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Abstract: [Objective] How to safely use cadmium (Cd) to prevent it from contaminating cultivated land to produce up to
standard rice is a hot topic for scholars. This paper mainly explored the effects of water management, conditioning agent measures
and combined measures on the Cd reduction of rice in polluted rice fields. It aimed to reduce the bioavailability of soil Cd and the
Cd content in rice under the premise of not significantly reducing rice yield [ Method] Field rice experiments were carried out in a
moderately Cd-contaminated paddy field in Zhuzhou City, Hunan Province, through a field plot test. In the experiment, rice was
planted for two seasons. The early rice variety was Zhongjiazaol7, and the late rice variety was Taiyou390. The test setup design
was divided into 6 groups, namely water management treatment (T2), application of silicon fertilizer treatment (T3), application of
bamboo charcoal treatment (T4), application of silicon fertilizer combined with water management treatment (T5), application of
bamboo charcoal combined with water management treatment (T6), and control (T1), and each treatment was repeated 3 times.

[Result] The effective Cd content in the paddy soil was reduced by the treatments. The bamboo charcoal combined with water
management treatment (T6) significantly reduced the soil moisture in the two rice grow seasons. The silicon fertilizer combined
with water management treatment (T5) had the largest reduction of available cadmium in the late rice soil. The treatments all had
the effect of reducing the Cd content in all parts of rice. In the aspect of cadmium content of brown rice, the reduction of Cd content
in brown rice in the five experimental treatments was the best in combination with the repair technology, namely silicon fertilizer
combined with water management treatment (T5). Combined with carbon and water management (T6), in the water management
and repair technology, the water management in the whole growth period has the best Cd effect, the highest reduction was 29.23%;
in the application of conditioning agent repair technology, silicon fertilizer treatment (T3) and bamboo charcoal treatment (T4)
significantly reduced rice husks and brown rice (P<<0.05). Under the silicon fertilizer treatment (T3), brown rice had the highest
Cd amplitude of 49.23%; under the bamboo charcoal treatment (T4), brown rice had the highest Cd amplitude of 47.69%. In the
treatment technology, the Cd content of rice brown rice could be significantly reduced. The silicon fertilizer combined with water
management treatment (T5) of brown rice decreased Cd range from 60.34% to 78.46%, and bamboo charcoal combined with water
management (T6) brown rice decreased Cd range from 56.90% to 67.69%. At the same time, this paper analyzed the correlation
between soil available cadmium content and cadmium content in various parts of rice, and found that there was very significant
positive correlation between rice grain (rice husk and brown rice) and soil available cadmium content (P<<0.01), and two rice
varieties were consistent. The treatments also had the effect of reducing the enrichment coefficient of various parts of rice, and the
best results were obtained by silicon fertilizer combined with water management treatment (T5) and carbon combined water
management (T6). Regarding the effect of reducing the rice-to-grain transfer coefficients from different parts of the rice, the rules
were inconsistent, but the transfer coefficients of the stalk sheaths and leaves to the grains (rice hulls and brown rice) were
significantly reduced, except for water management (T2) treatment. In terms of rice yield, only water management treatment (T2)
significantly reduced yield of Zhongjiazaol7, and the other treatments did not decrease significantly. Each treatment had no
significant effect on Taiyou390. [ Conclusion] The combination measures were better than single water management or single
conditioner treatment, and the maximum Cd drop in rice Cd-contaminated rice fields reached 78.46% when rice yield was not
significantly reduced, which could further ensure the safe use of Cd-contaminated farmland.
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Table 1 Available cadmium in soils of early and late rice in cadmium-contaminated rice fields

A2 T cd EE A NG cd & W - 3H 2 Cd B
Treatment Soil Cd concentration (mg-kg™") Soil available Cd concentration in early rice (mg'kg")  Soil available Cd content in late rice (mg-kg™)
Tl 1.52+0.21a 1.17£0.13ab 1.15+0.07a

