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Abstract [Objectives] To quantify the flower visiting behavior and pollination of white clover, Trifolium repens, by the
dominant native bee species in China (4pis cerana cerana). [Methods] Visits by A. cerana cerana to white clover flowers

were observed and recorded in May 2021 and the relationship between visits and flower density, seed number and pod number
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was analyzed. [Results] Flower visiting behavior and pollination differed at different times of the day. The retention time of
a single flower and the transfer time between flowers was highest between 10:00 and 12:00 at the beginning of flowering and
between 13:00 and 15:00 at the end of flowering, but the reverse was true during the full flowering period. The amount of
pollen and honey collected, and flower visiting rates per inflorescence, were highest from 16:00 to 18:00 in the initial
flowering stage, and from 13:00 to 15:00 in the full and the final flowering stages. The transfer time between flowers, the
amount of time spent collecting pollen and honey and the visiting rate, were highest in the full flowering stage, whereas the
retention time of a single flower and visiting time between inflorescences were shortest in the full flowering stage; there were
significant differences between the full and the final flowering stages (P<0.05). There was no significant negative correlation
between flower visiting rate and single flower stagnation time (P>0.05), nor was there a significant positive correlation with
inflorescence visiting time (P>0.05), but there was a very significant positive correlation between inflorescence pollination and
honey collection time (P<0.01). Flower density, seed number and pod number were highest during the full flowering stage;
(286.67+8.11)ind., (4.65+0.20)grain and (66.70+3.93)ind., respectively, and lowest without pollination; (273.33+5.81)ind.,
(4.21£0.10)grain and (38.00+2.93)ind., respectively. [Conclusion] Most visits by 4. cerana cerana to white clover flowers

occurred during the full flowering stage. The flower density, number of inflorescences per flower, pod number and seed
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number, were all increased by complete pollination during the full flowering stage.

Key words Chinese bee; pollination; flower visiting behavior; totrifolium repens; yield-related factors

H =M Trifolium repens Z=—Fi K A9 SR}
WL, HAE PRGBS ER, RRERKIS,
HAR RS [ R w A B By [ A DI 6E , 7E4A)
F g4k oK R A5 T 2 i v
3, 20215 BHERSE, 2022). KEE EAOLK
JEFE SRR BRI, = 7R Al
VIS ARSI A T TR AZ BTz 6,
HFh T FHR =B 4ER N ( Rasmussen ef al., 2010;
2t , 2021), HAT, FEG@ESMAEE R (B
B B L HIE )R3G i 1 = ¥ 5 ( Antonin
etal., 2021; Katharina et al., 2021), L2
Yok, (RO A B, HAFAEAE = A
FERT | AR AR RE S A IR, ANRE HATH%
By e S ] = R e ) E R RO AR
R XU g e A2 3 R R B L v ) 7 £ 0 B
i (Goodman FIJE| HE5, 1997 ),

Waeit, i AL rp E RO S By B
R R R R, 2010 4R R IR = AR i 4
GO ELS P RO S ERY 19.2%, Titit 2020
AR E Al B AR R 7 AR W R B R R O 2
JIfC N ( Shibonage et al., 2021) . FE4BR
TN, B A B ARSI T 5o 2 N
Mo Ui bR —R50178 (AnifEEiR |
PIWB AR S i AERT R4 ) sEmaiE A L e
it R RR SR LB, 20015 #6ED 45, 20205
Gagic et al., 2021 ), W57 3R B B0 X IR 5]

