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Pollination biology of large cardamom
(Amomum subulatum)
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No. 659, 5th ‘A" Main, Hebbal, Bangalore 560 024, India

Amomum subulatum Roxb. (family Zingiberaceae) is
the large cardamom of commerce cultivated in tropical
wet evergreen forests of the Eastern Himalayas of
India, Nepal and Bhutan. This study seeks to identify
floral visitors and pollinators, examine floral adapta-
tions for pollination and evaluate pollination efficiency.
Studies were carried out in two flowering seasons (2005,
2006) in a 6-ha plantation located adjacent to a de-
graded reserve forest in the Sikkim part of the Hima-
layas. Only two flower visitor species, a bumble-bee
(Bombus haemorrhoidalis Smith) and a honey bee spe-
cies (Apis cerana F.) were recorded. The bumble-bee
was the effective and only pollinator, but A. cerana
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was the pollen robber. Major flower adaptations for

The study was conducted in tie subulatumRoxb.

pollination by the bumble-bee are the length of the plantation (2724.282N, 88°37.316E, elevation 1594 m asl)
nectar tube, which is not accessible to short-tongued of the Spices Board of India, located at Kabi about 20 km

bees and a narrow passage in the fresh flower between

the anther—stigma column and the labellum. The nar-

row passage forces the bumble-bee to push the anther—

stigma column to enter the flower, which brings the
body of the bumble-bee in contact with the anther and
the stigma, and effects pollination A. ceranadoes not
come in contact with the stigma during pollen forag-
ing and hence is unable to bring about pollination.
Thus, structural features of the flower ofA. subulatum
differentiate the pollinator and the pollen robber. Pdli-

nation efficiency in the plantation was low due to the
low population density of wild native pollinator, B.

away from Gangtok, Eastern Himalayas. The 6-ha plantation
is located adjacent to a degraded forest and is bordered on
one side by a public road with heavy traffic. The farm has
scattered shade trees along with some patches of native
bamboo thickets, and is intensively managed by regular
manual weeding and watering. Investigations were carried
out during two flowering seasons (May and June) in 2005
and 2006. We used a widely adapted cultivar ‘Sowney’ for
our studies.
For studying floral phenology, oldest flower buds that

would open the next day were tagged in the evening and

haemorrhoidalis monitored from 04.00 h the next morning until the flowers

senesced. To estimate the amount of nectar, the flowers
were selected randomly from different clumps and bagged
just before opening to prevent floral visitors. They were
excised at hourly intervaldN(= 15) and the amount of
EFrFecTIVE pollination is a major limitation for the stability nectar was estimated using calibrated microcapillary tubes
of the vyield of several economically important crop spécieg50 ul Drummond Microcaps). Quantitative studies on floral
This is particularly true in the tropics where a larger propordsitors were carried out by selecting a group of 20-25
tion of species depends on animals as pollinatémsiong flowers from 3 to 4 clumps, which were clearly visible
many other factors, population density of pollinatorsfrom an observation spot. We monitored floral visitors
their diversity, and visitation frequency, and quantity andontinuously from 06.00 h (soon after opening of the
guality of the pollen that reaches the stigma are importafidwers) until 13.00 h (when the flowers cease to attract
biotic components affecting pollinationcaess in animal- any visitors) for six days (a total of over 50 h) in the peak
pollinated crop speci&s. Unlike the neotropics where of the flowering period. We recorded the frequency of
considerable data are available on the details of pollinaach flower visitor species, the approach, details of foraging
tion biology on a large number of species, only limiteéind foraging period. Visitors were trapped using either a
information is available on species of tropical AsiBhe net or an aspirator. Soon after trapping, the visitors were
large cardamomAmomum subulatuRoxb., family Zingi- immobilized by transferring them to a bottle containing a
beraceae) is one of the major cash crops cultivated bptece of flter paper dipped in ethyl acetate. Immobilized
ween elevations of 600 and 2000 m in tropical wdhsects were observed under a stereo-microscope to study
evergreen forests of Eastern Himalayas in India (Sikkimmollen load on their body.

