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Comparative analysis of the control effects of three ultraviolet
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Abstract [Aim] Aleuroglyphus ovatus (Troupeau) is a widespread storage mite that causes serious economic losses. This
study aimed to investigate the effect of different ultraviolet (UV) wavelengths on the survival, hatching rate, and fecundity of
A. ovatus, providing a theoretical basis and an innovative approach for managing mite infestations in domestic environments
and grain storage areas. [Methods] The mortality of 4. ovatus at each developmental stage (adult, tritonymph, protonymph,
larvae, and egg), egg hatching rate, egg laying capacity, and vitellogenin (Vg) gene expression were measured after treatments
with UV-A (365 nm), UV-B (308 nm), and UV-C (254 nm) (15 W). Statistical analysis was carried out using IBM SPSS
Statistics 25.0 and GraphPad Prism 9.5.0. [Results] Among the three wavelength treatment groups, UV-B demonstrated the
most significant effect on A. ovatus. Following 180 minutes of UV-B irradiation, the mortality rate of 4. ovatus reached 100%
across all developmental stages. Furthermore, the mortality rate was positively correlated with the irradiation time. Following

short-term ultraviolet radiation, there was a significant increase or an increasing trend in the number of eggs laid (in addition to
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the daily number of eggs) and an increase in the expression level of the Vg gene (P < 0.05) The UV-C treatment group had a

significantly higher reproductive capacity (51.15%) compared to the UV-A and UV-B treatment groups (P < 0.05).

[Conclusion]  All three ultraviolet wavelengths can inhibit the growth and development of 4. ovatus. The mortality effect of

UV-B was superior to UV-A and UV-C. Therefore, UV-B radiation lamps can serve as an effective method for mite control

across various application scenarios.

Keywords Aleuroglyphus ovatus; ultraviolet; semi-lethal time; fecundity; Vg
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*1 ZHTHKEE PCRETAIMIIR
Tablel Primersusedin RT-gPCR

Tﬁ'l%@% SIHIF5 (5'-3") Sequences (5'-3") FE%jUJ\_ (bp) E}[.%JLQET (bp)
Primer names Product size (bp) Primer length (bp)
AoVgF CGGTCAATCGTACATCTACTCC 150 22
AoVgR AATGTCCGAGTTGATCTCCAG 21
Actin F TCCTCCCACCGACCAAAT 120 18
Actin R CACGCAGGTAGACGACGATA 20

(50x) 0.4 pL. IEX5IH45 1 uL, EJEHKE
JE 20 uL,

PRGIRAIGBRE L, SRR .
&R 95 °CHAETE 30 s, 95 °CAEME 30 s Al
60 °CH 1 30 s (fEH 40 % ) LI ARG M 60 °C
2 95 CIK R

14 Sits

PR R IBM SPSS Statistics 25.0 Fll
GraphPad Prism 9.5.0 #1748 115347 . £ A5
BRI 2R 5 22081 ( One-way ANOVA ),
/N e % 22 515 (Least significant difference,
LSD) fEW WG HAr, P<0.05 A B EM2F.
FUIERTE] LTso R H Probit 43-#ri% ( SPSS 25.0)
THE . WK AdoVe SERTEA R K 550 R
SR AR R R 2 2T AL

X HRAABE T 3= ( BRI A/ 32 100 5% ) x100%,

LR AL FE T = (BRI B0 A 52 K
¥ x100%,

KEIEFET-H= (SLIRLHIET R — X R4 5E T
R) /(1= XHRAIET-F ) x100%,

H 24 72 B = 2 O 7= R

2 HREHH

21 FEHNERGVNHERMHEFIRAASTRTE
H % 0

211 S EBHEIHERBIETROEE A
[ < 8 1 2 o oAb B A AN & 8 T 3 1 A [
Frigs, HoREOEHRE . B BIA TR 95%E(E
DX [E) FAH G R AL AR 2,

Probit TINE5 R FIIRFI LI KK T,

%2 3FIFEKEIMRES T & M E R A F B IE R E
Table2 Semi-lethal time of each stage of Aleuroglyphus ovatus state under three kinds of ultraviolet radiation
REWE ARG LIE  BBOERE (min) R 95% 15 X [H] 2
Development stage Ultraviolet ray LTsy (min) Toxicity equation 95% confidence interval

