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Abstract. Thummavonsa T, Musimun C, Watthana S, Muangsan N. 2025. Flowering, fruit set and breeding systems of Habenaria 

janellehayneana and H. rhodocheila in Phu Hin Rong Kla National Park, Thailand. Biodiversitas 26: 3246-3251. Reproductive biology 

studies are important information for orchids conservation in natural habitats, especially ones which have high potential for economic 

use. Over-collection is a main threat of orchid species with economic value. Moreover, the reduction of the habitat and climate change 

may result in population decline or extinction. Fruit set data is a preliminary evaluating the population survival, valuable for population 

conservation. This study aimed to examine flowering, natural fruit set and breeding systems of Habenaria janellehayneana and H. 

rhodocheila, attractive terrestrial orchids for pot plants, in Phu Hin Rong Kla National Park, Phitsanulok Province, Northern Thailand to 

collect basic information for in situ conservation. Two studied plots, 50x50 m plots of each species, were established to investigate the 

flowering and fruit set. Three experiments of hand-pollination, untouched, self- and cross-pollination were performed to compare with 

natural pollination to determine the breeding systems. Leaf length and shoot length showed no correlation with fruit set (r<0.5), while 

the number of flowers per inflorescence was slightly correlated (r=0.6). This result indicates that plant size is not a factor for fruit 

production, but the number of flowers per inflorescence is likely to be the factor to attract the pollinator. Natural fruit set is notably high 

in both species as they are nectar-rewarding species. Both species exhibited genetically self-incompatibility and non-autogamous but 

required pollinators for successful reproduction. Habenaria janellehayneana is firstly reported on its breeding system and fruit set, 

exhibiting as the main traits of the genus Habenaria. Moderately high number of fruit set in both species indicated that no pollinator 

scarcity. Maintaining the ecosystem of their habitat is necessary for conserve these orchid populations. 
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INTRODUCTION 

Habenaria is one of the large terrestrial orchid genera 

with 898 species, belonging to the subfamily Orchidoideae 

of Orchidaceae family (POWO 2024). The genus is well-

represented in Thailand, comprising 45 species primarily 

distributed across the northern and northeastern regions of 

the country (Kurzweil 2011). Many of them serves as 

ornamental pot plants as well as being traditional used to 

address various health conditions such as cough, asthma, 

kidney disorder, hernia, haematuria, and sexual dysfunction 

(Tinoammini et al. 2024). Habenaria rhodocheila Hance is 

a terrestrial orchid with showy flowers and varying floral 

colors, from pink, red to yellow (Kurzweil 2011). 

Habenaria janellehayneana Choltco, B.Moloney & Yong 

Gee, an endemic species closely related to H. rhodocheila, 

was first described in 2017 from Thailand and is 

exclusively found in Phitsanulok Province, Northern 

Thailand (Choltco et al. 2017). This species also exhibits 

significant potential as an ornamental potted plant. Based 

on its morphological characteristic, H. janellehayneana is 

included in the H. rhodocheila group. Although there is no 

report on in situ population conservation status of both 

species, the attractive orchids are to be demanded due to 

their colorful flowers. Moreover, habitat degradation and 

unsustainable harvesting for commercial purposes have led 

to significant declines in natural orchid populations by 

humans (Phelps and Webb 2015; Hinsley et al. 2018).  

The understanding of reproductive biology, including 

the study of flowering phenology, fruit settings, and 

breeding systems, is essential for the conservation of 

natural plant populations, particularly in species that 

process complex reproductive strategies, such as orchids 

(Phillips et al. 2020). Many orchids face reproductive 

challenges due to low fruit production or specific pollinator 

requirements, which make them vulnerable in fragmented 

or changing habitats (Tremblay et al. 2005). This 

understanding of the reproductive mechanisms is crucial 

for effective conservation management, as it will provide 

strategies to enhance reproductive success and population 

viability. Without such knowledge, conservation may fail 

to address the key factors that limit population persistence, 

especially under rapid environmental alterations. 

Consequently, research into reproductive biology, 

including breeding systems and fruit set, is urgently needed 

to guide effective conservation, particularly in biodiversity 

hotspots (Phillips et al. 2020). 
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Breeding systems of Orchidaceae are mainly dependent 

on pollinators and self-compatibility (Ackerman et al. 

2023). Most Habenaria species are self-compatible but rely 

on pollinators for successful reproduction (Pedron et al. 

