhanced by B at low concentrations in the nutrient solution, but inhibited at higher concentrations. These hyperaccumulators
showed toxic symptoms at B concentrations greater than 10.0 mg B +L.™". The accumulation of B in the shoots of three hyperaccumulators in—
creased with increasing solution B concentrations. It ranged from 40.2~880 mg -kg™, 115~744 mg kg™, and 156~922 mg-kg™ (in dry
weight ) for S. alfredii leaves, N.caerulescens shoots and A. murale shoots, respectively. Metal accumulations in the shoots of S. alfredii and
N. caerulescens were greatest, respectively, at 2.0 mg B+L™ and 0.5 mg B+L™ of solution B concentrations. Alyssum murale accumulated
greatest Zn and Ni in the shoots at 2.0 mg B+L™" and 5.0 mg B+ L™, respectively.
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AELEWT VLA M & B BRI R B — R4S £ Zn/
Cd 8 & AT 1L AE B W 5t K (Sedum alfredi-
DU AR IEEE R F H il srs L EM e
i & AR Zo/NiCd 5 Z Fh 4 )8 19 18 1 3¢ (Noccaea
caerulescens )" > A T4 i1+ AERHZESF 8 Ni 19
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Ca(NO;),*4H,0 472 mg-L™",KNO; 202 mg- L™, NH,NO,
80 mg+ L', KH,PO, 100 mg- L', MgSO,+ 7H,0 246 mg-L",
K,S0, 174 mg L., H;B0; 2.86 mg L., MnSO, -4H,0
2.13 mg-L™",ZnS0,-7H,0 0.22 mg- L™, CuS0O,-H,0 0.08
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W B TP 5 e R 1 5 2 W0 Ak B B i)
A 2.0 mg- L7 A1 10.0 mg- L™ B, I 7 FIZE A0 & 235
2 100 mg-kg™', S.alfredii K3 .25 M F & 1= A9
4350k 6.73~118.,29.8~145 ,40.2~880 mg *kg™ T,
HIM>ZE>H1,

ANEEETAL PR N.caerulescens Fll A.murale #
R VI A R 115~744 156~922 mg-kg™!
(1 2). 5 S.alfredii AH{RL, iX P & S A b -6
5 ik i B A B BE ) G T s L HLX AL marale
by BN 1 S K 2 Ak B AN
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Different lowercase letters indicates significant differences among
treatments(P<0.05 ). The same below
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Figure 1 Boron concentrations in roots , stems and leaves of S.

alfredii in different boron concentrations treatments
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Figure 2 Boron concentrations in shoots of N. caerulesces and A.

murale grown in solution of different boron concentrations

i1 10.0 mg- L™ B, = FPAE i 34005 AR
A.murale>N.caerulescens>S.alfredii; 7T 45 P 5
SEARET (10.0 mg- L™ WU BEAL PR ), S.alfredii W #01
N.caerulescens A.murale o 1358 1 W & & 70 51 A
446,696,922 mg-kg” T ; {H7E 15.0 mg- L (HIVK
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Table 1 Biomass of three hyperaccumulators at different boron concentrations

TR AL R e S.adlfredii N.caerulescens A.murale
Concentration/mg+ L™ #2 Root/g 2 Stem/g M Leaflg Hb 38 Shoot/g Hb -3 Shoot/g

0 0.13+0.02 0.35+0.02a 0.66+0.12a 0.19+0.01b 0.20+0.04

0.5 0.11£0.01 0.35+0.01a 0.57+0.10ab 0.19+0.02b 0.19+0.03

2.0 0.14+0.03 0.36+0.02a 0.71+0.07a 0.20+0.01b 0.34+0.16

5.0 0.14£0.01 0.35+0.02a 0.68+0.04a 0.30+0.03a 0.31+0.08

10.0 0.13+0.02 0.32+0.02a 0.54+0.11ab 0.21+0.02b 0.24+0.03

15.0 0.12+0.03 0.27+0.01b 0.40+0.12b 0.15+0.04b 0.21+0.08

T TR abe " AR Rl — S A9 22 57 B2 R (P<0.05 ) s BEA B T RIS FOR Bl 2 M E B #5225 . T,

Note: Different letters within a column indicate significant difference at P<0.05; There is no significant difference between data without letters in the same

column. The same below.
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Figure 5 Nickel concentrations of shoots of N. caerulescens and A.

