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Yearly Occurrence of Thrips Infesting Hot Pepper in Greenhouses and
Differential Damages of Dominant Thrips

Chulyoung Kim, Duyeol Choi, Donghyun Lee, Falguni Khan, Gimyon Kwon', Eunhye Ham?, Jungjoon Park?, Eui-Joon Kil and Yonggyun Kim*
Department of Plant Medicals, College of Life Sciences, Andong National University, Andong 36729, Korea
'Bio Utilization Institute, Andong 36728, Korea
Institute for Bioresources, Osangkinsect Co., Ltd., Guri 11921, Korea
*Department of Plant Medicine, Institute of Agriculture & Life Science, Gyeongsang National University, Jinju 52828, Korea

ABSTRACT: Andong s a place to culture the great amount of hot pepper (Capsicum annuum 1..) in Korea. This study reports a yearly occurrence (March
31~October 25, 2021) of thrips infesting the hot pepper in Andong. Thrips caught to yellow sticky traps were diagnosed by morphological characters and
showed two dominant species: Frankliniella occidentalis and F. intonsa. During this period, a total of 107,874 thrips were caught and included F. occidentalis
at about 82%, F. intonsa at about 17%, and the other thrips at about 0.3%. There were two main peaks at May~June and at September~QOctober,
respectively, in which the total number of thrips was higher in the second peak and most were F. occidentalis. Interestinly, a low level of thrips occurred
during July~August was observed and explained by their susceptibility to high temperatures. A laboratory experiment by exposing thrips to high
temperatures showed that thrips were susceptible to temperatures higher than 35°C and not tolerant to 45°C for 1 h. Indeed, high temperatures higher
than 45°C were recorded in the greenhouses in Andong during July~August. F. occidentalis was more tolerant to the high temperatures than F. intonsa.
On the other hand, the thrips showed the highest occurrence peak at July~August in hot pepper-culturing greenhouse in Kangwon, where the average
temperatures were mostly lower than those of Andong and no high temperatures higher than 45°C were recorded during July~August. A viral disease
caused by tomato spotted wilt virus (TSWV) was observed in the hot peppers cultured in Andong greenhouses. Multiplex PCR was used to detect the
virus along with identification of thrips. With a high record of about 30%, the virus-infected thrips were detected during all the monitoring period. The
virulent thrips were identified to be only F. infonsa. These results suggest that F. occidentalis gives a direct damage especially during harvesting period with
their high populations while F. intonsa gives indirect damage by transmitting TSWV.
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A= 5o H(order) 0.2 S, FEfH o= W
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v FAde] o|2wA F237H B A0= HIckSharov,
1972). A AR SR 12004 o]AFo & oF7,700%0] K 11T
31 9131, O} FA) ok Terebrantia) 254} Hao}-=
(Tubulifera) © 2 eIt Ghosh et al., 2021). S sk &
A= Woo and Paik (1971)0] 3145 5820 2 W 113} 1} 9]
ok o] ke SAPAA okE ] Sl 74 % chab o) FRgt
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Table 1. Primer sequences used in multiplex PCR

Z710.2 HETIA|(95 x 40 mm, SPL, EH)o| 52 o]-&3}
of REHA &A & Floll 2ARE & AFS+E FArd
(EZ4, Leica, Wetzlar, Germany) ol 4] |43} 31t}

HEOAS] TSWV ZICtnt SXiHe| SHE flst CIE
PCR X

4719) ofe] nam o] HAT FHPREN) LT %
A d# 2] TSWV H= o .5 U5 PCR A2 55t 2dst
Atk o5 PCR A4S 98l A8 1u2]E Viral Gene-
spin™ Viral DNA/RNA Extraction Kit (Intron, Seongnam,
Korea)- o]-g-50] aih-S 2619t} =24 A2 Supreme
RT-PCR premix (Genetbio, Daejeon, Korea) =S ©]-8-5}of 50°C
oA 3027 HHAAZITE A ofRl cDNAL= HhA] 95°ColA] 2
B7F 27] AT 0]3-353] PCRO| 95°C-30%, 55°C-30%,

