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WE: (86 )] @83 Bk Etiki, 250 31 0 H /B Chrysanthemum B ¥ 23 & Crossostephium 5 3 % & 5 % A
Ji 3t 9 368 & Frankliniella occidentalis ¥ 3 E454E, [ ik ] KA et R g8k, TEMNEZ G LR 24h AegA
BATH, AR ARE, TRAREZEE, [£R)] ALK L AFENE BRI LHFLITN>AZHL. T
. K., HGRAZESARBEER, L VL ER Aster spathulifolius. ¥ % ¥ Crossostephium chinense. & #
Chrysanthemum zawadskii F= 2 % 3% ¥ Chrysanthemum makinoi % 4 > #p T & Ik B F Wk, FH L Chrysanthemum
nankingense F30.ALH Ajania x marginatum W) ZIEH FEH BN, K RBAMEBESMH R T TR LGOS RARLEESL D
HH AR T ZRE AL (P<0.05), RAZEMETaA kiR ARMH L IEIRBER, [£R]AHT
PR SRR ML E BABAT A NAETR R, AT HIERE L5 TR T R AWM PR, B 5 K2 528
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Screening of germplasm resources for resistance to Frankliniella occidentalis
in Chrysanthemum and related genera

SONG Zhaoli'?, LIAO Yuan'?, LIU Zhiyong'?, WANG Haibin'?, FANG Weimin'?,
CHEN Fadi'?, WANG Zhenxing'?

(1. College of Horticulture, Nanjing Agricultural University, Nanjing 211800, Jiangsu, China; 2. National Southern

Herbaceous Flower Germplasm Resources Nursery, Nanjing Agricultural University, Nanjing 211800, Jiangsu, China)

Abstract: [Objective] The objective is to systematically evaluate the resistance characteristics of 31 wild
germplasm resources from Chrysanthemum and its related genera such as Crossostephium to Frankliniella
occidentalis through an in vitro inoculation experimental system. [Method] The detached leaf selection
method was employed to quantitatively measure the avoidance behavior of adult thrips within 24 hours, as well
as to determine the density of secretory glandular trichomes and T-shaped glandular trichomes on leaves.
[Result] The population size of F. occidentalis after inoculation was classified into five resistance grades
(highly resistant, moderately resistant, lowly resistant, susceptible, and highly susceptible) through quantitative
grading, among which four species, namely Aster spathulifolius, Crossostephium chinense, Chrysanthemum
zawadskii and Chrysanthemum makinoi, showed significant resistance, while Chrysanthemum nankingense and
Ajania x marginatum showed high sensitivity. Pearson correlation analysis revealed there was a significant
negative correlation between the density of secretory glandular trichomes on the adaxial leaf surface and the

population size of F. occidentalis(P<< 0.05), indicating that this type of glandular trichome might exert a
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repellent effect by secreting terpenoid secondary metabolites. [Conclusion] The intrinsic relationship between
leaf morphological resistance traits and F. occidentalis behavior have been clarified, providing a phenotypic
basis for investigating the molecular mechanism of chrysanthemum resistance to F. occidentalis. [Ch, 5 fig. 2
tab. 28 ref.]

Key words: Chrysanthemum; Frankliniella occidentalis; glandular trichomes; insect resistance; evaluation and

identification of germplasm resources
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Thysanoptera & & Thrips vulgatissimus 5& 1 % 4§ 46 W) 00 # 3 RSB @, H oh V49 78 %] & Frankliniella
occidentalis J& 16 F AR FLFIEY, ZAGRIE TREH, BV HERTIEZER XY, J&§T
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Table 1 List of wild resources from Chrysanthemum and its closely related genera for testing

