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ABSTRACT 

Soil ecology of tropical peatsoil faced serious consequence of climate change. Microbial communities that have 
function for decomposing of organic matter in peatsoil might have role to reduce methane emission because of mutual 
occupancy within their ecologic niche to methanotrophic bacteria. Hence, key to consider microbial population in peatsoil, 
the bulk samples that gathered from peatsoil in Kalampangan, southern of central part of Borneo, were studied. The 
isolates belonged to its functional ability as amylolitic bacteria (ALB), phosphate solubilizing bacteria (PSB), and sulphate 
reducing bacteria (SRB) were determined, in addition, methanotrophic bacterial (MCB) activities were kept and revised. 
Those isolates were studied to understand their function in rations to methanotrophic actions. Four isolates from 15 of ALB 
isolates, 3 from 6 of PSB isolates, 2 from 6 of SRB isolates, and 4 from 6 of MCB were chosen further to revise as due to 
their vigorous growth. The selected isolates were also studied for genetic recognition (gen NirK, gen ow, and gen NifH), 
and also morphological distinctive of ALB-2 and PSB-1 which both were producing phytohormone (indole acetic acid) 
metabolite. Methanotroph bacterial group in peatsoils samples were able to assimilate methane in this study, and it might 
be as due to nutritive availability produced by other groups of microbes in peatsoil. 
 
Keywords: peatsoil, amylolitic bacteria, phosphate solubilizing bacteria, sulphate reducing bacteria, methane reducing activity. 
 
INTRODUCTION 

The world 8 to 14% of carbon deposits in peatsoil 
is located in Indonesia (Murdiyarso et al., 2004). 
Interrelationships between plants and microorganisms 
influence organic matter dynamics are critical to 
understand carbon cycles in peatsoil. Cellulolytic 
microbial function clearly recognizes pioneering 
mineralization, the organic matter turn to become simple 
carbon. Cellulose-degrading fungi are more abundant in 
peatsoil than their bacterial counterparts (Hiroki and 
Watanabe, 1996), and now a days fungi are considered to 
be the main aerobic decomposers in these habitats 
(Thormann, 2006).  

Microbial diversity and its role in tropical 
peatsoil ecosystems were relatively unclear; evenly 
attempt to understand for its specific function of that 
community in responses to environmental changes has 
grown significantly over the past two decades (Thormann 
and Rice, 2007). Carbon allocation in soil containing 
microbial community caused significance response to 
vegetation growth (Artz et al., 2008). Fungal and methane-
oxidizing bacteria community composition unbalanced at 
drying peatsoil but actinobacteria community response 
was apparent only in the nutrient-rich soil. Microbial 
change down in soil moisture content might accelerate the 
decomposition of soil organic matter. Litter quality had a 
large impact on community composition. Fresh organic 
matter decomposition was influenced slightly by 
actinobacteria, but not at all by fungi (Peltoniomi, 2010). 
Bacterial and fungal activities measured through top layer 
(0-15 cm) of peatsoil samples indicating the highest 
respiratory activity compared to the samples thrived from 
deeper layers of soil, and evenly the soil sample under the 

vegetation dominance of tree, shrub, and sedge  (Fisk et 
al., 2003).  

Respiratory response of the soil microbial 
community to ecologically relevant substrates and its 
community-level physiological profile would reflected  the 
activity and the functional diversity of the soil microbial 
population, especially those involved in turn over of 
soluble photosynthate-derived carbon. Methanotrophic 
bacteria occur in soil was an important sink for 
atmospheric methane in well aerated soil and a high 
efficiency filter upward diffusing methane in anoxic soil. 
The only implication of the high capacity for methane 
oxidation in soil is that the global atmospheric methane 
sink due to bacterial methane oxidation in soil may have 
been higher. On the other hand, phospholipids fatty acids 
used to represent the microbial community structure as 
well as community level physiological profiles to describe 
the functional diversity of the microbial communities 
(Andersen et al., 2010). 

