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Abstract— Orchids (Orchidaceae) are a diverse plant family known for their unique nutritional adaptations, allowing them 

to thrive in a variety of ecosystems. This five-year study explores the intricate nutrient acquisition strategies of orchids in the 

Western Ghats, particularly in the Wayanad region, a biodiversity hotspot with a rich diversity of epiphytic and terrestrial 

orchid species. The research investigates five primary nutritional pathways: mycorrhizal symbiosis, atmospheric nutrient 

absorption, rainwater uptake, organic matter decomposition, and specialized root structures. A critical aspect of orchid 

survival is their reliance on mycorrhizal fungi, particularly during early developmental stages, where fungal partners provide 

essential nutrients in the absence of endosperm. Additionally, epiphytic orchids demonstrate the ability to absorb nitrogen and 

carbon dioxide from the atmosphere, supplementing their nutrient intake. Rainwater serves as a primary source of hydration 

and dissolved minerals, particularly in the high-humidity environments of the Western Ghats. Orchids growing in terrestrial 

conditions benefit from organic matter decomposition, utilizing nutrients released from decaying leaves and animal residues. 

Specialized root structures, such as velamen-covered aerial roots, enhance water and nutrient absorption efficiency. 

This study, conducted by an experienced plant conservation fellow, combines field observations, laboratory analyses, and 

greenhouse experiments to provide practical conservation insights. Findings highlight the importance of preserving natural 

orchid habitats, maintaining fungal diversity, and understanding climate-related challenges to orchid survival. These insights 

contribute to orchid conservation efforts, sustainable propagation techniques, and ecological research on plant-fungi 

interactions in tropical environments.  
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I. INTRODUCTION 

Orchids (Orchidaceae) represent one of the largest and most diverse plant families, with over 25,000 species distributed across 

various ecosystems worldwide. They are particularly well-adapted to different climatic conditions, ranging from tropical 

rainforests to temperate and alpine regions. The Western Ghats, a UNESCO World Heritage site, is home to a significant 

number of orchid species, many of which are endemic and play crucial ecological roles in their habitats. The unique 

environmental conditions of this region, including high humidity, varied elevation, and dense forest cover, contribute to the 

remarkable diversity of orchids. 

Within the Western Ghats, the Wayanad region stands out as an important hotspot for orchid diversity. The area is characterized 

by tropical evergreen and semi-evergreen forests, grasslands, and montane ecosystems that provide ideal conditions for both 

epiphytic and terrestrial orchids. Epiphytic orchids, which grow on trees without drawing nutrients from their hosts, rely heavily 

on atmospheric moisture, rainwater, and nutrient-rich organic debris. Terrestrial orchids, on the other hand, thrive in the forest 

understory, where they depend on soil nutrients and symbiotic mycorrhizal fungi for growth and survival. 

Despite their ecological importance, orchids in the Wayanad region face numerous threats, including habitat destruction, 

climate change, and overcollection for commercial purposes. Understanding their nutritional strategies is crucial for developing 

effective conservation measures. This study, conducted over five years, aims to investigate the various environmental factors 

influencing orchid nutrition, with a particular focus on their reliance on mycorrhizal fungi, atmospheric nutrient absorption, 
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rainwater uptake, and organic matter decomposition. By examining these mechanisms, this research provides valuable insights 

into orchid ecology and proposes practical conservation strategies to ensure the survival of these vulnerable species in their 

native habitat. 

The findings of this study have significant implications for plant conservation efforts, particularly in the context of biodiversity 

preservation in the Western Ghats. The results will contribute to a deeper understanding of orchid survival strategies and inform 

future policies and conservation initiatives aimed at protecting these delicate and ecologically significant plants. 

II. METHODOLOGY 

This longitudinal study was conducted across various elevations in Wayanad, including tropical evergreen forests and montane 

regions. The study involved field observations, controlled greenhouse experiments, and laboratory analyses of root structures, 

fungal associations, and nutrient uptake patterns. Key methods included: 

 Mycorrhizal analysis:  

 Airborne nutrient quantification:. 

 Rainwater nutrient composition. 

 Organic matter decomposition studies:  

 Root absorption efficiency 

The study methodologies with examples of common wild orchids found in the Wayanad region of the Western Ghats. 

TABLE 1 

EXAMPLES OF COMMON WILD ORCHIDS FOUND IN THE WAYANAD REGION  

Methodology Description 

Common Wild 

Orchids in 

Wayanad 

Findings & Significance 

Mycorrhizal 

Analysis 

DNA sequencing and microscopy to 

identify fungal partners aiding orchid 

nutrition. 

Vanda tessellata, 

Dendrobium 

macraei 

Strong symbiotic relationships 

with mycorrhizal fungi, crucial for 

seed germination. 

Airborne 

Nutrient 

Quantification 

Measuring nitrogen and carbon dioxide 

absorption rates at different altitudes. 

Oberonia ensiformis, 

Aerides ringens 

Epiphytic orchids at higher 

altitudes showed enhanced 

airborne nutrient absorption. 

Rainwater 

Nutrient 

Composition 

Analyzing minerals and trace elements 

in rainwater absorbed by orchids. 

Pholidota imbricata, 

Rhynchostylis retusa 

Orchids efficiently utilize 

rainwater as a primary nutrient 

source in high humidity regions. 

Organic Matter 

Decomposition 

Studies 

Assessing the role of decomposing 

leaves, animal droppings, and dead plant 

material in nutrition. 

Habenaria 

longicorniculata, 

Goodyera procera 

Terrestrial orchids benefit from 

decayed organic matter and 

microbial interactions. 