Lizt?] KA izt KA
Wit BF B 44 Chrysanthemum japonense var. debile HA g7 LN C. nankingense L IESF A N=2 P
W3 C. indicum HEYT IR W34 4jania pacificum HA
Z235 C. rhombifolium rp = E R AR L % djania x marginatum HA
P4 C. indicum rf EVLIR K B C. vestitum of E R R A 1L
WF2C. indicum sHEVLIR A KA C. crassum H AU I
B25C. indicum o B P AT L BAM-23§C. naktongense [ BT AR R
W4 C. indicum rh IR VG AL A BEEERT S C. ornatum HAT 5
MW 5 Ajania przewalskii o E I AR EBHYC. vestitum rf RO
B35 C. indicum w8 rE AR BH W% 4 C. japonense (RG2) H A
BBEEEG C. makinoi H AR50 B} 26§ C. japonense (RGS) HA
H5 C. zawadskii HAT S L djania x marginatum H A7
2§ 4jania shiwogiku HA B¥35C. indicum HA
JIHE A 4jania potaninii w4 34C. indicum hE R A
JKEEZ Aster spathulifolius HA HRIF%C. argyrophyllum o IR Y R AL
MR C. lavandulifolium var. aromaticum T [ )L 28 4 Crossostephium chinense [ i gt
JEFHEFEK A C. japonense var. ashizuriense H AR
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Figure 1 Detached leaf inoculation example of F. occidentalis
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Figure 2 SEM diagram of leaf epidermis of Chrysanthemum and related genera
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Figure 3 Schematic diagram of fluorescence microscope for leaf epidermis of Chrysanthemum and related genera
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Figure 4 Number of thrips at 12 h (A) and 24 h (B) after inoculation in detached leaves of 31 wild resources of Chrysanthemum and related genera
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Table 2 Grading of insect population on leaves of Chrysanthemum and related genera
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Figure 5 Correlation between leaf glandular hair density and the number of thrips inoculated in 31 species of Chrysanthemum and related genera
TERACI T N (24 h) X8 5 B B AT 7 A VR ], R PU B & D 5 IR B R E R UG . A
W (12 h), W E R A 2
3 3tk
3.0 ARESHNFEREZERARFTENRRRIFSH

AT LI AR5 T B 2 Ja B A B PG P AR () MR e W 25 R, L Ag AR L A T AR
R, IMER LR, XFERATRE SR fh2E FOEFRRREAR OGN, A, TE AR AR
N [ e U Ol 1 1 S 82/ P A o = W [T i e S s RS R T Y @ = 9] ST P SN |
PIBi AHLE] (o IR IR B2 Y B) B RLPERY AR EE R OB iR ) 284k A e,
32 TEBRENEMFESEHHER[KRME

ARWFFE R T BIBRBAERN ALY B RAA, W] REXS PO A6 & 5 i A7 A A 50 . T Al
P B W5 1E 2y e ZE AR LR BB AR T, SR, PO AEET SR AN 1~2 mm H H 88 (#0) BA m B R
PR AT 2E 7 R R B A R R HCE A7 o5 R A B B 20 SRS e R AT A ok mT o
PR3 e 5E R PR Al W B4 . A, MRS B\ Bemisia tabaci WY i i R HE BUE £A E R RE TR i Solanum
Iycopersicum AERR B, 2RI, ASHHGY H PG AL S S 0] BEAE RN S BN Y 38 I fisk AR U0 T RUAR B
SABEEY IR RRARBE ) AR S MU o IR N AT O S SO LR R 1 B AR A R B ] ) HEAS i — 2P
R
3.3 AREDMEETASHEREZREMW FLHE S i B AR E A KB

FEANVUACE] 5 J5 24 h Y FPERCE 5 48 46 i O A T o3 A U AR B R B A I REOG, TR S 12 h
PRI TC R B ARG X 3R B 3 AR IR 6 i T RO B i ek, B AR B BB T REARHS T B 2 I W A 5
SERE AR RO, RS 12 h RSO R B A DG M B R R BB 5 P AR Eh s AT O AR SCT il
308 3 fioh R e T PR SR T X0 R A 4 R ) ) i 7 1 T, S e VR B R O e L MR ) B
Pt BtE ZR BRI I AEH (24 hy, B 0 A0 1 A 2 B AV ) S5 mT g 1 I] 1A G 4 i) BB A Ry sl Ak A
FRES R 2 RARERON . A DAL 8 R TR O s R IR R RN MBS ORI, xS
AW LRI 24 h BUPERAYAY I IR 2 ARG o
34 FMRFEUESRIPHESERLKENE

