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Cd accumulation (‘D83A/R527’) and high Cd accumulation (‘Fuyou838°). The subcellular distribution and chemical forms of Cd in
the root and shoot of different rice genotypes were investigated after exposure to Cd concentrations of 5 umol-L™!, 10 pmol-L™" and
25 pmol-L™". The aim of the study was to explore subcellular distribution and chemical forms change of Cd in rice to provide refer-
ence for research on Cd absorption mechanisms of rice. The results showed that: 1) the concentrations of Cd in roots and shoots and
the transfer rate in ‘D83A/R527’ were significantly lower than those in ‘Fuyou838’ (P < 0.05). 2) The contents of Cd in subcellular
fractions of two rice cultivars were in the orders of soluble fraction (F3) > cell wall (F1) > organelle (F2) in roots, but cell wall (F1) >
soluble fraction (F3) > organelle (F2) in shoots. The proportions of Cd in cell walls (36.76%—51.75%) in both roots and shoots of
‘D83A/R527° were higher than those in ‘Fuyou838’ (31.29%-49.07%). 3) The order of contents of Cd chemical forms revealed by
different processing methods was sodium chloride extraction state (Fy,c-Cd) > acetic acid extractable state (Fya.~Cd) > deionized
water extraction (Fy-Cd) > ethanol extracted state (Fg-Cd) > HCI extractable state (Fyc-Cd) in both cultivars. When Cd concentra-
tion increased, the proportions of Fg-Cd and Fy-Cd (active forms) from root of ‘D83A/R527” declined gradually (24.75%—18.34%),
but increased gradually in ‘Fuyou838’ (27.18%—28.68%). The percentages of Fysc-Cd and Fyc-Cd (inertia forms) in shoot of
‘D83A/R527 (32.41%—-38.98%) were higher than those in ‘Fuyou838’ (28.44%-31.22%). The proportions of Fy,c-Cd in both root
and shoot of ‘D83A/R527” (32.71%—51.17%) were higher than those in ‘Fuyou838’ (32.14%—47.63%). In short, Cd accumulation in
‘D83A/R527° was lower than that in ‘Fuyou838’. Then cell wall mass fractions of both root and shoot systems were higher in
‘D83A/R527’ than that in ‘Fuyou838°. Also there was lower accumulation of active forms of Cd and higher accumulation of inertia
forms of Cd in ‘D83A/R527’ than that in ‘Fuyou838’. Therefore, rice cultivar ‘D83A/R527” had a better Cd fixation capacity than
‘Fuyou838°.

Keywords: Exogenous cadmium; Rice; Subcellular distribution; Chemical form; Active form of cadmium; Inertia form of cadmium
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Fig. 1 Cadmium concentrations in roots and shoots of rice varieties ‘D83A/R527’ and ‘Fuyou838’ in different Cd levels

(P<0.05) Different lowercase letters in the figure show significant differences (P < 0.05).
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Table 1  Subcellular distribution of cadmium in seedlings rice varieties ‘D83A/R527’ and ‘Fuyou838’ in different Cd levels

Cd Cd concentration (mg-kg 1)
cd F1 F2 F3

Organ Cd level
1L

(wmol-L.7) D83A/R527 838 D83A/R527 838 D83A/R527 838

Fuyou838 Fuyou838 Fuyou838

5 1.13+0.01d 1.3240.02¢ 0.35+0.00f 0.520.00e 1.58+0.04b 2.22+0.08a

Root 10 2.02+0.05d 2.74+0.01b 0.79+0.01f 1.42+0.01e 2.64+0.10¢ 4.53+0.00a

25 5.60+0.07d 6.92£0.09b 2.23+0.02f 3.78+0.06¢ 6.70£0.07c  11.41+0.00a

5 0.77+0.04b 1.04+0.04a 0.22+0.01e 0.32:0.00d 0.49+0.01c 0.75+0.01b

Shoot 10 0.86+0.00¢ 1.56+0.03a 0.26+0.02f 0.46+0.01¢ 0.61+0.02d 1.31+0.00b

25 2.02+0.00¢ 2.82+0.03b 0.54+0.00f 0.92+0.01¢ 1.69+0.01d 3.86+0.04a

F1: 3 F2: ; F3: Mean£S.D. (n=3) (P<0.05) FI:

cell wall fraction; F2: organelle fraction; F3: soluble fraction. Date are shown as Mean + S.D. (n=3). Different lowercase letters in the same line show
significant differences (P < 0.05).
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Fig. 3 Proportions of cadmium in subcellular fractions of roots and shoots of rice varieties ‘D83A/R527’ (A) and ‘Fuyou838’ (B) in
different Cd levels treatments
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F1: ; F2: ; F3: F1: cell wall fraction; F2: organelle fraction; F3: soluble fraction.
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cd , Frnac-Cd  FaceCd cd (32.41%~38.98%) , ‘
, Fy-Cd>  838°(28.44%~31.22%); Fy-Cd  Fp-Cd
Fp-Cd>Fyyc-Cd Cd , (30.29%~28.31%)  ° 838’ (37.01%~36.02%),
cd Fraci-Cd Fa-Cd  Fy-Cd ‘D83A/R527’ Cd
, Cd 3 Cd <838, Cd
47.73% 23.35% 15.74%, , Frac-Cd ,
34.63% 29.49%  18.83% , , cd
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Table 2 Cd contents in different extraction forms of rice seedlings of different varieties in different Cd levels treatments

Cd concentration (mg-kg™)

Organ Cdlevel Variety Fp-Cd Fw-Cd Fraci-Cd Fiac-Cd Fhci-Cd Recﬁwery
(pmol-L™) E w NaCl HAc HCI (%)
5 D83A/R527  0.28+0.00d 0.46£0.02c  1.53£0.03a  0.65£0.01b  0.07+0.00¢ 91.68
Root Fuyou838 0.35+0.02d 0.74£0.02c  1.91£0.03a  0.91£0.01b  0.10+0.00e 93.28
10 D83A/R527  0.49+0.01d 0.78+0.01c  2.61£0.07a  1.18£0.04b  0.19+0.00¢ 92.54
Fuyou838 0.81+0.01d 1.49+0.03c  3.78+0.00a  1.93+0.01b  0.34+0.01e 91.23
25 D83A/R527  1.10£0.10d 1.51£0.05¢  7.00£0.09a  3.80£0.02b  0.82:0.00¢ 92.64
Fuyou838 2.46+0.02d 3.74£0.09c  9.39+0.04a  5.05£0.02b  0.98+0.00e¢ 94.45
Shoot 5 D83A/R527  0.20£0.01d 0.23£0.01c  0.55£0.02a  0.44£0.01b  0.03+0.00¢ 92.43
Fuyou838 0.37+0.02¢ 0.39£0.01c  0.75£0.00a  0.56£0.02b  0.04+0.00d 93.65
10 D83A/R527  0.22+0.01d 0.31£0.00c  0.63£0.02a  0.54£0.01b  0.05+0.00¢ 92.81
Fuyou838 0.52+0.01d 0.72£0.00c  1.12£0.06a  0.93£0.00b  0.06:0.00¢ 93.01
25 D83A/R527  0.45+0.02¢ 0.77£0.02b  1.41£0.02a  1.44+0.04a  0.24+0.02d 9431
Fuyou838 1.14£0.02d 1.63£0.02¢c  2.43+0.01a  2.12+0.04b  0.24+0.0l¢ 92.58
Fg-Cd Fy-Cd  Froei-Cd  Fyae-Cd  Fye-Cd 80% 1 mol-L™ 2% 0.6 mol-L™ cd
MeantS.D. (n=3) (P<0.05) (%)=(Fp-Cd+Fy-Cd+Fy,c-Cd+Fya-Cd+Fpc-Cd)/  Cd

x100% Fg-Cd, Fw-Cd, Fnaci- Cd, Fyyac-Cd and Fyc-Cd respectively represented the Cd extracted by 80% ethanol, distilled water, 1 mol-L™! NacCl,

2% HAC and 0.6 mol-L™" HCI, respectively. Date are shown as Mean+S.D. (n=3). Different lowercase letters in the same line of data show significant
differences (P < 0.05). Recovery (%) = (Fg-Cd + Fw-Cd + Fnac1-Cd + Fac-Cd + Fc-Cd) / total Cd contentsx100%.
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Fig. 4 Proportions of Cd in different chemical forms of roots and shoots of rice varieties ‘D83A/R527’ (A) and ‘Fuyou838’ (B) in
different Cd levels treatments
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Cd Fg-Cd, Fw-Cd, Fraci-Cd, Fyac-Cd and Fyc-Cd respectively represented the Cd extracted by 80% ethanol, distilled water, 1 mol-L™" NaCl, 2%
HAC and 0.6 mol-L™" HCI, respectively.
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