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QMOM390s,  X03-0xBIOIBE0GHMOMs  0bm3Mszos  bMM309gdmEs  LgMHMSTMOOLM
3w3l03MMm0 3900MYdoL 45dmygbgdoom (Roelfs et.al; 1992). 508mbs3gbols s BO©LEOWW 53sBsdo
93965M9900L  L3slgbm  Bgod00L  BH030L @S  W935©YdOL 2363056930l 0bEHYbLOZMdOL
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Xx009000:  d9BMbGs0s 1, 3M5LbMmIMLIs0s 99, X929600, @@Imsymes 123, Lsbgwgdgom
653390790%9 §omBm©ygbowo oym Lbgzs@olbgs Ho®BmImdols 3mIgMiEowmwo ©s 39ML3gdEoveo
X 03900, ©sfobsmmgdmwo ©s bgawrgdzool Lsfyol 9@s3Hg dymao bodwdgdo. oM 3em3z5bms
653390900L M350 gMHOOL POML RI60WO 0dbs WIOHMU 5690l 293MEIGOOL 5GSEO O
3963000560900l 06¢gbloMmds.

50b0dbe Fewgddo bm®Mdol dobz®gdol gmml H56a5m0 0bgoE0MdOL Lodwyseom
95639690 gd0ol  dobgzom 0bxoE0MgdMEo  Jobgzmgdol Mosbzo dgbbgmdo Tosmoo oym
(64.7%), bmem ©bsMPRI6 godm3zergme  Bmbsdo: Jos Jo®omedo, d390m  JoOmEls o
X 9356980 Lodmom 56396909000 500b0dbs. o0 FmMoL, yz9wsbyg dg@0 JobMMO 935
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bmbsdo 2012-2015 fergddo

©90ML 55635000 06530300900 bm®mdol 3063M9d0l Mom©abmds, % boyew
39355300 Bmbo
Hergdo doos J390m 3obgomo | dgbbgomo | xsz3sbgomo
JoGono JoGono

2012 57.1 33.3 7.1 85.7 50.0 45.6
2013 24.0 33.0 6.6 50.0 1.0 20.8
2014 31.3 16.7 20.0 42.9 16.7 23.2
2015 28.4 18.8 0.0 80.0 50.0 35.4
LodogoEm 35.2 25.4 8.4 64.7 26.7 32.0
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LPmOgo 2012 Gl ©@sx30dBoM©s 399M33w 9o bm®mdeol d0bgMgdol ©gmmb Hsbyoomo
065303060930l 439eoBg  owswro LMo  dsh39bgdgwo  (45.6%), wIEe WS35 IYOOL
2393M(39gd0lL @S  39630MBOL LM  0BBHIBLOZMOS B ogm (8.4% s 9.3%),
39bLO3MPMgdom 30, Jobgmbo, MOfgeg sAowgddo (1%). 2012 Fgwl omomddol gzgws
39933 g Mo0mbdo  Boswro  0ym  359G0L  odLodogrMo  (39a39MoGIMOL  Lodmowom
d96Yy9mds 20-26°C

bmbgdol  dobgzom

7O 9gddo

33930560
530bol godm, 5360¢-850L0L 4o6TogMdsTo dog0sb FgoBMM©s Y30mgIWo s MM FobsL

M@Igo3
(http://meteo.gov.ge/hydrometeorology).

dsB396909¢o0,
5990056  350mB0bsMY, dowosh bgero,
39630056905, 5953 2963399 ows© bgwo dgmhHgm gemb 7565L 29630056090sl (Sikharulidze
et.al.,2015b), GmAgeros, Bmam®a Hobo, MRO™ 9306 499m3wobgds. 2013 s 2014 {iewgddo
00mJdol gOMbs0M0 s F0bs germsb G996 9d00 EdIO 0gm VIOHMUL b0 V9350 YdYWO
9d0b3Mgd0l LydMswm Gogbgo - 20.8% s 23.2%, FgbsdsdoLo@. 9939, J90D B0 0Ym



Q9935900L 4930399008 S 39630 gdOL  0bEIBLOZMdOL  Lodem  sBgz9bgdEgdo:
d9L50530bo, 2.6% 5 4.4% oym 2013 Hgub, 3.1% s 4.0% - 2014 Hgool s 3.1 s 2.8 - 2015
Do, 2013-2014 §egddo bemMdol mgemlb 56308  go3M39egdol adswo ©mbg 256
653wgds  bgwloghgeo  3¢00ds@GHmo  30MHMdYdoLs  Fgodwgds  0domsi  s0blbsl,  MHmA
3oMm33M35bms  3MIgOE0MEo  BIOOMdJOOL oo  bsfocro  ©sFMFs3gd o ogm
5363030 II0M. 93500O0L 4930 (39O O 296305MYOOL Y39 Bg Foroero Lodwysgom
06@9bbogmds soMoibs dglbgmol Bmbsdo (30.4% s 35%) 2012 fogwl, 12.5% o 14.4% - 2013
Db, 6.5% o 7.1% - 2014 9l s 3.8% s 3.0% - 2015 Hgarls (3b6. 2).
3600 2. beradderol gHeml 756l 393M3gEgdol s 36300050930l Lsdrswem 0bEgblogmds, %

39M3MOBOIEO 2012 fjgemo 2013 gm0 2014 {gomo 2015 fgemo
bmbos
S8 £ 388 & £33 8 v 858 ¢ ¥
€ e € » € » € ™ §)
2 8 |2 |g |2 |8 2 8 |8
© © © © © © © © 2
dos Johmgro 9.4 8.5 0.3 1.6 1.4 3.1 6.6 5.5 45
J399m Jo®orgro 0.5 0.8 0.3 5 0.2 0.7 0.5 0.5 0.4
Jobgmo 13 1.4 0.1 1 29 3.8 0 0 1.1
dgbbgoo 30.4 | 35.0 12.5 14.4 6.5 7.1 3.8 3.0 13.3
X935bgmo 0.5 1.0 0.2 0.4 4.2 5.5 48 5.1 2.4

BB 84 | 93 26 | 44 | 3.0 4.0 3.1 | 28
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30fobwmGol - Barberry vulgaris 390065 9mDoM©0 BoGyomdgdo sborigobgdo, swogqbdo,
0mOX ALY s EMIgmdo. 3mfobeol dmBJadDg 50b0dbo 0dbs gMML bl g0 EO
LEOEO0L A5630MGBOL FowsEro 06 bLOZMds: 60-100%.
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Lodmom 9539690930l Jobg300 H535IBOL 3930 EIIOOL s A9BZ0MMGOOL MbY
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39603035 )MH0  BMbowmds bgwl Mgmdl  Lsfyobo 0bxggdsgool 9649 MMgobombEswool
99650B16905L 5 Byelioy®gar 30639330 Job IMmM39dL.
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2012-2015 Hergddo LodoOomzgarml bbgo@olbgs ggmaMogome bmbsdo, 14 Gsombdo

5MLgdMo  BmOdwol  Lofodmm  bomgligdosb, xo0dms  gsdmEol 6533909006 s

Baadgon®o

60899056 259mymBowo 0gbs 3-5 mbmbidm®mMm3zs60 0BMWsE0, Ly - 350 0bmms@o.

LSBYMRI006 FgaMm3zgdemo odbs 81 Mgwobom bodwdo. (9w 39Mo

OMamO3 Moo 3-sb Rsbl, bryen 2012-2015 Hargddo LogdsGrm3z9wmb @geoGMmMH0sHY

393639 gdwo  Puccinia graminis

337530500 0©I6EHOBOE0MJOMEo 0gbs 41 Msbs.

9oogob bsdo GsLs PRCQP (14.5%), PKPTF (13.1%) cos PRCTF (12.0%) 9950965 3m3w9amszool

doMoms Bofol. d9dagao b Gsbol: PKFTC, PRCQF, PCHTP, TKFTF, TKPTF, TTRTF,

TKTTF, PKPTC, TKFTC 9993390035 33990530500 9.4-2.6%-b 89500396005. 00sb56Bgbo 29 6olss

35056 3500 (0.3-2.9%) LEbIoMOM 0YM FO3MEILIOIIO 3M3IS(30500.

3b®owo 3. bm®mdEol mgmml 756358 Msligdol Lobdog P.graminis m@mgobom3mdwmmssosdo

2012-2015 femgdBo

30609 GHMOOL GOm0 0DBME539d0
Ne (OIS (630609 96@MH0/3060)gbEHIM0 396900) 39O %
1 PRCQP 21,80,36,30, 9b,10,11,Tmp, 31/ 5,9¢,7b, 6, 9g, 17,9a,9d, 51 14.5
24,38, McN
2 PKPTF 21,9b, 11, 24, 31,36, 38/5,9¢,7b, 6,8a,9g, 30, 17, 9a,9d, 10, 46 13.1
Tmp, McN
3 PRCTF 21,80,36,9b,30,24,31/5,9¢,7b,11,6, 9g, 17, 10, 9a, 9d, Tmp, 42 12.0
38,McN
4 PKFTC 11, 9b,24, 31, 36, 38/21,5,9¢,7b,6, 8a, 9g, 30,17, 10, 9a, 9d, 33 9.4
Tmp, McN
5 PRCQF | 21,8a,36,9b,10,Tmp, 30,31/ 5,9, 7b,11,6, 9g, 17,90a,9d, 38, McN 21 6.0
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6 PCHTP 21,8a, 11,6, 36,30, 31/ 5,9¢,7b, 9g, 9b, 17,9a,9d, 10, Tmp, 20 5.7
24,38, McN
7 TKFTF 11,24,31/5,21,9,7b, 6, 8a,9g, 9b, 36,30,10,17,9a,9d, 19 5.4
Tmp,38,McN
8 TKPTF 11,24,31/5,21,9,7b, 6, 8a,9g, 9b, 36,30,10,17,9a,9d, 13 3.7
Tmp,38,McN
9 TTRTF 30, 24,31/5,21,9¢,7b,11,6,80,9g,36,9b,17,9a,9d,10, Tmp, 13 3.7
38,McN
10 TKTTF 11, 9b,24, 31, 38 /5,21,7b, 9e,6,8a,99,9b,30, 36, 17, 9a, 9d, 10 2.9
10,Tmp,38, McN
11 PKPTC 21,11, 9b,24, 31, 38 /5,9¢,7b,6, 8a, 9g, 10, 17, 9a,9d, 36, 30, 9 2.6
Tmp,McN
12 TKFTC 11, 9b,24, 31, 36, 38/21,5,9¢,7b,6, 8a, 9g, 30,17, 10, 9a, 94, 9 2.6
Tmp, McN
13 PRCTC 21,8a,36,9b,30,24,31,38/5,9¢,7b,11,6, 9g, 17, 9a,9d, 10, 6 2.0
Tmp,McN
14 PTCTF 21,36,9h,30,24,31/5,9¢,7b,11,6, 8A,9g, 17,90,9d, 10,Tmp, 5 14
38 McN
15 TRTQF | 21,8a, 10,Tmp, 24, 31/5,9¢,7b,21, 11, 6, 9g, 36,9b,30, 17,90,9d, 5 1.4
38,McN
16 | TRCQP 21,8a, 11,6, 36,30, 31/5,9¢,7b, 9g, 9b, 17,90,9d, 10, Tmp, 4 1.1
24,38, McN
17 PHCTF 21,11,8a,36,9b,30,24,31/5,9¢,7b, 6, 9g, 17,9a,9d, 10, Tmp, 4 1.1
38,McN
18 PRCTP 21, 8a, 36,9b, 31/5,9¢,7b, 11,6, 9g, 30,17,90,9d, 10,Tmp, 3 0.9
24,38, McN
19 | PRMQF 21,8a, 9b,10,Tmp24,30,31 /5,9, 7b,11,6, 9g, 36,17,90a,9d, 3 0.9
38,McN
20 | PTCTM 21,36,9b,30, 31/5,9¢,7b,11,6, 84,99, 17,9a,9d, 10,Tmp, 38, 3 0.9

