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Metal uptake and root morphological changes for two varieties of Salix integra

under cadmium stress

WANG Shufeng' >, SHI Xiang®, SUN Haijing”, CHEN Yitai*, YANG Xiao'e" "

1 College of Environment and Resource, Zhejiang University, Hangzhou 310028, China
2 Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400, China

Abstract; Willows (Salix spp.) are suitable for heavy metal phytoextraction due to their high element accumulation, high
metal transport from roots to the shoots and high biomass production. Many species and hybrids of Salix spp. are known to
colonise contaminated soils. For example, S. alba, S. viminalis, S. cinerea and S. caprea naturally invade polluted dredged
sediment disposal sites. Therefore, there is an opportunity for genotype selection by checking survival, regeneration, and
potentially also by testing metals accumulating in tissues which could then be harvested with remediating contaminated soils.
Willow species and clones have different tolerance to particular metals, and significant differences were found for the uptake
and accumulation of metals among willow varieties and clones. Soil contamination by cadmium due to human and natural
activities is one of the most serious environmental problems in the world. The aim of this study is to investigate the cadmium
uptake potential of two cultivated varieties ( ‘ Weishanhu’ and ‘ Yizhibi’ ) of Salix integra, of which the variety ‘ Yizhibi’
has stronger tolerance to cadmium stress than ‘ Weishanhu’ according to previous studies, and to discuss the possible

mechanisms which involved in root adaptation under hydroponically cadmium treatment.

EEWE HCARE AT S AR I (2011C23036)
Wo#s B #3:2013-06-09; 1&iTH#:2013-07-15
# MIRFEH Corresponding author.E-mail ; xyang@ zju.edu.cn

http ://www.ecologica.cn



6066 JAE = 3%

The results showed the highest content of cadmium was observed in root tissues for both varieties of S. integra, and the
cadmium content in phloem tissues was lower than that in roots. The cadmium content in leaves showed the lowest level
among roots, phloem and xylem. The cadmium content in the aboveground (including phloem, xylem and leaf) tissues of
two varieties of S.integra increased significantly compared to the control with the increase of cadmium treatment in the range
of 10—70 pmol/L, and it came to the highest cadmium accumulation at the concentration of 70 wmol/L cadmium, while
when exposed to 90 pwmol/L cadmium solution, the cadmium content declined in the aboveground parts. The same
accumulation patterns were found in roots for two varieties of S. integra in the range of 10—70 pmol/L cadmium treatment.
However, when the roots were exposed to 90 pwmol/L cadmium treatment, the cadmium content in ‘ Weishanhu’ declined
sharply, but still rose for that in Yizhibi’. This suggests the roots of ‘ Yizhibi’ have greater potentential in uptake of
cadmium than the variety ‘ Weishanhu’ when exposed to higher concentration of cadmium.

The higher uptake and accumulate potential of ‘ Yizhibi’ depends on the relatively unchangeable root morphology and
fractal dimension under cadmium stress. Comparing to the root images of ‘ Weishanhu’ and * Yizhibi’ under cadmium
treatment, we found the total length, total surface area and volume of roots of ¢ Yizhibi’ changed a little compared to the
control , while that of ‘ Weishanhu’ decreased under cadmium treatment. The fractal dimension of two varieties of S. integra
had minor decline, which may suggest both ¢ Weishanhu’ and ‘ Yizhibi’ prefer to simple root configuration under cadmium
treatment. We also found the nutrient uptake in leaves of two varieties of S. integra changed in different cadmium
concentration. The Ca and Mn content in leaves decreased significantly in the concentration of 50 and 70 pmol/L cadmium,
and no obvious change was observed for Fe content in leaves. It is interesting that the Cu content in leaves of ‘ Weishanhu’

increased significantly in the concentration of 50 pmol/L cadmium.

