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Introduction 

Bentinckia condapanna Berry ex Roxb. (Arecaceae), 

commonly known as Bentinck’s palm, Condapanna and 

Kanthakamuk, is an altitude-specific endemic palm species 

which exhibits a highly restricted distribution pattern (1). The 

genus Bentinckia, which displays disjunct geographical 

distribution, consists of only two species - B. condapanna 

Berry ex Roxb. and B. nicobarica (Kurz) Becc. Both being 

endemic to India, the former is confined to the high altitude 

(1200-1800 MSL) rocky cliffs along the southern Western 

Ghats, while the latter is native to the lowland rainforest of 

the Nicobar archipelago in the Bay of Bengal. The occurrence 

of Condapanna either in homogenous breaks or interspersed 

with the evergreen forests along the inaccessible high-

altitude rocky cliffs of Kerala and Tamil Nadu (2) provides 

validation of a historical wider spread in the tail end of the 

southern Western Ghats. The restricted allocation, niche 

specificity and limited population of the palm have led to its 

classification as a vulnerable species on the IUCN Red List 

since 1998, highlighting the need for conservation and 

restoration efforts. 

 Among all the Indian palms, the tall, slender, solitary-

stemmed B. condapanna (Fig. 1A) occupies the second 

highest elevation (3) after Trachycarpus takil Becc. of the 

Himalaya mountain slopes of Kumaon. ‘Condapanna’ is fog 

resilient, strong sunlight demander and its’ niche is closely 

associated with first or second order streams which maintain 

the soil moisture regime. Even though IUCN categorised the 

palm as vulnerable, it  has been reported (4) as endangered 

due to its’ much-reduced number in the highly scattered 

niches. The narrowly endemic palm range is indicative of 

significant habitat fragmentation, likely driven by critical 

challenges such as deforestation for tea plantation (5), felling 

for apical tender shoots, inner core and tender foliage by 

elephants and humans (3), habitat destruction by the gradual 

invasion of Ochlandra reed brakes (6) and low regeneration in 

the natural habitat (7). The native Kani tribes consume the 

edible terminal buds and juvenile foliage (8), harvest the 

inflorescence for religious ceremonies and use various palm 

parts for treating various ailments (9) like the use of fruits for 

the treatment of asthma (10). The pericarp of the fruits is 

eaten by frugivorous birds like Great Malabar Hornbill, 

Malabar Grey Hornbill, Malabar Barbet, White-cheeked Barbet 
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Abstract  

Bentinckia condapanna is an endemic palm of the southern Western Ghats, which holds crucial ecological impact since it is a food source 
for many endemic frugivorous fauna. Patchy populations confined amongst cliffy niches is a cozy sight concerning consistent 

demographic loss. Seeds are the sole reproductive propagules of the vulnerable species; nevertheless, few data are available regarding 

fruiting phenology and seed biology. The present study monitored the fruiting phenology, seed and seedling morphology of                             
B. condapanna, which is a pre-requisite for the conservation strategies. The fruit maturation in the palm is a supra-annual process. It 

exhibited year-round flowering and fruiting; however, mast spadix exposure was found during the dry season and the peak fruit 

maturation overlapped the period between May to August. The sinuate ridged seed lodges a top-shaped embryo in the cavity beneath the 

operculum, proximal to the endocarpic stalk-like ridge above the hilum. The moisture content of the mature seed indicates its recalcitrant 
nature. The seed germination was found to be adjacent and displayed a slow erratic pattern with low germination and a prolonged 

dormancy period. The cotyledonary petiole emerges from the seed as a button-like structure, which later subtends the primary root and 

the plumular axis. Eophyll emerges from the plumular axis subsequently after the emission of a single ligule and two cataphylls. The 

suspected recalcitrance with dormancy nature might be the contributing factor for its low regeneration in the habitat. 

Keywords: adjacent germination; Bentinckia condapanna; dormancy; fruiting phenology; recalcitrant seed 
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and Grey-fronted Green Pigeon and mammals like Browm 

Palm Civet, Bonnet Macques, elephant and bats. Although the 

predation by frugivores reduce the likelihood of fruit 

maturation and seed set, they may play a crucial role in seed 

dispersal. Moreover, the palm, in turn, ensures the food 

supply for the endemic fauna of the habitat. Many attempted 

to raise the palm outside the natural habitat due to its’ elegant 

feather like foliage and brightly coloured infructescence, but 

the chance of survival is least (7). This accounts for the 

relevance of in situ conservation and restoration of the palm in 

its natural habitat. 

