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lMpoBefeHn ca wu3cnenBaHus 3a
B/IMSAHNETO Ha HaHOpa3MepeH CesieH npu
cuctemute: gomatu (cv. Gamayun) —
Meloidogyne incognita n gomatu (cv. Red
Cherry) — Meloidogyne arenaria. Bsixa
npocnefeHn NpoMeHuTe Ha Mopchoorny-
HUTE N ON3MONOTNYHN XapPaKTEPUCTUKN,
KaKto M NPOMEHMTE B KOJINYECTBOTO U
CbAbPXaHNETO Npu HAKoU enemeHTn (Mg,
P, S, K, Ca, Zn, Fe), kouTo ca 0T 0CO6eHO
3Ha4YeHVe 3a HOPMAa/SIHOTO pas3BUTUE Ha
pacteHusTta. belwe pgokasaH ctumynupa-
Wwma edekT Ha HaHopasMepHWs cefneH
BbpPXY pacTexa u pasBuTMEeTO Ha pacTe-
HUsTa. TpeTpaHeTo Ha 3apaseHn C rasio-
B/ HEMATOAM PacTeHMS C HaHOopa3MepeH
CesieH noBMWaBa aKTMBHOCTTA Ha npo-
TeuHaszaTa ¥ No TO3U HaYWMH BAWUS MOSO-
XWUTENHO BbpXy BPOAEHUSA MMYHUTET Ha

SUMMARY

Influence of selenium nanoparticles
on the systems: tomatoes (cv. Gamayun)
— M. incognita and tomatoes (cv. Red
Cherry) — M. arenaria was investigated.
The changes of morphological and
physiological characteristics and content
and changes in the quantity of some
elements which are of special importance
for the normal development of the plants
(Mg, P, S, K, Ca, Zn, Fe, and Se) were
investigated. The stimulation effect of Se-
nanoparticles on the growth and
development of infected with root-knot
nematodes was proved. Treatment of
infected plants with Se-nanoparticles
increases the activity of proteinase
inhibition and in this way improves the
innate plant immunity.
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pacteHueto. TpeTupaHeTo Ha 3apaseHu-
Te C rajloBy HemaToam pacteHus (cemeHa
W iMcTa) C HaHopa3mepeH cefieH Moj-
TUCKa U HOPM&/THOTO pa3BUTME Ha Hema-
ToguTe.

KnwoyoBn pgymun: HaHopa3smepeH
CeneH, Meloidogyne, pacTeHue-
rOCTONPUEMHMK, CTUMYNATOP, pacTuTeneH
UMYHUTET

YBO/,

CeneHbT € MUKPOE/IEMEHT, KOWTO e
Heob6xo4MM 3a HOPMasIHOTO pasBuUTME Ha
pacTeHusaTa. TO3M enemMeHT ydyacTBa B
npouecuTe, CBbp3aHM C (poTocuHTE3aTa
(Hassanuzzaman et al., 2010). Mporek-
TMBHATa PO/ Ha CefeHa e [okKasaHa,
KOrato pacTeHusiTa ca noj BAUsHME Ha
abuoreHHN M GUOreHHU CTpec akTopu.
FanosuTte HemaToau oT pog Meloidogyne
npuHaanexar KbM Hal-natoreHHuTe wu
BPEAOHOCHMW PacTUTEsTHN XeIMUHTY napa-
uTupal B KopeHosatau cuctema. [o
cera He ca HaMepeHW [OCTaTbyHO edu-
KacHu meToau 3a 6opba c Te3n napasuTu.
Pa3paboTtBaT ce HoBM MeTOoAM 3a 60pba,
KOUTO Ce OCHOBaBaT BbpXy MHAYyUMpaHe-
TO Ha YCTOWYMBOCT Ha pacTeHusaTa. WH-
JyumpaHeTo Ha BpogeHaTa YCTON4MBOCT
€ eaVH OT CbBPEMEHHMTE W NepcrneKkTuB-
HY MeTOoaM 3a 3almTa Ha pacTeHusta oT
rasioBM Hemartogp. Te BK/IOYBAT CblyUTe
MeXaHu3Mu, KOUTO ca reHeTUYHO Koampa-
Hn B pacTteHueto (Folmdnis, 2014). Pac-
TUTesHaTa YCTOMYMBOCT MOXe ga 6bae
aKTMBMpaHa 4Ype3 6MoreHHN U abuoreHHn
thakTopu (enucutopu). Te akTueupat me-
Tab0/M3Ma Ha pacTeHneTo 1 no To3u Ha-
UMH YBE/IMYABAT HEroBUsi eCTECTBEH MOTEH-
unan. MoHacToswem BbB (hoKyca Ha Cb-
BPEMEHHWTE U3CneABaHns e n3non3saHe-
TO Ha HaHopasMepHU hopmy Ha MWKPO-
enemeHTn (Chalenko et al., 2010). Edpek-
TbT Ha MHAOYKLUUS Ha WOHWUTE Ha TeXKuTe
e/leMeHTN ca eKCnepuMeHTa/IHO [oKasa-
Hn (Folmanis, 2014). HMCKM KOHLEHTpa-
LUuM OT pa3TBOP Ha HaHOpa3MepeH cefieH
aKTUBMpaT Mo pas/iMyeH HauuH ecTecTse-
HMA MMYHEH NOTEHUMan Ha pacTeHuaTa B
CpaBHeHWe C ecTecTBeHaTa CTpyKTypa Ha

The treatment of seeds and leaves of the
experimental plants with Se-nanoparticles
reduces the normal development of the
nematodes.

Key words:
Meloidogyne, plant,
immunity

Se-nanopatrticles,
inducer, plant

INTRODUCTION

Selenium is a microelement which
is necessary for the normal development
of the plants. Selenium takes part in the
processes of photosynthesis
(Hassanuzzaman et al.,, 2010) The
positive role of Se has been proved when
the plants are under abiogenic and
biogenic stress conditions. The root-knot
nematodes belonging to Meloidogyne are
among the most dangerous parasites of
the root system. For the time being
effective  methods for control to
Meloidogyne has not been found.

Lately new methods based on induction of
the plant resistance (IR) were developed.
Induction of the innate plant stability is
one of the contemporary and perspective
methods for protection of the plants to
root-knot nematodes. They include the
same mechanisms which are genetically
encoded into the plants. Induction of the
plant resistance can be activated by
biogenic and abiogenic factors (elisitors).

They activate metabolic systems of the
plants and in this way increase their
natural immune potential. Investigations of
the opportunity to use nanoscale forms of
essential trace elements are in the focus
of the specialists (Chalenko et al., 2010).
This  method includes the same
mechanisms  which are genetically
expressed into the plant genome
Induction effect of heavy metal ions are
experimentally proved (Folmanis, 2014).
Low concentration of Se-nanoparticle
solutions activates in different way the
natural immune potential in comparison
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cybcTaHuusATa. YCTaHOBEHO €, 4ye cerfe-
HbT yBe/iMyaBa YCTOWYMBOCTTA Ha pac-
TEeHVATa KbM NaTOreHHU MUKPOOPraHn3mu
N HacekomHn Bpegutenn (Wu et al.,
2016). Cera B npakTukaTa Ha KynTuUBK-
paHe Ha pacTeHuATa BCe MoBeye ce
M3non3saT HaHopasMepu OT MUKpoesie-
MeHTU. CeneHbT oOkasBa MNOSIOKUTESTHO
B/IMSIHWE HAa CTPYKTypaTta Ha KleTbyHuTe
mMembpaHu. Toli CblUO yBennyaBa akTuB-
HOCTTa Ha cynepokcug gucmytasaTa (Xue
et al.,, 2001). TpeTupaHeTo CbC CceneH
ycwuBa aHTUOKCUMAAHTHUA KanauuteT Ha
CTapeeLy pacTeHus 1 akTUBMpa pacrexa
ype3 yBe/MyaBaHe Ha HaTpynBaHETO Ha
cKkop6sina B xsoponnactute. B pesynrar
OT MPOBEeAEHUTE OT HaC eKCrNepuMeHTU U
aHa/M3 Ha nosyyeHuTe pesyntaru, ycra-
HOBMXME CTUMynauus B pasBUTUETO Ha
pacTeHusiTa W OTPULATESIHO B/IMSHUE
BbpXy Mopdosoruata u uanonoruata
Ha HematoguTe. MONOXUTENHUAT edekT
cnep TpeTMpaHeTo CbC cefleH bewe fo-
KasaH 1 4ype3 HamasisiBaHe Ha nopaxe-
HuATa Ha kopeHute (Udalova, 2018).
[lo6aBAHETO Ha HUCKM KOHUEeHTpauuu oT
CcefleH yBesMyaBa W YCTOWYMBOCTTA Ha
pacteHusATa KbM BWUCOKM KOHLEHTpauuu
Ha COMIeHOCT Ha noysaTa, 3acyllaBaHe,
3aMbpcsiBaHE C TEXKM MeTasim, BUCOKa
Temneparypa ctapeeHe un UV paguauus-
Ta (Gupta and Gupta, 2017). Te3u cBoii-
CTBa Ha CefieHa onpejenuxa v HawuTe
u3cnefBaHns Ha HaHOpoasMepeH cesieH
KaTo abuoreHeH (hakTop KOWTO yBenuua-
Ba ecTecTBeHara YCTOMYMBOCT Ha pacTe-
HUATa KbM CTpec hakTopu, BK/THOYUTESTHO
1 cpeLly MHBa3uns C raloBy HeMaToau.

Lenta Ha HawwuTe wun3cnensaHus
Gelle aa uscnegBame edekta oT TpeTupa-
He C HaHopa3MepHW pasTBOPW Ha CesieH
BbpXy (pakTopuTe, KOMTO OKa3BaT BAWS-
HVe Ha BPOAEHUSA NMYHUTET Ha pacTeHns-
Ta BbpXy (hopmupaHeTo Ha cuctemara
rasioBa HemaTtofa — pacrteHuve. Nposege-
HW ca eKCrnepuMeHTU B CUCTEMUTE: rasio-
Ba Hematogza (Meloifogyne incognita) —
Jomatm (cv. Gamayn) 1 rasioBa HemaToga
(Meloidogyne arenaria) — pgomatu (cv.
Red Cherry).

with the natural structure of the
substance. Selenium also increases the
plant resistance to pathogen micro-
organisms and insect pests (Wu et al,,
2016). Now in the plant growing practice
water nanoparticle solutions of trace
elements are more and more in search.
Selenium  positively influences the
structure of the cell membranes.

It also activates superoxide dismutase
activity (Xue et al., 2001). Addition of Se
strengths the antioxidant capacity in
senescing plants and also activates the
plant growth by increasing of starch
accumulation in chloroplasts.

After our experiments and analyses of the
results obtained, we detected the
stimulation effect on the plant development
and inhibition on the morphological and
physiological characteristics of the
nematodes and on the degree of infestation
of the roots (Udalova et al., 2018).

Application of Se in low concentrations
increases the plant stability to high levels
of salinity, droughty, heavy metal pollution,
high temperature, senescent and UV
radiation (Gupta and Gupta, 2017).

These characteristics of  selenium
determined our investigations of Se
nanoparticle solutions as an abiogenic
factor which increases the plant stability to
stress factors including to Meloidogyne
invasion.

The aim of our investigations was
to study the effect of treatment with Se-
nanoparticle solutions on the factors
which influence the plant resistance of the
host-parasite  systems: (Meloidogyne
incognita-tomato cv. Gamayn and
Meloidogyne arenaria-tomato cv. Red
Cherry).
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MATEPWNAN N METO4WA

W3cnepBaHusATa 655xa NpoBefeHn B
cuctemute: pgomatu (cv. Gamayun) —
Meloidogyne incognita n gomatu (cv. Red
Cherry-Bulgaria) — Meloidogyne arenaria.
BogeH konovngeH pas3TBOp Ha HaHopas-
MEPEH cejieH 6elle M3nossBaH B eKkcrne-
pumenTuTe (Niconov et al., 2009). Pa3sme-
pPbT Ha HaHovacTuuuTe OT cefieH belle
Mexagy 10 n 70 nm. MNMpegun 3acaxgaHeTo,
cemeHarta oT gomatu cv. Gamayun 6sxa
HakucHaTu B pa3TBop Ha ceneH 3a 2 h n
3a 2 h n 3 h 3a cemeHara — cv. Red
Cherry. KoHueHTpauusTa Ha CefieH BbB
BOAHMSA pas3TBop 6Oelwe npegBapuTesiHO
M3MepeHa C MnomowjTa Ha CNeKTOMEeTbp
ULTIMA-2 (Horiba Jobin-Yvon, France).
Mpe3 Bpeme Ha Beretayusta aictaTa Ha
pacTteHusTa (coptT Gamayun) 6sxa TpeTu-
paHu c HaHopa3MepeH pas3TBOp Ha ceneH
(2 ml/pacTeHne), a nucrtara Ha gomatu
copT Red Cherry — ¢ gectunupaHa Boga
(2 ml/pacteHne). CemeHaTa Ha KOHTpPOS-
HUTe pacTeHus Bsxa TpeTupaHu C BOAA.
Ha ocHoBa OT Hawwu npeguliHn uscneg-
BaHUS HME n3bpaxme ONTMMasiHa KOHLEH-
Tpaumsa Ha ceneH ot 0.34 n 0.68 pg/ml.
Tpn cegmunun cnep NOHUKBAHETO pacTte-
HUSTa 65Xa 3apa3eHun C rasloBM HemaToam
(copt Gamayun - M. inncognita — 3000
napeun 2-pa Bb3pacT (/1,) Ha pacTeHune K
copt Red Cherry - M. arenaria — 2000 /1,
Ha pacTeHue). PactutenHuTe npobu 3a
aHanm3 6sixa cboupaHu Bcekn 14 AHu
cnef 3apassiBaHeTO W TpeTuMpaHeTo ¢
HaHopasMepHus ceneH. EkcnepumeHTute
6sixa ocblyecTBeHM B10 MOBTOpPEHMA Ha
BapuaHT. OKoHuyaTenHuTe pesyntatn 6sxa
aHanmsmpaHu 40 gHW cnep 3apassiBaHETo.
OCHOBEH KpuUTEpWA 3a PE3UCTEHTHOCTTA Ha
pacteHusita bGewe 6poii ram Ha 1
g/KOpeH, KakTto 1 MopdoNornyHuTe 1 u-
3M0/I0TMYHM MapaMeTpu Ha HemaroauTe
(cTaTycbT Ha HemaTogHaTa nonynaums —
Opoil  Ha 3pesITe KEHCKW, TEXHUAT
pasmep 1 NNogoBMTOCT). Buonornyeckute
Mapkepu Ha uHAyuMpaHata pe3ucTeHT-
HocT (IR) 6ewe noATUCKAHETO Ha npo-
TemHasHaTta akTuBHOCT (PIs). MpoTenHas-
HaTa akTMBHOCT Oelle u3mepBaHa upes

MATERIAL AND METHODS

Investigations have been carried
out in the system tomatoes, cv. Gamayun
— Meloidogyne incognita and tomatoes cv.
Red Cherry-Bulgaria — Meloidogyne
arenaria. Water colloidal solution of Se -
nanoparticles has been used in the
experiments. The aqueous colloidal
solution of Se was obtained by laser
ablation (Niconov et al., 2009). The size of
Se-nanoparticle solution was between 10
and 70 nanometers (nm). Before planting
the seeds of Gamayun were soaked in Se
solution for 2h and for 2h and 3h for the
seeds of Red Cherry. The Se
concentration of the aqueous solution was
measured by ULTIMA-2 spectrometer
(Horiba Jobin-Yvon, France). During the
vegetation the leaves of the plants
(Gamayun) were sprayed with Se-
nanoparticles solution (2 ml per plant).
Tomatoes Red Cherry developed with no
treatment of the leaves. The seeds of the
control plants were soaked in water. On
the bases of our previous investigations
we selected the optimum selenium
concentration equal to 0.34 and 0.68
mg/ml. Three weeks after germination the
plants were infected with root-knot
nematodes (Gamayun - M. inncognita —
3000 second stage juveniles (J,) per plant
and Red Cherry - M. arenaria — 2000 J,
per plant). Plant samples for analyses
were collected every 14 days after
infection and treatment with selenium
nanoparticles.

Experiments were performed in ten
replicates. The final results were analyzed
40 days after infection. The main criteria
of the plant resistance were the number of
root galls per 1 cm, as well as the
morphological and physiological
parameters of the nematodes (the status
of the nematode population — number of
mature females, their size and fecundity).

The biochemical marker of induction
resistance (IR) was the proteinase
inhibition (PIs). The activity of Pls was
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NOATMCKAHETO Ha amupasHata akTUBHOCT
Ha TpuncuHa, cbrnacHo metoga Erlanger
et al. (1961) AKTMBHOCTTa Ha npoTenHa-
3aTa e acouuupaHa C NMpPOMEHW B reHa
(PR6), koliTo Kogupa npoTeuMHagaTa B
pactutenHute TbkaHu. [poaykTbT OT
TO3M TeH e MaTOreHHO WHAyUMpaH npo-
TEWH B 3aluTHaTa cucTemMa Ha pacTe-
HMETO. AHA/IM3BT HA XMMUYHUTE €/IEMEH-
TM Gewe Wu3BbPWEH C MOMOWTa Ha
MATORNADO (kauecTtBeH) n S2Pico Fox
(konuuecTBeH). MNponsBognTen Ha gsarta
ypena e lepmaHua. AHaIM3bT Ha ene-
MeHTMTE B cucTemara: pgomar  (cv.
Gamayun) — M. incognita 6elle n3BbPLUEH
npy pacTeHusi, TPETUPaHU C KOHLEHTpaums

Ha ceneH B KoHueHTpauns 0.5 n 1.0 pg/ml.

PE3YJITATU

Ha ocHoBa Ha nony4dyeHuTe pesyn-
TatTn Gelle fokasaH CTUMyMpawns eqekT
Ha TpeTupaHeTo C HaHopa3MepeH ceneH
pacTeHus M npu [ABaTa BapuaHTa Ha
ekcnepumeHTta (gomatm cv. Gamayun —
M. incognita u gomaTtun cv. Red Cherry —
Meloidogyne arenaria, Ta6bnuya 1). 3Haun-
TeIHW pasnuuus B BMCOYMHATA U TEroTo
Ha eKcnepuMeHTanHUTe pacTeHus Gelle
yCTaHOBeHa Mpu TpeTupaHuWTe pacTeHus B

CpaBHeHME C KOHTposIHuTe (Tabnmua 1).

evaluated by the suppression of amidase
activity of trypsin according to the method
of (Erlanger et al.,, 1961, after Udalova,
2018). The activity of Pls is associated
with changes in expression of PR6 gene
which encodes Pls in tomato tissues. The
product of this gene is pathogen induced
protein (PP) of the plant protection system.

The analyses of chemical elements were
made by means of MATORNADO (quality)
and S2Pico Fox (quantity). The producer

of the two implements is Germany.
Analyses of elements was carried out in
the system Gamayun — M. incognita,

treated with selenium at concentration of
0.5 and 1.0 pg/ml.

RESULTS

Morphological and physiological
characteristics

On the base of the results obtained
the stimulation effect on the treated plants
with selenium nanoparticle solution was
proved both for two experiments
(Gamayun - M. incognita and (Red Cherry
— Meloidogyne arenaria, Table 1). The
length and weight of the treated plants
significantly differed compared with the
control plants (Table 1).

Table 1. BnusHue Ha TpeTupaHeTo Ha gomatum (cv. Gamayun n cv. Red Cherry) c
HaHOpa3MepeH cesieH Bbpxy MopdiosiormyHaTa xapaktepuctuka Ha M. incognita

and M. arenaria

Table 1. Effect of treatment with Se-nanoparticles on tomato plant development
(cv. Gamayun u cv. Red Cherry) and morphophysiological characteristics of the

root-knot nematodes M. incognita and M.

arenaria

Treatment of tomato| Number of galls | Stem weight Stem length | Size of females |Number of eggs
plants (g/root) (9) (cm) (mm?) in ootheca
Gamayun - M. incognita
Se (0.34 0 g/ml) 246 *(80%) 22.7* (174%) |57.7* (120%) 0.34 (97%) 111* (60%)
Se (0.68 1 giml)  [224 *(73%) 23.5% (179%) [68.4* (161%) 0.30* (86%) 100* (54%)
Control water 308 (100%) 13.1 (100%)  42.5 (100%) 0.35 (100%) 184 (100%)
LSD p <0.05 58 2,7 1,2 0,03 60

Red Cherry - M. arenaria

Se (0.34 T g/ml)

263 (91%)

17.2 (118%)

42.5 111.8%)

0.37* (120%)

190 (91%)

Se (0.68 [ g/ml)

230* (80.5%)

20, 1* (133%)

47.3 (123.1)

0.35* (113%)

178* (80%)

Control water

280 (100%)

15, 0 (100%)

38.2 (100%)

0.31 (100%)

210 (100%)

LSD p<0.05

42

4,2

7,6

0,05

28

*Significant differences from control at p<0.05
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Bewe  yctaHoBeH cTUmMynupaLy
edekT Ha TpeTupaHeTo U NpPY NOHUKBAHETO
Ha pacTeHuATa. MNepuoabT Ha NOHMKBAHETO
6eLe ckbeceH (5 gHM 3a cucTemarta: goMaTu
cv. Gamayun — M. incognita n gomatu cv.
Red Cherry — M. arenaria). 3a BapuaHTa
(copt Red Cherry — M. arenaria) nosoxwu-
TENHOTO B/MSHME Oelle YyCTaHOBEHO npu
ekcrno3mumst oT 3 h n 6ewe CbLWOTO KaKTo
npu (copt Gamayun — M. incognita). MNpe3
nbpeute 15 OHW cnef NoHuMKBaHeTo Gelue
YCT@HOBEHO HEepaBHOMEpPHO pas3BuTMe B
Ob/mKnHaTa Ha goMaTteHuTe pacTteHus (copt
Red Cherry — M. arenaria, ®urypun 1 un 2.)

—e— control

30
25

20

MUMBCR OF SCLDS

1

The positive influence on the
germination of the seeds was observed.
The germination period was shortened (5
days for the system Gamayun — M.
incognita and Red Cherry — M. arenaria.
Effect of selenium nanoparticle (Red
Cherry — M. arenaria, 3h treatment) was
like the effect on (Gamayun - M.
incognita). During the first 15 days after
germination irregular development of the
length of the plants was registered in
experiment (Red Cherry — M. arenaria,
Figures 1 and 2.)

axperiment

DAYS

dur. 1. NMoHrKBaHe Ha cemeHata OT gomaTtu cv. Red cherry (TpeTupaHu cbC
CefleH — eKCNepuMeHT, C BoZla — KOHTPO/1a)
Fig. 1. Germination of the tomato seeds cv. Red cherry (control-treated with

water, experiment-treated with Se)

dur. 2. MNMeTHageceT AHEBHU agomaTeHu pacTteHus (cv. Red cherry) oT cemeHa
TpeTupaHu cbce ceneH (A) n soga (B — KOHTpona)

Fig. 2. Fifteen days tomato plants (cv. Red cherry) from seeds treated with Se-
nanoparticles (A) and with water (B)
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Mpes cnegBawmte 15 gHM BUCOYN-
Hata Ha TpeTupaHuTe pacTeHus bGewe
OTHOCWUTENHO wu3paBHeHa 6e3 craTucTu-
YyeckuM 3HaUMMK pasnnuua. AHaNM3bT Ha
nonyyeHuTe pesyntaty rnokasa, ye npeg-
MOCEBHOTO TpeTMpaHe Ha CeMeHara oT [Jo-
mMaTtu (cv. Gamayun u cv. Red Cherry) Ha-
MasisiBa MopaKeHusiTa No KOpeHuTe oT rasio-
B/ Hematogmn (bpoit Ha ramTe Ha g/KopeH)
B CpaBHeHMe C KoHTponata (Tabnuua 1).
Bewe ycrtaHOoBeHO CbWoO U 3abassHe B
pasBuTMETO Ha HematoauTe. BposiT Ha
AanuaTa Npy XeHCKUTe eK3eMnnspu ot Tpe-
TUpaHWTe pacTeHus bGelle 3HAUYUTESTHO MO-
Manbk (6poii Aiya B ooTeka, Tabnuua 1).