24,McN
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21 | MRCQP | 21, 9e,9b, 8a, 30,36, 10,31 Tmp/5, 7b, 6, 11,9g, 17, 9a,9d, 24, 0.9
38 McN
22 PKTTF | 21,11,8a,24,31/5,9¢,7b,6,9a,9d,99,10,Tmp,36,9b,30,17,38, McN 0.9
23 | PHHTF | 21,11,8a,36,30,24,31,38/5,9¢,7b, 6, 9g, 9b, 17, 9a, 9d, 10, Tmp, 0.6
38, McN
24 | TRCQF | 8a,36,9b,10,Tmp, 30,31/21,5,9¢, 7b,21, 11, 6, 9g, 17,9a,9d, 24, 0.6
38,McN
25 PRTQF 21, 8a,10,Tmp,24,31/5, 9¢e,7b, 11,6, 9g, 9b,36,30, 17,90,9d, 0.6
38,McN
26 | MRKTF 21, 9e,80,24, 36, 31/5, 7b, 11,6, 9g, 9b, 30,17,90,9d, 10, 0.6
Tmp,38,McN
27 PRTSF 21,8a, Tmp,24,31/5,9¢,7b,11, 6, 99, 36,9b,30,17, 10,9a,9d, 0.6
38,McN
28 TKKTF 11, 9b,24, 36,31/5,21,7b,9e, 6,8a,99,9b,30,17,9a, 9d,10,Tmp, 0.6
38 McN
29 | PRCQM 21,80,36,30, 9b,10,11, Tmp, 31/ 5,9¢,7b, 6, 9g, 17,90,9d, 0.3
24,38, McN
30 PCKTF 21,11, 6, 8a, 36,24, 31/5,9¢,7b, 9g, 9b,10, 17, 90,94, 30, 0.3
Tmp,38,McN
31 | MMKTF | 21, 9e,8q, 6, 24, 36, 31/5, 7b, 11, 9g, 9b, 30,17,90,9d, 10, Tmp, 0.3
38 McN
32 | PRFQM | 21, 8a, 9e,11, 9b,10, 24, 30, 36, Tmp, 31/5, 7b, 6,9g, 17, 90,9d, 0.3
38,McN
33 PKFTP | 21,11, 9b, 31,36 /5,9¢,7b,6, 8a, 9g, 10, 17, 9a,9d, 30, Tmp, 24, 0.3
38,McN
34 PRFRF 21, 8a, 9e,11, 9b,10, 24, 30, 36, Tmp, 31/5,9¢,7b,11,6, 99,30, 0.3
17,9a,9d,Tmp,38,McN
35 PHFTP 21, 8a, 11, 9b,10, 36, Tmp, 31/5,9¢,7b,6,9g, 0.3
30,17,90,9d,10,Tmp,24,38, McN
36 | PMCQF 21,11,8a, 36, 30, 9b, 10,Tmp, 24,31/5,9¢,7b, 6, 9g, 17, 9a, 9d, 0.3
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38, McN
37 | PRCTM | 21,36,9b,30, 38,31/5,9¢,7b,11,6, 99, 17,90,9d, 10,Tmp, 24, McN 1 0.3
38 | PCPSF | 21,116, 9b, 8a,,24, Tmp, 31/5, 9e, 7b, 9g, 36,30,17,9a, 9d, 1 0.3
10, 38, McN
39 TRDSC 36,9b,30, Tmp, 24, 38,31/5,21,9e, 7b,11,6,9g,30,9a,9d, 10, McN 1 0.3
40 | NCCTM | 21, 7b, 11,6, 8a, 36,30, 9b/5, 9, 99,17, 9a,9d, 10, Tmp, 24, 38, 1 0.3
41 TRTTF 11, 9b,24, 31 /5,21,7b, 9e,6,8a,99,9b,30, 36, 17, 9a, 9d, 1 0.3
10,Tmp,38, McN
bmen 41 Gobs 350

2012-2015 §ergdol 33¢0930L 990093900l 965¢00D0m godmzeobs 12 gsddergmdols 49bols
(815, Sr6, Sr7b, Sr9a, Sr9d, Sr9e, Sr9g, Sr10, Sr17, 5r38, Sr Tmp, Sr McN) 8085600 3009w 9bEmeo
0BME53HJOoL dogosh dowowo - 75.7-100% Goibgo. sggg dowswo oym  Sr36 (40,3%),
Sr8a(45.7%), Sr30(49.7%) s Sr11(52.3%) 53dgmdol  396900Lsdo 30O bEHWGmO
0DMWs@JOoL  3mbi39bGHMSE0s 33530530,  gosboobgdwo  obmws@gdol  28.3%
3060 9bGHMH0 0gm Sr9b-do, 26.9% - Sr24 ©5 22.1% - Sr21 358dgmdob 49bolodo (3b6.4).

33930L 35b6dobBg 96 sxz0JLoMYdMEs FbMmem Sr31-do 30MWWgbEH M.

3b®owo 4. 306:9mgbEMdOL 0BMWsEIdoL Lobdomyg P.graminis mMHgoobom3m3mmszosdo
2012-2015 {jgmgddo

399dgmdols 96930 399065¢0HgdME0 0DMWHBHIOOL BoMm©YbMdS
3OO %
Sr5 350 100.0
Sré6 324 92.6
Sr 7b 348 99.4
Sr 8a 160 45.7
Sr 9a 348 99.4
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Sr 9b 99 28.3
Sr 9e 330 94.3
Sr 9d 348 99.4
Sr 9g 350 100.0
Sr 10 270 77.1
Sr 11 187 52.3
Sr17 350 100.0
Sr21 77 22.0
Sr24 94 26.9
Sr 30 174 49.7
Sr 31 0 0
Sr 36 141 40.3
Sr 38 296 84.6
Sr TmP 265 75.7
Sr McN 350 100.0

bmOdol gMmlb 560l MM9g0boM3Mm3mws3o0l 30O gbGHWGO, MolMmdMO30 @S
350MmBH0379M0  LAHO®MIBHMOOL  LEHIGOLGH0ZNOO sBsewobol, dobgwgoom 2012-2015 Fargddo
337530590 85090 3ME0IMORMOOL 3060MdJOT0 0©IHEHORO(30MJOMWO 0ym BsdwYsEME
14 306mwab@GHmdol ggbo (Fv-13.9) o 31 6sls (u-31.2+0.9). 0830000 MLgdol oo
(h-0.24+0.02) 3m3mesgool 26.3% F9oa90s, 3Mm3MWsi300l M350 RgM™m3bgdol  ©mbg
Q90500 (erobmbols 0bgduol - He=0.11).

399m33cg30lb  fargdol  dobgzom 300 gbEMdol 396900l  IMOggLMBdOL
d9b39g0Mol  LobdoGg  499m33930L  Hargdol dobgzom  HOLIIOMOE SO TY33WOWN.
39965300l oMoy gbs BMY0gHmo 30MMEbEGHM™MdOL gqbo. 3960dme, 2015 {erobomgols

Sr9b 593 qmdol 49bolydo 3060 gbEHIMHO 0DMWEHIOOL LobJoMg Fo0bsMs 13.5%-©s6
15



75.6%-0009, Sr21 39bolodo 3069 gbGHMMHo 0BMWsEJdol LobdoMyg 4o0bsms 10.4%-©s6
51.4%-0009. 5U93g, o0bos  Sr8a  (12.5-78.4%) o Sr36(10-50%)  @969d0LsA0
306099 gbBHMds3. bmewm Sr24 s Sril gbgdolsdo 306091 gbEmods 99030600, 9Lsdsdobo,
40.5%-q56 13.5%-009 o 85%-0sb 17.6%-807 (©00s3®5ds 1).

0530535 1. 33050 LobdoMOl 30MH¥YgbEHMdOL 396980l 0bsdols Hangdol dobgpzom

90 4~

80

70 - N pp24
60 mppll
50 ® pp8a
40 N pp21
30 +7 ® pp36
20 - H pp9b
10 4~

0 . : :

2012 2013 2014 2015

mobfierosbo 33e0930L 4963530 MdIT0 3500960l 3M3MEs30sdo 009bEH0R0E0MYdIMWO
GobMdM030 LAM®IEGHMOOL GOMNTbJND FgEsMYOOL F9gAd© 90dMBbEs, HmAd 2012 s 2014
P0gddo 0ghHml 55658 3m3ws30sdo mdobo®mgdmwo ®sligdoo PRCTF s PKPTF ¢g6m
domoeo bobdoMom (35% s 27%) oym (o@dmpygbowo, 3006 2013 s 2015 (argddo
00©096&0x8030M70Mo mdobsbGo Gsbgdo:  PRCQP(21%) s TTRTF(16%). gmggw (gl
000Jdob M9bsdMs© s FgsMmgd0om Forswro LobJoMom  ogm A93M(39LgOMEo  MOLS -
PRCQP. y439wsBg dowswo 0b@Hoblogmdom 30 00 253039wgdv)eo oym 2013 g, Hmam®s
Q0530535 2-sb BsbL, 2015 fewolowgols PRCTF, PRCQP s PCHTP 6slgool  Lobdoty
3993065, bowm Mol TKFTF-0l Gom@gbmds 250Bs6@s. 2015 ol 3m3mamsiosdo
369350Mgds  dsbsdy 08300m0 Molgdo TTRTF s TKFTF, Gs3 99odemgds s0oblbols
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50bodbmo  Moligdol  93MEMA0MMHO  M53090MYOIO0 O 3M3NES30sDY  Fmddgo
016936030 29MBRG30L Lbgoolibgs Bog@MMgdom.
056535 2. MlYdol 0bs3o3s Fargdol dobgwzom

* TTRTF
* TKFTF
= PKPTF
* PRCTF

® PRCQP

® PCHTP
™ PKFTC

30609gbBHMOOL BoJ@MMoL - Fv 95B39690¢0qd0l msbsbds (3b6.5) ©gmmb 556300
3375305 JOMIBI0MI© Fo0300MwbEBHWMO 50dmBbs 2014 (Fv=14.6) s 2015 {iemgddo
(Fv=14.9). g439e5bg 0o05e0 3m0dmeOnmds P=0.7 @5 dglodsdobs, Yz9wsdg dowswo
3909303900 9605350 x390™369ds (He=0.26; p=20.2+1.4) spo®ogbs 2013 §gwl. dowmbgoogs®
0dobs, MHmA 2013 ferols 3m309oE0s MBOM Jo®swo IMe35¢xgM™m36900L mbom gsdmo®mBg3s,
30069 2012 (He=0.19; p=14.7+0.8) s 2014 fewols (He=0.21; p=13.5+0.8) 3m3Mwsi305, 0330500
6Lgdol oo (h=0.25-0.27) bsdogzg Hawb Mmomddol ghmbso®o ogm.
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300 5. bm®dmol MMl 756258 MMHgEobom3m3nmszool (335¢gdsmdol dsB39b9d¢gd0

399Mm33w930L 335300l 3395¢905MdOoL batrolbols
fergdo 95B39690¢9d0
Fv P H h He
2012 12.7 0.6 14.7+0.8 0.27+0.05 0.19
2013 13.4 0.7 20.2+1.4 0.25+0.14 0.26
2014 14.6 0.5 13.5+0.8 0.25+0.05 0.21
2015 14.9 0.6 12.5+0.5 0.11+0.04 0.18

bbgo@olb3s 49MmyMex30 BMbsdo 253MEIIOME0 3M3MEs309d0l 300w 9bEvGO
@5 MLMdO030 LEAM®WJGHMOOL FgIMGOIOLIL 50dMBbS, OMd Sr5, Sr6, Sr7b, Sr8a, Sra, Sr9d,
Sr9e, Sr9g, Srl0, Srll, Srl7, Sr30, Sr36, 5r38, SrTmP, SrMcN 953dwgmbol g9bgdolodo
306096 GHMMH0 0BMEoEJd0 Fowsero LobdoMom oym Fo®dmagbowo yzgws bmbsdo. Sr2/
3990 gmdol  g9bobsdo 30O gbEHMds FbMmErm® J39dm JoOmELy s Jobgmdo 96 ogbs
0©96¢0x8030M90Mw0, ©BIMRI6 BMmbgddo ol LydMswm LobdoMom ogm 93039 gdMEo.
y39ws Dmbsdo 3o0owo 989JAHIOMOd0m odmoMmBgmEs 25ddwgmdols ggbo Sr9b(13.2-24.7%),
OMIoLs©do  3060MEIBEHMMO  0BMESEHJI0 96O  SPOOEbMEs FbmwmE 399, JoHmErol
303M5(30580. 91939, 9OE 9O Bmbsdo & 0dbs 0wIbGHOR0EOMYPIMwo Sr3] sddegmdols
3960L5d0 3060 IbBHVIM0 0DBMWSBHYO0.  FoPOW0 3060 gbBHMOOL Mbom FodmoMBgmes
dglbgmOobL s X 935H9MOL BMbs (G 6).

3500 6. 306H¥YMgbEGHWMOO 0BMEsEHYOOL LobJoMy 2gMGMITRoMEo BMbgdol dobgwzom

30609 gb3MH0 0BMEsEgdol dgbgg®ol bLobdomy, %
259dggmdols 393055300 Bmbgdo

296900 doglbgomo | xog35bgmo | dos J399m 3Jobgomo
JoGoreo JoGoneo
Sr5 100 100 100 100 100

18



Sré 100 100 82.3 89.5 78.9
Sr7b 100 100 94.7 100 100
Sr 8a 40.4 95.9 22.0 89.5 78.9
Sr 9a 100 100 100 100 100
Sr 9b 18.1 14.4 247 0 13.2
Sr e 97.9 100 94.7 100 100
Sr 9d 100 100 100 100 100
Sr 9g 100 100 100 100 100
Sr 10 65.9 95.9 60.0 100 100
Sr il 53.2 8.2 66.0 10.5 21.1
Sr17 100 100 100.0 100 97.3
Sr 21 22.3 46.9 17.3 0 0
Sr24 24.5 6.1 41.3 0 0
Sr 30 38.3 91.8 21.3 89.5 84.2
Sr 31 0 0 0 0 0
Sr 36 20.2 48.9 22.7 68.4 52.6
Sr 38 94.5 51.0 97.3 42.1 63,2

Sr TmP 65.9 95.9 59.3 100 71.1
Sr McN 100 100 100 100 100

OMPMOG 053653 3-ob BsbL, ygzgms Bmbsdo  gogM3ggdmwo oym Mols PKPTE,
535bm9b, 080 399 JoOOELS S Jobgmdo TgmEg SEF0DY 0gm 453039 gdol Lobdomoo.
Moy PRCQP  om30bo®mgdl dglbgmbs s dos Josdmerdo,  xogsbgomdo dobo Lobdotyg
Q0505 (4%) ©5 BMRID BMbsdo 30, 0go LoghHdM® 96 2odmzEgboys. Mols PRCTF
00mgdol gembso®o Lobdo®om (12-16%) oym 493039 gdwo yzgws HBmbsdo xs3sbgmob

3905, Los3 Ob 5& 0dbs seMoEbmwo. Mss PKPTC dbmwmo m6 bmbsdo 0dbs bsdmgbo:
19



94390m  JoOmErdo Aol 2odsBHMbdMEr0 s@P0wo 9FoMms (37%), bmem dgbbgomdo dogr0sb
Q5050 LObJoMO” 0gM 93039 YOMEO.

