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INTRODUCTION

Despite the large potential of straw as a sub-
strate for biogas production, its use is marginal 
at present. This is mainly due to the structure of 
materials of that type, where cellulose, hemicel-
lulose and lignin prevail [Mussato and Teixeira, 
2004; Adapa et al., 2009; Chaturvedi and Verma, 
2013]. Such a structure prevents the effective 
use of straw by biogas reactor microflora [Frei, 
2013]. Great hopes are placed on the possibility 
of using microorganisms in the straw pretreat-
ment [Dorado et al, 1999; Feng et al., 2012]. 
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ABSTRACT
In biogas plants, almost any type of organic matter can be used as a substrate to pro-
duce biogas. To make the process of methane fermentation more effective, these ma-
terials are pretreated. This applies in particular to a group of difficult substrates. Straw, 
due to its hemicellulose structure and saturation, is hardly fermented by biogas reactor 
microorganisms. The methods of post-harvest residue preparation for anaerobic diges-
tion being applied so far are expensive, while their application has a negative effect on 
methanoegenic bacteria. Therefore, the microorganisms being able to degrade straw 
hemicellulose structure, utilisation of which could precede the proper fermentation 
process, have been searched for. This paper presents the results of microbial biodiver-
sity analysis in the environmental samples being lupin, cereal, rape and maize straw 
as well as hay and haylage at different degradation stages. The analysis of biodiversity 
will help at a further stage of study to isolate active microbial strains showing cellu-
lolytic, hemicellulolytic or ligninolytic activity which are desirable in the process of 
straw biodegradation. Analysis of the microbial count was performed by the method 
of deep inoculation on different microbiological culture media. The conducted tests 
include determination of the number of fungi, bacteria and actinomycetes. The results 
obtained confirm the usefulness of the analysed samples for isolation of microbial 
strains capable of converting straw preceding the biogas production.
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plant, enzymatic activity.
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Properly selected microbial species would allow 
effective straw processing at relatively low cost 
[Devi and Kumar, 2012; Zakpaa et al., 2010]. 
A potential habitat of useful microbes is straw 
stockpiles, where the material being consider-
ably degraded is to be found. Properly selected 
microorganisms could solve the problem, which 
would allow that substrate to be used at a large 
scale [Taherzedeh and Karimi, 2008]. Different 
groups of microorganisms can live in the straw 
undergoing natural process of biodegradation. 
This applies to both fungi and bacteria and ac-
tinomycetes [Ashraf et al., 2007; Nagaraju et 
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al.,2009]. A substantial group of these microor-
ganisms have the ability to secrete cellulolytic 
enzymes [Huang et al., 2014].

This study aimed at assessing the micro-
bial biodiversity of selected straw materials 
showing signs of biodegradation, understood 
as an analysis of the number of bacteria, fungi 
and actinomycetes inhabiting the examined 
samples.

MATERIAL AND METHODS

The samples intended for biodiversity as-
sessment were collected on straw material stock-
piles being stored for a period of 1 to 4 years, 
showing different degree of decomposition. The 
study analysed degraded blue lupin and winter 
rape straws, hay, basic cereal straw, corn straw, 
haylage and intact barley straw. A series of dilu-
tions was prepared from the samples collected, 
which were used for making microbiological 
cultures by deep inoculation. Inoculations were 
made using selective microbiological culture 
media allowing a wide spectrum of microorgan-
isms inhabiting the analysed material, including 
bacteria, actinomycetes and fungi, to grow. To 
grow actinomycetes, a Ciganov (CG) medium 
was used [Cyganow and Zukov, 1964]. In order 
to grow bacteria, an MPA culture medium (BTL 
Co. Ltd, Poland) was used, as well as a modi-
fied Bunt and Rovira (BR) medium [Bunt and 
Rovira, 1955], in which the soil extract was re-
placed with barley straw. The fungi culture was 
conducted on the following culture media: Mar-
tin (MR – Rose Bengal Agar) medium [Martin, 
1950], Potato Dextrose Agar (PDA) medium 
(Oxoid Ltd) and Czapek Dox Agar (CDA) me-
dium (BioCorp Co. Ltd, Poland). Two min-
eral culture media, containing grounded straw 
as the only source of carbon, were also used. 
The first one was Mandel agar medium (MAM) 
[Mandels and Weber, 1969], used for growing 
the fungi showing cellulolytic activity, whereas 
the second a modified Omelianski’s medium 
(OM) (with the following composition per l: 1 g 
KNO3, 1 g K2HPO4, 0.5 g MgSO4∙7H2O, traces 
of NaCl, 10 g barley straw, 20 g agar). The cul-
tures were conducted at a room temperature for 
a period of 3 to 7 days.

