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HNPEJUCJIOBHUE

[IpoGiema oxpanbl Onocdepsl OT 3arpsA3HEHUS PA3TUYHBIMU MTOJUTFOTAHTAMH B TIOCJICTHUE ICCATUIIC-
THS OCTA&TCsl OJTHOW M3 HamOoJiee akTyaldbHBIX. [I0CTOSHHO BO3pacTaeT BHUMAaHHE K 3arps3HCHUIO MOYB,
TaK KakK IMOYBAa SBIIETCS HE3aMEHUMBIM KOMITIOHEHTOM OMOc(ephl M UrpaeT KIIIOUYEBYIO POJIb B Tepepac-
MPEeICIICHUH BEIIECTBA U DHEPIMH MEKIY OCHOBHBIMH Treocdepamu, oopasyrouumu ouochepy. B duocde-
pe ToYBa BHITOJIHAET MHOXeCTBO (hyHKIMH. ONHON U3 HHUX SBISETCS MPOTEKTOpHAs GyHKius. Ee 3Haue-
HHUE TIOCTOSIHHO BO3PACTaeT B CBA3H C MPOTPECCHBHO PACTYIIUM 3arpsA3HEHHEM OKpPY)KaroIlel Cpeasl aH-
TpOTMOTreHHBIMU BBIOpocaMu. OkoJo 95% 3arpsA3HAIONINX BEIIECTB, MOCTYMAIOIINX B OKPYKAIOIIYIO0 CPEIy
U3 aHTPOTIOTEHHBIX UCTOYHUKOB, aKKyMYJIHPYETCs OYBOM, I/Ie OHU TPAHCPOPMHUPYIOTCS B MaJIOMOIBHK-
HBIC U MAJIOTOKCHYHBIE (DOPMBI WIIM pasiiararoTcs JI0 MPOCTHIX coequHeHui. [ToMumo momnepkanus pe-
CYPCOB IUIOAOPOJUS U OPraHUYECKOro YIiIepo/ia MoYBa KOHTPOIMPYET Ka4eCTBO BOAHBIX PECYPCOB, SIBIIS-
SICh TIPUPOAHBIM (DPUIBTPOM, OCYIIECTBISET TpaHChOopMaIuio popM OMOTEHHBIX JIEMEHTOB, 00CCIICUNBACT
OounopazHoobOpasue KUBOTHOTO, PACTUTEIBHOTO U MUKPOOHOTO MHpPA W PEryJMpyeT SMHUCCHIO M CTOK Map-
HUKOBBIX Ta30B B arMocdepy. Bce 3Tu kpuTHdecKu HEOOXOMUMBIC ISl J)KU3HU Ouochepbl (QyHKIMH OCY-
HIECTBIIIOTCS B TOHYAKIIEM MOYBEHHOM CJIO€ M HCIIBITHIBAIOT BO3PACTAIOIIEE BO3ACHCTBHE OT aHTPOIO-
TeHHBIX Harpy3ok. J{is Poccun moyBa sBiseTcs BaXKHEUITUM ¥ OOTaTEHITUM HUYEM HEBOCIIOJIHUMBIM TTPH-
POIHBIM pECypcOM, KOTOPBIH MOKET U JIOJDKEH MOJIHOCThIO 00eCIeunBaTh €€ MpoIOBOIBCTBEHHYIO U ChI-
PBEBYIO MOTPEOHOCTh. YUUTHIBAS, YTO C MOYBOU CBsA3aHO 99% Bceit Omomaccel 3emun u 6onee 92% us-
BECTHBIX T€HETUYECKH Pa3HBIX BUIOB JKUBBIX CYIIECTB, 3aIIUTA TIOYB OT XMMHYECKOTO U OMOJIOTHIECKOTO
3arps3HCHUS MMEET MPSMYIO CBSI3b C COXpaHeHHe Onopa3sHooOpa3ms Ha 3emiie, a 3HAYHT, yCTOWIMBOTO
Pa3BUTHUS SKOCUCTEM B OHOC(EpHI B IIEIOM.

