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The aim of the work was to study the soil agrochemical indices, soil microbiocoenosis, in case of
growing of energy cultures and based on the mineralization coefficient, to make a conclusion on the speed
of mineralization processes in the soils under study. In conditions of continuous field experiment (2011—
2016), the dynamics of soil microbial associations was studied for willow (Salix triandra x Salix
viminalis ‘Inger’) cultivation with application of experimental fertilizers of different types. In the
research fertilizers there were used: sulfuric urea, municipal biocompost, municipal sewage sludge
compost, rhyolite tuff and willow ash. The soil microbiotic communities analysis was conducted by the
method of serial dilutions of soil suspension with the use of differentially diagnostic nutrient media:
meat-peptone agar, starch-ammonium agar, Ashby medium, potato agar, Czapek Dox medium, starvation
agar, Ploskirev medium. The direction of the microbiological processes in the soils was determined.

According to the results, it was established that the most promising for the purpose of improving the
metabilic activity of the soil (in the growth of energy willow) is a municipal sewage sludge compost and a
municipal biocompost. In case of the use of municipal sewage sludge compost, the number of intestinal
bacteria, ammonifiers, micromycetes and actinomycetes was doubled as compared with the control. In
case of the use of municipal biocompost, the levels of microscopic fungi and cellulolytic bacteria doubled,
and those of intestinal bacteria and pedotrophs tripled as compared with the control. While calculating
the mineralization/immobilization index, it was shown that the most significant deviation from the
control plot was found in the rhyolite tuff treated soil — a decrease by 6 times, and in case of willow
ash by 2.3 times, which proved the inhibition of mineralization of the organic substances in the soil.

Key words: energy willow, organic and inorganic soil additives, soil microbiocoenosis, minera-
lization coefficient.

To date there have been known about year-long experience of growing energy willow

20 species of fast-growing plants that may
be grown to obtain high amounts of plant
biomass — e.g. eucalypt, poplar, willow, silver
grass, giant reed, and others. The harvested
biomass is used for the production of heat and
electric energy, and may be used as primary
product to produce such biofuel in the form of
granules and bricks [1-6].

In the EU countries (Sweden, Denmark,
United Kingdom), the use of energy cultures
is especially popular. In Ukraine, plantations
of energy willow are grown in Kyiv, Donetsk,
Ivano-Frankivsk, Volyn, Lviv, Ternopil
and Rivne oblasts (regions). Transcarpathia
(Zakarpatska oblast) also has a more than ten-

(Salix sp.).

This culture is used not only as an
energy source but with the aim of bio- or
phytoremediation. Willow may efficiently
grow on the soils with heightened level of
lead and cadmium [7], for instance along the
roads or near industrial facilities. Its wood
may be used as biofuel [3]. At the same time,
willow is a very fast-growing plant, which
fact allows it to be used for phytoremediation.
What is more, various willow species are
considered as promising plants for Ukraine’s
urban landscaping [8]. Earlier we have
analyzed changes in the composition of the soil
microbial coenosis occurring when growing
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energy willow, compared to the soils of the
meadow plot [9, 10]. There have been many
reports claiming that energy willow rapidly
exhausts the stocks of soil nutrients [11],
which is why the aim of our research has been
to study the soil agrochemical indices and soil
microbiocoenosis, in case of growing of energy
cultures; to compare the obtained data with
the control (a meadow ecosystem); and based
on the mineralization coefficient, to make
a conclusion on the speed of mineralization
processes in the soils under study.

Materials and Methods

Open-field small-plot long-term
experiment was set up with energy willow
(Salix triandraxSalix viminalis cv. Inger;
license holder: Lantminnen Agroenergi AB,
Sweden; Hungarian distributor: Holland-
Alma Ltd., Piricse) during April of 2011.
Research area is located in parallel to Westsik
street in Nyiregyhaza city (Hungary) in the
experimental field of Research Institute
of Nyiregyhiaza — University of Debrecen,
Centre of Agricultural Sciences. The basic
characteristics of the uncontaminated brown
forest soil were the following at 0-25 cm
layer: loamy sand texture; pH H,O 8,10;
pH KC1 7.52, CaCO5 (m/m%): 4,80; total salt
content (m/m%): <0.02; humus 1.51%;
CEC 10.4 cmolc/kg; NH,-N (mg/kg): 5.68;
NO;-N (mg/kg): 6.37; P — 713, K — 5653,
Ca — 21773, Mg — 5471, Cu — 12.7; Mn —
653, Zn — 44.3; As — 38.3; Cd — 0.11;
Pb — 13.6 mg/kg in HNO3;—H,0, extract. The
experiment was set up during 2011 on random-
block design with 40 small plots (3800 m?),
10 various treatments and with 4 replications.
In one 27 m? plot 40 willow bushes are grown.
During April and May of 2016 the main soil
treatments were the following:

