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B E [Bf)] HFEHEREREXFEMEN I Cnaphalocrocis medinalis %) 9125 45 16 3 A9 ¥ I F BT
KFEF=R IR [ ek ] 15 SR At A K S XU 28 H ) /NGRS, R oA 5 BRI & 5 1 5 ( Taichung
Native 1, TN1) FiHi H i 8 5 ( Zhongzheyou 8, ZY8 ), HafiE/KFJy 0. 150, 300 1 600 kg SiO,/hm?,
W22 RGN A MR &)y B e KRS 43 BE RN 22 R 0 00 25 80 B AR AE . ZE R S bk DL R OK A 7 B A DG AR A
(&R ] KRG HERES BN ERA BEES (P=0910), H5RHEREXT AL, 300
600 kg SiOy/hm?* KT 38k & 870 ) WE BN 133.4%H0 182.4% (TN1, P<0.030) , LAK 154.9%F0
303.8% (ZY8, P<0.005) o ZBEHI/KAE ARG SR 0 i sr A T 43 AR R AE 2E R RE K T Z 00 0 2
5t (P<0.001) , Jififik i F G R IETHAS AR (P<0.001) It &2z it (P=0.020), ZrBEHIH M
8 “FAKAE L AR I A i Fr IE 254 A S T 6 155 S R AEZKCSE RN S AR R i A RS
SRR ERAREZEZSR (P=0.120), ZZHEHIKAE LRSS g R E A 22 5, {3 600
kg SiOy/hm? K FREAb BR i AR AR (P<0.001 ), H4mm-2irh 22 i (P=0.002); $1H-BRLHR
ZERERZIR, AR WA FEARSI M 0y LU AR B INMSRRAEX S R (P<0.002 ), Ak, FPEMeR
WEMEREA G, MRk RFEE NP 8 S BRI, 455 ML & (P<0.016 ), AFJEREK
SR, 150 kg SiOo/hm® fES ISk, [ 4518 ) MEREREME MO KR A AOBRALIE IR, e i) ok
FOCEVER, 9B KAE X REY A i IR &)y B 4560 0 3 A HCHCE RS 32 M, IE B MOKAE e 7 i, HErEH
6] i ik 150 kg Si0,/hm? LASR B4 B i 25
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Effect of silicon on leaf-folding damage caused by
Cnaphalocrocis medinalis larvae, and on riceyield

CHENG Yi-Yu'~ ZHONG Yu-Qi ZHAO Lan HOU Mao-Lin""

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,

Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract  [Aim] To explore the effects of applying silicon to rice plants on the leaf folding damage caused by
Cnaphalocrocis medinalis larvae, and on rice yield. [Methods] A 2x2 factorial plot experiment was conducted using the rice
varieties Taichung Native 1 (TN1) and Zhongzheyou 8 (ZY8) and silicon application levels of 0, 150, 300, and 600 kg
SiO,/hm?. The leaf folding and other damage caused by C. medinalis larvae during the tillering and booting stages, flag leaf
traits at the booting stage, and rice-yield related parameters, were measured. [Results] No significant differences in soil
silicon content was observed between the rice varieties (P=0.910). However, application of 300 and 600 kg SiO,/hm?
significantly increased soil silicon content by 133.4% and 182.4% (P<0.030), respectively in TN1 plots, and by 154.9% and
303.8% (P=0.005), respectively, in ZY8 plots, relative to the control. At the tillering stage, significant differences were

observed in the leaf position and leaf surface of the leaf-folds between different silicon treatment groups (P<0.001), with
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silicon application notably increasing the frequency of leaf folding on the adaxial leaf surface (P<0.001) and the number of
binds per fold (P=0.020). More leaf folding was found on the adaxial leaf surface of ZY8 than TN1 plants. However, neither
silicon treatment nor rice variety significantly affected the feeding rate or pupal weight of C. medinalis (P=0.120). At the
booting stage, no significant differences were found in leaf-folding characteristics, but the highest silicon treatment level
(600 kg SiO,/hm?) significantly reduced larval feeding rates (P<0.001) and increased the number of binds per fold (P=0.002).
Silicon application influenced the physicochemical traits of flag leaves during the booting stage, significantly reducing specific
leaf area whereas increasing chlorophyll and silicon content (P<0.002). Yield traits were positively correlated with silicon
application; silicon application significantly enhanced the number of grains per panicle, the grain-filling percentage, and the
theoretical yield of ZY8 (P<0.016). Theoretical revenue was highest at application rates of 150 kg SiO»/hm*. [Conclusion]
Silicon improves the physicochemical properties of rice leaves, enhancing leaf toughness and photosynthesis. It strengthens
rice resistance and tolerance to leaf folding and other damage caused by C. medinalis larvae and increases the theoretical rice
yield. A theoretical revenue analysis suggests that 150 kg SiO,/hm? is the optimum dosage.

