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Silicon-mediated effects of rice plants on boring behavior of Chilo suppressalis

larvae

HAN Yonggiang' , LIU Chuan®, HOU Maolin" *

1 State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing
1000193, China

2 Estension Center for Agricultural Technologies, Ningxiang County, Hunan Province, 410600, China

Abstract: Boring behavior of first and third instar larvae of the rice stem borer (RSB), Chilo suppressalis, on calcium
silicate (Si)-treated susceptible ( Shanyou63) and moderately resistant ( Yanfengd7) rice cultivars was compared in terms
of percentage of larvae bored (PLB), percentage of larvae penetrated ( PLP) and penetration duration (PD), and number
of silica cells in leaf sheaths and SiO, content in soil and rice culms were determined, with the aims to clarify the influence
of Si amendment on RSB boring behavior and whether there are differences in the Si-mediated influence regarding larval
instars and rice cultivars. PLB decreased 5% —28% with increase in Si addition. PLP did not differ among Si treatments or
between rice cultivars for the first instars; for the third instars, PLP significantly decreased 10% —40% with increase in Si
supply and was 10% to 30% lower on Yanfengd7 than on Shanyou63. Si addition significantly prolonged PD in the first
instars and, Yanfengd7 compared to Shanyou63 extended PD in the third instars. Increased SiO, content in rice culms due
to Si addition contributed to the reduction in PLP and prolong in PD of the third instar larvae. The current results indicate
that Si amendment may contribute to the suppression of C. suppressalis directly through impeding larval penetration, and
indirectly by delaying penetration, resulting in prolonged exposure of larvae to other control measures; Si supply impairs
penetration more strongly in the third instars than in the first instars; and, susceptible rice cultivar benefits more from Si

addition than resistant one in deterring boring by RSB larvae.
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T AL Chilo suppressalis Walker 2t FUKRIE=MEEERZ —  ARESBIER YA . (LR
WOl e B RO 2, B AR AR A A RO R AR SRR , R AR E KA R . RN,
SR (A 3E AR A = A0IR ) 4F R AR TR 2 1500 J5 hm? | R B YA AR FVE B30 2 i AR 2 B i 2k 3k 115
fere ™ o KA R 25 B VA SBUK RS A P2 R A I SRS R AR R R TR £, D R b2 ok
LT FIE, BT RABGE i S 3 A2 BA BB D A BIRRCR A A X R BB IR E B Ak R
W, B, A SEEX TAE FHR N PR MRS R K SR SR BREOR . 58 13 JE EF AR R &
BARAAR MR PR BRI R A = R S8 LA, BN7E B IR TR 1 #) T3 3R Ve My K SRR 7 1 ]
B, B Y ST AR 51, WA B AT RS2 (R EAE YA BRCR o DU M Al R 55
EHR H A2 B0 ) EE R .

T FRE AR X - SR R A 7 LA 25 b LA 0 A BB ), i H 4 o R R Wi 3 SR K RS
B/ TihE7 e I MPUEIREE ) (R AR B AR SRR M 5 o 3% SRR EAE M) AT 3RASPE AR B = 9 1 X BE Ry
B . FREA T RS B RE R B 2 H 4K R A P R R R AR RS . B—,
KRB TE 4 2% At PR E AT T 3 A PR OB 3 1, ISR SR A A XA ek R S e o e P e A LA H 7
2508 Eldana saccharina W25 K% , FEREAR 4 du k= S, Massey U o Bt P ek P 4 1 R A 2 B g o L
BERE AR & R R MR E T BRI, 5T AR KRS G i — A S8 3 R 2 I 3 ke 440 o 225
mREEEHSES .

