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Research progress on the effects of fungicide exposure on honey bee

health

ZHOU Zhen-Zhen'?, HUANG Min-Jie?, WANG De-Qian**, DONG Jie?* (1. College of Life
Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang Province, China; 2. Institute of
Animal Husbandry and Veterinary Science, Zhejiang Academy of Agricultural Sciences,
Hangzhou 310021, China)

Abstract: Honey bees are the primary pollinators in nature, playing a crucial role in increasing
crop yield, improving quality, and maintaining ecosystem balance. In recent years, with the rapid
development of modern agriculture, fungicides, a class of low-toxicity pesticides effective in
preventing and controlling fungal pathogens in crops, have been widely used in both field and
facility agriculture. However, their potential threats to the survival and health of non-target
organisms, such as honey bees, are often overlooked during application. This article reviewed the
domestic and international research progress on honey bee exposure to fungicides and their
sublethal effects. The content primarily covered the development and mechanisms of fungicides,
the pathways through which honey bees were exposed to fungicides, the toxicological effects of
fungicides on honey bees, and their synergistic effects with other pesticides. It analyzed the
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negative impacts and potential threats of fungicide exposure on honey bee health. The paper
recommended that relevant management and research institutions place greater emphasis on the
regulations governing fungicide use during crop flowering periods, particularly by strengthening
scientific risk assessments of fungicide exposure to honey bees, in order to safeguard the survival
and health of honey bees and other wild pollinators.

Key words: Honey bee; fungicide; exposure risk assessment; toxicological effect; sublethal effect

BRI E A, TERAEYIG P SR TR AERE A SRS RGPl h R 3
fEH (Hungetal., 2018) . H 2006 %LI3K, #HEH T (Honey bee colony losses) LR TE
S REAEFERER, SIREE, EE . Hif, fE RN SR E R B AR SR T
B, bRl AR P= A A 25T i ™ B B (Vanengelsdorp et al., 2017; Bruckner et al.,
2023) o Hob, SRRALRZG G AGR BREFIFREND )2 R S SR T
MG RAEMFEFRFZ — (Hung and Yiin, 2023) . [, )6 4 2504 52 34 24 16 3,
Fe W AR AN 2 AT [ SV 9 ) e

Bt 5 AR RO DO R, % AR I )z R A TR R AR P A I B
(Tudieral., 2021) o i, SREHE—RORSARIEY G52 % S0 BE IR PRI AL 7
A, R T IR A A YL R R L K R R SR SR ) G R L R R e
(Lamichhane et al., 20200 . JTLE4ER, TR FE 25123 PG T 5
RS RIZR e, FH E) R B R RO B S HARSE . e A K], KRR ERAZ
TP EAE R, BRI I oK & (Lehoczki Krsjak e al., 2015)
HATA BT SRR AT 35% A L, FIT AR A A B84 4k 838 - (Zubrod et al.,
2019) o SR BRI N B S AR AR A A B A SR BUE R (Iwasaki and Hogendoorn,
20210 , SR, HOF B AT 9 A0 A B T B 25 U5 T (R S AL A A A DRI, R T R R X
B0 (Y i A 15 ) U T R A AR N FT I J7 1) (Rondeau and Raine, 2022) .

R SCIE T [ P AR 2 SR B R O T R R 1 5 A TR 7R B e A D ) SRR JE AT ARG 2R A
B, MORBEFIRE. B BRI R 2 T 77 Bk o 2 e 1 B B0 K 3 5 3
AR 2 B 8 5L DU AN T THI 43 BT 17 2% B89 380 R () S0, RIeF 2% 0 791 ke 2 e ) TS E 2
A AR, DI A B T 3 BR 7R FE R, 0 1% T 7 2 R 0o 0 e A KR (K R 22 DR A, R
U b AR B S AN B U i R 5

1 REF
1.1 REFIR RSB (R IR
SR T B AR A TR R AL B, TR RS,



Ry OK R B3, RESNUZFEY, BT EENAFEEY . WA, KEEY
MBPEEL (Thind, 2017) o ML AR R0 AR AL )6 B A2 AN [F) AR A FE 7 5,
A BN 24T 32 2 (FRAC) #H A 14 B2 AL (FRAC, 2024) . Hr, HEEA
W& A1 77 (Sterol biosynthesis inhibitors, SBIs). k2 Z A s 4% 7 (Chemical multi-
site inhibitors). MEMRAE AL I HI7 (Quinol oxydation inhibitors, Qols) FIT¥ 1L it & 411
7] (Succinate dehydrogenase inhibitor, SDHIs) X 4 FhSY ) 7% 1 78 B 40 i A BRS B 7) Th
Wi 74.2%, 4T3 FHA7 (Hermann and Stenzel, 2019) . e WL/ SBI A H A, F5
FLFE 5 AR ) e, 3Bk J5 g C4-25 F AL 4] ) LA K A e 04 A S Ao I 40 o) 7]
VUFRSSAY, 3@ I 4005 S5 20 B o F) R v B B R DU B ] (Kuck et al., 2012) o A7
AEFAE AN ENMENLT, REWE BOS P2 P BB, Rt DR i 23 6F 35 v A 6
A e A SRR, TR IR S E (Yang eral., 2011) o Qol A% B 7l il it 45 A4
f a3 be 1 EAMMT Qo AL at, BELWT HL 7682 45 1b ATP 45 5, 3 T 410 1) 20 3 oo A 1y g
WA FH SRE M 2L (Fernandez-Ortufio et al., 2008) , H HFiX 34 5% B 71l e FE 4 0k
MER 72, (EA3VF 2 H AR SO HP= A 1 i 21k . SDHIT A 1 77 2 1o BEL BT e A 52
Rz RE G, e S L P RAEA (Liang ef al., 2023) . 5 Qol A
FHIR],  SDHI Z B 71 [RIRE £ 5 B0 I AR i 245 1

