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ABSTRACT

Ginger gingiber spectabilpis cultivated worldwide as a floriculture and landscaping species. Studies on the
biology and floral morphology of this species are important for its improvement; howleegrare scarcéle
investigated the reproductive biology and floral morphology of gingers grown in a germplasm bank. Floral development
was monitored during the pre-anthesis and anthesis periods. Floral morphpoiktnywiability stigmatic receptivity
volume and concentration of nectar sugad performance of possible pollinators were evaluated. Ginger flowers had
a 24-h durabilityGinger torch is an allogamous species that exhibits floral hercogamy like other Zingiberaceae. Ginger
flowers had a 12-h anthesis. During anthesis, floral structures related to reproduction such as the style, stigma, and
anther crest continued to develop, increasing floral herkog@atign viability was above 70% and the stigma remained
receptive throughout the anthesis period. Hummingbirds were the only pollinators recorded in the study area that were
able to move the anther crest. Fruiting was determined in a natural pollination system. The occurrence of nocturnal
anthesis characterized by an increase in the development of reproductive structures and nectar production suggests
that the species is adapted to nocturnal visitors.
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INTRODUCTION type, with a longitudinal and dehiscent persistent calyx

ZingiberBoehm. is a large genus of the Zingiberaceadamer & Maas, 2003; Coséd al, 2011).
family comprising approximately 80-150 speciesi(&/ The floral morphology of Zingiberaceae is considered
Larsen, 2000). Sabu & Skinner (2004) describetinovative, consisting of specialized structures such as
approximately 2%ingiber spp. of medicinal, aromatic, the anther crest, which is equipped with an appendix that
gustatory and ornamental importance. In Brazil, gingefXxtends from the top of the anther; this crest is considered
(Zingiber officinalg and shampoo gingeZingiber 10 be extremely rare compared to those of other angiosperm
zerumbetare the two species most extensively cultivatefiowers (Fan & Li, 2016).

(Maas & Maas, 2015). The reproductive apparatus of Zingiberaceae evolved
Zingiberaceae inflorescences have firm and colorfdtom the plant-pollinator interaction, with a significant
bracts, bisexual flowers, and zygomorphs with large @orrelation being observed between floral morphology and
very small lateral staminodes, which usually have a stamemgllination guilds. The floral visitors and pollinators that
an anther with two teaks, a filiform stylus stuck betweehave been reported for species of this family are small

the teaks, an infundibuliform stigma, and a lower ovarpees of the genuAmegilla, hummingbirds, and
their fruits are capsule-shaped and can be of the flestiderhuters(Nectariniidae) (Sakait al, 2013). However
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ginger is considered to be a sterile species, witbss of lusterabscission of flowers, and loss of stigmatic
gametophytic self-incompatibility (Dhamayantti al, receptivity
2003).

Knowledge of the reproductive system and the Floral morphology and morphometry
mechanisms involved in species pollination is important The morphological characteristics of the inflorescence
in specifying the breeding methods to be applied and thed the external and internal structures of the flowers
methodologies used to obtain new hybrids. Despite itgere detailed and represented by means of illustrations.
commercial importance, studies on the reproductive The size of the fully developed inflorescence (N = 10
morphology and biology of ginger are scarce. In additiomflorescences), the number of bracts formed by each
phenology and floral biology information is important forinflorescence (N = 5), and the number of flowers produced
species conservation and commercial cultivatiohy inflorescences (N = 5) were evaluated.

(Bernardelleet al, 2001; Palupét al, 2019). Floral morphometry was performed on 35 flowers,

Ginger gingiber spectabileGriff.) originates from which were collected from seven individuals and 14
Malaysia and is cultivated as an ornamental plant owinigflorescences. The collection sessions were carried out
to the beauty of its inflorescence, while it is also used in six stages, starting at 8:00 a.m. and ending at 8:00 p.m.,
oriental cuisine for the preparation of exotic dishes analith 2-h intervals between them.
extracts (Aguiaet al, 2014). This species is popularly  Fully developed flowers were used and stored in flasks
known as ice cream, ornamental gingeraraca, or containing 70% alcohol. The height of the following
shampoo. In Brazil, it is cultivated as part of an expansiwtructures was measured in the collected flowers using a
range of ornamental flowers, mainly owing to somastereomicroscope and graph paper (Schetrat, 2014):
characteristics that favor its production, such as thwacteoles, calyx, corolla, lateral petals, anther crest, pistil
countrys climatic conditions as well as land, laband and stigma, anthenectariferous glands, and ovafe
water availability (Junqueira & Peetz, 2008). mean and standard deviation of each floral structure

