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Abstract 

 

Isolations from the cow dung, goat pellets, poultry waste manure and plant debris samples yielded 44 fungal and 15 

bacterial species. The isolated fungi included 13 mesophilic, 11 thermotolerant and 20 thermophilic species. Similarly, six 

mesophilic, five thermotolerant, and four thermophilic bacteria were isolated. Of these, three species of fungi viz., 

Annelophora africana, Conidiobolus thermophilus and Haplotrichum croceum appeared to be new records from Pakistan, 

not hitherto reported. The highest percentage of thermophilic fungi and bacteria occurred in cow dung followed by goat 

pellet, poultry waste and plant debris in descending order. Similarly, highest percentage of thermotolerant fungi and bacteria 

occurred in goat pellet followed by poultry waste, cow dung and plant debris, respectively. The highest percentage of 

mesophilic fungi and bacteria occurred in plant debris followed by poultry waste, goat pellet and cow dung. The growth of 

thermophilic fungi was better on yeast starch agar (YSA) as compared to potato sucrose agar (PSA) medium. However, the 

thermotolerant fungi showed better growth on PSA medium. Among the mesophilic fungi, Aspergillus flavus, Penicillium 

dipodomyis, Stachybotrys chartarum and Syncephalastrum racemosum showed better growth on YSA medium, whereas, 

PSA was more suitable for the remaining mesophilic fungi. The optimal temperature for growth of the mesophilic 

microorganisms was 28°C whereas thermotolerant and thermophilic microorganisms grew best at 40 and 50°C, respectively. 
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Introduction 

 

Composting is the major process used for recycling 

agricultural and livestock wastes through the degradation 

of biodegradable components by microbial communities 

mainly constituted by bacteria and fungi (Sun et al., 2016; 

Yamamoto et al., 2011). It results in manure stabilization 

and reduction in mass, moisture and populations of 

pathogens (Changa et al., 2002). Composting is a 

management tool that results in various environmental 

benefits, safe disposal of poultry wastes coupled with 

satisfactory crop yields (Wood et al., 2010). Since the 

composting is carried out by the microorganisms and the 

process of composting involves a gradual increase in 

temperature and followed by a gradual decline, the 

compost may contain mesophilic, thermotolerant and 

thermophilic microorganisms. It has been reported that fly 

larvae, pathogenic bacteria and viruses are destroyed 

during composting and the compost also results in 

suppression of plant diseases (Noble & Coventry, 2005; 

Postma et al., 2003). 

Microorganisms involved in composting process have 

variable capabilities of decomposing organic matter. Since 

different types of composts originate from different sources 

and differ in nutrient composition, the microorganism 

involved in degradation of different organic matter also 

vary with the source of the organic matter. These groups of 

microorganisms may play an important role in soil ecology, 

plant disease management and may be a good source of 

industrially important enzymes. The present study was 

therefore conducted to investigate the mesophilic, 

thermotolerant and thermophilic microbial populations in 

different composts samples collected from agricultural 

areas around Karachi. 

Materials and Methods 

 

Isolation of bacteria and fungi from compost: Ten 

compost samples of each of cow dung, goat pellet, poultry 

manure and plant debris were collected and bacteria and 

fungi were isolated using serial dilution (Waksman & 

Fred, 1922) and soil plate (Warcup, 1950) methods.  
 

a) Serial dilution method (Waksman & Fred, 1922): One 

g powdered compost was suspended in 10 ml sterilized 

water in a test tube to make a standard suspension. Using a 

sterilized pipette, a dilution of 10
2
 was obtained by 

transferring one ml suspension from standard to another 

test tube containing 9 ml sterilized water. This process was 

repeated to get a serial dilution of 10
3
, 10

4
, 10

5
 and 10

6
. For 

the isolation of mesophilic, thermotolerant and 

thermophilic fungi, one ml suspension from 10
1
, 10

2
 and 

10
3
 dilutions were transferred to Petri plates containing 

either potato sucrose agar (PSA: potato 200g, sucrose 20g, 

Agar 20g, distilled water 1L) or Yeast starch agar (YSA: 

yeast extract Difco powder, 4g; K2HPO4 1g; MgSO4.7H2O 

0.5g; soluble starch, 15g; Agar, 20g; distilled water 1L) 

