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Abstract

Objective: The pot experiment was conducted to investigate the effect of adding different amounts
of nano-diatomite on the growth of rice in compound fertilizer and at the same time, the effect of
foliar spraying of nano leaf barrier on the removal of heavy metal cadmium was also studied.
Based on this, the effects of two different application methods of nano silicon on rice growth and
cadmium absorption were investigated. Methods: Changsha heavy metal cadmium contaminated
soil is used to plant rice, and nano silicon leaf barrier agent was sprayed at tillering stage and
heading stage. The concentrations of heavy metal cadmium in rice grain were determined at 0.1
g/L, 0.5 g/L and 0.8 g/L. Compound fertilizer was added with non-nano diatomite and nano diato-
mite with mass ratio of 1%. Rice was grown with common soil as the comparison of soil with or-
dinary compound fertilizer without diatomite and then the growth characteristics of rice between
the two were investigated. The effects of spraying nano diatomite and adding nano diatomite on
the yield of rice and the content of cadmium in rice were investigated in the field of heavy metal
cadmium pollution in Changsha. Results: The results showed that the dry weight of rice plant
could be improved by adding nano diatomite compound fertilizer. Under the condition of adding 1%
nano diatomite, the utilization rate of N, P and K was 53.80%, the total dry weight of plant in-
creased by 50.04%, and the dry weight of root increased by 185%. After the spraying of two na-
noscale diatomite, the content of cadmium in rice decreased significantly (P < 0.05). Compared
with the ordinary experiment, the concentration of cadmium in the leaves and grains of 0.1 g/L,
0.5 g/L and 0.8 g/L nano diatomite decreased by 19.85%, 8.09%, 4.89% and 109.07%, 32.85% and
61.71% respectively. The results of the field experiment showed that the content of cadmium in
rice was reduced by 58.8% and the yield increased by 27%, compared with the compound ferti-
lizer containing the foliar barrier and the nano silicon. Conclusion: From the results, it can be seen
that the application of nano silicon in the application of the compound fertilizer with nano silicon
can increase the rice yield, block the absorption of heavy metal cadmium and improve the quality
of rice.
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WHFERW], READOW KA E TR INRE, IERENE SE K AE T L 4] [5] [6]. J34k, GUKFPERRI RN,
HEERIPIH T EAE RN T o DRIE, a0 fr 2R & A P oK AR LASR (4 /AR 7 B ) ) e LBl 2 <6
JEERIIR AR, ST RE K IR 5T B2 H AT TR R i I 8 e S5 A i - I R IR I e KRB A K
RIS T IRANBIETE X 1 3 RO xe BEL Rl 7 A R A B < oy T R ARG o PRIE, ARHE TR R 4
KA I TRt A A D AN IR N S TR AT 7K e A A R 520 B £ A6t P Ok L RS 7 i O A B < s ' T 1)
ROR, DIHPNE SR n fR AR SR e & 2 e fe AT I BOR S8 .

2. M5 A%
2.1, RIEFH

1) GUKEIRAERT KR A A I 52 12 Al L 3B AS A 00 g A0 0.76 g/kg, BRARZL 1.94 glkg. JHEAL
£ 2.06 g/kg, AL 0.71%- pH {H 4.06 . I8 AEPI/KFE, dnfh WA 32 5 7 EIRMEFE 7 Lh gy 21-11-13,

2) I T it 29 K ek BEL I R K R AR K R S ma R RN KD R SR AR e L, B AR 1.25
mg/kg, AHLE 0.38%. AL 0.53 g/kg. BlfE A 1.69 g/kg. A4 3.43 g/kg. HERIEVIKEE, FhFd “H
FUoR 32 57 o ARERVE K B R AE 3 i VR AR, A T it 71 A A KA LR 7510, R A A 3n T 07 X
BGRB8 it F SR AR IR 43 L9y 15-15-15.