After incubation, the number of colony form-
ing units (CFU) of a given group of microorgan-
isms was determined per gram of sample’s dry 

matter. One-way analysis of variance was per-
formed with Statistica 10 software package. Us-
ing the Duncan’s test, homogenous groups were 
distinguished from the samples under analysis. 
Homogenous groups were emerged among the 
same medium.

RESULTS AND DISCUSSION

The findings show that bacteria were the most 
numerous group of microorganisms inhabiting 
the samples under analysis. When making inoc-
ulation of two different growth media (BR me-
dium and MPA medium), different data referring 
to their numbers were obtained, depending on the 
type of straw (Figure 1). On both media, a sig-
nificant amount of bacteria was observed in the 
sample containing lupine straw and fresh barley 
straw. Based on the numbers of bacteria obtained 
on BR medium, particular straw materials were 
included into two homogenous groups. 

Significantly lower numbers were observed 
for cereal and rape straws and hay. The average 
number of bacteria in this group was 3.43∙108. 
On the other hand, 5-fold higher numbers were 
observed for lupine, corn and barley straws and 
haylage. In the case of MPA medium, the dif-
ference between the most represented sample 
containing haylage and the poorest one being a 
degraded cereal straw was almost 10-fold. Like 
on BR medium, cereal straw and hay constituted 
a group with the lowest number of bacteria. The 
average number of bacteria in these materials 
was 8.31∙108. Interestingly, rape straw charac-
terised in the previous culture variant by one of 
the lowest numbers of bacteria was distinguished 
by their significantly higher number. The highest 
numbers of bacteria, 2.05∙109 CFU∙g-1 D.M., were 
observed on MPA medium in the sample contain-
ing haylage.

The next group of microorganisms, the 
number of which had been analysed, was ac-
tinomycetes. Their determinations were made 
on Ciganov medium (Figure 1). Actinomycetes 
proved to be less numerous when compared bac-
teria. The highest number of actinomycetes was 
observed in lupine straw. A difference between 
lupine straw and other samples was significantly 
higher. By comparison, in the sample not show-
ing any signs of degradation, i.e. in fresh barley 
straw, no growth of that group of microorganisms 
was observed. 
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Fungi biodiversity was analysed on three cul-
ture media: PDA medium, CDA medium and MR 
medium (Figure 2). The highest amount of them 
was observed on PDA medium, irrespective of the 
sample type. When analysing the number of fungi 
that grew on PDA medium, a clearly visible domi-
nance of their number in lupine straw is observed 
when compared with other samples. In lupine 
straw, about 1.14∙109 CFU∙g-1 D.M. was observed. 
Other samples were characterised by significantly 
lower numbers of fungi. On average, a 20-fold 
lower number of fungi was observed in rape and 
barley straws and hay, whereas this number was 6 
times lower in cereal and corn straws and haylage. 

The next growth medium for fungi being used 
in the experiment was CDA culture medium. Also 

in this case, similarly to PDA medium, fungi were 
observed most frequently in degraded cereal straw. 
Different results were obtained on MR medium. 
After statistical analysis of the results for the num-
ber of fungi, 2 homogenous groups were distin-
guished. One group included haylage only, which 
absolutely dominated over the rest of samples in 
terms of the number of fungi colony forming units 
being observed, whereas all other straw materials 
under analysis were assigned to the second one. A 
small number of fungi grown from lupine straw on 
this medium is worth mentioning.

Considering the research objective, the most 
important group of isolated microorganisms was 
those being able to use straw as a source of car-
bon and energy. The cultures of such microorgan-

Figure 1. Number of bacteria and actinomycetes (CFU∙g-1 D.M.) determined on different culture medium

Figure 2. Number of fungi (CFU∙g-1 D.M.) determined on different culture medium
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isms were conducted on Mandel and Omelianski 
media, where powdered barley straw was applied 
as the only source of organic carbon. On OM 
medium, development of different species of mi-
croorganisms was observed, including bacteria, 
fungi and actinomycetes (Figure 3). 