Tropical peat land faced serious consequence of 
climate change and the developmental perturbation in 
several land spaces in Indonesia. Change of soil 
environment caused microbial community composition to 
change at all sites and its response. Since the limiting 
information on the role and functions of soil microbial 
population maintaining the stability of ecosystems for 
tropical peat areas, therefore, observation on microbial 
community has been carried out through the tropical 
peatsoil samples. The objective of study was to determine 
the vigorous microbes that have responsibility in the 
decomposition of organic matter, the inhabitants of those 
microbes and their role in reducing methane emission 
sequence also may possibly recognized.  
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Peatsoil expected to have microbial communities 
within their ecological function such as amylolitic 
bacteria, sulphate reducing bacteria, and phosphate 
reducing bacteria in addition to methanotrophic bacteria 
activities in relation to carbon sequence. Methanotroph 
population appears to be influenced by the availability of 
nutritive substrate as a result of metabolic 
activity produced by the other microbes, and then facilitate 
methanotrophic bacteria which are able to assimilate 
methane. This reason would be feasible for the recent time 
observation to the peatsoil environment as due to climate 
change impact. In recent study, microbial diversity in peat 
soil was identified and characterized to their function 
groups in relation to carbon cycle and increasing 
methanotrophic activities in peatsoil.  
 
MATERIALS AND METHODS 
 
Soil sampling and microbial culture enumeration 

Peatsoil samples used in the study were taken as 
fibric soil from the area of Kalampangan, Palangkaraya, in 
the southern of central part of Borneo, on October 2009. 
Ten samples from different locations were taken using an 
auger at 0-20 cm depth, at several places in approximately 
latitude of 2016’74”S and 11402’23”E, and the altitude of 
53 m above sea level. Coring method was used to 
determine the bulk density of microbial population at 
those places. The soil samples were kept in cool box and 
conveyed to Microbiology Division, Research Center for 
Biology, Cibinong Science Center. Soil samples were 
mixed thoroughly, air dried in shade, and non-soil material 
(such as plant debris and stone but not include humus 
material particles) were taken apart from the soil. The 
samples were then crushed to pass through 2 mm sieve, 
and stored in sealed plastic jars for analysis.  

Enzymatic activity was detected by using 
fluorescence diacetate hydrolysis (FDA) particularly for 
lipase, esterase, and protease enzymes activities (Adam 
and Duncan, 2001). 1g peatsoil sample was dissolved to 9 
ml sterilized aquadest in 100-ml test tube (10-1), and 
continued to 10-2−10-7 serial soil water dilution. 200 µl of 
each suspension were taken and inserted into the tube, 
added with 1500 µl of phosphate buffer pH 7.6 and mixed 
with vortex. In the same way, 0.2 g of peatsoil was 
weighed and immediately suspended into 200 µl sterile 
distilled water for control. All of the mixture added with 
60 µl of FDA solution, incubated and shaken at the speed 
of 150 rpm for 24 hours at 40oC incubation. Afterward, 
each culture was added with 500 µl chloroform-methanol 
(2:1), and finally the tubes were centrifuged at 5000 rpm 
for 5 minutes. Positive results were noticeable by the 
formation of yellow-green fluorescent; therefore, 
supernatant were taken and measured by 
spectrophotometer (490 nm). The whole samples were 
made in two replicates.  

Viable microbes were determined with serial 
dilution technique and growth on substrates containing 

agar starch media, phosphate agar based media, and 
sulphure with and without agar based media were used for 
some certain specific growth of amylolitic bacteria (ALB), 
phosphate solubilizing bacteria (PSB), and sulphure 
reducing bacteria (SRB), respectively. 1 g peatsoil sample 
was dissolved to 9 ml sterilized aquadest in 100ml test 
tube (10-1), and continued to 10-2−10-7 serial soil water 
dilution. 200 µl of each of all solution was dispensed 
separately through surface on selected substrates 
(containing starch for ALB; containing organic phosphate 
for PSB) in the petridish. The petridish then were kept in 
30oC for 48 hours. The colonies growing in petridish with 
clearly separate growth from each other were selected as 
the isolates. Bacterial isolates then cultured on slant 
nutrient agar (NA) media to be stored as a stock culture, 
to use in morphology and physiology test for ALB as well 
as PSB bacteria.  

