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Abstract: Flexistyly is a unique sexual dimorphic system found in Amomum and Alpinia species of the gin-
ger family (Zingiberaceae). The populations of flexistylous species have two phenotypes, named an anaflex-
istylous morph and a cataflexistylous morph, and all individuals of both morphs separate their male and fe-
male functions spatio-temporally. We conducted manipulated pollinations and pollen tube growth experi-
ments on Alpinia blepharocalyx and A. galanga to detect the manner of separation of male and female func-
tions within the individual and its adaptive significance. The results showed that the outcrossing rates of ma-
nipulated and natural pollination in the cata-morph did not differ significantly (P>0.05). However, the num-
ber of seeds per fruit of manipulated cata-morphs was significantly lower (P<0.01) than that of control indi-
viduals, perhaps due to the inbreeding depression caused by ovule discounting. Pollen tube growth experi-
ments showed that, when stigma were located at the receptive position (ana-morph in AM, cata-morph in
PM), stigma provided appropriate conditions (had stigmatic secretion) for pollen grain germination, and pol-
len tubes penetrated into the style within 2 hours after pollination, regardless treatment of selfing or out-
crossing. However, when stigma were beyond the anther (ana-morph in PM, cata-morph in AM, without
stigmatic secretion), it usually took 6—10 hours for pollen germination and pollen tube penetration. Pollen
tubes, however, could reach the ovary within 24 hours under both treatments. Hand-pollination also showed
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that pollen grains of anaflexistylous flowers have matured before the dehiscence of pollen sacs. Our research
suggests that flexistyly is a floral dimorphism comprising reciprocal mobile herkogamy and heterodichog-
amy. Heterodichogamy encourages outcrossing, meanwhile reciprocal curvatures of stigmas play a role of
reducing interference between male and female functions.
Key words: Alpinia, inbreeding depression, sexual interference, outcrossing rate, pollen tube growth, het-
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Fig. 1 The pollen tube growth patterns in the styles after different hand-pollination treatments in each morph of Alpinia blepharoca-

lyx and A. galanga. A, Ana-morph of A. blepharocalyx; B, Cata-morph of A. blepharocalyx; C, Ana-morph of A. galanga; D,
Cata-morph of A. galanga. Error bar: Standard deviation.

2 2
) ) (sexual

, interference)

) ,
Sun  (2007)

(ovule discounting),



643

(inbreeding depres-

sion), (seed production)

(Sun et al., 2007) Ritland (1990)

>

]

(Barrett, 2002) ,

3.2
(Alpinia kwangsiensis)

( , 2002; Zhang et al.,
2003),

(germination fluid), )

Renner (2001) ,

b b

b b

(2007)

(frequency of
visit) (Griffin et al., 2000)

(bimodal pattern),
( , 2001; Takano et al., 2005; Ren et al.,
2007), , ,

(Webb & Lloyd, 1986)

(Sun et al., 2007),

, (intermorph) (intramorph)

Barrett SCH (2002) Sexual interference of the floral kind. He-
redity, 88, 154-159.

Cui XL ( ), Wei RC ( ), Huang RF ( )
(1995) A preliminary study on the genetic system of
Amomum tsao-ko. Journal of Yunnan University (Natural
Sciences Edition) ( ( ), 17,
290-297. (in Chinese with English abstract)

Dafni A (1992) Pollination Ecology: A Practical Approach.
Oxford University Press, New York.

Eckert CG, Barrett SCH (1994) Post-pollination mechanism
and the maintenance of outcrossing in self-compatible,
tristylous, Decodon verticillatus (Lythraceae). Heredity,



644

Biodiversity Science 15

72,396-411.

Griffin SR, Mavraganis K, Eckert CG (2000) Experimental
analysis of protogyny in Aquilegia canadensis (Ranuncu-
laceae). American Journal of Botany, 87, 1246-1256.

Kress WJ, Liu AZ, Newman M, Li QJ (2005) The molecular
phylogeny of Alpinia (Zingiberaceae): a complex and
polyphyletic genus of gingers. American Journal of Bot-
any, 92, 167-178.

Li QJ ( ) (2002) Study on the Flexistyle Outcrossing
Mechanism in Alpinia Plants (Zingiberaceae) (

). PhD dissertation, Kun-
ming Institute of Botany of the Chinese Academy of Sci-
ences, Kunming. (in Chinese with English abstract)

Li QJ, Xu ZF, Kress WJ, Xia YM, Zhang L, Deng XB, Gao JY,
Bai ZL (2001) Flexible style that encourages outcrossing.
Nature, 410, 432.

Li QJ ( ), Xu ZF ( ), Xia YM ( ), Zhang L
( ), Deng XB ( ), Gao JY ( ) (2001)
Study on the flexistyly pollination mechanism in Alpinia

plants (Zingiberaceae). Acta Botanica Sinica ( ),
43, 364-369. (in Chinese with English abstract)
Ren MX ( ), Zhang DY ( ) (2004) Herkogamy. In:

Plant Life-history Evolution and Reproductive Ecology

( ) (ed. Zhang DY (

)), pp- 302-321. Science Press, Beijing. (in Chinese)
Ren PY, Liu M, Li QJ (2007) An example of flexistyly in a
wild cardamom species (Amomum maximum (Zingib-

eraceae)). Plant Systematics and Evolution, 267, 147-154.

Renner SS (2001) How common is heterodichogamy? Trends
in Ecology and Evolution, 16, 595-597.

Ritland K (1990) Inferences about inbreeding depression based
on changes of the inbreeding coefficient. Evolution, 44,
1230-1241.

Ritland K (2002) Extensions of models for the estimation of
mating systems using n independent loci. Heredity, 88,
221-228.

Sun S, Gao JY, Liao WJ, Li QJ, Zhang DY (2007) Adaptive
significance of flexistyly in Alpinia blepharocalyx
(Zingiberaceae): a hand-pollination experiment. Annals of
Botany, 99, 661-666.

Takano A, Gisil J, Yusoff M, Tachi T (2005) Floral and polli-
nator behaviour of flexistylous Bornean ginger, Alpinia
nieuwenhuizii (Zingiberaceae). Plant Systematics and
Evolution, 252, 167-173.

Webb CJ, Lloyd DG (1986) The avoidance of interference
between the presentation of pollen and stigmas in angio-
sperms. II. Herkogamy. New Zealand Journal of Botany,
24, 163-178.

Wu TL ( ), Chen SZ ( ) (1981) Zingiberaceae. In:
Florae Reipublicae Popularis Sinicae ( ), To-
mus, 16(2). Science Press, Beijing. (in Chinese)

Zhang L, Li QJ, Deng XB, Ren PY, Gao JY (2003) Reproduc-
tive biology of Alpinia blepharocalyx (Zingiberaceae):
another example of flexistyly. Plant Systematics and Evo-
lution, 241, 67-76.



