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Effects of different inducing conditions on volatiles released
from Malus sieversii trees

WANG Ming,CUI Xiaoning,SUN Keke, LIU Deguang

(College of Plant Protection s Northwest A& F University ,Yangling » Shaanxi 712100, China)

Abstract :[Objective] Components and relative contents of volatiles released by healthy Malus sieversii
trees were compared to those induced by exogenous application of methyl jasmonate (MeJA) ,mechanically
damaged and harmed by Agrilus mali adults to provide basis for developing effective baits for pest control.
[Method] The volatiles from M. sieversii trees were collected by the headspace solid-phase micro extraction
method,and the chemical components and relative contents were analyzed using gas chromatography-mass
spectrometry (GC-MS). The principal components and clustering methods were used to determine the in-
ternal relations. [Result] A total of 8 categories and 58 volatile compounds were collected under four dif-
ferent treatments, mainly including esters, terpenes, alcohols and aldehydes. Compared with control, the

contents of (Z)-3-hexen-1-o0l and caryophyllene in mechanically damaged plants increased, while contents of
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a-ocimene and linalool decreased. In MeJA treated plants, caryophyllene and o-cymene contents increased

and (Z)-3-hexen-1-ol and geranyl acetone contents decreased. In A. mali damaged plants, 1-undecanol, lina-

lool and caryophyllene contents increased, while (Z)-3-hexen-1-ol, (Z)-3-hexen-1-ol,acetate,and q-ocimene

contents decreased. The first three principal components extracted in the factor analysis explained 37. 65 %,

23.93% and 19. 53% of the total variance with a total of 81. 11%. The MeJA treated and healthy trees

were grouped into one category,while mechanically damaged plants and A. mali damaged trees belonged to

separate categories. [Conclusion) External factors led to changes in components and contents of volatiles

released. These volatiles were likely to be related to the Malus sieversii —A. mali — natural enemy tritro-

phic interactions and induced chemical defenses.
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Table 1 GC-MS analysis of volatiles released from Malus sieversii trees under different treatments
AR &/ % Relative content
% i Lt g b RAE o SRR
Category No. Name of compound i X 1 Mechanical I i Ak 7 CRRE A
Control Me] A A. mali
damage .
treatment feeding
1 -3 2 #5-1-% (Z)-3-Hexen-1-ol 1. 64 2.59 - -
2 1-32 5-3-1 1-Octen-3-ol 0.08 — 0.27 0.65
N 3 2,6- " Je-7-9 B-2-FE 2, 6-Dimethyl-7-octen-2-ol 0.48 0. 20 0.76 1.03
LS 4 A M E 8-Cedren-13-ol 0. 04 — — —
Alcohols i
5 2-3V. H1 J-4- 1% 475 -1-F% 2-Methylene-4-penten-1-ol — 0.83 — —
6 5,7-+ ki —4k-1,12- " 5,7-Dodecadiyn-1,12-diol — — 0.12 —
7 FRILFFZEEE 3,7-Dimethyl-1, 7-octanediol — — 0.37 —
8 +—%EEE 1-Undecanol — — — 0.06
9 3-C i 3-Hexenal 0.15 0.15 — —
10 ¥ Heptanal 0. 06 — — —
. 11 K Benzaldehyde 0.23 0.07 — —
[[EES SR Ot z _ _
12 ST Octanal 1.15 0.19
Aldehydes
13 T-® Nonanal 2.98 1.72 1. 86 4.55
14 & W Decanal 6.43 1.71 1. 00 3.30
15 +—® ¥ Undecanal 0.55 0.14 0. 10 0.49
16 + — % Dodecanal 0.09 — — —
17 + —%& Dodecane 0. 38 — — 0. 36
. 18 + P 4E Tetradecane 0. 60 0.18 0.57 1.65
PS8 e s
19 + H.%E Pentadecane 2.41 0.53 2.33 4.32
Alkanes
20 + 75 %E Hexadecane 3. 64 1.97 2.88 7.48
21 + -t %t Heptadecane 1.97 0. 50 — 3.52
22 —+#¢ Eicosane 1.72 — 1.28 —
23 TR T Butanoic acid, butyl ester 0.11 0.04 0.15 0.11
24 M EfiE (Z)-3-Hexen-1-ol,acetate 32. 30 75.02 0.17 15. 68
25 LR R TR Acetic acid, phenylmethyl ester 0. 40 0.11 0.43 0.43
26 T l2-3-C M fiE Butanoic acid, 3-hexenyl ester 0.11 0.71 — —
27 K A% 2 G Methyl salicylate .00 0. 30 1.25 2.65
28 TE RS n-Valeric acid cis-3-hexenyl ester 0.10 0.47 — —
29 &l 4-tert-Butylcyclohexyl acetate 0.11 0.09 0.44 0.46
s N R (2-H 3E-2- 2, FE-3-3% & 38D g
H 30 Propanoic acid, 2-methyl-, 2-ethyl-3-hydroxyhexyl 0.29 0.12 — —
Esters
ester
2-H BTN R-3- ¥ 32,4 4- = W BL R L i
31 Propanoic acid, 2-methyl-3-hydroxy-2, 4, 4-trimethyl- 0.38 0.06 0.28 1.24
pentyl ester
KH R (2-2 3 2 ) Bis
32 Benzoic acid,2-ethylhexyl ester 0.24 0.07 019 0. 44
. o LR B R (2- 2 3 O 3O TR - -
33 p-Toluic acid, 2-ethylhexyl ester 0.1z 0.07
34 A-C F-1-1% L TR B 4-Hexen-1-ol, acetate — 27.66 — 0.69
45 T, O -2-T 5 TR-3-C M iR _ 0. 23 _ _
(Z,E)-2-Butenoic acid, 3-hexenyl ester .
36 ZH BRI R Limonen-6-ol, pivalate — — 0.17 —
37 F ML Geranyl acetone 3.21 0. 50 — 3. 64
ag 5- k-2 (3h) -1 g e N 0. 08 - -
2k ’ 5-Ethyldihydro-2(3h)-furanone :
KC:ZECQ 39 a5 F 348 59 22 il o Isomethyl ionone — 0.07 0.14 0.15
‘ 10 JeEtEN 1,7, 7-Trimethyl-(1s)- _ _ 0.11 _
bicyclo[ 2. 2. 1]heptan-2-one .
41 FH M Phytone — 0.07 0.39 0.68
AN N p=
yo BB R-1, 4,6, 9-+ JUBR UG 0. 29 _ _ 0.17
i K Z.7,7-1,4,6,9-Nonadecatetraene
Alkjc:nj; 43 2-F - Jfi-4-+ PU 4 2-Methyl-Z-4-tetradecene — 0.03 0. 34 0.15
‘ 44 J2-3-—.}¥% E-3-Eicosene — — — 0. 34
45 o B I a-Ocimene 0.42 0.12 0. 64 —
" 46 IR a-Pinene 0.19 0.08 0. 30 0.16
ﬁ". 47 O, ) -a-35 JE M (Z.E)-a-farnesene 1.15 0.34 1.99 1.22
Terpenoids
48 fi47¥4s Caryophyllene — 0.19 1.33 0. 64
49 B84 E 4% o-Cymene — — 0.09 0.13
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Category No. Name of compound il HEx) e Mechanical MR EL S5 TSR
Control Me] A A. mali
damage .
treatment feeding
[ 50 oK 2= o~ Ylangene — — 0.08 —
Terpenoids 51 F5MiE Linalool 0. 65 0.38 1.46 1.38
52 24Tk 1,1'-Oxybis-decane 0.10 — 0.08 —
ik 24 53 I ke 7 _ 0. 03 _ _
Ethers Diethylene glycol monododecyl ether .
54 T3t 205 3Bt Geranyl vinyl ether — 0.03 — —
55 H 2528 Azulene 0.14 0. 06 0.23 0.43
56 3-¥2 3 H #: 2 3-Hydroxy-dodecanoic acid — 0.03 — 0.09
H . . .
()’1‘}141%% 57 -+ k8 Erucic acid — — — 0.15
58 J2-13-+ )\ 4% 2 trans-13-Octadecenoic acid — — — 0.19
e R BE A 3 E B B (E L — 7 3R A K DN 3 1 A4 R W 4 5 .
Note: Each value is the average of three repetitions,and “—”means non-detection.
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Fig.1 Venn diagram of different volatiles released from Malus sieversii tress under four treatments
22 AEANEFEHFERELZYESENERS  11.33, 50K N 19.53% . Fr#2EA 3 ~ERSH
5 SR TTHCR B ] 81. 112, R X 3 A4 F ot B
B2 AL, S 1 MM EMES MEEEWS TIWCED R 58 My S E R &M
21. 84, BUERH R 37. 65% 358 2 EMAT AR R 81.11%.
13. 88, BTk RN 23. 9320 55 3 F BL4r B R AEAH K
x2 EBFAORPHSIAERTHNBFEEESTHXRFESRER

