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Abstract: To scientifically evaluate the pollination performance of Macadamia integrifolia by the dominant bee species
in China (4pis cerana cerana), we investigated the flowering biological characteristics of M. integrifolia, the pollination
behavior of A. cerana cerana, and the effects on M. integrifolia yield and quality by A. cerana cerana pollination in
Ximeng Va Autonomous county of China. The results showed that the number of flowers per raceme in macadamia cul-
tivars A4 was in a normal distribution, ranging from 174 to 532 flowers, with an average of 334.0+48.8. The most fre-
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quent number of flowers range was 272-374, accounting for 72.17%. The order of A4 floret opening was from the base
of inflorescence axis to the top, accounting for 60.24%, from the middle of inflorescence axis to both ends, accounting
for 34.94%, and from the top to the base of inflorescence axis, accounting for 4.82%. In M. integrifolia full-bloom stage,
the number of 4. cerana cerana left colony, back to colony, and pollen-collecting workers increased at first, and then
decreased with the time. The number of 4. cerana cerana left colony, back to colony workers were mainly concentrated
in 12: 00—15: 00, and with the peak period at 15: 00, then, it decreased sharply after 16: 00. The number of pol-

len-collecting back to colony workers was mainly concentrated in 12: 00—14: 00, and with the peak at 13: 00. The
number of 4. cerana cerana visiting flowers was significantly higher than that of Apis dorsata and Apis florea, but A.
cerana cerana had a shorter per raceme visiting time. The number of visiting flowers workers of A. cerana cerana in-

creased at first, then decreased with time, and the time of the visiting activity was mainly concentrated in 13: 00—17: 10.

The correlation analysis results showed that the daily collection activities of 4. cerana cerana were greatly influenced
by light intensity, temperature and humidity. The average fruit setting rate of per raceme of M. integrifolia by A. cerana
cerana pollination significantly increased by 64.15%, and the proportion of raceme falling reduced by 55.39% compared
with the control, respectively. In addition, the weight, transverse and vertical diameter of single fruit, the seed rate, the
kernel rate, total nitrogen content, crude protein content, crude fat content and 22 kinds of fatty acids content of fruit
kernels pollinated by A. cerana cerana were higher than those of the control. The content of saturated fatty acids such as
octanoic acid, capric acid, behenic acid, and unsaturated fatty acids 11,14-eicosadienoic acid were significantly higher
than those of the control (P<0.05). In conclusion, 4. cerana cerana pollination could reduce the shedding of inflores-
cences, significantly increase fruit setting rate, and improve the yield and quality to a certain extent at the M. integrifolia

flowering stage.
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DOI: 10.3969/j.issn.1000-2561.2025.03.022

B IR ( Macadamia integrifolia ) J& 1L JEHR
BHEN R JE ( Macadamia ) HRT- AR EH, JR
7T BRI T B A X N HOR A
EREWIRR . EHK ., UK. HAERSE, B
FEM AR &, WM B H A
IR FEMAEAE T E, WMAR ., RE. EH.,
ELPE4SE 20 ZAEF MY, FER . P,
J7IR . SN SR G L X T R, PR
ARG, 2020 AFOK 4 [ E T R AR
26.61 J7 hm®, Hri w2 M B SRR T AR A
2353 07 hm®, FESMMGTEME . B, 2. P
XU PRl 5 A0 (1), 28 A 41 D (X
), HeEMEIAE 88.43%, (HABRFPAE
(19 53.87% , B A T SFL iR R 1 SR e 22 () ML X 07
WUy BRAE Y, B Z, AR, W
R, AR E, ERTEEMNE, R
KiBids, FEO™ 52 EWHRIN B S FE 1H IE
o Z T BRI, K B IR i
JE H AR, B AEEK B AL 7 A SRR AR,
HRZHIR S B EBvET ") 5 A B A
b, SAERM e E K MPIREE SE R, It
Hh, AN TR R R] ) 2 S8 452 40 A RE 4 v 1N s SR 1Y
b A SRR O RGP A B ST R B, FEIROK