1 UV-A (365 nm) 132.47 y= - 0.640+0.005x 106.973-176.050 6.41
Female adult UV-B (308 nm) 40.63 3= - 0.596+0.015x 21.774-61.141 25.01
UV-C (254 nm) 188.03 y= - 0.423+0.002x 124.753-500.256 4.22
I 2 UV-A (365 nm) 42.91 y= - 0.287+0.007x 0.431-78.640 19.78
Tritonymph UV-B (308 nm) 16.79 y=- 0.323+0.019x 54.984-43.855 67.00
UV-C (254 nm) 46.32 y= - 0.335+0.007x 11.204-78.661 18.48
k=2 UV-A (365 nm) 160.82 y= - 0.538+0.003x 119.983-260.544 9.23
Protonymph UV-B (308 nm) 42.94 y= - 0.716+0.017x 36.725-49.622 3.62
UV-C (254 nm) 39.53 y= - 0.268+0.007x 1.528-69.879 16.25
VL UV-A (365 nm) 42.18 y= - 2.280+1.403x 23.275-94.831 44.15
Larvae UV-B (308 nm) 13.28 y= - 0.480+0.036x 6.718-18.247 9.54
UV-C (254 nm) 27.67 y=- 0.480+0.017x 1.754-50.623 39.76
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Fig.1 Adjusted mortality rate of Aleuroglyphus ovatus female adult after ultraviolet radiation

P B A + pRifEie, A 2RI 1 S 2 M B AT B K U7 22404 ( One-way ANOVA ),
/N 325 (Least significant difference, LSD ) #47, # F AR KEFEALE
[l — RS 1) AN [ 9 R AL B0 ) 25 57 i 2 (P < 0.05) , RTE/NE TR R )k
N [5] BESR ] A R ) 22 5 3 (P < 0.05) o 1 2-8 4 [
Data are mean+SE, the significance analysis is conducted using one-way ANOVA and least significant difference (LSD)
method. Histograms with different uppercase letters indicate significant difference between different wavelength treatment

groups at the same time (P < 0.05), while with different lowercase letters indicate significant difference between UV-B
treatment groups at different times (P < 0.05). The same for Fig. 2-Fig. 4.
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2 BHINEBHEEEEHNRERTE

Fig. 2 Adjusted mortality rate of tritonymph after ultraviolet radiation
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Fig. 3 Adjusted mortality rate of protonymph after ultraviolet radiation
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Fig. 4 Adjusted mortality rate of larva after ultraviolet radiation
215 EINERHEXPWMAENTIM HIE 5 THHRAH( P <0.05), 73538 40.00%F1 51.15%

AT, AN]R8 AN A S0 10 52 3 493 s B 1Y
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MRS O LR A, R 5.48%+1.65%

2.2 FRHMER IR 5T X M R i 22 TE ST IR M

ZANRIE LA AR IR S min J5, HUMEFY
FEOR AR S A (E 6. A, B ).
Hr, UV-A Fil UV-C LbFRZT 8 = P e ik 2

(E6: A), SEAMNBEGTS, MERUE ™00 13 3
WEIEK (P<0.05), UV-A ST IL 56.44%
(K 6: B), UV-A 1 UV-B M55, HEaih H
FEPE S TR (P<0.05) (K 6: C).

2.3 ZESMRIREIXTUERLSEE Vo RIZAIRM

TEAEP K UV 435I HE5T 5. 30 F1 60 min
Ja, AbPREH Ve FEHRFRIBEE R FIHES, &
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Fig. 5 Hatching rate of eggs after ultraviolet radiation

A5 LR Y R T FH B R K U7 22307 ( One-way
ANOVA), HE/Ni #2257 (Least significant
difference, LSD) #17, H FARV/NG FRACE 225 10
% (P<0.05) ., FHI,

The significance analysis is conducted using one-way
ANOVA and least significant difference (LSD) method.

Histograms with different lowercase letters indicate
significant difference (P < 0.05). The same below.

HNEERIR 5 min 5, 4% UV RESHME S e B
Rk BETHE (P<0.05), SRy om &
B BMESE- PR R Y TR (7).

