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Abstract [Aim] To improve the monitoring of the mite Panonychus citri, which has frequent outbreaks in citrus and
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temporal occurrence patterns of P. citri were investigated in lemon orchards in Tongnan, Chongqing, the main lemon
producing area in the world, from 2020 to 2022. The plasticity of P. Citri to extreme thermal stress was also investigated. Three
representative lemon orchards were selected as representative orchards in the core lemon planting area to investigate the
spatial pattern and population dynamics of P. citri, and to analyze the key climatic factors responsible for outbreaks of this pest.
[Results] P. citri was found in lemon orchards from March to April and from September to November. Most were found in
the upper crown of lemon trees during the period of occurrence. However, after the period of occurrence most were found in
the middle and lower part of lemon trees. During this period the mite population on the adaxial leaf surface was significantly
higher than that on the abaxial surface. Temperature, including the average, maximum and minimum, was the key climatic
factor affecting the occurrence of P. citri. There were differences in the plasticity of P. citri collected in different seasons; those
collected in winter were more tolerant of low temperatures and less tolerant of high temperatures, whereas those collected in
summer were more tolerant of high temperatures and less tolerant of low temperatures. Mites collected in spring had
intermediate tolerance to both high and low temperatures. [Conclusion] P. citri is present year-round in lemon orchards in
Tongnan under current management and climatic conditions, and has become a key target for control. There are two annual
peaks of occurrence and temperature is the main climatic factor affecting the occurrence of this pest. Although the population
size of P. citri is limited by the average and extreme temperature, its tolerance to extreme temperatures varies seasonally,
which suggests that this pest has a strong plasticity to temperature stress.

Key words Panonychus citri; extreme temperatures; monitoring and early warning; climatic factors; disaster-inducing mechanisms
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Table1l Pesticide application in thelemon orchard of Yahe Village, Baizi, Tongnan, Chongqing

Tyt A A Ay A2
Lemon growth cycle Month Pesticide
e e i Wk i R Pyridaben , Z M Bt Btoxazole , 7 fit H I mk
FH R4 % Spring sprout i . PP )
MK Growth period 1-3 Difenoconazole, WK&f% Prochloraz, 44 %%l Cyhalothrin,
# Growth perio . o .
P Mk HL sk Imidacloprid, 25 & % Brassinolide, H#EEK Sorbitol urea
T2 IS Spirodifen, P4EEZE Avermectin, WAljiR Pyridaben,
164 Florescence 3-4 ZUTR - Mk Bk Lambda-cyhalothrin-imidacloprid , =% fi# 1 34 g
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HRKEF Spring fruit development N s
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AR Summer shoots Trifloxystrobin-tebuconazole, 7 ZIEM /KA Water-soluble
fertilizers containing amino-acids
KR K&HE Summer fruit development
\,%é P 8-9 J& Not
FXAEHE & HH Autumn sprout
H A Summer fruit ripening
B4 K Autumn shoots
H 9-12 JG Not

A K4 & Winter sprout
HK] Growth period
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Fig. 2 Theannual growth and decline dynamics of adults of Panonychus citri
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Table2 Satistical analysisof annual growth
and decline dynamics of Panonychus citri adults

i (4p ) TRIEIEL (3k/6 1) (IE/FF)
BFENE

The average number of adult

Time (ind./6 leaves) Significance
(year. month) (blade-face/blade-back)
2020.11 21.3+4.5/0 cde
2021.1 23.6+6.2/0 be
2021.3 54 .1+£8.2/0 ab
2021.4 54.6+5.5/18.04£6.0 a
2021.5 25.5+4.0/20.0+3.1 ab
2021.6 9.942.1/2.9+0.8 cde
2021.7 0.840.5/0.2+0.4 h
2021.8 4.9£1.4/0.7+£0.3 f
2021.9 1.1£0.5/0.5+0.2 gh
2021.10 3.7£1.3/0.6+0.1 fg
2021.11 5.2+0.8/0.7+0.3 ef
2021.12 6.4+1.7/2.3+1.8 def
2022.1 1.3+£0.3/3.0+0.6 fgh
2022.2 2.541.0/2.5+0.5 fgh
2022.3 15.4+3.2/3.3+1.3 cde
2022.4 29.4+3.9/3.0+0.9 be
2022.5 6.6£1.4/1.0+0.4 def
2022.6 0.140.5/0.1£0.1 h
2022.7 0.01+0.0/0.0+0.0 h
2022.8 0/0 h
2022.9 0/0 h
2022.10 0.4+0.6/0.2+0.1 h
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Fig. 3 Theannual growth and decline dynamics of eggs of Panonychus citri
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Table4 The spatial distribution of adult
of Panonychus citri