Key words Cnaphalocrocis medinalis; silicon; folding damage characteristics; physicochemical traits of flag leaf; rice yield
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indicator

IKFE Oryza sativa TEEFRIRE L A
ZOCHEBEMM A, SRMKAE LA 7 32 3] AL
Chilo suppressalis. FiEM M Cnaphalocrocis
medinalis, H7 KE\ Sogatella furcifera 55 &
H\ Nilapavarta lugens 553F HUAY R ( Senthil-
Nathan, 2021 ), FEH\E M=K RS b —FhE 2
IR L, FEFRE A R XA A (k23R
S, 1981 ), FENE M) R AE K AR A B4R EIS
IEALE TS, RS 22 22, FH 22 T
FEKAEM R AEXT IS, TE L 240> 22 R4 Y
Y\15) 4L ( Punithavalli ez al., 2013 ), 4 HUZE ML
RSk T R ZH 2L, NIRRT B AR IR
R, E RS R TR RA 30%( Padmavathi
etal., 2013 ), B} T HAZSEHELSL, PG N
F G WAL A 5 52 B 240 1 FL e ( Bashir
etal., 2004 ),

H 2000 4 RIRAEAE I A A H 45 5,
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2007 12008 4 TR RS X SR KA, 42K
A TR IA 2 530 J7 hm? Ml 2 466 J7 hm®

(X555, 2008 )o S A 274 24 08 R A 4 I
PN T BRAERT, 1E A A o >k iy Bt 1o
H &M (Sunetal., 2023 ), FEit, L= E
e S (LR 1 LB B e, b A U
2805 A R0 B RS i 2 — ( Milligan et al.,
2003 ), TEGRZ MR EHARBALHUIER B AT, Al
A3 3t AN PR 2R e R B0 e, e anit AR

( Hou and Han, 2010; Han et al., 2015, 2016 ),
fit (Si) 28 “FEILK, fEHse, KM=

ST ZAAE . REFHEY AL HE A —E
wEE (TEM 0.1%-10% ), Y £ DIk
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( Ma and Yamaji, 2006 ). KFIRA “HERRMEY”
ZFR, BAEE 1000 kg FEARLE N 3P
W Si0, 130 kg, HAE N . . BIFRIT
SRR 2 f ey (B8RS, 2002 ), REACE BY
WESEXF KR AE K B AR HEN ( Gonzalez et al.,
2015; Meharg and Meharg, 2015 ), 7] fig A B
FEWWCRDCEAER, $R SRR SS IR TR,
[w] s} 48 5 U8 fR BE J7 ( Ma and Yamaji, 2006 ),
FEZ PSS il ke R PR 4 - M 40y e g B
IR AR P IR B, IS S K R
IR AR B A AL R (Han et al., 2015,
2016 ),

PHAL CWHESE R, R EHIEIT R
gz M, B4R 5-6 Ay, FEPEM MRS
BB IR AT, PR R AR O A (XA,
2019 ), ASIRERE XTI IR Ry F R E G
1 SR FRRE WL 8 S KRE M, 78
FH (1] 13 B AN R T AT, DU 3 BE S AN 22 B 7K
et L AE YA IR &) A A 25 AL HRE REAE | 22 1)
PR DL ROK R B A8 o 15 78 W it Ak 7K e o
FEYPAG IR L)) R 25 e U A T W SE R, LA 2 &
TR 2 5 8 e A S A it ek FH
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1 #R5FH*E
11 REHA

RIS TEAL T PO A 6 KRR 2% B
W LA IRRS P AROL AR AT A MRV E A A
Bl S 863, (25°36'00" N, 110°4124" E )
FrRE. RS (pH=5.7) , fAtlik=
2.19% . BAH=1.58 g/kg . "] RAFHEBE=3.22 mg/kg .
AR A AL RE=53.48 mg/kg. Al ARG PEAI=
98.16 mg/kg,

1.2 REF*

RIS KoKAE A At RE 2 AR 5 KAE S
et 15 (TN1L) . Wit 8 5 (ZY8)
MEREBEE 4 DK, 2301 o0 ATtk xR, CKO).
150 (flRAEAbFE, LSi), 300 (HfEAbHL, MSi)
1 600 kg SiO,/hm” ( EfEALIE, HSi) o FENE R
REFGEENE (L 7g & e A BR A, Sio, =
25.0%, Ca0=27.0%, MgO=5.0%) , {EEAC
i R R X B, FXEREALE, F#X
JEKFEE A, it 8 AhAbEE, fAbE 3 KEA,
I 24 A/NX . MWD . RFEAEENNX
Z A REAL PR 520, 3 X [958 7K 78 14 +5E 100 cm
$e ), BIXEISHE (30 cm %8 ) , f SR
BEfn g, NXPAHERAGE ., NIX A 36 m
(8 mx4.5m) . FFLadhififl, wfh, BAbH
5, T 2024 45 A 10 H BHI%, FEAEEL K 80
Bi/m® WSS SRR . TR, Wi
AT 7 d Wikl F o e RUBFVERS IEA 7708 XA K
I, KREAE B AT AN AT ] {27 % B RS
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13 TWHSMHIELD HEEHETRHE

