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Abstract
The two-spotted spider mite, Tetranychus urticae (Koch), is one of the key polyphagous agricultural pests with a high reproductive capacity and

rapid resistance development to pesticides, posing a serious challenge in pest management. Cyflumetofen, an acaricide belonging to the methyl diphenyl
oxazoline group, acts by disrupting the mitochondrial electron transport chain and, due to its relatively low toxicity to natural enemies, is considered a
suitable option in integrated pest management (IPM). However, limited information is available regarding its sublethal effects on the biological and
population parameters of this pest. In the present study, the effects of three sublethal concentrations of cyflumetofen (LCs, LCis and LCzs) (based on
active ingredient) on the life table parameters of 7. urticae were evaluated under laboratory conditions. The results showed that exposure to cyflumetofen
caused significant changes in developmental duration, reduced adult longevity, and shortened the total life cycle. Reproductive parameters, including
oviposition period and total fecundity, were also significantly reduced, as the number of eggs laid decreased from 29.97 in the control treatment to 17.61
in the LCos treatment. Population parameter analysis also showed that the net reproductive rate (Ro) declined from 15.74 offSpring per female in the
control to 5.73 offspring per female in LCzs. Likewise, the intrinsic rate of increase (r) and finite rate of increase (1) decreased from 0.286 and 1.331 in
the control treatment to 0.197 and 1.218 in LCas, respectively. However, the mean generation time (7) did not differ significantly among treatments.
Survival and fecundity curve analyses indicated that in cyflumetofen-treated groups, peak fecundity occurred earlier, although its duration was shorter,
and female survival, particularly in LCas, was markedly reduced. These findings indicate that even sublethal concentrations (LCs, LCis and LCas) can
reduce reproductive potential and suppress population growth. Overall, the findings of this study demonstrate that cyflumetofen, not only at lethal doses
but also at sublethal concentrations, exerts considerable negative effects on the reproductive capacity and population dynamics of 7. urticae. This
characteristic makes cyflumetofen a valuable option in integrated pest management strategies and may contribute effectively to reducing pest damage
while decreasing reliance on high pesticide doses.
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Table 1. Probit analysis for the concentration-mortality response of cyflumetofen on adult stages of Tetranychus urticae.

LCs LCis LCys

Slope + SE X2 P-value DF N

7.83 15.84 24.09
(0.68-19.64) (2.50-32.19) (5.40-43.38)

1.989+0.470 9.735 0.982 21 560

(22.06-77.59)
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Table 2. Mean (+SEM) duration of different developmental stages (days) of male and female Tetranychus urticae in the control treatment and under
different concentrations of cyflumetofen.
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Different treatments

Sex Stage (day) Control LCs
Egg 0.11°:158 0172144 0.19:1.50 0.16%:1.40
Larva 0.10%1.41 0.09%+1.10 0.00°+1.00 0.00°+1.00
Protonymph 0.01%1.37 0.17%1.55 0.12%1.12 0.09°+1.10
Deutonymph 0.09%£1.29 0.22%£1.22 0.12+1.12 0.10%£1.10
Male Longevity 0.28%8.25 0.32°47.22 0.49%5.62 0.60°:5.70
Total life span 0.32%:12.91 0.53":12.44 0.60°:10.40 0.68+10.37
Egg 0.08%1.35 0.11%1.57 0.10%:1.56 0.11%:1.38
Larva 0.07%1.33 0.07%1.28 0.05%+1.10 0.07%+1.15
Protonymph 0.07%1.30 0.08%1.31 0.03°+1.03 0.09%+1.23
Deutonymph 0.08%1.40 0.09%1.39 0.07%1.20 0.07%1.19
Longevity 0.22%9.11 0.17°+7.60 0.29%:6.50 0.26°46.46
Female Total life span 0.30%:14.52 0.25"+13.18 0.31%:11.40 0.320:11.42

.(Paired bootstrap test) s, (g ls sxe M| Ao s o Jlez| CJM 35 iy s alie Gy = glls gla SOl *

* Means in rows followed by the same letters are not significantly different at P= 0.05
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Table 3. Mean (+SEM) of reproductive parameters (days) and total fecundity (eggs/female) of females Tetranychus urticae treated with sublethal
concentrations of cyflumetofen or distilled water (control).

