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Chapter-1 
 

INTRODUCTION  

Mushroom is a macrofungus with distinctive fruiting body that can be either epigeous 

(above ground) or hypogeous (underground) and large enough to be seen with the naked eye 

and to be picked by hand (Chang and Hudson 2001). Cultivation of edible mushrooms carries 

great relevance in today’s world in the context of a burgeoning population growth and 

extreme pressure on the environment. Mushrooms have been recognized by Food and 

Agriculture Organization (FAO) as food item contributing to the protein nutrient to the diet of 

developing countries like India, where there is heavy dependence on cereal diets. Mushrooms 

are frequently mentioned as alternative source for food.  

The major constituents of mushrooms are water, proteins, carbohydrates, fiber, fat and 

ash along with minerals and essential amino acids (Heleno et al. 2010 and Alispahic et al. 

2015). Mushrooms are highly nutritious and environment friendly crop that carry numerous 

medicinal benefits (Keles et al. 2011; Verma et al. 2013 and Muszynska et al. 2017). 

Mushrooms are a low-cost food with essential fatty acids, vitamins and are important source 

of protein to fight against malnutrition (Murugkar and Subbulakshimi 2005; Kayode et al. 

2015 and Han et al. 2016). They contain low fat content, high fibre, all essential amino acids 

and important minerals (Sadler 2003). Mushrooms have numerous bioactive compounds 

including polysaccharides, tri-terpenoids, glycoproteins and immunomodulating compounds 

(Andrade et al. 2014). Mushrooms are well known for their high medicinal properties such as 

anti-ageing, antiviral, anti-hypertensive, antimicrobial, antibacterial, anticancer, anti-tumor, 

anti-inflammatory, anti-hypertensive, immuno regulator, health booster, help balancing blood 

sugar and support the body's detoxification mechanisms (Patel et al. 2012). Mushrooms are 

rich in antioxidants, including phenolics, carotenoids, ascorbic acid, tocopherols and 

ergosterol (Kumari et al. 2011 and Sanchez 2017).  

Mushroom helps in smooth functioning of digestive system, brain function, cell 

formation in the body, heart, respiratory system, nervous system, skin, liver, kidney and 

slows down cell maturation by eliminating free radicals from the body (Kumari and Jaiswal 

2023). They are also considered to reduce cholesterol, relieve stress and help to fight 

against coronary heart diseases, diabetes mellitus, bacterial or fungal infections, immune 

system disorders and cancer (Dhamodharan and Mirunalini 2010). Mushrooms are 
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considered to be a complete, healthy food suitable for all age groups from children to 

adults. 

Mushroom production occupies an important position in the agricultural businesses of 

the world. Mushrooms have been consumed in the world for thousands of years since ancient 

times. Major mushroom producing countries are China, Japan, United States, Netherlands, 

India, Poland, Spain, Canada, United Kingdom, Iran, Russia, France, Germany, Ireland, Italy, 

Turkey and Australia. The first specialized commission for the development of mushroom 

cultivation was founded in Pennsylvania (U.S.), since referred as the “mushroom capital of 

the world” (Beyer 2003). Commercial cultivation of mushroom started in India in 1960, 

under the scheme entitled “Development of Mushroom Cultivation in Himachal Pradesh” 

started at Solan by H.P. Government in collaboration with ICAR, New Delhi. Thus, the city 

of Solan is known as “Mushroom City of India”.  

The global market production of mushrooms was 44.00 million tonnes in 2020 FAOSTAT 

2022). China is leading in global mushroom production both in cultivation of edible and medicinal 

types. China produces approximately 87 per cent of world mushroom production (Singh et al. 

2020). In India, the best inclination of farmers towards mushroom cultivation and business has been 

seen. The total production of mushroom in India was 2,42,000 tonnes in 2021-2022 (Kumari and 

Jaiswal 2023). The main mushroom cultivating states in India are Himachal Pradesh, Punjab, 

Haryana, Karnataka, Andhra Pradesh, Utter Pradesh, Tamil Nadu, Maharashtra and Bihar. 

According to Upadhyay et al. (2008), Himachal Pradesh is a hotspot for biodiversity and has a 

climate that is favorable for growing mushrooms all year around. It also has a variety of rich, wild 

edible mushrooms. Mushrooms appear in both toxic (toadstools) and edible (medicinal) forms.  

Commonly cultivated species of mushrooms are the button mushroom (Agaricus 

bisporus), shiitake mushroom (Lentinus edodes), oyster mushroom (Pleurotus ostreatus), 

oriental enoki or velvet stem mushroom (Flammulina velutipes), paddy straw mushroom 

(Volvariella volvacea) and black ear mushroom (Auricularia auricula). Other cultivated 

mushrooms are the reishi mushroom (Ganoderma lucidum), nameko (Pholiota nameko), 

white jelly fungi (Tremelia fuciformis) and truffle (Tuber aestivum) (Chakravarty 2011). In 

India, white button mushroom share is 73 per cent followed by oyster mushroom 16 per cent, 

paddy straw mushroom 7 per cent and milky mushroom 3 per cent (Sharma et al. 2017).  

Agaricus bisporus mushroom is a useful bio-factor for agrowaste recycling. It is 

environmental friendly, capable of converting the lignocellulosic waste materials into food, 
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feed and fertilizers (Jaradat 2010). The button mushroom is grown on composted 

lignocellulosic substrates and a variety of raw materials have been used in composting all 

over the world. The raw materials can be wheat straw, paddy straw, reed plants, waste paper, 

oat straw, waste tea leaves and some water plants. Cellulose, hemicellulose and lignin are the 

major components of lignocellulosic materials. The bioconversion of lignocellulosic biomass 

by the mushroom industry to food and useful products is already a significant contribution to 

the management of agricultural and industrial wastes at regional and national levels. 

World production of agricultural wastes is about 4664.63 million tonnes, of which about 

600 million tonnes is produced in India. 5 per cent of the global biomass is burnt in India alone, 

contributing to ozone depletion (Tewari and Ahlawat 2007). It is estimated that about 15 million 

tonnes of paddy straw is burnt in Punjab itself. Consequently, the growing of mushrooms on 

paddy straw is one such avocation, which if put into practice, can not only lead in improvement 

of dietary and economic standards of the masses but also in combating environmental pollution 

due to burning of agro-waste. Moreover, paddy straw is cheaper and therefore can be profitably 

utilized for the mushroom production to combat the day by day increasing cost of mushroom 

production. Paddy straw though does not provide good physical structure to compost but gives 

good results when mixed with wheat straw in different ratio (Rana 1998). 

Paddy straw burning increased dramatically over the last decade, despite being 

banned in most rice- growing countries because of pollution and the associated health issues. 

So, it is important to look for sustainable solutions that can reduce the environmental 

footprint and upgrading the value chain of rice straw byproducts by using it as compost for 

growing button mushroom. Thus, sustainable straw-management practices by mushroom 

cultivation influence farmers not to do open-field burning of paddy straw to avoid negative 

environmental and health consequences and also to generate income. 

 Keeping above in view, the use of paddy straw with wheat straw in different 

combinations and singly for compost preparation of button mushroom (Agaricus bisporus) 

cultivation was tried with the following objectives: 

Objectives: 

1. Evaluation of different paddy straw formulations for button mushroom production. 

2. Evaluation of physicochemical changes in compost, their effect on productivity and 

quality of button mushroom. 
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3. Isolation and characterization of thermophillic fungi from the compost. 

4. Estimation of different enzyme activity and biochemical changes during button 

mushroom production in different compost formulations. 

 



Chapter-2 

 
REVIEW OF LITERATURE 

 Mushroom is the fruitbody of a fungus, which is neither a plant nor an animal, but 

having a separate kingdom of its own.  Fungi have some characteristics of plants, some of 

animals and some of its own when we look at its biology, physiology and phylogeny.  Fungi as 

a broad group either live parasitically on plants and animals or live saprophytically on dead 

organic matter.  They cause numerous diseases of plants and animals and have been reported to 

cause considerable crop losses with tremendous suffering to mankind from time immemorial.  

The role of fungi as a friend of a human being is of recent origin, with the generation of 

information on existence of microorganisms and their importance to man on this earth.  

 Mushrooms are rich in minerals as well as vitamins and nutrients (Mattila et al. 2001). 

Mushrooms contain a variety of bioactive compounds (Sanchez 2004) and the most well-

known polysaccharides with anti-tumor and immune-modulating activities (Wasser 2002). 

Mushrooms are thought to be a potential replacement for muscle protein due to their high 

digestibility (Pavel 2009). Mushrooms are a good source of protein, vitamin D and minerals 

(potassium, iron, copper, zinc and manganese) as well as being low in calories, fat, 

cholesterol, gluten and sodium (Heleno et al. 2010 and Sharma et al. 2017).  

        Mushrooms are a combination food with medicinal and nutraceutical properties. 

Mushroom have a variety of phenolic compounds, polyketides, terpenes, steroids and many 

other compounds with immunomodulatory, cardiovascular, liver protective, anti-fibrotic, 

anti-inflammatory, anti-diabetic, anti-viral, anti-microbial activities and anti-tumor properties 

(Kalac 2013). The food value of mushroom is being increased because of its low calories and 

high nutritive value. Mushroom can serve as a protein rich food in developing countries, 

where the population mainly depends on cereal based foods. Further, mushrooms are great 

recyclers, decomposers and therefore play a significant role in the ecosystem.  

       Among cultivated edible mushrooms, the button mushroom Agaricus bisporus 

(Lange) Imbach is one of the most widely cultivated species and consumed worldwide 

(Carrasco et al. 2018a and b). Their consumption is gradually increased due to their 

appreciated flavor, the interesting nutritional value such as protein content similar to meat or 

eggs (Liu et al. 2014) and low calories content comparable to vegetables (Wani et al. 2010).  
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2.1  COMPOST AS SELECTIVE SUBSTRATE FOR BUTTON MUSHROOM 

CULTIVATION 

Button mushroom (Agaricus bisporus) is secondary decomposer requiring selective 

composts for their growth. Compost is a selectively decomposed lignocellulosic substrate as 

results of microbial succession initiated by mesophiles, over taken by thermotolerant and 

finally picked by thermophilic microflora. Paddy straw, wheat straw, maize straw, cotton waste 

and sugarcane waste are some of the most widely used substrates for compost production. 

Some others are reed plants, waste paper, oat straw and waste tea leaves etc (Kumla et al. 

2020). Selectivity of these composts is influenced by both biological and changes in physico-

chemical characteristics during composting process. 

Composting is a process of transforming organic materials of either plant or animal 

origin into simpler compounds (Scialabba et al. 2017). It is an aerobic process, during which 

organic material is biologically decomposed by microorganisms (Jurak et al. 2015). 

Microorganisms such as bacteria, actinomycetes and fungi produce enzymes that breakdown 

complex organic compounds into simpler forms and release nutrients. Composting is one of the 

promising technologies to treat waste in organic material into a nutrient-rich substrate in an 

economical manner.  

2.2       THE COMPOSITION OF AGRO-INDUSTRIAL WASTES 

Agro-industrial waste mainly consists of cellulose, hemicellulose and lignin, all of 

which are collectively defined as lignocellulosic materials that are hard to degrade (Kumla et 

al. 2020). Cellulose is the most abundant component, followed by hemicellulose and lignin. 

Cellulose and hemicellulose are sugar derivative macromolecules; whereas lignin is the 

aromatic polymers made from the phenylpropanoid precursors. Cellulose is (35-50%) 

followed by hemicellulose (20-35%) and lignin (10-25%) (Rangabhashiyam and 

Balasubramanian 2019). Straws and stalks are the most abundant lignocellulosic residues/by-

products of lignocellulosic crops. Majority of the consumable fungi has enzymatic 

frameworks that can break these complex substances.  

Mushrooms degrade lignocellulosic substrates through lignocellulosic enzyme 

production and utilize the degraded products to produce their fruiting bodies. Therefore, 

mushroom cultivation can be considered a biotechnological process for the reduction and 

valorization of agro-industrial waste. Such waste is generated as a result of the eco-friendly 

conversion of low-value agri by-products into new resources that can be used to produce 



7 

 

value-added products. It is apparent from the nature of the raw materials and their 

heterogeneity that moisture and nitrogen contents can vary considerably. However, known or 

estimated values of nitrogen and water contents of the raw materials can be used by an 

experienced operator to adjust compost formulae to avoid gross deficiencies or excesses, 

especially in nitrogen content. The composting process itself, which includes physical mixing 

and biochemical conversions, reduces the stacked mixture to a compost of uniform quality in 

which the carbon: nitrogen forms the bulk of the raw materials, but alternatives, including 

hay, corn cobs, sugar-cane bagasse, cotton and coconut wastes are used according to local 

supply. Whatever the materials, the same principles apply in formulating mixtures for 

composting. Consideration has to be given to the dry matter, water and air content of the 

mixture. These factors contribute not only to the chemical requirements to initiate aerobic 

fermentation but also to the physical properties of the final product mushroom compost. 

 Straw quality affects the physical structure of a compost stack. Cultivars of wheat 

with thin-walled straw and a hollow centre are preferred to those with thick-walled straw the 

centres of which are almost entirely filled with soft tissue. These straws remain rigid and can 

become compacted and waterlogged, restricting ventilation and consequently reducing 

aerobic decomposition (Flegg and Loughton 1961). It is important to consider the cultivar of 

cereal straw to be composted; straw from different cultivars of winter wheat, for example, 

varies significantly in its biodegradability. The properties of the straw also depend on 

conditions at harvest; late harvesting not only reduces the yield of straw but its fibre content 

is increased at the expense of crude protein. Also, if baled wet, or stored in damp conditions, 

the straw decomposes in the bale more rapidly than normal. In practice most straw can be 

used for mushroom compost providing that its quality, whether used from the bale or as horse 

manure, is recognized and the composting procedure is adjusted accordingly. For example, 

straw is more easily wetted and becomes mechanically weaker as it ages.  

 Deep-litter chicken manure is a useful source of nitrogen but it is a bulky additive 

which consists of wood-shavings, faeces and feathers. The moisture content is usually not 

more than 30 per cent and there is about 3 per cent nitrogen in the dry matter. Proprietary 

compost activators, with high nitrogen content, are processed organic wastes such as sewage 

sludge’s, brewer’s grains, dried chicken manure and dried blood. Compounded activators 

may also contain soluble forms of nitrogen such as urea or minerals such as ammonium 

sulphate which having a high nitrogen content can raise the specification to 8 per cent of the 

dry matter. Also, following the work of Hayes and Randle (1968), soluble carbohydrate 
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sources such as sugar-beet pulp or molasses are included in some proprietary activators. 

Other products such as cotton-seed and soya-bean meal, which are mainly used by the food 

industry and for animal feedstuffs, are sometimes used as compost activators. Gypsum is 

usually added at stacking or during the first week of composting. The original purpose of 

using gypsum (Pizer 1937) is to improve the physical structure of compost by flocculating 

colloidal particles which caused the greasiness observed in 'heavy' horse manure. 

 At this time the manure was composted for a longer time, without other additives, in 

wider stacks and turned (manually) less frequently than in modern practice. Gerrits (1977) re-

examined the function of gypsum when composting mixtures of horse and chicken manure. 

He found that gypsum had a stabilizing effect on the ammonium content. An increased 

ammonium concentration was obtained in the presence of gypsum and the higher ammonium 

content was associated with a higher yield. Gerrits also demonstrated an interaction between 

ammonium, gypsum and supplementation with soya-bean meal at casing - mushroom yield 

being improved in the presence of gypsum. Gerrits standard rate of application was 25 kg of 

gypsum per tonne of horse manure but Edwards (1974) showed that even 10 kg per tonne 

exceeded the amount required to saturate the water present in the manure. However, the 

excess is apparently needed to compensate for deficiencies in mixing. 

 The moisture content of mushroom compost at filling should be about 70 to 75 per 

cent. Horse manure containing 50 per cent water at stacking, will require about 1000 litres of 

water per tonne of manure (Gerrits 1972). ‘Synthetic compost, based on wheat straw requires 

3000 to 4000 litres of water per tonne of straw’ whether it is pre-wetted (Gerrits 1974) or 

added within two or three days after stacking (Randle 1974). When Phase I of composting is 

complete, water should not run out of the compost when it is squeezed by hand. If excess free 

water is present, air space is reduced and consequently air movement through the compost is 

impeded. The water holding capacity of the compost stack increases as composting proceeds. 

For example, the biomass, which is made up of microbial cells containing up to 90 per cent 

water accumulates and forms an increasing reservoir of bound water thus raising the water-

holding capacity of the compost. Therefore, water squeezed out of compost at a given 

pressure is an indication of its water holding capacity rather than the total water content. 

2.3       COMPOSTING PROCESS 

The purpose of composting is to prepare a substrate of such characteristics that the 

growth of mushroom mycelium is promoted to the practical exclusion of other micro-
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organisms (Till 1962).  During composting certain physical qualities and chemical properties 

are developed, all of which are important and interdependent. The physical qualities of the 

substrate are that it must be freely permeable to air, hold water without becoming 

waterlogged and have the appropriate pH. The chemical state of the compost must be such 

that the materials required to provide the nutrient needs of the mushroom are accumulated 

and are readily available. The accumulation of substances such as ammonia, capable of 

inhibiting mushroom mycelial growth, must be avoided. Composting is achieved by 

manipulating the natural succession of microorganisms present in the raw materials. During 

the process the chemical composition and physical state of the substrate change and the 

species of micro-organisms involved also change.  

 Although mushrooms have been regarded as a delicacy for many centuries, cultivation 

was not attempted until the seventeenth century. Possibly the earliest known reference to 

compost preparation and mushroom cultivation can be attributed to Tournefort (1707) at the 

Royal Academy of Science, France. At that time, the knowledge of composting was 

extremely vague and emphasis was directed towards the design and preparation of horse-

manure beds for growing the mushrooms rather than to the composting procedure. By the late 

eighteenth century, composting methods were beginning to resemble the methods of today. 

Abercrombie (1779) described a method of composting stable manure in stacks about 16 

meter long, 1.5 meter wide and 1.5 meter high. He also emphasized the need to mix and wet 

the composting ingredients every other day in order to achieve a uniform substrate on which 

to cultivate the mushroom. Callow (1831) realizing that compost variability was related to 

weather conditions was possibly the first to suggest that fermentation of stable manure stacks 

should be pursued under covered barns or sheds especially during the winter. Very little 

advance in composting methods and techniques were made until the start of 20th century 

when a considerable amount of experimentation was done by growers and research workers 

in an attempt to achieve predictable mushroom crops. The mushroom industry was becoming 

well established in France, England and the United States, so the change from horses to 

motor vehicles in the 1920s presented a threat to mushroom growing and stimulated work by 

Waksman and Reneger (1934); Sinden (1938); Lambert (1941); Stoller (1943) and Edwards 

(1949) to look for alternative ingredients suitable for composting. Although research workers 

approached the problem in different ways and employed various ingredients, similar 

conclusions were reached. Mushrooms could be grown successfully on so-called synthetic 

composts prepared from mixtures containing wheat straw as the basic component with 
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additional carbon sources such as corn cobs or brewers grain and nitrogen sources such as 

ammonium nitrate, urea or calcium cyanamide. It was shown that there was nothing unique in 

horse manure that could not be provided by other suitable raw materials. With this important 

advance came the realization that wheat straw was an important basic constituent as a carbon 

source and not, as many considered, necessary only for its physical effect on water-holding 

capacity and aeration. Around 1915, growers in the United States introduced a second stage 

or phase of composting which they called 'sweating-out'. Composts were allowed to complete 

thermogenesis in shelved compost beds within the growing house prior to spawning. As 

temperatures were attained around 60°C (140°F), insect pest and troublesome moulds were 

killed or reduced to a low level, and generally composts treated in this manner gave more 

consistent yields. Although the ‘sweating-out process’ became standard, its significance in 

producing homogeneity in composts were not fully understood until Lambert (1941) 

questioned the major physical and environmental variables associated with composting. 

Lambert identified the main regions in the compost stack where different conditions existed 

and showed that composts most suitable for mushroom culture came from parts where the 

temperature had been maintained between 50 and 60°C (122 and 140°F) and where there was 

adequate aeration. Compost from an aerobic zone, if isolated and subjected to further 

fermentation within this temperature range under aerobic conditions, became more 

productive. Lambert therefore suggested that ‘sweating-out’ should be regarded as an integral 

part of composting by “conditioning” the compost for mushroom growing, and not merely a 

means to eradicate insects and competing fungi. This part of composting was later to become 

known as the ‘pasteurization’ or ‘peak-heat’ period, also termed Phase II of composting. 

 Aware of the dwindling manure supplies in the early 1940s, Sinden and Hauser 

(1950) introduced the so-called ‘short method’ of composting. The early part of composting 

in the yard (termed Phase I) was reduced from 3 weeks or more to 7-14 days. Yield measured 

in weight of mushrooms harvested per unit area of bed reached its maximum after only 11 

days of Phase I composting when little decomposition of the material had occurred. Preparing 

composts by the shortened method not only made efficient use of the then limited supply of 

horse manure but also saved time, space and labor. Sinden and Hauser (1953) emphasized 

that Phase I and Phase II composting were related parts of the process dependent on each 

other, but, at the same time, differing in nature and function, thus agreeing with Lambert. 

This short method of compost preparation has become the most popular method employed by 

mushroom growers throughout the world. 
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 The early work on chemical changes in the farmyard heap helped to give a basis to the 

scientific understanding of the preparation of composts suitable for mushroom cultivation. 

Hebert (1892) claimed that during the aerobic decomposition of straw and stable manure at 

high temperatures, about 50 per cent of the total organic matter was lost. The large losses 

were attributed mainly to cellulose degradation; losses of lignin were small. The extensive 

synthesis of microbial protein from simple nitrogen compounds in manure was recognized by 

Deherain (1889) and confirmed by Hebert (1892). Both workers suggested that during 

composting a protein-lignin complex accumulated which was resistant to further microbial 

attack. Although composting of a nutrient substrate to produce a selective medium on which 

growing of mushroom had been practiced for more than two centuries (Tournefort 1707) the 

processes involved remained unclear. 

2.3.1    Formulating mixtures for composting 

 To standardize composting time, initiate fermentation and minimize loss of dry matter 

during composting about 1.5 per cent nitrogen is required in the dry matter of the raw 

materials (Sinden and Hauser 1950; 1953). The main bulky ingredients, horse manure and/or 

straw have low nitrogen content, usually less than 1 per cent, therefore materials with a 

higher content of nitrogen have to be added to raise the nitrogen content of the mixture to a 

satisfactory level. The five formulations have been calculated to give mixtures with 1.5 per 

cent nitrogen in the dry matter, based on 1 tonne of horse manure and/or straw as the main 

bulky ingredient. Formulation 1 shows that horse manure with deep litter chicken manure can 

provide a satisfactory mixture for composting. Alternatively, as in formulation 2 and 3, 

activators with specified nitrogen contents may be used to adjust the amount of nitrogen in 

the mixture. Formulation 4 shows that fresh straw can be added to ‘heavy’ horse manure to 

improve its physical structure and to obtain the required nitrogen content and formulation 5 

as a control. Also, other farmyard manures which are too ‘heavy’ for use alone can be used in 

this way. 

 Synthetic compost is the name given to compost prepared without horse manure in 

which organic, mineral fertilizers and even other manures are added to cereal straw. In earlier 

formulae (Demelon et al. 1937; Stoller 1943 and Edwards 1950) emphasis was placed on 

mineral additions. More recently (Overstijns 1964; Hayes and Randle 1969; Gerrits 1974 and 

Randle 1974) the quality of the organic materials has been emphasized. Generally, minerals 

are not limiting either for satisfactory composting or for subsequent mushroom nutrition. 
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Synthetic mixture which includes an activator with soluble carbohydrate to promote the 

development of thermophilic bacteria in the stack (Hayes and Randle 1969). The 

disadvantages of preparing synthetic compost from fresh straw are that (apart from cost) the 

material is difficult to wet and normally requires chopping or crushing to assist the pre-

wetting process. However, synthetic mixtures are easier to formulate, and are advantageous 

when the supply and quality of horse manure are unreliable and also when relatively small 

quantities of compost are being made. The usual variation in ratio inevitably lies within 

certain limits as shown by Burrows (1951) and Gerrits et al. (1967). Consequently, there is 

less variation between successive composts at spawning than between the mixtures of raw 

materials from which they were derived. 

 Formulation affects the time taken to prepare the compost and the yield of compost 

from the raw materials. Composting experiments by Flegg and Randle (1980 and 1981) have 

shown that as the initial nitrogen content increases as does the time required to complete the 

composting process. The short method of Sinden and Hauser (1950; 1953) has become the 

normal method of composting and is the basis of most mushroom composting procedures 

today. Phase I takes 7 to 10 days followed by 5 to 7 days for Phase II. Because of losses 

during composting, generally 1.5 tonnes of prepared synthetic compost can be obtained from 

1 tonne fresh weight of starting materials (Flegg and Randle 1980) and probably about the 

same for horse manure compost. As decomposition proceeds microbial biomass accumulates; 

this protein has been shown to be important in mushroom nutrition (Eddy and Jacobs 1976; 

Fermor and Wood 1981; Sparling et al. 1982). 

 Rapid composting methods (Laborde and Delmas 1969; Smith 1978 and 1990) can 

give substrates selective for mushroom growth. Smith (1978) composted mixtures in which 

the initial nitrogen content was less than 1.5 per cent and found that with reduced 

decomposition the yield of compost was about 2 tonnes of prepared substrate per tonne of 

fresh weight starting materials. However, mushroom yields tended to be lower than from 

normal compost and this may be due to reduced microbial protein in ‘rapid’ composts. When 

nitrogen exceeds 2 per cent in the initial mixture prolonged and uncertain composting times 

with high dry matter loss may follow. The high nitrogen content induces production of free 

ammonia which may be difficult to eliminate in the conditioning period following ‘peak-

heat’. Flegg and Randle (1981) have developed a unifying concept based on the relative 

durations of Phases I and II, which can be used as an aid to remedying mistakes in compost 
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preparation, particularly in adjusting the durations of Phases I and II in relation to the initial 

nitrogen content of the stack. All composting procedures can be classified on the basis of the 

duration of Phases I and II. Those composts requiring only a short period (Phase I and Phase 

II) to prepare result in greater conservation of raw materials than those requiring longer 

periods to make. Also, the optimum nitrogen content (as per cent of the dry matter) at the 

start of composting can be lower with shorter duration required to complete the composting 

process. Similarly, the final bulk density compost production is the most important and 

integral part of Agaricus bisporus (white button mushroom) cultivation. It is a product of 

fermentation brought about by the variety of organisms including bacteria, actinomycetes and 

fungi. These organisms convert and degrade the straw to form lignin humus complex and also 

convert soluble form of nitrogen into microbial cell substances (Waksman and Cordon 1939; 

Waksman et al. 1939a and Waksman et al. 1939b). This decomposed straw along with 

microbial biomass both become a source of organic and inorganic nutrition for the mushroom 

mycelium (Wood and Fermor 1981). The process of composting is governed by a carefully 

ordered changing population of organisms (Chang and Hudson 2001). Further, these 

mycoflora also play a key role towards selectivity and conditioning of the compost and make 

the growth of competitor microorganisms more difficult (Ross and Harris 1983). Compost if 

properly prepared, A. bisporus can only successfully grow in it at the practical exclusion of 

the competing organisms. Various kinds of flora encountered during whole process of 

composting have different role to play. Mesophilc flora present in the initial process of 

composting bring about the biodegradation of the straw and other ingredients which results in 

heat energy resulting in establishment of thermophilic flora in the compost which later on 

govern the whole process of composting.  

 In short method of composting, the process is conducted in two distinct phases, i.e., 

phase-I and phase-II (Sinden and Hauser 1950). In phase-I, after pre-wetting and mixing of 

raw material, a heap is made to initiate the quick fermentation process. The stacks are made 

in open or under open-sided compost sheds. Turning is given to the substrate to aerate the 

pile. The temperature of the central portion of stack reaches 65-70°C, enough to kill most of 

the pests and competitor/ parasitic moulds. However, the outer layers of pile do not attain 

such temperature. This phase lasts for 8-10 days after pre-wetting. On fourth turning, 

compost is filled in pasteurization chamber for phase II. Phase-II composting is referred as 

‘peak-heating’ or ‘pasteurization’. The composting process is carried out under controlled 

environmental conditions and continued to make the suitable for the growth of mushroom 
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mycelium. This phase normally lasts for 6-8 days. After about 12-15 hours of compost filling 

in chamber, the temperature started rising automatically and when it reached at 48-50ºC, it is 

maintained for 36-40 hours with the manipulation of ventilation system. This temperature 

range is achieved by self generation of heat by the compost mass and steam injection.  

Temperature is raised to 58-59ºC by injecting the live steam in the pasteurization chamber 

and it is maintained for 5-6 hours to ensure proper pasteurization. After that conditioning of 

compost takes place by introducing fresh air in chamber till the compost cooled down to 

25ºC, a favorable temperature for spawning. After that compost ready for the spawning was 

done. Spawning is done in bags and placed the compost bags after spawning in cropping 

rooms for spawn runs at 20-25 °C in dark conditions. White button mushroom requires 22-

25℃ for vegetative growth (spawn run) and 14-18℃ for reproductive growth. Besides that, it 

requires relative humidity of 85-90 per cent, CO2 concentration (>10000 ppm) for spawn run 

while for fruit body initiation, it requires 80-85 per cent RH and <1000 ppm CO2. 

Maintaining these conditions, pin heads start growing, which gradually develop into button 

stage. 

2.4    UTILIZATION OF AGRO-RESIDUES IN COMPOST PREPARATION FOR 

BUTTON MUSHROOM CULTIVATION 

Compost plays a comprehensive and important role in mushroom production like soil 

does in higher plants (Sharma 1991). Composted substrates exhibit extreme variability in the 

yield of button mushrooms, highlighting the importance of numerous physicochemical 

parameters and substrate compositional changes. These factors have a significant impact on 

the composting process and consequently on production. It has been estimated that around 50 

per cent of the costs associated with growing of Agaricus bisporus are related to the 

production of the compost (Royse and Chalupa 2009; Royse 2010). In India, mainly four 

agricultural crops (maize, wheat, rice and sugarcane) are responsible for producing the 

maximum amount of lignocellulosic biomass in the agriculture sector. About 620 million 

tonnes of agricultural waste is produced in India every year, of which 50 per cent is produced 

form rice, wheat and oilseed (Kumari and Jaiswal 2023). Rice straw represents one of the 

most prominent lignocellulosic waste materials that include the leftover residue (stems, leaf 

sheaths, blades and panicle remains after threshing). 

Farmers burn the agricultural residues, produced by the harvesting of paddy, directly 

in the field, due to which a huge amount of carbon dioxide, methane and carbon monoxide 
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are released in the atmosphere. These green house gases cause severe air pollution and have a 

direct effect on global warming (Sharma et al. 2010 and Abdurrahman et al. 2020). One of 

the most promising approaches for treating garbage more cheaply is composting. Composting 

has been used to recycle organic materials by transforming the organic matter into a valuable 

product that is rich in nutrients (Sayara et al. 2020). Consequently, the growing of 

mushrooms on paddy straw is one such avocation, which if put into practice, can not only 

lead in improvement of dietary and economic standards of the masses, but also in combating 

environmental pollution due to burning of agro-waste (Kaur et al. 2019).   

2.5  DIFFERENT COMBINATION USED IN COMPOST PREPARATION FOR 

BUTTON MUSHROOM 

Agaricus bisporus can be cultivated on various lignocellulosic materials. Paddy straw, 

wheat straw, maize straw, cotton waste and sugarcane waste are the most widely used 

substrates (Martinez Carrera 1989 and Pabhabraom et al. 2007). These agricultural residues 

can either be used alone or in a combination of several residues to enrich the nutrients 

required for mushroom growth (Gowda and Manvi 2019). Shandilya (1989) studied paddy 

straw compost formulations for growing button mushrooms and also compared it with 

traditional wheat straw-based compost. Tewari and Sohi (1976) used paddy straw and maize 

stalks (1:1 w/w) as a substitute for wheat straw for the cultivation of Agaricus bisporus. They 

found that synthetic compost prepared out of maize stalks and paddy straw with other 

ingredients viz., ammonium sulphate, super sulphate, urea, chalk, gypsum and rice bran as a 

good medium for mushroom cultivation giving an average yield of 145.5 kg/tonne of 

compost. Mohan et al. (2014) made compost by using sugarcane trash, wheat straw and 

paddy straw substrate in different combinations i.e., wheat straw + sugarcane trash (3:1 w/w) 

and for paddy straw + sugarcane garbage (3:1 w/w). Singh (1991) also used sugarcane 

bagasse along with various amounts of wheat straw and paddy straw for making compost. 

Two formulations of compost with wheat straw+ paddy straw (1:1 w/w) and wheat 

straw+ paddy straw (1:2 w/w) have been prescribed by Punjab Agricultural University for the 

growers of Punjab (Khanna and Kapoor 2016). Rana (1998) additionally demonstrated that 

paddy straw does not give great physical structure to compost but rather gave a decent outcome 

when blended with wheat straw in equal amounts. Kaur and Khanna (2001) assessed two 

synthetic compost preparations wheat straw+ paddy straw (1:1) and wheat straw+ paddy straw 

(1:2) producing a yield in the range of 17.9-23.7 kg/100kg compost. Garg (2014) evaluated 
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compost made from wheat straw and maize stalks in different ratios (1:1 and 2:1) and 

compared it to conventional compost made from wheat straw for the growth of Agaricus 

bisporus. Khanna and Kapoor (2016) evaluated compost formulations containing wheat straw: 

paddy straw (1:1 w/w) and wheat straw: paddy straw (1:2 w/w). Kaur et al. (2019) evaluated 

composts made from paddy straw and maize stalks (1:1 w/w), paddy straw and maize stalk (2:1 

w/w) and paddy straw alone.  Uddin et al. (2012) evaluated wheat+ paddy straw compost (1:1) 

along with paddy straw-based compost for production of Agaricus bisporus. 

2.6    PHYSICO-CHEMICAL PARAMETERS OF COMPOST FOR GROWTH AND 

FRUCTIFICATION OF BUTTON MUSHROOM 

Composting is a natural process that converts organic material into a nutrient-rich 

substrate (Sunar et al. 2009 and Karthika et al. 2022). Composting is an environmentally 

acceptable method that turns agro-waste and organic residues of animal origin into suitable 

materials for re-utilization. It is an aerobic biological process which uses naturally occurring 

microorganisms to convert biodegradable organic matter into humus like substance (Van 

Elsas et al. 2017). The process destroys pathogens, converts N from unstable ammonia to 

stable forms, reduces the volume of waste and improves the nature of the waste (Imbeah 

1998). Composting is the decomposition of organic wastes in the presence of oxygen; 

produce from this process includes CO2, NH3, water and heat. Effective composting requires 

right blend of ingredients and conditions (Gonawala and Jardosh 2017). Composting is 

influenced by a variety of parameters, including temperature, oxygen supply (i.e., aeration), 

moisture, organic matter, carbon content, pH and C: N ratio. Beneficial microorganisms have 

a definite impact on the composting process since they are crucial for maintaining ideal 

composting conditions (Jusoh et al. 2013).  

2.6.1.    Moisture content 

 In composting, moisture content is a crucial ecological factor because it provides a 

medium for the disintegrated nutrients needed for microorganisms ‘physiological and 

metabolic activities’ (McCartney and Tingley 1998). Moisture content affects microbial 

activity, as well as the physical structure, in the composting process, and thus has a central 

influence on the biodegradation of organic materials. Very low moisture content values 

would cause early dehydration of composting material during composting, which will arrest 

the biological process, thus giving physically stable but biologically unstable composts (De-

Bertoldi et al. 1983). On the other hand, anaerobic conditions brought on by water logging 
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may result from high dampness (moisture), which will halt and stop the current composting 

activity (Schulze 1962 and Tiquia et al. 1996). The ideal moisture content for natural compost 

is between 65 and 67 per cent, but it is between 68 and 72 per cent for synthetic compost. If 

the moisture content of the final compost is more than 72 per cent, the empty space will be 

taken up by water and effective air circulation might not be possible. Under these 

circumstances, the anaerobic state may prevail and destroy the Agaricus bisporus mycelium 

while the compost may favour moulds like white plaster (Scopulariopsis fimicola) and brown 

plaster mould (Papulospora byssina). 

              During composting, an extensive amount of water can evaporate in order to control 

the excessive temperature resulting in low water content. This reduces the rate of 

decomposition of compost raw material. At that point, rewetting ought to be required in order 

to maintain the optimum moisture content for the microbial movement (Bernal et al. 2009). 

Water supply to mushroom during the fruit body growth extraordinarily impacts the quality 

and quantity of harvest and amount of water extracted from the casing soil was corresponding 

to the weight of the fruit bodies (Kalberer 1990). The fruit bodies take 54- 83 per cent of the 

water from the substrate and 17-46 per cent from the casing soil, which causes decrease in 

moisture content of the substrate and the casing soil during the growth of solid flush 

(Kalberer 1991). Kaur and Khanna (2001) reported the moisture content of three compost 

formulations namely, wheat straw + paddy straw (1:1 w/w), wheat straw + paddy straw (1:2 

w/w) and paddy straw alone to range between 59-72 per cent. According to Almomany and 

Masaed (2019) the moisture content of compost ranged between 50-72 per cent, and it 

decreased during the crop cycle as the mushroom mycelium consumed water from the 

compost and casing layer, with some fluctuations as a result of irrigation process. On the 

other hand, the dry matter decreased as a result of degradation and utilization of organic 

matter by the microorganisms. 

2.6.2    Temperature 

 Temperature is an important indicator of the composting process (Liang et al. 2003) 

and plays a selective role in the succession of microbial communities (Zhou et al. 2019). 

Composting process can be basically divided into four phases, (a) Mesophilic or initial low 

active phase during which the readily available constituents are used up by mesophilic 

microorganisms (20-35℃) leading to rise in temperature, (b) Thermophilic phase in which 

the temperature is high encouraging thermophilic microorganisms that are medium-
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temperature loving (45-70℃ ) and degrade more complex constituents of organic matter 

(maximum decomposition takes place in this phase) (c) Cooling phase where the mesophilic 

phase with mesophilic microorganisms is restored (d) Maturity or stabilization phase with 

least microbial activity as most of the microbially degradable substances have already been 

utilized by the microorganisms. Microorganisms derive their energy and carbon requirement 

from the decomposition of organic residues (Maheshwari et al. 2000 and Zhang et al. 2022). 

When organic material is mixed for composting some of the energy released by the 

breakdown of the material causes a rise in temperature (Smith and Collins 2007; Sinha et al. 

2020). With the ample availability of oxygen, composting material breaks down quickly and 

passes through a temperature peak. Kaur and Khanna (2001) tested four composts viz., wheat 

straw, wheat straw + paddy straw (1:1 w/w), wheat straw + paddy straw (1:2 w/w) and paddy 

straw alone and observed that all formulations reached a maximum temperature of 67- 73℃ 

during the composting process.  In all the composts, it was observed that the centre zone's 

temperature was greater than the top and bottom zones. In case of the compost made from 

wheat straw + paddy straw (1:2 w/w), the central zone recorded the highest temperature 

(73°C). In case of composted wheat straw highest temperature ever measured was 69°C. The 

maximum temperature in the other two composts was roughly 67°C. 

Miller (1992) concluded that increase in temperature within the composting materials 

as a component of initial temperature, metabolic heat evolution and heat conservation 

contributes substantially to decomposition during composting. The achievement of minimum 

temperature levels is essential to an effective composting process (Finstein and Morris 1975). 

According to Mosher and Anderson (1977) temperature of composting material below 20ºC 

lead to significantly slow or even stop the composting process. Temperatures in excess of 

60ºC have also been shown to reduce the activity of the microbial community and above this 

temperature, microbial activity declines as the thermophilic optimum of microorganisms are 

surpassed. If the temperatures reach 82ºC, the microbial community is severely impeded 

(Fermor et al. 1989). Mc Kinley et al. (1985) reported that small variations in temperature can 

affect microbial activity and biomass in composting much more dramatically than small 

changes in moisture, pH, organic matter or C/N ratio. 

2.6.3    Electrical conductivity (EC)  

EC reflects the total salt concentration of the compost (Gao et al. 2010) which affects 

the mushroom yield. Cation exchange capacity of a material may determine its suitability as a 
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casing medium (Stoller 1952). EC Value of the compost lower in the mesophilic phase. 

This also implied that a large amount of NH3 was released during the mesophilic phase. 

In the thermophilic phase, the EC value increased rapidly may be resulted from the 

release of mineral salts due to the degradation of organic matter. At the maturation phase, 

microorganisms use lignin core, fulvic acid and amino acids as raw materials to 

synthesize macromolecular humus, resulting in the decrease of EC value. At the end of 

composting the EC value was lower, indicating that the composting quality was better 

(Zhang et al. 2022). 

Addition of soluble salts to the casing layer affects the mushroom fruiting and 

these effects are related to the electrical conductivity irrespective of the salt used. Also, 

the high levels of soluble salts in the casing are detrimental to fruit body formation. With 

the progression of crop ions/soluble salts accumulate in the casing layer which ultimately 

affects the electrical conductivity of the casing soil (Yeo and Hayes 1979; Shandilya and 

Hayes 1987; Shandilya 1989). However, according to Hayes (1981) a good casing should 

have low availability of soluble inorganic ions. Shandilya and Agarwal (1983) obtained 

higher yields of Agaricus bisporus with the ageing of casing and salt concentration was 

one of the important chemical factors responsible for increased mushroom yield. 

According to Shandilya (1989) calcium, potassium, sodium, chloride and sulphate ions 

showed increased levels in casing layer with the crop progression and are the main ions 

responsible for increase in the salinity of casing media. A delay in the initiation of fruit 

bodies and decrease in the yield has been reported by addition of cobalt chloride to casing 

(Kurtzman 1995).  

According to Singh et al. (2000) electrical conductivity plays an important role in the 

production of Agaricus bisporus, but it is not the sole controlling factor. Shandilya and Hayes 

(1987) reported a decrease in the number of pin heads with an increase in the conductivity. 

De Ger (2000) also suggested that addition of salts led to increase in the electrical 

conductivity value of the casing soil making it more difficult for mushroom to extract water 

from the soil. He also stated that this resulted in a firm mushroom with a high dry matter 

content and whiter color. He reported that an electrical conductivity value of more than 7 to 9 

mho had a negative influence on the quality and especially quantity of mushrooms. Jarial and 

Shandilya (2004) also reported a negative correlation between electrical conductivity and 

mushroom yield indicating a decrease of 0.02 units in mushroom yield with every unit 

increase in electrical conductivity. 
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2.6.4     pH 

The early stages of the composting process involved the generation of organic acids, 

which caused the pH to become acidic. The medium becomes more alkaline during the 

thermophilic phase as a result of the conversion of ammonium into ammonium hydroxide and 

the pH eventually stabilizes at values that are close to neutral (Rich et al. 2018). Each group 

of microorganisms has an ideal pH range for development and multiplication, which affect 

their survival. Whereas, most fungal activity takes place between pH 5.5 and 8.0, most 

bacterial activity happens between pH 6.0 and 7.5. The best range is between 5.8 and 7.2 

(Dalzell et al. 1987).  Kaur and Khanna (2001) demonstrated the pH range of 6.9–8.3 for 

compost formulations, i.e., wheat straw, wheat straw + paddy straw (1:1 w/w), wheat straw + 

paddy straw (1:2 w/w) and paddy straw alone. The pH profiles of all four composts showed a 

set pattern during composting. It was low towards the beginning, increased steadily in the 

middle of the turning, and afterward settled towards the end of composting. The pH of wheat 

straw compost was most reduced (6.9) towards the end of composting, and the pH of paddy 

straw compost was most astounding (8.3). Agaricus bisporus mycelium grows most 

effectively in the pH range of 7.2 to 7.8. However, at low pH, white plaster mould 

(Scopulariopsis fimicola and Scopulariopsis brevicaulis) may attack the compost and 

Agaricus bisporus development will be moderate. The pH of casing media anyway 

diminishes with the progress of the crop because of accumulation of different salts (Shandilya 

and Hayes 1987). 

2.6.5     Role of carbon in mushroom production 

 During the thermophilic phase, thermophilic microorganisms began to decompose 

lignocellulose and to multiply (Bhattacharya and Pletschke 2014) which produced a large 

amount of CO2 and assimilated protein, resulting in the rapid decline of total carbon 

content and the rapid rise of total nitrogen. Therefore, the thermophilic phase is the main 

phase of lignocellulose degradation (Zhsang et al. 2022).  During spawn run time of 

compost, lingo-protein complex made during composting are degraded by the 

extracellular enzymes such as lignin peroxidases, manganese peroxidase and versatile 

peroxidases (Anastasi et al. 2009 and Anasonye et al. 2015). During the mushroom 

farming process, carbon, mainly microbial carbon, is transferred from the growth 

substrate to casing soil through physical processes such as capillarity and rate of water 

evaporation from casing soil (Major et al. 2010). Carbon provides both an energy source 
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and the basic building block making up about 50 percent of the mass of microbial cells. 

Metabolites of carbon sources travel through primary pathways: 1) conversion of 

mycelium biomass and formation of fruiting bodies; 2) carbon dioxide emissions through 

the respiration of mushroom mycelia and other microbes (Hu et al. 2021). 

2.6.6    Role of nitrogen in mushroom production 

Nitrogen is a major component of the proteins, nucleic acids, amino acids, enzymes and 

co-enzymes necessary for cell growth and function (Upadhyay et al. 2002). Since the mode of 

nutrition of mushroom is by assimilation (Ghosal et al. 2016), increased protein level of fruiting 

bodies can be achieved by using substrates rich in nitrogen and low in carbon contents. Organic 

sources of nitrogen can be easily used by fungi because the absorption of these molecules is more 

energetically efficient than synthesizing the molecules, which allow the fungi to obtain more 

energy for mycelia growth and mushroom formation (Nunes et al. 2012). Total nitrogen content 

lower in initial phase (day 0-2) of compost preparation due to the release of ammonia and heat 

from degradable small molecules decomposition (Yan et al. 2019) and increased rapidly in 

thermophilic phase (day 2 to 15) indicated continuous assimilation of nitrogen and decomposition 

of organic carbon. N level gradually decreased in the cooling phase (day 15-18) and then 

stabilized in the maturation phase (day 18-21) (Zhang et al. 2022).  

2.6.7        C: N ratio 

    The process of composting is aimed to convert complex carbohydrate sources in to 

proteins in presence of nitrogen. Hence the C: N ratio plays a key role in composting process. 

