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Abstract 

Orchidaceae is the second-largest family among flowering plants; one of the most fascinating characteristics is the morphology 

of the seed. One of the most important complications is that orchid seeds are tiny and lack endosperm, meaning they almost 

entirely depend on outside sources for nutrients while germinating or developing. The main objective of this review is to give a 

summary of the present methods being used in orchid germination, highlighting symbiotic and asymbiotic methods. Symbiotic 

germination requires interaction with mycorrhizal fungi, which provide the necessary nutrients and support for seedling growth. 

However, in asymbiotic approaches, controlled conditions are provided to promote germination by using nutrient-rich media. 

The article also highlights some of these advances that have taken place recently and ways that could be adopted to improve their 

effectiveness in the future. For example, the effectiveness and ability to grow orchids have improved due to recent developments 

in tissue culture and biotechnology. This study relies on applying the analytical approach to previous relevant studies on the 

subject. Nevertheless, further research is needed to refine these techniques and improve their usability in orchid conservation. To 

summarize, while significant progress has been achieved in understanding and enhancing orchid germination processes, further 

study and innovation are required. By resolving remaining issues and investigating new approaches, it may be possible to better 

assist orchid conservation and encourage the long-term cultivation of these wonderful plants. 

Keywords 

Orchid, Seed Germination, Symbiotic, Asymbiotic, Orchidaceae 

 

1. Introduction 

As one of the largest families of flowering plants, Orchi-

daceae is well known for its high diversity and complex life 

cycles [17]. The use of orchids as an economically important 

plant reduces their native population, which highlights the 

need for conservation [17]. As a result of increased demand 

for medicinal and horticultural uses, the Orchidaceae needs 

innovative reproduction techniques that are appropriate for 

the market and conservation [21]. The seeds of orchids are 

very small, the shape of the seed is ‘dust-like’, and the seed 

coat is usually very thin, ranging from one to several cell 

layers in thickness [13]. One of the factors that contribute to 

poor germination is the seed's tiny size. Since seeds are di-

rectly responsible for the regeneration and distribution of 

species, they hold a pivotal role in orchid conservation efforts 

[24]. Furthermore, other parameters that impact orchid seed 

germination include mycorrhizal fungus association, light 

conditions, temperature, moisture, substrate composition, gas 

exchange, seed viability and age, hormonal signals, and 
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dormancy mechanisms [3, 20], all of which are described in 

this paper. 

The studies of the germination of orchid seeds have been 

done by using both symbiotic and asymbiotic methods of 

research [4]. Symbiotic techniques include placing the orchid 

seeds in contact with mycorrhiza fungus, which provides 

important nutrients for seed germination. Symbiotic ap-

proaches on the other hand involve the use of an artificial 

nutrition medium under a controlled environment to deliver 

the necessary nutrients for seed germination. 

Understanding the ecology of orchids and their fungus 

companions in their native environments may improve 

methods of management and assist in translocation [7]. The 

issues and achievements in germinating orchids are very 

challenging and offer some great prospects in the field of 

orchid conservation. Symbiotic and asymbiotic techniques are 

used in these efforts and more studies are needed to improve 

the management and preservation of these plants. 

Nevertheless, the efficiency and applicability of these 

strategies may vary depending on the orchid species and the 

surrounding conditions. This study suggests that a complete 

understanding of these strategies and their underlying mech-

anisms might lead to more effective conservation efforts for 

endangered orchid species. 

2. Biology of Orchid Seed 

Orchids are known for producing the smallest seeds among 

seed-bearing plants, with sizes ranging from 0.05 to 6 milli-

meters or weights ranging from 0.31 to 24 micrograms [19]. 

The orchid produces large numbers of seeds, but the germi-

nation rates of these seeds are low, typically less than 1% [24]. 

