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AHHOTALIUA
Bo36ynuTesb 6aKTEPUAIbHOTO 0)KOTA rOpoxa SIBJIS-
eTCs OCHOBHBIM (PUTONATOreHOM IOpoxa IT0CEBHOTO
¥ PacCIpOCTPaHSIeTCs Yyepe3 CEMeHHOU MaTepumall.
B psie cTpaH, BKJIOYasg CTPaHbl — UMIIOPTEDPHI T'O-
poxa u3 Poccuu, Bo36ynuTensb Pseudomonas syringae
DV. pisi, BBI3BIBAIIUN 6aKTEPUO3 HEKOTOPHIX 3€PHO-
6060BBIX KYJIBTYP, BKJIIOUEH B KAPAHTUHHbBIE IIEPEUHU.
BHenpeHVe MeTOOB BhIIBIEHUS U UAeHTUDUKALIUYI
B036ynuTesss 60JIe3HU U TOUCK PE3UCTEHTHBIX COP-
TOB CTaJId aKTyaJIbHBIMU B CTPATETUU COXPaHEHUS
YPOBHSA 3KcIIOpTa ropoxa us Poccuu. C 3TOM 11e/1b10
B XO7le TIPOBE/IEHHOU paboThl BEIOPAHBI U TPOBEPEHBI
copTa ropoxa Ha yCTOMYUBOCTb K (PUTOMATOTeHY. JIJis
uccyieJoBaHUs ObLJI TPOU3BEJIeH TT0CEB TISITH COPTOB
ropoxa. ITocjie TOro Kak IMpOM30ILJI0 TPOPacTaHue
B (hase 2—3 IUCTBEB, M0 10 pacTeHUH KaXXI0T0 COPTa
UHOKYJIVPOBaau 6aKTepraibHOMU CcyclieH3uel B KOH-
nentpanuu 10° KOE/mMa. OfHO pacTeHUe OCTaBIISAINU
B KauecTBe OTPUIIATEIbHOTO KOHTPOJIBHOTO 06paslia,
UCTIOJNIB3YS AJII UHOKYJISIIIUY CTEPUIIbHYIO AUCTUIIIN-
POBaHHY BOAy. B mporiecce pa3BUTHSA IIPOPOCTKOB
BBIMIOJIHAJIOCh CPaBHEHUE 3apa’XEHHBIX PACTEHUN
C KOHTPOJIbHBIM 06pa31ioM, IPOBOAUIACH PEerucTpa-
US IPOSIBJIEHUS CUMIITOMOB 3a6oJyieBaHus. Ha 22-i
JIeHb TTocje 3apakeHus oTob6payiv o6pasIbl BereTa-
TUBHBIX YacTell pacTeHUU 1 NIPOBeJU KOHTPOJIb Ha-
JIUYUg KJIETOK IlaToreHa, ucrnoibsyq [1IIP-ananus
c npaiMmepamu AN7F/AN7R. CoryiacHO ITOJIy4YeHHBIM
pesynbraTam I11]P-aHanm3a, BO Bcex mpobax pacTe-
HU# (B TOM YKcCje ¥ 6eCCUMITOMHBIX) ITOATBEPXKAEHO
HaJIn4ue crenu(GuyuecKkoro AJs Bo30yauTes 6akTe-
pUaIbHOT0 0XKOTa TOpoXa MPOAYKTa aMIIN(pUKAIIUU
pasmepoM 272 mapsl OCHOBaHUI (11. 0.). B pe3yibraTe
UCCJeI0BAaHYS BbISIBJIEHA BOCIPUNMYUBOCTDH COPTOB
ropoxa kK 6aKkTepro3y y COpTOB ropoxa Bapsar, AnTati-
CKUU ycaThIl, ACTPOHABT. B X0z nccienoBaHus ycTa-
HOBJIEHO, UTO HauboJiee MOAXOAAIIUM KaHAUAATOM
LIS CeJIeKIIUU COPTa, PE3UCTEHTHOTO K Pseudomonas
syringae pv. pisi, cTaj copT AM6po3us. Takxe 1oJ-
TBEPXJeHa HeoOX0AUMOCTb OIleHKU Pa3BUTUS CUM-
TITOMOB 3apakeHus (PUTOIIATOT€HOM B COBOKYIIHOCTU
C MOJIEKYJSIPHO-TEHETUYECKUMU METOLaMU BhISIB-
Jnenus JHK 6aKkTepry B PACTUTEJIbHBIX KJIETKAX JIJIs
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ABSTRACT
Bacterial blight of pea is a main pea phytopathogen
and is spread through seeds. In some countries, in-
cluding those importing peas from Russia, Pseudomo-
nas syringae pv. pisi causing bacteriosis of some legumi-
nous crops is included in quarantine lists. Introducing
detection and identification methods of the pathogen
and determining resistant cultivars have become im-
portant in strategies for maintaining the level of pea
exports from Russia. For this purpose, during this
work, pea cultivars were selected and tested for their
resistance to the phytopathogen. Five pea cultivars
were planted for research. After germination occurred
in the 2—-3 leaf phase, 10 plants of each cultivar were
inoculated with a bacterial suspension at a concentra-
tion of 10° CFU/ml. One plant was left as a negative con-
trol using sterile distilled water for inoculation. During
the development of seedlings, infected plants were
compared with a control sample, and the manifesta-
tion of disease symptoms was recorded. On the 22
day after inoculation, samples of vegetative parts of the
plants were taken and the presence of pathogen cells
was monitored using PCR with primers AN7F/AN7R.
According to the PCR results, in all plant samples (in-
cluding asymptomatic ones), the presence of an ampli-
fication product with a size of 272 base pairs specific
to the bacterial blight of peas pathogen was confirmed.
As a result of the study, the susceptibility of pea cul-
tivars to bacteriosis was revealed in the pea cultivars
of Varyag, Altaisky Usatiy, Astronavt. The study deter-
mined that the most suitable cultivar for breeding, re-
sistant to Pseudomonas syringae pv. pisi, was Ambrosia.
The necessity of evaluating the development of phyto-
pathogen infection symptoms together with molecular
genetic methods for identifying bacterial DNA in plant
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TIOTBEP)KIEHYST PE3UCTEHTHOCTU COPTa K OaKTepu-
AJIbHOMY 0XKOT'y ropoxa.

Kanarwuesvie cnosa. AMnnnbuKanus, UHOKYJIAL WA,
[T1IP, pe3uCTEHTHOCTb, SKCIIOPT, (UTOMATOreHHAasd
b6axKTepus.