S PRI EY SRR i L BT B R
YEH (Perrot et al, 2018 ), FREEEE (2017 ) FIH
Vi % ¥ Apis mellifera Linnaeus £l Hfi A&
Bombus terrestris NEACE TG R BEE TH
1 77 B o (R AN I A s S 1 755 DT e Sy
=M, A =R T 39 g/m’
( Goodman F1J&E HE;, 1997; Goodwin et al., 2011 ;
Richards, 2016 ), "1E% ¥ Apis cerana cerana
Fabricius &3 EIA - R 1 S#FHE, JL T4k
IR E R AL T A0 Y R s R 3R
AR & e T E S TR (ZFERMEA,
2021 ). AT, AR Aeg it H = p skt
gei (SRR, 1987), FEANRIAEM MM 1T
R LA B 7 g A AR ) 5 i) B R f DL
I, Ry — ARG P AR e B DT AR T R RN =
AR BCR , TE A RIAE A Rl A 25 T
HR AR WE B U AR AT R AN = 7 R S
RIS, K5 TR A -2k B R B I I+
5 H PN =2 7 4 AR S A
WA

1 #RE5H*
1.1 HRERHEIR

SN A Bl B R L R A T
H (N 25°04'-25°31", E 107°41'-107°55"), J&+h



+ 1318 -

R HEE 2R Chinese Journal of Applied Entomology 59 4%

R BRI E S B2 —, Mk SN Ferg i, 5
JUPRHL F R XA, HAh S R, SEE IR
B IX 5 Y 300-500 mo FAITEFHR 500 m,
R R 1 465 m, P34k 850-1 100 m Z
151 =8 R 2 = P i W o U =5 M S RS
o€ BIlE, AR 15 °C, thmi
FAUR 355 °C, BORERARIERE T 4.0 °C, 4F
MR EN 1429.9 mm, JoFRH 297 d.

12 Rt

TE 5t A8 0 b F AR ) sty ok Ly 5 b 1 B
ORI, BEE VNS [ =S RO SET
F 2020 4F 11 HHEF, WAEALIAR A 13756 1
H AR W AT R G . IS e
¥, Biafeizas (f@iFx CP). #IEM&Ry (&
FRIFP )., BEACIIEZRY (WK FFP ). RAEWIE R
(PR FWPP ) FIAEEH (&FR NP ) 5 MAbFE,
K HIBEALIX ZHHEF RS /N X, B BT 3 K
B, 5 P LIS R (HAR A 60
H ey A ) #EfrRm s, X A7E 5
AR (10: 00-18: 00) HEFT (fa]i7FF
X4, 2004 ),

13 HRITAHMUZE

131 HpFERE (#EFR SFRT) &KX
10:00-12:00, 13:00-15:00 F1 16:00-18:00 %4>
A P () rh A e A T B B WL, R AR
5Bt 2R 10 S) AR B T AE IR TE — R 4K L Y T
BRI, RSB B RS 1 h il sk —k, 3l
SE3W, HwIcE 3k, ok, BUIYME.
132 HEEEIFHEBRE ( &R NFVCB)
A3 9F 10:00-12:00, 13:00-15:00 F1 16:00-18:00
Xof A A B v ) v A S e AT U AR R 1 1 R
W, FAHAPR ST 28 5% 1 min P HARE T
AE I 7R rh AR — 2= 4B 7 i — o INMEFE R 31 55
— o/ IMERTEE LR, IR Beh AR 1 hoid
SE—UK, Hdsg 33k, Badsk 3 3k, 93k,
A

133 TEFXMFEXRE (BFR NPNCI) 4%
$F 10:00-12:00, 13:00-15:00 Fl 16:00-18:00
3 B B A AP R SIS 20 5% 1 min Py H4E

FNETEACIT L U7 A S 3R A AL R SR By
MIREL, REASETE B AR 1 hids—k, il
SE3W, HacE 33k, Lo sk, HUNME.
134 F#HEZE (EHK VR) 28T 10:00-
12:00., 13:00-15:00 F1 16:00-18:00 3 >k a] B A
FARPR 5B 2810 5% 1 min N AR 88 W7 1) (9 4
S, EAERIBEP AR | h gk, ek
3, Hacs 33k, ok, BUYE;

135 ERFHEIEE (&R VT ) 45T
10:00-12:00, 13:00-15 F1 16:00-18:00 3 /~Hsf ] Bt
FIHS R Sitatasid st P AR i fF — e b
ViAEIT T ds ZE R A, B ] B 3R 1 hoid
S, Ml 3k, Badsk 3 3k, 293k,
HUA