0530535 3. EMIOboMGdMEO MLGIOL 493M3IE9dS 39MMIR0Mo BMbYdol dobggzom

40
35 i~ ="
30

25

HPRCQP
H TKFTF
w PRCTF
B PKFTC
u TKFTC
il PKPTF
u PCHTP
i PKPTC

20 -+

15 -+

10 A

5 4

0 -+

Jdgbgomo  xogsbgmo  8/Jsdoero  J/Jobomwo 3obgomo

BOW3IMN  29MAMR0  bmbsdo  (Igbbgmo, xog5bgmo, Tos  Jedomo, J390m
JoONo, 35bHgm0)  2o3MHEIWIIMO  MIOML  FobASL  JM3MWs3ool  30MHMEbEHM™OOL s
(339905Md0L ™bOL oAbl Fobbom Ysdmmzeomo doGomoo dsBgz969dwgdol (Fv -
30609 gbBHMOOL BoJBH™MEM0, P - 3m0dm®mxumds, p - Mslgdol 569 3s00m@GH0dms Lodmsgm
cogbgo, 3303008 365350 R9MmM36930L  3Mm95303096¢0, 0830000  MLYOOL 96
350303900l Mobgzo, h - 0dz05m0 Golgdol Gogbzo) dobgzom, Fgsdgdom Tomowo
30609 gbBHMBOm  499Mm0MBIMEs  K939bgMOL  3MIMWS30s,  OMIgdos  Lodwommo 14
30609 gbBH™MdoL 4960  900MOEbs.  Y39wsbg omowo 49693 03MM0 M35 R M™3bgdo0L
3M9803096¢0 @ 3330580  0096GHORBOE0MGOMEO  MLYOoL  Lodmswm  Mogbgo
399030065 Gos JoOmeols (18.5+1) s dglbgmols (15.1+0.8) 3m3ws30sdo. dsmm@GHodgdols
Y39wsHBg MBROM 350 IM35wx3gMHM369ds oxzg0JloMEs 3obgmls (He -0.11; p -4.0+0.3) oo
9399 Jo®ool 3m3wmwsiosdo (He - 0.16; p - 3.2+0.3) (3b6.7).
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300 7. be®dol 0mgmml 756258 MHgobom3m3dnmszool (335¢gdsmdol dsBz9b9dewgdo
3903058301900 Bmbgdols Jobgzom

39 3MBOME0 2)MH90B60M3M3Ms300L (335035 MdOL 85B39693gd0
bmbs Fv P H h He
dgbbgomo 135 0.6 15.1+0.8 0.8+0.04 0.19
X935b900 14.6 0.5 6.3+0.7 0.4+0.06 0.18
dos Jotronwo 13.0 0.7 18.5+1 0.5+0.04 0.19
J399m JoGorero 13.8 0.3 3.2+0.3 0.2+0.09 0.16
3obgoo 13.6 0.4 4.0+0.3 0.2+0.06 0.11

Lbgoolbgs  49macexzomwo  HBmbol  3m3s3ogdl  JmMol  MILMIGO30 b
3o0mBH031mH0o  dbgogligdol  oboygbs  godmmzmowo  0dbs  xo39Mm@oL  Agogligdols
3M9803096@0,  MMAol  Loxgwmdzgubg dgoddbs  Lbgoolbgs  agma®sgommo  bBmbols
3Mm37953090L Mol b s3LgdoL FoGHMOES S 539040 0465 IbEOMAEMSAs (Lwy©.1).

bm©500 1. 0gmHMUL 756300 39mMmaMox0meE 3m3mms3ogdl dmMol dugsgligdol gbo®mmyMmsds

3obgmo
J3.4oorewo

X 939b9m0
d0Q5 Jomongo
dgbbgomo

004 022 036 052 068 084 1
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©96OMAM5d00 PBL, GMI MLMdMO30 F9dsabermdols dobgwzom RM™
dg@o Abpoglgds ogm 39bgoobs s J390m Jo®omeol (0.50) 3m3mes3ogdl dm®ob. 1939,
390569000 dgogLos Jos JoOmeolb s dglbgmols (0.40) 3m3Ms30900. 29639393909
9BHMb  Jdbol  xo35bgmol  3Mm3MEs30s,  OMIJo3 MmEbs3  dMMYdIMos  IbsMRgbo
30305(30900L006.  499Mmbs3woll  FoMdmoaabl  dgbgmols  3m3mes30s,  MHMIgEmsbog
#MROM  JgBo  LogMom  5J3l  K935bgMOL  FM3MWSE0L.  d1939, do0sb  oblbgsgzgdmEo
50dmPRbEs 39Hgm0ol 335305 TS JoOmEOol s Igubgmols 3¢m34Eo309d0Lb.

50600, 2012-2015 §egddo LodoOmzgeml Lbgoslbgs ggmaMogome Bmbsdo
293039090990 beMdol g™l 7obaol 25dmdfzgzoL P.graminis w&mgwoobomdmamanssos
o050 30099 g6EMO0m bBILOIMEYdIMs. Fgbflogeroo 20 45ddegmdol g9gbosb dslido
S0M03bMmo 0dbs 19 259dwgmdol g9gbolsdo 3060 gbGMds. MMMl F9BASL  JsGoryem
3Mm3Mo305d0 96  0dbs  0wgbGH0BoE0MdMo S 31 2sddwgmdol  g9gbol  J9d;339wo
0bmabmEo bsbo S 31/6"LMPG-do  300:9wgbBHmds. gl m396sL36gwo 1999 Fgarl odbs
3063905 S0MOEbYMOo MAsbsdo (Pretorius et.al, 2000) s 8m3©93bm Hergddo dgBmdgw
930994690803  2o3MiEgws. BGRI  3mbs39d900L  0obobdoco  Ug99  Gobol  dmdGomdols
A®59dBH™O00L  45m35cobobgdom  LodoMmgzgurm  dsmsero  Goligol  J399bgdol  MoiEbgl
30939036905 (Anonymous, 2008). 5855050 AbmBEromdo 453039 gdmeo Ug99 Gsbol 12
390056300 O3 ghmo 96  0dbs  0096FBH0B0E0MIIMNWO  VIOHML  Fobaol  JoMoryew
3M3M5(30500.

1.2.2. 93003m3Meo300L Hslimd®030 s 39693H03mM0 LEGHOWIGHOS

2013-2014 §crgddo  290m33wgmo  0dbs  LodoOomzgarml  bbgoolbgs  Bmbsdo
3936339930 3mfabMol 390M0 BoGyomds 99359Mm39m gom 60dwdgdo - dgmdo,
sboengobgls s dmOxmddo d9admzqdeo 650ddgdosb godmygmaowos 48 oBmes@o,
9omgob, ©Mdgmol 3m3MEs300b - 16 0BMEsEH0, sHsEEObOl 3m3Mmo300sb - 24 s
0mOXMIosb - 8 0BMmEsBo. 9EoMm3M3MEs305d0 00gbGHORB0E0MGdMWo 0dbs 21 ol
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(366.39) y39wsbg dgEo bLobdoMom 530 EI 0o ogm PRCQP s PKPTF (12.5%) 6sbgdo,
9ol Am3ygz90ms Mslgdo TTRTF, TTKTF, PCHTP, bmam 6slgdol oo bsffowo (11 obos)
96MJY@0 0BMEsGHOm 0gm HoMdmpyqbogo.

1964-1966 (c0gddo Bo@sMgdmeo 3060390 33930l BoMAWgddo obowo odbs
LodoMm39w ™o 4930391900 bm®mdol WgMML o6yl msdsgsco dsldobdgwro dggbstol

-3mfoby®mol 36093690 mds gMHmUL 7565L 3Mm3Es30ol Bsdmyswodqdsdo (Lukapuzase, 1970).
bomm Madm 9300690000 ©boger 300 ga90mb  BogMHMITMMOLM  1sb5FIOMIMOOL
890920 9L BIHO  ©IVLGYOIPYo  ofbs YN0 FoO3YOYO0  JEOM-  ©d
2)MH90b0M3M3N o300l dgufiogerol yboo (Justesen et.al.,2013).

9G0M0BMHEH00L 2959303900 LEHOMIBHIOOL AS9Bs0DYdOL TgEg9© 90MAbY,
M3 930M3M3MYW(305 5030096 EWOH0S s T903938 19 998degmdol aqbolodo (515,
Sr6, Sr7b, Sr8a, Sr9a, Sr9b, Sr9, Sr9d, Sr9g, Sr10, Srll, Sr17, Sr21, Sr24, S5r30, S5r36, Sr38, Sr Tmp,
Sr McN) 306m@ab@Gwe 0bDmms@qdl. bobasbdom Mbs 900b0dbml, MM bm®mdeol mgmmls
9625L 9300303030580 Sr31 259dgmdol 2960Lsdo 30HMMIbGHOO 3500MmGHO30 96
©5530JLOMGOMWS.

OmamO3 Hobo, 9EoMm3M3MWs305  o8moMbg3s  FoMso  IM35¢xgMHM3bgdom, o3
Domdmpgboo 33930l 893mbg935003  IILEHMO®S.  BLEAIGOLEHOIMMO  SBsEoBob
05bobdoo, 2013-2014 {iewgdol  930Mm3m3Ms3ool  dMeg35¢i3gmmgbgdols  dsB39bgdgero,
3obmbol 0bgduo (He= 0.41) @5 Gobigdols 56w 3500mEH03900L bydrswm Gogbgo (u=17.1+1.2)
WMRO®  JOQIW0S, 30O MMHIO0BoMIM3MEs3o0l, 0830000 Moligdol fowoi dswswos -
h=0.19+0.05.
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0530 1.3. bea®demol mgeml 556l 498maf3930L Puccinia graminis £sp. tritici
0900603039300l IM535¢RIMHM369d0L Tglifsgrs dmmglmmmGo ds63gMmIdom

33e0930L  3¢0lo3emo  Igom©Ol  AoM©s, B396  Foge  godmygbgdwo  odbs
90939 MMH0  BOMEMAO0L MBsdgMH™M3g 3M0dgMoBs KoFFMMO Mgsj3ool dgomo-
9600630 9MmGH0MO0  3m0dmO®R0BIoOL  (SNP) 29bmEH030609ds, OGmIgedsg  bodoowgds
9ma33> 99339LPogws BmMdWol Mgeml 5608 go8mdfizgzo Lmzmzsbo JozMHMmmGYSBEOBAOL
99390 3000dmOHBoHBT0. gOHML bl JoHmo 3m3ws3zool SNP-ob sbserobo
BoBHIM®S Fobglm@el mb0og9MLoGEHgBHOL FoM33eM396Mms 99350 JOGOOL W SBMMSEHMM050
(5998) 9500 J0g6 E130bs6LYOMEO BES506MgdOL BoMAWdTO.

byew 102 8mbmHgoboswmo 0bmws@o 0dbs 3gbm@EHodomgdwmo PgtSNP 3.0kChip
- Bodols 259mygbgoom. s dmMol, 44 oBmws@o ogm 2013 ferob  3megdEoosb, 28
0BMEsEo - 2014 ferol 3me9d30096, beerm 30 - 2015 ferol 3megd300sh. dsmo oo
3093w gLMds (20 0BMEsE0) Ho®mdmoygbs TKFTF Molsl, 18 - PKPTF Gsbsb, 16 - TTRTF
LsL, 12 0Bmos@o - PRCQP ®sbols, 5 obmws@o - PTCTE obol. 3-3 0Bmmo@om oym
Pomdmepqbowo Molgdo: PKPTC, PRCTC, PRCTM, 2 o%bms@oom - MMKTF, MRCQF, MRCQP,
PHHTC, PMCQF 5900 ©s 1 obmwos@doo - NCCTM, PFHTP, PRCQF, PRCQM, PRFQM,
PRFTF, PTCTM, TRTQF, TRDSC sl900. 00m®gMo 0bms@osd godmygmaowo o
3980 GHMME0 ©b3-0l 2825 crm3mLo 0dbs 2ssbseobgdero.

