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Abstract
We studied pollination ecology of large cardamom (Amomum subulatum) in three altitudinal gradients (1100, 1500, 2000 m) 
in the Sikkim Himalaya, with the hypothesis that both honey bees (Apis spp.) and bumble bees (Bombus braviceps, B. 
haemorrhoidalis) contribute to pollination and enhance yield. We placed honey bees colonies in cardamom stands, studied 
pollination within 50 m radius, 250 m away from it; and under control nets restricting pollinators. Honey bees showed high-
est number of floral visits (19.24 ± 4.23 per 12  m2) within 50 m than bumble bees (13.87 ± 3.12 per 12  m2). In 250 m stand, 
bumble bees visits (20.57 ± 5.31 per 12  m2) were higher than honey bees (9.44 ± 2.54 per 12  m2). Pollen removal by honey 
bees and bumble bees was 30–40% and 50–70% of the total pollen, respectively. Time spent across sites and treatments by 
honey bees ranged higher (12.87–36.25 s  flower−1), than bumble bees (4.60–27.80 s  flower−1). Visitation of bees increased 
with increasing number of cardamom flowers and showed positive correlation (r2 = 0.46–0.55, P < 0.001). Number of capsules 
per spike, capsule/seed weight, and gross agronomic yield was highest within 50 m, lower in 250 m and lowest in control 
confirming that honey bees pollinated stand had higher yield. The study also confirmed that both honey bees and bumble 
bees were pollen collectors and pollination is by-product of their foraging activity on the flowers. This study suggests new 
insight on contribution of honey bees to large cardamom pollination and further research is needed for pollinators-large 
cardamom interaction.
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Introduction

Large cardamom (Amomum subulatum Roxb.) is an impor-
tant perennial cash crop sympatric to sub-tropical and tem-
perate agro-climatic zones (400–2400 m) of the Eastern 
Himalayan region including Nepal and Bhutan (Sharma 
et al. 2016a). It is an economically valuable, ecologically 
adaptive, and agro-climatically suitable perennial cash crop 
grown under tree shade in the eastern Himalayas. In the past 
few years, the worldwide production of large cardamom has 
fallen drastically due to several factors including diseases 

(Singh and Pothula 2013; Sharma et al. 2016a), and decline 
of pollinator species (Singh et al. 2011; Sharma 2013; Par-
tap et al. 2014; Sharma et al. 2016a, b). Around 15 years 
ago, Sikkim was the major producer of large cardamom. 
Since then Nepal has been recognized as a major producer 
and exporter of cardamom, second only to Sikkim (Dur-
beck and Torstan 2010; Chapagain et al. 2014; Partap et al. 
2014). Of the total 111,830 households in Sikkim, 16,037 
(14.34%) have large cardamom plantations on their farms. 
In Sikkim, around 29% of the total household revenue in the 
cardamom growing areas comes from the sale of large car-
damom (Sharma et al. 2016a). The seeds of large cardamom 
have properties similar to those of small cardamom (Elet-
taria cardamomum, family Zingiberaceae) and are used as 
a condiment for culinary and other preparations. The seeds 
contain 2–3% essential oils, which possess medicinal prop-
erties and are used as adjuncts to various medicinal prepa-
rations (Gupta et al. 1984). As the fruits and seeds are the 
economic products, effective pollination is a prerequisite for 
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fruit and seed set, and to a large extent determines the yield. 
In spite of its economic importance, there are hardly any 
studies on the pollination biology of this species, except for 
a preliminary report implicating honey bees as pollinators 
(Verma 1987).

Efficient pollination is a major limiting factor for stabil-
ity of yield of several economically important crops spe-
cies (Allen-Wardell et al. 1998) including large cardamom 
(Sinu and Shivanna 2007). Bumble bees (Bombus bravi-
ceps and Bombus haemorrhoidalis) are reported to be the 
most efficient pollinators of large cardamom till date, while 
honey bees have been reported as pollen robber, which leave 
70% of large cardamom flowers un-pollinated (Sinu and Shi-
vanna 2007; Sinu et al. 2007; Kishore et al. 2011; Deka et al. 
2011; Kishore et al. 2012). Interestingly, Sharma (2013), and 
Partap et al. (2014) have reported the perception of farmers 
of the Sikkim Himalaya that honey bees are in fact good pol-
linators for large cardamom, and are also traditionally reared 
by farm-households. A study carried out by Chaudhary and 
Kumar (2000) on pollination by honey bees small carda-
mom (Elettaria cardamomum) flowers had confirmed that 
honey bees pollination resulted in better quality capsules of 
uniform shape and bigger size. Conservation of pollinators 
has become crucial for high-value cash crop cultivation and 
for maintaining the genetic resources in cultivated systems. 
One such example under study is the pollination biology of 
large cardamom in the eastern Himalayas.