 To conserve and restore the last sentinels of the 

vulnerable species, a better understanding of the seed 

biology of B. condapanna is crucial, as the seeds serve as the 

sole reproductive propagules. In the palm, flowering and 

fruiting cycles, floral components, fruiting stages, 

germination pattern and morphological structures of seed 

and seedling are not explored. A better understanding of the 

elements regarding seed is of prime concern as an initial 

step towards designing the restoration protocols (11) of the 

vulnerable species. The present study aims to characterize 

the fruiting phenology, seed germination and seedling 

morphology of B. condapanna and to respond to the 

following questions: (i) Identify the type of seed 

germination. (ii) Is there any relationship between flowering 

and major seasons of the niche? (iii) What might be the 

factors affecting regeneration in the habitat? (iv) What are 

the adaptive features, if any, in the flowering and fruiting 

cycle, fruit, seed and seedling? 

 

Materials and Methods 

Study area and sample collection 

B. condapanna samples were collected from the southern 

Western Ghats region at the Peppara Wildlife Sanctuary (8° 40’ 

46.0’’ N and 77° 11’ 35.9’’ E, altitude 1334 m) with a 

moderately hot and humid climate and mean annual rainfall 

of 2800 mm. The area experiences diurnal temperature shift 

with an average of 35 °C during the daytime and 16 °C during 

the night. Twenty different palms were randomly selected 

collectively from the natural palm population for the sample 

collection. The flowers and fruits from the spadix of selected 

development stages such as 3, 5, 9 and 13 months after 

anthesis (MAA) were collected from the palms for the study. 

Phenology of flowering and fruiting 

Phenological data of flowering and fruiting of B. condapanna 

and seed development was done during January 2019 to 

October 2023. Spadix from the selected palms were tagged 

at its exposure after the abscission of leaf and was tracked 

up to maturation. Open flowers and fruits of selected 

development stages (3, 5, 9 and 13 MAA) were collected and 

analyzed for their phenological changes, especially in the 

pericarp, endosperm and embryo. 

 The flowers and fruits of the spadix were 

morphologically examined and the stereo images were taken 

with stereomicroscope (Leica EZ4 E; Leica Microsystems, 

Wetzlar, Germany). Scanning electron microscopic images of 

the endocarp of mature pyrene were captured with Carl Zeiss 

EVO 18 Research, Jena, Germany. Randomly selected three 

replicates of fifty fruits of 3, 5, 9 and 13 MAA were collected to 

determine the morphometric parameters. The moisture 

content of whole fruit of 3 and 5 MAA, as well as whole fruit, 

pericarp, pyrene and embryo of 9 and 13 MAA, were 

determined by the low constant temperature oven method 

(12). Fresh weight of the chopped 5 g sample was weighed in 

a pre-weighed petri-plate and was then air dried in oven at 

103 °C for 24 hr. The dry weight was recorded to determine 

the moisture content  by 

 

                     

 

 

                                                                                                                                                

 Seed viability was assessed using the tetrazolium 

test following the standard protocol (12). Three replicates of 

randomly selected 25 water imbibed 13 MAA pyrenes were 

cut longitudinally and incubated overnight in 0.1 % (w/v) 

2,3,5-triphenyl tetrazolium chloride solution at room 

temperature in the dark. After incubation, the seed viability 

was evaluated under a stereomicroscope (Leica EZ4 E; Leica 

Microsystems, Wetzlar, Germany) based on red formazan 

formation. Seeds exhibiting red staining were classified as 

viable, whereas unstained seeds as non-viable. The viability 

percentage was calculated by 

 

 

 

 

 

Seed germination and seedling morphology 

The collected fruits were manually depulped and disinfected 

with 2 % sodium hypochlorite solution for 5 minutes, followed 

by repeated rinses in sterilized distilled water. Three replicates 

of fifty pyrenes were rolled in a previously humidified acid free 

germination paper and wrapped with a plastic film to reduce 

dehydration. The acid free germination paper was rehydrated 

regularly. The germination assessment was carried out daily 

and the observations were recorded. The criterion for 

germination was the emergence of the cotyledonary petiole 

(13, 14). Germination percentage was calculated.  