(Cooney & Emerson, 1964). Penicillin @ 10,000 units L
-1

 

and Streptomycin @ 0.02 g L
-1

 were used to suppress 

bacterial growth during isolation of fungi. For the isolation 

of bacteria one ml of suspension from 10
4
, 10

5
 and 10

6
 

dilutions were transferred on nutrient agar (NA) medium 

(Peptone 5g, beef extract 3g, NaCl 5g, Agar 20g, distilled 

water 1L) plates without antibiotics.  
 

b) Soil plate method (Warcup, 1950): About 0. 2 g of a 

compost sample was suspended in one ml of sterilized 

water in a Petri dish and mixed into 10ml of molten PSA, 

YSA (with antibiotics) and NA (without antibiotics) 

media by gently rotating the dishes.  
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Three replicate plates of each sample on each 

medium were incubated for five days at 28°C for 

mesophilic, 40°C for thermotolerant and 50°C for 

thermophilic microorganisms. After five days incubation, 

incidence percentage of bacteria and fungi were 

calculated by using following formula: 

 

Incidence% = 
No. of colonies of the species in all plates 

x 100 
Total no. of colonies of all the species in all plates 

 

The fungi were identified after reference to Barnett & 

Hunter (2010), Domsch et al., (1980), Ellis (1971, 1976) 

and Samson et al., (2014). The bacterial identification 

was done after two to three days incubation based on 

morphological as well as biochemical tests, using 

standard procedures as given in Bergey’s manual of 

determinative bacteriology (Holt et al., 1994).: 

 

Confirmation of mesophilic, thermotolerant, and 

thermophilic nature: The isolated fungi were 

inoculated on PSA and YSA, whereas, the bacteria were 

inoculated on NA medium. The plates were incubated 

for 5 days at 28, 40, and 50°C to see the temperature 

required for best growth of the isolated microorganisms. 

Organisms showing best growth at 28°C were classified 

as mesophilic, whereas, those showing best growth at 40 

or 50°C were classified as thermotolerant and 

thermophilic, respectively.  

 

Results  

 

Incidence of thermophilic, thermotolerant and 

mesophilic bacteria and fungi in compost samples: 

Isolation from compost samples yielded a total number of 44 

fungal and 15 bacterial species. The isolated fungi include 13 

mesophilic, 11 thermotolerant, and 20 thermophilic species 

whereas bacteria include six mesophilic, five thermotolerant 

and four thermophilic species. 

Cow dung and goat pellet were most suitable sources 

for the isolation of all the four thermophilic bacteria 

whereas poultry waste manure and plant debris yielded 

only Bacillus licheniformis and B. stearothermophilus 

(Table 1). The highest number of thermophilic fungi i.e., 

all the 20 species of fungi were isolated from cow dung 

whereas goat pellets, poultry waste manure and plant 

debris showed 14, 9 and 5 species, respectively. 

Aspergillus fumigatus, Humicola fuscoatra, H. grisea var. 

thermoidea, Rhizomucor pusillus and Thermomyces 

lanuginosus were most abundant in all the composts. The 

highest incidence of thermophilic fungi was observed in 

cow dung followed by goat pellet, poultry waste manure 

and plant debris in descending order (Table 2). 

All the five thermotolerant bacteria were isolated 

form all the compost samples with highest incidence in 

goat pellet followed by poultry waste manure, cow dung 

and plant debris in descending order (Table 3). Of the 

thermotolerant fungi, 11 species were isolated from goat 

pellet whereas 10 species isolated from poultry waste 

manure, nine from cow dung, and only six from plant 

debris (Table 4). 

All the 6 species of mesophilic bacteria were isolated 

from plant debris in the highest incidence whereas poultry 

waste manure, goat pellet and cow dung showed 5 and 2 

species of mesophilic bacteria, respectively (Table 6). 