3 HFit5itie

M 2S5 YRR BRGNS 2 0 LR S
i, T BCH K PH AR S A IR s/, 380 3K il 1y
()5S MR TR BB AR RS N ( Sasha e al., 1995 ),
IEAk, AN T H R (2271, 2004)
K (Hamzavi et al., 2020), IAER—FhEriE
55 B AT 2 AR RN B AR R AR
( BMESE, 2022), HILHE BN =R E R A
R i ety = (2208, 2017 ). AR IRHEE ]
SN ST IR R ], MAS45 % 7 B BOAH [
BT R AR SBR[, R8T TR R
B UV BRI E M Rl A= 58 1 A8 1k, 5 4R
FHOCHEH Vg FIRBNAAHEK R

)
R - - b —_ -
g s0ra ) . ECE . © gi57c
2 400} S 40t ~E
& 8 1 b = 8 a 22,41 c
s 00| b mp 3-% 30 | Sallp £ by
=5 200 gg 20 | -
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Eo6 ZEIIEBHEHBHNEBRENTH
Fig. 6 Fecundity change after ultraviolet irradiation
A, EINEIRGT S B MET PO R B, ARG S BT, C. AN RS S R H RO R

UV-A: 365 nm; UV-B: 308 nm; UV-C: 254 nm,
A. Average number eggs after ultraviolet irradiation; B. Spawning time after ultraviolet irradiation;
C. Daily spawning after ultraviolet irradiation.

55 Bakr (2013 )ffi[f] 15 W () UV-B (315 nm)
and UV-C (260 nm ) HE5H/E £ B 5 15 Hh 94518
o, AFFE R 3 Bl < 0 5% S IRAT 8 2 AR
TR BB ORI AR . (R R TE 15W
UV-B Al UV-C &4 30 min &, BREARMHL.
Needham 4§ (2006 ) MBI, = A0
Dermatophagoides pteronyssinus H) 9P & T 1 2/
T2 cm ZLHY UV-C KT FEATIRES, 15 s /&, &F
SrURTCEE AL, TE ST T & BURR ST S 1 DR E g

ARAE, Mok ER AR ER . FiL, kK
ZY7E 200-400 nm Z [A] (1) 58 SR G X 22 Tl 1 B
TREREA RN o X T RE R TR AMRIE & T Mok
R P2 TR SR, TR DNA %5 K5 Fisfs
Yy, BAEAE T o8P Lk L ( Buck and
Callaghan, 1999 ). i [B £ 45 i S T- 36 5 e
mHEEIEA S, EAHFEBE T, MG a AR,
Ky AE T S, X v] BB T RSN S T AR
P RES AR R (=T 5%, 2016), 1%
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Fig. 7 Vg relative expression of Aleuroglyphus ovatus
female adult after ultraviolet irradiation

ffi ] UV-B Zb385 , BRATAME LTs 5 UV-C
AL S AN, AN B Y LTso B/l (£ 2),
180 min J5H§4FFFET:, H UV-B XJBRiFALA 1Y)
e I fak o SR UV-B XA 5 283 il 17 76 2%
1093 Ak 28 55 3 o 1 5% Wl e Ko X LA 55
(2021) pyikERb B R, 293 UV-A R UV-C §4
REAb PR Y SR M Drosophila melanogaster i
H P ZE IR AZ BB B 520, T UV-B 48 54 R
i SRR 2P Ak I A, WA SETR A
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WEAL , U B i OE A R L A2 UV-B 52 BE K
( Sakai and Osakabe, 2010 ), 545025 R —3
AFRSE, XTSRS, Bakr (2013 ) A5
ZE5L R UV-C H UV-B RO LT, 3k %
XTGPk i, UV-B 4R HAE Kk
/5B E R R, ZEMEIER, H2
AN [E P R AN [) I A 1) 58 0D I i 52 P A7 7
—EER.

BEXTAS IR 0T () , 52 SR ST BT e 3 1Y)
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RS WU EAAE R B W Bk e, HLBU R K3
i 7 SR 498 T R AER , B9 A R 0y A ST i ST
WAL oM UK, H# 5561, Ghanem Al

Shamma (2007 ) BFFEHTEH UV-C 15200
R FEE T WIARRIMAITE, fEE XA R AR5 B
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FIEAR T4l H o 3 AT e B AR S A 1
N, REABAH AN, BRSOV SRk
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