SNP (33000090900l Lodmoeo Goabgo 2.3-282.5 g3sMawgddo ogm. PgtSNP 3.0kChip
Bodbg swMosbmmo  SNP 33000 gd9d0oL bogzmdzgu by asdmmgeowo odbs 3969303960
oLESB300L 853969090 - Nei-ob 0bgdlo, OHMYMEOE Jesgdol dogbom, olg 3eoYdL
dmMob. Jogdmwo dmbsggdqdol LsxgmdzgwBg 9pg0mo 0dbs NJ gowmaqbg@ozm®do by
(b"6.2), LosE 153319305 0BMEsBHYOds Lbgoolbgs  3wsliGgmgdo T9ddbs s olbobo
<36003690m© 0y3b9b 9MMTbgmoLAD  OIEOWIOMED.  JEIBEHIMIO0 3o IdOL  Lsbom
2395960000569s. 390dM©, 78 0DBMWsBHO 2 JOMOMIE XFMNBI0 2ogOHmosbs: 1. 9.f. ,,obsero
X350 (New group) 2. III o IV 3awoso  (3993LEHMs30L 0bgduo - 75-100%).  3¢sgdol
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302600 0HBMEHEHOL FmOOL 3969303900 OLEBE0S 0gm doeosb «dbodzbgerm: 0.000-0.002,
bomm 300509006 0BMEsGHGol Imemol 496930300 ©oLEBE0s Tghygmds 0.091-0.144;
35M39080. I1I 3¢050L 0BMESEJOT0 (33E0EGdS 56 RO0JLOMYOMES. 505D MBodzbgw™
330w gds 0gbs Bodmzbo o IV-A s IV-B 300500900l 0Bms@gol dm®obsg (0.000-0.002.).
III 3eoobs s IV-A - IV-B  3a0500900L 0bms@gdol dmemolsg 3969303600 ob@sbiool
39b396909c0 dgMygmdlL 0.140-0.144 gsMawqddo, Mog d9sMgd0m MgBOM 9@ 3oblbgsggdsby
9090mgdL, 3000609 gl s®oL IV 30sob J393wsqddo IV-A - IV-B 890535¢0 0Bmmo@gdl
dm®ob -0.091-0.094.

bm@oomo 2. Puccinia graminis £ sp. tritici 0bm@s@Ggoolb SNP erm3mligdool

530969303100 sbserobo.
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it . Clade | (Ug99 RG)
| — Clade |1 (JRCQC)

‘New group’

(PRCQP, PRCTC, PRCTM, PRCOM,
PRCQF, MRCQP, PMCQF, MRCQF,
TRTQF, MMKTF, PTCTF, PHHTC,
PEHTP, TRDSC )

Clade IV-C

Cadelv-s | CladelV
(TKTTF, TKPTE, PTCTF, PKPTF,
Clade IV-E.2 PKPTC, TKFTF, TKPTF)

Clade IV-4.1
Clade l1I-A
Clade 1l
pt Clade II-B
et (TRTTF, RRTTF, TTRTF)

= 1]

d009do 3993900l dobgz0m ,,0bso Xyma0L* 0BMWsEId0 FgBo 396930360
©>  BIP®GH3MMH0  IM935wRIMM369d00m  dodmoMBgm®s, 306 III s IV 3wsdo

399000569890 28 0BMEsG0. MMAMO3 9339 90360869m, 0lobo ,,0bseo xaMzoL* dogboom
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59096089 J39x2ndo 50ImPBIBI6. 439wsHy MBOM IMS35MoEbmzsbo oym J39gx R0
NG04, ®mdgerog 2 Gsbob (PRCQP, MRCQP) 12 oBmms@oom oym s6dmygbowo, J39x330

NGO09 99039305 2 Gsbol (PRCTC, PRCTM) 5 0bmos@l, d39xamgo NG10 — 3 Mool (PRFOM,
PRCQF PRCOM) 4 oBmo@dl, J39xamni0 NG12- PTCTF Gobol 4 obmesdl, d3oxamno NGO1
39033935 Lodo Gslbom (MMKTF, PRCTF PRCTC) o®dm©agboer 3 oBmms@l, J3gxamao NGO06
39039305 2 0bmsdL: 13GEO28-1 s 13GEO28-3 mMo 9oblbgeggdmwo sboor: PFHTP,
NCCTM. PHHTC Gsboo {omdmoaqbowo 2 obmwosdo dmbgos d39xam NG01-8o, sbg3g,
9600 Mbo3owemo Mool (TRDSC) dmdEgdo 2 0Bmes@o: 14GE0182-1 s 14GEO182-3 NG11-
939% 235300 4590M05bs s MOMM 0BMWIBHOM 0gm HoMmdmagbowo J39xamxgdo: NGO3
(13GEO024-1, ®»sls PMCQF), NGO5 (13GEO15-1, Golss MMKTF) cos NGO8 (13GEO06-3, Golss TRTQF).

bm®dol gOHml 59649 ,JoMm0® 3m3Es300l IMErg3EOHO 3te0dMmMOHBOHBIOL
956396909e0 0.110-0.141 gotergddo d96ggmds.

15330930 6033900l BoMYgbgE03MMO 9Bs0DOl T9gad0L Mobsbds dgodEgds
0mg35L, M LoJoOMN39wMTo MIOML bl 9HM0BO 3MIMWsE0s SGLYOMBL, Fovbgs35w
090Ls, MHMI INWY3NWNOHO  Fo639)MHJO00  3M3MEs300L B35 3gMHM369d0L  33eg30LSL
936033690 ©oLEHBE00m A5TMOYgm 3Mm3Es300l MmMo bsfowo: ,obsw xamado” o III ©s
IV 305000 2590005690990 0BMmo@gdo. 53s5Lmsb 9odegds 3035M5mMmm, GMmI ©gOml
9620L 3030530580 490MYMBO ,,0boen ¥ AR A99M056xdME0  0BMEsEHIOOLMZ0L
535bOLosMGdgo M350 3gMHM30gds @O DML  3ommygbol 33300l
3m0dmOHBoBIoL oM339mwo bsobbo LmMgo bdgbmdmozo 30d6HOOBsE00L TgIy0o,
boerm III s IV 3asdo 3996000056980 3m3mmsiool 8gmeg bsfowo 30, doM0mos,
39293530600 3o 300930 0BMEEGHGO0m 0gm FoMdmmygbowo.

dombgozs 0doby, ™I III 3¢sdo 299M05693wo 0DBMWEHGO0, MHMIIO03
399gmz30¢0 0gm Bsdo bgzoslbgs 49my®mox300mo BMb0Id s bmMdwol mmbo ¥0d0wsb,
960 5 03039 3650 99O 05bEBI6 s FbMmEM© gHmo Gl (TTRTF ) fo®dmddbgls. 2014-
2015 §e9080 bmo Bmbosd godmygmaowo oBmms@gdol 57%, HMIgdos 9300 Gslilom

ogm §503m@ygboo, IV 3e5@ol 9Omo s 03039 J393%o©80 ©oxaIBOs. Ju Fggagdo 30
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5QLGHMEGMIOL 00 BodBL, MM Fobdobdgro-9;3965M0OL X¥0To s FJMYMOROO BMbs 56
d90dwgds  gobgzobommm, MHmymeE 3500mygbol  JoMmme  JMm3MEsE0sby  Bgdmddggdol
doMH0MOO BoJBHMM0 5 FgLsdsdobo, 29693H03MM0 33000930l 3b0d3zbgwmgsbo fystrm.
383JOMdmM, GMI ©gOHML  F5bol JoMmMe  3m3MEs30sdo  sMLYOMEO I35 RIOM3DYdS
396300Mm09dM0s  Lods@mggermdo  3mfobwymol, bmEMdMOol  mgMml  5sbyols  Fwsdsgowo
dsb30bdgero - 93gbs0ol sOBYdMIOM s FomDby Jodobsdyg LgbmdMozo 300H0EOBsGOOL
8909°0.

SNP 39dbmemyool  259myqbgdom Bo@oMgdmwo 33e093s  MBOMB3gmymals 3ansqdl
dmMHob MYOD0GOHM3I330M0L A53905L. B0 MmAg69E03MTs 9BseoBds 9303965, Mmd TKTTF
Mool 0BMWSBH0ds  FgJdbgl  MbogsMo 3o, MMIGEoE  doosh  goblibgoggds
65MRGb0  3005gd0LORSD. Tgboderms gl sboewo  Msligdo  bbgs  ®guombgdosb  sMol
3990mbero 96 s@Mg3 0ym 3m3Ms30500 905D OB LobdoMom s 5dsdg 96 odbs
50dmPgboro. 999003900  3Mmgaqd0oL  IHAMGd0m TgLodErgdgero 0dbs  Lodommzggarmdo
393039 gdMYWo  3m3s300L  gaMmgds  gmom3ool, 099960l s 39bool Ug99 Gsbiols
95390968 0BMEsEHJOMB. HMPMOE B0wMmaqb9EBH03M3s sBbEoBds sB396s (bM.2), 39boro
Do08mIMdol 3 0bmsGo (04KEN154-04, 07KEN24-4, 06KEN19V-3) 459600560 I 3¢0500d0,
bemeom 3 099969900 0bms@o (14YEM115-1, 14YEM49-5, 14YEM123-1) 5000mBbgos 1T 3¢moodo
5 0bobo doE0sb goblib393w0Yd0D JoBrMEo 0BMEHEHIOOLOYSD (Nei 0bgdbo 0.4). G
d99bg0s  900M3NME  0BMEsBHJOL, Fo  NBOM  FgBHo  Boghom  5©0dMBbIm oG
0BME3gdmsb (Nei 0bgduo 0.001). 3960dme, IV 3ws@do s0dmbbs 9d3lo gmom3or®o
obmwos@o: 13ETH120-1, 14ETH132-2, 14ETH128-1, 14ETH02-2, 13ETH18-1, 14ETH128-1.
JoOMo 0Bmes@gdol (14GEO190-2, 14GEO192-2, 14GEO196) 439600 (Lo®fdmbmgdol
OALAH®S3 0bgduoo 82.5). III 3wool III-B  d393es@8o  25900056s  0gOomdg@o
3900 0BMEsGH0 (3ALAHOS3 0bgdbo 88.24-99.24), III-A J393wsdo MO gmOM30)MHO
(14ETH136-3, 14ETH123-1) > g6Momo 09d96wcmo (06YEM34-1) obms@o, dsa6sd olbobo
509mBbbgb Lbgsslbgs J39XaMRT0. JoOHMME S JMNOMI0H 0330590 OIR0JLOMOS

9omo 5 03039 (TTRTF, TKTTF) 6slgdo, 6mAwqdoi 0565809 96 ogm  so®ogboeo
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LodoMmggarmdo, 09i3s dmerm (jergddo go3MEgwEs 933033gLs s mmedgodo (Mert et.al,
2012). 54956 359m30bscg, 890dqds ©s399d35m, MM 50bodbreo MHolgdo LodsGmgzgE Ml
A9IO0GHMO05Dg  JoMol  B53500900L 1S gd0m  FoBROL  B3MMGdIOL  BogM300L  T9IRS©
2393039, 09930 ©IoLsmMzoL oo LobdoMg BMOIWOL EIOML  Hobgaols  JoGoryew
33530530 299603369 ms.

5023900, SNP 0563960900l  950mygbgdoom  2013-2015  ferols  996353@0mdsdo
LogoOm39emTo 493039 gd90 bm®mdEOL WIOHML 5ol 3m3MwsE0ol 3mE0dm®mR0BIoL
©Mbg oS (8935 RgMM3gbgdol  3sBg9bgdgero  0.14)  ©@d  Bmng3MEmMo
30odmmxobIol  boGobbo  LOWME  Fgbodsdobmdsdos 30O gbEGMmodol  bodbom
39965¢00Bgd M 30dmz0bImsb. dm@93M0MOH0 3563969000 3353001
bsLOSMGOIOLSL MAOM FGBHO®E IBMBGHES 3M3Mo30sdo [oMmdmddbowo 330 gdgdols
Dgotrm s 29b6lb35399900L  boGolbo  ggmyMexzome  3m3MEs30gdl  dmMol. I3,
LogoOM39ermTo  2o3M39gdIo BMOIWOL gOHMl #sbgoBg dmddgo Ubgs godEmemgdol
Lom®dobgmero  Jglfogers,  Bob30bdge-030bstgls s  3o™qbl  ImGOL  sOLYdMo
2IOH0YHMTMI0OIOIMgOol  GOodo SL39JBHJOoL  ogbs s 9.f.  Loboo xamaoL®

0BMEs3HJdol IMg3mEo Jo639Mgd00 Tgufogens dmdogswo 33¢93900Ld S SF9MH039E
3M9390096 39653dOMAMIOL 2oaMdgergdols 360dzbgermgzsbo mdogddos.

0530 1.4. 0g6OH@U 5625850080 ber®dgrols 45dderg 49bm@GHo3dgdol Lzmobobyo
1.4.1 50036030 Loligergdzom dsbsgrols ®gMmls 796yslod0 gsddargmdols mbol dgxsligds
3MOMwo  MbogzgOboGgBHol  wmdmMEol  dofemdmddggool  0bLlEGHoEGMEHOL

Ly 9d3ombgmgdol  dogm  ImfmEgdmEo  Labgergdgom  dsbogws (50 603wxdo)  AsTMZEIVID

bgermzbme 06139306 BmEDY, OHMamOE beMdwol MgOHML  Hobgol 3m3Msgool Moligdol

656930l 800sm LEMOMOTo, 50BMbI(39bol RSB0 @S dobEzMOL 306MHMdgdd0  BEOEILEW

90350500. 25dmboagwo dsbogrs HoMdmygbowo ogm Ls3MbEGHMME® xodom - dgbBMbEG0s 1,

be®deol 12 Lobgmdoms s J3globgmdom, 9 50w Mdm030 x0dom, 7 0bGHMHMEw3E0MHIdI0
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396L39JGHoMwo xodom s ULbgsslbgs LoghHmsdmemolm bsbgMaggdosb dmwm 5 ferol
39685303590 25dmMBgmo 21 6odmdoom.