2012b; Chen et al. 2021a; Zhang et al. 2021). Main 

pollinators for Habenaria are primarily Lepidoptera, 

including various species of moths and butterflies, which 

facilitate cross-pollination (Zhang and Gao 2017). These 

pollination systems are often highly specialized, with 

adaptations that match floral morphology with the 

behaviors and physiological traits of their respective 

pollinators. However, reproductive strategies may vary 

within the genus and its reproductive success vary from 

species to species (Zhang and Gao 2021). For example, H. 

malintana (Blanco) Merr. is an exception because it 

reproduces through agamospermy and achieves 100% fruit 

set without pollinator involvement (Zhang and Gao 2018). 

Such variation in reproductive modes highlights the 

importance of understanding species-specific breeding 

systems to inform conservation strategies, as species 

dependent on pollinators may be more vulnerable to 

changes in pollinator populations or habitat disturbances 

(Pedron et al. 2012b; Chen et al. 2021a). Moreover, the 

breeding system type can be different among the 

population, as reported in Phaius tankervilleae (Banks) 

Blume (Gandawidjaja and Arditti 1982). Habenaria 

rhodocheila, orange form, has been reported from China as 

self-compatibility orchid pollinated by butterfly (Zhang and 

Gao 2021). It produces rather highly fruit set due to being 

reward species, i.e., species which provides nectar for 

pollinators (Chen et al. 2021b; Zhang et al. 2021). 

However, there is no information about reproductive of H. 

janellehayneana. 

Basic information in nature is needed for conservation, 

particularly in local conserved areas where the natural 

habitat of orchid populations is. Understanding their 

reproductive success is crucial need. The main goals of this 

research were to investigate the reproductive traits, 

including flowering, fruit and seed set and breeding 

systems, of highly horticulturally potential Habenaria, H. 

janellehayneana and H. rhodocheila in particular natural 

habitat in Thailand. The results from this research study 

will provide basic information used for suitable orchid 

conservation in the local conserved areas. 

MATERIALS AND METHODS  

Study area  

This study was conducted at Phu Hin Rong Kla 

National Park in Phitsanulok Province of Northern 

Thailand, during mid of August to the end of October 2019. 

The vegetation at the study site of both species is lower 

montane forest. Populations of H. rhodocheila and H. 

janellehayneana were studied at a 50x50 m sampling plot 

with 2 plots for each species: plot 1: H. janellehayneana in 

Mhundaeng waterfall (1,196 m asl), plot 2: H. 

janellehayneana in Romklaoparadorn waterfall (1,239 m 

asl), plot 3: H. rhodocheila in Lanhinpum (1,310 m asl), 

and plot 4: H. rhodocheila in Lanhintaek (1,104 m asl) 

(Figure 1). There was not a sympatric population in both 

species despite the habitat of both orchids is lower montane 

forest. In this study, H. janellehayneana was found only by 

stream banks, and H. rhodocheila was found on scrub 

forest on sandstone bedrock with moisture ground, but both 

species are dormant during dry season (November-May) 

(Figure 2). 
 

 

 

 
 

Figure 1. Location of Phu Hin Rong Kla National Park, Northern Thailand, indicating the studied plots of Habenaria janellehayneana and 

Habenaria rhodocheila 
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Figure 2. A. Habenaria janellehayneana, B. Habenaria rhodocheila in natural habitat (photos by S. Thongmueng) 

 

 

Research procedure 

Flowering and fruit set 

For each species, data was collected from two plots. In 

the second week of August, we started to tag the orchid 

inflorescences. Then the number of fruits of both species 

were noted in the mid of October 2019, when the flowers 

of both species completely withered. In both H. 

janellehayneana and H. rhodocheila, the length of the 

longest leaf, shoot length, and the number of flowers per 

inflorescence were measured. To determine the fruit set, 50 

flowers of each species were tagged across the plots and 

their fruits developed under natural conditions. Seeds from 

mature, dehisced capsules were collected and dried in silica 

gel. Seed counts per capsule were determined by using a 

low-power binocular microscope. From these seed counts, 

the average number of seeds per capsule as well as fertile, 

defined by rounded embryo visibility and sterile seeds, 

without embryo, per capsule was calculated.  

Breeding system  

The experiment on breeding systems of both species 

were performed at the same time of flowering of which 

flowering and fruit set studies. To investigate the breeding 

systems of H. janellehayneana and H. rhodocheila, we 

carried out three pollination treatments to compare with 

natural pollination. For each species, inflorescences from 

five individual plants were bagged with fine nylon mesh 

(0.5×0.5 mm) before the flowers opened. Once the flowers 

had fully opened, twelve flowers on each inflorescence 

were assigned to one of the following treatments: i) left 

untouched to test for spontaneous self-pollination, ii) hand 

self-pollinated, or iii) hand cross-pollinated using pollinia 

from a plant at least 10 meters away. After the treatments, 

the flowers were re-bagged and monitored for fruit 

development over four weeks. As a comparison, natural 

pollination was assessed by tagging 30 flowers per species 

in the field.  

