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Abstract

In the present study relationship between major progenitor species of pear varieies
distributed in Georgia has been studied. A major aims of the research were: To study
relationship between progenitor species Pyrus caucasica Fed. (P. communis L. subsp.
caucasica (Fed.) Browicz ), Pyrus pyraster Burgsd. (P. communis L. subsp. pyraster (L.) Ehrh)
and cultivated pears of Georgia; To indicate population diversity of local pear progenitor wild
species P. caucasica which is endemic to Caucasus and diversity of local and introduced pear
varieties; To reveal process of hybridization between wild pears of Georgia and determine
influence of this process on gene pool of cultivated pears of Georgia and to study the
domestication processes of local pears.

In a morphological study 78 individuals of 27 local pear cultivars and 25 individuals of
12 introduced cultivars were compared to most common progenitor species: P. caucasica and
P. pyraster (N=112). A relationship between cultivars and wild progenitors has been verified
by involving the distant group of semi-arid habitat pear species (P. demetrii, P. georgica, P.
syriaca, P. ketzkhovelii, P. sachokiana) in the study as an out group. Morphological study
was performed by morphometric measurement of 27 descriptor traits of the pears.
223 individuals of wild and cultivated pears [P. caucasica (N=73), P. balansae (N=9), P.
salicifolia (N=15), P. demetrii (N=5), P. ketzkhovelii (N=4), P. sachokiana (N=5), P. syriaca
(N=4), NCGR P. communis subsp. caucasica (N=42); NCGR P. communis subsp. pyraster
(N=31, ICV, (N=11) LCV, (N=12) (HCV, N=12)] were studied genetically based on 11
microsatellite markers: GD12, GD96, GD142, GD147, CH01D08, CH01D09, CHO1F07A,
CHO02B10, CH02D12, CHO1hO01, NHO15a.

The results of the study showed that: population of P. caucasica is not
morphologically uniform in Georgia. Populations of this wild progenitor of pears located on
the lesser Caucasus and western part of the greater Caucasus is different from P. caucasica.

Different populations of P. caucasica were recognized as P. balansae which is also

10



mesophytous but less known species in the flora of Georgia; P. caucasica and P. balansae are
morphologically and genetically very close relatives to of indigenous pear cultivars of
Georgia “Panta Pears” and “Kalo Pears”, the other two groups of local pears “Khechechuri
pears” and “Gulabi pears” showed intermediate morphological and genetic relationship
between the both of major progenitors of European and Caucasian pears: P. caucasica and P.
pyraster. We assume that “Khechechuri pears” and “Gulabi pears” have originated later than
“Panta Pears” and “Kalo Pears”; Pear species found in Georgia are involved in hybridization
process, however genes of dry land species of pear do not enter in gene pool of cultivated
pears as they are recipients of genes P. caucasica. Based on the results of the morphological
and genetic studies, the distribution range of P. caucasica has been determined. The range of
this species appears to be smaller than it was estimated earlier. The results described in this
PhD thesis can help correct the nomenclature of cultivated pears of Georgia and their wild

progenitor species
Key words: genus Pyrus, country of Georgia, domestication; diversity; progenitor species;

morphometry; microsatellite markers; P. caucasica Fed.; pear cultivars; distribution range,

conservation;
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®530 1. 9glss35¢mo

39335B05 o 39MdmE LodoMmzqgurm 365350 Mo 3zgbsol, dom
dmeol dberols 3@ meo x0dgodol Homdmdmdol 396@®ssg s®ol dohbgmwo

(BaBmos, 1931). 53 g5d@dg 993Y39wgdl B3960 439460l GHIMHOGHMO05Dg 39wMo©
3936039 gdmo  dbergdols  LobgmdMogo  dM35wRgM™3bgds. 4. JWomomgsdgl
(Jmoomgesdg, 1946) ULodo®mgzgerml  gamMobogol  dbberol 11 bobgmds 543l
)60, MHMIGEMIQD 439oBY BIODM 4930 39LG0S SBBOSMYIL 3563l (Pyrus
caucasica Fed.). o0q0 9dlboll @®35¢mMo  x0d9d0lL  M3Mmsg3cgbmdol  (o®mdmddmd
LObgMOIE 0MZGds. HMGLGOIMIL sSDBMO, MM Moo JbEol x0dqgdol Foedmdadbs
3956¢0L 30630600 493 EHIOJOOL aBom TmbEs (bmdoby®msdzowo, 1973). 50
0905l Bo®HIMbML bol ol Bog@o, MM 356@ boliosmgds 3mE0dMORMEMIOL
dooewo mbom (Pemopos, 1937; Tys, 1972). 356@5 sbggg Lobsdygbgo s LodoMgo
399009496905 BO(3030L5 O 9350090930l BEYMHO K 0TJdOL Fodmboyzsbs.
39335B00b  9bgdo 356@s (P. caucasica) s 930™3500 93039900 dobo
dmbsogliogg Lobgmds - Gyob dubsewo (L. pyraster L.) dbberol 936M®3mwo x0dgdol
439wobg bwm bsogliog Lobgmdgds 003wgd0sb (Zohary and Hopf, 2000; Volk et al.,
2006; Yamamoto and Chevreau, 2009). m6og3g Lobgmds dbbgool @300l (Pyrus L.)
056599000Mm39 LoLEYsd0  BoJuMbMTOMMI© 3 EH03009050 Albeols Lobgmdgdol
X2999%00 - B39mgdmoz0 dbboewo’ (Pyrus communis L.) 560056 256mo3b9dwo
J39L5bgMdoL BHodumbmdomMo Mbyom [356@s (Pyrus communis L. subsp. caucasica (Fed.)
Brovitz.); @&gob dbbowo (P communis L. subsp. pyraster (L.) Ehrh.)]. sbgo
6039635l 360635000 2530960560 330935 96 gmsbbAgds (Seifriz, 1932; I'poccreiim,
1946; Tuz, 1974; Jmoomgwsdg, 1980; bpexner & Koposuna, 1981; Bliasing, 2004),
6HMIgwms dobgz0msz gb 39wemo dbbegdo 9O mTsbgmoliash FmOHBMEMYOMES©,

AIO0GHMOH0ME© ©S 2969303905 296393939090 Bobgmdgdo 56056 s dsmo
3960336 9d0L MOHM0IMHYIWS339009 BMEME X 039030 begds.
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J39bobgmdol Msbao P. caucasica-l s P. pyraster-s dbbgool 33500l 0565990MH™39
LobBgdol 53GMEMOL, dmembgwo 39360900l 35006 dHM30Pol (Browicz, 1993) dog®
d09boFs dmORMMma0©mo dbgoglgdol asdm. dgmeg 0BgHo, Mrodss Fobs3oMmM™Mds dsmo
J39LobgMdol M1obgysdg RsMg390m90s, 0ym 58539 393609601 S0IMPYBs. 5 s©dmBgbOL
dobgz0m 3530¢m30L (BaBumos, 1926, 1931) dogem dLbeools Lobgmdgdol s x0dgdol
0o60mIMdOL IgmEgme, 02039 90195H0MO 396GHMI FoblsDZOMW EgMHoEMMH0sDY
Lobgmdsms  FoMdmddbs 308M00BsEo0L gbom bgds. 98 MIMOOOL  MIbIbTs,
39955000 396GHMOL Aberol Lobgmdgdo, obgzg GMAMOE JMWEGHOMEO BMOIYOO
dmbsfogmdgb  300MH0EOBs3o0L 3OMEgLdo, MoEPD 9O  HOLYIMIL M9 g356E IO
05009M0, OMIgwos a9bms  Fodmizesl  Jgobgemgds dsm  TmGOoL. gl MYME0s
Bsfowmd®mog 25050Mms dibol 93MMm3mwo x0dgdol 0BMmbBodMEmo 039609300
33930L ML (Chevreau et al., 1997). 58 33¢0930L d9990 90dMBgbowo 0dbs Aberols
6599600y 3ME03moEMHO  x0do, GMmIgwos Lblsslbgzs 390 Lobgmdol
JO®IMLMIoL 13M9d96EL 0B0sMdHI6.

Bggbo 33t930L  gMH-9H Fobbo ogoLsbgm 98 MO SEEGHIMbIGHOMWO
3Mb639833000056 GMmIgodg gHMOL  EsTsLYOMMYOJO  FBHI0(390Igdol  FM3M390S
L5JoMM3ge Ml ogoonby, MoLm30LsE P. caucasica-bLomsb gHmo Auberols MHsdm©9body
39MH0 LobgMds s bLb3zoalbgs 49bmxmbooll 8dmbg x0d900 IMOBMEMAO0MMI© s
3969(3)03MM5© godm3z033wogm. B3960 296930329600 3319308 oBsobo dgoddbs duysglio
59m@3sbols ddmbg 33¢930L dobggom (Volk et al., 2006), H®Agol s3@™Mgdog h3960
3MdOMOGHMOJO0  25bbgb §0b50gdsMg 33930l 3969@03MM bsfoerdo. slgmo
doamds  93060B0gm  Lyggeng  Fmbo3gdgool  MOLSZTIMOLO  BrOMYbMdOL  QeTM.
d0vbgog5 0dobs, MM B396 bgwom 5809035335800 OO Bofiowosd gyt mzomo
650818930l FMOHRMEMY0MOHO s 3969E0309M0 IMbs39a900 43JMmbs, Fsloens Ls3dsMOLO
3960  04690m©s  ©03960396GMIMdOl s 300M0EMmdol  3mb3983E0500L
LEOHMDRLMZ60 FHJLEHOMJIOLsMZ0L. SBYMO 33¢0930L F9BBMMEFOYEgds, B1YIOLEHIMS©
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395 5B00b, HMLgOOL s 393358001 §3M-Mga0Mmbol JsldEHId0m FgaMmgzo dmbs39dgdHy
©994MHbMdOm 56H0L Fgbodegdgeo.

©530639Mlom 08 FogdBHomss,  OMI  Lodo®mzgwml  dgbowrgmdsdo
(bm30BMEsdz0¢0, 1973) Alberols JsGoo x0dgd0, 0bg3g MMamOE LojsOmzgemdo
d99dm@sboo x08900, 256bowmmos MHMIgodg 39we dubscrmsb dsmo 3938060l
©OLOdMOGOOL  2569dg.  JoOoIemo  dgbowrgmdol  WoB MG OHME  [ysmrmgddo
390509000 M99356@GHWOH0 0bRMOT5:305 5OBYOIMOL 356EH0L s Jolo bgargdiool ybom
dogdme x0dgdL 39630 bbegdl dmemol bgoglgdsby, MIEs JeslOBOZoE0s S
9530996905 bb3s R®™m BMLE dmbo3gdgdl, gocmws boymaol s6OHMIsdmeo mMm308939d0l o
3IMEMma0OH0 Jobsbosmgdegdol Abgogligdols. gOHm-gMmo FysmOrmby (390w sdz30wo
s bbg., 1980) oytbmdom, MmIgedos Lods®mzgumdo o3 E9wgdo 356@9d0l
36535 R9M™369055 gobbomo, FoMdmodzs 35M9m©o MM AbbErol SYHOWMBMOZ0
X 039900 59 36053500 539MHM369055056 39300ML 2odMsgz3wgbos.

Lo MIEGHMOM 65dOMT0 RMIbEs 33¢9390DY, OMIYES J0BIBLSE Fotdmogbos:
Logomzgermdo  293MEIWGOMNo  39¢OO0  356@900L  dm3MEsgool AmGOTM-
39693031600 F9LHogs; Bomglo®o 395300M9d0L 250M3wgbs SAOWMOMO0Z 356(3)Jd0b
(P. caucasica; P. balansae Deciasne.), 3bbgool 50m60396ww JoOomme x0093msb, dbbenols
999m@obo x00980m6 s o Bog5M9M©Mm 39eH bs0gLlogmsb - 396@SLsb (.
pyraster); 3006H0©0Bs300L 3OMEgLOL A5dM3w9bs 39wvE Abbegdl IOl s 49033939,
0¥) ©59©gbs s0LsbgdMEs i BogBHMMo Abbeol ¥0dqdol 49bmaMbBy. 33w93700L
59m 396l HoMdmoagbs slg3g Aberol MAgLiBo3s300L obEMMool 360dzbgumgsbo
©9AHO900L o905 39B63H0L (P. caucasica) 569500l sBMLBHYdS @S Tobo godoxgbo
Logomzgermdo  gogM39gdm, mwgdgs bozwgds  3bmdoer duberol IgbmBoEo
LobgModoL - dosbbgl 356F0L (L. balansae Deciasne.) sM9scnobgsb s P. caucasica-ls
3MbLM3530W0 V0MHYdMEgOOL FoBLIBOZM.

LoEOLYMEHSE0M BIOMA0 99MHEBMBS PMIEHMMIBEHWOOL LogggbmdBg Lfsgeol MM
539330 Abeols oMo x0dgdol s 3smo 39eMo [Hobsdmol - 35630l (Pyrus
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caucasica Fed.) 06535x960H™m36900L ©@s ©MIglEozsgool  3MmEglol  33¢g30l
099530359 399md39969d 5 300 35305L (0b. bsM0):

1. Asanidze, Z., Akhalkatsi, M., Gvritishvili, M. 2011. Comparative morphometric study
and relationships between the Caucasian species of wild pear (Pyrus spp.) and local

cultivars in Georgia. Flora, Elsevier. Vol. (206) 11, 974 — 986.

http://www.sciencedirect.com/science/article/pii/S0367253011001186

2. Asanidze, Z., Akhalkatsi, M., Henk, A.D., Richards Ch. M., Volk G. M. 2014. Genetic
relationships between wild progenitor pear (Pyrus L.) species and local cultivars

native to Georgia, South Caucasus. Flora, Elsevier (209), 504-512.

http://www.sciencedirect.com/science/article/pii/S0367253014000930

3. Akhalkatsi M., Ekhvaia J., Asanidze Z. 2012. "Diversity and genetic erosion of ancient
crops and wild relatives of agricultural cultivars for food: implications for nature
conservation in Georgia (Caucasus)". Intech. DOI: 10.5772/30286. Free download-
able. Link:

http://www.intechopen.com/books/perspectives-on-nature-conservation-patterns-pressures

and-prospects/diversity-and-genetic-erosion-of-ancient-crops-and-wild-relatives-of-

agricultural-cultivars-for-food

4. Akhalkatsi, M., Asanidze, Z. 2015. Pyrus caucasica Fed. - Ancestor of Georgian Pear
Landraces. Sci. Tech. and Dev. vol. 34 (2): 105-108.

5. Asanidze, Z. Akhlkatsi, M. 2011. Morphological relationships between wild and

cultivated pears in Georgia. Proc. Georg. Acad. Sci. Biol. Ser. B. vol. 9 (1-4); 20-27.

15


http://www.sciencedirect.com/science/article/pii/S0367253011001186
http://www.sciencedirect.com/science/article/pii/S0367253014000930
http://www.intechopen.com/books/perspectives-on-nature-conservation-patterns-pressures%20and-prospects/diversity-and-genetic-erosion-of-ancient-crops-and-wild-relatives-of-agricultural-cultivars-for-food
http://www.intechopen.com/books/perspectives-on-nature-conservation-patterns-pressures%20and-prospects/diversity-and-genetic-erosion-of-ancient-crops-and-wild-relatives-of-agricultural-cultivars-for-food
http://www.intechopen.com/books/perspectives-on-nature-conservation-patterns-pressures%20and-prospects/diversity-and-genetic-erosion-of-ancient-crops-and-wild-relatives-of-agricultural-cultivars-for-food

omdb 306390 m®o (Asanidze et al., 2011; Asanidze et al., 2014) g53mg399b690me0s
L59OMSTMOOLM 253 gbols Bogd@EmMol ddmbg 79Obsewdo gwmes (Flora, 250md3999wo

Elsevier).

530 2. 0@gMs@eol dodmbogngs

2.1. 3berols 3500l 33e0g30L OLEMMOs s MBTYMMZg LolEgads

albeools (PyrusL.) 3356b 30639ws LoliEgds@03«eo LEAsGHMLo wobgd dosboFs
1753 §. @5 9530  gosgMmosbs oM  dbmerm  duberol, 9098y 3590l
0600030009003. 90bgz35 0dols, GMmd dgocdg bbol 89dwgy dowgMds 43560
OO(393935 o  godewo (Malus Mill.) o3y 93900  godmym,  @obglgwero
30008035300l 250myqbgds 8063 BoMms bEadMms. sMlsbodbsg0s ol BoJBHOg,
Gmd  39-19  Lomzmbol dmermdg 350  3odEgwog  (Sorbus) dubbeools  356do
99000m©s. obgl 390H0ME0EIL Tmgmegdmwo, s0dmbgbowo dberols Lobgmdgdols
©oEbgds 60-b goosFocmds (Browicz, 1982, 1993).

adbbeools  9356M0L 3060390  LobGgds 89-19  Lowmzmbol dgmeg  bsbgzs®do
©9369L (Decaisne, 1872-74) dog6 odbs 99999953909¢00. 93698 dmbmyMsxg305 gMM-9OHm
1599399LM FOMTs© OOV F98sLGdMEo AubeErol 35M0L OLEHMMOOL Jglfogzesdo. ogo 53
3356L dmbmEH03Ms 800Bb)3s s 00 WOMOLmM30L 3bmdowo duberol 23 Lobgmds
2oobofoems 6 Gabodo (Proles). Lobgaergdo 30 39ma®megoveo 8egdsMgmdols dobgzom
©5MJ35: 39 GO0, 39MHTsbY0, 3MbEBHMMMO, EobmEo, 0bIMHO s IMbLMEWYMO.
OBMYdom M0 ferol G909y 3m9bds (Koehne, 1890) dlberol 14 sboero Lobgmds
503M5B0bs s 0lobo Lbgs, sGLgdM LobgmdgdmMb gBmoE MM 1gdE0sdo A999M0B.:
1 bgdos: Pashia (35d0s) Koehne-l Lobgmdgdo bolosmgdosh xsdol gmmmes39d0Lysb
0530LBOwo  bsgmRqgdom, IMmgOOH™M RIMOL dogho T9dmlgom ©s dmG3mL 2-5

139G 0.
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2 bgdsos: Achras (sbMsl) Koehne -ob (09 Lgggool 535500bgeo Lobgerfimegdss
Pyrus -o) ULobgmdgdls  9o0Bb0s x50 BMmmMmEs3gd0sbo bogmaxgdo ©s 5  b3gg@o.
9d09bgo350 030LY, MHMA SYMO IYMRBS >WDY 56M539670MH030 0gm (gL LoliEgds 3mgbol
bgwm3bme LobEgdosg dmoblgbogds), ogo 90ymddo 2350 Pyrus—ols 0sbsdgo®mag
LobEgdol d94dbols dmsz35M0 LyRIIZIWO AobS.

09900990, 3063 33560 Pyrus-ob 995356905 dmobobs, ogm 3. 96gogMo (Schneider,
1906), 639 doi ©sdsGH00m 11 Lobgmds 50dMsbobs s J05390365 bLbgzoalbgs Loom,
2961L5D3MIE0 HBAOL S 30000 MOOL FHoguMbL. dmyz056930m, 89-20 Ls3mbols
495 bobgddo, 5. ®ggMds (Rehder, 1949) asbobogms 53 2350 aMM3000 Tobowrs s
3900993535 Labgmdoms Los. bos FgoEs3s 23 LobgMdL, M53MEYboTg 35G35l s 4
3006H0EL. MHgEIOL 56 JmmIzgeogdos 3mgbol LYdEogdo ™sgzol 33w9390do, mwydEs
LObgMOIMS Gl 09 I YHIBOWO IR AYRIOS TgLsdsToLMdITo 0ym 3:m9gbol 1Yd3090056
5 3964MBo9d90mb.

39-19 Loym3Mbol OLEfYyoldo sdBHoMGms© s0HYm FMdomds Pyrus—ol 350y
39335B00b M90mbd03, Losg 3. 3o¢sbiols (Pallas, 1812) 99809y, H™Agewdsg 58 Mgaombdo
Pyrus-ol 306390 Lbobgmds - P salicifolia Pall. s0fg6s 099-18 Lom3mbol dgméyg
Bobg35080, 9bWMgdom MO0 B3 MBoL gobdsgzermdsdo 33¢g3900 53 0O IO
5056 Bo@IMGOIMs s 89-20 Lo3mbol olsfiyolodg 833935090l JOMOMII©
dbmem@ Lsdo Lbobgmds P. communis L., P. salicifolia Pall. s P. eleagnifolia Pall.
939453050, 393395600l BEMmMobsm30L.

9O»-9O®0 y39wsbg 360d369cmzs60 330935 Pyrus-ob 33509 1925 (gl o. b.
3mOMmbmgL 93990360l (Boporos, 1925), Loog s 39335b00L FarmEMobmgol dm3ysgl
Albeols 8 Lobgmds. 599sb Bsdo, ol Joge sbers ogm s0dmBgbowo. 35639 306H39wds
3obLsBgGS, M P. eleagnifolia 3533560530 56 3MEIXPOIOMPS S JoLO Q93039 9dOL
5695000  999m0oLsDBY3MIOPMs yoModom, dzocg sDBoom @ MMYOHJgmom. 3o533500b
69300630 59 Lobgwom o6 3390 Aubgdo 356 P. salicifolia- Bsmgows.
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33560 Pyrus-ol d39o LolEGgdol 2s6Mmogddbol 306390 I3IWMds 5. Boerggal

939900360l (Mazees, 1939), ®mIgerdsi ymgowo LLLEO-b MmOl Jggbolsl ©93bgL
LobBgdal bsfowmdMog Fgmagoms Bobg. serggads dzgwo LolLEGdoL 9GOHMYMEGOL -
“360eqdl” (Prole) Lobgwro 99090935 s 3(3003930 “fimes, 43500 30 6 A[3M0350
©ogm: 1. Communis Maleev; 2. Cordata Maleev; 3. Sinenses Maleev; 4. Pontica Maleev; 5.
Syriaca Maleev; 6. Heterophyllae Maleev ©5 ommgmo  bobgmds  0s30L0
©535bsl0sMYOgo 60FsbM30L9d9d0l dobgzom Lomsbsm 8f3M0390d0 Imsmagls.
5. BomEmOm3ds (Pemopos, 1943) mog30L BsdOMITo 35335600 39ermGo Abbegdol
dmbmaMox305“, ©93b69L, Toergg3zol s 3Mmgbol LoLEBHYIGRDBY s 9193y 3FMOMB™ZOL
330935H9 9YMHbMdOom, Pyrus-ols 33500 LOHY0SE B0, 6039V MMO LobEYds
399365. gom@mm™M3gds 58 23500 39 sboEro Lobgmds s©fges s Lgdgogdls — Pashia
Koehne-l @5 Achras Koehne-U @ssd5@s 30093 ™o Ugdgos: Xeropyrenia Fed. o
Argyromalon Fed.:

0909250 do09gdo odbs 4 gdisoo:

1. Pashia Koehne

2 Achras Koehne (Euachras)
3 Xeropyrenia Fed.

4 Argyromalon Fed.

396513690 Mo bgd30580, FomPMO™Z0L doge 3933580580 50BMBIboO LobgMdYdO o
300609305 39bmM3L9dME0s Fomo FMmOHBMEMYomGo Bodbgdol s Logbmz®mgdgwo
39090mL 93 maomGo  3060HMdYdolL  dobgzom.  5035M0©, ULgdgos Achras-8o
d9BMmxzowOHo  Lobgmdgdo, bmerm Xeropyrenia-ls ©s Argyromalon-8o 995609300
JuoOmgomOo Lobgmdgdo 4590m0sbwbb. gommm®mmgo (Pemopos, 1943) 3o335L0sd0
3356 Pyrus-bg Bo@o690mwo 33¢930Lsl 3030000 ols33659¢9, H™8 30OHMmbmgol mgm&mos
356900 0Ym 5 93MMm30L56 2oblibgzszgdom 3933580580 P. communis- ob LOHWWOSE
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3oblbge390 Mo MLy BsBMYo0dEs,  MMIGLIE  JOWIWINIOOWIZ0  RBMMNEOOL
13060530¢Jd0 3Jmbs.

39335L00L  M90mb6%g  3/domds 5. 2MML3sodog, GMIGWds3 BoMPMOHMIZ0L
0999y 99 ©9a0mbdo M5dm©gbodg sbowro Lobgmds s©0dMmsbobs s Ms30L 65O MITo
»39339L00L BEMmEMs* Abberols 22 Lobgmds dgo@sbs (I'poccreiim, 1952).

LogoMM39ml 39wemo dbergdol 3393580 sHEgdIMHo Hggol RsdMYsE0dgds
4. Jmomomgwsdolb @ 5. BomEMmOMm30L  dmE3sfgmdol  3gMmomEmsb Mol
©5353806090o. mv) sbowo  LolEGdol 894dbsdg 833w935M0L  LodsMmzgwmls
RXMOOLM3Z0L J0M005I© FbMEM© bydo Bobgmdols dubsero (P.communis- d»OL J39s
@5 3995 LEIOGHYOL BYggdobmzoL, P. salicifolia- Fserol S IO MBdOL BHYggdoolbomgzol, P.
ealeagnifolia- 3ol J39s s 9995 LoMEHYwol dbbst s MEbowbs® #Hggadobomgzobl)
dm39o300m  (39@b™m39gemo  1935), gommO™m3zol LoLEGHIIOL  godmd3zgybgdol s 9.

JMoomgasdols 33¢093990L 8999y LogoMmz9geml BErm®olmgol 339 dbberol 11
LobgMds 0465 oEIBoO (JMmsmgsdg 1964):

—_

. 356 - Pyrus caucasica A. Fed.

. 05¢3bBgL 3565 - Pyrus balansae Deen.

. 9WsM0L ¥96yqbs - Pyrus eldarica A. Grossh.

. ©030@®MOL dgMyqbs - Pyrus demetrii Kuthath.

. 3935390l 090yqbs - Pyrus kezkhovelii Kuthath.

2

3

4

5

6. bgMbzdoms dgeyqbs - Pyrus oxyprion Woron.

7. 30MOMmOMm30L 096yqgbs - Pyrus fedorovii Kuthath.
8. BobBOx 0560 d96Myqbs - Pyrus takhtadzianii A. Fed.
9. Lobmgzosl d9tyqbs - Pyrus sachokiana Kuthath.

10. Jo®oreo dgygbs - Pyrus georgica Kuthath.

11. Booggmommes d96myqbs - Pyrus salicifolia Pall.
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50b0dbmo Lobgmdgdo bgdgos Pyrus-ob bLsdogzg bwydlgdEool HoedmIsA9bwgdo G0s6,
OMIwgdo3 3odmym o, GHds (Tys, 1972), Hm@gLsg Abbeol 435Mm0l Msbsdg®mmag
bobBgds 8900490535, 36 BomMOHMZ0LYMEo MO0  sbowo UBgdzos BsImsgdzgoms
LBLYJ30909® s LdLY30s Pyrus-09b gomo Lgdios Pyrus-do (=Achras) gosg0m05bs.
G bgdgos Pashia Koehne -3 bLodo bwydligdEos ogm:

[

. bggdsos Pashia Koehne

—_

. bLmdlgggos Pashia - P. betulifolia, P. phaeocarpa, P. calleryana, P. pashia

N

. bLmdlgdgos Pyrifoliae Tuz - P. pyrifolia, P. bretscheideri, P. serrulata

W

. bmdlgggos Ussuriensis Tuz - P. usuriensis

[\

. bogdgos Pyrus Tuz

—_

. Lmdlgdgos Pyrus - P. communis, P. caucasica, P. pyraster

N

. bmdlgdgos Xeropyrenia (Fed.) Tuz - P. syriaca, P. korshinskyi, P. regalii

W

. bLmdlgdgos Argyromalon (Fed.) Tuz - P. salicifolia, P. spinosa, P. nivalis P. eleagnifolia

dMmgobol dobggoom (Browicz, 1993), dbbgool a3sm0l obsbosmgds bdo®o
0600030009500 Gogumbol 300E03Mw0 Jgx358900L 2ocgdg bEgdms s 53 MHMI©Y
56 5OLYOMOL 23500l LEOMEo IMBMAMOR0s, MoYsh uberols Lobgmdgdol bBmlEo
(oEb30l YI6s O LOOMYIENGJdME ML H353806MJOYO, 56 FgwdEgdgos. 53

900500 gd00  3dsmdol  yz9ws 93IMds  Ym39emzolL  FoM)ds@gdgmo  ogm,
596 Abbeols Lobgmdgdl sbsliosmgdl Fo®owo FoEslobgmdMmo30 356H05dYEMOMDS.

505896539 LobgmdgdL Mol A50MgdMwo  300MHO0EODIE0S O TJPOIAOLV OO
65096Md0L 30060H0©Yd0L [FoMmMmTMds, MHMIGEMs3 BMOTOL, 35005300l s DMYX I
LobgMdOL LEGHSGHMLOEG 960 FIOS0Y 300093 MBOM MY GIL 435M0L LOLEHYISGH0ISU.

2.2. 35¢ngmenma0vy®o 3mbs3gdgdo dlberol 335m0ol 39630050985y LsdbGmgm 353350580
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33560 dbberol (Pyrus L.) (omdmdoygbergdol 33500 Lods®mggwml gwm®ols
396300560900l d9glsdgEo gMEWMPOIMH0 39H0MmEAJo, dgMEHWOO g3mdol LoMsdven
Lodomewdo goduomEgds (Rubtzov, 1944; Shatilova et al., 2012). 53 39Hom©om
M0 GdM BsdsMbgddo sdmPgbowos - Pyrus theobroma Ung. s 3561L5B036Mgeo
GoJumbols  Pyrus  Malus L. 35360mbsdomgdo.  bs8sebgddo  dbbeool  Labgmdol
096058035305 dmbs  35egmdMGIbo3zol  0bLGHoGMGHOL  dgibogM-3dszol 3.
©Me0dob (1965) s dmEsbozol 0blGHoEMEHOL Fodmdsygbergdol dogm. d9dymddo
dmbs399900lL  3500OE0S O 39E0sd0bTs  QoBobmE30gms,  GMIglisg  3og39Lob
69300mb0sb 9aH3690Mm©s H3FsObO FarmEOl B03MIgdo LsdFM™MS JMEgdizoolmzob.
50239505 9mbzs LEdFMMS Jmwgdsgosdo P. theobroma Ung. i 65356bo gmomwgdol
608m803, O™IgEoE oMo 30099309080 506 FM03M39ds.

P. theobroma -5 653900 OBEM30L s bb3s {gommgdols dogé (Rubtsov, 1944,
Koganosckuii, 1973) 99bs89eo, 03039 89m@GH6M0 29memmyomdo 3ghomooom (23.7 - 5
db. §. B3. §. 0. 809) 09003, OMOILIE LOJIONZIWML FHIOOGHMM0sDY TgEHIL
oo gwwm®ol dgBmzomMo 3033egdsgdo 0y3bgb 49360 39wgdmero (Shatilova et al.,
2012). gb Labgmds dz9wgbos 393395600L §3m6MHg0Mmbol bs3sMbgddo bsbsbo 3gwrdo
Abbegd0sb s 39339560580 HoMdMmIMdoEro Abberol Labgmdgdol Log®omm bsmgliogs
0m3Wgds. ALy IM3M3gOM0s  3obgool  39335B0MmbbY,  39Mdm©  FoOEYmazob
0305930l ImbslGH®ol  F9dmas0gbdo 1933 fgwl. b6s9sGbgddo dbberol  Lobgmdgodo
50m3Ebmdowos  FmmEol gmemIoLl s ©IdME30L  dobgzom  (meody, 1965).
RMNEGI0L INORMEMYoMOO Jobslosmgdwgdom P. theobroma - BsdsObo gmEIYd0
Abberols 9bsd9emMm3g IgbMmBowMEo Lobgmdgdol (P. caucasica; P. pyraster) dbs3b0ds
MR 9939, 30009 1gdoSMOEMWO S SOOI LEHYMBJOOL. IMOTRMEMRO0IOHO
abs3Lgds 30OV 53 LobgMdYOOL sbem Bomglsme 353806BY3.
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b9G5000 1. 056539006m39 (A) > BsBstbo (B) 35680l (2. caucasica) mgbengdo. A. P. caucasicals
09980, 8. 336HOEH0IZ0ols 3305, MBsTYEHMZY 39HOMEI0 50gBXO Fobsws (2004-2005 §.); B. P.
caucasicals BsBs6bo  mgbegdo, . Gegbsdol 3m@ad30s,  3semgmdadsbozol oBlEoGM@. Bodwdols
39360H™3900L MoM0eo: 1962 §f. 603l ggmEmaoMmHO 1530 - 3.6 — 2.6 dewb. §. Bg. §. 5. 9y (deromggbo,
305395004960 93c9s).

JugHmzommo  39wmMo  Abbwgdos, 9B BgMYygbgdo  39335B00L  Mgyombdo
0900003696 (Tuz, 1974). 396yg9bgdol xan0l Lobgmdgdol MIgEgbmds 3533500, 6
dolo MmIgeodg Ggombmwo  ghmgMmol 9bgdos. 3smo FoMdmImds 35300690
3eom3gboll  3gmEmaom®mo  39MHoMmOol LoMTSGHM  BoGOHML,  GH™IWOl
3960530358033  30003530L  AEMBSEMOO  5MO0PODOE0s, 9B FHgbosbo  3wodsEol
39650 496Moddbs sofym.

30m3960L 49MEMA0MH0 39M0MEOL 50RO gdmdoo (5.2 - 3.3 deb §. B3.
. 5©. 80g) 0960V YdS 35bg0L BHIMOEBHMM05DY: J3509000L s sM30L bgzol bymdgddo
sedmBgbowo P. caucasica-l §mogdols bs3sGbgdo (bwye. 2, B). 53 Lobgmdol ;mgligngdo
Lme. 1, B) 3erom3gbols 89005690000 09bs39m™m3g - 305396%owmGmo g3mdol (3.6 — 2.6

db. §. B3. §. 50.-009) 65956bgdd0s Iz30dBoMGdIMWoO.
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b@omo 2. 356¢H0b gmomgdo. A) P. caucasica-lbl 0555990MMm39 0600300900l Bmmergdo ©s B)
09039 LobgMmdol BmmMEIOL b53oMbgd0o, 3. MEodol 3MgdE0s, doegMdm@Esbozol 0blGo@M@o. bodmdols
3936MH™3900L Mmoo 1962-1963 §. bodwxTol 4gmEmaom®mo sbs3o - 5.2 - 3.3 3wb. §. B3. §. s0. dg (Bgdm

3wom39b0, 50Bsg0wwMHo g3mds).

»90BOROO 5990d6MYdY0 oL Lobgwimgdss, HmIgwos MmvyMJdgbgmdo, 3sb3ool
D030l 50IMbOgrge Bobs3oMmMLMD d@gdsMgMdL. 53 dool Jobgdol sdmzzwgzom
(Arzgpyco, 1961) ©op0bs, G™MI  50bodbM  BHIOOGHMOOL  3erom(39600
By™ma9bm6do go®msdsgowo 3gMomol (5.2 - 3.3 dwb §. Bg. §. s0.-00g) Dw39000sb
IOD-9O®D0 395653690 BO3s BIMO3S. BPZOL sbo 3300l B3l Jorosbo
dMm0(3930 O Mol dmgdsdg  3MEIIIMEs.  9dMmBgbols  Lsg3mdz9w by
Lb3o05Lbgs (oMM ML gbm3zsb) OMTsTo gl BZs SPRIFOEOL BM35, begm
dobo 5MBYIMBOL BO3MOMOM JINWMRONMHO 3JOHOMPO - 5RROWWME g3mdo SMOL
dmblgbogdmeo.
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J. ©Modol (1965) dobg3000 90RO MOO FMEOL sMgso  Fbmem
39bgmols ®ga0mbol bsfowrls, mdg@Egl fows 30, 95xsG®OL bggl (5esBbols Jorx39bs
L5B30OMBY OO FoMdgol 39e0L 5MIMLIZEYN0) MOE3I3L BodsGrmzgwmdo s bgs
A9O0GMMH093bYg 9399460l Jogaboo Mool 56 3O EIXYdS.

]
5 HCH 5@ () CATAPEJIXO
. AT Ny WP;'DK;’\AI[H_()
(YCAMIOPH Yy X .-
\\ 7 2 CHIIME}EJ o
. w i?i - 3AKATAJIBI
13A '
rFvcrasn() 12A
\ 2@ 11A o
HES‘.TIH % ‘,a.u' L 10A JEJIOTUTHCIIKAPD
0. Hxcandapu "‘\'x.,m 17 , @4 ) MHP2AAHH
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I: 183@ A3
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~ w ANy
f Mo v 7 y .6 '.. ‘ﬁa M"fh_‘H e
e Uit 0y, S/ AICTATIA o F
2 APMAHCIALE I/ 1 4 2 .- o
C N
ccp S & A KA Hc kA3 Sy u

Udgds 1. 508mbogergo bodo®mzgerml Ggmo@m®mosbg ©oxzoduoMmgdyemo s0bsa0wwMo GarmMol
2396900, @3, ME0dol 309MH IR0JLOMGOMWO 50BIROWNO BErM™OL FgHEH0wgdO (©merodg, 1965)
A 533MM0l 3096 4980mYyqbgdmwo o HsGHMOHo dmbs3gdgdol dobgp300 ©oEAI60EO S®BROWWGO
BmOol fodGHowgdo.
3b®owdo (3bG. 1) dmEgdmwos s0bsyowmo 396MH0m©olL BsdsMbgddo swdmbBgboo
REMOOL Bmlibo,

9w99963900L OHMIgnsb

393039 gdMwo  FwmOolb IJHOMBoWE  9agdgb@gdmsb ghms  Lods@mnggwrmdo.

9bmosg P.  caucasica-3 094™

BMQ09MHM0 50960 ®YI9s d90mMBgbowo My30m 65839690 ymzowo sbsyow Mo
REMOOL 56095¢d0 BodsMm39wmb BHIMH0GHMO05BY (Bgds 1).

3bOoo 1. 50Bsx0wmO Garm®ol gergdgb@gdo (merodg, 1965)

3990gugemgoy
99BMBoMMH0 s 30aMMmaoWwG0 gugdyb@goo 60 9@BBEHPO
LSbgMdgOO Byaol3omol s ©BWMBOL s 300l 3905 ©s d9s dooliobs
Fomdobl gergdgb@gdo | Fowob Gyggdol LadGyaob Ggggdol 3owmgdol
303306963900 303306963900 303306963900
Acer tataricum +
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Alnus hornensis +

Carex sp. +

Fraxinus excelsior +

Gledichia captica +

Juglans sp.
Ligustrum vulgare

Liquidambar sp. +

Ostria carpinifolia + +

Phragmites communis +

Populus sp. +

Populus tremula +

Punica granatum +

Pyracantha coccinea +

Pyrus caucasica

Quercus 1berica

Rhododendron sp.
Salix alba
Salix sp.

U. foliaceae +

Ulmus suberosa

Viburnum orientale

Vitis silvestris

Zelkova karpinifolia

+ [+ |+ [+ [+

Fabaceae gen. ind.

Cyperaceae gen. ind.

Poaceae gen. ind

50RROMMMH0  BEMOOL  3m33¢9gdugddo  dmbsfogmdsl guwmdbgds FoMdmygbs P.
caucasica-l 69od@BHOmdol dgbobgd. slsbodbsgos 53 Lobgmdol ImMFBMEMYO0MEOO
Sbeoem  AbsgLgdsEg  39335B00L 390 Abberol  Lobgmdgdol Log®om {obsdse P.
theobroma -Losb (Rubtzov 1944), Gog 599smgdl 03 sSDBOL, MHMI d9Mygbsl xamz30L
JugeOmzo@o dberol Lobgmdgdo Ig1mRoE) 396EHLSb (P. caucasica) 89509300 43056
§o609m0d3696.

3bMdOw0s, HM™MI 353350530 9bgmEomol 3gHomdo dmboberg dmd«)-dmwsgzgeols
30300bBs305 80{omdmJdngdsl dobg3zws (Hamon, 2008; Lyonnet et. al., 2015).
07039600L s SOMBWML d0sdMgdol B5dsMbgdTdo, GMIgoi 93 (3030W0BsGoOL

Bofoemls  HomBmoyqgbl, ULbgs d3gbo®gme  3M@EHMM9dmsb  ghms  Fsermogdol
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J3gmxsbol  §omdmBsagbegdol (3580, dlbswro, (30HEI0)  M9bErgdoz  SMOL
sedmBgboero (Kushnareva, 1997; FAO, 2010). 399¢053960L @5 5609beoml ¢gHodmmogdol
Bobg3zmo 4965356mbgd Mo 650Bgbgdo 6 000 ferom G056 IMIMOPgdmwo Bg. §. s©.-
9g. 50b0dbMEo gsdBHo 00560d69gdl, @A Abbeol 3703060905 LodsGmzgwmls
AIO0EGMOH05Dg 5OJomw0 39MH0M©OEIL begdms.

2.3.3beools 33500l BMSO EsbloIMYDs s BoErmagbos

abbeools agsto (Pyrus L.) 93990360l 350@@0LgdOms mxsbol (Rosaceae L.)
359¢0lgdOMS J3gmxobl (Maloideae (Small ex Britton & Small) C. Weber). dolo 439asbg
SBEmImbomgbogg 239M9005  30MOEgwo [Sorbus (s.l.)], 3s8wo (Malus Mill.) s 3mddo
(Cydonia Mill.). 235680 2590005690905 60-d0g 3500509 MMH0 FMOBMEOMYOMOHO
6036gd0ol  dJmbg  Lobgmds. 53 23900l FoMImoygbergdolmgzol  JoMHOMIEO
©535bslosMYOgo IMORMWMY0IMH0 6506gd0s: domsero 25 3-dg LSOl 9GO,
dmbo3MoLROM  sdL3IM0 J9ghHdom; 306580 b M3sWMEO FmOToL sOX0;
dmIMY35eM, M350, 96 bbeobgdmo RGOl boymazo, GMIgwos OO0
L3IOMOEMWO  MYXOJOJO0m;  30EgImosbo - 33903EbolYdMO,  FMIMAZSM
33903boLgdco, 96 M35MMHO BMMMEo, dMIMY35GdMWo b JMolgddo gdom;
R9OOLYOOO 96 JmaolgdMmo Y3530 gO, GMmIgwos dmoEsgl  5-8  doMOmMII©
dmmgmOHMm 3gMol 43530eL. Lobgmodol 4obLyBOgzMmOLlm3zol 360d369wmg5605: Fmmenol
AmORMwMy0OHo b0dbgdo - 89dmligs, BMdolb gm®Ts s gMbfol LogMmdg; bogmazBy
X500L BMOME53900L 39MLOLEIOEHEXMDS (JMmomgwrsdyg, 1945; Rubtzov 1944).

MmO 3 (36Mm000s, ABbEgdo O3 ™M0Yd0 5®06 (2n = 34). ®Izs BMYOYOH®
X0dl  5bsboYMGOL  3MEWO3WMOEOS 9B bgM3EMOoEOos,  dogsroms P.  canjon-ls
(Gmdgoa  Lbsgs@omome P. lindleyi-ols gmH0-gm0 390 GH030090500  Labgmdss)
JO@IbmAms  3mA3wgdBos 2N=43 (Gladkova & Svenchikova, 1990). s3m3odlobol
dm39bs 58 2435Mm0LM30L 3BMdOEO sG55 (Aldasoro et al. 1996). 51939 9MVGdMBL (36MdYdO
Abbeools 435600l BMY0gHmo  oMmIMIoAqbeol  sEMEHYGHMI3WMOEMOMISDY5. gL
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2oddHo P. communis-ob gmMIGPoL 0HBmbodmmo Fs639MH9d00 3319306 OML 0gbs
3odm3wgbowwo  (Chevreau et al.  1997). 08909gado 30  s0dmBbs, ™I
SMAYAHOI3XMOEOS 9303500 O D050 ozt 39gdme dbberol Bmyogmo Lbgs
Lobgmdol x0dbog sbsbosmgds (Dirlewanger et al., 2004). 335M0L Fo63mIoqbegdo
9ODLbosbo 939696099805  ©5  3006MHO0EODS300L  gHom  FgdErosm  FOWIWO
RIOGHOWOHMOOL IJmbg FsdmBogermdols Ho@dmddbs (/lyranosa, 1972; Browicz, 1993;
Fischer, 2009). dlbargdols 593390308 53mGMs© JoMOMOIPIQ X35MJ0b0 ©3EHZ9M395
3bmdowo, ®s3 dwogmo 30dMH0EMEMIOL JOM-9OM0 2obds30MmMdYOI0 BodBHMEO0S
(Tys, 1972, Dirlewanger et al, 2004). 30360©0bs30s 5©30Ws© bEIds, OHMYMO3
LobgMOIMS FmEOL, slg3g LobgmdgdLS s KX 0dgdL TGOLSE. 530l AsdM Aubeols az35Md0
39®-b5300gd5 LGB0 ME FMOHIJOMB JOMIE PoMHTOZ5WO BMOTJOOE IMSFEPOWS,
53 339000 BHoduLmbmdo©mo 3309305l Mg Lodbggls Jabobl. dG™30Rol dobggzom
(Browicz, 1993), 096906030 3006H0@©0Ds305 3356 Pyrus-8o doMHomss© bgdaos Pyrus-
do bgds. 9gb Im3w9bs BHgMHOGHMMOMWSE 439eoHg bdoMmos 3533580530 S dow3sbgmols
Bobg3503m6dMebg. 8500 Mol 53 IbMH03 (369 HgOEGHOWSE 39335605 0MZWGDY, BOWIG
3006H0©0Bs305 bgdm®s s Bo35MIMEME SBWSE F080bsmgMdL - dgBMmTBoH
396&obs (P. caucasica) ©d JugBmBowme 896ygbsls (P. salicifolia) dcarol. 308600BHE0s
bogoMomom© badmes P. eleagnifolia Pall. b s P. nivalissosbss, H™Igdos
doMOMIIO MM JJDOL  BHIOOGHMM05DYS 39303 IOME0.  bgmo  30060Id0
1539M9MOME 3N GH0300905© RBMOIGOL X 39M90MmBYD, Mods3 3Me0308M0WO
1M©d900L HoMdMmImds dsdmofj30s (Browicz, 1993).

Abbeools 9356M0L Ho03MmIMdol 306039 396GHM© Fobbgmos SEIMBsgw 9o
5005 (Tuz, 1974, Browicz, 1993). s6Lgdmwo 35gmdm@obolzm®mo dmbszgdgdo Bozdome
300605 235008 [omIMIMBOSBY @O 296300000935g. (36MmdOos, HMA  dglsdgmo
39600m©ol  d3mEml  930Mm30L  BgM0GHMMm05Dg 339 MLYOIMOIEIE  MIbsdgmm™m3y
adlbegdol dbgoglo dbberols m®3dgdo — P. minor, P. theobroma, P. euphemes (BaBunos,
1926, Rubtzov, 1944). gom@mM™30l dmbs39990000 23500 Pyrus 356OH@OLYIdOMs Mmxsbol
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bbgs  Hom0mBoagbegdms  dm®ol, F9gscgdom  MRO™  LosmEbwolvbs®osdh s
Bogergdo 3mbLYMZs30M FBHML FoMBmowaqbl, MmIgwrdss dglsdgmmo 3gMom@ob
dMMmb s Jgmmbgmmo 3gMomol sbogoldo deogho 4sbzomsmgds oboiss. gus
39INWMR0NOH0  39H0Mm©PO  FIOOo  3wods@Goo  bolosmgds, LHmOgo gb oym ol
doMOMIEO  BoJBHMM0, OMIgds3  393wgbs  dMobobs  Abeol Wb BMOTsmo
0o00mIMdsDY. 300085G0L IS BHo3L a3500 Pyrus-ol (o®mdmdsygbegdo 396Gy
99923696, 96 43560l 963096905 JugOMIMOBMYI6IBOL  gboo  FoModsHrms
(Pemopos, 1943).

5. GMBol dobggzom (Tys, 1972), dbberols 33500l Fodmdmds s gobgzomsmgds
MO 23006 dmbEy, 300609  90IMLIZgm SH0sGo (o®mIMIMdo  35FEoLYIGMS
J3gmxsbol bbgs doMomso (omBdmdoagbero 9356900l — 3590l (Malus Mill.),
31690l (Crataegus L.) @5 3ot 9ol (Sorbus L.). 36md0g0s, H®A gl 356930 Lsdbégom
53960030l BwMmMsdo Lobgmdgdol oo MmoEbzom 9606 Fomdmagbogro, duberols
Lobgmdgdo 30 5 LogMME 56O 83b3Ids. GHMYHTs 939 Fodmmdzs 339G, MmI
dbboero s  359wo  LoghHom  FobsdMmgdolash HoMdmodzbgb s gl Fobsdemgdl
0960059696 50FMUogwgm sHBool 35dwol Lobgmdgdo — 099656990, goblmwmEo s
bbg., MHmIgems bogmao  dgogogl  Abbobmgol  sdsbsLosmMYdg 45935390,
13gMHIOEVIE YR GJIOL. 350eol s AbbEIOL §35MgdL SBY39 99MHPBJOL gBO
LogPmm 60dsbo — XsTol BMMMEs39d0L 39MLOLEHIBE MBS, gl Bodsbo sbslosmgdL,
OMAMOE  903mbI3gm  SHOIO WM M Lobgmdgdl, slg3g O30 d0m  d3JWO
3356990 - 3996900l s 30MEIOL Lobgmdsms «dgEguMAL.

50539 933™MoL  (Tuz, 1974) dobgzom duberol 335MH0L FMEOIOMGdS  ©d
LObgMOIMS FoMBMTMdS MG - 50TMBOZE g0 SHBOOL s Ts H0S-HTGE 5T >DBPVZgMOL
9303903055309 MHga0mbdo dmb.:

1. 9bberol 23500l (omdmMIMdOL 3060390 39bGHMO sIMLsgwgm sHosdo
9905M9MdL. MHYd3M30L sDMom (Rubtzov, 1944) dLbeob 33500 sHooL HgMHO0EMMH0sBY
0o00m0dzs Bobgmol POHommgm ©s sbagwgo dmosh Mgaombgddo. gl 396@®0
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303936 MO 9OMsbgmoLAD 33390005 2oblb3539d Lobgmdsms X MRL, MMIgEms
MAM53wgbmds  Pashia-ll  Lgdiool  (o@mdmIoagbawos  LB3ggogomeo  bBodbgdoor -
RMONOMbWOLRGMHO bsgmRo s 3M939MLOLAEHIBEGHMEO XsTOL BMOMEH3900. U XYMBO
39360339 gdmwos Bobgmols BOHowmgm bsfoedo. Bobgmols LosdbGmgo bsfoemdo 3o
393639 gdmwos Bgdaos Pyrus-ol Lobgmdgdol xamx0, GMIgwms bogmzgdos o6
05300005 @5  bobosm©gds XSOl BMOMs3gdol  39OLOLEIBGHMWMdOm.
LObgMOIMFoMTMAbOL  5BMLIZEg  SHBOMO  Lobgmdgdol xamMndo  930MmYMHOos
33560L  ©MI0bsbBHMMO 99gbgdo. gl Lobgmdgdo bobosmgds JgdIYA0  JOMHOMSPO
603690000 @S 3530L90M939000: FGHBMBOEGHOMBS, IMZz9bgdol bobdmzwg 39Homeo,
@050 Yobgoas3degmdy, dwogMo  dEyMeEMds  Lm3amgobo  9350909d0LsdO0,
DA sHBMHS BHMEJO0L O BMMEGIOL IBOOMdOL F306Mg 3MIbY, 3390 3EBOLYHdOO
ROOMEWO, BONOL FoOROGOL 30Ol bdoMo 30035, 393 gOHMBOWOOL SOLGdMDS
b sBM©s 93969699030, d0d39o 139GJO0 S Fom0 MOEb3OL 899300905 yzs30do,
Bogmaol  Bo8sg90s  dmIPoxzgdolol  @d  XoToL  RMMMES3900L  ©939MRAZs. 53
3960mb6DMI0g6MH909806 3609369003560 goIbGom bsllosm®gds ™Mo  Lobgmds P
bretschneideri s> P. serrulata, &3 qdbyg 5930 Mm6H039 bgdEoobm30L sdsbslinsmgdgEro
39600535350 6036900, MMIEs LoLEBHYISBH03NOO F9BboEIZoLLL dson Fs0bi  BRobgmols
BOowmgm bsffoerls Abargdls 053mm369096.

2. dbberol 9356M0L (o®mdMIMdOL FgmEgmeEo - Fmo 5H0s-bIYEmsdYsBO39gmOlL
395&60 (OMLgmol LsAbOY Boffowo; 06Msbo; 53067mM0; Fobs @S 306 sDos; 35335L00;
BO©OoMmgm 93035 LodbMgm 930035). 5. GHBol sHBMom (Tuz, 1974), 3500l
3063950 §o®IMIMdoL 395GHM06 Fms 5H05-bIgEmsd95HM39000L EHJMH0EMM05DY
adbbeools Lobgmdgdo sbmmM3Mygbmero 2s3wgbom mbgzbgb. sbowr EHgMo@MmMH0sby
dmbggoMo 396 dbgddo  Lobgmdoms  FoMdmdadbs  30dHOoEOBsEoOL  gHBom
09600085005, 53 I3 gbsd 23560l b0 45630560 5dOL 3960 49B9Bs godmofj30s, Losg
Lobgmdsms  gobgzomaMgds  JugHMmBow B30l o Mwgdom  [oModsMms
398906350900L d90ma 396H0Mm©do. IgmMgreo 396GMOL Lobgmdgdo Lojgos Pyrus-ob
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0960396 gd0 5®05b, MdgBgb Howow olobo gMmM0sbEYd0s6 MM LrBLgzosdo -
Xeropyrenia @S  Argyromalon 8o.  Lobgmdsm{jo®dmddbols  9MosbomG®o o
bdg5d95B039m0L  Lobgmdsms  x3MBol  Ho®ImToygbwgdo  Farmdgb  a35Mm0l
939000 296900l FodbodMAL.  Jsmo  doMomoo  60dsbo S MogoLYdMGDS
M306039glo  sMoL:  JugOMBoEIMGMds,  dmbggbgdol  boby®dwogo  3gMomo,
4ob35959dgmds, BMmMEgdol sbMol dobgzomo 3mby, HogMdgugdrIeo b MmzsemMo
R}MOIL BFnoOMEWo, I30MJO OO0 3000))30560 b 3000980560  Fmmol
R0OBOEAY, 39GIOMBOEO0L B Bobdocg sbowasbMms d3gbsMngddo, LMLEO
039603930, ©@sbMowo  Lggdgdo, dmIfoxrgdolsl bsgmxzo  0bs®RMBdL xS0l
ROMOME3L S Jolo HBOWMdO Jo3wgds (Tys, 1972; Tuz, 1974).

5 Bwbolb dobggzom (Tuz, 1974), 500mMlogwgm sHOWGO ©s 95 HoMMO
Lobgmdsms  XyMIBJOOL  39BH9OHMmBowool  bodbgdo s XSOl BMMMES30L
3960LoLEIPPGHM@Mds  Foon  FmMolb  3FoEO™  bsglomMo  393d0MOL  sOLYOMOOL
95639690900s. 53539 Fyomml obgzom, 90dmbsgergom sHosdo duiberols 39O
X 00900 0900033696 903569000l 39MYMITB0MES© ©53mE9dYro,
3o6Lb30390M0  LobgMdgdol MIGLEBH03E00L AV @S JMEWEGHMOMEO  x0dgd0l
36535 R9MM3560 SLMMEH0TI6EH0, HMIgGEoE 53 930M-39MyMITB0IE MgR0MmbIo SOLGOIMOL,
doM0mOs© Bo30 Lobgmdoligsb: d3GMg@dbsowgmol dubsewo (L. bretschneideri, Redh.)
dbbeobgmomms dbbsewo (P pyrifolia (Brum.) Nakai) o 9lwGomwo dbbowo
(P.ussuriensis Maxim.) 560056 {o®dmdmdowo. 533MO0 m3wolL, GMmd Fms sDool s
b9 m5dM5BM39m0L  Mga0mbdo  x0dgdol  FoMdmdmds  MHMIgodg  3mb3M9gEHMEo
LobgMOOL 3w EMGSTo T9dmEobom 96 BYdMs, MMI3d X0Fgd0L Fo3MmIIMd Fmogz5M
Lobgmdgds M Jdgbme Alboewl (P. turcmenica Maleev.), «lwmGome duboeol (P
ussuriensis Maxim) @5 ©9a9col dubsels (P. regelii Redh.) dooBbggl (Tys, 1972). s3GmMo
51939 3oL, HMI JoMHOMsEO LIHYMOJd0, GMIWGALsE 39339560580 @S 93MM3s5d0
5MLYdME0  3MWEHMOMO  X0dgool  FoMdmImds 3530060, 906 356G (P
caucasica) s B39Mwgdmogo dusbsewo (P. communis=P. pyraster). o935 51939
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39900 g359L SBOL, HMI Jberol 930 M3Mwo ¥0d9gdol BsdMYse0d9d5d0 IMbsfogmdsls
0090b9b6 Lbzs LabgMdgdoE: Lo®owo dbbowo (P. syriaca Boiss.), d96yabs (P. salicifolia
Pall.), 6m80obgdmeo dubsewo (P. amygdaliformis Vill.) s Bsdmcol dsbosewo (P. nivalis
Jacq.) 59600 dlbol 3MEGHMOMEo  SLMOEGH0IIBGHOL BMOToMYds ™o  yboom
900Ms: 50IMLOgEgm H0sdo oo [oMmTmImds gmaMex0Es© ©ITMMHJdIMWO,
396Lb35390M0 LobgMdgdOL 3063000 BIBOM A5sMRIZ30L aBom FMb., brgwm Fws
5505-b3g5395BMZ39MOL  BIM0EGHMM05Bg - dbbeol M35 Lobgmdsl  dmeob
300600300l aBom (Tuz et al., 1983).

2.4. Abeols 35Mm0ls 293039 gds

d6Mmgzgobol  (Browicz, 1993)  dobggzoom  dbberol  a3sm0lL 96950

0053996009005 s 9905 LYo bsfoobsysb. sMgowo doHomso d0vIY39gds
BOomgm bsbgzs0MLEgOHML BMmogH LoMEHYgwl s FbmwmE gsdmbszwoliols Lasboo
036905 55360030L ©930MMGL BOHPOWMOILIZTID GIOOEBMM05DY. MBOM BOHLOTMgm
Q5 59960030L 3mb6&0696E B9 43560 0969dM035 96 3MI(39CPYdS.
33560 Pyrus-ob g5360(39cgd0l 306390 3Ggoo  3mo3o3l  930m30l (396G oM,
o139 o LsdbOgm Bofiorgdl, S8OOZL 30O BOOWMEILIZEIPL O
sHools  LsdbMge  Bofoeml,  sbosGHMEmOo0Esb  39335B0sLs @S M Jdgbgmsdy
50IMBOZWINO0m s  0bEMOgOL 390G H  bsfosdg  LsdbGgMom.  g35M0L
3936039900l BOHOEMgm IL3Ego S LETbOHG Bz Fgddbowros bydzos Pyrus-
ol Lobgmdgdol doge. POHOowMgmom bobgmds P. pyraster-ols 569500 s0fig3l ws@300Ls
@5 OMLgmsdg 55-57°N 4969l dosbermgdom, 35806 Gmqlsg P. syriaca LyAbOYNOM
500938 0bEsgEl 0Ol F0sdEY. 06Ol LodbGmgo ILEgW o bsfoerdo dEgdseY
R9OLOL 3030630580 30 00 I30M9E LYds 30°N A569©U.

33560  Pyrus-ob 3530399008 9gmeg  56MH9oo  250L  930sbgmol  LydbGmgo
Bsfowdo  BO©owmgm  3530LGB0L,  3005¢sgdol,  Bobgomol  39bGHMowmE o
50dmlogwgm  Bofloemgdol s 939  053mbool  geg3eom.  MRG@  IMIMOHYOOm,
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B&©0Mgmoliz39h, Hlgmol dmMgoen sdmbogzugmls s BOOWMmgmdo dosbermgdoom
57°N 996909 0BMH@gds Lobgmds P. ussuriensis. 9300096 503mbsgzegmdo 3560l
393639 gdol  BEZsMO ool 053Mmb0sDY. 9 TM935wRYMHM36gds  Homdm©Agboos
Lobgmdgdoor: P. ussuriensis, P. calleryana, ©> P. pyrifolia. &503560L (396@®scM
Bsfoerdo sl9g39 0BMEYds Aberol 4356M0L HomdmMdsygbgwro 9003569 Lobgmds - P.
kawakamii. 9gm®9l db6M03, 235M0L 4953039 gdoL LsdbGmgmo LyBOzsMo Fgddbogros
bgd0s Pashia-b §o6dMoy)bgro bobgmodom - P. pashia, H™3ge0oi s3Mgm3g, 0BOYdS
309305300, @omldo ©@s GHMM303900L LsdbMgm bsfoendo, osbwmgdom 22-23° N
J390mo.

3356 Pyrus-ob 4536039900l 89lsdg o Y39woHg 93069 956950 3mmogLgdeos
30639 MmO 56095¢b dMol, MMI3d oMb 39380600 965 5J3L. 030 Homdm®Agbowos
bgdios Pyrus-ob dbmwme bosdo bobgmdoor: P. korshinskyi, P. regelii, P. tadshikistanica. 5
3936039 gdol  BO35M0 9YdIMGMOL  FH05b-0sbols Jmgdls  (42°N), @s 930sbgmob
Beowmgm bsfol (34°N) 9m6ol. 5833505, 060560l 390EGHMswmGmo s LsdbGmgmo
Bsfogdo, 9306900 s 3530L¢3)960, MOoMJIol JE0sbs Tmdzgmeos 3560 Pyrus-ols
3936039900l dbgdGm 03 69 do.

adbbeools 4350l LobgmdMogo 365350 i39MH™Mm3bgdol M35 baBOOLOM
MAOEOLOS  39339L0s. 53 Mgyombdo  IMz5wficrosbo  33¢93900L F99gYo©
©o3bEmgdom 40-0g GHogumbo 0dbs swdmBgboero Lbgssbbgs 833wg35M0L dogh.
omdb 26 Lobgmdol s Jgglobgmdols LEGs@mbom 6oL 3bmdowo, sbsMRgbgdo 30
300600 S 3939)M9dM BMMTGOL FoMdmoqbgb. 595D s0lsbodbsg0s, BT
dbmywomdo  dbberol  dbmwme 23 Lobgmdss  gseroMo  doBbgmaro.
3525c0molm30L, Bobgmdo 0BM9ds Abberols dbmeme 13 Lobgmds, medgomdo - 9,
065600 - 6, 93603500 - 4-5, 053mb058o - 3, BHoX039T0 - 3 S 5303690 2 Bobgmds.
3933580530 Abbenols 23500l 365350 x39MH™M36980L sbgmo dsmsero dsB3z96909w0 OO
5EB35MMB0m 459mfI3gMeros 0dom, Gmd  Abberol Fodumbgdol 3G0E03 o F9z3oLgds
MMM IMIBIMS s B39O MOME  IMZ5wo  39335B0MO  g3gEMo  lberol
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Lobgigds MOGsME 9gMMNTbgmOL LobMb0TGOL FoerdmMmogbl. Mmdas sOLYdIMBL 53
36535 R9MM36900L 25353500 gdgo AFoMmO ILIdIMMGdSE. 390dm o. Bybob (Tys,
1972; Tuz 1974) 9mbs3999000 59 153365l 584s619dlL 35335B0530 50BMBgbowro 39wwGOo
Albewgdol  396MH0MEWMYOIMH0  Jobsliosmgdwgdo.  JOMAmbmdsms MoiEbzo  39335B0M6
396 Abergddo  goblibgeggdmeos Lobgmdgdol dobggzom. mwdEs 96  sOLYOMDOL
dmbs399900 Y) MMM  (335¢gdSMIL gl 35MTgBHMO  MOoMMGo  Lobgmdol
339530530 5 M5 BoJBHMMO ob330MMdJOL JOMAMBMToms goblibgsgzgdmw Goabgl -
396099mL 9300Ma0OH0 JobsbosmMGdEGd0 0¥) 30dHOODsE0OL 3OM39LO.

3903035 O0 LOOEGHY05bMdOL dobgzom alberols 33560l
§960mBo9be9gd0, Hmyme s Hglo, Br30L mbosb 2200 99@HM9Is 2930 EILIOICO,
0935 300550l dm9ddo, P. pashia B30L Mbosb 2750 8.-8g a3b30q0s. Bobgmdo
30 P. pashia s P. pseudopashia 6030l @mbogsb 3000 8.-0g3 90§9396 (Browicz, 1993).

2.5. dberols 3 Guymol 360dz69emds s obiGmMos

dlboero, 3590l 89009y Y39WwsBg 3MWEGH0300905© @S Foso  LofoMdmm
00693 gdols IJmbg bowos  omzgds Bmdogho LasbGywolb J39969080. dbmawom

35935000  offomdmgds  Abberol  bogmgzol Lsdswmeo 200 Iwb. GHmbs. 89356
d0ommgdger  J3994bo  omzmgds Bobgmol  Lsbserbm  MHgLdmderogs.  IFoMIMmgdgwo
9439969%0L s0gedo 89096 93M9M39: 0B0s, 583, gu3sBgMO, MRG0, LsdbGmYm
30695, 0530mb0s, MO0, LEAbOYO SBOO3S S BOWYMHEbEGdO. bl Boymazolgsb
bgds 9653500 3Mwobs®owmwo bsfo®dol  (BoMo, ()3960, Fgwrg, xgdo s Lbg.) o
5330 Lsbidgergdol sdHsgds. Abberol d9Mdsbo 358eoligsb gsblibgszgdoom
0505 3m3gOHE0mwo 86083690 mdolss. 030  JOMOMOEIE  23dmoyqbgds  d306MHRLO
939x0L s 3mB035eIMH0 0bLEBHMYTIbEJOOL ABIIdWs (Jackson, 2003).

dbbeools  Lobgmdgdo, GMmIgmsg M5 94300 3MTIOEOMWO  VOMIOMEIDY,
360036900™m356 29bmRMbL  J8bosb X0dgdoLmZoL. F9M©s sTobs  FMSZoEo  SlgMO
Albeols Lobgmds s o0 FmMOL JosOEo 356FsE, 0M3wgds Lyvmzgmgbm Lsdo®g.
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Sbgmo Bodo®mgqool gsdmygbgdom bgds sbowo, Logogol 593960 @y 9350 gdOL
80056007 YOO 39 EHNMJO0L odmyzobs (Wagner & Kleinschmit, 2003).

Lsdg0Eobm  dmbsi3gdgdoo  (Hunter, J. 2007), dubeol bsgmxzo ©@sdseno
39 MMHOMEMIOL oM 259m0Yygbgds  @ogGHMmyosdo, dB939 943t 3MF-Bofieregols
9dmd09gd0ol  AsbBodMomgdgeo s  dmIsfglcygdgwo  ™30Lgd9gd03.  Fodgbo
30L90900L 259 dubol bsgmxzo Md3z9wglo OMOEIL ogm bmdowo, MMM
(6930l 95693069390 5 A-LOLBEIMOZMS 535000 JOOL 3BMMBOWISEHOIOL
9OD-96O®0 LT Gds. 91939 3bMdOWO0s, MM Absero OO MOMEIbMdOm Fgo393L
93965M9ME  dmF3Mb, ®o3 9BRIJGHMIO  LoIMOgdsl oMo gbl  Jmergli@gdmenol
OB gEs@. Abberols boymado 99ds3500 60309653900 byl MHgmdgb Focqdso35L
@5 F56Hob  Lbgoolibgs bo@Mmagbobo®mgdrmo 6030096090900l  39BgoEHMIWgdU,
sdodmd  dbbeol  3gbo  dmfedzeol MM MmMA6oDIoL  gx39d@BHe  2963(09b
LMo gds© 3OOl doRbgmeo. Aberol bosgmao J3oMg Momgbmdoo dg0393L C, B, s E
303530690L. 15dgE0EObM 3603369 Mds JOMOMHIE 2630MHMBGONIE0s obgMmsegdols:
390v)dol, doabomdol s M30bol domsero 9d3339wmdom bbgs bowmsb dgwsmgdoom.
dlboero, Bbgs booligob goblibgeggdom, 9306y Momgbmdom 8903531 BMUBBMOLYE —
33990l M530Mmbolm30L 5)(30e9d9 Bogzm0gMYdL, MHMIGELYE 90930560 JoMHOMII
bmO 336039000 00gdl. 5323505, b0, 3sdwol duysgLs JobgMowgdom s
30353069000 9MM-9MM0 439w sHg OO0 bognos.

oLEGMOOMO S WOEIOGHMO 36Mmdgd0om (Janik, 2009) dubberol g5l
15393609MM LYY FoMTMIMBdOE0S BMHAIBMEO LoEYZS ,»30MM*-sb (TTVPAC), B
JoOMEs© 39abl 60dbogl. g Labgwo Abogl bol ZoMX ol 5¢olgdMMO BMMToL s
0990M35Dg BMmgdol J9539MH0mdol 25dm d99Mdzs. LsdgabogMm LoddmeoBHddo
Abbeools bagmxzol gmds, 649 AubErolgdmHo FmEOTs sMdM Moibgzom LobEgdol
Gogem  ‘8-L  Jggbodsdgds, bmerm  JomgdoBoldM®  wmy03sdo  IMOBMbEICMMO
306000 BodMEWM®MO  MLILOMEIMDS  ‘© AsdMmobobgds.  Abberol  BEGH0ZM®
39Momdo  dmdgbgdsbg  F0s60dbgdL o Mo Ho  Bofe®mdmgdo  ,m@oligs®,
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GHmdgwog 3mdgembol doge B3. §. s0. dg 99-9 Lsm3mbgdo d90ddbs. gl bsfo@mdmgdo
0m3w9gds §ysdm@ Loog Aubsgo 30M39ws@ Mol dmblgbogdrmo. dbberol o
D905 dgbogmdol 3Mo35x3gMM350 32IEEGHWMsDY J0D0mgOL Jowrsd 3mB3goL s
3963mwsbmdol  65350bgddo  sdmbBgbowo  FMOFgo, GmIgoi Imbs@Gmwo  oym
bbgoolbgs bogroll s ds0 dmeol dbberol bo@OmIm®mEdoms3. d39wo Gmdol gl
Joawsggdo  Bzgbo  figwor  sogbgoom 79 fgwl  psboyn®es  37wgsh 3930l
50m93M943930L 3odm. Jbbrol MAgL303s300L, 0lg3g MMAMOE BMmAss© dgbogmdol
501939008 MJOMb BBl sLsfyols  gzmm3sdo  Mgbglsblmeo  3gMomo (dg-16
b59939969) 0M3egds. gb BOJBHO FOMOMIIE 5T 39MH0Mm©OL BgOHgMMEo bodwdgdom
06905, 5060 dBsZ0s, M Auberol 93MM3sdo s®LYdIMwo x0dgdol 95%- dg-16

15139960056 Y3 oGO K0d9dL F95I0L, bmeom 5 % - MG dggeb.

2.6. bLygds®M39MBo 3930 3gEgd1IEro Alberol LsbyrMdIdo s sEFOMIM0Z30 X0TJdO

39b@o (Pyrus caucasica) 30039005 5. FoMOMOM3ds s0fig®s (Penopos, 1943). oyo
3mOMmbm3zoL (Boporos, 1925) 0gm©m05H9 ogMHbmdom s 3533580530 2536M3E)EHdMYE
50 LobgmdsHg  ©933003900L6  Fggyo®@ 80305  ©oL336s8Y, ®MI 353390580
Bo3MYs0d@s Mga0mboli 3000853HM ©O obTsBEHNIO 30MHMBJOML  Tga)gdmeEo
Albeols 49bLbg0390E0 Mols, MHMIgwoa B3gMwgd®030 Alboliysb P. communis L. (=P.
pyraster L.)  qoblb3o3090m©s 3000900560 BMOWgdomm  ©O  MZOMMO
3936033990000 bsliodMOIOIMES. BoMEMOM30L 1336589 3563)OLsE B3 gdmO3
dbbeo (P communis)  gsboboogbgb, 0Mdzs  B3gmwgd®og  dlbools
30009053000 BMOMWGOO 593L O MBOM BOMM 2530 3JLYI0M boLOsM©YdS. oo
bowmgbm®mo 25303900l 9Mgoo  dMmo3o3L  93M™30l, 539M030L s SBOOZIOL
3MmbGH0bgbAL, dmbgdMmogz0 9Mgoo 3o FMs  sD0s-bIgEmsdsBr3zgmol  MHga0mbdo
9905M9gmdL (Browicz, 1993) o dbmwm 393356006 BOOWMm ©sldgergmom 3390
39630l 293M39wgd0L sMgoe0l (Pemopos, 1954) .
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056599000Mm39 6™Igb3wsdMom (Tys, 1972) 356¢s 296003L980s 2356 Pyrus-
ob bgdgos Pyrus-o. DmLGHo bLobEgdoGozmo obsliosmgds sgmoas:

Genus Pyrus L.

Section PyrusTuz (= AchrasFed.)

Cycl Communes (Maleev) Fed. (=Proles Germanica Dcne. ser. Communes Maleev)
Series Boreales Fed. (=Proles Germanica Dcne.)

Species P. communis subsp. caucasica (Fed.) Browicz.

Sin.: P. communis L. ; P. caucasica Fed.

dsL9b 2969303M© Y439sHY sbarm Fmbomglisgg Lobgmdgdos bggmwgd®ogo dbbowo
(P. communis L) @5 &yob dbbowo (P. pyraster L.). 53 Lobgmdgdl dmGol sberm
Boglom®o 39300600l  sOLGdMds  MsbsdgMM3g BowMy)bgBH03MMO  33W93900m53
LGHMMEIOs (Verbylaité et al., 2006). 3530¢0Mm30 ©@s Od3m30 (Basmnos, 1929; Rubtzov,
1944) og3mobgb, OmA P. caucasica s P. pyraster B399 gd6o30 dbeol fobsdsmo
LObgMDGOO 56056, M35 BMYO 93EGHMMOL YHBOOM gl LobgMdgdo RGBMEHO3MMS ALI3LO
56056 5 B0 3WSLOGOIEF0S JIMYMITBOENO 2536 (39egd0l Jobgz00m dmbs (Volk et
al., 2006). P. pyraster -ols 45360 (39c09d0L 50005 8530 B30l sLYZMgm s BodbGgm
Bofowo, 0535690l 43996900, MMGJgmo s BMY0gOHMO 93MM3Mwo J399sbs, 9699
B39Mw90M0og0 dbbeol 1693030 2930 EIXGO0L 9MJool ILgEgmo bsfowro. P.
caucasica 30 5303909005 50IMbogrgmom - 39335b00L  d39969gddo, b
B39 06H030 ABbEOL 493039 gdol 5MJool ©3000MIL s5Mbsgergmom (bdqds 2).
SBEm 630glomMo 3030060L A5dm Juberol 3500l MsbsdgM™m3zg LobGgdsdo 39wH
dbbeogdl: P. caucasica s P. pyraster B3979wgd6ogo dibeol xamxdo 59600569096

J39Lobgmdgds:

Pyrus communisL. :
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P. communis L. subsp. caucasica (Fed.) Browicz

P. communis L. subsp. pyraster (L.) Ehrh.

0993o dLgmo LobBYds Bdoc F9gdmbgzgzsdo Mbgebwwmdsl Jdbol, 0d dbG0Z, ™I 53
J39Lobgmdgdol  dmbligbogds 33eg3900L  dgBglmdsdo ds0bg Labgmdol LEs@Emlboom
bggdo.

EEED  Pyrus commaunis ssp. pyraster
[ Pyrus communis ssp. caucasica
BN Notsampled

Udgds 2. 356@0L (P. caucasica) s &HyYob Abbeoolb (P. pyraster) s0g5¢0gdol bmyswo dmEgero
@OoEIMSGOo fiysmb (Volk et al., 2006) dobgzom

3960 39339600l 96gdos. oo  gogM3ggdol  Mgowro FMmoEegl  Mlgmols
BOowmgm bsfols, go©odl, Lods®mzgwmb, sHgMHd0xBL s bLemdbgml. g Lobgmds
99HBMxz0G05, MIYGHIL Hows 0BOEIOS BMMWM356 FHYggddo. De3zol mbowsb 1500,
Dmaxg® 30 2200 9.-009 50H93L. FMOBMEMAOMOHO 1530L90MM9d9d0l Jobgz00 0yo
95050, 15-25 8-0g LOdsEE oL bgs. 30M5d0EIENO F5OIR0M. bW YPSBOS BHMGHYdO
4003905, bs3MoLbxgMo Joddoom dgdmbowo, 93w0sbo. Gmmwgdo odzqwos 6 J39ws
dbsm9Bg MmEbog 90 dMEOLYOMHO 39H3000 IBIOIEO, Bsbg3zMO® FYs30L9dcM0, Dgs
dbs6g 300555, BOMMEOL BMOTS 339O3EBOLYOIMO, IMIOAZIWM, FoMIM-339M3boLgdGO,
0339w gdmo b 08305ms© OMAdM0s, Hofi3gBH0mo b Bdsp30, aMdgwo b
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doewdyg 4Mmdgeo yb{gdom. BmmMEoL BoOHBOES 30IINE0sb0s s §8(sdgdomss
OIRBIOMEN0. Y3530 900  Y3930¢9A0 BoMOsd §9360900¢00. dmmgmem b mbsg
dM356MHoLBOM RGMOLSS. Boymao Fodzguos, IMy35w0 b6 dgFywrg@ow-bggHmligd®o,
8930660390 Mwo  a®dganybiosbo (Jmmsmgesdy,  1945).  ©s3B39M30L  GHodo:
95¢™IMB00s (Bmdme0s). Y4z3s30Mmdl s3MH0-ds0Ldo, bogmazo dhoxzgds ogzbobol
M Msb 1YdEHJIdMOL ILHYoLOAY. JOMIMBMTsms Moibgo: 2N=34 (Tuz et al., 1983).
3OO0 WOEBHIOIGHOHMEO 5 B53gMBM0MIM dMbS(399900m, 3563 LoJoMM3gE Ml
3009 G9O0FGMM05H9s 393039 gdMwo. 0HBMYds  Lbbgoolbgs  GHodoL  (3yggodo,
MmO 3 Mo 515939 96056 bgmdgddo s JoMO0MHIE 306039 s FJMMg 05MHVILYOL
035390L. sLsggo Logomzgermdo 0go Mdg@Eglo Joolb J39s o w95 LaMEGHYwrol
AY9908do 23b300905. 293M(39XYIM0S Hg39dLs @S IOBIMOL 306090d0i5. ILOZ g,
LoJoMMZIMBASD  2oblbgsgg00m,  SEIMBLgwgm  LodsOmzgwmdo,  Bsdmmgzwrowo
35003)5@g00lL 2560, 030 23H3090s 39wg0DY, Foob HHYggddo, bsmgw 3yggddo,
fof3m396 BHYgaddo s Lbgs. 356H0LYsb dgjdboero dobos 3mOMIgdo “3s6E0s6900”
d9mOgmo  §oMdmImdolbss s Bbgds FoB™m3z9dve Lodmzmgdby, Lsmodgdby o
3965Bgb 500 gdbHY (4. JMmomgrsdg 1946).