SRR/ (IR )
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(year. month) egg per leaf (blade-face/  Significance
blade-back)
2021.3 63.0+£8.3/29.745.3 a
2021.4 68.5+7.3/30.1£6.1 a
2021.5 28.24£7.9/17.745.0 ab
2021.6 10.24£5.3/2.4+1.3 b
2021.7 1.5+0.9/0.6+0.3 d
2021.8 6.0+2.3/1.4+0.4 bed
2021.9 1.5+0.8/0.6+0.3 d
2021.10 0.9+£0.5/1.1+£0.7 d
2021.11 0.6+0.3/3.3+1.3 cd
2021.12 0.6+0.3/10.3+2.7 be
2022.1 0.2+0.1/16.3+5.0 be
2022.2 3.0£1.7/13.8+0.78 be
2022.3 20.1+5.9/18.0+3.3 b
2022.4 19.9+4.9/16.9£3.9 b
2022.5 3.3+1.6/1.1+0.6 cd
2022.6 0.2+0.1/0.07+0.02 d
2022.7 0.1£0 /0.0+0.0 d
2022.8 0 d
2022.9 0 d
2022.10 1.1£0.5/0.4+0.2 d
15
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Fig. 4 Spatial distribution of adult

of Panonychus citri
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T Central 7.242.1 b
THF Lower 2.5+1.3 d
2022.4 -5 Upper portion 10.9+2.4 ab
H1# Central 11.9+3.9 a
T#B Lower 9.5+4.1 ab
2022.5 | Upper portion 1.5+0.6 d
1B Central 3.5£1.0 be
T Lower 3.5¢1.8 be
2022.6  |-#B Upper portion 0.1£0.0 e
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T# Lower 0.1£0.02 e
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2022.8 - Upper portion 0 e
F#B Central 0 e
T#8 Lower 0 e
2022.9 - Upper portion 0 e
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Table5 Correlation analysisbetween growth and growth dynamics of Panonychus
citri and main meteorological factors

P PR B R AR —_— HAREEC ki
— Mean Maximum Minimum . Sunshine Relative
Parameters Precipitation .
temperature temperature temperature hours humidity
B e e
HeiEg Uil 0.962%*
Maximum temperature
=) = yH
B 0.966** 0.949%*
Minimum temperature
Fekht 0.547+* 0.477* 0.569%*
Precipitation
HA B %
B‘“‘H#& 0.846%* 0.782%* 0.781%* 0.471%*
Sunshine hours
I
ﬁxﬂ.ﬂg o - 0.543** - 0.524%* - 0.475% - 0.11 - 0.745%*
Relative humidity
BB Total mites - 0.533% - 0.544%* - 0.549%* - 0.076 - 0.448* 0.402

*FIRTE 0.05 /K- _F B EAK, **FRRTE 0.01 /K F BEFE (Pearson K5 ),

* indicates significantly correlated at the level of 0.05 and ** indicate significantly correlated at 0.01 level (Pearson test).
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B 5 EELENARZETRENHESTUHN M
Fig.5 Varioustemperature treatmentsinduced effects to Panonychus citri collected from different seasons

A, DI G NAZgi; B, EMHAEFN; C, FAHINEZ N
A, BAIC J/”Bitt; D, EFF AFAER; G, HAT IRELA,
A, D and G represent the winter mite; B, E and H represent the spring mite; C, F and I represent the summer mite;
A, B and C represent number of eggs; D, E and F represent survival rate; G, H and I represent hatching rate of eggs.
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TERIHN 91%. 100%F1 96%; TMimik 41 °C  FFIELRRAES, fifm . (REME A TR,
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R M X AP 7 X R IR R R R
35 CLL L, &R HIEN 0 °C, MMiE4
I % RN 258 A3 IR R 20-28 °C, 4R %
it 30 °CHE, WERYIET-RIFMRIEAN. 3-4 A
9-11 HOBATGERS . ORI, JE RS B H i
K, SRR 4 TUE 9 e AR 4R L T R I IR R
( hpLAE4E, 2016 ). SR 1M, 24 6-8 HiE>40 °C,
12-1 HIREEHEE 0 °CH, HEARS 4T i A i
J A2 )P E AN, T 2020 4F 11 A-2022 4F 10
AE SRS EEREHE T, BRI
TR S LB Ko R s 4 TUlHG ) b e 2 SRR K
HA KEAF7E R0 B R E A iR sy,
T AR AR S SRR, R R IR AT AR R
K . AR dn DL B A5 0 R AR (BRE AN
%, 2010; Mironidis etal., 2010), {HAHF
SRR, AN 215 A 2 0 ot IR oy e L HH AR
SRATT AR, Horp, FREEAEAETE . OE LK
WAk T P T VR i, Al D) i X v A1
YA B A 2 1, 33X AT RE S ARG 4 TC R ]
PROHE W AR AT OC (PN R, 1992, 1994
ML, 2014 ), [FIBIRFSERMT, HHE 4 i 7E
IRIREE T, PrASLREE R, PO A RE
WM (AERLL, 2014 ); i1 S0
R G TR I AR T — St 0 X 3 R A
ALFE PR A Y B AFR D G AL A A
TR AL | o SE AL G A A IR SHE RS I 4
AL 2 2 B AR RE N ZE T TR AR (B
TH, 2021 ), [FIEF, ASHEIE A AHAS 4 IOl I 2
AT YA AR R BN & AR SRR K
EURFAR 4TI X AR i ik 88385 o7 199 ] S MEMILA, 1%
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