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Si 38 i FEAE YR N 2 5 BRI 245 7 2K
PR A BRAE AR AR AR, TP AT R B P IE
W s TR RN, S EMNE S, 5
REACARLL, BEAENC ST, S4B 16 R 223y ml
VST L U R AR O AT T B R, I MDA i
A ITREAL, HEWEE S T AR N BUIEM . BRI
R 1 e R 3.7 S (61 W 008 1t DO 1
PO IR A F A RO AP BT 1 B AT — 2 1 R AR
o Horr, AN s SRR SCR DL Si-60 (3- 4
TR A R P 2 — RS ) R, TR
PUIRIRACR DL Si-60-G (%A PSP 1 9K it )
HE WA RIGEAL, XHEY BT R R A B
AR, 228 iR, RIRAARE3, 5. 7 di),
SR E, Si—60-G X MDA 5 2 1Y R SCR A Ak
Al (CAT) {E PR RCR AR, 430 1 2 AR
T 1581%. 36.22%. 60.77% (P<0.05) F143 948 =
T 326%. 2.30%. 2.35%; Si-E-G ( L F& 58 JK N J5t
BL LA HRIR ) R 2R & AR RO R, 4
I T 28.82% . 28.13% . 30.49% ( P<0.05);
Si-La (#E SR G )Xol v & A A
Pl (POD) M4 FHRCREE G F A et o
S BT 0.54% (P>0.05) . 26.65% (P<0.05) .
24.05% (P<0.05) F4rn#&F 1 17.01%. 16.36%.
22.26% . 221 0 FI T S 2 T AR IR e 4k
PN SR 3 MK A 52 40 WO 5 A [] £ 1) 71
(FNF =R . 3- FiKH B E RN R =
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(&%, &8, &) Sat, Eme ™8 LI
B A RO, R S5 RM TR RS ),
EUAS )R ) 390 O 35 AN ), e e S LA ol R 2R
&, Si-60. Si-60-G SR mAE, Qian 4 WS
B, AR 38 T it Rk o R e T AT e A R
BRI HL R 5 REAL A A3 I, A e i fk
fii (SOD ). POD F1 CAT A9 7 4 584 hmn, 1 MDA &
e R0 0 R 1 P M B R A PR AR I PR ARG, B ¢
SRAGPLIENE, (HtifE R — i (8.0 gke) A4
WA E TS, BT it N
20 ~ 8.0 g/ke,
1.2 GEREX A & 1 AR