In this respect, the aim of this study was to provide ameasurement were determined for each hour analyzed.
in-depth analysis of the reproductive biology of ginger
(Zingiber spectabilgby describing its morphologftoral Pollen viability and stigmatic receptivity
biology, and pollination system in order to provide a Pollen viability was determined in 35 flowers of
foundation for future studies on the genetic improvemeniifferent inflorescences in the pre-anthesis and anthesis
of the species. stages, which were stored in flasks containing a mixture

of 70% alcohol and acetic acid solutions.
MATERIAL AND METHODS The collection sessions were carried out in seven
Sudy area stages from 8:00 a.m. to 8:00 p.m., with 2-h intervals

The study was carried out from March to Novembdpetween them. Five slides containing pollen grains from
2018 and 2019 at the Germplasm Bank of Tropical Plant§e samples obtained at each collection time were stained
State University of Mato Grosso, Brazil (14° 39'22" N andVith 3% acetic carmine (Kearns & Inouye, 1993) and up to
57° 25'32" W; 321 m altitude). 200 grains per slide were counted.

The study site has a tropical climate, with a dry season Stigmatic receptivity was evaluated in 35 stigmas of
from May to September and a rainy season from Octobgsh flowers at seven time points, starting at 8:00 a.m.
to April, an average annual rainfall of 1,830.8 mm, alnd ending at 8:00 p.m., with 2-h intervals between them.
average temperature of 24 °C, and a relative humidity Sfigmatic receptivity was determined by the reaction of
70-80% (Dallacoret al, 2011). The soil of the region is 3% hydrogen peroxide and the release dibles owing
dystrophic red latosolo with a clay texture, while thd0 the presence of the peroxidase enzyme found in the
original vegetation of the region is fragmented due t8figmas.

soybean and corn monocultures. :
y Nectar volume and sugar concentration

Floral biology of Zingiber spectabile Nectar volume and sugar concentration were

The floral biology study involved the analysis ofdetermined in fresh flowers, formed in the basal (N = 35
flowers from five inflorescences in the pre-anthesis (N ffowers) and apical (N = 35 flowers) regions of 15 different
30) and anthesis (N = 30) stages. ginger inflorescences. The flowers formed on the lower

Pre-anthesis, anthesis, anther dehiscence, stigmatalf of the inflorescence were characterized as basal, while
receptivity and possible movement of floral structuresthose formed on the upper half of the same inflorescence
such as the anther crest, were observed. Floral senescemere characterized as apical. The nectar volume and sugar
was characterized by the darkening of floral structurespncentration were assessed at seven time points from

