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| ssues and prospects of mason bee pollination application
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Abstract Mason bees (Osmia spp.) have been used to pollinate some crops worldwide but information on the factors affecting
their efficiency remains limited. This paper reviews some commonly encountered problems when using mason bees as pollinators
and provide suggestions for using mason bees as pollinators in different agricultural landscapes. A variety of factors can affect
the performance of mason bees as pollinators and the recovery of bee cocoons, including plants flowering at the same time as
the target crop, local pollinator communities, predators, parasitoids and pathogens. The potential impact of introducing mason
bees into local agroecosystems should be evaluated before they are introduced. Introduced mason bees may compete with
native wild bee species for habitats, nesting materials and food resources, and may also pollinate invasive plants. The following
points should be considered before using mason bees as pollinators: 1. Is the agricultural landscape suitable for mason bees? 2.
What are the potential adverse impacts of mason bees on local ecosystems? 3. What is the likely contribution of mason bees to
crop yield? 4. How would pollination by mason bees compare to that by honey bees? Overall, we encourage careful assessment
of these points to ensure that mason bees are only deployed as pollinators in the appropriate ecological conditions.

Key words mason bee; crop pollination; cage experiment; agricultural landscape; honeybee pollination
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R B A EE A (Aizen etal., 2009 ), h
R AZ A R B, HEER AN TSk
e, BFEERIED R TAEL IR &, fHER
FE W% (Stein et al., 2017 ), AE#% ( Eeraerts et al.,
2020; Zhang et al., 2022b) FlEERE (Boyle and
Pitts-Singer, 2019 ),

BEIE Osmia spp.J& T # 1% S F} Apoidea YJ:
¥ #} Megachilidae, PRI + 55 b BHE S 4%
BRARAEREE Y Can=s DR O 54 ) AL
M4, BASREAMENE. HErRE Y s
it 300 F, ARZTEAL R 55 T RE [ E HEAEM .
H A B R TF oo By A BE M A TS, IRk
TR B f A BE € Osmia cornifrons
Radoszkowski, 1887, J%& Ji& Bl A S 1 b 1
B B AL, DU P s R FRAE Y 2R A 2
(Jauker et al., 2012), EEREHOHITFZ RG]
AT EAREY, Hin Osmia lignaria #ll
Osmia rufa ( Jauker et al., 2012; Sedivy and
Dorn, 2014; Ahrenfeldt et al., 2019 ), "[E
8 2 iy BE g £ A5 LREIE Osmia pedicornis
Cockerell, 1919, H:EE#E ( Osmia taurus Smith,
1873 . [VJEEEI% Osmia excavata Alfken, 1903
“LBEE Osmia jacoti Cockerell, 1929 Filff & B i
G (A4, 1994; BeA%, 2002; XIAHAE,
2019), AILARESEAR . B (BA5E, 2002),
KR (BRIEAE, 2021 ), Bk ( DhikIg 4%, 2012)
FERERE (ZRIR3ESE, 2018 ) /K F ) F= a2 AL
JoT o A PR H WA S RE NG A, 0 o 35 BOPT - [T
TEARME [ iX'E 584 (Bosch and Kemp, 2002 ),
W S NS IE S, ETE DR B AE R FAE B A 4
PEY, 5IERSERAEY R . TEREES) ik
WiE, A PRF RN (), MEAAIFTERARL
ASEM, IWse sl —MEH . 258, BEgeE
T RN Bk AR, ARG A A B
J7 1), W A TR TISCR AL L S SRS MR & (A
M A I3 ) (Bosch and Kemp, 2002 ),

R W O 2 VR M D AR A # B IR A A i
S ik v FH( Bosch and Kemp, 2002 ; Ahrenfeldt
et al., 2019), fHZXS T BEdE N H]H) A 75 LA
ROt I HH b DX A 255 0 i AN B o A DAk R e
FFELO A T A N, AR SO AT A T T

TPV RPTAR, B e o FH AR R 25« 1) Bk 5ol
YN BEWEFZ R I A B 2 ) BERENT 2 ik
WAES ARG (AL R SO REE ) IETE
S 3) BEWEBIAN(E; 4) BEME SR RN
SR HE