(1) Si $& @Ak b F R /E L, —
05 HE R A0 M v SR TR B 3 B B, X R
PGE B AR T B X RAR R A, kR T
L TR T 200 6L RE (%) il e R, L Si AR B 0 448 R
HA—ERaEE 2 1oh, SivThes S TR
S A AR AR R AR R, &t — R4
A AL RN G S5 S, WOE A BB DAL,
FAER RGO R Rk, DT AR R
R, Y RE RS B AT S S AR U AR T . A
PR E IR B DI REROR, A RAE B 35 K EF
FEAESE T sk, K R BRI, 1
T A B S 3 AT ok 1) SR 9 8 0 s 1 6 4, 10
H Si 7E MR BRA4E HA Y H G B ROR, R T KR
XESCR R BT, A Y BE e R ], RENE
Il A% Jnb 25 o AT B /N 22 PR AR 110 993 95 17 4 4K
11.20% ~ 41.01%, $2 5 HXF FH ke B P fig
FEACYREE DL 1.7 mmol/L NiefE, HARXT Uk
38.79%. FHEPRAPIHIERW, SN Si0, iR
DA 250 L AR PR P 17 i SR o
E(P<005), HK#HMAER (0 ~ 275 mg/m’)
FIBEIN, s IR B, REARE R Ry 2
AR REAL AN AL AR AN 2 B, g
Az RIS AR fel T HUE B AR, R
VEIPORG BUERE 1, L HOE RS . J7 BRI 4
WFoR B, ARG REA AR rh, 34t R AT S Aol SRS 9
ok R S R 17 48 B AN Tt B A 23 531 R B T 80.65%
1 84.23% ,  BUR i s i 232 15 175 8 B3 43 0l B A
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T 51.93% 1 73.44%, WRAEERH % T BhgE, 18
7K R 2 Tl 40 W it - R 25% A RE (499.5 mL/hm?)
AR B (1500 mL/hm®) B, KRS R % 0 %
A LR 61.5% 0 A [a) fi AT i FH 4 X HARL R 9 35 1 2%
IO BT AR . skaF4E S Bh ok, Bk
JEFH & (60 ~ 300 ke/hm® ) BYBG AN, 7K 78 SO W
I R R R 1 1 B 2 N B, o S e E R AIR
6.5% ~ 11.8% F120.53% ~ 43.3%, FiNFEdET
My, T 4.36% ~ 40.26%, H:TBiiG A £
JE 2%, iRk DL 120 ~ 240 ke/hm® A H. AT
2t 190 JF J 7 SR i ek N KRR (SR RO A
) MRS, AR RMAETLAN —E (84
Jitkmm® ) BF, A ik HE A B AR R &0 SRR
I 8 B0 9 R 9.4% i1 20.8%, 1 FE i £ AT 900,
1350, 1800 kg/hm” Mgt 450 (H4) . 900 (k5
W1, HREEIN ) . 1350 (R, BRI FREED ) mly
hm? J& AH AR & F 0 BT 5.1% . 7.9%. 1.6%.
71%. 3.1%. 6.9%, KIFFaE I HIEIRT 17.6%.
19.7%. 15.0%. 18.5%. 16.9%. 18.9%, X it
BB RERE AT DA s K RGP TR RE TT, I SOk RN
R IR Y, WK RN ER . EeE
oM, A IS RIEEREAL (23.40 kg/hm® ) [
T RAER SRR | BRRE EAA  EARR I B
P BEEL, FRIRIK 17.94% . 67.99%, W34 T K
FEFBIL L I 35 (1 BB

(2) Bl ak AL R AE ™ 0 Rt T DA 2
ARG 0 & A, S K R R — o R
R, U HOR R HABRE T RCR A, k4G
Fa DU B R, iR ZERS P 4.59% ~ 7.78%
(R SERE [, R R RN R R EL A B R, R
T 48 8053 51 M 6.09 ~ 10.64 F15.52 ~ 8.94, Bljsk
1 50.96% ~ 71.93% F1139.21% ~ 62.31%., # &Ik
B AR . FEAE (i 225 kg/hm’+ £ 15 kg/hm® ),
T 36 S - b A ) R A ARE AR I & 2R, T Ak
FA AR 2 3.26 F13.58, Bl R4 7 ik 84.98% Fi1 75.65%.
WvaBs AR, BEEREAT A B R 2L A —
FEMBIRL, BiRCH 34.0% ~ 47.6%, Witk H N
2000 mg/L, i ELACHE 18% nHm ik i fig 1) B8 e 4
BERCH 64.0%

(3) AR FEERHAE R 3 BT RO R . R R
HiIX, Keeping 25 ' 5@ i 25 MR B WF 9T T 4 R ik
U5 [ CEAERRES . MM (REIE) RERRES . Bl ALKy
JR ] X H R (2 AR 2 AN G ) R

PUEEIREm, S5, Y RE RS A BT i
Yk S IR R (REAE 2R ), HsrEab 2
DL E R e E, R R T
34%, HitESFN I ERRIR T 26%, ShEE T
P R 2 25 TREADBE, SR E 284 DY BT R,
RERREN . 1EfE R MK A ALk 3 Mtk ® b, 6
R B AL DG IS R 98 B Bl ke i, K 70.8%,  IE
RERRALFRYR 22, M 56.2%, 45K E AL kAL R AR,
N 36.1%. BRIESRS% B RW], 1E N
A B I, DUERN S 55 4 F17 d iy A g5 2R
B, kAL R AR BN IR AL B B i T
53.07% F1 47.16%, ‘02 FEAR T 9N B 9 15 75 4%,
WKHIES T A3, BEE RERCRH e,
X A A el R A 2 T R 3, X R R 3 A A A
FEA LA . Wang 55 50 BRI, SREKA A
B RENCAH B, SE TR A e i R D 0 R 55 T
F 2 AP A R LUP I REARE, K BE S
FER I L AEFER 1 ~ 2.d, XK HBE %A= 140 5
Vi FHIBESE 42% ~ 58%,

