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Suggested Running Title: 

IN VITRO GERMINATION OF EUROPEAN ORCHIDS 

 

 

Abstract New protocols for successful asymbiotic seed germination of two European orchid 

species, Himantoglossum jankae Somlyay, Kreutz & Óvári and Spiranthes spiralis (L.) Chevall., 

were established in this study. The influence of two basal media, organic supplements, 

illumination, and cytokinins on germination, protocorm formation, and seedling development was 

examined. A strong species-specific dependence on illumination conditions and nutrient medium 

composition was observed. Improved germination under continual darkness indicated that H. 

jankae had negatively photoblastic seeds, while S. spiralis seeds could germinate under both light 

conditions examined in this study, but slightly faster development was achieved under the 16-h 

photoperiod protocol. The H. jankae seeds cultured on Knudson C medium failed to germinate in 

any medium combination, irrespective of the organic supplement use. The highest germination 

rate of H. jankae was achieved on Malmgren medium supplemented with coconut water, peptone, 

and L-glutamine, indicating that germination of this species was amino acid dependent. Although 

S. spiralis seeds germinated on all media combinations, Knudson C basal medium (without 

supplements) yielded better results when compared to the Malmgren medium. The best S. spiralis 

seedling development was achieved on the medium supplemented with 6-(γ,γ-

dimethylallylamino)purine, while the cytokinin 6-benzyladenine promoted H. jankae seedling 

development. With the implementation of these protocols, well-developed seedlings were 

acclimatized to greenhouse conditions after 7 mo in culture. 
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Introduction  

 

The family Orchidaceae, with 850 genera and more than 25,000 species, comprises 10% of the 

total number of flowering plants, or almost 30% of monocotyledons (Dressler 1993; Chase et al. 

2003; Lucksom 2007; Roberts and Dixon 2008). However, approximately a quarter of all orchid 

species are endangered due to direct habitat loss, plant smuggling, pervasive impact of global 

climate change (Seaton et al. 2010), and overexploitation for horticultural purposes (Godo et al. 

2010).  

Seed germination is a crucial event in the life of a plant and is highly regulated by 

environmental factors. In terrestrial orchids, germination represents a limiting step for plant 

establishment from seeds. The main obstacle to successful germination in natural environments is 

very small seed size, which is characterized by an undifferentiated embryo without endosperm, 

requiring an association with compatible mycorrhizal fungi (Cocucci and Jensen 1969; 

Rasmussen 1995). Tissue culture techniques have been widely used to mitigate these difficulties 

and enable mass propagation of endangered orchid species. In 1922 Lewis Knudson first 

established an asymbiotic in vitro seed germination for several epiphytic orchid species using 

nutrient solutions supplemented with 1% (w/v) sucrose. Knudson’s work represents a milestone, 

prompting intensive research aimed at enhancing this protocol. Although symbiotic in vitro 

germination is important for testing distinctive features of fungal specificity as well as symbiosis 

development (Sharma et al. 2003; Stewart and Kane 2007), asymbiotic seed germination provides 

an opportunity to study the influence of different abiotic factors on seed germination and seedling 

development, without the mycorrhizal influence. However, for this technique to be efficient, it is 

necessary to assess a number of factors that directly or indirectly influence germination without 

mycorrhiza. Culture medium composition, environmental conditions, maturity, and sterilization 
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protocols exert strong impact on asymbiotic in vitro germination, as well as on seedling 

development (Arditti 1967; Arditti et al. 1981; Znaniecka and Lojkowska 2004; Vejsadova 2006; 

Godo et al. 2010; Bozdemir et al. 2018). Although orchid seed germination biology is essentially 

the same for all species, and consists of embryo swelling and protocorm formation, it is necessary 

to establish an optimized protocol for each species regarding their specific nutrient and 

environmental needs.   

Among all environmental factors, illumination is of particular importance for ensuring 

successful germination. Numerous studies have examined the influence of illumination on seed 

germination, including its individual influence (Stewart and Kane 2006; Godo et al. 2010; Chen 

et al. 2015), combined influence of illumination and medium composition (Kauth 2005; Kauth et 

al. 2006; Johnson et al. 2011; Quiroz et al. 2017), light quality and quantity (Fukai et al. 1997; 

McKinley and Camper 1997), as well as the influence of illumination on different growth phases 

during germination and seedling development (Stewart and Kane 2006). Findings yielded by 

these studies have highlighted the importance of illumination and its role in asymbiotic 

germination and seedling development.   

Previous research on growth medium composition, specifically on the impact of nitrogen and 

organic additives, indicates that these can exert stimulatory or inhibitory effects on seed 

germination (Curtis 1947; Lugo Lugo 1955; Rasmussen 1995; Kauth et al. 2006; Sgarbi et al. 

2009; Tavares et al. 2012; Ponert et al. 2013; Gupta 2016). According to Stenberg and Kane 

(1998) and Kauth et al. (2006), the Knudson C (KC; Knudson 1946; Morel modification); 

medium, which contains ammonium and nitrate, positively influenced germination of 

Prosthechea boothiana (Lindl.) W.E.Higgins and Calopogon tuberosus (L.) Britton, Sterns & 

Poggenb. seeds, whereas no germination was observed in Limodorum abortivum (L.) Sw. seeds 

cultured on this medium (Sgarbi et al. 2009).  
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For many terrestrial orchids, organic extracts, such as coconut water, yeast extract, pineapple, 

banana homogenate, peptone, and casein hydrolysate, have been used primarily as a source of 

amino acids and can strongly affect seed germination. However, some of these supplements are 

not suitable for all orchid species and were proven ineffective for inducing germination (Gupta 

2016).  

Plant growth regulators, especially auxins and cytokinins, often promote orchid seed 

germination (Arditti 1967; Godo et al. 2010) as well as further seedling development (Decruse et 

al. 2013; Nanekar et al. 2014; Diengdoh et al. 2017). As these components exhibit a strong 

species-specific impact, their content in the medium must be determined and provided according 

to the distinct requirements of a given orchid species.  

Sazak and Ozdener (2006) carried out symbiotic and asymbiotic germination of Spiranthes 

spiralis (L.) Chevall. However, in presenting their findings, the authors focused on the symbiotic 

germination, while offering little information on the asymbiotic germination outcome. The 

asymbiotic germination of several species from the genus Himantoglossum was assessed by Van 

Waes (1984) and Ponert et al. (2011); however, these studies did not provide a significant 

contribution to the body of knowledge on the in vitro germination of Himantoglossum jankae 

Somlyay, Kreutz & Óvári.  