Fertile seeds and inbreeding depression  

Three mature capsules from each pollination treatments 

(see above) were collected to evaluate % fertile seeds, with 

distinct large embryos. All seeds from each capsule were 

placed on a Petri dish and counted under a Stereo 

Microscope (Xenon XTD-217). The inbreeding depression 

index was calculated following Tao et al. (2018) as 

follows: 

δ = 1- (proportion of well-developed seeds after self-

pollination/proportion of well-developed seeds after cross-

pollination).  

Data analysis 
To categorize the breeding system, percentage fruit-set 

for each treatment was calculated using the Self-

Incompatibility Index (ISI) and Auto-Fertility Index (AFI) 

in order (Rodger and Ellis 2016). Using the program SPSS 

for Windows 22, Pearson’s correlation coefficient was 

calculated to test correlations between leaf length and 

inflorescence length, and number of flowers per 

inflorescence. Analysis of Variance (ANOVA) was 

performed with SPSS V23.0 statistical package (SPSS Inc. 

Chicago, USA), and the means were compared by 

Duncan’s multiple range test (P≤ 0.05). 

RESULTS AND DISCUSSION 

Floral features and flowering phenology 

Habenaria janellehayneana produced a single racemose 

inflorescence on terminal shoot. The flowers are 

zygomorphic, with an inferior cylindrical ovary, pinkish 

sepals and petals. Labellum 2.7-2.9 cm long and 2.1-2.5 cm 

broad, bright pink with 3-lobbed, the mid-lobe is 

emarginate. Spur is cylindrical and slender, 5.1-5.5 cm 

long. The stigmas are 2 arms, convergent at the apical part. 

Habenaria rhodocheila has an overall feature similar to H. 

janellehayneana, but it differs in having greenish or cream 

sepals and petals, and orange labellum, spur and stigma 

B A 



THUMMAVONSA et al. – Reproductive biology of Habenaria janellehayneana and H. rhodocheila 

 

3249 

arms, including a little smaller floral size. Additionally, its 

stigma arms are divergent at the apical part (Figure 2).  

The flowering period of both orchid species occurs in 

the rainy season, H. janellehayneana from late July to 

September and H. rhodocheila from mid-July to 

September. Habenaria janellehayneana individuals 

reached the average height shoot length and leaf length 

almost 16 cm and 19 cm, respectively. The number of 

flowers per inflorescence ranged from 1 to 11. For H. 

rhodocheila the average height shoot length and leaf length 

were almost 19.8 cm and 15 cm, respectively, while the 

number of flowers per inflorescence ranged from 1 to 15 

(Table 1). 

Fruit set and seed set 

Overall, the average fruit set at each plot varied from 1-

15 fruits. The percentage of natural fruit set of H. 

janellehayneana was between 41.43-48.95% while H. 

rhodocheila was between 53.55-71.87%. There is neither 

correlation between the leaf length nor inflorescences 

length and fruit set (r<0.5). The number of flowers in an 

inflorescence showed slightly correlated with fruit set 

(r=0.6). In H. janellehayneana, the proportion of fertile 

seeds (with embryos) was significantly higher under 

natural pollination conditions (92.30%) compared to self-

pollination (59.39%) and cross-pollination (64.53%) 

treatments (p<0.05). Similarly, H. rhodocheila exhibited 

significant differences (p<0.05) in fertile seed proportions, 

with 74.30% fertility in natural pollination, 67.45% in self-

pollination, and 80.44% in cross-pollination (Table 2).  

Breeding systems and inbreeding depression 

No fruit set was observed in untouched, bagged flowers 

of both H. janellehayneana and H. rhodocheila. In contrast, 

all manually self-pollinated flowers achieved 100% fruit 

set in both species. The indices of Self-Incompatibility 

(ISI) and Auto-Fertility (AFI) were 1 and 0, respectively, 

for both species, indicating that they are genetically self-

compatible but non-autogamous. No fruit developed in the 

no-pollination experiment indicated that both orchid 

species need insects for pollination. The total seed 

development varied significantly between hand self-

pollination, hand cross-pollination, and natural pollination 

treatments (p<0.05). The inbreeding depression index of H. 

janellehayneana and H. rhodocheila were 0.08 and 0.16, 

respectively. 

