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PE3IOME

Lienta Ha ToBa uscnensaHe e n3o-
nmpaHe 1 ngeHtTuuupaHe Ha Bugose ot
pog Phytophthora B nnaHuMHCkaTa yacT Ha
p. But. Nony4yeHn ca 15 nsonata npuHag-
nexawm kbM Phytophthora spp. oT wecTt
pasnMyHu fokaumm Ha pekata (p. benu
BuT, p. YepHu But 1 masnko cnepg cnusa-
HEeTO MM B paioHa Ha rp. TeTeBeH) Mo
MeTofa Ha Y/oBKuTE. PUMIOTEHETUYHUAT
aHanm3 Ha ITS cekBeHUMUTE Ha CbbpaHu-
Te M30/1aTh NnokasBa Ha/IMYMeTo Ha YeTu-
pu Buga Phytophthora — P. gonapodyides,
P. lacustris, P. chlamydospora u P.
syringae. Tpu oT Te3n Bugose (P. lacustris,
P. gonapodyides u P. chlamydospora)
npuHagnexar KbMm knag 6 Ha pop
Phytophthora, gokaTto P. syringae e npeg-
ctaButen Ha knapg 8. P. gonapodyides un
P. syringae ca onpegeneHu kato Hai-
yecTto cpelwaHu Bugose Phytophthora B
n3cnefBaHna MNaHNHCKU paioH Ha peka
But n npeacrasnasatr cboTBeTHO 40% 1
33% oT cbbpaHuTe nsonatu. AHanusmpa-
Ha e naToreHHocTTa Ha n3bpaHy n3onartu
oT uJeTtupute Buaga Phytophthora kbm
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SUMMARY

The aim of this study is isolation
and identification of Phytophthora species
in the mountain area of Vit River. Fifteen
Phytophthora isolates were recovered
from six different locations in the river (Beli
Vit River, Cherni Vit River and shortly after
their interflow in the region of Teteven
town) wusing a baiting method. The
phylogenetic analysis of ITS sequences of
collected isolates determined occurrence
of four Phytophthora species - P.
gonapodyides, P. lacustris, P.
chlamydospora and P. syringae. Three of

these  species  (P. lacustris, P.
gonapodyides and P. chlamydospora)
belong to clade 6 of the genus

Phytophthora, whereas P. syringae is a
member of clade 8. P. gonapodyides and
P. syringae were defined as the most
common Phytophthora species in the
investigated mountain region of Vit River
and represent respectively 40% and 33%
of the collected isolates. The pathogenicity
of selected isolates from each of collected
Phytophthora species to blackcurrant and
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Kacuc u apoHuss U e [okKasaHa Ccrnocoo6-
HocTTa Ha P. lacustris, P. chlamydospora
n P. gonapodyides pa 3apassBart sucTta
OT [Bara pacTuTenHu Buaa.

Kntouosn aymun: Phytophthora,
pasnpocTpaHeHue, BOAHA cpena,
naToreHHocCT

yBO/[,

Phytophthora ca rpyna nogo6Hu Ha
rboVTe 0OMULETHM OpPraHn3Mmn, KoMTo dn-
NloreHeTMYHO ca no-6/sm3kM 40 Bogopac-
nnte (Beakes and Sekimoto, 2009).
Hsakon npegcTaButTeny Ha Buga ca BaxHU
pacTuTenHn naToreHn, MpUYMHSABALLA
6011eCcTV NO WNPOK KpbIr KynTypu. Onuca-
HW ca u ronam 6poli Bugose Phyto-
phthora, konto ca canpoguTHM OpraHus-
MU BbB BOAHM MecToobutaHusa (Thines,
2014). PekuTte ca He camoO cpeja 3a
XXMBOT Ha Te3n OOMULETHU BMAOBE, HO ca
CblO Taka CpPeAcTBO 3a TAXHOTO pas-
NpoCTpaHeHne N HauMH 3a JocTuraHe ao
HoBu roctonpuemHuun (Nechwatal et al.,
2008). OcBeH B ecTeCTBeHUTE eKocucTe-
My, Bugosete Phytophthora morat ga Ha-
MEPST NOAXoAALL, XxabutaT U HOBU FOCTO-
NpMeMHULUN Ype3 MoANOYBEHMTE BOAU U
cucTemuTe 3a HanosieaHe. ETo 3awo Tax-
HOTO NO3HaBaHe € BaXHO KaKTo 3a €eKo-
norusATa, Taka u 3a 3emejesnickata Hayka
W cTOoNaHcKaTta AeliHocT.

But e peka B CeBepHa bvarapus,
ob6pasyBallia ce OT C/IMBAHETO Ha pekuTe
YepHn But n benn But npu rpag Tete-
BeH. Ta u3Bupa B Crapa nnaHvHa Ha
1595 m H. B. U e 4acT OoT BOAOCOOpHUSA
baceilH Ha peka [yHaB. B paiioHa ce
oTrnexgar peguua TpaguuMoHHM 3a Ha-
WwaTa cTpaHa Ky/ATypu, KakTo U HSKOU He
TOIKOBa NMONY/SIPHU BUAOBE KaTO Kacuc u
apoHus. KacucoT (Ribes nigrum) e xpacTo-
BMAHO pacTeHue oT ceMm. Grossulariaceae.
Toil ce oTrexga Kakto C TbproBCKU
uenu, tTaka U B SIMYHUTE CTOMAHCTBA Ha
XopaTa, nopagy UEHHUTE CU XPaHUTESTHU
BELECTBA W BUCOKOTO CbAbpXaHue Ha
BATaMUHK. MogxopdAwm  ycnoBus  3a
oTrnexgaHe Ha kacuc B bBbarapus uma B
NAAHWHCKA W1 NOAYMAaHUHCKM  paiioHu,

chokeberry was evaluated and the ability
of P. lacustris, P. chlamydospora and P.
gonapodyides to infect leaves of both
plant species was proved.
Key words:
distribution, water
pathogenicity

Phytophthora,
environment,

INTRODUCTION

Phytophthora is a group of fungus—
like oomycetes (water molds),
phylogenetically more closely related to
algae (Beakes and Sekimoto, 2009).
Some members of the genus are
significant plant pathogens causing
disease on a large variety of crops,
however, numerous Phytophthora species
appear to be saprophytes in aquatic
environments (Thines, 2014). Rivers are
not only a habitat for these oomycetes,
but also a means of spreading and a way
to find new hosts (Nechwatal et al., 2008).

In addition to natural ecosystems,
Phytophthora species can attain to
suitable habitat and new hosts through
groundwater and irrigation systems.
Whereat the knowledge of Phytophthora
is important not only for the ecology, but
also for the crop science and the
agriculture.

Vit is a river in northern Bulgaria,
formed by the merging of the Cherni Vit
and Beli Vit rivers in the region of Teteven
town. The spring of the river is in Balkan
mountain at 1595 m. and is a part of the
catchment area of the river Danube. A
number of traditional for Bulgaria
agricultural crops are cultivated in the
region, as well as some not so popular
species such as blackcurrant and
chokeberry. The blackcurrant (Ribes
nigrum) is a woody shrub from the
Grossulariaceae family. It is widely
cultivated  both  commercially and
domestically because of its valuable
nutrients and its high content of vitamins.
The appropriate conditions for the
cultivation of blackcurrant in Bulgaria are
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TbiA KATO BUABT € MHOIO TONIEPAHTEH KbM
HUCKM TemnepaTypu. Apoxusta (Aronia
melanocarpa) e XpacToBMAHO pacTeHue
oT ceM. Rosaceae. OTrnexga ce KakTo ¢
[eKopaTMBHU Lienn, Taka v 3apagm XpaHu-
TeNHWTe Ccu KadecTBa. PacTeHusta ce
passmBaT go6pe B NpeansiaHUHCKN U
NAaHWHCKM paiioHn, KbAETO BanexuTe ca
Mo-4eCTW N BNAXHOCTTA € N0-BUCOKA.
Llenta Ha HacTosILLOTO U3cnedBaHe
€ UW30/MpaHe ” XxapakTepusvpaHe Ha
Bugose Phytophthora 0T naaHMHCKuSA
paiioH Ha peka Bwut. BugoBata npwu-
Hafe/MKHOCT Ha cbbpaHuTe u3onatn e
onpefeneHa ypes kiracuyeckn mopgoso-
TMYHN METOAMN U MOSIEKYNSPHU aHasm3u.
HanpaBeH e dounoreHeTMyeH aHanus Ha
cbbpaHNTe M30/1aTM U € KOHCTpyupaHo
chnoreHeTMYHO AbpBO. M3cregBaHa e
naToreHHoCcTTa Ha W30MupaHuTe BUAOBE
Phytophthora kbM kacuc 1 apoHus.

MATEPVAJT N METOOU

W3cnepBaHeTo Ha pasHoo6pasneTo
Ha BupaoseTe Phytophthora B nnaHuHcKus
paiioH Ha p. BuT e yacT oT mMawabHo
npoyyBaHe Ha BOAHUTE EKOCUCTEMU B
Bvnrapusa, npoBefeHo Mnpe3 nepuoga
2016-2018 r. B HacToAWwoOTO nscnensaHe
ca npefcTtaBeHu usonatute, cbbpaHu OT
WeCT pas/IMyHM  MECTONONOXKEHNA Ha
peka But, pekute benu un YepHn But
(durypa 1). MpunoxeH e meToda Ha ynos-
KiTe, MpU KOMTO Tpu Nncta OT PoLOAEeH-
[JPOH ca NocTaBeHW B NniaBalla Mpexa 3a
nepuog OT MeT AHWM Mpe3 M. OKTOMBPM
2017 r. O6paboTBaHeTO Ha npobute u
nsonupaHeto Ha Phytophthora Ha cenek-
TMBHa PARNHB cpepa (MOpKOBeH arap c
pobaeseHn: 10 mg Pimaricin, 250 mg
Ampicillin, 10 mg Rifampicin, 50 mg
Nystatin, 1.3 ml Tachigaren n 15 mg
Benomyl/1l) e npoBegeHo No metToaukaTa
onucaHa B npeguwHo npoyysaHe (Christova
et al, 2018). CwbbpaHuTe un30naTU
Phytophthora ca kyntuBupaHu Ha cpepa
V8A (vegetable agar: 16 g agar, 3 ¢
CaCOs, 100 ml V8 juice/ll) 3a muueneH
pacTex n MopchoNorMUYHO XapakTepuvpaHe.

mountainous and  semi-mountainous
regions, as the species is very tolerant to
low temperatures. The chokeberry (Aronia
melanocarpa) is a deciduous shrub from
the Rosaceae family. It is cultivated as
ornamental plants and as food products.
Plants grow well in the hilly and
mountainous areas, where rainfall is more
frequent and humidity is higher

The aim of this study is isolation
and characterization of Phytophthora
species from the mountain area of the Vit
River. Species identification  was
performed using classical morphological
methods and molecular analyses. A
phylogenetic analysis of the collected
isolates was performed and a
phylogenetic tree was constructed. The
pathogenicity of the isolated Phytophthora
species to blackcurrant and chokeberry
was evaluated.

MATERIAL AND METHODS

The assessment of Phytophthora
biodiversity in the mountain area of the Vit
River is a part of large scale survey of
water ecosystems in Bulgaria in the period
2016-2018. In this study are presented
samples that were collected from six
different locations in the Vit River, the
rivers Beli and Cherni Vit (Figure 1) using
a baiting method.

Three Rhododendron leaves enveloped in
mesh bags that were floated in the river
for 5 days in October 2017. The
preparation of samples and isolation of
putative Phytophthora species on a
selective PARNHB media (carrot agar
supplemented with 10 mg Pimaricin, 250
mg Ampicillin, 10 mg Rifampicin, 50 mg
Nystatin, 1.3 ml Tachigaren and 15 mg
Benomyl/1l) were performed as described
previously (Christova et al., 2018). The
collected Phytophthora isolates were
cultivated on V8A (vegetable agar: 16 g
agar, 3 g CaCOs;, 100 ml V8 juice/ll) for a
mycelia growth and a morphological
characterization.
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dur. 1. MecTa Ha 3a/1araHe Ha y/10BKU B MJIaHWHCKUS paioH Ha peka BuT, peknTte
Benn v YepHun But: 1 — maxana AceH; 2 — c. [noxeHe; 3 — rp. TeTeBeH, KB.
CKpnbbTHa; 4 — ¢c. Pubapuua; 5 — rp. TeteBeH, KB. lNMonateH; 6 — c. HepHu But

Fig. 1. Locations of floating mesh bags placed in mountain area of the Vit River,
the rivers Beli and Cherni Vit: 1 — Asen neighbourhood; 2 — Glojene village; 3 —
Teteven town, Skributna district; 4 — Ricaritca village; 5 — Teteven town, Polaten

district; 6 — Cherni Vit village

M3onupaHeto Ha AHK, PCR aHaniu3a u
CeKBeHMpaHeTo Ha npobute ca nposeje-
HA CbLWO NO Beye onucaHa MeToamka
(Christova et al., 2018). Hakpatko: AHK
npobute ca M3oaMpaHn C MomMoLuTa Ha
knt DNeasy Plant Mini Kit (QIAGEN
GmbH), a PCR amnnndmkaumsTta Ha ITS
pernoHa e nposegeHa ¢ npanmepun ITS5
n ITS4 PCR peakyusTa e nhpose,qua C
nomowta Ha kut PuReTaq™ Ready-To-
Go™ PCR beads (GE Healthcare Life
Sciences), CbracHoO WHCTPyKUMUTE Ha
mpmata npoussoguten. NpeuncreHute
PCR npoayktn ca cekseHupaHu B GATC
Biotech AG, lepmanus. BugosoTto onpe-

DNA extraction, PCR and sequence
analyses of Phytophthora isolates were
conducted as described previously
(Christova et al., 2018). Briefly: DNA
samples were prepared using DNeasy
Plant Mini Kit (QIAGEN GmbH) and PCR
amplification of the ITS (internal
transcribed spacer) region was performed
with primers ITS5 and ITS4. PCR
amplification was conducted by using
PuReTaqTM Ready-To-GoTM PCR beads
(GE Healthcare Life Sciences), according
to the manufacturer’s instructions.
Purified PCR products were sequenced in
GATC Biotech AG (Germany). The
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JensHe Ha nosyyeHuTe M3onatn e Ha-
npaBeHO Ype3 CpaBHsABaHE Ha CEeKBEHLUM
C BUCOKa Xomosiorva B 6asara faHHu Ha
NCBI (National Center for Biotechnology
Information) ¢ nomowTa Ha BLAST (Basic
Local Alignment Search Tool).

Xuctorpamute Ha  NoslydyeHuTe
CeKBEHUUW ca M3rOTBEHM C MomoLiTa Ha
nporpama Ridom TraceEdit. O6pa6oT-
KaTa Ha cekBeHuuuTe K unoreHeTny-
HUAT aHanu3 ca HanpaseHn 4ype3 CLC
Workbench n TreeGraph?2.

N3cnepsaHa e natoreHHocTTa Ha
nsonupaHnte Buaose Phytophthora e
cnpamo kacuc (Ribes nigrum) n apoHus
(Aronia melanocarpa), kKaTo OT BCEKU BU/,
e n3bpaH no eAuH 13onar 3a U3nuTeaHe:
P. lacustris — RBVitTet2017/100b, P.
chlamydospora — RChVitTet2017/102b,
P. gonapodyides — RChVitVit2017/103a u
P. syringae - RVitAs2017/98a. AHann3bT
€ npoBefieH uYpe3 3apa3siBaHe Ha OTKbC-
HaTW NucTa OT ABaTta BuAa pacTeHus B
KOHTeHepy, CbAbpXaly  cTepuiHa
pectunupaHa m usBopHa Boga (1:1) ¢
[obaBeHun B Hest MyLenHu 6aokyeTa oT 7-
[HEeBHa Ky/Typa Ha BCeku OT u3bpaHuTe
nsonartn. CUMNTOMUTE Ha 3apassBaHe ca
HabngasaHn 7 gHW cnef, UHOKy/InpaHe.
3a KOHTpOna ca u3nof3BaHW nucta ot
Kacuc u apoHusi, NOCTaBeHU B KOHTeliHe-
py camo CbC CTepunHa AecTuavpaHa u
u3BopHa Boga (1:1).

PE3SYNTATU N OBCbXOAHE

O6wo 15 n3onata Phytophthora ca
noslydeHn OT LWecTTe m3cneaBaHu Jioka-
UMM B MJIAHVHCKMA paioH Ha p. But
(Tabnuua 1). Te ce oTHacAT KbM 4 BUAA,
cnopes pesynTatute OT HanpaBeHOTo
cekBeHnpaHe - P. gonapodyides, P.
lacustris, P. chlamydospora u P. syringae.
CbL0TO BUAOBO pasHoobpasune e ycTaHo-
BEHO 1 B NpeaxodHO NnpoyysaHe Ha nna-
HMHCKa 4YacT Ha 6/M3k0 Tevyauwara p.
Ocbm (Christova et al, 2018). ToBa
rnokassa pasnpocTpaHeHWeTo Ha efHu ”
CbLUM BMAOBETE B ABa N/IAHNHCKM paioHa
B CeBepHa Bbnrapus cbc cxogeH pened
N KNMaT.

species identification of collected isolates
was made using BLAST (Basic Local
Alignment Search Tool) of a high
sequence homology into the database of
NCBI (National Center for Biotechnology
Information).

Histograms of the resulted
sequences were prepared by Ridom
TraceEdit software. Sequence alignments
and phylogenetic trees were made in CLC
Workbench software and edited with
TreeGraph2 software.

The pathogenicity of isolated
Phytophthora species to blackcurrant
(Ribes nigrum) and chokeberry (Aronia
melanocarpa) was analyzed. One isolate
of each Phytophthora species was
selected for the experiment: P. lacustris —
RBVitTet2017/100b, P. chlamydospora —
RChVitTet2017/102b, P. gonapodyides —
RChVitVit2017/103a and P. syringae —
RVitAs2017/98a. The analysis was
performed by inoculation of detached
leaves of both plants into a plastic trays
containing of sterile and spring water
(1:1), supplemented with a mycelia plugs
of 7-days old culture of each isolate.
Disease symptoms were observed 7 days
post inoculation (dpi). Control leaves of
blackcurrant and chokeberry were placed
into a plastic tray containing of sterile and
spring water (1:1) without Phytophthora.