3) K HSEHZ LI i B VD KR FT SE it . 2R 1 47 G 2% 52 4 fa FH kT v e M~ 35 JEL BRG 11 28 A 2k 2R
FEW AT K 24K (LAY S, 34048 &5 0.4~0.6 mg/kg, B RGR&E N 0.25~0.35 mg/kg, 3% pH A
5.8~6.1. KAGM MR AN H A 518, XTI AER AT ERIE AR, FR45 Ll 20-8-12, & H
RECRER N 3%4 KAEFR 53 Ll oy 22-8-10. HKAE[R] -,

2.2. WA

1) & GOKRE I IR AT KRS AR K SR IR I R N T2k B B 72, DIORHBAR . & Fit e
PERXRTIE, AOKEERE L 73 A5 1% 3%, 5%. FLikk 5 /M, AN ES 6 . HLE N5 kgl/#.
R 2018 £ 4 H 15 HI#ERh, 5 H 15 HEEHk, M 2%, &N 2 #.

2) I [ P i 20 R LR 77 R0 2 AR A S 4 AN B, EANRERE S 3 IRk, MR 6 kg/#h. T
W = AR . IS T 2018 4 4 A 15 H#E#M, 5 A 15 HEFR, B 20 B2 ¥, SAbEmE
1R o JRAEAEAKFEREARAT— Xt N, T BELRG 770 73 00 T2 B AR, 150 FH R A48 KN A
H £ 20~25 cm, ¥RFE 30~35cm, LAl

Table 1. Processing numbers and application rates

F 1. MHEBTHERE SRR S R N A A £

JGEEE TR RIS T} e 0 R e 7 1
CK HYhE + ERUC EEIHK
C1 Sy E AR 25 mg gKEEEE L, K FREE] 720 mL
C2 b + HRE 50 mg 9KAEHEE L, nsKFRREE] 720 mL
C3 G + A 75 mg AOKEEEE L, /K FEREE] 720 mL
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AKX TR 236 m?, AR H KRR, X2 A B, AFE 1 4L R+ K, LB 2
B YRR L I IR AR (B DUKFE & FAE) + Wi g oKk i o SVRAR M A & 17.6 ko/IX, 9KAEE -+
(It Sy BERAREAN/NIX 78 g, 39 L /KEHAT Wi, AT EARE/S 26.52 g, 39 L KV AR -
BRI dEbR . B AR 2 R e R bR, PR LR , HERR PR S

2.3 MEWMBRFHZ*

WE I H FEEAFKREAFEN B R T8 S NAFRS N EIER S . S (CEIER T F T
R IR IEATRA MR [7], B 48 ARG K DTPA IR $2(GB/T23739-2009), % H HNO,-HF-HCIO,
iR, ICP-OESTIEELBEE.

SEISHHESE FH Excel 7. SPSS 434 .
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NGB MTERS, AR g 7R gk RO s, WE L(AEH, '
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3 PR A ik g AN K v R 3% BB in N B VR AR, 1ZE IR AEE N m ik T RS 2
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W 1(D)AT~, WA RELEE . MR R T 45 1) B e HAPERE

Figure 1. (A) Diatomite; (B) Nano-diatomite; (C) Compound fertilizer with di-
atomite; (D) Compound fertilizer with nano-diatomite

1. B ERAE. (A) EEL; (B) #KiEEL; (C) HEEELMNE
RAE; (D) BAMKERLHNERE
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3.2.1. GERERBRIKFEEKEN BRI

A FHGAK ZIRAEXS K AEHEAT AERGA S, — IR PR R 2 g/, 25 SR b b & e i 5 1
DB ARGEEL. RATER. BBl AR ERMINAIRINE 2 P, SRR A ALEDKAR
ST BROR A ZE 5, il P VSN A R IR AT X HE KRS 2 B W RAE o SR WTREAE AL X A et
TEM, 53CHRIE— 2.

Table 2. Statistics of rice biomass at heading stage

2. HIBHKREEYMESIT

yist BOBH(NE) ARG BEE(NAE)
CKO 26 19
CK1 34 20
DT 45 24
NDT 51 28

Xof K ABLEAN [ AE KB B IO R T2, 5 R &) 2 fom. rTLAE H, S AL BIR R IGT B KT CKL,
AR SIS B 2 2 VA BRI R . 76 DT NDT MM b, 7R ek s A g oK fik i - 1)
HEWEN 1%, EEENZ G0, NRBR IR R RO TR RE[8]. TR IZHTREL AR
b L RO WIZHTIE I, TR e TR AR K. M TR CKL, WgiY] DT, NDT 4B IR AR T H
73931 0% 185%. AEANANARARAESE LK P A Ab B, AR AR T AR AN RN KT X JE 9], i T NDT
AEFRE PR, POKAPRIRLAR /N W, A SRR HI[10]
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Figure 2. Dry weight of rice root at different stages
B 2. SRAEAEREKEIRATE

