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Table 1 Comprehensive comparison of four silicon fertilizers
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Fig. 1  Recovery of diatomite — based silicon fertilizer under
stress

3 REEE L EREAEHIR 5 o

3.1 REEE T EREERR S

R B4 R T — Tl e 8 e A 5
5, DVREBE A O e ORI il 6 T —Fh oy TR Uiy
] Z AR P A Ak g R RENE , ORI b BRI A 35 2%
Jo T o o 64 A R0 E B T, 5K BT T BAAE
HEEERE EITBI T RE =M — LT I EORIR R JT I
A ek N —REPRER M A R - LU AR A
S B R R T A R R A, TR IR A R 0 R AR B TR
FhAE T RL, Ak A SR A T 20 D iE TR ER
FER B AT e B AF 0 L b e — BERS EA T A R
114 - SR A Py REAS D 1 SR AU LS, S LR R
B IR MR ERR R Rk L AL A E
2T AR, AT B Y WO T L R
Jer VR ZE VR, R ik e B b 7 1B R o

o ik LA I R DS T AR DR B e A
B S AL 1S X AR 4 04 S REAE T, T Il ik = # 14
ZAIRE T B AR AT L, it — B R
FEAL T B

3.2 mEEE -+ EEEAUFERME . RE I

ik R AE AT 2 S T AL B A
W TR NG A IR R A 1 R L R R
PO B T R e R AR A SE A A
AR 10% LA b BRI Y BE ST R 0 Ak
WEIEREIE S, FAE S RN 23.9% . H b —3K,
T A A T DL 4R i 0 3 80 A R A
PR

T b A IO T o 3 B S R . EI R R,
Y AE S T 0. 27 % ¥ BE 1 ek 9 - BL Rk AR T MR 7R
ErRIEN 62.5% i E C & RN 19. 8% , AT Fi bk
WS RN 69% , B3 5 R AR B B KA AL

SR SR B G P 5 1 < A T 4 = 2 R A G
Bt P B 5 A A RHR G X AT E A R
R NI T2 G P Bt A 0 R I 494 7 2 R
BRI o WM 5 A8 7O 2 PR VA B 1 |
HORPR VA G2 SR A

3.3 REER T EREALTEXHRAEW B E A

) ol PR O e BE A AT o 0 B B AR AR KA
R A PR it B FIES 1) > 158, P it P 9 - SR e A X
USRS RIS TE S ANV i N R €
BB RERLRCE KR A o e B i TR R P
ORI FERRE S o kB AL AL At FH AT LU Rk A5
AR R, E DR R KR ABLRR U IO LA I il
JEPELF G A 1 FIRICR AR 5 AR AR AR a2 K A e e 5 e
IETESR o FER AT B KR — B HA R 8 /9 i1~ 40
£ R S PURTEM A S IR TR Z 2T
B R R A R b AL, 25 SRR, R
T e Tk 9 R A A RE 6 A 000 Dl Bk 3 B0 F) Bk R i
T AR AR AR R KRR AL S R A R
HEE L5 R IRC 73 G P b St P ik o4 = RE A A 1Y
P ROR NG TF R i 4, /0 8 0 Ut T b — PR iR e
RORAE o BEAh 1k b R AC Fp i ek o 1 9 A FL A
(A5 LA 3 T AR B8 AN [a] 231 B R A
X BERE W) A B L B A A 0 B AT )T R O i

=.[42]

3.4 MUK
RS SRR RS R, 4115 5 025 A



- 90 - R S

2022 4

BB, AT 0B B R N k2 3t PE 5 it 1, e A B T
T SRR AR AU R W B o ol R e NE RE R
N5 OrAR L, el I St o Tkl LR E
ATy RREE A5 I3 T G R UIE RS E Mo, A2
A T8 FERFHUR, RANIEROIK RS o fEge 12k
RENC B HAT Z M A5G F I 5 TR LR LA (1)
fet e - R AT R A PO HUE AR (AN RESE 21
BrA2y 5 (2) R B A A RE AR Ak o R AR AL , 26200
FRFlC Gt 5 (3) 8 L A A 2 3 Rk 82 P = 1Y
PR AR R0 A FH 23 (EL R ik 3 S I 8 R 22 v
P R B, PR T 8 b R I ] L i I TR 5 e
Fis (4) PR O i g i A Ay S KR, T LG T I e
R AT 5 19 98 S B IE TR B A, o S A
RS ZE R GV SUR TN N = £