murale treated by different boron concentrations

Bf, AALFRIE] S.alfredii MRS A EES, Y
AL PR EE N 2.0 mg - L7 B, S.alfredii ' 1 FIZE R
Sy RIS R Zn it . YIRS % 5.0 mg- L
B, S.alfredii 2535 Zn T L FFUR 10 2 HO RIS

N.caerulescens #i 3 Zn A1 Ni & &= Y5 43 5 H
5.8~13.9 g-kg™ Fll 1.7~2.7 g-kg™, HHb 3 Zn F1 Ni
FHEAE 0.5 mg- L ARSI 5t L 288 B R KB, 2 0l
JEHE R 5.0 mg- L™, ZAEHYIHL L3 Zn A1 Ni 95 247
i) A HA KA B 49% 1 65% , SR e vk 2 P o
B, Zn 1 Ni AT i — D REAR A s, (HanRfERE
AN A A murale 30 Zn FNi 55 535
H 1.4~2.8 g-keg™ Fll 1.5~2.8 g-kg™, 5 S.alfredii FI N.
caerulescens FHRL, fRHREERITNAE F T A% 4 )R
WL, e v FE AR T I RIVE (A 38 Zn 5
Ni & s AEMAL B B 43518 2.0 mg- L™ 5 5.0 mg- L™
it ik Bl e KA
24 AEMAEKENBEEEDAEBUKSE

spA1

R ZH 4 w5 MY 8 I e A Bk 2= 19 3L
SR B 4 ) Xk g R A DG, i A AR 5
ST T A AR O BRI a4 RN (R

R2 AETIRELET=fEEEEYH LM% E(ng kg')

Table 2 Total Fe concentrations of shoots of three hyperaccumulators treated by different boron concentrations (mg-kg™)

WAL P i S.alfredii N. caerulescens A.murale

B application/mg-L" Z£ Stem M Leaves b 3 Shoot i EF Shoot
0 144.6+£10.9a 245.4+10.6ab 624.3+61.3a 832.8+178.1a
0.5 118.8+24.1ab 219.8+4.0d 654.0+£56.9a 805.2+154.6a

2.0 143.7+12.4a 228.7+9.6bcd 490.8+27.2b 824.0+18.3a

5.0 116.2+13.9b 250.4+6.6a 464.0+13.6b 825.2+16.0a

10.0 98.99+12.52bc 239.2+10.1abe 407.3+28.2bc 459.1+55.9b

15.0 77.27+8.16¢ 220.2+10.9¢d 359.0+£23.2¢ 253.9+8.6b
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2), Mn) =FolE s EAEY) D, S.alfredii # FERER T
I, R R Ak LA I 77.27~
144.6 mg-kg™.220.2~250.4 mg- kg™, 28k & EHT1E251
mg kg™ PAF ;N.caerulescens F11 A.murale b [ 348k
FH R E R T Sdfredii MM EE, 5300 4 359.0~
654.0 mg-kg™ F1 253.9~832.8 mg-kg™', =5k B A A AL
PRI 7 L w AT Fe (W, MaliabFR
BE3A ] 2.0.10.0.20.0 mg- L™ [, 40515 2 MK T
N.caerulescens Hb, F 3 A.murale # b3 S.alfredii
M Fe &8 76 10.0 mg- L AR HE EE AL B}, S.al-
fredii Z53 N.caerulescens A.murale Hb, 3 Fe &5 &
I3 R % B RIERY 69% .62% .55% . AN e
WA BEXT N.caerulescens Hb b 4K & w52 i B 2%,
W EA T 5 mg- L' B A.murale # F35 Fe 5
WA R 2R, MR FR FE SO N, S.al-
Sredii Bk BEAHR R