 Himantoglossum jankae Somlyay, Kreutz & Óvári., the lizard orchid, is mostly 

distributed in the Balkan Peninsula and primarily inhabits dry grasslands, forest edges, and shrub 

lands on calcareous soil. It has been erroneously named H. caprinum (M.Bieb.) Spreng., a species 

inhabiting solely the northwestern region of Asia Minor and lacking the distinctive labellar spots 

of H. jankae (Molnár et al. 2012). On the Balkan Peninsula, only fragmented populations with 

very few individuals are presently known (Bateman et al. 2017). H. jankae (as H. caprinum) is 

protected in most of the countries in which it occurs, and it is listed in Annex II of Council 
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Directive 92/ 43/EEC (the ‘Habitats Directive’) under the name “Himantoglossum caprinum 

(Bieb.) V.Koch” (Molnár et al. 2012). 

Spiranthes spiralis (L.) Chevall. is a Mediterranean-Atlantic species inhabiting dry to damp, 

slightly acidic to alkaline, often calcareous, substrates. Its distribution extends to the United 

Kingdom and Germany in the north, to western Ukraine in the east, and to the Mediterranean in 

the south. However, such a wide distribution does not imply that this species is common, as S. 

spiralis is subject to numerous threats, including competition with taller and more vigorous herbs 

and grasses as a result of grassland improvement with fertilizers; pasture plowing and 

overgrazing (sheep and rabbits), as well as mowing in late summer; and shading. Moreover, this 

species is adversely affected by urbanization, tourism, and plant collection (Pignatti 1982; 

Delforge 1995; Rossi 2002; Lang 2004; Bournérias and Prat 2005; Vakhrameeva et al. 2008; 

GIROS 2009; Harrap and Harrap 2009). 

Thus, the aim of the present study was to better understand asymbiotic germination of S. 

spiralis and H. jankae. This was achieved by examining the influence of illumination, medium 

composition, and different organic additives on seed germination and protocorm formation. The 

influence of various cytokinins on seedling development in these species was also assessed. An 

efficient seed germination protocol for S. spiralis and H. jankae, describing the influence of the 

assessed physicochemical factors on germination and seedling development, was thus developed.  

 

Material and Methods  

 

Plant material  

Mature capsules of Himantoglossum jankae (Glavica locality 45.188898° N 19.853043° E, 

elevation 164.37 m a.s.l.; above sea level) and Spiranthes spiralis (Neradin locality 45.102958° N 
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19.907311° E, elevation 186.97 m a.s.l.) were sampled in late August and October of 2016, 

respectively. Extracted seeds were dried at 28°C for 48 h to eliminate excess moisture, after 

which they were placed in Petri dishes on a silica gel base and were stored at 4°C in continuous 

darkness until use.  

 

Seed viability estimation Seed viability was tested according to Vellupillai et al. (1997) by 

staining with 1% (w/v) 2,3,5 triphenyltetrazolium chloride (Fisher Scientific UK, Loughborough) 

at pH = 7.0, in complete darkness at 23°C, followed by washing three times with distilled water. 

Evaluation of viable seeds was performed using a 39C-N9GO Motic stereo-microscope (Motic, 

Hong Kong). All seeds that had embryos with any degree of pink to dark red were considered 

viable. Counting included approximately 50 seeds in three replicates for each species.  

 

Seed sterilization After a 3-mo storage period, seeds were enclosed in small Whatman® No. 3 

bags and soaked in distilled water for 24 h at 4°C. The seed surface was sterilized with 7% (w/v) 

calcium hypochlorite containing 0.1% (v/v) Tween® 20 (Acros Organics Belgium, Geel) for 20 

min. Seeds were further rinsed with distilled water three times before being sterilized in laminar 

flow hood with 70% (v/v) ethanol for 2 min, followed by triple rinsing in sterile distilled water. 

 

Influence of photoperiod and medium composition on asymbiotic seed germination To 

evaluate the optimal medium composition for asymbiotic seed germination and protocorm 

formation, 11 media combinations were assessed. Two basal media (Table 1) were prepared 

specifically for this investigation ― Knudson C (KC; Knudson 1946; Morel modification);and 

Malmgren modified terrestrial orchid medium (MM; Malmgren 1996); ― with different 

supplement combinations, added separately, used in the study. Supplements used with both media 
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included 50 mL L−1 coconut water (CW, extracted from fruits), 50 mL L−1 pineapple juice (PJ, 

extracted from fruits), and 2 g L−1 peptone (PE) (Biolife Italia, Milano), whereas 400 mg L−1 

casein hydrolysate (CA) (Acros Organics Belgium, Geel) with 0.5 mg L−1 folic acid(Acros 

Organics Belgium, Geel) were used only with the KC medium. The media also differed in 

supplied additives (A), whereby 100 mg L−1 L-glutamine  (Acros Organics Belgium, Geel) alone 

was chosen for the MM medium, and 100 mg L−1 L-glutamine  with folic acid 0.5 mg L−1 for the 

KC medium. All tested media contained 2% (w/v) sucrose (Fisher Scientific UK, Loughborough), 

7% (w/v) agar technical (Biolife Italia, Milano), and 1% (w/v) activated charcoal (Acros Organics 

Belgium, Geel). The pH of all media was adjusted with 0.1M HCl or 0.1M NaOH to 5.80 ± 0.02 

before autoclaving at 121°C for 20 min. Sterilized media were dispensed as 50 mL aliquots into 

Petri dishes of 9 cm diameter. Approximately 50-100 of the surface-sterilized seeds were spread 

on the medium, followed by wrapping of Petri dishes with a single layer of parafilm (Parafilm M, 

Menasha, WI).  

