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Abstract 

In one-year experiment, we assessed decomposition rate of three lichen genera viz. Usnea Dill. ex Adans, Everniastrum Hale ex 

Sipman and Parmotrema Mass. in 15 sample buckets at botanical garden of S.S.J. Campus Almora. Fresh samples of theses 

lichens were removed from Quercus twigs situated in Morunaula temperate forest of Kumaun Himalaya. Agricultural soil samples 

were also collected for their chemical analysis and lichen decomposition activity. Individuals of selected lichen thalli were mixed 

separately with this soil. After six months of decomposition, observations were taken. Usnea was found to be the fastest 

decomposed lichen (about 91%) and increased the value of soil macronutrients- pH, N, P & K. Value of all the macronutrients was 

found higher in lichen decomposed soil as compared to lichen free soil. Lichen improves soil fertility after their decomposition. 

Changing weather and climate is a challenge to maintain the fertility of the soil of the area. 
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1. Introduction 

Lichens are undoubtedly one of the most successful forms of 

symbiosis (Galloway, 1996) [9], with partnership based on a 

wide variety of symbiotic interaction which are manifested in 

many, often unique, morphological and physiological 

adaptations to wide differing environmental conditions 

throughout the world. Lichen tissue contains nitrogen largely 

in the form of proteins, chitin, small amount of soluble amino 

acids and nucleic acids that are released when decomposition 

occur (Greenfield, 1993) [11]. Therefore lichens are a source of 

high quality N in ecosystem (Becker, 1980; Forman, 1975; 

Godoy et al., 2001; Greenfield, 1993; Oyarun et al., 1998) [1, 7, 

10, 11, 23]. The secondary chemicals are unique to lichens and 

which are considered to have important ecosystem level 

effects at lichen-dominated areas. These secondary substances 

can be located extra cellular on cell walls of fungal hyphae 

and can constitute a significant proportion of the lichen 

biomass (Elix, 1996) [6].  

Lichen litter play an important role in many ecosystems 

through driving nutrient cycling such as capturing atmospheric 

nitrogen, serving as a food source for primary consumers and 

providing shelter for invertebrates (Biasi et al., 2008; 

Frederickson, 1983; Hodgeman, 1985; Knops et al., 1991; 

Knops et al., 1996; Lang et al., 1980; Matveyeva and 

Chernov, 2000; Matveyeva, 1994; Nadkarni, 1986; Nash, 

2008; Pike, 1978; Sharnoff, 1994; Stubbs, 1989) [2, 8, 13, 14, 15, 16, 

18, 19, 21, 22, 25, 27, 28] . Many lichens are habitat specific and thus a 

diversity of lichens at a site indicates habitat heterogeneity 

(Cameron, 2002) [5]. More than 50% of lichen species have 

antibiotic properties such as lactic acid prepared from Usnea 

species (Burkholders and Evans, 1945) [4]. Besides lichens are 

also used as pollution monitors. They are the plants which 

occur in most adverse conditions of climate and substrate. 

Thus the importance of this group in an ecosystem is very 

high in its own way. In India, mostly Himalayan region is a 

rich centre of lichen diversity. This region holds a rich variety 

of ecological systems. Because of their vertical dimension, 

mountain creates gradient of temperature, precipitation and 

insulation. High biomass of epiphytic lichen is a characteristic 

feature of many old-growth forest ecosystems in temperate 

and boreal areas. Lichen litter fall rates up to 320 kg ha-1 yr-1 

were reported by Pike (1978) [25].  

The main aim of present study was to assess the impact of 

lichen litter decomposition and composition of nutrients with 

or without lichen decomposed soil in a temperate region of 

Kumaun Himalaya. These lichen rich areas of the Himalaya 

are studied by various workers in the past in terms of its 

diversity, occurrence, biomass, monitoring, management and 

conservation. But lichen litter decomposition and 

conformation of chemical nutrients in a lichen decomposed 

soil are still awaited. They can be treated to improve soil 

nutrients in an ecosystem and fertility of agricultural land for 

better yield.  

 

2. Materials and methods 

Samples of fresh thalli of lichen litter fall viz. Usnea, 

Everniastrum and Parmotrema were removed from Quercus 

twigs from forest situated at 2000 m altitude of Kumaun 

Himalaya and selected for decomposition test. In this region, 

macrolichens form species rich and abundant epiphytic 

communities in Morunaula forest. Three of the most abundant 

macrolichens in the litter were selected in order to study mass 

loss rate and changes in the soil nutrients over time.  

