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Effects of foliar fertilizer and passivator application on cadmium accumulation and transport in rice

TAN Jun'?*?, PAN Li-ping™**, HUANG Yan—fei ***, XING Ying***, CHEN Jin—-ping***, LIU Yong—xian"****", ZHANG Chao—lan"
(1.College of Resources, Environment and Materials, Guangxi University, Nanning 530005, China; 2.Institute of Agricultural Resources
and Environment, Guangxi Academy of Agricultural Sciences, Nanning 530007, China; 3.Guangxi Selenium-rich Agricultural Research
Center, Nanning 530005, China; 4. Guangxi Selenium-rich Agricultural Products Engineering Technology Research Center, Nanning
530005, China; 5.Guangxi Plant Nutrition Engineering Technology Research Center, Nanning 530005, China)

Abstract: In order to investigate the effect of leaf barrier combined passivation on the accumulation and transport of cadmium in rice, a
field experiment was set up in Guangxi Province. In this study, amino acid chelated selenium nutrient liquid fertilizer and active silicon

fertilizer were chosen as leaf barrier agents. Calcium silicon fertilizer and shell powder were chosen as soil passivation agents. Seven
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treatments were set up, as follows: (1) Rice grown conventionally without special treatment (CK);(2) Spraying of 6 000 mL+hm™ selenium
fertilizer at booting stage (Se400);(3) Basal application of 3 000 kg -hm™ silicon calcium fertilizer and 6 000 mL-hm™ selenium fertilizer
sprayed at booting stage (Se400GG );(4) Basal application of 3 000 kg*hm™ shell powder and 6 000 mL+hm™ selenium fertilizer sprayed at
booting stage (Se400BK);(5) Spraying of 15 000 mL+hm™ active silicon fertilizer at booting stage(Si1000); (6) Basal application of 3 000
kg + hm™ silicon calcium fertilizer and 15000 mL + hm™ active silicon fertilizer sprayed at booting stage (Sil000GG); and (7) Basal
application of 3 000 kg-hm™ shell powder and 15 000 mL-hm™ active silicon fertilizer sprayed at booting stage (Sil000BK). The cadmium
content in rice grains, husks, shoots, and roots was determined after harvest. The results showed that compared with CK treatment, all
treatments reduced the cadmium content in rice grains to differing degrees, with the effect of the leaf barrier combined with soil passivation
being the greatest. The cadmium content in rice grains treated with Se400GG decreased the most, with a decrease of 88.13%; the cadmium
content in rice was (0.18+0.01) mg- kg™, lower than the rice cadmium limit of 0.2 mg- kg™ (GB 2762—2017). The cadmium content in
grains decreased by 56.77% after Sil000GG treatment. The two treatments of Si1000 and Se400 with a separate foliar barrier were less
effective: the cadmium content in grains only decreased by 18.28% and 9.03%. The main reason why the treatments reduce the content of
cadmium in rice grains is that the enrichment and transport coefficients of different parts of the rice are reduced. The root—to—straw transfer
factor of Se400GG and Sil000GG treated rice decreased by 84.93% and 72.60%, and the bioconcentration factors of rice grains decreased
by 87.88% and 56.06%, while the root—to—straw transfer factor of Se400 and Si1000 treated rice only decreased by 46.58% and 38.36%
and the bioconcentration factors of rice decreased by only 12.12% and 15.91%. Leaf barrier combined passivation technology, especially
Se400GG, can more effectively block the uptake and transport of cadmium by rice and reduce the content of cadmium in rice grains, which
is worthy of being popularized and applied in low—cadmium polluted rice fields.

Keywords : cadmium; rice; leaf surface barrier; joint repair; selenium; silicon
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Table 1 Treatments and experimental design

b3 Rt T

Treatments Experimental design Remarks
CK KR H AR, AR PTRR IR T AGHE Ay 2 A
o - 2 2 4 il
Se400 ZEREWIMERE 6 000 mL - hm el jj
Sed00GG  FBHTIENE 3 000 k- ho  BEFSIE  ZHE o gt o
JEiti 6 000 mL - hm AL W BT
Se400BK  HiBHT AL 3 000 kg hm D524, 2208 200 %

JHIBEiE 6 000 mL -+ hm AT
Si1000 ZEFESHIEHE 15 000 mL -« hm 27 P REAE

Sil000GG  JHBIFTILNE 3 000 kg - hm *REFEAL , Z2f
GG 15 000 mL« hm ™ P A HE
Si1000BK B HEitE 3 000 kg+hm™ I 7eH3 , 745

WG 15 000 mL« hm™ 5 HEAEHE

1.4 HmilE

FEARAT: it 588 000 2 < BRI 0.200 O g AL A it T
50 mLA#ETEIH , A HNOs—HC1O4(Vivo, : Vicio,=4: 1)
TH A A s st W AT 8 5 o, ol P )1 K
KFRUERE h (GBW 10044) HEF T i

