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Abstract: Coffee is an important economic crop in Yunnan, China. To investigate the effects of bee pollination on coffee
production, this study examined the species of pollinating bees and the foraging behavior of dominant bee species dur-
ing the coffee flowering period in Lisou, Ximeng, Yunnan. Additionally, the study evaluated and compared the fruit
traits of coffee under bee pollination and control groups. The results showed that the bee species visiting coffee flowers
included Apis dorsata, Apis cerana cerana, Apis florea and bumblebees (Bombus spp.), with A. dorsata and A. cerana
cerana being the dominant species. A. dorsata visited coffee flowers throughout the day (from 9: 00 to 17: 00), while A.
cerana cerana primarily foraged in the morning. However, the visiting duration per flower of A. cerana cerana was
extremely significantly longer than that of A. dorsata (P<0.01). Introducing A. cerana cerana colonies increased the
number of flower-visiting bees. Compared with the control group, the bee pollination group showed significantly higher
fruit set rates, single fruit weight, seed weight, and seed number. Moreover, the fruit skins became thinner, and other
traits improved, with a higher proportion of fruits reaching high maturity at harvest. The findings suggest that bee pol-
lination can significantly improve coffee fruit traits, promote fruit maturation, and effectively enhance coffee quality.
The results would provide a theoretical basis for improving coffee cultivation and productivity.
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Fig. 1 Color reference for coffee fruits at different maturity stages
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Tab. 1 Number of flower-visiting bees on coffee trees at
different time during the day
- KRR, s
Time Number of Number of
A. dorsata A. cerana cerana
9: 00 4.64+2.09% 8.07+7.21°
11: 00 5.05+£2.56™ 3.15£2.51%
13: 00 5.86+3.06™ 1.36+0.79"
15: 00 7.08+3.82% 1.20+0.51°
17: 00 3.80+2.08° 1.08+0.28°

s SIS R/ING FRE 3R 7R AN [R] I a] o5 25 55 5 3% ( P<0.05 ).
Note: Different lowercase letters in the same column indicate
significant difference at different time (P<0.05).
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** indicates extremely significant difference (P<0.01).
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Fig. 2 Comparison of single-flower visit duration
between different bee species
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(9.5+0.8) 3k , #MEIH AT H EZEPAE 11
00—14: 00 ZI[H]; 4% i i 2 1 I ] A5
Jo11: 00, 12: 00, 13: 00, & m T HAbK
[ s (P<0.05) , HKA 10: 00, 14: 00 Hf[H]

S, WE®T 7. 00, 8: 00, 9: 00, 15: 00,
16: 00, 17: 00, 18: 00, 19: 00 H}[A] 15 ( P<0.05 )
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Tab. 2 Daily variation in the number of foraging, returning,
and pollen-carryingworkers of A. cerana cerana at
different time during the day

R & Number of bees

HTJ‘I‘Eﬂ {31 $%1
Time i JEE-A Heky
Foraging Returning Pollen-carrying
7: 00 24.7+3 .34 25.0+3.5% 0.8+0.2"
8: 00 14.3+2.2° 9.5+0.8" 2.6+0.4%
9: 00 31.0£3.2% 16.9+1.7¢ 3.7+0.5¢
10: 00 65.6+7.4° 35.442.8¢ 6.120.7°
11: 00 136.5+7.1° 107.0+6.1° 10.4+0.7°
12: 00 151.3+16.1° 105.049.5" 10.7+0.9°
13: 00 99.1+6.7° 72.8+6.0° 9.8+0.9"
14: 00 65.3+6.7° 51.944.8° 6.8+0.7"
15: 00 38.14+4.3¢ 34.4+3.0¢ 2.5+0.3%4
16: 00 36.84+4.3¢ 27.9+2.7% 1.240.2%"
17: 00 35.1+7.2¢ 27.3£5.1% 0.8+0.3"
18: 00 37.24+7.49 24.0+4.9% 0.9+0.3¢f
19: 00 10.9+1.1¢ 21.942.1%" 0.320.1"

s B TRING T BE R AN [R] B[R] 45 25 5 52 (P<0.05) .
Note: Different lowercase letters in the same column indicate
significant difference at different time (P<0.05).

22 AEEMARTMHLREREARRE.
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M2 3 Al UL, W F B AL AL SR
95.06%, X R AL E Ky 84.55%, i % W2
Ap BRI 10.51%, U B8 I B2 K BE A S
M) Al SR

%3 AEEH Xm0k 5 80

Tab. 3 Effect of different pollination methods on
coffee fruit set rate

- B8 PR OTHMRER
Treatment Number of Number of  Average rate of
flowers fruit setting fruit setting/%
X e 14 417 12 190 84.55
Al 8 19293 18339 95.06




%5 6 3]

B FESE . B AR X i SR S R 1 5 T 1401

B B2 Ry U RE T )l e R R R R 2
SARBE, A, . V. VAR TR
S g TR (P<0.01) (% 4) , %
I 0 W 52 00 T LA A A58 o IO 010 & 5 B
SR PR, BAR R BRI R AT K, R
AV S (o PR I R R T A
%4 AEEHATRBAMHREERENHTRELR

Tab. 4 Comparison of single fruit weight and seed weight
of mature coffee fruit under different pollination methods

2y TR A 24 pogiisl
Index Maturity  Free pollination Control
R g I 0.97+0.22° 0.90+0.28*
Il 1.27+0.26" 0.96+0.32°
il 1.34+0.30* 1.03£0.26°
v 1.48+0.30* 1.18+0.31%
Vv 1.74+0.31* 1.37+0.35°
T it /g I 0.58+0.174 0.50+0.19"
II 0.75+0.20" 0.53+0.21®
il 0.81+£0.21* 0.59+0.22°
v 0.90+0.20* 0.67+0.21°
vV 0.97+0.21* 0.76+0.24%