Key Words:; Salix integra; cadmium stress; uptake and accumulation ; root morphology

H(Cd) RAEYEERBMNESE TR —, B8 0 Cd AU AVEY s e, i fe s s & i ™ 5 a2k
(ot , AN I & Cd 155 (KT 1 me/kg) 9k 2 B IRE , 5 DS U I mALIARE R G A E 10 L W ( Salix
spp. ) BEIA R IR Cd o AR AUAR 2 | IR S A 22 40 [ 50 S o WA o e (ROB MR B B T8 I RUK IR P Y Cd S 4R 15
Y5 3k R SR ML 3 A e A TR AR SR R, 2 A R VR A W RE IR T AR RR VR AL PR R G SR 2 Ak U i
MBS 52T . T ISYE Z R Y bR e 0 R W T A2 B Wk B A RO e e & R e h AR S
SRR B B R T A S AR I B A M A 1 A e AR AR A ST R B I RS, —
TR AR Yy AU AR RIEAS AR AR MR R0 28 (4 728 A T 2 52 i MR 1 A BT e DA T o A 40 A K 7 A R
W PRS2 5% T 4 T M A e Rz et 48 s AR A A HT T 4 R i B AL AR S A IS R AR B B X, H AT E NS
WAR R E SR ML B SR 2 (AR P AR R A 454000 TR X A A ST T, X AR AR B A A
BIEAR RTE AT T BT IR A2 0L, A SR 2 A XTI AS [ B FCHIN ( Salix integra) WAl A4 L BIFFE AN [a] i 44 o Aol ] 2
4 1 W SCRA AR SR 2 5 DA AR R T e M I A iE , Ay — 25 RFF AT AN 0 i 2 o ] % 4 114 o g L, i 44 R
1 #R5HEE
1.1 R

2 AMACHIEEFR R L (S, integra ¢ Weishanhu® ) F1—4%ZE (S. integra  Yizhibi’ ) , A faf L™ &t b Xef 6 1940 i ek 4K ( 22
fiif 24K 0.61—0.82) , “ — K2 S Aot i HA B At (2411 228 0.92—0.93) 1 MRS A LR, o0 24 Hb 3 Ak A B, BT
VR BLARAE T E AR BE S AR MOl AF 5 7 7
1.2 Wit 5ok

PRI AE SR P, B ORI S 4R AR R 4% 3798 T 10 LR Z P A9 AR 4 4% 8—10 cm, R Watson 251 Bir ik
BRI EE TRV, BRI N KBITE Ca(NO,), - 4H,0, KNO, , MgS0, - 7H,0 NH,H, PO, .Fe-EDTA 4351y 1,
1.25.0.5.0.5.0.025 wmol/L, i ICE H,BO, .ZnC1, .CuCl, - 2H,0., MnCl, - 4H,0 Na,MoO, - 2H,0 43514 1. 43.0.055.0. 03,
0.905.,0.015 mg/L, pH {8 5.5, AW RS, ARG, HE R 15—27 C, FHEFE 30 d J5, EHUE K — B FF 1 317 Cd
(NO,) Ab B, RIS 6 b, Cd(NO,), ¥ E 2331 0,10,30,50,70,90 wmol/L, BNAbBE 3 45, 4545 20 BRI A, 45 H
IR 2 IR HEFR 48d S R , S5 LA A SRAK AR, FFLL 20 mmol/L EDTA Y&k, 5505 LA 25 8 FK gk 3 Ik,

121 REBEESESH
R MPPET 5, HBOKAEET | il 131X (Epson V700) K58 8 AR R SR A2 ATHFHL, R JH WinRHIZO PRO 2007
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R RGEHRM( Regent Instruments Inc8, Canada) /3 HTAR £  FE 1l U ARFR LA B R AR RAR A RN T 4R 505 i TR 4R B ) & 4t
R,
1.2.2 MRER A BE BRI E

WCHR PRABLAR A3 B AR SS90 Bz 4 v 4 543, 7 80 °C TR 2= fE o, M, ik 60 HJB i, MEBRFREN 0.2 ¢ 5%, A HNO,-
HC10,(451) AW A, Ca . Mg Mn. Fe . Cu 5 1t 5% JH R F- WM BE M o005, G & kSR FEL 20 0 40 0 WM 5 FE
(Thermo Fisher Solaar M6) %€ ,

