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Many research has been devoted to the influence of organochlorine pesticides (OCP)
on soil microorganisms, but there is little information available on effect of different levels
of contamination with hexachlorobenzene (HCB) on soil microbiota. The purpose of this
study was to investigate the influence of various doses of HCB on microbiota of chernozem
soil. Methods. Quantity of microorganisms was assessed using the method of sowing ten-
fold dilutions of the soil suspension on agarified nutrient media and assessing the number
of colony-forming units (CFUs). The results of the research showed that the HCB effect on
microbial quantity of functional groups and their ratio was negative. The most susceptible
to HCB action were cellulolytic fungi and streptomycetes, the most stable ones — soil
micromycetes. Conclusions. HCB effect disrupts both the mechanisms as resistance and
flexible stability of microbial communities.

Keywords: hechachlorobenzene, soil microniota, resistance, flexible stability, pedo-
trophics, amylolytics, oligonitrotrophic and nitrogen-fixing bacteria, phosphate-mobilizing
bacteria, streptomycetes, cellulolytic fungi, micromycetes.

Microorganisms play an important role in functioning of agroecosystems.
There are many functions that microorganisms performing, such as participating
in the nutrient cycles, and increasing of soil fertility. They may also affect
the spread of phytopathogens and plant resistance to them. Prokaryotes are
a very important component of soil biota, due to their quantity, biodiversity
and high functional activity. Intensive system of plant growing that remains
a dominant factor in agricultural production causes change in the abundance
and biodiversity of soil microbiota due to using chemical means for plant
protection. Unlike other xenobiotics, organochlorine pesticides (OCP) are
unique chemical stressors. These substances can be stored in the soil for a
long time and affect the state of the ecosystem. Due to high chemical toxicity
and solubility in lipids OCP accumulate in the fatty tissue of animals and thus
proceed to higher trophic levels [1]. In addition, they can be transferred over
a long distance by circulating in the atmosphere from low to high latitudes.
Many OCP, including hexachlorobenzene (HCB) are known to have been
found in soils and animals from the most remote Arctic and Antarctic regions
[2]. One of the most common organochlorine pesticides is HCB, which is
component of industrial waste. Currently HCB is prohibited in most countries
for its negative impact on human health and the environment [3]. Despite
the prohibition of HCB production in the USA and Europe, it is an important
by-product or intermediate in the manufacturing of some pesticides [4]. The
significant amount of current environmental pressure of HCB is also believed
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to be concentrated in the soil [5]. The predominant amount of HCB in the
atmosphere is believed to evaporate mainly from contaminated soils [2].

Soil microorganisms are most sensitive to pesticide contamination. As part
of a soil microbiota, there are populations that are suppressed or eliminated,
as well as more tolerant, becoming dominant, having their high ecological
plasticity. Microbial strains resistant to pesticide contamination may be
promising in soil bioremediation [3]. Stability of soil microbiota from various
agrocenoses in Ukraine to HCB contamination is insufficiently investigated.

Therefore the primary objective of this work was to study the influence
of hexachlorobenzene as component of industrial waste on microbiota of
chernozem soil from Kyiv region.

Materials and methods. Experiments were conducted in laboratory
conditions. Soil weights of 250 g were placed in plastic containers, moistened
to 70% of the total moisture content, maintained for 12 days to stabilize
biological processes, and then experimented with soil contamination by
hexachlorobenzene (HCB) in such maximum permition concentration (MPC):
10, 500, 1000, 5000, 10000, calculated according to MPC of hexachlorobenzene
is 0.08 mg/kg of soil [6]. Researched industrial waste contains 90% HCB
and 10% various industrial impurities [7]. Control variant was without HCB
toxicant. Experiments was performed in two replications. Soil incubation was
carried out for 60 days at +18 +20°C, maintaining 70% of the total moisture
content. On the 45th and 60th day of the experiment microbiological studies of
the soil were carried out. The quantity of microorganisms was assessed by the
method of sowing ten-fold dilutions of the soil suspension on agarified nutrient
media and assessing the number of colony-forming units (CFUs) per gram of
dry soil, taking into account its moisture content. The quantity of pedotrophic
microorganisms was determined on soil agar, amylolytic — on starch-ammonia,
oligonitrotrophic and nitrogen fixing — on the Ashby’s medium, phosphate-
mobilizing — on the Menkina’s medium with phenolphthalein sodium phos-
phate, streptomycetes — on potato-glucose agar (PGA), cellulolitic — on the
Hutchinson’s medium with a disk of filter paper, micromycetes — on the
Czapek’s medium([8]. Statistical processing of the results was carried out using
Excel software.