The ideal C/N ratio for composting is generally considered to be around 30:1, or 30 parts of 

carbon for each part of nitrogen by weight at the initial phases of composting. Later, the C: N 

ratio is reduced to 18:1 due to emission of CO2 through microbial respiration during the 

composting. However, combination of agriculture ingredients plays a major role in balancing 

the C: N ratio and proper degradation. Pace et al. (1995) reported that the organic material 

consisting of 20-30 parts of carbon and one part of nitrogen is good for composting. To 

guarantee a good composting process, the starting mixture has to be an adequate C: N ratio 

between 25-35:1 (Alsanius et al. 2016). Breakdown of organic residues serves as the source 

of microorganism’s energy and carbon needs. Nitrogen is needed to build up the protoplasm 

of the cell for every ten parts of carbon. Fungi are highly efficient in carbon assimilation as 

compared to bacteria and actinomycetes.  



22 

 

One of the key elements that can impact composting is the C/N ratio (Onwosi et al. 

2017). A low C/N ratio can result in high NH3 emissions, where as a high C/N ratio can make 

this process very slow due to an abundance of degradable organic material (Bernal et al. 

2009). It is generally recognized that a C/N ratio between 15:1 and 30:1 particularly is ideal 

for composting (Guo et al. 2012). It is crucial to maintain a balanced ratio of carbon to 

nitrogen (C: N) in the mushroom mycelium (Gea et al. 2009). Demirer et al. (2005) opined 

that to improve the C: N and to accelerate composting process, all substrate formulae require 

the addition of nitrogen-rich supplements at the beginning of composting. Pandey et al. 

(2009) studied impact of bioaugmentation and nitrogen supplementation on composting of 

paddy straw and showed that the compost prepared from bioaugmented paddy straw with 

poultry manure accomplished alluring C: N of 21:1 in one month and proved to be perfect for 

mushroom cultivation. 

According to Kaur and Khanna (2001) the final C: N ratio for compost made from 

wheat and paddy straw mixtures in the ratios of 1:1 (w/w), 1:2 (w/w) and paddy straw alone 

ranged from 16.4 to 20.3:1. Additionally, the carbon: nitrogen (C/N) ratio and these 

parameters are equally crucial to the development of the many microorganisms that live in 

compost, causing rapid degradation and favoring the growth of Agaricus bisporus in the 

compost (Levanon et al. 1983; Kaul and Khanna 2001). According to Andrade et al. (2014) 

optimal C: N ratio for Agaricus bisporus compost should range from 15 to 21:1 and not 

exceed 30:1. The abundance or absence of N content in the substrate might be a restricting 

element for fungus growth. According to Rajarathnam et al. (1989) when N is added in 

excess, substratum degradation is reduced. There is also a wide range of N content and C: N 

ratios in agricultural or agro-industrial by-product substrates. C: N ratio of 33:1 during 

fermentation, 18:1 during the formation of the mycelia, and 14:1 during fructification has 

been standardized to produce quality mushrooms with the appropriate yield (Randle and 

Flegg 1985; Zheng et al. 2018).  

2.6.8     Organic matter  

 Organic matter quality is largely determined by the quality of humic acids, which 

constitute one of its major fractions in the compost (Canellas et al. 2010; Lanyi 2010 and 

Weber et al. 2018). Formation of the humic substances results from transformation and 

decomposition processes, which are collectively called ‘humification’. Organic matter 

content averaged 25.86 per cent (wet weight) or 60.97 per cent (dry weight). Organic matter 
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in mushroom compost consists of decomposed plant, animal and fungal residues materials 

and is often recommended for use in land reclamation or soil remediation (Rupert 1995) as 

well as plant production (Davis et al.  2006). 

Organic matter content in compost varied between 31.65 to 24.49 per cent and carbon 

39.71 to 17.81per cent (wet weight basis). Organic matter and carbon are also reported to be 

essential for enhancement of agriculture production (Davis et al. 2006 and Sinha et al. 2020). 

The organic matter content of compost ranged between 50- 69 per cent (dry weight basis) and 

it decreased with the time as a result of degradation and carbon utilization by the mushroom 

mycelium during growth. On the other hand, ash content remained constant or increased 

during the mushroom growth and it affected yield and productivity indirectly, because when 

the organic matter increased, the porosity increased while the bulk density decreased 

(Almomany and Masaed 2019).   

2.6.9    Changes in lignocellulosic fractions of growing substrates 

Lignocellulosic substrate is comprised of cellulose, hemicellulose, and lignin. 

Mushrooms seem to be the most important players in recalcitrant lignin degradation by 

producing both hydrolytic and oxidative enzymes. This lignocellulose degrading ability of the 

fungi can be attributed to their highly well-organized enzymatic system. There are two types 

of extracellular enzyme system, one which produces hydrolases for the degradation of 

polysaccharides and another one a unique extracellular and oxidative liginolytic system, 

which cleaves open phenyl rings and thus degrades lignin (Sanchez 2009). Hydrolytic 

enzymes (cellulases and hemicellulases) are known to be responsible for polysaccharide 

degradation, while oxidative enzymes (ligninases) are responsible for lignin modification and 

degradation. Cellulose and hemicellulose are carbohydrates that act as carbon sources. Lignin 

provides carbon that is used by mycelium. Ultimately, lignin is converted into a nitrogen-rich 

lignin–humus complex (Wang et al. 2016).  

2.6.10  Effect of bulk density and porosity of compost on yield and productivity of   

mushroom (Agaricus bisporus) 

  The bulk density of the compost ranged between 0.58 g/cm3 at the beginning of the 

composting process and 0.78 g/cm3 at the end of the crop cycle. It was noticed that the bulk 

density increased as the mushroom mycelium grown. In contrast, the porosity of the compost 

decreased with time and it ranged between 96 to 87 per cent, and it was noticed that when 
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bulk density increased the porosity decreased, and vice versa. The bulk density means the 

weight per unit volume of compost, whereas the porosity means the percentage of pore space 

inside the compost particles and these two parameters affects yield and productivity 

significantly. Although it was noticed that when the porosity increased (less bulk density), the 

yield increased and when the porosity decreased (high bulk density) the yield decreased 

(Almomany and Masaed 2019).  

2.6.11     Macronutrients and micronutrients in the button mushroom compost 

   The composting process depends upon the activity of microorganisms, which 

require a source of carbon to provide energy and material for new cells, together with a 

supply of nitrogen for cell proteins. C and N are the two main macronutrients required by 

fungi for structural and energy requirements; P, K and Mg are also considered macronutrients 

for mushrooms. In addition, trace elements such as Fe, Se, Zn, Mn, Cu and Mo appear to be 

needed for diverse functions (Chang and Miles 2004). 

 Desirable ratio of carbon to nitrogen in compost is in the range of 25 to 35/1. In 

general, composts have low nitrogen (N) content, typically in the 1 to 3 per cent range 

(Acquaah 2009). Average phosphorus (P) content was 0.29 per cent (wet weight) or 0.69 per 

cent (dry weight). Average potassium (K) content was 1.04 per cent (wet weight) or 2.44 per 

cent (dry weight). Micronutrients must be present for optimum growths and required in small 

amounts (Sinha et al. 2020). On an average, fresh mushroom compost contains the secondary 

macronutrients calcium (Ca) at 2.32 per cent (wet weight) or 5.38 per cent (dry weight), 

magnesium (Mg) at 0.36 per cent (wet weight) or 0.83 per cent (dry weight), and sulphur (S) 

at 0.86 per cent (wet weight) or 2.02 per cent (dry weight) (Wuest 1982 and Beyer 2003). The 

micronutrients such as iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), sodium (Na) and 

aluminum (Al) were detected in fresh mushroom compost at a very low average range of 

<0.01to 0.18 per cent (wet weight) or 0.02 to 0.43 per cent (dry weight) (Wuest and Fahy 

1992). 

2.6.12    Microflora of the compost 

    Compost is the end product of fermentation carried out by a range of organisms, 

including bacteria, actinomycetes and fungi. These organisms transform and decompose the 

straw to create lignin humus complex and also transform the nitrogen into microbial cell 

components (Waksman and Cordon 1939). Composting is managed by a carefully ordered, 
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ever-changing population of micro-organisms (Chang and Hudson 2001). Further, this 

microflora additionally assumes a key role in the selectivity and conditioning of the compost 

and makes the growth of competitor microorganisms more difficult (Ross and Harris 1983). 

The presence of a microbial population in both compost and casing soil plays a vital role in 

Agaricus bisporus production.  A diverse population of bacteria and fungi are involved 

throughout the production of Agaricus. A range of successional taxa convert the wheat straw 

into compost in the thermophilic composting process (Kertesz and Thai 2018). In mushroom 

crop production, bacterial community increases with every step of mushroom cultivation 

compare to fungal community in mushroom cropping process (Vieira and Pecchia 2018). 

These microorganisms initially break down readily accessible compounds and release 

ammonia, and then assimilate cellulose and hemicellulose into compost microbial biomass 

that forms the primary source of nutrition for the Agaricus mycelium.  

 Composting is performed by a microbial consortium initially by mesophilic 

microorganisms which digest easily degradable polysaccharide. Mostly found mesophilic 

bacterial genera are viz., Solibacillus, Comamonas, Acinetobacter, Pseudomonas, Sphingomonas 

(Kertesz and Thai 2018) and maximum found fungal genera are Lewia, Rhizomucor, Aspergillus 

(Kertesz et al. 2016). Later on, raise the temperature and cause the shifting of mesophilic 

microorganisms to thermophilic microbial community (Smith et al. 1995). Mostly found 

thermophilic bacterial species are Bacillus spp., Paenibacillus spp., Actinobacteria spp., 

Corynebacterium spp. and Streptomyces spp. (Zhang et al. 2015 and Vieira and Pecchia 2018) 

and dominat thermophilic fungi species present in compost are Mycothermus thermophilus 

(Scytalidium thermophilum), Aspergillus spp., Rhizopus oryzae, Trichoderma viride, 

Chaetomium spp., Penicillium spp.,  Talaromyces spp., Thermomyces spp., Thermomyces 

ibadanensis, Thermomyces lanuginosus (Vajna et al. 2012; Zhang et al. 2015; Kertesz et al. 2016 

and McGee et al. 2017). The microbial biomass present in compost affects the mycelial 

distribution during the spawn run phase, whereas it causes the Agaricus bisporus life cycle's 

reproductive phase to be induced in casing soil (Ahlawat and Verma 2001). Certain microbial 

communities are promoting elongation of the Agaricus hyphae, and bacterial activity is required 

to induce production of the mushroom fruiting bodies during cropping (Kertesz and Thai 2018). 

2.6.13     Good quality compost 

   A good quality compost contains a moisture level between 66 and 70 per cent and a 

C: N ratio of 23.18: 1 (Sarkar and Chanda 2016; Sofi et al. 2016 and Sinha et al. 2020). By 
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monitoring variations in the compost's C/N ratio, it is feasible to monitor the decomposition 

and stabilization of organic materials (Kalamdhad et al. 2009). The C: N ratio of 30:1 at the 

initial phases of composting is crucial for creating high-quality compost and imparting 

selectivity. Composting is the process of decomposing organic wastes in the presence of 

oxygen and produces CO2, NH3, water and heat (Sofi et al. 2014, 2016 and Sinha et al. 2020). 

Effective composting requires the optimal settings and a perfect blending of nutrients.  

    According to Alsanius et al. (2016) a sufficient C:N ratio between 25 and 35:1 must 

be present in the initial mixture to ensure a successful composting process The final compost 

produced in this manner must have a pH of about 7.5 and a moisture level of 66-68 per cent 

(Shandilya 1989). Final temperature of compost must be at room temperature during 

spawning which gradually fall from 70-76℃ at the time of filling for phase-II of composting 

and C: N ratio to be 20:1 (Levanon et al. 1983). Zheng et al. (1995) observed a C: N ratio of 

33:1 during fermentation, 18:1 during mycelia growth and 14:1 during fructification for 

Agaricus bisporus production. 

2.7    ISOLATION AND CHARACTERIZATION OF THERMOPHILLIC FUNGI         

FROM THE COMPOST 

 

        To make compost successfully, attainment of high temperature is very important 

(Sinha et al. 2020). During the heating phase the temperature in the heap rises to 60-70 °C, 

due to activity of bacteria and fungi. The high temperature is caused by the energy generated 

by fungus and bacteria during breaking down the easily decomposable materials. A 

temperature increase in the composting pile is a good indication of high microbial activity 

(Diaz et al. 1993). Diseases, pests and weeds are all destroyed by this heat. Proper aeration is 

also needed for compost, which is provided by turning. If there is not enough air in the heap, 

fungal and bacterial growth will be hampered due to anaerobic conditions and the compost 

will begin to smell bad. Fungi and bacteria need an appropriate amount of oxygen to survive. 

In the composting process, moisture is also crucial as it allow fungi and bacteria to grow and 

function.  

Composting is a microbial succession process starting with mesophiles, leading to 

increase in temperature. Thermotolerant organism take over from these point and temperature 

is further increased which is suitable for growth of thermophiles (Bahl et al. 1989). The 

presence of thermophilic organisms in compost or hay compounds plays a fundamental role 

in the breakdown of the substrate and the creation of stable products. Waksman and Cordon 
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(1939); Waksman et al. (1939 a) and Waksman et al. (1939 b) were the first to recognize the 

significance of microorganisms in the breakdown of plant wastes. At various stages of the 

composting process, both thermophilic and mesophilic bacteria and fungi are found. The 

population dynamics of thermophilic microorganisms increases than those of mesophilic 

microorganisms with the composting time.  

Thermophilic fungi are those with a maximum growth temperature at or above 50°C 

and a minimum growth temperature at or above 20°C. According to Crisan (1959) 

thermophilic fungi are those whose ideal temperature for normal growth is at or above 40°C.   

Thermophilic fungi are able to adapt to high temperatures due to the phospholipids and a 

small number of neutral lipids found in the cell membrane of thermophilic moulds (Sumner et 

al. 1969). Distinct mesophilic genera of organisms included Cellulomonas folia, 

Chondrococcus exiguous and Myxococcus virescens, while more thermophilic genera of class 

Thermoactinomyces; Micropolyspora and Thermomonospora are predominant in the wetter 

and more humid roughages. Nine out of the thirty-four thermophilic fungi tested, including 

Chaetomium thermophilum, another Chaetomium species, Malbranchea sulfurea, 

Myriococcum thermophilum, Symbiobacterium thermophilum, Stilbella thermophila, 

Thielavia terrestris and two unidentified basidiomycetes, promoted the mycelial growth of 

Agaricus bisporus on sterilized compost (Gerben et al. 1994). Only Symbiobacterium 

thermophilum and Myriococcum thermophilum out of nine thermophilic fungus species grew 

successfully in test tubes on pasteurized compost. The successfully colonized organisms were 

re-isolated and counted after incubation, demonstrating the injected organisms' success. 

When compared to the pasteurized control, the yield of mushrooms on inoculated composts 

was almost two times higher (Gerben et al. 1994a). 

Dhar and Munjal (1976); Hayes and Shandilya (1981) and reported thermophilic 

fungi, including Humicola spp. from the beginning of the composting. Fergus and Sinden 

(1969) isolated Aspergillus fumigatus, Humicola grisea var. thermoidea, Humicola insolens 

and a new species of Stibella thermophila from phase II of composting. Under aseptic 

conditions, a variety of thermophilic fungi can transform agricultural waste into a substrate 

that the Agaricus bisporus mycelium can use (Ross and Harris 1983). The use of 

thermophiles in making Agaricus bisporus compost was investigated by Pope et al. (1962). 

They said that Penicillium, Anixia and Mucor sp. can produce high-quality compost, whereas 

Torula, Humicola, Monotospora and Chaetomium sp. can produce acceptable compost. Straw 
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and its components are biodegraded into compost by a variety of microorganisms (bacteria, 

actinomycetes and fungi), most of which prefer a warmer environment. It has been noted that 

decomposed straw is covered in microbial cell components and their matrix during the 

composting process (Eddy and Jacobs 1976; Atkey and Wood 1983). These organisms either 

die or become latent during composting because of the low temperature. This microbial mass 

acts as a concentrated source of nutrients for the development of Agaricus bisporus. 

        The temperature of the compost slowly drops until it consistently reaches room 

temperature as a result of nutrient shortage, which slows or stops the development rate of 

thermophilic fungus. These thermophilic fungi are still present in the compost after it has 

totally cooled, but they are in sporulated forms.  Low temperatures promote the growth of 

mesophilic fungi, but at these temperatures, some of these fungi, particularly mycophagous 

ones such as Trichoderma viride, Papulospora sp., Scopulariopsis sp. and Doratomyces sp. 

also become active (Bisht and Singh 1986). Aspergillus terrus and Trichoderma viride were 

identified by Eicker et al. (1991) at the spawn running stage, demonstrating that Trichoderma 

viride is a potent competitor of Agaricus bisporus compost (Thapa et al. 1977). The quality of 

compost is believed to be greatly enhanced by thermophilic fungi (Gerrits 1988a and 1988b). 

These fungi have been shown to affect the growth of mushroom mycelia and the production 

of mushrooms at three different levels (Wiegant et al. 1992).  

i)  They lessen the quantity of ammonia in the compost, which would otherwise inhibit 

the mushroom mycelium from growing.  

ii)  They are said to immobilize nutrients in a way that the mushroom mycelia can use 

them. 

iii)  They might promote the growth of mushroom mycelia, as has been demonstrated by 

Scytalidium thermophilum and several other thermophilic fungi.  

              Lacey (1973) observed that during composting, Streptomyces was dominant at mild 

heating stage (45-50℃) and more thermophilic genera of class like Thermoactinomyces; 

Micropolyspora and Thermomonospora prevailed in the wetter and hotter hays. Straatsma et 

al. (1994) recorded two-fold increases in the yield of mushrooms on inoculated compost as 

compared to the pasteurized control, demonstrating the efficacy of Scytalidium thermophilum 

in compost preparation for Agaricus bisporus.  
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2.8    ESTIMATION OF DIFFERENT ENZYME ACTIVITY AND BIOCHEMICAL      

CHANGES DURING BUTTON MUSHROOM PRODUCTION IN 

DIFFERENT COMPOST FORMULATIONS 

2.8.1 Different enzyme activity during button mushroom production in different     

compost formulations 

 

              The compost becomes specialized for the growth of Agaricus bisporus due to the 

presence of various thermophilic fungi and the lignin humus complex that is produced by the 

breakdown of the compounding mixture. Agaricus bisporus consumes the resident 

microorganisms in the composted substrate as a source of nourishment. Mycelium (the vegetative 

or colonization phase) and the fruiting body are typically the two stages of a mushroom's life 

cycle (a reproductive phase that bears spores). Mycelia release enzymes that break down 

elements in the substrate, like cellulose and lignin, during the vegetative development phase 

(Gowda and Manvi 2019). Mushrooms produce a number of enzymes including lignin-degrading 

enzymes (laccases, lignin peroxidases, manganese peroxidases, arylalcohol oxidase and aryl-

alcohol dehydrogenases or quinone reductases) hemicellulose and cellulose-degrading enzymes 

(xylanase and cellulases or cellobiose dehydrogenase) to facilitate the degradation of 

lignocellulosic substrates (Sanchez 2009 and Vos et al. 2017) and then utilize the end products to 

produce fruiting bodies. Therefore, mushroom cultivation is a crucial biotechnology technique for 

decreasing and valorising agro-industrial waste. Such compost is created as a result of the 

environmentally appropriate conversion of low-value by-products into new resources that could 

be used to build value-added products (Kumla et al. 2020). 

 

      In plant biomass, lignin and cellulose are closely related. Lignolytic bacteria and fungi 

are essential for this process because it allows bound cellulose to be transformed into free 

form (Tuomela et al. 2000). The enzyme endoglucanase converts crystalline cellulose into the 

soluble carbon compounds required for nutrition of fungal mycelium and can be used to 

evaluate the capacity to digest cellulose-complexes (Manning and Wood 1983). Sharma 

(1991) used derivative thermogravimetry to examine compost samples collected at various 

stages of composting to determine the degree of fibre breakdown and elemental analysis. He 

reported that the hemicellulose in the compost was significantly and thoroughly destroyed by 

the microorganisms present, resulting in just 5 per cent being found at the conclusion of 

phase II. It was also noted that there was an increase in ash content and the amounts of P, K, 

Na, Ca, Mg, S, Cu, Zn, Fe and Mn during composting. However, the primary component of 

straw, i.e., cellulose was less decomposed during phase I, and its significant degradation only 
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occurred during phase II. The results of thermal analysis were consistent with information 

obtained using common gravimetric techniques to measure cellulose, hemicellulose, lignin 

and nitrogen (Kumla et al. 2020). Sharma (1991) reported that the hemicellulose in the 

compost was significantly and thoroughly destroyed by the microorganisms present, resulting 

in just 5 per cent being found at the conclusion of phase II. It was also noted that there was an 

increase in ash content and the amounts of P, K, Na, Ca, Mg, S, Cu, Zn, Fe and Mn during 

composting. However, the primary component of straw, i.e., cellulose was less decomposed 

during phase I, and its significant degradation only occurred during phase II.  

 

        According to Bonnen et al. (1994) Agaricus bisporus produces good amount of 

laccase and manganese peroxidise enzymes, which are necessary for the oxidation of 

polyphenols. Some bacteria and fungi produce enzymes during the composting process that 

break down the organic plant material's cell walls such as cellulose (Shina et al. 2020). The 

main ingredients of mushroom composts are lignin, carbohydrates and sources of organic and 

inorganic nitrogen (Bonnen et al. 1994). Mushrooms can completely break down lignin into 

the simpler molecule using LiP, MnP and laccase. They may also use the cellulose 

component as a source of carbon (Lara et al. 2003). Therefore, the amount of secreted 

laccase, LiP and MnP enzymes by mushrooms will have an effect on their growth cycles. The 

thermophilic fungi Scytalidium thermophilum, Humicola insolens and others secrete large 

amounts of cellulase and hemicellulase enzymes to break down diverse agricultural wastes 

(Fergus and Sinden 1969; Tansey 1971). At pH 5.5-9.0 and 47°C, Humicola insolens secretes 

endoglucanase, exoglucanase and β-glucosidase (Hayashida et al. 1980 and 1988). Humicola 

insolens achieved xylanolytic breakdown utilising wheat bran as substrate in submerged 

environment. Also, Humicola insolens generates xylanase on substrates made of rice straw, 

birch wood, wheat straw, barley straw and corn cobs (Dubeau et al. 1987; Blanco and Pastor 

1993 and Filho et al. 1993) and starch-degrading enzymes (Flannigan and Sellars 1977; 

Ogundero 1979; Adams 1990 and Allison et al. 1992). 

2.8.2   Effect of Thermophillic fungi on production and biochemical changes during 

button mushroom cultivation 

The quantity of mushrooms produced by the Malbranchea sulfurea + Torula 

thermophila inoculated compost was significant (1990 g/5 kg of compost), about twice as 

much as the pasteurized control compost. The yield from control compost (1020 g/5 kg of 

compost) was plainly and significantly lower than that from inoculated compost. It seems 
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essential in commercial practice to inoculate compost with certain isolates (Salar and Aneja 

2007). A consortium of Staphylococcus sp. and Bacillus megaterium can be formed to 

achieve superior compost quality. A total of 09 thermophilic bacteria were isolated from 

white button mushroom (Agaricus bisporus) compost samples and examined for their 

tolerance to high temperatures, capacity to produce compost and extracellular 

lignocellulolytic enzyme activity (Ahlawat and Vijay 2010). Staphylococcus species had the 

highest levels of exoglucanase and endoglucanase activity, whereas Bacillus brevis and 

Bacillus megaterium had the highest levels of glucosidase and Bacillus stearothermophilus 

had the highest levels of xylanase and laccase. Compost treated with Staphylococcus sp. 

fruited 1.5-2.0 day earlier and gave noticeably greater mushroom output in two growing 

trials. Staphylococcus sp. has the capacity to convert agricultural waste into selective and 

rewarding compost for the growth of white button mushrooms (Ahlawat and Vijay 2001; 

Ahlawat and Vijay 2010). 

Salar and Aneja (2007) isolated eighteen species of thermophilic and thermotolerant 

fungi from mushroom compost. They studied the growth of Agaricus bisporus on sterile 

compost pre-colonized with four thermophilic fungi viz., Chaetomium thermophile, 

Malbranchea sulfurea, Thermomyces lanuginosus and Torula thermophila. All the four fungi 

were inoculated singly and in different combinations on sterilized compost to evaluate their 

potential to promote growth and yield of A. bisporus. A mixed inoculum of Malbranchea 

sulfurea and Torula thermophila was found to be the best amongst the various treatments that 

promoted the growth of Agaricus bisporus to 7.7 mm/day in Petri plates and the yield of the 

mushroom was almost twice compared to the pasteurized control. Enzymatic studies 

conducted by Anandh and Prakasam in 2002 revealed that cellulose activity in the cased beds 

increased up to second harvest and was associated with the start of mushroom flushes. 

Hemicelluloses are hydrolyzed quickly because they are less resistant to catalyst activity than 

celluloses. Several extracellular enzymes activities vary during several growth phases of 

Pleurotus citrinopileatus growing on compost derived from fermented cotton seed hulls.  

Endoglucanase, filter paperase and hemicellulase activity peaks emerged between the 

stages of primordial development and fruit body maturity (Klamis et al. 2008). The C: N ratio 

and lignocellulosic components are crucial for mushroom mycelial growth and primordial 

development (Narain et al. 2009). Sharma (1991) found that the substrate's cellulose and 

lignin content had an impact on the quantity of mushrooms produced. Ajonia and Tatah 
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(2012) found that the biological yield varies significantly depending on the substrate 

composition in several flushes. They opined that the right proportions of lignin and alpha 

cellulose were probably likely led to a faster rate of mycelium running. Pleurotus species 

create a variety of hydrolytic and oxidative catalysts that allow them to effectively colonize, 

break down and convert a range of lignocellulosic materials into sugars. Jain et al. (1989) 

have also reported 11-29 per cent of weight loss and 18-48 per cent of lignin loss in wheat 

straw, which was artificially inoculated by various pure cultures of thermotolerant and 

thermophilic fungi in 60 days. Satyanarayana (1978) showed 9-40 per cent weight loss of 

paddy straw due to decomposition by thermophilic fungi in 40 days at 45℃. Analysis of the 

plant residues after decomposition by pure thermophilic fungal culture have suggested that 

the biochemical changes are more or less similar to those observed during composting of 

materials by natural mixed flora. 

Agaricus bisporus was axenically produced on composted straw. Examining this 

culture media during growth and fruiting revealed that the cellulose of the straw was 

degraded after the development of the fruit bodies, while the lignin part of the straw was 

degraded, notably during the vegetative growth phase. A novel method was developed in 

which the rate of mineralization to CO2 during the entirety of Agaricus bisporus life cycle 

was continuously monitored without aggravating the growth. This method involved mixing 

ordinary or engineered radio-labeled lignin by hand with axenic compost (Singh et al. 2020). 

According to Gerben et al. (1995) fungus in compost is a positive correlate of the yield of 

mushrooms. Scytalidium thermophilium has been confirmed to enhance and promote the 

growth of Agaricus bisporus. It has been suggested that this fungal species provides a trigger 

for enhanced growth of button mushrooms. 

Most agro-industrial waste is disposed of in landfills or burned, leading to various 

environmental problems and pose potential harm to the health of humans and wildlife (Anwar 

et al. 2014; da Silva 2016 and Hongzhang 2016). However, agro-industrial waste can 

potentially be converted into different high-value products, including biofuels, value-added 

fine chemicals and cheap energy sources for microbial fermentation and enzyme production 

(Sanchez 2009; da Silva 2016 and Hongzhang 2016).  These waste products can represent a 

source of energy, as well as sources of carbon. Additionally, this form of waste is a source of 

the nutrients that are required for mushroom growth and lignocellulolytic enzyme production 

via solid state fermentation (Sanchez 2009; Knob et al. 2014; Grimm and Wosten 2018). 
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These agrowaste are used as a substrate for preparation of mushroom compost singly or with 

different combinations. Different substrate compositions used for compost preparation can 

directly affect the quality and quantity of mushroom production or yields. The efficiency of 

the mushrooms to utilize the various constituents of compost depend upon the substrate used 

in composting which further depends upon many physiochemical factors responsible during 

the composting process and mushroom growth (Kaur et al. 2019).  Most substrates used for 

mushroom cultivation are complex structures that are mainly composed of cellulose, 

hemicellulose, and lignin known as lignocellulosic substrate. Mushrooms degrade 

lignocellulosic substrates by producing both hydrolytic and oxidative enzymes. Hydrolytic 

enzymes (cellulases and hemicellulases) are known to be responsible for polysaccharide 

degradation, while oxidative enzymes (ligninases) are responsible for lignin modification and 

degradation (Kumla et al. 2020). 

Consequently, the microbial dynamics and communities of the composting substrates 

can significantly affect mushroom production. In microbial communities’ thermophilic 

bacteria and fungi play important role because maximum degradation of substrate occurs by 

these microorganisms at thermophilic phase of compost. Thermophilic fungi are believed to 

contribute significantly to the quality of compost (Seal and Eggins 1976; Eicker 1977; Ross 

and Harris 1983; Gerrits 1988b). The effects of these fungi on the growth of mushroom 

mycelia and mushroom yield have been described at three distinct levels (Wiegant 1992). 

First, they decrease the concentration of ammonia in the compost, which otherwise would 

counteract the growth of the mushroom mycelium. Second, they immobilize nutrients in a 

form that apparently is available to the mushroom mycelia. Third, they may have a growth 

promoting effect on the mushroom mycelia (Salar and Aneja 2007).  Therefore, changes in 

both substrate composition and microbial diversity during the cultivation process can impact 

the production of high-quality substrates and result in a high degree of biological efficiency 

of mushroom (Suwannarach et al. 2022).  Increase mushroom productivity through the 

selection of suitable substrate compositions and their relation to the microbial community. 

The cultivation of edible mushrooms using agro-industrial waste represents the bioconversion 

of that waste into edible protein by using different thermophilic microorganism in compost 

(Kumla et al. 2020). Ultimately, utilization of agro-industrial waste in mushroom cultivation 

and the production of lignocellulolytic enzymes can facilitate the reduction of some global 

waste management problems. 



Chapter-3 

MATERIALS AND METHODS 

The research work on “Studies on utilization of paddy straw for compost 

preparation of button mushroom (Agaricus bisporus)” was carried out in Mushroom 

Section of Department of Plant  Pathology, Dr. Y. S. Parmar University of Horticulture and 

Forestry, Nauni, Solan (H.P.). The details of experiment, materials used and methodologies 

adopted during the course of investigation are described in this chapter. The details of 

Materials and Methods for carrying out the present studies are given below under the 

following heads: 

3.1      LAYOUT OF THE EXPERIMENT 

3.2      PREPARATION OF SPAWN 

3.3      PREPARATION OF DIFFERENT COMPOST FORMULATIONS 

3.4      QUALITY ASSESSMENT OF COMPOST 

3.5      YIELD DATA AND GROWTH ASSESSMENT OF MUSHROOM 

3.6 ISOLATION OF THERMOPHILIC FUNGI FROM THE PREPARED 

COMPOST FORMULATIONS 

3.7 IDENTIFICATION OF THERMOPHILIC FUNGAL ISOLATES 

3.8 ESTIMATION OF ENZYMES ACTIVITY IN DIFFERENT COMPOST 

FORMULATIONS 

3.9 STUDIES ON IMPROVEMENTS IN A. BISPORUS COMPOST USING 

THERMOPHILIC FUNGI 

3.10  NUTRITIONAL PARAMETERS OF MUSHROOM FRUITING BODIES 

 
3.1       LAYOUT OF THE EXPERIMENT 

      The experiments were laid out in the Mushroom Production Unit of the Department of 

Plant Pathology, which is situated at an elevation of 1269 m above mean sea level and falls at 

a latitude of 30°51’ 55” North and longitude of 77° 10’14” East. The area falls under mid-hill 

zone that represent the transitional zone between sub tropical and sub temperate regions of 

Himachal Pradesh. 
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For cultivation of button mushroom, standard procedures were followed for 

composting and spawning. After spawn run, the top of compost bags were covered with a 

layer of pasteurized casing soil mixture, which was spread evenly to a height of 4 to 6 cm. 

3.2 PREPARATION OF SPAWN 

           Spawn of U3 strain of Agaricus bisporus was prepared on wheat grains as per the 

standard procedure given by Sharma and Kumar (2011). Preparation of master culture or mother 

spawn was carried out under completely sterile conditions. Pure culture of the strain was 

inoculated in wheat grain to prepare grain spawn. Ten kg of wheat grains were boiled in 20 litres 

of water till the grain become soft but not ruptured. Water was then drained off and the grains 

were spread on a wire mesh tray for 8-10 hours to dry or remove excess of water. Grains were 

mixed with gypsum (calcium sulphate) and chalk powder (calcium carbonate) at the rate of 2 per 

cent and 0.5 per cent, respectively on dry weight basis. 10 kg of dry wheat grains required about 

200g gypsum and 50g chalk powder. This helped to maintain the pH of the medium and also 

prevented sticking of grains with one another.  

          The grains were filled into half litre glucose bottles and PP bags, which were plugged 

with non absorbent cotton and sterilized at 22 psi pressure for 2 hours. Sterilized bottles were 

allowed to cool down overnight. Next day bottles were inoculated with the bits of pure culture 

of A. bisporus. Inoculated bottles were incubated at 25± 1ºC. Two weeks after inoculation, the 

bottles were ready as stock culture for further multiplication of spawn. One bottle of stock 

culture or master culture or mother spawn was sufficient to multiply 30-40 grain bottles or 15-

18 PP bags of 1kg capacity. 

3.2.1 Multiplication of spawn from stock/ master culture  

     Master spawn or master culture bottles/ bags were further used for inoculation of 

large number of other grain bags / bottles prepared by the same technique and resultant was 

the commercial spawn. Generally, few mycelium coated grains from one master culture bottle 

/ bag were used to inoculate 30-40 grain bags aseptically under Laminar flow conditions, 

which were then incubated in a room at 25 ± 1 °C for 12-15 days. The commercial spawn 

thus prepared was used for inoculating the compost bags. 

3.3   PREPARATION OF DIFFERENT COMPOST FORMULATIONS 

          Five different formulations of compost were prepared by using different substrates for 
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growing button mushroom (Agaricus bisporus) using short method of composting (Sinden 

and Hause 1950). The ingredients used in different formulations are given below (Table 3.1): 

Table 3.1 Different ingredients of button mushroom compost formulations 

 

Experiment size: - No. of treatments: 5, No. of replications: 4, No. of bags per treatment: 10, 

Bag size: 10Kg 

Statistical design: CRD (Completely Randomized Design) 

3.3.1     Compost preparation 

             Compost preparation was completed in two phases i.e., Phase I (outdoor 

composting) and Phase II (Indoor composting). 

1)  Phase I 

            The raw material (ingredients) were mixed together, watered and periodically turned 

according to following schedule: 

i)  -4 day: Paddy Straw, wheat straw, chicken manure were mixed by trampling to                     

encourage uptake of moisture and aerobic fermentation. 

ii) -2 day: Whole of mass was turned and made into slightly smaller stacks and more 

water was added. 

iii) 0 day: On this day, the stack was again broken and the entire quantities of other raw 

material like wheat bran and urea were added. Water was also added according to the 

requirement. On this day a high aerobic stack of 5’×5’ (L× B) was made with the help 

of iron boards. 

iv)      +2 day: At this stage, first turning was given to compost heap. 

v       +4 day: Second turning was given to heap. 

                 Treatment 

Substrate 
T 1 (Kg) T 2(Kg) T 3(Kg) T 4(Kg) T 5(Kg) 

 Paddy straw  600 750 500 1000 - 

Wheat straw  400 250 500 - 1000 

Wheat bran  100 100 100 100 100 

Chicken manure 600 600 600 600 600 

Urea  15 15 15 15 15 

Gypsum  30 30 30 30 30 

Nitrogen (%) 1.68 1.69 1.66     1.72 1.60 
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vi)     +6 day: Third turning was given to heap and gypsum was added. 

vii)       +8 day: At this stage, the compost was filled in the pasteurization chamber for Phase                                   

2 (pasteurization). 

2) Phase II 

           Filling of compost in chamber: 

           On +8 day, the compost was filled in pasteurization chamber. As soon as the compost 

in chamber was completely filled, the door and fresh air ventilator were closed. The blower 

was put on for circulation of air @ 150-250 cubic meter/1000 kg of compost/hour. 

The Phase II was completed in 3 stages as under: 

a) Pre- peak heat stage: 

           After about 12-15 hours of filling of compost in the chamber, the temperature started 

rising automatically. The temperature was maintained at 48-50°C for 36-40 hours with the 

manipulation of ventilation system. This temperature range was achieved by self generation 

of heat by the compost mass. 

b)        Peak heat stage: 

            Temperature was raised to 58-59ºC by adjustment of fresh and recirculation air in the 

pasteurization chamber and it was maintained for 6-8 hours to ensure proper pasteurization.  

c) Post- peak heat stage: 

            The temperature was gradually lowered down and maintained at 45-55ºC till no traces 

of ammonia were detected in the compost. It took 3-4 days for ammonia to cease off. When 

the compost was free from ammonia, fresh air was introduced by opening the damper to the 

maximum capacity till the compost cooled down to ambient temperature for spawning. 

3.3.2 Spawning: 

Spawn was mixed with compost in layers. In compost bags, about 3–4 layers of 

spawn and compost were layered and finally, one layer of spawn spread on the top of the 

compost. The spawning rate was kept at 0.5–0.7 per cent, i.e.  50-70 g/10 kg bag of compost. 

The bags were placed in cropping rooms for spawn run at 20–25 °C in dark conditions. 
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3.3.3 Preparation of casing soil 

            Casing material was steam pasteurized at 65 ± 1ºC for 6-7 hours. Hydrogen ion 

concentration (pH) of casing soil was adjusted to around 8.0 by adding calcium carbonate 

before pasteurization. The casing material was used to case the spawn run bags after a period 

of 2 weeks from the day of spawning. The moisture level of casing was adjusted to 60 per 

cent before placing it on the spawn run compost. After 10-12 days of casing, the bags were 

shifted   to cropping room having 14-18ºC temperature with 80-90 per cent relative humidity, 

which was maintained till the crop was over. For maintaining the humidity, water was 

sprayed on the walls and floor of the growing chamber and cropping bags were also sprayed 

with water whenever required. 

3.3.4    Fruiting  

White button mushroom requires 22-25℃ temperature in cropping room for 

vegetative growth (spawn run) and 14-18℃ for reproductive growth. Besides, it requires 

relative humidity of 80-90 per cent and CO2 concentration (0.08-0.15 %) for fruit body 

initials to form.  During cropping, ventilation was provided to pinheads, which gradually 

developed into button stages. 

3.3.5 Harvesting 

            Mushrooms were harvested in the button stage. Harvesting was done by holding the 

cap with forefingers and thumb by slightly pressing against the soil and twisting it off. The 

soil particles and mycelial threads clinging to the base of the stalk were chopped off. 

           The studies were conducted to select best compost formulation to study their 

quality and effect on growth and yield of white button mushroom in most economical 

manner.  

3.4     QUALITY ASSESSMENT OF COMPOST 

3.4.1  pH of compost 

             pH of compost was measured with the help of a pH meter as per the standard  

procedure given by Jackson (1973). For determination of pH of compost, samples were taken 

from each replication of different treatments. Collected samples were weighed and prepared 

for pH determination. 
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3.4.2    Electrical conductivity (EC) 

             EC of the compost was measured as per the standard procedure given by Jackson (1973). 

For determination of EC of compost before cropping, samples were taken from each replication 

of different treatments. Collected samples were weighed and prepared for EC determination. 

3.4.3     Organic carbon (OC) 

             Organic Carbon of compost was measured according to “Loss of Ignition Method” 

following the procedure given by Kalra and Maynard (1991). For determination of OC of 

compost before cropping, samples were taken from each replication   of different treatments. 

Collected samples were weighed, dried and prepared for OC determination. In this method, 

5g of dried compost sample was transferred to silica crucible with known weight. 

Combustion process of the material was carried out in a muffle furnace at 550+50℃ for 6 to 

7 hours till constant weight of crucible was obtained. 

    
 

The carbon contents were calculated from the organic matter assuming organic matter 

contains 58 per cent carbon. 

 

3.4.4  Total nitrogen content 

             Nitrogen content was measured by Macrokjeldahl digestion and distillation method 

following the procedure given by Jackson (1973). For determination of Nitrogen content of 

compost before cropping, samples were taken from each replication of different treatments. 

Collected samples were weighed, dried and prepared for Nitrogen content determination. 

This method includes nitrogen in all forms such as inorganic nitrogen (NH4), NO3, urea 

etc. and also organic nitrogenous compounds like proteins, amino acids and other derivatives. 

Reagents 

a. Digestion mixture 

 K2SO4             20 parts  

 CuSO4.5H2O  1 part 
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 FeSO4.7H2O  4 parts 

 Selenium di-oxide 2 parts 

 Selenium powder 2 parts 
 

b.   45 per cent NaOH Solution 

c.   0.1 N NaOH solution 

d.   0.1 N HCl 

e.    Sulphuric acid concentrated 

f.    4 per cent Boric acid solution 

          g.   Mixed indicator: 0.5 g Bromocresol green + 0.1 g Methyl Red in 100 ml of 95 per cent of 

ethyl alcohol. Colour of the solution adjusted to bluish purple using dilute HCl or NaOH. 

Procedure 

Digestion  

Nitrogen was estimated using 2 g dried and powdered sample. The sample was 

digested with 20 ml concentrate sulphuric acid and 10 g of digestion mixture in a 500 ml 

Kjelhdalh flask at 250-300°C for 4-6 hrs in a digestion fume hood until clear green solution 

was obtained. The solution was made up to 100 ml with distilled water.  

Distillation 

The distillation assembly was washed with hot water and finally with distilled water 

and dried before use. An amount of 10 ml of the digested aliquot was taken in a modified 

Markeham’s apparatus along with equal volume of 45 per cent NaOH. Hot steam  allowed to 

pass through the mixture for 5-10 minutes and distillate was collected in 150 ml conical flask 

containing 20 ml of 4 per cent boric acid with one drop of mixed indicator. The tip of the 

condenser was always kept dipped into the boric acid solution during the distillation. The 

colour of the solution changed to greenish blue to green.  

Titration 

The distillate was titrated against 0.1N HCl till the end point is indicated by 

disappearance of blue colour and appearance of light pink colour. One blank was run without 

sample. One standard solution of ammonium chloride (1g/ml) was also titrated against 0.1 N 

HCl. 
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Calculation  

 

% N2 = (X-Y) x N x 0.014 x V1   x 100 

     V2 x W 
 

  

V1 = Volume of Aliquot (Total 100 ml) 

V2 = Aliquot taken (10 ml) 

W = Weight of Sample (2 g) 

N = Normality of acid (0.1N) 

X = Volume of HCl with sample Y = Volume of HCl with Blank 

3.4.5 Total potassium (K) and phosphorus (P) 

            For the estimation of P and K, 0.5 g grind sample of compost was digested in diacid 

mixture prepared by mixing nitric acid and perchloric acid (4:1) taking all relevant 

precautions as suggested by Piper (1966). The estimation of phosphorus content was 

determined by Vanado molybdo-phosphoric method (Heslop and Ramsey 1969). However, 

potassium was determined by flame-photometer (Jackson 1973). 

3.4.6    Moisture content 

            Moisture content of compost was determined by Gravimetric method as per the 

standard procedure given by Black (1965). For determination of Moisture content of compost 

samples were drawn from each replication of different treatments before cropping. Collected 

samples were weighed and prepared for moisture content determination. The moisture 

content was estimated by drying the weighed sample up to a constant weight in hot air oven 

at 105°C 

 
 

3.4.7    Bulk density 

               Bulk density was measured following the method given by Singh (1980). For 

determination of bulk density of compost, samples were taken from each replication of 

different treatments. Collected samples were weighed and prepared for bulk density 

determination by pycnometer method. 
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3.4.8 Particle density 

             The particle density was determined by the pycnometer (specific-gravity flask) 

method. For the determination of particle density, 10 g of grinded compost samples from 

each replication were taken in the pycnometer and filled with water. Air was removed from 

the suspension by boiling the suspension (Rowell 1994). Particle density was calculated using 

the following formula. 

   

 

Weight of grind compost                                 = w (10g) 

Weight of water filled pycnometer                  = Wpw 

Weight of pycnometer + water + compost      = Wpwc 

 

3.4.9   Porosity 

               Porosity was determined from bulk density and particle density values of composts 

(Allen 1974) using the following formulae. 
 

 

3.4.10  Total microbial count 

             The compost was analyzed for total microbial counts. One gram of compost was 

taken in 9 ml of sterilized water blank and the soil suspension was diluted 1010 times and 

microbial count was assayed by standard pour plate technique on different media as described 

by Rao (1999). The population was expressed as colony forming units per gram of soil (cfu/g 

soil). The number of cfu was obtained by counting the number of colonies/plate and 

multiplying by dilution factor.  

 

 

 
 

3.5      YIELD DATA AND GROWTH ASSESSMENT OF MUSHROOM                                                                                                                    

3.5.1 Days taken for spawn run 

            After spawning, the number of days taken for the mycelial colonization of compost 

was counted and reported as spawn run days. 
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3.5.2 Days taken for case run 

    After casing, the number of days taken for the complete spread of mushroom 

mycelium in the casing material was counted and reported as case run days. 

3.5.3 Number of fruit bodies (per 100 kg compost) 

The number of fruit bodies harvested per 100 kg compost was counted. 

3.5.4 Length of fruit bodies 

     Length of the 25 fruit bodies from each treatment was measured with the help of a 

scale from the top of the mushroom cap to base of the mushroom stipe in centimetres (cm) 

and the average length was calculated.  

3.5.5  Length of stipe of fruiting bodies  

            The length of the stipe of 25 fruit bodies from each treatment was measured with the 

help of a scale in centimetres (cm). 

3.5.6  Width of stipe of fruiting bodies 

            The width of the stipe of 25 fruiting bodies from each treatment was measured with 

the help of a scale in centimetres (cm). 

3.5.7  Average diameter of fruiting bodies cap 

            Average diameter of 25 fruiting bodies was measured with the help of ruler scale in 

centimeters (cm). 

3.5.8      Mushroom yield 

               The mushroom yield (kg/100 kg weight of compost) was recorded for a period of 4 weeks. 