To find out the SRB isolates, 1 ml of solution (10-

2 to 10-7 serial soil water dilution) was transferred 
separately to 14 ml enrichment culture media containing 
sulphure and kept in closed tube as anaerobic condition. 
The tubes were kept in 400C for one month incubation. 
Subsequent to all cultures incubation, 200 µl of each 
solution in tubes was then dispensed separately through 
surface selected substrates containing agar sulphure in the 
petridish. The colonies on the 
petridish which clearly separated from each other were 
selected as the isolates. Bacterial isolates then 
cultured on slant nutrient agar (NA) media to be stored as 
a stock culture to use for morphology and its physiological 
test.  

Specific medium named ammonium nitrate 
mineral salt (ANMS) applied to isolate methanotrophic 
bacteria (MCB) as described by Tsubota et al., (2005). 2 
ml of soil solution (10-2 to 10-7 serial solution) transferred 
separately through 30 ml ANMS culture media inside 
closed ‘double side arms tubes’ (DSAT). About 30 ml of 
methane and 5 ml of oxygen injected twice at 8.00 am and 
4.00 pm through ‘the open arm’ sink to the media, 
incubated for one month in shaker (180 rpm). Subsequent 
to that incubation, 200 µl of each of all culture solution in 
DSAT then dispensed separately through surface selected 
substrates containing agar ANMS, in the petridish. All the 
petridishes were kept in the closed jar containing methane 
and oxygen for one week. The colonies growing in 
petridish with clearly separated from each other were 
selected as the isolates. Bacterial isolates then 
cultured on slant ANMS agar media to be stored as a stock 
culture to use for morphology and physiology test.  

All the isolates were kept as working culture in 
the laboratory. The vigorous growth of culture isolates was 
selected to deliberate for morphological and physiological 
characteristic and also genetic studies. The bacterial 
functional isolate are described in the Table-1. 

 
 



                                VOL. 6, NO. 12, DECEMBER 2011                                                                                                           ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
 

©2006-2011 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
   14 

Table-1. Total (39) bacterial isolates deprive from peatsoil. 13 isolates used for observation based 
on vigorous growth character. 

 

Quantity Used isolate for 
No. Bacterial isolates 

function of Reap Use Growth 
rate 

Enzyme 
activity IAA test Genetic 

test 
1 Amylolitic 15 4 + + + + 

2 Phosphate 
solubilizing 6 3 + + + + 

3 Sulphur reducing 6 2 + - - - 
4 Methanotrophic 12 4 + - - + 

 
Growth characteristic and physiology assessment 

Pertain to vigorous growth test, ALB isolates 
were grown in liquid starch medium. Bacterial growth 
acceleration observed through its increasing optical 
density (OD) measured with spectrophotometer 
(λ 600 nm). Inoculums preparations were set off with two 
loops of ALB stock culture drawn into 10 ml of liquid 
starch medium, and then incubated and shaken at 120 rpm 
in room temperature.  When the optical density reached to 
0.2, the culture was taken (3 ml of each culture) and 
incorporated into 22 ml of liquid starch medium, and 
shaken at 120 rpm in room temperature. Bacterial 
growth was monitored by measuring the medium 
turbidity in excess with time interval observation. Other 
study along with the same interval measurement such as 
pH medium alteration and amylase activity was also 
observed. Reducing sugar as due to ALB amylases 
activities was determined with dinitrosalicylic acid 
method.  

Growth of PSB isolates was kept in liquid 
medium containing inorganic phosphate [Al3 (PO4)2]. Two 
loops of PSB stock culture isolate was inoculated into 10 
ml liquid medium, incubated on  shaker (120 rpm, room 
temperature) until the culture become turbid (OD 600 nm> 
0.2). Each of 3 ml turbid culture were taken and put into 
22 ml of liquid medium, and shaken at 120 rpm in the 
room condition. Bacterial growth was monitored by 
measuring the turbidity in excess with time interval 
observation, also changes in medium pH. Isolates of PSB 
enzymes activity observed as due to the breaking down of 
artificial organic phosphate (phenyl phosphate solution in 
the media culture) turned into 
inorganic phosphate. Sample measurement calculated in 
the concentration of part per million per hour as prescribed 
to regression curve line for standard samples. 

