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Chicken manure composting with selected cellulosolytic microorganisms provides different
effects on the development of microorganisms of certain ecological trophic groups. Introduction to
the organic substrate bacteria of the Bacillus genus promoted the increase of the cellulolytic bacte-
riaquantity, while addition of the bacteria of Trichoderma genus stabilized the number of micro-
mycetes in the compost. Microorganisms that have the greatest positive effect on the development

of compost microbiota were selected.
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Composting is an aerobic process that re-
sults in partial mineralization and profound
transformation of organic matter caused by the
compost organisms’ metabolism. Although
composting is a microbiological process, exist-
ing technologies of organic matter conversion
practically do not take into the account its mi-
crobiological features. Determination of the di-
versity and structure of microbial groups of
compost is of considerable interest to research-
ers, primarily aimed to address rising environ-
mental issues [1-2]. Besides, the study of the
microorganisms’succession characteristics in
composted substrates is essential for the effi-
cient management of the composting process,
due to the key role of bacteria and microscopic
fungi in this process, while appearance of spe-
cific microorganisms indicates the quality of
matured compost [3—4].

In our previous studies we have investigat-
ed the changes in the number of individual eco-
logical trophic groups of microorganisms in
chicken manure compost at optimized C : N ra-
tio (introduction of straw and peat in estimated
quantities) [5]. However, the presence of straw
in a composted substrate (heavily fermented
component) prolongs composting process. In
order to accelerate the fermentation of organic
matter, it is advisable to introduce cellulolytic

microorganisms. Nevertheless, the development
characteristics of different groups of microor-
ganisms, including cellulolytic, under such con-
dition remain uncertain. In this regard, the ob-
jective of given study was to clarify the suc-
cession changes in the groups of microorgan-
isms under the introduction of selected strains of
cellulolytic microorganisms into the chicken
manure composting.

Materials and methods. The study of the
microorganisms succession during the chicken
manure composting with selected cellulolytic
microorganisms was carried out under the mod-
el experiments conditions. Composting was car-
ried out in plastic containers with 5 kg of chick-
en manure (70 % moisture level). 0.7 kg of
shredded straw and 1.9 kg of peat were added to
manure substrate in order to optimize C : N ratio
at the level of 20 : 1, s. The repetition of the ex-
periment is fourfold.

The substrate moisture level was main-
tained during compostingon the 70-75 % level
(stirring once per two weeks).

Bacteria were cultivated under the periodic
culture conditions on the culture medium of the
following composition: molasses (50 %) —
30 g; (NH4),SO4 — 0.1 g; KH,PO4 — 0.25 g;
K;HPO4 — 0.25 g; MgSO4 — 0.25 g; CaCO; —
0.3 g; water — 1,000 dm’; pH 7.0.
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The suspension of fungi spore-micelle was
grown on a bevelled wort-agar in test tubes and
flushed with sterile water.

The introduction of microorganisms into
the composted substrate was carried out in
2 months after their initial fermentation at the
rate of 1 x 10° cells of bacteria / g of compost,
micromycetes — 1 x 10° CFU / g of compost.

The proposed experimental design was fol-
lowed during the study of the influence of se-
lected cellulolytic microorganisms on chicken
manure composting with peat and straw:

1. Control (a mixture of chicken manure
with peat and straw)

Introduction of the bacteria to the mixture
of chicken manure with peat and straw:

2. Bacillus sp. SB 1

3. Bacillus sp. S 13

4. Trichoderma sp. PD 3

5. Trichoderma sp. L 1

6. Trichoderma sp. 129.

The number of microorganisms in compost
was determined using MPA for ammonifying
bacteria; starch-ammonia agar — for microor-
ganisms that utilize mineral forms of nitrogen;
and wort agar for micromycetes [6]. The num-
ber of cellulolytic bacteria was determinedusing
liquid medium by Imshenetsky and Solntseva
[7]. To assess the emissions of carbon dioxide,
the method of enclosed cameras was used [8].
The emission of CO; in the compost gas sam-
ples was determined on a gas chromatograph
with a heat conductivity detector.

Statistical analysis of the results was per-
formed using a dispersion analysis. The results
of model experiments were calculated using the
two-factor dispersion correlation analysis (Sta-
tistica 6.0), and Microsoft Office Excel 2003—
2007 software.