BBEJAEHUE
seudomonas syringae pv. pisi (Sackett)
Young et al. — mMUPOKO pacIpocTpa-
, HeHHBI B P® maToreH ropoxa IIO-
cesHoro (Pisum sativum L.), BbI3bIBa-
eT 0OaKTepHaJIbHBIM O0XKOT pPacTeHUU
U TIepelaeTcs uepe3 CeMeHa, BeT-
pOM, IOXXIEeBOM BOMOU, BpeAuTe-
JISMU Y TIPU KYJbTUBAILIUU TIOCEBOB
CeJIbCKOX03IUCTBEHHBIM o6GopymoBanueM (Benlioglu
et al., 2010; Hollaway, Bretag, 1995; Hollaway, Bretag,
1997; Hollaway et al.,, 2007; Masuda, Nishiyama,
2001). MisyyeHHOE paHee BIUSHUE IaTOTeHa Ha CHU-
JKeHUE YPOXKAaWHOCTYU 3apa’kKeHHBIX PaCTEHMI Topo-
Xa I10Ka3ajo, YTO MOTEPU COCTABJILIOT OT 24 1o 47%
(Roberts et al., 1996).

3apaXeHHbIE PACTUTEJbHBIE OCTATKU rOpoxa
CJIIY’XaT UCTOUYHMKOM COXpaHeHUs (puToImaTroreHa
B moJie B 3uMHUM nepuoy (Benlioglu et al., 2010; Hol-
laway, Bretag, 1995; Hollaway, Bretag, 1997; Hollaway
et al., 2007; Masuda, Nishiyama, 2001). 3apa’keHHbIE
GaKTepuen ceMeHa ropoxa IBJISIOTCS BaXXHBIM CITOCO-
60M pacIpoCTpaHEeHUs U COXPaHeHUs (GUTOIaTOreHa
(Alfered, 2005; Grondeau et al., 1993; Grondeau et al.,
1996; Lawyer, Chun, 2001).

PacmpocTpaHsasCh C TOCEBHBIM MaTEpPUAJIOM,
3apakeHHbIM (DUTOIIATOr€HOM B JIJATEHTHOM COCTOS-
HUM, 6aKTEPMO3 3HAUNTEIbHO PACIIMPUJI CBOH apeaJt
3a TocJIeHYE TOo/ibl. B pernone EBpasmiicKoOro sKOHO-
Muyeckoro coisa (EA3C) oTMeueHbl HEOTHOKPATHLIE
BBISIBJIEHUS (DUTOIIATOTEHA B ITOJKAPAHTUHHOM Ma-
Tepualie, UMIIOPTUPOBAHHOM U3 Apyrux crpal (Cu-
pus, Beurpusg, Utanusa) (MruatbeBa u gp., 2021; CAB
International. Pseudomonas syringae pv. pisi (bacterial:
pea blight), 2022). BakTepuaJibHBIA 0XOT TOPOXa —
yrposa cTabruIbHOMY IMTPOU3BOJICTBY ITPOIOBOIECTBEH-
HOU CeJIbCKOXO03SIHMCTBEHHON KYJIbTYPhI, 3HAUUMOU
BO BCEM MUpE.

OUTOIATOTEH BKJIIOYEH B MEepPeYHU KapaHTUH-
HBIX 00BEKTOB pA/a CTPaH — UMIIOPTEPOB TOpoxa
u3 P® (Baurnageun, Mpan, Kutaii, [Takuctas, Cupus,
Typuus) (AB LienTp, 2021; ®I'BY «IleHTp ArpoaHaniu-
TuKu», 2022; Benlioglu et al., 2010; EPPO Global Data-
base; EPPO Global Database. Pseudomonas syringae pv.
pisi (PSDMPI); CAB International. Pseudomonas syringae
pv. pisi (bacterial: pea blight), 2022). TTo pesynbTaTaMm
aHaJim3a JaHHBIX O PAcIPOCTPaHEHUU BO3OymuTe-
Jiss 6aKTepUaJIbHOTO OXKora B JIEHMHIpaACcKou, Mo-
CKOBCKOH, dpociiaBckoii, KupoBcKkoi, BopoHEXCKOI,
Kypckoii, PocTtoBckoii, CaMapckoii ob6nacTsx, B Kpac-
HomapckoM, AnTaiickoM u KpacHOSIpPCKOM Kpasx,
B Pecniybniuke Antad, B Pecmy6imke ThIBa DKCIIOPT-
HBIU TTOTEHIIMAJ PETMOHOB MOXET OBITh OTPAaHUYEH
(JTazapeB u mp., 2015; Jlazapes u ap., 2017).

cells to confirm the resistance of a cultivar to pea bac-
terial blight was also confirmed.

Key words. Amplification, inoculation, PCR,
resistance, export, phytopathogenic bacterium.

INTRODUCTION

seudomonas syringae pv. pisi (Sackett) Young

et al. is a widely spread in the Rusiian Fe-

deration pea pathogen (Pisum sativum L.),

causing bacterial blight and transmitted

through seeds, with wind, rain water, pests
and agricultural equipment when cultivating crops
(Benlioglu et al., 2010; Hollaway, Bretag, 1995; Hol-
laway, Bretag, 1997; Hollaway et al., 2007; Masuda,
Nishiyama, 2001). The previously studied effect of
the pathogen on reducing the yield of infected pea
plants showed that losses range from 24 to 47% (Ro-
berts et al., 1996).

Infected pea plant remains serve as a source of
persistence of the phytopathogen in the field during
the winter period (Benlioglu et al., 2010; Hollaway,
Bretag, 1995; Hollaway, Bretag, 1997; Hollaway et
al., 2007; Masuda, Nishiyama, 2001). Bacteria-in-
fected pea seeds are an important way of spreading
and maintaining the phytopathogen (Alfered, 2005;
Grondeau et al., 1993; Grondeau et al., 1996; Lawyer,
Chun, 2001).

Spreading with seeds infected with a latent phy-
topathogen, bacteriosis has significantly expanded its
range in recent years. In the region of the Eurasian
Economic Union (EAEU), repeated phytopathogen de-
tections were noted in regulated material imported
from other countries (Syria, Hungary, Italy) (Ignatieva
et al.., 2021; CAB International. Pseudomonas syringae
pv. pisi (bacterial: pea blight), 2022). Bacterial blight
of pea is a threat to the sustainable production of the
globally important food crop.