BMoxXMMnyHn xapakTepucTuKkn

OT mn3cnensaHusaTa Ha Apyrn aBTo-
pu (Ahmad et al., 2016; Wu, 2016) 6ewe
YCTaHOBEHO, Ye peayKuuaTa Ha niaonoBu-
TOCTTa Ha rasnosuTe Hemartoau U 3aba-
BAHETO B PasBMTUETO UM € CBbp3aHo C
ekcnpecuaTta Ha Pls. Hawwnte uscnepsa-
HUSA Mnokasaxa 3HauuTenHo YBesiMyeHue
Ha akTMBHOCTTa Ha Pls B TbKaHuTe Ha
TpeTmpaHute pacteHmsa (Tabnuuya 2)

Ta6nvua. BnusiHne Ha HaHOpPa3MepHUSE

During the next 15 days leveling of
the length of the plants without statistically
proved differences was obtained.

The contemporary analyses showed that
the preplant treating of the seeds
(Gamayun and Red Cherry) reduced the
infestation of the roots. The number of the
galls was also reduced compared with the
control plants (Table 1).

Delay in the development of the nematodes
was observed. The fecundity of the
female nematodes was significantly lower
(the number of eggs in ootheca, Table 1).

Biochemical characteristics

It was previously shown (Wu et al.,
2016, Ahmad, et al., 2016) that reduction
in the fecundity of the nematodes and
their delayed development are associated
with expression of Pls. Our investigation
showed significant increase in the activity
of PlIs in the tissues of the treated with
selenium plants (Table 2).

CeJieH Ha aKTUBHOCTTa Ha lNnpoTenHasaTta

B TbKaHWTE Ha JoOMaTeHM pacTeHuss cv. Gamayun 3apaseHu ¢ Meloidogyne

incognita

Table 2. Effect of Se-nanoparticles on the activity of proteinase inhibitors in the
tissues of tomato plants cv. Gamayun infected with Meloidogyne incognita

Treatments of plants Juveniles second stage (J) Roots

Healthy plants Infected plants Healthy plants Infected plants
Control 2.07 0.8 0.7 0.88
Se (0.68 pg/ml) 212 3.0* 1.2 1.92*
LSD p=<0.05 1.13 1.8 1.06 0.87

*Significant differences at p<0.05

BroxmxmMmnyHuTEe Mapkepu 3a nog-
TUCKAHETO Ha MpoTenHasHaTa akTUBHOCT
ca onpegeneHn no metogda Ha (Erlanger
et al., 1961 /no Udalova, 2018/) YBenuue-
HWe Ha PIS aKTMBHOCT e TSAICHO CBbp3aHo
C ekcnpecudara Ha PR6 reH B kopeHute u
nictata. HapactBaHeTo Ha Tasn akTuB-
HocT (PIs) e 6narogapeHne Ha HapacTBa-
HEeTO Ha ekcrnpecuAta Ha PR6 reHa u e
JokKasaTefqiCTBO 3a WHAYyLMPaHOTO BNS-
HWe Ha HaHopa3MepHUA CeneH.

The biochemical markers of IR are
proteinase inhibition (PIs). The activity of
Pls was evaluated according to the
method of (Erlanger, et al., 1961, after
Udalova, 2018) Increase of Pls activity is
closely connected with PR6 gene
expression in the roots and leaves. The
increase in the activity of Pls is due to an
increased expression of PR6 gene and
indicates the inducing properties of
selenium nanoparticles.
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MuHepasieH CbCTaB Ha pacTeHusiTa

Pesyntatute oT u3cnegBaHeTo Ha
MUHEPa/IHNA CbCTaB Ha pacTeHusTa ca
npeacraBeHn Ha Tabnuua 3. Hskou ot
nscneasaHute enemeHtn (S, Mg, K, Ca,
Fe, Zn) ca oT pewasauo 3HayeHue 3a
hopmMmMpaHeTo Ha aHaTtommaTa Ha pacTe-
HUATA, KaKTO U 3a HOPMasIHOTO MpPOTK-
YyaHe Ha meTabosM3ma Ha pacteHusaTa u
3a CMHTe3a HO Heobxoammu cybeTaHummn B
knetbuHata nnasma (Gorbanov, 2010).
Jlob6aBsHETO Ha ceneH NPOMeHs Konmyec-
TBOTO W Ha ApYyrn enemMeHTV B pasnnyHa
cteneH (Ta6nuua 3). Tesn NpomeHn ca B
paMKata Ha HOPMa/IHOTO pasBUTME Ha
pacTeHusTa B YCNOBUSATA Ha WHBAa3uA C
Meloidogyne.

Mineral content of the plants

The results obtained on the base of
analyses of the mineral content of the
plants are given in Table 3.

Selenium was not found in both of
controls  (Control invaded and
nontreated and Control — uninvaded and
untreated, Table. 3).

Addition of Se changes the quantity in
different way of the other elements
investigated (S, Mg, K, Ca, Fe, Zn). These
changes are into the framework for the
normal development of the plants under
Meloidogyne invasion.

Tabnuuya 3. MMHepaneH cbCTaB Ha pacTeHusTa (ug/ml)
Table 3. The mineral content of the elements in the experimental plants (ug/ml)

\ Se \ P ] S \ K ] Ca ] Fe ] Zn ] Mg
Variants
Control — non invaded plants
Leaves 0 1.603+0.125 [0.821+0.509|990+164.6| 2456+72 | 454+43 |52+3.27|0.019+0.0075
Stems 0 1.143+0.0737| 0.54+0.055 | 2491+447 | 1629+42.5 | 589+33 | 63+£5.26 | 0.03+0.002
Roots 0 2.25+0.156 | 0.8+0.303 |2310+179| 2390+84 | 669+37 [81+5.43 | 0.038+0.012
Control — invaded plants
Leaves 0 1.463+0.529 |0.743+0.390| 948+347 | 1041+206| 348+39 |34+5.63|0.019+0.0026
Stems 0 0.589+0.337 |0.205+0.019| 3169+215 | 878+259 | 484+14 |47+6.79|0.033+£0.0042
Roots 0 1.2+0.327 | 1.8+0.235 |3230+534 | 1010+112 | 595+35 |67+8.22 |0.0404+0.0041
Se - 0.5 pg/ml — non invaded plants
Leaves [2.87+0.112| 1.03+0.094 |0752+0.267 | 2940+142 | 4277+216 | 457+11 | 55+5.4 |0.0133+0.0021
Stems |1.84+0.222| 1.5+0.913 |0.517+0.098| 3669+304 | 3778+668 | 532+13 | 58+6.7 | 0.043+0.0095
Roots [4.48+0.098| 0.5+0.067 0.1+0.087 | 470+202 640+87 801+34 | 69+4.5 | 0.009+0.0013
Se - 0.5 pg/ml — invaded plants
Leaves [2.05+0.066| 1.56+0.89 |1.19+1.020 |1093+63.3|2947+1878| 419+16 |47+2.74]0.0363+0.0258
Stems |1.86+0.065| 2.18+0.72 | 0.33+0.057 | 3185+285 |2836+1355| 525+5.5 |52+2.62 | 0.0313+0.004
Roots [3.46+0.110| 2.8+0.54 1.8+0.230 |2820+180 |3230+£1212| 690+21 |68+5.31| 0.061+0.012
Se - 1.0 pg/ml — non invaded plants
Leaves [3.36+0.145| 2.31+0.236 [0.981+0.723|1215+203 |3080+1349|508+28.5|50+5.10| 0.038+0.0101
Stems | 2.42+0.25 | 1.03+0.174 |0.808+0.145| 2977+111 |2985+1080|508+14.5|56+3.68 | 0.047+0.0010
Roots 7.38+0.12 | 1.5+0.078 1+0.345 | 13604245 [2020+1112| 742+25 | 61+7.8 | 0.045+0.0098
Se - 1.0 pg/ml —invaded plants
Leaves [2.98+0.102| 1.813+0.031 (0.396+0.014| 1845+210 |2169+1029| 394+6.5 |47+2.88|0.019+0.0015
Stems |2.21+0.113| 1.546+0.173 |0.381+0.031| 3750+332 | 2582+317 | 474+20 |58+2.33| 0.05+0.002
Roots  [6.24+0.265| 0.5+0.085 1+0.078 | 1740+450 |4870+£1032| 721+34 |74+4.23| 0.015+0.002

Kanuuat B kom6uHauusa ¢ N, P n S yuac-
TBaT B CMHTE3a Ha NpoTenHu. MarHesuaT

Calcium in combination with N, P, and S
participate in composition of the proteins.
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€ OCHOBEH efneMeHT B Mosiekynata Ha
xnopomnaa n uma OCHOBHa pons B MNpo-
ueca Ha dotocuHTesaTa. KonmyectBoTo
Ha Fe e MHOro HMUCKO HO TO3W efleMeHT
B3emMa y4yacTve B u3XpaHBAHETO Ha pac-
TeHMaTa W BbB (DYHKUMOHMPAHETO Ha
BpoJeHaTa pe3nUCTEeHTHOCT Ha pacTeHus-
Ta KbM WH(PEKUMA ¢ pa3nuUyHu natoreHu.
LIVHKBT € MHOro Ba)XXEH €/IEMEHT, KOWTO
yyacTBa B OCHOBHU MpoLecu Ha pactu-
Te/lHMA MeTabosim3bm (oTocuHTE3a, CUH-
Te3 Ha x/10podounn, NPOTENHN, AMLIAHE, B
npouecuTe Ha a3oTHUSA 1 kapboxuapaTeH
MeTabosm3bm). PocdopbT € OCHOBEH
e/IeMeHT B MnpoLecuTe Ha XpaHeHeTo Ha
pacTeHussTa M yyacTBa B npouecuTe Ha
hoTOoCUHTE3aTa U KIETBbYHOTO [esieHune
(Gorbanov, 2010).

TpeTnpaHeTo C HaHOo-pasMepeH
CefleH C eKcnepumeHTUpaHuTe KOHLEH-
Tpauum ycunsea pacTUTE/THUA UMYHUTET U
noaTncka HOPMasIHOTO pasBuUTME  Ha
ranosute Hematoam (Tabnmum 1, 2 n 3).

OBCBbXOAHE

JlobaBsHeTO Ha cefieH B um3crneg-
BaHUTe KOHLleHTpauum BoAM 40 yBenunye-
HMe Ha HEeroBoTO CbAbpXaHWe B pacTe-
HuATa (NOA3EMHM WM HaA3EeMHM OpraHu).
MpomeHWTE B KONMMYECTBOTO Ha [Apyru
eNemMeHTun, nscneaBaHu npu ekcnepumeH-
Ta/IHUTE KOHLEHTpauum Ha Se, BAUAAT
NOOXMTENIHO BbPXYy PasBUTMETO Ha
3apaseHusi ¢ Meloidogyne roctonpmeMHuK
N orpaHMyaBaT HOPMa/IHOTO pPas3BuUTME Ha
HematoguTe. [MonoxuTenHata pons Ha
cesileHa e fjokasaHa 1 B npouecuTte, CBbp-
3aHU C BPOLEHUA pacTUTesieH VMYyHUTET.
B pesyntart Ha nonyvyeHute pesyntatu ot
MOPAIONOTNYHUTE U BUMOXMMWUYHU Xapak-
TEPUCTVKN, KaKTO M MPOMEHN Ha MuHe-
pasiHMA cbCTaB Nof B/MSAHWE Ha CeneHa,
BOZHUTE KOMOUAHW pa3TBoOpPW OT HaHopas-
MEPEH CefieH, MOXe Ja ce pasrnexgart
KaTo HOB abuoreHeH uHAyuupal, dakTop
Ha Pe3NCTEHTHOCTTA Ha JoMaTeHMTe pac-
TEHWs Mpu MHBa3usl c nartoreHu. Mony-
YyeHuTe pesynTatu Mnokassar, 4Ye CbAbp-
XaHueTto Ha PIs MHOro BeposTHO e efHa
OT MPUYMHUTE B MOTUCKAHETO HAa XU3He-

Magnesium is a basic element of the
chlorophyll molecule and has main role in
the photosynthesis. Quantity of Iron in the
plants is very low, but this element takes
part in the plant nutrition and in innate
resistance of the plants to infectious factors.

Zinc is one of the elements which
participates in many important processes
in the plants — photosynthesis, chlorophyll
syntheses, proteins, respiration, nitrogen
and carbohydrate metabolism.

Phosphorous is a basic nutritive element
for plants and participates in the
processes of photosynthesis, breathing
and cell division.

The treatment with Se-
nanoparticles at the given concentrations
increases the plant immunity and inhibits
the normal development of the parasites
(Tables 1, 2 and 3).

DISCUSSION

Addition of Se changes the quantity
of other elements investigated. Treatment
with Se in concentration investigated
leads to increase of its amount in the
plants (underground and above ground
organs). Changes in quantity of other
elements investigated at the experimental
concentrations of Se influences in a
positive way the development of the
infected host and restricts the normal
development of the nematodes. It was
proved the role of Se in the processes
connected with innate plant immunity. On
the base of the results obtained of
morphological and biochemical
characteristics and the changes of the
mineral content under Se influence, the
aqueous colloidal solutions of Se-
nanoparticles, can be regarded as a new
abiogenic inducer of tomato resistance to
infectious factors.

The results obtained suggest that the
content of Pls very probably may be one
of the causes for the depression of the life
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HaTa aKkTMBHOCT Ha HemartoauTe. [lo6ass-
HETO Ha cesfileH HamansBa CcuHTe3a Ha
npotevHasute Ha Meloidogyne. Te ca
BK/TIOYEHWN B Pas/IM4yHU NpoLecn OT passu-
TMETO Ha HemaToauTe (XpaHeHe, penpo-
AyKumst n embpuoreHesnc). HapacTteaHe-
TO Ha aktMBHOCTTa Ha Pls He camo B
KopeHuTe (MSCTO Ha JioKa/mM3aums Ha
HemMartogmTe) HO U B fiuctara. Toea fAo-
KasBa CUCTEMHOTO AeiiCcTBME Ha HaHopas-
MepHus ceneH. lMpomsHaTa B KoM4ec-
TBOTO Ha €/IEMEHTUTE Ca B paMKuTe Ha
MUHepanHua 6anaHc, Heobxoaum 3a
HOpMasTHMA MeTabo/IM3bM Ha pacTeHus-
Ta. TpeTupaHeTo C HaHopa3MepeH cesnex
noBulaBa kanauuMteTa Ha pacTUTeNHWUS
UMYHUTET U Ha Bb3MOXHOCTTa 3a OTHO-
CUTESIHO HOPMAaJTHO Pa3BUTUE HA PacTeHus -
Ta Jopu B yCNOBKATA Ha AafeHa UHBa3WS.

N3BOAN

3non3BaHETO Ha HSKOU MUKPO-
€/IeMeHTN KaTo abuoreHHn enucmTopwu
cpewy Meloidogyne npefoctaBs Bb3MOX-
HOCTM 3a pa3paboTBaHe Ha HOBM U EKO-
nornyHo obocHoBaHM MeToam 3a 6opba ¢
WHBAa3MOHHN (haKTopW.

BJTATOAAPHOCTU

Pa3TBopuTe OT HaHOpasMepeH
cesfieH HU 65xa N6Ee3HO NPeasIoKeHN oT
A-p. G. E. Folmdnis (MIHCTUTYT no meTa-
Nyprust 1 martepuanHu uscnegBaHus -
Pycka Akagemus Ha HaykuTte).

activity of the nematodes. Addition of Se
inhibits the synthesis of the proteinases of
Meloidogyne. They are involved in
different processes connected with the
development of nematodes (nutrition,
reproduction, and embryo genesis).
Increase of the activity of Pls not only in
the roots (site of localization of the
nematodes) but also in the leaves
indicates the systemic action of selenium
nanoparticles. Changes in quantity of the
elements are into the framework of the

mineral balance for the normal plant
metabolism.
Treatment with Se-nanoparticles

increases the plant immunity and the
possibility of the plants to develop even
under given infection.

CONCLUSIONS

Using of some microelements as
abiogenic  elisitors to  Meloidogyne
invasion gives an opportunity to work-out
new and ecological well-founded methods
for control to infectious factors.
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PE3IOME

CbCc cBOATA >XW3HEHA AeiHoCT
nosesHus AyBeY MPUUUHABA 3HAUUTENHU
nospeam Ha obkpbxasallaTa ro cpega, ¢
KOAITO e B3aVMHOCBbp3aH. 3a CenckoTo
CTOMaHCTBO OCOBEHO BaXHW ca rnoBpe-
auTe, NPUYMHABAHM OT MONE3HUA aOuBeY
Ha OBOLLHMTE U 3e/IEHYYKOBU rpaguHu, Ha
03474, Ha LUapeBnyHUTEe N KapTodeHuTe
6/10K0BE, @ CblLLO Taka W Ha M/oLWuTe,
3aeTU C XUTHU KynTypu. loHacTosLwem
nospeauTe, HaHacsHW OT MOMe3HUs [Au-
BEY B ropuTe N Ha 3eMeaesiCKu KyITypu B
6/1M30CT [0 ropuTe ca BceobLy npobaem
Ha ropckute CTonaHcTBa M Ha 3emepnen-
uute. Te ce cpellaT BbB BCUYKU TOPCKY,
3eMe/iefICKM 1 NOBHW CTONAaHCTBa, KbAEeTO
obvtaBa AuBey. CbC CBOATA XM3HEHA
[eNHOCT Ha CesICKOTO CTOMaHCTBO BpeaAaT
Hall-Beye gumBaTa CBUHSA, 3aeKbT M 4ac-
TUYHO €fIEHN U CBbPHU W APYIU TOPCKU
XMBOTHM KaTO A30BeL, N NTULM KaTo rapra,
rpvBsK M coika. O6eKT Ha HacCTOALETO
npoyyBaHe e BANSAHWETO Ha peneneHTa
Mopokon cpelly AWMBWATE XXMBOTHW MpK
Npoun3BOACTBO Ha LiapeBula B ABe nocne-

SUMMARY

The everyday activities of useful
game cause significant damage to the
environment they inhabit.

Especially relevant to agriculture is the
damage caused by useful game on
orchards, vegetable patches and vineyards,
as well as corn, potato and cereal fields.

The damage caused by useful game to
forests and crops bordering woodland is
currently a common problem for forest
managers and farmers. They are found in
all forest ranges, agricultural holdings and
hunting reserves where game live.

The most damage on agriculture is
inflicted by the everyday activities of wild
boars, rabbits and, to a lesser extent, deer
and roes and other forest animals such as
badgers and birds such as jackdaws,
common wood pigeons and jays.

This study looks at the use of the Porocol
game repellent on corn and potatoes
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[oBaTtesiHn rogvHW 1 Npu KapTom B Mec-
Ta, 6113KkM fo ropcknte macusu. MNonyye-
HUTe pe3ynTatu ca OMTUMUCTUYHU, OCO-
6eHo npe3 BTOpaTa roguHa cnep, aHaau-
3upaHe W OMNTMMU3MpaHE Ha OMUTHUTE
NMocTaHOBKM OT nbpBaTa roavHa. [okasa-
HO OGelle, Ye peneneHra npuTexasar
ocTpa TpaiiHa Mupusma, He ce B/iusie oT
BbHLUHWTE aTMOC(epHM YCMoBUSA, He
BpeAn Ha xoparta u Apyrn cesickocTonaH-
CKM XWBOTHU U € JIeCEH 3a NPUNoXeHue.
Ha ocHoBaTa Ha nosyyeHuTe ABYroguLLIHU
pesyntatm u M3BOAUTE OT MPOY4YBAHETO
ce npenopbyBa ynotpebara Ha peneneH-
Ta Nopokon B opraHn3vpaHeTo U NPoBEX-
JaHe Ha pacTuTesiHo 3aLlMTHN Meponpus-
TMA MpU MNPOU3BOACTBO Ha LapesBula u
KapTohm B NOAYNAAHUHCKATE U MNAaHWH-
CKW paiioHn Ha Bbarapus.

KnouoBu LyMU: peneneHTu,
Mopokon, AYBK XUBOTHW, NPUIOXKEHNE NpU
Lapesuua 1 kaptodum

YBO/[,

[vBeubT 1 o6KpbXKaBallaTa ro cpe-
Ja ca B3aMMHO cBbp3aHu. Cpeparta ocu-
rypsisa Ha guseya ybexuiia n € N3ToOYHUK
Ha Heobxogumara My XpaHa. AuBeybT OT
CBOsI CTpaHa C xpaHaTa, KOATO ynoTpe-
6s1Ba BNMsie BbpXy cpedara u Hali-uecto
NPUYMHABA 3HAYUTESTHUN LLLETU Ha CEeJsICKO-
CTOMaHCKNTE KY/ITYpU 1 Ha ropckofbpBec-
Hata pacTutesiHocT. Wom B ropata vma
Mo 3HayuUTeNHW KonnyecTBa [AuBed, pas-
XofuTe 3a Cb3faBaHe Ha HacaxaeHus ce
yBenuyasatr ¢ 200-400%, a Ha MecTa
nopagy NOCTOSHHWUTE MOBPeau OT AuBeya
pasBbX4aHeTo Ha HAKOW AbpPBECHU BUAO-
Be cTaBa HEBBH3MOXHO. 3a ropcKoTo CTO-
NaHCTBO 0COBEHO ro/IAMO 3HaYeHne umar
nospeaute, NPUYMHEHU OT 6/1aropoaHUs
efleH, efieHa fionarap, cCbpHaTa 1 3aeka.

BbnpochT 3a noBpeguTe Ha ropcko-
ObpBecHaTa pacTUTeNHOCT OT [AuBeva
CblllecTByBa OuWe OT BpPemeTo, Korarto
rpwxata Ha 4oBeka 3a ocurypsiBaHe Ha
TpaiiHOCT B Mon3BaHeToO OT ropuTe gosesa
[l0 Cb3aBaHeTo Ha ropcKOTO CTOMAaHCTBO. -

MpuunMHUTE Ha MoABABAHETO Ha
noBpefuTe BCe OWE He ca W3ACHEHMW.

grown in places close to forests in two
consecutive years. The results are
optimistic, especially in the second year,
after the first-year experiments were
analysed and optimised. It has been
shown that the repellent has a pungent,
lasting odour, is not affected by weather,
does not harm humans and other farm
animals, and is easy to apply.

Based on the results obtained in the two-
year study and its conclusions, it is

recommended to wuse the Porocol
repellent in the organisation and
implementation of crop  protection

measures, specifically in the production of
corn and potatoes in Bulgaria’s semi-
mountainous and mountainous areas.

Key words: repellents, Porocol,
wildlife, use in corn and potatoes

INTRODUCTION

Wild animals and their environment
are interconnected. The environment
provides shelter for the game and is a
source of the food it needs. On the other
hand, wild animals, by consuming that
food, affect the environment and, more
often than not, cause significant damage
to crops and forest vegetation. Where
forests have large numbers of wild
animals, the cost of growing crops on
adjacent land increases by 200-400%.
Also, growing some tree species becomes
unfeasible in certain places due to the
constant damage inflicted by wild animals.
Damage to forest ranges caused by red
deer, fallow deer, roe deer and rabbits is
especially significant.

The issue of damage to forest
vegetation by game has existed ever
since humans began caring for forests to
ensure their sustainable use, resulting in
the creation of the concept of forest
management.

The causes of the damage are still
unclear. However, a link has been
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YcTaHOBEHO e o06aye, 4ye CbliecTByBa
Bpb3Ka MeXJy cMsiHaTa Ha ecTecTBeHaTa
ropa, xapakrepuaupalla ce ¢ pasHoobpa-
3€H BWAOB CbCTaB, C UI1O/IMCTHU MOHO-
KyNTYpU W NOSIBABAHETO Ha NoBpeauTe.
CwmsATa ce, Ye Tasn CMsiHa e CbllecTBeHa
npuynHa 3a nosiBABaHeTO Ha NoBpeauTe,
3al0To C NpeanpueTnTe NPOMEHN B CbhCTa-
Ba U cTpoexa Ha ropute B CeBepHa EBpona
ca pefyumpaHu TPEBHUST U XpacToBuf-
HUAT eTaxK, KOUTO AOCTaBAT OCHOBHaTa 4YacT
OT XpaHaTa Ha gmBedya M Te Ce Haco4Bar
KbM 6/1M3KM CEICKOCTONAHCKM MacuBW.