Parameter (days) Control LCs LCis LCys
APOP! 0.35+0.09° 0.68 +0.10° 0.83 £0.14%® 1.19 £ 0.14°
TPOP? 576 £0.18° 6.26 +£0.21° 5.73+0.18% 6.15 + 0.24%
Oviposition period 8.76 £ 0.24* 6.92+0.17° 5.66 +0.28° 5.26 +£0.28°
(eggs/female) Total fecundity — 29.97 + 1.21° 24.39 +£0.82° 19.20 + 1.05° 17.61+1.17°

(Paired bootstrap test) 1l U, b (gols sme DM Ao s oy dlail mlane 53 ccins; a5 wlie Gy glls (sla oSSl
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Means in rows followed by the same letters are not significantly different at P=0.05.

1: Adult pre-ovipositional period; 2: Total pre-ovipositional period.
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Table 4. Mean (£ SEM) population growth parameters of Tetranychus urticae females treated with sublethal concentrations of cyflumetofen or
distilled water (control).

Population growth parameters Unit Control

Gross reproduction rate (GRR) offspring/female

Net reproductive rate (Ro) offspring/female
Intrinsic rate of increase (r) day*
Finite rate of increase (1) day*
Mean generation time (T) days

31.196 +4.105°
15.737 +1.781°
0.286 +0.013?
1.331 +0.018°
9.635+0.216°

LCs LCss LCys

34.308 +3.137°  25.895 + 3.080%° 19.960 + 2.023°
11.587 +1.413* 7.200+1.115° 5.725 + 0.994°
0.259 + 0.014% 0.229 + 0.020™ 0.197 £0.021°
1.296 + 0.018% 1.258 + 0.024% 1.218 £ 0.025¢
9.424 +0.187% 8.584 £ 0.212° 8.830 + 0.243%
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Figure 1. Age-specific survival rate (I,) and age-specific fecundity (my) of Tetranychus urticae in control treatment and sublethal concentrations (LCs,

LCys and LCys) of cyflumetofen.
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Figure 2. Age-stage specific survival rate (sy) of offspring of Tetranychus urticae in control treatment and sublethal concentrations (LC5, LC15 and

LC25) of cyflumetofen.
05 S5 4 5 WD 5 g g saslis Ol )l LSS
It alansl gt Yoo | oS sl 3 520 shies U agorl g0 4
Hayashi ) das e T GokS s 5 O S JUsl 6 s 5 s
JUs! oS lgs (sla 2S4S o5 S 5l b sme sl (etal., 2013
Gk Sl ot A s ey (METD (6508 s 5o 05 Sl
SRS ks 445 e sl e (5531 5 5 ke
Sloge badllas cpl s sddodalie Jedd 5 5 5la LS,
(Sps ol el amg LB iSas ol ola
o bl SIS Sl ol S 1 o8 s sl
2ike oo plete O gline
Sloles (L3 eddgslaer laesls il
Blhora J=le Ol ode 21580 (LCis 5 LCs) iS5

Couw

DSaS eS8 5 slackale oS sl QLIS gl zk
S R R
Ayl (T, urticae) (glasdgs 5,0 a8 e sla ulsl s
Wlosls 0LE o ol L3 Sl L genr ol ol
Gladels 515 o la iSEsT onlS 55 51 5ol clachile
Lietal., 2017; Saber etal., ) S sloo| SLT b ege )