AT T AR AL 2 22 368 3o 52 i 350 T 200 45 g R R LA 410 ) 30T P AT 38 1400
PR BRI R R8RS T 73 RE U0 1) R TR R R AT B 1 B ) A PELAS A 22 0 RN 2

SyEE, T AR AR S R 4 B AE B2 (Hermann and Stenzel, 2019) o BEFE A7)
AL, HAE ()5 B AN T AR 750 AT A AR L e A2 SIS AL R AR
CIZEHT A NIRRT m R (RE 2 3%, 2022)
1.2 REFIEEHRESMETN

ARBFVEN—RB AR, DA 224, RO A gy Ry 8 T
2010 AE42 H T A 256 5 T (0 XU VPl 7K R (EPPO, 2010) + AR 523504 25 1) 4 3 H )
& AR (g/hm?) 5 H HigE R SRS IT/HE LDso (pg (ad) 81 MILLE, B
KUK (HQ = AR/LDso) SKIFA %A% 24 il FH ot 28 i (1 KUK - 24 HQ < 50 I, A% 24 % 25 0%
AR s HQ 7E 50 ~ 2 500 B AR RS : HQ > 2 500 i Ay ARG (AEMREESE, 2012) . B
Z A TE AR 4 T AR L e A A AR v, IR S R 2 e KA R S B R
PUARL SRR AE KU (1 K/ o 5 [ RSB OR 5338 R Ak 24 ] 2 i Pk AR Akt LDso 1 K7
KT AR 24 % 8 i (1) 22 A= . 2016 4E R E 78 EPPO il 52 1 XU P-Aih i % (0 6 Ay B A Af 1



(NY/T 2882.4-2016 A 255 i IR MR AL TR B 55 4 370 BE), NIRIE PRAl R 250 i
U B4R 1 e
2 BEEMAETIRNERE
2.1 FEFRBERE

HIEA R R Y SR IE Ry RIS IR R AR A AR 2 B A T AN
G B AMEHE V)AL (Boyle efal., 2019) . ZEMEn] LB H AR 2% i mld i
2P R R ORI 2 5 T A B

ARV 7 SN 3R, — R AE IS R, R AR D g 5 R E
R T L, = RAEAMFERIERTEY . BERREABHAED RN, &5
B 30T 5% Bl IE7E AT A B e s 3 5 AR R R 2 T YT (BT AR . AT KR
(Zubrod et al., 2019) ; THAINTERDFELA T IR 2% B 77K 2 BUR A e BE KA TE, AT AR
PIRERRIRAC, FREM A KRB 22w, TR B 8 LR RE K 2 M T IS, B
KA HEWE A (Sanchez-Bayo and Goka, 2016) o b4k, AFNF 74048 /) A% B 7 n] LLEE#E
WA AR AR, ELIEPEB UL E (Lewis et al., 2016) o AH 7
TEE MR I BT R RN, B NE I R . WK, B /KBS ROk,
IR B AR B S G (Cutler eral., 2014) .
2.2 FEFINKE

B NG I BRI K T BT S TR B, R BRI NI, TR EE . R 10K R I
Hh RS I 1 K T 7R B AR 5% B (Dong et al., 2023) . Wiest % (2011) R H ARG
WIS (LC-MS/MS) FIAUMH (3 5 AT I 18] BT 7% (GC-TOF-MS) #5717 %
W, W R AR T 80 FIRIRES G BR B A3 v, AR IR R 2 i RAE e, W
LAekn 3 FidE b BAA R R A, ik F] 64%. 44% /% 34%. Daniele 55 (2018)
GINT T BRI MERR e B rh — Sk 488 AR R R 2GR BN L, R LR T B R LE 3 ST
T RABE R A BT, KRR IR B S R B 7 B O I o A et K
C ki f 177, Pohorecka 5% (2017) I3 HT 123 frlgdRie i, KB 60.2% ) R 52 5
Y, MG R R T R B G LU R R, 1531 45.3%. BokSova®s (2021) RkiE 1 IEA4E
B, AT 3 25 AN B ISR AR 25K BRI, AR I TR T B R TR H R A
e IR, KT B A T T I P R B 1 T TR T R A
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3.1 FEFIMNEE2MHIE SN

UEAESR, BT BRI AR SR A R B R, AR R P g B e RS I 3 K R T 7
FREE, HOo S ) S BOE R I R A O . A B R I 1) S P EE I R R AE SR
BRI TUME ] 48 h N BT TR ERREIR S OE TR, B ORI (A, 2022) .
MRS B E IAT 1 (2 R AR ER 22 A VP IR IO HE I 55 10 #0y . B SR MEIRE) i
SR LR S 48h N LDso KT 11 pg Cai) -1, NEAANRIRE, LDsofE 2 ~ 11 pg
(ai) -1z 0a, WYCARFE, AT 2pg (ai) AN RERE. RN, RERZE
W 1) S PE R PR R FE LCso (B IR /NI 40 4 A58 4%: LCso < 0.5 mg/L A, 0.5 mg/L <
LCso <20 mg/L N, 20 mg/L< LCso <200 mg/L AH#, LCso > 200 mg/L Nk, H
24 LCso > 2 000 mg/L i s A% 2450 B TE R H A A [7) 28 7% T 771 0 860 0ee 1) Sk B
CHE—EMEtR (& 1D,