On the other hand, mainly fungi were cultured 
on MAM medium, as expected. After the analysis 
of the results of inoculation on OM medium, it is 
possible to state that the highest number of mi-
croorganisms being able to decompose straw was 
obtained in the sample containing lupine straw. 
A slightly lower number of straw-using microor-
ganisms was obtained in hay. The least numer-
ous group was rape straw, degraded cereal straw, 
fresh barley straw and corn straw. The next cul-
ture medium, on which the microorganisms be-
ing able to decompose straw had been grown, was 
Mandel medium. The least number of these mi-
cro-organisms was observed in rape straw. This 
material was inhabited by 1.91∙107 CFU∙g-1 D.M. 
microorganisms being able to decompose straw. 
This was 17 times lower than in barley straw and 
lupine straw.

Fungi, in addition to bacteria, play an im-
portant role in biodegradation of biomass. Fungi 
are a group of microorganisms showing differ-
ent demands towards the substrate being present 
in culture medium. When comparing the results 
obtained on PDA medium with the number of 
bacterial colonies obtained on BR medium, a ra-
tio of 1.5:10 was received. However, due to high 
metabolic activity of the fungal mycoflora in-

habiting composts, their participation in biomass 
decomposition cannot be overestimated and may 
amount even to 47 to 70% [Wiegant, 1991]. De-
composition of organic matter is associated with 
development of actinomycetes. However, their 
development seems to depend more on the avail-
ability of water and mineral substances than in 
case of bacteria and fungi. This may be indicated 
by the lack of activity of actinomycetes in un-
degraded barley straw. About 6% of actinomy-
cetes in the sample with lupine straw is similar to 
the result being obtained by Ashiraf et al. [2007] 
who, when analysing the biodiversity of micro-
organisms in composters, receive a value of 8%. 
In the process of straw conversion, preceding its 
processing in biogas production plant, only the 
strains of microorganisms being able to use this 
substrate as a source of carbon or energy can be 
applied. The inoculation on Mendel and Ome-
lianski culture mediums, containing powdered 
straw, attempted to distinguish such species. The 
growth on these culture media requires the abil-
ity to excrete cellulase. In the materials subjected 
to composting, many species of prokaryotic or-
ganisms (9%) [Yasurin et al., 2013] and fungi 
(46%) show the cellulolytic activity. By com-
paring the number of microorganisms that grew 
on Omelanski medium with the total of colony 
forming units being calculated based on the anal-
ysis of bacteria inoculation on BR medium, fungi 
inoculation on PDA medium and actinomycete 
inoculation on Ciganov medium, it is possible to 
deduce that barely 9.5% of microflora inhabiting 

Figure 3. Number of cellulolytic microorganisms (CFU∙g-1 D.M.) determined on different culture medium
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the samples under analysis is able to decompose 
straw. On the other hand, the result of compari-
son of the number of fungi that grew on Mandel 
medium (being able to decompose straw) with 
their number on PDA medium, which is 61%, is 
very interesting. 

CONCLUSIONS

Different types of straw materials, such as 
lupine straw, rape straw, hay, basic cereal straw, 
corn straw, fresh barley straw and haylage, be-
ing at different stage of decomposition, are nu-
merously inhabited by bacteria, fungi and ac-
tinomycetes. Culture media for bacteria (BR and 
MPA mediums), culture media for fungi (PDA, 
Czapek and Martin mediums), growth medium 
for actinomycetes (Cignanov medium) and min-
eral culture media supplemented with powdered 
straw (Omelanski and Mandel mediums) allow 
assessment of the biodiversity of materials being 
examined. Lupine straw was most numerously 
inhabited by bacteria, fungi and actinomycetes; 
rape straw was the poorest in terms of the number 
of bacteria, whereas fresh barley straw was in-
habited the least by fungi and actinomycetes. The 
highest number of microorganisms being poten-
tially able to decompose straw on mineral culture 
media, where straw constituted a main source of 
carbon, was observed in lupine straw.
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