Results. As a result of the study of the effect of various doses of HCB
on microbiocenosis of chernozem soil, data have been obtained that HCB
has a pronounced toxic effect on all functional and taxonomic groups of
microorganisms.

Pedotrophic bacteria under the action of low dose HCB (10 MPCs) decrea-
sed their quantity by 11.5% after 45 days of cultivation, and after 60 days —
by 34.5% compared to non-contaminated control (Fig.1 A). At the action of
the average dose of HCB (500 and 1000 MPCs), their number decreased by
31.8% and 59.5%, according to 45 day and 60 day cultivation. In the variant
with an ultrahigh dose of a toxicant 10,000 MPCs after 45 days the content
of pedotrophic bacteria decreased by 55,4%, and after 60 days — by 67,3%.
Amylolytic bacteria have shown a relative tolerance to the HCB contamination.
Under the action of polluting doses in the interval from 10 to 500 MPCs, their
number decreased by 25%. However, in conditions of increasing the dose up
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to 1000 MPCs and subsequent toxic load up to 10,000 MPCs, their number
fluctuated from 47 to 53% compared to non-contaminated control (Fig.1 B).
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Fig. 1. Quantity of pedotrophic (A) and amylolytic (B) bacteria in the soil contaminated
with different doses of HCB

Oligonitrotrophic and nitrogen-fixing bacteria in the first 45 days of the
experiment showed resistance to HCB in the dose range from 10 to 1000
MPC:s, for which the quantity slightly decreased by 14.2 — 17.2% as compared
to the control. However, in these variants during 60 days, the number of
oligonitrotrophic and nitrogen-fixing bacteria decreased by 42.2 — 43.3%.
In the case of high contaminating doses (2500 — 10000 MPCs), the number
decreased in the first 45 days by 48.8 — 55.7% in comparison with control and
has remained at this level for the next 60 days of cultivation (Fig. 2A).

Phosphate-mobilizing bacteria demonstrated relative tolerance to HCB.
At the smallest dose of contamination, their quantity decreased by only
14.6% compared to non-contaminated control, and at the highest dose of
contamination, their number remained high enough: 52.1 — 53.2% compared to
control. It should be noted, that the quantity of phosphate-mobilizing bacteria
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in the course of cultivation (from 45 to 60 days) was statistically unreliable. It
can be suggested that phosphate-mobilizing bacteria under long-term action of

HCB were adapted to its toxic effects (Fig. 2B).
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Fig. 2. The number of oligonitrotrophic and nitrogen-fixing (A), phosphate-mobilizing
(B) bacteria and streptomycetes (C) in soil contaminated with different doses of HCB
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On the 45th day of the experiment streptomycetes showed a direct
dependence of the number on the toxicant amount. Compared with control
level over 45 days of the experiment at low dose of 10 MPCs contamination,
the quantity of streptomycetes decreased by 15.1%, under the action of 1000
MPCs — by 53%, and 10,000 MPC — by 71.4%. In conditions of longer-term
exposure to HCB (60 days), a further significant decrease in the number of
streptomyces was detected. Even with the smallest dose (10 MPCs), its number
decreased by 24.4%, under the action of 1,000 MPCs — by 66%, and 10000
MPCs — by more than 92% (Fig. 2B).

Cellulolytic fungi also appeared to be sensitive to the effects of various
doses of HCB. Their number decreased in direct proportion to the dose of HCB
for both 45 days and 60 days of experiment. Under the influence of 10 MPCs
its number decreased by 46.9 — 48.2%, 1000 MPCs — by 76 — 76.4%, 10,000
MPCs — by 87.9 — 88.2% compared to the control (Figure 3A).

