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PE3IOME

M3non3BaHeTo  Ha  MUHepasnHu
TOpOBE MNPOMEHsT (PNOPUCTUYHNUS CbCTaB
Ha TpeBHMTE cboOLiecTBa U yBenu4yaea
npoayktueHocTTa. [lo-manko ca obGave
npoy4yBaHusaTa 3a cpegHocpodHute (5-10
roamMHn) edekTn Ha MUHepanHUTe TopoBe
Bbpxy OobvBa M bropUCTUYHUS CbCTaB,
0coBeHO BBPXY MPOMEHUTE B MOYBEHUS
mMukpobuom. Crnen nepuon OT  oceMm
rogmHn  (2012-2020) e HabnopasaH
eekTbT Ha TopoBeTe (KOHTpona - ©e3
TopoBe, , PK-60 kg ha' P,Os, 60 kg ha™
K,0, N20PK-20 kg ha™ N, 60 kg ha™ P,0s,
60 kg ha™ K,0, NBOPK-80 kg ha™ N, 60 kg
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SUMMARY
The use of mineral fertilizers
changes the floristic composition of

grassland communities and increases
productivity. However, fewer studies
have been conducted on the medium-
term (5-10 years) effects of mineral
fertilizers on yield and floristic
composition, particularly on changes in
soil microbiom. After eight years (2012-
2020), the effect of fertilizers (control —
no fertilizers, PK-60 kg ha™ P,Os, 60 kq
ha™® K,0, N20PK-20 kg ha™ N, 60 kg ha’
P,Os, 60 kg ha™ K,0, N8OPK-80 kg ha™
N, 60 kg ha™ P,0s, 60 kg ha™ K0, and
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ha* P,0s, 60 kg ha™ K,0, and N140PK-
140 kg ha™ N, 60 kg ha™ P,0s, 60 kg ha™
K,0) n BapyBaHe (6e3 Bap 1 Bap c 1 t/ha)
BbpXy  TpeBHMTEe  cbobwecrBa  Ha
Danthonia alpina Vest (syn Danthonia
calycina). WacnegBaxme edpektute oOT
obpaboTkaTa BbpXy MPOU3BOAUTENHOCTTA
W Oena Ha XUTHUTE pacTeHns (CEMENCTBO
Poaceae), 6obosuTe (cemenctBo
Leguminosae) wn pasHoTpeBu (Opyrv
BMOOBE).

MouBeHNAT  MMKpPOOBMOM belle
noeHTudmMLUmMpaH 4pes aHanmMsvMpaHe Ha
Oposs Ha: obwma 6Gpom  MuKpoOw,
reouykuTe, cBOOOOHO Xunpeewnte
asoTdukcmpaLim OopraHv3mm "
akTuHommuetute. TpetupaHeto ¢ PK
cTumynupa ©o6oBuUTE pacTeHus, OoKaTo
TPEBHOTO MokpuTne Hamans. Cblo Taka,
C yBenuyaBaHeTO Ha [JobaBeHus asor,
TPEBHOTO MOKPUTUE CE YBENMUYN.

BapyBsaHeTOo 3HauYUTENHo
yBennyaBa OOLOTO  KONMWYECTBO  Ha
MUKPOOPraHM3MmnTe U  aKTMHOMULIETUTE,
[okato 6poAT Ha rbbute e 3Ha4MTernHo

HamarneH. TpeTupaHeto N20PK
BKMIOYBALLE  HAW-TONSAMO  KONMYECTBO
MUKpOOM 1 rboK, gokato TpetnpaHeto PK
cbabpalle Han-ronsam Opon
aKTMHOMULIETK n cBoboaHM
asoTdmkcupawim  BewecTtBa.  Cnopef

nonyvyeHUTe pesyntatu, TpeTupaHusita c
TOpOBE Mokas3BaT 3HAYMTENHO yBENMYEHNE
Ha gobuBa M TOW MOCTEMNEHHO HapacTBa C
yBenuyaBaHe Ha npunaraHus as3oT. Hanm-
BUCOKMAT OOOMB B CpaBHEHME C
koHTponaTa (1,8 t ha') e mocTurHaT npw
N140PK (5,68 t ha™), Ho Toil He ce
pasnuyaBa CbLIECTBEHO OT TO3U MpM
N8OPK (5,27 t ha'). [obuBbT He e
3HAUNTENHO YBENUYEH Ype3 MoBMLLIABaHE
Ha a30THOTO CcbabpxaHune ot 80 t ha™go
140 t ha, HO YMcreHoCTTa Ha MOBEYETOo
OT UW3CnefBaHWTE BUAOBE  MWUKPOOU
ApacTU4YHO HamarnsiBa, Taka 4Ye Tasu fosa
He e HanbIHO noaxoasLua.

KniouoBu aymu: mukpobuom, 6por
Mukpobu, , Tpeen, NPK Topose
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N140PK-140 kg ha™ N, 60 kg ha™ P,Os,
60 kg ha™ K;0) and liming (no lime and
lime with 1 t/ha) on the grassland
community of Danthonia alpina Vest (syn
Danthonia calycina) were observed.

We researched the effects treatments on
productivity and share of grasses (Fam
Poaceae), legumes (fam Leguminosae)
and forbs (other species).

Soil microbiome have been identified by
analyzing the number of: total microbial
count, fungi, free living nitrogen fixers
and actinomycetes.

PK treatments stimulated legumes, while
grass cover decreased. Also increasing
nitrogen added, grass cover abundance
has risen.

Liming significantly increased the
total number of microorganisms and
actinomycetes, while the number of fungi
was significantly reduced.

Treatment N8OPK involved the greatest
amount of microbes and fungus, whereas
treatment PK contained the highest
number of actinomycetes and free
nitrogen fixers. According to the results,
fertilizer treatments showed a significant
increase yield and it gradually rose as
applied nitrogen increased. The highest
yield compared to the control (1,8 t ha™)
was achieved in N140PK (5,68 t ha™),
however, it was not significantly different
to the N8OPK (5,27 t ha™).

The yield was not significantly increased
by raising the nitrogen content from 80 t
ha'to 140 t ha™, but abundance of the
most of examined groups  of
microorganisms significantly decreased,
so the dose N140PK is not completely
appropriate.