Jerpananusi 3eMeNbHBIX PECYpPCOB, B TOM HYHCJE OT 3arpA3HEHHS, KOTOPYIO MHOT/Ia Ha3bIBAIOT «TH-
XOW CMEPTHIO» TUTAHETHI, IPUBOIUT K CHIDKEHWIO0 6nochepHBIX PpyHKIMM mouBbl. OHA TEpsET ILIOA0POIHE
M CTAaHOBHTCSl TOKCHYHOM, a MPOTPECCHBHO HapacTalollee 3arps3HeHHe MOYB HE TOJIHKO HApYIIAeT ecTe-
CTBEHHBIN KPYroBOPOT BEIIECTBA U YHEPTUM, HO pa3pylllaeT 3allUTHbIE CBOMCTBAa caMoi Mmo4Bkl. [ToaToMy
BaKHEHINICH 3a/1aucii SIBIISCTCS CHIDKEHHE HEraTUBHOTO 3((dekTa, BO3ZHUKAIONIET0 B Pe3yJbTaTe aHTPOIIO-
TeHHOT0 3arps3HeHus mouBbl. B Poccuu B HacTosiee BpeMsi OTCYTCTBYET TOTAIBHOE TEXHOTEHHOE 3arpsi3-
HeHue TeppuTopun. OHAKO JIOKATbHOE 3arPsA3HEHUE UMITAKTHBIX 30H JIOCTUTAET OYCHb BRICOKMX 3HAYCHUN
U TpeOyeT NMPUHATHS CEPhE3HBIX MEP 110 UX PEMEIUAIINH.

ACCOPTUMEHT 3arps3HAIONIUX [TOYBY BEHICCTB YPE3BhIUANHO MIUPOK. ITO COCTUHEHUS TIKEIBIX M-
TaJVIOB U METAJUIOWIOB, He()Th M HEPTEHPOMYKTHI, OUOIMBI PA3IMYHOTO HA3HAYCHHSI U XUMHYCCKUC
yI00peHUs, PaJMOAKTUBHBIC H30TOIBI M Pa3HOOOPA3HBIC MPOMBIILICHHBIE XUMHYECKHE COCIUHCHUSL.
Hawnbonpimee 6ecmokoiicTBO, KOHEYHO, BBI3BIBAIOT COEIWHEHUS TSDKEIBIX METAJUIOB, PaINOAKTHBHBIX Be-
IIECTB U CTOHKHE OPraHNYeCKHE MOJUTIOTAHTHI, BKITIO9Yast He(hTh M He(DTEPOAYKTHI.

OcCHOBHBIE HaIlpaBIIEeHUS] HAYYHBIX WCCIEIOBAaHHUM, CBA3aHHBIX C IMPOOJIEMON 3arps3HEHHS IOYB,
BKJTFOYAIOT: TIOYBEHHBII SKOJIOTHYECKUIT MOHUTOPHHT 3arpsi3HEHHBIX TEPPUTOPHNA, HOPMHUPOBAaHUE 3arpsi3-
HSFOINX BEIIECTB B ITOYBAX, MATPAINS 3arPA3HSIONMIAX BEIIECTB B TIOYBaX M U3 MOYB B CONPEAETHHBIE Cpe-
IIbI, CHIDKEHHE TOKCHYHOCTH W PEeMEeIHalus 3arpsS3HEHHBIX MOYB, METOABI MCCIEIOBAHUS 3arps3HEHHBIX
nmouB. Bee 3TH nccienoBaHus MPOBOATCS B Hallel cTpaHe U 3a pydexxoMm. OHAKO B HUX 3a49aCTyI0 OTCYT-
CTBYET CHCTEMHOCTh M BHYTPCHHSS KOOPJIMHAIUS, YTO CHUXKACT COBOKYITHBIM 3(PQEKT MPOBOJAUMBIX HC-
CJICIOBAHUM.

