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Abstract; Fungicides have been widely used in the prevention and control of plant disease, playing an important
role in grain production safety. As a vital economic and pollinating insect, honeybees are unavoidably exposed to
fungicides during the pollination and food collection process. Nectar and pollen containing fungicide residues can
be carried into colonies by honeybees, affecting the health and pollination safety of the corresponding colony. This
review focuses on the toxicity of fungicides and its synergetic effects with other pesticides on honeybee’ s physiol-
ogy, development and behavior. We put particular emphasis on the negative effects of fungicides on honeybee indi-
vidual and colony. It will facilitate an in-depth consideration of integrated pest management when developing pest
control strategy and will establish and promote the integrated application of bee pollination and green control tech-
nologies to improve crop yield. It will also boost the healthy and sustainable development of beekeeping and polli-

nation in China.
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1 FEFINEEASEIER (Toxic effects of fun-
gicides to bees)
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health risk
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%, B e 2 MR R IR IG U 2 v B A
FE T Sk 28 11 RE PR N Sk 4 Ak e, B 25
Xof 5 F B AE R (LD, ), B 30 B0OE rp 35 8 4k
X IEREER 73 4 DFYL LD >11.0 pg- 15
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PETEVESS R AT 5 15 TR s A D SRt H g 2obE 22 0
FAMEE A o T B DR AE R T rh AR B B 1Y 2
PEZ Oy o, 2 b h#E . Simon-
Delso %5 & B, WE It i £ 24 h F1 48 h Xf B KA
B TE I Y AbEREME  (HAE 10 ~ 17 d B0 R
P L PN & B, 250 g - LT T i R TR
I .50% Fik B TR AT R2 A7 15 e MHnAe ik BT T A2k 77 511
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RO B AR S IR RN T T A AR, 5
SROMH 1A 25508 43 (A0 AN [ o) ) 48 e ) o bt 45 N A
]2 R AT 5 e R, FE 6 AN [ g 3 s e
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X} T R 0 1 2 1 kg JD 5, R ) 5 e A ) 550 784 1y
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2 REFXNELE
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2.1 REEFDE SR AE K LT B

YE LR fE St R L I NMA M AR AT
SRR I, e MARAE KRR IOE
TERERE SR 55 WA SR | A R TR
AREFR, BT 2 AR Bk A
il ) 25 TR, 0 23 A R TR R B B T A R RN A S A
ASERErh | T &)y HORN L 1 i L R B D Ak
W RN P b 38 48 7 AR A T O R A
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i e e L AL BE(25 mg - L™ A1 125 mg- L") A] S B0
RV e ol 0 7 oy i 2 40 5 TR MR FE AL B 5 mg -
L' He 4y BRI £E 76 238 (LI S8 R0 2P Ak R 8 T b 3
LMY DY R ) S W &)y U SRR B
SN Bt R [E) A HE G, 25 AL BRZAAE R T AR i 2 T
R, 0 1 B AR T R 5 LB A Ak BV B Y o i
TFIAF R Ay 3 TR Dai P9 &
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PR G 2 HON B 5 OR SRR T i Sk TN
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VBT 5 19 2 T 22 ol 300 %o e R A e o o
AR AN PR TC 2 50, (HA] 3 4h B R 4
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TER AT FE , 0 R I R R e A 5P

A D7) 4 S T ) TRl P X 2 e 1) 52 i BTy
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TRE 15% , SEm iR &  Johnson F1 Percel™ #Jf
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3 38 28 PN S A B, VR T T X A R e e 4y
) AT 3R R AR o 2 G S 2 s M), L5 2R DR T