000olol  dMm@Hsbozol 0bLGHOEGMGHOL 39MdsM0mddo 0bsbgds Lods@omnggurmls
AIO0EGHMMH05Dg  89360M3900  3563HJdoL  15305M® OO 3MWYJ30s.  ILBOZ IO
L5JoMM3gMEIb  LH3gMBsMOMIm  dMbs(390900  Tg®mM3gdMwos  MoFsdo,  mbob
90059m9ddo; ghbwyddo; bgsbgmdo - dgbBosdo; gbbgmdo - s1306dsdo, sboeniobol o
5009960l 80sdMqddo.; Bgdm 099MHgmdo; gMooLs s LYIYAMIEML  FYggddo o
90650l bgmd9gddo; dOHX ™oL HgMdsdo - LRI bW IdOL  FbEIMIWSE S
AY9ggddo, 0obstg 93330l  Bomxzabs o  FomEbgbs  Lsbs30MMYdBY.  0356oL
dobErmdo@, d56obbgzdo, Bomobgzdo, 3539M0560L  B0sdMgddo.  5IMLSZ g
Logomzgermdo Jo@omeols bbgoolbgs Ms0mbdo. 351380, 8. MMOMEOL Fo0rx396s
Lobs30MMEb  Lmgger  J39dmFools JobErMmders©, MMIgGELsg Mg “356FGH05BLsE”
MPm9gdbab (393bm3zgeo, 1935); gmEol Ms0mbdo, 8. osbzol 65306090y s
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AY9ggddo. mdowobol Jgdmas®mabdo - 3mxmO0. MgMOo fysOrml Gsombdo; 3sbgomdo,
BogOMgXR ML, MgWHZ30L S WsMEIbol dosdmgddo; dglbgomdo - sOLYdMBL dgzgwro
1539635600 AoBoEgd0 3MBBWOEHMOO MgA0MbYdIOL BHIMOEHMM00IBSSE. sB3bsBYmOL
AY99080 356@0l d30Mmg© goblibzs390wo0, MOl BOOROEHOL 530350 bofoemol
3000953000 IMORME03900 93b3gds 1500-1800 3-89 ©0535BMbJo bm3z0L
©Mbosh: 80bsegqdol dHBoBoL, 39wslvyMol s 39360l bgmdgddo. Lembwdol o
353900l 80059mgdTdo. 0o JoOmEdo Bo3gMdsMom Folos JgaMm3z0wos 3bobgswols
99905696056 5 d0bstg wosbzol s Fgx sl bgmdgdosb.

LogoM3germ 003w gds ABbEol 3w EHVOOL Ho®IMIMdol gPm-9Mm  396Mo©
(bmBobmGmsdzowo, 1973). @Ebmdowros, ™I  99-19  Lo3zmbol  dofmOHesdg
Logodnggermdo dbmemo Aol 5©R0WMdM030 (oMdMmImMdOL X0dqgdo SOLYOMIS.
SMLgdMEo  Ambs39dgdm,  obobo  Bsdmyowodbgb  sEoEmdMogzo  dbberols
LobgMDgd0IB, M5351BY3MBM360 bocbm®o Lgugdiool abom. MEbmwmGmo x0d9gdo
Logomzgermdo 30639 oMol 3539D9 393039 bab.  SLgmo  x0dgdo
g4obggdobodo  b53egds  dyMegdo 0y3b9b, Mol sdm3  LoJoMMZgW ML 0D
6930mb9ddo Bogargds a3b3wgd0sh (393bm3z9gero, 1957; bmdobm®msdzowo, 1973). ».
GNbol dobgzom (Tys, 1974) JoGormo @y bmdbwmGo dbberol xo0dgdo dgHBmdgwo
93996930L — 5H9gMB0% 60l O IVILEHBOL K0T9dOLYE 360T369EM3gbs AoBLLb393Nd..
AGMDo 5958 blbol ImGmgmen FoMlwerdo 58 J39969d0L FmbobEgmdgdl Mol 658 FoO M
3933060m. 03569 x935b033000L A5635MEJd0M Lobgero “GUbsero” Lbgoolbgs Jsovem
©05gdEHBg 00mgdol Abs3LOE JOIOU: TJGAMWYs© - “bbwmeo”; FsbmMo - “Gbwmwo”s
1356Eo “oEb” s 96 253l 99 boErol Lobgwls Lbgs, dgBMBYEO s Mg BMdGEO
Lobgdhoxzmadol  9bgdHg. Kx935b0830L  A96ToMGHJIMWO 53l  sMgm3zg  Alberols
bbgosLbgs x0dol slobgEgds, Moz JoMOMOI® bogmaol BmMIsBY, BaOBY, BMIsDy,
390mbg 96 bo®molbbbg dommomgdl. dog. : “O3bwyer-3306Bbo” (ool dubogro) 3o@e®s
Bmdol bogmaol djmbg dubarol x0dos. “Ggbmer-mdem” 5649 mddml dubswo ghm-gMm
x0db 6ogmgzol g9gmol sdm sgMJ3s. “OEbuye-xmdMMo” 35539bsgmgzs Abboenls 5odbagl.
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“OgbME-0m35” 30 FobmMe  30GHMOL  gm®Iol  Aubsel  650dbsgl.  LyEbsb-Lods
MM390s60L (“BoBYzol 3mbs”) 496350 EHYd0m “3563S” ghim©ads GHYol Aubergdl, bmenm
“F3MBS” 30 395BHoMs BmIol Abbergdl. Lods®mggarmdo dbberol 39Ol dggero
©OMOED  9OLYIMOIBY  FoMomMgdL  Lodo@mggurml  3mmbggddo  bgoolibgs
39MYMIRB0ME0 5ROl ILIDYWGdsE, MMYMOOESS: Legwol s dEobsmol Lobgwo
“Vbowms” (5F965), “Vboewr@dol Jgo” (JoMmneo), “UBbemdsbo” (3eredxgmo) s Ubg.
(x935b0d30000, 1986).

“Bododmgzggemlb  Igbogmdsdo” (bmdobwy®msdzowo, 1973) dlberol JsGormemo,
5Q0R0MOM0Z0 X0TJOO IYMBOOS ML X AIRS:
1. g9emséo dbbergdo. o5 5960005690990 Bopowo badolbol bagmgol djmbg dbberols

X00900.  IX3MIRBIO0L  Boxmdzgul  HoMdmoygbl oo Bogmaol  s®MIsEwo
30090900 ©5 OO BMds. BMLEHO FoMTMIMds  A5IM339390005, I3 FYsO ™Ml
d0b9300 JoOrMM x0dgdL 969303690s.

2. 336¢hs Abbgmgdo. gb xyMBo 59O 056908 LbZ3osbb3s Dmdol s Mol bogmaol s

RMEgdol dJmbg bbeol x0dgdl. oo 53 XyMRTo 3990056900 Lsgdz9e0s
Bogmazol b5853905 mdfoggdol ML, MG 3 gl 39EE LobgMds 356EL sboliosmgdl;
350X 0L BMMT5 5 FoOE0 Bobob BeMIM.

3. 3¢l Obbergbo. 53 xamxdo dgool 03wob-5330b@™do  dmdfons®o  LssOgm
adlbegd0, ®MmIWgd0a LO35M9YEM® S1939 3563 AbEGdIOLYE 50056 Ho®dMBMmdowbo.
4. b93932960 dbbergdo. 58 xyMBdo BsINEOOL X0dg00s 4590056930, MHMIGd03

3905 JMBsMEO BobgMdIOOL 30MHIS0MO 253 EWIMGOOL Bom [o®dM0d3z69b.
50539 Pgoml dobgzom, dbbeol JoOovemo x0dgdol Homdmdmdsdo 35630l oo
o d09dm30L. dobgob Ho®mBmdmdowo x0dgdos: 356@&s lbengdo, 3oeml dlbergdo o
b939376900. 35630L 0gber-63MgdL 30 0ygbgdgh Aubol 3MwEGHWOWWo X0dgdol
L5d0MY©, H®MIWGd0E d0gIH0 BOHOM bolinsmYd0b.
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0530 3. 33079300 5B Iomds

3.1. 33e0g30L 5JBHvYseMmds BMYs0 MZ3¢LsBMHOLOm

Abbeools bbgosbbgs Lobgmds®g 96635¢00 3309390 Bo@MGdMw0. F9sMmgo0m
L5933 0sbs@  Fglfogerowos 3mIgH oo 360dzbgemdol Lobgmdgdo - sHowGo
dbboewo (L. pyrifolia) s B39Mgddogzo dbberols (P. communis) xamBoL 390060
AogJumbgdo, dom x0890msb ghms (Dondini & Sansavini 2012). sbgoo  33w930L
09092906 oo 36033690 mds 9603Fgdsm 235008 BoWMAgbool s MIglEozogool
Lo30mbgdol  Tgbfogerobomgzol. WGy 0m3Wgds, OMI 93OM3MWO 3 EHIOIWO
Albegdol 39® booqgboaggdl (P. pyraster, P. caucasica, P. gharbiana Trab., P. nivalis), 56
o0 296mBMmbol ddmbg Auberol x089d0L o SBMOE0TIEEL FmMOL 56O SOLYOMDOL
399033900¢00 24969&03716M0 5 JMORMEMYOMEOO LEBOZMYdO. 53 1gdsDg 0bEHIBLOYOO
AMORMWMP0MOH0 330093900l ILsfyols  89-19  LomzMbol 306390  babggzsmo
0m3wgds (Tuz et al, 1983). 58 39Homol Igbowrgmdol 3Mw@GHOol  sdLsbgger
3930096056 209m39990L [Hanelt, 2001 (9363s5); Downing, A. J. 1847-1855 (5896039)]
1Mbs© 2olicg3l bgbogrols Lbgsalbgs 3mw@EHemgdol s 350 ImGol dberols 39eMo
Boglioggdol  Gogdumbmadools dmwfigliogagdemdoo godmfzgmwo boMzgbgdo. HdoGo
g  §gomrmgddo bgbowols Lbgoolibgs x0do 39¢MMo gmEAoL LEHIGMLO® 0ym
3obbowmo domo Bogmaol 3mdmemaom®mo 60dbgdol asdm, b 3oModom, 39wMHo
dlbegdo x0d900L X an3do 9H056IdMPS IMORMWMY0IHO BodbJdOL Lsggdzgwby.
©OMMS 3963530mdsdo dz9w0 259m399900L M930B0s FoMBmgds SBgmo bo®mzq9Hgdol
3990bOLHMOGIWS. BHObEox 0560l (Taxramkan, 1966) s 36mbdzoL@Eol (Cronquist, 1981)
96m3gdol  250md3994bgool 909y U IOMIGdO  Jobs  93MM3Mwo  Igborgmdols
39W0ENMH0  3Woboxg03s300l  Lyg3md3zgwo, 5353 bgbowol dMz35wo 3 EHIMOL
300030353305 AMIPILOOYS. MsbsdgEMH™M39 33¢g39000 o fysmmgddo (Hancock &
Lobos, 2008; Fischer, 2009; Dondini & Sansavini 2012) bgbogol 3mwm@megdol

396ma3mbols  9994dbger  Lobgmdgdol  gHmBobgmoligeob  Lbgomdsl s  3s00msb
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3M6309G Mo 39WEHMOOL }¥0d9d0lL O 3500530900l FMOZ5eBIOHM36900L 353806
dM93090M-29693H039900  Lyg3dzgo  gosBbos. bBgbowrol  3MEHMMgdol s dom
dmeolb dbberol d98mbgg3zsdoi sbgmo doamds 3608369wm3560s, HMYMGE doE0sbs©
33500L  BHodumbmdom®s  dMfaleogqgool, sbgzg K0dgOOL  3eLOBOZSEFOOLMZOLS.
056599000M39 39M0om©do d0bgsgzs SLgmo GHo3ol 33¢g3900L 0bEGHIBbLOgG0ZsE00Ls
6030 bsgombgdo 35063 FgMLHagargo  MBgds. Fogoomobmgol, dlberols 3560l
d9dobgg3sdo,  dolo  39335Lool  93mM9gaombdo  293MEIXIdMYO 39 IOHO
0900396 gdol  Bodumbmdool  MBMLBHMOIOL  A9dM  BodBHoMEMmOI®© oS  MBYdS
3933%L00L @5 936m3ol  Abberols  x0dgdooL  FoMdmImdol  Lszombgdo.  g39wsby
96003690 ™356 bar39BL Godmoaqbl P. caucasica-l s P. pyraster-ob &osgjuimbmdom®o
BAHOGMLOL 25033930, SOLGOIME M9bsTgEMHM3Z9 331093900l M0MJdol babggzs®do gl
MO0 GHogumbo  (35¢39ME LobgMmdgdsE 9M06 FoMdmygbowo, Moz dsmo FmOHRM-
336903200 33935 YEIL LBIIZWSE. b Moy, s15939 MBTIEMMZY 333900,
9L Lobgmdgdo B399 9gdM0z0 Aol (P. communis) §39L9bgMdgd® 5M05b Qobbogrmeo.
P. caucasica-s s P. pyraster-obomzgols d3qLobgmdol LEo@Gwlbol d0boFqdol dmogs®o
30BgBo 56MH0L om0 FMOBM-3969@030IM9© sbem 35380600 MGG FbIEMIb
3006H0©0Bs300L 3OMELOL SMLYIMBdS bl 356030, HMIgEoE 435M0L 08 bgdosdos
Uods.  Pyrus) yzgwsDg 9doxMo  FoMdmygbowo, Lossg gb mMo  @ogdumbos
39960005698 mwo (Tuz et al., 1983; Browicz 1993). 8sG&0350 ©®Mmd 300435m, 0030900,
603 P. caucasica-ly o P. pyraster-ls 9m6ol dmOm5m-29693039600 Bbgomds 56530500 Ls©
933965 d00Pbg3s 0dobmgzol, ®Mmd olobo (35w 399W LEbgMdYds© RsomM3zsMb. slgmo
doamds 300bgzol bodbol d39d 09gbqdL B39meEgd®mog0 dbberol (P. communis) xR0l
3MLgdMBOL  BoFoMHMgdsl, MHMIgeos mEgdn MmO  FHogumbmsb ghomow  duberol
9360 M3M 5 393395606 X 0390l BMO0393L. 93 XAMBOL 93MMIMWOo K0dgdol 33¢g390ds
(Monte-Corvo et al., 2000; Volk et al., 2006; Voltas et al., 2007; Bassil & Postman, 2010;
Wolko et al., 2010) s839b9L, ®m3 obobo P. caucasica-b s P. pyraster-ol 396mambool
3905 9609369rm3bs 0B0sMgd9b Alberol Lbgs Lobgmodgdol g9gbgdlss, MMAEgdos
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B39Mwqomog  dbbosewmsb (P communis) 35300630 5O 96056  39b59g9MHM39
bobBgdoBogolb  dobgzom.  93sbsb  Aberols oG gboc®  29bMmBMbmb
0539380609090 MsbsdgMH ™39 33093900 (Katayama & Tachibana 2012; Korotkova et al.,
2014) 8000009396, H©M JermOHM3EslEero s do@mdmb®owmwo aqbgdom dbmerm
sPom®o (bgds. Pashia-b) ©s 930™m3mwo (Bgds. Pyrus-ol) 3geweo diberols dbbgowo
AoJumbmmo  xama3gdol  goblibgegzgdss  Fgbodwrgdgwo.  Fsmdo  gogem0sbgd Mo
LBdLYJ30900 s LobgMdgdo 30 ALAS3LOS 58 93330MIMdOL Jobgz00m. gl dmbs39dgdo
d0wmomgdgb 005%g, G™I Auberol 935008  Mbsdgem™M3zg  LobBgdsg  Lozdsm
bgemgbm®mos s 0g0 Tgbodems 3303 BIBs33w©IL MRO™M WwmyolzMo LobEgdom
Sbewem dmdsz5¢ndo.

adbbeools x08900L s Fs0m0 39WOH0  bs0gleggdol 4gbmambools  Tglfagams
96003690m35600:  Abbewols  sboewo  x0dgdol  499my3z560bmM30L;  Y3MMOGHOIEO
2M®I9o0L 45dmyzs60Lm30lL; Abeol ¥0d9gdol 3OHMEwYJEH0MEMdOl, 9JuEMmgdowmMo
306Md930L O 9593509Y3900L J0T3Mm FEYMSOMIOL 5T50EGIOLMZOL. S0LBOTBIZ0s Ob
2993HoE, O LsdFMms 3930060L 39MH0Mm©do 3533956006 HMLgmdo s 93MM30L
bbgoolbgs 4399s9bsdo 3g9ammo dbbargdols 6gMagdol go@sbsg bgdmes.  duberols
bbgoolbgs  Lobgmds  Lsdgboghm  doBbgdom  godmygbgdslomsb  ghmo, b
©96OMWMY0MMHo s 3mGHB03MNMH0  3mgd30gdol  qoMs,  3M0JGH0IME0
d0BbgdoLmz0LsE 299M0YqbgdM: 0MY390MS JoMbOES3 BMEgddo, BHYg-356039000
39900949bgdms Lbsbsdgygbg LodoMggds (bpexxres & Koposuna, 1981). Lods@rnggenmdo
bbgoolbgs 9oy (oy.: dos Jo®omewdo, bmg. Bggbgmmsb 339Mbsdol Jgwby;
53500 530MMWHmMTdo) F9gdmMBgbowos 3900 336Egd0L bgwmzbm®mo bobgomdol
65809%0. 50a0™MdM030 dMLobEgMdoLYb B0MqdIo 0bxmMTs30000 olobo LodFmms
3960m@do 2599600696 dgboergmdsdo godmygbgdols dobboo.

Abbeols 3MWEHMOWWo BMOIGOOL 3300935 OEO  SPHOEPO 35305 0BYMO
L59MMSTMOOLM MOYIBOBIE30900L B0 2bbMOE0gWGdIE 3MIMY]EH90Td0, MHMYMEMO3SY,

ECPGR (European Cooperative Programme for Plant Genetic Resources), ©®3dgool

43



360m9dBdo Lodo®mzgwms G0l Bs®oyo, GRIN (Germplasm Resources Information
Network's) o Ubg. 0doobol dmEH6039M0 3500 OO dM0EBIMOL Jomb Lodgmm
0m3H560396M0 B0l 35OGHbOMEM0s  MgLiErol 35630L Joergbodol 3Gmgd@EHdo. 8 856380

IEME05 BOJoMMZ9 ML 390 AbeErgdol Mglergdog.

3.2. 3320930l 53& o mds bagsGmggermdo

L5JoOMZIML  BHIMO0EGHMO05DY  Fo3M(39egdM0s 3N GHYIOIo  I396569900L
365350 390M0  dMbsmgliogg Lobgmds, M@ 39bs30MMd9dL B3z9bo J3ggbol domogn

3396305l 39eMo  Lobgmdgdol 3mblgmzs3ool s Fsmo g9gbgBo3zmeo dsbogrols
99x%356900L 56 dybmdol Jobboom 4s9myqbgdolbomgol (Bobokashvili et al. 2005). 356¢)
395G ME 35339500580 FogM39gdmwro Jiberol bLybgmdgdoIL ghm gHmo yz9wsby
36003690 ™35605, 500 0go gMmol dbGog Amxzwomdo 439wmsBHg 3o3mEILIOLIC0
Albeols babgmdol - B39MwgdMH030 Alberols Fo6dmadmd Lobgmds, dgmMgls dbMog, 30
Albeols Jo®mmwo x0d9gdol 13gEgumodol 3gbmambools d9843bgars omgzegds.
39635Bg, 0bg3g OMAMOE Lodo®mzgwmdo 293039 9dvE Abberols bgs Lobgmdgd by
15305M OEO OGBHINIGHIOMWO olOEdd EIPOMZ00, MMI3S> U Foboews Fo0b
oDy BMYoo BoLosMOLYS. 3MB3MgEHMWs© 3o (0bsdgdscg 33¢930L 5JGHYIS MBS
39653060M09dL 99990 Lszombgdo:

1. 56 560 goblsbP3MME0 356¢)0L 300dMOHROBAOL — Jobo FMOHRMEMYoME bodsbmo
36535 R9M™36900L O 3M3MWs3093L FMMOL SOLYIMWO BMOTSMS BI0MYZIOMOOL
336903200 bag)dzgeo.

3bMd00s, O™ bl 35030 J98535¢00 LEbgMdgd0 bolinsMYO0B 3080M0EOBI3O0L
o0 mbom. 3. d8MMm30Rol dobggzom (Browicz, 1993) 3533560580 3006MH0O@ODE0S
doM0m1s© bgds 3gBMTow® 356¢oLs (P. caucasica) S JugHMBoNH dgMHYgbgdL
(P. salicifolia) dco®0l. 535 9393HJos 5 MEgG® 93 ™M0EOoL dmzwgbsis, Mo Mobeglio
dmbs399900l Jobgz00 15305MP BIOMMO SMOL Yo3M(39wgdwo 435Mdo (Chevreau et
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al. 1996; Dirlewanger et al. 2004). ym39w039 50b0dbmo Jgbsdenms LodsGomggwrmdo
3936039900 3560l BMY0gH o RMOIoL HoerdmImdol dobyHo ogmb.
2. 56 5oL dgbfogeowo P caucasica-ll 9mOBMEMa060 Bodsbms  3500509wMds

3m39)530900L MbgHg 330930l ME9356@ MO0 - FMOBMIYGHOOMEo F9MEIdOL
L3339 bY.

3. Lodommzguml bgbowbg sOLgdME  o@gMsGMOH  ysrmgddo  dm3gdwmeos
Albeols x03930l FMOBMEMYOMOO EIbILOSMYOS, 19I3S JESLOGB0ISE0S 96 9i3mdbgds
Alberols 5RO MdMHO30  X03d9d0lL  F9MGOO0MO  FMOBMEMYOMEMO  TGLFogansls
3900ME00m, 6Hmdgwoa 0035¢0lHobgdl Xx009d0UL AmORMWMY00b
dmORMIgEGHM0Mws© JglHogersl s 390 650gLegm0b Fomo Abgsgligdol sb Lbgsmdols
BEHOGOLEHOIMMO®E FYgse0o FMmbs309d000 EILSBIMMGISL, MOl FoBbMOEF0gWgds3 33930l
96O »-960m 236093693569l FoBbs© IoLLbS.

4. 50MgM 3300939930 JLHogerowos s AdIM3Egboos  Msdm©gbody RMm®s
Bogmaol s BmmEol 3m®dol dobgzom (39dwsdzowo ©s bbg., 1980). cmdgs o6
560 36Mmd0wo M3l M) M5 B5039 356MBEDMT0GMHYdS LOKMIZW S Fom FogzM(3gEgdsL.
RO 3ELORBOZIE0S Fo0D BMYIOS O 36 ML 3MB3IMYEHME0 BTG sE MG
09094995390 00.

5. 56 5OLYdMOL 35630L s Aberol Jo@omero x0dgdol dmEg3MOHo  33¢930L
dmbs3999%0.

6. 93bmdos  39BFGHOL  3M3MWs30gd0L 93MMA0MOH0,  BOGHMLMEOMMMYOMOO
dobolinsmgdgd0 s FobMZ0L FIBLIBOZIOIEO 56 GOl Logmmbggdo (IUCN).

530 4. L3S S FJHMOYOO
4. 1.8m6@m@ma07)M0 5b5¢robo

4.1.1. 83965M9mMer0 Aslogms IMOHBMEMY0IMH0 33erg30Lm3z0ls
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AMORMEMY0OHS© d930LHo3wgm 39WIOHO s 3MNWEHMOWwo dbergdol 239
0bog0@o.  603wdgool  Fgacmmzgds  bgdms  Lodo®mggwml  Lbgoolibgs
503060LEHMH30ME0  M0Mmbol 3690603 3500F93HYdd0, EFMEbIE 3Mmgd309ddo o
5030 MdM03 doffomdmddgms borols domgddo. 39wmMo Abegdol @odumbmdor®o
39633935 dmbs 4. JMmomgsdol dobgzom (JMmomgersdg, 1947, 1980). bodwmdo
90353005 396@&0bL P. caucasica Fed. (=P. communis subsp. caucasica (Fed.) Browicz; N=100);
L5JoMM39 ML SYOMIM030 S 9dmEboo %0dgd0L (N=103); d5¢s6BgL 356 0L P.
balansae Decne. (= P. communis L.; N=8); d96yqbsb P. salicifolia Pall. (N=8); ccodo@Mol
096yqbols P. demetrii Kuth. (N=5);

Gyob dsboenl P. pyraster Burgsd. (= P. communis subsp. pyraster (L.) Ehrh.; N=4);
JoOomme 396yqbols P. georgica Kuth. (N=3), bo®owmw dbbowls P. syriaca Boiss., 6H™39geos
306039 3. 230000300l  dogH  0dbs  0YbEHORBOE0MGOMEO  BodsBrmnggwrmls
RoMgddo (N=3); 393bm39wol d9hygbsl P. ketzkhovelii Kuth. (N=2) @5 ULsbmgzosl
096ygbsl P. sachokiana Kuth. 0bo3090dlL. P. pyraster-ols 603+9dgdo0 dm3m390w9o 0gbs
39L960ob (9M35b0s) gdmyscmqbdo bma. gsdo . (N 50.681506¢° E 8.5076452, lodsweng 297
3 B0.0.-b) s godsbdo (N 50.752841° E 8.320175°, Lodsmerg 384 8 Bx.0.-qs6)
dmbbsm-OEbowbsto GHYol 39M0xgMomw bsffoergddo. bbgs b0dmdgdo dm3m3z9dIemo
0465 Lodomggwmdo (3b6. 2).

356G0owo 2. 60dmdgds@ S0 dbwols %0d9dol Brbbs s dgaGmagdol sEF0gBd0. %0dgRL
306039390 5d3m @GO 35¢gameos (LC — Local cultivar), syowmd®ogo xodo (IC- Introduced Cultivar)
Bg8caeboo %080. bengmgdol @b G0mbgBOLmZ0l B0moMmYBXOs GraomBo WsMoBHGO 0BoENWO,

00020 X0dobm30L 29bLsbE3GMEos g6MHm398w9wo bodmdol Homgbmdgdo.

N x0dol 36my9bodm | X090l XaMBO S FoHINIMds 90gdstgmds 60dwdgdols
Lsbgerfmagds 60 LobgeDs WMISNOMDS 650200960205
I JoO Mo s0y0mmdMHogo dubarol xodgdo
1. 540 36mdoo 0dgegoo, LC Lodo®mggem Foo0yMo, 1
2. 090560 )3bmdOS b3s6900, LC Lodo®mnggerm @obsdNWs, S
3. OMOBIS )3bmdOS sFoto, LC Lodo®mnggerm b3es, (IHVO
3m@Ebswo
30@ggdgos) K
Bobobomo, K
bdm@o, Sa
4. 3OO0 P. communis | msd0 dbangdol Lodo®mggerm RLBsMGO, K 2
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X3IBO0, BoOOM X0 335000, S
3930390 9d0l, LC
5. 3969960 gsdo | P.communis | mersd0 dbbargdol Lodo®mggerm doengos, KH 1
XJMB0, Jobgmo, LC
6. fomgwagzghs P. caucasica 306 Jbangdol xamao, Lodo®mnggerm b3es, IHVO 2
Jodmnwo, LC 3m@Ebswo
309d30s) K {ibobo,
9 3565L 3mEboro
30@gdgos 8]
7. 4odog 5630 P. caucasica bg39Fmneo dbergdol Lodo®mggerm 56000, SJ 2
X3DBO> OO
393039 gd0oL, LC
8. Jodommwo P. caucasica 3owmb dbbangdol xamas0, Lodo®mnggerm FosmMo, 1 2
dbbswo BoMom goghgegdol, LC
9. 3930bmogo )3bmdoS bodo®mn3gwm, BsGO® Lodo®mnggerm 6odmbob GG, A 3
393039 9d0l, LC
10. | bgFoFnoo P. caucasica bg39Fneo dbergdol Lodo®mzggewm | ods, SJ 10
X3IBO0, BoOOM gedbo, RL
3930390 9gd0l, LC Logolios, I
doereos, KH
Bobobomeo, K
6odmbobBGoo, A
§60bo, gan3sbsl
3m@bowwo
30@gJdgos, 8]
Bo6Has, SJ
©0@©3>39, A
11. | bobmb dubseo 936mdoo 5300, LC Lodo®mggem bobm, A
12. | Jmés )3bmdOS dgbbgoo, LC Lodo@mnggerm §60bo, gan3sbsl
3m@Ebswo
3093309 SJ;
Bs6Has, SJ
13. | 330303 P. caucasica 306 Jbangdol xamao, Lodo®mnggem dgosbo, G 2
LC
14. | Qogo6r0 P. caucasica 3565 Abgdol xas30, Lodo®mzggwm | G03gomo, A 2
LC
15. | dsgéyg P. caucasica 3565 Abgdol xas30, Lodo®mggem bgm®o, Sa 2
LC
16. | BsbsBoMo 36mdoo dgbbgoro, LC bodo®mggewm | Moo, SJ
17. | bgbgl dubsero P. caucasica 3owmb Abbangdol xamas0, Lodo®mnggem §6obo, gan3sbsl
BoMom goghgegdol, LC 3m@bowwo
3093309 SJ
18. | 356¢0 dbbogro P. caucasica 306 Jbangdol xamao, Lodo®mnggem 0o, SJ 6
LC 6ogdmbo, K
bgm®o, Sa
19. | LsBsGoMdM P. caucasica 35¢ml Abergdol xavs0, Lodo®mggerm {600, 93065l 2
BODM Fo3M39gdol, LC 3m@Ebswo
3093309 SJ
20. | Lbsbgarem P. caucasica 35¢ml Abergdol xavs30, bodo®mggwm | §bolbo, ge3sbal 2
BONM o3M39gdol, LC 3m@Ebswo
3093309 SJ
21. | oogws dubswo P. caucasica 3owmb Abbangdol xamas0, Lodo®mnggerm 7dbs, RL 4
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(ogoMs) BOOM o3M39gdol, LC J399m Jgo, A

22. | Bogdlbogmo P. caucasica 3565 Abgdol xax30, bodo®mggwe | bgm®o, Sa

LC FO905cm, RL
353960, RL
23. | dmosb dbbsero P. communis | bsgds®mggewm, BC Lodo®mggerm b3Ms, IHVO
(BgPgomws) 3m@Ebswo
30@ggdgos) K
24. | 0930M9XI0 P. caucasica bg39Fneo dbergdol Lodo®mggewm | Bogowsgdggo, SJ
X3DBO, OO
393039 9gd0L, LC

25. | §300odlbss P. caucasica 306 Jbangdol xamaso, Lodo®mnggerm @obsdMWs, S
(bo3M5dYg LC
306¢@)9)

26. | ombo 36mdoo 356¢5 Abgdol xas30, Lodo®mggerm RLBsMGO, K

LC

II 3g99m@sboewo x0dgdo

27. | ‘©@nmdgbol P. communis | 390m@sbowo, IC 0905 &dgomo, RL
sbymangdo’ boodo, S
(Duchesse
d’Angouleme)

28. | “bsdoGob P. communis | 999m@sbowo, IC LoggMobygmo bdmo, Sa
9060’ Winter
Dechantsbirne

29. | ‘30035 duboo’, P. communis | dg0m@sbowo, IC 0900, 13O, K
‘BObYMs’ Log®obygomo Jgosbo, G
(Beurré d’

Hardanpont)

30. | ‘sangduobotgl P. communis | 390m@sbowo, IC Log®obagomo xbzgbolo, K
dbboo’, dmbzol
dbboero’ (Beurré
Bosque)

31. | ‘9bgmob P. communis | 390m@sbowo, IC Log®obygomo b3Ms, IHVO
Lo sdoBy’ 3m@Ebswo
‘3OS 30@ggdgos) K
dbboero’ (Beurré
d'Anjou)

32. | dOgHo’, P. communis | 3g0m@sbowo, IC 0bywobo, 53569, 5]
“Dogbywol 5396035 3M0mEgmo, G
abboero’

(Bartlett)

33. | ‘®Yol bmdomo’ P. communis | d90m@sbowo, IC 0905 b3Ms, IHVO
(Fondante des 3m@Ebswo
Bois) 30m9d309), K

34. | ‘a0’ P. communis | 390m@sbowo, IC 5396035 b3Ms, IHVO
(Gorham pear) x P. nivalis 3m@Ebswo

30wggdgos) K

35. | ‘30896M0L P. communis | 390m@sbowo, IC LogGobygomo, 3560060, K
09bebgeyo’ 'Bartlett' x P. 5396035 bgm®o, Sa
(Kieffer pear) pyrifolia

'Sand pear'

36. | ‘sawo060L 0530’ | P.communis | 3gdm@sbowo, IC Log®obygomo b3Ms, IHVO

(Winter Nelis) 3m@Ebswo
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30wgdgod), K
37. | ‘903500’ (Sand P. pyrifolia 390m@sboo, IC 50dmbogego | Lgwdo, Sa 2
pear) sBos 39960, Sa
38. | bygb-gg@dgbo’ P. communis | 999m@sbowo, IC 3963560s b3es, IHVO 2
(Saint Germain) 3m@Ebswo
30wgdgod), K

39563 0oLb  gmmEgdo  dmergzMmdo  dglfogerobomgzol  dgaMmgos  dmbgdcog
350035390do 35 LsoGBg Lodormzgrmls 9 sEIobolEG®msgore Ggyombdo (Ldgds 3).
395630l gmmwgdo  Jgamm3zs 4 2oblbgseggdmer  3sdo@s@ddo: 1) LsdbGgo o
50dMbogwgm  LogoMmzgeml IMbbsG-Mbowbs®  3gggodo (234-1387 8. BM.O.-sb
©0535Hmb30) dJoMomoo Lobgmdgdoor: Quercus iberica, Carpinus caucasica, C. orientals,
Acer campestre, A. laetum, Cerasus avium, Fraxinus excelsior, Malus orientalis, Mespilus
germanica, Prunus divaricata, Tilia begoniifolia, Cornus mas, Corylus avellana, Salix caprea,

Clematis vitalba, @05 5.0.

Black sea

Altitude

-143-653

654-1450
] 1451-2247 |
I 2248-3044 |
- gzg-j:;; ‘ 7 . Azerbaijan
Bl 46395435~ * 100 200
[ ] Nodata T

bdgds 3. 39c0Mo Abbegdol 60899gd0L FgaMm3z90L 5EA0Egdo Ladstmagwmdo: P. caucasica (D),

P. balansae (&), P. ketzkhovelii (O), P. salicifolia (@), P. demetrii (=), P. georgica (-), P. sachokiana (a), P.

syriaca (4) Ubgooalbbgs 5@30bobGmsgomem Mgaombdo: 1) 3sbgmo; 2) 4390m Jsdmo; 3) dsbgoe-
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000056900; 4) G0 JoOHMNO; 5) LodEby-x935b900; 6) 5F960; 7) 3M00s; 8) 0096Mgm0; 9) Mo Fo-wghbeydo; 10)

L5939 gEm-bgdm 1ig3sbgm0; 11) sgzgbsbgomo.

2) Hofizgmzobo s Bmomd33960 Lobgmdgdom T9ddboer Tgmgmew  3HYyggddo
30bmMo 439@Yom (03 o Bgdm 13sbgmo, 1212-1887 9. B0..-6 ©0s35BMbJ0),
doMomoo Lobgmdgdom: Pinus kochiana, Picea orientalis, Quercus iberica, Carpinus
caucasica, Crataegus kyrtostyla, Cornus mas, Daphne pontica, Frangula alnus, Rhododendron
luteum, Ruscus ponticus, Sorbus torminalis, Tilia begoniifolia, Vaccinium arctostaphylos, V.
vitis-idaea; 3) {ogwol &yggddo 3mwmbmemo 439390 (089M9gmo, o3, LYFJYMIXM S
5FoMs  600-1950 3. BO.©.-kB ©0s35HBMbT0), doMomso  Lobgmdgdoor:  Abies
nordmanniana, Picea orientalis, Pinus kochiana, Quercus imeretina, Q. hartwissiana, Acer
laetum, Carpinus caucasica, Tilia begoniifolia, Ficus carica, Malus orientalis, Staphylea
colchica, S. pinnata, Laurocerasus officinalis, Rhododendron ponticum, R. ungernii, Ruscus
ponticus, R. colchicus, Illex colchica, Daphne pontica, Epigaea gaultherioides, Vaccinium
arctostaphylos, Viburnum orientale and Buxus colchica; 4) Lodsermnggeml Lbgsolibgs
69300mb0oL  bPOM3MAbme  Bmbsdo, ULosg 356@0 a3b3wgds by  dzgbstggdol
LobgmdgdmMb gmo - Prunus divaricata, Punica granatum, Juglans regia, Cornus mas,
Corylus avellana, Malus domestica Q5 5.0.

Bosbbgl 356@0L (L. balansae) Lobxgdo Fgadmgzowo odbs 4 Lyo@dg Lsdiby-
X935590L 5 9F9M0L [oREbIM-OEbowbI6 Fyggddo (1dg@glbo GHYol 3960xgMHoE
Bofoegdbg 840-1600 3. DBe. ©.-©B ©0s35HMbT0).  Fornwbsd-OEbowbstgdo
fom0magboro ogm doGomo Lobgmdgdoo: Fagus orientalis, Carpinus caucasica, C.
orientalis, Quercus iberica, Acer campestre, Crataegus kyrtostyla, Cornus mas, Rhamnus
Imeretina, Euonymus europaea, Rhododendron luteum, Corylus avellana s sbg.

Bob93560m936MmgdTo 393639 90ME0 096MY9bgd0Ib, Lobgmdgdo: P. salicifolia, P.
demetrii, P. ketzkhovelii, P. sachokiana, P. georgica ©> P. syriaca 9d936™m3©> 4
5030boLGHMs30ME Ggyombdo 10 Losodbg (423-992 9. BO. ©.-©B ©Os35DMb6T0).

39260m3900L  5EA0WYdDY 3930 EIXIOME0 0gm 19F0sM0EWo Bsmgwo Gyggdo b6
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b39g 53995 Bzl JdMswo 8BdbsMOL FH030 oMM Lobgmdgdoo: Pistacia mutica,
Ulmus minor, Rhamnus pallasii, Juniperus foetidissima, J. oblonga, Ephedra procera, Cotinus
coggygria, Celtis australis, Paliurus spina-christi, Punica granatum, s lbg.

AmORMMYoMo dgbfogaro 0dbs 27 Albrol s@A0WwMmdMo30 Xxodol 78
0603000 ©s 12 Jgdm@Esbowo dberol xodol 25 obwogoo (xsddo 38 xodol 103
06003000; 3bO. 2). 50y0mdMH030 ©s Fgdm@Esbowo dbbeol x0d9gdo TgaMm3zs
y4mxowo dgbowgmdol, d903069md0l s 893965bgmdol 0bbGo@m@ol (IHVO) gmaboe
30gd305do (13O, FMOOL MHS0Mbo; oS JsOHMo). Fbbol SO MdGOZ30 X0dgdOL
60343900 sb93g T9aMM3s  ,g3sbs“-l FmEbswo Jmegdzosdo (fbolo, sbogizobol
6o0mbo,  LYI3bY-X935DgM0).  SYOMdMHOz0  Abberol  x0dgdo  JMHM3YIMOS
3505 dm05b0 Mg0mbadoL: sFoM0ol, Bgdm 13569mol, GsFs-arghbmdol, 0dgMgmols s
LoA3bg-X 93590l LmRwgddoa.  dgdm@Gobowo  x0dgdo  TgaMmgzs  MHga0Mmbgdol:
JoOOob s BGRMI ML 3539-IOMDJIBY 9B HYJdIM bLmggegddo.

AMORMEMY0O 330093080308 60ddol s0gds IMbEs LodsMmzgermdo 0830500
293039900l dJmbg x0800sb ‘Vozsm’ 649 ‘J30dol Abboero’. gl x0do d4969dM03z50
50330 3H0580s 293039 gdwo (Bobgmo, 0s3mbos) s ol 3g9wwe Bsmgliogs
50539 G9O0GMM05bg 493039900 dberol Lobgmds P. pyrifolia (Burm.) Nak.
0m3wgds.  Jgz0dolb  dbbeol  60odmdo  Fgamm3zs  LsdgyMgwmdo  Lbmg.  LdwG®do
(Hoegbxobol dmboiodswodgdo) s bmg. 3Obmdo (Bsm@3000l d9bo3go3seodg@o)
5Q30MdM030  Fmbobggdoll bowol 350gddo. bbgoslbbgs ®gaomboll Lmywgddo
d9260m300  dberols x0dgd0l  009bGH0R035305 TFMbES  3NMWEHMOWWwO  bgbools
5GHLgdolL  (bmdoBMmsdzowo s gMobomogo, 1931, 1941; bmdob®sdzowo, 1973)
dobg30m. gOm-9M0 x0dob bsdg3bogem Labgwfimgds, HMIgEoE OHRMEMYOMOO
6036900l dobg300 35630l 3300Md0WO X0d0s, 396 0465 49BLIBOZIOIO SGLYdIMWO
©@0GJOSGHMOMo §yosrmgdom. 53 xodolb 60dmdgdo Tgadmgzs 30b6GHM0dol bgmdol
bemgger bobmdo  (350owdmosbo 53965). 5d9sb  go8mdobstrg, bodwmdo dmbsizgdos
d5Bsdo 993005 HBobmls Aberols’ Labgeroom.
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4.1.2. 6098900l 89203905 AMOGBMEMAOMEO 5b5¢roBolmzol s sggerg 33eg3s

399 dbberol bbgoalibgs 1533w930 Godumbol mommgreo 0bogzowoEsb
600m8s@ 10 BOILOMWO FmmOwolb ©s 5 bsgmxzol s0gds BgdmEs. Fmomeob
60818930 JgmMm3s 95330LEGHML s BYd@gddMol ™3990d0 2009-2010 Hergddo. Lobxgdo
509090 0465 Fbmwmo HBOEILOMEo bggdol IgmHolEdwwo Bmbosb, 5699 GHmEob
53035¢)M0  Bofoerosb 10-15  Lbd-ood  M396.  gomol  sbgmo  doymds
©5393806090os by 93969699000 dgOHoLEHIIMwo  Jumzowol FMEMYWMOSLMID
315300603 ob65Jogdslimsb. 2563563 gdolmgzol, dgMmolgdmwo Jumgzowo dgddboos
39693030 d96MY4930, 9MSO0RIMI6E0MJOMWO  35696J0dMwwo MR MJIOOLYD. 5T
Jumzool oggMgbaos3ool botxdg bgds boll @os@m@zs s BOHEs. dgMHoliEgds
93965699030 51939 3sLboldygdgE0s M9A969ME00L 3OHMEILDY s MM0YbEHOMYOME0s
39099mL LEAMILME RodBHMOGPODY LHMOR M1gsa00905Dg, MHob AsdmE dobo MxM9gEIdoL
39390 0HBI0 253009300 5JBH0MH0s F39bs00L Lbgs, BOBOMWMAOMMI© 5dBH0MMO
Jum30gd0l  MYXMHJYOML FgsM9gdom. F9MHolEgIMwo Bmbgdo BOEILEOWWO by
9396509900l BOML s GMEHJO0L 53035 O  BfoEgddos 2obmogligd Mo, bmerm
099396006 060003009030 bol Esddol s 35OHx0L momddol 95%-b gl Jumgzowo
Jabob. dmORMEmyom®o dgbfiagerolmgol bodxdol dgMmolBgdme Bmbsdo dgacmmzgds
d0B6dgimboo 56 56H0b. 58 BMbsdo, bdoM0s BMmMEgdol s bogmz3gdol 40gsbE0bIol
dmgwgbs s Fomo FMOI53 MROM O  EO0835HBMBT0  (335¢)0SMBL,  3000MY
d96obGHYIMNo  bmboll doeds (Pruyn & Spicer, 2012). 5Jgsb  259m30bstg
d96H0bGHYIMNo  DBmbol Fmmgdol s bsgmxzgdol ImOBMIGEHMOMEo 9B BMIOL
3OMIOMGds  QOOS S YOGS 396  dLobogl 0boz0OL  FMOBMEMYOME
doboliosmgdegdls (Thibault et al., 1983; UPOV, 2000).

BOILOMEO©  B0MZoms Hggd0, MHMIOL  sbszoz LEIMswmE 7-10 Fgals
509353H90MS s 39O Jobo LHdMEMMP 0Ym BTIMYse0d9dME0. DBOHILOLIO SBs3ol
396900l (P. caucasica, P balansae) 95000l 005393HM0 20-60 1O $sMAwgddo I9MHygmdl
500530560L 93960©0L Lo gHg, bmwm bol Lodsmerg 12-15 JgBHML s©fgalL. 356F9d0
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LologmEbam Mol Jobg300 oo 96 Bodwmswm Gsbob bggdo sM0b. dgmygbgdol
M39gBHoLo  Lobgmds  BOILOOWWMBdOL  sbs3do  3sd0GHMLbom  doebg  goblbgoggds
3963 g00log9b. 396Myqbgdo LologmiEburm gm®Tom Bsdwogrm 56 Borswro Gsbob 39hdgdo
56056, bodspom 1-4 3-89 50§9396, 8353d00L 0sdgE®0o 30 5-40 1LI-L 5H93L.

ROMEGd0 99260m3900L 9999 093bYdMEs LBo3gMdsMOM 3Mgldo bobgzs®o
BosmOl 256353 Mdsdo, MHMI  FMMWOL  4odMdMMds  dE0gMoE 56O  dmIbEIMOYM.
ROOEGI0  ©3M9L30L  F9dgy 099l BMOAsL, OMIgwos  MOYEBMI0Gd06
LodMEYgdo LEOMESE  Mo3bYds, o3 b0dwdol  FOBROMIO  BMEMYMIBOoOLMZOL
3600836900™356 306>MdsL HomrdMoygbl. Lo3g@MdsMOM 3MHgL0IL STMMIOMO BMMEGdO
05309YdMEs F00dgEEM0sbo IBsYMBGdoL dJmbg FMOEWIdBY s bgdms oo
RMGHMYOIR0MGds 0lY, MM FMOHEgwo (Bmds 45x3550) dorosbs AsdMBgbowoym
LmE. 3). gmzge Lol b 9OHm3zmEs 9303930, Loy 900bodbgdms Labgmdols
W50bmEmo Lobgumgds, 5odMdol bmIgMo O MsMOMO. BMEMYMIB0MYdS bdM
Lodmoenm dmbo39dgdol 8Jmbg oBMMEo 35d9Mmom (dmgewro - Nikon Coolpix 5500).
©OP0AMM0 0doXO0lL Q9RBIOMMYds© 8 Tgas30dugro ogm dgdBgmwo (3456x2304
30gU.). 250050905 bgdms bgenmazbmMo gobsmgdol gsdmygbgdoo.

392603909 BMMNEGODY 2539005 99800930 2565HMIGd0: BMMEIOL BOOTROEGHOL
Loa®dg (BMPEOL BoOROEOL RBMI0PIOD BMMNWOL BoOBOGOL §39058g) dmbsigdols
5360mbodo - LBL (0bgyerobyyéo dglsdygzolols - Leaf Blade Length dobggom); ggmoerols
R06O30GOL Logsby [Bmds BMMEOL BoOROEOL 439oHBY FOIRIOMMZJdMYWO 300U
9OD0 dMMEsD dgmOg dMEmd©Y (536. LBW)]; )3mmeols gmbfol Log®dg (536.: PL —
Petiole Length); 900M0m3w9dm©s BMmol ymbfiol s gBoOHRoGOL Loa®dggdol
R9OMOS (530.: LR — Leaf Ratio) @9 ®3mool xgo®godol Log®mdol s Loysbols
R9MMOS (536.: LBR — Leaf Blade Ratio).
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bo@smo 3. dmORMIGGHO0Mwo  96s@oBolm3ol  FoI0gdME  BMMEgdoL  308MWEo
B GHMbYOsmnoL bodwdo.

6081096 5393006090 o bgs mbs3gdgdo 060dbgdms Hm@bsgdo, MmIgedos
ofl969dm©s LEHYMOOL WMObMMHO LIbgWiEIds, LObXOL 5MGdOL 5EYOWIYOIOIGMDS,
39MYM9RB0ME0  3MMmOHO0bsEJ00, B30l  ©Mbob  Lodsmwrg, bodMmdol  bmdgHo,
35003 5@0b 3030 s 9Ju3mboios.

600185 909dMwo bsgmuqgdo 0bBmIgdm©s 30RO dBbygwom (dmogeo:
Neiko 01409A Electronic Digital Caliper with LCD Screen). bsgma3®%g 0bm39dm@s 999090
©9L3OO3GHMOMO 356539BHMJd0: Boymaol Log®mdg (5360.: FL — Fruit Length); boymagol
439@sbg 208bg0qdeo bsfforols osdg@®o (536.: FD — Fruit Diameter); Boymgol
g6Hol Loga®dg (536.: FSL Fruit Stalk Length) o godmomgzwgdms bosgmgols gmbol
Loa®dob s Bogmzol 0sdgEMOL BMEMBdS (536.: FR — Fruit Ratio).
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4.1.3. ©glMO3EGHMOYYOo SBsErobo

33w 930Lm30L F9mHBgMEo 0600300900 F9x3sLbIb 27 gb3MmO3EHMMom (3b6. 3),
OMIgmobsg 13 BmmEol s ©gHml Bodbgdl sbobogs, bmwm 14 - Bosymgol
603690L. IMOHRMWMR0HO Foboliosmgdegdo 33¢g30Lm30L G90MRs MMHRMIgEHMOYIO
6036900l gLZMO3EGHMMgdoL  Bmlbols @S Qom0 33w935d0  godmygbgdols
Lobgddw3sbgeml (UPOV, 2000) dobgwgom, Gmdgeroi 99ddbowos 399w @mevyemo
adlbengdol s Fo000 390MH0 Bsmglioggdol Fglogslgdws. dmMmRMIgEHMOMOo 33¢g30L
©OLOYYRTo© A9dMYgbgdero odbs Voltas et al. (2007) dmbszgd9gdo3, GMmIgedos 33939
©9L3M03EGHMMGOOL BmlibsBg (UPOV, 2000) oym ©oxwdbgdwmero.

356Oowo 3. ©IIHO3GMHIMO FgnEom 3sblisbRHXWO JnHBMWME0GHO E0dEGBOL Brylbs.
00090 ©gL3O3EGHMOHOLMZ0L FmEgdrmwos dgbsdsdobo dmOHBMMY0HO 6odbol sOfigHowMds ©s
3B5305; 53606080 5 EILHOFEMGOL B@dgb3msdrBrEmo Badgeho (UPOV, 2000).

BOOOL, BH®EIdoL, s bols 6odbgdo Bagmgol 60dbgdo

©9U3M03G™ | 603bob smfigmommds 530mbodo | @abm®o3@™ | 6odbob sOfgMowmds 530mbodo

6ol bndg®o 6ol fgomrem*

9060206

@9bds6m3mo sbsgrobo Qualitative traits
RO ol Mo (4 356G:3dmbogzol LSH 37 Bogmazob Log™dg: (1) dmzery (2) FL
Lodorm) Lodmom (3) Iy®dgeo

65m@gbmdMogo dsbslosmgdegdo 38 Bagmgzol dogu. osdg@o: (1) FMD

93009 (2) bdsem (3) BsGOM

14 B0ob BoOx0GoL bogMdg (LA) LBL 39 Bogmaol 3m®mds: oM mds RLD
bog™dg/ osdgEH®o (1) dseby
93009 (2) 93069 (3) LsdMoem

(4) Botrom (5) Aoy Boorm

15 RO oL BoOBoGOL Logsby (bJ) LBW 44 Bogmazob 3560l doHomowo FGC
Bo®o (1) Bgdkbyggero (2)
9(3969 (3) Imdf3zs6m

dmyz0mocm (4) yggomgero (5)

dmffomowm
16 BIOOMDS BOOWOL BoOBOEGOU RLW 46 Bogmazol @mbmeo dgngmowwmds | FOC
Log™dg/Logoby 1J) (1) 89m9BBg39e0 (2) Imfomsenem
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6560bx0bLEBIMO (3) Imffomswm
356:0bygM0 (4) os fomgwo
(5) 870 fomgero (6)
B5®0obyxobxgmo
23 406{ob boga™dy (bLJ) PL 50 Bogmazol ymbfol Log®dy: (1) FSL
I3 (2) by8yowe (3) yOdgero
- 4mb6{iol 3memds Psh 51 Bogmazol ymbfol gm@ds: (1) FSSh
39991056 QoBsOPMZ9dM0 (2)
LfmMo (3) §3960006
IBIOOMZYON0 (4)
399b30wgdMWO MS30m -
3 MmO.
- RO 0L BoMHEMB0mO dmbsgdo: RLP 60 Bogmazol HdoEmdol Ggdudy®s | FTF
Bmob ymbfol Loa®mdg/gmmeol (1) ™300 (2) 39MHs3s35¢00 (3)
R06OGoGOL boy®dy wbgdo
bsdolbmd®ogo 6odbgdo - Bagmgol Gdowmdol ggéo (1) FCF
Bomgwo (2) Imdo
17 B0 ob BoOR0EHOL Bwydol LBB - Bogmaol 33900000 ©0MmYdMWgds | FEQ
B3> (1) Fodobmo (2) sdom (1) doeBg B0 (2) VIO
3396 3bobgdGo (3) (3) LMo ™ (4) 3560 (5)
00063350900 (4) 3mobgd®o oy 3060
(5) BoBM gogLwy®o (6) 30HO ™
Jogly®o
18 RO oL BoOBoEob §3g6ob LBA bg%mbm®Ho 6odbgdo
B3> (1) Fodobmero (2)
Gofi3000000 (3)
BmBMp35dN0(4) 53eVOEIO
20 RO ol BoOBoGoL ool gm@ds | LBM 64 430300 mdo: (1) doen By Looe®gm (2) | TF
(1) oosbo (2) s@swmmao (3) Lo (3) bodrysam (4)3300660
bgbzdows (4) s3dOE0s (5) doewbg 93006vM0
dbemE 530350OHo bsffowwo
- BomEob dgdbgs (1) dodggeo (2) LBC - Bogmgol dmlbdol 3gMomeo: 1) FA
JgPobigd®o (3) xoMolgdmo bdoco dogBg booMgm (2) basMgm (3)
(4) x5a®0LgdMo dghbgo (5) Lo (4)3300609640 (5) dseBg
09BbMo F90vliz0w0s Fbmerme 330569960
BoOBoGHOL 30y ©> ybfio
- 93 900L MomEYbmds wgdmby (1) YST 65 Bogmgol dmdfoxzgdol dmm: (1) FHM
39hbgm0 (2) 296©53535¢0 (3) dogBg oo™y (2) bysMgm (3)
bdoMo (4) g3 m Lodyocm (4)330569960 (5) dsanby
330569960
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3560l gmMds (1) CSH - B5gmx3mdol oLolGYwo: 1) dserdy | EFP
0036135090990 (2) BIGOM Lo5M9M (2) LysMgm (3) bydwysem
9oxl&o (3) 30Msd0vywo (4) (4)3305699M0 (5) doewBg 33056060

RIONM 3065300

Bogmaol MHd0wmdol 3w gMmOEIEo MXMIIOOL MoMmEIbMdYdOL, FMomEol
39030L LObBJOMOL s BH030L s MOl 3000l BMOTJOOLMZ0L ILIMO3GHMEMGOOL
oLl )OO 259mYyqbgdmo 0dbs LEghgm dozmmbimdo (Stemi DV4, Karl Zeiss,
Germany). @60 dsbslosmgdgero - bols 3oOxob gmds (TSh — Tree Shape), o g3ergdols
650m9bmds (YST — Young Stem Thorns) qlz®o3@HmOwws© 45b0LsbzMs 39wby.
39mbg  29boLaBe3zMs  sg3g  IMWGHMOMEo  39wmo  Abbewgdol  LyHBmbyOo
doboliosmgdgdo3. 0bxm®mAs30s dgaMmazs bogzgerg Jglfogzeom s SHOWMBMOZ0
AmbobEgmdol godmzombgzom. Im3m390mwo 0bxm®mAs30d F9sM®S WO GIMSGMOYIE
dmbs39990L  (bmdobMsd30o s gMobomosgo, 1931, 1941; Fo6r58960dg, 1956, 1967;
sb3w9go0sbo, 1956, 1958; (odzsdg o olszsdg, 1969; bmdobwmGmsdzowo, 1973 (I, II);
Jmomomgansdg, 1947, 1980; dgbbodg s bbg., 2015).

3393030l TsBHgdomo  360dzbgemzsbo  aLIMO3BHMOMgdo:  Bogmaols
GOOWMOOL  $gM0;  MIBEGOOL  MoMmYbmds  Boymado; ool mETs;  93wgdoL
50M9bMds 5boasHBMO YermdBHGdbDY; 91939 BMMEOL ILBIM03GHMOIO0 SPVYIMWO
0465 IBPGR-I dlbeol gligz®od@m®oms bmibosb (Thibault et al., 1983). 33¢930L
LoPgol 93D  ©ILIO03GHO™MS  bMlbgdoIB MY g356GHMMO  ILIOO03EHMMGOOL
99L56MBg350 296bMOEF0gEEs LadowmG ™M 331939, MMAOol EOHMUsE Abberols x0dgdols
5 bbgo0sLbgs 3900 Bogdumbols 70 0bogoo dgxislicos UPOV (2000) 6+lbols yggwms
©9L3M03GHMOOm. ILIM03GHMOGO0 T9goMBbgb 0dol Jobggzom, 0y M3ybs Fomseo
0y 35000 XZMNBNIOOL  3500509wMds.  ILIO03GHMOMS FgMbhgzol EO™ML  sB939
3059@ddw3s69wgem  bogoMozgwml  HIPOGMO0sBY  FIZOEIWIPNWO I IOO
dbbgdbg  9OLYdMo  LobEJIsGH03MNOO0 @S GoJumbmdon®mo  dmbszgdgdoom
(Jmoomgsdg, 1947, 1980). Lsdmermm xsddo 33¢935d0 Labgeddmzsbgeme dgoddbs 0d
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AmORMwMyoOHo  508bgdol dobodowwrmemo  bmlbs, MHMIGdoE  GHoJuLMbMO  XyMBIOL
96 »3569000Lo6 9339006050 gobslbzo390bgb (3b6. 3).

AmORMIgGHOoMwo  Bowobobmgol  Loggarg  FoBogdol  OYOEHIW MO
RMGHMLYOINYO0 5393535 063HYMbgE LOZMEOWIB MI30LBWSE RITMEZ0MMNISO
36OHMyM53Mw0 353930 ,Shape 1.3”, (Iwata, 2006), H™Igol d9039mdomsi Bosboswobm
009943H9d0L M5 49Ms0ddbgds gEroxzbwymo BMMHogL I(30039d5¢0 (Kuhl and Giardina,
1982). sbgo» LoLEBYIsl Lbgsbs0Mms 35GAMboE GoEbgm (3003900 96+ ‘3s63Mb03GdOF’
90m@gdsm. MomMgMo Lssbserobdm Mmdogd@ol, dmiEgde dgdmbgzgzsdo - gmomeol
1MmO®IoL 0096EGH033035300L5M30L, 3OMYMSTS 0Yygbgdl 20 3m33MbYBEH6 Mmmb: a,b,c o
d-3560mbome  Gogbgms dH3M03L, OHMIgdoE FoMdMmoaqbgb mEMYBEDMIowgd0sb
30mOE0bsGms  LOdMEHY)Hg  Losbowobm  mdogdBHol  3MmbGHMMOL  FEGdIMmMdOL
503603369 §96GH0wgdl (bdgds 4). a s b I)H3M03900 godmbbszgh s0LEOLIMs, beagwm ¢
> d (3603900 MMOEObsGHMS ©9MHdBY RBMMEOL  3MBEGHMOOL  3MOEObSEHIOL.
5023905, dm399o 3OMAM3000 bgds Lssbseobm Mmdogd@olb gmEmTol Mogbzom

9dmbs39980 25005Y396s.
Files Help
i
Dizcard

4

Turn 1deg

Tum 180deq

=

| Saves/Mext Obj.

1_3

23239234330 3323 00224 32392323 92923243 -
2337333323323992999233234 303333043233 | 2] B 2309B4E 02
334333333232334434 2424 3343344334 33444 - :
2434334342320332332324 2334 323434 32323
232330332333233222222322222 3441

b lc [4 -
672445602 |6.350420E-02 | 4.689060E-01 |
E.553053E-03 | -1.001110E-01 | 1.535181E-01
GAG1250E-03 | 7.525306E-02 |-4.704711E-02
-7.189340E-03 | -5.245308E-02 | 9.845477E-03
B.456699E-03 | 2.740995E-02 | 1.191430E-02
6 [-1.057391E-02 | -4.889126E-03  -1.352055E-02 |-2.339660E-02 -

Udgds 4. ImOEMIGEHOOMWo 3Omy™sds - Shape 1.3-0m 996bmG 309w gdm@wo goM©ddbs. Mmool
30bGHMM0 258mbabmo a,b,c,d-35G3mbomer Gogbgms 9530035000, HMIgEmssh a ©s b Tggbodsdgds
30L3OLEMS bmenm ¢ s d MMOHEOBsEMS gMHdBY BMcEIOL 3MBEHWHOL JMHEObEIOL.
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36OHMyM53Mw0 3539G0 Shape dmo3s3L Modm©gbodg ©sdbdserg 3OMAGMSTL, MMIgEms
89939m00ms3 dgLodwgdgwos 9Hmo 133930 060300l BMMEgdo FgsMEaL Lbgs
15330930 0603008  FMMEGL.  SBg3g  Tgboderms  FgsmEal  I3gbstol  Lbbgs
MmM56mq003 (05, X500L BMOMEH390L 6 yzs30ol 230630608  RMEFEgdL),
HMIGS BMOIGO0E §9090MJO50 50056 2 56BMI0Wgd0sb BMMAs@To. dombgozs®
500by, FBMEME 5T FOMPMAOL  25dmYyqbgdom FoEgdMWwo 0bFMMTs30s 96  SMOL
153856000  60dMdgdoE F9aMM30w BMMEGOOL IMOTMEMAO0MOO  dglHogrrolimgol,
590  3OMYMTs  500d350L  FbMEME oo FMOIL MO  26BMIogdsdo.  Sbgom
d9d0bgz935d0  gmomwol  LEGHO®WJGHMOOL  gobdlsbdrgtgwo  Ubgs  IMORMEMA0MOHO
6086900, 3900dMO - BMDHEOL BoOROEOL J0OL 9303 96 WIS OO BMOTS O
R0 bgsolibgs GHo3ol dgoiigs sbasMm0dl domds M®Rgds.

dm3gdmwo  dgomom  dggbotgms dmOBmemyomemo  dglfagerol  bbgs
©@0oGJOSGHMOMo 3093960963 JO0L  om35eolfjobgdoom (Rohlf and Archie, 1984;
Marcus et al., 1996; Yoshioka et al., 2004) 36:ma6M53mwo 353930 Shape-U 259myqbgdoom
d00gdo  dmbs39d900  go3535MGH039m, 390dm©  mmbo  (a,b,c,d) 20 (9360560
3563mbogms (36003900, M™IGE0E MWOMM BMmEol gmGmIoL sdbobgger dmbszgds
d03009m, 960® 20 (9360056 3560HMmboren )30M0350 256M3ddgbom. sdolm3z0l 3506gLol
o 360M993¢mbol (Haines & Crampton, 2000) 8096 8908mm635H90v0  Igom©Oo
399m304gbgom.  50bodbmwo  dgoomol  dobgzom  J9M©oddbs  bggds  d90gy0
RMOIMEO00):

J@+b+c+d)2

Looi a,b,c o d 39MImbomwo Goibgms 3)360039005, 30MOEOLsEHId0M sBLEOLS
30MOH0bsGMs 0gMHIGdbY.

300900 dmbs3g9900L 2ooGsbs dmbs LogMHmm Jmbosggdms d5Bsdo s Lbgs
AORMEM0Ho 50dbgdol Imboz8g0msb gHmMo@ A99bs0BS.
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4.1.4. 9m6HEM3gE oMo 3mbs3gdgdol bids@olidozmo sbogrobols dgommogdo

50090000 BBsGHOLEH030L Lobom MoMmEIbmdomo dmbs3999d0Lm30l, MHMIgEoa
ROOEOL A565HMIGIL IMO(393009, WI0MZoWd BEBIBIOEHWMWO 25bMS s LTS M
LoOY. LYW M BLOWOWYJOO FJOIMPS JOI-BoJBHMM0BO 35MBLSL sBsEoBOl (One
Way ANOVA), 02039 ©@0b3gOlLool sbserobol 3mb@ 3m3ol osdsbdmbols Ggbdoom.
056505600 356H05BLYdOL oMo MOLMZOL  godmygbgdmwo odbs B30l Loefdmbem
bbgomdoms LofORgmol BHLBO, Lssg 9EdsMMOdOLM3oL JgoMBs ™m3zos p < 0.05.
ROOEOL  MOMNMIMEO  EIUB3O03BHMOOLIMZOL  godmomzsms 0bogzowewmMo  F-
36003690™d900, MMIWgdoE 29bLIHBW3MI3BI6 LoghHmm X aRMITMOOL LbgomdgdL.
39093MO0M0  (33¢05900L 3960 gdsms  MMH0gHNLBZIMIOL  godmbogzegbo
©59MY300090 MO0l BHLGHO X2 (b0-335060530) 0dbs 29dmygbgdmwo. MoMMYNIo
33Wo@obm30L  sB93g A9TMOMZos LEMHIMbMmmds (p < 0.05) S ®s30LYBWGdOL
bséobbo  (df). omommgmmo  3wsbogo3s300LmM3Z0L  KARMITMEOLO  Bodwgeem
3993™6 900l Lb35Mmdq00 F9x35Ls Mo 3LOL WsddEL 360dzbgrmdom (A). gl dmbsigdo
3oLsdMsEM3s B0dgMol (F) 9obsfogdols GHalGoom, M0y dmIbEIM0YM (33005MS
X3IBL-00S S X AMNBNITMOOBO F35(0509EMBOL obLODBOZMS (O3 MBOM BSOS A-
b 9609369cmds, dom MBOM Foo0s XAMNBMS LsdMswm 3609369 ™dgdL  dmGol
Lb30009). bstrobbmdM030 (33¢99d0LMZ0L godmm30e0 0465 49bsfiowrgdol bLobdoMg s
360 ™39bGMwo 5839690 900.

360630310 30033mb9gbFHJOoL bseobBo (PCA) 999se9dms 30953030963 gd0l
3M3560530  FoBHMOEIL  3MOIE30OO0L  Bd3E3, oD dgmeg Tdgdmbggzsdo
3500560l d306mg 36089369 mdol dJmbg (33€9gd0 s S1939 39MIMboMWo Hogbzms
303603900, OHMAWgdoi3 91939 MOEb3MIM035® 30609 035DMBT0 3sMH0MmdDI6, 396
0mobgbbgb 93w gbsl XaIBMS 3963w 393905bY.

©oL3M0d0bBEGHMwo  gMbJzool  LoggbmdmdMogzo  sbosgwoboo  (DFA)
3960L5DBPZMS MHOMEPIbMOMH030 IMORMWMY0)MHO Bodbgdo, HMIGdoE Y39eoHg d9gde©

3965b35398b96 Lozzargy xamRIOL. gzgwrs IMOBMEMA0MGo 60dbo, GMIWwgdos
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33%5©g00lL Loboo 0gbs Fgbobremo, 2s6Mm@s0ddbs gmbd30905. Fsmo  godmygbgdoom
396bMO 309 356Mmb03MMH0 ©ol3M0T0bs300L SBsoBo (CDF). Lyefdmbmmdols pmbol
5 dgLvdsdolo F-8603369cmdobmgol 9906Bs 5¢dsmmdol Brg®vcmo d60dzbgumdgdo
- p =005 @ p = 0.1 8dg@Bgme 60dbgdL Mol Lb3smdoL 2sblabmzmolomgol
0535¢0sbmdolboll  oLEBE0gd0  0dbs  edmygbgdeo. gmbdsogdom  soaMm
X3IBNFMOOLO EoLZM0T0bs300L 25dmaLIb3gwo Bdqdgdo. 356mbozmMo BmbJzogds
3990myg9gbgdmeo  0dbs  53mbdi30900, MMAYOLE Lo®(IMbMMds s F-860836900mds
1b393056 9909300 yz9wsbg Fopowo 3dmbsm. CDF-U msb gohms@ xamzmo
0936030l 3OMAbMBMEo 3sloxg0353053 FBBMOEF0gM©s. 30sll0B03ZIE0s BoGHIMI©S
60 bdgdom, Losg 9gMm F9dmbgnzsdo x0dgdoL xamRqd0 (Alberol dgdm@Esbowo s
5QR0MOM030 X0TJd0) 2590056 JOHD X ARs©, bmwm dgmMg d9d8mbgzgzsdo dsmo
565¢0B0 FMbEY, HMYMEO3 39W-(39¢039 X IBIOOLS.

303G gOmwo  boerobo  2obbmOEogw©s  09MsmJoMmo 3G IOHIEo
565¢0bBoll (HCA) 890mm©om. 3sbdgmgdl dmmol oli@sb3ogdol, 6w dbgogligdol
396LsBEOZMOLMZ0L  odmygbgdmwo odbs Mmeol (Ward, 1963) dgomo, Gmymés
505¢0095300L fglo. gl Fgodmo 094gbgdl 35M0BLOL HBIWODBL 3 sbBHYMGOL Mol
956d0ggool  2obLaBO3zmOlm3zol @y  80b08MBsg @igegl  BgdoldogMo  mMo
(303mGH)BHO0)  3LEIMOL  3390M8BHJOOL  xsdo,  OHMIGd03  BMOHI0M©IO06
3650bBoll  Mmommgm  LoggbmmHBg.  oLEAHBEOYOOL  AbIBMIOL  0bEHIMZoEs©
39090 0465 933000 MM0 OLEBE0S, HMIWoms3 9BRM0TYds MdO0Y]E 9oL dmeob
956d0¢00 361535¢056DM3056 LogMgdo.

BAOGOLEHOIMM0 565¢0DO obbMO 309 3OMYMSTMo 3539¢gd00» SPSS v.13.0
(SPSS Inc., 2004) oo Statistica 6.0 - o> (Hill & Lewicki, 2007).
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4.2. 396930300 33¢g30L dgomEgdo

4.2.1. 33gbstygmmo dsbsems agbgBHo3MmeMo 33eg30Lmzol s BmbsEggdms sbserobols
3900900

3969303100 5b5¢0Bom, Lods®mzgwmdo dgadmgzowo dbeol 39wwmO ©d
30EGHMOMo Gogdumbol 150 0bogoo (3b6. 4, 6) 39O 930M™M35d0 S 35335B0530

393039 gdMwo  3MWEAHMOMwo  AibEgdol 390  Boomglsggdol - 356FHoL (P

caucasica) @5 @&yob dbbewol (P pyraster) 73 obogzolL (gbM. 5). xs9MMHo
3969303605 223 06000300 0465 459m33gremo.

Logomzggermdo  99a6M™m3000 3900M0 s ZNGHMOMo  dbbargdols
396930300  3M035RgOM3690s  FgoM©s  539M030L  gOHMmzbmwo  39bstrgms

396mz3mbol LobGgdob (NPGS) 600mdgdls: P. caucasica (N=42) s P. pyraster (N=31).
6000980 dMm3Mm390E0 0dbs Jogrod 3mO35¢molbdo dgdstg (Corvallis, OR, USA)
53960030l 9mHMm3bm 3embmmo ggbmambool Lsgsgol (NCGR) dmbosggdms 85H0@sb
(Volk et al., 2006; 3b6. 5; lggds 3).

gbOoo 4. LodoMmggermdo dgadmhmzowo  3garw®o  dbbergdol  60dmdgdo, gsdmygbgdmwo

3969H030M0 33¢293900L5MZOUL.

N | ¢ojumbo Fo68msgareds | bodnmdol bmdgho | Ggyombo 50030 dIdIOYMIS 65000.(N=)
1 P. balansae GE 119 Lod3bg-xog8sbgmo 30©IOIOL YOI GHgbowo 1
2 P. balansae GE 126 wghbdo @OROHOL bgmds 1
3 183; 184;185; 186;

P. balansae GE 187;188; 189 RY MO bobm, 3063 ®0dol bymds 7
4 P. balansae GE 193 RY MO 03539, 306G®0do bgmds 1
5 P. sachokiana GE 147 dgbgms-000sbgmo | dsbgoo 2
6 P. caucasica GE 11;12; 14 9399 JoO oo 3OXOOO0 3
7 P. caucasica GE 15; 16 J399c Jo oo 0905600 2
8 P. caucasica GE 17 9399 JoO oo 3560560 1
9 P. caucasica GE 22;23 93b905-000056900 | 30GHMO6m3sM0 2
10 | P. caucasica GE 24; 26 93bgms-000056gm0 | dMGosbo 3
11 | P. caucasica GE 27;30 d3bgmo-dmosbgmo | 3bg3sMm0Fsdos 4
12 | P. caucasica GE 33 Lod3bg-xog8sbgmo 03560 1
13 | P. caucasica GE 34 Lod3bg-xog8sbgmo MG ™I 1
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14 | P. caucasica GE 35 Lod3bg-xo35bgmo Q50 1
15 | P. caucasica GE 41 0096900 603000 1
16 | P. caucasica GE 42 00996900 3903943035 1
17 | P. caucasica GE 43;44; 45; 46 00996900 5059390 4
18 | P. caucasica GE 47; 48 0096900 &Yodo 2
19 | P. caucasica GE 49; 50; 68; 69 0096900 BodgMoas 4
20 | P. caucasica GE 51 GoFo-ghbwydo o dbo 1
21 | P. caucasica GE 52;53 GoFo-ghbydo 35¢5M0mbo 2
22 | P. caucasica GE 55;56;57; 58 GoFo-ghbydo &dgomo 4
23 | P caucasica GE 61;62; 63; 64 MoFo-eghbmdo Jadbs 4
24 | P.caucasica GE 66 GoFo-ghbydo 603m®fdobcos 1
25 | P.caucasica GE 67 GoFo-ghbwydo FomM0 1
26 | P.caucasica GE 71-75 9399 JoO oo R0GIOINO 5
27 | P.caucasica GE 77,79 39bgmo 05OGHYMB0 2
28 | P.caucasica GE 85; 86; 87; 88 d3bgms-000056gm0 | 9BsbmGo 4
29 | P.caucasica GE 90;91 9399 JoO oo JmOmowo 2
30 | P. caucasica GE 96; 97 93b9gm5-0000569m0 | Bobsborm®o 2
31 | P. caucasica GE 102 9d3bgms-0m0sbgmo | dsbowgmo 1
32 | P.caucasica GE 139; 140 d3bgms-000sbgmo | mIgmo 1
33 | P.caucasica GE 150 dgbgms-0m0sbgmo | dsbgoo 1
34 | P caucasica GE 175 RY STON 6039000, bryanm 1
35 | P.caucasica GE 178 0096900 Fmabs6o 1
36 | P.caucasica GE 191 RY MO bobm, 306®0dol bymds 1
37 | P.caucasica GE 196, 198, 199, 201 | L3sbgomo 962m60L bgmds 4
38 | P.caucasica GE 205 b356gmo X3960, 96aMGOoL bgmds 1
39 | P caucasica GE 215 LsdgMgEm bdm©0, GgbmEOlL bgmds 1
40 | P caucasica GE 217;218 LsdgMgEm 90569, bmdol bgmds 2
41 | P. demetrii GE 7 39bgmo 39LOoLfYswo 1
42 | P. demetrii GE 21 d3bgms-000056gm0 | Fofedme@o 1
43 | P. demetrii GE 142,143 dgbgms-0m0sbgmo | dsbgoo 3
44 | P. ketzkhovelii | GE 149 d3bgms-0m0sbgmo | dsbgoo 4
45 | P. sachokiana GE 6 3obgmo 3oLGOLYswo 3
46 | P salicifolia GE 1;2;3;4;5 3obgmo 39MgX0 5
47 | P salicifolia GE 8;9;10 3obgmo 3oLGOLYswo 3
48 | P salicifolia GE 31 Lod3bg-xo35bgmo 03560 1
49 | P salicifolia GE 127;128;129 030w oLo 699390000l 3Eo@m 3
50 | P salicifolia GE 141, 146, 153 dabgmo-0mosbgmo | dgbgos, x3500 3
51 | P syriaca GE 131 00 olo 673700dol o™ 2
52 | P.syriaca GE 144; 145 d3bgms-000056gm0 | dbgoms, X360 2
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396930305  LogPmm  Xsddo  LogoOmzgErmdo  JIROMIZOWO 3N GO0
adlberols 35 060300 0965 259M3309Me00. Fomsb 19 0bogoo dlberol JoMorvyen

5QR0MdM0Z3  x0d90L  [oMmImoygbs, MMIgwos 396GHOL  MIglEozsgoom odbs
domgdero (Akhalkatsi et al, 2012; Asanidze et al., 2011). 5Q0™d6H030 X0J9d0
09260m305  Bodo®m3z9eml  o0owdmosb  Mgyombgddo:  sFoMs,  LYIbg-X 93590,
135690, ghbdo s GoFs (3BG. 6). Abeol sEYOWMIM030 X0dgdol 16 0boz0o,
OHMIgdLOE 29MT935¢0 FMOHRMMMY0MOO 50dbJd0 3JMmbEom 3563l @S 93BM3E
GYyob Abboels Jmeob, d9aM™m3s IOWMdDY 3909y M9a0mbgddo: LsdgaMgrm, ymMoo,
dos  Jodomnwo, d3bgmo-80056gmo s 39bgmo. sPOWMIM0Z30 s dgdmEsbowo
dbbeools  x0dgo0  sLg3g  F9aM™m3s  ymxzowo  dgbowgmdol,  dgm3069mdol o
893965bgmdol 0bLGHoEGWMGOL (IHVO) gmaboswe 3mwgdsosdo (b36s, am®ol Gsombo;
dos  Jomomo). Abbol sEAOWMOM030 X0dgool bodwmdgdo (sbG. 6) Tgacm3zs
»J 3965l 3eboEro 3mergdisosdo (Fbobo, sbosarobols ®s0mbo, sdEgbg-xs35bgmo).