Sulphate reducing bacteria was able to transform 
sulphate to sulphite utilizing simple carbon such as 
glucose, sucrose, methanol, ethanol, acetic acid, and 
lactate. Sulphate reducing ability of SRB isolates was 
grown in liquid sulphur media containing acetate and 
methanol carbon source. Two loops of SRB stock culture 
isolate was inoculated into 100 ml of liquid medium. 
Change of sulphate into hydrogen sulphur (H2S) was 
determined with microbial colorimetric observation after 
30 days incubation. 

1 ml of liquid MCB culture inoculated to DSAT 
(tube) containing 9 ml ANMS liquid medium and 5 ml 
methane gas injected to DSAT. The tubes incubated on a 
shaker at 120 rpm in room temperature. Bacterial growth 
was monitored by measuring ANMS turbidity, and 
absorbance in optical density (OD) was tabulated to time 
curve data. Methane gas thrived from DSAT with a 
gastight pressure-lock syringe, and continued to analyze 
by gas chromatography (after 2, 4, and 6 hours interval 
incubation), using a type of detector Frame Ion Detector 
(FID) with a detector temperature 1400C, 700C column, 
and injector temperature 1000C. This tool analyzed the 
samples at an interval of 0.3 minutes. The measurement 
results were compared with the methane standard area 
(Henckel et al., 2000). 
 
Encoding for functional bacterial genetic 
                    Toothpick was taken and the tip was sunk 
over phosphate solvent. The wet tip was touched over the 
bacterial colony (of ALB/PSB/MCB colony isolates); then  
the tips was inserted into 0.5-ml PCR tube containing 5.5 
µl nuclease free water, and homogenized without vortex. 
After fully mixed, consecutive 3 ml of forward-primer, 3 
ml of reverse-primer, and 12.5 ml Green Go Taq 2x 
Master was added. Furthermore, the samples were placed 
in the PCR Thermal Cycler for 1 cycle as initial and 
denaturized at 940C for 5 minutes; followed by 30 cycles 
and denaturized at 940C for 30 seconds; primer annealing 
at 50-550C for 30 seconds; elongation at 720C for 1 
minute; the last 1 cycle included elongation at 720C for 7 
minutes; cooling at 40C for 5 minutes and incubation at 
160C in the perpetuity (Otsuka et al., 2007). Certain 
primers (primers fA189b metanotrof-rA682 for pmoA 
gene; primers f77-r369 for mmoB gene; primers f1003-
r1561 for gene moxF) were used in DNA amplification for 
MCB isolates (Henckel et al., 1999). All the works were 
kept in the ice box to prevent DNA damage. Subsequently, 
PCR tubes were performed in the centrifuge for a few 
seconds until the mixture sunk down to the bottom of the 
tube. 

DCodeTM Universal Mutation Detection System 
(Bio-Rad system) was used for analysis. Solution of 1% 
agarose gel (0.4 g agarose in 40 ml 1X TAE buffer) was 
made on the tray and allowed to solidify for 1 hour.  The 
gel, put  on the electrophoresis tank containing 1X TAE 
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buffer, was sunk until it was submerged at 1-2 mm below. 
DNA marker was subsequently entered, after that the 
DNA extract and PCR results were taken then mixed with 
2 ml loading dye. Furthermore, the agarose gel wells were 
let to empty and run for 25 minutes. Gel electrophoresis 
results soaked in ethidium bromide for 20 minutes and 
continued soaking in the washing solution for 5 minutes. 
Then, DNA bands were visualized with UV 
Transiluminator. 
 
 
 

RESULTS AND DISCUSSIONS 
Microbial activities and the population in soil 

measured with various methods. Sequential of dilution 
was important to understand the microbial density in soil, 
because it has valuable step to initial work in the isolation. 
In this study, low dilution (103) observed for measuring 
fluorescence diacetate hydrolysis (FDA) analysis have 
right option compared to high dilution (106). Preeminent 
effects of methanotrophic bacteria to consume methane in 
soil sample was setting on 104 dilution (Figures 1 and 2), 
and methane absorption were increased in three hours 
incubation.  
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Figure-1. Fluorescence diacetate (FDA) hydrolysis tests recognize enzymes activities in peatsoil particularly 
for lipase, esterase, and protease (left) which is the existence indicator to microbial functioning in soil. 

