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Abstract; Floral characteristics, flowering process, pollen viability, stigma receptivity, breeding system
type, honey secretion rhythm, and pollination behaviors of flower-visiting insects of Belamcanda chinensis
(Linn.) Redouté cultivated for 5 a were observed and studied. The results show that the perianths of B.
chinensis are orange to orange-red, with scattered redish brown spots; the corolla is radial symmetry, and
its average diameter is 54. 80 mm; there are 6 perianths, which are divided into 2 whorls and arrange
interactively ; there are 3 stamens, which enclose the pistil in the center, while the anthers are under the
stigma; there are 3 nectaries, which are at the bottom of nectar passage of outer perianth and are composed
of secretory epidermis, nectariferous tissue, and vascular bundle, and without special ornamentation on the
surface. The florescence of B. chinensis is from June to August, the full flowering period is from June 22nd
to July 15th, the florescence of individual plant is 10-30 d, and the florescence of single flower is 12 h;
the corolla initially opens at about 7:00, blossoms at about 8:00, completely closes in 18:30-19.00, and
spirals on the next day. During the flowering process, pollen viability and stigma receptivity of B. chinensis
both first increase and then derease, and are the strongest at 9;00 and 13:00-15.:00, respectively. Out-
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crossing index (OCI) of B. chinensis is 5, and pollen/ovule ratio (P/0) is 1 595.0; the fruit setting rate
and seed setting rate of 3 artifically pollination groups increase generally, and perianth and nectary can
significantly affect the pollination efficiency of pollination insects. There are 17 species of flower-visiting
insects of B. chinensis, and the daily total flower-visiting times of insects show a “bimodal” variation with
the peak values at 9:00 and 1500, respectively, and the nectar volume of flower is the largest (10.3 wL)
at 9:00; there are 5 species of pollination insects of B. chinensis, in which, Apis cerana cerana Fabricius
and Apis mellifera ligustica Spinola are efficient pollination insects. It is suggested that B. chinensis flower
is a typical entomophilous flower, its seed setting rate is constrained by pollinators, and its floral
characteristics, honey secretion rhythm, and breeding system all have good adaptability to pollination
insects; its breeding system is mainly outcrossing, which needs pollinators, and has partial self-
compatibility, but the apomixis phenomenon is not observed.

Key words: Belamcanda chinensis (Linn.) Redouté; floral characteristics; flowering process; breeding
system; flower-visiting insect; pollination behavior
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51T ( Belamcanda chinensis (Linn.) Redouté ] 5
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BRI REREL(0) A AKX 0=(Zm) /30,
Hrr m P N IREREL

HR A A6 A R0 50N IR Bk 0T 5548 K/ B L
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396. 0, FKREH RGN HANE A AL PO fH N 244.7 ~
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GiithEsk ARG AER SO (BIRESLIE R I8 BB | B
e R EE St 30 Ik,
1.3 HEITEMSEIT o0

K HI SPSS 22. 0 Ge it 43 Afr A X S 56 B A kA7
G157 3 K One—way ANOVA 32 X6 AH B4 647
F7 2245307, R F Duncan’s 3t 5 # 22 32 X5 A1 5 B0E 17F
T2, X0 2 i 5 Hh 3R fh R 25 R
AR 56 R UEAT Pearson AT,
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WEEEE R R« i LT A 52 48 R AR R A 4E
¥ AEZE R ORI, Tt R AR B AE IR EF A B
NI, SR A B, BUELE 6

BEw s AL 0 2 A TE B fEs B 6 A, 0l
2%, R HHES, AL 2R SRR, HAR 54.80 «
4.46 mm; NP A 3 M B RIHEDE, K 31,22+
3.16 mm, 5% 11.60+1. 31 mm, fE4 T FEILI ) 1/3
X IlCR 2 TE S LT (0 INFEAEDE e 3 A, AN AE 1k
FrmgAERE K 28. 0022, 56 mm, 55 10. 46+0. 97 mm ; H
K 22.22+1. 60 mm, {37 T 3 HObESE i o S 7 L AE
RO it , A6 A Sk Tots — 24, 284 Jy 20 Wk ) A7
3 BRI  EE K 20, 32+1. 68 mm, &AL T4h
AR IR, A2y o A2y TS T O, R
@, MR, T 55 9. 00£1. 16 mm, 2T | Hhih
JifE 2 3 %=

