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Advancesin the study of breeding system and pollination
biology of gingers (Zingiberaceae and Costaceae)
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Abstract In this paper we presented a review of the advances in the studies of breeding
system and pollination biology of gingers. The Zingiberaceae is a large family of
animal-pollinated pantropical monocotyledons with more than 1500 species in ca. 50 genera.
There are many kinds of sexual variations occurring in the ginger family, such as gynodioecy,
andromonoecy, flexistyly, protandry and self-incompatibility. Mgjor pollinators include bees,
hawkmoth, butterfly and birds, and different pollinators correspond with different
morphological characteristics of flowers. Among the relatively few studies on the pollination
biology, members of this family display some unique pollination mechanisms and breeding
systems. Flexistyly, found in the genera of Amomum and Alpinia, is regarded as a unique
behaviour mechanism that encourages outcrossing; a new self-pollination mechanism has
been discovered in Caulokaempferia coenobialis, in which a film of pollen is transported
from the anther by an oily emulsion that slides sideways along the flower’s style and into the
individual’s own stigma. These studies and discoveries give us a better understanding on the
diversity of pollination and breeding systems of gingers. For future research, we suggested
that more studies should be carried out on the pollination and breeding systems of gingersin a
wider range, and phylogenetic research should be conducted to understand the evolution of
pollination and breeding system in Zingiberaceae, and for the flexistyly, more detailed studies
should be done about this unique sexua polymorphism.
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(Wyatt, 1983); ,
(Heywood, 1976)

(Huang & Guo, 2000)

Zingiberaceae 50 1500 ,
, (Renealmia L.) A4 (Aframomum K. Schum.,
Aulotandra Gagnep., Sphonochilus J. M. Wood & Franks, Renealmia) (Larsen
et a., 1998) Costaceae 4 110 , ,
, , (Kress et
al., 2002) ( )

(Endress, 1994; Larsen et al., 1998),
(Classen, 1987; Ippolito & Armstrong, 1993; Kato et al., 1993;
Kato, 1996; Sakai et d., 1999; Li et al., 2001a, b; Gao et al., 2004; Wang €t al., 2004 ),

(Geber et a., 1999; Huang & Guo, 2000; Barrett, 2002) ,
(hermaphroditism), ,
(monoecy) (dioecy) (andromonoecy)
(gynomonoecy) (androdioecy) (gynodioecy)
(trimonoecy) (trioecy)(Huang & Guo, 2000) .
( herkogamy) (
dichogamy) ( self-incompatibility)
(Lloyd & Webb, 1986; Webb & Lloyd, 1986; Uyenoyama, 2000)
? -
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(Barrett, 2002)
1904 Schumann Kaempferia L.
K. natalensis Schitr. & K. Schum. ex K. Schum.
, Wood Franks(1911)
Sphonochilus J. M. Wood & Franks,
, Alpinia Roxb. Dieramalpinia K. Schum.
sect. Myriocrater K. Schum.  sect. Eubractea K. Schum. ,
, , Myriocrater ,
( ) , Eubractea , (Burtt & Smith,
1972; Smith, 1977, 1989, 1990) Sakai Nagamasu(1998)
Amomum Roxb.  A. polycarpum (K. Schum.) R. M. Sm.

, (2004) Globba lancangensis Y.
Y. Qian , 12:00
, , 16:00 ; ,
) , 50%
, Amomum tsao-ko Crevost & Lemarie
(Cui et a., 1996) (Li et al., 20014, b)
(sexua polymorphism), (Li etal., 2001a, 2002) (flexistyly),
1-12 1. 2. ,
“ " 3 : , 4
, 5 5 , 6. .
7 , 8
, 9. )
10. , 11.
12.

