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boyer 200m33w gm0 202 3063M0sb dbmerm@ 63 JobEm®O 0ym ©I9350YdIYO
430090 556g500.

3600 2. be®deols 430090 75685 293MEggds LogdsMmzgemls bgsmslibgs
39M3M583099¢ bmbsdo 2013-2016 (jergddo

29933990 dob3M9d0L Mom©gbmds/yz0mgero Hobgomo boyew
0693030609090 d0b30Mgd0L MoMm©gbMds
239OSR0 Db

bergdo dolbgomo | xs35bgmo doos J3090m | 39bgmo | 3mebgmob

JoOOo | oMo QO MO0
2013 12/3 8/2 32/10 5/1 10/1 - 65/17
2014 6/2 6/1 18/7 4/1 8/2 - 42/13
2015 8/4 8/3 23/8 5/1 8/3 1 52/19
2016 6/2 6/2 21/7 3/1 7/2 - 43/14
bmen 32/11 28/8 92/32 17/4 33/8 11 202/63

399m33gmmo dobg®mgdol 31.2% ULbgsslibgs 0b3gbogmdom 0ym ©s93509dwwo.
3960dm@, Joeseo 96 40%-Bg 06 gbLOZMdO™ 935000 0gm 9,4%, Lodwgseom
06@9bbog3mdom 56w 20-40% gsGREg0do 0bx0E0MdIo ogm 23.8% s dob3zmgdols
QOO IMS3GLMDS - 350 (<20%-BYg) 063 blogMdOM (EOsaEsds 1).
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&0

40
30
20

o M

Bagoco LsEpacar @udoEmn
abifhnbBliogmbs abignblogmds obinnBbogmbs

©053M505 1. Lbgsslibgs 06¢gbliogmdoo 0bgoEomgdymo 8obgmgdols fogro

bbgoobbgs 06@39gblogmdom ogm 0683030MH9dmo bm®dwol dob3z®gdo 3oz
39M2Mx50ME Bmbsdo (sbGowo 3). 390dm, s 0bEgblogmdoo (40.8 - 82.1%)
0YmM  Q99350JOM0o  2odm33egeo  dob3zmgdol oo bsffowo yzgws bmbsdo.
Lodwmoem basdolbbom 0bxgozo®gdmwo dobz®gdol 3MmiEgb@mwo 899339wwmds 10.7-
28.3% g3oMpegddo dg9Mygmds. 990505000 do0so 0b3gblogmds sxgodboMs J3gdm
FoOOLS s Jos JoOmedo (10.8% o 11.7%).

gbMowo 3. Lbgoslibgs 0bEgblogmdom 0bgogo®gdwmo 8obwzmgdol lsghom
Momgbmds (%) 290Ms530v9w bmbgddo

Dmbs 95050 LodoEM Q50
(2030390 gd5>40) | (3530390g0520>40) | (353039wgd<20)
dglbgomo 9.4 28.1 62.5
X93569m0 7.1 10.7 82.1
dod Jomowo 10.8 28.3 60.8
9390 JoGoro 11.7 17.7 76.5
3obgomo 6.1 18.2 69.7

bbgoobbgs  0b3Ggblbogmdom 0bgogo®gdmwo 80obgz®mgdol fowo  godm3zzergzol
Dergdols dobggom dmigdmeros d9-4 gbOodo. bm®mdswwo momgdol gmgger ol
Q9050 0639bLOZMOOM 0gm H5350YOVIEN0. 35FMBs3eoLL Ho®dmoygbl 2015 Fgero,
OmEs  BsdMsEm Bsdolboo 0bxgoi0Mgdwo 3ob3zmgdol 3Mm3gbdmwo 8993390 Mmds
MO dgBo 04m, 3000609 VIO 0bGEHIBLOgMdom 0bg0E0MgdMwo  Jobwgzmgdol
6oEbzo.



gbMowo 4. lbgoslibgs 0bEgblogmdom 0bgogo®gdwmo 8obwzmgdol lsghom
Momgbmds (%) g59m33¢rg30L Hergdol dobggzom

fargdo 35050 Lodwoem QOO0
(3°3630wg05>40) | (353639w020>40) (8°30390gd5<20)

2013 4.6 23.1 72.3

2014 4.8 23.8 71.4

2015 11.5 50.0 38.3

2016 6.9 41.8 51.2

OMamO3 89-2 053635 330639690L, 4y30009w0 9bASMO 0bxoE0MGOIo JobE3zMgdols
439wsDg 3930 Mom©abmds s00bodbs 2015 §garl (36.5%), beagom g439wsbg bogargdo -
2013 Hgeb (26.2%), o3, B3gbo sBMHom, 0dom ogm gob3doMmmdgdmwo, Mmd 2012 {gwb
9B  9MbglogHgwo  3¢00T5GHMOH0  30MMBYOP0  0Ym  Y30m9e0  59basL
3963005930L5mM30L, A9bLSIMMMGdom 30 Jobgmdo [Sikharulidze...2015b] s 2013 fgwb
553500900 3563005090030l 56 0gm Bs3doolo Lofigolbo 0bggdaos.

37
PR
s -t
. ’ il o
2. ceteret?
25
20
15
10
i)
015 2016

013 2014 2

dobroatindol Goghan Yo

ot

fazo
©053M505 2. 068030MHgdMo JobgMgdols Momgbmds 2013-2016 fargddo

99-3  ©053M530@s6 BBL, GMI  gOHPBI0MmI  IBIWO  0gm  Y30mgwo  Fobyomo
0b6g30306098Mwo d0bzM9gdol MoEbzo J3gdm Jos@omls (23.5%) s Jsbgomdo (24.2%),
43905D9 domoo - dglbgmls (34% ) s Jos Jo®omedo (35%).
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AnbBooseanbol Hophon, L

35

5

20

n

b

A fsognEen oalis

Xogbgmn

Dewns
Ao

dapde
e
b g

34 A
' 29
' 24 74
15
10
]

Asbyoan

©O0o3M33s> 3. 0bxozoMgdmmo dobzmgdol LsgMmm MomEgbmds (%) agmaMIBomE

bmbgddo

39933 gMmo  0dbs  OHMmO3  $gOIGOMEo  IgMObgmdgdls s abol  JoGmgdby
5OL9dMEo 30m3gOH 30O bsogligdo, s1939, X0Tms FodmoL Lolgwgdaom bs339009d0.
bmOHdob Bomglindo oMM V3539090 0ygm LofoMmBmm x0dgdom - dYHBMLE0s
1, 305bmscOL 99, sbos, Lows (MMimEo X08900), X930 (598) S WMIMSYMES 123

(L59M5FMOOLM LBYMYII6 25TMORIME0, IMSOMBYdO X 0Jd0).

3500 5. 43000900 7563l 353033930l s 39630mMgdOL 0bEGBLOZ3MdS (%)

bgo0slb3s 3gmaMogowyen Bmbsdo smgliow x0dgdby

Dmbo x0do 23936039 gds, % 2396300056905, %

30096 3. bsoglo | 983e0GMs | LodsErm | 5330 | LETMsEm
S

dglbgomo 09DmbGo051 0-80 30 0-50 30
X9396O0 0-40 10 0-20 10

X935b9m0 | d9DMBES0s1 0-80 40 0-50 40
QUGN NGION 0-70 30 0-30 25
123

doqs 09DmbGo051 0-60 30 0-30 10

JoGowo QOIS QRPIGTON 0-60 40 0-20 5
123
X939M0 0-30 10 0-10 5
365LbmEsMOL 0-70 50 0-40 25
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99
J390™ 09BMbGo0s 1 0-60 30 0-40 20
Joowo WMIDoPMOS 0-50 20 0-20 5
123
(QUTIOMNGION 0-20 5 0-10 1
126
Jobgomo 09BMbGo051 0-20 10 0-30 10
W MIDoPMOS 0-10 5 0-10 5
123
BIONUToTeMlell) 0-40 15 0-40 20
99
Gobos 0-80 30 0-50 20
Logns 0-70 30 0-50 25
X939M0 0-50 10 0-30 5

OmamO3 995 3bOHowosh Bsbl, 93509001  253MEIg00L @S 39B30maMmgdOl
06@9bbogmds  x0dol Fobg30m  (335¢gdSEMAL, TgLodsdolo, 0-80% o 0-50%
0396093 d0. J996M9O00 FoPIE0S Y30mIE0 F9BASL 2530 EId0LS S J9B30MaMgdOL
06@9bbogmds Mo bgedigool x0dgdbg: dYBMLEL0s-1, 3OSLbMPIGMOL 99, Fobos,
Lo @ B53egd0s Jo®rn39w0 Lywgdaombgdmgdols doge dmerm fergddo LsgHmMsTMGOOLM
LSBYMRIO06 oMb  K0dGODY. 9939 “96S 950060 TEML, GMI  Lsbgergdisom
Lob9ERRYIOLS S KOTMS oBMEEOL 359G 55339090DY MBOM oW 0YM O5350JdOL
3936390930l s 396301569008 ™Mby O, 3MTIOGFOMW BoOMMBJOIMID TgIMYdO.
LolgEgdEom LsbgMYY)d0 S XoTms oMol 603MFgdo WIsMILOEO 0gm sbawrzobgdo
(35009, bmGgEo 300EY), sboerdssddo (Lmg.35B0sb0), FsMbgmo (Lmg. EMIMSYMEOD),
dzbgoms (bmx.fow 3960, Lmg. §gHm3zs60), dmGOxmdo (s §o03960), mgwsgzo (Lemg.
BYIAMS), ©JOMREOLHYSOM (bemg. 8533M9w900), FoMId00 (LMY, LoGMOFsW) S
L5IBHMY0s (LMG. OO K¥0bs0d0). 2016 F9wl IOMBEOLHYsOMTo K¥odms A5TMEOL
LOLYE9J3oM 653390Bg Y3090 bl BMTogMo 4930 E3ggds (20-30%) ogoglotMs
X0090D9: M3, SLsbm, 9693, 09BMLEH05-1, Lo 9, MEGBBML s MdoobMo 15.
foe3bol (33bgools Goombo) b/8gm@bgmdols 33eg30m0 (396GHMOL Lsggwr 6533900BY
Qomqboo  Bbgsslbgs Laligergdagom LsbgMaol Bmaogmo 6odMdbg ygzomgwro 6L
2936039wgds 70-90% gomaegddo dghHygmds. 35y., 9.0. “boggeby” LsbgMaggddo 8 IYRTN
@5 9RIYRTN, 6034dq0Dg: dm6OH™3m, 30096, 839096090096, 0bos 66, 35UEHMO s Lb3s,
Q0593500900 2536M39¢gd0l 063 9bLogMds 100%-09 50H939. Y30mIE0 #sbgol oocro
gmbo  0dbs  s0MoEbwo  Fgdm@Geboer  ysBobe  x0d9d0Bg3  (9QTo00,  SEISMOVY,
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5030050050, 306009350). o039mdo  Lolgwgdgom  bobgMaqgdol bmaogdo bodmdby
(BmOHM3M, 30wEIM) 430,90 56358 BMBogMo gogM39egds (20-40%) ©osx0JlLoGMS.
31939, Y3090 o6l BooEr0 493039 gds 5©00b0dbs LEMMOFoEsls s Fo®mbgmerdo
(bmgy.  @MIMoaMMs)  5MLYdIM  Lobgargdzom  Lobghaggddo s xodms  AsdMEEOL
65339909 BmyogHo bodmdby.

MOMamO3 3300930L 9900039006 BB, 2013-2016 {iewgddo ygzomgero 965 Lodmswmo

Q905¢0 06@9L03MdO® 0ym o3M(39egdY0 LbdJoMMZgrmTo. MmEbLg MBOM Josero
0Y4m  Q9395JO0L 253039900l mbg 2015 §guml, dbgoglo bbgosslbgs J399bobs
(0bomgmo, BG. 536030l J3946900, FMOM3IM), LOOE 935©JdOL 63056 gdOL
95050 MbY 500bodbs ( http://rusttracker.cimmyt.org/?page_id=9).

2004-2006 §gddo bm®dol 4300090 Hobgols 49b30meMmgds Logs@mzgermdo sl939
39P0M©OMo  0gm s JgLodsA0LOE, VIO  0gMm  Fog3MEIXgool  0bEHbLogMds
[Gorgiladze ...2007], bomgom b5yosdz0eol s Lbgoms sHM0m, bmMdwols ygomge
39630  BO®M  BgOombBM  ©939JIL oMoy gbs  1987-1990  femgddo
[Naskidashvili...2001].

9099b9g93500 0dobs, MHMI Y3090 6o 39339560580 S o FmMOL, LodsGmM3zgErmdo
OO bsbos 9MLYdMdL [Zhukovsky, 1965; Stubbs, 1985], 8s6 LgMombmmo Lsgmomby
be®dol §o6dmgdsl 396GMG sDosls s Lsdbemgo 3933580500 dmewm 15 Farols
3963530 m™ds5do (1998, 2000, 2005, 2009 s 2010) dgmddbs obdocMmgdemo 930@gdogdols
Lboboo [Ziyaev...2011], H®Igerms 9oOYmuomo 253wgbs Lodos®mgguwmdos s00bodbs
[Sikharulidze...2009]. 2009-2010 b539293°30M 396000 gsbls3zmmMgdom bgwboy®gwro
5©0dmPbs  bm®mdEOL 4300090 960l 2ob30005MgdOLMZOL  Y3zgers  2odm3zErgeE
39M3M5x0ME  BMmbsdo.  godmizergmmo  dob3zmgdol 79% 0bxzoEo®gdmwo  ogm
430090 5650, goblogMmEmgdom oo 0b@Egblogmds soMoibs 2010 ferols
ds0LLs s 0360l 30639 bobggs®do [Sikharulidze...2014].

g430m9o 560l 49630m9Mgdol  Fowowo  mbg  sobodbs 2000 gl  5d3-ob
390G ME 5 50dMLIggm Bfoedo, BsoE GHMIWPOEBEOMEII® Y30MIIO 5obgs 56
SOMOEHYS 53 5EY0GOOLIMZOL HTobOl0SMYOYE0 359MHOL Fooero 3ga3gMsd ol
2500 [Chen...2002; Chen, 2005]. 9m@3056980m, dmg3m@wy®o &H9dbmwmyool (AFLP)
3990g9gb690000 ©950R0b69L, MM b 499Mf39MEP0 0YM 35MPIBOL 3MIMW (30530 SHsEO
320900 35mMmBH03900L  2sdmBgbom, OHMIgEms  B3MMGd0  doE0sb  LiMLRs©
96530905 ©> 0BMHEYds s 339  35MBH039db  FgsMgd0m MBOM  FoMOEO
Mm3@00ommo  $H9d3ghod e LFoMEads  obgomomgdolomgol  [Markell...2008].
5396005, OH™MI O™ drem Hergddo 99odhbg3zs 35900l oMo FH9d3geoEEMslomsb P.
Striiformis-ol 9939995 [Milus...2009; Sorensen, 2012]. Gglodergdgaros, 03039 dmbsBMHHds
399000g35L  LodoMmggarmdo 253039 goE  3M3YSE0LmIb 353300 gdOMS(3,

oo6 2010 Fgl, GMmEs Y3090 960l 93090058 3dmbs saowo, 35960l
13



B399 Mm© o050 G9d39MeGYIMS IB0JLOM®S. 3960dM, 0360L-03wolol bydrsEM
A99390o@Ms  26°C-ob  Gmewo oy  (http://nea.gov.ge/ge/news/detailed/643/haeris-
magsimaluri-temperatura). 09935  ,JoOMMWO“  0HBMEWIFGHIOOL  SMILOMEIMDdOL
396930300 330935 96 BSBHIMGOMs, Mo ImTo35¢d0s golioggmgdgeno.

506000, 2014-2016 (igwgddo  bm®dEol  g30m9wo 6ol 493039 gdol s
396300560900l ©Mbg LsdMsErm F5B39690gd0L JobgE300 IBSEO 0gm. TJIMGOOM
oo 06@gblogmds 2016 fgel, dos JoOomedo, Lobgargdsom bobgMaqqdty
500M03bs. 796858030l TobolinsMYOIE0 93M(39eJdOL 39MEH0ZOCMMO DMbIEIMDS
bl Mfymdl  Lsfgobo  0bgxggdiool, 96 MOIObosLEHIOOL  TgbsMBMbgdsly o
bgbogMger 306Hmd9030 dol EoyMM3gdsL.

2. bogdotmm3gemdo 353039090990 beMdErol 430,90 75658 3m3wyesiools
3500m3H034IMH0 5 30O gbE MO LGMYIIEHMES

2013-2016 §ergddo b 4gma®sgome HDmbsdo  (Aglbgmo, xsg3sbgmo, 3sbgmo, doqs
JoOoo s 4399m JoGmo) sOLYdIMEo bm®mdEol bomgligdosb Jgamm3zgdMwo
609390096 Len  asdmygmzgowo 0dbs bmMdwol g4z00m9mwo  F9basl  godmdfzgzol
Puccinia striiformis f. sp.tritici-ob 226 9mbmb3dm®Mm3s60 o0BmEs@Go, oo  dmOob,
dglbgool, x935bgmol, Fos  JoGmob, J3gdm  JoGom@wol ©s 3obgmol  Bmbsdo
39303399390 3M3s30090, TgLodsdols©, podmazysgoom 64, 41, 61, 34 o 26
9mbml3dmMOH™Mz560 0BmwsE0. Y4z9ws IMbMmoBMWsEOL  30MHEgbEHMOoL  Fglfagwols
doBbom 0BMEsBHJOO  go3bsE0BES  bMOMDdEOL yzomgero  obyolsdo o 3geo
399degmdol 2960l (bmer 23 Yr-g960) d993339c0 0BMYgbmO bsbgdol s x0d-
ORIMI6305GHMOMs  LOgMHDITMOOLMm  6530M9gdol  Lodwmomgdom. gl 496900  sG0OL
GobOL3YEOB0IMMO S LH35ILLZS Lo3slbm Mgod0oL 0dwg3006 Puccinia striiformis-ols
9bML3MOMZ560 0BMEsEHJd0m 0bMmFMEs300LsL.

bmOdol y30m9e0 75625L 226 0Bmmo@ol 306099 gb@ ™Mool go565¢00Bgd0l dggyo©
33530580 00g6GH0R03E0MYOWMo 0465 37 350mMmEH030. 439wsbg Jomoeo LobdoMom
(30.1%) §omImagbocro ogm m®o - GPstl, 306m@gb@EHmdol gm™dmwom Yr 1, Yr5, Yr
10, Yr 12, Yr 15, Yr24, Yr26, YrSP, YrAR,/Yr2 YrS3 Yr3a Yré6 Yr7, Yr8 Yr9 Yril,
Yr 17, Yr 18, Yr SK, Yr JR, Yr ]S, Yr AS s GPst 2 (20.6%), ®H™3dgw8oi Yrli0 oym
3060 963)©0. 1.3%-0b 11.1%-89g dgygmds PstG 1, PstG 2, PstG 3, PstG 4, PstG 5,
PstG 6, PstG 7, PstG 8, PstG 9, PstG 11, PstG 14 o PstG 15 3so00m@H03gdol Lobdomy.
do0sb 0o ogm GPst 10, GPstl2, GPst13 s GPstl6 3s00m@H03900L dgbgqgcols
Lobdomg (0.9%). momm 0bmws@Gom ogm FomImnagbowo ©sbsdBgbo 21 dsmm@GHodo
(3bGowo 6).
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3bMoo 6. benMdols y300gero b0l 358cmdfj3930L 3m3mEs300l 3500mEH03w)MHO

BEAHOMJGHOs 2013-2016 fergddo

# | 3500m@H030 3500ME0305 3066 EHMO0L BMETMS Lbobdog
65©-05 | %

1 | pstGl 1,51012,1524,26, SPAR, /2,3, 33,6, 7, 8, 9, 11, 17, 68 30.1
18, SKJR, JS, AS

2 | pstG2 1,5, 12152426 SPAR, /2,3, 33,6, 7,8 9,10, 11, 17, 46 20.4
185K, JR ]S, AS

