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1. Introduction 
1.1. Coconut. 

Coconut is one of the oldest crops grown in India and presently covers 1.5 

million hectares in this country with a total production of over 10,000 million nuts. 

India stands third in production in the world after Indonesia and Philippines, although 

has a potential of much higher production from the existing area. The potential is now 

being gradually exploited with the introduction of improved technology, as a result of 

which the productivity is showing marked increase since 1981-1982. 

1.2. Coconut Cultivation in World. 
 Coconut is grown in more than 93 countries around the world in an area of 

12.167 million ha producing 59,569 million nuts or 11.912 million tons of copra 

equivalent as on 2005. The member countries of the Asian and Pacific Coconut 

Community (APCC) occupy 10.691 million ha which is 87.9% of the total area 

under coconut. The production indicates that 83.3% (9.924 million tons) of copra 

equivalent is from the APCC countries. Over a period of 45 years, India, Indonesia 
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and Philippines had considerably increased the area under coconut, while Malaysia, 

Sri Lanka, Thailand and Vietnam among Asian countries and Fiji among Pacific 

countries showed a negative trend. Samoa had doubled the area. India ranks first in 

the productivity of coconut in the world with an annual productivity of 8303 nuts per 

ha. while in production India ranks second and in area, the country is in the third 

position (2009). Indonesia ranks first in area under coconut as well as in global 

coconut production. Malaysia imports coconut products equivalent to 1400 million 

nuts and exports coconut products equivalent to 1200 million nuts. (Press conference 

on 45 th Cocotech meeting, Kochi, 26 th June, 2012). Though there is an increase in 

production in some of the APCC member countries the production increases doesn’t 

match with the additional area brought under this crop. The productivity in many 

countries remains below one ton of copra per ha depending upon the input 

management. Only a few countries such as India, Philippines, Malaysia, Solomon 

Islands, Vietnam and Thailand had exceeded the productivity of one ton copra per ha 

per year. However, it was observed that many farmers in India with optimum 

management are getting an average yield ranging between 150-200 nuts per palm per 

year. Coconut (Cocos nucifera L.) is socially, culturally, and religiously associated 

with millions of people around the world. Apart from food and drink, it provides 

sustainable income to millions who are involved in its cultivation and product 

utilization. In the major coconut growing countries coconut contributes to food 

security, nutritional security, employment security, social security and poverty 

alleviation. It is eco friendly and environmentally sustainable (Rethinam, P., 2007). 
Top 5 Coconut Producing Countries 

Sl No. Country Production (2007) Production (2010) Percentage change 
1 Indonesia 19.625,000 m/t 20,655,400 m/t +5.25 % 
2 Philippines 14,852,900 m/t 15,540,000 m/t -4.421 % 
3 India 10,894,000 m/t 10,825,100 m/t +0.646 % 
4 Brazil 2,831,004 m/t 2,705,860 m/t +4.625 % 
5 Sri Lanka 2,180,680 m/t 2,238,800 m/t -4.779 % 

Source  :  FAOSTAT data (last accessed on April, 2012. 
List notes :  Production is in metric tons (m/t) for the year 2010, Percentage change is 

from the year 2007. 
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Coconut is grown mostly as a mono crop. It is essentially a small holder 

crop, expected to provide a basic, steady income to the farmer, round the year. The 

annual global production of coconut is estimated to be about 66 billion nuts, of 

which, the equivalent of at least 50% is estimated to enter the international trade, in 

the form of semi processed and value added products. For most of the major 

producing countries, coconut is an important foreign exchange earner. In most 

producing countries, coconut is also used for domestic dietary needs, mostly as 

coconut oil and coconut milk/cream, in daily household food preparations, 

providing in some instances, as much as 20% of the daily calorific requirements. 

1.3. Coconut Cultivation in India. 

The four states of India viz. Kerala, Tamil Nadu, Karnataka and Andhra 

Pradesh account for 89% of the total production of coconut in the country. The 

highest production of 13,299 million nuts was achieved in the year 1994-95. 

Thereafter, there has been a decline in the production to the present level of 12,832 

million nuts and area under the plantation cultivation is around 1.78 million hectares 

in the country. The main factors responsible for the fall in production are the spread 

of mite infestation which had assumed epidemic proportions, the debilitating root 

wilt diseases in prime coconut growing areas, intermittent drought affecting the crop 

and the inability of the coconut farmers to develop necessary irrigation infrastructure 

due to the small and fragmented nature of holdings. Notwithstanding these 

constraints coconut production has shown up upward trend over a period of time. 

The production increased from 5,939 million nuts in 1981-82 to 12,832 million nuts 

in 2004-05. However, the annual growth rate has declined from 5.43% during the 

period between 1981-82 and 1991-92 to 1.88% during 1991-92 to 2004-05. The 

annual growth which was 18.29%, 7.12%. 3.42% and 2.95% respectively in the 

states of Andhra Pradesh, Tamil Nadu, Kerala and Karnataka during 1981-82 

declined to 1.73%, 1.26%, 2.40% and (-) 0.11% respectively during the period 

between 1991-92 and 2004-05. The severe drought for three consecutive years from 
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2000-01 to 2003-04 in the major coconut producing states has been primarily 

responsible for this setback. The favorable monsoon from 2004-05 onwards had a 

positive impact on production particularly in the states of Tamil Nadu. The crop 

forecast done by the Central Plantation Crops Research Institute indicates a 

production of 14.30 billion nuts in the country during 2006-07. 

All India Estimates of area and production of Coconut 
 2007-2008 (Revised) 2008-2009 (Final) 

States /Union 
Territories 

AREA ('000 
Hectares) 

Production 
(Million nuts) 

Productivity 
(Nuts/ha) 

AREA ('000 
Hectares) 

Production 
(Million nuts) 

Productivity 
(Nuts/ha) 

Andhra Pradesh 101.32 1119.26 11047 104.00 970.00 9327 

Assam 19.00 136.00 7158 18.80 147.10 7824 

Goa 25.50 127.60 5004 25.61 128.18 5005 

Gujarat 16.40 138.30 8433 15.98 157.42 9851 

Karnataka 405.00 1635.00 4037 419.00 2176.00 5193 

Kerala 818.80 5641.00 6889 787.77 5802.00 7365 

Maharashtra 21.00 175.10 8338 21.00 175.10 8338 

Nagaland 0.90 0.20 222 0.92 0.55 598 

Orissa 51.00 275.80 5408 51.00 275.80 5408 

Tamil Nadu 383.37 4968.20 12959 389.60 5365.00 13771 

Tripura 5.80 11.40 1966 5.80 11.40 1966 

West Bangal 28.60 355.50 12430 28.60 355.50 12430 

A & N Island 21.60 80.60 3731 21.69 82.00 3781 

Lakshwadweep 2.70 53.00 19630 2.70 53.00 19630 

Pondichery 2.20 26.60 12091 2.10 30.70 14619 

All India 1903.19 14743.56 7747 1894.57 15729.75 8303 

Source: Directorate of Economics & Statistics, Ministry of Agriculture, Govt. of India. 

1.4. Coir Industry in Kerala.  

Kerala is the largest producer of coconut in India, accounts for around 45% 

of the country’s total production. Coir is a unique natural fibre used in diverse 

applications of great economic importance. This wonder fibre is extracted from 

coconut husk and is spun into coir yarn and a number of other value added 

products such as coir rope, mats, mattings, rugs carpets etc. are produced. Coir 

fibre is also used in combination with other natural or synthetic fibres or materials 
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such as Rubber or synthetic polymers for making products that are better suited for 

specific uses. Coir and coir fibre products sustain the livelihood of a significant 

segment of the population in the coastal belt of southern India, especially Kerala. 

In Kerala, the coconut kernel is an essential food ingredient that contributes to taste 

in a number of preparations. Coconut is also valued for the extractable edible oil 

contained in the kernel. Thus the fibre associated with coconut is often considered 

secondary and due to lack of an organized collection mechanism, a large part of 

this is utilized as fuel and only the remaining is utilized for fibre extraction. This 

happens even in the coconut oil industry where they concentrate on the oil and the 

oilcake. Enough attention is not paid for utilization of the fibrous part. 

 The coir industry in Kerala presently provides direct employment to about 

3.60 lakhs persons including those who are employed for part of the year. It is a 

fact that a good percentage of this is women engaged in the spinning of coir. The 

indirect employment is also very significant. The potential of this industry for 

upgradation and expansion is high and if taken advantage of, this will have a 

significant impact on the coastal economy of the State. Recognizing this fact, the 

Government introduced a number of regulations for sustaining the industry 

including those intended to improve the availability of husk for the industry at 

reasonable cost. Thanks to increased level of mechanisation, utilisation of husk for 

production of fibre out of the total husk available in the region is expected to 

improve from the current level of 30 per cent to 50 per cent. 

1.5. Coir Pith. 

Coconut coir pith is an agro waste from coir industry and it is a renewable 

resource. The elastic cellular cork like pithy material forming the non fibrous tissue 

of the coconut husk generally accounts for 50-60 % of the total weight of husk. One 

ton of coir pith is produced for every 10,000 husks used in the coir industry. 

Accumulation of coir pith near coir factories in large quantities causes solid waste 

pollution problems. Since it is composed of lignocellulosic compounds the total 
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degradation of these compounds was once considered as an impossible task. Coir 

pith undergoes decomposition in a very slow rate only because of its low carbon 

(pentosan) to lignin ratio of less than 0.5 %, which is minimum required for the slow 

decomposition of organic matter in soil. The practical problem associated with direct 

application of raw coir pith as manure have been solved with earth worm 

(vermicomposting) or using Pith plus (a mushroom spawn). Nowadays, composted 

coir pith is being widely used along with organic supplements for many crops 

especially in Horticulture and Floriculture. Composted coir pith is highly beneficial in 

improving crop productivity in plants and it shows high conversion ratio. Moreover, its 

ability in the management of certain root diseases had also been reported. 

1.5.1. Properties. 

Coir pith is lignocellulosic in nature, brown coloured, light weight corky 

dust; particle size varies from 100-300 microns similar to peat moss. It has a 

porous structure and the pores are responsible for allowing good aeration around 

the roots of plants and retain water content in the pores for rewetting when dry. 

Chemical analysis reveals that coir pith contains three major constituents- 

cellulose, hemicelluloses and lignin. Cellulose is a polymeric chain of anhydrous 

glucose units and exists mainly in crystalline form. Hemicellulose is made up of 

mixed polymers of various pentose and hexose sugars and is amorphous in nature. 

Lignin is an amorphous polymer of phenyl propane, which surrounds the cellulose 

in the cell wall. Lignin exists in situ as large molecular weight component but 

indefinite in size.  The major properties of coir pith is as follows 

• High water holding capacity, i.e,. 6-8 times than its weight. 

• Slow degradation due to high lignocellulose content. 

• Excellent moisture retention even after drying. 

• Porosity is high, stores and releases nutrients over extended periods of 

time. 
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• Acceptable electrical conductivity (EC), pH and Cation exchange capacity 

(CEC). 

• Greater physical resiliency that withstands compression better. 

• Being a poor conductor of heat, helps keep soil temperature under control. 

Table 1. Chemical composition and physical properties of coir pith. 

Sl No Constituents Unretted coir pith Retted coir pith 

1. Lignin (%) 38.50 30 

2. Cellulose (%) 26.40 25.10 

3. Organic Carbon (%) 29.50 29.0 

4. Nitrogen (%) 0.24 0.26 

5. Phosphorous (%) 0.01 0.01 

6. Potassium (%) 0.71 0.76 

7. C:N ratio 123:1 112:1 

8. Calcium (%) 0.40 0.47 

9. Magnesium (%) 0.36 0.41 

10. Copper (ppm) 3.10 4.20 

11. Iron (ppm) 0.07 0.08 

12. Manganese (ppm) 12.50 17.00 

13. Zinc (ppm) 7.50 9.80 

14. Moisture (%) 20-30 60-80 

15. pH 5.4-5.8 5.6-6 

16. EC (millimhos/cm) 0.8-1.2 0.3-0.6 

17. Salinity (ppt) 1 2-4 

18. CEC (Meq/100 g of sample) 15-20 20-25 
Source: Coir News, 2007 (Coir Board) 

1.5.2. Uses. 

As it has an excellent water holding capacity, it can be extensively used as 

potting medium for plants. The major uses of coir pith are as follows. 

• Potting soil for commercial farming, in glass houses and also in the hobby 

market. 



Introduction  

8 

• Grow bags in glass houses, green houses for horticulture and floriculture. 

• Briquettes used for house gardens and terrace gardens. 

• In production of biogas and power. 

• Water resistant boards and particle boards of different densities. 

• As a light weight aggregate to produce low density concrete for thermal 

insulation of roof slabs. 

• For production of light bricks and clays. 

• Manufacture of rubber based coir pith gaskets. 

1.5.3. Environmental Problems. 

Coir pith degrades very slowly and it remains in the soil for a very long 

period of time, however due to the natural climatic effect of repeated washing in 

the rains leading to enhanced microbial activity which eventually degrades the pith. 

Coir pith is recalcitrant and accumulates in the environment forming hillocks 

posing environmental pollution in the areas close to coir fiber extraction units 

(Hume, 1949). As a result of its fluffy nature, its transportation will not be cost 

effective. Coir industries and fiber extraction units contribute considerably to the 

problems of environmental pollution, both land and water pollution. The high 

quantum of its production in the defibering units and the difficulties experienced in 

its disposal have tended to create a major problem of pollution of large areas of 

land and water in coir fiber extraction units. During monsoon rains leaching of 

tannins and salts from the hillocks of coir pith leads to ground water pollution and 

may be magnified up the food chain to levels that are harmful for wild life and 

possibly for humans because most of these pollutants are extremely difficult to 

remove by waste treatment methods. Therefore biodegradation of coir pith is 

essential to control the pollution caused by accumulation (Warrier and Moudil., 

1947). Coir pith even though is a problematic waste, it is a potential wealth and can 
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be converted into valuable organic manure by microbial degradation. The industrial 

applications of coir pith have so far been very limited (Thomas et al., 1998) 

1.5.4. Methods of Disposal. 

As it contains Lignin and cellulose in a considerable level, it is resistant to 

biodegradation in normal natural conditions. Hence disposal problem also quite 

difficult in the case of coir pith. The unique ability of white rot basidiomycetes to 

degrade lignin has become a matter of high importance for effective biodegradation 

of coir pith and thereby eliminates environmental pollution. The biological 

decomposition of organic matter is mediated by a variety of biochemical process in 

which the enzymes play a key role. Conventionally a process has been standardized 

by Central Coir Research Institute (CCRI) for the preparation of organic 

manure/fertilizer out of coir pith. According to this process, one ton coir pith is 

composted by addition of ‘Pith plus’, an edible mushroom and urea over evenly 

spread out layer of pith. The heap of coir pith is moistened daily and left for about 

30 days for composting. The organic manure thus obtained is rich in nitrogen, 

phosphorous and potassium (NPK). The present work is aimed to substitute urea 

with bacterial cultures for composting process. 

1.6. Objectives. 
1.6.1. To study the efficacy of different fungal species to degrade coir pith 

effectively. 

1.6.2. Substitution of urea with fungi and nitrogen fixing bacteria for coir 

pith composting. 

1.6.3. To study the efficacy of coir pith as growth medium for Azotobacter 

vinelandii and Azospirillum brasilense. 

1.6.4. Isolation and characterization of nitrogen fixing bacteria from raw coir 

pith. 

1.6.5. To study the efficacy of biodegraded coir pith for cultivation of 

medicinal plants. 
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REVIEW OF LITERATURE 

1.7. Coir Industry. 

Coir is the only natural fibre that is not cultivated solely for coir where as 

jute and sisal are natural fibres cultivated only to produce the fibres and in turn, 

spun and woven into products.  

The coir industry, which forms the main plank of the economy of the 

coastal region of Kerala, is one of the oldest and most traditional industries in the 

state. The geographical location of this area providing a salubrious climate for the 

large scale cultivation of coconut palms and the winding network of rivers, canals, 

lakes, lagoons and estuaries is an enormous inter connected, web of water ways. 

Virtual forests of coconut palm spread across these flat, green lands which is 

providing further a unique and distinct facility for the retting of coconut husk that 

constitute the basic raw material for the industry, have helped in concentrating this 

industry in and around coastal area. These natural facilities, which do not seem to 

exist as such anywhere in the other large coconut producing countries, have been 

fully made use of by the generations of men and women who inhabit this part of 

the country for exploiting the potential of the coconut husk for fibre extraction. 

The golden textured Indian Coir Fibre, which earned it the unofficial brand 

name ‘Golden fibre’, captured European and world markets in no time. Since coir 

yarn and fibre could be most economically moved by well developed water transport 

to Alappuzha, a thinly populated, with communication facilities by road was sparse, 

but had facilities for shipping the product, with two canals connecting the port and 

backwaters. Coir industrial units came to be concentrated in and around Alappuzha 

due to the availability of cheap labour and the abundance of raw material. 

Convinced by the potentiality of the fiber and yarn, Mr. Darragh, came to 

Alappuzha which was the chief port of the state and started a manufacturing unit with 

the establishment of the first coir factory in India at Alappuzha in 1859 by Mr. James 
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Darragh, an American of Irish origin. He enlisted the help of the foreign trader called 

Henry Smail and the factory known as ‘Darragh Smail & Company’. From then on, 

there was no turning back. The big corporate of that era soon established coir 

factories in Alappuzha, Kollam, Kozhikode, Kochi and other parts of Kerala.  

1.8. Coir Pith – A Natural Wealth. 

Coconut is considered to play a vital role in the economy of many marginal 

farmers in India (Mathew. 2004).The coir pith accounts for 50-60 percent of the 

total weight of the husk (Jeyeseeli and Poul Raj, 2010) is the name given to dust 

left behind after the industrially valuable long fibre of coir has been extracted from 

the coconut husk. It is fluffy, spongy material with significant water holding 

capacity and is extremely compressible (Vijaya et al, 2008). Coconut husk is the 

basic raw material for the coir industry (Reghuvaran et al, 2009) and coir fibre is 

extracted from the husk and used for manufacture of mats, mattings, rubberized 

coir mattress and yarns in rope making. After extraction of coir fibre from husk, the 

remaining material (coir pith) is released into the sorroundings and total generation 

of coir pith in India is estimated to be around 0.5 million tons per year and the 

world production is around 3.6 million tons (Pillai et al., 1981). Therefore the coir 

industry face difficulty in the disposal of coir pith (Dan et al., 1993). Coir pith 

constitutes as much as 70% of the coconut husk and has a high water holding 

capacity of 8 times of its weight. It is estimated that 5.74 million metric tons of 

coconut are produced in the world (FAO 2001). India is reported to produce 0.77 

million metric tons of coconut (Cocos nucifera) equivalent to the availability of 

0.35 million metric tons of fibrous husk. Because of its high lignin content (48%) 

and amorphous, powdery nature, coir pith is one of the toughest biological 

materials, highly resistant to biological degradation. The barrier to the production 

and recovery of valuable materials from LCW (Lignocellulosic Wastes) is the 

structure of lignocelluloses which has evolved to resist degradation due to cross 

linking between the polysaccharides (cellulose and hemicelluloses) and the lignin 
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via ester and ether linkages (Yan and Shuya, 2006; Xiao et al., 2007). It is also 

stated that the lignin degradation not only helps the removal of environmental 

pollution, but also helps to obtain enriched protein biomass of fruiting bodies from 

white rot fungi (Rajarathnam. 1987) 

Coir pith is easily blown by wind due to its light weight thereby creating air 

pollution. In comparison to other waste materials such as saw dust, rice husk and 

groundnut shell, coir pith is found to have a higher heat value (Krishnan, 1990; 

Sudhira and Jacob, 2000). Unfortunately, high levels of carbon dioxide and smoke 

are released from coir pith while burning due to its poor combustion properties. To 

overcome the problems associated with coir pith disposal, many innovative practices 

are being followed. In certain parts of India, coir pith finds its applications in making 

bricks (Dan, 1993) and particle boards (Viswanathan, 1998). A mixture of cow dung 

and coir pith at 4:1 ratio increases the biogas production (Pillai et al., 1981). Reports 

state that it is presently being successfully utilized as a soilless medium for vegetable 

crops such as bhendi (Abelmoschus esculentus) (Ross, 2002), Tomato (Lycopersicon 

lycopersicum)(Ramalakshmi, 2005) and an effective substrate for brinjal (Solanum 

melongena) (Ramaswamy et al., 1985) 

The coir pith contains about 35% lignin which is an aromatic polymer 

composed of phenyl propane subunits including coumaryl, guaicyl and syringyl 

moieties that are covalently linked together by a variety of bonds, but mainly by 

beta-aryl ether bonds. It is also present in the fibers and is responsible for the 

stiffness of coir. It is thought that the lignin has its origin in carbohydrates. It is 

mainly a hard substance and is almost free from degradation in ordinary conditions. 

Pleurotus sajor caju belongs to a class of white rot fungi capable of preferentially 

degrading lignin when grown on lignocellulosics (Hatakka, 1994). A wide range of 

diverse cellulosic substrates are used for cultivation of Pleurotus sajor caju. 

Amongst various cereal straws, paddy straw was reported to be the best substrate 

for the cultivation of oyster mushrooms (Bano and Srivastava, 1962; Jandaik and 
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Kapoor, 1974; Khanna and Garcha, 1982). It has also reported that Pleurotus spp. 

are the third most commonly cultivated mushroom in the world and are known to 

have high nutritional values (Tshinyangu., 2006). 

