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uptake of different rice varieties and their preliminary mechanisms
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Abstract : Safe food production on large areas of paddy soils that were polluted with Cd at low to medium levels is crucial for human health.
The effects of three water management modes, drought (D), intermittent flooding (IF), and continuous flooding (CF) as well as the com-
bined application of water management and amendments with iron and silicon—rich material (IS) and biochar(B) on Cd uptake by different

rice varieties were investigated through a field experiment. The possible phytoexclusion mechanisms involved were discussed. The results
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showed that the Cd content in brown rice treated by CF from tillering to maturity stage was reduced by 0.2%~45.43% compared with IF

treatment and by 37.67%~62.11% compared with D treatment. Under the three water management modes, the Cd content in the low cumu-
lative brown rice cultivar G8 2168 was 35.03%~54.61% lower than that in the conventional variety. Under the conditions of the three
modes of water management (D, IF, and CF), the contents of Cd in brown rice treated with IS amendment decreased by 64.26%, 55.74%
and 38.14%, respectively, compared with that treated with only water management. The effect of the combined amendment [S+B was signifi-
cantly weaker. The lowest Cd content in brown rice was obtained with the combined application of low cumulative rice varieties, continuous
flooding, and IS. Furthermore, the content of Cd in rice root iron plaque varied depending on the water management mode in the following
order D<IF<CF, while the content of Cd in root and brown rice showed the inverse pattern (D>IF>CF). This indicated that continuous flood-
ing could promote the fixation of Cd by root iron plaque which acted as a barrier for Cd entering the rice plants. However, continuous flood -
ing also decreased significantly the soil available Cd concentrations (extracted by 0.01 mol+ L' CaCl,). Thus, both mechanisms contributed
to reducing the Cd uptake by rice. Iron and silicon-rich material addition had no significant effect on the content of Cd fixed by root iron
plaque. It reduced the rice Cd uptake mainly by significantly decreasing the Cd availability in the soil. Therefore, the combined application
of a low Cd cumulative rice variety, continuous flooding and IS can guarantee safe rice production on paddy soils with low to medium Cd
pollution. Planting low Cd—cumulative rice cultivars, coupled with continuous flooding during the critical growth stage are very important to

limiting Cd uptake by rice. The application of amendments and low Cd cumulative rice varieties should be favored in seasons or areas with

a water shortage.

Keywords : water management; iron—silicon material; biochar; rice variety; brown rice Cd

R4 (4 [ A 18 75 Yeobk 5 7 A 28 4 ) (2014 47 4
HOW, 4 BBk A 38 1) 507 B PR R IR 19.4% , Horb g
(Cd) 57 AR RN 7.0%, 7675 Ye o0 2 b HESR — 17 o
Cd 7E L3R AR Ypis v i, LA 5 BloK RE WO 5%
i BAPRY, Cdilid - RAEYEA B W EEK S
T NAARERRS,

B AR BE CAT5 gk L, iR 4% R MR
A GFHT B E AR SR, CHMRER, R
VAR A A E WK, T KR B KRR FERL R Cd
P, HH PR R, B aTRpEE Y. A5 H
W K A R T CAP 1] CAS AR, WA T A ARG AT 490 %
Cd M w1 Bt A 0T 9 & B K s 56 180 b Rl 400 76 ¥
IKAVE T, A3 3 380 3 A s AU ST (AR 22T B — ol
2146 R IR, BEAIE E Bl 1 1) 7 K Hp R T R Y
T REIKAS SR Cd BRIk e 1A B35 25 R,
AT 5 KRG, 76 Cd W8 T 2% 58 R 14 FFr 22 B0
T MR Y Cd IRRR ™), 3 2 i e 5 mT DA A
IKAE Cd Ay & " H AR R K43 2608 T 1 R 80
ANBHA o A 45 2SR TR A S AT LA [
BEEARA SN R R — IR R B
TR T () Bl AL E 4 S AR, T DA B Rk - 3 b 4 pH,
Xt 8 4 @ 8 AL DU #0051, AR e
A= ) LA 58 4 B A3 ARV 0 8 R A 1 e
55 K4 Ak BB S AR R, S S A, BT 2 AL 2
I K e 2 T RR, ) 24 S AT W P R

PR CATS Y450 T R —HARERZ

A BEA A AT AT B AR AL Cd & R AR R 2 4
KAFZN I, T 2R RGBS BRI HAT,
KT K348 PRI A AR AR KA it A H AR K 7
B AL R CBRIEE R RE B A 1 5¢) SRR 1 F
G AT REALATS AN IR o ASBIFFE R P R X
1, SR FH =k A8 BRI 5 MR R AFUK A A A
Lok o348 B+ BEAR TR CRRAE R RS AR 7)) +IR R BUK
R AR A B AR, U ST 1 AN R R KA X
Cd W i) 22 57, JF BT L AT BE AL EE, LA Cd 75
JeA< A A A PR AR SR

1 #MB5FE

BEFR) AR B X A 11 Cd T3 e gk T 8 AU 25 7
TR R A X6 (2017 4F- 4 H 5 HFR#E,2017 H 8 H
8 HWcik) ., Mt 145 pH 5.64, J R 1E 13 A WL &
i 1.04% , Bl ff R 5 203.76 mg- kg™, A N
98 mg-kg ', WS EEN 0.162% ,Cd SR (R 1) B4
FH M A 38 35 Y RURS: 0 %6 {1 (GB 15618—2018) [ 2.5
5, ELAT 3 1 O BRI XU A 7™ R A RS, A7 a0
KU it

#1ORBR A HEREAL TR R

Table 1 Properties of the paddy soil and amendments

HE B K} Material pH & Cd Total Cd/mg-kg™
AR 147 Tested soil 5.64+0.26 1.0120.17
H: 1% Biochar 8.04+0.31 0.19+0.05
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Figure 1 Effects of water management and amendments on soil pH in two different growth stages
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Figure 2 Effects of water management and amendments on soil Eh in two different growth stages
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Figure 6 Cd enrichment factors of brown rice, rice root and root

iron plaque with different water management patterns
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