1 FEMAEREFF 48 h AT EEN 2 MBS

Table 1 Acute lethal toxicity of different fungicides to bees within 48 h

. \ THR S
REFBARED EE (%) LDso LCso RS54 EE BN
Experimental R
Fungicides and technical grade (ng (ai) /8 (mg/L) Risk grade References
subject
=N
25% Kk FH R R I
Apis mellifera 27.36 AR, 2015
Difenoconazole Low risk
ligustica
HORH# %
30% 57 1 1 R P o
Apis mellifera >100 SARHRSE, 2015
Triflumizole Low risk
ligustica
=Nl
50%Ji 1 1 TR I
Apis mellifera 3901.8 AR, 2015
Diniconazole Low risk
ligustica
USSR AR B
97% PN B BT TR .
I A A Trichogramma >2 000 &%, 2020
Prothioconazole Low risk
#1551 chilonis
WS R IR
Sterol 97% MR s s R e e 200
i i Trichogramma R it
biosynthesis Tebuconazole .g ) Moderate risk
inhibitors chilonis
LREESE 3
12.5% K T 14 XU o
Apis cerana 2.154 TR, 2017
Myclobutanil Moderate risk
cerana
HORH# %
45% R Hh R e
Apis mellifera 3.8 SARHRSE, 2015
Propiconazole Moderate risk
ligustica
. HORH# %
98% PRIk H i hRU .
Apis mellifera 9.12 i, 2022
Fenhexamid Moderate risk
ligustica

10% FiFeE e BRI b 1.55 e R FUARHRSE, 2015



WK LA ) 751
Quinol oxydation

inhibitors

BRI R
i1
Succinate
dehydrogenase

inhibitor

Z A S 5
Multi-site

inhibitors

2 O BE A
51
Cell wall
biosynthesis

inhibitors

155 e SR
Signal

Flusilazole

50% i M

Epoxiconazole

15% WK i fiz

Prochloraz

10% Ui M

Cyazofamid

15%MEk P4 T T i

Pyraclostrobin

22.5%ME A B TS

Picoxystrobin

25% W5 T I

Azoxystrobin

50% ik B 1

Kresoxim-methyl

50% W 1 B i
Boscalid

29% B A7

Lime sulfur

80% P AR ¥
Propineb

48.9% 5% B 11

Captan
B0% ARG

Mancozeb

75% H Wi
Chlorothalonil

40% 5 1k 3k
Dimethomorph

96% ME WK Tt fiz

Thifluzamide

50% )85 B )

Procymidon

Apis mellifera
ligustica
HORH # %
Apis mellifera
ligustica
TR
Apis cerana
cerana
A g
Apis cerana
cerana
HORH# %
Apis mellifera
ligustica
=P il Y
Apis mellifera
ligustica
HORH# %
Apis mellifera
ligustica
=Py
Apis mellifera

ligustica

i i
Apis cerana

cerana

BRI
Apis mellifera
ligustica
HORH# %
Apis mellifera
ligustica
SR e e
Osmia lignaria
AR g
Apis cerana
cerana
HORH# %
Apis mellifera
ligustica
BRI
Apis mellifera
ligustica
HORH# %
Apis mellifera
ligustica
=P il Y
Apis mellifera

ligustica

0.858

1.817

>11.0

>100

>100

>100

>100

>11.0

>100

25.64

100.45

>11.0

>100

6.51

>11.0

>2 000

High risk

[N R
High risk

o AU

High risk

IR

Low risk

RS

Low risk

IR

Low risk

RS

Low risk

R RS

Low risk

R RS

Low risk

R RS

Low risk

R

Low risk

R RS

Low risk

IR

Low risk

IR

Low risk

R RS

Low risk

U

Moderate risk

R

Low risk

KA, 2016

THEIRSE, 2017

THEIRSE, 2017

AN, 2021

EHNTEAE, 2021

AN, 2021

B, 2021

THEIRSE, 2017

TARBRSE, 2015

TARBRSE, 2015

Ladurner et al.,

2005

THEIRSE, 2017

BHEZ, 2012

TARBRSE, 2015

WA, 2022

FHEIRZE, 2017




transducti EYNIE
ansauction 50%#% {E&ml‘gﬁ,lﬁ:_

inhibitors Apis mellifera >2 000 B, 2012
Iprodione ’ Low risk
ligustica
. HORH# %
75%% W R IR o n
Apis mellifera >2 000 TS, 2012
Carbendazim Low risk
A 2.5y AN 20 ligustica
43 BT 7] 80% HIZE B B R PN
' AR
Mitosis and cell Thiophanate- Apis mellifera >100 SARHRSE, 2015
Low risk
division Methyl ligustica
inhibitors - LR % e
97%JRML B Jic IR 1 "
Apis mellifera >100 MBEEE, 2016
Fluopicolide Low risk
ligustica
, BRI #
AR E A 2%BEHFR RIS P e
) Apis mellifera 843.95 UL BRAE, 2015
A AT 55 Kasugamycin Low risk
ligustica
Amino acids and -~
o Rk .
protein synthesis 80%%0 % 25 Jfi IR . .
Apis mellifera 2370.33 SARHRSE, 2015
inhibitors Pyrimethanil Low risk
ligustica
E S ESE S
HORH # %
& A ) 80% = R PARS: e
Apis mellifera >100 SARHRSE, 2015
Melanin synthesis Tricyclazole Low risk
ligustica
inhibitors

EAERIZ, BARRHEFITE 48 h A XS B ) S E SR PR IR A, L2 2% B 770 2 i
M REREE B IR R, LR BEAEIE 10 dJ5 4 2 BB KT, 3 4 K ) i 122 fid
MEA AN RN ERY “ 28 #M”  (Simon-Delso ef al., 2018) . Ladurner %
(2005) 7 W Mt B i 4% 55 S50 PR I (8] ABRVERR) 10 d IEK 2 33 d J5, RIS BIFITE 24 h
H148 h XU 7 B L R S EREIE, HAE 10 ~ 17 d R I R, HHBMEBUEK
JEE LCso It 45 2 5 I 1] (10 S K T 2 35 BAAIR o 7E SEBR A R AR A A vt v, 57 FE ) e FH 20T
TN 72 h SR BT B R SRR, AL TR E IR E I, XU
R S R AR M T RE A ARAY T (Almasri er al., 2021) .
2 REFIT E R T BISE