Root 

Absorption 

Efficiency 

Evaluating specialized root structures 

under varying soil compositions and 

humidity conditions. 

Bulbophyllum 

neilgherrense, 

Anoectochilus 

roxburghii 

Presence of velamen layers 

enhances water and nutrient 

retention, aiding survival in 

different microhabitats. 

 

III. RESULTS AND DISCUSSION 

3.1 Mycorrhizal Fungi and Orchid Nutrition: 

Our findings confirm that orchids in the Wayanad region depend significantly on mycorrhizal fungi, particularly during seed 

germination. Field studies revealed that certain fungal species were more prevalent at different elevations, indicating a strong 

ecological connection between orchid survival and fungal diversity in the Western Ghats. This symbiotic relationship ensures 

that orchids can access nutrients in nutrient-poor environments, a trait shared with many common wild orchids found in other 

tropical and temperate regions. However, differences exist in the specificity of fungal associations, with orchids in Wayanad 

showing a higher dependency on endemic fungal species compared to generalist fungi that associate with common wild orchids. 
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3.2 Airborne Nutrients as a Supplementary Source: 

Orchids demonstrate the ability to absorb nitrogen and carbon dioxide from the air through their leaves. The study observed 

that epiphytic orchids, often found in the upper canopy of Wayanad’s forests, were highly efficient in utilizing atmospheric 

nutrients due to their exposure to mist and humidity. In comparison, common wild orchids, especially those in temperate zones, 

exhibit lower efficiency in absorbing airborne nutrients due to drier atmospheric conditions and reduced humidity levels. 

3.3 Role of Rainwater in Orchid Hydration and Nutrition: 

Rainwater was found to be a primary water source, carrying dissolved minerals essential for orchid nutrition. Wayanad’s high 

rainfall provided ample hydration, but seasonal variations influenced nutrient availability, affecting orchid growth cycles. 

Common wild orchids, particularly those found in arid and temperate climates, rely more on dew and occasional rainfall for 

hydration, often exhibiting drought-resistant adaptations. 

3.4 Organic Matter and Nutrient Cycling: 

Accumulated organic debris such as fallen leaves and animal droppings significantly contributed to the nutrient supply of 

terrestrial orchids. Decomposing plant matter enriched the forest floor, allowing orchids to extract essential nutrients through 

their roots and symbiotic fungi. Compared to common wild orchids, which also utilize organic matter for nutrition, Wayanad’s 

orchids benefit from a more consistent supply of decomposing organic material due to dense forest coverage and high humidity 

levels. 

3.5 Specialized Root Adaptations for Nutrient Uptake: 

Orchid roots in the Wayanad region exhibited specialized adaptations, including velamen, a multi-layered epidermis that 

enhances water and nutrient absorption. Orchids in drier areas developed thicker velamen layers, while those in consistently 

humid regions had more permeable structures for rapid water uptake. Common wild orchids in drier regions have similarly 

thickened velamen layers, whereas those in temperate climates may develop finer root structures with increased branching to 

maximize nutrient uptake. 

TABLE 2 

COMPARISON OF NUTRITIONAL STRATEGIES BETWEEN WAYANAD ORCHIDS AND COMMON WILD ORCHIDS 

Nutritional Strategy Orchids in Wayanad Common Wild Orchids 

Mycorrhizal Fungi 

Dependency 

High dependency, particularly on endemic 

fungal species 

Moderate dependency, often with more 

generalist fungal associations 

Airborne Nutrient 

Absorption 

Highly efficient, especially among epiphytic 

orchids 

Less efficient due to drier conditions in non-

tropical regions 

Rainwater Utilization 
Primary water source, seasonal variations 

influence growth 

Relies on dew and occasional rain, more 

drought-resistant adaptations 

Organic Matter 

Utilization 

High due to dense forest cover and 

continuous organic debris decomposition 

Moderate, depending on habitat type (forests 

vs. open fields) 

Root Adaptations 
Velamen structure varies by humidity levels; 

thicker in drier areas 

Thick velamen in arid conditions; finer, 

branched roots in temperate zones 

 

This comparative analysis highlights the unique adaptations of orchids in the Wayanad region and their responses to 

environmental factors, setting them apart from common wild orchids found in diverse ecosystems worldwide. These findings 

provide valuable insights into conservation strategies, emphasizing the need to protect mycorrhizal fungi and maintain 

ecological conditions that support orchid survival. 

IV. CONCLUSION 

The results of this five-year study underscore the complex nutritional strategies orchids employ for survival in the Wayanad 

region of the Western Ghats. The reliance on mycorrhizal fungi, atmospheric nutrient absorption, rainwater uptake, and organic 

matter decomposition highlights their adaptability to various ecological conditions. These findings emphasize the need for 
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conservation efforts that prioritize habitat preservation and fungal diversity protection, ensuring the long-term survival of 

orchids in their native environments. 

Moreover, this study highlights the importance of an integrated conservation approach that combines habitat protection, 

sustainable collection practices, and the promotion of public awareness regarding orchid conservation. The intricate 

relationship between orchids and their surrounding ecosystem reinforces the necessity of preserving both plant and microbial 

biodiversity. 

Future research should explore the impact of climate change on orchid nutrient acquisition and assess potential applications of 

these findings in sustainable horticulture. By implementing the conservation strategies proposed in this study, we can help 

safeguard these ecologically significant plants and contribute to the broader goal of biodiversity conservation in the Western 

Ghats. 

V. FUTURE RESEARCH DIRECTIONS 

Further studies are recommended to explore the molecular mechanisms governing orchid-mycorrhizal interactions, the impact 

of climate change on nutrient uptake, and potential applications of these findings in horticulture and conservation biology. 
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