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ABSTRACT 
Though the fungi play a very significant role in the plant litter decomposition, studies revealed that the bacteria 

colonize the litters in the initial stages of decomposition. It has been observed that leaf species with low C:N ratio 

harbored higher number of bacteria than the more resistant species. The results of various workers outlined the 

development of the bacterial flora after litter fall due to improved moisture conditions but there is no change in the 

species composition. The plant litter decomposition by Streptomyces flavovirens has been evidenced by using 

radioactive CO2. The bacterial population development was observed in the L2 layer following penetration by the 

microflora, after that, the pine needles were actively tunneled by the enchytraeids, sciarid larvae and oribatid mites 

and at the same time, were nibbled on the epigenic earthworms. The role of fungi and soil animals in the process of 

pine litter decomposition revealed that the late decomposition phase after the collapse of the fungal community might 

be controlled by the utilization of refractory components such as lignin material by microbial and animal populations. 

Since the lignin degrading fungi need another carbon source to degrade lignin, the microbial activities in the late 

decomposition phase might be supplied by the cellulose exposed by the combination of soil animals.  
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     INTRODUCTION 

MICROORGANISMS FOR PLANT LITTER DECOMPOSITION  

Though the fungi are believed to play a pre-dominant role in the process of litter decomposition, active 

involvent of other groups of microorganisms is also important. A number of workers have noted a rise in the 

bacterial population of litter in the init ial stages of decomposit ion (Marten and Pohlman, 1942; 

Witkamp, 1960; Mangenot, 1966; Minderman and Daniel, 1967; Tanaka, 1993). Witkamp (1963, 1966) 

observed that leaf species with low C:N ratio harboured higher number of bacteria than the more resistant 

species and Hobara et al (2014) experimentally concluded that fungi & bacteria play significant role in 

soil stabilization and C:N preservation: whereas Gusewell & Gessner (2009) experimentally proved that 

the rate of cellulose decomposit ion is dependent on N:P composition of the plant litter (Singh and 

Charaya, 2010). Singh et al (2015) investigated that addition of nitrogen and phosphorus increased the 

decomposit ion of wheat crop residues. With progressive decay, the influence of tree species decreased, 

and environmental influence increased. Kara et al (2014) investigated the influence of microbial 

decomposition of litter under different environmental conditions. The decomposition of wood by bacteria was 

proven by Courtois (1966) and Greaves (1969). Jensen (1974), taking into account the results of various 

workers till then, outlined the development of the bacterial flora after litter fall as follows: initially, a 

considerable increase in bacterial population occurs due to improved moisture conditions but there is no 

change in the species composition. In easily decomposable litter, the numbers may reach a very high 

value within a short time and then may decrease gradually. In more resistant litter, the development is 
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slower; and the number may increase gradua lly over a long period. Thus, the initial large differences 

between different types of litter get diminished as the decomposition progresses. During the later stages, 

the litter may be invaded by soil bacteria.  

 

Relatively little informat ion is available on the actinomycetes which probably is due to the use of 

inappropriate isolation techniques and lack of sustained studies by microbiologists (Goodfellow and 

Cross, 1974). Grossbard (1971), using radioactive CO2, has obtained evidence for the utilization of 

plant residues by Streptomyces flavovirens. It is believed that though actinomycetes play a minor role 

in the decomposition of the total litter added to the soil (Gray and Williams, 1971), these form an 

integral part of a balanced community of extremely diverse microflora (Goodfellow and Cross, 1974; 

Kang et al., 1995). It is evident that both bacteria and fungi are important players in plant litter 

decomposit ion and their antagonistic interaction is controlling factor for microbial colonization and 

decomposit ion of plant litter (Lindblom and Tranvik, 2003).  