Discussion 

Habenaria janellehayneana and H. rhodocheila are 

deciduous terrestrial or lithophytic orchids, producing 

leaves and inflorescence shoots above the ground during 

rainy season. Both species produce flowers in the same 

period, the flowers were produced in the late rainy season 

and their mature capsules broke before dry season. For H. 

rhodocheila, the flowering is different by each population, 

may be caused by the variation of environment and genetic 

backgrounds (Chen et al. 2021b; Zhang et al. 2021). The 

flower span in population is 29±3 days and an individual 

flower is 7±1.5 days (Zhang et al. 2021). There is no 

observation of individual and population flower span in H. 

janellehayneana in this study.  
 

 

 

Table 1. Shoot length (including inflorescence length), leaf length, number of flowers per an inflorescence and % fruit set in four 

studied plots 

 

Species Plot  
Shoot length (cm) 

mean±se (min-max) 

Leaf length (cm) mean±se 

(min-max) 

Number of 

flowers/inflorescence 

mean±se (min-max) 

% Fruit set 

H. janellehayneana 

 

1  6.49±0.18b (1.10-16.00) 

*N: 212 

10.77±0.17a (5.80-19.00) 

*N: 212 

3.80±0.23b (1.00-11.00) 

**N: 115 

41.43±3.98b 

**N: 115 

2 4.41±0.36c (0.60-13.90) 

*N: 54 

7.78±0.37c (2.60-14.10) 

*N: 212 

3.13±0.41b (1.00-10.00) 

**N: 30 

48.95±7.10b 

**N: 30 

H. rhodocheila 

 

3 7.83±0.24a (0.50-19.80) 

*N: 263 

9.39±0.15b (0.40-14.50) 

*N: 212 

5.37±0.25a (1.00-15.00) 

**N: 179 

53.55±3.13b 

**N: 179 

4 2.79±0.25d (0.70-10.50) 

*N: 75 

7.91±0.28c (3.10-15.00) 

*N: 212 

3.61±0.41b (1.00-9.00) 

**N: 23 

71.87±6.67a 

**N: 23 

Note: *N is number of reproductive and vegetative plants at each plot, **N is number of reproductive plants at each plot. Values 

followed by different letters within a column are significantly different at P<0.05 according to DMRT 

 

 

Table 2. Type of pollination, fruit set, and seeds per capsule of Habenaria janellehayneana and H. rhodocheila 

 

Species Type of pollination (N) Fruit set (%) Total seeds (Mean±SD) Fertile seeds (%) Mean (min-max±SD) 

H. janellehayneana Untouched (12) 0 0 0 

 Self-pollination (12) 100 25,338±2,552a 59.39±4.48b (55.99-64.46) 

 Cross-pollination (12)  100 9,432±1,048c 64.53±0.84b (63.57-65.11) 

 Natural pollination (30) 50 13,287±1,949b 92.30±0.48a (92.00-92.56) 

H. rhodocheila Untouched (12) 0 0 0 

 Self-pollination (12) 100 16,755±1,199b 67.45±3.62b (64.33-71.43) 

 Cross-pollination (12) 100 23,463±4,494a 80.44±0.29ab (80.19-80.76) 

 Natural pollination (30) 53.33 22,591±2,437ab 74.30±1.16b (72.97-75.11) 

Note: Values followed by different letters within a column are significantly different at P<0.05 according to DMRT 
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According to Neiland and Wilcock (1998), nectar-

rewarding orchid species generally exhibit higher fruit set 

rates compared to non-rewarding species. Similarly, H. 

rhodocheila and H. janellehayneana, both nectar-

rewarding orchids, showed natural fruit set rates between 

41.43% and 71.87% (Table 1). Other natural populations of 

H. rhodocheila revealed fruit set between 83.33-100% 

(Chen et al. 2021b; Zhang et al. 2021). The different 

reproductive success, based on fruit set, has shown 

different in populations of H. rhodocheila, that may be 

depended by number of pollinators. However, a number of 

factors, including the rewarding nectar, conspicuous bright 

flowers, and the dependable frequency and fidelity of the 

pollinators, may contribute to the relatively high fruit set in 

H. rhodocheila (Chen et al. 2021b). Other Habenaria 

species also have high fruit set such as H. aitchisonii 

Rchb.f. (86.5% fruit set) and H. fordii Rolfe (79.40-89.76% 

fruit set) (Zhang and Gao 2017; Xiong et al. 2019). 

Contrary, H. malintana exhibited as obligate agamospermy 

with 100% fruit set without pollination (Zhang and Gao 

2018). Moreover, the distribution patterns of the terrestrial 

orchid species may be resulted by their fruit set. Srimuang 

et al. (2010) reported that the number of fruit sets of the 

narrowly distributed species of the orchid genus 

Sirindhornia was lower than the widely distributed species. 

