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Abstract: [ Objectives ] We investigated the chemical mechanism of how silicon decreases Sitobion avenae's
host selection preference by studying the influence of silicon application on the release of wheat volatiles.

[ Methods ] A hydroponic wheat experiment was conducted using the wheat cultivar ‘Zhengmai 1036 as a test
crop, Sitobion avenae as the aphid, and Hoagland as a nutrient solution. The four treatments were no Si
application and no aphid infestation (CK), only aphid infestation (A), only Si application (Si), and both Si
application and aphid infestation (SiA). Si was sprayed on wheat seedlings at 2-open leaves-1-sprout and 3-open
leaves-1-sprout stages. The aphids were infected on wheat leaves at the 5-leaves-1-sprout stage, with 30 aphids

per pot. The Y-shaped olfactory instrument was used to test the host selection behavior of aphids. Wheat volatiles
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were collected using the headspace adsorption method, identified, and quantitatively determined using GC-MS.
Principal component and correlation analyses were used to define the influence of volatiles on the host selection
preference of aphids. [ Results ] Si application led to a (P < 0.01) difference in wheat's tropism and repellency
regardless of aphid infection. Aphids were more likely to choose wheat as a host when Si was not applied.
Alkanes, benzenes, and alcohols were among the volatiles found in wheat. The number and concentrations of
volatile chemicals in wheat were altered by Si treatment and aphid infection. Compared with A, SiA (P<0.05)
increased the relative content of the volatiles dodecamethyl, 3-hexen-1-ol (E), and D-limonene by 56.25%,
112.00%, and 117.78%, respectively; the relative content of 2,4-dimethyl-heptane was (P<0.05) reduced by
81.02%. The principal component and correlation analysis results showed that the selection of the host by Sitobion
avenae was (P<0.05) positively correlated with the volatile gas 2,4-dimethyl-heptane, and (P<0.05) negatively
correlated with the volatile gas dodecamethyl, 3-hexen-1-ol (E) and D-limonene. [ Conclusions ] Si application
can enhance the repellency of host wheat to Sitobion avenae by increasing the release of wheat gas volatiles

dodecamethyl, 3-hexen-1-o0l (E) and D-limonene and decreasing the release of 2,4-dimethyl-heptane, which

together impact the host selection of Sitobion avenae.

Key words: wheat; Sitobion avenae; tetraethyl orthosilicate; host selection; volatiles
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Fig. 1 Selection preference of Sitobion avenae F. to host wheat as affected by Si application and aphid infection
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Note: Selection preference = (selecting aphid number with Si application — selecting aphid number without Si application)/selecting aphid number

without Si applicationx100. CK—No Si application and no aphid infection; A—Aphid infection; Si—Si application; SiA—Si application plus

aphid infection. The selection preference for up part of figure was by CK and Si, and the bottom was for A and SiA. Each threatment has 4

replicates and ** represents significant difference in selection preference between the two treatments of each group at the 0.01 level.
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Table 1 Collected volatile compounds and their relative contents in wheat under different treatments

AHXTF & Relative content (%)