The study of coir pith degradation with bacteria is very limited due to its 

poor degrading ability to degrade the lignin present in it. Janshekar and Fiechter 

(1981) reported some bacterial cultures were tested for the degradation of lignin 

which has the ability to degrade numerous phenols with structural relationship to 

lignin. Several studies in this field state that; it takes decades for coir pith to 

decompose causing environmental pollution and disposal problems (Pazhanivel et 

al., 2011). The poor degradation of lignin was observed in all tested bacteria and it 

is also commented that the poor degradation does not seem to be influenced by 

medium composition and culture condition but is more probably due to the 

inability of the tested bacteria to degrade lignin to any considerable extent. For 

many years, the filamentous blue-green algae (Cyanobacteria) were believed to be 

primarily responsible for N2 fixation in oceanic waters. There was a correlation of 

in situ nitrogen fixation with light intensity (Stewart, 1974), some Cyanobacteria 

were capable of degrading the coir pith. Some enhanced techniques show the use of 

coir pith based cyanobacterial biofertilizer in sustainable integrated agro 

ecosystems (Prabha et al, 2009). So, this method can be useful to promote the 

growth of plant and increase the quality and quantity of crop yield (Hume, 2007). 

Most recently, cellulolytic nitrogen fixing bacteria have been isolated in large 

numbers, apparently as a pure culture, from a specialized gland found in ship 

worms (Waterbury et al, 1983). The work conducted by Anandharaj (2007) also 

shows the coir pith can be partially decomposed through the action of 

cyanobacteria and can be used as biofertilizer for all varieties of food crops. 

1.9. Composting. 

Composting is the natural process of decomposition of organic waste that 

yields manure or compost, which is very rich in nutrients. Composting is a 
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biological process in which micro-organisms, mainly fungi and bacteria, convert 

degradable organic waste into humus like substance. This finished product, which 

looks like soil, is high in carbon and nitrogen and is an excellent medium for 

growing plants. The process of composting ensures the waste that is produced in 

the kitchens is not carelessly thrown and left to rot. It recycles the nutrients and 

returns them to the soil as nutrients. Apart from being clean, cheap and safe, 

composting can significantly reduce the amount of disposable garbage. The organic 

fertilizer can be used instead of chemical fertilizers and is better specially when 

used for vegetables. It increases the soil’s ability to hold water and makes the soil 

easier to cultivate. It helped the soil retain more of the plant nutrients. 

Composting is an aerobic exothermic waste treatment method where a 

mixed microbial population degrades heterogeneous organic matter. The main end 

products of composting are CO2, biomass and humic substances (Crawford, 1983; 

Haug, 1993). The humified and stabilized end product can be used as a fertilizer 

(Crawford, 1983). During the composting process pH, temperature and structure of 

the organic matter alter along with the ongoing succession in the microbial 

population (Paatero et al., 1984). Addition of a bulking agent is usually needed, 

and water addition occasionally (Paatero et al., 1984; Haug, 1993). Either forced 

aeration or frequent turning ensures efficient oxygen transfer to the compost pile. 

Agitation is always needed to ascertain uniform degradation (Biddlestone and 

Gray, 1985; Haug, 1993). 

1.9.1. Significance of Composting. 

Composting microorganisms produce enzymes that are extracellular like a 

chemical aura outside the organism's body. They transform molecules of organic 

matter into less complex chemicals and energy. All organisms have intracellular 

enzymes to manage the diverse complexity of the life processes. Enzymes are 

unstable proteins or protein-containing compounds that, when present in small 
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amounts, promote a chemical reaction. The enzymes such as amylase, cellulase, 

lipase and protease are a few of the catalysts responsible for decomposition. 

The solid, liquid and gaseous environment of the bioplex that forms a 

composting system provides a continuum of micro niches for the organisms and 

that affects the rate of biological transformation of organic matter. The speed of the 

composting process is influenced by several factors such as environmental factors, 

the composition and constituents of materials being composted, the health and 

number of the organisms which are using the materials as a food source and the 

management of the process by the operator.  

The important parameters of composting are temperature, pH, moisture 

content and salinity, which are regulated by aeration, free air space and agitation. 

The main properties of feed materials include the C:N ratio, particle size, rigidity, 

nutrient and lignin content (Crawford, 1983; Paatero et al., 1984; Biddlestone and 

Gray, 1985; Haug, 1993). Under optimal conditions, residence time is minimized 

and a good end product is achieved (Golueke, 1992).  

Self heating commences and a sufficiently high temperature is reached 

when moisture content, nutrient level and particle size of the waste are adequate, 

but temperature can also be artificially kept at a high level for a longer time to 

intensify the degradation (Crawford, 1983, Horwath and Elliot. 1996a). A maximal 

degradation rate is achieved at temperatures from 45˚C to 60˚C, but excessive 

temperature suppresses decomposition (Waksman et al., 1939b; MacGregor et al., 

1981; Strom 1985a). Control of pH is not normally needed. However, if the level 

of nitrogen in waste material is high, there may be excessive ammonia production, 

resulting in an odour problem (Eklind and Kirchmann, 2000). 

Microorganisms need water to maintain their activity, but if moisture 

content is too high, the free air space is easily filled with water, and anaerobic 

conditions and a decreased degradation rate follow (Haug, 1993). The optimum 

moisture range in compost is usually 50-70%, but it is highly dependent on the feed 
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material (Haug, 1993). During composting the organic material dehydrates as heat 

together with vapour escapes the compost (MacGregor et al., 1981). Dry unstable 

compost may behave like cooled, stabilized compost, but by re-wetting this 

“pseudostable” compost, reheating can be induced (MacGregor et al., 1981; Haug, 

1993; Itavaara et al., 2002). 

Aerobic conditions are essential for efficient degradation. One option is 

forced aeration, but turning or intermittent agitation is adequate for aeration in 

many cases. Air can reach the inner parts of the heap because the gaps between the 

particles constitute air spaces. Sufficient porosity is achieved by using a rigid, 

slowly degradable material, such as wood chips, bark or some other lignocellulosic 

substance as a bulking agent (Crawford, 1983; Paatero et al., 1984; Haug, 1993). 

Microorganisms require a carbon source as a major energy source, macronutrients 

such as nitrogen, phosphorous, potassium and certain trace elements for their 

growth and lack of nitrogen could retard the composting process. The optimal C/N 

ratio has been reported to be 25-50, but this seems to have marked variation 

depending on the substrate, because nitrogen addition can increase (Inbar et al., 

1988), decrease (Horwath and Elliott, 1996b) or have no effect at all (Inbar et al., 

1988) on the degradation rate in compost. Thus the chemical composition of 

nitrogen in feed material and the structure of the waste have been suggested to be 

more important for composting performance than the C:N ratio (Crawford, 1983; 

Golueke, 1992; Horwath and Elliott, 1996b). Excess nitrogen is lost from compost 

as ammonia or other gaseous nitrogen compounds (Eklind and Kirchmann, 2000). 

During the decomposition of waste two thirds of carbon is released as carbon 

dioxide and the rest is accumulated as compost organic matter (Horwath and 

Elliott, 1996b; Eklind and Kirchmann, 2000). 

Fungi, actinomycetes and unicellular bacteria from the majority of compost 

microorganisms and algae, viruses, protozoa and macroorganisms make up the 

minority (Finstein and Morris, 1975; Biddlestone and Gray, 1985). Bacteria are 
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mostly heterotrophic, but denitrifying and nitrogen-fixing bacteria, hydrogen 

oxidizing bacteria and sulphur oxidizing bacteria are also present (Diaz- Ravina et 

al., 1989; Beffa et al., 1996; Bess, 1999). Actinomycetes often grow extensively 

during the cooling and maturation phase (Biddlestone and Gray, 1985). Fungi grow 

in compost in all phases but may disappear temporarily during peak heating 

(Thambirajah et al., 1995). The percentage of fungi and actinomycetes relative to 

the whole population is lower in compost than in soil, while the actual density of 

these organisms is much higher (Diaz- Ravina et al., 1989). A small but significant 

number of anaerobic bacteria have also been found in a compost environment 

(Diaz- Ravina et al., 1989, Atkinson et al., 1996b., Ueno et al., 2001). Anaerobic 

microenvironments may develop, especially during the thermophilic phase, when 

oxygen is rapidly consumed (Haug, 1993). The isolated anaerobic bacteria have 

either been cellulolytic or saccharolytic (Akinson et al., 1996b; Ueno et al., 2001). 

1.9.2. Chemistry of Composting. 

Organic material where the decomposition is in presence oxygen is an 

"aerobic" process. When living organisms that use oxygen feed upon organic 

matter, they develop cell protoplasm from the nitrogen, phosphorus, some of the 

carbon, and other required nutrients. Carbon serves as a source of energy for 

organisms and is burned up and respired as carbon dioxide (CO2). Since carbon 

serves both as a source of energy and as an element in the cell protoplasm, much 

more carbon than nitrogen is needed. Generally, organisms respire about two-thirds 

of the carbon they consume as CO2, while the other third combines with nitrogen 

in the living cells.  

Biological activity diminishes if the compost mix contains too much carbon 

in relation to nitrogen. Several cycles of microorganisms are required to burn the 

excess carbon, which is a complex chemical process. When organisms die, the 

stored nitrogen and carbon becomes available to other organisms. These new 

organisms form new cells which again need nitrogen to burn excess the carbon and 
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produce CO2. Thus, the amount of carbon is reduced and the limited amount of 

nitrogen is recycled. Finally, when the ratio of available carbon to available 

nitrogen is low enough, nitrogen is released as ammonia. Under favorable 

conditions, some ammonia may oxidize to nitrates. Phosphorus, potash and various 

micronutrients are also essential for biological growth. These are normally present 

in more than adequate amounts in compostable materials. In nature, the aerobic 

process is most common in areas such as the forest floor, where droppings from 

trees and animals are converted into relatively stable organic matter. 

1.9.3. Environmental Impacts of Composting. 

Use of compost as a soil conditioner, a fertilizer, or a growth medium has, 

of course, significant environmental benefits. In addition to returning nutrients to 

the soil and thus permitting the reduction of artificial fertilizers, compost is waste 

that does not have to be land filled. When it is used as daily cover at landfills, it 

replaces other materials that would otherwise be used for that purpose. 

However, there are also negative impacts on the environment associated 

with making and using compost. These impacts depend both on the technical 

approach used and the waste composition of the input streams. Gases released from 

improperly maintained compost piles are a negative effect associated with the 

composting process. When piles are not properly aerated, colonies of anaerobic 

bacteria flourish and produce methane gas. The decomposition process also 

releases carbon dioxide, volatile organic compounds, bacteria and fungi. The 

release of methane and carbon dioxide contributes to the problem of greenhouse 

gases in the atmosphere. Poorly operated composting facilities also cause 

unpleasant odours. Other air emissions are generated by the combustion engines 

used to power windrow turning machines and grinders. 

Leachate production is also common. Leachate from water runoff and 

condensation at compost facilities occasionally contains levels of biological 

oxygen demand (BOD) and phenols (a byproduct of the decomposition of the 
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lignin in leaves) that may exceed acceptable discharge limits, but pose few 

problems if absorbed into the ground or passed through a sand filter. High 

concentrations of BOD in runoff to surface water is a bigger problem, as this can 

reduce the amount of dissolved oxygen in lakes and streams that is available for 

aquatic life. Sound practice here is to avoid discharge to water and to capture or 

direct all leachate to absorption in sand or soil. 

1.10. Lignocellulose Degradation. 

Grasses, wood and most of the plant litter represent the major part of the 

biomass in the nature which is collectively called Lignocellulose (Kuhad et al., 

1997). It mainly composed of cellulose, hemicelluloses and lignin (Sjostrom, 

1993). It is estimated that there is 2.5-4×1011 tons of cellulose and 2-3×1011 tons of 

lignin in the earth, representing 40% and 30% of organic matter carbon, 

respectively, with other polysaccharide comprising 26% (Fengel and Wegener, 

1989; Argyropoulose and Menachem, 1997) as cellulose, hemicelluloses and lignin 

are closely associated in plants, isolating these compounds to a pure state is 

virtually impossible. They are not uniformly distributed in the plant cell wall; the 

S2- layer of the secondary wall has the highest percentage of cellulose, and the 

middle lamella has the highest percentage of lignin, but all three compounds can be 

found in every layer of the cell wall. Distribution in the different parts of the plant 

is not uniform either (Kuhad et al., 1997). Some grasses contain considerable 

amount of pectin in the middle lamella, where as wood contains only small 

quantities of extractives, inorganic compounds and pectin compounds (Fengel and 

Wegener, 1989; Hatfield, 1989; McDougall et al., 1993; Kuhad et al., 1997). 

Photosynthesis and degradation of Lignocellulose are essential for the 

global carbon cycle (Brown, 1985; Colberg, 1988). The degradation rate of the 

lignocellulose is governed by temperature, moisture content and the type of 

lignocellulose (Rayner and Boddy, 1988; Kuhad et al., 1997). Rayner and Boddy 

(1988) observed that a warm and wet other than a cold and dry environment which 



Introduction  

20 

enhances degradation. Wood and various grass lignocelluloses are the main raw 

materials of pulp. The proportional amount of carbohydrates and lignin in the end 

product vary due to different pulping and bleaching processes. Chemical pulping 

with bleaching removes lignin almost completely, while mechanical pulping leaves 

the composition of the pulp close to that of wood (Gullichson, 2000). 

 

Fig. I. Lignocellulose 

Lignin is considered as a composite material in all vascular plants, 

providing the plant with strength and rigidity (Brown, 1985; Argyropoulose and 

Menachem, 1997). By decreasing water permeation across the cell wall, lignin 

renders the plant resistant to biodegradation as well as to environmental stresses 

(Eriksson et al., 1990; Argyropoulose and Menachem, 1997). Lignin is an 

amorphous, aromatic, water insoluble, heterogenous, three dimensional and cross-

linked polymer with low viscosity (Fengel and Wegener, 1989; Sjostrom, 1993; 
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Brunow, 2001). The molecular mass of lignin is high (600-1000 KDa), although 

not uniform, varying greatly within isolated samples (Kirk and Farrell, 1987; 

Fengel and Wegener, 1989; Brunow, 2001). The molecular mass of lignin is thus 

difficult to determine, and use of a conventional formula is not possible (Brunow, 

2001). Lignin is highly reduced and its carbon content is 50% higher than that of 

polysaccharides, which makes lignin energy rich (Brown, 1985). Lignin is 

distributed throughout the cell wall, although, again, not uniformly the highest 

lignin content is in middle lamella, however the greatest amount of lignin is in the 

secondary wall (Fengel and Wegener, 1989; Eriksson et al., 1990).  

The primary precursors for p-hydroxyphenyl (H), guaiacyl (G) and syringyl 

(S) units of lignin are p-coumaryl alcohol, coniferyl alcohol and sinapyl alcohol 

respectively (Fengel and Wegener, 1989; Brunow, 2001). The monomers couple 

with the phenolic end groups of the growing lignin polymer, not with each other 

(Sjostrom, 1993). Peroxidase and laccase catalyse the random polymerization 

(Brown, 1985; Eriksson et al., 1990; Argyropoulose and Menachem, 1997). Lignin 

has no single repeating bond; phenylpropanoid units are linked together by more than 

ten different types of aryl ether and carbon-carbon linkages (Brown, 1985; Sjostrom, 

1993; Brunow, 2001). The predominant type of linkage in wood lignin is the 

arylglycerol-β-aryl ether (β-O-4) bond (45-60% of all bonds), and the next most 

common bonds are β-5 (6-12%), and 5-5 (4.5-17%). Recently a new type of linkage 

in softwoods forming dibenzodioxocin moity was discovered by G. Brunow’s group 

(Karhunen et al., 1995a, 1995b, Brunow, 2001). The lignin content of wooden plants, 

especially softwoods is higher than that of gramineous plants (Fengel and Wegener, 

1989; McDougall et al., 1993). The G-type of lignin dominates in softwoods and the 

middle lamella of hardwoods, the G-S type in hardwoods, and the G-S-H type in 

gramineous plants (Brown 1985; Besle et al., 1989, Sjostrom, 1993; Brunow, 2001) 

for precursors. In addition to methoxyl groups that distinguish various lignin types, 

lignin has other functional groups, including phenyl hydroxyl, benzyl alcohol and 

carbonyl groups (Sjostrom, 1993, Brunow, 2001).  



Introduction  

22 

1.11. Lignin Degrading Microorganisms. 

The most efficient lignin degraders are basidiomycetous white and brown rot 

fungi which are taxonomically so close to each other that both types may sometimes 

appear in the same genus (Hatakka, 2001). However, less than 10% of wood 

degrading basidiomycetous fungal species are brown rot fungi (Eaton and Hale, 

1993; Dix and Webster, 1995). Wood rotting Ascomycotena and Deuteromycotena, 

i.e. microfungi are considered to be soft rot fungi, while Basidiomycotena are either 

white rot or brown rot fungi (Daniel and Nilsson, 1998; Hatakka, 2001).  

Lignin degradation by white rot fungi has been studied intensively to 

safeguard the commercial interests of the pulp and paper industry (Akhtar et al., 

1997; Scott and Akhtar, 2001). Degradation of lignin requires unspecific and 

extracellular enzymes because of the random structure and high molecular mass of 

the lignin molecule (Kirk and Farrell, 1987). Lignin usually cumulates during the 

degradation of lignocellulose, and white rot fungi are the only organisms that are 

able to degrade lignin selectively (Blanchette, 1995). Lignin is probably degraded 

by an array of microorganisms in nature, although abiotic degradation may also 

occure in special environments, such as those due to alkaline chemical spills 

(Blanchette et al., 1991) or UV radiation (Vahatalo et al., 1999). The environment 

governs which lignocellulose utilizing organisms dominate, and thus, the speed of 

the degradation (Blanchette, 1995). In aqueous or other anaerobic environments, 

polymeric lignin is not degraded, and wood may persist in non degraded form for 

several hundred or thousand years (Blanchette, 1995). 

1.12. Nitrogen Fixing bacteria. 

Nitrogen-fixing bacteria are microorganisms capable of transforming 

atmospheric nitrogen into fixed nitrogen, inorganic compounds usable by plants. 

More than 90 percent of all nitrogen fixation is effected by them. Two kinds of 

nitrogen fixers are recognized: free-living (non-symbiotic) bacteria, including the 
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Cyanobacteria (or blue-green algae) like Anabaena, Nostoc and such genera viz. 

Azotobacter, Beijerinckia, and Clostridium; and mutualistic (symbiotic) bacteria 

such as Rhizobium, associated with leguminous plants, and Spirillum lipoferum, 

associated with cereal grasses. 

The symbiotic nitrogen-fixing bacteria invade the root hairs of host plants, 

where they multiply and stimulate formation of root nodules, enlargements of plant 

cells and bacteria in intimate association. Within the nodules the bacteria convert 

free nitrogen to nitrates, which the host plant utilizes for its development. To 

ensure sufficient nodule formation and optimum growth of legumes (e.g., alfalfa, 

beans, clovers, peas, soybeans), seeds are usually inoculated with commercial 

cultures of appropriate Rhizobium species, especially in soils poor or lacking in the 

required bacterium. 

Microorganisms which pass independent life and fix atmospheric nitrogen 

are known as free living diazotrophs. There are two groups of such micro-

organisms: bacteria and Cyanobacteria (blue-green algae). Based on the mode of 

nutrition (carbon, nitrogen and oxygen and requirement of reducing groups) 

bacteria are divided into (i) aerobic bacteria (Azonomas, Azotobacter, Beijerinckia, 

Mycobacterium, Methylomonas), (ii) facultative anaerobic bacteria (Bacillus,  

Enterobacter, Klebsiella,  etc.), (iii) anaerobic bacteria (Clostridium, Desulfovibrio, 

etc.) and (iv) photosynthetic bacteria (Rhodomicrobium, Rhodopseudomonas, 

Rhodospirillum, Chromatium, Chlorobium, etc.). 

1.12.1. Azotobacter vinelandii. 

Azotobacter vinelandii is an aerobic soil-dwelling organism with a wide 

variety of metabolic capabilities which include the ability to fix atmospheric 

nitrogen by converting it to ammonia.  Like Klebsiella pneumoniae it fixes 

nitrogen in the free-living state and does not enter into symbioses with plants; a 

process typified by the symbiosis between members of the genus Rhizobium and a 

variety of leguminous plants.  Two features of the biology of Azotobacter make it 
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of particular interest to scientists studying the nitrogen fixation process. 

Azotobacter vinelandii is capable of synthesising not only the molybdenum-

containing nitrogenase enzyme that typifies most diazotrophs including Klebsiella 

pneumoniae and Rhizobium leguminosarum, but also two alternative nitrogenases; 

one in which vanadium replaces molybdenum and a second which contains neither 

transition metal but only iron (http://www.jic.ac.uk/SCIENCE/molmicro/ 

Azot.html).  This ability to carry out the chemistry of nitrogen reduction at sites that 

do not contain molybdenum is of particular importance to chemists and 

biochemists investigating the mechanism of biological nitrogen fixation. The 

alternative nitrogenases are encoded by distinct structural genes, vnfHDGK and 

anfHDGK: the vnfG and anfG genes encoding an extra small subunit not found in 

molybdenum nitrogenase. However many of the same ancillary genes e.g. 

nifUSVWZ and nifM are used in biosynthesis of all three enzymes.  

