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ABSTRACT 
 

Isolated and purified Micromonospora sp. FMN07 and FGN37 strains were utilized in composting experiments in a 

miniscule system in order to determine their effects on mesophilic stage.  Results indicated deceleration of organic matter 

degradation in the presence of these microorganisms. This result also indicated that these microorganisms had no or 

negligible activity towards cellulose degradation which was the main constituent of compost mixture. Statistical analyses and 

measurements were also conducted to determine the effects of microorganisms on nitrogen content. Result indicated an 

increase in nitrogen amount in their presence. It was our belief that the activity of microorganisms effective in thermophilic 

stage of composting could have been increased by proper adjustment of FMN07 and FGN37 strains since nitrogen amount 

crucial for microorganism growth would have been higher in their presence. 
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ÖZET 

 
İzole edilen ve saflaştırılan Micromonospora sp. FMN07 ve FGN37 suşları küçük ölçekli bir kompostlama sisteminde, 

kompostlaşmanın mezofilik aşamasına etkilerinin belirlenmesi amacıyla kullanılmışlardır. Yapılan ölçüm ve analizlerin 

sonunda sonuçlar mikroorganizma eklenmesine bağlı olarak organik madde kaybının azaldığını göstermektedir. Sonuçlar 

ayrıca eklenen mikroorganizmaların büyük ihtimalle, kompostun temel bileşeni olan selüloza karşı aktif olmadıklarını da 

ortaya koymuştur. Mikroorganizmaların kompost karışımındaki azot oranına etkilerinin belirlenmesi amacıyla yapılan ölçüm 

ve istatistiksel analizler sonucunda mikroorganizma eklenmesinin kompost karışımındaki azot miktarı üzerinde büyük ölçüde 

etkili olduğu görülmüştür. Söz konusu mikroorganizmaların miktarlarının ayarlanması ile kompostlaşmanın termofilik 

evresinde etkili olan mikroorganizmaların aktivitesinin arttırılacağı ve kompostlaşmanın mikroorganizma eklenmeyen 

karışımlara kıyasla daha kısa sürede tamamlanacağı öngörülmektedir. 

 

Anahtar Kelimeler: Micromonospora sp., Kompostlaşma, Azot oranı 

 
 

 

1. INTRODUCTION 
 

Compositing has long been utilized as an efficient method to produce mineralized and humidified soil 

amendment from solid organic wastes. Nitrogen, which is crucial for plant growth, is generally lost in 

the form of ammonia emissions during composting [1, 2]. The fastest and easiest way of regulating 

nitrogen amount in soil is utilization of nitrogen fertilizers as supplement, which results in serious 

environmental contamination. Hence controlling the amount of nitrogen loss during composting 

emerged as a fine solution in reducing the apparent impact of chemical fertilizers on environment [2]. 

Nitrogen fixation via microorganisms during composting would decrease the amount of nitrogen 

supplied by chemical fertilizers. However, this is a difficult challenge as only few microorganisms are 

capable of achieving the task. In case of chemical fertilizer utilization an increase in emission of 

greenhouse gases would eventually occur which are harmful to the environment [3].  
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Based on the facts demonstrated above it is our understanding that controlling nitrogen release in 

composting through microorganism utilization would be beneficial in reducing the amount of nitrogen 

that has to be supplied externally. This can either be achieved through the using of nitrogen fixing 

bacteria [4-6] or utilization of various carbon sources [7]. Zeolite addition to compost mixture [8] and 

vermicomposting [9] were also investigated as alternative pathways. An approach different from those 

in literature was followed in the present study by the use of FMN07 and FGN37 strains in compost 

mixture in order to regulate nitrogen release during composting.  

 

2. MATERIALS AND METHODS 

 

Soil samples were collected from Yuga Zapadnaya Southwest Forest Park in Moscow, Russia and 

from oak tree rhizosphere around Golcuk Crater Lake located in Kutahya, Turkey. FMN07 strains 

were isolated from Moscow, Russia and FGN37 strains were isolated from Kutahya, Turkey. FMN07 

was isolated via sucrose-gradient centrifugation method. Tryptone-yeast glucose extract (TYG) with 

vitamin agar plates were utilized as selective isolation medium. Filter sterilised cycloheximide (50 µg 

mlˉ1), nalidixic acid (10 µg ml-1) and rifampicin (0,5 µg mlˉ1) were added as supplements. 

Conventional method was applied in isolation of FGN37 strain. Glucose-yeast extract-malt extract 

agar (GYME) with CaCO3 was used as selective medium [10, 11]. Phylogenetic line of these 

Micromonospora isolates was determined using 16S rRNA gene sequencing. 

