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Chemical and visual cues from Chrysanthemum morifolium cultivar ‘ Hangbaiju’
plant to attract Macrosiphoniella sanborni during its blooming stage and their

application against the aphid
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Abstract: Chrysanthemum morifolium cultivar ‘ Hangbaiju’ topped chrysanthemum teas, originated from Tongxiang City of
Zhejiang Province. The aphid Macrosiphoniella sanborni ( Gillette ) is a special pest of chrysanthemum plants that often
pierces and sucks the blooming flowers or hides in the flowers, and can be easily harvested with the flowers and remained in
the processed chrysanthemum tea products. When the chrysanthemum tea was brewed, the aphid corpses would emerge into

tea soup, which caused the drinkers off their appetite. In order to reveal the reasons for the aphid to prefer chrysanthemum
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flowers, and develop the effective green control agents used in blooming duration against the aphid, we collected and
identified thirty-six volatile compounds from the blooming chrysanthemum plants, of which seventeen major components were
used as odor sources for behavioral assays on the aphid. The results showed that a-pinene, E-2-hexenal, (+)-4-carene, Z-
3-hexenyl acetate, cis-B-ocimene, and y-terpinene or 1-octen-3-yl-acetate at 10™* ¢/mL in hexane significantly attracted the
aphid adults. These seven solutions, each at dosage of 10"> g/mL, in turn were mixed with a nepetalactone hexane solution
at 107 ¢/mL at a volume ratio of 60:10:10:2:2:20:2:1 as a complex aphid sexual attractant, which compared with patented
prodcuct, an aphid attractant, on the efficacy to trap the aphid adults, with the former being better. In addition, the
phototaxis behavioral trials in chrysanthemum fields showed that the trapping efficacy of chrysanthemum yellow sticky boards
on the aphid was slightly excelled that of bud green sticky boards. During the process of trapping aphids at blooming stage ,
one chrysanthemum yellow sticky board was baited with one complex aphid sexual attractant lure to build into one trap, one
trap hanged from one bamboo stick with its bottom side 1 ¢m above chrysanthemum plant top, and the stick was inserted into
chrysanthemum row. The distance among traps was 7m X 8m apart from each other. The chrysanthemum yellow sticky boards
each baited with a complex aphid sexual attractant lure caught a large number of the aphid adults in the chrysanthemum
fields and their control effect on the aphid population was significantly superior to that of spraying imidacloprid. It was
thought that the combination of the major volatiles from the chrysanthemum plants and sex pheromones emitted from female
aphids (olfactory cue) with the yellow color ( visual cue) of the chrysanthemum pistils and petals strongly attracted the
aphids during the blooming period. Furthermore, the complex aphid sexual attractant-baited chrysanthemum yellow sticky

traps could be used as an effective environmental sound measure to combat the aphid during the blooming period.

Key Words: Chrysanthemum morifolium cultivar ¢ Hangbaiju'; blooming period; Macrosiphoniella sanborni Gillette

chemical and visual cues; attract and kill
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Fig.1 Dynamic headspace aeration system for collecting volatiles from chrysanthemum plant during its blooming stage
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Fig.2 Y -tube olfactometer bioassay system for testing attracting of aphids to odor source
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Fig.3 Total ion flow chromatogram of volatiles from chrysanthemum plant during its blooming stage
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Table 1 Components and their relative content of volatiles from chrysanthemum plant during its blooming stage