and Darjeeling areas), Nepal and Bhutan. The seeds hav@reliminary studies showed that bumble-b&mtbus
properties similar to those of true cardamdabe(taria haemorrhoidali3 and honey bee#\pis cerana were the
cardamomumfamily Zingiberaceae) and are used as anly flower visitors. Bumble-bees seldom revisit the
condiment for culinary and other preparations. The seeflswers of the same clumps on a given day. We therefore
contain 2—3% essential oils, which possess medicinal pswitched the study spot every 15 min. Howewer cer-
perties and are used as adjuncts to various medicinal pagavisited the same flowers repeatedly and the same ob-
paration$. As the fruits and seeds are the economiservation spot selected in the early morning was used
products, effective pollination is a prerequisite for fruithroughout the observation period on the day. For statisti-
and seed set, and to a large extent determines the yieldc&h analyses data of each 2 h time interval were pooled
spite of its economic importance, there are hardly any studasross dates and the difference in the mean visitation fre-
on the pollination biology of this species, except for a prejuency and average foraging time of flower visitors across
liminary report implicating honey bees as pollinafots  time intervals was compared using one-wsyOVA.

this study, we investigated pollination biology of large&Spearman rank correlation coefficiantvas used to un-
cardamom in the Sikkim part of Eastern Himalayas. Thaerstand the relationship between available nectar amount
focus of our study was to document all floral visitors andnd bumble-bee visitation frequency and foraginte.
pollinators, assess pollination efficacy of different polli+or studying pollination efficiency of bumble-bees, flowers
nators, and understand floral adaptations to achieve effegere excised immediately after the first visit and exam-
tive pollination in large cardamom. We also estimated thined for pollen deposition on their stigmas under a stereo-
pollination efficiency of the plantation under open fieldnicroscope. FoA. cerana the bee-visited flowers were
conditions to understand whether the plantation wdlg po harvested at the end of the observation pe(id2i00 h)
nator-limited or not. and the stigma was scored for the presence of pollen.

Keywords: Amomum subulatum\pis ceranaBombus
haemorrhoidalis pollination efficiency.
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Figure 1. a, An individual flower ofAmomum subulatunb, Anther—stigma column photographed from

the lower side before honey bee visit to show massive amount of pollen on the anther. The hood is also
seen at the tip (leftx, Similar to f), but photographed at 12.00 h after repeated visits by the honey bee.
There is hardly any pollen left on the anther. A petal is seen below the anther—stigma abldihe.
bumble-beeBombus haemorrhoidaliengaged in foraging nectar from the flower. Pollen load on its
body is appareng, The honey beedpis ceranacollecting pollen from the flower. One of the pollen bas-

kets is clearly seen. The distance between the anther—stigma column and the labellum isfn@row.
flower photographed at 14.00 h to show significant increase in the distance between the anther—stigma
column and labellum.

A. subulatunis a perennial herb having subterraneashaped (1.0 mm deep and 1.5 mm wide) and slightly flat-
rhizomes which give rise to leafy shoots and spikes. Thened (Figure b andc) with a row of unicellular, non-
flowers are borne on shortly peduncled spikes of about Beceptive hairs on its margin. Only the inner surface of
6 cm in diameter. The number of inflorescences producéue cup is receptive. The stigma cup is pointedadlis
on each clump ranged from 20 to 45 depending on the aged the inner wall is lined with a viscous exudate. The
of the clump. Each inflorescence produces 30-50 flowerstigma extends 1.5—-2.0 mm beyond the level of the anther
Flowers are yellowish and measured 7408.26 cm in and is covered with the rolled-up extension of the stamen
length N = 20). The most conspicuous part of the flowe(crest) in the form of a hood. Two yellowish nectaries
is the yellowish labellum/lip, which provides a platform(3.93+ 0.32 mm longN = 15) are located at the base of
for the visiting insects. The basal parts of the petals and tthee style and fill the entire space in the lower part of the
labellum are fused to form a corolla tube/nectar tubeorolla tube.

(3.07£ 0.19 cm long,N = 20). The terminal-expanded A. subulatunilowers during April and May; it may ex-
part of the labellum is 3.520.12 cm long and 140.17 cm tend up to the end of June in higher altitudes. At the Kabi
wide (N =20). The midrib region of the labellum isfarm, flowering is initiated during early May and extends
deeper yellow and the veins are translucent (Figue 1 for about 6—8 weeks, reaching a peak by the end of May.