3OO 5. 396930390 6seoBdo BsGmwero diberols Lobgmdgdo NPGS 3margdio0©sb

N &ogdumbo Fo6dmasganeds 60330l 6mdgeo 3399960 5030 dEIdG | Gsme.
9o (N=)

53 P. caucasica NPGS 2006 CPYR 1602 3mEmbymo )3bmdOS 1

54 P. caucasica NPGS 2006 CPYR 2053; 2054 6bgomo 0939993U305 2

55 P. caucasica NPGS 2006 CPYR 690 6bgomo ©M3d50 1

56 P. caucasica NPGS 2006 CPYR 687; 688; 689; 717; 718; 719; | Gbgmo bGO3OM3MEO 14

720;727;728;729; 1192;1193;

2037; 2038
57 P. caucasica NPGS 2006 CPYR 1194; 1195; 2045; 2049; 2050 | Gbgomo 39096 s 5
58 P. caucasica NPGS 2006 CPYR 694; 695; 697; 698 Glgomo b39dwmycoo | 4
59 P. caucasica NPGS 2006 CPYR 680; 681; 731; 2040; 2043; Glgomo 36mdoo 6
2532
60 P. caucasica NPGS 2006 CPYR 2056 Glgomo 9 gbbmzgmel | 1
30
61 P. caucasica NPGS 2006 CPYR 1674 byOdYO 36mdoo 1
62 P. caucasica NPGS 2006 CPYR 902 9365060 2ls3060s-6mgs 1
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63 P. caucasica NPGS 2006 CPYR 2066 9365060 0553030 1
64 P. caucasica NPGS 2006 CPYR 684; 685; 2060; 2064 9365060 36mdoo 4
65 P. caucasica NPGS 2006 CPYR 1191 365065 05E@d 1
66 P.. pyraster NPGS 2006 CPYR 1535 Bgbgomo 936mdoo 1
67 P.. pyraster NPGS 2006 CPYR 714 396035605 936mdoo 1
68 P.. pyraster NPGS 2006 CPYR 1251 Logz®abagomo | mEbmdos 1
69 P. pyraster NPGS 2006 CPYR 1288 06bo )3bmdOS 1
70 P.. pyraster NPGS 2006 CPYR 1289; 1292 wbamgomo )3bmdOS 2
71 P.. pyraster NPGS 2006 CPYR 883 053900mb0os 0mlogo- 1
3939005M30
72 P.. pyraster NPGS 2006 CPYR 993 053900mbos 0536 ™m3m 1
73 P.. pyraster NPGS 2006 CPYR 989 053900mbos b3m3xg 1
74 P.. pyraster NPGS 2006 CPYR 1638; 1640 053900mbos )3bmdOS 2
75 P.. pyraster NPGS 2006 CPYR 2059; 2067; 2068 dEE™3o )3bmdOS 3
76 P.. pyraster NPGS 2006 CPYR 1537; 1539; 1540 3mEmbymo )3bmdOS 3
77 P.. pyraster NPGS 2006 CPYR 1633 3mEmbymo 30350k 1
78 P.. pyraster NPGS 2006 CPYR 1671 dobgmo 35¢0bMOML 1
79 P.. pyraster NPGS 2006 CPYR 1684 dobgmo )3bmdOS 1
80 P. pyraster NPGS 2006 CPYR 693;710; 712; 1248; 1249; 06900 )3bmdOS 10
1250; 1252; 1466; 1467; 2057
81 P.. pyraster NPGS 2006 CPYR 881 3bmdOS 3bmdoS 1

3969303100  BswoBobmzol  godmzoygbge  Auberols 03039 06003009306
392603000 6093900, OHMAId03 INORMIgEOOMWI© 0dbgb Tglfogerowo. bgzomds
dmORMIgGHOHoMw  ©d 396930360  33w93580  250myqbgdme  60ddgdl  dmeob
Logomzgermdo d9a0mz0e 60dNIms MoMmEIbmds 0ym. X90MMS©, Lods®mzgwrmdo
6081093500 9090 39IMH0 S IGO0 dbergdol 239 obogowo o0dbs
AMORMWMY0OMs©  dglhogmomo.  5dgsb 2969303 me 33193500  dbmerme 150
060300l 60dxdo 0dbs godmygbgdmwo. 3mb3MgGMwI©, 29693036 3393580
3990yg9gb90meo 60ddgdo 9990 Mom©gbmdgdom 0943696 FoMdmoygbowo: 356¢3)9d0
[P. caucasica (N=73), P. balansae (N=9)] 82 bodwdo; dgtyabgdo [P. salicifolia (N=15), P.
demetrii (N=5), P. ketzkhovelii (N=4), P. sachokiana (N=5), P. syriaca (N=4)] 33 bodxdo;
3M0EGMOMwo dbbegdo [d9dm@sboo xodgdo (ICV, N=11); s0y0wmdcozo x0dgdo
(LCV, N=12); 50000036030 X0d900 2560@59535¢00 ImOHRBMmao0wmo 60dbgdom, 0y039
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30dMoeo xodgoo (HCV, N=12)] 35 b0odmdo. NCGR-U 8mbs3gdoms 05990096
dm3M390990: 379 GO0 Abberols 39e G0 Bosmgliogo babgmdol [ P. caucasica (N=42);
P. pyraster (N=31)] 73 bod=do.

60818930l F9a6M™M3900L  5EAOWIOOL O35y OGBS FMmbs 3OMAMITMWO
353930L ‘ARC-GIS’ 359mygqgbgdoom (Hijmans et al., 2012; Uggds 3). gmoerol bodwmdgdo
WHdMMSGHMO0© ©5dYds3s NPGPR-I 53m®@-30me0b%bol (Fort Collins,CO.,USA)
30l EdMMSGHMO05d0.

gbOoo 6. LodoOmzgemdo bodwds s0gdo dbbEol x0dgdo: SEAowMmdMogo (LCV),
390m@sboero (ICV), @s s FmmoL a0MHE3935¢0 FMOHRMEMA0MmHO bodbgdol ddmbg (HCV) dlberols

X03d900.
x0dol x0dol 603ddoL
N &ogdumbo 30M9305¢Os | Hgayombo 50030 dIdIOYMIS
Lsbgerfmagds R3NBO bmdgHo
82 doco xb3960b0, el
Beurre Bosque P communis 99dm@obowo | ICV 94
JoOnwo ©b.
83 b3OOL 3MEbswo
80> 309309,
Beurré d'Anjou | P. communis 99dm@obowo | ICV 134
JoO»No sbaendgbo,
@9bGgbol M.
84 | Duchesse dogs b3OOL 3MEbaogro
P. communis 99dm@obowo | ICV 136
d’Angouleme JoOnwo 309930
85 | Beurre Jgosbo,
P. communis 99dm@obowo | ICV 399605 179
d’Hardampont wsbBbmOL GE.
86 65dmbobiBy oo,
3530LMogd P. caucasica bg39Fneo HCV RY MO 162
Jocs
87 P. caucasica 658mbsbG®owo,
bg39Fneo bg39Fneo HCV RY MO 161
Jocs
88 P. caucasica Q03539
bg39Fneo bg39Fneo HCV RY MO 194
3063000l bgmds
89 P. caucasica 0o~ Jdbo,
bg39Fneo bg39Fneo HCV 65
w9Bbdo 53dOMEMGHOL M6,
90 | 39be0 P. caucasica doEw o, 4z3sMeob
bg39Fneo HCV 39bgmo 81
b939Fmc0 ©b.
91 P. caucasica Lodsbg- Bo6rBs, 50960l
3OO0 3IWSO0 HCV 172
X535b9m0 ©b.
92 P. communis doco dobolio, ymmol
Kiffer pear 99dm@obowo | ICV 95
'Bartlett' x P. JoOnwo 6.
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pyrifolia 'Sand

pear’
93 RAGTON dg0sb0,
3303035 P. caucasica LCV 399605 181
dbbsero wsbBbmOL GB.
94 3560 603900, bryeml
SR NON P. caucasica LCV RY MON 174
dbbswo ®b.
95 LbgmEo,
dogég 3bmdoo 36mdoo HCV LodgaMmgEm 209
fowgbyxobol ®b.
96 P. caucasica 3Jowmb Lodsbg- §6obo, gan3sbsl
6969l dbboero LCV 166
dbbsero X535b9m0 309930
97 P. caucasica 3560 LbgmEo,
356¢0 dubswo LCV LodgaMgEm 207; 213
dbbsero fowgbyxobol ®b.
98 P. caucasica RAGTON Lodsbg- 50, dmOx Aol
306 dbsero LCV 39; 40
dbbsero X535b9m0 6.
99 P. caucasica RAGTGN Lodsbg- §6obo, gan3sbsl
LogEromdm LCV 93
dbbsero X535b9m0 309930
100 doco b3OOL 3MEbswo
Bartlett P. communis 99dm@obowo | ICV 154
JoOowo 30wggdgos
101 P. caucasica 3owmb Lodsbg- §6obo, gan3sbsl
LodoG0MdM LCV 164
dbbsero X535b9m0 309930
102 P. caucasica 3Jowmb Lodsbg- §6obo, gan3sbsl
Labigerm LCV 165
dbbsero X535b9m0 309930
103 P. caucasica 3560 LgmEo,
d530lbogms HCV LodgMgE ™ 210
dbbsero fowgbyxobol ®b.
104 P. caucasica RAGTON 0o~ b3OOL 3MEbaogro
d5gdoMs dubswo LCV 116
dbbsero w9Bbdo 309930
105 P. caucasica Lodsbg- Bodosdgzo,
003M9RMIO bg39Fneo HCV 169
Xo35bgmo sb306dol Mb.
106 | Fondante des doco b3OOL 3MEbswo
P. communis 99dm@obowo | ICV 155
bois JoOnwo 309930
107 doco b3OOL 3MEbswo
Saint-Germain P. communis 99dm@obowo | ICV 202
JoOowo 30wggdgos
108 Lodsbg- 5050, 50960l
Jomgwaggdos | MEbmdos 36mdoo HCV 160
X535b9m0 ©b.
109 3M03ME g0,
Jomgwaggdos | MEbmdos 36mdoo HCV 399605 182
wsbBbmOL GB.
110 Lodsbg- §60bo, gan3sbsl
Jomgwaggdos | MEbmdos 36mdoo HCV 168
X535b9m0 309930
111 | Winter RAGTGN dogs b3OOL gmEbaogro
P. communis ICv 208
Dechantsbirne dbbsero JoOnwo 309930
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112 | §3G0owwdlbsws

RAGTON @b,
(LsAMGBY P. caucasica ICV b3s6gmo 197
dbbsero dgbBool Mb.
306¢@)0)
113 Lodsbg- §6obo, gan3sbsl
BIO0 36mdoo 36mdoo HCV 170

Xo35bgmo 30930

114 | Winter Nelis
(505060l P. communis 99dm@obowo | ICV b356gmo bs0do, IgLGool Gb. 204
3530)

965¢0Bol OML 9bmEH03900 49b0LOBO3GMS Juberols 216 0bolsmzol. 39gbgdo3wce©
39965 0BEs MM 0l 0600300Gd0, HMIYEMIMNZOVBSE IR0 Fmbo3gdols 649
©@Mm3MB9gdol MHoMmEIbmds MmOl 56O 509953 JdMms. B3gEoRoMMo JMEEHMLEId0 FgocBs
396930300 Lbbgomdol sboyqbo 1) d9Gyqbsls (P. salicifolia); Eyob duberols (P.
pyraster) Q> 336@5L (P. caucasica); 2) P. caucasica-ll Logdo®m39wmdo 9963909
608m09dLs s NPGS-U 3599980 dm3mgqdmee 60dwdqgol dméobl; 3) P. caucasica-ll o
adbbeools  Lododmggemdo  d9MMm39de  x0dgdl  ImEOL.  3mbEGHMLEG™S  ym3zgmo
09900Lm30L  2560LsBWIMS: 5WgEgdols Lsdowm Mosbzo wm3zmlido; dmbsermpbywo
393960MDoYMEGHMOMIS s 35605BLYdIOL  3OM3MEM300L  0bgduo  (Fst), Golmzgolss
299my9bgdmo 0dbs 3GMmaMmsds ‘GDA’ (Lewis and Zaykin, 2001). 60dwdol bmdol
3560053000 3MBGHOMEOLM30L 259myqbgdo 0dbs 25996bgMgdols Igmmo, MMmdgeos
396bmM 309 3GMmaGMsdoo FSTAT v.2.9.3.2 (Goudet, 1995).

Lbgomdoms  35GHM03900L o Yz9wsbg domgdmwo 9.f. ‘Neighbour-Joining’
(89BMd90-099535380609090)  ©IBOOMYM5ToL  T9agbolmzol  2sdmygbgdremo  0dbs
60810930, GMIWIOLSE 99oM9gd0L 909y 935G dmboi3gdol MHoMm©gbmds 30%-
B9 ©00  50IMIBRBIM. 50b0dBMEo BEBSGHOLEH0ZMNMO M3gMOE0s FIBbMEM309©s
30970 35393H0L ‘DARwin’ (Perrier et al., 2003; Perrier and Jacquemoud-Collet,
2006) 99839md00.
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4.2.2. Ubsggerg 60348900l  Tgammgzgdol s dgbsbgols dgommeo  dcmerg3eey®o
3bsenoBolimzgols

39)MH0 Abergdolb Bs33eg30 Bogdumbgdosb 60dxMdgdol s©gds bEgdms dsmo
3m39)o3ool  bmdol  dobgzom.  Lodo@mzgwmdo  FoMmmE  393M3E9TYdIYO
Lobgmdgd0sb (P. caucasica, P. balansae, P. salicifolia, P. demetrii), G®3gems
3395309003 8909MJO00 BIOMM 5M9oel dMm03939D6, B08M3gdo Lsdwmsemeo 10 30
©oLEB300L 063HIMZ95¢000 ITMMGOME BHINOGHMO09dDY 0465 S©0gdMWoO.

3306M9m0o3b3zmzsb0  3mIMwsizogdom  Homdmoagbowo  Lobgmdgdolomgols (P

sachokiana, P. georgica, P. takhtadzhiani, P. ketzkhoveli, P. fedorovii, P. oxyprion)
600m09gd0l 5090y  bgdms  3m3MEsgool  3900xgMogdby s 39bGH™To.
33069m03b3M3z560 3M3)o30900L Jg8mbgzgz5d0 9ME0wgdgwo bgds 03 gomgdmgdols
39035¢0l{0obgds, MM Fbol g35m0lL Lobgmdgdo Bbgs IMsgz5¢0 396560l Jbys3Lo,
OMaMO3 09LEom, 1939 3939GGH0MMO® - BJuZoL 5AMbIYMOMI FMSZWYd0sb. gUy
R9JBHMOO0 MMM gdL 0dob Q90339358 Lo 0fYygds s Lo FMegMEIds 0bogzo®oO,
o906 bmy 99dmbgzgzsdo 9hHo BgOHMObY HoMImpygboro T30Mg 3t3MESE0S
95O MOO 56 Lydo 0bEO30OL STMBsYMOLYYD Fgodwgds ogml Ho®mdmddbogro.
3929G5G0MM0 359053 gdol  MbsMo  sGsdbmem@  Abbeol  a35MolLmzol  sb
3500LYOOMS  MXBOLMZOL MOl TsbsloIMGdgEo, 0o  bbgs  mxsbgdol
0o00mBo9bge Lbgoolibgs Lsbogmabwm 1m®mdgddog 23b3wqds. gU dm3gEghs 56
396939036905 s3mdoduolols GMIgEodg GHodL, oD 39393306 FITMZEGBILMD
9O5©, bmOIseMHo - bdgbmd®ogz0 AsIMIZ3egdol MbsmoE ML T9bseBMbgdmwo.
Lobxgdol  5gool MM  bgdms  Lbb3s  BogBHMMgdol  aomzsoliobgdsa,
OHMAMOHJO0 39!

e 0603000l 515530. WOBHIMBHMOMO gsermgdol (Doyle & Dickson, 1987; Cheng
et al., 1997; Pruyn & Spicer, 2012) 8obgg00: 1sdobbg Labgmdols 0bogzoobl sbiszo
360083690 ™3560 3ogG™MM0s s 8mddggdl bodmdol bo®olbbyg. bodMdgdols s¢mgds
bydm©s InBOHEowo b BOELEOMWO 060030006 9B bggdosb,
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OMIadLyg  39M20©  Bsdmygoodqdmo  99Mdsbo s gsxo  3Jmbsom.
BOILOMo 0603000900056  603mdol  s©gdol  EOMLs3  bgdms
3M6309@Mwo  360bzodol ©33s, 39MIME - BMMEO0 AOM3ZOIOIMEs bol
3560x0L dmo Bofloedo sOLYOMMO BHMEHI000, BHMAEHOL 5303500 bofjorosb
(396096msb) 396, 10-15 LB-0b IIMEGdom. IMEH3MWYOHO  33¢0g30LM30L
RMNEGdoL 99260M3900L8 @OML ©93:39bE0MGdMw0s bodwdo s65dgem0olE9dwmw
Bmbsdo 0dbgli 9aMm3000, Gssd FgMoLBHdMEo Dmbol gmmwgdo dbgws
0b65bg0s 396930300 9bsewoBobmgol, dsmdo ©bd-0 gbgEMOs30s LHGIRS©
bggdo.

Ugbmbo. FmmErol 60dmdgdo AMOM3EIdMEs  J50LoEL 0360l 3oMzgwo
Bobg3z®mol Bom3zwom. MaO™ 23056 39M0m©do, 49BLY3MPMGO0m FgdmEAMIsbY

ROOEOL 60993900 99263905 9390060 33w930bm3z0L
6930396006070 0 56 5OOL MO0 JoM0MSE0 F0BGBOL Qodm:

1. be3m3560 ©55250098980. Lb3oslbgs by 9396569l M58m©9bodg s0goemo

bm3mgzsbo  39M9BoGo  3gogl. ALl  A35M0L  GMAMOE 39O, obY
3DCOIOIo  §o6dmdoEpgbewrgdlo g3gwrsby BIOOME  33OEILIONWos
bmgmgobo  ©s935009d900: adbberols 9699, 390mf39mwo 43560
Gymnosporangium - ob {s®3mdoygbgwo 3sM5BoGmo Lbmzmgdoom (G.
sabinae, G. fuscum, G. libocedri); 51939 bbgssLbgs Lobol Jgzo - ‘ysgolggmo
boEo’ 359m39990 3500MmPqbMm0o Lmambosb Stemphylium vesicarium; ‘8530
boeno’ -350m()3901w0 3smmgbmeo bmzm Venturia pyrina; ool g9eom-9mmo
RIOOMPO P93M(39JIMWO 3030, 259M()3909w0 35M3BoG0 bmzm Podosphaera
leucotricha-oo (I'spurumBmmm 1982; Luz, 2014). gl 3somggbmdo Lmzmgdo
Bogmaymob  gMms©  BMmEgdLsl  9H0s6gd9b.  HmameE oo bmzmgzsbo
55350090900  2oBonbMBg 250mlew BB Bmmwgdbg 96 3b3zwgds.
L™ 33560 35009690000 ELBYdM36gds BoFbMOl 39MH0M©POEIL 0fjggds s
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Bogbmmol dmeml 96 Jgdmymdsbg bodwmds FgaM™m3z0wo  BMoME9dO
3OO0 SEBIMNMO0M JOMNEOMNIOE M5dM©gb0dg 3smMmgbmeo Lmzmmo
390d9ds 0gml 06530300900, 08 990mbggzsd03 30, M) 9Hmo Jgbgz0m
©3H056939w0 ZmoOMEgdo dgaMm3zs J9dmEymdsty, dslBg ds0bg 0gbgds
3565D0@0 bLemZML B3MEOGO0, HMIWGdIOE F9Y0sMSMIOJPO MZOE0m 56 BBL.
d0vbgogs 0d0Ly, MHMI FMMOEOL J9FMIOMDS  3500MYg6HO  bemm9gdols
399653005l Mol bgwl, 95063 OO sEBdsMMds  0ddbgds  MH™I
93bGH®5d300l OML 53 Lm3zml 3969003 Fmb3bI6 Lssbserobm s6gdo o
Lobx ol sd06AMMGdS godmofigomb.

. 99065000 G9hsdcacroblo  Jpgbstgaddo. b 3Gmigbo  BmmmEdE3gb by

93965699030 dg@gl oo bogmxzmdol xgbmemmyomed xsHBsdo ofygds.
05650d)3569 Lobgmdgddo, A530wIOOmM SO - Y39530MmdOL 96 Y3530¢0l
3®33M0L  §oMdmddbol  39bMm-zsBob  0fggds. TgmMso  T9@s0MmEoBIol
©OML  Fo6dM0gdbgds 603009093900, MHMAgdo 36033690 m3z560s d39bsGIOL
BO-396300560930LM30L,  MMI3S 3003900 FYEHdMEOEHGOOLYSD
3o6Lbg039000 53 6030009690l 56 5d30 30w GdgE0 Mo J39bsmOL
Loimabeol d9650PBmBgd5d0 96 13mbdi0mbo®mgdsdo. dgmMso bsgHmgdo bdo
3900bgz935d0 3063950 FgBHOdMWOBHJOol 0630006935l  sbabgb, o3
93965M9do Bbgzoolbgs ROBOMEMYOMEO 3MMEgLOL ILOYIEGISL MHgmdL
bawbl. 39m650 65900900 496530039096 396500L Fmmrol 6 Boymazols
Lbg005Lb3598350 308096¢5305L bBmMBMd0Ib dmIfjog3gdsd@y; sJ300 d39b5M0L
5933930 BbJ305, OMIgroi o 03og3L 49dm39d0LAB, BblsILb3s GHodol
bm3mgz960, dodBHgMormo 56 8fgmgdom godmf39Mwo H53509d0LYB. 1939
339300690056  dmbgd®mog  9b6GH0d0MEH039d5,  0blLgdBHOE0YdIL s
d0MWMYPONMS©  SJHOMO  b03m0gMHgdgds©, Mo3 bdoMow  I3gbseggdols
1599030bM 3603369 MdIBE AoBLIBWIMIZL.
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d9MmM5000  9@S0M0Egd0  bgwol Jgddwger  BoJBmOL  Homdmoygbgb
393900 5650BOLMZOL, Mo Fom0 FMIMEGOS WIOMEISGHMEOO

LoFMToml  SOMMEGOL s ©HT-0L  Lyy@ms Loboo  gdu@Godios  dsomo
0565md0LIL M0MJdol F99degdgE0s. 530EHMI I3 YIHO 33¢I30BMZ0L
30D56d9(imbo0s sH5EAIBO©O BMMgdol dgaMmgzqds (Cheng et al., 1997).

608m09d500 5©0gdmwo Juiberol Mmommgo 060300l BMMEgdo, LooIbsE3
mbs  dmdbsMogm  ©bd-ol  gJuBH®odEos  BIBMZPIOMPS  LEIOMIOL  Jo®sr ol
LAHOMIGHMOOL  Jmbg  L3gEoowwE  3mb3zgMGHYddo, MMAEOLYE  Ggbol  Fs®owo
399G9MMdS 57493m. 50Fgd0 065bgdMS 3ealiEdsliols 3MbEHG0byMgddo. bodmdgdobmgzol
LodIO 5Ol FgLobsBbgdws 3mbEJobgMgddo maglgdmes 100-150 g. VLowrozsageo’
(LoErogmbol #9wg - aM9bmEmzs60 60300gMgds, GMIgos FoM9gdm®Ib FH9bl ofjmal).
Lobx 930560 3mbFHJ0bgMH9d0 0bsbgdMs dBOL F9Jobgsb oEww 5EP0WDY, Mo
dBol  Moo5300l  30MEs30MH0  Bgdmddggdsg ©b3-0l  gbsGMSEo0L  BodBHMOL
Do00moa9bU.

4.2.3. 6098900l 9mdbsggds dcmerg3mer®o dgbfsgerolomgols

dm9370O0o  9Bsewobobmgzol Jgamm30eo Mo gdoEsb bogdmos 2 102
dm3Mmdol (bodmserme 15 33) Jumzowol s©gds. MomMgMwo 0bozool Lobxo
0539YdMEs  9396MOBOL 1.5 oo o@®osb Lobxs®sdo s bpgdms dsmo
6930LE530500  25BHM9ds. M9R0LEMOMIOOL OML MmommgMer Lobxl gboFgdms
WH¥MMSGHMOHO00 30200900, MOMAEYd03 IM0(3930HI6 L3gE0TROME sBMY305GIMJOL O
Bmdm9dL. 30603900 3O 50b0dbs3S BLObXOL GOMdIL s ol Goyom bmIgl. az3560
dbbeools  (Pyrus) @omobméo  bobgerimgdosb  2sdmdobstg  dbberol  yzqws
WSOMOsBHMMoM Lobxl JdoboFgdmwo 3Jmbs sdMY305GMs PYR' @s Gogomo
Bbmdgemo (dsp PYRO001). 9gmGg 3m©0 2580bbmo oym Lobyxol {oemrdmdsgermdol o
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Lobgmdol  LY0IBEHOB0ZIEOMP, 993500  Lods@mggemdo  dggydmgzow  Lobxgdl
dogboFom gMmzbmmo mIghol 50db0d3zbgeo omMobMGmOo  ¥Mg305@MMs ‘GE’ o
93965095 d30bsOo 6MIgb 3B MMOEIb godmdobstg - dmgdo Lobxol 3500l
@5  Lobgmdol  50db0odgzbgeo  s0Ggz05¢ MG  Bod.:  P.  caucasica-ll 99dombggzsdo -
GE.P.CAUG; P.salicifolia-s 890mbggzsdo - GE.P.SAL s 5.9. 306390 Ls®gaolGMogom
3oL oGBS bgdms 9396MmOHROL Lobxs®ol MogzLEbODBY, bemem dgmMglo -
LobxsMOL 2390BY. LObXJOOL MYAOLEMSE0S FMO(393S Y3 WSBMESBHMOOWO
960650l o®mBmgdsls. FMbsendo s0LsbgdMms, 0 MHMIgeds Lobxgdds FMTsg900L
65 OMOIGHMOOMWO §393900 0GOS,

4.2.4. ©b9-ob gJuBHesgiools dgomeo

©b63-0b  LogduBHModgom@  399mygbgdmo  odbs NCGRP  @sdmGodmemosdo
3360006900 CTAB 31539600l G9od30o%g (Lodhi et al., 1994) owdbgdmewro
3900MmEO, OHMIGEoE 39930 BMMGI0EL oo bodolbol ©bd-ol domgdol
139090 d909gaL »BOMB3gwymal, 300Mg 305x960L (QIAGEN) 56 bgs dfsdmgdarols
Lo9JLEAH®MOJE0M B95dBH03900L 3MmI3gdBgoo (DNasy plant DNA Extraction Kit).

9JbEH®sd3o0ol  Jodoemo RsBoL  HYgd0s9©Y, LObX ™GO0, LosE MO
Jumzowgdo oym, megLEIdM©s 3oty Bmdol ®30bol LEHIOoWWMGOO dmMNMEgdO.
Lobx MO M93LYIMEs BoRdzs3 IMHgmdoEMdsdo (Bmpgero: RETCH Mixer Mill MM
200), ®mdgerog LEOSR0 M®mEHE00m 2 ool 256053wmdsdo (200 dodao/fio) 13d393s
LobxoM9gddo IMMOgLYdIM  BMMEEOL  FodmIIMs  Jumzogdl.  sxd30L  T9dIY
b90Mm©d MO dol Jumzomol Jodoemo MH95dE0390000 333905 CTAB Ggodiool
WHdMMSEGHMOH0o dgmmEol dobgzom, MHmIgmoig NCGRP @odm®s@m®ools doge

93069 0y MEORBO30MGOMWO:
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CTAB

095J3H03bg ©s8mdbgdyeo (Lodhi et al, 1994) @bB3-o gduEH®sgsool

dmEOoB0E0MYIOMEI0 EsdMMIEGMMOo 3)00M©O

CTAB

B89%9(0 O 95896(9980:

- 39GOW-3H03g0-58mbov)d-d0mdoo ((CisHss)N(CHs)sBr

CTAB 39903960 (2%-0560 CTAB 695J@030 denogho dsGrogroo. 1000 dev)

100 d¢g» 1 M @Mobl HCI pH 8.0

280 de» 5 M NaCl

40 dew

0.5M EDTA

20  CTAB (39¢0w-3®00900¢0-5d0b0v)3-86()01000)

300560 MEMEMds Boggds 1 -0y, ddH20-mo

BME 56w BME - 399-096353&Mgmsbmero (HOCH2CH2SH)

g1

CTAB 0639995305 (Lodhi et al., 1994):

(0]

dBs00qds CTAB+BME (CTAB 600 pl/BME 6 pl oooomm Lobxs®olomgol) s begds
656930l Hobolifo®o 2omdMds 65 °C fyaol sd5Bsboom 30 for-ob 9633w mdsdo.
3o0mdsmo CTAB/BME- 600 pl bs6g30 gow053395d38 xmool  Jumgoeosb
93960MmOHx0L  LobxsMgddo. bBsGgzolmzol s  BMMEOL  IFMEISEIOMEO
R0Ox0EOL dgMgzs bgds 10 o ‘gmdEJuoM9gd0m’ (30MEHIJLoL  53sME DY
bx0MH930m).

6954303900l s Mool IE3M0L 650930560 LObX ™GO0 WsAGds LObX SMJdOL
3Mb63g0bgmdo s o3 65 °C-Bg odMdM fywol sdsBsbsdo 1 Lo-ob
3968530 Md5d0.

39%03%0390990 b5{os3900l sbowgds Lobxsgd0 39bEGHMORMA0M©Ids 4 °C
A9939605EH M5B 2-3 for-ob 456393 mdsdo (1200 d6/fo).

93LE54305 JerMOMRMOAoL 25dcmygbgdoo:
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0 ©59d3ol 8999 0bg3500 BB 259351 0IBGHVIMO 3MOMYOOL Jmby
sboen 1.5 8w 93960m® 30l Lobyx s69ddo 3039E0L MBowGHOM j39MH0m.

0 Mb3sbs (RNAse) 30m3m®zoom 0.1dy RNAse - 0.199y TE 3996do omoomm
LobxosGobomgol, 2 pl Gosmgbmdom 99a30d3L Lobxol 899339 Lobxstmgddo.
Lobx 50930 3mb6EJ0bgM00 MogzLgds 37 °C-BYg 98OI {geol 5dsBsbsdo 30 for-
ol 2963530 Md5d0.

0 39do, 3699 306GH0wWsE00L dJmbg 9393 39960530 4935d3L 3MBEGHI0bgMTo
o300 Bobxs®gdo s oo™ LobxsMsdo Tgagzod3b 500 pl 24:1-%g
35003900 JEmOHMBMOHI/0Dmsdowo-sew3im3mmwol  bs@gzo.  Lobyxsmadly
bowom, bywo Ggd30m 35bx0MH9300 3000609 Lobxs®gddo sOLYdIMwo bsMgzo
6IoLRIOL JooEgdL. (9goJgool o6 FomdsGm3z0l Jgdmbgz935d0 SEGHIMbIEH0Z9S
JmOMRMOHI/ 0DMIT0o-53m3memol  Bsbo3ggwgds  25:24:1-%Bg  25bo390)o
896M/JemOHMmBMO I/ 0DMIB0E-5¢03Mm3MmEom).

0 399303303900 BsMBIBYdOL il gdo BobxsGgdo (396GHM0BMR0M©Ids 4 °C
A9939605BH1M5BYg 5 [H0r-0b 6dsgcmdsdo (1400 d6/ o).

0 39do Lobxs®mgdosb mbgzso GsbBs sboew, (obsdmMdgo Lobxsmgdol
0©IBGHMO0  @IOMOIGHMOOMWO  3m©OMgdol  dJmbg 1.5  doowo@®osb
93960MmMHx30L BLob) 5900 o393l BOEWEHEMO0BO 303930l §39M0m. Fowo@sbs
ROOBOWSE Mbs Jmbgl, oly MOMI MHY350 BBl Bogngdo 96 4oY39L sbown
Loby s690d0.

@b63-0b goblibs (30930303)9309):

0 2/3-%g 9mEM@mdol mbsxsMHO™Md0m oMy LobxsMsdo 9agzsdal 3030
0BM3MOM396Mo (333 pl 0BM3OHM3s6meno 500 pl Lobx ol dmEMEwmdIHY)

0 ©b3-0l 3M9;303035300bmM30L LObx oL 9993390 LObXMYdO 0bIbYdS Bo530350MT0 -
20 °C $9983965@165%D9 96000 0530 (12-15 Lor-0ob) gobdsgermdsdo.
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Q) 2

@b63-0b 25bRM3905

(0]

Q9 3
(6]

(0]

30wm3sbo Lol sbdEgdo  LobxsMgdo  396GMoRMyoM©gds 4 °C
A9939605EHM5BYg 5 [Hor-0b 6dsgemdsdo (1200 d6/ o).

Lobx 909306 3530wgdm MHg3s boegdbgs Lodbgll (Lm3g@bs@obBL) oby,
™I 30¢M3560 boergdo 56 25939L. LobX 930 Bo®BYB 1Y3gMHbsEBEL 3odBIMdM
139305 MM0  396¢®oxMyom (blotting rim). 259GMd0L 9999y Lob)sGMJOOL
1L3IYMHDY 96 439MOBY MBS BBIL 300l FMIBMEOlgdIMO bogngdo.
LobxsM9ddo Boergdol olaGgabo d9a3543L 200 pl TE (Tris EDTA) dma3960 o
b9w00 ZOHMbOES© 356%0M9g30 boengdols goblibsdy.

LobxsM9ddo 3505390 1/10 dmEMmdomo fowolb 2.5M bs@GMomdol s39@oEoL
blbs®L (pH 5.2) s 303, 100%-056 90sbmerls (10 pl bos@®owmadol sggdodo s 200
pl gosbmeo momm Lobx s¢5d0).

333 bgds bd-ols aoblbs gm0 ol 2963sg3emdsdo. Lobxol Lobxsmgdo
065bg0ds 953035080 -20 °C 9d3965¢ M 5BY.

Lobx MGl FoamO3L0 o393l o, RoEHM0E Lob)sMgdTdo, MHMIgos
BmB9MH53000 98mNb3z93s Hobsdm™mdg© Lob) sG9dL.

Lobxol Lobxsmgdo 39bGHMORMA0M©Ids 4 °C 393396 Moy 5 fo-ob
296353c0mdsd0 (1200 d6/ o).

63-0b Loby ol LsdMmEMM 245M93b3s s AMAG3500560 F9bsbgzobmz0lL As8Bowgds:

(0]

LobxsM9ddo BoEGHM0B boergds FOMbowsw 3Mgisbsgo 500 ul 70%-0s60
J0bMWom.  gmobmwo  3odg@om  LobxsMol  393dMbol  396¢HOdo  Mbs
dm35b390M0Mm.
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0 ULobxs6gdo 396GHM0xM0Mm©gds 4 °C 3H9339Mo@esbg 5 -0l gob3s3wmdsdo
(1200 d6/on).

0 3530900 9goobml LobxsMgd0sb s ol bsMRIBL 359OMd 3538056
395&M0xMa5d0.

0 ULobyxs6gddo 8923543 65 °C (393396 MoBg godmdsco 30-100 ul TE dmg3g6o.
Lobxogdls 65 °C 3$9339msGmol  guols sd5HbsBg Z9bgeMgdm 45 fo-ob
3968530 Md5d0.

0 Ubobyxol 99933390 LobxsMgdo 396G H0RWMY0M©Ids 4 °C }9d3gesd OBy 5 for-
ol 256053 md530 (1200 d6/fo).

0 ULobyxgdo sboew 1.5 dowowod®osh 939bm®maol LobxsMgddo yooy35J3L. o3
X9ODg LBobxsG9dL M3900©gds gdm3560 93039¢)0, MMIgbHgg §HobsdmMmdgo
LobxsMGIOL  0EIBGHMOO  BMMIGHMOOMO 3OO  0fgMHds  PIMOMMD
9ODS.

0 995500900  ©b3-0l  bsMobbL  35dm(j0gdm  gge-gargdGHOMBRMOBOL
LMo gd0m. FoLowo  boolbol Lobxgdo, G™Iwgdos Mdobstgzm  ©HI-U
39039396 065bgds -80 °C 39339M 5@ Emsbyg do3035030.

4.2.5. 9dbyomgdBHomgdmemo ©bd-ob gge-gergd@Hmgmmgbo

15330930 ©H3-0l Lob)gdOL ger-gergdBHOHMBMOHIHBOLMZOL IbsYdm©s 0.9%-
0560  529MmMDBsl ggmo. sdobmzol 1.98 46530 sgsMmMDsl gguol xgdzowo (d6gbo
‘Agarose NEEO ultra-quality’) oblbgdmes 250 dowowo@®m TAE (G6ob-s39@o@-EDTA)
053960 3d0. B36930L 5©VGds F03OMEI OO MIgEdo 9@s3MmdM0350 bgdms 100°C
A993965@MM5Dg, MM 5x50mMbDs LEMEs AsbLBowogm. 50-60 °C-dg 9o gdol
0909y bLbsmo  obbIgdms 9ol  ROOROESDY, Losg B0 gdmwo  oym
©65YMx39d0L s9MIBH30536530 dZ0Y S BIMIdM®Y #o3039050007.

993 BHOMBMOGBoL  gBHs3obmzol  4s80Bbmwo bsBsgo (Master mix) oo™
Lobx obm3z0L IHBsYdMEs 99Y0 MBIBIMMBOM: 4 pl FMEMEMds BsdEH30MM39w0
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0539600 (Loading Dye)/1 pl 9m@Ememds 3anm®glgbdeo dmagho (Cyber Green™
dye)/1 pl dmEwermds basbserobm b3d-ob Lobyxo.

390 M93BIOMPS JgJBHOMABMOGHBOL 93565@d0, Loosg TAE-31x39M03 oym
3 m3L9090. 29 do 3039300 bJOdMEs 9 9dEGOMBMOGBOLMZ0L FMmIDsYdMwo 6
pl Bobx9gdol s BGMsadgbEgdol Bmdol 0bwozs@memo Mgod@ogol (Ladder) Bs@go®mmas,
OMIgwog  3gol  30BMeoBsgool 96y 49390036930l ML LaggbmOmdMmog
LEAHOMIGHNOL 009dL. JEgdBHOHMBMOGHBOL 3OMEglo J0dEobsMgmds 100 3mw@byg 1
bon-0b s 30 fon-ob gobdsgwrmdsdo.
3900l 259mlsbergdol 49oMgds s M3IMIGDEH0MIds brgdms bgwblsfymmo - ‘Gel
DocTM 2000, Gel Documentation Systems’. 39bg 0903505369890 dmeng3megdol
0053996900l DBmIol  ©oabs  bgdms  LoggbmOmdmozo  ymdol  djmby
060035@™Mom (gdqds 5)

Idgds 5. g 3magdol g3Msgdgb@gdol Bmdol 0bwozs@mmo (Ladder) s dolo bsymagool dglsdsdolo
bmdgdo dmEgdmeo d5Bsww® fyzowgddo (bp)
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99GHMx0609dwo ©b3-ol Lobxgdol godmdsHwsgbgdom s0IMBBEs, HM™MI dmerg32Igdo
Bmdol  aodm  ggbg  bBgs (10000 bp) 0bOIIGHMMOL  sbsgmgzol  goliizmog
Woa90Mm©bgb. Lobxdo Ubgs Gomgzsbo 96  bsbHIoGMYsedsm3zsbo  dobstgzol
5ML9dMdOL 99dmbgz935d0 060035GH™MOL BbZs, MROM IOIWO gOmgMol golH3M0353
BBadm@s wods. ©bd-ob absMogool dgdmbggzsdo, Moz B39 SGMSLILMEMZgEO

0909209, ods  ggwbg  Lobxol  Tgbsdsdolo  obsymaol  doger  Loa®Adg by
0o00m0g4dbgdmes (L. 4).

g 8
S o
EE

FYRO0O719
FYROT20
Ladder

PYRO707
FYRO703
FYRO709
PYRO7IO
FYRO711
PYRO712
FYRO713
PYRO714
FYRO715
FYRO716
FYRO717
FYRO713

bomo 4. 3gebg 258m3:003690Mwo ©BT-0b GMsdgbEgool Fogowomo. HMAMOE LwMsmoEsb BbU,
Lobyxgddo: PYR 707, 708, 710, s 713 ©b3-0 ©qbs@«tmo®gdmos, bowmem bobxdo PYR709 ©bd-ob as6s
bbgs 30emg560 80656939003 500l Bowswo 3mb39bEOsE00m.

Lobxgdo, MHMIWIDDY3 9JIJHOMBMOGHOOL  FMbs3dgdds  9MLILMGMZgo  TJIAO

B3969, 35000Mm©bgb bgsbso AoLBMeg900L 9ES3b.
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Lobx 930l bgeobsro AobMBRMDO39d0L gEs30:

0 Mb3sbs (RNAse) 30m3mOmzoom 0.1dy RNAse - 0.199y TE 3d9960do omoomm
LobxsMOLMZ0L, 2 pl M3MmEIbmdom F9a35d3L Lobxol Lobyxs6gddo. Lobxsmgdo
3Mb63gobgmom mogbgds 37 °C-Bg 2500056 {igeol s05Bsbsdo 30 fo-ob
3960530 Md5d0.

0 ®0mMmgM LobxsMsdo 99a3543L 50 pl  $3mbomdol sgg@oGo s 300 pl (100 pl
Lobx ol ImEEMmdolm3oL).

0 ©b3-0l aoblbobmgol  Lobxol  Lobxsgdo obsbgds  dsgogzsmdo -20 °C
A993965@MM5Bg 9H0 sdol 256353 MdST0.

0 ULobyxol ULobxsMgdo 39bGHOm0oxMaoM©gds 4 °C  GH9d39Ms@msby 5 Ho-ob
29b6353c0mdsdo (1200 d6/ o).

0 bgds boewrgdbgs Lombols dmdmMgds Lobxol 8993390  LobxsMmd0sb.
1390065 BHBEHOL  Bo®BIbOL  STMIOMBDS  BobXMJOOID  bgds 35399056
395GM0xzMa5d0.

0 ULobxl gds@gos 100 pl TE 8953960l blbstro.

0 23bMBMIZ390Mo  ©HI-0l  bosoLlbL  350m(j0gdm  gge-gegdGHOMBRMOgBOL
LMo gdom. M) boGolbol Jgamfidgdolsl olgg ©oA0bs, MM Lobxo 6
3oLMRMI3s Bomsbsm@ 96 ©BT-0 6 6oL Lobxdo, d580b sbgmo Lobyxol
50mq0s MBS dmbgll 33193000 9JL39M0096¢30sb.

0 23bBMIZ39dMo  Lobxgdo ULbgs Lobxgdmsb gbhms obsbgds -80 °C
A993965@ M5By 530350 0.

4.2.6. 3m@0dgMsBol X933M0 MJ5J300 @S gsdmygxhgd o  do3HMbsGHIoBMGO
3563960900

396930316 9650 Bdo godmygbgdmeo odbs 11 dozmmbo@gwo@m®o 356 3960:
GD12, GD9%6, GD142, GD147, CH01D08, CHO01D09, CHO1F07A, CH02B10, CH02D12,
CHO1h01, NHO15a. 856396900 d9060Bs o@gMs@Oyemo dmbs3gdgdol dobggzom
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(Liebhard et al., 2002; Hemmat et al., 2003; Bao et al., 2007) @ 33w930L 53960390

05659mbsfoegl 9. 3men3ol Volk et al. (2006) godmd3gybgdmwo 33eg30L Logzdzgw By

(@b6. 7), &G™Igwog B396L 8096 ©s39adowo Imewg3mo 33eg30L Hobsdm®mdgo
0Yym™.

gbdoo 7. dberol  GHodbmbgool 99693036 965oBdo  godmygbgdo  wm3MLgdol
0obslosmgdEgdo: @M3MLol ELEbYEYds; -0l 3Msodgmol (F dstxgbog dodstomwmwo, R dsdibbog
0005M0wo) Bgdggblbgdo gobdgm®madso dmE039000;  SgErgdol BmIoL 0s35BMbo odmlsbryeo

05BoE® Fyz0agddo (bp); 33693H03O 35Dy, 9699 JOMIMLMIME XaRdo 9EFOWIEIOSOHIMIOL

9mbo3990 s WoEgMoGMevwo fystre.

wmzgsto | F 30509960 R 36503960 seegengbols | gomdnbndy Dgotre
s 0 X3RO

TTG AGG TGT TTCTCC | CTA ACG AAG CCG CCA 136.170 Hemmat et al., 2003
GD12 CAT TGG A TITCITT 10

CGG CGG AAA GCA ATC | GCC AGC CCT CTA TGG 141175 Hemmat et al., 2003
GD96 ACCT TTC CAG A 1

GGCACC CAA GCCCCT | GGA ACC TAC GAC 132-188 Hemmat et al., 2003
GD142 AA AGCAAA GTT ACA 3

TCC CGC CAT TTC TCT AAA CCG CTG CTG CTG 192148 Hemmat et al., 2003
GD147 GC AAC 4

CTC CGC CGC TAT AAC | TAC TCT GGA GGG TAT 226.300 Liebhard et al., 2002
CHO01d08 | ACTTC GTCAAAG 15

GCC ATC TGA ACA GAA | CCCTTC ATT CAC ATT 118.175 Liebhard et al., 2002
CHO01d09 | TGT GC TCC AG 12

CCCTACACAGTTTCT | CGT TTT TGG AGC GTA 176226 Hemmat et al., 2003
CHO1f07a | CAA CCC GGA AC 10

CAA GGA AAT CAT CAA | CAA GTG GCT TCG GAT 113-159 bp Liebhard et al., 2002
CHO02b10 | AGATTC AAG AGT TG (18) 2

AAC CAG ATT TGCTTG | GCT GGT GGT AAA CGT 213255 Hemmat et al., 2003
CH02d12 | CCATC GGT G 11

GAA AGA CTT GCA GTG | GGA GTG GGT TTG AGA 97-123 Liebhard et al., 2002
CHO1h01 | GGAGC AGGTT 17

TTG TGC CCT TTT TCC CTTT GAT GTT ACC CCT 95.127 Bao et al., 2007
NHO015a TACC TGC TG 17

593@0x035300Lm30L  459mYygbgdmwo 0dbs NGCPR-U @sdmMs@mmool doge

dMEO0x030090w0  IgOMEO.  300dgMsBol  XoF3MNO0  Mgodgos BsBM©s 1.5 l
d0wo0sbo  AMEMEMdOm.  MOMMGMo  Mgod30oLmzol  10-50 Bobma®msdo  dubberols
Aogumbgdol ©bd-ob Lobxo s 0.3 6 0.7-0g pl FmEMEemdol 3Ms0dgMgdo odbgb
303006060 gdmwo 1.5 gMmgme Fog-3me0dgMsbolmsb. MHgojaoolmzol godmygbgdmwo
0d65 1X 8953960 (Promega buffer) [-HCI - 10 mM, KCL - 45 mM @9 0.1% o0sbo Triton X-
100; MgCl: - 25mM s 20 mM dNTP] (Volk et al., 2006) gb®owdo 3oHMmdoms©

81



dm39999w0s 9H-9hHm 36M5009gHBYg dolsIygdo dmEgmo (3bG. 8). 0go sbobsgl
3m0dgmsboll  x9F3MO0  M95J30oLm30L  LyFoOm  M9goa9gbBgdol  dmbszgdgdl o

509bMdYOL.
gb®oo 8. NGCPR-U 3m@m®50mb  @sdmGo@dm®mool dogh 89999953900 3meodghsbols
X933960 0959300l WsdMMsE MO0 JgmMmO.

F - TTG AGG TGT TTC TCC CAT TGG A
365009M0: GD12
R- CTAACG AAGCCGCCATITCITT
JOMINBMBMEo X yRB0 10
‘30-L0-56" -0l bstggzo (Master mix) 0000560 dmEwemds 0.65 ml
1X 053960 (Promega buffer) 200 pl
HC1 10 mM 110
KCL 45 mM 45 ul
MgCl: 25mM 5ul
dTTP 20mM 10 pl
dATP 20mM 10 pl
dCTP 20mM 10 pl
dGTP 20mM 10 pl
dd H20 250 pl
300099 BOL X 5FFMM0 B95J300
69594300L Go3o (bmdol dob.) 15 pl ®godizos
albol Bogumbol a49bmdwmmo ©bd-o 0.6 ul
‘30-b0-56" -0l 65930 6.5 pl
ot 3bbog dodomommwo 3Gsodgmo 10 pM 0.3 pul
056x 3603 d0dsGrnvyeno 3G50dgMHo 10 pM 0.3 pul
359 300d9M5%s 0.3 pul
dd H20 s6sMRgbo 15 ul - 9y

5330003035300  2obbmM30ges  mgMIMEo3egMol  dmger ‘TPC 200-o0.
30dgOsbol  X9F3MMH0  MH9oJ300Lm30L  MgMIMEOZWIOHO  3OHMYMSTOMIOMEO  0gm

999096506 5:

e Lofiyobo 3030 - 2§0/95 °C.

e JmId3bm 30 3030 - 30§0/95 °C.

* 2569900l F98396M5¢M9d0 dmyzsboo gsOmgdol dobggom (3bO. 7) 3650096
13930809M05 @S  BoGHIMYdIMWO  ST3W0RB03ZS30J00L  OML  Bbgsolibgs
365089693030l 50 b 60 °C-8g dgygmd..
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e 1 3ogwo - 1543 /75 °C.

e 533003035300l LG LyxggbEo - 2§m/75 °C.

4.2.7. PCR - 360200393900l 29e0-9e09dHOMBmm9bo s 1igd39606090s

399D590Mo  3M0dgMoBol  X9F3MOO  OgoJgool  3OMmIBHgdo  1:1-Bg
3909305 99dAHOMRBMOHGIHOLMZ0L IMIBIIOMo Bsbosgom, HMIgoi 990393 95%-
056 53m®Boewg3olL, 50 mM EDTA-U @s d36™3ser@g300L mexo BRsdEGH3060ms30
0396l (Brom aldehid Blue Loading Dye). 3m3%sgdw9cro bobxgdo gbs@wtdotos 95
°C-Bg 3 for-0ob 3563530 mdsdo.

9099 BHOMBMOGBOLMZ0L  godmyggbgdmwo 0dbs 6.5%-0560 5300w sdoEolL o
(LI-COR KB PLUS 869600l 5360¢sd0@om dmdbsgdmewo) s 1X TBE dmgg6o (89
G®oU, 89 dmGOL 35935, 20 EDTA). 29¢0-909d@®mx3m6M9bo dmoiegs 1m-U s 45§m-b
@ bmO®EogwwEadms 1500 gmw@, 40 35@ ©s 405839600 doeol  9angdGHOmdol
299my9bgdom. Ugdzgbo®mgds obbmGmEogw®s bgdzgbbgdom ‘LI-COR 4200-00 45 °C
A993965GHMM5Bg. oBOMo  250mlsbmgdgdo B9dz9blgmob  3mGdEH0M©S
3Mma®Msdsdo ‘LI-COR Saga generation 2’ s 53 360HMaMs30m39 ©003300. YM39¢00
69303306090 wo  bobxolb  sewgwgdo  d9dmfds ommgM  m3mido.
wMm3MBgdolm3zol, GMmIgwoms  4obdgmemgdgdol  serggdoi 9B ogm  0wgbEwOO,
3000©90Mm©s  9bodgzbs 535030 dmbsgdo“  (Missing data)  3mdg3bm
93650HgdoLMZ0L.  SEgEms  HBMIGOOL  3950dMS30s dmbs NCGRP-U  dmbsggdos
0519000  9OLYIMwo AbbErol s 35FoL  BogJumbgdol 60dwmdgdol dMbs(39990056
990oMgdoo (PI590184; PI 588853; FI 588850)

4.2.8. 959mJd3996909c0 3969303960 dmbsggdgdo

Lomgd@mOm bsddmddo dg@sbowo 0dbs g9b9GH03mco 330930l dmbs3gdgdogs,
OMIWIdo3  XIO-XIJOMOOM 5O 5oL 3990d399690mo.  sbgmo  dmbs3gdgdols
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3990yg9gbgd00m A9BbMME0gws MmMo G030l sbserodozmemo 9JudgeodgbEo, MHMIgEms
LogMM F0BIBLYE FoMTMoqbL AL 39w Bomglioggdl s x0dgdL dmMol ygbos
909m3300lL  3MHMmEgLboL  SOLYOIMIOL  sEAIDs @S BHoJumbIdl TGOl  bsoglomeo
393006930l sBMLEH9ds.

1) LsBSEPOBM FMbS(39FMS BBSTO WsTSEIOOM BN 0dbs sSBoMO Alberols
X03900L MO0 36MA960EHMMO Lobgmdol - Bsdm®ol dbberol (P. nivalis Jacq.) s J30dols
dbbeools (P. pyrifolia (Brum.) Nakai) dozmmbs@Ggwo@dwédo dmbsggdgdo NCGRP-U
dmbs3gdms d5H9d0sb. P. nivalis-ob s P. pyrifolia-li 3969@0376M0 dmbsi39dgdo Lbgs
dmbsigdms Absgloce NCGR-I dmbsigdoms 85990006 0465 dm3mggdmero. P. nivalis-o 3.
d6m3z0Rob (Brovitz, 1983) dobgz00 93M:Mm3w 3Mw@eOen dbbegdlsg 9bs0glioggds
AMORMWMYP0MMS0 5 BIODME0s 3006MH0EOBs300L 3MmEgldo, MH™Igwoi dbbarol
33560b bgdios Pyrus (Fed.) Browicz. 3oGonm 49360390900 dmgargbss. P. pyrifolia 3o
50IMBO3wgm sDoMEMO Lobgmdss (Tuz, 1974). oao LoLEYISEGH03MMs© Abberol g35m0b
3963939390 bgdios Pashia (Koehne)-8os 49605390000 ©s 503Msgwgo sHowGo
Alberols 08900l Mobermggl Bomgliog Lobgmds omzagds. 3393580 A9dmYygbgdre
LogBM FMmbszgdms dsDl, MdmIgwoa 216 0boz0Ol IMbs3gdgdL BMO(3930s, 9dsGs
P. nivalis-ob 18 0603000l dmbs399900, GMmIgwms bodMdgdoz dm3m3zgdmwo oym
0)MJg0ol, dMERsMgmOL S 00560l FHgMo@MM0gdby s P. pyrifolia-ls 20 0bogzools
dmbs399900, MMIgms FgaM™3900L 50w gds NPGS-I 85H5do d0momgdIemo: ogm
Bobgmo, 83GHsbo s bgdagro.

dmbs399900, XAMBMOO  (33w©JOOL  LBobom  gosbowoBEs  30dHOOBsEGOOL
3ML9dMBOL 2969303 MO dsDOLOL oLM3IZ939® WS YYMH0GOMYSIF0KH530 LoBEOZMYGdOL
©OLOYPIBI® 3MEEGHWOHME bl s Sg39 Bom 39WE Bomglioggdl JmEOb.

dmbs399ms 9565¢0Bol S 30D MOODsEOOLMZ0L Fodmyggbgdero 0dbs 3GMYMTs
STRUCTURE v. 2.3.4 (Pritchard, et al. 2000). 3M@@OM S 396 AbeEgdl dmeob
396930300  FM035RgOM36900L @S OLYOIMEo  bb3smdgdolL  goblsbrzmolsmzol
36bmO309m©s  8509B0BMM0  3WsbBHIOMIo  sBowoDbo, GHmdgos 11
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30360mbOGHIoEGWO0 35603960000  BsBo®mgdmmo  33¢0g30Lb  dmboigdl  93dbgdms.
339530900L M5MmEYbMdOL 35M5d9EHGMOL (k) 4obLEBOZMS Tolo Mbyol LodMmszo0m

dmbs. mommgmwo kL 3609369 mdobmzoL  gobolsbgcs sBLMEMEBHWMEmO, 03039
33mUEIOOMOMWO  SWBIMMOYGO0. SBLMMBHMMO  SEBINMBJO0  godmomgaws MCMC
(Markov-Chain, Monte Carlo) 3g00m@ol 359mygbgdom. BsfgMol (‘burn-in’) gozero 50000-
X966 3963gmes  MmomMmgMwo  xoF30L  LodMws3zool OML. £ mommgoeo
36003690 mdobsmgol 20-xg6H dmbs MCMC X330l LodEsE0s. 30330930l
50M9bMd0L  Foguodoe®H  B3Ms©, MMIgWDHg MROM TgBoE  AoLOBICOBYdYE
dmbs3999000  BoMOE0  SEBSMMIOD 5O 250M3e0bYdM©s, doRbgmwo  odbs 20
3305305, 3AaLGHYOHI0 565¢r0Bol Jg09y kU 5¢0d50mMmd0L dmbsggdms (ygds (/n
Pr[X/K]), ®m3gwog Lodmesgool 993sxs0909ew bmbbsdo 0db bsbobo, 459myqbgdryemo
0dbs kL yzgwsbg Igbosderm 3600369 mdoL  253MmMZEOLmMI30L.  20TMMZEs
3956bMM 309 3509H0sbMMHO 356Mmbol FMEOTME00):

eKi

Pr (4) = Y. eKi

LoQSG: e 9Ol 9Ju3MmbgbEo, bmwm K (0L I-MM0 30309300l SEPBSMMOY.

LodMSE00L F9d5% 539090 bMLbOEID sTMMGdo k15 36093690 MdgdOL A5TMMZOol
3oL35M 30390 gl 3608369 Mdgd0 As0gm 100-Bg, GoEAD Bmlibsdo dmEgdmeo -1
602005 MH0  HoEgbzomo  odmbobgdgdo doewbBg oo oym 0dolmzol, MHmI
6d9w0dg BEIGHOLEGH03MOO0 3OMYMSTom dMIbIMOYM B0 Bs0Bo.

36OHmyM530L 8096 FMmEIE0©gdMwo  ©9bOMAM)0DY gobdBHMYddL TGOl
@OLEBE0s  29FMmomM3ows  FGHBMdY-890535300609d90  HEMMOMIOL  FoBOIYRJOI0
5¢ggdls Mol sMLYdIME Lobomgms Lbgzomdgdol dos@®mogolmgol (Saitou & Nei, 1987;
Felsenstein, 2005).
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360myMsd> STRUCTURE s 85090056996 §qlBg ©oxdbgdmwmo g9bgdolzméo
LAHOMIGHNOOL  bsEOBOL  FgoMmEO Q963 MMZboos  3MIMWH30900L  29bMRMboOL
3905090000  9B5oBolmM3oL. i FJOMPO BIOMNME  FoFM0Yggbgds 5EF0BDS o
3bM39mms  3m3MWo3omed 3969303500, 0Md3s  Mobsdgd™mzg  39MHom@do  0do
330 gobs 9;3969M9ms 00MEMA05d0E. OMLYOIMBOL Lb3oILlb3s ™gds@ozol
33093900 83965Mms 3969@030L F0dsMMMgdom, LosE 3969303 WOO LEHMMIGHIOOL
9650Bol  dgmmEo  HoMBs@gdom  sMol  499mygbgdmo  bbgosbbgs 839650l
3m3953090L  dmMol  Lbgomdols  o9mbogargbs 96 308600300l 3MMmiEgLol
d9Lsbogars (Ovando-Medina et al., 2011; Schanzer et al., 2012; Vergara et al., 2014;
Ahmad et al, 20155 Welt et al, 2015). 8900m@©0 doGOMEI© ®OO0YHEGH0MGIMWOS
dosLobgmdMm030  BHoduLmbmEmo  XaMBgIOL B0 BBy, b 9OHPTBIPL X YMBMO
33W9©IJOL 5EMIOL s 9x3Ydbgds g X3MRBJOT0 FogMM0569do 0bo3z0adOL
3036MLOGHI0@GWO0 8563900 ©bB3-ol  dmbs39dgdL.  F0bgOZ9®  3OMYMSTS
STRUCTURE-L 303¢056000L @5 9ol sboew 396109330 53 360 6Msdols 99bsdegdenmdols
300093 MBOM ©b39HoLs, 3MMaMsdol 99Jdbgwgdo 0fygdosh (Pritchard, et al. 2000),
™I LEAHOYIGHYOMEE Yo B9Jd39blgdol sbseoBol Jgdmbgzgz5d0, 3t3Es30gdOL
b Mgdm dbgowo GHodumbmMo XaMBgdol FoEowo MOEbzoL  HEBdICMOOL O
36OHMyM5359 Fgloderms bo®zgbmws HoMdmoaobml 139Mgdo 1d)dgdbg s dsmdo
b9wm3b696ms@ 499mbsbml obgmo sbogo ggMo, 699 xamx0, Mmdgwwog bLobsdwpzowgdo
56 5MLYOMBOL. bsMzgbol Fobgbs Lobggds 3OHMYMSToL sSEAMMOOMIoL dmddggdol
fqLo. N Xololeletlel Gogbzom dmboigdgdL, GH@Iwoms3 399990
3036mbOGHI0@GWOH0 356 390mwo ©bd-ol Bgdgzgblol dobsbosmgdwgdo, 39Mdm@ dobo
L530BbY M3MLTo (335¢909MBOOL BoMIYWIOIO s PodMmYgbgd o 63900l LogMdol
399039600 (3350905 MBDY, FoIYs3L B9MHJOT0. £l B 5¢dIMMDYIDBY 3OrIMAEMSTS
3036MbOGHIo@GWO0  Fo63gmol 3069 (339 9ds@MdLsE  Fs®e 3603369 MdSL
560Fqol, b G553 MBI oo 0BOEIds kL Gogbzo, 3Omymsds STRUCTURE

GOWMOL  dgBo  BgJOHoo  4odMLobmlb  mommgMwo  0bozool  g9gbgBolzmdo
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36535 R9M™36905 @O BEdMEWMME E™I0bIBEHMMHO BIMGIOL RBMSYTIBEIF0LSE SbEIBL.
5303™d, M95¢oLEGHMMO J99a0L Jorgdolmzol ©93md9boMmgdMEos 39E3)-b53wgds©
abaogbo  396MmxaMbEOL  FHogumbgdol  FgsMgds. 98539  fysrml, by 3GMYMol
Lobgddm3569eml Jobgz00  sbgo boM39BML A993eo3900L oo FomMOMYdIMWOs
533063905, 099 M59965© MI0bIBEHMM0s gl BIOHO 9OH-9gHD 3o 3G BodumbTo &
b odoer 36003690md5BHg, 96 Lbgs 3MMaMsdols godmygbgds, MHMIomss kL yzgus
360083690 ™d0b bsdrsm 86033690 MdsBY og356s brogds.

33930l BoMRegddo gl IgomEo odmygbgdmeo 0dbs Auberols 3gwmMo s
30 EGHMOWO AogJLmbgdob 39056M900bm30U, OHMIgwos 39W0EIGFOSS
AmORMwMY0OHo 60dbgdol Logmdzgarbg dmbs Lods®mgzgarml dgbogmdol o
REMOOL dMbs39990D9 ©YMHbMd0m (bmdobMsdzomo s gMobomogo, 1931, 1941;
Jmoomgsdg, 1947, 1980; bmdobmemsdzowo, 1973). dobgbo, Gol asdma duberol
DMQ0gIOHMN0 5RO MOM030 LobgmdgdOL, dogowoms@ Fomgmo bmLbol Lobgmdgdol: P.
ketzkhovelii-s; P. demetrii-s, P. georgica-i, P. oxyprion-ob o P. sachokiana-ls BsG»35 396
dmbgmbs 2496930379600 LBEGHOIBHWOOL  bswoBdo, oym Tgadmzowo Imbs3gdgdols
50553356000 M5MOIbMdS 5T LEBYMDJOIOL FHoJuMbgdOL, 02039 XAMIBMOO (33CSYOOL
RMOI0OJOOLMZ0L. gi 3OIMdE9Ts FbmEwm Fomgwmo Bmlibols babgmdgdols dgdmbzggzsdo
39865, Mosb 39tbg oo 06E030Gd0L MoMmgbMds, BooIbsE JOHMNLOMMES©
AMORMWMY0MOH0 @S 2969303900  9BseoBolmzol  Lobxolb  Tgadmzgds  oym
d9L5dgd9d0, doDBY PGS 0Ym. 535Lmsb, 58 BIMMZoo Lobgmdgdol dgEglcmdol
9O»gMwo 060300900 dobHg ©oO  GIO0FGHMMH0Mo  0bFHgMzsmom  0y3bgb
©IMEOGOMmo  gOMbgmb, bmwm P. ketzkhovelii-b 9900bgzg350 LogdoGM3gEmls
dsLdEod0m dolo AbMmEm© 6 HBOEILEOMEO 0603000 0dbs s0IMBIboo s SOLYOMDdL
3935OMgdMwo 9330, OMI 53 Lobgmdol Mo(33Mm3bMds LodoOmzgermdo xsdwmGsw 20
0600300 56 5F5MdgL. dm 3990 FgPMPOm BEIMJOME 565¢0BT0 godmyqbgdmwo
0d65 dbmEm© olgmo @odumbmemo xamxnqdo, GmIwgdog 18-20 b6 993 0bozol
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9035300696, M6 M3 MBOM d30609003b3Mm3560 BHodumbmemo xama3o, oo MROM
MO RLM3Z5605 Aol 9693036 LEAMMIGHMOSBY 29390900 IL3Z0S.

2) 2969303900 9BswoBolbmzol  LodsGmzggwmdo dgadmgowo 215 bodwmdo
53853005 EdOMOMSGHMOO0MWSE. Bo3dwo3o30m (Asanidze et al.,, 2014) dsbsero 3o
dbmemo 150 6odmdo 0dbs godmygbgdmwo, MHmIgEms gbmambroli obsliosmgdss 11
wMm3MBom 4obbMmM309w@s. OO GoMmYbMdOL, 649 215 60dwdol 2qbmumbool
©BOLOSMPds 7 dOMOMIEO  F0IOMBOGHIWOGHMMO  B639M0m dmbs, MMIEId03
099L585090056 m3MLgdl: GD12, GD96, GD142, CH01D08, CH01D09, CHO1FO7A s
CHO02D12. ¢om3mligdbg 96Lgdmeo §gomrmgdol dobgwogoo (Liebhard et al., 2002; Hemmat
et. al,, 2003; Bai et al., 2007) gb m3mLgdo HoMmBomygbgb Lsdsbobm, bs3wgds©
339905 29bms Wm3MLgdL. Lbbgs wm3mlgdo: GD147, CHO02b10, CHO1b01, NHO1a,
HMIGms 59MMqds3 dmbs dm3gdvwo sbseobosb, 2496933690056 FgsMgdoom
LPGOOBO©  (339¢0gds 29bms  WMm3MLgdL, MHMAEgdo3 0bEoz30WMIEMMos dbmerm
36309 Mo Bobgmdobmgols 96 Lobgmdsms  xamaobomgol. ¢dgdglb  Hows gL
WwMm3MBgdo 2969379036905 Mom©Ybmdm03 60dbgdol s I3gbstol  0dmbo@gdob
3968L5BOZOgo 49bgdl (Quantitative Trait Loci 649 QTL-900), GmIgemo;ms 5d@03530s 96
3309353 By 9900b3z9358d0 49M9dm 30MHMd9d0L HBgdmddggdom bgds (Cavanagh et.
al., 2008). 9m3980 565¢00Bol G90mbzg35d0 FMbozgdms SYMO BowEHMH300L 0BIBL
0o00moa9bl  Alberol  39wMo  Boogliaggdol s  x0d9gdol  FgsMgdoo  Fyseo,
AdgJumbmdomo 8608369¢m3560 3538069d0l dobgz00 Fgg3sligds s dso dmGol
3ML90E0 Bsmglom®o 3538060930l IBMLEGdS.

dbberols 39MHo s JMEGHMOMEo x0d9dol 215 0bogzool 7 85639000
3obLsBOZOMEo  29693H03M0  Fmbs3gdgdo  4sdmygbgdmo  0dbs  3wsbiGgH o
565¢0BoLMZ30L, HMITOMS3 50LsbS 3538060 LodserM39w™L BHYHOEHMM0sDY b0ddgdo©
509dmwo 13 39wmeo dbbeol Godumbl (P. caucasica, P. balansae, P. demetrii, P.
salicifolia, P. salicifolia var. angustifolia, P. ketzkhovelii, P. georgica, P. sachokiana, P.

takhtadzhianii, P.oxyprion, P. fedorovii, P. syriaca, Morpha Dubleflowered); NCGR-U
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dmbszgdms d5H9ddo dm3M39d 3 GHOIEo dbbergdol 3 3go bsmglogo [P.
pyraster, P. nivalis, P. pyrifolia] ©5 Lodo®m3ggwmdo b08mdgds s09gdeo dbbenols
990m@sboe (N=12) s 0a0mdM0g (N=24) x03900s6 (‘Bartlett’, ‘Beurré Bosque’,
‘Beurré d’ Hardanpont’, ‘Beurré d'Anjou’, ‘Duchesse d’Angouleme’, ‘Fondante des Bois’,
‘Gorham pear’, ‘Kieffer pear’, ‘Mikado’ (‘Sand pear’), ‘Saint Germain’, “Winter
Dechantsbirne’, “Winter Nelis’, ¥g0s60’, ‘dm®do¢0s’, ‘@uamsdo’, ‘mogMgxmeo’, ‘oz
Alboo’, ‘mEnby’,  3530LMOZY’,  JBNMO  gMEsd0’, 330303, ‘Dogo®y’, ‘Dodédy’,
BobsBoMm0’, Bgbgly Aubogro’, ‘39BFS Abowo’, Vogwomde’, Vods®omdm’, ULolgwre’,
Jos’,  ‘godoy  sM3Mo’  ‘Bogdlbocs’,  ‘F3®odlbosy’,  Goomgurazgms’
(‘4390fomgws’), b9F9FMemo’, Bobml duboeno’). Lossbsgrobmo dgdbgmmo odbs
39mMo  dbbegdol 08 06030930l 49b9@03MM0  Fmbszgdgdo,  MHMIM9do3
AmORMWMR0H0  JobolosmMgdWgd0m dobHg sbarml 0©bgb 9w mbmE® BodMImb,
3699 3m@m@GH03mob, MHMIoEsbs3 Jmbs Lobgmdol  sfges 96  FoolisbgmdMogo
AdJumbols  goblsBzcs. mommgmwo xamao 99goddbs 10-10 0bogzoom 3gerdo
dlbegdol 99dmbgq35d0 s 5-5 060300m - 3w EMOHWwo Jbargdols dgdmbggzsdo.
3M0EGHMOMwo  dbwgdol 0©gbEH053035300L @OML  30bgddwgsbggm  BMAMO3
Logomzgermll  dgbogrgmdols  dmbsgdgdom,  slg3g BmaogPmo TG JOOMO
0B JOsGHMOMo figsOmmo (CmuprOoB 1966; Jlmxonoc u gpyrue., 1983), M®Iomsg
39059mfids X0dms bmdgb3wo@ Mol smgb@mGmds.

©IbMHMyMsds 3oz  3MHMyMsdo 3539G0L ‘DARwiIn’ 99339mdoo  soym.
39HMd9w-09953530060909000 F900M©O® ©I6OMAGMSTOl F9Jdbolimzols s3oeysdsEool
Lo 299myqbgd o 0dbs Da ©@obBobzool asbmdgzol dgommeo (Nei et al., 1983),

OmIgwog  999smgds 15330930 XJMNBIOOL  M3MLYdTo  SEgEgdol  Qebsfiorgdol
LobJoMob s 5 GBOL MOMEIBMBOL »YMH0YMHI>3T0M.

4.3. b3365¢ngdols sbserobo (gg3-5b5¢robo)
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4. 3. 1. 63365¢ngd0L 5bs¢groBol dgmmeo

65365 gdols  sbseroboll Igommo dgeBgmwo 0odbs  39335b0MGO  39bGHOL (P
caucasica)  1L53mbLYMZS30M  3OOMMOGHIBHMEMIOL  ABLIBWIOOLMZOL.  0go 9O
396939036905  LodoMm3garml 56  39335B00L  fomgwo bmLbol  Lobgmdgdl, omwxdas
396bMO 309 gdmwo dmOHRM-29693H039M0 331939000 LoJoOMZ9ML BHIMO0EMM05DY
dlbeols bbgs d9BMBoEMEMo Lobgmdol - dsesbBgl 3s6¢ 0L (P. balansae) 3530 39w 900
©OLGHYINGOsT §oMdmIzs Lormdzmosbo 3sM9m©o, MM P. caucasica Lo NZgemdo
dbmEm©O oo  39339bombol  39bGHMIWME s sdmbogwgm  Bofowbgs
39360339 gdmo. dmEgdNmo 33c0g30L sdMEobol HoMdmoygbls P. caucasica-ll s P.
balansae-s 5695¢0qd0L 580%36s BodoMMZ39wml  BHIMOGHMM05DY, MOl box3dz9w B3
d9Lodergdgo  aobgds P.  caucasica-l 25360390 gd0l  LEBOIOMJOIOL  oPIBs o
39L50530b5Q, 53 LobgMdOL JMfyzesEMBdOL BESEHWLOL T9zz35L9ds. 08 J9MGIMGOIOL oM.,
™I Logdo®m3z9wmdo 356@0L MO0 Bobgmdos gogM39gdmwo, AsLIMZ9eoLobgdgwos
ol B5JB0E, M LodoOM39wmbo Mm@ 0LYMO 5RO BoSE 39Wwmo Albegdol
3936039 gdol  9Mgoedo 56 0FMHgds LsTgMMbgm DBmbs Lemggdol, bsbmggmatmgdol,
15008-B5dM3MHOOL, s BMGOOL LEbom. 6MMM3MPIBMMO BodEHMOYOOL oo Aberols
X08900L Lo gd3MEIYOL FoMINWo Fd™3gwdoE figmdgb bywl, Gmdgwos
0693603 3500@¢ @30 dmbggMol 899wy dm3gdmwo xo0dol 49bmazmbooll ddmby
09bEbIMAS© 90IM(396Yds. 5©0b0dbMO BIJBHMOGOO BOEOB 356Gl Lobgmdgdol
d909bgd0l HsBOLBL 09698590 s Bom TJX335MGOOL 5¢BICIMBIL ABbEIOL 3 GOV
S 39390 MGIM RMOIGOMB, M3 950 TMMOL IMOBMEMAOMOO ©S 3969303 MM0
LOBOZOOL  AoJOMDBOL  LogMPbgl  Jdbol.  396@gdoLmzoL  Foloiygdmwo  Juberols
39MH0 bs0gLogol bEs@GHMLo Gomomgdl doom 93mbmdozne 36033bgwmdsbyi3 o
Jabob 5530560l Boge 500 3MIMWHE00L F9d30MJOOL  SEBIMMBIL. BIIMNZWOWO
d0BgHg00L 9od9m 36083690 m3560 bgds 356@900L LH3MbLYM330Mm VOMGdIMWGdOL
39bLsBEZEMS, 1MI3s dm3gdmwo 33cg35 0BbsE oLsbogl dmfyzwsmdol LEsEmLol
6930D0sl AbMmEM© gOHmo Lobgmdols 3s6@GHobmgol (P. caucasica), M50  doesbBIL
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395630L  GHogumbmdom®mo  LBEHGHMLO Loz osbs 9O MOl iYIboo o
535390007 IMORBM-24969303M60 33009350 LoFoOMIIU.