F5  CASE AEIIATC B A R P I A3 A AR L %
No. CAS number Volatile components from chrysanthemum Relative content to internal standard
1 80-56-8 a-JEM  a-pinene 5.367
2 79-92-5 4%  camphene 2.696
3 127-91-3 B-IRM  B-pinene 1.517
4 123-35-3 B-AH:ME  B-myrcene 1.559
5 6728-26-3 J2-2-CMilE  E-2-hexenal 0.652
6 29050-33-7 48N (+)-4-carene 0.463
7 3681-71-8 i-3-C 45 £ T cis-3-hexenyl acetate 0.046
8 3779-61-1 R BB trans-B-ocimene 0.505
9 3338-55-4 MiX-B-% 4% cisB-ocimene 0.056
10 99-85-4 v-HAMHEE v -terpinene 1.071
11 586-62-9 i il terpinolene 0.822
12 2220-40-8 WHR[2.2.2]  5-FH-2-B  bicyclo[ 2.2.2] oct- 5-en-2-one 2.768
13 2442-10-6 1-345-3-Zl  1-octen-3-yl-acetate 0.075
14 699-02-5 4-HIZEZE A 4-methyl- phenethyl alcohol 0.626
15 1335-66-6 FHFFEE  isocyclocitral 0.440
16 464-49-3 HEW  (£)-2-bornanone 7.864
17 99-83-2 JKFEHM  a-phellandrene 0.747
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JF5  CAS% AEIIBT I35 R AR 2R M 5y A AR L %
No. CAS number Volatile components from chrysanthemum Relative content to internal standard
18 72540-93-3 2-F - 2-JEli#%  2-methyl-2-bornene 0.017
19 5406-39-3 4-FAHATNEE  4-methyl-benzenepropanol 0.083
20 1000151-75-4  3-E&-2-B%  trans-3-caren-2-ol 0.066
21 78-59-1 SR isophorone 1.808
22 76-49-3 ZFRVKF TR bornyl acetate 0.258
23 503-93-5 2,6,6-=HH-2 43R —FE-1-fi]  2,6,6-trimethyl-2,4-cycloheptadien- 1-one 3.631
24 25246-27-9 FRH  alloaromadendrene 0.078
IS 110-38-3 FR ethyl decanoate 100.000
25 5989-8-2 KM% (+)-a-longipinene 0.109
26 469-61-4 a- B a-cedrene 0.109
27 1405-16-9 L& patchoulene 0.319
28 6831-16-9 LLYae84% () -aristolene 0.110
29 1000374-17-4  B-3H#  B-curcumene 0.151
30 41702-63-0 FLEME  epizonarene 0.074
31 489-39-4 FH M aromandendrene 0.060
32 5951-61-1 B-FERAWE (=) B-cadinene 0.733
33 1000374-19-8 MAIAR-9,11- 24 guaia-9,11-diene 0.131
34 1000159-39-0 B-N\ZH  B-panasinsene 0.363
35 30021-74-0 g- MR g -muurolene 0.055
36 11028-42-5 FEHAG cedrene 0.348

2.2 FEMINTE SRR T2 A A Xt 4 /N AE 39 14 5 1 A0

FEE N R Y- RGN T AT AR R Y 17 B R E R Y R 2 MR B R TN
WFIG BRI , G5 REW], 107 o/mL 1Y a- IR S2-2-CIREE | (+) -4- B4 - 3-C 4% SR K- Wi Ly
i R 1SR -3- R, LA 107 g/mL BRI T BERRIT N BR 51375 B 5 8 3 2 T IE Cbe (CK) 517 g wF
B, Helh s 3eh Bon i BERECR (K 4) .
2.3 AT A/ MR R U ROR R T 2 Ak

FIA) IS0 1 452112020 4F 10 30 H—11 H 1 H 7E55 Fe 45 48 BORG A 75 75 14 57 B0R 22 T 2 Skt s
RS, B 22 R ARIK BE K- (R 2) . 2021 4F 10 H 29 H—31 HAE3g AT T[R4 R 235/ KA 517>
R, AR T RIS R (K 3) .

F2 2020 EHHMBFHEF 2 MEEEREZE B EREFHANKETINH
Table 2 Daily accumulative average of catches of aphids on each of two types of colored boards in Chrysanthemum cultivar ‘ Hangbaiju’ field

during its blooming stage in 2020

Hid e By 10 H30H 10 A31H 1MH1H

Sticky board type Oct. 30 Oct. 31 Nov. 1

251

é“f?.lﬁi/\*ﬁffi 22.0£2.2 t=1.0742 45.0£3.1 t=1.4552 66.0+4.8 t=0.4708
Chrysanthemum yellow board

R

21.0£2.0 df=18, P >0.05 43.0£3.1 df=18, P >0.05 65.0+4.7 df=18,P >0.05
Bud green board

BEMBERIRER 10 )