)% ( Influence of fungicides to

W AR A B AT S B T R AR RE T 3 TR 43%
Tamburini %53 13 FH (8] 5256 % 0, 42 B0l FH 18 B o
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5 E A AN R U s SXT AL, 2R
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(AR B2 AL B (1.99 mg - L")y AT T 35088 O 5 0 i i
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WA | 2% TR 70 00 2 e 1 D 0 ot JHC g S A A )
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Paris SE MRS & 90 E I B4 e 1 ) it P ok 5 ot
- Ha PR R4 AT e A R e AR A g T T A P
LM, F 3 o-ZE L 1 (Alphaproteo bacteria) 3 Ji¥ [%
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A W i TE TR I 2L . 38 7 R ORI 8 e s
IINFLIR A BR 8 (Pediococcus acidilacticin) AR 7
- HORIRE BE R 0 H & B (O B AR 1) P (2 A
TR £ 1 1 -40 | BH1H) 2R R 25 (A e H e 2804k 4 -
2 3o A Ak U ) A R PR ) £ TR e )

2.4 ZRTEOTE DT R I 5 e

RN A B B TE L T SR N oY
o TR RMZFHERAT R, VL SR FRES |
BiAED LA 2% I FCAZ 55 33 67 Ay 6 28 e AR
TR R & J B G H ) SERCH Pristine® AJ fi F
T b Y 7 B R 1 4y H Y PN S e B R R SR
et AT R R A MRA R AP Liao 45 F
GEARIN,, WE BBt TR i P el o R s e S Ik ) S 4
BB /D | 520 AT R SRAERE T T a1 N na ik

PEBE AT 3 ~4 H S AN ATP 196 AL, 530
HIE BhHE 1 (G2 S B R ) 1 RS A
A ORI 0 3o 8 A AN 3R i 25 S AT R
(EL Bt 5 Ak FERLSF (0] S0 | R0 TV 2 70 T A A A
T RURE $t 1o T ) 8 0 SR B335 3 R R LR 1 X AR 1Y)
B G T

AEEEFNAE Ry v 5% B 1 28 TR 700 R s ) 85 M AL
WELE, A B R 5 S BB 0, S BCHLAT Ry P RS 0 R v
B R LR I 22 |, X S6 AT R 0 R 2= 2 e g ) e
TEWE ) RAERCR, — HAZ BN KR ] S 20 i
ik =7 DesJardins 45 F F AN [F] v B 11
Pristine® b P 2 K 1) 28 14 5 & BX, A B 40 KR 2
B XoF TR 114 S 7 5 0 HR 2 T0 25 57 5 {HLAR P ZH (23 mg -
L™ F1230 mg- L") 2 2] 8500 2 T R, IUF 80%
AMARBESEATIRAR 27 ) | HLAb B2 75 R 2 e X <R
(14 JSZ g A3 A, S S AR T R DK O AN [l e i A
ZH(35.7 75 F1 150 mg - L") Kk ) 4 i b W 7K Bz
(1) A 55 0T B2 T 2 S, Ak 38 2 K ) e 1Y)
220N RE TR RET S A3 KRR AT DA 3E A 5
S I E A PR S SR T R AT O B R R
7 Pristine®(230 mg- L")} W 4b B 4 g %t H B A8 27
AT A BEFE R B JR AT S SR KR e kAT
[[EIDSERMLIE S TR N W SRS L e &
BTN e et e ) TR AR R AT R e
TSR WA E BR TR, B R T
W51 7 R ) R RS B KRS, Kt
(14) FE TRD 6 o UE 52 T 3% B 90 X 8 e A R HL A A T e
i, Tschoeke %572 % B, B 45 Y R o1 52 1 F A1 ¥ il
FHUCER RGN, B R B e 7 A0 A R A 2 Bl 2 T [
77 A T I A T D e 1 X 285 0 P A AN [ e
IKEEVER . S0 HEAR L, R RN B 1 S BCR Ry i
B T B 43% 7 7l 25 751 Horizon (5 U453 A
TR AN [ 9 b PR (250 125 F162.5 g+ L)%k
e e B — 7 (Y BIGEEVE T BRIRE R 1 5 T 90% ™

