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Cadmium distribution in the subcellular fractions of Salix variegata under
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Abstract: The altered water regime of the Three Gorges reservoir in the Yangtze River in China has formed a hydro-
fluctuation zone that has caused many serious environmental problems, such as vegetation degradation, soil erosion, and
landscape deterioration. After water impoundment, heavy metals in the soil can dissolve into the water, thereby increasing
the risk of water-pollution.’ Cadmium (Cd) contamination is one of the most serious heavy metal pollutions in the Three
Gorges reservoir area. Cd shows high biological activity; it can easily enter the food chain via absorption by plants and affect
the ecosystem health. Revegetation is an eco-friendly measure in restoring ecological integrity of the hydro-fluctuation zone.
However, it is a great challenge to successfully revegetate the degraded hydro-fluctuation zone because the plants need to
exhibit tolerance to the altered water regime and Cd contamination. Salix variegata, a native species in the Three Gorges
reseryoir, exhibits tolerance to both long-term flooding and heavy metal stress and therefore, is a promising candidate for
revegetation in this area. However, the ability of this species to tolerate and accumulate Cd under flooding conditions is still

unclear. To explore the effect of flooding on Cd distribution in subcellular fractions of S. variegata, 60-d long factorial
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experimental treatments including two water regimes and four Cd concentrations were designed. The water treatments
included ambient water supply ( CK) and light flooding ( FL.) , whereas the Cd treatments included control and low,
middle, and high concentrations (0, 0.5, 2, and 10 mg/kg, respectively). Each treatment involved a group of planted S.
variegata shoots. Plant cells were separated into subcellular fractions of cell walls, plastids, cell nuclei, and mitochondria
and soluble fractions, by differential centrifugation. All subcellular fractions were digested using microwave digestion and
the Cd content in different subcellular fractions was determined using an inductively coupled plasma-atomic emission
spectrometer. The results showed that: (1) The survival rate of S. variegata in all treatments was 100% , which indicated
high tolerance of this species to flooding and Cd stress. (2) Most of the accumulated Cd was more highly enriched in the
cell walls of plant cells under FL than under CK. In contrast, the Cd content in the nucleus and mitochondria was always
lower under FL than under CK. (3) Under FL, the Cd content significantly increased in root cell wall, decreased in stem
cell wall under high Cd concentration, and showed no significant difference in leaf cell wall. (4) Flooding significantly
increased Cd content in plastids of root cells; however, it did not affect the Cd content in plastids.of stem and leaf cells. In
conclusion, in S. variegata under flooding conditions, cell wall was still the main subcellular component enriched with Cd,
which reduced the harmful effects of Cd stress on plants. These results indicated that there was‘no significant difference in
the allocation strategy of Cd in subcellular fractions under flooding and ambient water supply for'S. variegata, and that S.

variegata could be suitable for phytoremediation of Cd in the hydro-fluctuation zone of the Three Gorges reservoir.

Key Words: Salix variegata; Cd; flooding; subcellular fractions
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Table 1 The basic physico-chemical characteristics of soils

HHLR - " B i G e ey N
friLm 2% e 28 vy < i A e
pH game Total N/ Total P/ Total K/ Available P/ Available K/ Total Cd/
matter/ (/ke) (/ke) (/ke) hydrolysable N/ (me/ke) (me/ke) (me/ke)
m; mg/ kg m,
(¢/ke) £ ¢ £ (mg/kg) £ ¢ v
7.83 15.23 0.99 0.78 12.21 81.27 11.83 186.27 0.53
F2 AIHIgT
Table 2 Experimental design
. JK AL H Water treatments . KA Ab 3 Water treatments
Fa R/ (mg/kg) - e/ (me/kg) -
Cd concentrations XF REZH K Cd concentrations X RRAL IKilE
Control group (CK) Flooding group (FL) Control group (CK) Flooding group (FL)
0 TO WTO 2 T2 WT2
0.5 Tl WT1 10 T3 WT3

