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b90mgddggdsl o B0 F93-bogrgds by bergdwsss
39656PmbgdmEo Lobgmd®mogo M35 xgMHM3bgds. boggwrg bo-
39domgd0 A5BLMM(3090S 95X 5TJMOL 513390l F)ToY-
Bgaw L3 Lodyggem 05600 (55990, MBS s 3oMEObY) s oo
d99m069bd0, 2025 {igeml. doboens Fga®mazs 24 (odEGowdo,

O3 bosogdo, s1939 Fodzgmwro bggdol s dmemgdol J3q0,
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doo Jgerdus s W3Mds IgMdobdo, bogligdol 4399, Hgowlbs-
}93900L 65306M9dbg s Bb3zs. 6080 dobss®o Fosggwrgdol
d9LoMmM390mo©  Fodmygbgdme  0dbs  bossyol  FHowool
(50x50x50 U13) Tdgo™mEO. FMHOEYdOPID Lobxgdo  s3009m
3609m06M0350, ymzgero 10 bI Lo®Igbg (I'mwrapos, 1975). by
3935303900 305949l 754 293360, 59559500 8080bst9-
MdL Im3M39090 Folserols 633935 s LEbgMdM030 0IHEO-
B0306MYds. 53 EOHMOoLm30L B396 Jog sxsdgmol s©33gmodo
6930LGHO0MIOME0s Mmdbo §3500L (Lumbricus, Aporectodea,
Dendrobaena, Helodrilus) 6 Lsbgmdol Fosggens.

155335600 LoByzgdo: F05ggens, doMIMO35¢xgMMm3bgds, 3mEwbyMo
OYd-

@OoBHIOGIOd

0509 (2024), sxs8900b sm3390m0wol dgbgxdgb@ol q9gads. bogstor-
39¢rmlb Fos30mbol 2024 femob 2 s36Gogrol  woggbocngds,
mdoobo Ne121, 57 3.

Jogb@o ., dob@odg b. & g43539dg 9. (2003), 306EH®0ToL BogzBdagrols
Josygergdo (Oligochaeta, Lumbricidae), 8sor«ydol dmos Geyliorsgg-
ol bsb. bsbgerdpogm «1603960bodgdob dbmdgbo, 4, 190-192.

43535d9 9.9. (1999), 30339b00L Fosggwrgdo (lumbricidae) (LoLEgdsEogzs,
GobolE03,  BMMYGMAMSGR0s,  93MWMY0S,  Fowmaqb09),
sy 0oligh., mdorobo, 313 43.

Bakhtadze N., Kvavadze E. & Bakhtadze G. (2004), Karyologic investigation
of species of Dendrobaena genus (Oligochaeta, Lumbricidae),
Proceedings of the Institute of Zoology, 22, 393-399.

Kvavadze E.Sh. & Pataridze A.l. (2002), List of Small-Bristly Worms
(Annelida, Oligochaeta) of Georgia, Proceedings of the Institute of
Zoology, 21, 71-79.

Singh P.K. & Singh K. (2023), Biodiversity of earthworm (Oligochaeta-
Annelida) in Kushinagar district of Uttar Pradesh, India, International
Journal of Zoology and Applied Biosciences, 8 (6), 7-14.

TunspoB M.C. (1975), Memoowvr nouseHno-300102U4eCKUX UCCIEO0EAHUIL
(281 cr.), Hayka, Mocksa.

Ksasamze D.111. (1985), Joorcoesvie uepsu (Lumbricidae) Kasxasza (238 cr.),
Mernauepe6a, TOnmmcn.
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3056Md59E9Mm0gd%BYg 393693490 d0MIbseobo

39718960000 B380bsMY fyamgdols o3egbols
I93sLfo3¢50 806Gl FglsMmsgzol 93mbolGgdgdby

dmbobo 9.3, MMsbo 6.3, 3Msgm-momtm 3.3,
OGH0D-BsMogymo@0s 3.1

ICBET+ %3980, Drmemmaoolbs s 3bm3gwm6ho «x®goeo
00000l 3E@)., dL3gmob Mboggdlo@gdo (UPV/EHU), Sarriena
z/g, E- 48940, ¢rgms, qu3sbgmo

204390 0d96ESWHO LEBPZsM BOMEMPO0LS S doMEJIBMmEMyo0l
3393000 396G ®o (PiE), dsl3g9mob mbogg®lo@gdo (UPV/EHU),
Areatza Hiribidea 47, 3¢09b6309, gb3s6gomo