1 BRI AN B2 R R RS
WEME

ARl STV i B e P2 A BB o A (i BE e
BB AR AT LGB i i A O A i g =RE
e O R TIE8 AR A'F 00 7 i - B e e A -
HE b SUAT i b AR - B e LA AR - B 0 e
o ST DA L% = AL i R A - B 0 SR A A4 1
A G I S8 AN SR SR ) Al sl T LAsE
AL W A B e 10 17105 AN A6 AT S L B e
(e WA A R M B 0 7 ) S AR L o

ks Bt A Ry CR il REAZ B4 S AP Y
ZRINZRM (K 1), BIRETXFBERE YRS AN
Z, (AR AN R A (UnEie SRRk ) i
WFFE g An g A7 200 P BE SR AR SR S . b 37
WA A RESC M B RO R A5 . 1) 7EFU
AT RV E RIS T AE R BB IR 5 2) i f%
FrEEUEE; 3) T ABERE SRS A AR MR R
MIRHEAE s 4) AR HI AR A M o

x1 FIWEERHERENRILSEWNER
Tablel Factorsof agricultural landscapes affecting
the pollination perfor mance by mason bee

=l " \
;{q%ﬁ-\twﬁﬂ?hlﬁ A S22 3k
actors 1n the Effect References

agricultural landscape

E R IRAEY) +
Nectar and pollen plants

K (g & /704 )

Natural enemy
(predator and parasite)

L B U v *
Native pollinator community

R

Pesticide application

Boyle etal., 2020

Saunders et al., 2016

Brittain et al., 2013

Feltham et al., 2014

+H0 - Zr MR IEE S ( Positive impact ) 197 [T I

( Negative impact ),
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1.1 EBREED

M HEY A T AR, FE2 B AN S Hy
(RHE, HEA, T AR ) WA ER I
WAL FAEW  (Rodriguez et al., 2021 ), XL
SN TTAERE ) 23R BE s 7 A RS I, A2 pAE A
A1) ) DT B8 o B e 1) 2 1) RS i ( Boyle
and Pitts-Singer, 2019 ). 7o & # K EAEY) (1
55 5 S0 L 5 3 7 1 B AR AR RN R Y B AR
TEAEREY) ) n] AR # i s s e itny, A 8h
TAE HAREY) TT AL A 45 oI5 0K B 22 1) B e e
AR B A TR B J5 A& ( Radmacher
and Strohm, 2010 ), >k F P A A6 (1) 46K FAE 2
WHGIN T BV ZREE, IR S 2 25
( Centrellaetal., 2020; Luetal., 2021), St
[ s [T B 22 g e o (R AR) AT AR AR A R iz ]
BEWE R RUA . SR, e AR vl fig i i
I HBRAEY 0T e RE e i 51 7, DA S0 AT
Xt AR EI R EAR3R (Lundinetal., 2017 ),
oK A HE SRR B DU AT BB R BCH AR ED
W55 2E (Herbertsson et al., 2017), HEZEn]
REFEAR HAREY - 5. Ik, 7E0H I REE R R 2
Hil, 20N S R B ARARA R AE X0 BE e (10 5|
FJIm R T e L) B A48 ( A) D) s e e By A6 A0 H
PREDIR DRI ), A0, BE S HTRCR AT BE
A

12 HibfeHEREE

TERES I AL ST, BEERE 5 4 H 5o
P& R G R EL AL ( Pe s | R R e e G )
LAF o PR A A 2z o) /94T S AH B FE AT L ek
NIRRT RE , b2k B U 7% 2 i AT g
SN BERERZ R X AR VER ) DTHR ( Greenleaf and
Kremen, 2006 ). [t {8y B B 2 REpE R 35
AT DL3E 35 A [R5 b B SR 22 1] R A P
[l AR 1B IR %5 ( Brittain et al., 2013),
{H 2 [RIRF 5 1A B BE B8 AR A% 49 2 2 18] o] BB AT
TEEY SR FIRA 525 (Maclvor and Packer,
2015 ), S FE Gk B e R B Y 5T
Pkt , FEE S ACAE Y A R A, X ] REiE—
Ao h R ML R BN R o BRI, FEIX SR K

SUSE A B A UL P P BE S B2 03 W] REAS W] HF
ZEny, T BRI A BE S X T A AR
AP R, BRAFI BB 1 BESE ] R — A
INETE A P, T BESER Y Z R,
T AR AT AT A 2 A K Y 3t BORT % <6
PRAE, LR Bl e KUK 3 22 fe 1K