1.2.3 Bdaar
J A B R A Origin 7.5 F1 DPS B AR B Ay 22508, LSD Jrikidb AT 25 St g,
2 ZR5H5H

2.1 A S ACHIA RIS R B

HIZE 1Al LA L ACHI 2 AN AR AR Cd 35 B ama i T AR AL ZL, AR SR Cd B35 8 R B/ MU A < AR >0 B2 7> A
TSI AL 2 A4 i A AR 2R 0 fo e i 49 EL AT AR R A iR A2 7 %E*E%EE&LEEPE’J MAEFRICR , H i THAA RS
MRS Bl | DRLIHAR 25 5 IR WA, 7 — S O VR B RN LA 28 Cd ik A T Cd R BE A T e B i AR STt %
B AE 0—70 pmol/L CA(NO ), A BRI IA, “ Gl ” Al — B 287 AR AU Cd 19 BEE Cd R BE Y38 I g m , 107 >4 7
Cd ¥REETR 90 pmol/L 1, “ Ll i AR 22 %0 Cd WSO o T e s T — A5 287 A R ETS Cd A RR SRR AR S a5,

®1 Cd ERCUARAR[AFHESE

Table 1 Cd content in different tissues of S. integra

Cd(NO; ), e Cd &% Cd content/ (mg/kg T )
Fifl/ Varieties Cd(NO;) , concentration s A PN s
/( wmol/L) Leaf Phloem Xylem Root
LA S. integra 0 9.50 + 3.32 15.40+3.00 17.30+2.50 36.61+10.07
¢ Weishanhu’ 10 108.2+15.3 122.60+25.77 110.57+10.93 280.57+61.84
30 245.5+37.5 320.83+59.73 251.73+23.28 680.33+64.58
50 246.3 = 99.0 399.00£62.55 391.90+36.62 1535.17+411.58
70 278.0  96.1 560.07+18.48 423.40+28.30 3926.17+363.22
90 157.7 + 20.6 490.17+12.38 306.13+52.06 928.83+127.66
— B 0 3.68 + 1.68 19.57+1.96 14.87+3.51 32.77£2.71
S. integra* Yizhibi’ 10 90.9 = 36.2 103.13+11.47 78.77£13.52 331.83£56.08
30 174.8 + 78.6 322.73+22.84 223.97+24.47 668.00+113.71
50 278.7 = 86.5 546.70+43.79 411.50+48.76 1725.83+510.79
70 288.7 +23.7 564.50+59.97 449.43+63.14 3411.83+447.13
90 194.3 + 28.4 476.27+85.87 334.30+46.4 4373.50+544.36

WG K I AEARTIN CA(NO, ), TR T A K ARSI 2L PR SR BEAG 3.68—36.61 mg/Kg. DW Cd, 5t TLASE
AH ) 35 57 4 A4 T AR RS AR PR ) ) B s 2L, 33X — T 1T AT B2 BB R B I B AR KRR T 3 Cd , (I AF-RE R A B
MR T —E &N Cd, FEORFAEA KSR AT Cd B, X FME S A — LRt v s R B =4, KA B
S FERF S R B X B ZRE K (Sedum alfredii) 5% EERYFL B2 m b & B, 2R 5 e R JCAR AL B4 | AR AR A I
JEAT (5 AT PR A2 5 TS R AIAR it ol ok B 4 i (0 R SR r T il 7 AR X R B G , Waston 450 B9 v 2K R, — P 2 52 M0
A (S. triandra viminalis < Q83 ) TE X E 4 JEALFET KNS A Zn Cd . Pb FE S JEILILE T S. burjatica ‘ Germany’ , B T
MRS B R LAAN  ZE K 5 R S0 A R v T o) 75 SR VR 1 S e R e 0 e mAS B B i R4l TR HE 4 B 0 45 I R b Tl R R 3
XTRELH & 4 R s R Tk

B S XA A [F] 20 2 AR B8 AR A SV B ) — DT AR R U A (3R 2) , 7E 0—70 wmol/L Cd ALK B2 BRI, 2 > Rl AR
TR AL PR 2 2 (o) HA AR R A (BT 1) b R i AR B AL ) Michaelis-Menten #8884 5K BB 140G i) B 8 KR
SRR B A H R AR A Sk BRI L R AT A Logistic BEIEL 2 AN Fh b 22 18] ME— A [R] B0 02« — A 287 Sl AR R A A 2
AR Z [ B HLE TR 0—90 pmol/L Cd AZbEFE [l P 3438 A, 15 S L 380 i A AR B4R AR AR (S T 0—70 pmol/L Cd
A PRI BEJE (B 1) .
2.2 R ROHIR R IE S B AR {L

i 2 BeoR RENA T 2 SRR R SEIIZ BIARBRE R W, 2 SRR AR REBRR LA EAR
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Table 2 Nonlinear fitting for relationship between Cd concentration and Cd accumulation in different tissues of S. integra