4 HRERE

YR A AR AL Y ) U6 45 - PR ke
PR BT 1, b2 B A ALYE GRS RE S T
JRZ A RN IR 5 S R 0 e T AT R B
Kb B S A g o B T AT A DRI AN A
NERE FIAF AL A 28 5, A VLR BRI g 045 22, (B AE L
T7 W 53 A B s RASBHEAR B AAE W) L H A 2 5 1R D)
AIF 5 AR B B iy, AR T 0 Ak a8 R IS 7 A
FEM{EL 5 X fi: 88 1 B EAE A5 W AL TE D I B, BRIE
JEIA Rt — B BT R VL Bt e, o) 4h, ik
HAEF ORI EAEN S5 T Y R A
AR LA B o - S A LAY 18 AN AE . H T 3l A
Oy ik B P 1 o B v 40 R 5 R Ok 3 R AR W B T
RE 1, (AR AE R 2 e 75 A2 20 1 B Al 5 5% A
e AR, 3 NI4T ik ) - 2 SR A ) 3
PRAP VR TGO , AR SR mT L8 Ry A 0 0 0 9 41K
PUIT, KM 3% T 0 ) (0 FH o e o A 0 5 P 1Y
P L AN 1k — T T ) B B AR 3 L 5 A A fR
P e R RERINAFAE o SR O R IR S e 5
RGN A, e T RETS A 0T I v ARG A, (HL X 400
S B UIAL AR 1 AN R, ARSI TS R KT

SE

[1] GUNTZER F, KELLER C, MEUNIER J D. Benefits of plant silicon for
crops: a review[ J]. Agronomy for Sustainable Development, 2012, 32
(1):201-213.

[2] Xk, EI0F AR, 45, REALST KRR AR KR B B o 5% )
[J]. T HA Il Rl22,2011,38(12) .58 - 61.
DENG J L, WANG A P, HE C S, et al. The effect of sillicom fertilizer

on growth and development, yield and quality of rice[ J]. Guangdong

Agricultural Sciences, 2011, 38(12): 58 —61.
[3] BRI, £ CE, 8N, 5. AR A R 7 KR b Y R RICR
LI #r Al Ble,2016,57(5) 1639 - 641.
MAO Y Y, WANG F J, CAO Y B, et al. Application effect of different
silicon fertilizer varieties on rice [ J]. Journal of Zhejiang Agricultural
Sciences, 2016, 57(5) : 639 —641.
(4] Ff, 228, ISR, 45 it Ak AT X A AT A SRS, 7> et Bl o 17 32
WAL T]. PEAEAOI 24,2021 ,30(2) :243 - 250.
WANG J, LI L, YAN P K, et al. Effect of increasing application of sili-
con fertilizer on physiological metabolism, yield and quality of wolfberry
[J]. Acta Agriculturae Boreali — occidentalis Sinica, 2021, 30 (2):
243 -250.
[S] ZBAO5 , XUPH , AR , 55 . QKRS 20 A< 2 1 4 i AU bt 5 5%
me [ J]. Bl R4 ,2018,35(12) 2924 —2930.
GONG SF, LIU Y, SUX Y, et al. Influence of nano - silicon fertilizer
on osmotic stress in Achnatherum extremiorientale[ J . Pratacultural Sci-
ence, 2018, 35(12) : 2924 -2930.
TR G BRI AL O T RO LB kR S R T]. B
Fe 52447 ,2014,20(5) 1281 - 1288.
NING D F, LIANG Y C. Silicon — mediated plant disease resistance : ad-

[6

[

vance and perspectives[ J]. Plant Nutrition and Fertilizer Science, 2014,
20(5): 1281 —1288.

AT, BT, 5k B A, S5 AR B VR AR [T ).
+ 35K, 2007(3) 110 - 14.

TIAN F P, CHEN Z X, ZHANG Z H, et al. Study of resistance to stress

—
~
[

of plant on silicon[ J]. Soil and Fertilizer Sciences China, 2007 (3) :
10 - 14.