I, PO % ( Apis mellifera L. ) F1JCH] ¥
( Trigona carbonaria ) 2PN IR I FE R Jife
T, XS SR A A R AR A R T 1Y
[l 2 T BN B N R T
SKBAESE I, FPAE AR K, X AR
FiiE, EWNINREZHHARFFEE R, 5
Frag, [l e g SR e g U AR, R IR
B I A el A A b, HAE R RIA—, ESb
Z2 A FH VY J7 st SR N e SR B2y, T A P R I
TR 5 e BB =3I, AT RE SR MA G R,
A A A R, R DX AR 1
A g e SR SE AT R S B R RE RO A o1

Fp [ R N SR R X e R AR (A
cerena cerana ) FEFRFAMLIX , AL 1% T IR
H ( Hymenoptera ) % 15} ( Apidae ) % )& ( Apis )
RITEWE (A. cerena) WIRZA WA, ZFEMIA
TdgAh, BAACRAE T R . MRGE R A, Pk A
Prap e AL Ik, hiRE S T HER
VR, RRHbIE N I XSS, BT 2R AR MY
A Ay o T A ALk B Y e BAR AR R
Hr, AR AN RT DL A P | e
P RL LS5 S B ™ T ELXS RAE Y4 77 A
AT M EE R, CAPFREY, gl



%5 3 4]

ZMEET . BMERAEIRIN B A AT Sy R BB ORI 745

R FAUO R el AR
TN SR R, FEAR IR
O AR A R A RN A TR A A SRR
MAFMAE . L, AU Az p e R
TR 1 SR B O A e D v e 2 e R A SR 1 SR
11209, D7 B B 5 My Iy R N M 2R 1) 7 Ml I
5 LA 25 i B A B e 5 5 R e 2R 1) £ A
BRF, PO R AR RO O, LAY
SR IR YN 1 2R e A5 oy BRI SR B It R Al R s 2
%, QIR B R L 7 8 7 B R AL

1 MRER=E
1.1 #7F#l
L1 Aot 50T 20234F2—10 HE =
A TE T P R B P R R ST R D e SR A e
17, RS AL R AR, H A
ARt PR, XN SRR 24589 m, &k
TP 700 m, AESFEYRENT R 2235 mm, AEEHSR
16~25 °C, J& . 3 pig WV 3R 10 i 2 KU, 4R
H B &EIE 1693.6 h, TS, WAL
1.1.2  REeaAt AR IER AR 5 42
WY RS Tl A, TERRAE UK — SO R | e
. PR . AR AR AR A R A, R
el A A /b e RN AR SRR 3440 OC Fil 294,
1A Hi ) 57 1 rh AR 0 S B2 R I RE , JE 200 #E,
MEEDESR 3 LR,
1.2 Ak
1.2.1 R BRI (1) BN IRETF
YIS . AR R4, B, ¥, db 4
A7) B el AR E REALEER 2 #&, JE 10 B
R, BT AR, MAEZF I R TR, &
KAERDWEAERKAG, IFGETTH Rk IR T BEL
S LRI, 5%~25% 46 2 T T
SERWIAER , 25%~T75% 48 2= TF I b B A
1, 75%LL b AEZR TP S AR 4B

(2) PPN IEAETE M o 763 AE I Rt Bk
B 6 BREMAE R XS 5, BERRAL AR . M. P
At 4 AR AL AERS TS B LR IC 15
MO IE®EERAALT , BIIE T AT O
R BRI A e B, R b RO /s
A . O EAR e . BTl &
ARG ST RT3 A /INME R
122 PaegdEa REAT A RINRIEYE,