Very little research has been carried out on the pollina-
tion of large cardamom by bees, especially by the indig-
enous honey bees Apis cerana subsp. cerana, Apis cer-
ana subsp. himalayana, A. dorsata, and A. laboriosa. A. 
cerana naturally occurs in climatic zones ranging from 
rainforest, savanna, steppe, grasslands and deciduous for-
est to taiga (Radloff et al. 2010) and occurs all along the 
cardamom growing altitudes (600–2300 m) in the eastern 
Himalayas. Even though they can cover large distances and 
are very manageable even at a homestead level, they become 
well suited for pollination of large mono-crops (Martin and 
Farina 2016) and large cardamom mono-crop is not an 
exception. The low productivity of large cardamom could 
be attributed to declining pollinator species leading to inad-
equate pollination of the large cardamom (Sharma 2013; 
Partap et al. 2014; Sharma et al. 2016b).

We hypothesized that honey bees could also contribute 
to pollination in large cardamom flowers, similar to bumble 
bees. Therefore, the basic objective to prove this hypothesis 
was to assess (i) visitation frequency and foraging behaviour 
of honey bees and bumble bees in cardamom flowers, (ii) 
pollination and foraging dynamics of both the bees, and (iii) 
the yield estimation in relation to pollinator visitation.

Materials and methods

Large cardamom agroforestry systems

We selected well flourished large cardamom agroforestry 
systems for the study. Large cardamom-based agroforestry 
is categorized into two sub systems: Alnus-cardamom 
and forest- cardamom systems. Large cardamom is a high 
value cash-crop which, when properly cured, stores well 
for extended periods. Large cardamom generally pro-
duces low volume per plant, but the trade-off is that it 
requires relatively low labour inputs. Himalayan alder 
(Alnus nepalensis) is a naturally occurring tree associate 
with cardamom, valued for its ability to provide appro-
priate shade, fix atmospheric  N2, and generate nutrient 
rich litter which helps facilitate a more efficient cycling 
of nutrients (Sharma et al. 2008, 2010). Scientific under-
standing following adequate analysis of large cardamom 
agroforestry systems have proven this traditional practice 
as economically remunerative, ecologically adapted, with 
comparatively high carbon sequestration potential while 
pollination biology is yet to be fully understood (Sharma 
et al. 2016a, b, c).

Location and climate of study sites

Three study sites (27° 11ʹ 46ʹʹ N; 88° 13ʹ 15ʹʹ E) viz., Lingee-
Payong (1100 m), South Sikkim, Hee-Martam (1500 m) in 
West District, and Jaubari (2000 m) in South Sikkim were 
identified for the study which have been considered as the 
main large cardamom growing areas in Sikkim. The agro-
climatic conditions of these areas are also conducive to the 
cultivation of a large number of other cash crops such as 
mandarin oranges, ginger, potatoes, broom grass, and a 
diverse array of horticultural crops. Keeping in mind the 
heterogeneity of the agroclimatic conditions along the ver-
tical elevations, the farmers in Sikkim cultivate a diversity 
of crops including paddy, maize, finger millet, buckwheat, 
wheat, yams and other tubers, oilseeds, and vegetables in 
the lower elevations and maize, potatoes, cabbage, and cau-
liflower at higher altitudes.

The average annual rainfall across the study sites is 
3500 mm, with higher rates (2000–4000 mm) at higher alti-
tudes and lower rates at lower altitudes (1000–2000 mm). 
The study sites mostly face south-west with a slope range 
of 20–45°. The sites of Jaubari, upper reaches of Hee-
Martam, and Sokpay area in Lingee-Payong experience 
occasional snowfall and frost during winter. The ambient 
air temperature ranges from 6 to 20 °C in the higher eleva-
tions and 10–27 °C in the lower sites (Table 1). Humidity 
ranges from 60 to 99% across all sites.
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Experiment design

We placed honey bees colonies in each of the large carda-
mom plantations; 3 April 2016 at Lingee-Payong, 13 April 
2016 at Hee-Martam and 16 May 2016 at Jaubari, respec-
tively, following the flowering season based on Chaudhary 
and Kumar (2000). We marked plots of 3 × 4 m area each 
for 50 m and 250 m stands (total 6 plots, 2 × 3 sites). We 
counted the number of bushes and number of spikes bear-
ing the flowers within each plot. The number of flowers 
opened each day and the foraging behavior of honey/bum-
ble bees within 50 m and 250 m stands were recorded. We 
established a control net experiment by placing a nylon-net 
(< 1 mm size) in 2 × 2 m plot to study pollination without 
allowing the bees or insects to visit the cardamom flowers.

Across study sites, a temporal difference in the flowering 
and harvesting season of large cardamom were recorded. 
Flowering started from the middle of March through late 
May in the lower altitude (600–1000 m) and April through 
June at the middle altitude (1100–1500 m), and at the high 
altitude (1600–2300 m) flowering started by third week of 
June and continued until early August.

Foraging study

Foraging behavior was recorded at 9:00–11:00, 12:00–14:00, 
and 15:00–17:00 h of the day. For quantitative studies–visi-
tation frequency and foraging time of bees were recorded 
within the marked plots. Time spent by bees in the flowers, 
number of visits, foraging behavior, their movement in flow-
ers, touching of the stigma, pollen collection, nectar collec-
tion, number of bees reaching the honey bees colony with 
pollen loads etc., in three time slots of the day were recorded 
within 50 m and 250 m stands.