3.5.9   Diseases /Pest prevalence/ Competitor moulds 

               Mushroom bags were observed daily for the prevalence of disease /pest/ competitor 

moulds. 

3.5.10     Biological efficiency (B.E.) 

       The biological efficiency was calculated by the standard formula given by (Flegg et 

al. 1985). 
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3.6   ISOLATION OF THERMOPHILIC FUNGI FROM THE PREPARED 

COMPOST FORMULATIONS 

3.6.1      Sterilization 

              Glassware used during the experiments were washed thoroughly in detergent water, 

running tap water followed by rinsing in distilled water. Glasswares were sterilized in hot air 

over at 180ºC temperature for 20 min. All the media, water blanks etc. were sterilised in 

autoclave at 15 pounds per square inch pressure for 20 min. Laminar air flow chamber was 

sterilized by ethanol disinfectant followed by ultra violet (UV) radiation for 30 min before 

start of the work. 

3.6.2     Isolation of thermophilic fungi 

             The thermophilic fungi were isolated from five different formulations of compost. 

One kg of compost was randomly sampled in 100g portions, mixed thoroughly and was 

used for isolation. Thermophilic fungi were isolated from different composting phase i.e.   

Phase-1 and Phase-2 using serial dilution method on Yeast Phosphate Soluble Starch 

(YPSS) agar media. 

Composition of Yeast phosphate soluble starch agar 

Yeast extract 

K2 HPO4 

MgSO4.7H2O 

Soluble Starch 

Agar 

Distilled water 

: 

: 

: 

: 

: 

: 

4.0g 

1.0g 

0.5g 

15g 

20.0g 

1000ml 

10 g of compost sample from each treatment was taken in a 250ml Erlenmeyer flask 

containing 90 ml of sterile water and shaken on a rotary shaker for 1 hour. Various dilutions 

(10-2, 10-3, and 10-4) were used for the isolation of themophilic fungi. Plates were incubated at 

40- 45°C in the dark and were screened daily for up to 5 days. Representative isolates were 

purified and maintained on YPSS agar slants. 
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3.7         IDENTIFICATION OF THERMOPHILIC FUNGAL ISOLATES 

3.7.1      Phenotypic characterization  

      Identification of thermophilic fungi was done on the basis of conventional 

morphological and physiological characterization of thermophilic fungi, as described by 

Cooney and Emerson (1964).  Isolated thermophilic fungi were identified based on visual and 

microscopic characteristics such as colony morphology, color, culture growth, pigmentation, 

hyphae color, hyphae septation or non-septation, spores, shape and size etc. 

3.7.2 Molecular identification 

            All the thermophillic fungal cultures were employed for molecular identification.  

Reagents used  

1. CTAB lysis buffer (For 100ml: CTAB - 2g, 1M Tris HCL - 7.5ml, 0.5M EDTA - 3.0ml, 

NaCl - 6.14g)  

2. Extraction buffer (For 100ml: Chloroform + Isoamyl alcohol 24:1 w/w) 

3. 70 per cent Ethanol 

4. 100 per cent Isopropanol 

5. 10Mm Ammonium acetate 

6. RNAse (10mg/ml) 

7. TE buffer 

8. 3M Sodium acetate 

9. TAE buffer (50X) (Tris - 242g, Acetic acid - 57.1g, 0.5M EDTA - 100ml make up 

1000ml) 

10. Ethidium bromide (10 mg/ml) 

11. 6X gel loading dye (For 100ml: 0.25g Bromophenol, 0.25g Xylene cyanol, 60ml 

Glycerol, 40ml water) 

Sample preparation  

The pure fungal cultures were sub cultured under sterile conditions in 250 ml flasks 

containing 100 ml YPSS broth at 40- 45°C for eight days. The grown mycelia was filtered 

through Watchman filter paper No.1 and used for DNA extraction by using CTAB extraction 

method. 
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Extraction of DNA using CTAB method 

The mycelial mats were vacuum dried for overnight and crushed in a sterilized mortar 

and pestle using a pinch of PVP and sterilized sea sand. 1 g of dried mycelial powdered was 

then placed in a 30 ml Oak Ridge tube and 15 ml pre-warm CTAB lysis buffer was added to it. 

The tubes were vortexed vigorously for 1-2 min and kept in water bath at 65°C for 60 minutes. 

Later, extraction was done using equal volume of Chloroform: Isoamyl alcohol (24:1) and 

mixed gently by inverting 10 minutes. Further, the tubes were centrifuged at 14000 rpm for 10 

minutes. The aqueous phase was aspirated and transferred to a fresh tube. The aspirated liquid 

was re-extracted using same volume of Chloroform: Isoamyl alcohol (24:1) and mixed gently 

by inverting 10 minutes. Further, the tubes were centrifuged again at 14000 rpm for 10 minutes. 

The aqueous phase was aspirated and transferred to a fresh tube. Equal amount of chilled iso-

propanol was added and allowed the DNA to settle down for 20 minutes to overnight at -20°C. 

The tubes were centrifuged at 13000 rpm for 5 minutes and the supernatant was discarded. The 

pellet was washed with 70 per cent ethanol twice followed by centrifugation at 1000 rpm for 10 

minutes each time. The pellet was dissolved in 300-1000 µl of TE (1X) buffer and treated with 

RNase (10 mg/ml) @ 4 µl per 300 µl sample and incubated for 1 hr at 37°C. DNA was 

precipitated by adding 1/10 volume of sodium acetate (3M) and 2.5 times chilled ethanol. The 

tubes were centrifuged at 1000rpm for 10 minutes and supernatant was discarded. Finally, the 

pellet was air dried and re-dissolved in 500 µl 1X TE buffer and kept at -20°C until further use.   

Extracted genomic DNA by agarose gel electrophoresis 

         For gel electrophoresis of high molecular weight genomic DNA, 0.8 per cent agarose gel 

was prepared in 1X TAE buffer prepared from 50X TAE stock solution. For making 120 ml of 

gel, 0.96 g of agarose was dissolved in 120 ml of 1 X TAE and the mixture was heated to 

dissolve agarose. The agarose solution was cooled to 60°C and 12 µl ethidium bromide solution 

was added to it. The solution was poured in gel casting tray. The comb was placed in the gel and 

allowed to solidify for 30-35 minutes at room temperature. After solidification, the gel tray was 

placed in the Bio-Rad gel electrophoresis tank and the comb was removed. A volume of 2 µl 

DNA, 1µl gel loading dye were mixed well and loaded in wells of the gel with the help of 

micropipette. The gel was run at constant voltage (50 volts) for 45-60 minutes. The 

electrophoresis was stopped when the samples had run the required distance and gel was 

visualized under the UV trans-illuminator and photographed using a Syngene gel documentation 

system. 
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PCR amplification  

The DNA concentration was adjusted to 50 µg/µl by dilution and 5.8S rRNA gene 

was amplified by polymerase chain reaction (PCR) using universal primer pair of 0.5 µM of 

each primer i.e., ITS1 (5’-TCCGGTAGGTGAACCTGCGG-3’) and ITS4 (5’-

TCCTCCGCTTATTGATATGC-3’). The 25 µl reaction mixture contained the following 

components: 2 µl template DNA, 2.5 µl of 1 X PCR buffer, 0.2 µl of Taq DNA polymerase 

(5U/ µl), 0.2 µl of dNTP mixture (100mM), 1.25 µl of MgCl2 (25mM), 1 µl of 5% glycerol, 1 

µl each of ITS-1 and ITS-4 primers, and sterile water 16.85 µl. Mix all the ingredients 

thoroughly for 1-2 seconds and place the PCR tubes in an Eppendorf thermocycler 

(Germany). Amplification was carried out for 34 cycles with initial denaturation step at 94°C 

for 1 minutes, followed by denaturation step at 94°C for 30 seconds, annealing at 55°C for 1 

min 20 seconds, extension at 72°C for 1 minute and final extension at 72°C for 10 minutes. A 

volume of 5 µl of PCR product with 2 µl of loading dye was mixed and loaded on a 1.6 per 

cent agarose gel and PCR product were resolved at 70V for 45 min in a gel electrophoresis 

unit. The gel were visualized under UV light and photographed under Syngene gel doc 

imaging system. 

ITS 5.8S rRNA Gene sequencing 

PCR product was purified using Sigma definity tips and sent to Eurofins IT Solutions 

India Pvt. Ltd. Bengaluru for sequencing.  

BLAST and Phylogenetic analysis tree 

The 5.8S rDNA nucleotide sequence was obtained from sequencing and used to carry 

out BLAST (Basic Local Alignment Search Tool). BLAST of the obtained sequence was 

performed with NCBI database of gene bank and the 5.8S rDNA nucleotide sequence was 

subjected to Phylogenetic analysis using fast minimum evolution method.   

3.8   ESTIMATION OF ENZYMES ACTIVITY IN DIFFERENT COMPOST 

FORMULATIONS  

3.8.1      Cellulase assay  

 

3.8.1.1   Carboxymethyl Cellulase (CMC) assay (Reese and Mandel 1963) 

3.8.1.2   FPase assay (Reese and Mandel 1963) 

3.8.1.3   β glycosidase assay (Bergheim and Patterson 1973) 
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3.8.1.1 Carboxymethyl Cellulase (CMC) assay (Reese and Mandel 1963)  

Reagents  

i)       1 per cent CMC in citrate buffer (0.05M, pH 5.0)  

ii)       Dinitrosalicylic acid (DNSA) Reagent: NaOH: 1.0 g, Phenol: 0.2 g, Sodium 

potassium tartarate: 20.0 g, Sodium sulphate: 0.05g, DNSA reagent: 1.0g, Distilled 

water: 100ml  

iv) Standard solution of glucose (0.4mg/ml)   

Procedure 

    The reaction mixture contained 0.5ml of 1 per cent CMC in citrate buffer (0.05M, pH-5.0) 

and 0.5ml of culture supernatant. Reaction mixture was incubated at 50°C for 30 min. After 

incubation 3ml of DNSA reagent was added. Tubes were immersed in boiling water bath and 

removed after 15 min when colour development was complete. Control was run with all the 

components except the enzyme. Tubes were cooled at room temperature and O.D was read at 

540nm in spectrophotometer against the reagent blank i.e., 1ml of distilled water and 3ml of 

DNSA reagent. The standard curve was made from the stock solution of glucose (0.4 mg/ml) 

with concentration i.e., 100µl, 200µl, 300µl, 400µl, 500µl, 600µl, 700µl, 800µl, 900µl, 1000µl. 

The enzyme activity was expressed in terms of International Unit (IU). One International Unit 

(IU) of enzyme activity represents µ moles of glucose released/min/ml of enzyme.  

 

 

3.8.1.2   Filter Paperase (FPase) assay (Reese and Mandel 1963)   

Reagents  

i)  Strips of filter paper (Whatman no.1)  

ii)  0.05M citrate buffer (pH 5.0)  

iii)  Dinitrosalicylic acid (DNSA) Reagent  

iv)         Standard solution of glucose (0.4 mg/ml)   

Procedure   

        To 50 mg of filter paper strips (Whatman no. 1), 0.5 ml of citrate buffer (0.05M, 

pH-5) and 0.5ml of culture supernatant was added. Reaction mixture was incubated at 50°C 
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for 30 min. After incubation 3ml of DNSA reagent was added. Tubes were immersed in 

boiling water bath and removed after 15 min when colour development was complete. 

Control was run with all the components except the enzyme. Tubes were cooled at room 

temperature and O.D was read at 540nm in spectrophotometer against a reagent blank i.e., 

1ml of distilled water and 3ml of DNSA reagent. The standard curve was prepared from the 

stock solution of glucose (0.4mg/ml) with concentration i.e. 100µl, 200µl, 300µl, 400µl, 

500µl, 600µl, 700µl, 800µl, 900µl, 1000µl. The enzyme activity was expressed in terms of 

International Unit (IU). One International Unit (IU) of enzyme activity represents µmoles of 

glucose released/min/ml of enzyme.  

 

 

3.8.1.3   β-Glucosidase assay (Berghem and Petterson 1973)  

Reagents  

i) 1mM ρ-nitrophenyl β-D-glucopyranoside in 0.05M sodium acetate buffer of pH 5.0 

ii) 1M sodium carbonate solution   

iii) Standard solution of ρ-nitrophenol (80 µg/ml)  

Procedure 

                Reaction mixture contained 1ml of 1mM of ρ-nitrophenyl β-D-glucopyranoside in 

0.05M sodium acetate buffer (pH 5.0) and 100 µl of culture supernatant. After incubation at 

40°C for 10 min, 2ml of 1M of Na2CO3 was added to the reaction mixture to stop the 

reaction. Reaction mixture was heated in boiling water bath for 15 min and after heating it 

was diluted to 10ml with distilled water. ρ-nitrophenol liberated was determined as the 

absorbance at 400nm against reagent blank i.e., 1ml of distilled water and 2ml of 1M of 

sodium carbonate. The standard curve was prepared from the stock solution of ρ-nitrophenol 

(80 µg/ml) with concentration i.e., 100µl, 200µl, 300µl, 400µl, 500µl, 600µl, 700µl, 800µl, 

900µl, 1000µl. The enzyme activity was expressed in terms of International Unit (IU). One 

International Unit (IU) of enzyme activity represents µmoles of nitrophenyl ß-D- 

glucopyranoside released/min/ml of enzyme.  
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3.8.2 Xylanase assay (Miller 1959) 

         Xylanase activity was determined by measuring the amount of reducing sugar released 

from xylan using (DNS) method (Miller 1959). 

Reagents  

i)  1.0 g Oatspelt xylan in 100 ml of 0.05 M citrate buffer, pH 4.0  

ii)  DNSA reagent  

iii)      Standard solution of xylose (0.4 mg/ml)   

Procedure 

             0.8 ml of xylan solution (which was incubated overnight at 37°C) and 0.2 ml of 

culture supernatant was taken in a test tube. The control was run with 0.2 ml distilled 

water and 0.8 ml xylan solution except the enzyme (culture supernatant). The reaction 

mixture was incubated at 45°C for 10 min. After the incubation, 3 ml of DNSA reagent 

was added and the mixture was then heated in boiling water bath for 30 min. After 

cooling down at room temperature, absorbance of reaction mixture was recorded at 540 

nm. The enzyme activity was expressed in terms of International Unit (IU). One 

International Unit of enzyme activity represents µmoles of glucose released/min/ml of 

enzyme.  

 

 

3.8.3    Laccase assay (Rehan et al. 2016) 

            The laccase assay was performed by the following method described by Rehan et al. 

(2016). 

Reagent 

i) 2mM Guaiacol  

ii) 10mM Sodium acetate buffer (pH 5.5) 

Procedure 

              Reaction mixture contained 1ml of 2mM of guaiacol in 3ml sodium acetate buffer 

(pH5.5) and 1ml of culture supernatant. The blank was also prepared with all components 
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except the enzyme (culture supernatant). The reaction mixture was incubated at 30ºC for 15 

min. The absorbance was read at 450nm using UV spectrophotometer. The enzyme activity 

was expressed in terms of International Unit (IU). One International Unit (IU) of enzyme 

activity represents 1 µmoles guaiacol released/min/ml of enzyme.  

The activity of laccase assay was calculated by using this formula: 

 

Were,  

A = Absorbance (O.D.) 

V    = Total volume of reaction mixture 

T = Incubation time 

E = Extinction coefficient of guaiacol at 450nm (0.6740 µM/cm) 

V = Volume of culture supernatant 

 

3.8.4    Manganese dependent peroxidase assay (MnP) (Paszczynski et al. 1986; Mata    

and Savoie 1998) 

             The activity of Manganese dependent peroxidase (MnP) was estimated according 

to method of Paszczynski et al. 1986; Mata and Savoie 1998, based on the rate of oxidation 

of Mn (II) to Mn (III) and hydrogen peroxide ions produced by fungi to degrade lignin 

substrate. 

Reagent 

i)  0.5M Sodium Tartrate buffer (pH 5.0) 

ii) 1mM Guaiacol 

iii) 1Mm Manganese sulphate (MnSO4)  

iv) 1Mm Hydrogen Peroxide (H2O2) 

Procedure 

              Reaction mixture was contained 0.2ml of 0.5M Sodium Tartrate buffer, 0.25ml of 

1mM Guaiacol, 0.1ml of 1Mm MnSO4, 0.35ml of enzyme dilution (culture supernatant) and 

0.1ml f 1mM H2O2 in test tube. After adding all these reagents to the test tube, the initial 

reading was taken at 465nm by using a spectrophotometer. The final reading was taken after 
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5 minutes of incubation at room temperature. The blank was also prepared with all 

components except the enzyme (culture supernatant). One International Unit (IU) of enzyme 

activity represents 1 µmoles guaiacol released/min/ml of enzyme. MnP activity calculated by 

using formula given below: 

 

Where,  

∆ Absorbance = Final absorbance- initial absorbance 

e    = Extinction coefficient of guaiacol substrate (26.6 mM-1 cm-1.) 

R = Amount of enzyme (reaction mixture) in broth (1ml) 

T = Reaction Time (5min) 

 

3.9   STUDIES ON IMPROVEMENTS IN A. BISPORUS COMPOST USING 

THERMOPHILIC FUNGI 

           The best evaluated compost formulation was inoculated with the two best isolated 

thermophilic fungi which showed the highest enzyme activities. Treatment one (T1) was 

inoculated with isolation 1, Treatment two (T2) with isolation 2, Treatment three (T3) was 

inoculated with consortium (mixture of 1 and 2 isolate) and T4 Control (uninoculated). 

Inoculation of thermophilllic fungi (pre grown on wheat grains) in compost was done on zero 

day @ 0.5% wet wt. basis. Standard procedure for compost preparation was followed. 

Treatment  Formulation 

T1 : Isolated Fungi 1 

T2 : Isolated Fungi 2 

T3 : Consortium mixture of 1 and 2 isolate 

T4 : Control 

 

No. of treatments: 4, No. of replication: 4, CRD (Completely Randomized Design) 

OBSERVATIONS  

3.9.1     Quality assessment of compost 

3.9.1.1   pH of compost  

              pH of compost was measured as per the procedure given in section 3.4.1.  



53 

 

3.9.1.2   Electrical conductivity (EC) 

  EC of compost was measured as per the procedure given in section 3.4.2.  

3.9.1.3   Organic carbon (OC) 

        OC of compost was measured as per the procedure given in section 3.4.3.  

3.9.1.4    Nitrogen content 

               Nitrogen content of compost was measured as per the procedure given in section 3.4.4.  

3.9.1.5   Total phosphorus (P) and potassium (K) 

              Total P and K content of compost was measured as per the procedure given in 

section   3.4.5.  

3.9.1.6   Moisture content 

               Moisture content of compost was measured as per the procedure given in section 3.4.6.  

3.9.1.7   Bulk density 

              Bulk density of compost was measured as per the procedure given in section 3.4.7.  

3.9.1.8   Particle density 

               The particle density of compost was measured as per the procedure given in section 3.4.8.  

3.9.1.9   Porosity 

              Porosity of compost was measured as per the procedure given in section 3.4.9.  

3.9.1.10 Total microbial count 

              Total microbial count in compost was determined as per the procedure given in 

section 3.4.10. 

3.9.2    Yield data and growth assessment of mushroom                                                                                                                    

3.9. 2.1   Days taken for spawn run 

                Days taken for spawn run were measured as per the procedure given in section 3.5.1. 

3.9.2.2    Days taken for case run 

               Days taken for case run were measured as per the procedure given in section 3.5.2. 

3.9.2.3    Number of fruit bodies (per 100kg compost) 

                 The number of fruit bodies harvested per 100 kg compost was counted (3.5.3). 
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3.9.2.4    Length of fruit bodies 

               Length of the fruit bodies was measured as per the procedure given in section 3.5.4. 

3.9.2.5    Length of stipe of fruiting bodies  

               The length of the stipe of fruit bodies was measured as per the procedure given in 

section 3.5.5. 

3.9.2.6    Width of stipe of fruiting bodies 

               The width of the stipe of fruiting bodies was measured as per the procedure given in 

section 3.5.6. 

3.9.2.7    Average diameter of fruiting bodies cap 

 Average diameter of fruiting bodies was measured as per the procedure given in   

section 3.5.7. 

3.9.2.8   Mushroom yield 

  The mushroom yield (kg/100kg weight of compost) was measured as per the 

procedure given in section 3.5.8. 

3.9.2.9   Diseases /Pest prevalence/Competitor moulds 

              Mushroom bags were observed daily for the prevalence of diseases, pest and 

competitor moulds 3.5.9. 

3.9.2.10 Biological efficiency (B.E.) 

        The biological efficiency was calculated as per the procedure given in section 3.5.10. 

3.10        NUTRITIONAL PARAMETERS OF MUSHROOM FRUITING BODIES 

3.10.1     Total ash content  

               Total ash was determined by taking 5 g weight of dried samples in tarred silica 

crucibles. The crucibles were then placed in a muffle furnace at 550°C for 5-6 hours to obtain a 

carbon free white ash with a constant weight (Ranganna 2009). The ash content was expressed on 

dry weight basis.  
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3.10.2   Total protein content  

The total protein content of mushrooms is estimated by multiplying total nitrogen 

content with a conversion factor of 4.38 (Ulziijargal and Leun Mau 2011).  

3.10.3    Phenol estimation 

              During the storage of button mushroom, variation in the quantity of Phenols were 

estimated following the method described by Malick and Singh 1980. The procedure followed 

was as followed 

Solution used  

1. 80 per cent Ethanol 

2. 20 per cent Na2CO3 

3. Folin Ciocalteu reagent 

4. Standard Solution of Catechol (100 µg to 1000µg) 

Extraction of Sample 

A total of 0.5 g dry sample was taken in a mortar and pastle and grinded. The grinded 

materials were extracted using 5 ml of 80 per cent ethanol followed by centrifugation at 10,000 

rpm for 20 minutes. Supernatant was taken. The residue was re-extracted using 5ml ethanol 

(80%) and supernatant was pooled.  Further the supernatant was dried and re-dissolved in 5 ml of 

distilled water. 

Estimation 

Phenols were estimated taking 1 ml of solution in a test tube and 0.5 ml of Folin 

Ciocalteu reagent was added. The solution was incubated at room temperature for 3-4 

minutes and 2 ml of 20 per cent Na2CO3 solution was added. Finally, the test tubes were kept 

in a boiling water bath for 1-2 minutes and cooled in cold water before reading absorbance by 

spectrophotometer (Hitachi, Japan) at 650 nm against a reagent blank.  

Standard graph 

Absorbance of standard samples containing 100mg to 1000mg catechol was taken by 

the above method and a standard graph was plotted taking concentration on X-axis and 

absorbance on Y-axis. The total quantity of phenol was estimated by placing the absorbance 

of the samples on the standard graph.  
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Flow Chart 

0.5g. sample 

 

Grind in mortar and pestle 

 

10 times 80 per cent ethanol 

 

Centrifuge at 10000 rpm for 20 min. 

 

Take supernatant 

 

Re extract the residue with 5 times 80 per cent ethanol and pool supernatant 

 

Dry the supernatant 

 

Dissolve in 5ml of distilled water 

 

Take 1ml solution 

 

0.5ml Folin- Ciocalteu reagent 

 

Wait for 3 min 

 

Add 2ml of 20 per cent Na2CO3 

 

Mix and place tube in boil water bath for 1min and cool it 

 

O.D. at 650nm against a reagent blank 

 

3.10.4 Total crude fibre content  

Crude fibre was estimated following AOAC method (Cunniff 1995).    

Reagents 

1. 0.255N H2SO4: 7 ml Conc H2SO4 in 1000 ml water 

2. 0.313N NaOH: 12.78 g of NaOH in 1000ml water 

Procedure 

A total of 2 g of dried sample (C gram) was taken for the analysis and added to 

boiling 200 ml of H2SO4 (0.255N) solution in a lipless beaker covered with a round bottom 

flask filled with water over the beaker. The solution was kept boiling for 30 minutes, cooled 
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and filtered over a muslin cloth. The residue was washed with distilled water till free from 

acid. The filtrate was tested for acidity using pH paper. Further, the residue is added to 200 

ml of boiling NaOH (0.313N) in the beaker with round bottom flask filled with water over 

the beaker and boiled for 30 min. The filtrate was filtered on muslin cloth and washed with 

distilled water till free from alkali. The filtrate was tested for alkalinity using pH paper. The 

residue is transferred to a silica crucible and dried overnight at 110°C. Weight of crucible 

along with filtrate was taken and designated as A gram. The crucible was placed in muffle 

furnace at 600°C till ashing and the weight was taken (B gram). The crude fibre per cent was 

calculated using the following formulae.  

     A – B   

    C  
 

3.10.5  Moisture content 

             Moisture content of composts was determined by Gravimetric method as per the 

standard procedure given by Black (1965). For determination of Moisture content, samples 

were taken from each replication of different treatments. Collected samples were weighed 

and prepared for moisture content determination. The moisture content was estimated by 

drying the weighed sample up to a constant weight in hot air oven at 105oC. 

 

3.10.6 Total sugars (carbohydrate) by phenol sulphuric acid method 

Total sugars (reducing and non-reducing) were estimated by Phenol sulphuric acid 

method following a method described by Dubois et al. (1956).  

Reagents 

1. 5 per cent Phenol in distilled water 

2. 96 per cent Sulphuric acid  

3. Standard glucose solutions (5 µg to 100 µg / ml) 

Procedure 

Extraction 

100 mg grinded sample was taken in a test tube and added 5 ml of 2.5N Hydrochloric 

acid. The tubes were then kept in a boiling water bath for 3 hrs and cooled to room 

x 100 Percent fibre = 
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temperature. The solution was neutralized by solid sodium carbonate until the effervescence 

ceases. The volume was made up to 100 ml with distilled water and centrifuged at 10,000 rpm 

for 10 minutes. Supernatant was collected and subjected to analysis. 

Preparation of standard graph 

Standard graph was plotted using solutions of different concentrations of glucose 

ranging 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 µg /ml. One ml of sugar solution was pipetted 

in the bottom of the test tubes (18 x 150 mm) followed by 1 ml phenol reagent. Finally 5.0 ml of 

96 per cent sulphuric acid was directly pipetted with a fast flowing pipette. The solution was 

mixed and allowed to cool before the absorbance was read at 490 nm against a reagent blank. 

Standard graph was plotted taking concentrations on X-axis and absorbance on Y-axis. 

Sugar estimation of samples 

 1 ml of the extract was taken in the test tube and the same procedure was followed. 

The quantity of the sugar was estimated by placing the absorbance of the unknown samples 

on the standard graph. 

3.10.7 Energy value 

Energy value was calculated by using following formula given by Tripathi et al. 2019. 

 

Statistical Analysis 

Results shall be statistically analysed by using Completely Randomised Design 

(CRD) as per Gomez and Gomez (1984). 
 

1. ANOVA for CRD shall be as follows: 

 

Source of 

variation 

Degree of 

freedom 
Sum of squares 

Mean sum of 

squares 
Fcal 

Treatments (t-1) St 
  

Error (t)(r-1) Se 
 

 

Total (rt-1) ST   
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Where, 

T = Number of treatments 

St = Sum of squares due to treatments 

Se = Sum of squares due to error 

ST = Total sum of squares 

Mt = Mean sum of squares due to treatments 

Me = Mean sum of squares due to error 

         The replication and treatment mean sum of square shall be tested against error mean 

squares by ‘F’ test at (t-1), (t) (r-1) degree of freedom for CRD and at (r-1), (r-1) (t-1) and (t-

1)at 5 per cent level of significance. 

The calculated F-values shall be compared with tabulated F- value. When F- test will 

be found significant, critical difference will be calculated to find out the superiority of one 

treatment over the others.  

2. Critical difference (CD) shall be calculated as follows: 

For CRD: 

CD (0.05)  = S.E. (d) x t(0.05) (t) (r-1) df 

For RBD: 

CD (0.05)  = S.E. (d) x t(0.05) (r-1) (t-1) df 

SE (d) ±             =  

SE (m) ±            =       

Where, 

SE (m) ±                     = Standard error of mean 

SE (d) ±                      = Standard error of difference of mean  

CD (0.05)                       = Critical difference at 5 per cent level of significance 

3. Path correlation analysis 

Path correlation analysis was conducted for physical and chemical parameters of 

compost as independent variable and yield as dependable variable. Overall correlation of 
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different variables was estimated and then the direct and indirect effects of the independent 

variables on yield per cent was analysed following Sheoran et al. (1998) using OPSTAT 

software.  

 



 Chapter-4 

RESULTS AND DISCUSSION 

Results of the present study entitled “Studies on utilization of paddy straw for 

compost preparation of button mushroom (Agaricus bisporus)” are described under 

following headings: 

4.1 PREPARATION OF DIFFERENT COMPOST FORMULATIONS 

4.1.1 Evaluation of compost and its effect on yield of mushroom 

4.2  QUALITY ASSESSMENT OF COMPOST FORMED BY DIFFERENT 

COMPOST     FORMULATIONS 

4.2.1 Changes in physical properties of different compost formulations 

4.2.2 Changes in chemical properties of different compost formulations 

4.2.3 Silica content in different compost formulations 

4.2.4 Thermophilic microbial count in different compost formulations 

4.2.5 Estimation of degradative enzyme activities in different compost formulations 

 

4.3 COMPARISON OF TWO-YEAR DATA OF MUSHROOM PRODUCTION  

 

4.4 ISOLATION OF THERMOPHILIC FUNGI FROM THE COMPOST  

 

4.5 ESTIMATION OF DIFFERENT ENZYME ACTIVITIES OF ISOLATED 

THERMOPHILIC FUNGI   
 

4.6 EVALUATION OF COMPOST QUALITY AND MUSHROOM YIELD BY 

INOCULATING ISOLATED THERMOPHILIC FUNGI   IN COMPOST 

 

4.7 QUALITY ASSESSMENT OF COMPOST  

 

4.7.1 Physical properties of composts made by different treatments 

4.7.2 Chemical properties of composts made by different treatments 

4.7.3 Silica content in different compost formation 

4.7.4 Microbial count in different compost treatments by using thermophilic fungi 
 

4.7.5  Changes of physico-chemical properties of treated compost at different stages 
 

4.7.6 Estimation of degradative enzyme activities in different compost formulations 

upon thermophilic fungi inoculations 

 

4.8 NUTRITIONAL ANALYSIS OF THE MUSHROOMS  
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4.1 PREPARATION OF DIFFERENT COMPOST FORMULATIONS  

  Paddy straw burning increased dramatically over the last decade, despite being 

banned in most rice- growing countries because of pollution and the associated health issues. 

So, it is important to look for sustainable solutions that can reduce the environmental 

footprint and upgrading the value chain of rice straw byproducts by using it as compost raw 

material for growing button mushroom. Thus, sustainable straw- management practices can 

influence farmers to avoid open-field burning, which can in turn reduce negative 

environmental and health consequences. Keeping the fact in view, use of paddy straw for 

compost production for button mushroom (Agaricus bisporus) cultivation was tried. The 

cultivation trial was laid at mushroom production unit of Department of Plant Pathology, Dr. 

Y.S. Parmar University of Horticulture and Forestry Nauni, Solan (H.P). There were five 

treatments in total with four replications mention below in table 4.1(Plate 1 and 2). 

Table 4.1   Quantity of composting ingredients (kg) in different composting treatments  

Treatments 
T1 (kg) 
PS:WS 
(1.5:1) 

T2 (kg) 
PS: WS 

(3:1) 

T3 (kg) 
PS:WS 

(1:1) 

T4 (kg) 
PS 

 

T5 (kg) 
WS 

(Control) 

Paddy straw 
(PS) 

600 750 500 1000 - 

Wheat straw 
(WS) 

400 250 500 - 1000 

Chicken 
manure 

600 600 600 600 600 

Wheat bran 100 100 100 100 100 

Urea 15 15 15 15 15 

Gypsum 30 30 30 30 30 

Nitrogen (%) 1.68 1.69 1.66 1.72 1.60 
 

No. of treatments: 5, No. of replications: 4, No. of bags per replication: 10, Bag size: 10kg, 

Design: CRD  

 

4.1.1      Evaluation of compost and its effect on yield of mushroom 

         During evaluating different compost formulations, it was observed that treatment 3 

took the minimum time for spawn run (14.00 days) followed by treatment 1 (15.02 days), 

which were statistically at par with each other. The maximum days for spawn run were taken 

by treatment 2 and 4 (16.01 days). 

          In case of case run, treatment 3 took minimum days (19.03 days) followed in 

treatment 5 (20.00 days). The maximum days for case run were taken in treatment 4 



 
 
 
 
 
 
 
 
 
 
 
 

 

Plate 1. Different Compost formulations 



 
 
 
 
 
 
 
 
 
 
 
 

 
 
 1. Weighing of substrate 2. Addition of chicken manure and watering 3. Addition 

of wheat bran 4. Heap formation 5. Monitoring temperature 6.  Turning 7. 

Adding gypsum 8. Heap formation 9. Shifting of compost to Phase-II  

 

10. Filling into pasteurization tunnel 11. Spawning 12. Mushroom bags in 

cropping room (22-25℃) 13. Casing 14. Fruiting (14-18℃) 15. Harvesting  

 

Plate 2. Steps involved in mushroom production by using different substrate  
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(21.02 days). For pin head formation also treatment 3 took minimum days (24.02 days) 

followed by treatment 4 (25.00 days) while the maximum days were taken by treatment 2 

and 5 (26.04 days).  The minimum days for first harvest was recorded in treatment 3 

(28.02 days) followed by treatment 5 (29.00 days), which were statistically at par with 

each other. The maximum days for first harvest were taken by treatment 4 (32.08 days). 

  Out of all the five treatments, the maximum yield was obtained from the 

treatment 3 (19.98 kg/ 100kg compost) followed by treatment 1 (17.76 kg/100kg 

compost). The minimum yield was obtained from the treatment 4 (15.22 kg/ 100kg 

compost). Average fruit body weight was recorded the maximum in treatment 3 (15.05g) 

followed by treatment 1 (13.22g) while the minimum average fruit body weight was 

found in treatment 4 (11.30g). All the five treatments of different combinations were 

found free from any diseases or pest during cropping time (Table 4.2, Plate 3, 4 and 5). 

Yield of mushroom in T-5 (wheat straw control), which is generally used in cultivation of 

button mushroom worldwide at commercial level have shown lower productivity during 

the study. These results are unexpected and may be due to the fact that wetting period 

required for absorption of water by different straw varies considerably. It is reported that 

paddy straw normally absorbs water up to 70 per cent in a period of 18-22 hours of 

wetting while wheat straw takes almost 48 hours to absorb 70 per cent water. Since the 

experiment was conducted simultaneously for both wheat and paddy straw, it may have 

impacted the water absorption of wheat straw and optimum water absorption could not 

have achieved by the wheat straw in the case. 

  Kaur and Khanna (2001) reported a yield in the range of 17.9-23.7 kg/100kg 

compost using two synthetic compost preparations i.e., wheat straw+ paddy straw (1:1) and 

wheat straw+ paddy straw (1:2). According to Shandilya (1989) two formulations of paddy 

straw composts using horse manure (5:1 w/w) and chicken manure (2.5:1 w/w) produced a 

good yield of button mushrooms. Tewari and Sohi (1976) used paddy straw and maize stalks 

(1:1 w/w) as substitute for wheat straw for the cultivation of Agaricus bisporus. They 

prepared synthetic compost using maize stalks and paddy straw with other ingredients i.e., 

ammonium sulphate, super sulphate, urea, chalk, gypsum and rice bran with an average yield 

of 145.5 kg/tonne of compost. Two formulations of compost with WS+PS (1:1 w/w) and 

WS+PS (1:2 w/w) have been recommended by PAU for the growers (Khanna and Kapoor 

2016). Kaur et al. (2019) evaluated composts made from paddy straw + maize stalks (1:1   
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Table 4.2 Effect of different compost treatments on the production of white button   

mushroom 

 

Treatments 

Days taken for 
Yield 

(kg/100kg) 

Average fruit 

body weight 

(g) 
Spawn 

run 

Case 

run 

Pinhead 

formation 

First 

harvest 

T1 

Paddy straw+ 

Wheat straw (1.5:1) 

15.02 20.03 25.01 29.01 17.25 13.22 

T2 

Paddy straw+ 

Wheat straw (3:1) 

16.01 21.01 26.04 30.01 16.75 12.80 

T3 

Paddy straw+ 

Wheat straw (1:1) 

14.00 19.03 24.02 28.02 19.98 15.05 

T4 

Paddy straw 
16.01 21.02 25.00 32.08 15.22 11.30 

T5 

Wheat straw 

(Control) 

15.03 20.00 26.04 29.00 17.76 12.30 

Mean 15.22 20.22 25.22 29.62 17.39 12.93 

C.D. (0.05) 1.04 0.95 0.69 1.57 0.07 0.04 

SE 0.34 0.31 0.23 0.52 0.02 0.01 

 

w/w), paddy straw + maize stalk (2:1 w/w) and paddy straw alone. Yield data indicated a 

maximum yield of 13.6 kg/q compost in combination of paddy straw + maize stalk (1:1, w/w) 

with 1563 fruit bodies/ q compost. Days taken for spawn run, case run and fruiting bodies 

development was recorded the minimum in paddy straw + maize stalk (1:1, w/w) 

combination, while average fruit body weight and biological efficiency was also found to 

be the maximum in the combination. Uddin et al. (2012) evaluated wheat + paddy straw 

compost (1:1) along with paddy straw-based compost for production of Agaricus 

bisporus. 

They studied number of fruiting bodies; number of primordia and yield was found 

better in the combination of wheat straw+ paddy straw (1:1) than paddy straw used alone. 

Singh et al. (2020) also studied the effect of wheat straw + paddy straw (1:1) formulations on 

growth and yield of button mushroom against wheat straw alone as control. They reported 

that days required for fruiting bodies development were less in combination of wheat straw + 

paddy straw while the yield and biological efficiency (11.2%) was recorded highest in 

combination of wheat straw + paddy straw. 



Plate 3.  Effect of different compost treatments on the spawn run of 

button mushroom 

1

Plate 4.  Effect of different compost treatments on the pinning of white 

button mushroom 



 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 

  

Plate 5.  Effect of different compost treatments on the yield of button mushroom  
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4.1.2  Effect of different compost treatments on morphometric parameters of button 

mushroom 

The observation recorded on morphometric parameters like diameter of pileus, 

thickness of pileus, length of stipe and diameter of stipe (Table 4.3). The observation 

revealed that diameter of pileus was found to be the highest in treatment 3 (3.90cm) followed 

by treatment 2 (3.80cm), whereas, the lowest pileus diameter was found in treatment 4 (3.40 

cm). Thickness of pileus was recorded maximum in treatment 3 (1.80cm) followed by 

treatment 1 (1.50cm) and minimum pileus thickness was recorded in treatment 4 (1.10cm).  

 

Maximum length of stipe was recorded in treatment 3 (2.60cm) followed by treatment 

2 (2.44cm) and minimum length was found in treatment 4 (2.10cm). Diameter of stipe was 

recorded maximum in treatment 3 (1.50cm) followed by treatment 5 (1.40cm) and minimum 

diameter of stipe was recorded in treatment 2 (1.10cm).  

Singh et al. (2020) studied the wheat straw + paddy straw (1:1) formulation for button 

mushroom production against wheat straw control. They studied the yield attributing 

characters i.e., stalk length, stalk diameter and pileus diameter. They reported a non-

significant variation in the studied characters in both the formulations 

 

Table 4.3 Effect of different compost treatments on morphometric parameters of button 

mushroom 

 

Treatments 

Diameter of 

pileus 

(cm) 

Thickness of 

pileus 

(cm) 

Length of 

stipe 

(cm) 

Diameter of 

stipe 

(cm) 

T1 

Paddy straw+ Wheat 

straw (1.5:1) 

3.60 1.50 2.33 1.20 

T2 

Paddy straw+ Wheat 

straw (3:1) 

3.80 1.30 2.44 1.10 

T3 

Paddy straw+ Wheat 

straw (1:1) 

3.90 1.80 2.60 1.50 

T4 

Paddy straw 
3.40 1.10 2.10 1.30 

T5 

Wheat straw (Control) 
3.50 1.12 2.33 1.40 

Mean 3.64 1.36 2.36 1.30 

C.D. (0.05) 0.27 0.21 0.06 0.15 

SE 0.09 0.07 0.02 0.05 
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4.2    QUALITY ASSESSMENT OF COMPOSTS MADE BY DIFFERENTCOMPOST 

FORMULATIONS 

The samples from composts prepared with five different formulations were drawn at 

the time of spawning following standard protocol. The samples were dried at 55-60º C in a 

hot air oven till constant weight, grinded and analyzed. The composts prepared with different 

combination were found to vary in their quality characteristics as shown below. 

4.2.1 Changes in physical properties of different compost formulations 

The composts prepared with different combinations were found to vary in their quality 

characteristics as shown in table 4.4. In physical properties, parameters evaluated were 

moisture content, pH, electric conductivity, organic matter, bulk density, particle density and 

porosity. 

The highest moisture percent of compost was recorded in treatment 3 (69.83%) 

followed by treatment 5 (65.97%), which significantly varied to each other. Minimum moisture 

content was found in treatment 2 (60.83%). Miller et al. (1990) found that final compost had a 

moisture content of 66- 75 per cent. Kaur and Khanna (2001) reported that the moisture content 

of three compost combination wheat straw + paddy straw (1:1 w/w), wheat straw + paddy straw 

(1:2 w/w) and paddy straw alone was observed to be in the range of 59-72 per cent. The 

optimum moisture content for biodegradation has been reported to vary widely for different 

compost mixtures in the composting process ranging from 50 to 70 per cent on a wet basis 

(Richard et al. 2002). According to Almomany and Masaed (2019) the moisture content of 

compost ranged between 50 - 72 per cent. The moisture content of the composts was observed 

to be 65.2 - 67.3 per cent in paddy straw: maize Straw (2:1 and 1:1 w/w) (Kaur et al. 2019). All 

the finding ends support to our observations. 

Hydrogen ion concentration (pH) of different compost formulations was found to vary 

in different treatment combinations. pH in treatment 1 (7.60), treatment 5 (7.59) and treatment 

2 (7.49) were found statistically at par. Minimum pH was recorded in treatment 4 (7.03). 

Earlier workers have reported the optimum pH range for the composting process in the range of 

5.8 to 7.2 (Dalzell et al. 1987). Kaur and Khanna (2001) reported pH range of 6.9 - 8.3 in four 

compost formulations comprising wheat straw alone, wheat straw + paddy straw (1:1 w/w), 

wheat straw + paddy straw (1:2 w/w), and paddy straw alone. The pH was recorded as 6.4-6.7 

for paddy straw (PS)+maize straw (MS) (1:1 and 2:1 w/w) respectively at the start of the 
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composting which gradually increased to 7.6-7.8 for paddy straw + maize straw (2:1 and 1:1 

w/w) between the turnings and finally declined to 7.2-7.3 in PS:MS (2:1 and 1:1 w/w) at the 

time of spawning (Kaur et al. 2019). Electric conductivity (EC) of compost was recorded 

highest in treatment 1 (2.44 deci S m-1) followed by the treatment 5 (2.42 deci S m-1), which 

were statistically at par. Minimum EC was recorded in treatment 4 (1.91 deci S m-1). According 

to Singh et al. (2000) electrical conductivity plays an important role in the production of 

Agaricus bisporus, but it is not the sole controlling factor. Shandilya and Hayes (1987) reported 

a decrease in the number of pin heads with an increase in the electrical conductivity. De Ger 

(2000) reported that an electrical conductivity value of more than 7 to 9 mho had a negative 

influence on the quality and especially quantity of mushrooms. Jarial and Shandilya (2004) also 

reported a negative correlation between electrical conductivity and mushroom yield indicating 

a decrease of 0.02 units in mushroom yield with every unit increase in electrical conductivity. 

The organic matter content of compost prepared in this study ranged between 50- 69 

per cent (dry weight basis) and it decreased with the time as a result of degradation and 

carbon utilization by the mushroom mycelium during growth. Out of all the five treatments, 

organic matter content of compost was found maximum in treatment 3 (67.24%) followed by 

treatment 4 (66.82%), which varied significantly to each other. Minimum organic matter was 

recorded in treatment 4 (63.43%). Organic carbon in all the treatments varied significantly. 

The decrease in organic matter may be due to the loss of carbon during the mycelia 

respiration. Similar kind of results was obtained by Almomany and Masaed (2019) they 

report organic matter content of compost ranged between 50- 69 per cent (dry weight basis) 

and an inverse relation to bulk density and organic matter, while a directly proportional 

relation in organic matter and the porosity.  Organic carbon content in compost varied 

between 39.71 to 17.81 per cent. Chen et al. (2000) reported that organic matter contents of 

the substrates ranged from 55.0- 62.8 per cent. Fidanza et al. (2010) recorded organic matter 

content averaged 25.86 per cent (wet weight) or 60.97 per cent (dry weight). Organic matter 

and carbon are essential for enhancement of agriculture production (Davis et al. 2006 and 

Sinha et al. 2020). Almost similar results have been obtained in our findings also. 

The bulk density of compost was recorded maximum in treatment 4 (0.47 g/cm3) 

followed by treatment 2 (0.45 g/cm3) which were significant to each other. Minimum bulk 

density was recorded in treatment 3 (0.39 g/cm3). Particle density of the composts was found 

maximum in treatment 2 (0.97 g/cm3) followed by treatment 3 and 4 (0.94 g/cm3) out of all the 

five treatments.  Minimum particle density was recorded in treatment 3 (0.89 g/cm3). Porosity of  
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Table 4.4  Physical quality characteristics of the compost in different compost formulations 

Treatments 
Moisture 

(%) 
pH 

EC 

(deci S m-1) 

Organic matter 

(%) 

Bulk density 

(g/cm3) 

Particle 

density 

(g/cm3) 

Porosity 

(%) 

T1 

Paddy straw+ Wheat straw 

(1.5:1) 

62.72 7.60 2.44 64.81 0.41 0.91 54.94 

T2 

Paddy straw+ Wheat straw 

(3:1) 

60.83 7.49 2.26 66.62 0.45 0.97 53.61 

T3 

Paddy straw+ Wheat straw 

(1:1) 

69.83 7.39 2.38 67.24 0.39 0.89 56.17 

T4 

Paddy straw 
63.76 7.03 1.91 66.82 0.47 0.94 50.00 

T5 

Wheat straw (Control) 
65.97 7.59 2.42 63.43 0.43 0.94 54.26 

Mean 64.62 7.42 2.28          65.78 0.43          0.93        53.8 

C.D. (0.05) 3.16 0.33 0.30          0.03 0.02          0.03        1.90 

SE 1.04 0.11 0.10          0.01 0.01          0.01        0.63 
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all compost formulations were found to vary in different treatment combinations. Among all the 

five treatments, maximum porosity was recorded in treatment 3 (56.17%) followed by treatment 

1 (54.94%), which showed significant variation to each other. Minimum porosity was recorded in 

treatment 4 (50%). 