WA G R B, F TS e AE
8 H,BAMRIEIIN 10~30 d, BAAEAEII A 12 h, TR 16
e H12 HZE6 H21 H &M e H22 HET H
15 H, KeWA7H16 HES H 3 H, £ 7:00
ZEAITF(E 1-1) , BUBffE 2y i AR T 24 A3k B 1k
AR A IR B AT AE 800 ZE A7 BRTF (B 1-2) , 1t
TP I 2491 T Uh #0K , e A58 e 1] — 00, B e 255 24
1.5 cm; AETEAE 16:30 & 17.00 ¥4 (E 1-3) , 4
AW AN AIE R e B e 1830
19:00 5244 (K 1-4) B3k 2 AR 48 i 72 IR
H 225G (K 1-5)

1. #IFF Initial opening; 2. JETF Blossoming; 3. W14 Initial closing; 4. SEA A Complete closing; 5. AR th Spiraling.

B1 SFeFFEsE

Fig. 1 Flowering process of Belamcanda chinensis ( Linn.) Redouté
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OP: AMEAEWE A Outer perianth; Ne: Z I Nectary; An: fE25 Anther; St: 3k Stigma; IP: PESAEHEH Inner perianth; VB 4% Vascular bundle;
Cu: A2 Cuticula; SG; VEMYRL Strach grain; SE. anlis 34 Secretory epidermis; NT: WEEZH 21 Nectariferous tissue; VM, S5 F Vessel member;
STM: fifi% 4> Sieve tube member; NP . il Nectar passage; Ho: Z {1 Honeydew.

1-4. BRAYHHHIZ5F Anatomical structure of nectary: 1. fEFFHEYIIA Transverse section of flower bud; 2. {E7§ A YIE Longitudinal section of the
bottom of flower bud; 3. % BRFEYIT Transverse section of nectary; 4. % AR 4EEZHZY Vascular tissue in nectary. 5-6. % BRRTHIESHFE Surface
micro-morphological characteristics of netary: 5. #&if Nectar passage; 6. % [IRZE1H Nectary surface.

B2 SHTHEERNESEEEREBESHE

Fig. 2 Anatomical structure and surface micro-morphological characteristics of flower nectary of Belamcanda chinensis ( Linn.) Redouté

2.2 STFHRITEME N RAESL ARG

SEYRAE I (R 1 /3 RIE 4) R ST AE R TE
TEZG AR B BT B — & 036 1, ERF 2 h A2
(9:00) ¥ 1 fe ik, WL J5 16 03880 R, B A Sk AE
TR FF R (7:00) i HA — & W v 84k 716 5
2~4h(9:00 £ 11:00) ,#F3k 0y o] $Z M 4558 , BUIT, A
SRR FH B AR A3 WA ARG R S B B £ R T AR IS
6~8 h(13:00 % 15:00) , # 3k iy Al 2P fe ok, IE I,
FESK R BB AR A0 TR Y 5 I S A Sk v 432 2 I B ] 4
B T, HCRECR I, S TR AER I ) S ek T 4%
PERAE AL AR AL, 4 Bl JF A R SE T e s R
(B ANTE A )25 Ak nTF AR A I I A6 16 )
Ak,
2.3 SITEFRSEXRBHM

SEYS AT AL R B AR K 54. 80 mm, T
KT 6 mm, LIT{E Ky 3; FFAERT, A3k 5482525 (Al fof
BT R A S O T — 0, IS R 15 AR O T S K
BOMIRE N 1, AR IR 3 IR A S 2 5T i 2%

®1 HFFELREFEME DT LIRIERNEN (X£SD)