2.4 AN A ARG B 4G A8 TR R R 15 R 2 /MR A I
2.4.1 HERRLE: 3 BB RHCER
2021 AEMLEI4E R E 10 H 25 H—11 H 25 H,10 A 14 A#Hi4 7 16 MR /N X, B4 /N X i R
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Fig.4 Number of aphids choosing the odor source vs. the clean air
HH @-pinene, E-2-hexenal, (+)-4-carene, cis- 3-hexenyl acelate, cis-B-ocimene, y-terpinene, l-octen- 3-yl-acetate, camphene, B-pinene, B-
Myrcene, trans-B-ocimene, (+)-4-carene, 4-methyl-phenethyl alcohol, (%)-2-bornanone, a-phellandrene, 4-methyl-benzenepropanol Fl a-cedrene

B9 E N 10 g/mL; nepetalactol Fl nepetalactone FIHEE K 10 ¢/mL; * FR% P <0.05

0.067hm* , A=W T Mk A bk 2> J5 , 252 H oF o p R o B B B eI (1R 5) o ARIMT, #E CK XML 10 A 15 H—
11 H14 B W B R | 2 5 ARPL R %,

R3 2021 FRERBFES 2 HEZERZE B RREFRDKREFNH
Table 3 Daily accumulative average of catches of aphids on each of two types of colored boards in Chrysanthemum cultivar ‘ Hangbaiju' field

during its blooming stage in 2021

iR 2 10H29H 10H30H 10431 H

Sticky board type Oct. 29 Oct. 30 Oct. 31

]

WIERRAR 16.0£2.0 t=0.8321 33.0+3.0 t=1.2247 51.0+5.0 t=1.1103
Chrysanthemum yellow board

ZFEOR R

15.0+2.0 df=18,P >0.05 31.0+3.0 df=18,P >0.05 49.0+5.0 df=18,P >0.05

Bud green bhoard

FMBERHREL 10 K

10 A 30 HIFIRIBEAEEZY BN A Z 500 11 A 14 B S5 5157570 kb P X e g Rh e 28 BEFRAG, f 8 4
U [ 757 b 3K dF e i 2 A AT Wbt e ol A 388 DX b o 4 B AR IR (HU 3 2 S R IR B KK, 11 H
14 H2Z )5, 5 2 AR5 AR X 0 g5 17 DX SRS AR 5 i A 25 25300 [ ni s bk b B0 X K328 8 1
Tb 42T CK X U

11 H 29 B, AE/INXEFE A W3k T ORI ™ DR oF e 52 4 AR 7 791 Ak 3 X3 e o 5 [ 390 Ak
X b kA B R CK X R 5 Y (B v 22 20 02 18246, 202+9, 326+15 Fll 312+7, ZRILF| T B &K
-, P <0.05,—F& ANOVA 537, F (5 1= 222.4, LSD W50, iF dUSg 5 R 550 X oF o 75375 390 DX 1 Mo 25 ik
EAR T2l R, CK X A5,
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Fig.5 Population fluctuation of aphid M. sanborni in the 4 treatment plots in the Chrysanthemum cultivar ‘ Hangbaiju’ field in the year of

2021 to 2022

mT 12 A 6 HAHGILH MBS RS, 12 A 14 HESITA /N h 35 BRI (K S) .
HUEEmF, N 2021 4F 11 H 4 H—29 H, 455 K 1 WRIEAR A B 5 AR it A5, 45 5L 3001 #Ear i g
A AP el i B 517550 A0 25 AL TR AR A B R I R (£ 4) .
®4 HAFERET 3 MIEHNHEEN 2021 ERBTHE 5 B RAEFOGR

Table 4 Daily accumulative average of catches of aphids on each of chrysanthemum yellow boards respectively baited three attractants in

Chrysanthemum cultivar ‘ Hangbaiju’ field during its blooming stage in 2021

i 2 11A4H 11H9H 11 H14H 11A19H 11 H24H 1MA29H
Trap type Nov. 4 Nov. 9 Nov. 14 Nov. 19 Nov. 24 Nov. 29
T I et 52 TP 70 1 3 A BORS A