T FATAR/NG RS B R B8 5 % ] 22 5 B2 (P<
0.05) 5 [AFTAFE KRG FHERIR B 0528 5 % 0 ) 22 540 3%
(P<0.01) &
Note: Different lowercase letters in the same row indicate sig-
nificant difference between free pollination and control group
(P<0.05); Different uppercase letters in the same row indicate ex-

tremely significant difference between free pollination and control
group (P<0.01).
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Fig. 3 Proportion of coffee fruit maturity under
different pollination methods
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PAe . BRI P T RO B S TR
(P<0.01) , FpFHifREE R TXHIE (P<0.05) ,
TR A S E R TR (P<0.01) o BEE RAE
XN, RSP, R REE . MR
7. M RE i, RIEe . MR R RS
& BB, MR R (R5) .

MRS — A 2 RiRh T, AAE 1R
3K, B 2 KRR, PR RAEMERIE 1 R
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=P kXt Ry . X R A R T
TS (K 4) , 45RE/R: ARBERAFE
S0 F 1 RLA SR SE A7 HL A BN 0.18% 1 13.44%,
RTFXF BRI 1.77%F1 36.72%, Fh5%0k 2 BiAl 3
LAY S50 5 05 L 84.71%H1 1.66, 3415 T X IR )
61.52%F1 0.59%. FBH H b 28 0T DL/ i
TR (232) Msh T 1 CRE) e, s
Pl %, oot e o 5

£ U WSS B 7 =02 N [ D% e S
Pl 00 e 2 5 T IE, RSl | RSREARE |
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Tab. 5 Comparison of coffee fruit traits under 801 ot _61.52
different pollination methods § Zg : - )
eI ﬁigﬂﬁ A EIHSZ‘*}} Xt HE % S0l 13.44|_‘
Index Maturity Free pollination Control [-v =
FIYAFe/mm I 14184123 12.69+1.36° 33; 4
Il 14.41£0.94%  12.34+1.39" w3
1 14.1341.21°  12.93+1.04° 2 1.77 1.66
\Y 14.56+1.14°  13.251.07° 1-0'18 0,._|59
% 15.600.71*  13.37+1.04® Y 1 : 3
SR 2 /mm I 123121130 11.34+1.34® FFB Seed number
I 12740980 1128143 B4 TREEH 7SRO F 800 e
s 12.88+1.05%  12.16%1.14* Fig. 4 Proportion of coffee seed number under
\Y 13.41£1.07* 12.91+1.12° different pollination methods
\ 14.68+0.70"  13.30+1.26"
iy 1.15+0.06° 1.1240.07° NI
i III 1.13£0.06°  1.10+0.08" 3 Wik
1 1.10£0.08°  1.07+0.07° ol R R K R A M B2 R Y A 4 P
v 1.09:0.06°  1.03+0.05" RICKETTS ' #l YOUNG 225 & 8, w3
v 1.06+0.05*  1.01+0.06" FIAR S  J e ol R S e by, e S R
R B fmm ! 0'73i0'15: 0'88io'18: AL, BERK, W ERILE, Ui
W I MR BLRTE R, BT AR
W 0712.010° 07540154 BAYR AT AL A SR ) AR SR R B —
v 0.72¢0.12°  0.89+0.16* KAE 9: 00—17: 00 B[] BEH A BF A= K2 W15
2 /mm I 11.250.85%  10.40+1.08" [ EE , ok AR T N FLER R, R e A AR
I H74076% 102813 o g B — R A A s T LA
W T NS RS (RPN ik, AR
v 12:23:&0:836 10:5710:823 FEhE s ) 1A 1 d, Kb iR s o f
¥ #542/mm I 8.18+1.02° 7.95+1.04° T AR AE TRV 24 B A AT ) B A
I 8.43£0.52°  8.09+1.03" Hodp R wee PR R K s e R MR e iy, /N g
il 8.5240.74°  8.0120.85" ZAR, (B EMF SR AT E . B iE . Xt
v 8.45+0.64"  8.38+0.85" AP IRIR ZE R B . NS N, X ol R A
" Vo BU0GE AR R BRI AT RO A
FIPAH e e R s S e O B o
. 1:38i0:10a 1:3&0:0921 A, A AR W (1) LRSS B ) () B e R
v 1.39£0.08°  1.2840.09° 51 7 1 v A e T b T B4 A6 S 0 1) R
\% 1.39£0.09°  1.26+0.08" i, ARSI I B RIOR I T AE A AR SR P —
U G I 1.85£0.36%  1.64x0.56" LV . SRPAEEL, AR T N TR 57
I I PR R, R, MR B
v 1:9&0:33,\ 1:6%0:493 170 52 B H A R YA 2 e, (ELIE 38 fin e
v 1912032%  1.6420.48" B, AT R = SR S WM A6 ) A s e R

T RIFTAFR/NG FRER IR A i Bk 5 % IR 1E] 25 57 B35 (P<
0.05) 5 [FATAF KRS FhERR B il 528 15 % B ) 22 5 0 35
(P<0.01)
Note: Different lowercase letters in the same row indicate sig-
nificant difference between free pollination and control group
(P<0.05); Different uppercase letters in the same row indicate ex-

tremely significant difference between free pollination and control
group (P<0.01).

FREL, X T UL R R, 51 AN TR 7 i
fem R, RETE A R Ry A st . VYR AL
Zilt, FRIEEEAS, HRTOnmED 72 A e e
Z, U T ek B s 2 BV DR B A A A 2
P, S SRR [ i O 4 B A B e R SO R . B
WAt R R, BB, FRREE
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