1A 200 Ff AR e A A S B R S AR ISR
B ERE 50 m b, HEEE 3 RRIRIN SR UL
MEEA, F4K 7. 00, 9: 00, 11: 00, 13: 00,
15: 00, 17: 00, 19: 00 SEit4gkk M Fryiite
B R R, BRI E] AOUER 10 min, B
Je R30S U7 A6 5 1 AE J AR b 45 FE BT
HEEUEE 3 d, Ak, Pkt 3 BERERGH A AR
TEMERA I TR 360 5 RESEGHLIC 55 Hh A 48 i
fH I ShE B, SRR 3 d, U R g i
BR 7: 00—19: 00 FEAEFALA 1 min PR
W R R TR R, A
Be AR BT F R EEE T4 1A, 4 I ) 5 2R
S5 110 IR VR R R B
1.2.3  FH RN BRI BOR TR IRIE
bl 43 ) 8 B W B Ry 41 RN G 2 0 B2 R i 4
(CK), A AE S 6 MR, 3112
PR, BRI E . SRR AL B A Y,
B LA CK AL RERR 4 BIEE AR IC 50 A4 RIEE Tk
MIFEY, 3£ 600 1>, GEitfE A 1EIy B/ IMEEE
Horfr CK 4019 300 467 40 HiE W Je b 4S5
fi, PABHIEVIAER . AEWZEHS 30 d, Zr5lics
2 A1t 56 2H R P R IR A 114 7 I R A SR
PITHSAE 7 8 75 1 Lo 491 B A SR, A6 W v L A7)
R BT A6 R B AR ICAE P B B el AR SR
R=Ap FHUARIC AL BA<100% . 3L A,
PR EE R IR | SRR IS L R
JERE A5 bR, SRBEL S, B ET
B I B EAZ A B 38, 48, 60 CRITEIE &M T
THE 48 h e, T EA ST R A B = WA TR
i, B PR R R IR R = e e
SR B /4 R B SR R BT RE X 100% 5 1K=
TIPSR T/ T R IR TR %< 100%. 1
R E. HEA. BN XEHR S EZEts
2 R A BR A m EAT A
1.3 #HiEAE

K Excel 2010 #R0F# B Fs il 513
ffiFH SPSS 26.0 FRAFHEATELE 3B o X IR e 2R
BRACI Hh AR B e ) H TG Sh LA . S TR R AR P
P la) B 18] | A [ ek [R] B 35 ) 46 118 Hh A6 28 e 50 R
FH AR 8 5 22500 DL B 5 VRS 06 5 R e B2y %o
TR 1 TR A1 L R R o S5 114 55 T SR L ST RE AR ¢
KU pk I 17 25 55 S PEAG 06 5 X R I SR Bk 6 10
Hr AR 4 H S S LA 5 R 5T IR T UEA T AR & o BT



746 o AE A F AR

% 46 &

LR S B ek, K L S+ hm 22 3R

2 ER59H
21 EINBRRHFIEEE

WAL, B P IREPEE R R A4
WY U SRR 2023 AERIAEI N 2 H 25 H&E 3 H
14 H, e 3 H 15 HE 4 H 8 H, KiEW
J4HA8HZEA4H 16 H, 1 50d, FHEHA
(2544.30+566.55) M 4ETF o AP /IME A ALT 3l
FHE 1) THO AR R FF TR 7 60.24% 5 A AL 3l s
I11) R S K TR T 0K o 34.94% 5 [ 46 7 Sl To i 1) ik
BRI TF I 5 4.82% . AL il B AR L
2 T AR YR W/, AR T T K B O (220.56+
40.09)mm, HLAEAERR K K (4.47£0.07)mm, (£ H
F£4(6.12+0.10)mm, B A (12.940.11)mm,
DI SR AE e Sl 48 2k AR B AT A IE S A,
&t ( Skewness=0.169 ), V344 (334.0+48.8)%
(n=600), IR 174 2, mEH 532 4, A
WUR B JE 272~374 25, 5 72.17%, /DK
476~532 %=, 15 0.50% (&l 1),

