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Effects of Flooded Condition on Growth and Elements Accumulation of
Salix integra in Heavily Polluted Soil

WANG Li', ZHENG Yihui’, FENG Mucai’, CAO Yini’,
DI Dongliu’, CHEN Guangcai’"

(1. Hangzhou Fuyang District Environmental Health Security Center, Hangzhou 311400, China;
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3. Zhucheng Agricultural Technology Extension Center, Weifang 262200, China)

Abstract ; [ Objective ] The growth performance, physiological adaptability, elements accumulation of
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Salix integra under flooded/non-flooded soil were studied to provide theoretical basis for the restoration of
polluted wetlands. [ Method] The willows were cultivated in Cd-Zn polluted soils under flooded and non-
flooded conditions. After flooding for 90 d, the variations of growth, physiological and biochemical, up-
take of heavy metals were determined and investigated. [ Result] (1) Flooded soil reduced photosynthesis
of S. integra slightly by 7. 70% , and the biomass was insignificantly affected by flooding. (2) The flood-
ing increased the accumulation of Fe by 2. 71 times and Mo by 2. 62 in stem, Fe, Mn and Mo in the cut-
tings increased by 7.50,3.05,2. 50 times, respectively. Fe, Mn and Mo in root increased by 2. 71,
6.48,4.91 times, respectively. Meanwhile, the correlation of trace elements (except B) was strength-
ened in S. integra under flooded condition. (3) Flooded condition decreased bioconcentration factor
(BCF) of Cd for aboveground and root by 74.39% , 29. 94% , respectively, transfer factor (TF) of Cd
decreased by 63.46% . Flooding increased the absorption of Zn by roots and its BCF was enhanced by
27.06% , while inhibiting the transport capacity of Zn and its TF was reduced by 80.56%.
[ Conclusion] S. integra * Yizhibi’ maintains normal photosynthetic capacity, physiological activities,
and normal growth under flooded condition, and keeps relative high capacities in metal tolerance, accu-

mulation and transportation under flooded-soil. The result suggests its high application potential in phy-

2022 4F 12 A

toremediation for wetland and riparian zone polluted by heavy metals.

Keywords : Salix integra; phytoremediation; heavy metals; flooded soil ; soil
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Table 1  Physicochemical properties of tested soil

T " IR, MES [ % LY SRS (mg/kg)

VS

P (e/ke)  (gke)  (wke)  (&/ke) Cu cd In Ph
e+ 7.5+0.08 53+7.2  3.04+0.33 1.05+0.05 6.95+0.43 73.2+2.0 42.6+0.6 1601.9+47.6 139.4+2.3

E AP HERTTFAMLATEE n=3

1.2 RE&IT

ARG AE SR M b AT, FAROBIR, IRBE IR
FER 23 °C ~38 C,HHXTMEE N 60% ~65% . H4B354f
FOFCAIARG S59 ABEA 1.2 kg AR TS5 Y T k)
ﬂiﬁ%*(—% 15 cm,ﬁﬁ% 11 cm) ,ﬁ?i 1 /I\Tﬂia%,ﬁ?%
FATHE 10 em, 1537 120 d J5 B HBEHL> M 2 4,
M 3ANER BN EEA 3 ML, 1R, 3k
FriE K ANAR TS K AL B 8 7K A BRAH 8 /K R R i £
BRI 10 em , AEHEARALFE R 3T BRLL, X R A K A
KKK, I B R B TE H Rl RE 7K /Y 70%
KA FRAERF 90 d, BRI 7 A

1.3 TEBAERNE

IR ST WFES PR A 2 mm A R G
SRR, K R M AR T KIE 1 2.5 ik
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TRk AN R I R T e vk ), F e
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AR B R T i A AT R B
FE/K (HNO, = HCl 4 3 : 1) 7E 105 °C jH fift 1 3¢
2 h 5, 8 R B A S AR R S OGS ) (1CP-
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BERTENAR 1 480 3 Wl A,

1.4 EWERIERIE
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[i), B BUREARACHIAY 3 1 il {8 Li Cor-6800
EHAOLE RGN EREYDOLEEE(P,) SILRE
(G)FIBEIE] CO, W (C,) MM EK(E), FEo
EHNOEEE I E N 1 000 wmol photon/s, = It M
500 pmol/s,CO, YA 400 pwmol/s,,

