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Uptake, Translocation and Subcellular Distribution Characteristics of Cadmium and Sodium in Suaeda salsa
and Atriplex triangularis
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(1.College of Resources and Environmental Sciences, Jiangsu Provincial Key Laboratory of Marine Biology, Nanjing Agricultural University,
Nanjing 210095, China; 2.Demonstration Laboratory of Elements and Life Science Research, Laboratory Centre of Life Science, Nanjing Agri—
cultural University, Nanjing 210095, China; 3.Yancheng Green Garden Saline Soil Agricultural Technology Co., Ltd., Yancheng 224002, China )

Abstract: Tolerance and accumulation of cadmium in halophytic species are important for phytoremediation and food safety of heavy metals
contaminated saline soils. A hydroponic experiment was conducted to compare the growth response and the Cd and Na uptake, translocation
and subcellular distribution of two halophytic species, Suaeda salsa and Atriplex triangularis, in order to improve the understanding of Cd
accumulation and detoxification mechanisms at the subcellular level of these two types of halophytes. Both species showed decrease in root
length, plant height and biomass under Cd stress. However, the growth response and Cd toxicity symptoms were quite different between both
species, with S. salsa less severely affected by Cd stress than A. triangularis, implying that S. salsa had higher Cd tolerance than A. triangu—
laris did. The capacity of Cd adsorption on root surface of two halophytes was also obviously different. Additionally, S. salsa had higher root
Cd accumulation but a lower Cd translocation rate than A. triangularis. Cadmium tolerance was associated with the Cd accumulation in the
roots and thus low transport to the shoots. The subcellular distribution of Cd was in order of cell wall fraction>soluble fraction>organelle
fraction. The cell wall and soluble fractions were the dominant storage compartments for Cd in the roots, stems and leaves. S. salsa could
bind more Cd in the cell wall fractions than A. triangularis. Thus, immobilization of Cd by the cell walls of different organs appeared to be
the main Cd detoxification mechanism at the subcellular level. Cadmium stress also influenced the content of Na in shoots and roots of two
plants, interfering the normal Na homeostasis at the levels of organs and subcellular fractions.
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Table 1 Effects of different Cd concentrations on dry biomass of
S. salsa and A. triangularis

TEZE AL triangularis

Cd 4y W& S. salsa

ool Ly W HFE AR Root MR E RHF T Roo
Shoot DW/mg DW/mg Shoot DW/mg DW/mg

0 172.6+24.4a 14.8+1.6a 316.7#25.3a  35.2+2.7a
1 160.3+26.9ab  13.7+0.8ab  295.2+27.8ab  29.3+5.8b
10 155.5+20.6ab  13.0x1.4bc  284.5+25.0bc  22.5+6.6bc

50 134.4+13.3bc  12.7+1.3cd  245.8422.5¢cd  18.6x4.3cd
100 128.5+13.1ed  12.2+1.0d  213.3x16.6de  17.6+2.6cd
200 127.7+£5.9d 11.5+1.1d 185.0+26.3e 13.3+3.3d

T [RFAS [N 5 B3R 22 5 i 35 (P<0.05 ).
Note: Different letters within each column indicate significant differ—

ence(P<0.05).
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Figure 1 Root tolerance index of S. salsa and A. triangularis under

different Cd concentrations
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R 2 AE Cd 41 THEEMEZRFTAMERA Cd WHE(wmol -m™)

Table 2 Amount of Cd adsorbed on root surface of S. salsa and A. triangularis under different Cd concentrations( wmol -m2)

Cd 43/ pmol - L™ 1 10 50 100 200
WG S. salsa 0.71+0.11 23.79+2.06 88.30+9.19 170.36+16.13 243.28+39.04
W2 A. triangularis 0.62+0.16 4.07+0.88 20.07+1.60 54.16+8.63 94.51+24.96
B #F1 Significance NS ok ok ok *

T * FORIA— Cd IR A P2 B T AR Cd W B 1t 2 53 @ 35 (P<0.05 ) % R P 25 SR 1 35 (P<0.01) ;NS R 5 25 AN B 35

Note : *means significant difference( P<0.05) between two halophytes at the same concentration , **means highly significant difference (P<0.01), NS

means no significant difference.
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HRFR Na it 5 Cd AbH[A] 2 8 35 61 A O (r=—0.555%,
n=18); WEFIM FIAIMER Na & th 58 M+ Cd
Ab PR )£ 76 A S 25 R S ) SR G L A DG R B4y 5]
H-0.679%* F1-0.574*(F 4), XL Cd A PR
SR 5 B3 AV RE ) b AR AR SR Na &, MR 4
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Table 3 Contents and translocation factors of Cd and Na in S. salsa and A. triangularis under different Cd concentrations

