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used route
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— o 0
[ Detected in the Feading
— 5
environment
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glyphosate Detected in nectar
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—
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Perturb the gut microbiota e

Influencing social behavior

Alter the developmental

AFOCACS

~

S > »
Transfer and e,‘ o e
accumulation ;‘},_, *’
.
cCch
(Box 1)

Aflects antioxidant
pathways

Affects the immune
detoxification system

Affects physiology and
renroduction
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Life cycle Bees species | Pesticide forms xpose e q Citation
way concentration
. . pure 99.5% . ,mg/L 4 .
Larvae Apis mellifera alyphosate Feeding mg/L 20 (Dai et al., 2018)
Empty Cell quﬁj’%zg . ffn‘illﬁgggn Feeding mg/L 163 (Seide et al., 2018)
. . pure 99.2% . ,mg/L 2.5 ,
Empty Cell Apis mellifera alyphosate Feeding mg/L 5 (Vazquez et al., 2018)
. ) Glyphosate . 103 %54 X
Empty Cell Apis mellifera dandard Feeding mg/L (Tomé et al., 2020)
. . Glyphosate . ,mg/L 2.5
Adults Apis mellifera dandard Feeding mg/L 5 (Herbert et al., 2014)
Hypotrigona Sunphosate 360 ,ml/L 10
Empty Cell ruspolii SL Contact UL 20 (Abraham et al., 2018)
) . Sunphosate 360 ,ml/L 10
Empty Cell Apis mellifera SL Contact ml/L 20 (Abraham et al., 2018)
. . Glyphosate . ,mg/L 16.91 Motta and Moran,)
Empty Cell Apis mellifera dandard Feeding me/L 169.1 (2020
. ,mg/L 103 x 2.7
Empty Cell Apis mellifera ffn‘iﬁﬁ‘:ggn ezofc’)‘s‘frle mg/L 103 x 5.4 Motta et al., 2020)
P mg/L 104 x 1.62
. . Roundup . ,mg/L 3.6
Empty Cell Apis mellifera formulation Feeding mg/L 7.2 (Luo et al., 2021)
Glyphosate mg/L 10-4 1
Empty Cell Apis mellifera P Feeding ,mg/L 10-3 x 1 (Almasri et al., 2020)
standard
mg/L 10-2 x 1
) . Roundup . .
Empty Cell Apis mellifera formulation Feeding mg/L 25 (Faita et al., 2020)
. . Roundup .
Empty Cell Apis mellifera formulation Feeding mg/L 35 (Zhu et al., 2017a)

Mesnage) ol glain o las a5 Comwgty UL ] (4 Sae
.(et al., 2013, Mullin, 2015
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Jl> =!I L (Giesy et al., 2000) s,los Jue sla s
stasl 51 s 035 iU 45 Copnngiy US JLi g aas
Kirchner,) coils algs e 3150 10 e o050 ,Slos 1o
sglle . 3,108 36 IS S sl o ol (oo i 5(1999
3585 Ul o5t Ly Lo Sl gyl Gl sl ol =
L wgnds o ablol Lo iS4y cdél Lacslyzol  ba sl
Sladsert -yl cems ar Ul slos ) S sl lodse b

SOUODTON 1@



oy GJQAQMAIC

:

FY-Y1V N E-E Y ¥ oplesd V7 090

9953 (38901 (Sorinz du i Wilgs o Ao )0 g calabl>
e 55595 Sla S Caallws 5 s (6l e (SUsb (sues
(Y o) (Tan et al., 2022) asl