3 | pstG3 1,510,12,1524, 26, AR /2,3, 32 6,7,8,9,11,17,18, SP, 25 11.1
SK, IR, IS AS,

4 | pstG4 1,32,5,10,12,15,24,26,17, SPAR,, /2,3,6, 7,8 9,11, 17, 16 7.1
18 SK, JRJS,AS

5 | pstG5 1,5,10,12,15,24,26 /2,3a,3, 6,7,8,9,11,17,18,5K, JR.]S, 10 4.4
AS, SP, AR

6 | pstG6 1,3a,5,10,12,24,26,5P, AR, /2,3,6,7,8,9,11,15,17,18, SK, 7 3.1
JRJS, AS

8 | pstG8 1,3a,5, 9,10,12,15,24, 26, AR, SP/2,3,6,7,8, 11,17,18, 6 2.7
SK, JRJS, AS,

7 | pstG7 1,3a,5,10, 11,12,15,24,26,SP AR, / 2,3,6,7,8,9, 17, 18, 5 2.2
SK, JR, JS,AS

9 | pstGY 1, 3a, 5, 10,12,15,24,26,SP, SK AR,/2, 3,6,7,8,9, 11, 17, 5 2.2
18 JR ]S, AS

10 | pstG11 1,3a,5,10,12,15, 18,24,26,AR, SK,/2,3,6,7,8, 9,11,17, 3 1.3
SP,JR S, AS

11 | pstG14 1,33,5,10,11,12,15, , SPAR/2,3,6,7,8,9, 17,18,24,26, 3 1.3
SK, JR ]S, AS

12 | pstG15 1,32,5,10,12,15,24, SP.AR, / 2,3,6,7,8,9,11,17,18, 26, 3 1.3
SK, JRJS,AS

13 | pstG10 1,5,10,12,1524,26,SP AR, SK /2,3, , 33, 6, 7, 8, 9, 11, 2 0.9
1718, ,JRJSAS

14 | pstG12 1,3a,5,10,12,15,24,26,17,18, SK,SP, AR 2 0.9
/2,3,6,7,89,11JR, JS, AS

15 | pstG13 1,32,5,10,12,15, 17, 24,5P, AR /2,3,6,7,8,9,11, 18, 26, 2 0.9
SK, JR]S, AS,

16 | pstGl6 1,32,5,10,12,15,26, SPAR/2,3,6,7,8 9,11,17,18,24, SK, 2 0.9
JR, ]S, AS

17 | pstG17 1,5,10,12,15,24,26,5P/2,3, 3a,6,7,8 9,11, 17,18, 5K, 1 0.4
IR IS,AS, AR

18 | pstl8 1,3a,5,10,12,24,26,5P,SK,AR /2,3,6,7,8,9,11,15,17, 18, 1 0.4
JRJS,AS

19 | pstG20 1,5,12,152426,SP/2,3, 33,6, 7,8, 9, 10,11,17,18, SK, 1 0.4
ARJR, JS, AS

20 | pstG21 1,510, 1526,SPAR/2.3 3a, 6,7, 8 9,11, 121718, 1 0.4
24, SKJR, ]S, AS

21 | pstG22 1,5, ,911,10,12,1524,26, SPAR, /2,3, 3a, 6, 7, 8, 17, 1 0.4
18SKJR, ]S, AS
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22 | pstG23 1, 5,15,24,26,SP.AR/2,3,34,6, 7, 8,9,10,12,11,17,18,SK 1 0.4
JR, ]S, AS

23 | pstG24 1,5, 2426SPAR, /23 33,6 7,8 9, 10121511, 17, 1 0.4
18,SKJR, JS, AS

24 | pstG25 1,51012 2426,SP,/2.3 3a, 6,7, 8 911, 15,17,18, 1 0.4
SK, JR, JS, ARAS

25 | pstG26 1,5,10,12,15, 26,AR /2.3 3a, 6, 7, 8, 9,11,17,18, 24, 1 0.4
SP.SKJR, JS, AS

26 | pstG27 1,5,10,1215,5P, /23, 3a, 6,7, 8, 9,11,17,18, 24,26, 1 0.4
ARSK, JR, ]S, AS

27 | pstG28 1,5, 12152426SP, /2.3 3a, 6,7, 8 9 10,11,17,18, 1 0.4
AR,SKJR, JS, AS

28 | pstG29 1,5, 12152426AR/2.3 33,6, 7,8, 9, 10,11,17,18, 1 0.4
SP.SKJR, JS, AS

29 | pstG30 1,5, 9 121524 26,SP.AR, /2.3, 34, 6,7, 8 10,11,17, 1 0.4
18,SKJR, JS, AS

30 | pstG3l 1,510, 11,17,12,15,24,26,SP,AR, /2.3, 34,6, 7, 8, 9, 1 0.4
18,SKJR, JS, AS

31 | pstG32 1,5 911,17,10,12,1524.26,SP.AR, /2.3, 33,6, 7, 8, 1 0.4
18,SKJR, JS, AS

32 | pstG33 1,510, 11, 18,12,15,24.26,SP.AR, / 2.3, 33, 6,7, 8, 9, 1 0.4
17, SKJR, JS, AS

33 | pstG34 1,5,10,12,15,17,18, 24.26,SP, AR/ 2,3, 31, 6, 7, 8, 9,11, 1 0.4
SKJR, ]S, AS,

34 | pstG35 1,5, 910,12,152426,SPAR, SK/2.3 3a 6,7, 8, 1 0.4
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Moro (W; Yr10)
Yr 10/6* Avocet S Yr10
Spalding Prolific(W; YrSP)
PASTOR Yr31+

OmamO3 39-9 3bO0wosd BbL, INBOO FsBsdo yz0mgEro 96ASL dbgdMoz0
3M3M5300L50d0 25ddeg 5©0dMmBbEs 39bgdo: YrI (0BMYgbGo bobo Yrl/6*Avocet S o
x0do Chinesel66), Y72 ( Kalyansona (S) oo Heines VII), Yr3a (Vilmorin 23), Yr4 (Hybrid

46), Yr 5 (Yr 5/6* Avocet S, Triticum Spelta ), Yr10 (Yr 10/6* Avocet S, Moro) Yrl5 (Yr
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15/6* Avocet S), Yrl7 (Yr 17/6* AOC), Yr25(IP1295), Yr32 (Carstens V ), YrSP (Spalding
Prolific, YrSP/6*Avocet S), YrAR (Avocet ‘R’, Inia 66) o 530Mgm39, ©3bmo®o Lgwrgdsool
x00900: Cham 1, Cham 4, Cham 6, Cham 8, Gobustan, Alamout, Bohouth 6, Gereck 79,
Hogenoot, Gun 91, Dustlik, Tatara CMS85836-50Y, Suwon92/Omar, ®mdwgdog
DoM3o@gd00 99odegds  0gbsl 99mygbgdmeo bgargdosdo sbosgro 2sdderg x0dgdol
9d009dol dobbom. 5939 Mbs 993608bmm, MMT S©0IMbs3960L BB d9bqd0 Y72, Yr3a,
Yri0, Yr8 Yr9 Yri7 5659894396900 ogm.

50235650, LogoMmM39w ™o 493039000 BMOBEIOL 430090 5obaols 3M3wMsE0s
Dmdogmo 3009w gbGMM0s,  Lodwmomm 13 3060w gb@modol  g9blb  dgoEagl.
50dmbs3gbol BsHsdo MRMM FosEro 0gm 2oddErgmdol 396900Lsdo  306MMEIGBEHMDS,
bom  InbOo Bsbsdo  99gamgdom  Bogergdo  453dergmdol  aqbolado
306099 gbBHMds 0gdbs 90MHOEbWo. OIOLIMZ0L  0IBGHOROEFMJIMWOS  Y3009WO
59bgolodo  4sddwgmdol 49 ggbo  [Powel, 2010], domob, BgzabL  306MHMd9gddo
d9LPogoos 26 goddegmdol a9b0. dmem 25 {igwol dsbdoebyg Lods®mgzgwrmdo
393039JOMYWO 333008 30O gbBHMIOL MbY 250DIM©s. v 90-056 (iergddo
30606900 3500mEH03900 Lsdo 29bolsh d9ygdmes [Naskidashvili...2001], 2009
Parsdog 10-13  908degmdol  a9bolsdo  3060gbBHMds  0gm  ©IROJLOMGIYWO
[Sikharulidze...2009], bmeeem  2013-2016  (engddo  3oomagbols  dm3wmarszosdo 20
399degmdol 9bolodo 30609 gbEMds S0MOEbs. gl Boddo dgodEgds 0dom s0bLbsL,
Omd 90-006 §ergdsdg 396M0m©do 4930w gdom d9¢ BsOMMdBY (300 50.35) oym
QOIMILOO bm®MdIO ©S JOMOMIIE, TBMEPM© OHMLo X0do dYHBMbE0s 1
0009LgdMEs.  FMY3056900m, TJIMJO0  FoRIOMMZEs  JMIgME30E  Jobwgmgdy
omgboo  x0dgdol  139dBHEMO  (OMOMOI®, J3Ws3 OMLvo  x009gd0  0gbs
399m@Hsboo), mmd3s 3500 396MmEH030 96 49bLb353IOMPS BGBMUES0S 1-996.

3993 gmdol 296900l  9BIJAHMO™MDS  sTMIO0IOE0s  3500MYgbols  3Mm3MEs300L
3902960@MmdsLy s 3060 gbEMOsBg  [Mclntosh...1995].  5d9sb  250mI0bsmy,
bbgo@olbgs  Jgqgsbsdo  Lbgssolibgoazstos  ygzomgmo 7960l 306099egbEIMHo
LEAHOMIAHMOS, ©MI0BOMYPIMWO 35MMFBH03JO0 5 Y30JE0 Fobgolivdo sddegmdol
396900l 9539JGHMOMdsE 2oblb3939d0s. Fogowoms, 2011-2015 Fergddo gsbobgmdo
[Pcanues...2015, Ziyaev...2011, Kokhmetova...2010; Yahaoui, 2003], 9963560530 [Flath...
2015] o Jobssdo [Brar..2016],  Logo®ongguoml  dbasgboc [Sikharulidze...2012;
Natsarishvili...2015], 9g39d@«®o ogym Yr5, Yr 10, 15, 24, SP, G:mIwgdog FsOHO™MO
3°9m09gbgds Lgargdzosdo. dmgwro Goao J39969d0Lgsh (gudsbgmo, 839wgmo, wo@zs,
WsBA3d, bmM39a05, ©s60s, MMMJgmo, MHdY3gM0, gmom30s) B3960  JM3MEsE0s
3obLbge3wgds Yrl ggbom, MMIgerog 59 439969080 5099839JGO0s(Www.wheatrust.org.).
091049080, J0MO0MIEIW, 293MEFIXIOME0s 350M G030, MMIgwoE 3060 gbEG M0
399degmdol a9bgdobodo  Yr 2, 3, 4, 6, 7, 9, 11, 12, 17, 18 25 32, Sp YrA s
5300w 9b@M®0s Yr 8, 27 808s60:m. 2014 ol ormedgomdo gobbs sboero 9.§). ,,warrior”
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by : Yr 1, 2, 3 4 6 7 9 17 25 32, SP, YrvS [Mert..2014]. Lsdo®mnggermdo
39303993 430090 sbgols 3M3MEs305d0 56 0gm SMOHOEbBNIO sbowo Moligdo
PstS2 oo ,,warrior”.

3. 43090 756958 AMZ5eRgOM3bgdOL Fgloges dmeng3MeEyMo 956 39MHgd00
bmOd0ol y30m9geo 75625L 459ma)H3930L 4969¢03M0 dM035R9MHM36900L dglfogzerol
90Bb00 bmo 49MyM9530w0 BMmbosb godmygmaowo 35 obmws@o(Mstl, Mstla, Mst2,
Mst3, Mst4, Mst5, Mst5a, Mst6, Mst7, Mst8, JPST1 JPST2 JPST3, JPST4, JPST4a, JPSTS,
JPST8, SKPST1, SKPST1b, SKPST2, SKPST3, SKPST3a, SKPST4, SKPST5, SKPST9,
QKPST1, QKPST2, QKPST3, QKPST4, QKPST7, QKPST8, KPST1, KPST2, KPSTS3,
KPST33) 29965¢00%s 12 SSR 8s63960L (R]3, RJ4, RJ5, RJ15, RJ18, RJ20, RJ21, RJ22,
SUNIPst 05-47, Scaffold 45-273492, SUNIPst 15-30, Scaffold176-11303) ULodvyoemgdoon.
3990y9gbgdmwo 35639609000 dbmerm@ 943uds dom3gmds (R]3, RJ4, RJ18, RJ20, RJ21,
RJ22) $o6dmgdbs 583¢0093035300L 360 w9d3H900, GMIGEms HBmdgoo (335¢905MIWOS
70-56 1000bp-0¢0g. 29965000930 0BMEsBdol  F0ge  5330gB0(30MYOM0
0365309639008 ®oEbzo o DMy (335¢gdSEMIPS  odMmYgbgdo  3M50TgMHgdOL
dobgzom (LMosmo  2). by  gdzbo  Bbgsslbgs  Bmdol  $33eroxz0306090w0
RM52996E0 Fodmgdbs 0bmesgdds, 39MHdme, dgbgmol 3m3ms3E00sb odmygmagom
10 0%BmEsGHdo 09bGHO0R0E0M©s gd3bo3g BmAol s83¢o3mbo: 900bp s 470bp Bmdols
000M-00m™ SSR 396m@E030; 320bp @5 70bp bmdol bym-bymo SSR g9bm@Eodo; 200bp
@5 250bp DBmdol mmb-cmmb  SSR a9bm@od0;  x93sbgmdo  go3MmEgwrgd o
3353000056 98Mmygmx0wds 7 0BMEs@ds Ho®Bmddbs mmbo sd3ewozmbo: 320bp s
70bp Bm3ol mmb-mmb SSR ggbm@odo s 200bp s 250bp bmdol Lod-Lsdo SSR
3960m@G030; 0 JoOHMNEOL 3033000 2odmgmBo M35 0DMWIGH0IL  bwm
0bMws@do 50dmbgboero 0dbs 320bp s 70bp bmdol bym-bmomo SSR gqbm@odo, bmerm
b8 oBmEsGdo - 200bp s 250bp Bmdol SSR  99bmGH03900; J390m  JoGool
3M3MWS3000056 459MYMBOE0 6 0BMESBH0WIB, JOHMTs 0BMWHETs Ho®dmddbs 900bp
@5 470bp Bmdol 583¢r03mbo, 1> 0BmsEds - 70bp s 320bp Bmdol byd-bsdo
59303060 @5 Mm®Bs 0bMsEds - 200bp s 250bp BmAol 533eo3mbo;
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bm®soo 2. Puccinia striiformis £ sp. tritici 35 0Bos@ol  593¢r0g03s53ool
360dBHgdo

Jobgmdo 39303990 3o00Mmygbol  3M3MEs300ID  4o9bsE0BYdMEo  mmb
0B do, syMgm3Y, 59305030090 Mwo  odbs  gdgbo  Lbgoslbgs  bmdol
RMod96&0: 900bp, 470bp, 320bp s 70bp BMIol MoNMm-momMm BGMLAd96EHO s 200bp
5 250bp Bmdol mE-60o 36Msad9630;

Puccinia striiformis -0b 0bMmWsEgdolL FogH 5330R03530M090Mw0  3OHMOYYIEgool
3bGHYOMEOo 565¢0Bol F99gd0L MbsbTs 0bBMsEHJdOL OO MIMSZGLMDS
96035690 Agoglos. doo JmEmol Abgsglgdol 3mgn0309bG0 0.46-1.0 BoGygddo ogm.
3M3MWH30500 MO0 JOMOMIPO  JWSLBHIM0  2odMm0339ms. 300390 3WsbiBYMO,
Gmdgedoi  Fomoo  dbgoglgdol 0BmWsEJO0  2o9MHM0sbEs, ™ogol  dbMog, e
J3IXJIBI@  0gMBMs. 9O J3gxXeNBI0  39gHM0bEs  0©IBHYMO(BLYZLIdOL
3M9803096@0-1.0)  3GMmzowgdol dJmbg 0Bms@gdo (Mstl, Mstla, Mst3, Mst4, Mst5,
JPST4a, JPSTS, JPST8, SKPST1, SKPST1b, SKPST2, SKPST3a, SKPST4, QKPST2, QKPST3,
QKPST4, KPST1) s 89m69 x2958330 500mhbs obmws@gdo ( Mst2, Mstda, Mst6, Mst7,
JPST3, JPST4, JPST5, JPST8, SKPST3, SKPST5, SKPST9, QKPST7, QKPST8, KPST2,
KPST3) ®mdgeoms dm®ol dbgoglbgds 0.72-0.88 gobmaqddo oym. 99gmeg 3esbidg®do
503mBby Lsdo oBmws@o (Mst8, QKPST1, KPST33), ®m@Iwmgdos 9439wsbg Mxcmm
3o6lb3s390wo  0ogm  ©B6sMBRgbo  0DBMsBHJOoLASD  BoMGH030  Fgbodsdolbmdols
3M9%303096¢0L(0.46) dobgz0m.
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UPGMA

| Ms8B()

KPST33 (

QKPST1 (
0 0
‘ JPST3()
KPST3()
QKPST8 (
Mst7 ()
SKPST9 (
JPST8 ()
Mst5a ()
Mst6 ()
SKPST3 (
Mst2 ()
SKPSTS (
JPSTS ()
KPST2 ()
QKPST7 (
JPST4a ()
JPST4 ()
JPSTL()
JPST2()
QKPST3 (

QKPST2(
Mstd ()
Mst5 ()
KPSTL ()
Mst3 ()
SKPST2 (
SKPSTL (
Mstla ()
Mstl ()
SKPST1b
SKPST4 (
QKPST4 (

[ l T T I T |
0,28 04 0,52 0,64 0,76 0,88 1

Simple Matching Coefficient

bmGoomo 3. Puccinia striiformis £ sp. tritici 5b3s@sb3s 49ma®ms530v9wo [sGdmdmdol
35 0BMEdEoL dmerg3mEmmo 36hmzoegdol dugsgligdol EgbommyMmsds

503500,  Puccinia  striiformis 3060w gb@G™dol  60dbom  @obslosmgdMo
96535xR9MM36900L  3sB39690egdo s I3 HO  Bs639M9d0L  dobgzom
39965¢00H90M0  3mwodmOHBoBIo §HTbgm™Mb Fglsdsdolbmdsdos. LodsGmzgarmdo

3930399090 Y300 560l 330300l B350 RIMM369d0L MbY dSW0S.

4. beardgools Bsligengdgom dslisenols 08wbmemyor®o dgxuoligds

4.1 bm®drol bsgmmsdmMOLM BsbgMaggdol gsddegmdol odm3Es Bagdsmmzggumdo
3930390900 4300m9er0 Fobysls 3m3mersEoolisdo

2011-2015 {gwgddo  300@0bsrgmdEs  bemMdol  gomdxmdglgdol  LogmmodmEolm
3963®M900s6 (CIMMYT, ICARDA) 80093990 9339329 GHo@)mo s  bsdgdmamadm
be®deol  LobgMaqqdol - 17FAWWON-SA, 19FAWWON-SA o  3mbogeosbmdols
LobgMa99d0l - 20HRWYT, 17IWWYT-IR, 1st-CACWWYT 29693037960 3m@gbioswols
dgbPogams  Lodomgzgerml  306MMmdgddo, o0 FmMob,  Lbgoolbgs  ©9935009d0BsI0
(5962900, Bg3GHMOOMDBO, b53560) goddergmdols mbol Tgifogwrs.
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50b0dbmo  LsbgMyggd0sb B30l Boge 9sdmEBgmwo odbs yzomgwro  F9bsLodo
2oddewg  om®IgBHo  bodwdo:  Attila*2/P8-20HRWYT-5,  Tacupeto-F2001/6/CNDO-
20HRWYT-225, 19FAWWON-SA-79, Kinaci-97, 177IWWYT-IR-9803, Amsel/TUI//... LG-44,
17TIWWYT-IR-9803; HBK0935W-24, KR-11 -9043, KR11-003, KR11-014, KR11-015, Shafag 2
©553500900L5A0 95300l G030L, 99350 gd0L  A9B30mMMGOOL  0bEFIBLOZMdOL s
069399d309M™d0L 3m9530:309630L dobgzom (sbMowro 10).