Synthesis of the alternative nitrogenases is regulated by availability of the 

appropriate metals i.e. molybdenum or vanadium, and expression of each set of 

genes is controlled by a specific regulatory protein, the products of the nifA, vnfA 

and anfA genes. Interest in this regulation has focussed research on the mechanisms 

whereby Azotobacter transports molybdate into the cell and distinguishes it from 

similar molecules such as sulphate. This has led to the dissection of the molybdate 

transport genes, modEABC and modG of Azotobacter that have homologues in 

many other bacteria (http://www.jic.ac.uk/SCIENCE/molmicro/Azot.html).  

Azotobacter has evolved a number of physiological mechanisms to allow it 

to fix nitrogen aerobically despite the inherent oxygen-sensitivity of nitrogenase 

(Joao, C., 2009). It has uniquely high rates of respiration coupled with specific 

cytochromes to ensure that nitrogenase experiences an essentially anoxic 

environment despite the fact that energy is being derived from aerobic 

metabolism.  It can also synthesize a protective 2Fe-2S protein which can bind to 
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nitrogenase in conditions of oxygen stress to form an oxygen-stable complex that is 

inactive but protected from damage.  

1.12.2. Azospirillum brasilense. 

Azospirillum brasilense, a nitrogen-fixing bacterium found in the 

rhizosphere of various grass species, was investigated to establish the effect on 

plant growth of growth substances produced by the bacteria (Tien et al., 1979). 

Azospirillum brasilense and Azospirillum lipoferum are the most commonly studied 

organisms among the Azospirilla. They are potential nitrogen fixers and nitrogen 

fixing is associated closely with roots and rhizospheres of many economically 

important plants and grasses (Baldani, V.L.D and Dobereiner, J. 1980; Baldani et 

al., 1997; Baldani et al., 1996; Baldani, 1996; Hartman et al., 1995; Olivares et al., 

1996; Weber et al., 1995).  

……… ………  
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1. Introduction. 

Essentially coir pith is a Lignocellulosic substrate that decomposes very 

slowly in soil as it contains 30%-35% of Lignin. The Basidiomycetes fungus called 

Pleurotus sajor caju, which has the ability to slowly degrade lignin and is capable 

of detoxifying phenolic compounds and also producing bio-polymersing enzymes. 

The cellulosic compounds present in the coir waste support the initial growth of 

this fungus and acts as co-substrate for lignin degradation. It degrades the phenolic 

group, as observed by the decrease in methoxy content and also causes an oxidative 

shortening of the side chain. Cleavage of the ring proceeds while still attached to 

the polymer. Enzymes such as laccase, phenol oxidases are also involved in the 

process of lignin degradation. It is therefore essential to study the degradation of 

lignin in the biodegradation process with effective mushroom species. 

2. Methodology. 

2.1. Sample Collection. 

Coir pith was collected from the coir industries located in Kattukada, 

Alappuzha district. There are a number of coir based industries working in this 

place. These coir fiber extraction units have large areas which are accumulated 
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with coir pith lying unutilized for past several years. Samples from these natural 

dumps of coir pith have been taken for investigation. 

2.2. Test Organism and their Maintenance. 

Four fungal cultures viz. Pleurotus sajor caju, Pleurotus florida, Pleurotus 

eous and Calocybe indica are the test cultures used. All the cultures were procured 

from different research institutions. Pleurotus sajor caju was obtained from Central 

Coir Research Institute (Coir Board), Kalavoor, Alappuzha and the other three 

organisms obtained from the Regional Agricultural Research Station, Kerala 

Agricultural University, Kumarakom. All the cultures were maintained on PDA 

slants and stored under refrigeration at 15˚C. The fungi were mass cultured on 

sterilized media consisting of sorghum mixed with 0.2% calcium carbonate as 

carbon source in polythene bags to adjust pH. Fully grown packets of mushrooms 

after 15 days incubation were used for carrying out experimental studies on 

composting of coir pith. All experiments and biochemical analysis were carried out 

at the Rajiv Gandhi Chair in Contemporary Studies, CUSAT and Central Coir 

Research Institute, Alappuzha. Experimental studies on composting of coir pith 

were carried out in open areas as multilayered heaps with incorporation of different 

mushroom species viz., Pleurotus sajor caju, Pleurotus florida, Pleurotus eous and 

Calocybe indica, which is the standard procedure for composting and bioconversion 

of coir pith into compost. 

2.3. Experimental Set Up 

The efficacy of different mushroom species for the biodegradation of coir 

pith were studied by laying different sets of coir pith heaps in a shady place. Care 

was taken to prevent the heaps from any disturbances. Each of the experiment was 

conducted by mounting one kg heap of coir pith supplemented with 4 gms of four 

different mushroom species and 10 g of urea as nitrogen supplement. Five sets 

were designed for four different mushroom species and an uninoculated control 
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(without the organism) was maintained simultaneously. All the heaps were 

moistened regularly to retain 200% moisture. 

2.4. Physical Properties of Raw and Biodegraded Coir Pith. 

2.4.1. Moisture. 

Moisture of the coir pith samples were determined by oven dry method 

using A7D – MS 70 analyzer (Gupta 2001). 

2.4.2. Temperature. 

Temperature was recorded using a laboratory thermometer at five points on 

the composting heap and the average recorded. 

2.4.3. pH. 

Calibrated METLER TOLEDO pH meter was used for the measurement of 

pH (Muthuvel and Udayasoorian, 1992).  

2.4.4. Electrical Conductivity. 

Electrical conductivity was measured using deluxe conductivity meter – 

Model 601 (Muthuvel and Udayasooriyan, 1992).  

2.4.5. Salinity. 

A calibrated laboratory salinometer was used for the measurement of 

salinity as per the method described by Lenore et al., 1989. 

2.5. Estimation of Chemical Properties. 

2.5.1. Lignin. 

The Klason lignin in coir pith was determined by the following method 

(Stephen and Carlton, 1992). Approximately one gram of coir pith was weighed 

out in triplicates in tarred weighing bottles and dried at 105˚C for one hour. The 

material was weighed thrice till a constant weight (A) was obtained. The material 

was then carefully transferred to a clean filter paper and rolled to pack the contents. 
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The three packed samples were transferred into the reflux unit of the soxhlet 

extraction apparatus for the first extraction with ethanol: benzene (2:1 v/v) for 4 

hour. The samples were then allowed to dry and the contents transferred to a 400 

ml beaker and refluxed in 200 ml distilled water for 4 hours.  

The cooled samples were then transferred into a 100 ml beaker to which 3 

ml of 72% Sulphuric acid was added carefully with the help of a glass rod. Another 

22 ml of 72% H2SO4 was added to make the total volume to 25 ml. The sample 

was then carefully macerated to form a fine paste and kept covered at room 

temperature for 2 hours. The sample was then diluted with distilled water (575 ml) 

in a one litre beaker and heated on a water bath for 4 hours. After cooling the 

sample was filtered carefully through a clean tarred G-4 sintered Gooch crucible. 

The residue was washed till free of acid, dried at 105˚C and weighed till constant 

reading obtained (B). The net weight recorded and the percentage of lignin 

calculated as per the formula 

            % of lignin = B/A × 100. 

2.5.2. Nitrogen 

Nitrogen in the coir pith samples were estimate by Alkalline permanganate 

method using Kjeldahl distillation Unit (Vogel, 1961). The method includes 

digestion, distillation and titration. The digestion process required following 

chemicals for every 0.2 gm coir pith samples; Conc. H2SO4 (10 ml), 3 gms of 

catalyst mixture (K2SO4 & CuSO4 mixture in 50 and 10 gm proportions). Adjusted 

the temperature to 420˚C and digestion time set to 1.5 hours. Distillation process 

was done with 40% NaOH and 4% Boric acid. After 9 minutes, the colour in the 

conical flask changes to pink colour to green. This is the end point of distillation. 

Then take conical flask for titration, with 1 N H2SO4, till the colour changes from 

green to permanent pale pink colour. The nitrogen content is calculated as follows. 

  % of Nitrogen = 14×titrant value × Normality of Acid×100 
                          1000×sample weight. 
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2.5.3. Phosphorus. 

Phosphorous was estimated by Vanado Molybdo phosphoric yellow colour 

method. Dried and powdered coir pith sample (0.5 g) is taken in boiling tube. 15 ml 

tri acid is added (mixture of Conc. HNO3 and Perchloric acid in the ratio 10:1:4) 

and digested overnight. The digested sample is quantitatively transferred to a 100 

ml volumetric flask and makeup to 100 ml with distilled water.  5 ml of the diluted 

solution is taken in a 25 ml volumetric flask and 5 ml of Vanado molybdate reagent 

is added and made up to 25 ml with distilled water. Shake thoroughly and the 

absorbance read in spectrophotometer at a wavelength of 430 nm after 10 min. A 

standard curve is prepared and the reading obtained for the sample extrapolated to 

evaluate the phosphorous content. 

Percentage of Phosphorous = 100×25×ppm (dilution) 
    0.5×5×10,000 

2.5.4. Potassium. 

Potassium was estimated by Flame photometry. The estimation done by triple 

acid extract is diluted suitably to contain approximately 4-7 ppm of K and read in the 

flame photometer after calibrating with standard (100 ppm, 50 ppm and 20 ppm) 

solution. 

  Percentage of Potassium = Reading×100 
             0.5×10,000 

2.5.5. Organic Carbon. 

Weigh exactly 0.5 g of compost (passed through 0.2 mm sieve) and transfer 

it to a 500 ml conical flask. Add 100 ml of 1N K2Cr2O7 and mix well by swirling 

the flask and then add 20 ml of conc. H2SO4 and mix by gentle rotation for one 

minute to ensure complete contact of the reagent with the compost. Allow the 

contents to stand for 20-30 minutes. After 30 minutes, add 200 ml of water. Then 

add 10 ml of phosphoric acid and 1 ml of diphenylamine indicator. Titrate the 

solution with 0.5N ferrous ammonium sulphate. The colour is dull green at the 
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beginning and then shifts to a turbid blue as the titration proceeds. The end point is 

very sharp. At the end point the colour sharply shifts to a bright green colour. 

Simultaneously conduct a blank titration (without compost) and note down the 

volume of 0.5N ferrous ammonium sulphate consumed. 

  Percentage of Organic Carbon = (x-y)×0.003×100 
      Weight of the sample 

The results of biodegradation revealed that, all the mushroom species were 

potent in biodegradation of coir pith and definite reductions in lignin content were 

observed. With a view to develop an efficient method for the biodegradation of coir 

pith with four species of white rot fungi viz., Pleurotus sajor caju, Pleurotus florida, 

Pleurotus eous and Calocybe indica were used. The Urea was also used as a nitrogen 

supplement and was added to the coir pith. The study was completed in 30 days. The 

composted coir pith was observed to be black in colour and its volume reduced by 

about 40%. The composted mass of coir pith also shows increased NPK (Nitrogen, 

Phosphorous and Potassium) and variable loss in carbon content. The Temperature of 

the pith heap shows variations, as the degradation causes increases in the temperature 

of the system due to the activity of microorganisms. The pH shows slight variation and 

the electrical conductivity decreases considerably with different fungal biodegradation. 

The details of the results are as follows. 

Result 

3.1. Physical Properties of Coir Pith. 

3.1.1. Moisture. 

From the experiments, it is clear that there was variation in moisture 

content in coir pith during the course of microbial biodegradation. The moisture 

content during composting is kept high and constant for facilitating decomposition. 

The moisture content in raw coir pith was found to be around 20% and during the 

composting process it increased to higher levels. The higher moisture content 

shows increased levels of biodegradation (Table II b). 
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3.1.2. Temperature. 

Temperature of the compost heaps is dynamic. It was periodically 

measured and was observed to be 25˚C initially and which was increased to 35˚C 

on biodegradation proceeds.  

3.1.3. pH. 

The biodegradation with different species of mushrooms on coir pith 

showed variations in pH. Initially the pH was just below the neutral values but as 

the composting proceeds, the pH fluctuated to slightly acidic level due to the 

formation of phenolic compounds (Table II b). 

3.1.4. Electrical Conductivity (EC). 

Electrical conductivity was observed to decrease during biodegradation. 

Raw coir pith, which was maintained as control indicated a value of 0.095 

millimhos/cm, which tends to decrease during composting. All the four organisms 

causes the reduction on electrical conductivity and among the four organisms 

tested, biodegradation with Pleurotus sajor caju was observed to be more 

effectively reducing the Electrical Conductivity. The details are given in Table II b. 

3.1.5. Salinity. 

Salinity of coir pith also decreased during composting and ranged from 6 

ppt to 2 ppt. 

3.2. Chemical Properties. 

The biodegradation of coir pith with different mushroom species causes 

reduction in Lignin, Organic carbon and enhancement in Nitrogen, Phosphorous and 

Potassium (NPK) content. The details of the chemical parameters are given below. 
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3.2.1. Lignin. 

The investigations reveal that definite variations were observed in the 

lignin content of coir pith under various treatments using ligninolytic mushrooms 

viz., Pleurotus sajor caju, Pleurotus florida, Pleurotus eous and Calocybe indica. 

The periodical analysis of samples of coir pith drawn at regular intervals from the 

experimental heaps show the rate of decomposition of lignin in coir pith by 

reduction from 32% in the control to 20% & 18%. Biodegradation of coir pith with 

Calocybe indica exhibited the maximum value for lignin reduction (18%) and the 

least was observed by Pleurotus florida. The details are given in Table II a. 

3.2.2. Nitrogen. 

The investigations reveal that the treatment of coir pith with different 

mushroom species lead to changes in the Nitrogen content. The percentage of 

nitrogen in the raw coir pith kept as control displays no change and is observed to 

be 0.73%. Treatments with different mushroom species show enhancement in 

nitrogen content to 0.86%, 0.89%, 0.84% and 0.96% for Pleurotus sajor caju, 

Pleurotus florida, Pleurotus eous and Calocybe indica respectively. From the 

results, it is clear that addition of the mushroom species are lead to enhancement in 

the Nitrogen content in coir pith. 

3.2.3. Phosphorous. 

The Phosphorous content in coir pith also show enhancement with the 

treatment of all the four mushroom species. The periodical analysis of coir pith 

samples under the treatment with various mushroom species indicated an 

increasing trend of phosphorous content during composting. The mushroom 
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species used for composting of coir pith showed variation in phosphorous content 

ranging from 0.24% to 0.41%.  The details are furnished in table II a. 

3.2.4. Potassium.  

The values of Potassium in the samples of biodegraded coir pith with 

different mushroom species have been furnished in table II a. The potassium 

content in the coir pith maintained as control which shows no change throughout 

the composting process. However, the values under treatment with mushroom 

species showed variation in potassium content. The results obtained from the 

analysis of coir pith samples treated with all the mushrooms displayed the values of 

potassium in an increasing trend. The phosphorous content of the samples varied 

from 0.28% for raw coir pith to the maximum of 0.41% for Biodegraded Coir pith 

Compost (BCC) with Pleurotus sajor caju and minimum in Pleurotus eous. Coir 

pith samples drawn out from the experimental heaps at regular intervals indicated 

increase of potassium content in coir pith.  

3.2.5. Organic Carbon. 

The Organic Content (OC) value obtained in raw and Biodegraded coir pith 

Compost (BCC) is given in Table II a. The use of mushroom species for the 

decomposition was found to reduce the OC content from 6.28% (raw coir pith) to 

6.06%. The results indicating a decreasing trend in the carbon content of coir pith 

treated with different mushroom species. The carbon content of the raw coir pith 

(untreated) kept as control did not show any variation.  
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Fig. II A.  Variation in Lignin content during composting of coir pith using different fungal species. 

 

 
Fig. II B. Variation in Organic Carbon (OC) content during composting of coir pith using different fungal species. 
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Fig. II C. Variation in Nitrogen content during composting of coir pith using different fungal species. 

 

 

 
Fig. II D. Variation in Phosphorous content during composting of coir pith using different fungal species. 
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Fig. II E. Variation in Potassium content during composting of coir pith using different fungal species. 

 

 

 
Fig. II F. Variation in Moisture content during composting of coir pith using different fungal species. 
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Fig. II G. Variation in pH during composting of coir pith using different fungal species. 

 

 

 
Fig. II H. Variation in Electrical Conductivity during composting of coir pith using different fungal species. 
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Fig. II I. Variation in Temperature during composting of coir pith using different fungal species. 

 

 
Fig. II J. Variation in Salinity during composting of coir pith using different fungal species. 
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3.3. Discussion 

The aim of the present work is to study the efficacy of the different fungal 

species viz. Pleurotus sajor caju, Pleurotus florida, Pleurotus eous and Calocybe 

indica to degrade coir pith. The Physico-chemical parameters such as Moisture, 

pH, Salinity, Electrical conductivity, Temperature, Lignin, Organic carbon, and 

NPK before and after decomposition by the different fungal species was studied 

and details furnished in Tables II a and II b. The lignin content, pH and organic 

carbon of coir pith before and after decomposition with different mushroom 

species was estimated and the results obtained are presented in Table 1. The lignin 

content of raw coir pith was observed to be 32 % which varied when coir pith was 

treated with different fungal species. The decomposition ranged from 18 to 30.1%. 

The maximum decomposition was evident when the pith was treated with 

Pleurotus florida. The pH ranged between 6.4 and 6.8 during the composting in all 

the sets. After 30 days, a marginal increase in values was observed in all the sets. 

The organic carbon content of treated samples drawn at different time intervals 

showed variation. The maximum reduction was observed in the sets treated with 

Pleurotus sajor caju.  

Nitrogen, phosphorus and potassium (NPK) content of raw and fungus 

treated coir pith are presented in Table II a. The nitrogen content in the control for 

30 days was observed to be constant (0.73%), but after 15 days of treatment with 

the different species of fungus, the nitrogen content in the samples increase to the 

range 0.81 to 0.93 %. In the samples treated with Calocybe indica, the values 

observed were between 0.84 and 0.96 % and it could be confirmed that the C. 

indica was more effective in enhancing nitrogen content during the decomposition 

process. The study on the phosphorous content in the samples treated with different 

species of mushroom indicated that the phosphorus content was maximum in coir 

pith treated with P. sajor caju (0 .29 %) while it was minimum in P. eous (0.25 %). 

After 30 days of biodegradation the values generally increased in all the treatments 
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which ranged from 0.29 % to 0.48%. P. sajor caju was found to be more effective 

in enhancing the phosphorus content when compared to other species of fungus, 

has already been established. 

The potassium content of coir pith did not show any change in controls. 

However, the values under treatments with mushroom species showed variation. 

After 15 days, the potassium content ranged between 0.30 and 0.40%, but the 

values increased after 30 days to a range between 0.32 and 0.41 %. P. sajor caju 

was found to be effective in enhancing the potassium content followed by P. 

florida and C. indica. Table. II a presents the results of the decomposition of lignin 

in coir pith. When coir pith was treated with P.sajor caju and P. florida, it was 

found that P.sajor caju decomposes lignin more effectively (28 %) than P.florida 

(30 %). However in the sets where the chemical fertilizer, urea was added as an 

additional component along with P.sajor caju and P. florida, the results revealed 

that NPK content was greater in coir pith treated with P.sajor caju.  

Coir pith has been reported to have a C: N ratio of 112:1 (Nagarajan et al., 

1985). White rot fungi which degrade cellulose and hemi cellulose as well as lignin 

are widely used to increase the digestibility of agro-residues (Kurtzman, 1981; 

Neelakantan, 1987; Zabrazil, 1987). Lignin is the most abundant aromatic polymer 

on earth, being produced by plants. The first step in lignin degradation is 

depolymerization, catalyzed by lignolytic enzymes. Degradation of lignin is carried 

out by a group of basidiomycetes categorized as white rot fungi (Kamitsuji et al., 

2004). High content of lignin in coir pith causes very slow decomposition 

following which it is used as raw organic manure for crops (Vinodhini et al, 2005). 

The degrading capacity of the combined consortium is more than that by the 

individual organisms. Even, white rot fungi which are the most effective 

basidiomycetes for biological pretreatment of lignocellulosic materials (Sun and 

Cheng, 2002), when added with appropriate bacterial species, interesting results 

could be obtained.  
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Thus this chapter confirms that the individual mushroom species viz. 

Pleurotus sajor caju, Pleurotus florida, Pleurotus eous and Calocybe indica 

influence lignin degradation and enhance the NPK content of coir pith to make it 

suitable as a plant nutrient substrate. 

3.4. Conclusion 

The resistance of the lignocellulose constituents in coir pith to 

biodegradation results in the accumulation of the same as huge hillock in the coir 

fibre production units. This causes problem of disposal and management of the coir 

pith. Lignin degrading mushroom Pleurotus sajor caju has been proved to degrade 

coir pith and convert it into organic manure. This study on the application of lignin 

degrading mushroom species of Pleurotus sajor caju, Pleurotus florida, Pleurotus 

eous and Calocybe indica on the coir pith was a comparative study on the 

efficiency of different fungal species to degrade the lignin in coir pith. From the 

study it could be concluded that all the fungal cultures could degrade the lignin in 

coir pith or enhance its nutrient status. Pleurotus sajor caju was observed to be 

more efficient in lignin degradation as compared to others. The study could 

emphasize the fact that lignin degrading mushroom species could be used for 

finding a solution to the problem of accumulation of the biological waste ‘coir pith’ 

and also convert it into a value added eco-friendly fertilizer for different type of 

plants. 