®,
Jmc)}p')o}isyioﬁlcu:_qj)iu.olcuubasjb C
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«(Almasri et al., 2020: Delkash-Roudsari et al., 2020)
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Directional Reward
flight sensitivity
Decreased
Affect flight time responsiveness to
Affect flight mode sucrose and water
Affect flight trajectory Decreased food
consumption
Failed foraging Affects development

and resistance

and homing

~

Associative
learning

l

Impacted olfactory
learning and memory
ability
Reduced short-term
memory retention

l

Failed foraging

may plays an
important role
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A. mellifera 3 A. cerana cerana ,s p « ° S 1.5 gy
(Sie,8li slapl, ((Zhao et al., 2020) ¢l jialS
B lema slo)ls) sl ccalinl ples ohusa
SU Sl Gle) S9aS | cdiwsd e Jos 5555 12
] S5 4 iy a5 ol
Eban-Rothschild) 5,145 , 50 Je 905 6 =500 ,Lu3,
39y 8Lt o) o 5lg8 oo Cuwsay US'. (and Bloch, 2012
58 e 59,138 13U LT il o Jlad ougs s oLy 5us
il glacdale Lol coas zalST) Ll ecdlbes IS - Sileo
ogUe . (Delkash-Roudsari et al., 2020) o5,ls 5 glae &l 51
e bl gyl o )3 o 5055 !
Gl (fRom aSainls Lii ]y Clas lads ials g SSLS
Somwgiy US51 (80 S galin sl 9 1o (513l Sl

.(Vazquez et al., 2020) ol

Jons j9u ) sl 319 3y Sy US 13 {

I 20 S sle g 4S8 (Slej oimg slocer sls

Wb s o505l cpenl s lae Jlisay IS
QS 5l ol g cde i guiS g La S (s gominr Joe
Menzel et al.,) 95,51 o Cowd 4s 132 (sgziwe o l,8 o
St 5lgm S5 90 Joe ;95 .(2012, Menzel et al., 2005
s glwla,y oo 5l i jlg 1) i) 0 0 Sy
Oty Sl S adile i Jold) pedie 8-V 5 (5025
o etb sl ) st pley Jome slo gy 995 o
Balbuena) 8,105 135G LeT 55 pmane 19 aiiS' 8,0 gaiS
S0 i 4S8 Sl oul astine (yizxen (et al., 2015
3188 o0 ;3 b s 9055 (s (IS,18, 1 o pyslSTaan
Slap Job o lilalkisl> ;L o g(Bortolotti et al., 2003)
Lo « oyl Lo - (Fischer et al., 2014) oS o slow! JWis|
Lo 5255 59 518y Sl (S L ESEBT A8 0 S o 2 -6
Jise Ll aladl> g g 5ok sla o Ulgs as yasl, cuwl L],
o pglase (8 3 1 Bascinloaiools s ioren . asS
2 e )8 oo ;3 3y e St IS S 500
odds ddge,8 Cuwgn US A. cerana cerana ¢ A. mellifera

Lo cdgplio (Sl 5 05 Ol Sl o0 (CFQ) Lo

5- Y-aminobutyric acid

i ol GiSale (B ym0 )3 Juue ) 9us) (18 )5 )18 il ul e 5 5 s

claclile s CFG jl osliul U alidl> Ul 5 b
o (Pl izmen 9 085 )8 S b ea b oy
<8l z s L as (Luo et al., 2021) ols zalS'T, 5,510
El) ol cdllas wylp cobiw! (28s, i b jlas ;000
I, olas 237wl CFG « ! s oglle . (Hassani et al., 2008
UiSo i slagiasS Jl> ool pralSoeluY Lo 5l o
Celo) Sl om ol gaognly Gialidla e syl (ool
55 S5 el OG5 e el o
s 59255 STy GRS (i by - 0Bl olo Jabo 5o s
Sl (oo Lo ST 05 ma 50 (38 51,8 5,0 5l DT
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2 Ulgs . (Haydak, 1970) el Sl Jus j5055 9,0 ccwlio
stz 9 JB sk A CFG jles Cod e sl 555 (028, UL
s 558, U 155 335 UL ke e 230 nlS
8 NS 5B IS Ul 2 sl S ATl 0 ialS
0220y 58 8 B asols Lss (6,500 inlejl Jolie 5o
Lo )55 ol gt US o iS slacale L (aje
ot BB 5l Lol ams o oalS ] 5,00 a0 Je
259 1 Je 5Lo 5085 )0 Lol S S0 105 (6,500
Dylite (6 753b 1039, 1F 5 0j9, O lajes; 4 S
550 g Samgi US 3929 (| 0 55 00 136 b2
[FRARRVPN (1 RVONY PEA T { L Y BN R 1V PR <
Gonalons and Farina,) »,5 Lot o L oolaiwl a5 0 1o
G =30 gl ez s SELL 5l e slayes; (2018
(Frasnelli etal., 2014) o_uS o ooliwl g b ag o <las
=2Ulg yo Ol e U conl (1S b SSL jo Ol s
2955 P9 0 09790 Cowei S clale L oil b S e (6,500
O oligSasile oo ASCiay celh ullgs oo (ppb 54) Jos
oo Ngia ol , 515 )05 oS L o BISCs gl L
oas Jlasl (usig p o5 00lgsls . (Tomé et al., 2020) o4