Plant debris had 13 mesophilic fungi whereas, goat pellet 

and poultry waste manure and cow dung showed the 

occurrence of 7 and 2 species, respectively. Plant debris 

showed the presence of all mesophilic fungi. The highest 

incidence of mesophilic bacteria and fungi were observed 

in plant debris followed by poultry waste manure, goat 

pellet and cow dung in descending order (Table 5). 

Thermophilic bacteria viz., Bacillus licheniformis and 

B. stearothermophilus, and fungi viz., Aspergillus 

fumigatus, Humicola fuscoatra, H. grisea var. thermoidea, 

Rhizomucor pusillus and Thermomyces lanuginosus were 

present in all the types of composts. 
Similarly, thermotolerant bacteria viz., Bacillus cereus, 

B. megaterium, B. pumilus, B. subtilis and Micrococcus 
varians, and fungi viz., Acrophialophora fusispora, 
Aspergillus nidulans (Anamorph), A. niger, A. rugulosus, 
Paecilomyces variotii and Penicillium citrinum were present 
in all the composts. Furthermore, mesophilic bacterium 
Staphylococcus aureus and fungus Syncephalastrum 
racemosum were present in all types of the composts.  

 
Table 1. Incidence (%) of thermophilic bacteria in composts samples. 

S. 

No. 
Organism 

Cow 

dung 

Goat 

pellets 

Poultry 

manure 

Plant 

debris 

01. Bacillus licheniformis 80 70 50 20 

02. Bacillus stearothermophilus 70 60 40 10 

03. Geobacillus toebii 70 50 0 0 

04. Thermus thermophilus 60 40 0 0 

 
Table 2. Incidence (%) of thermophilic fungi in composts samples. 

S. 

No. 
Organism 

Cow 

dung 

Goat 

pellets 

Poultry 

manure 

Plant 

debris 

01. Acremonium thermophilum 80 70 60 0 

02. Annelophora africana  60 0 0 0 

03. Aspergillus fumigatus 10 80 50 70 

04. Aureobasidium pullulans 700 50 20 0 

05. 
Chaetomium thermophilum var. 
coprophile 

60 50 10 0 

06. C. thermophilum var. dissitum 70 60 0 0 

07. Conidiobolus thermophilus 60 0 0 0 

08. Gilmaniella humicola 70 0 0 0 

09. Haplotrichum croceum  70 20 0 0 

10. Humicola fuscoatra 80 70 40 10 

11. H. grisea var. thermoidea 10 70 50 30 

12. Isaria fumosorosea  70 40 0 0 

13. Mucor fragilis  60 30 0 0 

14. Myriococcum thermophilum  40 0 0 0 

15. Paraconiothyrium minitans  60 0 0 0 

16. Penicillium dupontii  60 20 0 0 

17. Rhizomucor miehei 60 0 0 0 

18. Rhizomucor pusillus  90 70 60 30 

19. Scytalidium thermophilum  70 50 40 0 

20. Thermomyces lanuginosus  100 80 80 30 

 
Table 3. Incidence (%) of thermotolerant bacteria in compost samples. 

S. 

No. 
Organism 

Cow 

dung 

Goat 

pellets 
Poultry  

Plant 

debris 

01. Bacillus cereus 60 80 70 30 

02. Bacillus megaterium 50 80 80 30 

03. Bacillus pumilus 20 60 40 10 

04. Bacillus subtilis 60 90 70 40 

05. Micrococcus varians 30 60 60 10 
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Table 4. Incidence (%) of thermotolerant fungi in compost samples. 

S. 

No. 
Organism 

Cow 

dung 

Goat 

pellets 

Poultry 

manure 

Plant 

debris 

01. Acrophialophora fusispora  30 60 50 10 

02. Aspergillus floccosus  0 20 0 0 

03. A. nidulans (Anamorph) 70 90 80 50 

04. A. nidulans (Teleomorph)  30 70 60 0 

05. A. niger 70 90 70 50 

06. A. neoniveus  40 60 60 0 

07. Aspergillus rugulosus  50 80 70 20 

08. Myceliophthora sepedonium  0 70 60 0 

09. Paecilomyces variotii  60 90 80 50 

10. Penicillium citrinum  20 70 60 10 

11. Scytalidium lignicola  40 50 40 0 

 

Table 5. Incidence (%) of mesophilic fungi in compost samples. 