250 - - 0.009
[ ] 40008
200 - A - 0.007 §

[}
9 40.006 ¥ g
2 150 # 3
& 10005 & 3
= {0004 &E
& 100- _ %3
® 40003 53
sol - 0.002 §
ﬂ {oo0o1 ~

N 0

0
170 221 272 323 374 425 476 532
45 & Number of flowers

B1 BHERENEFARBERESR
Fig. 1 Frequency distribution of number of flowers on
the M. integrifolia per raceme
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Tab. 1 Diurnal variation of 4. cemna cemna foraging ac-
tivity in M. integrifolia full-bloom stage
‘ T #%1 Number of worker bees
if [

Time 5 1 B

Left colony Homing Pollen-carrying
7: 00 31.4+3.3%¢ 43 443 5% 2.6+0.4¢
8: 00 21.9+1.9% 20.7+1.5¢f 1.0+0.2°
9: 00 41.9+2.9% 37.3+1.9%F 1.4+0.3°
10: 00 20.9+1.8% 19.0+1.9f 1.5+0.3°
11: 00 19.342.6° 15.1+2.1° 1.4+0.2°
12: 00 58.1+7.6™ 51.4+7.5%4 14.742.9°
13: 00 57.5+8.0° 61.3+7.9" 19.9+3.4°
14: 00 51.3£10.2* 73.0£15.1% 16.5+3.4%
15: 00 70.5+20.6" 86.3+22.9° 1.940.5°
16: 00 18.6+1.8° 18.3+1.0 0.4+0.0°
17: 00 20.7+1.9% 18.5+1.1° 0.2+0.1°
18: 00 18.2+2.3¢ 16.0+1.3" 0.2+0.1°
19: 00 12.5%1.5° 14.8+1.7° 2.3+0.6°

e FSIAF/NEG FhEFRR 225 B3 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).
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Tab. 2 Correlation of diurnal foraging activity of 4. cemna cemna and environmental factors in
M. integrifolia full-bloom stage

b EREE W HRH AL TE VUL LES o LA
Index Light intensity Temperature Relative humidity Nurpber of leaving Nun"lber of back to Numbgr of pollen-
hives workers hives workers collecting workers
Jt: B i 1 0.749™ -0.730" 0.209™ 0.218" 0.217"
TR 1 -0.992" 0.164" 0.158" 0.2717
LIDORITY: 3 1 -0.146" -0.135" -0.260"
5 T4 1 0.920" 0.528"
U5 T e 8 1 0.552"
R T %L 1

e FAREBEMA (P<0.05); TFRARKEFEHR (P<0.01),

Note:  indicates significant correlation (P<0.05); ™" indicates extremely significant correlation (P<0.01).
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Fig. 2 Single raceme visit time of different bee species in
M. integrifolia full-bloom stage
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Fig. 4 Number of A. cemna cemna visiting
M. integrifolia flowers per time period
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LSBT IR, EE R AL N R AR
FEE A R G E B T CK (P<0.05), HARER
Pem 64.15%, HERKIEA 20.67%M4ET MR
TRiv%, 1 CK A 46.33%M94EF W T Ev% . i
A, B AL A BN 1 SR AT R i R PR R
Woclf R IR R, Toe R R e . TIPSR
BAFE . AR LB RS E T CK, HERAR
W3 (£ 3), FUITEBIN B FEAE I F) 2 e 42 43
AR TR T, B AR, XA
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Tab. 3  Effect of bee pollination on M. integrifolia setting
rate and yield

B IR CK
Index Bee pollination
AETT I 76 LU 151/ % 20.67 46.33
A B /% 0.87+1.21° 0.53+0.69°
R BRI B /g 18.63+2.95° 17.06+2.42°
i e i S L /g 8.43+1.62° 7.99+1.48°
TR R B/ g 6.91+1.27° 6.58+1.19°
TR, P /g 2.29+0.56 2.17+0.62°
HAN /% 46.60+3.70° 45.30+3.50"
A% 34.10£10.0° 32.40+6.60°

E: FfTAR/NG FREFROR 2R 23 (P<0.05),
Note: Different lowercase letters in the same row indicate sig-
nificant difference (P<0.05).