[8] AL N SLAR, 5, 55 RENE SREA WL E XK FE KR E 7 &
s BRAEENA (D], E R S5 AR, 2019 (1) 1108 ~ 116.

RENG H, FU L D, WANG Y, et al. Effects of silicon fertilizer and bas-
ic seedling configuration on growth, yield and quality of rice [J]. Soils
and Fertilizers Sciences in China, 2019(1): 108 - 116.

[9] WANG L, ASHRAF U, CHANG C, et al. Effects of silicon and phos-
phatic fertilization on rice yield and soil fertility[ J]. Journal of Soil Sci-
ence and Plant Nutrition, 2020, 20(10) ; 557 - 565.

(107 EEBRoR. FII I i it B M v il Rk AT LA RO ST €. 2017,

LAN J R. Study on making silicon — manganese organic fertilizer from e-
lectrolytic manganese waste residue[ C]. 2017.

[11] WANG X, XIUYING L I, YAN X, et al. Environmental risks for appli-
cation of iron and steel slags in soils in China: A review[]]. Pedo-
sphere, 2021, 31(1): 28 —42.

[12] Hale, B, 2R, 4. FIRBRHR & 8 S 6L 9 7 1 R )
RIS HEAE : CN111393190A[ P]. 2020.

XIAO JZ, MAO J W, XING S'Y, et al. Method for preparing liquid
silicon fertilizer from waste materials and prepared liquid silicon fertiliz-
er: China, CN111393190A[ P]. 2020.

(131 SE—4R. BRI ] 4 REAGBE AL A S I A5 P R v A 200 5 fk A AT
FELD]. KRR KRBT K, 2015.

LIANG Y R. Study on the feasibility of preparing silicon — calcium —

magnesium compound fertilizer from magnesium reduction slag and im-



5543

TKE BT, B LSRR MBI R

- 91 .

proving the effective silicon content[ D]. Taiyuan; Taiyuan University
of Technology, 2015.

[14] BIAWL, EIRAR, WREE, . GORMSIEAL B s 0k i,
CN113045355A[ P].2021 - 06 -29.

MU J W, WANG Z D, HAN S X, et al. Slow —release synergistic sili-
con fertilizer and preparation method thereof: China, CN113045355A
[P]. 2021 - 06 -29.

[15] X2, M5, M, & —Fhik s LR REA B LR & Jr ik i,
CN107245011A[P]. 2017 =10 - 13.

LIU D, YUAN P, TIAN Q, et al. A diatomite based Si fertilizer and its
preparation process: China, CN107245011A[P]. 2017 -10 - 13.

[16] &N, kit 5, FEE. KRR K RE[I]. L= Tl 5T
FEFAR ,2006,27(6) :48 —53.

ZHOU C X, ZHANG J Y, LI B X. Current status and developing pros-
pect of silicate fertilizer[ J]. JOURNAL OF CHEMICAL INDUSTRY &
ENGINEERING, 2006, 27(6) : 48 —53.

[17] Ao E 1. RS e KRS B A R AR RBCR [ Cl// KD

2017 FERLHFFEIT R AR W BB iy OB LA 2B 3CER.
2017:173 - 176.
YU R S, TAN M W. Application technology and effect of diatom fertil-
izer on rice[ C]//Changsha: 2017 Silicon Fertilizer Research and De-
velopment and Crop Application New Product and New Technology Ex-
change Seminar, 2017 173 - 176.

[18] PEI F Y, YANG Y, FANG Q F, et al. Effect of nanodiatomite on

[

growth, quality and yield of amaranth[ M]. IUPAC International confer-
ence on novel materials and their synthesis. 2014 59.
[19] LIANG Y, NIKOLIC M, BéLANGER R, et al. Silicon in agriculture |
| silicon and plant — pathogen interactions [ J]. 2015(9); 181 —196.
PhETAE. REAL X KRR A e B AL B G5 R [ D ] 0T T1R
B ,2020.

SUN Y H. Effects of silicon fertilizer on growth, development, resist-

[20

—

ance and yield of rice[ D]. Zhenjiang: Jiangsu University of Science
and Technology, 2020.