NEGF b MK RERAR KB O, Seit T A F AR IR PR S T8, 450 3. fEafl
W, B INARRAEEE 0 2 A EKFE R S T B TR, TN A EE AR R S T A DT
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JIE F A IR 9 = BE AR R /N B A PR [0 25 B RENE U IS A A R LR B AE g oK ik v S g KR s - TR AR
WKFEEKEF, G RMADLH I3

o | [IAERA R T E
SRS KRR bR T E

40 -

30

R ETE/ (/D

Figure 3. Total dry weight of whole plant at different stages
3. ERNEAEREKELERETE

3.2.2. PXRESEIEKFEIRWT TSR I 57 RN
4 59K, DT, NDT BACEEE S RUHIR IR B 82 m T i, SRS EKEaEAME. 7F
WA, WSInAEg K EEBE L R R IRAE, BEAE IR R, R AR IR U A R IR G n, LRI 4 )
Et CK1 $2 11.97%. 53.80%, it B INEN K AL i 1 10 & VR ARAEE T /KR XS 77 20 e [12] .
3.0

Rl

N
o

RN, P. K& E (g/#D

CKO

DT
b

Figure 4. Comparison of total nutrition absorbed by rice plants at dif-
ferent stages
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3.2.3. :EFHIH

XPWGR G I 3BT 7 b, DIREEEXTLL R R RSO, 4550 ans 3. X T & &M, DT 1
SREE T CKL, 1 NDT 4B ML T %I CKL, 784> Ui e L1 2 LA MR T 2RAEH, T
PR RN 3 BRI o KR4 AR E A LI A RSN &, fEANF A R g 2 Rk, 458
F W], DT. NDT AR L X IE CK1 % 0.9%~16.4%, i B I AR g KRt e A RN 0 K fe 3 1 1 A2 i IR 4 ]
e LML AR 1, IR RERT BRI R, ARG R Bon, R R e R D T
17.59%~55.31%, AINAKAESEHRBURELF, Fmik 55.31%. FEF ARG S, (23R a1k
IR, 2R IREE T AR, AR EER, SiRmKREM ST E g R —50.

Table 3. Soil nutrient analysis of NPK after harvest
= 3. KFBPURE IRP AR D T IER

N P,Os K,0
JosLil

2 & (mg/Kg) i bk (%) 1 (mg/Kg) i B (%) & 1 (mg/Kg) i Eb (%)

L) 270.47 76.17 206.17

CKO 112.38 47.74 145.47

CK1 118.92 57.38 158.96
DT 124.36 4.50 65.31 -25.84 137.26 -12.52
NDT 110.01 ~7.49 49.37 -12.97 120.9 -13.61

Lia b, SiREIR, BINARGUKREEE LA PUR R i SRR RER R A B T REAR
M JE AR K& IRIR S B, AR R T RBHI IR R . PURPREE R SR, e
BRI VKRR AE K ARGOREEEE L B ALE M B SRR s PR DA, B
SRR, TS BB IR 3 P AR ELA ik
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Figure 5. Effect of nano-silicon on rice biomass
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3.3.1. gRFEELIKIEEY R BRI

MIE 5 BTLLE H, T RGN fE KRS ZE T RIR R T E S BN, S REAREL, AR R 503N
7 21.01%. 19.88%F1 33.29%, ZEM-/rHIMAINT 7.74%. 2.45%F1 7.55%, T1 5 T2 Kb kRLT 405
WINT 4.40%F1 1.96%, T3 AbELIFER T kR T H &

B LEWI[13], FERMRCEERS 15 00 N it ] 180~240 kg-hm 2 fl Al 2= R SR e i, A% T Bl s T 1% i
U B B 7 ) B AT o ASTIE 7 235 SR B, T T W e 9 K 388 o 1 S R 5 % 3 r T Rl 32 S KR I &
RE R RRE[LAET R BEE A5 Y I8 LRI 7T 46 3 — ORI 5 55 [15] IR 78 45 5 43 BE St R 3 =
ROR AT REZ FTUAREREEIEY =&, R ATREE 1) (Edbdnfufii; 2) (R R RAK, RERAN
IKGFFNFRG IRISRE /15 3) fRBEGEVER, BEIA NG .