« Control (without any fertilization since
2011).

Sulfuric urea (SU) — 100 kg/ha
dry weight with 46% nitrogen (producer
Nitrogénmiivek Vegyipari Co., Pétfirds,
Hungary); applied as top-dressing.

« Municipal biocompost (MBC) — 20 t/ha
wet weight with 75-76% dry matter
(producer Térségi Hulladék-Gazdalkodasi Litd.,
Nyiregyhaza, Hungary); applied also with the
same dose during the spring of 2011 and 2013.

Municipal sewage sludge compost
(MSSC) — 15 t/ha wet weight with 48-56%
dry matter (producer Nyirségviz Ltd.,
Nyiregyhaza, Hungary); applied also with the
same dose during the spring of 2011 and 2013.

28

« Rhyolite tuff (RT) — 30 t/ha wet weight
with 18% moisture content (producer Colas-
Eszakké Banyaszati Ltd., Tarcal, Hungary);
applied with this dose only during the spring
of 2011 and 2013 (not in 2016).

Willow ash (WA) — 300 kg/ha dry weight
with 1% moisture content (produced at the
University of Nyiregyhdza with burning of
willow shoots without leaves). 600 kg/ha WA
was applied to the soil during 2011 and 2013,
respectively.

Above fertilizers and additives were
immediately rotated to upper 0—25 cm layer
of the soil. The basic physical and chemical
characteristics (plant nutrient content) of
municipal biocompost, municipal sewage
sludge compost, rhyolite tuff and willow ash
were described in our previous studies [12-14].

The soil sampling for study soil microbiota
was done by August 8, 2016. The upper
5 cm layer of the soil was removed, and then
sampling was performed with the help of a
drill rod from 10-15 cm soil depth. Mixed
average samples were taken combining 5 soil
subsamples per plot, which were taken from
the neighbourhood of willow plants, located
in centre of the given experimental plot.
From every treatment 2 independent average
samples were taken from 2 parallel plots,
receiving the same treatments. All soil samples
were put in snap-lockable plastic bags, and
were transported immediately to laboratory in
Uzhgorod in a cooler box.

The soil microbial coenosis analysis was
conducted with the use of differentially
diagnostic nutrient media by the method
of serial dilutions of soil suspension. The
ammonifying bacteria were propagated on
meat-peptone agar (MPA); the actinomycetes
and mycobacteria — on starch-ammonium
agar (SAA); the oligotrophs — on Ashby
medium; the myxobacteria — on potato agar;
the micromycetes — on Czapek Dox medium;
the oligonitrophils — on starvation agar;
the Azotobacter — on Ashby medium using
the method of soil lumps fouling; the enteric
bacteria — on Ploskirev medium [15]. The
results were evaluated by the number of
colony-forming units per 1 g of absolutely dry
soil (CFU/g)[15].

The soil was selected from each plot of
the experiment in two replicates (parallel
treatments). All microbiological tests were
conducted with 3 replications.

The direction of the microbiological
processes in the soils was determined after
[16]. The mineralization/immobilization
index (MII) was calculated as the ratio of the
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number of microorganisms grown on starch-
and-ammonia agar and meat-infusion agar,
correspondingly. The pedotrophic index (PI)
was calculated as the ration of microorganisms
grown on meat-infusion agar and soil agar.