WSCERABLRR T, 00 2 AC A0 AR o B =25 4%, ol FH v T
PR £ ASC, W0 A SE AT AR, K RS
95% LIS WIR G I WHE 12 HL3 ~5 min, J5 /6
Y T (UV-1800, MAPADA , Shanghai, China ) 43 %)
TEP Kl 665,649 652 470 nm I E M4 & a
(Chl a) \W££ZE b(Chl b) 4% a+b(Chl a+b)
HiE PR (Car) FE,
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3T ) A 4 E43, FH HOROK G IR 28T
IR 3 W BRES A 105 CHLAHET 1 h, BS
FE75 CHEETETE, FUREMRE S /N Ry LA S
J& ,JH 0. 25 mm i G5 345 . S HZURA 0.25 ¢
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b5, 2% (v/v) HNO, R 2 50 mL, PR HTHL
RS B TR R SHOEIEEI E S TP I E AR
(Cd #1 Zn) F1H L& (K .Ca Mg .S Fe Mn Na B,
Mo) Frig, RMBEME, S W 1.3,

W & 4 R AR 12 AR AL .

o HIAL S R 4 i

2 % _ ,
R (BC) = e m Akt 0%
o W AU AR A

(T = s e 00%

1.6 HIBEBLEBSHH

K H DPS 13. 01 ¥4+ LSD 3:7E 0. 05 /K-
FFEA K )7 22007, 18 3 Origin 2018 21 |81 %, ik

R RAL IR P B E bR iR

2 SR G5
2.1 BAEZEHETRMHEKETHR

Y B EE A, AL BETE Cd 1 Zn LTS
e PR AR KO AR A B WK AL B XS
FOMIAE R AN W d A0t RER LE, s 7K 25 TR 1Y
FOMIRR s TR K B i T AN B, {H 25 R
W (3 2) B EZER A (ALHLUEY R
()25 A3, WAL B A 500 T AC I3 i 2%
AR ALY 15. 30% 30. 20% F11 18. 00% , {H K IE 4
TSR AR IREY 147.30% (& 1)

A2 R A KT R KGR

Table 2 The plant parameters and leaf traits of Salix integra grown in non-flooded/flooded conditions

b R/ em 2548/ mm 1 AL/ em? K/ em M55/ em
E[BVI 98.20+4. 80 5.00+0. 40 7.60£1.00 8.5020. 50 1.19+0. 11

K 100.70%6. 10 4.500. 40 7.90+0. 50 8.60+0.40 1.29+0. 05
B Ns Ns Ns Ns Ns

E o APHEE TP MAREE NS ETEO00S KPFLEEZFREH n=3,FTH

A1 RRERRMAED B H 0

2.2 BKEHETRUINAGEELIERNKGHEN

FH e 3 AT, T KA B AT I SR 25 5 C
S E R IS N Chl aCar & F& A1 Chl a/Chl b
{EL, BEAI% Chl b #1 Chl a+b i, AbIEE RIS ACHIE
GARPRISE I A& 2 R NI AT DA 158
IKEARACHIOE & 8 (P,) AL (G,) R
CO, YRFE(C,) MZEBHA(E) . Ji#E/KALIH 90 d
B, P, .G, .C. .E 53l T % 7.70% 1. 69% 37.87% .
25.89% , AN, 7E28 d F 56 d I ACHITE T K S04

Figure I  The biomass of Salix integra grown in T C, BT,
non-flooded/flooded conditions
A3 EEAREM TR RS EELE
Table 3 The photosynthetic pigment of Salix integra grown in non-flooded/flooded conditions

JGBL Chl a Chl b Car Chl a+b Chl a/Chl b
e[/ 1.78+0.27 0.56+0.05 0.36+0.06 2.34+0.32 3.19+0. 19

ok 1.79+0. 13 0.520. 04 0.37+0.03 2.31%0. 17 3.41%0.19
WEE Ns Ns Ns Ns Ns
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B2 B3Ry ERGEE(P,) AILFE(G) JLE CO, RE(C,) FEMEikF(E)MHh
Figure 2 Effects of different flooded time on photosynthetic rate (P, ), stomatal conductance (G,) , intercellular CO,

concentration (C;) and evaporation rate (E) of Salix integra grown in non-flooded/flooded conditions