Hacrosmas xoHpepeHys B 3HAUNTENFHON CTENEHH MPOJoJbKaeT U Bo3pokaaeT tpanunmu 11 u 11
MexnyHaponubix koH(epeHimii «CoBpeMeHHbIE TPOOIEMBI 3arpsi3HEHUS MOYBY», YCIEIIHO MPOBOIMB-
mmxcs B MI'Y um. M.B. Jlomonocosa B 2007 u 2010 romax. OaHol U3 1eneil HacTosmel KoH(EepeHIIUN
ABJISIETCSl 3HAKOMCTBO YYaCTHHKOB C pEaIbHBIM COCTOSIHUEM COBPEMEHHBIX HCCIEAOBAaHHN B O0JIACTH aH-
TPOIIOTEHHOI'O 3arpsA3HEHUS MOYB, BBISBICHHE HAU0OJCEe «TOPSUMX» BOMPOCOB, KOOPIAMHAIUS YCHIUH TIO
PEIICHUIO BBISIBIICHHBIX MPOOJICM.

Oprkomutet Beipaxaet Omarogapaocts @AHO Poccun, a takke Poccuiickomy douny pyHaamen-
TaNBHBIX HccnenoBanmii (rpant Nel8-04-20027) 3a GUHAHCOBYIO OAJEPKKY KOHPEPEHIIMN «XUMHUECKOE
1 OMOJIOTHYECKOe 3arpSA3HEHNE TIOUBY.

1.6.1., mpodeccop J.JI. [TurcKwmiA,
qi1.-kopp. PAH A.O. AnekceeB
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EFFECT OF POLLUTED WATER ON MICROORGANISMS
IN THE SOIL UNDER RED CLOVER (Trifolium pretense L.)
Puki¢ A.D.*, Mandi¢ G.L.*, Semjonov M.A.**, Veskovi¢ S.***, MaSkovi¢ P.*, Stanojkovi¢ Sebi¢ A.****
*University of Kragujevac, Faculty of Agronomy, Cacak, Serbia; lekamg@kg.ac.rs
**Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia
***Institute for Meat Hygiene and Technology, Belgrade, Serbia
****|nstitute of Soil Science, Belgrade, Serbia

Abstract. This research was conducted to evaluate the effect of polluted irrigation water on total mi-
crobial count and Azotobacter cell numbers in an alluvial soil and a vertisol under red clover. A greenhouse
pot experiment in five replications on the two soils was laid out at the Faculty of Agronomy, Caéak. Two soil
treatments were used: soil irrigation with river water sampled 200 m downstream of the main industrial and
municipal wastewater collector in the Town of Cacak, and clean water provided through the public supply
system.

During the growing season, total microbial count and Azotobacter cell numbers increased in both soils,
most notably in the alluvial soil. The soil biogenic potential, expressed through total microbial count and
Azotobacter numbers, was somewhat lower in soils treated with polluted water. At the end of the growing
season, there was a decrease in the depressing effect of polluted water, particularly for Azotobacter.

Keywords: clover, microorganisms, polluted water, soil.

Introduction. The intensification of industrial activities, urbanization, transport and chemical use in ag-
riculture increases the rate of pollution of the biogeosphere, including the pedosphere and the hydrosphere,
and leads to intensified desertification, thus causing a reduction in agricultural land area and an increase in
protein deficiency (15-10%year) and famine in the world (1/4-1/3 of the world’s population is starving), as
well as hydric epidemics (26,000 people die each day) — PBukié¢ and Jemcev (2003), Puki¢ et al. (2007).