The phytopathogen is included in the quaran-
tine pest lists of some countries importing peas from
the Russian Federation (Bangladesh, Iran, China,
Pakistan, Syria, Turkey) (AB Center, 2021; Federal
State Budgetary Institution “Agroanalytics Center”,
2022; Benlioglu et al., 2010; EPPO Global Database;
EPPO Global Database. Pseudomonas syringae pv. pisi
(PSDMPI); CAB International. Pseudomonas syringae
pv. pisi (bacterial: pea blight), 2022). According to the
results of the data analysis on the spread of bacteri-
al blight of pea pathogen in Leningrad Oblast, Mos-
cow Oblast, Yaroslavl Oblast, Kirov Oblast, Voronezh
Oblast, Kursk Oblast, Rostov Oblast, Samara Oblast,
in Krasnodar Krai, Altai Krai and Krasnoyarsk Krai,
in the Altai Republic, in the Tyva Republic, the export
potential of the regions may be limited (Lazarev et al.,
2015; Lazarev et al., 2017).
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B HacTos1ee BpeMd HET 3(PPEKTUBHBIX XUMU-
YEeCKUX CPEJICTB 3alUThl BETETUPYIOIIUX PACTEHUN
uiayn obe33apakuBaHUA CEMSIH. YPOBEHD 3apakeH-
HOCTY CEeMSH ropoxa JaHHBIM ITaTOreHOM, BbIIIE KO-
TOporo 3a6ojieBaHMe HAYMHAET PACIIPOCTPAHITHC,
cocrasiugeT Bcero 0,02%, 1o3TOMy KUCIIOJb30BaHUE
3[I0POBOTO ITOCEBHOTO MaTepHraja IBJISeTCS BaXXHBIM
aCIIEKTOM CTpaTeruu 60pbOBI C pACIPOCTPAHEHUEM
6axrepuosa (ISHI-Veg, 2020a; ISHI-Veg, 2020b; Gron-
deau et al., 1996; Roberts, 1992; Roberts et al., 1996).
Ba)kHYI0 poJib B cicTeMe 60pbObI C JaHHOU 6akTepurel
WrpaeT IPoBeleHue ITOCEBA TOJIBKO 300POBBIMHU (63
CKPBITOM GaKkTepuabHOU MHMEKIIUN) U KaUeCTBEH-
HBIMU (TIOJTHOIIEHHBIMU, KPYITHBIMU, BBIDOBHEHHBIMMU)
ceMeHaMU arpoOUPOBAHHBIX COPTOB, XapaKTEPU3YI0-
LIUXCS BBICOKOYW YCTOMYUBOCTBHIO MJIW TOJIEPAHTHO-
CThI0 K 3a6oseBanmo (Jlazapes u gp., 2015).

X0Ts *MMYHHBIX K OTIACHBIM T1aTOTeHaM U (hUTO-
¢haraM copToB ropoxa moka He CyIIeCTBYET, BbIpaIl-
BaHME YCTOWYUBBIX U TOJEPAHTHBIX K BPEAUTENAM
¥ 00JIE3HIM COPTOB, IMPYUCITOCOBGIEHHBIX K MECTHBIM
TTOYBEHHO-KJIMMATUUYECKUM YCJIOBUSAM, ITO3BOJISIET
CHU3UTD IIPUMEHEeHVe XUMUYEeCKUX CPELCTB 3allll-
TBI U COXPAHUTH IOJIE3HYI GUOTY B arporeHo3ax
(3oTmkoB, 2015). Llenbi0 KCCIeL0BaHUS CTAJIO U3Y-
YyeHMe YCTONUYMBOCTU CPEHECTIENIBIX COPTOB TOPOXa
K IaTOTeHy. B ajpHeNIeM pesysibTaThl 3TOU PaboThI
MOTYT ObITh UCTIOJIb30BAHBI B KAUECTBE aJIbTePHATUB-
HOU cTpaTeruu 60pbOBI C PUTOTIATOTEHOM.

MATEPUAJIbBI U METO/IbI

Crucok o(pUIaabHO 3aPETUCTPUPOBAHHBIX COPTOB
ropoxa (FocyrapcTBEHHBIN PEECTP CEJIEKIIMOHHBIX J10-
cTkeHuit, 2021), oTOGPAHHBIX IJIST U3YUEHUS YCTOM-
YUBOCTHU K P, syringae pv. pisi, IpuBeJieH B Tabi. 1.

CeMeHa ropoxa GbLIN MTOJYYEHBI OT OPUTUHA-
TOPOB COPTOB U IIPEABAPUTEIbHO ObLIN MPOTECTU-
poBaHbBI Ha 3apakeHHOCTDb (DUTOIIATOTEHAMU B XOJe
KOHTPOJIBHOTO BBICEBA B ITPOBOKAIIMOHHBIX YCIOBUSIX
(manHbIE He TTpUBeeHbI). CeMeHa ropoxa IpeBapu-
TeJIbHO 3aMavyrBaJju B JUCTUJLINPOBAHHOM BOJIE B Te-
YeHUe CYTOK, TTOCJIe YeTO IIPOBOJIUIIHN TToceB. Kaxkmoe
ceMs TTOMeIIaayd B OTAEJbHY0 TUeHKy KacCeThl IJIs
paccazmbl eMKOCTBI0 90 MJI, B KaUeCTBe I'PYHTa UCIIOJIb-
30BaJI¥ TOTOBYI) CMECH M3 BEPXOBOTO U HU3MHHOTO
Topda, peYHOTrOo Mecka, M3BeCTHAKOBOU JOJIOMUTOBOM
MyKU U HUTpoamMmodocdaTa B KauecTBe KOMILIEKC-
HOTO ymobpeHus. [PyHT Takke GbLI IPEIBAPUTEIBHO
MIPOTECTUPOBAH HA OTCYTCTBUE (PUTOIATOTEHOB, Bpe-
IuTeJiell 1 TOKCUYHBIX BEU[ECTB IIyTeM IIPOOHOT0 110~
ceBa TECT-KYJIbTYPBI cajiaTa.

Ha mpoTskeHMM BCEro OIbITa PaCTEHUS HaX0U-
JIVCh B TIOCTOSTHHBIX YCJIOBUSX: ITPOAOJIKUTENBHOCTD
ocBelneHud — 16 4, reMueparypa — 25-27 °C, oTHOCHU-
TeJIbHas BJIQ)KHOCTB Bo3ayxa — 55-70%.