2.6 EERHINEMBRARMZIm

2.6.1 R RFEIILMIK TR, i
F2 Ry 2 1 R 1 SRS i SRR A A A 34 R
T CK (P<0.05), fifsef, Toef TR mk
BMYPRIKTF CK, (HEFALEE, MiEERH
) e SR R SRR T RS R E S W E LT CK (3R
4), B R0 T i U U SR A SR
0 R B W 5 9y i fif SR B R Fe

R4 EUERH RN BRI EIK 690
Tab. 4 Effect of bee pollination on M. integrifolia

appearance
Bt B CK
Index Bee pollination
M R A 4% /mm 30.99+1.47 29.52+1.53°
R R YA /mm 40.5142.26° 37.93+2.11°
fief SR 7 JELJE /mm 3.43+0.43° 3.67+0.47°
fief e A 42 /mm 24.24+1.89° 23.88+1.95°
fief e AL /mm 26.57£1.67° 25.72+1.34°
A A% /mm 23.72+1.79° 23.43+1.96"
FFRY A /mm 25.89+1.69" 25.33+1.36
TR/ mm 18.98+1.77" 18.4642.17°
TR A% /mm 15.22+1.58° 14.53+1.85"
T A58 /mm 2.17+0.29° 2.76+0.38°

E: FOARNEFRRRZREE (P<0.05),
Note: Different lowercase letters in the same row indicate sig-
nificant difference (P<0.05).

2,62 RMBEREIORS B AL
REC AR HEASGE. MBS ESS
T CK, HERARE (F 5), EEERHAL
CK B SFA G I 22 AR IR 4y, Horpif
MR 14 4~ (EfR. B8R, +—8R. AR,
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T=R . AERER. AEERR. TRkt . b
MR . BEESIR . fERR . e . T SR
WERR ), AEFBENER 8 A CIMER . WIMER . A5HE
MR . - PR . WRRER . 11,14- 18k
R . VIR . T DUBRIGTER Do TRAIAR TR T, FihH
R & AL B AT CK i, HOR 2 E

BefR, T+ =W & E il MR,
TR & E B Ecs, HUCHPERMIR,, =T Uik
PR 1 B B A 1K o e 2R AL 1) 22 IR TR & & 3
T CK, o, MR 105 R - e . 2SR AL w7 R
ARFIRE TR 11,14- Rk IR 4 FhRE iR &
W E T CK(P<0.05), HAth 18 Fffig e & &
ERAREE,

x5 EEEHIEMNERRRNZNG
Tab. 5 Effect of bee pollination on M. integrifolia
nutrient quality
EfEy ELeSe
Index Bee pollination

2R/ (gke") 12.1249+0.1457"

CK

11.9889+0.1096"

HEM/(gkg™) 75.7808+0.9108*  74.9310+0.6847°
HHREWT/% 80.4433+1.1454°  78.2100+0.4036"
MR/ (ug-mL™) 0.0051+0.0023* 0.0037:£0.0040°
& Wi/ (pg-mL ") 0.0337+0.0009° 0.0278+0.0036°
+—#&/(ng-mL™") 0.0056+0.0025° 0.00400.0009°
HRERR/(ng-mL™") 0.2773+0.0290° 0.1725+0.0254°
+ =@/ (ug-mL™) 0.00240.0002" 0.0020+0.0003"
A R/ (g mL ) 3.3009+0.5149° 2.0469+0.2330°
A S MR/ (ug-mL ") 0.02120.0027° 0.0141:£0.0008"
AR/ (ng-mL ™) 0.0730+0.0073° 0.0611+0.0087°

77.0213+5.6085" 65.6749+1.1043°
177.3704+11.9826" 123.2595+4.9675"
35.5316+6.5068" 24.8067+0.9783"
582.1409+51.2225" 518.2847+23.6791*