IKFERA “RERAEY)” Z PR, B4 7= 1000 kg FEA KL E M+ L Si0, 130 kg, H A IR Bk
IR A 2 A5 40 s ik B /K R ZEAT MBS A i (38 B A0, TR AR R TR -RE XU ™ 45 . BRgE R
B, KA 2 s An B SR A RO T LA 3 0 e S i P 2 SH 4 w38 /K R ML AR O e 5 1, DA T84 3 EL s v
Sasamoto ") % B FRE AR - R K RE AR X — A S 40 rit o R 5 Sk 388 P K RS VR B ki e AR e L
B R it P AR AR 38 /K A AR SR AT A B2 LRI A Z B D Ja o, AR DIBUIR h ik A 250 3, &)
HERE B =88 UG RN 3 (B2 WA TE 28 e P AR AR X A [F]8 A 4y SR AR i AT R s I

AR FAXN ZAGKE B R R 7K RS SR, BB e P RENE AL B A B, DF SRR A R K R L A — Ak
WEAT) SR 40y R = % 4l BRI AT R s, AR 7 < (1) e P RENE 2 75 BELAS — AL MR 4 B B B i A7 2R, XoP iR FD =
{4 AR B AEZER (2) LR mME AR RS MK A S LR EAEEESR, DU AP SUK RS Mk
B R AR AT AL A AR IR A48 =
1 #R5H®
1.1 AmizE

P FART —ALARE 4h s P KRS AP EE T 47 FES R ARG 6317 o K ASAPTAE 50 CIR/KBEM 24 h 5B
FATABEFMZET2 he DIEPEHEERIRIEF, 1 30 BB, B sCERB#E] 3.5 L R (5 16 cm)
o BB 2 . MR L, TSN 10 em 2. Dy FIK IR B R R AEE RN NE, &
BAKEHETREN.

MR A 0 & B FUK R REM T R &, AEAE (RERRES , /K TE Si0, & & =20% , KiERMERF LHE
BRZS B M FH R 3 A7KOF (B 3084 Si0, 1) « (1) 3R (CRHEREAE ) 5 (2) 150 kg/hm® ;5 (3)600 kg/hm®
XA 6 NMEEA G, KEHBEGATEAHRER (5 N = 46.4% )520 kg MR — 4% (& N 18% P,0,46% )
225 kg BRERHF (K,0 = 32% ) 150 kg, JRE S 4 Wi : BARAT(4/10) (4 BEH (3/10) liFEHA (2/10) (2L 3%
W (1/10) , BEBR — BB AT— U , BRER SR 7 W0 UM A BB AR T (2/3) HAEIA (1/3) . RERRES TRARAT —IK
MiFH . FERAT 72h §E AR, BRI A S Btk

FEARFEMRATE PR B, 4 UK R 5 AR B IR K AR UK, Bk B 2 LI B AR T S BR o
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1.2 SRl DI S &

SR P r B I /K R M R O RE AR . M 60 H RS /K RBAE MR T 28 1 - - 0 SR BURE .
THAM MM RA 4% R BEEE , RET 5 CHRKFEN , SR ZBBK G T8, KR R T WM
& b, BEa 04, BT H L S-450 BRI E T WA IR, A ALFHTE 800 x 85 F 4 3 MR i iRk 40 a1
3.

M 60 HAEMR EBYBCE 1 X2 F 12 em KIWFEZEA TRES BNIE . R BRKopvk, LRBRATBE
FEAER L, 7E 105 CTFRF 30 min, RS57E 70 C WIERTIRM T T4 48 h, TRBZEHEWHBINE,
i 60 HIHH A TIE S e,

FAF I 386 & B AR SRS B ROKRERT M LR AB )G 30 d 9138, )5 4% FRAE IR0 3R R [R] &
PR A IEHATE I, I 4 L agAE S . IR AE 105 CHEIRAE P T 215 aE /a1t 80 B i fie & A
TS, WEHERBEZERER.