Soil samples from agricultural field (pesticide free soil) at 

Mukteshwar (Nainital) were also collected for their chemical 

analysis and lichen decomposition activity. It was collected 

from fifteen spots of agricultural land and then mixed all the 

fifteen samples carefully. After chemical analysis of this soil 

was categorized into two- first type was used directly for 

sowing of seeds of selected crops called lichen- free soil. The 
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second type of soil was used for lichen decomposition test 

called lichen decomposed soil. Chemical analysis of soil was 

done at Uttarakhand Government Soil Testing Laboratory, 

Bhimtal (Nainital). During the study chemical nutrients of 

both lichen free soil and lichen decomposed soil were also 

studied. These nutrients of soil were recorded as 

macronutrients and micronutrients. 

The lichen decomposition experiment was performed at 

botanical garden of Botany department in S.S.J. Campus 

Almora (Uttarakhand). Total 20 sample buckets of same size 

were used for lichen decomposition activity. Out of these, five 

sample buckets each were used for selected three lichen 

genera and remaining five buckets were used for lichen free 

soil. A fixed amount of lichen was mixed with the soil 

samples in these 15 buckets of the three selected lichen genera 

(Fig. 1 A-D). The lichen mass, mixed in each of these 15 

buckets was estimated with the help of electronic weighing 

machine. This soil-lichen mixture was left for six months. 

After this period, the observations on lichen mass loss were 

taken.  

 

 
 

Fig 1: A-D. Lichens genera used for decomposition experiment: (A) Everniastrum (B) Parmotrema (C) Usnea (D) Soil mixed with lichens kept 

for decomposition 
 

Decomposition was represented as mass loss, i.e. quantity of 

the litter mass paced for decomposition minus mass remains 

after decomposition (oven dry mass). Value of lichen litter 

decomposition (%) was calculated as net quantity of mass loss 

divided by quantity of mass placed for decomposition 

multiplied by 100. Following formulas were applied 
 

 

3. Results and discussion 

Usnea (fruticose form) was found to be the fastest 

decomposed lichen (about 91%) followed by foliose forms 

Parmotrema (79%) and Everniastrum (68%). Usnea 

considered fast decomposing lichen because it is 

morphologically smooth, spongy and hair like. Usnea has also 

found high decomposition rate about 1.7 g/month followed by 

Parmotrema (1.5 g/month) and Everniastrum (1.3 g/month) 

(Table 1).  

 
Table 1: Assessment of lichen decomposition rate 

 

Lichen litter 
Litter mass placed for 

decomposition (g/pot) 

Observation 

time 

Mass remaining 

(g/pot) 

Net mass loss 

(g/pot) 

Lichen litter 

loss (%) 

Mass loss or decomposition 

rate (g/month) 

Everniastrum 11.2 6 months 3.6 7.6 68 1.3 

Parmotrema 11.2 6 months 2.3 8.9 79 1.5 

Usnea 11.2 6 months 1.0 10.2 91 1.7 

 

Usnea is a thin hair like branched thallus and decomposed 

fast. The decomposition of lichen may depend on soil 

moisture condition and morphology of thallus. The soil 

nutrients were studied into two- macronutrients and 

micronutrients. Macronutrients of soil are highly observed by 

the plants. These are responsible for the high production of 

our food crops like wheat and rice. Value of all the 

macronutrients (main soil elements) was found higher in 

lichen decomposed soil as compared to lichen free soil. 

Potassium (K) was found maximum than other macronutrients 

such as N, P and pH. In comparison to lichen free soil 

potassium value (55.4 ± 4.31 kg/ha) increased approximately 

triple after the decomposition of Everniastrum (140 ± 26.29 

kg/ha). This value of K was found double by the 

decomposition of Usnea and Parmotrema represented by 

118.4 ± 22.83 kg/ha and 116.2 ± 40.49 kg/ha. Nitrogen value 

of lichen free soil was also increased after decomposition of 

Usnea, Parmotrema and Everniastrum represented by (1.28 ± 

0.07 kg/ha), (1.24 ± 0.14 kg/ha) and (1.22 ± 0.02 kg/ha) 

respectively (Table 2). This study also shows that pH value of 

soil can be improved through decomposition of lichens. The 

standard value of pH is considered between 6.1 to 8.5 kg/ha. 