 
……… ……… 
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1. Introduction 

Nitrogen fixation can be considered as one of the most interesting microbial 

activity as it makes the recycling of nitrogen on earth possible and gives a 

fundamental contribution to nitrogen homeostasis in the biosphere (Aquilantia et 

al., 2004). It is the reduction of N2 (atmospheric nitrogen) to NH3 (ammonia). Free 

living prokaryotes with the ability to fix atmospheric dinitrogen (diazotrophs) are 

ubiquitous in soil. In natural ecosystems, biological nitrogen fixation is the most 

important source of nitrogen. The capacity for nitrogen fixation is widespread 

among bacteria. The estimated contribution of free living N-fixing prokaryotes to 

the nitrogen input of soil ranges from 0-60 kg/ha/year (Burgmann et al., 2003). In 

recent years, many studies have addressed the importance and contribution of 

biological nitrogen fixation in ecologically unique terrestrial and aquatic habitats 

by focusing on the diversity of nifH sequences (Zehr et al., 2003). Such studies 

have provided a rapidly expanding database of nifH sequences and revealed a wide 

diversity of uncultured diazotrophs (Tan et al., 2003). Plant associated nitrogen 

fixing bacteria have been considered as one of the possible alternatives for 
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inorganic nitrogen fertilizer for promoting plant growth and yield (Ladha and 

Reddy, 2000). A variety of nitrogen fixing bacteria like Acetobacter, Arthrobacter, 

Azoarcus, Azospirillum, Azotobacter, Bacillus, Beijerinckia, Derxia, Enterobacter, 

Herbaspirillum, Klebsiella, Pseudomonas and Zoogloea have been isolated from 

the rhizosphere of various crops. (Barraquio et al., 2000). A significant reduction in 

the use of nitrogen-fertilizer could be achieved if biological nitrogen fixation is 

made available to crop plants (Dawe, 2000) 

Nitrogenous fertilizers are one of the most widely used chemical fertilizers, 

as deficiency of nitrogen in the soil often limits crop yield. Consumption of 

nitrogen fertilizer in Asia has increased from 1.5 to 47 million tons (mt) during the 

last 35 years (Dawe, 2000). Only less than 50% of the added nitrogen is available 

to the plants. The enzymatic reduction of nitrogen to ammonia replenishes the loss 

of nitrogen from soil-plant ecosystems and is achieved through biological nitrogen 

fixation. Diazotrophs in the soil are the main source of nitrogen input in primary 

production ecosystems (Cleveland, 1999).  

Nitrogen fixers in the environment are diverse. Bacteria of the genus 

Azospirillum are well-known examples of so-called associative nitrogen fixers, 

which are widespread in the soils of tropical, subtropical and temperate regions. 

These bacteria develop close relationships with the roots of various wild and 

agricultural plants (Tyler et al, 1979; Steenhoubt and Vanderleyden., 2000). 

Studies on these microorganisms carried out over the last few decades have 

primarily been aimed at gaining insight into the molecular nature of plant-

microbial interactions in order to develop efficient modern agricultural 

biotechnology  (Burdman et al, 2001; Fedonenko et al, 2001). Associative nitrogen 

fixing bacteria such as Azospirillum brasilense, Herbaspirillum seropedicae and 

Acetobacter diazotropicus may benefit their host plants as nitrogen biofertilizers 

and plant growth promoters. The latter two organisms were the first nitrogen-fixing 

bacteria suggested to be endophytes (Baldani et al., 1997; James et al., 1997). 
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A.lipoferum and A.brasilense were for long the only known members of the genus 

Azospirillum (Tarrand et al., 1978). 

Azotobacter is used as a biofertilizer in the cultivation of most crops. It 

naturally fixes atmospheric nitrogen in the rhizosphere. Besides nitrogen fixation, 

Azotobacter also produces Thiamin, Riboflavin, Indole acetic acid and gibberellins. 

The seed germination is improved to a considerable extent when Azotobacter is 

applied to seeds and it also controls plant diseases due to the hormones  produced  

(Kader et al., 2002). Nitrogen fixation in A. vinelandii is complicated by the 

presence of three biochemically and genetically distant nitrogenase enzymes, each 

of which is synthesized under different conditions of metal supply. The regulation 

of conventional molybdenum  nitrogenase, whose subunits are encoded by the Nif-

HDK genes, is similar to the enzyme purified from a number of other nitrogen 

fixing organisms. (Sabra et al., 2000). 

A large number of nifH primers have been designed to study the diversity 

of diazotrophs. (Poly et al, 2001., Rosch et al, 2002., Widmer et al, 1999 and 

Shaffer et al, 2000). The nifH gene has been largely studied by culture independent 

approaches. The structure of the nifH gene pool was investigated by RFLP analysis 

of the nifH gene, which has been amplified from DNA directly extracted from soil 

samples (Poly et al., 2001) and other techniques, such as PCR cloning (Zehr et al., 

1995; 1998). The nifH genes are very diverse, some of them are characteristic of an 

ecological niche (Chelius & Lepo., 1999; Shaffer et al., 2000). 

2. Methodology. 

2.1 Sample Collection. 

Samples of coir pith were collected from the accumulated heaps in 

Kattukada in the Alappuzha district of Kerala in India. The samples were randomly 

collected in sterile plastic bags and stored at four degrees Celsius in the laboratory 

for further experiments. 
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2.2.  Isolation of Nitrogen Fixing Bacteria. 
General plating techniques were followed for screening and isolation. 

Individual colonies were picked, purified and assayed as pure cultures for 
nitrogenase activity using N-deficient medium. Pure cultures of nitrogen fixing 
isolates were obtained by repeated sub culturing and confirmed by gram staining 
and biochemical tests.  

Composition of Nitrogen Free Media (Jensen’s medium) 

  Ingredients       Gms / Litre 
KH2PO4 - 0.2g 
K2HPO4 - 0.8g 
MgSO4.7H2O - 0.2g 
CaSO4.2H2O - 0.1g 
FeCl3 - Trace 
Na2MoO4 - Trace 
Yeast Extract - 0.5g 
Sucrose - 20.0g 
Agar - 15.0g 
Distilled Water - 1.0 L 
Adjust pH to 7.2 

2.3.  Extraction and Analysis of DNA. 
Genomic DNA was obtained by using standard procedure for isolation of 

bacterial DNA (Sambrook et al., 1989). The DNA stock samples were quantified using 
UV spectrophotometer at 260 and 280 nm using the convention that one absorbance 
unit at 260 nm wavelength equals 50µg DNA per ml. The absorbance in the UV range 
of 260 and 280 nm were studied for determination of DNA concentration and purity. 
Purity of DNA was confirmed on the basis of optical density ratio at 260/280 nm. The 
quality of DNA was further confirmed using agarose gel electrophoresis (Maniatis et 
al., 1982). 16S rDNA fragment was amplified by PCR from the bacterial genomic 
DNA using 16S rDNA universal primers. 

2.4. PCR Amplification of the nifH Gene Fragment. 
One hundred nanogram of DNA were used as template in the PCR. Selected 

primers NifH for-5’ TAYGGNAARGGNGGHATYGGYATC and NifH rev -5’ 
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ATRTTRTTNGCNGCRTAVABBGCCATCAT were used for amplification (Poly 
et al., 2001; Paul, M K., 2012)). PCR was carried out in a final reaction volume of 
25µl in 200µl capacity thin wall PCR tubes. The PCR tubes containing the mixture 
were tapped gently and centrifuged at 10,000 rpm. The PCR tubes with all the 
components were transferred to the thermal cycler. The thermo cycling conditions  
consisted of an initial denaturation step at 94ºC for 3 minutes, 30 amplification cycles 
of  45 sec at 940C,30 sec at 550C,60 sec at 720C and a final extension step at 72ºC for 
5 minutes with Gene Amp PCR system (Perkin-Elmer Co., Norwalk, Conn.).       

2.5. Analysis of DNA Amplification by AGE. 

Commercially available 100bp ladder was used as standard molecular 
weight DNA. Analysis of the PCR products was carried out by electrophoresis. 
Loaded 5µl of PCR product with 4µl bromophenol blue (Loading Dye) in 1.5% 
agarose gels. Ran the gel at a constant voltage of 100V and current of 45A for a 
period of 1 hr 20 min till the bromophenol blue travelled 6 cms from the wells. 
Viewed the gels on UV transilluminator. 

2.6. Purification & DNA Sequencing of Samples. 

The kit used for the purification of DNA was Sigma Aldrich, Bangalore. 
Amplified PCR product was purified using column purification as per 
manufacturer’s guidelines and further used for sequencing reaction. 
2.7. Sequencing of Purified 16S rDNA Gene Segment. 

The concentration of the purified DNA was determined and was subjected 
to automated DNA sequencing on ABI3730xl Genetic Analyzer (Applied 
Biosystems, USA). 

2.8. 16S rRNA Sequence Analysis. 

Each nucleic acid sequence was edited manually to correct falsely identified 
bases and trimmed to remove unreadable sequences at the 3’and 5’ ends (considering 
peak and Quality Values for each base) using the sequence analysis tools. The edited 
sequences (16S rDNA) were then used for similarity search using BLAST (Basic Local 
Alignment Search Tool) programme in the NCBI GenBank (www.ncbi.nlm.nih.gov) 
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DNA database for identifying the bacterial strains. The phylogenetic tree was 
constructed by the methods implemented in the TREECONW software package.  

2.9. Sequence Deposition. 

The 16s rRNA, nifH gene fragments of the strain NF4, NF7, NF12 and 
NF18 have been deposited in the GenBank.  

3. Result. 

3.1 Isolation of Nitrogen Fixing Bacteria. 
Nineteen different colonies with different physiological and biochemical 

characters were obtained after primary screening using nitrogen deficient medium.   

3.2. Extraction and Analysis of DNA. 

High molecular weight genomic DNA were obtained from the strains 
which was observed in agarose gel electrophoresis evaluation  16S rDNA fragment 
amplified by PCR from bacterial genomic DNA using 16S rDNA universal primers  

3.3. PCR Amplification of the nif H Gene Fragment. 

Successfully amplified nifH gene fragment could be viewed as clear bands  
in agarose gel (Fig III b). 

3.4. Purification & DNA Sequencing Of Samples 

Column purification yielded contaminant free PCR product. Automated 
sequence analyser gives sequence data for similarity search.  

3.5. Sequencing of Purified 16SrDNA Gene Segment 

BLAST results indicated that four cultures have greater similarity with 
Lysinibacillus sp.,Ochrobactrum., Paenibacillus.,and Clostridium sp 

3.6. Sequence Deposition. 

The 16s rDNA, nifH gene fragments of the strain NF4, NF7, NF12 and 
NF18 have been deposited in the GenBank with the accession numbers JN230510, 
JN230511, JN230512 and JN230513 respectively 
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Fig. III. Nitrogen fixing bacterial colonies deficient on nitrogen deficient medium (Control) 

 

 
Fig. III a. Nitrogen fixing bacterial colonies growing on nitrogen deficient medium 
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Table I. Result of biochemical Estimation 

Sl.No Characterization Clostridium 
spp 

Paenibacillus 
spp 

Ochrobactrum 
spp 

Lysinibacillus 
spp 

1 Gram staining + + - + 
2 Indole - + - + 
3 Methyl red - - - - 
4 VP - + + + 
5 Glucose + + - + 
6 Fructose + + + + 
7 Maltose  + + + + 
8 Mannitol - + + + 
9 Galactose - + - + 
10 Glycerol + - + + 
11 Gelatin + v - v 
12 Salicin v + + + 
13 Catalase - + - + 
14 Urease + - - v 
15 H2S + - - - 
16 Nitrate reduction + + + + 
17 Acetylene reduction + + + + 

+    Positive, 
 -   Negative, 
V   Variable reaction 

 

 
Fig. III b. Amplification of bacterial DNA(Isolated from coir pith samples) with nifH primers. 

Lane I, 100 bp Molecular weight marker, Lane 2, NF-4; Lane 3, NF-7; Lane 4, NF-12 
and Lane 5, NF-18. 
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Fig. III c. Blast result of Culture 4. Based on the 16s rDNA analysis, the culture 4 showed 97% 

similarity with Lysinibacillus sp. (Accession No: HQ436428.1) 
 

 

 
Fig. III d. Blast result of Culture 7. Based on the 16s rDNA analysis, the culture 7 showed 

96% similarity with Ochrobactrum sp. (Accession No: HM629806.1) 
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Fig. III e. Blast result of Culture 12. Based on the 16s rDNA analysis, the culture 12 showed 

98% similarity with Paenibacillus sp. (Accession No: EU912456.1) 
 

 
Fig. III f. Blast result of Culture 18. Based on the 16s rDNA analysis, the culture 18 showed 

85% similarity with Clostridium sordellii. (Accession No: HQ259293.1) 
 

 

 



Isolation and Study of the Molecular Characteristics of Natural Nitrogen Fixing Bacteria in Coir Pith 

54 

 

 

 

 
Figure III g. (Sample 4)  Evolutionary relationships of 11 taxa (linearized) 

The evolutionary history was inferred using the Neighbor-Joining method 
[1]. The optimal tree with the sum of branch length = 0.04149565 is shown. The 
phylogenetic tree was linearized assuming equal evolutionary rates in all lineages 
[2]. The tree is drawn to scale, with branch lengths in the same units as those of the 
evolutionary distances used to infer the phylogenetic tree. The evolutionary 
distances were computed using the Maximum Composite Likelihood method [3] 
and are in the units of the number of base substitutions per site. All positions 
containing gaps and missing data were eliminated from the dataset (Complete 
deletion option). There were a total of 500 positions in the final dataset. 
Phylogenetic analyses were conducted in MEGA4 [4].  
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Figure III g. (Sample 7) Evolutionary relationships of 11 taxa (linearized) 

The evolutionary history was inferred using the Neighbor-Joining method 
[1]. The optimal tree with the sum of branch length = 0.14439229 is shown. The 
phylogenetic tree was linearized assuming equal evolutionary rates in all lineages 
[2]. The tree is drawn to scale, with branch lengths in the same units as those of the 
evolutionary distances used to infer the phylogenetic tree. The evolutionary 
distances were computed using the Maximum Composite Likelihood method [3] 
and are in the units of the number of base substitutions per site. All positions 
containing gaps and missing data were eliminated from the dataset (Complete 
deletion option). There were a total of 500 positions in the final dataset. 
Phylogenetic analyses were conducted in MEGA4 [4].  
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Figure III h. (Sample Ab) Evolutionary relationships of 11 taxa (linearized) 

The evolutionary history was inferred using the Neighbor-Joining method 
[1]. The optimal tree with the sum of branch length = 1.41433670 is shown. The 
phylogenetic tree was linearized assuming equal evolutionary rates in all lineages 
[2]. The tree is drawn to scale, with branch lengths in the same units as those of the 
evolutionary distances used to infer the phylogenetic tree. The evolutionary 
distances were computed using the Maximum Composite Likelihood method [3] 
and are in the units of the number of base substitutions per site. All positions 
containing gaps and missing data were eliminated from the dataset (Complete 
deletion option). There were a total of 484 positions in the final dataset. 
Phylogenetic analyses were conducted in MEGA4 [4].  
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Figure III i. (Sample As) Evolutionary relationships of 11 taxa (linearized) 

The evolutionary history was inferred using the Neighbor-Joining method 
[1]. The optimal tree with the sum of branch length = 0.51014890 is shown. The 
phylogenetic tree was linearized assuming equal evolutionary rates in all lineages 
[2]. The tree is drawn to scale, with branch lengths in the same units as those of the 
evolutionary distances used to infer the phylogenetic tree. The evolutionary 
distances were computed using the Maximum Composite Likelihood method [3] 
and are in the units of the number of base substitutions per site. All positions 
containing gaps and missing data were eliminated from the dataset (Complete 
deletion option). There were a total of 345 positions in the final dataset. 
Phylogenetic analyses were conducted in MEGA4 [4]. 
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4. Discussion 

In the present study, an attempt was made to isolate indigenous 

microorganisms in the coir pith samples drawn from accumulated heaps of coir pith in 

coir fibre extraction units stored for the past 3 years. Four nitrogen fixing bacteria with 

different physiological and biochemical characters could be isolated and sequenced. 

Out of the 19 isolated colonies, four strains were amplified with nifH gene viz. NF-4 

(Lysinibacillus sp.), NF-7 (Ochrobactrum sp), NF-12 (Paenibacillus sp) and an 

uncultured bacterial clone was isolated which shows only 50% similarity to NF-18 

(Clostridium sp.) (Reghuvaran et al., 2012). By repeated plating on to nitrogen 

deficient agar media, pure cultures of the four bacterial colonies could be obtained. 

High molecular weight DNA was observed in agarose gel evaluation. The 16s rDNA 

fragment was amplified by PCR from genomic DNA using 16S rDNA universal 

primer and column purification yielded contaminant free PCR product. A large number 

of nifH primers were designed to study the diversity of diazotrophs (Poly et al., 2001; 

Rosch et al., 2002; Widmer et al., 1999; Shaffer et al., 2000). Here, the design of the 

appropriate primers was done with utmost priority for the novel primers, as the use of 

highly generated primers in combination with low stringency amplification conditions 

could result in biased conclusions. In the present study, predesigned degenerated 

primers were used for the isolates from coir pith viz. NifH for-5’ 

TAYGGNAARGGNGGHATYGGYATC and NifH rev -5’ 

ATRTTRTTNGCNGCRTAVABBGCCATCAT (Edwards et al., 1989). The nifH 

primers were designed from the available nifH sequences of different organisms from 

NCBI GenBank (www.ncbi.nlm.nih.gov). After the amplification of microbial DNA 

from coir pith with nif H primers (Figure III b), the edited sequences (16s rDNA) were 

then subjected to the similarity searches using BLAST programme (Table III c to III f). 

The BLAST results show that the four cultures have greater similarity with 

Lysinibacillus sp., Ochrobactrum sp., Paenibacillus sp. and Clostridium sp. The results 

have been furnished in Figures III c to III f. Coir pith is degraded very slowly due to 
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the presence of lignin and accumulates in coir fiber extraction units. The microflora 

inhabiting coir pith is therefore limited, as the lignocellulose complex resists 

biodegradation. Herein, an effort is made to isolate the microorganisms in coir pith 

which possess the nitrogen fixing ability. The DNA isolated from the natural 

microflora in coir pith showed similarities with Lysinibacillus sp., Ochrobactrum sp., 

Paenibacillus sp. and Clostridium sp. These bacteria are important nitrogen fixing 

species and most of them have other applications too. It is observed that activities that 

have been found to be associated with P. polymyxa treatment on plants in field 

experiments include nitrogen fixation, soil phosphorous solubilization, production of 

antibiotics, auxins, cytokinins, chitinase and hydrolytic enzymes, as well as the 

promotion of increased soil porosity (Timmusk and Wagner, 1999; Timmusk et al., 

1999). All these activities might be of importance for plant growth promotion. 

Timmusk et al. (2009) reported P. polymyxa B2, B5 and B6 antagonistic mechanisms 

against the well characterized model of oomycetic pathogens Phytophthora palmivora 

and Pythium aphanidermatum. P. polymyxa (previously Bacillus polymyxa; Ash et al., 

1994) is a common soil bacterium belonging to plant growth promoting 

rhizobacteria(PGPR) which has also present in the coir pith sample. The activities 

associated with P. polymyxa include nitrogen fixation (Heulin et al., 1994), soil 

phosphorous solubilization (Jisha and Alagawadi, 1996), as well as promotion of 

increased soil porosity (Gouzou et al., 1993; Timmusk and Wagner, 1999; Timmusk et 

al., 1999). Besides, it produces antimicrobial substances active against fungi and 

bacteria (Rosado and Seldin, 1993; Picard et al., 1995; Kajimura and Kaneda, 1996). 

P. polymyxa also has been used for the control of plant sample was Ochrobactrum sp., 

which has several properties of importance. The genus Ochrobactrum was described 

first by Homes et al. (1988) and belongs to the α-2 subclass of the Proteobacteria (De 

Ley, 1992). Ochrobactrum tritici was identified as Bacterial strain 5bv11, isolated from 

a chromium-contaminated waste water treatment plant, which is resistant to a broad 

range of antibiotics and metals viz. Cr (VI), Ni (II), Co (II), Cd (II) and Zn (II) (Branco 

et al., 2004). Holmes et al. (1988) proposed Ochrobactrum anthropi as a sole and type 
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species of Ochrobactrum, but they observed heterogeneities in geno- or phenotypic 

characters within the tested O. anthropi collection. O. anthropi strains have been 

isolated from samples originating from different continents. Ochrobactrum sp. contains 

root associated bacteria that enter bivalent interactions with plant and human hosts. 

Several members of these genera show plant growth promotion as well as excellent 

antagonistic properties against plant pathogens and therefore were utilized for the 

development of biopesticides (Weller, 1988; Whipps, 2001). Most available O. 

anthropi isolates are from human clinical specimens (Lebuhn et al., 2000). O. anthropi 

LMG 5140 has also been isolated from arsenical cattle dipping fluid (Holmes et al., 

1988). Moreover, there are some reports on the presence of O. anthropi in soil, on 

wheat roots and in internal root tissues of different plants (Anguillera et al., 1993; 

McInroy and Kloepper, 1994; Sato and Jiang, 1996). More also, NF-4(Lysinibacillus 

sp.) could be isolated from the coir pith samples. It is described by Ahmed et al., 

(2007) as spore forming, Gram positive, motile, rod shaped and boron-tolerant. A large 

number of Bacillus strains, including B. fusiformis capable of degrading different 

hydrocarbons, have been isolated from oil contaminated soils (Bento et al., 2003).  