To examine the effects of illumination on seed germination and protocorm development, 

seeds were cultured at 23 ± 2°C under either a 16-h photoperiod protocol (16/8 L/D), at 

approximately 40 µmol m−2 s−1 of photosynthetically active radiation (PAR) provided by white 

fluorescent lamps, or under continuous darkness (0/24 L/D). Five replicate plates in three 

repetitions per treatment were inoculated. Pre-germinated and germinated seeds were counted on 

two occasions, 8 and 12 wk after sowing, and were scored on a 0 to 6 scale (Table 2, modified 

from Stewart and Zettler 2002). During counting, the embryo and the protocorm size was 

measured. The embryo and protocorm height and width, as well as the protocorm shoot height 

were measured using binocular digital stereomicroscope 39C-N9GO Motic stereo microscope.  
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Cytokinin influence on in vitro seedling development As a part of the present study, the effect 

of 0.0, 0.3, 0.6, or 1.2 mg L−1 6-benzyladenine (BA) (Merck KGaA Germany, Darmstadt), kinetin 

(Kin) (Fluka Switzerland, Buchs), and 6-(γ,γ-dimethylallylamino)purine (2-iP) (Merck KGaA 

Germany, Darmstadt) on root and leaf formation was assessed. For this evaluation, the 

protocorms developed from germinated seeds were used as explants. Basal medium MM 

consisting of 3% (w/v) sucrose, 7% (w/v) agar technical, and 1% (w/v) activated charcoal was 

used in all treatment combinations. The pH of all media was adjusted with 0.1M HCl or 0.1M 

NaOH to 5.80 ± 0.02 before autoclaving at 121°C, 100 kPa, for 20 min. Approximately 40 mL 

sterile medium was poured into 100 mL Erlenmeyer flasks. Ten replicate treatment flasks were 

inoculated with three well-developed protocorms that were subsequently subcultured at 3-wk-

intervals, into the same (fresh) medium. Measurements of plant height, number of leaves, number 

of roots, and the root length were performed after 10 wk of culture.   

 

Data processing and statistical analysis Germination percentage and seedling development 

were calculated by dividing the number of germinated seeds with the total number of seeds 

observed. Data obtained from both experiments were subjected to analysis of variance (ANOVA) 

and the mean values were separated using Duncan’s Multiple Range Test (DMTR). The collected 

data were analyzed using Statistica 13 (StatSoft; Dell, Round Rock, TX) software.  

 

Results  

 

Photoperiod and medium composition effects on asymbiotic seed germination The obtained 

results indicated a high germination rate specificity of H. jankae and S. spiralis with regard to all 

applied factors. Seed germination of H. jankae was promoted by continual darkness and the 
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supplemented MM basal medium. The highest development degree, observed during the first 

measurements at 8 wk (Fig. 1a), was achieved in the seeds cultivated in dark conditions (0/24 

L/D) on the MM-PE medium, whereby shoots and rhizoids were noted in 19.1% of the seeds, 

protocorms in 7.7%, testa rupture in 4.9%, and swelled embryos in 52% of the seeds. Although 

the seeds cultivated on the MM-CW medium achieved the highest pre-germination (50.5%) and 

germination (36.65%) rate, shoot and rhizoid emergence was not observed (Fig. 1a). Germination 

was also observed on the MM-PJ medium, with protocorm appearance in 34.5% of the seeds, 

testa rupture in 3.1%, and swelled embryos in 7.8% (Fig. 1a). When the MM-A medium was 

used, protocorm appearance was noted in 17.2% cases, testa rupture in 0.81% and swelled 

embryo in 8.8% of the seeds (Fig. 1a). The seeds cultivated on the control medium (MM-C) 

developed only protocorms (17.5%). The remaining investigated media and illumination 

protocols (Fig. 1a) resulted in swelling of the embryo only, without the initiation of subsequent 

phases.  

 During the second, 12-wk measurement, continued development of the H. jankae seeds 

cultivated in complete darkness was observed (Fig. 1b). The strongest development was achieved 

on the MM-PE medium with full germination reached in 58.92% of the seeds, whereby 27% of 

the seeds had developed a shoot and rhizoids, while a developed protocorm was observed in 

17.31%, testa rupture in 14.61%, and swelled embryo (pre-germinated stage) in 23.79% of the 

seeds (Fig. 1b). Although the MM-CW medium provided full germination of 82.56% of the seeds 

(Fig. 1b), only 4.74% developed shoots and rhizoids, while in 77% only protocorm development 

was initiated. On the other hand, a much stronger development of shoots and rhizoids (33.51%; 

Fig. 1b) was noted in seeds cultivated on the MM-A medium.   

The embryo and protocorm height and width and the protocorm shoot height measurements 

confirmed that darkness positively affected embryo development in H. jankae (Table 3). The first 
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measurements (at 8 wk) indicated that the seeds grown in the dark and on the MM-PE medium 

achieved the strongest development with a mean height, width, and shoot height of 0.77 mm, 0.69 

mm, and 0.14 mm, respectively, while those grown on the MM-CW medium attained 0.65 mm 

height and 0.56 mm width (Table 3). The results obtained during the 12-wk-measurement showed 

that the best germination was achieved on the MM-A medium in the dark, with a mean seed 

height and width of 1.11 mm and 0.97 mm, and the shoot height of 0.25 mm. The matching MM-

PE medium yielded a mean seed height and width of 0.89 mm and 0.80 mm, respectively , and 

0.29 mm shoot height, whereas 0.90 mm, 0.80 mm, and 0.16 mm were the corresponding 

measurements obtained for H. jankae on the MM-CW medium (Table 3).  

The S. spiralis seed germination was observed under both light conditions after 8 wk in 

culture (Fig. 2a). However, in contrast to H. jankae, the seeds cultured under the 16/8 L/D 

illumination protocol reached a higher developmental stage. The results yielded by the first 

measurements indicated that the highest developmental level was attained on the MM-PE 

medium, where 2.1% of the seeds developed shoot and rhizoids, 24.9% formed protocorm, 27.9% 

had ruptured testa, and 25.1% had swelled embryos (Fig. 2a). The weakest germination was 

observed on the control media MM-C and KC-C. The seeds grown on the KC-PJ medium under 

the constant dark (0/24 L/D) conditions, as well as those grown on the KC-PE medium under the 

16/8 L/D protocol were not viable, due to contamination (Fig. 2; Table 4).  

A continuation of the seed development process was observed during the second (12 wk) 

measurement (Fig. 2b). The strongest development was observed on the MM-PE medium under 

the 16/8 L/D light conditions with 87.01% of full germination, of which 1.6% were well-

developed seedlings with two or three leaves (Fig. 2b). A significant progress in the development 

of S. spiralis seeds and the appearance of the shoot and rhizoids was observed on the KC-CW, 

KC-PJ, MM-CW, and MM-PJ media under the 16/8 L/D light conditions, as well as on the MM-
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A, MM-PE, and MM-CW media under the 0/24 L/D illumination protocol (Fig. 2a). However, 

the second measurement performed 12 wk after sowing (Fig. 2b) revealed that, in a certain 

percentage of embryos development was arrested, as the testa did not break and these were 

unviable. 