B536oengdol Igommol  Bobgufmgds LbgsolibgzsazsMms ML MsMAdbowo
JoOome  gbsBHg. sl domwmyosdo  MIgBHL  fows  dmoblgbogdgb, Mmymes
65360 gdols sbseoBl (Akhalkatsi, 2008), ©5yob 8gomEol sdmbsgsero  EgMdobol
(063ol®o JqlodyzoLbosb - Gap) Jo®0Eo MIMAB0 GOV FsOOIWO SEYOEO, 56
Bs3Goco. dbgoglo 890™MO 359M0Ygbg0s LMEOMEMYOMEGO S LsdIBOM 93mbmIozmMo
30850079 gdol BEBSGHOLEGH03YOO0 BsWOBOL EOHMUSE. 59 IMAJOOL BHIMTObMEOMYO0m
390OMPO  JoOOMWOE  ,03oLo  0bFMOTs300L  bsobol” 96 ,,9B0E0GHL
5BseoBol” dgmmo dmobligbogds.

B53Goegdols  9BooBol  2sdmygbgdom  Fglodergdgeros 36T 5GIES®
3960L5DBEZOML Fodumbol dmfyzesmdols LEsEHWLO. 58 8gMEO’ BB Lobgmdols
56 oo  3Mm3MH30900B  JOHM-gOHDOL  sBgool Mo Boflowo b3gds WIEMEO
AIOOGHMMO0L BRIl Joabom s MHMIgeEro - Aol Fomyargdl asMgom 9.f bodMedo’.
L530BBY BHoJuMbOL 5695l MoE MYBROM OO bsfowo bgzgds s3I BHaMoGHMOO0L
3909m, Jom MROM JoLo0s IMfY3wsEMdOL LoxMmbg Jolmzol. 0d Jgdmbggzsdo mv
56 560 256L5BOZMOYO 115330930 BOJUMBOL IEMEPMIOL bsGolbo b godsMmegde
9338 0ofi3g3L 99  Bogdumbol o3  BHIMOGHMM05HY TmbzgMowo 0boz0gdol
LobBHYIoBH03MO0  LAHIGHNMLO, GoJumbl  30Mms306 9boFgds  Fmfigzeool  bGs@GMLo
(Maxted et al., 2008). 390000 89835900l MM Logggbm®l 9.§. Bodoxl’ ImoogL:

Bsdoxo 1. bs3zargzo LodoBLY FHogumbol s BHIMOEBHMMO0L 2oblsbL3Mms: Lafyob 9@Es3by
L5F0OMS 3m63M9BHMWS© F9BOLIBOZIOML B33 930 GoJumbol Mebyo, 96 wYObogl
ol 3033¢0930 - 4390, Bgdaosl, LEbgMOLL M 3MIMWSEOsL. 1939 A6OLIBOIMGdS
33e930L  BHIOOGHMOOMWO  BoMAwgdo, MmIgmos, bdo®  Jgdmbgzggzsdo  Lsdobby
AdJumbols 253039 gdsHY3 MOl IM3Z0EIOYO. FM3gINWOo MO0 3565TgGHMOL

396LsBZM0m A06YdS 330930l FolidEHod0 (ToP.: JAMBIEMEO, MHg0Mmbmwo, 439960L
56 360m306(300L AoLTEHsd00 Q9BLMOE0gW MW 33¢939).
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Bsdoxo 2. 36gdM030 IM935¢BIMOM36900L T9z3oL9gds: gl LExgbMo Fmo3s3L LsdoBby
AogJumbols 36535073960 ™M36900L  4obLLBEZEML  FoJumbols Mobyols Jgbsdsdols. 0dols
dobgzom, 0v) M5 Mbabg bgds  GHodumbol  2sdm33e935, IO TBYMHM369ds
3960LsDBEZMGOS  4356M0L, Lgdiool, Lobgmdol o6 Lobgmdol dows LEHOYIGHWOME
©Mb9ggdHg. 935D 930 gdgos LsdoBbg FoJumbols Bomgbom®o  353006MH9d0l o
396m3mbOoL goblisdw3zmas.
Bsd0ox0 3. LsFoBbY FHogumbol 3MBLYMZ5300L BESGHMLOL FoblsBLgGs: MM 9Es3DY
3o60LsBE3MBs  3mBLYMZ5300L  9BGIBHMOMDs.  sTolm3zoL  LsFoMms  9geMTsbgol
0900501 9MBgMeo  Godumbolb in situ @S ex situ JMBLYOZS300L  BHogBH039d0L
9BIIHYOMBS.
Bsdoxo 4. 3mbLgMm3zs300L LEHMIEGHIHO0L MIRMEOTMEOMGds: gl Loxggbm®o Mmoozl
L53OBBY FHoguMboL 3MBLYMZs300L FoBTEHOJOOL TgxzoLgdsl. Tgx3oligds bgds LsdoBby
Aogumbols 3mblgM35300L LEIGHWLOL bsx3dz9wHg. 0dols dobgzom, v Godbmbols
36535 R9M™36905 M53gbs LOHWMWIE OOl dMb3zxEMOMO G BHIOOGHMM0sDY
@S SMOL MYy 9 gl FM35wRIMHM369ds LEMERILMZbs© IR, 3MBLYOMZs300L
LAOSBIF0L  MIBMOTMOMGdS  Fob30MHMOJIL  LEHMIBHIR00L  M9BM3IMBOMIOSL  ©d
808500905 Gogumbol 3M935¢x39MM36900L Fodlodsc)® 335D, 9699 GHodumbols
93390 bsfogdol - bs3Mowgdol d93b9dsHg. M930HD0MGOMO  3OHOMMOEG)EHIO0
23olbAMdGb in situ s ex situ 3MbLYMZ300L ITHEJO0M VMBOLA0YIJOOL oML
L530BBY FHoguMbol 96MmBMbEOL LOHYYYMROWO OE30L YBOHWB39EBIYMTS.
50bodbmwo  3mb3gxngool  dobggzoom  (Maxted et al, 2008) sGHLYOdMOL
3M0EGHMOMwo dzgbseol 39wmo bsmglioggdol (CWR) g9bmambol Lsdo ®sbyo:
306390 XaMRBoL 39bmxzmboo (GP-1), GmIgmoi dmoEsglb @6 dJagxamnl: GP-1A -
30 EG0306090500 BMmMIJd0 s GP-1B - x0dol go39¢Mqdwemo sb bLytrg3zgas 3mMdgdo;
d9mm9 xXaRoL 39bmxzmboo (GP-2), ®mdgwoi x0dol s dobo 300300 bsbols
Bomglogo Lobgmdols 9scmgdom dmMo bsomglomdol ddmbg Lobgmdgdl dmoEsgl. gl ol
Lobgmdgd0s,  MMIgdog 03039 3350do b6 Lgdgosdo 56056 gobmsglgd Mo
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AoJumbmBonMo, Losg LYFoBEY  GHogumbo 96 dolo  IMWEHWOMWO  BMEOTSS
©WM350HGIMo. 58 ITIMOHGOO b30IgLoMdOL TJmbg LobgmdgdoIb Jabms dos3gds
L530BbY BHogumbol x0dobmzol Fglodargdgeros, dowmbgsgzs 0dols, HMI 53 3Mmglol
296bMO 309 gds FHM90E0wo b dbgws doomfigzs; dglsdg Xm0l 29bmamboo
(GP-3) 8m0@353L 00 Lobgmdgdl, GMmIwgdog bomgbogmsw MBOM EITMMHYOIEGd0 G056
L530BbY BHoJuMboLYsD, 30Mg FgMmOg X aMROL 396MmBMBEOL Lobgmdgdo. gl Lobgmdgdo
AoJumbmBomMo bbgs 43560l 96 mxsbol Fo®dmBowagbargdo 560056, Mg mogsbss
3965 450533995 LsFoBbg BHoJumbol 3MEEHMGMEO BMOIoLM30L F9dwgdgeos, b
doomfg3s dbmEm© X0d9d0L  259my3560l Mebglo dgommgdom - 9ddGOMbMwo
0083¢96& 53000 s 396M0 0bs10bgM00m.

AoJumbmmo xamx3oL 3mb39583E0s 259Mm0Yygbgds 39w Mo bsmglioggdl s X 0dgol
dmO0L 6500gLoMdOL MBOL FoblsDPZMOLMZ0L.  BHodumbmMo xamRqgdoL 3mbi9z3300L
396LsBOZMYdS  2olbdmdl, ®md  FHogumbmdomMmo ©obEBEos s  39bgB03MOO
©oLEBE0s gOrmMBbgMsb 300306 353006005, 39IMHO Bsmglioggdols GHodumbmeo
69690 4960L5BE3M9ds Tgdgy0 Lobom (Maxted, 2003, Kell et al., 2007) :

Aogumbm®o xamxzo TG-1a — xodo
AoJumb®o xamn0 TG-1b — 0gogg Lobgmds, Mo x0do

Aogumbm®mo xamxn0 TG-2 — 0g039 LydEos 96 X3MBO, MG X0do

AdgJumb®mo x a0 TG-3 — 03039 939339500, O3 X0d0

AdgJumbm®o xamno TG-4 — 03039 335600

AdJumb®o xR0 TG-5 — 03039 Mxobo, FoaEod goblibgzs39dwo a356M0, Mg x0do
5023905, 50bodbmwo  29693H03WM0 @S BGoJumMbMEmO  xaRJOOL  GOHOMDdWOZ0
3990myggbgds  0dg3s LMo gdL  BMUGI®E  FoBoLIBOZIOML v My MHIbrom

9650915390056 M 39O 39MIHO O 3 EHIOWO F(3965609900 gOTbIDU.
B536oengdols  sbowobom Fgusbs L. caucasica-ll LoJosOMZYML  BoMEgdd0

39303990 33)530s. 99x85Lgds b 63365 gdol  5b5E0BOL BosbsM0dM
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LbobGgdoo  (gb6. 9),
36H0MO0E G MO.

OMIgwog  3obLIBO3MI3L

CWR-9d0L  Lo3mblg®gsgom

gboo 9. 3MwEHWOHMwo  33gbsMmggdol  3guMo  Bomglioggdol (CWRs)  Logzmblg®gsgom

3MH0MOHO0GYGHMEmd0L 5b49M0dol Loli@gds

N Lobgafmgds

bBSGMLO

Jows

1 [bogdoby (IUCN) 36003039 Log®mnbgdo dgmgo (CR)
LogGmbgdo dgmgo (EN)

B0fy3erao (VU)

LoRGMbYLSD sbeErml dgmao (NT)

56 560b dgx3sLgdwo (NE)

boggMmbob §obsdg bozwrgdsw dgmdo (LC)

—_
[=)

O~ N BN

2 0330500005 393039 9gdos 1 10X10 332 (UTM)
393039 9dweos 2-5 10X10 302 (UTM)
3930390 gdvos 6-20 10X1033? (UTM)
3930390 9dweos 21-50 10X10 36* (UTM)
3930390 9dv9os > 50 10X10 39° (UTM)

—_
o

(= S

3 |9bgdn®mds b LsgsOM39Emb
39335b00b
LbobEOYN-50dMbogEgo 93M™m3ol

036O™300

—_
[=)

o N u

4 Jagbmgmboo 306mx3mbo 1b/ Gogbmba@o xamso 1b
306mx3mbo 2/ Godumbn@o xamso 2
Bogdumbm®o xamxo 3

Bogdumbmmo xamzo 4

306mx3mbo 3/ Bodumbn@o xamno 5

—_
[=)

O N B O

59 LobEB9dol MOoMMYMo 396J@0 3Mo33L BEASGHMLOL LsdoBby FHogdumbolmzgol

dolb0Fgdgw  3M0GHGM0Mdol  Bmlbsl. bmlbol  mommgme  gemgml  gqLsdsdgds

3M6309@¢ Mo Jmws.  Godumbobmgol  3m630gG Mo 3M0GHIM0mAoL  Jobooagds

39bLsBEZMOZL  Fglodsdol Jmasl. o3 MRGM 9@ JMEEsl  LRMM3gAL K SFMES©

L530BbY BHogumbo, o FsrsEros FobmzoL IMfYzersEMdOL MolL3o.

4.3.2. 955¢ng00 633G5¢rgdol sbsgroBolimzols

65365¢0gd0ol 5b5¢r0Bol dgomm@om P. caucasica-l s P. balansae-ls o360 39c09d0l

215 §9d@GHowo  8ga3alis.  Lobgmdgdol  s6Mgoeol  F9gxoLgds  9x39dbgdms  baggary

330939008 MM F93MMm30¢ 0bBMMTS305L - 9MAMIGOM  MIS3090L, Losg o0
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LobgMdgdol ymxbs IRoJLOMS. LOBOMbOL ©mby P. caucasica-bLodgob QobOLEBEOZMS
IUCN-ob 360960039006 dobgogom (IUCN, 2001). Lobgmdol 0830500000L ©oyqbs
dmbos P. caucasica-ll 53603900900l 56M95¢do  dobo  dgb3z9wEm05bMdoL  LobdoMol
Log3md3zgDBY, MHMIGEoE O3B somzoms 10x10 392 HgbBmwEool  dosoom.
3936039900l s 96gdmOM™MdIOL YIbs dmbs 39335B00L Ggyombdo P. caucasica-ls
3936039 9d5%9 MOV tely o) RXMOOLEG IO dmbo39990%bg oYM bmdom
(9943000303300 s Bbg., BodsOMZ9EMb BWMES ¢). 5, 1949; Kaparun, 1954; I'poccreiim,
1952; Taxramxan, 1958; 393bmggwo, 1959; Davis, 1972.) o TBI-l Uo3g®ds@om
dmb539990D9 ©YMEOBMBOm. 496MABMBEOL @S GoJumbMOO KaRJOOL 3M0EHIHOMToL
dolbooygds P. caucasica-Longol dmbs WoB MG OMwo FysOrmgdol bygdzgady (5
bm3oDM®5d30¢0 O gOOLM30, 1939; JMmomgusdg, 1980; bmdobm®sdzowo, 1973).

P. caucasica-l @ P. balansae-ls 3536 39¢9d0L §9MGH0w900 635D9 b dmbs
36myMds> ArcGis 9.3-ob (Esri, 2009) 99939mdom. ULobgmdgool ULsdsbobm  sGgsemols
29bLsBOZMOLMZ0L 458mYygbgdEo 04bs ‘F0b0TsEMHSE STMOIMOEMO 3MEr0yMbyMo
3963560L’ (IUCN, 2001) [Minimum convex hull] dgom@o. 53 dgom@om Gsgjumbols
3936039 gdol  FgohEGowgdo  MH3bg  FgIMoLIBO3MYds  3MBGHMGom.  3:MBEGHMEOL
0900Mo96L »MIzoMgbo Bmdol 3mwogmbo, MMAwoa Gogumbol 353MEIwgd0L ymggw
0900l 3mo393L 00 30OMIOL Qom35¢oL{0bgd0m, HMA Jobo gsdwols Jos 3MMbg 5O
MBS 5F9Mdgd9L 180°-Us (Burgman & Fox, 2003).

®530 5. 390093700

5.1. 3mOHGMEmyo0©o 33¢g30L 89093900

AMORMWMP0OH0 3309300 dbberol 9 Lobgmdol (P. caucasica, P. balansae, P.
pyraster, P. salicifolia, P. demetrii, P. georgica, P. ketzkhovelii, P. sachokiana, P. syriaca) 201

0600030000 ©s 39w EHMOWwo Jbergdols (50w MdMH030 x0dgd0 LC s d90m@Esbowo
x03d900 IC) 38 06003000 25965¢00Bs, K9dMMs© IMORMIGEHMOMEo dmbszgdgdol
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159311339 DB 49965¢0BS 239 06E030O. FMOBMIYEHM0O A9BSBMIGd0 IMO(3I3
ROOEOL g™l ©s bogmgol 6 MimEabmdmog, 20 bsHolbmdMog ©s gho
©9bdsM 3 ILIOO3GHMOL, HMIgos 20 9360056 356mIMbomw Gogbgzms 33003l
0o00mo9b0s.  Bsdmoem o BEBIOEGHMWO  3FEMIOEGES  QOTMOMIOWS  Y3JAS
509bMdM030 33woolmzol (3b®. 10).

3b®oo 10. gO®D-B5JBHMM0560 356MH0BLLL SBserobol Fggygdo. Lsdmswwml ©s LEbsME Mo
(30MI0EgdoL 35005305  (XMIBMS FmOOLO, XAMRIOL FoEs ©s LogMomm);  339MOEHJOOL  ¥o00;
®530bv539d0L ba®obbo (df); 335MsEHOOL LyTgsem; BodgMol 0bwgduo (F); mowzol @sdds (A) ©s
9500 LoOHIMbMMBdOL 3mgB0E096EGJO0. IMbo3Eq8gd0 JormqdMEos MomMgMmo dgbfsgzwowmo 0bogools
10 gm0l gobsHmdol Logwndzgubyg (x90w9Ho@ 2390 BMmEEOL gobsbmdo)

99bsliosmgdgmo | Lsd. L. 35605305 | 335006 df 33906, F LSOF. A LSOF.
((55)) 3Mdoegds X530 bs9emsem

LBL (o6, | 3.88 0.03 X3799890L | 3059.734 44 58.841 90.922 .000 476 .000

Log®dg) Jmeob

P. caucasica 3.6261 | .03050 X3IBIOL | 1389.449 2359 | .647

LCs 5.0957 | .04227 dogs

ICs 4.6058 | .09745

P. balansae 3.6638 | .08405

P. pyraster 4.1367 | .12914

P. ketzkhovelii 2.0800 | .07204

xo0mGo | 4449.183 | 2369

P. demetrii 2.1880 | .06526

P. georgica 2.3700 | .04450

P. sachokiana 2.5900 | .07371

P. salicifolia 1.2138 | .03284

P. syriaca 2.7733 | .06378

LBW(g06g. 5.99 0.03 X35890L | 3136.078 44 60.309 46.899 .000 548 .000
bogsbg) Jmeob

P. caucasica 5.0753 | .04077 X3IBIOL | 2760.908 2359 | 1.286
LCs 7.2002 | .05334 doco

ICs 7.8083 | .12405

P. balansae 5.1638 | .07662

P. pyraster 55633 | .24511

P. ketzkhovelii 4.5400 | .08504

X99MO0 5896.986 2369
P. demetrii 5.9840 | .09940

P. georgica 5.8700 | .23025

96



P. sachokiana 5.0400 | .18750
P. salicifolia 6.6563 | .17097
P. syriaca 6.9467 | .13049
RLW(gstmds- | 1.83 0.02 X3IBIOL | 2670.778 44 51.361 100.237 | .000 119 .000
Loy ®dg/bogsbg) Jmeob
P. caucasica 1.4511 | .00818 X980l | 1100.113 2359 | 512
LC 1.4547 | .00881 dogs
IC 1.7379 | .02702
P. balansae 1.4515 | .03046
P. pyraster 1.3377 | .03100
P. ketzkhovelii 2.2243 | .07336
X500 3770.892 2369
P. demetrii 2.8625 | .10131
P. georgica 2.5155 | .12041
P. sachokiana 1.9592 | .08873
P. salicifolia 5.8108 | .22914
P. syriaca 2.5411 | .07731
PL (gnbfob | 3.99 0.03 X35890L | 1988.509 44 38.241 33.367 .000 .653 .000
Log®dg) Jmeob
P. caucasica 4.047 .0393 X3IBIOL | 2460.603 2359 | 1.146
LC 4.782 .0463 dogs
IC 3.991 .0921
P. balansae 3.838 .1203
P. pyraster 2.987 .1523
P. ketzkhovelii 2.130 .0442 60 2449112 2369
P. demetrii 2.840 1201
P. georgica 2.967 .1043
P. sachokiana 2.260 .2491
P. salicifolia 1.413 .0533
P. syriaca 4173 1209
Psh(gnbfiols XJMRIOL | 4.683 44 .090 508.878 | .000 195 .000
BOO3s) Jmeob
P. caucasica .103 .0005 XdMR90L | 380 2359 | .000
LC 197 .0007 dogs
IC .200 .0000
P. balansae .100 .0000
P. pyraster .100 .0000
P. ketzkhovelii .100 .0000
P. demetrii 100 | .0000 x:0g60 | 5063 2369
P. georgica .100 .0000
P. sachokiana .100 .0000
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P. salicifolia .100 .0000

P. syriaca .100 .0000

RLP (gsbmds | 1.729 0.022 X3IBIOL | 1604.868 44 30.863 104.377 | .000 .266 .000
- 3063./gmb6fo) Jmeob

P. caucasica 1.3168 | .01053 X3IBIOL | 634.841 2359 | .296

LC 1.3577 | .04527 doco

IC 1.6524 | .01682

P. balansae 1.4203 | .03595

P. pyraster 1.9315 | .07656

P. ketzkhovelii 2.1403 | .04063

xo0mGo | 2239709 | 2369

P. demetrii 2.2477 | .07404
P. georgica 2.0142 | .07388
P. sachokiana 2.4187 | .19845
P. salicifolia 5.1360 | .18704
P. syriaca 1.6874 | .20198

3560056L5L  gODB-GJBHMOI0563s 9650 BTs 9B396s, OHMALSTs ML S LEBHOBIOEH IO
3030930l X 2ROl FMMOLO 35005305 XYMBIOL F0S 356M050JMdL LoMfImbmeo
5390090y (p<0.001) ygz9ws 356599BHM0m. 10TgMHOL  49bsfiowgdol  3m9x30:3096¢3)9d0
35050 3JMmbim BmmEol gmbdol Loa®mdgl (PL) s g3mmeol go®xo@ol Loysbgl
(LBW), 653 009900093l 58  dmOxmemmyoméo  650369dol  dwogh  bbgomdsby
399650HgdME BHoduLmbMO KaRgddo.  M300gdMdOL 0bgduol (df) s bo-
339000530L  (x3) 9mbszgdgdds, NBM™  3mbB3OgGHME©  FomTd  M9bsBIMIEOMDST
399053¢0bs, M3 FmoOMWDYY, boymxzby @ WgMmby ABMmIowo  353JAMOH0YIo
33W5©JgO0L  gobsfogds  9MHobgmoLigeb LaMfdmbmo  goblbgogIdMm®s  KAMRMS
dmeob (3b6. 11). g 90920 355943615 ©Jo 3oL WsddIL (A) @S BodgMOL 2sbsHowgdols

(F) 3983030969085

gbdoo 11. goowob bogmxzgol ©@s O™l  35¢gamOmowmo  (bs®obbmd®mogo) 33ws©gdolL
BEBSGOLEGH03MNM0 9650BOL FgYRT00. 330D MdOL 0bEguol (df) s bo-3350MGOL BoOEMdS
(03 LSOFIMBMMOOL  3m9B030gbGH0M; s, oEr3olL oddEIL (A) s BodgHol  AsBsfogdol (F)
3099803096390 530 Lo™(jdbmmdoL 3mgx0E0gbEd0m (p < 0.05; N=239).

3593000 Chi-square/df Sig. Wilk's F Sig.
(335900 Lambda
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LBB 29.3445 .000 .865 3.851 .000
LBA 43.0032 .000 .958 1.081 378
LBM 74.9524 .000 497 25.073 .000
LT 144.794 .000 917 9.893 .000
YST 43.8413 .000 .058 403.524 .000
CSH 88.6667 .000 .169 121.951 .000
FL 65.5476 .000 201 98.244 .000
FMD 59.8667 .000 201 98.433 .000
RLD 71.6615 .000 .458 29.272 .000
FGC 100.137 .000 .864 3.904 .000
FOC 106.425 .000 .600 16.473 .000
FSL 17.8429 .000 426 33.372 .000
FST 90.3429 .000 377 40.927 .000
FTF 115.9 .000 .459 29.195 .000
FCF 23.33 .000 434 32.225 .000
FEQ 40.6548 .000 171 119.652 .000
TF 37.7893 .000 .903 11.799 .000
FA 153.571 .000 .801 27.300 .000
FHM 106.312 .000 .936 7.483 .001
EFP 175.904 .000 .942 6.794 .001

Mo 30l sddEsl (A) 3mbszgdgdo 30mmomgdgb ©qliz®odGHmmgdol - LBM, YST, CSH,
FL, FMD, RLD, FSL, FST, FEQ, FCF, FTF dgog6® xam530msdmMolb bgomdsby. s0dmBboo,
™I X3R0S dmOob LYLEHI© 3500609396 gb3M0dGMM9gdo - LBB, LBA, LT, FGC, FOC,
TF, FA, FHM o EFP. 3500 960l dmbgos mMo ©qlizoddm®o LBB s LBA, 6HmAwgdos
AdJumbmBomMo dosebg 860836903560 FmOBMEMYO0MEO Fobslinsmgdgdo sM0b
39)H0 Abbegdol Godumbgdol 2sblolbgegqdao.

3900m3wowo 0dbs 98 mMo (LBB s LBA) @ogjuimbmdom®ow 8603369cnmgsbo
6036900l gobsfoergdols Lobdo®mol 3OMmiEgbdmewo d5B396909w0. 03039 dmbso3gdgdols
390m3zms dmbs ©353HYd0m MO0 INORMMA0MNOHO ©JLIO03EGHMMOLm3zol LBM-U
(@Bmoolb  3oORoEGOL 0ol  gmMIy) ©s FCF-og0L  (bsgmxzol  ®dogmdols
99839600 mds),  MHMIgdoi  sbggg  60d3bgarmzsbo  GHodumbmdom®  bodbgol
§o00mo9606 alberols 39060 Qo 30 EGHMOMO AogJLmbgdol
0©96&053035300Lm30L. 9900939095 ©9B39b9L (3bG. 12), ®md P. caucasica > P. pyraster-o
96O»56gmoligeb  3600369wmzbs  goblibgozgds  Fmomwol  god®GoGHol 30Ol
530030l gm®Iom.  P. caucasica-l 030 dowosbo o43l, bmewem P. pyraster-ls -
53000,  P. balansae-l  gmm@ol goOxoGolb 3og dbmwmo (3960mdo 5J3b
©5300o. bbgs Lobgmdgdl xoOBoGOL 309 JoMOMOIEIE Joeosbo sdgom P
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demetrii-b > P. georgica-l 56Lbgo3900m, HMIW9ddos 30035 F9MHJMo 30300
5oL GoMdmygbowo, Mdg@al oo 30 98 Lobgmdgdol  RodRoGHOL 309
QHOQRIL0d.

Bogmaol ®doErmdol dmdo 99dsagbenmds P caucasica-s, P. balansae-ls o
Abeols 50 MdMH030 x0dgd0lL 43.3%-bL30L 5MBRbES Log®om 60dsbo. Fmmwol
13dolb s (390 ML ZMOHIJOO 5B 3560509 MMO 50IMBBES BHodumbams FmEmOU.

3boo 12. ZnmEwol s bagmzol mmbo Godumbmdon®moo 360d36gwm3z560 ©gLIMO3EHMOHWEO
503560L gobsfioegdol Lobdotmg (%) Abberol 9 Labgmdsdo s 38 x0ddo.

LBB - gaomgrol 3o6@o@ ol goydols gm6ds (%) BOmEoL GoOBoE 0L F3gOHml gmeds (%)
Gogbmbo N §o0sb | @somm | dmdty | o | Bsom | 30fOm | Godsbyy | Fof39dgd | dmdey | s0mdm6
Qo | 33066b | owgd | LIROO | gwogl | gog | @o OO 3PP | gwo
olbgd®mo | o )60 bwy@o 0
P. caucasica 1000 | 8.8 49.0 26.5 8.8 6.9 0 40.2 56.9 2.9 0
LCs 810 | 164 373 25.4 3.0 17.9 0 38.8 55.2 6.0 0
ICs 220 | 0 66.7 33.3 0 0 0 75.0 25.0 0 0
P. balansae 80 50.0 25.0 0 0 25.0 0 75.0 25.0 0 0
P. pyraster 30 0 66.7 33.3 0 0 0 0 100 0 0
P. salicifolia 80 0 0 0 0 0 100 12.5 0 0 875
P. demetrii 30 0 0 0 0 0 100 60.0 0 0 40.0
P. georgica 50 0 0 100 0 0 0 33.3 0 0 66.7
P. 20 0 0 0 0 0 100 0 0 0 100
ketzkhovelil
P. sachokiana | 10 0 0 0 0 0 100 0 0 0 100
P. syriaca 30 0 0 100 0 0 0 0 0 0 100
LBM - gaom@ol go®3o¢ 0l 3ool ©s3d0maol ¢odo(%) FCF- ®dogrmdol 99896 0wmeds (%)
Gogbmbo N Aosb | GO | ©3BOWNO ©sgdoywo | N Bsmgwo dndo
o) o) 0396H™
P. caucasica 1000 100 0 0 0 500 |0 100
LCs 810 41.8 0 47.8 10.4 405 56.7 433
ICs 220 0 75.0 25.0 0 110 | 100 0
P. balansae 80 0 0 0 100 40 0 100
P. pyraster 30 0 66.7 33.3 0 15 100 0
P. salicifolia 80 100 0 0 0 40 100 0
P. demetrii 30 40.0 60.0 0 0 15 100 0
P. georgica 50 66.7 33.3 0 0 25 100 0
P. ketzkhovelii 20 0 100 0 0 10 100 0
P. sachokiana 10 100 0 0 0 5 100 0
P. syriaca 30 100 0 0 0 15 100 0

36063031 3m330mbgbEms 9bseoBbol (PCA) mGo goblibgsgzgdmwo 3Gm39Ms
3o6bmO30gm©s: 1) 30639 gdmbggzsdo 250myqbgdmmo odbs BmmErol FmGIol
©L3M03GHMmOo (20 §93m0sb0  35GIMb030); 6 BMOEOL  MoMm©ybmdMogz0
©9L3M03GHMOMo Jmbszgdo s 14 ©gOML, BMMEWOL s bosgmxuol bsMolbmdMogo
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©9L3M03GHMOMwo  dmbs3gdo. PCA  Bs@o®m®s  3m98303096¢ms 3035005304900
3sBM0oEob 2odmygbgdom. 6 glizMod@mmo: LBC, FGC, TF, FA, FHM ©s EFP, 6Hm3wgdlss
A-B 565b53056M0b0 35B396909e00 3Jmbom, 9BsoBoEIb 2sdmomoibs. mmbo domysbo
LgBMbMEO  EILIO3GHMOL  [oMIMOYIbs.  @IMRgbowo 21  aLIMO3EGHMMHOED,
OmIwgdos  3600bgodme  3mA3mbgbEgds  (PC)  a96©504dbgb, 3o6gzgends  Lodds
30033mbgbBds x50 39M05300L 72.83% sbisbs (PC1 - 47.14%, PC2 - 16.13%, PC3 -
9.56%). PCA-U ULdgdol oboggd GBodBHMMmgdo asdmygbgdmwo odbs PCl s PC2
3003306963 gd0. 3060390 FoJBHMMO IMOEI3S MOl s Boymazzol MHom©gbmdGmH03
@5 bsmolbmd®mog ©glizMod@mmgdl: LBM, LBW, LBL, PL, FOC, FL, FSH, FMD, FEQ.
©9L3M03GHMMGO0, HMIWIdOE 39-2 BoJGMOTo goge0sbbgb LBB, LBA, LBL s FCF,
31939 BM®OEOL s bogmBol  IMORMEWMYoH  6odbgdol  SLobsgzEbIb  (Fmomerol
1306O50GOL Loa®AdY, 3ol s §39MML BMOTYO0; bogmzzol HBdOEMIOL Fgi9HOWMDY). 2)
PCA-b 99m6g 3960L05 256bm®3E09w©s B0mEol 6 MHomEgbmd®mog s 6 bsdobbmdmog
©9L3M03GHMOMO dMbs3990L Logmdzgeby. s65ePoBTo godmygbgdmwo 0dbs gmmeol
R}mOIol  s3LbOb3gwo 20 (930060 35MBMbo3os.  ©BsMBRIBo  FMmOHRMIGEHMOIo
dmb5399900 9650 B0EIB godmoMoibs. sMbgbowo 13 gLlIMO3GHMOOLAD F9Jdboends
PC-900096 30639005 153s 35601053006 77.74% sbsbs (PC1 - 36.12%, PC2 -16.13%, PC3 -
29.71%,11.91%). PCA-U Uggdol obogqd 93oddHm®mgdo  33wsg  PCl s PC2 odbs
3990yg9gb90me00. 306390 Fomobo IM0E3WS BMMOL BoOROEHOL §396™L s gwdol
R}MOIOL, BoOR0EHOL 300l BFMOIoL bsMOlbMdM0Z ©ILIMO03GHMMGIL s BMMEOL
g6Hol s BomRoEHOL LoaMdg-bLogsbols ysbsbmdgdl (LBM, LBB, LBA, PL, LBW, LBL).
dgmOg  BoJHMMTo 259005065 FMMWOl  FsMEMdI0MO  LoOEIYJd0,  FgdMLZ0L
53bob39E0 HIMOLLMIM030 IL3M03GHMmMo (RLP, RLW, LBC) ®@s gmmeolb gm®dol
53L5bH39w0 ©JLIO03GHMMOL 35GIMboMo Msbgms A)3M030L 300390 3 3MI3MbgbE o,
OHMIgdLLE Y39wsDY Bomoeo MoEbzomo 3603369w™mdqd0 3Jmbosm.

Logx3gbmeMdM030 DFA, ®mdgeoi 3535 sbmdoliol ooli@sbogdol dgmm@bg oym

5371369890, 3obbmOE0gE©s bo33w930 Gogdbmbyeo X5IB900
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oL 3MH0d0bs300LM30L s XyMRBGOTo Fomo (j93MMmd0L 3OMABMbBoMgdso dm@gerol
Sb5g905. PCA-I 9900mbg935d03 DFA-L dbgsglbo mMo asblbgsgzgdmwmo 36mE90w9mH0m
Dom0dsmms: 1) 3o0M39e 9900bgz935d0 gaml, Mool s Boymaol 7 Hsm©gbmd®oz0
@5 14 bsmolbmdmogo ©gb3Mo3Gmemmwo dmbsgdo 0dbs 499mygbgdmeo; 2) dgmey
d9dobgg3sdo 30, PCA-U 990mbggzedo godmygbgdmwo Mgomdagool Hgbol dbasgls,
©I6OML, gmoolb s bosgmazol 7 MHomEgbmdMHozo ©s 6 bo®olbmd®mogo
©9L3M03GHMOMo  dmbszgdo  godmzoygbgm.  Bodumboms  olL3M0dobsgoobmgzols
3990996900 0465 X AMIRMMO 33w©JO0L Bsdo Lbgoslbgs 3aslogozsgool Loli@gds
1) ,&oJumby®mo xaMxgd0“, HMIgEoE dmoEs3s 39wmo Albargdol 9 Lobgmdsls s
x039900L6 M6 XaMxalL ( LC-500200md6030 %0300 ©s IC-090m@sbowo x0dgd0); 2)
»39096M0 6500gl53900%, MMIgEr0E IMO(393S 33990 332930l EOML Jsdmzgergbogn
4 36>m9b0@GHMO Lobgmdols (P. caucasica, P. balansae, P. pyraster, @5 P. ketzkhovelil) o
X00900L6 m®039 XaBRL; 3) 9O XANBIO 29gJO05bgdM 38 x0odlb s oMb
AMORMEMYPO0IMSQ 535306090 4 390 Aibonls.

gb®ogro 13. DFA-U 99@92990. ©535% 31839090 33020900 56006: 1) "Godlmby®o xamumdo” (9
Lobgmds, 2 %0900l x50 LC s IC), 2) "360magbo@mmo bobgmdgdo" (4 Labgmds, 2 x0dgdol xamxao LC

5 IC) s 3) "x0dgd0" (4 Lbsbgmds, 27 LC s 9 IC). 3oM39wo s dgLsdg ©sdsxaMBIOIL0 (330 IO0
©51vdbgdmmwgdo 96056 3Mm0bEodM 3mI3mbybEgdby, MHMIMmgdog JomgdMEos BMOWOL, MIOML ©s
Bogmagzol 21 ©qlzmod@meosb. dgmey sdsxyMBIOIWo (3350 J0MgdIos 12 InMmRMEMY0OO
©ILZO3EGHMOHOL S BMoEol Bm®IoL s3Lsbzgwro 20 F9300560 350MbB03gd0©sE. (N=237).

"Bogumbmtro x3mBom* 356bmO30gwIPRdMEO IRFMBIOOL dmbs3gdgdo

160 b53990560 356056LsL % JMtmwsgon®o  3sbmbogmo SEdommdols )\
960336gemdgdo % 3MOIJs305 ©mbg

1 14.120 73.9 73.9 966 .000 .008

2 4509 23.6 97.5 .905 .000 .008

3 .237 1.2 98.7 438 .000 .643

"39@v6H0 Bsmglivggdom” asBbmME0gwgdmmo IRMBIO0L dmbssgdgdo

160 b53990560 356056LsL % JMtmwsgon®o  3sbmbogmo SEdommdols )\
960936gemdgd0 % 3MOIs305 ©mbg

1 2.324 77.8 77.8 .836 .000 171

2 484 16.2 94.0 571 .000 567
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3 .091 3.0 97.1 .289 .000 .841

"%0095000" 358bmMHE0gEgdmwo IR FIBIOOL dmbssgdgdo

160 b53990560 356056LsL % JMtmwsgon®o  3sbmbogmo SEdommdols )\
960336gemdgdo % 3MOIs305 ©mbg

1 19.682 87.0 87.0 976 .000 .005

2 1.092 48 91.9 723 .000 .105

3 .601 27 94.5 613 .000 219

AoJumbMOHO X 3MBIOOM 2539900 JSLOTB0IS300L OML (b6. 13) 306390 bsdo
396mb0o3mMo  ©ob3m0dobsb@ol xmbdsosl (CDF) ©olig®odobszools dserol g3gws®yg
do0oeo  8s639690gd0 3Jmbsm (98.7%). Fomgsb 3oGmgzge mO®L A-l 860d3690mds
LoMHIMbmE dobomgdo 3dmbsoc (0.008), bmem d9bs8g CDF-b 25300093000 Fo0oWwO
(0.643), 0oL 250m3 30603900 MO0 B6J300L godmygbgdom dmbs ©oLIM0T0bsi300l

Udgdol  og9ds.  3Wsboxgoldsaool  F9gagdds  (gbM.  14)  ooxamas L3330
06000300090005b (237) 185, 561 77.73%. X 3539080 Lmeow gobsforgdols 3shg396909wo

439w5H9 0sd5¢00 LC xomx3l 3dmbos (73.1%).
gbMoo 14. 239 060300l 3slingozsEos, MMIwwgdog 3969393690006 9 fawrmeo dbberols
Lobgmdsls, AubEIOL 5YOMdMO30 X¥03gd0L (LC) sd93m@sbowo x0dgdol (IC) xamxgdl CDF-mo.

"Bodumbmcro xamBom* 356bmG30gEIPRdNEo sRAMBIOOL dmbs3gdgdo

&ogdLmbo LobmlBob % | Pc LC IC Pb Pp Pk Pd Pg Psy Psa | Psl
P. caucasica (Pc) 79.8 79.8 | - - 20.2 - - -
LC 73.1 7.5 73.1 14.9 4.5 -

IC 83.3 - 8.3 83.3 8.4

P. balansae (Pb) 75.0 250 | - - 750 | -

P, pyraster (Pp) 100 - - - - 100 -

P. ketzkhovelii (Pk) 100 - - - - - 100 - - - -

P. demetrii (Pd) 80.0 - - - - - - 80.0 - - 20.0

P. georgica (Pg) 100 - - - - - - - 100 - -

P. syriaca (Psy) 100 - - - - - - - 100 -

P. sachokiana ( Psa) 100 - - - - - - - - 100 | -
P. salicifolia (Psl) 100 - - - - - - - - - - 100
X580 77.73 - - - - - -
"36:m39603HmM0 Lsbgmdgdom" sbbmG30gEgdrEo sRAMBIOOL dmbsiggdgdo

&sgbmbo LobmlBob % | Pc LC IC Pb Pp Pk

P. caucasica (Pc) 94.8 94.8 2.3 - 24 - 05

LC 38.4 215 38.4 22.4 5.1 12.3 0.3

IC 81.7 - 7.5 81.7 - 5.8 5.0

P. balansae (Pb) 95.0 - 5.0 95.0 - -

P. pyraster (Pp) 73.3 - - 26.7 - 73.3 -

P. ketzkhovelii (Pk) 100.0 - - - - - 100.0
Total 74.4 - - -
"X0098000" 356bmME0gEgdmwo IR aIBIOOL dmbssgdgdo

®5Jbmbo | LoBrgbyol % | LC | % IC %
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P. caucasica 36.8 3303030 21.0

§360alboens 9.2

B QICIN 8.2

6969l dbbsero 5.4

00309RMIWO 49

LodoGH0MdM 3.9

306 dubsero 3,5

090560 2.3

Jorormaro dbbogro 2.0

54oMm 1.3

5gwos dbbogro 1.2

OMOOIS 0.3
P. balansae 81.25 bobml dbbswo 17.5

3530Lbogms 1.25
P. pyraster 43.3 3390 fJomgs 66.7 - -
P. ketzkhovelii 90.0 29000 Abseo 10.0
prely 46.8

030 7.5% - 000 IXYMNBS P. caucasica-ll GHoJumbmob, 4.5%-000 - P. balansae-ls

AoJumbmsb s 14.9%-000 IC xamn0msb.

OIXJNBES P. pyraster-ols GHogumbmsb. Joomwmer 396 dbbegdmsb

Ud935BY, OG0 ,EIJLMBMOO XFMBIYION* 5Ol 3EbOGOEMIOE0, 0600300900

3 XdNBOP ©ox3IBOIE (Uggds 6, A).

15985 6, A

Function 2

Function 1

Taxa
O P. caucasica
@ Local cultivars

Introduced
O cultivars

B P. balansae

A P. pyraster

§ P. ketzkhovelii
<> P. demetrii

@ P. georgica

A P. syriaca

W P. sachokiana
- P. salicifolia

@ Group Centroid
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Isdgds 6. Abeol 39 MHO LabgMdgdoL s }¥0dgdolL 239 0bogzowol DFA -l oldg®lool bjgdgdo,

H@gdbys  8mbs3gdgdo  OXFNBIDNWOs MO0 EITIXYMIBIVIWO  FILIOL  yadmyggbgdom:  (A)
"GogdbmbmMmo xamB0" (0ghHmb, BmmEwol ©s bogmzol 20 FmORME®A0MOHO ©ILIM03GMMOo ©s 20
$9360560 gmmol gmMIol s3LsHZGE0 gbEIsG Mo 356:3Mmb03gd0); (B) "3Gmyqbodm®mo Labgmdgdo”
(12 8mOHBMEm 060 608sbo s 20 9300560 BMMNEOl BnGHIoL 35G:0Mb03gd0).

306390 2563900393900 X3RO BMOT0MYOME0s 390 Jiberol bobgmdgdoo: P.
salicifolia, P. demetrii, P. georgica, P. sachokiana s P. syriaca bdgdols Bgs do®m3Ebgbos

dbs69D9. 93905 995 BofoBg 49bEoggdMos 3MMYgboGMEMmo Lobgmdgdo - P. caucasica,
P. balansae, P. pyraster, P. ketzkhovelii 05 9Ubeols 5Q0wMmdM»030 x0d9d0lL X am530L
Bsfoo. 50w MmdmH030 %0d900L Xamz30L bbgs Abarol bsfowro dgdm@Esbowo xo0dgdols
X3NBMD 9ghHmo LJgdolb Bgs bsfodos gobersaqdmo P. pyraster-omsb gems,
6H™Iol 060030930l bsfoero 996MHgeos 993m@Esbowo x0d9dol xawRmsb.

LogggbmemdMogzo  DFA-8, 6Hmdgwog  3obbm®Eogwws ©odsx 3539090
3300  ,30My9b0GMM0  LobgmdgdO, 20 §9360560 gmomwol  gmOIob
35603mb03gd0m, BMMEOL 6 MoMm©IbmdMoz0 s 6 boMolbMdMm030 ©YLIMHO3GHMEMOL
3590g9gb9d0m, 39999 30M0 356056l Fsmowo dmbsigdo - 97.1% dosbos 3oGzgw
Lsd CDF-U (3b6. 6). A-L 8603369c0mds Ls®{dmbm ogm 3oMmzgero CDF-bogol (0.171) o
Bo3egds LBo®HIMbm BsMRYBO MmMo CDF-Limgol (0.567 s 0.841).
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Taxa
(O P. caucasica
@ Local cultivars

Introduced
O cultivars

O P. balansae
A\ P. pyraster
- P. ketzkhovelii

Group
Centroid

Function 2

-10.0—

50 25 0.0 25 50 75 100
Function 1

159> 6, B

3008035300l  MYBMYWEHIGOL  dobgzom 0bwo3z0©gd0l  74.4% ULHimGs odbs
3obsfowgdmmo xamMx39ddo, HmIguoa 9990000 ogm 4 360HMygboBmemo Lobgmdol - P.
caucasica, P. balansae, P. pyraster s P. ketzkhovelii ©5 060 x08dob xam530bsysb (LC,IC).
P. caucasica 94.8%-00 UL{imOs 9bsffors s 3930060 459mo3eobs LC xamamsb
(2.3%), P. balansae -Lonsb (2.9%) s P. ketskhovelii 15056 (0.5%). LC x 39530 dgroge sGol
3906990 ¥ anq0L InGol s dobo xamx3gddo §930mdol LobmiEol 563969390
dbmem 38.4%-b 5093L. 9b X330 439 FHoJuMmbmsb G0l 393806 gdwo (gds 6,
B) 5 sbwm Bomglomdsl s3agbls P. caucasica-056 (21.5%) IC xamx50sb (22.4%). 50
X31530L 060003000900 gobsforbgb sb939 P. balansae -b (5.1%), P. pyraster -obs (12.3%)
s P. ketzlhovelii -0 (0.3%) xa5390do (3b6. 14).

©O3XPMBIOI (33D 3¢obOG0Is300L LoLEgds ,x0d0“ DFA-Go 950mygbgdwyero
0y AbbEool (350039990 x0d9008 sLIXFMBJOIs© Fo0 3MmFGHIBE0MO 3OMA9b0GME
LobgMdgdMb. FM3gIMwo  JSLOROII300m  JoBbMMOB0gwgd o DFA-l  dsBobo
3990996900 0465 gOHML, BMmEol s Boymazol 20 glzMod@EmOmvmo dmbszgdo,
HMI9oE MH5MmEIbmdMH03 s boMolbMOMmOZ (33oIdL IMO(393s O 3393 BMOOL
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xm®dol 1 59mdbobggro gbdsM3mwo ©gl3M03EGMOL, Mmdgwosg 20 (9360056
35603mbo3zgdl HoMmoygbs Mom™ FMmMoLIM30L. 306390 Mo CDF-I dm3gdve
99000b3935d0(3 3960056LSL FoLO0 3FMWsBHOMEMO 3OM396G o sB396909w0 - 94.5%
3Jmbom (gb6. 6) s dsmo Al 36083690WMds3 B, s6v) 360d3z6gwm3z560 ogm.
30L0%3035300L 8999005 (3b6M. 7) ¢B39bs, MM 237 b dbmermo 111 0bogowo
(46.8%) @obsfors LMo xamngddo, GmIgwog 99ddboro ogm 38 xodol o
Albeols 36:Mmaqbo@EMM0 4 Lobgmdoligeb (9980 42 ¥ax30). Y39WsHBY OO AOIRIMIS
©5x30JLOMES  x0dgdL  TMOOL.  Bmyoghmo xo0do  dowHg VWO  LOoBYLEGHOM
2906500y xangddo dop.: bgFqF@o’ (5%), “bsdm®mol dubocro’ [Winter Nelis’]
(8.35%) o gmesdo (13.3%). oo dbs3Lgds (36.8%) godmzob@s  5EYOWMOdM0]
x0d90L  (LC) - ‘330303, ‘P3Godlboewys’,  Bobml  dubswo’, Bgbgl  dubso’,
‘530M9xXIw0’, 1odoMomdem’, 3sb@Es bboero’, 0gdsbo’, ‘Jo@mmo dubowro’, ‘syode’,
‘Moo Abboo’, dmOBo'©s P. caucasica-ll dcmtol. 890m@sbowds x0dgdds (IC)
doewdg derog®o dbgogligds odmogwobgl P. pyraster-omsb ©s momddol 100%-0s60
LODMBEGH00 bbb XaMRgddo. P. pyraster-0sb Ls3dsm© oo dbyogLgds (33.3%)
299M530bgl 50 MdM03Ts X0d9d3s [Fomgea39Msd’ s ‘Mebsd’. 10%-0560
dbgogLgds sdmgobs P. ketzkhovelii-bs s dgdmEobogn x0dl dmMob ‘Gorham pear’
(‘am©359y’), M@Igeois ¥9Mygbsly’ Lobmbodomsg Mol 3bmdogro.

MON0JO 3530600 39c)H0 Aol 9 Lobgmdslis @s 37 xodb FmEolL sSLobwemos
09650JoMo 3G gOMEo sbseroBoom (HCA) 5390w ©qbdmy®sdsBg (bdgds 7).
3396990 sboerol msz3do dmEgdme bMowdo (bM. 2; mego 4.1.3.) x0d9d0 ‘35bMo
AUIS00" O ‘QUIE0’ (OC-(39¢0390 dM05390T00 A9BMI3LYdIMO IBOMYMHTsbY U
MO0 G5Jumbo 9Hm Foglmbo ‘@M sdo’ sMOL Fo®mIM©Ygboo, Moysb DFA dgmmoom
X31539000  gobsfoergdol ™l 3s00  dewrogMo MO0 OHmMALAIZLYdS  Q9FMIZE0bgLy
(98.7%). Bogdumbgdo gbM™MaMsdsby 4obsfogdmewos 3 dJoMHoms© X ymi3do:
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Winter Dechantsbirne

Ward's method
Euclidean distances

P. caucasica
Panta mskhali
P. balansae
Tsvrili mskhali
Korda

T

Bebani
Samariobo
Tavrejuli
Kvichicha
Khinos mskhali
Akiro
Shavmskhala
Nenes mskhali
Borbala
Majara
Shakara
Kartuli mskhali

P. salicifolia
P. demetrii
P. georgica

P. sachokiana
P. syriaca

P. ketzkhovelii
P. pyraster
Gorham Pear
Winter Neil
Khechechuri
Gulabi
Gverdtsitela
Duchesse Angouleme
Beurré d'Anjou
Saselo

Beurré Bosque
Kieffer pear
Makre

Sand pear
Tulukha

Bartlett
Kabak armudi
Katsistava

Shotas mskhali
Beurré Ardanpont
Nanadziri

Saint Germain

Fondante de Bois

kg e e

A i

o

[4,]
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Linkage Distance

20

25



Udgds 7. HCA ©9b®mma®msds 9390990 93300600 ob@sbaogdol  gsdmygbgdom, ULosg
MMOHEOL JgoMmEOo 359mygbgd s, MMAMOE 535asds300l Fglo. 39 xo0dol s 9 3gmmEo dubeols
MOH00JOH0 OBMEMA0MOO0 3530060 godmlobreos bsdo A, B s C 3¢05L@gMol bobood.

1) 306390 X350 dmoisgb P. caucasica-s s P. balansae-ls 390960 Fogdbmbgdosb s
15 5a0WwMmdGm03 x0dl; 2) 99m6mg xXaMBdo 259MH0690os B9MHYgbgdols X amz0l
0o00mBo9b9gmo 5 Lobgmds, GMmIwgdog godmEsw3g3wbgb 3Mmaqbo@mmo dbbegdol
@5 X0d900L X 29R9006. 3) Igbsdg xR0 30 dmoEsgl P. pyraster -b, P. ketskhovelii-ls
@5 ABbEol 22 50 MdMH03 s 398mEsboen xodl.

P. pyraster-o s P. ketzkhovelii d5¢o®g sbeoml gobamsgs x00 ‘@e@dsdsliomsb’
(‘Gorham pear’) 3¢sbEHg6M C-d0 @ 23 EOLEBEOL JOMNYIMYOm FodmEow 393w Lbgs (A
@5 B) %X393900L0g96. Lbgoolbgs GHodumbgdds sdmsgeobgls doebg sbeom (< 1)
MOM0YOM3IS3d060: 1) P caucasica-d @5 ' 39b6¢s Auboends'; 2) P. balansae-d o
'P3600albogsd’; 3) 'bodsMIOMIMI' @S 'M936MYxIE0Ds'; 4) 'Box5650" O 'MoREs AuboEnds';
5) P. demetrii-0 @5 P. georgica-0; 6) "Winter Nelis-0s', 5 'b939Fm60s', '40odds’ o
'2390f0mgwsd’; 7) 'Sand pear-9s' (dozsomd), 'Kieffer pear-0s', 'Beurré Bosque-0' o
JoOmmends x0dds 'dodg'; 8) 'Bartlett-0s', 'god9g-oM3mBs’ s '3930Lboogsd’; 9) 'Beurré
Ardanpont-3s', 'Saint Germain-8s' @ Jo®mveds x¥0dds 'Nanadziri'.

5.2. 3969¢)03960 33¢0g30L ggagd0

390 dibgdo: dberols oMo x0d9gdol 39eMo bsmglsgo P. caucasica,
@5 93030 x0dgd0lL 3Omygbodmeo P. pyraster §H»39bgmoliysb 360d369wmgboo
3obLb303090056 4969303 MM0  LAHO®YIGHMOO®,  OMAMOE ST fygzowo  Fsr
360083690 ™d900L 396039GHs300L BB ©h39690L (3b. 15).

3bOoo 15. 3969303900 bbgomds P. caucasica-by, P. pyraster-b s P. salicifolia-ls dm6ob. 3b6Howwdo

9m39099os  0bogoms Moabgzo (1), sEgEgdol  Lsdrmowm  MImEYbmds  m3Mbdo, 9x9JGHwIOHO
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39609600mBoymGMmds (He), segamoms 90Ms35ax396m3690s, 49bg@03meo  Lbgsmds (Fsr), s Fsr -U

535 9M90MdOL 0bGHIMZ5¢gd0.

Gogbmbo n sEsEgdols He SEIEON Fst ©535X%9MIDd@MdOL
bsdoryenm/ 9653500x90m369d5 95% -0560
wm3nldo (N=12 0be.) 0b@Hgh3omo

P. caucasica 112 | 17 0.761 | 9

P. pyraster 28 12 0.840 | 9 0.135 0.077 - 0.203

P. salicifolia 14 |9 0.746 | 8

06000300m5 Moo obiEsb30930L 4M55303mwds godmbobrengdsd godmogwrobs, MHmI
P. salicifolia ©@535% gm0 04m (3539 3oBGHIM 49580xbmo. g 3arsliBgMo s1939
dmo3o3s P. syriaca-ll s P. demetrii-l 0b©030090bs53. P. pyraster-olb 0bo300900
3965Jobgb  Lbgoolbgs 3wslGHgMgddo s oxaIREb6: NPGS-U 8590096
dm3m3909o P. caucasica-l 603999096 LodoMrM39ml BHIMHOGHMO05Dg 986 ™300
P. caucasica-ls 056 (60dwdo N75). P. sachochiana-s (6 sach) s P. demetrii -b (7 dem)
0o 6509m83o xRS NPGS-05%0b P. pyraster o> NPGS P. caucasica-s 608498900056
(Lggds 8) Logorm3ge Ml BYMHOGHMEM0sDY JgacMm39dwo 73 P. caucasica-ly 50999906 41
396930360 NPGS P. caucasica-ly 60893900l dbgsglo s0dmBbos. m®039 GHodumbmeo
X3RO dogbg sberml s xamRs P. balansae-ll LodsGrnggwrmdo gacmzgo 10
60818056. 5356, P. sachokiana-l gm0 bodmdo (145 sach), P. demetrii -bs 4 60390 s
P. ketzkhovelli-s g6o»o bodmdo P. caucasica-ll 3sbdgddo 33069 XaMnol Lsboo
39652000696. gl BodBHo F0MOMYIL  5MbodBMEo 0bo3z0gdoL 4g6Mmagdl ImEol
LogPmm  g9gbgdols  sOLYOMdsDY, b 308000EODSE0SBY. SO0 TBsg0s, GMI 5T
016936030 3006H0JO0L 3OHMYGbOGHMEOO SOOL P. caucasica S 565 306H0Jom.

©96OMaM530L dobggom P. balansae-ls bodw«dgdo P. caucasica-ly 3esbGHgMdo
560056 2oxRsbGHMo, 53 dommomgdl 035Bg, MH™MI gl Mo Lsbgmds 2969303Mo©
93953050  ©0RIMHI6E0MIdMNmo 56O 5oL,  OLyg 393360  godmygbgd Mo
3036mbOGHI0@OH0 3563960900l Loggwmdzgwby.
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Primarily P. communis

- - ‘?P \)‘.' @d"w
Primarily ° 9% 2R ] subsp. pyraster
Gkt % 0992473 ~h & 3 >
P. salicifolia " IR PvE o2 o 3 & &
"’% AL - o .‘.',' & 3“5\ “7
A <, 1 & ra ,;';’.'3::’\é I -
o P g Fa8e &
Y, %%, ~ ~ S
v, Sy ] ) .Qqq"\
9, (73 . nJ :\,:f;"
g
o
A\ A
/
o, \\§//
\'\ l / —~ u
= 3 \ y/
=SSN I /) £~ 2037 Gozp v
N Y e - .2060 cau
N ~ . 688 cau
N e — 2056 cau
1537 pyr, {
i —m———

Primarily
P. communis
subsp. caucasica

1eq €61 Tolr——e
nea pi. 'S5 8T
ned 841" e

Udgds 8. 3gbmdger-890539300090900  ©IbOHMAMsds,  GHMIgBI3  0MLEHMOMIOIM0s
39693031600 ©olEBE0gd0: oy BgMdo dmEgdme - USDA-ARS d3gbstgms 96Hm3bvemo g9bmumbools
LobEgdol 60dwmadgol : P. caucasica (cau) s P. pyraster (pyr); 09 39630 250mbobmer - bads®omggermdo
3926030000 3900 Aubegdol bodmdgodl: P. caucasica (cau), P. salicifolia (sal), P. demetrii (dem), P. syriaca
(syr), P. sachokiana (sach), P. balansae (bal), P. ketzkhovelli (ket) and P. bulgarica (bul) deaol.
©9bMOMYM>ToL 3H9MI0bbEHo Mgyombgdo P. salicifolia, P. pyraster, s P. caucasica 95630030w9¢000.
650093900L MomEgbmdMHog0 dmba398900 6583969005 bMowdo (b 6,7; msgo 4.2.7).

Logodmzggermdo dgadmzomo 3gwweo P. caucasica-s 60ddgdoo 9gsms USDA-ARS
d39bstgms  gemzbmwo  4gbmxzmbool  LobGgdolb P.  caucasica-ll 60dMIgOL, OIS
3963390009, 0] (53905 sOBYDdMDBES 500 FMEOL oblbgs390s. J0mbgIZ35® 0doLY,
6™ 609MmTmns m®039 99dsL 393 JOMD0YMEIMBOL S HSEGEMS FMOZ5¢TBIOM369d0L
abaogbo mbg 3Jmbsm, olobo goblbgsgwgdm©bgb 949bg@03MM0 Lbgsmdols (Fsr )
dmbs3999000 (0.0257, ©535%gM90MdOL 95%-0560 063HgM35¢007 0.013-06 0.042-3¢09;
3gb®. 16).
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3bOoo 16. 3969303900 bbgomds P. caucasica-l bydstmzggermdo dgammzow s NPGS dsb0@sb
s©gdme (Volk et al., 2006) 60d+9390L dmMob. sbGMogrdo dmEgdweos 0bEogz0ms Gobgzo (n), s¢rgegdol
b5dgoem BHoMmEgbmds m3mlido, 9839dGHMMO 39@gMHMmBogmEImds (He), sqrgarms 96350 a39mm3690s,
39693037600 bgsmds (Fst), s Fst -l 0o0sx9Mm50mdol 0b@gMgowgdo.

Gogbmbo n sesgrgdols | He SEIEON Fsr ©505%9OIdDd
bsdoryenm/ 9653500x960m369d5 ob 95% -0s60
wm3nbdo (N=39 0be.) 0b@Hgh3omo

P. caucasica (GE) 71 15 0.727 13

0.0257 | 0.013 - 0.042

P. caucasica (NPGS) 41 13 0.791 12

9L dmbos399900 MP3969dL, MM LogoMmzgermdo dm3m3zqdvemo P. caucasica-ll 60dw9dqdol
396930300 IM935wRIMM3690s F9sMgd00 ©ds0s NPGS 35b0osb s0gdmwo P.

caucasica-s 603xdqgdool M350 x3gMHM36gd0LYsD, Mog AobILHZs390L T MmO  XAMRL
96 33569000L596.

G
28
/or:g
2 5
5 ~
234 G bo.cz‘:(."‘
%9 o
1% 20
s 0 o
—
)
o192
197 bay ”‘\.‘3: c‘a\-l“ 403 pal
168 CV = 28 cau
161 CV . . 116

15 cau

27 cau e ———————

6l S

cal a6 ¢ = = S
= 7

186 cau

al

Udgds 9. 3gBmdger-99053533060gd9ge0

©96@MOMAM500,

OHMIGBY3  0MBEGHOOMGOIMOS
39693031600 ©obE6E0gd0: Jberols x0dgdls s 390G Lobgmdgdl m®mob. Lobgmdgdo s x0dgdo
d9Lsdm  Bsogbom® 393800030 56056 P. caucasica-lLosb. Lagdomggewmdo dgadmzowo x00d9d0sb
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©9bEOMYMTsBg - 9RO MdM030 X0dgd0 (CV L), 990m@ebowo x0dgdo (CV, CV I) @s dson dméol
23905095350 IMOBMEMmRomo 60dbgdol dJmbg x0dgdo (CV H) dmbodbmwgdo sG0sb 9vd 19Go
gBboEqddo Jo®oMGOMO 93MMboIGO0m. 9GO bobgmdgdo: P. demetrii (dem), P. syriaca (syr), P.
sachokiana (sach), P. balansae (bal), o P. ketzkhovelli (ket) 8050369900900 56056 005 BgMHO©, FHRboEgdTdo
05000308 J0MOMJONE0 530Mb0Tgd0m. 603MTgdol Mom©gbmd®moz0o dmbs3gdgdo bsB3z9bgdos 3bMHowdo
(5b® 6, 8; og0 4.2.7.).

Logodmggermdo dgadmgzoe dbberol 35 xodl s P. caucasica-ll 73 obogzol
dmeol  0bogzoms  JmMobds  EoLEBE0900L 30D Ds30sd  MB3gbs, ™A
AMORMWMP0IO0 33609300 0©J6EH0B0E0MGOME0 AlbEIol 5EAOWMdM030 X0dgd0 P.
caucasica-s 3¢0sbGHgMdo 50056 25869 (bdgds 9) dowgdero dgwgao P3969dL, MMA
dbberols x0d900 sberm  bsoglbome 3538000  9M05b P. caucasica-bLodsb, MMM
JoOOMEo x08900L s 93MM3500 930390 39wMo Lobgmdol P. pyraster-ob
306395 3906 Bosmgliog Lobgmdslmsb.

gbOoro 17. 3969303160 Lbgsmds dbberol x0dgdbs s P. caucasica-ls LogdsMmzggermdo dgammzo
65009m390L Fm0ob. 3bMHowdo dmEgdwyeos 0bEogzoms GoEbzo (1), 5¢gEgdol LBsd M MomEgbmdy

©@m31bdo, 98399GMO0 39¢gMhmboam@Eemds (He), sgrgwmms 36530005390m36905, 29693032100 Lbgomds
(Fst), 05 Fsr - 00585%9M90mdol 0bEgchzsowgdo.

Gogbmbo n seooengdols  Lsdsmenm/ | He SEIEON Fsr ©535X%9MIdMdOL
wm3nbdo 96535xgOHm3bgds 95% -05b0 0b@Hghzsmo
(N=39 0be.)
dlbarol x0dgdo (GE) 9 6 0.696 | 6
0.002 | -0.010 to 0.017
P. caucasica (GE) 71 15 0727 | 6

adbbeools x08908 o P. caucasica-bl ImOOL  29693H03MM0  Bsmglomdol  Tgbfogensd
399053¢0bs, OMI 496930300 Lbgsmds oo dmMol dbodgzbgwms (Fsr = 0.0002,
©535% gm0 MdoL 95%-0560 0bEgM35cmom -0.010-s6 0.017-009; 3b6. 17).
0509b056m6  356mbBg  ©IxxMdbgdmwo  LEO®WMIGHMOMwo  bsewoboo 10
AMORMWMR0O0 3HoJumbo o550 BEY XaMIBRMOO 33Ol Lsboo: 1) P. caucasica
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Fed. 2) P. balansae Deciasne, 3) P. nivalis Jacq., 4) P. salicifolia Pall., 5) P. syriaca Boiss, 6) P.
pyrifolia (Brum.) Nakai. 7) P. pyraster L, 8) P. caucasica -l o39L3H03530000 300909900
Alberols 5EAO0WMdGM030 X0d9d0, 9) P. pyraster-ls s P. caucasica -l 356 80©9dMwo
Abberols 0093l MO0l 49053535¢0  (3006MH0EYIEN0) FMORMWMR0OHo Bodbgdols
dJmbg Abbol 50w MdM030 X0d900, 10) 936030056 dgdmEsboo diberol x0dgdo.
303G gOMo  Bswobom 0Dy SOLMEIMEMOHO  SEBIMMDJIOL  JMOTB0IMDd
3900bob3sd  MB3z9bs, MHMI  3m3MH30gd00L  FBodErm  MOMIbMdS  Qo9bIE0BYOYIE
dmbs3999000 7-U 96 5095GgOdMm©s (bdgds 10). Fombgsgzs 0doby, GM™I Ldgdsby
dm399m  2M55303Bg 30603900  9Judmbgbgoswmo  BEMEs  LBOIESEool GO
130JLB0MEYOS, OHMES 303300l (4) Ls39MOMOM MOMEIbMds 4-0U GHrmeos, 300
33095300l SMLGIMBS  o9bs0BYdME FMmbs3)39dd0 MBOM FoMO0s, MoEYD gy
953969090 £l 3609369 mds 7-B9g BobEHmdolgd s 250BoM..

0.18 -
0.16 -
0.14 -
0.12 -

.

<

v

= 0.08 -

a¥
0.06 -
0.04 -
0.02 -

0 -

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14 K15 K16 K17 K18 K19 K20
K

Udgds 10. 3m3Mo30sms Hom@IBMdOL 5edsmmds. 1idgdsbg Pr(K/X)-b ermas®omdwme b3sesdo
239009396000 356396900900 9393806090 MWos £ Lodwas (30900L HobslfomysbloBwgwmen (1-sb 20-
0009) ©0535HMmbmMb s FMH9B03MESE godmbsbagl £-b ygzgwsbg dgladerm 360dz69wMdL gosbsEr0Bgdwm
dmbs3999d0o0.

AMORMWMP0MS JoBLIBOZIOMMO FHodumbMMo xaMRgdol BEHOYIGHMEMEds
565¢0Bds (bgds 11) «bgabs, ®md P. caucasica-bs. (1), P. balansae-ls (2), s P. caucasica -l
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©MIgLGH035300 FoEgdMwo x0dgdl (8) Abgoglo g9gbgB03MMo LEHMYIBH0MS dJ300.
123039 X3IB30 MT06oOYOL Y3090 BIMO, gb LAHGOYIGNOWO BIOO 3333wobgds
P. balansae-s 39bmx3mbOl H95¢olEGHWOO LEBOZIMYOs©. HMYMEM [ Bgds 11-sb RBL, gl
LAHOMIEHNOMo R0 P. balansae-l (2) dMORMWMYOVIMOSQ IPYIBO LBoBEO3OGOL
09305 LEowEYds ©s P. caucasica-l (1) Godumbm® xamxndos m3swlsBobm GOl
fom0magboro, MHmIgoa LBEHOIGHWOMWs© IP369 RIOO0MD sOOL  JodMbIbYwo
1d935Pg. 390y F9aM 39000 FMmbs3)dgd0L  25sdMfdgdom ©oA0bs, ®MI P
caucasica-@©@ 090Bbgmwo 0bogzoado, MHMIgwdos Yyzomgmo $gOHO  MI0boMYOU,
©OBO3gm LogoMM3ge™do, 3960dmE MoFol, B3s6gmol s 0dgMgmMOL BHIOOBHMO0OBYS
39260m3000. ©BORI60 MO0 LEHOWIGHMOMO BIOO - 35MEOLRIOO0 S Fomgwo,
OHMIgd0i3 993553 9ds@ 5M05b Ho@dmygboeo P. caucasica-ls (1), P. balansae-ls (2) s
15 5dm®0og9gbmero dbberol x0dol 0bogzowgddo (8), 93woc3bols P. nivalis-l (3) s P.
pyraster-b (7), ©o3 300000Bs300L 3OMm3gLDY FoMMOoMYdL 98 FHogumbgdls TmGob.
9360M3mwo dbegdol 36Mmgbo@mMo 39eMo Lobgmds P. pyraster-o (7) 93603056
d99m@sboer x0890m96 (10) 296930379600 LEAHOWMIGHMIOOD doEDHg SHWML QB sYS.
300600 IMOBMEMA0OH0 60dbgdol ddmbg dubeol syow™mdMH030 x0dgdo (9)
000Jdol 0965065 0H0569d7096 MmPbO g0 3OMYgboGMEOL: P. caucasica-b. (1), P.
balansae-s (2), P. nivalis-os (3) @5 P. pyraster-ob (7) 39gbgdl. 503mbogwgom sHoMMo
Abbewgdol 36MmagboBMm® Lobgmds P. pyrifolia-Lodsb (6) agbms 900mE3wolL  335¢00
33069 30JdLOMYBS 3933560996 35637030 (1,2) S oMb JogdM Js®mvyer diberols
x03d90d0 (8), 0939 OmamO3 P. pyraster-ob (7) xando, ®Mdi3s gb dmbszgdo bogargds
LoMHINDMS, MY 93MMIMWo s SHBoMO 39Ho Fbbgdo OO FHIOOGHMMOMEO
06396035000 96056 9Byl O30 gdMo, MmMdEs 30dMHO0EOBsE00L  figom
d9Loderms QoY sH00b Fgdm@sboro 3MwEHWemwo xo0dgdo. P. pyrifolia-ls (6)
396900 FoOHOMOE PEGOWIO00 OO MM IBMdOM MOl FoMdmoygbowo 93GM3E
x03d90d0 (10), 300069 3507 39O 3OMA960EHMMGdT0. 390 MO0 BoJumbgdol - P. balansae
(2), P. nivalis (3), P. syriaca Boiss, 6) P. pyrifolia (6), o> P. pyraster (7) xX32539080 9306090
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g3odboMgds P. syriacabosb (5) a9bms 800mEzwol  335wo, Gmdgwog dbberol
650m9b0dg 895500 X0dol 55300306 3OMAIBOEBHMM LIbBYMdI® 0MZEYOS.
G0OORBMOMES  d90ygbsls  (P.  salicifolia) xymxn3o (4) dobo 296930l  LsdsHoLm
LEAHOMIEHMO00 25F0XEMWOos yz9ws Lbgs BHoJumbobash. gl xawBo 50 4oLEAL 39690,
0993 dobBg 930609 MroMmEgbmdom 353350M 3563GHo0L (1,2) 9gbos M93030963)L
DoM0moa9bU.

100

080

040

040

0.20 L @ ‘

000 |.ﬂ E Mk |
' 2 343 5 T 8 ? 10

Udgds 11. 296mxzmbool bLEHOWIEWOHIO bsEwoBol dgEgao. LJgdsbg dgwrs3gdom gsdmbsbwreo
303LBIMGO0m 379905 FMORMEMAOMOO XAMRO0L: P. caucasica (1); P. balansae (2); P. nivalis (3); P.

salicifolia (4); P. syriaca (5); P. pyrifolia (6); P. pyraster (7); P. caucasica -l ©m99b@035G000 300500
alberol  5QaoEMdMo30  x0dgd0  (8); 300MoEWo  INOGBMEMmYoMo  60dbgdol dJmby  duberol
3QPOMdM030  X03dgd00 (9) ©s 9g3MMm30©sb gdm@Gsbowro  Aubeol  xo0dgdo  (10) g9bgBHOIMGo
LESHOMIEHWOOL MODOIOPALYSZLIDS.

LAHOMIEHNOMEO b5EoBOl dgerolgdmemo Bg9gBHgool bdgdabyg (bdgds 11) dmEgdmero

3960900 SLsboggb 7 LEAHO®WMIGHMOM XaMBL, 00 3M3MES30gO0L 439wy Fgboderm
650mE9bmdol (&) Mogbgl, GMIgwos IWsLEBHIOMO  BowoBol  Fgdox 999390
Bmlbosb s0gdmwo  SOLMEMEBHWMOO  SEBINMDJOIOL s kUL Lodwmws F0gdoLmZOL
0obolfoMbLIBO3Me  (1-sb  20-0g) ©@0535Dmbols  sbsewobom  godmzarobs.

2399Mm3960¢0 ¥ 2R9g00L MOPO0YMM3I53d0M0 s OLEBE0S MmE3gdwmwos Lgds 12-by.
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Udgds 12. FmOBME@®MA0MOHS© 350G  Godumbgddo JwslGgmwo sbserobom  gsdmgargbowo 7
LGHOMIGHIOMO XFMB0L MB00GM0353806H0L 58Lsbggeo ©IbEOMAMDs.

19359 65639690 ©9bOMYMBsDY (bdgds 12) Lbgsslbgs a3Ms dgz3gHowo MHorbzgdols
1396500l Jobgz00 3933580996 356@L (P. caucasica) 39gLodsdgds 89-2 LGB IEO
X3RO, P. balansae-s 99-4 LEHOWYIBHMOMEO XyMR0; P. pyraster -l J0MOMII© 1-wo
XdMR0; P. salicifolias 09-7 xymxo. P. nivalis— 09-5; P. syriaca-ls 99-3, bogoem P
pyrifolia-s 89-6 xX3M30.

AMORMWMR0H  JobolosmgdwgdbBg  IYyMPbmdom Jgddboero  Eodumbmemo
X808900L 396903900 LAHOYIHYOOL  33wgzs  IP3YbIRL,  BMI by BHo3NOO
dmbs39990000  259Mm3w9gboo  3m3MWH30900  LAHOWYIBHMOISE 9O 9INHZ93056
AmORMWMR0NOH  BHodbmbmEm  xamx3gdl.  dobgszs  0dobs, OMI (35039
AmORMWMRoOH  Godumbdo  gg®gool  dobgzom  2oblsHLIMMIO  3M3MESE0S
©™30boMgdl, dgLHo3e0wo Gsgumbgdols AmOmRMMMY0MEMO s 3969E0371M0 LoBO3MGdO
96O»569m0Ligsb  goblibgoggds. ggao bomers  FoMmMomMgdL  300MH0EODOE0SDY,
OMIgwog  9M5IBMEME  3wEGHMOME  dbbrgddo, sMsdg  39we  dlbergddoc
035¢b5B0BME 5OOL 2odMbsEo.

L5JoOM3gMl  BHIOOGHMM0sDg 608MIgds sgdMwo 13 3gGo  dbberols

A&9JLMBL (P. caucasica, P. balansae, P. demetrii, P. salicifolia, P. salicifolia var. angustifolia, P.
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ketzkhovelii, P. georgica, P. sachokiana, P. takhtadzhianii, P.oxyprion, P. fedorovii, P.
syriaca, Morpha Dubleflowered); NCGR-U 0mbsggdoms 85%99ddo  dm3m3z9dw9ew
3M0EGHMOWo JbEgdol 3 30magbodm® Lobgmdst [P. pyraster, P. nivalis, P. pyrifolia |
s Lodsdmgzgermdo Jgacmmzowo dberols 9gdm@Esbog (N=12) s saowmd®mog (N=24)
X 03900L IMOOL MYH0YMHI>300M0 SBbE0s IbEOMYETSBY (bdgds 13). BgBMdY-
0905353006093900  ©gbOMaMsds  d9Jdboos  Bsdmmgwowo  Gojumbgdol 7
3036OMbsGHIo@emo ds6m39cmom (GD12, GD96, GD142, CHO1D08, CH01D09, CHO1F07A
s CH02D12) 895351900l Loggwndzgumbg.