 

THE ROLE OF MICROFAUNA 
It has been observed that grazing by animals can increase plant diversity through reduction of 

dominant competitors (Brown et al., 1988; Brown and Gard, 1989). McLean et al. (1996) tried to 

work out whether litter fungi-mesofauna system also behaves similarly or not. Pine needle litter was 

taken as the experimental material, with Oppiella nova (mite) and Onychiurus subtenuis (collembola) 

as grazers. Grazing by these animals was not found to affect the litter fungal community directly,  

perhaps due to the following reasons:  

 

(i) Soil inhabitants consume only a small percentage of the fungal biomass (Schaefer, 1990; Wardle 

and Yeates, 1993);  

 

(ii) The distribution of fungi is highly aggregated (in patches) thereby reducing the chances of being 

grazed to extinct ion or competitive exclusion;  

 

(iii) The fungal mycelia penetrate the litter tissue, thus, becoming inaccessible to the microfauna 

(Kendrick and Burges, 1962); (iv) the mesofauna do not completely restrict themselves to the grazing 

of a specific fungal species and shift from one fungal species to another with the result that only a 

few changes are observed in fungal frequency of occurr ence.  

 

Ponge (1991) worked out the succession of fungi and fauna during decomposit ion of pine needles.  

Some interesting features of his studies are:  

 

(i) A bacterial development was observed in the L2 layer following penetration by the microfauna. 

After that, pine needles were actively tunneled by the enchytraeids, sciarid larvae and oribat id mites 

and, at the same time, were nibbled on by the epigeic earthworms (L2 and Fi layers); 

 

(ii) When the fine root system of pine developed through the accumulated old needles (F1 layer), 

mycorrhizal fungi penetrated the needles and seemed to impede any further bacterial development.  

Hasegawa and Takada (1996) also studied the role of fungi and soil animals in the process of 

decomposition of pine needle litter. They found that fungal colonisation of the pine litter was characterized 

by three stages : (i) growth (3-9 months); (ii) steady state (12-18 months); and (iii) collapse (21-48 

months). According to them, the late decomposition phase after the collapse of the fungal community might 

be controlled by the utilization of refractory components such as lignin material by microbial and animal 

populations (Berg, 1986). Since the lignin- degrading fungi need another carbon source to degrade lignin 

(Kirk et al., 1976), the microbial activities in the late decomposition phase might be supplied by the 

cellulose exposed by the combination of soil animals.  

 

Dilly and Irmler (1998) studied the succession in the food web during the decomposition of leaf litter in a 

black alder- Alnus glutinosa (Gaertn.) L. forest. They found the process of decomposition to be divided 
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in two phases, separated by the summer dryness. During the first phase cellulolytic bacteria, omnipotent 

and minor potent  fungi were present  together  with mycetophagous,  saprophagous and 

humiphagous soil fauna. During the second decomposition phase, the nu mber of food paths was reduced. 

Only fungi without lignolytic potential persisted and saprophagous fauna predominated.  

 

Helfrich et al (2015) studied the role of actinomycetes and soil fungi in maize plant litter 

decomposition by the extracted phospholipid  fatty acids (PLFAs). The study suggested the formation 

of macroaggregates in soil that driven litter decomposition.  

 

Thus, a better understanding of the pattern of colonisation of decomposing litter by microorganisms is 

likely to emerge in the near future which would throw light on the involvement of bacteria, 

actinomycetes and microfauna also in the process.  

 

A number of articles, reviews and books have appeared from time to time to discuss the varied aspects 

of microbiology of plant litter decomposition. These included that by Chesters (1949), Garrett (1950, 

1951, 1956, 1963), Subramanian (1960), Hudson (1968) , Dickinson and Pugh (1974), Swift (1977), Hayes 

(1979), Cooke and Rayner (1984), Hattori et al. (1989), Reddy et al., (1990), Weyman et al. (1992), 

Conn and Day (1997), Agrawal and Agrawal (1998), Charaya and Mehrotra (1998), Mukerji and Bansal 

(1999), Bansal and Mukerji (2002), Berg and McClaugherty (2003), Charaya and Singh (2005), Singh et 

al (2015a,b,d), Rani et al (2015) to mention only a few.  

