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ABSTRACT

Invasive plants are known to adopt several strategies for successful invasion in new areas. These include flexibility in their 
genetic system, including reproductive strategies. We report a ruderal weed Hyptis suaveolens (L.) Poit. exhibiting flexibility in 
floral phenological events as a strategy for successful invasion. This species has been reported to practise mixed mating system 
via specialized hinge mechanism that promotes cross pollination. In sub-tropical climates of Jammu, the species has an 
extended flowering period of 7–8 months and  behaves as a highly self-pollinated one with fruit set on bagging (92%) almost in 
sync with that on open pollination (100%). Although the flowers are visited by insects during the peak blooming period, they 
were found to be just casual visitors. We speculate that self-pollination has evolved in the species as a strategy for successful 
invasion. 
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Invasive plants are known to have evolved diverse 
reproductive strategies in new areas to become successful 
invaders (Pysek and Richardson, 2007). In order to survive in 
new environments, admist competition from the natives, these 
species tend to evolve new features normally unknown in 
them in their native habitats (Hobbes and Humphries 1995, 
Dukes and Mooney 2004, D’ Antonio and Hobbie 2005). 
These features confer an advantage to them during 
colonization and establishment in new areas. According to 
Theoharides and Duke (2007), plant species pass through four 
spatio temporal stages which are transport, colonisation, 
establishment and landscape spread to become perfect 
invaders. After successful transport over long distance, 
invasive plant species encounter abiotic stress and 
competition from the native flora for successful colonisation 
(Dukes and Mooney 1999, Kriticos et al. 2003). Many of these 
species respond by introducing flexibility in their life history 
patterns, including reproductive strategies.

This is revealed well in our study on Hyptis suaveolens 
(L.) Poit.  of family Lamiaceae, a serious invader of the 
tropical and subtropical region of the world including India 
(Afreen et al. 2018).  In North Himalayan range of the country, 
the species grows aggressively as a ruderal weed on dry barren 
lands (Aluri 1990, Mominul Islam et al. 2014).  In subtropical 
zone of this region, where this study has been carried out the 
species shows a prolonged blooming period of 7-10 months 
(April–January) and propagates both sexually and 
vegetatively. Keeping in view the invasive nature and 
prolonged blooming of this species, it is imperative to collect 
data on various reproductive strategies operated by this 
species for successful invasion. 

This species has been reported to practice mixed mating 
pattern (Aluri and Reddi 1996). In the subtropical climate of 
Jammu, we report this species to be highly self-pollinated with 

fruit set on selfing comparable to the open pollinated plants in 
spite of its being equipped with several features that promote 
outcrossing and after being regularly visited by insects during 
peak blooming period.

MATERIAL AND METHODS

Present study was conducted on 25 plants of Hyptis 
suaveolens (L.) Poit. selected randomly from wild on 
roadsides, railway tracks and on disturbed lands in  Jammu, 
J&K state ,India. Plants were monitored regularly to evaluate 
the seed germination, seedling establishment, initiation, peak 
and end of blooming period.

1. Floral morphology and phenology—Flowers were 
collected randomly and data on number of inflorescences/ 
plant and number of flowers/inflorescence were gathered in 
the field. Length of petals, sepals, stamens, carpels, style and 
stigma were also generated by using stereomicroscope. The 
plants were observed regularly throughout the season 
(summers and winters) to observe the presence of visitors, 
their activity, time of visitation and duration of the visits.

2. Anthesis and anther dehiscence—Timing of the 
opening and closing of flowers were recorded by regularly 
observing the flowers in field and anther dehiscence was 
determined from the flowers of different developmental stages 
under the stereomicroscope SMZ (Nikon).

3. Pollen variation—To check the pollen hetero-
morphism, mature ready to dehisce anther was squashed in a 
drop of 1% acetocarmine and observed under compound 
microscope. %age of each type was calculated by dividing the 
number of target pollen with the total viable pollen and 
multiplying the figure with 100. 