Statistical analysis of experimental data
was conducted with MS Excel 10.0 software
using analysis of a variance (ANOVA) followed
by treatment comparison using Tukey’s
test. The Tukey Test is a post-hoc test based
on the studentized range distribution. The
test compares all possible pairs of means.
The Tukey test is invoked when you need to
determine if the interaction among three
or more variables is mutually statistically
significant. Honestly significant difference is
shown when the pairwise difference between
two means exceeds the value. Hereinafter the
letters “a” etc. indicate statistically significant
differences.

Results and Discussion

In Table are demonstrated the regularities
in distribution of certain physiological groups
of microbial coenosis in conditions of growing
energy plants.

Ammonifiers. A statistically reliable
growth of ammonifiers was observed in the
version of the experiment with the use of
municipal sewage sludge compost.

Enterobacter. The number of intestinal
bacteria was observed to grow, with the use
of top-dressing (SU) their number doubled;
with the use of municipal biocompost (MBC) it
tripled; and with the use of municipal sewage
sludge compost (MSSC) it grew by 2.5 times.
The lower number of intestinal bacteria was
found in plots to be growing, if rhyolite tuff
(RT) and willow ash (WA) was applied.

Micromycetes. The number of
mictomycetes was observed to be growing if
RT, MBC, or — to the utmost — MSSC were
used.

Actinomycetes. The number of bacteria
using mineral forms of nitrogen was growing
if MSSC, or MBC were used. A considerable
decrease in the number of bacteria using
mineral forms of nitrogen was found when RT
was used. The number of these bacteria in plots
to be growing with the use SU and WA did not
differ from the control plot.

Pedotrophs. The number of pedotrophs was
observed to be growing in the soil of plot to be
growing if SU top-dressing, and if MBC and
RT were used.

Myxobacteria. No significant myxobacteria
changes were found in the soils of the

experimental plots, however it is worth noting
their lowering only in the soil of to be growing
if WA was applied.

Oligonitrophils. The number of
oligonitrophils was observed to be decreasing
with the use of MSSC, WA, and RT.

Celulosolytic organisms. The number of
cellulosolytic microorganisms was found to
decline in case of the use of MSSC, and RT.

Scientific literature is aware of such
regularities. The stimulating activity of
municipal sewage upon the content of most
bacterial and fungal groups was also proved
experimentally by the example of grey-brown
podzolic soils, during both the first and the
second year of the experiment [17]. When
secondary-treated municipal sewage was added
to the soil with willows, the microbial biomass,
microbial breathing and fermentative activity
were observed to grow [18].

In case of the use of MBC, rise in the levels
of intestinal bacteria, microscopic fungi,
actinomycetes, pedotrophs and cellulosolytic
bacteria was found (Table).

The calculated coefficients and indices
reflected the elements of the morpho-
functional structure of microbial coenoses,
and revealed the direction of the soil processes.
The mineralization/immobilization index
(MII) shows the intensity of the processes of
mineralization and assimilation of nitrogen
compounds, and characterizes the level of
intensity of mobilization processes in soil.
The pedotrophic index characterizes the level
of assimilation of soil organic substances by
microorganisms and thus the functionality of
the structure of the soil microbial coenosis.
Low pedotrophic indices were evidence of the
inhibition of mineralization of the organic
substances. Increase of the pedotrophic index
testified to the growing transformation
intensity of the organic substances [19].

In case of well-balanced ratio between the
processes of synthesis and decomposition
of organic substances, the wvalues of
mineralization indices approximated one.
These were the trends observed in case of the
control plot. In that case, the mineralization/
immobilization index equaled to 1.12
(Figure).

Similar values were observed in the
treatments MBC and MSSC (1.08 and 1.16,
respectively). The approximation of the given
values to the control values coincided with
the heightened number of actinomycetes
in the soils. Halving of the mineralization/
immobilization index was observed in the soils
with SU and WA added. In case of addition of
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and an artificial fertilizer as a top-dressing*