 

A number of studies have been made of the microbiology of decomposition of wheat crop residues as 

well. Sadasivan (1939) and Walker (1941) conducted preliminary studies on the colonization and 

succession by soil fungi of decomposing wheat straw in different soils but they concentrated their 

attention on colonization by Fusarium culmorum. Butler (1953 a, b, c; 1959) studied the ability of 

Helminthosporium sativum, Curvularia ramosa, Ophiobolus graminis and Fusarium culmorum to 

colonize and survive on wheat straw saprobically. Burges and Griffin (1967) studied the effect of 

temperature on the competitive saprophytic colonization of wheat straw by four fungi i.e., Cochliobolus 

sativum, C. spicifer, Gibberella zeae and Fusarium culmorum. These studies were concerned with the 

survival of pathogenic fungi and no attention was paid to saprobic fungi. Lal and Yadav (1964) compared 

the saprophytic flora of Triticum vulgare and Andropogon sorghum. Chang (1967) as well as Chang and 

Hudson (1967) conducted ecological, biochemical and physiological studies on the fungi of wheat straw 

compost. 

 

Fermor and Wood (1979) as also, Moubasher et al. (1982 a, b) studied the microbiology of wheat straw 

compost. Fermor and Wood (1979) found that thermophilic bacteria and thermophilic actinomycetes were 

present throughout composting. Mesophilic fungi occurred in the outer cooler zones and were common 

air fungi. Moubasher et al. (1982 a, b) found that wheat straw, before composting, was already invaded 

by Aspergillus spp., Penicillium spp., Alternaria alternata, Curvularia spicifera  etc. All the fungi were 

completely checked between 4-11 days due to high temperature (50°-67°C). After 12 days, fungi began 

to reappear due to fall in temperature. Aspergillus fumigatus was the best colonizer. Singh et al. (1979) 

studied the mycoflora of wheat straw but they did not study the succession of fungi at different stages of 

decomposition. Charaya (1985) conducted a comparative study of the pattern of fungal colonisation of 

wheat straw decomposing above ground, at ground surface and underground in normal as well as 

waterlogged conditions. Broder and Wagner (1988) conducted a comparative study of microbial 

colonisation and decomposition of corn, wheat and soybean residues. Singh and Charaya (2 003) studied 

the fungal colonization of decomposing wheat crop residues viz internode, leaves, chaff and mixed straw. 

 

CONCLUSION 
The knowledge of bacteria, actinomycetes and microfauna in the process of plant litter decomposition is very much 

significant to develop a technique for recycling the organic wastes. The domestic, industrial and agricultural wastes 

create a big problem to environment and human health, a better understanding of the pattern of colonization of 

decomposing plant litters by these organisms will be helpful to manufacture the products of industrial importance. 

http://www.ijesrt.com/


 
[Singh*, 5(5): May, 2016]  ISSN: 2277-9655 

                                                                                                                                       Impact Factor: 3.785  

http: // www.ijesrt.com                 © International Journal of Engineering Sciences & Research Technology 

 [595] 

 

ACKNOWLEDGEMENT 
I my express my profound sense of gratitude and indebtedness to my esteemed supervisor Professor Dr. M.U. Charaya 

who with high tenacity,subverted all the snages in the progress of this work and has throughout  been a constant source 

of motivation, imagination and information. I also express my heart-felt gratitude to Professor V.K. Bhatnager, Pro 

Vice Chancelor, Swami Vivekananda Subharti University, Meerut and Professor D.K.Kaushik, Dean Faculty of 

Science of this University for their ever encouraging suggestions, besides providing me all the necessary facilities to 

complete this significant work. I express my profound thanks to my friends and colleagues for their co-operation and 

assistance in this work.           

 

REFERENCES 
[1] Agrawal, M. and S. B. Agarwal (1998) Impact of atmospheric pollution on dynamics of litter decomposition: 

In “New Trends in Microbial Ecology” (Eds. Rai, B. and M. S. Dkhar) : 118-126. Dept. of Botany, NEHU, 

Shillong and ISCNR, Dept. of Botany, BHU, Varanasi, India. 