3apa)keHMe pacTeHuU ITPoBoIMIN B (pase 2—3 Ha-
CTOSIIUX JIUCThEB 24-4aCOBOW KYJbTYpPOU mITaMMa
CFBP 2105 P, syringae pv. pisi, BRIpallleHHOYN Ha MUTa-
TeJbHOM arape Kuura B (MeTomnuyeckue peKoOMeH-
maruu, 2022) nipu 28 °C. [y 3apakeHus KaXkKI0oro
pacTeHus uUcIoJb30Banu 10 MKJ 6aKTepuaJbHOU
cycrnieHsuu B KoHIeHTpanuu 10° KOE/mMn (UrHaTheBa
uap., 2021; 0®C.1.7.2.0008.15, 2018). MeTom 3apaxe-
HUS 3aKJII0YAJICS B HECKBO3HOM IIPOKAJIBIBAHUY OCHO-
BaHU JINCTA U HAHECEHUHU C TIOMOIIbIO I03aTOpa Karl-
JIV CyCTIEH3UHU Ha MecTo IpokoJia (Martin-Sanz et al.,

Currently, there are no effective chemical means
of protecting vegetative plants or disinfecting seeds.
The level of pea seeds contamination with this patho-
gen, above which the disease begins to spread, is only
0.02%, so the use of healthy seed material is an im-
portant aspect of the strategy to control the bacterio-
sis spreading (ISHI-Veg, 2020a; ISHI-Veg, 2020b; Gron-
deau et al., 1996; Roberts, 1992; Roberts et al., 1996).
An important role in the system of controlling this bac-
terium is played by sowing only healthy (without hid-
den bacterial infection) and high-quality (full-fledged,
large, aligned) seeds of proven cultivars, characterized
by high resistance or tolerance to the disease (Lazarev
etal., 2015).

Although there are no pea cultivars immune to
dangerous pathogens and phytophages, the cultiva-
tion of resistant and tolerant cultivars to pests and
diseases, adapted to local soil and climatic conditions,
makes it possible to reduce the use of chemical pro-
tection means and preserve beneficial biota in agro-
cenoses (Zotikov, 2015). The purpose of the work was
to study the resistance of mid-season pea cultivars to
the pathogen. In the future, the results can be used
as an alternative strategy for controlling the phyto-
pathogen.

MATERIALS AND METHODS

The list of officially registered pea cultivars (State Re-
gister of Breeding Achievements, 2021), selected for
studying resistance to P. syringae pv. pisi, is given in
Table 1.

Pea seeds were obtained from the cultivar orig-
inators and were previously tested for infection with
phytopathogens during control sowing under provoca-
tive conditions (data not shown). Pea seeds were pre-
soaked in distilled water for 24 hours and then sown.
Each seed was placed in a separate 90 ml seedling con-
tainer cell; a ready-made mixture of high-moor and
low-lying peat, river sand, limestone dolomite flour
and nitroammophosphate as a complex fertilizer was
used as soil. The soil was also pre-tested for the ab-
sence of phytopathogens, pests and toxic substances
by test sowing of a lettuce test culture.

Throughout the experiment, the plants were
kept under constant conditions: lighting duration —
16 hours, temperature — 25-27 °C, relative air humi-
dity — 55-70%.

Plants were infected in the phase of 2-3 true
leaves with a 24-hour culture of P, syringae pv. pisi strain
CFBP 2105, grown on King B nutrient agar (Guidelines,
2022) at 28 °C. To infect each plant, 10 ul of a bacterial
suspension was used at a concentration of 10° CFU/ml
(Ignatieva et al., 2021; OFS.1.7.2.0008.15, 2018). The
infection method consisted of a blind piercing of the
leaf base and applying a drop of suspension to the
puncture using a dispenser (Martin-Sanz et al., 2012;
Ignatieva et al., 2021; Ignatieva et al., 2022). Sterile
distilled water was used as a negative control. Plants
infected with P, syringae pv. pisi were spatially isolated
from negative control plants. Observations of plants
were carried out daily for 21 days from the moment
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Ta6.J1. 1. CopTa ropoxa, MCII0Jib30BaHHbIE B padoTe

N2  Copt Kop, T'op, peruc-
n/m ropoxa copra Tpauum  OpuruHaTop XapaKkTepHuCTHUKA COpTa
O®T'BHY «®enepalbHbIil ANTTaUCKUY HAYYHBIA  CPEIHECIENbIN, HEOCHITAIOIIUICS,
1 Bapsar 9703799 2001 «Penep " y DA E m
LEHTP arpo6UOTEXHOJIOTU», Poccus 6E3JTMCTOYKOBBIN
5 AnTaficKui 9154537 2012 OTEHY «PenepalbHbIN ATTaUCKUY HAYYHBIA  CPENHECTENBIN, JeTEPMUHAHTHBIN,
ycaTbIf LIEHTP arpobrOTEXHOJIOTU», Poccus HEOCHITTAI[UICS, 0€3IMCTOYKOBBIN

3 AcTtpoHaBT 8853989 2015

Norddeutsche Pflanzenzucht Hans-Georg
Lembke KG, l'epmanus

CPeIHECTIENBIH, 6e3IUCTOYKOBBIN

4 AM6posust 9463673 2009
Poccuga

HayuHo-mipousBo/icTBeHHas upma «[Iouck», CpemHecIesblii, caXapHbIH,

€a/I0BO-0TOPOIHBIHN

5 AMITAHCKHH g014463 9003

OI'BHY «®enepanbHbll HAyYHbIN IIEHTP
U3yMpPYL, OBOILEBOJICTBA», Poccus

CPEIHECIIENBIN, KOHCEPBHBIH,
ILJISI TOBAPHOTO ITPOM3BOJICTBA

Table 1. Pea cultivars used in this study

N¢ Pea cultivar Cultivar code Record year Originator

Cultivar characteristics

Federal State Budgetary Institution “Federal Altai mid-season,

1 Varyag SIOEER AR Scientific Center of Agrobiotechnologies”, Russia  non-shattering, leafless

5 Altaisky 9154537 2012 Federal State Budgetary Institution “Federal Altai mid-season, determinate,
Usatiy Scientific Center of Agrobiotechnologies”, Russia  non-shattering, leafless

3 Astronavt 8853989 2015 TSN HE A e G mid-season, leafless

Lembke KG, Germany

4 Ambrosia 9463673 2009 Research and production company “Poisk”, Russia mid-season, sugar, garden

5 Altaisky 9810093 2003 Federal State Budgetary Institution “Federal mid-season, can, for
izumrud Scientific Center for Vegetable Growing”, Russia commercial production

2012; IrnaTwkeBa u Ap., 2021; irHaTbeBa u ap., 2022).
B kauecTBe OTPUIIATEJIbHOTO KOHTPOJIS UCII0JIb30Ba-
JIV CTEPUIIbHYIO IUCTUJLIMPOBAHHYIO BOLly. PacTeHus,
3apa)keHHbIE P, syringae pv. pisi, TIPOCTPAHCTBEHHO U30-
JIMPOBAJIV OT PACTEHUU OTPUIATEIbHOI0 KOHTPOJIS.
Hab6mromenus 3a pacTeHUSIMY ITPOBOA I €XKeTHEBHO
B TedeHUe 21 IHSA C MOMEHTA UX UHOKYJISALVY CYCIIEH-
3ueli Bo36ynuTessa 6akTepuosa.