The embryo and protocorm height and width and the protocorm shoot height measurements 

confirmed that the 16/8 L/D light conditions positively affected not only embryo development but 

also accelerated the germination process of S. spiralis (Table 4). During the 8 wk measurements, 

the largest embryo and protocorm size was observed in the seeds cultured on the MM-PE 

medium, with a mean height of 0.73 mm and a width of 0.40 mm. A continued development of 

seeds with ruptured testa was noted during the second (12 wk) measurement. A larger embryo 

size was achieved in the seeds grown on the MM-PE medium, with a mean height of 1.17 mm 

and width of 0.66 mm, and the shoot height of 0.50 mm (Table 4), along with the presence of the 

first leaf (data not shown). Similar results were recorded on the MM-PJ and MM-CW media 

under light, as well as on the MM-PE medium under darkness conditions. The weakest 

development was observed in the seeds grown on the MM-C and KC-C control media (Table 4).  

 

Cytokinin effect on in vitro seedling development In both studied species, seedling 

development, assessed as plant height (Fig. 3a), number of leaves (Fig. 3b), number of roots (Fig. 

3c), and root length (Fig. 3d), was affected by the addition of different cytokinin concentrations 

to the medium.  Although S. spiralis seedling development was observed in all investigated 

media, the analysis of the measured parameters indicated that medium supplemented with 0.6 

mg L−1 Kinetin (MM 8) promoted the development of all plant parts, while 2-iP (MM 4, MM 5, 

and MM 6) had a positive influence on the number of leaves (Fig. 3b) and plant height only (Fig. 

3a). In addition, medium supplemented with BA (MM 1, MM 2, and MM3) did not promote 
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seedling development and yielded similar results to those noted for the control medium without 

cytokinins (MM 10; Fig. 3).  

Poorer seedling development was observed in H. jankae, with differences among the media, 

as confirmed by the Duncan multiple range test. The greatest shoot development (as indicated by 

plant height; Fig. 3a) was achieved on medium supplemented with BA (0.6 mg L−1; MM 2). 

However, a higher root number was observed after the addition of 1.2 mg L−1 2-iP (MM 6; Fig. 

3c). 

 

Discussion 

 

Asymbiotic germination influenced by illumination and media composition  

A strong species-specific dependence on illumination and nutrient medium composition 

during in vitro germination, protocorm formation, and seedling development of H. jankae and S. 

spiralis was observed in this present study. While germination of terrestrial orchids is generally 

considered to be promoted by darkness (Rasmussen and Rasmussen 1991; Fukai et al. 1997; 

Stewart and Kane 2006; Godo et al. 2010), the findings reported by Arditti et al. (1981) suggest 

that photoperiod responses in germination of the temperate terrestrial orchids may vary across 

species. The relationship between germination and photoperiod is often neglected in research 

studies and is thus not well understood for this group of orchids; therefore establishing the 

illumination requirements for every species is of crucial importance. The present study indicated 

that photoperiod had no influence on the initial (Stage 0 – 1; as described in Table 2) pre-

germination phase of H. jankae (Fig. 4a). However, shoot (Fig. 4c) and rhizoid formation (Fig. 

4b) on the seeds cultured in continual darkness (Fig. 1) indicated its positive influence on further 

embryo development (Fig. 4b – d).    
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On the other hand, the 16/8 L/D conditions exerted a positive influence on the S. spiralis 

embryo development (Fig. 2). Faster protocorm development (Fig. 5b), higher percentage of 

shoot and rhizoid formation (Fig. 5c), as well as formation of the first and the second leaf (Fig. 

5d), indicated that light was more beneficial for the germination of S. spiralis seeds than 

continual darkness.  

Although both species belong to the group of terrestrial orchids, the results presented here 

corresponded to the findings published by Arditti et al. (1981) and Kauth et al. (2008), 

confirming that germination responses to photoperiods are often species specific. The observed 

differences in illumination requirements for germination expressed by these two species could be 

related to their natural habitats. Namely, H. jankae primarily inhabits forest edges and shrub lands 

(Molnár et al. 2012) where plants are exposed only to high quantities of light in the far-red end of 

the visible spectrum, which has been shown to exert an inhibiting effect on germination 

(Kendrick 1976; Anjah et al. 2003). By sinking into the substrate, seeds avoid the inhibitory 

effect of sunlight and obtain thermal stability suitable for germination.  

Contrary to H. jankae, germination of S. spiralis seeds was successful under both 0/24 L/D 

and 16/8 L/D illumination conditions, whereby the latter protocol induced faster germination.  S. 

spiralis is a plant usually living in unshaded condition, inhabiting short-grazed or closely mown 

old turf on chalk or limestone (Jacquemyn and Hutchings, 2010). The S. spiralis seeds’ ability to 

germinate under both light and dark conditions has been explained by Stoutamire (1964, 1974) 

whose findings indicate that species growing under unobstructed sunlight can quickly become 

photosynthetic under fluorescent light and have the ability to germinate on, near, or below the soil 

surface (Kauth et al. 2006). The present results indicated that H. jankae has negatively 
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photoblastic seeds, while S. spiralis has positively photoblastic seeds. However, further research 

on this topic is required. 

An appropriate nutrient medium must be established in order to perform asymbiotic 

germination successfully. According to Znaniecka and Lojkowska (2004) and Mahendran et al. 

(2013), no single culture medium is universally applicable for all orchid species. Thus, nutrients 

must be adjusted to meet the singular requirements of each species. In the present study, two 

basal media (KC and MM) and six separately added organic additives (coconut water, pineapple 

juice, peptone, casein, L-glutamine, and folic acid) were tested to identify the most optimal 

medium for H. jankae and S. spiralis germination and seedling development. The main difference 

between the two basal media is the form of nitrogen used — while MM contains amino acids in 

the form of glycine and casein hydrolysate, the KC medium contains the inorganic form of 

nitrogen (ammonium and nitrate; Table 1). The results presented here indicated that the MM 

medium supplemented with PE and CW provided the most favorable conditions for the 

asymbiotic germination and further development of H. jankae seeds. Similar results were 

obtained by Kitsaki et al. (2004) who have determined a positive impact of the MM medium 

supplemented with CW on protocorm formation of several Ophrys species. In addition, the results 

yielded by the present study’s data analyses indicated that germination was promoted and 

accelerated by the addition of L-glutamine to the MM medium. Given that all these supplements 

are sources of organic nitrogen with high amino acid content, it could be posited that germination 

of H. jankae seeds is amino acid dependent. On the other hand, the H. jankae seeds cultured on 

the KC medium failed to germinate in any of the studied medium combinations, irrespective of 

inclusion of organic supplements. These observations indicated that presence of inorganic form of 

nitrogen (NH4 and NO3) in the KC medium might inhibit asymbiotic germination in this species. 