L ,Less -(Deng et al., 2013, Li et al., 2019) oS o Liy|
2be (OBP (sl 3 51 (6 )l it S gts US (5,15 J 90 8

1- Acetamiprid
2- Imidacloprid
3- Odorant-Binding Protein
4- L-Malic Acid
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Engel etal., 2012,) 0_5 S 5550 o los 0 j0 Cnglie
ol oldlas . (Kwong et al., 2014, Lee et al., 2015
Sodigw 3529 oy s j9u5 009, SUgmg S aS ilosls
Bifidobacterium spp §S. alvi s=ile Comweas US4y wlus
39 et Ol 3lg0 8 Lo wsn S, 3T cos wlys
Ackermann et al., 2015,) cewl ool saalie 550 SUlgm
Aitbali etal., 2018, Dechartres et al., 2019, Shehata et al.,
3o die sl g xSL  Slglyd ol s Sy US.(2013
LaS mo90 L (Syo> O ysodanaS SlojA. mellifera ooy,
.(Motta et al., 2020) wjl&ybww—@wulb;_w
Sy 236 6 )5 sl ge oy oo a3 ar (1 jroglle
ale casls @l dn CommgidS Ay S s sl y955
Bifidobacteri- ¢ Gilliamella sloaigS 3llas Slgl,8 jialS
JJ@UW\JQQ@;Ubﬂjﬁﬁgﬁmﬁumspp
w290 9 9-Sb oo Sommgh S (ygrallgn 8 )0 (SaS0lge 092
Jres 5535 039, )0 LBl Se 51 (B ;2S5 208
Blot et al., 2019, Motta et al.,) 55,5 s Cowsts IS Lasgs
P Y e Les e s j9-55 9,0 55, asdllae S 55 (2018
seb ]y (9,50 laaisS (gLid 5 g9 omwgis IS 0] o
Homb glacdale pas Jb> ool jials 429 LB
SIS Dl (2 p3 S e ¥ i) p3 S e < /M)
cdale aS cewline ol ol (Dai et al., 2018) wii cvnlice
ool ol alBiolosl byl i 1o Juue (sl y555 5l ool
0‘55)6[39:‘,-}3)&-")—.’)‘*‘:{[{. om)a‘uj;wjmwﬁw‘
By Soe sl o2 5 (e 5o o2 Olg2r AL S, 5555
A iy158 ¢ bl (! 4. (Motta and Moran, 2020) s ,ls
L aomi 50 g 00l yesl 1) oo (Uigmg ySe (Slsl 3 c00g,
Loy S (oomb (Sghe Jole ;250 50 )) T (gl isls
5SS a2 el iglS Cows IS a x> S el o las
.(Mottaetal., 2018) 5,5 -y 511 Ugug ,Seo Aol sl
Jolse 730 oo 03g) SUigmg See )3 Comgtr IS 2
oS A e Camws ISL jles .0 05 0 )13 iz
aS J> o (Blotetal., 2019) ois G. apicola s Slsl 3
Sl Jlos an ) omed Sl 3 i 1581 6, K0 aalllae g LS
ol oglas ol (Motta et al., 2018) sl Lid Cowgas US