F2 —nEKUMSRTROIRERER CdRE-RREEZHHXR

i A4 LA IitEREA o p

Varieties Tissues Model Equation expression

L i Michaelis-Menten 57! Y=356.7921xX/(X+18.9441) 0.9772 0.0015
B Logistic 7 ¥=570.1638/( 1+exp(2.0826-0.068246X ) ) 0.9608 0.0392
A Logistic Y'=433.2901/( 1+exp(2.2324-0.087602X ) ) 0.9906 0.0094
i Logistic 7 Y=13175546.6183/( 1+exp( 11.2968-0.045372X) ) 0.9994 0.0237

— % e Michaelis-Menten 5% Y=512.7621xX/( X+50.1572) 0.9840 0.0009
R Logistic F ¥Y'=581.9489/( 1+exp(2.7822-0.102473X) ) 0.9961 0.0039
AP Logistic & Y=465.8781/( 1+exp(2.7808-0.092549X ) ) 0.9961 0.0039
R Logistic 17 ¥'=4968.2367/( 1+exp(3.8397-0.065319X) ) 0.9980 0.0001
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Fig.1 Accumulation of cadmium in different tissues of S. integra

90

[FIFERE N W BT AN R , Sl ) it 7 ol 0 AR R B R 1T LRI 28 SR B e 2 WD A8, TS 44 05 Sy — A5

ST RN R BRI (18] 2) o AR R ARG T BB A S AR bR AR ], S0 B LG < Ll i AR R
HARTE 10 wmol/L Cd A BRI R R TIFE 30—70 pmol/ L 15 [ A AT AN [] 5 B2 90 5 10 — A2 287 ity ol B9 AR 28 1 35 AR 7 58
AT B SR, 2 A AR 2R AR I s i R S R

T XA AR G FR A B T A (35 3) |, B e R T A T Bl Rl D<0.5 mm B9 AH/IMR R B9 B
(P<0.01) , % 1—2 mm R R A EA IR« —HE2E” St D<0.5 mm M4H/MRERTE 0—70 wmol/L i Bl A ZE LA K, T 0.5
mm<D<1.0 mm AR FBATERRMA T B T FE(P<0.05) (EAN R B 2 1) 22 S AN BT A ] e B8 A Molh 30 A mT BT 1 AC Al
RS 1 Jo] 25 ) B0 K, A 2 FH T R A ST Sy 2 /DR 2 ) K 5 (LI 28 5 ) o 8 7 A 30 T AR R TR 25 S R A AR X AN T

XA TR R IE ) A BRI RE , A D T R A 0 05 13 1 B
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Fig.2 Changes of root morphological parameters of S. integra under cadmium treatment

x3 EMETR 2 MR AREERRELEK

Table 3 Total root length with different diameter of two varieties of S. integra under cadmium treatment

. CA(NOy ), WRE . B Total root length/cm
Varieties Cd(NOs), concentration 0.0 mm<D<0.5 mm 0.5 mm<D<1.0 mm 1 mm<D<2 mm
/(umol/L)

L 8 0 4249.39+164.19a 155.98+8.00a 21.35+6.3a
10 3375.67+686.71ab 151.172%3.7a 14.19£4.27ab
30 2527.04+719.59bc 110.8+9.53b 18.9+7.4a
50 1256.19£705¢d 100.18+28.98h 12.2++7.04b
70 1225.66+410.54cd 113.3£12.52b 21.56+9.08a
90 1240.65+145.58d 86.73+8.7b 7.16+4.13b
P 0.0005 0.0008 0.0143

— % 1875.47+225.23a 212.7+39.49a 20.85+4.44ab
10 1889.21+442.63a 159.7£9.5ab 23.2+9.84ab
30 1637.68+335.75a 114.78+8.54b 11.38+8.05b
50 1600.83+164.13a 112.82226.37h 3.080.9b
70 1538.36+364.26ab 106.35+12.95h 37.43+31.37a
90 982.72+93.48h 147.712262.66b 14.3+3.64ab
P 0.0391 0.0207 0.0819
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