The number of visits per flower per unit time represents 
visitation frequency. The pollinator density for both honey 
bees and bumble bees were recorded in 3 × 4 m plots across 
the study sites and repeated in four consecutive days. The 
foraging dynamics of floral visitors was studied based on 
their landing pattern on flowers, approach towards pollen 
and nectar sites and probability of pollinating the stigma.

Yield estimation

Yield estimation was done in the marked area (12  m2) sepa-
rately within 50 m, and 250 m stand, and in control (4  m2). 
We harvested mature spikes to obtain fruit set (capsule) on 
19 August, 22 September and 8 November 2016 at Lingee-
Payong, Hee-Martam and Jaubari, respectively. Matured 
capsules were carefully segregated; fresh weights of the 
capsules were recorded and dried in a hot air oven (Test-
Master ITC-902 M) at 60 °C to constant weight. Dry weight 
of the capsules and seeds was measured using high precision 
electronic balance (Sartorius BP121S). Number of seeds per 
capsule (seed set), weight of the capsule, and weight of the 
seeds was recorded.

Statistical analysis

We used MS-Excel 2007, SPSS 10 V and Systat 10.0 V for 
statistical analysis. The treatments 50 m within the honey 
bees colony, 250 m away from the colony and control were 
compared using Multi Factor Analysis of Variance, inde-
pendent samples t-test comparison and regression analy-
sis. However, the available data were transformed before 
analysis using arcsine and represented back in the table as 
in original form.

Results

Cardamom flower visitors

More than 98% of visitors of cardamom flowers across sites 
and stands were Bombus braviceps, Bombus haemorrhoi-
dalis, and indigenous Apis spp. We also observed hover-
fly (Episyrphus balteatus), Crimson Sunbird (Aethopyga 
siparaja), and moths (Udasees folus) occasionally visiting 
the flowers.

Visitation frequency

Visitation of pollinators was dependent on ambient air 
temperature; it varied along the time slots from morning 

Table 1  Stand characteristics of the study sites

Study sites Location Elevation
(m)

Slope (°) Aspect Flowering Season Harvesting season Local Variety (car-
damom)

Lingee-Payong 27° 21′ 40′’N 88° 27′ 
54′’E

1100 20–30 South facing 1 April–30 May August–September Ramsai

Hee-Martam 27° 15′ 09′’ N 88° 13′ 
15′’E

1500 30–40 North facing 15 April–15 June September–October Ramsai, Seremna

Jaubari, Namchi 27° 11′ 46′’N 88° 23′ 
31′’E

2000 35–45 West facing 15 May–15 July November Ramsai
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to evening and along the elevations. Bumble bees started 
floral visits at 6:00 h while honey bees visits started by 
7:00  h. Bee visits were highest during 9:00–11:00  h, 
slightly low at 11:00–13:00 h and lowest at 15:00–16:00 h 
(Fig. 1). Bee visits was significantly low at high altitude 
(Jaubari) than mid (Hee-Martam) and low altitudes (Lin-
gee-Payong). Honey bees showed the highest number of 
floral visits (19.24 ± 4.23 per 12  m2) than bumble bees 
(13.87 ± 3.12 per 12  m2) within 50 m. Bumble bees visita-
tions (20.57 ± 5.31 per 12  m2) were higher than honey bees 
at 250 m (9.44 ± 2.54 per 12  m2) (Fig. 1).

Multi-factor analysis of variance showed signifi-
cant difference between sites, treatments and time slots 
(P < 0.001) for both bees. Interaction between sites and 
time slots for both bees was found significant (P < 0.001). 
Similarly, interaction between sites, treatment and time 
slots showed significantly for both bees. Visitation of 
honey bees was almost nil during cold mornings, evenings, 
and on rainy days, but it was more on bright sunny days. 
Floral visits per unit area were highest at the low altitude 

(Lingee-Payong), high at mid (Hee-Martam) and lowest at 
high attitude (Jaubari).

Time spent by pollinators in cardamom flowers

Time spent in large cardamom flowers during nectar extrac-
tion/foraging across sites and treatments by honey bees 
was higher (ranged 12.87–36.25 s  flower−1) than bumble 
bees (ranged 4.60–27.80 s  flower−1) (Table 2). While, time 
spent by both the bees was comparatively high in the mid-
elevation as compared to high and low altitudes. Also, the 
time spent by honey bees was significantly high (t = 0.675, 
P ≤ 0.001) within 50 m (14.20–36.25 s  flower−1), and less 
(12.25–32.83 s  flower−1) at 250 m across sites. Interest-
ingly, bumble bees visitation frequency was higher (t = 3.22, 
P ≤ 0.001) at 250 m (3.90–27.80 s  flower−1) than 50 m 
(3.70–17.75  s  flower−1). Multiple-analysis of variance 
showed significant variation between study sites, treatments 
and time slots (Table 2).