Soil microbiocoenosis after soil application of various additives

Group of microorganisms, CFU/g of soil x10%, M+
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Control 2.0=0.9 0.5+0.1 0.4+0.1 2.2+1.2 1.6+0.2 0.4+0.1 3.2+0.4 1.2+0.2
a b b b a c ¢ d
SU 2.8+1.3 1.1+0.1 0.9+0.1a 1.6=0.1 8.0=1.0 0.3+0.1 2.3+0.1b 1.5+0.1
a ¢ b d ab e
MBC 2.7x0.5 1.5+0.3 0.9+0.1d 2.9+0.6 5.1+0.9 0.2+0.1 3.5+0.2 2.0=0.5
a cd T be c a (¢ f
MSSC 4.5+1.2 1.2+0.1 1.7+0.1 5.2+0.9 2.0=0.6 0.3+0.1 1.240.24a | 0.3=0.1a
ab c f d a c
RT 3.0+1.7 0.3+0.1 1.2+0.1 0.6+0.2 4.4+0.6 0.4+0.1 1.440.6 a | 0.6+0.1D
a a e a c cd
WA 3.0+0.9 0.4+0.1 0.5+0.1 1.4+0.1 2.0=0.2 0.2+0.1 1.040.4 a 0.9+0.1
a a c b ab a c
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*Hereinafter: open-field long-term experiment. August, 2016. Nyiregyhaza, Hungary.
Abbreviations: SU — sulfuric urea; MBC — municipal biocompost; MSSC — municipal sewage sludge
compost; rhyolite tuff — RT; willow ash — WA.
Hereinafter: data are means of 3 replications in two parallel plots ANOVA Tukey’s test. The letters a—d
indicate statistically significant differences in the level of microorganisms (P < 0,05); M + m;

control — without any fertilization.

Impact of various additives
and an artificial fertilizer as a top-dressing
on the intensity of mobilization processes in soil, when growing energy willow
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RT, the given index was observed to go down
considerably (0.19).

The pedotrophic index in the control
equaled to 0.82. It went up in variants SU,
MBC and RT. With MBC and WA added, the
value of the pedotrophic index was observed to
halve to 0.44 and 0.48, respectively.

Based on the detailed analysis of the
mineralization indices, we observed that
the variant with addition of MBC was the
closest to the control. The obtained results
proved concordant with other authors’ data.
Introduction of compost into soil with energy
willow plantations was observed to change the
direction of environmental links, and increase
the integrity and resistance of the “soil —
microorganisms — plant” system [20].

Thus, the most indicative changes in
the soil microbiota against the control plot
were found in case of the use of municipal
sewage sludge compost: rise in the number
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MIKPOBIOTA IPYHTY
B YMOBAX BIZIKPHUTOI'O I1I0JILOBOI'O
EKCIIEPUMEHTY 3 YJIOBPIOBAHHS
IPYHTY EHEPTETHUYHOIO BEPBOIO

M. Kpueyosa', H. Boopux®, JI. IlTumon>

lymropou%RHﬁ HaIliOHAJIbHUI YHiBepCUTET,
Ykpaina
zHipeanasbRHﬁ yHiBepcureT, YropiiuHa

E-mail: maryna.krivcova@gmail.com

Meroio poboTu 6y10 BUBUUTHU I'PYHTOBI arpo-
XiMiuHI TOKa3HUKHU, MiKpPOOioIeHO3 I'PYHTY B pasi
BUPOIIYBAHHSA €HEPreTUYHUX KYJIbTYD Ta Ha OCHO-
Bi KoedilienTa MiHepasisallii 3poOUTH BUCHOBOK
Ipo IMIBUAKICTH ITPOIIECiB MiHepaJisalii Ha JocJIi-
MKYBaHUX I'PyHTaX. B yMoBaxX MOJHOBOTO JOBTO-
TpuBajoro ekcrepumenTy (2011-2016 pp.) mocri-
I)KeHO NWHAMiIKy MiKpoOHUX acolliaIliii IpyHTY
mig uac BupolnyBanus Bepou (Salix triandrax
Salix viminalis ‘Inger’) 3a BHECEHHS eKCIIePH-
MEHTAJbHUX TOOPUB Pi3HUX BUAIB. ¥ JOCJIiIKeH-
HAX BUKOPHUCTAHO TaKi BUAM HOOPUB: cipuaHy
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MUKPOBUOTA IIOYBBI
B YCJIOBUAX OTKPBITOI'O IIOJIEBOT'O
SKCIIEPUMEHTA I10 YIOBPEHHIO
T'PYHTA SHEPTETHUYECKO UBOM