Results and discussion. In our previous
studies, we have isolated and selected active
strains of cellulolytic microorganisms from dif-
ferent substrates (chicken manure, compost
based on chicken manure, biohumus (vermi-
compost product), hay, half-deciduous leaves,
soil). As it was determined, the bacteria of the
Bacillus and Trichoderma genus were the most
active among the studied microorganisms. The
ability of active strains of microorganisms to
grow on the chicken manure was pre-tested us-
ing the genetic labelling method [9]. Based on
the obtained data, the strains of cellulolytic mi-
croorganisms with the highest survival rates,
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namely, Bacillus sp. S 13, Trichoderma sp. PD 3
and Trichoderma sp. 129 were included to
the experiment design together with the Bacil-
lus sp. SB 1 and Trichoderma sp. L1, that pre-
serve the stable quantity in the substrate during
a long period of composting and accelerated
rates of mineralization of organic matter, but did
not a high survival rates.

The obtained results have shown that the in-
troduction of microorganisms into the mixture
of chicken manure, peat and straw had a diffe-
rent effect on nitrogen transformation processes
resulted from the heterogenic development of
microorganisms in the compost. Thus, the as-
sessment of the number of ammonifying bacte-
ria and microorganisms that uptake predomi-
nantly mineral forms of nitrogen indicates the
stimulation of their development after the intro-
duction of selected microorganisms. An in-
crease in the number of ammonifiers was ob-
served during 3—4 months (90-120 days) and
6" month (180 days) of composting (Fig. 1).
Thus, their number had increasedfrom
1.10 billion CFU/g of compost on the second
month of composting to 1.30-1.80 billion
CFU/g of compost on the third-forth month of
composting.

After 6 months of composting, the another
increase in the number of ammonifying bacteria
was observed (up to 3.54 billion CFU/g of com-
post) indicating that there are two peaks in the
development of ammonifiers, which can be ex-
plained by the nonuniformity of the organic
substrate and the prolonged mineralization of its
individual components.

The dynamics of the number of micromy-
cetes in the compost after the introduction of
bacilli is characterized by a gradual insignificant
increase, which can be explained by the active
development of the introduced bacteria, and par-
tial inhibition of the development of micro-
mycetes. However, this will require further
investigation and clarification.

After the introduction of Trichoderma spe-
cies to the compost, the initial increase in the
number of micromycetes from 0.50 million
CFU/g (2rld month of composting) to 1.03—
2.70 million CFU/g of dry compost was ob-
served (varied by the isolate) which was later
stabilized on a certain level (Fig. 2). The highest
indicator of the number of micromycetes was
determined in the variant with Trichoderma sp.
PD 3, that may indirectly indicate the active
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1 — Control (a mixture of manure with peat and
straw).

Composting under the following influence:

2 — Bacillus sp. SB 1;

3 — Bacillus sp. S 13.

1 — Control (a mixture of manure with peat and
straw).

Composting under the following influence:

2 — Trichoderma sp. PD 3;

3 — Trichoderma sp. L 1;

4 — Trichoderma sp. 129.

Fig. 1. Dynamics of the number of ammonifying microorganisms in the chicken manure com-

post depending on introduced microorganisms.
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1 — Control (a mixture of manure with peat and
straw).

Composting under the following influence:

2 — Bacillus sp. SB 1;

3 — Bacillus sp. S 13.

1 — Control (a mixture of manure with peat and
straw).

Composting under the following influence:

2 — Trichoderma sp. PD 3;

3 — Trichoderma sp. L 1;

4 — Trichoderma sp. 129.

Fig. 2. Dynamics of the number of micromycetes in the chicken manure compost depending on

introduced microorganisms.

development of the introduced fungi in the sub-
strate.

The increase in the number of cellulolytic
aerobic bacteriain the manure was observed af-
ter 3 months of composting. It should be noted
that the introduction of Bacillus sp. S13 had en-
sured the increase of the cellulolytic bacteria
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number — up to 39 million CFU/g of dry
compost (Fig. 3). At composting of the mixture
of manure with micromycetes of the Tricho-
derma genus, the increase in the number of cel-
lulolytic bacteria along with a gradual decrease
in the number of fungiwas observed.

It is worth noting that the introduction of
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1 — Control (a mixture of manure with peat and
straw).

Composting under the following influence:

2 — Bacillus sp. SB 1;

3 — Bacillus sp. S 13.

1 — Control (a mixture of manure with peat and
straw).