Table 1  Changes in pollen viability and stigma receptivity of
Belamcanda chinensis ( Linn.) Redouté during flowering process
(X+SD)

Aisf ] ARG 1/ % FE Sk AT F2

Time Pollen viability Stigma receptivity

7:00 63.5+1.9 H—ER{ZM A certain receptivity

9.00 94.9+8.6 A FZPEHTR Stronger receptivity
1100 91.3+4.4 A FEAL R Stronger receptivity
1300 81.7+2.7 [ PR The strongest receptivity
15:00 65.3+4.3 Al B3 The strongest receptivity
17:00 35.8x1.5 Al R Stronger receptivity
19:00 26.6%2. 1 4> AT B2 Some with receptivity

THEB(OCT) K 5, M40 Dafni ™ ROFRME, B E ST 1Y
BEHERGURZN T, T E IS AL
A,

S M ST NP e Rl (OB O I £ 2 i YA G
47 530. 0, F-BIREEECH 29. 8, FEH/ IIRER L (P/O) Ny
1 595.0, 434 Cruden' "' bR, #ES THHEF &
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500 pm 500 pm

1-3. f#HIW%E Anatomical observation: 1. AR BEAYFE L Immature stigma; 2. JEAE Sk Mature stigma; 3. FEER L Wilting stigma. 4-6. N
ARWZE Visual inspection: 4. A MPAIHEL Immature stigma; 5. MEAIHEK Mature stigma; 6. ZEE UL Wilting stigma.

B3 STFFEdEpE R EEN

Fig. 3 Morphological changes of stigma of Belamcanda chinensis (Linn.) Redouté during flowering process

1. H—nl ¥ ake sk Stigma with a certain receptivity ; 2. T B o A Sk Stigma with stronger receptivity ; 3. AT FE PR Ao A AR Sk Stigma with the

strongest receptivity; 4. JCH4ZPERIH Sk Stigma without receptivity.

B 4 5T E AR K H SR

Fig. 4 Morphological characteristics of stigma of Belamcanda chinensis ( Linn.) Redouté with different receptivities
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W H HAREHY) (T4 4 (AE75 R EAME AW T (HAR R
I EELE K H AREN) FIl TS 41 (AE7E 31 48
18R TG EAS, I H HAREHR) B AR SRR Rl 50
GEFPR IR EZES A T9 H(EHFEHBEER, K
H H SRR ) ML, A SR AR LR 3% Fp 7 BORn 45
FER I 5 2T B U6 B AR DY o A T8 B T 5 1 5 By
EL B E AR TR . To 4 (b # LS 5L,

WH HAEEN) T7 41 (675 # LS5 E4% K H [H
PRSEAESZ Y ) FI T8 4 (4675 I LM 5 E48 , IR H 5
PRI ) 6] (0 F 7 B0 HE B 3 25 5, A SR 03 5l oy
36.7% .56. 7% 1 73.3% , F F 050 5 A 15.4 . 21.8
H126. 8, 45K R BIN 51.7% 73. 2% F1 89. 9% ; H:
WL T7 4URN T8 415 T9 4 B Rh T H07 7 1 3 22 5% i
T6 415 T9 AR FHUC W 255, i T EF
RGVIFA R IFEA B A FEMM:,
2.4 HTHBETEREHEERNERTASH
GEITAE AR (3R 3) R ST I FRAE H e B
19.2~31.6 pL, $F TR W% & Bl B 18 2 e T
5 AR B AR fh a3 JE5 SR 7E 7.00 % 1300
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®2 SHTARRMHREHER(X2SD)"
Table 2 Results of different pollination tests of Belamcanda chinensis
(Linn.) Redouté (X+SD)"

kg e R 0 T8 Ll /0,
Pollination test> Fruit setting rate  Seed number Seed setting rate
Tl 0.0 0. 0£0. Oe 0. 0+0. Oe
T2 0.0 0. 0+0. Oe 0. 0+0. Oe
T3 33.3 3.0+0.9d 10. 1£3.0d
T4 26.7 3.8+0.9d 12.8+3.0d
T5 20.0 2.8+0.5d 9.4x1.7d
T6 36.7 15.4+2. 2¢ 51.7+7. 4c
T7 56.7 21.8+2.4b 73.2+8. 1b
T3 73.3 26.8+2.8a 89.9+9. 4a
T9 (CK) 26.7 15.5£3. 2¢ 52.0+10. 7¢

D [ 5) th R 6 /NG FREFR R 2% 53 2 (P<0. 05) Different lowercases
in the same column indicate the significant ( P<0.05) difference.