[21] SHI'Y, ZHANG Y, HAN W H, et al. Silicon enhances water stress tol-

erance by improving root hydraulic conductance in solanum lycopersicum
L[J]. Frontiers in Plant Science, 2016, 236(7) : 196.

[22] ETESAMI, HASSAN, JEONG, et al. Silicon (Si): Review and future
prospects on the action mechanisms in alleviating biotic and abiotic
stresses in plants [ J]. Ecotoxicology & Environmental Safety, 2018,
147(1) : 881 —896.

[23] 3t AL T, IR IG, S5, 9K Rk 00 o 58 1 RIS o 46 S 4 1 BT 5

[C]. Kb :2017 GEABHIFIT R AR FBT = Ah B T 25

43,2017 ;148 - 149.

PEIF Y, REN Z, ZHAI X F, et al. Study on nano - silicon inhibiting

lettuce from absorbing heavy metal cadmium [ C]. Changsha: 2017 Sili-

con Fertilizer Research and Development and Crop Application New

Product and New Technology Exchange Seminar, 2017 148 - 149.

VERGIE. REAE , AT 15 Y 1 3 K R ik Cd, Cu 152 m [ D] &

DL AR KA, 2019.

XU F L. Effects of silicon fertilizer and sulfur fertilizer on Cd and Cu

[24

[

uptake by rice in polluted soil [ D]. Wuhan: Huazhong Agriculture U-
niversity , 2019.

[25] 503, RN A B A 4G R i BT MR 52 [ D] 2822 il ARl
K2#,2019.

LI J L. Effect of silicon fertilizer on growth and quality traits of tobacco
[D]. Taian: Shandong Agricultural University, 2019.

[26] W ite, UL, Z5 0L, 45, REALXT g A = R i s ma L) ]. BAR
Aol B ,2010(20) .58 - 61.

XIAO S H, YAN JE, GUO L P, et al. Effect of silicon fertilizer on to-
bacco production traits [ J]. Modern Agricultural Sciences and Technol-
ogy, 2010(20) . 58 - 61.

[27] H2Z. AFRAPEARIFEZE ™ 8 XK AR KR [D].
A LR R, 2020.

GAN M Q. Effects of different organic fertilizer substitutions on rice and
wheat yield and nitrogen and phosphorus loss in farmland [ D]. Hefei:
Anhui Agricultural University, 2020.

(28] S/t 28 4, Bk, 55 ARENEECREX /KRS AR 4, 7 i I e
B [J]. A8 4¢aE,2004,23(6) 4.

GUO B, LOU Y S, LIANG Y C, et al. Effects of nitrogen and silicon
applications on the growth and yield of rice and soil fertility [J]. CHI-
NESE JOURNAL OF ECOLOGY, 2004, 23(6) : 4.

[29] RMEIC, 8 52, £ 2 i, 5. W ) SOt AL i g [J]. RRsa i,
1959(24) .829 -830.

WU C Y, ZENG C K, WANG Z M, et al. Intermittent fertilization ex-
periment of kelp [J]. Chinese Science Bulletin, 1959 (24 ). 829 -
830.

[30] GREGER, MARIA, LANDBERG, et al. Silicon Influences Soil Availa-
bility and Accumulation of Mineral Nutrients in Various Plant Species
[J]. Plants, 2018, 7(2) ; 41.

[31] Bk IR, 2 v 8. w5 A h i J0 2R 0 A BUON, B HAE ARl
AR (D] AL A B2 IR, 2001 ,37 (4) 2356 —360.

XIA ST, XIAO L T, PENG K Q. Physiological Effects of Silicon in
Higher Plants and Its Application in Agricultural Production [J]. Plant
Physiology Communications, 2001, 37(4) : 356 —360.

[32] COSKUN D, BRITTO D, HUYNH W, et al. The Role of Silicon in
Higher Plants under Salinity and Drought Stress [ J]. Frontiers in plant
science, 2016, 7; 1072.

[33] PRSI, 8B, WS, 4. & HeRE AL XS /KA o 1 JBL T AV AR 1 114
e [J]. P ESEERR2E,2021,41(4) 1778 - 1789.