TERRER P BER) (15 45 d) |« Z2REH) (F%
Ja 85d) , W IR R, X LAY 45l g 1
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1.4 JKEESIHEAER

Jite Fef T A 3 3 5 o) e 0 B Ak MR T i AR
TN L)y W gk 22 258047y, AR5 R AR K
FEGI 0 2 i BRAL PR o RS Fp 2 RIAF AR
WS, il TKREREFIE 75 F1 95 d AR/ X
BEHL Y BUR 3Z 7 A FE W TNT A ZY8 158 %K
&int

fifi - 4 i 45 = 0t 2% 20 &2 L ( SPAD-
502Plus, Konica Minolta, H 7S ) % 45 4b H/K 5
SIS I SR ZE AT A, BRI AEASDN
X2 20 H &t

e AL ( Specific leaf area, SLA ) FINf
2K Z ( Leaf water content, LWC ) #iA Jy 20t
R R bR . Il R R m A, BYER
RSB FEER 2 em LIS R, 338 )5 ]
ImageJ ( fiA% 2.0.0 ) ( Rueden and Eliceiri, 2019 )
IR R R, A2 —kE R TR
[AL204-1C; HgFE#-FER 240 ( L) AR
A VPR GRT EEHUORE I Fr ARAS L, SRS AL
K146 ( GZX-9140MBE, i il ES 744
AL A BRAS 7] ) AE 40 °CF T4 24 h 5 Fr i
FH., SLA (mm?*mg) =M F R w5+,
LWC= (fif Fi—TH ) /HfF x100%. &/NX &
5-10 F&int,

SR RE L AV RRIT R S,
WURE AR e B T A ARG TR e 110 °C
TA7 15 min, J57E 80 C LT ZHiEE, &
REST S, U S A B R L
it 60 HIfiM A, HEARSE (2005) W7
PROSE o I R B B B A AT AR A R
B FC R 20 R R vl e (228, 2006 ),
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B3 AN (B4 1 m?), THECHERES,
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S WPIROR BRI 5 R A i (e E RO B AR
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1.7 HESH

BE A Excel 2020 A3, Ff] DPS
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F14) R Ak R A 3 3k 7 B BRI B A e . TR
U, KR SRR Ak X o3 BE SRR A L i 4 B
A7 R FNCE 5 SRk 5 5 19 5% i >R SR R
ZE5THT 3 R FHERIH 207 22 50 B 5 4 BT ek o 22
KRS 245G TR L Sl B MR AR RS
FEETRPREZI ; R LSD ZH RN
[F] b 3 2 ) Y 2 5 d 2 M E L RRAE T R
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BT MR R E e
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21 MEREXTRHEMIEL AR EERMEARIM
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Table1l Leaf folding characteristicson thetillering stage plants of different varieties

by o ) 9 2 RO A G B

AR

Leaf folding . ﬁj\?ﬁ Number and percentage pf leaf folds A e p

characteristics Distributions — Tetween VarletleSZYS Total

i f8]—11 Topmost leaf 25 (3.7%) 20 (3.4%) 45 (3.5%)

Leaf 8~ Second leaf from top 191 (28.6%) 170 (28.5%) 361 (28.6%) 0145 0.930
8= Third leaf from top 451 (67.6%) 406 (68.1%) 857 (67.8%) ' '
& Total 667 (100.0%) 596 (100.0%) 1263 (100.0%)

FH Z17] Longitude 629 (94.3%) 573 (96.1%) 1202 (95.2%)

Type 42 Leaf tip 38 (5.7%) 23 (3.9%) 61 (4.8%) 2315 0.128
L& Total 667 (100.0%) 596 (100.0%) 1263 (100.0%)

At 1E i Adaxial side 521 (78.1%) 554 (93.0%) 1075 (85.1%)

Leaf surface 7 i Abaxial side 146 (21.9%) 42 (7.0%) 188 (14.9%)  54.555 <0.001
& Total 667 (100.0%) 596 (100.0%) 1263 (100.0%)

BIMIEPEES 3T 1/4 Proximal quarter 70 (11.6%) 78 (13.2%) 148 (12.4%)

Distance from
the leaf base

L H 1/4 Distal mid-quarter

it 1/4 Distal quarter

1 Total

I 7 1/4 Proximal mid-quarter

182 (30.2%)
224 (37.2%)
126 (20.9%)

602 (100.0%)

166 (28.2%)
207 (35.1%)
138 (23.4%)
589 (100.0%)

348 (29.2%)

431 (36.2%)