1d935Bg AodMLsbmen F9BMBYE-098535300693900 ©IBOOMYM oDy (bdgds 13)
3996500 gdMw0 FHogumbgdo 6 3esliEgemdo (A,B,C,D,E s F 3¢05L¢g690d0) aobsfoencos.
3abBgho A dmopoglb P pyraster-l ©s 930™30056 dgdm@sbogn dlberols x0dqdl
(‘Winter Dechantsbirne’, “Winter Nelis’, ‘Bartlett’, ‘Beurré Bosque’, ‘Beurré d’ Hardanpont’,
‘Beurré d'Anjou’, ‘Duchesse d’Angouleme’,) 5©Ls60dbs300, MMI JaslEgOL dogaboom
936M™30006 IgImEsboo BsdmMmob, 64y a3056M0 x0dgdo “Winter Dechantsbirne’, s
‘Winter Nelis’ ghmo©, bmem 0909 xamaol dibargdo - ‘Bartlett’, ‘Beurré Bosque’,
‘Beurré d’ Hardanpont’, ‘Beurré d'Anjou’, ‘Duchesse d’Angouleme’ (35¢239, 903356900056
Bmb  oxAMNBEDID6, o3 93  XaMBJIOL  x0dgdoL  9HPIbgMoLiyeb 3069
3o6Lb303905Hg 0MmMOMYBL. 53 xamRTo IMb3S 5P MDMH0Z0 X0dob LEHSIGMLOM
dm3m390eo  x0do  ‘mebsg’. gu 030 FMOBMEMY0MOHO  SBseroBol  EO™LY3
936M™379 bl ¥039dmb oxFMBEs. ‘MMErbsly’ g3mm3wer AbbErol x0dgdMb
@5 350 30MmYg60GHMOMB  IXYMBIIOL MO0  Ls33MOME™ FoBgBo  sMLYdMBL: 1.
‘0Embs’ diberol ®Mmdgeodg 930Mm3wo xodol Jsmommeo bLobmbodos; 2. gl xodo
gymgxowo bsdFmo 353306008 39MHom©do odbs  sdmyzsbowo  gzd™m3Mwo  x0dgdol
3006H0©0Bs300L ABom. MMI3s 39O E 9O 13365 396 FY>OEYdS M09 HysHrMmmo.
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Udgds 13. LogdoMmgzgermdo dgammzowo s NCGR dmbsgdms 05190000 2098990 390060 ©s

3wGHOMYEo  dibagdol  g3gws  Bogbmbol  GgBmdg-893535300M5dgwo  ©gbMMAGMmTs.
©96@OMYM35BYg BHogdumbmEmo xa53900L 43bEsagd0l Jo10093EMmdOl LOBMBE SLsbos dMNLEMOR
960033690 md980m, HMIXGd0E 00MMG I 256dEMNdIBY MHoEbzgdom 9606 ImEgdmero.

33bEGg® B-do 259000560696 353356060 3563900 - P. caucasica, P. balansae, s
o690 5©A0MdM030 Auberol ¥0d9gdo : 0gdsbo’, ‘33030F°, Bobml Albowro’, ‘3sbEs
dlbso’, Bgbgl  Abboero’,  VsToGOMdM’, s  Pzmodbbows’  HMIgdoz 03039
LB 3WHLBHYMT0 FMgd3bgb, Loog 3MMYIBboBHMMO LobYMdGd0 M6 Fmmsgligdmeo gl
Xx00900  JMOBMEMYoMEo©s3  P. caucasica-bl 60dbgdol  0abGHMGo  bodbgdol
3535Mm90gd0 5M05b, HMIgdoE dgbogmdol dmbs3)dgdom 35630 Aibergdol xawmRL
39693903690056. 58 Lmd3wsl@Ggeol x0dgdo P. caucasica-l 306330600 aHom
3980MBg300, 5699 MIGLE0353000 F0LIOY X0T9d5 FJ0dEgds B0M35¢Mb.

B 3e0sb@gMol dgmMg Lmd3waliBgdo 2obmaglbobgb x0dgdo: ‘Boge®y’, Labgem’,
‘53M9XIw0’, V5O, BMODIY’, Bogeomdm’, ‘3o3obmagy’ s ‘mogws dlbsgro’. 50
Xx03d900L  MIM3egbmds  Igbowrgmdols  dmbs3gdgdom  3owmlb  Abbeol  xamBL
39693936905  ©s 390G bsogloggdosd P balansae-ls 0©96&M0
AORMWMR0)H0 603671000 bolinsmgdosb.

C 3wmsbBgdo dmoEsglb 93mm30sb  dgdm@ebor  Msdmgbodg xodL: ‘Saint
Germain’, ‘Kieffer pear’, ‘Fondante des Bois’ @ 5©0@md®M0og diberol x0dgdl P.
caucasica-bs > P. pyraster-l 9m6O0L  2oM@9535¢00  dORMmyo®o  bodbgdoom.
©5353 90000  Mbs  5©00bodbml, MM C  3wslEgMTdo  A99OHP0s6gdMEo X 0dgdob
396mx3mbl P. caucasica-Ly ©s P. pyraster-ol 3565 bsfjoermd®og P. nivalis-og Jobob,
OMamO3 9b 396MmRMbOL BEHMMIEGHOWWDs BB 5B396s. T3S 53 X0dgddo 56
5oL A5dMmbos@Mo  s0bodbmwo  39wmo  3GMgboEMMOL  GOHD-gMMO  FMOZ560
©535bsl0sMYOJO IMORBMEMA0OHO 60TsbO - BMMEOL JgholigdMo T9dmligs.

D 3esb3gio m6 36mygbo@m® Lobgmdol P. nivalisb, P. ketzkhovelii-ls s 96
x0db - ‘Gorham pear’-l dmo@egl. gl x0do sH0s530, 93MM™35d0 S 53gMH03sd0E SGOL
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2930390 900. JoO0Es© 5 }0db: ‘YMMITo’ 96 ‘DgMYgbs Abbero’ Imobligbogdgb.
3OBMEMPOMOHO 33009306 EOML ‘QmMdsds’ P. ketzkhovelii-iosh oxyMB©s, 0w9d3s
9L LobgMds 96 ™oL 3BMdOWO GMmAMmEM3 Jbeol x¥0dgdol 30M39e0 XyMBOL 39O
Bonglogo. 29693036 9bowwoBdo P. nivalis-ol g9gbgB0olzmMo dmbs39dgdol B350
299m530bs dolbo bosmglom®o 3538060930 393bM39w0l  dgMYgbslosh @s ‘QmEmdsds
Abboermob’, ®Mmdwgdog P. nivalis-ob mOBMEma06 60JbgdL 0BosMGOIb.

E  3msbgh8o ULod  Lboydlzwaldgho  399000560bgb Logodmggenmls
AIO0GMM05bg dgadmzowo dg0yqgbgdo: P. demetrii, P. salicifolia, P. salicifolia var.
angustifolia, P. georgica, P. sachokiana, P. takhtadzhianii, P.oxyprion, P. fedorovii, P. syriaca,
Morpha Dubleflowered. 53 xav50L 396  dbbegdbg  Xx0dgdmMsb 3538060l
035¢LYBOOBOM Tgbodems 0mdzol, MMA Fomo g969d0 o IMbsforgmdgb duberols
3MWEGHMOWWo  x03900L  29bmumbdo. ®mwdEs, Jobgez9©0  ©WIBOHMYMHT>DY
3900xbmwo  3mBoEools OO vEWdIMMI0m  gu  Lobgmdgdois  30dMHOODsEOOL
36OmEqLoL  dmbsfoeggdo 506, GmamMs P. caucasica-l 296900l 093030963 900.
096Yygbgdol  Bomygbool s  FHoJuMmbMIool  Lo3oMbYBdOL  IBIWVIMO  AM3Z3930
15F0MMYIL TG JO0 IMEY3IWYO 33¢)39dU.

F 3esb@ghdo 209000560696 P. pyrifolia s dlbeools s08mbsgango sHom@o
x0do  ‘0035000°, 0039 ‘J30dol  Abbocwo’, OMIgwlses P pyrifolia-l 0©gbEMMo
AmORMwMyoOo  60dbgdo  5Jd3l.  Lbgs  3slidgMgdolgsdb F o 3esbdgho oo
©oLEBE00m  9M0L  Qedoxbmo s ol 3MmBoEosl  IBEOMAMSTsBY  Fowso
OMLEGMIRMwo  FbsMOFIOs  (95%) 5J3L. gl F9IP0  WMPO3MM0S  MOEYD
AoJumbmBonMo gl Lobgmds duberols azsmMol  4oblbgegadme  Lgjgosdo - Pashia
(Koehne)-80s gobmogligdwmao.

5.3. B536M5engdol-sbsenoBols dgegagdo

39335B060 356¢0L (P. caucasica) o3039gd0l Jgufogzerom ©Iy0bos, MH™I
dolo  0MbgdM030 Moo  35335L00L  93MEMGROMBL 9O  B3YdS.  WOEIMGHIOVICO
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0996mgd0ol, B396L doge 256bmME09wadmEo 1bs3gerg 3393900l EOML FgaM ™300
dmbs399900L s dMBBo30lL 0bLEHOGHMEOL (TBI) Lo3gMHdsmom 60dxdgdol 33wg300,

X905 390 3563Hq00L (P. caucasica, P. balansae) 215 5360390900l {gOEGowo
0965 25965¢00DgdMmo  35335600L 93mMg0mbdo (FoGmmdo - 580000 39%). 999AS©
Y00 396Egd0L 39360339 gd0L  390E035m0  LEBO3IMGPOo  35335L00b
9306930mbol Loz gm  bsfoemdo (oo  39335B0Mboll  ILLgwWgm  bsfoerdo -
36BMIMOL 50BMbgegmols Fbocg; olsggm Lods®mmz9wm; Yseobso-BgMdgbgomol
LsAbEOYNOL FBHMY; Y9dIMOM-B5¢YsMIgOL LsTbOYPOL FbIMY) B30l MBOI6 85-2200-
dg 996yggmdl;  LsdbGmgo bsfoedo (dgodyg 39335B0MmbBY - MMMHJgmols RGO M-
50dMlogwgmol dbseg; bLemdbgmol BOHowmgmol dbsdg; LsdbGMgm LodsGmzgewm) -
B30 @mbosb  560-2000 dgBHEMoL ©O0s35HMbA0; 90dMLsgegm bsfordo (oo
39335B0Mbol 50dmbsgargom bsfordo - 508mbsgergo Lodsemgzgwml BOHowmgo dbsey;
BM. mbgomolb, o0bymdgmol s BgRbgmol  LodbGmgmol  dbsggdo;  sHYMd0XBOL
BO©OOWM-sLsggmol dbostg) Bm30l mbosb 142-1930 dg@H®ol ©os35Bmbdo. P.
caucasica-l 35003530 G9O0GHMMO0Mo© gdmbzg3zs 93007 ©O OO  39335B0Mbols
dmbbsegdols, HoRwbsmgdol, G®Ebowbs®mgdol Lbgsslbgzs RMmMIs3zool  BHYgdl o
990990 Hodob 3Yggdl. 0dz05mo 33b3w09gds Hofzmzsbo BHyggdol 39MHoxgmowmw
Bofoegddo. oo sg3g 003055, 9JOHMIMOOL  Bsbom MOl go3MEIXYOYICO
FoMdBHb0sb  Byggddo. P. caucasica-ll 569500 56O 30338 B30l 3065 J303656
3500353 goL, FoMmd0sb 3HY9g9gdl, M0 bsmgw GYyggdl, LYBosMOEMI S SMOEE
9396509 09BsLsBMYPEMGdGOL. oo dmsdo gl Lobgmds dbme™mE LYIBSE3MOO
AY9900bL 939005 39003506 BoDBOZMGOMB sbeErml 363900 S JOMHOMEIE LYo
AYob 39608390090l 0353900.

393639 gdol  dMbgdmoz0  LoHW3MPOOL  ILLYPIBIE  vogm  396FH7dOL
3936039 gdol (P. caucasica, P. balansae) 1dgd5@OH0 odmbobmMgds M35 (bdgds 14)
Lobgmdol 3m3bol g EHowgdols dobgzom. 53 bggdgdol doBsbos MB396ml Asblbgsgqds
P. caucasica-ls (bJqds 14, A) o P. balansae-ls (bdgds 14, B) 5695¢0gdl dmMol, M@AEgdos
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359 30aMbgd0m 90056 FgamLsbL3OIo. sgso bsB39bgd0s P. caucasica-ls
(N=150), P. balansae-ls (N=65) 3mgbol 215 {gOEowol dobgz0m ©@s 9O ImEsgl o6

ymgz3bols dmbszgdgol.
4r9UE  40°300E 40°5TOE 41120 41°330°E 41°540°E 42°150°E 42°360°E 42°570E 4371807 E
| T T T T Y N e T N v |
447240 - = L47240°N
447170 N = 4471TO°N
447100 N-4 = 44"100°N
R = 44730
AT5E0 N = 43"560N
43'490N=4 [=43"490°N
43420 N-4 = 437420°N
43350 N=] f=437350°N
43280 N- =47 280N
43210 N- 43 210N
43140 N - =43 140N
43TTN= p=43"TON
4F0TN- [=43°00N
47530 N = 42°530°N
AT 450N - = 4746 0°N
47°390 M- [=42300°N
473201 = 42"370°N
47250 N=4 p=42"250°N
47180 N=4 p=42"180°N
47110 N— = 42°1T0N
44N - = 42°4TN
AT'5T0 N = 41°5T0N
417500 M- p=41°500°N
417430 Ny = 417430°N
41350 N=y f=41"350°N
41°250N- = 41°290°N
41220 ]
41'150N=4 P=41"150°N
41780 N - p=4178TN
4110 N -y p=d1710N
07540 N = A0°540°N
A0 4T0 N f=40°4T0°N
407400 N=4 [=40"400°N
407330 N4 p=40°"330°N
407250 Ny p=40°250°N
40190 N f=407190°N
ArP1Z0N- = 40P 20N
450N - - 40°5 0N

39580 N
38510 M-

p=39"580°N
= 39"5T0'N

rirrtrrroerrrrrerrirrrrirernrid
40'90E  40°300E 40°5TO°E 41°120°E 41°330E 41°540°E 42150 42'360°E 42'57

198 14. 3568900l sGgowo. (A, O) P. caucasicas s6gowo (B, &) P. balansae-ls s6go@o. 350l
©5659mx53980L HgbmeErmEos 10x10 30%. Lgdsbg x 0900 dmEgdw9E0s - @ S0bodgboom.

B3gbo dmbs399900L dobggom, P. caucasica d536(39009dw905 IHMEOM® QOO
39335L0mbol 396G s 508MLsggm BsHoegdby. x0dgdol bodmdgdols s®gdols
0900w gdol dobggoom (bdgds 14; A,B) BB, H™A Lods®rz9wmBo om0 2530 3E9wg0s P.
caucasica-s 50»95¢b 00mgdob dnE0sbs §dmbgg3s.

LoJoOM3gMl  BHIMOGHMO00L  Robygddo P. caucasicall  3MbBLYMZs30IENO
360MO0E 9GOl JGbog3slgdeo dobo 253M3Egwgdol LobdotMg somgsws 10x10
30%-0560 sbssgmagdol dobgzom, MHMIgEdoi 98 LoHgMdOL MgoEo B3OS, M

5ML9dMdL Mbs(399900 0oL Tgbobgd, M) M53EY6S FoL0s 5T LEBYMOOL OGP MOOL
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bseobbo, 6 M399bs 0Oy  Fobmzol  osdgbgdol  Logdmby  oEMWo
AIO0EGMMH09d0L d0ds. 5ol oM Ba3M5EgO0L-565c0Bol Jga3oligdol Lobidgdsdo P.
caucasica-l ®»30L sOLYdMEo 96IFMNOMBOL S 0830500MdOL  3MHOGHIM0Tgdo dolo
3936039900l 35gbodscrMHo GHIOOGHMMOL glsdsdobo Jrmom F9x35Ls. 3390MSGJOO,
6mdgwdos P. caucasica ©> X09900 JOMIQO ©OIXJMINBDID, Lomgowsgzdo o6 odbos
dogdero (3b6. 18).
AmORMWMPoOH 5 29693030  0mbs39d9dby ©oymbmdoo P caucasica
3M0EGHMOMwo  9396sM9900L 39eMH0  Bsmglagzgdol abmambool s Godumbol 1b
X3%300 b3g0s, ©osb 030 5©A0WMdMH030 Abeol ¥0dgdoL 30603000 bsbol
36MMy9gb0BHMGM0s. 58 LAHIGHNMLL F9gxsLgdol LobEgdom Yzgwsbg ds®swo Joms (10)
399L5050905. gL Imbs3gdo MMM 60dbs3L 0oL, MMA 356E0L, MHMYMOE 39O
LobgMmdoL LYY MEbgM IBOTEMWGds OO, BroE FmBogserdo Jolo gosdybgdols geo-
960 d0bgbo Jgodegds gobgl 039 56 Jqddsgs 81693530 Jobo sPIBOL 49as.
Alberols ImORMEMA0OH0 FHoJumbgdol 396mzmbEoll 3esliEgMrmwo sbsEroBol
(Lggds 12, 13; msgo 5.2) dobggzom P. caucasica-l 300600 gmMIGd03 Imbgzs 53
LObgMOOLM30L  IMOBMEIMAO0YOS©  FIBLIBOZIOM  BHodumbme xamxdo. dowgdmwo
990092900L  350050m(j09d000 ©sER0bs, MMA  P. caucasica-l 39wbg T9gaM™390mE0
600109306 3000w  29bMBMbEOL  Fo@IMGdgdo 0943696 ol obwogzowgdo,
OHMIgmd 990™M39053 DDOM3MA96Mwo BMmbol Jobermdws© 49bwmoggdmw Fyggddo
dmbs. gl ao6gdmgds P. caucasica-l 060300900l 3360l SEdsMMISL  Ie0gH
59306090L BNOMIMYgbm BMBYdT0, M5YSL 53 Lobgmdol 0bEoz30gd0 s ¥6gdMH030
30060930 bdoc 990mbgz935d0 JMORMEMY0MEOS© JOHPNTBINOL 0©YbEHYIMGOO 50105b.

300 18.653M0¢gd0b-sbserobom P. caucasicals 9gxsLgdoL 99wgagdo0.

39bjogdo boadgLo Jows
LbaggOonbg (IUCN) 56 560b dgx8sLgdwo (NE) 1
00305000 §o®maq60w0s 6-20 335065380 (10 382 x 10 382) 4
9600939Omds dbmrmE 3533560590 5
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GP1+2 396mx3mbo 1b/ Gogdbmby®o xamzo 1b 10

%380 20

B396 bgwo 6OLYIMWO 0bRMOTs300L  LyKMAZzgDY bs3MOWYdOL-BsoDom
395359008 LoLEBHB0m LoJsMMZ3gML EgMHoGMO0sYY P. caucasicas 20 oy dogbogs,
(o3 90990090L 53 Bobgmdols oo 3mblgM3530w 3MOMOOGIGHVITMdsDY B39b0
939960l oG gdl Joaboom. Mog dgabgds P. caucasica-iomzol obosgdmw Lsgmmbol
(IUCN) 35¢930605b, 056599000m3g9 (o®dmoaqboom (Hunter & Heywood, 2011) ogo
3933580580 B0 MBAOLsS @O FgLsdsdgdM0s 353IRMM0s - LoRM®bOL Fobsdy
Bogergds dgmgzgo (LC). Bggbh gomgwom, ©mJ P.  caucasicaiogols  Losg®omby
695oLEGMOS© 9O  5MHOL  JgRsBYOMo 3933500l Mgrombdo s dolo  LEsGHMLO
39393MM0Dg00 Mbs 0gmb MMtz NE - 56 s®olb 99535L90wo.

530 6. g3bboengs

Lo MIEGHMOHM 0gBobdo omdmpygbods 33¢09398ds ABberol 3O MYgboGHMEmO Lobgmdgdo
553530065 BodoMmM39eMml 5EAO0WMdMH03 s J9dmEHBoE X0T9gdl. domo bsmglomeo
3930060 @IHBMVBEHS FMOBMEMYPOMOO ©S 23969303M0 339300 S Fobolsbwgz®s P.
caucasica-l 30309530900 BEGHOMIGHMOS LoJoOmzgewrmdo, Gog 33Wg300 Jowgdmwn
005356 Bsd936096™ Losberg Fgodwrgds Bsomgzombs.

ImOBOOZONOO 33Eg3e FIBLMOEoIEwEs 9 OO ©s FNWAHYOYo  Jubergdols
Aogumbgdol 27 ©glzmo3@MmOHIo dmORMEmyommo 60dbol (Thibault et al., 1983;
UPOV, 2000) 0m6OHxmIg@®ommwo  sbsewobol  bsgmdzgebg. Lsdobbg  GHodumbmm
X3IBIOL FmOoL Bomgbom®o 353800930l 4969E039M0 33935 30 bbMOE0gw©s 11
3036mbOGHI0EGWOH0 F5639H0m, O®MIWIOI0E BIONM® 35dM0Yg6q0s 3900 Lobgmdgdl
@S  JNGHMOHMEo  x0dgdl  dmMolb  bsorglomMo 3930069008 33¢935d0.
3036mbOGHI0EGWOH0 356390900 500 BLOBNLEHOM 53WgbL 98 BsglsH 3538069l
0530L0 030L90900L - 69360 (300MdO, 30-©®30bs6EMHMdOU,

125



30dmOHBoBIOL s 4905:39d0l bsGol godm (Volk et al., 2006; Yamamoto et al., 2002).

3990996900 3900MYd0 N OOHMb39wymaigb RodoMgdmwo 33¢9g30L Mgarg356EHMASL.

1) 0gbolo  5390wos  Jmbs39d90bg,  MMIWGdo3  LAHIGOLEGH0IMNOO  MZOBSBOHOLOM
LEOHYEYMRBOWOE 56 F9godgds Bsomzsml MmEaLsg Abxgarmds gbgds 396Mygbgdols Lobgmdgdols
o6 8mOHBM-39693H03MO bsewoBdo BosOmmwo mommgMmo xodol 0gbEGHMdslL.  dgygbsls
Lobgmdgdo s Abbewols Bbgoslbgs x0dgdo BsddMmddo s©ddmwo Mbos 04696 OmymO3
XANBMOO (330050900 3990920  3MO3000: 396MYgbhs ALbBgdIOL XYMBO, SYOWMIGMOZ0
Abberols x009g00L XyMB0, F9MT535¢0 JMOBMMYomcmo 60dbgdols dJmby sPOWMdMO30
dbberols x0dgd0L xawno s JgdmGsboo AbEol Xx0dgdol xaMBo. TMOBMEMYPOMEOHO
339308 BAIGHOLE0ZMO bBsoBdo dMYgbgdo Fow3 Mo LobgMdYdOL KAMBJIS© 506
0o00mpqbowo dombgszs 0dols, GM™I 0bogzogdol Mogbzo mommgmeo  Lobgmdols
X31Rd0 199BH9gb oo 10-Bg dgomgs 96 98 GoEbzl oL@ 96 50gdo@gds. 2969G 030
339308 BEASGHOLEOIME b5¢OBTo BYEMYgbol Lobgmdgdo s Auberol x0dgd0iE, MMIWgdoE
99L5OMYdgo X yMBoL F9ddbolimzol 0dbs As9mygbgd o 3s6@gd0sb, bmem© XMBWOO
33o©9gdoL  Lobom 90056  FoMmdmagbowo s 53 TbM0zs bsM3gbo  godmLfmEmgdmwos.
LoobOEODBM  MB30gdBHIOOL  2obbogs  KAMBMO  (33¢0@YdOL  Loboo  Bo3dom©  BoGNM©O

393039 gOM0  3M05dBH03%e 3N GHOWMwo  339bomggdol  3gwmEo  Boogliogqdol,
390GHMOMo  ¥0dg00L  49bmBmbol, 96 mMbog 98 x3MBoL  I3965M99d0L  @oMgIm
3dJAHMMJo0m  259mfizgo  IMORM-2969303MNM0 (339 gdsMmdoL  dglfogerol  MMU.
9m399mwo 659OHMAoL  33¢m9308 OBs0bo s Fggaqd0 Mobbzg®msdos b3l 3393900l
(Voltas et al, 2007; Wolko et al, 2010) ©@0%506056 @5 89093900056, OHMIgddos
0o00mpqbowos  Abberol 39O Bomglioggdol s  x03dgdoL  YOMOYHNIJIMII0MO

33w93900. ®9Holido gobbogrmmwo ImdRMmemaom®o bodbom 99ddbowro 15330930 X ABIOO

995336905 IOHRMIYGHOOMwo 33¢g308 999390, sdoG™A Jgladems MbgdbmEMdsls Jobowgl
by d90mbz93580 53 BHgMmBobols bdsegds JmMBMEMa0GmOo 33930l 9900939d0L gobboergsdwy.

390 FMOIMWOMGdS  sMILHMEOO  Fo0B3 9O SMOL, MO XAMNBIOOL  25BLIBEOZE
@0 @IM>GHMIO Fys6rmgd by oyMHbMd0m Jmbs dmMEBMIYEMO0 33¢930L BoGoM9d53Y.
9nORMIYGHO0Mds 33¢09359 2odmogzobs bl sEAOWMdM030 X0dgOOL SHOEO XYMRO
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396535350 ImOGBMwmyomdo  bodbgdom P. caucasica-l s P. pyraster-ll  dm®ob.
,B5doMM39mb bool® @ ,LbodoMmM3germl Igbowrgmdol” m3IM3gbEE000 3MIMEMy0YHO
6036930 53 }0Tgd0oL bogmnol Mdowmdo LodfoRol ML 56  To30gds, 6v) 4obLb3s39dM
X3MIBL  HomTMmoaqbl 5dMmM0dbmwo 3sb@Fs Jbergdoligeb, MHMAwgdLsE U 3MIMEMYOWEO
608560 Bodomob3oMm 543l. 593565, INORMIGEHMOMWO 33930l 9gIA0 5MOL Bomglory®o
3930060l ©y9bs ABbOL 39 e BomglivggdL s X 09GOl FMEMOL s 56> X¥0TJOOL X YIBJIS©

30l0gG0ISE0s.

2) AMORMWMYP0MOH0 5 396930300 33KI3000 Y06, MM Lods@rmnggwrmdo
39303990 35630 9OHmMP35MM3560 96 5OHOL. FMOBRMEMYOMEGO 3310930l O™
L5JoMM3gMl BoMRAWGOTo OO 39335L0MbBOL sMAMbggm bofloerdo Fgacdmzowo
396¢0L  603dqdo IMOBMEMA0MOMS© go0doxbs d30Mmg 39335b0MmbbY Fgadmzowo
3963 900Logb. 965¢r0Bol Fggagoom dzocg 39335L0MmbBY 2936 EIXIdMO  356EOL
3399053050 IMORMWMP0VIMSQ A9MF535¢0 3MDBOE0S 035935 393395b00L 9bE9IMM
Albbeools Lobgmdsl (P. caucasica) ©d 930™3500 93039 gdME 39w Auboel (P
pyraster)  9m6MoL,  OGMIWgdoE  SbwMIMbsmglegg  Lobgmdgds© 003w 00b.
©@0GIOSGHMOM0 @5 bd3gMdsMOM JMbo3g99dol 33¢09300 OYOBEs, M 356E0L
93069 3933580Mmb%BY 2936M(39eGdMYO 3t3Es30s ABBEOL 235M0L 33¢0g30L SO
39600m©do BMBY0 d3mEHB03MLOL Hmbgx ©9g3b69L (J. Decaisne) dogé 1872-74 {ewgddo
0y 503mbBgbowo MMM sbBowo Lobgmds-Pyrus balansae Decaisne. gl Lobgmds d.
Jmoomgsdols (1947) 8096 ©sagbowo 0dbs Lods®mgzgwml gamMobomgol, mwdas
doll 653MM™3do 56 9M0L 53 Lobgmdol BMLGHO FMOBMEMAONOO  SOFIOOMDS S
39360339900l GO gdo dm3gdo. dzoMmg 393395b0Mbol  356Ggd0 Q93 EI9dOL
dbem0353 99 gIOH 50l 03939996 98 MG Lobgmdols mGob.  P. pyraster-ob
39360339 gd0l LEBOZIOO MYOHJgooL LsdbMHgm bsfowl s©fgal, bmerm P. caucasica-ls
393M39gds OO @S 93069  39335B0mbol  dmoms  LoLEBYIgdom VML
3990b5bO3OMo. P. balansae-ls 650839d0 Jgamm3©s 30609 39335b0MmbBY, MmEJgomols
LOBEOZOL FobEPMIES©. WOEIOSGHMOMEo 3bmdgdom (I'poccreiim, 1952; Davis, 1972)
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5006, MM gl LobgMdy sx3bsBYMTo, MYMHJgmol s bIgEwMsdosDdPZgmOL Lbgs

9399690803 36039 ©Y0s.

396930300 33009300  Lodo@mggwmdo  dgadmgzom  35335B0M6  356@L (P
caucasica) @5 0sobbgl 396Gl (P. balansae) dnGol Lbgomds ULos®Hdmbmo 396

3ob0bogds dosbbgly 356Esl 608MT9gdol LodEoMoL godm, Mmwdas S8 LobgMdgdlL dmeol
bb30005 3e00b@gds LygoMmzgemdo dgadmgowo P. caucasica-s 60ddgdolb 29b9@03960
dmbs399900l 969000 NPGS-ds%sdo P. caucasica-ly bLybgewoom Igbryer 509)d9dmsb,
O0Iwgdos P. balansae-ls Ls35659@M 2936M(39egd0L GHgMH0GMM09dDY 0gm FgaMmz0Mo.
565¢0Bol OML LodsMmzgermdo 89aMm300 d5wsbBIL 356¢E0L bodmdgdo NPGS - b
0506 sgdme P. balansaes-i 50099990006 ©ox3MBHI6 s F3oMgE 25930xb9b
Logodmggermdo Igacmgoe P. caucasicaly 609dgdL. 3030mUs@Ggmodme dmbsiggdoms
LogOMM 5B5E0Dom YD, ®MI P. balansae bsrglor)MHO©O MROM sSHerm 3538060
0994mxqgds P. caucasicaiosh, 306 P. pyraster-osh, omdEs 9sb 3mOHRMEMy0m®Ho
63690000 MBOM 39E9© YobEM3Yds 30006 35335L0IM 355FSb.

M. 3705330l (3Mdsdzomo s bbg., 1980) 659G:Mm3do gobbowwamo 593l
39335B060 396@0b (P. caucasica) 599600 ImOBMEMa0mGo GHodo J39dm 13s6gmols
AIO0GHMM05Dg, OGMIWGd0oE3  39GIaNO0DYIMmos  bogmxzol ©s Fmoeol  ymbfol
Loa®dol, bsgmxzol BMOIOL s Fmool JmOHBmEmyomdo bodbgool dobgwozom.
LOEMIGHMOM MYIoL BoMYEGdTO FobbMEM(30909gdMo 33¢0g30m SO IMORMEH039d0
309 LoJoMM39eML BHIOOGHMO05DY 399M3w0b©s, M3 OL3YOLOMWO sbSEOBOm
(Ldgds 6) gl BMORMGHO3JO0 (B3] KAIBOIW® 5O IXFMNBEOI6, o3 60dbogl, MH™I
3obbowmo  ImORMWMYonOHo 5odbgdol IMe35¢BIMHM3b9dsL s BMIGOL  Go0dg
AIO0FGHMO0M0  3m6396GM0MGdS 56 SBBOIMYIL O MIBIBMO© 339 OIMDOL
LoJoOMZgML  BHIOOBHMO05DY 2930 3E)0I0 356Fqd0L (P. caucasica, P. balansae)
3Mm39)o3090do. P caucasica-bl 03035300900 sbs)g3¢90s 3969303960
dmb5399900m53 96 3450905, 30M0Jom, 508MBbEs MMT, Lods®rmzgwmdo sOLYdIEo P.
caucasica-ls 3m379H305 MBOM 0O 393HIOMBOYMEHMEXMI0” bollosmgds, 3069
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093039 Lobgmdols NPGS 3mergdgool 6094dgdo, Gmdmgdog 393356006 930m6M9200mbol
39BMdWSE 96 MMM 399690805 60ddgdo® 50gdIEo (bE. 16).

3) 11 3036:0mboG g0 GO 35639000 Bo@o®mqdwIeo 39b9¢03MMo 33¢930L 89092900
©590mb3s IMORMWMY0MH0 330093000 JogdM 899aq0L. MmM03g G030l 33eg350
mB396s, M®MA: 1) Abol JoOMMWo SHOWMdM030 X0d9d0 (Bgds 7, msgo 5.1.; Lggds
13; ms30 5.2.), O®IwgdLsg P. caucasica-ll dbgoglbo dmORMMma0n©OHo 60odbgdo odzm,
39693030553 9B Bsmgbom® 353806030 50056 P. caucasica-liomsb; 2) go6sdsgswo,
5699 300600  IMOABMEMA0YOH0 b0odbgdol dJmbg Juberol  JsGorero  x0dgdo
396930305 MM0  JoMOoMs©o  3OMYgboGMmEOOL  P. caucasica-b ©> P. pyraster-ob
396m53mbl 0B0sM9d96; 3) berol g3dm3Mmo x0d9gdo, HMmIgdLsg dlberols x0dgdol
93603530 3930390900 39WIOH0 bs0glagols (P. pyraster) dbs3Lo IMORMEMA0OHO
6086900 5930, 3969303MM5IG 5 BLobYMBILMSE SbeM Bomgliaggd0 5®05b.

7 90360mbsGHIo@dmo 356039000  3oBbmMOE30gwgdmewds  Imeng3e s
5650Bds M35eLoBobm@  Aobsgo3glzs (bdgds 13; oogo 5.2.) P. caucasica-lb s P.
balansaes-s ©™AgLGH035300L gbom FoMgdMo duberols x0d9gdo  Lods@ronggwrmdo
3936039 gdmwo  bbgs dbbarol  x0dqgdobsgedb @s LsghHmm  xsddo  LogoOmzgermls
AIO0EGMMH05Dg 499M3e0bs Aberol x0dqgdol 5 xawmxao: 1) dbbErol 50 MdOHO30
Xx00900,  MHMImgdog  Igbowrgmdol  dmbs3gdgdom  (bmdobmEsdzowo,  1973)
50060960 % 08900L LEbgWoMsE 306 BMdOEO, BoMYdEo 4969303 MNMOE SHEM
Bonglogo 393395L0M0 3563H9gd0lL (P. caucasica-b, P. balansaes-ls) MmIgbE03s300L yHoo;
2) 5030 MdMH030 duberols 00930, HMIGd0E ModmEgbody 3MMA9bo@MmMo Lobgmdol
(P. caucasica, P. balansaes, P. pyraster, P. nivalis) 296030bl 0%0smgd9b o
AMORMEMYP0IM53 doDBY FM035RgMM36900 5®05b; 3) 930MM30©6 Tgdm@sbowo
x0do ‘Gorham pear’, ®mIol 30OHIZ0MO0 bsBol 3MMmygbo@mMog Mol sH0sdo ©o
BO0M-503mbs3go 930 ™M3530 45303909090 39wymo dbberol bobgmds P. nivalis.
AMORMEMY0H 3393580 Jberol gl xodo LodosmzeMm3z0l 9bgdmE LobgmdLMD

129



P. ketzkhovelii-bodsb ©@ox MBS, 396930300 dmbs3gdgdoo P nivalisLLy s P.
ketzkhovelii-b 9m6M0L  sbeom bsoglomMo 35300600 godmzobs, Moz Lsobdgmglim
R9dBH0s, Mo P. ketzkhovelii 379co@mGemo dibergdol 3G:ma9bo@mm Lsbgmds 56
56M0L 36Mmd0wo0; 4) 93603006 FgdmEsboo Abeol x0dgd0, H®MIWgdoE J0MOMIOIE
P. pyraster-obs 396m53mbl 0D0s6M9096 s 5) 50MbIgzgm H0ST0 2936 39wgdYo g.§.
‘dJg0dols Abberoly’ xo0do (‘d03sm’), MGMIGE0E 99539 AHINOGHMM0sDY 930 EILGdIO
adlbeols dmbmgowg@demo bobgmdol - P. pyrifolia-ly @mdglGozoEom 6ol dowgdmwo.

4)  33w930L 990929005 Bggbs, ©®md P. caucasicall 600m39gd0, OH™IWYdO3
Logodmzgermdos  89a0M™m393wo 393 JOMBoIMEGHMXMIOL  sdso  3sB3969dw0m
3oblbgoggds NPGS  3mwgd300@sb dm3mgqgdmo P.  caucasica-l 650099990056,
Omdgwog  dm3m390wos  06Msbdo,  953900mbosdo,  dmerEmzsdo,  3membgomdo,
Gmdobgmdo, GMlgmdo, LYMdgMTo s M3Mvobsdo  (gbM. 7). wo@gMsd OO
dmbs39dgd0olL dobgzom (Pemopos, 1947; Jmomomgersdg, 1980), 3sb6¢s (P. caucasica)
39335L00b 96930 Lobgmdss. Jobo 39335008 Mga0Mmbol BoMygdl yotmgo (Volk et
al., 2006; Yamamoto and Chevreau, 2009) 3mbgg®ols 3090 s60L LydFmm 353d0MH0MOL
3960medo P. caucasica-ls 390)H0 mMIGO0L gogcM39egds bbgs 439996sdo. 0go gz3mm3ol
@5 5Boob J399bol dmGH9603ME d50gddo O BYg-356039080 Lo3MeEgdzom dobbgdoom
003390m©s (Bpexxnes & Koposuma, 1981). P. caucasica-ll 0b03009d0 ULodFmms
39300600 939969000056 93MM3 439969080 Lsd0MGgdOL Bobomoiz 293dmbsom. dsmo
399myggbgds  9bowo  x0dgdol s  659ggbgdols  Asdmlsy3zsbo  bgdms, 91939
0693390696 JoMLoEsg Dmwgddo (CmupHOB, 1966; Coxonos u ap., 1980; Jluxonoc u zp.,
1983). B39b6L Boge PBo@o®mgdrmmo 496930300 331930l Fggao dgoddbs dgsmo
5210963900 Logotmngguml Aberol ¥0dgdol s FsmMO WMISIMIQ 2536 (39390IC0
36OmygbodHmmo  396¢gdos (P caucasica, P.  balansae) 36535 R9MO™36900L
933™bMmIoHMdBY.
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5) 3bMdow0s, MMI Juberols yzgws Lobgmds, 2obL3MMMgdom 30 4356 Pyrus-ol
bgdisoo Pyrus-ols 0o00mIo9bgwo Lobgmdgdo 396930399605
MON0JOHI)093L90509d0 56056 (Westwood and Bjornstad, 1971; Browicz, 1993) o 56
5ML9dMdL dom TGOl 30d06MH0EODBI300L F935393909¢00 356MH0gM0. b GHgbwgbizos B39bL
3096 259565¢00Hg0ME0 FMmbs3)3gd0MoE bIWO© 25dMm30bEs. J0©gdMwds 899900
5Q3LEMJOL, MM 308()0O0DBIE0s 3MS FBMmEMm© Juberols ¥0dgddo, 6589 39O
AbgddoE BIOOM® 393039900 IM3e9bss, B3 MoBbIMBdST0 dmEol 3. dO™M3060L
(Browicz, 1993) 9dlbol bobgmdgdol 30860Mmdol  mMgmMoslmsb. dowmbgsgs©
0d0ls, MMI 300G IOMWOo X3RO0 33580Mm© 450d0xbI6 390G Bosmglioggdol
dobg30m, INOARMMAO0MNOHO S 2969303900 5b5¢0Bol EOHML Aberol 93 ™30sb
d9dm@sbowo Msdm©gbodg xodo (bdgds 9, msgo 5.2.) oG Xx00930sb, bmerm
50 MOM0Z0 Y0300 9MHM3M0 X0dgO0L X A9RJO30 oIbsfowbab. 3969@03/Ms
3309350 359M30b6s, ®MI LyJoON3gemdo 608MTs@ 9GO0 HBMA0JOHNO 060300,
6HMIgog dmboggdms 05Hs8o 39eMo Lobgmdqgdol LGs@ Lo dmbgzbgb (P. demetrii,
P.  ketzkhovelii, P. syriaca, P. sachokiana;) 936gqgbgdol s 35530l  30d60qdo
503mPBBHB96. LobgMdsMs FmMOL 29693H039M0 OLEBEOYOOL oEIBOL O™ (bdqds 8,
0530 5.2.) gb 0bogzogdo P. caucasica-l 3sLGHIOT0 FogO05bEHIb. F9bwgbios
090050900  bsmdws  3ddm3wobs  AmOHRMEMyoHo  Jobsliosmgdwgdom
396LsBOZOMEO BoJuMbMOO X MRGIOL 49693H039M0 LEGHMMIEGHOOUL, 56v) 496mzMbLOL
39965 0BHgdol dggyo (Bdgds 11, 125 msgo 5.2.). 339359 w9h396s, MM Jmbsigdgdol
boobBom  Qedmgzgwgbowo 7 3m3Mmogos  BLAHOYIGHMOMESE 9O gdmbgglzs
AMORMEMYP0IMSQ 2obLsDBOZOMW FHoJLMbMO X 3T39OL.

6) oLEGMMH0ME0o (360090000 (X93550830¢0, 1986) Lods@rmngzgermad Abberols x0dgdols
d00m33ws dgBmdg 4399690096 35350 Bo3mbol Hob sofym. LodsGmzgewmdo
396¢0b @MAgL3035300 “9d39eglo EMMOIL BEIOdMPS SEFOWMOdM030 FMbIBEgMdOL
dog6 (Asanidze & Akhlkatsi, 2011). 356@0l 30630600 B0 MIGLEH0IHF0BMD
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96O»s© Jbol 390 bsomglisggdl dmeolb gabms dmbgdcmogzo d0dmE3wol 3O MEgLoL
5MLgdMdOL s Alberol  Jgdm@Gsbowro  x0dgdol  ©dz9wglo  EOMOEIL  sfygdols
dombgogo P390 3319350 396GHOL %0300 @ 30d0MHOEIEO  FMORMEMYOMOO
6036900l dJmbg Alberols JoGomwo x0dgdo3 P. caucasica-ol sbgom  Bosmglioggdo
50dmPbbgb. P390 3x30dOMdm, ™I gl g0 WITORIOJOJ0S, oYL  Lbgo,
dgmEGs© B3960 33193900l L3O  33¢g390000 OYOBEs, MHMI 93BM35d0
393603990 3906 3MMY)boBHMOO0 Lobgmdgdoi Absgl sberm Booglome 35380630
56056 Abberol 93MM3Me ¥089dmsb (Voltas et al., 2007; Wolko et al., 2010). 53 m6o
Lobgmdol  gqbms  mIoboMgds Auberol 93MM3MeE  x0dqgddo ML Fomdmygbols
bog3mdzgo, Mmool dobggzomss P. caucasica > P. pyraster 3560bowqdosh 0

X 039900L 369603 MM, 5699 29693H039M5© y39wsDY sberml dmd Bomglisggds.

AmORMWMY0MOH0 O 39693H03MM0 339390000 IBMLGH©S  dbberol
5QR0MOMO30  X0d9d0L  FM35¢xBIMM3b6900L s [omdmImdol  Modmgbody
96003690 ™m3560  ©@gGHOwo.  WoB OGO yshrmgddo  (bmdobMsdzomo s
96obmogo, 1931, 1941; Fs659960dg, 1956, 1967; sbgagosbo, 1956, 1958; fjodzsdg o
0b35dg, 1969; bmdobmemsdzowo, 1973 (I, II); Jmomsmgersdy, 1947, 1980; dglbodg s Lbg.,
2015) 80m0mgdmwos dbbenol Lbgoalbgs Js®omemo xo0dols Homdmdmdol syowo. 53
0956m90000 ©0bYds, GMI 35cml bl Yamazol x0dgdol «dg@glmds dglbgomol
5 5F5M0L BHYMHOGHMM05DY Fo6TM0d35, I35 9 sOBYOMBL SToL TIBEHWMIOJO
BMBEGH0 ©MIMIIBGHVIO0 Asbogns 96 obEHMMOMEO (36MdY, MOYD gl X0dgd0 FMSZ5WO
L599399695 339, O3 9MLYOIMING. 65dOMITo (oMM gbowo FMOTFMWMY0MMHO ©
39693031600 330930L 99092900 594s6gdl HomIM@A9bsL 3oeml JbEgdols sFos®mol s
dglbgmol BH9M0EGHMM05Bg FoMdMmIMdsDY. dsmmo Jobgz00 YObYds, MM 5FosM5d0 S
dglbgmdo 3560l Lbgs LobgMds - do bl 3563 (P. balansae) s6H0L oz (39egdmwO,
OMIgog 3933956060 356E0LYsb (P. caucasica) 3009 6MH0L 4980xbmwo JmOHBM-
396930300  AobsLosMGdgdom.  IMORMMYoOTs 33009350  MB39bs,  MH™I
AmORMMR0)H0 60dbgdom Joeml bergdo MRG® dgBo© 9bsmglogzgd0sb P. balansae-
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b 300069 P. caucasica-b (bgds 7), M53 bomgwl bool 3serml dibergdols sFs®ol s
dgbbgol FHgOHoGHMOMm0sbg FomdMIMdoL FoBBL - o5 Fomo 3OMPIBOEHMMO Lobgmdss
3936039900, L50bSE 500 MIGLEEH03S305 AMbs. 3563 AbEYdOL FoOTMIMdOL
3965 LO39MM©OME  FMmoEs3L  B0IJIMMEoL  I3bgmo-8m0sbgmol s 3sbgomob
L9389 bsfoelols molfobgml s ol Bgs LaMGHYJL Lol Fs00 39EMMO
Boglogo - 39335B0MEM0 3563 (P. caucasica) s60Ob o339 gd0. 329sd0 dibegdol
5 bgFgFmemo dbegdol x0dgdol (omdmdmds 30 Mbs FmIbEIMOYMm LTI S
5033w BodoMmzgeml  3539-o0Mmd9dbg,  Losg  Lods@mgzgemdo  Lbgos
94399699096 89dm@Hsboewo Aberols x0dgdo LHMIRI® 3M(3IIIMEs, MoYD Fosmo
396m53mbo gONOHMNMMOE ModmEgbody 390 Bsmglogol, dsm JmeMob g3mm3s5d0
393639 gdmwo  Ggol dbbwol (P. pyraster) 39bgdom sG0L dgddboro, GMmIgmos
L5JoMM3gML  BHYOOGHMO0sDY dMbgdm0ozs0 90 a3b3z9ds. P. pyraster-ob 9bgd0
Logomzgermdo dobo x039gdol Jgdm@obom 493MEIWS s Jsdo Albegdol o
59393760 begdol x0dms 49bmxmbools ghm-gmhmo {ysmm 4obs.

7) 396b™3gwol dg6yabs (L. ketzkhovelil) 3. Jmomosmgwsdol (1946) doge odbs
50dmBgboo, MMamO3 Lods®mzgwmbogol 969gdMMmo Lobgmds. gl Lobgmds gd-
JugHmzo@o 0960ygbgdol xRl 256930036905 @O 29bMogLgdMos 2356 Pyrus-ob
bgdios Pyrusis-ob bLdlgdsos Xeropyrenaia-8o Lobgmdgdmsb: P. syriaca, P. demetrii, P.
eldarica, P. fedorovii, and P. oxyprion-s6 g6H®s@. 80mbgosgs gmomeol Jgholigdcmo
990ml30Ls, o3  Xeropyrenaia-s LYIOLYJ300L LobgMdGOOL LogMMM STIBILOSMYdGEO
6085605, 030 FmOWOl ™m3zs5MMHo 339603bolgdOHO FmEOTom ©s 1533905 35G0LO,
0930 doewdg 30609 BMmAob, 896MYabsli Bogmaoligd®mo bsgmaugdom wMsbwrmzgds P.
caucasica-ls, HI9oi3 35M0lL 03039 bgdiool LmdLgdiosdo Euachras (= sub.sect Pyrus)
50L  49bmoglgdmo. gl ™o LYPBLYJ30s  IMOBMEMAOMNOHO  BbgsMmdOL QIO
3obLbg0390M0s 08omss, Gmd Xeropyrenaia-ly Lobgmdgdo bobggMo Mo (gdo-
JugOHMBoEME) 456M9dmTo 5MH06 2o3M(3gwgdmwo, bmeom Euachras-olb Lobgmdgdo -
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Bmdogmo  3H9bosh (B9BmzBomN®) goMmgdmdo. 969@03MM0  33eg30L  F9gEgOOL
dobgzom gl Lobgmds @350 Pyrus-ob Lgdsos Pyrus-ol Lmdbgdsos Argyromalon-do

(Bbeol Jugdmxzo@o Lobgmdgdo) obmogligdrien Lobgmdolmsb P. nivalis OIRXYMBOS
(Lggds 13; 930 5.2.). P. nivalis-o 560l dbbarol 36)535¢00 ©930M5EH0o x¥0dob s Mg
30535605 ‘396M0L" x0dol dibargdol (‘Perry pears’) 3060s3000 bsBol 3Omygbo@EmMo
(Sisko et al., 2009). 3960L xan30L AbEgdo Fodmyzs60wos LogMsbygmdo s Imo3sz9b
dlberol  x009dl, GMIol  bsgmxzosbsg sw3m3meyo Lsbdgo ‘gm0’  (Perry)
dD5000s. 393bM39wolL dgMYygbsl (P. ketzkhovelil), obg3g, MMaMOE LodsONZgEmdo
3936339 gdmwo bbgs 396M94gbgdol bsoglsrMo 393060900L sgbs BoFoMHMadl MRGOM

©IGSO I3 IO-3969G03 NG 33¢9390L.

8) 3oLMo bym3mbol 30-056 Hargddo gsg3omazds (Basmmor 1926, 1931) 35335b00,
33069 SHBosL, 060l s MMOJIGbgL dosboFs bl MIglE0zsgool dgmMgmEo
395GH®0L LESGHWMLO. Lods@mz9wmdo 36goLEBHMOOMO 39M0MPOEIL bEgdmos dbbenols
9396905 5 5©PO0WMIM030 X0dgO0L SLMOEH0T96EH0E MBOM FMS35¢TBIMOM3560 Mbs
4mxzooym, 3009 0sbsdgdmgzg 39MHom@do. 535Bg dmfidmdl  ©dsbolol  Lmgs.
9Mog960Lb s 9Obeml  dosdmgddo  bsbg3zmoysbsdadbgdmo  Ba®Bgbgdol
33093900, Loog Abol ;mgligrgdo dMO3ws© 0gbs s0dmbgbogo. gl Bsds@bgoo 6000
from 90056 IMsMorgdmwo B3. §. s0.-0g (Kushnareva, 1997). 9 gsd@dg
©YMHbMdom  Fglsderms  go39mEIl  ©o33bs, MHMI  3MoLEHMMoME  3gMHom©do
L5JoOM3gML  BHYHOGHMO0sDY FobmzMgdgwrds bowbds 9608369wwm3zs60  fzwowo
3903965 09659900MMm3g Abbeol x0dgd0L  FoMdmImdsdo. 3 FBoJBL oLEBHMOOWWO
0990mgdoi  59YsMgdl  (xogzsbodzowo, 1930).  3s335b0obmzol 9bwgdwmGo  39wwGO
Abbeools Lobgmds - 336@s (P. caucasica) LdJoOMZIWMo Y39wsby BIOMMO SGOL
393639 gdMwo ©sbsMbgbo 39eMo Aibergdol 10 Lobgmdsbmsb Fgsmgdom. 0o
Abberols  x009%0L  3MMmYgboGMM0O  Lobgmdss Lbbgs  sMLYdMWO  OoEIOGHVIOIO
0996mgdol  dobgzomsg (bmdobMsdzowmo, 1973), Gog 599s@gdl od sHBEOL, Mmd
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X 03900L MIGBE035305 SPRAOWMOM035©0 BYdIMEs BodsMMZ39™ML FHYMHOGMM0sDY. g
35950m900 00 096, MM Jbberol MIgLEH035305 LodsMmM3zgwmb s 3533500l
AIO0GMM05bg 5MIMW, 3MgoLEHMMOMW 39MH0om©do sofiym (Akhalkatsi et al., 2012).
5ML9dMEo 36Mmdd0m (bmBoBMGmsdzowo, 1973), Lods®mzqgwmdo Mdzgewglo EMHMOLH
336M0MOMEs© JBBEOL 5EAOWMOM030 X0JJOOL 393035305 bIdM. gl X0d9Yd0
300900 0™ SEPO0MIM030 dMbobegmdol doge 39wwemo dibergdol bgargdool s
3006H0©0Hs300L 30Fd0BoMGdIMo bgdbgdom. dibols ¢dzgwglo Js®omweo x0dgdo
BsmPMbgdm©bgb 99-19 Losm3mboll @olsfigolsdy. gb  39MH0MEO  FMOTSWEOSE
0m3Wwgds  93MMm30L, SHBool s MMMl  GHIMOEBHMMH0gd0I6  Alberols  x0dgdols
399m@obol  sfygdol MOHm, ™MdEs dmEgdmwo 33w9g300 JoPYdIMWwo JHIRJO0
SQ3LGMMYOL MMI gl 3MME9LO  FOEOEJOOM SO MBS IHYJOMEOYM, MoYD
adbbeools oo do®dzgo x0dqgdool bsfowo GodmEgbodg 39mMo bsoglogol
dmOHRM-29693H03960 60dbgdL  5@9MgOL. FogdME 990D OIYMHOBMBOm 35390093
5133656, MM LodoOmzgermdo beol X¥0dgd0sb dzger x0dgdl FoMdmoagbab ~.
caucasica-s ©> P. balansae-lbl ©MIJLEH035300m FoIdMEo X03d9d0, GMmIWgdog o3
360My9b0BHMO LobgmdgdmMab 439msBHg sberml oxaMnbgb (Ldgds 13 3wslEgeo B;
0530 5.2.). bowm dbbeol Ubgs Js@mwmwo x0dgdo, HMIgems a9bmambodog  P.
pyraster-ob 2969003 9mbsfogmdgb (bdgds 13 3awsbiBgMo C; msg0 5.2.), 499mygzsboeno
b5 0943696 3M50LEHMMOME 39M0Mm©Jdo.

396903600 331930L 9OM-9MHMO FM3500 FJIR0s 393395b0obm30L 9bgdM©
39630 (P. caucasica) @5 93603500 3039w gdmee P. pyraster-ll 9m6olb 29693034960
b330l ©Ygbs. 53 dMbo39aL 53gsEmdL Lbgs Hystrms, 39Mdm© 296930316 3393530
Bggbo 9996003900 965533 MEMGOOL  F0ge  SEMgM  3gMHomEdo  d59md3994bgd Mo
30035305 (Volk et al, 2006). Ubgomds 58 ™G ULobgmdsl ImGol, LodsGoggwrmls
AIO0GMO05bDg  493039wgdwo P caucasica-ls 333008 QI0SE0
393960MDoYMEGHMWMOS @5  Lodo®mM3zgwmdo  3s6E0Lyb FoMgdEo  SHOWMBHOZ0
bgargdoeo Aberols x0d9gdol sGBYDdMDdS J0MOMYOL, MM 35335L05 @S LoJsMNZGM,
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MmO 3 dobo Bofiogro, 39955000 sdMM3009dg (3503999 FEML FoMdmoagbos
Alberoll ™AgL3035300L M35eLIBOOLOm (Asanidze et al., 2014). gb 990 Fglsderms

39909l 3933560l dMLsbeng 9060379M0 X A3900L 00gbEGHWO™dOL (Tarkhnishvili et al.,
2014) 568L5BOZOY GOD-9MM ITEHJO00) FoRIPOMS.

9) 096Yy96900L X 3MB0 INORMEMA0O S 395930396 331939330 BP0 0bs
MmO 3 IgboM9090 X3RB0. 58 XyMIBDY mO09bEGH0MGd0m dMbEs YD, 1) B
396930300 ©oLEBHBE00m 0y3zbgb ITMMGdIMWO GOHMTB6JOLIYD  JMEGHMEIMEO
adbbeools 30mygboBmemo Lobgmdgdo P. caucasica, P. balansae > P. pyraster. 51939
39903w0bs M53gbs deogMo 0gm Bods@mz9wmdo 2536 3gwgdYero bbeol 3560l
0o00mBo0begdls  dmMol  300MH0EobsE0s. 7 803MMLsGHIodWemo  o03gMH0om
36bmO309mgdme  29693H03MO 3393580  godmygbgdmeo  0dbs  LodoMomzgermdo
d9260m300  d9gMygbsl  Lobgmdgdool  dbmwmo ol 0boz0gd0,  HMIYdoE3
AMORMWMYPOOMHS©  doDHg  Sbwmb  0abab  ™ogz0L  IMmEmEH03msb.  dmbszgdoms
30H995¢0B(3058 39HBMO-893535390M 909 bgBg (bgds 13 3wsbBgeo D, E; osgo 5.2.)
mBg9bs, MHMI  dgMYygbsl  Lobgmdgdo  3MWwEAHMOWwo  bbgdol  IG™maqgbodmMo
LobgMdgdoLYsb Bo3dom® OO  OLEBEO0® M6  EdMMgdMwo. bgbg dsmo
93H™MgOoL  @M3IODBIEO0L MG g39BBHMOMdS  4999sMmS  OMBHLAHMI3GOOL  FOWOWO
9539690om (71%-D 3emolGgMobmgol s 76%-E 3amsbGgdobogol). gl dmbsigdo
3090mydL, GMI d0bgO35© B9MY9bgdol s 3563l FmEMmOL 30dMHOIEPO BMMTJdOL
5ML9dMBOLY, 39MmY9bsls Lobgmdgdo 8063 Bo3dsm TmE Bomgbome 35380630 0dYMRGd0H
3963 90msb (P. caucasica, P. balansae), 3000609 356(39d0lL IMORMMMYOMMOIE© SHEM
dmbs0glsgg LobgMdY, §3OM3ME0 39wwE dlbsero (P. pyraster).

10) 15399 33¢93900L OML  BodosGmzgumdo 93039 gdme  dbberol 35630

393G0W9O00 OO INORBMEMAO0NOHO M350 79MHM369ds odmzwobs, 3000609 559wy
©@0GJOGHMOMo [ igommgdom (Jmmomgwsdg, 1946, 1980) oym @Ebmdogro. sbowo
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AMORMMYP0IO0 303900 oMM 09Mygbs Aubergdol xamado odbs d9bodbmwo.
9Om-gOHm0  sbogro  ImORMEBH030,  MMIgEbsg  dMmby s dghygbs  9fimeo,
AmORM@MyoOo  Jgxzolgdol 99092 3969@03MM03 0dbs  asobgmero
LogoMM3ger™mTo  293MEIWIOM Y39 BgMYghol  Lobgmdsbomsb gbhmow  (bdgds 13
3wabBg®o E; mogo 5.2.). dmobnbs dm@Eebozwm®mo  GHg®dobmemyoom  ghimogds
d39bs69gL, MMIOL yzs30ol 2306023060l BMOHEWdoE bmGMISYBg dg@os. duberol
335600L  §oM3moygbergdoll  g3s30l, 0bg3g MMAMOE  395MEOLYOOHMS MY sbOol
0o00mBoa9bgen  gz9gws 39eMHo  Lobgmdol Yz3s30gdls, 2300230608 BMEEFEgdOL
50M9bMds 5 5d30. dMmbMBs 09MHYygbsl  yz3s30ol 430030608 BMEMEFEgdo 30 7 I
9-009 99MYygmdL.  yzs30ol  A306033060L  BMYOEWIOOL  MHIMEIBMOOL QOB
3mGS3000 5MH0L godmf39Io s 435300l 333056930l 933060900l botrx g beogds.
0909250 93 Lobgmdsl 9390  BIOEGHOWYOMBS, mwdzs sl MBsGBRMBdS
3929G9E0M® 3596530 gd0L 1bsM0. dmmbBs d9MYgbs s5dmBgbowo 0dbs mdGHm® d.
33600&03d30¢0l d0ge. LolbogmEbwm m®dom gl IMOBMEH030 sGOL bydsEm Dmdols
dBJo. dmmbmBs 896MYqboll BMMEgdo BmOTom 30(OM bEgEHOLYOMNM0S. BMMEGOO
@S BO®EolL gmbfo JgholigdMms 606 JgoMlvyero. FmmEol FoOHRoGOL 300900
530005, Mol ymbfio dmzwgs. dobo Loa®dg gmomeob LbogMdol 1/3-U
3950099b6L. 435300l 4306033060l FMIOEWIOOL MoMmEYbMds 7-9. 339bstg Mboymazms. gl
dmORMGH030 93009 303300l Lobom 6sbsbos MdoEroliols 89dmysegbdo dbmerm
9O 5©PowDbHY,  39OIn©  63mdodol  3wosdmb  808J0sMg  BHYMHOGHMO0sDY.
39693030 gl IMOABME030 096MY9bgdol XyMRdo B39 39390 3mBo30sL
0353906 (bdgds 13 3sbBgMo E; 0030 5.2.). 58 dmORmEH030L bsoglbomeo 353806900
3993w 9boll s  FGogumbmdoMo  BEBSGHMLOL  2oblsbP3zGms  TsGHJO0 3319390l
L5F0MMYBL. 5©LIB0T65300, HMT ALYS3LO FMOBMEH03900 FMSZESS LBOJoOMMZg™MI0

domo Jglfogens 3m93b6m 330939030 0392090s.
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11) B5365¢0g00L-565c0Bom Fgusbs 39335B0MG0 356@s (P. caucasica), OMYMO3
30EGHMOMOo 9396560L 390OH0 Bomglsgzo s OYOBES, HMT 0go 3MmblgM3530MWwo
0350 LYBOOLOM 3MH0MOOE GO Lobgmdss (bMowo 16; msgo 5.3.). spbsbodbs300,
6™ 196MHYgbgdol LodoMmzgumdo o3M(39egdMO Yz9ws LobgMds JguveEos 35335600
69300mbol MsbsdgM™mz9 fomgew bmlbsdo (Nakhutsrishvili et al., 2014). Bz960 339300
3ob0LsBE3GS, ®MI P caucasicall 5MJ50 ©OEO  35933560Mbol 396G MGH o
50dmbogwgm  bsfoegdls  dmoiEegl. dgodg  393395bombby @S oo  39335B0Mmbol
©5B93 g bofioerdo 3s6@0L Bbgs Lobgmds - P. balansae sG>0l 2536M39w90w9o0. 3563900
56 560056 foomgw Bmlbsdo Fgbyero, mMd3s 380JOMdM, M P. caucasica-b LEGHLEGHMBO

MBS Q9I0bYEMU.

®530 7. ©s133b900

e P caucasicall 3315305  BodoMm39mml  BHIMHoGMMO0L  BoMmawgddo
9OMY3560M3560 56 5G0L. 3069 3933580MmbBY s OO 39335B0MbOL L3NG,
Bsfowdo  go3M(39gdMo  3M3MWS305,  OMIJWOE3  ©OEO  39335B0Mmbol
390G @ sdmlogwgm  bsfoemdo 4930390 5©dmBbos
LogoOM3gml  BwMmOHObm3zol  IEYIboo,  MmMIEs  WOBHIOIGHOMEO
0956m9d00 bszargds 3bmdowo Lbgs IgBmRoE0 Lobgmds - dowsbbgl 356¢&s (P.

balansae).

e 29693037960 330930l F9gagd00 IgBHHows MsbbzgMsdos FMOBMEMYOMEOO

3393000  JoEgdM  Jggagdmsb.  mMogg  domysbo sl egdL,  MH™I
393358060 3563 (P. caucasica) 3obo 9303500 3039w gdMEo Jmbomglisgy

LobgMdOLYD - BHyob Auboliysb (P. pyraster) 3590x b0 Lybgmdss s dgjdbogro
593L  93GMbMIoMEmO 390 MM0 S 3NWEHMOWWO  FMOZIRINOM36905 3930l
3936039900l ©0s35D™bJo.

* 250033909 96096305, HMI LogoMN3germTo Yoz (39 do 396mYygbgdo d;30609
fomom 50056 R3O0 3006H00Ds300L 3MMEgLdo 356390msb, MMdi3s dsmo

138



396900 96 x0dloMEds ABbEOL JoGmmwo x0dgool 29bmxzmbodo, Mowsb
090Yy9gbgdo P. caucasica-ly 395900L 93030963 Jd0 50106.

396 80dmE3ws bgds OHM™mamME dbbeol 3gay® bs@glogqddo, sggg dberols
x0090d03 gl ®™gMmOos  Abbeol 23500l LogoMmzgermdo  A93MEILYOVIE
09609m3o96w9gd0l F55¢0000BY 3 IILEHWOS.

33930l J99Ro© odM033gms, ®Mmd P. caucasica dseobHg sbeom Bosmglom®
393306305 Abrols JoMmwme ,356¢0 AbEgdOL* @9 ,,35¢mb AubEgdoL“ XamRol
X 0390056, 033 Abberols bbgs Jomrmvyeo x0d9dog - ,b939Fmo Abergdol“ o
»300  Abbergdol® xamxzol x0dg003 130sMmE  SbErMl  gbsmglsggdosh 50
LobgMdSLs.

396bM39wol dghygbs (P. ketzkhovelil), Gndgwog 549599 56 ogm 3bmdowo,
OmamO3 dbbeol x0d900L 3003900 XaMBoL 390G Bsoglogo Labgmds,
SHBWMl  OXPMNBES X0IGOMb. J9MdmE  ‘Qm®Isdolmsb’ (Gorham pear) o
L539MMEM  3OMYGboBHME Lobgmds P. nivalis-msb. 5J9sb s9mdobstg P.
ketzkhovelii-b ~ 350mygbgds  Jglodgdgeros  dbberol sbowo  x009d0l
259mbsg35650.

Logom3germdo 2536039900 AbEOL SEYOWMIM030 K0dgd0ID Yyz9wsbHy
dggwl  ,356@s Albargdob s ,39ml  Albergdol”  xame3ol  x0dgdo
0900mo9696, OMIWwgdoz 8000 gdo 50056 P. caucasica-b s P. balansae-ls
bgergdaool abom. ,bgFgFm@o AbbErgdol” s ,3Esdo Aibergdol” xawmBol
X03d900L  25dmyg356s 899090000 MsbsdgMH™3g 39MHomdo dmbs Jgx35M9d0L
@5 Bgergdiool 3m3d0boMgdol aBom, Mol T9ggass3 98 XyMIRBoL Alberols
X00990L  B53MYYSE0dEIm  Q9M53535¢0  FMOHRM-2969BH03M0 608bgdo ™mE
005356 3906 Bongbogl - P. caucasica-b s P. pyraster-ls dm6Mob .

Y00, MMA P. caucasica-ls 3m3M300 3930009300 33069 9695l Imo3sgl
OHMAMOE 39335800l 93m M9gaombdo, slgzg LodoOmM3zgermdos, 30MY 9359 0ym
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65356900930. 54956 godmIobstrg LoFoMms dobo 3mblgMzs30wo bEsEGMLoL
395bg3d.

e J009dMwo 990939000 59Mm0339ms 96 gbiEos, MMIoms3  8Ysrgds
d6M™m3z0P0l  (Browicz, 1993) ULobgmdoms 30060H0@emdol 303mmgbs.  535Lmsb
5835655, M3 Abberol x0dqd0, 2sbls3mm®mgdom - dbbeol 93Mm3Mwo x0d9gdo
5M53bMmm© MO0 36Mmygbo@méob  P.  caucasicabl ©> P pyraster-ob
(F39M@9gdcog0 dbbeol - P communis-ol xaw)n30L Lobgmdgdol) g9gbmambol,
505990 P. nivalis-ob 49690L53 0B056M9d96, GMmIgros B3gmwgddogzo dberol
X3IBoL Lobgmds 56 sM0ol. gl Fggao o Gdob (Tuz, 1972) 9s8mxnddren

d9bgorErgdsl gdmbgggze.
e  JoM9ydME0 990092900 DMYOI© 056b390065d00 Logodranggenmdo

393639 gdmeo bl 23500l FoMdmdsygbergdol 8. JMmomgersdolgmen
(1980) 305L0g3035305LMB. 39MIM® gl MsbbgzgGs A5dMObo@gds 08530, GMJ
39BmxzoBHo  36BHgd0 s Jugdmxzodo  dgMHygbgdo  ImOHBM-3969E 03O0
396393930696  9H»Tbgmoligeb B3zgbo  33emg30L  F99agdol  dobgzomg.
0935, 00 BodBHoL  gomzowolobgdom, MM 330930l OOML  39BGHOL s
096Yygbgd0l 3006MH0Yd03 0gbs Fodmzargbowo, 30300350 IL33650©Y, BT
Logomzgermdo 39303900 39mHo  dbergdol,  oblozMmMYdIMWS©
096Yygb900lL  BHodumbmBomEmo LESGHMLO MBS F9E0bgEOML @S IBMLEHIL
QIGO0 dOBM-3169GH03NO0 33€g30L bagdzgeby.

8°8mygbgdmo @o@gMsdes:

1. sbgmgosbo, 8. 6. 1956. mglerosbo 3Mww@GMOgdo (3590, dbbosgro) GoFo-
wohbddo s dobo 2sb30m5Mgd0L 39ML39dGH03900 : EOL. LmRwr. dgM@b. d9@3b.
3960. /; bag. Lob.-bsd. 0b-Fo. - Mdowobo.

2. 5b3w9g0sb0, 9. 1958. Abol 50 MdMH030 X0T9d0 M Fo-ghbmddo. 3l 3-ol
153936. IOMIGdOL 309do, GHmdo XI, Mmdowobo.
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Morphological diversity in Pyrus spp. occurring in wild populations in Georgia has been evaluated and
their relationships to local and introduced pear cultivars were determined using statistical discrimination
between taxa, based on leaf and fruit traits. Eight native for Georgia wild species of pear - P. caucasica Fed.,
P. balansae Decne., P. salicifolia Pall., P. demetrii Kuth., P. georgica Kuth., P. ketzkhovelii Kuth., P. sachokiana

Keywords: Kuth., P. syriaca Boiss. - and the non-native European pear - P. pyraster (L.) Burgsd. - have been compared
Caucasus with 36 local and introduced pear cultivars. A total of 237 individuals were sampled in natural habitats,
Domestication .. . . . . . A

Georgia living collections and peasant grounds in different regions of Georgia. The individuals were evaluated

for 27 morphological traits, which included 6 quantitative and 6 qualitative leaf and shoot descriptors
and 14 qualitative fruit descriptors. Shape of the leaf blade was analysed using Fourier outline shape
analysis method. 20 harmonics of Fourier coefficients per leaf and 10 leaves per individual were used.
Multivariate Canonical Discriminant Analysis showed close relations between cultivars and 4 wild species
- P. caucasica, P. balansae, P. pyraster and P. ketzkhovelii. According to hierarchical cluster analyses, the
endemic species P. caucasica and P. balansae, native for Georgia, are aggregated only with 15 domesticated
Georgian aboriginal local cultivars. P. pyraster and P. ketskhovelii clustered with different introduced and
local cultivars. Crossing of these two wild taxa might have been first domestication events of pear in
prehistorically times. Local aboriginal Georgian edible pear cultivars might have been originated from
the native wild species of pear, P. caucasica and P. balansae. Many other pear cultivars in Georgia are
associated with P. communis, probably originated through breeding selection in past historical times and
resulting from recent activities of breeding stations in Georgia.

Pear cultivars
Pyrus caucasica
Pyrus spp.

© 2011 Published by Elsevier GmbH.

Introduction

Pyrus caucasica Fed. and P. pyraster (L.) Burgsd. are regarded
as the main wild ancestors from which the cultivated European
pear (P. communis L.) has probably evolved (Zohary and Hopf,
2000; Volk et al., 2006; Yamamoto and Chevreau, 2009). P. cau-
casica (‘Panta’ in Georgian) is an endemic species of the Caucasus
(Kuthateladze, 1980; Brezhnev and Korovina, 1981). Its occurrence
outside of the Caucasus region (Volk et al., 2006; Yamamoto and
Chevreau, 2009) might be explained by planting of this tree in
Soviet time in orchards and forest gardens for producing vegeta-
tive and generative rootstocks for fruit trees (Sokolov et al., 1980).
Originally, it is distributed in natural habitats of broad-leaved and
mixed coniferous forests at low, middle and upper montane belts

* Corresponding author.
E-mail addresses: zezva.asanidze.1@iliauni.edu.ge (Z. Asanidze),
maia_akhalkatsi@iliauni.edu.ge (M. Akhalkatsi), mirian_550@yahoo.com
(M. Guvritishvili).

0367-2530/$ - see front matter © 2011 Published by Elsevier GmbH.
doi:10.1016/j.flora.2011.04.010

(500-1800 m a.s.l.) of the Greater and Lesser Caucasus Mountains
(Ketskhoveli, 1960). Genetically it is differentiated from P. pyraster
which is native to Eastern and Central European countries, the
Balkan Peninsula and Turkey. However, both species show close
genetic relations to domesticated pears (Volk et al., 2006). This
situation put us into the idea to compare P. cauacsica with local
Georgian cultivars of pear and reveal relationships between them.

Wild pear first was identified in the Caucasus as European
pear - P. communis (Marschall von Bieberstein, 1808). Fedorov
in a manuscript of 1943 described wild pear in the Caucasus as
a Caucasian pear. Lately, Grossheim (1952) validated the status
of a separate species to the Caucasian pear - P. caucasica, based
on morphological differences between pear taxa of leaf margins.
These are entire in P. caucasica and serrate in P. communis and P.
pyraster (Grossheim, 1952; Fedorov, 1954). Browicz (1982, 1993)
placed related pear species as wild subspecies to P. communis in
the recent taxonomic treatment of the genus Pyrus. This success-
fully reflects close morphological relationships between subspecies
in the “communis” group. However, Caucasian pear is considered
as a separate species by many authors (Seifriz, 1932; Grossheim,
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1946; Ketskhoveli, 1960; Tuz, 1974; Brezhnev and Korovina, 1981;
Bldsing, 2004), based on arguments that the differences are not only
morphological features, but as well the separate geographic area of
distribution. There are two other species of sect. Pyrus related to the
“communis” group in the Caucasus. The one species is P. balansae
Decne., distributed in western Georgia, Northern Turkey (Lazeti,
former Georgian territory and thus closely linked with pear cul-
tivation there) and on Greek islands (Chouliaras et al., 2003). The
second relic species - P. boissieriana Buhse - occurs in Talish Moun-
tains (Azerbaijan and Northern Iran). These species have serrate
upper parts of the leaf margins (Kuthateladze, 1947); they were
considered as synonyms of P. communis by Browicz (1993). The
European wild pear, P. pyraster, occurs up to the middle regions of
Turkey and does not reach the Georgian boundary.

The most probable centre of origin of the genus Pyrus is sug-
gested the mountainous region of western China (Komarov, 1908,
1931). Wild species of pear appeared in the Caucasus, Asia Minor
and the western regions of the Old World due to an exchange
of floras with Central Asia in the Tertiary period (Rubzov, 1944;
Yamamoto and Chevreau, 2009). Tertiary remains of leaves of
the fossil species P. theobroma were found in western Europe
(village Perschlug, Austria) and in the Caucasus (Kakheti’s Kavka-
sioni Mountains, Georgia) in middle and lower-middle Sarmatian
deposits together with representatives of a mixed flora that
includes a number of evergreen plants, which attests to a subtrop-
ical or warm flora (Rubzov, 1944). Wild pear species have diverged
into numerous local ecogeographical races and species, which are
interfertile with the cultivated pear. These species have enriched
the genetic variation of cultivated pears through hybridization and
introgression (Rubzov, 1944; Watkins, 1986). Among these inter-
fertile wild pears some are distributed in Georgia under the names
P. salicifolia Pall., P. syriaca Boiss., P. georgica Kuth., P. demetrii Kuth.,
etc. (Brezhnev and Korovina, 1981).

According to Kuthateladze (1980) in total 11 taxonomic units of
wild pear occur in Georgia, which territory comprises 67 000 km?.
Among them P. caucasica is most widespread. This species is con-
sidered as the main progenitor species of Georgian local pear
cultivars (Khomizurashvili, 1973). According to literature data
(Khomizurashvili, 1973; Likhonos et al., 1983) cultivated pears
from Europe and Russia appeared in Georgia at the end of 19th
century. Before there existed only the local cultivars. The local
Georgian names of the cultivated pear ‘Mskhali’ and wild Cau-
casian pear ‘Panta’ exists in all Georgian dialects; they do not
have analogues in any other language (Javakhishvili, 1930). The
Georgian names of cultivated and wild pears are linked with geo-
graphic objects such as mountains (Skhaltbis Range in Kartli, Mt.
Mskhal-Gori in Kakheti’s Kavkasioni), rivers (R. Skhaltba), or vil-
lages (Pantiani, Skhalta, Skhlobani, etc.): Javakhishvili (1930). The
name of wild Caucasian pear ‘Panta’ is used among cultivars called
‘Panta Mskhali’, i.e. cultivar with name of wild pear. Moreover, the
classification of Georgian pear cultivars (Khomizurashvili, 1973)
contains a group of landraces with the same name. This classifi-
cation system divides Georgian cultivars into four groups: ‘Gulabi’,
‘Panta Mskhali’, ‘Kalos Mskhali’, and ‘Khechechuri’. The name of
each group represents the name of a cultivar, which is considered
as a typical representative of a group. In the ‘Gulabi’ group are
included both local and introduced cultivars with most high eco-
nomic values, big juicy fruits with sweet taste. The ‘Panta Mskhali’
group contains local varieties with small fruits becoming black after
maturation, as it is a character feature of wild Caucasian pear. The
‘Kalos Mskhali’ group includes local cultivars with bigger fruits
than the second group. The ‘Khechechuri’ group matures in late
autumn with juicy fruits containing a big amount of stone cells.
According to Khomizurashvili (1973) the last three groups origi-
nated by direct domestication of wild pear in Georgia. Although,
some signs of selective breeding are remarkable as well. Relation-

ships between wild P. caucasica and local cultivars are mirrored by
a high morphological variability of leaf and fruit forms.

Morphological criteria that include characteristics of leaves and
fruits, together with the presence or absence of thorns on shoots,
that best distinguish wild and cultivated forms, are traditionally
used, based on statistical significance, to identify taxonomically
Pyrus taxa (Paganova, 2003, 2009; Voltas et al., 2007). Even if fruit
morphology may give more useful tree characteristics for identifi-
cation purposes owing to the selection process undergone during
domestication (Voltas et al.,2007), in particular the leaf form shows
high variability in the wild Caucasian pear and the Georgian cul-
tivars. Therefore, in this study, we compared quantitative and
qualitative morphological characters of leaf and fruit that might
enable to determine relationships between wild Pyrus spp. and cul-
tivars. Besides P. caucasica, we included in the investigation the
following Caucasian wild species: P. balansae, P. salicifolia, P. geor-
gica, P. demetrii, P. ketzkhovelii, P. syriaca, P. sachokiana and also
the European wild pear, P. pyraster, collected in Germany. Studied
cultivars include both local and introduced varieties.