T2 1.47+0.15a 1.19£0.16a 1.05+0.08a

T3 1.47+0.14a 0.97+0.15ab 0.94:+0.08ab

T4 1.43+0.16a 0.92+0.11b 0.99+0.09ab

T5 1.51+0.06a 0.96+0.14ab 0.80+0.06¢

T6 1.54+0.08a 0.91+0.13b 0.89+0.03bc

B S5 ARG FRER R A BRI 2 57 3 (P<<0.05)  Different lowercase letters after the data indicate significant differences between treatments (P<<0.05)
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The difference between treatments was marked by lowercase letters (P<<0.05). The same as below
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Effects of conditioning agents and water management on Cd contents of rice roots, stem sheaths and leaf in Cd-contaminated
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Effects of conditioning agents and water management on Cd content in rice grains of Cd-contaminated rice fields
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Table 2 Correlation between available Cd content in paddy soil and Cd content in various parts of rice

fhFl Variety #BA7 Organ U422 3L Fitting formula U JE R-squared H R 2L Correlation coefficient
hEER 17 HRA Root y=12.1070x - 2.9678 R*=0.8457 7=0.551*
Zhongjiazao 17 2 Stem-sheath y=3.1702x +0.1614 R2=0.4864 =0.339
M} Leaf »=0.9363x - 0.3450 R*=10.5852 =0.590*
F&5% Rice husk »=0.8912x - 0.4040 R*=0.7274 1=0.853%*
&K Brown rice y=0.7232x - 0.3660 R*=0.7063 1=0.840%*
&A1 390 A Root y=8.5009x + 2.6206 R*=0.2303 =0.480*
Taiyou 390 21 Stem-sheath y=3.9923x +2.1199 R*=0.2296 =0.479%
A Leaf y=0.4759x + 0.7394 R*=0.0478 =0.219
F&5% Rice husk »=0.9209x - 0.4151 R*=0.4199 1=0.648%*
Bk Brown rice »=1.1700x - 0.7611 R*=0.4564 1=0.676**

FEdl n=18, **FIRLE 0.01 AT G R, *FRIRTE 0.05 K F CRMD FEFEHE

Sample n=18, ** Indicates significant correlation at 0.01 level (both sides), * Indicates significant correlation at 0.05 level (two sides)

F3 FEFIRKS BRI Cd SRFEH Cd BERABAF M

Table 3 Effects of conditioning agents and water management on rice enrichment factors in Cd- contaminated paddy fields

Hn A Ab B MRF/ 4 EX TR VA ] e/ + 4 iy Ve
Variety Treatment Root/Soil Stem-sheath/Soil Leaf/ Soil Rice husk/ Soil Brown rice/ Soil
TEEE 17 Tl 7.87+0.62a 2.85+0.39a 0.93+0.04a 0.52+0.00a 0.38+0.00a
Zhongjiazao 17 ™ 7.32+0.64a 2.090.20b 0.83£0.09ab 0.38£0.08b 0.31:£0.06b
T3 5.57+0.19b 2.19+0.38b 0.69+0.13b 0.28+0.04¢ 0.24+0.03¢
T4 6.21+0.50b 2.410.00ab 0.79+0.03ab 0.31+0.04bc 0.25+0.04bc
T5 5.13+0.75b 2.07+0.08b 0.74+0.20ab 0.24+0.04¢ 0.15+0.02d
T6 5.49+0.69b 1.98+0.19b 0.80+0.02ab 0.28+0.02¢ 0.16+0.00d
&AL 390 T1 8.40+0.08a 4.80+0.19a 0.93+0.04a 0.49+0.01a 0.42+0.05a
Taiyou 390 T2 8.27+0.12a 4.11£0.13b 0.83+0.09ab 0.360.00b 0.31+0.01b
T3 6.24+0.86¢ 3.94+0.03b 0.69+0.13b 0.26+0.03d 0.22+0.04¢c
T4 7.54+0.28ab 3.90+0.18b 0.79+0.03ab 0.32+0.01¢c 0.23+0.05¢
T5 6.00£0.79¢ 3.26+0.54¢ 0.74+0.20ab 0.22+0.02¢ 0.09+0.03d
T6 6.68+0.18bc 3.87+0.14b 0.80+0.02ab 0.23+0.02de 0.13+0.05d

Cd RS XM (T MEHEREE. WA AP A KRS & ff b s 517 FZEDL 390 (U Fe
R AL b, RIS (T3) ARFEX KRG AR REARBOR I B2, XARAR . Z8A 7w R R H
2 M RSEAREKIN Cd S B B PR R, 2 NLEAREE (TS M T6) X~k
B PR 17 RZRAE 390 BUR—EG TR (T4 R Al iy FUA M R AR R OB T 0 IACR AN
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Table 4 Effects of conditioning agents and water management on rice transport coefficient in Cd-contaminated rice fields