RESULTS AND DISCUSSION

Fifteen Phytophthora isolates were
collected from all six locations that were
choose for investigation in the mountain
area of Vit River (Table 1). They belong to
four species of the genus, according to the
results of the sequence analyses — P.
gonapodyides, P. lacustris, P. chlamydo-
spora and P. syringae. The same Phyto-
phthora species were isolated from a
mountainous and foothill region of the
nearby Osam River that was reported
recently (Christova et al., 2018). These
results showed a distribution of the same
species in two mountain areas with similar
topography and climate in Northern Bulgaria.
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Tabnumua 1. Cnmnckbk Ha usonatute Phytophthora, cb6paHu OT NfIaHMHCKNA paiioH
Ha peka But, pekute benn n YepHu But

Table 1. List of Phytophthora isolates collected from the mountain area of the Vit
River, the rivers Beli and Cherni Vit

No Peka/River MecTonnoxeHue Temneparypa Hal M3onat/Isolate Bug
Location; pojara* Phytophthora
GPS coordinates Water species
Temperature*
1 |p. But Maxana AceH; T, =9.5°C RVitAs2017/98a P. syringae
Vit River /Asen neighbourhood T, =10.5°C RVitAs2017/98b P. gonapodyides
43.014762/ 24.182594
2 |p. But c. [noxeHe; T, =9.9°C RVitGlo2017/99a P. syringae
Vit River Glojene village T, =10.8°C RVitGlo2017/99b P. gonapodyides
42.962217/ 24.199103 RVitGlo2017/99¢c P. lacustris
3  |p. Benn But rp. TeTeBeH, T, =10.5°C RBVitTet2017/100a  |P. gonapodyides
Beli Vit River KB. CKpU6BTHA; T, =11.5°C RBVitTet2017/100b  |P. lacustris
Teteven town RBVitTet2017/100c  |P. lacustris
42.896572/ 24.317421 RBVitTet2017/100d  |P. gonapodyides
4  |p. benu But c. Pnbapuua; T, =8.8°C RBVitRib2017/101b |P. syringae
Beli Vit River Ricaritca village T, =10.0°C
42.826588/ 24.400745
5 |p. YepHu But rp. TeteBeH, KB. MonareH; [T, = 10.5°C RChVitTet2017/102a |P. syringae
Cherni Vit River [Teteven town T, =10.1°C RChVitTet2017/102b |P. chlamydospora
42.926689/ 24.209719
6 |p. YepHu But c. YUepHu Bur; T, =9.5°C RChVitVit2017/103a |P. gonapodyides
Cherni Vit River |Cherni Vit village T, =9.1°C RChVitVit2017/103b  |P. gonapodyides
42.839302/ 24.193205 RChVitVit2017/103c__ |P. syringae

*T,/T,— TeMmnepaTypa Ha BofaTa npuv 3anaraHe/npuoupaxe Ha ynoskarta (09/14.11.2017)
*T./T,— water temperature at the time of placing/collecting of the bites (09/14.11.2017)

OT no-HUckarta 4vacT Ha uscnejBa-
HUS paiioH npu Maxana AceH u c. no-
XeHe, KbAeTo Teye obednHeHata p. Bur,
ca usonupaHn Bugosete P. gonapodyides,
P. lacustris n P. syringae. CbluTte Tpu
Buaa Phytophthora ca otkputn u B p.
Benn BUT OT ynoBKuTe 3a/10KEHN B rp.
TeTeBeH (kB. CKpnbbTHA) U €. Pubapuua.
Ot gBeTe nokaumm Ha p. YepHu But npn
rp. TeteBeH (kB. MNMonateH) u c. YepHu Bur,
ca usonupaHn Bugosete P. gonapodyides,
P. chlamydospora u P. syringae. Pesyn-
TaTuTe OT MpOyyYBaHETO MoKasBaT, ue
Hali-pa3npocTpaHeHn B  U3c/edBaHusA
paioH ca P. gonapodyides u P. syringae,
KouTo hopmupat cboTBeTHO 40% un 33%
OT cbbpaHuTe nsonatu. Te ce cpewiar u
B TpuTe u3CneiBaHW pPeKkn Uu He ca
OTKpUTM camMoO B MO efHa OT LecTTe
nokauuu. lMo-psagko cpewaH e BuabT P.
lacustris, uunTo n3onaTn npencraBnaBat
20% OT nosy4vyeHmMTe NPobu. YCTaHOBEHO
€ pas3npocTpaHeHMEeTo Ha BUAa B pekute
But 1 benu BuT, HO CBLLMAT HE € OTKPUT

Three Phytophthora species, P.
gonapodyides, P. lacustris and P. syringae,
were isolated from the lower part of the
studied area near Asen neighborhood
and Glozhene village, where the united
Vit River flows. The same three species
were found in the Beli Vit River from the
baites placed in Teteven town (Skributna
district) and Ribaritsa village. P.
gonapodyides, P. chlamydospora and P.
syringae were isolated from both
locations on the Cherni Vit River in
Teteven town (Polaten district) and
Cherni Vit village. The results of the study
show that P. gonapodyides and P.
syringae were the most common in the
investigated area, which form respectively
40% and 33% of the collected isolates.
They occur in the three studied rivers and
were not found only in one of the six
locations. Less distributed species was P.
lacustris, whose isolates account for 20%
of the samples obtained. This species
was detected in Vit River and Beli Vit
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B HUTO efHa OT fBeTe Jiokauuu Ha p.
UepHn But. 3a pasnuka ot P. lacustris,
suabT P. chlamydospora e wu3onupaH
camo OT p. YepHu BuUT 1 He e OTKpuUT B
HATO efHa OT Apyrute fagse pekn. Kbm
TO3M BUfA, ce OTHacs camo efuH u3onart,
KoeTo npencrtasnsasa egsa 7% oT
cbOpaHuTe npobu, koeto onpegensa P.
chlamydospora kaTo Hail-psigko cpela-
HaTta Phytophthora B u3cneasanus nna-
HVMHCKM palioH. 3a pa3nuka oT pe3yntatu-
Te MNo/slyyeHW OT MpoyyBaHETO Ha p.
OcbMm, KbeTo npeobnagasalusaT By e
P. lacustris (Christova et al., 2018), B
nscnefBaHna panoH Ha peka BuT, gomu-
Hupat P. gonapodyides u P. syringae.
Tesun pa3nuuna B JOMUHMpALLMTE BULOBE
Phytophthora B pgBata paiioHa 6uxa
MOM/IM [a ce Ab/hKaT Ha pasnvka B
Habopa OT pacTeHus roCTONPUEMHMULN,
o6vTaBalLM CbOTBETHUTE EKOCUCTEMMU.

®OUNOreHeTUYHUAT aHa/IM3 Ha K30-
nvMpaHuTe BMAOBE MNOKasBa, 4e Te ce
oTHacAat kbMm Knag 6 u Knag 8 Ha pog
Phytophthora (®urypa 2). Kem knag 6
npuHagnexar sugosete P. lacustris, P.
gonapodyides u P. chlamydospora, unsato
reHeTMyHa Bpb3Ka € OYeBWAHA, Tbil kaTo
nonagar B 6/IM3KO pa3nosioXeHu, HO OT-
JenHn knoHose. [loBeyeTo OT nmpefcrta-
BUTE/IMTE Ha TO3WM Knag ca pasnpo-
CTPaHeHN B rOPCKMTe U B KpalipeyHuTe
€eKoCUCTeMM, HO MMa ¥ TakMBa, KOMTO ca
U30NMpaHy OT 3eMedesiCkKM U OBOLLHM
kyntypu (Reeser et al., 2011; Jung et al.,
2011; Dunstan et al., 2016; Stamler et al.,
2016). P. syringae ce oTHacs kbM knafg 8
Ha pop Phytophthora u ce Hapexpa B
6nm30cT 0o BMABLT P. ramorum, kKoiTo e
npeactasuten Ha cbwmsa Knag (durypa
2). BugoseTte OT TO3M Knaj ca pasnpo-
CTpPaHeHn NpeguMHO B noysata v mmart
LUMPOK KPbI OT roctonpuemHmum (Upstone,
1978; Thomidis 2001; Cline et al., 2008;
Lolas et al., 2016). MNpeacTaBuTennTe Ha
pon Phytophthora, npuHagnexawiy Kbm
Lpyrvi KnafioBe, ce pasnonarart Ha OTAE/HU
pask/oHeHVs1 Ha MI0reHeTUYHOTO AbPBO,
CbHOTBETCTBALLM HA leHeTMyHaTa AWCTaH-
uusa nomexay um (eurypa 2).

River, but was not found in either of the
two locations of Cherni Vit River. Unlike
P. lacustris, the species P.
chlamydospora was isolated only from
the Cherni Vit River and is not found in
any of the other two rivers. Only one
isolate was identified as P.
chlamydospora which represents only 7%
of the collected samples and determined
the species as the rarest Phytophthora in
the studied mountain area. Disparate the
results obtained for Osam River, where
the predominant species was P. lacustris
(Christova et al., 2018), P. gonapodyides
and P. syringae dominated in the study
area of Vit River. These differences in the
dominanting Phytophthora species in the
two regions could be due to a variation in
the set of host plants living in the
respective ecosystems.

Phylogenetic analyses of collected
species showed that they belong to clade
6 and clade 8 of the genus Phytophthora
(Fig. 2). P. lacustris, P. gonapodyides
and P. chlamydospora belong to the
clade 6, which genetic relation is evident
as they fall into closely situated but
separate branches. Most members of this
clade are distributed in forests and
riparian environments, but some species
have been isolated from agriculture and
horticulture host species (Reeser et al.,
2011; Jung et al., 2011; Dunstan et al.,
2016; Stamler et al., 2016). P. syringae
belongs to the clade 8 and line up in
proximity with P. ramorum, which is
another member of the same clade
(Figure 2).

Species of this clade are mainly
soil-borne and have wide range of host
plants (Upstone, 1978; Thomidis 2001;
Cline et al., 2008; Lolas et al., 2016). The
representatives of the genus
Phytophthora belonging to other clades
are located in separate branches of the
phylogenetic tree, corresponding to the
genetic distance between them (Figure
2).
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dur. 2. dunoreHeTuyeH aHam3 Ha wusonatute Phytophthora, cbbpaHu oT
NJaHWHCKNSA paiioH Ha peka BuT, pekute benun n YepHu But
Fig. 2. Phylogenetic analysis of Phytophthora isolates collected from the
mountain area of the Vit River, the rivers Beli and Cherni Vit

Pe3yntatute oT nposefeHuTe Tec-
TOBE 3a NaTtoreHHOCT MokasBear, Yye BUAo-
Be OT knag 6 P. lacustris, P.
chlamydospora n P. gonapodyides 3apa-
38BaT sMcTara M Ha ABeTe u3cnenBaHu
pacTeHusi, kacuc u apoHus, 3a nepmog ot
7 oHu (Purypa 3). ObpasyBaHe Ha UHTEH-
3MBHV HEKPOTMYHU MNETHa € OTYETEHO 3a
supgosete P. chlamydospora wu P.
lacustris, gokato P. gonapodyides vHay-
uupa no-cnabw cMMNTOMM Ha 3apassiBa-
He. BuabT P. chlamydospora e oueHeH
KaTo NoTeHUMasIHO Hail-onaceH 3a AVBY U1
KyNTUBMPAHN  ArOAONAOAHW  KyNTypu
(Aropga, KbnNuHa, yepBeHa 6OPOBUHKA) B
npeaxoaHo nscnepsarHe (Christova et al.,
2018). HacTtoAwWwoTOo npoy4ysaHe pasLin-
psiBa Kpbra Ha HeroBuTe rocTonpueMHu-
UM 1 NOTBBbPXAaBa Cu/HaTa arpecusHocT
Ha TO3N BWA KbM pas/iMyHU pacTUTesHu
Bugose. OomuueTHUAT BUA, P. lacustris e
M3BeCTeH KaTo cnab nartoreH no esnuwa,
cnmBa n Bbpba (Alnus, Prunus, Salix), a
noTeHunanHata My CnoCO6GHOCT Aa Xu-

The results of the pathogenicity
tests showed that the species of clade 6
— P. lacustris, P. chlamydospora and P.
gonapodyides infected the leaves of both
tested plants, blackcurrant and
chokeberry, for the period of 7 days
(Figure 3). The formation of intensive
necrotic spots was observed for P.
chlamydospora and P. lacustris, whereas
P. gonapodyides induced weaker
symptoms of infection. The species P.
chlamydospora is considered to be
potentially most dangerous for wild and
cultivated berry plants (strawberry,
blackberry, cranberry) in our previous
study (Christova et al., 2018). This study
expands the range of its hosts and
confirms the strong aggressiveness of
this species. P. lacustris is known to be a
weak pathogen on alder, plum and willow
(Alnus, Prunus, Salix), and the potential
ability to live as saprophyte and its
pathogenic properties in aquatic environ-
ments require further investigations
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Bee kaTo canpogut, Kakto U natorex-
HWTE MYy CBOICTBa BbB BOJHA cpefa ce
HY)XXAaAT OT OOMb/HUTESTHWM MPOoYyyYBaHUsA
(Nechwatal et al., 2012). Pesyntatute oT
CKOPOLLHO u3cnejBaHe nokassaT, Ye BU-
ObT He 3apassBa peauua 3amenesnckm Kyn-
Typn kato kpactasuuya (Cucurbita spp.),
nyk (Allium cepa), mota uywka (Capsicum
annuum), nwouepHa (Medicago sativa),
uapesmya (Zea mays), osec (Avena sativa)
n eyemuk (Hordeum vulgare) (Stamler et
al., 2016). HawuTe un3cnepBaHusa obadye
pokassar, ye P. lacustris e noTeHuuanHo
onacHa KakTo 3a XpacTOBWAHW M/0LHU
pacTeHus KaTo apoHUsA 1 Kacuc, Taka u 3a
arogonnogHn Bugose (Christova et al.,
2018). 3a pasnuMka OT uM30UpaHUTe
BUAOBETe OT knag 6, npeAcTaBuUTeNAT Ha
knag 8 — P. syringae He nHayuupa cumn-
TOMU Ha 3apassiBaHe Mo ucraTa Ha HUTO
e[lHO OT aHa/IM3MpaHuTe pacTeHus 3a
nscneaBaHus nepuog ot 7 gHn (durypa
3). 3apas3siBaHETO Ha /iMCTa OT apoHUs 1
Kacuc ¢ nsonumpaHute smgose Phytophthora
uMa 3a uen ga onpegenu noteHuuan-
HaTa 3annaxa OT HanaZeHue Ha Te3u
natoreHn BbPXY HacaxAeHwss OT CbOT-
BETHUTE pacTUTENHN BUAOBe.

Control

P. lacustris P. chlamydospora P.gonapodyides P. syringae

(Nechwatal et al., 2012).

The results of a recent study show that
the species was not able to infect a
number of crop plants as pumpkin
(Cucurbita spp.), onion (Allium cepa),
chile pepper (Capsicum annuum), alfalfa
(Medicago sativa), corn (Zea mays), oats
(Avena sativa) and barley (Hordeum
vulgare) (Stamler et al., 2016). However,
our studies proved that P. lacustris is
potentially dangerous for bushy fruit
plants such as chokeberry and
blackcurrant, as well as for the berry
species (Christova et al., 2018).

In contrast to isolated species of clad 6,
the member of clad 8 — P. syringae was
not able to induce symptoms of leaf
infection of any of the analyzed plants for
the period of 7 days (Figure 3). The
inoculation of chokeberry and blackcurrant
leaves with the isolated Phytophthora
species aims to assess the potential

threat of these pathogens for the
plantations of blackcurrant and
chokeberry.

dur. 3. MNatoreHHocT Ha P. lacustris, P. chlamydospora, P. gonapodyides and
P. syringae cnpsimo kacuc (a) n apoHusa (b) 7 AHW cnep MHOKYyIMpaHe

Fig. 3. Pathogenicity of P. lacustris, P. chlamydospora, P. gonapodyides and
P. syringae to blackcurrant (a) and chokeberry (b) at 7dpi

267



n3BOAN

OT nnaHVHCKNS paioH Ha peka BuT,
BKNHOUNTENHO pekuTe benn n YepHu Bur,
ca nsonupaHu Yetupn snga Phytophthora —
P. lacustris, P. gonapodyides, P.
chlamydospora n P. syringae. [loka3zaHa e
cnocobHoctta Ha P. lacustris, P.
chlamydospora n P. gonapodyides pa
3apasfBaT mMcTa OT Kacuc W apoHus.
Pesyntatnte oT NpoBefeHOTO NpoyyBaHe
onpegenat Tesn Buaose Phytophthora
KaTo noTeHumanHa 3annaxa 3a Hacaxje-
HMATA OT [ABata W3NUTaHW pPacTUTESTHU
BUAa.
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HacTtoswoto wuscnegsaHe e u-
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CONCLUSIONS

Four Phytophthora species were
isolated from the mountain area of the Vit
River, including rivers Beli and Cherni Vit
— P. lacustris, P. gonapodyides, P.
chlamydospora and P. syringae. The
ability of P. lacustris, P. chlamydospora
and P. gonapodyides to infect leaves of
blackcurrant and chokeberry was proved.
The results of the conducted study
identified these Phytophthora species as a
potential threat for the plantations of both
tested plant species.
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PE3IOME

MpoyyBaHeTO Ha BNaOBE
Phytophthora no TeueHneTo Ha peka TyH-
[Ka Ha TepuTopusiTa Ha bbnarapusi e yact
OT 06CTOWHO M3crefBaHe Ha pasnpocTpa-
HEHMETO Ha Te3n OpraHn3Mn B pPeKNTe Ha
cTpaHata. M30/1MpaHeTo Ha OOMULETHUTE
BMAOBE OT TO3U pOA € M3BBLPLUIEHO MO
MeTo4a Ha Y/IoBKATE C Jinucta OT POoAo-
[OEHAPOH, 3a/10KEHW B CPEeSHOTO U AOMHO-
TO TeyeHue Ha pekarta. ToyHaTa BuAoOBa
NpUHaANEeXHOCT Ha NoJsyvyeHuTe nusonatu
e onpegeneHa Ha 6asara Ha Mopdoso-
TMYHW NPU3HALWM N aHasIM3 Ha CEKBEHL K-
Te Ha ITS yyactbka Ha JHK. YcTtaHOBEeHO
€ pasnnune BbB BUAOBUS CbCTaB Ha
opraHusmute ot pog Phytophthora, o6u-
TaBaljy CpPefHOTO U AOSIHO TeYeHue Ha
pekaTa. B cpegHOTO TeuyeHMe Ha pekata
ca perucTpupaHv OCHOBHO BugoBeTe P.
citricola n P. plurivora, KOUTO ca U3BECTHMU
KaTo NaToreHu C LWMPOK KPbI rocTonpuem-
HULM BK/IIOYBALL, MasiMHa, XMeJl, OBOLLHM
ObpBECHU BMUAoBe (opex, 6bagem, Kancus,
npackoBa, yepeLla), YecTo OTrexaaHn B
NAAGHWHCKA W1 NOAYMAaHUHCKM  paiioHu,
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SUMMARY

Identification ~ of  Phytophthora
species along the Tundzha River in
Bulgaria was conducted as a part of
thorough research on the distribution of
those organisms in the rivers of the
country. The isolation of oomycete
species of the genus Phytophthora was
performed by baiting method with
Rhododendron leaves, placed in areas of
middle and lower watercourse of the river.
The exact species of obtained isolates
were determined on the base of colony
and spore morphology and sequence
analyses of the ITS region of the nuclear
DNA. A difference in the composition of
Phytophthora species inhabiting the
middle and lower course of the river was
found. In the middle stream of the river
predominantly the species P. citricola and
P. plurivora were registered which are
known as pathogens with wide host range
including raspberry, hop, orchards
(walnut, almond, apricot, peach, cherry)
often grown in mountain and semi
mountain areas, as well as forest trees
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CblLO M TOPCKA AbPBECHM BWUAOBE KaTo
6yK, Abb, kecTeH n Tonona. B ponHoto
TeYeHne Ha pekata e M3osvpaH rnasHO
cna6onartoreHHuss Bug P. lacustris. P.
hydropathica cbLU0 e ycTaHOBEHA B ABaTa
nscnenBaHn yyacTbka Ha peka TyHaxa.