Il oaTBepXKAEHUS (haKTa 3apaskeHUs IIPOBO-
IWJIV OTOOP U TTOATOTOBKY aHAJIUTHUYECKUX TTPOO 15T
[MLIP-ananu3a Ha 11-1 leHb ITocjie UHOKyIAuu. I1po-
OBl OpaJin OT KaXkaoro u3 10 3apakeHHbIX PacCTeHUN
U OT PACTEeHUS, TPEICTABISAIONIETO COO0M OTPUIIATEIb-
HBIM KOHTPOJIb.

B ciyyae MosIBJI€HUS TUIIUYHBIX CUMIITOMOB
60JIe3HY IJIs TTOATBEPXKIAI0NIETO aHaau3a 0TOUpaIn
C TIOMOIIIbI0 CKAJIbITIEJISI MJIV HOXKHUIL PparMeHThI TKa-
HU, PACIIOJIOXKEHHbBIE Ha CTBIKE 3[I0POBOTO 1 ITOPaKEH-
HOT'0 yYacCTKOB. [IpU OTCYTCTBUM CUMIITOMOB O0T6OP
(parMeHTOB IPOBO MU He MeHee ueM 13 10 pasHbIX
y4acTKOB 06pas1ia (cTe6Jist, YepenIkoB JINCTHEB U 1IEH-
TPaJbHBIX )KUJIOK). JIJIs yCTAaHOBJIEHUS ONITUMAaJIbHOMN
Macchl HaBeCKU 6paiy aHaIuTHYecKue Mpobbl BecoOM
ot 2,0 1o 3,0 rpaMMOB ¥ IIOMEIIAJIY B KOHTeHHED MIJIs
c6opa 6MOJIOTMUECKOTO MaTepua ¢ KPbIIIKOH. K mmpo-
6e mobasmsanu ot 30 mo 45 mu hocaTHOTO Gydhepa.
Maiepanuo pacTUTENbHOU TKaHU OCYIIEeCTBJISIN
Ha opbuTanbHOM Irelikepe rmpu 200 06/MUH B Teue-
Hue 40 MuH. [TogyyeHHBIN MalepaT QUIAbTPOBAIU
yepes 6yMaskHbIN GuiabTp «CUHSS JeHTa» B IeHTPU-
dyxHyI0 pobupKy o6beMoM 50 M. KOHITEHTpaIInio
(unpTpaTa MPOBOAUIIU ITyTEM LIEHTPUDYTUPOBAHUS
B Tedyenue 10 muH nipu 10 000 06/MUH IpU TeMITEPATY-
pe ot 4 1o 10 °C (Ignatyeva et al., 2021). CyniepHaTaHT
OCTOPOXXKHO YIaJIslJiK, a 0Cal0K PecyCcleHIMPOoBaIu
B 1 Mma dochaTHOo-comeBoro 6ydepa. [ToaydeHHbIH

of their inoculation with a suspension of the bacterio-
sis pathogen.

To confirm the fact of infection, analytical sam-
ples were collected and prepared for PCR on the 11™®
day after inoculation. Samples were taken from each
of the 10 infected plants and from a negative control
plant.

If typical disease symptoms appeared, tissue frag-
ments located at the junction of the healthy and affect-
ed areas were selected for confirmatory analysis using
a scalpel or scissors. In the absence of symptoms, frag-
ments were collected from at least 10 different parts of
the sample (stem, leaf petioles, and central veins). To
establish the optimal weight of the sample, analytical
samples from 2.0 to 3.0 grams were taken and placed
in a container for collecting biological material with
a lid. From 30 to 45 ml of phosphate buffer was added
to the sample. Maceration of plant tissue was carried
out on an orbital shaker at 200 rpm for 40 minutes.
The resulting macerate was filtered through a Blue Rib-
bon filter paper into a 50 ml centrifuge tube. The con-
centration of the filtrate was carried out by centrifu-
gation for 10 min at 10,000 rpm at a temperature of
4to10°C (Ignatieva et al., 2021). The supernatant was
carefully removed, and the pellet was resuspended in
1 ml of phosphate-buffered saline. The resulting plant
extract was transferred into a sterile Eppendorf mi-
crotube with a volume of 2 ml (Methodological guide-
lines, 2022).

From each sample of the obtained plant extract
and from a suspension of pure P, syringae pv. pisi culture
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Puc. 1. Ctapus pa3BuTuns ropoxa B MOMEHT

1 — copT Bapsr; 2 — copT AnTaickui ycatbiit;
3 — copT AcTpoHaBT; 4 — copT AM6po3us;

Fig. 1. Stage of pea development at the time of P. syringae pv. pisi
3apaxkeHusi wutaMmmoM CFBP 2105 P. syringae pv. pisi: strain CFBP 2105 infection:

1 - Varyag cultivar; 2 — Altaisky Usatiy cultivar;
3 - Astronavt cultivar; 4 — Ambrosia cultivar;

5 — copT AnTarickuii usympyg, (dpoto U.M. UrhateeBoi) 5 — Altaisky izumrud cultivar (photos by I.M. Ignatieva)

PACTUTENBbHBIN BKCTPAKT IEPEHOCUIIN B CTEPUIIBHYIO
MUKpompobupky tumna Eppendorf o6bemom 2 mit (Me-
TogUYecKre pekomMeHganuu, 2022).