2018; Mokhtari et al., 2022; Musa et al., 2022; Huang and L.in,
sk LCos 3 LCis LCs slachals ol aslles 5 (2026

oo dsb el (g sad ol dsb s nns Lol ol e
Comer L la ol Candd 5 ook el



gl 5,0 a8 (S5 g gl pasls o ga s (SAES 15 ST g 1 10Sen 5 g e

Opomed ool Bl JalS dals s f}w& Sed-
o dals 53 0286 51 (1) Comex I3l S5 55 el
s los sy (slawsS > oS Aas e OLESLCas 3 7155,0/197
Slp G S pUlS 5 o lilS 5 sl lale b agarlsn 5l
S » Musaetal. (2022) aslllas .5l Cumax ol 58l
el 55 xSl Saber et al. (2018) axllas 5 S5l
Sk o) S LS WS IS T SR s ) el
s Cillae

L s e Sk Slrs 5 Sde gla eyl S e s
5 b o b me ol (M) ol G 0k (S
L LCis Lles 53 OF Jllis op 2aS ax 81 ol Olas dals
O padge ool A3 O Jlae o S 55,5 8/58 luis
3 Sosk el e Bateshicn ol e das
S Ol e 5 Bl edd Jlesl e LS i b
S S aab Of 51 3l el Ses s (gl ol
s P g0l s ST b o sas, e
Se S 0l g s Ssbar Llessy ol pen =L
LaaS 3513 Jlozm| pimman ol 2L g guien oid s
S 53 S o IS agr g 515U 25 layl 5 s
Oy 1y oddsyly e DA 51 s (IS 50 b
gl sl b oS Al b Lls e ol ol e caes
Sl S5 Jadr ldlas s plin sladisy ail ol jan
sl oA 5515 55 Huang and Chi (2013) alex

5o M) e o0k 5 () o @ atsls Gli Gla oo
Soaok Olsde (b s shiw glajles )3 oS Lsls OL
eaman el 4l 2alS Laesle el 5 o35 Aals 51 56l S
o bl bl Sl 5355 VL slasss 53 56 ol )
050 M L wgor 30 65 Sl OF Kol gl el 50 %S 0
ok a5 sl Sl S s e s
Slgome 53 Gt Il el bes by
Dlas 53 535 edalie L 55 (54) b o sl 5 o0k
A edalie f ol al o U laosle eli Ol e 0 20SLCos

sr.«.ﬁjyt)a CJJ u,:..aslS Bl JJ:L Sl L)S'M S A edalie
gJJ.LaA)) J.\:ALJATPJ"MMJJJ dm}‘Li)ngj‘L‘” J.;))JJSP.-;U
d.;'-ﬁ QL al:jS) J:’JL‘ o J}lﬁ U‘:‘AG LC2s )Lo.:.: BE
63 gl>ws 43 P LJJYL 6&;",.}4&.9 Y J.A.h‘ja oLis ﬂ.j"b)
gdg..bt.? Lile Q;?L:;- 6&@:‘[}3 Y M‘js ‘bJ\—v:'Sﬁ)
goose cnl s 13 R ERCIE Y CropPs 5 G ST
s 5% Guedes and Cutler (2014) L. 55 alie glaasl L
ool gbclle s b isesl 2 LS Ol S sl
SUW PPC PCH F{ BT PSp RS SV SCH . V{8
S 05 SroeRS e Hedd S gl b e o
ol s aald s Sl 5SSl s b el
& sl 44.{.5529/97 SIS ol Sals Lol en o
e sl S dCos Hls o > 17/61 « aals s osle
Gl iy 5 Lol e s OIS 5 b se sl
Marcic ol> glaanl p) wlie Coul i Gls s
Tj" &)K{‘ij\ a./\.\.;s_).i) C)‘J;‘ O )Jj:.:(2007)
b Lﬁﬁ)r}u CJJ 9 laosle L_S)})L. )‘Jg;'\.&ﬂ J':,a:lSUI’ticae
Sols sme SalS calive glasdllas 53 pizman s S 55158
&Suiﬁjtwuebudujéf)vx'Cfﬁﬁ&d}b)b
gt ol iass i LaS Ad 2SS 55 65
.(Musaet al., 2022) ..l

s? &5 (Ro) Jrodd 5 2l &5 «GRR) o]y j2l=L
Adls gyl pme pals dald 4 s b gte i sla LS
g,b;\sgl,;u\)mmmljdx})udpuwhw
53 a8 Ol LCas 45 LCs 3l ke (ulsl b aS(s, sba
Sl alS saslis ¢ 525 ol iy ezl ol
o e olfJu“b )‘ E) Sl S LSLAL}"“" 93 S A
SR ialS ol [ sbay ayls Shol 3 el SUT Come
shiws &S el O 51 S LCas 53 5/73 w walis ;5 15/74