KntouoBn agymun: Phytophthora
Spp., BUAOB CbCTaB, peka TyHoxa

YBO/[,

PactutenHute naroreHn OT pof
Phytophthora B nocnegHoTo gecetnnetve
Ce CBbP3BaT C HAKOW OT Hal-paspyLuu-
TenHuTe 601ecTn Mo AbpBECHUTE BUAOBE
B €CTeCTBEHMUTE eKOCMUCTEMU U ca No3Ha-
TW Karo nartoreHu u no pegvua MHOro-
roAVWHA U eJHOToAMWHN  3emMefesiCku
Kyntypu. B EBpona vHBa3nMBHUTE BUAOBE
Phytophthora ca yctaHOoBEHM KaTO Npuyn-
HUTE/IM Ha 3aruBaHe Ha KneHa (Acer
spp.), 6pesarta (Betula spp.), 6yka (Fagus
sylvatica), gvb6a (Quercus spp.) 1 Aap.
CpaBHMUTENIHO HOB BWA ONWUCaH KaTo
Phytophthora alni sp. nov. e npuunHuTen
Ha 6onect no enwata (Alnus spp.),
pasnpocTtpaHeHa B XonaHaud, benrus,
Wseuwns, ®paHuns, N'epmaHng, ABCTpua n
YHrapus u npepcrasnifiBalla 3ansaxa 3a
cTabunHoOCTTa Ha KpalipeuHuTe ekocucTte-
mMu B EBpona (Brasier et al., 2004; Solla et
al., 2010).

Karo tvnuuHn npepgcrasuteny Ha
Oomycotes ¥ natoreHute OT  pof
Phytophthora o6pa3sysar crnopaHrum u
0CcBO6OXJaBaT MHOXECTBO MJyBaliy ABK-
XeLy ce 300CMnopu, KOUTO ce pasnpo-
CTpaHaBar yYpes sofara, npuenauyart ce ot
ekcygaty  OTAENIAHW 0T KOpeHute u
nokb/BalMTe CceMeHa W WHdekTmpar
34paBu pacTteHus-roctonpuemHuum (Dick,
2001). Te3n mMuKpoopraHu3mMmn ce cpewlar
BbB BOAHW €KOCUCTEMMU W Ca U30/upaHu
MHOro 4ecTto OT C/lafKoBOAHU e3epa,
notoun u pekn (Sutton et al., 2009;
Hwang et al., 2010; Reeser et al., 2011) n
HanouTesnHu cuctemun (Hong and Moorman,
2005) 1 morar fa ce pasnpoctpaHssart
ypes pekuTe U BoAarta M3nos3saHa 3a Ha-
nosisaHe. Bugose Phytophthora ca nzonu-
paHn NOCTOSAHHO W B TO/IAIMO KOMIMYECTBO

(beech, oak, chestnut, poplar). In the
lower flow of the river mainly the weak
pathogenic species P. lacustris was
isolated. P. hydropathica was also found
in both middle and down streams of the
Tundzha River.

Key words: Phytophthora spp.,
species composition, Tundzha River

INTRODUCTION

During the last decade plant
pathogens of genus Phytophthora are
associated with some of the most
destructive diseases on trees in natural
ecosystems and are known as pathogens
on many perennial and annual crops. In
Europe, invasive Phytophthora species
are registered as causal agents of
destructions of maple (Acer spp.), birch
(Betula spp.), beech (Fagus sylvatica),
oak (Quercus spp.) etc.

Relatively new species described as
Phytophthora alni sp. nov. causes a
disease on alder (Alnus spp.), and is
spread in the Netherlands, Belgium,
Sweden, France, Germany, Austria and
Hungary, and is a threat for riparian
ecosystems in Europe (Brasier et al.,
2004; Solla et al., 2010).

As typical representatives of
Oomycotes, the pathogens of genus
Phytophthora develop sporangia and
release numerous swimming motile
zoospores, which spread by water and
are attracted by the root exudates and
germinating seeds and infect healthy host
plants (Dick, 2001).

These microorganisms are spread in
water ecosystems and are often isolated
from lakes, streams, rivers (Sutton et al.,
2009; Hwang et al., 2010; Reeser et al.,
2011) and irrigation systems (Hong and
Moorman, 2005) and could be spread
trough rivers and water used for irrigation.
Phytophthora species are recovered with
regularity and abundance from streams
and rivers, in many cases in the absence
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OT NOTOLM W PeKU, B MHOTO Criydau npwu
nmnca Ha Buguma nHgekLmsa no oKosHuTe
CyX03eMHM pacTeHus (Sutton et al., 2009;
Hwang et al., 2010; Reeser et al., 2011).

B pamkuTe Ha HayyHOM3CrefoBa-
Tenckn npoekt ,Responses of European
Forests and Society to Invasive Pathogens”
(RESIPATH) dwHaHcMpaH no nporpama
BiodivERsA2013 upe3 HaumoHaneH oHp,
.HayyHn wu3scneggaHusa” e MpoyyBaHoO
61MopasHOobpa3neTo Ha pacTuTenHute
naroreHu ot pog Phytophthora B OCHOBHM
pekn Ha TepuTopusaTa Ha CcTpaHara,
UMankn NpeaBug pellaBawoTo 3HavyeHne
Ha BogaTa BbB (ha3uTe Ha 3apassiBaHe OT
TEXHUSI XXM3HEH LUUKBA 1 NpU pasnpocTpa-
HEHMETO VM.

Peka TyHaxa e efHa OT ronemurte
pekn Ha bBbarapusa, wuw3Bupawa ot
NAaHWHCKM paioH, npeMuHaBalla npes
NOAYMNAAHUHCKN, XBAMUCTU  PalioHn U
KOT/IOBMHN B CpefHOTO CU TeyeHue U
npes oO6WMPEH paBHMHEH palioH B
[ONTHOTO TeYeHne Ha 6bArapckmns y4acTbk
Ha pekaTa. OcBeH ToBa TA € efHa OT
TpaHCrpaHU4yHUTE pekn Ha bBbarapus,
npecuya toxHata U rpaHvua 1 e rpaHnyHa
peka 3a HXHUTE [ABE CbCEeAHW CTpaHu
Mepunsa n Typums.

YcTaHOBSIBAHETO Ha BUAOBMUSA CbC-
TaB Ha pacTuTesHM natoreHu OT pofg
Phytophthora, Hamupalym ce BbB BoAUTE
N pasnpocTpaHsBaLlM ce C TeYEHNETO Ha
pekaTa e OT 3Ha4yeHue KakTo 3a 3emeje-
JINETO U ropckms (PoHA, Ha cTpaHaTa, Taka
N 3a OTIIEXAAHUTE CESICKOCTOMAHCKN KyJl-
TypW B CNOMEHaTUTe [iBe CbCEAHN CTPaHW.

MATEPWNAN N METOA4WA

MeCcTOMNO/I0XXEHNE Ha YTOBKUTE.

B3emaHeTO Ha Nnpobu OT BoAMTE Ha
peka TyH[pKa e U3BBbPLUEHO C Y/IOBKM OT
nncta Ha Rhododendron noctaBeHu B
Mpexa 1 nnasaliM BbpXy pedyHaTa Boja
3a nepuog ot 4-5 pgHW. BcAka ynoBka
cbabpxa no Tpy nncta ot Rhododendron.
Ynoekute 6sixa CUTyMpaHW B CPEAHOTO
TeyeHue Ha peka TyH[Ka B paiioHa Ha C.
tOnneso (1 ynoBka) u c. HAroga (1
Y/I0BKa), KaKTO 1 N0 AO/IHOTO TeYEHUe Ha

of apparent terrestrial infestations (Sutton
et al., 2009; Hwang et al., 2010; Reeser et
al., 2011).

In the frame of research project
.Responses of European Forests and
Society to Invasive Pathogens”
(RESIPATH) funded by the program
BiodivERsA2013 through the National
Science Fund of Bulgaria, biodiversity of e
Phytophthora plant pathogens in the
rivers on the territory of the country is
studied having in mind the critical
importance of water in the infection phase
of the life cycle and for pathogen spread.

Tundzha River is one of the biggest
rivers in Bulgaria starting from a mountain
area, passing through semi mountain and
hilly regions and hollows in the middle
streams and through wide plain region in
the lower watercourse in Bulgarian part of
the river. It is also one of the
transbordering rivers of Bulgaria, which is
crossing the south country border and
further downstream becomes a border
river between two neighboring countries
Greece and Turkey.

The knowledge for the species
composition of Phytophthora plant
pathogens inhabiting the river's water and
spread by the river could be useful for the
agriculture and the forestry of Bulgaria,
and also for crop production of the both
mentioned neighboring countries.

MATERIAL AND METHODS

Locations of the baits.

Sampling from the Tundzha River is
done by baiting with Rhododendron
leaves, placed into a mosquito nets and
floating on the water surface for 4 to 5
days. Each baiting net contains three
Rhododendron leaves. The baiting nets
were placed in the middle watercourse of
Tundzha River near Yulievo village (1
bait) and near Yagoda village (1 bait). In
the area of lower watercourse baiting nets
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pekata B panioHa Ha rp. Am6on (3 ynoBku)
M Ha 1Or OT rpaja B pailoHa Ha cesno
XaHoBo (3 ynoBku) (durypa 1).

were situated in the region of Yambol city
(3 baits) and southern of the city, next to
Hanovo village (3 baits) (Figure 1).

®dur. 1. PasnosnioxeHne Ha yNI0BKUTE, 3a/10XKEHU MO NOPEeYNeTo Ha peka TyHaxKa
Fig. 1. Locations of baits along the Tundzha River

M3onmpaHe Ha natoreHu OT poj,
Phytophthora oT pacTutenHa TbkaH Ha
nvcta ot Rhododendron.

M3onupaHeTto Ha Phytophthora
Spp. OT J/IUCTHWTE MEeTHa € HanpasBeHo
OVPEKTHO BBbPXY CeiekTMBHa araposa
cpepa. PactutenHute npobu ¢ nposse-
HUTe neTtHa no nucrtata ot Rhododendron
ce o6e33apassBar MOBbPXHOCTHO upes
npoMMBaHe noj Teyalwia Boga, Tpetupa-
He cbC 70 % eTtaHon (30 cek.), nocneasa-
HO OT TPWUKpPaTHO M3MMBAHE B CTepuHa
jectunvpaHa Bofa, Ccnef KoeTo ce
noAcyLliasar Bbpxy CTepuiHa uaTbpHa
XapTusi. JIMCTHW CErMeHTM C rofieMmHa 3-
5 mm oT rpaHuyaTa mexgy 3gpasaTta u
HekpoTMpanara pacTuTesilHa TbKaH ce
WHKyObMpaT Ha CefekTuBHaTa cpeja
PARNHB (1 L 3eneHuykoB arap V8, 10
mg Pimaricin, 250 mg Ampicillin, 10 mg
Rifampicin, 50 mg Nystatin, 1.3 ml
Tahigaren n 15 mg Benomyl) npu 25 °C
Ha TbMHO. Cnep nosBata Ha Muuen

Isolation of the Phytophthora
pathogens from the Rhododendron
leaf tissue.

Isolation of Phytophthora spp. from
leaf tissue is done directly on selective
agar media.

Plant samples with developed lesions on
the Rhododendron leaves were surface
sterilized with tap water, 70 % ethanol for
30 s, followed by three times washing
with sterile distilled water and drying on
sterile filter paper.

Leaf segments of 3-5 mm in size taken
from the edge between healthy and
diseased tissue were incubated on a
selective  PARNHB medium (1 L
vegetable juice V8, 10 mg Pimaricin, 250
mg Ampicillin, 10 mg Rifampicin, 50 mg
Nystatin, 1.3 ml Tahigaren and 15 mg
Benomyl) on 25 °C in dark.
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OKOJI0 PacTUTENIHUTE CErMEeHTM, YacT OT
Hero ce MpPexBbP/sl Ha BOfeH arap 3a
M30/IMpaHe Ha BpbXue U MNoslydyaBaHe Ha
umncTa KynTypa.

OnpepnensaHe Ha KynTypasiHUTe n
MOPMOSIOTNYHN  XapakTeEPUCTUKM  Ha
n3onarture.

MonyyeHnTe nsonatu ca KynTueu-
paHn Ha 3eneH4yykoB (VBA - 16 g arap, 3
g CaCOs, 100 ml V8 cok/1L), mopkoBeH
(CA - 16 g arap, 3 g CaCOgs, 100 ml
MOpPKOBEH COk/1L) mnu kapTodieHodekc-
Tpo3eH arap (PDA, Difco). KyntypanHute
N MOPAIOSIOTNYHUTE UM XapakTepUCTUKM
ca onpegeneHn BU3yasHO Cbl1acHO
Erwin and Ribeiro (1996) n cbc cTepeo-
MUWKPOCKOM C  MMKPOCKOMCKa Kamepa
Nikon SMZ745. BeretatuBH1TE 1 NOJI0BM
CTPYKTYpY Ha U3onatute ca onucaHu cur-
nacHo Jung and Burgess (2009). Map-
YyeHua arap cbAbpXawy muuen ¢ npu-
61m3uTenHn pasmepn 20 x 15 mm B3eTu
OT HapacTBawaTta nepucpepma Ha 5-7
[HEeBHa Ky/Typa ca NOKPUTN C HeCTepus-
Ha wun3BopHa Boga B 90-mm neTpueswn
6n104a N MHKYGMpaHM Ha ecTecTBeHa
[JHEBHa Henpska CBeTMHA W CcTaliHa
Temnepartypa. Cnepg nepuog ot 24 go 36
yaca, XxapakTepucTUKMTe Ha cnopaHrumte
ca onpegeneHyu nof MUKPOCKOM npu
yBenuyeHne x 400 (ZEISS Axio Imager
A2 Microscope ¢ MUKPOCKOMNCKU cogpTyep
AxioVision LE).

OnpegensHe BUAa Ha nsonartnte
ype3 MOJIEKYIAPHU MeToaMW.

BuposeTte Phytophthora ca ugeH-
TUgnympaHn Ha 6asa cneundpmyunn JHK
nocnegosatenHoctTn Ha ITS (internal
transcribed spacer) permoHa. 3a yenta e
n3onupaHa AHK ot cBexu 10 AgHeBHW
MULENHW KyNTYpY Ypes3 U3MNoN3BaHeTO Ha
DNeasy Plant Mini Kit (QIAGEN GmbH).
3a amnnudmkaumaTa Ha ITS pervoHa e
usnon3eaHa Agoiika npalimepn ITS5
(5-GGAAGTAAAAGTCGTAACAAGG-3)
nITS4 (5-TCCTCCGCTTATTGATATGC-3") n
cnegHata PCR nporpama: 96 °C - 2 min.,
cnegsaHo ot 35 umkbna Ha 96 °C - 1

After appearing the mycelium around the
leaf segments, small part of it is
transferred on water agar for isolation of
hyphae tip and obtaining of pure culture.

Determination of cultural and
morphological characteristics of the
isolates.

Obtained isolates are cultivated on
vegetable (V8A - 16 g agar, 3 g CaCOs,
100 ml V8 juice/l1L), carrot (CA - 16 ¢
agar, 3 g CaCOg, 100 ml carrot juice/1L)
or potato dextrose arap (PDA, Difco).
Cultural and morphological
charakteristics are determines vissualy
according Erwin and Ribeiro (1996) and
under stereomicroscope supplemented
with microscope camera Nikon SMZ745.
Nonsexual and sexual structures of the
isolates are described according Jung
and Burgess (2009). Agar pieces
containing mycelium with size
approximately 20 x 15 mm taken from the
periphery of growing 5-7 days culture
were covered with nonsterile spring water
in 90-mm in diameter Petri dishes and
incubated under natural daily no direct
light and room temperature. After a
period of 24 to 36 hours sporangia
characteristics were verified under the
microscope with magnification x 400
(ZEISS Axio Imager A2 Microscope
supplemented with microscope software
AxioVision LE).

Species identification of isolates
by molecular methods.

Identification  of  Phytophthora
species was based on specific DNA
sequences of ITS (internal transcribed
spacer) region. For the purpose DNA was
isolated from fresh 10-days mycelium
cultures using DNeasy Plant Mini Kit
(QIAGEN GmbH). Amplification of the
ITS region was performed with primers
ITS5 (5-GGAAGTAAAAGTCGTAACAAGG-3)
and ITS4 (5-TCCTCCGCTTATTGATATGC-3)
and following PCR program: 96 °C - 2
min., followed by 35 cycles of 96 °C - 1
min., 55 °C - 1 min., 72 °C - 2 min. and
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min., 55 °C - 1 min., 72 °C - 2 min. u
ouHanHa enoHrauusa npu 72 °C - 10 min.
PCR npogyktnte ca nMpeynucTeHn ot
oCTaTb4yHUTE peareHT B MUKPOTUTbPHA
96-IMKOBa Nnaka, Hanb/IHEHA C NPUGN-
3uTenHo 34 mg Ha smMka Sephadex
(Sephadex G-50 Fine, Little Chalfont,
UK). CekBeHVpaHeTO Ha npeyncTeHuTe
OHK npogyktn e u3sbpweHo B GATC
Biotech AG (F'epmaHus).

MonyyeHute AHK nocneposaten-
HOCTM Ca CpaBHEHM C [EN03UpaHuTe B
6asata gaHHM Ha NCBI (National Center
for Biotechnology Information) upes
n3nonseaHeto Ha BLAST (Basic Local
Alignment Search Tool).

PE3YJITATU N OBCBXXOAHE

OT noctaBeHute B peka TyHOxa
06O 8 ynoBKM ca nosaydeHn 25 nlonata.
OT TAX ycChnewHo cekBeHupaHe Ha ITS
pervoHa e nosiydyeHo npu 21 n3onara u Ha
Tasn 6a3a TOYHO e onpefesieH Buga um,
BCUYKM NpuHaZiexalim kbM 4 Buga Ha
pog Phytophthora, ot kouto 11 usonara
P. lacustris, 5 usonara P. citricola, 3
umzonata P. plurivora n 2 wusonata P.
hydropathica.