OT KaXIo¥ MPOO6BI MOJYYeHHOTO PACTUTEID-
HOT'0 DKCTPAKTa U OT CYCIIEH3UU YUCTOU KYJIbTYPbI
P, syringae pv. pisi, B3ITO! B KaueCTBe BHYTPEHHETO
TOJIOXKUTEJIbHOTO KOHTPOJIS, oTompasu mo 200 MKJI
¥ UCIIOJIb30BaJU UX AJ4 BbigeaeHusa JHK ¢ moMoIibo
Habopa «IIpoba-I'C» cormacHo MHCTPYKIIMU TIPOU3BO-
nutens (000 «ArpoluarHocTruKa», Poccus). BeigemeH-
Hyto JJHK moBOfMIN C TIOMOLIBIO CIIEKTPOGOTOMETPA
NanoDrop ND-2000 (Thermo Fisher Scientific, CIIIA)
IIO IIPUMEPHO PaBHOI KOHIIeHTpanuu (2—20 HI/MKJI),
OINITMMAJIbHOY 1Jig rpoBefenys [P (UrHaTheBa 1 JIp.,
2022), ¥ BBITIOJHSIM aMITU(UKAIIUIO cO cienuduy-
HBIMU A1 P, syringae pv. pisi mpaiimepamu AN7F/AN7R
(Arnold et al., 1997). B uccienoBaHny UCIIOJb30Ba-
JIV OJIUTOHYKJIeOTUbI U ITIP-6ydeps («5X Screen-
Mix-HS», cunTte3supoBanubie B 000 «EBporen» (Poc-
cus), mnu «5X MasPPTaqMIX-2025», CHHTe3WPOBaHHbIE
B 3A0 «JInajat JITh.» (Poccus)), B COOTHOLIEHUAX CO-
TJIaCHO ONTHMMU3MPOBAHHOMY IIPOTOKOJIY, OIIKCAaHHO-
My paHee (Arnold et al., 2011; Martin-Sanz et al., 2011;
Qing et al., 2016; ruaTtbeBa, CiioBapeBa, 2021).

PE3VJIBTATBI U OBCYKJOEHHE

CocTosiHMEe pacTeHUU ropoxa B ¢aze 2—3 JIUCThEB
Ha MOMEHT 3apaXkeHus P, syringae pv. pisi IpeficTaBe-
HO Ha puc. 1.

[lepBbIE CUMIITOMBI 3a60JIeBAHUS OBLIX OTMEYE-
HBI Ha 7-€ CYTKHU II0CJIe 3apakeHus Ha copTe Bapsar
Ha HWKHUX JIUCThSX B BUJZE YBsAZaHud. Ha 9-e cyTku
TocJie 3apaskeHus GbIIM OTMEYEHbI CUMIITOMBI 3a60-
JIeBaHUS HA COPTax AJNTaliCKUH ycaThlil U ANTalicKui
U3yMPY], B BUJIE UBMEHEHNS OKPACKU HMKHUX JIUCTHEB.
Ha 11-e cyTku mocJie 3apa’keHUs CUMIITOMBI 3a60JieBa-
HUS OBLIX OTMEUYEHBI Ha COPTe ACTPOHABT Ha HIDKHUX
JIUCTBSIX B BUZIE YBALaHUS. Ha pacTeHUsIX ropoxa copTa
AMGPO3US Ha BTY HATy BHEITHUX TTPOSBJIEHUH ITPU3HA-
KOB 60JIe3HM OTMEYEHO He ObLII0 (CM. puc. 2).

Ha pacTeHuUsIX, MTHOKYJIMPOBAHHBIX CTEPUIbHOMN
IUCTUWLIMPOBAHHOM BOZOM, OTCYTCTBOBAJIY IIPU3HAKY
3aboseBanus (CM. puc. 3).

taken as an internal positive control, 200 ul were tak-
en and used for DNA extraction using the Proba-GS kit
according to the manufacturer’s instructions (AgroDi-
agnostica, Russia). The isolated DNA was adjusted us-
ing a NanoDrop ND-2000 spectrophotometer (Thermo
Fisher Scientific, USA) to approximately equal concen-
tration (2—20 ng/ul), optimal for PCR (Ignatieva et al.,
2022), and amplification was carried out with speci-
fic for S. syringae pv. pisi primers AN7F/AN7R (Arnold
et al., 1997). The study used oligonucleotides and PCR
buffers (5X ScreenMix-HS, synthesized at Evrogen
(Russia), or 5X MasPPTagMIX-2025, synthesized at Di-
alat Ltd. (Russia)), in proportions according to the op-
timized protocol described previously (Arnold et al.,
2011; Martin-Sanz et al., 2011; Qing et al., 2016; Ig-
natieva, Slovareva, 2021).

RESULTS AND DISCUSSION

The state of pea plants in the 2-3 leaf phase at the
time of infection with P, syringae pv. pisi is presented
in Fig. 1.

The first disease symptoms were noted on the
7™ day after infection on the Varyag cultivar on the low-
er leaves in the form of wilting. On the 9 day after in-
fection, disease symptoms were noted on the Altaisky
Usatiy and Altaisky izumrud cultivars in the form of
a color change of the lower leaves. On the 11® day af-
ter infection, disease symptoms were noted on the
Astronavt cultivar on the lower leaves in the form of
wilting. On the Ambrosia cultivar plants, no external
disease symptoms were noted until now (see Fig. 2).

No disease symptoms were recorded on plants in-
oculated with sterile distilled water (see Fig. 3).

As a result of PCR with primers AN7F/AN7R for
DNA samples isolated from inoculated plants, pro-
ducts with a length of 272 base pairs (bp) were ob-
tained, which corresponded to the positive amplifi-
cation control, for which was used P. syringae pv. pisi
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Puc. 2. CUMNTOMbI Ha INCTbAX ropoxa vepes 7-11 cyTok Fig. 2. Symptoms on pea leaves after 7-11 days after
nocne sapaxeHusi wrammom CFBP 2105 P. syringae pv. pisi: infection with the P. syringae pv. pisi strain CFBP 2105:
1 — copT Bapsr; 2 — copTt AnTaiickui ycatbiil; 3 — copT AcTpoHaBT; 1 - Varyag cultivar; 2 — Altaisky Usatiy cultivar;

4 — copT AM6po3us; 5 — copT AnTanckuin usympya,
(choTo A.C. BakaeBoit)

3 — Astronavt cultivar; 4 — Ambrosia cultivar;
5 — Altaisky izumrud cultivar (photos by A.S. Bakaeva)

Puc. 3. KoHTponbHble pacTeHus ropoxa, MHOKY/IMPOBaHHble
CTEePUNIbHOW AUCTUNIINPOBAHHON BOJOM:

1 — copT Bapsr; 2 — copT AnTaickui ycatbii;

3 — copT AcTpoHaBT; 4 — copT AM6po3us;

5 — copT AnTarickuit usympyp, (hoto U.M. UrHatbeBoi)

B pesynbTaTe npoBeneHHOM TP ¢ mpalimepamMu
AN7F/AN7R nis o6pasiioB JHK, BeIIeI€HHBIX U3 THO-
KyJIMPOBAHHBIX PACTEHUH, TIOJyYEHBI ITPOLYKTHI LI -
HOM 272 1. 0., YTO COOTBETCTBOBAJIO TTOJIOKUTEIHHOMY
KOHTPOJII0 aMILIM(UKAIUY, B KaUuecTBe KOTOPOT'o 1C-
nosib3oBanu JHK P, syringae pv. pisi. 17151 Bcex 06pa3IiioB
U BHYTPEHHETO [T0JI0KUTEJIbHOI'0 KOHTPOJISA B PE3YJib-
TaTe npoBeneHus [P GbLINM TTOJyUYEeHBl TPOLYKThI
aMnauuKaIuy JInHou 714 . o. (cM. puc. 4).