These assertions were in line with the results reported by Ponert et al. (2013), who observed that 
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even extremely low concentrations of nitrates inhibit asymbiotic germination of Pseudorchis 

albida (L.) Á.Löve & D.Löve seeds. Moreover, the germination of Limodorum abortivum is 

strongly inhibited on medium containing nitrate and ammonium salts (Sgarbi et al. 2009). 

However, this detrimental effect of inorganic nitrogen in the growth medium does not apply to all 

orchid species.  

The results obtained in the present study showed a higher germination rate of S. spiralis on 

the KC-C than on the MM-C medium, under both 0/24 L/D and 16/8 L/D illumination conditions 

(Fig. 2). Similar results were obtained by Kauth et al. (2006), who reported that Calopogon 

tuberosus seeds germinated more successfully on the medium supplemented with an inorganic 

form of nitrogen. Although inorganic nitrogen can have an inhibitory influence on seed 

germination, a high ammonium/nitrate ratio can have a positive effect on the germination rate of 

some orchids (Spoerl and Curtis 1948; Kauth et al. 2006). In the present study, addition of CW to 

the KC medium resulted in a high germination rate of S. spiralis seeds (Fig 2b) which can be 

explained by the content of coconut water. Namely, in addition to the high content of amino 

acids, some of the most significant and useful components in coconut water are cytokinins, which 

support cell division, and thus promote rapid growth (Kende and Zeevaart, 1997; Yong et al, 

2009). Similar germination results were obtained by Huh et al. (2016) with Cypripedium 

macranthos Sw. grown on the MS medium supplied with inorganic nitrogen. They also noted that 

the highest germination rate and protocorm formation was achieved on the medium supplemented 

with CW. These findings indicate that the KC medium combined with appropriate organic 

supplements may be the most optimal environment for the successful asymbiotic germination of 

this species. As previously noted, during the course of the current investigation, the samples 

cultivated on the KC medium supplemented with peptone (KC-PE, 16/8 L/D) and pineapple juice 

(KC-PJ, 0/24 L/D) were affected by bacterial contamination, due to which no results could be 
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obtained, and no comparison could be performed for these medium formulations and growth 

conditions. 

 

Seedling development influenced by cytokinins A significant body of literature is dedicated to 

the influence of cytokinins on asymbiotic seed germination and protocorm formation (De Pauw et 

al. 1995; Miyoshi and Mii 1995, 1998; Znaniecka et al. 2005; Stewart and Kane 2006; Khampa 

and Wangsomnuk 2010; Godo et al. 2010; Jiang et al. 2017). However, the influence of 

cytokinins on seedling development remains insufficiently explored. In the present study, a 

positive influence of 2-iP on plant height and leaf formation in S. spiralis was observed, while 

BA did not promote seedling development (Fig 3a, b). Moreover, a positive influence of Kin on 

the root formation was observed in this species (Fig 3c, d). On the other hand, BA had a strong 

impact on the H. jankae plant height, while 2-iP exerted only a minor influence on root formation 

in this species (Fig. 3). According to Nanekar et al. (2014), development of Eulophia spectabilis 

(Dennst.) Suresh seedlings showed the strongest response on media supplemented with 6-

benzylaminopurine (BA), in comparison with those supplemented with Kin. Conversely, 

Diengdoh et al. (2017) observed the greatest Paphiopedilum insigne (Wall. ex Lindl.) Pfitzer 

seedling development on medium supplemented with Kin. Thus, when the results obtained in the 

present study were compared to those reported by other investigations, it could be posited that 

different species of terrestrial orchids possess uniquely different cytokinin requirements for 

seedling development. 

 

Conclusion 
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In this present work, new protocols for a successful asymbiotic seed germination of H. jankae (in 

dark conditions, 82.56% and 58.92% of the seeds were germinated on the MM-CW and the MM-

PE medium, respectively) and S. spiralis (in light conditions, 87.01% of the seeds were 

germinated on the MM-PE medium) were introduced. Although both species belong to the group 

of terrestrial orchids, findings yielded by this investigation indicated a strong species-specific 

difference in conditions necessary for germination and seedling development. According to the 

observed results, it could be concluded that H. jankae had negatively photoblastic seeds and 

could only germinate under continual darkness, while considerably faster germination of S. 

spiralis seeds was achieved under the 16/8 L/D illumination conditions. In addition, the results 

reported in this current work pointed to an inhibitory effect of inorganic nitrogen in the medium 

on H. jankae seed germination, whereas S. spiralis seeds germinated more successfully when 

sown on a medium supplemented with inorganic nitrogen. However, organic additives, PE and 

CW in particular, were shown to exert a positive influence on the asymbiotic seed germination in 

both species. In addition, a markedly different influence of cytokinins on seedling development 

was observed.  
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Table 1.  Comparative mineral salt content of Knudson C (KC; 1946) and modified Malmgren 

(MM; 1996) medium  

 KC MM 

Macronutrients (mg L−1)   

Ca(NO3)2 347.43 − 

KH2PO4 250.0 75 

KCl 250.0 − 

MgSO4 122.3 97.7 

(NH4)2SO4 500.0 − 

NH4NO3 500.0 − 

Ca3(PO4)2 − 75 

Micronutrients (mg L−1)   

FeSO4•7H2O 25.0 27.85 

MnSO4•H2O 5.7 1.54 

Na2EDTA − 37.26 

Vitamins (mg L−1) − − 

D-Biotin − 0.05 

Folic acid − 0.5 

Glycine − 2.0 

Myo-inositol − 100.0 

Nicotinic acid − 5.0 

Pyridoxine − 5.0 

Thiamine − 10.0 

Casein − 400.0 
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Table 2.  Seedling development stages of Spiranthes spiralis (L.) Chevall. and Himantoglossum 

jankae Somlyay, Kreutz & Óvári (modified from Stewart and Zettler 2002) 

 

 

 

  

Stage Description 

0 Swelled embryo (= pre-germination)  

1 Continued embryo enlargement, testa ruptured (= germination)  

2 Appearance of protocorm  

3 Appearance of shoot and rhizoids   

4 Emergence of first leaf  

5 Elongation of first leaf  

6 Seedling with two or three leaf 
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Table 3.  Effect of different illumination regimes and medium compositions on embryo 

development of Himantoglossum jankae Somlyay, Kreutz & Óvári, 8 and 12 wk after sowing 