Rev CeresVicosa, v68, n.2, p. 096-104, mar/a@021



98 Kamilla Ferreira Rezends al.

8:00 a.m. to 8:00 p.m., with 2-h intervals betweepetals closed, but the teaks were semi-open and the stigma
assessmentét each time point, the average volume ofvas receptive. The beginning of anthesis was observed
nectar produced was analyzed using a graduat&dm 10:00 a.m. and, during the observation period, the
micropipette (0.5.L to 10puL). The sugar concentration calyces and corollas of most flowers were fully open, while
was measured with the aid of a pocket refractométier P their anthers had dehiscent teaks and receptive stigmas.
BX/RI (Brix 0,0-93,0%) and resolution 0,0001. The duration of anthesis was 12 h. The floral structures
most exposed and associated with pollinator attraction,
such as the sepals, petals, and lips, continued to develop
Field observations were performed for five days during]roughout almost the entire anthesis stagél@1) The
the peak flowering period of 2019 for the evaluation cnther showed no teak development during the period
possible floral visitors and pollinators. Observations werg@hen the flower remained open, whereas the stigma and
undertaken at alternate times, in the morning anglyle continued to develop until 12:00 p.malffe 1) The
afternoon, on flowers of 25 different inflorescences, for anther crest reached its maximum development (1.82 cm)
total of 30 h of observation. at 2:00 p.m. (@ble 1) and the nectariferous glands exhibited
The visit time and duration as well as the behavior afariable sizes during the anthesis stage (0.14 — 1.12 cm)
the visitor and the collected resource were analyzg@able 1).
during the observations. The floral visitors observed were Senescence was characterized by loss of brightness,
photographed and identified by an expert. The pollinatoggithering, and closing of the petals and sepals.
were classified as legitimate when they visited the floweSenescence started at 11:00 p.m. and lasted 7 h. Flower
and made contact with the stigma and the anthers (Linhagbscission occurred about 24 h after pre-anthesis. During
1973) After the pollinator visits, the flowers were analyzedhis process, the calyx and corolla fell, and the ovary
in terms of anther crest displacement. remained inside the bracts of the inflorescence. The anther
Complementary evaluations of diurnal and nocturn@rest showed no spontaneous movement but did move
floral visitors were carried out with the aid of three camer@uring the visit of some floral visitors in order to facilitate
traps placed in the Germplasm Bank next to the ginggtcess to the nectar
inflorescences. The equipment was kept in operation for
24 h/day during the peak flowering period from March 10- Floral morphology and morphometry
19, 2020. Ginger inflorescences were cylindrical with a rounded
apex and oval, outwardly curved bracts of fleshy
consistency (Fig. 1a). During the aging process, the color
The self-pollinating ability of flowers was evaluatedyf the inflorescences changed from light yellow to orange
in 2019 (N = 5 inflorescences) and 2020 (N = fed. The inflorescences were long (18.88 + 2.66 cm on
inflorescences) by the formation of fruit via spontaneougyerage), consisted of 127.2 + 2.63 bracts, and contained,

self-pollination, and the inflorescences were bagged whep, average, approximately 118 + 18 flowers per
young and kept bagged until senescede.compared nflorescence.

seeds per fruit, with the inflorescences being simpla:igs. 1b, ¢, d), and consisted of two cream-colored curved
marked (open pollination) and made available to pollinatofacteoles. One of the bracteoles was located on the

Pollinator observation

Reproductive system

(N=5)in 2019 and (N = 10) in 2020. exterior of the flower; the other was located in the interior
of the flower and was smaller and of finer consistency
RESULTS _ than the exterior bracteole (Figs. 1e-f). The calyx consisted
Floral biology of three cream-colored sepals; the first curved sepal was

In the study area, the first ginger inflorescencelocated at the top of the crest (Fig. 1g) and the second
appeared at the beginning of the rainy season (Septembnd third were fused and located at the bottom of the
2018) and the first flowers appeared one month afteorolla (Fig. 1h). The corolla was formed by three fused
inflorescence emission. The flowering peak occurred ipetals and two side petals of the same size and was
February and March 2019. The flowers appeared from tkencave and pitted. The lip was constructed by the fusion
bottom to the top of the inflorescences and the number afflateral staminodes that appeared as lobes at the base of
flowers opened per day/inflorescence was approximatetye lip and were purple colored with yellow spots (Fig. 1i).
2-3. Fruiting occurred in February and March of the same The anther was sessile, with two teaks that opened
year longitudinally The anther crest was positioned above the

Pre-anthesis started at 06:00 a.m. and ended at 08dfi@ma (Fig. 1j). The pistil was long and the stylus passed
a.m. of the same day; during this stage, the sepals dretween the teaks of the stamen (Fig. 1j). The stigma had
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34 (N = 20). In 2020, the number of fruit formed/reduction in the species’ metabolism, thereby reducing the
inflorescence was 2.3 £ 7.0 (N = 10) and the number efhergy cost for growth and flowering.
seeds/fruit ranged from 4.5 to 20 (N = 10). The fruitadhered The calyx and corolla developed during part of the
to the inflorescence, had an ellipsoid shape, was abouathesis period and their sizes were similar to those of
cm high and 1 cm long, and had three loci. flowers of other species, such AstenuifoliumandZ.
ottensii(By et al,, 2015; Huongpt al.,, 2016).
DISCUSSION Among the floral structures, the anther crest stood
The appearance of ginger flower stems fronout as an anther attachment or appendix, as has also been
underground rhizomes at the beginning of the rainy seasdescribed in other studies (Chaveeraichl, 2007; Huong
was similar to that observed in other Zingiberaceaet al, 2016; Nurainas &rbain, 2017; Paluggt al, 2019),
species, which intensify their development with the heaind is considered to be an important structure for the
progression during the summer and the constant raipsotection of the stigma. The ginger anther crest was
(Parthasarathgt al, 2012; Palupét al, 2019). The absence longer compared to those of other species such. as
of flowering during cooler and drier periods of the yaar ottensiiandZ. tenuifolium(By et al,, 2015; Huongt al,
seen in the study area, may be attributed to a possil2i@16); additionallyit was less developed than thos& of
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Figure 1:A) terminal gingerZingiber spectabilginflorescence, B) front view of the ginger flow€) side view of the floweD) side