 To describe the morphology of developing seedlings, 

evaluation of the germination process was tracked during the 

germination study. The seedling morphological characterizations 

were done (15-17). 

Statistical analysis 

All the investigated parameters were analyzed using analysis 

of variance (ANOVA) in SPSS software, with significance 

determined at p < 0.05. The means were compared using 

Duncan’s Multiple Range Test (DMRT) and variability in the 

data was expressed as mean ± standard error. 

 

 

( Eqn. 1) 

Moisture content % (MC%) 

Fresh weight – Dry weight  

Fresh weight 
× 100 

( Eqn. 2) 

Viability % = 

Number of viable seeds 

Total number of tested seeds 

× 100 
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Results 

Phenology of flowering and fruiting 

Floral phenology and morphology: In B. condapanna, 

flowering occurred throughout the year with mast spadix 

exposure recorded during mid-January to April (Table 1) and 

mast anthesis during April to July. The inflorescence is an 

infrafoliar spadix which is borne on the axil of the fallen leaves 

on the crownshaft (Fig. 1B). The crownshaft is characterised 

by a dark maroon colouration with a grey powdery coating, 

transitioning to a dark, brown-tinged maroon while retaining 

the grey powdery surface prior to leaf abscission. The spadix, 

initially covered by an ensheathing spathe, got exposed after 

the abscission of subtending leaves. It took around 5 weeks to 

break open the ensheathing spathe and a further 1.5 to 2 

months for anthesis. The scarlet-red coloured spadix bear 

minute unisexual flowers sunken in spirally arranged pits on 

the branched rachis. Bracts formed a two lipped vertical 

mouth to each sunken pit of the rachis. Each pit has one or 

two unisexual flowers. The terminal pits of the rachis have 

single male flower while the majority of the pits of the rachis 

bears 2 unisexual flowers - the male flower being arranged 

above the female flower in the pit. The male flower has six 

Events Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec   

Spadix 
exposure 

    

                  

Anthesis       

    

            

3 MAA             

    

      

5 MAA                 

    

  

9 MAA 

    

                  

13 MAA         

    

          

Flowering and fruiting occur throughout the season in B. condapanna, but the peak flowering and fruiting follows the above-mentioned                   
pattern. 

Table 1. Phenology of peak flowering and fruiting in B. condapanna 

 

Fig. 1. Bentinckia condapanna in its natural habitat (A) and the crownshaft bearing brightly coloured spadix (B). 
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stamens arranged in two whorls of three around a conical, 

scarlet-red coloured pistillode with 3 stigmas. It has bilobed 

anther per stamen. The female flower is hypogynous with a 

whitish yellow ovary. The female flower is tricarpellate but 

pseudomonomerous gynoecia, i.e., the drupe develops from 

a single carpel while the other two aborts eventually.  

 Fruiting phenology and morphology: B. condapanna 
takes approximately 13 months after anthesis to complete 

physiological maturation of the seeds and 4 distinct 

morphometric stages (3, 5, 9 and 13 MAA) with significant                

(p < 0.05) difference were obtained during the fruit maturation 

period (Table 2 and 3). In the mature seed stage, the spadices 

are 2 feet long and 3 feet wide. In the 3 MAA stage, the yellowish 

white ovary (Fig. 2B) of the female flower develops into dark 

scarlet-red coloured subspherical drupe. The fruit has 

persistent perianth and remnant of trilobed stigma  (Fig. 2D). 

The whole fruits of 3, 5, 9 and 13 MAA have 88.5 %,  84.19 %, 

77.11 % and 68.29 % whole fruit moisture content (Table 3). 

The 3 MAA and 5 MAA fruits were devoid of distinct pyrenes. The 

pericarp of 3 MAA and 5 MAA has a thin epicarp, fleshy edible 

mesocarp and the endocarp and seed coat development is 

visibly demarcated (Fig. 2E and F). The pericarp envelopes the 

free nuclear-liquid endosperm in the central portion of the 3 

MAA fruit (Fig. 2E). Towards the 5 MAA stage, centripetally 

cellularized gel-like endosperm fills the central cavity (Fig. 2F). 