Table 2 Eigenvalues and ratios of the first three principal components (PC) in factor analysis and their ANOVA results

Er R Tk BRI T i P
Principal component Eigenvalue Proportion Cumulative F value df
%1 EM PC1 21.84 37.65 37.65 318.18 3,8
%2 FW4r PC 2 13. 88 23.93 61.58 35.26 3,8
%3 EM4r PC3 11.33 19.53 81.11 5.75 3,8
% T LB Multiple comparisons
E M5y P fH ) BB AR 13 e FERNE T RUfE
Principal component P value BEFEXT 1 Mechanical SRA 2 11 5 A Agrilus mali
Control MeJ A treatment X
damage feeding
%1 EMsr PC 1 <0.001 0.33%+0.07 ¢ 1.59+0. 08 a 0.96+0.18 b 0.30+0.03 ¢
%2 Fsr PC2 <0. 001 0.27£0.17 ¢ 0.36%0.03 ¢ 0.98+0.20 b 1.514+0.12 a
#03 E sy PC 3 <20. 05 1.34£0.09 a 0.2240.04 ¢ 0.7040.03 b 0.42%+0.15b

TE X BRI 3 A T 13 2 E JEAT B R R T3 22 047 - FF 6] Tukey”s HSD #356 FE 8 [] 4b B[R] #4922 53 12 35 1 (P<<0. 05) . K45
JaARAS ) /N SR R Ab S A] 2 S L
Note:One way ANOVA was performed on the three principal components; Tukey’s HSD tests were then used for treatment mean separa-

tions (P<C0. 05) ; Different lowercase letters indicate significant differences among treatments.
T 2 e RV AR5 1 F R L AU MBS EES . 5 2 EM B vF L
DUHR IR R R AT R AL MR 2 W 3 5 304 2 4~ BoTiki ok, H 5 A 3 AL B Z (a) 34 22 55 W 2 5 R
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Fig. 2 Scatter plot of different volatiles of Malus sieversii trees based on the first two principal components
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Fig. 3 Scatter plot of four different treatments based on
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Fig. 4 Hierarchical cluster diagram of Malus sieversii trees of four different treatments
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