5. Conclusion 

The indigenous properties of coir pith such as its porous nature which 

retains moisture makes it suitable for application as a soil additive. This study 

aimed at isolating nitrogen fixing bacteria in coir pith which could add to its 

nutrient status. The nitrogen fixing bacteria viz. Lysinibacillus sp., Ochrobactrum 

sp., Paenibacillus sp. and Clostridium sp. could be isolated and their molecular 

characteristics studied. This could confirm that even raw coir pith is rich in 

nutrients which acts as an efficient growing medium for nitrogen fixing bacteria. 

Also it can be concluded that introduction of nitrogen fixing bacteria to coir pith 

makes the composting more effective and makes the compost rich in nitrogen. 

……… ……… 
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1. Introduction 

 Studies on bacterial degradation of coir pith are limited due to poor 

degrading ability of bacteria to degrade the lignin present. Janshekar and Fiechter 

(1981) reported some bacterial cultures with the ability to degrade numerous 

phenols with structural relationship to lignin. Several studies indicate that it takes 

decades to decompose coir pith, due to its high lignin content, causing 

environmental pollutions and disposal problems (Pazhanivel et al., 2011). The 

filamentous blue-green algae (Cyanobacteria) were believed to be primarily 

responsible for nitrogen fixation in oceanic waters because low or negligible in situ 

rates were observed in their absence and there was a correlation of in situ N2 

fixation with light intensity (Stewart, 1974), some Cyanobacteria were capable of 

degrading the coir pith. Some enhanced techniques show the use of coir pith based 

Cyanobacterial biofertilizer in sustainable integrated agro ecosystems (Prabha et al, 

2009). Therefore such techniques could be useful to promote the growth of plant 

and increase the quality and quantity of crop yield (Hume, 2007). Most recently, 

cellulolytic nitrogen fixing bacteria have been isolated in large numbers, apparently 

as a pure culture, from a specialized gland found in ship worms (Waterbury et al, 

1983). The work conducted by Anandharaj (2007) also shows the coir pith can be 
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partially decomposed through the action of Cyanobacteria and can be used as bio-

fertilizer for all varieties of food crops. 

Nitrogen fixation is an important source of nitrogen for biological 

productivity in the environment. Newton and Cavins, 2003 studied the nitrogen 

fixation (acetylene reduction) and ammonia liberation was studied in a facultative 

heterotrophic Cyanobacterium. Nitrogeneous fertilizers are one of the most widely 

used chemical fertilizers, as deficiency of nitrogen in the soil often limits crop 

yields (Sarita et al, 2008). Consumption of nitrogen fertilizer in Asia has increased 

from 1.5 to 47 million tonnes (mt) during the last 35 years (Dawe, 2000). Plant 

associated nitrogen-fixing bacteria have been considered as one of the possible 

alternatives for inorganic nitrogen fertilizer for promoting plant growth and yield 

(Ladha & Reddy, 2000). Nitrogen fixation is the reduction of atmospheric nitrogen 

to NH3 (ammonia). Free living prokaryotes with the ability to fix atmospheric 

dinitrogen (diazotrophs) are ubiquitous in soil. The free living diazotrophs are 

subclassified. Aerobic diazotrophs, of which there are over 50 genera, including 

Azotobacter, methane-oxidizing bacteria and cyanobacteria require oxygen for 

growth and fix nitrogen when oxygen is present. Azotobacter, some related bacteria 

and some Cyanobacteria fix nitrogen in ordinary air but most members of this 

group fix nitrogen only when the oxygen concentration is low. Free living 

diazotrophs, which fix nitrogen only when oxygen is absent or vanishingly low, are 

wide spread. But our knowledge of their ecological importance and their diversity 

remains incomplete. In natural ecosystems, biological N2 fixation is most important 

source of N. The contribution of free-living N-fixing prokaryotes estimated to the 

nitrogen input of soil ranges from 0-60 kg/ha /year (Burgmann et al., 2003). It is 

also evident that the dinitrogen (N2)-fixing microorganisms (diazotrophs) play 

important roles in ocean biogeochemistry and plankton productivity (Church et al., 

2005). Besides the nitrogen fixation, Azotobacter also produces Thiamine, 

Riboflavin, Indole acetic acid and gibberellins. When Azotobacter is applied to 

seeds, seed germination is improved to a considerable extent, so also it controls 
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plant diseases due to above substances produced by Azotobacter (Kader et al., 

2002). These organisms, characterized by high nitrogen fixing ability, are found in 

abundant numbers in the rhizosphere as well as in the intercellular spaces of the 

roots of certain cereals and other plants (Bashan and Holguin, 1997). Urea acts as 

an important nitrogen supplier to the coir pith to enhance their NPK value and 

make it efficient organic manure. The present study is targeted to replace the 

inorganic urea with the Nitrogen fixing bacteria like Azotobacter vinelandii and 

Azospirillum brasilense. A consortium using the above in combination this with 

appropriate fungal species for composting would make coir pith a perfect soil 

conditioner and bio organic manure. 

2. Methodology. 

2.1 Sample Collection. 

Coir pith was collected from the coir fibre extraction unit in Kattukada, 

Alappuzha district. There are a number of coir based industries working in this 

place. The samples of coir pith were transported in sterile container & stored under 

refrigeration for further studies. 

2.2 Test Organism and their Maintenance. 

Four fungal cultures viz. Pleurotus sajor caju, Pleurotus florida, Pleurotus 

eous and Calocybe indica, procured from different research institutions have been 

used for the present study. Pleurotus sajor caju was obtained from Central Coir 

Research Institute (Coir Board), Kalavoor, Alappuzha and the other three 

organisms from the Regional Agricultural Research Station, Kerala Agricultural 

University, Kumarakom. All the cultures were maintained in PDA slants and stored 

under refrigeration at 4˚C. The fungi were mass cultured on sterilized media 

consisting of sorghum mixed with calcium carbonate to adjust pH. Fully grown 

packets of mushrooms after 15 days incubation at 15˚C were used for carrying out 

experimental studies on composting of coir pith. All experiments and biochemical 
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analysis were carried out at the Rajiv Gandhi Chair in Contemporary Studies, 

CUSAT and the Central Coir Research Institute, Alappuzha. Composting of coir 

pith was carried out in open areas as multilayered heaps with the addition of 

different mushroom species viz., Pleurotus sajor caju, Pleurotus florida, Pleurotus 

eous and Calocybe indica, keeping untreated controls. 

The bacterial species such as Azotobacter vinelandii and Azospirillum 

brasilense incorporated in lignite were procured from Agrobiotech limited, 

Kotayam as Bacterial formulations.   

2.3 Experimental Set Up 

The efficacy of different mushroom species for the biodegradation of coir 

pith were studied by laying different sets of coir pith heaps in a shady place. Care 

was taken for the heaps from stray animals. Each of the experiments were conducted 

by mounting 1 kg heaps of coir pith supplemented with four different mushroom 

species and 10 g of urea as nitrogen supplement. There are 5 sets were designed for 4 

mushroom species and a control (without the organism). All the heaps were 

moistened regularly to keep 200% moisture by adding 0.375 litres of water. 

2.4  Physical Properties of Raw and Biodegraded Coir pith. 

2.4.1 Moisture. 

Moisture of the coir pith samples were determined by Moisture analyzer 

using AND – MS 70 analyzer (Gupta 2001). 

2.4.2 Temperature. 

Temperature was recorded using a laboratory thermometer at five points on 

the composting heap and taken the average.  

2.4.3 pH. 

Calibrated METLER TOLEDO pH meter was used for the measurement of 

pH (Muthuvel and Udayasoorian, 1992).  
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2.4.4 Electrical Conductivity. 

Electrical conductivity was measured using Deluxe conductivity meter – 

Model 601 (Muthuvel and Udayasooriyan, 1992).  

2.4.5 Salinity. 

A calibrated laboratory salinometer was used for the measurement of 

salinity as per the method described by Lenore et al., 1989. 

2.5 Estimation of Chemical Properties. 

2.5.1 Lignin. 

The lignin in coir pith was determined by Klason lignin method (Stephen 

and Carlton, 1992).  

2.5.2 Nitrogen 

Nitrogen in the coir pith samples were estimate by Alkaline permanganate 

method using Kjeldahl distillation Unit (Vogel, 1961).  

2.5.3 Phosphorus. 

Phosphorous was estimated by Vanado Molybdo phosphoric yellow colour 

method.  

2.5.4 Potassium. 

Potassium was estimated by Flame photometry.  

2.5.5 Organic Carbon. 

Organic carbon was estimated by Walkey and Black method 

3. Results 

The results show that the biodegradation of coir pith is more effective with 

the use of nitrogen fixing bacteria in combination with fungi. Definite reductions in 

lignin was observed by composting coir pith with the four different mushrooms 
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(Pleurotus sajor caju, Pleurotus florida, Pleurotus eous and Calocybe indica.) in 

addition with two nitrogen fixing bacteria (Azotobacter vinelandii and Azospirillum 

brasilense). Nitrogen, Phosphorous and Potassium content was also observed to be 

enhanced. The Temperature showed variation, but the pH does not show much 

variation and the electrical conductivity was observed to decrease considerably. 

3.1  Physical Properties of Coir pith.  

3.1.1 Moisture. 

From the experiments, it is clear that there was variation in moisture 

content in coir pith during the course of microbial biodegradation. As the moisture 

of composting ained as 200% as reported by Central Coir Research Institute 

(CCRI) method, moisture content raw coir pith was around 20% and during the 

composting process it increased to higher levels. The high moisture content favour 

increased levels of biodegradation (Table IV a to IV h). 

3.1.2 Temperature. 

Temperature in the compost heaps was observed to be dynamic and was 

observed to be 25˚C initially and which increased to 35˚C as biodegradation 

proceeds.  

3.1.3 pH. 

Biodegradation with different species of mushrooms on coir pith showed 

variations in pH. Initially the pH was observed to be below the neutral values. But 

as the composting proceeds, the pH lowered to slightly acidic levels. This could be 

attributed to the formation of phenolic compounds (Table IV a to IV h). 

3.1.4 Electrical Conductivity (EC). 

Electrical conductivity also decreased during biodegradation. Raw coir 

pith, which was maintained as control indicated a value of 0.095 millimhos/cm, 

which tends to decrease during composting. All the four organisms causes the 
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reduction on electrical conductivity, among the four organisms tested, 

biodegradation with Pleurotus sajor caju was observed to be more effective in 

reducing Electrical Conductivity. The details given in Table IV a to IV h. 

3.1.5 Salinity. 

Salinity of coir pith also decreased during composting as detailed in IV a to 

IV h. 

3.2 Chemical Properties. 

The biodegraded coir pith with different mushroom species displayed 

reduction in Lignin, Organic carbon content and enhancement in the case of 

Nitrogen, Phosphorous and Potassium (NPK). The details of the chemical 

parameters given below. 

3.2.1 Lignin. 

The lignocellulosic biomass, coir pith possess 32%. The investigations 

reveal that definite variations were observed in the lignin content in the coir pith 

under various treatments in combinations with ligninolytic mushrooms viz., 

Pleurotus sajor caju, Pleurotus florida, Pleurotus eous and Calocybe indica and 

Nitrogen fixing bacteria. The periodical analysis of samples of coir pith drawn at 

regular intervals from the experimental heaps shows the rate of decomposition of 

lignin in coir pith (20% to 18%) from the initial value of 32%. The details are 

given in Table IV i to IV p. 

3.2.2 Nitrogen. 

The investigations reveal that the treatment of coir pith with different 

mushroom species and nitrogen fixing bacteria show compatible and novel changes 

in the Nitrogen content. The percentage of nitrogen in the raw coir pith kept as 

control exhibited no change during the course of composting. The value of 

Nitrogen in raw coir pith was observed to be 0.73% and the treated samples show 
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variations. From the results, it is clear that activity of all the mushroom species 

causes enhancement of Nitrogen content with the addition of both the nitrogen 

fixing bacteria. 

3.2.3 Phosphorous. 

The Phosphorous content in coir pith also show enhancement with the 

treatment of fungus and nitrogen fixing bacteria. The periodical analysis of coir 

pith samples from different treatments using various mushroom species indicated 

an increasing trend in phosphorous content during composting. The details of the 

amount of Phosphorous are furnished in table IV i to IV p. 

3.2.4 Potassium.  

The values of Potassium in the biodegraded coir pith with the treatment 

with different mushroom species were given in table IV i to IV p. The potassium 

content in the coir pith maintained as control which shows no change throughout 

the composting process. However, the values in samples under treatment with 

mushroom species showed variation in potassium content. The results obtained 

from the analysis of coir pith samples treated with all the mushrooms displayed the 

values of potassium in an increasing trend. Coir pith samples drawn out from the 

experimental heaps at regular intervals indicated increase of potassium content in 

coir pith.  

3.2.5 Organic Carbon. 

The Organic Content (OC) in the raw and Biodegraded coir pith Compost 

(BCC) is given in table IV I to IV p. The use of combined action of mushroom 

species and bacteria for the decomposition could reduce the OC content from 6.28 

(raw coir pith) to 6.08. The results indicating a decreasing trend in the carbon 

content of biodegraded coir pith. The carbon content of the raw coir pith 

(untreated) kept as control did not show any variation.  
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Statistics Analysis of Variance 

Moisture 

Source Sum of Squares df Mean Square F - value p - value 
Type 991.509 7 141.644 6.765 <0.001 

Concentration 6947.667 5 1389.533 66.361 <0.001 

Day 18046.542 2 9023.271 430.933 <0.001 

Error 8731.532 417 20.939     

Total 34717.250 431       

R2  0.748 

pH 

Source Sum of Squares df Mean Square F - value p - value 
Type 0.452 7 0.065 3.894 <0.001 

Concentration 2.159 5 0.432 26.026 <0.001 

Day 8.236 2 4.118 248.220 <0.001 

Error 6.918 417 0.0.17     

Total 17.766 431       

R2  0.611 

Temperature 

Source Sum of Squares df Mean Square F - value p - value 
Type 32.294 7 4.613 0.949 0.468 

Concentration 184.150 5 36.830 7.576 <0.001 

Day 4391.866 2 2195.933 451.687 <0.001 

Error 2027.299 417 4.862     

Total 6635.609 431       

R2  0.694 
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Salinity 
Source Sum of Squares df Mean Square F - value p - value 

Type 12.887 7 1.841 2.087 0.044 

Concentration 60.789 5 12.158 13.781 <0.001 

Day 1024.505 2 512.252 580.661 <0.001 

Error 367.873 417 0.882     

Total 1466.053 431       
R2  0.749 

Electrical Conductivity 
Source Sum of Squares df Mean Square F - value p - value 

Type 0.021 7 0.003 0.361 0.924 

Concentration 4.889 5 0.978 118.983 <0.001 

Day 9.153 2 4.577 556.918 <0.001 

Error 3.427 417 0.008     

Total 17.490 431       
R2  0.804 

Lignin 
Source Sum of Squares df Mean Square F - value p - value 

Type 429.917 7 61.417 15.544 <0.001 

Concentration 1141.546 5 228.309 57.783 <0.001 

Day 1679.116 2 839.558 212.484 <0.001 

Error 1647.634 417 3.951     

Total 4898.213 431       
R2  0.664 

Organic Carbon 

Source Sum of Squares df Mean Square F - value p - value 
Type 104.422 7 14.917 43894.028 <0.001 

Concentration 0.068 5 0.014 39.893 <0.001 

Day 0.027 2 0.013 39.456 <0.001 

Error 0.142 417 0.000     

Total 104.658 431       
R2  0.999 
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Nitrogen 
Source Sum of Squares df Mean Square F - value p - value 

Type 0.004 7 0.001 1.600 0.134 

Concentration 0.247 5 0.049 132.123 <0.001 

Day 0.093 2 0.047 124.651 <0.001 

Error 0.156 417 0.000     

Total 0.500 431       

R2  0.688 

Phosphorous 

Source Sum of Squares df Mean Square F - value p - value 
Type 0.017 7 0.002 3.155 0.003 

Concentration 0.371 5 0.074 96.180 <0.001 

Day 0.213 2 0.107 138.052 <0.001 

Error 0.322 417 0.001     

Total 0.923 431       

R2  0.651 

Potassium 
Source Sum of Squares df Mean Square F - value p - value 

Type 0.005 7 0.001 3.108 0.003 

Concentration 0.183 5 0.037 146.381 <0.001 

Day 0.087 2 0.044 174.368 <0.001 

Error 0.104 417 0.000     

Total 0.380 431       

R2  0.726 

4. Discussion 

Moisture, pH, temperature, salinity and electrical conductivity of raw and 

composted coir pith with combination or fungi and nitrogen fixing bacteria were 

estimated and the result were tabulated in table III a to III h. There was a definite 

variation in all the cases while composting. Moisture was observed to be fluctuate 
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in the sample treated with different combinations of the fungus. Temperature 

increased trend as composting proceeds. pH showed slightly decreasing values due 

to leaching out of phenolic acids during composting. Salinity and Electrical 

conductivity also show a decreasing trend during composting.  

Table III i to III p presents the results of the treatments on the 

decomposition of lignin in coir pith. When coir pith was treated with P.sajor caju, 

P. florida, Pleurotus eous and Calocybe indica in addition to nitrogen fixing 

bacteria (Azotobacter vinelandii and Azospirillum brasilense), it was observed that 

P.sajor caju degrades lignin more effectively (18%) than other fungal species. 

When the chemical fertilizer, urea was added as an additional component along 

with four fungal species, the results revealed that the decomposition process was 

better in coir pith treated with P.sajor caju. As the decrease in lignin content 

observed in coir pith treated with P.florida, difference noticed was marginal i.e. 

from 32 to 31 %, indicated that it was not so effective in degrading the lignin. As 

an alternate to chemical fertilizer, when the bacterial strains were added, the results 

showed an encouraging trend. When Azotobacter was supplemented to P.sajor caju 

and added to coir pith, the bacterial strain was observed to degrade the lignin more 

effectively. In the case of Azotobacter supplemented with P. florida, the 

degradation was 24 % which was better than the degradation with Urea. As 

Azotobacter was added with P. sajor caju, the degradation of lignin was 18 % and 

it was 24% when P. florida and Azotobacter combination was tried. The 

Azospirillum + P.sajor caju + coir pith combination revealed that the lignin 

degradation was 18 % and the Azospirillum + P. florida + coir pith combination 

showed 25 % degradation. This confirms the fact that the bacterial strains are more 

effective in lignin degradation than chemical fertilizers, viz. urea. The other two 

fungal species viz. Pleurotus eous and Calocybe indica also show their efficiency 

in lignin degradation in combination with nitrogen fixing bacteria. The increase of 

organic carbon, enhancement of nitrogen, phosphorus and potassium as a function 

of different treatments (coir pith, mushroom species, urea and bacterial strains) are 
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detailed in Table III i to III p. The organic carbon content showed a decreasing 

trend, however the rate of decrease was more in bacterial strains treated samples 

than that of urea. Among the bacterial strains, Azospirillum was more effective in 

reducing the organic carbon content. In all the combinations, the values of 

nitrogen, phosphorus and potassium showed an increasing trend when compared to 

the chemical fertilizer, the urea. The nitrogen content was maximum 0.92 % and 

0.94% when treated with Pleurotus sajor caju in combination with Azotobacter 

vinelandii and Azospirillum brasilense respectively and minimum (0.80%) when 

treated with both bacteria and urea. The phosphorus and potassium content was 

observed to be maximum in samples treated with a combination of organisms while 

it was minimum in urea. 

Organic carbon and NPK content showed a declining trend in samples 

treated with a combination of the spawn of different fungal species, urea and 

bacterial strains, however treatment with the bacterial strains led to the degradation 

of the organic content faster. Among the two bacterial strains, Azospirillum 

brasilense was found to be more effective in enhancing nitrogen and phosphorus 

content in coir pith while Azotobacter vinelandii treatment led to enhancing the 

potassium content. The Nitrogen, Phosphorous and Potassium content in 

Azospirillum treated coir pith was greater than that of treated with urea. Maximum 

value of potassium was discernible in Azotobacter while it was minimum in urea. 

Coir pith has to be degraded so that it can be used as good base material for the 

growth of several crops and several trials have been worked out to degrade the coir 

pith lignin using a combination of mushroom and bacterial species which led to 

encouraging results. The white rot fungi belonging to the Basidiomycetes have 

been reported to be widely used to degrade lignin (Akin et al., 1995). Ruggeri and 

Sassi (2003) and Bosco et al. (1999) have reported that P. chrysosporium is an 

effective agent to degrade lignin and produce lignocellulytic enzymes which has 

direct application in lignocellulose bioconversion processes. The present study 

could confirm that when mushroom species have been used to decompose coir pith, 
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considerable quantity of lignin is degraded. The present study reports a reduction 

of lignin by about 30.1%. Among the four mushroom species tested, Calocybe 

indica was observed to be more effective than the other species. From the literature 

it is seen that P.sajor caju produces enzymes such as lignin peroxidase, manganese 

peroxidase and phenol oxidases in meagre quantities. The reason for the increased 

activity of C. indica in lignin degradation may be attributed to the production of 

lignolyte. It has been reported that mushroom by enzymatic action degrade only the 

lignin content and leaving the other components intact (Arora et al., 2002). 

