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Flowering biology and breeding system of Ardisia humilis
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Abstract: Ardisia humilis is an excellent wild ornamental plant. For the purpose of fully utilization of this elite
germplasm, the flowering biology and breeding system of this plant were explored in this study. We conducted field
investigation in the flowering phenology, flower-visiting insect and their visiting behaviors on A. humilis individuals
introduced in homogeneous garden. Furthermore, pollen viability and stigma receptivity were detected by pollen

germination in vitro and benzidine-hydrogen peroxide method, respectively. Combined with artificial pollination, the self-
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compatibility and the self-pollination of A. humilis were also analyzed in this study. The results were as follows: (1) The
florescence of A. humilis was from mid-late May to early June, and the full flowering period was at the end of May. The
flowering period of the population, single plant and single flower were approximately 25 d, 17-20 d and 1 d,
respectively. (2) A. humilis developed protogynic bisexual flowers, the pistil ripened first with partial overlaps on mature
stage of pistil and that of stamen, while stigma remained receptivity until 1 d after stamens fall. (3) With the out-
crossing index (OCI) value of 4 and pollen / ovule value of 5.61x10° | the breeding system of A. humilis was considered
to be outcrossing with partial self-compatibility, and the pollinator insects were essential. (4) The seed set of natural
pollination ranked the highest level (average 52.96% ), followed by that of autogamy (52.29%) and of artificial-cross
pollination (50.33% ), with no significant differences among the three (P>0.05), but significantly higher than that of
artificial geitonogamy (28.67%) (P<0.05). This study indicated that, beside of being excellent flowering plant,
A. humilis not only had a strong outcrossing affinity, but also had a strong autogamy ability. (5) Lasioglossum sp. 1,

Lastoglossum sp. 2 and Halictus sp. were the most observed floral visitors on Ardisia humilis. This study provides an

43 %

important theoretical reference for the resource utilization and germplasm innovation of A. humilis.

Key words: Ardisia humilis, flowering biology, breeding system, flower-visiting insect, pollination biology
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Flowering phenophase of Ardisia humilis

Table 1

WHAEH yor W B B
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Y= initial lndf{w[dfal Individual by Population
Individual ~ blossom ma blossom  Individual blossom
blossom . R .
number (day/ (day/ duration  quantity duration
month) month ) (d) of bloom (d)
1 17/5 3/6 18 132 25
2 21/5 6/6 17 203
3 20/5 6/6 18 575
4 21/5 6/6 17 429
5 21/5 7/6 18 175
6 22/5 10/6 20 663
-2 — — 18 362.83 —

Average
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5 mm

A BARIET ; B, BRI ; C. EFF; D. R,

A. Front of floral; B. Profile of floral; C. Inflorescences; D. Fruits.
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Fig. 1

BB T (K 6) . Vit Lasioglossum sp.1
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Morphological characteristics of flowers and fruits of Ardisia humilis

TEASAEAE e b, AT 2 PIUAE: A 2 A 1 30 2R 40 1
SRR Sk | o I 8 i 72 Bl FE A By DA AE 24 rp 3
H . Larson £ Barrett ( 1999 ) 84% 45 B M 9 X 47
Jmf 7 E AL Ky (buzz pollination ) , It A,
Lasioglossum sp. 2 Hij & k¥ S i M F-RSG F R 548
¥, H— D R AL, — 3 Dirh R A1 B AN
15528 SUTI R, 445 Kt B 72 ) B 1 46 0 WAL 46 3 46 By
W TR i (A e ny 2 L R B
TR i 1) O 88 A Sk, M SE AL KY . Lasioglossum
sp. 2 FE[R—AH kR L 3ELE Vi) 3 ~7 S&48, REAE AR/
B T RN 0.01 ~0.03 W, 4615 B I T 4K
P 3~20 s,

Asarkina sp. U5 4608 UL T 0 B A A H 30000
HEIRAL(E 6) o JBHE 1 IRVIAE 1 ~2 %, AL E
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A TR B ARSI Co T D.OEITI E. SRR FLOUN G 2B SOHERS RIS SR 1 K WL AR SRS UR S
B2 K L B RS IMREE 3 K,
A. Bud period; B. Stigma protruding period ; C. Initiating bloom period; D. Bloom period; E. Declining period; F. Withering period; G. The

1st day after the fall of petals and stamens; H. The 2nd day after the fall of petals and stamens; I. The 3rd day after the fall of petals and

stamens.