Composting under the following influence:

2 — Trichoderma sp. PD 3;

3 — Trichoderma sp. L 1;

4 — Trichoderma sp. 129.

Fig. 3. Dynamics of the number of cellulolytic microorganisms in the chicken manure compost

depending on introduced microorganisms.

Trichoderma sp. 129 fungus ensured the highest
development rate of cellulolytic bacteria —
109.3 million CFU / g of dry compost.
Approaching the final stage of composting
(7 months) the decrease in the number of repre-
sentatives of all the studied groups of micro-
organisms (to the lowest rates for the entire pe-
riod of composting) was observed. Obviously
due to the complete mineralizationof the organic
matter, which has limited the sources of nutri-
tion for the development of microorganisms.

According to the microbiological data, the com-
posting period can be considered complete.

CO, emissions can be used as an integral
indicator of the development of microorgan-
isms. The production curves of carbon dioxide
generally characterize the peculiarities of the
composting process. Thus, the highest CO,
emissions were observed in the compost after
the introduction of Bacillus sp. S 13 and
Trichoderma sp.PD 3 (Table). At the end of
the composting period, CO, emissions were

Table. Carbon dioxide emission dynamics, nmol CO,/ g of compost per hour

Exposure
2 months of com-
Variants '
postlng (before 3 months | 4 months | 5 months | 6 months | 7 months
introduction of
microorganisms)
Control (a mixture of
manure with peat and 1749+11.6 143.7+4.4(114.8 £ 10.2{ 100.8 £4.6| 27.3+2.9 |8.72+0.38
straw)
Introduction of microorganisms to the compost
Bacillus sp. SB 1 1495+51(1120+1.3[195.1+23| 70.5+2.4 | 6.29+0.7
Bacillus sp. S 13 388.1+8.7[171.2+1.8|150.5+2.3| 68.9+5.7 | 2.61+0.3
Trichoderma sp. PD3 36.1+0.8 | 67.7+£0.3 |263.5+3.9| 72.1+1.5 | 423+0.2
Trichoderma sp. L 1 412422 1 69.7+£09 | 1309+2.9| 65.6+1.9 | 2.17+0.2
Trichoderma sp. 129 227+29 | 61.9+1.2 |154.7+3.3]| 16.6+0.9 | 1.40+0.2
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reduced, which may also indicate completion of
the process of fermentation of organic matter.

Based on the data obtained on the changes
in the number of representatives of certain eco-
logical trophic groups of microorganisms and
CO, emissions during the composting process,
the selection of Bacillus sp. S 13 and Tricho-
derma sp. PD 3, 1s recommended for the further
study of the effectiveness of chicken manure
composting with peat and straw.
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Komnocmuposanue cyocmpama ma ocrose
KYPUHO20 NOMema ¢ CeleKYUOHUPOBAHHBIMU Ye-
JION030IUMUYECKUMU MUKPOOP2AHUZMamu obec-
neuusaem pasnoe 6luUsHUE HA PA3GUMUE MUKDO-
OpP2aHU3MOB OMOENbHBIX eKOJ020-MPOPUYEKUX
epynn. Uumpooykyus 6 opeanudeckuii cyocm-
pam npeocmaeumerneti pooa Bacillus nonoocu-
MeNbHO 6lUsem HA Y8eludeHue YUCIeHHOCMU
YenrI030IUuMmUIeckux bakmepuil, a NPu UCNOb-
308anuu npeocmasumenetl pooa Trichoderma
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MiKkpomiyemie y komnocmi. Bidibpano mikpoop-
2aHI3MU, SKI Maomv HAUOIIbWUN NO3UMUBHUL
8NIUB HA PO3BUMOK MIKPODIOMU KOMNOCMY.

KirouoBi ciioBa: inmpooykyis mikpoopeani-
3Mi8, KOMNOCM, KypAuUull NOcaio, MiKpOOHI CYK-
yecii, Yenron030pYUHIBHI MIKpoopeauizmu, Ba-
cillus sp., Trichoderma sp.

nPoOUCXooum cmaduIu3ayus YUCIeHHOCMU MUK-
pomuyemos 8 komnocme. Omoopanvi MUKpOOp-
2aHU3MbL, NPOABUBUILE HAUDOIbUUEE NO3ZUMUB-
HOe IUsHUE HA PA38UmUe MUKPOOUOMbL KOM-
nocma.
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