DT, AL Bagging flower buds directly; T2: LS
£4% Bagging flower buds after emasculation; T3 fE75 3| s 52 8 4
AR G EAS IR H H X424 Bagging flower buds after stripping
complete outer perianths, and natural pollination on the next day; T4
R BN (LA B B F B, K H AR50 Bagging
flower buds after stripping outer perianths but keeping nectar passage,
and natural pollination on the next day; TS {E75 3 2L )5
EAS WK H HIRFZEH Bagging flower buds afier stripping all perianths,
and natural pollination on the next day; T6. WHEHEMES G EL,
K H H LB K Bagging flower buds after emasculation, and self-
pollination on the next day; T7: {675 F| L HESREELE, K H R F
AL Bagging flower buds after emasculation, and geitonogamy on
the next day; T8 1677 3] M 85 )5 £4%, Ik H 5 4R B2 4 Bagging
flower buds after emasculation, and xenogamy on the next day; T9. 1
FEHBEELN, WH HREN Bagging flower buds directly, and

natural pollination on the next day.

®3 HTBEREFEERRFERENETE(XeSD)"

BE [RBTG5 AEAE 7:00 E 53t /b
FEE EAEE SRR (18% ) s 7E 9:00 I iR K
(10.3 wlL) , O A% 7 0] 72 1300 4626 &5 4 i
1 (56%) 5 1 15:00 % ki 225 1k W65, 60 i bl
DLEIRAE T R A BN AL 5 17: 00 LUS B 45 11 i
B o ACAE TR s B TR S a5 R
R (P<0.01) IEADG, 5 Hb 3 28 SOM X 1 2
SR TG ARG R MR 0. 993 F1-0. 995,
WEEFNGET A5 R B S TR DT B R A 17 B,
Hrpfgy B diAy 5 Fp, SR & T H ( Hymenoptera)
HH H (Lepidoptera) , 17 3 AJ WL 2R A7 £ IK
BORR E T TR B H U5 OB S XU
R AR 2 AR 530 Y BRAE 9:00 1 15:00, ML
B, T AETFHUG A A (7:00) 25 i ] 4 ( Vespa
velutina nigrithorax Buysson ) Fl1 2847 B WF I ( Episyrphus
balteatus De Geer) B SCU54E, LI AE 2 1 R 24, —
AR VTAEHRIHAL A M i AR A A 559200, B 1Y
VIR KRR 2, 2K ¥ R T R 5465 11:00 2 1300,
B TR (35 40 C LA 1), KEB 7 B U T 31
A ABTF I 0 s S B L () D D S
15:00, f&4) B USSR S 3251700 LU, Bl 5 3%
TR TR, BT bR R 58 D5 4647 R B i 1k

Table 3 Daily rhythms of nectar of Belamcanda chinensis (Linn.) Redouté and flower-visiting times of its flower-visiting insects (X+SD) "

i i) {%EE/ML W /H\*fg%/%z) PitE AL Flower-visiting times

Time Nectar volume Sugar content of honey” 1 Butterflies W Bees 3t Total

7:00 5.7+1.9b 18 0. 0+0. 0d 11.3+0. 5¢ 26.0+2.9¢

9:00 10. 3+2. 4a 31 0.0£0. 0d 26.0+2. la 57.0+3. 6a
11:00 6.3+1.9b 48 0.0+0. 0d 14.7+2.0b 26.7+4. 5¢
13.00 2.9+0. 6¢ 56 8.3+0.5b 4.0+£1.6d 23.7+3.7¢
15.00 0.2+0. Oc — 12.3+1.9a 0. 0+0. Oe 37.3+9.0b
17.:00 0. 0+0. 0d — 1.7£0. 5¢ 0. 0+0. Oe 12. 6£2.0d
19.00 0. 0+0. 0d — 0. 0+0. 0d 0. 0+0. Oe 0. 0£0. Oe