view with details of the internal structures, E) detail of the first bracteole, F) detail of the second bracteole, G) sepal located above the
corolla, H) detail of the two fused sepals, 1) details of the corolla, J) frontal and lateral view of the details of the anther, crest, and
stigma insertion, K) infertile ovary with two nectar glands at the base, L) details of the triloculaTavgigra da Serra, Brazil.
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phumiangensandZ. alba (Chaveeractet al, 2007; pollen viability was 12:00 p.m. Stigmatic secretion was
Nurainas &Arbain, 2017). not observed in our study in Brazil.

Fan & Li (2016) highlighted that more than 25 The volume and concentration of sugars in ginger
Zingiberaceae genera have this innovative floral structuneectar as well as the coloration patterns of the
The different genera vary greatly in terms of shapes amtflorescences ranging from light yellow to red, were
sizes, while they have morphological similarities ta&wompatible with those reported by Freitas & Sazima (2001)
Costaceae flowers. for Ornithophilous species.

Similar to the data reported by Palepal.(2019) for The pattern of nectar production by flowers located
Zingiber spectabilén Indonesia, the period of increasedetween the base and the apex of the inflorescence was

3 Stigma receptivity
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Figure 2:Pollen viability and stigmatic receptivity in gingélirigiber spectabilgflowers.Tangara da Serra, Brazil.
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Figure 3:Nectar availability in flowers at the base and apex of girgjegiber spectabilginflorescenceslangara da Serra, Brazil.
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asymmetric throughout the anthesis period. Gingéfr both groups of visitors act as effective pollinators
inflorescences remained in bloom for approximately 2-@morimet al, 2013).
months, thus being important long-term sources of nectar The manipulation of the ginger anther crest during the
(daily average of 0.5+ for base flowers and 0.3—-Ju2  visits by the planalto hermit and fork-tailed woodnymph
for apex flowers). During the inflorescence peak, eadiummingbirds was considered to be proof of a visit to the
ginger flower lasted only a single dawith the flower by these pollinators. The manipulation of the anther
inflorescence aging and taking into account the estimatecest by bees was registeredinlensissimupfiavoring the
daily energy expenditure by hummingbirds and otheteposition of pollen on the head or other parts of thesbee’
nectarine pollinators, these flowers may not stimulate dody (Fan & Li, 2016). Birds, hymenopterans such as bees,
attractive pattern of visits by some pollinators, especiallgpidopterans, and hummingbirds are registered pollinators
at the inflorescence peak. of other Zingiberaceae species such as the torch ginger
Although the absence of nocturnal activity wagEtlingera elatio), Euglossine beeflpinia glabrg), and
confirmed, it is possible to conclude that ginger flowerg. longipedunculaturtSakaket al, 1999; Spectst al, 2001).
are adapted to nocturnal visitors owing to three factors: The expansion of hercogamy during floral anthesis
(1) anthesis was maintained throughout the night, (nhpairs the spontaneous self-pollination of ginder
nectar production increased in the late afternoon armdldition, fruit formation that only takes place in the basal
evening, and (3) the corolla developed the most durifgacts of the inflorescence suggests that the asymmetric
this period. Therefore, we can suggest that nocturndistribution of nectar in the basal and apical flowers may
ginger pollinators, if present in the study area, would baterfere with the visitation pattern.
more efficient than diurnal pollinators. Some Zingiberaceae species rarely produce fruit, a fact
Many plants with specialized floral traits are ofterprobably indicating incompatibility with or absence of
visited by various pollinator types and, in some casegollinators in the area (Cho@tbal, 2016; Thomast al,
the primary pollinators predicted by pollination2016). The low fruit production via natural pollination
syndromes play only a minor role in reproductive successinforces the hypothesis that asexual reproduction is the
(Rivera-Marchand &Ackerman, 2006)The patterns of main form of ginger propagation. Studies have concluded
production of floral rewards, such as nectaray thatginger is possibly a sterile hybrid that originated from
correspond to the period of activity of the main pollinatorthe cross of two distant species and has the ability to
(Heinrich, 1975). The nectar characteristics (e.g., standasdrvive owing to a successful strateggych as vegetative
secretion and sugar composition) of species that hapeopagation (Petest al, 2007). HoweverPalupiet al.
both nocturnal and diurnal pollinators should bé2019) recorded fruiting in manual self-pollination and
congruent with the requirements of both pollinator groupsross-pollination tests in Indonesia.