(4) RUEIR ZWF 58 AR UE R T fitk AR X955 1R 5 L
A —E MBI (HRWA FE RS . Horgan
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IKRE D AR R b, (HR TR64 S R &) i R 0
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TR R Zn T, SR AL B A A AR A L B
A REALBRIAG; SR A IR S R N X
SR IMREALFE T 3SR X IR50 S FloK RS 401 1 14407 2
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1 K B R v B 2 TS AR
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B Yeo 25 U8 BFSEAESE T Rk BRERE 3 38 40 B 1k
ZEWE 5 AR AR Na* (s, 59—, Si Ui
THEBR B I T Na™ 19 it oz ik 12 i JE e ek
s Gong %5 ' WIS R, NaCl AT, #E7ESME
JZ RN N R JZ R B DTRR D T K R & X A i A
XS A Y DA MR Y T A MYk i R S B

RERERERS BB W 1 A 1E T, $E i
Mt ER e Xie 45 1OV BFTE R, 7E SR8 1 Fh kL F K
BF,  — g R ) IR BB A R R G A R
SALF R CO, W, [RIB & 3 R I oK 1Y)
ARG A, X R R AR AN R AR K B B it FH 3 £ e
JIE AT g 2 4R R A R ORI A RCR, wefE
it fE & (Si0,) A 150 ke/hm®, B8 T BE 9 %
B, R RO LA 28 fif kol ae XAk 7 45 AE T,
4% = Bk B SPAD 1l 15.9% ~ 32.6%. &G4 ik
R 31.8% ~ 45.5%, W3 FEAR N A X L SR
234% ~ 27.7%, Sl 1 W R A MR A2 4 R B,
BERM T A FR RN Na* &, MR TET
BEMEMH, TS A A ILSE . ME Co,
W ZEIE R K o3 R AR FIRk B T R
Kumar 25 "2 BF5 % B PGPR 7] ( 5% B R IR H- 3l
B ) AR R 4 A L AT D3R g T - rp B i G
BLER . PR . BRI gk
B, a0 ~ 1125 /L) &0, laEIEnT 2L
R o AR s b s P 2R . PR TS LR BRI
H Na® i, [AIIEREINn: B e 2 A . AT K
REARTFRE . AR K S, dRimi e AR
PP RO ER A IS NV RE T

AR RERE, HAURA —EmMER, 90K
FEE AT X 6 300 A 28 SR TN BRAR . Kalteh 2 1 3 i
AFIREREZERY (COARJtAd: . S5 a8 oK EEAE ) A
ERWREKE (1. 3 F1 6 dS/m) 1 =W 88 H7 I
R, FRoarEa T, KA TR E T, Mk
FHREAERREM, MR T S R
Hohn, $EE TR 2, U AR R R B
fE; FIRE, 9KREANIAAE 5L mmt s R, i
WAL AR AE—E R LIRS R b TR,
HRESFRM 2K a S h
14 GEREXS K43 e i s 1R

F (i) 7K 43 B 30 2V 4 A 7 v 33k A7 7 7 [ AT
JEHRAE T R T 53X, A% AN Si nf
DIV HE I K 3 T3t . St A1 K A3 k3 B HIL
B, —J5 e TREEVER, Si FEA IR N UTRUE I
— 340 —