3gbMowo 10. LsgHmsdmmole LsbyMaggd0wH gsdmEBIMMOo 50Ol g30m9Eo F9b Lo
358d¢0gmdol Fobolinsmgdergdo

N 6odmdo o608 TMds| 53500900 (0639J30OMdol|  AUPDC
Logdo 3M958030906GH0
6954309 (CI)
1 19FAWWON-SA-79 ICARDA 10MS 8 420
2 Attila*2/P8 -20HRWYT-5 ICARDA 5MR 2 130
3 Kinaci-97, 17IWWYT-IR- ICARDA 20MR 8 385
9803
Tacupeto-F2001/6/CNDO, ICARDA R 0.2 22

4 20HRWYT-225

5 Amsel/TUL//.... LG-44 ICARDA R 0.2 22
6 17TWWYT-IR-9803; ICARDA R 0.2 22
HBK0935W-24

7 KR-11 -9043 ICARDA 5MR 2.0 42
8 KR11-003 ICARDA R 0.2 22
9 KR11-9014 ICARDA R 0.2 22
10 | KR11-9015 ICARDA 5MR 2.0 42
11 | Shafag 2 ICARDA R 0.2 22
12 [I7FAWWON-SA- CUPRA- 10 MR -MS 8 220

1/3/CROC1/AE.SQUARROSA

(224)// 2*OPATA/ 4

PANTHEON

OmamOm3 99-10 gbMHoosbh hsbL, gd3uds 60ddds (KR11-003, KR11-014, Tacupeto-
F2001/6/CNDO-20HRWYT-225, Shafag 2, 17IWWYT-IR-9803-HBK0935W-24, Amsel/
TUI//...LG-44) 2500530065 g58dwg (R) 0954305, 35¢0056 @050 0b653930960mdob
3M99803096¢0 (0.2) s AUPDC. Ls8mswm 53deg (MR) Ggodios 983965 mobds
609.93dds: KR11-015, KR11-9043, Attila*2/P8 -20HRWYT-5, Kinaci-97, 17IWWYT-IR-9803.
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asdmpoowo bodwdgdo

s AP

©O0536535 8. LgMmmsdmEmolicm bobyMyggd0sb 35dmMBymmo 60ddgdols 0bggdzorMmdol
30930309630 (CI) ©s 593500900 25630m5M9d0l IMMEI390s BsMonmdo (AUPDC)

9500 06539430960 Md0L 3M9530309D6GH0 (339¢905MOES 2-8 RsMYgddo, bmewem AUDPC
42-0096 385-0009 996MY49mdS (Q0sGMds 8).  50b0odbeo sbslinsmgdwrgdols dobgzom
390mMBgmwo  smo  bodmbo  gzomgwo  Hobgoliscdo  Loggwrg  39ddergmdol  ddmbyg
396m@G039005. 2 60ddds 563965 LBodmsem 30dPVGOO MJoJ30d B0 0bFHYbLogMdOM
(I0MS), sb939 9350 0gm 06%39J30OMdOL 3mgz0309bE0 (CI =2) s AUPDC =220).

2013-2015 1539293530 39M0MEA0 BOGHM350MEWMY00l @S d0MIMS35¢RgM™m369d0L
0bLGHOGMGHOL  Losgger  bo3zgmbg  dglfsgwrowo  odbs
3999 gmdom godm®mBgMo ggbm@H03gdol bbgoalbgs Lsdgm®mbgm dobslboosmgdgwo s

65d@gbodg  Lobgmyosb

BoGo®@s 3530 93MEMma0M0 25dm3Es Led Dmbsdo: dglbgmdo (sbsg30bY), X o35bgmLS
(sboandoodo) s dos Jo@omerdo (Ibgos, for3sbo). 49bm@EHodgdo sbslosmgdmeo
0965 530530l LogMdol, 1930300 BoM33¢go0L MHHM©YbMdOL, 1000 ds®E3wrol dslols
Q5 8mb53e06Mmd0L Lydrsem sbgz9690wgdol Jobgz0m. 50bodbwmwo dsB396939d0l
dobg30m Y39ms odmEEowo 39bm@GHodo 50gdsGHgom®s X03-UEBEIOE  dBMUE0s
1-b (gbGowo 11).

3gbMoo 11. LsgMomsdm®obe LssbgMaggdosb gsdm®Bgmero bodvdgdol g3memyom®o

299m3ol dgaagdo
# 6odmdo 93965(0L | 530030l | sgmgdo |1000 bsd.
bodomeng, | bLog™dy, 0o33qn.  |39mE3.  [Gmbsgsero,
L L3 -0 dsbo, (6) | G/3s
1 | KR11-9014 95+0.12 9.7+0.16 | 44.8+0.1 | 42.5+0.5 |5.0+0.14
2 | KR-11-9043 90+0.11 8.6+0.16 | 48.8+0.1 | 45.8+0.1 |5.4+0.16
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1 6

3 | KR11-003 85+0.09 11.3+2.7 | 50.6+0.1 | 44.7+0.2 | 5.5+0.01
7
4 | Attila*2/P8 - 80+0.22 9.8+0.13 | 49.4+0.9 | 40.2:t0.4 | 5.0+0.13
20HRWYT-5

5 | Kinaci-97, 17IWWYT- | 90+0.12 10.7+0.08 | 54.8+0.7 | 47.1+0.2 | 5.1+0.19

IR-9803 5 5
6 | Tacupeto- 95+0.12 11.8+0.21 | 42.2+0.6 | 45.0+0.1 | 5.8+0.17
F2001/6/CNDO, 5 8

20HRWYT-225

7 | Amsel/TUI//...LG-44 | 85+0.13 9.7+1.2 48.8+0.8 | 42.8+0.5 | 5.3+0.1

8 | 1I7FAWWON-SA- 100+0.18 | 10.5+2.24 | 65.5+0.7 | 48.5+0.0 | 6.2+0.14
CUPRA- 5 9
1/3/CROC1/AE.SQUAR
ROSA (224)//
2*OPATA/ 4
/PANTHEON

9| 39BMLES0s 90+0.005 | 7.8+0.11 37.8+0.0 | 40.5+0,6 | 4.1+0.12
1(LEGH9bIOEHO) 5 1

LSDos 1.6 LSDos — | LSDos — | LSDos —
LSDos —1.6 0.9 1.7 0.4

LSDo: — | LSDo1 — LSDo1 —
LSDo1 —2.2 1.3 1.9 0.6

339 8mbsigdms oldgmlomwo sbsobol (9hm- s mORsJGHMO0s60 ANOVA)
090929006 0obsbdoe F  xgod@omdo > F  ogmeomwmdg, g.0. 35839690900
29609m©909d0l  Jobgzom  IMLYIOMOIE  JoBLLZEZYIMPS, 9353930l Loy®mAol
LMo 33969090 (339¢0gdsEMBdS 8.6-11.8 LA Gobrgddo s 95% bmdol
5EBd5MMBOLIMZ0L  MIF0MGLO  SOBYOOMO goblibgsggds - LSDos ogm 1.6, bmewm 99%
Bmdol 5¢d5mMmdoLsM30L LSDar 3o - 2.2, sbg3g 89Mygmds meg3mogdo dstM33e0gdols
Lodwmoeem d5B39690egd0 296m@GH039d0l dobgz00 42.12-0sb 65.5-09 s 95% Bomdol
55 MIOLIMZ0L  MI30MHJLO  SOBYOOMO  Foblibgsgzgds - LSDws=0.9 ©s 99% bomdol
5ed5mMd0Lsm30L  LSDor =1.3. 256lbgs390mmo ogm  byggwo bodxwdgdool 1000
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956330l dsbol s Fmbogerol Lsdwom dsB39690qd0, GMIWgdog dglsdsdols
dgyggmds 40.2-48.5 46. s 4,1-6.2 #/35 RO gddo. Jglodsdolo, 95% bmdols
3Ed5MMBOLIMZ0L YI30MILO SOLYd0MO Foblibgoggds - LSDes=1.5 s LSDes=0.4, bmeom
99% BMdOL 5¢d50MdOLSM30L - LSDoi= 1.8 5 LSDoi= 0.6.

D90mm ImEgdmeo 3bGs x0dob 93MmWMmP0MOHO 2odmEEolL 891099008 MORsdEHMEO0560
©oL3gMLoMEo  b5eoBol  (MORBIJEGHMM0sbo  ANOVA)  9gomool  459mygbgdsd
LFOgds IMY33d F9339B9Lgd0bs MM FodBHMOOL - 4gMyMIBoEo Bmbols s
395Mm3H030L 253egbs beMdmOol dmbsgsels s dmbsgwol doMoms© 3md3mbgb@qdby.
994b39608963Hgo0  (MMb  25639MmMHgdsdo) dmfilymdowo ogm  dglbgmdo  (sbserioby),
X935bgmby  (sboandsasdo) s Gos Jobonerdo (dabgms, for3sbo). oldg®lomwo
565¢0Dol 396sbo, IML3e056MdOL oMM 3MB3MmbYbEHIOOL (930530l Log™Mdy,
05305330 FoME30g00L MromEgbmds, 1000 dse33crol dsby, Lsd. dmbogswo) dobgzom
be®deol 49bm@H03gdL Imemol goblbgeggds 360d3bgcrmgzsbo ogm. 39Gdm, 530dgMHol
3M0GH9M0mdo (F) d9Lsdsdobs ogm: 94.5, 239.3, 11.9 o 15.0 @ 330690 sOGLYGdOMO
29bUbgoggds- LSDos=0.8, LSDos=0.7, LSD0s=23.1 5 LSD0s=0.16, 29ma@Msg09o Bmbol
dobgzom 3o dmbogeol  3m33mbgbEBHaddo  LEsGHOLEH03MM©  3B0dgbgwmgsbo
35bLb353905 96 OLEWOS.

50239600, dMLOgE0sbMmdoms s Ubbgs  Lsdgm@Mbgm  95B3969d¢ 00l dobgzom
060003005¢ M0 458730l 390MmEOL 498mygbgdoo asdmoMBs ygbm@odo - CUPRA-
1/3/CROC1/AE.SQUARROSA (224)// 2*OPATA/ 4 /PANTHEON, 6Gmdgwog 2016 ool
154353 9bGHOL F0gH IMYROLEGHMOMPS, OHMYMOE sbsero bm®MBEIOL X0d0 ,,EMIMNRMEOS
143

X030 ,,MmIMogm®s 143“ 90939036905 MO0 bMEOBdEOL Lobgmdol (Triticum aestivum
L) @ (oogwdsm3geosh mabm gm®édol Lobglbbgomdsls - var. Jfutescens (Alef.).
3006000 X030  ,MmImoamms  143°  a0dmyzs60¢0s bm®dol  x0dqgdob
365350 x gm0  dgx35M9d0m  (CUPRA-1/3/CROCI/AE  SQUARROSA), 3999y
390mMBgmmo  0dbs  BIIMNWEAIGHMOO  bmMdgdool  LogHmodmGolm  dmbogzerol
LSBYMR6 (17ZFAWWON-SA). %000 ,,c0mdmoyms 143 bobosm@gds s0dm3gbgdol
0O 96sOHOom, dwogho Ggugms LoLEBHJIoMs s 13TIME  TOPVIO  BIMEGHYMDO.
3963900 356300560900 3OMEMIEGHOIO 1530053900l MHOMYbmds 132-Bg 570-580-0b
7396 gddo (339 gdsEMBOL, MMIWgdog I39bsMol gho LooMEgHgs FobEsYgdMO.
93965M0L JoduodoEr o Bodsergs 100 b3, 453degs BsfMEEOLOET0, 530w 0E9[gds
Q5 395600L05 394960B0MIOME0 SVJIOLIMZOL. MO3930 Boerolryg®mo, 10.5 LA LogaMdob,
396090 2963000009090 20 Mogmbom, megmogdo 65-70 FoGEzswo0s, Fomgo,
MJolgdmo  3mbLoLEIbEool. 1000 Fomi3eol  dobs  Fgoagbl 45 a®sdl.  xodo
»@MIMOMO5 143-0l Fmlbog0sbmds bodwysm saMmBMmbol 306MHMdgddo Fgogbl 6,5
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G/35-9g. dobo  Imyzsbs  ©93mI96@gdMos  JoMmerols s  Lsdbg-xo39bgmOL
M930mbgdolbmgzob.

4.2. 0b@OHMEEoMYdMEo x0dgdol y300m9mo H9byslodo 253dgrgmdols dgnslgds s
359damg 296mE03900L 250mMBY3s

OMamO3 InBOEOE, olg 90dmbs3gbol goBsdo  godmizowro 0dbs  93LEGHM00H,
90D, 29MTb00I6 s Ysbobgmob LodoMmzgwml Lmxwrols dgmebgmdols
L5FoBOLEBHOML  JogeH Fgdm@sboo 67 xo0do, MHMIgwog  Lods®M3gEml  Lemgwol
dgm@bgmdol  Ladgaboghm  33wg30m0 396Gl Lgargdzombg®gdds  ImyzsHmegls
59692900L bgermgbm® 1mbby 4odmiol dobboom.

0bLHOAYAOL  LaEIw  553390BY  (JMdEgmBo)byrmgbn®  0bggdeon®  gmbby
X00900L  250m3EoL 8909250 359M3w0bs  BOHILOME BsBsTo  F9bygdoLsdo
399deg s BmBogMo 45ddewrg 60dmdgdol 3603369 m3zs60 Mom©abmds. 39Mdm,
430090 56255000 458derg oym 10 53LEHMOMWOo K0do: 59039L, doWOGHML, Ao,
R0EIOoNL, @3N, @3ML, MOBBML, SLSbMm, 3Mgdom, 53909 m, gOHO
7356y Mo x0do 5356l s  4gMBobMo - OYAM. FSWVIO 0Ym Y30mIE0 HoBSL
396300560900l 063xblogmds Mlmo LgergdEool dodmad x0d9d0%g: B9bos, Lo,
3OLBbM@MLIo0s 99, ULBHg3mz0bs00 24, 0wdowgobsos 60 @  dgbBMUEG0s
1(BEGHBIOGH0).  BoBomgdmmwo  s0Mobgzgool  Lsxgmdzgubg  godmmgzgeowmo  odbs
bbgo@slbgs dobosllosmgdergdo, MHmIgems dobgz0o0m 89330dc0s 30dbxJermod X0dgool
3993 9mdoL GH0o3Bg s Mbyby ( sbMowo 12).

3b®owo 12. 06@GHOHM©Y30090weo x0dgd0l 59degmdol dgasligds Fobyols bgwrmgby®

06g9J3096 Bmbby
N | 6odndo FoBmBeds | Bgogaool | 0bggdgom®mdols | AUPDC | rAUDPC
&odo 3080309630
(Cn
1 | d9BmbEoos 1 Hbgmo 90S 90 1335 65.4
(bEGHSbIMEO)
) 300L6MEIMLZs0s | HMLgmo 80S 80 1225 60.0
99 (LEObIGEO)
3 | &oboo 9o 80S 80 1230 60.3
4 | bogos HLgmo 80S 80 1050 515
6 |50560l a3LBHM0S R 0.2 22 1.1
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a3LBHM0S R 0.2 22 1.1

7 |5903mL
9 | doerodls 536605 R 0.2 22 1.1
257, oYl 3L BHM0s R R R R

10-
15 | LI, sb3be

MOOSBMU, 59909 ™

16 | @oeg3gl 23bOO0d R 0.2 22 11
17 | 369800 28bHG0> R 0.2 22 1.1
18 | V0303006505 24 Oligoo 60 MS 60 860 42.2
19 | 0000w)oboos 60 | O7lgoo 60 MS 60 860 42.2

OmamO3  09-12 3bO0wosb BBL, 12 %0dds Boeoero  as3degmds  459Mmog3w0bs.
909bgs3500 0oLy, MM s3LEHMOMWO X0d9d0lL OO bsHowro Yz30mgwo Hsbgslodo
299909 503mPBs, LadgEbogm (396G®OL bgargd30mbgmgdols Joge Lbgs 360dz3bgwmgsbo
LogMEBgm  BsbolinsmMgdgdol  dobggzgom  (omdmgdsdo  byMazol  doBboom
LOJoMMZGEML  5AMMIINWMYPOMH  J0OMOJOL  FgIMGOom  M39009LdE  TMEMRYJOIYO
abmeom Lbsdo x0do: 5356ML, BOWIOML S Y3MNWNL A53MOMBS.

430m90 4960l bgemgbm® 06939306 BmbBg gsHobmGmo ULgwgdzool ™mEEssmo
X030l 2503000l 999 0dMRBEs, MMI 18 X0T0: ST, SWOMSY), 530050,
05@93MDY, 9506, 39M5L50, 3m3L¥Y, Bo0Gd, Bsbdm3, 96939 70, 65B, 96939 75 dodmgdo
50dmBby  Yy30m9wo  gobaol  ,,JoMmo”  3m3wwszoolsdo.  39Mdm, d0dmgdo
X00900L 1IMH53wgLMdIBY Y3090 5620l 2963000560930l 06EIbLOZgMds oo oym
@5 396MYygmds 50-80% g3o6engddo; 930 X0dBg: GoMLob, Bs6sd0, Modobswn, G530b,
36MHMyM9L, 9GOV, 929996 - 50b0bo 0dbs Bmdogmo asddwg (MR) Ggsdiool @odo
1-5% 0b@qbbogmdom, dbmem© 5 %000 (5¢obsb, 5¢00s, 56569, 950G, Fvba0d)
5©0dmPbs  Foeoero asddegmdom (R)  go8m®bgmero, MH™Igdbgs LsghmmE 96
SOOOEbYIES ©9350g00L LOA3EHMT0. 89-9 OsYMST0IL BsBL, BMT gsBIBNMGO K 0Tgd0oL
60% (16,7% o> 43,3%) Uodo®rmnggermdo  293MEIWIONI0  g30m9o  obyol
3353008530 30dgd0 50BMBBLS, brem 40% - 259dwg s BmTogMow 4oddwng.
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16.7 ﬁﬁ“

23,3

a5 ®MSS MR R

©053M535 9. 430090 FbsL ,,JoM0ME0” 3c349Eo300L5A0 §s8dgg s B0dWIdO
45Bsbm®o x0dgdoL oo (%)

o000 953degmdom  25IMMBGME0 X¥0d900L LodosMmzgwml  sgM™mEgdbmermyommo
LobEGgdol 306MMd9dT0 DMbsEIMGO odmEEOL s oo BsdgMMbgm Tobsliosmgdargdols
d9LHogerols 89089y 39bgds gLodergdgewro omo 535 vy Bmbsdo Ho@mBdmgdols doBboom

9339605300L 3539095, o3 Imdogswo 33193930l MdogJEo 0gbgds.
4.3 50030md®M030 Lolgdom dslserols gsddangmdols BgRoligds

OMamO3 36Mm000s, Lods@mzgwm bmGmdwol (o®dmdmdol goHm-9Hmo bsdTMdM.,
Lboog 14 Lobgmds, 22 Lobglbgomds, 150 x08-3m3wwsEos 0ogm  253M(39wgdreno.
5055050, dOMOMII, 3969303M0 MHgLYOLYOOL Bs6390T0s I3 gb bosEMo
0903300069Mds.  LEHoMImm 3603369 Mds  JoBmIemo  bowbmMo s 3WsbozMMo
bgergdool  x0dgdL  omMJdol O3RN0 5J300, ToEd do0sb OOS FsmMO
bgergd30©o 36033690 Mds 2odmMmIE0bsg 0Job, ®M Logs®mzgermdo fo®dmImdowwo
Q5 293039900 9bgdgdo s d39wo X0dqd0, MMAMOE Ly39gMgbm EMbmMgdO,
©M90g  399m0ygbgds  Lgargdom®  Logdosbmdsdo  Lbgosolbgs  BsB39bg0gdOL
9d0bg30m godx mdgLYdo x¥0dgd0l dJogdol doBboom.