D [@) 5] th R 6]/ NG bk 3R 2% 5 2 (P<0. 05) Different lowercases in the same column indicate the significant (P<0.05) difference.
D —, FEE KA TG E EHHE Nectar is not enough for determination of sugar content.

MR RG220 (3R 4) R W) . v AR 1% (Apis
cerana cerana Fabricius ) 15 K F| % 1 (Apis mellifera
ligustica Spinola ) [ 5AAE 15 [ 451 2 F1 9% i 46 4T 3k 1) 46
v B T A R A, ] A R e A
Rty B Hy o b A0 5 e R R DR ) e 1) B R 7 4
BT 43504 11,6 F110. 1 s, BAAET 445 5 K 2. 5
F13.8 min~', ZRTSEHMISE ( Pieris canidia Sparrman) |

2437 R ( Sericinus montelus Grey ) Fl14: RV ( Papilio
machaon Linn.) BB i AL B[R] 43 50 8 3.5 .26. 8 FH
24. 8 s, ALV 5035 5124 0. 6.,0.2 F1 0.3 min™',
AT 3 i B Bk [B] B U5 A 18 B SOREIR, 1
A, B AR A B e i 1 AR ] 2K (700 2 15.00)
H AR AE I ] K3k 30,3 s, H AR #5737 5 7
Foy, PRI S8 A R T R R
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Table 4 Statistical result of flower-visiting behaviors of 5 species of pollination insects of Belamcanda chinensis (Linn.) Redouté ( X+SD) 1

R L ST 5 ALY min” HES A 6 T
Pollination insect Single flower-visiting time Visiting frequency of single flower Pollen setting number on stigma
FhAESE W% Apis cerana cerana 11.6+3.7b 2.5+0.7b 44.2+6. 8b
BRFIE W Apis mellifera ligustica 10. 1+2.3b 3.8+0. 8a 62.5+15.3a
HITRMME Pieris canidia 3.5+0.9c 0.6+0. 1c 6.9+1. 1d

2o RIS Sericinus montelus 26.8+7. 0a 0.2+0.0d 12. 1£3. 2¢

4RI Papilio machaon 24.8+3.9a 0.3+0.0d 15. 8+4. 8¢

D [R5 AR R /NG B 35 25 5 3 (P<0. 05) Different lowercases in the same column indicate the significant (P<0.05) difference.

3 i msEib

TR AEFREFIE SZ AL by e B sh Wy b 31858 [
TFRELRE TR LR R R
2 N JAT A by 3 S0 2 R AL R A R R
HARAR B 0] H A R 5 RS L, il 4, 5
(Iris tectorum Maxim.) [IAEZY R TAEHZ T, IF H
A TG S5 MY FRAE 15 N T 55 IR A 8% ( Xylo copa
appendiculata Smith) 25 KA B AL 4> B 4B AR
FLRTEHL, B I, B AT 5 1Y 48 768 A 4 1) 18 1%
AL E AR R, B Ok, B iR HL
FEW R b BA W A4 () 2 R A0 JXE AL X BB AR PR AR A
Tl B SR Ay MY ) s A

SRS B, BT AEEL 3 BUE MR, B0 T4
SN R B3 B9 3, 5 Rudall 257 (R 5E 2538
(ST AL 0 B T AE B8 B A AT 7T R AL T AR
) ASEA—3, BHT T hrO K S e ma, B
FENRAE TR B AR, Fahn' ™ 32 H 28 IR0 B ALY
“ i [ TOU JECO) XS 55 A 2 it H s MR T Ak o Sk
EARNTCRA AR EARU S DT B i —
BRI RRIE . ASBIESE K B, ST AR A0 IR 3R
TCHENRBAFE , S5 T B, 5 5 e s HAAE Y Y
BRI, ST AR 0 B R E TR R R IR,
b ARG T AE 0 R 2 A S 7 L S 40 ), T
4R % R I A 2 O HL WA 20 24 M Y £
RIS BUZE T, SRR 3] — e R,
SV LA AR )Z A/ LIRS