3 pHAE I E R 2.5 1K L Fe—pH 3
14 pHAE"™,

A RS S I E  FRE5.00 g i 2 mm £L
0% KT L HERE A T 100 mL ELZEHETE I H, in A
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32.10% F1 38.95%; & #F & & i T B 16.35% Fl
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HE B P TS Y BR ) (GB 2762—2017) HALAE A K
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Figure 3 Content of cadmium in rice root, straw, husk and grain under different treatments
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i A A A PR T g S5 M5 B S R S0k i i -
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18.28% . I T W it it S 3 3] (5 /K ARG T A7 TR
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KRR BEFAME R o ARZEE ST B, ol 1 e i ik A
Ja R S FNRS FEAR 7 i A R R 43 I R AR 34.9% |
30.1% F134.0%. 5% 5F 58 R W, Wit 0.2% fi
J s W RT DA AR DK R B i R B 60.55% . il AT Y
BEL B -5 RE AL, T LAY R34 5 /K R A T 2 A Al i
OSPAL ., 0sCoMT ,0s4CL3 f 383k , HLA 12 & K Fei 21

JHOA J5 25 200 i D2 AR ML ARG 5 B A 1, R T A
o RE A DURR5 EE, Wan ZE2UHF 58 & PR, VAT
T Fit A R 538 AT 7K R X6 i 49 52 MAT - 2 AT A A /K i PN )
Feim B X7k B AR5 1 K HH S , W 9 R BRAE K
Fei Zf RS AR AR AT 3 d 45 Wt — ARG mT A K R
L4 T i FRAIK 83.33% . 5 HOAH HLAS IS, B M
Jiti Bl JES 1) Se400 Ak % 7K R b F 0 15 1t 1) A i B
R, 00 2 F AR ] (%) il o 2 S By o X107 1 4
FERE ST M it Bt A X 7K e R SR 4 1 2 Wi -, 2% B, W e
it A A S 2 ] A 139 K R AR B 1 LR L {H 2
ST LSRR B B AN . LR,
I B it Aol 2 T JIES o 7 R AT A 4 L 225 i 1) B 2 [
. K Sed00 kb HUK FEMR IR & BB E LT, AT
Il A2 R Ay W% it S LB 1 A 5 R A 1 4 1) A R
Sed00 A FRIKFE TF gsire R B BF o [ FHLUERH T 33X F
15 BLAEFE R AT BETE

A B AT v LR ) Ach B ot v BEL B R S
i T Ak 3 P KRR T AR B S A . R
AR (4N pH L CEC A3 HILITT 55 ) R B Rl 77 252 i 7K
FE A 4 J () R 3 . ARFgErp, DL sy i 2
B AT CaCOPY, 2 H kA I 5, CaCOs 7E 1 1
VR W T A s 1l SRR pH T L S R AR LT
ER, A, VISR R A Ca¥ & 5 L h R T
R M B A SN A R TR AR IO TER , DA T 8 4 384
HRES SRR, HLAk, DL5ek et SCA Sh iR sg SO
T R A A e 1 22 TR AZ 254, A AR 2 Rl i LBt
el HO6 4w HA 0 S R W B PR B, ARG 58 1 L

R2 ARG EXKFEREIE R BRI

Table 2 Transfer factor of cadmium in rice under different treatments

i H Ttems CK Se400 Se400GG Se400BK Si1000 Si1000GG Sil000BK
TF wsuper 0.73+0.18a 0.39+0.05bc 0.11+0.02¢ 0.33+0.04bced 0.45+0.02b 0.20+0.03de 0.24+0.03cde
TF pogesue 0.13+0.01b 0.11+0.01b 0.14+0.02b 0.19+0.00a 0.11+0.02b 0.07+0.00¢ 0.18+0.00a
TF sesren 1.12+0.15¢ 1.43+0.02be 1.25+0.01¢ 1.17+0.02¢ 1.51£0.11b 2.82+0.25a 1.15+0.06¢
T AT AN ) 2 Bk 2 7R Ak B ) 22 57t i 2 (P<0.05) . R 1]

Note : Different letters in a line indicate significant differences among treatments (P<0.05). The same below.
F3 FELEIKTERE SR
Table 3 Bioconcentration factor of cadmium in rice under different treatments
Tji H Ttems CK Se400 Se400GG Se400BK Si1000 Si1000GG Si1000BK
BFu 12.78+4.34ab 19.14+4.00a 9.23+2.92h 15.58+2.08ab 14.95+1.87ab 13.81+2.32ab 13.29+2.13ab
BF s 8.83+0.56a 7.37+0.45b 0.96+0.16e 5.10+0.12¢ 6.81+1.08b 2.78+0.12d 3.20+0.35d
BF 1.19+0.19a 0.81+0.00¢ 0.13+0.00e 0.94+0.02b 0.73+0.01¢ 0.21+0.00e 0.57+0.04d
BF gen 1.32+0.06a 1.16+0.02b 0.16+0.00d 1.11£0.03b 1.11+0.10b 0.58+0.06¢ 0.65+0.08¢
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