Domdmpgbowo 33930l BoMAgddo B39bL  doge  bm®dEOL Y3090 Fobol
»J5000 3M35305d0 00IBEH0BOEOMYIMO JoMOMIEO MILYdIOL Batrgzols JoTomm
bowmgzbm® 0639306  3mbbBg  FgxnsLgdgwo  0dbs 90w MdMH030  bmGmdOL
BoBoliobmzgobo  3eoBIol  3megdEos, GMIgEog dma3z5fm©s Lodo®mzguml  bmgwols
dgmebgmdol 33093000 396GHMOL LYEgdEombgMadds. 430mgEo  Hbgol bgermgbme
06339d306 Bmbby Fgg3sligdmeo 60dmdgdol dzocg bsfowo: bm®mdeol Labgmdgdo
(33995 DobM®0, Bg@s BsbMo, by, 3MbwmEmo Sligro, O3S) s d3geo x0dgdo
(8533bo, X935H90L 035, MJNMO O3S, 530 O3S, MINOMO 0GBJ0, odMmEIbol
3M39531535) Fo0O0 253dEGMB0” odMOMBIMES HMYMOF (35039990 MOLOL, 0y

337530590 MI0boMGdIMo MHolYdOL Botgz0ol oot (sbMogro 13 ).
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oo bsfoeo 603dgools (3obMo  IGHMGHZ0wo, sbsgiobols flomgwo  mero,
fomgwo omwo, @MEMEs, MEol 3mo 18/46, Mol 3o 35/4, 300HdMEOL
©Mol 3160, In3gngOmosbo fomgwo ©MmEo, oamEIbol  aMIgE0300539,
053M5@GH0Mmbo, 3MbEbo, MdoEoLMo 5, dmfjobsgg, sOTsBo 2, s®Isbo 3, byyam,
390,  XIXS, 9OP0WMIN030 omgwo Mo, dogMo@ombo bgzowmszmags,
350dos X 39BmbGHo0s 1, 350305, Lsreo 9, MmdoEolMo 15, s¢dslio) dodmgdo oym
g430m9o  56g0L0@do.  BMYogH®  5AOWMIM030 Lgwgdzool x0dds  (MEMGS,
Mol 3960 18/46, 5Q0MdIM030 MOl 39960, 3w g0gMmosbo fomgwo meo,
©9©d) LSAMSME d0dMGd0 Mgog30s 983965, MBS, Y3090 F9bASL F9B30msMgdOl
063 9bL03Mds 5056 B0 0gm X 0T-UEHIBPIOE) - dGBMUBE05 1-0056 TgEo®Mgd0.
30l 890929006 A50mI0bsMg, 93096 M0s @oddEg @S 99350V YdOL
Q050  0bGHgblogmdom  80dmgdo 60dMIgdol BsGm3zs JoBbMmdMmOZg  Loligwggom
36MHMyM5993d0.

gb®owo 13. bmMdwol Lsbgmdgdol s sEAeEMdM030 3369303MM0  Mglrydligdol
3599¢0gmds Y3009e0 756250 bgemzba® 0bggdso® gmbby

3960 GH039d0L 395m@G030b 430m9O 430090 430090
Qobobgegds wWsm0bmeo 539620L500 | 79BASL gozeG. 59690l
Lobgero 695300l 0b@9bL.,% 2496300.
&030 0b39bU., %
Tr. monoccoccum R 0 0
33500 Bobmmo
By o Bobmeo Tr. timopheevi R 0 0
dobo Triticum macha Dek MR 1 1
et Men
30bw6o SLEwo Tr.georgicum MR 1
QO35 Tr.ibericum Men MR 1
Var.fuliginosum
Zhuk
do3g3bo Triticum durum MR 1 4
0900 OIS Tr.ibericum Men MR 40 10
Var.stramineum
zhuk
5RO MOMH030 Tr.aestivum MR- MS 1 1
Mol 39960
Im3gmgMmosbo Tr.aestivum MS 5 5
fomgwo oo
QIS Tr.aestivum MR-1MS 10 5
09g0O0 083Jwo Tr. aestivum R 0 0
053M5@0mbo Tr. aestivum MS 5 5
ALb30W™M5300535
X935b9m0l 035 Tr.ibericum Men R 0 0
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Var. fuliginosum
Shuk
09BMbEe0s 1 Tr.aestivum 100 60

(LEHBPIOEO)

3bMd0w0s, HGMI 9bgdMMHO Lobgmdgdo s o0 FmMob, LodsGmnzgwrml 9bgwgdgdo (5
Lobgmds,  J3gLobgMmdgd0 @O  K03-3M3S3E0J00)  BIODM®  25dMm0YgbgdmEs o
5055050053 359009496905 bea®deols bgargd 30590 bodoOM3geErmls s AMmGBEOML IMSZSE
d399965do  [Terpumxun...2011;  McIntosh...1998; Kerber...1990; Dekaprelevich,1961].
dogowomo©, Tr.timopheevi, Tr. macha s Tr.monoccoccum 3EBMOOWO0S, OMYMEO3
965350 bm3mz960 ©s9350gd0LsET0  bym3909LM  A5FIWYMOOL igsOmgdo s Jom
Log3dgzgadg dgddboros 393M0 3960 x0do [Brown-Guerda...1996; Tomerlin...1984;
Mclntosh...1971; Nyquist, 1962]. 7r. ibericum §56H3Ms9bL gz0mgeo @5 TMOS
5960530 458degMdoL  ysmml  [©9393609930h0...1976].  Js@ormwo  bgargdioob
365350 x0do (350305, 053MsGH0Mmbo, IMbEsbo, ©g©s, Imfobsgg) Fowgdmwo odbs
5QR0WMIM030 X 0T-3M3M530gd0L: 039, BEmam, Mol 3o dmbsfowmgmdom
[6sbyosdzoeo, 1983 ].

963900L  250m3(393  35mM9bMs  (339¢9ds@MBOL  AvdM  Lgrgd3oeo  3OMEgLO
0Y39GHo©  AMIJGEEYds, @S OILSE,  3omMYgbms  3MINs30sdo  0d0baty
(33090900l dgbodsdole, J0IEOBIMIMAL sboero goddergmdol fgsmrmgdols dogds s
bbgo@olbgs Lgegdzom®o 3Mmacsdqdol d9ddbs. B3z9bl doge dowgdmwo F9gagdo
doeosb  360936gemzs60 @5 LoloMgadrms  OMAMOE SR ™dMH030, 0l
L59MdMMOLM Lol gdzom  3OHMYMSdGOOLIMZOL  MOLO-13g30RB03MOO ©s boggwry
3993 9mdol  Fysmmgdol gsdm3zmgbols @y domo  bgargdaon® 3GmEgbdo  Bs®mgzol
dobboo.

5. 30ME®a09M0o 1535 gdgd0L 3TMELS Y30mIOo 756l 3MEEMMemols Jobboo

5.1. 30m0v9MH0 36H35MEJOOL AoMELS

bmOd0ol y30m9e00 556308 domemyommo 3mbEGMmmol 30Bboom gsdmgEswgm bymo
90360MdOMEMA0NYMH0  30935M0BH0:  BodMmIsBgbs  (Pseudomonas Fluorescens BA),
d0m35H9bs (Trichoderma lignorum BA), sp®m35¢)9bs (Bacillus subtilis) 5> go@mbdm®obo
M (Bacillus subtilis) 3f>6:3mgdol 3096 693009609090 3mbigbE®sgool (0,5%)
3990g9gbgd00.  EdMOMIGHMG0sd0, in vitro 3060HMdJddo  Jg30Lfogzegm  sbodbeo
36936053H900L  BMBAOLEIGH03MNO0  Mbs®O  g300m9wo  Fobgol  LB3MEOYOOL  go03900L
265605600l dobgzom, bmwm  LsmdMMHOL J0MmMdJddo bMEDEOL  50dMbsizgbols
Robodo  dgzobfogemgod  M-ol  Bwbyogom®o  dmddggdol bsGolbo  3sommyqbols
063905309600 3960Mm©OoL, bmMdOol 50dmbs3gbol Mgod300L G030l @S 99350 gdOL
296300560930l 06¢)gbliogmdols dobgzom.
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BoBo6M90ME0 (300990l 89092900056  450m30bsey, BmGBdWOL 430090 obyols
00oboomdgy  doe0sb B0  9BgdBHOMdS  9B39bs 361935653 JdTs:  BOBHMISBHIbS,
00m353 965, 93MM35¢3)9bs. 39MdMm©, M0MJdol 9HPBI0MO 0ym bmEmdOl Jodmgdo xodols
- 0mOM3mb 50dMbs3gbbg gob30msMgd o yz0mgwo gsbgol 063935300 3gMHomoo
(15 ©mg) ULsgogww o LO3MBEGHOMM™ 35605639000, ©5  B0M3MG356M53HJIOM
059853999 396560990Bg oMM 2563050 Jodmgdo Mgodizool Godo - MS
s S, bmem o@GMmLEnOmobom ©dMdszgdme d3gbstnadHg d90603bgdm©s MS-msb
9605 B53195eMmE 25ddeg Mgodiool (MR) Godog (GbMowo 14).

gbMoo 14. 30m3MHY356Mo3Hgool  8mJdggds  3smmygbol  L3mMYdOL  gow03gdsbY,
553500900l M95d30L BH03LS s 06390530196 39MH0ME DY 3563005MYOOL 0bEYHLOZMBsBY

36935530l dmgdgo 59350900l | ©3935¢0900L | 0b3Mds30E
©3LObYEgds Bogmogtgds 695930l 695J3oL 3960M©O
&o3o Godo
30EGML3MMH0bo M Bacillus 3-; 2+ MS-MR 16
subtilis BA
3oAM3oGH9bs Pseudomonas 3-4 MS 15
Fluorescens
BA
00m3539bo Trichoderma 3-4 MS-S 15
lignorum BA
32M™ 35390 Bacillus 4 MS-S 15
subtilis
3Mb@®Mmo OLEHOMOM9Dd. 4 S 15
figoo

D90m» 50bodbmo 3:m63396@®s300L Blbs®To ygz0m9geo H5bgols L3MMgdOL 12 Lssmol
3968530™d5d0 dmms3L900L 999 BL3MMGOO OMJIOL GOMBIOMOIW JONO3s OMYME3
©oLEGHOWoMmYdM (goardo, oby BoAMPAIOL, 8oMI5AIOSL, 5862259965 Hgobbo®o.
3900390990 B3MO9O0L Bodwoem 3OHM39bEMEo 583969090 91.3-93.8% RoGywgddo
(339¢905MdEs, bmm 9350900l  49b30m69d0lL  0bFHIbLogmds - 92.5 -93.8%
RMR9030. 99M000 M39009L0 F9IA0 FMY33d 36M935M5GTS BoGML3MMobo M -s.
9o (igocblibo®gddo L3mMgdoL 25003900L d5B39690w0 69.0+0,7, beaewm 53 36M935MoGH0m
059853909 bmGdOL $0IMbs396%Dg Y3090 56908 4963056900l 0bEHIBLOZMDdS
360Hm39bGH0do Jgbodsdolo, 71.3+3.1 GHmo ogm, LS3MBGHOMEM 3560563 dog 9649
3619356539000 13853909 83965699dDY 4300090 FobQOL 25003900 L3MEMYOOL
3563969090 5 496301560930l 06 gblogMdS ssHEMgdom 96% oym (zbGMowro 15).

3bMoo 15. 30M3Mmg3565Jd0L 8mgdggds 3smmygbols L3mMmgdOL 4o039dsBY, (%)
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36935530l dmgdgo LB3mGgdoL domg. ©O9350. | doMe.
slobgergds 603m0gMgds | ow03905HY, | 98IIH-09, | 39bz0m. | 9839JH-ds,
% % % %
Ro@ML3mG0bo | Bacillus 69.0+0,7* 28.7 71.3+3.1* | 25.9
M subtilis BA
R0E™M3GHbS Pseudomonas | 94.2+1,9" 2.7 93.8+2.9* | 2.6
Fluorescens
BA
d0m3o@9gbo Trichoderma | 93.8+1,3" 3.0 925.+1.3* | 3.9
lignorum BA
53OMIoGgbs Bacillus 91.3+1,3" 5.6 925+1.3* | 3.9
subtilis
3MbGOmMmo @obGowoMy | 96.8+0.8 - 96.3+1.3
(figoero) 09y figogro
LSDos=5.04 LSDos=4.4
LSD0i=6.9 LSDni=5.8

9mbs39dms ol3gMLOYWo sb5Eobol (ANOVA) 890093900L 0sbsbdsc, F gsd@omeo > F
9.0. 095839690 qd0 3560563 9d0L
3oblbgo3wgdm©s s 95%  Bmdol  9EdIMOOLIMZOL  MI3oMglo  sGBYdOMO
3o6lb353905 L3MMPOOL Q90039008 dobggzgom (LSDes) oym 5.04, boerm 99% bomdol

09MOH0MbHY, dobgzom  MOLYPOMS©

5ad5mMd0LsM30L (LSDo1) - 6.9; 0593500900L 25630056930l 06EH9bLogmdol dobgwzom
- 95% b6Mmdol 5dsMdoLsmM30L LSDeis=4.4 ©s 99% b6mdol 5¢d500md0Lsm30l
LSD0i=5.8. 3003693553900l d0mMmEma0mH0o  9x39d@GIOH™Mds  L3MMIOOL 45003900l
06300060900l 5 ©9935009d0L 45630m0M9d0L 0bEHIBLOZMOOL Jobgz00 Jglisdsdolis
(339905MdEs 3.0-28.7% 5 3.9-25.9% gsGwgddo. Hmyme3 99-10 ©0syGms30sb
BobL, 90509000 5090 dOMEMY0MO 9539dEGWIOMS 459M3e0bs BoGML3MG0bo M
(25.9-28.7%).
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d0MMWMY0IM0 9539JGHOMd,%

320M3539bs -
00m3oBgbo -
R30G™I5GH96s -
BoGML3MO0bo —

0 5 10 15 20 25 30

©O053M535  10.  30M36Mx356M5GJOOL  doMEMAOM®O  9BIIAHIOMDdS Y3090 Fobaols
MMH90b0sL3MEOIO0L 350039008  063000MdOLE S 9939YBOL  g3b3005MYdOL
0b@Ggliogmdols Jobgzom

50923965, 93MM35BHIBL,  30M39BHIBL o BOEMIBHIOIL BMbYOE0MO  5JEH0ZMdS
beOdeol  gz0mgwo 9960l 80860 508Mbs3gboll  BsBsdo  0bgxgozo®gdwo
93965M9900L 3619356M5(})Jd0m ©FMTs3900L T9dmbgzgzsd0 MAb0T3bgEMm 0ym. ©sbsMbgb
3693565390056 5 3b6GHOMW ™Mb FgsMd00 MBOHM Fowswro 0gm BoGML3mGobo M -
ol 30MEMY0M0 5dBH03MdS, HMAMO3 in vitro, obg LomdMGOL 3gddo.
3dMMSGHMOOMO © LsbOMdMO) 39001 T9IRJO0PI6 odMmIobsmg, FBMEME
369350530 BoEML3MO0bo M gsdmgzsmBogm, Goms d9y39Lfagurs dolo bgdmddngds
9060@3m0L 30637030 bmn®mderols Imbisgswls s 1000 ds®garol dsbis®y.

d0b3mol  306HMdgddo ,3oGHML3MO0bo M -ob 0.2% 3mb3gbEHMmsgool blbsom 9.§.
3960609mws  gmool gsBsdo  Jgbymgdolols go0BIM©s 93509008  063ds30MGO
39600m0(18 ©Mg) 3mbEGHOME™msb (15) Fgsdgdom, 0MI3s 3mBoGHONO 3mbGHOML
BodmMPgdMs. Y3090 obgaols  49630mM9d0lL  Lodwmserm  0bEHIBLogMds  MIoLYdMO
bodfonol Rsbsdo 63.8%-0l GHmwo ogm @ 93xhsMYIOBY WH535YOSBY  Lodslbybm
M95dzool  Godois dgmgmeo (MR-MS), 85806, GmEs se@Gmbvdg®om  ©sd)ds390wem
35600563 90Bg ©593500900L 29630156Mgd0L 0bBHIBLOZMOOL Lodwysgom dobgzgbadgero 45.0%
5 69395306 3mbGHOHMBg 85% ogm. 1000 do®E3erol dsbol, Lodmsm Jmlbsgwrols s
L53gMObIM 9539dGHIOMOOL obgI30m FoBHMUL3MOObo 33eo3 BIMOBIOMPS dMboG0®
30bGHOHMdo 459mygbgdme 396030 SeGHMLM3IML. 396MIME, BoGHMB3MMOE M-ol ©o
5 BMb3gmol 459myggbgdolsls 1000 dom3gerols Aoy, Lodrsm dmbsgsro s Lsdgm@bgm
9939dGMIOMdS  Jglodsdolo GHmeo ogm 41.836 s 50.0y6, 39596/3% s 457y6/0* s 14.8%
5 25.8%. 93853999 Lo3MbEGMMM™ 35M056GHBY %08 dgBMLEH0s 1-Bg yz00m9Wwo
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596990 49630056905 85% smfiggs, 1000 do633¢m0l Asbs 39.8 g6. s Lodwgserm Bmbogzseo
33636/3? ogm (3bMoo 16).

3b®0wo 16. 3o@ML3MG»obol dmgdggds brmemdEols dmbsgaols 3md3mbgb@gd®y

361935M530b 6dolgdco 05535¢0900L | 1000 Bebogogo,  LodgwMb.
3lsbgegds LodHoxgol Bsbs 296300. 3503300l 2M/d? 9893d-»
0632P. | Ggodso | 06GHIBLOZMDS, | Bols, 3™ %

3gMom@ | LEBodo | %
o

R0GML3MO06 | 18 MR- 63.8+4.8* 41.8+0.7* 395+12.9 14.8
M -0.2% MS
3mDoE0Mo 21 MR 45.0+5.8* 50.0+0.4* 457.5+17.1* | 25.8
3MbGHOHMo
(5e@mlvy39Mo)
B9aoE0mMo 15 S 85.0+5.8" 39.8+0.3" 336.3+25.6" | -
3mb@GM™wo
(529979853909
o)

LSDos=12.4 LSDes=1.13 | LSDos=43.6
LSD0i=17.9 LSDoi=1.6 | LSDoi=62.7

OmamOa 99-16 3bOO0w0sd BBL, FoGHML3MOObo-M 1000 ds633wols dobols s
LoFMOM  IMBOZ0sbMBOL  FoB396gdgd0m  BIMMBRGOS  3MBoGHOWME  3MbGHOMES©
5090 BMBAOGOE S EHML3gOL, MOl LsdgMMbgm 9i39J@0sbMmdss 25.8%, TogMsd
69393060 30b6EOMEmsb J9s09gd0m, dobo bLsdgmMbym 939G O™ds 14.8%-00.

50939605, d0Ibg35 030y, MMI BoEML3MOH0bo-M g1byo0EMMo SdE03Mmdom
BodmMBIOM©S s FHMU3gML, dobo 0.2% 3mbEgbGHMogool  bLbsMol  asdmygbads
90b603m0L 306HMmd7dd0 80Bsbghimbowos 306390 Lod3EHMIgooL sdmBIBolMsBsgY.

5.2 93965691900 gduBH®agddgdol Bba0E0Mo 5g&03mdol i3Mobobyo
339306 BoMRqddo  Bs35BHMm, 93639, 9FoOOL  DBE3z0L30MgMOlL  FwmMol

396db0sbo  839b65609900L (Abies nordmanniana, Buxus colchica, Corylopsis pauciflora,
Corylopsis sinensis, Corylopsis spicata, Fucalyptus cinerea, Hamamelis mollis, Stevia
rebaudiana, Allium cepa) 9JbGH®ogdBHgdool 13Mobobyo bmMdWOL Yz0mgwo  7obyol
393mbBEHMME 090 15T G0gdOL odmLogergbac.

50b0dbmen  39bsdgms  gJuGHMOJBHJO0  290M3(39J0  Y30mJeo  Fobol  b3MMGIOL
39003930L99656056M05Bg 0630d0FGHMOWMWo dmddggdol s bm®mdEOL s0dmbsgbols
9350500 BMbR03E0MO 59EH03MdOL 45Tz 9gbols Jobboom.

Omameaz  99-17  gbOowosb  Bsbl,  3s335b0MMO  LmIFol, 3JmEwbyGo dbBol o
3mO0wm3bolb  {3O0WRMOMWIL  Bmmgdosb  domgdmeo 99bG®sgdBHodo
boli0smYd056 BMbYOE0MMO 59EH03MBOM, MYL Bsdogg gobbsggdol (1:1, 1:5, 1:10)
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3060md9g0do doerosh Jgobowms Puccinia striiformis BL3MEOHIOOL 5003930l MbIMO
d9L58530b5, BOMEWMYOIMHO 9BGJEHMOMIsE 85-93% GFocRrgddo 0ym. ASBLY3MNMYIO0
3000 B0MEMA0OHO 939G IOMdS  (100%) 450mTgwsgbs bsbgols s BEgzool
99LG®59d3H900s. BsMRI60 9JuEHBSIBHIOOL BMBAOEOWNOHO 5JEH0ZMdS B oym (20-
36.8%).