Key worlds: microbial
legumes, grasses, NPK fertilizers

count,



YBO[L

OcurypsiBaHeTO Ha XpaHWUTESHU
BElleCTBA € eOuH OT Hal-BaxHuTe
HaYNHU 3a CTUMynMpaHe Ha
NMPOAYKTMBHOCTTA B MOMyeCTECTBEHUTE
TpesocTon (Shelberg and Pontes, 2012).
TopeHeTo BOAM [0 YyBenMyaBaHE Ha
nobvBa Ha TpeBOCTOS, Ka4yecTBOTO Ha
fuomacara (Zorni¢, 2020) n nacuwiHaTa
ctonHoct (Duru et al, 1998). To e wu
OCHOBEH MHULMATOP Ha MNPOMEHU BbLB
BMOOBMS CbCTaB W € CBbpP3aHO C
YHKUMUTE W yCriyruTe Ha TPEeBHUTE
cbobuiecTBa. MNoBuaBaHeTo Ha JobMBa,
ype3 gobaBsHe Ha TOPOBE, Ce ObMKM Ha
yBenuyaBaHe Ha TpeBuTe W Apyrn Mno-
NPOAYKTUBHN W MO-CUSTHO KOHKYPEHTHM
BnpoBe (Wesche et al., 2012). No TO3M
HauMH Ce TMNpPOMEHs CTpyKkTypaTa Ha
TpeBocTosi (Honsova et al., 2007; Smith
et al., 2008) u TOMm ce npeBpblia B
Xpactanauu, KouMTO Cce CbCToAT OT
HSIKOMKO ~ MPOAYKTMBHW U MO-CWUITHO
KOHKypeHTHM BupgoBe (Isselstein et al.,
2005). Kato nocrneguua ot gobaBsaHETO
Ha TopoBe BMAOBOTO GoraTtcTBO Ha
TpeBHUTE CbOOLEecTBa € Hamansno B
LlentpanHa n 3anagHa Espona (De Vries
et al., 2002). BoraTute Ha BMAOBE TPEBHU
cbobLiecTBa ca Ce pasnpoCTpaHWM B
Masku MapruHanHu panoHn, KbOEeTo He €
npunaraHo TopeHe (Krauss et al., 2010).

lMpomMsHaTa Ha CbCTOAHMETO Ha
XpaHUTENHUTE BellecTBa "
BoTaHn4ecknsa cbCTaB BOAU A0 NPOMsiHA
Ha Oposi Ha MMKPOOUTE B MoyBaTa KaTo
BaXXHW U CbLLECTBEHN NPEACTaBNTENN Ha
noyseHata ekocuctemMa U YHKUMA
(Broeckling et al., 2008). Te y4yacTtBat B
pasrpaxgaHeTo Ha opraHudHaTa
MaTtepusi, B UUKbMa Ha XpaHuTenHute
BewecTtBa, kato N, P n Fe, unn kato
perynupar HuMBata Ha pacTuTenHuTe
XopMoHW. Te wmMorat pfga crumynupart
pacTexa [OUPEeKTHO, KaTo nogobpssart
JOCTbMNa Ha pacTeHusiTa 40 XpPaHUTENHU
BELLIECTBA, [OKAaTO HENpeKkusT edekT e
CBbp3aH C UHXNOMPaHETO Ha MOYBEHUTE
MaToreHn, Kato No TO3U HaYUH PacTeXbT
n passutueTo ce yeBenu4yasaT (Shilev et

INTRODUCTION

Nutrient supply is one of the most
important way for promoting productivity
in seminatural grasslands (Schellberg
and Pontes, 2012). Fertilizing cause
increasing herbage yield, quality biomass
(Zorni¢, 2020), and pastoral value (Duru
et al., 1998).

It is also a major species composition
change initiator and it is related to
functions and services grassland
community. Increasing yield, by fertilizers
addition, is caused by increasing of
grasses and others more productive and
stronger competitive species (Wesche et
al., 2012).

In that way grassland vegetation structure
changes (Honsova et al., 2007; Smith et
al., 2008), and it has converted into
swards which makes of a few productive
and stronger competitive  species
(Isselstein et al., 2005).

As a fertilizers addition consequence,
grasslands species richness have
decreased across Central and Western
Europe (De Vries et al., 2002).
Species-rich grasslands have spread in
small marginal areas, where no
fertilization did apply (Krauss et al.,
2010).

Change nutrient status and

botanical composition, leads change
microbial count in soil as important and
essential representatives of the soil
ecosystem and function (Broeckling et al.,
2008).
They have involved in the decomposition
of organic matter, nutrient cycles such as
N, P, and Fe, or by regulating the levels
of plant hormones.

They may stimulate the growth directly by
improving plant access to nutrients, while
indirect effect is related to the inhibition of
soil pathogens, thus the growth and
development increase (Shilev et al,
2021).
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al., 2021). Beunukm rpynm
MUKPOOpPraHuaMmM wmmaT  crneumduyHa
pons B  €KONOTMYHWTE Mpouecn B
noyeata, a OposaT MM  nokasea
NPOAYKTMBHOCTTA Ha ouonornyHms
ctatyc Ha no4yeata (MiloSevi¢ et al,
2007). oowmar Opon Ha
MUKPOOPraHM3MmMTE €  USKIIOYUTESHO
BaXKeH 3a Cb3aBaHETO M NoaabpKaHETO
Ha MOYBEHOTO nrogopoane, TbA KaTo
ponpuHacs 3a buonornyHaTta gOCTbNHOCT
Ha xpaHuTenHute BewlectBa (Rashid et

al., 2016). MNoyBeHUTE rbOMYKM
perynupart KMno4oBum €KOCUCTEMHMU
npoLecK, BKMOYMTENHO  MbpBUYHATA
NPOAYKTMBHOCT Ha  pacTeHusita MU
MUHepanusauusTa Ha BbInepona
(Lekberg et al., 2021).