3- Colonization

®,
Jmc),.p)o}agfﬁlcu:_qj)iu.olcuubasyé C

aS(Zhao et al., 2020) wws oS Laond pwd golio 4

Hauner-) s Ol i 5lg 0 sl (Aol (65,51 g e 5
.(land, 1997, Van der Horst, 2003

a9 5 (51 355 3L ) 1 Cormwgts US 15 {

@5 b SILe ST ol Js o503

30 € (gdsoolgne 3l 65 5l ol y B s o go dS aiBS o
Slallas 51 5 5 . (Castafieda et al., 2009) 555 0 slde
QS o0 S0 ,25 |y Jns (6o 50y S USaS alosls o Lis
Almasri et al., 2020, Faita et al.,) o5 350 (5 pdn glde U
QS’LQK‘_“J‘LF' uﬁbwj.ﬂ.)l.lfdj;.\;‘ o.b)_ful_u g;’>).a ‘(2020
Sgdise e Brae ials a0 g Js lo,g)
550 g (Gonalons and Farina, 2018, Helmer et al., 2015)
6l g5 i B pae Cuws WS aS 00 S Lo ) Ladse
Blot et al., 2019, Herbert et al.,) o2 coi s | e
ol JeUs el 78w (2014, Thompson et al., 2014
csad Jealge ale cail aiils 09 g Lacglas ol (gl o
30 CamwsnlE 4 cowlus ¢ jled ey e «GCFs (o
b asly Salate Ol Sl ccnl 5 Sew alizrs gla IS

Jons 3955009y 6 g9 ySs0 2 Copmigits US 5 {

5 olalS o TGl Sids e 0 [, EPSPS gy US

Sllins 0525 2l 08, Jgn o5y o 5
ot y555 995 Sl Koo 5| o5 2 450505 oy 13
aS o (To LollS) cowgasUS ay wluws> EPSPS (gl)ls
Bl jadas 035 Sladign e 5l (B wmo e LA
039, -(Motta et al., 2018) Wg-is o ;g0 Cormgt US laiogs
3 el 658k 458 (i slilo @b 5 Je o
Lactobacillus spp. Firm-4, Lactobacillus Joli& ale>
spp. Firm-5 (phylum Firmicutes), Bifidobacterium spp.
(phylum Actinobacteria), Snodgrassella alvi, Gilliamella

U 9,50 . (Kwong and Moran, 2016) oL . apicola
L) oSeabonss conjgpan i ails oo Jous 5535 009,

1- EPSP Synthase (3-phosphoshikimate 1-carboxyvinyltransferase)
2- Shikimate
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.(et al., 2017, Schwarz et al., 2016

O (S o 9 (2105 w2 Corwigits US 31
Juus 59y (Slmnss]

Gy SzsS py Dli plw dn S Jos Lo 555
Beren-) asiws 1850w b o yo sla s 5 a8l 9ol yls
3952 e 52,955 Jl> o] L. (baum and Johnson, 2015
ol ) Le el 5l alojem Ly b o 6015 (gl yomnns
P450 monoox- pg ,Seiw Jolis a5 5l o aiile c i o
/ JonS 93,5 5 (GSTs) 3l ,0usl 5 556 ol5  (ygenase) P450
.(Claudianos et al., 2006) %55 o (CCEs) bl il o dsS
Sglie oaiSpelas slagj e (sl sl lag) olo sl
el (20U (o s Ly by Lol
(Y J9u2r) S (o0 il Crmmgts WS il C5 (Koo

Ty ,.Qufuhf_ﬂc&)&n))(Lu.u:),{j)'oié)f)béub{ilizul)m’@)bj

SimlosT g0 s oolawls e oS sl SikeTaSslo g, o
Bar d,9 |, G apicola aliss sladasLis g 0isg glaie
oyl 4 Cowlus a5l (Blotetal., 2019) assls 1,8
A S8 N, ceranae law g Cogae yin38l gl o Cawga US
asols 5,135 6,50 axdllas caS J> 5. (Blotetal., 2019)
Serratia mars- law g Cogae as Cawlas Cowety IS Los
5 «&3lg o .(Motta etal., 2018) sy o i3l escens
Jolse T35 Lo Jolge & e 593 Sl p CmsirlS
393 Sl 5135 Lo sLois 2SL s lrassS asle (gaoeie
Blot) 3,15 (Kws (@S5 9 (ol (Sloptonsns 0 (5950
oS OlySll B Cawgay US LS sk (et al., 2019
3,00 @l g g5 U > pe 99 50 )0 e 5235099 sLag Se
5. alvioimgas s SlopasdlS)l o 5l (5 20 s Lie
39 4o i g 8m3 oo Ginl8l]) Lo il o Sl
Raymann et al., 2018, Raymann) -5 o0 035, slacg,Sos

