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Effects of different combined amendments on Cd uptake and accumulation by rice

LI Yang', YIN Ying—jie', ZHU Si—hang'**, ZHANG Xin', HUANG Yi-zong*, WANG Zhe', SHANG Jian—ying"*""

(1.College of Land Science and Technology, China Agricultural University, Beijing 100193, China; 2.Key Laboratory of Plant—Soil Interac-
tions, Ministry of Education, Beijing 100193, China; 3.Key Laboratory of Arable Land Conservation (North China), Ministry of Agriculture,
Beijing 100193, China; 4.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)
Abstract: A field experiment was conducted to study the effect of different combined amendments on Cd uptake and accumulation by rice
plants. In this study, lime, red mud, and kaolin were mixed in different proportions (the total application amount was 4500 kg - hm™) and
the mixtures were applied to Cd—contaminated paddy soil. According to the different mixing ratios of the three materials (lime, red mud,
and kaolin), five treatments were designed: CK (control treatment), T1(1:7:4), T2(3:5:4), T3(4:4:4), and T4(6:2:4). The results
showed that the four combined amendment treatments could significantly reduce the available Cd content of the soil and the Cd accumula-
tion in different parts of the rice plant. Compared with that of the CK, the available Cd contents in soil were decreased by 28.0%, 40.9%,
43.4%, and 57.4%, and the Cd contents in rice grain were decreased by 47.1%, 49.2%, 55.5%, and 81.6% for the four treatments with com-
bined amendments, respectively. The Cd contents of rice grain in T2, T3, and T4 treatments met the National Food Safety Standard value
(GB 2762—2017, Cd<0.2 mg-kg™). The correlation analysis showed that the available Cd content of the soil were significantly related to

the Cd contents in various parts of the rice plant(roots, stems, leaves, and grain), and the Pearson correlation coefficient values were 0.826,
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0.709, 0.778, and 0.532, respectively. The root bioaccumulation factors of the five treatments were 5.03, 1.83, 2.22, 1.32 and 0.90, respec-

tively; thus, amendment treatments significantly reduced the bioaccumulation capacity of rice roots for Cd. There was no significant differ-

ence in the yield of rice or the K and Mg contents of grain in each treatment, and the Ca content of grains was in the order of T1 > T2 > T3 >

T4. Based on a comprehensive analysis, the T4 treatment was the best in the five treatments for reducing the available Cd content in soils

and the Cd content in rice grains. Furthermore, it did not reduce rice yield or the K, Mg, and Ca contents that are closely related to rice

quality.

Keywords: Cd contamination; combined amendment; rice; uptake; accumulation
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Table 1 Physical,chemical properties and heavy metal

content of the tested soil

HUBRZH A% Mechanical composition/% AL

. B Cd/

pH  Organic matter/ ko

2~0.05mm 0.05~0.002  <0.002 mm g-kg! me*xe
20.95 73.82 5.23 5.52 32.34 1.28
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Table 2 Mixing ratios of amendments E’ £ Lime
AL P Treatments 1A H il Mixing ratios %,( 3
o T Sl lapa e
T1 K IRIR I LB 1:7:4 = N
ke jﬁ:{)ﬁ I_J N % 5 6n 750 8| 4 - Kaolin
T2 AR TRVE = Ly 31504 A
T3 AR IRVE e L H i 4:4:4 10 20 30 40 50 60 70
T4 AR IRVE I ) R 6:2:4 it £ 201(°)
VE ¢t A AL i 4500 kg hm B 1 Ak ARSI L XRDE
Note: The total amount of amendment applied is 4500 kg+hm™. Figure 1 XRD patterns of lime ,red mud and kaolin
3 ST S
Table 3 Amendment composition
BlifE 7 Amendment Cal/g-kg™ Mg/g-kg™ Al/g-kg™ Felg kg™ Cu/mg-kg™' Zn/mg- kg™ Cd/mg-kg™
£1JK Lime 608.36 8.47 1.43 1.59 0.96 8.53 —
7577 Red mud 4.04 0.32 24.21 589.50 0.13 — —
= 1 Kaolin 4.28 3.05 22.23 8.43 0.29 — 0.01