264 (22.2%)
1191 (100.0%)

224 0.520

TN1 F1 ZY8 7352 rs s G 1 S FIhiil 8 5 &3, K 5 MK 7 [H.
TN1 and ZY8 represent varieties Taichung Native 1 and Zhongzheyou 8, respectively. The same for Table 3, Table 5 and Table 7.
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{14 - T LE R 2 R R 22 (°=54.555,
P<0.001), ZYS8 & TN M 1F 145 8 i He )k
14.9 %; M# & EMHAL (5°=0.145, P=0.930),
HH (4*=2.315, P=0.128 ) FIH-E1 85 - F HEHL Y
FEES (=224, P=0.520) £ FhZ %A B3
25 [, MK LERITHA (°=27.732, P<0.001 )
FIIFTE ( 7=245.761, P<0.001) 7EjitafE K =2 (A
AEEES (K 2), ik EKRM A IE
SEAE HEAEIN 30.7%-37.8%; HHRIZEHL (*=11.175,
P=0.264 ) FIH-E B IR (°=7.249,
P=0.064) TEJifEAKT-ZMIBA B EES

BEXT AR KAS, AHE R 8 5 ikt R
ICRE A AL B R B, 29 R 3 1) 5 1 T
GEAL, AL H AR AR TR E KT 22 [ BRA
5t (M7 =2.43, P=0.297; £#. 4*=1.06,

P=0.589; BSIH-HLIEES. =6.228, P=0.398 ) (£ 3),

5y BEIA R G\ AS i UE 4y H 4 4 B R AIE 1
BraR W, it rh 22 R R R Rk KT Z (R 2
£ 5 (F=4.335, df=3,16, P=0.020), fE/mfhz
%A E 2SS (F=3.694, df=1,16, P=0.073)
(R 4), MHILTXMR, | EEEb IR 22 5
B E RN 36.2%F1 33.8% (% 5 ). JitifitsK
SE( F=0.435,df=3,16, P=0.731 FI5 Fh( F=1.386,
df=1,16, P=0.256 ) X HEFEA BELW, P
HHZEAERBEA R EZM (F=0.120,
df=3,16, P=0.947) (£ 4), WitEKNFE . SiFh &
WiE A HAE A CitifEK . F=2.071, df=3.,39,
P=0.120; @hFh. F=2.437, df~1,39, P=0.127;
THAEM: F=0.598, df=3,39, P=0.620) X4\
A R T ARV S S (3R 4,

F 2 AEMREKFETHEERER LI BT
Table2 Leaf folding characteristics on thetillering stage plantstreated with Si at different levels

AL RRE JlEF 7T [ 1) & A A A L
Leaf Sy i Number and percentage of leaf folds I
i bet Si level o~ P
folding Distributions ctween o1 feves — Total a
charac- X 1A ik ik ik
teristics Control LowSi  MediumSi  High Si
4z f8]—1 Topmost 15 (4.0%) 8 (2.8%) 12 (4.2%) 10 (3.1%) 45 (3.6%)
Leaf {8] — 1t Second from top 118 (32.0%) 69 (24.0%) 108 (37.2%) 66 (20.9%) 361 (28.6%) 17739 0,001
7.732 <0.
{8] =i Third from top 236 (64.0%) 211 (73.2%) 170 (58.6%) 240 (76.0%) 857 (67.8%)
Y Total 369 (100.0%) 288 (100.0%) 290 (100.0%) 316 (100.0%) 1 263 (100.0%)
B il 2\ [ Longitude 357 (96.8%) 266 (92.4%) 278 (95.9%) 301 (95.3%) 1202 (95.2%)
Type 43 Leaf tip 12 (3.2%) 22 (7.6%) 12 (4.1%) 15 (4.7%) 61 (4.8%) 11.175 0.264
I Total 369 (100.0%) 288 (100.0%) 290 (100.0%) 316 (100.0%) 1 263 (100.0%)
i 1E T Adaxial side 225 (61.0%) 272 (94.4%) 266 (91.7%) 312 (98.8%) 1075 (85.1%)
ﬁ;ﬁce J% T Abaxial side 144 (39.0%) 16 (5.6%) 24 (8.3%)  4(1.2%) 188 (14.9%) 245.761 <0.001
Y Total 369 (100.0%) 288 (100.0%) 290 (100.0%) 316 (100.0%) 1 263 (100.0%)
e it 1/4 Proximal quarter 43 (12.6%) 32 (12.1%) 34 (12.3%) 39 (12.6%) 148 (12.4%)
e )
Distance ﬁqj, 1/4 . 107 (31.3%) 78 (29.5%) 74 (26.8%) 89 (28.8%) 348 (29.2%)
Proximal mid-quarter
from the
leaf base  1LH? 1/4 7.249 0.064

Distal mid-quarter

i 1/4 Distal quarter
L& Total

90 (26.3%)