1.2 WAL 5353 8 05 ik

K2 B0 8 B R R O AN 2 43 . 20 DI EUR. ZE R EEAE 0.5 o, FH TS IO 203 T 20 34k 6—8 mL, 2]
WA N - JFEHE 250 mmol/ L, Tris-HCI(pH 7.5) 50 mmol/L, & 2R &EAH A (C,H,,0,S,) 1.0 mmol/L, 2J3K K
FH 80 pn (e e A ik 8, 5 B A A I BE 2 53 (1) 5 B8 LA 1500 g #5000 7 8520 10 min (AR HH 2500 g &0 20
min). TN TR (11) 5 FHFRFELL 5000 g B0 20 min, PLIE NSy (1) 5 FI R 15000 g 5.0 30
min,, JOUE R ERARLL 53 (V) | FVE R ATVE A (V) 12 o 38 1 A i DA 40 B2 53 A8 6 43 B9 K, Pl 25 4
S AT SO R T ICP 58 4% 14 B B o i
1.3 Al

MRS BT SPSS 22.0 SEATERAL L, 12 FH LK 3 77 22 7317 ( One-way ANOVA ) 2347 AH [ Ab B 45 1
R AR ZE AN [F]AH f ZE 4 22 ) A 25 S SR 2R T 25 43 B ( Two-way ANOVA ) 43 A7 AN [R] 7K 3 Ak 38U FTAS (]
i e T AL FHRKT Rk AR MR I 40 43 A7 B 52 M), Duncan 22 5 % ( Duncan’s multiple range test ) #6565 A B 2 [6] 1Y
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K :24.0% 38.9% .39.1%F1 46.4% ; 7K AL FENK IR 13.7% 43.1% 44.1%F1 45.0% )
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Table 3 Cd concentrations in subcellular fractions from the roots of Salix variegata under different Cd and water treatments

Ab B 1 (ZmifueE) I (JTfk) I ( 20 k%) IV (ZhrA) V (AR )
Treatments I (Cell wall) Il ( Plastids) [T ( Cell nucleus) IV ( Mitochondrion ) V (Soluble fractions)
TO 0.26+0.10ab 0.50+0.14a 0.11+0.03b 0.06+0.01b 0.15+0.05b
T1 0.81+0.08a 0.67+0.20a 0.22+0.05b 0.09+0.03b 0.29+0.10b
T2 1.15+0.24a 0.59+0.09bc 0.28+0.05bc 0.17+0.08b 0.72+0.12b
T3 2.66+0.36a 1.10+0.04c 0.08+0.00d 0.07+0.00d 1.81+0.31b
WTO 0.14+0.04b 0.36+0.02¢ 0.057+0.01a 0.06+0.00a 0.37+0.02¢
WT1 1.23+0.34a 1.19+0.20a 0.16£0.05b 0.03+0.00b 0.18+0.05b
WT2 2.52+0.29a 2.57+0.56a 0.17+0.06b 0.19+0.02b 0.38+0.06b
WT3 3.12+0.15a 2.34+0.21b 0.10+0.01d 0.14+0.04d 1.25+0.26¢

TO.T1.T2 T3 35 H K 564K 0.0.5.2 .10 mg/kg Cd> 2, WTO WTL WT2 ‘WT3 Jg/K ¥4 F A9 0.0.5.2 .10 mg/kg Cd> 41, Frik
(R B AR AR . [T AR /ING TR 2m M AR B AT AN W 40 20 22 100 4 5 25 52 B 3% ( P<0.05)

MR R Ty 25 53Tl e (2 4) RN, 70 AL BT 68 P20 v 8 ot K A MR 2R 200 B A0 i M o ) A 5 1
FR, RS EAEROS BAT AARS EEE R, 1 SR, 5 E AR R 4R AL B L, 2K b
T HE T T AR AR 2R 40 SR R SR R R 4 i KR AR | SR A A RT3 0 v AR R U
M) o AN () P2 e o 4T B SR ARV 375 i o N A LA v P A 5 B S S T, P ok AR R S i
FER