Fig. 1  Variation of number bee 
visits (Honey bees = red, Bum-
ble bees = blue) to large carda-
mom flowers across sites, treat-
ments and time slots. Values 
are ± SE, n = 27. Multi-ANOVA 
Bees density. Honey bees: Sites: 
F2339 = 40.76, P < 0.001; Treat-
ments: F1340 = 3.24, P < 0.001; 
Time slots: F2339 = 19.56, 
P < 0.001; Interaction: Site 
x Time slots: F4333 = 7.49, 
P < 0.001; Time slots x Treat-
ment: NS; Site x Time slots 
x Treatments: F14,327 = 20.03, 
P < 0.001. Bumble bees: Sites: 
F2339 = 7.60, P < 0.001; Treat-
ments: F1340 = 17.58, P < 0.001; 
Time slots: F2339 = 6.18, 
P < 0.001; Time slots x Treat-
ment: NS; Interaction: Site 
x Time slots x Treatments: 
F14,327 = 3.92, P < 0.001
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Foraging behaviour

The number of flowers differed significantly across sites 
and treatments (Fig. 2). During foraging, bumble bees 
firstly landed on the labellum and then moved deep inside 
the flower column to collect nectar. Both the bees collected 
pollens in their baskets while foraging for nectar. Com-
paratively, bumble bees collected 2–3 times more pollen 
as compared to honey bees (Fig. 3a, b). While foraging, 
bumble bees deplete a great deal of pollen from cardamom 
flowers, as its furry back brushes against the anthers. Both 
bees collect almost 60% of the pollens during the course 
of nectar extraction. Honey bees frequently landed on the 
stigma column of the flower from different sides (Fig. 3 

c, d). Loaded with pollen all over the body, it constantly 
touched the stigma cup. We observed that pollens were 
released on the stigma cup of the flowers during foraging. 

The foraging activity of both bees was highest at 
9:00–11:00 h than in the morning and evening hours. Honey 
bees acted differently for nectar collection, they enter the 
flowers through the stigma-anther column from either side 
and during this movement, pollen bearing appendages were 
seen passing the pollen to the stigma. While bumble bees 
collect nectar from the flowers only through its long label-
lum and had pollens adhered to their back touching the 
stigma. Thus, both bees were observed transferring pollens 
to the stigma during foraging.

Floral biology

The total number of flowers ranged 27–81 (in 12  m2) at 50 m, 
40–47 (12  m2) at 250 m and 12–33 (4  m2) in control with the 
highest count at mid-elevation (Table 3). Analysis of vari-
ance showed significant difference between sites (P < 0.001), 
and treatments (P < 0.001), the interaction between sites 
and treatments was also significant (P < 0.001). The aver-
age sized spikes bearing inflorescence had 45–80 flowers 
(mean 62.23 ± 15.43). The number of flowers opening each 
day on an average sized bush was 3.8 (range 3–6) at Lingee-
Payong, 5.9 (range 4–10) at Hee-Martam, and 4.6 (range 
3–9) at Jaubari. The longevity of large cardamom flowers 
was one day. An average number of flowers per spike per day 
were 3.82, 5.94, and 4.57 for Lingee-payong, Hee-Martam 

Table 2  Foraging time (sec  flower−1) spent by bees in cardamom flowers within 50 m of honey bees colony and 250 m away from it across sites

Values are ± SE, n = 20

Study sites (time slots) Honey bees Bumble bees

50 m 250 m away 50 m 250 m away

Lingee-Payong
 9:00–11:00 15.55 ± 1.39 15.00 ± 1.43 7.15 ± 0.52 9.55 ± 1.21
 12:00–14:00 14.55 ± 0.46 13.75 ± 2.09 4.60 ± 0.46 5.95 ± 0.83
 15:00–17:00 14.20 ± 0.69 12.25 ± 1.23 3.70 ± 0.47 3.90 ± 0.24

Hee-Martam
 9:00–11:00 28.36 ± 2.32 36.25 ± 2.84 14.56 ± 0.66 19.30 ± 2.76
 12:00–14:00 20.10 ± 2.15 32.83 ± 1.57 13.10 ± 0.89 15.90 ± 0.89
 15:00–17:00 21.10 ± 2.19 24.17 ± 2.79 17.75 ± 0.63 27.80 ± 4.11

Jaubari
 9:00–11:00 15.83 ± 0.76 12.88 ± 1.16 7.35 ± 0.68 7.55 ± 1.63
 12:00–14:00 15.65 ± 1.08 15.375 ± 1.65 6.35 ± 0.57 9.35 ± 0.71
 15:00–17:00 17.00 ± 1.30 12.875 ± 1.67 6.45 ± 0.53 9.20 ± 0.52

Multi-ANOVA
F8,24 = 10.95
P < 0.01

F8,24 = 33.34
P < 0.01

F8,24 = 80.37
P < 0.01

F8,24 = 15.56
P < 0.01

LSD (P < 0.05) = 4.00 LSD (P < 0.05) = 4.69 LSD (P < 0.05) = 1.59 LSD (P < 0.05) = 5.62
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and Jaubari, respectively. The anthesis of the flowers took 
place during 5:00–6:00 h and wilted by 17:00–18:00 h. The 
nectar secretion starts gradually and peaks at 9:00–12:00 h, 
highest number of flowers was counted during this time-slot.