Mopdhonorusita Ha cnopaHrmmTe Ha
n3onaTute, HabngasaHa nog MUKPOCKON
[JokKasBa ycTaHOBeHaTa BMAOBa NpuHag-
NEXHOCT. M3onat P. lacustris
RTun2016/19c obpasysa 06uHO
Heonaggawy 6e3 nanuna SANLEBUOHU
CMOpaHruM 1N e CTEPUIEH — He 0bpasyBa

oocrnopu B eAuMHMYHa  kynTypa. P.
plurivora RYag2016/60d cbuo dopmupa
Heonaggally 6e3 nanuia nNPeaMMHO

ANLEBUAHN CNOPaHTMK, HO 3a pasfnnka oT
P. lacustris RTun2016/19c o6pa3syBa
oocrnopu B XpaHuTenHata cpega. P.
hydropatica  RJul2016/59a  o6pa3ysa
MHOXECTBO XUMPHW MOAYTVHU B M3BOPHA
BOAA. Phytophthora citricola
RJul2016/59b o06pa3yBa cnopaHrum c
pasHoobpa3Hn opmMu —  ANRLEBUOHN,
o6paTHO KpywosuaHa n ap. (Purypa 2).

final elongation at 72 °C - 10 min. PCR
products were purified from residue
reagents in Microtite 96-well plates, fille
with approximately 34 mg in a well
Sephadex (Sephadex G-50 Fine, Little
Chalfont, UK). Purified PCR products
were sequenced in GATC Biotech AG
(Germany).

Sequencing data analyses was
performed by comparing with the
database in the NCBI (National Center for
Biotechnology Information) using BLAST
(Basic Local Alignment Search Tool)
search.

RESULTS AND DISCUSSION

Totally 25 isolates were obtained
from 8 baiting nets placed in the Tundzha
River. The ITS region of 21 isolates were
successfully sequenced and based on
sequencing data analyses the exact
species was determined. All isolates could
be referred to 4 species of genus
Phytophthora, including 11 isolated of P.
lacustris, 5 isolates of P. citricola, 3
isolates of P. plurivora and 2 isolates of P.
hydropathica.

Sporangia morphology of the
isolates observed under the microscope
proved the stated species identification.
Isolate P. lacustris RTun 2016/19c formed
abundantly persistent, non-papillate, ovoid
sporangia and was sterile — it did not
formed oospores in single culture. P.
plurivora RYag2016/60d also formed
persistent, non-papillate, mostly ovoid
sporangia, but as opposed to P. lacustris
RTun2016/19c oospores in the agar
media were formed. P. hydropatica
RJul2016/59a formed abundantly hyphal
swelling in spring water. P. citricola
RJul2016/59b formed sporangia with
various shapes — ovoid, pyriform and etc.
(Figure 2).
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 Placustris uyonaT RTuUN2016/19¢

: .""'r

dur. 2. CnopaHrum Ha BngoBeTe oT pog Phytophthora, doopmmpaHmn ot nzonatm
nosy4yeHu OT Y/I0OBKMUTE NOCTaBEHU BbB BOANTE Ha peka TyHoka

Fig. 2. Sporangia produced of isolates of Phytophthora species, obtained from
baits placed in the water of Tundzha River

YcTaHOBEHO € pasnnune BbLB BU-
[OBUS CbCTaB Ha M30/MpaHuTe opraHns-
Mun oT popg Phytophthora, o6uTtaBalm
CpesHOTO 1 JOMHO TeyeHue Ha pekaTa. B
CpefHOTO TeYeHue Ha pekata ca peruc-
TpupaHu Bugosete P. citricola (4 n3ona-
Ta) n P. plurivora (3 n3onata) n no 1
nsonat ot P. lacustris n P. hydropathica.
B [oNHOTO TeuyeHwe Ha pekara OCHOB-
HWAT ycTaHoBeH Bug e P. lacustris (10 ot
0610 Bcnykm 11 nzonarta Ha P. lacustris)
m no 1 wm3onar ot P. citricola n P.
hydropathica (®urypa 3). Bugbt P.
plurivora e ycTaHOBEH camMO B CpefHOTO
TeyeHVe Ha pekarta, a B [0/IHOTO PeYHo
TEeYeHue TO3U BUA He € OTKPHT.

A difference in the composition of
Phytophthora species inhabiting the
middle and lower course of the river was
found. In the middle stream of the river
the species P. citricola (4 isolates) and P.
plurivora (3 isolates) and 1 isolate of each
P. lacustris and P. hydropathica were
registered. In the lower flow of the river
mainly P. lacustris was obtained (10
isolates from totally 11 isolates of P.
lacustris), and 1 isolate of each P.
citricola and P. hydropathica (Figure 3).
P. plurivora was registered only in the
middle watercourse of the river, but not in
the low river stream.
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HWaonatu ot pog Phytophthora, ycTaHoBeHHW B peka TyHa*a
Phytophthora Isclates obtained from Tundzha River
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Fig. 3. Number of Phytophthora isolates, obtained in the middle and down

streams of the Tundzha River

3abesnA3Ba ce AcHa TeHAEHUMs Ha
yBenMyaBaHe Ha NabTHOCTTa Ha Buga P.
lacustris B NO-4OMHOTO Te4yeHWe Ha
pekarta, KOeTO BEpPOSITHO € CBbp3aHo U C
no-BucokaTta onTuMasiHa TemMnepaTypa 3a
pacTtex (28-33 °C) Ha TO3M BUO OOMMU-
LETEH OpraHM3bM, MO3HAT KaTto MHOrO

A tendency of increasing the
population density of P. lacustris in the
lower watercourse of the river could be
noticed which is probably related with
higher optimal temperature of growth
(28-33 °C) of this oomycetie organism,
known as highly spread in rivers and
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pa3npoCcTpaHeH B pekute M C LUMPOK
Onanas3oH Ha TemnepartypaTa npu KOATO
MOXe fda ce passuBa — OT 2-4 °C po
36-37 °C. (Nechwatal et al., 2013). NoBe-
yeTo n3onatu Ha P. lacustris usonupaHu
n u3cnegsaHn B [Monwa cbwo umar
BMCOKa oONTMMasiHa Temnepatypa Ha
pactex — 30 °C Ha cpepa VBA n CA
(Nowak et al., 2015).

P. lacustris e oTtbensasaH kato
NPUUYUHUTENT Ha 3armBaHe Ha sceHa U
enwa B Typuusa (Akilli et al., 2013). To3u
BUL, € W3BECTEH KaTo cnabonaToreHeH,
HO € HamepeH 1 Mo peamua KOCTUIIKOBU
oBolHM Bugose (Nechwatal et al., 2013).

B cpefHOTO TeyeHne Ha pekarta ca
permcTtpupaHu OCHOBHO BugoseTe P.
citricola n P. plurivora, KOUTO ca U3BECTHHU
Kato naTtoreHu C LWWUPOK KPbl rocTo-
NPUEMHWLN BKMOYBAL, MasiMHa, XMerl,
OBOLLHM AbpBecHu Bupaose (opex, 6a-
[JeM, Kaiicus, npackoBa, YepeLua), 4ecTo
OTINeXAaHn B NJIaHUHCKU W NOJYNAaHWH-
CKW palioHW, CbLLO U TOPCKA LAbPBECHU
BMAOBe kaTo OYyK, AbO, KecTeH, Tonona.
(http://hpc.ilri.cgiar.org/becaltraining/IMBB_
2016/Phytophtora.htm)

P. citricola noka3Ba MHOro LIMPOK
TeMnepaTypeH ONTUMYM Ha pacTex Mex-
ay 22.5 °C (5.7 mm/geH) n 30 °C (5.5
mm/geH) (Scott et al., 2009). M3onatn 1
Ha geaTa Buga Phytophthora plurivora n
P. citricola s.str. ca nokasanu Temnepary-
peH onTMMYM Ha pacTex Bbpxy cpeja V8A
npu 25 °C (Jung and Burgess, 2009).

Phytophthora plurivora e gokasaHo
arpecuBeH BuWA, MaToreH C LUMPOK KpPbr
rOCTONPUEMHULA OT HAKOIKO pacTUTEsTHU
cemeliicTBa, BktouBallim Abies alba, Alnus
glutinosa, Alnus incana, Acer platanoides,
Acer pseudoplatanus, Acer saccharum,
Aesculus hippocastanum, Carpinus
betulus, Fagus  sylvatica, Fraxinus
excelsior, Quercus robur, Quercus petraea,
Quercus rubra, Rhododendron spp.,
Syringa vulgaris, Tilia spp., Tsuga
canadensis. To3u naToreH u P. citricola ca
npuemMaHn Kato OCHOBHW MPUUYUHUTENN
Ha 3armBaHeTo Ha byka (Fagus sylvatica)
B esponeiickute ropun (Werres, 1995;
Jung et al., 2000; Weiland et al., 2010).

having a wide temperature range of
development — from 2-4 °C to 36-37 °C
(Nechwatal et al., 2013). Most P. lacustris
isolates obtained and investigated in
Poland also poses high optimal growth
temperature — 30 °C on V8A and CA
media (Nowak et al., 2015).

P. lacustris is pointed out as causal
agent of death of ash and alder in Turkey
(Akilli et al., 2013). This species is known
as low pathogenic, but it is also found in
some stone fruit trees (Nechwatal et al.,
2013).

In the middle stream of the river
mainly P. citricola and P. plurivora are
registered, which are known as pathogens
with wide range hosts including raspberry,
hop, orchards (walnut, almond, apricot,
peach, cherry) often grown in mountain
and semi mountain areas, as well as forest
trees (beech, oak, chestnut, poplar).
(http://hpc.ilri.cgiar.org/beca/training/IMBB_2
016/Phytophtora.htm)

P. citricola shows very wide
temperature optimum of growth between
22,5 °C (5.7 mm/day) and 30 °C (5.5
mm/day) (Scott et al., 2009). Isolates of
both species P. plurivora and P. citricola
s.str. had temperature optimum of growth
on medium V8A on 25 °C (Jung and
Burgess, 2009).

Phytophthora plurivora is proved as
agressive pathogen with wide host range
from several plant families incl. Abies alba,

Alnus glutinosa, Alnus incana, Acer
platanoides, Acer pseudoplatanus, Acer
saccharum, Aesculus hippocastanum,

Carpinus betulus, Fagus sylvatica, Fraxinus
excelsior, Quercus robur, Quercus petraea,
Quercus rubra, Rhododendron spp., Syringa
vulgaris, Tilia spp., Tsuga canadensis.

This pathogen and P. citricola are found as
main causal agents of beech (Fagus
sylvatica) death in European forests
(Werres, 1995; Jung et al., 2000; Weiland
et al., 2010).
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Pa3nvkara B onTumanHaTa Temne-
patypa Ha MuUeneH pactex Ha
Buposete P. citricola n P. plurivora
(okono 25 °C) u Tasm Ha P. lacustris
(okono 30 °C) moxe ga 6bae eaHo oT
06siCHEHMsATA  3a  OTKPMBAHETO  Ha
nbpBUTE [Ba BMAA B CPEAHOTO TeyeHue
Ha pekaTta, a noBeyeTo OT M30NatuTe Ha
P. lacustris B [0OMHOTO TeyeHWe Ha
pekarta v no-Tonav Bogu.

[Ba wn3onata Ha P. hydropathica
ca nony4eHu npu ToBa MscnegsaHe — no
eH B CPeAHOTO M [O/IHOTO TeYEHMe Ha
pekara. YcTaHoBeHara onTuMasiHa TeM-
neparypa 3a pacrtexa Ha muuena Ha To-
3u Bug Bbpxy VBA e 30 °C, ¢ makcumasn-
Ha Temneparypa Ha MULENeH pacTex
npu 40 °C (Gallegly et al., 2010). He e
HabnogasaH pactex npu 5 °C, koeTo
roBopu 3a eauwH Tonnonwbus  BUA.
BeposaTHO nopagu TOBa MNpu  HaweTo
uscneaBaHe Toli e ycTtaHoBeH B HOxHa
Bwarapus n no YepHomopuneTo, HO He U B
CeBepHa bbarapus  (HenybsimkyBaHu
OaHHN).

Hskonko u3cnenBaHuss BbPXy na-
ToreHuTeta Ha P. hydropathica ca
nokasasu, ye BUABLT MOXe [a NHekTupa
rOCTOMPUEMHULM KaTO efwa, [gekopa-
TUBHW pacTeHus (Kapamdwun, aszanes),
KpactaBuuu, gomatun u nunep (Hong et
al., 2008; Pintos et al., 2016; Alvarez-
Rodriguez et al., 2017).

N3BOAV

UeTupun Bnaa OOMULIETHWU OpraHus-
Mu oT popa Phytophthora ca yctaHoBeHM
BbB BoAWTE Ha peka TyHaxa. [lokaszaHo e
U3MeHeHne BbB BWAOBMA CbCTaB Ha
Phytophthora spp. pasnpocTpaHeHn no
TeueHMeTo Ha pekarta. B cpegHoTo Teue-
HVe Ha pekaTa ca perucTpupaHu noTeH-
UMa/iHO ornacHWTe 3a rOPCKM [bPBECHU
BMAOBE 1 3a pascagHuumte P. plurivora n
P. citricola. B fONHOTO TeuyeHVe Ha peka-
Ta KaTo npeobnajgasal, BUf, € perucTpu-
paH P. lacustris. [JonbnHuteneH no-
fJeTalifnieH MOHWTOPWHT Ha TeyeHMeTo Ha
pekata e Heobxo4uM 3a M3ACHABaHe Ha
usiocTHaTa kapTMHa Ha pasnpocTpaHe-

Difference in the optimal
temperature of mycelium growth of P.
citricola and P. plurivora (around 25 °C),
and this of P. lacustris (around 30 °C),
could be one of the explanation of finding
the first two species in the middle stream,
and most of the P. lacustris isolates in the
low stream of the river in warmer water.

Two isolates of P. hydropathica are
obtained during this study — one in the
middle and one in the low stream of the
river. Determined optimal mycelium growth
temperature of this species on V8A
medium is 30 °C, and maximum temperature
of mycelium growth on 40 °C (Gallegly et
al., 2010).

No mycelium growth is observed at 5 °C,
which defines this as thermophilic species.
Probably this is the reason why during our
investigation this species was found in
Southern Bulgaria and on Black Sea

Coast, but not in Northern Bulgaria
(unpublished data).
Studies have shown that the

pathogen P. hydropathica has the ability to
infect hosts such as alder, ornamental
plants (carnations, azaleas), cucumber,
tomato and pepper (Hong, et al., 2008;
Pintos et al., 2016; Alvarez-Rodriguez et
al., 2017).

CONCLUSIONS

Four Oomycete species of genus
Phytophthora are obtained from the water
in Tundzha River in Bulgaria. A change in
the  species composition of the
Phytophthora spp. is proved along the
river's stream. In the middle watercourse
of the river potentially hazardous for forest
trees and nurseries P. plurivora and P.
citricola are found. In the low watercourse
as prevailing species P. lacustris is
registered.

Additional more detailed monitoring is
needed to elucidate the entire picture of
the distribution and alteration of the
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H/eTO W W3MEHEHWEeTO B CbCTaBa Ha
suposeTe Phytophthora, koeto ce cnyyusa
Mo TEYEHNETO Ha pekaTa.

BNAITOOAPHOCTU

HacTosioTo uscneasaHe e ocbLuec-
TBEHO B pamMKuTe Ha npoekT ,Responses
of European Forests and Society to
Invasive Pathogens (RESIPATH)” Ha
eBporeiickara nporpama 3a HayyHu W3-
cnegpaHma BiodivERSA 2012-2013 Joint

species composition of Phytophthora spp.

which  happened along the river
watercourse.
ACKNOWLEDGEMENTS

This study is maintained in the
frame of the project ,Responses of
European Forests and Society to Invasive
Pathogens (RESIPATH)” in European
research program BiodivERSA 2012-2013
Joint call, funded trough National Science

call, dwuHaHcupaHo npe3 HaumoHaneH | Fund.

oHpg, ,HayuHn nscnegsaHuns”.

NNTEPATYPA /| REFERENCES
1. Akilli, S., C. Ulubas Serce, Y. Z. Katircioglu and S. Maden, 2013.
Phytophthora Dieback on Narrow Leaved Ash in the Black Sea Region of Turkey.
Forest Pathology, 43 (3), 252-256.
2. Alvarez-Rodriguez, B.; R. S. Garcia-Estrada, J. B. Valdez-Torres, J. Leon-
Felix, R. Allende-Molar and S. P. Fernandez-Pavia, 2017. Phytophthora
hydropathica and Phytophthora drechsleri Isolated from Irrigation Channels in the
Culiacan Valley. Mexican Journal of Phytopathology, 35 (1), 20-39.
3. Brasier, C. M., S. A. Kirk, J. Delcan, D. E. Cooke, T. Jung and W. A. in 't
Veld, 2004. Phytophthora alni sp. nov. and Its Variants: Designation of Emerging
Heteroploid Hybrid Pathogens Spreading on Alnus trees. Mycological Research, 108
(1), 1172-1184.
4. Dick, M. W., 2001. Straminipilous Fungi: Systematics of the
Peronosporomycetes Including Accounts of the Marine Straminipilous Protists, the
Plasmodiophorids and Similar Organisms. Kluwer Academic Publishers, Dordrecht,
Boston.

5. Erwin, D. C. and O. K. Ribeiro, 1996. Phytophthora Worldwide. APS PRESS.
The American Phytopathological Society St. Paul, Minnesota.
6. Gallegly, M. E., P. A. Richardson, P. Kong, G. W. Moorman, J. D. Lea—Cox

and D. S. Ross, 2010. Phytophthora hydropathica, a New Pathogen ldentified from
Irrigation Water, Rhododendron Catawbiense and Kalmia Latifolia. Plant Pathology,
59, 913-921.

7. Hong, C. X. and G. W. Moorman, 2005. Plant Pathogens in Irrigation Water:
Challenges and Opportunities. Critical Reviews in Plant Sciences, 24(3), 189-208.
8. Hong, C., P. A. Richardson and P. Kong, 2008. Pathogenicity to Ornamental

Plants of Some Existing Species and New Taxa of Phytophthora from Irrigation Water.
Plant Disease, 92 (8), 1201-1207.

9. Hwang, J., S. N. Jeffers and S. W. Oak, 2010. Aquatic Habitats — a Reservoir
for Population Diversity in the Genus Phytophthora. Phytopathology, 100 (6), 150-151.
10. Jung, T. and T. |. Burgess, 2009. Re-evaluation of Phytophthora citricola
Isolates from Multiple Woody Hosts in Europe and North America Reveals a New
Species, Phytophthora plurivora sp. nov. Persoonia, 22, 95-110.

11. Jung, T., H. Blaschke and W. Osswald, 2000. Involvement of Soilborne
Phytophthora Species in Central European Oak Decline and the Effect of Site Factors
on the Disease. Plant Pathology, 49, 706-718.

280



12. Nechwatal, J., J. Bakonyi, S. O. Cacciola, D. E. L. Cooke, T. Jung, Z. A.
Nagy, A. Vannini, A. M. Vettraino and C. M. Brasier, 2013. The Morphology,
Behavior and Molecular Phylogeny of Phytophthora Taxon Salixsoil and Its
Redestination as Phytophthora lacustris sp. nov. Plant Pathology, 62, 355-369.