S. 

No. 
Organism 

Cow 

dung 

Goat 

pellets 
Poultry 

Plant 

debris 

01. Alternaria alternata  0 10 40 70 

02. A. flavus  0 20 0 70 

03. A. terreus  30 0 40 90 

04. Botryotrichum piluliferum  0 0 0 60 

05. Botrytis cinerea  0 0 0 60 

06. Chaetomium globosum  0 30 40 70 

07. Curvularia hawaiiensis  0 20 10 70 

08. Myrothecium roridum  0 0 0 70 

09. Penicillium dipodomyis  0 20 30 80 

10. Stachybotrys chartarum  0 30 30 80 

11. Syncephalastrum racemosum  40 60 60 80 

12. Trichoderma harzianum  0 0 0 80 

13. T. virens 0 0 0 70 

 

Table 6. Incidence (%) of mesophilic bacteria in compost samples. 

S. 

No. 
Organism 

Cow 

dung 

Goat 

pellets 

Poultry 

manure 

Plant 

debris 

01. Aeromonas sp. 0 40 50 70 

02. Enterococcus sp. 0 20 40 70 

03. Escherichia coli 20 0 0 20 

04. Klebsiella sp. 0 30 30 40 

05. Pseudomonas flourescens 0 50 70 80 

06. Staphylococcus aureus 30 20 20 40 

 

Table 7. Growth of thermophilic fungi on two different media. 

S. 

No. 
Fungi 

PSA 

medium 

YSA 

medium 

01. Acremonium thermophilum - +++ 

02. Annelophora africana - +++ 

03. Aspergillus fumigatus +++ +++ 

04. Aureobasidium pullulans  + +++ 

05. Chaetomium thermophilum var. coprophile  + +++ 

06. Chaetomium thermophilum var. dissitum + +++ 

07. Conidiobolus thermophilus - +++ 

08. Gilmaniella humicola + +++ 

09. Haplotrichum croceum  - +++ 

10. Humicola fuscoatra + +++ 

11. Humicola grisea var. thermoidea + +++ 

12. Isaria fumosorosea  + +++ 

13. Mucor fragilis + +++ 

14. Myriococcum thermophilum - +++ 

15. Paraconiothyrium minitans  + +++ 

16. Penicillium dupontii  - +++ 

17. Rhizomucor miehei + +++ 

18. Rhizomucor pusillus  + +++ 

19. Scytalidium thermophilum  +++ +++ 

20. Thermomyces lanuginosus  + +++ 

+++= Best growth, ++= Better growth, += Good growth, -= No growth 

Table 8. Growth of thermotolerant fungi on two different media. 

S. 

No. 
Fungi 

PSA 

medium 

YSA 

medium 

01. Acrophialophora fusispora  +++ ++ 

02. Aspergillus floccosus ++ +++ 

03. Aspergillus nidulans (Anamorph) +++ ++ 

04. Aspergillus nidulans (Teleomorph)  +++ ++ 

05. Aspergillus niger +++ ++ 

06. Aspergillus neoniveus  +++ ++ 

07. Aspergillus rugulosus  +++ ++ 

08. Myceliophthora sepedonium  +++ ++ 

09. Paecilomyces variotii  ++ +++ 

10. Penicillium citrinum  +++ ++ 

11. Scytalidium lignicola  +++ ++ 

+++= Best growth, ++= Better growth, += Good growth 

 
Table 9. Growth of mesophilic fungi on two different media. 

S. 