3 T

B2 BEESFHFRIS

Fig. 2 Flowering dynamics of Ardisia humilis

3.1 HEEFFHEX E BB
R AE T 25 5 o5 60 4 A8 38 4 R 5 T i =X
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(B K45 ,2019) . WEEE S LT IERE ,
HAE A RIS JE ALY | ME b 358 2 68 AE R 5 4K
T | T AR R R 2 B AR R iR SR AR
FREWE 51 T 45 B J Bk B HU AT R U5 4E (Luo et al.,
2011) , Horr BR8240 Y Ml A 88 B 0 AR e AP R AE
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A FESKARIIY B IR C.OOTI; DL RN B R P R SR A A 1 K G R RHERE R AR 2 K

H. 7B M eSS 26 3 K.

A. Stigma protruding period; B. Initiating bloom period; C. Bloom period; D. Declining period; E. Withering period; F. The 1st day after the
fall of petals and stamens; G. The 2nd day after the fall of petals and stamens; H. The 3rd day after the fall of petals and stamens.

3 BRESHELTEY
Fig. 3 Stigma acceptability of Ardisia humilis
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Fig. 4 Dynamics of pollen germination in Ardisia humilis

A, IR K TR B Lasioglossum sp. 1; B. I W& B I Halictus sp.; C. TR Tk b s i B Lasioglossum sp. 2; D. Pe & i i R B

Asarkina sp. .

A. Lasioglossum sp. 1; B. Halictus sp.; C. Lastoglossum sp. 2; D. Asarkina sp.

Bs5 ZESFHHLER

Fig. 5 Floral visitors of Ardisia humilis
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10:00—12 ;00 1E S8 2 FF il A 38 DA K A6 25 5ORy 1)
) B2, B2 S W | B L, A KRR A6 25 2 Bk
SRR AR BV V% . D3 AN, BB A AR R Sk
FIAEHT R 220 Jy ik, A6 kAT v] 15 47 F 7 o 25350 5
PRFFBT L, B2 F% I 0 R B 46 i A6 7 A 3 A
& T RESE N T HE N A AR AR AY A6 R S T AR, DA
Ak 2 & 15 L 51 % Ky B AL VR R X R 4 2 A
W38 WAL K3 ) — PR B ( Zhang et al., 2011)
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=4= Lasioglossum sp.2
== Lasioglossum sp.1

Halictus sp.

== Asarkina sp.

Vitesi
Visiting frequencey (time-h™)
N
=]
f=]

I5f ] Time

Bl 6 BESFIMMIFLERBHMIFEIME
Fig. 6 Visiting frequencies of four visitors

on floral of Ardisia humilis

R2 MENSELTEGE

Table 2 Pollen viability and stigma receptivity

Tt TERIE T HE Sk W] 21
Flow rin; iod Pollen viability Stigma
owering peno (%) receptivit
plvity
k- ) h
AR 4.62+1.98 "
Stigma protruding period
- PIJE . 5.11%2.32 +
Initiating bloom period
E&}F'ﬂ)ﬂ. 27.42+12.16 ++
Bloom period
il 5.52+1.94 +
Declining period
e _ -
Withering period of petals and stamens
D1 — +
D2 — +
D3 — -

T - R AR B, + FoRHSL B, ++ 2R
Bk AT ARG 5 +++ FORAE Sk TR MERR . — R AR,
D1 R R AL B S PE 1955 1 K, D2 F7R A6 K 88 U 4t
JRHYEE 2 K, D3 Ron A B eSS IS B 3 K

Note: — indicates no stigma receptivity; + indicates stigmas have
receptivity; ++ indicates stigmas have higher receptivity; ++ +
indicates stigmas have the highest receptivity. — indicates no
detection, DI represents the 1st day after the petals and stamens
fall, D2 represents the 2nd day after the petals and stamens fall,
D3 represents the 3rd day after the petals and stamens fall.

BRI ER” e b
HaT AR 2 LSRR AR Ry IR LSS AR 2R
TEN] RE R HAL M A BE AR Ui AR 4R By o — 1 O
Tl TE AL R G VAR R A SR B
3.2 EHEREREE

AR RTY, BESFNEFTRE VLMW

®3I EXIEHSEY/ B

Table 3 Out-crossing index and pollen/ovule ratio

R ARGRN
X 5t =5 R Type of
Observation item Expression breeding
system
eIy B 3
Inflorescence diameter
b =1 2 E N
: 2 T,
ek
W fife 2% ] 4 S 1 Out-crossing, partially

Spatial separation of
male and female

self-compatible ,
demanding for

T3 HeRy 4 pollinators
Out-crossing index
RARAEIAE R 132 148+
Pollen number of perflower 44 780
R IS7S ¢ 23.6+3.34 LR
Ovule number of perflower Xenogamy
B/ HEZR L 5 609+699