72°C-4522] 2= F7| 2 APt o] 72°Col| A 105 %]
FAE 27H51 ok ITS Qoo ZimekAizlo} ofvis
Aol Sol4ql Zefoln] Le)3 TSWVe] Nzl =
o] ze}o|oi(Table 1) S AMG3o] 13 T 1% ol 4o
71955k FHSHA:

SHEA

A 312 7k A ] matoll ] R A== arcsin =3
g 0] F HAHLA 0] 0] §5}9r). HAHLAL SAS] PROC
GLM (SAS Institute, 1989)<- o]-83}0] #]2] &1 W20 wja}
one-way ANOVA & 28J3}9c}. ofe] ZAR= dzje}l 37|

o8 ZbzF A2 AT S Yo g BALEASE o o
71A et Fleg AR O R A arks ekt A

2] Ho7b v FAag-22H A H(least square difference,
LSD)& o]8stod Ay @57 T& 0.055 724 ZJo] 7]&2

Genes' Orientation Sequence PCR product (bp)
Forward 5'-GACCAGACTGTTCCGAGA-3
Fi-ITS2 367
Reverse 5'-CTCTCCTGAACWGAGGCTG-3"
Forward 5'-GGTCGCTTCACCGCTTCCCG-3"
Fo-ITS2 287
Reverse 5'-CTCTCCTGAACWGAGGCTG-3
Forward 5-ATGTCTTCAAGTGTTTATGAGT-3"
TSWV-N 776
Reverse 5-TTTTGATCCTGAAGCATACGCT-3"

' Acronyms stand for Frankliniella intonsa ('Fi'), F. occidentalis ('Fo'"), tomato spotted wilt virus ('TSWV"), internal transcribed spacer

(ITS"), and N gene of TSWV ('TSWV-N")
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Fig. 1. Yearly thrips occurrence in greenhouses culturing hot pepper at three places of Andong (‘AD1-AD3') in 2021. (A) Comparison of

different thrips occurrence: £. occidentalis ('Fo'), F. intonsa ('F

i'), and total (= Fo + Fi + others). (B) Total thrips numbers in three different

places. Thrips monitoring was performed once in a week from March 31 to October 25, 2021 using yellow sticky trap. Each place had three
traps. Different letters above standard deviation bars indicate significant difference among means at Type | error = 0.05 (LSD test).

Thrips in greenhouse hot pepper 323



Table 2. ANOVA of thrips occurrence in different environmental factors in hot pepper cultivated in greenhouses from March 15 to October
30, 2021

Source' df SS MS F P
F. occidentalis
Date 25 134523150.4 5380926.0 18.99 <0.0001
Place (Date) 48 34185744.0 712203.0 2.51 <0.0001
Error 143 40509923.7 283286.2
F. intonsa
Date 25 9165139.1 366605.6 25.19 <0.0001
Place (Date) 48 5496533.5 114511.1 7.87 <0.0001
Error 143 14661672.7 200844.8

"Three different places include AD1, AD2, and AD3 in Andong, Korea.
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Fig. 2. Cumulative population growth of dominant thrips infesting hot pepper in greenhouses at three places of Andong (‘AD1-AD3').
Thrips monitoring was performed once in a week from March 31 to October 25, 2021 using yellow sticky trap. Each place had three traps.
High temperatures represent weekly average of daily high temperatures.
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Table 3. Correlation analyses of thrips occurrence between temperature and humidity in hot pepper greenhouses. Each correlation value

accompanies with Type | error of its Stud

ent t-test in parenthesis

. Temperature' Humidity”
Thrips
LT HT AT LH HH AH
F occidentalis -0.0012 0.9483 0.6779 0.1529 0.07206 -0.1152
(0.9869) (<0.0001) (<0.0001) (0.0224) (0.2829) (0.0855)
F intonsa 0.2395 0.4071 0.6622 0.04589 0.1973 -0.0206
(0.0007) (<0.0001) (<0.0001) (0.4954) (0.0030) (0.7595)
'"Temperatures include lowest (‘LT"), highest (‘HT’), and average (‘AT’) temperatures.
“Humidities include lowest (‘LH”), highest (‘HH”), and average (‘AH’) humidities.
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Fig. 3. Comparison of susceptibilities of . occidentalis and F. intonsato high temperatures in both larvae and adults. After exposure of
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