3.3.2. PREELIHREKBIHS M

T A RAFBEKFESS RS E, ATLUE, SRR RGOREES, BT C3 AR & &t
LA, T BANR AR . ZEHRRR A S B R (P < 0.05)FFMK, SXTIRAREL T1 A1 T2 205l A% T
9.25%. 15.84%. 53.85%7l1 7.42%. 6.93%. 23.80%. T3 AbFE [ 25 FLkF ki v 4R & B2 B PR T 3.96% 411
38.46%. Wik E My 0.1 g/L A1 0.5 g/L HIRCHEL 0.8 g/L AIRURIF-.

Table 4. Effect of nano-silicon on contents of cadmium of rice
= 4 PeREERTIKFER S =R

I HE T X Cd & &/ (mg/kg)

AP . .
i EAl pa A
CK 5.79 +0.79 1.01 +0.18a 0.13 +0.02a
T1 5.37 + 0.50a 0.85 + 0.04a 0.06 + 0.01b
T2 5.36 + 0.68a 0.94 + 0.05a 0.10 + 0.01b
T3 6.08 + 0.48a 0.97 +0.13a 0.08 + 0.03b
110 + . ~ ~ove"s
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Figure 6. Effect of nano-silicon on cadmium accumulation rate in rice
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K 6 RGURIEER LXK RE &4 B iR BRI, AW ARRTBUE 1, KAEH 85% /4 A7 (4% SR ARAE
WRER, 15% /e A7 RAAEZEM KPR IR & BB D . WU RGUKEE S, MR R AR g, T
FERL R R EER T

AR SR [ 16145 R TS S AR TH R BT ST 25 RER W, itk 2 Fr LA RENS PR AR s 1 5 2 RN R IR T
B ZEAT I R RS ST e . AWETUSE SRR, WUk RAUKEE ), KRB S4B S B AT T

B

3.3.3. HEBEMNREREL M KBERRERBNELRREENE MW

IKFEER IS R BOR AR /KRG AL R T 3R = 7 S LB R e R R 2 U LU . 35 5 /KRB IR,
AR RIS R B, PR, BEEGUORAERRIC T /KRG ZE AR R SR I R 5, S0 A
b3 BIFEAC T 16.05%. 7.41%. 4.94%F01 54.55%. 27.27%. 36.36%, T1 Al T2 AbFH (KIAR 48 W e 2 5
IR T 7.13%A0 7.34%, T3 ALFRNTFE T 4.97%. WIEKES ST HHESEMS ST TEIELD
FAR AR EICERRE, NERTLEH, BUE90KEERE P < 0.05)FEK 1 ¥R 4o &= 1R
Z&, SXHEMEL, 295K T 50.00%. 23.26%F1 43.31%, ZErh T1. T2 AFA FT S, HEARLE
(P>0.05), TR ZRHHEIC RN R EI R E (P <0.05) 5 T X .

Table 5. Effect of nano-silicon on cadmium absorption coefficient and accumulation
5. MAREELIIKFERMEABFIBTRRRENTI

AR R A% LR R g/
it
1 el ¥ERL 1t 0t ¥k
CK 4.63 £0.80a 0.81+0.16a 0.11 +0.02a 13.31+0.31c  10.34+0.19a 3.44 + 0.06a
T1 4.30 £ 0.49a 0.68 + 0.03a 0.05+0.01b 14.93 £ 0.32b 9.29 £ 0.20a 1.72 £ 0.02c
T2 4.29 + 0.66a 0.75 £ 0.05a 0.08 £0.01b 14.76 £ 0.29b 9.80 £ 0.30a 2.64 +0.05b
T3 4.86 £0.51a 0.77 +£0.20a 0.07 £0.02b 18.60+0.38a  10.60 + 1.30a 1.95+0.13c