In the present test, pH was increased maximum 6.84 ± 0.14 

kg/ha by decomposing Usnea followed by Everniastrum (6.78 

± 0.07 kg/ha) and Parmotrema (6.8 ± 0.11 kg/ha) (Table 2). It 

was also observed that less impact of lichen decomposition 

was found on phosphorus (P) as compared to P value of 

normal soil i.e. lichen free soil about 20.1-40 kg/ha. 
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Table 2: Impact assessment lichen litter on macronutrients of soil 
 

Chemical nutrients 
Standard value* 

Lichen free soil 
Lichens decomposed soil 

Low Normal High Usnea Everniastrum Parmotrema 

pH < 6.0 6.1-8.5 > 8.5 6.56 ± 0.10 6.84 ± 0.14 6.78 ± 0.07 6.8 ± 0.11 

N (%) 0.1-0.2 0.2-0.5 0.5-1.0 1.0 ± 0.04 1.22 ± 0.02 1.28 ± 0.07 1.24 ± 0.14 

P (kg/ha) 10.1-20 20.1-40 > 40.0 13.5 ± 4.02 5.4 ± 1.80 7.2 ± 2.20 8.1 ± 1.80 

K (kg/ha) 51-100 101-250 > 251 55.4 ± 4.31 118.4 ± 22.83 140 ± 26.29 116.2 ± 40.49 

*Source: Standard values of soil; Soil Testing Lab. Agr. Dept. Uttarakhand, Bhimtal 

 

Micronutrients of soil viz. Zn, Mn, Fe, Cu, S etc. also play a 

significant role in the plant’s life. These elements are also 

responsible for the growth and development of plants. Plants 

absorb these nutrients from air and water. But trend of crop 

rotation and desire of crop diversity reduce the amount of 

these micronutrients in the soil. In such case micronutrients 

like Manganese (Mn) can be increased by the decomposition 

of Parmotrema about 1.52 mg/ha and Usnea (0.43 mg/ha). Fe 

can also be increased by Usnea (5.49 mg/ha) followed by 

Everniastrum (1.32 mg/ha). It was also found that Fe is 

decreased by the decomposition of Parmotrema (about 

0.81mg/ha). Value of copper (Cu) also found to be increased 

with Usnea and Everniastrum represented by 0.50mg/ha and 

0.16 mg/ha (Table 3). It was also observed that the increased 

value of S, Cu and Zn of normal soil (i.e. lichen free soil) was 

minimized but came under standardized range by 

decomposing lichens. Lichen improves Zn value of soil. It was 

found high (about 1.02 ± 0.19 mg/kg) in lichen free soil. But 

after decomposition of different lichen thalli in such soils, it 

reduces this higher value and brings it to its standard value 

between 0.6 to 1.2 mg/kg. In this case Usnea contributes 

maximum in reduction (about 0.94 ± 0.23 mg/kg) followed by 

Parmotrema (0.81 ± 0.19 mg/kg) and Everniastrum (0.64 ± 

0.10 mg/kg) (Table 3). Fe and Cu value was found lesser in 

the lichen free soil represented by 3.95 ± 0.72 mg/kg and 0.36 

± 0.24 mg/kg as compared to their standard values (4.5-8 

mg/kg and 0.5-1.2 mg/kg). Lichen improves this decreased 

amount of Fe and Cu. In such case decomposition of Usnea 

also contributes maximum in increasing the value of Fe and 

Cu about 5.48 ± 0.45 mg/kg and 0.36 ± 0.24 mg/kg in 

comparison to other two lichens (Table 3). Similarly, Mn 

value of lichen free soil was also estimated lesser than its 

standard value but it was improved maximum by the 

decomposition of Everniasturm (2.51 ± 1.51 mg/kg). In case 

of Sulphur (S) which is responsible for increasing soil 

capacity of oil plants, no impact of lichen decomposition was 

found. 