14 BZ=MHEXEFRNE

141 F=HZE RHBEIEL 1 mx 1 m AR
T 53 % 5 AN AL 4G T B (5 C IR AE T
¥ PTG, AEAARER 3 ANEE, B,
1.4.2 TEFTEFE a5 AR AR
P L AR B TRENLIRE ST, R b3 3 A4
BE, BAELEBEILGIT 10 e, BUS(HE.
143 BEZERH 0SS HE M, 4
B 5 AN BFRERANIE Y TSI T ST,
PR 3 ANER , BAEE LS 10 S EF,
HUME,

144 FFE 7ERI4S RS 02U, &40 5
Xf 5 AN b B b — SN R R E T R T T
A 3 ANEE, BANEEREIST 50 43
5, BEE.

2 ZHRESH

21 REEEX B ZMHEHERTAMBIENEE

211 HEFENA=MMIFERITA PEE
WerE 3 ANIHEIBE (10:00-12:00, 13:00-15:00 F1
16:00-18:00 ) PN 4 BAAE T B3 sk i) (I 1

A) 7E 10:00-18:00 [FEZ I [R] AUHERS 128,

fH 3 AN R] B N B B A T B I TR) 25 S A8 3
(P>0.05); TERSACII BT B AE v A P[], 76 1 d
Bifi o B (B A HERS B AE K, HLAE 10: 00-12:00 1Y



6 1] PR EAE: rpAR s T 1 = B D5 AEAT BB ORI ST

+ 1319 -

#]4E3] Initial flowering stage

_ A3 0c BXAEH Full flowering stage
Z Y| m KA Final flowering stage
Q
E 25p , 2 a @
Z8 i b
:%: g 2.0 l a a
é‘% g 151 a ab I
i 8
”ﬁ g 1.0
’E‘}' =]
2 05
&
a0 ' :
10:00-12:00  13:00-15:00 16:00-18:00
Fs} ] 8] B Time interval
¥AEH Initial flowering stage
B ® J&AEH Full flowering stage

301 ®m RALHA Final flowering stage

25 ¢ ?
I . .
a a a b
20} - :
a
15}
10l
5L
0 . .

10:00-12:00  13:00-15:00 16:00-18:00
I [E] /8] F& Time interval

of Chiese bee (times/min)

Number of visits and transfers

PRI AR OB (YK/min )

#]4£ 4 Initial flowering stage
m AL Full flowering stage
_ m K AEH Final flowering stage
a

" b

- oa a a b

L I a ?

L I a

10:00-12:00  13:00-15:00 16:00-18:00
A 1E] (8] B Time interval

of inflorescence (times/min) a

— = = N
OSNNPAANOCON AN O

AEFF R N2 EL (Y/min )

Number of pollen and nectar collection

B1 rhegEna=rmiaEiTATN
Fig. 1 Thedynamic changes of Chinese honeybee's
visiting behavior on white clover
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lowercase letters indicate significant differences at
0.05 level by F-test. The same as Fig. 2.
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Fig. 2 Thedynamic changes of Chinese honeybee'svisiting rate on white clover
A. VifE#E; B. fEFFVilIATE . A. Flower visiting rate; B. Inflorescence visit time.
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Tablel Comparison of Chinese honeybee's visiting behavior of white clover in different flowering periods