R T 710 2 e () W B AR RN 2 TR AE I BAE )R X-LCso (1 0.1 LCs0~ 0.5 LCso) 261 T
AOER S, Gl B AR FANAT S TS T AR (RS, 20160, ELHE PAERIR
AT AR T THRE B AT . R DIREREAR . B A IR IRSE (Wu-
Smart and Spivak, 2016) o 7B 7155 2 e ) 7. 5 AE A0S 2 1 55 2 e (0 (i B, 5 I o F (] 179
e SR K T- (Long and Krupke, 2016)
3.2.1 SREETN E AT YRS

N TN B AT N BB AE S ST T N R REREN R, RATREA R

P55 (KEMREE, 2024) . Decourtye 55 (2005) I8 1 W 2 g 1) B A€ {1 ) S (Proboscis

=~

W



extension reflex, PER) KIM, TEA[FVR FEBREE i AL BN (1K) PG 75 % ¢ Apis mellifera MHEK X
LI REGE S X AT 2 7, HHY 10126870 T . Deslardins 55 (2021) A F iy ik %
AW FITRAF Pristine® (25.2% W Bk 1 e F1 12.8% ML Memk g g b3 IS 1) 7 7 28 84 1) 50 & g
JIFEAR . [RIIN, 27 A1 7P E 15 A1 i P o 78 O B G RS N TR S L IR BB D, S BCAT
KRS TR (Liao eral., 2019) o HLEA R GE T 2 {3 B ATy, A T FRmE
MR R VE g 8 e e A H LR I I B 0 A R I3 25 il 46 5 A7, (HBER AL B IRE K, Bk &
ZWIH K (Tosi and Nieh, 2019) .

PR AREG AL, KB A H (RIS R SE T R B A0 B Ui e TRE . HESAT N EA
IR . Tschoeke 55 (2019 K F AR B R F 75 1 175 14 PRI B4 P O 88, R B0 VG 7 2
WEVTAEANAR St T R, Tt P P B I S R PR P B T P S RO, etk i AN R
TP (R JR3BEAT o Rovral 4F (57 i) Il Pristine® 5% B 771 (4 VR 75 771 0 28 £ {1 15 5 Il e il
B 18 VI B A AT N A SR B BE S K (Artz and Pitts-Singer, 2015) . ZEi&RN T NXTE
RIS, TR T BB M a0 LR R, BIEFE. Uife. RE&E. B, P, T4,
S RNCAZ ATy, SRR R R OCE T, 1M H AT R A B R 51 1 B AT O B LR IE
ARARNWIIT (FIRFTEE, 2019) .

3.2.2 SRR TGS B i 4y R A P B

SR 0 T K SR 1A R A 2 T A PSR R M e B TR () ) R T, T4 A R T
TRk B IR £ 6 e B P R A B T . R B I AR SR AR R A A U Y
Wy (B SRS, 20200 , DHMIFARUIREACEST HEE. FRER. HREs S R
BRI R B 4 BB TSR AG I0 (Fisher et al., 2017) o Dai %5 (2018) {# Fl H &ii& AL HE
PO e, TR AN K (NOAEC) A 10 mg/L; AHE 72 B R i £ S 8008 5 %
ek ARG R TE BT, W R R, A AR KR E, gk
IR EIBE (ERS%, 2017) o BbAh, R R AR R B A6, Foon e,
WA 42 61 77 45 7 THI 36 BB - Traynor 25 (2021) K4 4% B8 70 A PRI 1R - 14 5 36 e &4y F AT
T, BAbFRA TN R, RS A EIR TR, SR SRR R R R
Walsh %5 (2020 25 1IE F i s o (¥ 75 1 775 5 B P 78 O S e e R SR 70 B IS BT
B, GBS TR 5]y R ] ) N R, PR K G BAC. kvl
B, 2R B TR R B R G 4 i R T 174 ST BB AR N AN 7 B
3.2.3 A L BOE AN A FIHL

KT RERIRE FBOOWBICRRL, AHLH ECEH — R RE, Yoder 5



(2017 Ay 77 B 77176 BELASHREL 10 05 JEr 0 1 1D [ B 2 e e 88 P 1904 5 B e ke 7 T S0
A B A B TR A B R, I ELIE RENE A0 (1005 . 8 il A S IR, A
(I 7 B T B S TR AR B3 5 2 0] B I RS RS o Avenot 55 (20100 Ay A% T FITE AR
TR LA P VR 1 [T Bt 2 B R B e PP B, 3 B4R B R RS B I BE BN A2, AT
SR & FEIERN . Huang % (2023) AW T g . L R Tk 5 1 R0 e 15 1 e 3 o PR 1% 1
G EET PR ERSS, RO R . R REARAMBRMRMZ R,
Jo 3 P R o B R LR TR AR AL sl A P BUROR DR T AT R
T I I R Y AR, BT E AT R RS (Jineral., 2018) o HAT, AR
SEE NI 2 FEIGCRNL, HBARE RN E R R

4 RETSHEMRAITERIX

HAl, EEERBEIRS ek, L., B, s, TSl T2 MR
MEAARZ R G Y (David etal., 2016) o HA1, Silva®s (2019) 78R AR 1) 3¢
A SR B 3L 166 PR MIR 52406 . HAEAE B IF R WS 7 AR
F 25 10 FASF R BFRREFEAY) (Lentola et al., 2017) o XEEHRFERM, ¥4
AR AT T RETE R A i R T KR AR BT L RN BRERISRIR G (RIS,
2021) o 0T RTE AR A BRI RO S0 b B SR U, Bk 2 Bk 25 IR A I I L
FINAE (Willis et al., 2019) .