The aims of the present study were: (1) to evaluate the mor-
phological diversity in Pyrus spp. occurring in the wild populations
in Georgia and determine their relationships to cultivars using
morphological discrimination between taxa; (2) to reveal possible
relationships between Caucasian wild species related to domes-
ticated pear and local cultivars of Georgia; and (3) to estimate the
possible incidence of domestication events of wild Pyrus spp. based
on morphological similarity with local cultivars.

Materials and methods
Plant material

A total of 237 wild and cultivated pear trees were sampled in
natural habitats, from living collections and in peasant grounds
in different regions of Georgia. Wild pear species were deter-
mined according to Kuthateladze (1947, 1980). The pear accessions
evaluated in this study consisted of Caucasian endemic P. cauca-
sica Fed. (=P. communis subsp. caucasica (Fed.) Browicz; n=100),
local Georgian and introduced pear cultivars (n=103), P. balansae
Decne. (=P. communis L.; n=_8), P. salicifolia Pall. (n=8), Caucasian
endemic P. demetrii Kuth. (n=5), P. pyraster (L.) Burgsd. (=P. commu-
nis subsp. pyraster (L.) Ehrh.; n=4), Caucasian endemic P. georgica
Kuth. (n=3), P. syriaca Boiss. recorded by M. Gvritishvili for the
first time in Georgia (n = 3), Caucasian endemic P. ketzkhovelii Kuth.
(n=2), and one Georgian endemic P. sachokiana Kuth. (n=1). P.
pyraster was collected in Germany, Hessen, in surroundings of
village Erda (N 50.681506°, E 8.507645°, 297 m a.s.l.) and village
Eibach (N 50.752841°, E 8.320175°, 384 m a.s.l.) in Oak-Hornbeam
forest edges. All other wild species were collected in different
administrative regions of Georgia (Fig. 1).

Pyrus caucasica was sampled in 32 populations in different
administrative regions of Georgia (Fig. 1). The trees were located
at altitudes ranging from 234 m a.s.l. (Dabadzveli, Imereti region)
to 1890m a. s. I. (Damala, Meskheti). P. caucasica occurs in 4
different habitats: (1) Oak-hornbeam forests in East and South
Georgia (234-1387 m a.s.l.) with Quercus iberica, Carpinus cauca-
sica, C. orientalis, Acer campestre, A. laetum, Cerasus avium, Fraxinus
excelsior, Malus orientalis, Mespilus germanica, Prunus divaricata,
Tilia begoniifolia, Cornus mas, Corylus avellana, Salix caprea, Clematis
vitalba, etc.; (2) Pine forests with Kolchic understory of Rhododen-
dron luteum (Pinetum azaleosum), in Svaneti (1212-1887 m. a.s.L.):
Pinus kochiana, Picea orientalis, Quercus iberica, Carpinus caucasica,
Crataegus kyrtostyla, Cornus mas, Daphne pontica, Frangula alnus,
Rhododendron luteum, Ruscus ponticus, Sorbus torminalis, Tilia bego-
niifolia, Vaccinium arctostaphylos, V. vitis-idaea; (3) Beech forests
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Fig. 1. (A) Location of Georgia in the Caucasus; (B) Sampling sites of wild species of pear: P. caucasica, P. balansae, P. ketzkhovelii, P. demetrii, P. salicifolia, P. georgica, P. syriaca
and P. sachokiana in different administrative regions of Georgia: (1) Abchasia; (2) Samegrelo-Zemo Svaneti; (3) Racha-Lechkhumi; (4) Imereti; (5) Guria; (6) Adjara; (7)
Samtskhe-Javakheti; (8) Shida Kartli; (9) Kvemo Kartli; (10) Mtskheta-Mtianeti; (11) Kakheti. (C) Sampling sites of wild pear species near capital of Georgia Tbilisi.

with Kolchic understory (Fageta fruticosa colchica) in Imereti,
Racha, Samegrelo and Adjara (600-1890m a.s.l.) with Abies nord-
manniana, Picea orientalis, Pinus kochiana, Quercus imeretina, Q.
hartwissiana, Acer laetum, Carpinus caucasica, Tilia begoniifolia, Ficus
carica, Malus orientalis, Staphylea colchica, S. pinnata and evergreen
understory with Laurocerasus officinalis, Rhododendron ponticum, R.
ungernii, Ruscus ponticus, R. colchicus, Ilex colchica, Daphne pontica,
Epigaea gaultherioides, Vaccinium arctostaphylos, Viburnum orientale
and Buxus colchica; (4) Wild Caucasian pear occurs among vegeta-
tion of urban and rural areas in different regions of Georgia together
with Prunus divaricata, Punica granatum, Juglans regia, Cornus mas,
Corylus avellana, etc.

P. balansae occurs in beech forests with Kolchic understory in
Adjara and Samegrelo (Fig. 1). The other species - P. salicifolia, P.
demetrii, P. georgica, P. syriaca and P. ketzkhovelii — are growing
in the dry open woodlands in the East Georgia (423-992m a.s.l.;
Fig. 1) with Pistacia mutica, Ulmus carpinifolia, Rhamnus pallasii,
Juniperus foetidissima, J. oblonga, J. polycarpos, J. rufescens, Ephedra
procera, Cotinus coggygria, Celtis australis, Paliurus spina-christi, etc.
The rare endemic species P. sachokiana is found only in Dedoflist-
skaro district, on Mt. Shavi Mta (N 41.26209°, E 46.63101°, 805m
a.s.l.; Fig. 1).

81 individuals of 27 Georgian local (LC) and 22 individuals of 9
introduced (IC) cultivars (total 103 individuals of 36 cultivars) were
studied. Introduced cultivars were obtained from the collection of
the Institute of Horticulture, Viticulture and Oenology (IHVO), vil-
lage Skra, Gori distr., Georgia. Local cultivars were sampled in the
collection of aboriginal cultivars of Biological Farming Association

“ELKANA” in village Tsnisi, Akhaltsikhe distr., Georgia. Many local
cultivars were collected in peasant grounds in different regions of
Georgia (Table 1). ‘Sand pear’ was found only in peasant ground
in Samegrelo. The names of local Georgian pear cultivars collected
in villages were checked according to Khomizurashvili (1973). The
name of cultivar ‘Khinos mskhali’ was not identified and we used
name of the village where it was collected.

Field sampling

10 mature leaves and 5 fruits per individual were collected from
randomly selected plants in each location from August to the end of
September 2009 and 2010. The samples were obtained only from
adult trees with diameters at breast height ranging from 0.20 m
to 0.90 m. Tree height of P. caucasica and cultivars reached up to
30 m. The shortest trees were those of P. salicifolia (3-5 m). Coor-
dinates and elevation were determined by GPS Etrex, Legend HCx,
Garmin, and the respective habitat type and plant community were
identified. Leaves were pressed and kept in herbarium and later
digitalized by Nikon Coolpix 5500 camera for morphometric and
landmark analyses.

Morphological characterization

The individuals were evaluated for 27 morphological traits,
which included 13 leaf and shoot descriptors and 14 fruit descrip-
tors (Table 2). Selection of morphological characters followed the
recommendation by UPOV (2000) for P. communis L. Most traits
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Table 1

List of 81 individuals of 27 Georgian local (LC) and 22 individuals of 9 introduced (IC) pear cultivars used in this study. The respective cultivar group is determined according
to Khomizurashvili (1973) as ‘Panta mskhali’, ‘Khechechuri’, ‘Kalos mskhali’ and ‘Gulabi’ groups. The first three groups are associated with P. caucasica as progenitor. The
‘Gulabi’ group is considered as P. communis. The progenitor of some local cultivars is not determined and identification is based on their occurrence in historical regions of
Georgia: A - Adjara; [ - Imereti; K - Kartli; KH - Kakheti; RL - Racha-Lechkhumi; S - Svaneti; SA - Samegrelo; SJ - Samtskhe-Javakheti. Cultivars originated by selective
breeding in Georgia are named as breeding cultivars (BC). Introduced cultivars are from different countries and belong to P. communis and P. pyrifolia.

N Cultivar name Species Cultivar group Origin Location No. of accessions
I Georgian local cultivars
1 Akiro Not identified Imereti, LC Georgia Chiatura, I 2
2 Bebani Not identified Svaneti, LC Georgia Lakhamula, S 2
3 Borbala Not identified Adjara, LC Georgia Pkhvenisi, K 3

Pasanauri, K Squri,

SA
4 Gulabi P. communis Gulabi group Unknown Shilda, KH 3

Pasanauri, K

Chorkvali, S
5 Gverdtsitela P. caucasica Panta mskhali Kartli, LC Georgia Gori, K Arali, SJ 4

Tsnisi, S] Grigoleti,

G
6 Kabak armudi P. caucasica Khechechuri Georgia/Turkey Arali, SJ 2
7 Kartuli mskhali P. caucasica Kalos mskhali Georgia Chiatura, I 2
8 Katsistava Not identified Georgia, LC Georgia Namonastrali, A 3
9 Khechechuri P. caucasica Khechechuri Georgia Daba, SJ 10

Joshka, RL

Sakasria,

Shilda, KH

Pasanauri, K

Namonastrali, A

Tsnisi, S]

Zarzma, SJ

Didvake, A

Kviani, G
10 Khinos mskhali Not identified Adjara, LC Georgia Khino, A 7
11 Korda Not identified Meskheti, LC Georgia Zarzma, S 2
12 Kvichicha P. caucasica Panta mskhali Georgia Kviani, G 2
13 Majara P. caucasica Panta mskhali Georgia Riketi, A 2
14 Makre P. caucasica Panta mskhali Georgia Squri, SA 2
15 Nanaziri Not identified Meskheti, LC Georgia Arali, SJ 2
16 Nenes mskhali P. caucasica Kalos mskhali Georgia Tsnisi, S] 2
17 Panta mskhali P. caucasica Panta mskhali Georgia Daba, SJ 6

Nikozi, K

Skuri, SA
18 Samariobo P. caucasica Kalos mskhali Georgia Tsnisi, S] 2
19 Saselo P. caucasica Kalos mskhali Georgia Tsnisi, §] 2
20 Sazapkhulo mskhali P. caucasica Khechechuri Georgia Joshka, RL 2
21 Shakara P. caucasica Kalos mskhali Georgia Kved-Kedi, A 2
22 Shavmskhala P. caucasica Panta mskhali Georgia Squri, SA 4

Squri, SA

Chrebalo, RL

Tsageri, RL
23 Shotas mskhali P. communis Georgia, BC Georgia Skra, K 2
24 Tavrejuli P. caucasica Khechechuri Georgia/Turkey Nakalakevi, SJ 2
25 Tsvrili mskhali P. caucasica Panta mskhali Georgia Lakhamula, S 2
26 Tulukha Not identified Georgia, LC Georgia Pasanauri, K 2
27 Zamtris mskhali Not identified Imereti, LC Georgia Tbeti, RL 5

Khaishi, S

Squri, SA
1| Cultivars introduced in Georgia
28 Beurré Ardanpont P. communis Introduced Belgium Skra, K 2
29 Beurré Bosc P. communis Introduced France Pkhvenisi, K 3
30 Beurré d’Anjou P. communis Introduced France Skra, K 3
31 Fondante des Bois P. communis Introduced Belgium Gori, K 3
32 Gorham pear P. communis Introduced United State Skra, K 3
33 Kieffer pear P. communis Introduced United States Pkhvenisi, K 2

‘Bartlett’ x P. Squri, SA
pyrifolia ‘Sand pear’

34 Central Asian pear P. communis Introduced Central Asia Skra, K 2
35 Sand pear P. pyrifolia Introduced Iran Squri, SA 2

Kurtsu, SA
36 Saint Germain P. communis Introduced France Gori, K 2

evaluated are used as descriptors according to Voltas et al. (2007),
delimiting differences between wild and cultivated forms of the
genus Pyrus based on morphometric analyses. But some additional
relevant criteria for the identification of wild forms, such as dark
colour of flesh fruit in P. caucasica, eating quality and attractiveness,
crown form, absence and presence of thorns on young shoots, leaf

blade colour and some traits of leaf base and apex shape in wild
species have been added following the IBPGR descriptor list for the
genus Pyrus (Thibault et al., 1983).

Fourier analysis of the outline was used for analyses of the
form of the leaf blade in the studied taxa using free morphome-
tric software package “Shape 1.3” (Iwata, 2006). This program uses
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Table 2
List of the morphological attributes used as descriptors.
Leaf, shoot and tree Fruit traits
traits
Descriptor reference? Trait description Acronym Descriptor reference? Trait description Acronym
Landmark analyses Qualitative traits
- Leaf shape: (20 harmonics of LSH 37 Fruit length: (1) short; (2) FL
Fourier coefficients per leaf) medium; (3) long
Quantitative traits 38 Fruit maximum diameter: (1) FMD
small; (2) medium; (3) large
14 Leaf blade: length (cm) LBL 39 Fruit shape: ratio length/diameter RLD
(1) very small; (2) small; (3)
medium; (4) large; (5) very large
15 Leaf blade: width (cm) LBW 44 Fruit: ground colour of skin (1) not FGC
visible; (2) green; (3) yellow green;
(4) yellow
16 Ratio leaf blade length/width RLW 46 Fruit: hue of over colour (1) FOC
orange; (2) orange red; (3) pink
red; (4) light red (5) dark red
23 Petiole: length (cm) PL 50 Fruit stalk length: (1) short; (2) FSL
medium; (3) long
- Petiole: width (cm) PW 51 Fruit stalk thickness: (1) thin; (2) FST
medium; (3) thick
- Ratio length of leaf blade/petiole RLP 60 Fruit: texture of flesh (1) fine; (2) FTF
length medium; (3) coarse
Qualitative traits - Fruit: colour of flesh (1) light; (2) FCF
dark
17 Leaf blade: shape of base (1) LBB - Fruit: eating quality and FEQ
cuneate; (2) widely ovate; (3) attractiveness (1) extremely low;
rounded, (4) cordate; (5) widely (2) low; (3) intermediate; (4) good;
elliptic; (6) attenuate (5) very good
18 Leaf blade: shape of apex (1) LBA Seasonal traits
acute; (2) cuspidate; (3) rounded;
(4) acuminate
20 Leaf blade: incisions of margin (1) LBM 64 Start time of flowering: (1) very TF
entire; (2) crenate; (3) serrate; (4) early; (2) early; (3) medium; (4)
serrate upper half of leaf blade late; (5) very late
margin
- Leaf blade colour (1) green; (2) LBC - Period of fruit appearance: (1) very FA

silver green; (3) light silver green

- Young shoot: absence/presence of YST
thorns (1) sparse; (2) intermediate;
(3) dense; (4) not persistent

- Crown shape (1) ovate; (2) broadly CSH
ovate; (3) pyramidal; (4) broadly
pyramidal

early; (2) early; (3) medium; (4)
late; (5) very late

65 Time of maturity for consumption: FHM
(1) very early; (2) early; (3)
medium; (4) late; (5) very late

- End of fruiting period: (1) very EFP

early; (2) early; (3) medium; (4)
late; (5) very late

a UPOV (2000).

elliptic Fourier descriptors (EFDs) to analyze shape variation of
two-dimensional outline data and exports it as a polygon of the x
and y coordinates coded in harmonic series or “Harmonics”. Ellip-
tic Fourier analysis program “Shape 1.3” contains four programs
named “ChainCoder”, which extracts the contours of an object from
an image file and records them as chaincode, describing geometri-
cal information about contours in numbers from 0 to 7. 10 leaves
per individual have been analysed by this program, with digital
images converted to black-and-white bitmaps. The second elliptic
Fourier transformation program “Chc2Nef” calculates the normal-
ized EFDs based on the first harmonic ellipse (Kuhl and Giardina,
1982). The third program “PrinComp” performs a principal com-
ponent analysis using the variance-covariance matrix from the
normalized EFD coefficients, providing a visual and numerical anal-
ysis of shape variation. By default, a contour shape is described
in the first 20 harmonics of Fourier coefficients; the number of
normalized EFD coefficients becomes large (77 or 80). However,
principal component analysis can efficiently summarize the infor-
mation contained in these coefficients (Rohlf and Archie, 1984).
Instead of the fourth program “PrinPrint” we used additional sta-
tistical software SPSS v.13.0 for Windows (SPSS Inc., 2004) for
discriminant function analysis of the collected 20 harmonic data
per leaf.

Six traits of leaves were quantitative, 6 qualitative for leaves and
10 for fruits, four traits were seasonal characters of fruit appear-
ance and maturation. The quantitative traits (leaf blade and petiole
length and width) were measured to an accuracy of 0.1 mm using
a micrometer. Two ratios involving quantitative measurements
defined two additional leaf traits (leaf blade width to length, RLW,
and blade length to petiole length, RLP). The length and width
of the fruit and the stalk despite their quantitative nature were
transformed into qualitative ordinal variables (UPOV, 2000). Stone
cell amount and leaf margin shape were determined using stereo
microscope Stemi DV4 (Karl Zeiss, Germany). Two values of a tree
were evaluated in the field: crown shape and thorn amount. Sea-
sonal traits have been determined in the field, based on information
given by interviewed local people and literature data. Quantitative
characters of morphological traits by each descriptor were recorded
as average value per tree.

Statistical analyses

Mean and standard deviation were calculated for each quan-
titative leaf descriptor data sets. Means were compared using a
one-way ANOVA post hoc range tests. Tukey’s honestly signif-
icant difference test was used to assume equal variances, with
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p<0.05. Individual F-values were computed for continuous vari-
ables of each quantitative leaf descriptor to determining the
overall between-group differentiation. The test of independence
(Chi-square) was used to investigate whether distributions of
categorical variables differed from one another. Predetermined
alpha level of significance (p=0.05), and degrees of freedom (df)
have been determined. For each classification, the differentia-
tion between group mean vectors was assessed by the Wilks’
Lambda multivariate statistic (L), which can be approximated by
an F statistic for comparing between-group and within-group vari-
ability (smaller L values indicating a greater difference between
group means). Frequency and percentages of distribution of
morphological traits were determined for qualitative descrip-
tors.

The principal components analyses (PCA) were based on the
covariance matrix of the coefficients and not on the correlation
matrix, because coefficients with small variance and covari-
ance values of harmonics of Fourier coefficients are generally
not important for explaining the observed morphological varia-
tions of leaf blade shape, revealing a pattern of variation that is
consistent with the distribution rate of wild pear species and cul-
tivars.

Stepwise discriminant function analysis (DFA) was used to
determine which quantitative leaf traits are more useful for
discriminating among the studied taxa. The significance level cor-
responding to the F-value for entering or removal on a specific trait
at each step was set at p=0.05 and p=0.1. For the selected traits,
Mahalanobis distances have been used. All traits that remained in
the model when the selection process stopped were considered to
discriminate significantly between groups. Canonical discriminant
function analyses (CDF) and predicted group membership classi-
fication were performed. In the classification, cultivars were used
both as two groups (local and introduced cultivars) and in other
calculation as separate cultivars.

Cluster analysis was carried out using the hierarchical cluster
analyses (HCA) to specify the distance or similarity measure to be
used in clustering with the Ward’s method as amalgamation rules
(Ward, 1963). This method uses an analysis of variance approach to
evaluate the distances between clusters. This attempts to minimize
the sum of squares (SS) of any two (hypothetical) clusters that can
be formed at each step. Distance measure interval is Euclidean dis-
tance computing distances between objects in a multi-dimensional
space.

The analysis was performed using the software packages SPSS
v.13.0 for Windows (SPSS Inc., 2004) and Statistica 6.0.

Results

237 individuals of 9 wild species (P. caucasica, P. balansae,
P. pyraster, P. salicifolia, P. demetrii, P. georgica, P. ketzkhovelii, P.
sachokiana, P. syriaca) and 36 cultivars of pear were compared with
respect to the shapes of their mature leaves, determined by 20
harmonics of Fourier coefficients, to 20 qualitative and 6 quan-
titative descriptors of leaf, shoot and fruit. Mean and standard
deviation were calculated for numerical variables of leaf charac-
ters: leaf blade and petiole length, leaf blade width of 9 wild species
of pear and two groups of local and introduced cultivars (Fig. 2).
Ratios of leaf length and width and leaf blade and petiole lengths
showed similar results among both local and introduced culti-
vars and three wild pear species — P. caucasica, P. balansae and P.
pyraster (Fig. 3). One-way ANOVA procedure rendered low signif-
icance levels (p<0.0001) for all quantitative descriptors of a leaf,
showing high level of between-group differentiation (Table 3). F-
value was low for descriptors petiole length (PL) and leaf blade
width (LBW) indicating that these descriptors discriminate sig-

nificantly between groups (Table 3). The test of independence
(Chi-square) revealed that for most categorical variables distri-
butions differ from one another between groups (Table 4). The
same was confirmed by the Wilks’ Lambda multivariate statistics
revealing differentiation between group mean vectors. Smaller L
values indicating a greater difference between group means was
determined for the following descriptors: leaf blade margin form
(LBM), thorns on young shoot (YST), crown shape (CSH), fruit length
(FL), fruit maximum diameter (FMD), fruit shape (RLD), fruit stalk
length (FSL), fruit stalk thickness (FST), eating quality of fruit (FEQ),
fruit flesh colour (FCF) and texture (FTF). A low difference between
groups was shown for the qualitative descriptors leaf blade base
(LBB) and apex (LBA) form, leaf (LBC) and fruit skin (FGC) colour,
fruit over colour (FOC), and four seasonal traits (TF, FA, FHM, EFP).
Leaf blade base and apex forms were used as taxonomic features
for identification of wild pear species. They did not show high dif-
ferentiation between group mean vectors by the Wilks’ Lambda
or Chi-square. Therefore, we conducted analyses of frequency and
percentages of distribution of these taxonomic morphological traits
adding leaf blade margin form (LBM) and fruit flesh colour (FCF)
among wild species and cultivars of studied taxa. The results indi-
cated (Table 5) that P. caucasica strongly differs from P. pyraster
by leaf margin form, which is entire in P. caucasica and crenate or
serrate in P. pyraster. In P. balansae only the upper part of a leaf is
serrate. The other wild species have mainly entire margins, except
P. demetrii and P. georgica, which both have mixed characters of
crenate and entire margins even per individual. The dark colour of
fruit flesh in maturity is characteristic for P. caucasica and P. bal-
ansae and for 43.3% of local cultivars. The variable features of leaf
blade base and apex forms were really very variable among taxa.

Two different procedures of principal component analysis were
performed:

(1) leaf shape, 6 quantitative leaf descriptors and 14 qualitative
descriptors of leaf, shoot and fruit with high value of differenti-
ation between groups have been used in the PCA based on the
covariance matrix of the coefficients. 6 descriptors with high L
value have been excluded from PCA: colour of leaf (LBC) and
fruit skin (FGC) and four seasonal traits (TF, FA, FHM, EFP). The
first three principal axes of the remaining 21 descriptors explain
72.8% of the variance (47.1%, 16.1%, 9.6%, respectively). 15 coor-
dinates are needed to account for 98.8% of the overall variance.
The highest loadings on the 1st PCA axis correspond to the leaf
and fruit numerical and categorical variables: leaf blade margin
form (LBM), blade width (LBW) and length (LBL), petiole length
(PL), fruit over colour (FOC), fruit length (FL), fruit stalk length
(FSL) and thickness (FST), fruit maximum diameter (FMD), and
eating quality (FEQ). The variables with the highest loadings on
the 2nd PCA axis are leaf blade base (LBB) and apex (LBA) form,
leaf blade length (LBL) and fruit flesh colour (FCF). The highest
loadings on the 3rd components are leaf blade width (LBW) and
ratio between the blade length and width (RLW).

(2) The second combination of descriptors included leaf shape, 6
quantitative and 6 qualitative descriptors of leaf. All descriptors
of fruits were excluded from this analysis. The first three prin-
cipal component axes of the remaining 13 descriptors explain
77.7% of the variance (36.1%, 29.7%, 11.9%, respectively). Seven
coordinates are needed to account for 98.3% of the overall vari-
ance. The highest loadings on the 1st PCA axis correspond to
the characters leaf blade margin form (LBM), leaf blade base
(LBB) and apex (LBA) form, petiole length (PL), leaf blade length
(LBL) and width (LBW). Variables with the highest loadings on
the 2nd PCA axis are ratios between leaf blade length and width
(RLW) and with petiole length (RLP), leaf colour (LBC) and three
of 20 leaf shape harmonics. The highest loadings on the 3rd
components are 5 of 20 leaf shape harmonics, leaf blade mar-
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Fig. 2. Mean and standard deviation of leaf numerical variables: leaf blade length and width and petiole length of 9 wild species of pear: P. caucasica, P. balansae, P. pyraster,
P. ketzkhovelii, P. demetrii, P. salicifolia, P. georgica, P. syriaca, P. sachokiana and two groups of local and introduced cultivars (n=45; p<0.0001).
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Fig. 3. Mean and standard deviation of ratios between leaf length and width and leaf length and petiole length of 9 wild species of pear: P. caucasica, P. balansae, P. pyraster,
P. ketzkhovelii, P. demetrii, P. salicifolia, P. georgica, P. syriaca, P. sachokiana and two groups of local and introduced cultivars (n=45; p<0.0001).

gin (LBM) and base form (LBB), petiole length (PL) and leaf blade
width (LBW).

A stepwise discriminant function analysis based on the Maha-
lanobis distances method was conducted to discriminate among
the studied taxa and to build a predictive model of group mem-
bership based on: (1) 7 numerical and 14 categorical traits of the
mature leaf, shoot and fruit; or, (2) on 7 numerical and 6 categori-
cal traits of mature leaf that remained after data reduction by PCA
mentioned above. Three different classification systems were used
as grouping variables: (1) “taxon groups” - 9 species of wild pears
and two groups of local and introduced cultivars; (2) “progenitor
species” - 4 pear species: P. caucasica, P. balansae, P. pyraster, and
P. ketzkhovelii, revealed in this study as related to cultivars and
two groups of local and introduced cultivars; (3) “cultivars” - 36
cultivars and 4 wild species related to the cultivars.

The first three CDFs when classified by “taxon groups” (Table 6),
based on PCA. 21 descriptors of leaf and fruit traits accounted for
98.7% of the variance. Wilk’s Lambda is low (0.008) for the first two
CDFs and higher (0.643) for the third factor. Classification results
(Table 7) yielded 185 cases out of 237 (77.7%) assigned to the cor-
rect group when 9 wild pear species and two groups of cultivars
are considered. The lowest correct percentage (73.1%) was found
for the group of local cultivars, which is spread among P. caucasica
(7.5%), P. balansae (4.5%) and introduced cultivars (14.9%). The last
group has connections with P. pyraster (8.35%), but not with Geor-
gian wild pear species. In the scatter plot of the 237 specimens
against the first two CDFs, based on the classification by “taxon
groups”, samples are arranged in three different groups (Fig. 4A).
The first distinct group is formed by the wild species P. salicifolia, P.
demetrii, P. georgica, P. sachokiana and P. syriaca on the left upper site
of the plot. The lower middle position is occupied by P. caucasica,
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Table 3

The results of one-way analysis of variance (ANOVA) for quantitative morphological characteristics of leaves: leaf blade and petiole length (LBL, PL) and width (LBW, PW)
and ratios of leaf blade length and width (RLW) and leaf blade and petiole lengths (RLP). Wilk’s Lambda and significance are obtained by multivariable discriminant function
analysis on the base of the same leaf numerical variables of the studied 9 wild species of pear and 36 cultivars separated into two groups: 27 of local and 9 introduced

cultivars. 10 leaves per individuals have been measured (n=45; p<0.0001).

Characteristic Source of Sum of df Mean square F Significance Wilk’s Significance
variation Squares Lambda

Leaf blade length (cm) LBL Between groups 3090.474 44 70.23804 53.18979 0.0001 0.468 0.0001
Within groups 2713.663 2325 1.167167
Total 5804.137 2369

Leaf blade width (cm) LBW Between groups 2531.075 44 57.52443 87.72385 0.0001 0.347 0.0001
Within groups 1347.555 2325 0.579593
Total 3878.63 2369

Leaf blade length/width ratio (RLW) Between groups 1598.049 44 36.3193 157.7628 0.0001 0.228 0.0001
Within groups 473.0912 2325 0.203480
Total 2071.141 2369

Length of petiole, PL (cm) Between groups 1478.786 44 33.60876 28.28532 0.0001 0.623 0.0001
Within groups 2441.761 2325 1.050219
Total 3920.547 2369

Width of petiole, PW (cm) Between groups 4.521857 44 0.102769 554.3078 0.0001 0.078 0.0001
Within groups 0.381 2325 0.000164
Total 4.902857 2369

Leaf blade length/petiole length ratio (RLP) Between groups 1198.736 44 27.244 120.3878 0.0001 0.280 0.0001
Within groups 465.0506 2325 0.200021
Total 1663.787 2369

Table 4

Ratio of Chi-square and degree of freedom (df) with significance; and, Wilk’s Lambda with F-value and significance for leaf and shoot categorical variables of the studied pear

trees sampled in Georgia (n=45; p<0.0001).

Character Chi-square/df Significance Wilk’s Lambda F Significance
Leaf blade base (LBB) 29.3445 0.0001 0.865 3.851 0.0001
Leaf blade apex (LBA) 43.0032 0.0001 0.958 1.081 0.378
Leaf blade margin (LBM) 74.9524 0.0001 0.497 25.073 0.0001
Leaf blade colour (LBC) 144.794 0.0001 0917 9.893 0.0001
Young shoot thorns (YST) 43.8413 0.0001 0.058 403.524 0.0001
Crown shape (CSH) 88.6667 0.0001 0.169 121.951 0.0001
Fruit length (FL) 65.5476 0.0001 0.201 98.244 0.0001
Fruit maximal diameter (FMD) 59.8667 0.0001 0.201 98.433 0.0001
Fruit shape (RLD) 71.6615 0.0001 0.458 29.272 0.0001
Fruit ground colour (FGC) 100.137 0.0001 0.864 3.904 0.0001
Fruit over colour (FOC) 106.425 0.0001 0.600 16.473 0.0001
Fruit stalk length (FSL) 17.8429 0.0001 0.426 33.372 0.0001
Fruit stalk thickness (FST) 90.3429 0.0001 0.377 40.927 0.0001
Fruit flesh texture (FTF) 1159 0.0001 0.459 29.195 0.0001
Fruit flesh colour (FCF) 23.33 0.0001 0.434 32.225 0.0001
Fruit eating quality (FEQ) 40.6548 0.0001 0.171 119.652 0.0001
Start time of flowering (TF) 37.7893 0.0001 0.903 11.799 0.0001
Period of fruit appearance (FA) 153.571 0.0001 0.801 27.300 0.0001
Time of maturity (FHM) 106.312 0.0001 0.936 7.483 0.001
End of fruiting period (EFP) 175.904 0.0001 0.942 6.794 0.001

P. balansae, P. pyraster, P. ketzkhovelii and some local cultivars. The
other local and introduced cultivars are spread in the right upper
part of the plot. Some samples of P. pyraster reach the upper part of
the plot.

In a stepwise discriminant function analysis based on “pro-
genitor species” classification resulting from PCA of leaf shape, 6
quantitative and 6 qualitative traits of leaf gave a similar cumu-
lative percentage of variance that accounted to 97.1% for the first
three axes of the canonical discriminant function analysis (Table 6).
Wilk’s Lambda is low for the first axis of the analysis (0.171), but
higher for the next two axes (0.567 and 0.841). Classification results
(Table 7) show that 177 cases out of 237 (74.4%) can be assigned
to the correct group when four wild species of pear — P. cauca-
sica, P. balansae, P. pyraster and P. ketzkhovelii — and two groups
of local and introduced cultivars were correctly classified. P. cau-
casica becomes correctly assigned in 94.8% of all cases and has
connections with local cultivars (2.3%), with P. balansae (2.9%) and
P. ketskhovelii (0.5%), respectively. In such analyses local cultivars

become widely spread among all groups and the correct percentage
of sorting reaches only 38.4%. This group is associated with all taxa
in the scatter plot (Fig. 4B) and shows close relation with P. cauca-
sica (21.5%) and introduced cultivars (22.4%), overlapping (at low
percentage levels) also with P. balansae (5.1%), P. pyraster (12.3%)
and P. ketzlhovelii (0.3%).

The classification system “cultivars” was used in DFA to differ-
entiate between separate cultivar names and related wild species
of pear and was based on leaf shape and 20 quantitative and qual-
itative traits of leaf and fruit morphological characters. The first
two CDF axes of these analyses indicated again a high cumulative
percentage of variance that accounted to 94.5% (Table 6). Wilk’s
Lambda is low for all three CDFs. Classification results (Table 7)
show that only 111 cases (46.8%) out of 237 are assigned to the
correct group when all 36 names of cultivars and 4 wild species
of pear are considered. High level of overlapping was between
different cultivars. Some cultivars showed very low percentage
of correct classification, e.g. ‘Khechechuri’ (5%), ‘Zamtris mskhali’
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Table 5

The percentage proportion of qualitative leaf and fruit characteristics within the evaluated nine wild pear species and 36 local and introduced cultivars. 10 leaves and 5 fruits

per individual were analysed.

Taxon N Shape of leaf blade base (%) Shape of leaf blade apex (%)

Cuneate  Widely ovate  Rounded  Cordate  Widely elliptic =~ Attenuate  Acute  Cuspidate  Rounded  Acuminate
P. caucasica 1000 8.8 49.0 26.5 8.8 6.9 0 40.2 56.9 2.9 0
Local cultivars 810 16.4 373 254 3.0 17.9 0 38.8 55.2 6.0 0
Introduced cultivars 220 0 66.7 333 0 0 0 75.0 25.0 0 0
P. balansae 80 50.0 25.0 0 0 25.0 0 75.0 25.0 0 0
P. pyraster 40 0 66.7 333 0 0 0 0 100 0 0
P. salicifolia 80 0 0 0 0 0 100 12.5 0 0 87.5
P. demetrii 50 0 0 0 0 0 100 60.0 0 0 40.0
P. georgica 30 0 0 100 0 0 0 333 0 0 66.7
P. ketzkhovelii 20 0 0 0 0 0 100 0 0 0 100
P. sachokiana 10 0 0 0 0 0 100 0 0 0 100
P. syriaca 30 0 0 100 0 0 0 0 1] 0 100
Taxon N Shape of leaf margin (%) Colour of fruit flesh (%)

Entire Crenate Serrate With serrate apices N Light Dark
P. caucasica 1000 100 0 0 0 500 0 100
Local cultivars 810 41.8 0 47.8 104 405 56.7 433
ICs 220 0 75.0 25.0 0 110 100 0
P. balansae 80 0 0 0 100 40 0 100
P. pyraster 40 0 66.7 333 0 20 100 0
P. salicifolia 80 100 0 0 0 40 100 0
P. demetrii 50 40.0 60.0 0 0 25 100 0
P. georgica 30 66.7 333 0 0 15 100 0
P. ketzkhovelii 20 0 100 0 0 10 100 0
P. sachokiana 10 100 0 0 0 5 100 0
P. syriaca 30 100 0 0 0 15 100 0
Table 6

Results of the DFA. Grouping variables are: (1) “taxon groups” (9 wild species, 2 groups of local and introduced cultivars; (2) “progenitor species” (4 wild species, 2 groups of
local and introduced cultivars) and (3) “cultivars” (4 wild species, 27 local and introduced cultivars) of pear. The first and third grouping variables are based on PCs obtained
by 21 descriptors of the leaf, shoot and fruit morphometric data. The second grouping variables are based on PCs obtained from 12 morphological traits and shape of leaf

(n=45).
Function Eigenvalue % of Variance Cumulative % Canonical Correlation Probability level <0.0001 Wilks’ Lambda
Data after grouping variable “taxon groups”
1 14.120 73.9 73.9 0.966 0.0001 0.008
2 4.509 23.6 97.5 0.905 0.0001 0.008
3 0.237 1.2 98.7 0.438 0.0001 0.643
Data after grouping variable “progenitor species”
1 2324 77.8 77.8 0.836 0.0001 0.171
2 0.484 16.2 94.0 0.571 0.0001 0.567
3 0.091 3.0 97.1 0.289 0.0001 0.841
Data after grouping variable “cultivars”
1 19.682 87.0 87.0 0.976 0.0001 0.005
2 1.092 4.8 91.9 0.723 0.0001 0.105
3 0.601 2.7 94.5 0.613 0.0001 0.219

(8.35%) and ‘Gulabi’ (13.3%). Introduced cultivars were correctly
classified almost for 100%. P. caucasica was correctly classified
only for 36.8% of all cases. It was connected with several local
cultivars - ‘Kvichicha’, ‘Tsvrili mskhali’, ‘Korda’, ‘Nenes mskhali’,
‘Tavrejuli’, ‘Samariobo’, ‘Panta mskhali’, ‘Bebani’, ‘Kartuli mskhali’,
‘Akiro’, ‘Shakara’ and ‘Borbala’. P. pyraster showed strong similar-
ity with the Georgian cultivar ‘Gverdtsitela’ (33.3%). P. ketzkhovelii
revealed 10% connection with introduced cultivar ‘Gorham pear’.
The relationships between the 36 cultivars and 9 wild species
of pear are reflected in the dendrogram of a hierarchical clus-
ter analysis using Euclidean Distance with the Ward’s method as
amalgamation rules (Fig. 5). In the dendrogram the taxa are clus-
tered into three main groups. The first includes P. caucasica and
P. balansae from the wild species and 15 local cultivars. The sec-
ond cluster aggregates 5 wild species belonging to the P. salicifolia
group. The third cluster contains the two wild species P. pyraster
and P. ketskhovelii and 21 local and introduced cultivars. P. pyraster
is aggregated with ‘Gorham pear’ cultivar; very close to them is
located P. ketskhovelii. The third group (C) is located at the longest
Euclidean distance (23) from the two other groups (A and B).

Several taxa revealed very close (<1) linkage distances: (1) P. cau-
casica and ‘Panta mskhali’; (2) P. balansae and ‘Tsvrili mskhali’; (3)
‘Samariobo’ and ‘Tavrejuli’; (4) ‘Majara’ and ‘Shakara’; (5) P. demetrii
and P. georgica; (6) ‘Zamtris mskhali’, ‘Khechechuri’, ‘Gulabi’ and
‘Gverdtsitela’; (7) ‘Sand pear’, ‘Kieffer pear’, ‘Beurré Bosc’ and Geor-
gian cultivar ‘Makre’; (8) ‘Sazapkhulo mskhali’, ‘Kabak armudi’ and
‘Katsistava’; (9) ‘Beurré Ardanpont’, ‘Saint Germent’ and Georgian
cultivar ‘Nanadziri'.

Discussion

A comparative morphometric study of 9 wild species and 36
cultivars has been conducted to reveal relationships between wild
and cultivated pears of the Caucasus region. Eight wild species —
P. caucasica, P. balansae, P. ketskhovelii, P. salicifolia, P. demetrii, P.
georgica, P. sachokiana and P. syriaca - are native for Georgia and
one - P. pyraster —is the European wild pear. The results have shown
very close relationships of two native wild species of the Caucasus
- P. caucasica and P. balansae — with Georgian local cultivars of pear.
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Table 7

Classification of 237 individuals belonging to the taxa of 9 wild pear species, and two groups of local (LC) and introduced (IC) cultivars by the CDF analyses of 20 morphological
traits of leaf, shoot and fruit and shape of mature leaf in the grouping variables “taxon groups” and “cultivars”, and 12 morphological traits and 20 harmonics of leaf in the

grouping variables “progenitor species” (n=45).

Data after grouping variable “taxon groups”

Taxon Correct% Pc LC IC Pb Pp Pk Pd Pg Psy Psa Psl
P. caucasica (Pc) 79.8 79.8 - - 20.2 - - - - - - -
Local cultivars 73.1 7.5 73.1 149 4.5 - - - - - - -
Introduced cultivars 83.3 - 8.3 83.3 8.4 - - - - - -
P. balansae (Pb) 75.0 25.0 - - 75.0 - - - - - - -
P. pyraster (Pp) 100 - - - - 100 - - - - - -
P. ketzkhovelii (Pk) 100 - - - - - 100 - - - - -
P. demetrii (Pd) 80.0 - - - - - - 80.0 - - 20.0 -
P. georgica (Pg) 100 - - - - - - - 100 - - -
P. syriaca (Psy) 100 - - - - - - - 100 - -
P. sachokiana (Psa) 100 - - - - - - - - 100 -
P. salicifolia (Psl) 100 - - - - - - - - - - 100
Total 77.73 - - - - - - - - - - -
Data after grouping variable “progenitor species”
Taxon Correct% Pc IC Pb Pp Pk
P. caucasica (Pc) 94.8 94.8 2.3 - 2.4 - 0.5
Local cultivars 384 215 384 22.4 5.1 123 0.3
Introduced cultivars 81.7 - 7.5 81.7 - 5.8 5.0
P. balansae (Pb) 95.0 - 5.0 95.0 - -
P. pyraster (Pp) 73.3 - 26.7 - 73.3 -
P. ketzkhovelii (Pk) 100.0 - - - - 100.0
Total 74.4 - - - - -
Data after grouping variable “cultivars”
Taxon Correct % Local cultivars Percentage Introduced cultivars Percentage
P. caucasica 36.8 Kvichicha 21.0 - -

Tsvrili mskhali 9.2

Korda 8.2

Nenes mskhali 5.4

Tavrejuli 49

Samariobo 39

Panta mskhali 3.5

Borbala 23

Borbala 2.0

Borbala 13

Borbala 1.2

Borbala 0.3
P. balansae 81.25 Khinos mskhali 17.5 - -

Shavmskhala 1.25
P. pyraster 433 Panta mskhali 66.7 -
P. ketzkhovelii 90.0 Gorham pear 10.0
Total 46.8

In the 1930s Vavilov (1931) recognized that the Caucasus, Asia
Minor, Iran and Turkmenistan represent a centre of diversity for
wild ancestors of P. communis. Edible European pears (P. communis)
are derived from wild relatives native to the Caucasus - P. cauca-
sica - and Europe - P. pyraster — (Challice and Westwood, 1973;
Zohary and Hopf, 2000; Yamamoto and Chevreau, 2009). These
two wild species are most closely related to a group of genotypes
of the domesticated European pears (Volk et al., 2006). The two
wild growing species are morphologically similar, but differ by leaf
margin form and the colour of their fruit flesh. Our results (Table 5)
documented the differences in these morphological traits. More-
over, the geographical distribution of the two taxa differs also. P.
pyraster originates from areas west and south of the Black Sea, such
as the Balkan countries, Turkey and Eastern Europe (Bldsing, 2004).
P. caucasica is an endemic species of the Caucasus (Kuthateladze,
1980; Sokolov et al., 1980). At the same time, the relationships
determined on the base of genetic analysis of 13 microsatellite loci
revealed significant differentiation between wild P. caucasica and
P. pyraster (Volk et al., 2006). Our study at the phenotypic level
comparing morphological characters based on leaf, shoot and fruit

traits, confirms the molecular findings, since these two species
were clustered in different groups by HCA (groups A and C, respec-
tively; Fig. 5). In the clusters P. caucasica was aggregated only with
Georgian aboriginal local cultivars, whereas P. pyraster was clus-
tered with many different cultivars, introduced and locals. Based
on our data and those of Volk et al. (2006) it is obvious that P.
caucasica from the Caucasus region represents the wild centre of
diversity for domesticated pear, P. communis. Moreover, European
P. pyraster clustered separately and displayed high level of diversity
that could have partially arisen through gene flow and introgres-
sive hybridization with co-occurring congeneric species found in
Europe. It is suggested that the differentiation of P. pyraster from
P caucasica could result from human migration from the South
Caucasus region through Turkey and into the Balkan region over
thousands of years (Gamkrelidze and Ivanov, 1990). Therefore, we
should suggest that formation of Georgian local cultivars should be
the first domestication events of P. caucasica.

The question is how useful for taxonomical studies are
the obtained results on relations between wild and cultivated
taxa based on the traditional morphological methods against a
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_— !ogical. tra.its needs further confirmation by molecular systematic
O P. caucasica investigations.

@ Local cultivars The results of this study have revealed high morphological
C Lihnd diversity of wild and cultivated pears growing in Georgia. The CDA
O P. balansae indicated close relations between cultivars and 4 wild species - P.
o A P. pyraster caucasica, P. balansae, P. pyraster and P. ketzkhovelii. HCA revealed
.% -+ P. ketzkhovelif that P. caucasica and P. balansae can be included in the cluster
g 2:: ;z’:;:‘a with aboriginal local cultivars. P. pyraster and P. ketzkhovelii joined
= A P. syriaca a cluster of introduced and some Georgian local cultivars, being
W P. sachokiana most closely related with the introduced cultivar ‘Gorham pear’.
0 P. salicifolia The other five species belonging to the group of P. salicifolia were

W Group Centrold aggregated separately and had no relation with cultivars.
4 The shortest Euclidean distance resulted between P. caucasica
T T T T T T and the local cultivar ‘Panta mskhali’. The name of P. caucasica
20 15 10 5 0 5 10 - Caucasian pear in English - is “Panta” in Georgian. The name
Function 1 “Mskhali” means “domesticated pear” in Georgian language. There-
fore, the name of the cultivar contains both names of the wild and
5.0 Taxa the cultivated pear. This cultivar ‘Panta mskhali’ is morphologically
O P. caucasica very similar to the wild Caucasian pear (Khomizurashvili, 1973).
2.5-1 L :‘n";::’zzf;’a's It is suggested that this cultivar represents a first event of direct
@ o itivars domestication of pear in Georgia in past historical times. A similar
o 007 O P. balansae close relation of Euclidean linkage distance (<1) was determined
< A P. pyraster between P. balansae and the local cultivar ‘Tsvrili mskhali’. The
'§ -2.5-1 -+ P. ketzkhovelii name of this cultivar in English means “small-sized pear”. The mor-
2 ™ g;?:[tlr‘:)fd phology of this cultivar is closely related to the pears of the cultivar
-5.0 group ‘Panta mskhali’. All 15 local cultivars aggregated in the clus-
ter Arepresent historically very old domesticated landraces of pear
~7.54 which occur in different regions of Georgia. Relations of cultivars to
concrete historical provinces of Georgia are obvious only for some
~10.0+ cultivars, e.g. (1) ‘Bebani’ is known only from Svaneti; (2) ‘Akiro’ is

| | 1 I I | |
-50 -25 0.0 25 5.0 75 100

Function 1

Fig. 4. Scatter plot of DFA of the 237 samples of wild species and cultivars of pear
plotted against two CDFs are grouped according to different grouping variables: (A)
grouping variable “taxon groups” is based on 20 morphological traits of leaf, shoot
and fruit and mature leaf shape; (B) grouping variable “progenitor species” is based
on 12 morphological traits and shape of leaf (n=45).

background of powerful modern molecular techniques. Accord-
ing to literature data, taxonomical classifications of pears are built
mainly on shape, size and characters of leaves, shoots and fruits, as
well as presence of thorns on young shoots (Robertson et al., 1992;
Wagner, 1995; Miiller and Litschauer, 1996; Rotach and Baume,
2004; Blasing, 2004; Voltas et al., 2007; Paganova, 2009). The leaf
characters are regarded as most important taxonomic traits by
some authors (Koch, 1869; Terpd, 1985). However, according to
Voltas et al. (2007) leaf traits alone are insufficient for a taxonomic
classification of Pyrus. Therefore, fruit traits were considered in
addition as very useful tree characteristics for identification pur-
poses (Rotach and Baume, 2004; Voltas et al., 2007). Moreover,
these authors applied multivariate techniques for analysis of the
leaf-shoot and fruit morphometric data of wild and cultivated
pears. The morphological traits used in this study were chosen
from this literature. They corresponded to standard descriptive
lists (Thibault et al., 1983; UPOV, 2000). Therefore, we conducted
statistical analyses of one-way statistics and independence (Chi-
square) tests in order to choose the descriptors that allow best
differentiation among studied taxa. These descriptors are quanti-
tative and qualitative traits of leaf, shoot and fruit morphological
characters. The most variable morphological character for pear is
considered leaf shape (Robertson et al., 1992; Paganova, 2009).
This trait was determined using landmark analyses and 20 har-
monics per leaf used for DFA procedure. As a consequence of this
methodology we suggest that the results should be significantly
admissible. Although, the obtained data based only on morpho-

the local cultivar of Imereti; (3) ‘Nenes mskhali’, ‘Korda’ and many
other cultivars are originated from Meskheti, which is part of histor-
ical Georgian province Tao-Klarjeti, that belongs in present times to
the territory of Turkey (Artvin province). Most cultivars of pear in
Georgia are cultivated almost in all regions and have the same local
names, which sometimes are different just very insignificantly. We
have compared morphological differences of wild pears and culti-
vars in connection to the regions; however, we did not discover any
distinct grouping character based on the geographic distribution
in Georgia. The morphological traits of leaf and fruit are variable
between taxa and are not immediately connected to the locations
of occurrences of wild populations or cultivars.

It is known that all the species of Pyrus are intercrossable
and there are no major incompatibility barriers to interspecific
hybridization in Pyrus, in spite of the wide geographic distribu-
tion of the genus (Westwood and Bjornstad, 1971). Many cultivars,
which are introduced or originated by breeding selection during
last centuries in Georgia still revealed close relation with wild pears
(P. pyraster and P. ketzkhovelii). It is understandable when European
wild species of pear have close relations with European cultivars
(Voltas et al., 2007; Wolko et al., 2010).

P. ketzkhovelii is described as an endemic species of the Georgia
by Kuthateladze (1947) and placed with the species P. syriaca, P.
demetrii, P. eldarica, P. fedorovii, and P. oxyprion in the sect. Xeropy-
renia. The leaf shape, however, is similar to pear species from the
sect. Euachras (=sect. Pyrus) and is ovate or ovate-elliptic. All other
characters of this taxon are similar to species from sect. Xeropyre-
nia. The HCA in this study revealed close relations of this species
with cultivars most of which are associated with P. communis. We
suppose that this species might be a natural hybrid of a P. commu-
nis cultivar and one of the species from sect. Xeropyrenia. Further
genetic studies are necessary to clarify this question.

The results of our study have shown that the endemic species
for the Caucasus (P. caucasica) and the native for Georgia species
P. balansae have close relations with domesticated pear cultivars
that have been classified by Khomizurashvili (1973) as aboriginal
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Tsvrili mskhali
Korda

Bebani
Samariobo
Tavrejuli
Kvichicha
Khinos mskhali
Akiro
Shavmskhala
Nenes mskhali
Borbala

A

Majara
Shakara
L Kartuli mskhali

- P. georgica
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Fondante des Bois
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Linkage Distance

Fig. 5. HCA dendrogram of Euclidean distance with the Ward’s method as amalgamation rules showing the relationships between the 36 cultivars and 9 wild species of pear
based on 20 morphological traits of leaf, shoot and fruit and shape of mature leaf; The taxa in the dendrogram are clustered into three main groups - A, B and C (n=45).

landraces, unified in the groups: ‘Panta mskhali’ (‘Panta mskhali’,
‘Kvichicha’, ‘Tsvrili mskhali’) and ‘Kalos mskhali’ (‘Nenes mskhali’,
‘Samariobo’, ‘Kartuli mskhali’, ‘Shakara’). Only one cultivar, ‘Tavre-
juli’, belonged to the group ‘Khechechuri’, which is considered a
separate local cultivar group. Most cultivars from this group includ-
ing ‘Khechechuri’ occurred in cluster C, together with introduced
cultivars. Cultivar ‘Khechechuri’ is very popular in Georgia, and we
suppose that local people might have used - and still do so - meth-
ods of breeding selection based on crossing it with other cultivars.
Some cultivars from the historical regions of Georgia are not clas-
sified so far to cultivar groups by Khomizurashvili (1973). Based on
our data, the following cultivars ‘Akiro’ from Imereti; ‘Bebani’ from
Svaneti; ‘Borbala’ from Adjara and ‘Korda’ from Meskheti should be
assigned to the ‘Panta mskhali’ group.

According to the findings, local aboriginal edible pear cultivars
in Georgia should have originated from the wild species of pear P.
caucasica and P. balansae, both native for Georgia. This process can

be considered as the first domestication events of pear in prehis-
torically times. Many other pear cultivars in Georgia are associated
with P. communis, probably originated through processes of breed-
ing selection in past historical times and from recent activities of
breeding stations in Georgia.

Acknowledgements

We thank Jana Ekhvaia, Natalia Togonidze, Nato Tepnadze,
Levan Mumladze, Nikoloz Akhalkatsi for supporting us in collection
work of material of wild and cultivated pear taxa in Georgia.

References

Bldsing, U., 2004. Birnennamen aus Hemsin: Vorarbeiten zur Feststellung und
Beschreibung der Birnenarten und ihrer regionalen Namen im o&stlichen
Schwarzmeergebiet. Iran Cauc. 8, 81-129.

Please cite this article in press as: Asanidze, Z., et al., Comparative morphometric study and relationships between the Caucasian species
of wild pear (Pyrus spp.) and local cultivars in Georgia. Flora (2011), doi:10.1016/j.flora.2011.04.010



dx.doi.org/10.1016/j.flora.2011.04.010

G Model
FLORA-50532; No.of Pages13

Z. Asanidze et al. / Flora xxx (2011) XxX—xXX 13

Brezhnev, D.D., Korovina, O.N., 1981. Dikie sorodychi kulturnykh rastenii flory SSSR
(Wild Relatives of Cultivated Plants in the Flora of the USSR). Leningrad, Kolos,
pp. 188-190 (in Russian).

Browicz, K., 1982. Chorology of Trees and Shrubs in South-West Asia and Adjacent
Regions. PWN, Varshava-Poznan.

Browicz, K., 1993. Conspectus and chorology of the genus Pyrus L. Arbor Kérnickie
38,17-33.

Challice, ].S., Westwood, M.N., 1973. Numerical taxonomic studies of the genus Pyrus
using both chemical and botanical characters. J. Linn. Soc. Bot. 67, 121-148.
Chouliaras, V., Therios, L., Evans, K.M., Alston, F.H., Panou, O., Molassiotis, A.N., 2003.
Study of Lap and Got isoenzymes activity in Pyrus germplasm. AgroThesis 1,

29-36.

Fedorov, A.A., 1954. Grusha - Pyrus L. In: Sokolov, S.J. (Ed.), Derevia i kustarniki SSSR
(Trees and Shrubs of the USSR). Izd. Akad. Nauk USSR, Moskva (in Russian).
Gambkrelidze, T.V., Ivanov, V.V., 1990. The early history of Indo-European languages.

Sci. Am. 262, 110-116.

Grossheim, A.A., 1946. Rastitel'nye resursy Kavkaza (Plant Resources of the Cauca-
sus). Izd. Acad. Nauk Azerb., Baku (in Russian).

Grossheim, A.A., 1952. Flora Kavkaza, vol. 5., 2nd ed. Izd. Acad. Nauk USSR, Moskva,
pp. 21-421 (in Russian).

Iwata, H., 2006. SHAPE Ver. 1.3. A Software Package for Quantitative Eval-
uation of Biological Shapes Based on Elliptic Fourier Descriptors. |,
http://cse.naro.affrc.go.jp/iwatah.

Javakhishvili, I., 1930. Sakartvelos ekonomiuri istoria, vol. I. Kartuli Tsigni, Tbilisi (in
Georgian).

Ketskhoveli, N., 1960. Sakartvelos mtsenareuli safari (Vegetation of Georgia). Izd.
Acad. Nauk, Thilisi, Georgia (in Georgian).

Khomizurashvili, N., 1973. Sakartvelos Mekhileoba (Horticulture of Georgia). Met-
sniereba, Thilisi (in Georgian).

Koch, K., 1869. Dendrologie. Ferd. Enke-Verl., Erlangen.

Komarov, V.L., 1908. Vvedenie k floram Kitaia i Mongolii (Introduction to floras of
China and Mongolia). Bull. St. Petersburg Bot. Gard. 29 (1), 1 (in Russian).

Komarov, V.L., 1931. Proiskhozhdenie kulturnykh rastenii (Origin of Cultivated
Plants). Izd. Akad. Nauk USSR, Moskva (in Russian).

Kuhl, F.P., Giardina, C.R., 1982. Elliptic Fourier features of a closed contour. Comp.
Graph. Ima. Proc. 18, 236-258.

Kuthateladze, Sh., 1947. Sakartvelos pantebi da berkenebi (Wild growing pears of
Georgia). Trans. Tbilisi Bot. Inst. 11, 205-240 (in Georgian).

Kuthateladze, Sh., 1980. Pyrus L. In: Ketskhoveli, N. (Ed.), Sakartvelos Flora, vol. 6.
Metsniereba, Tbilisi (in Georgian).

Likhonos, F.D., Tuz, A.S., Lobachev, A.Y., 1983. Kulturnaia flora SSSR, semechkovye
(iablonia, grusha, aiva), vol. 14. Kolos, Moscow, pp. 156-157 (in Russian).

Marschall von Bieberstein, F.A., 1808. Flora Taurico-Caucasica. Charkouiae-Kharkov.

Miiller, F., Litschauer, R., 1996. Unterscheidung zwischen Wildobstarten und ver-
wilderten Kulturformen. Oster. Forstzeitg. 107, 21-22.

Paganova, V., 2003. Taxonomic reliability of leaf and fruit morphological character-
istics of the Pyrus L. taxa in Slovakia. Hort. Sci. (Prague) 30, 98-107.

Paganova, V., 2009. The occurrence and morphological characteristics of the wild
pear lower taxa in Slovakia. Hort. Sci. (Prague) 36, 1-13.

Robertson, K.R., Phipps, ].B., Rohrer, ].R., 1992. Summary of leaves in the genera of
Maloideae (Rosaceae). Ann. Miss. Bot. Gard. 79, 81-94.

Rohlf, FJ., Archie, JW., 1984. A comparison of Fourier methods for the description
of wing shape in mosquitoes (Ritera culicidae). Syst. Zool. 33, 302-317.

Rotach, P., Baume, M., 2004. Die Wildbirne [Pyrus pyraster (L.) Burgsd.] in der
Schweiz: Morphologische Charakterisierung, Abgrenzung von der Kultur-
birne und Artreinheit ihrer Vorkommen. Schweiz. Zeitschr. Forstwessen 155,
367-377.

Rubzov, G.A., 1944. Geographical distribution of the genus Pyrus and trends and
factors in its evolution. Am. Nat. 78, 358-366.

Seifriz, W., 1932. Sketches of the vegetation of some southern provinces of soviet
Russia. III. Plant life in the Bakuriani Basin, Minor Caucasus. J. Ecol. 20, 53-68.

Sokolov, S.I,, Svjaseva, O.A., Kubli, V.A., 1980. Arealy derev’ev i kustarnikov SSSR, vol.
2. Nauka, Leningrad (in Russian).

SPSS Inc., 2004. SPSS v. 13.0 User’s Guide. McGraw-Hill, New York.

Terpd, A., 1985. Studies of taxonomy and grouping of Pyrus species. Fedd. Repert.
96, 73-87.

Thibault, B., Watkins, R., Smith, R.A., 1983. Descriptor List for Pear (Pyrus). IBPGR
Secretariat, Rome.

Tuz, AS., 1974. O proiskhozhdenii i evolutsii roda Pyrus L (On the origin and the
evolution of the genus Pyrus L). Bot. Zhurn. (St. Petersburg) 52, 1734-1746 (in
Russian).

UPOV, 2000. Guidelines for the Conduct of Tests for Distinctness, Uniformity and
Stability. Pear (Pyrus communis L.). UPOV, Geneva.

Vavilov, N.I,, 1931. Dikie rodychi plodovykh derev’ev Aziatskoi chasti SSSR i Kavkaza
i problema proiskhozhdenia plodovykh derev’ev (Wild progenitors of the fruit
trees of Turkmenistan and the Caucasus and the problem of the origin of fruit
trees). Bull. Appl. Bot. Genet. Plant Breed. (St. Petersburg) 26, 85-107 (in Rus-
sian).

Volk, G.M., Richards, C.M., Henk, A.D., Reilley, A.A., Bassil, N.V., Postman, ].D., 2006.
Diversity of wild Pyrus communis based on microsatellite analyses. J. Am. Soc.
Hort. Sci. 131, 408-417.

Voltas, J., Pemadn, ]., Fusté, F., 2007. Phenotypic diversity and delimitation between
wild and cultivated forms of the genus Pyrus in North-eastern Spain based on
morphometric analyses. Genet. Res. Crop Evol. 54, 1473-1487.

Wagner, 1., 1995. Identifikation von Wildapfel [Malus sylvestris (L.) Mill.] und
Wildbirne [Pyrus pyraster (L.) Burgsd.]. Voraussetzung zur Generhaltung des
einheimischen Wildobstes. Forstarchiv 66, 39-47.

Ward, J.H., 1963. Hierarchical grouping to optimize an objective function. J. Am. Stat.
Assoc. 58, 236-244.

Watkins, R., 1986. Apples (genus Malus), pears (genus Pyrus), and plums, apricots,
almonds, peaches cherries (genus Prunus). In: Hora, B. (Ed.), The Oxford Ency-
clopaedia of Trees of the World. , 2nd ed. Oxford Univ. Press, Oxford.

Westwood, M.N., Bjornstad, H.O., 1971. Some fruit characteristics of interspecific
hybrids and extent of self-sterility in Pyrus. Bull. Torrey Bot. Club 98, 22-24.

Wolko, L., Antkowiak, W., Lenartowicz, E., Bocianowski, ]., 2010. Genetic diversity
of European pear cultivars (Pyrus communis L.) and wild pear [Pyrus pyraster (L.)
Burgsd.] inferred from microsatellite markers analysis. Genet. Res. Crop. Evol.
57,801-806.

Yamamoto, T., Chevreau, E., 2009. Pear genomics. In: Folta, K.M., Gardiner, S.E. (Eds.),
Genetics and Genomics of Rosaceae. Springer, New York.

Zohary, D., Hopf, M., 2000. Domestication of Plants in the Old World. The Origin and
Spread of Cultivated Plants in West Asia, Europe and the Nile Valley, 3rd ed.
Oxford Univ. Press, Oxford.

Please cite this article in press as: Asanidze, Z., et al., Comparative morphometric study and relationships between the Caucasian species
of wild pear (Pyrus spp.) and local cultivars in Georgia. Flora (2011), doi:10.1016/j.flora.2011.04.010



dx.doi.org/10.1016/j.flora.2011.04.010

Flora 209 (2014) 504-512

journal homepage: www.elsevier.com/locate/flora

Contents lists available at ScienceDirect

Flora

Genetic relationships between wild progenitor pear (Pyrus L.) species @CmMaIk
and local cultivars native to Georgia, South Caucasus

Zezva Asanidze ®*, Maia Akhalkatsi?, Adam D. Henk?”,
Christopher M. Richards®, Gayle M. Volk®

2 [lia State University, Institute of Botany, Cholokashvili Ave., 3/5, 0162 Thilisi, Georgia, South Caucasus
b National Center for Genetic Resources Preservation, U.S. Department of Agriculture, 1111 S. Mason Street, Fort Collins, CO 80521, USA

ARTICLE INFO

Article history:

Received 19 December 2013
Accepted 27 June 2014

Edited by R. Losch

Available online 6 August 2014

Keywords:

Caucasus

Diversity

SSR markers

Pear cultivars

Pyrus communis subsp. caucasica
Pyrus spp.

ABSTRACT

The genetic diversity of 108 individuals of wild pear species (Pyrus communis subsp. caucasica, P. balansae,
P. salicifolia, P. syriaca, P. demetrii, P. bulgarica, P. ketzkhovelii, P. sachokiana) and 35 samples of local
and introduced cultivated pears from the country of Georgia were compared to 73 individuals of wild
P. communis subsp. caucasica and P. communis subsp. pyraster in the collection of USDA-ARS National
Plant Germplasm System (NPGS). Pyrus communis subsp. caucasica from both Georgia and the NPGS, P.
communis subsp. pyraster from the NPGS, and P. salicifolia from Georgia were differentiated, based on
analysis of eleven microsatellite markers. In addition, accessions of P. communis subsp. caucasica from
Georgia were genetically distinct from accessions of the same subspecies in the NPGS collection that
originated from other European and Middle Eastern Asian countries. Local pear cultivars in Georgia were
genetically similar to P. communis subsp. caucasica and P. balansae growing wild in Georgia suggesting
that they may have originated from native pear trees that could serve as unique genetic resources for
pear breeding programmes.

© 2014 Elsevier GmbH. All rights reserved.

Introduction

Asia Minor (South Caucasus, Iran, and Turkey) represents a cen-
tre of diversity for wild pear species (Vavilov, 1994). Wild Pyrus
communis s. 1. is native to many Eastern and Central European
countries, including Georgia. P. communis L. subsp. caucasica (Fed.)
Browicz is endemic to the Caucasus Mountains while P. communis
L. subsp. pyraster (L.) Ehrh. is found in Central and Eastern European
countries, but notin Georgia (Browicz, 1993). Some authors identify
P. communis subsp. caucasica and P. communis subsp. pyraster as P.
caucasica and P. pyraster, respectively (Grossheim, 1952; Fedorov,
1954). Although there are phenotypic and morphological differ-
ences between these subspecies, the phenotypic level - comparing
morphological characters based on leaf, shoot and fruit traits - and
molecular findings confirm the taxonomic distinction. Neverthe-
less, the two taxa may not be sufficient different in order to rank
them as distinct species (Asanidze et al., 2011).
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Eleven species of wild pears are native to the South Caucasus
country of Georgia (Kuthatheladze, 1980). Two wild pears, P. com-
munis subsp. caucasica and P. balansae Decne. are mesophilous,
and the other nine species, P. salicifolia Pall., P. eldarica Grossh.,
P. kezkhovelii Kuth., P. oxyprion Woronow, P. fedorovii Kuth., P.
takhtadzianii Fed., P. demetrii Kuth., P. sachokiana Kuth., and P. geor-
gica Kuth. are native to semi-arid regions of the country. Georgian
Pyrus species often hybridize amongst themselves and with other
European and Middle Eastern pear species, including P. eleagnifolia,
P. communis subsp. pyraster, and P. syriaca, which can make accurate
species identification a challenge (Asanidze et al., 2011; Browicz,
1993; Ercisli, 2004; Zamani et al., 2012). In addition, introduced
cultivars have been planted as windbreak rows to prevent erosion
over the last 100 years, and they too may have hybridized with
native species.

Wild P. communis is believed to be ancestral to the cultivated
European pear (Volk et al., 2006; Yamamoto and Chevreau, 2009;
Zohary and Hopf, 2000). Phenotypically, P. communis subsp. cauca-
sica and P. communis subsp. pyraster are rather similar; however,
the leaf margins are considered entire in P. communis subsp. cau-
casica and serrate in P. communis subsp. pyraster (Fedorov, 1954;
Grossheim, 1952). They are mostly geographically distinct, with
wild P. communis subsp. pyraster found in eastern and southern
European countries and wild P. communis subsp. caucasica endemic
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to the Caucasus ecoregion (Fedorov, 1943; Tuz, 1974; Volk et al.,
2006; Yamamoto and Chevreau, 2009). Although also similar genet-
ically, the two subspecies can be differentiated using microsatellite
markers (Volk et al., 2006; Wolko et al., 2010).

Asanidze et al. (2011) identified a population of the wild species
P. balansae of sect. Pyrus in Western Georgia that is related to the
“Communis” group and was known before only as a TBI herbar-
ium specimen, originally sampled in Northern Turkey and on
Greek Islands (Chouliaras et al., 2003; Gladkova and Sveschnikova,
1990). P. balansae has serrate upper parts of the leaf margins
(Kuthatheladze, 1947) and appears to be a transitional form
between P. communis subsp. caucasica, with entire margin leaf
blades and P. communis subsp. pyraster leaves, which are serrate.
This form of the wild pear was described by French botanist J.
Decaisne in the1920s and appeared in the “Flora of the Caucasus”
as a separate species: P. balansae (Grossheim, 1952). In our opinion,
existing data about the morphological characteristics and distribu-
tion of P. balansae were not sufficient to differentiate it as a separate
species.

In Georgia, pears have a long-standing importance as a food
source, both for fresh eating, dried fruit, and alcoholic beverage. It is
likely that local cultivars originated in breeding and selection pro-
grammes in historical Georgian breeding stations. Local Georgian
pear cultivars and wild Georgian P. communis subsp. caucasica have
high levels of similarity based on leaf morphology (Asanidze et al.,
2011). An understanding of the genetic relationships among wild
European and Middle Eastern Pyrus species and local cultivars will
provide insights into possible breeding opportunities for improved
pear cultivars, since wild P. communis subsp. caucasica and P. com-
munis subsp. pyraster are likely primary progenitors to European
pear cultivars (Volk et al., 2006; Yamamoto and Chevreau, 2009;
Zohary and Hopf, 2000).

In this work, we use microsatellite markers to evaluate the
genetic differentiation between several Pyrus taxa that are native to
Georgia. We determined genotypes for Georgian cultivars as well as
wild species, and compared results to those previously obtained for
P. communis accessions maintained in the USDA-ARS National Plant
Germplasm System (NPGS). First we contrast P. salicifolia, P. com-
munis subsp. pyraster and P. communis subsp. caucasica. Next, we
compare the wild Georgian P. communis subsp. caucasica to NPGS
accessions of P. communis subsp. caucasica collected from other
countries. Finally, we compare the genetic diversity of local Geor-
gian pear cultivars to that of the Georgian wild P. communis subsp.
caucasica to determine the relatedness among local cultivars and a
likely progenitor subspecies.

Materials and methods
Plant material

A total of 143 individuals of cultivated and wild species of
pears from Georgia were compared to 73 individuals of wild P.
communis subsp. caucasica and P. communis subsp. pyraster in the
NPGS. The Georgian wild pear species were identified according
to Kuthatheladze (1947) and collected in their natural habitats
(Table 1; Fig. 1). Georgian P. communis subsp. caucasica (n=73)
was sampled from 35 sites in 9 different administrative regions
of Georgia (Fig. 1). P. communis subsp. caucasica occurred in 4
different habitats: (1) oak-hornbeam forests in East and South
Georgia (234-1387 m) with Quercus iberica, Carpinus caucasica, C.
orientalis, Acer campestre, A. laetum, Cerasus avium, Fraxinus excel-
sior, Malus orientalis, Mespilus germanica, Prunus divaricata, Tilia
begoniifolia, Cornus mas, Corylus avellana, Salix caprea, Clematis
vitalba, etc.; (2) pine forests with Colchic understory of Rhodo-
dendron luteum, in Svaneti (1212-1887 m): Pinus kochiana, Picea

orientalis, Quercus iberica, Carpinus caucasica, Crataegus kyrtostyla,
Cornus mas, Daphne pontica, Frangula alnus, Rhododendron luteum,
Ruscus ponticus, Sorbus torminalis, Tilia begoniifolia, Vaccinium arc-
tostaphylos, V. vitis-idaea; (3) beech forests with Colchic understory
(Fageta fruticosa colchica) in Imereti, Racha, Samegrelo and Adjara
(600-1890m) with Abies nordmanniana, Picea orientalis, Pinus
kochiana, Quercus imeretina, Q. hartwissiana, Acer laetum, Carpinus
caucasica, Tilia begoniifolia, Ficus carica, Malus orientalis, Staphylea
colchica, S. pinnata and evergreen understory with Laurocerasus
officinalis, Rhododendron ponticum, R. ungernii, Ruscus ponticus, R.
colchicus, Ilex colchica, Daphne pontica, Epigaea gaultherioides, Vac-
cinium arctostaphylos, Viburnum orientale and Buxus colchica; (4)
wild Caucasian pear occurs among vegetation of urban and rural
areas in different regions of Georgia together with Prunus divari-
cata, Punica granatum, Juglans regia, Cornus mas, Corylus avellana,
etc.

Pyrus balansae (n=10) was sampled on 4 sites in the forest
areas of the Samtskhe-Javakseti, Lechkhumi and Adjara regions of
Georgia at elevations that ranged from 210 to 1600 m (Table 1;
Fig. 1).

Samples of wild pear group: P. salicifolia (n=15), P. bulgarica
(n=1), P. demetrii (n=4), P. ketzkhovelii (n=1), P. sachokiana (n=1)
and P. syriaca (n=3) were collected from four locations in dry
open woodlands with Pistacia mutica, Ulmus carpinifolia, Rhamnus
pallasii, Juniperus foetidissima, J. oblonga, J. polycarpos, J. rufescens,
Ephedra procera, Cotinus coggygria, Celtis australis, Paliurus spina-
christi, etc. in East Georgia at elevations between 423 and 992 m
(Table 1; Fig. 1).

The genetic diversity of the Georgian wild pear species and cul-
tivars was compared to 42 P. communis subsp. caucasica and 31 P.
communis subsp. pyraster accessions from the NPGS, maintained
at the National Clonal Germplasm Repository in Corvallis, OR, USA
(Volk et al., 2006; Table 1; Fig. 2).

Samples of 35 individuals of cultivated pear trees were ana-
lyzed (Table 1; Fig. 1). Nineteen local cultivars (Akhalkatsi et al.,
2012; Asanidze et al., 2011) were collected in high mountain vil-
lages of Georgian regions - Adjara, Samtskhe-Javakheti, Svaneti,
Lechkhumi and Racha (Table 1). In addition, other local and hybrid
cultivars were obtained from lowland villages of Georgian regions
- Shida Kartli, Samegrelo, Guria, Kakheti and Mtskheta-Mtianeti.
The living collection of the Institute of Horticulture, Viticulture
and Oenology (IHVO), v. Skra, Gori distr., Georgia, was used for
collection of introduced cultivars, and at the living collection of
Biological Farming Association “ELKANA” in v. Tsnisi, Akhaltsikhe
distr., Georgia, material of local cultivars were sampled (Table 1).
Two introduced cultivars, ‘Beurre Bosque’ and ‘Virgla’, were also
included in this study, sampled from village occurrences. Samp-
ling locations were mapped using the DIVA-GIS software package
(Hijmans et al., 2012, Fig. 1). Leaf samples were labelled and dried
in plastic bags packed with silica gel and stored at —20°C. The
materials collected in Georgia were sent to the Plant Germplasm
Preservation Research Unit at the USDA-ARS National Center for
Genetic Resources Preservation in Fort Collins, Colorado, USA, for
genetic analyses.

Molecular analyses

Eleven microsatellite markers (GD96, GD142, GD147, CHO1DO0S,
CHO1D09, CHO1F07A, CH02B10, CH02D12, CHO1h01, NHO15a)
according to literature (Bao et al., 2007; Hemmat et al., 2003;
Liebhard et al., 2002) were analyzed (Table 2). Duplicate samples
of genomic DNA were isolated from young leaf tissue and allele
amplification and detection from replicate samples at each locus
were carried out according to the method described by Volk et al.
(2006). Only accessions for which there were no more than two
missing loci were included in the final dataset.
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Pyrus accessions: (1) wild 8 species and 143 accessions from Georgia; (2) two wild species and 71 accessions from NPGS and (3) 35 cultivar (CV) accessions from Georgia.
Accessions included in the genetic differentiation contrasts for Tables 3-5 are shown in the rightmost columns (n=216).