1.3 —ApiR gtk ATl

R FAREZE H DSR4 s AR AT . SEBEREAREZE K/ MBI B RRJG 60 H 8226 MFER , ok fatk
IR, Vv e R M T A5 1 A5 FR IR 1 B 7% R SEBY B 12 em ¥R, FEZEZEIATGHT 2 h BYEL
Jt P AR &y R ok B 36 ) HBRA-4) iU 57 fa B 38— AR T 3 %4 i,

BIRFEEABEEREEY S 1 L S REET RIS, REFHREETH 3 oL KA B KFEREFEM
PR E (ER2.0 em K 15.0 em) 8 O ML EE S, BH)E HIESMELEZE LRIt R, —
AR RER 3 kg, Bh A G MR S R e B K 74 22 W 4E 90 min (WUIE ) 5% 120min (3 #4hH) . SRAMRICH
el FFIR BRI A A BIBT Ao SO IROR R IR 4 3 8] F] BRAEAE 22 57, B YN 45 A 3 A ZE 3 R B0 1 )
— g, BEE 3 MR TEREZE S B EGA B 25 ka3 i AR 20 Sk, TAMEREENHR
LB JERRAME T AT QR EE 24—27 °C  BIRER B 300—550 Ix)

AR Ll AR AT 2 e R B T RS A . R B R HE T 1A 4 B W A R, 4 — AR
FEZE LeAT, il L E R NN A S EA S AR R AR L AR A ST EREHERE, R
B R CTT 4 M AER IO H LA SN , R ER A 125, RS A L S R AR A, &7 A D B /N
FEZEHLEE . A RIEY MR BB — S P A 5 | 3 S2 sl B W7 A 7E [R]— LS B i L 28 i fA
JEFRAR U AR ABEFL R 1k o ik AFEBRAS7E ISR 8] P, AL AR 4 B g J5 — WO Rl ik B 2k A, B[R] B
JEEzaling IR

HRAEC SR BAE , TR A R AR, kAR (% ) = 4 Bk x 100/ MR 4 H B8, Ik AR (% ) = i
A4 BB x 100/ W40 B A8
1.4 BdR4sHr

SR xR B A AT R AR A B (1 FR R AE AL FRAE & R [F] S A _E BB ) KRS L b (B R S Fh SR A R RIRE AR
AbFE T ABE ) Xt AR 4 B R F R A S () B E . SRR R 25 A ik A A A R A 3B K RS
AT —ACEE 2 Hi AFERT K AEIT B REAN M A AR AR A B W ) B M, AR B e R A LSD ¥kt
Bz R ERBEE . RARER T Z00 R REAE A3 X + e & 2 /0, i LSD ik i Ab 3 >
EZEFBENE. BERKAR DA IEE S b8 R R gk 2 ik A Z Rk AFERT 58 R 5 F i
FARENEAL 3RS PIREZE Si0, & B HEATHESC 0T, DA BIIA —AbIE4h ki AT N SRE RS B Z MR R
2 #R5HW
2.1 MESREAEME S TIEFAE S R
2.1.1  mES R

MR B AR RK RS A Z M A fE B E 2 R (F =364.55, df =1, 18, P <0.001) , fEACALFE (F =
0.13, df=2, 18, P =0.878) RH 5/K M KA B/ (F =0.25, df=2, 18, P =0.786) %4 B E %A
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HES R IR (B 1) o HhhrmAhihEE 47 B iRk O 63 47
£ BT 359 bRk A AR 63 75 50.9%
2.1.2 DIEMBEERESE

M FREAE SR iR B 224k 33 d J5, Zk + 1% Sio,
FREARMEE SO, FEZMAERELT(F =
275.30, df=3, 11, P<0.001) (& 2) ., AHXT FALBHA]T
-5, SRR IR AU RE AL 049 0+ 3P S0, LA - -
EABTFRT 14.2% f1 11. 0% , {8575 25 RE AR AL B SiO i il i SiO, applied/(kg/hin?)
AL IED Si0, FEH EAT 28.7% (E 2),

Tt FIREAE B E 3R T RS 2R Si0, & & (F =86.82, "
df=2, 18, P<0.001) (FE2) . FHZESIO,FRIEZKME  p | Number of siliea cells in sixty-day-old Shanyous3 and
i (F=375.29, df=1, 18, P <0.001) R/ S5HEME  Yanfenga7 rice plants untreated or treated with calcium silicate
KOFRRAS E AR (F =14.78, df =2, 18, P =0.001)
BERW, PHAFIRTE 47 ML Si0, 7 8 K it F AR A3 R TR 82 T s 2E B S ARl 63 H,
FEZE Si0, & B R BERENEIE FH 2 3 K — S5 .
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Bl wEREAbIEifh 63 FnEhF 47 M 60 HUCiErkM BRI RELN AR