0T - AR )2 DLREARK B2k s o —J5 1l AE T Si
Z SR AN S i E IR A, DI (a2
KA BRI 5 EAh, Si AERHIIR L R4
MR RS AR SE A LA S AN B, R A
IR NG T R R, B IRk, TR
aSPET, RREAEAE— e R L AT LA 55
KRG AP, WM Rk R, $EE
MR RS E, e biRee ., Hort mmiiEa
MUREAC AL, M CHLREAR IR 2, i JCHLRE AR RL
SARN 22, AE0F 87K o3 i - S8 H At T s AN
WA s [ Asite FH A HLRE AR AR BRI - T 2SR Ak R
A S M AR A AGN T TS BB, JCHLRE A )
THRAMTKA, BRIE% O ek, 15
Jop3E T B EAN R AR AT 2 e E T G AR A A A
ARET, e R BT R S KRG
WP, AR IR . rIAH R . U
B AR R MBS PE e W, e, i
Jiti ek AR P ARG T MDA &5 i, 5 400 A B 3 1 1y
ARE T . AR U R, TREMNE T AR
JE B A (1 S8 6 A b R 2 LA T, POD
SOD Il CAT JE 3G, 1 MDA & f&A%, dEimiik
EHHL RN . Eneji 45 % PEAE T 3R (K,Si0,.
CaSiO; LS ) 738 24 A5 B N xF 4 Fhos 4
KSR, 25 R RAXTFIra Y, =
SR E T e e Ak P A 0 i N 4T B A Ay
TR, BT A AR R e 0 2R B A X Si 1)
WA, v IRz 2 haa, ok Si ks
A ON) il (P) MM A RER IR, (1
JEAEBRKAE LR AR (K ) AR el W i =22 ] By Bk
R HTEFT /I oo %

T T A 1 30 A B A A DR X f A %) i 197 T
MR AGE T E e R BITE— 8 KA W T B REAE
FH (0, 0.133, 0.266 g/kg ARERR ) OB, R
L AL, 2R, RARKE ., RERWE . RER
SEA PN, 1 MDA DL IRE R & & A A
FREEMIRRAR, 2R TR Ak, B T FORMIK
BOKAGREDR,, 338 T BORAE R PR
1.5 GEAE 54 il (19 G2 g R 5 AL

(1) e E RGBS b AR
AR . REAC AT DA - S e Al v R, oo 0
FEBAIEA, Si (OH) , % cd™ BAg I f fiE
Si0, X Cd™ B AT WK AE 1 0 RE AR S TR A
RE, ERREAL T LA R -4 pH, SRR Cd AT
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Peo TSPV RM], RERRER AL PR K RS AR R
9 pH $255 T 0.15 ~ 031 N8y, 13 Cd 1077
FETE 45 ]SS S 1) B R Eh 45 A S AT HLES & 285
Ap, ZEPE RS T BEST R, B A X A
Fe 3% pH AR 5 7 022 ~ 039 A, FHEh A
A BRSPS MEREMEE (TCLP) $2HUE Cd
SHEFET 1971% ~ 28.87%. 15.53% ~ 26.16% .
21.82% ~ 37.02%,. Neumann %5 %' fiff 5% 3 B, Si
FE R AR I Fr 2% Bz 00 40 M B 7 A RERR R ULTE
WA T E AR Zn MAFAEIEAS . Savant 25 D BT
Hel IR R, Si g ALE AL A B R TR
B Si-Al 48 B RERR AR AW, HE I E 4R
Al, FEIR AL IOMEE, SRS DO I ge R, Wi
FEAE AT LAAT SR A R Cd O EE R,

T A2 1) 7 4 I V5 Y 39 P I 4 R AR A K
PIIEER R B, SRS 0 IR W, miitin:
RE ] LAAT SRR 2 AR ZE RIS iR A3 Cd . 18
Z TR, fE R Ph, Cd MRB AT, 1
Tt ek AT S 2 AR T K334 #8 B Pb. Cd & ft. Wang
2 DS RS W] Cd WA, I TR IS GE 44 K Ak A
T CAd MUKFER B ZE B BRI . FRES D BF5E
#FW, cdPaskTr, MEfE (0.5 ~ 2 mmol/L)
FHH T Cd AR R 1 LIRS, AR R
T Cd WA HEIE ., Zhang %5 1 BRI R, [#
A5 B IR A T A T el KRR M b0 1 Cd B BRI
26% ~ 52%. Cd{54sAg b, ZMaER AT LR &
FEAK AR AR K o Cd BRI 2250 (P<0.05) ',
W s R, E Cd BME T, REAE (0 ~ 40
mg/L) T LA RRMRKFEMR R . 2588 . i DA Sk
K. FESEAROIR T S, ARG, [
TR BT s s REON 7, MEREREFH L Cd
MARZRIZERY | ZERS M ROR LR, HLRMA [itinE
B RRCR B, AR (10 peg/l) Cd BHE T
Jiti Fe T DA R ARG DA ZE 8 1) i B R S R RS 1 Cd =,
EREWIE (510 pe/L) Cd Wria T i e B Ae
Bpess S e B cd iRk b R W, AR
FEBE Cd a8 %F 458 - KA R G0 Cd 19 W i Fn &%
1B RSN F B o HRE Cd ol B 3G o A aT 5
PECd 55, T E R BT AT DAREAIR 13 Cd 9%
SIPERUKAREAR KA T Cd AR, I Cd Wk
bk o] AR ARAR A2 Cd AR R, i Cd KR
SRR R I T fA v, FEREARAR 2 FEIL i fA& v Cd
AR B, A L Sl KRS AR e g