[2] Bansal, M. and K.G. Mukerji (2002) Methods in study of degradation of  mycorrhizal roots. In “Techniques 

in Mycorrhizal Studies” (Eds. Mukerji, K. G., Manoharachary, C. and B. P. Chamola) pp. 329-344. Kluwer 

Academic Publishers, The Netherlands. 

[3] Berg, B. (1986) Nutrient release from litter and humus in coniferous forest soils- a mini- review. Scand. J. 

For. Res. 1 : 359-369. 

[4] Berg, B. and McClaugherty (2003) Plant litter decomposition, humus formation, carbon sequestration. 

Springer Verlag Berlin-Heidelberg. 

[5] Broder, M. W. and G. H. Wagner (1988) Microbial colonisation and decomposition of corn, wheat and 

soyabean residues. Soil Sci. Soc. Am. Jour. 52: 112-117. 

[6] Brown, V. K. and A.C. Gard (1989) Differential effects of above- and below ground insect herbivory during 

early plant succession. Oikos 54 : 293-302. 

[7] Brown, V. K., Jerson, M. and C. W. D. Gibson (1988) Insect herbivory: effects on early old field succession 

demonstrated by chemical exclusion methods. Oikos 52 : 293-302. 

[8] Burgess, L.W. and D.M. Griffin (1967) Competitive saprophytic colonisation of wheat straw. Ann. appl. 

Biol. 60 : 137-142. 

[9] Butler, F.C. (1953 a) Saprophytic behaviour of some cereal root-rot fungi I. Saprophytic colonization of 

wheat straw. Ann. appl. Biol. 40 : 284-297. 

[10] Butler, F.C. (1953 b) Saprophytic behaviour of some cereal root-rot fungi. II. Factors influencing, saprophytic 

colonization of wheat straw. Ann. appl. Biol. 40 : 298-304. 

[11] Butler, F.C. (1953 c) Saprophytic behaviour of some cereal root-rot fungi. III. Saprophytic survival in wheat 

straw buried in soil. Ann. appl. Biol. 40 : 305-311. 

[12] Chang, Y. (1967) The fungi of wheat straw compost. II. Biochemical and Physiological studies. Trans. Br. 

mycol. Soc. 50 : 667-677. 

[13] Chang, Y. and H.J. Hudson (1967) The fungi of wheat straw compost- I. Ecological studies. Trans. Br. mycol. 

Soc. 50: 649-666. 

[14] Charaya, M.U. (1985) Taxonomical, ecological and physiological studies on the mycoflora decomposing 

wheat and paddy crop residues. Ph.D. Thesis. Dept. of Botany, M.M. Postgraduate College, Modinagar 

(Meerut University, Meerut), India. 

[15] Charaya, M.U. and R. S. Mehrotra (1998) Microbial colonisation of decomposing plant litter. In “New Trends 

in Microbial Ecology” (Eds. Rai, B. and M. S. Dkhar): 76-89. Dept. of Botany, NEHU, Shillong and ISCNR, 

Dept. of Botany, BHU, Varanasi, India. 

[16] Charaya, M.U. and R. Singh (2005) Biochemical changes in wheat crop residues during their decomposition 

in nature. Journal of Acta Ciencia Indica 31(1): 39-46. 

[17] Chesters, C.G.C. (1949) Concerning fungi inhabiting the soil. Trans. Br. mycol. Soc. 32: 197. 

[18] Conn, C. E. and F. P. Day Jr. (1997) Root decomposition across a barrier island chronosequence: Litter 

quality and environmental controls. Plant and Soil 195: 351-304. 

[19] Cooke, R. C. and A. D. M. Rayner (1984) Ecology of Saprotrophic Fungi. Longman, London. 