Pollination by honey bees

At Hee-Martam, more than 54.12% of honey bees touched 
the stigma during foraging on the flowers and c 34.50% had 
pollen loads. Almost 90% of the honey bees had pollens 
attached to their appendages. Only 48.67% of them car-
ried pollen load on their pollen-sack while the remaining 

Fig. 3  Foraging dynamics of bumble bees (a, b) and honey bees (c, d), and pollen collection on their baskets while foraging on cardamom flow-
ers

Table 3  Number of honey bees touching stigma and carrying pollen on their body hair and abdomen

Values are pooled (7 days × 3 time slots of two hours each),   n = 84

Study site Stands Total no. of 
spikes (12  m2)

Total no. of 
flowers
(12  m2)

Total no. of visit 
of honey bees

Honey bees 
touching stigma 
(%)

Honey bees not 
touching stigma (%)

Honey bees carrying 
pollens in baskets 
(%)

Lingee-Payong 50 m 118 107 157 78 (49.68) 79 (50.31) 96 (61)
250 m 130 73 80 42 (52.50) 38 (47.50) 46 (57)

Hee-Martam 50 m 68 324 239 122 (51.01) 117 (48.95) 98 (30)
250 m 64 188 138 79 (57.24) 59 (42.75) 75 (39)

Jaubari 50 m 64 142 117 61 (52.14) 56 (47.86) 67 (47)
250 m 37 46 37 23 (62.16) 14 (37.84) 27 (58)

Table 4  Average number of honey bees returning to the bee-box with 
and without pollen loads per minute (7:00 − 14:00 h)

Values are ± SE, n = 21

Study sites Honey bees 
with pollen 
loads

Honey bees 
without pollen 
loads

Total no. of 
honey bees

Hee-Martam 19.33 ± 3.62 34.33 ± 5.81 53.66 ± 9.23
Lingee-Payong 14.16 ± 4.81 26.66 ± 5.81 40.82 ± 7.92
Jaubari 11.92 ± 3.42 19.28 ± 6.45 31.20 ± 6.78
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flew away without pollen loads. At Lingee-Payong, 51.09% 
Honey bees touched the stigma after touching the anther 
while 53.50% carried pollens. At Jaubari, 57.15% Honey 
bees touched the stigma after touching the anther, while 
52.50% had carried pollens (Tables 3, 4). The visit of both 
bees increased with increasing number of large cardamom 
flowers (r2 = 0.46–0.55, P < 0.001).

The total number of honey bees visits were less at 250 m 
than at the 50 m stands. Honey bees loaded with pollens 
ranged from 49.68 to 52.14% within 50 m of honey bees col-
ony, while it ranged from 52.50 to 62.16% at 250 m stands. 
More than 50% of honey bees touched the stigma transfer-
ring the pollens during foraging. In all probability, these 
honey bees could have brought nectar instead of pollens. On 

an average 30–61% of the total honey bees visited the flow-
ers with pollen in their baskets (Table 3). Honey bees loaded 
with pollen reaching the bee-box was significantly higher 
than those reaching the bee-box without the pollens. While 
among the total visits of bumble bees to the flowers, 40% 
visits had pollen loads, confirming that bumble bees collect 
both nectar and pollens. Honey bees visits during rainy days 
was very low (< 10%) and collected only 5% pollens, while 
bumble bees visit was more (20–30%). Thus, foraging of 
bumble bees was high despite unfavourable conditions as 
compared to honey bees. Similarly, density of bumble bees 
was uniform across sites (Fig. 4). The average number of 
honey bees visits to the flowers was higher than the bumble 
bees across sites and time slots (Fig. 5). 

Fruit set, seed set and yield estimation

Dry capsule weight harvested from 12  m2 area was highest 
(1.03–1.47 g) at 50 m, lower at 250 m (0.8–1.33 g), and 
low at control (0.62–0.92 g) (Table 5). ANOVA showed 
significant difference between sites, treatments and inter-
action between sites and treatments (P < 0.001). Similarly, 
dry weight of seed was highest (1.47–1.99 g  100–1 seeds) at 
50 m, low at 250 m (1.42–1.92 g  100–1) and lowest at con-
trol (1.02–1.10 g  100–1 seeds) (ANOVA significant between 
sites P < 0.001, treatments P < 0.001 and interaction between 
sites and treatments P < 0.001). Number of seeds per capsule 
was calculated and found highest (60–80 seeds) within 50 m 
distance of honey bees hive and at 250 m distance (40–65 
seeds) as compared to control plot (2–14 seeds).

Per cent increase in a number of capsule per spike at 50 m 
over the control ranged 63.25–90.34 and over 250 m stand 
ranged 34.84–58.03. Per cent increase of dry weight of cap-
sules at 50 m over control ranged 10.67–52.24, and in 250 m 
stand ranged 6.79–34.80 against 50 m stand (Table 6). Con-
sequently, per cent seed weight increase over control ranged 
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5.03–37.80, and at 250 m stand and ranged 3.40–12.19 
against the 50 m stand.