Figure 4:(A) Inflorescences and (B) displacement of the anther crest (arrow) in gitiggiber spectabileflowers.Tangara da
Serra, Brazil.
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The successful establishment of introduced speciBg L, Xia N & Skornickova J (2015Jaxonomic studies on Zingiber
and their ability to attract resident pollinator services are (Zingiberaceae) in China I Z'”?'bef tenuifolium, a new species
- . . . from Yunnan. Phytotaxa, 227:92-98.
fundamental in understanding the role of pollination o o )
| during the oh f establish t of tic ol Cf‘osta FRC, Espinelli FP & Figueiredo FOG (2011) Guia de
ecology during the phase of establishmen .0 exouc plan sZingiberales dos Sitios PPBio #anazonia Ocidental Brasilei-
(Memmott & Waser 2002). The establishment of ra. # ed. Manaus, Attema, 280p.

introduced plants probably depends on many factors, su€hhveeracta, Mokkamul P Sudmoon R &TaneeTA (2007) New
as their reproduction system, their similarity to native species of Zingiber (Zingiberaceae) from Northern Thailand.
plants present in the introduction area, their abundance2'wania, 52:159-163.
and the time that elapsed since their introductiofhoon SYDing R MahmudTMM & Shaari K (2016) Phenological
. growth stages of torch ginger (Etlingera elatior) inflorescence.
(Thompson & Knight, 2918)' . . Pertanika Journal ofropical Agricultural Science, 39:73--78
Knowledge of these integrations can contribute to the _ _

desi ffut tudi lant breedi h?allacort R, Martins JA, Inoue MH, Freitas PSL Collete AJ

esign ot future stu |es_on plant bree 'r_]g programs, Wi Ie(20]_1) Distribuicdo das chuvas do municipio @angara da
knowledge of the pollinator community behavior can Serra, médio norte do estado de Mato Grosso, Brastia
facilitate the understanding of factors that determine theScientiarumAgronomy 33:193-200.

reproductive success of introduced plant species. =~ Dhamayanthi KPM, Sasikumar B & Remashrag (2003)
Reproductive biology and incompatibility studies in ginger

CONCLUSIONS (Zingiber oficinale Rosc). Phytomorphology2:123-131.

The production of nectar by the flowers IOCate(]j:anY & Li Q (2016) Tail-like anther crest aids pollination by
manipulating pollinatds behaviour in a wild gingeScientific

between the base and the apex of the inflorescence wageports, 6:1-6.

aSymm_et”_Cal and there was an mcr_ease n neCtﬁrreitas L & Sazima M (2001) Nectar features in Esterhazya

production in the late afternoon and evening. The planaltomacrodonta, a hummingbird-pollinated Scrophulariaceae in

hermit and fork-tailed Woodnymph hummingbirds were southeastern Brazil. International Journal of Plant Research,

) g 114:187-191.

the only pollinators recorded in the study area that were

able to move the anther crest. The expansion of hercogal

during floral anthesis made spontaneous self-pollinatioFr|1 LT V & Ly N (2016) Zingib Val
- . . . , tt t

difficult, and the low fruit formation, detected only in Hong raong y N ( ) Zingiber ottensivaleton

) - S (Zingiberaceae) = a newly recorded species\fmtnam.
natural pollination treatments, indicated that asexual gioscience Discovery7:93-96.

reproduction is the main form of propagation for thi%unqueiraAH & Peetz MS (2008) Mercado interno para os produ-

inrich B (1975) Bee flowersA hypothesis on flower variety
nd blooming times. Evolution, 29:325-334.

species. tos da floricultura brasileira: caracteristicas, tendéncias e im-
portancia socioeconémica recente. Ornamental Horticulture,
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