3305 s 50MOL 3996900 MboggdLoGgGo, E2S UPPA, CNRS,
IPREM, 3m, bog@obagmo

Bo90bsMg Fyargdol 2s(dgbws sE30gdgeos fywol g3m-
LoLEBQIOOL  LOESZ9, MMAEs  Fofidgboo  Bsdobst
P9agd0 Gglodems MoMymaoms mddggdgl dom@sbg s
bl MHymdogl ©s3d0bdMMgdMmgdoL 53499s3E0sl. dobas-
6ol JgLoe053900 96L63MMIO00 TM{Y3es0s 3BMWSE0-
MO0 H90mgdgdols s 0bsdozMMmo gobogm-JodomMo 3o-
10900 359, M53 MHOL3GOOL 3OMYBMBOMGIL SO gdLs. Tg-
L5dsdobO, BdE0BMY Fyagdol 4s8(Hdgbo bsggdmdgdol (STP)
3939bols  g@sligds  FgLocrmsgzol  boergdgdbg  dmombmgls
3653500 060D30b6, 0bEHJM0MgdM 93mAEH™MJLOIMEMY0YE
90MddL. 53 3mbAGH9JuEdo, 33wg30lL dobsbo oym OECD 201
AILAHOL M3EGH0d0BboEg0s Anabaena cylindrica-ly gs9mygbgdom s
Lodmermm 35639690 qd0L  Mgeg356@™dol dgx3slgds STP-ols
b99mdd9900L olagbs.

d9LsMM530L Boargdol BgsdoMmeo 60d,dgdo FgaM™mgzs
STP-0b {4900l Bozmols Bmbsdo, dob Bgdmm s Jggdmm, bsdo
39L56530056, OO BYBMBOL A56353¢Md5d0. Boengdqdols gdu-

14



G®59dBg00 dmdBss ASTM E1391-03 LEobo®@ol dqlods-
dobo BG-11 1533900 96M0b sds@gdom, LgMHos 2obbogws
s A. cylindrica obm3meo®s 96-3mbmosb 3omg3o@sdo. O
(5m©gbMdMH0350 99x5sLs 5303m30560boL (APC) ganvm®dgl-
396300l 259mygbgdoom 72 Losmol 3s6353wmdsd0, bmenm dg6-
B0 2obb5390900 20565c00BE 3590650 30GHMIgGM00m
(CytoFLEX) Calcein-AM o DAPI dgmqd30L 899993, Moo
39935L90ogm  LoEgMEbobbsMOsbmds s  dgdOMBOL
900056Mmds APC-©509000 % 6H9090d0.

BOEOL 063000609059, OGMIgwoa gxuols 1B3gE30BR03MGO
BMoL Lobds®oom (SGR), sB396s 9duEHEedGHgddo Ls3zgdo geng-
9963900l bgedoLsfizMmdmdoLs s sdd06AMMYGOEGdOL BHmd-
LO3OMIOL GOHPMIWOZ30 453w 9bs. 0b6EJMOMdMEds SGR
953969009035 M0 93390000 3030 35dMO3¢0bs odObIMEY-
oMo bagwgdgdol  306Hmdgddo,  goblogzmm®mgdom  dsombols
d096 ©d063dMMHdME dglsdmsgdo mMmogg LyBmbIo. sdol
L530MOL30OM, 5M50bELEMOO Bgdm »dBIdO (MHOglim)
@5 3MBGHOMmo (3¢gblos) bobosmgdmms SGR-ol dlgaglio
96038369cmd90000 Ib35@slb3s 296D53909000. do0mbols Bowg-
6ol Bmbsdo Calcein-oll deogMo GermmOgbzgbios domo-
0995 JUGHIMIBME0  9d3H03MmdOL DMLY, M3 Tgbodwrms
©93™JL035300L 3MMEIBYOMD 0YmMl s353806MGdME0, bmm
DAPI-0b garrgm®dgligbaos 396939990006 gMms 0bMHgdm-
5. DAPI-ob garrmm®gbgbgool 35005300l 309830309630
39903w0bs HMYMO3 DM BHMILO3NOMdOL AgMdbmdosty
953969090, goblozmmMgd0om d50MboLs s Jooboml STP-
ol §399mm 8gds9 «dbgddo.