The anther is solitary, borne on about 1.0 cm longhe flowers open early in the morning, between 04.30
filament, originating from the tip of the corolla tube, andand 06.30 h. The anther dehisces longitudinally just before
measures 10.6 0.74 mm N = 15) in length (FigureB). flower opening and a large mass of pollen grains is visi-
The stamen extends beyond the anther in the form obke along the two dehiscing sutures in freshly opened
rolled-up leafy hood/crest (7 mm long and 8 mm wideflowers (Figure b). The flowers offer both nectar and
Figure 1b andc). The pistil is solitary; the ovary is pollen to the visitors. There is hardly any nectar in the co-
5.25+ 0.57 mm longNl = 15), and contains an average ofolla tube soon after anthesis, but it accumulates gradu-
106.8+ 5.03 ovules il = 15). The style is long (5.08 ally and reaches a maximum of about 2%y 12.00 h.

1.5 cm,N = 15) and delicate; it passes through ttemge The nectar does not fill the nectar cup completely; its
present between the two pollen sacs. The stigma is cugvel is invariably 7-10 mm below the mouth of the cup.
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The flowers last only for a day; senescence sets in aroundPollination efficiency ofB. haemorrhoidalisand A.
14.00 h on the day of anthesis and the flower fades bgrana was determined by direct examination of the
18.00 h. Flower senescence is independent of pollinatistigma of visited flowers (Table 1). One visit of the bum-

The flowers were visited by bumble-be&s flaemor- ble-bee resulted in pollination of 78% of the flowers. The
rhoidalis) and the honey bee#\( cerand. Bumble-bee distance between the anther—stigma column and the label-
visits started early in the morning and continued untilm on which the pollinator lands steadily increases over
12.00 h. The visit of the bumble-bee was infrequent; aftéme, from 0.5 cm in fresh flower to nearly 2 cm by
it visited freshly opened flowers of a clump, the bee sel:6.00 h (compare Figurealandf; one-way ANOVA,
dom revisited the clump again on the same day. Thuss g; = 83.55,P = 0.0001). Thus, the bee is likely to be
most of the flowers receive only one visit of the bumbleess effective in touching the anther—stigma column as the
bee. The foraging time (24.12 s/flower) was almost ungay progressed. To test whether this increase affects pol-
form in all the time intervals. The differences in foragindination efficiency of the bumble-bee over time, we marked
time per flower (one-wayANOVA, Fsi3=0.237, all bumble-bee-visited flowers, harvested them at hourly
P = 0.6) across the three 2-h time periods were not statistitervals and scored their stigma for pollination. As ex-
cally significant. No significant tationship was found pected, the bumble-bee-visited flowers showed a steady
between the nectar volume and average bumble-bee vigiecline in pollinated flowers and an increase in unpolli-
(Spearmant = 0.13) or foraging timer(= 0.18). nated flowers as the day progressed (Figure 2).

As the size of the bumble-bee was larger than the spac@. ceranavisited flowers N = 52) were also excised
between the downwardly curved anther—stigma columemd observed for pollination. Although most of these flow-
and the labellum (Figure d), the bee had to push theers had received nhiple visits by the bee, and the bees
anther—stigma column upwards to enter the flower. Dumvariably had heavy pollen load, none of the flowers
ing this process the upper surface of its body came were pollinated; only five of the flowers showed a few
contact with the anther and the stigma. The bee pusheddtdlen grains on the outer non-receptive surface of the
head into the nectar tube for foraging nectar, but nevetigma cup or the non-receptive hairs on the margin of the
collected pollen. The abdomen of the bumble-bee showstigma cup.
rhythmic movement during sucking of nectar. The white Pollination efficiency under open field conditions was
pollen coating was clearly visible on the head and thordaw (Table 1). Flowers collected randomly from the plan-
of the bumble-bee when it emerged from the flower (Figation revealed pollination in only about 30% of the flowers.
ure 1d). The bumble-bee brought about pollination by Three pollination guilds — spiderhunters (family Arachn-
pushing the pollen, loaded on its head and thorax, into tbthera),Amegillabees (family Anthophoridae) and halictid
distally oriented stigma cup when the bee entered thees (family Halictidae) — have been reported in members
flower. of Zingiberaceae, including several speciegfomum

