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Effects of quicklime application at different rice growing stage on the cadmium contents in rice grain

ZHANG Zhen-xing"*?, JI Xiong—hui"***, XIE Yun-he"?*?, GUAN Di"*3 PENG Hua"*?, ZHU Jian"*?, TIAN Fa—xiang"**

(1.So0il and Fertilizer Institute of Hunan Province, Changsha 410125, China; 2.Key Laboratory for Agro—Environment in Midstream of Yangtze
Plain, Ministry of Agriculture, Changsha 410125, China; 3.Southern Regional Collaborative Innovation Center for Grain and Oil Crops in Chi—
na, Changsha 410125, China)

Abstract : The pot experiment was carried out to further explore the process mechanism that how quicklime applications reduce Cd contents
in rice grain cultivated in the Cd—contaminated paddy soils. In the control treatment no quicklime was applied into soil. While in other four
treatments, the quicklime was added into soil as lime suspension before the transplanting and at tillering, booting and filling stages, respec—
tively. The plant samples and soil samples were collected after the harvest and then were subjected to analyze aimed indexes. Results showed
that soil pH was significantly increased, but available Cd contents in soil and total Cd contents in roots and brown rice were significantly ( P<
0.05) decreased after soil was amended with quicklime at different growing stages. However, after the quicklime was applied at tillering
stage, the total Cd contents in brown rice was decreased with a maximum reduction that was 55.2% below the control, which was significantly
(P<0.05) lower than other treatments. Meanwhile, the total Ca contents in rice stem—leave was found to be significantly (P<0.05) higher
than others, but the total Cd contents in rice stem—-leave was significantly lower than others. Besides, the multivariate principal component
analysis showed that Cd content in rice stem—leave was significantly (P<0.05) negatively correlated with Ca contents. Therefore, the results
indicate that applying quicklime at tillering stage not only reduce available Cd contents in soil and decrease Cd absorption and accumulation
in root, but also can improve Ca contents in rice stem—leave and then inhibit the Cd translocation from root to stem—leave. The two processes
may be key factors reducing Cd contents in the brown rice when quicklime is applied at tillering stage.

Keywords: Oryza sativa L.; growing stage; quicklime; rice grain; calcium(Ca); cadmium(Cd)
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Figure 1 Effects of lime application on the soil pH and available Cd contents in soil

1 AEEEFHERAERRITKBEERA Cd @25 H IR

Table 1 Effects of lime application on the Cd contents in different parts of rice plant

MR Cd &i/mg kg

Cd contents in root

AbFH Treatments

S5FF Cd 47 Bt /mg- kg
Cd contents in stem

K Cd i it/ ke

Cd contents in brown rice

% #& Control(CK) 12.75+0.31a(100.0% )

3.43+0.46b(100.0% ) 1.44+0.04a(100.0% )

i FHT Before transplanting(T1) 8.42+0.52bc(66.0% )
4rBEW] Tillering stage(T2) 7.63+0.38¢(59.9% )

Zfil] Booting stage(T3)
WEIZ I Filling stage(T4)

8.07+0.63¢(63.3%)
9.12+0.57b(71.5%)

3.42+0.31b(99.7%)
1.84+0.30¢(53.8%)
4.13+0.46a(120.4% )
4.47+0.27a(130.3% )

0.74+0.01¢(51.7%)
0.64+0.01d(44.8%)
1.12+0.07b(77.9%)
1.12+0.04h(77.8%)

[l —FN S [) 1 32 7R AN [ Ak B0 ] 2 S 2 (P<0.05 ) s F5-2- N M B 43850 S0 BB 1 B 4r . R IRL
Note : different letters within a column indicates significant differences between different treatments( P<0.05 ), the value in the brackets means the per—

centage of the control, the same below.
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BN CaO AXAT LAREARAR 2= %5 Cd M 24K,
AT ARRARZEFF Y Cd ek 67 250
23 KIBHEKAK Ca FENTH
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45 (P<0.05, 38 3), BR¥ER I T4 403 5 % B A
WEXEF; ZEFF Ca S (UAESTEER T2 b P rp I 2
ThE (P<0.05) , HoAth Ab B A 5 A b, BLAk, oK
Ca T EAEMIN CaO J5 MR, 762258 T3 A
) T4 Lb 3 R 2R [ (P<0.05), T4/ R AT T1
FATBER] T2 KPP AGREK Ca i SXTIRTC B %2
St HGEIN CaO 1Y 4 NAEFRZ (A1 5225
24 figk Cd EESHMTEZ ERMBEXMES T