Precision of serial-dilution-techniques would make accomplishment of the analysis, as well for 
detecting methanotrophic bacteria metabolism in peatsoil (right) in culturable population 

after one (dark bar), two (fade), and four (clear) day’s incubation. 
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Figure-2. Proper dilution (10-2) technique for peat soil treatment is able to differentiate between amylolitic bacteria (ALB), 
phosphate solubilizing bacteria (PSB), and sulphate reducing bacteria (SRB) growing in the media containing starch, 

organic phosphate, and sulphate, respectively. Correct dilution (10-2) was also happening to SRB culture 
which shows positive optical density after one month incubation (compared to other sample after 

one year incubation that showed dark color as due to high population density). 
 

Soil microbial enzyme activity was indicating 
microbial existence in peatsoil. High FDA measurement 
meant that microbial enzymatic activities (lipase, esterase, 
and protease) were able to be deliberated in soil, and 
therefore, FDA fluctuation established to assume 

microbial density in soil. This model has successful to 
understand microbial activities in several soil sites 
converting agriculture land and indigenous forest (Son et 
al., 2006). Above soil layer sampling in 20 cm depth in the 
study site representing microbial aerobic niche as well as 
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for methanotrophic bacterial activities for trapping 
methane produced at the below ground of peatsoil.  

Peltoniomi (2010) studied microbial community 
in temperate peatsoil. Sampling depth had a strong impact 
on microbial communities. In general, bacteria dominated 
the deeper layers of the nutrient-rich and on the wet 
surfaces of the nutrient-poor sites. Water level clearly 
affected the bacterial communities. Gram-negative 
bacteria seemed to benefit and actinobacteria to suffer 
from the water level. Methane-oxidizing bacteria 
community composition changed at all sites but the 
actinobacterial community response was apparent only in 
the nutrient rich. Microbial communities became more 
similar among sites after long-term drying. 

Methanotroph bacteria live in wide variety of 
environments including air, the tissues of higher 
organisms, soils, sediments, and freshwater and marine 
systems and are all obligatory aerobic, gram-negative 
bacteria. Methane-oxidizing bacteria also oxidize methane, 
particularly in upland soils and forest soils, thereby 
mitigating global warming due to the effects of the green 
house gas methane (Conrad, 1996). Understanding this 
ability to oxidize atmospheric concentration of methane, in 
addition to search for the organisms responsible, has 
occupied many researchers, and has led insights into 
atmospheric methane oxidation (McDonald, 2008). 

Microbial diagnostic microarrays technique 
consists of nucleic acid probe sets which use specific 
probe for being known in taxon determination (Bodrossy 
and Sessitsch, 2004). The method done to methanotroph,  
become a prototype functional gene array that targeted 
genes involved in nitrogen cycling and nitrite reductase 
(nirS and nirK), ammonia monooxygenase (amoA), and 
particulate methane monooxygenase (pmoA) genes (Wu et 
al., 2001). That study indicated the potential of 
microarrays for revealing functional gene composition in 
natural microbial communities (McDonald et al., 2008). 
Microbial communities of peatsoil in this study seized 
with the functional diversity in relation to carbon cycle 
approach, including three aspect parameter approaches to 
the isolates. The result has clarified in Tables 2 and 3. 

Phosphate solubilizing bacteria are ubiquitous in 
soils and could play an important role in supplying 
phosphate mineral (plant growth-promoting) to plants in a 
more environmental friendly and sustainable manner. 
Positive correlation was happening between phosphate 
solubilizing capacity and phosphatase enzyme activity as 
due to availability of higher amount of phosphorous (Barik 
and Purushothaman, 1998). There was also evidence that 
increasing phosphobacteria improve plant growth due to 
biosynthesis of plant growth substances rather than their 
action in releasing available phosphorous (Ponmurugan 
and Gopi, 2006). Inoculation with rhizobacteria could be 
efficiently used to improve plant growth and grain yield, 
reduced fertilizer costs and reduced emission of the green 
house gas, N2O as well as reduced leaching of NO3, N to 
ground water even when optimum levels of N fertilizer 
were applied (Yazdani et al., 2009). Isolates of ALB-2 and 

PSB-1 as determined in the study would be useful to 
agriculture in peatsoil purposes.  