Orchid seeds do not have endosperm, which is the nutritive 

tissue responsible for embryo development and seed germi-

nation [18]. Hence, all Orchidaceae members produce seeds 

that depend on mycorrhizal fungi to complete their life cycle 

in their natural habitat [19]. Seeds have a very simple cellular 

architecture. They made up of an undifferentiated mass of 

embryonic cells covered with a seed coat that is either trans-

parent or visible [24]. 

The species also showed seed shape variations such as fu-

siform, spathulate, ovoid, and filiform, the color of seeds also 

varies including orange yellow, brownish yellow, yellow, 

white, pale yellow, golden yellow, and light yellow [23]. 

3. Symbiotic Germination 

Symbiotic germination is a natural process in which or-

chid seeds create a symbiotic association with a certain 

species of fungus. Many experiments conducted that 

demonstrate the relationship between fungi and orchid 

germination found that the external changes induced by the 

fungus are sufficient to explain germination when the fungus 

is present. These changes include the digestion of starch, the 

formation of sugar, and the production of a favorable hy-

drogen ion concentration; these changes alone are adequate 

to induce germination [12]. 

Mycorrhizae perform an essential role in plant development 

and growth [27]. In mycorrhizal symbioses, fungi provide soil 

mineral nutrients like nitrogen and phosphorus to their host 

plants as a trade for carbon resources [27]. 

3.1. Mechanism of Symbiotic Germination 

The symbiotic process begins with the development of 

protocorms [2]. Which is the embryonic form of orchids. It 

has a unique structure designed for mycorrhizal establishment 

and aims to form a shoot apical meristem for plantlet estab-

lishment [28]. Orchid relies on symbiotic fungi for nutrition, 

including carbon compounds, during the initial seedling stage 

[25]. 

Mycorrhizal fungi, such as Arbuscular mycorrhizal fungi 

(AMF), play an important role in orchid development and 

seed germination. Most terrestrial plants have symbiotic re-

lationships with AMF [5]. By expanding the root's absorbing 

region, these soil organisms help the plant uptake nutrients 

and plant carbohydrates given to the symbiont in exchange for 

ending its life cycle [5]. 

A study about the seed-fungus effect in orchid germination 

found that these fungus have great potential for use as prop-

agules in orchid conservation due to their practical advantages 

such as low-cost mass seedling production, convenient 

transportation, controllable seedling quantity and density, 

ease of use in the field, and environmentally friendly biode-

gradable materials [26]. 

3.2. In-vitro Versus In-situ Symbiotic 

Germination 

The in-vitro process involves cultivating orchid seeds in a 

nutrient medium containing the necessary mineral nutrients 

and some plant growth regulators under controlled condi-

tions. To perform this symbiotic process in the laboratory, the 

seeds and the appropriate fungus were inoculated on a solid 

agar medium [17]. This method could be combined with other 

factors for germination, including nutrients, photoperiod, 

temperature, and plant hormones [27]. A study about in-vitro 

germination for orchid seeds found that S. brevilabris main-

tains a high degree of mycobiont specificity under in vitro 

symbiotic seed germination conditions [22]. The in-vitro 

symbiotic seed germination method should be useful for both 

commercial and conservation purposes [1]. 

In-situ means that the orchid seed germination is done in 

their natural habitat. In their native habitat, orchids rely on 

endophytic mycorrhizal fungus to provide them with minerals 

and carbohydrates [22]. It was utilized as an innovative res-

toration-friendly technique for endangered orchid species [21]. 

This method was found to be more cost-effective and resulted 

in higher survival rates in the field compared to the in-vitro 
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technique [21]. One study suggests that advanced in situ 

germination techniques should include a secure sowing site 

that fosters a warm microhabitat with high and consistent 

humidity while allowing light penetration to promote germi-

nation [21]. 

A study aimed at assessing the effectiveness of in vitro and 

in situ symbiotic seed germination revealed that in situ seed 

germination, extending up to the seedling stage, achieved the 

highest success rate at 86.85%. In contrast, the in vitro seed 

germination method demonstrated comparatively lower ger-

mination rates, reaching 60.34% up to the protocorm for-

mation stage [7]. 

