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Abstract: Cadmium (Cd) contamination in the agricultural soils of China is a serious and growing environmental problem that urgently
needs to be controlled and completely remediated. The biogeochemical cycles of nitrogen (N), sulfur (S), and iron (Fe), and the
coupled cycles of Fe-N and Fe-S have been reported to control Cd transportation in the soil-rice system. Exploring practical remediation
strategies for Cd from the perspective of the application of nutrients such as N, S, and Fe for rice growth is expected to obtain farm-
specific and state-of-the-art technologies and products to reduce the accumulation of Cd in rice grains. Using our earlier study as a
basis, the rhizosphere bag-pot experiment with ferrous sulfate (FeSO,) and ferric nitrate [ Fe(NO, ), ] treatments was conducted to
investigate Cd bioavailability in rhizosphere soil and Cd translocation in rice plants, and to highlight some possible factors and
mechanisms controlling Cd accumulation in rice grains. The results showed that both FeSO,and Fe (NO, ), treatments reduced the
bioavailable Cd (NH,Ac-Cd) content in rhizosphere soil, with the decreasing extent being significantly lower in the former (55.6% )
than in the latter (76.0% ). Both FeSO, and Fe(NO, ), treatments changed the distribution characteristics of Cd in rice tissues, and
the FeSO, treatment increased the Cd content in brown rice (0.6 mg-kg™"), but the Fe(NO, ), treatment decreased the Cd content in
brown rice (0.1 mg-kg™"). Adsorption or co-precipitation of Cd by iron plaque, increased accumulations of Cd in root, stem, and
leaf, and enhanced translocations of Cd from root, stem, and nodule to brown rice occurred with the increased Cd content in brown rice
of the FeSO, treatment. However, the decreased Cd content in brown rice with the Fe(NO, ), treatment was ascribed to adsorption or
co-precipitation of Cd by poorly crystalline Fe oxides and solid Fe sulfides, decreased accumulations of Cd in stem and nodule, and
weakened translocations of Cd from root, leaf, and nodule to brown rice. These findings provide a scientific basis for the exploration
and application of nutritive soil amendment, and will have significance in regards to the remediation of Cd-contaminated agricultural
soils in China.
Key words : nutrient elements; Cd bioavailability; Cd translocation; rhizosphere soil-rice system; brown rice
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Table 1 Dry weight of rice tissues by different treatments/g-kg ™!
b3 R B nt bl 7t GRS
CK 55.0 +0.4cE 198.7 +7. 1bB 152.1 £4. 8aC 18.7 £0. 5aF 80.7 = 1.3bD 494.9 +11. 2aA
+FeSO, 106. 5 +10. 9aD 213.9 +4.2aB 137.6 +3.8bC 11.5 +0. 2bF 71.1£2.2¢cE 459.4 £13.8bA
+Fe(NO; ), 81.6 +8. 6bE 211.0 +9. 5abB 133.2 +3.6bC 6.0 +0. 3cF 84.5 1. 1aD 483.7 +12. 7TabA

1) RRVNG FRER RN FIAL BEAR R 2 288 B TR 22 5 35 (P <0. 05) , R RIRE TR R AR I AL B[R SR 28 BRI 22 53 35 (P <0..05) , R I
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e ATREK ) R4 G K 165. 3%, 74. 8%,
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Cd M i B2 K 70. 4%, {H Cd 7525 457 5%
FIVRE oK rh g B2 R A 43 0 8/ 61.2%, 85.2%,
50. 0% F158. 0% . FeSO, AbHEA B E 0 Cd 1E45
b B, T Fe(NO; ), Liﬂ/ﬁﬁi%%ﬂn cd

=24
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E‘/

=
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30
(a) I i
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25+ 2 R =
-"'i i
20 -Sﬁﬂ&

Cdgfit/mgkg™!

(b)

CAR M ft/mgkg™'

2.6 JKFEUP Cd B4 A FRAE

FeSO, Fl Fe(NO, ), AbFHHR B 25 o4 1 /K F A
M Cd (I AREFAE. A& 7 s, CK KRR Cd
O ARHIER I ZE > Bk > AR > IF 78 > 251 (P <
0.05) ; SR, FeSO, Fl Fe(NO, ), 4bFHJ5 , /K FaiAk N
Cd oA RAE 23 0 R B R 25 > Bk > A > i > 5%
SEETRZE > MR > KK > i > 5% > 85 (P <
0.05). &7 AT LA HL, FeSO, Ml Fe(NO,)5 ALHE
R T Cd ZER AR 434 (P <0703) (7
W/NT Cd zﬁzqh.,n%%u;bﬂlﬂﬂﬁﬁ?ﬁtl;m (P <
0.05). E%WJE %sm&fi%ﬁt*ulﬂﬂ C ’Iﬁﬁﬁ
Ll 5 CK/ i%&gjc 756% (P <0.05), frff
(NO;), Uﬂfﬂﬁﬁé*@ﬂéqﬂ Cd W5 Ai tl:ﬁ]ﬁ CK ﬁz
FW)N 26. 5%(F<0 05 7).

Fe

100 :
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sl
=
b
3 A0
20+
0
CK +FeS0y4 +Fe(NOs)s
A [l ik #R
BE7 KTBEA Cd A THFE
Fig. 7 Distribution proportion of Cd in rice
tissues by different treatments
2.7 JKFRHLAFEXT Cd 1z R
5 CK ML, FeSO, b HH AR  ZEFNEE T X Cd

CK LFeSO4 FFe(NOh); E/Jﬁ %ﬁ(ﬂ%i‘ﬁ ﬁﬁu_"Xj‘ Cd Bﬁ?ﬁl—/ﬁ{ﬁj&%
A W SR, Fe(NO, ) , AbBIA{R i FIZE5RE Cd [
E6 KXBAAREHCAMEERERE
RARBE® CINARIERE IS R VINIESTRVRCES RS SIS
Fig. 6 Cd contents and accumulations in rice j( %:é )
tissues by different treatments ( ) ’
F2 KBHELREN Cd WEERH
Table 2 Translation factors of Cd in different rice tissues by different treatments
abE B/ R B e BEA/nf BEA/ E51T
CK 0.2 +0.01b 0.2 +0. 004b 2.8 £0.2a 1.2 +£0.05b
+ FeSO, 0.4 £0.04a 0.3 +£0.02a 1.8 £0. 08b 1.6 £0. 09a
+Fe(NO; )5 0.09 +0.003¢ 0.2 +0.01b 0.9 +£0.05¢ 1.0 +£0.03¢c
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