The independent samples t-test showed that capsule 
weight between 50 and 250 m stand differed significantly 
(P < 0.001) with higher values (1.03–1.40 g  capsule−1) 
within 50 m than the 250 m stand (0.96–1.05 g  capsule−1). 
Similarly, the capsule weight at 250 m stand and control 
also differed significantly (P < 0.001) with low values at the 
control (0.82–0.92 g  capsule−1). One-way ANOVA showed 
significant difference (F2,447 = 93.115, P < 0.001) between 
and within treatments (50 m, 250 m, control).

Seed weight across treatments and sites in the independ-
ent samples t-test showed significant differences between: 
50 m and 250 m stands (P < 0.01), 50 m and control plot 

(P < 0.001), and 250 m and control plot (P < 0.01). The 
seed weight at 50 m ranged 1.46–1.99 g  100–1 seeds, fol-
lowed by 1.42–1.91 g  100–1 seeds at 250 m and 1.10–1.89 g 
 100–1 seeds at control (Table 6). ANOVA showed signifi-
cant difference within treatments and between treatments 
(F2,87 = 9.467, P < 0.001).

The number of fruit set per bush, capsules per spike, 
and total number of capsules in 12  m2 was highest within 
50 m, lower at 250 m and lowest in control. Yield estimated 
around 50 m was highest (581, 1449, and 543 g) compar-
atively lower (243, 990, 138 g) at 250 m and lowest (74, 
178, 122 g) in control in Lingee-Payong, Hee-Martam and 
Jaubari, respectively (Table 6).

Table 5  Impact of honey bees dominated pollination within 50 m and bumble bees dominated (open pollinated) in 250 m away from the honey 
bees colony with respect to capsule formation and seed set

Multi-ANOVA
Capsule dry wt.: Sites: F2,292 = 24.59, P < 0.001, LSD (P < 0.05) = 0.91; Treatments: F2,292 = 51.35, P < 0.001, LSD (P < 0.05) = 0.90; Interac-
tion: Site x Treatment: F4,292 = 10.65, P < 0.001, LSD (P < 0.05) = 0.21. Seed wt.: F2,72 = 469.13, P < 0.001, LSD (P < 0.05) = 0.44; Treatments: 
F2,72 = 144.98, P < 0.001, LSD (P < 0.05) = 0.44; Interaction: Site x Treatment: F4,72 = 27.27, P < 0.001, LSD (P < 0.05) = 0.77

Parameter Within 50 m of 
honey bees colony

250 m from honey 
bees colony

Control (pollina-
tors restricted)

Per cent difference 
over control

Per cent differ-
ence over 250 m

Lingee-Payong
 No. of capsules per spike (n = 7) 8.18 ± 0.75 5.33 ± 0.75 2.96 ± 0.81 3.81 34.84
 Dry wt. of one capsule (g, n = 50) 1.34 ± 0.08 0.82 ± 0.05 0.64 ± 0.06 52.24 34.80
 Dry wt. of 100 seeds (g, n = 10) 1.47 ± 0.05 1.42 ± 0.05 1.10 ± 0.04 25.17 3.40

Hee-Martam
 No. of capsules per spike (n = 9) 10.77 ± 0.39 4.52 ± 0.03 1.04 ± 0.18 90.34 58.03
 Dry wt. of one capsule (g, n = 50) 1.47 ± 0.07 1.01 ± 0.09 0.89 ± 0.14 39.46 9.52
 Dry wt. of 100 seeds (g, n = 10) 1.64 ± 0.03 1.44 ± 0.02 1.02 ± 0.03 37.80 12.19

Jaubari
 No. of capsules per spike (n = 9) 10.07 ± 0.76 5.26 ± 0.54 3.70 ± 0.62 63.25 47.76
 Dry wt. of one capsule (g, n = 50) 1.03 ± 0.05 0.96 ± 0.04 0.92 ± 0.03 10.67 6.79
 Dry wt. of 100 seeds (g, n = 10) 1.99 ± 0.04 1.92 ± 0.05 1.09 ± 0.04 5.03 3.52

Table 6  Large cardamom yield 
estimation across treatments 
and sites

Study sites Particulars Yield estimation Control

50 m 250 m

Lingee-payong No. of spikes per bush 9.71 ± 0.79 9.14 ± 0.77 11.25 ± 1.19
Fruit set per bush 7.01 ± 0.79 6.86 ± 0.74 7.00 ± 1.09
Total no. of capsules (12  m2) 438 297 119
Dry wt. of capsules (g 12  m2) 581 243 74

Hee-Martam No. of spikes per bush 16.25 ± 0.95 13.11 ± 0.84 10.25 ± 0.65
Fruit set/bush 13.00 ± 0.82 9.11 ± 0.80 8.75 ± 0.56
Total no. of capsules (12  m2) 986 744 200
Dry wt. of capsules (g 12  m2) 1449 990 178

Jaubari No. of spikes per bush 9.14 ± 0.82 5.29 ± 0.42 8.25 ± 0.79
Fruit set per bush 7.71 ± 0.82 4.11 ± 0.45 7.75 ± 0.74
Total no. of capsules (g 12  m2) 527 143 132
Dry wt. of capsules (g 12  m2) 543 138 122
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Discussion

At the wake of declining productivity of large cardamom 
agronomic yield and rapidly reducing plantation area, pol-
lination biology stands out to be a topic of intense research 
to recommend revival measure to increase productivity of 
large cardamom in the entire Himalayan region.