 

Initial step in 16S rRNA sequencing is chromosomal DNA isolation of isolates which was conducted 

through modification of a method previously utilized by Pitcher et al. (1989) [12]. PCR amplification 

of isolates was achieved by using universal primers 27f and 1525r [13] and 16S rRNA sequencing 

were conducted according to literature [14]. PCR conditions applied for 50 µl of reaction mixture were 

illustrated in Table 1, the primers used in 16S rRNA sequencing analyzes were given in Table 2. 

Sequences of 16S rRNA had FMN07 and FGN37 strains were 1510 and 1497 bp, respectively. These 

were combined and analyzed in Mega 6.0 programme in order to assess the identities of isolated 

strains. Phylogenetic tree was constructed by utilization of neighbor-joining tree algorithms [15, 16].  

 
Table 1. The content of PCR solution and parameters used in thermal amplficiation 

 
PCR soultions  

(50 µl) 

Primers (20 µM, Invitrogen) 

Deoxynucleoside triphosphate mixture (25 µM, Promega) 

Taq polymerase tampon (HotstarTaq, QIAGEN) 

Taq polymerase (2.5 U, HotstarTaq, QIAGEN) 

Chromosomal DNA (50-300 ng) 

Amplification 

parameters 

5 min, 95°C; 

1cycle 

1 min, 95°C; 2 min, 55°C; 3 min, 72°C; 

35 cycles 

10 min, 72°C; 1 

cycle 

 
Table 2. Primers used in PCR and sequencing for 16S rRNA. 

 

Primer Sequence (5’ and 3’) Size (bp) Utilization 

800r TACCAGGGTATCTAATCC 18 Sequence 

MG3f CAGCAGCCGCGGTAATAC 18 Sequence 

MG5f AAACTCAAAGGAATTGACGG 20 Sequence 

27f AGAGTTTGATCTGGCTCAG 20 Amplification 

1525r AAGGAGGTGWTCCARCC 17 Amplification 

 
Mesophilic composting was achieved by activation of the strains inoculated in glucose yeast extract 

broth at 30°C for 7 days. Determination of Micromonospora sp. density by spectrophotometric 

analysis was not possible as these species had a tendency to form clusters during reproduction. The 

microorganisms were placed in 1 ml broths in eppendorf for determination of their amounts. The 

broths were centrifuged, microorganisms were removed and weighed following freeze drying. This 
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procedure was repeated thrice and average of measurements was used in composting experiments 

corresponding to a total of 0.88 mg/L for FMN07 and 0.60 mg/L for FGN37.  

 

The composting system consisted of 85g soil and 25g cabbage (10% moisture). Eight systems with 

identical duplicates were utilized in the experiments (total of 16 systems). Four of them were sterilized 

under ultra violet radiation and the remaining four used without further treatment. Equal amounts of 

microorganisms (0.5 mg/L) were added in ringer solutions (50 ml) to prevent lysis. Based on the 

amount of nutrient (cabbage) utilized in composting systems, it was unlikely to experience a transition 

to thermophilic stage. Nevertheless, the systems were kept at laboratory for 30 days under constant 

control of temperature and moisture to prevent transition to thermophilic stage and drying. Systems 

were also turned in every three days to enable constant aeration. The systems were denoted as A and B 

based on the type of microorganisms used and 0 code was given to systems utilized as control to 

prevent confusion and maintain easy follow-up (Table 3) 

 
Table 3. The codes used in experiments. 

 

Micromonospora sp. Code name  

(Non-sterilized) 

Code name  

(Sterilized) 

FMN07 A AS 

FGN37 B BS 

Control 0 0S 

FMN07+FGN37* AB ABS 
*25ml FMN07 and 25 ml FGN37 was used in composting experiments 
 

Total organic content [17] of the samples, collected at 15th and 30th day of experiment, total nitrogen 

content and soluble nitrogen content [18] of the samples, collected at the 15th day of experiment, were 

determined and their results were evaluated in accordance with the results of ATR-FT-IR analyses. 

Analyses of total organic, total nitrogen and soluble nitrogen contents were conducted at least twice 

until achieving an interval of confidence which was determined as 5%. 

It was predicted that the added microorganisms would have affected the change in total organic 

content along with total and soluble nitrogen amounts. Hence the data acquired during experiments 

were divided into two parts. First part was the change of total organic content in 15th and 30th days of 

experiments. Second part was the change of total and soluble nitrogen amount for the samples 

obtained at 15th day of experiments. Both data sets (with replicates) were subjected to ANOVA in 

order to determine the relevance of microorganism addition on these parameters. Statistical data were 

obtained by Microsoft Excel 2010 version. Significance level was taken as α=0.1. 

3. RESULTS AND DISCUSSION 

Neighbor-joining tree indicated 100% resemblance of FMN07 strain to Micromonospora aurantiaca. 