[20] Courtois, H. (1966) Holzforschung 20: 148-154. 

http://www.ijesrt.com/


 
[Singh*, 5(5): May, 2016]  ISSN: 2277-9655 

                                                                                                                                       Impact Factor: 3.785  

http: // www.ijesrt.com                 © International Journal of Engineering Sciences & Research Technology 

 [596] 

[21] Dickinson, C.H. and G.J.F. Pugh (1974) Biology of Plant Litter Decomposition. Vols. I and II. Academic 

Press, London and New York. 

[22] Dilly, O. and U. Irmler (1998) Succession in the food web during the decomposition of leaf litter in a black 

alder (Alnus glutinosa Gaertn. L.) forest. Pedobiologia 42: 109-123. 

[23] Fermor, T.R. and D.A. Wood (1979) The microbiology and enzymology of wheat straw mushroom compost 

production. In “Straw decay and its effect on disposal and utilization” (Ed. Grossbard, E.). pp. 105-112. John 

Wiley and Sons, Chichester, New York, Brisbane, Toronto. 

[24] Garrett, S. D. (1950) Ecology of root inhabiting fungi. Biol. Rev. 25: 220. 

[25] Garrett, S. D. (1951) Ecological groups of soil fungi : a survey of substrate relationships. New Phytol. 50: 

149-166.  

[26] Garrett, S. D. (1956) Biology of Root-infecting Fungi. Cambridge University Press, Cambridge. 

[27] Garrett, S. D. (1963) Soil Fungi and Soil Fertility. Pergamon Press, Oxford. 

[28] Goodfellow, M. and T. Cross (1974) Actinomycetes. In “Biology of Plant Litter Decomposition” (Eds. 

Dickinson, C.H. and G.I.F. Pugh). Vol. 2 : 209-302. Academic Press, London and New York. 

[29] Gray, T.R.G. and S.T. Williams (1971) In “Microbes and Biological Productivity” (Eds. Huges, D. E. and 

A.H. Rose). pp. 255-286. Cambridge University Press, Cambridge. 

[30] Greaves, H. (1969) Wood Science Technology 3: 150-166. 

[31] Grossbard, E. (1971) The utilization and translocation by microorganisms of Carbon – 14 derived from the 

decomposition of plant residues in soil. J. Gen. Microbiol. 6: 339-348. 

[32] Gusewell, S. and Gessner, M.O. (2009) N : P ratios influence litter decomposition and colonization by fungi 

and bacteria in microcosms. Functional Ecology 23(1) : 211-219. 

[33] Hasegawa, M. and H. Takeda (1996) Carbon and nutrient dynamics in decomposing pine needle litter in 

relation to fungal and faunal abundances. Pedobiologia 40: 171-184. 

[34] Hattori, T., Ishida, Y., Maruyama, Y., Morita, R. Y. and A. Uchida (1989) Recent Advances in Microbial 

Ecology. Japan Scientific Societies Press, Tokyo, Japan. 

[35] Hayes, A. J. (1979) The microbiology of plant litter decomposition. Sci. Prog. (Oxf.) 66: 25-42. 

[36] Hayes, W. A. (1969) Mushroom Science 7: 173-186. 

[37] Helfrich, M., Ludwig, B., Thoms, C., Gleixner, G. and Flessa, H. (2015) The role of soil fungi and bacteria 

in plant litter decomposition and macroaggregate formation determined using phospholipid fatty acids. 

Applied Soil Ecology 96 : 261-264. 

[38] Hobara, S., Osono, T., Hirose, D., Noro, K., Hirota, M. and Benner, R. (2014) The roles of microorganisms 

in litter decomposition and soil formation. Biogeochemistry 118(1) : 471-486. 

[39] Hudson, H.J. (1968) The ecology of fungi on plant remains above the soil. New Phytol. 67: 837-874. 

[40] Jensen, V. (1974) Decomposition of Angiosperm leaf litter. In “Biology of Plant Litter Decomposition” (Eds. 