14.0581+1.4976° 14.1394+0.6011°*

FAHER/(ug-mL™")
AR/ (ug-mL ™)
REMRRR/(ug-mL™)
AR/ (ug-mL™)
R/ (ug-mL™)

AR/ (ng-mL ™) 26.0476+4.6778"  20.8247+0.8178"
- HmR/ (g mL ™) 20.5903+2.6606" 15.5664+0.6401°

W RIER/(ug-mL™") 1.1107+0.1410° 0.6804+0.0136"
11,14- =i —Jie
/(ug'mL"")

17 AR/(pg-mL ™)

IFER/(ng-mL™)

0.2399+0.0357* 0.1517£0.0041°

5.2110+0.1285"
1.5819+0.0417

6.5462+1.3948"
1.7110+0.3143°

~+=M/(ug-mL™) 0.0680+0.0075" 0.0542+0.0009"
ARIEERR/(ug-mL™) 2.8596+0.6178" 2.0355+0.0578"
- PURRIA R/ (g mL ) 0.0499+0.0150° 0.0382+0.0016°

E: FAfTAR/NG FRFRR 2R B3 (P<0.05),
Note: Different lowercase letters in the same row indicate sig-
nificant difference (P<0.05).

3 iTig

RPN U S —Fh Al R AEY, T AR
TR R TR AW K, SLE7E 20 £
MER M, B ERK. Bt E s
UG A SR . RS IFRE 1 22 DL R RN
AR Ak S X R % SR I g TR N 1 228
WFFE R, AR SRR RN, BRI ERAE
JERCE R 2500~15 000 AT, AT A
A4 100~300 K 6~12 mm BYEIR/NED 32330
R 2 ) 25 8 e [ ) G e X 32 /S IR R R e
YRR T T LR AT, b A4 ST IR
AT AESAHURE N 215.33 25, (L F KB N 16.87 cm;
ARG, R NP AL S 50E 4 (334.0£48.8)
5=, ABFK B R(22.56+4.09)cm, 7 T Pk X
() A4 Rl BEAh, ARWESE R RN IR IR A4 SRR A
PR (2544.30£566.55) 467, X AT RE-S5 AN [A] i A
B[] — RN [ RS TR i A KA e, B )E
A, RSB, IR B AR AL 7 AR
B 22 P RO 1 R 1 7 R R A2 A [ I A8 2
B ()52 ), 8 B G S 000 A 2 B A 7 a1 [
FZ P B AP R A, TR E SN R
788, 344 ML 1 5 5RO FEAENF 38R B AL P
Ay R 1) T S ARG YR T, H2 AR A [ A Rl e
0 ] PR AR T T o A ZE 1, A4 SRR FEAE
WP 3 Fl, F2ZE Sy AR b S ) T s AR O
B, 7 60.24%; HURIE H AL il R ) P R AR K
TR, 5 34.94%;  F A6 5l T 1) AR Uik
B e B, A 4.82%, X 0] g5 Rl — & FhE A
IF) b B A5 o ) AR A

KRN R IR i PO 2 F SSAS SR AT,
o o A 2 e S AL A L A T S A R e A R
S0 36371 g ide LR [ L M g —
NP EE N R, PR EN, B
() H WG SR B e S5 2RI R R (WDl
TRGE T | R TRE R ERIR ) MY ik
FIE A5 AR 155 A5 358 A5 £ 0 26 A9 VR AR 920 194 JF A IS ] SR B
FHR R AE RIS, A 030 I 3 I B 4%
T, A SR RS RET R, R A
Ve Bk o200 IR IR AR KRR L S R i 4
IR TR R E R B AT, B TR
T FAHXHE B T R, E2TF R L, MK
SR, [RIE Ik B e R ARV S R g, TE R
RO A S P AR I g R, MR
ER R, RSN, ST RELE RN
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