MocTeneHHo c paspacTBaHe Ha 4o-
BellKaTa AeliHOCT B ropaTa v BcreacTaue
Ha CcTpeMexa Ja ce YBesM4nm Kosumdec-
TBOTO Ha [AMBe4Ya ce yBefnmyaBaTr U no-
BpeauTe. MNoBpeamn OT guBeya Ha ropcko-
[AbpBeECHaTa pacTUTENTHOCT U CEeNcKocTo-
naHckMTe KynTypu B 6GAN3KOTO MUHANO
noytTM He e uMmaso. ToBa MOXe fAa ce
06SICHU C HE3HAYMTE/THOTO KOIMYECTBO Ha
AvBeYa, OT efiHa CTpaHa, U CcbC cnabarta
ekcnnoatayms Ha ropute, oT gpyra. OT
3HayeHne e CbWo Taka W obcToATen-
CTBOTO, Ye B HalUMTE TOpU He ca M3Bbp-
LWBAHN JIECOKYNTYPHU Meponpustus B
ronsam mauiab, ocobeHo Ha ronv naoLu,
He ca NpPoBeX4aHn N PeKOHCTPYKLNW.

Bbnpekn BaXHOTO 3HAYEHME, KOETO
MMa 3a ropckoTo CTONaHCTBO U 3emeden-
CKUTE MPOU3BOAMTENN BLMNPOCHT 3a Lie-
TUTE BCe OlWle He e pelueH. OcBeH ToBa
Te ce nosiBABaT Ha MecTa, KbAeTo Mo-
paHo He ca 6unu no3HaTu. Hewo noeeve,
noBpeauTe B3emar BCe No-rofiemMu pasme-
py BbB BCUYKA pPaOHM C WHTEH3UBHO
JIOBHO M FOPCKO CTONAHCTBO W 6/13KM A0
TAX 3emegesnickvu nnowwm B bbarapus.

3a nonyyaBaHe Ha BMCOKW [06UBU
OT 3eMefesnickuTe KynTypu Ha mecTa B 6/m-
30CT [10 FO/IEMW FOPCKN MacuBu OT Cbllec-
TBEHO 3HAYeHWe e NPaBWUIHOTO OpraHn3u-
paHe 1 NpoBexaaHe Ha JIOBHO CTOMaHCKW-
T€ N PaCTUTEJTHO 3alUTHU MEepPOoNnpuUATUA.

B nutepatypata no Bbhpoca 3a
noBpeauTe U MepKMTe 3a orpaHuyaBaHe-
TO MM KaTo OCHOBHa 3ajaya ce noctass
3anasBaHeTo Ha Mofie3HUs AMBeY KaTo
obuTaTen Ha ropute 1 06eKT 3a /I0OBHOTO

established between the change from
natural forests composed of numerous
species to coniferous monocultures and
the increase in damage.

This change is believed to be a significant
reason for the occurrence of damage,
because changes in the composition and
structure of forests in Northern Europe
have reduced their grass and bush layer,
which supplies most of the wild animals’
food, forcing them to explore nearby farms.

The damage is gradually increasing
as human activities expand throughout
the forests and as a result of the desire to
increase the number of wild animals. Wild
animal damage to forest trees and crops
was almost non-existent in the recent past.

This can be explained by the insignificant
number of wild animals, on the one hand,
and the poor exploitation of forests, on the
other. Also important is the fact that no
large-scale silvicultural activities have
been carried out in our forests, especially
in bare areas, with no restorations carried
out either.

Despite the importance it has to
forestry and farmers, the issue of damage
is still unresolved. In addition, damage is
now appearing in places where it
previously did not occur. Moreover, the
damage is increasing in all areas with
intensively managed hunting reserves and
forest ranges and nearby agricultural land
in Bulgaria.

In order to obtain high yields from
agricultural crops in places near large
forests, it is essential to properly organise
and conduct hunting, agricultural and
plant protection activities.

Papers on the issue of damage and
mitigating measures view the main task
as the preservation of useful wild animals
as forest dwellers and game.
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cTonaHcTBo. ChblUEeBpPEMEHHO ce paspa-
6oTBaT ediMKkacHM MEpKU 3a OrpaHu4vaBa-
He Ha nospeguTe B ropuTe U 3emepen-
CKWTE MoK A0 eAUH MOHOCUM MUHUMYM.

PaspeliaBaHeTo Ha Te3n BbNPOCU
ce TbpCK [M1aBHO B CIeAHUTE HanpaB/ieHns:

- PerynvpaHe rbctoTara Ha 3anaca
OT MNOJSIe3HUS OUBEY C Or/fief Cb3faBaHe
Ha NPaBU/IHO CbOTHOLLUEHME MEXAY KOMu-
4ecTBOTO My U ecTecTBeHaTa My hypax-
Ha 6a3a.

- MopobpsiBaHe Ha hbypaxHaTa 6a-
3a B ropata 4pes M3mepBaHe Ha cbCTaBa
1 popmarta Ha HacaxaeHusTa.

- OcbluecTBABaHEe Ha MNOAXOAALLO
nogxpaHeaHe npes3 3umaTa, KOeTo ga ce
MocTaBu Ha HayyHa OCHOBa, 3a ja ce ocw-
rypy npaBwIHO MUHEPaTHO NoAXPaHBaHe.

- OcurypsiBaHe Ha PUTMUYHOCT B
XpaHeHeTo, 3a [a MOXe [a Ce OCbLLEeCTBU
T. Hap. ,,BEPWXHO noaxpaHsaHe".

- Cb3gaBaHe 1 U3nNuTBaHe Ha npak-
TMKa Ha emkacHu npeanasHu MexaHud-
HW, BUOTEXHUYECKN N XUMWYHWN CpeacTBa
cpelly nospeguTe.

MoBpean, NpUYNHABAHW OT pas-
NV4YHUTE BNAOBE AnBeY

MoBpean OT 6MaropogeH eneH.
Moyt BCUYKM NpeacTaBUTENN Ha JI0BHA-
Ta hayHa BpeasT Ha ropaTa, HO 0CO6eHOo
rofIIMO 3Ha4yeHue umart nospeguTte, npu-
YyMHsABaHW OT 6naropogHus eneH. Mpu Ha-
LUMTe YC/I0BUS CbLEeCTBYBa TACHA BPpb3ka
MeXAy pas3BUTMETO Ha 3anaca OoT TOo3u
BWA W MmosiBaTa Ha noBpeguTe. Toli ce e
cpelan B U3006MMe Kakto B M/IaHUHUTE
Taka U B NpeAniaHUHNTE U B PaBHUHUTE.
3a HAKOrawHoOTO My pasnpoCTpPaHeHue y
Hac uma peavua NMCMeHn AokasaTtencrea
(Bubenov, 1959; Botev, 1967; Baichev,
1968; Stenin, 1969). HabniogaBaHute
noBpeay ca npexansBaHe Ha UrNoAUCTHUTE
W Ha WMPOKOAUCTHUTE hmuaaHku, beneHe
Ha Kopata Ha abpseTtata (Bubenik, A.
1960) ” wu3ckybBaHe Ha uaaHKuTe.
(Ruskov and Petrov, 1963).

MoBpean oT cbpHa. CbpHaTa e
Hali-MHOro6poiHMAT  npeAcTaBuTen Ha
egpusi avBed B Hawarta cTpaHa. [pes

At the same time, effective measures are
being developed to limit damage to forests
and agricultural land to a tolerable minimum.

A solution to these issues is mainly
sought in the following areas:

- Control the density of useful wild
animal stock in order to create the right
ratio between the number of animals and
their natural food.

- Improve the food growing in the
forest by measuring plant composition
and form.

- Provide suitable (evidence-based)
supplemental nutrition during the winter.
In this regard, provide game with suitable
mineral supplements.

- Ensure regular feeding to achieve
so-called “chain feeding”.

- Develop and test in practice
effective protective mechanical,
biotechnical and chemical means against
damage.

Damage caused by different
types of wild animals

Damage by red deer. Almost all
species of game fauna are harmful to the
forest, but the damage caused by red
deer is especially significant.

In our conditions, there is a close link
between the development of the stock of
this species and the occurrence of
damage. It was found in abundance in the
mountains, foothills and plains. There is
substantial written evidence of its former
distribution in Bulgaria (Bubenov, 1959;
Botev, 1967; Baychev, 1968; Stenin, 1969).

The damage observed includes bites on
coniferous and deciduous saplings, bark
peeling (Bubenik, 1960) and sapling
plucking (Ruskov, 1963).

Roe deer damage. The roe deer is
the most numerous member of big game
in Bulgaria. Over the last few years, its
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nocnefHuTe HAKONKO TOAMHW HEWHOTO
3HayeHWe 3a JIOBHWA CMOpT HapacTsa
ycrnopegHo C paswunpsiBaHeTo Ha apeana
1 B NMOWMTE Ha ApebHOANBEYOBOTO S10B-
HO cTonaHcTBO. [OCKOPO NoBpeamn OT Cbp-
HW He ca 6wuau nosHatu. MNosBpegute OT
CbpHUTE, KakTo M OT 61aropogHns esieH
ce nosiBABaT KaTo pes3ynrar OT yBe/smua-
BaHe Ha TexHMs 3anac M OT ycuieHarta
AbpBogobusHa aeiiHocT (Dragoev, 1964;
Botev, 1968). OTkpuBaHUTEe NoBpeau B rop-
CkMTe macuBu ca 6amM3ku o 6naropopg-
HUS efnieH, HO cbobpaseHn ¢ nsnkarta Ha
cbpHuTE. Te ca npexanBaHe, U3ckybBaHe,
yTbNKBaHE Ha hugaHknTe, Hapes C NoLLeHe
1 oxJly3BaHe Ha KopaTa Ha gbpBeTara.

MNoBpean OT 3aeKk. 3aeKkbT e ” e
6bAe OCHOBEH BWA [OUBEY Ha HalleTo
JIOBHO CTOMAHCTBO, 3al0TO Hamupa 6na-
TOMPUSAITHU YC/IOBWS 3@ XXMBOT B MOYTU
BCUYKM MecTa C Hagmopcka BMCOYMHA
okono 1000 - 1200 m, uma pobpa pas-
MHOXWTE/IHa CNOCOBHOCT U CpaBHUTENHO
NecHO ce npucnocobsiBa KbM MOCTOSAHHO
U3MeHsALMTE ce ycnoBuA Ha cpefata. B
OCHOBaTa Ha cbliecTByBawara 60oHuTeT-
Ha Tabnuua 1 Ha MHCTPYKUMSTa 3a 6OHK-
TMpaHe Ha MecToobuTaHUsTa 06LMA HOp-
MasieH 3anac oT 3aek y Hac e 1500000
6pos (Ruskov and Petrov, 1957; Dragoev,
1973; Petrov, 1975; Botev et al., 1985;
Milanov, 1993, 1995). OdmymanHuTe Tak-
cauMm noco4ysart 3anacu B paMKuTe Ha
370 po 420 xun. uHgmMemaa 3a nocnegHu-
Te 20 roguHwn. MNonynauyuaTa e 3acTpawla-
Balla, a npupacTtbT e 0,68 npn HopMasneH
0KO/10 1, KOeTo couu, Ye 3anacute TpygHO
mMoraT ga 6baat 3anaseHu (Zhelev, 2015).
Hab6nogasaHuTe noBpean ca npexansaHe
Ha (bmaaHknMTe, KaTto HabnwaeHuATa no-
KasBar, ye 3aiiuMTe He BMHaru ynoTpeos-
BaT 3a XpaHa npexanaHuTe sieTopaciu
(Ruskov, 1967) n 6eneHe Ha kopata Ha
AbpeBeTtarta (Ruskov, 1957).

MoBpeau oT AmBa CBUHA. [uBaTa
CBUHA 3aemMa BaXHO MACTO cpeg npea-
cTaBuTENUTE Ha egpus Aveed. TA daBa
LieHHM Tpodden, BKYCHO Meco, a N1oBbT UK
N3KCKBA MBXeCTBO. Bcuuko ToBa s npasu
BCE MO-XenaH 06ekT Ha noB. [lpean

importance to hunting has grown in
parallel with the expansion of its range to
hunting reserves of small game.

Roe deer damage was unknown until
recently. Damage by roe deer and red
deer appears to result from an increase in
their stock and intensified logging
(Dragoev, 1964, Botev, 1968).

The damage found in forests is similar to
that by red deer, but in line with roe deer
anatomy. It includes sapling biting,
plucking and trampling, along with tree
bark husking and peeling.

Rabbit damage. Rabbits are and
will be the main wild animal species of our
hunting reserves, because they find
favourable living conditions in almost all
places at an altitude of about 1,000-1,200
m, have good reproduction and relatively
easily adapt to constantly changing
environmental conditions.

Based on the existing rating table and
habitat rating instructions, the total normal
rabbit stock in Bulgaria is 1,500,000
(Ruskov and Petrov, 1957; Dragoev,
1973; Petrov, 1975; Botev et al., 1985;
Milanov, 1993, 1995). Official estimates
indicate stocks in the range of 370 to 420
thousand individuals for the last 20 years.

The population is under threat, with a
growth of 0.68 (the normal value is around
1), which shows that maintaining stocks
would be difficult (Zhelev, 2015). The
damage observed includes sapling biting,
and observations show that rabbits do not
always eat the shoots they have bitten off
(Ruskov, 1967) and the tree bark they
have peeled off (Ruskov, 1957).

Wild boar damage. The wild boar
takes an important place among the
members of big game. It brings valuable
trophies and delicious meat, and hunting it
requires courage. All this makes it an
increasingly desirable target of hunters.
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okosio 20 roguHN guBaTa CBUHSA Y Hac e
uMasa OrpaHuMyeHo pasnpocTpaHeHue.
Cpellalle ce caMO B HAKOIKO U30nMpaHu
Haxoauwa B Puna, MNMupuH, SlygoropueTo,
Lobpypxa, CTpaHgxa, Pogonute u ap. B
pe3yntar Ha B3eTUTe OT O/TbXHOCTHUTE
opraHu v cnyxe6u Mepku 3a onassaHeTo U,
KaKTO 1 U3BBLPLUEHOTO pascesiBaHe Ha
XWBOTHW, OTrNeflaHn B Cb3faZleHuTe cne-
LManHo 3a uenta ceBuHedepmMu B JIOBHUTE
cTtonaHcTea ,lllep6a“, ,,.Bogen" n ,,bana“
PyceHcko, 3anachT Ha TO3u BUg 6bp30 ce
yBenuun. Cnopeg oduunanHiTe [aHHW
npe3 1984 r. y Hac uma okono 33500
6pos ¢ TeHAEHUUA yBenmyaBaHe.

YcnopeAHo € yBenMyaBaHeTO Ha
3anacute Ha AuBarta CBUHSA ce nossuxa u
nospeaute. Te ce cpelwlar HaBCcsKbAe,
KbfleTo obuTaBar OUBUTE CBUHE, U ca C
roNIIMO CTOMaHCKO 3Ha4YeHue 3a CeckoTo
CTOMaHCTBO. KbM HacTOALWMSA MOMEHT AaH-
HMW U HayyHW onucaHuAaTa Ha nospeguTe
OT AMBa CBWHSA MO 3eMefesiCKuTe KynTypu
Ca OCKbJHW UNK Nuncear.

PasvepbT Ha noBpegute mMoxe ga
Ce MnpeLeHu Mo npoToKo/MTe OT arpo-
BefomcTBara W YacTHUTE  CTonaHwu,
CbCTaBeHW no 3akoHa 3a onasBaHe Ha
CEJICKOCTOMAaHCKOTO MMYLLLECTBO OT AMBWU
XMBOTHU (State Gazette (SG), 1974).

dakTopu OT 3HayeHue 3a pasmMepa
Ha nospeante. MHoro chaktopu okassart
BNMSHME BbpPXY pasMepa Ha nospeaute,
KOUTO NOME3HUAT AMBeY MpuurHaBa Ha
ropata. Te nmart 3HayeHue npu MnpoBex-
[aHeTo Ha MeponpusaTMaTa 3a orpaHuya-
BaHe Ha nospeaurTe.

MbpBUAT hakTop B SIOBHO-CTONAH-
CckaTa Hayka W npakTuka e rbCcrtota Ha
AvBeda. Haii-yecto ce ynotpeb6siBa NoHs-
TUETOo cpefHa rbcTtoTa. Ta npeacrasnsasa
CpefHOTO 4ucao OoT AajeH Bug Ameed
crnopes netHus 3anac Ha 100 ha ot
NoBHaTa nnowl. M3BecTHM ca Cblo Taka
6MOTUYHO NOHOCUMA MbCTOTA U CTONAHCKN
noHocuma rbcroTa. Mog GUOTUYHO MOHO-
cMMa IbCTOTa ce pasbupa OHoBa KOMu-
4yecTBO AMBed OT gafeH Bug Ha 100 ha
naoLl, A0 KOeTo AMBEYOBUAT 3anac Moxe
Ja pocturHe, 6e3 ga HacTbNAT KakBUTO U

About 20 years ago, the wild boar had a
limited distribution across Bulgaria. It was
only found in a few isolated places in Rila,
Pirin, Ludogorie, Dobrudzha, Strandzha,
the Rhodopes, etc. As a result of the
protective measures taken by the
authorities, as well as the resettlement of
animals bred in purpose-built farms in the
hunting reserves Sherba, Voden and
Byala in the Ruse province, the stock of
this species increased rapidly. According
to official data, in 1984 there were about
33,500 wild boars in Bulgaria, with a trend
for the numbers to increase.

Along with the increase in wild boar
stocks, damage started to appear. It is
found wherever wild boars live and has
great economic significance to agriculture.

Data and scientific descriptions of wild
boar damage to crops are currently limited
or unavailable.

The amount of damage can be
assessed on the basis of reports by
agricultural departments and private
farmers, as prepared in accordance with
the Law on protecting agricultural property
from game (State Gazette (SG), 1974).

Factors relevant to the amount of
damage. Many factors affect the amount
of damage useful game cause to the

forest. They are important in the
implementation of damage mitigation
measures.

The first factor in the study of
hunting reserves and associated practices
is game density. The term used most
frequently is average density. It
represents the average number of a
species of game according to the summer
stock per 100 ha of hunting area.

The terms biotically acceptable density
and economically acceptable density are
also known. Biotically acceptable density
means the number of a species of game
per 100 ha that the game stock can reach
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ha e 6uno yBpexaaHus Ha TeNIeCHOTO My
passutmMe. A CTONAHCKN NOHOCUMA bCTO-
Ta Ha AguBeya e Tasu, Npu KOSATO noBpe-
avTe, KOUTO TOW npuumMHABa, morat ga
6bAaT OrpaHMYeHn C Ha/IM4yHU cpeacTsa
(Wagenknecht, 1965).

BTtopusT paktop - ecTecTBeHaTa
ypaxxHa 6a3za B ropata e efHa oOT
rMaBHUTE MNPUYMHM 3a noBpeauTe OT
npexansaHe 1 6esieHe e HefoCTaTbYHOTO
KO/IMYECTBO KayecTBEHA eCTeCTBEHA Xpa-
Ha B CerawHnTe UHTEH3MBHO CTOMaHNCBa-
Hu ropu (Koller, 1962).

Y Hac npoyyBaHusiTa BbpXy ecTec-
TBeHaTa hypaxHa 6a3a B ropaTta ca us-
BbpweHn ot Dragoev (1964) 3a Jlygoro-
pueto, Kolev (1966) 3a YenuHckus psn
Ha Pogonute n Baichev (1968) 3a paiioHa
Ha CeBepoustoyHa bunrapus.

MeponpusaTuaTa 3a onasBaHe Ha
LUeHHaTa roOpCKOAbpPBECHA PaCcTUTENTHOCT
OT AMBEYOBU MOBPEAW Ce rpynvpar, kaTo
cnegsa: 1) XMMn4YHM cpepcTsa 3a orpaHu-
yaBaHe Ha noBpeauTe; 2) MexaHWyHu
cpeAcTBa 3a orpaHuMyaBaHe Ha nospeau-
Te; 3) GMOTEXHUYECKM MeponpusaTusa. 3a
onasBaHe Ha oTAefiHM ongaHku ot Urio-
JINCTHU, LUIMPOKOSINCTHN N OBOLUHWN APbB-
yeTa B MnpakTMkara OCOBGEHO 3a HSKou
cTpaHu OT 3anagHa EBpona ce v3nonssa
C ycnex nepdopvpaHa UMMApPerHnpaHa
KapToHeHa 06BMBKa, KOATO Ce NocTaBs Ha
BPBbXHUS JIETOPACH/T HA OBOLHWTE APbB-
yeTta 1 douaaHkm, Kouto TpAbea ga 6bvaar
3awmteHn (Petrov, 1964). MNpepgnassaHe
Ha BPbXHUA /leTopachsl OT npexarnsaHe B
yyxbuHa (ABCTpUS) ce M3Non3Bart nosme-
TUNEHOBU ,4opanyeTa’, M3BECTHU NOof Haii-
pasiMyHM HaMMeHoBaHus. Te npeacTas-
nsBat  UWIMHAbPYETA OT MOSIMETW/IEH.
MocTaBAT ce Ha BPbXHMA JleTopachsl, a
OOSTHUAT MM Kpail ce mpucTsra ¢ kKayudy-
KOBM NpbCTeHYeTa. MNMpegHasHavyeHn ca 3a
npegnassaHe OT MpexanBaHe Ha WI/o-
NIMCTHU donpaHku. 3a NponbxgaHe Ha au-
Beya OT 3e/leHuUTe NoLWmM ce u3nonssar
roHyeTa (KyyeTa) 3aBbp3aHM Ha ObAMU
BbXeTa. Ha gpyrm mecta ce nocTtaesT
3anasieHn peHepu, okayeHn Ha gbpBeTa
B HerocpeacTBeHa 6/M30CT A0 KyNnTypuTe.

without causing any damage to its
physical development. For the density to
be economically acceptable, the damage
game causes can be limited by available
means (Wagenknecht, 1965).

The second factor — the insufficient
amount of quality natural food in today’s
intensively managed forests — is one of
the main reasons for damage caused by
biting and peeling (Koller, 1962).

In Bulgaria, studies of the natural
food supply in the forest were conducted
by Dragoev (1964) for Ludogorie, Kolev
(1966) for the Chepino part of the
Rhodopes and Baichev (1968) for the
region of Northeastern Bulgaria.

The measures to protect valuable
forest tree vegetation from game damage
are grouped as follows: 1) chemical
means of damage mitigation; 2)
mechanical means of damage mitigation;
3) biotechnical means.

There is a successful practice, especially
in some Western European countries, to
protect individual saplings of coniferous,
deciduous and fruit trees using a perforated
impregnated cardboard cover, which is
placed on the top shoot of fruit trees and
saplings needing protection (Petrov, 1964).

Polyethylene “socks” known by various
names are used abroad (Austria) to
protect the top shoots from being bitten.

These polyethylene cylinders are placed
on the top shoot, with their lower end
fastened with rubber rings.

They are designed to prevent coniferous
saplings from biting. Beagles (dogs) tied
to long ropes are used to drive game
away from the green areas.

Elsewhere, lanterns are lit and suspended
from trees next to the crops. The success
of these methods is always short-lived
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YcnexbT OT M3MN0A3BAHETO Ha Tesn cpes-
CTBa BMHarn e BpemeHeH (Botev, 1968).
Hali-ethkaceH HauvH 3a onasBaHe
Ha KynTypute Ha Majku naowm ot
nospeanTe OT AMBEY € U3M0/3BaHeTo Ha
nAbTHW orpagu. OrpagaTta ce npasu, 3a
[Ja ce Monpeun Ha XMBOTHUTE ga BAu3aT
B 3arpageHuTte naowy. Makap M cKbnu
CbOPBXEHNWSA, OrpaanTe KaTto CPeacTBo 3a
3awmTa OT AMBEYOBM MOBpPeAn Hamupat
LUMPOKO NPWUSIOKEHNE BBbB BCUYKM CTPaHu
C WHTEH3MBHO JIOBHO W TOPCKO CTOMaH-
cTBO. Te TpsAbBa ga ce npuniaraT no-
LwMpoko n y Hac (Petrov et al., 1968).
OcBeH pasrfiefaHnte MexaHWyHM
cpeacTBa 3a 60pba cpelly NpUYMHABaHU-
Te OT AvBeya noBpeaun B ropara ca nos-
HaTW T. Hap. BUOTEXHUYECKN UM TOPCKO-
CTOMaHCKN MEPKM 3a 3awuTa. Bbhnpeku ye
TE31 HaYMHU ca CPaBHUTE/THO HOBU, Nopa-
OV TOBa Ye ca eBTMHN 1 JoCTaTbyHO edm-
KacHM, B Moc/negHo Bpeme 6Gopbarta 3a
orpaHM4yaBaHe Ha MoBpeauTe, NPUYUHS-
BaHW OT AMBeYa, Ce HacoyBa VMMEHHO B
TOBa HanpasfneHve. Tesn Mepku 3a 3alm-
Ta Ha KynTypuTe OT NoBpeanTe Ha AMBeva
ca MHOro U Hai- pazHoo6pasHu. OT 6uo-
NIo0TMYHa rnefHa To4ka B ToBa OTHOLUEHne
€ BaXHO fJa ce nopobpu ectecTBeHaTa
XpaHutesiHa 6a3a 3a gvBeva B ropara, 3a
Ja ce ocurypu Heobxogumara My ecrtec-
TBEHA XpaHa npes3 ysanara rognHa.
XvMnyHUTE cpefactea 3a 6opba
cpelly noBpegute OT AMBeEYa Ca BaXXHO
MeponpusTMe OT TPWXWTE N0 Cb3haBa-
HETO Ha ropckUTe 1 3eMefesiCKn KynTypu
1 nognomMaraHeTo Ha Bb30OHOBABaHETO
Ha HacaxpgeHuaTa. 3a onasBaHe Ha
ropckogbpBeECHAaTa 1 cefickocTonaHckara
pacTuTeNnHoCT OT AMBEYOBM NoBpeaun ce
ynotpeb6saBar cneuuguyHn  MUPU3INBU
BewlecTBa. Hait-Hanpepg Te ca 6unn us-
non3BaHu, KaTo 3a Le/sTa ca HanosiBaHu
napuasam u ca noctaBsHW B 61M30CT A0
3acTpaweHnTe MmecTta. [Mo-kbCHO e 6un
nogo6GpeH CbCTaBbT HA CMECKUTE, KOeTo
€ MO3BOJIIO TAXHOTO HaHacsHe BbpXy
pacTteHusiTa. B npaktvkata Te3m oT6/bC-
KBallM BellecTBa ca ynoTpebsiBaHu kaTo
PBbYHO NPUTOTBEHWN CMECKM unu nog, cop-

(Botev, 1968).