BoBH6M90M0 300L 9909390 259M3egboo 04bs 350mMg60l 3m3Mwsi3ool 30860
915393AWO0  459degmdol  §ysmmgdo  sdmbsi3gbol s  BOEILEOW  Bsbsdo.  3gMHIm,
ALEH0M9dMwo 60ddqdol 40% A53deg 0gm gOMl Hobgols J0dsMm. Lobgmdgdo: Tr.monoccoccum
(Var.laetissimum  Korn), Tr.tomopheevi (ar.tipicum Shuk-var.viticulosum Shuk), Tr.georgicum
(Var.chvamlicum Supat, Tr. Dicoccum (Var.farrum), Tr.ibericum Men(Var.fuliginosum Shuk), Tr.ibericum
Men (Var.stramineum zhuk), Tr. Macha Dek et Men ((Var.megrelicum Men ), Tr. Spelta Dek et Men
(Var.dekaprelevichi Dorof), %08900 - bmmvam, wmdmoegm®s 155, bymwo 9, mdmoqms 123
290dwg (R) @5 ULodMowm@ @odderg (MR) ogm. ULsdgdmamdm bm®mdwol LsgMmsdmemol,m
Lob9Mgbs3 2odmoMmbs Md9bodg doddewg bodwdo: (BTZ-18FAWWON-IRR-149, 18FAWWON-SA-
49, Sunco/pastor-1I9FAWWON, SRMA/tui//babax/ 3JGR-11LR-Res-132), beagom x03900s: ¢rm3mogm®s
107(60 MR-MS), @mdmopam®s 109(40MR-MS), @mdmogm®s 149(40MR-MS) dgGgmero ©god3os
399093069l BOELOWME Bsbsdo, bmwm 5©0IMbsgbol goBsdo sdderg Mgogzos 9b39b69L.
X00900 mMdooloMo 5, Mol 396mho 35/4, @oamEgbol MIGE93m3s,  JMMHIMYOL
Mol 3600, sboeizobol fomgmwo Mo, Mgmeo o0xdwo, 350dos, Lmdbgd, wmdmogmMs
107(60MS), gomdmog s 109(40MS), omdmsgqmes 126(40MS), crmdmsgm®s 149(30MS) 3000900 @
Lodwoem© d000gdo (MS) 503mbbos gMml 75boLodo. LszmbEMmMEMm %08 dyBMULE0s 1-BY
Q593500900L 356306M900L 06EH9bLogMds 80% oym (Sikharulidze et.al.2015).

bmOHdob 50 ®mdM030 9bmGH03gd0l 20 bodwmdo godmaowo 0dbs sdd dobglim@ ol
160396ML0GHYGHOL FoME3EMZ5600 H9350090JIOL W HOMEISEHMEM05F0 o300 gbE Mo Ug99
OoLOmMS XyMBROL 4 35005bEHOL dodoMm. Jom FmEMOL, 3 0BmesGo 04KEN156/04 (Gsbs TTKSK),
06KEN19V3(65UsTTKST), 07KEN24-4 (Gsbs TTKSK) 39600960 Fo63mImdoLos s 9emo obdmms@o
06YEM34-1 (65LSTRTTF) 098960l 3300300005055  209MYma30eo. ©99350905%g 60ddgdols
695d300L  G03900L  dobgzom 9 9bgdMMo  Lobgmdosb 7 Lsbgmds - Tr.monoccoccum
(Var.laetissimum  Korn), Tr.tomopheevi (Var.tipicum Shuk-var.viticulosum  Shuk),  Tr.ibericum
Men(Var.fuliginosum Shuk), T. Dicoccum (var.faruum), Tr. Macha Dek et Men (Var.megrelicum Men), Tr.
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Macha Dek et Men (Var.palaeo-imereticum Men) ¢os Tr. Macha Dek et Men ( Var.cochicum Dek et Men.)
50dmbo3gboll g3oBsbo goddwrg oym Ug99-ol Lbsdozg 39bomEo Gslols dodséo. Tr.ibericum Men
(Var.stramineum zhuk) s T. georgicum Dekapr (30m¢bw6o sbgo) 8080gdo 50dmBbs. 09dgbmeo
§o6ImIMdOL Mool oo 43zgens Lobgmds LG mE JodMIdO 0Ym QMO 9OHMO LobgMdOLS
(T.macha Var. megrelicum Dek et Men). d39wo Jos®mwemo x08dgdo (sboeiobol fomgwo mero,
09NM0 0xdwo, 39030, 5¢0dslio) J0dgdo 0gm Mmmbogg MsLoLo JodsO®, bmwrm, LogMmMSTMMOLM
LoBgMR99006 oMb 3gOldgdBHoMwo x0dgd0 mdmogmes 107,  mdmsymes 109,
wmImogm®s 149, @mdmogm®s 123, wmdmoqm®s 155, wmdmogm®s  126-0l 2560, 259dwng
500mBbs  Ug99 gzgams Mobobosdo (Dumbadze et.al., 2014). g59deg 39ML39dGH0eo x0dgdol
3odm3eabs 3609369 m3z560 IMbs3M35M0 @O ©99350JdOL 3MbGHOMOL 9539JEBHNIMH0 Lo dSS
939956580 Ug99 Grsliols Ho6r3mmdol 99dmbggzsdo.

2013-2014 09030 bm6Hdol gemb 560l bodo®mM3germdo gog3M39egdIo 3M3MWS300L
d00sm  bgwmzbn® 06x39J30M6O FmbBg 2odmgissge CYMMIT-ol doge  dmfimgdmeo
399mMB g0, HobsmmgdmEo bsbgergdiom dsbsgns - 4th International Winter Wheat Stem Rust
Resistant Nursery, ®mdgwog (o®dmoagbowo ogm ©gmHmb gs6g0Ls@do 259dwg Lodgdmamdm
bm®deol sfobsmgdmo 85 y9bm@odoom.
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Theme actuality. The reduction of poverty and food security is an important for socio-economic
stability of developing countries. One of the most indispensable conditions is an effective protection of
crops from many biotic and abiotic factors. Since time immemorial wheat rust diseases is one of the main
serious problems for wheat producers. The main reason is the changing rapidly and ability to adapt to new
environmental conditions of the rust fungal microorganism.

Stem rust caused by Puccinia graminis f. sp. tritici is one of the most destructive diseases of
wheat. In the past few years the impact of stem rust has increased because new virulent strain of
disease known as Ug99 has emerged and spread quickly across borders (Pretorius et al. 2000). It can
cause up to 100% crop losses and is virulent against many resistance genes which have previously
protected wheat against stem rust (Wanyera, 2008). There is a chance that Ug99 will reach Georgia
which is distinguished by a diversity of a number of unique endemic species and where barberry is
widespread. Accordingly, research of stem rust population is very important for Georgia and therefore,
it was included in FAO’s Wheat Rust Disease Global Programme as country at high risk from Ug99 for
preventing this threat.

Research goal and objectives. The research aim is to improve stem rust control through
studying the genetic and molecular structure of various geographic populations of stem rust causal agent
in Georgia and screening new genotypes with improved resistance.

The principal research objectives are:

To determine the incidence and severity of stem rust in sexual and asexual hosts of pathogen
To identify the virulence diversity of pathogen in the aecial and uredial stages
To study the molecular polymorphism of P.graminis population

Eal A

Screening of wheat genotypes resistant to stem rust from the national and international breeding
material

Theoretical and practical importance of the research. The given thesis is the first comprehensive
studies of wheat stem rust genetic structure and molecular polymorphism in Georgia. The novelty of
the PhD work is given in research results which have a great scientific and practical importance
because studies of distribution areas of stem rust, genetic and molecular diversity of pathogen, the
virulence spectrum and race dinamics can help scientists to identify the origin of dominant or new

races, to understand variation in population structure and allow a rational selection of stem rust
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resistance genes to be incorporated in cultivars. Such studies prove helpful to study the disease
epidemiology and to determine a substantial effective control of the disease.

Virulence analysis of Georgian isolates revealed effective resistance stem rust genes and sources
which can be utilized in wheat breeding programmes on both sides for stem rust resistance preferably
combining major and minor genes to achieve durable resistance and for producing new resistant cultivars.

Research object, Material and Methodology. Research object was the population of wheat
stem rust causal agent - Puccinia graminis f. sp. tritici, presented by uredinial isolates collected from
different geographical zones (Shida Kartli, Kvemo Kartli, Kakheti, Meskheti, Javakheti) of Georgia.

An international set of stem 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 materials) kindly provided by International Center of Agriculture Research for

Dry Area (ICARDA) and The International Maize and Wheat Improvment Center (CIMMYT) were
used as a research material.

The research was carried out in greenhouse, laboratory and field conditions in the department of
Genetics of Resistance, Batumi Shota Rustaveli State University Phytopathology and Biodiversity
Institute. The molecular characterization of pathogen population was carried out in Cereal Disease
Laboratory (University of Minnesota, USA).

Different international classical and modern methods have been used in PhD research. Route
observations of cereal fields and collection of infected samples were conducted according to
standardized protocols for international rust surveillance system (Yahyaoui et al.,2003). Pathogen
isolation, multiplication of inocula, inoculation and incubation were conducted according to Roelfs et al.
(1992). Seedling ITs were determined following the 0-4 scale developed by Stakman et al. (1962).
Race designation based on the letter code was carried out according to the North American
Nomenclature proposed by Jin et al., (2008). The severity of disease and response of adult plants
were recorded using the international scales specified for rusts (Peterson et al., 1948).

The values of pathogen population were calculated with accordance to known methods (Aiala,
1984; Zhivotovski, 1982; Growth and Roelfs, 1987). Genetic similarity of stem rust population was
clustered by the Unweighted Pair-Group Method with Arithmetic Averages (UPGMA) using software
package NTSYSpc 2.01, Systat 10. The dendrogram was generated using the Jaccard’s coefficient.
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To study the molecular diversity of pathogen population were used Single Nucleotide
Polymorphism (SNP) genotyping Infinium Assay Method according to ,lllumina“standard protocol
(Illumina, San Diego, CA). DNA isolations were performed using the OmniPrep DNA extraction kit (G-
Biosciences, St. Louis) as described by the manufacturer. Phylogenetic analysis of the data was performed
using R (version 3.1.2; R Core Team, 2014), with the package ‘Poppr’ version 1.1.2 (Kamvar et al. 2014)
installed. Phylogenetic trees were constructed on base of Nei’s distance (Nei, 1978), neighbor-joining
(Saitou and Nei, 1987), a sample of 5,000 bootstrap replicates, and cutoff value of 80%.

The structure of the thesis. The work consists of the introduction, literature review, materials

and methods, results and discussions, conclusions, recommendations and references. The thesis publish
computer-printed 158 pages in Georgian language.

Approbation of work. The research results were presented on six International Conferences and
BGRI workshops conducted in Turkey, Mexico, India, Australia and Georgia as a poster and six papers

were published in the refferied national and international scientific journals.
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Chapter 1.The Results and Discussion
1.1 Distribution of stem rust in 2012-2015

Fifteen field observations were held by scientific expeditions to determine the distribution of
wheat stem rust in Georgia in 2012-2015. The annual disease survey was conducted across five
geographic zones and seventeen regions of Georgia: Gori, Kareli, Mtskheta, Dusheti, Kaspi,
Khashuri, Borjomi(Shida Kartli), Marneuli (Kvemo Kartli), Gardabani, Dedopliskharo, Sighnaghi,
Sagarejo, Telavi( Kakheti zone), Akhaltsikhe, Adigeni (Meskheti zone) and Akhalkalaki (Javakheti zone).
A total of 224 fields of winter wheat were observed in the important wheat production regions
including the farmer fields and breeding stations. Large areas (10-20ha) of the bread wheat were
commonly grown commercial cultivars (cv. Bezostaya 1, cv. Krasnodarskaya 99, cv. Jagger, cv.
Lomtagora 123).

At the research centers different commercial and promising varieties, advanced breeding materials
were presented. The distribution area of stem rust, level of disease incidence and severity were determined
during observation of wheat sowings.

These years the average values of infected field were high (64.7%) in Meskheti and moderate
level of disease incidence (25.4-35.2%) was in another investigated zones (Shida Kartli, Kvemo Kartli and
Javakheti). Among them, most of the field was infected in Shida Kartli (35.2%). This can be explained
by the fact that in Akhaltsikhe, Adigeni, Dusheti and Borjomi regions barberry bushes are grown
widely in natural conditions, which is a precondition for the development of stem rust.

Nearly equal number of infected fields (25.4-26.7%) were determined in Kvemo Kartli and
Javakheti geographical zones. The lowest number of infected fields (8.4%) were in the Kakheti zone,
where wheat fields have been mainly treated with fungicides.