Soil micromycetes appeared to be the most tolerant to HCB, as even under
the action of the highest dose HCB (10,000 MPCs) their quantity decreased
by only 24.4% compared to the control. After 60 days of cultivation in the
presence of different doses of HCB in comparison with 45 days, no statistically
significant diminution in the number of micromycetes occurred (Fig. 3B).
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Fig. 3. The number of cellulolytic fungi (A) and micromycetes (B) in soil contaminated
with different doses of HCB
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Generalized data on the reaction of microbial communities on HCB effect
are presented in Fig.4.
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Fig. 4. Effect of HCB on soil microorganisms of different functional groups
(% to the control): A — cultivation for 45 days, B — cultivation for 60 days

In the course of cultivation for 45 days under the action of the smallest
dose 10 MPCs of pollution with a slight decrease in the number (12 — 17%
compared to non-contaminated control) showed relative stability in the ratio
of the number of functional and taxonomic groups of microorganisms with
the exception of a significant decrease (by 47%) of the amount of cellulolytic
fungi. Under the action of a super-high dose of contamination (10000 MPCs),
the structure of the microbial communities compared with non-contaminated
control varied toward a significant reduction in the number of streptomycetes
(by 71,4%) and cellulolytic fungi (at 87,9%).

With an increase in the duration of HCB influence to up to 60 days in the
variant with a dose of 10 MPCs, there was a further reduction in the number
of microorganisms compared with 45 days cultivation, but their ratio did not
change significantly compared with the control, except for decrease in the
number of cellulolytic fungi.
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The highest dose of contamination of 10,000 MPCs provoked changes in
the ratio of microorganisms quantity, which consisted in a significant reduction
in the number of streptomycetes and cellulolytic fungi (up to 92% and 87.9%
respectively), and the preservation of high levels of soil micromycetes.

Discussion. The obtained results revealed that pedotrophic bacteria are
sensitive to the action of HCB, and long-term effects of high doses of toxicants
significantly reduce their number.

In contrast to pedotrophic bacteria, oligonitrotrophic and nitrogen-fixing
microorganisms established tolerance in a wide range of toxic loading, i. e.
with an essential increasing of contaminating doses, no significant reduction
in the number was detected compared with the lowest contamination doses.

It is known that the majority of streptomycetes are the sensitive group
of soil microorganisms to organochlorine pesticides, especially to its long-
term pressure effect [9]. The decreasing number of streptomycetes during
exposure to HCB indicates that the sustainable development of chernozem
soil streptomycetes under the action of HCB is violated. Such type changes
can negatively affect the functions of soil microbiota in general. Every soil
microbial group provides essential transformative and biosethetical processes
[10]. Streptomycetes are known to be producers of a wide range of biologically
active substances (antibiotics, phytohormones, lipids, vitamins), which have a
positive effect on plants and their resistance to diseases [11].

Cellulolytic fungi play an important role in the transformation of plant
residues and humus formation [12].

The response of soil micromycetes to pesticidal loading was radically
different. The prevalence of micromycetes against reducing the quantity
of prokaryotes of different functional groups can lead to deterioration of
the soil phytosanitary state since among the micromycetes there are many
phytopathogenic representatives.

It should also be noted that in our experiments, in any case, we did not
observe the tendency to recovery of the microorganisms quantity. It is known
that in the ecology “stability” is defined as a dynamic response to stress, that is,
the ability of a system to self-regulation, which manifests itself in two forms:
flexible, such as the rate of return of a system to the initial state and resistance,
as the ability of a system to avoid changes [13, 14].

Proceeding from these provisions, as well as from our experimental data,
we can conclude that the contamination of chernozem soils by HCB at doses
from 10 to 10,000 MPCs violates the mechanisms of resistance and flexible
stability of microbial communities.