D5 b agrl e Ll 5 ps el a ol )5 2l



Sl el (ol gl S s bl APM) BT iy o e
Gib Sl s JES e dle WIS e o8 ste s
sT.urticae e 2o )5 Jals s 58 oS L5 Ol

oles Lol (5 550 (A o samn S0 B paae 4y Sty 2alS

6)‘}<~‘L:“

4l DL ol 51 I Cglem g Ol ol K05 31 s 5y
Sl S WGl S Sl e 238 e 01l
s s e sl o s g JLLS allilex
..)JJ§L56 ‘;“5)-"-:’);{;*5“4[-“-:” 4.“.;.4 ‘;.:J)KJ

References

AKKOPRU, E. P.,, R. ATLIHAN, H. OKUT and H. CHI,
2015. Demographic assessment of plant cultivar
resistance to insect pests: A case study of the dusky-
veined walnut aphid (Panaphis juglandis). Journal
of Economic Entomology, 108(1): 378-387. DOI:
https://doi.org/10.1093/jee/tou011

CHI, H. 1988. Life-table analysis incorporating both sexes and
variable development rate among individuals.
Environmental Entomology, 17(1): 26-34. DOI:
https://doi.org/10.1093/ee/17.1.26

CHI, H. 2016. TWOSEX-MSChart: A computer program for
the age-stage, two-sex life table analysis. National
Chung Hsing University, Taichung, Taiwan. DOI:
10.5281/zenodo.7482167

CHI, H. and H. LIU, 1985. Two new methods for the study of
insect population ecology. Bulletin of the Institute of
Zoology, Academia Sinica, 24(2): 225-240.

DEMAEGHT, P., W. DERMAUW, D. TSAKIRELI, J.
KHAJEHALL, R. NAUEN, L. TIRRY, J. VONTAS,
P. LUMMEN and T. VAN LEEUWEN, 2013.
Molecular analysis of resistance to acaricidal
spirocyclic tetronic acids in Tetranychus urticae:
CYP392E10 metabolizes spirodiclofen, but not its
corresponding enol. Insect Biochemistry and
Molecular  Biology, 43(6): 544-554. DOI:
10.1016/j.ibmb.2013.03.007

EFRON, B. and R. J. TIBSHIRANI, 1993. An introduction to
the bootstrap. Chapman and Hall, New York, 465

pp.

FINNEY, D. J. 1971. Probit analysis, 3rd edn. Cambridge
University Press, London, 383 pp.

GUEDES, R. N. C. and G. C. CUTLER, 2014. Insecticide-
induced hormesis and arthropod pest management.
Pest Management Science, 70(5), 690-697. DOI:
https://doi.org/10.1002/ps.3669

HELLE, W. and W. P. J. OVERMEER, 1985. Toxicological
test methods. In: W. Helle and M.W. Sabelis (eds),

05 S st shien oS 5l 0L addlas C’L" § yoren 53
Gl 2 e s BB S eidS 5 glac il
b als els Sl Jl pl s s Tourticae a5 s
Ol ondl 5 Conar A,y 55 alS () 90k hals s
sddplol Sladllan b Jra s nl gl alie .o Sosisl;
CSHBERe (bl wle L ises e )
b dlen 5 05 gme ghiws 4 s oo DL (3 5IS50 5 el
s |y Sl pl Comex Ay ol 36 S50 gla iSaS
53 05 Ut ol polaztl o (Jl= ol LS
L OT 2t 5k 05l55 35 50 Sla 5158 5 (5,08 s

slaasl y js 2S4S -l gl slos s K- (b Olads

Spider Mites. Their Biology, Natural Enemies and
Control. Vol. 1A. Elsevier, Amsterdam, Oxford,
New York, Tokio. pp.391-395.