Pollen/ovule ratio

x4 EHUEEMIRER (n=3)

Table 4 Results of controlled pollination experiment (n=3)

YIS VIS GRS R
B gy Fruit
,SFLI\IE Number of ~ Number setting
reatment
flowers of rate
(flower) fruits (%)
TR, AR 307 162 52.29+9.21 b

Bagged, no artificial pollination

AR AELE, 1 il 161 83
Unbagged, untreated,
natural pollination

52.96+15.22 b

Flfe B N TR M 68 19
Bagged, emasculated ,
artificial geitonogamy

28.67+17.48 a

FlE, B4, N TS REEH 79 39
Bagged , emasculated ,
artificial cross-pollination

50.33+21.34 b

. AFFERFRIR 2257 B3 (P<0.05),

Note: Different letters indicate significant differences (P<0.05).

SR F W AL EM, BB E, N
BERIPER M AR RE B ed AR A L
A AR MR B A S AL T L AT A
K EZHZH; . Pascarella(1997) XF #ir SE M 5 Fh 45
SHREYET RGN A X LR Y A 52
SRR Hor 4 FhORT B 4B R B S50 5 AR BE AT A R
MH—3, S8 AREEE S ER RN, H
RAGKIAT R AE 55 4 2 J@ A W vh AT RE il A A 2
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B A W) 18 A R Ry B A e B — A L
Darwin ( 1876) BF 5% Ay, B0 ) i & I 28 i fb
LMK, M ST, 76 Fh 2% B2 AR B st
AR, 23S AT DA A ) 1 4G SR O T
H Bl 3E $E L # ( Holsinger, 1996 ) , Ktk , 45 91 19 1R
BRI R GEAE A SRS+ 20 WL (Lloyd, 1979 ; f] F.
SERIXIEEA 2003) , WABIRZE RKF, BESE
LR B 24 H 22 5 78R E, Flan,
FETEARHE A L AE AP 7 B AR T MESS R DL S AR
Wi 2 A5 S5 M R (AR TC e R A E O SR T
YERE i 52 B H il %) 52 ), 38 K 1 A6 A0 # s
FNHEk B JLE ) WA R T ol A Sk 2 A
TG AR, & A ALK (A 22) 14 L 58 i B 2
FEAl (RS ,2018) , AN, BARE SR BB
IR LS S A A RR AR (E A Sk mT 2 0 S R R T
FeE N AF AR A B, S — PP 58 4 1 e e
B HHOCHEIE R B, e S 2 0y R AR A R T 0
SR R b B BT B AR B
WERE 28 B0 S R BEAT R B LR AR K
( Cardoso et al., 2018) , 7E 1% ¥y B A skt 49 A= 5%,
SHE A8 2 A AR AT B AR MR — o Y B
B (Sato, 2002) , AH X AN 5 42 (1 1 88 48 2, AN 58
4 I S S RE T A R R e F AT O (BRI
5,2018)  [AIE, 8 55 4 40 M % e A B R AE S 7
HAR RGBT T8 R,

1k B HUAETT AE A ) A% M ik 2 v e 25 DG B 1
YEF (8855 ,2018) , KRBTSR IR, EE &
dny FE P LR BB R R R, X 5 Bawa
(1990) X 45 4 2 B ) 1 i A 15 ) AR by 5 %2
ATV N ) B e R R LAY 45 SR A — 2, s,
AN R 3% 26 B e B 2 A6 AL ¥y 3 i R Ak
WP AJE ) (Yu,2013) , 455 A B 58 1 45 21
ATHFEWT , R% 58 4 2R 5 Fh R B 21 5= st DL A Y s X
Ja AT N AR B TR W R R I 55, AN 2
IR A% 3 25 1) B2 =2 T - B0 4 S0 R B A ORI

SRS, — i, RS A W, Ik
IR, WAL 5 5 o5 — O i, 7Rz Ak ALk
Wyt ik 55 A1 A 3 A S BLHI A S DR B T
T8 4 A A e M DL A A b B DB, AT T OE R 58
BT A B 3 B8 HL AR 45 S R ARAR AR 5, RE 4k 5
ERIFBWRME, Hoh, %5 a4 B AR
H 3l H3Chie Sy, i H T % N e, Bl % N s 4%
MR A WRBAERF R M R 45 SR, It B T %
S EARRN H S H R T, TEAR R AT R
A R T IR S A A R AR B R i, n
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