Free-living nitrogen-fixing bacteria e.g. 
Azotobacter chroococcum and Azospirillum lipoferum, 
were found to have not only the ability to fix nitrogen but 
also the ability to release phytohormones similar to 
gibberellic acid and indole acetic acid, which could 
stimulate plant growth, absorption of nutrients, and 
photosynthesis (Fayez et al., 1985). Two certain of single 
amylolitic and phosphate solubilizing bacteria in the study 
showed positive action with IAA test (Figure-3). Those 
two isolates clearly had distinctive character in growth and 
its morphology. Amylolitic bacteria had stronger IAA 
metabolite production compare to PSB. Comprehensive 
differences of both bacteria as their functional diversity in 
peatsoil had been analyzed in the laboratory by the 
population growth character, media characters (pH), and 
their enzymatic activities along 96 hours incubation 
(Figure-4). Soil microorganisms played a significant role 
in mobilizing P by bringing about changes in pH and also 
by producing chelating substances, which lead to 
solubilization of phosphates (Halder et al., 1991). PSB 
bacteria group in the media was growing in lower acidity 
compared to ALB bacteria group. 

Methanotroph play a major role in the reduction 
and release of methane, and it is the only terrestrial sink to 
reduce methane in soil (Jaatinen et al., 2004). Four isolates 
of methanotrophic bacteria (MCB) studied in the 
laboratory  indicated their ability to reduce methane, were 
feed in culture inside the DSAT for six hour incubation 
showed only different response at the beginning     
(Figure-5). All of MCB isolates then clarified with DNA 
PCR technique to distinguish the isolates.  

PCR product vocation showed that MCB1 and 
MCB2 isolates had express DNA Figure prompting ability 
to denitrification process, dissolving phosphate, and 
perform nitrogen fixation; while MCB3 and MCB4 
isolates only able to dissolve organic phosphate (Figure-6). 
PCR product of NifH gene has approximately 360 bp. 
Nitrogen fixation ability in methanotrophic bacteria found 
only in type-2, and in the genus of Methylococcus for the 
type-1 (Auman et al., 2001). Therefore, MCB1 and MCB2 
isolates were able to ensue for nitrogen and phosphate 
cycle. Phosphate dissolving ability by physiological tests 
indicated in the previous phosphate medium test created a 
broad clear zone around the medium. Accordingly, those 
two methods produced similar conclusion. 

Detection of pmoA gene in MCB1, MCB2, and 
MCB3 found in 500 bp. Electrophoresis exertion showed 
that MCB2 isolate also has the pmoA gene at 900 bp. In 
the persisting work with DGGE, there were separate genes 
of 500 and 900 bp in MCB2 (Figure-7). DGGE can 
separate pmoA gene variations that have been successfully 
amplified before by PCR based on nucleotide sequences. 
Variations in pmoA patterns were representing the 
diversity of methanotroph bacteria which had been 
isolated. According to DGGE profiles from the image 
above showed that the four isolates of methanotroph 
belong to different bacterial species. Kisand and Winkner 
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(2003) explained the nucleotide sequence fragments which 
have same melting point and will have the same migration 
pattern on DGGE gels even though derived from different 
bacterial species. Forward primer which has 40 bp of GC 

clamp, in this study was able to increase during DGGE 
amplicon to separate and distinguish the species character 
of the isolates. 

 
Table-2. Isolate character based on morphology, physiology and genes variation. 

