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Abstract

Aims The stamens of Glycyrrhiza species are diadelphous, with nine staminal filaments united at the base as a
staminal sheath and separated in the upper portion of the staminal sheath. The arrayal shape of the nine stamens
changes from two rows at an early stage to an inverted “V”-shaped arrangement at a later stage. Our objectives
were to (1) describe development of the stamens in G. glabra (from the bud stage to full bloom) to determine dif-
ferences in shape development, timing and position of stamens and (2) determine the functional role of long- and
short-level stamens in the pollination processes and its adaptive significance.

Methods The development of stamens (measurement of the filament, anther, and style lengths at five develop-
mental stages) and variability of timing and position of stamens were observed under a dissecting microscope.
Scanning electron microscopy recorded pollen morphology. The vitality, quantity and chemical composition of
pollen were counted and detected. In addition, the number of seeds following each pollination treatment and the
pollinator behavior of insects on different stamen removal treatments were compared to examine differentiation of
long- and short-level stamens.

Important findings There were differences between the long- and short-level stamens in filament length, anther
size and shape early in development, but the differences disappeared when filaments elongated and mature pollen
was released. The numbers of pollen grains and pollen vitality between the long- and short-level stamens were
different later in development. However, no significant differences were observed in chemical composition of
pollen and seed sets among different treatments. Emasculation of the long- and short-level stamens induced reduc-
tions in the visiting frequency, but the seed sets of emasculation were higher than without emasculation, which
indicates that emasculation reduces the interference between stamens and stigma and improves the pollination
rate. The arrayal shape of stamens changed from two rows early in time to an inverted “V”-shaped arrangement at
a later stage and resulted in different quantity and vitality of pollen. This indicates that the flower of G. glabra
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uses fewer male resources to obtain the highest pollination efficiency and to improve male functionality.
Key words arrangement, male function, pollination, resource allocation, stamen development

TP AC I 32 ZE T4 7 1 R A2 A TR PE T
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J(Morgan & Schoen, 1997; Barrett, 2002, 2003; 7k
K55, 2004; Muchhala et al., 2010; Weigend et al.,
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Sy R IE N = L IR A 15 2 A e 7

RHEY) AT AE 2 PhAS [T 2 e 88 2 A0 B
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(Caesalpinioideae) ] JLA™ & 41 (Proctor et al., 1996;
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(Glycyrrhiza) e 1 H 55(G. glabra) 1% & R4 &
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Bl MRHEEREHOAFNE, A HEEEEFNSDARS . B, REMHES. C, REHHEREM TR FERIEESL, K
MEES, S, FHMERS; 1, KMERS, 2.3, JHIES). D, BOMEHESSQ, KHESE; 2. 3, ML), E, CHUMMESHERTREMIESQ, K
HEES, 2. 3, FMEE).

Fig. 1 Different flowering stages of Glycyrrhiza glabra. A, Stamens on five different developmental stages. B, No loose powder
stamens. C, Peel and flattened form of no loose powder stamens (L, longer stamens; S, shorter stamens; 1, longer stamens; 2, 3,
shorter stamens). D, Loose powder stamens (1, longer stamens; 2, 3, shorter stamens). E, Peel and flattened form of loose powder
stamens (1, longer stamens; 2, 3, shorter stamens).

B2 Sk B R B SUC AR . A, B, K RIS IER RETT. C, D, K. MMM R ITL.
E,F K. MHEELML-KIGE. GH, K. MHEESIER I HIE @ Sudan 111,

Fig. 2 Morphology of pollen grains in longer/shorter stamen under scanning electron microscopy and histochemical staining of
Glycyrrhiza glabra. A, B, Equatorial view of pollen grains from longer and shorter stamens. C, D, Surface ornamentation of pollen
grains from longer and shorter stamens. E, F, 1,-KI staining of longer and shorter stamens pollen grains. G, H, Sudan 111 staining of
longer and shorter stamens pollen grains.