CobogHo XuseewwmTe
asoTdmkcaTopn, obuTaBalm MOYBUTE,

mMoraT [Ja [JomnpuHecaT 3HauMTenHo 3a
a30THUTE 3anacu W [a WrpasT BaHa
ponsa 3a nnoJopoaMeTo, OocobeHo B
EeKOCUCTEMU C Marnko BbHLUHO a30THO

XpaHeHe. AKTUHOMULIETUTE
npeacTaenseaTt rpyna opraHu3mm, KouTo
obxBawlat  3HauMTeEnHa  4act  OT
noyseHata mukpodnopa (Takisawaetal.,
1993). Te aKTUBHO pasrpaxaar
opraHuMyHaTa  MaTepusi,  ocurypsieat
BELLECTBAa, KOMTO Aencrear

GnaronpusiTHo BbpXy U3NONOTUYHNTE

npouecu B pactenuaTa (Kumaretal.,
2010), w»n TakmBa, KOMTO MOTMCKAT
pactutenHute nartoreHn (Gethaetal.,
2005).

Llenta Ha n3cneaBaHeTo e ga ce
npoydn npomsiHaTa B 6GoTaHMYeckus
CbCTas, Jobusa " Opos Ha
MUKPOOPraHMammTe B  No4yeata, B
pes3yntaT Ha BHECEHUTe MMUHeparnHu
TOPOBE..

MATEPUAINT U METOOU

MecTononoxeHus U KNUMaTUYHU
ycrnoBusi

Monckuar eKCrnepumeHT ce
nposege B MutpoBo none B LleHTpanHa
Copbus, obwmHa AnekcaHgposay, —(
43°30" H.w., 20°52' H.B.). TpeBoCTOAT €

All microbe groups have specific role in
soil ecological processes, and their
number indicate biological soil
statusproductivity (MiloSevi¢ et al., 2007).

The total number of microorganisms is
extremely important for the creation and
maintenance of soil fertility because
contribute to nutrients bioavailability
(Rashid et al., 2016).

Soil fungi regulate key ecosystem
processes, including plant primary
productivity and carbon mineralization
(Lekberg et al., 2021).

Free living nitrogen fixers
inhabiting soils can significantly
contribute to the nitrogen budgets and
play an important role in maintaining soil
fertility.

Actinomycetes represent a group of
organisms  which  encompass the
significant share of the soil micro-flora
(Takisawa et al., 1993).

They actively decompose organic matter,
provide substances that act favorably on
physiological processes in plants (Kumar
et al.,, 2010), and those that suppress
plant pathogens (Getha et al., 2005).

The study was aimed to research
change botanical composition, yield and
microbial count in soil which is influenced

by eight vyears fertilizers and lime
application.
MATERIAL AND METHODS
Locations and weather
conditions

The field experiment was located
at Mitrovo Polje in the central Serbian
municipality of Aleksandrovac (latitude
43°30'N°, longitude 20°52'E).
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KaTeropuaunpaH KaTo Danthonietum
calycinae (Cincovi¢ and Kaoji¢, 1962) n e
pasBUT B M3KMOYUTENHO Kucena noyea
(pH KCI 4,09). MankoTo cbabpXaHue Ha
doccop (2,65 mg kg-1) n kanun (7,96
mg kg') B nouaTta, B cbyeTaHne C
BMCOKOTO HWBO Ha OPraHNU4YyHO BELLECTBO
(8,96%), nokasBa pgucbanaHc wMexay
OCHOBHWUTE XPaHUTENHW €enemMeHTn W
opraHuMyHaTa MaTepusi, KOSTO B M3BECTHA
cTeneH MOXe [a KOMMeHcupa nuncarta Ha
MuHepanu. [lpegn cb3gaBaHETO Ha
Tpaceto, nuBagata € Owuna KoceHa
€XerogHo 3a CeHO npe3 nAToTO C
enekTpudecka kocadka. Cnep nbpsaTta
kocutba nueBagata e 6wuna m3nonssaHa
3a nawa ot roseja.

YMepeHute CTOMHOCTU Ha
TemnepaTtypaTta Ha Bb3yxa W Banexure
XapakTepusupaTt MEeCTOMONOXEHNETO Ha
Tpaceto (Tabnumua 1).

The grassland community classified as
Danthonietum calycinae (Cincovi¢ and
Koji¢, 1962) and it was developed in
extremely acid soil (pH KCI 4.09 which is
caracterized by small content in
phosphorus (2.65 mg kg™) and potassium
(7.96 mg kg™) and high level of organic
matter (8.96%).

Before the trail established, the meadow,
had cut annually for hay in the summer
using an electric hay mower. After the
first cut the grassland was grazed with
cattle.

The moderate air temperature and
precipitation values characterized trail
location (Table 1).

Ta6nuua 1. CpegHa Temneparypa v Barnexu npes nepuoga Ha nscnegBaHe (2012-

2020)

Table 1. Mean temperature and precipitation in during research period (2012-

2020)

Meceum /

Months | I 1} \% \%

Vi Vil Vil IX X Xl Xl

CpegHa
Temneparypa
ccy
Average
temperature

C) 03]12]22

7.7 | 11.0

1431171 170|123 8.2 | 43 | 0.9

Cyma Bamxu
(mm) /
Precipitation
sum (mm)

69 | 59 | 114 | 109 | 152

141 | 110 | 95 84 | 92 | 132 | 85

EkcnepumeHT

ExcnepumeHTbT Oelwe 3anodHat
npe3 2012 r. ¢ pasgeneH 6rokoB An3aiH
U TpU noBTopeHus. lnowTa Ha BCEKU
yyacTek Gewe 10 m2 Toposete Osxa
NPUOXEHN B Ha4yanoTo Ha
eKkcrnepumeHTa, a oueHkata Oewwe
nssbpweHa npes 2020 r., cneg ocem
roAuHN..

Yyactbuute ©Osixa oTOeneHn c
3awmTtHn memun ot 0,5 M BbTpe B
bnokoBete n 1 M mexpgy OnokoBeTe.

Experiment

The field experiment was set up
2012 and it was arranged in a split plot
design, and research was done aftern
eight years fertilizers added, 2020. Plot
was 10 m? in size, in 3 replications.