HUANG, Y. B. and H. CHI, 2013. Life tables of Bactrocera
cucurbitae  (Diptera:  Tephritidae): With an
invalidation of the jackknife technique. Journal of
Applied Entomology, 137(5): 327-339. DOI:
10.1111/jen.12002

HUANG, A. and M. Y. LIN, 2026. Sublethal and
transgenerational effects of spirodiclofen and
cyenopyrafen on the life-history traits and
population parameters of Tetranychus urticae Koch
(Acari: Tetranychidae). Pest Management Science,
82(2): 1518-1531. DOI: 10.1002/ps.70301

HAYASHI, N., Y. SASAMA, N. TAKAHASHI and N.
IKEMI, 2013. Cyflumetofen, a novel acaricide—its
mode of action and selectivity. Pest Management
Science, 69(9):1080-1084. DOI: 10.1002/ps.3470

LI, Y.Y, X. Fan, G. H. ZHANG, Y. Q. LIU, H.Q. CHEN, H.
LIU and J. J. WANG, 2017. Sublethal effects of
bifenazate on life history and population parameters
of Tetranychus urticae (Acari: Tetranychidae).
Systematic and Applied Acarology, 22(1): 148-158.
DOI: 10.11158/saa.22.1.15

MARCIC, D. 2007. Sublethal effects of spirodiclofen on life
history and life-table parameters of two-spotted
spider mite (Tetranychus urticae). Experimental and
Applied Acarology, 42(2): 121-129. DOIL:
10.1007/s10493-007-9082-1

MOKHTARI, B., M. SABER, G. R. MAHDAVINIA and S.
IRANIPOUR, 2022. Lethal and sublethal impacts
of cyflumetofen and bromopropylate on
Tetranychus urticae Koch (Acari: Tetranychidae).
Persian Journal of Acarology, 11(3): 531-543.
DOI: 10.22073/pja.v11i3.74283

MUSA, A., . MEDPO, I. MARIC and D. MARCIC, 2022.
Transovarial toxicity matters: lethal and sublethal
effects of hexythiazox on the two-spotted spider
mite (Acari: Tetranychidae). Experimental and
Applied Acarology, 87(2): 175-194. DOI:
10.1007/s10493-022-00733-8


https://doi.org/10.1016/j.ibmb.2013.03.007
https://doi.org/10.1002/ps.3669
https://doi.org/10.1002/ps.70301

gl 5,0 a8 (S5 g gl pasls o ga s (SAES 15 ST g 1 10Sen 5 g e

SABER, M., Z. AHMADI and G. MAHDAVINIA, 2018.
Sublethal effects of spirodiclofen, abamectin and
pyridaben on life-history traits and life-table
parameters of two-spotted spider mite, Tetranychus
urticae (Acari: Tetranychidae). Experimental and
Applied  Acarology, 75: 55-67. DOI:
10.1007/s10493-018-0226-2

VAN LEEUWEN, T.,J. VONTAS, A. TSAGKARAKOU, W.
DERMAUW and L. TIRRY, 2010. Acaricide
resistance mechanisms in the two-spotted spider
mite Tetranychus urticae and other important Acari:
A review. Insect Biochemistry and Molecular
Biology, 40(8): 563-572. DOI:
10.1016/j.ibmb.2010.05.008

VAN LEEUWEN, T, L. TIRRY, A. YAMAMOTO, R.
NAUEN and W. DERMAUW, 2015b. The
economic importance of acaricides in the control of
phytophagous mites and an update on recent
acaricide mode of action research. Pesticide
Biochemistry and Physiology, 121: 12-21. DOI:
https://doi.org/10.1016/j.pestbp.2014.12.009