Our study on pollination biology with establishment of 
honey bees colonies in the cardamom orchards revealed 
that pollination efficiency was noticeably higher within 
50 m of honey bees colony than stands away at 250 m. The 
visitation frequency of honey bees compared to bumble 
bees was higher within 50 m of the honey bees colony 
across sites. The cumulative visits at three time slots also 
showed that honey bees visitation was highest within 
50 m compared to bumble bees, which is attributed to the 
establishment of honey bees colonies. The less number 
of bumble bees visits at 50 m stand could also be due to 
the presence of honey bees, and probability of less nectar 
availability. Time spent by honey bees in the cardamom 
flowers was higher than that of bumble bees. During for-
aging process, since movement of honey bees in the car-
damom flowers was not uniform like bumble bees, which 
enter the flower only through the labellum, a large amount 
of pollen reached the stigma through the appendages of the 
honey bees. This situation also confirmed that there is high 
removal-high deposition (HRHD) as suggested for effec-
tive pollinator (Thomson and Thomson 1992; Thomson 
and Goodell 2001). The cumulative time spent by honey 
bees and by bumble bees recorded in this study was higher 
than that reported by Kishore et al. (2011). Thus, higher 
tendency of honey bees on foraging in the flowers could 
also result in a significant contribution to pollination.

In the large cardamom reproductive biology, floral lon-
gevity played a central role. Since the flower remains for 
only one day, pollination must occur right after anthesis, 
which occurs at morning hours (5:00–9:00 h). These critical 
hours of inflorescence determine the number of pollinator 
visits, the amount and quality of pollen received and dis-
seminated, as well as floral display size (Harder and Johnson 
2005).

This study also observed that a considerable amount of 
pollen was collected by bumble bees in their baskets apart 
from nectar collection. Contrary to the earlier reports made 
by Deka et al. (2011) and Sinu et al. (2011) that honey bees 
are pollen robbers, bumble bees are also potential pollen 
collectors approximately three times more than honey bees 
considering the size of the bumble bees and their tendency to 
accumulate more pollens. This finding clearly indicates that 
the flower visit of bumble bees are mainly for both nectar 
and pollen collection. A similar study by Gaira et al. (2016) 
supported the present study and indicated that both bees 

were observed to be the frequent visitors of large carda-
mom flowers. However, visits of bumble bees were more 
than honey bees during the rainy and overcast days.

Honey bees spent more time in flower during foraging 
than bumble bees. Thus foraging habits of both the pollina-
tors were comparatively different as also reported by Kishore 
et al. (2011). Minute observation on the foraging dynamics 
of honey bees showed that their movements, mainly on the 
anther-stigma column resulted in the transfer of pollen to the 
stigma in the process.

Bee visits were significantly lower at Jaubari having 
comparatively low ambient air temperature (9–12 °C), cold 
breeze, and frequent cloud cover etc., while it was high at 
Hee-Martam and Lingee-Payong where favourable condi-
tions exist. Pollinator density within 50 m was higher than at 
250 m stand, which was attributed to the honey bees colony. 
The corresponding low number of bumble bees within 50 m 
could be due to the presence of honey bees in the flowers and 
probably low availability of nectar.

At 250 m stands, higher percentage (68.07%) of bum-
ble bees was hovering while only half of them (31.93%) 
were recorded for honey bees. Foraging behaviour of bees 
was highly dependent on altitudinal variation of the large 
cardamom agroforestry, stand ambient temperature, rainfall 
pattern and humidity. The favourable condition for foraging 
and collection of pollen loads was dependent on sunshine, 
temperature (13–15 °C) and humidity. Almost 90% of honey 
bees was observed carrying pollen spread over their body 
parts.

Fruit or capsule/seeds are the economic products obtained 
from large cardamom. Effective pollination is a prerequi-
site for fruit and seed set, and largely, determines the yield 
(Gaira et al. 2016). Foraging behaviour of the pollinator is 
the most crucial factor to bring about pollination in large 
cardamom. Our study indicates that the indigenous honey 
bees species contributes to large cardamom pollination 
along with bumble bees. Flower opening pattern influ-
ences the foraging behaviour and pollination efficiency of 
the visitors. The foraging pattern such as entering/landing, 
and touching different parts of flower especially the stigma 
indicates Apis sp. important pollinators. The pollen removal 
by bumble bees was almost 50–70% of the total pollen while 
pollen removal by honey bees was 30–40%. The values 
recorded in this study were higher than the reports made by 
Kishore et al. (2012).