Lighting  

(Light/Dar

k) 

Nutrient 

medium 

Himantoglossum jankae  Himantoglossum jankae 

8 wk  12 wk 

Height(mm) Width(mm) 

Shoot 

height(mm) 

 Height(mm) Width(mm) 

Shoot 

height(mm) 

0/24 

MM-CW 0.65 ± 0.14b 0.56 ± 0.12b 0.00 ± 0.00c  0.90 ± 0.17b 0.80 ± 0.18b 0.16 ± 0.02c 

MM-PJ 0.40 ± 0.09 d 0.36 ± 0.07e 0.00 ± 0.00c  0.51 ± 0.10c 0.48 ± 0.06d 0.23 ± 0.13bc 

MM-PE 0.77 ± 0.09a 0.69 ± 0.16a 0.14 ± 0.02a  0.89 ± 0.10b 0.80 ± 0.14bc 0.29 ± 0.19a 

MM-A 0.54 ± 0.09c 0.44 ± 0.07d 0.03 ± 0.01bc  1.11 ± 0.15a 0.97 ± 0.11a 0.25 ± 0.18b 

MM-C 0.59 ± 0.11bc 0.49 ± 0.12c 0.01 ± 0.01c  0.85 ± 0.21b 0.80 ± 0.18bc 0.10 ± 0.02d 

KC-CW 0.13 ± 0.01f 0.08 ± 0.01h 0.00 ± 0.00c  0.16 ± 0.03d 0.10 ± 0.02e 0.00 ± 0.00e 

KC-PJ 0.13 ± 0.02f 0.07 ± 0.01h 0.00 ± 0.00c  0.14 ± 0.02d 0.08 ± 0.01e 0.00 ± 0.00e 

KC-PE 0.12 ± 0.02f 0.07 ± 0.01h 0.00 ± 0.00c  0.88 ± 0.15b 0.68 ± 0.19c 0.10 ± 0.04d 

KC-CA 0.12 ± 0.02f 0.08 ± 0.01h 0.00 ± 0.00c  0.18 ± 0.04d 0.13 ± 0.02e 0.00 ± 0.00e 

KC-A 0.12 ± 0.02f 0.07 ± 0.01h 0.00 ± 0.00c  0.13 ± 0.02d 0.08 ± 0.01e 0.00 ± 0.00e 

KC-C 0.11 ± 0.02f 0.06 ± 0.01h 0.00 ± 0.00c  0.12 ± 0.01d 0.07 ± 0.01e 0.00 ± 0.00e 

16/8 

MM-CW 0.25 ± 0.03e 0.17 ± 0.03g 0.00 ± 0.00c  0.27 ± 0.03d 0.12 ± 0.01e 0.00 ± 0.00e 

MM-PJ 0.12 ± 0.02f 0.09 ± 0.03h 0.00 ± 0.00c  0.17 ± 0.03d 0.12 ± 0.02e 0.00 ± 0.00e 

MM-PE 0.40 ± 0.04d 0.26 ± 0.04f 0.06 ± 0.01b  0.27 ± 0.06d 0.11 ± 0.02e 0.12 ± 0.05cd 

MM-A 0.15 ± 0.02f 0.09 ± 0.02h 0.00 ± 0.00c  0.20 ± 0.02d 0.02 ± 0.02e 0.00 ± 0.00e 

MM-C 0.11 ± 0.01f 0.09 ± 0.01h 0.00 ± 0.00c  0.19 ± 0.02d 0.09 ± 0.02e 0.00 ± 0.00e 

KC-CW 0.12 ± 0.02f 0.09 ± 0.01h 0.00 ± 0.00c  0.19 ± 0.02d 0.11 ± 0.02e 0.00 ± 0.00e 

KC-PJ 0.13 ± 0.02f 0.09 ± 0.02h 0.00 ± 0.00c  0.24 ± 0.05d 0.17 ± 0.02e 0.00 ± 0.00e 

KC-PE 0.11 ± 0.02f 0.10 ± 0.01h 0.00 ± 0.00c  0.25 ± 0.05d 0.13 ± 0.03e 0.00 ± 0.00e 

KC-CA 0.12 ± 0.02f 0.09 ± 0.02h 0.00 ± 0.00c  0.15 ± 0.02d 0.11 ± 0.02e 0.00 ± 0.00e 

KC-A 0.13 ± 0.02f 0.08 ± 0.01h 0.00 ± 0.00c  0.16 ± 0.03d 0.12 ± 0.03e 0.00 ± 0.00e 
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KC-C 0.12 ± 0.02f 0.08 ± 0.01h 0.00 ± 0.00c  0.25 ± 0.04d 0.19 ± 0.02e 0.00 ± 0.00e 

*Means ± standard deviation within a column followed by the same letters are not significantly 

different at P ≤ 0.05, using Duncan’s multiple range test. MM, modified Malmgren (1996) 

terrestrial orchid medium; KC, Knudson C (1946; Morel modification) medium; CW, coconut 

water; PJ, pineapple juice; PE, peptone; A, additive: L-glutamine for MM, or L-glutamine plus 

folic acid for KC; C, control (no additives); CA, casein hydrolysate and folic acid.  
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Table 4.  Effect of different illumination regimes and medium compositions on embryo 

development of Spiranthes spiralis (L.) Chevall., 8 and 12 wk after sowing  

Lighting 

(Light/D

ark) 

Nutrient 

medium 

Spiranthes spiralis  Spiranthes spiralis 

8 wk  12 wk 

Height (mm) Width (mm) 

Shoot height 

(mm) 

 Height (mm) Width (mm) 

Shoot height 

(mm) 

0/24 

MM-CW 0.55 ± 0.03bcd 0.41 ± 0.02ab 0.00 ± 0.00a  0.69 ± 0.05def 0.45 ± 0.02bc 0.02 ± 0.00b 

MM-PJ 0.52 ± 0.18bcde 0.41 ± 0.03ab 0.00 ± 0.00a  0.67 ± 0.17def 0.39 ± 0.11bcd 0.00 ± 0.00b 

MM-PE 0.58 ± 0.15bc 0.42 ± 0.03a 0.00 ± 0.00a  0.93 ± 0.19bc 0.63 ± 0.18a 0.03 ± 0.01b 