Miller et al. (1990) found that final compost had a bulk density 0.44 - 0.51 g/cm3. 

Bulk density of the compost ranged between 0.58 g/cm3 at the beginning of the composting 

process, which increased to 0.78 g/cm3 at the end of the crop cycle (Almomany and Masaed 

2019). These results are similar with our findings. In contrast, the porosity of the compost 

decreased with time. The porosity at the beginning of composting was 96 per cent, which 

reduced to 87 per cent at end of the cropping cycle. It was observed during the study that bulk 

density and porosity varied inversely to each other. Although it was reported that mushroom 

yield increased with the increase in porosity while decreased with the decrease in porosity 

(high bulk density).  

Correlation analysis and path coefficient separation has been done for all the physical 

parameters with yield and results are given in table 4.5, 4.6 and 4.7. 

The correlation analysis examines the effect of independent variables (all physical 

parameters of compost) on the dependent variables (yield). The standard error calculated in 

the analysis showed a significant effect of the moisture, organic matter, porosity on the yield 

per cent of white button mushroom (Table 4.5). The correlation analysis has shown a 

significantly positive effect of moisture and porosity on the yield per cent. This indicates that 

high moisture content along with high porosity in the compost has significantly affected the 

yield potential of the compost. It also implies that if moisture content becomes high with low 

porosity in the compost, it will have a negative effect on the yield per cent. It could also be 

inferred from the data analysis that pH, bulk density and particle density of the compost have 

significantly strong negative effect on the yield of button mushroom while electrical 

conductivity and organic matter of the compost have moderate positive effect on yield (Table 

4.6).  

The correlations coefficients were divided into direct and indirect effects and are 

depicted in table 4.7. The separation of direct and indirect effects of independent variable on 

dependent variable showed that the moisture per se does not have any significant direct effect 

on the yield but high moisture contributes to the high bulk and particle density with low 

porosity in the compost, which ultimately affects the yield per cent negatively. However, in 
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the correlation analysis the moisture content with high porosity showed a positive effect on 

yield per cent of the button mushroom. The results showed that the organic matter content 

have direct significant effect on the yield, however, it also contributes to low bulk and 

particle density. The bulk density and particle density has shown a negative correlation with 

the yield implying the lower yield with higher bulk and particle density while the porosity has 

direct positive effect on yield per cent of white button mushroom.  

Table 4.5. Means, standard deviation and standard error of correlation analysis of all 

physical parameters (independent variables) with yield (dependable 

variable) 

Variables Mean Standard deviation Standard error 

Yield (%) 17.993 1.739 1.004 

Moisture (%) 64.460 4.746 2.740 

pH 7.493 0.105 0.061 

EC (deci Sm-1) 2.360 0.092 0.053 

Organic matter (%) 66.223 1.263 0.729 

Bulk density (g/cm3) 0.417 0.031 0.018 

Particle density (g/cm3) 0.923 0.042 0.024 

Porosity (%) 54.907 1.280 0.739 

 

Table 4.6. Correlation matrix of all physical parameters (independent variables) with yield 

(dependable variable) 

Variables 
Yield 

(%) 

Moisture 

(%) 
pH 

EC 

(deci 

Sm-1) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm3) 

Particle 

density 

(g/cm3) 

Porosity 

(%) 

Yield (%) 1.00        

Moisture (%) 1.00 1.00       

pH -0.77 -0.73 1.00      

EC (deci Sm-1) 0.33 0.38 0.35 1.00     

Organic 

matter (%) 
0.59 0.54 -0.97 -0.57 1.00    

Bulk density 

(g/cm3) 
-0.84 -0.87 0.30 -0.79 -0.06 1.00   

Particle 

density 

(g/cm3) 

-0.79 -0.82 0.21 -0.84 0.03 1.00 1.00  

Porosity (%) 0.92 0.94 -0.46 0.67 0.22 -0.99 -0.97 1.00 
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Table 4. 7. Path analysis of all physical parameters (independent variables) with yield 

(dependable variable) 
 

Variables 
Moisture 

(%) 
pH 

EC 
(deci Sm-1) 

Organic 
matter 

(%) 

Bulk 
density 
(g/cm3) 

Particle 
density 
(g/cm3) 

Porosity 
(%) 

Correlation 
coefficient 
with yield 

Moisture 
(%) 

0.60 0.17 0.21 0.74 1.07 1.07 -1.65 1.00 

pH 0.44 -0.23 0.19 -1.32 -0.37 -0.28 0.80 -0.77 

EC (deci 
Sm-1) 

-0.23 -0.08 0.55 -0.78 0.96 1.09 -1.18 0.33 

Organic 
matter 
(%) 

-0.32 0.23 -0.31 1.36 0.07 -0.04 -0.39 0.59 

Bulk 
density 
(g/cm3) 

0.52 -0.07 -0.43 -0.08 1.22 1.29 -1.73 -0.84 

Particle 
density 
(g/cm3) 

0.49 -0.05 -0.46 0.05 1.22 1.30 -1.70 -0.79 

Porosity 
(%) 

-0.56 0.11 0.37 0.31 -1.21 -1.25 1.76 0.92 

4.2.2   Changes in chemical properties of different compost formulations 

In chemical properties of compost macro and micronutrient analysis was done 

following standard procedures. 

a)   Macronutrients characteristics of the compost in different compost formulations 

In macronutrients, organic carbon, nitrogen, phosphorous, potassium, calcium and 

magnesium were analyzed and data has been depicted in table 4.8. Organic carbon was 

recorded maximum in treatment 5 (41.99%) followed by treatment 3 (38.97%), which 

significantly differed to each other; whereas minimum carbon was recorded in treatment 1 

(37.58%). In all the five treatments, nitrogen per cent was found maximum in treatment 3 

(1.88%) followed by treatment 4 (1.78%) while minimum nitrogen (1.68%) was observed in 

treatment 1. Phosphorous analysis showed maximum concentration in treatment 3 (0.83%) 

followed by treatment 2 (0.81%), which were statistically at par to each other whereas, 

minimum phosphorous was recorded in treatment 4 (0.62%). Potassium was found maximum 

in the compost made by treatment 2 (2.76%) followed by treatment 1 (2.61%), which 

significantly differed to each other; whereas minimum potassium was recorded in treatment 4 

(2.02%). All the treatments significantly varied to each other. Treatment 3 (3.49%) showed a 

maximum calcium concentration followed by treatment 2 (3.11%) in the study, which were 

significantly different to each other; whereas minimum was found in treatment 5 (2.11%). 

Magnesium was found maximum in treatment 3 (0.55%) followed by treatment 5 (0.54%), 
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which were at par to each other. Minimum magnesium nutrient was recorded in treatment 1 

(0.40%).  Organic carbon content in compost is reported to vary between 39.71 - 17.81 per 

cent (Rupert 1995; Davis et al. 2006 and Sinha et al. 2020). Sinha et al. (2020) reported 

nitrogen content of composts in the range of 1.20 - 1.52 per cent.  In general, composts have 

low nitrogen (N) content, typically in the 1 to 3 per cent range (Acquaah 2009). Fidanza et al. 

(2010) reported average total nitrogen content as 1.12 per cent (wet weight) or 2.65 per cent 

(dry weight). Micronutrients are an essential requirement for optimum growths of button 

mushroom mycelium and required in small amounts (Sinha et al. 2020).  

Table 4. 8. Macronutrients composition in different compost formulations 
 

Treatments 
Organic 
carbon 

(%) 

Nitrogen 
(%) 

Phosphorus 
(%) 

Potassium 
(%) 

Calcium 
(%) 

Magnesium 
(%) 

T1 
Paddy straw+ 
Wheat straw 
(1.5:1) 

37.58 1.68 0.72 2.61 2.39 0.40 

T2 
Paddy straw+ 
Wheat straw (3:1) 

38.63 1.71 0.81 2.76 3.11 0.52 

T3 
Paddy straw+ 
Wheat straw (1:1) 

38.97 1.88 0.83 2.52 2.65 0.42 

T4 
Paddy straw 

38.74 1.78 0.62 2.02 3.49 0.55 

T5 
Wheat straw 
(Control) 

41.99 1.75 0.71 2.21 2.11 0.54 

Mean 39.18 1.76 0.74 2.42 2.75 0.47 
C.D. (0.05) 1.16 0.09 0.10 0.11 0.19 0.08 
SE 0.38 0.03 0.03 0.04 0.06 0.03 

 

They recorded phosphorus content in the compost as 0.73 per cent, calcium as 3.05 

per cent and magnesium 0.185 per cent. Fidanza et al. (2010) reported average phosphorus 

(P) content as 0.29 per cent (wet weight) or 0.69 per cent (dry weight) and average potassium 

(K) content as 1.04 per cent (wet weight) or 2.44 per cent (dry weight). They also recorded 

that fresh mushroom compost contains the secondary macronutrients viz., calcium (Ca) at 

2.32 per cent (wet weight) or 5.38 per cent (dry weight), magnesium (Mg) at 0.36 per cent 

(wet weight) or 0.83per cent (dry weight). 

b)  Micronutrients characteristics of the compost in different compost   formulations 

In micronutrients copper, zinc, iron and manganese were analyzed by standard 

procedure. Data with respect to micronutrients has been depicted in table 4.9. Out of all 
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the five treatments, copper was recorded maximum in treatment 4 (44.60ppm) followed 

by treatment 1 (31.50ppm) which differed significantly from each other, while copper 

was recorded minimum in treatment 2 (23.10ppm). Zinc was found maximum in 

treatment 3 (69.60 ppm) followed by treatment 5 (66.50ppm), which were significantly 

different to each other. Minimum zinc concentration was recorded in treatment 4 

(57.50ppm) and all the treatments were significantly different from each other. Treatment 

2 (2110ppm) showed maximum iron followed by treatment 3 (1670ppm) while minimum 

was found in treatment 4 (1096ppm). With respect to manganese, maximum concentration 

was recorded in treatment 2 (154 ppm) while minimum was recorded in treatment 4 

(116ppm). Sinha et al. (2020) studied micronutrients Cu, Zn, Mn, Fe in mushroom 

compost. They reported changes in micronutrient concentration from day zero to final 

compost. They stated that Cu change from 11.08 to 16.22 ppm, Zn 0.96- 84.21 ppm, Mn 

234.00- 150.20 ppm and Fe 51.61- 5120 ppm. Average micronutrients sequence was 

reported to be Cu < Zn < Mn < Fe. This order was arranged according to average content 

of micronutrients present in composting and cultivation of white button mushroom. The 

micronutrients must be present for optimum growth and are required in small amounts 

(Yawalkar et al. 2016). 

Table 4.9 Micronutrients composition in different compost formulations 

Treatments 
Copper 

(ppm) 

Zinc 

(ppm) 

Iron 

(ppm) 

Manganese 

(ppm) 

T1-Paddy straw+ Wheat straw 

(1.5:1) 
31.50 59.90 1,550.00 120.00 

T2 -Paddy straw+ Wheat straw 

(3:1) 
23.10 65.70 2,110.00 154.00 

T3 -Paddy straw+ Wheat straw 

(1:1) 
25.90 69.60 1,670.00 145.00 

T4 -Paddy straw 44.60 57.50 1,096.00 116.00 

T5 -Wheat straw (Control) 30.90 66.50 1,404.00 121.00 

Mean 41.20 63.84 1566.00 131.20 

C.D. (0.05) 1.08 1.34 21.82 7.78 

SE 0.36 0.44 7.17 2.56 

c)    Carbon and nutritional ratio of different compost formulations 

The results of table 4.10 depicted that final C: N ratio of the compost was maximum 

in treatment 5 (23.59) and minimum in treatment 3 (20.73).  
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Table 4.10 Effect on carbon and nutrients ratio of compost by using different compost 

formulations 
 

Treatments C: N C: P C: K N: P N: K P: K 

T1 

Paddy straw+ Wheat straw (1.5:1) 
22.37 52.19 14.40 1.63 0.45 0.28 

T2 

Paddy straw+ Wheat straw (3:1) 
22.59 47.69 14.00 1.42 0.42 0.29 

T3 

Paddy straw+ Wheat straw (1:1) 
20.73 46.95 15.46 2.36 0.78 0.33 

T4 

Paddy straw 
21.76 62.48 19.18 3.35 1.03 0.31 

T5 

Wheat straw (Control) 
23.59 59.14 19.00 1.58 0.45 0.32 

Mean 22.28 53.69 16.41 2.07 0.63 0.31 

C.D. (0.05) 0.43 1.26 1.07 0.30 0.34 0.01 

SE 0.14 0.41 0.35 0.10 0.11 0.02 

 

C: P ratio was found to be highest in treatment 4 (62.48) followed by treatment 5 

(59.14), which significantly differed to each other. The minimum C: P ratio was found in 

treatment 3 (46.95). C: K ratio varied from 14.00 to 19.18 in different compost 

formulations and recorded maximum in treatment 4 (19.18) followed by treatment 5 

(19.00) and both were at par. In treatment 2, minimum C: K ratio (14.00) was observed. 

N: P ratio was in the range of 1.42 to 3.35 with a maximum in treatment 4 (3.35) followed 

by treatment 3 (2.36) and minimum in treatment 2 (1.42). N: K ratio varied from 0.42 to 

1.03 with a maximum in treatment 4 (1.03) followed by the treatment 3 (0.78), treatment 

1 and treatment 5 (0.45). Minimum N: K ratio was recorded in treatment 2 (0.42). P: K 

ratio was in the range of 0.28 to 0.33 with a maximum in treatment 3 (0.33) and minimum 

in treatment 1 (0.28). 

 

The ideal C/N ratio for composting is generally considered to be around 30:1 or 30 

parts carbon for each part nitrogen by weight. Pace et al. (1995) reported that the organic 

material consists of 20-30 parts of carbon for one part of nitrogen for good composting. To 

guarantee a good composting process, the starting mixture should have an adequate C:N ratio 

between 25-35:1 (Alsanius et al. 2016). It is generally recognized that a C/N ratio between 

15:1 and 30:1 is ideal for composting (Guo et al. 2012). According to Kaur and Khanna 

(2001) the C:N ratio for compost made from wheat and paddy straw mixtures (1:1 (w/w), 

1:2 (w/w)) and paddy straw alone ranged from 16.4 to 20.3:1. Fidanza and Beyer (2009) 
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reported an ideal C:N between 15-21:1 for A. bisporus composting and not greater than 

30:1. C:N ratio of compost was reported to vary in the range of 26.13:1 to 20.24:1 (Sinha 

et al. (2020). C:N ratio between 26-40:1 is recommended by many researchers for rapid 

and effective composting (Gaur and Mathur 1990). Fresh mushroom compost C:P ratio 

varied between 36.15 to 70.66 (Fidanza et al. 2010). The phosphate is important for a 

series of functions in the fungal metabolism and is one of the essential nutrients required 

for growth and development. P-deficient compost exhibit retarded mycelia growth and 

often shows a dark color (Yawalkar et al. 2016). Sinha et al. (2020) found that C:P ratio 

obtained from compost varied between 34.92 to 49.95 and suitable for white button 

mushroom cultivation. In fresh mushroom compost C:K ratio varied between 12.12 to 

17.37 (Fidanza 2010). It benefits in the development of proteins. It is also reported by 

workers that an increased amount of nitrogen invites diseases and pest in the mushroom 

cultivation, therefore, a balanced ratio of N and K is essential in mushroom compost 

(Yawalkar et al. 2016). 

 

Correlation analysis and path coefficient separation has been done for all the chemical 

parameters with yield and results are given in table 4.11, 4.12 and 4.13. 

Table.4.11 Means, standard deviation and standard error of correlation analysis of all 

chemical parameters (independent variables) with yield (dependable 

variable) 

 

Variables Mean Standard deviation Standard error 

Yield 17.99 1.74 1.00 

OC 38.39 0.72 0.42 

N 1.76 0.11 0.06 

P 0.79 0.06 0.03 

K 2.63 0.12 0.07 

Ca 2.72 0.37 0.21 

Mg 0.45 0.06 0.04 

Cu 26.83 4.28 2.47 

Zn 65.07 4.88 2.82 

Fe 1776.67 294.85 170.23 

Mn 139.67 17.62 10.17 

C: N 21.90 1.02 0.59 

C:P 48.94 2.84 1.64 

C: K 14.62 0.75 0.44 

N:P 1.80 0.49 0.29 

N: K 0.55 0.20 0.12 

P: K 0.30 0.03 0.02 
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Table 4.12. Correlation matrix of all chemical parameters (independent variables) with yield (dependable variable) 

 

Variables Yield OC N P K Ca Mg Cu Zn Fe Mn C: N C: P C: K N: P N: K P: K 

Yield 1.00                 

OC 0.58 1.00                

N 0.96 0.78 1.00               

P 0.52 1.00 0.74 1.00              

K -0.87 -0.09 -0.69 -0.03 1.00             

Ca -0.30 0.61 -0.02 0.66 0.74 1.00            

Mg -0.49 0.43 -0.23 0.49 0.86 0.98 1.00           

Cu -0.05 -0.84 -0.32 -0.88 -0.46 -0.94 -0.85 1.00          

Zn 0.71 0.99 0.88 0.97 -0.26 0.46 0.27 -0.74 1.00         

Fe -0.45 0.47 -0.18 0.53 0.83 0.99 1.00 -0.87 0.31 1.00        

Mn 0.12 0.88 0.39 0.91 0.39 0.91 0.81 -1.00 0.78 0.83 1.00       

C: N -1.00 -0.61 -0.97 -0.55 0.85 0.26 0.46 0.08 -0.74 0.41 -0.16 1.00      

C: P -0.49 -0.99 -0.71 -1.00 -0.01 -0.69 -0.52 0.89 -0.96 -0.56 -0.93 0.52 1.00     

C: K 0.99 0.47 0.92 0.41 -0.92 -0.41 -0.59 0.08 0.62 -0.55 0.00 -0.99 -0.38 1.00    

N: P 1.00 0.52 0.94 0.46 -0.90 -0.37 -0.55 0.02 0.66 -0.51 0.05 -0.99 -0.43 1.00 1.00   

N: K 1.00 0.63 0.98 0.58 -0.83 -0.23 -0.43 -0.12 0.76 -0.38 0.19 -1.00 -0.55 0.98 0.99 1.00  

P: K 0.95 0.81 1.00 0.77 -0.66 0.03 -0.18 -0.37 0.90 -0.13 0.44 -0.96 -0.75 0.90 0.92 0.97 1.00 
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Table 4.13. Path analysis of all chemical parameters (independent variables) with yield (dependable variable) 

 

Variables OC N P K Ca Mg Cu Zn Fe Mn C: N C: P C: K N: P N: K P: K 

Correlation 

coefficient 

with yield 

OC -3.61 -0.32 0.85 0.11 -0.42 -1.98 -0.91 3.87 0.64 1.48 -0.31 1.72 -0.39 -2.44 -0.68 2.96 0.58 

N -2.83 0.41 0.63 0.83 0.01 1.04 -0.35 3.46 -0.24 0.66 -0.49 1.24 -0.76 -4.41 -1.06 3.63 0.96 

P -3.60 -0.30 0.85 0.03 -0.46 -2.24 -0.94 3.82 0.72 1.53 -0.28 1.73 -0.34 -2.17 -0.63 2.81 0.52 

K 0.34 0.28 -0.02 -1.19 -0.52 -3.96 -0.49 -1.04 1.14 0.66 0.43 0.02 0.76 4.23 0.90 -2.38 -0.87 

Ca -2.19 0.01 0.56 -0.88 -0.70 -4.51 -1.01 1.81 1.34 1.53 0.13 1.19 0.34 1.71 0.25 0.11 -0.30 

Mg -1.55 0.09 0.41 -1.03 -0.69 -4.61 -0.91 1.04 1.36 1.35 0.23 0.90 0.49 2.58 0.46 -0.64 -0.49 

Cu 3.04 0.13 -0.74 0.55 0.66 3.91 1.08 -2.89 -1.19 -1.67 0.04 -1.55 -0.06 -0.11 0.12 -1.35 -0.05 

Zn -3.55 -0.36 0.83 0.32 -0.32 -1.22 -0.79 3.93 0.43 1.32 -0.37 1.66 -0.51 -3.10 -0.82 3.28 0.71 

Fe -1.70 0.07 0.45 -0.99 -0.69 -4.61 -0.94 1.23 1.36 1.40 0.21 0.97 0.46 2.39 0.41 -0.47 -0.45 

Mn 2.19 0.40 -0.47 -1.01 -0.19 -2.11 0.09 -2.89 0.56 -0.26 0.50 -0.90 0.81 4.67 1.08 -3.47 0.12 

C: N -3.17 -0.16 0.77 -0.47 -0.64 -3.72 -1.07 3.08 1.14 1.68 -0.08 1.60 0.00 -0.24 -0.20 1.60 -1.00 

C: P 3.59 0.29 -0.85 0.02 0.48 2.41 0.96 -3.78 -0.77 -1.55 0.26 -1.73 0.31 2.00 0.59 -2.72 -0.49 

C: K -1.71 -0.38 0.35 1.10 0.29 2.74 0.08 2.43 -0.75 -0.01 -0.50 0.65 -0.82 -4.69 -1.06 3.26 0.99 

N:P -1.87 -0.38 0.39 1.07 0.26 2.53 0.03 2.59 -0.69 0.09 -0.50 0.74 -0.82 -4.70 -1.07 3.34 1.00 

N: K -2.28 -0.40 0.49 0.99 0.16 1.97 -0.12 2.98 -0.52 0.32 -0.50 0.95 -0.81 -4.65 -1.08 3.51 1.00 

P: K -2.94 -0.41 0.66 0.78 -0.02 0.81 -0.40 3.55 -0.18 0.74 -0.48 1.29 -0.74 -4.32 -1.04 3.63 0.95 
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The correlation analysis examines the effect of independent variables (all chemical 

parameters of compost) on the dependent variables (yield). The standard error calculated in 

the analysis showed a significant effect of the chemical parameters on the yield per cent of 

white button mushroom (Table 4.11). The correlation analysis has shown a significantly 

positive effect of nitrogen, zinc, phosphorus and organic carbon on the yield per cent while 

potassium and iron showed significantly strong negative effect on the yield of button 

mushroom (Table 4.12). It was also observed that the ratio of the two macro and 

microelements have also shown strong positive effect on the yield while the C: N and C: P 

ratio has negative correlation with the yield. It implies that the proper fermentation of the 

composting material is very important for the higher yield of the button mushroom. It helps to 

reduce C: N and C: P ratio by degradation of free sugars during composting and release of 

CO2 which helps to enhance the selectivity of the compost.  

The correlations coefficients were divided into direct and indirect effects and are 

depicted in table 4.13. The separation of direct and indirect effects of independent variable on 

dependent variable showed a direct positive effect of nitrogen, copper, zinc, iron and 

manganese while a direct negative effect was recorded with potassium, calcium and 

magnesium. The ratio of the two elements also showed significant effect on yield such as C: 

P, C: K, N: P and N: K ratio showed a direct negative effect on yield which implies the fact 

that higher free carbon in the compost has a negative effect on yield while higher phosphorus 

content has a positive effect on yield.  

4.2.3 Silica content in different compost formations 

It was recorded during the study that silica content varied in all the compost 

formulations. Data presented in table 4.14 revealed that the silica content decreased during 

spawning to post harvesting stage in the compost. Before spawning (BS) stage silica content 

varied from 9.65 to 14.23 per cent. In before spawning stage, maximum silica content was 

recorded in treatment 4 (14.23%) followed by treatment 2 (12.53%). Both the treatments 

were significantly different to each other whereas minimum silica content was observed in 

treatment 3 (9.65%).  

In Fruit body development stage (FBD), silica content varied from 9.25 to 13.29 per 

cent. Maximum silica content was found in treatment 4 (13.29%) followed by treatment 2 

(10.25%). The minimum silica content was observed in treatment 3 (7.80%). In after 
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harvesting stage (AH), silica content varied from 7.8 to 10.78 per cent. Maximum was 

found in treatment 4 (10.78%) and minimum in treatment 3 (6.91%). Rice straw is unique 

in comparison to other cereal straws in being low in lignin and high in silica. Higher 

silica was reported in other agri-residues such as rice straw (13%), wheat straw (>4%) 

and oat straw (2-5%) (Van Soest 2006). The cell wall of rice straw is composed of 

approximately 40 per cent cellulose, 18 per cent hemicellulose, 5-12 per cent lignin, and 

5-15 per cent silica (Oladosu et al. 2016; Nguyen and Dang 2020; Otero-Jimenez et al. 

2021). 

Table 4.14 Silica content in different compost formulations 

Silica content (%) 

Treatments 
Before 

spawning 
Fruit body 

development 
After 

harvesting 

T1 
Paddy straw+ Wheat straw 
(1.5:1) 

10.34 9.25 7.80 

T2 
Paddy straw+ Wheat straw 
(3:1) 

12.53 10.25 9.18 

T3 
Paddy straw+ Wheat straw 
(1:1) 

9.65 7.80 6.91 

T4 
Paddy straw 

14.23 13.29 10.78 

T5 
Wheat straw (Control) 

11.79 10.13 7.80 

Mean 11.71 10.14 8.47 

C.D. (0.05) 0.84 2.99 0.69 

SE 0.28 0.98 0.23 

 

Paddy straw contains high amount of silica (>9.0 %) and is therefore not suitable as 

animal feed. In northern India, surplus paddy straw residue is generally either left in the 

field or to a large extent burnt in open field. Burning of paddy straw resulting to 

greenhouse gases (GHG) emissions cause severe air pollution. According to one of the 

study, greenhouse gases emission through open-field burning of rice straw in India, 

Thailand, and the Philippines contributes 0.05, 0.18, and 0.56 per cent, respectively 

(Gadde et al. 2009). Alternatively, use of paddy straw for composting is one of the best 

alternative to manage this resource, along with its use for restoration of soil health (Gaind 

et al. 2008 and Sharma et al. 2014). Rice straw has the highest silica content (up to 16%), 

and this makes it a challenge for use in industrial applications (Llovera and Benjelloun-
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Mlayah 2022). Wheat straw contains 2 to 10 per cent silica as small crystals embedded in 

the straw (Pekarovic et al. 2006). 

4.2.4   Thermophilic microbial count in different compost formulations 

Thermophilic microbial count in different compost formulations was taken at 

104dilutions. Highest microbial count was recorded in treatment 3(19.75 cfu g-1 compost) 

followed by treatment 1 (15.25 cfu g-1 compost). Minimum microbial count was observed in 

treatment 4 (12.25 cfu g-1 compost) (Table 4.15). 

In mushroom cultivation successive microbial community consists of a variety of 

microorganisms including bacteria, actinomycetes and fungi at first breakdown of the straw 

to form lignin humus complex and discharge the gases followed by cellulose and 

hemicellulose metabolism into compost microbial biomass. This decayed straw along with 

microbial biomass turns into an organic and inorganic nutrient source for the mushroom 

mycelium and these microflora play a main role during the different stages of composting and 

resist the growth of other competitor in the crop production. 

Table 4.15 Thermophilic microbial count in different compost formulations 

 

Microbial count (cfu g-1 compost) 

Treatments 104 Dilution 

T1 

Paddy straw+ Wheat straw (1.5:1) 

15.25 

T2 

Paddy straw+ Wheat straw (3:1) 

13.25 

T3 

Paddy straw+ Wheat straw (1:1) 

19.75 

T4 

Paddy straw 

12.25 

T5 

Wheat straw (Control) 

13.00 

Mean 14.70 

C.D. (0.05) 3.62 

SE 1.19 

 

Colony forming units (cfu/g compost) among the different treatments before 

pasteurization was high as compare to after pasteurization. Vijay et al. (2007) recorded the 

cfu of thermophilic fungi in range 18.33- 26.00 before pasteurization and 11.00- 23.00 in 
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different treatments after pasteurization. The thermophilic fungi in wheat straw + maize stalk 

(1:1) was maximum during 3rd (6.1 cfu) and 4th (6.9cfu) turning while in other compost 

preparations it was maximum in 4th turning (Kaur et al. 2019). 

4.2.5 Estimation of degradative enzyme activities in different compost formulations 

Quantitative estimation of enzymes like laccase, xylanase, cellulase and manganese 

dependent peroxides (MnP) was done at three different stages of button mushroom 

production i.e., before spawning (BS), fruit body development (FBD) and after harvest (AH) 

stage. Enzymes activities of the five different compost formulations were assayed. 

Observation depicted that enzymes activity increased from before spawning stage to during 

fruiting bodies development stage and decreased in after harvesting stage.  

 Lignin degradation is the primary step in lignocellulose degradation enabling the 

accessibility of cellulose and hemicellulose (Anderson et al. 2008 and Jurak et al. 2015). 

Ligninolytic microorganisms can degrade lignins via the secretion of oxidative enzymes, such 

as peroxidases and laccases or by producing a source of heterogeneous aromatics. 

Ligninolytic enzymes or ligninases are mainly comprised of laccases, (Lac), lignin 

peroxidases (LiPs,) manganese peroxidases (MnPs), versatile peroxidases (VPs) and dye 

decolorizing peroxidases (DyPs) (Scharf and Tartar 2008; Familoni et al. 2018) These 

enzymes display less substrate specificity than cellulases and hemicellulases (Scharf and 

Tartar 2008; Pollegioni et al. 2015 and Liang et al. 2019). Additionally, Lac, LiP and MnP 

and many other enzymes, such as aromatic acid reductase, aryl alcohol dehydrogenase, 

catalase aromatic aldehyde oxidase, dioxygenase, quinone oxidoreductase, vanillate 

hydroxylase, veratryl alcohol oxidase and versatile peroxidase, are also involved in lignin 

digestion (Pollegioni et al. 2015). Mushroom species are most frequently reported as Lac and 

MnP producers. 

a) Quantitative estimation of ligninases in different compost formulations at 

different stages of mushroom production 

Laccase enzyme  

The quantitative estimation of laccase enzyme was done at three different stages of 

button mushroom production viz., before spawning stage (BS), fruit body development stage 

(FBD) and after harvest (AH) stage. The observation depicted that laccase activity increased 

during growth of mushroom mycelium in compost and decreased afterwards (Table 4.16).  
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During before spawning stage, treatment 3 showed maximum laccase enzyme activity 

(0.43 IU) followed by treatment 1 (0.41 IU), which were statistically at par to each other 

whereas, minimum enzyme activity was recorded in treatment 5 (0.32 IU). During fruit body 

development stage, maximum enzyme activity was recorded in treatment 3 (0.37 IU) 

followed by treatment 1 (0.34 IU). Minimum enzyme activity was observed in treatment 2 

(0.28 IU). After harvesting stage, the laccase activity was reduced and the maximum enzyme 

activity was found in treatment 4 (0.31 IU) followed by treatment 3 and 5 (0.29 IU). 

Minimum enzyme activity was recorded in treatment 2 (0.22 IU).  Overall, it was observed 

that treatment 3 had maximum laccase enzyme activity in all three. 

 

Table 4.16 Quantitative estimation of laccase enzyme in different button mushroom 

compost formulation at different stages of mushroom production  

 

Laccase enzyme activity (IU) 

Treatments 
Before 

spawning 

Fruit body 

development 

After 

harvesting 

T1 

Paddy straw+ Wheat straw 

(1.5:1) 

0.41 0.34 0.25 

T2 

Paddy straw+ Wheat straw (3:1) 
0.34 0.28 0.22 

T3 

Paddy straw+ Wheat straw (1:1) 
0.43 0.37 0.29 

T4 

Paddy straw 
0.38 0.31 0.31 

T5 

Wheat straw (Control) 
0.32 0.30 0.29 

Mean 0.38 0.32 0.27 

C.D. (0.05) 0.05 0.02 0.02 

SE 0.02 0.01 0.01 

IU (International unit = µM/min/ml) 

 
 

Manganese peroxidase enzyme  

During the present study, MnP enzyme activity was found to increase from before 

spawning stage to fruit body development stage and decreased afterwards (Table 4.17). In 

before spawning stage, MnP enzyme activity (2.92 IU) was maximum in treatment 1 

followed by treatment 2 (2.00 IU). Minimum MnP enzyme activity was shown by 
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treatment 5 (0.24 IU). In fruit body development stage, maximum enzyme activity 

recorded in treatment 3 (8.14 IU) followed by treatment 5 (7.31 IU) while minimum 

enzyme activity was observed in treatment 2 (2.55 IU). The MnP activity in post-harvest 

stage was maximum in treatment 3 (7.42 IU) followed by treatment 5 (6.44 IU) while 

minimum enzyme activity was recorded in treatment 1 (0.30 IU). Overall, treatment 3 

showed maximum MnP enzyme activity. 

Agricultural wastes are comprised of the raw and processed agricultural products. 

They are mainly obtained from the plants under field conditions and from industries during 

processing. They are mainly composed of 35-50 per cent cellulose, 25-35 per cent 

hemicellulose, 10-25 per cent lignin and rest with ash and others (Kumla et al. 2020). 

Table 4.17 Quantitative estimation of MnP enzyme from the button mushroom different 

compost formulations  
 

MnP enzyme activity (IU) 

Treatments 
Before 

spawning 

Fruit body 

development 

After 

harvesting 

T1 

Paddy straw+ Wheat straw (1.5:1) 
2.92 4.62 0.30 

T2 

Paddy straw+ Wheat straw (3:1) 
2.00 2.55 2.16 

T3 

Paddy straw+ Wheat straw (1:1) 
0.68 8.14 7.42 

T4 

Paddy straw 
0.12 4.92 1.40 

T5 

Wheat straw (Control) 
0.24 7.31 6.44 

Mean 1.19 5.51 3.54 

C.D. (0.05) 0.20 0.12 0.31 

SE 0.07 0.04 0.10 

IU (International unit = µM/min/ml) 

 

The degradation of lignocellulosic biomass is achieved through cooperative activities 

of hydrolytic and oxidative enzymes (Lombard et al 2014; Lopez et al. 2016 and Madeira et 

al. 2017). The hydrolytic system is responsible for cellulose and hemicellulose degradations, 

whereas the oxidative system is known to participate in lignin degradation. Laccase is the key 

enzyme involved in the lignin degradation. Laccase is one of the major lignolytic enzyme 

produced by the basidiomycota fungus, which can be determined using guaiacol as substrate. 

Oxidation of guaiacol by laccase produces red color which is an indicator for production of 



84 

 

laccase enzyme (Monssef et al. 2016). Laccase can be used for lignin removal in 

prehydrolysis of lignocellulosic biomass (Shi et al. 2014). Manganese peroxidase is an 

important enzyme associated with the lignin and organic pollutant degradation systems, for 

instance bioremediation (Khanongnuch et al. 2006). Manganese peroxidase (MnP) belongs to 

the family of oxidoreductases and cannot react directly with the lignin structure (Ardon et al. 

1998). There are two groups: (1) Manganese dependent peroxidase is an extracellular enzyme 

that requires both H2O2 for lignin oxidation, Mn2+
 as a co-factor and (2) Manganese 

independent peroxidase is an extracellular enzyme that requires H2O2 in lignin oxidation but 

does not need Mn2+ (Zhao et al. 2015). 

 

b) Quantitative estimation of celluloses and hemicellulase in different button 

mushroom compost formulation at different stages of mushroom 

production 

 
Filter paperase enzyme 

 

Filter paperase is also known as C1 cellulase catalyzing the degradation of crystalline 

cellulose at carbon 1 of the glucose chain. During the course of investigations, it was 

observed that cellulase enzyme activity increased from before spawning stage to fruit body 

development stage and decreased afterward (Table 4.18).  

Table 4.18 Quantitative estimation of C-1 cellulase enzyme from the different button 

mushroom compost formulation at different stages of mushroom production  
 

 

Filter paperase enzyme activity (IU) 

Treatments 
Before 

spawning 

Fruit body 

development 

After 

harvesting 

T1 

Paddy straw+ Wheat straw (1.5:1) 
19.41 27.17 18.51 

T2 

Paddy straw+ Wheat straw (3:1) 
18.18 23.65 18.95 

T3 

Paddy straw+ Wheat straw (1:1) 
27.32 35.30 15.84 

T4 

Paddy straw 
17.25 22.25 16.20 

T5 

Wheat straw (Control) 
19.57 24.80 16.93 

Mean 20.34 26.63 17.29 

C.D. (0.05) 0.07 0.14 0.19 

SE 0.02 0.05 0.06 

IU (International unit = µM/min/ml) 
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In before spawning stage, treatment 3 showed maximum filter paperase activity 

(27.32 IU) followed by treatment 5 (19.57 IU) while minimum was recorded in treatment 4 

(17.25 IU). In fruit body development stage, maximum enzyme activity was recorded in 

treatment 3 (35.30 IU) followed by treatment 1 (27.17 IU). The minimum enzyme activity 

was observed in treatment 4 (22.25 IU). After harvest stage, maximum enzyme activity was 

found in treatment 2 (18.95 IU) while minimum enzyme activity was observed in treatment 3 

(15.84 IU). Overall, it was observed that treatment 3 showed maximum C1 cellulase enzyme 

activity. 

Carboxymethyl cellulase enzyme (CMCase) 

CMCase enzymes are type of cellulases catalyzing the degradation of cellulose at 

random places in the glucose chain producing oligosaccharides are called endocellulases. 

During the study, the CMCase enzyme activity increased from before spawning stage to fruit 

body development stage and decreased in after harvesting stage (Table 4.19).  

Table 4.19 Quantitative estimation of CMCase enzyme from the different button 

mushroom compost formulation at different stages of mushroom production 
 

CMCase enzyme activity (IU) 

Treatments 
Before 

spawning 
Fruit body 

development 
After 

harvesting 

T1 
Paddy straw+ Wheat straw 
(1.5:1) 

32.71 39.21 32.37 

T2 
Paddy straw+ Wheat straw (3:1) 

43.21 35.21 28.29 

T3 
Paddy straw+ Wheat straw (1:1) 

34.42 43.29 34.53 

T4 
Paddy straw 

32.67 34.74 28.50 

T5 
Wheat straw (Control) 

27.92 41.55 33.76 

Mean 34.91 38.80 31.49 

C.D. (0.05) 0.51 1.23 0.90 

SE 0.17 0.41 0.30 

  IU (International unit = µM/min/ml) 

 

In before spawning stage, treatment 2 showed maximum CMCase activity (43.21 

IU) while minimum enzyme activity was recorded in treatment 5 (27.92 IU). In fruit body 

development stage, treatment 3 recorded the maximum enzyme activity (43.29 IU) 

followed by treatment 5 (41.55 IU). The minimum enzyme activity was observed in 
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treatment 4 (34.74 IU). After the harvest of crop, maximum enzyme activity was found in 

treatment 3 (34.53 IU) followed by treatment 5 (33.76 IU) and minimum was in treatment 

2 (28.29 IU). Overall, it was observed that treatment 3 was shown maximum CMCase 

enzyme activity. 

β –Glucosidase enzyme  

β-Glucosidase is also a type of cellulase enzyme catalyzing the degradation of 

oligosaccharides releasing monomers of glucose. The observation depicted that β-glucosidase 

enzyme activity increased from before spawning stage to fruit body development stage and 

decreased in after harvesting stage (Table 4.20).  

In before spawning stage, treatment 2 showed maximum β-glucosidase enzyme 

activity (6.49 IU) followed by treatment 3 (6.32 IU) while minimum enzyme activity was 

recorded in treatment 1 (4.90 IU). In during fruit body development stage, maximum enzyme 

activity was recorded in treatment 2 (10.82 IU) followed by treatment 3 (8.73 IU). The 

minimum enzyme activity was observed in treatment 1 (5.99 IU). After harvest stage, 

maximum enzyme activity was found in treatment 3 (5.59 IU) followed by treatment 2 (5.55 

IU) and minimum enzyme activity was observed by treatment 1 (4.60 IU).  

Table 4.20 Quantitative estimation of β-glucosidase enzyme from the different button 

mushroom compost formulation at different stages of mushroom production 

 

β -Glucosidase enzyme activity (IU) 

Treatments 
Before 

spawning 

Fruit body 

development 

After 

harvesting 

T1 

Paddy straw+ Wheat straw 

(1.5:1) 

4.90 5.99 4.60 

T2 

Paddy straw+ Wheat straw (3:1) 
6.49 10.82 5.55 

T3 

Paddy straw+ Wheat straw (1:1) 
6.32 8.73 5.59 

T4 

Paddy straw 
5.22 6.49 5.02 

T5 

Wheat straw (Control) 
5.11 6.09 5.03 

Mean 5.61 7.62 5.16 

C.D. (0.05) 0.22 0.05 0.26 

SE 0.07 0.02 0.09 

IU (International unit = µM/min/ml) 
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Xylanase enzyme  

 

The observation depicted that xylanase enzyme activity increased from before 

spawning stage to during fruit body development stage after that decreased in after harvesting 

stage (Table 4.21).  

In before spawning stage, treatment 1 showed maximum xylanase enzyme activity 

(5.25 IU) whereas, minimum enzyme activity was recorded in treatment 5 (3.33 IU). In fruit 

body development stage, maximum enzyme activity was recorded in treatment 3 (9.68 IU) 

followed by treatment 2 (6.64 IU) while the minimum enzyme activity was observed in 

treatment 5 (5.17 IU). After harvest stage, maximum enzyme activity was found in treatment 

3 (5.06 IU) followed by treatment 4 (4.26 IU) and minimum enzyme activity was shown by 

treatment 5 (3.49 IU). Overall, it was observed that treatment 3 was shown maximum 

xylanase enzyme activity. 

Table 4.21 Quantitative estimation of xylanase enzyme from the different button mushroom 

compost formulation at different stages of mushroom production  

 

Xylanase enzyme activity (IU) 

Treatments 
Before 

spawning 

Fruit body 

development 

After 

harvesting 

T1 

Paddy straw+ Wheat straw 

(1.5:1) 

5.25 5.84 3.73 

T2 

Paddy straw+ Wheat straw 

(3:1) 

4.20 6.64 4.06 

T3 

Paddy straw+ Wheat straw 

(1:1) 

4.20 9.68 5.06 

T4 

Paddy straw 
3.65 5.87 4.26 

T5 

Wheat straw (Control) 
3.33 5.17 3.49 

Mean 4.13 6.64 4.12 

C.D. (0.05) 0.12 0.10 0.08 

SE 0.04 0.03 0.03 

IU (International unit = µM/min/ml) 

 

Cellulase consists of three enzymes: β-glucosidase, endo-1,4-β-D-glucanase 

(CMCase) and exo-1,4-β-D-glucanase (filter paperase). These three enzymes are involved in 

the hydrolysis of cellulose by synergetic action for accomplished and effective hydrolysis of 
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cellulose (Patel et al. 2019). These enzymes convert cellulose in order to oligosaccharides, 

cellobiose and glucose (Horn et al. 2012; Ritota and Manzi 2019). Endoglucanases 

preferentially hydrolyze internal β-1,4-glucosidic linkages in the cellulose chains, generating 

a number of reducing ends (Horn et al. 2012 and Sajith et al. 2016). This enzyme also acts on 

cellodextrins, which are the intermediate product of cellulose hydrolysis, and converts them 

to cellobiose and glucose. Exoglucanases release cellobiose from the reducing or the non-

reducing end of the cellulose chain, facilitating the production of mostly cellobiose, which 

can readily be converted to glucose by β-glucosidases (Zhang et al. 2006; Yeoman et al. 2010 

and Madeira et al. 2017). These enzymes may also act on cellodextrins and larger cello-

oligosaccharides and are commonly named cellodextrinases (Saini et al. 2015). 

Oligosaccharides released as a result of these activities are converted to glucose by the action 

of cellodextrinases, whereas the cellobiose released mainly by the action of 

cellobiohydrolases is converted to glucose by β-glucosidases (Sajith et al. 2016). Ohmiya et 

al. (1997) reported that endoglucanase acts on inner sites of oligosaccharides found in 

carboxymethyl cellulose, cello-oligosaccharides or amorphous cellulose. Exoglucanase 

hydrolyzes non-reducing ends of crystalline cellulose and forms cellobiose or glucose as the 

major end products. β-glucosidase acts on non-reducing ends of cellobiose and cellodextrin. 

In the process of composting, the production of extracellular hydrolytic enzymes by 

microbes plays an important role in starting stage of degradation and crop production. These 

hydrolytic enzymes degrade the lignocellulosic substrate to simple monomers. 

Carboxymethyl cellulase (CMCase) activity was found to be higher till 60 days and then 

declined in all the treatments till 90 days. β-1,4 exoglucanase (FPase) enzyme activity 

increased during the later phase (90 days) of composting in all the treatments (Gaind et al. 

2008 and Pandey et al. 2009). The highest value of CMCase (0.43 IU/g) was observed till 

60 days, whereas the highest activity of FPase (0.47 IU/g) was observed till 90 days in the 

treatment supplemented with compost inoculants (CI) and efficient microorganism (EM). β-

1,4 Endoglucanase (CMCase) acts upon the native cellulose which provide reactive sites for 

the action of exoglucanase (FPase); so, this could be a possible reason for the high activity of 

CMCase till 60 days and FPase till 90 days. The activity of xylanase enzyme was highest in 

the initial stage of composting; then, a decline was observed in all the treatments at a later 

stage of composting. Pandey et al. (2009) also observed the same pattern of high activity of 

xylanase in the initial stages of composting. 
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4.3     COMPARISON OF TWO-YEAR DATA OF MUSHROOM PRODUCTION  

 Trail was laid out in the Department of Plant Pathology, Dr.Y.S.P. University of 

Horticulture and Forestry, Nauni, Solan (H.P) to evaluate the effect of different compost 

formulations on mushroom production. Data of two-year 2021 and 2022 was evaluated for 

comparison the mushroom production (Table 4.22). 

Days taken for the formation of fruiting bodies 

Days taken for spawn run during year 2021, was observed to be the minimum in 

treatment 3 (14.00 days) followed by treatment 1 (15.02 days), which were statistically at par 

to each other, whereas, maximum days were taken by treatment 2 (16.01 days). In year 2022 

also, days taken for spawn run was observed minimum in treatment 3 (15.09 days) followed 

by treatment 1 and 4 (17.09 days) whereas, maximum days were taken by treatment 2 (18.07 

days). Overall mean of both year 2021-2022 showed that treatment 3 taken minimum days 

for spawn run (14.55 days) followed by treatment 1 (16.05 days) whereas maximum days 

were in treatment 2 (17.04 days). 