Wy, . . R As BRASIET, REKR AR K
ToHL As F e ¥IFF A& MG Y i i R b ifE (GB
2762-2017, Tl As Fi < 0.2 mgrkg ), KHEHH
ToHL As S 7ERR B As 038 2500 T BRJtAE 100 mg/
ke VAT REAR AR IERRAESN, oAt a2 2 Am
FRAEY, FErPRE As e 4508 F it ik ST 100 mg/
kg U 25 5 25 B OKR AR EHL As B & (P<0.05),
HAB &2 RE, EREE As Bhb &0 FERitnE
25 mg/kg SMHAB BT T & ML SRR R R, 1t
Ah, Yu %O 5@ 45 d AR R B, A
i) As FIEAKFE T, REACAYE AU SE T KR
A, T H B EEREAR T RN As IO, (R,
WA FHEINNREIEXS As 19T FE R A SR, $
NN As INFEEMEM . I, Lee %5 1 BF5E4E
RERM, As TSR, TNt SiJ5, BT As F S
TE IR bR se g e MR, AW T As Fl Si
PV EE R S0, KRR T HE 2 As, As
MFE AR S rigng, AR 2 BRIl o
TR AE AT DU A (A i A BRAR G B, W%
SIRMTEFEIEM . YA SR g, iR AT D
O AN B I A A, SR AL R ARG I, 4R
ERIEER A A%, TR RS R NEE
LRGN T R AR, IR T AR, R T
SORLRECRE, MR T bR, BT R IERS
Rt =R A i 5 AT B A el
MR, FEZEN R, REEEER Y, W
A VER 5K REREK Cr St WA 0,
Z s FEY], L Ph. Cd A SETT, 1
AR EE & T RERR I AR S e A R
SE O LA, R T SOD, POD. CAT 1§
P, BEIE T MDA 9. $IEG2 % T B EW, Si
T 5 MDA &A= 4% & R REAIK MDA & i, #2175
SOD i, WRRESESEEMH, Wang 54 o8 fiff
FERIL, Cd Wraa T i i m it 2 K RE R AR T /K ARG 4
B MDA & i, (HEAESNA M H IS &R
] AT A A M, B AT B 1 T 32 PR
a0 WS EM], Cd AT, Mk
TKFEZ T POD iGE AR (&, R
fIlX T MDA Fra, ARG T Cd Pha pymdifEH
(2) TEAEYIAR R & S S iR, X4

J& e AR AN, R — R RN E &R
5 Y HE R VR AT B B AR A i A R it
Rehman 25 ' BFRE R Cd B S0 T, 5HALIE
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MG A A H L, ERFE3NERE (B, 7o
BE | FhREIY ) 4B Bt R R O R A A K ARG
Cd SR MRAE T, ALY B Cd YR AL
FIEAKF (0.2 mgkg) VAT, FFAEIRE 500 F I
i Cd e KU T8 5, kb AN 7 IR ge k], &
/INFE AN TR) A T 303 it e A T R RS R b G Cd
Pb. As F i BHESRUR AN, il Rl Ak
WM RE 2 WA, AN RERL REFFH Cd.
Ph. As RS RERE, ke Y pIE R, ik
R4 BRI — PR Mt o v e AR T A I 8 AR A2
B, BAREEFAR TR AR Cd i ESALTE R R g
1, ABXF Cd MZE B RL i 428 T 18 2 5
FrRiH Cd 9 RFNEA W PRI