AT 314044 T Bl & Jm e AR AP S b i o 4 bR T (B 2 0y, EREIE 11, £5E
143 12 Gy b BT (3608 1 0y, WAGTE 1 3). X R BHEF AR Rh BB IR D st G ZAEvEaAR, St T e



5 42 5 5 W RATIRE 34 Sl ¢ S o v £ i) B b o 98 I 1 973

AOBEIA A, SRR A= - B AR BT RUBT AL OB, wl e 2D HESRAE SR .
4 Hi

AHIT ST AL AR Y AR T, oA DU AR T A [R5 T S Gk R A SR R D e o SRR
BEAHERN T 24 h, W R T T 0 R R R S VB R e v S R R DG . T PG AR D e
WO dSr 1 5 BRI IR R, T 4 (Y PUPU B8 RN . R4S R A EPTVE AE 6 o 7 MR At T i
PUPEBTIR, A2 AR R PUVE PN S B0 12RO o8 TR U W R ar G R BRI 4
BET RAFRL

5 %HE U

(1] M. 55 LU SR m AR v DT ar sV 25 S U LBEE ST (D). p At M At KA, 2012.

SUN Ya. Studies on Aphid Resistance and Mechanisms in Chrysanthemum and It’s Related Species at Seedling Stage [D].
Nanjing: Nanjing Agricultural University, 2012.

[2] SKA%E, REH, REZ, . SERMIRARAEY— VS STt aUR A fa % (0], HII~T, 2003, 29(4): 58-59.
ZHANG Youjun, WU Qingjun, XU Baoyun, et al. A dangerous alien invasive organism, Frankliniella occidentalis, is
harmful in Beijing [J]. Plant Protection, 2003, 29(4): 58—59.

[3] YASASVI P, PAUL A, KUMAR G A, et al. Documentation of insect-pests in Gerbera (Gerbera jamesonii H. Bolus) in
Kerala and their management [J]. Journal of Advances in Biology & Biotechnology, 2025, 28(2): 191-198.

[4] GHOLAMI Z, FATEHI F, MEHRABAN F H, et al. Comparative proteomics of resistant and susceptible strains of
Frankliniella occidentalis to abamectin [J]. Electrophoresis, 2025, 46(1/2): 112—126.

(5] sKyaRE /M. PUALET S XS5 SEA RS B L REETTTE (1], i ERSE, 2024, 44(6): 44-49.

ZHANG Zhike, WU Xiaomei. Selectivity of Frankliniella occidentalis to different organs of vegetables [J]. China Fruit &
Vegetable, 2024, 44(6): 44—49.

(6] FFF, BF, XU, 5. PGAEHTHXF 4 FEs T aF EROIEFEETT (] e gl RL7, 2015, 44(3): 83-87.

WANG Chun, CAO Yu, LIU Yan, et al. The preference of Frankliniella occidentalis to different horticultural host [J].
Journal of Henan Agricultural Science, 2015, 44(3): 83—87.

(7] AL, SRAEGE, 89 He T A0 i A H R 1y PG AL 8 S MR AT A (0] Lol A= 902441, 2024, 43(6): 27-32.
TIAN Song, ZHI Junrui, ZENG Guang. Review of feeding behavior of Frankliniella occidentalis (Thysanoptera: Thripidae)
based on electrcal penetration graph [J]. Journal of Mountain Agriculture and Biology, 2024, 43(6): 27-32.

(8] AR, A btk G X A mh JE B By S i) A O SEAL A W5 (D). At B Ul k27, 2025.

LI Shouyin. Studies on the Metabolic Adaptation of Pagiophloeus tsushimanus to Terpenoid-based Defenses in
Cinnamomum camphora [D]. Nanjing: Nanjing Forestry University, 2025.

(91 MR, Fivkily, B0, 55, Tl BEZEe R YL 1 P8 AE 6 SR XU 58 cDNA SCHE IR @ AT 0] Aol 27412, 2022,
37(9): 1203—-1208.

