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[Abstract] Symbiotic orchid seed germination in an in vitro system allows the growth of 

mycorrhizal protocorms and plantlets for scientific purposes. Orchids in nature need to 

establish a mycorrhizal symbiosis with fungal partners to germinate and develop into adult 

plants. Here we present a protocol for symbiotic germination of the terrestrial Mediterranean 

green meadow orchid Serapias vomeracea. The fungal symbiont Tulasnella calospora (T. 

calospora) (Basidiomycetes, Cantharellales) was chosen because of its common occurrence 

(Girlanda et al., 2011), its ability to grow in culture and compatibility in germination assays. T. 

calospora is one of the most common rhizoctonia-like fungi associated with terrestrial as well 

as epiphytic orchids.  

 

Materials and Reagents 

 

1. Serapias vomeracea seeds (collected in the field, in the north-west Mediterranean 

meadows of Italy; seeds from this orchid species could be retrieved through “index 

seminum” of international botanic gardens or germplasm banks) 

2. Tulasnella calospora inoculum (strain MUT 4182) (previously grown in sterile culture on 

MEA medium) 

3. Sterile double deionized water (neutral pH) 

4. Tween-20 (Sigma-Aldrich, catalog number: P2287) 

5. Milled oats (retrieved from organic shops) 
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6. Malt Extract (Sigma-Aldrich, Fluka, catalog number: 70167) 

7. Ethanol (Sigma-Aldrich, Fluka, catalog number: 02860) 

8. 5% sodium hypochlorite (commercial bleach) 

9. Agar (Sigma-Aldrich, catalog number: A1296) 

10. Glucose (Sigma-Aldrich, catalog number: G8270) 

11. Peptone (Sigma-Aldrich, Fluka, catalog number: P5905) 

12. Sterilizing solution (see Recipes) 

13. Solid oat medium (see Recipes) 

14. MEA medium (see Recipes) 

 

Equipment 

 

1. Balance 

2. Small spatula 

3. Small metal forceps  

4. Sterile 10 x 10 mm Whatman No.1 filter paper 

5. Lancets 

6. 2.0 ml centrifuge tubes 

7. Micropipette 

8. Filter tips 

9. Centrifuge 

10. Vortex 

11. Timer 

12. Laminar flow hood 

13. Petri dishes (9 cm diameter) 

14. Parafilm (Sigma-Aldrich, catalog number: P7793) 

15. Bunsen burner 

16. Climatic chamber (Binder GmbH) 
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Procedure 

 

1. Wipe the working area with ethanol and alcohol/flame sterilize the spatula. 

2. Wipe the laminar flow hood and alcohol/flame sterilize the forceps and the lancets. All 

steps must be carried out under laminar flow hood. 

3. Fill about 25 mg of Serapias vomeracea seeds for each 2.0 ml centrifuge tube, being 

careful to bring down all the seeds to the bottom of the centrifuge tube. For this purpose, 

centrifuge all the tubes at maximum speed with their lids open for 1 min. Make sure not 

to leave any remains of seeds on the cap edge; these seeds will not be sterilized and 

may contaminate those sterilized.  

4. Sterilize seeds adding 1 ml of sterilizing solution for each tube and start immediately 

the timer; mix well and place on vortex for 18 min.  

5. After this, centrifuge at maximum speed for 1 min and, quickly replace Sterilizing 

solution with 1 ml of sterile deionized water. Incubate for 5 min and repeat this washing 

step three times. To avoid collecting seeds in the tip while change washing water, 

briefly centrifuge to bring down all the seeds to the bottom of the centrifuge tube. 

Note: Steps 4 and 5 must be completed within 20 min. 

6. Using sterile forceps, spread 4-10 squares of Whatman No.1 filter paper (10 x 10 mm) 

spaced equally on a petri dish filled with 25 ml of Solid oat medium as shown in the 

Figure 1. Gently place the seeds spread out on the filter paper squares using pipette 

and filter tips. Normally it is recommended to prepare from 10 to 20 petri dishes.  

Note: each filter piece of paper will be a replicate and the number of squares indicated 

above is the minimum and the maximum to use in a single petri dish, as how many 

replicates you need. 

7. Inoculate each petri dish with Tulasnella calospora (AL13/D strain). Inoculum consist of 

a 3 x 3 mm portion of actively growing mycelium (from pure culture on MEA medium) 

cut with sterile lancets from the petri dish of the fungal pure culture, placed in the center 

of capsule using sterile lancets (Figure 1). Control plates were left uninoculated. 
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8. Seal petri dishes with Parafilm and aluminum sheet (to ensure darkness) and place in a 

climatic chamber at stable temperature of 20 °C (Figure 2). 

9. Seeds are considerable to be germinated when protocorms developed from imbibed 

seeds after 15-30 days. After this time, well developed protocorms, start to grow in 

plantlets with leaves. Well-developed plantlets may be exposed at light with 

photoperiod of 16 h of light (20-25 °C) and 8 h of dark (18-20 °C) (Figure 3).  

 

Representative data 

 

 
Figure 1. Representative scheme of germination assay [modified from Ercole (2014)] 

 

 
Figure 2. Developed protocorms after 15-30 days of dark incubation 
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Figure 3. Developed protocorms after 45 days (30 days of darkness and 15 days of light 

exposure) 
 

The reproducibility of the symbiotic seed germination of S. vomeracea with T. calospora is 

usually successful. In some cases we noted low germination percentage due to seed viability 

mainly. Viability test on seeds allow to evaluating a priori the success rate.  Percentage of 

germination can be evaluated by count of all seeds at time zero (all seeds sown) and the 

germinated seeds at time 15, 30 and 45 days. Usually we reported high percentage of 

germination (from 95% at time 15 days, to 60% at time 45 days). The decrease of the 

percentage of germination from time 15 days to time 45 days is mainly due to “natural 

selection” and/or competition between seeds (seeds with a high growth rate grow at the 

detriment of slower). 

 

Notes 

 

Note that this protocol can be applied to many different orchid and fungus species, with 

some modification in the sterilization time of seeds. Every orchid species has different 

seeds with different teguments, so the sterilization time depends on this. In some cases 

success of germination depends on compatibility between orchid and fungus; indeed, not 

all fungi (also in the Rhizoctonia-form genus) can germinate orchid seeds. 

  

Recipes 

 

1. Sterilizing solution (1% sodium hypochlorite) (100 ml) 
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Sodium hypochlorite 5% (w/v) 20 ml 

Add deionized water to 100 ml final volume 

Stir well to mix 

Add 100 µl of Tween-20 to the solution 

2. Solid oat medium (0.3% milled oats, 1% agar) (1 L) 

Milled oats 3 g 

Agar 10 g 

Add deionized water to 1 L final volume 

Autoclave for 20 min 

3. MEA medium (1.8% malt extract, 2.0% agar, 2.0% glucose, 0.2% peptone) (1 L) 

Malt Extract 18 g 

Agar 20 g 

Glucose 20 g 

Peptone 2 g 

Add deionized water to 1 L final volume 

Autoclave for 20 min 
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