F4 KERARFRLEREMMERTAMANMRIENFETNER

Table 4 Effects on Cd concentrations in subcellular fractions from the roots of Salix variegata under different Cd and water treatments

i LCRE) O WCR) N () V(TR
Treatments I (Cell wall) Il ( Plastids) Il ( Cell nucleus) IV (Mitochondrion) ~ V ( Soluble fractions)
e AL P Cd /eoncentrations * * * ns *
K53 4b 3 Water treatment * * ns ns ns
IKAP)U B Water x Coneentrations ns * ns ns ns

# ; P<0.05; ns: P>0.05

2.2 KX Rk HEI ARG IV 40 L 2L 43 5 ik G S

e S TTLUE L, TCIe 2K R S AR KM 25 1T, Bk AR A 20 R 200 B v 4 B A T R K F A
YA A7 0 R B BRI . B A B 2R AR AN A R AT I A R A e DU 2 A T AR
I TEH AR AE T, Bl 2 4 a0 i 8, Bk A M A 200 B vh A 4 7 it A AR S R L
18] AR A R B (IF 3R 7K 23 3R 26.3% 44.8% 46.1% F1 66.2% , 7K s 444 F MR U 39.8% 41.3% 38.9%
50.5%) .
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Fig.1 (Cd concentrations in subcellular fractions from the roots of Salix variegata under different treatments
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Table 5 Cd concentrations in subcellular fractions from the shoots of Salix variegata under different Cd and water treatments

Qb3 I (4HfEEE) 1T (BEfK) I ( 4 pfA% ) IV (Zehitk) V (FE ST )
Treatments I (Cell wall) 1T ( Plastids) II ( Cell nucleus) IV ( Mitochondrion ) V (Soluble fractions)
TO 0.17+£0.01a 0.16+0.02a 0.10+£0.02a 0.08+0.01a 0.15+0.06a
T1 0.69+0.09a 0.58+0.07a 0.13+0.05b 0.07+0.02b 0.08+0.01b
T2 1.14+0.06a 0.82+0.12b 0.20+0.07¢ 0.26+0.11¢ 0.12+0.03¢
T3 2.65+0.46a 0.85+0.06b 0.23+0.03be 0.09+0.02¢ 0.16+0.05¢
WTO 0.37£0:06a 0.31+£0.03a 0.09+0.01b 0.06+0.01b 0.08+0.02b
WT1 0.61+0.07a 0.61+0.06a 0.10+0.02b 0.06+0.01b 0.08+0.01b
WT2 0.59+0.06a 0.52+0.03a 0.14+0.03b 0.12+0.03b 0.15+0.04b
WT3 1.10+£0.06a 0.60+0.02b 0.16+0.05¢ 0.25+0.08¢c 0.08+0.01¢c

MOBLPH 25 22 73 BT 285 5 (36 6) RIHT, 7KW X BK AT 240 Ff B v (1) 608 5 s B 3 S ), 38 58 T 0o 2400 i e
iR A RS B E A 812 WK KA HI I AR T R R FE AR P (10 me/kg) T RK AR A 4 L BE v
PRV £ e o LA A BEAZ SRR LA B AT 1 R 1 e T S S AN () P A0 e T A L RE | I A
HgR S A AT XAy 3 R A R A G B R
2.3 K X RK AR IV 41 2H 43 o R R

NFE 7 AT A SR K LA S A K TR 2, BTN - 20 i 40 B v A A B 2 R T At A ST £ )
B e i, T A A T B e R BEER A . IE R HK UK 25, B A 38 TR B2 B 38, K AR M 20 if
BE TR i o R M A B ) LB A TR B (IE R K AR 47.21% 57.5% ,49.7% F1 73.3% , 7K
W SR RN 43.9% 42.9% 45.9%F1 58.2%)
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Table 6 Effects on Cd concentrations in subcellular fractions from the shoots of Salix variegata under different Cd and water

Qb B I (4nffusE) I (Joifd) T ( 4% ) IV (&hifa) V (RIS
Treatments I (Cell wall) II ( Plastids) I ( Cell nucleus) IV (Mitochondrion) ~ V (Soluble fractions)
WAL FE Cd concentrations * * ns ns ns
JKAFAL T Water treatment * ns ns ns ns
IKArx e Water X Concentrations * * ns ns ns
4 L
L1 Vargssy b
NN [V &k fh
= 1114 At
g RXA 11 etk
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4 £
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Es
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2 AEAME TR T ARRA SRS E/ (pg/g i H)