A. ceranaalso visited flowers during morning hours.in old world tropic§. Humming bird and euglossine bee-
The frequency of honey-bee visits was more during thmollinated guilds have been reported in the Neotropical
early morning (06.00-08.00 h), and gradually reducefingiberacea®'’. Studies carried out cBurcumophora
over time, but the difference was not statistically signifilongifolia in the monsoon rainforests of China have
cant (one-way ANOVAF; ,3=0.82, P=0.45). Unlike shown thatBombussp. and honey bedfis floreg are
bumble-bees, honey beesllected only the pollen (Fig- the pollinator$. A preliminary report or. subulatunin
ure le) and visited the flowers repeatedly. Each flowethe Himalayas has implicated (but not documented) honey
received an average of 32.82(60 SE) visits per day. bees as pollinators on the basis of an increase in the yield
Unlike their frequency, the foraging timeAf ceranain- in the presence of honey bee hives in the plantition
creased as the day progressed, although the differett®wever, this study did not investigate pollination effi-
was statistically not significant (one-waANOVA, ciency of honey bees and also did not monitor the visits
F, »3=0.49,P = 0.61). Foraging of pollen b¥. ceranawas of any other insects, particularly bumble-bees to the
thorough; there was hardly any pollen left on the anthélowers. Our present study, however, clearly demon-
column in honey bee-visited flowers (Figure)l Apart strates, on the basis of pollen load on the stigma of flowers
from two pollen baskets on the hind legs (Figurg,1 visited by the bees thd&. haemorrhoidaliss the only
pollen load was also found throughout the surface of thpmllinator andA. ceranais not the pollinator, but pollen
honey bee. robber ofA. subulatum.

Table 1. Pollination efficiency of floral visitors and under open field conditions

Number of flowers Percentage pollination efficiency
Mode of pollination examined Pollinated Unpollinated
After bumble-bee visits 228 78 22
After honey bee visits 52 0 100
Open 170 30 70
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and Waseet al' for a discussion on generalization vs

120.0 - ,
E1Pollinated specialization).
100.0 4 i@ Unpollinated The pollination efficiency of the plantation used for the
o 800 present investigation was low, as about 70% of the flowers
2 remained unpollinated. This @bviously because of lower
S 600 population density of the wild pollinator specieB,
[&] . .. .
ol haemorrhoidalign the plantation. The present study ad-
o 400 .. . . .
vocates the need for similar systematic studies in other
20.0 locations sujected to different degrees of hitgi degra-
00 dation, to have a better understanding of the key factors

that affect bumble-bee population density and pollination

0600- 0700- 0800- 0900- 1000- 1100- .
0700 0800 0900 1000 1100 1200 efficien cy.
Time slots (hourly interval)
1. Allen-Wardell, G.et al, The potential consequences of pollinator

Figure 2. Percentage of pollinated and unpollinated flowers visited
by bumble-bees in increasing time slots of the day.

The floweris well adapted to bumble-bee pollination.
Although pollen grains are exposed and accessible to an
visitor, the nectar is protected in the nectar tube of about’
3 cm and is accessible only to those visitors with long
proboscis. The size of the bumble-bee and the space bét-
ween the anther—stigma column and the labellum through
which the bee has to enter the flower, are critical for sucg
cessful pollination. In the morning hours, the gap is narrow
(ca. 5 mm), and the large-bodied bumble-bee pushes the
anther—stigma column upwards to enter the flower to ac-
cess nectar and effects pollination only if it carried pollen
grains from the previously visited flowers. The bee leaves
the flower with pollen deposited on its body but without
any contact with the distally pointedaeptive stignatic 9.
cup. Thus, the shape and orientation of the stigma have a
role to prevent autogamy. It, however, does not prevent
geitonogamy as the bumble-bee visits several other flow®:
ers of the same clump one after another. There was pp
significant correlation between the amount of nectar pre-
sent in the flower and the frequency of bumble-bee visits
or their foraging time. These features indicate that th¥:
pollination guild inA. subulaturis not optimized.

A. ceranacollected only pollen seemingly due to inac-
cessibility of nectar with its short @posis. The position 13.
and structure of the stigma and pollen-collecting behaviour
of this bee suggest that the latter has no role in aolbn

: L 14.
and simply acts as a pollen robber, depriving the plant of
pollen availability for pollination by bumble-bees.
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subulatumcan be considered as specialized as there is _
only one effective pollinator (see Johnson and Stéiner xecelved 7 Decemb@006; revised ecepted 28 Marc007
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