The most effective way to protect
crops grown in small areas from game
damage is to use solid fences. The fence
is designed to prevent animals from
entering the fenced areas. Although
expensive, fences, as a means of
protection from game damage, are widely
used in all countries with intensive hunting
and forestry. They should be used more
widely in Bulgaria too (Petrov et al.,
1968).

In addition to the mechanical
means of preventing damage caused by
game in the forest set out above, so-
called biotechnical or forest protection
measures also exist. Although relatively
new, these methods are cheap and
sufficiently effective, so the fight to
mitigate the damage caused by game has
recently focused on them.

These measures to protect crops from
game damage are numerous and varied.

From a biological point of view, it is
important to improve the natural food
supply for game in the forest to ensure it
has the food it needs throughout the year.

Chemicals used to combat game
damage are an important part of caring for
forest and agricultural crops and
supporting plant stock regeneration.

Special odorous substances are used to
protect forest and agricultural vegetation
from game damage.

At first, rags were soaked in them and
placed near endangered areas.

Later, the composition of the mixtures was
improved, enabling their application on
plants.

In practice, these repellents are used as
hand-made mixtures or in the form of
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MaTa Ha pas3nuyHu habpuryHy npenaparu,
N3BECTHW NOJ, HAMEHOBaHNETO penesnex-
71 (Plant Protection Act), 1997).

3a pasnuka OT npenaparuTe, U3-
nosai3BaHu 3a 6opba cpelly HacekoMuTe n
ApyruTe BpeauTenu, XMMWYHWTe npena-
patn 3a 6opba cpelly AuBEYOBUTE MO-
BpeAun He ca npegHasHavyeHn ga oTpoBAT
AvBeya, a camo ga ro oTb/bcHaT CbC
CBOSITA HEMPUSATHA MMpU3Ma Nan BKyc. 3a
Ja M3MbAHAT nNpegHa3HayeHMeTo cu, Xu-
MWYHWUTE CpeAcTBa, ynoTpebsiBaHU B npak-
TMKata, TpsabBa fa OTroBapAT Ha cnej-
HWUTE NO-BaXKHM YCNOBUA: @) Ja nputexa-
BaT ocTpa TpaliHa Mupu3mMa, KoATo [Jda
nponbxaa gmeeda OT 3alluMTeHuTe Abp-
BECHM BWAOBE N CENCKOCTONAHCKN KyNTy-
pu; 6) Aa He ce M3MmMBaT OT Ba/leXunTe, 3a
Ja morat ga u3nb/HsABaT CBOETO npega-
HasHa4yeHune no gbaro speme (5-7 mece-
ua); B) Aa He 3aMpb3BaT MpU HNUCKa TEM-
nepatypa, Tbil KaTo B TakbB C/yyaii ryosart
CBOWUTE KayecTBa W He OKasBaT HUKaKBO
Bb3/elicTBME BbPXY AMBEYA; I) Aa 6baat
6e3BpefHM 3a xopaTa, KOMTO paboTAT C
TAX; A4) Aa He oka3BaT BPefHO BAUSHUE
BbpPXYy (PuaaHKMTe M CenicKOCTONaHCKuTe
KyNTypu; X) Oa He ca OrHeornacHu, Tbil
Kato B NPOTMBEH Cly4yail we ysenuyar
ropMMocTTa Ha (ugaHkuTe U CeICKOCTo-
MaHCKUTE KynTypyu M LLe HapacHe onac-
HOCTTa OT BBb3HWKBAHE Ha Moxapw; 3)
ynotpeb6ata um pa ObAe CTOMAHCKU
onpaBgaHa - ga He 6bAaT CKbNU U C TAX
JAa ce paboTun necHo.

XUMUYHUTE CpeacTBa, M3Mo/3BaHu
3a orpaHuMyaBaHe Ha nospeguTe oT AuBe-
ya, MOXe ga 6baar uspaboTteHu u B Oo-
MallHa O6CTaHOBKa W/IN B XUMMUYECKUTE
3aBogu. B 3aBucumoct OT TOBa, cpeLly
KakBW noBpeaun ce ynotpebseat, Te 6usart
npenapaTu cpewy npexansaHe W npena-
patn cpewy 6eneHe. Bcuuku nosHatu
npenapaTu ca rfaBHO Ha OCHOBaTa Ha: a)
KaTpaHeHN BELECTBA - KAMEHOBBLI/IEH U
KapsBOBBLI/IEH KaTpaH, aHTpauMTHO mac-
N0, AbPBEH KaTpaH OT WUIIONUCTHU U LWK-
POKOMUCTHU AbpBECHM BUAOBE, Kapbonu-
HeyM, acdanTt v gp.; 6) pacTuTenHu u
XXMBOTUHCKM Mac/ia U MasHUHW - NasiMoOBO

various manufactured agents known as
repellents (Plant Protection Act, 1997).

Unlike agents used to control
insects and other pests, chemicals used
to control game damage are not intended
to poison the game, but only to repel it
with their unpleasant odour or taste.

In order to fulfil their purpose, the
chemicals used in practice must meet the
following important conditions:

(@) they must have a pungent, lasting
odour that drives game away from
protected tree species and crops;

b) they must not to be washed away by
precipitation, so they can serve their
purpose for a long time (5-7 months);
(c) they must not to freeze at low
temperatures, because if they do, they will
lose their properties and have no effect on
game; d) they must be harmless to the
people who handle them;

(e) they must not have a detrimental effect
on saplings and crops; (g) they must not
be flammable, because they would
otherwise increase the flammability of
saplings and crops and, in turn, increase
the risk of fires; h) their use should be
economically justified — they must not be
expensive and must be easy to handle.

Chemicals used to mitigate game
damage can be made both at home or in
chemical plants.

Depending on the damage they are
intended to prevent, they are anti-bite or
anti-peel agents.

All known agents are mainly based on: a)
tar substances — hard and brown coal tar,
anthracite oil, wood tar of coniferous and
deciduous trees, carbolineum, asphalt, etc.;

b) vegetable and animal oils and fats —
palm oil, linseed oll, fish oil, bone oil, etc.;
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macso, 6e3up, pubeHo Macsio, KOCTHO mac-
N0 W Ap.; B) U3KYCTBEHW CMOJIN - KOSI0(hOH;
r) ocTaTbuM M OTNagbyHM BellecTBa npu
NPUroTBAHETO Ha BasleNunHa, napaduHa,
MWHEepasIHOTO Macfno, BOCbka W Ap.;
[0) oTnagbyHu BelwecTBa OT npepaboTka-
Ta Ha MHCEKTULMAW, XapTus, Lenynosa; e)
OpraHM4yHN M HeopraHWyHy BellecTBa OT
pasfiMyeH Npousxos - KpbB, KOCMU, NACHK
n gp. (Wagenknecht, 1965).

OT Te3u CypoBUHU B YyxOMHa ce npu-
TOTBSAT pas/IMYHM npenapaTu: - KatpaHeHu
npenapatu. B cypoB Bug Te ca npeg-
Ha3Ha4YeHu NpeguMHO 3a HarnpbCKBaHe Ha
UrN0ANCTHUTE (hruaaHku Npes nepuoga Ha
BereTauMoHHMA MOKOW. Mo BaXHU OT TAX
ca: Reuston n Orcus (Yexwus), Baunetcer
n Rutach (Fepmanus), Silvacol n Hurbason
(ABcTpus). OcBeEH TOBa MHOFO 4ecTo ce
M3MoM3BaT KaTpaHEeHOTO WM aHTPauUTHOTO
Mac/sio B CMecC C pyru KaTpaHeHW BeLlecTBa
3a MHO npbckaHe, kakBOTO ca Fursol
(FTepmanuns) n Proherba (AscTpus). -
MacTHu npenapatu. Te CblO ca npegHas-
HayeHu 3a npepgnasBaHe OT npexansaHe
Ha UrNOINCTHU U LUMPOKONIUCTHU chraaH-
ki npe3 3umata. OT TAX ca no3Hatu
Wilderbisalbe, Jager, Coniferol n gp. -
Mpenapatm Ha OCHOBaTa Ha CMOAUTE.
Mopaan HSkOM CBOW KayecTBa - TPYAHO
paspexgaHe BbB BOAAQ, TEXKM Napu 1 gp.-
ce 13non3BaT No BpeMe Ha BereTtauuoH-
HWS NOKOWM, N TO camo 3a npbckaHe. KbM
TAx npuHagnexar RZ (Yexwus), npenapa-
TMTe Ha cupmata ,,Heldebrand” (I'ep-
MaHus), a cbwo Wipox u Pinostris
(ABcTpus). - Mo- cnoxHu npenapatu. Kvm
Tasu rpyna cnagat emysicumTe, CychneH-
3unTe 1 uHNTE NpaxoBe. Bcuukm Te ca
n3paboTeHM OT BELLECTBA, KOUTO Nopaauv
HenoaxoasALWmM hr3nNKO-XUMMUYHN CBOICTBA
He MOXe ga ce ynoTpebsiBat B CypoB BUA.

OT 6/13KOTO MMHAIO KbM rpynara
Ha emyncunte cnagat Carnofer (Yexus),
npenapatute Ha dupma Stahler (Fep-
MaHus), a cbuwo Taka Dendrocol, Forstan
n Monacol (Asctpusi) n gp.. OT cycneh-
3uuTe ca nosHatu Marsuvin (Yexus),
Spange V n SRC (F'epmanus) n ap. Kem
cycneH3unTe ce nNpubasBsaT U BellecTBata

¢) artificial resins — rosin; d) residues and
waste substances from the preparation of
Vaseline, paraffin, mineral oil, wax, etc.;

e) waste substances from the processing
of insecticides, paper, cellulose; f) organic
and inorganic substances of various origin —
blood, hair, sand, etc. (Wagenknecht,
1965).

In other countries, these raw
materials are used to prepare various
agents: - Tar agents. In raw form, they are
intended mainly for spraying coniferous
saplings in the period of vegetative
dormancy. The most important of these
are: Reuston and Orcus (Czech
Republic), Baunetcer and Rutach
(Germany), and Silvacol and Hurbason
(Austria). In addition, tar and anthracite oil
are often used in a mixture with other fine
tar sprays, such as Fursol (Germany) and
Proherba (Austria). - Fat agents. They are
also designed to prevent coniferous and
deciduous saplings from being bitten in
winter. Wilderbisalbe, Jager, Coniferol,
etc. are foreign examples of such agents. -
Resin-based agents.

Due to some of their properties — difficult
to dilute with water, heavy vapours, etc. —
they are applied in the period of vegetative
dormancy and only by spraying. These
include RZ (Czech Republic), Heldebrand
agents (Germany) and Wipox and
Pinostris  (Austria). - More complex
agents. This group includes emulsions,
suspensions and fine powders. They are
all made of substances that, due to their
unsuitable physicochemical properties,
cannot be used in raw form.

Recent additions to the group of

emulsions include Carnofer (Czech
Republic), Stahler agents (Germany),
Dendrocol, Forstan and  Monacol

(Austria), etc. Marsuvin (Czech Republic),
Spange V and SRC (Germany), etc. are
examples of suspensions. Substances
such as kaolin, clay, lime, chalk are also
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KaTo KaosvH, NMHa, Bap, kpega, KouTo,
OCBEH 4e NnofobpsiBaT TEXHUTE 3alUUTHU
KauyecTBa, cnomaraT 3a NpuKpenBaHeTo u
3aCbXBaHETO Ha MoBe4vyeTo OT TAX, a
CNyXaTt 1 KaTo emynraTopyM Ha MacTHuTe
N KatpaHeHuTe npumecu. PUHUTE npaxo-
BE Ca Hali-LUMPOKO 3acTbNeHN cpes pene-
NIEHTUTE Ha 3MMHOTO npegnasBaHe oOT
npexansaHe. Kato no-cnabo outoTokcuy-
HW, NpenapatuTe OT rPynuTe Ha CYCMeH-
3unTe N YUHUTE NpaxoBe HamupaT Hali-
LUMPOKO NPUIOXKEHNE B MpakTukarta. ¥ Hac
cpewy nospeguTe OT 3alun ca 6unm
N3Npo6BaHN yCnewHo PbYHO MPUIrOTBEHU
CMeCKM OT pUBEHO Mac/o, XMBOTUHCKA
KPbB, TEUEH carnyH, Xekcax/iopaH, Kpesor,
oopMasiMH, bCEHMYHO Nenuno, deHon
40%, mepkanTaH, obywapckm naH, dyse-
JZIOBO Macfio 1 Boda B pas/iMyHM KOMOU-
Haumu. TPUNOXKEHNETO Ha XUMWUYHWUTE npe-
napaTtv He BMHaruM e focTaTbyHO edmkac-
HO. Ha mecTa peneneHtuTe gasaT MHOM0O
[06pun pesynTtatu, Nnopagmn KOeTo TAXHOTO
n3nosi3BaHe ce npenopbysa. Y Hac ca 13-
npo6bsaHn npenapatute Arboral, Arcotal
(ABcTpus), Apulin, Carnofer, Morsuvin
(Yexus), Fekama W - 30M n Fekama W-
40M (F'epmaHus).

Te3n peneneHtn ca NpPoOSIBUNN
[o6bp npeanaseH edekr Ha duaaHkiTe
CpeLly AMBUTE XMBOTHU. Hama3BaHeTo Ha
dmaaHknuTe C pasnuYHu npenapatm ce
M3BbPLIBA C MJIOCKA YeTKU. YAOOHO U
6BbpP30 ce paboTy C YETKM 3a STbCKaHE Ha
06YBKM, Ha KOUTO Ce NMPUKOBaBaT LPbXKN
C Ab/DKMHA 0ko/10 50 cm. YCTaHOBEHO €,
ye 3alMTHUTE KaYecTBa Ha U3Mosi3BaHuTe
peneneHT B pas/vyHM paioHn He ca
efHakBu. MpuunMHUTE 3a TOoBa TpsbBa Aa
Ce TbpCAT HE camO B Ha/IMYMETO Ha rnag
npv AvBeYa, HO N B VHAMBUAYA/THUTE MY
KayecTBa - HaBVK, 34PaBOC/IOBHO CbCTOS-
HMEe W T.H., 3alWoTo MNOBELEHNETO Ha
[JvBeya He ce CbCTOM camo OT MPOCTU U
BMHAry egHakB/ peakunm Ha U3NCKBaHUA-
Ta Ha cpepgata, a OT peakuun, o6ycno-
BEHU OT JafieHO MNOJIOXEeHWne, npeaussu-
KaHO OT eKo/1orMyHuTe ycnosus. EdekTsbT
OT AelCTBMETO Ha pas3nMyHuTe npenapa-
TV cpelly noBpeauTe OT AMBeYa 3aBUCK

added to suspensions, which, in addition
to improving their protective properties,
help most of them adhere and dry.

In addition, they serve as emulsifiers of
fatty and tar impurities. Fine powders are
the most common type of winter bite
repellents.

Being less phytotoxic, agents from the
groups of suspensions and fine powders
are most widely used in practice. In
Bulgaria, hand-made mixtures of fish oil,
animal blood, liquid soap, hexachlorane,
creosote, formalin, caterpillar glue, phenol
40%, mercaptan, shoe polish, fusel oil and
water in various combinations have been
successfully tested against rabbit damage.

The use of chemicals is not always
effective enough. In some places,
repellents produce very good results,
which is why their use is recommended.
Arboral,  Arcotal  (Austria),  Apulin,
Carnofer, Morsuvin (Czech Republic),
Fekama W-30M and Fekama W-40M
(Germany) have been tested in Bulgaria.

These repellents have been very
effective in protecting saplings from game.
Saplings are smeared with various agents
using flat brushes.

It is convenient and quick to use shoe
shine brushes adapted by nailing 50-cm
handles to them. It was found that the
repellents’ protective properties are not
the same when used in different areas.
This should not only be explained by
whether the wild animals were hungry or
not, but also by their individual qualities —
habits, health, etc. — because their
behaviour does not only consist of simple
and consistent reactions to environmental
requirements, but also of reactions
provoked by a certain situation caused by
environmental conditions.

The effect of the various agents against
game damage also depends on the nature
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CblLO Taka OT ecTecTBOTO Ha GuoTtona u
OT TOBa, Aa/IM Ha OuBeYa B 3aMsAHa Ha
OTHeTUTEe My (iypakHu nowm ce
NnpefocTaBAT AOCTATbYHO APYru.

B ycnoBusata Ha bBbarapua ca
N3Npo6BaHN HAKOSIKO TUNa penenieHTn Ha
6a3a pas/IMyHN XUMUYHU aKTUBHW Bellec-
TBa K npoTemHun (Lecheva, Stoyanov,
2014). TecTBaHUTE CpefcTBa ca nokasa-nu
cpaBHWTE/IHO A06pKM nokasatenu 3a onas-
BaHe Ha 3emejesnickute KynTypu npep-Has-
HayeHn 3a AMBevyoBW HuBKM npu TPUKO
LIEPTO3AH, PEMEJIOBAT n NOPOKON
npv 3eMHa A6bJika (Helianthus tuberosus L.).

CeefieHuATa U nuTepaTypHuTe u3-
TOYHULM, ONMMUCBALLY NOBPEANTE OT FOPCKU
XWBOTHN B CEJICKOTO CTOMNAHCTBO ca OC-
KbaHW. EgnHcTBeHo Ruskov PyckoB (1957)
n3yya-Ba 1 ONMcBa noBpeauTe oT 3anuyute
Mo OBOLUHUTE KyNTypwu. [opn n Ha 3aKOHO-
JaTenHo HMBO Npob6nemute CbC CENcKo-
CTONaHCKMTe KynTypu wn nospeauTte oOT
AvBeya He e 06CTOoiMHO 3acerHaTt. B Hac-
TOALWMSA MOMEHT 3aKOHbBbT 3a 3aluTa Ha
pacTteHusTa (O6H. AB. 6p.91 o1 10 OKTOM-
Bpu 1997r.) He TpeTupa To3n npobnem. B
UCTOPMYECKM acnekT npobnemute ca 6unu
paspellaBaH/ eAVHCTBEHO B 3akoHa 3a
ona3BaHe Ha CeJICKOCTOMAaHCKOTO MMyLlec-
T80 (B cuna oT 01.10.1974r., OTpaseHa
JeHommHaumata oT 05.07.1999 r.) wu
BCEKM WAEHTMYEH Ka3yCc 3a HaHeceHu
LLeTV NO CeNCcKOCTONaHCKUTE KyNTypu e B
npuoputeTa U NpPaBOMOLLMSATA €4UHCTBEHO
Ha geicTBawma 3akoH 3a ropute (O6H.
[B. 6p.19 ot 8 MapT 2011r).

Pa3paboTBaHeTO Ha HaCTOALLETO
npoyysaHe 3a B/IMSIHWE Ha peneneHTa
lMopoKon BbPXY AMBUTE XUBOTHU € Bb3-
MOXHOCT 3a oboraTsiBaHe Ha No3HaHuATa
U HeobxoAMMUTE peakuun 3a NpoTMBOAEN-
CTBME Ha HaHACSAHEeTO Ha LUeTn OT TAX Bbp-
Xy NPOU3BOACTBOTO Ha LiapeBuLa U KapTo-
don B 6M30CT [0 TOPCKM Macusy, fa ce Cb-
NOCTaBSAIT M JOKaXaT Bb3AeNcTBusTa cpeLly
3arybute Ha Ceficko CTonaHcka NpoayKuus B
[Be MopegHV roAvHW B [Ba paiioHa Ha
Bvnrapus.

of the habitat and on whether the game is
provided with other sufficient forage areas
in exchange for those taken away from it.

Several types of repellents based
on different chemically active substances
and proteins have been tested in Bulgaria
(Lecheva, Stoyanov, 2014). The tested
agents have been shown to be relatively
good at protecting agricultural crops
intended for game fields in TRICO
CERTOSAN, REPELLOVIT and POROCOL
in earth apple (Helianthus tuberosus L.).

Information and previous papers
describing agricultural damage by forest
animals are limited. Only Ruskov 1957
has studied and described the damage
caused by rabbits on fruit crops.

Problems with crops and game damage
have not even been fully addressed at the
legislative level. At present, the Plant
Protection Act (published in the SG, issue
91 of 10 October 1997) does not address
this problem.

Historically, those problems have only
been solved in the Law on protecting
agricultural property (in force since
01/10/1974, with only the name changed
in 05/07/1999), with any identical case of
damage to agricultural crops only covered
by the current Forest Act (published in the
SG, issue 19 of 8 March 2011).

This study of the impact of the
Porocol repellent on wild animals is an
opportunity to expand the knowledge of
how to counter the damage they cause to
corn and potatoes grown near forests by
comparing and proving the losses of
agricultural production in two consecutive
years in two areas of Bulgaria.
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MATEPWNAN N METO4WA

OnuTHMTE MOCTAHOBKM Gsixa 3aso-
XEeHN B ABa paiioHa Ha Bbarapus, pas-
JeneHn eanH OT Apyr W pasnpeenieHun
KaKkTo cnejBa: B palioHa Ha ceso Bacu-
noBuu 6elle 3anoxeH onuta npes 2017 u
2018 3a npoyyBaHe Ha noBpeguTe OT
OVBU XKMBOTHM npu nsow, ot 16 da c
uapeBvua; B palioHa Ha rpag batak 6elie
3as/10keH onuta npe3 2018 rogvHa Ha
nnou, 2,4 da kaptodwm. MNMoaroroBkaTa
Ha noysaTa B N/OWMWTE Ha 3acsBaHe e
cTaHpapTa, BknwuysBawla opaH Ha 10-15
Cm, KakTo U dope3oBaHe crief, 0CBOOOX-
JaBaHe Ha njowTa OT npealwecTBEHUKA.
Tasn opaH MMa 3a 3afjaya ga 3anasu
rnoyseHarta BIaXHOCT U Aa He npeausBu-
Ka pasBUTMETO Ha NieBesiHaTa pacturten-
HOCT. [pyra v3BbplUeHa AEeNHOCT e nog-
XpaHBaHe C TOp, KOETO € BaXHO Mepo-
npuaATHE Npu OTINEXAAHeTO Ha Lapesuua
(NPK 2020) n kaptodm (kapbamug). MNMpea-
BapuTefniHata npodhuampaHa novseHa no-
BbPXHOCT B Halus cryyvail He Gewe un3-
BbpueHa. MNpu obpaboTkaTa Ha no4ysata
He ca npunaraHy HYKakBu Xepouumaw.
CemMeHa Ha ONMUTHUTE 3eMefesnickn Kyn-
Typu. LlapeBunuaTta 6Gelue no6e3Ho npegoc-
TaBeHa 0T pupma CemeHa Pioneer® —
Cothua — wyact or dwmpma Corteva
Agriscience. CemeHaTta (®PAO 360) 6s1xa
3aceTu npe3 mecel mai n npes ggete
roAvHM Ha HabnwpeHne Mo cTaHdapTHU
centbeHn Hopmu oT okono 8000 6p. Ha
Jekap ¢ mMexaypefoBo pasctosHue ot 70
cm ” BbTPepefoBO pasCTosHME Mexay
TAX OT okono 17-20 cm. Kaptodwute 3a
3acaxjaHe 6sxa npefocTaBeHn OT KapTo-
honpomssogutesn ot Camokos, copT lMuka-
co. KnybeHute 6sixa 3acageHn B Havaso-
TO Ha Mecel Mai npe3 nepuoga Ha
HabngeHne No CTaHAapTHU CenToeHn
Hopmu OT 4500-5000 knybeHn Ha 1 da
unu 225-250 kg/da ¢ mexaypenoso pas-
cTtosiHMe 70 cm 1 BbTPEpPeoBO pa3cTosi-
Hue 28-31 cm. lNpe3 paHHa Beretauusa ot
(pasa pasTBapsiHe Ha BTOpM fucT go ha-
3a pasTBapsiHe Ha LWEeCTU AINCT Ha KynTy-
pata (BBCH 12-16) 6elwe n3BbPLUEHO MO
e[QHO TpeTupaHe Ha naowmTe cpeLy

MATERIAL AND METHODS

Experiments were conducted in the
following two areas of Bulgaria: near
Vasilovtsi  Village, experiments were
conducted in 2017 and 2018 to study
game damage in a 1,66 ha cornfield; near
Batak Town, an experiment was conducted
in 2018 in a 0,24 ha potato field.