3bMoo 17. 30036Mg350539d0lL 8mgdggds 3smmygbol L3mMmgdols 403905y

99bGH®sgGoL 350039010 3MmMHYdo, % | B0MEMYOMOO 9BIIBYIOMDS,%
3LObgEgds

3Mb3396@Mo309, % 3Mb3396@Mo309, %

1:1 1:5 1:10 1:1 1:5 1:10
39339060 LemFo 53%1.03 | 1.7x1.5 |9.4+0.8 | 89.7 93.3 85.6
3mbmEo 0B 5.1+0.2 | 6.4+0.8 | 10+1.2 | 89.9 88.6 85.0
3060w m3bolo 53+1.03 | 43+0.3 | 10+1.2 | 89.7 90.7 85.0
0300wammmms
30M0m3bolo 73.3+1.6 | 66,6+3.3 | 70.0 21.7 28.4 25.0
36H0m3Lbobo 70.0 68.3+1.7 | 70.0 25.0 26.7 25.0
93350330 64.2+0.8 | 58.3+ 70.0 31.6 36.8 26.3
350599¢obo Gdoero | 60.0 66.6+3.3 | 75+2.9 | 35.0 28.4 20.0
bsbgo 0 0 0 100 100 100
19309 0 0 0 100 100 100
3MbGOMmo 95%

53939, 3506 oo ogm 3933560IM0 LMoL, 3mwbyMo dBoL ©s 3mOowm3Lol

0300amOM@Il  MbaroE0YOO  5JGH0ZMdS 9JGH®ogdBHgdom  bmGmdOl
50dmbozgbol ©sdds39d0LsL. 39Mmdm, J3gbsMYgdBY Ws9350JdOLIETO LS MO

3s00

399deg  ©95J300L B30 sMOMOEbY,  99350JIOL  49B30mMdOL  0BEHYBLOZMDS
3Mm6@GOMmsb  dgsmgdoo  8gdzoms  40-65%-0m ©s 0631853000  39H0MEO
23950D5Ms 2 QoM. bsMBIbo 9JuEHHIIBHId0 30 bo3ergds© 9nB9IHWMO oym. 39GIM,
Corylopsis sinensis, Corylopsis spicata, FEucalyptus cinerea s Hamamelis mollis

99LGH®5gdGH900L 25dmyggbgdolisl MgodEool BHo3o 560l Bods®mo Jodmgdo 0gm, mmomddols
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56 9330y 0630530600 3900m©o (14 ©©g) 3MmbGHOME®MIb Tgscgdom
Q0553500900L 2963000560930l 063 9bLogMds  Lsdmsem@ 60% oym momddob  yzgws
LSEEIY 39M0BEGHBY, 8580b, MMEs 3MmbEHOMEBg 93 5396909 ds  80% Tgo0bo
(gbGooo 18).

gbOowo 18. 939bs®gmmo 9duHIBHIBoL 8mdBggds yz0mgmwo bl 0639BsE0M®
3960mEls s Mgsdzool o3ty

99bG®sgdGHob 0637053060 695d300L 030 o
©OLObYEgds 39600 (M) 3963000069001
0b6@9bbogmds, %
3M639bGHMs30s, % 3Mb639bGHMS30s, %

1:1 1:5 1:10 1:1 1:5 1:10
1.| 393356060 bLm 3o 16 17 17 20MR |5MR |5MR
2.| 3mby®o dbs 16 16 16 30MR | 10MR |5MR
3. 3mOowm3bolo 16 16 16 30MR | 15MR | 5MR

0300mammms
4. 30060m3Lobo 14 14 14 65MS | 65MS | 65MS
5.] 3mMowm3bobo 14 14 14 70MS | 65MS | 65 MS
6.| 9339030 14 14 14 65MS |70 MS | 70 MS
7.| 350589olo MHd0wo 14 14 14 65MS | 65MS | 60 MS
3MbGHOMero 14 80 MS

05dAH9M0s  R. solanacearum - ol 90356 56EH0dsdBHIMOME 5dEGH03Md5Bg L3IMObObYOL
doBbom 0039 939656990096 J0Lgdo gJuBHodBHIO0 F9TMEPOWO 0465 JoOM3gero
d93bogMgdols  dogé (Muradashvili et.al, 2016). ds@ocro  9bGH0dIBHIOOMWO
5362030©IO0 5d3H03MmdOL 5©0dMRbEs d90ga0 Lobgmdgdo: Hamamelis japonica Sieb. et
Zucc., Hamamelis virginiana L., Hamamelis mollis Oliv., Myrtus communis, Liquidambar
styraciflua L., Corylopsis pauciflora Sieb. et Zucc., Buxus colchica Pojark..

be®dol 396s s 4300900 56358 30T Fosero BMBYOE0MMO 5dEH03mds 0gbs
399m3wgboo  Bbgoslbgs 939bs6m9900L 9duE®odGHgdol odmEOoLOL BomdMOLS s
dobzMol 3060Hmd9gddo [Shabana...2017; Naz, 2014; Sheroze... 2003; Hofferek, 1984].
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50600350, BHLEGH0MIOMO 36935653 JO0ID  BOGHML3MOOE-M-U  255Bb0os  LodsEM™
©@Mbol 8603000 MM0 5JBHO3Mds s T Fgodergds dogagl 939630, MM
399mggbgdmeo  0dbsll  gzomagwo  gobgol  2ob30m9Mgdol  obsfyoldo,  bmerm
d39bsmgmo  gJuBH®odBHgdol  L3Mobobaol  Fggpe  BMbROLEIGHOIMMO
30630300 989IHOM  33dMORINo  ggHGagHgool Fgdymdo  33wg3s  Ibs
393039 L, OMAMOE 9300090 b0l 98mdf393 F03OMMMYb0BIBY, obg  Lbgs
3500M9698%9 domo Imgdggdol dgdsboBdol Mo Tglfsgzerols dobboo.
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General Review

Theme actuality. Wheat (7riticum aestivum L.) is the essential food for millions of people
and the basis of global food security. Naturally, the development of different types of it’s
pathogens, including the wheat rusts, has the same length history and they are known for
their wide spreading and harm. Spores spread by the wind on long distance become the
reason of unexpected outbreak of the disease. The disease itself causes the harvest’s decline in
both quantity and quality. Georgia is an area of the permanent spread of rusts because of its
climate conditions, diversity of infection reserving plants and existence of alternate host-
plants.

Yellow rust, caused by obligate fungus Puccinia striiformis f. sp. tritici, is a widely spread
wheat disease. With different intensities it is observed in almost all of the wheat producing
countries in the world. The loss it causes averages 30%, the figure which can increase up to
80% in case of strong epiphytoty. Despite its long time existence in Caucasus, (some authors
claim that Caucasus is a homeland of yellow rust; Zhukovsky 1965, Stubbs 1985) yellow rust
has created serious problems to the Georgian wheat production only in the near past, which
is reflected by the quickened epidemics. During last 15 years 5 yellow rust epidemics (1998,
2000, 2005, 2009 & 2010) have been registered in Central Asia and Caucasus (Sikharulidze et
al. 2015; Sharma et al., 2012; Bux, 2011).

The major and ecologically reliable way to confront this problem is development and release
of resistant varieties. To achieve success, it is crucial to permanently monitor the changes in
virulence of Puccinia striiformis population and in case if new virulence is occurred, the
breeders need to be informed in timely manner about the ineffectiveness of the
complementary resistance gene of this virulence.

In order to protect wheat from rust, cereal rust monitoring global network has been created
and many international organizations (ICARDA, CIMMYT, BGRI, FAO, etc.) prepared
numerous programs, like WRDGP, IWWIP). Since 2000 our lab of Genetics for Resistance of
Phytopathology & Biodiversity Institute (Batumi Shota Rustaveli State University) is
involved and actively cooperates with the above mentioned chain for years (Bedoshvili et al;
2009). This cooperation significantly influenced on the implementation of the doctoral
program.

Research goal and objectives. The research goal was studying of biological features and
pathotype structure of the yellow rust Georgian population, testing the local and introduced
breeding material resistance to yellow rust, revealing of new sources of resistance for the use
in the further breeding programs; Identification and Agronomical and phytopathological
characterization of new resistance donors and other effective means for production in
Georgian conditions; also, revealing of effective biological means to control the disease.

The principal research objectives:

Studying of incidence and severity of yellow rust in wheat production areas of Georgia;
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Identification of genetic and pathotype structure of pathogen’ population;

Characterization of yellow rust pathogen local population diversity using molecular
markers;

Testing of the local and introduced breeding material resistance to yellow rust under
natural and artificial infection;

Ecological testing of revealed material and studying their agronomical and
immunological features;

Revealing of new biological means for plant protection by testing biological
preparations and screaning of plant extracts.

Theoretical and practical importance of the research.

The research allowed us to update and deepen our knowledge about wheat yellow rust
pathogen - P. striiformis virulence, genetic resources and genetic and molecular
polymorphism of pathogen which is useful not only for regional wheat breeding programs,
but for international cooperative breeding programs as well; Namely, it is the first research
about the intrapopulation processes and pathogen’s polymorphism level using the modern
technologies of molecular biology; After testing of the breeding material new sources of
resistance to yellow rust have been revealed for the use in the further breeding programs; A
new wheat variety “Lomtagora 143”, adapted to Georgian conditions, high- yielding and
moderate resistant to yellow rust, has been registered by “Sakpatenti” (National Intellectual
Property Centre); The biological efficiency of several biofungicides and plant extracts and
the appropriateness of using them to control yellow rust were determined.

Research object, Material and Methodology.

The research object was presented by wheat yellow rust (causal agent - Puccinia striiformis
f. sp. tritici West.) uredinial isolates, collected from different geographical zones (Shida
Kartli, Kvemo Kartli, Kakheti, Meskheti, Javakheti) of Georgia during 2013-2016; The
research material were used: an international set of yellow rust differentials and isogenic
lines, as well as national and introduced wheat germplasm (endemic wheat species and
subspecies, domestic varieties, advanced cultivars and international breeding nurseries), as
well as monoisolates of P. striiformis, susceptible wheat varieties — Morocco and Bezostaya
1; Four microbiological preparations: Phytocatena (Pseudomonas Fluorescens BA),
Biocatena ( 77ichoderma lignorum BA), Agrocatena (Bacillus subtilis) Phytosporin-M
(Bacillus subtilis) and extracts of Abies nordmanniana, Buxus colchica, Corylopsis
pauciflora, Corylopsis sinensis, Corylopsis spicata, Eucalyptus cinerea, Hamamelis mollis,
Stevia rebaudiana and Allium cepa.

The research works were conducted in greenhouse, laboratory and field conditions in the
department of Genetics of Resistance, Phytopathology and Biodiversity Institute, Batumi
Shota Rustaveli State University. The molecular characterization of pathogen population was
carried out in State Key Laboratory of Crop Stress Biology in the Arid Areas, Northwest A&F
University, China.
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To accomplish the tasks, we have used the adopted international classical and modern
methods: The route observations of wheat fields to determine disease incidence and severity
and to collect infected samples in different zones of Georgia were conducted according to
protocols for international rust surveillance system (Yahyaoui et al.,2003:76-77; Peterson et
al., 1948:496-500; Knott, 1989); Classical and modern methods were used also for isolation
and multiplication of pathogen, inoculation and incubation (Wan and Chen, 2012; Kumar
et.al., 2012; Chen et.al.,, 2010; Chen, 2005; Roelfs et.al., 1992: 32;. Gasner and Stribes,
1932:5-50; Newton et al.,1932:1-60);

Polymerase chain reaction (PCR) tests with 12 SSR primer pairs was held to study the
molecular diversity of pathogen population (Aljanabi and Martinez, 1997); Appropriate
wheat testing scheme and international methods were used for immunological evaluation of
wheat breeding material at seedling and adult plant stages( Arnunorosa u zap., 2000; Knott,
1989, Roelfs er al, 1992; Gassner and Straib, 1932; Peterson et al., 1948); To analyze of disease
progress on breeding materials the coefficient of infection (C.I.), Area Under Disease
Progress Curve (AUDPC) and rAUDPC was calculated for each entries (Stubbs et al., 1986;
Wilcoxon et al., 1975).

Pathogens virulent structure have been studied in greenhouse conditions: temperature 10-
18C, 16 hours of lighting. 100% relative humidity was created in humidity chamber for
successful penetration of spores into plants.

For testing of the fungicide activity of some plant extracts and biological preparations in
vivo and in vitro artificial infection tests were held (Shabana ez.al, 2017; Chaudhary, 2013;
Dey er al, 2012). Efficacy of tested biological means was assessed by their effect on spore
germination, incubation period, IT and severity of yellow rust. The seedlings of wheat were
processed by the water solution of extracts, obtained from dry leaves some plants by
various methods, to reveal the inhibitory effect on spore germination and fungicide effect
at seedling stage (Gillitzer er a/, 2012; Cemenosa u zap. 2010; Green, 2004; Tiwari et af,
2005).

1/0 binary matrix was created on the basis of the existence/absence of virulence/avirulence of
pathogen isolates to differentials and isogenic lines to compare isolates of different
geographical origins and pathotype structures. The similarity among isolates was identified
using MVSP 3.2 (Multi Variate Statistical Package) program. The matric of simmilaraty was
established using Jaccard coefficient. Using UPGMA-clustering method (unweighted pair
group method with arithmetic average) the dendrogram was constructed and it reflects
the genetic similarity between pathotypes of different isolates. A value, close to 1, represents
a high similarity between comparable populations.

Approbation of work. The research results were presented on the International Conferences
as a poster and oral presentation:
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1. International scientific-practical conference "Protection of cereals from diseases, pests
and weeds: achievements and problems". 2016, December 5-9, Bolshie Vyazemy,

Moscow region,
2. 14* International Cereal Rusts and Powdery Mildews Conference. 2015. Copenhagen,

Denmark.

3. 27 International wheat stripe rust Symposium. 2014. Izmir, Turkey

4. BGRI 2014 Technical Workshop. 2014. Obregon, Mexico
"The role of botanical gardens in conservation of plant diversity" -International
Scientific- Practical Conference Dedicated to 100th Anniversary of Batumi Botanical
Garden. 2013. Batumi, Georgia

Aprobation of the dissertation was held on July 15, 2017 at the meeting of Department of
Agroecelogy and Forestry (Protocol#12, 15.07.2017).

Five scientific papers were published in the refereed national and international scientific

journals and conference proceedings.

The structure of the thesis. The work consists of the introduction, literature review,
materials and methods, results and discussions, conclusions, recommendations, references
and appendixes. The thesis consisted of computer-printed 183 pages in Georgian language,
32 tables, 10 diagrams and 15 photos. The bibliography of the PhD thesis is consisting of 238
sources in Georgian, Russian and English languages.

The Results and Discussion
1. Distribution of wheat yellow rust in 2013-2016

Wheat fields were investigated during vegetation (May-July) in 2013-2016 to determine
wheat yellow rust incidence and severity. The survey trips covered different geographic
zones of Georgia with different altitude, longitude and latitude (Table 1). We can see that the
climate in these zones is favorable for yellow rust development.

Table 1. GPS-coordinates of investigated wheat fields and their main climate characteristics.

9] g Fg ] — g g)o "g (9] — g N % —~

: & - 2EE |ZPE O EE

™ g S = =Y =" &8 &7

Meskheti | Akhaltsikhe 41.59267- 042.87752- | 952-1116 | 2,6— 520-600
Aspindza 041.66859 043.22617 6.80°C

Javakheti | Akhalkalaki 41.41054- 043.41020- | 1672- 4—6°C 600—

043.40674 043.42841 1742 750

Shida Khashuri 41.56148- 043.56215- | 549-1093 | 9—11°C | 500—

Mtskheta
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Kartli Gori 044.40044 044.70430 800
Dusheti
Borjomi
Kaspi
Kvemo Marneuli 41.51702- 044.78442- | 429-503 | 12—12°C | 400—
Kartli 41.47780 044.86761 600
Kakheti Sighnaghi 41.57307/42.06422 | 045.63704- | 434-761 | 11—13°C | 800—
Sagaredjo 046.05264 1300
Telavi
Dedophlistskaro
Kolchis Samtredia 42.22310 042.413509 | 40 13—15 1400—
lowland 3000

202 wheat field were totally observed, among them 65, 42, 52 and 43 fields were inspected in

2013, 2014, 2015 and 2016, respectively.

In 2013, 2014 and 2016 development of wheat

yellow rust was monitored in five zones (Mesketi, Javakheti, Shida Kartli, Kvemo Kartli,

Kakheti) and in 2015, in addition to these zones, the disease was reported also on the Kolchis

lowland, Samtredia region, where breeding nurcery and cv. Tanya (2ha) were sown. As it is

shown from Table 2, number of fields, infected by yellow rust ranged between 13-19 by years

and between 1-32 - by zones. Only 63 fields were affected by disease, out of 202 investigated.

Table 2. Distribution of wheat yellow rust in different geographic zones of Georgia

in 2013- 2016

Number of fields investigated/ infected Total
Years Geographic zones
Meskheti | Javakheti Shida Kvemo Kakheti Kolchis
Kartli Kartli lowland
2013 12/3 8/2 32/10 5/1 10/1 - 65/17
2014 6/2 6/1 18/7 4/1 8/2 42/13
2015 8/4 8/3 23/8 5/1 8/3 1 52/19
2016 6/2 6/2 21/7 3/1 7/2 - 43/14
Total 32/11 28/8 92/32 17/4 33/8 11 202/63
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31.2% of investigated fields were infected with various intensity. Namely, 9.4% of them was
diseased by high (>40%) intensity, 23.8% - by moderate (20-40%) and most of fields were
infected by low (<20%) intensity (Diagram 1).

10

il

50

40

30

20

. -

]

High Maderate Lo
intensity intensity intensity

Diagram 1. Number of fields (%), infected by P. striiformis with different intensity

Calculation of number fields, infected with various intensity by zones showed that the most
of them were diseased with low intensity (40.8-82.1%). The share of moderate infected
fields was ranged between 10.7-28.3% (Table 3); Relatively high intensity (10.8% and 11.7%)
was observed in Kvemo Kartli and Shida Kartli zones.

Table 3. Frequency of wheat fields (%), infected with P. striiformis with different intensity

by geographical zones.

Zone High (>40%) Moderate (20>40%) Low (<20%)
Meskheti 9.4 28.1 62.5
Javakheti 7.1 10.7 82.1

Shida Kartli 10.8 28.3 60.8

Kvemo Kartli 11.7 17.7 76.5
Kakheti 6.1 18.2 69.7

The share of fields (%), infected with different intensity by years is given in the Table 4.
Wheat was diseased with low intensity almost each year, except 2015, when the percentage
of moderate diseased fields was more.
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Table 4. Frequency of wheat fields (%), infected with P. striiformis with different intensity
by years

Years High (>40) Moderate (20>40%) Low (<20%)
2013 4.6 23.1 72.3
2014 48 23.8 71.4
2015 115 50.0 38.3
2016 6.9 41.8 51.2

The diagram 2 shows that in 2015 the highest number of diseased fields (36.5%) was
observed, but in 2013 the lowest number (26.2%) was found. In our opinion, this can be
explained by fact that in 2012 there were no favorable climatic conditions for the
development of yellow rust, especially in Kakheti area [Sikharulidze... 2015b] and there was
no initial infection in 2013.
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Diagram 2. Frequency of infected fields by years (2013-2016)

The number of fields, infected by yellow rust was low in Kvemo Kartli (23.5%), as well as in
Kakheti (24.2%), but the high number of them was indicated in Meskheti (34%) and in Shida
Kartli (35%).
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Diagram 3. Total number of infected fields (%) by zones.

The roadside wheat sowings, farmer fields, breeding nurseries, research plots were
investigated. The main part of fields were covered by Russian varieties Bezostaya-1,
Krasnodarskaya -99, Tanya, Sila, Jagger (American variety, introduced in Georgia since
2012) and cv. Lomtagora 123 (selected from International breeding nursery and released for
Georgia conditions).

