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Abstract; Jiucaiping is the largest wild leek flower belt in the world, which is the only wild leek flower reserve in
China. In order to explore pollination biology and ecological adaptation of Allium wallichii, we observed the flowering
period, flower visitors and nectar, estimated of breeding system by artificial pollination, determined the composition of
secondary metabolites in each part by gas chromatography, and detected the significance of bee visiting in two colors by
ocean spectrometer. The results were as follows: A. wallichit was protandry, the single flowering stage was 7-8 d, and
the continuous flowering time of inflorescence was 25-28 d. The amount of nectar was (0.61£0.07) pL. Apis cerana was
the main effective pollinator. The results of the ocean spectrometer showed that purple flower was more significant to bee
visiting in leaves. There was a significant difference in flower visit frequency among different flower colors, while there
was no difference in single flower visit frequency. When the two colors were present at the same time, the bees gave
priority to the purple flowers, due to the influence of smell, when visiting purple flowers, most bees also visited adjacent
white flowers. The results of secondary metabolites analysis of A. wallichii showed that stems, ovaries and pedicels
contained a variety of irritating sulfur metabolites, while the flower organs and nectar had a variety of secondary
metabolites of floral fragrance. Its sexual reproduction was self-matting and cross-mating mixed mating system with
apomixis. In summary, there is no pollen restriction of A. wallichii in this area, whose reproductive characteristics have
good environmental adaptability. This study provides basic information for resource protection and breeding regulation of
A. wallichii.
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Fig. 1 Bees visiting flowers of two colors
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A, HMIE; B. 46075 C. BAEIEA (WAL BIMER) .
A. Plant morphology; B. Inflorescence; C. Single flower morphology (from bud to female).

2 ZEAERIE SR
Fig. 2 Morphological characteristics of Allium wallichi
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. Z B AE (Allium wallichii) WA A 25 2408

1617

yrphidae
alictidae

K3 AR ZE R U5 AE 3 D TRl R
Fig. 3 Visiting frequency by different types of visitors

0.3 mm 1) & 408 AL W, AR R R(0.05
mm ) i B A W S %) A6 B R T i 4R
LB CE 4 Cl B L EEJAF T 4 C kA, =
ARE SR ARSI 40 °C (T4 P, 84T 24 ho At
T HIK WAL 455 1.5 mL, HARHE 5
PR FREL 0.1 g ALV T sk h RS IS,
Tk LR BORE & T B0 R, IR B L AL 5 000
r - min” B0 5 min B EVEREAFT 4 °CUKFE PR
FERE . ARSI LR 55 R i bm o, 3l o SOME 68
TEI AL (L2 HEME 6890) HEAT A (1G53 1T .

124 AT HERBERER NTHRZEEEAR
[ 15 5T A 445 S 00, 7 S 50 B i Bl AL 226 R 50 Ak
RERREXT AR 7 HE AT B A8 AL B, 7R RS K P LB
BLERIR S A4 B2 TF 000 A6 4, 15 TF A8 IS 40 501 i A
TAREE . (1) ALY, LUK I A7 A Bh A 4632
¥y (2) M, LIRS T2 &5 A7 JCml A 2B 58 5 (3) H
R, B B AR 520, IS I [ 58 2 15 26 Al
(4) SFAER By, 6B 2R T 10 m A1 iy JH: Ath Ak
(5)XFHA  ANEEAY | R MOIT fa b B8, A b b B
— P A LR A AR i, B &5 S IR BUR 52, R AT
ERE Ry

1.2.5 ey kR HE DOl REWFILEAT £
SAER AR AR 25 Fnt R AR Ok B = RS [
AN 7 963 1 ( Ocean Optics RPH-1) #E47
S EBG I E | A AE 300 ~700 nm A6 2 5t
EHIATHH

Apis cerana

1.3 HiEH
AL U BT A A e A5 R 8 BOF IBM SPSS
Statistics 20 $EATAN PR | FHE A R 5 BT 1104

2 HERERMN

2.1 SEEMESEHMESHEHEYE

ZRAEMIEE LA RERN & L7t T
T A IS, Z R AR 6 N AEZ 4 L L
BRI BT = AR, M T A A Sk bE R
G MEI R AR SR AR K B SIS S K e T
HEk i B 2 2t LA Sk B by, sl 2 BT
N, Z R AEAEAE I N T~ 8 d, HERS R A Sy 2 ~
4d, P NFFAER) E 2R 25~28 d, Bk
(64.04+1.54) cm, 25 = 22 FE R4 A5 ok PO 22 5N
Z5 ZETE R (11.65+3.11) mm, ZZHJE Jy (5.97+
0.19) mm, 2T A MU R, i3, (65.65+1.66) cm
B198(10.92+0.44) cm, HRIEAETY , BB EIAE,
296 50 ~ 130 46, LA SE K BRI K (27.86 +
0.55) mm, fEAE I 424 (1.06+0.02) mm , fEHF K
ZRIRE A, ALK (8.22+0.50) mm, HJ %
(2.79+0.05) mm, M #41 (4.38+£0.08) mm, £
LK (3.38+0.78 ) mm , MfE 3] B R Sk B4 K 28 245 B
FEWLTE, MEAS YK (8.07+0.14) mm, H: kB K
(5.67+0.13) mm, HEFE K (9.43+0.43 ) mm, fE24
IR EE A B K (2.69£0.05) mm, £F 24 1 55
(1.08 £0.04) mm, £ 2 4t ¥ € 16 ¥ 5 N
100 336.21+4 909. 64, {6 ¥y B = 48 2, IR ER 5
5.90+0.45,H: P/0 LR 17 942.50+5 117.84,
22 HFRITHE R E