Plots was separated with protection
borders of 0.5 m within blocks and 1 m
between blocks. We researched influence
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MN3cnepBaHn  0sixa  BAUAAHMETO  Ha
MWHepanHuTe TopoBe (KOHTpon — 0e3
Topose, PK-60 kg ha™ P,0s, 60 kg ha™
K,0, N20PK-20 kg ha™ N, 60 kg ha™
P,Os, 60 kg ha™ K,0, N8OPK-80 kg ha™
N, 60 kg ha™ P,0Os, 60 kg ha™ K,0 and
N140PK-140 kg ha™ N, 60 kg ha™ P,Os,
60 kg ha™ K,0) v BapyBaHeTo (6€3 Bap W
BapyBaHe ¢ 1 t ha™). BapyBaHeTo Gelue
M3BbPLUEHO PBYHO KAaTO MOBBLPXHOCTHO
TpeTupaHe B HA4aroTo Ha ekcrepuMeHTa
npes eceHta Ha 2012 r. n OTHOBO neT
roguHu no-kbcHo npes 2017 r. Baposuat
matepuan ©Oewe xugpatvpaHa Bap
(Ca(OH)2). ®ocopbT M kanuAT Osixa
npunoxeHn no 60 kg ha™ Bcsika ece.
docchopbTt  Oewe  gobaseH KaTo
cynepdocdart (P,Os, 18.5% docdop), a
kanuat kato kanves xnopug (KCl, 60%
kanun). A3oTbT Gewe pobaBeH Bcsika
roogMHa npes cpegata Ha MapT nog
dopmata Ha amoHueB HuTpaTt (NH4NO3I

- 33%).

AHanusum Ha pacTuTenHusa
cbcTaB

Mpean nbpBata kKocuTba npes

2021 r. MOKPUTMETO U UK30OUNNETO Ha
BCEKM BWO BBbB BCSKO TpeTMpaHe e
OLEHEHO C MOMoOLUTa Ha LecTknacHara
ckana Ha Braun-Blanquet (+ = <1%, 1 =
1-10%, 2 = 10-25%, 3 = 25-50%, 4 = 50-
75%, 5 = 75-100%).
[MOKPUTMETO € OUEHEHO B pPa3nU4yHM
yyacTbLM (TpM MOBTOPEHMS).
CronHocTMTe no ckanata Ha Braun-
Blanquet ©sixa npeobpasyBaHn B
npoueHtn (+ = 0,5%, 1 = 5%, 2 = 17,5%,
3 =37,5%, 4 =62,5%, 5 =87,5%).
Ha 6asa Ha metoga Ha bpayH-BnaHke,
N3YNCMIMXME OTHOCUTENHWUS Oan  Ha
XUTHM (cem. Poaceae), 6o6oBu (cem.
Fabaceae) n pasHoTpeBu (ocTtaHanuTe
BMOOBE).

AHanusu Ha no4yBaTa

Mo4BeHuTe npobu, nsnonaeaHu 3a
MUKpOOMONorM4yHn aHanmsu, 6axa B3eTu
oT pusoccepara Ha abnbounHa 0 go 20
cm. BsemaHeto Ha npobute OGele
M3BbPLUEHO C MO4YBeH npoboB3emMay B
Ha4yarnoTo Ha HM, MO CbLIOTO BpeEME,

of application mineral fertilizers (control
— no fertilizers, PK-60 kg ha® P,Os, 60 kq
ha™ K0, N20PK-20 kg ha™ N, 60 kg ha’
P,Os, 60 kg ha™ K,0, N8OPK-80 kg ha™
N, 60 kg ha™ P,0s, 60 kg ha' K,0 and
N140PK-140 kg ha™ N, 60 kg ha™ P,Os,
60 kg ha K,0 ) and liming (no lime and
lime with 1 t ha™).

Lime was applied by hand as a surface
treatment at the start of the trial in the fall
of 2012 and again five years later in
2017.
Liming material was hydrated lime
(Ca(OH),). The  phosphorus and
potassium were applied at 60 kg ha™ in
autumn, each years. Phosphorus was
added as single superphosphate (P,Os,
18.5 % phosphorus), and potassium as
potassium  chloride (KCI, 60 %
potassium). Nitrogen was in mid-March,
every year in the form of ammonium
nitrate (NH4;NO3 - 33%).

Plant composition

analyses

Prior to the first cut in 2021, the
cover-abundance of each species in each
treatment was estimated using the six-
class Braun-Blanquet scale (+ = <1%, 1 =
1-10%, 2 = 10-25%, 3 = 25-50%, 4 = 50-
75%, 5 = 75-100%).
Cover-abundance was
different plots (three replications).The
Braun-Blanquet scale values were
converted to percentages (+ = 0.5%, 1 =
5%, 2 = 17.5%, 3 = 37.5%, 4 = 62.5%, 5
= 87.5%).

estimated in

Based of Braun-Blanquet releve we
calculated share of grasses (fam
Poaceae), legumes (fam. Fabaceae) and
forbs (other species)

Soil analyses

The soil samples, which used for
microbiological analyses, were collected
from the rhizosphere at a depth of 0 to 20
cm. Sampling was performed by a soll
sampler, in the beginning of June, as the
same time as Braun-Blanquet cover was
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koraTo Oelle M3BbpLUEHA OLEeHKaTa Mo
ckanata Ha bpayH-bnaHke. [louBeHu
npobu B6sixa B3eTU OT BCSIKO TPETUpPaHe B
Tpn noeTopeHnsa. Bcsika npoba e
aHanuMsMpaHa B TpUM MOBTOPEHUS B
MUKpobuonormyHata nabopartopus 1 e
n3yncreHa cpegHaTa CTOMHOCT 3a BCsiKa.
Bposat Ha MUKPOOPraHM3MmnTe e
onpegeneH No MeToaa Ha pas3pexaaHeTo
BbpXY NOAXOASALLM XPaHWUTENHU Ccpeau:
arapusvpaH NoYBEH eKCTpakT 3a obwus
BGpoi MUKPOOPraHW3MKN, CUHTETUYEH arap
3a Oposi Ha aKTMHOMMLETUTE, arap Ha
Yanek 3a Opos Ha rbouTte n cpega Ha
®dbomopoB  3a 6poa Ha cBobogHO
XMBeeLwuTe asoTUKCUpaLLy opraHn3mm.
MukpoopraHmamuTe 6axa KymynupaHu
npu Temnepartypa 28°C. bpoatr Ha
n3pacHanuTe KONMoHMU e n3vncrneH Ha 1 g
abcontoTHo cyxa noyea (Jarak and Djuri¢,
2006). bBbpoaT Ha MMKpoOOpraHu3MuTe
Oelle u3paseH B JIOrOPUTMUYEH BUA -
NOrapuTMMUYHO YUCTIO.