M. Kpueyosa®, H. Boopux?, JI. IlTumon?®
lymropoacmmﬁ HAIIMOHAJbHBIN YHUBEPCUTET,
Yrkpanna
2Yuusepcurer Heoupegsxasa, Bearpus

E-mail: maryna.krivcova@gmail.com

ITenbro paboThI OBLIO UBYYUTH I'PYHTOBEIE ar-
POXMMMUYECKYe ITI0KAa3aTe N, MUKPOOHMOIEHO3 IT0Y-
BBI, ITPU BBIPAIIIMBAHUY 9HEPTETUUECKUX KYJIbTYP
1 Ha OCHOBE Koa(D(pulleHTa MUHEePAJIU3auu Cae-
JIaTh BBIBOJ O CKOPOCTH IIPOIIECCOB MUHEPAaIn3a-
MUY Ha UCCJEIYyeMbIX ITOYBaX.

B ycioBUAX QIUTESIBHOTO IIOJEBOTO YKCIIE-
pumenTa (2011-2016 rr.) ucciemoBaHa AWHA-
MHKA MAIKPOOHBIX aCOIIMAIIUN IIOUBLI IPU BhIPa-
muBanum uBkl (Salix triandraxSalix viminalis
«Inger») 1 BHECEHUU 9KCIEePUMEHTAJIbHBIX Y/I0-
OpeHU pasJUYHBIX BUAOB. B mcciieqoBaHUAX
WUCIIOJIb30BAHBI CJEAYIOIIWE BUIBI YIOOPEHUIA:
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CEeUOBUHY, MYHITUIIAIBHUA HAMYJ, MYHIITUIIAb-
HU# 6iokoMIioCcT, piosiToBu#l Tyd i 30,1y BepOuU.
I pyHTOBUH MiKpO6GiOLEHO3 BHBHAYAIN METOLOM
OCiBY CepifiHUX PO3BeIeHb I'PYHTOBOI cycIeH3il
3 BUKOPUCTAHHAM AU(EPEeHI[ITHO-1arHOCTUYHUX
JKUBUJILHUX CEPEIOBUII: M ACOIEIITOHHUM arap,
KpoxMaJie-aMiauHU#M arap, cepemosuire Eioi,
KapTomIsHu arap, cepenoBuilie Yanmexka—J[okca,
roJIofHUiT arap, cepenoBuiiie Ilimockipesa. Busua-
YaJau iHTeHCUBHICTL MiKPOOiosOoTiUHMX IIpoIieciB
y I'DYHTax.

3a peayJjbTaTaMM AOCJiIKE€Hb BCTAHOBJEHO,
110 Haf6iJbINT TePCIeKTUBHUMHY 3 METO0 IOJIiTI-
IeHHA MiKpOOHOTO yrpynoBaHHA I'PYHTY (B pasi
BUPOIIYBAaHHA €HEPreTUYHOI BepOu) € MyHiInu-
HaJbHUUA HAMYJ Ta MyHIiITUTIAIbHUN 0i0KOMIIOCT.
3a BUKOPUCTAHHSA MYHIIIUIIAIBHOTO HAMYJIY CIIO-
crepiranu 36iMbIIeHHA KiJTBKOCTiI eHTepoOaKTe-
pi#t, amoniikaTopiB, MiKpoMineTiB Ta aKTHUHO-
MineTiB yaBiui mopiBHAHO 3 KOHTpoJeM. ¥ pasi
3aCTOCYBaHHSA MYHIiIIUIIAJIbLHOTO 0i0OKOMIIOCTY BU-
SABJIEHO ITiIBUIIEHHSA PiBHA MiKPOCKOIIIYHUX T'PU-
0iB Ta IEeJI0JI030iTUUYHNX OaKTepilt — yaBiui, a
KUIITKOBUX 0aKTepiii Ta megoTpodiB — yTpudi mo-
PiBHAHO 3 KOHTPOJIEM. 3a O0UUCIeHH iHIeKC Yy Mi-
HepaJizarii/iMmmob6ismisarnii BcranoBuIM, 1110 HAM-
OisIbIlle BiIXMJIeHHSA BiJ KOHTPOJILHOTO BapiaHTa
BUSBJIEHO B I'DYHTi, 00po6GjeHOMY piosiiToBUM
Ty(oMm, — 3meHIIeHHsa y 6 pasis, y pasi sacrocy-
BaHHA 30J11 BepObu — B 2,3 pasa, 1110 CBiJUUTE ITPO
raJIbMyBaHHA MiHepaJsizallil opraHivHuX peUOBUH
y I'PYHTI.

