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Cryptogams comprise a diverse group of plants that lack flowers and seeds, have 

concealed sex organs and reproduce through spores. Broadly, cryptogams are 

classified into three main groups: Thallophytes, Bryophytes and Pteridophytes. 

Thallophytes traditionally included algae, fungi, lichens and bacteria. Bryophytes 

include liverworts, hornworts and mosses whereas pteridophytes include ferns 

and their allies.  

Cryptogams represent some of the oldest and ecologically highly significant life 

forms on Earth that play crucial roles in nutrient cycling, soil formation, 

ecological succession, carbon sequestration and environmental monitoring. 

They are essential components of ecosystems, contributing to biodiversity and 

creating conditions favorable to the survival of other groups of plants and 

animals. Cryptogams, particularly bryophytes and lichens, contribute to nearly 

7% of net primary productivity of terrestrial vegetation besides contributing 

more than 50% of biological nitrogen fixation on land1. Apart from ecological 

functions, cryptogams are also highly significant in horticulture, nitrogen and 

phosphorus fertilization, biopharmaceuticals and different other industrial 

sectors. 

Globally, there are 409,389 plant species, represented by 20,989 bryophyte 

species, 14,358 pteridophyte species, 1,685 gymnosperm species and about 

363,925 angiosperm species. Fungi as a separate kingdom comprises 172,298 

species while algae (placed under the kingdom Chromista) includes 72,389 

species2.  In India, recent estimates indicate a total of 56,117 plant and allied 

taxa, with traditional cryptogams (algae, fungi, lichens, bryophytes and 

pteridophytes) comprising approximately 59.09% (32,429 taxa) and seed plants 

(gymnosperms and angiosperms) accounting for 40.91% (22,451 taxa) plant 

diversity3. Thus, India is bestowed with a rich diversity in cryptogams. However, 

apart from algae and fungi, rest of the cryptogamic groups are comparatively 

overlooked.  

In the last few decades, algae have emerged as a major source of nutraceuticals, 

biofuels and biofertilizers. Algae have also played a significant role in wastewater 

treatment and carbon sequestration. Fungi have also been an important 

industrial source of enzymes, food, pharmaceuticals and fermentation products 

besides their major role as mineralizers.  In the present era of biodiversity loss 

and climate change, research on cryptogams has acquired renewed importance. 
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Modern research in cryptogams focuses on their 

role in Next Generation floristics and 

evolutionary biology.  In fact, the future of 

cryptogamic research lies not only in systematic 

and taxonomic studies but also focuses on their 

applications in biotechnology, bioresource 

technology, green technologies, green agriculture 

and climate science. The increasing significance 

of cryptogams is evident from the recent green 

initiatives like deployment of Algal Trees in India 

as an eco-friendly tool to control urban air 

pollution. Algae Trees have been set up in India 

as part of a green initiative to control urban air 

pollution.   

Role of cryptogams in climate change holds the 

highest significance. Lichens and bryophytes, 

being highly sensitive to atmospheric conditions, 

serve as excellent bioindicators of air pollution. 

Shift in their distribution pattern is a clear 

indication of changing global temperatures, 

precipitation rate and pollution levels. 

Poikilohydric nature of cryptogams and 

responses to moisture availability and 

atmospheric pollutants can be used to assess 

ecosystem health and changing climate trends. 

Mosses due to their high surface to volume ratio, 

may be utilized in bioregenerative life support 

systems for air and water treatment both on land 

as well as in space missions4.  Like algae trees, 

possibility of using aquatic bryophytes and 

aquatic ferns can also be explored in the 

biofiltration process. 

Cryptogams can also play a significant role in 

landscaping. Mosses and small ferns can be used 

as green panels for vertical gardening. At many 

places in Europe, bioengineered panels are 

applied indoors on home and office walls as 

vertical greenery systems and/or as green roofs. 

They can also be used to decorate road sidewalls 

and gardens. These plants, being resistant to 

climate change, require less maintenance, and 

hence gain importance in urban landscaping. 

Indoor application of these plants increases the 

aesthetics of the space and improves thermal 

buffering catering to the concept of green 

building. They can also be used outdoors for 

landscape decoration as well as phytoremediation 

of environmental contaminants leading to 

cleaner and greener environment. 

Cryptogams also play a significant role in many 

ecological processes. Mosses, lichens and ferns 

are well known pioneer communities for soil 

stabilization and facilitating ecological succession 

on barren and ecologically disturbed lands. In 

sustainable agriculture, cryptogams and 

associated microbiota can be explored for 

increasing soil fertility. Biofertilizers and 

biostimulants derived from unique 

endomicrobiome and rhizospheric microbiome 

of cryptogams may reduce dependence on 

chemical fertilizers and pesticides, supporting 

environmentally friendly agriculture systems. 

Despite their vast significance, the microbiome 

of cryptogams is one of the least explored 

domains. Likewise, cryptogam associated 

mycorrhizal fungi is also not studied in detail 

leaving significant gaps in understanding their 

ecological and plant growth promoting potential. 

Exploring the microbiome of cryptogams may 

provide valuable insights for the development of 

novel biofertilizers capable of boosting plant 

health as well as soil fertility.  

Biotechnology represents another frontier in 

cryptogam research. Bryophytes, pteridophytes 

and lichens possess unique secondary 

metabolites with considerable medicinal and 

allelopathic significance. More than 2,200 

chemical constituents have been reported from 

bryophytes including terpenoids (including 

mono-, sesqui- and diterpenoids), flavonoids, 

(bis)bibenzyls and a variety of lipids 5. Likewise, 

around 550 secondary metabolites are specifically 

found in lichens. Many of these phytochemicals 

possess promising biological activities. However, 

compared to phanerogams, metabolome of 

cryptogams is sparsely explored. In future, this 

rich reservoir of metabolites must be extensively 

investigated for its commercial utilization in 

developing plant protectants for green agriculture 

as well as phytopharmaceutical for the health 

industry.   
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Desiccation tolerance ability of cryptogams may 

also form another major domain of future 

research. Using advanced genomic and 

proteomic tools, the remarkable desiccation 

tolerance potential exhibited by many of the 

cryptogams can be utilized to develop stress 

tolerance and climate- resilient crops. This would 

provide significant benefits to farmers by 

increasing crop productivity under changing 

climatic conditions and declining ground water 

availability. Nevertheless, to harness these 

cryptogamic resources sustainably, an 

interdisciplinary approach involving botanists, 

chemists, biochemists, microbiologists, 

agriculturists, green architects and 

biotechnologists is essential.  

Based on their vast potential and increasing 

significance in future, cryptogams can be 

regarded as ‘cryptocurrency’ of the biological 

world. However, their true worth can only be 

understood, once their proteome, metabolome 

and microbiome is thoroughly bio prospected 

and decoded.  
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