www.plant-ecology.com
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Table 1 Longer and shorter stamens’ attributes of Glycyrrhiza glabra (mm) (mean + SD)

JEFSAFHE Stamen attributes 1E2555 % Anther width 1625 Anther length MK E Stamen length
ERTR] KHEE Longer stamen 0.39%0.02 0.74£0.05 216012
Stage 1 KiHEES Shorterstamen  0.35+0.02 0.49 £ 0.02 1524012
t e t-test 418" 14.12 11.95™
#2050 KHEE Longer stamen 0.45+0.03 0.81+0.08 2.66+0.24
Stage 2 Wil Shorter stamen 0.41 +0.03 0.52 +0.03 1.990.21
th 6 t-test 3.70" 10.80 6.53"
3 KMEES Longer stamen 0.46 +0.03 0.74+0.10 3.90+041
Stage 3 KilEES Shorterstamen  0.41%0.03 0.5+ 0.06 3234043
t 4 t-test 3.79” 5.08™ 355"
AR KAESE Longer stamen 0.22+0.03 0.40 £0.04 5.23+0.47
Stage 4 Wil Shorter stamen 0.21 +0.02 0.32+0.05 487 +053
th % t-test 0.59 423" 1.63
Enp ] KM Longer stamen 0.21+0.03 0.39+0.05 5.48 £ 0.46
Stage 5 KiMEES Shorterstamen  0.19%0.02 0.31+0.04 5.44+0.33
tRIS t-test 1.04 437" 0.25

* p<0.05, ** p<0.0L
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TER A I 3 THEZRAFINZ]
Different developmental stages of flower Different hours on flowering day

B3 ERHHAER B A FIN 5 TFAE 2 R A 5 1 (R AAL C e br e 22) . A, BB AN RIS IR TG 224k (1, 2,
3., SRS DMAFI I 6, TTAEHE2K, 7, JTAEER3K). B, JHAEARAEHTE 1A .

Fig. 3 Changes of pollen viability of Glycyrrhiza glabra in different developmental stages of flower and on the first day of anthesis
(mean £ SD). A, Viability of pollen in different developmental stages of flower (1-5, five developmental stages of flower; 6, second
day of anthesis; 7, third day of anthesis). B, Viability of pollen on the first day of anthesis.

p <0.01), KMES MR LT RHESEII21 KA ZIAE8 35 T3 2 DL, IEIBATT LI
2.3 WMIET LM IE N LR H S REHESS IR A B v — 2, AEH3INHY]

BI3A. B ls THEOR B ARMMAIES IV, 1o 5HESk O RATH S A #2108, Bt
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16K H B PR T i G H R e e ok 2
R, ERESI RN A8 2 R A K I ) 5 A8 Sk w42 1 #
kB, MEIBBRLAE e MR K kST
TER i ) N800 TT 4 12 ¥ 1 58k, 12:001% Fll e iy,
R HERS AR TS 193 90 H92.22%74186.67%, 2 )& JTiA
BTG, £216:0008 5%, LA X B #ih6g, Jie
JEH2. 3R, TEAZE B HUL, Mk SR IR FE
ST B2 MGk S, R S S e R By, T
B ARK I UG 28, WA rE R ks, A A
k& R (B 255, 2010). MEIBA.
Bk AT H TG 18 S A 1 AN 7] B 3134 2 T 464 R 1
ANTRNI 2, e S AR 0 U 20 i T Jo i 55
2.4 TRFPHESSHEMETIRE A ELER

BAVHR AL FE RS B P Rl e S5 R TR A e
WHEAT TN A SRR AS ARy S5, PoAse 7
HESSIAERR T Dy BE . &5 K2R, g BA
ESEFEAT, 3 H2 LA e EEAE N R0 e e S AE A0 (1 &5