The strain also formed a clade with Micromonospora marina (99.65%; 5 nt differences). FGN37 strain 

formed a clade with Micromonospora chokoriensis (99.3%; 10 nt differences) and Micromonospora 

lupine (99.0%; 13 nt differences) (Figure 1). 
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 Micromonospora sp. FGN37 (JN896619) 

 M. lupini lupac 14NT(AJ783996) 

 M. chokoriensis 2-19/6T(AB241454) 

 M. saelicesensis Lupac 09T(AJ783993) 

 M. matsumotoense IMSNU 22003T(AF152109) 

 M. rifamycinica AM105T(AY561829) 

 M. krabiensis MA-2T(AB196716) 

 M.carbonacea DSM 43815T(X92606) 

 M.mirobrigensis WA201T(AJ626950) 

 M. siamensis TT2-4T(AB193565) 

 M. humi P0402T(GU459068) 

 M. purpureochromogenes DSM 43821T(X92611) 

 M.coxensis 2-30-b/28T(AB241455) 

 M. halophytica DSM 43026T(X92601) 

 M.chalcea DSM 43026T(X92594) 

 M. marina JSM1-1T(AB196712) 

 Micromonospora sp. FMN07 

 M. aurantiaca ATCC 27029T(CP002162) 

 M. eburnea LK2-10T(AB107231) 

 M. narathiwatensis BTG4-1T(AB193559) 

 M. viridifaciens DSM 43909T(X92623) 

 M.echinaurantiaca DSM 43904T(X92618) 

 M. pallida DSM 43817T(X92608) 

 M. nigra DSM 43818T(X92609) 

 M. rosaria DSM 803T(X92631) 

 M. chersina DSM 44151T(X92628) 

 M.endolithica DSM 44398T(AJ560635) 

 M.sagamiensis DSM 43912T(X92624) 

 M. inyonensis DSM 46123T(X92629) 

 M. echinofusca DSM 43913T(X92625) 

 M. chaiyaphumensis MC5-1T(AB196710) 

 M. echinospora ATCC 15837T(U58532) 

 M. citrea DSM 43903T(X92617) 

 M. auratinigra TT1-11T(AB159779) 

 M. peucetia DSM 43363T(X92603) 

 M.pattaloongensis TJ2-2T(AB275607) 

 M. olivasterospora DSM 43868T(X92613) 

 M. rhizosphaerae 211018T(FJ261956) 

 Streptomyces ambofaciens DSM 40053T(M27245) 

67 

58 

88 

99 

78 

90 

66 

57 

 

97 

60 

50 

62 

69 

52 

73 

 

Figure 1. Neighbour-joining tree based on 16S rRNA sequences. 
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As previously stated cabbage was used in composting experiments to increase nitrogen content of soil. 

Since the microorganisms were active in mesophilic stage, the amounts were kept in minimum to 

prevent transition to thermophilic stage. Samples at the 15th and 30th days of experiments were taken 

with the intention of observing the change in organic and nitrogen content by microorganism addition 

(Table 4). Results indicated a higher decrease in organic content of “0” sample compared to A, B and 

AB. In other words, the activity of original microbiota was higher in the absence of these strains. As 

previously mentioned, a group of samples were sterilized prior to use in composting and it would be 

logical to assume lower amounts of microorganism reproduction inside these samples within 15 day 

period  (Table 4).   
 
Table 4. Total organic content (15 and 30th days), total and soluble nitrogen contents of the samples obtained at the 15th day 

of experiments 

 

 

Higher organic content obtained in the presence of A, B and AB microorganisms was expected as their 

amounts either separate or combined would be higher than any other microorganism present in the 

original microbiota. On the other hand, inhibition of degradation in the presence of these strains 

implied that these could have a little or no activity towards cellulose which was thought to be the main 

constituent of compost mixture. The total and soluble nitrogen amount (compared to “0” sample) was 

higher in these samples which should be expected due to inhibition of organic matter degradation 

(Table 2). The change trend of organic content was also validated by FT-IR analyses by comparing 

intensities of the peaks at 1000, 1420, 1640 cm-1 revealing the presence of organic content in compost 

systems [19, 20]. The increase in peak values of samples A, B and AB showed the presence of higher 

organic content. (Figure 2).  

 

The deceleration in decomposition of organic content also resulted in deceleration of nitrogen release 

during mesophilic stage. It was our belief that compost mixtures containing A, B and AB 

microorganisms would experience lower losses in total and soluble nitrogen during thermophilic stage. 

In other words mature composts prepared with microorganisms (A, B and/or AB) addition should have 

higher nitrogen amount at the end. Since nitrogen was also crucial for microorganism development, 

higher activity should be expected in thermophilic stage in the presence of these microorganisms. 