13. Nowak, K. J., A. Trzewik, D. Tulacz, T. Orlikowska and L. B. Orlikowski,
2015. Characterization of Polish Phytophthora lacustris Isolates Obtained from Water
Environments. Pol. J. Environ. Stud., 24 (2), 619-630.

14, Pintos, C., C. Rial, O. Aguin, V. Ferreiroa and J. P. Mansilla, 2016. First
Report of Phytophthora hydropathica in river Water Associated with Riparian Alder in
Spain. New Disease Reports, 33, 25.

15. Reeser, P. W., W. Sutton, E. M. Hansen, P. Remigi and G. C. Adams, 2011.
Phytophthora Species in Forest Streams in Oregon and Alaska. Mycologia, 103 (1),
22-35.

16. Scott, P. M., T. |. Burgess, P. A. Barber, B. L. Shearer, M .J. C. Stukely, G.
E. St. J. Hardy and T. Jung, 2009. Phytophthora multivora sp. nov., a New Species
Recovered from Declining Eucalyptus, Banksia, Agonis and Other Plant Species in
Western Australia. Persoonia, 22, 1-13.

17. Solla, A., A. Pérez-Sierra, T. Corcobado, M. M. Haque, J. J. Diez and T.
Jung, 2010. First Report of Phytophthora alni on Alnus glutinosa in Spain. Plant
Pathology, 59, 798.

18. Sutton, W., E. M. Hansen, P. W. Reeser and A. Kanaskie, 2009. Stream
Monitoring for Detection of Phytophthora ramorum in Oregon Tanoak Forests. Plant
Disease, 93 (11), 1182-1186.

19. Weiland, J. E., A. H. Nelson and G. W. Hudler, 2010. Aggressiveness of
Phytophthora cactorum, P. citricola I, and P. plurivora from European Beech. Plant
Diseases, 94, 1009-1014.

20. Werres, S., 1995. Influence of the Phytophthora Isolate and the Seed Source
on the Development of Beech (Fagus sylvatica) Seedling Blight. European Journal of
Forest Pathology, 25, 381-390.

281



Journal of Mountain Agriculture on the Balkans, 2019, 22 (1), 282-293
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

PasnpocTpaHeHue Ha Phytophthora gonapodyides
B N/1aHUHCKN peyHn cuctemun Ha bbnrapus

KanosiH Koctos*, NeTa XpucTtosa, AHeTa JllobeHoBa, Cnasyo CnasoB

ArpobuovHcTuTyT, 1164 Cochus, Bbnrapus

Distribution of Phytophthora gonapodyides
In Mountain River Systems of Bulgaria

Kaloyan Kostov*, Petya Christova, Aneta Lyubenova, Slavtcho Slavov

AgroBiolnstitute, 1164 Sofia, Bulgaria
*E-mail: kkostov@abi.bg

Original scientific paper

Received: 17.04.2018
PE3IOME

C uen wuscnegsaHe Ha pasnpo-
CTpaHeHneTo ¥ BMAOBOTO pas3Hoob6pasve
Ha Phytophthora spp. B n1aHUHCKM peyHu
cuctemn (ot 700 go 2000 m HagmMopcka
BMCOYMHA) B bbarapua ca 3a1oxeHu
"ynoBkn" C nucta OT POAOAEHAPOH Mo
NPOTEXEHNETO Ha PEKU Ha TepuTopuAtTa
Ha nnaHuHuTe Butowa, MnaHa, Pyi, Pu-
na, Pogonn n Crtapa nnaHnHa. Bugosarta
NPUHaANEXHOCT Ha MolyyeHuTe usonatu
e onpepgesnieHa Ha 6asa reHeTUYHN CXoA-
cTBa ¢ u3BecTHu Bugose. OT obuwo 37 n3o-
natn 67% npuHagnexat kbm Phytophthora
gonapodyides, Bug 4ecTo M30/MpaH OT
peku 1 kpalipeyHu ekocuctemu. Mo nurte-
paTypHu JaHHW TOli e C yMepeH Ao cnab
naTtoreHnTeT CrpsAMO HAKOM OCHOBHM 3a
Bbnrapua ropcku gbpBECHV BUAOBE KaTto
Ob6 1 ByK, KaTo e yCTaHOBEeHO, Ye e Cro-
CobeH fa npuyuHaBa THUEHE Ha Kope-
HoBaTa cucrtema. Hannuneto my Tpsabsa
Ja ce uma npeasua nNpu cb3faBaHe Ha
HOBM TOPCKM HacaXeHUs C y4acTMeTo Ha
4yyBCTBUTE/IHN BUAOBE, HA MecTa C MoBu-
LeHa MoYBEHAa BJI2XKHOCT U MpU U3Mo3Ba-
HEeTO Ha NOBBPXHOCTHU BOAW 3a HanosdBaHe.

KnwouyoBun  gymu: Phytophthora
gonapodyides, MIaHUHCKN PeYHn CUCTEMMU,
pasnpocTpaHeHvie
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SUMMARY

In order to study the distribution
and diversity of Phytophthora species in
mountain river systems (from 700 to 2000
m. above sea level) of Bulgaria
rhododendron "baits" were placed along
the rivers in Vitosha, Plana, Ruy, Rila,
Rhodopes and Balkan Mountains.

The identity of the obtained isolates was
determined on the basis of genetic
similarities with known species. From
overall 37 isolates 67% belong to
Phytophthora gonapodyides, a species
often isolated from rivers and riparian
ecosystems. According to the literature, it
demonstrates  weak to moderate
pathogenicity to some important for
Bulgaria forest tree species, such as oak
and beech by causing root rot.

Its distribution must be taken into account
when creating new forest stands involving
sensitive species, in places with increased
soil moisture and using surface water for
irrigation.

Key words: Phytophthora
gonapodyides, mountain river systems,
distribution
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Pa3npocTpaHeHneTo Ha chutonaro-
reHHn Bugose OT pog Phytophthora B
€CTeCcTBEHMN M arpo ekocuctemn e ob6ekT
Ha WHTEH3UBHO Npoy4BaHe B NocriegHuTe
roguHu. B pesyntar 6poaT Ha HoBoonuca-
HWTE BUAOBE HapacTBa, KakTo U JaHHuTe
OTHOCHO E€KOJIOTMYHOTO MOBefeHNE, Hauu-
HUTE Ha pasnpocTpaHeHne 1 xapakTepuc-
TUKUTE Ha ecTecTBeHUTe xabuTtatm Ha
Te3n opraHmamu (Nechwatal et al., 2008;
Jung et al.,, 2011; Brazee et al., 2016;
Burgess et al., 2017). 3HauumocTTa Ha
uscnefBaHuaTa ce CbCToM, OT efHa cTpa-
Ha B pasluMpsiBaHe Ha 3HaHUsATa OTHOCHO
pasnpocTpaHeHNeTo 1 eKoI0rMYHUTE 0Co-
6eHoCTW, a OT Apyra C yCTaHOBSIBAHETO
Ha arpecuMBHW BWAOBe, 3acTpallaBaliy
pactTutenHuTe CbobLWEecTBa W MNPOHWUK-
BaHeTO Ha HOBW MHBA3WBHW BUOBE.

KaTto ocHoBHa cpefa 3a passutue u
pasnpocTpaHeHue Ha BMaoBeTe
Phytophthora cnyxatr ROBBPXHOCTHUTE
BOAM, €TO 3all0 ChneunanHo BHUMaHve ce
06pbLLa Ha NPOyYBaHETO Ha NPUCbLCTBYE-
TO W BUOOBUA CbCTaB B PeYHU U Kpaii-
peuHn ekocuctemn (Oh et al.,, 2013;
Brazee et al., 2016). BbB Boga BugoBsete
Phytophthora obpa3sysaTt noaswxHu 300-
cnopu, Koeto cnomara 3a edeKTMBHOTO
UM pasnpocTpaHeHve W fJocTuraHe [o
NoAxXoAsLy roCTONPUEMHULM 38 pasBu-
Tue. Mo TO3W HaYMH peKuTe CnyXar Karto
OCHOBEH W3TOYHWK Ha MHOKY/MYM U Cblle-
BPEMEHHO ca noaxofsuwia cpefa 3a W3-
cnefBaHe Ha BUAOBO pasHoobpasue. Pe-
3ynTatute OT NpPoyYBaHMATa Ha To3u eTan
nokassaT M306UIHO NPUCHCTBUE HA Te3u
opraHV3Mu B peku, e3epa v HamnouTesiHu
KaHa/iM B pas/IMYHM 4acTu Ha cBeTa
npegnonarankn TaxHaTa ecrecTBeHa Ko-
€BOJIOLMA C MECTHUTE PACTUTE/THN CBHO6-
wecrtsa. Hakon cneumndurkm Ha BugoseTe
Phytophthora, kato nosieata Ha CW/HO
arpecuBHN BUAOBE ype3 XxMbpuamnsaums un
hakTopy kaTto HOBM NbTULA 3a pasnpo-
CTpaHeHue B pes3yntar Ha rnobanHata
TbProBusi 1 cpellaTa c HOBU roCTONpPUeM-
HMLK, Cb34aBaT peasiHa OnacHOCT OT Bb3-
H/YKBaHe Ha 3acTpallasally ropute enu-

INTRODUCTION

The distribution of phytopathogenic
species of genus Phytophthora in natural
and agro ecosystems has been studied
intensively in the recent years. As a result,
the number of newly described species
increases, as well as the data on
ecological behaviour, distribution patterns
and characteristics of the natural habitats
of these organisms (Nechwatal et al.,
2008; Jung et al., 2011; Brazee et al.,
2016; Burgess et al. al., 2017). The
importance of this development is on the
one hand, in expanding the knowledge of
the diversity and ecological characteristics
and, on the other, in establishing the
presence of aggressive species
threatening plant communities or the
introduction of new invasive species.

Surface waters serve as an
environment for the development and
distribution of Phytophthora species, thus
special attention is paid of the presence
and diversity in rivers and riparian
ecosystems (Oh et al.,, 2013, Brazee et
al., 2016). In water, the Phytophthora
species produce motile zoospores, which
facilitates their effective distribution and
the reaching of suitable hosts for
development.

Therefore the rivers serve as main source
of inoculum and, at the same time, are
suitable environment for exploring the
composition  of  the Phytophthora
communities. At present many studies
indicate the abundant presence of these
organisms in rivers, lakes and irrigation
canals in different parts of the world
suggesting their natural coevolution with
the local plant communities. Some
characteristics of the Phytophthora
species such as the emergence of
aggressive species through hybridization
and factors such as new opportunities of
dispersal and the introduction to new
hosts as a result of global trade create a
real danger for the emergence of dramatic
epidemics in forest around the world
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aemun (Hansen, 2008). MNopaan Tasn npu-
yvHa CUCTEMHOTO CbOMpaHe Ha npobu n
U3BBbPLUIBAHETO Ha MOHWUTOPUHI Ha BWUAOO-
BeTe Phytophthora B ectectBeHuTe eko-
CUCTEMU € OT U3KNIUNUTESTHO 3HAYEHMe.

TakCOHOMUYHO 6U3KMTE BUAOBE
Phytophthora gonapodyides n Phytophthora
lacustris npuHagnexart kbM knaf 6 n ca
€[HN OT Hal-4ecTo M30/MpaHuTe npea-
cTaBuUTENN Ha poja OT pekn U BOJOEMMU
Ha TepuTopusiTa Ha EBpona. 3a Tax ce
cMAATa, Ye ca cneumannsnpaHn KbM pas-
BUTME BbLB BOJHA cpeja W ce Xapak-
Tepusupar cbc craba [0 cpefHa narto-
TeHHOCT CMPAMO HAKOM AbPBECHW BUA0BE
pacTteHus (Yamak et al.,, 2002; Hwang et
al., 2009; Reeser et al., 2011; Stamler et
al., 2016). Te ca camOCTEPU/IHX 1 NPU TAX
nvncea o6pasyBaHeTo Ha 00Cnopu, KakTo
W Ha XapakTepHuTe 3a [pyru Bugose
[ebenocTeHHN eHOKMeTbYHU X/1aMUAo-
crnopu (Nechwatal et al., 2013).

BuposoTo pasHoobpasue Ha
Phytophthora B nnaHuHckuTe 1 nonynna-
HUHCKM 4YacTu e 3HauyuTesiHo no-cnabo
NPOy4YeHO B CpaBHEHWE C MO-HUCKO pas-
MOIOXEHN TEPEHW, KOETO € CBbp3aHo [0
rofisiMa cteneH c obpartHaTta kKopesnauus
MeXay WHTEH3UTEeTa Ha CTOMaHCKa aKTuB-
HOCT M yBennyaBaHeTo Ha Hagmopckara
BMCOYMHA. XapakTepucTmkara Ha peneda
B bbarapusa, noctasa 47.54 % ot Tepu-
TOopuATa Ha cTpaHaTa B KaTeropusTa Ha
naaHWHckMTe paioHn (Kroumova, 2016).
Mopaau ronemuaT cu O8N U HaJIMYNETO
Ha 6oraTu nMpuMpoOAHM pecypcu Tes3n
permoHn ca OT OCOGEeHO 3HauyeHue 3a
rOPCKOTO M CEJICKOTO CTONAaHCTBO.

Llenta Ha HacToOSILLIOTO M3cneaBaHe e
Ja ce yctaHoBAT BugoseTe Phytophthora c
Hal-lUMPOKO pa3npoCcTpaHeHWe B PeYHU
cucTteMu ¢ Hagmopcka sucodnHa ot 700 o
2000 m Ha TepuTopusaTa Ha bbarapus.

MATEPVAJT N METOOU

PasnpocTtpaHeHneTo Ha BuAgose
Phytophthora B pekn Ha TeputopuaTa Ha
nnaHuHuTe Butowa (p. bBosHcka wn
BosiHcko e3epo), MnaHa (p. BegeHa), Pyii
(p- Epma), Puna (p. Mapuua), Pogonu (p.

(Hansen, 2008). Thus systematic
sampling and monitoring of the
Phytophthora species in natural

ecosystems is necessary.

The taxonomically closely related
species Phytophthora gonapodyides and
Phytophthora lacustris belong to clade 6
and are one of the most frequently
isolated species from rivers and riparian
ecosystems in Europe. They are consider-
ed as specialized to the aquatic environ-
ment and are characterized by low to
medium pathogenicity to some tree
species (Yamak et al., 2002; Hwang et al.,
2009; Reeser et al., 2011; Stamler et al.
al., 2016). They are self-sterile and do not
produce oospores as well as the
characteristic for other species thick-
walled chlamydospores (Nechwatal et al.,
2013).

The diversity of Phytophthora
species in mountain and semi-mountain
areas is considerably less studied
compared to lower terrains, largely related
to the inverse correlation between the
intensity of agricultural activity and the
altitude.

The relief features of Bulgaria set 47.54%
of the territory of the country in the
category of mountainous regions
(Kroumova, 2016). Due to their large
share and the availability of rich, natural
resources, these regions are of particular
importance for forestry and agriculture.

The purpose of this study is to
identify the most widely distributed
Phytophthora species in river systems at
altitudes from 700 to 2000 m in the
territory of Bulgaria.

MATERIAL AND METHODS
The distribution of Phytophthora
species in rivers passing through the
mountains Vitosha (Boyana River and
Boyana Lake), Plana (Vedena River), Rui
(Herma River), Rila (Maritsa River),
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YenuHcka) n Crapa nnaHvHa (p. benu
OcbM) e u3cnegBaHo B nepuoga 2016-
2017 rogmMHa no meToga Ha "ynoskute".
"Ynoskute" ce CbCTOAT OT TpW JUCTa
pPOAOAEHAPOH TMOCTaBeHW B Mpexa ¢
pasmepn 20 x 20 cm, KOUTO npecTossar
Ha MOBBLPXHOCTTA Ha BojaTa B pekaTa B
npoab/ixeHne Ha 5 go 7 gHw. Jlncrtata c
pa3BUTU HEKPOTUYHM MEeTHa ca obpaboTe-
HU B NnabopaTopHU YC/I0BUA KaTo ca CTe-
punusnpaHy NOBBbPXHOCTHO cbC 70% eTa-
HOM 1 NPOMUTW ABYKPATHO CbC CTepusiHa
Bofa. Yactm oT nuctata Ha rpaHuuyarta
MeXay HekpoTupasata u 3gpaBa TbkaH
ca u3psA3aHM U MOCTaBEHW B METPUEBMU
6noga cbe cenektnBHa cpega PARNHB

(mopkoBeH arap ¢ pgobaeeHu: 10 mg
Pimaricin, 250 mg Ampicillin, 10 mg
Rifampicin, 50 mg Nystatin, 50 mg

Hymexazol n 15 mg Benomyl/1l). Bnioga-
Ta ca UHKybupaHu npun 20-23°C Jo nossa-
Ta Ha pacTaw, muuesn. Araposu 60kyeTa
(I x 1 cm) ¢ Mmyuen ca npexBbpsieHn
BbpPXYy BOAEH arap M WHKyobupaHu B npo-
Ob/okeHne Ha 3-4 gHu. Bpbxyetarta Ha
HOBOOOpa3yBaHUTE XU ca NPExXBbLP-
NleHn Ha cBexa cpefa V8 (3eneHuykoB
arap: 16 g arap, 3 g CaCOg3, 100 ml cok
V8/1l) nnn PDA (kapTodpeH arap, Difco).
M3onatute ca ngeHtudmympaHm Ha
6asza cneuudpmuHn OHK nocneposaten-
HocTu Ha ITS (internal transcribed spacer)
pervoHa. 3a uenta e usonupaHa AHK ot
cBexun kyntypu (10 gHeBHM) upes
nsnonssaHeTo Ha DNeasy Plant Mini Kit
(QIAGEN GmbH). Amnnndukaumsata Ha
ITS pernoHa e nposegeHa upe3s PCR ¢
M3MN0/13BaHETO Ha ABolika npaiimepun ITS5
(5-GGAAGTAAAAGTCGTAACAAGG-3) u
ITS4 (5-TCCTCCGCTTATTGATATGC-3") 1
cnefHata TemnepatypHa nporpama: 96°C —
2 MUWH., cnedBaHo oT 35 Uukbia Ha 96°C —
1 MyH., 55°C — 1 MUH., 72°C — 2 MUH. U”
thvHanHa enoHraumsa Ha 72°C — 10 MuH.
PCR npoayktute ca npeynucteHn orT
ocTaTb4yHMTE peareHTM no cregHaTa
npouegypa: B MmukpotutbpHa nnaka ¢ 96
rHesga Hanb/iHEHa ¢ nNpubnnsutTesnHo 34
mg Ha rHe3ao Sephadex (Sephadex G-50
Fine, Little Chalfont, UK) ca pob6aBeHu

Rhodopes (Chepinska River) and Balkan
mountain  (Beli Osam River) was
investigated between 2016 and 2017
using the "baiting" method. The "baits"
consist of three leaves of rhododendron
placed in a mosquito net (20 x 20 cm) that
were left to float on the water surface of
the river for 5 to 7 days. The leaves with
developed necrotic spots were processed
in laboratory conditions by surface
sterilization with 70% ethanol and rinsed
twice with sterile water. Leave pieces on
the border between the necrotic and
healthy tissue were excised and placed in
petri dishes with selectve PARNHB
medium (carrot agar supplemented with:
10 mg Pimaricin, 250 mg Ampicillin, 10
mg Rifampicin, 50 mg Nystatin, 50 mg
Hymexazol and 15 mg Benomyl/1l). The
plates are incubated at 20-23 °C until the
appearance of a growing mycelium. Agar
pieces (1 x 1 cm) with mycelia were
transferred to water agar and incubated
for 3-4 days. The tips of the newly formed
hyphae were transferred to fresh V8
medium (vegetable agar: 16 g agar, 3 g
CaCO03, 100 ml V8 juice/ll) or PDA
(potato agar, Difco).