The most susceptible to HCB contamination are cellulolytic fungi and
streptomycetes, the most stable — soils micromycetes. The microbiocenosis
structure and the number ratio of major ecological trophic groups, mechanisms
of resistance and elastic stability of microbiota are violated in HCB
contaminated soil.
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Pesrome
[IuTanHO TIPO BIUIMB XJIOPOPTaHIYHHUX MECTHINIIB HA IPYHTOBI MIKPOOPTaHi3MH MTPH-
CBSIYEHO Oararo poOiT, aje Jiro pi3HUX PiBHIB 3a0pyAHEHHS reKcaxJIopOeH30JI0M Ha MIKpO-
OHI YIpyIOBaHHS IPYHTY III€ HEJIOCTATHRO MOCIIIKCHO. MeTor podoTH Oy/i0 BUBUCHHS
BIUMBY pi3HUX 103 ['Xb Ha MikpobioTy wopHO3eMHOTO TpyHTY. MeToau. KinpkicTs Mi-
KpPOOpTraHi3MiB BU3HAYaJIM METOJIOM IIOCIBY I'PyHTOBOI CycCIIeH311 Ha arapu30BaHi IOKUBHI
CepeIoBHIIA 3 HACTYITHUM ITiJIpaxXyHKOM KUIBKOCTI KOJIOHIH yTBOprotouux oauHuib (KYO).
PesyabraTn mocnimkeHHs mokasand, mo [ Xb HeraTuBHO BIMBa€ HA YHUCENBHICTH €KO-
J0ro-TpoiYHUX TPy MIKOOPTraHi3MiB Ta IX CIIBBIJIHOLICHHS y MiKpOOI1OIIEHO31 IPYHTY.
Haii6inpin 4y TMBUMH 10 3a0pyJHEHHsI OyJIH LIENION030JITHYHI IPUOH 1 CTPENTOMIIETH,
HaHOUIBII CTINKUMU — TPYHTOBI Mikpominietu. BucHoBku. 3a aii ['’Xb mopymryoTscs Me-
XaHI3MH CTIHKOCTI OTIOpY 1 MPy’»KHOT CTIMKOCTI MIKDOOHUX YrpYyIIOBaHb.
Knrouosi cnosa: rexcaxiaopOeH30i1, MiKpooioTa IpyHTY, CTIHKICTb, THy4YKa CTa0lIbHICTB,
omiroHiTpoTpodHi Ta azoTdikcyrodi bakTepii, hochaTrmodinizyrodi bakTepii, cTpenTomirie-
TH, [EIIOJI030JITHYHI TPUOH, MIKPOMILIECTH.

BJAUSHUE T'’EKCAXJOPBEH30JIA HA MUKPOBUOTY
YEPHO3EMHOM IMOYBBI

H. A. Améopko, M. U. /Tumosa, I. A. Hymunckasn
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Pesome

Bonpocy BrusHHUS XJIOPOPraHUUECKUX MECTULNIOB Ha MOYBEHHBIE MUKPOOPTaHU3MbI
MOCBSIIEHO MHOTO PaboT, HO ICUCTBHE Pa3IMUHBIX YPOBHEH 3arpsi3HEHNUS reKcaxnopOeH-
30JI0M Ha MHKPOOHBIE COOOIIECTBA MOUYBKI €lle HEAOCTAaTOUHO uccienoBaHo. Lleanio
Pa6oThI ObUIO U3YUYCHUE BIUSHMS Pa3IMYHBIX 1103 rekcaxiopuukiodensona (I'Xb) na
MHUKPOOHMOTY 4epHO3eMHOH 1mouYBHL. MeToabl. KommdecTBO MUKPOOPTaHU3MOB OTIPEIeIs-
JI1 METOJIOM I10CE€Ba MOYBEHHON CYCIIEH3UU Ha arapu30BaHHbIE TUTATEIbHBIE CPEBI C M0~
CJICJLYOLIMM T0/ICUETOM KoJIM4ecTBa KojloHui oopasyrouux exunul (KOE). Pesyabrarel
MCCIIeTOBaHuUs MMoKa3aiy, uTo [ Xb HeraTuBHO BIHSAET HA YUCICHHOCTH SKOIOTO-TPOdHIye-
CKHX I'PYII MEKPOOPTAaHU3MHB U MX COOTHOLIEHHE B MUKpOOHOIIeHO3e 1ouBbl. Hanbomee
YyBCTBHUTEJILHBIMH K 3arpsI3HEHUIO ObUIN LIEJIIOI030JIMTHYECKHE TPUOBI U CTPEIITOMH-
[ETHI, Hanboee yCTOMYMBBIMHU — MIOYBEHHBIE MUKPOMUIIETHL. BhiBoAbI. [1o peticTBreM
I'XDB HapymaroTcss MEXaHU3MBI PE3UCTEHTHOHN U YIIPYTO#l YCTONYNBOCTH MHUKPOOHBIX CO-
o0wIecTB.

Kniouegvie crnosa: rexcaxiopOeH3071, MUKPOOHNOTA MOYBBI, YCTOWYMBOCTh, TMOKas cTa-
OWIFHOCTB, OJIMTOHUTPOTPOQHEIC U a30THUKCHpYIoIHe OakTepuu, GochaTMOOITH3NPY-
Io1IMe OaKTepUH, CTPENITOMULETBI, IIETI0I030IUTHYECKHE TPUObI, MUKPOMHILIETHI.
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