13 X¥ (HRE. MFEEMRERE)

R M FWHN, d T E#E (Groulx and
Forrest, 2018 ) FIHL A5 Az 18 (Y A7 X BE w1 1l 1
ERE (1RMZE, 1994), ML, BEERY
A0 AU FERE /N Leucospis spp.. KB
/I Monodontomerus spp. Fil 75 1€ Chrysis spp.
(Bosch and Kemp, 2002 ), 7E&HZ, HL0ll 5
N Fb B R TS AR A PR B, S [R] FhSE i 452 4 B A
Qi AE s A R i, R DATE AR B A0 A ] B ]
[n) AH [ AE 25 ( Shimizu et al., 2014 ), Kk, 3k
H AN [0 0 AR DA ) 422 AH B2k, {2t 1
Yo ia)gs [ AR B 58 AL 4% (First etal., 2014 ),
FELO s, XS R, LA A S Ak
AR R W 11 B R ATy BRSO , AT A
FRM F A RO & B AT RE IR . PRI, 7R KRR
{5 FHRE R B2 05 2 HiF, o] DAFE R —4F s /D i i RE
M6 RS Y b A B A 2R RS AR R
K (B4 E, 7R L2 S P
(1, AT LAIE S 7 528 T 5 AR RS R B 1k 0
WA (Staabetal., 2018 ),

14 RHEGRE

AN B R oW s AR T, AT
— HREE T ALY, AR R R BR
FHFI MR (Main et al., 2020 ), BEWELE R
B, SEfsEEAK . g (FEmATLE )
242y (Hladik et al., 2016; Heard et al.,
2017 ). PEHRGE, AR 2543 EERAE AR JE i I
I HAR S AL (Fortuin etal., 2021 ), 4
WP DAL it FH R SR B TR AR VR Rl R 2, )
A6 BR A SR 4y B v R Ak 24 5% B RT e TR
BEWEA A& ( Sgolastra et al., 2018 ), FKF¢
WL U AR 25 B 55 0T DIt %, T BE 4 4 i
W AR T AERER ( Sgolastra et al., 2018 ),
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A, T RE Y B Y0 A BR ( Zurbuchen
etal., 2010), HEYEFERRLEFEETH
FR, Jf H AT W] e 88 T L S e ED
Jiti F A9 A% HUF) ( Centrella et al., 2020), [,
W W LY I T AN ) A2 B AR 25 19405 F  (Kopit and
Pitts-Singer, 2018 ), NI, HEIAEREMEIITIR
¥ TAERT D SR i AR 2. MR PS , A
WhEEHE T P e A Z 1, PEAG — T A B 50U
A 20 FH R 538 A BRI, SRR SOU P Y
PP R R AR, DR Ky R I LA S AL A2 o
ik e PR IR IAC P 4506 T S AR

2 MEMERREPHEERER
MEY B ENEER M

WHE R, E— B RGBT
A RE ST MRS RS, SRR e A M AL B A
FEYIREVE 3 U R (Russo, 2016 ), 55
B FNREWE A LL , 5 ABEREARIR X M S R
v P (Russo, 2016 ), 5 ARYBER: ((23%
AN SIA ) 5 Y ML B e SE gt
VR, R NAR BN DL B A3 25 e e G T
DX 24 M A= 25 &R Ge 7= A T 52 (Russo,
2016 ). B, WIRTHTIA, SMARAENE AL
W& Z MRS &Y (AEERER ) 7. =K
e Apis mellifera FIEHAtb i i Py Fhofl T LA
SRR FHZ P AR TR ( Serensen et al.,
2020 ), MR BT R 0 RE S FBURIS T 1EAE
YU ET A AL R 2 1 WD TEFE , NI S BUL R 5 2k
YRR o R, 5 R A R A BT 4 2
AP 23 BT PR A T, TR S A
Hi A I SE A SRR, PR, TR ABERE RN
AR - i J 0 T B[R] oA — 26 25 AR 6 1 25 3 ( Bosch,
1992), Kk, 5[kRE e A rp () 480 25 A e T B
Xof AN 214 1 B A AR W R R o B S TR R,
AN, BIABIZ IR 8] LU SN R AR 20 Ik
%, W TS5 & MP HL (Gibbs and Sheffield,
2009; Maclvor et al., 2014), HAi, EEMANITF
WA T IPAG 5| ABE #e3i B i 7 (A48 A
B A1 LA P 3 M ] P — B e g 5 | A A
HBIX ), BRVAT, I8 100 4K ) i A T L A2 R A