CraTtucTtuka

3a ycTaHOBsiBAHE Ha 3HAYUMKU
pasnvkn  mexgy  obpaboTkute Mo
OTHOLLEHWE Ha MPOAYKTMBHOCTTa M Bpos
Ha MOYBEHUTE  MMWKPOOpPraHvaMu B
noysata GeLle NPUNOXEH ONCNEPCUOHEH
aHarmm3 (ANOVA), nocnemBaH ot post
hoc cpaeHsiBaHe ¢ nomoluta Ha Post-hoc
TecTa Ha ®uwep (a < 0,05).

PE3YNTATU N OBCBXOAHE

TpeTupaHeTo C as3oT cTumynupa
TpeBHaTa nokpueka (Purypa 1) u T4
NMOCTEMEHHO pacTe C yBenM4yaBaHETO Ha
KONMYecTBOTO a30T. CblmAT pesynTaT e
otyeTeH n ot Lazarevi¢ et al., 2009;
Zorni¢ et al.,, 2019, B CbWOTO TPEBHO
cbobuwectBo Danthonietum alpinae. Te
pernctpupaT, 4e npunaraHeTo Ha
MUHEepanHum TopoBe C as30T HacbpyaBa
pa3BMTMETO Ha TPEBHUTE BWOOBE, KaTo
Han-ronsm eekT uma nNpun TpeTupaHuaTa
c Han-ronsiMo KONN4ecTBO asor.
ABTOpPMTE CBLIO Taka, cbobuaeaTt, uye
TPEBHOTO MOKPUTME € Hamansano npu
TpeTMpaHndaTa ¢ as3oT M TOBa CbBraga C
HalleTo n3crneaBaHe. BebuHocT

estimated. Soil samples were taken from
each treatment, in three replications.
Each samples was analyzed in three
repetitions in  the  microbiological
laboratory, and calculate average for
each soil samples.

The number of microorganisms was
determined using the dilution method on
appropriate nutrient media: agarised soil
extract for the total number of
microorganisms, synthetic agar for the
number of actinomycetes, Chapek agar
for the number of fungi and Feodorov
medium for the number of free-living
nitrogen-fixers.

Microorganisms were cultured at the
temperature of 28°C. The number of
grown colonies was calculated per 1 g of
absolutely dry soil (Jarak and Dijuri¢,
2006). The microorganisms number was

expressed in a logarithmic - log of
number.
Statistics

Analysis of variance (ANOVA)
followed by post hoc comparison using
the Fisher's post-hoc test (a < 0.05) was
applied to identify significant differences
between the treatments in terms of
productivity and soil microbial count in
soil.

RESULTS AND DISCUSSION

Treatments with nitrogen promoted
grasses cover (Figure 1) and it was
gradually increased with increasing
amount of nitrogen.

The same result was also reported by
Lazarevic et al., 2009; Zornic¢ et al., 2019,
in the same grassland community
Danthonietum alpinae. They recorded
that application mineral fertilizers with
nitrogen promoted grass species and the
highest effect was in treatments with the
largest nitrogen amount.

The authors also, reported that forbs
cover decreased in treatments with
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foratute Ha as3oT MuHeparHu TOopoBe
Hacbp4yaBaT Obp3opacTAwmTe TpEBM,
KOUTO oOKasBaT BpedHO Bb3OenCcTBue
BbpXy OCTaHanuMTe 4pes3 Mno-BMcokata cu
KOHKYPEHTOCMOCOOHOCT 3a  CBETMMHA,
XpaHWTENHM BeLlecTBa BoAa W T.H.
(Midolo et al., 2018). JobaesiHeTo Ha PK
TOpoBe CTMMynupa 6060BMTE pacTeHns u
MOKPUTUETO num ce yBenuyasa.
[NpunaraHeTo Ha kanuin u gocdop 3a no-
ObITbl Nepuop, oT Bpeme yBenu4yasa 0post
Ha ©0o00oBMTE pacTeHus, KOeTo B
pes3ynTaT yBenvMyaBa NpoayKTMBHOCTTA U
OVpPEeKTHO nopobpsiBa KkayecTBOTO Ha
dypaxa (Hejcman et al., 2010). MogobHm
pesyntatn ca otdyeteHn ot Galka et al.,
(2005), Zorni¢ et al., (2019). Cobecem
cxoOeH edeKT ca umManu MUHepanHute
TOpoBe BbB BapoBUTUTE ydacTbuu 6e3
BapyBaHe.

nitrogen and it agrees with our
investigation.  Actually,  nitrogen-rich
mineral fertilizer promotes fast-growing
grass species, which have a detrimental
effect on others by their higher
competences for light, nutrients water etc.
(Midolo et al., 2018).

Addition  PK  fertilizers  stimulated
legumes, and its cover increased.
Applying potassium and phosphorus for a
longer period of time increased the
number of legumes, which in effect
increased  productivity and directly
improved the quality of the feed (Hejcman
et al., 2010). Similar results were
reported by Galka et al., (2005), Zorni¢ et
al., (2019). Quite similar effect mineral
fertilizers had in lime on no limed plots.