3 RAEFNEHMAANEENRKESERN
( Combined toxic effects of fungicides with other
pesticides to bees)

R 2B TR0 B ol 0 2 e IR g e 2, (1
A TR T AT e 5 i e e B I 1, BE A A
TEH AR BRI, 32 = A 24 X0 S e g e | v R T 7
Xf A ORI R E I R 3 2, B KA RS
SR AW R, R BCEEESE T RGN, Uk
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TS SR T L y-50 T T | S TR AU 5
P45 8 Fh 4G RS A% HORDOE R R e SRR 5
1.61 4% ~5.45 A5 Y ERME AT 45 e G HL 4 Yt e |
I BRI Y 4L I U X R A 2 e e i ]
BUBIRPAL R B TR, WAL R A R
Fe Z ARG A fel bk OO O 4 e A v R A
BT 239 4 126 £ 1 589.8 4577 Ak e T 4 R
FUMTTAE TR (1 980 £%) . Wi B 0 (70.9 %) T nake 6 i
(26.6 )R B a8 e g FEETS S A R AR Al A
2 BRIRA U 2 0o S e IS AR B A 7 A RBURIR
VER 7™ 2 Ja 28 0 I A RN A 0 e e . R Tk P 3R
e 5 bt e bk | e JRE ) TR S T S BOBA R R A
SEETY)IH AE S G, (EE AR R A B R
Han S5 OF5T A SN PR AT 4 2 B L pRovS v 42 28 0
FRRETE 306 P P 14 P v A 2 e R SR B e ) K o i
L3 T FE PASO FII GST IR UL, 35 X rh AR 2 i
s B B AP RIS RV E ] . 221 R e R R
A A AT T SR ORI e 1 MR E R T T B, N BE IX
GYAERT X B R IRAE ) 28 (B[] AG PITAEK  SBOR R
W TARRCR TR Zha S5PRIE5 R0 SR A
bt H AR TR 5 A R R P S e, Ak P M CarE |
GST ., 21k A5 P 1 (acetylcholinesterase, AChE)FI;
SALEE(PO) Y% PRI 5, 55 R W TR i i Ak 3 A
P, P T i 5 S S 1 TR 5 ) i 8 A 3 R R
N 6 d, AT O TSR 4 I 40 A A R T
R 9 K5 R S T 5 e 0 A o W Y
Domingues %™ 3 ik X 1fil bk U A A% 1L 240 Ji A6 00
I, W S T 5 W E IR YR Kb T T 607 3 DA ) e
B 22 (200 0 A TS SRR DR /N B 0 200 T3R5 8 A B
WSRO B ) TR IR I, ELAR PR I itk
ELHR B R o & R R, R T A 4 R BB T AR
T, RS g TS RERAER 5 A B i 2 R R
B4 1Y TR F) 4 1A i PR 31 2 1 (PGRP-SC  PGRPSC
4300 F1 PGRPLC 710) il 4 % J A ( defensing-1 il
abaecin)1 3¢5k 12 | 17 H HR 4 1Y INK (basket) , Toll( cac-
tus 1 toll) FI AMP (abaecin , defensin-1 1 defensin-2)
5RO Ay DR g Ak s 1 i ™

4 FZ5E5RY%E (Summary and prospect)

it (= PR A AT 25 14T 822 51 23 (Fungicide Re-
sistance Action Committee, FRAC)Hzi# , A% B 5 i1 7
FHALEE PG K 2195 J5 B A 38 A= Ak S A DG AR 4% T
m (R =R B AR 2SR S ) A
B WFIAEF BSOS 55 S R T i i A X