—~ =
gﬁ 500 - t) 90 - O 63
2 450 1 a g 5f b
o 3
Eﬂ £ 400 | Eﬁ E 60 S d
N = ] e
S & 350 b 2 g 451
=} c 2
®]Z c wE
2 300 | g 30|
- 2 LS |
g 250 2 15F
I (=]
£ 200 L 20
bisLib Control 150 600 g Control 150 600
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B2 mEEAEMTEMIRG SHF4T BE_SUEIENTW
Fig. 2 SiO, content in culms of Shanyou63 and Yanfeng47 rice plants and soils untreated or treated with calcium silicate

2.2 ZARIE Y B BhEAT
2.2.1 fhiksk

W RN = i 40y Eh e A X A At P R 1 I T - %, WUIRAE iR R MR AL BRI AR 63 Fnh 3 47 KRS B
Bl F8 03 51 o & B X BRAR 20% 1 28% , =4l B 7E = ik AR AL BRI 4G 63 FN3hF 47 JKAE b )i 28 73531
2 B HXT BRI 20% F1 5% (18 3) o {H2, FEAE AL FERE A b X0 i 4R = i &)y B SR 49988 1 35 3 il (AR
X' =5.67, df =2, P=0.059; =f%l:x" = 1.28, df =2, P =0.526) ; 3R RIREALAL 3K -2 8] 24T BT 4 L
R, & B R R AR AL HEAR T X6 R S AR UR Bk 3. (x° = 5.33, df =1, P=0.021), /KRGS FxF 1k
HEC SO = 4 &)y B R RS (BUE . = 0.01, df =1, P=0.922; =4 d:x* = 0.07, df =1,
P=0.795),
2.2.2 AR

W FHRERE (x° = 3.10, df =2, P=0.212) FzkFgAF (x* = 0.47, df =1, P =0.492) X “ AL BB ik A
RGWAE BEZW(E 4) o ERAN T4 AT R, BUEAEREEAC BN 63 FEh=E 47 1 ik A 255
TR 12% F1 8% , TE = REAEALFNNAR 63 FiEh = 47 b yid A\ 24351 T [ 20% F1 4%

Xt =4 d, MFREAR (x* = 17.50, df=2, P <0.001) F/KRG S (x* = 9.98, df =1, P =0.002) %f i
AR BERW(E 4) o HX T RF X R, =54 SR EREARAL B 63 FdhT 47 L iid AR5
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O k63 HF:47

g0 T 80
2170 - 370
SEeof %5 6ot
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2y £z
&40 | B E 40
Bzl Rs 301
= GO)D % (]
g20F filg 201
810 |- g 10
j5) =
a~ 0 L 0
Control 150 600 A~ Control 150 600
SiO, i i & SiO, applied/(kg/hm?) SiO, )i I & SiO, applied/(kg/hm?)

B3 {IRusER =g 4h AR REREAL IR AR 63 FNEh I 47 FEE P pishit R
Fig. 3 Percentage of first and third instar larvae of Chilo suppressalis boring on Shanyou63 and Yanfeng47 rice plants untreated or treated
with calcium silicate

AT 10% F110% , 76 R AEAEAL BN AR 63 b= 47 b ik AZ 5051 [ 40% F1 20%

AU, B R A P R A A, AR G o 4 R = R 4 L, ZE R TR T AR RS ZE b s A SR 22 R T AR
N WL, X TP AR 47 TS, e FIREAE AEFE 58 R BE L BHAR —fL iR &)y i 76 B e S APl AR 63 1
) BT e 5 (AT EF , DASCRE R = 8 4 LR | e AR AE X = 8 4 Uik A SR BE K
2.2.3 ik ARERT