It has been estimated that 60% of the world’s population will suffer from water scarcity by 2025 (Qadir
et al., 2007). Therefore, polluted waters are expected to be increasingly used for irrigation purposes in
agriculture, as also, inter alia, dictated by economic reasons. This will have a negative effect on the soil
ecological status and crop yield and quality, as well as on livestock and human health (Butt et al., 2005; Munir
et al., 2007; Dragovi¢ et al., 2008; Fernandez et al., 2009). The severity of the effect will depend on a range of
factors, such as the type and origin of wastewaters, rate of irrigation, date of irrigation, type of soil, type of
crop and type of production (Zdenek et al., 1999). Given their marked sensitivity to the presence of pollutants,
some groups of soil microorganisms have been increasingly used as reliable indicators of the degree of soil
pollution and potential soil toxicity to other biological components (Puki¢ and Mandi¢, 2000). The
microbiological indication of the effect of polluted waters and their pollutants is based on changes in total
microbial count, numbers of some physiological groups of microorganisms, amount of microbial biomass,
biochemical activity, morphological traits, species composition, etc. (Guzev and Levin, 2001; DPuki¢ et al.,
2007; Wang et al., 2007; Bukic et al., 2013). In Serbian agriculture, irrigation is not substantially used for red
clover and other legumes. However, to increase the number of cuttings, red clover is often irrigated with
waters of unsuitable quality.

Given that such waters can lead to changes in the quantitative and qualitative composition of
microorganisms, as well as to changes in soil fertility (Andrijuk and lutinska, 1974; Kolling et al., 1976;
Semenov et al., 1979; Guzev et al., 2001; Semenov and Puki¢, 2017), the objective of this research was to
evaluate the effects of polluted irrigation water on total microbial count and Azotobacter cell numbers in soils
under red clover, and then act accordingly using the research results.

Material and methods. The experiment was set up under greenhouse conditions at the Faculty of
Agronomy, Cacak, in five replications in a randomized block design, using 15 dm?® pots containing alluvial
soil and vertisol (factor B). Red clover cv. *Krusevacka K 32’ seeds were g)lanted at a spacing of 5-7 cm, and
at a depth of 1 cm. Every 5-7 days, the pots were irrigated with 300 cm® of polluted water sampled 200 m
downstream of the main industrial and municipal wastewater collector in the Town of Cagak (trial batch), and
300 cm® clean water from the public supply system (control batch) — factor A.

Soil samples for microbiological analysis were collected three times during the growing season (factor
C), i.e. during the 2/3-leaf stage (stage ), intensive growth stage (stage Il), and budding stage (stage I1l). Total
microbial count was determined on a soil agar plated with 0.5 cm® of 107° dilution, and Azotobacter numbers
were counted on Fedorov’s medium by adding 0.2 ¢cm® of 107 dilution micropipetted into 50 drops.
Incubation was at 28°C (48h for Azotobacter and 5 days for total microbial count).

The results were subjected to a three-factor analysis of variance, and the significance of differences was
assessed by the LSD test (Statistica SPSS 5).

Results and discussion. The analysis of the chemical parameters of the polluted water used for soil ir-
rigation showed organic matter degradation (NH; — 0.156 mg/l; NO; — 65 mg/l; NO, — 0.0775 mg/l; PO, —
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0.314 mg/l; SO, — 71.70 mg/l), oxidation and reduction of organic and inorganic compounds (BPKs - 3.57
mg/l; HPK - 2.99 mg/l; KMnO, consumption — 340 mg/l; O,—1.46 mg/l), and the presence of toxic substances
(Cr—30-10mg/l; Pb — 31-10~° mg/I; Hg — 1.8-10~> mg/I; mineral oils — 170-107> mg/l; detergents — 0.09 mg/I,
etc.), often in concentrations exceeding the MPCs for irrigation waters.

As shown by the microbiological analysis of native soils (alluvial soil and vertisol), the total microbial
count (146-10°% 120-10°%) and Azotobacter cell count (30; 0) were rather low, which was in agreement with
their physicochemical and textural status (uncultivated soil). The data were consistent with the findings of
Rahno (1987), Jemcev and Puki¢ (2000), and Puki¢ et al. (2007).