(1) Pyrus wild species from Georgia

N Taxon Dataset Sample ID Region City No.?
1 P. balansae Georgian 119 Samtskhe-Javakheti Goderdzi Pass 1
2 P. balansae Georgian 126 Lechkhumi Lajanuri gorge 1
3 P. balansae Georgian 183; 184; 185; 186; 187; 188; 189 Adjara Khino/Kintrishi gorge 7
4 P. balansae Georgian 193 Adjara Didvake/Kintrishi gorge 1
5 P. bulgarica Georgian 147 Mtskheta-Mtianeti Mckheta 1
6 P. communis subsp. caucasica Georgian 11;12;14 Kvemo Kartli Kojori 3
7 P. communis subsp. caucasica Georgian 15; 16 Kvemo Kartli Betania 2
8 P. communis subsp. caucasica Georgian 17 Kvemo Kartli Pantiani 1
9 P. communis subsp. caucasica Georgian 22;23 Mtskheta-Mtianeti Kotoraantkari 2

10 P. communis subsp. caucasica Georgian 24; 26 Mtskheta-Mtianeti Buriani 3

11 P. communis subsp. caucasica Georgian 27; 30 Mtskheta-Mtianeti Tskhvarichamia 4

12 P. communis subsp. caucasica Georgian 33 Samtskhe-Javakheti Likani 1

13 P. communis subsp. caucasica Georgian 34 Samtskhe-Javakheti Borjomi 1

14 P. communis subsp. caucasica Georgian 35 Samtskhe-Javakheti Daba 1

15 P. communis subsp. caucasica Georgian 41 Imereti Rikoti 1

16 P. communis subsp. caucasica Georgian 42 Imereti Vertkvichala 1

17 P. communis subsp. caucasica Georgian 43; 44; 45; 46 Imereti Dabadzveli 4

18 P. communis subsp. caucasica Georgian 47,48 Imereti Tkibuli 2

19 P. communis subsp. caucasica Georgian 49; 50; 68; 69 Imereti Nakerala 4

20 P. communis subsp. caucasica Georgian 51 Racha-Lechkhumi Joshkha 1

21 P. communis subsp. caucasica Georgian 52;53 Racha-Lechkhumi Pataraoni 2

22 P. communis subsp. caucasica Georgian 55;56; 57; 58 Racha-Lechkhumi Tbeti 4

23 P. communis subsp. caucasica Georgian 61; 62; 63; 64 Racha-Lechkhumi Joshkha 4

24 P. communis subsp. caucasica Georgian 66 Racha-Lechkhumi Nikortsminda 1

25 P. communis subsp. caucasica Georgian 67 Racha-Lechkhumi Shaori 1

26 P. communis subsp. caucasica Georgian 71-75 Kvemo Kartli Phitareti 5

27 P. communis subsp. caucasica Georgian 77,79 Kakheti Martkophi 2

28 P. communis subsp. caucasica Georgian 85; 86; 87; 88 Mtskheta-Mtianeti Ananuri 4

29 P. communis subsp. caucasica Georgian 90; 91 Kvemo Kartli Qoroghli 2

30 P. communis subsp. caucasica Georgian 96; 97 Mtskheta-Mtianeti Phasanauri 2

31 P. communis subsp. caucasica Georgian 102 Mtskheta-Mtianeti Bazaleti 1

32 P. communis subsp. caucasica Georgian 139; 140 Mtskheta-Mtianeti Dusheti 1

33 P. communis subsp. caucasica Georgian 150 Mtskheta-Mtianeti Mtskheta 1

34 P. communis subsp. caucasica Georgian 175 Adjara Riketi, Khulo 1

35 P. communis subsp. caucasica Georgian 178 Imereti Chognari 1

36 P. communis subsp. caucasica Georgian 191 Adjara Khino/Kintrishi gorge 1

37 P. communis subsp. caucasica Georgian 196, 198, 199, 201 Svaneti Lakhamula/Enguri gorge 4

38 P. communis subsp. caucasica Georgian 205 Svaneti Jvari/Enguri gorge 1

39 P. communis subsp. caucasica Georgian 215 Samegrelo Squri/Tekhuri gorge 1

40 P. communis subsp. caucasica Georgian 217; 218 Samegrelo Lebarde/Khobi gorge 2

41 P. demetrii Georgian 7 Kakheti Kasristskali 1

42 P. demetrii Georgian 21 Mtskheta-Mtianeti Tsitsamuri 1

43 P. demetrii Georgian 142,143 Mtskheta-Mtianeti Mckheta 3

44 P. ketzkhovelii Georgian 149 Mtskheta-Mtianeti Mckheta 1

45 P. sachokiana Georgian 6 Kakheti Kasristskali 1

46 P. salicifolia Georgian 1;2;3;4;5 Kakheti Gareji 5

47 P. salicifolia Georgian 8;9;10 Kakheti Kasristskali 3

48 P. salicifolia Georgian 31 Samtskhe-Javakheti Likani 1

49 P. salicifolia Georgian 127;128; 129 Thilisi Nutsubidze 3

50 P. salicifolia Georgian 141, 146, 153 Mtskheta-Mtianeti Mtskheta 3

51 P. syriaca Georgian 131 Thilisi Nutsubidze 1

52 P. syriaca Georgian 144; 145 Mtskheta-Mtianeti Mtskheta 2

(2) Pyrus wild species from NPGS

N Taxon Dataset Sample ID Country City No.!

53 P. communis subsp. caucasica NPGS 2006 CPYR 1602 Poland Unknown 1

54 P. communis subsp. caucasica NPGS 2006 CPYR 2053; 2054 Russia Bekesheuskaya 2

55 P. communis subsp. caucasica NPGS 2006 CPYR 690 Russia Dombay 1

56 P. communis subsp. caucasica NPGS 2006 CPYR 687; 688; 689; 717; 718; 719; 720; 727; Russia Stavropol 14

728;729; 1192; 1193; 2037; 2038

57 P. communis subsp. caucasica NPGS 2006 CPYR 1194; 1195; 2045; 2049; 2050 Russia Teberda 5

58 P. communis subsp. caucasica NPGS 2006 CPYR 694; 695; 697; 698 Russia Svetlograd 4

59 P. communis subsp. caucasica NPGS 2006 CPYR 680; 681; 731; 2040; 2043; 2532 Russia Unknown 6

60 P. communis subsp. caucasica NPGS 2006 CPYR 2056 Russia Zheleznovodsk 1

61 P. communis subsp. caucasica NPGS 2006 CPYR 1674 Serbia Unknown 1

62 P. communis subsp. caucasica NPGS 2006 CPYR 902 Ukraine Askiniya-Nova 1

63 P. communis subsp. caucasica NPGS 2006 CPYR 2066 Ukraine Barlakosh 1

64 P. communis subsp. caucasica NPGS 2006 CPYR 684; 685; 2060; 2064 Ukraine Unknown 4

65 P. communis subsp. caucasica NPGS 2006 CPYR 1191 Ukraine Yalta 1

66 P. communis subsp. pyraster NPGS 2006 CPYR 1535 Czechia Unknown 1

67 P. communis subsp. pyraster NPGS 2006 CPYR 714 Europe Unknown 1

68 P. communis subsp. pyraster NPGS 2006 CPYR 1251 France Unknown 1
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Table 1 (Continued)
(2) Pyrus wild species from NPGS
N Taxon Dataset Sample ID Country City No.!
69 P. communis subsp. pyraster NPGS 2006 CPYR 1288 Iran Unknown 1
70 P. communis subsp. pyraster NPGS 2006 CPYR 1289; 1292 Hungary Unknown 2
71 P. communis subsp. pyraster NPGS 2006 CPYR 883 Macedonia Bosava-Kavadarci 1
72 P. communis subsp. pyraster NPGS 2006 CPYR 993 Macedonia Mavrovo 1
73 P. communis subsp. pyraster NPGS 2006 CPYR 989 Macedonia Skopje 1
74 P. communis subsp. pyraster NPGS 2006 CPYR 1638; 1640 Macedonia Unknown 2
75 P. communis subsp. pyraster NPGS 2006 CPYR 2059; 2067; 2068 Moldova Unknown 3
76 P. communis subsp. pyraster NPGS 2006 CPYR 1537; 1539; 1540 Poland Unknown 3
77 P. communis subsp. pyraster NPGS 2006 CPYR 1633 Poland Kowalicha 1
78 P. communis subsp. pyraster NPGS 2006 CPYR 1671 Romania Valisoraras 1
79 P. communis subsp. pyraster NPGS 2006 CPYR 1684 Romania Unknown 1
80 P. communis subsp. pyraster NPGS 2006 CPYR 693; 710; 712; 1248; 1249; 1250; 1252; Turkey Unknown 10
1466; 1467; 2057

81 P. communis subsp. pyraster NPGS 2006 CPYR 881 Unknown Unknown 1
(3) Pyrus cultivars from Georgia
N Cultivar name Taxon Cultivar group Type Georgian regions City Sample ID

82 Beurre Bosque P communis Introduced CVintroduced Shida Kartli Liakhvi gorge Pkhvenisi/SHK 94

83 Beurré d’Anjou P. communis Introduced CVintroduced Shida Kartli Skra, Gori distr./SHK 134

84 Central Asian pear P. communis Introduced CVintroduced Shida Kartli Skra, Gori distr./SHK 136

85 Frangula Unknown Unknown CV hybrid Guria Qviani/G 179

86 Katsistava Unknown Khechechuri CV hybrid Adjara Namonastrali, Keda/A 162

87 Khechechuri Unknown Khechechuri CV hybrid Adjara Namonastrali, Keda/A 161

88 Khechechuri Unknown Khechechuri CV hybrid Adjara Didvake/Kintrishi gorge/A 194

89 Khechechuri Unknown Khechechuri CV hybrid Racha-Lechkhumi Joshkha/RL 65

90 Khechechuri Unknown Khechechuri CV hybrid Kakheti Shilda/KH 81

91 Khechechuri Unknown Khechechuri CV hybrid Samtskhe-Javakheti Zarzma, Adigeni/S] 172

92 Kiffer pear P. communis ‘Bartlett’ x P. Introduced CVintroduced Shida Kartli Pkhvenisi/SHK 95

pyrifolia ‘Sand pear’

93 Kvichicha P. communis subsp. caucasica  Panta mskhali CV Guria Qviani/G 181

94 Majara P. communis subsp. caucasica  Panta mskhali CV Adjara Riketi, Khulo/A 174

95 Makre Unknown Unknown CV hybrid Samegrelo Squri/Tekhuri gorge/S 209

96 Nenes Mskhali P. communis subsp. caucasica  Kalos mskhali  CV Samtskhe-Javakheti  Tsnisi, Elkana/S] 166

97 Panta mskhali P. communis subsp. caucasica  Panta mskhali CV Samegrelo Squri/Tekhuri gorge/S 207; 213

98 Panta mskhali P. communis subsp. caucasica  Panta mskhali CV Samtskhe-Javakheti Daba/S] 39; 40

99 Panta mskhali P. communis subsp. caucasica  Panta mskhali CV Shida Kartli Nikozi/SHK 93
100 Saadreo tsitelgverda P. communis Introduced CVintroduced Shida Kartli Skra, Gori distr./SHK 154
101 Samariobo P. communis subsp. caucasica  Kalos mskhali ~ CV Samtskhe-Javakheti  Tsnisi, Elkana/S] 164
102 Saselo P. communis subsp. caucasica  Kalos mskhali ~ CV Samtskhe-Javakheti  Tsnisi, Elkana/S] 165
103 Shavi mskhali P. communis subsp. caucasica  Panta mskhali CV Samegrelo Squri/Tekhuri gorge/S 210
104 Shavi mskhali P. communis subsp. caucasica  Panta mskhali CV Racha-Lechkhumi Chrebalo/RL 116
105 Tavrizuli P. communis subsp. caucasica  Khechechuri cv Samtskhe-Javakheti  Nakalakevi, Aspindza/S] 169
106 Tkis nobati P. communis Introduced CVintroduced Shida Kartli Skra, Gori distr./SHK 155
107 Tshorkvali mskhali Unknown Unknown CV hybrid Svaneti Tshorkvali/Enguri gorge/SV 202
108 Tsitelgverda Unknown Unknown CV hybrid Samtskhe-Javakheti  Arali, Adigeni Dist./S] 160
109 Tsitelgverda Unknown Unknown CV hybrid Guria Grigoleti/G 182
110 Tsitelgverda Unknown Introduced CV hybrid Samtskhe-Javakheti  Tsnisi, Elkana Research Station 168
111 Tsvniani mskhali P. communis subsp. caucasica  Panta mskhali CV Squri/Tekhuri gorge/S 208
112 Tsvrili mskhali P. communis subsp. caucasica  Panta mskhali CV Svaneti Lakhamula/Enguri gorge/SV 197
113 Unknown 1 Unknown Unknown CV hybrid Samtskhe-Javakheti  Zveli, Aspindza/S] 170
114 Zamtris mskhali Unknown Unknown CV hybrid Svaneti Khaishi/Enguri gorge/SV 204

Genotypes were determined for each of the 216 accessions.
Specific contrasts were selected to compare the differentiation
among sets of individuals: (1) P. salicifolia, P. communis subsp.
pyraster, and P. communis subsp. caucasica; (2) P. communis subsp.

caucasica from Georgia vs. NPGS; and (3) Georgian local cultivars
vs. Georgian P. communis subsp. caucasica. For each set of contrasts,
the average number of alleles per locus, expected heterozygosity,
and Fs: were calculated using GDA (Lewis and Zaykin, 2001). A

Table 2

Microsatellite loci and amplification primers selected for differentiation analyses.
Locus Forward primer (5'-3") Reverse primer (5'-3") Size range Linkage group Reference
GD12 TTG AGG TGT TTC TCC CAT TGG A CTA ACG AAG CCG CCATTITCITT 132-172 10 Hemmat et al. (2003)
GD96 CGG CGG AAAGCAATCACCT GCC AGC CCT CTATGG TTC TCA GA 141-179 1 Hemmat et al. (2003)
GD142 GGC ACC CAA GCCCCT AA GGA ACCTAC GAC AGC AAAGTT ACA 136-190 3 Hemmat et al. (2003)
GD147 TCC CGC CAT TTC TCT GC AAA CCG CTG CTG CTG AAC 120-156 4 Hemmat et al. (2003)
CHO1DO08 CTC CGC CGC TAT AACACTTC TAC TCT GGA GGG TAT GTC AAA G 226-306 15 Liebhard et al. (2002)
CHO1D09 CGG ATC TGA ACA GAATCT CG CCCTTC ATT CAC ATT TCC AG 118-172 12 Liebhard et al. (2002)
CHO1F07A CCC TAC ACA GTT TCT CAA CCC CGT TTT TGG AGC GTA GGA AC 164-226 10 Hemmat et al. (2003)
CHO2B10 CAA GGA AAT CAT CAA AGATTC AAG CAA GTG GCT TCG GAT AGT TG 107-149 2 Liebhard et al. (2002)
CHO02D12 AAC CAG ATT TGC TTG CCATC GCT GGT GGT AAA CGT GGT G 207-269 11 Hemmat et al. (2003)
CHO1HO1 CAA AGA CTT GCA GTG GGA GC GGA GTG GGT TTG AGAAGG TT 79-123 17 Liebhard et al. (2002)
NHO15a TTG TGC CCT TTIT TCC TAC C CTT TGA TGT TAC CCC TTG CTG 95-127 17 Bao et al. (2007)
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Fig. 1. Map of Pyrus collection sites in Georgia. Collection sites are represented as symbols.

rarefaction method was used to control for sample size variation
using FSTAT software v.2.9.3.2 (Goudet, 1995).

The DARwin software package (Perrier and Jacquemoud-Collet,
2006; Perrier et al.,2003) was use to generate dissimilarity matrices
and weighted neighbour-joining trees using only samples with no
more than 30% missing data per comparison.

Results

Wild Georgian species of the P. salicifolia group, P. communis
subsp. caucasica, and European P. communis subsp. pyraster differ
significantly in their genetic structure, as indicated by permutation
tests of pairwise Fs; values (Table 3). A graphical representation of
the inter-individual distances revealed that P. salicifolia was con-
fined to a single cluster, which also contained accessions of P. syriaca
and P. demetrii. P. communis subsp. pyraster was found in several
clusters, along with several accessions of NPGS P. communis subsp.
caucasica and one accession of Georgian P. communis subsp. cau-
casica (sample 75). One accession each of Georgian P. sachochiana
(6 sach) and P. demetrii (7 dem) co-located with the NPGS P. com-
munis subsp. pyraster and some of the NPGS P. communis subsp.
caucasica accessions (Fig. 2). Forty-one of the 73 Georgian P. com-
munis subsp. caucasica accessions were genetically similar to a
subset of NPGS P. communis subsp. caucasica and co-located with
10 accessions of Georgian P. balansae. In addition, one accession
of P. bulgarica, 4 accessions of P. demetrii, and one accession of P.
ketzkhovelli were amidst the P. communis subsp. caucasica. Since
P. balansae accessions are interspersed with P. communis subsp.
caucasica, the tree resulting from the analysis suggests that these
species are not differentiated based on these microsatellite mark-
ers.

Wild Georgian P. communis subsp. caucasica was compared
to NPGS P. communis subsp. caucasica to determine if the
Georgian materials offer unique diversity to the existing NPGS
collection. Although the two sets of individuals had similar lev-
els of expected heterozygosity and allelic richness, they could
be differentiated based on Fs (0.0257, with a 95% confidence
interval of 0.013-0.042; Table 4). These data suggest that the
Georgian samples contain diversity that complements rather
than replicates diversity observed in the existing NPGS collec-
tion.

Georgian local cultivars vs Georgian P. communis subsp.
caucasica

Microsatellite marker analyses supported previous morpholog-
ical work that suggested a close relationship among Georgian local
pear cultivars and wild P. communis subsp. caucasica. A display of
the inter-individual distances among the 35 cultivars and 73 wild
Georgian P. communis subsp. caucasica individuals in this dataset
demonstrates that Pyrus cultivars are interspersed among the wild
Georgian P. communis subsp. caucasica (Fig. 3). Georgian local cul-
tivars, as well as hybrids and introduced materials, have a close
genetic relationship with P. communis subsp. caucasica, a primary
crop wild relative. Genetic contrasts between the local Georgian
cultivars and P. communis subsp. caucasica revealed no significant
differences between these sets as determined by Fs (Fst=0.002
with a 95% confidence interval of —0.010 to 0.017). Both sets of
individuals had similar levels expected heterozygosity and allelic
richness (Table 5).

Discussion

In the present work, microsatellite markers were used to inves-
tigate the genetic relationships among selected Pyrus species,
subspecies and local cultivars. SSR data are valuable for genetic
studies of diversity wild species and breeding cultivars of pear due
to their reproducibility, co-dominance, polymorphism and trans-
ferability (Volk et al., 2006; Yamamoto et al., 2002). These markers
were previously used to differentiate P. communis subsp. caucasica
and P. communis subsp. pyraster germplasm in the NPGS (Volk et al.,
2006).

The taxonomy of Middle East Pyrus species is complex. These
species are open-pollinated and cross-hybridized (Browicz, 1993;
Heng et al., 2011; Westwood and Bjornstad, 1971). In this work,
eight species of wild Pyrus were collected in Georgia, including P.
communis subsp. caucasica (n="73), P. salicifolia (n=15), P. balansae
(n=10), P. demetrii (n=4), P. syriaca (n=3), P. ketzkhovelii (n=1),
P. sachokiana (n=1) and P. bulgarica (n=1). Due to conservation
restrictions resulting in low sample numbers, genetic differentia-
tion could not be determined for many of these species; however,
we were able to demonstrate statistical differences among P. com-
munis subsp. caucasica, P. communis subsp. pyraster (from the
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Table 3
Genetic differentiation among P. communis subsp. caucasica, P. communis subsp. pyraster and P. salicifolia. Number of individuals (n), average number of allele per locus,

effective heterozygosity (He), allelic richness, genetic differentiation (Fs), and the confidence intervals for Fsr are provided.

Taxon n Average alleles/locus He Allelic richness based on 12 ind. Fs¢ 95% confidence interval
P. communis subsp. caucasica 112 17 0.761 9

P. communis subsp. pyraster 28 12 0.840 9 0.135 0.077-0.203

P. salicifolia 14 9 0.746 8

Primarily P. communis

Primarily subsp. pyraster

P. salicifolia

Y,
b4 "6/ K> 2 &

?“'6/ 00‘90 X

sV,

@/7) ! g\-

j AN o
/ ("3 <
\,6“0 o

2037 ‘-;_‘;37_ cau
2060 cau

: —  _———88cau
2056 cau
15372¥r
cau
35 cal ‘ ’ ‘
4555 tesL ol == ~ I8 e 147 bul

sal
146, 153 53|

3 9%
g 45
u A yr
205§% %c%a“ (% 7 cau97 gg cau
AR Gy o cou
"\

EE——

Primarily S
. o |© a
P. communis ::,gﬁf;f
. foym
subsp. caucasica SR8l
Ng £
<= 8¢
o e

Fig. 2. Neighbour-joining tree illustrating genetic distances among USDA-ARS National Plant Germplasm System accessions (in grey): Pyrus communis subsp. caucasica (cau)
and P. communis subsp. pyraster (pyr). Georgian wild species are shown in black: P. communis subsp. caucasica (cau), P. salicifolia (sal), P. demetrii (dem), P. syriaca (syr), P.
sachokiana (sach), P. balansae (bal), P. ketzkhovelli (ket) and P. bulgarica (bul). Regions of the tree that represent predominantly P. salicifolia, P. communis subsp. pyraster, and
P. communis subsp. caucasica are marked. Numbers refer to accession identifiers in Table 1.

Table 4
Genetic differentiation between P. communis subsp. caucasica from Georgia and NPGS (Volk et al., 2006). Number of individuals (n), average number of allele per locus,

effective heterozygosity (He), allelic richness, genetic differentiation (Fs), and the confidence intervals for F; are provided.

Taxon n Average alleles/locus He Allelic richness based on 39 ind. Fst 95% confidence interval
P. communis subsp. caucasica (Georgia) 71 15 0.727 13
P. communis subsp. caucasica (NPGS) 41 13 0.791 12 0.0257 0.013-0.042

Table 5

Genetic differentiation between Georgian local pear cultivars and P. communis subsp. caucasica from Georgia. Number of individuals (n), average number of allele per locus,
effective heterozygosity (He), allelic richness, genetic differentiation (Fs;), and the confidence intervals for Fs are provided.

Taxon n Average alleles/locus He Allelic richness based on 7 ind. Fst 95% confidence interval

Cultivars (Georgia) 9 6 0.696 6
P. communis subsp. caucasica (Georgia) 71 15 0.727 6 0.002 —0.010t0 0.017
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Fig. 3. Neighbour-joining tree illustrating genetic distances among Georgian pear cultivars (grey) and wild species that are closely related to and include P. communis subsp.
caucasica (cau) (black). Georgian cultivars (CV), local cultivars (CV L), and introduced cultivars (CV I) are labelled. Other Georgian wild species are labelled in bold and include
P. demetrii (dem), P. syriaca (syr), P. sachokiana (sach), P. balansae (bal), P. ketzkhovelli (ket), and P. bulgarica (bul). Numbers refer to accession identifiers in Table 1.

NPGS collection), and P. salicifolia. Individuals representing the
other species are closely associated with P. salicifolia (P. syriaca,
P. demetrii), P. communis subsp. caucasica (P. balansae, P. demetrii, P.
ketzkhovelii, P. syriaca, P. bulgarica) and P. communis subsp. pyraster
(P.sachokiana, P. demetrii), as shownin Fig. 2. It is likely that the indi-
viduals labelled as species and represented in the dataset with ten
or fewer individuals have some evidence of hybridization with P.
communis subsp. caucasica, P. communis subsp. pyraster, and P. sali-
cifolia, and perhaps P. communis cultivars as well. Previous reports
have questioned the differences between P. communis subsp. cau-
casica and P. balansae in the Caucasian Flora (Grossheim, 1952).
P. communis subsp. caucasica, P. communis subsp. pyraster, and P.
balansae leaves were found to be distinguishable based on leaf mor-
phology, in which the leaf margins were entire, completely serrate,
or simply serrate in only the upper regions, respectively (Fig. 4),

but our genetic analyses suggest that P. balansae is very similar to
P. communis subsp. caucasica.

We demonstrate that P. communis subsp. caucasica from
Georgia can be differentiated from P. communis subsp. caucasica
from Hungary, Iran, Macedonia, Moldova, Poland, Romania, Russia,
Serbia, Turkey, and Ukraine in the NPGS collection. According to lit-
erature data (Brezhnev and Korovina, 1981; Kuthatheladze, 1980)
P. communis subsp. caucasica (‘Panta’ in Georgian) is an endemic
species of the Caucasus. Its occurrence outside of the Caucasus
region (Volk et al., 2006; Yamamoto and Chevreau, 2009) might be
explained by planting of this tree in Soviet time in orchards and
forest gardens somewhere else for producing vegetative and gen-
erative rootstocks for fruit trees (Sokolov et al., 1980). Our findings
suggest that valuable gene pools of P. communis subsp. caucasica
are present in Georgia and should be considered for inclusion in
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Fig. 4. Leaf blade margin structure of (A) P. communis subsp. caucasica, entire mar-
gin; (B) P. balansae, serrate upper region of margin; and (C) P. communis subsp.
pyraster, serrate margin.

international genebanks. Furthermore, Georgian cultivars have a
high level of genetic similarity with Georgian wild P. communis
subsp. caucasica. Since these local cultivars also have desirable fruit
characteristics (unlike most wild Pyrus species), they may offer
novel and desirable alleles and serve as pre-breeding materials
for pear breeding programmes. Known resistance to fire blight
(Erwinia amylovora), dwarfing traits, and desirable flavours (Batello
et al,, 2010) could be further evaluated in Georgian cultivars.

In the 1930s, Vavilov (1931) recognized that the Caucasus, Asia
Minor, Iran and Turkmenistan represent a centre of diversity for
wild ancestors of P. communis. Many pear cultivars were grown
in Georgia since pre-historic periods. Many archaeological subfos-
sil remnants (e.g. pear kernels) are known from the surroundings
of human living sites that were discovered in the vicinity of v.
Shulaveri and Arukhlo. These areas are located near v. Dmanisi in
South-East Georgia, where 1.7-Myr-old specimens of small-brained
hominids were found, which is the earliest known hominid site
outside of Africa (Akhalkatsi et al., 2012). It may be assumed that
people of this region have played a role in the early domestica-
tion of the modern-day pear (Javakhishvili, 1930). P. communis
subsp. caucasica, the endemic species of the Caucasus, is the most
widespread among eleven species of the wild pears of Georgia

and is considered as main progenitor species of local pear culti-
vars (Khomizurashvili, 1973). It is likely that pear breeding and
selection might have started very early in Georgia, since there have
been cultural contacts between Georgia and Asian and European
countries since antiquity (Akhalkatsi et al.,2012). Published reports
state that only local pear cultivars were grown in Georgia prior to
the end of the 19th century, at which time pear cultivars were for-
mally introduced from Europe and Russia (Khomizurashvili, 1973).
Local cultivars may have originated from a combination of human
selection, propagation, and hybridization.

Morphological results demonstrated that Georgian local pear
cultivars were very similar to P. communis subsp. caucasica, whereas
hybrid cultivars shared traits of both P. communis subsp. caucasica
and P. communis subsp. pyraster, and European pear cultivars were
more similar to P. communis subsp. pyraster with respect to leaf
morphology (Asanidze et al., 2011).

Our results have shown that native Georgian P. communis subsp.
caucasica is distinct at the genotype level from P. communis ssp.
caucasica from other countries, accessions of which latter ones are
represented in the NPGS collection. Local Georgian cultivars are
closely related to Georgian P. communis subsp. caucasica and may
have resulted from a domestication event distinct from that of Euro-
pean pear cultivars. Local Georgian cultivars could possess novel
traits and alleles that would be useful in pear breeding programmes.
The results confirm the hypothesis that some local cultivars of
Georgia are directly domesticated from the native wild pear species
- P communis subsp. caucasica and P. balansae. The other local cul-
tivars might have been obtained due to breeding of local landraces
by use of local landraces and introduced cultivars from different
countries in historically different periods.
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1. Introduction

The interpretation of a healthy diet is one of the dilemmas for our modern civilization. Advances in agriculture are
mainly directed at increasing food production to solve problems of a growing human population. However, food
security remains a problem to ensure healthy food and to prevent human disease. These two tendencies often do not
coincide. At present, the selective breeding programs of crops are mainly oriented toward the production of high-
yielding varieties of genetically enhanced cultivars of cereals that have increased growth rates, increasing the percentage
of usable plant parts and resistance against crop diseases. This initiative is linked to what began in the 1960s and was
named by William Gaud (of USAID) a "Green Revolution" (Davies, 2003). It was a product of globalization as evidenced
in the creation of international agricultural research centres to introduce new crop varieties around the world. This
process caused a significant increase in total cereal production and daily calorie supply in developing countries between
the 1960s and 1990s (Davies, 2003). However, this process has caused the gradual replacement of traditional crop
varieties, and as a result has had a dramatic effect on agrobiodiversity in many countries. Particularly impacted have
been the traditional landraces used by local peoples for thousands of years and this has affected the health of these
communities.

Georgia, located in the South Caucasus, owns one of the oldest agricultural traditions. The name of the country is
"Sakartvelo" in the Georgian language but its common name "Georgia" is semantically linked to Greek (yempyia,
transliterated geodrgia) and Latin (georgicus) roots meaning "agriculture" (Javakhishvili, 1987). Many Georgian endemic
species and local varieties of wheat, barley, legumes, grapevine and fruits are known (Ketskhoveli, 1957). The traditional
use of local cultivars is considered to be a reason for human longevity in the Caucasus region (Fox, 2004). Over five
percent of the male Georgian centenarians were reputed to have been over age 120 in 1959 (Garson, 1991). The
percentage of males over age 70 was 0.9% in 1959 and 1.07% of women were over 70. However, these values had
diminished by 1970 to 0.66% and 0.86%, respectively. At present, no exact data are available, but longevity has obviously
diminished (Fox, 2004).

Archaeological data clearly show that the Caucasus region (and Georgia in particular) was settled from prehistoric time
and agriculture was developed during the early Neolithic era (Javakhishvili, 1987). The information about the wide
chronological intervals in the archaeological materials connected with the history of mankind in the Caucasus starts from
the Early Pleistocene. The 1.7-Myr-old specimens of small-brained hominids are found in the Caucasus at Dmanisi,
located in Southern Georgia (Fig.1), which is the earliest known hominid site outside of Africa (Gabunia & Vekua, 1995;
Finlayson, 2005). This speciman has been classified as Homo erectus senso lato, which is a very early type of H. ergaster
and/or a new taxon, H. georgicus (Gabunia et al., 2002). The next chronological interval in the archaeological materials is
connected with the period of Late Middle Palaeolithic and Early Upper Palaeolithic periods demonstrating patterns of
mobility, land-use, and hunting of Neanderthal and modern human competition within the South Caucasus (Adler &
Bar-Oz, 2009). Neanderthals invaded the Caucasus region at an unknown time and modern humans may have occupied
the region alongside them from ~40 Ka before the present (BP). According to the archaeological material from different
caves in Georgia (Tushabramishvili, 2011) and the northern Caucasus (Ovchinnikov et al., 2000), the final replacement of
the Neanderthals by modern humans might be occurred here ~28 Ka BP. The Upper Palaeolithic archaeological findings
at Dzudzuana Cave (Fig.1), Imereti region, Georgia, revealed remnants of wool (Capra caucasica) and dyed fibers of wild
flax (Linum usitatissimum) dated to ~36-34 Ka BP (Adler & Bar-Oz, 2009). The Dzudzuana Cave flax fibers have clearly
been modified, cut, twisted and dyed black, gray, turquoise and pink, most likely with locally available natural plant-
derived pigments (Kvavadze et al., 2009). E. Kvavadze and colleagues (2009) surmise that this represents the production
of colourful textiles for some purpose, perhaps clothing. In general, it is supposed that the microscopic flax fibres are the
remains of linen and thread, which would have been used in clothing for warmth, for shoes, to sew together pieces of
leather or to tie together packs.



The archaeological findings from Neolithic and Early Bronze periods are rich with plant fossils and seeds of both wild
species and local landraces. The ancient findings from Neolithic period of cereal grains in Georgia were discovered from
Trialeti Range, Kvemo Kartli region (Arukhlo excavations, Bolnisi district; Fig.1) and Samegrelo region (Dikha-Gudzuba,
Zugdidi district; Fig.1) from 6th up to 2nd millennium BC (Melikishvili, 1970). Seven species of cultivated wheat -
Triticum aestivum, T. spelta, T. carthlicum, T. macha, T. monococcum, T. dicoccum, T. compactum and one wild relative Aegilops
cylindrica have been discovered in Arukhlo, Kvemo Kartli region. Other cereals: millet - Panicum milleaceaum, barley -
Hordeum vulgare, Italian millet - Setaria italica, oats - Avena sativa, wild lentil - Lens ervoides and pea -Pisum sativum have
been found in the same site. The wheat fields in Arukhlo were irrigated. Very recent studies on einkorn wheat
domestication using amplified fragment length polymorphism (AFLP) show that T. boeoticumm was domesticated in
southeast Turkey in the Karacadag Mountains close to Diyarbakir (Heun et al., 1997). Old Georgian kingdom Diauehi
(Diaokhi) is adjacent region to this place. Therefore, it might be considered to be an area where cultivation of cereals
occurred in very early historical time. The earliest archaeological finding of cultivar grapevine pips are found in
Shulaveri (Fig.1), located near Dmanisi in southern Georgia and dated to ~8.000 years BP (Ramishvili, 1988). A wide
range of carbonised seeds, including wild and domesticated grape (Vitis vinifera, V. vinifera subsp. sylvestris), wheat
(Triticum sp.), pea (Pisum sativum), rowan (Sorbus sp.) and black walnut (Juglans regia) are found in soil samples in
Nokalakevi (Fig.1), Western Georgia, dated to the Hellenistic period (Grant et al., 2009).

Uikha-Gudzuba
Black Sea
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Azerbaijan

[ -
Figure 1. Map of Georgia. The administrative regions: 1. Abkhazia; 2. Samegrelo-Upper Svaneti; 3. Guria; 4. Adjara; 5.
Racha-Lechkhumi; 6. Imereti; 7. Meskheti- Javakheti; 8. Shida Kartli; 9. Kvemo Kartli; 10. Mtskheta-Mtianeti; 11. Kakheti.
The places of archaeological excavations are indicated: Dikha-Gudzuba, Nokalakevi, Dzudzuana cave, Arukhlo, Dmanisi
and Shulaveri.

According to N. I. Vavilov (1992), the origin of ancient crop varieties and landraces in Georgia coincides with the period
of their primary domestication. Georgia is often considered part of the Near East where many field crops were
domesticated. N. I. Vavilov (1992) determined 8 centres of crop origin and diversity. Among them was the fourth centre,
which included the South Caucasus, Asia Minor, Iran and Turkmenistan. The main crops domesticated in this centre
(which includes Georgia) are wheat, rye, oats, seed and forage legumes, herbs, fruits, and grapes for winemaking; 83
species all tolled.

The problem is that there are no concrete data to assess either the current status of local varieties or information about
the domestication process in Georgia. The fundamental work on domestication and origin of wheat and barley in this
region was done by the famous Georgian botanist V. Menabde (1938, 1948). The agricultural evidence was reported by
several other Georgian authors (Ketskhoveli, 1957; Khomizurashvili, 1973; Akhalkatsi et al., 2010). We have studied
domestication of wild grapevine (Vitis vinifera subsp. sylvestris) and wild pear (Pyrus caucasica) using morphometric and
systematic molecular methods (Ekhvaia & Akhalkatsi, 2010; Ekhvaia et al., 2010; Asanidze et al., 2011) confirming
genetic relationships between wild populations and local cultivars of grape and pear. However, complete evaluation of
diversity of Georgian local cultivars and crop wild relatives (CWR) has not yet been complete.



There are many threats to these oldest of crops in the modern period. In our opinion, the main threat to agrobiodiversity
in Georgia is the loss of landraces and ancient crop varieties. Protection measures in the country are still not being
implemented at an appropriate rate. National policies and comprehensive measures are urgently needed to address the
problem of conserving the genetic resources of ancient crops in Georgia. Thus, we suggest that it is necessary to establish
a general overview of the types of crops that are current landraces and primitive forms occurring in Georgia and to
publish lists of indigenous landraces and CWRs of cereals, legumes, vegetables and fruits representing direct ancestors,
and endemic, rare or endangered species, in order to evaluate the sustainability of their traditional use in terms of nature
conservation.

2. Landrace assessment

Agriculture in Georgia is characterized by a great diversity of local landraces, varieties and even endemic species of
crops. These varieties reveal a high level of adaptation to local climatic conditions and often have high resistance to
diseases. Georgians have used these crops for a very long time and their healthy life, reflected by the longevity of
individuals in the population, was considered to be connected to their good food. However, there are many threats to
these oldest of crops in the modern period, particularly since the 1950s. The loss of local and ancient crop varieties
should be considered to be the main threat to agrobiodiversity in Georgia.

The known diversity and distribution of local landraces is based on data obtained from archaeological reports, historical
manuscripts, ethnography, and botanical field expeditions in different regions of Georgia since 1920s. The oldest known
text about Georgian cultivars is a XVII century by the work of Vakhushti Batonishvili "Geographic Description of
Georgian Kingdom" (Batonishvili, 1991). Active investigation of Georgian crops began in the 1920s (Ketskhoveli, 1928,
1957; Menabde, 1938, 1948; Dekaprelevich, 1947). These investigations revealed that ancient cultivars of grapevine, fruits,
wheat, barley, rye, oats, common millet, Italian millet, legumes, flax, and a number of herbal and spice plants, were still
being cultivated in Georgia. The rapid loss of local cultivars of cereals, legumes and flax began in the 1950s and reached
an extreme in the 1990s (Akhalkatsi et al., 2010). At present, almost all of Georgia's ancient crops are maintained in
conservatory collections and seed banks, but none are present in peasant house gardens in lowland areas. Only the
mountain areas contain depositories of the ancient crops of Georgia, where some number of landraces still exist. The
process of genetic erosion of ancient crop varieties, however, has begun even in these regions since the 1990s and this
presents great concern about the loss of aboriginal crops adapted to high mountain areas (Pistrick et al., 2009).
Monitoring of crop diversity is now conducted by international nature conservation institutions and Georgian scientific
and nongovernmental organizations to preserve the genetic resources of local cultivars. One of the problems is the deficit
of information about the current state of ancient crops and recommendations for their conservation are inadequate.
Therefore, it is necessary to assess research needs and implications for conservation and to formulate recommendations
for the conservation and on-farm maintenance of Georgian landraces.

2.1. Diversity of ancient crop varieties

Reports of the diversity of local landraces in Georgia has to present been published primarily in Georgian- and Russian-
language scientific publications (Ketskhoveli, 1928, 1957; Menabde, 1938, 1948; Dekaprelevich, 1947; Kobakhidze, 1974).
Databases and international periodicals lack descriptions of this diversity, taxonomy and discussions of the conservation
value of landraces. In our opinion it is important to spread information about diversity and conservation needs of local
cultivars of Georgia worldwide to support the evaluation of their roles in healthy life of human. Some crops, such as
grapevine, wheat, barley and fruit trees are characterized by the highest diversity of landraces in Georgia.

Grapevine - Vitis vinifera L. (Vitaceae) shows greatest genetic and morphological variability. About 500 names of
autochthonous grapevine varieties known from Georgia are characterized by a wide range of colour gamma and shapes
of berries and pips (Javakhishvili, 1987; Ketskhoveli et al., 1960), which points to an evolutionary centre in this region
(Vavilov, 1992). These cultivars showed great ampelometric variability and broad adaptability to different climate and
soil conditions (Ketskhoveli et al., 1960). Each province of Georgia possesses its own grapevine cultivars adapted to local
climate. The varieties are of three forms: 1) Babilo is an old grapevine with stem more than 20 cm in diameter clambering
on trees (Fig.2A). 2) Maghlari represents varieties that climb tree trunks (alder, persimmon, mulberry, cherry, beech,
chestnuts, etc.) distributed mainly in peasant orchards in western and southern Georgia (Fig.2B). 2) Dablari is used to
create typical vineyards (Fig.2C) found in commercial areas. The total area of vineyards in Georgia was 40.000 ha in the
1980s. It has diminished to ca. 25.000 ha today (Bedoshvili, 2010). Forty-four percent of this territory is located in Kakheti
region, 26% in Imereti, 15% in Kartli and 15% in almost all regions of Georgia except in the high mountain regions of
Khevi, Khavsureti and Tusheti. Forty-one cultivars of grapevine are used as commercial varieties in Georgia. Among
them, 27 are technical varieties used for winemaking and 14 are table grapes (Bedoshvili, 2010). Ninety-seven percent of
total annual yield is used for winemaking and only 3% as table grapes. Wine is made from landraces: 'Rkatsiteli' (55%);
'Tsolikauri' (10.2%); 'Chinuri' (7%); 'Saperavi' (4%); 'Kakhuri Mtsvane' (3.3%); and, several local and introduced cultivars
(20.5%).



Figure 2. Different types of vineyeards: A - Babilo, an old grapevine 'Meskhuri Shavi' (diameter 32 cm) belonged to the
family of Gogi Natenadze in village Chachkari, Meskheti; B - Maghlari, clambering introduced cultivar Vitis labrusca
'Odessa’ on beech tree in village Naghvarevi, Adjara. C - Dablari, typical vineyeard of landraces 'Rkatsiteli' and 'Saperavi'
in village Shilda, Kakheti. Photos by Maia Akhalkatsi.

The first known threat to the grapevine in Georgia occurred during the occupation of Georgian territory by the Muslims
during the medieval period. They destroyed vineyards and/or led to the destruction of human settlements, where until
now are presented local wilding grape cultivars clambering on trees. The vineyards grow on the terraces of
Mediterranean type in the historic province of Tao-Klarjeti located now in southern Georgia and in the province of
Artvin, Turkey. Since 15th century, the Seljuk Turks occupied this territory and vine terraces disappeared and were
covered with trees or grasses. However, we have found peasants in some villages of Meskheti province searching for old
cultivars in abandoned settlements. They are replanting naturalized grape cultivars to house gardens. We have found
ancient grapevine varieties 'Meskhuri Shavi' and 'Meskhuri Mtsvane' to be frost resistant and growing in high mountain
areas in villages Zemo Vardzia (1322 m a.s.l.) and Chachkari (1264 m a.s.l.), Aspindza district; village Zazalo, (1486 m
a.s.l.), Adigeni district; and, Karzameti castle near boundary to Turkey, 1450 m a.s.l. One of the oldest Georgian grape
cultivar 'Krikina', which is morphologically nearly identical to wild grapevine (V. vinifera subsp. sylvestris [C. C. Gmel.]
Hegi), was found in village Rveli, Borjomi district, in house garden of Gaioz Tabatadze who replanted this cultivar from
the ruins of the historic village Baniskhevi where his ancestors lived. The grape variety 'Shonuri' ('Lushnu' in Svanetian)
adapted to high mountain areas grows in Upper Svaneti province from 1045 to 1400 m a.s.l. Landraces adapted to high
elevations are rare and are usually replaced with the introduced grape cultivar V. labrusca 'Odessa’. It is widespread in
mountainous villages in all regions of Georgia. Some other rare grapevine cultivars - 'Kachichi', 'Saperavi', 'Sebeli',
Jvarisa', have been found on lower elevations in village Gvimbrala, Lentekhi district, Lower Svaneti province. Rare
grape cultivars - 'Aladasturi', 'Tsulukidzis Tetra' and 'Tskhvedanis Tetra' have been found in village Tabori and
'‘Usakhelouri' in village Zubi, Tsageri district, Lechkhumi province. Rare landrace 'Chkhaveri' was found in village of
Merisi, at 474 m a.s.l. Adjara province.

In 1860, the V. vinifera was virtually wiped out in the places of its origin, when an aphid, Phylloxera vastatrix was
accidentally introduced into France, and within a few years had ravaged all vineyards in Europe and in Georgia as well.
Currently, almost all Georgian grape varieties are grafted on rootstocks of American grapevines - V. riparia, V. rupestris
and V. berlandieri and their hybrids are resistant to Phylloxera. This disaster made it necessary to undertake urgent steps
for ex situ conservation of old, endangered and autochthonous grapevine varieties by establishing living collections in
Georgia; this was begun in the 1930s. The collections of plant genetic resources were established in research institutes,
which have been under reforms since 1990s and operating with diminishing funding to maintain the collections. In 2003,
929 varieties were protected in the living collections. Among them, 701 were cultivars obtained from selective breeding
and only 248 of the 524 autochthonous Georgian varieties remain. These collections of the State Agricultural University
were located in Dighomi (573 cultivars) and Mukhrani (155 cultivars), and, the collections in Telavi (226 cultivars) and
Skra (75 cultivars) belonged to the Georgian research Institute of Horticulture, Viticulture and Winemaking (Maghradze,
et al., 2010). Recently, these collections have been closed. Nevertheless, some effort has been made to establish new
collections in Telavi (573 accessions), Skra (440) and Vachebi (312) in 2008. Three other new collections were set up by
Saguramo “Centre for Grapevine and Fruit Tree Planting Material Propagation” (ca 400 accessions), "Kindzmarauli” and
“Shumi” wineries (as a total 149 accessions). Two new collections were established in Italy by the University of Milan
(Maghradze, et al., 2010). Some Georgian cultivars are in living collections abroad in Russia, Moldova and Germany as
well. A small living grapevine collection exists in the G. Eliava National Museum in Martvili district, Samegrelo
province, founded in 1972 and containing 24 old Colchic grapevine varieties (Eliava, 1992). Seven cultivars of Meskheti
region were collected in the research station of Biological Farming Association Elkana in village Tsnisi, Akhaltsikhe
district. Many grape landraces are extinct and do not exist even in living collections.

Wheat - Triticum L. (Poaceae) also shows high diversity in Georgia. Nineteen species of wheat from the 26 known
species of the genus Triticum have been historically distributed in Georgia (Tab.1). Some of them are endemic species: T.



timopheevii, T. zhukovskyi, T. macha, T. carthlicum and T. palaeo-colchicum. Sixteen species, 144 varieties, and 150 forms of
wheat were registered in Georgia in the 1940s (Menabde, 1948).

According to V. Menabde (1948), three species from the list are wild - T. boeticumn (2n=14), T. dicoccoides (2n=28), T.
timopheevii subsp. armeniacum (2n=28); they were mixed with cultivars in the wheat fields and did not exist in natural
habitats in Georgia. Sites of T. boeoticum are concentrated in south-eastern Turkey, where this species was probably
domesticated (Heun et al., 1997). The current distribution indicates that its weedy races have spread with cultivated
cereals far to the west and east. There is evidence that it was found in fields with T. monococcum in Georgia (Menabde,
1948). Since the 1930s their number has diminished and all of these species had disappeared after the 1960s, when non-
aboriginal cultivars were introduced in kolkhozis — agricultural farming corporations in Soviet times, changing the species
composition in wheat fields. At present, none of these species occur in agricultural fields of Georgia.

Table 1. List of wheat species distributed in Georgia by V. Menabde (1948, 1961). The accepted names are added from
web-page: http:/ /www.ars-grin.gov/cgi-bin/npgs/html/splist.pl?28515. The status of species is based on phylogenetic
studies of V. Menabde (1948, 1961): EG - endemic of Georgia; W- wild; PS - primary species; SP - secondary species; IS -
introduced species. Ploidy levels are indicated.

N Taxon names by Taxon accepted name Status  Ploidy
Menabde, 1948, 1961 by ARS-GRIN, USDA 2011 levels
1. T. aegilopoides Balansa ex Korn. T. monococcum subsp. aegilopoides (Link) Thell. W 2n
(=T. boeticum Boiss.)
2. T. monococcum L. T. monococcum L. ) 2n
3. T. timopheevii Zhuk. T. timopheevii (Zhuk.) Zhuk. subsp. timopheevii EG,PS 4n
4. T. chaldicum Menabde T. timopheevii (Zhuk.) Zhuk. subsp. armeniacum (Jakubz.) \ 4n
Slageren
5. T. dicoccoides Korn. T. turgidum L. subsp. dicoccoides (Korn. ex Asch. & Graebn.) W 4n
Thell.
6 T. palaeo-colchicum Menabde T. turgidum L. subsp. palacocolchicum A. Love & D. Love EG,SP  4n
7. T. dicoccum Schuebl. T. turgidum L. subsp. dicoccon (Schrank) Thell. SP 4n
8. T. durum Desf. T. turgidum L. subsp. durum (Desf.) Husn. SP 4n
9. T. turgidum L. T. turgidum L. subsp. turgidum SP 4n
10.  T. carthlicun Nevski (=T. ibericum T. turgidum L. subsp. carthlicum (Nevski) A. Léve & D.Love  EG,SP  4n
Menabde; T. persicum Vavilov ex Zhuk.)
11. T polonicum L. T. turgidum L. subsp. polonicum (L.) Thell. SP 4n
12, T. turanicum Jakubz. T. turgidum L. subsp. turanicum (Jakubz.) A. Love & D. Love IS 4n
13.  T. abyssinicum Vavilov T. dicoccon subsp. abyssinicum Vavilov IS 4n
14.  T.vulgare Villars T. aestivum L. spP 6n
15.  T. macha Dekapr. & Menabde T. aestivum L. subsp. macha (Dekapr. & V.L. Menabde) EG,PS 6n
Mackey
16.  T.spelta L. T. aestivum subsp. spelta (L.) Thell. IS 6n
17. T. sphaerococcum Percival T. aestivum subsp. sphaerococcum (Percival) Mackey IS 6n
18.  T. compactum Host T. aestivum subsp. compactum (Host) Mackey SP 6n
19.  T. zhukovskyi Menabde & Ericzjan T. zhukovskyi V.L. Menabde & Eritzjan EG,SP  6n

Three species from the list (Tab.1) are considered by V. Menabde (1948) as primary species (close to the first
domesticated species): T. monococcum (2n=14), T. timopheevii (2n=28) and T. macha (2n=42). First two species, T.
monococcum - 'Gvatsa Zanduri' and T. timopheevii - 'Cheltha Zanduri', in Georgian, are old autochthonous wheat species
distributed mainly in western Georgia - Racha-Lechkhumi, Imereti and Samegrelo. T. timopheevii was growing in a small
area in western Georgia together with its hexaploid derivative - T. zhukovskyi, and cultivated einkorn - T. monococcum
(Menabde, 1961). These three species represent polyploid series of wheat Zanduri, which was possible to find in peasant
farms till 1990s. T. macha is archaeological findings in Dikha-Gudzuba and Shulaveri excavations dated by Neolithic
period and was cultivated in Racha-Lechkhumi, Imereti and Samegrelo up to 1950s (Dekaprelevich, 1947).

Nine native species of wheat - T. palaeo-colchicum, T. dicoccum, T. durum, T. turgidum, T. carthlicum, T. polonicum, T.
aestivum, T. zhukovskyi and T. compactum, are considered by V. Menabde (1948, 1961) as secondary species originated by
hybridization with wild and primary species of Triticum, Aegilops spp., Thinopyrum intermedium (Host) Barkworth & D. R.
Dewey subsp. intermedium (=Agropyron glaucum [Desf. ex DC.] Roem. & Schult.), and Thinopyrum elongatum (Host) D. R.
Dewey (=Agropyron elongatum [Host] P. Beauv.). T. aestivum, T. carthlicum and T. durum have many varieties and
cultivars. The four species in the list (Tab.1) - T. abyssinicum, T. spelta, T. sphaerococcum and T. turanicum represent
geographical races introduced from different regions in the historically different times.

The traditional wheat fields in all regions of Georgia usually contain several species and varieties (Eritzjan, 1956;
Zhizhilashvili & Berishvili, 1980). Bread wheat fields contain: T. aestivum var. erythrospermum 'Tetri dolis puri', T.
aestivum var. ferrugineum 'Tsiteli dolis puri', T. aestivum var. lutescens 'Upkho tetri dolis puri', T. aestivum var. milturum
'‘Upkho tsiteli dolis puri', T. compactum 'Kondara khorbali'. Usually, this combination of wheat taxa is associated with
wild weed Makhobeli - Cephalaria syriaca (L.) Schrad. ex Roem. & Schult. (Dipsacaceae) occurring most often in such wheat
fields. The seeds of this species are of the same size as wheat and after threshing remain in the harvest. Seeds are ground



into a powder and used with wheat to make bread, cakes, etc. It adds a nice flavour but quickly goes rancid. Another
combination of varieties was dominated by T. durum 'Shavpkha' composed by T. durum var. apulicum, T. durum var.
leucurum, T. durum var. murciense, T. aestivum var. erythrospermum, T. aestivum var. pseudo-barbarossa, T. aestivum var.
lutescens, T. compactum var. erinaceum. This population is adapted to dry climate in the lowland areas and in the high
elevations up to 1800 m a.s.l. in Javakheti Plateau, where it is sown in early spring. The same character of adaptation to
high elevation is typical for the wheat species, T. carthlicurn 'Dika', sown on high mountain areas in spring. The
combination of varieties dominated by 'Dika’ is as follows: T. carthlicum var. rubiginosum, T. carthlicum var. stramineum, T.
aestivum var. erythrospermum, T. aestivum var. ferrugineum, T. compactum var. erinaceum.

Wheat fields were planted throughout Georgia at elevations from 300 m to 2160 m a.s.l. We have found this highest
location of soft wheat field in the Eastern Greater Caucasus, village Chero in Tusheti (Akhalkatsi et al., 2010). At present,
almost none of these traditional wheat varieties and species occur in the territory of Georgia. Only aboriginal varieties of
bread wheat still exist in several high mountain regions like Tusheti, Meskheti, Javakheti and Svaneti (Pistrick et al.,
2009). Living collections and gene banks preserve the local varieties. The living collection of the Biological Farming
Association Elkana has many landraces in village Tsnisi, Akhaltsikhe district (Fig.3A). In 2010, they sowed a 10 ha wheat
field. The harvest from this field contained local cultivar T. aestivum var. ferrugineum 'Akhaltsikhis tsiteli dolis puri' and
weed Makhobeli. The flour was baked as bread in Tbilisi and as traditional bread in Meskheti (Fig.3B).

A

Figure 3. A- Wheat field of the Georgian endemic Triticum carthlicum 'Dika' in research station of the Biological Farming
Association Elkana, village Tsnisi, Meskheti; B - Traditional wheat bread in Meskheti; C- Six row barley field with
mixture of wild rye Svila (Secale segetale) in village Shilda, Kakheti. Photos by Maia Akhalkatsi.

Barley - Hordeum vulgare L. (Poaceae) is an ancient agricultural crop in Georgia. It was the second most important
cereal in Georgia after wheat and main crop in high mountain regions used for bread, forage and production of beer, as
well as an attribute of religious rituals and in the folk medicine (Javakhishvili, 1987). Two different names were used for
barley in Georgian language - Krtili and Keri. Krtili denotes six-row winter barley (H. wvulgare subsp. hexastichon [L.]
Celak.) that was sowed in autumn; Keri refers to two-row summer barley (H. vulgare subsp. distichon [L.] Kérn.) sowed in
spring (Menabde, 1938). Six-row barley was sown in lowland areas but was cultivated up to 2130 m a.s.l. in Svaneti.
Two-row barley was cultivated mainly in high mountain regions. The cultivars of two-row barley H. vulgare var. nutans
'Akhaltesli' and H. vulgare var. nigrum Willd. 'Dzveltesli shavpkha' are distributed up to 2100 m a.s.l. in all high
mountain areas. H. vulgare var. nutans is mixed in the field with wheat - T. carthlicum 'Dika', and the flour is produced
from mixed wheat and barley seeds. H. vulgare var. nudum Spenn. 'Kershveli' was cultivated in Meskheti and Svaneti.
Four-row barley (H. vulgare subsp. tetrastichon [Stokes] Celak.) is rare and the cultivar - H. vulgare var. pallidum Ser. 'Tetri
Keri' occurs only in the high mountain region of Meskheti, Tusheti and Svaneti up to 2100 m a.s.l. These cultivars persist
today only in high mountain regions. However, their distribution has been seriously diminished. At present, introduced
varieties of barley are widely cultivated in the lowlands and their names are unknown to the local population.

Rye - Secale cereale L. (Poaceae) is only a local cultivar of high mountain regions of Georgia (1800-2200 m a.s.l.). Fields
of S. cereale (2n=14) are now found only in Upper and Lower Svaneti and Meskheti. Rye was used for making alcohol
and as forage. The wild species, S. segetale (Zhuk.) Roshev. (2n=42), called Svila is widespread in wheat and barley fields
and is harvested together with them (Fig.3C). The bread of wheat with Swvila is considered to be very nutricious and has
good taste. An endemic species of rye is S. vavilovii Grossh. (2n=14). It is also called Caucasian rye. This species was
found in wheat field in Georgia (Bockelman et al., 2002). We have monitored the place in village Beghleti, Khashuri
district in 2008, where Georgian botanists had noted the presence of this species in the wheat fields, but cultivated plots
no longer exist in that area. The village has lost of most of its residents and no agriculture is undertaken there.
Introduced cultivars and commercial varieties of rye are not used in Georgia.

Oats - Avena sativa L. (Poaceae) is a traditionally cultivated plant distributed from 400 to 1400 m a.s.l. It is used only as
forage for horses and poultry. Two varieties of oats have been described for Upper Svaneti (Ketskhoveli, 1957) - A. sativa
var. aurea Korn. and A. sativa var. krausei Korn. In lowlands, usually, the origin of the seeds is unknown to local farmers.
It is purchased in the market and farmers receive no information about their origin. Millet - Panicum miliaceumn L.



(Poaceae) is very old agricultural plant cultivated in all regions of Georgia. It was used as a supplementary feed (for
animals and poultry) and for making alcoholic drinks. At present, it is cultivated only in high mountain regions (1000-
1800 m a.s.l.). Several varieties are described in Upper and Lower Svaneti: P. miliaceum var. aureum V.M. Arnold &
Shibaiev. - grain yellow or cream; P. miliaceum var. subaereum Korn. - grain grey; P. miliaceum var. griseum Korn. - grain
brown; P. miliaceum var. atrocastaneum Batalin ex V.M. Arnold & Shibaiev. - grain black; P. miliaceum var. badium Korn. -
grain white (Zhizhilashvili & Berishvili, 1980). The acreage of millet fields declined after introduction of maize in
Georgia in 17th century. Italian millet - Setaria italica (L.) P. Beauv. (Poaceae) was cultivated in Colchis, Samegrelo
since ancient times. The cultivar - S. italica subsp. colchica (Dekapr. & Kaspar.) Maisaya & Gorgidze was represented with
32 landraces (Maisaia et al., 2005). It can currently be found in the Samegrelo region of western Georgia. Another
subspecies - S. italica subsp. moharia (Alef.) H. Scholz., is called Kvrima in Georgian. It was cultivated for a long time but
was replaced by maize.

Legumes - peas, lentils, chickpeas, faba beans, common vetch, bitter vetch, chickling vetch, alfalfa, sainfoin and blue
fenugreek are traditional crops in Georgia (Tab.2). Green Pea (Pisum sativuin) is originated in the South Caucasus. It is
grown in house gardens in small amounts for food today. Two species of pea are cultivated in Georgia - P. sativum with
white flowers, round white or yellow seeds, and P. arvense with purple flowers, ridged dark coloured seeds. The third
wild species P. elatius Steven ex M. Bieb. with dark purple flowers is often found in locations of old settlements, ruins of
monasteries and churches and inside castle walls. The local cultivar of green pea, P. sativum subsp. transcaucasicum
Govorov, has 14 varieties (Kobakhidze, 1974). Local varieties of Chickpea (Cicer arietinum) are rarely cultivated today.
Three subspecies and 24 varieties were available in western Georgia - Racha-Lechkhumi, Svaneti and Imereti up to 1920s
(Dekaprelevich & Menabde, 1929). In the 1970s, the same three subspecies - C. arietinum subsp. mediterraneum G. Pop., C.
arietinum subsp. eurasiaticurn G. Pop. and C. arietinum subsp. orientalis G. Pop., remained, but included only 6 of 24
varieties - C. arietinum subsp. mediterraneum var. ochroleucum A. Kob., C. arietinum subsp. mediterraneum var. rozeum G.
Pop., C. arietinum subsp. eurasiaticum var. aurantiacum G. Pop., C. arietinum subsp. orientalis var. fuloum G. Pop., C.
arietinum subsp. orientalis var. rufescens G. Pop., and C. arietinum subsp. orientalis var. rufescens brunneo-punctatus A. Kob.
(Kobakhidze, 1974). Chickpeas were traditionally available in Svaneti, but by the 1970s only one farmer was sowing it in
Kala community village Khe (Zhizhizlashvili & Berishvili, 1983). The Biological Farming Association Elkana is producing
local cultivars of chickpea and selling them in market. Lentil (Lens culinaris) was represented in Georgia by two
subspecies - L. culinaris subsp. macrosperma N.F. Mattos and L. culinaris subsp. microsperma N.F. Mattos; and 15 varieties
(Kobakhidze, 1974). The last subspecies with small seeds was sown in high mountain areas in Javakheti. It was available
in Meskheti till 1970s. Lentils were cultivated in Upper Svaneti from prehistoric times, but, at present, it is nearly extinct.
In 1980s, three cultivars were described in Svaneti - 1. L. culinaris var. persica Bar. - reddish-brown seeds; 2. L. culinaris
var. ochroleucus nigro-punctulata A. Kob. - light brown seeds with black dots; 3. L. culinaris var. nigro-marmorata A. Kob. -
seeds have reddish-yellow background with black marbling (Zhizhizlashvili & Berishvili, 1983). The Biological Farming
Association Elkana is producing local cultivars of lentil for the market. Faba bean (Vicia faba) is one of the oldest
cultivated plants. Faba bean is ancient agricultural plant in western and southern Georgia. Three varieties and 31
subvarieties were described in Georgia with small (V. faba var. minor Beck.), medium (V. faba var. equina Pers.) and large
(V. faba var. major Harz.) seeds (Kobakhidze, 1974). At present, the large seed Faba bean is widely distributed in Upper
and Lower Svaneti. Two varieties are found in the Lower Svaneti: 1. V. faba var. minor subvar. straminea A. Kob. -
compressed on sides, tip obtuse, colour light cream. 2. V. faba var. equina subvar. ochroleucus A. Kob. - slightly
compressed on sides, tip rounded, colour yellowish (Zhizhizlashvili & Berishvili, 1983). Chickling vetch (Lathyrus
sativus) is used as human food in a soup to called shechamandi. It is also a green forage, used as silage and fed as seed
flour to pigs and poultry. It is now available only at the research station of the Biological Farming Association Elkana.
Bitter vetch - Vicia ervilia is distributed in Meskheti and Javakheti. There are cultivated and wild forms of this species.
It is used as a forage and for soil enrichment with nitrogen. Common vetch (Vicia sativa) is used as forage and for hay,
especially in Upper and Lower Svaneti and Javakheti. It is a valuable forage crop, rich in proteins. More often it appears
as a weed in the fields of high mountain areas among grain crops - millet, barley, rye. Sainfoin (Onobrychis spp.),
alfalfa (Medicago sativa) and clover (Trifolium spp.) are forage legumes. A local variety of Onobrychis transcaucasica
Grossh. 'Akhalkalakuri', is widely used. Blue fenugreek (Trigonella caerulea) is traditional spice plant used in almost all
of the foods of Georgian cuisine. It is available in all regions of Georgia.

Flax - Linum usitatissimum L. (Linaceae), was one of the oldest and important field crops in Georgia. Since prehistoric
times, it was used to produce excellent linens (Kvavadze et al., 2009) and to make oil from its seeds. Big millstones were
used to extract the oil from the flax seeds and they remain in many historical ruins. Until recently, flax was cultivated
only in Javakheti, where flax seeds were used to produce pharmacologically pure oil for medicines. According to the
eighteenth century Georgian scientist and geographer Vakhushti Batonoshvili (1991), several volatile oil-bearing plants
were cultivated in Georgia - roses, camphor, lavender and basil. Kenaf - Cannabis sativa L. (Cannabaceae), was used to
produce fiber for cord and thread for sacks. The seeds were used to produce oil. A traditional use of kenaf seeds was to
mix them with wheat flour and making breads that had antidepressant effects.

Traditional vegetables (Tab.2) are represented by sugar beets, spinach, carrots, radishes, turnips, onions, Welsh onion,
leeks and garlic. Beet - Beta vulgaris, is an ancient cultivated plant whose tubers and young leaves were used in
Georgian cooking. Leaves primarily came from the variety B. vulgaris subsp. cicla (L.) W.D.J. Koch 'Tsiteli Mkhali' that
was grown in lower elevations up to 1400 m a.s.l. Another beet variety - B. vulgaris L. subsp. vulgaris 'Sasufre Charkhali'



is rare. Carrot - Daucus carota, was edible as a wild species in Georgia since prehistoric times. The cultivated carrot is
widespread in peasant's house gardens in lowland areas. Onion - Allium cepa and garlic - A. sativum, are ancient
cultivated plants available in all regions of Georgia. Red onions are very popular in Georgian people. A. sativum is
called 'Georgian garlic'. Another variety is 'Russian garlic' representing A. ampeloprasum L. Leek - A. porrum, is typical in
western Georgia. Welsh onion - A. fistulosum is currently grown in several high mountain areas. Until the 1970s, it was
widespread in Imereti, but at present, Chinese shallot - A. cepa var. aggregatum G. Don has completely supplanted Welsh
onion. Radish - Raphanus sativus, is grown in lower elevations in gardens and is cultivated by farmers for the market.

Table 2. Seed and forage legumes and traditional vegetables of Georgia.

N  Latin name Family English Georgian
common name common name

1. Allium cepa L. Liliaceae Onion Khakhvi

2. Allium fistulosum L. Liliaceae Welsh Onion Chlakvi

3. Allium porrum L. Liliaceae Leek Prasi

4. Allium sativum L. Liliaceae Garlic Niori

5. Beta vulgaris L. subsp. vulgaris Chenopodiaceae Beet Charkhali

6. Brassica rapa L. subsp. rapifera Metzger Brassicaceae Turnip Talgami

7. Cannabis sativa L. Cannabaceae Kenaf Kanafi

8. Cicer arietinum L. Fabaceae Chickpea Mukhudo

9. Daucus carota L. Apiaceae Carrot Stafilo

10.  Lathyrus sativus L. Fabaceae Chickling vetch Tsulispira

11.  Lens culinaris Medik. Fabaceae Lentil Ospi

12.  Linum usitatissimum L. Linaceae Flax Seli

13.  Medicago sativa L. Fabaceae Alfalfa Ionja

14.  Onobrychis transcaucasica Grossh. Fabaceae Sainfoin Espartseti

15.  Pisum arvense L. Fabaceae Pea Barda

16.  Pisum sativum L. Fabaceae Pea Barda

17.  Raphanus sativus L. Brassicaceae Radish Boloki

18.  Spinacia oleracea L. Chenopodiaceae Spinach Ispanakhi

19.  Vicia ervilia (L.) Willd. Fabaceae Bitter vetch Ugrekheli

20.  Vicia faba L. Fabaceae Faba bean Tsertsvi

21.  Vicia sativa L. Fabaceae Common vetch Tsertsvela

Herbs are represented by numerous species (Tab.3) - parsley, coriander, tarragon, sweet basil, savory, gardencress
pepperweed, dill, fennel, celery, garden lettuce, peppermint. Herbs are cultivated in small sections of house gardens
even in urban settlements. Sometimes, people have herbs indoors in pots.

Table 3. List of traditionally cultivated herbs in Georgia.

N Latin name Family English Georgian
common name common name

1. Anethum graveolens L. Apiaceae Dill Kama

2. Apium graveolens L. Apiaceae Celery Niakhuri

3. Artemisia dracunculus L. Asteraceae Tarragon Tarkhuna

4. Coriandrum sativum L. Apiaceae Coriander Kindzi

5. Foeniculum vulgare Mill. Apiaceae Fennel Didi Kama

6. Lactuca sativa L. Asteraceae Garden lettuce Salati

7. Lepidium sativum L. Brassicaceae Gardencress pepperweed Tsitsmati

8. Mentha piperata L. Lamiaceae Peppermint Pitna

9. Ocimum basilicum L. Lamiaceae Sweet basil Rehani

10. Petroselinum crispum (Mill.) A.W. Hill Apiaceae Parsley Okhrakhushi

11. Satureja hortensis L. Lamiaceae Savory Kondari

12. Trigonella caerulea (L.) Ser. Fabaceae Blue fenugreek Utskho Suneli

Fruits are valuable cultivars in Georgia. Wild and cultivated fruit crops reveal high species and genetic diversity in
Georgia and represent rich material for future breeding activities. Many fruits have wild relatives representing the same
species and direct ancestors of local cultivars (Tab.4,5).

2.2. Introduced cultivated plants

Georgia is located at the crossroads of Europe and Asia. Many cultivated plants have been introduced since ancient
times to Georgia from other regions of the world (Javakhishvili 1987). Some introduced crops have become very popular
and widespread. They are introduced from different countries. Such crops as cucumber (Cucumis sativus), found in
Georgia since medieval times, eggplant (Solanum melongena), marigold (Tagetes patula), used in almost all traditional
meals; and black pepper (Piper nigrum) were introduced from India. Watermelon (Citrullus lanatus) from South Africa



was cultivated in the Caucasus since medieval times. Maize (Zea mays), sunflower (Helianthus annuus), tomato (Solanum
Iycopersicum), bean (Phaseolus vulgaris), pepper (Capsicum annuum), and potato (Solanum tuberosum) were introduced to
Georgia from the Americas at about the same time as in Europe (Javakhishvili, 1987). Tea (Camellia sinensis) and citrus
fruits (Citrus limon, Citrus reticulata, Citrus sinensis) came from China in the 1830s (Bakhtadze, 1947). Nicotiana rustica,
(tutuni in Georgian) has been cultivated for a long time and is found in the most regions, including high mountain areas,
of Georgia. N. tabacum, was introduced during the Soviet period and was cultivated in kolkhozis for commercial use.
Georgia has become a secondary centre of diversity for most of these crops. Landraces of bean, maize, potato, tomato,
and cucumber that do not exist in their countries of origin can be found in Georgia. Bean (Phaseolus spp.; Vigna spp.)
was introduced via Turkey to Guria and Samegrelo during the second half of the XVI century (Javakhishvili, 1987). At
present, 61 varieties and 406 forms of common bean had originated in Georgia due to widespread distribution and
hybridization of different species of bean: Phaseolus vulgaris L., P. lunatus L., P. coccineus L. (=P. multiflorus Lam.), P.
acutifolius A. Gray, Vigna radiata (L.) R. Wilczek var. radiata (=P. aureus Roxb.), V. angularis (Willd.) Ohwi & H. Ohashi
var. angularis (=P. angularis [Willd.] W. Wight) and V. umbellata (Thunb.) Ohwi & H. Ohashi (=P. calcaratus Roxb.)
(Kobakhidze, 1965). Beans are cultivated in gardens in large amounts providing sufficient food for families and
representing a cash crop for additional income. Diversity of beans remains high. Maize (Zea mays L.) was introduced to
Georgia in 1633-1650 (Javakhishvili, 1987). The Georgian name Simindi originated from the old name for flour Samindo as
flour was introduced earlier to Georgia than the initial cultivation of maize. Besides landraces such as 'Kazha simindi'
from Svaneti there are some cultivars that originated in Georgia: 'Ajametis tetri', 'Abashis kviteli', 'Kartuli kruki',
'Gegutis kviteli', Tmeruli hibridi' and 'Lomtagora'. Many cultivars were introduced from Russia, Hungary, Yugoslavia,
etc., during Soviet time. The last introduction occurred in 2011, when the high-yield US corn hybrid 'Pioneer' was sown
in Georgia. Corn had replaced common and Italian millet and is used as an everyday food, especially in western
Georgia. Potato (Solanum tuberosum L.) was introduced to Georgia during the second half of the XIX century. Several
landraces of high quality are grown in high-mountain regions: Svaneti, Racha-Lechkhumi, Khevsureti, Khevi and
Adjara. Breeder's cultivars were introduced into lowland areas during Soviet time. Recently, genetically modified potato
cultivars have been introduced in Georgia by international seed-distribution organizations. These modern cultivars have
almost completely supplanted local landraces even in high mountain regions. Tea and citrus had high commercial value
in Georgia, but in the 1990s these crops were abandoned and tea was not produced in Georgia until recently. Citrus
(lemons, oranges and mandarins) were sold only in the local Georgian market. At present, this business is restored.
Information about introduced varieties has been published annually during the XX century. The latest official edition of
the Catalogue of the Georgian Released Varieties of 1997 (published in 1996) listed 195 varieties of field and vegetable
crops and 195 varieties of fruits. These varieties were part of the collections that existed at the end of the 1980s and
beginning of the 1990s. At present, only a few of these varieties exist. The data about modern breeder’s varieties
introduced into Georgia during last decade are usually absent and a number of varieties have been cultivated in Georgia
without going through the official procedures for release. Therefore, it is difficult to evaluate the diversity of recently
introduced cultivars.

3. Crop wild relative assessment

The CWR are taxa related to species of direct socio-economic importance, which includes the progenitors of crops.
According to modern concept of wild relatives, under CWR we should understand all species related to any cultivated
plants, as well as to wild species of ornamental, food, fodder and forage, medicinal plants, condiments, forestry species
and plants used for industrial purposes, such as oils and fibers i.e. to all plants of economic importance (Laguna, 2004).
Although, “classical” definition of CWR is restricted only to species related to cultivated crops, including such important
field crops as wheat, barley, rye, oats, sorghum, common and Italian millet, grain and forage legumes (such as Phaseolus,
Vicia, Vigna, Lens, Lathyrus, Cicer) and some vegetables and industrial crops.

The flora of the Caucasus harbours a remarkable concentration of economically important plants, particularly CWRs
such as cereals, legumes, fruits, vegetables, herbs and technical plants like flax. The list of CWRs in Georgia was
published in Plant Genetic Resources (PGR) Forum - CWR Catalogue of Europe and the Mediterranean (Maxted et al.,
2008). This catalogue listed 1784 species of vascular plants, representing 43% of the 4130 vascular plant species found in
Georgia. These are mainly wild species that also have considerable economic importance providing food, fuel, timber,
forage, hay and habitats for animal life. A large number of taxa used in folk and scientific medicine are also included
among economically valuable plants. However, this list is not detailed enough to assess the economic value of CWRs
representing the same species or direct ancestors of crop plants. There is no information on the status of endangered and
endemic species. Thus, we developed a general description of vegetation types and separated CWR endemic species and
species genetically closely related to crops.

3.1. Flora and vegetation

Georgia is located between 41°02" and 43°34" latitude north and between 40° and 46°43" longitude east. It borders the
Russian Federation to the north, Turkey and Armenia to the south, Azerbaijan to the east, and has approximately 310 km
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of coastline along the Black Sea to the west. Georgian territory (69.700 km2) covers two separate mountain systems: the
Greater Caucasus Range which trends north-west to east-southeast between the Black Sea and Caspian Sea; and the
Lesser Caucasus Mountains, which run parallel to the greater range at a distance to the south that averages about 100
kilometres. Two thirds of the country is mountainous with an average height of 1.200 m.a.s.1., with the highest peaks of
Mount Shkhara (5.184 m.a.s.l.) in the western Greater Caucasus and Mount Didi Abuli (3.301 m.a.s.l.) in the Lesser
Caucasus. Colchis, Kartli and Alazeni valleys and Iori plateau represent intermontane lowlands located between these
two mountain systems. Geologically, the Caucasus consists of Meso- to Cenozoic deposits. Ancient Precambrian and
Paleozoic formations are rare (Neidze et al., 2008).

The Likhi Range divides the country into eastern and western halves that differ in climate and landscapes. Western
Georgia has a humid subtropical climate with annual precipitation ranging from 1000-4000 mm. Temperatures fluctuate
between the winter averages of 2.8° to 6.7° C and the summer averages of 22.7° to 23.8° C. Eastern Georgia has a more
continental climate, due to the barrier of the Likhi Range, which bars the warm Black Sea winds from this area. The
temperatures vary from the January averages of 0-2.2° C to the July mean of 27.8° C. Annual precipitation is considerably

less in eastern Georgia and ranges from 400-1600 mm. Southern Georgia has a continental climate. The local winters are
cold. The frosts are - 25° C and in July temperatures rise to 40° C. Annual rainfalls are usually less than 600-1000 mm
(Neidze et al., 2008).

Soil types vary in Georgia. The most widespread types in the lowlands of western Georgia are bog, podzolic, red, yellow
and hilly piedmonts, which are mainly acidic. Mountain-forest and mountain-meadow soils occur in higher elevations.
Chestnut and chernozem soils are widespread in the lowlands of eastern Georgia and are characterized by neutral pH.
Brown humid-sulphates, saline soils of steppes and semi-deserts, as well as intermediate forest-steppe and mountain-
meadow soils occur in semi-desert areas. Alluvial soils are found along the rivers throughout Georgia. Brown soils are
typical for the Georgian forest zone in the range of 800-2000 m a.s.l. (Sabashvili, 1970).

Western Georgia's landscape ranges from see-level swamps and lowland temperate rainforests to eternal subnival zone
and glaciers, while the eastern part of the country contains temperate forests and semi-arid plains in lower elevations
and alpine and subnival zones. Main rivers are R. Mtkvari, R. Rioni, R. Enguri and R. Alazani. There are 70 natural lakes
and 11 artificial reservoirs. The lower section of the Rioni River is located in the Colchis valley and was naturally
occupied by marshes and lagoons, but in 1960s this area was the site of a large reclamation-drainage project and it was
converted to agricultural land. The majority of the forests that covered the Colchis plain are now virtually gone; the
exceptions are those included in national parks and reserves. The Mtkvari River basin, which includes the major parts of
southern and eastern Georgia, is drier. It is covered with semi-arid vegetation and temperate forests. Forests, in total,
amount to 40% of Georgia's territory while the alpine zone accounts for roughly 10% of the land. Much of the natural
habitat in the lowland areas of western Georgia has disappeared over the last 100 years because of agricultural
development and urbanization.

The vegetation of Georgia belongs to three floristic provinces - Euxine, Caucasian and Armeno-Iranian (Takhtajian,
1986). The Euxine and Caucasian provinces belong to the Circumboreal Region, the Boreal Subkingdom and the
Holarctic Kingdom and the Armeno-Iranian Province belongs to the Irano-Turanian Region, the Tethyan
(Mediterranean) Subkingdom and the Holarctic Kingdom. There are following vegetation zones: 1. Colline zone (0-400 m
a.s.l.), which includes coastal and halophytic habitats in western Georgia and dry open woodlands and semi-deserts in
eastern Georgia; 2. Lower montane zone (400-800 m a.s.l.) is used as arable land. The natural vegetation in western
Georgia is represented by small remnant areas of Colchic broad-leaved mixed forest. Oak-hornbeam forests and dry
scrublands occur in eastern Georgia; 3. Middle montane zone (800-1500 m a.s.l.) is primarily used for agriculture. Broad-
leaved mixed forests, mountain xerophytes scrublands, and mountain steppes are represented; 4. Upper montane zone
(1200-2050 m a.s.l.) is covered by beech and broadleaf-coniferous mixed forests; 5. Subalpine zone (1900-2400[2500] m
a.s.l) is a treeline ecotone, with tall herbaceous vegetation, shrublands and polydominant subalpine grass and herb
meadows used as pastures or arable land; 6. Alpine zone (2500-2900 m a.s.l.) has alpine meadows and snowbed
communities. Vegetation is mostly used for grazing and is of considerably lower quality than the subalpine vegetation,
both by biomass volume and typological diversity; 7. Subnival zone (2900-3300 m a.s.l.) is patchy highest limits of
vegetation. 8. Nival zone (3300-5184 m a.s.l.) covered by glaciers. 9. Azonal vegetation type is represented by fragments
of wetlands rich in boreal type flora, halophytic desert vegetation and rocky areas (Nakhutsrishvili, 1999).