3 g

3.1 BEEAEYXHRmTES ER

Xof — A A A A Y AR A BT R RS T R
W TR 0.5~2.0 mg- L7, i##id 5.0 mg- L™ BF&=X K
ZHROEY) A BV R B B e 4 Tk R S AR
7, FHUBAE YA 73 B BT 52 0.5 mg- L7 1 4
mg- L™ B —FBAE P A 2% B i 10~50 mg-kg™,
RZ Ay B0 iR 50 mg kg™ W, 2
LR g B RE R, AR SR R S, dlfredii (N.
caerulescens \A.murale i |33 57 2.0~7.0.5.0.2.0
mg- L™ BBIAL BT SR A5 de R 1 AR Wy i, =R 45 Jm
= EAEYITE 10.0 mg- L7 VR B A B0 BRI T 46 Hh B
BEILGE  AAT TR IR B T — @ T . B B IR
rh A BV R R BE 0, R AR R M B A
WAEARWTEN, Horp S.alfredii BYBETR T ; AN, X L
T 1, b330 it T AR, S.alfredii (W FRHI S
T LA R TR, 1T L PR T R B R A
AR o 34 5 1S A A R B ) W SORE AR, P — R
T X R IC R AR by i ok 2 AR A BT i i 3]
o FERAr . AW, TE 10.0 mg- L7 AP, —FiiE
Y oF i W B o B ORE IR B S.dlfredii M RN
caerulescens A.murale B #8 _F 3 4 43 B 3k 15 446,
696,922 mg-kg™ MTI & i, X LU A YRl R
BT —EREEMER-; 1M 10.0 mg L™ ZbH T, S.al-
fredii Z23 \N.caerulescens A.murale b 3 Fe & &
O3 B FUA % B ORI 68% .62% (55% , =Rl

S.alfredii ERS BRI, B Fe ] BESZ X LEAH ) ) 2E
B TR A SRR 22— o = R T AR ) T
EORAYSAALIE Sy, 50 B il ) 5 4 B8 I W) T Y
BIRAE s AR AN AT 60%~98 % -5 It
3 ZICME S5 T ARSI 55 W) A e 20 B v
{HL 3 3 33 A A2 i i AT L fS A A 44 1 1) 6 2R AR )
300 mg- kg1, XL H 4 o AR AR AT I A A
BEUR NI 5 F X A m i ml, BARPLEA REiE—2
W,
3.2 Wit EY IR E 2 BRI AT

ZN I ERA W s S I N iy r 3 DR I8 G
ol AL WO S e A R A 0 I o Tk B A
R B Y — SO, 550 4 R ARk i
ARSI A B e B PR [RIVE R AR . 24
4 IEF ], 0.5 mg- L™ I AT DA 5 — 26536 A5 )
TR | WRIAREXS Cd  Ph 455 43 & Wil i 4R RE
WA T g (DO Y LT G (X ) RS ey i)
FEPUE FH 2 DR A 0 B9 A DT AN ) i e B A 22 e el
ABEFE A, AL B ) 2.0,0.5 mg- L™ i, S.al~
fredii FI N.caerulescens 43 3| 345 F K A0 B 45 Jm WA,
A.murale Ho 3F8 Zn F1 Ni (45 5 0] 43551 76 5 Ak 3 e
JE4 2.0.5.0 mg- L™ A B K . IEH S SR AL T
B ¥ B2 2 0.5 mg - L, 773X 26 B AR AH W R 8 AE X
AREEL R E Y 2.0.5.0 mg- L7 B FE AL BRI, 4R
PR R A B PE B R, RTRER R D B AR
AP TR, T EE S R Tx s
AR A B AR T @AY W B, R
A0 3 T 2B i A A R o e Rk B v AR
ARIBACE AT REM o 53— T, 5 ok B R 1 A
[F] 55 2 I AR 2 & LA R X AE A AN R B 5 bR R PR 45
HU BRI TC 5 el 1) 52 % 58 HAE AL, A IEFE 45 2R
7R R A IS R B A R R T
AN 8 S, R 4 T MR VAT 114 e A A 5 PR R ) b 2k
FE G R ST, Fr IR S rh f ik — 20
PEAT HAARBTFE

4 it

S.dlfredii \N.caerulescens F1 A.murale —FjifH & £
TP I T — 2 it AR R ae 7, o S.al-
Sredit TR PESRsR 5 AN [R) AR RS BB A R = & 2E A
PR AT A AN AR AT 0 B AT e B8 ke g vy o B 40 o ) —
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