 

Microbial diagnostic microarrays technique: 
Isolates Shape and size 

(µm) 
Indole 

acetic acid NirK ow NifH pmoA moxF mmo
B 

Amylolitic bacteria 
(ALB)         

ALB-1 rod; 0.5-1.0 A P P P Ø Ø Ø 
ALB-2 rod; 1.0-3.0 P P A A Ø Ø Ø 
ALB-3 coccus;        >1.0 A P A P Ø Ø Ø 
ALB-4 rod; 0.5-1.5 A P A P Ø Ø Ø 
Phosphate 
solubilizing bacteria 
(PSB) 

 

1.    PSB-1 long rod; 2.0-8.0 P A P A Ø Ø Ø 
2.    PSB-2 coccus; 0.5-1.5 A A P A Ø Ø Ø 
3.    PSB-3 long rod; 2.0-8.0 A A P A Ø Ø Ø 
Methanotropic  
bacteria (MCB)  

MCB-1 coccus; 1.0-2.0 Ø P A P P A A 
MCB-2 coccus; 0.3-1.0 Ø P P P A P P 
MCB-3 rod; 1.5-3.0 Ø A P Ø A P P 
MCB-4 coccus; 0.2-0.9 Ø A P Ø P P P 
A = absent;    P = present;       Ø = omission 

 
Table-3. Growth characteristics of Amylolitic bacteria (ALB-2) compared to phosphate solubilizing 

bacteria (PSB-1)  both  producing IAA. 
 

Isolates of No. Growth character 
ALB-2 PSB-1 

1. Colony color pale brown yellowish white 
2. Colony shape Irregularly round tip circular 
3. Colony gauge large Small 
4. Colony surface roughly cream glossy cream 
5. Elevation flat Convex 
6. Edge shape irregulate Entire 
7. Extracellular pigmentation none yellowish red 
8. Holozone - Present 
9. Inside structure opaque - 

10. Gram staining negative negative 
11. Cell gauge obvious crowded 
12. Cell shape oblong longish oblong 
13. Cell size 1-3 µm 2- 8 µm 
14. Growth in slant agar medium various - 

15. Growth in decent agar 
medium 

growth entirely on surface,  
rhizoid 

pigmented, growth across 
media, rhizoid 

16. Growth in agar broth medium growth entirely in the media growth entirely on surface 

17. Growth in TSA media various, fleshy, rough, white dawdling growth, slimy, 
glossy and milky 
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Figure-3. Phytohormone i.e, Indole acetic acid (IAA)  produced by amylolitic (ALB-2) and phosphate solubilizing 
bacteria (PSB-1) and significantly correlated during 21 weeks growth (r = 0.864; p05 = 0.830). Morphological 
appearance showed different size and shape of ALB-2 (upper-right photo) compared to PSB-1 (right photo). 

 

 
 

Figure-4. Growth performance (top row), pH fluctuation in the bacterial media (middle), 
and enzymatic activities (bottom) of amylolitic bacteria/ALB isolates (left column) 

compare to phosphatase of phosphate solubilizing bacteria/PSB isolates 
(right column) along with 96 hours incubation. 
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Figure-5. Four isolates of methanotrophic bacteria (MCB) cultured after two (dark bar), four (fade), and six (clear) hour’s 
incubation and measured with their ability to utilize methane gas (left).  MCB cultures were kept and shaken during 

incubation inside closed ‘double side arms tubes’/DSAT (right). 
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Figure-6. Gene molecular recognition to the MCB isolates. 
Figure-7. DNA amplification exertion to four isolates of 
methanotrophic bacteria (MCB) able to differentiate four 

isolates, in particular for pmoA characterization. 
 
CONCLUSIONS 
 

a) In order to recognize microbial functional diversity in 
peatsoil, this study informing variety of degrading 
microbial mineralization groups through the diversity 
of amylolitic bacteria, phosphate solubilizing bacteria 
and sulphate reducing bacteria, and diversity of 
methanotroph bacteria in the soil sample. 

b) Optioning on revise vigorous isolates able to establish 
physiological characters in those microbial functional 
groups and would become reference to microbial 
collection and its utilization. 

c) Study on microbial functional community response 
alters in the understanding of carbon cycle and the 
ecological purpose in peatsoil.  

d) Closed relation between amylolitic and phosphate 
solubilizing bacteria as well as sulphate reducing 
bacteria with methanotrophic bacteria, functional 

metabolism have to be established throughout 
comprehensive study for subsequently authentication. 
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