% 8 B BE W 5| Rl AE 1 T TR IR, AE 5] ABE
W, R N E G| A M ) 7 B AR S
FEL, o 7 0 40 e e ) i s I ) 21 2 A
B v L AR A RE T VR SR A% Ry BE 0 1 TR A A o
YRR Z (12, 1994), fildn, —FhhE4
(R RERE | VR REEHE Osmia excavata O 2% 12
TR BBk RS 8 (Weietal., 2002 ),
Al i DX SR A ] DL A A ] R 2 LA
CHEH RT3, Prraie), kksiA+
P, 1 B e HARVER R S, B R0,

3 EHhERM

R B T LIS InVEY) - /7 Ae R n 2 b
FREE? X USR] BRI AR T E OO Y A A E
TAEFOW T G A B A Z A, fr A UEY) 2
E B i U7y N LR B: LB 27 i L e e W2 |
DISRAE IR A I 52053 M 55 o AR 50U g B 2B 42 0y
B AT LA AR R L IR %5 (Zou et al.,
2017 ), BRI, &k B EA AR EHHGE,
JEATRESZ B HAB LS | 06 B 4T A S B AR Y
52 ( Ne'eman et al., 2010; Jauker et al., 2012 ).
KL, ARV = B 2 A T a2 p B A
A, IEABEPRIE RS 483 i 55 ( Holland et al.,
2020 ), TEHENEYTR LB 25, K
T BEPPAk BE 88 XA E W B 7 1 TR o

VEAG A4 B ORI A 77 1 T ik %) S5 6 3222
AP A4 E R B8 S50l 4852 55 ( Pollinator
exclusion experiment ) FILELAE HCE X L SLS, B
Fh 7 480 s R o5 B8 8 S IR A FH e e 4%
Xt EVRER AT R A, i E H T HARE
Yrey ek ok ( Herrmann et al., 2019 ), EE5E5C
B9 AT LAHS B R AT B 4 Ml 1 i 4R e B e 4 A G A
PRI 328 Tk (Jauker et al., 2012; Garratt
etal., 2014 ), IbAh, HFHFERE HAED N i
TR0 B i B, B8 SC 0 AT 2R R A A

(Jauker et al., 2012), K10, B8 CHlH 40
DR B ) AR R 3R I, AN ATkt O M 235 e VR4
H: £ (Jauker and Wolters, 2008 ), Britb=z b, =
I8 1) AR 235 4 T A e 2 B8 8 N AR I AR B ( PR 5 Tk
FEFMREE ), AL E R ErT A, M)
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REE R 124 B X HAREY) 09 32 5THk ( Ouvrard
and Jacquemart, 2019 ),

I3 — 7N & AR B ARVEY) 55 Tl RE i
B, R 5ARCE ZENEY T, 1
FREREXTRAEDI A 7 ) L DTik (Ryder et al.,
2020 )., 8 3o TR S R e CRIRH DG 18Tt 1) 2
SR AT AN B 5 TSORE 0 ) AR I RS o 350X R R T
HFGE BRI B+ SYEER . E—2Ebt5e T,
B CE R 0 e L 28 P R T B 0 1Y) BT ik

(Artzetal., 2013; Pitts-Singer etal., 2018 ), It
Dy R B A A A 25 AH DG 0 Hb A S5
T R REIE B A TG Rk 2k . RILL, BRT
SRS 2 A, FRATTEEE LA ] R R e S
B HIE ™ AN E A R S S, LA
B M PEA AE — 1 DX FH BE S 20 A S B

B T IPAl BEREE STBRAY T vE 2 Ah, R LA
o HA ) 25 AH OG5 AT BB 23 L3 OG O i R e AR AR
T FE ) A ( Zhang et al., 2022a), PIFER—
SERIFGRRDT T BE SR 1 S am O B (i,
e BN T R (1% B P B A AR /R 5
£ ) ( Vicens and Bosch, 2000; Ladurner et al.,
2004 ). FIRE 2k BUBERE () HE 5 A TR A

EAESE (Jauker et al., 2012), {HA Rt A]fEsH
LB A HAEY I 8% B Dk Bl &2 DISE
BB A, AT R4S 355-500 H/hm?® MM %5
BE1 Osmia cornuta  ( Vicens and Bosch, 2000 )
TR RS 2Ry . SR, REBWFFARLE
TESRIE ( Pitts-Singer et al., 2018; Ryder et al.,
2020 ), WMIXFRHIEY, HAnmse, &g
B AN