However in the present study, it could be confirmed that when the coir pith was 

treated with four species of mushrooms, the nutrient content of the coir pith 

showed variation. The enzymes from white rot fungi that catalyze the initial 

depolymerization of lignin are extra cellular and unusually non specific (Cullen 

and Kersten, 2004). Lignin degradation by white rot fungi has been extensively 

studied, and results revealed that the three kinds of extra cellular phenol oxidases, 

namely lignin peroxidase (LiP). Manganese peroxidase (MnP) and laccase (Lac), 

are responsible for initiating the depolymerization of lignin (Moriya Ohkuma et al., 

2001) The findings in the present work confirms the findings that, the 

depolymerization of the lignin causes the reduction in their percentage from32% to 

18% (with C. indica) in the composted coir pith. It is assumed that these enzymes 

are also produced by the Nitrogen fixing bacteria and are involved in the lignin 

depolymerization along with the enzymes secreted by the fungus. This work is in 

harmony with the findings of Somasundaram Rajarathnam et al. (1998) which 

states that, one of the four strains of Pleurotus tested for the degradation showed 

maximum activities of laccase and polysaccharide degrading enzymes that could be 

correlated with increased weight loss and reduction in the lignin content. Out of the 

four test organisms used in the present study, all the organisms showed a definite 

capability to degrade the lignin and thereby exhibited a drastic reduction in lignin 

content. Venkitaswamy (2003) reported maximum yields of coconuts when coir 

pith compost was added with trace amounts of chemical fertilizers (NPK). But the 
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present study on composting using Nitrogen fixing bacteria, cause the enhancement 

of NPK content within the coir pith compost itself by their activity leading to the 

conversion into coir pith organic manure. Janshekar and Fiechter (2004) observed 

poor biodegradation of lignin when bacterial cultures were used to decompose the 

coir pith and concluded that the poor degradation may not be influenced by the 

culture medium composition or culture conditions but it may be due to the inability 

of the bacterial species tested to degrade lignin. But the present observation 

revealed that the bacterial strains when added along with mushroom species led to 

increased lignin degradation, revealing the fact that combination of bacterial and 

fungal strains have the capability to degrade lignin to a greater extent. Thus the 

present study confirms that individual mushroom species or mushroom species in 

combination with Nitrogen fixing bacteria not only influence lignin degradation but 

also enhance the NPK content in the biodegraded coir pith which forms an ideal 

organic manure. 

5. Conclusion 

Conventional composting of coir pith involves use of urea as a nitrogen 

source. Substituting urea with nitrogen fixing bacteria would lead to making the 

composting process more ecofriendly. IN present study, the addition of nitrogen 

fixing bacterial cultures like Azotobacter vinelandii and Azospirillum brasilense in 

the composting of coir pith by fungal species viz. Pleurotus sajor caju, Pleurotus 

florida, Pleurotus eous and Calocybe indica could enhance the biodegradation of 

lignin in coir pith and increase the nitrogen, phosphorous and potassium content. 

The nutrient status of the biodegraded coir pith was improved considerably. 

Among the lignin degrading fungi studied, it was observed that the potency of 

Pleurotus sajor caju to degrade the lignin in coir pith was higher in comparison to 

Pleurotus florida, Pleurotus eous and Calocybe indica. The biodegraded coir pith 

organic manure had the nutrient status required for plant growth and could be 

applied as a soil additive in agriculture/horticulture. This confirms the fact that the 
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biological waste coir pith could be converted into an ecofriendly value added 

product for economic benefit. 

……… ……… 



  

 

 

1. Methodology 

1.1 Sample Collection 
Coir pith was collected from the coir industries in Kattukada, Alappuzha 

district. Fungal species were procured from Central Coir Research Institute 

(CCRI), Kalavoor, Alappuzha. Bacteria (Azotobacter vinelandii, MTCC No. 124 

and Azospirillum brasilense, MTCC No. 125) were procured from Microbial Type 

Culture Collection (MTCC), Chandigarh. The composting process conducted in 

Rajiv Gandhi Chair in Contemporary Studies, School of Environmental Studies, 

Cochin University of Science and Technology (CUSAT). The biochemical 

estimations were carried out at Central Coir Research Institute, Alappuzha and 

Rajiv Gandhi Chair. 

1.2 Composting. 

The experiments consisted of 4 lots mounted in 5 kg coir pith heaps in 

triplicate.  The first lot consisted of raw coir pith, the second was supplemented 

with  Pleurotus sajor caju alone, and the third lot with both fungus (Pleurotus 

sajor caju) and bacteria (Azotobacter vinelandii). The fourth lot was supplemented 
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with Pleurotus sajor caju and Azospirillum brasilense. The coir pith heaps were 

moistened daily and monitored regularly for 30 day. A control composting 

experiment using the conventional method was also carried out simultaneously. 

1.3 Estimation of Chemical Properties. 

1.3.1 Lignin. 

The lignin in coir pith was determined by Klason lignin method (Stephen and 

Carlton, 1992).  

1.3.2 Nitrogen. 

Nitrogen in the coir pith samples were estimate by Alkaline permanganate 

method using Kjeldahl distillation Unit (Vogel, 1961).  

1.3.3 Phosphorus. 

Phosphorous was estimated by Vanado Molybdo phosphoric yellow colour 
method. 

1.3.4 Potassium. 

Potassium was estimated by Flame photometry.  

1.3.5 Organic Carbon. 

Organic carbom was estimated by Walkey and Black method 

1.3.6 Ammonia. 

Estimation of Ammonia in coir pith sample is done by Nesslerization 

method.  

1.4 Estimation of Enzyme Activity. 

1.4.1 Lignin Peroxidase. 

Lignin peroxide activity was estimated by prepared reaction mixture 

containing 2 mM Veratryl alcohol (Km = 60 µM), 0.4 mM H2O2 (Km = 80 M), 50 

mM tartaric acid and enough ligninase to give an absorbance change of 0.2/min. 



Efficacy of combined action of Pleurotus sajor caju and Nitrogen fixing ……. 

95 

One unit of enzyme activity is defined as the quality of enzyme required for the 

formation of 1 µM of Veratryl aldehyde per minute. 

1.4.2 Manganese Peroxidase. 

Manganese peroxidase activity estimated by prepared 50 mM sodium 

tartarate buffer (pH-4.5), added MnSO4, H2O2 and phenol red at 0.2%, 0.1 mM 

and 0.0025% concentration respectively to the final volume of 5 ml reaction 

mixture. Read the change in absorbance at 431 nm. Maintained a heat killed 

enzyme source as control. One unit of enzyme activity is defined as the amount of 

enzyme required for 0.1 OD change at 431 nm/min. 

1.5 Particle Size Analysis of Coir Pith by Scanning Electron Microscope 

(SEM). 

The surface particle size and pore size was studied using the Scanning 

Electron Microscope (SEM JEOL JSM 6380 LV). 

1.6 Estimation of Phenolic Compounds Formation by High Performance 

Liquid Chromatography (HPLC). 

HPLC analysis was carried out with Shimadzu LC-8A liquid Chromatograph. 

The LC-8A has been designed to offer simple scale-up from nanogram to gram 

quantities. The flow rate set to 0.6 mL/ min. Photo Diode Array Detector (PDA) and 

Luna 5 micron C-18 column (Length 250×4.6 mm) were used for the analysis. 

Running time was for 30 minutes and the injection volume was 20 micro liters.  

2 Result 

2.1 Estimation of Chemical Properties. 

The biodegraded coir pith using Pleurotus sajor caju in combination with 

Azotobacter vinelandii and Azospirillum brasilense causes reduction in Lignin, 
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Organic carbon and enhancement in the Nitrogen, Phosphorous and Potassium 

(NPK) content. The details of the chemical parameters given below. 

2.1.1 Lignin. 

The investigations reveal that definite variations were observed in lignin 

content in the coir pith under various treatments with ligninolytic mushroom 

Pleurotus sajor caju in combination with Azotobacter vinelandii and Azospirillum 

brasilense. The periodical analysis of samples of coir pith drawn at regular 

intervals of 5 days from the experimental heaps shows the rate of decomposition on 

lignin in coir pith (20% to 18%) from the initial value of 32%, in the control (Raw 

coir pith). Biodegradation of coir pith using combination of Pleurotus sajor caju 

and Azotobacter vinelandii the maximum lignin reduction (17%) followed by the 

combination of Pleurotus sajor caju and Azospirillum brasilense. The details are 

given in table V c. 

2.1.2 Nitrogen. 

The investigations reveal that the treatment of coir pith with different 

mushroom species show compatible and novel changes in the case of Nitrogen. 

The percentage of nitrogen in the raw coir pith (control) showed no change during 

the course of composting. The value of Nitrogen for Raw coir pith is 0.73 and the 

others show variations. The treatments with both the combinations shows the 

enhancement of nitrogen to 0.78% and 0.79% for Pleurotus sajor caju & 

Azotobacter vinelandii and Pleurotus sajor caju & Azospirillum brasilense  

respectively. From the results, it is clear that all the treatments lead to the 

enhancement of Nitrogen. 

2.1.3 Phosphorous. 

The Phosphorous content in coir pith also show enhancement with the 

treatment of all the four mushroom species. The periodical analysis of coir pith 

samples under the treatment with mushroom and fungal species indicated an 
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increasing trend of phosphorous content during composting. The combinations 

used for composting of coir pith showed variation in phosphorous content ranging 

from 0.85% to 1.87% & 2.78% respectively for Pleurotus sajor caju & 

Azotobacter vinelandii and Pleurotus sajor caju & Azospirillum brasilense.  The 

details of the amount of Phosphorous given in table V a. 

2.1.4 Potassium.  

The values of Potassium in the biodegraded coir pith with the treatment 

with combination of mushroom and bacterial species were given in table V a. The 

potassium content in the coir pith maintained as control which shows no change 

throughout the composting process. However, the values under treatment with 

mushroom species showed variation in potassium content. The results obtained 

from the analysis of coir pith samples treated with all the mushrooms displayed the 

values of potassium in an increasing trend. The phosphorous content of the samples 

varied from 0.04% in raw coir pith to the maximum of 0.38% in Biodegraded Coir 

pith Compost (BCC) using Pleurotus sajor caju & Azospirillum brasilense and 

0.36% with Pleurotus sajor caju and Azotobacter vinelandii. Coir pith samples 

drawn out from the experimental heaps at regular intervals indicated increase in the 

potassium content.  

2.1.5 Organic Carbon. 

The Organic Content (OC) value for the raw and Biodegraded coir pith 

Compost (BCC) is given in table V b. The use of mushroom species with nitrogen 

fixing bacteria for the decomposition was found to be effective for the reduction of 

OC content from 7.34% (raw coir pith) to 6.11% and 4.36% respectively for 

Pleurotus sajor caju with Azotobacter vinelandii and Azozpirillum brasilense. The 

results indicated a decreasing trend in the carbon content in coir pith under the 

treatment with different combinations. The carbon content of the raw coir pith 

(untreated) kept as control and did not show any variation.  
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2.1.6 Ammonia. 

Ammonia content of the compost was observed to be increased due to 

nitrogen fixation activity of Nitrogen fixing bacteria incorporated with Pleurotus 

sajor caju. It is observed that the amount of ammonia increased at different 

intervals of decomposition. The raw coir pith accounts 1261.16 mg/kg which 

increased to 3016.27 mg/kg when treated with Pleurotus sajor caju & Azotobacter 

vinelandii and 2991.12 mg/kg with a combination of Pleurotus sajor caju & 

Azospirillum brasilense. The details have been given in table V b. 

2.2 Enzyme Activity. 

From the chemical analysis of Biodegraded coir pith it could be observed 

that coir pith contains three major constituents viz. lignin, cellulose and 

hemicelluloses. Almost all white rot fungi produce enzymes viz. Manganese 

Peroxidase (MnP) and laccase, but only some of them produce Lignin Peroxidase 

(LiP) (Hatakka, 1994; 2001). The enzymes produced by white rot fungi catalyze 

the initial polymerization of lignin are extracellular and unusually non specific 

(Cullen and Kersten, 2004). Lignin degradation by white rot fungi has been 

extensively studied and the results revealed that the three kinds of extracellular 

peroxidases viz. lignin peroxidase (LiP), Manganese peroxidase (MnP) and 

Laccase are responsible for initiating the depolymerization of lignin in coir pith. In 

my study, the activity of both the enzymes viz. MnP and LiP could be observed 

which leads to the degradation of lignin in the coir pith. 

2.2.1 Lignin Peroxidase. 

The enzyme assay was conducted for the enzyme produced by Pleurotus 

sajor caju. Definite reduction of lignin is also observed by the action of these 

enzymes. A blank was also taken as control. Readings were taken using U.V- 

Visible spectrophotometer at different intervals. The details in the study are 

furnished in Table Vd.  
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2.2.2 Manganese Peroxidase. 

Manganese peroxidase assay is based on the oxidation of phenol red during 

coir pith degradation (Tien et al., 1984). The principle function of manganese 

peroxidase (MnP) is to oxidize Mn2+ to Mn3+, using H2O2 as oxidant (Pudelski, 

1987). Activity of the enzyme is stimulated by simple organic acids which stabilize the 

Mn3+, thus producing diffusible oxidizing chelates. Table Ve shows the variation in 

the enzyme activity by the organisms. The enzyme profile showed variation in activity 

with change in substrate, decomposition stage and method of composting. 

2.3 Particle Size Analysis. 

Size and surface characteristics of biodegraded coir pith was determined by 

Scanning Electron Microscope (SEM). All the treated and raw coir pith was 

subjected to SEM imaging and the images are given in Fig V l to V s. From the 

images it is clear that the raw coir pith has greater size than after biodegradation 

thereby confirming that while degradation the size of the coir pith is reduced. 

2.4 Phenolic Compound Analysis. 

Study on the presence of phenolic compounds in the coir pith was carried out 

using HPLC studies on their phenolic compounds such as Catechol, Gallic acid, Picric 

acid and Pyrogallic acid. From the peaks obtained from the HPLC analysis, it is clear 

that all the phenolic compounds present in different treatment samples and their 

presence could be confirmed. Details have been furnished in Fig. Vd to Vk. 
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Table V c. Variation pattern of Lignin (%) in Raw and BCC. 

Sl No Composting Days 
Lignin 

CP CP+PS CP+PS+A.v CP+PS+A.b 

1 

2 

3 

4 

5 

6 

7 

0 

5 

10 

15 

20 

25 

30 

32 

32 

32 

32 

32 

32 

32 

32 

30 

30 

28 

26 

25 

23 

32 

30 

26 

22 

21 

18 

17 

32 

30 

26 

21 

20 

18 

18 

CP=  Coir pith, PS= Pleurotus sajor caju, A.v = Azotobacter vinelandii, A.b = Azospirillum brasilense 
 

Table V d.  Activity of Lignin Peroxidase (U ml-1) in BCC 

Sl No Composting Days CP+PS CP+PS+A.v CP+PS+A.b 
1 

2 

3 

4 

5 

6 

7 

0 

05 

10 

15 

20 

25 

30 

0 

0.4 

2.8 

5.1 

8.6 

10.2 

15.9 

0 

0.8 

3.1 

7.2 

11.8 

12.5 

18.6 

0 

0.7 

2.8 

5.1 

10.7 

13.1 

16.8 

CP=  Coir pith, PS= Pleurotus sajor caju, A.v = Azotobacter vinelandii, A.b = Azospirillum brasilense. 
 

Table V e. Activity of Manganese Peroxidase (U ml-1) in BCC 

Sl No Composting Days CP+PS CP+PS+A.v CP+PS+A.b 
1 

2 

3 

4 

5 

6 

7 

0 

05 

10 

15 

20 

25 

30 

0 

0.2 

2.5 

4.1 

6.8 

11.2 

14.4 

0 

0.5 

4.1 

6.8 

10.2 

15.9 

18.8 

0 

0.6 

4.5 

7.1 

12.4 

15.8 

18.1 

CP= Coir pith, PS= Pleurotus sajor caju, A.v = Azotobacter vinelandii, A.b = Azospirillum brasilense. 



Efficacy of combined action of Pleurotus sajor caju and Nitrogen fixing ……. 

103 

GRAPHS 

 
Fig Vd. HPLC Graph of Standards (Catechol). 

 
Fig Ve. HPLC Graph of Standards (Gallic acid). 
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Fig V f. HPLC Graph of Standards (Picric acid). 

 
Fig V g. HPLC Graph of Standards (Pyrogallic acid). 
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Fig. V h. HPLC Graph of Standards (Resorcinol). 

 

 
Fig. V i. HPLC Graph BCC with Pleurotus sajor caju 
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Fig. V j. HPLC Graph BCC with Pleurotus sajor caju and A. vinelandii 

 

 
Fig. V k. HPLC Graph BCC with Pleurotus sajor caju and A. brasilense 
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Fig. V l. HPLC Graph of Raw coir pith. 

 
Fig V l. SEM images of Raw coir pith. 
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Fig V m. SEM image of Pleurotus sojar caju BCC. 

 
Fig V n. SEM image of with Pleurotus sojar caju + A.v BCC . 
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Fig V o. SEM image of Pleurotus sojar caju+A.b BCC 

GRAPHS 

 
Fig V t. Enhancement of Nitrogen (%) during biodegradation of coir pith 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 
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Fig V u. Enhancement of Phosphorus during biodegradation of coir pith. 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 

 
Fig V v. Enhancement of Potassium during biodegradation of coir pith. 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 
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Fig. V w. Reduction of Lignin during biodegradation of coir pith 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 

 
Graph V x. Reduction of Organic Carbon during biodegradation of coir pith. 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 
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Graph V y. Enhancement of Ammonia during biodegradation of coir pith  . 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 

 
Graph V z. Enzyme Activity (Lignin Peroxidase) 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 
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Graph V aa. Enzyme Activity (Manganese Peroxidase) 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 
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Zoogloea have been isolated from the rhizosphere of various crops, interest in the 

beneficial nitrogen fixing growth promoting rhizobacterial plant association has 

increased recently due to their potential use as biofertilizers (Vessey, 2003). As 

these bacterial species cannot act on the rigid chemical compounds present in coir 

pith, with the combination of fungal species Pleurotus sajor caju, the degradation 

has observed to be more effective. Phosphorous content has also been observed to 

increase significantly to an amount from 0.85% (raw coir pith) to 1.87% (A. 

vinelandii) and 2.78% (A.brasilense). A definite increase has also been observed in 

the potassium content in the different combinations from 0.04% in raw coir pith to 

0.28% in BCC using Pleurotus sajor caju alone to 0.36% in combination with 

A.vinelandii and to 0.38% with A.brasilense. The use of these biological nitrogen 

fixing agents for the bio manure preparation is very important. It is reported that 

very significant reduction in the use of nitrogen fertilizer could be achieved if 

biological nitrogen fixation is made available to crop plants (Dawe, 2000).  

Lignin is the most abundant aromatic polymer on earth, being produced by 

plants. The first step in lignin degradation is depolymerization, catalysed by 

lignolytic enzymes. Degradation of lignin is carried out by a group of 

basidiomycetes categorized as white rot fungi (Kamitsuji et al., 2004) 

Lignocellulosic wastes (LCW) refer to plant biomass wastes that are composed of 

cellulose, hemicelluloses and lignin (Mtui, 2009). Out of these three, lignin is the 

toughest materials which degrade very slowly in nature. In the present study, a 

reduction of lignin was observed by composting with combination of fungi and 

bacteria. Raw coir pith contains 32% lignin and which is reduced to 17% and 18% 

after biodegradation (Table V c). It should be noted that coir pith is resistant to 

biodegradation due to the presence of lignin. Normally coir pith is dumped as 

agricultural waste and accumulates as a waste product as heaps of course and fine 

dust (Ghosh et al, 2007). The coir pith decomposes very slowly in soil as its 

pentosan-lignin ratio is below 0.5, and because of chemical and structural 

complexity of lignin-cellulose complex (Ramalingam et al, 2004). High content of 
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lignin in coir pith causes very slow decomposition following which it is used as 

raw organic manure for crops (Vinodhini et al, 2005). The degrading capacity of 

the combined consortium is more that by the individual organisms. Even, white rot 

fungi which are the most effective basidiomycetes for biological pretreatment of 

lignocellulosic materials (Sun and Cheng, 2002), when added with appropriate 

bacterial species, interesting results could be obtained. 

Ammonia is the indicator of nitrogen fixation, and attempts have been 

made in the present study to show the enhancement of ammonia in coir pith after 

biodegradation. Table V b shows the value of ammonia in raw and biodegraded 

coir pith. Reghuvaran et al, 2011 reported a definite amount of increase in 

ammonia with the biodegradation of coir pith could be observed (Reghuvaran et al, 

2011). Organic carbon was also observed to reduce considerably during the 

biodegradation (Table V b). There are reports stating that coir pith contains 87% 

organic matter and 13% ash content (Thampan, 1987). 

Extracellular enzymes play an important role in the degradation of 

lignocelluloses. In our study the activity of Lignin peroxidase (LiP) and Manganese 

peroxidase (MnP) were estimated and the results have been tabulated in Table Vd 

& Ve. White rot fungi have been observed to secrete these lignin degrading 

enzymes. White rot fungi, including P. ostreatus, produce a wide range of enzymes 

(laccase, peroxidases, cellulases and xylanases) that degrade lignocelluloses (Kues 

and Liu., 2000).  Several studies on Pleurotus species have been reported to grow 

on a wide spectrum of lignocellulosic waste materials due to their ability to secrete 

a range of degrading enzymes (cellulases, hemicellulases, xylanases, lignin 

peroxidase (LiP), manganese peroxidase (MnP) and laccases) and to produce 

protein rich biomass of fruiting bodies (Madan and Bisaria., 1983; Buswell and 

Chang., 1993; Rajarathnam et al., 1998). Among the ligninases produced from 

LCW (Lignocellulosic Waste), laccases have been studied the most (Nazareth and 

Sampy, 2003; Moldes et al., 2003, 2004; Couto et al., 2003; Couto and Sanroman, 
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2006; Mishra and Kumar, 2007; Alcantara et al., 2007; Minussi et al.,2007), 

followed by Manganese peroxidase and Lignin peroxidase (Couto et al., 2001, 

2003; Wuyep et al., 2003; Velazquez- Cedeno et al., 2004; Couto and Sanroman, 

2005; Alam et al., 2005; Asgher et al., 2006; Songulashvili et al., 2007; Elisashvili 

et al., 2008). Combined consortium of microorganisms produce more enzymes 

when compared to biodegradation by Pleurotus sajor caju alone and thereby action 

of the consortium accelerates the lignin degradation. As the combined action of 

these organisms yields more extracellular enzymes it can be concluded that, the 

presence of these nitrogen fixing bacteria could attribute to accelerating the 

enzyme production of Pleurotus sajor caju and thereby speed up the 

biodegradation of coir pith. These results are in concordance with many works, the 

main enzymes involved are lignin peroxidase, manganese peroxidase and laccase 

(Hao et al., 2006; Mtui and Nakamura, 2007, 2008; Mtui and Masalu, 2008). 