  Days taken for case run during 2021, was observed minimum again in treatment 

3 (19.03 days) followed by treatment 5 (20.00 days) which were significant to each 

other and the maximum days were taken by treatment 4 (21.02 days). Similar results 

were obtained in the year 2022 where days taken for case run was observed minimum in 

treatment 3 (21.09 days) followed by treatment 5 (21.35 days) but the maximum days 

was taken by treatment 2 (23.04 days) in this year. Overall mean of both year 2021-

2022, showed that treatment 3 took minimum days for case run (20.06 days) followed 

by treatment 5 (20.67 days) whereas, the maximum days were taken by treatment 2 

(22.03 days). Days taken for pin head formation during 2021, was observed to be the 

minimum in treatment 3 (24.02 days) followed by treatment 4 (25.00 days) whereas, 

maximum days were taken by treatment 2 (26.04 days). Similarly, in year 2022, days 

taken for pin head formation was observed minimum in treatment 3 (25.11 days) 

followed by treatment 1 (26.09 days). The maximum days were taken by treatment 2 

(28.08 days). Overall mean of both year 2021-2022, showed that treatment 3 had 

minimum days for pin head formation (24.56 days) followed by treatment 1 (25.55 

days) and maximum days were taken by treatment 2 (27.06 days).  
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Table 4.22 Comparative analysis of mushroom production by using different compost formulations 

 

Treatments 
Days taken for spawn run Days taken for case run 

Days taken for pin head 

formation 

Days taken for       first 

harvest 

2021 2022 Mean 2021 2022 Mean 2021 2022 Mean 2021 2022 Mean 

T1 

Paddy straw+ 

Wheat straw 

(1.5:1) 

15.02 17.09 16.05 20.03 21.37 20.70 25.01 26.09 25.55 29.01 30.12 29.57 

T2 

Paddy straw+ 

Wheat straw 

(3:1) 

16.01 18.07 17.04 21.01 23.04 22.03 26.04 28.08 27.06 30.01 32.15 31.08 

T3 

Paddy straw+ 

Wheat straw 

(1:1) 

14.00 15.09 14.55 19.03 21.09 20.06 24.02 25.11 24.56 28.02 29.09 28.55 

T4 

Paddy straw 
16.00 17.09 16.55 21.02 22.04 21.53 25.00 27.12 26.06 32.08 33.10 32.59 

T5 

Wheat straw 

(Control) 

15.03 17.12 16.07 20.00 21.35 20.67 26.04 27.10 26.57 29.00 30.14 29.57 

Mean 15.22 16.89 16.05 20.22 21.78 20.99 25.22 26.70 25.96 29.62 30.92 30.27 

C.D. (0.05) 1.04 0.07  0.95 1.00  0.69 0.09  1.57 0.09  

SE 0.34 0.02  0.31 0.33  0.23 0.03  0.52 0.03  
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  Days taken for first harvest during 2021, was observed minimum in treatment 3 

(28.02 days) followed by treatment 5 (29.00 days) whereas, maximum days were taken by 

treatment 4 (32.08days). In year 2022, days taken first harvest was observed minimum in 

treatment 3 (29.09 days) followed by treatment 1 (30.12 days). The maximum days were 

taken by treatment 4 (33.10 days). Overall mean of both year 2021-2022, showed that 

treatment 3 was taken minimum days for first harvest (28.55 days) followed by treatment 1 

and 5 (29.57 days), which significantly differed to each other. Maximum days for first 

harvest was taken by treatment 4 (32.59 days). 

Fruiting body size 

Data in table 4.23 depicts the morphometric parameters of button mushroom like 

diameter of pileus, thickness of pileus, length of stipe and diameter of stipe of the mushroom 

grown in different compost formulations during 2021 and 2022. 

During 2021, the diameter of pileus was found to be the maximum in treatment 3 

(3.91cm) followed by treatment 2 (3.80cm) whereas the minimum pileus diameter was found 

in treatment 4 (3.40 cm). In year 2022, it was found maximum in treatment 3 (4.08 cm) 

followed by treatment 5 (3.80 cm) and minimum in treatment 2 (3.40 cm). Overall mean of 

both years 2021-2022, showed that maximum pileus diameter (3.99 cm) was observed in 

treatment 3 followed by treatment 5 (3.65 cm) and minimum diameter was found in treatment 

4 (3.50 cm).With respect to pileus thickness, maximum thickness was observed in treatment 3 

(1.80cm) followed by treatment 1 (1.50cm) and minimum in treatment 4 (1.10cm) during 

2021 while in the year 2022, maximum thickness was again observed in treatment 3 (1.9cm) 

followed by treatment 2 and 4 (1.4cm) and the minimum in treatment 1 and 5 (1.30 cm). 

Overall mean of both the years 2021-2022, pileus thickness of mushroom fruiting body was 

observed maximum in treatment3 (1.85 cm) followed by treatment 1 (1.4 cm) whereas 

minimum length was found in treatment 5 (1.21cm). 

Stipe length was recorded to be the maximum in treatment 3 (2.60cm) followed by 

treatment 2 (2.44cm) and the minimum length was found in treatment 4 (2.10cm) during 

2021 while maximum length during 2022 was again observed in treatment 3 (2.70 cm) 

followed by treatment 5 (2.60 cm). Overall, maximum length of stipe (2.65 cm) was recorded 

in treatment 3 and minimum length of stipe was found in treatment 1 (2.22 cm). In the year  
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Table 4.23 Comparative analysis of button mushroom fruiting bodies size by using different compost formulations. 

 

 
Diameter of pileus (cm) Thickness of pileus(cm) Length of stipe(cm) Diameter of stipe (cm) 

Treatments 2021 2022 
Pooled 

data 
2021 2022 

Pooled 

data 
2021 2022 

Pooled 

data 
2021 2022 

Pooled 

data 

T1 

Paddy straw+ Wheat 

straw (1.5:1) 

3.60 3.50 3.55 1.50 1.30 1.40 2.33 2.10 2.22 1.20 1.30 1.25 

T2 

Paddy straw+ Wheat 

straw (3:1) 

3.80 3.40 3.60 1.30 1.40 1.35 2.44 2.50 2.47 1.10 1.20 1.15 

T3 

Paddy straw+ Wheat 

straw (1:1) 

3.91 4.08 3.99 1.80 1.90 1.85 2.60 2.70 2.65 1.50 1.70 1.60 

T4 

Paddy straw 
3.40 3.60 3.50 1.10 1.40 1.25 2.10 2.40 2.25 1.30 1.20 1.25 

T5 

Wheat straw (Control) 
3.50 3.80 3.65 1.12 1.30 1.21 2.33 2.60 2.47 1.40 1.50 1.45 

Mean 3.64 3.68 3.66 1.36 1.46 1.41 2.36 2.46 2.46 1.30 1.38 1.34 

C.D. (0.05) 0.27 0.10  0.21 0.06  0.063 0.05  0.56 0.06  

SE 0.09 0.03  0.07 0.02  0.021 0.02  0.19 0.02  
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2021, stipe diameter was recorded maximum in treatment 3 (1.50cm) followed by treatment 5 

(1.40cm) while the minimum was recorded in treatment 2 (1.10cm).  In the year 2022, 

treatment 3 showed maximum stipe diameter (1.70 cm) followed by treatment 5 (1.50 cm) 

whereas the minimum in treatment 2 and 4 (1.20 cm). Overall mean of both the years 2021-

2022, diameter of mushroom fruiting body stipe was maximum in treatment 3 (1.60 cm) 

followed by treatment 5 (1.45 cm). The minimum diameter of stipe was recorded in treatment 

2 (1.15 cm). 

Mushroom Yield  

Table 4.24 depicts the data of white button mushroom yield in different compost 

formulations during 2021 and 2022.The maximum yield was obtained in treatment 3 

(19.98 kg/ 100kg compost) followed by treatment 1 (17.76 kg/100kg compost) during 

2021. The minimum yield was obtained from treatment 4 (15.22 kg/ 100kg compost). In 

the year 2022, yield of mushroom was recorded to be maximum in treatment 3 (21.16 

kg/100kg compost) followed by treatment 1 (16.96 kg/100kg compost). The minimum 

yield was recorded in treatment 4 (13.95 kg/100kg compost). Overall, the maximum yield 

was recorded in treatment 3 (20.57 kg/100kg compost) followed by treatment 1 (17.36 

kg/100kg compost). The minimum yield was observed in treatment 4 (14.59 kg/100kg 

compost).  

Table 4.24 Effect of different compost formulations on yield of white button mushroom 

 

Treatments  
Total yield (kg/100kgcompost) 

2021 2022 Mean 

T1 

Paddy straw+ Wheat straw (1.5:1) 
17.76 16.96 17.36 

T2 

Paddy straw+ Wheat straw (3:1) 
16.75 14.54 15.65 

T3 

Paddy straw+ Wheat straw (1:1) 
19.98 21.16 20.57 

T4 

Paddy straw 
15.22 13.95 14.59 

T5 

Wheat straw (Control) 
17.25 15.91 16.58 

Mean 17.39 15.94 16.26 

C.D. (0.05) 0.07 0.21  

SE 0.02 0.07  
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Table 4.25 Cost benefit ratio of different compost formulations 

 

Compost formulations 
WS+PS 

(1.5:1) 

WS+PS 

(3:1) 

WS+PS 

(1:1) 
PS WS 

Cost

/kg 
Cost involved (Rs) 

 
Quantity 

 
WS+PS (1.5:1) WS+PS (3:1) WS+PS (1:1) PS WS 

Paddy straw 600 750 500 1000 0 2.5 1500 1875 1250 2500 0 

Wheat straw 400 250 500 0 1000 8 3200 2000 4000 0 8000 

Chicken Manure 600 600 600 600 600 5 3000 3000 3000 3000 3000 

Wheat Bran 100 100 100 100 100 10 1000 1000 1000 1000 1000 

Urea 15 15 15 15 15 5.5 82.5 82.5 82.5 82.5 82.5 

Gypsum 30 30 30 30 30 2 60 60 60 60 60 

Electricity (Unit) 1200 1200 1200 1200 1200 5 6000 6000 6000 6000 6000 

Labour (Rs)       1000 1000 1000 1000 1000 

Spawn (kg) 25 25 25 25 25 80 2000 2000 2000 2000 2000 

Casing (kg) 500 500 500 500 500 3 1500 1500 1500 1500 1500 

Total cost (Rs)       19342.50 18517.50 19892.50 17142.50 22642.50 

Yield (kg/100 kg 

compost) 
17.25 16.75 19.98 15.22 17.76       

Compost prepared (kg) 2500 2500 2500 2500 2500       

Bags prepared (10 kg) 250 250 250 250 250       

Total mushroom 

produced (kg) 
431.25 418.75 499.50 380.50 444.00       

Cost of mushroom Rs. 

per kg 
100           

Cost of mushroom (Rs) 

(Total returns) 
     100 43125 41875 49950 38050 44400 

Net Return or Net Profit 

(Rs) 
      23782.50 23357.50 30057.50 20907.50 21757.50 

Benefit cost ratio       1: 2.23 1: 2.26 1: 2.51 1: 2.22 1: 1.96 

Net Return or Net Profit (Rs) = Total returns- Total cost, Benefit cost ratio= Total return/Total cost 

The cost-benefit ratio of the different compost formulations was calculated and it was concluded that the cost-benefit ratio of the compost 

formulation paddy straw + wheat straw (1:1) gave the maximum net return as compared to other compost formulations. So, on the basis of all the 

compost quality, yield parameters, and cost-benefit ratio, a compost formulation of paddy straw and wheat straw (1:1) can be recommended to the 

farmers to reduce the cost and increase the profit (Table 4.25). 
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4.4   ISOLATION OF THERMOPHILIC FUNGI FROM THE COMPOST  

During the present study, a total of eighteen isolations of thermophilic and 

thermotolerant fungi were made from the mushroom compost (Table 4.26). Most of them 

represent the known thermophilic taxa. Higher dilutions (104) were used for the isolation of 

fungi in pure form. During phase-I isolation, it was found that most of the time; the plates 

were overcrowded with the ubiquitous Aspergillus fumigatus. Fungi isolated from Phase-II 

compost were Myriococcum albomyces (Melanocarpus albomyces), Aspergillus fumigatus, 

Thermomyces lanuginosus, Scytalidium album, Talaromyces euchlorocarpius, Sordariales 

sp., Penicillium thomii, Chaetomium sp. and Thermomyces duponti etc. 

 

Table 4.26 Isolation of thermophillic fungi from different compost formulation of white 

button mushroom 

 

Treatments Thermophilic fungi isolated 

T1 

Paddy straw+ 

Wheat straw 

(1.5:1) 

Aspergillus fumigatus, Chaetomium sp., Thermomyces lanuginosus, 

Scytalidium album and Melanocarpus albomyces 

T2 

Paddy straw+ 

Wheat straw 

(3:1) 

Aspergillus fumigatus, Thermomyces lanuginosus, Talaromyces 

euchlorocarpius, Melanocarpus albomyces, Humicola fuscoatra, Sordarials 

sp., Penicillium thomii and Aspergillus sp. 

T3 

Paddy straw+ 

Wheat straw 

(1:1) 

Myriococcum albomyces (Melanocarpus albomyces), Aspergillus fumigatus, 

Thermomyces lanuginosus, Scytalidium album, Talaromyces 

euchlorocarpius, Thermomyces duponti, Humicola fuscoatra, Sordarials sp., 

Penicillium thomii and Aspergillus sp. 

T4 

Paddy straw 

Aspergillus fumigatus, Penicillium thomii, Thermomyces duponti, 

Sordariales sp., Talaromyces euchlorocarpius and Melanocarpus albomyces 

T5 

Wheat straw 

(Control) 

Aspergillus fumigatus, Thermomyces lanuginosus and Melanocarpus 

albomyces 

 
 

In the differential assessment of microbial population, Aspergillus fumigatus, Chaetomium 

sp., Thermomyces lanuginosus, Scytalidium album and Melanocarpus albomyces were the 

dominant flora in treatment 1, while Aspergillus fumigatus, Thermomyces lanuginosus, 

Talaromyces euchlorocarpius, Melanocarpus albomyces, Humicola fuscoatra, Sordarials sp., 
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Penicillium thomii and Aspergillus sp. were present in treatment 2. Treatment 3 showed the 

dominance of Myriococcum albomyces (Melanocarpus albomyces), Aspergillus fumigatus, 

Thermomyces lanuginosus, Scytalidium album, Talaromyces euchlorocarpius, Thermomyces 

duponti, Humicola fuscoatra, Sordarials sp., Penicillium thomii and Aspergillus sp. while treatment 

4 had Aspergillus fumigatus, Penicillium thomii, Thermomyces duponti, Sordariales sp., 

Talaromyces euchlorocarpius and Melanocarpus albomyces as the dominant thermophilic flora. 

Treatment 5 showed the dominance of Aspergillus fumigatus, Thermomyces lanuginosus and 

Melanocarpus albomyces species of themophilic fungi. 

 

Compost production is the most important and integral part of white button mushroom 

cultivation. It is a product of aerobic fermentation brought about by succession of a variety of 

organisms, including bacteria, actinomycetes and fungi. These organisms convert and 

degrade the straw to form the lignin humus complex and also convert the soluble form of 

nitrogen into microbial cell substances (Waksman and Cordon 1939). The process of 

composting is governed by a carefully ordered changing population of organisms (Chang and 

Hudson 2001). Further, these mycoflora also play a key role towards selectivity and 

conditioning of the compost and make the growth of competitor organisms more difficult 

(Ross and Harris 1983). Various kinds of flora encountered during whole process of 

composting have different role to play. Mesophilic flora present in initial process of 

composting brings about the biodegradation of the straw and other ingredients resulting in 

production heat energy. This further result in the establishment of thermophilic flora in the 

compost, which later on govern the whole process of composting. Population of different 

organisms in compost and thermophilic flora in particular is very important since they 

decompose the straw and convert soluble form of nitrogen into microbial cell substances 

(Waksman and cordon 1939; Waksman et al. 1939 a and b). This decomposed straw along 

with microbial biomass both become a source of organic and inorganic nutrition for the 

mushroom mycelium (Wood and Fermor 1981). 

 

Thermophilic fungi can grow at temperatures ranging from a minimum of 20℃ to 

a maximum of 50℃ or at even higher temperatures. Thermophilic species are present in 

the natural environment in composts, aquatic sediments, piles of hay, stored grains, wood 

chip piles, and other accumulations of organic matter wherein the conditions are warm, 

humid and aerobic (Cooney and Emerson 1964). A number of thermophilic fungi can 

survive in harsh conditions such as those with increased water pressure, an absence of 
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oxygen, and under desiccation conditions (Mahajan et al. 1986). During the composting 

process, various organic materials are converted into simpler units of organic carbon and 

nitrogen. The overall efficiency of organic material break down depends on the microbes 

and their activities (Raut et al. 2008).  Thermophilic fungi promote the degradation of 

organic materials by secreting various types of cellulolytic and xylanolytic enzymes. 

These fungi might have enzymes that maintain their activities at high temperatures. 

Enzymes from thermophilic fungi are often more stable at higher temperatures than the 

enzymes from mesophilic fungi, and some even show stability at 70- 80℃ (Margaritis et 

al. 1986; Margaritis and Merchant 1983). 

 
4.5 ESTIMATION OF DIFFERENT ENZYME ACTIVITY OF ISOLATED 

THERMOPHILIC FUNGI   

 
Paddy straw consists of cellulose (35-40%), hemi-cellulose (20- 24%), lignin (8-12%), 

ash (14-16%) and extractives (10-12%), which are associated with each other (Saha 2003). 

Thermophiles are a good source of novel catalysts that are of great industrial interest and have 

more stable enzymes as compared to mesophiles (Li et al. 2005). Thermophilic enzymes are also 

active at low temperatures and they can reach to the peak of enzyme activities more quickly as 

compared to mesophiles. Moreover, the stability of obligate thermophiles increased with process 

temperature. Enzymes synthesized by thermophiles and hyper-thermophiles are known as 

thermozymes. These enzymes are typically thermostable or resistant to irreversible inactivation at 

high temperature. Thermozymes can be used in several industrial processes, in which they 

replace mesophilic enzymes or chemicals. The main advantages of performing process at higher 

temperature are reduced risk of microbial contamination, lower viscosity, improved transfer rates 

and improved solubility of substrates. Thermophilic fungi are potential sources of enzymes with 

scientific and commercial interests. Enzymes are useful as specific tools for elucidating the 

structure of plant cell walls and are also required for evolving biodegradative methods for the 

conversion of biomaterials containing cellulose and hemicellulose into monosaccharides from 

which single-cell protein, single-cell oil or ethanol could be produced (Flickinger 1980 and Fall et 

al. 1984). Thermophilic fungi have a powerful ability to degrade polysaccharide constituents of 

biomass. The properties of their enzymes show differences not only among species but also 

among strains of the same species. Some extracellular enzymes from thermophilic fungi are 

being produced commercially, and a few others have commercial prospects. Genes of 

thermophilic fungi encodes lipase, protease, xylanase and cellulase. Thermophilic fungi are the 

chief components of the microflora that develops in heaped masses of plant material, piles of 
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agricultural and forestry products, and other accumulations of organic matter where in the warm, 

humid and aerobic environment. They constitute a heterogeneous physiological group of various 

genera in the Phycomycetes, Ascomycetes, Fungi Imperfecti and Mycelia Sterilia. Mandels 

(1975) observed that some species of thermophilic fungi degraded cellulose rapidly. Fungi are 

important sources of hemicellulases as they produce higher titers as compared to yeasts and 

bacteria (Krisana et al. 2005). Many thermophilic fungi like Paecilomyces themophila, 

Malbranchea cinnamomea, Thermomyces lanuginosus, Scytalidium thermophilum, Sporotrichum 

thermophile, Rhizomucor sp. and Aspergillus sp. have showed high production of xylanase using 

agro-industrial wastes (Yang et al. 2006; Maijala et al. 2012; Sadaf and Khare 2014; Robledo et 

al. 2015). 

  

4.5.1 Qualitative and quantitative estimation of hydrolytic and oxidize enzyme of 

fungal isolates from different compost formulations  

 

Eighteen species were isolated from the compost samples by serial dilution method. 

The aim of isolation of thermophilic fungi from compost was to evaluate the potential of 

thermostable enzymes for making button mushroom compost requiring high reaction 

temperatures. All these eighteen fungi were examined for qualitative and quantitative enzyme 

activities by different enzyme assays.  

 

4.5.1.1 Qualitative estimation of fungal isolates for hydrolytic and oxidative enzymes 

production 
 

All the isolates have produced varied hydrolysis zone (Table 4.27).  With respect to 

cellulase enzyme, maximum hydrolytic zone was recorded in isolate TF4 (49.00 mm) 

followed by treatment TF6 (45.00 mm) whereas minimum hydrolytic zone was found in 

isolate TF1 and 12 (10mm) respectively. In xylanase enzyme estimation, maximum 

hydrolytic zone was observed in treatment TF4 (39mm) followed by treatment TF8 (36mm) 

while minimum hydrolytic zone was recorded in treatment TF3 and TF18. Treatment TF6 

showed maximum laccase enzyme hydrolytic zone (29mm) followed by treatment TF4 

(23mm) whereas minimum hydrolytic zone was observed in treatment TF10 (4mm). In 

MnP enzyme estimation maximum oxidative zone was formed in treatment TF6 (30mm) 

followed by treatment TF4 (25mm).  

 

Ligninolytic fungal isolates of different compost formulations of button mushroom 

exhibited multiple hydrolytic and oxidative enzyme production i.e., cellulases, xylanase, 

laccase and MnP enzyme activity. Fungal isolates were selected on the basis of zone of 
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hydrolysis surrounding fungal colonies. Many microorganisms, such as fungi, bacteria and 

yeast, can degrade hemicellulose by producing xylanases. Xylanase activities can be 

determined by several methods. The plate assay has been used for decades as a primary 

screening method to select xylanase producing strains.  

 

Table 4.27 Qualitative estimation of fungal isolates for hydrolytic and oxidize enzyme 

production 
 

Isolates 
Cellulase Xylanase Laccase 

Manganese 
peroxidase 

Zone size 
(mm) 

Zone size 
(mm) 

Zone size 
(mm) 

Zone size 
(mm) 

TF1  
Aspergillus fumigatus 

10.00 28.00 6.00 5.00 

TF2 
Aspergillus sp. 

26.00 7.00 18.00 20.00 

TF3 
Humicola fuscoatra 

43.00 5.00 5.00 6.00 

TF4 
Thermomyces lanuginosus 

49.00 39.00 23.00 25.00 

TF5 
Aspergillus fumigatus 

15.00 22.00 8.00 7.00 

TF6- 
Melanocarpus albomyces 

45.00 34.00 29.00 30.00 

TF7 
Aspergillus fumigatus 

14.00 19.00 7.00 17.00 

TF8 
Sordarials sp. 

29.00 36.00 7.00 15.00 

TF9 
Talaromyces euchlorocarpius 

16.00 12.00 17.00 10.00 

TF10 
Aspergillus fumigatus 

18.00 11.00 4.00 9.00 

TF11 
Thermomyces duponti 

22.00 13.00 16.00 11.00 

TF12 
Aspergillus sp. 

10.00 16.00 22.00 22.00 

TF13 
Penicillium thomii 

19.00 8.00 8.00 13.00 

TF14 
 Chaetomium sp. 

13.00 14.00 5.00 12.00 

TF15 
Sordarials sp. 

35.00 17.00 14.00 19.00 

TF16 
Aspergillus fumigatus 

14.00 20.00 20.00 16.00 

TF17 
Talaromyces euchlorocarpius 

17.00 26.00 15.00 13.00 

TF18 
Scytalidium album 

15.00 5.00 6.00 9.00 

C.D(0.05) 3.98 3.06 3.36 3.38 

SE 1.40 1.08 1.18 1.19 
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The strains are cultured on agar medium containing xylan as their carbon source until 

clear zones are observed (the xylan hydrolysis area) after being stained with congo red dye 

(Bajaj and Mahajan 2019) or gram’s iodine solution (Burlacu et al. 2016). 

 

4.5.1.2 Quantitative estimation of fungal isolates for hydrolytic and oxidize enzyme 

production 

 
Quantitative estimation of ligninolytic, cellulolytic, xylanolytic and manganese 

dependent peroxidase enzymes of fungal isolates from the button mushroom different 

compost formulations was done. The observations depicted that laccase enzyme activity 

was recorded maximum in isolate TF6 (2.51 IU) followed by isolate TF4 (2.19 IU), 

whereas, minimum activity was observed in isolate TF11 (0.22 IU). With respect to 

xylanase enzyme activity, maximum enzyme activity was recorded in isolate TF4 (39.52 

IU) followed by isolate TF6 (35.05 IU). The MnP enzyme activity was observed to be the 

maximum in isolate TF6 (4.91 IU) followed by isolate TF14 (4.56 IU) whereas, minimum 

MnP enzyme activity was found in isolate TF10 (0.10 IU). CMCase enzyme assay 

depicted that the enzyme activity was recorded maximum in isolate TF4 (37.29 IU) 

followed by isolate TF3 (36.95 IU) whereas, minimum cellulase enzyme activity was 

found in isolate TF1 (5.76 IU). 

Filterpapease activity was observed to be the maximum in isolate TF4 (12.52 IU) 

followed by isolate TF6 (10.82 IU), whereas minimum cellulase enzyme activity was found 

in isolate TF 3 and 17 (2.57 IU). β- Glucosidase assay was observed to be the maximum in 

isolate TF6 (19.83 IU) followed by TF4 (18.84 IU) and minimum in isolate TF16 (7.59 IU) 

(Table 4.28). 

Thermophilic fungi have positive influence on the growth of A. bisporus by 

decreasing the ammonia concentration and it immobilizes the nutrients so that it is easily 

available to the mycelium of mushroom (Mahajan et al. 2021). Mushrooms are able to secrete 

lignin peroxides (LiP) and manganese peroxidase (MnP) and able to use the cellulose as 

sources of carbon. Mushrooms have the ability to completely degrade the lignin to the 

cellulose molecule using LiP, MnP and laccase and the cellulose fraction is exposed for the 

use of mushroom as a source of carbon (Lara et al. 2003 and Xu et al. 2012). Some reports 

indicate that fungal laccase take part in detoxification of phenolic compounds and sporophore 

development (Bollag et al. 1988; Zhao and Kwan 1999; Ohga and Royse 2001). 



101 

 

Table 4.28 Quantitative estimation of fungal isolates for hydrolytic and oxidative enzyme production 

 

Enzyme activity (IU) 

Isolates Laccase Xylanase 
Manganese 
dependent 
peroxidase 

Cellulase 

CMCase Filterpapease β- Glucosidase 

TF1 Aspergillus fumigatus 1.90 19.03 0.13 5.76 10.70 18.29 

TF2Aspergillus sp. 1.40 4.33 1.96 20.16 3.02 17.33 

TF3Humicola fuscoatra 1.21 2.34 0.15 36.95 2.57 15.93 

TF4Thermomyces lanuginosus 2.51 39.52 3.33 37.29 12.52 18.84 

TF5Aspergillus fumigatus 0.82 17.45 0.15 9.49 7.79 10.76 

TF6Melanocarpus albomyces 2.19 35.05 4.91 28.39 10.82 19.83 

TF7Aspergillus fumigatus 0.61 12.66 1.20 10.41 6.25 17.73 

TF8Sordarials sp. 0.21 24.04 1.05 25.14 9.31 18.61 

TF9Talaromyces euchlorocarpius 1.13 3.73 0.20 13.62 5.57 18.25 

TF10Aspergillus fumigatus 0.31 5.04 0.10 14.33 5.04 7.69 

TF11Thermomyces duponti 0.22 22.23 0.50 18.44 5.76 8.50 

TF12Aspergillus sp. 1.44 18.48 2.16 6.58 6.15 8.59 

TF13Penicillium thomii 0.28 2.19 1.03 17.41 3.78 18.19 

TF14 Chaetomium sp. 1.61 12.66 4.56 8.60 5.96 17.20 

TF15Sordarials sp. 0.32 29.31 0.35 35.7 6.16 8.11 

TF16Aspergillus fumigatus 1.24 14.04 1.60 8.58 6.26 7.59 

TF17Talaromyces euchlorocarpius 1.12 2.25 0.93 13.83 8.06 18.09 

TF18Scytalidium album 0.51 2.19 0.15 9.49 2.57 15.93 

C.D(0.05) 0.05 0.34 0.08 0.15 0.10 0.44 

SE 0.02 0.12 0.03 0.05 0.03 0.16 

IU (International unit = µM/min/ml) 
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Out of eighteen, two thermophilic fungi showed highest enzyme activities which were 

selected for our next experiments i.e., TF1- Thermomyces lanuginosus and TF6-Melanocarpus 

albomyces which were identified morphologically, microscopically and molecularly (Plate 8 and 9). 

Four species of thermophilic fungi from self-heating hay: Mucor pusillus, Thermomyces 

lanuginosus, Thermoidium sulfureum and Thermoascus aurantiacus were isolated by Miehe (1930 

and 1930a). Fungi isolated from Phase-II compost were Chaetomium thermophile, Emericella 

nidulans, Thermoascus aurantiacus, Myriococcum albomyces, Humicola insolens, Malbranchea 

sulfurea, Torula thermophila, Stilbella thermophila and Thermomyces lanuginosus. Thermoascus 

aurantiacus and Thermomyces lanuginosus belong to Eurotiales, Ascomycota and Myriococcum 

thermophilum belongs to Sordariomycetes, Ascomycota well-known thermophiles (Rajasekaran 

and Maheshwari 1993; Deacon 2006). 

1) Thermomyces lanuginosus  

Thermomyces lanuginosus is a species of thermophilic fungus that belongs to Thermomyces, 

a genus of hemicellulose degraders. It is classified as a deuteromycete (Cooney and Emerson 1964) 

and no sexual form has ever been observed. It is the dominant fungus of compost heaps, due to its 

ability to withstand high temperatures and use complex carbon sources for energy. As the 

temperature of compost heaps rises and the availability of simple carbon sources decreases, it is 

able to out compete pioneer microflora. It plays an important role in breaking down the 

hemicelluloses found in plant biomass due to the many hydrolytic enzymes that it produces, such as 

lipolase, amylase, xylanase, phytase and chitinase (Maheshwari 2016). These enzymes have 

chemical, environmental and industrial applications due to their hydrolytic properties. 

Growth and morphology 

Thermomyces lanuginosus (Tsiklinskya 1899) is a synonym Humicola lanuginosa 

(Griffon and Maublanc 1911). Colonies on YpSs at 45°C appear white at first, but soon 

turn gray, beginning at the center of the colony. Gradually the colony turns purple brown, 

the agar stains deep pink or wine color may be due to the secretion of diffusible 

substances. Mature colonies appear dull dark brown to black. Hyphae were colorless and 

septate with 1.5 - 4 µm in diameter. Conidiogenous cell arise at right angle to the hyphae, 

10-15 µm long, generally unbranched or rarely branched once or twice near the base 

forming clusters and often septate. Conidia single on each conidiogenous cell, colorless, 

spherical, smooth walled when young, at maturity turn dark brown and sculptured, 6-10 

µm in diameter, separating easily from the conidiogenous cell and commonly retain a 



 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

A) Thermomyces lanuginosus colonies 

on yeast phosphate soluble starch agar 

(YPSS) at 40 ± 2 °C. and at 6-7 days 

incubation  

 

B) Microscopic view of Thermomyces 

lanuginosus (40X magnification) with 

conidia and conidiophors.   

 

Plate 6. TF4- Thermomyces lanuginosus  

A) Melanocarpus albomyces colonies 

on yeast phosphate soluble starch agar 

(YPSS) at 40 ± 2 °C and at 6-7 days 

incubation 

 

B) Microscope slide of Melanocarpus 

albomyces (40X magnification)  

 

Plate 7.  TF6- Melanocarpus albomyces 
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short attachment piece. Isolate TF4 was identified as Thermomyces lanuginosus on the 

basis of morphological and microscopical characters and on the basis of molecular 

identification by using ITS-1 and ITS-4 primer (Plate 6 and Fig. 1). 

Thermomyces lanuginosus is classified as a thermophile, and experiences rapid 

growth at high temperatures (Cooney and Emerson 1964). Colonies are white and velvety 

at first, generally less than 1 mm high, but soon turn grey or greenish grey, starting from 

the center. Mature colonies are dull dark brown to black, often with pink or vivacious 

diffusing pigment secreted from the colony (Cooney and Emerson 1964; Howard 2002). 

Masses of developing aleuriophores can be seen on the fine, colourless hyphae of young 

colonies when viewed under a microscope. They are generally unbranched but 

occasionally branch once or twice near the base, appearing as a cluster. Septations may 

occur but are often difficult to observe. Aleuriospores are borne singly at tips of the 

aleuriophores (Cooney and Emerson 1964). Spores were colorless and smooth at first, but 

turn dark brown during maturation, and the thick exospore becomes wrinkled. Mature 

spores are spherical, irregularly shaped. Both immature and mature spores can be easily 

separated from the aleuriophore, which usually ruptures slightly below the point of 

attachment, so free spores may be found with the top portion still attached. 

  
Figure 1. Phylogenetic tree of TF4- Thermomyces lanuginosus based on ITS 

sequences   drawn by using the neighbour joining algorithm method 
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Thermophilic fungi are primarily compost fungi, though Thermomyces lanuginosus 

has also been found to thrive in spoil tips, senescent grass leaves, sewage, peat, bog soils 

and is the dominant species of thermophilic fungi in hot springs (Satyanarayana et al. 2013 

and Maheshwari 2016). Thermomyces lanuginosus has two of the most important qualities 

required for being a compost colonizer - it is able to withstand high temperatures and use 

complex carbon sources for energy (Singh and Aneja 2012). It produces thermostable 

hemicellulases that degrade hemicellulose of plant biomass into simpler sugars (Zhang et 

al. 2015). As the temperature in compost systems rise, the pioneer flora disappears and 

thermophilic fungi become dominant (Satyanarayana et al. 2013). Thermomyces 

lanuginosus is a secondary sugar fungus and can participate in mutualistic relationships 

with some true cellulose decomposers of composts (Singh and Aneja 2012). 

Uses of Thermomyces lanuginosus 

Thermomyces lanuginosus has a number of different chemical, environmental and 

industrial applications, where hydrolytic processes are involved. Its regiospecificity allows 

the oleochemical industry to produce products such as cocoa butter equivalents, human milk 

fat substitutes, and other specific-structured lipids. There are a number of enzymes secreted 

by Thermomyces lanuginosus viz., lipase, amylase, xylanase, phytase, chitinase, 

glucoamylase, trehalase and invertase (Berikten and Kivanc 2014; Zhang et al. 2015; 

Maheshwari 2016 and Maheshwari et al. 2016).  It can be used for hydrolysis of oils and fats, 

alcoholysis or trans-esterification’s of oils and fats, esterification of fatty acids and acidolysis 

and inter-esterification of oils. Large scale environmental applications include use in the 

degradation of polymers, treatment of wastewater from the meat industry, pretreatment of 

wool and a sensor of fat quality in large scale processing (Fernandez 2010). 

2) Melanocarpus albomyces 

Melanocarpus albomyces (Cooney and Emerson 1964) is Synonym to Myriococcum 

albomyces (Cooney and Emerson 1964) = Thielavia albomyces (Cooney and Emerson 1964; 

Malloch and Cain 1972). On YpSs agar, colony appear white and cottony in the early stages 

becoming grayish black by fourth day and grayish black pigment excreted in the agar 

medium. Two distinct types of hyphae: aerial septate hyphae variable in thickness (2-10 µm 

wide); prostrate hyphae constricted at the septa, forming branched chain like series of 

cylindrical or oval thick-walled cells that break apart easily. Ascocarps are superficial, dark 



Plate 8. Gel image showing genomic DNA of thermophilic fungi 

Plate 9. Molecular identification of thermophilic fungi using universal primer 

ITS-1 and ITS-4
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brown, scattered or gregarious, globose, glabrous wall, non-ostiolate, 150-250 µm in 

diameter. Asci pyriform when young, at maturity irregularly oblong, 8-spored, ascus 

membrane simple, very thin, evanescent, 35-40 × 15-20 µm. Ascospores single celled, 

smooth, dark brown, globose or elliptical, with a single apiculus, irregularly distributed in the 

ascus, 10-15 µm in diameter. Isolate TF6 was identified as Melanocarpus albomyces on the 

basis of morphological and microscopical characters and on the basis of molecular 

identification by using ITS-1 and ITS-4 primer (Plate 7 and Fig.2). 

 

 

Figure 2. Phylogenetic tree of TF6- Melanocarpus albomyces based on ITS sequences 

drawn using by the neighbour joining algorithm method 

Thermophilic fungi with biodegradative capability, Melanocarpus albomyces 

(Cooney and Emerson 1964) von Arx (1975) was isolated for the first time from India. This 

fungus can rapidly produce high levels of extracellular xylanase. Melanocarpus albomyces is 

a thermostable, single-module, cellulose-degrading enzyme. A thermophilic ascomycete 

fungus Melanocarpus albomyces (formerly known also as Myriococcum albomyces or 

Thielavia albomyces) produces xylanases and cellulases with pronounced thermal stability 

(Maheshwari et al. 2000). Melanocarpus glycoside hydrolases have potential in various 

industrial applications, and three neutral cellulases have also been expressed at high levels. 

Novel laccase is also reported from the thermophilic fungus Melanocarpus albomyces 

(Kiiskinen et al. 2002). This laccase was shown to have very interesting properties relating to 

potential industrial applications (Laura et al. 2004). 



106 

 

These two fungal isolates, Thermomyces lanuginosus and Melanocarpus albomyces were 

selected and used singly and in combinations under in vitro condition to evaluate their effect on 

growth of A. bisporus. Before using these fungal isolates in combinations their compatibility was 

evaluated following dual culture. After checking their compatibility, these isolates were used as a 

consortium for further experiments. 

 

4.5.1.3 In vitro testing of growth rates of A. bisporus mycelium on sterilized compost 

inoculated with test thermophilic fungi singly and in combinations 

 

Thermomyces lanuginosus and Melanocarpus albomyces were used singly and in 

combinations to see their effect on the growth rates of A. bisporus on sterilized compost 

in beaker and petriplates under in vitro conditions. The linear growth rate of mycelium of 

A. bisporus on sterilized compost in beaker was found to be maximum (7.80 mm per day) 

in treatment 3 (consortium of isolate TF4 and TF6 of thermophilic fungi) in upward 

direction followed by treatment 2 (6.60 mm/day).  The minimum mycelial growth rate 

was recorded in treatment 4 (control) (5.00 mm/day). Growth of A. bisporus in petri 

dishes on treatment 3 (compost inoculated with consortium of TF4+TF6 thermophilic 

fungi) showed maximum radial growth rate of 9.00 mm/day followed by 6.33 mm/day in 

treatment 2.  The radial growth rate on control was observed to be the least in treatment 4 

(4.50 mm/day). These two species of thermophilic fungi appeared to be the most 

promising and were used for more controlled preparation of the substrate for A. bisporus 

cultivation (Table 4.29 and Plate 10).  

 

The effect of thermophilic fungi on growth rate of mushroom mycelia in sterilized 

compost is quite significant. Radial growth rate of mushroom mycelia on any laboratory 

medium never exceeds 3 mm/day (Last et al. 1974). Based on our experimental data, we 

could observe that inoculations of the thermophilic fungi provided a trigger for enhanced 

growth of A. bisporus mycelium. The study revealed that the results may be extrapolated to 

what actually happens during the preparation of mushroom compost. The high hyphal 

extension rates of A. bisporus on compost in the presence of thermophilic fungi may have an 

ecological significance that it might be able to grow as fast as possible, thereby colonizing as 

much substrate as possible. Once the substrate has been colonized with the mushroom 

mycelium, it prevents the colonization of compost by other microorganisms (Fermor and 

Wood 1981; Fermor and Grant 1985) or by excretion of carbon monoxide (Stoller 1978) 

which effectively inhibits growth of most competing organisms but inhibits the growth of the 



 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Plate 10.    In vitro testing of Thermomyces lanuginosus and Melanocarpus albomyces for 

button mushroom mycelium growth  

 

In vitro compatibility test of 

Thermomyces lanuginosus 

and Melanocarpus 

albomyces  

 

In vitro testing the radial growth of  Agaricus bisporus on 

sterilized compost in petri-plates  inoculated with isolated 

thermophilic fungi  singly and as a consortia  

 

In vitro testing the mycelial extension of Agaricus bisporus on sterilized compost  in beaker  

inoculated with isolated thermophilic fungi  singly and as a consortia  

 

a) Isolate1 (Thermomyces 

lanuginosus )  

b)Isolate 2 (Melanocarpus 

albomyces )  

c) Consortium of Isolates 1 & 

2 (Thermomyces lanuginosus  

+ Melanocarpus albomyces )  

d) Control  
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mushroom mycelium itself only partly (Derikx et al. 1990). Carbon dioxide concentrations in 

the range of 0.3 to 1.0 per cent generate a higher extension rate of mushroom mycelium 

(Wiegant et al. 1992). The probable reason of higher growth rate in culture beaker may be the 

ventilation in beaker. 

 

Table.4.29 Growth rates of A. bisporus mycelium on sterilized compost inoculated with 

thermophilic fungi singly and in combinations 
 

Compost treatments 

Mycelial extension 

rate in beaker 

(mm/day) 

Radial growth rate 

in petri dishes 

(mm/day) 

Treatment 1 

Paddy Straw + Wheat Straw (1:1) 

inoculated with Thermomyces lanuginosus 

6.20 5.40 

Treatment 2 

Paddy Straw + Wheat Straw (1:1) 

inoculated with Melanocarpus albomyces 

6.60 6.33 

Treatment 3 

Paddy Straw + Wheat Straw (1:1) 

inoculated with consortium of 

Thermomyces lanuginosus + Melanocarpus 

albomyces 

7.80 9.00 

Treatment 4 

Control (Uninoculated) 
5.00 4.50 

Mean 6.40 6.32 

C.D. (0.05) 0.65 0.28 

SE 0.21 0.09 

 

Straatsma et al. (1989) pre-incubated the sterilized compost with isolates of thermophile 

Scytalidium thermophilum, Myriococcum thermophilum and the unidentified Chaetomium 

speciesand reported better growth of mushroom mycelium. Later, Straatsma et al. (1994a) tested 

other thermophilic fungi, i.e., Chaetomium thermophilum, an unidentified Chaetomium sp., 

Malbranchea sulfurea, Myriococcum thermophilum, Symbiobacterium thermophilum, Stilbella 

thermophila, Thielavia terrestris and two unidentified basidiomycetes, on sterilized compost, and 

found these promoted the mycelial growth of A. bisporus. Mycothermus thermophilus (Cooney and 

Emers 1964) Wang, Houbraken and Natvig (synonym of Scytalidium thermophilum), Malbranchea 

cinnamomea (Lib.) Oorschot and de Hoog (synonym Malbranchea sulfurea) and Myriococcum 

thermophilum (Fergus) Aa, were also found to stimulate the mycelial growth and production of A. 

bisporus (Straatsma et al. 1991, 1994; Sanchez 2007 and Sanchez et al. 2008) by reducing the 

concentration of ammonium, immobilizing nutrients and producing metabolites that can inhibit 
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competing organisms. Straatsma and Samson (1993) tested the 54 isolates of Symbiobacterium 

thermophilum to promote the growth of A. bisporus at rates of about 7 mm/day. This finding 

indicates some specificity of the growth-promoting factor(s) Chaetomium thermophilum, 

Chaetomium sp., Malbranchea sulfurea, Myriococcum thermophilum and one of the unidentified 

basidiomycetes induced growth rates above 6 mm/ day (Straatsma et al. 1994). 

4.6   EVALUATION OF COMPOST QUALITY AND MUSHROOM YIELD BY 

USING TWO SELECTED THERMOPHILIC FUNGI IN COMPOST 

  Out of five treatments of different compost formulations treatment 3 was evaluated as 

the best treatment and was used for further evaluation. Two themophilic fungi, which showed 

maximum enzyme activity, were used as inoculums to evaluate the effect of these fungi on 

compost preparation, quality parameters of compost and production of mushroom. 

 In this experiment, the treatments were given in best compost formulation i.e., treatment 3 

of the previous experiment. Composition consisting of wheat straw 500 kg, Paddy straw 500 kg, 

chicken manure 600 kg, urea 15 kg, wheat bran 100 kg and gypsum 30kg was taken in the 

compounding mixture (Plate 11 and 12). There were four treatments used with four replications 

in the study. T-1- inoculated with 1st best isolate (TF4-Thermomyces lanuginosus), T-2 inoculated 

with 2nd best isolate (TF6-Melanocarpus albomyces), T-3 inoculated with consortium of TF4- 

Thermomyces lanuginosus+TF6-Melanocarpus albomyces and T-4 was the Control 

(uninoculated). These thermophilic fungi were grown on wheat grains as mushroom spawn as per 

standard procedure and incubated at 40±2°C for full growth (Plate 13).  

4.6.1  Evaluation of compost with thermophilic fungi and its effect on yield of mushroom 

  The data in table 4.30 shows the days taken for spawn run, case run, pin head 

formation, first harvest, yield and average fruiting body weight of mushroom in different 

treatments. It was observed that treatment 3 took minimum time for spawn run (11.76 days) 

whereas, maximum days were taken by treatment 4 (14.22 days).  

Days taken for case run was observed to be the least again in treatment 3 (16.05 days) 

while maximum was in treatment 1 (19.00 days).  For pin head formation also treatment 3 took 

minimum days (23.09 days) and maximum days was in treatment 4 (24.08 days). In case of first 

harvest, out of all four treatments, treatment 3 took minimum days (26.01 days) followed by 

treatment 2 (26.02 days) whereas, maximum days were taken by treatment 4 (28.13 days).  