No. 
Fungi 

PSA 

medium 

YSA 

medium 

01. Alternaria alternata  +++ + 

02. Aspergillus flavus  +++ ++ 

03. Aspergillus terreus  +++ + 

04. Botryotrichum piluliferum  +++ + 

05. Botrytis cinerea  +++ + 

06. Chaetomium globosum  +++ + 

07. Curvularia hawaiiensis  +++ + 

08. Myrothecium roridum +++ + 

09. Penicillium dipodomyis  +++ ++ 

10. Stachybotrys chartarum  +++ ++ 

11. Syncephalastrum racemosum  +++ ++ 

12. Trichoderma harzianum  +++ + 

13. Trichoderma virens  +++ + 

+++= Best growth, ++= Better growth, += Good growth 

 

Growth of fungi and bacteria on YSA and PSA: YSA 
medium was more suitable for all thermophilic fungi as 
compared to PSA medium except for Aspergillus fumigatus 
and Scytalidium thermophilum which showed similar 
growth on both the media. In contrast, PSA medium was 
more suitable for 11 thermotolerant fungi, whereas, two 
thermotolerant fungi viz., Aspergillus floccosus and 
Paecilomyces variotii showed better growth on YSA as 
compared to PSA. YSA was more suitable medium for 
mesophilic fungi viz., Aspergillus flavus, Penicillium 
dipodomyis, Stachybotrys chartarum and Syncephalastrum 
racemosum, whereas, PSA was more suitable for the 
remaining nine mesophilic fungi (Table 7-9). The best 
growth of the mesophilic, thermotolerant and thermophilic 
fungi and bacteria was observed at 28°C, 40°C and 50°C, 
respectively. 
 

Discussion 

 
Composted organic materials such as plant debris and 

animal manure have been used for more than 2,000 years 
to improve soil fertility. Composting provides an 
inexpensive alternate method for waste management of 
animal dung and plant debris. The temperatures achieved 
during properly managed compost greatly reduce the 
number of most pathogens (Ritz & Worley, 2009) thus 
minimizing the chance of spreading disease. Properly 
composted material is environmentally safe and a 
valuable soil amendment for growing certain crops 
(Bonhotal et al., 2008). 
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During the present investigation cow dung showed 

highest diversity and frequency of occurrence of 

thermophilic fungi. Similar results have been reported by 

Rajavaram et al., (2010) where 14 species of thermophilic 

fungi belonging to six genera were isolated from cattle 

dung while other substrates gave less number of species. 

They also found that A. fumigatus was the abundant species 

in most of the sources; Humicola grisea, Mucor species, 

and Scytalidium thermophilum were isolated from cattle 

dung, and Thermomyces lanuginosus was isolated from 

cattle dung and poultry manure. The results of the present 

study also supported the findings of Parkash et al., (2011) 

who obtained the highest number of thermophilic species 

from cow dung while donkey dung and goat pellet yielded 

comparatively less number of species. In our studies, five 

thermophilic fungi viz., A. fumigatus, H. fuscoatra, H. 

grisea var. thermoidea, R. pusillus and T. lanuginosus were 

the dominant fungi associated with cow dung, goat pellet, 

poultry manure and plant debris. 

Sreelatha et al., (2013) isolated Aspergillus 

fumigatus, Rhizomucor pusillus and Scytalidium 

thermophilum from cow dung, Humicola grisea and 

Thermomyces lanuginosus from cow dung and poultry 

manure. Similarly, Perveen & Shahzad (2013)
 
isolated 

Isaria fumosorosea from compost. No previous report on 

the occurrence of thermophilic fungi viz., Annelophora 

africana, Haplotrichum croceum and Conidiobolus 

thermophilus are available from Pakistan so these fungi 

have been reported for the first time from Pakistan.  

Our results show that some species were of restricted 

occurrence on certain types of dung, while some others 

such as C. globosum were of common occurrence in almost 

all types of dung. Such similar observations on the species-

substrate relationship among coprophilous fungi were also 

made by Richardson (2001). 