Table 1. Distribution of wheat stem rust in the different geographic zonesin 2012-2015

Number of infected wheat fields, % Total
Geographic zones
Years Shida Kvemo Kartli | Kakheti Meskheti | Javakheti
Kartli
2012 57.1 33.3 7.1 85.7 50.0 45.6
2013 24.0 33.0 6.6 50.0 1.0 20.8
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2014 31.3 16.7 20.0 42.9 16.7 23.2
2015 28.4 18.8 0.0 80.0 50.0 354
Average 35.2 25.4 8.4 64.7 26.7 32.0

Notwithstanding that the vegetation period of 2012 was unfavorable for wheat and rust diseases
development as suitable, the highest of 2012-2015 years mean value (45.6%) of field infected by stem rust
was described (Table 1). However, overall mean of incidence and severity were low (8.4% and 9.3%),
especially in non-irrigated region of Kakheti (1%). In 2012 the maximum temperature of air was high in
all the surveyed zones which ranged from 20°C to 26°C (http://meteo.gov.ge/hydrometeorology).
Drought and hot dry weather during April and May limited development of yellow and leaf rusts and that
significantly contributed to the stem rust development (Sikharulidze et. al., 2015b). In 2013 and 2014
years overall mean of infected fields by stem rust were similar (20.8% and 23.2%, respectively) and
lower, than in previous years. Also, there was a very low overall mean of incidence and severity of

diseases - 2.6% and 4.4% in 2013, 3.1% and 4.1% in 2014, 3.1 and 2.8 —in 2015 respectively.

Low levels of disease incidence during 2013-2014 can be explained by influence of unfavorable
environmental conditions as well as by using the fungicides for disease control on large proportion of the
commercial wheat fields. The highest mean incidence and severity of diseases were recorded in
the Meskheti zone- 30.4% and 35% in 2012, 12.5% and 14.4% - in 2013, 6.5% and 7.1% - in
2014 and 3.8% and 3.0% - in 2015 (Table 2).

Table 2. Overall mean values of incidence and severity levels of wheat stem rust, %

Geographical zones 2012 2013 2014 2015

=3 S =3 S =3 o\° =3 =3

[<B] [<B] [<B] [<B] (5]
e > e > e > = 2 &
g |5 g 5 |8 5 g g |8
2 |z |2 |z |8 g |g8 |3 <
- w - wn - wn -

Shida Kartli 9.4 8.5 0.3 1.6 1.4 3.1 6.6 5.5 4.5
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Kvemo Kartli 0.5 0.8 0.3 5 0.2 0.7 0.5 0.5 0.4
Kakheti 1.3 1.4 0.1 1.0 2.9 3.8 0.0 0.0 1.1
Meskheti 30.4 | 35.0 125 | 14.4 6.5 7.1 3.8 30 | 133
Javakheti 0.5 1.0 0.2 0.4 4.2 5.5 4.8 5.1 2.4
Average 8.4 9.3 2.6 4.4 3.0 4.0 3.1 2.8

The alternate host Barberry vulgaris of wheat stem rust were observed in Akhaltsikhe, Adigeni
(Meskheti zone), Borjomi and Dusheti (Shida Kartli zone) regions where severity of aecial infection of
stem rust was high (60-100%).

Thus, the sexual cycle of Puccinia graminis develop on Barberry vulgaris and asexual stage — on
wheat. The level of incidence and severity of uredinial population according to overall mean were low.
Presence of alternate host-plants, wild grasses, siutable climatic conditions and vertical distribution of

disease provide for maintaining of uredinial infection and stable development of stem rust.
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Chapter 1.2. Identification of Genetic Diversity of Stem Rust

1.2.1. Race and Virulence Structure of P.graminis Uredinial Population

During 2012-2015 growing season eighty one wheat stem rust samples were collected from

wheat fields and nurseries across five agroecological zones of Georgia. Three to five single-pustule

isolates were produced from each samples. In total three hundred fifty isolates of Puccinia graminis were

evaluated based on the 20 differentials to identify pathogen virulence.

During 2012-2015 growing season forty one races were identified in uredinial population of

Puccinia graminis in Georgia (Table 3). Frequency of races was between 0.3-14.5%. Races PRCQP,
PKPTF and PRCTF constituted 14.5%, 13.1% and 12.0% of all Georgian isolates, respectively and were
the most prevalent races in the population. Races PKFTC, PRCQF, PCHTP, TKFTF, TKPTF and TTRTF

were distributed with frequency ranged between 9.4-3.7%. The other races were distributed with low

frequency compares to other races (0.3-2.9%). Dominant races consisted of 11-13 virulent genes. About

35% of identified races consisted of 16-17 virulent genes.

Table 3. Number and frequency of virulence phenotypes of Puccinia graminis uredinial population

in 2012-2015 by virulence to 20 host lines of wheat with single resistance genes

Virulence formula (Avirulent/Virulent genes) Virulent isolates
Ne Race number | %
1 PRCQP 21,8a,36,30,9b,10,11,Tmp,31/5,9¢,7b,6,99,17,9a,9d,24,38, McN 51 14.5
2 PKPTF 21,9b,11,24,31,36,38,/5,9¢,7b,6,8a,99,30,17,9a,9d,10, Tmp,McN 46 13.1
3 PRCTF 21,8a,36,9b,30,24,31/5,9¢,7b,11,6,99,17,10,9a,9d, Tmp,38,McN 42 12.0
4 PKFTC 11,9b,24,31,36,38/21,5,9¢,7b,6,8a,99,30,17,10,9a,9d, Tmp,McN 33 94
5 PRCQF 21,8a,36,9b,10,Tmp,30,31/5,9¢,7b,11,6,99,17,9a,9d,38,McN 21 6.0
6 PCHTP 21,8a,11,6,36,30,31/5,9¢,7b,99,9b,17,9a,9d,10,Tmp,24,38,McN 20 5.7
7 TKFTF 11,24,31/5,21,9¢,7b,6,8a,99,9b,36,30,10,17,9a,9d, Tmp,38,McN 19 5.4
8 TKPTF 11,24,31/5,21,9e,7b,6,8a,99,9b,36,30,10,17,9a,9d, Tmp,38,McN 13 3.7
9 TTRTF 30,24,31/5,21,9¢,7b,11,6,8a,99,36,9b,17,9a,9d,10, Tmp,38,McN 13 3.7
10 TKTTF 11,9b,24,31,38/5,21,7b,9e,6,8a,99,9b,30,36,17,9a,9d,10, Tmp,38,McN 10 2.9
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11 PKPTC 21,11,9b,24,31,38/5,9¢,7b,6,8a,99,10,17,9a,9d,36,30, Tmp,McN 9 2.6
12 TKFTC 11,9b,24,31,36,38/21,5,9¢,7b,6,8a,99,30,17,10,9a,9d, Tmp,McN 9 2.6
13 PRCTC 21,8a,36,9b,30,24,31,38/5,9¢,7b,11,6,99,17,9a,9d,10,Tmp,McN 6 2.0
14 PTCTF 21,36,9b,30,24,31/5,9¢,7b,11,6,8A,99,17,9a,9d,10, Tmp,38,McN 5 1.4
15 TRTQF 21,8a,10,Tmp,24,31/5,9,7b,21,11,6,99,36,9b,30,17,9a,9d,38,McN 5 14
16 TRCQP 21,8a,11,6,36,30,31/5,9¢,7b,99,9b,17,9a,9d,10,Tmp,24,38,McN 4 1.1
17 PHCTF 21,11,8a,36,9b,30,24,31/5,9¢,7b,6,99,17,9a,9d,10, Tmp,38,McN 4 1.1
18 PRCTP 21,8a,36,9b,31/5,9¢,7b,11,6,99,30,17,9a,9d,10,Tmp,24,38, McN 3 0.9
19 PRMQF 21,8a,90,10,Tmp24,30,31/5,9¢,7b,11,6,99,36,17,9a,9d, 38,McN 3 0.9
20 PTCTM 21,36,9b,30,31/5,9¢,7b,11,6,8A,99,17,9a,9d,10,Tmp, 38,24,McN 3 0.9
21 MRCQP 21,9e,9b,8a,30,36,10,31,Tmp,/5,7b,6,11,99,17,9a,9d,24,38, McN 3 0.9
22 PKTTF 21,11,8a,24,31,/5,9¢,7b,6,9a,9d,99,10,Tmp,36,9b,30,17,38, McN 3 0.9
23 PHHTF 21,11,8a,36,30,24,31,38/5,9¢,7b,6,99,9b,17,9a,9d,10,Tmp,38,McN 2 0.6
24 TRCQF 8a,36,9b,10,Tmp,30,31/21,5,9¢,7b,21,11,6,99,17,9a,9d,24,38, McN 2 0.6
25 PRTQF 21,8a,10,Tmp,24,31/5,9¢,7b,11,6,99,9b,36,30,17,9a,9d,38, McN 2 0.6
26 MRKTF 21,9e,8a,24,36,31/5,7b,11,6,99,9b,30,17,9a,9d,10,Tmp,38,McN 2 0.6
27 PRTSF 21,8a,Tmp,24,31/5,9e,7b,11,6,99,36,9b,30,17,10,9a,9d,38, McN 2 0.6
28 TKKTF 11,9b,24,36,31/5,21,7b,9e,6,8a,99,9b,30,17,9a,9d,10, Tmp,38,McN 2 0.6
29 PRCQM 21,8a,36,30,9b,10,11,Tmp,31/5,9¢,7b,6,99,17,9a,9d,24,38,McN 1 0.3
30 PCKTF 21,11,6,8a,36,24,31,/5,9e,7b,99,9b,10,17,9a,9d,30,Tmp,38,McN 1 0.3
31 | MMKTF 21,9e,8a,6,24,36,31/5,7b,11,99,9b,30,17,9a,9d,10,Tmp,38, McN 1 0.3
32 PRFQM 21,8a,9¢,11,9b,10,24,30,36,Tmp,31/5,7b,6,99,17,9a,9d,38, McN 1 0.3
33 PKFTP 21,11,9b,31,36,/5,9,7b,6,8a,99,10,17,9a,9d,30, Tmp, 24,38, McN 1 0.3
34 PRFRF 21,8a,9¢,11,9b,10,24,30,36,Tmp,31/5,9¢,7b,11,6,99,30,17,9a,9d, Tmp,McN 1 0.3
35 PHFTP 21,8a,11,9b,10,36,Tmp,31/5,9¢,7b,6,99,30,17,9a,9d,10,Tmp,24,38, McN 1 0.3
36 PMCQF 21,11,8a,36,30,9b,10,Tmp,24,31/5,9¢,7b,6,99,17,9a,9d,38, McN 1 03
37 PRCTM 21,36,9b,30, 38,31/5,9¢,7b,11,6, 99, 17,9a,9d,10,Tmp, 24, McN 1 0.3
38 PCPSF 21,11,6,9b,8a,24,Tmp,31/5,9¢,7b,99,36,30,17,9a,9d,10,38, McN 1 0.3
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39 TRDSC 36,9b,30, Tmp,24, 38,31/5,21,9¢, 7b,11,6,99,30,9a,9d, 10, McN 1 0.3

40 NCCTM 21, 7b, 11,6, 8a, 36,30, 9b,/5, e, 99,17, 9a,9d, 10, Tmp, 24, 38, 1 0.3

41 TRTTF 11,9b,24,31/5,21,7b,9e,6,8a,99,9b,30,36,17,9a,9d,10,Tmp,38, McN 1 0.3
Total 350

Race PRCTF and PKPTF with high frequencies (35% and 27%) were common races in 2012 and
2014, respectively. PRCQP and TTRTF, which were a common races in 2013 and 2015, were occurred
with moderate frequencies 21% and 16%, respectively. Race PRCQP was occurred in all years with
higher frequency than other races. Frequencies of races PRCTF and PCHTP have decreased during 2012-
2015, but frequency of race TKFTF has increased. Frequency of race PRCQP has increased from 6.2% in
2012 to 12.7% in 2014 and in 2015 decreased to 7.5%. In 2015 races TTRTF and TKFTF which did not
found earlier, were common in the population (Diagram1). This fact can be explained by different nature
selective factors influenced on formation of stem rust population.

Diagram 1. Dinamics of stem rust races by years

* TTRTF
= TKFTF
= PKPTF
* PRCTF

® PRCQP

® PCHTP
® PKFTC

Race PKPTF which was the second common race in Kakheti and Kvemo kartli agroecological
zones, was occured in all areas. Race PKFTC was the prevalent in Kakheti agroecological zone and the
second in Javakheti zone. PRCQP was the most common race identified in Meskheti and Shida Kartli
agroecological zones. Race PRCTF was found in all zones except for Javakheti zone. In Kvemo Kartli

zone race PKPTC was the most common (37%) and it was detected only in Meskheti zone with very
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low frequency. Race PCHTP was recorded only in Shida Kartli area. Race TKFTC was found only in

Janakheti zone and it was the second common race. TKFTF was occurred in two agroecological zones:

Meskheti and Javakheti (Diagram 2).

Diagram 2. Occurrence of prevalent stem rust races by geographic zones
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Research results showed that virulence to genes S5, S6, S7b, S9, S99, S9a, S9d, S17,
38, SMcN were found in nearly all of the isolates (Table 4). Also, the virulence frequency to genes
10, S11 and STmP was very high (52.3-77.8%). Frequency of virulence to genes 36, S'8a and
S30 was between 40.3-49.7%. Virulence on lines with genes S21, S9b and S24, was moderate

(22.0-28.3%). Virulence to line with resistance gene S 31 has not been found in any isolate.