This study is in the conformity that both bees are pollen 
collectors. Among the diverse range of pollinator species, 
honey bees (along with bumble bees) acted as efficient pol-
linators of large cardamom in terms of their higher visita-
tion frequency and aggregate yield (fruit set, capsule weight 
and seed weight). Less time spent in higher altitudes by the 
bees was attributed to location specific microclimatic condi-
tions less suitable to pollinators owing to prolonged rainfall 
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periods, low temperature, frost, increasingly large number of 
cloudy or rainy days, and less number of sunny days during 
the flowering season.

The number of capsules per stand was highest within 
50 m stand compared to 250 m and control. Capsule weight 
also varied significantly between the treatments, with high 
values for those harvested from 50 m, lower for 250 m and 
lowest from control. Fruit-sets and capsules were found rot-
ten in the control plots. Around 70% of the capsules either 
did not bear seeds, had one or two immature whitish seeds 
or were totally wilted. This indicated that cardamom bushes 
under control were impeded due to having zero pollinator 
activity. Large cardamom is a cross-pollinated crop, due to 
its heterostylic nature of flowers (Deka et al. 2011), natural 
pollination by bees showed encouraging results.

Yield estimation under different treatments also differed 
significantly with high yield within 50 m than 250 m stand 
and control. Control stands had hardly a few fruit sets, show-
ing that large cardamom is an insect-dependent species for 
effective pollination. Due to the large distance between the 
labellum and anther-stigma column, only large sized insects 
such as bumble bees can touch the lebellum during anthesis. 
Bumble bees enter the flower through labellum and touch 
the anther and stigma proportionally. Due to the smaller 
size of honey bees, this situation does not exist. However, 
the behaviour of honey bees is such that its high visitation 
frequency and time spent on foraging around anther-stigma 
column resulted in the transfer of pollens. Large cardamom 
and bees exhibit a mutualistic behaviour benefiting each 
other in the pollination process. On a single foraging trip, A. 
cerana foragers tend to collect either pollen or nectar (not 
both) from a single species of plant, continuing to collect 
pollen or nectar from that plant throughout the day (Baker 
1999; Corlett 2011).

The higher density and foraging time spent by honey 
bees coincided with corresponding functional sex stages 
of large cardamom flowers. Results from our study showed 
that competition for reproductive resource was beneficial to 
increase the number capsules per spikes, number of seeds 
per capsule, and increased seed weight with increased cap-
sules weight, particularly those harvested from within 50 m 
of honey bees colony against 250 m and in control. We noted 
the influence of altitude on the dynamics of the pollinators, 
flower number and fruit production which is also reported 
by Yang et al. (2014).

The microclimatic condition was best suited for pollina-
tors to spend more time during foraging at the mid-elevation 
at Hee-Martam. Consequently, yield estimation in this alti-
tude was higher than at low altitude Lingee-Payong and at 
high altitude Jaubari suggesting that low (10–15 °C) and 
high (22–30 °C) temperatures could impede the pollination 
process. For the seed number per capsule, the effectiveness 
of the honey bees was stronger than the bumble bees. On 

the contrary, both flower number and fructification percent-
age per inflorescence were influenced by pollinators’ more 
than plant-intrinsic factors (Yang et al. 2014). Such case is 
also reported on Amonum maximum in Yunnan Province of 
Southwest China (Ren et al. 2007). The least number of fruit 
set and seed set in the control stands than in other treatments 
(cross pollination by bees) could be due to self-incompati-
bility (Ren et al. 2007). It is widely understood that the large 
cardamom crop yield depends primarily on the population 
density of pollinator species (Kishore et al. 2011). The fruit 
set and seed weight was comparatively more within the 50 m 
radius of the honey bees colony than a farm at 250 m away 
and in control confirming that yield was higher in honey 
bees pollinated stands. A similar study by Chaudhary and 
Kumar (2002) had confirmed that number of capsules per 
panicles, number of seeds per capsule, and seed weight was 
higher in honey bees pollinated stands than stands without 
insect pollination conforming that honey bees pollination 
resulted in better quality capsules of uniform shape and big-
ger size. Verma (1987) also had reported that the honey bees 
are good pollinators, in large cardamom crop, to increase 
the yield in the presence of honey bees hives close to the 
agroforestry stands.

Conclusion

This study has brought a new insight in pollination biol-
ogy of large cardamom crop, confirming that pollination 
by honey bees, in addition to bumble bees, contribute to 
increased fruit and seed set of large cardamom resulting into 
high yield. The increased number of capsules per spike, high 
seed weight and increased gross yield estimated within 50 m 
stand of the honey bees colony against 250 m stand and 
in control was primarily attributed to the highest visitation 
frequency, time spent, foraging behaviour, and pollination 
by honey bees. However, scientific studies are needed on 
pollination biology to efficiently manage large cardamom 
agroforestry systems at the landscape in order to maintain 
the habitat quality for the pollinators to improve the pollina-
tion efficiency to ensure increasing yields.
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