No lime
100
R =0.76
80 -
60 +
_I_O -
o] -
0 R*=0.98
- ~
0 - - e . R=013
Control PK N2OPK NSOPK NI140PK
—o— Grasses = # = Legumes - Forbs
Lime
100
R =10.72
80 E
60
40
w0 L R =031
0 v = R-‘= 0.18

Control PK

—o— Grasses

N20PK

= @ = Legumes

NSOPK NI40PK

wo@e Forbs

®ur. 1. BnusaHmne Ha TOpeHeTO U BapyBaHeTO BbpXy G0TaHMYHU rpynn pacTeHus

B TpeBocTosA Danthonia alpina

Fig. 1. Influence fertilizing and liming on share grasses (fam Poaceae), legumes
(fam. Leguminosae) and forbs (other species) in Danthonia alpina grassland
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Mpn BCUYKM  TpeTupaHust ce
HabnogaBa 3abenexnmo yBennyeHve Ha
nobvea cneq OEeBETrOANLLIHOTO
npunaraHe Ha MWHepanHM TopoBe
(Tabrnmua 2). MNpu Tpetnpanusita ¢ PK
OobvBbT ce e yBenuuun  nopagu
yBennyaBaHe Ha pJdena Ha 6obosute
pacTeHusl, KOUTO ca MO-NMPOAYKTUBHU W
OoCbLLEeCcTBABAT npoueca Ha Ouonorn4yHo
CBbp3BaHe Ha a3oTa, KOETO e oKasarno
MONOXUTENHO BNUsIHNE BbPXY
yBeENMYeHMeTo  Ha  gobusa. Mpwn
TpeTupaHusTa ¢ as3oT npeobnagaear
TpeBMTE, KOMUTO M3Monsear asoTa Mo-
epeKkTMBHO OT ApyruTe pacTeHusi, KOeTo
OKa3Ba MpsSIkO BnUsiIHAE BbpXy gobuea
Aliegovi¢  Grbi¢c  (2005). B  Tesm
n3cnegBaHus bele HabnogasaHo, ye C
yBeNnnyaBaHeTo Ha KOMnM4ecTBOTO
npunoxeH asor B TopoBeTe NPK,
HacTbMNBa MOCTEMNEHHO yBenuMyaBaHe Ha
pobnea. Bbnpekn ToBa, He Osixa
YCTaHOBEHW 3HAYUTENHW PasfuKn mexay
N80 n N140 (Tabnuua 2).

Cnopen Lazarevic et al.,, 2009,
OobMBBT Ha CyxO  BeWecTBO €
3HAYMTENHO YBENUYEH 4pe3 npunaraHe
Ha MuHepaneH asort (60, 80 n 100 kg ha’
' B cwobujecteoto  Danthonietum
calycinae 3aegHo ¢ cpoccop u kanun (30
kg ha'). Bbnpeku ToBa, yBENMYEHUETO
Ha gobuea ot 80 kg ha™ 0o 100 kg ha
He e CTaTUCTMYECKN 3HAYMMO, KOETO € B
cblnacMe C  HaWeTo  W3cneaBaHe.
MopobeH pesyntaT B CbOOLLECTBOTO
Agrostietum vulgare pernctpupat Tomié
et al., (2013).

MwHepanHoTO TOpeHe BOAM A0
3HAYNTENHO yBENMYEHne Ha obwusa Gpon
MMKPOOPraHM3Mm npu BCUYKM 0B6paboTku
(Tabnuua 2, odurypa 2). bpoar Ha
MUWUKpPOOPraHM3mMmnTe 1 gexvaporeHasHara
aKTMBHOCT Ce€ W3MOon3BaT Kato edHu OT
nokasartenure 3a obLwarta
MUKpobronornyHa aKTMBHOCT "
NOTEeHUManHoTo Nio4opoane Ha noyeara
(MiloSevic et al.,, 2007). [llouyBenuTte
MUKPOBOHM cbobLiecTBa ca OTFOBOPHU 3a
KpbroBpaTa Ha XpaHWTENHUTE BeLlecTBa
B  TPEBOCTOMTE,  BKIHOYMTENHO  3a

All treatments showed a notable increase
in yield following the nine-year application
of mineral fertilizers (Table 2).

In the PK treatments, the yield increased
due to the increase in the share of
legumes that are more productive and
that carry out the process of biological
nitrogen fixation, which had a positive
effect on the increase in yield.

In  the nitrogen-applied treatments,
grasses predominated, and they utilized
nitrogen more effectively than other
plants, which had a direct impact on yield
Aliegovi¢ Grbi¢ (2005).

In these studies, it was observed that with
the increase in the amount of applied
nitrogen, within NPK fertilizers, there was
a gradual increase in the vyield, but
differences between N80 and N140 was
no significant Table 2.

According to Lazarevi¢ et al 2009, dry
matter yield was greatly increased by
applying mineral nitrogen (60, 80, and
100 kg ha-1) to the Danthonietum
calycinae  community along  with
phosphorus and potassium (30 kg ha™).
However, the yield increase from 80 kg
ha™ to 100 kg ha™ was not statistically
significant, what agree with our
investigation. Similar result in
Agrostietum vulgare community recorded
Tomi¢ et al., (2013).

Mineral fertilization led to a
significant increase in total microbial
counts in all treatments (Table 2, Figure
2).

The number of microorganisms and
dehydrogenase activity are used as some
of the indicators of the general
microbiological activity and potential soil
fertility (MiloSevi¢ et al., 2007).

Saoil microbial communities are
responsible for the cycling of nutrients in
the grassland ecosystems including soil
fertility, in the decomposition of native
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NMOYBEHOTO nnogopoaue, npu
pasrpaxgaHeTo Ha MecTHaTa OopraHuyHa
mMatepus UM MuWHepanu3aumsTa  Ha
pacTUTENHUTE XPaHUTENTHN  EeNeMEHTU
(Castro et al, 2010). MwuHepanHoTO
TOpeHe B HalIeTo u3cneaBaHe, AoBene
[0 3Ha4YUTENHO yBenMYeHWe Ha obwwms
Opoi MMKpPOOKN BLB BCUYKM 00paboTku, 1
TOBa CBLOTBETCTBA Ha pesynTarute,
nonyyexu ot Zornic et al., (2019).

organic matter and mineralization of plant
nutrient elements (Castro et al., 2010).

Mineral fertilization in our research, led to
a significant increase in total microbial
counts in all treatments, and it consistent
with the results obtained by Zorni¢ et al.,
(2019).