(3) HEAE X & 4 I8 Ml 2 — 5 Ve,
A DLFRAR B AR A U P i R4 R o i, I
it G A e 28 S D B I S SRR RO AT D
R, REAC AT DL K SRR As FI Cd BORR B
Pan % V7OV BIFSE T koM A M B i R RE VA 4 B
BAoph it FH X K RS AL R As Fl Cd B R B, 45
TR, 783 2 4R A, AH H SR RE TS
WAL B, R A W R N RE VS S AL B A A ) 7 e B
B, BEK R As B Cd By S AR, AL, [ A
FH A S0 A= 1 e R s T T DA s — 25 el /D e oK
As Fll Cd PR R . AR I8 8 R U T i D A
FHRAIRZE 8 7 AT, Cd W S E T, BRI T L
REARRE TH 3 A Cd A, . RS H 43 3%
fik 17.09% . 18.26%, ikt A4, & 7K 4348 H Y R i
WA DL — 2B 4, 20 17.95% . 30.43%; Cd
W2, RERE R DARRAOKASAR 2R . 2585, ot
. FEFCRREK Cd & i, FErfoRiok Cd & i
B R 49.23%, M Bl A 45 5 7K 4o A8 B A0SR T 4,
Bk Cd & =R IE N 60.34% ~ 78.46%., 2=l 7%
a2 e F 4Tl As. Cd BTSRRI LR T
RERERR G /K BRI 5T, S5 E, REIEAN
B KRB A LR K As. Cd BAT54, HU
PRV REAE + 5L RENE S5 W KR A RO fe, ot
PRV IR AR L, BER Y CdL As B 43 I REAIR
T 65.05% . 47.62%, ABaE s ik od 75 Y4
FE ek A i - S R s 5] R 26 B, A T LA
R TR UGS Cd . MRAFREK Cd &, $
PR Cd f it (7 E R TS YW B br
GB 2762-2012 VAP ), 17 Fic it 358 8 B 5] i 1 35 R
PR Cd. BEK Cd B f 1 R MR ™ i Fr 385 et o
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Advances in the regulation effects of silicon fertilizer under adversity stress

LIU Chun-cheng" > * *, LI Zhong-yang" * *, HU Chao" * *, ZENG Zhi’, WU Hai-qing" > *, CUI Bing-jian"" * *,
FAN Xiang-yang" > *, LIU Yuan" > *, MA Huan-huan'* >, MA Tian" >, CUI Er-ping" > *, FAN Tao" > *, GAO
Feng" * " (1. Institute of Farmland and Irrigation, Chinese Academy of Agricultural Sciences, Xinxiang Henan

453002; 2.

Soil Environmental Field Science Research Station of Xinxiang City of Henan Province of Chinese Academy of Agricultural
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Abstract: Silicon (Si) is considered to be the fourth largest element after N, P, and K. Silicon fertilizer is beneficial
to promote the growth of crops and improve soil environment. In order to provide a certain reference for the research on
the utilization of Si fertilizer, through the method of literature review, under the conditions of adverse environment, the
regulation effects on low temperature stress and water stress, the control effect on plant diseases, and the mitigation effect
on heavy metal stress of Si fertilizer are elaborated. Based on the existing research results, increasing the application of
Si fertilizer can improve plants’ ability of resistance to salt stress, heavy metal stress, low temperature stress and disease.
Further more, different types of Si fertilizer have different regulation effects, and the better effects could be gained by
coupling other fertilizers or agronomic measures. Finally, some suggestions about Si fertilizer utilization are put forward in
the future research: (1) strengthen the research on the related mechanism of Si fertilizer, such as how silicon improves
the soil microenvironment, or the mechanism of the transportation and accumulation of the nano Si material in plants and
its effect on plants; (2) carry out the coupling research on the safe utilization of Si fertilizer and unconventional water
resources, for example, how to use the characteristics of Si fertilizer to solve the problems of brackish water irrigation and
reclaimed water irrigation as well as their coupling irrigation; (3 ) strengthen Si fertilizer research on the improvement effect
of product quality.

Key words: silicon fertilizer; salt siress; heavy metal stress; soil; water stress; yield; quality
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