4.  Fruit set— Percentage fruit set on open pollination 
and bagging was calculated as per formulae :



 Total number of fruits formed
    ×  100

         Total number of flower   

RESULTS AND DISCUSSION

Plant Morphology and Life cycle—Plants of Hyptis 
suaveolens have stout and rough aromatic stem with opposite 
– decussately arranged leaves which are velvety on both the 
sides. Species shows an extended flowering period of 7–10 
months in the subtropical climate of Jammu where the present 
study has been carried out. Flowering in these plants gets 
initiated in April/May and is at peak from August/September 
to October; thereafter it declines but continues at a slower pace 
till January end.  After this, the whole plant dries during 
February–March. Most of these plants with dried aerial stem 
perpetuate themselves during April of the same year by 
bearing new leaves and flowers on them (Fig. 1). Few plants 
were seen to arise each year through shattered seeds also 
which germinate during April. The seedlings so formed had a 
brief vegetative growth of 2–3 months and thereafter came to 
bloom during July (Fig. 2).

Floral morphology— Flowers in Hyptis suaveolens are 
borne in cluster of 3-5, with number of such clusters varying 
between 438-734/plant. Flowers are sessile, small, 
zygomorphic, bisexual, pinkish blue in colour with five sepals 
which are fused  to form green tubular structure. The corolla is 
bilipped. The upper lip has two lobes showing the presence of 
dark purple necatry guides and the lower lip is divided into 
three lobes with central carinal lobe being boat shaped (Fig 3). 
This carinal lobe encloses four epipetalous, didynamous 
stamens and single gynoecium, a feature typical of subtribe 
Hyptidinae (Brantjes and de vos 1981, Aluri and Reddi 1996). 
Gynoecium consists of bicarpellary, tetralocular ovary with 
one ovule in each locule. It has elongated style averaging 5.45 
± 0.05(5-5.7) mm in length (Table 1) that terminates into bifid 
stigma. At the base of ovary, a fleshy nectary disc is present 
producing meagre amount of nectar. 
 Table 1— Data on floral morphology.

 Characters (n=25) Jammu

Length of flower (cm) 0.76±0.02  (0.50-0.95)

Length of sepal (mm) 3.47±0.21 (2-5)

Length of petal (mm)  6.56±0.27 (5-8)

Length of bristles (mm)  2.4±0.10 (2.0-3.0)

Length of lower stamens (mm)  2.94±0.08  (2.5-3.5)

Length of upper stamen (mm) 1.93±0.10 (1.5-3.0)

Length of anther (µm) 672.6±14.10 (619.4-815)

Width of Anther (µm) 991.04±7.49 (945.11-1026.9)

Ovary size (µm)  1155.14±7.09 (1122.5-1173.6)

Length of style (mm) 5.4±0.070 (5.0-5.6)

Hinge Mechanism and its role in pollination—Flowers 
of Hyptis suaveolens are characterized by unique pollen 
release mechanism. Anther dehiscence initiates 
approximately 3 hours before anthesis (around 08:00 h). 
Dehiscence is extrose and is marked by the formation of 
longitudinal slits. Formation of slits however, doesn’t assure 
the full pollen release in most of the flowers of this species. 
Pollen release is interestingly unique involving hinge 
mechanism. Elastic hinge is present at the base of boat shaped 
carinal lobe enclosing sex organs. The stamens, held under 
tension by this hinge release pollen in an explosive manner 
toward upper lip by slight disturbance of insects such as Apis 
mellifera. This mechanism is reported in  ocimoid mints 
including  Hyptis (Burkart 1937) and few other genera 
inc luding Marsipianthes ,  Pel lodon,  Raphidon,  
Homalocheilos  (Harley, 1976), Eriope (Harley 1971) and 
Aellonthus (Hedge 1972).  Most of the species with explosive 
mechanism are reported to be entomophilus; Xylocopa latipes, 
Thyreus histrio and Amegila sp. being the most effective 
pollinator. Aluri (1990) reported that this explosive 
mechanism in the flowers of these species their native places 
leads to the deposition of pollen on insects as well as on 
expanded upper lip of the flower, leading to both cross 
pollination as well as selfing. In subtropical climate of Jammu, 

J&K state, India, the flowers of Hyptis suaveolens are 
visited by insect namely Apis mellifera (Fig. 4) and this insect 
is involved in  explosive release of pollen from anthers which 
leads to deposition of pollen on the upper lip and stigma (Fig 5) 
but not on the body parts of insects.  In few flowers, the 
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Fig. 1- Life cycle of Hyptis suaveolens through root stock.