AP0 AR IR AE AR 2 AR IR N GR DY X
TARRE bR A Py e 11T 75, 25 TR it O 2 B4 sk )
Fete N AR N 7t 15 O 4 DL T (O 2 T A0 DR 9 1)
IR T BB 1 HE SR AA AN BT LUK 22 8800 25 B
X I 22 L EE R O IR, i B S U
FRBEIS R TR, A TR AE AL R S e s [ o
ARARE A G Q 1YL A5 (Qo)4s &, BT
HMAEZR b A el (R HL 1536 | NI TP 4 i e
(4 ATP (445 B 5 H 28 R 28 e 0 422 k)5 2 %2 i)
LA o A o (8 RSB 57 BR AR IR 1k S ATP
()6 I, BRI (115 B RE 1 T R, HLREE Ab PRk
(AT oo o 26k SR ok ik ZEPY s R B A s R BT
T VR o TR, T Ak A A R R AR 20 O S
SEE AR S ARG I IR G . BEAh IR T
XTAEREAR K A AR Y 5 5t LA Bm Y B, S O
W I R 1 N -5 e e 5 i AR TR I8 AL O 1
P43 T HEAR DGR R (Y 3R DR A 7 1 ve
JIE R TR 2 8 IS X AR BUAR A ) 7 A 18 M B 1, X
HARKKE AT Ry 55 75 = A TR RO ™,
FEAE P S E IIa 0T 27 B 7R it ) M4 ik
WL ) Lt P 700 vt D 91 T 5 4 it LA o AP T R 4
B LR )RR BE (R 5200

H AT, 2280097 38 5 7 28 T D0 28 e () s v
¢ i (median lethal concentration, LC, )5 (AL H 7] &
(median lethal dose, LD.,), WAk H X} % 0 10 2%, OF
T Ot 7% TR 791 9 B B ) o o) 2 B A TS R I
e AT EMIHE 2 2)idfe BAE AEETIEE S5
Vi H AR 22 )7 AR 2R, 7RSS PRAE P R T
(1R FH [ s T e 8 sl 8 ) U T X 2 e e B3 v
VR JEE (LC., B BOPE P ) ek (LD, ), 86 94 45 fi 2% B ) )5
X A 2T 2 52 ), (LI 508 70 o v B ) %
A S B B KL F AT A
J5 AT AR T (%) JgUM , 33X T THIAF 90 07 S 4 I 5 0
BERRSAP I R — o O ORI M VA 2% TR R 0
SR (SR I A 2 PN A T R ) e S B
P (28 RN i) A BE Al b, 32 i F T () 5 JR) S5 46
DA K 4y Hu A R | 38 A 1) G P A XU R L, RQ)
T RS DA, AT A TR R AR AR 34, DA £R 3% TR 57
TS 25 X 28 06 A PR R0 i o K I AN B2
M1 A, 7 2 T R X e 2 e BF 9 TR A AR SR T
RZ N RN & W, i vh A2 % W% | BB 1% (Bombus ter-
restris | B. impatiens) ¥ (Osmia cornifrons ., O. bicor-
nis. O. lignaria) V)M ¥ (Megachile rotundata)l), Jz H:



%56 B2 BT A5 . 2 PRI 301 X 2 e A BRI T 0 ) BEPE SN 5T 169
1 REEMEEYLLEFCEANRETNME ERAZRERANE
Table 1 Classification, common name and action mechanism of registered fungicides on
nectar and pollen plants in China
i 44 YEFPLIE
Classification Common name Action mechanism
A EAEY B
M4 (Bismerthiazol) R %[S)ﬂﬁ‘ﬂw%&’f .
Host plant defense induction
TR A
WER: R (H 1
A (Hymexazol Nucleic acids metabolism
W
G e (Cyazofamid) gVE,ﬁﬁ
Respiration
MR VA il (Bromothalonil) , 4 fif F PRIBE (Difenoconazole) , 4 M B (Diniconazole) .
Azoles Jif % (Fenbuconazole) . ik Mk (Flusilazole) . € M (Hexaconazole) .
JNEE MK (Imazalil) | 11 B MR A7 R £h (Imazalil sulfate) IV f% M4 (Imibenconazole) .
R P8 (Ipconazole) | A 7 M (Myclobutanil) [ # " (Penconazole) | 2T H A S T A 5
I £ [l (Prochloraz) | K % J1 £h (Prochloraz-manganese chloride complex) . Sterol biosynthesis in membranes
TN 3 (Propiconazole) | [ M ( Tebuconazole) |
VU 5 Bk 14 (Tetraconazole) , = WA (Triadimefon) |
I (Triadimenol) | F & M (Triflumizole)
W /R 22 (Bordeaux mixture) #AJRHR 4 (Copper abietate) , £ R4 (Copper acetate)
iR #1145 (Copper calcium sulphate) ,F7 162 4l (Copper citrate)
b4 B XA ER H7 (Copper dihydroxosulphate) . &ALV 4 (Cuprous oxide) USRI A