Dickinson, C.H. and G.J.F. Pugh) Vol. 1. 69-104. Academic Press, London and New York. 

[41] Kang, H. W., Nam, M. H., Rhee, I. K., Ko, J. Y., Park, K. B. and J. H. Kim (1995) Isolation and 

Characteristics of cellulolytic microorganisms for composting rice straw. 2. Effect of Cellulolytic 

microorganisms isolation on rice straw composting. RDA Journal of Agricultural Science- Soil and Fertilizer 

37: 275-281. 

[42] Kara, O., Bolat, I., Cakiroglu, K. and Senturk, M. (2014) Litter Decomposition and Microbial Biomass in 

Temperate Forests in Northwestern Turkey. J. Soil Sci. Plant Nutr. 14(1) : 31-41. 

[43] Kendrick, W.B. and A. Burges (1962) Biological aspects of the decay of Pinus sylvestris litter. Nova 

Hedwigia 4: 313-342. 

[44] Kirk, T. K., Connors, W. J., and J. G. Zeikus (1976) Requirement for a growth substrate during lignin 

decomposition by two wood-rotting fungi. Appl. Env. Microb. 32: 192-194. 

[45] Lal, S.P. and A.S. Yadav (1964) A preliminary list of microfungi associated with the decaying stems of 

Triticum vulgare L. and Andropogon sorghum. Indian Phytopath. 17: 208-211 

[46] Lindblom, C. M. and Tranvik, L. J. (2003) Antagonism between Bacteria and Fungi on Decomposing 

Aquatic Plant Litter. Microbial Ecology 45(2) : 173-182. 

[47] Mangenot, F. (1966) Etude microbiologique des litieres (commentaire sur les donnees experimentalis 

recueillies) a IE. N.S.A.  N. depuis 1963. Bull. Ecol. Nat. Sup. Agron. Nancy 8: 113-125. 

[48] Marten E. A. and G. G.  Pohlman (1942) Forest soil studies. II Changes in microflora and chemical 

composition of decomposing tree leaves. Soil Sci. 54: 67-77. 

http://www.ijesrt.com/


 
[Singh*, 5(5): May, 2016]  ISSN: 2277-9655 

                                                                                                                                       Impact Factor: 3.785  

http: // www.ijesrt.com                 © International Journal of Engineering Sciences & Research Technology 

 [597] 

[49] McLean, M. A., Kaneko, N. and D. Parkinson (1996) Does selective grazing by mites and collembola affect 

litter fungal community structure? Pedobiologia 40: 97-105. 

[50] Minderman, G. and L. Daniels (1967) Colonization of newly fallen leaves by microorganisms. In “Progress 

in Soil Biology” (Eds. Grass, O. and J. E. Satchell) North-Holland, Amsterdam  3-9. 

[51] Moubasher, A.H., Abdel-Hafez, S.I.J., Abdel-Fattah, H.M. and A.M. Moharram (1982 a) Fungi of wheat and 

broad bean straw composts. I. Mesophilic fungi. Mycopathologia 78: 161-168. 

[52] Moubasher, A.H., Abdel-Hafez, S.I.J., Abdel-Fattah, H.M. and A.M. Moharram (1982 b) Fungi of wheat and 

broad bean straw compost II. Thermophilic fungi. Mycopathologia 78: 169-176. 

[53] Mukerji, K. G. and M. Bansal (1999) Mycorrhizal root litter as biofertiliser. In “From Ethnomycology to 

Fungal Biotechnology” (Eds. Singh, J. and K. R. Aneja) pp. Plenum Press, New York. 

[54] Ponge, J. F. (1991) Succession of fungi and fauna during decomposition of needles in a small area of Scots 

pine litter. Plant and Soil 138: 99-113. 

[55] Rani, A., Girdharwal, V., Singh, R., Kumar, A. & Shukla, G. (2015) Production of Laccase enzyme by white 

rot fungi Coriolus versicolor. Journal of Environmental and Applied Bioresearch 3(4): 204-206. 