HAERYRN Cdgbpy Cd % Cd contents/mg kg™ Cd R Z80% Na ¥ 5 Na contents/g kg™ Na 565 Z50%
Species pmol - L™ 4y |34 Shoot AR Root Translocation factor i -3 Shoot AR Root Translocation factor
BiZE S. salsa 0 ND ND — 9.33+0.65 3.05+0.52 306.41+£20.23
1 1.73+0.31 126.90+13.29 1.37+0.13 8.78+0.84 2.91+0.30 301.93+£23.58
10 8.12+1.56 475.80+27.09 1.71£0.18 6.80+0.53 2.27+0.19 298.89+35.69
50 35.16+4.53 1 300.66+85.98 2.07£0.29 6.89+0.35 2.35+0.28 293.19+19.80
100 59.23+9.06 2 573.46+105.92 2.30+0.21 6.78+0.39 2.50+0.21 270.99+34.38
200 83.60+11.50 2 855.78+162.47 2.93+0.15 6.80+0.33 1.92+0.18 354.48+37.12
TEZE A. triangularis 0 ND ND — 17.39+0.61 9.49+0.57 183.92+15.05
1 4.76x0.36 325.23+12.81 1.46+0.20 16.33+£1.43 9.27+0.65 176.12+£22.07
10 9.22+1.75 585.62+38.93 1.57+0.18 15.94+1.03 4.76+0.45 334.62+38.26
50 31.83+9.95 971.31+£35.52 3.28+0.24 14.44+0.65 4.97+0.25 290.39+6.04
100 71.26+£9.98 1 336.49+41.57 5.33+0.36 14.90+1.30 5.23+0.37 285.98+38.08
200 112.84+29.28 2 197.12+31.23 5.14+£0.47 13.72+0.94 5.18+0.57 264.81+10.10

T :ND FRoRAGN H

Note: ND means undetected.
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Table 4 Correlation coefficients between Na content and Cd concentration, Cd content and accumulation of S. salsa and A. triangularis

i3 Na 71t Na contents/g kg™

% Z %k Correlation coefficient

{E%E Na & it Na contents/g-kg™

H#h |35 Shoot AR Root H#h | 3 Shoot HEHE Root

Cd ZbFE Cd treatment concentration/pmol - L™ —0.630%* -0.555% -0.679%* -0.574%
Cd 7% & Plant Cd content/mg-kg™ —0.495% -0.607** -0.570* -0.588*

Cd 25t Plant Cd accumulation/pg * F™ —0.514%* —0.640%* -0.566* -0.626%*

E % FRAFAE DGR (P<0.05) 5 % R AENL B AR (P<0.01),

Note : *means significant correlation( P<0.05 ) ; **means highly significant correlation(P<0.01).

24 WEFMEZEAESFE S Cd 0 Na WA
Bl VS ZE R [F] 25 B Cd & & 0y - A >
25> Na SRR >ZE~H, T4 Cd7EX
PP R AR A 25 28 5 TR AT A 5 £R 53O0 R Na
KEAI . AN, Cd LEF4 5 43 A A 43 He R 4n e
BES L > AN A , Na SIS0 5 53 H A 8> 240 i
BESHNMIAS . HlasE FIEEZRES4 it b Na & i fe s, L
Y452 o LAY P Na B i, 2 5ilik
59.9%~67.1%H1 56.4%~65.8%; [ Cd kbFRyk B 1)
HER, MU Na 43T b 5] 4% 140 5 o 1 4 (Bl ok

100 — — — —
% 80+ ||
SRS — —] —— .
32 0 — H = =
& il — — — —
R - — — —
2 o = =5 = E
0 Cd1 Cd10 Cd50 Cd100 Cd200
100 — — — —
&2 I
= 80
§ — — —
3 2 60 — — —] —
= R 4ot — — — —
Q{ﬂ f = = = =
i 20t — — — —
B = = B =
0 — — — —]
Cdl1 Cd10 Cd50 Cd100 Cd200
100 — — — — —
2 sl || -
SN — —
}%l x — — | |
2T H OH B =
=R 4l — — = —
Tim Y — — _ — —
% 201 = — — — —
= — — — —
Cd1 Cd10 Cd50 Cd100 Cd200
Cd b
SE I

(a)

(bh)

(c)

G o X Cd At 80T WA LK P ) Na
FaASA

Kl 2 S FIE AR (25 it rf Cd Y S0 41 A 43
ATE e WA 2(a) FirR , ko R ZE AR 4 21
S 5AT 95% 1 85% F A5 9 Cd A7 7E T 4l i B il
M, b SCDLARMRE BT 5 A A e, Al
58.3%~76.1%F1 49.6%~62.2% , (H TR AR 40 % h Cd
BT o5 40 B 2 i AR (P<0.05 ) . 3k 15 BH 1 Y RE
HEARTR IR A3 1) Cd [ 50 76 40 i BE | B o 3 5 s s
Bar e AL DY, 0% A M 0 7, LR AR A

100 — — — — —
§ soF ||
S L o
S I = I —— N S B S
to 5 2 B E B
i = — — — —
= — — — —
O — — — — —
cdl €dl0 Cd50  C€d100  Cd200
100r — — — — —
2 80 o L
T o = EE .
= 60F —
S /i; — — — — I
=R g} = — — — —
by b — — — — —
R == I = N = R = =
- — — — —] —]
L= = — == —
cdl Cd10  €d50  C€d100  Cd200
100 — — — — —
=
= 80f || L
ERS I — _—
5 g 60-  — E—
=R — — — — ||
R = R e — =
i — — — — —
= === —
Cd1 Cd10 Cds50 Cd100 Cd200
Cd 4ban

O gafifidedlsr O MUk

2 WEMEZER(a) ZE(b) M (c)f Cd WD FHE DL

Figure 2 Proportion of Cd subcellular distribution in roots(a),stems(b ) ,and leaves(c) of S. salsa and A. triangularis
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Figure 3 Effects of root cell wall-bound fraction on Cd translocation

factors of S. salsa and A. triangularis
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