F5 No ¥R MEAL A Volatile compound
CK A Si SiA
1 FI 2 Toluene 0.20£0.01 b 0.34+0.07ab ~ 0.27+0.08ab  0.38+0.17a
2 45t Octane 1.22+0.17b 1274033 ab  1.20£0.04 b 1.67+0.30 a
3 T =IO AR Cyclohexasiloxane, dodecamethyl 0.30+0.12 b 0.32+0.05 b 0.27+0.03 b 0.50+0.03 a
4 2,4-— W RE-Bft Heptane, 2,4-dimethyl 1.49+0.16 a 1.37+0.34 a 1.27£0.30 a 0.26£0.02 b
5 3-C4#-1-F%(E) 3-Hexen-1-ol, (E) 0.19+0.01 b 0.25+0.05 b 0.18£0.03 b 0.53+0.12 a
6 VU % Tetrapentacontane 0.41£0.11 a 0.98+0.33 a — —
7 X Z—H 2K p-Xylene 0.23£0.05 a 0.34+0.12 a — —
8 3-C T 3-Hexenal — — 0.34+0.05 a 0.50+0.23 a
9 D-#7##/% D-Limonene — 0.45+0.02 b — 0.98+0.20 a
10 A 4% Copaene — 0.30£0.16 a — 0.37+0.12 a
11 PU+-J5E Tetracontane — 0.23+0.03 — —
12 ffi % J5¢ Squalane — 0.34+0.03 — —
13 W23 [4.4]1F-1,6- 4, (S) Spiro[4.4]nona-1,6-diene, (S) — 0.2440.01 — _
14 PO H 3+ FL4¢ Pentadecane, 4-methyl — 0.41£0.02 — —
15 £ HIZK 0-Xylene — 0.090.02 — —
16 LIRS T I Isobutyl acetate — 0.210.05 — —
17 KR = # 2 I Homosalate — 0.72+0.04 — —
18 AA YT Caryophyllene oxide — 0.57+0.03 — —
19 117 ¥ Caryophyllene — 2.14+0.89 — —
20 a, f- W F-FE 2,15 Benzeneethanol, a, f-dimethyl — 0.2740.12 — —
21 F57 M5 Aromandendrene _ 0.88+0.04 — —
22 P Hi Alloaromadendrene — 0.54+0.09 — —
23 T-F ZMRNE Acetic acid, nonyl ester — 1.16£0.17 — —
24 2-FFLPU45E 2-Methyltetracosane — 0.25+0.11 — —
25 1-54§# 1-Decyne — 0.18+0.00 — —
26 11-FRE =5 Z ¥t 11-Methyltricosane — 0.25+0.00 — —
27 1,5,9,9-V0 P -1.4,7-F+—H#5, 17, 42, 72 — 0.88+0.38 — —
1, 4, 7-Cycloundecatriene, 1,5,9,9-tetramethyl-, 1Z, 4Z, 72
28 5-(1-FH 33 2, 56)-1,3 -0 — s — 0.22+0.05 — —
1,3-Cyclopentadiene,5-(1-methylethylidene)
29 p-% W) p-Ocimene — 0.60+0.18 — —
30 B-H LS p-Myrcene — 2.31+0.82 — —
31 o-JR M a-Pinene — 4.99+1.12 — —
32 a-FEIAM: a-Guaiene — 0.17+0.04 — —
33 1-F 3-4-(6-F L BE-5-05-2- P 38 R L - 105 — 0.26+0.03 — —

(2)-1-Methyl-4-(6-methylhept-5-en-2-ylidene) cyclohex-1-ene

E: CK—AHAE AT AR F . Si—EREN IR SiA—JfE R . [RIFTRUR G R IR/NG TR A B A 2% 57
#(P<0.05). “—" INFAELYIRYAIH .
Note: CK—No Si application and no aphid infection; A—Aphid infection; Si—Si application; SiA—Si application plus aphid infection. Different

»

lowercase letters in the row indicate significant difference in the same gas volatiles among different treatments (P<0.05). “—” means the volatile has

not been detected.
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Table 2 Correlation of volatile compounds and host selection under aphid infection

- W AU 43 L . o T R O A . 2,4- - B " »
fih7 W TR S O 1) T DR TRk
Percentage of Cyclohexasiloxane, Heptane, 2,4- .
Index . Toluene  Octane 3-Hexen-1-ol, (E) . D-Limonene Copaene
aphids dodecamethyl dimethyl

W HUE A L 1 -0.199  —0.563 —0.448 —0.935%* 0.915%* -0.915*%* —0.276
Percentage of aphids
FFZE Toluene -0.199 1 0.373 0.241 0.418 -0.18 0.488 0.647
3fJE Octane —0.563 0.373 1 0.529 0.498 -0.775 0.732 —-0.112
BRI -0.977%* 0241  0.529 1 0.966%* —0.841% 0.921%*  0.219
Cyclohexasiloxane,
dodecamethyl
3-CUf-1-FE(E) —0.935%* 0.418 0.498 0.966** 1 —0.803* 0.901%** 0.378
3-Hexen-1-ol, (E)
2,4- " HE-BEke 0.915** —0.18  —0.775 —0.841* —0.803* 1 -0.853*  —0.169
Heptane, 2,4-dimethyl
D-#/#24% D-Limonene ~ —0.915%* 0.488 0.732 0.921%* 0.901** —0.853* 1 0.294
7] 4 Copaene -0.276 0.647 —0.112 0.219 0.378 —-0.169 0.294 1

T b RELRitESi S At Skt BRIAIA 25 R B R LG W) . *—P<0.05; **—P<0.01,

Note: The volatile compounds in the table have different contents between SiA and A treatment. *—P<0.05; **—P<0.01.
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Fig. 3 The correlation analysis of silicon-induced aphid tropism and wheat volatiles
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