Transition to thermophilic stage could easily be regulated by adjusting the amounts utilized during 

composting and effects of these microorganisms on total and soluble nitrogen content at the end of 

thermophilic stage would be investigated in nearest future.  

 

Organic contents of the samples collected at 30th day of experiment were also determined to better 

demonstrate the effect of strains in organic matter decomposition. 30 days was an estimated time of 

decrease in the activity of strains which was shown to be exact based on the results. A stable organic 

content between 3-4% was obtained at the end of 30 days, as seen from the table. This result implied 

stable decomposition rate in the absence of these strains (Table 4).  

Sample Total organic 

content % (15th day) 

Total organic 

content % (30th day) 

Total nitrogen 

content % 

Soluble nitrogen 

content % 

0 3.39 3.74 5.03 3.72 

A 7.38 3.29 5.91 5.22 

B 8.41 3.40 5.72 4.86 

AB 6.35 3.39 6.07 5.24 

0S 6.45 3.18 5.56 4.23 

AS 9.68 3.08 5.84 4.91 

BS 6.16 3.46 4.18 3.49 

ABS 6.90 3.04 5.06 4.25 
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Figure 2. FT-IR analyses of a) Non-sterilized samples b) Sterilized samples obtained at the 15th day of experiment. 

 

Statistical data obtained for total organic matter and nitrogen amounts (total and soluble) were 

illustrated in Table 5. Results clearly indicated relevance between microorganism addition and 

nitrogen amount. In other words, microorganism addition on compost mixture had an irrefutable effect 

on nitrogen amount. On the other hand, their effect on organic content was insignificant as previously 

stated.  

 
Table 5. Effect of microorganisms on total organic content and nitrogen amount 

 

 Organic content  Nitrogen amount 

X 4.888 3.3038 

SST 74.038 53.022 

SSW 63.577 3.693 

SSB 10.461 49.329 

F (statistic) 0.188 15.264 

F (critical) 3.4381 3.4381 

 

 

a 

b 
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It would be logical to state that organic matter decomposition during composting be mainly governed 

by cellulose degradation and the negligible effect of microorganisms on decomposition of organic 

matter implied weaker or no cellulose activity compared to other constituents such as pectin and xylan. 

This assumption was proven to be accurate in the work of Martinez-Hidalgo et.al.[21],in which a 

group of Micromonospora sp. were tested for their ability to degrade organic matter. Results indicated 

weak activity of the strains towards cellulose [21]. The activity of Micromonospora sp. towards 

cellulose might as well be negative as in the work of Lin et.al. [22]. 
 

Based on given examples from the literature a weak or negligible activity should be the reason of 

insignificancy in organic matter decomposition in the presence of FMN07 and FGN37 strains.  

Cellulose degradation is in fact a challenge for microorganisms due to its complex structure. 

Nevertheless, its degradation could be enhanced by changing certain parameters of composting; time 

of microorganism addition is among the most important parameters. In a study conducted by Zhao 

et.al. [23], effect of inoculation time on composting was studied in the presence of actinobacteria agent 

containing Streptomyces sp. and Micromonospora sp. Results indicated higher activity towards 

cellulose when agent was inoculated at the end of thermophilic stage of composting [23]. In the 

present study inoculation of the strains was conducted in mesophilic stage which might be the reason 

of their low activity. 
 

The inhibition of organic matter degradation was in fact a distinctive property of Micromonopsora sp. 

among others as the amount of nitrogen crucial for microorganism development would always be 

higher in their presence. Nitrogen is vital for the development of microorganisms that were involved in 

thermophilic stage. Higher nitrogen amount was mostly responsible for prolonged thermophilic stage 

which would enable elimination of pathogens and higher metabolic activity during composting [24]. 

Hence, higher activity by means of composting should be expected in the presence of these 

microorganisms in long term.  

 

4. CONCLUSION 

 

FMN07 and FGN37 strains were isolated from soil in different regions and identified by 16S rRNA 

gene analyses. These microorganisms were utilized in compost mixtures to determine their effects on 

organic matter degradation and nitrogen amount. Analyses and statistical data clearly indicated an 

increasing effect on nitrogen amount in the presence of these microorganisms which was the highlight 

of present study. On the other hand, an inhibition on organic matter degradation was observed which 

had probably been due to high amount of microorganism introduced to original microbiota. Results 

also implied that these microorganisms had no or negligible activity towards cellulose degradation 

which would be determined by future studies.   Regulated amounts of these microorganisms could 

have been successfully utilized in composting as their presence would enable higher nitrogen amounts 

in compost mixture during transition to thermophilic stage. Although further studies were required, it 

was our belief that higher nitrogen amounts would have increased the activity of microorganisms 

effective in thermophilic stage. There also had been a strong chance of obtaining higher nitrogen 

amounts in the presence of these strains at the end of composting.  
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