IR ZBOR A ST PN SR BTETE,  (FUA TR 70 T LI Tk 0 1) 28 6 A 2 Tl 0 12
A AR A% I 0 A AR, AT o At A 2450 B I g v, vl 2% B R 1% SR ) 1 2
TERMBE B %2, —HKERE G A RAN R, SREBGI TR (Biddinger
etal., 2013) o VBRI, SBIRTE AT LIS #1045 3 P450 B in e 135 11 R
P B IR B N OL R EL 4G R 2 O 7R A EE M (Johnson et al., 2013) o fESEIGE &M N
TESE T RRBR S % SR 55 )2 A8 P 1) 3% A 79 WG T 1 o 6 5 A6 PR ) B e r) 2 PR BRI I T —
% (Tsvetkov et al., 2017)

ZRRGIRE AN S E AR R, SRR 20 B A FfaE (HE
&, 20200 . Almasri 58 (20200 K 7% HUFRRHE HBE L 53 B 71 S DAY R MA A I ) e Bl 3 Aok
2 B ORTEG A PRI G Oy B0, SRR AR TR B R 2 ) B A R S R TR Rk 2
(1 B o % T 75 R T T 3% ) G o P I 5 P 0 2 {0 5 A6 170 IS AR 43 00 0
RS, FRURAERARURN, H AR TR MR B, SR



DI (Zaluski et al., 2017) o I FIER T 16 2 Rk 251064 (E FI Rk T 00 2 0810
AFIFE o

Bk, BB S PR A RS NS, AR — R — Rk B
F, WEGEHRRAMBKETL M. HBFRGMBEL, BEERNRLETZ TR
A, IXASATHEAR H T 0052 R ELAE FH AR DG AR 2 20 A A BBk i
5 FREE

FERME A=, R RV A W] LA OB A I R, R R AR
MEZLREE (Heetal., 2021) , AT, REPARFRERNHED . MY, THEHESID
FIEHESH V#IAT BB R B2 ST R ), L% 2Bl K I R Bk A 3458 (Zubrod et al.,
2019) o HEL, WAL A PR A SRR IOOC R, b A B SO H SO
NATTDRE I A8 AU R o AR SCEE i DRI IR AT 7 B B I (R ), K 7 U S M S
M R R IEAL T R B = 2 8 A (Belsky and Joshi, 2020) , &858 7 % 1% B A
A ZVEBOEEN, (A B Rk S TSR R SR EM. BT, SERIEH
NSRRI R BT b A R N (Zhang, 2018) , [k, HF 58 4% B 70 2 8 %t
HIEAEARKE AT VR A B SO K S B SRR . i R B 7 X e 4 AR 1A
H GBI A SCHLE IT, R TR 4R RAE0 5 51 F 25 s 1 e, PR R
FRS B I R T U P, (R B G S Ay B AR R, R R T R e R Rl e e R T

Fra R e,
ZSEZHRk (References)

Almasri H, Tavares DA, Pioz M, et al. Mixtures of an insecticide, a fungicide and a herbicide induce high toxicities and systemic
physiological disturbances in winter Apis mellifera honey bees [J]. Ecotoxicology and Environmental Safety, 2020, 203: 111013.
Almasri H, Tavares DA, Tchamitchian S, et al. Toxicological status changes the susceptibility of the honey bee Apis mellifera to a single
fungicidal spray application [J]. Environmental Science and Pollution Research, 2021, 28: 42807-2820.

Artz DR, Pitts-Singer TL. Effects of fungicide and adjuvant sprays on nesting behavior in two managed solitary bees, Osmia lignaria and
Megachile rotundata [J]. PLoS ONE, 2015, 10 (8): e0135688.

Avenot HF, Michailides TJ. Progress in understanding molecular mechanisms and evolution of resistance to succinate dehydrogenase
inhibiting (SDHI) fungicides in phytopathogenic fungi [J]. Crop Protection, 2010, 29 (7): 643-651.

Belsky J, Joshi NK. Effects of fungicide and herbicide chemical exposure on Apis and non-Apis bees in agricultural landscape [J].
Frontiers in Environmental Science, 2020, 8: 522888.

Biddinger DJ, Robertson JL, Mullin C, et al. Comparative toxicities and synergism of apple orchard pesticides to Apis mellifera (L.) and
Osmia cornifrons (Radoszkowski) [J]. PLoS ONE, 2013, 8 (9): €72587.

Boksova A, Kazda J, Stejskalova M, et al. Findings of herbicide and fungicide residues in bee bread [J]. Plant, Soil and Environment,
2021, 67 (6): 343-352.

Boyle NK, Pitts-Singer TL, Abbott J, et al. Workshop on pesticide exposure assessment paradigm for non-Apis bees: Foundation and

summaries [J]. Environmental Entomology, 2019, 48 (1): 4-11.



Bruckner S, Wilson M, Aurell D, ef al. A national survey of managed honey bee colony losses in the USA: Results from the bee informed
partnership for 2017-18, 2018-19, and 2019-20 [J]. Journal of Apicultural Research, 2023, 62 (3): 429-443.

Cang T, Wang YH, Yu RX, et al. The acute toxicity and risk assessment of 25 pesticides used in nectar plant to Apis mellifera L. [J]. Acta
Agriculturae Zhejiangensis, 2012, 24 (5): 853-859. [15 ¥4, FEZ4E, Arkintt, &, BT AR 250 % i S TR M KO [7].
WHT AR 23R, 2012, 24 (5): 853-859]

Chen YN, Wu YQ, Zheng HQ, et al. Research advances in the effects of herbicides on honey bee health [J]. Journal of Environmental
Entomology, 2021, 43 (5): 1162-1167. [FRILF, S M, K K5, 45, BRG0S0 FERZ A BB FU R0 (7] R8T R R 2241, 2021,
43 (5): 1162-1167]

Cutler GC, Scott Dupree CD, Drexler DM. Honey bees, neonicotinoids and bee incident reports: the Canadian situation [J]. Pest
Management Science, 2014, 70 (5): 779-783.