Table 5. Range of incidence and severity of wheat yellow rust (%) on the varieties, grown in

different zones

Zone Variety Incidence, % Severity, %
Commercial fields | Amplitude Mean Amplitude Mean

Meskheti Bezostaya 1 0-80 30 0-50 30
Jagger 0- 40 10 0-20 10

Javakheti Bezostaya 1 0-80 40 0-50 40
Lomtagora 123 0-70 30 0-30 25

Shida Bezostaya 1 0-60 30 0-30 10

Kartli Lomtagora 123 0-60 40 0-20 5
Jagger 0-30 10 0-10 5
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Krasnodarskaya - | 0-70 50 0-40 25
99
Kvemo Bezostaya 1 0-60 30 0-40 20
Kartli
Lomtagora 123 0-50 20 0-20 5
Lomtagora 126 0-20 5 0-10 1
Kakheti Bezostaya 1 0-20 10 0-30 10
Lomtagora 123 0-10 5 0-10 5
Krasnodarskaya - | 0-40 15 0-40 20
99
Tanya 0-80 30 0-50 20
Sila 0-70 30 0-50 25
Jagger 0-50 10 0-30 5

As it is shown from Table 5, incidence and severity of yellow rust varied according to
varieties between 0-80% and 0-50%, respectively. These characteristics were relatively
higher on Russian varieties: Bezostaya-1, Krasnodarskaya -99, Tanya, Sila, and less on the
varieties, that were selected from international nurceries by Georgian breeders. It should be
noted that the level of disease incidence and severity was higher on the small research plots
and breeding nurseries than on the big commertial fields. The breeding nurceries were sown
in Akhaltsikhe (Vale, vil. Klde), Akhalkalaki (vil.Vachiani) and Marneuli (vil.Lomtagora),
Mtskheta (vil.Tsilkani, vil.Tserovani), Borjomi (Tsagveri), Telavi (vil.Gulgula),
Dedoplistskaro (vil.Shavchrelebi), Gardabani (vil.Sartichala) and Samtredia (vil.Didi
Jikhaishi).

In 2016 the moderate incidence (20-30%) of yellow rust was described in Dedoplistskaro
research plots on varieties: Lupus, Asano, Gerek, Bezostaya 1, Sauli 9, Urbanus and Thbilisuri
15. In Mtkheta (Tsilkani) breeding plots of Scientific-Research Center of Agriculture were
inspected and 70-90% of disease incidence was noted. E.g. on the samples of trap nurseries -
8" IYRTN and 9% IYRTN: Morocco, Fielder, Federation, Inia 66, Pastor etc. the maximum of
incidence — up to 100% was indicated. High incidence of yellow rust was indicated on the
Kazakhstan varieties: Almaly, Alatau, Alkibaday, Kirigash. Moderate incidence (20-40%) of
yellow rust was scored on varieties Morocco and Fielder in trap nursery sown in Tsagveri
station, Borjomi region. High level of disease incidence was also found in Sartichala and
Marneuli (vil. Lomtagora) on some entries of breeding nurseries.

According to results of yellow rust survey in 2013-2016, incidence and severity of disease
were low. The disease was little higher in 2015-2016 like other countries (India, North Africa
countries, Morocco), where high level of yellow rust development was observed (
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http://rusttracker.cimmyt.org/?page_id=9). In 2004-2006, the area of wheat yellow rust
distribution was also limited [Gorgiladze...2007], but according to Naskidashvili et al. (2001)
yellow rust was more significant disease in 1987-1990. Despite the fact, that yellow rust
exists in the Caucasus (and in Georgia, as well) for a long time [Zhukovsky, 1965; Stubbs,
1985], it became a serious problem for wheat production in Central Asia and the South
Caucasus only in the last 15 years when epidemics in 1998, 2000, 2005, 2009 and 2010 were
recorded [Ziyaev...2011]. Negative impact of last two epidemics was also observed in
Georgia. 2009-2010 was especially favorable for the disease development in all observed
geographical zones. 79% of investigated fields were infected by yellow rust. Especially high
intensity was recorded during May and the first half of June, 2010 [Sikharulidze...2009;
Sikharulidze...2014].

The high level of yellow rust severity was indicated in 2000 in the Central and Eastern part
of the USA, where yellow rust was not registered before due to the high temperature
[Chen...2002; Chen, 2005]. Later, using the molecular technology (AFLP) it was determined
that new aggressive pathotypes in the pathogen populations were the cause of this fact.
Spores of new pathotypes were reproduced and grown faster, then old ones and require
higher optimum temperature to develop [Markell...2008]. Scientists have found that the
tendency adaptation of some races of P. striiformis to high temperatures is noticed in recent
years [Milus...2009; Sorensen, 2012]. We also can suppose that some Pst pathotypes spread in
Georgia in epidemic 2010 year were adapted to climate change, because the unusually high
air temperature in June-July-26 °C was recorded (http://nea.gov.ge/ge/news/detailed/643/
haeris-magsimaluri-temperatura). However, the genetic study of aggressiveness of
"Georgian" isolates has not been carried out and it needs to be done in the future.

Thus, the overall mean of disease incidence and severity for 2014-2016 was low.
Comparatively high intensity was recorded in 2016, on the breeding nurseries in Shida
Kartli. The vertical zonation, which is characterized Yellow rust development in Georgia,
promotes saving the initial infection (uredinia stage) and its accumulation when favorable
conditions are existed.

2. The pathotype and virulent structure of Yellow rust Georgian population

226 single-pustule isolates of Puccinia striiformis fsp.tritici were isolated from diseased
samples, collected from different geographical zones of Georgia during 2013-2016. Precisely,
64, 41, 61, 34 and 26 isolates from Meskheti, Javakheti, Kakhety, Shida Kartli and Kvemo
Kartli, respectively. For virulence analysis stripe rust wheat international differential set and
23 near-isogenic lines with Avocet background were used. 37 pathotypes were identified in
Puccinia striiformis population spread in Georgia. Pathotype PstGl (virulence formula: Y7 J,
Yr5, Yri0 Yri12 Yri5 Yr24, Yr26, YrSP, YrAR,/Yr2 Yr3 Yr3a Yr6, Yr7, Yr8, Yr
9 Yrlil Yri17, Yr18, YrSK, Yr /R, Yr]S, Yr AS) was predominant with frequency 30.1%.
PstG2, where Yri0is virulent, was the second common pathotype represented by 20.6% of
isolates. Frequencies of pathotypes pstl, pst2, pst3, pst4, pst5, pst6, pst7, pst8, pst9, pstll,
pstl4 and pstl5 varied between 1.3%- 11.1%. Pathotypes pst10, pst12, pst13 and pst16 were
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distributed with low frequency (0.9%). The last 21 pathotypes were represented by single
isolates (Table 6).

Table 6 . Pathotype structure of Puccinia striiformis population in 2013-2016

# | Phatotype Virulence formula (Avirulent/Virulent genes) Frequency
Number | %

1 | PstGl 1,51012,152426,SPAR, /2,3, 33,6, 7,8, 9, 11, 17, 68 30.1
18, SKJR, JS, AS

2 | PstG2 1, 5,12,1524,26,SPAR, /2,3, 33,6, 7,8 9 10, 11, 17, 46 20.4
185K, JRJS, AS

3 | PstG3 1,510,12,1524, 26,AR /2,3, 32 6,7,8,9,11,17,18, SP, 25 11.1
SK, IR, IS,AS,

4 | PstG4 1,3a,5,10,12,15,24,26,17, SPAR,, /2,36, 7,8,9,11, 17, 16 7.1
185K, JRJS,AS

5 | PstG5 1,5,10,12,15,24,26 /2,3a,3, 6,7,8,9,11,17,18 5K, JR,JS, 10 4.4
AS, SP, AR

6 | PstG6 1,32,5,10,12,24,26,5P, AR, /2,3,6,7,89,11,15,17,18, 5K, 7 3.1
JRJS, AS

8 | PstG8 1,3a,5,9,10,12,15,24, 26, AR, SP/2,3,6,7,8, 11,17,18, 6 2.7
SK, JRJS, AS,

7 | PstG7 1,32,5,10, 11,12,15,24,26,SP,AR, /' 2,3,6,7,8,9, 17, 18, 5 2.2
SK, JR, JS,AS

9 | PstG9 1, 3a, 5, 10,12,15,24,26,5P, SK AR,/2, 3,6,7,8,9, 11, 17, 5 2.2
18, JRJS, AS

10 | PstG11 1,3a,5,10,12,15, 18,24,26,AR, SK,/2,3,6,7,8, 9,11,17, 3 1.3
SP, JRJS, AS

11 | PstG14 1,3a,5,10,11,12,15,, SPAR/2,3,6,7,8,9, 17,1824,26, 3 1.3
SK, JRJS, AS

12 | PstG15 1,3a,5,10,12,15,24, SPAR, / 2,3,6,7,8,9,11,17,18, 26, 3 1.3
SK, JRJS,AS

13 | PstG10 1,5,10,12,1524,26,SPAR, SK/2,3,, 3a, 6, 7, 8, 9, 11, 2 0.9
17,18, JRJS,AS

14 | PstG12 1,3a,5,10,12,15,24,26,17,18, SK,SP, AR 2 0.9
/2,3,6,7.8911JR, ]S, AS

15 | PstG13 1,3a,5,10,12,15, 17, 24,SP, AR /2,3,6,7,8,9,11, 18, 26, 2 0.9
SK, JRJS, AS,

16 | PstG16 1,32,5,10,12,15,26, SP.AR/2,3,6,7,8 9,11,17,18,24, SK, 2 0.9
JR, JS, AS

17 | PstG17 1,5,10,12,15,24,26,5P/2,3, 3a,6,7,8,9,11, 17,18, 5K, 1 0.4
IR IS,AS, AR

18 | Pst18 1,3a,5,10,12,24,26,SP,.SK,AR /2,3,6,7,8,9,11,15,17, 18, 1 0.4
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JRJSAS

19 | Pst G20 1,512152426SP/2,3 33, 6,7, 8 9 10,11,17,18, SK, 1 0.4
ARJR, JS, AS

20 | Pst G21 1,510, 1526SPAR/23 34,6, 7,8 911, 12,17,18, 1 0.4
24, SKJR, JS, AS

21 | Pst G22 1,5,911,10,12,1524,26,SP.AR, / 2,3, 34, 6, 7, 8, 17, 1 0.4
185K JR, JS, AS

22 | Pst G23 1, 5,15,24,26,SP,AR/2,3,3a,6, 7, 8,9,10,12,11,17,18,SK 1 0.4
JR, ]S, AS

23 | Pst G24 1,5 2426SPAR, /23 33,6, 7,8 9 10121511, 17, 1 0.4
18SKJR, JS, AS

24 | Pst G25 1,51012 2426SP,/23 34,6, 7,8 911, 151718, 1 0.4
SK, JR, JS, ARAS

25 | Pst G26 1,5,10,12,15 26AR /2.3 33, 6,7, 8, 9,11,17,18, 24, 1 0.4
SP.SKJR, ]S, AS

26 | Pst G27 1,51012155P, /2.3 34,6, 7,8 9,11,17,18, 24,26, 1 0.4
ARSK, JR, JS, AS

27 | Pst G28 1,5 12152426SP, /23 3a,6,7,8 9, 10,11,17,18, 1 0.4
ARSKJR, JS, AS

28 | Pst G29 1,5, 12,152426,AR/ 2.3, 34,6, 7,8, 9, 10,11,17,18, 1 0.4
SP.SK JR, ]S, AS

29 | Pst G30 1,5, 9 12,1524 26,SP.AR, /2,3, 34, 6,7, 8, 10,11,17, 1 0.4
185K JR, JS, AS

30 | Pst G31 1,510, 11,17,12,15,24,26SP.AR, /2,3, 32,6, 7, 8, 9, 1 0.4
185K JR, JS, AS

31 | Pst G32 1,5,911,17,10,12,152426,SP.AR, /2.3, 33, 6, 7, 8, 1 0.4
18SKJR, JS, AS

32 | Pst G33 1,510, 11, 1812,15,24,26,SP,AR, / 2,3, 34, 6,7, 8, 9, 1 0.4
17, SKJR, JS, AS

33 | Pst G34 1,5,10,12,15,17,18, 24,26,SP, AR/ 2,3, 33, 6, 7, 8, 9,11, 1 0.4
SKJR, ]S, AS,

34 | Pst G35 1,5 910121524 26,SP.AR, SK /2.3 34, 6,7, 8, 1 0.4
11,17, 18, JR, ]S, AS

35 |PstG36 | 1,510, 152426 SPAR /23 34,6, 7,8 911, 12,17, S
185K JR, JS, AS

36 | Pst G37 1,5,12,152426/23 3a,6,7,8 9, 10,11,17,18SK JR, 1 0.4
JS, AS, SBAR

37 | Pst G38 1,33, 5, 12,1524 26,SP.AR, /2,36, 7, 8, 9, 10,11,17, 1 0.4

18, SK JR, ]S, AS

Total

226
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The level of virulence of yellow rust was Fv=14.6 in the population, despite the virulence to twenty
one genes out of 23 was identified. According to Gleason index (Hs) we calculated, the mean number
of identified pathotypes in population was 15.3, when maximum number of identified pathotypes is
37. According to Shannon Index (Hs=1.04) the pathotype structure of population is similar and its
diversity is low, but there are high number of rare pathotypes: h=0.93+0.01.

Isolates, virulent to 21 resistance genes in all have been identified in the population with different
frequencies. Virulent isolates to lines with Y72, Y73, Yr3a, Yr6, Yr, Y18, Yr, Yr 11, Yri17, Yrl$,
YrSK, Y1JS, YrAS, YiJR resistance genes were found with high frequency (76.4-100. 24.3% and
10.6% of isolates were virulent to lines with Y7 70 and YzSP; Very low was percent of isolates,
virulent to Yr/2 (1.4%), Yrl5 (4.4%), Yr24 (4.4%), Yr26 (4.4%) and YrAr (5.6%); No virulence was
found to Yr/ o Y75 genes (Diagram 4).
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Diagram 4 . Frequency of isolates, virulent to resistance genes (%) in wheat yellow rust

population in 2013-2016

When comparing virulent and pathotype composition of populations from different zones, it
was found that there were 18 pathotypes, described in Meskheti in all. Two of them - pstG1
(1, 5,10,12,15,24,26,SPAR/2,3,3a,6,7, 8, 9,11,17,18 5K JR, ]S, AS) and PstG2 (1, 5, 12, 15, 24,
26,SP.AR, /2,3, 3a, 6,7, 8, 9, 10, 11,17,18,5K,JR,JS, AS) appeared to be predominant at all five
zones and their frequencies varied from 23.4- 385 % to 12.5- 30.8 %, respectively.
Pathotypes pstl and pst2 were more frequent in Kakheti population (38.5% and 30.8%%,
respectively) and were distributed by similar frequency in Shida Kartli (32.8% and 26/2%)
and Kvemo Kartli (32.4% and 26.5%). Pathotype PstG 3 was also distributed in all zones
(7.8%- 15.4%); PstG 4 was also found in all zones except Kakheti with frequency 4.9 —
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12.2%. Pathopype PstG 5 was described in Meskheti, Javakheti and Shhida Kartli with low
frequency (3.3-9.8%) and PstG7 was also distributed there with 4.7-5.9%.  3.1% of
frequency was indicated for PstG 6, PstG 8, PstG 9, PstG 11, PstG 14, PstG 15, PstG 16 and
PstG 24, which have been described in two zones; Other three pathotypes have been
presented by single isolates and prevalent pathotypes were consisted of 14-15 virulent genes.
Pathotypes PstG 10, PstG 12, PstG 13, PstG 17, PstG 18, PstG 20, PstG 25, PstG 27, PstG30,
PstG31, PstG 33, PstG37 and PstG38 were identified in some zones and were represented by
single isolates (Diagram 5). The predominant pathotypes were consisted of 14-15 virulence
genes.
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Diagram 5. Frequency of race, identified in different geographic zones

In Shida Kartli population 16 virulence formula (virulence/avirulence combination) have
been described. Two pathotypes - pstG1 and pstG2, with virulence genes Yr 2,3, 3a,6, 7, 89
11,17,18, SK JR, JS, AS and Yr 2,336, 7, 89,10, 11,17,18, SK JR, ]S, AS appeared to be
dominant and their frequency for these years was 32.8% and 26.2%, respectively. Frequency
of other pathotypes was low (4.9-9.8%) and very low (1.6-3.3%).

Nine pathotypes were identified after testing virulence of 34 single-uredinia isolates
collected from Kvemo Kartli area, where the pathotype PstGl was dominant too (32.4%).
The second common pathotype was PstG2 (26.5%). Pathotypes Pst3 and Pst4 were uccurred
with low frequency (4.8%) in the population, but most of identified pathotypes ( PstG7,
PstG8, PstG30 PstG31, PstG37) were identified for single isolates.

Seven pathotypes: PstG 1, Pst G2, PstG 3, PstG 20, PstG 25, PstG 27 and PstG 33 were
described in Khakheti zone. Two of them PstG 1 s PstG 2 were also prevalent (38.5% and
30.8%, respectively) like other zones; Pathotype PstG3 was represented by 15.4% off virulent
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isolates and the last four pathotypes ( PstG 20, PstG 25, PstG 27 o PstG 33) were rarely
presented (3.8%).

As it shown from the Diagram 6, virulence, to differentials with resistance genes Yr3a, Y19,
Yrll, Yrl7, Yr18 and YrSK was very high (57-100%), in all five zones. Virulence to isogenic
lines, carried Y7rI0 and YrSP, were moderate and frequency of isolates, virulent to Y7/2,
Yri5, Yr24,Yr26 and Yr AR was low in all zones.
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Diagram 6. Dinamics of virulence genes by years

The calculation of characteristics of the variability of the pathogen showed high virulence of
Khakheti population (Fv=14.7), but its lowest value- Fv=13.6 was determined in Meskheti
population. The average value of virulent genes in Javakheti, Shida Kartli and Kvemo Kartli
populations was almost the same - Fv =14.2-14.4. The value of population diversity — Gleason
index (Hc) varied between 4.3 and 9.5. The highest mean value of pathotypes, identified in
the population was found in Shida kartli (He =9.5) and Meskheti (Hc=9.4), but the lowest one
- in Kakheti (Hc =4.3). Indexes of diversity were 6.2 and 5.2 in Javakheti and Kvemo Kartli,
respectively.

As it is shown from Diagram 7, virulence to twenty-one genes was identified in 2014 only,
but in 2013, 2015 and 2016 the virulence to twenty resistance genes was revealed. Virulence
to Yr 1, Yr5and Yr 12 in 2013, to Yr 1, Yr 5 s Yr15 in 2014 and virulence to ¥r 1, Yr5
and Yr 26in 2016 was not found.

According to Shannon Index the population diversity is low in some zones and ranged
between 0.68-0.96, but number of rare pathotypes (h) was high- (0.41-0.54 (Table 7).
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Table 7. Characteristics of variability of yellow rust uredinial population by geographic zones

Geographic Characteristics of variability
zone
Fv p He Han h

Meskheti 13.6 0.56 9.4+1,1 0.96 +0.52 0.52+0.05
Javakheti 14.3 0.52 6.2+0,8 0.87+0.46 0.41+0.14
Shida Kartli 14.4 0.57 9.5+1,2 0.98+0.53 0.54+1.4
Kvemo Kartli 14.2 0.39 5.2+0,7 0.78+0.42 0.42+0.04
Kakheti 14.7 0.52 4.3+0,7 0.68+0,1 0.41+0.04

Virulence to isogenic lines with Y72, Y13, Yr3a, Y16, Y77 ,Yi8, Y19, , Yril, ,Yr17, Yrl8, Yr
SK, Yr/R, Y1rJS and YrAS varied between 86.8-100% each year. Significant changes in the
representation of the virulence genes by years were not observed. The frequencies of

isolates, virulent to lines with Yr15, Yr10 and Yr26 have decreased slightly and virulence to

Yr SP and Yr24have increased also insignificantly.
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As it is seen from Table 8, virulence factor was the highest in 2014 (Fv=14.6) and the lowest
in 2013 ( Fv=10.7); Index of population diversity — the highest (Hc-11.1) in 2014, and the
lowest in 2015 (Hc-7.4), at the same time, the value for rare pathotypes was almost the same
for four years. Thus, the diversity of populations was not differed from each other.