The sowing areas were tilled in the
standard manner, including ploughing to
10-15 cm and milling after the area was
cleared from the preceding crops.

The purpose of the ploughing was to
maintain soil moisture and hinder weed
growth.

The soil was also fertilised, which is an
important part of the cultivation of corn
(NPK 2020) and potatoes (urea).

In our case, the soil surface was not
profiled in advance. No herbicides were
applied in the soil treatment. Experimental
crop seeds.

The corn was kindly provided by Pioneer
Seeds®, Sofia, part of the Corteva
Agriscience.Company. The seeds (FAO
360) were sown in May in both years of
observation according to standard sowing
rates of about 80,000 per ha, with the
rows 70 cm apart and the seeds in each
row about 17-20 cm apart.

The potatoes, which were of the Picasso
variety, were provided by a potato
producer from Samokov. The tubers were
planted in early May of the two-year
observation period according to standard
sowing rates of 45,000-50,000 tubers per
ha or 2250-2500 kg/ha, with the rows 70
cm apart and the seeds in each row about
28-31 cm apart.

In the early growth stage (from the
unfolding of the second leaf to the
unfolding of the sixth leaf of the crop
(BBCH 12-16), the areas were treated
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naesenun c xepobuumam npu Lapesuuata c
KanpeHo CK (akTMBHO BeLlecTBO: TeMOpPO-
TpnoH 345g/l; TneHkap6aloH- meTun 68gl/l;
n3okcagndeH - etnn 134g/l) cpelwy Lwmpo-
KOMIMCTHN N eLHOrOAULLHN XUTHU N/ieBe-
nn (npoco, 3eneHa kowpsisa, 06MKHOBEH
wmp, 65ana kyya nobopaa, hacynde, u oule
JocTa gpyru) v npu kaptodgute ¢ xepbu-
una Eknmnc 70BN 25-30 g/da egHokpaTHO
npunoxeH cnepn teHodasa (cnes BBCH
10) nbpBUTE NIMCTEHLA 3ano4ysaT fa Ha-
pactBar oT knybeHuTe (aKTMBHO Bellec-
TBO: METPUOBY3MH) cpeLly enHOroAMLLIHN
XUTHU W LUMPOKOSIUCTHU MNpPEBESIA KaTo
(BeTpyllKa, KOKOLIEe Mpoco, KoWTpsaBa,
6580 WuMp, rpagvHcKu Kncenew, TaTyn u
Ap.) Kamepu 3a AMCTaHLUMOHHO Habno-
JeHve. 3a npocrnefssaHe Ha BUAOBUSA
CbCTaB ¥ AMHamMuKata Ha HabesuTe Ha
OVBUTE XUBOTHM M3Non3saxme 6 6pos au-
rmtanHn kamepu (HC-700 M/G), npepoc-
TaBeHM HM 3a nonssaHe ot J1[ ,Bacu-
nosuun*“ kom 1P ,Cokon® rpag CnveHuLa
n NP rpapn batak. Bcsika kamepa Gelle
cHabpaeHa cbc SIM kapTta u SD kapTa 3a
CbXpaHeHue 1 Bpb3Ka C NepcoHasIeEH KOM-
noTbp. Kamepute 6axa MHCTa/MpaHu Ha
XpaHWikn B 6/IM30CT [0 3emefesickuTe
NAOoLWKY 3a AOKYMEHTMPAHE Ha OUBUTE XK-
BOTHW. PeneneHT. 3a uennte Ha HacTos-
LeTo npoyysaHe 6elle M3Nos3BaH perne-
neHta NOPOKOJ1. N360pbT HU 3a Hero-
BOTO MNpunoxeHue 6elle HanpaBeH Ha
6aszarta Ha NuTepaTtypHOTO npoyyBaHe u
onucaHute ¢ Aobpu pesyntaru B NpakTu-
kaTa. Toli LUMPOKO e MpunaraH 3a 3awuta
Ha MbTULLa OT NpeMnHaBaHe Ha auBeud (C
npunoxeHne 1 konoHka Ha 60 meTpa u
ancTtaHums 15 meTpa oT NbTA) U 3a 3allm-
Ta Ha CeicKoCTonaHCkn Kyntypu (c npwu-
noxeHve ot 4 o 5 6pos KOMOHKM Ha ha 1
BMcoumHa Ha 90 cm). OcHoBeH ¢hakTop
npu HanpaBeHUss M360p € U NIECHOTO MYy
WHCTaNMpaHe W cpaBHUTENHO fJobpa
3alNTEHOCT OT KIMMaTuyHUTE dhakTopu;
EdpekTuBHoCT: 4-6 Mmeceua. Mpoussoau-
Ten e Witasek PflanzenSchuntz GmbH u
nbe3Ho npegoctaBeHa ot cmpma Anlis
Ko ®opecT B rpag Codus.

OnuTHa NoCTaHOBKa W MHCTanauus

with herbicides, specifically the corn with
Capreno SC (active substance: tembrotrione
345 g/l; thiencarbazone-methyl 68 dll;
isoxadifen-ethyl 134g/l) for deciduous and
annual cereal weeds (millet, green
periwinkle, common sagebrush, white
pigweed, black bindweed and many others)
and the potatoes with Eclipse 70VG 25-30
g/da applied once after the phenophase
(after BBCH 10) where the first leafs
begin to grow from the tubers (active
substance: metribuzin) for annual cereal
and deciduous weeds such as (windgrass,
cockspur  grass, foxtall, common
tumbleweed, garden sorrel, thorn apple,
etc.) Remote monitoring cameras.

To monitor the composition of species
and the dynamics of raids by wild animals,
we used 6 digital cameras (HC-700 M/G)
provided to us by the Vasilovtsi Hunting
Club, part of the Sokol Hunting and
Fishing Club in Slivnitsa and the Batak
Hunting and Fishing Club. Each camera
was equipped with a SIM card for
communication with a computer and an
SD card for data storage. The cameras
were installed at feeders near farmland to
document wildlife. Repellent.

The POROCOL repellent was used for the
purposes of this study. We chose to use it
on the basis of research of previous
studies and the good results achieved in
practice. It is widely used to prevent wild
animals from crossing roads (with the
columns applied every 60 metres at a
distance of 15 metres from the road) and
to protection agricultural crops (with 4 to 5
columns applied per hectare at a height of
90 cm).

Another main factor in choosing this
repellent was its easy installation and
relatively good protection from weather;
Efficacy: 4-6 months. Manufactured by
Witasek PflanzenSchuntz GmbH and
kindly provided by Allv Co Forest in Sofia.
and

Experiment preparation
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Ha penesneHTa. Cxemara 3a UHCTa/IMpaHe
Ha peneneHta NMOPOKO/ 6ewe cbobpa-
3eHa C M3ncKBaHuATa Ha hupmara npous-
BoguTen. Bcuukn 3eneHn KOMOHKM 6sixa
NnocTaBeHW B Kpauliata Ha 3emMefesnickuTe
Nn/OWM Npe3 Kpas Ha Mecel, IOHW, HO B
HenocpencTBeHa 65M30CcT O ropaTa.
Pa3nonoxeHneTo Ha KO/IOHKUTE e npefa-
cTaBeHo BbB Purypa. 1 a) u 6). lMNpu
KapTodmTe, KOMTO HabnogaBaxve enviH-
cTBeHo npe3 2018 r. 6elle usbpaHa cxe-
Ma Ha pasnosioKeHMe Ha KONIOHKUTE npes
55 meTpa (durypa 16).

yapeexua c. BacunoBum

a) SR

repellent installation. The POROCOL
repellent was installed in accordance with
the manufacturer’s requirements.

All green columns were placed at the
ends of the agricultural fields in late June,
in the immediate vicinity of the forest.

The columns were arranged as shown in
Fig. 1 a) and b). For the potatoes, which
we only monitored in 2018, we placed the
columns 55 metres apart (Figure 1b).

kapTadu rp. batak
prusTLR: SIREZ1 M e Frcis M0

b)

®ur. 1. Cxema Ha pasnosioxXeHne Ha KOMOHKUTe a) npu uapesuuata npe3 2017 (1,6 ha) ;
@ «onoxku MOPOKOJ ¢ AVcTaHumsa edHa oT gpyra 60 m n BucoymHa Ha 90 cm; b)
npu kaptodurte npes 2018 (0,24ha) ® - «onoHkn NMOPOKON ¢ ANCTaHUMA egHa oT

apyrassm

Fig. 1. Scheme of available columns a) in maize in 2017 (1,6ha); ®- columns POROKOL with a
distance of 60 m from each other and a height of 90 cm; b) for potatoes in 2018
(0,24ha). ® - columns POROKOL with distance from each other 55m

MopdonornyHa guarHocTuka. po-
crefsBaHeTo Ha ABWKEHWETO U BUAOBUA
CbCTaB Ha [OuMBUTE XWBOTHU bGelle u3-
BbPLUBAHO AWNCTAHUMOHHO Ha 6a3arta Ha
noctbnBalliata MHhopmauns oT nHCTanu-
paHuTe kamepu B ropata, HO B 6/s130CT
[0 3emegenckute nnoww. MNMporpamupax-
Me npocriefABaHETO M 3aCHEMaHEeTO Ha
06eKkT1TE fJa Ce OCbllecTBABa Nnpes3 Beyep-
HuTe yacose (oT 18:00 no 08:00), nopaan
no yectuTe Habesn Ha AMBUTE XXUBOTHW.
OnpepfensaHeTo Ha BWOOBUA CbCTaB Cce
M3BbpLIBaLle Bb3 OCHOBaTa Ha mnosy4ye-
HUTE CHVMMKW OT LWecTTe 6pos kamepwu.
[aHHnTe ce cbbupaxa execegMuyHo.
NpoeHTudnkaumsata Ha [AMBUTE >XUBOTHU

Morphological diagnostics. The
movements and composition of game
species were monitored remotely using
information received from the cameras
installed in the forest, but near the
agricultural fields. We programmed the
cameras to monitor and film the animals
in the evening (from 18:00 to 08:00) due
to the frequent raids by wild animals in
those hours.

The composition of species was
determined on the basis of photos taken
by the six cameras. The data were
collected weekly. We identified the game
by comparing them with references and
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CcpaBHsIBAXMe C fMTepaTypHu U Apyru
n3TouHuymM. O6cneaBaHeTo Ha 3aceTuTe
3eMefiesICK1 NIoLM U3BbPLIBAXMe BCSKa
cefMuLa cnepf KoHcTatMpaHe Ha nbpea
eta oT AMBUTE XMBOTHM Ype3 MeToaa
Ha MapuwpyTHO o6cnepaBaHe. Llenta Ha
Te3n Hab/loeHNs1 e Upe3 M3MNo/3BaHeTo
Ha KOHKPETHW TEXHUKM U MEeToaM Aa ce
MoMy4n MakCMMasIHO TOYHa MHdhopMaums
3a OLEHKa CbCTOSIHMETO Ha noBpeauTe OT
XMBOTHW. TPOLEHTHOTO W3PaKEHNE Ha
HaHeceHuTe LWeTn Gelle W3BbPLIBAHO
e[lHOKpaTHO B Kpasa Ha Beretauusita
HenocpeacTBEHO Npean npuéupaHe Ha Kysi-
TypuTe. 3a 6a3a U CpaBHEHMWE M3N0/I3Bax-
Me CeuTGeHUTe HOpPMKM NpU Lapesuuara u
kapToduTe Ha pAekap. Pesyntatute oT
o6cnefBaHeTO 3a HaHECEHWUTe LieTu ca
ocpedHeHMN.

PE3YJITATA

Mpes nbpsara rognHa Ha
HaCTOALLETO NpoyyBaHe 6sxa aHaIM3npaHun
BUOOBUSA CbCTaB Ha [OUBUTE XXMBOTHMU,
noceljasawi Lapesuuata B palioHa Ha
ceno Bacunosuu, obuwmHa [JparomaH. Bb3
OCHOBa Ha nosy4deHute 3128 6pos CHUMKU
OT KamepuTe onpegenvxme BUOOBETE U
cnegsaxme 3a AvHaMmuKata Ha nosisa Ha
[OVIBW XUBOTHM B 6M30CT A0 3emMefesickara
nnow,. HabnwogeHnata craptupaxa oOT
BTOpaTa nosioBuHa Ha mecel, oHM 2017 u
npoab/kMxa [0 Mecel, OKTomBpw. Haii-
4yecTo cpellaHuTe AVBU XMBOTHW ca [uBa
CBUWHA, A30BEL, CbpHa, PUBALM K OpYyrU
NTULUM W 38€eK, OTPa3eHM KaTo NMbpsa npossa
B Uapesuuara B Tabnumuya 1 n durrypa 2.

other sources.

The sown agricultural areas were
inspected every week after the first wild
animal damage was established by route
inspection. The purpose of these
observations was to use specific
techniques and methods to obtain as
accurate information as possible to
assess the extent of animal damage.

The damages inflicted were calculated as
a percentage once, at the end of
vegetation, just before the harvest. As a
baseline for comparison, we used
standard sowing rates for corn and
potatoes per decare. The results of the
damage inspections were averaged.

RESULTS

The composition of game species
visiting the cornfield near Vasilovtsi,
Dragoman, were analysed in the first year
of this study. Based on the 3,128 photos
obtained from the cameras, we
determined the species and monitored the
dynamics of game appearing near the
agricultural area. The observations started
in the second half of June 2017 and
lasted until October. The most common
game was wild boar, badger, roe deer,
common wood pigeons and other birds
and rabbits, shown as the first attack on
corn in Table 1 and Figure 2.

Ta6nuua 1. BUAoB cbCTaB U AMHaAMMKA Ha NMOCELLEeHUs B LapeBuLaTta npes nbpeara

rogmHa
Table 1. Species composition and dynamics of visits to cornfield during the first year
1t ond 3 [OvHamuka | TMpoueHT ot
Ne .U.VIC/I_BlI; )KM.BOTlHM Kamepa | Kamepa |Kamepa Soce"”'?Hmf PO 6”"‘”’1 Gpoii f
ild animals ynamics of | Percentage o
Camera | Camera |Camera attendance total (%)
1. |AmBa cBuHsA / Wild boar (Sus scrofa) 81 82 49 212 66,3
2. [A3oBeu / Badger (Meles meles) 20 14 9 43 13,5
3. |CbpHa/ Roe Deer (Capreolus capreolus) 5 - 17 22 6,8
4. |F'pussik / Common wood pigeon (Columba palumbus) - 5 30 35 10,9
5. [3aek/wild rabbit (Lepus europaeus) 2 1 5 8 2,5
Pe3yntatu oT 06Lua 6poii NoceLLeHnsa Ha XpaHunkute B 6a1M30CT A0 LapeBuuata: 320 100
Results of the total number of visits to the feeders near the cornfield:
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[Jvea cBuHsa / Wild boar (Sus
scrofa)

CbpHa / Roe Deer (Capreolus
capreolus

OnucaHve Ha HaHeceHuUTe LWeTn oT
OMBY XNBOTHU npu uapesuuaTa 2017. MNbp-
BUTE Habe3n Ha ANBN XMBOTHM B Uape-
BUYHMSI BMI0K Gsixa OTKPUTW B Ha4asloTo Ha
mMecey, aBryct 2017 r. unu cnepg okono 80
OHW cnep cenTb6a. [JO TO3M MOMEHT HE KOH-
cTaTpaxme UspaBsiHe Ha 3acsiTUTe ceMeHa
OT uapesuua nin n3rpmnssaHe Ha imcTra.

MbpBM cumntomu: Bbe theHoda-
3a Ha KynTypaTa ubTex Ha meTtnuuaTa
6sxa (BBCH 61-68) 3abenssaHu nosane-
HW pacTeHUs B CNeACTBME Ha nperpus-
BaHe B OCHOBaTa WM U3LUAMI0 U3TPbrHa-
M. OT uanara HabnwgasaHata nsou, 16
da noepeguTe OTKpUXME Ha TpW MecTa
(okono 2000 pacTeHus), 65M3kN egHO Ao
apyro. leTtuTe ce orpaHnyaBaxa B nosa-
NAHEe Ha pacCTeHuATa, HarpusBaHe Ha CTbO-
noTo, nucTtata M HeoopMEHUTE KOYaHM
(durypa 3). KoHcTatMpaHo 6elue noBasns-
HEeTO Ha efHa KOMOHKa C penesieHTa oT
CueH BATBLP. O6LLO OCcTaHaIUTe KOIOHKN
KbM Kpas Ha Mecel, aBryct 6sxa 5 6pos.

puBsik / Common wood pigeon
(Columba palumbus

H3oBeu / Badger (Meles
meles)

3aek / Wild rabbit (Lepus
europaeus)

Ha dooToKanaHu npes 201
Fig. 2. The most common wild animals photographed on photo traps in 2017

Description of damage caused by
game to corn in 2017. The first raids on
game in the cornfield were discovered in
early August 2017 or about 80 days after
sowing. We had not detected digging out
of sown corn seeds or gnawing of leaves.

First symptoms: In the
phenophase of the tuber where the
panicle flowers (BBCH 61-68), we
observed plants that had fallen due to
gnawing at the base or had been
completely uprooted. Out of the total 16
decare area under observation, we found
damage in three places (approx. 2,000
plants) close to each other. The damage
was limited to plant felling and gnawing of
stems, leaves and developing cobs
(Figure 3). We found that a column of
repellent had been knocked down by high
winds. The total number of columns at the
end of August was 5.
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dur. 3. NoBasieHn U NperpmsaHy pacTeHns oT Lapesunuya npes asryct 2017
Fig. 3. Fallen and gnawed corn plants in August 2017

BTopu cumntomu: B pesyntar ot
N3BBbPLUEHOTO 06CMefBaHe ABe ceamMuuu
cnef KOHCTaTupaHuTe MbpBU Habesn
OTKpUXME MacoBO NOBasIiHE U CTbMKBAHE
Ha pacTeHuATa B [Be NeTHa Ha obwa
nnoty ot 2700 m? (okono 21600 6pos pac-
TeHus). Fonama yact OT noBasieHUTe pac-
TeHns 6sxa HarpyMsaHm n KoyaHuTe un3s-
feHun. deHodhaszata onpegenvxme Kato
pa3sutue Ha nnoga (BBCH 71-79). Tosa
3aCUIEHO MPUCHLCTBME HA AMBW XMBOTHU
r0 CpaBHUXME C JaHHWTE OT M3npateHusi
CHMMKOB MaTepuasl 1 0TY4ETOXME NpPUCHC-
TBME Ha TrONSIMO CTago [AVMBKM npaceTa
(ctopus). Mo BCsika BepPOATHOCT cTaBa
Ayma 3a OBYKpaTHO NnocelleHne Ha Maiku
Cc npunnoau. 3acuneHoTo MpUchbCTBUe
NpoBOKUpa 6bp3a peakuns KbM NpoBepka
Ha KOMOHKMTE ¢ peneneHt [lopokon.
KoHcTaTupaHo 6elle oTChCTBMETO Ha ABe
KOJIOHKM B 6/1M30CT A0 ropata (BeposiTHO
oTKpagHaTtu). OTkputo Gelle, Ye anpuTe
Ha >XMBOTHWTE waBaxa W usnmM3axa oOT
uapeBUYHUS 6/10K TOYHO Npe3 MecTaTa Ha
JMncBawmMTe KOSTIOHKK ¢ peneneHTa MNopo-
kon. Pesyntatute oT o6creaBaHusTa npes
Mecel, cenTeMBpy MNokasaxa, 4Ye HabesuTe
Ha OMBMTE XWBOTHM B LapeBuuata npo-
Ab/mKaBaT, a WeTuTe ce yBenunyasaT npo-
rpecuBHo. MNMeTHaTa Beye ca CNeTu un cpe-
Jata Ha 6510ka e Hanb/IHO CTbMkaH 6e3
30paBo pacteHve. M3mepeHata nsouy ¢

Second symptoms: During the
inspection carried out two weeks after the
first raids, we found a huge number of
plants had been felled and trampled in
two patches of a total area of 2700 m?
(approx. 21,600 plants). Most of the fallen
plants had been gnawed, with the cobs
eaten. The phenophase was determined
as fruit development (BBCH 71-79).

We compared this increased presence of
game with the data from the photos sent
by the cameras and noticed a large herd
(sounder) of wild boar. In all likelihood,
this was a two-time visit by sows with
piglets. The increased presence spurred
us to quickly check the columns of
Porocol repellent.

We saw that two columns near the forest
were missing (probably stolen). We found
that the animal tracks came and went
from the cornfield exactly at the locations
of the missing columns of Porocol
repellent. The inspections carried out in
September showed on-going wildlife raids
on the corn, with the damage increasing
progressively.

The patches had already merged, with the
middle of the field completely trampled
and no healthy plants left. The area of
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HaHeCceHuTe LLEeTM camo npes cenTemBpwu
e 8000 m?. Mpe3 paspelleHnTe NOBHU U3-
netn 3a gpebeH nepHart AuMBed, Konermte
OT /I0BHaTa ApyXuMHa BacumnoBun cbo6-
lwMxa 3a roaissMo MpPUCHLCTBME Ha AUBU
XMBOTHU M Ha rpuBsuM B LapesBuuarta. B
Kpas Ha Mecel, cenTemMBpuM OTYETOXME
noBpefleHNn pacTeHuMs Ha HOBU neTHa C
obuwa nnowy, ot okono 1300 m? unm 3ary-
61 Ha udanata nnow, oT OoKosio 76%,
usuucnieHa Ha 6asa ouenenu pacteHust
(Purypa 4).

=

damage caused just in September was
measured at 8,000 m?. Following outings
for small wildfowl during hunting season,
colleagues from the Vasilovtsi Hunting
Club reported a large presence of wild
animals and common wood pigeons in the
corn. In late September, we reported new
patches of damaged plants with a total
area of around 1,300 m® or losses of
approx. 76%, calculated on the basis of
surviving plants (Figure 4).

dur. 4. NMoBpean B cpegarta Ha LapeBUYHMSA BJ10K
Fig. 4. Damage in the middle of the cornfield

Mpe3 meceL, OKTOMBPY MpoBEAEHN-
Te 06crefBaHnA MnokKasaxa ysBennyaBaHe
Ha LWeTUTe ¢ HoBM 1000 M® 1M CymapHO
U3MEepeHnTe M/oWmM C HaHeceHn LWeTu
Bb3/IM3axa Ha okoso 14,8 da nnm werta ot
88%, B pe3yntar Ha KOeTo ce pelm
pekonTara ga He ce npubupa u naowta
6elle octaBeHa kato JMIBEHOBA H/BA.

Pesynrtatn, noslydeHun npes
BTOpaTta rogMHa Ha Hab/ta4eHneTo

lMpe3 BTOparta rogMHa Ha HacTof-
warta pabota 6elle BKIHOYEHO Mpoy4Ba-
HeTo 3a BNnAHWe Ha peneneHTa Mopokon
BbpXy Habe3uTe Ha AMBU XMBOTHU B Kap-
TodheHa HuBa B paiioHa Ha rpag batak,
KbAeTo bGelle aHanM3npaH BUOOBUA CbC-
TaB Ha AuBUTE XMBOTHWU. HabnogeHusaTta
N aHanu3nTe Ha AuHamukKata U nocetye-
HWA Ha UapeBMyHaTa HvBa B paiioHa Ha
ceno Bacwunosuu, o06wuHa [paromaH

The inspections carried out in
October showed an increase in damage
by another 1,000 m?, with the total areas
of damage of about 14.8 decare or 88%,
as a result of which we decided not to
harvest the area and leave it as a GAME
FIELD.