4 EBHERMEEESZHIILER

FEST T T RE B 2 053 78 ARl S5 0 v 1 J AR 55
%), B A LR 5% % (Apis mellifera il
A. cerana) B2y, Wl AE HAREYI I B
HEWIEH ( Goodrich and Goodhue, 2020),
T EAs o R T8 W A 2 My I P P i 25 S N 3% 2
fiiR. —SeE M C & A B, BEMAERM A 3K
:( Effectiveness )FIZCE J7 I FI 0 F 2 1 ( Jauker
etal., 2012; Garrattetal., 2014; Eeraerts et al.,
2020 ), 7EEIN, C¥EE (GEHEEEME
KA ) B2k 5 BEME R IEA T HLAE, Ay 2 Fof
& B AR AL 0y 32 B IR 1Y) 25 57 2 h T W R BE

R2 BENMERGTEMEATHES

Table2 Differences between mason bees and honey beesin pollination applications

%S HIF Differences BARFE ¥ Apis mellifera

BEBE Osmia spp.

AT W —E O RN T B 520 BRI R, AT I S A e i ( ERNiE, 2019)
Feasibility B S

SR T DA — AP A A FERYRT AT OB T4 B9 th BRI ), o A
Pollination period +¥Fh Osmia excavata #:4F H 24—k

A= e JLSCPEYIRAERY s AR SR i T

By-product JE 7= i

CIESE 43 ISR B, s a] T 4R WRER RO E AL, R A T R
Sustainability

BRHE 4229 1000 m BT, H ISR 7% 1 ( Zurbuchen et al., 2010)
Pollination scale

RGP &g ik

Resistance to pesticide

ZHEAN = A REHEARM

Sting or not

Hh BBk i TR AR H 81K T UG LU AR P R R L e LA T A R 4R

Foraging temperature

KyEBE (Ahrenfeldtetal., 2019), nffE7E AR} [H]
B RCR A
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e HAT AN [R) 9 25 K8 D e A B8 B AR i (4 5 A
Hiff, 2009; BRUESE, 2021 ), %575 00 4 i i
Je IR e TR AR AE R , I AR TR ALK
( Thakur and Nanda, 2020 ), iX 2 F7 % 1K
R IRMEVTIE R T —2e 4k b, FEBRRCRIK.
W PR RE e A ARk R, BILE R R, R
“scopa” (Portman et al., 2019 ), Ef1{E{Ea L
JEAT S TS A A Ay o B SCE 21 %) A6y T A4 f
FfER BTG, AT E 20 ek, A
I, ENTH R IR E I BA H AR R, e
W H VLB ( Zurbuchen et al., 2010), fF
VAR T AR A8 VR 9 oA T e B R 2 KA T IR o
(B MR AR LR LA, R4 % Apis mellifera
1 Apis cerana A% 12 (145 Tl = i, BLAGIE%E |
AeH . Wl DL s TRR T 2 4h, BElEA
RE AR RO HR ALK SE I 7 5 DA e A o

5 4ig

AR SO BE BBy T S At T — 02 Al
R o AR S5OUL AT LA Bl ) 55 BE B Y B2 45 1
o FEAFAOL SN, Ak BARIT e . 2t
ety R e . RE (TR, &%) LIk
2T R TS 2 5 W R 0 2 R 258 P R B e e S (]
Weo DT B BESE A MR R BRI A R, Fk
TR TSN RN AR AR LU TR 2
IR, VEAGIAYIR, FEATIE T PG 5 HORE S X
A A R GERIIEAL R o [N 51 A B BERE ] fiE
S 3o 5 A L IR B W X AR AL B R
e HE ORI RSN, [ I o B2 b B AR A Y
TE S A S RGP Y B ER P EA L BA
ZRITEAE Y BB BE SN ft, 8 N7 FF B S 52 493 A
ROEIA LR BRitbzob, PPAGRERE 1508
RONA I TL 5 BE S AL o TEPPAb IS, s
B, Ik fn A b w5 5 U RE
YN S B I 25 5, SRR I 2 AR O T 1
R E . RIREE SRR C 7R A BRIE Nl
L A AR et RS AT
AIPEREAT AR AT R o DR, AR 22207 (i T i
WFFE LA EAG BE 52457, T B e bt 1 i BE e
BB IX A, LI R4
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