Zead KBt 1) A D AL ULER, AT R B2 B AR
FEYEE N E (B 3), EEDEFEE DT
1130 LUE , B 2 vin —a 67 iR 5l B e
FEAb e B AR Ry 1~3 s, RV T 1L
¥ b, TR [R) A6 2% 8] DU &b 3 3l W B3k 35 46 2,
HUAE 28 B S 38 50 A0 A 7 A6 2 45 3k [R] 488 Al 5
BUEERY . B B RO WU AR, U
TERLEE MR BS54 Ui R R AR, FRATW
SR AG RE e 22 5 BT 05 B, (H RE e B i 1] T X6
BRI (8 RAINAE AT 17 0], B S B 22 B HE R 43
RIS WA R BRI ) 4G, AWFFRE X5



1618 OO0 M W

40 %

x1 EBREARZGETHIHE

Table 1  Flowers visited by bees under different conditions
Vitk s E i) 1 2
Pollination condition Purple White Wald X P
BT BUTESIR 8.1455a 4.500 Ob 6.645 0.010
Visiting frequency of single color
PIRIAE 6 U ARSI 10.342 1 8.125 0 2.458 0.117
Visiting frequency of two colors
AN SR DT AR 0.083 1 0.097 8 0.768 0.381
Single visiting frequency of single color
PIAIAE (0T Bk s [l 3 2 0.063 8 0.078 1 0.938 0.333
Single visiting frequency of two colors
PEAE s UL 59.000 Oa 8.000 0b 1 300.500 < 0.001

Number of priority visiting

TE: B BUE T B U7 A28 PR AL (0 R A0 ) 850 20 01 X W 4K (LB 7 4E , PR 60 9 7 46 J2 48 28 0 /AR UL i) A ) 4
@R EF A EAR T Vi . AR TR E Z HHA 825 (P<0.05)

Note : Visiting frequency of single color refers to the two colors visited by bees when the two colors are far apart, visiting frequency of two

color refers to the two colors visited by bees when inflorescences of different colors of similar size approach each other. Different letters indicate

significant differences (P<0.05).

®2 MBUHSEE

Table 2 Pollen carryover and deposition

Ab 3 Single Nature Single/Nature
Treatment LR/ ¢ ER/S TR/ HIR (%)
B 29 653.39+3 108.87 39 172.57+4 232.33 75.71
Pollen carryover

TR 9.918 9+2.783 0 25.48+3.54 38.40

Pollen deposition

ML 2 AESEAT T U548 ML, % 30 5%
165 R0 JR TR AT U 16 L8 ) 2 B0 e o 45 4E
AR 2 0 35 2 T A6, 0 8 06 1) SRR s 46 0 %
FILRES, MELMELREE I &R E
W25 R 2546 (P<0.001) | % 42167 B 12 Y
B S v el i -, (L3 s A9 D AEA0R G W 35 E 22 5,
EIEPRRIEM R M TR EEER (K1), Big
PRBHENARBREN 75.71% 6 R &5 0%
HUR PARVEE BN 9.918 9£2.783 0, H 4RAR
B FEEAKECH 50.47+6.99 ,H SRR, H
(69.20+2.79) %Wy fE M h 2 RAEIEF A (£ 2) .
2.3 EEHARSHINE

gE, ZREdEMILEE & NEZ(0.61+
0.07) uL fEE D o SO (LR
6890) Xf £ R AE MM 25 it B Mk T R
B ALK AEBER LA ER AL HEAT S BT, AR Y Y
96 (Hh 7 Fh oA ARME S SAT) B BT R, 2 2

& A 258 WA R R A R AR,
Disulfide, Trisulfide ,
(FIREAR, 2014)  FEAG TN 2 5 A AL R ZAT
W E 6 . 1- [ 3-(4-Bromophenyl ) -2-thioureido ] -1-
deoxy-b-d-glucopyrano , 4, 6-tetraacetate , Disulfide, di-

di-2-propenyl | di-2-propenyl

2-propenyl ., Propanoic acid, 3-(acetylthio )-2-methyl-,
(5)-.
Trisulfide , Sulfurous acid, dipropyl
ester, . Disulfide , \Trisulfide, di-
2-propenyl . 1- [ 3-( 4-Bromophenyl ) -2-thioureido ] -1-