[TonyueHHble pe3ynbraThl [1LP o3BoagioT cue-
JIaTh BBIBOJ, O TOM, YTO BO30yIMTENh OAaKTEPUATBHOTO
oXora ropoxa yepes 11 CyTOK I10CJIe 3apakeHusd IIpu-
CYTCTBOBAJI BO BCEX COPTaX ropoxa, MHOKYJIMPOBaH-
HBIX 6aKTepUaJbHOM CycIIeH3Mel, HeCMOTPS Ha TO,
YTO pacTeHUs copTa AMOPO3Ms He MPOSBIISIV BHEII-
HUX MPU3HAKOB 3apakeHus QUTOIIaTOTEHOM.

B TeueHue nocnenyomux 10 cyTOK IOCJE IIOL-
TBEpPXJeHUd 3apaxeHusa MetogoM [IIIP oTmevanu
pasBuTHe 3a60/1eBaHUs Ha MHOKYIMPOBAHHBIX pacTe-
Hugx ropoxa. Ha 21-e cyTku Ha 3apakeHHbIX PaCTEHU-
X copTa AMGPO3usT HABJIIOLAIM HAJIMYYEe CUMIITOMOB
B BU/JIe YBAZAHUS HUKHUX JIUCThEB, XJIOPO30B U Kpae-
BBIX 0’KOTOB 6eJ10r0 11BeTa (CM. puc. 5).

Fig. 3. Control pea plants inoculated

with sterile distilled water:

1 - Varyag cultivar; 2 — Altaisky Usatiy cultivar;

3 - Astronavt cultivar; 4 — Ambrosia cultivar;

5 — Altaisky izumrud cultivar (photos by I.M. Ignatieva)

DNA. For all samples and internal positive control,
PCR resulted in amplification products of 714 bp
(see Fig. 4).

The PCR results obtained allow to conclude that
the pathogen of bacterial blight of pea was present in
all pea cultivars inoculated with a bacterial suspension
11 days after infection, despite the fact that Ambrosia
cultivar plants did not show external signs of infection
with the phytopathogen.

Over the next 10 days after PCR-confirmed infec-
tion, the disease on inoculated pea plants was noted
to develop. On the 21%tday, the symptom in the form
of lower leaves wilting, chlorosis and white marginal
burns was observed on the infected Ambrosia cultivar
plants (see Fig. 5).

Wilting of 30 plants was recorded, which led to the
death of 18 plants; 20 plants out of 50 infected did not
show symptoms (see Table 2).
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Puc. 4. 3nekTpocoperpamma,
neMoHcTpupytowas pesynbrar MLP

¢ npaiimepamu AN7F/AN7R (a) v BHyTpeHHUM
NOJNIOXXUTENbHbIN KOHTPOb (b).

1 — copT Bapsr; 2 — copT AnTalckui ycatblii;
3 — copT AcTpoHaBT; 4 — copT AMbpo3us;

5 — copT AnTanckui nusympyn,;

K-u — oTpuuaTenbHbI KOHTPOJIb YUNCTOMN 30HbI.
1 peneHne Mapkepa reHeTM4YecKoro Beca
GeneRuler 100 bp Plus DNA Ladder
ready-to-use (Thermo Fisher Scientific, CLLA)
(M) =100 n. o.

OrmeueHo yBamanue 30 pacTeHUH, KOTOPOe MIPu-
BeJio k rubenu 18 pactenuit, y 20 pactenuit us 50 3a-
Pa’KEeHHBIX CUMIITOMBI He TIPOSBJISINUCE (CM. TabJ1. 2).

B pesynbTaTe nccief0BaHNS BEISIBJIEHA ITOBBILIEH-
Hasl BOCIIPUUMYUBOCTD K GaKTEPUATbHON UH(EKITUN
Y COPTOB ropoxa Bapsr, AnTalickuii ycaTblii, ACTPOHABT.
PacTeHus Meu BbIpaKeHHbIE CUMIITOMBI 3a60J1eBa-
HUs, IPUBOJAIINE K CHU)KEHUIO BEreTaTMBHOU Maccehl,
yBSIaHUIO0 U rubenu pacTeHus. JlJaHHbIE COPTA MOTYT
OBITh PEKOMEHIOBAHBI B KAUECTBE PACTEHUM [IJIsI MHO-
KyJIAUY IIPU OATBEPXKAEHUY BUPYJIEHTHOCTU M30-
JATOB P, syringae pv. pisi B xoJle 6aKTePUOJIOTUYECKUX
WCCJIeIOBAHUM C TTOMOIIBI0 TECTA HA TTATOT€HHOCTb.

Ha copTe AM6P03Us He TPOSIBIISAINCH CUMIITO-
MBI 3a60JieBaHUS yepe3 11 CyTOK ITocjie MHOKYJISAIUY,
¥ HU OLHO PacTeHWe B3TOTO COpTa He Morubjo ue-
pes 21 meHb Iocje 3apaxeHusa HeCMOTpPS Ha TOo, UTO
rubesb pacTeHUU APYrux cCOPTOB cocTaBuiia oT 30
o 50%. B manbHelmeM copT AMOGpo3ud IIpeaJjara-
eTcs K IPUMEHEHMI0 B CeJIeKIIY B KaueCTBe JJOHOPa
YCTOWUMBOCTY IIPU CEJIEKIINY HOBBIX COPTOB U JIJI5I BbI-
SIBJIEHUS TEHOB YCTOMYMBOCTHU K 3TOMY (DUTOIATOTEHY.

Fig. 4. Electropherogram showing . !
the PCR result with primers AN7F/AN7R termined on inoculated plants
(a) and internal positive control (b).
1 - Varyag cultivar; 2 — Altaisky Usatiy vars. The presence of the phy-
cultivar; 3 — Astronavt cultivar;

4 — Ambrosia cultivar;

5 — Altaisky izumrud cultivar;

K+ — MONoXuTenbHbI KOHTPoNb amnnudukaumm; K+ — positive amplification control;
K- — oTpuuaTtenbHbiii KOHTPONb amMmnnudukauum; K- — negative amplification control;
K-u — negative clean zone control.