The structure of coir pith has also been observed to vary during composting.  

Scanning Electron Microscope images of raw and biodegraded coir pith show 

variation in coir pith structures (Fig V l to V o). It has been observed that the average 

size of coir pith reduces after degradation which could be attributed to the breakdown 

of components. The raw coir pith particle size has been observed to be 816×480µm. 

Pleurotus sajor caju mediated BCC displayed size of 708×376 µm, Pleurotus and 

A.vinelandii  BCC showed a size of 569×337 µm and the BCC using Pleurotus and 

A. brasilense  BCC displayed size of 365×231 µm. The big sized particles show high 

aeration porosity and those containing small sized particle size show high water 

holding porosity i.e. smaller particles do not hold much aeration and bigger particles 

do not hold much water (Jeyeseeli and Poul Raj, 2010). 

Large amounts of coir pith accumulate in the viscinity of coir processing 

units (approximately 7.5 million tons annually in India), causing severe disposal 

problems, fire hazards and ground water contamination due to release of phenolic 

compounds (Namasivayam et al., 2001). This also causes pollution of ground water 
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due to the percolation of leachates containing residual phenol from these dumps 

(Gopal and Gupta, 2001) especially during rainy season. The environment also 

serves as an ideal breeding ground for rodents and insect pests (Grimwood, 1975). 

Polyphenols are present /produced during coir pith biodegradation.  Lignin, a main 

contributor of the total carbon of agro-industrial wastes, produces polycyclic 

aromatic hydrocarbon components such as benzopyrine, catechol, hydroquinone, 

phenanthrine and naphthalene when degraded by heat (Kjallstrand et al., 1998). 

Here the phenolic substances like catechol, gallic acid, picric acid, pyrogallic acid 

and resorcinol were taken as standards for HPLC analysis. The Rf (Retension 

Factor) values of the samples were almost similar for these standards. Gallic acid 

has the Rf value 4.358, which is almost similar to that observed in PS+A.v BCC 

(4.312) and PS+A.b BCC (4.326). The Rf values were studied for Picric acid 

(4.388), Pyrogallic acid (4.257) and Resorcinol (4.204). Catechol(3.280; 5.616). 

The similar Rf values were observed in the CP+PS (5.861), PS+A.v BCC (3.608; 

5.868) and PS+A.b BCC (3.507; 5.635). Presence of resorcinol (3.460; 5.371) was 

also observed in the samples of biodegraded coir pith. Presence of phenolic 

compounds viz. Picric acid and Pyrogallic acid could also be confirmed (Fig V d to 

V k). In contrast, only one definite peak was observed in the HPLC graph of raw 

coir pith which shows the phenolics were absent in coir pith before biodegradation 

(Fig. V l). These results are in concordance with reports which state that resorcinol, 

pyrogallic acid and catechol were present in leachate samples drawn from coir 

retting areas.( Ravindranath and Sarma, 1998).  

The potential of bioconversion of lignocellulosic wastes into value added 

products is emphasized in recent studies (Philippoussis & Zervakis 2000a; Poppe 

2000). In our studies, we can conclude that coir pith can be converted to effective 

organic manure with biodegradation with Pleurotus sajor caju and Nitrogen fixing 

bacteria like Azotobacter vinelandii and Azospirillum brasilense. The combined 

action of these organisms with the white rot fungi, there was a marked reduction in 
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the lignocelluloses content and particle size, enhancement of NPK content and the 

resultant product can be used as effective manure for plants. 

4. Conclusion 

Bioremediation has been reported to be more effective through consortium 

action than single culture. In the present study, Pleurotus sajor caju has been 

experimented in combination with nitrogen fixing microorganisms viz. Azotobacter 

vinelandii and Azospirillum brasilense. This was aimed at replacing urea in the 

composting process. The study could yield results viz. increase in nitrogen content 

from 0.19% to 0.79%.The increase in the nitrogen content could be attributed to the 

inoculation of Azotobacter vinelandii and Azospirillum brasilense. Thus 

biodegradation of coir pith using a consortium of cultures consisting of lignin 

degrading fungi and nitrogen fixing bacteria could yield a value added fertilizer 

from biological waste. 

……… ……… 
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1. Introduction 

Coir pith or coir dust is a major byproduct of coir fiber extraction industries 

(Reghuvaran et al., 2009). It decomposes very slowly in soil as its pentosan-lignin 

ratio is below 0.5, and because of chemical and structural complexity of lignin-

cellulose complex (Ramalingam et al., 2004). Normally coir pith is dumped as 

agricultural waste and accumulates as a waste product as heaps of course and fine 

dust (Ghosh et al., 2007). High content of lignin (28.25%) in coir pith causes very 

slow decomposition following which it is used as raw organic manure for crops 

(Vinodhini et al., 2005). Some mushrooms belonging to Pleurotus species degrade 

lignin slowly under favorable conditions. Microorganisms produce extracellular 

enzymes (ligninase and cellulases) to degrade lignin in lignocelluloses of plant 

biomass (Akhmedova, 1992). Degradation of coir pith can be effectively carried 

out with suitable species of Basideomycetes fungus (Pleurotus sajor caju) and in 

combination with nitrogen fixing bacteria. Lignin (3×1011 metric tons on planet 

with an annual biosynthetic rate of 2×1010 tons) constitutes second most abundant 

group of biopolymers in biosphere (Argypropoulose & Menachem, 1997). 

Cellulosic compounds present in coir waste support initial growth of fungus and 

acts as co-substrate for lignin degradation. Coir wastes after biodegradation can be 
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effectively used as manure for increasing yield of crops (Ramaswamy, 1986). Coir 

pith (100%) used as potting medium showed a spectacular increase in water 

holding capacity of potting mixture when tomato plants were grown on coir pith 

based potting mixture (Baskaran & Saravanan, 1997). Among medicinal plants, 

brahmi (Bacopa monnieri), a well known prostrate herb, is distributed in damp, 

marshy areas throughout India. Piper longum can be cultivated successfully in 

organic matter rich fertile well drained forest soils. It is of South Asian origin and 

is found almost all over India. It is a component of Indian medicine reported as 

remedy for treating gonorrhea, menstrual pain, tuberculosis, sleeping problems, 

respiratory tract infections, chronic gut related pain, arthritis and alleviation of 

anxiety (Guido & David, 1998). Phyllanthus niruri originated in India, usually 

occurs as a winter weed throughout and P. niruri is a herb of Euphorbiaceae family 

that grows upto 60 cm. In recent years, more and more people are complimenting 

their treatment with natural supplements (Dursum et al., 2004). Kalmegh 

(Andrographis paniculata) as ethanolic extract has an insulin sensitizing effect 

(Sadikun, 2008). Coconut coir dust is being marketed as a soilless medium 

substitute for sphagnum peat moss that inhibits fungus gnat (Bradysia sp.) 

development (Denise et al., 2002). Several other important studies that conducted 

on the antioxidant activity of some medicinal plants grown under organic farming 

conditions (Khalil et al., 2007) have been reported. Growth of A. paniculata in 

vermicomposted coir pith has suggested that vermicomposted coir pith could be 

helpful for reclamation of soils from industrial sites for cultivation of A. paniculata 

in small scale nurseries (Vijaya et al., 2008). Aqueous extract of the leaves of A. 

paniculata has traditionally been used for treatment of various liver disorders and 

jaundice (Trivedi & Rawel, 2000). 

The present study reports the findings on the growth trials carried out using 

biodegraded coir pith on medicinal plants (Andrographis paniculata, Bacopa 

monneiri, Phyllanthus niruri, and Piper longum). 
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2. Methodology. 

2.1 Sample Collection. 

Coir pith was collected from the coir industries in Kattukada, Alappuzha 

district was used for the study. 

2.2 Collection of Medicinal Plants. 

Experimental medicinal plants viz. Phyllanthus niruri, Andrographis 

paniculata, Bacopa monnieri and Piper longum were collected from Horticulture 

division, Kerala Agricultural University, Mannuthy, Trissur. 

2.3 Composting. 

The efficacy of growth of medicinal plants in coir pith compost is studied 

by laying three sets of coir pith heaps in a shady place for composting. Each of the 

experiments were conducted by mounting 1 kg heaps of coir pith supplemented 

with 4 gms of Pleurotus sajor caju and 10 gms of urea as nitrogen supplement. 

Three sets were designed for 2 bacterial species and one mushroom species and a 

control by the standard composting method were maintained. All the heaps were 

moistened regularly to retain moisture. 

2.4 Field Experiment. 

Four experimental lots of coir pith composted using P. sajor caju in 

combination with Acetobacter vinelandii, Azospirillum brasilense, urea and fourth 

one kept as untreated as raw coir pith itself were compared with control (garden 

soil). Four sets of 13 pots were used for cultivation of medicinal plants. Each set of 

pot was maintained for each species of medicinal plant. Out of 13, pot A was filled 

with garden soil. B, C and D were filled with a mixture of garden soil and compost 

[composted with P. sajor caju and N-fixing bacteria (Acetobactor vinelandii) in 

proportion of 1:1, 1:3 and 3:1]. Pot E, F and G were filled with garden soil and 

compost (with mushroom and Azospirillum brasilense). Pot H, I and J were filled 
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with mixture of garden soil and compost (with mushroom and urea) and last three 

pots (Pot K, L and M) were filled with mixture of garden soil and raw coir pith. All 

treatments were carried out in duplicate. After 45 days, measurements were made 

of shoot and root length. 

2.5 Estimation of Physical Properties. 

2.5.1 Shoot Length. 

The shoot length was estimated with a measurement tape. 

2.5.2 Root Length. 

The root length was estimated by a measurement tape. 

2.6 Estimation of Chemical Properties. 

2.6.1 Carbohydrate (Lee & Tournsean., 1958). 

2.6.2 Protein (Lowry et al., 1951). 

2.6.3 Chlorophyll (Arnon., 1949). 

3. Results. 

3.1 Physical Properties 

3.1.1 Shoot Length  

In result of all the 13 samples of different medicinal plants, the shoot length 

shows an interesting trend on pots containing biodegraded coir pith than garden 

soil. In garden soil (A), the length of shoot is 8 cm in the case of Phyllanthus 

niruri, 15 cm in Andrographis paniculata. 15 cm in Bacopa monnierii and 23 cm 

in case of Piper longum. In case of pots containing BCC with Pleurotus sajor caju 

and Azotobacter vinelandii with garden soil in different proportions (B, C and D) 

show increased shoot length (12 cm, 8 cm and 17 cm respectively) for P. niruri. 

The shoot length of 18 cm, 22 cm and 27 cm (Pot E, F and S) for BCC with P. 
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sajor caju and Azospirillum brasilense; 13 cm, 10 cm and 15 cm (Pot H, I and J) 

for BCC with P. sajor caju and urea and for raw coir pith, it was 8 cm, 3 cm and 10 

cm (Pot K, L and M). In case of all medicinal plants, the increased shoot length is 

observed in plants grown in pots containing higher percentage of coir pith than 

garden soil (Table VI a to VI d). 

3.1.2 Root Length 

The results in root length of different medicinal plants cultivated in 13 pots 

containing different concentrations of raw and biodegraded coir pith with garden 

soil show variations. The pots of garden soil (A) show root length of 4 cm in 

Phyllanthus niruri. It is increased to 6 cm and 8 cm (B and D) in BCC with P. 

sajor caju and A. vinelandii. Root length show changes in pots E, F and G (4 cm, 3 

cm and 6 cm) in case of BCC with P. sajor caju and A. brasilense. In case of pots 

having BCC with P. sajor caju and urea observed root length of 5 cm, 3 cm and 9 

cm for pot H, I and J respectively. Almost similar results were observed in case of 

other three medicinal plants also. There is an increased root length were observed 

in plants grown in pots containing higher percentage of coir pith than garden soil 

(Table VI a to VI d). 

3.2 Chemical Properties 

3.2.1 Carbohydrate 

Carbohydrate contents in the plant leaves is an important indicator of plant 

growth. The carbohydrate content in the leaf of plants which were grown in garden 

soil is observed to be 0.23 mg/g (Pot A). The contents were increased to 0.28 mg/g, 

0.24 mg/g and 0.28 mg/g (Pot B, C and D resp.) for coir pith composted with P. 

sajor caju and A. vinelandii. Almost similar values were observed in BCC with P. 

sajor caju and A. brasilense (0.26 mg/g, 0.24 mg/g and 36 mg/g resp.). Pots H, I 

and J (BCC with P. sajor caju and urea) show reduced carbohydrate content in 

comparison with other two treatments (Fig. VI e to VI h). 
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3.2.2 Protein 

Protein content in plants growing in biodegraded coir pith and garden soil 
show remarkable variations. Sample A (garden soil) show protein content of 0.40 
mg/g, whereas the same in plants grown in BCC composted with P. sajor caju and 
A. vinelandii show increase in protein content to 0.65 mg/g, 0.53 mg/g and 0.78 
mg/g respectively for Pot B, C and D. Comparing with other bacterial culture (A. 
brasilense) with P. sajor caju also show enhancement (0.62 mg/g, 0.50 mg/g and 
0.70 mg/g for sample E, F and G resp). BCC with P. sajor caju and urea did not 
show much increase as much as the other two treatments shown (Fig. VI e to VI h). 

3.2.3 Chlorophyll 

Chlorophyll content also show enhancement in pots having BCC with 
combination of Pleurotus sajor caju and nitrogen fixing bacteria. The plants which 
grow in garden soil show chlorophyll content of 0.080 mg/g and which was 
increased to 0.186 mg/g, 0.180 mg/g and 0.191 mg/g (Pot B, C and D resp.) for BCC 
composted with P. sajor caju and A. vinelandii. Chlorophyll content is also show 
hike in plants growing in compost with P. sajor caju and A. brasilense. Similar 
observations were also observed in all four medicinal plants (Fig. VI e to VI h). 

 
Fig. VI a. Effect of Biodegraded coir pith in Shoot length of Medicinal p 
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Fig VI b. Effect of Biodegraded coir pith in Root length of Medicinal plants  

 

 
Fig VI c. Effect of Biodegraded coir pith in Protein content in Medicinal plants 
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Fig VI d. Effect of Biodegraded coir pith in Carbohydrate content in Medicinal plants. 

 

 
Fig VI e. Effect of Biodegraded coir pith in Chlorophyll content in Medicinal plants 
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 VI. f  Andrographis paniculata VI g Bacopa monnieri 

   
 VI h Phyllanthus niruri   VI i Piper longum 

4. Discussion 

Medicinal plants are important natural resources and supplementation of 

biodegraded coir pith as manure could contribute to increasing the growth 

productivity of these plants, which could be cost effective compared to addition of 

ckemical fertilizers. The study has details on the effect of addition of biodegraded 

coir pith on the growth of medicinal plants viz. Phyllanthus niruri, Andrographis 

paniculata, Bacopa monnieri and Piper longum. 

Andrographis paniculata is widely cultivated in Southern and Southeastern 

Asia, where it is used to treat infections and some diseases, often being used before 

antibiotics were created. Mostly the leaves and roots were used for medicinal 

purposes. A. paniculata is distributed in tropical Asian countries, often in isolated 
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patches. It can be found in a variety of habitats, such as plains, hillsides, coastlines, 

and disturbed and cultivated areas such as roadsides, farms, and wastelands. Native 

populations of A. paniculata are spread throughout south India and Sri Lanka 

which perhaps represent the center of origin and diversity of the species. Bacopa 

monnieri (Brahmi) is a perennial, creeping herb whose habitat includes wetlands 

and muddy shores. It commonly grows in marshy areas throughout India, Nepal, 

Sri Lanka, China, Taiwan, and Vietnam, and is also found in Florida, Hawaii and 

other southern states of the USA where it can be grown in damp conditions by the 

pond or bog garden. It has been used in traditional Ayurvedic treatment for 

epilepsy and asthma. It is also used in Ayurveda for ulcers, tumors, ascities, 

enlarged spleen, indigestion, inflammations, leprosy, anemia, and biliousness. 

Pot culture experiments were carried out to study the effect of coir pith 

based potting mixture with garden soil on four different medicinal plants (P. niruri, 

A. paniculata, B. monneiri and P. longum). Plants grown in pots containing higher 

percentage of coir pith than soil, show increased shoot and root length (Fig. 1). P. 

niruri shows shoot length and root length 8 cm and 4 cm in 100% garden soil, 27 

cm and 6 cm respectively in pot containing 25% soil and 75% composted coir pith, 

which is biodegraded with P. sajor caju and Azospirillum, secondly with 75% soil 

and 25% coir pith, same treatment also yielded 22 cm shoot and 3 cm root length 

respectively. Thus, composted coir pith with the combination of mushroom and 

bacteria provide NPK enrichment on pot culture. This medium provides easy 

movement of roots and thereby increased growth of plants. In case of P. sajor caju 

and Acetobacter, biodegraded coir pith compost (BCC) medium, values are 17 cm, 

12 cm and 8 cm (shoot) in 25% soil+75% compost, 50% soil+50% compost and 

75% soil+25% compost respectively. Root length was observed to be 8 cm, 6 cm 

and 3 cm for 25% soil+75% compost, 50% soil+50% compost and 75% soil+25% 

compost respectively. In case of BCC with P. sajor caju and urea also similar 

results were observed, but values were comparatively lower than that composted 

with N-fixing bacteria. A. paniculata also shows effective growth in pots 
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containing higher content of BCC; using Acetobacter shows improved growth in 

medium with compost and soil. In case of B. monnieri and P. longum, higher 

growth was observed in BCC using Acetobacter. Similar results were observed in 

studies using N-fixing bacteria. Medium containing coir pith: shoal leaf mould: 

sand (60:20:20 and 50:25:25 v/v) had higher cation exchange capacity (CEC) and 

water holding capacity (WHC) (Saravanan & Nanbisan, 1995). Coir pith is very 

efficient for tropical farming as soil conditioner and cyanobacteria are also capable 

of biodegrading coir pith with various kinds of pollutants (Malliga & Vishwajith, 

2005). 

Piper longum sometimes called Indian long pepper, is a flowering vine in 

the family Piperaceae, cultivated for its fruit, which is usually dried and used as a 

spice and seasoning. Long pepper has a similar, but hotter, taste to its close relative 

Piper nigrum - from which black, green and white pepper are obtained. Today, 

long pepper is a very rare ingredient in European cuisines, but it can still be found 

in Indian vegetable pickles, some North African spice mixtures, and in Indonesian 

and Malaysian cooking. It is readily available at Indian grocery stores, where it is 

usually labeled pippali. Phyllanthus niruri is a widespread tropical plant commonly 

found in coastal areas, best known by the common names stonebreaker or seed-

under-leaf. A clinical study with Phyllanthus niruri, indicated that it may reduce 

the levels of urinary calcium (Nishiura et al., 2004). A subsequent study of 150 

patients over a 6 month period indicated that an extract of this herb reduces the 

incidence of stone formation, and concluded, "Regular self-administration of P. 

niruri after extracorporeal shock wave lithotripsy for renal stones results in an 

increased stone-free rate that appears statistically significant for lower caliceal 

location. Its efficacy and the absolute lack of side effects make this therapy suitable 

to improve overall outcomes after extracorporeal shock wave lithotripsy for lower 

pole stones." (Micali et al., 2006). 
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A considerable increase in growth of rice plants is also observed using coir 

pith based cyanobacterial biofertilizer (Krishnaveni, 1999; Lavanya Priya, 1997). 

In present study, potting medium, composed of coir pith along with soil, is an 

efficient soil conditioner, and BCC using P. sajor caju and N-fixing bacteria show 

significant increase in growth due to its enriched NPK content. In case of P. 

amaranthus, protein content estimated was 0.40 mg/g in 100% soil (Fig. 2). But 

pots with combination of coir pith and soil shows variation in protein content. In 

case of coir pith composted with P. sajor caju and Acetobacter, protein content 

obtained was 0.78 mg/g, 0.65 mg/g and 0.53 mg/g in 25% soil+75% compost, 50% 

soil+50% compost and 75% soil+25% compost respectively. Carbohydrate (Fig. 3) 

and chlorophyll (Fig. 4) content also show similar variation. Garden soil alone 

shows 0.23 mg/g and 0.080 mg/g for carbohydrate and chlorophyll respectively. 