B yosail LIEIES ENIYS /R EN DS Iy A R
Variety Treatment Root/ Stem-sheath/ Stem-sheath/ Stem-sheath/ Leaf/ Stem-sheath /
Stem-sheath Leaf Rice husk Brown rice Rice husk Brown rice
HIEEE 17 T1 0.36+0.02a 0.33+0.03bc 0.18+0.03a 0.14+0.02a 0.56+0.03a 0.41+0.02a
Zhongjiazao 17 ™ 0.29+0.00b 0.40+0.01ab 0.18£0.02a 0.15£0.02a 0.46+0.05b 0.3740.04ab
T3 0.39+0.06a 0.32+0.00c 0.13+0.00b 0.11+0.00b 0.41+0.02bc 0.34+0.02b
T4 0.39+0.03a 0.33+0.01bc 0.13+£0.02b 0.10+£0.01b 0.40+0.07bec 0.32+0.05b
TS 0.41+0.05a 0.35+0.08abc 0.12+0.01b 0.07+0.01¢ 0.34+0.04¢ 0.21+0.03¢
T6 0.36+0.01a 0.41+£0.03a 0.14+0.00db 0.08+0.01bc 0.35+0.02¢ 0.20+0.00c
Z#40 390 Tl 0.57+0.03abc 0.19£0.02ab 0.10£0.01a 0.09+0.01a 0.52+0.01a 0.45+0.03a
Taiyou 390
T2 0.50+0.01¢ 0.20+0.02ab 0.09+0.00b 0.08+0.00ab 0.44+0.05b 0.38+0.03b
T3 0.64+0.09a 0.18+0.03b 0.07+0.01¢ 0.06+0.01bc 0.37+0.02b 0.32+0.00bc
T4 0.52+0.04bc 0.20+0.00ab 0.08+0.00b 0.06+0.02bc 0.40+0.00b 0.30+0.07¢
TS 0.54+0.02bc 0.22+0.02a 0.07+0.01¢c 0.03+0.00d 0.31+0.06¢ 0.12+0.01d
T6 0.58+0.00ab 0.21+0.01ab 0.06£0.01¢c 0.04+0.01cd 0.28+0.02¢ 0.17+0.05d

2.5 FEFRKSEEN Cd SREHKETEH

A

B 3 g, Rg S AMEE R EE R 17 Fe AR
XPTRRAREE (T F—w28 M, KaEHE (T2) &
HP=H T 7.00%, AR (T3) AbEE= &4 N
2.97%, 43 AMEF R E R R, (HEURA
B T390 15, 5 AIREE AT X )
WA WA, PERAE 8 200 kg'hm™ B RIE). ZEATM
o KBRS AL AR KRG B R, AR SRR
sSHE Y RIGFEA I BT, H BT AR R

3 it

BEARAKREF PR Cd & ERUE P Rlgte, —EfF
kb3 Cd AR, R TE Cd B 2% 5 ER
- SE 7/ Al Sk VI RS VAT 2 VK S P S

8 HIKFEAR RO BFF R Cd AR R Egeid 3 AN )
FRIRIIE AR AT A JB8 (1) 2 8 RT3 iy DA B0 B 38 v
Frrp PR TS R R b S KRR PR
B Cd FHORJE, B KRER Cd (Wl i
JEBHIE Cd it BE,  nRL— e B R RL Cd
T,

TR B REFRAR Cd v 4 T3 A A 2kt DA SRRk
PEHEK MG T2 K ARG Cd SL RS A b Rie:
PERE KA T KFE A B W B PERE K, WE7K 32 2
R HKFEHR R Os LCD F1 Os Nrampl (113 KA X}
FIEE, BT KR Cd M, KR K4
TR A AR S K K R AR S R R e T TR e
WK, KRR R R A P Cd™ HE KRG 14
P KRR AR KK A AE R, IR AR TR 5
WEE, 13 Fe’'. Mn® %88 & 75 Cd™ 4t



3 3 SZHGAE U BER) KOR ZA N v G R KRR R SCR FD SE R 581

10000 - @ "5 15417 Zhongjiazao 17 O #1390 Taiyou 390
; a a a
a = —E=— a

8000 | = ] ]
q& ab a ab abc
5 6000 F c be
<
=
2
> 4000 |
g
R

2000 |

0
Tl T2 T3 T4 TS T6

Kb Treatment

3 FEFI RIS EIBN Od (S fEEKFEFEEE R

Fig. 3 Effects of conditioning agents and water management on rice yield in Cd-contaminated paddy fields
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