LIN M F, ZHENG Y, WANG X T, et al. Effect of carbon — silicon rich
fertilizer on community characteristics of iron — reducing bacteria in pad-

dy soil [J]. Chinese Environmental Science, 2021, 41(4): 1778 -

1789. .
[34] VPSSR, 205, 26 ASTR) Rk M A 345 0 30 o 7 R AT 9 P ek £

S [T AEPIA:E,2014(1) 5.
XUJ G, QIAN J M, LIS Q, et al. Effects of different silicon fertilizers
and additives on soluble silicon in paddy fields [J]. Crops, 2014(1):
5.

[35] Ak, A HUIEFITCHLIC L& it XS 7K e A 40 2 R 1 3T g 114
(D). w4 & TLPGARE K24 ,2003.



- 92 - W= 5 2022 4F

B ,2015(3) 134 -42.
LIZ, WU Y, WEN H X, et al. Study on the effect of applying silicon

PENG Y L. Effects of combined application of organic fertilizer and in-
organic fertilizer on biological characteristics of rice and soil fertility
fertilizer to tomato in greenhouse [ J]. Ningxia Journal of Agriculture
and Forestry Science and Technology, 2015(3) ; 34 —42.
R, B , SRR AR, REAR XS A3 ik e B sEm [T ]. ki
Bl 2 B4R ,2013,29(3) 160 - 63.

YANSQ, LU HY, BI Z D. Effect of silicon fertilizer on yield and

[D]. Nanchang: Jiangxi Agricultural University, 2003.

[36] TRl WG, T2, 5. BRI W78 S Al A 7= i g
[J7. s EE 2018 ,38(8) 4. [40
WANG Y G, KANG H Q, WANG H H, et al. Study on silicon fertiliz-

[t}

er and its application in agricultural production [ J]. China Fruit and
Vegetable, 2018, 38(8): 4.

[37] S48, pAAAE . TR AR 17 8 e it S R B IE S [0 ). 3k
W 5 % ,1995,14(2) :3. [41

quality of leek [ J]. Journal of Jinling Institute of Technology, 2013, 29
(3): 60 -63.
SRITHE A/ OR R REE TR B AL & B0 AR B S E R [T]. o

[

—

CAI D L, LU B T. Effect of silicon fertilizer on growth, yield and qual-
ity of apple [J]. Areal Research and Development, 1995, 14(2): 3.
S0 e ENETE S e FBOR (=) [T, s ER AL, 2001
(2):1.

CAI D L. Effect of silicon fertilizer on fruit trees ( 11 ) [J]. China Ru-
ral Science & Technology, 2001(1): 1.

(397 s, S22 AL, 45, b3 T bl B Rk E AR 2 )] 7 B A

—

E 50k, 2020(4) :9.

ZHANG W Y, LI X K. Research progress on silicon nutrition and high
— efficiency application technology of silicon fertilizer in rice [ J]. Soil
and Fertilizer Sciences in China, 2020(4): 9.

RASTOGI A, TRIPATHI D K, YADAV S, et al. Application of silicon
nanoparticles in agriculture [ J]. 3Biotech, 2019, 9(3) : 90.



5543 TREHT, A ik LR AC A B - 93

Recent Advances of Diatomite — based Silicon Fertilizer
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Abstract: Silicon in plants is the fourth essential element, which plays an important role in the quality, safety and yield
of crops. However, the promotion and application of silicon fertilizer are not ideal at present. The study of diatomite —
based silicon fertilizer will redefine the current pattern of silicon fertilizer. First, the mechanism of diatomite — based sili-
con fertilizer is comprehensively discussed in terms of improving drought resistance, disease resistance, insect resistance,
lodging resistance, salt resistance, frost resistance, heavy metal resistance, and increasing plant yield and quality. Then,
the difference, classification and application status between diatomite — based silicon fertilizer and traditional silicon fertil-
izer are expounded from the application aspect, and the role of diatomite — based silicon fertilizer and the problems existing
in its research and application are analyzed. The purpose is to provide a reference for the research and development of di-
atomite — based silicon fertilizer, and discuss that diatomite — based silicon fertilizer has excellent characteristics that other
silicon fertilizers do not have, which is of great significance to the research of silicon fertilizer and diatomite — based silicon
fertilizer.
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