4. Asymbiotic Germination 

Asymbiotic germination is a technique used to propagate 

orchids in vitro without the involvement of their typical fun-

gal symbionts. This method substitutes the role of mycorrhi-

zal fungi with an asymbiotic medium, enabling effective 

germination and propagation of orchid seeds [14]. 

Asymbiotic seed germination is a more straightforward pro-

cess because mycobionts do not need to be isolated to germinate 

orchid seeds [10]. Populations of orchids established with 

asymbiotic seedlings remain dependent on naturally occurring 

fungal symbionts for seedling recruitment [10]. That is because 

even after germination, orchid seedlings still rely on fungus for 

development and survival [2]. Thus, orchids and their mycor-

rhizal fungus have a complicated and crucial interaction, which 

influences not only seed germination but also the continued 

health and survival of orchid populations. 

4.1. Mechanism of Asymbiotic Germination 

Orchids produce seeds that have a hard testa [8]. This lig-

nified testa plays a crucial role in orchid seed germination; it 

serves as a barrier to water absorption and embryo growth [9]. 

To prevent this, the seeds are often treated with sodium hy-

pochlorite (NaOCl), which softens and removes the testa. In 

addition, this method sterilizes the seeds [2]. 

Asymbiotic seed germination is the technique in which nu-

trients are delivered to seeds from the growing medium, replac-

ing mycorrhizae [11]. During germination, the embryo within 

the seed begins to take in water and nutrients from the sur-

rounding environment. The medium contains essential nutrients 

for the germination and growth of orchid seeds, enabling them to 

mature into fully developed plants [15]. After the seedlings have 

grown, they can be moved to their native environment. 

One study investigated the asymbiotic seed germination 

and in vitro seedling development of Bletia purpurea, a 

threatened North American native terrestrial orchid. Six dif-

ferent asymbiotic orchid seed germination media were tested 

for their efficiency in seed germination. The resulting seed-

lings were effectively acclimatized to greenhouse conditions, 

helping to conserve B. purpurea by providing a viable seed 

propagation strategy [6]. 

4.2. Advantages and Drawbacks of Asymbiotic 

Germination 

The advantages of asymbiotic germination processes in-

clude easier management than symbiotic methods [2]. In 

addition to their ease of management, asymbiotic germination 

methods enable rapid and large-scale in vitro plantlet devel-

opment. Furthermore, they enable direct research into signif-

icant factors influencing several biological aspects of orchid 

life [2]. 

An in vitro study on orchid seeds revealed that treating the 

seeds with 0.1% hydrogen peroxide (H₂O₂) and 0.1% potassium 

nitrate (KNO₃) significantly increased germination rates [16]. 

The disadvantages of asymbiotic germination include spe-

cies-specific requirements, as orchids' developmental de-

mands vary widely within the family, notably between trop-

ical and temperate species, requiring the use of different 

techniques [11]. Furthermore, there are acclimatization con-

cerns since in vitro asymbiotic germination may result in 

seedlings treated with readily available nutrients and optimal 

growth conditions. This might cause issues. 

5. Conclusion 

In conclusion, the conservation of orchids involves the 

need for new and efficient means of propagation due to the 

challenges posed by the dropping population and increasing 

demand. Symbiotic and asymbiotic germination strategies are 

involved in this process and they offer advantages but also 

pose new challenges. 

Although using symbiotic germination, which is based on 

mutualistic mycorrhiza, is a natural way, in the given conditions, 

more convenient propagation techniques are asymbiotic ones. 

However, both strategies still require more research to improve 

them for other kinds of orchids as well as the widespread cli-

matically different conditions. The knowledge learned in the 

present status of orchid biology and the development of propa-

gation Technologies shall help secure these wonderful and useful 

plant species for future generations. 
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