Results obtained in the second
year of monitoring

In the second year of this study, we
also examined the impact of the Porocol
repellent on game raids on potato fields
near Batak, where the composition of
game species was analysed.

We continued observing and analysing
the dynamics of the visits to the cornfields
near Vasilovtsi, Dragoman, taking into
account the results of the previous year.
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npoab/KMXa, Kato ce cbobpasmxme C
pesyntatute OT npeaxofHata roguHa.
MocTaBeHUTE KOJIOHKM OT penesieHTa
6s1xa C Haii-ropHaTa rpaHuya Ha npeno-
pbyaHOTO OT dhmpmara npoussBoauTen u
npubaBeHo OLle efHa KOJIOHKa Hapg Tesu
M3NCKBaHMA. Bb3 OCHOBa Ha nosyvyeHute
4014 6posi CHMMKM OT Kamepute onpe-
JenMxMe BuAOBETE W onpedensxve 3a
AVHaMuKaTa Ha nosiBa Ha OUBM XUBOTHU B
6/m30CcT o 3emegesnckite nnowun. Ha-
6nogeHnaTa  ctaptMpaxa OT BTOopaTta
nosioBMHa Ha Mecel, mai 2018 n npo-
ObXnxa go mecel, oktomepu (Tabnuvuya 2
n 3). Pe3yntatute nokasaxa, ye Haii-uecto
cpewaHnTe B 6/M30CT 4O uapesBuuyaTa
OMBU XUBOTHU Ca CblLuuTe KakTo npes3 2017
rogvHa - gmBa CBUHS, S130BEl, CbpHa, rpu-
BAUM WM APYyrYM NTMUM U 3aeK, HO C npome-
HeHa AvMHamuka, oTpaseHa B Tabnuvua 2.

The number of repellent columns installed
there was at the upper limit recommended
by the manufacturer, with another column
added in excess of those recommendations.
Based on the 4,014 photos obtained from
the cameras, we determined the species
and dynamics of the game appearing near
the agricultural areas. We began the
observations in the second half of May
2018 and ended the monitoring in October
(Tables 2 and 3).

The results showed that the most
common game found near the corn were
the same as in 2017: wild boar, badger,
roe deer, common wood pigeons and
other birds and rabbits. The dynamics,

however,
Table 2.

were different,

as shown

in

Tabnuua 2. BuaoB cbCTaB U AMHaMMKa Ha MOCELUeHUs B LapeBuulaTta npes

BTOpaTa rognHa

Table 2. Species composition and dynamics of visits to cornfield during the

second year

f 18t ond 31 [OvHamuka |'|6pou,eH6T ot
VBV XXMBOTHM noceleHuns | obLms 6poi
Ne Wild animals éi“&eeprz éi“&eeprz éi“&eeprz Dynamics of | Percentage of
attendance total (%)
1. vBa cBuHsA / Wild boar (Sus scrofa) 103 91 47 241 64,78
2. |A3oBeu, / Badger (Meles meles) 15 21 11 47 12,63
3. |CbpHa/Roe Deer (Capreolus capreolus) 9 10 11 30 8,06
4. "puBsak / Common wood pigeon ) 2 38 20 10,75
(Columba palumbus)
5. [3aek/ wild rabbit (Lepus europaeus) 1 1 12 14 3,76
Pe3ynTaTu 0T 06LmMa 6poii noceLLeHns Ha XxpaHuakuTe B 6IM30CT 40 Lapesuuarta: 372 100
Results of the total number of visits to the feeders near the cornfield:
Ta6r||/|u,a 3. BI/I,EI,OB CbCTaB N ANHaMMKa Ha noceweHnA B KapTodI)I/ITe
Table 3. Species composition and dynamics of visits to potatofield
Ne 4 5 6 OnHamuka I‘I6poueH6T ot
VBV XXVNBOTHN noceuyexHuns | obwusa 6poii
l£|'Wild animals gamepa Kamepa | Kamepa Dyna|rJnJ|ics of PerLcI:J'entagpe of
amera | Camera | Camera
attendance total (%)
1. [AnBa cBuHsA / Wild boar (Sus scrofa) 189 202 121 512 87,37
2. |CbpHa/ Roe Deer (Capreolus capreolus) 15 28 23 66 11,26
3. |bnaropogeH enieH / Red deer (Cervus elaphus) 5 1 2 8 1,37
Pe3yntatu oT 06Lua 6poii NoceLLeHNs Ha XpaHunkuTe B 621M30CT A0 kapTodnTe: 586 100
Results of the total number of visits to the feeders near the potato field:

Pesyntatute or HabnwogeHuAta B
KapToheHaTta HuBa npe3 2018 nokasaxa,
ye Hali-4ecTo cpellaHuTe B 61130CT ANBU
XVWBOTHM ca [AuBa CBWHA, 6naropofeH

The results of the observations of

the potato field in 2018 showed that the
most common game in the vicinity were
wild boar, red deer and roe deer (Table 2,
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eneH n cbpHa (Tabnuua 3, durypa 5).
OT4yeTeHN ca CHUMKWU Ha APYTU XUBOTHHU,
Hali-Beye XMLLHULW, BEPOSATHO Npocneas-
BallM ABWXEHWETO Ha AUBMUTE npaceTa u
Ca 4acT OT TeXHWS MPEXOoeH NOTOK.

[vnea cBuHsa / Wild boar
Sus scrofa)

KapTodeHaTa HMBa

CbpHa / Roe Deer
(Capreolus capreolus)

®ur. 5. Hail-uecTo cpeljaHUTe AMBU XUBOTHM, CHUMaHW Ha ¢poTOKanaHu Ao

Figure 5). The photos captured other
animals too, mostly predators, probably
tracking the movements of the wild boar
as part of their transitional flow.

BnaropogeH eneH / Red deer

Fig. 5. The most common wild animals photographed on photo traps near potato

fields

Pesyntatu OT HaHeceHUTe LEeTU
OT AVBU XXNBOTHU Npu Lapesunuarta 2018

MNpe3 mbpBOTO O6CNeABaHe Ha Lape-
BWYHUA NOCEB BbLB hasa 6-Tv — 8-Mu /IUCT
(BBCH 16-18) He 65ixa kOHCTaTUpaHu no-
Bpeau OT AMBM XWBOTHU. Hamalue wu3pa-
BAHE Ha 3aceTuTe cemeHa OT uapesuua
nnn usrpmussaHe Ha nucra. lNocelieHneto
6elle cbyeTaHO C PACTUTESIHO 3aLUTHO
MeponpusaTMe cpeLly XWTHU U LLIMPOKO-
JIUCTHU MeBenu.

Bcuukmte 8 6pos  KOMOHKM  OT
peneneHTta Mopokon 6saxa UHCMNEKTUpPaHu
N Bb3CTAHOBEHW, KaTo noctaBMxme egHa
JonbfHuTENHa B cpejarta, B OTroBOp Ha
pesyntatute OT npeaxofHara roguHa.
BucounHata Ha BCUYKM KOMOHKW OGelue
HamasneHa Ha 50 cm, BmecTto Ha 90 cm.
Pesyntatute Ha HanpaBeHuTe 12 6posi
obcneasaHns OT Mecel, HW [0 cpefjaTa
Ha MeceL, cenTeMBpun 651xa HeraTMBHU 3a
nospeau Mo LUapeBUYHUTE pacTeHus oT
ONBU XNBOTHU (Purypa 6 A).

Results of damage inflicted on
corn by wildlife 2018

During the first inspection of the
corn crop in the 6-8 leaf phase (BBCH 16-
18), no damage by game was found.

There was no digging out of the sown
corn seeds or gnawing on the leaves. The
visit was combined with the spraying of
herbicide for cereal and deciduous weeds.

We inspected and restored all 8
columns of the Porocol repellent, placing
an additional one in the middle, in response
to the results of the previous year.

The height of all columns was reduced
from 90 cm to 50 cm. The results of 12
inspections carried out from June to mid-
September were negative for damage to
corn plants by game (Figure 6 A).

286



A)

B)

dur. 6. ObcneaBaHUs OT MeceL, FoHM 0 cpefaTa Ha centemBpu (A) 1 B kpasi My (B)
Fig. 6. Surveys from June to mid-September (A) and at the end (B)

MbpBOTO OTYETEHO MNOBa/IAHE Ha
€AVHVYHW KpaWlHW pacTeHus 6Gelwe ycTta-
HOBEHO B Kpas Ha MeceLl, CENTeEMBPU Npu
13-to ob6cnepsaHn. OTyeTeHn obwo 1560
MoBaJIEHN W HarpusaHn pacTeHnst N HaHe-
CEHU NoBpeau No KoyaHu B e4MH y4acTbK
oT okosio 190 m? (durypa 6 B).

Pesyntatute oT BTOPOTO OTYETEHO
nocelleHve Ha Lapesuuara B cpegara Ha
mecel, oktomspu (157 o6cnepasaHe) no-
Kasaxa HOBW LWeTn OT Habe3n oT npaceTta
Ha naow, ot okosio 350 m? 1 okono 2900
6pos NoBpefeHN pacTeHUs.

B kpas Ha Mecel, OKTOMBpWU
pesyntatute OT npoBefeHuTe obcnepga-
Hus (167° n 177°) nokasaxa yBenuyasaHe
Ha LWeTUTe ¢ HOBM 1000 M® M CymapHO
NU3MEPEHUTE M/IOWN C HAHECEHU LWETU
Bb3/IM3axa Ha okono 1,54 da nnm weta ot
10% (durypa 7).

We noticed the first felling of
isolated plants growing near the ends of
the field during the 13th inspection in late
September. A total of 1,560 felled and
gnawed plants were identified, with cobs
damaged in a section of about 190 m?
(Figure 6 B).

The results of the second visit to
cornfield in mid-October (15th inspection)
showed new damage from pig raids on an
area of about 350 m? and about 2,900
damaged plants.

The results of the inspections (16th
and 17th) carried out in late October
showed an increase in damage by
another 1000 m?, with the total areas of
damages of about 1.54 decares or 10%
(Figure 7).

dwur. 7. NMocnegHo obcneaBaHe Ha LapeBuuaTa npes 2018 — 06wy BUA,
Fig. 7. Last examination of cornfield in the second year — general view

PekonTtaTa oT LapeBswuLa 6elle npu-
6paHa Ha KouyaHu B Hauya/loTo Ha Mecel

The corn crop was harvested in
early November, with an average vyield of
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HOEMBpPU CbC cpefeH A06GMB OT OKOJMO
500 kg/da.

Pe3yntatu OT HaHeceHUTe LeTu
OT ANBW XUBOTHU Npu KapTodute 2018

OT o06uwo npoBeaeHuTe 14 6pos
obcnenBaHnsa npe3 roguHaTa Ha kapTo-
(peHaTa HMBa Gelle KOHCTaTUpaHO efHo
noceLieHvie oT AUBO XUBOTHO Npe3 Mecel|
cenTemBpu unn 4 meceua cnej WHcTa-
nupaHe Ha KosioHkuTe [llopokon. lNospe-
ante obxeawaxa okoso 40 m? ot KapTo-
iTe, HO 3ano4vBaxa OT /iMBaja B HemMo-
cpepcTBeHa 6mM30CT 1 3acaraxa 06bpHa-
TV YAMOBE B /MBajarta, M3puUTK 1 mssge-
HN KapTodu, KOETO HM Haco4yu KbM Mo-
Bpefga OT AMBO npace. Pesyntatute oT
BCUYKM Apyrn obcnepgaHus 6sixa Hera-
TMBHU. lMpoaykumsita Gewe npubpaHa B
Kpas Ha mecel, centemBpu — 5 meceua
cnef WHCTa/IMPaHETO Ha KOJIOHKUTE C
peneneHta Nopokon (Purypa 8).

[ 14
E

our. 8. OGcep,Bae Ha Kapo
Fig. 8. Survey of potato field in the Batak region

OBCBXOAHE

MonyyeHute pesyntatn npes 2017
rogvHa HW fasaT OCHOBaHuMe pfa MnoT-
BbpAMM, Ye YCTaHOBEHWUTe LWeTu npu
3emefefICKo NMpPOU3BOACTBO Ha Lapesuua
B 6/M30CT [0 FOPCKM MacvBu e U3K/Io-
YUTENHO PUCKOB MOMEHT.

Hali-ronemmn wWeTn Ha CesicKocTo-
MaHCKUTE KY/ATYpu U B YaCTHOCT LapeBu-
La ce HaHacaT OT AWBW MnpaceTa, A30BeL,
W rpuBALM.

about 500 kg/decare.

Results of damage inflicted on
potatoes by wildlife 2018

In the total of 14 inspections of the
potato field carried out during the year,
one visit from a wild animal was found in
September or 4 months after the
installation of the Porocol columns. The
damage covered about 40 m? of potatoes,
but started from a meadow in the
immediate vicinity and consisted of pieces
of turf turned upside down in the meadow,
as well as dug out and eaten potatoes,
which indicated damage by wild boar. The
results of all other inspections were
negative. The crop was harvested in late
September, 5 months after the columns of
Porocol repellent were installed (Figure
8).

Copt .Mukaco
Variety Picasso

ek 12

cheHaTa HMBa B paiioHa Ha baTak

DISCUSSION

The results obtained in 2017 give
us reason to confirm that, taking into
account the damage we identified, the
production of corn near forests is an
extremely risky endeavour.

The greatest damage to crops, in
particular corn, is inflicted by wild boar,
badgers and common wood pigeons.
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MpunaraHeTo Ha cneumanusvpaH
peneneHT MNopokon e ygaqyHo npu CTPoro
crnasBaHe Ha M3UCKBaHWATA Ha upmaTa
npou3BoaMTEN N CbOOBPA3EHO CbHC cneLm-
(oukaTa Ha paioHa OT CTpaHa Ha Knuma-
TUYHM N @HTPOMOreHHU hakTopu.

OnuceaHUTe CMMNTOMW Ha HaHece-
HU MopaXeHua no uapesuuara, Kato 3emMe-
Jencka KynTypa cnomMmorHa 3a oborartsBa-
He Ha Mo3HaHWATa Ha MecHUTe 3emMepen-
CKN NPOV3BOAMNTENN U LEMOHCTPUPaHe Ha
nbTULATa 3a NPeofoNsaBaHe Ha NAeHTNY-
HN Npo6aemMn B AENHOCTUTE Ha CENICKOTO
CTOMAHCTBO, PasBMBALLO Ce B palioHw,
rpaHnyeLLy ¢ ropcky MacuBu.

Mpe3 2018 rognHa HaHeceHuTe
LWeTn Ha naowTa ot kapTodhm nog 1% u
npu uapesuyarta okosio 10% ca He3Hauu-
TENHW U oTpassiBaT Bb3AEWCTBUMETO Ha
peneneHta opokon BbpXy AMBUTE XU-
BOTHW. lMpenopbyaHaTa HopMa € B Haii-
JONTHUTE TpaHMuM 3a efunHuua nuow, u
JIVHENHO pa3no/IOKEHNE Ha KOJIOHKMTE
Mopokon. CbobpassiBaitkn ce ¢ pesynta-
TUTe OT npeaxogHata 2017 roguvHa npu
uapesuuarta fABeTe OMUTHW MOCTAHOBKM
yBenmunxme cboTBeTHO ¢ 12,5% npwno-
XeHve npu uapesuua (3a nnow) n 25%
npunoXxeHne npu kaptopu (MHERHO -
BMeCTO npe3 60 m cme NpuaoXuam pas-
noJsioXeHne Ha KosioHKa npes 45 m). YBe-
JINYEHMAT NPOLEHT Ha KOMTIOHKUTE B ABETE
nsowm ot 18,75% e c oT/imyeH pesynrar.
ApomaTbT 3anasBa ediekta cu npu npsika
C/TbHYEBa CBET/IMHA BbPXY KOJIOHMTE 3a
nepuog ot 4-6 mMeceLa, KakTo € NoCOYeHO
OT hmpmarta npomssoanTen.

N3BOAN

1. PeneneHTbT MNopokon (Porocol)
MMa Bb3feliCTBUE BBPXY ANBUTE XMUBOTHU.

2. TpunaraHeTto Ha cneuwaausu-
paH peneneHT [lopokon e ygayHo npu
CTPOrO CrasBaHe Ha W3MCKBaHUSATA Ha
dmpmaTta npou3BoAMTEN U CbOGPA3EHO
CbC crneyudmkata Ha pailoHa OT cTpaHa
Ha KNMMaTUYHN 1 aHTPOMOreHHN DaKTopu.

3. WHcTtanaymata Ha peneneHTa
TpsibBa Aa 6bae cbobpa3eH C gUHaMUKa-
Ta M BUAA Ha [OMBUTE XUBOTHWU C LEN

The use of Porocol is appropriate
provided that the specialised repellent is
applied in strict compliance with the
manufacturer's requirements and in
accordance with the weather and anthro-
pogenic factors prevalent in the area.

The symptoms of damage to corn,
as an agricultural crop, helped to expand
the knowledge of local farmers and
demonstrate ways to overcome similar
problems encountered in agricultural
activities conducted in areas bordering
forests.

In 2018, the damage caused to the
potatoes and the corn was respectively
below 1% and around 10%, which is
insignificant and reflects the effect of the
Porocol repellent on wild animals. The
recommended amount was at the lowest
limits per unit area and linear
arrangement of the Paracol columns.
Taking into account the results of the
previous 2017 for the corn, for the two
experiments we increased the amount
applied to the corn by 12.5% (per area)
and to the potatoes by 25% (linear
increase — instead of 60 m, we used
columns placed 45 m apart).

The higher percentage of columns in both
areas (18.75%) produced excellent results.
The odour retains its effect in direct
sunlight on the columns for a period of 4-6
months, as indicated by the manufacturer.

CONCLUSIONS

1. The Porocol repellent has an
effect on wild animals.

2. The use of Porocol is appropriate
provided that the specialised repellent is
applied in strict compliance with the
manufacturer's requirements and in
accordance with the weather and anthro-
pogenic factors prevalent in the area.

3. The repellent must be installed
in accordance with the dynamics and
species of wild animals, i.e. the height of
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NpoOMsiHa Ha BMCOYMHATA Ha KOJIOHKUTE U
dutnnute.

4. TlpenopbynTesiHO yBesnyeHue
¢ 18,75% npu nHCTanunpaHe Ha penesieH-
Ta [lopokon BOAM [0 MHOIO A06pu
pesyntatu npu uapesuua u kaptodw,
OTrIeX4aHn KaTo 3eMefenCKu KyaTypu.

5. Pesynratute 0T Mpoy4yBaHETO
NnoTBbPXAABaT, Ye YCTaHOBEHUTE LWETU
npu 3emMefencko MNpPoOM3BOACTBO  Ha
uapesuua B 65IM30CT [0 FTOPCKM Macusm e
U3K/THOYNTENTHO PUCKOB MOMEHT.

6. Hali-uecto cpewaHute AuBK
XMBOTHKW, MocellaBalim 3emegesnickure
KynTypu ca pguBa cBMHA (Sus scrofa),
cbpHa (Capreolus capreolus), 6naropo-
peH eneH (Cervus elaphus), s3oBey,
(Meles meles), 3aek (Lepus euroraeus),
rpmBsk (Columba palumbus) un pgpyru
nTMUM 1M TOBa NOTBbpXAaBa /mTepaTyp-
HUTE AaHHW.

7. OnucsaHWTe CUMMTOMW Ha Ha-
HECEHM MOpaXeHus MNo uapesuyaTa, kato
3emefesicka KynTypa cnomorHa 3a obora-
TABaHe Ha No3HaHMATa Ha MecHuTe 3eme-
[enckn npovsBoauTeny N AeMOHCTpupa-
He Ha nbTuWarta 3a npeogonsBaHe Ha
WAEHTUYHN NpobnemMn B AENHOCTUTE Ha
CeJICKOTO CTOMAaHCTBO, pasBuBaLlo ce B
parioHK, rpaHNYeLLm C TOPCKM MacuBM.

OTunTalkn 3HaYMMoOCTTa Ha npob-
/leMa 3a HaHeceHuTe WeTn Ha 3emepnest-
CKUTE KyNnTypu OT OMBMW XUBOTHWU B 6/u-
30CT [0 FOPCKM MacuBM HacToswara pa-
6oTa TpaAGBa Aa nNpoab/KuU, 3a Aa noc-
YN 3a U3roTBSHE Ha NPEnopbkY 3a YCb-
BbpLUEHCTBAHE Ha npuiaraHuTe A0 MOMEH-
Ta JIOBHO CTOMAHCKWM M PacTUTESIHO 3aLuT-
HY MeponpuATHS.

BNATO4APHOCTU

Bnarogaps Ha 3emepesnckute cTo-
naHun Hukonali Hukmndpopos, ViBaH bopucos
n AHren 3ailkoB 3a momollia npu obpa-
6oTkaTa, ceiitbata M MpubUpaHeTo Ha
KyNTypuUTEe M Ha BCUYKM 4ynieHoBe oT J1[
Bacvnosuwn v /1 rpag bartak 3a okasa-
HaTa CbNPUYacTHOCT NPU U3BEXOAHE Ha
ONUTHUTE NOCTAHOBKM.

the columns and wicks has to be adjusted
accordingly.

4. 1t is recommended to increase
the density by 18.75% when installing the
Porocol repellent because doing so
produces very good results in corn and
potatoes grown as crops.

5. The results of the study confirm
that the damage identified means that
growing corn near forests is an extremely
risky endeavour.

6. The most common wild animals
visiting the crops are wild boar (Sus
scrofa), roe deer (Capreolus capreolus),
red deer (Cervus elaphus), badger (Meles
meles), rabbit (Lepus euroraeus),
common wood pigeon  (Columba
palumbus) and other birds. This confirms
the data generated in previous studies.

7. The symptoms of damage to
corn, as an agricultural crop, helped to
expand the knowledge of local farmers
and demonstrate ways to overcome
similar problems encountered in
agricultural activities conducted in areas
bordering forests.

Given the importance of the
problem of game damage to agricultural
crops grown near forests, this research
should continue to enable the
development recommendations for
improving the hunting, agricultural and
plant protection measures taken until now.
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PE3IOME

W3cnepgBaHn ca MuUKpobuonoruy-
HWUTE NokKasaTesim Ha MoYBU, 3aeTU C TPEB-
Ha, LUMPOKO/INCTHA U WUIMIO/IMCTHA pacTu-
TENIHOCT OT palioHn B Jlo3eHcka, Puna u
Manewescka nnaHnHW. OnpegeneHn ca
OCHOBHUTE Tpynu NOYBEHN MUKPOOPraHn3-
MM, eH3MMHaTa aKTMBHOCT ([B-rnwko3nga-
3a 1 ocarasa) u obwarta 6ronornyHa
aKTMBHOCT Ha nousata (No oTAeneHus
BbINIEPOAEH [BYOKMC). YCTAHOBEHO €, ye
BbB BCEKU pailoH CbYETAHUETO Ha crneuu-
PUYHUTE NOYBEHM XapaKTEPUCTUKU, K-
MaTW4YHWM YC/IOBUS M BUAA PacTUTENHOCT
00yCnaBsAT pasnnyuns B MUKPOOMOIOrnY-
HuUTe cBolicTBa. Kato ysano, B KaHenenute
n B Kahasute ropckm nousu nofg TpeBHa
pacTuTeNnHoCcT OT TpuTe paioHa ce Ha-
6nt04asa No-rofIsMO KOSIMYEeCTBO akTUHO-
MULETU B CpPaBHEHWE C Te3u Mnofg Wro-
nuncTtHa pactutenHoct. MNousute oT Jlo3eH-
Cka MnaHuHa ce OoT/n4YaBar C No-rofsm
6poii GakTepun ycBosiBaWM MUHEpaneH
a30T, MWKPOCKOMUYHU TbOM 1 aKTUHOMU-
uetTn. KonmyectBoTo Ha MUKPOOPraHn3Mm-
Te B NMOBBPXHOCTHUSI XOPU3OHT Kopenupa
¢ obemHata nabTHOCT M ¢ C/N Koedpu-

SUMMARY

The microbiological indicators of
soils occupied by grass, deciduous and
coniferous vegetation from regions in
Lozenska, Rila and Maleshevska
mountains were studied. The main groups
of soil microorganisms, the enzymatic
activity (B-glucosidase and phosphatase)
and the total biological activity of the soil
(by the released carbon dioxide) are
determined. It was found that in each
region the combination of specific soil
characteristics, climatic conditions and
vegetation type cause differences in
microbiological properties. In general, in
the Cinnamon and Brown Forest Soils
under grass vegetation from the three
regions a higher amount of actinomycetes
is observed compared to those under
coniferous vegetation. The soils of Lozen
mountain are characterized by a large
number of bacteria digesting mineral
nitrogen, fungi and actinomycetes.