 
Table 3: Impact assessment of lichen litter on micronutrients of soil 

 

Chemical nutrients 
Standard value* 

Lichen free soil 
Lichens decomposed soil 

Low Normal High Usnea Everniastrum Parmotrema 

Zn(mg/kg) < 0.6 0.6-1.2 > 1.2 1.02 ± 0.19 0.94 ± 0.23 0.64 ± 0.10 0.81 ± 0.19 

Mn(mg/kg) < 2.0 2-4.0 > 4.0 1.92 ± 0.27 2.36 ± 0.43 2.51 ± 1.51 3.45 ± 0.7 

Fe(mg/kg) < 4.5 4.5-8 > 8.0 3.95 ± 0.72 5.48 ± 0.45 5.23 ± 1.10 3.99 ± 1.59 

Cu(mg/kg) < 0.5 0.5-1.2 > 1.2 0.36 ± 0.24 0.86 ± 0.36 0.52 ± 0.17 0.34 ± 0.19 

S(mg/kg) < 10 10-12 > 12 10.57 ± 0.51 10.52 ± 0.43 10.37 ± 0.34 11.24 ± 0.22 

*Source: Standard values of soil; Soil Testing Lab. Agr. Dept. Uttarakhand, Bhimtal 

 

Lichen genus- Usnea, Everniastrum and Parmotrema were 

found abundantly in the temperate regions of Kumaun 

Himalaya. They play a key role in forest ecosystem 

functioning. In an ecosystem where nutrient availability is 

limited, litter fall decomposition is a fundamental component 

of nutrient cycling, soil formation and ecosystem productivity 

(Lousier and Parkinson, 1976; Pike, 1978; Moore, 1983; 

Harmon et al., 1990; Taylor et al., 1991) [12, 17, 20, 25, 29]. 

Lichens are the first organisms to appear primary succession 

in an area known as pioneer species. Pioneer communities 

help enrich soil. Shah (1997) [26] studied four grades of lichens 

traded from India. Best grade (grade I) lichens use in high 

grade perfumery i.e. Parmotrema nilgherense (Nyl.). Grade II 

consists of mixture of the P. nilgherense along with species of 

Everniastrum while III and IV generally consist of Usnea 

longissima. As generations of the lichens die, their remains 

decompose and added to the soil.  

 

4. Conclusion 

Agriculture is a prime occupation in the region but changing 

weather pattern and climate has influenced the fertility of the 

soil. Therefore, it is suggested that the farmers residing in 

lichen rich areas of temperate regions can apply these valuable 

lichens to enhance soil fertility for better crop yields. For this 

purpose lichen litter (fallen lichen) can be used. The present 

study does not suggest the removal of lichens for the said 

purpose due to conservational point, however, lichen removal 

has no effect on the growth of the oak trees and it influences 

nutrient cycling fluxes significantly (Knops et al., 1997) [15]. 

 

5. Acknowledgement 

Authors are thankful to the Campus Head, Department of 

Botany (Kumaun University), S. S. J. Campus, Almora 

(Uttarakhand) for providing necessary facilities for the study. 

Vijay Arya is thankful to UGC, New Delhi for getting 

financial support under Junior Research Fellowship scheme. 

 

6. References 

1. Becker VE. Nitrogen fixing lichens in forests of the 

Southern Appalachian Mountains of North Carolina. The 

Bryologist, 1980; 83:29-39.  

2. Biasi CM, Olga R, Hämmerle R, Kaiser C, Baranyi C, 



International Journal of Advanced Research and Development 

 

479 

Daims H, Lashchinsky et al. Initial effects of 

experimental warming on carbon exchange rates, plant 

growth and microbial dynamics of a lichen rich dwarf 

shrub tundra in Siberia. Plants and Soil. 2008; 

307(1):191-205. 

3. Book SA, Connolly GE, Lonehurst WM. Cs137 

accumulation in two adjacent populations of Northern 

California den. Hlth Phys., 1972; 22:379-381. 

4. Burkholders PR, Evans AW. Further studies on the 

antibiotic activity of lichens. Bull. Torrey Bot. Club., 

1945; 72:157-164. 

5. Cameron RP. Habitat associations of epiphytic lichens in 

managed and unmanaged forest stands in Nova Scotia. 

Northeastern Naturalist, 2002; 9:27-46. 

6. Elix JA. Biochemistry and secondary metabolites. In: 

Nash TH III ed. Lichen biology. Cambridge University 

Press, 1996, 154-180.  