YE Qian, LU Bingxin, WEI Yan, et al. Construction of yeast two-hybrid cDNA library on tomato spotted wilt tospovirus-
infected Frankliniella occidentalis [J]. Fujian Journal of Agricultural Sciences, 2022, 37(9): 1203—1208.

[10] LaBONTE P, PACKER R, McINNES H, et al. Methods for Thrips transmission and maintenance of tomato spotted wilt
virus (TSWV) [J]. Methods in Molecular Biology, 2025, 2893: 119—136.

(11] BEENE, SR, RALW] AR R H i aF R PR R AT R sm (1], AE 252440, 2008, 28(10): 5113-5122.

LU Yanhui, ZHANG Yongjun, WU Kongming. Host-plant selection mechanisms and behavioural manipulation strategies of
phytophagous insects [J]. Acta Ecologica Sinica, 2008, 28(10): 5113-5122.

[12] MR, 2R, BAE, 4. B AEAETE G R 45 2 WU 0) PO 1E 6 B i K RELEHT L], W AR 2S2741, 2025, 36(4): 1244—-1250.
FENG Chencheng, LI Xundong, MAO lJia, et al. Repellency of volatiles from bracts of banana flower bud to Frankliniella
occidentalis [J]. Chinese Journal of Applied Ecology, 2025, 36(4): 1244—1250.

[13] T, XIHEAE, XU, 55 AP IRTE W PIir FE Bt e L], td Al 2441, 2024, 39(1): 115-124.

QI Chaofan, LIU Yanhua, LIU Jing, et al. Research progress on glandular trichome secretions of plants [J]. Fujian Journal
of Agricultural Sciences, 2024, 39(1): 115—124.
[14] Z=1a7K, BEEAR, MRbia s, 55, VU AR B R HRB MESSTE ] 28 B A45 S [CT/mP ERE Y A2 h IR



974 WroIL R R K A R 20254E10 H 20 H

FOIAL 50 AR PHLR 255 2012 AR~#ARAE 2 SCHE. dEat: vh B R 2%, 2012: 317-322.

LI Xiangyong, CHEN Aidong, CHEN Fushou, ef al. Occurrence characteristics of Frankliniella occidentalis (pergande) and
its natural enemy Orius minutus (Linnaeus) on rose[C]//Chinese Society of Plant Protection. Proceedings of the 50th
Anniversary Celebration Meeting of Chinese Society of Plant Protection and 2012 Academic Annual Meeting. Beijing:
Chinese Society of Plant Protection, 2012: 317-322.

(15] SRIGRE, W75, R/, PEAEE] DX 7 B Al 25 528 S AR RO i A O R 5E (] B, 2023(12): 32-38.
ZHANG Zhike, MIAO Fangfang, WU Xiaomei. Studies on the selection of Frankliniella occidentalis to different host
vegetables and their leaves at different parts in Ningxia [J]. Vegetables, 2023(12): 32-38.

(16] 5. VU 4B B 15 B M i o Xof A6 '3 32 B0 WA L BCITFE (D] 5B SR, 2021.

CAO Yu. Comparison on the Host Adaptation of Frankliniella occidentalis and Thrips hawaiiensis to Different
Horticultural Plants [D]. Guiyang: Guizhou University, 2021.

[17] JIN Ye, LUO Luna, ZHANG Ruirui, et al. Effect of pesticide application techniques on Thrips control in the cowpea
flowering stage [J]. Pest Management Science, 2025, 81(4): 2101-2113.

(18] Rl HUvH AL By AL A i A e S AR 3BT (D] A - b foll K27, 2020.

ZHANG Tingting. Screening and Characteristic Analysis of Peanut Varieties Resistant to Frankliniella occidentalis [D].
Baoding: Hebei Agricultural University, 2020.

[19] ROSSI G, MAHAS J B, CHITTURI A, et al. The influence of crop and leaf position on Thrips (Thysanoptera: Thripidae)
oviposition in cotton, soybean, and peanut seedlings [J]. Journal of Economic Entomology, 2025, 118(1): 459—464.

[20] FoRi. HIWIMRTE A H B R AN T AL (0] AR A B4R, 2020, 56(11): 2332-2338.