The isolates were identified on the
basis of a specific DNA sequence of the
ITS (internal transcribed spacer) region.
For this purpose, DNA from fresh
mycelium culture (10 days) was isolated
using DNeasy Plant Mini Kit (QIAGEN
GmbH). Amplification of the ITS region was
performed by PCR using a pair of primers -
ITS5 (5-GGAAGTAAAAGTCGTAACAAGG-3)
and ITS4 (5-TCCTCCGCTTATTGATATGC-3)
and the following temperature program:
96 ° C - 2 min followed by 35 cycles of
96°C — 1 min, 55°C — 1 min, 72°C — 2 min
and final elongation of 72°C — 10 min.

The amplification products were purified
from the residual reagents by the
following procedure: In a 96-well microtiter
plate filled with approximately 34 mg per
well Sephadex (Sephadex G-50 Fine,
Little Chalfont, UK) were added 300 pl of
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300 pl pectunupaHa Boga Ha rHesfo.
Cnep vHKybupaHe 3a 4 yaca npuv craiHa
TeMmnepaTtypa MUKpPOTUTbpHATa nnaka e
noctaBeHa BbpXy nnaka ¢ 96 rHesga wu
ueHTpochbyrmpaHa npu 750xg 3a 90 ce-
KyHau. Cnep ueHTpodpyrmpaHeTto, oTtna-
ObyHaTa nsaka e 3ameHeHa c ynucta PCR
nnaka ¢ 96 rHesga u 25 pl ot PCR
peakuusta e 3apefeHa B rHesgara Ha
MUKPOTUTBbPHATA M/1aka U OTHOBO LLEHTPO-
oyrmpaHa cbC cbliara CKOPOCT U Mnpo-
AbmkuTenHocT. Mo 5 pl oT npeuyncTeHus
PCR npogykT ca cmeceHu ¢ 5 pl npalimep
(5 pmol ot ITS4) 1 nsnpaTeHn 3a cekBe-
HupaHe B GATC Biotech AG (F'epmaHus).
MonyyeHnte AHK nocnegosartesiHoc-
TW ca CpaBHeHW C feno3upaHuTe B 6aszarta
faHHn Ha NCBI (National Center for Bio-
technology Information) upe3 nsnonssaHeTo
Ha BLAST (Basic Local Alignment Search
Tool). ObpaboTkata Ha AHK nocnegosaren-
HOCTUTE ” (OUIOrEHETUYHUSIT aHaM3 e
npoeegeH ¢ nporpamata CLC Workbench.

PE3YNTATN NN OBCBXAAHE

OT nocTtaBeHUTE B MJIAHNHCKUTE pekun
Haf 700 m H. B. 06wW0 16 ynoBku (OT KOUTO
BbB Butowa - 5, B MnaHa - 2, B Pyii - 1, B
Puna - 5, B Pogonu - 2 u B CTapa njiaHuHa -
1) ca nonyuyenn 37 mnsonarta Phytophthora
(Purypa 1).

Crapa nhat
Py ad Baikan Mauy
Rl
BRrawal
vilosha Nrenal
Fiana

Prnai
R.Ika

Foaane’
Rhodopes

distilled water per well. After 4 hours at
room temperature the plate was placed
over 96-well plate and centrifuged at 750
x g for 90 seconds.

After centrifugation, the waste plate was
replaced with a clean 96-well PCR plate
and 25 pl of the PCR reaction was loaded
into the wells and again centrifuged at the
same speed and duration. 5 pl of the
purified PCR product was mixed with 5 pl
of primer (5 pmol of ITS4) and sent for
sequencing to GATC Biotech AG
(Germany).

The resulting DNA sequences were
compared to those deposited in the National
Center for Biotechnology Information (NCBI)
database using the Basic Local Alignment
Search Tool (BLAST). The processing of
DNA sequences and phylogenetic analysis
was performed with the program CLC
Workbench.

RESULTS AND DISCUSSION
Out of totally 16 baits (in Vitosha - 5,
Plana - 2, Ruy - 1, Rila - 5, Rhodopes - 2
and Balkan mountains - 1), placed in
mountain  rivers over 700 m, 37
Phytophthora isolates were obtained (Figure
1).

dur. 1. MecTa Ha 3a51araHe Ha YN10BKM B M/TAHUHCKM PeYyHn cnuctemMmn Ha bbarapus
Fig. 1. Locations of baits in mountain river systems of Bulgaria
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Cnopepg, npunukn B AHK nocnepo-
BaresiHoctute Ha ITS pervoHa v npose-
JeHnsa dmnoreHeTMyeH aHann3 wusona-
TMTE MnpuHagnexar KbM 5 BuAa KakTto

According to the similarities in the
DNA sequences of the ITS region and the
performed phylogenic analysis they
belong to five species as follows: 25

cnepga: 25 nsonara kem P. gonapodyides;
6 kbm P. lacustris; 4 kbm Phytophthora
plurivora n no eanmH Kbm BWUAOBETE
Phytophthora syringae n Phytophthora
pseudosyringae (durypa 2).

isolates belong to P. gonapodyides; 6 to
P. lacustris; 4 to Phytophthora plurivora
and by one isolate to the species
Phytophthora syringae and Phytophthora
pseudosyringae (Figure 2).
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1 ‘m T Phiyiophihors mmanum CES 401853
bl 1 L RVed2018 742 Clads &
| Pltophifoe spngae st IZI6EE23
' — Fhdnphitovs palmivara CT8S 178926 Clacdg I
1 RVithi 6 bd
IM}W.H:M@ [EewItawIgas CAS 117772 Claty)
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dur. 2. PnnoreHeTMHYHO AbPBO Ha BuaoBe Phytophthora B nnaHuHCKM peyHn
cuctemmn Ha bbnrapus

Fig. 2. Phylogenetic tree of Phytophthora spp. in the mountain river systems of
Bulgaria

In the zone between 700 to 800 m
were found three species - P.
gonapodyides, P. lacustris and P.
plurivora. The largest species diversity

B 3oHata ot 700 go 800 m ca
ycTaHoBeHU BugoBeTe P. gonapodyides,
P. lacustris n P. plurivora. Hai-ronsamo
BMOOBO pa3Hoobpasue ce Habnwogasa B
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30Hata oT 1000 go 1100 m kbgeTto e
YCTAaHOBEHO Ha/IMYMeTo Ha BCUYKM neT
Buaa - P. gonapodyides, P. lacustris, P.
plurivora, P. syringae n P.
pseudosyringae. Hag 1100 go 1945 m e
ycTaHOBeH camo BUAbLT P. gonapodyides
(durypa 3).
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was observed in the zone between 1000
to 1100 m, where all the five species
were present - P. gonapodyides, P.
lacustris, P. plurivora, P. syringae and P.
pseudosyringae. Over 1100 up to 1950 m
only one species - P. gonapodyides was
isolated (Figure 3).

" e X

A

'
B P. locustris A P. plurivora
£ P. syringae

our. 3. BepTukasiHo pasnpegeneHne Ha Bugose Phytophthora B nnaHMHCKM

peydyHn CUCTEMUN Ha anrapvm

Fig. 3. Vertical distribution of Phytophthora spp. in mountain river systems of

Bulgaria

B noseyeto crsiyyam OT efHa
y/i0BKa ca MnoJlyyeHn oT eauH [0 4eTupu
nsonara npuHagaexawy Kbm eiuH Buj,
Phytophthora. Mpun 3 oT ynoBkuTe ca
U30MMpaHy noBeuye OT eAuH Bug, Kato
Hali-ronsMo BWAOBO pasHoobpasve e
yCcTaHOBEHO B p. BegeHa Ha TepuTopusita
Ha [NnaHa nnaHvHa, KbAETO ca U30Mu-
paHn uyetnpu (P. gonapodyides, P.
lacustris, P. plurivora n P. syringae) ot
o6wo nette Buga Phytophthora, cpewa-
wy ce Hag 700 m H. B. B NJIaHWHCKNTE
peyHn ekocucTeMu Ha TepuTopusiTa Ha
Bbarapusa (Tabnuua 1).

In most of the cases, from one bait
ware obtained one to four isolates which
belonged to a single Phytophthora
species. In 3 of the baits, more than one
species were recovered, with the grates
diversity being found in the River Vedena
on the territory of the Plana Mountain,
where four (P. gonapodyides, P. lacustris,
P. plurivora and P. syringae) out of five
species of Phytophthora, occurring over
700 m, were isolated (Table 1).
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Tabnuua 1. Cnuckbk ¢ Ha nsonatu Phytophthora, cb6paHn B N/1aHUHCKU peyHn
cuctemu Ha Bbnarapusa (W - wnpokonucTHu BUAOBE; U - UTNONUCTHU BUAOBE)
Table 1. List of Phytophthora isolates collected in mountain river systems of
Bulgaria (B - broadleaved species, N - needle-leaf species)

N KoopauHatw/ m H.B./ W3onat/ MnaHuHa, Peka/ Bug/ PactutenHocT,
Coordinates  a.s.| Isolate Mountain, River Species npeob6nagasaly, Bug/
Vegetation, dominant
species
1 22°3851.832"E 703 RTr2016/31a Pyii, Epma/ P. plurivora LL/B, Fagus sylvatica
42°50'55.865"N Ruy, Erma
2 24°3256.137"E 723 RBOs2016/84a Crapa nnaHvHa, benn Ocbm/  P. gonapodyides LW+W/B+N, Fagus
42°49'35.904"N RB0Os2016/84b Balkan mountains, Beli Osam P. lacustris sylvatica; Pinus
RB0Os2016/84c P. gonapodyides sylvestris
3 23°5958.748"E 741 RChep2016/76a Pogonu; YenuHcka/ P. gonapodyides Yp6aHuavpaHa/
42°1'45.485"N Rhodopes, Chepinska Urban
4 23°5945919"E 745 RChep2016/75a Pogonu, YennHcka P. lacustris Yp6anusupaxa/
42°1'43.511"N RChep2016/75b Rhodopes, Chepinska P. lacustris Urban
RChep2016/75c¢ P. lacustris
5 23°59'20.262"E 774 RChep2016/77b Poponu, YenuHcka P. lacustris Yp6anusupana/
42°2'21.997"N Rhodopes, Chepinska Urban
6 23°24'4.082"E 784 RVed2016/73a MnaHa, BepeHa/ P. plurivora LU/B, Fagus sylvatica;
42°33'4.529"N RVed2016/73b Plana, Vedena P. plurivora Quercus petraea
7 23°15'32.082"E 981 RVit2016/5a BuTowa, BosiHcka/ P. gonapodyides LU/B, Fagus sylvatica;
42°38'10.371"N RVit2016/5b Vitosha, Boyanska P. gonapodyides Quercus petraea
RVit2016/5c P. gonapodyides
8 23°15'30.931"E 985 RVit2016/4a BuTowa, BosiHcka/ P. gonapodyides LU/B, Fagus sylvatica;
42°38'11.194"N Vitosha, Boyanska Quercus petraea
9 23°24'2.109"E 1030 RVed2016/74a Mnaxa, Begena/ P. syringae LU/B, Fagus sylvatica;
42°32'48.082"N RVed2016/74b Plana, Vedena P. plurivora Quercus petraea
RVed2016/74b P. gonapodyides
RVed2016/74d P. lacustris
10 23°16'8.1"E 1049 RVit2016/6a BuTowa, bosiHcko e3epo/ P. gonapodyides LLU+A/B+N, Fagus
42°38'8.562"N RVit2016/6b Vitosha, Boyana lake P. gonapodyides sylvatica; Picea abies
RVit2016/6c P. gonapodyides
RVit2016/6d P. gonapodyides
11 23°16'9.416"E 1051 RVit2016/7a Butowa, BosiHcko e3epo/ P. gonapodyides LLU+A/B+N, Fagus
42°38'8.233"N RVit2016/7b Vitosha, Boyana lake P. gonapodyides sylvatica; Picea abies
12 23°155.931"E = 1495 RVit2016/1la BuTowa, bosiHcko e3epo/ P. gonapodyides LLU+A/B+N, Fagus
42°37'22.346"N RVit2016/1b Vitosha, Boyana lake P. gonapodyides sylvatica; Picea abies
RVit2016/1c P. gonapodyides
13 23°38'30.633"E 1809 RMar-0b2016/68a Pwvna, Mapuua/ P. gonapodyides W/N, Picea abies;
42°11'24.87"N Rila, Maritsa Pinus peuce
14 23°38'23.232"E 1829 RMar-0b2016/67a Pwna, Mapuua/ P. gonapodyides W/N, Picea abies;
42°11'19.278"N Rila, Maritsa Pinus peuce
15 23°38'13.857"E 1873 RLyaMar2016/66a Pwna, Mapuua/ P. gonapodyides W/N, Picea abies;
42°11'10.726"N RLyaMar2016/66b Rila, Maritsa P. gonapodyides Pinus peuce
RLyaMar2016/66¢ P. gonapodyides
RLyaMar2016/66d P. gonapodyides
16 23°38'26.028"E 1945 RPraMar2016/65a Pwna, Mapuua/ P. gonapodyides W/N, Picea abies;
42°10'58.72"N RPraMar2016/65b  Rila, Maritsa P. gonapodyides Pinus mugo
RPraMar2016/65c P. gonapodyides
HaamopckoTo  paBHULLE OKa3Ba The  diversity and  species

CW/IHO B/MSIHWE BBbPXY pa3Hoo6pasneTo u
KomnosuumaTa Ha nonynauunre
Phytophthora B ropckuTte nousu n pekuTe,
KaTo OOGMKHOBEHO HamassBaT BbB BUCO-
ymHa (Jung et al., 2019). HawwuTte Habnto-
[JeHVa noTebpxaBaT Tasu TeHAeHUus,
BbMpeku, ye B 30Hara okosio 1000 m ce

composition of Phytophthora in forest
soils and rivers, usually decrease with
altitude (Jung et al., 2019).

We have observed a similar trend,
despite the fact that there was a larger
number of species from the lower area

289



Habnogasa no-ronsim 6poli Buagose OT
Mo-HWCKO pasnosioxeHata 30Ha Mexay
700 1 800 m. Ho B No-BUCOKNTE YacTu Ha
peneda, Hag 1100 m e ycTaHOBEHO Npwu-
CbCTBMETO CaMO Ha efiuH OT BuaoBeTe
Phytophthora.

C Hali-LUMpOKO pasnpocTpaHeHe B
HaweTo wum3cnegsaHe e  BuabT P
gonapodyides, npeacTtasnsiBaiku 67% ot
BCUYKM MOJTyYEHN M30NaTK N € eANHCTBE-
HUAT B, YCTAHOBEH B MO-BMCOKWTE Nna-
HWHCKW YacTu, AocTurawim A0 rpaHuuara
C annuiickaTa 30Ha (1945 m Hagmopcka
BMCOYMHA). Tol e m3onmpaH npu 12 ot
06110 16 MecTOMOMOXEHNUS Ha TEPUTOPUSA-
Ta Ha nnaHvHuTe Butowa, MNnaHa, Puna,
Poponn n Crapa nnaHuHa (Tabnuua 1).
PasnpocTpaHeHMeTo My B M/IaHUHCKUTE
paioHn Moxe fda ce 00SICHM CbC Cpas-
HUTEJSTHO HUCKWUTE TEePMUHAaNHW Temnepa-
TYpM Ha pacTtex K cnocobHocTTa ga 3a-
passBa HAKOW LUMPOKO pasnpocTpaHeHu
ropckn gbpeecHu Bumagose (Nechwatal et
al., 2013). P. gonapodyides 3aegHo c
BTOPUSI Hail-yecTo cpewaH Bug, P.
lacustris, ca uneHoBe Ha egHa rpyna
Phytophthora uecto nsonMpaHu ot pekum un
KpaipeyHn ekocuctemu. M gBata Buga
ca CTepuU/IHW, XapakTepucTMKa KoSTO ce
CMsSiTa 3a CBbp3aHa C ajantauusaTta MM
KbM BogHa cpepa (Brasier et al., 2003).
P. lacustris e pasnpocTtpaHeH B EBpona,
Hosa 3enaHamsa, AscTtpasiva un CALL,
KaTto ce xapaktepusupa C ymepeHa [0
chaba naToreHHOCT KbM efila, Bbpba u
HAKOW  OBOLLHM  KOCTW/IKOBM  BUOOBE
(Nechwatal et al., 2013).

Bugbt P. gonapodyides Tpaau-
UMOHHO € cMsATaH 3a yMepeH pgo crab
nartoreH cnpsmo Av6 n 6yk (Jung et al.,
1996; Jung, 2009; Corcobado et al.,
2010; Orlikowski et al., 2011). M3BecTHO
€ CblLO Taka, Ye B U3KYCTBEHMN YC/I0BUSA e
crnocobeH [fa 3apassiBa KopeHu M [Ja
npean3BMKBa HEKpo3a Ha Miaau pacte-
Hua oT enwa (Alnus glutinosa) n npac-
koBa (Prunus persica) (Nechwatal et al.,
2013). N3cnepBaHe Ha cuMMNTOMATUYHU
pacTeHnss  0bukHoBeH 6yk  (Fagus
sylvatica) B HOxHa LLiBeumsa nocouBa 1031

between 700 and 800 m compared to the
area of about 1000 m. However, in the
higher parts of the relief, more than 1100
m, the presence of only one species of
Phytophthora was found.

The most widespread species in
our study is P. gonapodyides,
representing 67% of all isolates, and is
the only species found in higher altitudes,
reaching the alpine zone (1945 m a.s.l.).

It is isolated in 12 out of 16 locations on
the territory of the mountains Vitosha,
Plana, Rila, Rhodopes and Balkan
mountains (Table 1). Its distribution in
mountain areas can be explained by the
relatively low terminal temperatures of
growth and the wide presence of host
tree species (Nechwatal et al., 2013).

P. gonapodyides, together with the
second most common species, P.
lacustris, are members of a group of
Phytophthora often isolated from rivers
and riparian ecosystems. Both are sterile,
a  characteristic associated with
adaptation to the aquatic environment
(Brasier et al., 2003).