Fig. 2- Life cycle of H.suaveolens through seed.
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disturbance leading to explosion is wind  also . Aluri (1990) 
and Aluri and Reddi (1996) have also reported that wind speed 
above 0.8m/sec. is a trigger for explosion mechanism in 
flowers of Hyptis suaveolens growing in places including 
Tamil Nadu and Vishakhapatnam. This explosive release of 
pollen caused by both insects and wind in subtropical climes 
of Jammu results in selfing in contrast to their native places 
where wind plays role in selfing and violent explosion of 
pollen by insect leads to both crossing and selfing. In the 
absence of Apis mellifera visits many flowers are unable to 
expand their carinal lobe enclosing dehisced anthers and 
stigma. These flowers however invariably set fruits revealing 
self-pollination. This flexibility in pollen release mechanism 
is a strategy that may have been adapted by plants of Hyptis 
suaveolens in subtropical climates of Jammu as a result of 
changing climatic conditions or absence of suitable pollinator 
for successful invasion and proper colonization. 

Fig. 3 - Flowers of H. suaveolens (arrow indicating central carinal lobe 
nclosing sex organs).  (4) Apis mellifera visiting the flower of H. 
suaveolens. (5) Flower of H.suaveolens after explosive mechanism  
(arrow indicating deposition of pollen on upper lip). (6) Simple thin 
walled pollen. (7)  Simple thick walled pollen. (8) Thick walled pollen 
with lots of pollen kit substances. 

Species is a high fruit setter with %age fruit set on open 
pollination approaching 100%. To check the role of insects in 
pollination, few flowers were bagged and left undisturbed to 
record percetage fruit set. These revealed 92% fruit set which 

is almost in sync with that on open pollination This feature 
indicates that exclusion of insect doesn’t affect %age fruit set 
in Hyptis suaveolens in the area studied.

Pollen heteromorphism—Pollen of this species show 

lots of variation with regard to type and shape. The shape 

varies from circular to oval. Pollen is six colpate in nature and 

can be segregated into three different types on the basis of size 

(Table 3) and exine thickness; the thin walled pollen (Fig.6), 

simple thick walled pollen (Fig. 7) and thick walled pollen 

with huge amount of pollenkit substances (Fig. 8). Their 

relative frequency in total viable pollen count/anther is 

15.82%, 39.62% and 44.56% respectively (Table 2). 

Difference in pollen with respect to structure and size have 

been reported previously also  in Hyptis suaveolens (Saha et 

al. 2016) This  polymorphism can also be counted as a feature 

adopted by species as a  strategy for high adaptability in new 

and diverse areas (Raizada 2006).

Table 2—Data on variation in pollen within viable pollen count/anther 
on the basis of wall thickness

Percentage Jammu(%age)

Thin walled pollen (n=25) 15.82

Simple thick walled pollen (n=25) 39.62

Thick walled pollen with lots  of pollen  44.56

kit substances (n=25) 

Table 3. Variation in pollen within single anther on the basis of size.

Characters (n = 25) (µm) Jammu

Length of thin walled pollen 58.1 ± 2.13
 (47.3 - 68.8)

Width of thin walled pollen   42.1 ± 2.06
 (25.8 - 60.02)

Length of thick walled pollen  42.7 ± 0.88
 (338.7 - 47.3)

Width of thick walled pollen 36.9 ± 0.92
 (34.4-43)

Size of circular thickwalled pollen 38.7 ± 0.93
 (34.4 - 43)
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