In the present investigation, 10 different compost 

samples gave 15 bacteria, belonging to 10 genera viz., 

Aeromonas, Bacillus, Enterococcus, Escherichia, 

Geobacillus, Klebsiella, Micrococcus, Pseudomonas, 

Staphylococcus, and Thermus. Similar reports have been 

made where different compost samples yielded species 

belonging to Pseudomonas, Klebsiella, Bacillus, and 

Thermus (Tuomela et al., 2000), B. megaterium (Takaku et 

al., 2006), Micrococcus varians and B. pumilus (Adegunloye 

et al., 2007), Bacillus cereus, Bacillus subtilis and Bacillus 

licheniformis (Radha & Rao, 2014), Geobacillus toebii 

(Sung et al., 2002) and B. stearothermophilus (Sakai et al., 

1994; Wang et al., 2007). Choudhary & Johri (2009) and 

Ubani et al., (2016) reported that as much as 87% of the 

randomly selected colonies during the thermophilic phase of 

composting belonged to the genus Bacillus.
 
Similar results 

have been observed during the present study. Abundance of 

thermotolerant and thermophilic Bacillus species in compost 

samples was attributed to the thick spore wall in Bacillus 

species that increases resistance to extreme conditions. 

A variety of standard mycological media can be used 

for the isolation of thermophilic fungi (Cooney & 

Emerson, 1964). We observed that the growth of A. 

fumigatus and S. thermophilum was similar on PSA and 

YSA media. Our results are in confirmation with the 

report made by
 
Satyenarayana & Johri (1984) indicating 

that simple nitrogen sources like nitrates of sodium and 

potassium, asparagines and yeast extract support good 

growth of thermophilic fungi.  

Our results also corroborated well with Cordova et al., 

(2003) who suggested that the optimal temperature was 5-

35°C for the growth of mesophiles, at or above 50°C for 

growth of thermophiles whereas microorganisms with 

maximum temperature near 50°C were classified as 

thermotolerant. According to
 

Mohammad et al., (2017) 

thermophilic microorganisms require a maximum 

temperature for growth at or above 50°C and a minimum 

temperature for growth at or above 20°C. Ahmed et al., 

(2012) also reported that the optimal temperature of 

thermophilic/thermotolerant fungi is 40-50
o
C. Similarly, the 

majority of mesophiles grew between 5°C and 37°C, with an 

optimum temperature of 25-30°C (Dix & Webster, 1995). 

Results of the present study suggest that the 

thermophilic, thermotolerant and mesophilic groups of 

microorganisms prefer different substrates and media. 

The highest incidence of thermophilic, thermotolerant and 

mesophilic bacteria and fungi was observed in cow dung, 

goat pellet, and plant debris, respectively. Yeast starch 

agar was more suitable for thermophilic fungi while 

thermotolerant and mesophilic fungi showed good growth 

on Potato starch agar. Thermophilic bacteria and fungi 

showed best growth at 50
o
C, thermotolerant and 

mesophilic bacteria and fungi grew best at 40
o
C and 28

o
C 

respectively. Selected substrate and medium can therefore 

be used in combination of temperature for the selective 

isolation of desired group of microorganisms. 
 

Acknowledgements 
 

The authors greatly acknowledge the Higher 
Education Commission Pakistan for providing the 
financial support for this work. We are also thankful to 
Dr. Muhammad Sohail, Assistant Professor, Department 
of Microbiology, University of Karachi who confirmed 
the identification of bacterial species. 
 
References 
 

Adegunloye, D.V., F.C. Adetuyi, F.A. Akinyosoye and M.O. 

Doyeni. 2007. Microbial analysis of compost using cow 

dung as booster. Pak. J. Nutr., 6: 506-510. 

Ahmed, Z.A.M., Z.M. Sedik, M.D. Alharey, M.A. Khalaf, S.A. 

Nasar and H.A. Abdel Rahman. 2012. Microbial ecology of 

composting dead poultry and their wastes. Global Veter., 

9(6): 683-690. 

Barnett, H.L. and B.B. Hunter. 2010. Illustrated genera of 

imperfect fungi. 4th Ed. APS Press, St. Paul, USA. 

Bonhotal, J., M. Schwarz and N. Brown. 2008. Natural 

rendering: Composting poultry mortality the emergency 

response to disease control. Department of Crop and Soil 

Sciences, Cornell Waste Management Institute.  

Changa, C., P. Wang, M.E. Watson, H.A.J. Hoitink and F.C. 

Michel. 2002. Assessment of the reliability of a commercial 

maturity test kit for composted manures. Compost Sci. & 

Util., 11(2): 127-145.  