54 (20.5%)
342 (100.0%) 264 (100.0%) 276 (100.0%) 309 (100.0%) 1 191 (100.0%)

102 (29.8%) 100 (37.9%) 114 (41.3%) 115 (37.2%) 431 (36.2%)

54 (19.6%) 66 (21.4%) 264 (22.2%)

FoPxI R ARAE . PRE. EEESNBIN 00 150, 300 A1 600 kg SiO/hm?, 3. # 5 I 7,
In the table, control, low Si, medium Si and high Si represent 0, 150, 300 and 600 kg SiO,/hm?, respectively. The same for
Table 3, Table 5 and Table 7.
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Table3 Leaf folding characteristics at booting stage ZY 8 plantstreated with Si at different levels
Leaf folding istributi Folds botuyoon Si Tovels 1w S
characteristios Distribution o Total
Xf " Control XA Low Si =it High Si

i {8]—1- Topmost 40 (100.0%) 19 (95.0%)  31(96.9%) 90 (97.8%)

Leaf 8~} Second from top 0 (0.0%) 1 (5.0%) 1 (3.1%) 2 (2.2%) 243 0297
8= Third from top 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
LA Total 40 (100.0%) 20 (100.0%) 32 (100.0%) 92 (100.0%)

FH YL I Longitude 35(89.8%) 17 (85.0%)  30(93.8%) 82 (90.1%)

Type 2R Leaf tip 4(10.2%) 3 (15.0%) 2 (6.2%) 9 (9.9%) 1.06 0.589
LA Total 39 (100.0%) 20 (100.0%) 32 (100.0%) 91 (100.0%)

i} 1E I Adaxial side 39 (100.0%) 20 (100.0%) 32 (100.0%) 91 (100.0%)

Leafsurface 5 i Abaxial side 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) - -
LA Total 39 (100.0%) 20 (100.0%) 32 (100.0%) 91 (100.0%)

B ILEE R 9T 1/4 Proximal quarte 1 (2.5%) 0 (0.0%) 3(9.1%) 4 (4.3%)

gli:tlzchebafsr:m JE 1/4 Proximal mid-quarter 14 (35.0%) 7 (35.0%)  7(21.2%) 28 (30.1%)
VEH 1/4 Distal mid-quarter 17 (42.5%)  8(40.0%) 18 (54.5%) 43 (46.2%) 6.228 0.398
it 1/4 Distal quarter 8 (20.0%) 5 (25.0%) 5(152%) 18 (19.4%)

& Total

40 (100.0%)

20 (100.0%)

33 (100.0%)

93 (100.0%)

R4 EEATEMRMINDEHEHEHIEDGREE, NEMREZWHNERHTESHT
Table4 Two-way ANOVA analysis of the effects of Si levelsand rice varieties on the folding behaviour,
feeding, and development of Cnaphalocrocis medinalis larvae on tillering stagerice plants

22 8 Number of binds per fold ~ HUE R Feeding rate  W§ & Pupal weight
AbFH Treatment
F P F P F P
JiifE K Si level 4.335 0.020 0.763 0.518 2.071 0.120
fmAT Variety 3.694 0.073 3.534 0.063 2.437 0.127
JEFE K< i Fl Si levelxvariety 0.752 0.537 0.876 0.457 0.598 0.620
x5 MEKTEMRMISERHBNESHIEHRLEE. REMXETHZIG
Table5 Effectsof Silevelsand rice varieties on the folding behaviour, feeding, and
development of Cnaphalocrocis medinalis larvae on tillering stage rice plants
st A JtifiE K 22 R BER (%) IfHE (mg)
Variety Si level Number of binds per fold Feeding rate (%) Pupal weight (mg)
TN1 ¥ #8 Control 12.3£0.92 d 44.9£1.01 a 26.9£1.92 a
iK% Low Si 12.440.20 cd 43.1+4.95 a 21.842.29 ab
rhi Medium Si 17.142.30 abc 40.243.57 a 20.3+£2.33 b
= k£ High Si 17.6+1.56 ab 42.3+6.86 a 20.5+1.58 b
Y8 ¥ #8 Control 14.1+0.95 bed 47.6+4.31 a 22.0+£2.96 ab
fiHE Low Si 17.2£1.20 ab 51.1+4.84 a 17.4£2.11 b
HifiE Medium Si 18.942.50 a 43.9+8.31 a 20.542.55 ab
ik High Si 17.7+1.36 ab 45.0£2.96 a 19.3+1.60 b

TP B N T EAbR R, FSEAR G A AR ERRRE5 B3 (P<0.05, LSD ZH LEEKER ). FEF,
The data in the table are mean+SE, and followed by different letters in the same column indicate significant difference
(P<0.05, LSD multiple comparison test). The same below.