- _ - TR RS> >25, MEIEBKEANET,Cd &

2.3 ﬁfﬁ‘ﬂiﬁmimﬂ%% BEORR e 41 5000 B2 0 g 35 80 Y K> 0>

S, EAK BRI 25

S KR H R Cd Zn TR B P Zn B4R B Zn W IE  SE A 48U 7

W) . kS SN i EROFE BBV R BV R > A2 TRk
Cd 2t JOTRAISUT C (R B MBI A lFF AL Zn B> i 2%

A3 EEEREMT Cd.Zn EACHELLLE K
Figure 3 Concentration of Cd and Zn in tissue of Salix integra grown in non-flooded/flooded conditions

E AT HERT P MAREE,RRFHERFE0.05 KF LEFRHF n=3,TH
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A AW 5 2R, SR KA HAH ., Cd  Zn ) BCF
1843 B9k 7> 74.39% . 90. 68% , - I3 i 7K X AR 5B
Cd . Zn WESERZECY I T2 BT, H

FKAFHRES Cd ) BCF {ELF#AIS 29. 94% ,7Zn 1Y BCF {EH 3%
Jin27.06% ., TIEEIKXT Cd Zn 2 ZECEZ I T3
b 38 Cd Zn 1) TF {H5 IR T 63. 46% 80. 56%

B4 BREAKFMTAMME LN L ELEEDE R ZLH(BCF) Z4E 2 H(TF)
Figure 4 BCF and TF of Salix integra grown in non-flooded/flooded conditions
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T A SRR R 4180 (5 e
ERHNF 4 PR, HOKAERR A S0P 5 R
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AN P K. Ca S FL; WEIRHR AL 4 80 N P,
K .Ca Mg.S &b FERAI LU N P & 3n K
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KA B R [ 41 450 R T 3R A B o
WIS b K R I R Z5 38 Mn Mo %
i, AR Na B & i, Hor 48 Fe Mn il Mo 5 43

BIREN 1,16 £5 1. 67 £ 1. 74 £% ,Na . B 25 &5 5
1220.30% 33. 40% ; 253K Mn  Fe Fl Mo 43 71 3 Jin
1.03.2.71 2. 62 1%, Na B & /> B /0 37. 44% |
8.07% . -IFEWE K BE 4l 25 RAR AT X Tl oo 3R i K
W, Horp 4 2% Fe Mn Na B il Mo % it 43 51| 3§ fin
7.50.3.05.1.57.1.22 2. 50 % ; # & Fe Mn Na.B Fl
Mo 4330 2. 17 6. 48 1. 81 .1.69 4.91 {5 (% 4) .

XoF 3 K 25 A T AC MG oG 2R [R] A AH G M
AT T, KB R K AR #E T AN A5 i T R
(& B AR IR M, T A HEK,Cd Zn 5%
LRI EIEARG, TEMK AT Cd Zn 5 B ARG
PEA S, (A5 HAL T ZE A SRR (E5) .

¥4 XEEKEHTRIRRAARFHERLELE

Table 4 Elements level in tissue of Salix integra grown in non-flooded/flooded conditions

YL
TCR MY iy £ i R
BBV %N LISV VN IV oK ARk K
N/% 1.72+0.01a 1.71+0.0la 0.55+0.03a 0.44£0.01b 0.53%0.0la  0.40x0.00b  0.850.00a 0.81+0.01h
P/% 0.2020.00a 0.14£0.00b 0.15+0.0la 0.110.00b 0.16=0.0la  0.14£0.00b  0.63x0.0la 0.58=0.02h
K/% 1.66+0.01b 1.86+0.04a 0.46+0.02a 0.38+0.01b 0.47£0.02a 0.42x0.01b  0.8920.01b 1.11£0.00a
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e
HEHH L
TR ST s E fli% Uic!
E[B17/ e oK E B e oK E[ 3017/ 8 oK FEHEK WK
Ca/% 4.74+0.09a 4.25+0.14b 1.11+0.06a 0.85+0.02b 0.79+0.05a 0.67+0.02b 0.96+0.01b 1.55+0.07a
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Figure 5 The correlations of elements in Salix integra grown in non-flooded/flooded conditions
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