Choudhary, D.K. and B.N. Johri. 2009. Interactions of Bacillus 

spp. and plants with special reference to induced systemic 

resistance (ISR). Microbiol. Res., 164(5): 493-513. 

Cooney, D.G. and R. Emerson. 1964. Thermophilic fungi - an 

account of their biological activity and classification. W.H. 

Freeman and Co., San Francisco. 



THERMOPHILIC, THERMOTOLERANT AND MESOPHILIC MICROORGANISMS IN COMPOST 1159 

Cordova, J., S. Roussos, J. Baratti, J. Nungarayi and O. Loera. 

2003. Identification of Mexican thermophilus and 

thermotolerant fungal isolates. Micol. Apl. Int., 15(2): 37-44. 

Dix, N.J. and J. Webster. 1995. Fungal ecology. Chapman & 

Hall, Cambridge, Great Britain. 

Domsch, K.H., W. Gams and T.H. Anderson. 1980. Compendium 

of soil fungi. Vol. 1. Academic Press, London.  

Ellis, M.B. 1971. Dematiaceous hyphomycetes. Commonwealth 

Mycological Institute, Kew, Surrey, England. 608 pp. 

Ellis, M.B. 1976. More Dematiaceous hyphomycetes. 

Commonwealth Mycological Institute, Kew, Surrey, England. 

507 pp. 

Holt, J.G., N.R. Krieg, P.H.A. Sneath, J.T. Staley and S.T. 

William. 1994. Bergey’s manual of determinative 

bacteriology. 9th ed., William R. Hensyl (editor). William 

& Wilkins, Baltimore, Maryland, USA. 787 pp. 

Mohammad, B.T., H.I.A. Daghistani, A. Jaouani, S.A. Latif and 

C. Kennes. 2017. Isolation and characterization of 

thermophilic bacteria from Jordanian hot springs: Bacillus 

licheniformis and Thermomonas hydrothermalis isolates as 

potential producers of thermostable enzymes. Int. J. 

Microbiol., doi.org/10.1155/2017/6943952. 

Noble, R. and E. Coventry. 2005. Suppression of soil-borne 

plant diseases with composts: A review. Biocont. Sci. 

Technol., 15: 3–20. 

Parkash, N.K.U., V.M. Kanimozhi, C. Gayathri, M.K. Vidhya, 

T. Bhavani, P. Sushapriya, S. Aishwarya, V. Pavithra, B.S. 

Kumar and S. Bhuvaneswari. 2011. Comparative studies on 

thermophilous fungi in different animal dung. Int. J. Appl. 

Boil., 2(1): 50-54. 

Perveen, Z. and S. Shahzad. 2013. A comparative study of the 

efficacy of Paecilomyces species against root-knot 

nematode Meloidogyne incognita. Pak. J. Nematol., 31 (2): 

125-131. 

Postma, J., M. Montanari and P.H.J.F. van den Boogert. 2003. 

Microbial enrichment to enhance the disease suppressive 

activity of compost. Eur. J. Soil. Biol., 39: 157-163. 

Radha, T.K. and D.L.N. Rao. 2014. Plant growth promoting 

bacteria from cow dung based biodynamic preparations. 

Ind. J. Microbiol., 54(4): 413-418. 

Rajavaram, R.K., S. Bathini, S. Girisham and S.M. Reddy. 2010. 

Incidence of thermophilic fungi from different substrates in 

Andra Pradesh (India). Int. J. Pharm. & Biol. Sci., 1(3): 1-6.  

Richardson, M.J. 2001. Diversity and occurrence of 

coprophilous fungi. Mycol. Res., 105(4): 387-402. 

Ritz, C.W. and J.W. Worley. 2009. Poultry mortality 

composting management guide. Adapted from: Merka, B., 

M. Lacy, S. Savage, L. Vest and C. Hammond. 1994. 

Composting poultry mortalities. Circular 819-15. 

University of Georgia Cooperative Extension, Athens, Ga. 

Sakai, K., M. Narihara, Y. Kasama, M. Wakayama and M. 