Figs. 1-12. 1. A cataflexistylous flower of Alpinia conchigera Griff. at its male phase. 2. An anaflexistylous flower of
Alpinia mutica Roxb. at its female phase and its pollinator a Xylocopa tenuiscapa bee. 3. The flowers of Globba barthei
Gagnep. with curly style. 4. The flower of Costus lacerus Gagnep. with a broad labellum evolved from five united
staminodia. 5. The flower of Curcuma flaviflora S. Q. Tong. Note its anther and basal appendages form a hinge contrivance
for cross-fertilization. 6. A hawkmoth pollinated a flower of Hedychium chrysoleucum Hook., whose pollen is covered by
sticky liquid which serves to attach the pollen grains to hawkmoth's wings. 7. The inflorescence of Etlingera elatior (Jack)
R. M. Sm. looks like a very conspicuous single flower, and it is pollinated by sunbird. 8. The inflorescences of Zingiber
densissmum S. Q. Tong & Y. M. Xia secrete sticky liquid for protecting the flower buds and young fruits from herbivores.
9. A sunbird visited the flower of Rhynchanthus beesianus W. W. Smith, which has many characteristics for bird-
pollination. 10. The larger coloured sterile bracts of Curcuma amarissima Rosc. serve to attract pollinators, and the
inconspicuous fertile flowers locate the under parts of inflorescence. 11. The first-day flower of protandrous Curcumorpha
longiflora (Wall.) Rao & Verma at its male phase. 12. Caulokaempferia coenobialis (Hance) K. Larsen is a perennia
ginger which grows at dankish rocks beside the stream of monsoon forest valley depending on a novel autonomous
self-pollination for reproduction.
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, Takano (2005)
Alpinia nieuwenhuizii Valeton
11, (Li et al., 20014, b)
(heterodichogamy) (Renner, 2001; Barrett, 2002),
(Zhang & Li, 2002)
, Hedychium J. Konig
(Holttum, 1950), , H. villosum Wall. var. tenuiflorum Wallich ex Baker
( ) )i (2004) ,

Curcumorpha longiflora (Wall.) A. S. Rao & D. M. Verma

(Gao et al., 2004) \ 2 ;
) 5:00 , : 2
, , 15 h, ( 11); (18:00-19:00),2
, (autogamy) ,
(functional dioecy), (geitonogamy)
(Gao et al., 2004) 2 :

, Roxburgh(1820) Porsch(1924)
Alpinia galanga (L.) Willd.  Alpinia hookeriana Valeton

( ) (Endress, 1994; Faagri & van der Fijl, 1979),
- ( )!
(Li et al., 20014, b) Curcumorpha A. S. Rao & D. M. Verma
Boesenbergia Kuntze B. albo-maculata S. Q. Tong B.

rotunda (L.) Mansf. B. albolutea (Baker) M. Sanjappa

2

(Stebbins, 1974; Huang & Guo, 2000)

, ( 10), Curcuma L. Etlingera
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Giseke ; , ( 8 ,
, Achasma Griff. Elettariopsis Baker Sphonochilus

(Holttum, 1950; Gordon-Gray et al., 1989),
, (Holttum, 1950)

, 2 3
, “ " (Sekai et al., 1999; Li et al.,

2001b)(  2), ; , , , Hornstedtia Retzius
, 6-7 cm, H. incana R. M. Sm. (Smith,

1985)
2 ;
(Vogel, 1984)( 6) , ,
, ) 3
1 2
Knuth et al.(1904/1905)
Hedychium coronarium J. Konig , H. coccineum Smith
Bombus spp.(Cui et al., 1996)
Alpinia speciosa K. Schum. (Euglossines, Centris, Bombus) (Mdller, 1888);
A. malaccensis (N. L. Burman) Roscoe A. hookeriana (Porsch,
1924; van der Fijl, 1954); A. kwangsiensis T. L. Wu & S. J. Chen
Xylocopa magnifica X. tenuiscapa (Li et al., 2001b, 2002); A
blepharocalyx K. Schum. 2 Xylocopa spp.  Apis cerana cerana (Zhang et
a., 2003); Borneo, Alpinia nieuwenhuizii Valeton
Xylocopa latipes, 2 , 6:00-8:00
16:00-18:00, A. nieuwenhuizi
(Takano et al., 2005) Muller(1931)
Megapis dor stata Nomia strigata (Liu et a., 2004) Maas(1977)
Renealmia

) (Ippolito & Armstrong, 1993)
Schumann (1904) ,

Geostachys Ridl. Kato(1996) Sarawak Arachnothera

longirostra A. robusta 2 Etlingera brevilabris (Va.) R
M. Sm. Hornstedtia tomentosa (Blume) Bakh. f. , 2