3 T

i T AT RN I )y A A A A T B X KA R R <613 -

IKFEZEREIA RS T i 8 5 X BRI
Tl TR FeE AL BRI 1) &y 1 5 A B R B PR
Rl 2R, WES (F=35.037, df=2.6,
P<0.001 ) FIH481 1) 22 A e ( F=23.088, df=2.6,
P=0.002 ) TEifEKFZHA BEER . FiEd
PR, R IR &y s ) RS SR EL X I S PR AT
8.5% (&l 1: A), WA 22 s X R i 3 44
hn57.0% (E 1: B),
22 MWEIMNAKBHRIEIEESERE

VST G ) o sk Y E T e N (R Y &
A BEES (F=20.362, df=3,16, P<0.001) ,
FE S AR 5 RE KT 1Y 22 BAE I Z R A B3 2%
5 (F<0578, P=0.638) (£ 6) ., fTEMFIEG
121, 300 i 600 kg SiO/hm? KT -4k &
FAH TR 3G 133.4%F1 182.4% (4] 2:
A TESF L 8 5 H, 300 1 600 kg SiOy/hm?

W
(==}
1

A
~ L a

~ S 40 < a
X o 30 b
N ‘s -
&5 20+

10 -

0 0 150 600

Wik K (kg SiO,/hm? )
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2.3 HEREXTIKFE S IR MR B R0

B 1S, AN (F=23.686, df=
3,56, P<0.001 )F1 LI IR ( F=164.747, df=3,32,
P<0.001 ) 7Eifk/K-ZEA W& 25, H A
TOKFE SR LA S . DA S R
R AR Z [N 2257 F<1.582,P=0.221)

(R 7). K. . EhEALIE R SR 2 AR 5
FE X FRA3 500 S E I 11.3% . 15.5%F1 26.2%,
(IR AR A @O R R T WA

it 8 S b, AR AN & ( F=13.891,
df=3,56,P=0.002 ). tb M A F=13.165,df=3,32,
P<0.001 ). i & & ( F=11.609, df=3,32, P<0.001 ),
MASE (F=4.603, df=3,32, P=0.009) FIERE
b ( F=4.896, df=3,32, P=0.007) {EjfifiE /K2
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Fig. 1

Influence of Si levels on feeding rate (A) and number of binds per fold

(B) of Cnaphalocrocis medinalislarvae on ZY 8 booting stage plants

E R T B ER, HE EAR R RZF BE (P<0.05, LSD ZH IbEME ) . FTEH.
The data in the figure are mean+SE, and different letters above bars indicate significant difference
(P<0.05, LSD multiple comparison test). The same below.

Fx 6 MMEEKFEMGF LIEFESEHMANERFTEST
Table6 Two-way ANOVA analysis of the effects of Si levelsand rice varieties on soil Si content

I 37 £
ALER Treatment Type H]]II:scu:IPnsjj:)tﬂsquares a Meail?zguare F P
Tk Si level 29 739.457 3 9913.152 20.362 <0.001
fhRh Variety 6.427 1 6.427 0.013 0.910
HEREAF < i Ff Si levelxvariety 844.529 3 281.510 0.578 0.638
% Error 7789.672 16 486.855 - -
BAR S Total variation 38 380.085 23 - - -
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[EESRTE =L El ey & O AT g e
JERE K Z A 25 57 (F<2.323, P=0.094)
(£ 7). . EEALBRA IS 2 A A H X
PR3 ) 4 0 8.3% 1 11.8%, Fb M- T AR Fiti 25 it
T KO- 3 RN S B ARR o I e 5 i Bt it Ak /K
SERESCT G0, AR CA = A PR R i
E e A, (R BRI AR AR A BRI,
50t HEAH LE i 2 AR 6.2%

24 WEREXKEEERIERARIE
FEXAE = St 8 Sl KR

Influence of Si levels on Si content of soil in plotsof TN1 (A) and ZY8 (B)

bR, FFEERE (F=13.891, df=3,8, P=0.002)
Mghse® (F=26.775, df=3,8, P<0.001) 7EJitifit
KV-Z AR ZEZES, HEF 7Kk
( F=2.323,df=3,8, P=0.094 )FI Tk ( F=0.353,
df=3,8, P=0.787 )TEifikE /K V-2 (B B 25
o A Ak 3L ) e A OB LT R A A AT 8
T 23.9%F0 13.6% (& 3: B). MHHTXIE, K.
L A A Y KR 2 SR 4 I i 3 8
14.1%. 18.9%#118.5% (K 3: C).
it 8 5 KRS A A KT 2
WA B#EHEESR (F=6.365, df-3,8, P=0.016) .