Carbamimidothioic acid, methyl ester,

di-2-propenyl |
di-2-propenyl

deoxy-b-d-glucopyrano, 4, 6-tetraacetate 17 7 T 2%,
Carbamimidothioic acid, methyl ester 77 T ¥ 7,
Sulfurous acid, dipropyl ester £ 7E T AEA8 . TEAL %
FRR A KR beta-Sitosterol ( 15.443) AR AE , HoAth
FROLBEAT . AT E KT /Y 96 b al 73 AR 48
Knudsen ( 2006 ) FIECE 225 1) 0% 1€ 19 Fp H A 76
FE B Y . 2-Methyl-Z , Z-3 , 13-octadecadienol
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Table 3 Analysis of chemical constituents in different parts by gas chromatography
4 . g - -y
ity AR mxm w omm Bk PR A% kB m
Chemical compound - Root Stem Leaf  Petal  Stigma Ovary Nectar ~ Pollen Pedicel
formula
Beta-Sitosterol C,H;0 15.44
Disulfide, di-2-propenyl C¢H,,S, 3.67
Trisulfide, di-2-propenyl C¢H,,S; 1.08
Sucrose C,H,,0, 12.87
Phenol, 2,5-bis (1,1-dimethylethyl) - C,H,0 1.39
n-Hexadecanoic acid C,¢H,,0, 8.39 6.27 9.77  8.01 5.69 8.56 10.55 12.32 14.00
9,12,15-Octadecatrienoic acid CH; 0, 2.86 3.22  7.51 8.9 8.76
Octadecanoic acid ( CAS) CHy0, 2.37 2.32 3.32 3.46 1.00 6.28 3.60 3.10
2-Methyl-Z,Z-3, C,,H; 0 1.434
13-octadecadienol
1, 2-Benzenedicarboxylic acid, butyl C,H, 0, 2.42 3.47
octyl ester
Neophytadiene CHy 22.49
Octadecanoic acid, ethyl ester C,H, 0, 1.68
1- [ 3-(4-Bromophenyl ) -2-thioureido ] - C, H,sBiN,0,S 1.93
1-deoxy-b-d-glucopyrano, 4,6-tetraacetate
Carbamimidothioic acid, methyl ester C,H¢N,S 1.10
1-propanol-o-d C,H,DO 2.16
Acetic acid anhydride C,H 0, 3.68 4.02 1.64
Acetic acid, hydroxy-, ethyl ester C,H,0, 5.81 3.42 1.37 8.23 2.80
2-Butanone, oxime C,H,NO 1.85
2(3H) -Furanone, 5-methyl- C;H(0, 1.94
2-Cyclopenten-1-one, 2-hydroxy- C;H(0, 2.94 2.11 1.46 1.50
Propanoic acid, 3-( acetylthio) - C¢H,,0,S 1.47
2-methyl-, (S)-
Propyl lactate CeH,,0, 1.564
Ethane, 1,1-diethoxy- ( CAS) C¢H,,0, 2.72
Ethane, 1,2-diethoxy-( CAS) C4H,,0, 3.2 4.58 8.16
Ethane, 1,3-diethoxy- ( CAS) C¢H,,0, 2.58
Sulfurous acid, dipropyl ester C¢H,,0,S 0.7
Phenol C.H,0 10.47
Tetraethyl silicate C¢H,,0,Si 2.89 1.55 3.70 1.85 5.40 1.30

- RN AR E

Note: — means no values were tested.

Hexadecanoic acid, Octadecanoic acid, ethyl ester
( CAS). 1-PROPANOL-O-D, 2-Butanone,
2-Cyclopenten-1-one, 2-hydroxy-, 2 ( 3H ) -Furanone,
5-methyl-, Ethane, 1, 2-diethoxy- ( CAS) . Phenol,
Phenol, 2,5-bis( 1, 1-dimethylethyl ) - ,n-Hexadecanoic

acid Octadecanoic acid (CAS) .1,2-Benzenedicarboxylic

oxime .

acid, butyl octyl ester, Acetic acid anhydride, Acetic
acid, hydroxy-, ethyl ester . Propyl lactate, Ethane,

1,1-diethoxy- (CAS) .Tetraethyl silicate, HAdH 13 f
AR SR E (755 B A k) SE s AL Ry h A
TE ACE T EA 9 M AR Z (£ 3), AHEE
B SN Acetic acid anhydride (4. 02) ., Acetic acid,
hydroxy-, ethyl ester(8.23) \Tetraethyl silicate(5.40)
2.4 NTiEHIRMER

FALIREE m T AL LR EE A RR
MEREE2ZR ARXNHEER TLMES5H
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Different letters indicate significant differences( P<0.05).
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Fig. 4 Seed setting rate of different treatments
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@ £l Purple flower petal

A B White flower petal
A K11 Purple flower pollen
O B White flower pollen

K5 607 % e L oe i 35 Pk

Fig. 5 Significant expression of color in bee vision
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