TE =" AR

Note: “=" means not detected.
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Figure 2 Available Cd contents in cultivated soils with

amendment material
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Figure 3 Available Cd contents in soils under different treatments
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Table 4 Soil pH values and SOM contents under

different treatments

Ab B Treatments pH A HLF Organic matter/g- kg™
CK 5.48+0.39¢ 31.26+1.02
T1 5.62+0.14bc 32.07+0.78
T2 5.77+0.26bc 32.52+0.97
T3 6.10+0.21ab 33.96+2.04
T4 6.39+0.37a 33.93+1.50

T A RN [R) A 3 8] 22 57 i 35 (P<0.05) o T 1]
Note: Different letters mean significant difference between different
treatments at 0.05 level. The same below.
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Figure 4 Cd contents in plants under different treatments
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Figure 5 Correlation analysis between Cd contents in plants and

available Cd contents in soils
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Table 5 The bioaccumulation factors and translocation factors of

Cd in rice plant

AP Treatments BAF TF -2 TF 240 TF o4
CK 5.03+0.66a  0.97+0.01b  0.07+0.03cd 0.46+0.12a
T1 1.83+0.40bc  0.71£0.17b  0.13+0.03ab 0.33+0.04bc
T2 2.22+0.23b  0.85+0.12b  0.08+0.01bc 0.42+0.07ab
T3 1.32+0.62cd  0.90+0.30b  0.13+0.04a 0.24+0.05¢
T4 0.90+0.07d  1.93+0.46a  0.03+0.01d 0.21+0.03c¢
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(P<0.05) , Ho5 7l CK<T1<T2<T3<T4,

3 itig
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BRI AR, LT T A B — Bl AE AR s T1 A2 BT A T it il
AR5 H ARG - 39 A RS CA R e 22 (A T 3 —
BEALAPRL R VR AN A £ o FH L AT L TR A AL R e —
FERC HE R X AR 2 Cd BRCR S T s — 4l i b
Ak, R G AE AR AIE 5% I FH R 36 H (S TR it i £k 741,
8 HAR[RIBC H X 4384 3508 Cd 52

R FH R 56 2 B 4 VR B Ak R Y RERRAIK -
RS Cd & i, HON T1~T4 Ab B 1 3845 225 Cd 3L
R, 5 R R0 — 8. R
A BTN AR e # fiE 3 2 B = - 1 pH R BRI - Cd
B A 8, A RIS B ER £ (COT) (B R &R (POT)
25 5 4 JE B ROUE I 1 A A 4 T DA AR 38 Cd
A RN, IR PR B, A R it T AR AR 1
g SE A Cd & SRR 17.8%~21.7% , R IR 45 45 &
B BEARYESES ANESEAFRELC T
3G, el A RS Cd SRR, R E Sk
R, L3 TE T P R N 05 5 K S A
SMESELSS HLEPESENG SRR
IR RS A AE B 75 1) A SR B IR ) R A B IL P 25 5 75
A, BB mE SR, AR T ESR
S Eipretas

HZ ] S5 7E Cd 15 YL Ag H 2] oK i K 56
Wl & B R AE A A RS Cd IRE ) BTk
U, iX SAEE g Rl g0 45 SR — 2, A KRR
e U T A5 1 2 5 i YRt i A ) R A AR IR

3.2 SRS FIXE L pHEF B VRN

- 48 pH (BN - SRR P 0 M R A K SRR
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JEOR RRAR 35 Cd A BRI AN K
3.3 SERESELFI Xk FE IR UL R AR Cd B9S2

IK RGO BACd A5 bl = 2R AS Ry
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Table 6 Grain yield and nutrient element contents under different treatments

LB Treatments P45t Yield/kg - hm™ K/mg-kg™ Mg/mg- kg Ca/mg kg
CK 9315.8+167.9a 3261.3+7.2a 800.4+46.3a 194.3+23.9¢
Tl 9393.6x107.2a 3262.7£15.2a 762.141.5a 247.3+26.8b
™ 9393.6x171.1a 3247.9+57.1a 766.350.8a 250.6x15.1b
&) 8 982.3+876.2a 3243.546.3a 769.8+28.6a 266.8+22.1ab
T4 9 315.8+340.6a 3284.8+114.9a 814.7+79.3a 304.7+33.1a
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