Plate 11. Spawn of thermophilic fungi 

Spawn of thermophilic 

fungi Thermomyces 

lanuginosus 

Spawn of thermophilic 

fungi Melanocarpus 

albomyces 

Spawn of thermophilic 

fungi  Consortium of 

Thermomyces lanuginosus  + 

Melanocarpus albomyces 

Plate 12. Different compost treatments made by inoculums of thermophilic fungi



1.Weighing of substrate 2. Inoculum addition 3. Mixing of substrate and inoculum 

4. Heap formation 5. After last turning 6. Filling into pasteurization chamber 

7. Spawning   8. Mushroom bags in cropping room (22-25℃)  9. Casing 

10.Fruiting (14-18℃) 11. Harvesting 12.Packing 

Plate 13. Steps involved in making compost by using thermopilic fungi 
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Table 4.30 Evaluation of compost with thermophilic fungi and its effect on yield of mushroom 

 

Compost treatments 

Days taken for 
Yield (kg per 

100kg) 

Average 

weight (g) 
Spawn run Case run 

Pin head 

formation 
First harvest 

Treatment 1 

Paddy Straw + Wheat Straw (1:1) inoculated 

with Thermomyces lanuginosus 

14.03 19.00 24.02 27.10 18.25 14.96 

Treatment 2 

Paddy Straw + Wheat Straw (1:1) inoculated 

with Melanocarpus albomyces 

13.08 18.03 24.01 26.02 20.75 15.11 

Treatment 3 

Paddy Straw + Wheat Straw (1:1) inoculated 

with consortium of Thermomyces lanuginosus + 

Melanocarpus albomyces 

11.76 

 

16.05 

 

23.09 26.01 23.98 17.18 

Treatment 4 

Control (Uninoculated) 

14.22 

 

17.99 

 

24.08 

 
28.13 

16.22 

 

14.12 

 

Mean 13.27 17.77 24.05 26.81 19.86 15.34 

C.D. (0.05) 0.93 0.98 0.09 0.98 1.13 0.99 

SE 0.30 0.31 0.03 0.31 0.36 0.32 
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 In case of mushroom yield, out of all four treatments, treatment 3 gave maximum yield 

(23.98 kg/q compost) followed by treatment 2 (20.75 kg/q compost). The minimum yield was 

recorded in treatment 4 (16.22 kg/q compost). Average fruit body weight was observed 

maximum in treatment 3 (17.18 g) and minimum average fruit body weight was found in 

treatment 4 (14.12 g). All the four treatments of different combinations were found free from 

the any diseases or pest during cropping time (Plate 14, 15 and 16). Previous reports also 

showed that the mushroom yield in the compost prepared using Malbranchea sulfurea + 

Torula thermophila was significantly higher (1990 g/5 kg of compost), which was about twice 

as much as the pasteurized control compost (1020 g/5 kg of compost) and also promoted the 

growth of A. bisporus in vitro to 7.7 mm/day in petriplates (Salar and Aneja 2007). According 

to Gerben et al. (1995) presence of theromophilic fungus in compost has a positive correlation 

to the yield of mushrooms. Several workers suggested the role of these thermophilic fungi in 

making compost selective and nutritive for A. bisporus (Waksman et al. 1939b; Pope et al. 

1962; Straatsma et al. 1989 and Vijay 1996). Straatsma et al. (1994) recorded that Scytalidium 

thermophilum and Myriococcum thermophilum grew well on pasteurized compost; both species 

were effective on the crop yield of A. bisporus mushrooms. The yield of mushrooms on 

inoculated composts was almost twice that of the pasteurized control. This finding is of 

relevance for the environmentally controlled production of high-yielding compost. 

Thermophilic fungi in particular Torula thermophila and Malbranchea sulfurea provides a 

trigger for enhanced growth of A. bisporus acting by an unknown mechanism (Salar and Aneja 

2007). All these finding end support to the present investigations. 

 

4.6.2 Effect of different compost treatments on morphometric parameters of button 

mushroom 

The observations were recorded on morphometric parameters of button mushroom 

grown on different compost treatments like diameter of pileus, thickness of pileus, diameter 

of stipe and length of stipe (Table 4.31).  

The observations revealed that the diameter of pileus was also observed to be the 

maximum in treatment 3 (5.02cm) while the lowest was in treatment 2 (4.00 cm). Maximum 

thickness of pileus of mushroom fruiting bodies was recorded in treatment 3 (2.50cm) 

followed by treatment 2 (2.30cm) while the minimum was recorded in treatment 4 (2.10cm). 

Diameter of mushroom stipe was recorded to be the maximum in treatment 3 (1.70cm) 

followed by treatment 2 (1.50cm) and minimum was found in treatment 1 (0.90cm). Length 



Plate 14. Effect of thermophilic fungi inoculum on spawn run of button mushroom 

Plate 15. Effect of thermophilic fungi inoculum on pinning of button mushroom 



Plate 16. Effect of inoculation of thermophilic fungi on yield of button mushroom
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of stipe was maximum in treatment 3 (1.90cm) whereas, minimum was recorded in treatment 

1 (1.20cm).  

Table 4.31 Effect of different compost treatments on morphometric parameters of 

button mushroom by inoculating thermophilic fungi 
 

Compost treatments 

Diameter 

of pileus 

(cm) 

Thickness 

of pileus 

(cm) 

Diameter 

of stipe 

(cm) 

Length 

of stipe 

(cm) 

Treatment 1 

Paddy Straw + Wheat Straw (1:1) 

inoculated with Thermomyces lanuginosus 

4.20 2.20 0.90 1.20 

Treatment 2 

Paddy Straw + Wheat Straw (1:1) 

inoculated with Melanocarpus albomyces 

4.00 2.30 1.50 1.70 

Treatment 3 

Paddy Straw + Wheat Straw (1:1) 

inoculated with consortium of 

Thermomyces lanuginosus + Melanocarpus 

albomyces 

5.02 2.50 1.70 1.90 

Treatment 4 

Control (Uninoculated) 

 

4.81 
2.10 1.30 2.10 

Mean 4.90 2.04 1.20 1.40 

C.D. (0.05) 0.61 0.27 0.55 0.41 

SE 0.20 0.09 0.18 0.13 

 

Vijay and Pathak (2014) reported a significant role of thermophilic fungi 

especially, Scytalidium thermophilum, Humicola insolens and Humicola grisea in 

selectivity and productivity of the compost. They artificially inoculated these fungi on 

zero day in long method of composting (LMC) and recorded a reduced composting period 

to 20 days. Inoculation of Scytalidium thermophilum significantly increased the button 

mushroom yield. Inoculation of these fungi in Phase-II of short method of composting 

could bring down the period from seven to five days. High conversion of compounding 

mixture to compost was found in inoculated treatments with increased yield over control. 

Highest degradation of cellulose, hemicellulose and carbon was observed in inoculated 

pile, which contributed in good spawn run and higher yield. 

4.7  QUALITY ASSESSMENT OF COMPOST  

 The composts made using different treatments were analyzed for different physical and 

chemical properties using optimized compost formulations. The samples of composts prepared 

with four different treatments were drawn at the time of spawning following standard protocol. 
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The samples were dried at 55-60º C in a hot air oven, grinded and then analyzed. The composts 

prepared with different combination were found to vary in their quality characteristics. 

4.7.1   Physical properties of composts made by different treatments 

Moisture content of the composts was recorded highest in treatment 3 (67.13%). 

The minimum moisture content was observed in treatment 2 (62.98%). pH of the compost 

recorded highest in treatment 4 (7.41) and minimum pH was recorded in treatment 1 (7.05). 

Electric conductivity (EC) of the composts were recorded highest in treatment 2 (3.50 deci  

Sm-1) followed by the treatment 4 (3.12 deci Sm-1) whereas minimum EC was recorded in 

treatment 3 (2.64 deci Sm-1). Out of all the four treatments, organic matter content of 

compost was found to be the maximum in treatment 1 (71.52%) followed by treatment 4 

(69.00%). The minimum organic matter was found in treatment 2 (65.04%). The bulk 

density of compost was recorded the maximum in treatment 1 (0.44 g/cm3) followed by 

treatment 2 and 4 (0.41 g/cm3) while the minimum bulk density was recorded in treatment 3 

(0.37 g/cm3). Particle density of compost in all the four treatments, recorded to be the 

maximum in treatment 2 (0.94 g/cm3) followed by treatment 1 (0.93 g/cm3). The minimum 

particle density was recorded in treatment 3 (0.87 g/cm3).  

 

Porosity of all compost treatments were observed to vary in different treatment 

combinations. It varied from 52.69 per cent in treatment 1 to 57.47 per cent in treatment 3. 

The maximum porosity of compost was recorded in treatment 3 (57.47%) followed by 

treatment 2 (56.38%). The minimum porosity was observed in treatment 1 (52.69%) (Table 

4.32). Thai et al. (2022) recorded that the moisture content of the compost increased during 

the initial bale wetting stage to 70 per cent (w/w) and was maintained at 70–80 per cent 

during Phase I, decreasing to 60-70 per cent during Phase II and during the spawn run. Kaur 

et al. (2007) reported that thermophile inoculation helped in reducing the electrical 

conductivity of the compost significantly. Electrical conductivity, a measure of dissolved 

salts, ranged between 1.3 m S and 2.4 m S and was the safe limit below 3 m S. Fungal 

inoculation resulted in a lowering of the pH of compost up to the neutral range, which is an 

acceptable value for the final product of all the treatments compared to the control. 

All the physical parameters (independent variables) were analyzed for the correlation 

with the yield per cent (dependent variable) of white button mushroom using path analysis. The 

mean value, standard deviation and standard error were calculated and given in Table 4.33. 
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 Table 4.32 Physical quality characteristics of the compost in different compost treatments inoculated with thermophilic fungi 
 

Compost treatments 
Moisture 

(%) 
pH 

EC 

(deci Sm-1) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm3) 

Particle 

density 

(g/cm3) 

Porosity 

(%) 

Treatment 1 

Paddy Straw + Wheat Straw (1:1) 

inoculated with Thermomyces lanuginosus 

66.30 7.05 2.82 71.52 0.44 0.93 52.69 

Treatment 2 

Paddy Straw + Wheat Straw (1:1) 

inoculated with Melanocarpus albomyces 

62.98 7.36 3.50 65.04 0.41 0.94 56.38 

Treatment 3 

Paddy Straw + Wheat Straw (1:1) 

inoculated with consortium of Thermomyces 

lanuginosus +Melanocarpus albomyces 

67.13 7.32 2.64 68.03 0.37 0.87 57.47 

Treatment 4 

Control (Uninoculated) 
63.32 

 
7.41 3.12 69.00 0.41 0.88 

54.55 

 

Mean 64.93 7.28 3.02 68.40 0.41 0.91 55.27 

C.D. (0.05) 0.93 0.21 0.38 4.16 0.01 0.01 0.35 

SE 0.30 0.07 0.12 1.34 0.01 0.01 0.11 
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The correlation analysis examines the effect of independent variables (all physical 

parameters of compost) on the dependent variables (yield). The standard error calculated in 

the analysis showed significant variations (Table 4.33). The correlation analysis has shown 

a strong significantly positive effect of pH and porosity on the yield per cent while moisture 

percent has shown positive effect on yield along with porosity. This indicates that high 

porosity with high pH in the compost has significantly affected the yield potential of the 

compost. It also implies that if moisture content becomes high with low porosity in the 

compost, it will have a negative effect on the yield per cent. It could also be inferred from 

the data analysis that bulk density and particle density of the compost have significantly 

strong negative effect on the yield of button mushroom while electrical conductivity and 

organic matter of the compost have moderate negative effect on yield (Table 4.34). Further, 

the correlations coefficients were divided into direct and indirect effects and are depicted in 

table 4.35. The separation of direct and indirect effects of independent variable on 

dependent variable showed that high moisture contributes to the high bulk density with low 

porosity in the compost and bulk density is negatively correlated with yield. Thus, higher 

moisture and bulk density ultimately affects the yield per cent negatively. The particle 

density has also shown a negative correlation with the yield implying the lower yield with 

higher particle density while the porosity has indirect positive effect on yield per cent of 

white button mushroom through bulk density. The whole analysis showed that the bulk 

density is affecting the yield negatively through various other interdependent physical 

parameters of the compost.  

Tables 4.33. Means, standard deviation and standard error of different physical parameters 

analyzed during the study by using thermophilic fungi 

 

Variables Mean 
Standard 

deviation 
Standard error 

Yield (%) 20.99 2.87 1.66 

Moisture (%) 65.47 2.20 1.27 

Ph 7.24 0.17 0.10 

EC (deci Sm-1) 2.99 0.45 0.26 

Organic matter (%) 68.20 3.24 1.87 

Bulk density (g/cm3) 0.41 0.04 0.02 

Particle density (g/cm3) 0.91 0.04 0.02 

Porosity (%) 55.51 2.51 1.45 
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Tables 4.34. Correlation matrix of different physical parameters (independent variables) with 

yield per cent (dependent variable) analyzed during the study by using 

thermophilic fungi 

 

Variables 
Yield 

(%) 

Moisture 

(%) 
pH 

EC 

(deci 

Sm-1) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm3) 

Particle 

density 

(g/cm3) 

Porosity 

(%) 

Yield (%) 1.00        

Moisture (%) 0.26 1.00       

pH 0.75 -0.44 1.00      

EC (deci Sm-1) -0.27 -1.00 0.43 1.00     

Organic matter 

(%) 
-0.48 0.73 -0.94 -0.72 1.00    

Bulk density 

(g/cm3) 
-1.00 -0.27 -0.75 0.28 0.47 1.00   

Particle density 

(g/cm3) 
-0.84 -0.75 -0.27 0.76 -0.09 0.84 1.00  

Porosity (%) 0.93 -0.11 0.94 0.10 -0.77 -0.93 -0.57 1.00 

 

Tables 4.35. Path correlation matrix of different physical parameters (independent 

variables) with yield per cent (dependent variable) analyzed during the 

study by using thermophilic fungi 

 

Variables 

Moist

ure 

(%) 

pH 

EC 

(deci 

Sm-1) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm3) 

Particle 

density 

(g/cm3) 

Porosity 

(%) 

Correlation 

coefficient 

with Yield 

Moisture (%) 1.06 -0.16 -0.27 -0.44 0.25 -0.23 0.06 0.26 

pH -0.47 0.38 0.12 0.57 0.70 -0.08 -0.46 0.75 

EC (deci Sm-1) -1.06 0.16 0.27 0.44 -0.26 0.23 -0.05 -0.27 

Organic matter 

(%) 
0.77 -0.35 -0.20 -0.61 -0.43 -0.03 0.37 -0.48 

Bulk density 

(g/cm3) 
-0.29 -0.28 0.08 -0.29 -0.93 0.26 0.45 -1.00 

Particle density 

(g/cm3) 
-0.80 -0.10 0.21 0.05 -0.78 0.30 0.28 -0.84 

Porosity (%) -0.12 0.35 0.03 0.47 -0.86 -0.18 0.49 0.93 

 

4.7.2  Chemical properties of composts made by different treatments 

In chemical properties of compost macro and micronutrient were analysis by standard 

procedures.  

4.7.2.1 Macronutrients status in the compost made by using different treatments 

Macronutrients i.e., organic carbon (OC), nitrogen (N), phosphorous (P), potassium 

(K), calcium (Ca) and magnesium (Mg) in the compost made using different treatments were 
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analyzed during the study and data is depicted in table 4.36. Organic carbon was recorded 

maximum in treatment 2 (35.96%) followed by treatment 4 (35.17%) while minimum carbon 

was recorded in treatment 3 (34.56%). Nitrogen per cent was found maximum in treatment 3 

(1.96%) and minimum in treatment 1 (1.89%). 

Phosphorous was recorded to the maximum in treatment 2 and treatment 3 (0.85%), 

which were statistically at par to each other while minimum was recorded in treatment 1 

(0.73%). Potassium was recorded to be the maximum in treatment 3 (3.57%) followed by 

treatment 1 (3.34%) and minimum was recorded in treatment 2 (3.00%). Maximum calcium 

was observed in treatment 4 (3.77%) followed by treatment 2 (3.34%). Magnesium was 

recorded to be the maximum in treatment 2 (0.83%). 

 Kaur et al. (2007) recorded that fungal inoculation resulted in a reduction in total 

organic carbon (TOC) content, which was observed in all the composts during the study. 

Ghaly et al. (2012) tested the effectiveness of inoculating the compost with thermophilic-

cellulolytic microorganisms (Thermomonospora curvata, Thermomonospora fusca and 

Thermoascus aurantiacus) and they recorded a decrease in moisture content from initial to 

final compost. The breakdown of organic nitrogen into ammonium caused an initial increase 

in pH due to production of ammonium hydroxide, which later decreased due to the formation 

of organic acid from the decomposition of fats and the loss of ammonia as exhaust gases. 

Table 4.36. Macronutrients composition of the compost by inoculated with thermophilic fungi 

Compost treatment 
OC 
(%) 

N 
(%) 

P 
(%) 

K 
(%) 

Ca 
(%) 

Mg 
(%) 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) 
inoculated with Thermomyces 
lanuginosus 

34.77 1.89 0.73 3.34 2.73 0.70 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) 
inoculated with Melanocarpus 
albomyces 

35.96 1.93 0.85 3.00 3.34 0.83 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) 
inoculated with consortium of 
Thermomyces lanuginosus 
+Melanocarpus albomyces 

34.56 1.96 0.85 3.57 2.49 0.77 

Treatment 4 
Control (Uninoculated) 

35.17 1.90 0.74 3.01 3.77 0.42 

Mean 35.12 1.92 0.79 3.23 3.08 0.68 

C.D. (0.05) 0.26 0.09 0.09 0.23 0.08 0.08 

SE 0.08 0.03 0.03 0.08 0.03 0.03 
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4.7.2.2 Micronutrients status in the compost made by using different treatments 

In micronutrients, copper, zinc, iron and manganese were analyzed by standard 

procedures and the data is depicted in table 4.37. While studying four treatment, copper 

micronutrient was recorded to be the maximum in treatment 1 (50.90ppm) followed by treatment 

3 (47.60ppm) whereas minimum was recorded in treatment 4 (45.00 ppm).  

Table 4.37 Micronutrients composition of the compost inoculated with thermophilic fungi 

Compost treatment 
Copper 
(ppm) 

Zinc 
(ppm) 

Iron 
(ppm) 

Manganese 
(ppm) 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) 
inoculated with Thermomyces lanuginosus 

50.90 169.00 1740.00 285.00 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) 
inoculated with Melanocarpus albomyces 

45.30 165.00 1900.00 464.00 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) 
inoculated with consortium of 
Thermomyces lanuginosus + 
Melanocarpus albomyces 

47.60 180.00 2070.00 480.00 

Treatment 4 
Control (Uninoculated) 

45.00 164.00 2030.00 398.00 

Mean 47.20 169.50 1,935.00 406.75 

C.D. (0.05) 1.37 7.84 40.94 11.52 

SE 0.44 2.52 13.14 3.70 

Zinc was found maximum in treatment 3 (180 ppm) followed by treatment 1 (169 

ppm) and minimum in treatment 4 (164 ppm). Iron was recorded maximum in treatment 3 

(2070 ppm). Manganese was recorded maximum in treatment 3 (480 ppm) followed by 

treatment 2 (464 ppm). 

4.7.2.3 Carbon and nutritional ratio of the compost inoculated with thermophilic fungi  

The results of the study are depicted in table 4.38. C: N ratio was recorded to be 

the maximum in treatment 2 (18.60) followed by the treatment 4 (18.51). C: P ratio was 

observed to be the maximum in treatment 1 (47.63) while minimum was observed in 

treatment 3 (40.65).  

C: K ratio significantly varied in different compost treatments from 9.68 in treatment 3 

to 11.97 in treatment 2. N: P ratio was observed to be the maximum in treatment 1 (2.59) 
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while minimum was recorded in treatment 2 (2.27). N: K ratio varied significantly from 0.55 

in treatment 3 to 0.64 in treatment 2. P: K ratio varied from 0.22 to 0.28. Maximum was 

recorded in treatment 2 (0.28) followed by the treatment 4 (0.25). The minimum P: K ratio 

was recorded in treatment 1 (0.22). 

Table 4.38 Ratio of carbon with macronutrients of the compost inoculated with   

thermophilic fungi 
 

Compost treatments C: N C: P C: K N: P N: K P: K 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) 
inoculated with Thermomyces 
lanuginosus 

18.40 47.63 10.41 2.59 0.57 0.22 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) 
inoculated with Melanocarpus 
albomyces 

18.60 42.24 11.97 2.27 0.64 0.28 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) 
inoculated with consortium of 
Thermomyces lanuginosus + 
Melanocarpus albomyces 

17.63 40.65 9.68 2.31 0.55 0.24 

Treatment 4 
Control (Uninoculated) 

18.51 47.53 11.68 2.57 0.63 0.25 

Mean 18.30 44.07 10.94 2.43 0.60 0.25 

C.D. (0.05) 0.18 3.30 0.03 0.02 0.04 0.01 

SE 0.06 1.06t 0.01 0.01 0.01 0.01 

 

4.7.3   Silica content in different compost formation 

Silica content was found to decrease after adding the inoculums of thermophilic fungi 

in compost (Table 4.39). Out of four treatments, least silica content was recorded in treatment 

3 (4.51%) followed by the treatment 2 (5.36%). The maximum silica content was recorded in 

treatment 4 (5.88%). 

Kumar et al. (2008) isolated 10 thermophilic fungi from wheat straw, farmyard 

manure, and soil. Out of these, only three showed the highest cellobiase, carboxymethyl 

cellulase, xylanase and FPase activities. They were identified as Aspergillus nidulans (Th4), 

Scytalidium thermophilum (Th5) and Humicola sp. (Th10). A fungal consortium of these 

three fungi was used to compost a mixture (1:1) of silica-rich paddy straw and lignin-rich 

soybean trash. The fungal consortium was effective in converting high-silica paddy straw into 

nutritionally rich compost there, leading to economical and environmentally friendly disposal 

of this crop residue. 
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Table 4.39 Effect of inoculation of thermophilic fungi on silica content in different 

compost treatments 
 

Compost treatments Silica content (%) 

Treatment 1 

Paddy Straw + Wheat Straw (1:1) inoculated with 

Thermomyces lanuginosus 

5.44 

Treatment 2 

Paddy Straw + Wheat Straw (1:1) inoculated with 

Melanocarpus albomyces 

5.36 

Treatment 3 

Paddy Straw + Wheat Straw (1:1) inoculated with 

consortium of Thermomyces lanuginosus 

+Melanocarpus albomyces 

4.51 

Treatment 4 

Control (Uninoculated) 5.88 

Mean 5.30 

C.D. (0.05) 0.33 

SE 0.11 
 

 

All the chemical parameters (independent variables) were analyzed for the correlation 

with the yield per cent (dependent variable) of white button mushroom using path analysis. 

The mean value, standard deviation and standard error were calculated and has been given in 

Table 4.40 

Table 4.40. Means, standard deviation and standard error of different chemical 

parameters analyzed during the study by using thermophilic fungi 

Variables Mean Standard deviation Standard error 

Yield 20.99 2.87 1.66 
OC 35.10 0.76 0.44 
N 1.93 0.04 0.02 
P 0.81 0.07 0.04 
K 3.30 0.29 0.17 
Ca 2.85 0.44 0.25 
Mg 0.77 0.07 0.04 
Cu 47.93 2.82 1.63 
Zn 171.33 7.77 4.49 
Fe 1903.33 165.03 95.28 
Mn 409.67 108.26 62.50 
C: N 18.21 0.51 0.30 
C: P 43.51 3.66 2.11 
C: K 10.69 1.17 0.68 
N: P 2.39 0.17 0.10 
N: K 0.59 0.05 0.03 
P: K 0.25 0.03 0.02 
Si 5.10 0.52 0.30 
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The correlation analysis examines the effect of independent variables (all chemical 

parameters of compost) on the dependent variables (yield). The standard error calculated 

in the analysis showed significant variations (Table 4.40). The correlation analysis has 

shown a significantly positive effect of nitrogen, zinc, phosphorus, manganese and iron 

on the yield per cent while silica has strong negative correlation with yield percent (Table 

4.41). It was also observed that the ratio of the two macro and microelements have also 

shown strong negative effect on the yield of the button mushroom. C: N, C: P and N: P 

ratio has negative correlation with the yield. It implies that the proper fermentation of the 

composting material is very important for the higher yield of the button mushroom. It 

helps to reduce C: N and C: P ratio by degradation of free sugars during composting and 

release of CO2 which helps to enhance the selectivity of the compost. The correlations 

coefficients were divided into direct and indirect effects and are depicted in table 4.41. 

The separation of direct and indirect effects of independent variable on dependent 

variable showed a direct positive effect of nitrogen, phosphorus, zinc, iron and 

manganese while a direct negative effect was recorded with potassium, calcium and 

magnesium. The organic carbon showed a negative effect on total yield of mushroom but 

organic carbon per se does not have a direct effect on yield but as the organic carbon is 

negatively correlated with zinc, iron and manganese, which overall negatively affected 

the yield per cent. 

The silica content is strongly negatively correlated with yield, which may have 

direct and indirect correlation both with yield as the silica content is also positively 

correlated with C:N ratio. Thus, the higher silica content is associated with higher C: N 

ratio, which may have a negative effect on the yield. The ratio of the two elements also 

showed significant effect on yield such as C: P, C: K, N: P and N: K ratio showed a direct 

negative effect on yield which implies the fact that higher free carbon in the compost has 

a negative effect on yield while higher phosphorus content has a positive effect on yield. 

(Table 4.42). 
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Table 4.41. Correlation matrix of different physical parameters (independent variables) with yield per cent (dependent variable) 

analyzed during the study by using thermophilic fungi 

Variables Yield OC N P K Ca Mg Cu Zn Fe Mn C: N C: P C: K N: P N: K P: K Si 

Yield 1.00                  

OC -0.21 1.00                 

N 0.99 -0.06 1.00                

P 0.83 0.38 0.90 1.00               

K 0.47 -0.96 0.32 -0.11 1.00              

Ca -0.34 0.99 -0.19 0.24 -0.99 1.00             

Mg 0.48 0.76 0.61 0.89 -0.56 0.66 1.00            

Cu -0.53 -0.72 -0.65 -0.91 0.51 -0.62 -1.00 1.00           

Zn 0.76 -0.80 0.65 0.26 0.93 -0.87 -0.21 0.16 1.00          

Fe 1.00 -0.16 1.00 0.86 0.42 -0.29 0.52 -0.57 0.72 1.00         

Mn 0.87 0.31 0.93 1.00 -0.04 0.17 0.85 -0.88 0.33 0.89 1.00        

C: N -0.80 0.76 -0.70 -0.32 -0.91 0.84 0.15 -0.09 -1.00 -0.76 -0.39 1.00       

C: P -0.93 -0.16 -0.98 -0.98 -0.11 -0.03 -0.77 0.80 -0.46 -0.95 -0.99 0.52 1.00      

C: K -0.38 0.98 -0.23 0.21 -1.00 1.00 0.63 -0.59 -0.89 -0.33 0.13 0.86 0.01 1.00     

N: P -0.76 -0.48 -0.85 -0.99 0.22 -0.35 -0.93 0.95 -0.15 -0.79 -0.98 0.21 0.95 -0.32 1.00    

N: K -0.28 1.00 -0.13 0.31 -0.98 1.00 0.71 -0.67 -0.84 -0.23 0.23 0.80 -0.09 1.00 -0.41 1.00   

P: K 0.26 0.89 0.40 0.76 -0.73 0.82 0.97 -0.96 -0.44 0.31 0.71 0.38 -0.60 0.80 -0.83 0.85 1.00  

Si -0.93 0.55 -0.86 -0.57 -0.76 0.66 -0.12 0.18 -0.94 -0.91 -0.63 0.96 0.73 0.69 0.47 0.61 0.11 1.00 
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Tables 4.42. Path correlation matrix of different physical parameters (independent variables) with yield per cent (dependent variable) 

analyzed during the study by using thermophilic fungi 

 

Variables OC N P K Ca Mg Cu Zn Fe Mn C: N C: P C: K N: P N: K P: K Si 

Correlation 

coefficient 

with yield 

OC 2.73 0.03 0.23 0.41 2.05 0.09 0.55 -3.38 -0.03 -0.29 0.59 0.17 -0.55 -0.26 0.15 -2.63 -0.08 -0.21 

N -0.16 -0.55 0.57 -0.14 -0.40 0.07 0.50 2.75 0.22 -0.90 -0.54 1.00 0.13 -0.47 -0.02 -1.19 0.12 0.99 

P 1.02 -0.50 0.63 0.05 0.51 0.11 0.70 1.10 0.19 -0.96 -0.25 1.00 -0.11 -0.54 0.05 -2.23 0.08 0.83 

K -2.63 -0.18 -0.07 -0.43 -2.05 -0.07 -0.39 3.95 0.09 0.04 -0.70 0.11 0.56 0.12 -0.15 2.17 0.10 0.47 

Ca 2.71 0.11 0.15 0.43 2.07 0.08 0.47 -3.70 -0.06 -0.17 0.65 0.03 -0.56 -0.19 0.15 -2.42 -0.09 -0.34 

Mg 2.08 -0.34 0.56 0.24 1.37 0.12 0.77 -0.91 0.11 -0.82 0.12 0.79 -0.35 -0.51 0.11 -2.87 0.02 0.48 

Cu -1.97 0.36 -0.57 -0.22 -1.28 -0.12 -0.77 0.67 -0.12 0.85 -0.07 -0.83 0.33 0.52 -0.10 2.83 -0.03 -0.53 

Zn -2.18 -0.36 0.16 -0.40 -1.81 -0.03 -0.12 4.24 0.16 -0.32 -0.77 0.48 0.50 -0.08 -0.13 1.29 0.13 0.76 

Fe -0.43 -0.55 0.54 -0.18 -0.60 0.06 0.44 3.05 0.22 -0.86 -0.59 0.98 0.18 -0.43 -0.04 -0.92 0.13 1.00 

Mn 0.83 -0.52 0.62 0.02 0.36 0.10 0.67 1.40 0.19 -0.96 -0.30 1.02 -0.07 -0.54 0.04 -2.08 0.09 0.87 

C: N 2.07 0.38 -0.20 0.39 1.74 0.02 0.07 -4.23 -0.17 0.38 0.77 -0.53 -0.48 0.12 0.12 -1.11 -0.13 -0.80 

C: P -0.45 0.54 -0.61 0.05 -0.06 -0.09 -0.62 -1.97 -0.21 0.95 0.40 -1.03 -0.01 0.52 -0.01 1.76 -0.10 -0.93 

C: K 2.69 0.13 0.13 0.43 2.07 0.08 0.45 -3.78 -0.07 -0.13 0.67 -0.01 -0.56 -0.17 0.15 -2.35 -0.10 -0.38 

N: P -1.31 0.47 -0.62 -0.10 -0.73 -0.11 -0.73 -0.63 -0.17 0.94 0.16 -0.97 0.18 0.55 -0.06 2.44 -0.06 -0.76 

N: K 2.72 0.07 0.19 0.42 2.07 0.09 0.51 -3.56 -0.05 -0.23 0.62 0.09 -0.55 -0.23 0.15 -2.52 -0.08 -0.28 

P: K 2.43 -0.22 0.47 0.32 1.70 0.12 0.73 -1.85 0.07 -0.68 0.29 0.61 -0.44 -0.45 0.13 -2.95 -0.02 0.26 

Si 1.51 0.48 -0.35 0.33 1.37 -0.02 -0.14 -4.00 -0.20 0.60 0.75 -0.75 -0.39 0.26 0.09 -0.33 -0.14 -0.93 
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4.7.4    Microbial count in different compost treatments by using thermophilic fungi 

Microbial count was assayed in different thermophilic fungi inoculated compost 

formulations at dilution 104 (Table 4.43). It was observed that microbial count increased 

after inoculating the thermophilic fungi in compost.  At 104dilutions, the maximum 

microbial count was found in treatment 3 (27.75 cfu g-1 compost) and minimum microbial 

count was observed in treatment 4 (14.75 cfu g-1 compost). Thermophilic 

fungus, Mycothermus thermophilus (syn. Scytalidium thermophilum/ Humicola insolens) 

aids the re-assimilation of ammonia into the compost (Vos et al. 2017) and stimulates 

growth of the button mushroom mycelium. In the presence of Mycothermus thermophilus, 

hyphal elongation of A. bisporus doubles (Wiegant 1992 and Straatsma et al. 1994) and 

fungal competitors of A. bisporus, such as Chaetomium globosum, are suppressed (Vos et 

al. 2017).  

Table 4.43 Effect of inoculation of thermophilic fungi on microbial count    
 

Microbial count (cfu g-1 compost) 

Compost treatments 104 dilution 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) inoculated with 
Thermomyces lanuginosus 

16.50 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) inoculated with 
Melanocarpus albomyces 

20.75 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) inoculated with 
consortium of Thermomyces lanuginosus 
+Melanocarpus albomyces 

27.75 

Treatment 4 
Control (Uninoculated) 

14.75 

Mean 19.93 

C.D. (0.05) 4.29 

SE 1.37 
 

Mycothermus thermophilus is the dominant fungal taxon in Phase II compost and makes up 

most of the microbial biomass in the compost (Vieira and Pecchia 2018), but it is just one player in 

a multifaceted microbial community. The density of Scytalidium thermophilum in compost was 

found to be positively correlated with mushroom yield (Straatsma et al. 1989) and Scytalidium 

thermophilum strongly stimulated the extension rate of growth of mushroom mycelium (Straatsma 

et al. 1991). 
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4.7.5 Changes of physico-chemical properties of treated compost at different stages. 

Temperature profiles of different treatments during composting process in compost piles 

The temperature profile of four compost treatments was recorded from the three zones at 

different turnings. In all the four composts, the temperature of middle zone was found to be more 

than the upper and lower zones. 

Table 4.44 Temperature profile during composting process of different compost piles 

 

Compost treatments 
Zero 
day 
(℃) 

First 
turning 

(℃) 

Second 
turning 

(℃) 

Third 
turning 

(℃) 

Fourth 
turning 

(℃) 

Before 
spawning 

(℃) 
Treatment 1 
Paddy Straw + Wheat 
Straw (1:1) inoculated 
with Thermomyces 
lanuginosus 

37.01 51.01 64.03 70.04 68.01 22.02 

Treatment 2 
Paddy Straw + Wheat 
Straw (1:1) inoculated 
with Melanocarpus 
albomyces 

35.01 62.00 65.01 70.00 70.00 23.00 

Treatment 3 
Paddy Straw + Wheat 
Straw (1:1) inoculated 
with consortium of 
Thermomyces lanuginosus 
+Melanocarpus albomyces 

42.00 50.06 66.01 72.01 71.02 24.03 

Treatment 4 
Control (Uninoculated) 

38.01 52.00 64.03 68.01 70.01 23.01 

Mean 38.01 53.77 64.77 70.02 69.76 23.01 

C.D. (0.05) 0.15 0.12 0.10 0.16 0.11 0.10 

SE 0.05 0.04 0.03 0.05 0.04 0.03 

It was found to rise gradually from the start of the composting and reached its peak 

value on third to fourth turnings. The maximum temperature recorded was 70-72°C in the 

middle zone. Highest temperature was observed in treatment 3 in all the stages of button 

mushroom compost (Table 4.44). The temperature of different composts increased from 

zero day to third turning and after that, the temperature started to fall. 

Moisture content 

The moisture content of different composts was the maximum at the initial stages 

of the composting process; it ranged from 75.24- 78.98 per cent. It was found to reduce 

gradually during the process and finally stabilized at 62.98 - 67.13 per cent (Table 4.45). 

Maintaining a proper moisture content in the compost stack is an important parameter 



125 

 

since dry matter loss is strictly moisture content and temperature dependent (Laborde et 

al.1993). 

 

Table 4.45 Moisture percentage of different compost piles at different intervals 
 

Compost treatments 
Zero 
day 
(%) 

First 
turning 

(%) 

Second 
turning 

(%) 

Third 
turning 

(%) 

Fourth 
turning 

(%) 

Before 
spawning 

(%) 

Treatment 1 
Paddy Straw + Wheat 
Straw (1:1) inoculated with 
Thermomyces lanuginosus 

78.98 77.23 75.34 72.34 69.34 66.30 

Treatment 2 
Paddy Straw + Wheat 
Straw (1:1) inoculated with 
Melanocarpus albomyces 

76.66 75.28 73.12 71.67 68.48 62.98 

Treatment 3 
Paddy Straw + Wheat 
Straw (1:1) inoculated with 
consortium of 
Thermomyces lanuginosus 
+Melanocarpus albomyces 

77.87 72.67 71.98 70.98 69.95 67.13 

Treatment 4 
Control (Uninoculated) 

75.24 73.85 72.98 71.98 68.56 63.32 

Mean 77.19 74.76 73.36 71.74 69.08 64.93 

C.D. (0.05) 0.09 0.05 0.10 0.07 0.06 0.93 

SE 0.03 0.02 0.03 0.02 0.02 0.30 

 

pH estimation 

The pH of different compost piles was recorded at different turnings during the 

composting process as shown in table 4.46. The pH profile showed a different trend in 

all four compost stacks inoculated with thermophilic fungi. It was low at start, 

gradually increased between turnings and then stabilized towards the end of the 

composting. The pH was found to be in the range of 6.85-8.27. The pH stabilized 

between 7.05-7.41 at the end of the process. The rise in pH was due to the release of 

ammonia during the initial stages of composting which subsequently declined with the 

addition of gypsum. 

Carbon percentage  

The four different compost piles were analyzed for their carbon percentage at initial 

and mature stage of composting and sharp decline in carbon percent was observed from zero 
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day to final stage, which attributes a good compost for the growth of A. bisporus. Narrowing 

down of carbon was due to the organic matter loss accompanied with the growth of 

thermophilic fungi in compost. Highest degradation was observed in treatment 3 followed by 

treatment 2 (Table 4.47). 

Table-4.46: pH at different turning of compost piles 

 

Compost treatments 
Zero 
day 

First 
turning 

Second 
turning 

Third 
turning 

Fourth 
turning 

Before 
spawning 

Treatment 1 
Paddy Straw + Wheat 
Straw (1:1) inoculated 
with Thermomyces 
lanuginosus 

6.98 7.83 8.27 7.34 7.24 7.05 

Treatment 2 
Paddy Straw + Wheat 
Straw (1:1) inoculated 
with Melanocarpus 
albomyces 

7.01 8.03 7.94 7.65 7.47 7.35 

Treatment 3 
Paddy Straw + Wheat 
Straw (1:1) inoculated 
with consortium of 
Thermomyces 
lanuginosus + 
Melanocarpus albomyces 

7.02 7.86 7.89 7.60 7.56 7.32 

Treatment 4 
Control (Uninoculated) 

6.85 7.56 8.03 7.44 7.50 7.41 

Mean 6.97 7.82 8.03 7.51 7.44 7.28 

C.D. (0.05) 0.14 0.15 0.06 0.06 0.04 0.21 

SE 0.05 0.05 0.02 0.02 0.01 0.07 
 

Table-4.47: Carbon percentage in different plies 
 

Compost treatments 
Zero day 

(%) 

Before 
spawning 

(%) 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) inoculated with 
Thermomyces lanuginosus 

41.89 34.77 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) inoculated with 
Melanocarpus albomyces 

44.07 35.96 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) inoculated with 
consortium of Thermomyces lanuginosus +Melanocarpus 
albomyces 

45.10 34.56 

Treatment 4 
Control (Uninoculated) 42.67 

35.17 

 

Mean 43.43 35.12 

C.D. (0.05) 0.77 0.26 

SE 0.25 0.08 
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Nitrogen percentage  

The nitrogen percentage of the four different compost piles was estimated at the 

initial and mature stages of the composting process using the kjeldahl method. Nitrogen 

was observed in an increasing trend from the initial stage to the mature stage, and the 

highest nitrogen was recorded in third (consortium) treatment followed by the control. It 

was assumed that a consortium of thermophilic fungi utilized a marginal amount of 

nitrogen as compared to other treatments as a microbial protein source. N per cent at zero 

day and final compost is shown in table 4.48. The reduction in carbon contents in 

compost was accompanied by corresponding increase in nitrogen levels from 1.47-1.96 in 

treatment 3; 1.59-1.93 in treatment 2, 1.51-1.90 in treatment 4 (control) and 1.49-1.89 in 

treatment 1. 

Table 4.48 Nitrogen percentage in different compost piles 

 

Compost treatments 
Zero day  

(%) 

Before spawning 
(%) 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) inoculated 
with Thermomyces lanuginosus 

1.49 1.89 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) inoculated 
with Melanocarpus albomyces 

1.59 1.93 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) inoculated 
with consortium of Thermomyces lanuginosus 
+Melanocarpus albomyces 

1.47 1.96 

Treatment 4 
Control (Uninoculated) 

1.51 1.90 

Mean 1.52 1.92 

C.D. (0.05) 0.06 0.09 

SE 0.02 0.03 

C/N ratio 

The C/N ratio of the four compost piles narrowed down from the beginning towards 

the end of composting (Table 4.49). This narrowing down of the C/N ratio was due to the 

organic matter loss and corresponding relative increase in nitrogen contents. The substrate 

decomposition has been reflected in the loss of carbon contents in compost in different stacks 

from initial to final turnings. The C/N ratio in the initial stage ranges from 26.84 to 30.68 and 

is reduced to the final stage up to a range of 17.63 to 18.60. 
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Table 4.49: C/N ratio for different compost piles 
 

Compost treatments Initial C/N Final C/N 

Treatment 1 

Paddy Straw + Wheat Straw (1:1) inoculated 

with Thermomyces lanuginosus 

28.11 18.40 

Treatment 2 

Paddy Straw + Wheat Straw (1:1) inoculated 

with Melanocarpus albomyces 

29.19 18.60 

Treatment 3 

Paddy Straw + Wheat Straw (1:1) inoculated 

with consortium of Thermomyces 

lanuginosus + Melanocarpus albomyces 

30.68 17.63 

Treatment 4 

Control (Uninoculated) 
26.84 18.51 

Mean 28.70 18.30 

C.D. (0.05) 0.01 0.18 

SE 0.01 0.06 

 

 

4.7.6 Estimation of degradative enzyme activities in different compost formulations 

upon thermophilic fungi inoculation 

Compost is a selective medium which is produced by solid substrate fermentation by 

various microorganisms such as bacteria, actinomycetes and fungi. Thermophilic fungi utilize 

different components of compost as nutritive sources by secreting a series of cellulolytic and 

lignolytic enzymes which act in a synergetic manner to degrade the lignocellulosic materials 

of compost. Crystalline cellulose which is the main cellulolytic component of straw is 

degraded by chain of various enzymes viz, filterpaperase (FPase), carboxymethyl cellulase 

(CMCase) and β-glucosidase along with other lignin degrading enzymes viz, peroxidase and 

laccase enzymes. Laccase enzymes are secreted more as compared to other lignin degrading 

enzymes in straw-based medium which allow various microbes to proliferate in compost and 

are also responsible for fastest growth of A. bisporus.  

These enzymes break down the polymers of cellulose and lignin in simple 

monomers forms which are readily utilized by thermophilic fungi as carbon and nitrogen 

sources and through which they proliferate in compost. Dominance of thermophilic fungi 

in compost make compost more selective and nutritive for the growth of A. bisporus and 

also causes inhibitory effect on other competitive fungi which are present in compost at 

spawning.  
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Quantitative estimation of enzymes like laccase, xylanase, cellulase and manganese 

dependent peroxides (MnP) was done at three different stages of button mushroom 

production i.e., before spawning (BS), fruit body development (FBD) and after harvest (AH) 

stage. Enzymes activities of the four different compost formulations were assayed. 

Observation depicted that the enzyme activity of compost was increased by inoculating the 

thermophilic fungi as compared to uninoculated treatment (control). 

Laccase enzyme 

The quantitative estimation of laccase enzyme was done at three different stages of 

button mushroom production like before spawning (BS), fruit body development (FBD) and 

after harvest (AH) stage. Results obtained are depicted in table 4.50. 

Table 4.50 Effect of thermophilic fungi inoculation on laccase assay in different compost 

formulations 
 

Laccase enzyme activity (IU) 

Compost treatments 
Before 

spawning 
Fruit body 

development 
After 

harvest 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) 
inoculated with Thermomyces lanuginosus 

0.53 0.44 0.35 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) 
inoculated with Melanocarpus albomyces 

0.50 0.48 0.41 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) 
inoculated with consortium of 
Thermomyces lanuginosus +Melanocarpus 
albomyces 

0.60 0.57 0.49 

Treatment 4 
Control (Uninoculated) 

0.48 0.40 0.30 

Mean 0.53 0.47 0.39 

C.D. (0.05) 0.04 0.01 0.02 

SE 0.01 0.01 0.01 

IU= International unit (µM/min/ml) 

Before spawning stage, treatment 3 showed maximum laccase enzyme activity (0.60 

IU), followed by treatment 1 (0.53 IU), whereas minimum enzyme activity was recorded in 

treatment 4 (0.48 IU). During the fruit body development stage, maximum enzyme activity 

was recorded in treatment 3 (0.57 IU), followed by treatment 2 (0.48 IU). The minimum 

enzyme activity observed in treatment 4 (0.40 IU). After the harvest stage, the laccase 

activity was reduced and the maximum enzyme activity was found in treatment 3 (0.49 IU), 
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followed by treatment 2 (0.41 µM/min/ml), whereas the minimum laccase activity was 

observed in treatment 4 (0.30 IU).  

Laccase (benzenediol: oxygen oxidoreductase) is a blue-copper oxidoreductase that 

catalyze the oxidation of wide range of substrates including phenolic compounds with the 

concomitant reduction of molecular oxygen to water (Nunes and Kunamneni 2018). Around 

150 laccases have been fully characterized. The most studied have been isolated from fungi 

capable of destroying wood, especially white-rot fungi as: Pleurotus pulmonarius, 

Pleurotus ostreatus, Agaricus bisporus, Trametes versicolor etc. (Bertrand et al. 2016; 

Nunes and Kunamneni 2018). Generally, the enzyme is produced during the fungi 

secondary metabolism (Brijwani et al. 2010). In nature, laccase is secreted by the fungus to 

access carbohydrates (cellulose and hemicellulose) in the wood through the degradation of 

lignin (Osma et al. 2010). Lignin, which is a phenylpropanoid biopolymer, is considered 

the most abundant polymer in nature (Chio et al. 2019). Lignin has an extremely complex 

structure; it is recalcitrant and difficult to degrade. In its natural state it has practically no 

applications, however, it can be burned to get energy. That is why one of the great 

challenges to allow the use of lignin is its depolymerization. The production of laccase 

enzyme has been reported to be higher during spawn run stage while it decreases towards 

the fruit body formation stages in button mushroom. Thus, the higher laccase production is 

an indicator of better spawn run. Laccase has been used as a growth marker for A. bisporus 

mycelium (Wood 1979).  