MM-A 0.36 ± 0.06ghi 0.28 ± 0.06def 0.00 ± 0.00a  0.75 ± 0.19cde 0.35 ± 0.05cde 0.05 ± 0.01b 

MM-C 0.28 ± 0.05hi 0.20 ± 0.02gh 0.00 ± 0.00a  0.35 ± 0.17i 0.22 ± 0.08g 0.00 ± 0.00b 

KC-CW 0.59 ± 0.05bc 0.35 ± 0.07abcd 0.00 ± 0.00a  0.65 ± 0.05defg 0.42 ± 0.03bc 0.00 ± 0.00b 

KC-PJ − − −  − − − 

KC-PE 0.54 ± 0.09bcde 0.38 ± 0.09abc 0.00 ± 0.00a  0.66 ± 0.18defg 0.35 ± 0.04cde 0.03 ± 0.01b 

KC-CA 0.39 ± 0.05fghi 0.27 ± 0.04def 0.00 ± 0.00a  0.62 ± 0.15defg 0.30 ± 0.04defg 0.00 ± 0.00b 

KC-A 0.39 ± 0.07fghi 0.33 ± 0.04cdef 0.00 ± 0.00a  0.65 ± 0.17defg 0.34 ± 0.03cdef 0.00 ± 0.00b 

KC-C 0.40 ± 0.03fghi 0.31 ± 0.03cdef 0.00 ± 0.00a  0.54 ± 0.03gh 0.35 ± 0.04cde 0.00 ± 0.00b 

16/8 

MM-CW 0.63 ± 0.05ab 0.31 ± 0.03cdef 0.00 ± 0.00a  0.89 ± 0.22bc 0.41 ± 0.13bcd 0.07 ± 0.01b 

MM-PJ 0.53 ± 0.04bcde 0.29 ± 0.04def 0.00 ± 0.00a  0.90 ± 0.10bc 0.47 ± 0.19b 0.03 ± 0.00b 

MM-PE 0.73 ± 0.19a 0.40 ± 0.08ab 0.00 ± 0.00a  1.17 ± 0.10a 0.66 ± 0.20a 0.50 ± 0.20a 

MM-A 0.29 ± 0.04i 0.20 ± 0.02gh 0.00 ± 0.00a  0.49 ± 0.15fghi 0.26 ± 0.05efg 0.00 ± 0.00b 

MM-C 0.31 ± 0.04i 0.17 ± 0.02h 0.00 ± 0.00a  0.44 ± 0.15ghi 0.23 ± 0.07g 0.00 ± 0.00b 

KC-CW 0.62 ± 0.10abc 0.35 ± 0.09abcd 0.00 ± 0.00a  0.84 ± 0.10bcd 0.42 ± 0.13bcd 0.03 ± 0.01b 

KC-PJ 0.64 ± 0.12ab 0.34 ± 0.05bcde 0.00 ± 0.00a  0.83 ± 0.10bcd 0.40 ± 0.06bcd 0.02 ± 0.00b 

KC-PE − − −  − − − 

KC-CA 0.44 ± 0.12defg 0.28 ± 0.02def 0.00 ± 0.00a  0.44 ± 0.14ghi 0.23 ± 0.03fg 0.00 ± 0.00b 

KC-A 0.42 ± 0.10efgh 0.27 ± 0.04ef 0.00 ± 0.00a  0.50 ± 0.09fghi 0.30 ± 0.05defg 0.00 ± 0.00b 
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KC-C 0.42 ± 0.05efgh 0.26 ± 0.06fg 0.00 ± 0.00a  0.43 ± 0.06ghi 0.26 ± 0.04efg 0.00 ± 0.00b 

*Means ± standard deviation within a column followed by the same letters are not significantly 

different at P ≤ 0.05, using Duncan’s multiple range test. MM, modified Malmgren (1996) 

terrestrial orchid medium; KC, Knudson C (1946; Morel modification) medium; CW, coconut 

water; PJ, pineapple juice; PE, peptone; A, additive: L-glutamine for MM, or L-glutamine plus 

folic acid for KC; C, control (no additives); CA, casein hydrolysate and folic acid.  
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Legends 

 

Figure 1.  Effect of photoperiod and nutrient medium on germination and protocorm formation of 

Himantoglossum jankae Somlyay, Kreutz & Óvári measured at (a) 8 wk; and (b), 12 wk after 

sowing. Stages as described in Table 2. MM, modified Malmgren (1996) terrestrial orchid 

medium; KC, Knudson C (1946; Morel modification) medium; CW, coconut water; PJ, pineapple 

juice; PE, peptone; A, additive: L-glutamine for MM, or L-glutamine plus folic acid for KC; C, 

control (no additives); CA, casein hydrolysate and folic acid. Bars marked by the same letters are 

not significantly different at P ≤ 0.05.  

 

 

Figure 2.  Effect of photoperiod and nutrient medium on germination and protocorm formation of 

Spiranthes spiralis (L.) Chevall. measured at (a) 8 wk; and (b), 12 wk after sowing. Stages as 

described in Table 2. MM, modified Malmgren (1996) terrestrial orchid medium; KC, Knudson C 

(1946; Morel modification) medium; CW, coconut water; PJ, pineapple juice; PE, peptone; A, 

additive: L-glutamine for MM, or L-glutamine plus folic acid for KC; C, control (no additives); 

CA, casein hydrolysate and folic acid. Bars marked by the same letters are not significantly 

different at P ≤ 0.05.  

 

 

Figure 3.  Cytokinin influence on the seedling development of Spiranthes spiralis (L.) Chevall. 

and Himantoglossum jankae Somlyay, Kreutz & Óvári: (a) plant height (in cm); (b) number of 

leaves; (c) number of roots; (d) root length (in cm). Basal modified Malmgren (MM; 1996) 

medium was supplemented with 0.3 mg L−1 6-benzyladenine (BA; MM1), 0.6 mg L−1 BA (MM2), 
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1.2 mg L−1 BA (MM3); 0.3 mg L−1 6-(γ,γ-dimethylallylamino)purine (2iP; MM4), 0.6 mg L−1 2iP 

(MM5), 1.2 mg L−1 2iP (MM6); 0.3 mg L−1 kinetin (Kin; MM7), 0.6 mg L−1 Kin (MM8), 1.2 

mg L−1 Kin (MM9); or control without cytokinins (MM10). 