R 7 HEREKEA AT KRS S H R A R0

Table7 Influence of Si levelsand rice varietieson physical and chemical traits of rice flag | eaf
. b AR T B4UE Data at different Si levels
Variety Measurement index XA Rt ik ik
Control Low Si Medium Si High Si
TNL &A% ( SPAD )Chlorophyll content (SPAD) 29.0£0.39 ¢ 32.3+0.44b  33.5+0.53b  36.6£1.76 a
e mE AN (ecm*g ) Specific leaf area (cm?/g) 38.4£1.15a 35.4+£0.51b 21.4+0.78 ¢ 18.9£0.37d
K (% ) Leaf water content (%) 63.4£031a 62.5+0.47a 62.8+0.27a 62.7£034a
i (mg/g) Sicontent (mg/g) 7.840.50a  8.7+0.48a  8.0+0.30a  8.1x0.43a
AIEPERE S (mg/g) Soluble sugar content (mg/g) 57.0£0.41 ab 56.3+0.69 ab 58.0£1.00a  55.7+0.84 b
BAS 3 (mg/g) Total nitrogen content (mg/g) 23.1+0.51a 23.0£0.50a 23.1+0.32a 23.8+0.46 a
% & Lt C/N Carbon to nitrogen ratio 2.5+0.06 a 2.5+0.07 a 2.5+0.07 a 2.4+0.06 a
ZY8 &R AN E( SPAD )Chlorophyll content (SPAD) 38.4£0.55b  38.9+0.81b 41.6+0.42a 42.9+0.48a
e mE A (ecm®g ) Specific leaf area (cm?/g) 21.8+0.36 a  19.8+0.27 bc  20.3£0.35b  19.1+0.26 ¢
K (% ) Leaf water content (%) 63.1+0.25a 62.840.31 ab 62.7+0.23 ab 62.2+0.11 b
i (mg/g) Sicontent (mg/g) 8.1£045b  8.6+0.27b  9.0+0.36b  10.8£0.27 a
¥ PEME S (mg/g) Soluble sugar content (mg/g) 42.2+1.06a 42.4+1.12a 42.5+1.58a 41.0+0.68 a
BAS 3 (mg/g) Total nitrogen content (mg/g) 25.3£0.42 ab 23.7£0.58 ¢ = 24.2+0.62 bc 26.0+0.25 a
fik A It C/N Carbon to nitrogen ratio 1.740.06 ab  1.8+0.02a  1.840.04a  1.6+0.04b
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Fig. 3 Differencesin riceyield indicatorsof ZY8 under treatments of Si levels
A BFARTEEG B, BRESREL C.Z550%; D THLE; E. g/ FOAHOIES .
A. Number of panicles per square meter; B. Number of gains per panicle; C. Grain-filling rate;
D. Thousand-grain weight; E. Theoretical yield; F. Theoretical revenue.

FiE AL K RE I Ee i (B’ 3: E)
HiE 3 (F) A, AFEEAEACE BRI S -
150 kg SiO/hm*>600 kg SiO/hm*>300 kg
Si0,/hm*>0 kg SiO,/hm®,

3 itig

FE ) B R Bl ) 2 () A 7 K 0 A 2 A o)
PURR Y K ZFh B EBLE] , 45 R fH
1RF/s 0 3 B AR Sh Y B Y B B A S REAE ) A
it 52 CAE e B Bk S ) IR s i A R /B,
SIHAEE ST ) %M (Johnson et al., 2019 ), #k
2 BRI R W, A A PN R R AT LA T
SN AE Y e BT B 321 (Ma, 2004 ),