YU Zongxia. Factors and molecular mechanism influencing plant glandular trichome development [J]. Plant Physiology
Journal, 2020, 56(11): 2332—2338.

(21] Brihigr, THe, 2508, 2. PUAGH] TR [ 25 AR 0935888 SR e 7o RN (T]. FEIERPT, 2021, 47(3): 122-126.
CHEN Hongyu, WANG Yingshan, LI Lun, ef al. Selective and olfactory responses of Frankliniella occidentalis to different
host plants [J]. Plant Protection, 2021, 47(3): 122—126.

[22] CHEN Gang, KLINKHAMER P G L, ESCOBAR-BRAVO R. Constitutive and inducible resistance to Thrips do not
correlate with differences in trichome density or enzymatic-related defenses in Chrysanthemum [J]. Journal of Chemical
Ecology, 2020, 46(11/12): 1105—-1116.

(23] 280, TRWI5E, AROF. AR H B U AT 0 9B 5eT7 i 0], A rh B HESE, 2016(1): 8-13.

LI Mengya, LEI Chaoliang, ZHU Fen. Research methods of feeding behavior of insects with different mouthparts [J].
Huazhong Entomological Research, 2016(1): 8—13.

[24] Le HESRAN S, SEWKARANSING D, KUOH H E, et al. Developmental time, potential food sources and predatory
behaviour of the invasive pest species Thrips parvispinus [J]. BioControl, 2025, 70(3): 319-331.

[25] LOUGHNER R, GOLDMAN K, LOEB G, et al. Influence of leaf trichomes on predatory mite (Typhlodromus pyri)
abundance in grape varieties [J]. Experimental & Applied Acarology, 2008, 45(3/4): 111-122.

[26] VALVERDE P L, FORNONI J, NUNEZ-FARFAN J. Defensive role of leaf trichomes in resistance to herbivorous insects in
Datura stramonium [J]. Journal of Evolutionary Biology, 2001, 14(3): 424—432.

(27] SKIGRE, PRAE, 1 /NER. B TAEHE R AL 27 ) S i S P A Th AT S SRS [T R ARl R 224l (A SRR
hR), 2022, 48(1): 39—45.

ZHANG Zhike, HU Hua, SHANG Xiaoxia. Identification of volatiles in cucumber flowers and their effects on behavioral
response of Frankliniella occidentalis [J]. Journal of Hunan Agricultural University (Natural Sciences), 2022, 48(1):
39-45.

(28] TR, W it DX /N LR HC 2 AR DUBRS FAEHLRI TS (D] SERH: SN, 2025.

ZHANG Ni. Study on the Interaction Mechanism of Tea Green Leafhopper and Host Plant (Camellia tetracocca)
Surrounded by Karst Region [D]. Guiyang: Guizhou Normal University, 2025.


https://doi.org/10.1002/ps.8611
https://doi.org/10.1093/jee/toae294
https://doi.org/10.1007/s10886-020-01222-1
https://doi.org/10.1007/s10886-020-01222-1
https://doi.org/10.1007/s10526-025-10312-6
https://doi.org/10.1046/j.1420-9101.2001.00295.x

	1 材料与方法
	1.1 供试材料
	1.1.1 供试菊属及近缘属材料
	1.1.2 供试虫源

	1.2 菊属及近缘属叶片人工离体接种方法
	1.3 叶片腺毛密度统计方法
	1.3.1 叶片采集及显微观察
	1.3.2 视野选取与图像采集
	1.3.3 腺毛计数与密度计算

	1.4 抗性鉴定
	1.5 数据验证与统计分析

	2 结果与分析
	2.1 西花蓟马对不同寄主叶片的选择
	2.2 抗性等级划分与种质筛选
	2.3 西花蓟马取食偏好性与腺毛密度的相关性

	3 讨论
	3.1 西花蓟马对菊属及近缘属不同寄主的取食偏好分析
	3.2 T型腺毛的结构特性与防御局限性
	3.3 西花蓟马的趋避行为与菊属及近缘属叶片近轴面分泌型腺毛的关联
	3.4 种质资源收集与保护的生态及农业战略价值

	4 结论
	参考文献