Manganese peroxidase enzyme  

During the present study, MnP enzyme activity was found to increase from before 

spawning stage to fruit body development stage and decreased afterwards (Table 4.51).  In 

before spawning stage, MnP enzyme activity was recorded maximum in treatment 1 (4.91 

IU) followed by treatment 4 (4.12 IU). The minimum MnP enzyme activity was observed in 

treatment 3 (3.68 IU). In fruit body development stage, maximum enzyme activity was 

recorded in treatment 3 (10.14 IU) followed by treatment 1 (7.62 IU) while minimum enzyme 

activity was observed in treatment 2 (6.54 IU). The MnP activity in post-harvest stage was 

maximum in treatment 3 (6.42 IU) followed by treatment 1(5.30 IU) while minimum enzyme 

activity was recorded in treatment 4 (3.41 IU). Manganese peroxidase (MnP) is a haeme 

glycoprotein belonging to the extracellular oxidase II family, similar to LiPs (Welinder 1992; 

Morgenstern et al. 2008 and Pollegioni et al. 2015). MnPs are abundantly secreted proteins in 
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most wood-decayed basidiomycetes fungi. Recently, the productivity of MnP was shown to 

be more efficient in terms of H2O2 consuming capacity than a cofactor metal ion and carbon 

sources in the solid-state medium of A. bisporus (Vos et al. 2017).  H2O2 when used as a 

cofactor for peroxidase, is considered a limiting factor for the ligninolytic activity and 

productivity of lignin degradation. MnP oxidizes phenolic compounds indirectly via the 

oxidation of Mn ions and secretion of Mn3+ to the extracellular environment (Wariishi et al. 

1992).  

Table 4.51 Effect of thermophilic fungi inoculation on Manganese peroxidase assay in 

different compost formulations 
 

MnP enzyme activity (IU) 

Compost treatments 
Before 

spawning 

Fruit body 
development 

After 

harvest 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) inoculated 
with Thermomyces lanuginosus 

4.91 7.62 5.30 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) inoculated 
with Melanocarpus albomyces 

4.01 6.54 5.15 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) inoculated 
with consortium of Thermomyces lanuginosus 
+Melanocarpus albomyces 

3.68 10.14 6.42 

Treatment 4 
Control (Uninoculated) 

4.12 6.92 3.41 

Mean 4.18 7.81 5.07 

C.D. (0.05) 0.02 0.02 0.01 

SE 0.01 0.02 0.01 

IU= International unit (µM/min/ml) 

 

c) Quantitative estimation of celluloses and hemicellulase in different button 

mushroom compost formulation upon thermophilic fungi inoculations 

 
Filter paperase enzyme 

Filter paperase is also known as C1 cellulase catalyzing the degradation of 

crystalline cellulose at carbon 1 of the glucose chain. During the present studies, it was 

observed that cellulase enzyme activity increased from before spawning stage to fruit 

body development stage and decreased afterward (Table 4.52). Treatment 3 showed 

maximum filter paperase activity (29.02 IU) at spawning stage followed by treatment 1 

(21.11 IU) while minimum was recorded in treatment 4 (18.07 IU). During fruit body 
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development stage, maximum enzyme activity was also recorded in treatment 3 (37.11 

IU) followed by treatment 1 (29.16 IU). The minimum enzyme activity was observed in 

treatment 4 (24.05 IU). After harvest of mushroom also, the maximum enzyme activity 

was recorded in treatment 3 (22.75 IU) while minimum enzyme activity was observed in 

treatment 4 (17.50 IU).  

Table 4.52 Effect of inoculation of thermophilic fungi on C-1 cellulase assay in different 

compost formulation 
 

Filter paperase enzyme activity (IU) 

Compost treatments 
Before 

spawning 
Fruit body 

development 
After 

harvest 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) inoculated 
with Thermomyces lanuginosus 

21.11 29.16 20.10 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) inoculated 
with Melanocarpus albomyces 

19.10 25.22 19.43 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) inoculated 
with consortium of Thermomyces lanuginosus 
+Melanocarpus albomyces 

29.02 37.11 22.75 

Treatment 4 
Control (Uninoculated) 

18.07 24.05 17.50 

Mean 21.83 28.89 19.95 

C.D. (0.05) 0.04 0.03 0.02 

SE 0.01 0.01 0.01 

IU= International unit (µM/min/ml) 

Carboxymethyl cellulase enzyme (CMCase) 

During the study, the CMCase enzyme activity increased from spawning stage to 

fruit body development stage and decreased in after harvesting stage (Table 4.53). In 

before spawning stage, treatment 3 showed maximum CMCase activity (49.42 IU) while 

minimum enzyme activity was recorded in treatment 4 (34.66 IU). In fruit body 

development stage, treatment 2 recorded the maximum enzyme activity (54.19 IU) 

followed by treatment 3 (50.28 IU). The minimum enzyme activity was observed in 

treatment 4 (43.74 IU). After the harvest of crop, maximum enzyme activity was found in 

treatment 3 (39.53 IU) followed by treatment 1 (38.36 IU) and minimum was in treatment 

2 (30.29 IU).  
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Table 4.53 Effect of inoculation of thermophilic fungi on CMCase assay in different 

compost formulations 
 

CMCase enzyme activity (IU) 

Compost treatments 
Before 

spawning 
Fruit body 

development 
After 

harvest 

Treatment 1 
Paddy Straw + Wheat Straw (1:1) inoculated 
with Thermomyces lanuginosus 

34.71 45.21 38.36 

Treatment 2 
Paddy Straw + Wheat Straw (1:1) inoculated 
with Melanocarpus albomyces 

47.21 54.19 30.29 

Treatment 3 
Paddy Straw + Wheat Straw (1:1) inoculated 
with consortium of Thermomyces lanuginosus 
+Melanocarpus albomyces 

49.42 50.28 39.53 

Treatment 4 
Control (Uninoculated) 

34.66 43.74 36.49 

Mean 41.50 48.36 36.17 

C.D. (0.05) 0.02 0.03 0.02 

SE 0.01 0.01 0.01 

IU= International unit (µM/min/ml) 

 

β –Glucosidase enzyme  

The observation depicted that β-glucosidase enzyme activity also increased from 

before spawning stage to fruit body development stage and decreased in after harvesting 

stage (Table 4.54).  

In before spawning stage, treatment 3 showed maximum β-glucosidase enzyme 

activity (8.32 IU) followed by treatment 2 (7.47 IU) while minimum enzyme activity was 

recorded in treatment 1 (5.91 IU). In during fruit body development stage, maximum enzyme 

activity recorded in treatment 3 (14.72 IU) followed by treatment 2 (11.83 IU). The minimum 

enzyme activity observed in treatment 4 (9.48 IU). After harvest stage, maximum enzyme 

activity was found in treatment 3 (10.58 IU) followed by treatment 1 (8.55 IU) and minimum 

enzyme activity was observed by treatment 4 (8.06 IU).  

Commonly, cellulose hydrolysis requires a combination of three main types of cellulase: 

endo-1,4-β-d-glucanase (endoglucanase), exo-1,4-β-d-glucanase or cellobiohydrolases 

(exoglucanase) and β-glucosidase (β-d-glucoside glucanhydrolase), in order to convert cellulose 

into oligosaccharides, cellobiose, and glucose (Horn et al. 2012; Ritota and Manzi 2019). 

Endoglucanases preferentially hydrolyze internal β-1, 4-glucosidic linkages in the cellulose 

chains, generating a number of reducing ends (Horn et al. 2012 and Sajith et al. 2016). 
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Table 4.54 Effect of inoculation of thermophilic fungi on β-glucosidase enzyme in 

different compost formulations 

 

β -Glucosidase enzyme activity (IU) 

Compost treatments 
Before 

spawning 

Fruit body 

development 

After 

harvest 

Treatment 1 

Paddy Straw + Wheat Straw (1:1) inoculated with 

Thermomyces lanuginosus 

5.91 10.99 8.55 

Treatment 2 

Paddy Straw + Wheat Straw (1:1) inoculated with 

Melanocarpus albomyces 

7.47 11.83 7.57 

Treatment 3 

Paddy Straw + Wheat Straw (1:1) inoculated with 

consortium of Thermomyces lanuginosus 

+Melanocarpus albomyces 

8.32 14.72 10.58 

Treatment 4 

Control (Uninoculated) 
6.21 9.48 8.06 

Mean 6.98 11.76 8.69 

C.D. (0.05) 0.03 0.05 0.23 

SE 0.01 0.02 0.07 

IU= International unit (µM/min/ml) 

 

This enzyme also acts on cellodextrins, which are the intermediate product of 

cellulose hydrolysis and converts them to cellobiose and glucose. Exoglucanases release 

cellobiose from the reducing end or the nonreducing end of the cellulose chain, facilitating 

the production of mostly cellobiose which can readily be converted to glucose by β-

glucosidases (Zhang et al. 2006; Pollegioni et al. 2015 and Madeira et al. 2017).  These 

enzymes may also act on cellodextrins and larger cello-oligosaccharides, in which case they 

are commonly named cellodextrinases (Saini et al. 2015). Oligosaccharides released as a 

result of these activities are converted to glucose by the action of cellodextrinases, whereas 

the cellobiose released mainly by the action of cellobiohydrolases is converted to glucose by 

β-glucosidases (Sajith et al. 2016). 

Cellulases are produced in a wide range of organisms such as plants, some animals 

and certain microorganisms including protozoans, bacteria, and fungi. Among these 

organisms, fungi have been studied extensively for their cellulase producing capabilities, 

such as the genera Aspergillus, Penicillium, Rhizopus and Trichoderma (Prasanna et al. 

2016).  However, mushrooms are the most potent degraders of natural lignocellulosic waste. 

They are mostly grown on litter, dead wood, or in soil and nature-rich cellulose. Several 
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previous reports have found that various mushrooms species can produce cellulase via solid 

state fermentation (SSF) of agricultural or natural lignocellulosic waste (Ellila et al. 2017).  

Many agricultural or natural lignocellulosic solid waste, especially different kinds of straw 

(wheat, sorghum and rice) and sawdust (oak and pine), were used as a substrate or source for 

mushroom growth and cellulases production (Pandey and Singh 2014). Furthermore, other 

forms of lignocellulosic waste, such as peanut hulls, mandarin peels, cotton waste, corn 

stovers and tree leaves (Fagus sylvatica), have also been used as substrates to determine 

cellulase activity (Pandey and Singh 2014; Cardoso et al. 2018). The high-value potential of 

these forms of waste is encouraging as they can be sources that support the growth and 

cellulases production of different mushroom species, namely Ganoderma, Grifola, Lentinula, 

Lentinus, Pleurotus, Piptoporus and Trametes by SSF (Wu and Shin 2016). 

Cellulase activity is mainly tested using a reducing sugar assay to determine 

cellulase hydrolysis activity at the end of the production process (Philippoussis and 

Diamantopoulou 2011). The common enzyme activity assays consist of total cellulase 

assays, endoglucanase assays, exoglucanase assays and β-glucosidase assays (Ghose 

1987). Filter paper assay (FPA) is widely used to determine total cellulase activity. The 

degree of filter paper activity is determined as the micromole of glucose equivalent 

liberated per minute of culture filtrate under assay conditions (Dashtban et al. 2010). 

Endoglucanase activity can be measured using the carboxymethyl cellulose (CMC) as a 

substrate. This carboxymethyl cellulase (CMCase) is mainly measured by examining the 

reducing sugars of enzymatic reactions with CMC based on the procedure described by 

(Ghose 1987).  The exoglucanase activity mainly uses commercial avicel as a substrate 

for measuring the activity (Philippoussis and Diamantopoulou 2011). The β-glucosidase 

assay can be measured based on the procedure of Kubicek (Mandels et al. 1976) using 

chromogenic and nonchromogenic substrates such as p-nitrophenol-β-glucoside (pNPG) 

and cellobiose, respectively (Korotkova et al. 2009). Moreover, various reducing sugar 

assays, for instance, 3,5-dinitrosalicylic acid (DNS), glucose oxidase (GOD) and high-

performance liquid chromatography were also used. 

Wood and Goodenough (1977), reported that the cellulase activity remains low until 

after the first pins were seen and then increases some 10-fold. The activity remains high for 

some time and then declines during the later cycles. The authors showed that there was an 

increase of cellulase activity, with a steady increase in activity till 10 days of casing, a 

relatively high activity during the subsequent 10 days and then a sharp decline in activity 
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within 2 - 4 days, a period that spans a time for two to three flushes in a regular crop. 

Claydon et al. (1988) did describe that cellulase activity levels rose and fell in direct 

proportion to harvested fruit body mass.  

Xylanase enzyme  

Our experimental observations revealed that xylanase enzyme activity increased from 

before spawning stage to during fruit body development stage after that decreased in after 

harvesting stage (Table 4.55). In before spawning stage, treatment 3 showed maximum 

xylanase enzyme activity (7.21 IU) whereas, minimum enzyme activity was recorded in 

treatment 4 (4.65 IU). In fruit body development stage, maximum enzyme activity was 

recorded in treatment 3 (11.68 IU) followed by treatment 1 (7.84 IU) while the minimum 

enzyme activity was observed in treatment 4 (6.87 IU). After harvest stage, maximum 

enzyme activity was found in treatment 3 (9.08 IU) followed by treatment 1 (6.73 IU) and 

minimum enzyme activity was shown by treatment 4 (5.26 IU).  

Table 4.55 Effect of inoculation of thermophilic fungi on xylanase assay in different 

compost formulations 

 

Xylanase enzyme activity (IU) 

Compost treatments 
Before 

spawning 

Fruit body 

development 

After 

harvest 

Treatment 1 

Paddy Straw + Wheat Straw (1:1) inoculated 

with Thermomyces lanuginosus 

6.25 7.84 6.73 

Treatment 2 

Paddy Straw + Wheat Straw (1:1) inoculated 

with Melanocarpus albomyces 

6.21 7.65 6.05 

Treatment 3 

Paddy Straw + Wheat Straw (1:1) inoculated with 

consortium of Thermomyces lanuginosus + 

Melanocarpus albomyces 

7.21 11.68 9.08 

Treatment 4 

Control (Uninoculated) 
4.65 6.87 5.26 

Mean 6.08 8.51 6.78 

C.D. (0.05) 0.02 0.01 0.04 

SE 0.01 0.01 0.01 

IU= International unit (µM/min/ml) 

 

Hemicelluloses are usually classified based on the backbone sugars present in the 

structural polymer with typical glucose galactose, xylose, mannose and arabinose. The principal 

hemicelluloses are comprised of xyloglucans, xylans, mannans, glucomannans and mixed linkage 
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-glucans (Sorensen et al. 2013). In order to digest hemicellulose, microorganisms need to be able 

to produce a variety of enzymes to hydrolyze complex substrates with a synergistic action. 

Hemicellulolytic enzymes or hemicellulases are glycoside hydrolases or carbohydrate esterases 

that are responsible for polysaccharide degradation. The enzymes include xylanase, xylosidase, 

arabinofuranosidase glucuronidase and mannosidases (Lombard et al. 2014). 

Xylan is a heteropolysaccharide and a major hemicellulose. The main chain of xylan 

consists of 1,4-linked d-xylopyranosyl residues, which are partially replaced with O-acetyl, l-

arabinosyl and 4-O-methyl-d-glucuronic acid. The xylan backbone is substituted by different side 

chains with l-arabinose, d-galactose, d-mannoses, and glucouronic acid linked by glysosidic bonds 

and ester bonds with ferulic acid (Vos et al. 2018). Biodegradation of xylan requires diverse modes 

of action of hydrolytic enzymes. Xylanases are a group of glycoside hydrolase enzymes that break 

down hemicelluloses through the degradation of the linear polysaccharide xylan into xylose by 

catalyzing the hydrolysis of the glycosidic linkage (1,4) of xylosides. The xylanolytic enzyme 

system includes a mixture of endo-1,4-xylanases also called endo-xylanases, xylosidases, arabino-

furanosidases, glucuronidases and acetylxylanases, which attach to the specific site of xylan (Dos 

Santos et al. 2018). Endo-xylanases randomly hydrolyze-1,4-xylanopyranosyl linkages of xylan to 

form xylo-oligosaccharides, xylotriose, xylobiose and xylose. The hydrolysis of xylans is not 

attacked randomly but depends upon the degree of branching, chain length and presence of 

substituents in the substrate molecule (Bajaj and Mahajan 2019). 

 Multifunctional xylanolytic enzyme system is relatively common in fungi, actinomycetes 

and bacteria (Azeri et al. 2010). A large variety of industrial xylanase enzymes are produced from 

various kind of microorganisms (Driss et al. 2012). SSF with batch processing has been used for 

the utilization of agro-industrial waste (Hatanaka 2012). However, very few studies have reported 

on the xylanolytic enzymes obtained from mushroom on SSF. These potential outcomes provide 

opportunities for scientists to explore the hydrolytic potential of xylanase for the efficient 

saccharification of lignocellulosic biomass from mushroom cultivation. For effective utilization 

of lingo–cellulosic residues, several physical and chemical pre-treatments are required, that may 

not be convenient for farmers having small holdings. To make the process of lignin degradation 

economically viable, inoculation with lignocellulolytic microorganisms may prove beneficial. 

Since no single organism produces all the enzymes necessary for bioconversion of lignocellulose 

to optimum level, there is need to use a consortium of lignocellulolytic microorganism which can 

act synergistically for rapid bioconversion of agricultural residues without any chemical pre-

treatment. The decomposition rate is most rapid during the thermophilic stage, achieved with in 
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first week of composting. Though, there may be some natural thermophilic microorganisms present 

in the substrate mixture, but they may not be able to execute the desired degradation of substrate 

due to lack of specific enzymes for cellulose and lignin degradation to optimum level. Therefore, 

there is need to inoculate thermophilic microorganisms capable of producing cellulolytic and 

lignolytic enzymes to degrade the crop waste like paddy straw (Kumar et al. 2008).  Scytalidium 

thermophilum (synonyms: Humicola grisea var. thermoidea), Humicola insolens, Torula thermophila 

and Chaetomium thermophilum grow fast and degrade cellulose strongly. 

4.8  NUTRITIONAL ANALYSIS OF MUSHROOMS 

Nutritional analysis data of button mushrooms using different treatments of compost 

with thermophilic fungi is depicted in table 4.56. In nutritional analysis, different parameters 

were evaluated, like carbohydrate, protein, ash, fat, crude fibre, phenol and energy. 

The carbohydrate content of mushrooms was highest in treatment 3 (59.44%), 

followed by treatment 4 (59.39%). The minimum carbohydrate was observed in treatment 2 

(51.02%). The protein content of mushrooms was highest in treatment 2 (34.34%), followed 

by treatment 1 (29.43%). The minimum protein was observed in treatment 4 (28.21%). The 

ash content of mushrooms was highest in treatment 1 (9.40%), followed by treatment 2 

(8.35%). The minimum ash was observed in treatment 3 and 4 (7.70%). The fat content of 

mushrooms was highest in treatment 2 (2.35%), followed by treatment 1 (1.95%). The 

minimum fat was observed in treatment 4 (0.85%). The crude fibre content of mushrooms 

was highest in treatment 2 (3.95%), followed by treatment 4 (3.85%). The minimum crude 

fibre was observed in treatment 1(2.95%). The phenol content of mushrooms was highest in 

treatment 2 (41.07mg/g), followed by treatment 3 (34.80 mg/g). The minimum phenol 

content was observed in treatment 4 (29.47 mg/g). The energy of mushrooms was recorded 

highest in treatment 2 (362.59 Kcal/100g), followed by treatment 1 (360.35 Kcal/100g). The 

minimum energy was observed in Treatment 4 (358.05 Kcal/100g). 

Mushrooms have a high nutritional value. They are a good source of proteins, 

dietary fibres, vitamins, minerals and phenolic compounds with antioxidant activity.  

Furthermore, mushrooms have a low-fat content (composed mostly by unsaturated 

fatty acids) and a low energetic density (Guillamon et al. 2010). Sinha et al. (2020b) recorded 

that white button mushroom contains a wide range of nutritional components: ash (7.01 - 



139 

 

Table 4.56 Effect of inoculation of thermophilic fungi on nutritional profile of button mushroom 

Compost treatments 
Carbohydrate 

(%) 

Protein 

(%) 

Ash 

(%) 

Fat 

(%) 

Crude 

fibre 

(%) 

Phenol 

(mg/g) 

Energy 

(Kcal/100g) 

Treatment 1 

Paddy Straw + Wheat Straw (1:1) 

inoculated with Thermomyces lanuginosus 

56.27 29.43 9.40 1.95 2.95 30.23 360.35 

Treatment 2 

Paddy Straw + Wheat Straw (1:1) 

inoculated with Melanocarpus albomyces 

51.02 34.34 8.35 2.35 3.95 41.07 362.59 

Treatment 3 

Paddy Straw + Wheat Straw (1:1) 

inoculated with consortium of Thermomyces 

lanuginosus + Melanocarpus albomyces 

59.44 28.36 7.70 0.90 3.60 34.80 359.30 

Treatment 4 

Control (Uninoculated) 
59.39 28.21 7.70 0.85 3.85 29.47 358.05 

Mean 56.53 30.09 8.29 1.51 3.85 33.89 360.07 

C.D. (0.05) 0.06 0.06 0.37 0.37 0.10 0.09 3.42 

SE 0.02 0.02 0.12 0.12 0.03 0.03 1.10 
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17.92 %), fibers (15.42- 29.02 %), proteins (18.31 - 41.06 %), fats (1.54 -5.38 %) and 

carbohydrates (28.38 – 34.88 %). Kaur et al. (2007) recorded the highest production of 

phenol (1422.12 µg g-1) in unamended fungal inoculated paddy straw compost. Mushrooms 

secrete enzymes to digest surrounding foodstuff to get nutrients from organic matter 

contained in compost. In other terms, they are grown by bioconversion of agricultural wastes 

into edible food (Goyal et al. 2006). As a result, their nutritional value largely depends on the 

chemical composition of the compost (Tshinyangu 1996 and Gothwal et al. 2012). It was 

observed that the lowest mushroom protein contents were obtained with lowest (hors-ban: 0-

100 with 1.6% N) and highest was obtained with (hors-chic: 0-100 with 2.3% N). Different 

works has also reported different protein content in mushroom with varying levels of nitrogen 

and its source (Sadiq et al. 2008; Muszynska et al. 2011; Mohiuddin et al. 2015 and Ahlawat 

et al. 2016).  

In general, the total substitution of the traditional compost or its supplementation by 

the various types of tested wastes has allowed the production of mushrooms with qualitative 

attributes highly demanded by consumers such as low fat and carbohydrates contents and 

good composition in dietary fibers which play a key role in healthy properties of mushrooms 

(Cheung 2009). Furthermore, mushrooms are known to be an excellent accumulator of 

minerals from the environment in which they grow (Atilda et al. 2017). The mineral 

composition of the button mushroom is undoubtedly affected by the composition of growth 

substrate (Bakowski et al. 1986) and is differently presented by various authors (Beelman and 

Edwards 1989; Mattila and Konko 2001; Vetter 2003). It seemed that the utilization of 

chicken manure as a main substrate or as a supplement for the traditional compost has 

increased sodium, potassium, calcium and iron contents in fruits which is convenient for 

consumers with calcium deficiencies or anemia but is not suitable for consumers with blood 

pressure problems. 

 

 



Chapter-5 

SUMMARY AND CONCLUSION 

The present investigations entitled “Studies on utilization of paddy straw for 

compost preparation of button mushroom (Agaricus bisporus)” was carried out during 

2020-2023. Five different formulations of short method compost using paddy straw, wheat 

straw and their combinations were evaluated for production of Agaricus bisporus. The 

formulations were analyzed for various quality parameters. The thermophilic fungi were 

isolated from the compost formulations. 

        The cultivation trial was laid at mushroom production unit of the Department of Plant 

Pathology, Dr. Y.S Parmar University of Horticulture and Forestry Nauni, Solan (H.P). There 

were five treatments in total with four replications:  Treatment-1 was (1.5:1) 600 kg paddy 

straw and 400 kg wheat straw, treatment-2 (3:1) consisted of 750 kg paddy straw and 250 kg 

wheat straw, treatment- 3 was 500 kg of paddy straw and 500 kg wheat straw (1:1), 

treatment-4 consisted only paddy straw 1000 kg and treatment-5 served as control with 1000 

kg of wheat straw   alone.  

 The physical quality parameters of the compost were tested and the highest moisture 

percent of compost was recorded in treatment 3 (69.83%) while highest pH (7.60) and 

electrical conductivity (2.44 deci S m-1) of compost was recorded in treatment 1. The 

maximum organic matter content of compost was found in treatment 3 (67.24%), bulk 

density in treatment 4 (0.47 g/cm3), particle density in treatment 2 (0.97 g/cm3) and porosity 

in treatment 3 (56.17%).  

Organic carbon was recorded maximum in treatment 5 (41.99%), nitrogen and 

phosphorous in treatment 3 (1.88% and 0.83%) while potassium in treatment 2 (2.76%), 

calcium in treatment 2 (3.11%) and magnesium in treatment 3 (0.55%). Copper was recorded 

maximum in treatment 4 (44.60 ppm), zinc in treatment 3 (69.60 ppm), iron (2110 ppm) and 

manganese (154 ppm) in treatment 2. Final C: N ratio of the compost was maximum in 

treatment 5 (23.59), C: P ratio in treatment 4 (62.48), C: K ratio in treatment 4 (19.18) and N: 

P ratio in treatment 4 (3.35). N: K ratio ranged from 0.42 to 1.03 with a maximum in 

treatment 4 (1.03) while P: K ratio in treatment 3 (0.33). Thermophilic microbial count in 
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different compost formulations was taken at dilutions 104. Highest microbial count was 

recorded in treatment 3 (19.75 cfu g-1 compost). 

Silica content in paddy straw plays an important role in productivity of the compost 

and it was observed that silica content decreased from spawning to post harvesting stage in 

the compost. In before spawning (BS) stage silica content varied from 9.65 to 14.23 per cent 

in different compost formulations. In before spawning stage, maximum silica content was 

recorded in treatment 4 (14.23%) and minimum was in treatment 3 (9.65%). In Fruit body 

development stage (FBF), silica content varied from 9.25 to 13.29 per cent. Maximum silica 

content was found in treatment 4 (13.29%) and minimum in treatment 3 (7.80%). In after 

harvesting stage (AH), silica content varied from 7.8 to 10.78 per cent. Maximum was found 

in treatment 4 (10.78%) and minimum in treatment 3 (6.91%). 

 It was observed that treatment 3 took the minimum days for spawn run (14.00 days), 

case run (19.03 days), pin head formation (24.02 days) and first harvest (28.02 days). The 

maximum yield was also obtained from the treatment 3 (19.98 kg/ 100kg compost) followed 

by treatment 1 (17.76 kg/100kg compost). Average fruit body weight was recorded to be the 

maximum in treatment 3 (15.05g). Diameter of pileus and thickness of pileus was recorded 

maximum in treatment 3 (3.90 cm and 1.80 cm). Length of stipe and diameter of stipe was 

also recorded to be maximum in treatment 3 (2.60 cm and 1.50 cm). 

 Correlation of the physical and chemical properties of compost as independent 

variables was analyzed with yield as dependable variable and its partitioning into direct and 

indirect effect was also analyzed using path correlation studies. A significantly positive effect 

of moisture and porosity together on the yield was observed. It could also be inferred from 

the data analysis that pH, bulk density and particle density of the compost have significantly 

strong negative effect on the yield of button mushroom. Partitioning of correlation coefficient 

into direct and indirect effects showed that the moisture per se does not have any significant 

direct effect on the yield but high moisture contribute to the high bulk and particle density 

with low porosity in the compost, which ultimately affects the yield per cent negatively. 

However, in the correlation analysis the moisture content with high porosity showed a 

positive effect on yield per cent of the button mushroom. The bulk density and particle 

density has shown a negative correlation with the yield implying the lower yield with higher 

bulk and particle density while the porosity has direct positive effect on yield per cent of 

white button mushroom. 
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          Quantitative estimation of laccase, MnP, cellulase and xylanase enzyme was done at 

three different stages of button mushroom production viz., before spawning stage (BS), fruit 

body development stage (FBD) and after harvest (AH) stage. The observation revealed that 

irrespective of treatment, laccase activity increased during growth of mushroom mycelium 

and decreased afterwards. Maximum laccase enzyme activity was recorded in treatment 3 

during spawn run and case run stage while it reduced after harvesting stage. MnP enzyme 

activity was also found to increase from before spawning stage to fruit body development 

stage and decreased afterwards. Maximum MnP enzyme activity was observed in treatment 3 

and it followed the same trend as in case of laccase enzyme. Both the ligninase enzymes are 

normally associated with mycelial growth of A. bisporus, thus higher laccase enzyme 

production also indicates faster mycelial colonization in the compost.  

Cellulase enzymes was estimated by three enzyme assays i.e Filter paperase enzyme, 

Carboxymethyl cellulase enzyme (CMCase) and β –Glucosidase at three different stages of 

button mushroom production viz., before spawning stage (BS), fruit body development stage 

(FBD) and after harvest (AH) stage. It was observed that total cellulase enzymes activity 

increased from before spawning stage to fruit body development stage and decreased 

afterward.  

Filter paperase (C1 cellulase) catalyzes the degradation of crystalline cellulose at 

carbon 1 of the glucose chain. In before spawning stage and fruit development stage 

treatment 3 showed maximum filter paperase activity (27.32 IU and 35.30 IU) while at after 

harvest stage, maximum enzyme activity was found in treatment 2 (18.95 IU). CMCase 

enzymes (Cx cellulase) catalyze the degradation of cellulose at random places in the glucose 

chain producing oligosaccharides and called as endocellulases. In before spawning stage, 

treatment 2 showed maximum CMCase activity (43.21 IU) while in fruit body development 

stage and after harvest stage, treatment 3 recorded the maximum enzyme activity (43.29 IU 

and 34.53 IU). β-Glucosidase (cellobiase) catalyzes the degradation of oligosaccharides 

releasing monomers of glucose. In before spawning and fruit body development stage, 

treatment 2 showed maximum β-Glucosidase enzyme activity (6.49 IU and 10.82 IU) while 

at after harvest stage, maximum enzyme activity was found in treatment 3 (5.59 IUl). 

Xylanase enzyme activity, in before spawning stage was recorded maximum in treatment 1 

(5.25 IU) and in fruit body development and after harvest stage, maximum enzyme activity 

was recorded in treatment 3 (9.68 IU and 5.06 IU). 
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To evaluate different compost formulations with respect to mushroom production, 

trials were conducted at the Department of Plant Pathology, Dr.YSP University of 

Horticulture and Forestry, Nauni, Solan (H.P) for two consecutive years 2021 and 2022. 

Overall mean of both year 2021-2022 showed minimum days for spawn run (14.55 days), 

case run (20.06 days), pin head formation (24.56 days), first harvest (28.55 days) and 

maximum yield (20.57 kg/100kg compost) in T3 treatment. Maximum pileus diameter (3.99 

cm), pileus thickness (1.85 cm), length of stipe (2.65 cm) and stipe diameter (1.60 cm) was 

also observed in treatment 3.  

During the present study, a total of eighteen isolations of thermophilic and 

thermotolerant fungi were made from the mushroom compost at dilution (10-4) i.e., 

Myriococcum albomyces (Melanocarpus albomyces), Aspergillus fumigatus, Thermomyces 

lanuginosus, Scytalidium album, Talaromyces euchlorocarpius, Thermomyces duponti, 

Chaetomium sp. Humicola fuscoatra, Sordarials sp., Penicillium thomii and Aspergillus  sp. 

Qualitative and quantitative estimation of fungal isolates was done for hydrolytic and 

oxidative enzymes production (ligninolytic, cellulolytic, xylanolytic and manganese 

dependent peroxidise enzymes). All the isolates produced varied hydrolysis zone. With 

respect to cellulase enzyme, maximum hydrolytic zone was recorded in isolate TF4 (49.00 

mm) followed by treatment TF6 (45.00 mm). In xylanase enzyme estimation, maximum 

hydrolytic zone was observed in treatment TF4 (39mm) followed by treatment TF8 (36mm). 

Treatment TF6 showed maximum laccase enzyme hydrolytic zone (29mm) followed by 

treatment TF4 (23mm). In MnP enzyme estimation maximum oxidative zone was formed in 

treatment TF6 (30mm) followed by treatment TF4 (25mm). 

 

 Quantitative estimation of ligninolytic, cellulolytic, xylanolytic and manganese 

dependent peroxidise enzymes of fungal isolates showed maximum laccase and MnP enzyme 

activity in isolate TF6. Filterpaperase, CMCase and Xylanase enzyme activity was recorded 

maximum in isolate TF4 followed by isolate TF6. β- Glucosidase assay was observed to be 

the maximum in isolate TF6 followed by TF4. Out of eighteen thermophilic fungi isolated, 

two thermophilic fungi showed highest enzyme activities and were selected for further 

experimentations i.e., TF4- Thermomyces lanuginosus and TF6 - Melanocarpus albomyces, 

which were identified morphologically, microscopically and molecularly.  

 

These two fungal isolates, Thermomyces lanuginosus and Melanocarpus albomyces 

were used singly and in combinations under in vitro condition to evaluate their effect on 
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growth of A bisporus mycelium on sterilized compost in beaker and petriplates under in vitro 

conditions. Before using these fungal isolates in combinations their compatibility were also 

evaluated following dual culture technique. The linear growth rate of mycelium of A. 

bisporus on sterilized compost in beaker was found to be maximum (7.80 mm per day) in 

treatment 3 (consortium of thermophilic fungi isolate TF4 and TF6) in upward direction. 

Growth of A. bisporus in petri dishes on treatment 3 (compost inoculated with consortium of 

thermophilic fungi TF4 and TF6) showed maximum radial growth rate of 9.00 mm/day. 

 

These two fungi were inoculated in compost (PS+WS, 1:1) singly and in 

combinations. Composition consisting of wheat straw 500 kg, Paddy straw 500 kg, chicken 

manure 600 kg, urea 15 kg, wheat bran 100 kg and gypsum 30 kg was taken in the 

compounding mixture. Four treatments were used with four replications in the study. T-1 

inoculated with 1st best isolate (T. lanuginosus TF4), T-2 inoculated with 2nd best isolate (M. 

albomyces TF6), T-3 inoculated with consortium (T. lanuginosus TF4 and M. albomyces 

TF6) and T-4 was the Control (uninoculated). It was observed that minimum time for spawn 

run (11.76 days), case run (16.05 days), pin head formations (23.09 days), first harvest (26.01 

days) and maximum yield (23.98 kg/q compost) was recorded in treatment 3.  

 

Average fruit body weight, pileus diameter, pileus thickness, stipe diameter and stipe 

length were also observed to be the maximum in treatment 3. Moisture content of the 

composts was recorded highest in treatment 3 (67.13%) while pH of the compost recorded 

highest in treatment 4 (7.41). Electric conductivity (EC) of the composts was recorded 

highest in treatment 2 (3.50 deci S m-1). Organic matter content of compost was found to be 

the maximum in treatment 1 (71.52%). The bulk density of compost was recorded the 

maximum in treatment 1 (0.44 g/cm3). Particle density of compost in all the four treatments, 

recorded to be the maximum in treatment 2 (0.94 g/cm3). Porosity of all compost treatments 

were varied from 52.69 per cent in treatment 1 to 57.47 per cent in treatment 3.  

 

All the physical parameters (independent variables) were analyzed for the correlation 

with the yield per cent (dependent variable) of white button mushroom using path analysis. 

The correlation analysis has shown a strong significantly positive effect of pH and porosity 

on the yield per cent while moisture percent has shown positive effect on yield along with 

porosity. This indicates high porosity with high pH in the compost has significantly affected 

the yield potential of the compost. It could also be inferred from the data analysis that bulk 

density and particle density of the compost have significantly strong negative effect on the 
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yield of button mushroom while electrical conductivity and organic matter of the compost 

have moderate negative effect on yield. The separation of direct and indirect effects of 

independent variable on dependant variable showed that high moisture contributes to the high 

bulk density with low porosity in the compost and bulk density is negatively correlated with 

yield. Thus, higher moisture and bulk density ultimately affects the yield per cent negatively. 

The particle density has also shown a negative correlation with the yield implying the lower 

yield with higher particle density while the porosity has indirect positive effect on yield per 

cent of white button mushroom through bulk density.  

Organic carbon was recorded maximum in treatment 2 (35.96%) while nitrogen per 

cent was found maximum in treatment 3 (1.96%). Phosphorous was recorded to be the 

maximum in treatment 2 and treatment 3 (0.85%). Potassium was recorded to be the 

maximum in treatment 3 (3.57%), calcium was maximum in treatment 4 (3.77%) and 

magnesium was recorded to be the maximum in treatment 2 (0.83%). Copper micronutrient 

was recorded to be the maximum in treatment 1 (50.90ppm). Zinc (180ppm), iron (2070ppm) 

and manganese (480ppm) were found maximum in treatment 3. C: N ratio was recorded to be 

the maximum in treatment 2 (18.60), C: P ratio was observed to be the maximum in treatment 

1 (47.63). C: K ratio significantly varied in different compost treatments from 9.68 in 

treatment 3 to 11.97 in treatment 2. N: P ratio was observed to be the maximum in treatment 

1 (2.59). N: K ratio varied significantly from 0.55 in treatment 3 to 0.64 in treatment 2. P: K 

ratio varied from 0.22 to 0.28. Maximum was recorded in treatment 2 (0.28). At 104 dilution, 

the maximum microbial count was found in treatment 3 (27.75 cfu g-1 compost) and 

minimum microbial count was observed in treatment 4 (14.75 cfu g-1 compost). Silica 

content was found to decrease after adding the inoculums of thermophilic fungi in compost. 

Out of four treatments least silica content was recorded in treatment 3 (4.51%) followed by 

the treatment 2 (5.36%). While the maximum silica content recorded in treatment 4 (5.88%). 

 

The correlation analysis has shown a significantly positive effect of nitrogen, zinc, 

phosphorus, manganese and iron on the yield per cent while silica has strong negative 

correlation with yield percent. C: N, C: P and N: P ratio has negative correlation with the 

yield. It implies that the proper fermentation of the composting material is very important for 

the higher yield of the button mushroom. It helps to reduce C: N and C: P ratio by 

degradation of free sugars during composting and release of CO2 which helps to enhance the 

selectivity of the compost. The separation of direct and indirect effects of independent 
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variable on dependant variable showed a direct positive effect of nitrogen, phosphorus, zinc, 

iron and manganese while a direct negative effect was recorded with potassium, calcium and 

magnesium. The silica content is strongly negatively correlated with yield, which may have 

direct and indirect correlation both with yield as the silica content is also positively correlated 

with C: N ratio. Thus, the higher silica content is associated with higher C: N ratio, which 

may have a negative effect on the yield.  

The temperature profile of four compost treatments was recorded from the three zones 

at different turnings. In all the four composts, the temperature of middle zone was found to be 

more than the upper and lower zones. The temperature of different composts increased during 

zero day to third turning, and after which it started to fall. The moisture content of different 

composts was the maximum at the initial stages of the composting process.  It ranged from 

75.24-78.98 per cent. It was found to reduce gradually during the process and finally 

stabilized at 62.98- 67.13 per cent. pH was low at start, gradually increased between turnings 

and then stabilized towards the end of the composting. The pH was found to be in the range 

of 6.85– 8.27. The pH stabilized between 7.05 – 7.41 at the end of the process. Carbon 

percentage at initial and mature stage of composting and sharp decline in carbon percent was 

observed from zero day to final stage, which attributes in good compost for the growth of A. 

bisporus. Nitrogen was observed in an increasing trend from the initial stage to the mature 

stage, and the highest nitrogen was recorded in third (consortium) treatment. The C/N ratio of 

the four compost piles narrowed down from the beginning towards the end of composting. 

The C/N ratio in the initial stage ranges from 26.84 to 30.68 and it reduced to 17.63 to 18.60 

upto final stage. 

The quantitative estimation of laccase, MnP, cellulase, xylanase enzyme was done at 

three different stages of button mushroom production like before spawning stage (BS), fruit 

body development stage (FBD) and after harvest (AH) stage. Treatment 3 showed the 

maximum laccase activity in all the stages i.e. before spawning, fruit body development and 

after harvesting stage.  In before spawning stage MnP enzyme activity was recorded 

maximum in treatment 1 (4.91 IU). In fruit body development stage and after harvesting stage 

maximum enzyme activity was recorded in treatment 3 (10.14 IU and 6.42 IU). Treatment 3 

showed maximum filter paperase activity at spawning stage, fruit body development and after 

harvest stage (29.02 IU, 37.11 IU and 22.75 IU). CMCase activity was maximum in before 

spawning stage in treatment 3 (49.42 IU) while in fruit body development stage, treatment 2 
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recorded the maximum enzyme activity (54.19 IU) and at after the harvest of crop, maximum 

enzyme activity was found in treatment 3 (39.53 IU). β-Glucosidase enzyme activity in 

before spawning stage, fruit body development and after harvesting stage was recorded 

maximum in treatment 3 (8.32 IU, 14.72 IU and 10.58 IU). Xylanase enzyme activity in 

before spawning stage, fruit body development and after harvest stage was recorded 

maximum in treatment 3 (7.21 IU, 11.68 IU and 9.08 IU). Overall, it could be concluded 

from the studies that the compost made using consortium of TF-4 and TF-6 showed 

maximum enzyme activities required for growth and development of white button mushroom.   

The carbohydrate content of mushrooms was highest in treatment 3 (59.44%). The 

protein content of mushrooms was highest in treatment 2 (34.34%), the ash content was 

highest in treatment 1 (9.40%). The fat content, crude fibre, phenol content and energy of 

mushrooms was highest in treatment 2 (2.35%, 3.95%, 41.07mg/g and 362.59 Kcal/100g). 

Overall, it was recorded that paddy straw and wheat straw combinations in the ratio 1:1 gave 

promising results. The cost-benefit ratio of the compost formulation of paddy straw and 

wheat straw (1:1) gave the maximum net return as compared to other compost formulations. 