7. Forman RTT. Canopy lichens with blue-green algae: a 

nitrogen source in a Columbian rain forest. Ecology, 

1975; 56:1176-1184. 

8. Frederickson RW. The zoology of epiphytic lichens: food 

webs in an algae based system. Amer Zoo, 1983; 23:732-

742. 

9. Galloway DJ. Lichen Biogeography. In: Lichen Biology. 

ed. Thomas H. Nash Cambridge: Cambridge University 

Press, 1996, 199-216  

10. Godoy RCE, Oyarun, Gerding V. Precipitation chemistry 

in deciduous and evergreen Nothofagus forests of 

southern Chile under low-deposition climate. Basic 

Applied Ecology, 2001; 2:65-72. 

11. Greenfield LG. Decomposition studies on New Zealand 

and Antarctic lichens. Lichenologist, 1993; 25:73-82. 

12. Harmon ME, Baker GA, Spycher G, Greene SE. Leaf-

litter decomposition in the Picea/Tsuga forests of 

Olympic National Park, Washington, U.S.A forest. 

Economics and Management, 1990; 31:55-66. 

13. Hodgeman TP, Bowyer RT. Winter use of arboreal 

lichens, Ascomycetes, by white-tailed deer, Odocoileus 

virginianus, in Maine. Cana. Field Nat, 1985; 99:313-316.  

14. Knops JM, Nash TH III, Boucher VL, Schlesinger WH. 

Mineral cycling and epiphytic lichens: implications at the 

ecosystem level. Lichenologist. 1991; 23:309-321. 

15. Knops JM, Nash TH III, Schlesinger WH. The influence 

of epiphytic lichens on the nutrient cycling of Blue Oak 

woodland. USDA Forest Service Gen Tech Rep PSW-

GTR, 1997; 160:75-82. 

16. Lang GE, Reiners WA, Pike LH. Structure and biomass 

dynamics of epiphytic lichen communities of balsam fir 

forests in New Hampshire. Ecology. 1980; 61:541-550. 

17. Lousier JD, Parkinson D. Litter decomposition in a cool 

temperate deciduous forest. Canadian Journal of Botany, 

1976; 54:419-36. 

18. Matveyeva N, Chernov Y. Biodiversity of terrestrial 

ecosystems. In: N.M., Callaghan TV eds The Arctic: 

Environment, People, Policy. Harwood Academic 

Publishers, 2000, 233-274.  

19. Matveyeva NV. Floristic classification and ecology of 

tundra vegetation of the Taymyr peninsula, northern 

Siberia. Journal of Vegetation Science, 1994; 5:813-828. 

20. Moore TR. Winter-time litter decomposition in a 

subarctic woodland. Arctic and Alpine Research, 1983; 

15:413-418. 

21. Nadkarni NM. The nutritional effect of epiphytes on host 

trees with special reference to alternation of precipitation 

chemistry. Selbyana, 1986; 9:44-51. 

22. Nash TH. Lichen biology. Cambridge University Press, 

Cambridge, 2008. 

23. Oyarun CE, Godoy R, Sepulveda A. Water and nutrient 

fluxes in a cool temperate rainforest at the Cordllera de la 

Costa in southern Chile. Hydro Pro, 1998; 12:1067-1077.  

24. Perez-Llano GA. Lichen, their biological and economic 

significance. Botanical Review, 1944; 10:1-37. 

25. Pike LH. The importance of epiphytic lichens in mineral 

cycling. The Bryologist. 1978; 81:247-257. 

26. Shah NC. Lichens in economic importance from the hills 

of Uttara Pradesh, India. J Her, Spec and Med Plants, 

1997; 5:69-76. 

27. Sharnoff S. Use of lichens by wildlife in North America: 

a preliminary compilation. Res Explo, 1994; 10:370-384. 

28. Stubbs CS. Patterns of distribution and abundance of 

corticolous lichens and their invertebrate associates on 

Quercus rubra in Maine. The Bryologist, 1989; 92:453-

460. 

29. Taylor BR, Prescott CE, Parsons WJF, Parkinson D. 

Substrate control of litter decomposition in four Rocky 

Mountain coniferous forests. Canadian Journal of Botany, 

1991; 69:2242-2250. 