Table 4. Frequency of virulence genes of P.graminisin uredinialpopulation in growing

seasons 2012-2015

Resistance genes Frequency of isolates
Number %
350 100.0
324 92.6
7b 348 99.4
8a 160 457
%9a 348 99.4
9% 99 28.3
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% 330 94.3
od 348 99.4
99 350 100.0
10 270 77.1
11 187 52.3
17 350 100.0
21 77 22.0
24 94 26.9
30 174 49.7
31 0 0

36 141 40.3
38 296 84.6
Tmp 265 75.7
McN 350 100.0

Frequency of the isolates virulent to majority resistance genes did not change significantly by
years. However, some virulence genes were exception. Particularly, frequencies of isolates virulent to
resistance genes 21 (10.4- 51.4%), S'9b (13.5-75.6%), S8a (12.5-78.4%) and 36 (10-50%) have
increased in 2015. But the virulence to genes S24 and S11 have decreased from 40.5% to 13.5% and
from 85% to 17.6%, respectively (Diagram 3).

Diagrame 3. Dinamics of virulence genes with changeable frequency by years

50



N pp24

Hppll

® pp8a
Hpp2l
H pp36
H pp9b

2012 2013 2014 2015

Virulence to S21 resistance gene was found in all zones with frequency 17-22.3% except
Kvemo Kartli and Kakheti. The moderate virulence to S24 resistance gene was indicated only in
Meskheti (24.5%) and Shida Kartli (41%) zones, low frequency was recorded in Javakheti and no
virulence to S 24 resistance gene was found in kvemo Kartli and Kakheti. Virulent isoletes to lines
with S'8a, S 30 and S36 resistance genes with moderate frequencies were found only in Meskheti and
Shida Kartli zones; in other zones their frequencies were high. Nearly 8.2%, 10.5% and 21% of the
isolates were virulent to Srll resistance gene in Meskheti, Kvemo Kartli and Kakheti areas,
respectively. Low percent (13.4-24.2%) of isolates virulent to S'9b resistance gene was recorded in all
zones except Kvemo Kartli zone where virulence was not present (Table 5).

Table5. Frequency of virulent isolates to resistance genesin geographic zones

Geographical zones
Resistance genes Frequency of isolates virulent to resistance genes, %
Meskheti Javakheti | Shida Kartli Kvemo Kakheti
Kartli
S 100 100 100 100 100
6 100 100 823 89.5 78.9
7b 100 100 94.7 100 100
8a 40.4 95.9 22.0 89.5 78.9
9a 100 100 100 100 100
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9 18.1 14.4 24.7 0 13.2
% 97.9 100 94.7 100 100
9d 100 100 100 100 100
9 100 100 100 100 100
10 65.9 95.9 60.0 100 100
11 53.2 8.2 66.0 105 21.1
17 100 100 100.0 100 97.3
21 223 46.9 17.3 0 0

24 245 6.1 413 0 0

30 38.3 91.8 21.3 89.5 84.2
31 0 0 0 0 0

36 20.2 489 227 68.4 52.6
38 94.5 51.0 97.3 42.1 63,2
Tmp 65.9 95.9 59.3 100 71.1
McN 100 100 100 100 100

Some characteristics of variability of stem rust population (factor of virulence, value of
polymorphic, Gleason index, mean number of races, number of rare races) were accounted. According
to these characteristics the level of genetic diversity of P.graminis population in Georgia during 2012-
2015 growing seasons were low (He= 0.11). However, the level of virulence (Fv-13.9) and number of
rare pathotypes (h-0.7) were high. Gleason index varied from 0.11 to 0.19 within agro-ecological
zones. Shida Kartli zone (Hc -0.19) and Meskheti zone (Hc -0.19) characterized with the highest level
of diversity. The lowest level of genetic diversity (Hs-0.11) was found in Kakheti zone (Table 6).We

suppose that differences in virulence frequency between the areas may have been due to differences in
the sampling by years, not to differences in geographical locations.

Table 6. Characteristics of variability of stem rust uredinial population by geographic zones
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Geographical zones

Characteristics of variability of stem rust

Fv p H h He

Meskheti 135 0.6 15.1+0.8 0.8+0.04 0.19
Javakheti 14.6 0.5 6.3+0.7 0.4+0.06 0.18
Shida Kartli 13.0 0.7 18.5+1 0.5+0.04 0.19
Kvemo Kartli 13.8 0.3 3.2+0.3 0.2+0.09 0.16
Kakheti 13.6 0.4 4.0+0.3 0.2+0.06 0.11

According to table 7 the highest diversity (Hs-0.26) and polymorphic (P=0.7) were indicated
in 2013, but the level of virulence of stem rust was high in 2014 (Fv=14.6) and 2015 (Fv=14.9).
Number of rare races in 2012-2014 (h - 0.25-0.27) was nearly same and higher than in 2015
(h 0.11=0.04).

Table 7. Characteristics of variability of stem rust uredinial population by years

Years Characteristics of variability of stem rust uredinial
population
Fv p H h He
2012 12.7 0.6 14.7+0.8 0.27+0.05 0.19
2013 13.4 0.7 20.2+1.4 0.25+0.14 0.26
2014 14.6 0.5 13.5+0.8 0.25+0.05 0.21
2015 14.9 0.6 12.5+0.5 0.11+0.04 0.18

To determine the similarity between populations occurred in the different geographic zones
the Jaccard coefficient was accounted, the matric of simmilaraty was established and the dendrogram
was constructed (Picture 1).

Picture 1. Dendrogram of similarity between populationsfrom different geografical zones
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The dendrogram showed that more similarity (0.50) was found between Kakheti and Kvemo
Kartli zones by race composition. Also, the similarity was detected between populations distributed in
Shida Kartli and Meskheti zones (0.40). Javakheti population formed a separate branch, what is
distanced from other populations except for Meskheti population which is more similar to Javakheti
population. Also, Kakheti population was different from Shida Kartli and Meskheti populations.

Thus, population of wheat stem rust widespread in Georgia in 2012-2015 growing seasons was
highly virulent as it consists of the virulence to nineteen resistance genes out of twenty analyzed genes.
So far, considerable changes in the populations from year to year have not been detected. The level of
population diversity was low (He= 0.11). On the basis of the virulence of pathogen, there was no
significant difference in virulence genes and races distribution between populations occurred in the
different geographic areas. Virulence to resistance gene S31 was not found in Georgian population of
stem rust. Also, no any variants of Ug99 race group (Race TTKSK (Ug99), Race TTKSF (Avirulent
S31), Race TTKST (S31+S24), Race TTTSK (S31+S36), Race PTKST (S31+S24), Race TTKSP
(Avirulent S31 + S24), Race PTKSK (Ug99 Avirulent S21), Race TTKSF+) Detected in the
population. Population of P. graminis distributed in Georgia is much differed with populations from

other countries by virulence structure (Singh et.al. 2011).
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1.2.2. Race and Virulence Structure of P.graminis Aecial Population

In 2013 and 2014 growing seasons aecial samples were collected from infected leafs of from
Barberry vulgaris L. from different regions of southern and eastern Georgia: Dusheti, Akhaltsikhe,
Borjomi. Fourty eight isolates were derived from samples among them sixteen isolates — from Dusheti,
twenty four isolates — from Akhaltsike and eight isolates — from Borjomi region. Twenty one races
were identified in the aecial population. 12 races were detected in Akhaltsikhe population, 6 races were
identified in Dusheti population and 3 races — in Borjomi region. Races PRCQP (12.5%) and TTRTF
(12.5%) were common in population. The majority of revealed races were presented by one isolate.
Virulence to resistance genes S5, S6, S7b, 38a, S9a, S9, S9%, S9d, S 9g, S 10, S 11, S17,
S21, 24, 330, S 36, 38, STmp, S McN was recorded in the aecial population with different
frequencies. Virulence to resistance gene S 31 was not presented in any region.

As it is known, aecilal population characterised with high level of diversity and presence of
new races, what was confirmed in the presented research. According to statistical analysis of aecial

population the level of virulence (Fv=14), genetic diversity (He= 0.41) and the mean number of races

(u=17.1+1.2) were higher than in urediniapopulation.
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Chapter 1.3. Studying of Diversity Puccinia graminisf.sp. tritici Population by
Molecular Markers

The molecular diversity of Puccinia graminis f. sp. tritici was studied by SNP (Single -
Nucleotide Polymorphism) genotyping method. This research was conducted in Cereal Disease
Laboratory (Minnesota University, USA).

A total, 102 uredinial isolates of Puccinia graminis f.sp. tritici (44 isolates from 2013
collection, 28 isolates from 2014 collection and 30 isolates from 2015 collection) were genotyped using
a custom PgtSNP 3.0k chip. Race TKFTF was identified from the majority of isolates (20 isolates),
race PKPTF was identified from 18 isolates, race TTRTF — from 16 isolates, race PRCQP - from 12
isolates, race PTCTF — from 5 isolates; races PKPTC, PRCTC, PRCTM were presented by 3 isolates,
races MMKTF, MRCQF, MRCQP, PHHTC, PMCQF were presented by 2 isolates and races NCCTM,
PFHTP, PRCQF, PRCQM, PRFQM, PRFTF, PTCTM, TRTQF, TRDSC were presented by one
isolate.

DNA was extracted from either purified uredinial isolates. After filtering 2,097 SNP loci/
markers were used for anlysis. Loci with more than 2% missing data were removed. 24 DNA samples
in which one of the replicates failed were removed from the analysis. The genetic distance is expressed
in the number of SNP changes per 1,000 loci.

The phylogenetic tree was based on Nei’s distance matrix that has generated on calculating
genetic distances between isolates and between clades/ sub-clades for the isolates using Neighbor-
joining method. The numbers at the nodes (branches) represent percent bootstrap support from 5,000
replicates. In the bootstrap analysis, only nodes/branches with values of 75% or greater are shown.

According to phylogenetic analysis (Picture 2), in general, the isolates are divided into 2
groups that correspond to the years collected: “*“New Group’’ — 2013 collections and Clade 11l and IV —
2014 and 2015 collections.
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Picture 2. NJ phylogenetic tree of 2097 SNP loci of Puccinia graminisf. sp. tritici isolates
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Eleven isolates collected in the 2014 and 2015growing seasons formed a sub-clade (I11-B) of
clade I1l. The majority (28) of the 2014/15 isolates clustered into clade IV. It was observed sub-
divisions of clade 1V: IV- B, IV-C, IV-A.1, and IV-E.2. Sixteen isolates were identified to be IV-C.
Nine isolates were identified to be IV-E. Two isolates were identified to be IV-A.1. One isolate
(14GEO190-2) did not cluster with any known sub-division in clade IV.

39 isolates formed the ““New group’” (NG). These 39 isolates clustered into 12 distinct genetic
sub-groups. The largest is NG04 with included 12 isolates of 2 race types: PRCQP, MRCQP. NG09
included 5 isolates of races PRCTC, PRCTM. NG10 included 4 isolates of three races PRFQM,
PRCQF PRCQM. NG12 included 4 isolates of race PTCTF. NGO1 included 3 isolates of three races:
MMKTF, PRCTF PRCTC. NGO06 included 2 isolates (13GEO28-1, 13GEO28-3) of 2 races PFHTP
and NCCTM. 2 isolates of race PHHTC were clustered in NG1. Also, 2 isolates of race TRDSC were
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clustered in NG11. The remaining sub-groups NGO03, NG05 and NGO8 contained one each isolate
13GEO24-1of race PMCQF, 13GEO15-1 of race MMKTF and 13GEO06-3 of race TRTQF,
respectively.

The level of genetic distance within clades/ sub-clades: (Clade Ill Clade IV-A Clade 1V-B)
was very small: 0.000, 0.000-0.001 and 0.000-0.002, but distance between clades was between 0.091-
0.144. Within Clade 11l the SNP was not indicated (distance - 0.000). A very little change (0.000-
0.002) was detected within isolates of Clade I1V-A and Clade IV-B. Distance between Clade Il and
Clade IV-A; Clade Il and Clade 1V-B was higher (0.143-0.144 and 0.140-0.141.) than it was between
subclades IV-A and 1V-B (0.091-0.094).

““New Group’’ appeared to represent more diversity (genetic and phenotypic) than what was
observed in the 28 isolates that cluster in clades 1l and IV.

Thus, phylogenetic analysis of isolates collected from Georgia showed that the most of
isolates were similar. High degree of similarity was found within and between clades. The level of
molecular polymorphism was low with genetic distance 0.110-0.141.

Comparing the geographical location of the sites the samples were collected and the races,
phenotypes and genotypes, the data suggest that there is a single population within the country.
However, part of the samples cluster with known genetic groups, which suggest that these are part of a
larger clonal population. The second part of isolates of ‘“New Group’ may represent local sexual
population.

The research results showed that the isolates of different origin (different geographic zones,
cultivars and sampling years) were grouped in the same clade, at this same time, some isolates derived
from same zones or cultivars were clustered in different clades or subclades. Accordingly, it could be
concluded that diversity of existing population is not association with the geographic origin of the
isolates and cultivars.