s (519435 )3 Copmigh Y o ol 4 Gy 53 > glagy3 Y Jga

s N
&5 edlgls S Slos S b 5 (SH) A > o
. . CYP6AS2, CYP6AS4, CYP9Q3, Vazquez et al., 2018))
Detoxification :
CYP450s enzvme action CYP6AS3, CYP9Q2, CYP6BDI, b,y (Magcri et al., 2021)
Y CYP15A1, CYP9E2, CYP6A14 ((Tomé et al., 2020
Glycosylation with
Glucuronosyltransferase |y 4 b obic small UGTI-3 Y (Véizquez et al., 2020
family 1 9
molecules
Esterase Detoxification EST v (Vézquez et al., 2020
enzyme b2
Solute carrier famil contribute in solute SLC1 (Vazquez et al., 2020
Y transport 9,Y q ”
Key enzyme for
Proclotting enzyme melanization PPOact 9,Y (Gregorc et al., 2012
reaction
Hexamerin amino acid storage hex 70a (Gregorc et al., 2012
and exploitation 9,Y g "
. . . Apidaecin, abaecin, defensin, hyme- ) Zhao et al., 2020)
Antimicrobial peptides Immune defense noptaccin &by (Vazquez et al,, 2018
. . Defense and
Cuticular proteins . CPR3, CPR14, CPR19 &b Zhao et al., 2020
protection ?
Heat shock protei Maintain cell Hsp83, Hsp90, DnaJC17 : (Zhao et al., 2020
eat shock protein homeogtasis sp83, Hsp90, &b oectal,
L . Development of the ]
Odourant-binding protein olfactory syétem OBP3, OBP9, OBP15 &b (Zhao et al., 2020
cAMP-dependent protein Activate the )
kinase associated substrate PKAcl, PKArl R (Zhao et al., 2020
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Olge 4 mac ;8 5, Sles 5 (Toutant et al., 1988) s,ls
Lo wle mlean] )8 )0 ppe casocwlle JeSge SO
Kang) sls SlawSl o6l slaassl b g wyiwl slaguwl
ol oldlas 51 = (et al., 2011: Kim et al., 2019
3!l d o il e led 015 o G gy USaS aslools
4o .(Boily et al,, 2013, Zhu et al., 2017) s2o ialS|,
Wlgl oo Comgiy US aS alosls lis ;o S pasS I
oplcde  (Almasri etal., 2020) acas ol 3811 v 5l e led
olis glasdlas |5 caily Lad g4 conl (1 Sow Lacsglas
25795 = Qe 51 i (Bl o o pslSTacel as sl
Cowsts IS (Decourtye et al., 2003) o,145 )_,.,b e
BA a5555 5 93955, 15 e 52 2015 0 (rinon
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Abstract

Honey bees play an important role in pollination and have a positive effect on improving crop yield and
increasing the genetic diversity of plants, and as a result, they bring tremendous economic benefits to humans.
However, honey bee survival is affected by a number of biotic and abiotic stresses, including the effects of
fungi, bacteria, viruses, parasites, and especially agrochemicals. Glyphosate, a broad-spectrum herbicide
mainly used to control weeds in agriculture, has lethal effects on honey bees. In the natural environment,
honeybees can be exposed to glyphosate and its formulations in various ways, either causing individual
death or being transferred into the hive to affect the health of the entire colony. Also, lethal concentrations
of glyphosate can have various adverse effects on the growth and development of bees, social behavior,
immune defense, etc.
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