Chrysanthemum yellow sticky board baited 142+23a 157+25a 165+27a 105+16a 75+10a 50+8a

with complex sexual sttractant

I 5 | 550 A 3 AL TR AR
Chrysanthemum yellow sticky board baited 121+19b 134+20b 143+22b 92+12b 58+8b 38+5b

with aphid attractant

PEFIE C e 3 AL BRI AR (CK)
Chrysanthemum yellow sticky board baited 94+12¢ 96+13¢ 98+ 14c 52+8¢ 41+5¢ 25+4c

with hexane
A R[]V R ) — RO 2 18 2 52348 P<0.05 KT
2021 FFAZEZ G, 2 2022 4F 3 15 H, BAYNX ORI . 0F B A BRI X g B g 1 7 X
AYRF R E AR T CK X A4 ikt 25 X R (F (5 ,,)= 133.0,P <0.05) .
2.4.2 HENAL 4 B ROR
2022 4% 10 H—12 H MBS 4 25 R EsE #5715 5] 1 035 48 BOR RO T35 /MR A I BT iR ok
MR IERE(E 6. 5) o

3 g

ZAFI TH 18] S B e B /MR A I MG Up A AEAE 2 , 5 B8 T A6 2R LRI W 4 A8 T N B T AR P, 5 THER
HIAERGR T RRTE N T 3R 8 T4 o JTK g e b, 5 2 RBR g 2 1 T ag A b Bk
“EIE BT SR B, ARG IR B, B R S U A i AR B AR , W — BE R T LB
B ZIFE RO IE 20 AR H A f)™ H B B2 — | R L AR B T

AES I BF R R T A A AL b HEAE A HUL AR R I R MR SR 515 T 18 . AF5Est L
FEIIT BRI AR, 72 BESERE 1 36 MR W), BEIEH A & R ORRy 17 R R B0 W IRIR, 225 AT
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Fig.6 Population fluctuation of aphid M. sanborni in the 4 treatment plots in the Chrysanthemum cultivar ‘ Hangbaiju’ field in 2022

x5 MBFHEFIETE 3 MSFEFHHLEMNKR 2022 FHHTEHE 5 HEZRFROTE
Table 5 Daily accumulative average of catches of aphids on each of chrysanthemum yellow boards respectively baited three lures in

Chrysanthemum cultivar ‘ Hangbaiju’ field during its blooming stage in 2022

T IHASH 1AI0H 1AISH 11H20H 11H25H 1HHA30H
Trap type Nov. 5 Nov. 10 Nov. 15 Nov. 20 Nov. 25 Nov. 30
Pt b RS TN B B4 AL SR AR

Chrysanthemum yellow sticky board 148+26a 165+28a 176+£29a 111£19a 78+10 48+7a

baited with aphid complex attractant

HEAIF L5 5300 (9 235 12 3Rt

Chrysanthemum yellow sticky board 129+21b 140£23b 154£25b 98+16b 560+8b 36+5b
baited with aphid attractant

PEFIE CBE 3 AL TR AR (CK)

Chrysanthemum yellow sticky board 97+15¢ 103+16¢ 108+18¢ 60+10c 42+5¢ 24+4c

baited with hexane

B AENG FRE I — 2R 2 ) 22 5K B P <0.05 KK

ZEERF I X T R, Ry EL B T AL e /MR R S AR TP AR R A AR O T A N A
SFB T 15 2 (R Y s R R, AT A A TR ) B0 4 B (0 R RS T B R (L 2 T o s 5|
E7R A48 B COR AR I I 4, T L, #8570 52 A R 7 790 1) 48 B GO A G 48 /N A I 1 Bl 8 o T i ol
Wk, T ULAEI G AEAR MR TE 2k 3 (PR )+ (S B R S A IE I R (AR AL B (0) & N5 17548
UNS=278

FEMEZGIX 10 A 30 H 25, i Fp it o8 BEAR B TR, 2 5 i T 203 ol B i 2248 B TR, i
5 U0 BT 03 550 0 2 B, 87 0oF Hh A5 TR 7 0 ol g v 5 975 591 1) 2 6005 BB — AR A R I R T R
g, B 1 AN H 225 7E 11 H 29 H A5 B R 7 X UC 4 B N T2 IX

W TIEANATZ)E, HE 2022 43 A 15 H R0 HL X A #f ROCHF 4 E 2 TP R . SR,
FEUF A TR R AR FEIX oF H 5 375 750 A 8 IX g e v 5 0 8 (IR T I 2 o b B DRI 245 [X, o — o
A A IR A M A AR K A AW L5 A A OB C E aER  fE R
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