Tabnuua 2. BnusiHne Ha TpeTUpaHeTO BbLPXYy A[OOMBA M YMCNEHOCTTa Ha
MUKPOOGHUTE rpynu (CpeaHn CTOMHOCTU * cTaHOapTHU OTKITOHEHUS)
Table 2. Effect of treatments on yield and microbial groups abundance (means

standard deviations)

CBoboaHu
[106us Ha 06w, 6pon a30TdUKCHp
VX0 MUKPOOPraHu awm AKTUHOMMLY,
y 3mu / Total Mb6uykmM / 6aktepun / et/
BeLecTso / ; .
number Fungi Free Actinomycet
Dry matter . ) .
: microorganis nitrogen- es
yield L
ms fixing
bacteria
Toperie / F 147.4 351 417.4 22.0 380
Fertilizing
p 0.000* 0.000* 0.000* 0.000* 0.000*
Bapysarie / F 0.3 2964 315.0 1.77 140
Liming
p 0.588™ 0.000* 0.000* 0,199™ 0.000*
TopeHe x
BapyBaHe /
Fertilizing x F 1.1 101 170.7 4.22 706
liming
p 0.384™ 0.000* 0.000* 0.012* 0.000*
Kontpon / Control 1.80+0.23c 6.83+0.13d 5.21£0.07b | 6.91+0.02b | 3.63+0.09c
PK 2.61+0.30b 6.93+0.09¢ 5.15£0.02e | 6.9440.03a | 3.77+0.20a
N20PK 2.79+0.22b 6.97+0.07b 5.17+0.02d 6.89+0.02c | 3.67+0.13b
N8OPK 5.27+0.63a 7.04+0.08a 5.28+0.02a | 6.86+0.01d | 3.60+0.29d
N140PK 5.68+0.10a 6.93+0.17¢ 5.18+0.02c | 6.87+0.02d | 3.61+0.33d
Bes Bap / No lime 3.60+0.73 6.84+0.10b 5.22+0.06a 6.89+0.03 3.47+0.14b
Bap / Lime 3.67+0.54 7.04+0.06a 5.18+0.05b 6.90+0.04 3.84+0.07a
BapyBaHeTto wvMma  3HauuTened Liming had a significantly positive

nonoxuTeneH egekT Bbpxy obmsa 6pon

effect

on

the

total

number

MUKPOOPraHM3mMm BbB BCUYKM TOPEHM
yyactbum (durypa 2). Pesyntatute ca B
cboTBetcTBMe ¢ Li et al 2021, kouto
cboOwaeaT, 4e pobaBsAHETO Ha Bap
yBennyaBa 6posd Ha MUKpPOOHUTE rpynu,
yyacTBalLM B pasnmMyHu LMKNN B NoyBaTa.

microorganisms in all fertilized treatments
(Table 2, Figure 2). The results are
consistent with Li et al 2021, who report
that the addition of lime increases the
number of microbial groups involved in
different cycles in the soil.
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TopoBeTe mmaT pasnuyeH edekT
Bbpxy Opod Ha rbbuykMTe B noyBata
(Purypa 2). Bpoatr um e 3Ha4MTErnHO
yBennyeH npu TpetupaHe ¢ N140PK,
JokaTto Hamansiea npu apyrute
TpeTupaHma Cc TopoBe. ToBa € B
cbrnacve ¢ (Stanojkovié-Sebi¢, 2014),
KOUTO OTOEens3Bar, Ye BHAaCAHETO Ha a3oT
uma  GnaronpuaTeH  edekT  BbpxXy
noyseHuTe rOUYkn. Te npegcTaeBnsasart
Ba)XHO 3BEHO B cCuUCTemMata no4yea -
pacTeHue n gonpuHacaT 3a nogobpsiBaHe
Ha MOYBEHOTO pasHoobpa3ne, KOoeTo
okasBa Ba>)KHO BNUsiHNE BbpXY
CBOMCTBaTa Ha pacTeHuATa M noyeaTta.
Tesan MuKpoopraHvamMu npegnoymTart
cnabo Kncenu NoYBM C HUCKA CTEMEH Ha
HapyLleHns, MHOrOrogMLIHN pacTeHus,
BbTPELHN WU3TOYHULUM HA XpaHUTENHU
BellecTBa [AWPEKTHO OT pacTeHUETO.
MpunaraHeto Ha Bap OOGWKHOBEHO BOAM
[0 HamansiBaHe Ha rbbu4yHata Guomaca
W MNPOMEHM BbB  (PYHKUMOHAMNHUTE
CBOMCTBa Ha MuKpoopraHuamuTe (Bolan,
1991, Brodie et al., 2003; Lekberg et al.,
2021). YucneHocTTa Ha MOYBEHUTE
rMONYkM e HeratMBHO MOBMUSAHA OT
BapyBaHETO, TbW KaTO MOYBUTE C FEKO
KACENM yCrnoBWs ca MpuUrogeHn 3a
reonukmnte (Rouck et al., 2009).

[MpUNOXEHNMETO Ha  MUHEeparnHu
TOPOBE C a30T MoKa3a OOLO HeraTuBeH
ecpekt Bbpxy Opos Ha cBobogHuTe
asoTdmkcupyrowme baktepum (Tabnumua
2, O®wurypa 4). ToBa cbBnNaga c
pesyntatute Ha Berthrong et al., (2014),

KOUTO  YCTaHOBsIBaT, 4e ronemuTte
KONMYecTBa asoT B MMHepanHWTe TOPOBe
nmar HeraTuBeH ecekT BbPXY
MUKpPOOMOMOrMYHaTa  aKTMBHOCT  Ha
noyeara, a asoTduKkcmpyowmTe
OakTepun pearMpat  KOMMJIEKCHO U

B3aMmMmogencrear C
€KOCUCTEMHUTE (hakTopMU.
Pesyntatnte cbwo cbBnagar c
Tean Ha Timofeeva et al., (2023), kouTto
noco4Bar, Ye Npu yBENMYEeHM KONMyecTBa
MUHepaneH as3oT ce  Habnwogaea
HamansiBaHe Ha 0Oposi Ha cBobogHuTe
A30TMKCMPYIOLLN DOakTepumn n

npomMeHuTe B

Fertilizers had different effect on

fungus count in soil (Table 2, figure 3).
Fungi number was significantly increased
in treatment N140PK, while decrease
significantly in other fertilizer treatments.It
agrees with (Stanojkovi¢-Sebi¢ et al.,
2014) who recorded that incorporation of
nitrogen has a favorable effect on soil
fungi.
Fungi represent an important link in the
soil — plant system and contribute to the
enhancement of soil and fungal diversity
had an important influence on plant and
soil properties.