ISHTEE 4 BT R Cd TSR A Cd & R
F Cd IR A REE Cd & & ZE5F Cd 52
5 0P 2 U 2 TE AR O  FLAH C R Bk 0.795
0.794.0.745 .0.569, 5 +- 1% pH M &R Ca %= 2 T
AR SCE, AR OE R E53 1 -0.746 . -0.707
I, RS AT RR R R K Cd 5 0y DG B A
R HAMP ZRXPRK Cd S i 52 Al e

At A PCA MG T s, b 1 Andh 2 /9
R T 86.0%, ik Cd Frareih 1 7w
A Cd & MRA Cd WU R %, 34 80 Cd
i 1 pH ARR Ca i 25 Cd SRR
AR R (] 2) 0 X 53R 4 MR B Brds AR M
ol ARG Cd &y 135 pH M A DGR

F4 REXKCEESHMTEZ EAMEXE
Table 4 The correlation between Cd contents in brown rice

and other variables

& 2 %K Correlation coefficient

A5Hr Variables

M Cd & 0.569%
AR Cd & & 0.795%
A HES Cd o 0.745%*
13 pH —0.746%*

Bk Ca frit 0.268
ZEFF Ca i -0.419
AR Ca & -0.707%*
MR Cd B FRE 0.794 %

Cd W18 RAL 0.146

Cd IR 18RI 0.391

T AE 0.05 KF E B EFSE ** 1 0.01 K-F EREAR.
Note: * significant correlation at the 0.05 level , ** significant correla—

tion at the 0.01 level.

FW] L5 pH A T Al LU SRR LA G Cd
o AN RA Cd & MRR Cd IR B SR A
Ca 1 IS SCIEAR o, H25AT Cd 54 Cd M)
18 ZEAYHZERT Ca SRR TACHEAR S, RWIAEMK
PR Ca 5 PR SR ] BEREAIR T /KA XT Cd A i A
B I APBEALEFT T Cd PREKR IR AR

3 1tie

A FH R A St T A= 47 I, L3 5 pH T
R SR AR R T ) 97 L 2, DA T i X

R 2 NEEE MRS AR KTEEE Cd RNz 2R

Table 2 Effects of lime application on the uptake and transfer index of Cd in rice plant

EN LT EX

Cd absorption coefficient

AL Treatments

Cd IgsEi2 R %

Cd primary transport coefficient

Cd RGHiB R 5L

Cd secondary transport coefficient

X 1 Control (CK) 18.00+0.44a(100.0% )

JFBLHT Before transplanting(T1) 11.89+0.74bc(66.0% )
Ay EERA Tillering stage(T2) 10.78+0.53¢(59.9% )

Zfdil] Booting stage(T3)
HEIZ ] Filling stage(T4)

11.39+0.89¢(63.3% )
12.88+0.81b(71.5%)

0.27+0.03¢(100.0% )
0.41£0.01b(151.0%)

0.43+0.07a(100.0% )
0.22+0.02b(51.5%)

0.2420.05¢(90.5%) 0.35+0.06a(83.4% )
0.51+0.06a(190.8% ) 0.27+0.02b(64.0% )
0.49+0.05a(183.0%) 0.25+0.01b(59.0% )

*3 AEEEHEAERRIKBEKN Ca EENHHIF M

Table 3 Effects of lime application on the Ca contents in different parts of rice plant

KbFH Treatments

FR Ca {5 ft/mg-kg

Ca contents in root

ZEFF Ca Friit/mg kg
Ca contents in stem

Bk Ca Fi/mg kg
Ca contents in brown rice

X B Control(CK)

FHRLHT Before transplanting(T1)

4yBEW] Tillering stage(T2)
7474 Booting stage(T3)
HESR ) Filling stage(T4)

2 211.4+164.3b(100.0% )
2 897.0+33.5a(131.0%)
2 864.0+312.1a(130.5%)
2 712.12350.6a( 123.6% )
2 572.6+122.4ab(116.3% )

7 262.4x1 362.8b(100.0% )
7 336.7+931.8b(101.0% )
8 847.8+400.5a(122.8%)
6 788.1+£156.0b(93.5%)
7 757.4+£568.0ab(107.8% )

144.7+18.7a(100.0% )

125.1+11.3ab(86.4% )

129.1x14.0ab(89.2% )
116.0+3.4b(80.2%)
117.9+2.6b(81.4%)
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Figure 2 The correlations among parameters of soil and plant

based on PCA analysis
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