Dai PL, Jack CJ, Mortensen AN, ef al. The impacts of chlorothalonil and diflubenzuron on Apis mellifera L. larvae reared in vitro [J].
Ecotoxicology and Environmental Safety, 2018, 164: 283-288.

Daniele G, Giroud B, Jabot C, et al. Exposure assessment of honeybees through study of hive matrices: Analysis of selected pesticide
residues in honeybees, beebread, and beeswax from French beehives by LC-MS/MS [J]. Environmental Science and Pollution
Research, 2018, 25: 6145-6153.

David A, Botias C, Abdul-Sada A, ef al. Widespread contamination of wildflower and bee-collected pollen with complex mixtures of
neonicotinoids and fungicides commonly applied to crops [J]. Environment International, 2016, 88: 169-178.

Decourtye A, Devillers J, Genecque E, er al. Comparative sublethal toxicity of nine pesticides on olfactory learning performances of the
honeybee Apis mellifera [J]. Archives of Environmental Contamination and Toxicology, 2005, 48 (2): 242-250.

DesJardins NS, Fisher Il A, Ozturk C, ef al. A common fungicide, Pristine®, impairs olfactory associative learning performance in honey
bees (Apis mellifera) [J]. Environmental Pollution, 2021, 288: 117720.

Dong J, Huang M, Guo H, ef al. Ternary mixture of azoxystrobin, boscalid and pyraclostrobin disrupts the gut microbiota and metabolic
balance of honeybees (Apis cerana cerana) [J). International Journal of Molecular Sciences, 2023, 24 (6): 5354.

Duan XL, Xiong MQ, Liu WB, et al. Effects of three fungicides on the activities of protective enzymes and detoxifying enzymes in Apis
mellifera [1). Acta Prataculturae Sinica, 2020, 29 (11): 74-82. [Bt 2 5, BE 235, SO, 5. 15758 16 11 = Fh 2% T 77055 3 KR 35 e £t
YRR R R RS2 A [J]. EOl 2R, 2020, 29 (11): 74-82]

EPPO. PP 3/10 (3): Chapter 10: Honeybees [J]. Bulletin OEPP/EPPO Bulletin, 2010, 40 (3): 323-331.

Fernandez-Ortuio D, Torés JA, De Vicente A, et al. Mechanisms of resistance to Qol fungicides in phytopathogenic fungi [J].
International Microbiology, 2008, 11 (1): 1.

Fisher A, Coleman C, Hoffmann C, ef al. The synergistic effects of almond protection fungicides on honey bee (Hymenoptera: Apidae)
forager survival [J]. Journal of Economic Entomology, 2017, 110 (3): 802-808.

Fungicide Resistance Action Committee (FRAC). FRAC Code List 2024: Fungal control agents sorted by cross resistance pattern and
mode of action (including FRAC Code numbering) [EB/OL]. 2024.

Han WS, Yuan ZH, Gao JL, et al. Survivalrisk analysis of Chinese honeybee worker (4Apis cerana cerana) exposed to thiamethoxam and
its mixtures [J]. Journal of Environmental Entomology, 2020, 42 (3): 746-752. [ 3 &, W= B, B 5ebk, 5. 5 % 7 e sk Jr
FEAPI IR LA 700 r H B e ) A A7 RSS20 BT [0, 34058 B B4R, 2020, 42 (3): 746-752]

He D, He M, Amalin DM, et al. Biological control of plant diseases: An evolutionary and eco-economic consideration [J]. Pathogens,
2021, 10 (10): 1311.

Hermann D, Stenzel K. FRAC mode-of-action classification and resistance risk of fungicides [J]. Modern Crop Protection Compounds,
2019, 2: 589-608.

Huang M, Dong J, Yang S, et al. Ecotoxicological effects of common fungicides on the eastern honeybee Apis cerana cerana
(Hymenoptera) [J]. Science of the Total Environment, 2023, 868: 161637.

Hung C, Yiin L. Availability of using honeybees as bioindicators of pesticide exposure in the vicinity of agricultural environments in

Taiwan [J]. Toxics, 2023, 11 (8): 703.



Hung KJ, Kingston JM, Albrecht M, et al. The worldwide importance of honey bees as pollinators in natural habitats [J]. Proceedings of
the Royal Society B-biological Sciences, 2018, 285 (1870): 20172140.

Iwasaki JM, Hogendoorn K. Non-insecticide pesticide impacts on bees: A review of methods and reported outcomes [J]. Agriculture,
Ecosystems and Environment, 2021, 314: 107423.

Jia BT, Zou YF, Dong FS, et al. Acute toxicity and safety evaluation of several fungicides to Apis mellifera L. [J]. Apiculture of China,
2015, 66 (4): 13-16. [SAEHE, ZBNE K, HEFU, 25 JUFN AR B I3 BOCFI B 10 22 A VEVEAR [T]. P IE L, 2015, 66 (4): 13-16]

Jin CY, Xia JZ, Wu SS, et al. Insights into a possible influence on gut microbiota and intestinal barrier function during chronic exposure
of mice to imazalil [J]. Toxicological Sciences, 2018, 162 (1): 113-123.

Jin L. Effects of Six Kinds of Fungicides Commonly Used in Rice Fields on the Toxicity and Growth of Trichogramma chilonis [D].
Hangzhou: Zhejiang Agriculture and Forestry University Master Thesis, 2020. [ 4 7% . F& F % 1 75 Fh 2% 1 1) 0 48 35 ok R i
(Trichogramma chilonis) [ AR R E SN [D]. AU : BT AR BR O 200 2447 18 5, 2020]

Johnson RM, Lizette D, Siegfried BD, et al. Acaricide, fungicide and drug interactions in honey bees (4Apis mellifera) [J]. PLoS ONE,
2013, 8 (1): €54092.