Our result showed that the fruit set of narrowly distributed 

species, H. janellehayneana and wide distribution species, 

H. rhodocheila, did not differ. This may be due to the high 

abundance of pollinators present in the habitats of both 

species. Similarly, it has been shown that fruit success in 

tropical orchids is often linked to pollinator availability and 

efficiency (Reyes et al. 2021). 

Fruit set is a useful parameter for determining the 

reproductive success of Orchidaceae (Tremblay et al. 2005; 

Zhang and Gao 2021). The fruit set of both species was 

relatively high, like other rewarded Habenaria species 

(Xiong et al. 2019). Although there are moderate and high 

number of fruit set (more than 50%) and embryonic seeds 

(59.39-92.30%) in both species, the germination and 

survival rate of seedlings were lower than 20% for in vitro 

experiment (Thummavongsa et al. 2022, et al. 2024). The 

breeding system traits of the orchid can also affect fruit and 

seed number. Travers et al. (2018) reported that 

Platanthera praeclara Sheviak & M.L.Bowles produced 

smaller amount seed number and embryo development in 

self-pollination comparing with cross-pollination. Our data 

of these Habenaria species did not exhibit the same. Self-

pollination tended to have lower fertile seeds than cross-

pollination in H. janellehayneana. Contrary to H. 

rhodocheila, the fertile seeds production from different 

breeding systems were not different.  

Self-compatibility breeding systems seem to be the 

main trait in Habenaria (Zhang and Gao 2018; Chen et al. 

2021a; Zhang et al. 2021). In this study, the breeding 

systems of H. janellehayneana and H. rhodocheila were 

genetically self-compatible, non-autogamous species and 

no apomixis occurs, like other orchid species in the genus 

Habenaria such as H. gourlieana Gillies ex Lindl., H. 

hieronymi Kraenzl., H. limprichtii Schltr., H. montevidensis 

Spreng., H. parviflora Lindl., H. petelotii Gagnep. and H. 

rupicola Barb.Rodr. (Tremblay et al. 2005; Zhang and Gao 

2021). However, some species of Habenaria are 

autogamous species such as H. malintana (Zhang and Gao 

2018).  

In this study there was no data on pollination of both 

species. Recent study on pollination of H. rhodocheila 

reported that two diurnal swallowtail butterflies, Papilio 

helenus Linnaeus, 1758 and P. nephelus Boisduval, 1836 

(Papilionidae) were effective pollinator in China (Chen et 

al. 2021b; Zhang et al. 2021). While P. memnon Linnaeus, 

1758 was observed as pollinia remover on H. rhodocheila 

in Northern Thailand. (Williams and Watthana 2011). 

There is no information about pollination of H. 

janellehayneana. However, their floral characteristic is 

classed as rewarding species due to producing nectar inside 

their labellum spur including the bright colors such as pink, 

promoting the traditional pyschophily, butterfly pollinated 

flower (Balducci et al. 2019). 

In terms of breeding system and genetic diversity, our 

findings are similar to those of Chen et al. (2021b), 

reported an inbreeding depression index at 0.22 in a 

southern China population of H. rhodocheila, while our 

results were at 0.16, much lower than that reported for H. 

limprichtii (Chen et al. 2021b). The index value for H. 

janellehayneana was 0.08, lower than H. rhodocheila. 

These low values suggest that self-pollination may occur 

and could serve as an adaptive strategy in response to 

limited pollinator availability. Such patterns may also 

reflect purging of deleterious alleles over time. However, in 

the long term, this may reduce genetic variation within 

populations and limit their evolutionary potential 

(Charlesworth and Willis 2009). 

In conclusion, H. janellehayneana and H. rhodocheila 

populations in Phu Hin Rong Kla National Park exhibit 

non-spontaneous autogamy but being a self-compatibility. 

Their natural fruit set depends on pollination, with rather 

high fruit set, due to rewarding species and no showing 

100% fruit set, autogamy. From our results it is interpreted 

that the population of both Habenaria species and 

populations have rather highly reproductive success. 

However, long term monitoring on fruit set should be 

performed to reflect the survival of each population 

including other subpopulation in this naturally conserved 

area. Our study revealed some autecology, especially 

reproductive success, estimated by fruit set, of commercial 

potential terrestrial orchid in natural habitat. Based on this 

basic information of this study, the maintenance of 

ecosystem is obviously important including the pollinators 

conservation. The survey on natural fruit set in the natural 

habitat is the quick assessment of population survival 

status, could be applied for other local conserved areas. 

Further study on survival rate including population 

dynamic shall be fulfilled basic knowledge for proper 

conservation of both species in this conserved area.  
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