The amount of microorganisms in the
surface horizon correlates with the bulk
density and the C/N coefficient of the soll,
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LUMEeHTa Ha no4ysaTa, KOETO € Hai-CUHO
npeacraseHo B noysute ot Puna nnaHu-
Ha. OT uscneaBaHUTE NOYBU C Haii-go6pK
MWKPOOMOIOTMYHN MNOKa3aTesim ce oTNu-
yaBa KaHeneHaTa ropcka rnouyea noj Tpes-
Ha pacTuTesiHoCcT OoT ManeleBcka niaHu-
Ha, KbETO Cca OTYETEHU HAN-BUCOKWN KOMU-
yecTBa XeTepoTpOoHM M LEenyno3opas-
narawy  MUKpPOOpraHM3Mu, Hai-BMcoka
€H3UMMHa aKTMBHOCT U Hail-BMcOKa o6uia
omnonornyHa akTMBHOCT.

Kno4yoBM AyMU: MIAHUHCKA MOYBM,
NnoyYBeHU MWKpPOOpPraHn3mu, €H3MMHa
aKTUBHOCT, 06L1a 61M0/10rMyHa akTMBHOCT

yBO/[,

MuKpoopraHM3amMuTe 1 MMKpo6rono-
TMYHUTE NPOLLECH MMaT OrpoMHa pons 3a
nJo4OpPOAVETO Ha MoyBaTa W 3a XpaHe-
HeTo Ha pacTeHuaTa. lNousata npepnoc-
TaBs YC/NOBUSA 3a pasBuMTME Ha MUKPO-
hnopata, [okaTo TS OT CBOS CTpaHa
oKasBa cneuntuyHoO B/IUSIHWE BbPXY HEs.
Mpn KOHKPETHUTE PU3NKOXUMUYHWN CBOIA-
CTBa Ha fajeHa no4ysa ce pasBuBar onpe-
[ENeHO KOMMYECTBO M TpynvM MUKpoopra-
HM3MU N Ce ycTaHOBsIBa GMOMOTMYHO paB-
HOBecue, XxapakTepHO 3a yc/ioBusATa U ce-
30Ha (Perfanova and Donkova, 2017). EH-
3UMHaTa aKTMBHOCT Ha noyBaTa e nokasa-
TeN 3a WUHTEH3VBHOCTTa Ha OMOXMMUYHa-
Ta TpaHcdopMauusi Ha opraHuM4YHUTE OcTa-
ThUW, NPN KOETO ce 0ocBObOXAaBaT [OC-
TbMHW 3@ pacTeHuATa XpaHWTesHU ene-
MEHTU. BaxkHO 3HauYeHne nmar eH3umuTe,
Katanusvpawm MuHepanusaumsata  Ha
OCHOBHUTE OMOreHHU enemeHTu. Bbpxy
€H3MMHaTa aKTUBHOCT OKa3BaT BMUSHUE
CBOiCTBaTa Ha MnouyBaTta, pacTuTesnHaTa
MOKpMBKa, HAYMHBLT Ha 3EeMenosi3BaHe,
B3aMMOAENCTBUSATA Ha MOYBEHUTE oOpra-
Hu3mu 1 gp. (Nannipieri et al., 2011). MNpwn
OVaHeTo Ha MUKpoopraHusmmnte ce Hab-
nojaBa pasnagaHe Ha pasMyHu opra-
HWYHW BellecTBa A0 MO-MPOCTU MPOAYKTU
n otgensiHe Ha eHeprus (Vlahov, 1980).
KonnuecTBeHuTe XxapakTepucTukm Ha MUK-
poopraHuaMuTe U npogykuusita Ha CO,
mMorat ga 6baar 6uonorMyeH NHAMKaTop 3a
CbCTOSAHMETO Ha noysaTta (Hristeva, 2016).

which is most strongly represented in the
soils of Rila Mountain. Cinnamon forest
soil under grass vegetation from
Maleshevska Mountain stands out from
the studied soils with the best micro-
biological indicators, where the highest
amounts of heterotrophic and cellulose-
decomposing microorganisms, the highest
enzyme activity and the highest total
biological activity were reported.

Key words: mountain soils, soll
microorganisms, enzyme activity, general
biological activity

INTRODUCTION

Microorganisms and microbiological
processes play a huge role in soil fertility
and plant nutrition. The soil provides
conditions for the development of the
microflora, while it in its turn has a specific
influence on it. With the specific
physicochemical properties of a given soil,
a certain amount and groups of
microorganisms develop and a biological
equilibrium is established, characteristic
ofr the conditions and the season
(Perfanova and Donkova, 2017).

The enzymatic activity of the soil is an

indicator of the intensity of the
biochemical transformation of organic
residues, which releases nutrients

available to plants. The enzymes that
catalyze the mineralization of the main
nutrients are important. The enzymatic
activity is influenced by the properties of
the soil, the vegetation cover, the way of
land use, the interactions of the soil
organisms, etc. (Nannipieri et al., 2011).

When the breathing of the micro-rganisms
was observed decomposition of various
organic substances to simpler products
and release of energy occured (Vlahov,
1980). Quantitative characteristics of
microorganisms and CO, production can
be a biological indicator of soil condition
(Hristeva, 2016).
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KaHenennte u KadsiBute ropcku
MoYBK ca LUIMPOKO pa3npocTpaHeHu B nna-
HVHCKMTe palioHn Ha HawaTa ctpaHa. po-
MEHUTe BbB BOAHUA, Bb3AyLIEH U Xpa-
HUTENEH PEeXNM Ha No4vsBuTe Nojg BNusHne
Ha NMo4YBEHO-KIMMaTuU4yHUTE YyCrsioBud, pene-
ha n pactutenHara nokpueka ce oTpa-
3ABaT CbLLECTBEHO BbPXY MUKpodiopaTa —
NU3MEeHs Ce KOMIMYECTBOTO Ha OTAeNHuUTE
rpynn MUKPOOPraHu3mu, AuvHamukatTa W
WHTEH3VBHOCTTA Ha MWKPOOWUOIOTUYHUTE
npouecu (Perfanova et al., 2015).

Llenta Ha HacToALLOTO U3cneasaHe
€ [la ce HanpaBu CpaBHUTE/NIHA Xapak-
TepucTKa Ha MUKPOOWMOSIOTUYHUTE CBOI-
CTBa Ha KaaBW N KaHesIeHU No4vBu Nojg
pa3nuyHa pacTUTesTHOCT B TPU NJSIAHUHCKN
paioHn Ha cTpaHaTa.

MATEPVAJT U METOOU

B HacTosAWwoTO nNpoyyBaHe ca 13nos-
3BaHM Npobu oT KadsiBM rOpPCKM MOYBMU
(cnabo eposnpaHun) OT 3emauwaTta Ha C.
abpa (JlozeHcka nnaHuHa) 1 c. FoBegap-
un (Puna nnaHuHa) n KaHeneHu ropcku
noysu (HegoOpPasBUTU, NIINTKU, EPO3UPAHN)
OT 3emnuwieto Ha c. Urpanvwe (Mane-
WweBcka nnaHuHa). Mo knacudurkaymata
Ha IUSS Working Group WRB (2015)
Te3an gea Tuma MO4YBU Ca OnpeaesieHun
kato Cambisols. BbB Bceku NnaHUHCKU
palioH ca nscneasaHy No4YBM Nog TpeBHa
pacTWUTeNHOCT, WMPOKOMNCTHA ropa 1 urfo-
nncTHa (Mnn cmeceHa) ropa. OnucaHue
Ha MOYBEHOTO pasnuuue, pacTuTesHara
nokpmBKa, HagmopckaTa BUCOYMHA U
AbnboymHaTa Ha NpPobGoB3EMaHe, KakTo U
Ha OCHOBHWTE MOYBEHU XaPaKTEPUCTUKN
ca npeactaeseHn B Tabnuua 1. dusnuHuTe
N arpoxXvMWYHWM CBOICTBA Ha MOYBEHUTE
npobu ca npeacTtaBeHM NoApPoGHO OT
Kercheva et al. (2019).

Cinnamon and Brown Forest soils
are widespread in the mountainous
regions of our country. Changes in the
water, air and nutrient regime of soils
under the influence of soil and climatic
conditions, relief and vegetation cover
significantly affect the microflora -
changes the amount of individual groups
of microorganisms, the dynamics and
intensity of microbiological processes.
(Perfanova et al., 2015).

The aim of the present study is to
make a comparative characterization of
the microbiological properties of brown
and cinnamon soils under different
vegetation in three mountainous regions
of the country.

MATERIAL AND METHODS

In the present study, samples of
Brown Forest soils (slightly eroded) from
the lands of the village of Gabra
(Lozenska mountain) and the village of
Govedartsi (Rila mountain) and Cinnamon
forest soils (underdeveloped, shallow,
eroded) from the land of the village of
Igralishte ( Maleshevska mountain) were
observed. According to the classification
of the IUSS Working Group WRB (2015),
these two types of soils are defined as
Cambisols. In each mountainous area,
soils under grass vegetation, deciduous
forest and coniferous (or mixed) forest
were studied. A description of the sall
difference, vegetation cover, altitude and
sampling depth, as well as the main soil
characteristics are presented in Table 1.
The physical and agrochemical properties
of soil samples are presented in detail by
Kercheva et al. (2019).
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Tabnuua 1. XapakTepucTuKa Ha U3ciegBaHuUTe NoYBm
Table 1. Characteristics of the studied soils

Ne
npo6a
sample

Hagm.
BUC.
Altitude

MouseH Tvn / Soil type
(WRB (2015))

C
%

C:N

pH
(H:0)

Db
g/cm®

Pt
%
Vol

WZ.O

mass

W2.5

mass

Wi

mass

c. Mabpa - JlozeHcka niaHvHa / Gabra vi

llage -

Lozens

ka mo

untain

916

HenopasBuT  KaHeNeHn TrOpPCKM  MOYBM,
naMTkn, cnabo M CpefHO epo3unpaHu
Underdeveloped cinnamon forest soils,
shallow, low and medium eroded

(Eutric Leptic Cambisols Ochric)

15

11

5,2

1,08

62

35

28

12

937

KadhsiBy ropckv noysu, HeeposvpaHu U
cnabo eposvpanu / Brown forest soils, not
eroded and slightly eroded (Dystric
Cambisols Ochric)

2,7
0,9

13

3,9
3,8

1,02
1,38

61
49

29
17

24
15

920

KadhsiBu ropcku mnousu, nAvTku, crnabo u
CpeaHO epo3npaHn

Brown forest soils, shallow, low and
medium eroded

(Dystric Cambisols Ochric )

15

14

4,0

1,26

53

18

15

c. l'oBegapum — Puna nnaHuHa / Govedartsi vil

lage - Rila mountain

1530

Kadhsisu ropcku no4su, BTOPUYHO
3aTpeBeHn, HeeposupaHu / Brown forest
soils, secondary grassed,not eroded,
(Dystric Cambisols Humic )

3,3

10

3,8

1,07

58

27

22

10

1503

KadhsiBr ropckv moysu, HeeposvpaHu U
cnabo eposupanun / Brown forest soils, not
eroded and slightly eroded
(Dystric Cambisols Humic)

16

4,2

0,87

66

a4

38

14

1579

KadhsiBn ropckv noysu, HeeposvpaHu U
cna6o eposvpaHu / Brown forest soils, not
eroded and slightly eroded
(Dystric Cambisols Humic )

4,9

14

3,6

0,60

75

67

59

21

. Urpanuuie - Manewescka niaHuHa / Igral

lishte villa

ge - Mal

eshevska mountain

869

HefopasBuTW  KaHeNeHW TFOpcku  MOYBM,
nAuTkK, cnabo ¥ cpesHO €epo3upaHu

10

863

2,9

12

4,6

1,08

59

28

18

Underdeveloped cinnamon forest soils,
shallow, low and medium eroded
(Eutric Leptic Cambisols Ochric)

0,4

10

4,2

1,44

51

15

11

HenopasBuT  KaHeNeHn TrOpPCKM  MOYBM,
nAMTkN, €nabo M CpefHO epo3npaHu
Underdeveloped cinnamon forest soils,
shallow, low and medium eroded

(Eutric Leptic Cambisols Ochric)

2,5

12

4,2

0,88

66

40

28

12

865

Henopas3BuTM  KaHeNEeHN TOPCKA MOYBMH,
naMTkn, cnabo M CcpefHO epo3unpaHu
Underdeveloped cinnamon forest soils,
shallow, low and medium eroded

(Eutric Cambisols Ochric )

10

4,2

0,83

68

30

22

13

855

HefopasBuT  KaHeNleHn TOpCKM  MoYBM,
nAuTkn, cnabo M cpefHO epo3upaHu
Underdeveloped cinnamon forest soils,
shallow, low and medium eroded

(Eutric Cambisols Ochric)

10

4,5

1,38

50

14

10

14

848

HefopasBuT  KaHesNleHn T[opCKu  MoYBMu,
nAuTknM, cnabo M CcpefHO epo3upaHu
Underdeveloped cinnamon forest soils,
shallow, low and medium eroded

(Eutric Leptic Cambisols Ochric)

21

4,0

1,04

61

19

16

295




KosmyecTBOTO Ha OCHOBHWUTE rpynu
NMOYBEHN MUKPOOPraHn3Mun e onpegesieHo
no MeTofa Ha feceTkpaTHuTe paspexgja-
HUA, Ypes nocsBaHe Ha MOYBEHU CYCMEH-
31K BbPXY CeNEKTUBHU arapusvpaHmn xpa-
HuTenHn cpean (Grudeva et al.,, 2006).
OnpepeneHn ca cnegHute pr3nonormyHmn
N TaKCOHOMMWYHWU TPYNM MOYBEHU MUKPO-
opraHvM3mMun: XeTepoTpodoHM MUKpoOopra-
HU3MU — Ha Meco-nentoHeH arap (MMA)
cnen TpuAHEBHa WHKy6aumsi; MUKPOCKO-
MMYHU MBOM — BbPXY NoAKUCENeHa cpeja
Ha Yanek — cnep cegemiHeBHa MHKy6a-
Unsa; aKTMHOMULLETN 1 6akTepun ycBosiBa-
LM MUHepasieH a3oT — CKOp6sI10-aMOHS-
yeH arap (CAA) - cnep cegemgHeBHa
NHKy6aLus 1 Lenynosopasnaratiy MUKpo-
opraHv3mmn — Bbpxy cpefa Ha MNyTYMHCOH -
cnep JetupvHajeceTAHEBHa MHKy6auus.
OnpepeneHa e aKTMBHOCTTA Ha eH3UMUTe
Kncena doccataza u p-raokosngasa.
AHanm3nTe ca M3BBbPLUEHN Ype3 BHAcsHe
Ha CbOTBETEH cybCcTpaT M OTyYMTaHe Ha
npoAykTa OT eH3UMHaTa peakuusi no cnej-
HUTe meTogm: dpocdhatasHa akTUBHOCT —
no Tabatabai-Bremner n B-rnoko3npasa —
no Tabatabai (Alef and Nannipieri, 1995).
Mpogykumarta Ha CO, e oT4yeTeHa Mo
TUTpuMeTpuyeH metoy (Alef, 1995).

[aHHuTe ca obpaboTeHn cTaTuUcTu-
yeckn upe3 ANOVA (LSD-tecT npu p<0.05).
M3non3saH e kopenauvoHeH aHanu3 npu
uscnefBaHe Ha B3aUMMOBPBL3KUTE MeXay
MWKPOOMOIOrMYHNTE MOKa3aTesin U nouys-
HWTE CBOWCTBA.

PE3YJITATU N OBCBXXOAHE

B nousute oT Jlo3eHcka nnaHWHa
(c. Mabpa) Hai-roNssMo KONIMYECTBO XeTe-
POTPOhHM MUKPOOpraHu3mMm ce Habnga-
Ba Moj, TPEBHa pacTUTesiHoCT. ToBa Mo-
Ka3Ba, Ye Mpu Tasn pacTUTENIHOCT B MOY-
BaTa MpoTuyaT MO-CUIHO NPOLEecuTe Ha
pasnaraHe Ha TPyAHO MVHepaM3vpalim-
Te Ce opraHuMyHn BellecTBa — XyMyCHUTE,
B CpaBHEHMe C LUMPOKOSIMCTHATa U cmece-
HaTa ropa. Nogo6Ha TeHAeHUMUss ce Hab-
nogasa n npu KaHeneHute ropckn noysu
oT ManeweBcka nnaHuHa (c. Urpanuuue),
KbETO Hal-ronsaM 6poil XeTepoTpOodIHU

The amount of the main groups of
soil microorganisms was determined by
the method of ten-fold dilutions by sowing
soil suspensions on selective agar
nutrient media (Grudeva et al., 2006). The
following physiological and taxonomic
groups of soil microorganisms were
determined: heterotrophic microorganisms —
on meat-peptone agar (MPA) after three
days of incubation; microscopic fungi — on
acidified Chapek’s medium — after seven
days of incubation; actinomycetes and
bacteria absorbing mineral nitrogen -
starch-ammonia agar (SAA) — after seven
days of incubation and cellulose-
decomposing microorganisms — on
Hutchinson's medium - after fourteen
days of incubation. The activity of the
enzymes acid phosphatase and [3-
glucosidase was determined. The
analyses were performed by introducing
an appropriate substrate and reading the
product of the enzymatic reaction by the
following methods: phosphatase activity —
by Tabatabai-Bremner and B-glucosidase —
by Tabatabai (Alef and Nannipieri, 1995).
CO, production was reported by titrimetric
method (Alef, 1995).

Data were statistically processed by
ANOVA (LSD test at p<0.05). Correlation
analysis was used to study the
relationships  between  microbiological
parameters and soil properties.

RESULTS AND DISCUSSION

In the soils of Lozenska mountain
(Gabra village) the largest amount of
heterotrophic microorganisms is observed
under grass vegetation. This indicates
that with this vegetation in the soil the
processes of decomposition of the difficult
to mineralize organic substances such as
humus, take place more strongly,
compared to the deciduous and mixed
forest. A similar trend is observed in the
cinnamon forest soils of Maleshevska
Mountain (lgralishte village), where the
largest number of heterotrophic
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MUKPOOPraHu3mMm e OT4YeTeH B MOBbLPX-
HOCTHMSA CNOl NoJ, TPEBHA PacTUTENHOCT,
HO C yBe/siM4yaBaHe Ha gbnb6oumHaTa (10-
15 cm) KOAMYecTBOTO WM 3HAYUTESHO
Hamansea. BeposTHO ronsmaTa passivka
Ha Tasu rpyna MUKpoopraHu3numun B ABeTe
ABbNO0YMHN, CE Ob/HKM Ha CbObPXKAHNETO
Ha BbI/1IEpOA, B noyBaTa, KOeTo npu Abi-
6ourHa 0-8 cm e 2,9 %, a npu 10-15cm e
0,4 %. MopobHK pesyntaty ca NonyyeHu
ot Mergel et al. (2001) 3a a3oTcukcu-
pawuTe MUKPOOPraHU3Mu B Kucesa rop-
Cka nouea, kaTo Hai-ronsam 6poii e ycTa-
HOBeH B ¢/108 0-5 cm, a KoIM4ecTBOTO Ha
Te3n 6akTepun Hamansea C yBenunyaBaHe
Ha Abnbo4ynHaTa.

B KadhsiBuTe ropcku nousu ot Puna
nnaHuHa (c. [oBegapun) Hai-MHOro
XeTepoTPpoOhHM  MUKpPOOpraHmsmu  ca
OTYETEHM MO TPEBUCTA PaCTUTESTHOCT U
nog 6op, gokaTo B moyBaTa noj CMbpY
Te3n MUKpoopraHMammn nuncear. MpuynHa
3a TOBa MOXe pga 6bge HagMopcka
BUCOUMHA — 1579 m, KOATO e Hali-BMcoka
CMPsSAMO BCUYKM OCTaHan M BapuaHTu, u
Han-HMCKoTo pH Ha Tasu noysa — 3,7.

Mpu BCWYKM BMAOBE PacTUTENHOCT
B ABaTa Tuna no4ysu OT JIo3eHCKa naaHu-
Ha ce HabnogaBa HaW-ronisIMoO Kosimdec-
TBO OakTepuu ycBOSiIBAWM MUHEPA/IEH
asoT, B CpaBHEHMUe ¢ nouysute oT Puna u
MasieweBcka nnaHuHW. MogyeptaHo Bu-
COKM CTOMHOCTU Ca OTYETEHW B MOBLPX-
HOCTHMS C/OV NoA, CMeceHa ropa 1 B cfos
10-20 cm nop, wrpokonMcTHa ropa B Kads-
BMTE rOPCKM NOYBYM OT JI03eHCKa NjiaHuHa.

PasnpocTpaHeHMeTo Ha akTUHOMU-
LueTuTe e aHasIorMyHo C ToBa Ha bGakTe-
punTe ycBosiBaLLM MUHepasieH a3oT. Haii-
ronsim 6poii e otyeTeH B KaHeneHata rop-
Cka noyBa OT Jlo3eHcKa nniaHwHa, npwu
TpeBHa pacTUTenHocT — 26-27 KOE 10°
g/nouBa. MNMpaBu BNeyateHue, Ye 1 B Tpu-
T€ M/IaHUHCKM paiioHa KONMYEeCTBOTO Ha
aKTMHOMULLETMTE € Hal-roNsmMo B No4YBMTE
nog TPEBHa pPacTUTESIHOCT, B CpPaBHEHME
C Te3u Nnog ropcka pactutenHoct. Toea ce
Ob/DKN  Hal-BEPOATHO Ha MOo-BMcOKaTa
NABLTHOCT Ha KOpPeHWTe W MOo-rosIMOTO
KonmMyecTBo pactutenHa 6Guomaca B

microorganisms is reported in the surface
layer under grass vegetation, but with
increasing depth (10-15 cm) their number
decreases significantly.

Probably the substantial difference of this
group of microorganisms in the two
depths is due to the carbon content in the
soil, which at a depth of 0-8 cm is 2.9%, and
at 10-15 cm — 0.4%. Similar results were
obtained by Mergel et al. (2001) for
nitrogen-fixing microorganisms in acidic
forest soil, with the largest number found in
the 0-5 cm layer, and the amount of these
bacteria decreases with increasing depth.

In the Brown Forest soils of Rila
Mountain  (Govedartsi village) most
heterotrophic microorganisms are
reported under grassy vegetation and
under pine, while in the soil under spruce
these microorganisms are absent. The
reason for this may be altitude — 1579 m,
which is the highest compared to all other
options, as well as the lowest pH of this
soil — 3.7.

In all types of vegetation in both
types of soils from Lozenska mountain the
greatest amount of bacteria absorbing
mineral nitrogen is observed, in comparison
with the soils from Rila and Maleshevska
mountains. Substantially high values were
reported in the surface layer under the
mixed forest and in the layer 10-20 cm
below the deciduous forest in the Brown
Forest soils of Lozenska mountain.

The distribution of actinomycetes is
similar to that of bacteria that absorb
mineral nitrogen. The largest number was
reported in the Cinnamon forest soil from
Lozenska mountain, with grass vegetation —
26-27 CFU 10 g/soil.

It is noteworthy that in all three
mountainous regions the amount of
actinomycetes is highest in soils under
grass vegetation, compared to those
under forest vegetation. This is most likely
due to the higher root density and the
higher amount of plant biomass in the soil,
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noysarta, KOSITO ce MuWHepasusupa oT
MUKpPOOPraHusmure.

B nousuTe oT Jlo3eHcka nnaHuHa e
OTYETEH W Hai-ronsam 6poi MUKPOCKOMNNY-
HW rbOW, [OOKATO B NOYBUTE OT Apyrute
[Ba MNaHUHCKM palioHa Te3n MUKPOoop-
raHm3ammu ca cnabo pasnpoctpaHeHu. Mo-
ronemuaT 6poii  G6akTepuy yCcBOSIBaLLM
MUHepasieH as3oT, MUKPOCKOMWUYHW Ibou 1
aKTMHOMULIETM B MO4YBUTE OT Jlo3eHcKa
nfaHMHa B CpaBHEHME C OCTaHa/IMTe Aga
paiioHa, MOXe jJa ce CBbpXe C [o-
WHTEH3VBHW MPOLLEeCcH Ha MUHepanmsauns
Ha OpraHWyHWTE BellecTBa B Te3u NoYBMK.