The total microbial count in the alluvial soil and vertisol during the growing season increased, as the
result of the ability of microorganisms to gradually transform toxicants present in the irrigation water into
inactive forms (Semenova et al., 1992; Jemcev and Puki¢, 2000; Buki¢ et al., 2007; Bukic et al., 2013) to be
used as sources of energy or electron acceptors during respiration. Moreover, during the growing season, the
soil structure was improved and, hence, the water and air relationships became balanced (Uhrecky et al., 1956;
Jemcev and Puki¢, 2000; Buki¢ et al., 2012), leading to an increased rate of organic matter decomposition and
a consequential increase in total microbial count. However, the polluted irrigation water (compared to the
control) had a depressing effect, which was in compliance with the results of Kermen and Pinkiewicz (1976)
and DBuki¢ et al. (2007, 2013, 2015), who found evidence of suppressed biological activity (reductions in total
microbial count and numbers of Azotobacter, ammonifiers, fungi etc.) in soils treated with wastewaters.

The smaller difference in total microbial count between the experimental batch and the control batch in
both soils at the end of the growing season, as compared to the previous two dates, was attributed to the partial
degradation of active toxicants originating from the irrigation water (Puki¢, 1992; Puki¢ et al., 2015).

The significant variation in Azotobacter cell count in the alluvial soil and vertisol under clover is a
function of soil type and sampling date. The native alluvium and vertisol samples contained a very small
number of Azotobacter cells, which was in agreement with their cultivation status, structure and nutrient
potential (Rahno, 1978; Milosevi¢, 1989; Jemcev and Puki¢, 2000; Duki¢ et al., 2007). The same authors also
found that uncultivated soils may contain no Azotobacter chroococcum, even at favorable pH levels, which
was also testified by this experiment (vertisol).

The results on seasonal microbiological analyses showed large differences in Azotobacter colony-
forming units between the experimental batch and control batch at the first two dates (in the alluvial soil — 50
and 150 at the first date, and 500 and 750 at the second date, respectively; in the vertisol — 0 and 50 at the first
date, and 150 and 500 at the second date, respectively). The higher decrease in Azotobacter cell numbers in
experimental soils was due to the presence of higher concentrations of heavy metals, detergents, phenols,
mineral oils and other toxicants in the irrigation water. This finding was also confirmed elsewhere (Kermen
and Pinkiewicz, 1976; Ismailov, 1983; Letunova et al., 1984; Guzev et al., 1985; Puki¢, 1992; Ubavi¢ et al.,
1993; Duki¢ et al., 2003, 2015).

It is noteworthy that, at the end of the growing season, both batches of soil samples became equalized
for Azotobacter cell numbers (1000 cells per batch in the alluvial soil, and 500 cells per batch in the vertisol).
This phenomenon was also related to the partial detoxification over time. Similar findings were reported by
Albright and Vilson (1974) and Buki¢ et al. (2003, 2013, 2015), who stressed the ability of a large number of
microorganisms to actively transport heavy metals within the cell. Lower concentrations of heavy metals can
be chemically modified by microorganisms and thus made atoxic.

The considerably lower number of Azotobacter cells in the vertisol than in the alluvial soil can also be
associated with the fact that the oxidation/reduction potential of the vertisol, given its high clay content, is
much more unfavorable (Ciri¢, 1986; Jemcev and Puki¢, 2000; Puki¢ et al., 2007), as particularly reflected by
the number and activity of aerobic microorganisms (Jemcev and Puki¢, 2000; Jemcev and MiSustin, 2005;
bukic¢ et al., 2007).

Conclusions. The research results on the effect of polluted irrigation water on total microbial count and
Azotobacter cell numbers in an alluvial soil and a vertisol under red clover showed the following:

— during the growing season, there was an increase in total microbial count and Azotobacter cell
numbers in both soils, the increase being slighter towards the end of the growing season;

— total microbial count and Azotobacter cell numbers were higher in the alluvial soil than in the vertisol
at all dates during the growing season;

— the soil biogenic potential, expressed through total microbial count and Azotobacter cell numbers,
was somewhat lower in soils treated with polluted water than in those irrigated with clean water;

— polluted water had a more depressing effect at the beginning of the growing season than at the end of
the season, particularly for Azotobacter.
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