Table 8. Characteristics of variability of yellow rust uredinial population by years

Years Characteristics of variability of yellow rust
uredinial population
Fv P He Han h
2013 10.7 0.6 8.1£1.0 0.62+0.4 0.46+0.03
2014 14.6 0.75 11.1+0.9 0.95+0.5 0.48+0.05
2015 12.9 0.5 7.420,9 0.68+0.4 0.47+0.03
2016 11.4 0.6 8.8x1.1 0.62+0.4 0.45+0.03

63 isolates from five geographical zones (represent 37 pathotypes) were compared on the
base virulence data. Among isolates to be analyzed were 18 isolates from Meskheti (the
separate pathotype for each one), 11 isolates with 11 pathotypes, isolated from Javakheti
zone, 18 isolates from Shida Kartli, 7 — from Kvemo Kartli and 9 isolates from Kakheti zone.
Isolates with similar pathotypes are grouped into clusters.

As revealed from dendrogram (Fig. 1), the similarity Jaccard’s coefficient is ranged between
0.78-1.0 among isolates. This is indicated that there was a high similarity among isolates with
different origin and it can be concluded that the unit population of Puccinia striiformis is
spread in Georgia. Despite the high similarity between the isolates, two groups are formed
on the basis of similarity coefficient and virulence data. Twenty five identical isolates with
similarity coefficient (1.0) and twenty one near identical isolates with similarity coefficient
>0.82, were formed cluster 1. Seventeen isolates with different pathotype composition, were
grouped together into cluster II with 0.72 mean similarity coefficient.
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Figure 1. Dendrogram of similarity of yellow rust isolates of different origin base on virulence data

Thus, the virulence diversity of yellow rust population, distributed in Georgia is low, despite
their distribution in different zones. It may be due to the fact that there are very little
sowings of wheat in Georgia (50-60 thousand ha and separate commercial fields, about 2-30
ha), almost the same genotypes are sown, there is no alternate host for pathogen. The
diversity, we noted mainly on the isolates from breeding nurseries, may be explain by
various genotypes of breeding entries and by drift of genes. Existing diversity of Georgian
population and some changes in virulence may be was caused in case somatic recombination
of pathogen [Hovmoller...2002:24].

2.2 Wheat yellow rust virulence monitoring by international trap —nurseries

In the framework of Wheat Improvement International program and collaboration with
CIMMYT and ICARDA, the international yellow rust trap nurseries -7 IYRTN-13, 8%
IYRTN-14 and 9™ TYRTN-15 (80 entries each) were sown in 2016-2015 in three locations:
Mtskheta, Kobuleti and Tsagveri. Nurseries were consisted of 28 isogenic lines and 52
commercial varieties with known yellow rust resistance genes and some unknown sources of
resistance. The samples were tested under natural infection in 2012-2013, 2013-2014 and
2014-2015 vegetation period. According to disease scoring data 42 resistant (R) and 13
moderate resistant genotypes were revealed (Table 9). Two entries had mixed reaction (MR-
MS) and other 14 ones were susceptible (S) and moderate susceptible (MS) to pathogen,
while the severity of yellow rust on the control variety Morocco varied between 60-100%.
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Table 9. Testing of yellow rust trap nurseries under natural infection in 2016-2015

Reaction Type Genotype Resistance gene
(RT)
Resistance -R Chinesel66, Yr1/6*Avocet S | Yrl
Kalyansona (S), Heines VII Yr2
Vilmorin 23 Yr3a, Yrda+other,
Hybrid 46 Yr4,
Yr5/6*Avocet S, Triticum Yr5
Spelta (Inter, Yr5)
Heine’s Kolben, Heine’s Yr6+
Peko
Reichersberg 42 (W; Yr7+7)
Compair (S; Yr8) Yr8,
Fed.4/Kavkaz , Clement (W; | Yr9
Yr9+Yr2+7?)
Yr 15/6* Avocet S Yrl5
Yr 17/6* AOC Yrl7
Strubes Dickkopf, Yr(W;2-more?)
Nord Desprez (W; YrND) ( Yr W)
TP1295 Yr25
YR32/6*Avocet S YrCV
Yr 27/6* AOC ATTILA. Yr 27
Ciano 79
Opata 85 Yr27+Yr18
Moderate resistance- Suwon92 x Omar, W;
MR Yr 8/6* Avocet S PASTOR | Yr8
Moro (W; Yr10)
Yr 10/6* Avocet S Yr10
Spalding Prolific(W; YrSP)
PASTOR Yr31+

As Table 9 shows, resistance genes: Y7/ (isogenic line Yr1/6*Avocet S and var. Chinesel66),
Yr2 ( Kalyansona (S) and Heines VII), Yr3a (Vilmorin 23), Yr4 (Hybrid 46), Yr 5 (Yr 5/6*
Avocet S, Triticum Spelta ), Yz10 (Yr 10/6* Avocet S, Moro) Yr15( Yr 15/6* Avocet S), Yri7
(Yr 17/6 AOC), Yr25(TP1295), Yr32 (Carstens V ), YrSP (Spalding Prolific, YrSP/6*Avocet
S), YrAR (Avocet ‘R’, Inia 66), as well as varieties of foreign breeding: Cham 1, Cham 4,
Cham 6, Cham 8, Gobustan, Alamout, Bohouth 6, Gereck 79, Hogenoot, Gun 91, Dustlik,
Tatara CM85836-50Y, Suwon92/Omar appeared to be resistant to yellow rust population for
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adult plants. They may be use for breeding of new, resistant varieties. However, same genes
Y2 Yr3a, Yril0, Yr8, Yr9, Yri7were ineffective on seedling stage.

Thus, wheat yellow rust population in Georgia is moderately virulent and consist of nearly
13 genes. Virulence to resistance genes was higher on seedling stage. Nowadays 49 resistance
genes to yellow rust are identified [Powel, 2010], and 26 of them were studied in our
conditions. The level of virulence of yellow rust population in Georgia has been increased for
last 25 years: In 1990s dominant pathotypes were consisted of 3 virulence genes
[Naskidashvili....2001], virulence to 10-13 resistance genes was identified before 2009
[Sikharulidze...2009], and in 2013-2016 virulence to 20 resistance genes were described.
This may be explaining by fact, that before 90s wheat, mainly, Russian Bezostaya 1, was
sown on the more area (300 thousand ha), than today. Later, the spectrum of Russian
varieties covered commercial fields have increased, but their genotype was no different from
Bezostayal.

The effectiveness of resistance genes is depending on the composition and virulence of
pathogen population [Mclntosh...1995]. That is why the virulence structure of yellow rust,
predominant pathotypes and effective resistance genes are not same in different countries.
For example, in 2011-2015 in Kazakhstan [Pcanues...2015]; Ziyaev...2011, Kokhmetova...
2010; Yahaoui, 2003], Germany [Flath...2015] and in Canada [Brar...2016], Yr5, Yr 10, 15,
24, SP, which are widely used in breeding, were effective, like Georgia [Sikharulidze... 2012;
Natsarishvili...2015}. The “Georgian” population of yellow rust is differing from different
countries (Spain, Sweden, Lithuania, Latvia, Norway, Denmark, Turkey, Uzbekistan,
Ethiopia) by Yr/ gene, which is uneffective in these countries (www.wheatrust.org.). The
pathotype, virulent to ¥Yr 2, 3, 4, 6, 7, 9, 11, 12, 17, 18, 25, 32, Sp YrA and avirulent to Y7 8
and Yr27is common in Turkey. The new, “Warrior” race (Y7 1, 2, 3,4, 6, 7, 9, 17, 25, 32, Sp,
YrvS revealed in Turkey in 2014 [Mert...2014]. The “Warrior” race, as well as PstS2 race
were not detected in Georgia.

3. Studying of yellow rust pathogen population diversity using molecular markers

To determine genetic diversity a total of 35 single spore isolates of Puccinia striiformis
(Mst1, Mstla, Mst2, Mst3, Mst4, Mst5, Mst5a, Mst6, Mst7, Mst8, JPST1 JPST2 JPST3, JPST4,
JPST4a, JPST5, JPST8, SKPST1, SKPST1b, SKPST2, SKPST3, SKPST3a, SKPST4, SKPST5,
SKPST9, QKPST1, QKPST2, QKPST3, QKPST4, QKPST7, QKPSTS8, KPST1, KPST2, KPST3,
KPST33) collected from five geographic zones across Georgia were analyzed using twelve
SSR markers (R]J3, RJ4, RJ5, RJ15, RJ18, RJ20, RJ21, RJ22, SUNIP st 05-47, Scaffold 45-
273492, SUNIP st 15-30, Scaffold 176-11303). The number and size of amplified fragments
were varied with different markers. Only six SSR markers (R]J3, RJ4, RJ18, R]J20, R]21, R]J22)
produced the bands ranged from 70bp to 900bp. In total, 91 amplified products were
amplified bands were produced in 35 Pst isolates (Figure 3). 71% of the isolates had the same
SSR pattern. Maximum number of bands (6) was produced in ten isolates from Meskheti
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zone. Among them there were one 900bp and 470bp size SSR fragments, five 320bp and five
70bp size SSR bands; four 200bp and four 250bp size SSR genotype; Four band with size
320bp, four - with 70bp, three 200bp and three 250bp bands were detected in seven isolates
from Javakheti zone. In five isolates out of eight isolates from Shida Kartli zone were
detected 320bp and 70bp bands, but in three isolates - 200bp and 250bp fragments. Three
isolates from Qvemo Kartli area produced 70bp and 320bp fragments, two isolates -200bp
and 250bp fragments and 900bp and 470bp bands were produced in one isolate.

Figure 2. Amplified products by 35 isolates of Puccinia striiformis £ sp. tritici using SSR
markers

Based on molecular data, high genetic similarity of 0.10 was found among the following
isolates: Lowest genetic similarity of 0.46 was observed in isolate. Dendrogram generated
based on genetic similarity using simple matching coefficient (SMC) reveled two main
clasters(Figure 4). The first claster showed very high similarity and formed two subclasters.
The first subclaster(Al) was created by identical isolates( Mstl, Mstla, Mst3, Mst4, Mst5,
JPST4a, JPST5, JPST8, SKPST1, SKPST1b, SKPST2, SKPST3a, SKPST4, QKPST2, QKPST3,
QKPST4, KPST1)). In the second subclaster B the following isolates: Mst2, Mst5a, Mst6,
Mst7, JPST3, JPST4, JPST5, JPST8, SKPST3, SKPST5, SKPST9, QKPST7, QKPSTS, KPST2,
KPST3 grouped together with 0.70 mean sismilarity.
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Figure 3. Similarity dendrogram of molecular profiles of 35 isolates Puccinia striiformis £

sp. tritici of different geographic origin

According to molecular data the level of genetic diversity was low. This leads us to conclude
that P. striiformisf. sp. tritici population is clonal in Georgia. Pair wise comparison show that
Pst isolates genetic distance is not dependent on year and location collection. The results
indicate that molecular diversity is strongly related to the virulence polymorphism among
tested isolates. Some researchers reported that genetic variation between isolates of 2.
striiformis collected in USA was not related with their virulence (Chen et.al, 1993; Kosman
et.al; 2004). It can be concluded that clustering pattern thus show that contemporary isolates
grouped together irrespective of their geographical origin and common virulences.
Conclusion of this study are in agreement with those reported by Markell an Milus (2008).

4. Immunological assessment of wheat breeding material
4.1 Evaluation of Wheat International Nurseries resistance to yellow rust Georgian population

The genetic potential, including resistance to different diseases (rusts, Septoria, Powdery
mildew of Facultative and Winter Wheat Nurseries -17FAWWON-SA, 1I9FAWWON-SA and
Yielding Nurseries - 20HRWYT, 17IWWYT-IR, 1st-CACWWYT , obtained from CIMMYT
and ICARDA, have been studied) in Georgian conditions in 2011-2015.

According to reaction type, disease severity and Coeffeicient of Infection 12 entries
(Attila*2/P8-20HRWYT-5, Tacupeto-F2001/6/CNDO-20HRWYT-225, 19FAWWON-SA-79,
Kinaci-97, 17IWWYT-IR-9803, Amsel/TUL//... LG-44, 17IWWYT-IR-9803; HBK0935W-24,
KR-11 -9043, KR11-003, KR11-014, KR11-015, Shafag 2), resistant to yellow rust were
selected (Table 10).
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Table 10. Characterisics of resistance level of genotypes, selected from International Nurseries

N  |Genotype Origin Reaction CI AUPDC
1 19FAWWON-SA-79 ICARDA 10MS 8 220
2 Attila*2/P8 -20HRWYT-5 ICARDA 5MR 2 130
3 Kinaci-97, 17IWWYT-IR- | ICARDA 20MR 8 385

Tacupeto-F2001/6/CNDO, | ICARDA R 0.2 22
4 20HRWYT-225
5 Amsel/TUI/... LG-44 ICARDA R 0.2 22
17TWWYT-IR-9803; ICARDA R 0.2 22
HBK0935W-24
7 KR-11 -9043 ICARDA 5MR 2.0 42
8 KR11-003 ICARDA R 0.2 22
9 KR11-9014 ICARDA R 0.2 22

10 KR11-9015 ICARDA 5MR 2.0 42
11 Shafag 2 ICARDA R 0.2 22
12 17FAWWON-SA- CUPRA- 10 MR -MS | 8 220

1/3/CROC1/AE.SQUARROSA
(224)// 2*OPATA/ 4
PANTHEON

As table 10 shows, six samples (KR11-003, KR11-014, Tacupeto-F2001/6/CNDO- 20HRWYT
- 225, Shafag 2, 17IWWYT-IR-9803- HBK0935W-24, Amsel/TUI//... LG-44) showed (R)
reaction type, very low Coefficient of Infection (0.2) and AUPDC. Four of entries: KR11-
015, KR11-9043, Attila2/P8 -20HRWYT-5, Kinaci-97, 17IWWYT-IR-9803 had (MR)
moderate resistance with Coefficient of Infection between 2-8 and AUDPC - from 42 to 385.
Ten advanced breeding lines selected from ICARDA’s different nurseries on the base above
mentioned characteristics showed adult plant resistance. Two samples gave moderate
susceptible reaction type with low severity (10MS) and also with low CI and AUPDC - 2 and
220, respectively.
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Diagram 8. Coefficients of Infection (CI) and Area Under Disease Progress Curve (AUPDC) for

genotypes, selected from International Nurseries

The main characteristics, like spike length, number of grains in spike, 1000 —kernel weight
and average yield of selected genotypes were determined at field conditions in 2014-2015.
According to these characteristics all of tested genotypes exceeded the standard variety-
Bezostaya-1 (Table 11).

Table 11. Analysis of variance for grain yield and yield components of wheat genotypes, selected from
International Nurseries at three sites in Georgia

# Sample Plant Spike Number of | 1000 — Average
height, length, grains in kernel yield,
cm cm spike weight, t/ha

(gr)

1 | KR11-9014 95+0.12 9.7+0.16 44.8+0.1 42.5+0.5 5.0+0.14

2 | KR-11-9043 90+0.11 8.6+0.16 48.8+0.11 45.840.16 | 5.4x0.16

3 | KR11-003 85+0.09 11.3+2.7 50.6+0.17 44.7+0.2 5.5+0.01

4 | Attila*2/P8 -20HRWYT-5 80+0.22 9.8+0.13 49.4+0.9 40.2+0.4 5.0£0.13

5 | Kinaci-97, 17IWWYT-IR- | 90+0.12 10.7+0.08 | 54.8+0.75 47.1+0.25 | 5.1+0.19

9803
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6 | Tacupeto-F2001/6/CNDO, | 95+0.12 11.8£0.21 | 42.2+0.65 45.0+0.18 | 5.8+0.17
20HRWYT-225
7 | Amsel/TUl//... LG-44 85+0.13 9.7+1.2 48.8+0.8 42.8+0.5 5.3+0.1
8 | 17FAWWON-SA- CUPRA- | 100+0.18 10.5+2.24 | 65.5+0.75 48.5+0.09 | 6.2+0.14
1/3/CROC1/AE.SQUARRO
SA (224)// 2*OPATA/ 4
/PANTHEON
9 | Bezostaya-1 (check) 90+0.005 7.8+0.11 37.8+0.05 40.5+0,61 | 4.1+0.12
LSDos -1.6 | LSDos -1.6 LSDos —
LSDos 1.6 | LSDos—0.9 | 1.7
LSDo1 —
LSDo1 2.2 LSDo -1.3 | 1.9

In accordance to dispersal analysis data (one —way ANOVA), F actual > F theoretical,

that

means these values in replications were substantially different. The spike length varied from
8.6 to 11.8 cm and at 95% confidence level the Least Significant Difference (LSDos) was 1.6,
and LSDo0i=2.2 - at 99% confidence level. Number of grains in spike was also varied in
genotypes from 42.12 to 65.5 and the Least Significant Difference at 95% confidence level
(LSDos) was 0.9, but at 99% confidence level (LSDo1) - 1.3. 1000-kernel weight and average
yielding of genotypes were also different and varied from 40.2-48.5 gr and 4.1-6.2 t/ha,
respectively. Accordingly, the Least Significant Difference at 95% confidence level (LSDos)
was 1.7 and 0.4 and at 99% confidence level (LSDo:) - 1.9 and 0.6, respectively.

The data analyses of ecological testing results of above mentioned nine varieties were done
using a two-way ANOVA to estimate the effect of two factors — Geographic zone and
Genotype on the yield and yield components. Experiments (in four replicates) were
conducted in three sites: Meskheti (Akhaltsikhe), Javakheti (Akhalkalaki) and Shida Kartli
(Mtskheta, Tsilkani). ANOVA for main characteristics (spike length, number of grains in
spike, 1000 —kernel weight and yield) showed that the effects of genotypes were statistically
significant at all locations. The effects of geographical zones were not statistically significant.

As results the trials’ data analysis the genotype - CUPRA-1/3/CROC1/AE.SQUARROSA
(224)//2*OPATA/ 4 /PANTHEON have been selected as improved wheat variety for official
release in Georgia and has been registered by “Sakpatenti” (National Intellectual Property
Centre) as a new variety “Lomtagora 143”.

Wheat variety Lomtagora 143 is a bread wheat (7riticum aestivum L) variation (var.
lutescens (Alef.), with red grains, without awns; After a multiple cross (CUPRA-

1/3/CROC1/AE SQUARROSA) it has been selected from 177FAWWON-SA nursery. Variety
Lomtagora 143 is characterized by great emergence, strong root system and good tillering.
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The number of well-developed productive spikes is 570-580 on 1m? The maximum height of
plant is 100cm; It is lodging resistant and easy to trash and is suitable for mechanical
harvesting; Spikes are beige, 10.5 cm length with 20 good-developed spikelets and 65-70 red,
hard grains in each spike; 1000- kernel weight is 45 gr; The average yield of Lomtagora 143 is
6.5 t/ha. It is recommended to produce in Kartli, Meskheti and Javakheti regions.

4.2. Testing of resistance level of introduced wheat varieties to yellow rust and revealing of
resistant genotypes

The resistance to rusts of 67 wheat varieties, introduced by Georgian Ministry of
Agriculture from Austria, Russia, Germany and Kazakhstan was tested under artificial
infection at seedling and adult plant stages in Kobuleti, at the Phytopathology and
Biodivesity Institute’s research plot. Significant number of resistant varieties - Diego,
Amandus, Amicus, Balitus, Galus, Fidelius, Lucullus, Lupus, Urbanus, Asano, Premio,
Amebelo were revealed. The severity of yellow rust was high (60-90%) on Russian
susceptible varieties: Tanya, Sila, Krasnodarskaya 99, Steklovidnaya 24, Yubileinaya 60 and
Bezostaya 1(check) was high(60-90%), accordingly, CI(48-90), AUPDC(750-1335 and
rAUPDC (36.8-65.4) were also high. (Table 12).