Moriguchi. 1994. Purification and characterization of 

thermostable beta-N-acetylhexosaminidase of Bacillus 

stearothermophilus CH-4 isolated from chitin-containing 

compost. Appl. Environ. Microbiol., 60(8): 2911-2915. 

Samson, R.A., C.M. Visagie, J. Houbraken, S.B. Hong, V. 

Hubka, C.H.W. Klaasen, G. Perrone, K.A. Seifert, A. 

Susca, J.B. Tanney, J. Varga, S. Kocsube, G. Szigeti, T. 

Yaguchi and J.C. Frisvad. 2014. Phylogeny, identification 

and nomenclature of the genus Aspergillus. Stud. Mycol., 

78: 141-173. 

Satyenarayana, T. and B.N. Johri. 1984. Thermophilic fungi of 

paddy straw compost: growth, nutrition and temperature 

relationships. J. Ind. Bot. Soc., 63: 164-170.  

Sreelatha, B., A.S. Priya and S. Girisham. 2013. Incidence of 

thermophilic fungi in different dung samples of Warangal 

district of Ap. Int. J. Pharm. & Biol. Sci., 3(2): 355-359.  

Sun, J.J., X. Qian, J. Gu, X.J. Wang and H. Gao. 2016. Effects 

of oxytetracycline on the abundance and community 

structure of nitrogen-fixing bacteria during cattle manure 

composting. Biore. Technol., 216: 801-807. 

Sung, M.H., H. Kim, J.W. Bae, S.K. Rhee, C.O. Jeon, K. Kim, 

J.J. Kim, S.P. Hong, S.G. Lee, J.H. Yoon, Y.H. Park and 

D.H. Baek. 2002. Geobacillus toebii sp. nov., a novel 

thermophilic bacterium isolated from hay compost. Int. J. 

Sys. & Evol. Microbiol., 52: 2251-2255. 

Takaku, H., A. Kimoto., S. Kodaira and M. Takagi. 2006. 

Isolation of a Gram-positive poly (3-hydroxybutyrate) 

(PHB)-degrading bacterium from compost and cloning and 

characterization of a gene encoding PHB depolymerase of 

Bacillus megaterium N-18-25-9. FEMS Microbiol. Lett., 

264(2): 152-159·  

Tuomela, M., M. Vikman, A. Hatakka and M. Itävaara. 2000. 

Biodegradation of lignin in a compost environment: a 

review. Biores. Technol., 72: 169-183. 

Ubani, O., H.I. Atagana, M.S. Thantsha and A. Rasheed. 2016. 

Identification and characterisation of oil sludge degrading 

bacteria isolated from compost. Arch. Environ. Protect., 

42(2): 67-77. 

Waksman, S.A. and E.B. Fred. 1922. A tentative outline of the 

plate method for determining the number of microorganism 

in the soil. Soil Sci., 14: 27-28.  

Wang, C.M., C.L. Shyu, S.P. Ho and S.H. Chiou. 2007. Species 

diversity and substrate utilization patterns of thermophilic 

bacterial communities in hot aerobic poultry and cattle 

manure composts. Microbial. Ecol., 54(1): 1-9.  

Warcup, J.H. 1950. The soil plate method for isolation of fungi 

from soil. Nature, London, 166: 117-118.  

Wood, C.W., M.C. Duqueza and B.H. Wood. 2010. Evaluation 

of nitrogen bioavailability predictors for poultry wastes. 

The Open Agri. J., 4: 17-22. 

Yamamoto, N., R. Asano, H. Yoshii, K. Otawa and Y. Nakai. 

2011. Archaeal community dynamics and detection of 

ammonia‐oxidizing archaea during composting of cattle 

manure using culture‐independent DNA analysis. Appl. 

Microbiol. & Biotechnol., 90: 1501-1510. 

 

(Received for publication 27 March 2018) 

http://aem.asm.org/search?author1=K+Sakai&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=M+Narihara&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Y+Kasama&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=M+Wakayama&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=M+Moriguchi&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=M+Moriguchi&sortspec=date&submit=Submit