Brant et al. (2006) yctaHoBsIBaT, 4e
B MNOYBM 3@eTU C ropcka pacTUTenHocT
npoayumpaHuTe OT KOPEHUTE BbI/1epoaHN
CbeMHEeHUs MMaT onpegenswa pons B
CTpyKTypata Ha MUKpobuasHuTe Cbo6-
uiecTtBa.

B Kadhasata ropcka nousa ot Puna
naaHMHa ca OTYeTeHU Hali-manbkK OpoW
uenynosopasnarawjy - MUKPOOPraHu3mu,
npu-uynHa 3a TOBa MOXe pga bObae
BMCOKaTa Hagmopcka BucoUnHa. bpoaT Ha
Te3n MUKPOOPraHu3mMm € Hai-ronsam B
noysarta, 3aeta C TpeBHa PacTUTENHOCT
oT Manelescka nnaHuHa — 53 KOE 10°
g/noyBa, KbAeTO € Hall-rofIIMo CbAbpXa-
HWEeTO Ha BbI/iepod B noysaTta — 2,9 %.
YCTaHOBEHO €, Ye B pacTUTeSIHUTE ocTa-
Tbun ce cbabpxa 20-30 % uenynosa, B
pasnaraHeTo Ha KOSITO JOMUHMpaLLa pons
umat MUKPOOPraHM3MUTE U Ye pasrpax-
JaHeTo Ha uesynosaTa B noysata U B
noyseHarta NocTuka ce ocbluecTBsBa oT
pasnuyHn BMAOBE MM 1 GakTepum B 3a-
BMCMMOCT OT MOYBEHUTE YC/I0BUS, BUAA U
KO/IMYeCTBOTO Ha pacTUTeNiHUTe ocTa-
Uy (Stursova et al., 2012) (Ta6aumua 2).

which is mineralized by microorganisms.

The highest number of microscopic
fungi was reported in the soils of
Lozenska mountain, while in the soils of
the other two mountain regions these
microorganisms are not widespread. The
higher number of bacteria absorbing
mineral nitrogen, microscopic fungi and
actinomycetes in the soils of Lozenska
mountain compared to the other two
regions may be associated with more
intensive processes of mineralization of
organic matter in these soils.

Brant et al. (2006) found that in
soils occupied by forest vegetation, root-
produced carbon compounds play a
decisive role in the structure of microbial
communities.

The lowest number of cellulose-
decomposing microorganisms has been
reported in the Brown Forest Soil of the
Rila Mountains, which may be due to the
high altitude. The number of these
microorganisms is the largest in the soil
occupied by grass vegetation from
Maleshevska mountain — 53 CFU 10°
g/soil, where the highest carbon content in
the soil is 2.9%. It has been established
that plant residues contain 20-30%
cellulose, in the decomposition of which
microorganisms play a dominant role and
that the decomposition of cellulose in the
soil and in the solil litter is carried out by
different types of fungi and bacteria
depending on soil conditions, species and
the amount of plant residues (Stursova et
al., 2012) (Table 2).
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Tabnuua 2. PasnpocTpaHeHne Ha OCHOBHU Tpynu NOYBEHW MUKPOOPraHU3Mun B
KadsBu ropckm n KaHeneHn ropcky novsun nog pasfimyHa pactmtenHocT

Table 2. Distribution of major groups of soil microorganisms in Brown forest and
Cinnamon forest soils under different vegetation

Ne PactutenHa nokpueka, |AMOHMMLMPALLN BakTtepun AKTUHO- |  Mukpo- |Lenynoso-pasnarawm
npob6a | A4bn6ouYnHa Ha nouseHata | MukpoopraHmsmu |ycBosiBaLLM MUH.| MALETU | CKOMWUYHW MWKpPOOPraHun3mm
sample| npo6a B cm / Plant cover, Ammonifying asot / Bacteria | Actino- r6m Cellulose-

the depth of the soil sample| microorganisms absorbing mycetes |Microscopic decomposing
incm mineral nitrogen fungi microorganisms
KOE 10° g/noysa / KOE 10° g/soil
c. [abpa - JlozeHcka nnaHvHa / Gabra village - Lozenska mountain
1 [TpeBHa noBbpxHocT, 0-10 a a a a a
Grass vegetation,0-10 50 61 26 31 17
2  [TpeBHa noBbpxHOCT, 10-20 a6 a6 a6 a a
Grass vegetation,10-20 48 61 21 21 25
3  |WWmpokonucTHa ropa, 10-20 a6s a6s a6 a a
Deciduous forest, 10-20 41 275 3 13 9
4 |lLunpokonucTHa ropa, 0-5 66r a6s a6 a a
Deciduous forest, 0-5 38 80 9 57 18
5 |CmeceHa ropa, 0-5 Gor 6ot a65 a 25%
Mixed forest, 0-5 30 126 1 30
c. l'oBegapum — Puna nnanuHa / Govedartsi village - Rila mountain
6 [TpeBHa NOBBLPXHOCT, 4-9 528 2450 13%0° 22 726
Grass vegetation,4-9
7 |MacuB 65an 6op, 0-10 B 687 acer a a6
Solid white pine, 0-10 62 25 2 2 15
8 |Cwmbpy, 0-15/ Spruce, 0-15 0™ 44 2% 1° 5%
c. Urpanuuie - Manawescka nnaHuHa / Igralishte village - Maleshevska mountain
9 [TpeBHa noBbpxHoCT, 0-8 o ne a6er 6 a6
Grass vegetation,0-8 67 30 12 2 53
10 [TpeBHa noBbPXHOCT, 10-15 " ex 68r 6 (i
Grass vegetation,10-15 ! 51 8 8 10
11 [TpesHa noBbpxHOCT, 0-10 A ex A B (i
Grass vegetation,0-10 94 31 8 1 50

12 b6, 0-10 / Oak, 0-10 65" 17 6" 1 12°

13 |bop, 0-10/ Pine, 0-10 257 10° 6° 1 15'

14 |bop, 0-5/Pine, 0-5 23° 5" 2° 3* 34

[aHHnTe OT KopenauuvoHHWS aHa-
N3 NokasBaT Ha/IMyMe Ha B3aMMOBPB3KM
MeXAy KO/IMYECTBOTO Ha MUKPOOpPraHus-
MUTE B MOBBPXHOCTHUTE XOPWU3OHTU U
MOYBEHUTE CBOICTBA B OTAE/HUTE Nfa-
HUHCKN paiioHn (Purypa 1). B paiioHa Ha
JlozeHcka niiaHWHa e ycTaHOBEeHa Mnoso-
XWUTEeNHa Kopesnauus Ha uenynosopasna-
rawmte mukpoopraHmsmm ¢ C/N koedwm-
ymeHTta (r=0,72) n ¢ obemHaTa NAbTHOCT
Ha nouysaTa (r=0,61). bakTepuute m3non-
3Bally MUHepasieH asoT Mmat oTpuuaten-
Ha Bpb3ka ¢ C/N koedpumumeHTa (r=—0,68).

The data from the correlation
analysis show the presence of
correlations between the amount of
microorganisms in the surface horizons
and the soil properties in the different
mountain areas (Figure 1). In the region of
Lozenska mountain a positive correlation
was found between the cellulose-
decomposing microorganisms with the C/N
coefficient (r=0.72) and with the volume
density of the soil (r=0.61). Bacteria using
mineral nitrogen have a negative
relationship with the C/N ratio (r=—0.68).
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nousa/24 h
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H Ne npobu
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dur. 1. O6wa nonorndyHa akTMBHOCT (Npoaykums Ha CO,) npun KadsiBn ropcku m
KaHeneHu ropcky noysu nog, pasiMyHa pacTmTenHocT
Fig. 1. General biological activity (CO, production) in brown forest and cinnamon

forest soils under different vegetation

B nousute ot Puna nnaHvHa novtu
BCUYKM TPYNM MUKPOOPraHU3Mu Kopesiu-
patr ¢ C/N koedmumeHta n c obemHata
NAbTHOCT Ha nousBata. [Mpeobnagasat
BMCOKM OTpULLATENIHN B3aMMOBPB3KM MexXay
C/N cbOoTHOWweHneTo n rvbute (r= 0,98),
aktuHomuuetute (r= 0,97) un xetepo-
TpohHUTE MUKpoopraHusmu (r= —0,57), a
Bpb3kaTa C OakTepuuTe M3NON3BaLLU
MuHepaneH a3oT (r=0,72) e nonoxuTen-
Ha. MpPOTMBOMOMOXHN Ca B3aUMOOTHOLLE-
HMsiTa ¢ o6emHaTa NAbLTHOCT Ha noysara —
BMCOKa MOJSIOXMTE/IHA Kopenauus ¢ rboute
(r=0,90), aktMHOMMUeTuTE (r= 0,82) u
XeTepoTpoHuTe MMWKPOOPraH1m3mm
(r=0,80), n oTpuyaTesiHa c bakrepumTte —
MuHepasieH asoT (r=-0,90).

B nousute oT Manewiescka nnaHu-
Ha €[WHCTBEHO aKTMHOMULETUTE Kope-
nupat otpuyatenHo ¢ C/N koedumumneHTa
(r=-0,57). Bpb3kute c obemHaTa NABLTHOCT
ca nonoxuTtesnHu 3a rvoute (r=0,94) n
GakTepuuMTe  M3M0M3BaAWM  MU-HepaneH
asoT (r=0,74), a oTpULaTENHN 3a XEeTepo-
TPOQHUTE MUKpOOpraHu3mu (r=—0,65).

EH3MMHaTa akTMBHOCT Ha MOYBMTE

In the soils of Rila Mountain almost
all groups of microorganisms correlate
with the C/N coefficient and with the bulk
density of the soil. High negative
relationships between the C/N ratio and
fungi (r= 0.98), actinomycetes (r= 0.97)
and heterotrophic microorganisms (r=0.57)
predominate, and the relationship with
bacteria using mineral nitrogen (r=0.72) is
positive. The relationships with soil bulk
density are opposite — high positive
correlation with fungi (r=0.90), actino-
mycetes (r=0.82) and heterotrophic micro-
organisms (r=0.80), and negative with
bacteria using mineral nitrogen (r=-0.90).

In the soils of Maleshevska
Mountain only actinomycetes correlate
negatively with the C/N coefficient
(r= 0.57). The relationships with bulk
density were positive for fungi (r= 0.94)
and bacteria using mineral nitrogen
(r= 0.74), and negative for heterotrophic
micro-organisms (r=—0.65).

The enzymatic activity of the soils is
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€ Hai-Bucoka B KaHeneHaTa ropcka nou-
Ba OT MasieweBcka MnaHvHa, Cnpsmo
KaHeneHnnte n KadsiBn ropcks nousu ot
ApyrvTe aBa palioHa, M KOHKPETHO npu
noysara C TPeBHa pacTUTENHOCT npu
AbnbounHa 0-8 cm. AKTMBHOCTTa Ha
Kncenata cpocthataza Hamanssa B Nofg-
NMOBBbPXHOCTHUSI CMOW NpW TpeBHaTa pac-
TUTesIHOCT U 6opoBaTa ropa B noysa OT
Manewescka nnaHuHa. Mpu WUpoKoncT-
Hata ropa B KadpsiBata ropcka nouysa ot
Jlo3eHcka nnaHvHa HamasisiBa akTUBHOCT-
Ta 1 Ha ABarta u3cnensaHu eHauma B no-
Abn6okusa cnoii (Tabnvuya 3).

highest in the Cinnamon Forest soil from
Maleshevska mountain, compared to the
Cinnamon and Brown forest soils from the
other two regions, and specifically in the
soil with grass vegetation at a depth of 0-8
cm. The activity of acid phosphatase
decreases in the subsurface layer of
grass vegetation and pine forest in soil
from Maleshevska Mountain. In the
deciduous forest in the brown forest soil
from Lozenska Mountain the activity of
both studied enzymes in the deeper layer
decreases (Table 3).

Tabnuua 3. EH3uMHa akTnBHOCT Ha Kadasu ropcku n KaHeneHm ropcku rnoysu

noJj, passinyHa pacTuTesIHOCT

Table 3. Enzyme activity of Brown forest and Cinnamon forest soils under

different vegetation

Ne PactutenHa nokpuska, Abn604MHa Ha B-rnioko3nTasa Kvucena cdhocchaTtasa
npoba nouseHata npoba B cm / Plant cover, the B-glucosidase Acid phosphatase
sample depth of the soil sample in cm p-mol NP/g /h

c. Mabpa - JlozeHcka nnaHvHa / Gabra village - Lozenska mountain

1 TpeBHa noeBbpxHOCT, 0-10 a a
Grass vegetation, 0-10 1,22 2,05

2 TpeBHa nosbpxHOCT, 10-20 6 a
Grass vegetation,10-20 0,59 2,02

3 LLnpokonucTHa ropa, 10-20 ) )
Deciduous forest, 10-20

4 LLinpokonucTHa ropa, 0-5 8 6
Deciduous forest, 0-5 0,90 2,54

5 CwmeceHa ropa, 0-5 / Mixed forest, 0-5 0,13° 2,57°

c. F'oBegapum — Puna nnaHuHa / Govedartsi village - Rila mountain

6 TpeBHa NoBbPXHOCT, 4-9 r 6
Grass vegetation, 4-9 0,69 4,92

7 Macus 6an 60p, 0-10 / Solid white pine, 0-10 0,67"% 6,41°

8 Cwmbpy, 0-15 / Spruce, 0-15 0,96" 8,15°

c. Nrpannuwe - Manawescka nnaxduHa / Igralishte village - Maleshevska mountain

9 TpeBHa noBbpxHOCT, 0-8 e B
Grass vegetation, 0-8 242 13,14

10 TpeBHa nosbpPxXHOCT, 10-15 e v
Grass vegetation,10-15 022 112

11 TpeBHa nosbpxHocT, 0-10 X a
Grass vegetation,0-10 1,44 10,01

12 b6, 0-10/ Oak, 0-10 1,72° 8,69"

13 Bop, 0-10 / Pine, 0-10 0,27" 0,54°

14 bop, 0-5/Pine, 0-5 - 2,12"

MouyBeHNTE EeH3NMK MMaT CblLecT-
BEHa po/is B MMHepasm3auusaTa Ha opra-
HUYHMTE BeLecTBa M TAXHaTa akTUBHOCT
€ BaKeH CeH30p 3a MPorHosmpaHe Ha ka-
nauuteTa 3a cHabasBaHe Ha pacTeHuaTa
C XpaHuTesnHu BewecTBa. Sardans and
Pefiuelas (2005) yctaHOBABAT NOHMKEHNE
Ha eH3MMHaTa akTMBHOCT Ha noysa nog

Soil enzymes play a significant role
in the mineralization of organic matter and
their activity is an important sensor for
predicting the capacity to supply plants
with nutrients. Sardans and Pefiuelas
(2005) found a decrease in soil enzyme
activity under oak forest with a 21%
decrease in soil moisture, a 35-83%
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Ab60oBa ropa npv HamansBaHeTo Ha nou-
BeHaTa Bnara ¢ 21%, kaTto [-rawKo-
3ugasara Hamanasa ¢ 35-83 %, a kuce-
nara poccpatasa — ¢ 31-40%. AKTMBHOCT-
Ta Ha BCUYKM M3CnefBaHn eH3MMMU CUJTHO
HamansBea ¢ ObnboyvHaTa Ha noysara u
€ no-rofisMa npe3 MpofeTTa, OTKOIKOTO
npes eceHTa.

Hali-BMCOKM CTOMHOCTM Ha obuiaTta
6uonornyHa aktmeHocT (CO, — nponayk-
uusiTa) ca oTyeTeHn B KaHesnieHuTe ropcku
noysM OT ManeweBcka nnaHvHa Mnog
TpeBHa pacTUTesIHOCT Ha AbnbounHa O-
10 cm — 20,0 mg CO,/100 g nousa/24 h.
Mpwn Tesn Npobu ca oTYETEHN Hali-BUCOKM
CTOMHOCTM Ha aKTMBHOCTTa Ha ABaTta eH-
3UMa, a CbLLO W HaN-roNAMO KOMYeCcTBO
XeTepoTpohHn 1 uenynosopasnaraim
MUWKpOOpPraHusmu. [aHHuTe nokasear, ye
B MOYBEHO-KNMMATMYHMUTE YC/IOBUSI Ha
KaHeneHata ropcka noysa B MasiewieBcka
naaHuHa, 3aeTa C TPEBHa PacTUTENHOCT,
npv 4bn6o4ynHa 0-8 cm n cbabpXKaHue Ha
Bbrnepos B noysara — 2,9 %, nportuyar
Hal-MHTEH3NBHU MWKPOOMOIOrMYHM NPO-
uecu. [lokaTo npu cbluaTa noysa, 3aeta ¢
TpeBHa pPacTUTesNIHOCT, HO npu  AOb-
6ounHa 10 — -15 cm n cbabpXaHue Ha
Bbrnepog — 0,4 % e oTyeTeHa Hali-Hucka
npoaykuunsa Ha CO, — 5,36 mg CO,/100 g
nouysa/24 h. HawunTte gaHHM ca CXOAHU C
pesyntatute oT uscnegsaHeTo Ha Davidson
et al (2006), kouto ycTtaHoBsiBaT, 4e B
NMOBBPXHOCTHUS  XOPU3OHT Ha TrOpCcKu
noysn ce nonyyasa 40-48 % o1 CO,-
NPOAYKUUSATA Ha Lesins nouseH npodunn.

Chen et al. (2004) ycTtaHoBsBaT
pasnmuna B 6pos Ha bGakTepuute, akTu-
HOMWLETUTE U TbOWTE, KaKTO U B MUK-
POGHOTO AMLIAaHE N EH3MMHAaTa aKTUBHOCT
B MouBeHus cnoii 0-10 cm B 3aBUCUMOCT
OT BMAA Ha ropckara pacTUTENHOCT WU
cesoHa. Hali-ronam 6poin 6aktepun wu
rbbu ca OoTYETEHM NpU ecTecTBeHa ropa,
Jokato npu nouysarta noj Kutaicka ena
Han-ronisiM € 6posAT Ha aKTMHOMULIETUTE.

N3BOAM
BbB BCcekn oT n3cnegBsaHnTe nna-
HUHCKN pal\/JIOHVI Cb4ye€TaHMETO Ha cneuyn-

decrease in B-glucosidase and a 31-40%
decrease in acid phosphatase.

The activity of all studied enzymes
strongly decreases with the depth of the
soil and is greater in spring than in
autumn.

The highest values of the total
biological activity (CO, — production) were
reported in the Cinnamon Forest soils
from Maleshevska Mountain under grass
vegetation at a depth of 0-10 cm — 20.0
mg CO,/100 g soil/24 h. These samples
showed the highest values of the activity
of the two enzymes, as well as the highest
amount of heterotrophic and cellulose-
decomposting microorganisms.

The data show that in the soil-climatic
conditions of the Cinnamon Forest Soil in
Maleshevska Mountain, occupied with
grass vegetation, at a depth of 0-8 cm and
carbon content in the soil - 2.9%, the most
intensive microbiological processes take
place. While in the same soil, occupied
with grass vegetation, but at a depth
of 10 — -15 cm and carbon content —
0.4%, the lowest CO, production was
reported — 5.36 mg CO,/100 g soil/24 h.
Our data are similar to the results of the
study by Davidson et al (2006), which
found that in the surface horizon of forest
soils 40-48% of the CO, production of the
entire soil profile is obtained.

Chen et al. (2004) found differences
in the number of bacteria, actinomycetes
and fungi, as well as in microbial
respiration and enzyme activity in the soil
layer 0-10 cm depending on the type of
forest vegetation and the season. The
highest number of bacteria and fungi was
reported in natural forest, while in the soil
under Chinese fir the highest number of
actinomycetes.

CONCLUSIONS
In each of the studied mountain
areas the combination of the specific soil
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(oUYHMTE NOYBEHMN CBOICTBA, KIMMAaTUYHN
YCNOBMWSA 1 BUAA pacTUTE/THOCT 06ycnaBaT
pasnmuns B MUKPOOMOMOTMYHUTE MoKa3a-
Tenu. Kato uano, B KaHeneHnte u B Ka-
hsiBUTE TOPCKM MOYBU MO, TPEBHA pacTu-
TenHocTt ot JloseHcka, Puna n Manewles-
Cka NAaHWHW ce HabnwgaBa Mo-rosssMo
KO/INYECTBO aKTMHOMWLIETU B CpaBHEHWE
C Te3u nof WUrIoaMCTHa pacTuTenHoct. B
noysmTe OT Jlo3eHCKa N/iaHnHa e ycTaHo-
BEH MO-rosiim 6poin 6akTepun ycBosiBaLLm
MUHepasieH as3oT, MUKPOCKOMWUYHW Ibou 1
aKTMHOMULLETM B CpaBHEHWe C ocTaHau-
Te ABa palioHa. KosimyecTBoTO Ha MUKPO-
OpraHM3mMmuTe B NMOBBbPXHOCTHUA XOPU3OHT
Kopenupa ¢ o6emHarta nNabTHOCT Ha Mou-
Bata n ¢ C/N koehmymeHTa, KOeTo e Haii-
CWIHO NpejAcTaBeHO B nousute oT Puna
naaHnHa.

AKTMBHOCTTA Ha Wu3cnegBaHuTe
€H3MW Bapupa npu pas/imyHuTe BUAOBE
pacTUTeNHOCT BbB BCEKW paioH. Haii-
BMCOKWN CTOMHOCTU Ca OTYETEHU B MOBBLPX-
HOCTHMSA Cnoii Ha KaHeneHata ropcka
noysa nof TpeBHa pactTutenHocT B Mase-
LeBCKa NjaHnHa, No-H1UCcKka e akTMBHOCT-
Ta B Kachasute ropckn nousm ot Puna
naaHnHa, a Hal-HUCKM ca CTOWHOCTUTE B
KaHenieHnTe noysu OT J1o3eHCKa niaHuHa.

OT BCMYKM wM3C/edBaHW MOYBM C
Hali-0obpn MMKPOGMOIOTMYHM MoKasaTe-
nn ce oTiMyaBa KaHesneHarta ropcka nou-
Ba Moj TpeBHa pacTuTenHocT oT Mase-
WeBCKa NnaHvHa, KbOEeTO ca OTYETEHU
Hali-BMCOKMN KONMYecTBa XeTepoTPOHN 1
uenynosopasnarawiy - MUKPOOPraHusmu,
Hali-BMCOKA €H3MMHAa akTMBHOCT W Haii-
BMCOKa o06wa 6MoMorMyHa akTUBHOCT
(npoaykumsa Ha CO.).

BJTATOAAPHOCTWU

N3kasBame OGnarogapHOCT  KbM
®HN - MOH 3a dwmHaHcuMpaHeTO Ha
npoekTa ,TOM/IMHHN CBOCTBa Ha NOYBM
npu pasnMyHY HaYMHU Ha 3emernosi3BaHe
n wmenvopauun* (Ne AH 16/11 ot
20.12.2017), BbB Bpb3ka C KOWTO ca
OCbLLECTBEHN WU3CnefBaHuATa B Tasu
ny6Kauus.

properties, climatic conditions and the
type of vegetation determine the
differences in the  microbiological
indicators. In general, in the Cinnamon
and Brown Forest soils under grass
vegetation from Lozenska, Rila and
Maleshevska mountains a larger amount
of actinomycetes is observed in
comparison with those under coniferous
vegetation. In the soils of Lozenska
Mountain a higher number of bacteria
assimilating mineral nitrogen, microscopic
fungi and actinomycetes was found in
comparison with the other two regions.
The amount of microorganisms in the
surface horizon correlates with the bulk
density of the soil and the C/N coefficient,
which is most strongly represented in the
soils of Rila Mountain.

The activity of the studied enzymes
varies with different types of vegetation in
each region. The highest values are
reported in the surface layer of the
Cinnamon forest soil under grass
vegetation in Maleshevska Mountain, the
activity is lower in the Brown forest soils
from Rila mountain, and the lowest values
are in the Cinnamon soils from Lozenska
mountain.

Of all the studied soils with best
microbiological  indicators, Cinnamon
Forest soil under grass vegetation from
Maleshevska mountain stands out, where
the highest amounts of heterotrophic and
cellulose-decomposing microorganisms,
the highest enzyme activity and the
highest total biological activity (CO,
production) are reported.
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