KEWFFCEE REW], Srk e B R /K R AR AL, BERARARK FR AR ) & R [17]. BREE S5 [18] 1T Fe 4
RIERE, ARtk T 2O 5 5 o ) BELRR 7 0 AR, ik Tt A SR DL e, i P 5 it P R
it

34. HEBHAREELMEFAREELTNERBESERNKBE~RERESRER
F

RS — R AT SE R T, UEBI GRS N S TR ALtk 7R A A AR e 2t A1 T B P T v it 204
KA AN KRR e AR S o AL, BE— PR NIRRT KRR 5 A YA L 285 5 itk FH X 7K
e A % oL gl < BRI SR S M 00 o 120 2 P 8 2 2 i g 7K R T S o

34.1. FARLEMERPRES BT

M2 6 AR it R DOUKAS B FE (RIIN N 9K Ak 88 = 1 SR VR IE) I Wt 40 K ek (AR B 2) M 2 3%
BEAR 7 REK PR & (P < 0.01), SACEE 1 MILLEEAR 1 58.5%. Wit F A B 1 PR AR K47 25 & 10
TEH
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Table 6. Effects of different treatments on Cd content in milled rice
6. TREIAEKFEREK PR S EHEI(My/ke)

A3 HE1 HE 2 HE3 HE 4 HES FHME
RhFE 1 0.405 0.611 0.72 0.787 0.618 0.628a
LhTE 2 0.335 0.289 0.262 0.232 0.179 0.259h

3.4.2. FEIALIERT H 4 518 FEER EHRHTNE

M 7 TTLLEH, AREE 2 BT A ROEEUE E (R T AR 1 ANP < 0.01), HAXTRIr 54 1 £EE
ZE (P > 0.05). ALEE 2 FIMR G FEAC T 5.4%, A RGEEEAC T 18.5%, RN T 29.0%, 4554t
7 10.0%, THRIEREAD T 2.1%. PSSR T 27.9%.

Table 7. Effects of different treatments on rice yield and agronomic characters
= 7. NELEKFEEER R ZRARKF M

73] B RS 3% e R ghise® e Mg &
b \
iH cm R/ gn % Hi/ga % R Kg/m?
AbFE 1 98.8a 16.2a 91.1a 1489.4a 75.6a 1.01a 0.0298a
AbFR 2 93.4a 13.2b 94.1a 1753.2a 83.1a 1.52a 0.0381a

35 HEELXTHNARKRAARNNERE I

YRR LIS INTE SRR, WA RN 1%, /KRR R E 185%, SEMRTEI N 72%, Z W
W AC I 53.80%; T REANKRE, T1 AREE, KRR 4R A BRI 53.85%, R RN 73.29%, ;Y
T 4.4%; PEEBCSHER, KPR P45 58.5%, PN 27.9%. HILA] L, T iE AT I R R
JER AT, AR,

4, &Eip

1) &R LRI GR AR R L SR AR T KRB AR, S T AR S0 R R, IR 1%
i, P SXTHEA LR, U R 2R 2 525 T 25.56% 17.76%-. 34.57%, fEARS T AiE s
33.6%. 72%, HRATEHIRE T 70%H 185%, NAEHEKFENAE K28 T Y m Raat .

2) W THIME AN KL FE 1, 3 PR T 2 RFFRL R AR I 5 i, S50 B EL, 20 3l P T 15.84%.6.93%.
3.96%7/1 53.85%. 23.80%-. 38.46%, W3 AL AR I R BT R RE.

3) 4G W T T At 4 KA RN B A K I RRAE T, T e Vb R TS e K AR I A
K E SRR S BIRK T 58.5%, FgEILE T 27.9%.

4) ARFIRH T RER TR . ERIRAEFRIINGUREE, AR08, s it A 25 PH R 24
J&, MHHEBEAH, Bt s, WREEARR R, v H TS Gk B G BRI T — g 201k

/
2o

SE Tk
[11 BRI, #RE, Wk, & FEHK E A E S BT e Bia Pkl 5% 5K [0]. IS4k, 2018, 55(2): 261-272.
[2] AR AN RICAESRS R, e N RICAE E 3. 4 55 JuiRd i & A 4Rk [Z], 2014.
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