Wi P RE B 5 2 A K ik A BER (F =2.43, df =2, 40, P =0.043) , /KRG SFP (F =0.92, df=1, 40, P =
0.344) R H SEEACHZZEAEM(F =0.31, df=2, 40, P =0.734) XM UREE AFER A BERW(ES) . 7ER
FEREAE AN 63 I, WU ik ARERT (83558 T HAE m ik AE AL B Al £; 63 b= 47 b fyisk KBRS, AHXT T4
AR T R S, WOEAE R AEAE AL LA 63 b 47 b ik AFERT M AIRER T 112.9% F135.1%

O qlifr63 47

N
(=}
1
D
(=}
1

= el
2 2
5 . 8
§ 50 S g 50+
S ¥ o
¥ 540 <8 40
g.é’ § 5
v 30 = 30+
s RE
%520 ]5% g 20+
L o
g0k g 10f
5 g
5 0 g 0
= Control 150 600 ~ Control 150 600
SiO,Jiti i & SiO, applied/(kg/hm?) SiO,jiti i & SiO, applied/(kg/hm?)

B4 Z{rIEaIEFn = b 4h A REREAL ERATIIAE 63 FNEhE 47 TBE EMIMENE
Fig. 4 Percentage of first and third instar larvae of Chilo suppressalis penetrating on Shanyou63 and Yanfengd47 rice plants untreated or
treated with calcium silicate

T AT AL 2 AR 7K RS At o Xk — A = e &y Hh ek AR B4 2 -5 X USRS ], 7 i ol kg = e gl Hb
AFEFTERER M (F =7.74, df =1, 31, P =0.010) , =§ 4 AR EEF 47 REZE b Ak AFERS ELZENAE 63
FIER T7%—163% (& 5) . HMiFREAE(F =0.29, df =2, 31, P =0.750) K H 5K M S EARR (F =
0.01, df=2, 31, P =0.923) X =4l bk AFER BEA BEL N (B 5) B =ik 4h AR R IEAL B0 1 63
MR 47 bk AFER LRSS B O IR ESEK 32.9% M112. 1% .

2.3 TEEREEES TR BT O E IR R

B AR LN AR AL B & b AR R i A SR A B 5 [F] it P REAR AL 2R S RS 2E Si0, &

BT T , RO = 4 AR = e &y Hudk AFERT 5628 Si0, & B Z MIFFTE B WA AKX KR
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SEaf EZ 6ol
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- #2500
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B 5 Z{CIEMuER = i 4h i A R BR AL IR YR 63 FnEh I 47 FBE F R AR
Fig. 5 Penetration duration of first and third instar larvae of Chilo suppressalis on Shanyou63 and Yanfeng47 rice plants untreated or
treated with calcium silicate

(E6), =% ik AREEREZE Si0, & BRI KM B E TRE(F=9.18,df=1,5, P =0.039) ; Z# 4 it A
FEMTBEREZE Si0, F B KM B FERK (F=41.85,df=1,5, P=0.003)

B z
goor- y=-1453x+ 11321 207

< E 50 R2=0.698, P =0.039 (2-tailed) g5 75k

o o . = E

Jﬁf S 40 ;‘; S 60

:g;i £ < =

=E 01 #E5r

]S 5L HE L . y=-1859x-61216

%5 § = R>=0.912, P=0.003 (2-tailed)
§ 0 | | | : | GE 0 | | | |
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FEZESiO8 7 SiO; content rice culms/(mg/g ) 2SO, & & SiO; content rice culms/(mg/g T )

B6 BE_SUBRIBES _WEHRBEBITHNEXXER

Fig. 6 Correlation between SiO, content in rice culms and larval boring behavior of Chilo suppressalis