Knwuoei crosa: enepreTuyHa BepOa, opraxiuni
Ta HeOpraHiuHi 106puBa, MiKpoOioleHO3 I'PYHTY,
KoedimienT minepaJisarrii.

CepHYI0 MOUYEeBUHY, MYHUIITUTIAJIbHBIN UJI, MyHHU-
MUIAJbHBIA OMOKOMIIOCT, PHOJUTOBUN Ty u
30Ji1a uBbI. IlouBeHHBIIT MUKPOOOIEHO3 OIIpee-
JISIIX METOZOM IOCeBa CePUIHBIX pasBeleHUd
MMOYBEHHOM CYCIeH3WU C MCIIOJIb30BaHUEM Au-
depeHIInaIbHO-TNAaTHOCTUUYECKUX TUTATEIbHBIX
cpel: MACOIENTOHHBIN arap, KpaxMaJo-aMMU-
auHBINA arap, cpefa Juibu, KapTodeabHBIHA arap,
cpena Yameka—J/lokca, roJIoOnHBIA arap, cpeaa
IInockupesa. Onpenensany UHTEHCUBHOCTb MU-
KPOOMOJIOTUUECKUX TIPOIIECCOB B IIOUBAX.

ITo pesyabTaTaM IpPOBeIeHHBIX HCCJIEIOBA-
HUI YCTAHOBJEHO, UTO HanboJiee MepCIeKTUBHDI-
MU C IIeJIBIO VIYUIIIeHs MUKPOOHOI IPYIIINPOB-
KU MMOYBHI (IIPU BBIPAIIIMBAHUY dHEPTETUUECKON
WBBI) ABJSAIOTCS MYHUIIATIAJBLHBIN UJI U MYHUIA-
MaJbHBIN OMOKOMITIOCT. B cayuae mcmob30BaHUA
MYHUIIUIIAJIbHOTO WJa BBLIABJIEHO yBeJHUYEeHUE
KoJInuecTBa 9HTepobaKTepuii, aMMOHU(PUKATO-
POB, MUKPOMUIIETOB ¥ aKTUHOMUIIETOB BIBOE IIO
CpPaBHEHUIO C KOHTPoJieM. B ciyuae ucmosb30Ba-
HUS MYHUIIAIIAJIbHOTO OMOKOMIIOCTA BBISIBJIEHO
TOBBIIIIEHNE YPOBHSA MUKPOCKOIIMYECKUX TPHUOKOB
U TeJITI0JIO30JUTUYECKUX OaKkTepuii — BABOE, a
KUIEeUHBIX OaKTepuilt u megoTpodoB — BTPOE IO
CPaBHEHUIO C KOHTPOJIEM.

IIpu BBIUMCIEHUY WHAEKCA MUHEepaIN3aIum,/
UMMOOUIN3AIUY YCTAHOBJIEHO, UTO HANOOJIbIIIee
OTKJIOHEeHWEe OT KOHTPOJILHOTO BapraHTa o0Hapy-
JKeHO B MouBe, 00paboTaHHOII PUOJUTOBBLIM TY-
¢dom, — ymenbIenue B 6 pas, B ciydae IpuMeHe-
HUS 30JIbI UBBI — B 2,3 pasa, 4TO CBUAETEIbCTBYET
0 TOPMOKEHUU MUHEePaJU3alluy OPraHUIEeCKUX
BEIIEeCTB B IIOYBeE.

Kntouessle crosa: sHepreTniecKas UBa, OPraHu-
YyecKue U HeopraHWYecKue yIoO0peHus, MUKPO-
OMOIleHO03 MOYBBLI, KOI(PPUIIMEeHT MHUHepaJu-
3aIuu.

The work was doneaccordingto the project EFOP-3.6.2.-16-2017-00008tudiesof complexrural economicand sustainabilit
developmentsandelaboratiorof managementetworkin the Carpathiarbasin.
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