P. lacustris is found in Europe, New
Zealand, Australia and the United States
and characterizes with low to moderate
pathogenicity of alder, willow and some
orchard tree species (Nechwatal et al.,
2013).

P. gonapodyides is traditionally
considered as weak to moderate
pathogen to oak and beech (Corcobado
et al.,, 2010; Jung, 2009; Jung et al.,
1996; Orlikowski et al., 2011). It is also
known that under greenhouse conditions
it is capable to infect roots and cause
necrosis of young alder (Alnus glutinosa)
and peach (Prunus persica) trees
(Nechwatal et al., 2013). Investigation of
symptomatic plants of European beech
(Fagus sylvatica) in Southern Sweden
define P. gonapodyides as the main
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B, KaTO OCHOBEH MPUYMHUTEN HA Ha-
671104aBaHOTO CTbO/IEHO THUEHE, a aBTO-
pute oTbendssaT, 4Ye cCnocobHoCTTa Ha
TO3W naTtoreH fa npuynHsABa LLEeTU Be-
POATHO ce nojueHaBa OT mM3cnegosarte-
nute (Cleary et al.,, 2016). CkopowHu
npoy4YBaHUs AONbABAT CNUCHKA C rOCTO-
npuemHnumM Ha P. gonapodyides, kato e
YCTAHOBEHO, Y€ TOW MPUYMHSIBA CbXHEHE
Ha O06uKHOBEeHMA opex B Wtanusa
(Belisario et al., 2016) 1 4e npu MU3Kyc-
TBEHW YC/I0BUA € CnocobeH aa 3apassiBa
pacTteHus Tonona (Milenkovic¢ et al., 2018).

Hannuneto Ha P. gonapodyides B
pekun ¢ Hagmopcka BucounHa Hag 1700 m
npeMuHasallun npes Teputopun ¢ npeod-
najasalla UrnosucTHa pacTUTeNHocT e
WHTEpecHO HabnwaeHve oT rneaHa Touka
Ha M3BECTHUTE [0 TO3U MOMEHT roCTO-
npueMHUUM Ha TO3W BWUA, cnajawin us-
KNIOYUTESTHO KBM LUMPOKONIUCTHUTE AbpP-
BeCHn Bugose (Tabnuua 1). JonbaHu-
TENIHO MpOy4YBaHe Ha CNocobHOCTTa Ha
TO3W BUA [a 3apassiBa BUL0BeE OT cemeli-
cTBO Pinaceae wnu gpyrn npefcrasuTe-
N1 Ha annuiickata ¢pnopa 6uxa cnomor-
Han 3a 06ACHEeHNeTOo Ha To3mn hakT. Hawm
CKOpO Nyb6/MKyBaHU JaHHWU nokassarT, ye P.
gonapodyides 3apasfiBa nmcTa OT Arofo-
nnogHW BUAOBE, B TOBA YMC/IO0 M cpelia-
HaTa BbB BMCOKUTE NIAHNHCKMTE 30HM Yep-
BeHa 6GOpPOBUHKA, KOETO € 3HaK 3a MOTEeH-
UpanHaTa onacHOCT OT 3apassiBaHe Ha BU-
cokonnaHuHCKM Tpesn n xpactn (Christova
et al., 2018).

B npeavwHu npoy4ysBaHus, 06xBa-
waumy 30HM C YyMepeH W cpeausem-
HOMOPCKM K/IMMAaT Ha TeputopusaTa Ha
EBpona, BepTuMkanHata rpaHuua Ha
pasnpocTtpaHeHune Ha P. gonapodyides
poctura 800 m B Bbaapuda, MepmaHus
(Jung, 2009) 1 1700 m B Cuunnusa, Ntanuma
(Jung et al., 2019). B HaweTo nscnegsaHe
P. gonapodyides e oTkpuT Ha 1945 m un go
KOMKOTO HW € M3BECTHO Ha AHelleH eTan e
Hall-BMCOKaTa TOuYKa Ha pasnpocTpaHeHue
cbo6LLaBaHa 3a TO3¥ BUJ, Ha KOHTMHEHTA.

Lnpoko pasnpoctpaHeHne Ha P.
gonapodyides n npeobnagaBawoTo My
Ha/IMune B NJIAHUHCKUTE palioHn Hag 700
m HaaMopcka BUCOYMHA nojyepTasa

cause of the observed stem canker and
the authors concluded that the potential
of this pathogen to cause damage might
be underestimated (Cleary et al., 2016).

Recent studies expand the hosts list of P.
gonapodyides as it has been found to
cause decline of walnut (Juglans regia) in
Italy (Belisario et al., 2016) and that
artificial inoculation leads to an infection
of poplar trees (Milenkovi¢ et al., 2018).

The presence of P. gonapodyides
in rivers at altitudes above 1700 m
passing through areas with predominant
needle-leaf trees is interesting
observation from the viewpoint of the
known host species, which exclusively
belong to the broadleaved tree species
(Table 1).

An additional study of the ability of this
species to infect representatives of the
family of Pinaceae or other alpine flora
species would help to explain this fact.

Recently published data show that P.
gonapodyides infects berry plants,
including high altitude species such as
the black berries, which indicates the
potential threat to mountain grasses and
bushes (Christova et al., 2018).

In previous studies including areas
with humid continental and Mediterranean
climates across Europe, the vertical
distribution limit of P. gonapodyides is
found to be 800 m in Bavaria, Germany
(Jung, 2009) and 1700 m in Sicily, Italy
(Jung et al., 2019).

In our study P. gonapodyides was
discovered at 1945 m and to the best of
our knowledge this is the highest point of
distribution reported so far for this
species on our continent.

The presence of P. gonapodyides
and its prevalence in the mountainous
areas over 700 m above sea level is an
indicator of the high ecological plasticity
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afanTUBHMSA MNOTeHUMas Ha TO3U BuUA,
HeepgHo3HauHaTa MHopMaumsi OTHOCHO
HeroBaTa NaToreHHOCT HasaraT npeanas-
NMB NMOAXOA 1 U3BBLPLUBAHETO Ha Habnio-
[IEHNS1 HA UYyBCTBUTE/IHATA PACTUTESIHOCT B
FOPCKU 1 KpaiipeuHn eKocucTeMU, 0COBEHO
B rOAVHN C NO-TOMAAMO KO/IMYECTBO BaSIEXN
U NPOABLKATESHW NPOXNAAHN Nepuoaun.

N3BOAN

Mpv nNpoyyBaHe Ha pasnpocTpaHe-
HMeTo Ha Buaose OT pof Phytophthora B
peku, npemMuHaBaly npe3 MaHUHCKN
TepuTopun Ha Bbarapus e ycTaHOBEHO
npeobnagasawo Hamune Ha Buga P.
gonapodyides. MpucbCcTBMETO MYy TpsibBa
Ja ce vMa npeasup npu cb3gaBaHe Ha
HOBW FOPCKM HacaxkeHns € y4acTMeTo Ha
4YyBCTBUTENHM BWUAOBE, KaTo AbO U OyK
HanpvMep, Ha MecTa C MNoBuLIeHa noyse-
Ha B/IQXHOCT M NpU W3MOM3BAaHETO Ha
NMOBBLPXHOCTHM BOAM 3a HanosiBaHe B
3emegenveTo.

BNATOOAPHOCTU

HacTtosawoTto n3cnesnsBaHe e (puHaH-
CMpaHO B pamKuTe Ha npoekT ,Responses
of European Forests and Society to
Invasive Pathogens (RESIPATH)” Ha
nporpama BiodivERsA 2012-2013 Joint call.

of this species.

Inconclusive information on its
pathogenicity  requires a  cautious
approach and monitoring of the sensitive
vegetation in forest and riparian eco-
systems, especially in years with higher
rainfall and long cool weather periods.

CONCLUSIONS

During the study of the distribution
of Phytophthora species in rivers passing
through  mountainous territories  of
Bulgaria the prevalence of one species -
P. gonapodyides was found.

Its presence should be taken into account
when creating new forest stands involving
sensitive species such as oak and beech,
especially at locations with increased soil
moisture, as well as when using surface
waters for irrigation in agriculture.
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MacoBata ynotpeba Ha nectuuuau
npes nocnegHWTe roAVMHU [oBeje [0
yBe/nMyaBaHe Ha ycToumBocTTa Ha 60-
NectuTe, HeNpuaTenuTe W naeeBenute.
MbpBata nybnukauMa 3a ycTOWYMBOCT €
npegn nosedye orT 100 roguHu. 3a
nepvoga 1914-1946 r. ca cbobLLeHN oLle
11 cnydyas 3a ycTaHOBEHa YCTOMYMBOCT.
Bcuuko ToBa € pesyntar oT MacoBOTO Bb-
BeXJaHe Ha necTuuuante B 3emegen-
CKOTO MPOM3BOACTBO U APYrMTe YOBELLKU
[ENHOCTN.

OCHOBEH Noaxog npv ynpae/eHne-
TO Ha yCTOWYMBOCTTA € Aa Ce NPUIOXM
WHTerpupaHata pactutenHa  3awuTa,
3al0TO ToraBa € HasMLe MOHUTOPVHI Ha
BpeguTenute, cnasga ce MKOHOMUYECKUs
npar Ha BpPeAHOCT, U3Mnon3Bar ce He
necTuungHn MeToan KaTo OMOoNornyHu,
arpoTexHUYeckn, caHuTapHu n Hali-Beve
pacTeHust rocTonpMeMHUUN YCTOMUMBIN Ha
OCHOBHU 60/1€CTU N HENPUATENN.

Knrouosu AymMu: 6onecTu,
HenpuaTtenn, WHTerpupaHo npon3BoacTteo,
yHIMUMAN, HCEKTULMAN
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SUMMARY

The massive use of pesticides in
recent years has led to an increase in the
resistance of diseases, pests and weeds.

The first sustainability publication was
more than 100 years ago. For the period
1914-1946, an additional 11 cases of
sustained resistance were reported. All
this is a result of the massive introduction
of pesticides into agricultural production
and other human activities.

The main approach in sustainability
management is to implement Integrated
Plant Protection, because then there is
pest monitoring, economic harm is
observed, no pesticide methods are used,
such as organic, agrotechnical, sanitary
and, most importantly, host plants
resistant to major diseases and pests.

Key words: diseases, pests,
integrated production, fungicides,
insecticides
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Mpe3 nocnepHute aBe-Tpu fecetu-
netns ce Habnwogasa yBenmMyaBaHe Ha
YyCTOMYMBOCTTa Ha 6onectute, HenpusTe-
nite ©n nneBenuTe KbM U3MO0M3BaAHUTE
cpeLly Tax nectuumnaun. Mupeata ny6nunka-
uus 3a YCTOWUYMBOCT € npean nosedye oOT
100 roguHn — Melander (1914). Toii e pe-
TMCTpPUpPa YCTOMYMBOCT Ha KanuopHUia-
ckata wuToHOocHa Bblka (Quadraspidiotus
perniciosus Comstock) KbM HeopraHuyeH
MHcekTMumpg B Wwata BawunHrtoH, CALL. 3a
nepvoga 1914-1946 r. ca cbobLieHN oLle
11 cnyyas 3a ycTaHOBEHa yCTONYMBOCT.

Mpe3 40-" rogvMHn Ha MUHaIUA BEK
epmepute B CAL ca 3ary6unm 7% oT
pekonTtara cu, a npes 80-"° n 90-"° roguHu
Te3n 3arybu OT NposiBEHA YCTOWYMBOCT
KbM nectuuyman gocturat 13 % HesaBuUcuU-
MO, Ye ca M3NoN3BaHu Mo-roieMn Konu-
yecTtBa OT TAX. Pa3BUTMETO Ha opraHuu-
HUTEe uHcekTMunanm karo OAT e pgano
Hagexaa, Ye Tasu yCTOMYMBOCT Lie 6bae
npeofonaHa, Ho ouwe cnes 6-7 roguHu
ynotpeba npe3 1947 r. e ycTaHoBeHa
YyCTOMYMBOCT NpW AoMallHaTa Myxa, a no-
KbCHO AT ce e okasan 6e3 edekT u npu
bopbata C BekTOpuUTE Ha Manapusita B
MHOro cTpaHu. B cpegara Ha 80-" roamHu
Ha 20 Bek ca peructpmpaHn Hag 500
ycTOluMBM  BpeauTens, [Aokato apyru
aBTOpW criomeHasar 3a okoso 1000 3a ne-
puoga 1945-2000 r. Bcunyko ToBa e pesyn-
TaT OT MacoBOTO BbBeXJaHe Ha necTuun-
OnTe B 3eMefesfiCkoTO NPOW3BOACTBO U
apyrute yoselku geriHoctu (Miller, 2004).

OnpegeneHne 3a ycToiumBoCTTa
N MPUYMHK 3a NnosiBata My

Cnopep, IRAC (Insecticide Resistance
Action Committee) Tasu ycTON4MBOCT €
HacneacTBeHa NPOMsHA Ha 4yBCTBUTEN-
HOCTTa Ha nonynauyusta Ha HenpusaTtens,
cnepn MHorokpaTHa ynotpeba Ha fajeH
necTuung, Kato nepuog oT rogmHu n 6poi
TpeTmpaHusa nNpes fafeH Ce3oH. YCTonuu-
BOCTTa KbM NMecTuumnanTe ce OCHOBaBa Ha
TEHETMYECKN MPUPOAEH (PEHOMEH, Tbli
KaTo nofj HaTucka Ha nectuuuga He BCUY-
K/ BpeavTenn 3arvear, 3awoTo oXusssart
WHAVBUAN TEHETUYECKU Mpeapasnosioxe-

Through the latter two-three
decades is observed increasing resilience
of diseases, pests and weeds to use
against pesticides. The first publication for
resistance was more than 100 years ago —
Melander (1914). He has registered
resistance  to San Jose  Scale
(Quadraspidiotus perniciosus Coms.) to
an inorganic insecticide in the state of
Washington, USA. For the period
1914-1946 have been reported another
11 cases for pesticide resistance.

In the 40s of the last century
farmers in the USA have lost 7% of their
crop, but in the 80s and 90s these losses
of resistance to pesticides reach 13%
however, that they are used larger
quantities of them.

The development of organic insecticides
as DDT has given hope that this resilience
will be overcome, but even after 6-7 years
of use in 1947 stability was found in
house fly, and later DDT has been without
effect in the fight against vectors of
malaria in many countries.

In the mid-1980s, over 500 persistent
pests were recorded, while other authors
reported about 1,000 for the period 1945-
2000. All this was the result of the
massive introduction of pesticides into
agricultural production and other human
activities (Miller, 2004).

Definition  for  sustainability
reasons for its appearance

According to IRAC (Insecticide
Resistance  Action Committee) this
resistance is hereditary change the
sensitivity of the pest population, after
multiple use of a pesticide as a period of
years and number of treatments during
season. Resistance to pesticides is based
on a genetically natural phenomenon,
because under the pressure of the
pesticide not all pests die, because they
live on individuals genetically predisposed
to develop resistance to the pesticide
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HA Ja  pasBuSIT  YCTONYMBOCT
M3No/s3BaHnsa necTuumng,

MHOro HenpusTenu pasBuBaT ro-
NsiM 6pOoil NOKONEHMS 3a eUH CE30H, Koe-
TO e npeAnocTaBka 3a yBenMyaBaHe Mosi-
BaTa Ha MyTauuu, OT KOUTO 3anoysBa 6bp-
3a eKcnaH3us Ha NosBuUAuTe ce ycTolum-
BM MoOKoneHusi. Tpu TakaBa cCuUTyauusi
hepmepuTe yBenuuyaeaT [03UTe U 6post
Ha TpeTUpaHuATa Npe3 ce3oHa W KaTto
KpaeH pe3ynTtar pasxoauTe HapacTear, a
3arybuTe UM ce yBenuyagar.

MN3BecTHO e, Ye MHOro BpeauTenu B
npupogara roguHu Hapeg ca 6unu nog-
NIOXEHWN Ha eCTECTBEHM TOKCUHM Npean ga
ce pasBue 3eMefenneTo Kato UHAYCTpuS,
Tbii KaTo HE ca MasIKo pacTeHuUsTa, KOUTo
npounseexgar UTOTOKCMHM 3a fAa ce
3aWmTAT OT BpeaguTenmTe.

KbM

Lpyrn npumepun 3a npepusBrKaHa
yCTOMuMBOCT

Konopaackuat 6pbMObp npu Kap-
TothuTe e nokasan YCTOMYMBOCT KbM 52
pas3/iMyHN aKTUBHM BeELLecTBa OT OCHOB-
HWUTEe rpynu uHcekTuumnan (Janmaat et al.,
2003; Alyokhin et al., 2008.) cbob6LiaBar,
ye B opaHxepunTe Ha KaHapa e Habnto-
[JaBaHa yBenuuyagallia ce yCTOMUYMBOCT Ha
Trichoplucia ni kbm Bacillus thuringiensis.

Mpe3 1993-1994 1. BbB ®paHuusa ce
nosiABatr npobnemuy B 6opbata c A6bLN-
KoBus nnogos uyepseii (Cydia pomonella
L.) B OCHOBHMTE paiioHV NPOV3BOAMTENN
Ha Te3n naofdoBe, Nopaau ycTaHOBeHaTa
KpbCTOCaHa yCTOWYMBOCT MpWU TO3M ona-
CEH HenpusATen KbM M3Nos3BaHuTe NMpeT-
pougn (Note National Spv-INRA 2003).

LLnpoko pasnpocTtpaHeHa e 6una
YCTOMUYMBOCTTA Ha $0bAKOBMA N1040B
yepBein KbMm opraHodpocdhatv, 3aTtoBa
npe3 2005 n 2006 r ca 6wMnM NpoBefeHn
uscnensaHva B CeseponstoyHa VcnaHms
B A6B/IKOBU rPajviH1 KOUTO ca TPeETUpav
¢ AsuHgoc-meTnn u Kapbapun. Pesynt-
aTbT € 6un He3aJoBONWTENEH Mopaau
HMCKaTa CMDBPTHOCT  MpPUYMHEHA  OT
N3MoN3BaHnTe WMHCEKTULMAN, CHLOTBETHO
noa 39% un 53% (Rodriguez et al., 2012).

Mpes3 2005 . e npoBeaeHo

used.

Many pests develop a large number
of generations for one season, which is a
prerequisite for increasing the occurrence
of mutations, from which rapid expansion
of emerging sustainable generations
begins. In such a situation the farmers
increase doses and number of treatments
during the season and season. As a
result, and their losses are increasing.

It is known, that many pests in
nature for years have been subjected to
natural  toxins before developing
agriculture as an industry, because there
are not enough plants, which produce
phytotoxins to protect them from pests.

Other
sustainability

Colorado potato beetle (Leptinotarsa
decemlineata Say.) in potatoes has
shown resistance to 52 different active

examples for triggered

substances of the main groups of
insecticides  (Alyokhin et al.,, 2008;
Janmaat et al., 2003) that in the

greenhouses of Canada it is observed
increasing resistance to cabbage loopers
(Trichoplusia ni Hubner) to the Bacillus
thuringiensis.