BEVIEAT

A (8] B¢ Time period

£ Flowering period

BXAEW] Full flowering
FRAEH Flower withering

0.079+0.023a
0.230+0.026a

0.175+0.034a
0.091+0.005a

Bee visiting behavior 10:00-12:00 13:00-15:00 16:00-18:00
SFRT W) 4EY] Initial flowering 1.860+0.420ab 1.800+0.480a 1.560+0.180a
JEAE] Full flowering 1.140+0.180b 1.320+0.060a 1.740+0.240a
A4 Flower withering 2.220+0.180a 2.040+0.360a 1.080+0.600a
NFVCB W) 4E4Y] Initial flowering 21.111+1.444ab 20.556+0.868b 20.445+0.588a
JEAE] Full flowering 24.667+0.192a 23.889+0.909a 20.778+7.219a
A AW Flower withering 20.556+1.176b 21.444+0.618ab 14.333+0.619a
NPNCI WIFEW] Initial flowering 14.444+0.801a 12.778+0.676b 13.444+4.893a
JEAE] Full flowering 15.667+0.577a 17.778+0.729a 14.222+0.333a
A AW Flower withering 13.778+1.392a 14.556+0.401b 9.778+0.509a
VR WIAEH Initial flowering 17.667+2.072a 16.889+0.401b 17.667+0.016a
JEAE] Full flowering 20.000+0.694a 21.111+0.778a 17.667+0.024a
A AW Flower withering 15.444+3.228a 17.333+0.509b 12.111£0.079a
IVT W) 4E4Y] Initial flowering 0.178+0.070a 0.231+0.074a 0.129+0.016a

0.089+0.024a
0.115+0.079a

R PR e, RISV R b MR N E P RROR 2R A RE (P>0.05, F-test 0% ), [RIZIEEEEISA
AR/ NG FREFIR 25 5 3 (P<0.05, F-test Kl ), & 3 [,

SFRT: FR{EHH F ] ; NFVCB: ARSI AL RS R NPNCL: B R FIE KA VR UifEER; IVT: 46
527 L0 T S T

Date are mean+SD, and followed by the same lowercase letters indicate no significant differences at 0.05 level by F-test,
while followed by the uppercase letters indicate significant differences at 0.05 level by F-test. The same as table 3. SFRT:

Single flower residence time; NFVCBN: Nmber of visits and transfers of Chinese bee; NPNCI: Number of pollen and nectar
collection of inflorescence; VR: Flower visiting rate; [IVT: Inflorescence visit time. The same below.
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Table2 Correlation analysisof Chinese honeybee's
visiting behavior of white clover in different

flowering periods
SFRT NFVCB  NPNCI VR IVT

SFRT 1

NFVCB 0.6 1

NPNCI -0.421 0.558 1

VR -0.538 0.828"  0.866" 1

IVT 0.06  0.103 0.479 0.426 1

* RIRAE 0.05 985 (WU ) G ** KR TE 0.01
g (X2 ) AR .

* indicates significant correlation at the 0.05 level (two-tailed);
** indicates extremely significant correlation at the 0.01
level (two-tailed).
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YI7E 10:00-12:00 ( & 2: A), AIRERFIAEIIFIR
1610 A6 A PN AL 5 1 oy W s 38/ (B4,
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Table3 Differencesin the effects of different pollination treatments on related indexes of white clover

. TR E (34 IR (A4) K (g A
e g T mi@fﬁl e LS ‘;@:5( I P8 CRLAS)
. . Number of inflorescence Number of single-sequence Number of seeds
Treatments Flowering density . . . . .
flowers (single/piece) pods (piece) (grains/piece)
CP 280.00+2.31ab 90.50+1.14a 66.70+£3.93b 4.33+£0.12a
IFP 244.00+13.86b 81.67+7.84a 41.27+1.08a 4.13+0.16a
FFP 286.67+8.11a 82.43+1.35a 42.65+0.95a 4.65+0.20a
FwWP 261.33+16.71ab 81.83+1.56a 42.47+0.92a 4.21+0.26a
NP 273.33+5.81ab 84.10+4.21a 38.00+2.93a 4.21+0.10a

CP: E&ZH;

IFP: ¥IAEiI52Hr; FFP. JEAEHIRZN; FWPP: RIEWIEH; NP ANEH; .

CP: Complete pollination; IFP: Initial flowering pollination; FFP: Full flowering pollination; FWP: Flower withering

pollination; NP: No pollination.
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