The 9 MAA fruit (Fig. 2G) have visually observable differentiated 

seed but the seed cannot be separated intact from the fruit as 

the seed coat and endocarp are not rigid. The cellular white 

coloured endosperm completely fills the pyrene except at the 

cavity which lodges a single conspicuous embryo. The 13 MAA 

fruit possesses physiological mature seed (Fig. 2H and J). As the 

endocarp and seed coat development were completed, it has 

distinct pyrenes that can be separated from the fruit. The 

pyrenes of the 9 MAA and 13 MAA fruits were found to have 

48.06 % and 30.10 % each moisture content whereas the 

pericarp has 80.94 % and 74.13 % moisture content (Table 3). 

The 9 MAA and 13 MAA pyrenes exhibited radical dry matter 

accumulation and a conspicuous embryo. The moisture 

content of the embryo reduced from 72.58 % in 9 MAA to 69.72 

% in 13 MAA stage (Table 3). All the 13 MAA pyrenes in three 

replicates during the tetrazolium test developed red coloured 

formazan in the embryonic region as well as in the 

endospermic region (Fig. 2L), yielding hundred percentage 

viability. From the 9 MAA to 13 MAA stage, the deep scarlet-red 

coloured epicarp turns to brownish black colour and the fleshy 

mesocarp becomes more fibrous in nature with the pyrenes get 

squeezed out of the subspherical fruit with gentle pressure. The 

prominent fibre strands of the mesocarp run along the groove 

on the endocarp.  

 Seed morphology: Depulping the 13 MAA fruit, pyrenes 

are obtained which have thin-papyraceous rigid endocarp. 

The hard endocarp is found closely placed with the testa and 

encloses the entire seed forming the pyrene. When the pyrene 

is desiccated, the endocarp gets detached from the testa and 

forms a brittle papyraceous-stony pit enveloping the seed. 

The brownish black coloured endocarp could then be 

removed by applying gentle force. The pyrene has an oblong 

shape and is sinuately ridged (Fig. 2J). In the largely water 

impermeable endocarp and testa, a prominent groove runs 
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from one side of the endocarpic stalk-like ridge above the 

hilum to the other side along the dorsiventral margin. These 

ridges and grooves of the endocarp have rough silica-like 

texture (Fig. 3A). The scanning electron microscopic image of 

the endocarp of the pyrene shows microscopic concave 

grooves on the endocarpic surface (Fig. 3C). Adjacent to the 

endocarpic stalk-like ridge above the hilum, tip cap can be 

seen with visible demarcation for the circular opercular 

abscission zone (Fig. 3B). The testa is dark brown coloured. 

The endosperm is non-ruminate and entire with a basal 

cavity for lodging the yellowish-pale green embryo (Fig. 2K). 

Embryo is top shaped and is located beneath the operculum 

with the root pole oriented towards the testa. The embryo 

consists of proximal white-coloured haustorium and distal 

pale yellowish green cotyledonary petiole. The cotyledon at 

its distal base is circular in outline and tapers to a point in the 

center. 

 

 

Fig. 2. B. condapanna floral and fruit components: (A) The pattern of arrangement of male flower (upper red arrow) above the female flower 
(lower white arrow) in the spadix groove. (B) The pistil of the female flower, (C) L.S. of the pistil exhibiting the ovule (curly bracket) and (D) the 

persistent trilobed stigma on the mature fruit. L.S. of selected stages of fruit maturation (E-H). (E) 3 MAA fruit with liquid endosperm and visibly 
demarcated endocarp and seed coat, (F) fruit before 5 MAA with centripetally cellularising endosperm, (G) 9 MAA fruit with pyrene and (H) 13 

MAA fruit with pyrene and fibrous mesocarp. (J) The matured pyrene exhibiting the sinuately ridged endocarp in 13 MAA fruit and (K) L.S. of 13 
MAA pyrene with embryo lodged near the operculum in the endosperm. (L) Represents the tetrazolium treated pyrene in which the embryo 

and the endosperm exhibits formazan formation. 