In 1993-1994 in France problems
appear in the fight with apple fruit worm
(Cydia pomonella L.) in the main areas
producing these fruits, due to the
established cross-resistance with this
dangerous enemy to the used pyrethroids
(Note National Spv-INRA, 2003).

Widespread was the resistance of
apple fruit worm to organophosphates
therefore, in 2005 and 2006 studies have
been carried out in Northeast Spain in
apple gardens that have been treated with
Ainfos-methyl and Carbariil.

The result was unsatisfactory due to the
low mortality caused of the insecticides
used, respectively, below 39% and 53%
(Rodriguez et al., 2012).

In 2005 a study was conducted
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npoy4ysaHe 3a 60p6a ¢ ocHoBHaTa 6onect
npu ab6bnkata — Venturia inaequalis
(Cooke) ¢ ywactmeto Ha 4 Tuna
yHIMUMAN — CTPOBUAYPUHU, aHUINHOMK-
pamMuanHKN, MHXMOWUTOPU Ha OMOocKMHTE3a
Ha eprocteposmTe U KOMOBMHaUMA OT TAX
(c yyactueto Ha 11 akTuBHM cybcTaHLmm).
YcTaHOBEHA € MpPOrpecrMBHO HapacTBalwa
YCTOAYMBOCT B Pas/iMyHN PErMOHMN Ha
®paHumna kato CpegHute lMupuHen, lNpo-
BaHC, Annute, JlasypeH 6psr, JlaHrefok-
PycuoH, Anzac n gpyru, nopaan nosieata
Ha reHHW MyTauumu crep MHorokparHata
ynotpeba Ha cTpobunypuHute (Micoud
and Remuson, 2006).

3acuneHata ynoTpeba Ha WHCek-
TMUMan 3a 6opba cpewy Mysus persicae
Sulz. B npackoBeHWTE HacaxaeHus B
NPOAb/HKEHNE HA MHOIO roAVHM € AoBena
[0 Bb3HMKBaAHE Ha nonynauumn, KoMTo cera
ca YCTONYMBU KbM HSIKOSIKO K/laca MHCEK-
Tuman (Bass et al.,, 2014). Mbpsute
CbOOLLEHNST CBbP3aHu C TO3M Npobsiem ca
oT 1955 r. YcTaHOBEHA € YCTONUYMBOCT KbM
kapbamartu, opraHodgocdat, NUPETPOU-
an n HeokotuHoman (IRAC, 2014).

B toxHute warm Ha  CAL|
Amarantus palmeri e nposiBun ycToiuu-
BOCT KbM xepbuunga rnncosar B namyko-
BWTE MJ1aHTauuMm, a No-KbCHO YCTOMYNBOCT
KbM TO3U Xxepbuuug € ycTaHOBEHa B
noseta cbC COA, UapeBuua, THOTHOH U
opus. OT 2005 r. go 2010 r. ca pernctpu-
pay ycTonumBoCT npu 13  pasiamyHu
nneeenu, a npes cneggawmte 4 roguHun
ca OTKpUTU oLle ABa nnesena ycTohiynem
KbM rnugposata (Robert, 2013).

Hakon HenpuATenu ycnewdo ce
ajantmpar u cpelyy He XUMWYeckn Tpe-
TUpaHus, KakBMTO ca ceuTboo6opoTUTE.
TakbB nNpuMep e 3anagHus LapeBuyeH
KopeHoB uepseli (Diabrotica virgifera),
KOWTO MpemMuHaBa B JAuanaysa, koraro
cnep uapesuuara e 3acsta cosl.

Bnagose npnagobuta ycTom4mBoCT
OT pernctpupaHuTe YCTOWYMBOCTU
Ha HenpusaTesMTe OKOMO MOMoBMHATa ca
NPosiBUIN YCTOWYMBOCT KbM Ase uan 5
pasNnyHM  aKTUBHW BeELLECTBa, nopaau

about the primary disease Venturia
inaequalis (Cooke) with 4 types of
fungicides — strobilurins, anilinopyramidines,
ergosterol biosynthesis inhibitors and a
combination of them (with 11 active
substances).

In various regions of France, as Provence,
Alps, Lazuren Bryag, Languedoc-
Roussillon, Alzas and others have been
found to have progressively increasing
resistance such as the occurrence of
gene mutations following repeated use of
strobilurins (Micoud and Remuson, 2006).

Enhanced use of insecticides to
combat against Mysus persicae Sulz. in
peach trees for many years resulting in
the emergence of populations that are
now resistant to several classes of
insecticides (Bass et al., 2014). The first
messages related to this problem were
from 1955. Resistance to carbamates,

organophosphates, pyrethroids  and
neocotinoids has been established (IRAC,
2014).

In the southern states of the United
States, Amaranthus palmeri has been
resistant to the herbicide glyphosate in
cotton plantations, and later resistance to
this herbicide is established in fields with
soybean, corn, tobacco and rice. From
2005 to 2010 they have registered
resistance to 13 different weeds, and for
the next 4 years they were discovered two
more glyphose-resistant weeds (Robert,
2013).

Some pests successfully adapted
and against non-chemical treatments,
such as crop rotation. An example is the
western corn  rootworm  (Diabrotica
virgifera), which goes into diapazon when
after maize is sown soy.

Types of sustainability

From registered enemies’ resilience
about half have been resistant to two or
five different active substances, which is
why this resistance is cross-linked or
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KOETO Ta3u YCTOMYMBOCT GMBa KpbCTOCa-
Ha WM MHOXeCTBEHa.

KpbcTocaHa  ycTOMUMBOCT  —
KoraTo eavH hakTop npeam3BukBa yCTON-
YMBOCT KbM MNOBeYe OT eauH necTuuma.
Hanpumep fafeH HenpuATen e nokasan
YCTOMYMBOCT KbM MNapaTuoHa, HO TOi
CbLLEBPEMEHHO ApamMaTu4yHO € Hamasnn
YyBCTBUTE/IHOCTTA CU U KbM HSKOMKO
apyrn opraHodocchatn. B cnyyas napa-
TMOHa Ce € OKasasl He e(IEKTUBEH KbM
JafleH HenpusiTen nopaay passuTa ycToii-
YMBOCT, TOoraea v Apyrn opraHodoccatu
ca CTaHa/In NO-Manko eqekTUBHU npu
6opbata ¢ pageH BuAa. KnwyoBusT MoO-
MEHT NpW Tasn KpbCTOCaHa YCTONYMBOCT
€, Ye e[VHWYEH TFEeHEeH MEeXaHu3bM e
OTFOBOPEH 3a TasuW YCTOWYMBOCT KbM
rnoBeye OT eAVH NeCcTULMA, HO T MOXe Aa
Cce MposiBM U KbM Nectuuug, KouhTo Bue
HMKOra He CTe U3MOoN3Banu, T. €. HaIULE €
KpbCTOCaHa YCTOMYMBOCT KbM OTAEMHU
rpynu NectTuuugn kato opraHodgocdatu u
KapbamaTtn eHOBPEMEHHO.

MHOXecTBeHaTa YCTOWYMBOCT —
TYK [Ba YCTOWYMBU T[EHHW MexaHu3ma
He3aBMCMMMW eduH OT Apyr ca pasBuav
YCTOMYMBOCT KbM [Ba Pas/iMyHu Nectuum-
Ja. Hanpumep — fajeH akap e nokasan
yCTOYMBOCT KbM [MniMKTpaHa u KentaHa,
3al0To 3a Tasu YCTOMYMBOCT ca OTroBOp-
HW ABE OTAE/THM FTEHETUYHW Mogucbmkaumnm
N YCTOYMBOCTTA Ha TO3M HENPUATEN KbM
eQuH MecTuuui He ro npasu YyBCTBM-
TeNeH KbM Apyr.

Mpuaobutata YCTONYMBOCT MOXE
fa 6bae ctabunHa v HectabunHa npu
MoJsICKU YCNOBUSA, B 3aBUCUMOCT OT MHO-
roto (haktopy Ha oOkKojsHaTa cpegja, u3-
Nnon3BaHUTE XUMWKasN, arpoTeXHUYECKU-
Te MeponpuAaTUS 1 APYTN.

YnpaBfeHne Ha ycTol4MBOCTTa
KBbM nectTmymam

Tyk Tpsi6Ba Aa ce MposiBU yme-
PEeHOCT KaTo He ce npeBullaBa gosarta U
He ce HamasisiBa WHTepBasla Ha TPeTu-
paHusTa. TpsibBa Aa ce M3non3ear necTu-
LUMaM ¢ no-masika ocTaTrb4yHa akTUBHOCT U
fa ce TpeTMpa TOYHO onpejesieHara

multiple.

Cross resistance — when one
factor causes resistance to more than one
pesticide. For example, an enemy is
showing resistance to the parathion, but
he dramatically reduced his sensitivity to
several other organophosphates.

In this case, the parathion has proved
ineffective against an enemy due to its
robust  stability, and then other
organophosphates have become less
effective in combating a pest.

The key point in this cross-resistance is
that a single gene mechanism is
responsible for this resistance to more
than one pesticide, but it may also occur
to a pesticide, which you have never
used, i.e. there is cross-resistance to
individual groups of pesticides such as
organophosphates and carbamates at the
same time.

Multiple resistances — here two
persistent gene mechanisms independent
of each other have developed resistance
to two different pesticides.

For example, a mite has shown
resistance to Pilctrana and Celtana
because they are responsible for this
resistance two distinct genetic
modifications and the resistance of this
pest to a pesticide does not make it
sensitive to another.

Acquired resistance may be stable
and unstable under field conditions,
according to many environmental factors,
the chemicals used, agro-technical events
and others.

Management Pesticide Resistance

Here must be showed moderation
by not exceeding the dose and the
treatment interval is not reduced.
Pesticides should be wused with less
residual activity, and to treat the specified
area of the orchard where the pest is
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naoL, oT oBOLWHaTa rpajvHa, KbOeTo e
yCTaHOBEH BpeauTeNAT.

Heobxogumo e pga nogabpxame
HeTpeTpaHu nowu, 3a ga no3sosauM Ha
nosiesHUTE HaceKoMM fa ce pasmMHoxasar
U fa Tpetypame camo npu onpeaenexHu
nepvoan OT pa3BUTMETO Ha HenpusaTtens,
T. €. KoraTo (pupmara npoussBoaguTesnr e
rnocoynsiia Ko MOMEHT OT Pa3BMTUETO Ha
HenpusaTenss e Hali-eqDeKTMBEH AafeHusi
nectuyng,

MonesHa e U MHOXecTBeHaTta
aTaka, korato ce npunara porauusa Ha
nectTuunaouTe MU ce npaBsAT CMecu OT ABa
WNM noBeye nectuumga C  pasvyHU
aKTMBHM BellecTBa. Moxe fAa ce npunara
N HaculliaHe uype3 M3MOM3BaHE Ha XUMU-
Kanun CUHeprucTu 3a [a ce HeyTpainiu-
patr metabonMTHUTE npouecu BogeLin Ao
nosiea Ha yCcTOlYMBOCT.

OcHoBeH noaxon nNpu ynpas/sieHne-
TO Ha yCTOWYMBOCTTA € Aa Ce MNPUIOXM
WHTerpupaHata pactutesiHa  3awumra,
3all0To TOraBa € Ha/vue MOHUTOPUHT Ha
HenpuaTenute, cnassa ce MKOHOMUYECKus
npar Ha BpPEAHOCT, u3non3sar ce He
necTuungHn MeToan KaTo OMOoNornyHu,
arpoTexHnYeckn, caHuTapHu n Hali-Beve
pacTeHust rocTonpueMHUUN YCTORUMBIN Ha
OCHOBHW 601ECTN N HENPUATESN.

Cnopeg IOBC — MexayHapoagHara
OpraHnsauua 3a bnonornyHa PactutenHa
3awmrta — VHTEerpmpaHoTo npousBoS-
CTBO € WKOHOMWYECKN peHTabunHo npo-
W3BOACTBO C BUCOKO KayecTBO, NPU KOETO
ce JaBa NpuopUTET Ha eKOSI0OroCbobpasHu
MeToau, 3a [Ja ce Hamaan A0 MUHUMYM
CTPaHWYHUAT  HeraTMBeH  edekT  oT
n3non3saHnTe necTtuuugm M ce onaswu
oKoNMHaTa cpefa M 340paBeTo Ha xopara
(Cross and Dickler, 1994; Pelov et al.,
1996; Cross et al., 1997).

Kon ca OCHOBHWUTE NPUHLAMMN,
HOpPMU W npaBuia 3a MPWIOXKeEHUE Ha
WHTterpupaHara PactutenHa 3awwuta. 3a
BCEKW pacTuTeneH BuA 1 copT Tpsbsa fa
ce n3bupa noagxoasaLoTo MecTopacTeHe B
3aBMCMMOCT OT OWMOMOTUYHUTE UM U3UC-
KBaHUA KbM noysa u kaumar. CemeHata
NN NocagbyHuAT MmaTtepvan Tpsbea fa

established.

We need to keep up untreated
areas, to allow for useful insects to
multiply and to treat only certain from the
development of pests, when the
manufacturer is indicating in what the pest
develops is the most effective pesticide

Also useful is the multiple attacks, when
rotation of pesticides is applied mixtures
of two or more pesticides with different
active substances are made.

Saturation can also be applied by using

chemical synergists to neutralize the
metabolic processes leading to
resistance.

Basic Approach in sustainability manage-
ment is to implement Integrated Pest
Management, because then it is pest
monitoring, the economic threshold of
harm, pesticide methods such as
biological, agrotechnical, sanitary and
sanitary mostly host plants resistant to
basic diseases and enemies

According to IOBC - International

Organization  for  Biological Plant
Protection — Integrated production is
economic profitable high quality
production, giving priority to

environmentally friendly methods, to
minimize the side effect negative effect of
the pesticides used; protect the
environment and (Cross and Dickler,
1994; Pelov et al.,, 1996; Cross et al,
1997).

What are the basic principles,
norms and application rules for integrated
pest management. For each plant species
and variety should be chosen the
appropriate habitat depending on their
biological soil and climate requirements.

Seed or propagation material should be
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6baar uMcTu, 3gpasBu U kadectseHu. Lo
ce OTHaca [0 OBOLWHMA nocagbyeH
MaTtepvasn, Toii TpsibBa ga Obae aBTEH-
TUYEH 1 cepTudunumpaH, T. €. CBOb6o4eH OT
BUPYCHM 1 puTOona3meHn 6onectu.
XenatenHo e okono rpaguHara ga ce
cb3gaBaTr YC/0BUS 3a HACEKOMOSAHU
NTULM, NapasuTu N XULWHN HACEKOMMU.

dopmupoBkUTE U pe3nTbute Tpsb-
Ba fJa OCUTypAaT p[o6bp CBET/IMHEH U
Bb3ZyLlEH PEeXMM B KOpoHaTa, A[06po
ONpbCKBAHE C pacTUTE/THO-3aWUTHUTE
npenapaTu, KakTo n 4o6bp 6anaHc mexay
pactex 1 naogogasaHe, 3a fa ce ocurypu
pefoBHa U KayecTBeHa naofoBa Npoayk-
unsa. Mexaypegusita ga ce 3arpessBart
€CTECTBEHO WM M3KYCTBEHO KaTO MNOKO-
ceHaTa TpeBa OCTaBa 3a MynumpaHe u
OpraHu4yeH Top, a TPEBHUTE CMECKU Tpsi6-
Ba ga Npueau4yat nyenute 3a onpaliBaHe
Ha OBOLUHMTE ObPBETA M XpacTu.

KankoBoTO HamnosiBaHe fa ce KOM-
OGUHMpa C TOPEHEeTOo, T. €. Aa ce npwiara
depTuraumns Kato Hyxagara OT xpaHuTesn-
HW BellecTBa Ce onpegens cnep nepuvo-
[OVYeEH NOYBEH aHaNn3 n perynspHa ancT-
Ha guarHoctuka. CamoTo TOpeHe ce u3-
BbpLUBa cnopes PeHoornMyHnTE hasm ot
pa3BUTMETO Ha pacTeHusATa npes3 ce3oHa.
3aTpeBeHNTE MEXAypeans nomarar ga ce
nogo6pn MUKpokIMMara B rpaguHara, ga
He ce paspyluaBa no4yBeHaTa CTPyKTypa u
Ja He ce o06pasyBaT KO/0BO3W crieq
nagHanuTe gbX40Be.

3a NpaBW/THOTO M3BEXAAHE Ha pac-
TUTeNHata 3awumTa noMmarat Maskute me-
TeocTaHuun, Korato Te ca 06opyaBaHu C
nporpamu ot Tmuna PUMIPO n gpyru, Ko-
ra ga 3anoyHe 6opb6ata C OCHOBHUTE 6O-
NecTn Npu A6bLAKATE U KpyLIUTE WK No-
[OBUTE YepBen Npu CEMKOBUTE U KOCTW/I-
KOBUTE OBOLLHM BuAoBe. Te MOxe ga ce
060pyaBarT 1 CbC CEH30PM 3a ONpefensHe
Ha noYBeHaTa B/iara Ha onpegesneHa ObJi-
60unHa. PepoMOHOBUTE Y/MOBKU ca MOA-
XOAALWM 32 MOHUTOPWHT Ha HENpusTenuiTe
B HacaxpgeHuerto, a (hepomoHoBUTE AUC-
neHcepwu e nomorHar B 6opbata ¢ nno-
[oBUTE YepBewn, 3a KOeTO Le agonpuHecar
N MpeXuTe NPoTMB rpagyLuKa.

clean, healthy and quality. As regards the
orchard propagation material, it must be
authentic and certified, that is, free from
viruses and mycoplasmas diseases.

It is desirable to create conditions around
the garden for insectivorous birds,
parasites and predatory insects.

Formations and pruning have to
provide good light and air mode in the
crown, good spraying with plant protection
products, as well as a good balance
between growth and fruiting, to ensure
regular and quality fruit production.

Distractions naturally occur or as gravely
grass as the mulch and organic fertilizer,
and grass mixtures should attract bees for
pollination of orchards and shrubs.

Drop irrigation to be combined with
fertilization, to apply fertilization as the
need for nutrients is determined after
periodic soil analysis and regular follicular
diagnosis.

The fertilization itself is done according to

the phonological phases of plant
development during the season. The
grass roots help to improve the

microclimate in the garden, not to destroy
the soil structure not to form tracks after
falling rains.

For the correct removal of plant
protection, small meteor stations help
when they are equipped with RIMPRO
programs and others, when to start
fighting with major diseases in apples and
pears or fruit worms at plow and stone
fruit species.

They can also be equipped with sensors
to determine soil moisture of a certain
depth. Pheromone traps are suitable for
monitoring the pests in the plantation, and
pheromone dispensers will help fight fruit
worms that they will contribute to nets
against hail.
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