Kuck KH, Stenzel K, Vors JP. Sterol biosynthesis inhibitors [J]. Modern Crop Protection Compounds, 2012, 2: 761-805.

Ladurner E, Bosch J, Kemp WP, ef al. Assessing delayed and acute toxicity of five formulated fungicides to Osmia lignaria Say and Apis
mellifera [J]. Apidologie, 2005, 36 (3): 449-460.

Lamichhane JR, You MP, Laudinot V, et al. Revisiting sustainability of fungicide seed treatments for field crops [J]. Plant Disease, 2020,
104 (3): 610-623.

Lehoczki Krsjak S, Varga M, Mesterhazy A. Distribution of prothioconazole and tebuconazole between wheat ears and flag leaves
following fungicide spraying with different nozzle types at flowering [J]. Pest Management Science, 2015, 71 (1): 105-113.

Lentola A, David A, Abdul-Sada A, ef al. Ornamental plants on sale to the public are a significant source of pesticide residues with
implications for the health of pollinating insects [J]. Environmental Pollution, 2017, 228: 297-304.

Lewis KA, Tzilivakis J, Warner DJ, et al. An international database for pesticide risk assessments and management [J]. Human and
Ecological Risk Assessment: An International Journal, 2016, 22 (4): 1050-1064.

Li ZF, Liu ZG, Xu BH, et al. Advances in behavioral researches of honeybee [J]. Journal of Bee, 2019, 39 (10): 5-11. [Z=4R 75, X4 [,
BRI, S5 BT N A [J]. iR, 2019, 39 (10): 5-11]

Liang Z, Rong Z, Cong H, et al. Design, synthesis and antifungal activity of novel pyrazole amides derivates [J]. Journal of Molecular
Structure, 2023, 1277: 134881.

Liao LH, Wu WY, Dad A, et al. Fungicide suppression of flight performance in the honeybee (Apis mellifera) and its amelioration by
quercetin [J]. Proceedings of the Royal Society B-Biological Sciences, 2019, 286 (1917): 20192041.

Lin J, Gao Y, Mu W, et al. Acute toxicity of fluopicolide to 9 kinds of environmental organisms and its bioaccumulation in zebrafish [J].
Asian Journal of Ecotoxicology, 2016, 11 (6): 296-305. [#BY, iz, 7% T2, 55, 3 24 % B 77U GO B8 Je st O R IR B2 AR W i St 2 X
HAEPET R Y A 4R (0], AES BREEEEIR, 2016, 11 (6): 296-305]

Long EY, Krupke CH. Non-cultivated plants present a season-long route of pesticide exposure for honey bees [J]. Nature
Communications, 2016, 7 (1): 11629.

Pohorecka K, Szczesna T, Witek M, et al. The exposure of honey bees to pesticide residues in the hive environment with regard to winter
colony losses [J]. Journal of Apicultural Science, 2017, 61 (1): 105-125.

Quan LF, Zhang HJ, Sun LN, et al. Research advances in sublethal effect of pesticide [J]. Journal of Agriculture, 2016, 6 (5): 33-38. [4=
MR, BRPRIT, PNIGE, 2. 2% HR 7RIS 55 e i 0 SO RS Tt JE [T]. 422 244R, 2016, 6 (5): 33-38]

Rondeau S, Raine NE. Fungicides and bees: A review of exposure and risk [J]. Environment International, 2022, 165: 107311.

Sanchez-Bayo F, Goka K. Impacts of pesticides on honey bees [J]. Beekeeping and Bee Conservation-Advances in Research, 2016, 4: 77-
97.

Silva V, Mol H, Zomer P, et al. Pesticide residues in European agricultural soils-a hidden reality unfolded [J]. Science of the Total

Environment, 2019, 653: 1532-1545.



Simon-Delso N, San MG, Bruneau E, ef al. Time-to-death approach to reveal chronic and cumulative toxicity of a fungicide for
honeybees not revealed with the standard ten-day test [J]. Scientific Reports, 2018, 8 (1): 7241.

Tan LC, Ge F, Cheng Y, et al. Acute toxicity of four commonly used strobilurin fungicides [J]. Pesticide Science and Administration,
2021, 42 (1): 33-38. [N, &0, R, 55, 450 U5 O IR IR IR SR BT SR B MR VRN (0], R EGBHE 5 A EE, 2021, 42
(1): 33-38]

Thind TS. Role of fungicides in crop health management: prospects and challenges [J]. Developments in Fungal Biology and Applied
Mycology, 2017: 433-447.

Tong Z. Monitoring of Pesticides in Pollen, Beebread and Honey and Exposure Risk Assessment on Apis mellifera L. [D]. Hefei: Anhui
Agricultural University Philosophic Doctor Thesis, 2022. [38 /% 76Ky 4R g 5 ok 24 5k B M I B o 738 KO 35 e 5 3 X
VA [D]. A B 2ol R 28 L A0 5, 2022]

Tosi S, Nieh JC. Lethal and sublethal synergistic effects of a new systemic pesticide, flupyradifurone (Sivanto®), on honeybees [J].
Proceedings of the Royal Society B-biological Sciences, 2019, 286 (1900): 20190433.

Traynor KS, VanEngelsdorp D, Lamas ZS. Social disruption: sublethal pesticides in pollen lead to Apis mellifera queen events and brood
loss [J]. Ecotoxicology and Environmental Safety, 2021, 214: 112105.

Tschoeke PH, Oliveira EE, Dalcin MS, et al. Botanical and synthetic pesticides alter the flower visitation rates of pollinator bees in
neotropical melon fields [J]. Environmental Pollution, 2019, 251: 591-599.