LIRS T, O GUESCRE REAS 1Y 5K R0 A
PR B BT (Han et al., 2015, 2016 ),
BAE ARG, A% GG i B 4 i 45 s
F, GEA KRS RIS A

TESEA H 2 drh, 35 R4 i — i 2
FAE W B R B 9 B 24T R ( Abarca
and Boege, 2011 ) . FEHE ML) HUFE KRG
22 25 TS A ATy, X R
i AL TP R B IR R JHESHR XU B D' A S IR AR R
& ( Scott and Yack, 2012 ) . ARWFFEEEHEEH,
Sy BEUKAE BSR4 (2 R ) 4
MEAEA [k K Z TR) A 25 22 5, ARl o it Ak
b E SN AR BT A5 AR (R 2),
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YIRAEPL RS AD ZYS b IE S AL A R i
FRO A TNT (2 1), BESTURTEN F e
U JELRE Ff) TR LS S5, X RS R BE A 5
FEAI ARG B, IR kAR i R etk 1
SEAEY X E B AT ( Massey and Hartley, 2009;
Hall et al., 2020 ), Z2FEIA M A5 REAE A2 AN [t Ak K
FEEAREER (£ 3), wRRS/KREMN
KB ARG AR AL PR iR LA R X
A X, Han %5 (2018) MHEHAEH, FEREFR)E
80 d, AIRIREALBIKFE L& R kA 2
o MERERERDMM A2 R (£S5, B,
MEL I 22 A £, R A T EEFETE 268
SO A 3 I 22 RN B S s A, X A S
Y& -5 (¥ 8] ( Punithavalli er al., 2013 ), M4
Ty B 5 5 AR 2 KA ECR B T 1 U .
Hou #1 Han (2010 ) p9#FFEH, Jififik 2E K —fLIE
L AR K R ZEAT B A Bl B a] , BRARR AR &)y
H R D)2 . Yang 45 (2017 ) & BitifE o 2
FE KA KU T 46 0 £ 3 BCE ) B B T VR A e
(], 208 R0 AP B S R 9900 B A VR A e ]
I e 23k B 3% B ik T 3 Ao 1 i A ) A 2L BB
55 ( Ma and Yamaji, 2006 ), 355 7K Fg %2 1 i
PUbk, i HEETT N . AEK RSB R A
BF, B 1 SAE S EEWI 20 R 1Y o F AR
RER 2 2 1EH KT, SET R R IR FOR
A P 8 5 By Rk A BEAR BRI 0k A2 2 R
RO Y, MBEREE 50%, 2 EAEYRKH
gt RTRAR e R SR R S A
F G5 AU BRI T, ARG IR kg R A
] FAER R SR I 708 (R, 1993 ), B
I ZE R AR AN AL S i 8 5 (R R L IR AE AN
P REAL R, 45 5 R e AL HL S R R O B
WL AR (8] 1: A), X5 Han % (2015)
()28 NBIFGE 45 AR, BDREAE IR 3 %4y Ui
B A PR RS , BRI R B
B, 25 500 2 2R R A] AR5 oK RE SRR S
AR WL GRS i AR TR A 56, Han 55 (2015)
i 40 HIgH A 1 SRR BN F 7=
WIE, AR RET UL 8 45 85 HidAEtk
R T ] P A R T R

TKAEI B BB RHIE | Y3 AR AL RE X
P IR R B B R (T AISE, 2008;
Kamakshi et al., 2015 ), AWF5EH, jtiEAbHLE
EREARSI A LA (2 7). Her AR R A
R PR — AR bR, T AR
J 3l H ELE B ) 4 2 45 R AR 5 Y 401 ( Read
and Sanson, 2003), FEHAE ARG 2l AR
B A JE S 1 o B b o ROE A T R AR
( Punithavalli et al., 2013 ), Jitifik: & 2538 Jin s i ft
8 oM EES & (£ 7), RELIIGE T RERUTAE
TEPH L, AR ZH 20 i A, REAAE A it
F )& E P ( Alhousari and Maria, 2018 ), 7F
Massey fil Hartley ( 2009 ) BOWFFEH, Jifi ik 38 0
TP FoRRE B2, BHAEAE YN RS BL Spodoptera
exempta WHEATH, JFREAREANTA K HE,
Tt AR SRS B S R A (3R 7)),
XK (2017 ) R4S R —3. YA
H C/N b e T 7 U Pt 2 s ke 2 P R
BAEY R E M TR, T EH Ui AR R
(CERERAE, 2017) o B 1 SKREM Rk &
VA AR R L AEAS Rt A KO 22 R A
WEES, AlREEH T BE e I M,
IKFEAMERE I AR o LA L85 SRR Akt GE 0% 38 1
AR KRG R BRI, SR BRI, R
Rt BB IR A, SR KA R A - B 4y R 45
AR F RSB RINT 52 SR

SR K FE R DIREE N F, ZECBAERT R
FrEIE TR E ELEERIEM (Wang et al.,
2023 ). ABFFEH, JAEALEE I 2 G Ayt
SREAAX R (R 7). XSEES (2011) 19
R R 2, KEFtaEE AR S22, <
LR EAGFOCEHE R, W RO E RN
HEWrsR R, f et Ge 4 = EORFI/NEZ I R
Ptk RS, L EEN (Xie ef al., 2014;
Huang et al., 2019 ), [FEF, Hfifh 8 S5 htifitib 3
b 2B S oK R R SRR 45 SR (8 3: B, C ),
HOPEARSE (2018 ) MIBMFFRAS R B/R, HiiFH 200 kg
Si0, /hm” 4N Mt 5 AMERERI EE , KRS A SOk
B, RERESOREL . TR R4 Sy B BE
6.9%. 15.5%. 2.0%F 4.5%; X r= il 35 2
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R 2 A S ER AR, A, i X 7K
FEMBE =V E 2 AR AR R . I . A
B . ERRAERSERENEN (3245,
2012 ),

ZE AR, T Al it e AL BE A 1 i ko
IKFE BB RR , 358 K R X R A I 4y
OSSR N BRI RN 2, KR P R AR bR
FAANFFERE B IR AE F o A LL X RE, ik b 2
N ek A, AR T GE AR R A
T —HAEY K ARG WL 8 5 iy H
7 T A 8 A SHe TAG AS [) it 7k 7K S G B
Wz, KPR 150 kg Si0, /hm? (IFRIS IS 25 F 55
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