Table 3. Moisture content of whole fruit, pericarp, pyrene and embryo of the selected development stages of B. condapanna 

 Development stage Whole fruit (% ± SE)  Pericarp (% ± SE)  Pyrene (% ± SE)  Embryo (% ± SE) 

3 MAA 88.50 ± 0.37a  -  -  - 

5 MAA 84.19 ± 0.24b -  -  - 

9 MAA 77.11 ± 0.42c 80.94 ± 0.77a 48.06 ± 0.23a 72.58 ± 0.30a 

13 MAA 68.29 ± 0.16d  74.13 ± 0.17b 30.10 ± 0.34b  69.72 ± 0.43b 

Df (n-1) = 3 F value 797.62*** 13054.48*** 22339.35*** 34291.89*** 

Values are expressed as mean ± standard error. Mean within a column followed by the same letters are not significantly (p < 0.05) different as 
determined by Duncan’s Multiple Range Test. Moisture content of pericarp, pyrene and embryo were evaluated only in 9 MAA and 13 MAA 

stages when the distinct pyrene and embryo structures are discretely observed in the selected development stages. *MAA - months after 
anthesis, % - percentage, SE - standard error, Df - degrees of freedom, n - number of variables and F - frequency. 
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Seed germination and seedling morphology 

In B. condapanna, the seeds are the only propagating 

medium and the seed germination is adjacent-ligular (Fig. 4        

A-D) and hypogeal type. They exhibit erratic delayed 

germination pattern with 20 % germination and a dormancy 

period spanning from 54 days to 8 months. In germinating 

seeds, during the initiation of germination, i.e., in the 

imbibition phase, the cotyledonary petiole gradually swells 

and elongates causing it to fill the entire seminal cavity. 

Concomitantly, the haustorium begins to expand. The 

enlargement of the embryo forces out the testa and the 

endocarp covering the distal portion as a disc-like operculum 

along the demarcated circular abscission zone. A button-like 

cotyledonary petiole emerges out through the operculum 

(Fig. 4A). The button-like structure then subtends radicular 

and plumular axis (Fig. 4B). The radicular axis yields a primary 

root with well-established conspicuous root cap. Eophyll 

emerges from the plumular axis after subtending a ligule and 

two cataphylls (Fig. 4D). At this point, the haustorium engages 

in remarkable development by transforming it into a highly 

porous spongy structure within the endosperm. The adjacent 

endosperm correspondingly converted its solid texture to 

spongy porous. The primary roots generated are ephemerals, 

which are later replaced by shoot-borne adventitious roots 

(Fig. 4C) which protrude through the cotyledonary sheath at 

the plumular base. 

 The admotive germinating seed remains neither 

above nor below the symmetric plumular-radicular axis (Fig. 

4D). Germination being adjacent, the hyperphyll is 

inconspicuously negligible. The seedling is ligulate and has 

two prominent cataphylls. The proximal cataphyll splitting 

apically towards the seed while the distal one splits apically 

away from the seed. Eophyll is entire, broad, oblanceolate 

with acute apex. The venation is parallel and the mid vein is 

not distinct from the other longitudinal veins. The veins of the 

lamina converge at the apex. Slightly sinuous plication with 

proximal and distal marginal induplicate fold. 

 

Discussion 

In B. condapanna, flowering and fruiting occurs all the year-

round with mast spadix exposure spread broadly over mid-

January to April and peak fruiting during mid-May to August. 

The aseasonal, all the year-round flowering in B. condapanna 

could be well endorsed with Corner’s (18) briefing on palm. In 

palms, a direct association could be drawn between 

inflorescence bud and leafing (19). At the time of leaf 

emergence, a single axillary bud inflorescence is initiated at 

each leaf node. Flowering starts as the preformed bud 

undergoes enlargement and expansion. In B. condapanna, 

continuous leafing phenology ensures potential aseasonal 

reproductive activity throughout the year. The phenological 

events are regarded as a physiological response to a wide 

range of environmental variables, both abiotic and biotic 

factors (20). The pattern of mast flowering and fruiting could 

be correlated to (21) phenological data for tropical plants 

which claims that abiotic factors tend to mostly regulate the 

phenological patterns. Solar radiation has been reported (21, 

22) as the most significant variable due to its influence on 

light and temperature, which in turn affect  primary 

production in plants. The increase in the flowering frequency 

correlates with the period of greatest luminosity in B. 

condapanna. A similar pattern is observed in palm species 

like Orbignia phalerata Mart. and Socratea exorrhiza (Mart.) 