Combinations (P. sajor caju &Acetobacter, P. sajor caju & Azospirillum, P. sajor 

caju & urea) and raw coir pith have increase in carbohydrate and chlorophyll 

content than garden soil. In case of A. paniculata, parameters of protein, 

carbohydrate and chlorophyll are found to be 0.38mg/g, 0.25mg/g and 0.081mg/g 

respectively for garden soil. Composted and raw coir pith for A. paniculata shows 

variations. An increase in protein, chlorophyll and carbohydrate content has been 

observed in plants treated with BCC when compared with garden soil. Values for 

protein content were 0.75mg/g, 0.71mg/g & 0.62mg/g, carbohydrate content 

0.40mg/g, 0.38mg/g & 0.30mg/g and chlorophyll 0.210mg/g, 0.198mg/g and 

0.191mg/g for 25% soil+75% compost, 50% soil+50% compost and 75% soil+25% 

compost respectively. Similar results were observed in case of BCC with 

Azospirillum, urea and untreated raw coir pith, which show definite increase in 

protein, carbohydrate and chlorophyll content. In case of B. monneiri and P. 

longum, increased protein, carbohydrate and chlorophyll contents was observed in 

coir pith based potting mixtures. It is also reported that high percentage of rooting 

of acalypha and bougainvillea was observed in coir dust medium when compared 

to and or soil+organic manure (Lokesha et al., 1988). Thus, present study confirms 
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that composted coir pith with P. sajor caju and N-fixing bacteria is an excellent 

potting media for medicinal plants; medium can be used as such or in combination 

with garden soil for their cultivation. 

5. Conclusions 

Nitrogen fixing bacteria are excellent and eco-friendly substitutes for urea 

for composting of coir pith with P. sajor caju. Composted coir pith based potting 

medium for cultivation of medicinal plants suggested that this compost can be used 

in reclamation of soils to enhance productivity of medicinal plants and also 

possibly other crops. This study could encourage the stake holders involved in 

cultivation of medicinal plants organically, economically to adopt environmental 

friendly ways of growing medicinal plants. 

 

……… ……… 
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1. Introduction 

Roof gardens have received increased attention in recent years as an urban 

horticulture alternative (Boivin et al., 2001). Attention to roof garden relies on the 

fact that the plant material destroyed during the construction phase will be restored 

at the top of the building and will reduce the adverse effects of urbanization and 

deforestation (Osmundson, 1999).It has been established that roof gardens reduce 

temperature and solar irradiance, provide up to 50% reduction in the heat flux into 

buildings (Onmura et al., 2001). Despite their numerous advantages, roof gardens 

have not been yet considered a common practice (Panayiotis et al., 2003). The 

main obstacle for wide public acceptance is the high initial construction cost and 

the increased load that is exerted on the frame of the buildings. The last results 

mainly from the substrate weight (Scrivens, 1990). In extensive roof gardens, the 

minimal substrate depth in conjunction with the utilization of light weight materials 

(Fischer and Jauch, 1995) reduces substantially the weight of the construction. In 

intensive roof gardens with shrubs or trees, soil forms the basic constituent of the 

substrate, in order to support plant growth, in advent increases water-holding 

capacity and provide sufficient anchorage to the plants (FLL, 1995). Green roofs 

have certain advantages; first they reduce the quantity of runoff entering municipal 



Part II. Use of Biodegraded coir pith for garden plants as a soil less medium for roof gardening practices 

133 

storm water management systems (Kolb, 2004; Liesecke, 1998, 1999; Rowe et al., 

2003; Schade, 2000; U.S.EPA, 2003). Secondly they provide insulation for 

buildings, thus reducing energy consumption (Eumorfopoulou and Aravantinos, 

1998; Lukenga and Wessels, 2001; Theodosiou, 2003). Third, they increase the life 

span of a typical roof by protecting the various roof components from damaging 

UV rays, extreme temperatures and rapid temperature fluctuations (Lukenga and 

Wessels, 2001; Stein, 1990). Fourth, they have the potential to reduce the Urban 

Heat Island Effect (Dimoudi and Nikolopoulou, 2003; Wong et al., 2003). 

Although these benefits have long been identified, research quantifying these 

benefits and sustainability of various plant texa for use on green roofs has been 

limited (Michael et al., 2005).  

Higher plants effectively use only a small percentage of available water 

(Bres and Weston., 1993). Amending plant growth media with hydrophilic 

polymers (soil conditioners) has increased water retention (Johnson, 1984; Quinn, 

1990) ; reduced watering frequency (Still, 1976; Taylor and Halfacre, 1986) ; 

improved soil texture (Wallace and Wallace., 1986b, 1986c) ; increased water 

infilteration (Mitchell, 1986; Wallace and Wallace 1986c) ; reduced erosion and 

water runoff (Wallace and Wallace, 1986d) and increased germination and 

improved early growth of plants (Cook and Nelson, 1986; Wallace and Wallace, 

1986a, 1986b).  

Coir pith is an excellent material as the soil conditioner, it is lignocellulosic 

in nature, brown coloured, light weight corky dust; particle size varies from 100-

300 microns similar to peat moss. It has a porous structure and the pores are 

responsible for allowing good aeration around the roots of plants and retain water 

content in the pores for rewetting when dry. Chemical analysis reveals that coir 

pith contains three major constituents- cellulose, hemicelluloses and lignin. 

Cellulose is a polymeric chain of anhydrous glucose units and exists mainly in 

crystalline form. Hemicellulose is made up of mixed polymers of various pentose 
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and hexose sugars and is amorphous in nature. Lignin is an amorphous polymer of 

phenyl propane, which surrounds the cellulose in the cell wall. Lignin exists in situ 

as large molecular weight component but indefinite in size.  The major properties 

of coir pith are high water holding capacity, i.e. 6-8 times than its weight, slow 

degradation (due to high lignocellulose content), excellent moisture retention (even 

after drying), high porosity, storing and releasing of nutrients over extended 

periods of time, acceptable electrical conductivity (EC), pH, cation exchange 

capacity (CEC), aeration and oxygenation. These properties provide enhanced root 

penetration, greater physical resiliency that withstand compression better, being a 

poor conductor of heat, helps keep soil temperature under control and thereby 

prove to be ideal medium for plant growth. 

The present study aimed 1) to investigate the contribution of an effective 

light weight potting media for the roof garden practices, 2) To study the potency of 

this potting medium for the growth of garden plants, 3) to formulate and market the 

medium as an effective readymade potting medium for roof garden plants. 

2 Materials and Methods 

2.1 Collection of samples. 

Coir pith was collected from the coir industries in Kattukada, Alappuzha 

district. White rot fungi, pith plus were procured from the Central Coir Research 

Institute (CCRI), Kalavoor, Alappuzha. The Bacteria (Azotobacter vinelandii, 

MTCC No. 124 and Azospirillum brasilense, MTCC No. 125) were procured from 

Microbial Type Culture Collection (MTCC), Chandigarh. The experimental studies 

were conducted in the Rajiv Gandhi Chair in Contemporary Studies, School of 

Environmental Studies, Cochin University of Science and Technology (CUSAT). 

The biochemical estimations were carried out at the Central Coir Research 

Institute, Alappuzha and Rajiv Gandhi Chair, CUSAT. 
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Plant saplings such as Rosa rubiginosa, Jasmine sambae, Aralia elata, 

Gardenia jasminoides and Chrysalidocarpus lutescens were procured from 

Horticulture division, Kerala Agricultural University (KAU), Mannuthy, Trissur, 

Kerala. 

2.2 Composting. 

The experiments consisted of 2 sets mounted in 5 kg quantities of coir pith 

heaps in triplicate.  The first lot supplemented with both fungus (Pleurotus sajor 

caju) and bacteria (Azotobacter vinelandii). The second lot was supplemented with 

Pleurotus sajor caju and Azospirillum brasilense. The experimental coir pith heaps 

were moistened and monitored daily for 30 day. A control composting experiment 

using the conventional method was also carried out simultaneously. 

2.3 Field Experiment 

Fifteen pots were used for the study. Out of this, first five pots were filled 

with garden soil, next five with biodegraded coir pith with Pleurotus sajor caju and 

Azotobacter vinelandii and last five with biodegraded coir pith with Pleurotus 

sajor caju and Azospirillum brasilense. Plant the five different ornamental plant 

saplings to each set of pots. All the experiments conducted in duplicates. Keep the 

pots in place with sufficient sunlight. Pots were moistened regularly to enable good 

growth of the plants.  

2.4 Estimation of Physical Properties. 

2.4.1 Shoot Length. 

The shoot length was estimated with a measurement tape. 

2.4.2 Root Length. 

The root length was estimated by a measurement tape. 
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2.5 Estimation of Chemical Properties. 

2.5.1 Carbohydrate (Lee & Tournsean., 1958). 

2.5.2 Protein (Lowry et al., 1951). 

2.5.3 Chlorophyll (Arnon., 1949) 

3 Results. 

 The increase in length of shoot and root shows the growth of plants. It is 

used as a measurement for the effective growth of plants in plant cultivation 

experiments.  

3.1 Physical Properties 

3.1.1 Shoot Length 

In all the five experimental plants, shoot length is observed to be increased 

in plants grown in biodegraded coir pith with combination of P. sajor caju and 

nitrogen fixing bacteria (A. vinelandii and A. brasilense). Rosa rubiginosa show 

enhanced shoot length in pots containing coir pith composted with P. sajor caju 

and A. vinelandii (32.8 cm), the same in P. sajor caju and A. brasilense have a 

shoot length of 30.6 cm and the plant cultivated in garden soil alone show reduced 

shoot length (28.0 cm). In cases of all the other medicinal plants, the shoot length is 

enhanced with P. sajor caju and nitrogen fixing bacteria.  

3.1.2 Root Length 

Root lengths of five experimental ornamental plants were observed and the 

result shows an increase in the root lengths of plants grown in biodegraded coir 

pith with P. sajor caju and nitrogen fixing bacteria. Root length of 8.6 cm was 

observed on Rosa rubiginosa cultivated in garden soil alone. An increase of 9.4 cm 

and 9.8 cm were observed in plant cultivated in BCC with P. sajor caju and both 

nitrogen fixing bacteria, A. vinelandii and A. brasilense respectively. In other four 
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experimental plants also, a definite increase in root length were recorded in plants 

cultivated In Jasmine sambac the length of shoot observed as 18.4 cm and 16.5 cm 

for A. vinelandii and A. brasilense respectively. In Aralia elata, it was 10.8 cm and 

10.4, in Gardenia jasminoides it was 22.2 and 20.5 and in Chrysalidocarpus 

lutescens, it was 36.4 cm and 37.5 respectively. Here the length of roots of plants 

grown in biodegraded coir pith show increased root length in comparison with 

garden soil. 

3.2. Chemical Properties. 

3.2.1. Carbohydrate. 

Carbohydrate content of the plants grown in the more amount of 

biodegraded coir pith is enhanced (Fig III to V). 

3.2.2. Protein. 

Protein content of the plants grown in the more amount of biodegraded coir 

pith is enhanced (Fig III to V). 

3.2.3. Chlorophyll. 

Chlorophyll content of the plants grown in the more amount of biodegraded 

coir pith is enhanced (Fig III to V). 
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Fig. VI j. Effect of Biodegraded coir pith in Shoot and root length of Ornamental plants 

 
Fig. VI k. Effect of Biodegraded coir pith in Protein, Carbohydrate and Chlorophyll content of Ornamental plants 
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Fig. VI l Rosa rubiginosa   Fig. VI m. Jasmine sambac 

      
 Fig VI n. Chrysalidocarpus lutescens Fig VI o Aralia elata 

  
   Fig. VI p. Gardenia jasminoides  Fig. VI q.  Coir pith compost in different pots 
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Fig VI r. Packed Coir pith composted with Pleurotus sajor caju and Azospirillum brasilense 

 
Fig VI s. Packed coir pith composted with pleurotus sajor caju and azotobacter vinelandii. 

4. Discussion 

This study on the biodegraded coir pith included analysis of Lignin, 

Organic carbon and NPK iin coir pith treated with Pleurotus sajor caju in 

combination with Azotobacter vinelandii and Azospirillum brasilense before and 

after the decomposition. The lignin content in the coir pith degraded by the 

combination of organisms is observed to vary with that in the raw untreated coir 

pith. The decomposition was observed to be 17% in samples treated with P. sajor 

caju and A. vinelandii. From the literature it is clear that the Pleurotus species are 

very efficient in decomposing various agricultural wastes (Mandhare et al., 2003). 
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The nitrogen, phosphorous and potassium contents show variation and enhance in 

content. The organic carbon is observed to decreases considerably. Treatments 

using both Azotobacter vinelandii & Azospirillum brasilense were given to the 

lignin content in the coir pith. 

The pot culture experiment was carried out to study the effect of coir pith 

based potting media for garden plants viz. Rosa rubiginosa, Jasmine sambae, 

Aralia elata, Gardenia jasminoides and Chrysalidocarpuslutescens. The study was 

conducted over a period of 2 months as the plants grow to a standard size. Plants 

grown in the coir pith compost shows increased shoot and root length (Fig. II). 

Rosa rubiginosa show shoot length and root length 30.6 cm and 9.8 cm 

respectively in biodegraded coir pith (BCC) with P. sajor caju and A. vinelandii.  

In the treatment using P. sajor caju and A. brasilense the shoot and root length was 

observed to be 32.8 cm and 9.4 respectively. The shoot and root length of the same 

species grown in garden soil has been observed to be 28 cm and 8.6 cm 

respectively. Simultaneously in the case of Jasminum sambae the growth observed 

in garden soil was shoot and root length of 16.1 and 6.7 cm respectively. Effective 

growth in pots containing composted coir pith was also observed in Aralia elata. In 

all the species, longer shoot and root length was observed when the plants were 

cultivated in coir pith composted using combination of microorganisms. This 

composted coir pith provides NPK enrichment in pot culture. This could be 

attributed to the medium providing easy movement of roots leading to increased 

growth of plants. Biodegraded coir pith was observed to be efficient for the 

cultivation of medicinal plants such as Phyllanthus amaranthus, Andrographis 

paniculata, Bacopa monneiri and Piper longum (Reghuvaran and Ravindranath, 

2010). A considerable increase in growth of rice plants has also been reported 

using coir pith based cyanobacterial biofertilizer (Krishna Veni., 1999 and 

Lavanyapriya., 1997). In the present study, the potting medium consisting of 

biodegraded coir pith has proved to be an efficient cultivating medium for garden 

plants. 



Part II. Use of Biodegraded coir pith for garden plants as a soil less medium for roof gardening practices 

143 

 Analysis of Protein, Carbohydrate and Chlorophyll content in the plants 

also display varying values for garden soil and biodegraded coir pith (Fig. VI e). In 

the case of Rosa rubiginosa, the protein content estimated was observed to be 0.41 

mg/g in garden soil medium, the pots with coir pith compost medium show 

variation in protein content. In case of coir pith composted with P. sajor caju and 

Azotobacter vinelandii the protein content was observed 0.77 mg/g and the same 

with P. sajor caju and Azospirillum brasilense was 0.78 mg/g. The results of the 

other four species also show almost similar fluctuations in case of compost. The 

chlorophyll content and carbohydrate content also show similar variation. In the 

case of garden soil, the value for carbohydrate and chlorophyll is 0.10 mg/g and 

0.21 mg/g respectively for Rosa rubiginosa. The biodegraded coir pith with P. 

sajor caju & Azotobacter vinelandii and P. sajor caju & Azospirillum brasilense 

have shown an increase in the carbohydrate and chlorophyll content when 

compared to garden soil. In the case of Jasmine sambae, the protein, carbohydrate 

and chlorophyll contents are observed to be 0.50 mg/g, 0.25 mg/g and 0.09 mg/g 

respectively. In all the plants, an increase in protein, carbohydrate and chlorophyll 

content has been observed in the plants treated with BCC when compared to 

garden soil. This confirms the findings of Lokesha et al., 1988 which reported that 

high percentage of rooting of acalypha and bougainvillea was observed in coir dust 

medium when compared to sand or soil+organic manure. Earlier, Baskaran and 

Saravanan (1997) have observed that 100% coir pith medium showed a spectacular 

increase of the water holding capacity of the potting mixture when tomato plants 

were grown on coir pith based potting mixture grown. Coir pith also has great 

potential for use as a source of many useful microorganisms including nitrogen 

fixing bacteria (Reghuvaran et al., 2012). The use of coir pith as a soil conditioner 

in tropical farming is well documented whereas that of utilization of coir pith as 

potting medium is very limited (Saravanan and Nambisan, 1995). The present 

study confirms that coir pith composted with P. sajor caju, Azotobacter vinelandii 
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and Azospirillum brasilense form an excellent potting media for roof gardening as 

soil less medium.  

Coir pith composted with Pleurotus sajor caju and Azotobacter vinelandii 

has been marketed as AZOTO-V (Fig. VIII) and the same with Pleurotus sajor 

caju and Azospirillum brasilense can also be named AZOSPIRIL-B (Fig VII) and 

packed in 1 kg packets marketed for cultivation of ornamental plants mainly for 

roof gardening avoid soil for the cultivation.  

5. Conclusions 

Nitrogen fixing bacteria are excellent and eco-friendly substitute for urea 

during composting of coir pith using mushroom spawn of P. sajor caju. Composted 

coir pith based potting medium for cultivation of ornamental plants suggests that 

this compost can be used as substrate of soils due to its enhanced productivity. Coir 

pith composted with a combination of fungus and nitrogen fixing bacteria could be 

excellent potting media for cultivation of garden plants. Growth is observed to be 

better than garden soil for the cultivation of plants, therefore can be used as a 

soilless media for cultivation of ornamental plants. Use of this compost can replace 

garden soil in roof gardening practices, thereby reduce the weight exerted on 

terrace for roof gardening. Being efficient for cultivation of plants, the biodegraded 

coir pith can be marketed by the brand names AZOTO-V and AZOSPIRIL-B and 

could be cost effective medium for ornamental plants for the use of farmers. This 

study will encourage those involved in the cultivation of ornamental plants to adopt 

organic, economical and environmental friendly ways for roof gardening practices. 

……… ……… 
 



 

  

 

Summary and Conclusions 

Environmental pollution can be avoided by the development of clean 

technologies using  microbial consortia and is one of the main areas of 

environmental biotechnology. Composting is a natural process that turns organic 

material into a dark rich substance. This substance, called compost or humus, is a 

wonderful conditioner for the soil. It also termed the process of bioconversion of 

waste into hygienic soil conditioner and fertilizer. Coir industry provides livelihood 

to a large work force in southern states of India viz. Kerala, Tamil Nadu, Karnataka 

and Andhra Pradesh. However accumulation of coir pith hillocks and coconut husk 

leachates causes pollution of both land and water in the environment.  

White rot fungi are the group of fungi, which can degrade the lignin present 

in the coir pith. More often the presence of lignin is responsible for the difficulty of 

biodegradation of coir pith. The biodegradative ability of different fungal species 

Pleurotus sajor caju, Pleurotus florida, Pleurotus eous and Calocybe indica has 

been studied and the results revealed that all the tested white rot fungi degrade coir 

pith and reduce the percentage of lignin present in it together with enhancing the 

NPK and ammonia content. 

Although coir pith is a problematic waste, it has been found to harbor 

useful micro-organisms with potential use as plant nutrient. Nitrogen fixing 

bacteria from the raw coir pith accumulated in coir fiber extraction units could be 

isolated and confirmed through molecular techniques. Therefore it can be 
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concluded that coir pith can be a source of many useful micro-organisms including 

nitrogen fixing bacteria.  

In this study, a novel improved technology could be developed to convert 

the recalcitrant coir pith into environmental friendly organic manure. The standard 

method of composting involves the substitution of urea with nitrogen fixing 

bacteria viz. Azotobacter vinelandii and Azospirillum brasilense leading to the 

development of an improved method of coir pith. The combined action of the 

microorganisms could enhance the biodegradation of coir pith. In the present study, 

Pleurotus sajor caju, an edible mushroom which has the ability to degrade coir 

pith, and the addition of nitrogen fixing bacteria like Azotobacter vinelandii and 

Azospirillum brasilense could accelerate the action of the fungi on coir pith. The 

use of these microorganisms brings about definite changes in the NPK, Ammonia, 

Organic Carbon and Lignin contents in coir pith. This study will encourage the use 

of biodegraded coir pith as organic manure for agri/horti purpose to get better 

yields and  can  serve as a better technology to solve  the problem of accumulated 

coir pith in coir based industries. 

The efficiency of the biodegraded coir pith by this improved method was 

estimated by growing the plants in the compost. A number of medicinal and 

ornamental plants were cultivated in coir pith compost successfully. Four 

medicinal plants were used for the study and it was grown in pots filled with 

garden soil and compost. An increase in the growth of the plants was observed in 

the pots containing higher percentage of coir pith compost. Coir pith facilitates 

easy growth of plant roots and provides sufficient nutrients for its growth. In the 

case of ornamental plants, coir pith can be used exclusively without mixing garden 

soil. Therefore the composted coir pith by this improved method can be used as a 

soil less media for roof gardening practices.  

Coir pith composted with Pleurotus sajor caju and Azotobacter vinelandii 

can be developed on a brand name AZOTO-V and that with Pleurotus sajor caju 
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and Azospirillum brasilense can be named AZOSPIRIL-B, packed in 1 kg packets 

and marketed for cultivation of ornamental plants mainly for roof gardening 

replacing garden soil.  

COSTING FOR COIR PITH COMPOST 

BASIS. 5 MT 

RECURRING EXPENDITURE 

 1. PITHPLUS  @ Rs.50 / KG     500.00 

 2. Azotobacter/Azospirillum  @ Rs.50 / KG   100.00 

 3. LABOUR CHARGE @ Rs.300 / HEAD   600.00 

 4. OVERHEAD      100.00 

     TOTAL           Rs.1300.00 

i.e. 0.26 /= per Kg. 

say, 26 paise per Kg. 

 
……… ………  
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