These microorganisms prefers slightly
acidic low disturbance soils, perennial
plants, internal nutrient sources directly
from the plant. Lime applications typically
resulting decreased fungal biomass and
changes in microbial functional properties
(Bolan, 1991; Brodie et al., 2003; Lekberg
et al.,, 2021), and it is agree with our
research.

Soil fungi number in our investigation
negatively affected by liming, because of
soils with slightly acidic conditions as
recorded (Rouck et al., 2009) are suitable
for fungi.

Application of mineral fertilizers
with  nitrogen generally showed a
negative effect on the number free

nitrogen-fixing bacteria (Table 2., Figure
4). It is consistent with Berthrong et al.,
(2014) who recorded that large amounts
of nitrogen mineral fertilizers have a
negative effect on the microbiological
activity of the soil and N-fixing bacteria
have complex, interacting responses
onchange factors in ecosystem ().

The results also are in agreement
with Timofeeva et al., (2023), who state
that under conditions of increased
amounts of mineral nitrogen, there is a
reduction in the number of free nitrogen
fixers as well as a decrease in the
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HamansBaHe Ha npoueca Ha cBobogHO
dounkcmpaHe Ha asorT.

Tesun aBTOpYU CbLUO 0TOENs3BAT, Ye
Te3an OakTepum M3NON3BaT MUHEparneH
as3oT, BMEecTo ga ro cukcmpar camn. B
NMPOTUBOMONOXHOCT Ha [[obaBsAHETO Ha
MUHepaneH asoT, npunoxeHneto Ha PK
TOp MMa CTMMynupaLl ecekT BbpXy Opos
Ha cBobogHuTe a30TUKCUpyoLLm
DakTepun. ToBa cbBnaga c
nscneaesaHnata Ha Van Langenhove et
al., (2021), kouTo ycTaHOBsiIBaT, ue
npueMbT Ha doccop yBenuyasa 6pos u
aKTMBHOCTTA Ha cBoboaHUTE
a3oTdMKCMpyoLWm BakTepun.

BposT Ha Nno4YBeHUTE
aKTMHOMULIETK tewe 3HaA4YMTENHO
yBenu4yeH npu TpeTtupaHuata ¢ PK u
N20PK Topoee (Tabnuua 2, durypa 5).
O6auve, TopoBeTe N8OPK wn N140PK
OKasaxa MNpPOTUBOMOMOXEH edpekT, KaTo
OposAT Ha MNOYBEHUTE aKTMHOMULETU
Hamansiea B Ten TpeTUpaHus.
BapyBaHeTo okasa nonoxuteneH edekt
BbpXy Oposi Ha MOYBEHNTE AKTMHOMULIETU
npu BCUYKM TOpPOBM 0OpaboTKM, C
n3kntoyeHme Ha koHTponHata n N140PK,
KbOETO BapOBETE HE OKasaxa BNuUsSHUE
BbpXy Oposi Ha aKTMHOMULLETUTE.

AKTUHOMULIETUTE Ca U3BECTHU CbC
cBosATa pgobpa  TONMEepaHTHOCT  KbM
pasnuyHn yCrnoBus B noyeata
fbnarogapeHve Ha CUITHO pasBuTaTa cu
eH3uMHa cuctema (PeSakovi¢ et al,
2009). Hawwnte pesyntatu nokasear, 4ye
BpoAT Ha akTMHOMKMLIETUTE Ce yBennyasa
BbB BCMYKM BapuvaHTN C NPUIOXKEHME Ha
Bap, kakTo 1 B TpeTupaHusTa ¢ P60P60.

process of free nitrogen fixation.

The same authors also recorded that
these bacteria use mineral nitrogen
instead of fixing it themselves. As
opposed to the addition of mineral
nitrogen, the application of PK fertilizer
had a stimulating effect on the number of
free nitrogen fixers.

This is consistent with research by Van
Langenhove et al., (2021) that found that
phosphorus intake increases the number
and activity of free nitrogen fixers.

The numbers of soil actinomycetes
were significantly increased by fertilized
treatment PK and N20PK (Table 2,
Figure 5). Fertilizers N8OPK and N140PK
had quite opposite effect on number soil
actinomycetes, because in the treatments

soil actinomycetes decreased Soil
actinomycetes number was positively
affected by liming in all fertilizers

treatments, exept in control and N140PK
where there was no effect lime in number
soil actinmycetes.

Actinomycetes has a good
tolerance to different conditions in soil
due to their strongly developed enzyme
system (PeSakovi¢ et al., 2009) and our
results showed that the numbers of
actinomycetes was increase in all
variants with lime as well as the
treatment on which it was fertilized
P60P60.
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Fig. 2. Total microbial count, depending on fertilizing and liming treatments
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n3soau

MpunaraHeTo Ha TOp B
NPOABLIMKUTENEH NEepuoa He caMo BOAM
[0 yBenn4yaBaHe Ha NPOU3BOACTBOTO, HO
W OpacTM4HO MPOMEHs  NaculHuTe
cbobuiecTBa. PacTeHnsita oT ceMencTeo
Poaceae gomuHupar B 0bpaboTkute, npu
KOUTO ce npunarat no-ronemmu
Konu4yecTBa as30T, AOKaTO BWOOBETE OT
cemencteo Fabaceae pomwuHupaTr B
obpaboTkuTe, npu Kouto ce pJobaes
docahop 1 kanuin 6e3 asor.

MpunaraHeto Ha Bap He JoBene
0O  3HAUMTEeNnHO  yBenu4yaBaHe  Ha
Npon3BOACTBOTO, HO pgoBede .o
CbLLUECTBEHO YBENWYEHWE Ha 0OOWwMs
Opoi MUKPOOPraHM3Mm U aKTUHOMULLETW.
Hamanu Opos Ha rbOn4YkuTe, KaTto He
OKasa 3Ha4MTEeNHO BNMSHWE BLPXY Opos
Ha ceBoboaHuTe asoTduKcupaLum
CbeAVHEHNSI.
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