Flora of Georgia is represented by 4,130 species of vascular plants. Among them are 79 pteridophytes, 17 gymnosperms
and 4034 angiosperms (Nakhutsrishvili, 1999). The 10 leading families are Asteraceae (538 species), Poaceae (332
species), Fabaceae (317 species), Rosaceae (238), Brassicaceae (183), Scrophulariaceae (179), Apiaceae (177), Lamiaceae
(149), Caryophyllaceae (135) and Liliaceae (129). High endemism is characteristic of the Caucasus and represents one of
the world's hot spots of biodiversity. Out of all, 1304 (32.3%) species are endemics of the Caucasus ecoregion and 261
(6.6%) are endemics of Georgia (Schatz et al., 2009). There are 17 endemic genera in the flora of the Caucasus. Most of
them are represented by one species: Agasyllis latifolia (M. Bieb.) Boiss., Alboviodoxa elegans (Albov) Woronow, Charesia
akinfievii (Schmalh.) E. Busch, Cladochaeta candissima (M. Bieb.) DC., Gadellia lactiflora (M. Bieb.) Schulkina, Mandenovia
komarovii (Manden.) Alava, Paederotella pontica (Rupr. ex Boiss.) Kem.-Nath., Petrocoma hoefftiana (Fisch.) Rupr.,
Pseudobetckea caucasica (Boiss.) Lincz., Pseudovesicaria digitata (C. A. Mey.) Rupr., Sredinskya grandis (Trautv.) Fed.,
Symphyoloma graveolens C. A. Mey., Trigonocaryum involucratum (Steven) Kusn., Woronowia speciosa (Albov) Juz. Two
genera contain two species of each: Chymsydia agasylloides (Albov) Albov, C. colchica (Albov) Woronow, Grossheimia
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macrocephala (Muss.-Puschk. ex Willd.) Sosn. & Takht., G. polyphylla (Ledeb.) Holub. One endemic genus is represented
by 5 species: Kemulariella caucasica (Willd.) Tamamsch., K. rosea (Steven ex M. Bieb.) Tamamsch., K. abchasica (Kem.-
Nath.) Tamamsch., K. tugana (Albov) Tamamsch., and K. colchica (Albov) Tamamsch.

For conservation action to be effective, it is important to understand not just the needs of individual species, but also the
context in which conservation efforts will need to take place. Therefore, it is important to evaluate the conservation
values of the species that contribute most to human health and to develop conservation measures to avoid their
extinction.

3.2. Diversity of crop wild relatives in Georgia

Flora of the Caucasus region is rich as there are high concentrations of economically important and edible plants,
particularly wild crop relatives such as grapevine, wheat, barley, rye, oats, seed and forage legumes, fruits and
vegetables. The Caucasus is considered to be the centre of evolution for many unique life forms and is a natural museum
for rich genetic resources (Vavilov, 1992).

We identified the number of species of the genera that are traditional crops in Georgia (Tab.4). A total of 20 plant
families, 76 genera and 479 species were identified as wild relatives of ancient crops in Georgia. Most of these plant
species are closely related genetically to landraces and might be their progenitor species.

Table 4. List of wild relatives of ancient crops in Georgia.

Families Number Number Genera with number of species
of genera  of species

Apiaceae 8 17 Anethum (1), Apium (2), Carum (5), Coriandrum (1), Daucus (1), Foeniculum (1),
Pastinaca (5), Petroselinum (1)

Asparagaceae 1 3 Asparagus (3)

Asteraceae 3 16 Cichorium (1), Lactuca (7), Scorzonera (8)

Betulaceae 1 6 Corylus (6)

Brassicaceae 5 20 Brassica (4), Lepidium (8), Raphanus (2), Rorippa (4), Sinapis (2),

Cannabaceae 2 3 Cannabis (2), Humulus (1)

Chenopodiaceae 2 3 Beta (2), Spinacia (1)

Cornaceae 1 1 Cornus (1)

Fabaceae 10 154 Cicer (1), Lathyrus (20), Lens (3), Lotus (5), Medicago (21), Onobrychis (19), Pisum
(1), Trifolium (40), Trigonella (10), Vicia (34)

Grossulariaceae 2 4 Grossularia (1), Ribes (3)

Juglandaceae 1 1 Juglans (1)

Lamiaceae 4 19 Mentha (4), Origanum (1), Satureja (3), Thymus (11)

Liliaceae 2 39 Allium (36), Asparagus (3)

Linaceae 1 12 Linum (12)

Moraceae 2 3 Ficus (1), Morus (2)

Poaceae 16 64 Aegilops (7), Agropyron (2), Avena (8), Brachypodium (3), Cynosorus (2), Elymus
(4), Elytrigia (9), Echinochloa (3), Hordeum (5), Hordelymus (1), Panicum (5),
Psathyrostachis (1), Secale (5), Setaria (6), Sorghum (1), Taeniatherum (2)

Punicaceae 1 1 Punica (1)

Rosaceae 12 110 Amygdalus (1), Cerasus (4), Crataegus (8), Cydonia (1), Fragaria (3), Malus (1),
Mespilus (1), Prunus (2), Pyrus (11), Rosa (30), Rubus (36), Sorbus (12)

Staphyleaceae 1 2 Staphylea (2)

Vitaceae 1 1 Vitis (1)

Total: 20 76 479

CWR are commonly defined in terms of wild species related to agricultural and horticultural crops. As such a broad
definition of a CWR would be any wild taxon belonging to the same genus as a crop. A working definition of a CWR
was provided by N. Maxted and colleagues (Maxted et al., 2006): "A crop wild relative is a wild plant taxon that has an
indirect use derived from its relatively close genetic relationship to a crop; this relationship is defined in terms of the
CWR belonging to gene pools 1 or 2, or taxon groups 1 to 4 of the crop".

According to gene pool concept three gene pools are distinguished as follows: (1) Primary Gene Pool (GP-1) within
which GP-1A are the cultivated forms and GP-1B are the wild or weedy forms of the crop; (2) Secondary Gene Pool (GP-
2) which includes the coenospecies (less closely related species) from which gene transfer to the crop is possible but
difficult using conventional breeding techniques; (3) Tertiary Gene Pool (GP-3) which includes the species from which
gene transfer to the crop is impossible, or if possible requires sophisticated techniques, such as embryo rescue, somatic
fusion or genetic engineering. The taxon group concept is used to establish the degree of CWR relatedness of a taxon.
Application of the taxon group concept assumes that taxonomic distance is positively related to genetic distance. CWR
rank of taxon groups is defined as follows: (1) Taxon Group 1A - crop; (2) Taxon Group 1B - same species as crop; (3)
Taxon Group 2 - same series or section as crop; (4) Taxon Group 3 - same subgenus as crop; (5) Taxon Group 4 - same
genus; (6) Taxon Group 5 - same tribe but different genus to crop (Maxted et al., 2006).
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Family Crop Taxon GP TG
Apiaceae Daucus carota Daucus carota L. GP1B TG1B
Apiaceae Coriandrum sativum Coriandrum sativum L. GP1B TG1B
Asparagaceae Asparagus officinalis Asparagus caspius Schult. & Schult. fil. GP1B TG1B
Asparagaceae Asparagus officinalis Asparagus officinalis L. GP1B TG1B
Asparagaceae Asparagus officinalis ~ Asparagus verticillatus L. GP1B TG1B
Betulaceae Corylus avellana Corylus avellana L. GP1B TG1B
Betulaceae Corylus avellana Corylus iberica Wittm. ex Kem.-Nath. GP2 TG2
Betulaceae Corylus avellana Corylus colchica Albov GP2 TG2
Brassicaceae Brassica oleracea Brassica juncea (L.) Czern. GP2 TG2
Brassicaceae Brassica oleracea Brassica napus L. GP2 TG2
Brassicaceae Brassica oleracea Sinapis arvensis L. GP2 TG2
Cannabaceae Cannabis sativa Cannabis sativa L. GP1A TG1A
Cannabaceae Humulus lupulus Humulus lupulus L. GP1A TG1A
Chenopodiaceae Beta vulgaris Beta maritima L. GP2 TG2
Fabaceae Pisum sativum Pisum elatius M. Bieb. GP1B TG1B
Fabaceae Cicer arietinum Cicer caucasica Bornm. GP2 TG2
Fabaceae Lathyrus sativus Lathyrus tuberosus L. GP2 TG2
Fabaceae Lens culinaris Lens nigricans (M. Bieb.) Webb & Berth. GP2 TG2
Fabaceae Lens culinaris Lens ervoides (Brign.) Grande GP2 TG2
Fabaceae Lens culinaris Lens culinaris Medik. subsp. orientalis (Boiss.) Ponert GP1B TG1B
Fabaceae Vicia faba Vicia johannis Tamamsh. GP2 TG2
Fabaceae Vicia faba Vicia narbonensis L. GP2 TG2
Fabaceae Vicia sativa Vicia sativa L. GP1A TG1A
Grossulariaceae Ribes rubrum Ribes alpinum L. GP2 TG2
Grossulariaceae Ribes rubrum Ribes caucasicum M. Bieb. GP2 TG2
Juglandaceae Juglans regia Juglans regia L. GP1A TG1A
Lamiaceae Satureja hortensis Satureja laxiflora K. Koch GP2 TG2
Lamiaceae Satureja hortensis Satureja spicigera (K. Koch) Boiss. GP2 TG2
Linaceae Linum usitatissimum  Linum bienne Mill. GP1B TG1B
Linaceae Linum usitatissimum Linum usitatissimum L. GP1A TG1A
Moraceae Morus alba Morus alba L. GP1A TG1A
Moraceae Morus nigra Morus nigra L. GP1A TG1A
Moraceae Ficus carica Ficus carica L. GP1A TG1A
Poaceae Triticum aestivum Aegilops cylindrica Host GP1B TG5
Poaceae Triticum aestivum Aegilops triuncialis L. GP2 TG5
Poaceae Triticum aestivum Aegilops tauschii Coss. GP1B TG5
Poaceae Hordeum hexastichon ~ Hordeum bulbosum L. GP1B TG2
Poaceae Hordeum distichon Hordeum spontaneum K. Koch GP1B TG1B
Poaceae Avena sativa Avena barbata Pott ex Link GP2 TG2
Poaceae Avena sativa Avena sterilis L. GP2 TG2
Poaceae Secale cereale Secale strictum subsp. anatolicum (Boiss.) K. Hammer GP2 TG2
Poaceae Secale cereale Secale strictum subsp. kuprijanovii (Grossh.) K. Hammer ~ GP2 TG2
Poaceae Secale cereale Secacle cereale L. subsp. segetale Zhuk. GP1A TG1A
Poaceae Panicum miliaceum Panicum capillare L. GP2 TG2
Poaceae Panicum miliaceum Panicum sumatrense Roth GP2 TG2
Poaceae Panicum miliaceum Panicum dichotomiflorum Michx. GP2 TG2
Poaceae Setaria italica Setaria viridis (L.) P. Beauv. GP2 TG2
Poaceae Setaria italica Setaria verticillata (L.) P. Beauv. GP2 TG2
Poaceae Setaria italica Setaria glauca (L.) P. Beauv. GP2 TG2
Poaceae Setaria italica Setaria intermedia Roem. & Schult. GP2 TG2
Punicaceae Punica granatum Punica granatum L. GP1A TG1A
Rosaceae Pyrus communis Pyrus caucasica Fed. GP1B TG1B
Rosaceae Pyrus communis Pyrus balansae Decne. GP1B TG1B
Rosaceae Malus domestica Malus orientalis Uglitzk. GP2 TG2
Rosaceae Cydonia oblonga Cydonia oblonga Mill. GP1B TG1B
Rosaceae Prunus domestica Prunus domestica L. subsp. insititia (L.) C. K. Schneid. GP1A TG1A
Rosaceae Prunus domestica Prunus spinosa L. GP1B TG1B
Rosaceae Prunus cerasifera Prunus cerasifera Ehrh. var. divaricata (Ledeb.)L.H.Bailey = GP1A TG1A
Rosaceae Cerasus avium Cerasus avium (L.) Moench GP1B TG1B
Rosaceae Cornus mas Cornus mas L. GP1A TG1A
Rosaceae Mespilus germanica Mespilus germanica L. GP1A TG1A
Rosaceae Rubus idaeus Rubus idaeus L. GP1A TG1A
Rosaceae Amygdalus communis  Amygdalus georgica Desf. GP2 TG2
Staphyleaceae Staphylea pinnata Staphylea pinnata L. GP1A TG1A
Staphyleaceae Staphylea colchica Staphylea colchica Steven GP1A TG1A
Vitaceae Vitis vinifera Vitis vinifera subsp. sylvestris (C.C.Gmel.) Hegi GP1B TG1B
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Thus, the combined use of the gene pool and taxon group concept proposed above provide the most pragmatic means
available to determine whether a species is a CWR and how closely related a CWR is to its crop. We have determined 66
species of CWR belonging to 43 genera and 17 families, which can be assigned as Primary (GP-1) and Secondary Gene
Pool (GP-2) and Taxon Group 1 and 2 (Tab.5). Seventeen (25.75%) are wild species but used as crops by collecting in the
natural habitats and they were identified as GP1A. The same CWR species as crop were 19 (28.8%). Different species
were 30 (45.45%), but representing direct progenitors whose genome is involved in the evolution of cultivars. Almost the
same numbers were obtained during taxon group classification: TG1A - 17 species (25.75%), TG1B - 16 (24.25%), TG2 - 30
(45.45%), TG 5 - 3 (4.55%). The last 3 species belonging to the Taxon Group 5 are Aegilops, a wild relative of wheat.
Goatgrass (Aegilops tauschii) is considered to be a donor of D genome of bread wheat genomic constitution = AABBDD
(Petersen et al., 2006). The distribution area of this species is wide, however, D genomes of all forms of T. aestivum were
found to be most closely related to accessions collected in Georgia, Armenia, Nakhitshevan and Azerbaijan (Dvorak et
al.,, 1998). Thus, the germplasm of the populations of goatgrass in the South Caucasus needs conservation and should be
preserved both in situ in protected areas and ex situ in seed collections.

Barley is one of the oldest crops to be domesticated from its wild progenitor Hordeum spontaneum (Badr et al., 2000, Kilian
et al., 2006). We have found H. spontaneum in Georgia in three different places. This species was not included in the list
of "Flora of Georgia' and it is a new species for Georgia. It is assumed that H. spontaneum might have evolved from H.
bulbosum by fixation of the genes controlling self-compatibility and annual habit (Cass et al., 2005). This last species is
widespread in Georgian regions.

Most fruit trees in Georgia are wild in forests and have cultivars domesticated from these wild ancestors. An
economically important Georgian fruit crop is grape, which has a wild relative species Vitis vinifera subsp. sylvestris. We
have found 9 populations of wild grapevine and conducted studies to reveal genetic and morphological relations
between wild grapevine and landraces in Georgia (Ekhvaia et al., 2010).

Many fruits are domesticated in the Caucasus from wild ancestors representing Primary Gene Pool (GP-1B) to be the
wild or weedy forms of the crops (Tab.5). The fruit crops (GP1A) and ancestor species (GP-1B) are the following: Pome
fruits - pear (Pyrus communis, P. caucasica), apple (Malus domestica, M. orietalis), quince (Cydonia oblonga); stone fruits -
plum (Prunus domestica, P. domestica var. insititia, P. spinosa ), Myrobalan (Prunus vachushti), sour-plum (Prunus cerasifera
var. divaricata), cherries (Cerasus avium, C. vulgaris), Cornel cherry (Cornus mas), medlar (Mespilus germanica), mulberry
(Morus alba, M. nigra), pomegranate (Punica granatum); berries - red raspberry (Rubus idaeus), currant (Ribes rubrum, R.
nigra, R. alpinum, R. biebersteinii), fig (Ficus carica), bladdernut (Staphylea pinnata, used flowers for marinade), and nuts -
such as hazelnut (Corylus avellana), almond (Amygdalus communis), and walnut (Juglans regia), etc.

We evaluated CWRs endemic for the Caucasus (Tab.6). The endemic species of the same genus as crop were calculated.
The number of endemic species from the total 479 CWRs of agricultural cultivars for food is 114 (23.8%).

4. Domestication events
4.1. Domestication of grapevine in Georgia

The grapevine was among the first fruits to be cultivated in Georgia (Javakhishvili, 1987). There are many arguments to
confirm the fact that domestication events of grape took place in Georgia. One of the indicators is archaeological
evidence. The 1,5-Myr-old petrified specimen of wild grapevine leaf was found in Georgia in the Meskheti province
(Fig.4A). A confirmation for long lasting cultivation of grapevine in Georgia is archaeological remains of berries and
seeds of domesticated grapes dated ~6.000 BC (in the vicinity of village Shulaveri [Fig.1], southeast Georgia; Ramishvili
1988). Other archaeological evidence of prehistoric winemaking was found in proximity of the Caucasus in northern Iran
at the Haijji Firuz Tepe site in the northern Zagros Mountains dated to about 5.400-5.000 BC (McGovern, 2003) and in the
Levant where archaeological findings are dated from ca. 4.000-3.200 BC (Zohary & Hopf 2000). Georgian traditions based
on winemaking and grape culture to a high degree might be considered to be a second indicator of Caucasian origin of
the grapevine. However, the primary scientific argument should be premised on N. L. Vavilov's (1992) idea that the
centres of origin of cultivars should be characterized by high genetic and morphological variability of both wild and
cultivated taxa. Five hundred is a very high number of known autochthonous grapevine varieties found in such a small
territory (Javakhishvili, 1987; Ketskhoveli et al., 1960). These cultivars showed high morphological variability of leaf
form, colour and shape of berries and shape and structure of pips. They are adapted to wide array of climatic conditions
(Ketskhoveli et al., 1960). Each province of Georgia possesses unique grapevine cultivars adapted to local climate. The
landraces of western Georgia grow in humid subtropical climate and other cultivars are adapted to moderate climates in
eastern Georgia. Several local cultivars are growing in high mountain regions in Meskheti and Svaneti up to 1500 m a.s.L.
Besides the cultivars, there is high morphological and genetic diversity of wild grapevine populations in the Caucasus.
All five haplotypes detected by using cpDNA microsatellite markers have been found in the Caucasian ecoregion
suggesting that this area is possibly the centre of origin of both wild and cultivated grapevines (Grassi et al., 2006).
However, only one provenance from Georgia has been analyzed in this study despite the number of populations of wild
grapevine found in Georgia today that display morphological diversity (Ramishvili, 1988). We carried out a detailed
comparative morphometric study of nine populations of wild grapevine, V. vinifera subsp. sylvestris, growing in the four
river basins of the Ajaristskali, Mtkvari, Alazani and lori located in western, southern and eastern Georgia.
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Table 6. One hundred fourteen endemic species of the Caucasus ecoregion related to the ancient crops in Georgia

(Schatz et al., 2009).
Family Taxon Family Taxon
Apiaceae Carum alpinum (M. Bieb.) Benth. & Hook. ex B. ~ Lamiaceae Thymus nummularius M. Bieb.
D. Jacks.
Apiaceae Carum grossheimii Schischk. Lamiaceae Thymus tiflisiensis Klokov & Des. -Shost.
Apiaceae Carum porphyrocoleon (Freyn & Sint.) Woronow  Liliaceae Allium albovianum Vved.
Apiaceae Pastinaca armena Fisch. & C. A. Mey. Liliaceae Allium candolleanum Albov
Apiaceae Pastinaca aurantiaca (Albov) Kolak. Liliaceae Allium gramineum K. Koch
Apiaceae Pastinaca pimpinellifolia M. Bieb. Liliaceae Allium gunibicum Miscz. ex Grossh.
Asparagaceae Asparagus caspius Schult. & Schult. fil. Liliaceae Allium kunthianum Vved.
Asteraceae Scorzonera charadzeae Papava Liliaceae Allium leucanthum K. Koch
Asteraceae Scorzonera czerepanovii R. Kam. Liliaceae Allium otschiauriae Tscholokaschvili
Asteraceae Scorzonera dzhawakhetica Sosn. ex Grossh. Liliaceae Allium ponticum Miscz. ex Grossh.
Asteraceae Scorzonera ketzkhowelii Sosn. ex Grossh. Liliaceae Allium szovitsii Regel
Asteraceae Scorzonera kozlowskyi Sosn. ex Grossh. Linaceae Linum hypericifolium Salisb.
Asteraceae Scorzonera seidlitzii Boiss. Poaceae Elymus buschianus (Roshev.) Tzvelev
Betulaceae Corylus abchasica (Kem.-Nath.) Kem.-Nath. Poaceae Elymus troctolepis (Nevski) Tzvelev
Betulaceae Corylus colchica Albov Poaceae Elytrigia gracillima (Nevski) Nevski
Betulaceae Corylus egrissiensis Kem.-Nath. Poaceae Elytrigia sinuata (Nevski) Nevski
Betulaceae Corylus imeretica Kem.-Nath.
Betulaceae Corylus kachetica Kem.-Nath. Poaceae Secale strictum subsp. anatolicum (Boiss.) K.
Hammer
Betulaceae Corylus x fominii Kem.-Nath. Poaceae Secale strictum subsp. kuprijanovii (Grossh.)
K. Hammer
Fabaceae Cicer caucasicum Bornm. Rosaceae Amygdalus georgica Desf.
Fabaceae Lathyrus colchicus Lipsky Rosaceae Crataegus caucasica K. Koch
Fabaceae Lathyrus cyaneus (Steven) K. Koch Rosaceae Crataegus eriantha Pojark.
Fabaceae Lotus caucasicus Kuprian. ex Juz. Rosaceae Pyrus demetrii Kuthatheladze
Fabaceae Medicago dzawakhetica Bordz. Rosaceae Pyrus eldarica Grossh.
Fabaceae Medicago hemicycla subsp. medidaghestanica Rosaceae Pyrus fedorovii Kuthatheladze
Sinskaya
Fabaceae Onobrychis angustifolia Chinth. Rosaceae Pyrus georgica Kuthatheladze
Fabaceae Onobrychis biebersteinii Sirj. Rosaceae Pyrus ketzkhovelii Kuthatheladze
Fabaceae Onobrychis cyri Grossh. Rosaceae Pyrus oxyprion Woronow
Fabaceae Onobrychis grossheimii Kolak. ex Fed. Rosaceae Pyrus sachokiana Kuthatheladze
Fabaceae Onobrychis iberica Grossh. Rosaceae Pyrus salicifolia Pall.
Fabaceae Onobrychis kachetica Boiss. ex Huet. Rosaceae Pyrus takhtadzhianii Fed.
Fabaceae Onobrychis kemulariae Chinth. Rosaceae Rosa buschiana Chrshan.
Fabaceae Onobrychis komarovii Grossh. Rosaceae Rosa didoensis Boiss.
Fabaceae Onobrychis meschetica Grossh. Rosaceae Rosa doluchanovii Manden.
Fabaceae Onobrychis oxytropoides Bunge Rosaceae Rosa ermanica Manden.
Fabaceae Onobrychis petraea (M. Bieb. ex Willd.) Fisch. Rosaceae Rosa galushkoi Demurova
Fabaceae Onobrychis sosnowskyi Grossh. Rosaceae Rosa hirtissima Lonacz.
Fabaceae Onobrychis transcaucasica Grossh. Rosaceae Rosa irysthonica Manden.
Fabaceae Trifolium fontanum Bobrov Rosaceae Rosa kozlowskii Chrashan.
Fabaceae Trifolium ruprechtii Tamamsch. & Fed. Rosaceae Rosa marschalliana Sosn.
Fabaceae Trifolium sintenisii Freyn Rosaceae Rosa oplisthes Boiss.
Fabaceae Vicia abbreviata Fisch. ex Spreng. Rosaceae Rosa ossethica Manden.
Fabaceae Vicia alpestris Steven Rosaceae Rosa oxyodon Boiss.
Fabaceae Vicia antiqua Grossh. Rosaceae Rosa prilipkoana Sosn.
Fabaceae Vicia caucasica Ekutim. Rosaceae Rosa pulverulenta M. Bieb.
Fabaceae Vicia ciliatula Lipsky Rosaceae Rosa teberdensis Chrshan.
Fabaceae Vicia grossheimii Ekutim. Rosaceae Rosa transcaucasica Manden.
Fabaceae Vicia iberica Grossh. Rosaceae Rosa tuschetica Boiss.
Fabaceae Vicia sosnowskyi Ekutim. Rosaceae Sorbus buschiana Zinserl.
Grossulariaceae  Ribes biebersteinii Berland. ex DC Rosaceae Sorbus caucasica Zinserl.
Lamiaceae Satureja bzybica Woronow Rosaceae Sorbus caucasigena Kom.
Lamiaceae Thymus caucasicus Willd. ex Ronniger Rosaceae Sorbus colchica Zinserl.
Lamiaceae Thymus collinus M. Bieb. Rosaceae Sorbus migarica Zinserl.
Lamiaceae Thymus coriifolius Ronniger Rosaceae Sorbus subfusca (Ledeb.) Boiss.
Lamiaceae Thymus grossheimii Ronniger Rosaceae Sorbus fedorovii Zaikonn.
Lamiaceae Thymus karjaginii Grossh. Rosaceae Sorbus velutina (Albov) C.K. Schneid.
Lamiaceae Thymus ladjanuricus Kem.-Nath. Staphyleaceae Staphylea colchica Steven
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The results reveal high morphological diversity of wild grapevine growing in Georgia. Morphological characters such as
shape of leaf blade, number of lobes, pubescence type, coloration of internodes, leaves and berry skin, leaf vein lengths
and angles between them and form of petiole sinus show high variability both within and among populations. The
variability was related to the skin colour of berries. Some wild grapes had white berries, most had blue-black coloration.
White-fruited phenotype is considered to be determined by the variation present in the gene VvmybAl1, a transcriptional
regulator of anthocyanin biosynthesis (This et al., 2006). The wild ancestor, however, should be considered to be black
colour grapevine, which is most common in Georgian wild populations, eventhough the mutation leading to the white-
fruited wild grapevine has been found in other Georgian wild populations (Ramishvili, 1988). On a phenotypical basis of
our investigation (Ekhvaia & Akhalkatsi, 2010) it can be confirmed that the infraspecific evolution of Vitis vinifera subsp.
sylvestris has produced three population groups south of the Great Caucasus Range. Overall, there are three phenetically
distinct morphometric groups of western, southern and eastern Georgian wild grapevines. These three groups can be
readily distinguished by the length of main leaf veins and lengths of nectaries in male flowers. This conclusion differs
from the classical classification of Georgian wild and cultivated grapevine (Ramishvili, 1988) that considers two centres
of origin of grapes in the South Caucasus region: (1) an Alazani origin with whole eastern and southern Georgia and
adjacent territories of Azerbaijan and Armenia, and (2) a Colchic centre of origin which includes the entire western
Georgian region with the Black Sea coastal zone. Our data clearly show a separated group in the southern Georgian
population located in the territory of historical Tao-Klarjeti, a region of Georgia with many aboriginal grapevine
cultivars. Therefore, it is of high importance to study aboriginal grape varieties in the place of its supposed
domestication and to determine genetic relations among native grapevine cultivars and local wild populations.

Figure 4. A- The 1,5-Myr-old petrified specimen of wild grapevine leaf. National Museum of Akhaltsikhe, Georgia; B-
Stone carving on the medieval church Ananuri, Mtskheta-Mtianeti region, Georgia. Photos by Maia Akhalkatsi.

Molecular study based on nuclear microsatellite (SSR) markers revealed close genetic relationships between wild grape
and local cultivars in Georgia (Ekhvaia et al., 2010, 2011). Twenty-four Georgian autochthonous and 45 accessions of
wild V. vinifera subsp. sylvestris were analyzed at 17 microsatellite loci (VIZAG21, VrZAG47, VrZAG62, VrZAG64,
VrZAG79, VrZAGS83, VVMD?7, VVMD24, VVMD25, VVMD27, VVMD28, VVMD32, VVMD34, VVS2, VVS4, scu04vv and
scul4dvv). Six accessions of the American rootstocks - Fercal ('Cabernet -Sauvignon' x Vitis berlandieri), Telecki 5C (V.
berlandieri x V. riparia), MAlegue 44-53 (V. riparia X [V. cordifolia X V. rupestris]), Couderc 3309 (Riparia tomenteuse x
Rupestris Martin), cultivar V. labrusca 'Odessa' and V. riparia naturalized in Georgia were used as outgroup. Thirty-seven
accessions of wild grapevine were collected from different regions of Georgia and 8 wild accessions were sampled in
Turkey's Artvin province adjacent to Georgia. All individuals within the studied populations of wild grapevine were
identified as dioecious plants with male or female flowers. Genotype analysis at the most studied loci showed that
Georgian cultivated and wild grapevine was characterized by high level of genetic variability. Genetic structure also was
analyzed using F statistics. The low level of genetic differentiation (Fs=0.03) between Georgian cultivated and wild
grapevines demonstrates that in situ domestication of wild germplasm took place within local populations. This means
that autochthonous Georgian cultivars should be originated from local wild grapevine (Ekhvaia et al., 2010).
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The dendrogram generated using Dice coefficient identified eight major clusters within the 75 different genotypes
defined at 0.22 similarity level (Fig.5). Clusters A consist of 13 Georgian local cultivars and 8 wild grapevine accessions
from different regions of Georgia. One example confirming the genetic linkage between cultivated and local wild
grapevine is placement of the famous Georgian red cultivar 'Tavkveri'in cluster A, where it is closely linked to
the wild accession WT46Tbilisi5 (GS value 0.96; Fig. 5) due to identical alleles at 33 out of 34 alleles. Thus, the
hypothesis that this cultivar could have been selected from local wild grapevine can be considered, especially because
like wild grapevine 'Tavkveri' is characterized by presence of functionally female flowers. The fact that the 5 ancient
Georgian cultivars 'Chvitiluri', 'Kachichi', 'Shonuri', 'Saperavi' and 'Uchakhardani' fall within cluster B (Fig.5), which
mainly contains wild accessions allowed us to suppose that these cultivars were derived from the earliest local
domestication events. Cluster G shows the genetic similarity of most ancient Georgian cultivars 'Meskhuri Shavi' and
'Krikina' adapted to high mountain climate conditions in Meskheti.
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Figure 5. Dendrogram of 75 accessions: Twenty-four Georgian local cultivars (Vitis vinifera subsp. vinifera), 45 Georgian
wild grapevine (V. vinifera subsp. sylvestris), 4 rootstock cultivars (Couderc 3309, Fercal, MAlegua 44-53 and Teleki 5C),
introduced cultivar V. labrusca 'Odessa' and naturalized V. riparia constructed by unweighted arithmetic average
clustering (UPGMA) method based on Dice’s coefficient of shared SSR polymorphisms.
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In conclusion, it should be mentioned that the Georgian cultivated and wild grapevines represent a unique and
interesting genetic resources that is characterized by a high similarity level between wild and cultivated grapevines. The
admixture found among local Georgian cultivars and wild grapevine indicates the possibility that these cultivars are
derived from ancestral domestication of local wild types. Thus, the obtained data are supporting that Georgia is one of
the oldest centres of domestication of grapevine and harbour of valuable genetic resources for grape breeding.

It should be mentioned that wild grapevine populations occurring nowadays on the territory of Georgia are threatened
by different impacts in their natural habitats and need to be protected. The confirmation of threatened status of the
Georgian wild grapevine might be detected low level of heterozygous individuals found for the most of the studied loci,
which reflects the isolated status and the reduced number of individuals in the wild populations. Therefore, it is
necessary to conserve wild forms and aboriginal cultivars of grape for the maintenance of genetic variability and to
avoid genetic erosion of valuable genetic resources for grape breeding in Georgia.

4.2. Domestication of pear in Georgia

Many pear cultivars occur in Georgia from pre-historic period indicating the early domestication event of this cultivated
fruit tree (Javakhishvili, 1987). In total, 11 species of wild pear occur in Georgia (Kuthatheladze, 1980). They are
distributed in different regions of Georgia, what is caused by the variable geographical relief and habitat diversity of the
country. Pyrus caucasica Fed., the endemic species of the Caucasus is most widespread among the wild pears of Georgia
and is considered as main progenitor species of local pear cultivars (Khomizurashvili, 1973). Moreover, P. caucasica and
P. pyraster (L.) Burgsd. are regarded as the main wild progenitors, from which the cultivated European pear (P. communis
L.) has probably evolved (Zohary & Hopf, 2000; Volk et al., 2006; Yamamoto & Chevreau, 2009).

According to the literature data (Khomizurashvili, 1973) introduced cultivars of pear from Europe and Russia appeared
in Georgia at the end of 19t century and before there were existed only the local cultivars. However, we assume that the
process of cultivar introduction might have started much earlier, as Georgia had cultural contacts to Asian and European
countries since antique period. It is also remarkable that Greece is considered to be a first provider of selective cultivars
of pear to the ancient world (Jackson, 2003) and earliest relations between Georgia and Greece should be considered as
possible way of introduction of European pear cultivars in the Caucasus.

The local Georgian names of the cultivated pear Mskhali and wild Caucasian pear Panta exists in all Georgian dialects;
they do not have analogues in any other languages (Javakhishvili, 1987). The Georgian names of cultivated and wild
pears are linked with geographic objects such as mountains (Skhaltbis Range in Kartli, Mt. Mskhal-Gori in Kakheti’s
Kavkasioni), rivers (R. Skhaltba), or villages (Pantiani, Skhalta, Skhlobani, etc.; Javakhishvili, 1987). The name of wild
Caucasian pear Panta is used among cultivars called ‘Panta Mskhal{’, i.e. cultivar with name of wild pear. Moreover, the
classification of Georgian pear cultivars (Khomizurashvili, 1973) contains a group of landraces with the same name. This
classification system divides Georgian cultivars into four groups: ‘Gulabi’, ‘Panta Mskhali’, ‘Kalos Mskhali’, and
‘Khechechuri’. The name of each group represents the name of a cultivar, which is considered to be a typical
representative of a group. In the ‘Gulabi” group, there are included both local and introduced cultivars to have most high
economic values, big juicy fruits with sweet taste. The ‘Panta Mskhali’ group contains local varieties with small fruits
becoming black after maturation. This is a character feature of wild Caucasian pear. The ‘Kalos Mskhali’ group includes
local cultivars having bigger fruits than the second group. The ‘Khechechuri’ group matures in late autumn with juicy
fruits containing a big amount of stone cells. According to N. Khomizurashvili (1973), the last three groups are
originated by direct domestication of wild pear in Georgia. Although, some signs of selective breedings are remarkable
as well. Relationships between wild P. caucasica and local cultivars are mirrored by a high morphological variability of
leaf and fruit forms. This idea was for the first time confirmed by statistical methods of taxonomic identification and
relationships among taxa in our study (Asanidze et al., 2011). We decided to conduct comparative morphometric study
of cultivars recently occurred in Georgia and reveal their relationship to local wild pear species. The results have to
determine local cultivars originated by direct domestication events in ancient time and discriminate from cultivars,
which will have relationships with other wild species - P. pyraster or P. pyrifolia, considered as wild ancestors of
European and Far East pear cultivars respectively.

We carried out the investigation to determine morphological characteristics of leaves, young shoots and fruits
differentiating local and introduced pear cultivars of Georgia to reveal the relationships between cultivars and wild
ancestor species of pear by statistical methods used in plant morphology (Asanidze et al., 2011). A total of 214 wild and
cultivated pear trees have been sampled in natural habitats, living collections and peasant grounds in different regions of
Georgia. Wild pear species were determined according to Sh. Kuthatheladze (1980). The pear accessions evaluated in this
study consisted of Caucasian endemic P. caucasica Fed. (=P. communis subsp. caucasica (Fed.) Browicz; N=100), P. balansae
Decne. (= P. communis L.; N=8) and P. pyraster (L.) Burgsd. (=Pyrus communis L. subsp. pyraster (L.) Ehrh.; N=3), which
has been obtained from Germany, Hessen, in surrounding of v. Erda. Eighty-one individuals of 26 Georgian local and 22
individuals of 9 introduced cultivars (total 103 individuals of 35 cultivars) have been collected. Some of them are
sampled in the collection of the Institute of Horticulture, Viticulture and Oenology, village Skra, Gori district, Georgia;
local cultivars were sampled in the collection of aboriginal cultivars of Biological Farming Association Elkana in village
Tsnisi, Akhaltsikhe district, Georgia. Many local cultivars are collected in peasant house gardens in different regions of
Georgia. The individuals were evaluated by 27 morphological traits, which included one landmark analysis data, 12 leaf
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and shoot descriptors and 14 fruit descriptors. Morphological characters have been taken as recommended by
International Union for the Protection of New Varieties of Plants (UPOV, 2000) for P. communis and ]. Voltas and
colleagues (Voltas et al., 2007), which delimited differences between wild and cultivated taxa of the genus Pyrus based
on morphometric analysis. In total 21 morphological traits have been analysed by multivariate analysis. The Principal
Components Analysis and Hierarchical Cluster Analysis (HCA) methods revealed the distance or similarity measure to
be used in clustering with the Ward's method as amalgamation rules. According to HCA's results, pear cultivars,
analysed in this study, are clustered into two groups (Fig.6). The first group A contains local cultivars related to P.
caucasica and P. balansae by 21 morphological traits of leaves and fruits. Especially close Euclidean similarity distance is
revealed between wild Caucasian pear, Panta in Georgian and a cultivar named 'Panta mskhali', which confirms
etymological and taxonomic similarity within these taxa. P. balansae shows very close similarity distance with "Tsvrili
mskhali' and 'Korda'. Very closely related group of local cultivars to wild Georgian pears contains: 'Bebani', 'Samariobo’,
'Tavrejuli', 'Kvichicha', 'Khinos mskhali' and 'Akiro'. The other group: 'Shavmskhala', 'Nenes mskhali', 'Borbala', 'Majara',
'Shakara' and 'Kartuli mskhali', is more distanced from wild pears, but located in the same cluster. We assume that these
local cultivars must have been originated by direct domestication of wild Caucasian and Balanse's pears in Georgia.
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Figure 6. HCA dendrogram of Euclidean distance with the Ward's method showing the relationships between the 35
cultivars and 3 wild species of pear based on 20 morphological traits of leaf, shoot and fruit and 20 landmark harmonics
of mature leaf; The taxa in the dendrogram are clustered into two main groups - A and B. (N=214).
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The second cluster B (Fig.6) contains introduced cultivars of pear originated in European countries and some old
Georgian cultivars. The group B reveals relationship with wild pear - P. pyraster, which is distributed in Europe and does
not reach Georgian territory. The area of distribution is up to the middle of Turkey. The most cultivars from intermediate
group B are more widespread in Georgia than the local cultivars originated by direct domestication of wild pears from
group A. Two local pears ‘Gulabi” and ‘Khechechuri” are the most widespread among all local pears of Georgia and there
are two or more varieties of them in each localities of the country. Moreover, Georgian name of cultivar ‘Gulabi’, which
is also used to be a name of local pear group in classification of N. Khomizurashvili (1973), means pear in Persian. We
suggest that local cultivars from cluster B (Fig.6) might have appeared in Georgia very long time ago and were improved
by local population using breeding procedures.

Leaf margin shape is the main morphological trait that differentiates Caucasian pear (P. caucasica) from European pear
(P. communis). Leaf margins are entire in P. caucasica and serrate in P. communis. This theory was proved by the statistical
analysis of the collected samples for the present study. Nowadays, P. pyraster is considered as the wild pear of Europe
and cultivars are named as P. communis (Yamamoto & Chevreau, 2009). 'Communis' or the 'Common pear' group of
cultivars has become the name of the cultivated pears of Europe, however, the structure and the diversity of the wild and
cultivated pears of this group is not studied in details and needs further genetic and molecular investigations.

Thus, the results of this study have shown that some local cultivars of Georgia are direct domesticated from the native
wild pear species - P. caucasica and P. balansae. The other local cultivars might be obtained due to selective works by
breeding of local landraces with introduced cultivars from different countries in historically different periods. The
molecular study of these taxa will clear in more details origin of these cultivars.

The results confirm the hypothesis that some local cultivars of Georgia are directly domesticated from the native wild
pear species - P. caucasica and P. balansae. The other local cultivars might be obtained due to selective works by breeding
of local landraces with introduced cultivars from different countries in historically different periods.

5. Traditional sustainable use of ancient crops

Since ancient times, agriculture in Georgia has been divided in two zones: lowlands (0-1300 m a.s.l.) and high-mountains
(1300-2200 m a.s.L.). This classification was based on production of wine (Javakhishvili, 1987). Winemaking was always
the major branch of agriculture in Georgia. Wine was exported from Georgia since ancient times. The vineyards were cut
off to reduce income for exporting the wine in neighbour countries during the occupation of the country by the Muslim
nations. The exchange of agricultural products took place between lowland and high-mountain regions and not only
within the Georgians, but also with North Caucasians. This tradition remained till the end of 20th century when
Dagestanian people from Didoeti region visited Kakheti lowland in eastern Georgia in late autumn. They have
exchanged agricultural products from high-mountains to lowland crops. In 20th century, they brought from Dagestan
cows, cheese and potato and have exchanged them on Kakhetian wine, schnapps from grapevine called chacha, bread
wheat flour, fruits and vegetables.

Figure 7. A - Satsnekheli - stone construction for the pressing of grapes in Nekresi monastery (IV century AD), Kakheti; B
- Clay vessels for wine storage Kvevri, Ikalto monastery (XII century AD), Kakheti; C- Red wine Saperavi and boghlortso
(wheat bread into red wine) in clay cups on Georgian table. Photos by Maia Akhalkatsi.

The information about the traditional use of wine is remained in folklore and ethnographic studies collecting this
knowledge. The problem in reducing of written information was again the wars, destruction of settlements and burning
of manuscripts during historical times. Therefore, the information on traditional agriculture is based on both literature
data and interviews of local people obtained during our field trips in different provinces of Georgia. The ancient stone
construction satsnekheli for the pressing of grape might be found near many historical monuments (Fig.7A) even in
ancient caves of Chachkari near Vardzia monastry complex. Each family in lowland regions have a room for
winemaking in houses called marani in which the clay vessels are buried in soil named kvevri (Fig.7B) where the wine is
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made and stored by traditional Georgian technology. One of kvevri in each marani was called zedashe and the wine in it
might be used only in religious rituals since it belonged to the God. Zedashe was filled by schnapps called Araki derived
from different fruits e.g. wild pear - P. caucasica, in high mountain regions and used for rituals (Fig. 8A-C). Wine and
bread are ritual accessories of Christian religion and first cross entered in Georgia by St. Nino from Cappadocia in 4th
century AD was made from vines. However, the folklore knowledge let us know that grapevine was a ritual plant in
ancient religion and represented a tree of the God of sun. The remnants of grapevine images are often demonstrated as
stone carvings on Christian churches (Fig.4B) and ancient golden and silver cups and Jewellery. Wine was used not only
as alcohol drink but in religious rituals and as traditional food. Boghlortso (Fig.7C) was a healthy food prepared by wheat
bread placed within a red wine and used by the whole family members including children and chronic invalid and
consumptive people.

Bread is served with all Caucasian meals. It is the same ritual food like wine in Georgia. Two landraces of bread wheat -
Triticum aestivum var. erythrospermum and T. aestivum var. lutescens are used for religious rituals in Svaneti (Girgvliani,
2010). The flour of these cultivars is preserved separately from other reserves of bread wheat flour and used on religious
holydays. Milled faba bean and kenaf seeds are added to the bread flour for baking ritual bread. There are barley
cultivars: H. vulgare var. pallidum in Svaneti and H. vulgare var. nutans in Meskheti, used for traditional bread preparation
added to the T. carthlicum 'Dika' flour.

Figure 8. A- Murtaz Chankseliani collected wild pear (Pyrus caucasica) in forest, R. Kheledula gorge, Lower Svaneti; B -
Wild Caucasian pear for preparing of alcohol schnapps Araki; C - Distillation equipment for preparing of pear schnapps.
Photos by Maia Akhalkatsi.

The healthy quality of food in Georgia is connected with usage of fruit and herb sauces for roasted and fried meet. Sour
plum sauce (P. cerasifera var. divaricata) is always added to spit-roasted chicken and pork. Many herbs and spices are
added to meet meals. This should be understand to be a modern direction in diet works when an alkaline food is
recommended to neutralize acid food, which is everyday meal including meet, sugar and bread. Modern civilization eats
considerably more acid-forming foods than alkalizing foods. According to well-known naturopath P. Airola (1984),
acidosis, or over-acidity in the body tissues, is one of the basic causes of diseases, especially the arthritic and rheumatic
diseases. There is in the internet now a lot of information on alkaline food. The lists of alkaline products show that fruits
and vegetables have highest pH most of which are traditional cultivars in Georgia. There are alkaline vegetables such as
- alfalfa, barley, beet greens, beets, cabbage, carrot, celery, cucumber, eggplant, garlic, green beans, green peas, herbs,
lentils, lettuce, onions, radishes, spices, spinach, watercress, wild greens, etc. which are the traditional cultivars in
Georgia. Alkaline traditional fruits are - apple, apricot, berries, cherries, sour cherries, figs, grapes, grapefruit, nectarine,
peach, pear, strawberries, watermelon, seeds and nuts, etc. To maintain health, the diet should consist of 60% alkaline
forming foods and 40% acid forming foods. To restore health, the diet should consist of 80% alkaline forming foods and
20% acid forming foods (Airola, 1984).

Therefore, we should think about sustainability of traditional use of crops and wild plant species in the past time. The
fact that the nature remained undisturbed in the country centuries long and population was characterized by much
higher healthy features as current situation exists in Georgia should be explained as occurrence of healthy food and
nature tolerant use of the plant resources.

6. Threats
6.1. Threats and conservation of ancient crops

There are several reasons for the genetic erosion of ancient cultivars and the wide distribution of new varieties of
introduced crops. First of all, new cultivars have higher yields and are therefore preferred both as a source of food for
local people and as a cash crop that determines local income. The second reason why local peasants began to prefer
cultivating genetically modified (GM) plants may be explained by introduction of new diseases into Georgian
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agricultural fields in recent years, causing harm primarily to ancient cereals and vegetables. However, the introduction
of new parasites has revealed that endemic forms of Georgian crop plants contain valuable selective disease-resistant
material for genetic engineering. The tetraploid and hexaploid endemic wheat species T. timopheevii and T. zhukovskyi, for
example, are characterized by a high level of resistance to a new race (TTKS, commonly known as Ug99) and many other
races of Puccinia graminis f. sp. tritici due to the wheatstem rust resistance gene Sr36 (Tsilo et al., 2008). T. carthlicum is
characterized by immunity to diseases, a short growing period, and resistance to cold.

Intensive Genetic erosion of ancient crops started in Georgia since 1950s which was also a period of intense selection
work in breeding stations in the whole of the Soviet Union, e.g. the highly productive awnless wheat cultivar Bezustaja I
developed in Russia has been sown in all wheat fields in Georgia since the 1970s, and this variety eventually replaced
Georgian endemic wheat species. Recently new breeder's varieties of wheat and other cereals are introduced from
different countries.

The process of genetic erosion of ancient crop varieties has not been a great concern for the mountain areas of Georgia,
which until the 1990s acted as a depository of ancient crops. One important consideration that explains why ancient
cultivars were conserved longer in mountainous regions than in the lowlands is that the local population preserved their
traditional ways of life and socioeconomic structures. The traditional agricultural system is characterized by dependence
on local genetic resources and locally developed technologies. Even today, peasants in mountain villages use an ox-
drawn sledge made of wood for loading and transporting cereals and a threshing sledge on threshing floors to thresh
wheat, oats, rye, and barley. Traditional agricultural equipment makes it possible to cultivate areas even on steep slopes
and at high elevations, where modern tractors cannot be used. Moreover, some old landraces of wheat and barley are
used to prepare bread and beer for religious rituals. Substitution of these landraces by others would go against centuries-
old traditions (Akhalkatsi et al., 2010).

Despite these conditions that support the maintenance of ancient landraces, many endemic and native representatives of
crop plants are currently in danger of extinction and face severe problems of genetic erosion in all mountainous regions
of Georgia. While agrobiodiversity is declining rapidly in many areas of the world due to anthropogenic pressure
(Korner et al., 2007), including population growth, in Georgia the main reason for genetic erosion of ancient crop
varieties is demographic decline in mountain regions due to harsh economic conditions and lack of modern
infrastructure (Nakhutsrishvili et al., 2009). The shift from ancient cultivars to modern high-yielding crops such as maize
and potato, which took place in the lowland areas much earlier, began in mountain villages only in the last 20 years.
Greater income from marketing allows families to stay in mountain villages. Moreover, the economic security of the
traditional farming systems in these mountain regions appears to be in jeopardy when traditional agriculture is replaced
by cattle breeding, which causes abandonment of cultivated fields and their transformation into pastures.

Several research centres maintain ex situ germplasm collections of Georgia, such as gene banks and living collections.
According to the National Biodiversity Action Plan of Georgia (Jorjadze, 2005), international nature conservation
institutions and Georgian scientific and nongovernmental organizations have taken care to preserve the genetic
resources of local cultivars. Several gene banks and living collections occur in Georgia. There is one biggest genebank
located at the Georgian Institute of Farming established in 2004 through support of International Centre for Agricultural
Research in the Dry Areas (ICARDA). They owned a total 3057 accessions of local and introduced cultivars and CWRs in
2010. The other 5 gene banks are located in different research institutes unified with Agrarian University in 2011. Total
number of germplasm accessions is 6286 in Georgian gene banks. However, the material kept in ex situ collections are
not sufficient and need more contribution. Many seed banks worldwide contain about 7000 accessions of germplasm of
Georgian cultivars and crop wild relatives. A recently initiated project, “Mountain Biodiversity in the Caucasus and its
Functional Significance,” supported by the Swiss National Science Foundation Program SCOPES, will build an electronic
biodiversity archive for Georgia, and include data on mountain plant biodiversity in Georgia. Because it will be built in
compliance with Global Biodiversity Information Facility (GBIF) standards, it will contribute to the Global Mountain
Biodiversity Assessment (GMBA) mountain portal with GBIF (www.mountainbiodiversity.org). A research agenda
concerned with the use of georeferenced mountain biodiversity data for science and management was developed at a
GMBA workshop in Kazbegi, Central Caucasus, in July 2006 (Korner et al., 2007). Such a database of the plant species of
the Caucasus will become a prominent entry in the GBIF database and highlight the current status of plant genetic
resources in Georgia.

It should be emphasized that establishment and maintenance of ex situ collections and databases is just a first step in the
conservation process of ancient crop varieties. The next step should be return of conserved seed material to the fields of
local farmers. From 2004 to 2009, the Global Environmental Facility/United Nations Development Fund (GEF/UNDP)
project “Recovery, Conservation and Sustainable Use of Georgia’s Agro-Biodiversity’”” was carried out with the aim of
conservation and sustainable use of threatened local plant genetic resources in the oldest historical mountainous region
of Georgia, Samtskhe-Javakheti. This project enabled establishment of sources of primary seed and planting material for
threatened crops and fruit varieties, and assisted farmers in accessing markets for organic products from such crops as
lentil, grass pea, chickpea, faba bean, common millet, Italian millet, etc. Another project was the return of the Georgian
wheat variety T. aestivum var. ferrugineum 'Akhaltsikhis Tsiteli Dolis Puri' in Meskheti province, where it was sown on 10
ha and produced bread that was introduced in shops featuring organic products in Tbilisi as of 2008. Afterward, this
project was supported by the Georgian church, which expressed an interest in cultivating ancient crops on monastery
grounds. However, these attempts have been realized only on a small scale and not in larger areas of the country.
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In our opinion, the major activity of the corresponding governmental institutions should be directed on supporting local
farmers in reintroducing ancient crops on the market and maintain maximum diversity of the target taxon’s gene pool.
The importance of agricultural achievements not should be oriented only on high yield of crops but the traditional foods
to which people have adapted a long time determines their healthy lifestyle. Thus, conservation and reintroduction of
ancient cultures to modern agriculture can insure longevity of people.

3.3. Threats and conservation needs of crop wild relatives

The natural populations of many species of CWRs are increasingly at risk. The primary causes of diversity loss of wild
plant species are habitat loss, degradation and fragmentation. Many cereal CWRs, including relatives of wheat and
millet species, occur in arid or semi-arid lands and are severely affected by over-grazing and desertification. The forest
species are affected by habitat disturbances because of illegal forest cutting occurring in 1990s in Georgia. Climate
change is having significant impacts of species distributions and survival in a concrete habitat. One of the most
important threats to the diversity of CWRs are genetic erosion and pollution. The threat of genetic pollution or
introgression, either from genetically modified organisms (GMOs) or from conventionally bred crops, to wild species has
become an increasing risk to the in situ genetic conservation of crop wild relatives.

Another problem is that many species of important CWR occur in centres of plant diversity and crop diversity located
mainly in developing countries, which often lack resources to invest in the necessary conservation activities. South
Caucasus and Georgia, in particular, is the centre of origin and diversity of many of the world’s important crop plants.
There are several international projects realized by the ICARDA, the International Plant Genetic Resources Institute
(IPGRI), US Department of Agriculture (USDA), United Nations Environmental Program (UNEP), etc. contributed in
undertaking efforts in monitoring and conservation of plant. Although, additional resources are urgently needed in such
areas of high diversity to identify priority species for conservation, determine the necessary conservation activities,
monitor the status of key species, improve the use of these valuable resources.

Habitat disturbances are main threats leading to the extinction of rare and endangered plant species. Deforestation took
place during last decades in Georgia and caused habitat degradation. The fact detected with the population of wild
grapevine has revealed the threat to the riparian forests, which is situated along rivers in very close proximity of
settlements and local people uses the resources of this forest in a highest degree. We have detected that some trees were
cut representing the support of clambering wild grapevine and the individuals were lying on the earth, which will cause
its drying up and death. More great scale cuttings in dark coniferous forests lead to arising of forest openings with high
irradiation leading to drying up the underground cover of mosses and lichens, which drastically changes habitat and
determines disappearing of natural species adapted to this habitat. Overgrazing of meadows and pastures was a
problem in Soviet period, when several million head of sheep were grazing summer pastures of mountainous regions of
Georgia. However, now the number of cattle is reduced and does not threaten much the rare species in their natural
habitats. In spite of this fact, grazing affect survival of rare species such as Hordeum spontaneum, which was found on
road side and during the next visit it was grazed completely. Such disturbances as habitat degradation due to road and
pipeline construction works threatens the populations but has temporary effect. These types of disturbances are
especially threatening the rare and endangered species of high conservation value.

The best way of in situ preservation of genetic diversity of valuable plants is creation of nature reserves on the
territories, where natural populations of CWR occur. The first nature reserve of Georgia was established in Lagodekhi in
1912. In present, the protected areas occupy 7% of the country's territory, which is equal to 495.892 ha. There are 16
nature reserves, 9 national parks, 12 managed resource protected areas, 14 natural monuments and 2 protected
landscapes in Georgia. The problem remains for the species, which are growing in rural habitats and on arable lands
mixed with field crops have different assessment to threats. These species are depending in their existence to the
monitoring of arable lands, which crop will be sown, how will be transformed filed crop to pasture or hay meadow, or
what kind of herbicides and mineral fertilizers will be used in the field. The maintenance of wild populations growing as
weeds in cultivated fields depends on sustainable management of agriculture in the region. The governmental
institutions should control the processes which might bring to the genetic erosion of CWRs having high value of
conservation. In this case the legislation bases should be effective to control local farmers not affect CWRs with
ecologically unsuitable for this species actions in the field e.g. use of fertilizers or introduction of new crops leading to
changing in technology of field cultivation methodology and leading to disturbances of wild weed species of high
conservation value.

Ex situ conservation of the germplasm of CWRs is very valuable material for improvement of crop quality and their
resistance against fungal and microbial disease. It will be of interest to collect their seed material and distribute to
genbanks, which will contribute to provide necessary germplasm to research centres dealing with the genetic
engineering. The Tbilisi Botanical Garden and Institute of Botany has two collections of seeds. One is collection of rare
endemic plant seeds, which is collected in the framework of the Millennium project managed by Kew Royal Botanical
Garden, UK. The second is collection of aboriginal crop varieties collecting in different regions of Georgia. These
program works together with IPK, Gatersleben Germany, where the analogy of the collected material is kept at the gene
bank. The living collections of CWRs are very few. Botanical Gardens in Tbilisi and Batumi have some small collections
of CWRs collected in the frameworks of international collaborative projects. However, maintenance of the collections
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after finishing the projects is impossible and they are cancelled in several years. The plant genetic resources
documentation in Georgia is mostly computerized. There are several databases, which include all information and
passport data for accessions of field crops, but so far they have no free access.

Most threats to biodiversity are the results of human actions, which are expressed in the overuse of natural resources for
fuel, fodder, manure, grazing and collecting of ornamental and medicinal plants. This process leads to the loss of genetic
diversity including crop wild relatives. The in situ protection measures are not easy to implement and, thus, the accent
should be directed on ex situ conservation.

7. Conclusions

Very old archaeological findings, cultural heritages and so far existing high morphological and genetic diversity of
ancient crops and their wild relatives show that Georgia has very old agricultural traditions that have preserved to our
times. The fact that large-scale genetic erosion of the ancient landraces in Georgia has reached extreme levels from 1950s
and almost all the local varieties of cereals (wheat, barley and millet), legumes (peas, lentils, common vetch and faba
bean), and grapes are now disappear from the farms requires special analyses and development of conservation
measures. Only the gene banks and living collections hold germplasm of landraces extinct in the farms. An assessment of
the effectiveness of current conservation strategies to protect the diversity of ancient crops in Georgia reveals a gap in the
reintroduction of conserved germplasm to the fields of local farmers. In our opinion, the corresponding governmental
institutions responsible for conservation of biodiversity should refocus the strategy to require complementary in situ and
ex situ conservation actions to maintain maximum diversity of the target taxon’s gene pool by supporting local farmers
in reintroducing ancient crops on the market and thereby filling this gap. Moreover, at present, neither field crop
genebank nor live collections of the permanent crops have sufficient land and equipment in Georgia, as well as funding
to carry out ex situ conservation at the modern level. Storage of the in situ collections should be improved through
upgrading the present storage of the field crop genebank facilities.

There is a need to improve public awareness of importance of ex situ conservation. Popularity of the data obtained by
scientists should be distributed among the local population so that they themselves have contributed to the preservation
of national heritages. The results of scientific investigations that some crops represent local cultivars and even
domesticated landraces in this area means that this is connected with lifestyle of the local population. The fact that
longevity of life in the Caucasus was very high and centenarians lived to 120 years and more should be understand that
a healthy diet of mankind is not only amount of calorie but the combination of food of high quality. The modern alkaline
diet almost completely coincides with the traditional Georgian cuisine. Therefore, we must appreciate the importance of
conservation of local varieties to ensure the health of local people.

The data obtained in our investigations (Ekhvaia &Akhalkatsi, 2010; Ekhvaia et al., 2010, 2011; Asanidze et al., 2011)
indicate importance of CWR species in Georgia as many of them represent direct ancestors of local cultivars. The fact
that wild grape shows high genetic relation to local varieties of grape indicates that winemaking represents an ancient
culture in Georgia, which is expressed even in religious rituals of the nation. Wild grapevine and pear representing the
wild ancestors of local varieties are under threat because of wood cutting. Many other CWRs are in the same position.
The legislation of species conservation is applied to rare and endemic species and in situ conservation is maintained only
at protected areas. However there is no legislation that can protect CWRs growing in rural and urban areas and
representing weed species. No actions of conservation are undertaken to protect these species. Many CWRs (wild wheat,
rye, coriander, etc.) are grown in cultivated lands of local farmers. Many years, wild wheat species were mixed with local
varieties of wheat and barley but now they are disappeared. The events which are protecting them are traditional
cultivation technology of the landraces to which the local weeds are adapted by their life strategy and propagation
character. The threats here will be change of traditional crops to the new varieties, which will need different cultivation
events. This might lead to disappearance of the CWRs from the cultivated beds. At present, CWRs ex situ collections are
almost absent in Georgia.

The problem of genetic erosion of landraces and their wild relatives needs active contributions by national policies and
comprehensive measures are urgently needed to avoid the complete loss of ancient crop genetic resources in Georgia.
International nature conservation institutions and Georgian scientific and nongovernmental organizations should show
more activity to the restoration of ancient crops, which defined the healthy life of Georgians.
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Abstract

26 local and 9 introduced pear cultivars of Georgia and 3 wild ancestors of cultivated
pears: Pyrus caucasica Fed.; P. balanseae Deciasne.; P. pyraster (L.) Burgsd. has been
evaluated (214 individuals in total) using 27 morphological traits. Analysed traits included 6
quantitative and 6 qualitative leaf and shoot descriptors and 14 qualitative fruit descriptors. 20
harmonics per leaf and 10 leaves per individual have been analysed using Fourier outline
shape analysis method for the measurement of biological form of the leaf blade and were used
as 1 quantitative descriptor for each analysed leaf. According to Hierarchical Cluster Analyses
the endemic species of Caucasus P. caucasica and P. balansae native for Georgia were
aggregated only with 15 domesticated Georgian aboriginal local cultivars. European wild pear
P. pyraster clustered with pear cultivars of France and Belgium introduced in Georgia at the
end of the 19" century and as well with some local pear cultivars. Existence of local pears in
Georgia morphologically close to European wild pear might be the result of selective works
by breeding of local landraces with introduced cultivars from different countries in

historically different periods.

Key words: Georgia, Caucasus; Local and introduced pear cultivars; Morphometry;

Pyrus ssp.

Introduction



Many pear cultivars occur in Georgia from pre-historic period [Javakhishvili, 1930]
indicating the early domestication event of this cultivated fruit tree. In total, 11 species of wild
pear occur in Georgia [Kuthateladze, 1947]. They are distributed in different regions of
Georgia, what is caused by the variable geographical relief and habitat diversity of the
country. Pyrus caucasica, the endemic species of the Caucasus, is most widespread among
the wild pears of Georgia and is considered as main progenitor species of local pear cultivars
[Khomizurashvili, 1973]. Moreover, P. caucasica Fed. and P. pyraster (L.) Burgsd. are
regarded as the main wild ancestors from which the cultivated European pear (P. communis
L.) has probably evolved [Zohary and Hopf, 2000; Volk et al., 2006; Yamamoto and
Chevreau, 2009]. In modern system of the genus Pyrus, P. caucasica and P. pyraster are
demoted to rank of subspecies of European pear P. communis L. [Browicz, 1993]. However,
Caucasian wild pears are considered as separate species by many authors [Grossheim, 1946;
Ketskhoveli, 1960; Tuz, 1974; Brezhnev and Korovina, 1981; Blésing, 2004] based on
arguments that the differences are not only morphological features, but as well separate
geographic area of distribution.

According to the literature data [Khomizurashvili & Eristavi, 1941; Khomizurashvili,
1973; Likhonos et al., 1983] introduced cultivars of pear from Europe and Russia appeared
here at the end of 19™ century, and before, there were existed only the local cultivars.
However, we assume that the process of cultivar introduction might have started much earlier,
as Georgia has cultural contacts to Asian and European countries since antique period. It is
also remarkable that Greece is considered as first provider of selective cultivars of pear to the
ancient world [Jackson, 2003] and earliest relations between Georgia and Greece should be
considered as possible way of introduction of European pear cultivars in the Caucasus.

According to the classification system by Khomizurashvili [1939-1973] the Georgian
pear cultivars are divided into four groups: 1) 'Gulabi’; 2) 'Panta Mskhali'; 3) 'Kalos Mskhali';
and 4) 'Khechechuri'. The names of each group represents name of a cultivar, which is
considered as typical representative of a group. According to the author [Khomizurashvili
1939-1973], the last three groups are originated by direct domestication of wild Caucasian
pear in Georgia, however, this idea is not confirmed by statistical methods of taxonomic
identification of relationships among taxa. Therefore, we decided to conduct comparative
morphometric study of cultivars recently occurred in Georgia and reveal their relationship to
local wild pear species. The results have to determine local cultivars originated by direct

domestication event in ancient time and discriminate from cultivars, which will have



relationships with other wild species - P. pyraster or P. pyrifolia, considered as wild ancestors
of European and Far East pear cultivars respectively.

The aim of the present study was: 1) to determine morphological characteristics of
leaves, young shoots and fruits differentiating local and introduced pear cultivars of Georgia;
and, 2) to reveal the relationships between cultivars and wild ancestor species of pear by

statistical methods used in tree plants morphology.

Materials and methods

Field sampling

A total of 214 wild and cultivated pear trees have been sampled in natural habitats,
living collections and peasant grounds in different regions of Georgia. Wild pear species were
determined according to Kuthatheladze [1947, 1980]. The pear accessions evaluated in this
study consisted of Caucasian endemic P. caucasica Fed. (=P. communis subsp. caucasica
(Fed.) Browicz; n=100), local Georgian and introduced pear cultivars (n=103), P. balansae
Decne. (= P. communis L.; n=8) and P. pyraster (L.) Burgsd. (=Pyrus communis L. subsp.
pyraster (L.) Ehrh.; n=3) which has been obtained from Germany, Hessen, in surrounding of
v. Erda.

81 individuals of 26 Georgian local (LC) and 22 individuals of 9 introduced (IC)
cultivars (total 103 individuals of 35 cultivars) have been collected. ICs were obtained from
the collection of the Institute of Horticulture, Viticulture and Oenology (IHVO), v. Skra, Gori
distr., Georgia; LCs were sampled in the collection of aboriginal cultivars of Biological
Farming Association "ELKANA" in v. Tsnisi, Akhaltsikhe distr.,, Georgia. Many local
cultivars are collected in peasant grounds in different regions of Georgia. The names of local
Georgian pear cultivars collected in villages have been checked according to Khomizurashvili
(1973). The name of cultivar 'Khinos mskhali' was not identified and we used name of the
village where it was collected. Names and the country of origin of introduced pear cultivars
have been checked in “Atlas for the cultivated flora of Georgia” Vol. Il [Khomizurashvili &
Eristavi, 1941].

10 mature leaves and 5 fruits per individual have been collected from randomly

selected plants in each location from August to the end of September 2009 and 2010. The



samples have been obtained only from adult trees with diameters at the breast height ranging
from 0.20 m to 0.90 m. Coordinates and elevation have been collected by GPS "Etrex",
Legend HCx, Garmin. The habitat type and plant community have been identified. Leaves
have been kept in herbarium and were digitalized by Nikon Coolpix 5500 camera for

morphometric and landmark analyses.

Morphological analyses

The individuals were evaluated for 27 morphological traits, which included one
landmark analyses data (20 harmonics per leaf), 12 leaf and shoot descriptors and 14 fruit
descriptors. Morphological characters have been taken as recommended by UPOV [2000] for
P. communis L. and Voltas et al. [2007], which delimited differences between wild and
cultivated forms of the genus Pyrus based on morphometric analyses. For precise
measurement of the leaf shape 20 harmonics per leaf and 10 leaves per individual have been
analysed using Fourier outline shape analysis method for the measurement of biological form
of the leaf blade in studied taxa. Leaves have been analysed as digital images by free
morphometric software package "Shape 1.3” [Iwata, 2006]. Result of the leaf morphometry
was used as 1 quantitative descriptor for each analysed leaf.

Six traits of leaves were quantitative, 6 qualitative for leaves and 10 for fruits, four
traits were seasonal characters of fruit appearance and maturation. The quantitative traits (leaf
blade and petiole length and width) were measured to an accuracy of 0.1 mm using a
millimetre paper. Two ratios involving quantitative measurements defined two additional leaf
traits (leaf blade width to length and blade length to petiole length). The length and width of
the fruit and the stalk despite its quantitative nature was transformed into qualitative ordinal
variables. The fruit qualitative characters have been analysed by descriptors [UPOV, 2000].
The stone cell amount and leaf margin shape have been determined using stereo microscope
Stemi DV4 (Karl Zeiss, Germany). Two values of a tree were evaluated in the field: crown
shape and thorn amount. Seasonal traits have been determined in the field, on the base of
information interviewed the local population and literature data. Quantitative characters of

morphological traits by each descriptor were recorded as average value per tree.

Statistical analyses
Quantitative traits of leaf morphological characters have been selected by high F

values and significance (p<0.05) calculated by One-Way ANOVA procedure. Qualitative



traits of leaves and fruits were selected by the test of independence (Chi-square). Four traits of
seasonal characters of fruit appearance and maturation and 2 shoot descriptors have been
rejected from analyses. In total 21 morphological traits have been analysed by multivariate
analyse. The Principal Components Analyses (PCA) was based on the covariance matrix of
the coefficients and don't on the correlation matrix, because coefficients with small variance
and covariance values of harmonics of Fourier coefficients are generally not important for
explaining the observed morphological variations of leaf blade shape revealing a pattern of
variation that is consistent with the distribution rate of wild pear species and cultivars. The
factors obtained by PCA were used for conducting of the Hierarchical Cluster Analyses
(HCA) to specify the distance or similarity measure to be used in clustering with the Ward's
method as amalgamation rules [Ward, 1963]. This method uses an analysis of variance
approach to evaluate the distances between clusters. This attempts to minimize the Sum of
Squares (SS) of any two (hypothetical) clusters that can be formed at each step. Distance
measure interval is Euclidean distance computing distances between objects in a multi-
dimensional space.

Statistical analyses have been performed using the software packages SPSS v.13.0 for
Windows [SPSS Inc., 2004] and Statistica 6.0.

Results

PCA analyses of 20 harmonics, 6 quantitative leaf descriptors and 14 qualitative
descriptors of leaf, shoot and fruit revealed the first six PCs explains 87.6 % of the variance
(Table 1). 15 PCs are needed to account for 98.77 % of the overall variance. The first 6 PCs
have been used to conduct HCA. The highest loadings on the 1% PCA axis correspond to
characters related to the leaf and fruit numerical and categorical variables. The variables with
the highest loadings on the 2" PCA axis are leaf blade base form, leaf length and fruit flesh
colour. And the highest loadings on the 3™ components are the leaf blade width and ratio
between the blade length and width. The average for taxon was calculated for each of 6 PCs.

The relationships between the 35 cultivars and 3 wild species of pear - P. balansae, P.
caucasica and P. pyraster are reflected in the HCA dendrogram of Euclidean Distance with
the Ward's method as amalgamation rules (Fig. 1). The taxa in the dendrogram are clustered
into two main groups (A and B). The group A includes P. caucasica and P. balansae from
wild species and 15 Georgian LCs. The second group B contains P. pyraster and 20 LCs and
ICs.



These results are used to classify pear cultivars distributed in Georgia to three
different groups (Table 2): 1) 15 local cultivars form cluster A are related with Caucasian wild
pear (P. caucasica) and Balansae's pear (P. balansae); 2) 11 LCs from cluster B are
historically Georgian cultivars occurring in Georgia long time, but according to obtained
results they are related to wild P. pyraster and introduced cultivars of P. communis. 3) 9
cultivars from cluster B are introduced from abroad or originated in breeding stations in

Soviet time.

Discussion

According to HCA's results, pear cultivars analysed in this study are clustered into two
groups (Fig. 1): The first group A contains LCs related to P. caucasica and P. balansae by 21
morphological traits of leaves and fruits. Especially close Euclidean similarity distance is
revealed between wild Caucasian pear - 'Panta’ in Georgian and a cultivar named as 'Panta
mskhali’, which confirms etymological and taxonomic similarity of these taxa. P. balansae
shows very close similarity distance with Tsvrili mskhali' and 'Korda'. Very closed related
group of LCs to wild Georgian pears are - '‘Bebani’, 'Samariobo’, Tavrejuli’, 'Kvichicha',
'Khinos mskhali' and 'Akiro’. The other group - 'Shavmskhala’, Nenes mskhali’, ‘Borbala’,
'Majara’, 'Shakara' and 'Kartuli mskhali'; is more distanced from wild pears, but located in the
same cluster. We assume that these LCs must have originated by direct domestication of wild
pears in Georgia (Table 2).

The second cluster B (Fig.1) contains ICs of pear originated in European countries and
some old Georgian cultivars. The group B reveals relationship with wild pear - P. pyraster,
which is distributed in Europe and does not reach Georgian territory. The area of distribution
is untill the middle of Turkey. The most of the cultivars from intermediate group B are more
widespread in Georgia than the LCs originated by direct domestication of wild pears from
group A. According to the literature data [Sharashenidze 1956; Nadiradze, 1966; Tsikvadze &
Isakadze, 1969], two local pears ‘Gulabi’ and ‘Khechechuri’ are the most widespread from all
local pears of Georgia and there are two or more varieties of them in each localities of the
country. Moreover, Georgian name of cultivar ‘Gulabi’, which is also used as the name of
local pear group in classification of Khomizurashvili [1973], means ‘Pear’ (=3 ‘golabi’) in

Persian. All of this argument might indicate on the none-local origin of the Georgian cultivars



of group B. These cultivars might have appeared in Georgia very long time ago and were
improved by local population using breeding procedures.

According to Fedorov [1943], leaf margin shape is the main morphological trait that
differentiates Caucasian pear (P. caucasica) from European pear (P. communis). This theory
was proved by the statistical analyses of the collected samples for the present study. In the
modern studies (Stephan, 2003; Yamamoto and Chevreau, 2009) P. pyraster is considered as
the wild pear of Europe what is different point of view from the old studies in which P.
communis had that status. ‘Communis' or the ‘Common pear' has become the group name of
the cultivated pears of Europe, however the structure and the diversity of the wild and
cultivated pears of this group is not fully studied and needs further genetic and morphological
research.

Thus, the results of this study have shown that some LCs of Georgia are direct
domesticated from the wild pears - P. caucasica and P. balansae. The other LCs might be
obtained due to selective works by breeding of local landraces with introduced cultivars from
different countries in historically different periods. The molecular study of these taxa will

clear in more details origin of these cultivars.
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Tables and figure
Table 1. Results of PCA based on 21 morphological traits (20 harmonics, 6

quantitative leaf descriptors and 14 qualitative descriptors of leaf, shoot and fruit). Extraction
sums of squared loadings of the first 6 PCs. (n=214).

Component Total % of Variance Cumulative %
1 13.604 47.137 47.137
2 4.655 16.131 63.268
3 2.759 9.561 72.830
4 2.018 6.992 79.822
5 1.271 4.405 84.227
6 0.973 3.372 87.599

Fig. 1. HCA dendrogram of Euclidean distance with the Ward's method as amalgamation

rules showing the relationships between the 35 cultivars and 3 wild species of pear based on



20 morphological traits of leaf, shoot and fruit and 20 landmark harmonics of mature leaf;

The taxa in the dendrogram are clustered into two main groups - A and B. (n=214).
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Table. 2. Classification of Georgian LCs and I1Cs based on morphological similarity distance
with wild pear species - P. balansae, P. caucasica and P. pyraster. 1st group contains 15 LCs
related with the wild Georgian pear species - P. caucasica and P. balansae; 2nd group is
represented by 11 LCs related with European wild pear - P. pyraster and ICs; 3rd group
containes 9 ICs. (n=35).

Cultivar name Georgian names Locality Progenitor Country of
species origin
Group 1: Local cultivars progenied by P. caucasica
Panta mskhali panta msxali Georgia/widspread | P. caucasica Georgia
Tsvrili mskhali wvrili msxali; samurabe Svaneti P. caucasica Georgia
panta
Korda gorda Meskheti P. caucasica Georgia
Bebani bebani Svaneti P. caucasica Georgia
Samariobo samariobo East P. caucasica Georgia
Eeorgia/widspread
Tavrejuli Tavrejuli; Tavreluli; Meskheti P. caucasica Georgia
Tavrizuli
Kvichicha kviwiwa West P. caucasica Georgia
Georgia/widspread
Khinos mskhali xinos msxali Adjara P. caucasica Georgia
Akiro ayiro Imereti P. caucasica Georgia
Shavmskhala Savmsxala; Savi msxali Georgia/widspread | P. caucasica Georgia
Nenes mskhali nenes msxali West P. caucasica Georgia
Georgia/widspread
Borbala borbala Karthli P. caucasica Georgia
Machara maWara Meskheti P. caucasica Georgia
Sakara Sagara Meskheti P. caucasica Georgia
Kartuli mskhali garTuli msxali; garTula Imereti P. caucasica Georgia
Group2: Cultivars improved in Georgia
Zamtris mskhali zamTris msxali Georgia/widspread | P. communis Georgia
Khechechuri xeWeWuri Georgia/widspread | P. communis Georgia
Gulabi gulabi Georgia/widspread | P. communis Georgia
Gverdtsitela gverdwiTela; wiTelgverda; | Georgia/widspread | P. communis Georgia
loyawiTela
Saselo saselo Meskheti P. communis Georgia
Makre magre Samegrelo P. communis Georgia
Sazaphkhulo sazafxulo msxali; saadreo Georgia/widspread | P. communis Georgia
mskhali msxali
Katsistava kacisTava West P. communis Georgia
Georgia/widspread
Nanaziri nanaziri Meskheti P. communis Georgia
Shotas msxali SoTas msxali Karthli P. communis Georgia
Group 3: Introduced cultivars of European pear
Central asian pear | Suaaziuri msxali Karthli P. communis Central Asia
Beurré d'Anjou anJuis lamazura Georgia/widspread | P. communis France




Beurré Bosque alegsandres msxali Georgia/widspread | P. communis France
Kiffer pear kiferas Teslnergi; kifera Georgia/widspread | P. communis | United States
‘Bartlett’ x P.
pyrifolia  'Sand
pear'
Sand pear makido; aziuri msxali West Georgia P. pyrifolia East Asia
Kabak armudi yabayarmudi Meskheti P. communis Turkey/Georgia
Beurré Ardanpont | komSa msxali Karthli P. communis Belgium
Saint Germain senJermeni Georgia/widspread | P. communis France
Fondante de Bois | tyis silamaze; tyis nobaTi Georgia/widspread | P. communis Belgium
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