Table 12. Testing of resistance of introduced wheat varieties on artificial infection

N Sample Origin Reaction Coefficient of | AUPDC | rAUDPC
Infection
(CD
1 | Bezostaya 1l Russia 90S 90 1335 65.4
(standart)
o | Krasnodarskaya 99 Russia 80S 80 1225 60.0
(standart)
3 | Tanya Russia 80S 80 1230 60.3
4 | Sila Russia 80S 80 1050 515
5 | Diego Germany 60MS 48 750 36.8
6 | Amandus Austria R 0.2 22 1.1
7 | Amicus Austria R 0.2 22 1.1
9 | Balitus Austria R 0.2 22 1.1
10 | Galus Austria R R R R
11 | Fidelius Austria R R R R
12 | Lucullus Austria R R R R
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13 | Lupus Austria R 0.2 22 1.1
14. | Urbanus Austria R R R R
15 | Amebelo Austria R R R R
16 | Asano Austria R R R R
17 | Premio Austria R 0.2 22 1.1
18 | Steklovidnaya 24 Russia 60 MS 60 860 422
19 | Yubileinaya 60 Russia 60 MS 60 860 42.2

Despite the most of Austrian varieties were resistant to yellow rust, only three varieties —
Amandus, Fidelius and Lucullus were selected by breeders of Scientific-Research Center of

Agriculture on the base of good agronomical characteristics for producing in Georgia.

The results of evaluation of 30 Kazakhstan varieties resistance under artificial infection
showed that eighteen of them — Almaly, Alatau, Akbiday, Batagoz, Jalin, Karasay, Koksu,
Maira, Manshuk, Mereke70, Naz, Mereke 75 are susceptible to “Georgian” population of
Yellow rust. The most of susceptible varieties had high disease severity (50-80%); Seven
varieties — Rausin, Faraby, Raminal, Ramin, Progress, Zhetisu and Egemen showed moderate
resistance (MR) with 1-5% of severity and five varieties (Alikhan, Alia, Zhadira, Anara,

Tungish) appeared to be very resistant (R) with no symptoms of disease.

Diagram 9. Share of Kazakh varieties (%), resistant and susceptible to Georgian population of
yellow rust

As diagram 9 shows, 16.7% and 43.3% of Kazakhstan varieties were susceptible and moderate
susceptible to yellow rust, respectively, but 16.7% and 23.3% of varieties were resistant and
moderately resistant, respectively.
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4.3 Evaluation of resistance of local germplasm

The responses of fifty-two wheat genotypes including wheat species, domestic landraces
and introduced entries from different international nurseries to stripe rust Georgian
population at seedlings and adult plant stages were studied. High level (R, MR) of juvenile
and adult resistance to the disease was detected in nearly all tested species and
subspecies: 7riticum monoccoccum (var. laetissimum Korn), Triticum timopheevi (var.
tipicum Zhuk-var.viticulosum Zhuk), Triticum dicoccum (var. farrum), Triticum carthlicum
Men(var. fuliginosum Zhuk), Triticum carthlicum Men (var. stramineum Zhuk), Triticum
macha Dek et Men (var. megrelicum Men), Triticum macha Dek et Men (var.colchicum ),
Triticum macha Dek et Men (var. palaeo-imereticum), Triticum spelta (var.
dekaprelevichi Dorof.) Triticum durum Desf. and Triticum compactum Host (var.
Icterinum).

It is known that wheat landraces have been widely used in breeding of wheat as they
represent rich sources of genes conferring resistance to diseases. The Georgian wheat
landraces, including five endemic species, subspecies and varieties were also widely used in
wheat breeding programs in many countries of the world and in Georgia as well [ Tsrpuurkun
...2011};  McIntosh...1998; Kerber...1990; Dekaprelevich, 1961]. For example,
Tr.timopheevi, Tr. macha and Tr.monoccoccum are widely known, as the best sources of
resistance to fungal diseases and many good varieties have been created on their basis
[Brown-Guerda...1996; Tomerlin...1984; McIntosh...1971; Nyquist, 1962]. 7. ibericum is
a resistance source to yellow and brown rusts [Dekaprelevich...1976]. Many varieties of
Georgian breeding (Vardzia, Bagrationi, Mukhrani, Deda, Motsinave) have derived from
local landraces (Dika, Khulugo, Dolis Puri) [Naskidashvili, 1983].

The most of old local varieties tested under artificial infection (Kakhuri datotvili,
Akhaltsikhis Tsiteli Doli, Tsiteli doli, Dolura, Dolis Puri 18/46, Dolis Puri 35/4. Korboulis
Dolis Puri, Moklegeroiani Tsiteli Doli, Lagodekhis grzeltavtava, Bagrationi, Mukhrani,
Thilisuri 5, Armazi 2, Motsinave, Armazi 3, Khulugo, Adgilobrivi Tsiteli Doli, Bagrationi
mskhviltavtava, Vardzia, Sauli 9, Thilisuri 15 and Almasi) was susceptible to yellow rust.
Varieties Javakhetis dika, Tetri ifkli, Tetri dika, Shavpkha, Dika and kolkhuri asli showed
resistance and moderate resistance. However, severity of yellow rust was lower on some local
susceptible varieties (Dolura, Dolis Puri18/46, Adgilobrivi Dolis Puril8/46, Moklegeroiani
Tsiteli Doli, Deda) in comparison with the check variety — Bezostaya 1(Table 13).

Table 13. Resistance of wheat species and local genetic resources to yellow rust artificiall
infection.

N | Genotype name Genotype Reaction Incidence of | Severity of
Latin Name type to yellow rust, | yellow
yellow rust | % rust,%
1 Gvatsa Zanduri Tr.monoccoccum R 0 0
2 Chelta Zanduri Tr.timopheevi R 0 0
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3 Makha Triticum macha MR 1 1
Dek et Men
4 | Kolkhuri Asli Tr.georgicum MR 1 1
5 Dika Tr.ibericum Men MR 1 1
Var.fuliginosum
Zhuk
6 Shavpkha Triticum durum MR 1 4
7 Tetri dika Tr.ibericum Men MR 40 10
Var.stramineum
Zhuk
8 Adgilobrivi Dolis Puri Tr.aestivum MR- MS 1 1
9 | Moklegeroiani Dolis Tr.aestivum MS 5 5
Puri
10 | Deda Tr.aestivum MR-1MS 10 5
11 | Tetri Ipkli Tr.aestivum R 0 0
12 | Bagrationi Tr.aestivum MS 5 5
Mskhviltavtava
13 | Javakhetis dika Tr.ibericum Men R 0 0
Var.fuliginosum
Zhuk
14 | Bezostayal (check) Tr.aestivum MS 100 60

Thus, the results of our study showed that a majority of tested accessions had high and
moderate resistance to Georgian population of stripe rust. The results of this study also
support the fact, that nowadays the wild relatives could be valuable sources of
resistance to the stripe rust races in our country (Mclntosh et al., 1998; Kerber & Dyck,
1990; Dekaprelevich,1961:17-30;). This research results could be useful for the national and
international breeding programs in either further evaluation the stripe rust resistant lines

for varietal identification or using them as parents in the crossing.

5. Testing of biological agents to control yellow rust.
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5.1. Testing of bio-preparations.

5.1.1. Effect of preparations on spore germination of Puccinia sfriiformis and treated wheat
seedlings

Five microbiological preparations: Phytocatena (Pseudomonas Fluorescens BA), Biocatena(

Trichoderma lignorum BA), Agrocatena (Bacillus subtilis) and Phytosporin-M (Bacillus
subtilis) have been tested to determine their biological efficacy for controlling wheat yellow
rust. Their inhibitory effect on spore germination of Puccinia striiformis was tested in - vitro
conditions and fungicide efficacy of Phytosporin-M on pathogen incubation period, wheat
seedlings reaction type and disease severity was tested in the greenhouse conditions by foliar
spray applications. According to producer’s recommendations for each treatment a
concentration of 0.5% water solution of preparations was used in vitro test with four

replications for 12 and 24 hours.

Table 14. Effect of preparations on the pathogen incubation period, disease severity and
reaction type

Preparation Active Reaction Infection Incubation
substance Type (points) | Type period

Phytosporine-M | Bacillus 3-; 2+ MS-MR 16
subtilis BA

Phytocatena Pseudomonas | 3-4 MS 15
Fluorescens
BA

Biocatena Trichoderma | 3-4 MS-S 15
lignorum BA

Agrocatena Bacillus 4 MS-S 15
subtilis

Negative control | Disstilled 4 S 15
water

Results of performed tests showed that biological effectiveness of Phytocatena, Biocatena,
Bactofert and Agrocatena was very low. Particularly, incubation period (15 days) for yellow
rust and MS and S susceptible reactions were the same on both — the treated seedlings and
check susceptible wheat variety Morocco; In contrast, resistant (MR) reaction and incubation
period in 6 days were scored on the treated plants by Phytosporine-M (Table 14). The
majority of tested preparations: Phytocatena, Biocatena and Agrocatena were ineffective
inhibitors for urediniospore germination of Puccinia striiformis. The average value of
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germinated spores was ranged between 91.3-93.8%, and disease severity - 92.5 - 93.8%. The
most effective in this regard was Phytosporin —M: spore germination in its solutions was
69.0+0,7% and disease severity on the wheat seedlings, treated by these preparations were
71.3+3.1%; Spore germination and disease severity was about 96.8% and 96.3% on negative
control and check variety, respectively (Table 15).

Table 15. Effect of preparations on spore germination of Puccinia striiformis, ( %)

Preprate name Active Spore Biolog. Disease Biolog.
substance 0g/ermination, efficacy, % severity, efficacy,
° % %
Phytosporin-M Bacillus subtilis 69.0+0,7* 28.7 71.3+3.1* 25.9
BA
Phytocatena Pseudomonas 94.2+1,9* 2.7 93.8+2.9* 2.6
Fluorescens BA
Biocatena Trichoderma 93.8+1,3* 3.0 92.5.+1.3" 3.9
lignorum BA
Agrocatena Bacillus subtilis  91.3+1,3" 5.6 92.5+1.3" 3.9
Control Disstil.water 96.8+0.8 - 96.3+1.3
LSDos=5.04 LSDos=4.4
LSD0o1=6.9 LSD0o1=5.8

Data were evaluated by one-way ANOVA test. According to statistical analyzed data the Least
Significant Difference at 95% confidence level (LSDos) for spore germination was 5.04, and at
99% confidence level- LSD0i=6.9; For disease severity - LSDos=4.4 and 99% LSD0i=5.8.
Biological effectiveness of preparations was varied according to inhibitory effect on spore
germination and disease severity between 3.0-28.7% and 4.0-25.9%, respectively. As the
Diagram 10 shows, relatively high biological effect had Phytosporin-M (25.9 -26.3%).
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Diagram 10. The biological effectiveness of preparations according to inhibition of uredospore

germination and disease severity.

Thus, fungicide activity of preparations Phytocatena, Biocatena and Agrocatena of yellow
rust severity on wheat seedlings was very low. Relatively high protective effect showed
Phytosporin-M and Bactofert compared to other preparations and check in-vitro, as well as in
greenhouse tests.

5.1.2. Effect of foliar spraying of Phytosporin-M on wheat yield components under field
condidtions

The effect of foliar spraying of Phytosporin-M on yellow rust development (type of infection,
incubation period, disease severity) and wheat yield components was studied under field
conditions.

Data in Table 16 indicated that the application of one spray of Phytosporin-M-water solution
(0.2% concertation) significantly increased the disease incubation period to 18 days compared
to untreated control (15 days), however, this value was less, then for positive control. The
mean severity of yellow rust on wheat reduced (63.8%) compared with the negative
untreated control (85%) and mixed infection type - MR-MS was recorded on the plants. But
the fungicide Altosuper was more effective (mean severity on plants, treated by Altosuper
was 45%). Phytosporin-M improved the 1000-kernel weight and mean yield by 41.8 gr and
395 gr/m? increase over the untreated control (1000-kernel weight — 39.8%, average yield-
336 gr/m? respectively. But efficiency of Phytosporine-M was less than the fungicide
Altosuper improving the 1000-kernel weight and mean yield by 50.0 gr and 457 gr/m?
respectively. Accordingly, efficacy of Phytosporin-M (14.8%) was also less than efficiency of
positive control Altosuper (25.8%).
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Table 16. Effect of foliar spraying of Phytosporin-M on yellow rust development and wheat

yield components under field conditions

Preparation Milk stage Disease 1000- Yield, Efficacy,
severity, kernel gr/m? %
Incub. % weight, gr
Period, days | IT
Phytosporin-M, | 18 MR- 63.8+4.8* 41.8+0.7* | 395+12.9 14.8
0.2% MS
Positive 21 MR 45.0+5.8" 50.0+0.4* | 457.5+17.1* | 25.8
control
(Altosuper)
Negative 15 S 85.0+5.8* 39.8+£0.3* | 336.3+25.6" | -
control
(untreated)
LSDos=12.4 | LSDos=1.13 | LSDos=43.6
LSDn=17.9 | LSDoi=1.6 | LSDn=62.7

Thus, despite the antimicrobial effect of Phytosporin-M was less, than fungicide Altosuper,
the use of its 0.2% solution is recommended when the first symptoms of yellow rust are
visible in the field.

5.2 Screening of plant extracts for fungicide activity against yellow rust of wheat

The efficacy of seven extracts of native and exotic Dendron plants growing in Adjara (Abzes
nordmanniana, Buxus colchica, Corylopsis pauciflora, Corylopsis sinensis, Corylopsis spicata,
Eucalyptus cinerea, Hamamelis mollis), Stevia rebaudiana and Allium cepa have been
investigated for controlling wheat yellow rust in vitro and in vivo conditions (Table 17).

In vitro, treating of Puccinia striiformis urediniospores with extracts of Abies nordmanniana,
Buxus colchica and Corylopsis pauciflora significantly inhibited spore germination, percent
of germination spores varied between from 1.7% to 10.0% depending on extracts used and
different dilutions (1:1, 1:5, 1:10). Accordingly, their efficacy was between 85.0 — 93.3%.
Especially high efficacy (100%) had Onion (Alium cepa) and Stevia (Stevia rebaudiana)
extracts. Efficacy of Eucalyptus cinerea, Corylopsis spicata and Hamamelis mollis extracts
was low (20-36.8%).
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Table 17. Effect of plant extracts on spore germination of Puccinia striiformis

Plant species Germination, % Biological efficacy,%
Concentration, % Concentration, %
1:1 1:5 1:10 1:1 1:5 1:10
Abies nordmanniana 53+1.03 | 1.7£1.5 | 9.4+0.8 89.7 93.3 85.6
Buxus colchica 5.1+0.2 | 6.4+0.8 | 10+1.2 89.9 88.6 85.0
Corylopsis pauciflora 5.3+1.03 | 4.3:0.3 | 10+1.2 89.7 90.7 85.0
Corylopsis sinensis 73.3+1.6 | 66,6+3.3 | 70.0 21.7 28.4 25.0
Corylopsis spicata 70.0 68.3+1.7 | 70.0 25.0 26.7 25.0
Eucalyptus cinerea 64.2:0.8 | 58.3+ 70.0 31.6 36.8 26.3
Hamamelis mollis 60.0 66.6+3.3 | 75+2.9 35.0 28.4 20.0
Allium cepa 0 0 0 100 100 100
Stevia rebaudiana 0 0 0 100 100 100
Negative control (distilled 95%
water)

The plant extracts were also evaluated for their efficacy in controlling yellow rust using foliar
spray application on wheat seedlings in the greenhouse. For each treatment, the highly

susceptible variety Morocco was used.

Among all extracts tested, extracts of Abies nordmanniana, Buxus colchica and Corylopsis
pauciflora had were the most effective treatment and recorded 40-65% disease severity with
moderate resistance and 2 days’ incubation period. Other extracts (Corylopsis sinensis,
Corylopsis spicata, Eucalyptus cinerea and Hamamelis mollis) appear to be less effective:
susceptible reaction type, the incubation period (14 days) and disease severity (60-70%) on

the treatments was nearly same to negative control (Table 18).
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Table 18. Effect of plant extracts on yellow rust incubation period and reaction type

# Extract name Incubation period (days) Reaction type and Severity
(%)
Concentration, % Concentration, %
1:1 1:5 1:10 1:1 1:5 1:10
1. Abies nordmanniana 16 17 17 20MR |5MR 5 MR
2. Buxus colchica 16 16 16 30MR | 10MR | 5MR
3. Corylopsis pauciflora 16 16 16 30MR | 15MR |5MR
4. Corylopsis sinensis 14 14 14 65MS | 65MS | 65MS
5. Corylopsis spicata 14 14 14 70MS | 65MS | 65MS
6. Eucalyptus cinerea 14 14 14 65MS | 70MS | 70 MS
7. Hamamelis mollis 14 14 14 65 MS 65 MS | 60 MS
8. Negative control 14 80 MS
(distil. water)

Thus, among preparations, that were tested, Phytosporin-M has the average fungicide effect
and it could be recommended for using as a prophylactic measure. Research of extracts with
high antimicrobial effect against yellow rust should be continued for understanding of
mechanism of disease suppression.

Biological control of wheat rusts and other pathogens by using plant extracts is an advanced
and risk-free alternative way of plant disease management. Many plant extracts are known to
control of plant diseases [Joseph...2008; Jarvis, 1988]. It is evident from several articles that
plant extracts are effective biocontrol agents against wide range plant pathogens including
rusts [Shabana...2017; Naz, 2014; Sheroze...2003; Hofferek, 1984]. The plant extracts
(Hamamelis japonica Sieb. et Zucc., Hamamelis virginiana L., Hamamelis mollis Oliv.,
Mpyrtus communis, Liquidambar styraciflua L., Corylopsis pauciflora Sieb. et Zucc., Buxus
colchica Pojark. ) used in this study showed high antibacterial efficacy against bacteria R.
Solanacearum [Muradashvili... 2016].
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Conclusions

1. In 2012-2015 incidence and severity of wheat yellow rust was low in all investigated

geographical zones of Georgia;

2. Two pathotypes - PstGl (virulent to Y72, Yr 3, Yr3a, Yr6, Yr7, Yr8, Yr 9, Yrll, Yrl7,
Yri8 YrSK, YrJR, YrJS, Yr AS) and PstG2 (virulentto Y22, Yr3, Yr3a+, Yré6, Yr7, Yr
8 Yr9 Yrio Yrll, Yrl7, Yri8, Yr SK, YrJR, YrJS, YrAS) were the predominant in the

population of yellow rust in Georgia;

3. Wheat yellow rust resistance genes Yrl, Y3a+4a, Yr5, Yrll, Yrl5, Yr24, Yr27, Yr25 Yr
26, Yr28, Yr31, Yr CV, Yr NP, Yr JR and Yr SP were high effective at seedling and adult
plant stages;

4. The virulence structure of yellow rust population did not change significantly by years and

zZones.

5. Genetic and molecular analysis of yellow rust population confirmed that the single

urediniapopulation is distributed across wheat growing areas of Georgia.

6. Endemic wheat species- Gvatsa Zanduri ( 77.monoccoccum (Var.laetissimum Korn), Chelta
Zanduri (7r.tomopheevi), Makha( Triticum macha Dek et Men), Kolkhuri Asli ( 7r.ibericum
Men Var.fuliginosum Shuk), Dika ( Tr.1bericum Men Var.fuliginosum Shuk) and old varieties
- Shavphkha, Javakhetis Dika, Bagrationi Mskhviltavtava, Tetri Dika, Shavi Dika, Tetri Ipkli,
Lagodekhis Grdzeltavtava, Adgilobrivi Dolis Puri, Moklegeroiani tsiteli doli - have been

selected as the best donors of resistance to yellow rust.

7. The genotype CUPRA-1/3/CROCI/AE.SQUARROSA (224)//2*OPATA/ 4 /PANTHEON
was selected from International Facultative Wheat Nursery (17FAWWON-SA), which has
been registered by “Sakpatenti” (National Intellectual Property Centre) as new variety

Lomtagora 143.

8. Good fungistatic effect of biopreparation Phytosporin-M and extracts of Corylopsis

pauciflora, Abies nordmanniana and Buxus colchica was revealed.
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Recommendations

1. Monitoring of yellow rust virulence should be continued to predict the epidemic of disease
2. Identified effective resistance genes and their combinations, selected endemic species and
landraces should be used in local and international breeding programs, as the best donors of
resistance to yellow rust.

3. The new wheat variety Lomtagora 143 is recommended to produce in Kartli, Meskheti
and Javakheti areas.

4. Research of plant extracts with high fungicide efficacy should be continued for studying

of plant defense mechanisms against yellow rust.
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