(23). The solar radiation and plant size influence the fruit 

production, which reinforces the importance of sunlight in 

the stimulation of the flowering phenophases has been 

reported (24). 

 The cue for peak spadix initiation might have begun 

well before leaf abscission, i.e., occurred during the monsoon 

or thereafter. Seasonal rainfall can impact the phenological 

events (21, 25). Even though most of the B. condapanna 

habitats maintain moderate soil moisture content 

throughout the year and have water streams within its range, 

rainfall significantly play a major role in sustaining the ground 

water level which in turn ensure sufficient supply of water for 

the production of reproductive structures. The swamp palm 

species, Mauritia flexuosa, which flowers throughout the year, 

exemplifies how mast flowering and seed set are significantly 

influenced by abiotic factors such as soil moisture content 

and flooding during the wet season (26). One of the principal 

determinants of flowering in tropical trees is the rainfall levels 

(27). This accounts for the fact that flowering represents a 

delayed response to rainfall. In B. condapanna, the 

maintained soil moisture regime and soil nutrient could 

account for the continuous flowering in the year but the mast 

flowering may be the delayed response to the monsoon cues.  

Fig. 3. The scanning electron microscopic image of the endocarp of B. condapanna pyrene (A-C). (A) The ridges and groove patterns on the 
rough textured endocarp. (B) The circular opercular abscission zone and endocarpic stalk-like ridge above the hilum found on the endocarp. 

(C) The concave-shaped endocarp surface provides a rough silica-like texture to the endocarp. gr: groove on the endocarp; ri: ridge on the 
endocarp; op: operculum; ra: endocarpic stalk-like ridge above the hilum. 
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 Other tropical palms which exhibit flowering during 

less rainy season includes Butia purpurascens Glassman (28), 

Cocos nucifera L. (29) and Oenocarpus bataua Mart. (30). 

Another reason for the peak flowering in summer is the 

greater number of pollinators during the more favourable dry 

season, which could account for the higher pollination 

success (21, 31). However, this might not be the case with B. 

condapanna. Successful initiation of fruiting could be seen in 

spadix corresponding to anthesis at any season throughout 

the year, which indicates that in the palm, the pollination and 

fertilization success is irrespective of the season.  

 The peak fruit maturation correlated with the past 
monsoon season pattern which might have ensured humid 

moist condition in the former times to retain the viability of 

the suspected recalcitrant seed with dormancy. However, 

the recent drastic shift in increased rainfall events during 

monsoon to August could have adversely affected the seed 

viability after its’ maturation in the natural habitat. Multiple 

reproductive episodes within a year lead to the occurrence 

of more than one phenophase at a given time in a single 

individual. This has a great ecological significance which is 

not yet explained. The presence of multiple phenophase at 

the same time on a palm which takes more than one year to 

mature ensures enough food supply to the red listed 

frugivores in the selected habitat like palm civet, Nilgiri 

Langur, Malabar gaint squirrel and Nilgiri Malabar Hornbill 

throughout the year. In the high-altitude niche, B. 

condapanna is the only phytospecies which could supply 

enough fruit source to the frugivorous species throughout 

the year. This points to the fact that the urgent call for the 

conservation and restoration of the palm in the southern 

Western Ghats stretch is a pre-requisite for the conservation 

of the endemic frugivorous fauna. 

  

Fig. 4. Seed germination and seedling morphological characteristics. (A) Emergence of the cotyledonary petiole as a button-like structure. (B) 
Plumular and radicular axis emerging from the cotyledonary petiole. (C) Shoot borne roots emerge through the ligule. (D) Seedling with an 

entire eophyll subtended through two basal cataphylls. Proximal to the seed, ligular remnants and abundant shoot-borne roots are seen. *cp: 
cotyledonary petiole; ct: cataphyll; ep: eophyll; li: ligule; op: operculum; pl: plumular axis; ra: radicular axis; sbr: shoot borne roots. 
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 The bright coloured and large sized spadix 