F2 RN LEBAL 4R

SCR I TIC W E M S, R, RS D A
WA B 7 e AH BN ANTER 1K) 45 52 2 e IG T
X RO G AR SR AT IR 45 S5 5 . el v 2|
AR IRE IR R AT . AR, BNk
BT kA A RAER A4, Bk, M
HESEI 7N BT RGIEEm, RSk A HAH
MR R4
25 ERHUEHERELITANZN
WS RN, 2 E AL By 5 A6 3B (Anthi-
diellum florentinum). & i J 544 (Coelixys afra). &
KA (Apis mellifera) FlIZ AU (Xylocopa valga),
TEAN R AL BN U 46AT R S0 AL JEAR — B (B =
¥, 2011; FHIEIESE, 2012), fHY{e B HAE—R A1
PNV A6 B 1839110:00-12:00 18:00-20:00 2% i kb B
(DT AR AT B (K1 4) o DGR H BEAE T80 e
B AGE AT, S E A MESS . HESS
Bw i SE g, ek OHERR AL R 5 (BI1A-4),

Table 2 Results of artifical pollination experiments in Glycyrrhiza glabra

QbEE b PR H (2 S A 2 5K) M S
Treatment No. of treatment flowers ~ Seed set (%)
(fruit flowers)

X} # Control 72 (31) 43.06 + 0.50°
KHESSAEZ57eky 28 Experimentally selfed by pollen of longer stamen 34 (1) 2.94 £0.17%
HIERSAEZY 168 1 2C Experimentally selfed by pollen of shorter stamen 36 (0) 0.00 + 0.00°
PR ES AL 2GR IR A 148 Experimentally selfed by two styles of stamen pollen of mixture 52 (1) 1.92 +£0.14°
KIfESEAE 2510k 732 Experimentally out-crossed by pollen of longer stamen 30 (3) 10.00 +0.317
THHESEAE 2546 M A8 Experimentally out-crossed by pollen of shorter stamen 35 (4) 11.43+0.32*
PRI SETE2GTE R TR A 3T Experimentally out-crossed by two styles of stamen pollen of mixture 34 (18) 52.94 + 0.51°

[ BIAN ) 7 RER 7R 72 7 16 3 (p < 0.05)
Different letters indicate significant difference (p < 0.05).

[ B &S BV
= Lh o

= tn

” %] fli'U' lf’\.
Visiting frequency

= Lh

8:00-10:00 10:00-12:00

B4 RARVAEHIR. AT RERAR BN BOAN R A B ) 2 57 2

12:00-14:00

O % Control

W [ HEEE Removing longer stamens
O L HitfEEE Removing shorter stamens
F: A HfEEE Removing all stamens

a ab

ab

b

16:00-18:00 18:00--20:00

14:00-16:00
R (g As ] B[] Different time in a day

Fig. 4 Visiting frequency of insect pollinators. Different letters indicate significant difference of this period in different treatments.
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Table 3 Seed sets of Glycyrrhiza glabra under different
treatments

posii VISERIPS ST gy
Treatment No. of treatment No. of  Seed set (%)
flowers seed

LS 40 22  55.00+0.51®
Removing longer stamen

SRS 42 30 71.43 +0.46%
Removing shorter stamen

F o e 42 30 71.43 +0.46°
Removing all of stamens

X Control 72 31 43.06 + 0.50°

[ AR - BER 7R 72 5 8. 2 (p < 0.05)
Different letters in the same column indicate significant difference (p <
0.05).

YT ARG 2L BRI LI, e
TR A 5 EE A R AT T, B iR eSS, D
B AL G R AL B R, S it AT Sk A
eSS IR R 3 (I LA-5 D) AT B8 2 #5232 A 4y
B U Al (K AE TN o 45 SR GEi 45 R 7R (3R 3),
LR MERE 1 2 bR MESE 5 1) &5 S R i) O B 1k
R TN ERURTE YR DU SEETE e