3 i

SRR 8 22 TR SR R B REA BY T4 sRAE Y MOHT AL, AR T AN TR RS AR T He P 55 A L
B ASCR I, R REAR AL B 55X AR L, — AL SR IR ) i R B E AR (I 3) , S Y R AR BT
RE(E 4) o X SeSER R T AR AL RS AR B AT 08 , TR SR/ R X —ALIR it . /KRS 2 s By
HORE R SRR , A SCES R (T8 2) IS8 T RS R P I RE & BAE AR A B HIRRE S B0 100 51U L1 REE KA
ZEFF B AN R R AR R R R TR -RE R S5 3R G X AL 4 s T A B ALk R
5 e P RE AT AR = Rk A ek 5 (&1 2) , AT T X R BRIAL 2 B A, BB0feE — AL R &y B e A7 52 B
(E16) o &FAHEEE BB RIE I PISE 5, Wit LA FELAS H REZEUE E. saccharina X H BE 2L F 46847 1
FEARIE VI RE Bt Spodoptera exempta FIVHIEME Schistocerca gregaria X ARASPIZLEL (B & F13E — X WF Schizaphis
graminum Yot /NFEAERRARERRME ) o HUk, ARIE 4h ki A Byt BT B E SAE 25 P 2k wk, DA PELAS 4 ot
BN, RABE N R RS JE S A B LR T FAE A0 B AT R R A P e BN T 0 P B
B, P RN JE DABELIE A B P R SR — B B ™ . TR, AN HERRAE AR A 4 B TV M R S S R MR Ak P 7=
HEAE AL B RS TSR EE A SO . Gomes %5 Sl & BURE H B 81 5% WU S. graminum —i&
/N R S (S A ALEE 2 B A ALBE IR N R IR AR RS ) T TE ) B R

Ak, b PR AT B — AR 4 By (R 5 R WUE ) #ik AFERS (1B 5) o H REZEUE &)y s 78 B 0 5 e e
HH BER A IR . AR 4 DU e A M RIRSZE S , SRR B O 5 IR e B AR AR
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T, W ALK G754y th R BRFE R AR L O B I B E 4, AT 38 4l gl & AR R BRI R (TIZK 48 ) KRB
A B a8t (% R0 SSCAIBL 2 , 3R — AR R £ R B Bl ) S AR, DR L S R A A DAy — o —
IR A ERIE S R E SRR E AR R E &M, Bk, X TR vk F o, ik AT BRIk A ZER
H4 B T Ak O B 2L ), il PR A RS SR X AT L

MR 40y o 2 [ B EUBRR Bt PR A oS = % &l ER R DIy e A B89 32 M K T 0o SRR g 2 e (1B 4) (B
FRENEBE 22 A T WOIR (i ARBINT (181 5 ) o A ST YR A B B 4 55 HLAS [ 90 F) Al e A g S0 it P e FE 9
ROSAFAEZES o H T AN 2 7 Aok Pl 22 5 ) AR B, 05K T BB -5 7S ) % 39 4 A B BB B 10 2% (R 1)
2 R0 RS IR O, B SR R R R ERE R

AR SCEERAE—BUESE T AT I 63 FidhE 47 X ALIEHHE iR, T H YT R S R
EEAIEECR S S B M B A HVRR REAF MR L2 SR, AR & FEZEESEYE
EH AHRIETF 47 poREZERE & B REHE RS M2 — P Z T, R BALE T 47 LLali 63 BA 3 it s
SEREST X AT AR ERF 47 EEAl 63 X —ALIR A Ak AT R B RPN 2 — o R, AR T
2 A AR B SRS, i AR 58 A (] i Rl b R o (e AR AN AREI) B HR BE L AFAE 2252, IR Xl it
63 RFARXIHLH AR T 47 o H ARG S Rl R AR FEAEAE AR DS R >, BIVEK ol 5 Bl EE 7 8 0 P A B
FAREAE 3K 15 BE K BE AT LR T . TR I —2F HORE H 390 = AT RS HERE S | IR, KA AR 7 3
7 TR HL o ot PR AR AR 24 B 1o A B4

HRIEASCEER , H FAREAE o] EL BB AT — LA 4l B iy Sl BE A SR B I o 8] RT3 i 4 BB 88 T A R38R
R BN B 6 it B e 6] T 161 3 3t 494 5 L 2 25 5 0 BEAE T Y B SO, 5 JER L ot ol Dt PR R EAE 3R A5 B KR
BE BT R AERR T, A7 b Xk 7 R o e P R E A A A5 BE R B T B 2 o
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