1 genetic weight marker division
GeneRuler 100 bp Plus DNA Ladder
ready-to-use (Thermo Fisher Scientific, ~ ceptible to the phytopathogen
CLUA) (M) =100 bp

The study revealed in-
creased susceptibility to bac-
terial infection in the pea cul-
tivars Varyag, Altaisky Usatiy,
and Astronavt. The plants had
pronounced disease symptoms
leading to a decrease in vege-
tative mass, wilting and death.
These cultivars can be recom-
mended as plants for inoculation
should the virulence of P. syrin-
gae pv. pisi isolates be confirmed
during bacteriological studies
using a pathogenicity test.

The Ambrosia cultivar did
not show disease symptoms for
11 days after inoculation, and
not a single plant of this culti-
var died 21 days after the in-
fection, despite the fact that
the death rate of other cultivars
ranged from 30 to 50%. In the
future, the Ambrosia cultivar is
proposed for use in breeding as
a donor of resistance in the se-
lection of new cultivars and for
identifying genes for resistance
to this phytopathogen.

CONCLUSION
The disease symptoms were de-

of five mid-season pea culti-

topathogen in infected plants
was confirmed using PCR. The
size of DNA fragments spe-
cific for the bacterial blight of
pea pathogen when using PCR
with primers AN7F/AN7R was
272 bp. The cultivars most sus-

(Varyag, Altaisky Usatiy and
Astronavt) are recommended
for use when confirming the virulence of bacteri-
al blight of pea isolates. Based on the results of the
disease development analysis on infected plants and
PCR tests, the Ambrosia cultivar was identified as pro-
mising for use in breeding for resistance to bacterial
blight of pea.
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Puc. 5. CMMNTOMbI Ha IMCTbSAX ropoxa Ha 21-e cyTKu

nocrne 3apaxeHusi wutammom CFBP 2105 P. syringae pv. pisi:
1 - copT Bapsr; 2 — copT AnTanckui ycatblit;

3 — copT AcTpoHaBT; 4 — copT AMb6po3us;

5 — copT AnTalickun usympyg, (goto A.C. Bakaesoit)

Fig. 5.

Symptoms on pea leaves on the 21 day after infection
with the P. syringae pv. pisi strain CFBP 2105:

1 - Varyag cultivar; 2 — Altaisky Usatiy cultivar;

3 - Astronavt cultivar; 4 — Ambrosia cultivar;

5 — Altaisky izumrud cultivar (photos by A.S. Bakaeva)

Ta6J1. 2. [IposiBjieHIEe CUMIITOMOB GaKTEPHUAJIBHOTO 0K0Ta rOPoXa MmocJjie 3apakeHus ITaMMOM
CFBP 2105 P, syringae pv. pisi Ha 21-ii IeHb II0CJIE 3apaKeHU

Homep pacTeHuda

IIposiBieHUe
Copt 1 2 3 4 5 6 7 8 9 10 K- CUMIITOMOB, % TI'uGejb, %
Bapsr yp, T yp 6/c yp,r yp,r 6/c 6/c 6/c ypr yp,T 6/c 60,0 50,0
AnTalicku¥i ycaTeli  yp,T yp,T YP,T yYp,T ypP,T yp 6/c yp 6/c 6/c 6/c 70,0 50,0
AcTpoHaBT yp 6/c yp 6/c yp yp,T yp,T yp,T yp,T yp,T 6/c 80,0 50,0
Ambpo3us yp 6/c 6/c 6/c yp 6/c 6/c 6/c 6/c yp 6/c 30,0 -
Anranickuit usympyn 6/c  yp  6/c  yp,T yp,r yp,r 6/c 6/c yp yp 6/c 60,0 30,0

MpuMeuaHue: yp — yBagaHne pacTeHnin; r — rnbenb pacteHui; 6/c — pacteHus 6e3 cMMNTOMOB.

Table 2. Manifestation of bacterial blight of pea symptoms after infection with the P, syringae
pv. pisi strain CFBP 2105 on the 215 day after infection

Plant number

Symptoms
Cultivar 1 2 3 4 5 6 7 8 9 10 K- manifestation, % Death, %
Varyag pw,d pw w/s  pw,d pw,d w/s w/s w/s pw,d pw,d w/s 60.0 50.0
Altaisky Usatiy  pw,d pw,d pw,d pw,d pw,d pw w/s pw w/S Ww/s Ww/s 70.0 50.0
Astronavt pw w/s pw w/s pw pw,d pw,d pw,d pw,d pw,d w/s 80.0 50.0
Ambrosia pw w/s  Ww/s  WwW/s pw w/s  W/s w/s w/s pw w/s 30.0 -
Altaisky izumrud w/s pw w/s pw,d pw,d pw,d w/s w/s pw pw  W/s 60.0 30.0

Note: pw — plant wilting; d — death; w/s — plants without symptoms.

3AKJ/IIOYEHUE

OrpezeseHbl CUMIITOMBI 3a00JI€eBaHUS HA UHOKYJIUPO-
BaHHBIX PACTEHUSX AT CPEIHECIIEBIX COPTOB r'OPO-
xa. Hanuuue ¢guTonaToreHa B 3apakeHHbBIX PaCTeHU-
X IOATBEPXKAEeHO ¢ roMolbio [TI[P-ananusa. Pasmep
crienU(PUUHBIX IJig BO30ynUTe s 6aKTEPUaATbHOTO
oxxora ropoxa parMeHToB JJHK mpu nmpuMeHeHUU
TILIP c mpaiimepamu AN7F/AN7R coctaBua 272 1I. 0.
Copra, HanboJee BOCIIPUUMUUBBIE K (PUTOTIATOTEHY
(Bapsr, AnTalicKui ycaThbiil 1 ACTPOHABT), PEKOMEHI0-
BaHBbI K UCIIOJIb30BaHUIO [IPU OATBEPKIEHUU BUPY-
JIEHTHOCTY U30JIITOB 6aKTEPUAIBHOTO 0)KOTa TOpoXa.
[To pe3ysnbTaTaM aHa/IM3a pa3BUTHUL 60JIe3HU Ha 3apa-
JKEHHBIX pacTeHUIX U npoBedeHus [11P-TecToB copT
AMOGpo3us oIpe/iesieH KakK ITePCIeKTUBHBIN JJIs HC-
TI0JIb30BAaHUS B CEJIEKIIUY Ha YCTOMUNBOCTD K GaKTe-
puaJIbHOMY 0’KOTy ropoxa.
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