Inorganic and metallics

T 4fil(Copper oxychloride) . Hii2 il (Copper sulfate) 4% 24} (Cuaminosulfate) ,
AR AFI(Lime sulfur) IR A2 R 87 (Mixed amino acid copper) .
B% i AL R 4 (Copper (succinate+glutarate+adipate)) . i fi#§ (Sulphur) ,

I8 #% 4 (Thiessen copper) . B % 4 (Thiodiazole copper) . BEME4¥ (Zine thiazole)

Chemicals with multi-site activity

YA A RE AR G
WU 5% B e (Mandipropamid) i
Cell wall biosynthesis
- B AR AE sh &
A I ¥ (Fluopicolide) Ha &
JE e K Bk ke Cytoskeleton and motor proteins
Aniline and amides R A
7 R (Metalaxyl) A B 75 R (Metalaxyl-M) 55 5 (Oxadixyl) . ~ ) )
Nucleic acids metabolism
18 1 BT JHie (Ametoctradin)  WE Bk 4 1 (Boscalid) . % R (Carboxin) . FUE i (Fluazinam) | I 7
5 R B B AU (Fluopyram) | MMk 25 78] 4 (Isopyrazam)  BEK B B (Thifluzamide) Respiration
o 15 77 i (Azoxystrobin) 4 i+ 1#i ik (Enestroburin) . fiik # i (Kresoxim-Methyl) |
P H(Azoxystrobin) W AR (Enestroburin) A FHR(Kreso Y) PP
I 420 T fig (Picoxystrobin) | MH 4 ik T I (Pyraclostrobin) | o
Methoxyacrylates - A . e . Respiration
1% B i (Pyraoxystrobin) | 58 WE [ fi6 (Triclopyricarb) i B I (Trifloxystrobin)
TRACE I R B2 1R £% £ (Amobam) 8 547 £ (Mancozeb) . 1C 25 B (Metiram) | HA ZERN S EY
Dithiocarbamates TN #F4¥ (Propineb) . # 3¢ X (Thiram) . 0 #R £ (Zineb) . i 55 4¥(Ziram) Chemicals with multi-site activity
R FF BRI Z5TH R (Benomyl) , £ [ & (Carbendazim) | B 2R A S
Benzimidazoles E T4 % (Thiabendazole) , F! 3L 5% 14 % (Thiophanate-Methyl) Cytoskeleton and motor proteins
N e 4 ) YL REAE Y&
7% TN B (Flumorph) 4 Bt S Bk (Dimethomorph) a ] e )
Morpholines Cell wall biosynthesis
A FAEY BT T
= L JHIRAR (Fosetyl-Al) : _
Host plant defense induction
F LR RS A _——
Organophosphates BE TG B EkGE /R e s P s T g

R 337 A (Tolclofos-Methyl)

Lipid synthesis or transport/

membrane integrity or function
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Classification Common name Action mechanism
eI ES . . BAZ RN E Y
7 ¥ Hi#F(Captan) , i 1 (Chlorothalonil) ) ‘ R
Benzene and phthalimides Chemicals with multi-site activity
THREE R " (CRexias
] * o ST DK (Iprodione) | Ji§ 2 ] (Procymidone) o ¢ )
Dicarboximides Signal transduction
M B e I ' B AN A
S W 4 FF I (Cyprodinil) . W85 (Pyrimethanil) S o _
Anilinopyrimidines Amino acids and protein synthesis