3 itig

SR MESS TR — b N ISR T A . K/,
BRO A5 7 AT 2 2 DO, AR AEAN R R B2 23 )
L% (Darwin, 1877; Forbes, 1882; %' 13l 5K B,
2005), Regs iy Sefloky RS . SR T HAER
WRIEAC L RHEY), SR —ERENEL G, K
A A 22 AR AR 22 S (0 P A S TR AR 25 11 K
NEIIR A A, ABRE G, 16251 K/
HEWi@aT—8, femA2 i N Ti6#
Ty S 25 S A T 2 e, AH AR ) ES R A Ry
TG IAEAEZE Sk W20 U W W 2R 88 7 AR A
fEEdnte oAk, YA RS Al Ay B S
RS 22K R 2Z R T e AL 22 K B Ik ih
L LI [A)AN R RS IR, 8 A R S AR R 288 2 Hh
THMAE AR E E1 B I % 1) (Foerste, 1888).

DR R AR MESE AR R E AR, PR
P RIESE2. 37K H G WL 2 GE K, RH5
IS 391 B 46 56 42 T IS G B A T 1 K e 88 (&
1D. E), 162570 eI LBV TEHES, 1K i
SEHEZ T 2 e AR BEAL A6 2 i KRR P A by &
AT Sy T 255 ] 58 HE 85 %2 )l R IR 5 4 R O IR I RS 2
K, EO7 RS, A REASER A B Ry, T
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RINL 2 3G HESE IR TR 5 I R SE (&
1D). F3 4k, A2 (PSS T RELE A6 Y P25 0 L
R R A (IR, 2012), DA 46K B0 A
T2 R W R ) R SRR -1 1) )l #(Medrano et al.,
2000; Kliber & Eckert, 2004; FIE4H%, 2010), A5k
B ARk I ) A R G A5 AR, R R 1) K
ALK R H FIE VAR AR 25 5, 1) e i 85 R U
SYBCIEE . IXATAFAE RS AT 2 AN R 2 (Al B A7 AL
AR SRR A2, AU S T Ak Bl
Rk JL2, AU S s Bk 20K, Ty HLSEIL T w88
LIS S oA, RIAEAT PR TR A, a5 4
VY 8 P N A AT ) 2 ) S A My T LR B KAk, $2
I MEPE DI RE, HAT o IR NV .

T 8 23 Ao U5 A B R AT 2R s (R B 5
TE— RN Vifem g, 2hrKuEss. Rk
T 88 55 25 I A I S5 A BT 1R U A6 2 1 U AR AR
T B (B4), ] 25 HE AL P X V5 46 & (R V5 14T
I BAT @ 5, H 2 e AL TR 5 0] R LE 45 5 3 1
APEmr, T BEAE 22 R 43 B A A S B AIG T
HMESST ) Dhae T4, WK T B S A L2 e ek
(R my geth, ROBG IO T 5 A2 (10 n 6 1 1 A 45 5k 2R 42
e PUATEGR NI PR N, ARG MESS 5
52 18] B 514 (Barrett, 2002, 2003), 1 HAx%
(10 1k 8 2 T] 0 W] B A7 AR PR 4R (FE Bl
2010), MELRILVIACHE VIAEHT, J6 AR H FLAE A RESE
M FEAEHESE ), ARk N O SRR A Sk
TR BRAE Sk, A S AR 5 Ak R R REAE AR AT
HTH0R); BRESE R A BOART, 57 A K 2
O N R =R 2 A N € il e N ]
AR L TPt T A7 AE; [ It v B e 2 Ak B ik
DT BB AR 5 ANE R T TR EARINLSS, B
W2 Ak, fEM SR RINA DR Vi e, kR
VEAEASFAE I i a2, T REE A X L8/ N AL By 2
FIFAEATE S BT 2 (40K, W] Reth 21 gl 5k
AL IR

SR AT R IR, 3 RE B
A0k, BoAUERN BAKNME, B
ARAIEARY, LG OB W A B B AR AL, 2
& FE S SRMEYAE A SR th A L
FEH. Mo BB G A S AT
B, LRI B RS e 2 2D )
BTG A g R, T S AR TT 4R DUAS ) 5 oK 4
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