(Halictidae) Amomum polycarpum 3
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2 (Amegilla) Amomum gyrolophos R. M. Sm. Plagiostachys
Ridley P. crocydocalyx (K. Schum.) B. L. Burtt & R. M. Sm. Globba brachyanthera K.
Schum. ( ) Rhynchanthus beesianus
W. W. Smith, 1520 , ,

: : ; (9
Sakai  (1999) Borneo 11 29
, 3 (pollination guilds) (1)
(Spiderhunter-pollinated guild), 2 Arachnothera longirostra A. robusta
4 8 » Amomum roseisgquamosum H. Nagamasu & S. Sakai Etlingera
aff. brevilabris (Val.) R. M. Sm. Et. aff. metriocheilos (Griff.) R. M. Sm. Et. punicea (Roxb.)
R. M. Sm. Hornstedtia reticulata K. Schum. H. leonurus Retz. H. aff. minor Valeton

Plagiostachys strobilifera Ridl., (>31 mm) (6-16
mm), (2.7-3.0 mm), ,

2 (Amegilla-pollinated guild), 2 Amegilla
insularis  A. pendleburyi 4 11 : Costus

speciosus (J. Konig) Smith C. globosus Blume Alpinia glabra Ridl. Globba brachyanthera
Amomum calyptratum S. Sekai & H. Nagamasu A. gyrolophos A. oliganthum K. Schum.
Elettariopsis sp. Plagiostachys crocydocalyx Plagiostachys sp.  Zingiber longipedunculatum
Ridl., , , ,
(©)] (halictid-pollinated guild), 4 (3 Nomia sp.
Thrinchostoma afaciatum) 4 10 . Boesenbergia
gracilipes (K. Schum.) R. M. Sm. B. &ff. variegata R. M. Sm. B. grandifolia Loes. Elettaria
longituba (Ridl.) Holttum Elettariopsis aff. kerbyi R. M. Sm. Elettariopsis sp. Amomum
coriaceUmR. M. Sm. A. durum S. Sakai & H. Nagamasu A. polycarpum A. somniculosum S.
Sakai & H. Nagamasu, ) )

30 cm, Sakai

(Costerus, 1916; Troll, 1928)( 4) , ,
, (Costus sect. Ornithophilus Maas) (Stiles,

1978); , , , ,
(Costus sect. Costus) (Maas, 1972, 1977) Costus malortieanus H. Wendl. ,
(euglossine bee) ;Dimerocostus Kuntze (Vogel, 1966)
, CostuslL. (van der Pijl, 1954) C. woodsonii
Maas , ,

(Schemske, 1980) , 3
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(Schemske, 1983) Schemske(1981)
2 C. allenii Maas C. laevisRuiz & Pav. , ,
1 2 H

Lynch(1882) Troll(1929, 1951) Roscoea Smith, Schumann(1904)
Curcuma, Holttum(1950) Camptandra Ridl.

(9 : :
Lamiaceae Salvia L.
I ppolito(1993) Hornstedtia scottiana K. Schum.
3 (Melphagidae) ;
(delayed selfing mechanism),
6 , 6 : , :
; 12 ) ,
6-8 mm/h 2-4 h : 12 ,
4-45 mm/h : 4 h, , ,
6-12 h

Mdaller(1890) Kunckel d'Herculais(1910)

: : (Miiller, 1931)

1 ) ) ’

, (Mdller,
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1931)
70 , , Etlingera elatior
(Jack) R. M. Sm., , , )
: (. :
1) 3 )
Classen(1987) ,Knuth  (1904/1905) Bogor
( 5cm), ,
(Classen, 1987)
\Wang (2004) Caulokaempferia coenobialis (Hance) K. Larsen
, \ 300-500 m
( 12 2, 6:00-6:30
, 15:00
, 7:30 , ( , 2004,
Wang et al., 2004) ;
1 (
, 2004) , :
, , (2004)
4
: ( )

(Li et al., 2001a),
(Wang et a., 2004),
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(Renner, 2001; Barrett, 2002) ,
Barrett(2002) Zhang Li(2002)
11 , 2
: ( ) : ( )
24 , ,
, 35 (Kresset a., 2005)
Li (2001a, b) Zhang Li(2002)
, (Zhang & Li,

2002); (2004)
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