.75 % (Ethylicin) . % 75 % % (Kasugamycin) |
A% FH i iR 55 7% 3 (Streptomycin sulfate for agriculture)
= T8 K (Zhongshengmycin)

Wl 5T ZEFAT B (Bacillus cereus) & 5% 2E 7K (B. firmus)
AR FLFF TR (B. licheniformis) A% 2F fLFF IR (B. subtilis) |
/INBERH (Berberine) . W¢ PR 7 (Cnidiadin)
IV 4 1% 55 ( Coniothyrium minitans) ] 7 I (Eugenol) |
AWk 2 (Matrine) , 774 5% 2 (Ningnanmycin) ,

AN H T bl

Amino acids and protein synthesis

Z P L] 19 2 5]

Biologicals with multiple

Biologenics L5525 2F AT B (Paenibacillus polymyxa) . modes of action
W IE A% 1 2 HU B K (Pyrimidine nucleoside antibiotics)
H{ 1% 55 F (Phenazino- 1 -carboxylic acid) , K # % H fi(Physcion)
AFE W (Trichoderma sp.)
0 RE A=) Gk,
Z U H R (Polyoxi
L (Polyoxin) Cell wall biosynthesis
JLT 24 (Chltosan) , &% 2 4l (Fungous proteoglycan) WY B S
S FE W (Oligosaccharins) Host plant defense induction
Yl EAE )G I
45155 i (Iprovalicarb
A (Iprov ) Cell wall biosynthesis
U (Dithianon) , SUIR = 37 58 SRRl 92 45 (Iminoctadine tris) |
AR E IR (Sodium dichloroisocyanurate) | HAZERNL SRS
=& &5 PR R (Trichloroisocyanuric acid) Chemicals with multi-site activity
SR 55 )R iR (Chloroisobromine cyanuric acid)
-~ A FAEY BT T
%% Z.7R (1-naphthyl acetic acid) ) )
Host plant defense induction
) R 05 Ik i i B 14 5 e Ml ) g
HoAt FLEiF H 2 (Quintozene) | 78 B & (Propamocarb) | " J a L g = ¢
e L Lipid synthesis or transport/ membrane
Others 1 4 4. T& (Peracetic acid)

WE %5 B (Benziothiazolinone) . Z, % 3 (Ethirimol) , £, M5 B it 2 1ik (Bupirimate)

FEFh 7 (Amicarthiazol) . FEEPS B i (Famoxadone) | fil§ 7K F i (Meptyldinocap) .

Ui B (Fenaminosulf) , 2 B FE B iR £ (Octyl amine acetate)

% B Ji& (Fludioxonil)

FE IR R (Cymoxanil)

integrity or function

AR
Nucleic acids metabolism

WA T
Respiration
Gt

Signal transduction

FE IR A

Unknown mode of action

BT A= A2 A5y B B TF AR/ AR B T T
7 FH R TR R I 86 S 2K B T A AL BE R 24
ROV T3 THT BTG, 30 T 3 [ 32 3 8 218 Al o ¢ A

ZREER I RIS B R RS EME, 1t
S AR EVEYI I ZR G B R I, 1% 7% 18 B i
TS A5 R ML, R AT 4 A WD R ) P
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IR AP AR 245, BT R Ak 2 A 245 5 ST It
JTHEERN S OB ORI R DR b e S B
B AU 48 R 8 A F AR W) 25 B 36 3 (integrated pest
management, IPM)¥ 45 4 3 A 1) R4 by B2 U 25
4% Pl (integrated pest and pollinator management, IP-
PM)™ Al 353 [ 5 el 5250 Ml AR Ml ) £ B 7T 455
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