In the analysis twelve reference isolates (three isolates- 04KEN154-04, 07KEN24-4,
06KEN19V-3 of Ug99 race group (Clade I), three isolates -14YEM115-1, 14YEM49-5, 14YEM123-1
of race JRCQC, Clade Il and nine isolates 13ETH120-1, 14ETH132-2, 14ETH128-1, 14ETH02-2,
13ETH18-1, 14ETH128-1, 14ETH02-2, 13ETH18-1, 14ETH128-1 of TRTTF/RRTTF race group,
Clade IV and TKTTF race group, Clade Il1) were included.
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The genetic distance between the isolates collected from Georgia (clade Ill, clade IV) and
isolates from Kenya and Yemen (clade | and clade II) was larger (0.259-0.289) than between the
Georgia isolates and Ethiopia isolates (clade I11-A, clade 1V-B, clade IV-A.1). Six Ethiopia isolates
clustered in different clades: 1V-B and I11-A, but three Ethiopia isolates grouped in clade A.1 together
Georgia isolates. In general the genetic sub-groups correlate with race phenotypes. Races TKTTF and
TRTTF were identified in both Ethiopia and Georgia populations of stem rust. Besides, race TKTTF
was identified in Egypt and Turkey (Mert et.al.2012). These races were detected in Georgia population
in first time in 2015 and their frequencies are very low. It is possible that new races of the stem rust
introduced into Georgia by rust spore migration from other regions.

In this research a number of samples that need to be check, for example, 13GEO15 has 3
single pustule isolates, representing two race types: 13GEO15-1 (MMKTF) clustered in NGO05, and
3GEO15-2 (MMKTF) clustered NGO1. NGO06 contains two isolates (13GEO28-1, 13GE028-3) with
very different race phenotypes: PFHTP, NCCTM.The two other isolates in NGO1 both are of PRCTC
race. At this point it is not clear the evolutionary relationship of the GEO “*New group’ to other
clades. The research will be continuing.

Thus, in Georgia single population of wheat stem rust is distributed. The level of genetic and
molecular diversity was low. The results of population polymorphism by virulence genes are consistent
with the results of SNP genotyping of population. The main important source of pathogen diversity is
alternate host of stem rust.The geographical factor and wheat cultivar did not play significant role in
the selection of Puccinia graminis isolates and on formation of race structure of population. This
information could be used in resistance breeding programme to improve the management strategy of

stem rust.
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Chapter 1.4. Screening of Resistant Genotypes to Stem Rust
1.4.1 Evaluation of Resistance L evel of Local and Introduced Breeding Material to Stem
Rust
A collection of fifty wheat accessions including twelve endemic wheat species and

subspecies, nine landraces, seven advanced varieties and nineteen introduced entries from different
international nurseries were evaluated under the artificial infection of stem rust both in the field and in
the greenhouse conditions. Test material has been received from Lomouri Farming Institute of Georgia.
The wheat germplasm was evaluated for reaction to mixture of four predominate stem rust races
(PRCQP, PKPTF, PKFTC, PRCTF) in Georgia. These races contained the virulence on S 5, & 6, &
b, S 9% S 9% S99, SS9, S 17, S 30, S 38,  McN and & Tmp. High and moderate level (R,
MR) of seedling and adult plant resistance to the disease was detected in nearly all tested species:
Triticum monoccoccum  (var.laetissmum Korn), Triticum timopheevi (var. tipicum Zhuk-
var.viticulosum Zhuk), Triticum georgicum (var.chvamlicum Supat), 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) and Triticum spelta (var. dekaprelevichi Dorof.)
Exception was Triticum durum Desf. and Triticum compactum Host (var. icterinum) which showed the
susceptibility at seedling stage. Only two landraces (Khulugo and Tetri ipkli) out of nine under study
were moderately resistant to stem rust in both seedling and adult plant stages. cv. Vardzia showed MR
reaction in seedling stage but it was susceptible in adult stage. Adult plant resistance was found in
seven cultivars: cv.Sauli 9, cv.Lomtagora 123, cv.Lomtagora 126, cv.Lomtagora 109, cv.Lomtagora
107, cv.Lomtagora 149, cv.Lomtagora 155, which were selected from international nurseries developed
by ICARDA and CIMMYT breeding programme and accepted for registered in Georgia. These
introduced entries were immune, resistance and moderately resistant reactions at seedling stage too.

Thus, 40% of tested entries were resistant (R) and moderately resistant (MR) to stem rust.
Some resistant entries (BTZ-18FAWWON-IRR-149, 18FAWWON-SA-49, Sunco/pastor-
19FAWWON, SRMA/tui// babax/ 3JGR - 11LR-Res-132) were selected from winter wheat
international nurseries.

Twenty test genotypes, including nine endemic wheat subspecies, four landraces, seven new

genotypes (selected from international winter wheat nurseries) were tested against three isolates:
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04KEN156/04 (race TTKSK), 07KEN24-4 (race TTKSK), 06KEN19V3(raceTTKST) of Ug99 variants
from Kenyaand one isolate 06 YEM34-1 (raceTRTTF) from Yemen at the seedling stage. Of the 20 test
genotypes, six endemic subspecies 1)T.monoccoccum var. laetissimum, 2) T. timopheevii var.typicum,
3) T. ibericum var. fuliginosum, 4) T. ibericum var. stramineum, 5) T. macha var .megrelicum, and 6) T.
macha var .palaeo-imereticum) were highly resistant to 04KEN156/04 and 07KEN24-4, 06 KEN19V3
races. Only two accessions (T. macha var. megrelicum and T. macha var. palaeo-imereticum) showed
moderate resistance to the 06YEM34-1 race; the remaining entries were susceptible. The Georgia of
cultivars (cv. Almasi, cv. Vardzia, Tetri ipkli is it not cultivar landraces, and Akhaltsikhis Tsiteli Doli)
were susceptible reaction to all races. High levels of resistance (Cl: 0-1.0) to 04KEN156/04,
07KEN24-4, 06KEN19V3, 06YEMS34-1 races were present in five genotypes selected from
international nurseries and recommended for registration for stem rust resistance in Georgia.

In 2013-2014 in the framework of collaboration with the IWWIP (International Winter Wheat
Improve Programme) the 4" Winter Wheat Stem Rust Resistant Nursery (4™ IWWSRRN) was received
from CIMMYT. In the present research, our objective was to determine the levels of resistance to of
stem rust population occurred in Georgia in entries of 4 IWWSRRN. 85 entries of the 4™ IWWSRRN
different type of germplasm were tested under artificial infection of stem rust in the field conditions.

The results of field assessment revealed that fifteen entries had resistance reaction,
among them ten entries (T03/17, TAM-107/T21, SD92107-2/SD99W042, KS95U522/TX95VA0011)
F1/JAGGER, AR800-1-3-1/NW97S320, FL9547/NC00-14622, FL9547/TX00D1626, TAM302/
KS93U450, MCCORMICK/TREGO, NC00-14622/2137) are of USA origin, four entries
(TAM200/KAUZ//GOLDMARKI/3/BETTY, KS920709-B-5-1-1/BURBOT-4, TAM200/KAUZ/ 4/
BEZ/ NAD// KZM (ES85.24)/ 3/ FO00K, SOMNEZ) - are of Turkey origin and one variety-
AFINA is of Russia origin. Thirty nine entries showed moderate resistance and nearly all of
tested entries having very low values of Cl (0.2-0.5) and AUPDC (less then 10.0) are the
best genotypes with very high levels of resistance. Fifteen entries had combined MR-MS  reaction
and the rest seventeen entries were moderate susceptible to pathogen. The majority of entries (80
entries) with average CI values of 0.2-20 and five entries with Cl 21-40 were regarded as high and
moderate level of adult plant resistance, respectively. Based on the rAUDPC values, the majority of

tested entries having rAUDPC values less than 30% of susceptible check Morocco were marked as
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better slow rusting genotypes. Only five entries (Bezostaya 1, Fiorina, Simano, PHI1B-
MUTANT/AE.SPELTOIDES, CV. LADA/ K-62903 had rAUDPC values up to 50% of Morocco.

So, 93% of tested wheat germplasm of 4rd IWWSRR nursery showed high level of adult plant
resistance to Georgian population of stem rust. These lines and cultivars can be used in future breeding
in wheat improvement program or can then be promoted for release in Georgia. However, selected
resistant entries should be assessed over years and different locations for determining other important
desirable characters before release. On the base of this research selected 32 entries were sent to

breeders of the Centre of Agriculture Research of Georgia for future research.

1.4.2. Effectivness of resistance genesin adult wheat plants

Trap Nurseries (7"ISRTN-12, 8"ISRTN-13, 9"ISRTN-14) consist of isolines with resistance
genes, genetic stocks for additional resistance genes, selected differentials, wheat varieties carrying
combinations of important resistance genes, and important commercial varieties currently were
grown in different regions to collect information on epidemiology and physiologic specialization of
rusts, behavior of resistant and susceptible varieties, tested under different environmental conditions.

About 70% of entries showed resistance and moderately resistance to stem rust. Namely,
thirty entries were highly resistant to stem rust with “0” or trace level of infection, twenty one entries
were moderately resistant; sixteen entrees showed MR- MS reaction and fifteen — moderate
susceptibility.

Effectiveness of the following resistance genes: S7a, S7b, S8a, S8b, S9, §21, 23,
S24, 525, §27, 328, 331, 32, 33, 334, I35, 336, 337, 339, 340 and combination of some
genes (S 24+31, & 6+36, S 6+31+36, S 6+24+36, S 6+7+12, S 6+24+36) have been detected in
the adult plant stage.

Thus, as result of assessment of different breeding material to nature an artificial infection of
stem rust a significant number of resistant genotypes were identified. This information is very usefull
for local and international breeding program for improving of resistance of existing cultivars, for

developing and realising new cultivars.
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Conclusions

1. In 2012-2015 wheat stem rust was distributed in all investigated geographical zones of
Georgia with different intensity. The highest level of incidence and severity of stem rust was detected
in Meskheti and Shida Kartli zones where bushes of barberry are grown near the wheat fields.

2. Aecial and uredinial population of Puccinia graminis f. sp. tritici was highly virulent
because it consisted of virulence genes complemented to the majority of analyzed lines with resistance
genes.

3. The races PRCQP(14.5%), PKPTF(13.1%) and (PRCTF(12.0%) were the prevalent in the
uredinial population of stem rust, frequency of races PKFTC, PRCQF, PCHTP, TKFTF, TKPTF, TTRTF,
TKTTF, PKPTC, TKFTC were between 9.4-2.6% an frequency of the remained races were very low
(0.3-2.9%.

4. No Ug99 variants were found in the uredinial population of wheat stem rust.

5. The resistance genes S9b, 21 S3land S36 showed very high effectiveness at both
seedling and adult plant growth stages during 2012-2015 growing seasons.

6. The virulence and race structure of stem rust population did not change significantly by
years.

7. The main source of stem rust diversity is the alternative host-plant Barberry vulgaris, but
wheat cultivar and geographical location did not play an important role for the formation of stem rust
population.

8. According to the genetic and molecular characteristics the uniform population of wheat
stem rust is spread within Georgia wheat growing areas.

9. Of the 20 accessions, seven endemic subspecies (Tr.monoccoccum (Var.laetissimum Korn),

Tr.tomopheevi (Var.tipicum Shuk-var.viticulosum Shuk), Tr.ibericum Men(Var.fuliginosum Shuk), T.

Dicoccum(var.faruum), Tr. Macha Dek et Men (Var.megrelicum Men), Tr. Macha Dek et Men

(Var.palaeo-imereticum Men) s Tr. Macha Dek et Men (Var.cochicum Dek et Men.)) showed moderate

resistance to the Yemeni race; High levels of resistance to Kenyan and Yemeni races were present in five

genotypess selected from international nurseries and recommended for registration in Georgia.

10. 93% of tested entries of 4@ IWWSRR nursery which were resistant and moderate resistant

to stem rust can be efficiently used in future breeding programs aiming to develop improved wheat

varieties.
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Recommendations

¢ Monitoring of virulence of wheat stem rust population should be carried out regularly in Georgia to have

update information about virulence changes for wheat breeding programms

¢ Effective resistance genes and gene combinations can be used in national and international breeding programs

for developing resistanat cultivars to stem rust population uccurred in Georgia

¢+ Seven subspecies (Tr.monoccoccum (Var.laetissimum Korn), Tr.tomopheevi (Var .ti picum Shuk-var.viticulosum
Shuk), Tr.ibericum Men(Var.fuliginosum Shuk), T. Dicoccum(var.faruum), Tr. Macha Dek et Men
(Var.megrelicum Men), Tr. Macha Dek et Men (Var.palaeo-imereticum Men) o Tr. Macha Dek et Men
(\Var.cochicum Dek et Men which were resistant to stem rust can be used in breeding programs aiming to

develop improved wheat varieties as sources of resistance.

< 32 entries resistant to stem rust selected from 4" IWWSRRN have been included in the national breeding

program of the Centre of Agriculture Research of Georgia for ecologiacal testing.
¢+ The bank of stem rust pathotypes enriched as a result of the presented research, can be used by breeders and

other interested persons for assessing a new breeding materials and the effectiveness of a new pesticides in our

conditions.
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