Fig.2 Cd concentrations in subcellular fractions from the stems of Salix variegata under different treatments

R7 KRERTFERALERE THENHTHEMADHIRE R/ (ny/g BHE)

Table 7 Cd concentrations in subeellular fractions from the leaves of Salix variegata under different Cd and water treatments

i3 T (4HaaE) I (Ffk) 1 (A ) IV (Zekitk) V (AT
Treatments I (Cell wall) 1T ( Plastids) Il ( Cell nucleus) IV ( Mitochondrion ) V (Soluble fractions)

TO 0.53+0.13a 0.30+0.06b 0.05+0.01¢c 0.11+0.06bc 0.09+0.02bc

T1 1.04+0.11a 0.26+0.06b 0.13+£0.08b 0.12+0.05b 0.28+0.07b

T2 1.46+0.15a 0.69+0.19b 0.30+0.12bc 0.38+0.09bc 0.18+0.03¢

T3 1.56+0.25a 0.39+0.09b 0.06+0.02¢ 0.05+£0.01¢ 0.06+0.01¢
WTO 0.37+0.04a 0.30+0.06a 0.07+0.02b 0.04+0.01b 0.07+£0.01b
WT1 0.56+0.08a 0.47+0.04a 0.04+0.00b 0.05+£0.01b 0.21+0.08b
W12 1.38+0.21a 0.48+0.06b 0.40+0.01b 0.28+0.10b 0.44+0.08b
WT3 1.70+£0.45a 0.68+0.10b 0.45+0.10b 0.05+0.02¢ 0.06+0.01c

P LR 28 25 A0 T 4l R (36 8) NIEL 3 AT 1, /K s Al — 2 2 AR X 5 R gl o i 4 & XA W 5
M o AN [ G ol e X 2 B | 24 JHAZ B L R P R H AR 5 A S B ), PR A 4 8 T

E AN
3 e

AEL) X B <5 Jo S0 11 SR s 6 5 3 3 A0 22 T S e, R0V BEL 1 T i 2 A D A o A RS i <3 TR X AL il
T2 AR BE AR g o 4 A S AR A A0 M 5 — S5 2 T L S TR IS R R 4 B e B o
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Table 8 Effects on Cd concentrations in subcellular fractions from the leaves of Salix variegata under different Cd and water treatments

g I (4nfurE) I (JEfk) 1 ( 4 pfA% ) IV (Zekifh) V (RS
Treatments I (Cell wall) Il (Plastids)  I(Cell nucleus) IV ( Mitochosidrion ) V.( Soluble fractions )
WAL FE Cd concentrations * * * ns *
K Ab B Water treatment ns ns ns ns ns

IK 53> e Water x Concentrations ns ns ns ns ns

[ 243

Cd content of diffrent fration/(ug/g BEH)

Fig.3 Cd concentrations in subcellular fractions from the leaves of Salix variegata under different treatments
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SR FE AW, SN NaCl 3 FIE SRR 2201 - 200 ff B 1 200 i s o o 5 e VPR 35T e T M VR P 6
AR, ] WL 7ESMNIE NaCl SN SR 20 i BE X 5 1) FRUR BE 0 T RESZ 31 T BORSER, SR T,
LA DA 5 7 W30 Ao i i At PR 3 TR 40 A o o 465 e O BB BB T, Qiu 25 (I 5 R 3L, W 1 AR o i
N TGOS RE PSR T, D T AN e e R (E B A 8 ke nT I a0 B
BB RE AT LR BRSNS T A EE X R R0 AR RE ) . MWARIRIR SRR | KM X R AL
20 M 5 ) AR R SR RE ) OB N, KT SRR A BEATS R R IR R I P B O 3R e T2 e AR T
L, SRR TN A% B0 B 5t — A T ALK o KX AR 200 0 240 B P A 35 o 20 M 4 LA T
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