inflorescence, bright coloured-lustrous drupe, the fleshy 

edible mesocarp until 9 MAA and the deep-coloured leaf 

sheath, all these factors attract frugivorous birds and 

mammals which in turn help in seed dispersal. The fruit 

maturation is a supra-annual process which ensures the visit 

of frugivore throughout the season. Pollination might be 

predominantly anemophilous due to the presence of minute 

flowers, hairy stigma, comparable length of the filaments and 

the pattern of arrangement of the flowers. The cellularization 

of the free nuclear endosperm proceed centripetally from the 

inner integument to the seed center as seen in flowering 

plants (32). Condapanna fruits exhibits persistent perianth 

like most other palms Cocos nucifera L., Phoenix dactylifera L., 

Acrocomia aculeate (Jacq.) Sweet and Attalea microcarpa 

Mart. B. condapanna exhibits pseudomonomerous pistillate 

flowers like Acrocomia aculeate (Jacq.) Sweet (33), Dypsis 

palms (34) and Ptychosperma palms (35), which are a key 

taxonomic character of Indo-Pacific palms (36). The palm 

seed possesses basal trilobed stigmatic remains. The position 

of stigmatic remains tends to be conserved within some 

Arecaceae clades, hence it is considered a key fruit character 

in the taxonomy of Arecaceae (37, 38). 

 During fruit maturation, the whole fruit moisture content 

declined from 88.50 % (3 MAA) to 68.29 % (13 MAA), whereas in 

the fruit pulp from 80.94 % (9 MAA) to 74.13 % (13 MAA) and in the 

seeds from 48.06 % (9 MAA) to 30.10 % (13 MAA). In the embryo, 

the moisture content reduced from 72.58 % in 9 MAA to 69.72 % 

in 13 MAA stage. The reduction in moisture content occurs by the 

radical dry matter accumulation rather than rapid desiccation. 

The comparatively higher moisture content of the mature B. 

condapanna seeds indicates its’ recalcitrant behaviour (39-42). 

This defended the fact that the seeds in natural habitat would 

lose their viability soon, if humid-moist conditions is not 

available throughout the dormancy period. The rough silica-

like texture on the endocarp could help in briefly retaining 

water molecules, thereby assisting in maintaining viability even 

for a short while. The germination percentage was found to be 

20 %, a pattern in most of the palm species (43). The low 

germination of the 100 % viable seed might be accounted for the 

hard testa and endocarp, which needs to be evaluated. B. 

condapanna seeds exhibit adjacent-ligular germination pattern 

as described (15, 44-46) Cocos nucifera, Butia capitata and 

Syagrus romanzoffiana are other palms which show adjacent 

germination (47). The adjacent-ligular germination is displayed 

by palms belonging to phylogenetically younger genera (15, 48). 

 

Conclusion 

The present study on B. condapanna reveals that the palm 

seeds are possibly the rare and peculiar ‘recalcitrant with 

dormancy’ type. The dormancy in the recalcitrant seed 

might have led to the viability loss during the germination 

process, amounting to its low germination. It exhibits the 

advanced adjacent-ligular germination pattern. The 

flowering in the palm is observed throughout the year and is 

a supra-annual process. The mast flowering may be a 

delayed response to monsoon cues, resulting in peak 

anthesis during the mid-dry season, while the peak fruit 

maturation corresponds to the period between May to 

August in the successive year. The fruit maturation during 

the period of study corresponds to the monsoon season of 

the earlier season pattern, which during the period of study 

was delayed by around two months. The hard seed coat and 

endocarp of the pyrene might hinder the emergence of the 

cotyledonary petiole. The heavy predation during the 

prolonged fruit maturation affects the fruit and seed set, 

whereas it can aid in the seed dispersal in the specific niche. 

The major adaptations observed in the palm includes: (i) the 

colour of the spadix and the infructescence heavily attracts 

the seed dispersers in the cliff habitat, (ii) the temporal 

overlap of peak fruit maturation with the successive year’s 

peak phenophase with free-nuclear endospem could attract 

the seed dispersers for the sugary endosperm, (iii) the rough 

silica-like texture of the endocarp could briefly retain the 

humidity to initiate the imbibition and (iv) the presence of 

shoot-borne fibrous root could extend better anchorage in 

the shallow soil of the rocky cliff habitat. The findings from 

the study prioritise the future work in B. condapanna: to 

confirm the recalcitrance with the dormancy nature of the 

seed using biochemical and germination assessment, to 

determine factors causing dormancy in the seed and to 

identify the best pre-germination protocol for improving the 

germination and seedling establishment. 
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