WY ER RGEA HAZ S MR HE L2k
B ERR AR X 1 H AZ 8 S AR b, 25K
Y EE R MRS (AR B A sc S 58) 7,
Zi P/OMH OCI {H B 2 Wi g 2 2R A 3+ 119 B¢
BRGVFZN T, TEAE & AR A 58 5%

5 S5 AT 30 3 ST SR S 3 Y e e S 037 25 ML
il B8 AL R S0 , 1845 A6 R 1% 328 1) RS
P, DT 5 5 58 AAER
B AP, H AR B B AR A ) 45 5L R
PR 2 DR A A R ) e R B T A% B o R A 45
BRI, AR, T (A ELS K H AR ) 1Y
GERFR(52.0%) iR T T7 40 (1675 HEE R B4,
K H RIS AEFER ) BN T8 2H (675 LIS F 48, Ik
SERBER ) I FFR (2000 R 73.2% 1 89.9%) , 5
To 4 ({75 LM IS ELE K H AIEFR ) B4R
(51.7% ) M3, LB A ARIRAS T S T 245 kR 510k IR
Wl B B 28 AN R BT 056, ARG gE 45 0 &
W . 25 2 J A ) A S 1 T A ( B AR AR R AM AR )
SEFRERE IR 51 IT 5 AR B A TR G 3, IR
AER5S IV R G s 2 Ry R PR A S K A v
Tl 9 HL, & R A R L S Tk se e R R, B
BRI, AWFIE T3 41 (B A5 52 B A
B R IR ELS, I H AR B A SRR N 33. 3%,
VLSS58 16 B 1 10 45 #4) R ) 6 1t R 52 41k
TS H (AEFER KA FELE, WK H AR
AR T2 20, 0% , 5 T9 414 K (26. 7% ) $%ik,
{HHEEAFR (9. 4% ) FNIE AR T T9 41 T4 41 (475
B LAMNAE R AR B BB R B 4% I H A SRR
FIZERFR(12.8%) 5 T3 41(10. 1%) L. F 25, H
KT T9 4, Ui ST A AL A RN 2R IR R
Wi 4 . R AL R R0, H I 5 P 25 KR Tl
ALK E BRI 4, 18 5 B A 2 DL Bz AL
0 R I FLAAE ) A R B BR A2 RN 5
FRAE ST A9 2 B AR A6 B R H 3 3h 1
KIUAE 9.00 Vifb BRI e R B 2, iR R
VIAE U BA 2 H WA, I A o 2 R A Ok T A
1500 % PRl L 45 1 b, IR, e vk R AE B R 8 1Y
FE2E T4 2 S Bl (HAE 2 S S b R IR
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315.00, HIRIR N 2RI (44.9 C) =R
AHXT R A 4 K eI (31%) , $HE 00 1 e 78 288 25 Ml
Ty WAL R S AT B, 10 PR ST A6 A I B R A
X AN TR A9y B HRL T sl 45 R 08 R 5 S, — R Ol
T A8 B )AL B OB AN I e T R Sk A VK B
B BB T Ui IR R AR i I A 22
MY EEAF R, ST AR R A 5 432
AR RIS R 7 SR | 225 KU 45 R
U MR S A% Ry L E 1 AL 7 [ A0 S5 R g 1 A A Sk
FRIAEAG T A, ) v A 2 0 R ORI 0 A ST 1Y
ERUE R R

ZE L TIR B AE R SR R AE B AR 2 AL
Py BRI, AL RRAE I W A FN B F R SF BN
e R RAFE N HEH RE U R+, 5
B I AEAEER o A 28 R A H R W58 ) el &
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