 

Figure 4.  Asymbiotic germination, protocorm formation, and seedling development of 

Himantoglossum jankae Somlyay, Kreutz & Óvári. (a) Embryo (arrow) enveloped tightly by the seed 

coat. (b) Formation of rhizoids after 8 wk in continual darkness. (c) Well developed protocorm with 

rhizoids and shoot (arrow) formation; (d) Formation of the first leaf (arrow) 12 wk after sowing; (e) 

development of seedlings cultured on modified Malmgren (MM; 1996) medium supplemented with 0.6 

mg L−1 6-benzyladenine; (f) Well-developed seedlings 6 mo after sowing. (a – d) Scale bars, 5 mm total 

length, 1 mm increments; (e) scale bar, 1 cm; (f) ruler in cm. 

 

 

Figure 5.  Asymbiotic germination, protocorm formation, and seedling development of 

Spiranthes spiralis (L.) Chevall. (a) Swollen embryo (arrow) with rupture of the seed coat; (b) 

Protocorm formation; (c) Protocorm with rhizoids and well developed shoot (arrow); (d) 

Formation of first (arrow) and second leaf on explants cultured in light conditions. (e) Well-

developed seedlings 6 mo after sowing. (a – d) Scale bars, 5 mm total length, 1 mm increments; 

(e) ruler in cm. 
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Fig. 1 

 

 

Fig. 2 

Table 4.  Effect of different illumination regimes and medium compositions on embryo 

development of Spiranthes spiralis (L.) Chevall., 8 and 12 wk after sowing  

Lighting 

(Light/D

ark) 

Nutrient 

medium 

Spiranthes spiralis  Spiranthes spiralis 

8 wk  12 wk 

Height (mm) Width (mm) 

Shoot height 

(mm) 

 Height (mm) Width (mm) 

Shoot height 

(mm) 

0/24 

MM-CW 0.55 ± 0.03bcd 0.41 ± 0.02ab 0.00 ± 0.00a  0.69 ± 0.05def 0.45 ± 0.02bc 0.02 ± 0.00b 

MM-PJ 0.52 ± 0.18bcde 0.41 ± 0.03ab 0.00 ± 0.00a  0.67 ± 0.17def 0.39 ± 0.11bcd 0.00 ± 0.00b 

MM-PE 0.58 ± 0.15bc 0.42 ± 0.03a 0.00 ± 0.00a  0.93 ± 0.19bc 0.63 ± 0.18a 0.03 ± 0.01b 

MM-A 0.36 ± 0.06ghi 0.28 ± 0.06def 0.00 ± 0.00a  0.75 ± 0.19cde 0.35 ± 0.05cde 0.05 ± 0.01b 

MM-C 0.28 ± 0.05hi 0.20 ± 0.02gh 0.00 ± 0.00a  0.35 ± 0.17i 0.22 ± 0.08g 0.00 ± 0.00b 
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KC-CW 0.59 ± 0.05bc 0.35 ± 0.07abcd 0.00 ± 0.00a  0.65 ± 0.05defg 0.42 ± 0.03bc 0.00 ± 0.00b 

KC-PJ − − −  − − − 

KC-PE 0.54 ± 0.09bcde 0.38 ± 0.09abc 0.00 ± 0.00a  0.66 ± 0.18defg 0.35 ± 0.04cde 0.03 ± 0.01b 

KC-CA 0.39 ± 0.05fghi 0.27 ± 0.04def 0.00 ± 0.00a  0.62 ± 0.15defg 0.30 ± 0.04defg 0.00 ± 0.00b 

KC-A 0.39 ± 0.07fghi 0.33 ± 0.04cdef 0.00 ± 0.00a  0.65 ± 0.17defg 0.34 ± 0.03cdef 0.00 ± 0.00b 

KC-C 0.40 ± 0.03fghi 0.31 ± 0.03cdef 0.00 ± 0.00a  0.54 ± 0.03gh 0.35 ± 0.04cde 0.00 ± 0.00b 

16/8 

MM-CW 0.63 ± 0.05ab 0.31 ± 0.03cdef 0.00 ± 0.00a  0.89 ± 0.22bc 0.41 ± 0.13bcd 0.07 ± 0.01b 

MM-PJ 0.53 ± 0.04bcde 0.29 ± 0.04def 0.00 ± 0.00a  0.90 ± 0.10bc 0.47 ± 0.19b 0.03 ± 0.00b 

MM-PE 0.73 ± 0.19a 0.40 ± 0.08ab 0.00 ± 0.00a  1.17 ± 0.10a 0.66 ± 0.20a 0.50 ± 0.20a 

MM-A 0.29 ± 0.04i 0.20 ± 0.02gh 0.00 ± 0.00a  0.49 ± 0.15fghi 0.26 ± 0.05efg 0.00 ± 0.00b 

MM-C 0.31 ± 0.04i 0.17 ± 0.02h 0.00 ± 0.00a  0.44 ± 0.15ghi 0.23 ± 0.07g 0.00 ± 0.00b 

KC-CW 0.62 ± 0.10abc 0.35 ± 0.09abcd 0.00 ± 0.00a  0.84 ± 0.10bcd 0.42 ± 0.13bcd 0.03 ± 0.01b 

KC-PJ 0.64 ± 0.12ab 0.34 ± 0.05bcde 0.00 ± 0.00a  0.83 ± 0.10bcd 0.40 ± 0.06bcd 0.02 ± 0.00b 

KC-PE − − −  − − − 

KC-CA 0.44 ± 0.12defg 0.28 ± 0.02def 0.00 ± 0.00a  0.44 ± 0.14ghi 0.23 ± 0.03fg 0.00 ± 0.00b 

KC-A 0.42 ± 0.10efgh 0.27 ± 0.04ef 0.00 ± 0.00a  0.50 ± 0.09fghi 0.30 ± 0.05defg 0.00 ± 0.00b 

KC-C 0.42 ± 0.05efgh 0.26 ± 0.06fg 0.00 ± 0.00a  0.43 ± 0.06ghi 0.26 ± 0.04efg 0.00 ± 0.00b 

*Means ± standard deviation within a column followed by the same letters are not significantly 

different at P ≤ 0.05, using Duncan’s multiple range test. MM, modified Malmgren (1996) 

terrestrial orchid medium; KC, Knudson C (1946; Morel modification) medium; CW, coconut 

water; PJ, pineapple juice; PE, peptone; A, additive: L-glutamine for MM, or L-glutamine plus 

folic acid for KC; C, control (no additives); CA, casein hydrolysate and folic acid.  
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Fig. 3 
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Fig. 4 
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Fig. 5 