So, on the basis of all the compost quality, yield parameters and cost-benefit ratio, a compost 

formulation of paddy straw wheat straw (1:1) was found to be the best as it reduced the cost 

and increased the profit. The compost formulation inoculated with thermophilic fungi, 

namely T. lanuginosus (TF4) and M. albomyces (TF6) improved the compost quality as well 

as the yield of button mushrooms. 
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APPENDIX – I 

COMPOSITION OF DIFFERENT SOLID MEDIA 

Constituents Quantity (g) 

Potato Dextrose Agar (PDA) 

Pealed potato             250 

Dextrose                      20 

Agar 20 

Distilled water             1000ml 

Malt Extract Agar (MEA) 

Malt Extract 20 

Glucose 20 

Peptone 1 

Agar 20 

Distilled water             1000ml 

Yeast Phosphate Soluble Starch Agar  

Yeast extract 4 

K2 HPO4 1 

MgSO4.7H2O 0.5 

Soluble Starch 15 

Agar 20 

Distilled water 1000ml 

Laccase hydrolysis media         

Guaiacol 0.04% 

Potato(peeled) 200 

Dextrose                      20 

Agar 20 

pH   1000 

Distilled water 5.5 

Cellulose/xylan hydrolysis media            

Cellulose  1% 

Beef extract 3 

NaCl 5 

Peptone 5 

Agar 20 

Distilled water 1000ml 

*For xylan hydrolysis 1% of xylan was added in place of 

cellulose powder 
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APPENDIX- II 

 

Standard curve of p-nitrophenol (80 µg/ml) for β-Glucosidase assay (cellulase enzyme 

estimation) 

 

 

 

Standard curve of glucose (0.4mg/ml) for CarboxymethylCellulase (CMC) and Filter 

Paperase (FPase) assay (cellulase enzyme estimation) 
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Standard curve of Xylose (0.4 mg/ml) for Xylanase enzyme assay 

 

 

 

 

 

Standard curve of Catechol (1000mg/ml) for Phenol estimation 

y = 0.0014x + 0.052
R² = 0.9784

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0 100 200 300 400 500

Series1

Linear (Series1)

y = 0.0031x
R² = 0.9842

0

0.5

1

1.5

2

2.5

3

3.5

0 200 400 600 800 1000 1200

Series1

Linear (Series1)



iv 

 

APPENDIX- III 

 

Sequence of TF4- Thermomyces lanuginosus 

ACAAACTGCTCCGGAAGGGTCCAACCTTCTGGCAAGAATTTGACCTTTCA

GCAGGCTGTGCTCCCGGGCCGGGACCCCTCCTTGAGCGCGCCACAGAGCCCCAT

ACGCTCGAGGACCGGACGCCACGCCGCCGCTGCCTTTCAGGCCCGTCCTCTCCAA

ACAAGGTGACGGCGAGTCCAACACACAAGCCGAGCTTGAGGATTCGCAATGACG

CTCGTTACAGGCATGCCCCCCGGAATACCAGAGGGCGCTATGTACGTTCGAAGA

TTCCATGATTCACTGAATTCTGCAATTCACATTATTATCGCATTTCGCTGCCTTCT

TCAGCGATGCCGGAACCTAGAGATCCATTGTTGAAAGTTTGAACGATTGCATTTC

GTCACTCAGACTATCCTCTGCATTCACAAAACCGCTCACATTGAGTGCCTCTGCC

TGACACGGGCCCCGGGGGCACACCGCGCCCCGGGACGACCCCCCCGTCTGAACA

CCGCACGAGTGGGCCCGCCAAAGCAACACTAGGCTGTGTAGACACGTTCGTCAG

ATGTGACCCGACTGCATTCCCGCACTCGGTAATGATCCTTCCGCATGTCACCCTA

CAGAAATTACGAGTGCGGGAACCCAGTCGGCTCCATTCCCCCCGTTTTACCCCTT

TTTTTTTTTTTGGGGCCCCCCCTGTTTTCCCCGGGGTTCCCCCCCCGGGGCCCCCC

CCCCCCCCCCCCCCCCCCTCCCTTTTTTTTTTTTTTTTATTTTTTTTGTGAAAAAAA

AAAAAA  

Sequence of TF6- Melanocarpus albomyces 

ATCAACCAAGGGAGCAACTTGGCCTTTCCCAACCGGGTGCTTTCGACGGG

TTCGGGCCGGCCCGGCCTTGGAGCGAGGATACGAGTGCCTACTACGCTCGGAGT

GACAGCGAGCCCGCCACGGTTTTCAGGGCCTGCGGGCAGCCGCAGATCCCCAAC

ACAAGCCCGGGGCTTGATGGTTGAATGACGCTCGAACAGGCATGCCCGCCAGAA

TACTGGCGGGCGCAAGGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAAT

TCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCAGAACCAAGAGATC

CGTTGTTGAAAGTTTTGACTTATTCAGTACAGAGACTCAGAGAGGCGTACAAGTG

CCAAGGAGTTTTGTGTACCTCCGGCGGGCCGCCCCCTCCACGGGGGCGAAGGGG

CCCCCCCCGGCCGAGGCCGGGGCGGCCCGAACCCGCCGAACCACCGGCTGTAAG

GTATGTTCACGATGGTGGGAGGGAGTTTTGCAACCCTGTAATAATCCCCCCGCAG

GATAAACTAAGAG 
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APPENDIX- IV 

Estimation of Nitrogen in different compost formulations 

 
 Quantity 

(kg) 

Moisture 

(%) 

Dry Wt 

(Kg) 

Nitrogen 

(%) 

Nitrogen 

(kg) 

T1 

(PS+WS) 

(1.5:1) 

Paddy straw (PS) 600 10 540 0.60 3.24 

Wheat straw (WS) 400 10 360 0.40 1.44 

Chicken Manure 600 20 480 2.50 12 

Wheat Bran 100 10 90 2 1.8 

Urea 15 0 15 46 6.9 

Gypsum 30 0 30 0 0 

Total 1745 
 

1515 
 

25.38 

Total Nitrogen % 1.68 
    

T2 

(PS+WS) 

(3:1) 

Paddy straw 750 10 675 0.60 4.05 

Wheat straw 250 10 225 0.40 0.9 

Chicken Manure 600 20 480 2.50 12 

Wheat Bran 100 10 90 2 1.8 

Urea 15 0 15 46 6.9 

Gypsum 30 0 30 0 0 

Total 1745 
 

1515 
 

25.65 

Total Nitrogen % 1.69 
    

T3 

(WS+PS) 

(1:1) 

Paddy straw 500 10 450 0.60 2.7 

Wheat straw 500 10 450 0.40 1.8 

Chicken Manure 600 20 480 2.50 12 

Wheat Bran 100 10 90 2 1.8 

Urea 15 0 15 46 6.9 

Gypsum 30 0 30 0 0 

Total 1745 
 

1515 
 

25.2 

Total Nitrogen % 1.66 
    

T4 

(PS) 

Paddy straw 1000 10 900 0.60 5.4 

Wheat straw 0 10 0 0.40 0 

Chicken Manure 600 20 480 2.50 12 

Wheat Bran 100 10 90 2 1.8 

Urea 15 0 15 46 6.9 

Gypsum 30 0 30 0 0 

Total 1745 
 

1515 
 

26.1 

Total Nitrogen % 1.72 
    

T5 

(WS) 

Control 

Paddy straw 0 10 0 0.60 0 

Wheat straw 1000 10 900 0.40 3.6 

Chicken Manure 600 20 480 2.50 12 

Wheat Bran 100 10 90 2 1.8 

Urea 15 0 15 46 6.9 

Gypsum 30 0 30 0 0 

Total 1745 
 

1515 
 

24.3 

Total Nitrogen % 1.60 
     

PS= Paddy straw, WS= Wheat straw 

Total Nitrogen % = 
Nitrogen (Kg )

Dry weight of compost
 X100 
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APPENDIX- V 
 

ANOVA TABLES 

ANOVA 1:  Analysis of variance for evaluation of different compost formulation for 

number of days taken for completion of spawn run of Agaricus bisporus 

during year 2021 (Table 4.2) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 11.211 2.803 6.011 0.00430 

Error 15 6.994 0.466 
  

Total 19 18.205 
   

 

ANOVA 2:  Analysis of variance for evaluation of different compost formulation for 

number of days taken for completion of case run of Agaricus bisporus 

during year 2021 (Table 4.2) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 11.048 2.762 7.145 0.00199 

Error 15 5.798 0.387 
  

Total 19 16.846 
   

 

ANOVA 3:  Analysis of variance for evaluation of different compost formulation for 

number of days taken for pinhead formation of Agaricus bisporus during 

year 2021 (Table 4.2) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 11.552 2.888 13.869 0.00006 

Error 15 3.124 0.208 
  

Total 19 14.675 
   

 

ANOVA 4:  Analysis of variance for evaluation of different compost formulation for 

number of days taken for first harvest of Agaricus bisporus during year 

2021 (Table 4.2) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 38.073 9.518 8.955 0.00067 

Error 15 15.944 1.063 
  

Total 19 54.017 
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ANOVA 5:  Analysis of variance for evaluation of different compost formulation for 

yield of Agaricus bisporus during year 2021 (Table 4.2) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 85.692 21.423 10,307.297 0.00000 

Error 15 0.031 0.002 
  

Total 19 85.723 
   

 

ANOVA 6:  Analysis of variance for evaluation of different compost formulation for 

average fruit body weight of Agaricus bisporus during year 2021 (Table 4.2) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 70.612 17.653 21,361.817 0.00000 

Error 15 0.012 0.001 
  

Total 19 70.625 
   

 

ANOVA 7:  Analysis of variance for evaluation of different compost formulation for 

diameter of Agaricus bisporus pileus (Table 4.3) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.830 0.207 6.403 0.00326 

Error 15 0.486 0.032 
  

Total 19 1.316 
   

 

ANOVA 8:  Analysis of variance for evaluation of different compost formulation for 

thickness of Agaricus bisporus pileus (Table 4.3) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 1.317 0.329 16.814 0.00002 

Error 15 0.294 0.020 
  

Total 19 1.611 
   

 

ANOVA 9:  Analysis of variance for evaluation of different compost formulation for 

length of Agaricus bisporus stipe (Table 4.3) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.534 0.133 78.775 0.00000 

Error 15 0.025 0.002 
  

Total 19 0.559 
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ANOVA 10:  Analysis of variance for evaluation of different compost formulation for 

diameter of Agaricus bisporus stipe (Table 4.3) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 2.123 0.531 3.879 0.02339 

Error 15 2.052 0.137 
  

Total 19 4.175 
   

 

ANOVA 11:  Analysis of variance for evaluation of different compost formulation for 

moisture content (Table 4.4) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 190.646 47.662 11.021 0.00023 

Error 15 64.870 4.325 
  

Total 19 255.516 
   

 

ANOVA 12:  Analysis of variance for evaluation of different compost formulation for 

pH (Table 4.4) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.874 0.219 4.669 0.01198 

Error 15 0.702 0.047 
  

Total 19 1.576 
   

 

ANOVA 13:  Analysis of variance for evaluation of different compost formulation for 

EC (Table 4.4) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.770 0.192 4.924 0.00976 

Error 15 0.586 0.039 
  

Total 19 1.356 
   

 

ANOVA 14:  Analysis of variance for evaluation of different compost formulation for 

organic matter (Table 4.4) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 41.551 10.388 24,731.167 0.00000 

Error 15 0.006 0.000 
  

Total 19 41.558 
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ANOVA 15:  Analysis of variance for evaluation of different compost formulation for 

bulk density (Table 4.4) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.016 0.004 40.465 0.00000 

Error 15 0.001 0.000 
  

Total 19 0.017 
   

 

ANOVA 16:  Analysis of variance for evaluation of different compost formulation for 

particle density (Table 4.4) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.015 0.004 7.937 0.00121 

Error 15 0.007 0.000 
  

Total 19 0.022 
   

 

ANOVA 17:  Analysis of variance for evaluation of different compost formulation for 

porosity (Table 4.4) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 84.977 21.244 13.600 0.00007 

Error 15 23.431 1.562 
  

Total 19 108.409 
   

 

ANOVA 18:  Analysis of variance for evaluation of different compost formulation for 

organic carbon (Table 4.8) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 43.921 10.980 18.936 0.00001 

Error 15 8.698 0.580 
  

Total 19 52.619 
   

 

ANOVA 19:  Analysis of variance for evaluation of different compost formulation for 

nitrogen (Table 4.8) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.095 0.024 6.514 0.00302 

Error 15 0.055 0.004 
  

Total 19 0.150 
   

 



x 

 

ANOVA 20:  Analysis of variance for evaluation of different compost formulation for 

phosphorus (Table 4.8) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.115 0.029 7.076 0.00208 

Error 15 0.061 0.004 
  

Total 19 0.176 
   

 

ANOVA 21:  Analysis of variance for evaluation of different compost formulation for 

potassium (Table 4.8) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 1.463 0.366 67.067 0.00000 

Error 15 0.082 0.005 
  

Total 19 1.545 
   

 

ANOVA 22:  Analysis of variance for evaluation of different compost formulation for 

calcium (Table 4.8) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 4.906 1.226 83.162 0.00000 

Error 15 0.221 0.015 
  

Total 19 5.127 
   

 

ANOVA 23:  Analysis of variance for evaluation of different compost formulation for 

magnesium (Table 4.8) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.080 0.020 7.014 0.00216 

Error 15 0.043 0.003 
  

Total 19 0.122 
   

 

ANOVA 24:  Analysis of variance for evaluation of different compost formulation for 

copper (Table 4.9) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 14,453.623 3,613.406 7,155.551 0.00000 

Error 15 7.575 0.505 
  

Total 19 14,461.197 
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ANOVA 25:  Analysis of variance for evaluation of different compost formulation for 

zinc (Table 4.9) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 397.622 99.406 129.095 0.00000 

Error 15 11.550 0.770 
  

Total 19 409.172 
   

 

ANOVA 26:  Analysis of variance for evaluation of different compost formulation for 

iron (Table 4.9) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 2,216,608.000 554,152.000 2,691.801 0.00000 

Error 15 3,088.000 205.867 
  

Total 19 2,219,696.000 
   

 

ANOVA 27:  Analysis of variance for evaluation of different compost formulation for 

manganese (Table 4.9) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 4,683.200 1,170.800 44.801 0.00000 

Error 15 392.000 26.133 
  

Total 19 5,075.200 
   

 

ANOVA 28:  Analysis of variance for evaluation of different compost formulation for 

C: N ratio (Table 4.10) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 17.032 4.258 53.295 0.00000 

Error 15 1.198 0.080 
  

Total 19 18.230 
   

 

ANOVA 29:  Analysis of variance for evaluation of different compost formulation for 

C: P ratio (Table 4.10) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 762.694 190.673 278.272 0.00000 

Error 15 10.278 0.685 
  

Total 19 772.972 
   

 



xii 

 

ANOVA 30:  Analysis of variance for evaluation of different compost formulation for 

C: K ratio (Table 4.10) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 100.460 25.115 50.740 0.00000 

Error 15 7.425 0.495 
  

Total 19 107.885 
   

 

ANOVA 31:  Analysis of variance for evaluation of different compost formulation for 

N: P ratio (Table 4.10) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 10.309 2.577 65.849 0.00000 

Error 15 0.587 0.039 
  

Total 19 10.896 
   

 

ANOVA 32:  Analysis of variance for evaluation of different compost formulation for 

N: K ratio (Table 4.10) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 1.160 0.290 5.902 0.00465 

Error 15 0.737 0.049 
  

Total 19 1.897 
   

 

ANOVA 33:  Analysis of variance for evaluation of different compost formulation for 

P: K ratio (Table 4.10) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.007 0.002 95.839 0.00000 

Error 15 0.000 0.000 
  

Total 19 0.007 
   

 

ANOVA 34:  Analysis of variance for evaluation of different compost formulation for 

silica content before spawning stage (Table 4.14) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 52.614 13.153 42.981 0.00000 

Error 15 4.590 0.306 
  

Total 19 57.204 
   



xiii 

 

ANOVA 35:  Analysis of variance for evaluation of different compost formulation for 

silica content during fruit development stage (Table 4.14) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 64.872 16.218 4.208 0.01759 

Error 15 57.812 3.854 
  

Total 19 122.684 
   

 

ANOVA 36:  Analysis of variance for evaluation of different compost formulation for 

silica content after harvest stage (Table 4.14) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 37.342 9.335 46.041 0.00000 

Error 15 3.041 0.203 
  

Total 19 40.383 
   

 

ANOVA 37:  Analysis of variance for evaluation of different compost formulation for 

microbial count (Table 4.15) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 147.200 36.800 6.494 0.00307 

Error 15 85.000 5.667 
  

Total 19 232.200 
   

 

ANOVA 38:  Analysis of variance for evaluation of different compost formulation for 

laccase enzyme activity before spawning stage (Table 4.16) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.018 0.004 32.016 0.00000 

Error 15 0.002 0.000 
  

Total 19 0.020 
   

 

ANOVA 39:  Analysis of variance for evaluation of different compost formulation for 

laccase enzyme activity during fruit development stage (Table 4.16) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.078 0.019 20.283 0.00001 

Error 15 0.014 0.001 
  

Total 19 0.092 
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ANOVA 40:  Analysis of variance for evaluation of different compost formulation for 

laccase enzyme activity after harvest stage (Table 4.16) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.020 0.005 34.884 0.00000 

Error 15 0.002 0.000 
  

Total 19 0.022 
   

 

ANOVA 41:  Analysis of variance for evaluation of different compost formulation for 

MnP enzyme activity before spawning stage (Table 4.17) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 27.734 6.933 406.133 0.00000 

Error 15 0.256 0.017 
  

Total 19 27.990 
   

 

ANOVA 42:  Analysis of variance for evaluation of different compost formulation for 

MnP enzyme activity during fruit development stage (Table 4.17) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 127.149 31.787 4,956.671 0.00000 

Error 15 0.096 0.006 
  

Total 19 127.245 
   

 

ANOVA 43:  Analysis of variance for evaluation of different compost formulation for 

MnP enzyme activity after harvest stage (Table 4.17) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 164.064 41.016 1,013.063 0.00000 

Error 15 0.607 0.040 
  

Total 19 164.672 
   

 

ANOVA 44:  Analysis of variance for evaluation of different compost formulation for 

Filter paperase enzyme activity before spawning stage (Table 4.18) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 257.606 64.401 29,392.005 0.00000 

Error 15 0.033 0.002 
  

Total 19 257.638 
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ANOVA 45:  Analysis of variance for evaluation of different compost formulation for 

Filter paperase enzyme activity during fruit development stage (Table 4.18) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 612.967 153.242 18,368.837 0.00000 

Error 15 0.125 0.008 
  

Total 19 613.093 
   

 

ANOVA 46:  Analysis of variance for evaluation of different compost formulation for 

Filter paperase enzyme activity after harvest stage (Table 4.18) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 163.995 40.999 2,567.098 0.00000 

Error 15 0.240 0.016 
  

Total 19 164.235 
   

 

ANOVA 47:  Analysis of variance for evaluation of different compost formulation for 

CMCase enzyme activity before spawning stage (Table 4.19) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 529.389 132.347 1,163.087 0.00000 

Error 15 1.707 0.114 
  

Total 19 531.096 
   

 

ANOVA 48:  Analysis of variance for evaluation of different compost formulation for 

CMCase enzyme activity during fruit development stage (Table 4.19) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 88.648 22.162 33.728 0.00000 

Error 15 9.856 0.657 
  

Total 19 98.504 
   

 

ANOVA 49:  Analysis of variance for evaluation of different compost formulation for 

CMCase enzyme activity after harvest stage (Table 4.19) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 822.914 205.729 582.364 0.00000 

Error 15 5.299 0.353 
  

Total 19 828.213 
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ANOVA 50:  Analysis of variance for evaluation of different compost formulation for β 

-Glucosidase enzyme activity before spawning stage (Table 4.20) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 20.730 5.183 243.201 0.00000 

Error 15 0.320 0.021 
  

Total 19 21.050 
   

 

ANOVA 51:  Analysis of variance for evaluation of different compost formulation for β 

-Glucosidase enzyme activity during fruit development stage (Table 4.20) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 98.976 24.744 28,606.773 0.00000 

Error 15 0.013 0.001 
  

Total 19 98.989 
   

 

ANOVA 52:  Analysis of variance for evaluation of different compost formulation for β 

-Glucosidase enzyme activity after harvest stage (Table 4.20) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 3.484 0.871 30.351 0.00000 

Error 15 0.431 0.029 
  

Total 19 3.915 
   

 

ANOVA 53:  Analysis of variance for evaluation of different compost formulation for 

xylanase enzyme activity before spawning stage (Table 4.21) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 8.539 2.135 331.441 0.00000 

Error 15 0.097 0.006 
  

Total 19 8.635 
   

 

ANOVA 54:  Analysis of variance for evaluation of different compost formulation for 

xylanase enzyme activity during fruit development stage (Table 4.21) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 50.450 12.612 3,126.233 0.00000 

Error 15 0.061 0.004 
  

Total 19 50.510 
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ANOVA 55:  Analysis of variance for evaluation of different compost formulation for 

xylanase enzyme activity after harvest stage (Table 4.21) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 15.208 3.802 1,557.069 0.00000 

Error 15 0.037 0.002 
  

Total 19 15.245 
   

 

ANOVA 56: Analysis of variance for evaluation of different compost formulation for 

number of days taken for completion of spawn run of Agaricus bisporus 

during year 2022 (Table 4.22) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 19.044 4.761 2,036.733 0.00000 

Error 15 0.035 0.002 
  

Total 19 19.080 
   

 

ANOVA 57:  Analysis of variance for evaluation of different compost formulation for 

number of days taken for completion of case run of Agaricus bisporus 

during year 2022 (Table 4.22) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 9.947 2.487 5.756 0.00517 

Error 15 6.480 0.432 
  

Total 19 16.427 
   

 

ANOVA 58:  Analysis of variance for evaluation of different compost formulation for 

number of days taken for pinhead formation of Agaricus bisporus during 

year 2022 (Table 4.22) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 20.613 5.153 1,625.471 0.00000 

Error 15 0.048 0.003 
  

Total 19 20.661 
   

 

ANOVA 59:  Analysis of variance for evaluation of different compost formulation for 

number of days taken for first harvest of Agaricus bisporus during year 

2022 (Table 4.22) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 43.387 10.847 2,917.180 0.00000 

Error 15 0.056 0.004 
  

Total 19 43.442 
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ANOVA 60:  Analysis of variance for evaluation of different compost formulation for 

diameter of Agaricus bisporus pileus during year 2022 (Table 4.23) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 1.165 0.291 74.791 0.00000 

Error 15 0.058 0.004 
  

Total 19 1.224 
   

 

ANOVA 61:  Analysis of variance for evaluation of different compost formulation for 

thickness of Agaricus bisporus pileus  during year 2022(Table 4.23) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 1.008 0.252 141.036 0.00000 

Error 15 0.027 0.002 
  

Total 19 1.035 
   

 

ANOVA 62:  Analysis of variance for evaluation of different compost formulation for 

length of Agaricus bisporus stipe during year 2022 (Table 4.23) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.848 0.212 227.128 0.00000 

Error 15 0.014 0.001 
  

Total 19 0.862 
   

 

ANOVA 63:  Analysis of variance for evaluation of different compost formulation for 

diameter of Agaricus bisporus stipe during year 2022(Table 4.23) 

   Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 0.752 0.188 106.814 0.00000 

Error 15 0.026 0.002 
  

Total 19 0.778 
   

 

ANOVA 64:  Analysis of variance for evaluation of different compost formulation for 

yield of Agaricus bisporus during year 2022 (Table 4.24) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 4 68.467 17.117 929.909 0.00000 

Error 15 0.276 0.018 
  

Total 19 68.743 
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ANOVA 65: Analysis of variance for qualitative estimation of fungal isolates for 

cellulose enzyme production (Table 4.27) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 10,412.444 612.497 78.007 0.00000 

Error 54 424.000 7.852 
  

Total 71 10,836.444 
   

 

ANOVA 66: Analysis of variance for qualitative estimation of fungal isolates for 

xylanase enzyme production (Table 4.27) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 7,569.778 445.281 96.181 0.00000 

Error 54 250.000 4.630 
  

Total 71 7,819.778 
   

  

ANOVA 67:  Analysis of variance for qualitative estimation of fungal isolates for laccase 

enzyme production (Table 4.27) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 3,850.278 226.487 40.632 0.00000 

Error 54 301.000 5.574 
  

Total 71 4,151.278 
   

 

ANOVA 68: Analysis of variance for qualitative estimation of fungal isolates for 

manganese peroxide enzyme production (Table 4.27) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 3,032.000 178.353 31.474 0.00000 

Error 54 306.000 5.667 
  

Total 71 3,338.000 
   

 

ANOVA 69: Analysis of variance for quantitative estimation of fungal isolates for laccase 

enzyme production (Table 4.28) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 0.030 0.002 153.167 0.00000 

Error 54 0.001 0.000 
  

Total 71 0.030 
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ANOVA 70: Analysis of variance for quantitative estimation of fungal isolates for 

xylanase enzyme production (Table 4.28) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 503.284 29.605 6,545.681 0.00000 

Error 54 0.244 0.005 
  

Total 71 503.528 
   

 

ANOVA 71: Analysis of variance for quantitative estimation of fungal isolates for 

manganese dependent peroxides enzyme production (Table 4.28) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 88.775 5.222 1,825.285 0.00000 

Error 54 0.154 0.003 
  

Total 71 88.929 
   

  

ANOVA 72: Analysis of variance for quantitative estimation of fungal isolates for 

CMCase enzyme production (Table 4.28) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 7,678.818 451.695 43,373.687 0.00000 

Error 54 0.562 0.010 
  

Total 71 7,679.380 
   

 

ANOVA 73: Analysis of variance for quantitative estimation of fungal isolates for 

Filterpapease enzyme production (Table 4.28) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 9,562.190 562.482 9,819.191 0.00000 

Error 54 3.093 0.057 
  

Total 71 9,565.283 
   

 

ANOVA 74:  Analysis of variance for quantitative estimation of fungal isolates for β- 

Glucosidase enzyme production (Table 4.28) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 17 61.106 3.594 37.376 0.00000 

Error 54 5.193 0.096 
  

Total 71 66.299 
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ANOVA 75:   Analysis of variance for mycelial extension rate of A. bisporus on sterilized 

compost inoculated with thermophilic fungi singly and in combinations in 

beaker (mm/day) (Table 4.29) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 16.000 5.333 30.770 0.00001 

Error 12 2.080 0.173 
  

Total 15 18.080 
   

 

ANOVA 76: Analysis of variance for radial growth rate of A. bisporus on sterilized 

compost inoculated with thermophilic fungi singly and in combinations in 

Petri dishes (mm/day) (Table 4.29) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 46.447 15.482 492.146 0.00000 

Error 12 0.378 0.031 
  

Total 15 46.824 
   

 

ANOVA 77:  Analysis of variance for evaluation of compost formulation for number of 

days taken for completion of spawn run of Agaricus bisporus by using 

thermophilic fungi (Table 4.30) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 15.226 5.075 14.319 0.00029 

Error 12 4.253 0.354 
  

Total 15 19.480 
   

 

ANOVA 78:  Analysis of variance for evaluation of compost formulation for number of 

days taken for completion of case run of Agaricus bisporus by using 

thermophilic fungi (Table 4.30) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 10.816 3.605 9.118 0.00203 

Error 12 4.745 0.395 
  

Total 15 15.560 
   

 

ANOVA 79:  Analysis of variance for evaluation of compost formulation for number of 
days taken for pin head formation of Agaricus bisporus by using 
thermophilic fungi (Table 4.30) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 8.231 2.744 10.566 0.00110 

Error 12 3.116 0.260 
  

Total 15 11.346 
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ANOVA 80:  Analysis of variance for evaluation of compost formulation for number of 

days taken for first harvest of Agaricus bisporus by using thermophilic 

fungi (Table 4.30) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 40.326 13.442 3,456.463 0.00000 

Error 12 0.047 0.004 
  

Total 15 40.373 
   

 

ANOVA 81:  Analysis of variance for evaluation of compost with thermophilic fungi 

and its effect on yield of mushroom (Table 4.30) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 50.415 16.805 31.886 0.00001 

Error 12 6.324 0.527 
  

Total 15 56.740 
   

 

ANOVA 82:  Analysis of variance for evaluation of compost with thermophilic fungi 

and its effect on average weight of mushroom (Table 4.30) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 21.512 7.171 17.419 0.00011 

Error 12 4.940 0.412 
  

Total 15 26.452 
   

 

ANOVA 83:  Analysis of variance for evaluation of compost with thermophilic fungi 
and its effect on diameter of pileus (cm) of mushroom (Table 4.31) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 2.720 0.907 5.978 0.00985 

Error 12 1.820 0.152 
  

Total 15 4.540 
   

 

ANOVA 84:  Analysis of variance for evaluation of compost with thermophilic fungi 
and its effect on thickness of pileus (cm) of mushroom (Table 4.31) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.350 0.117 3.889 0.03741 

Error 12 0.360 0.030 
  

Total 15 0.710 
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ANOVA 85:  Analysis of variance for evaluation of compost with thermophilic fungi 

and its effect on diameter of stipe (cm)) of mushroom (Table 4.31) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 1.400 0.467 3.705 0.04271 

Error 12 1.512 0.126 
  

Total 15 2.912 
   

 

ANOVA 86:  Analysis of variance for evaluation of compost with thermophilic fungi 

and its effect on length of stipe (cm) of mushroom (Table 4.31) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 1.360 0.453 6.476 0.00745 

Error 12 0.840 0.070 
  

Total 15 2.200 
   

 

ANOVA 87:  Analysis of variance for evaluation of compost formulation for moisture 

content by using thermophilic fungi (Table 4.32) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 52.444 17.481 49.171 0.00000 

Error 12 4.266 0.356 
  

Total 15 56.710 
   

 

ANOVA 88:  Analysis of variance for evaluation of compost formulation for pH by 

using thermophilic fungi (Table 4.32) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.306 0.102 5.760 0.01118 

Error 12 0.212 0.018 
  

Total 15 0.518 
   

 

ANOVA 89:  Analysis of variance for evaluation of compost formulation for EC by 

using thermophilic fungi (Table 4.32) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 1.699 0.566 9.608 0.00164 

Error 12 0.707 0.059 
  

Total 15 2.407 
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ANOVA 90:  Analysis of variance for evaluation of compost formulation for organic 

matter by using thermophilic fungi (Table 4.32) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 85.984 28.661 4.012 0.03430 

Error 12 85.726 7.144 
  

Total 15 171.710 
   

 

ANOVA 91:  Analysis of variance for evaluation of compost formulation for bulk 

density by using thermophilic fungi (Table 4.32) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.011 0.004 192.116 0.00000 

Error 12 0.000 0.000 
  

Total 15 0.011 
   

 

ANOVA 92:  Analysis of variance for evaluation of compost formulation for particle 

density by using thermophilic fungi (Table 4.32) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.015 0.005 373.473 0.00000 

Error 12 0.000 0.000 
  

Total 15 0.015 
   

 

ANOVA 93:  Analysis of variance for evaluation of compost formulation for porosity 

by using thermophilic fungi (Table 4.32) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 52.986 17.662 342.647 0.00000 

Error 12 0.619 0.052 
  

Total 15 53.604 
   

 

ANOVA 94:  Analysis of variance for evaluation of compost formulation for organic 

carbon by using thermophilic fungi (Table 4.36) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 4.598 1.533 56.810 0.00000 

Error 12 0.324 0.027 
  

Total 15 4.922 
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ANOVA 95:  Analysis of variance for evaluation of compost formulation for nitrogen 

by using thermophilic fungi (Table 4.36) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.759 0.253 80.794 0.00000 

Error 12 0.038 0.003 
  

Total 15 0.797 
   

 

ANOVA 96:  Analysis of variance for evaluation of compost formulation for 

phosphorus by using thermophilic fungi (Table 4.36) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.053 0.018 5.803 0.01091 

Error 12 0.037 0.003 
  

Total 15 0.090 
   

 

ANOVA 97:  Analysis of variance for evaluation of compost formulation for potassium 

by using thermophilic fungi (Table 4.36) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.916 0.305 13.481 0.00038 

Error 12 0.272 0.023 
  

Total 15 1.188 
   

 

ANOVA 98:  Analysis of variance for evaluation of compost formulation for calcium by 

using thermophilic fungi (Table 4.36) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 4.057 1.352 513.528 0.00000 

Error 12 0.032 0.003 
  

Total 15 4.089 
   

 

ANOVA 99:  Analysis of variance for evaluation of compost formulation for 

magnesium by using thermophilic fungi (Table 4.36) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.394 0.131 44.818 0.00000 

Error 12 0.035 0.003 
  

Total 15 0.430 
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ANOVA 100: Analysis of variance for evaluation of compost formulation for copper by 

using thermophilic fungi (Table 4.37) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 89.204 29.735 38.381 0.00000 

Error 12 9.297 0.775 
  

Total 15 98.501 
   

 

ANOVA 101: Analysis of variance for evaluation of compost formulation for zinc by 

using thermophilic fungi (Table 4.37) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 644.000 214.667 8.474 0.00271 

Error 12 304.000 25.333 
  

Total 15 948.000 
   

 

ANOVA 102: Analysis of variance for evaluation of compost formulation for iron by 

using thermophilic fungi (Table 4.37) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 266,000.000 88,666.667 128.347 0.00000 

Error 12 8,290.000 690.833 
  

Total 15 274,290.000 
   

 

ANOVA 103: Analysis of variance for evaluation of compost formulation for manganese 

by using thermophilic fungi (Table 4.37) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 94,171.000 31,390.333 574.213 0.00000 

Error 12 656.000 54.667 
  

Total 15 94,827.000 
   

 

ANOVA 104: Analysis of variance for evaluation of compost formulation for C: N ratio 

by using thermophilic fungi (Table 4.38) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 3.431 1.144 87.642 0.00000 

Error 12 0.157 0.013 
  

Total 15 3.588 
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ANOVA 105: Analysis of variance for evaluation of compost formulation for C: P ratio 

by using thermophilic fungi (Table 4.38) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 408.935 136.312 30.449 0.00001 

Error 12 53.721 4.477 
  

Total 15 462.657 
   

 

ANOVA 106: Analysis of variance for evaluation of compost formulation for C: K ratio 

by using thermophilic fungi (Table 4.38) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 14.001 4.667 10,118.341 0.00000 

Error 12 0.006 0.000 
  

Total 15 14.006 
   

 

ANOVA 107: Analysis of variance for evaluation of compost formulation for N: P ratio 

by using thermophilic fungi (Table 4.38) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.340 0.113 1,178.734 0.00000 

Error 12 0.001 0.000 
  

Total 15 0.341 
   

 

ANOVA 108: Analysis of variance for evaluation of compost formulation for N: K ratio 

by using thermophilic fungi (Table 4.38) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.026 0.009 1,163.489 0.00000 

Error 12 0.000 0.000 
  

Total 15 0.027 
   

 

ANOVA 109: Analysis of variance for evaluation of compost formulation for P: K ratio 

by using thermophilic fungi (Table 4.38) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.008 0.003 35.377 0.00000 

Error 12 0.001 0.000 
  

Total 15 0.009 
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ANOVA 110: Analysis of variance for evaluation of compost formulation for silica 

content by using thermophilic fungi (Table 4.39) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 3.891 1.297 48.437 0.00000 

Error 12 0.321 0.027 
  

Total 15 4.213 
   

 

ANOVA 111: Analysis of variance for evaluation of compost formulation for microbial 

count by using thermophilic fungi (Table 4.43) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 401.688 133.896 17.608 0.00011 

Error 12 91.250 7.604 
  

Total 15 492.938 
   

 

ANOVA 112: Analysis of variance for evaluation of compost formulation for 

temperature profiles in compost piles at zero day by using thermophilic 

fungi (Table 4.44) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 103.698 34.566 3,789.791 0.00000 

Error 12 0.109 0.009 
  

Total 15 103.808 
   

 

ANOVA 113: Analysis of variance for evaluation of compost formulation for 

temperature profiles in compost piles at first turning by using 

thermophilic fungi (Table 4.44) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 368.968 122.989 20,917.394 0.00000 

Error 12 0.071 0.006 
  

Total 15 369.038 
   

 

ANOVA 114: Analysis of variance for evaluation of compost formulation for 

temperature profiles in compost piles at second turning by using 

thermophilic fungi (Table 4.44) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 10.780 3.593 871.920 0.00000 

Error 12 0.049 0.004 
  

Total 15 10.829 
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ANOVA 115: Analysis of variance for evaluation of compost formulation for 

temperature profiles in compost piles at third turning by using 

thermophilic fungi (Table 4.43) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 32.124 410.708 997.743 0.00000 

Error 12 0.129 0.011 
  

Total 15 32.252 
   

 

ANOVA 116: Analysis of variance for evaluation of compost formulation for 

temperature profiles in compost piles at fourth turning by using 

thermophilic fungi (Table 4.44) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 19.043 6.348 1,306.866 0.00000 

Error 12 0.058 0.005 
  

Total 15 19.102 
   

 

ANOVA 117: Analysis of variance for evaluation of compost formulation for 

temperature profiles in compost piles before spawning by using 

thermophilic fungi (Table 4.44) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 8.138 2.713 682.433 0.00000 

Error 12 0.048 0.004 
  

Total 15 8.186 
   

 

ANOVA 118:  Analysis of variance for evaluation of compost formulation for moisture 

content in compost piles at zero day by using thermophilic fungi (Table 4.45) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 30.995 10.332 3,407.033 0.00000 

Error 12 0.036 0.003 
  

Total 15 31.031 
   

 

ANOVA 119:  Analysis of variance for evaluation of compost formulation for moisture content 

in compost piles at first turning by using thermophilic fungi (Table 4.45) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 46.270 15.423 14,144.651 0.00000 

Error 12 0.013 0.001 
  

Total 15 46.283 
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ANOVA 120: Analysis of variance for evaluation of compost formulation for moisture 

content in compost piles at second turning by using thermophilic fungi 

(Table 4.45) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 24.134 8.045 1,806.491 0.00000 

Error 12 0.053 0.004 
  

Total 15 24.187 
   

 

ANOVA 121: Analysis of variance for evaluation of compost formulation for moisture 

content in compost piles at third turning by using thermophilic fungi 

(Table 4.45) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 4.008 1.336 597.938 0.00000 

Error 12 0.027 0.002 
  

Total 15 4.035 
   

 

ANOVA 122: Analysis of variance for evaluation of compost formulation for moisture 

content in compost piles at fourth turning by using thermophilic fungi 

(Table 4.45) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 5.832 1.944 1,581.460 0.00000 

Error 12 0.015 0.001 
  

Total 15 5.846 
   

 

ANOVA 123: Analysis of variance for evaluation of compost formulation for moisture 

content in compost piles before spawning by using thermophilic fungi 

(Table 4.45) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 52.444 17.481 49.171 0.00000 

Error 12 4.266 0.356 
  

Total 15 56.710 
   

 

ANOVA 124: Analysis of variance for evaluation of compost formulation for pH in 

compost piles at zero day by using thermophilic fungi (Table 4.46) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.086 0.029 3.511 0.04922 

Error 12 0.098 0.008 
  

Total 15 0.184 
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ANOVA 125: Analysis of variance for evaluation of compost formulation for pH in 

compost piles at first turning by using thermophilic fungi (Table 4.46) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.442 0.147 17.062 0.00013 

Error 12 0.104 0.009 
  

Total 15 0.546 
   

 

ANOVA 126: Analysis of variance for evaluation of compost formulation for pH in 

compost piles at second turning by using thermophilic fungi (Table 4.46) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.341 0.114 89.993 0.00000 

Error 12 0.015 0.001 
  

Total 15 0.356 
   

 

ANOVA 127: Analysis of variance for evaluation of compost formulation for pH in 

compost piles at third turning by using thermophilic fungi (Table 4.46) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.246 0.082 58.485 0.00000 

Error 12 0.017 0.001 
  

Total 15 0.263 
   

 

ANOVA 128: Analysis of variance for evaluation of compost formulation for pH in 

compost piles at fourth turning by using thermophilic fungi (Table 4.46) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.238 0.079 119.679 0.00000 

Error 12 0.008 0.001 
  

Total 15 0.246 
   

 

ANOVA 129: Analysis of variance for evaluation of compost formulation for pH in 

compost piles before spawning by using thermophilic fungi (Table 4.46) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.306 0.102 5.760 0.01118 

Error 12 0.212 0.018 
  

Total 15 0.518 
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ANOVA 130:  Analysis of variance for evaluation of compost formulation for carbon percent 

in compost piles at zero day by using thermophilic fungi (Table 4.47) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 24.565 8.188 33.572 0.00000 

Error 12 2.927 0.244 
  

Total 15 27.492 
   

 

ANOVA 131: Analysis of variance for evaluation of compost formulation for carbon 

percent in compost piles before spawning by using thermophilic fungi 

(Table 4.47) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 4.598 1.533 56.810 0.00000 

Error 12 0.324 0.027 
  

Total 15 4.922 
   

 

ANOVA 132:  Analysis of variance for evaluation of compost formulation for nitrogen 

percent in compost piles at zero day by using thermophilic fungi (Table 4.48) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.033 0.011 6.588 0.00701 

Error 12 0.020 0.002 
  

Total 15 0.054 
   

 

ANOVA 133: Analysis of variance for evaluation of compost formulation for nitrogen 

percent in compost piles before spawning by using thermophilic fungi 

(Table 4.48) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.759 0.253 80.794 0.00000 

Error 12 0.038 0.003 
  

Total 15 0.797 
   

 

ANOVA 134: Analysis of variance for evaluation of compost formulation for C: N ratio 

in compost piles at zero day (initial stage of compost) by using 

thermophilic fungi (Table 4.49) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 31.886 10.629 361,615.649 0.00000 

Error 12 0.000 0.000 
  

Total 15 31.887 
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ANOVA 135: Analysis of variance for evaluation of compost formulation for C: N ratio 

in compost piles before spawning (Final stage of compost) by using 

thermophilic fungi (Table 4.49) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 3.431 1.144 87.642 0.00000 

Error 12 0.157 0.013 
  

Total 15 3.588 
   

 

ANOVA 136:  Analysis of variance for evaluation of compost formulation for laccase enzyme 

activity before spawning stage by using thermophilic fungi (Table 4.50) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.036 0.012 20.169 0.00006 

Error 12 0.007 0.001 
  

Total 15 0.043 
   

 

ANOVA 137: Analysis of variance for evaluation of compost formulation for laccase 

enzyme activity during fruit development stage by using thermophilic fungi 

(Table 4.50) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.045 0.015 1,541.273 0.00000 

Error 12 0.000 0.000 
  

Total 15 0.045 
   

 

ANOVA 138:  Analysis of variance for evaluation of compost formulation for laccase enzyme 

activity after harvest stage by using thermophilic fungi (Table 4.50) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 0.051 0.017 73.981 0.00000 

Error 12 0.003 0.000 
  

Total 15 0.054 
   

 

ANOVA 139:  Analysis of variance for evaluation of compost formulation for MnP enzyme 

activity before spawning stage by using thermophilic fungi (Table 4.51) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 3.244 1.081 10,600.610 0.00000 

Error 12 0.001 0.000 
  

Total 15 3.245 
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ANOVA 140: Analysis of variance for evaluation of compost formulation for MnP 

enzyme activity during fruit development stage by using thermophilic fungi 

(Table 4.51) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 31.517 10.506 928,362.715 0.00000 

Error 12 0.000 0.000 
  

Total 15 31.517 
   

 

ANOVA 141:  Analysis of variance for evaluation of compost formulation for MnP enzyme 

activity after harvest stage by using thermophilic fungi (Table 4.51) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 18.585 6.195 421,428.055 0.00000 

Error 12 0.000 0.000 
  

Total 15 18.585 
   

 

ANOVA 142: Analysis of variance for evaluation of different compost formulation for 

Filter paperase enzyme activity before spawning stage by using thermophilic 

fungi (Table 4.52) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 295.004 98.335 161,495.204 0.00000 

Error 12 0.007 0.001 
  

Total 15 295.012 
   

 

ANOVA 143: Analysis of variance for evaluation of different compost formulation for 

Filter paperase enzyme activity during fruit development stage by using 

thermophilic fungi (Table 4.52) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 417.828 139.276 531,512.376 0.00000 

Error 12 0.003 0.000 
  

Total 15 417.831 
   

 

ANOVA 144: Analysis of variance for evaluation of different compost formulation for 

Filter paperase enzyme activity after harvest stage by using thermophilic 

fungi (Table 4.52) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 56.385 18.795 113,713.438 0.00000 

Error 12 0.002 0.000 
  

Total 15 56.387 
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ANOVA 145:  Analysis of variance for evaluation of compost formulation for CMCase enzyme 

activity before spawning stage by using thermophilic fungi (Table 4.53) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 752.708 250.903 2,067,792.938 0.00000 

Error 12 0.001 0.000 
  

Total 15 752.710 
   

 

ANOVA 146: Analysis of variance for evaluation of different compost formulation for 

CMCase enzyme activity during fruit development stage by using 

thermophilic fungi (Table 4.53) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 275.798 91.933 305,758.941 0.00000 

Error 12 0.004 0.000 
  

Total 15 275.801 
   

 

ANOVA 147:  Analysis of variance for evaluation of compost formulation for CMCase 

enzyme activity after harvest stage by using thermophilic fungi (Table 4.53) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 203.100 67.700 585,011.106 0.00000 

Error 12 0.001 0.000 
  

Total 15 203.101 
   

 

ANOVA 148: Analysis of variance for evaluation of compost formulation for β -

Glucosidase enzyme activity before spawning stage by using thermophilic 

fungi (Table 4.54) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 15.109 5.036 17,480.735 0.00000 

Error 12 0.003 0.000 
  

Total 15 15.113 
   

 

ANOVA 149: Analysis of variance for evaluation of compost formulation for β -

Glucosidase enzyme activity during fruit development stage by using 

thermophilic fungi (Table 4.54) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 58.141 19.380 19,116.573 0.00000 

Error 12 0.012 0.001 
  

Total 15 58.153 
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ANOVA 150: Analysis of variance for evaluation of by using thermophilic fungi. 

compost formulation for β -Glucosidase enzyme activity after harvest stage 

by using thermophilic fungi (Table 4.54) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 20.982 6.994 325.958 0.00000 

Error 12 0.257 0.021 
  

Total 15 21.239 
   

 

ANOVA 151:  Analysis of variance for evaluation of compost formulation for xylanase enzyme 

activity before spawning stage by using thermophilic fungi (Table 4.55) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 13.470 4.490 26,268.910 0.00000 

Error 12 0.002 0.000 
  

Total 15 13.472 
   

 

ANOVA 152: Analysis of variance for evaluation of compost formulation for xylanase 

enzyme activity during fruit development stage by using thermophilic fungi 

(Table 4.55) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 55.649 18.550 849,369.141 0.00000 

Error 12 0.000 0.000 
  

Total 15 55.649 
   

 

ANOVA 153:  Analysis of variance for evaluation of compost formulation for xylanase 

enzyme activity after harvest stage by using thermophilic fungi (Table 4.55) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 32.513 10.838 20,863.542 0.00000 

Error 12 0.006 0.001 
  

Total 15 32.519 
   

 

ANOVA 154:  Analysis of variance for evaluation of compost formulation for carbohydrate 

content in white button mushroom by using thermophilic fungi (Table 4.56) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 321.465 107.155 63,547.468 0.00000 

Error 12 0.020 0.002 
  

Total 15 321.486 
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ANOVA 155: Analysis of variance for evaluation of compost formulation for protein 

content in white button mushroom by using thermophilic fungi (Table 4.56) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 196.961 65.654 42,796.315 0.00000 

Error 12 0.018 0.002 
  

Total 15 196.980 
   

 

ANOVA 156: Analysis of variance for evaluation of compost formulation for ash content 

in white button mushroom by using thermophilic fungi (Table 4.56) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 7.715 2.572 46.613 0.00000 

Error 12 0.662 0.055 
  

Total 15 8.377 
   

 

ANOVA 157: Analysis of variance for evaluation of compost formulation for fat in white 

button mushroom by using thermophilic fungi (Table 4.56) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 6.879 2.293 40.962 0.00000 

Error 12 0.672 0.056 
  

Total 15 7.550 
   

 

ANOVA 158: Analysis of variance for evaluation of compost formulation for crude fibre 

content in white button mushroom by using thermophilic fungi (Table 4.56) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 2.428 0.809 214.501 0.00000 

Error 12 0.045 0.004 
  

Total 15 2.473 
   

 

ANOVA 159: Analysis of variance for evaluation of compost formulation for phenol 

content in white button mushroom by using thermophilic fungi (Table 4.56) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 341.251 113.750 35,132.268 0.00000 

Error 12 0.039 0.003 
  

Total 15 341.290 
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ANOVA 160: Analysis of variance for evaluation of compost formulation for energy 

produce by white button mushroom by using thermophilic fungi (Table 4.56) 

Source of Variation DF Sum of Squares Mean Squares F-Calculated Significance 

Treatment 3 65.188 21.729 4.515 0.02433 

Error 12 57.750 4.813 
  

Total 15 122.938 
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ABSTRACT 

 

  The compost for white button mushroom is generally been prepared using wheat straw all 

over the world but complete dependency on wheat straw is restricting the growth of mushroom 

industry severely. Thus it is imperative to search for alternative agriculture residue for white button 

mushroom compost preparation. During the study, we have tried to develop new composting 

formulations using paddy straw and supplementing wheat straw with paddy straw in different 

proportions. During the study, a combination of wheat straw and paddy straw (1:1) proved promising 

formulation taking minimum days for first harvest (28.02 days) and maximum yield (19.98 kg/ 100kg 

compost). To enhance the process of composting and make the compost more selective and 

productive, a total of eighteen thermophilic fungi were isolated from the different compost 

formulations. The thermophilic fungi were screened for enzyme production potential (laccase, 

manganese peroxide, cellulase, and xylanase) responsible for composting, growth and development of 

button mushroom. Two selected thermophiles showing maximum enzyme activities (TF4 

Thermomyces lanuginosus and TF6 Melanocarpus albomyces) were identified based on 

morphological and molecular tools. The optimized compost formulae i.e., T3 (PS: WS, 1:1) was 

inoculated with the selected thermophilic fungi, singly and in combination. Inoculation of consotium 

of Thermomyces lanuginosus and Melanocarpus albomyces in the compost of paddy straw + wheat 

straw (1:1) took the minimum days for first harvest (26.01) and gave maximum yield (23.98 kg/100 

kg compost). The consortium of isolates also increased the availability of macronutrients (N, P, K, Ca 

and Mg) and micronutrients (Cu, Fe, Zn and Mn) due to enhanced enzyme activities. It also helped in 

decreasing the silica content in compost. Nutritional value of the mushroom produced was also 

recorded be better with compost inoculated with Thermomyces lanuginosus and Melanocarpus 

albomyces. Overall, it was recorded that paddy straw and wheat straw combinations with inoculated 

thermophiles (TF4 and TF6) gave promising results.  
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