[56] Reddy, S. M., Reddy, S. S.and S. R. Reddy (1990) Plant litter decomposition- an overview. In “Prespectives 

in Mycological Research- II” (Prof. G. P. Agarwal Festschrift): pp 201-218. Today and Tomorrow’s Printers 

and Publishers, New Delhi. 

[57] Sadasivan, T.S. (1939) Succession of fungi decomposing wheat straw in different soils with special reference 

to Fusarium culmorum. Ann. Appl . Biol. 26: 497-508. 

[58] Schaefer, M. (1990) The soil fauna of a beech forest on limestone: tropic structure and energy budget. 

Oecologia 82 : 128-136. 

[59] Singh R., Charaya M.U., Shukla L., Shukla G., Kumar A., and A. Rani (2015a) Lignocellulolytic Potentials 

of Aspergillus terreus for Management of Wheat Crop Residues. Journal of Academia and Industrial 

Research 3(9): 453-455. 

[60] Singh, K.P., Gupta, S.R. and J.C. Edward (1979) Fungi associated with different types of decomposing 

organic matter with special reference to cellulose decomposition. The Allahabad Farmer 50 : 259-269. 

[61] Singh, R and M.U. Charaya (2003) Fungal colonization of decomposing above ground residues of wheat 

crop. Bulletin of Pure and Applied Sciences 22B(1): 55-59. 

[62] Singh, R., Rani, A., Kumar, A., Girdharwal, V. and G. Shukla (2015b) Biochemical changes during in vitro 

decomposition of wheat residue of Trichoderma lignorum (Tode) Harz. International Journal of Advanced 

Information Science and Technology 41(41): 5-9. 

[63] Singh, R., Shukla, G., Kumar, A., Rani, A. and V. Ghirdharwal (2015c) Decomposition of wheat crop 

residues by Fungi. Journal of Academia and Industrial Research 4(1): 37-39. 

[64] Singh, R., Kumar, A. Shukla, G., Rani, A. and V. Girdharwal (2015d) Effect of nitrogen and phosphorus on 

in vitro decomposition of wheat crop by Stachybotrys atra Corda. International Journal of Scientific 

Research 4(8): 29-30. 

[65] Subramanian, C.V. (1960) Substrate relationships in soil fungi. In Memoirs of the Indian Botanical Society, 

Memoir 3 (Ed. Sadasivan, T. S.) pp. 108-119. 

[66] Swift, M.J. (1977) The ecology of wood decomposition. Sci. Prog. Oxf. 64 : 175-199. 

[67] Tanaka, Y. (1993) Aerobic cellulolytic bacterial flora associated with decomposing Phragmites leaf litter in 

a seawater lake. Hydrobiologia 263 : 145-154. 

[68] Walker, A.G. (1941) The colonization of buried wheat straw by soil fungi with special reference to Fusarium 

culmorum. Ann. appl. Biol 28 : 333-350. 

[69] Wardle, D. A. and G. W. Yeates (1993) The dual importance of competition and predation as regulatory 

forces in terrestrial ecosystems: evidence from decomposer food-webs. Oecologia 93 : 303-306. 

[70] Weyman, K. W., Wojcik, W. D. and J. Kubat (1992) Microbial degradation of plant materials and 

allelochemicals formation in different soils: Proceedings of 10th symposium humus et planta, Prague 19-23 

August, 1991.  32 : 127-136. 

[71] Witkamp, M. (1963) Microbial population of leaf litter in relation to environmental conditions and 

decomposition. Ecology 44 : 370-377. 

[72] Witkamp, M. (1966) Rate of carbon dioxide evolution from the forest floor. Ecology 47 : 492-494. 

[73] Witkamp, M.(1960) Seasonsal fluctuations of the fungal flora in mull and mor of an oak forest. Publ. 

Inst. Biol. Field Res. , Arnhem, Netherl.  46: 1-52 

http://www.ijesrt.com/