Tsvetkov N, Samson-Robert O, Sood K, ef al. Chronic exposure to neonicotinoids reduces honey bee health near corn crops [J]. Science,
2017, 356 (6345): 1395-1397.

Tudi M, Ruan HD, Wang L, et al. Agriculture development, pesticide application and its impact on the environment [J]. International
Journal of Environmental Research and Public Health, 2021, 18 (3): 1112.

Vanengelsdorp D, Traynor KS, Andree M, et al. Colony Collapse Disorder (CCD) and bee age impact honey bee pathophysiology [J].
PLoS ONE, 2017, 12 (7): e0179535.

Walsh EM, Sweet S, Knap A, ef al. Queen honey bee (4pis mellifera) pheromone and reproductive behavior are affected by pesticide
exposure during development [J]. Behavioral Ecology and Sociobiology, 2020, 74 (3): 1-14.

Wang K, Pang Q, Zhang WW, et al. Effects of sublethal doses of carbendazim on the growth and detoxifying enzyme activities of
honeybee (dpis mellifera ligustica) larvae [I]. Acta Entomologica Sinica, 2017, 60 (6): 642-649. [ B, Jefd, 5k 03, %5, L HE R
EBBE I 7 K B e gy s AR A R B RR R R B R [T]. B VAR, 2017, 60 (6): 642-649]

Wang YJ, Gao JL, Han WS, er al. Acute toxicity and hazard assessment of 10 fungicides on Apis cerana cerana [J). Journal of
Environmental Entomology, 2017, 39 (1): 126-133. [EHEER, i 5tbk, S0 F, 5. 10704 B 7T Hh 46 S 0 1) 2P B M B R
PPAY [7]. PR35 R AR, 2017, 39 (1): 126-133]

Wiest L, Buleté A, Giroud B, et al. Multi-residue analysis of 80 environmental contaminants in honeys, honeybees and pollens by one
extraction procedure followed by liquid and gas chromatography coupled with mass spectrometric detection [J]. Journal of
Chromatography A, 2011, 1218 (34): 5743-5756.

Willis CD, Prosser RS, Rodriguez-Gil JL, ef al. Assessment of risk to hoary squash bees (Peponapis pruinosa) and other ground-nesting
bees from systemic insecticides in agricultural soil [J]. Scientific Reports, 2019, 9 (1): 11870.

Wu-Smart J, Spivak M. Sub-lethal effects of dietary neonicotinoid insecticide exposure on honey bee queen fecundity and colony
development [J]. Scientific Reports, 2016, 6 (1): 32108.

Xiong MQ, Qin G, Wang LZ, et al. Toxic effects of fungicides on physiology and behavior of honeybee [J]. Asian Journal of
Ecotoxicology, 2022, 17 (6): 163-175. [F& 2 35, T, FAUT, 5. ARG 0 2 M A BRRAT N M B MR ARSI 9T [3]. AR ST B4R,
2022, 17 (6): 163-175]

Yang C, Hamel C, Vujanovic V, et al. Fungicide: Modes of action and possible impact on nontarget microorganisms [J]. ISRN Ecology,
2011, 2011 (1):130289.

Yang SY, Zhang R, Kong Q, ef al. Acute toxicity of two carboxamide fungicides to four non-target organisms [J]. Modern Agrochemicals,

2022, 21 (6): 42-46. [MA A, KES, FLER, 5. 2B IR LIS B IRt AFh AR AR A= P 1) S e B 1 (3], BIARAR 24, 2022, 21 (6): 42-46]



Yoder JA, Nelson BW, Jajack AJ, et al. Fungi and the effects of fungicides on the honey bee colony [J]. Beekeeping-From Science to
Practice, 2017: 73-90.

Zaluski R, Jr JL, Orsi RO. Field-relevant doses of the systemic insecticide fipronil and fungicide pyraclostrobin impair mandibular and
hypopharyngeal glands in nurse honeybees (Apis mellifera) [J]. Scientific Reports, 2017, 7 (1): 15217.

Zhang W. Global pesticide use: Profile, trend, cost/benefit and more [J]. Proceedings of the International Academy of Ecology and
Environmental Sciences, 2018, 8 (1): 1.

Zhang Y, Li PM, Zhou FY, et al. Acute toxicity and risk assessment of triazole fungicides on honeybees [J]. Agrochemicals, 2016, 55 (4):
269-271. [FK 5, Zii I, A RHE, 45, =R R T 7 0o 2 e 1) A e A B XU MR SR A 9. AR 24, 2016, 55 (4): 269-271]

Zhang ZW, Zhang Y, Lin ZG, et al. Progress in research on the effects of thiamethoxam on honeybee health [J]. Journal of
Environmental Entomology, 2024, 46 (1): 32-42. [Tk &4, 5K 55, @IHT), 5. WE HUBE N 250 i R E M AT 90 3k R [J]. PR 85% S R 23R,
2024, 46 (1): 32-42]

Zubrod JP, Bundschuh M, Arts G, et al. Fungicides: An overlooked pesticide class? [J]. Environmental Science and Technology, 2019, 53
(7): 3347-3365.

Zuo XX, Wei FL, Li SN, et al. Research Methods and Progress of Safety Assessment of Pesticides on Honeybees [C]. Shanghai: China
Pesticide Industry Association, Proceedings of the 12t National Pesticide Exchange Meeting, 2012: 36-41. [ /£ B3, 2L 5 4k, 2=/
B, S R 20 I e VPN B VR R TR [CL. ki R 2 Tk gy, BT TR A R 2 S i i SO AR, 2012:
36-41]



	1  杀菌剂
	2  蜜蜂接触杀菌剂的途径
	3  杀菌剂对蜜蜂健康的影响
	4  杀菌剂与其他农药的协同效应
	5  展望