331935 byl »igmdl dglodmegol bogrgdgdbg STP-ob bg-

dmddggdol  99x3oLgdoLm3zol  Lobm  LEM®WYJGHWOWWwoO  ©s
9371693099600 d0MI5639M900L 296300569dsL. 3056MdIJEJO090-

35 9839JAHIM9® 58003 0bs 25fdgbroo hsdobsmg fywrgdols
393965 BMmIogMo ©d0bIMEOIdMeE Tglocms390d0, 0930

15



096 ©sd06dMEM9dME LolGgdgddo BmyogMmo Isb3z96909w0
835830 396 250mgmzs STP-ob 139308036 939JAL.

1553356dm  LoByzgdo:  F0sbMdIdBHIM0s,  gsdobaty  3oGH™MIYGHMO0.,
239089600 Bsdobstyg Fywado, 8obs®ol dqlsGmsgo, goMgdmls
dmboEm®mobyo.

@OGHIOG M

OECD (2011), Freshwater Alga and Cyanobacteria, Growth Inhibition Test,
OECD Guidelines for the Testing of Chemicals, Section 2: Effects on Biotic
Systems, 2.
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LogMH0RBBIFOH056gd0L 5¢ng35-M535exRgMmM3z69ds
39M5x3090l 39693603 356300
(BO©0@M-s1553eg00 0MMJg0r0)

396%9¢ 0.1, Ls®03505 Mm.1, }X553mdz00 .2

5GYg™ B3 GHIG0, 3MOLL 3gdb03Mo MbogzamlLoEgE0, dYMls-
0O Jgmo

206¢Mmdm@mao0ol 0bLEOEE0, Lodo®mzgEmb 53O0
160390L0EgEH0, Md0OLO, LoJsMmzgum

390X 95090—-45650500L GHJMOGHMM05DY, LOBOOBIBIRMM0S-
B9dolL segzs  FMO35¢xgMM3bqd0L  Tglogzeligders  doboergdo
39260Mm305 39bLb353939 3580393H)0do. bBObIOEGHOBYdIMwOo
b5335639300 IMboGHMM0byo AobbmM3090s M3dgbodg wrm-
3930599, 3500 ImOoL JHdMbervy, ds0MYMY, 3TN0 O
93MEMA0MS© OO0 @MbymbBol Foerol Gyol bmbgdo.
dsboeols 8m3m3zgds bgdms 2025 fiewol 22 3s0bosh md-
G™3dMHOL EsLHYoLLdy ymgzger 10+2 gdo, o3 dgbsdeng-
09wl bol 89350560Mm»  LBORMORBIBOD0sbgdOL  HMYMO3
990500939bemdol (33e0gds OHMymOE LogMEom siggg bybem-
b6 205009bE30. %5880 sx0gLoMES 2,327 060300, HMI-
w9003 Pobsfows 9300 doMoMs© BMBI309M S GHogum-
bmdom®  xamxgdo: Apoidea, Vespoidea, Ichneumonoidea,
Microhymenoptera, Chrysididae, Symphyta oo Formicidae (3os6-
3390900). Loghmm MomEgbmdsdo ©mIoboMgdbgb F0ob3F-
39990 (614 0b03000), 9999y IbgM9d0 (572 0bE030©0O),
51939 BYAIMJP0 S 3MSBIBIdO oGy 09Y3bgb FoMdmeypq-
Bowwo 0004dob yzgmws @m3s3osBy. mbymbols Gygol dmbszza-
090035 250M53w0bs MBOM Fomowo IM35GmOEb3M3gb9ds s
XdIBIOOL O35 BIOM3690s, FIHOQ ORI 96 ©0d
3580353 90msb FgoMmgdom, Mog 5639690L 3500@ 0G0 3939~
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OHma9bmmdol 8609369wmdsL  5YHOWMdM030 LOBOORDS-
BOD056gd0L 993596 mdol  BMOI0MGdsFo.  DBmyogHm
090G0wdo 060300900l MHomEgbmds 300900 0gm
©3H05693M0 96 (396090 boxgsbagdol godm, Gs3 doMo-
05  BNOMIMYgbM  HBgdmddggdol ©3538060©gds @
9B396908L o3 Wsbdsxr@gddo  B0MIMIZoRIMM3bgd0L
dmboBHM®m0bgol  mxolBH03MNO  LoOMMEgqdL.  dm3gdero
9mbs3gdoms dsBs [oMmImopqbl 30096Mm3BHgMHgdoL seag3s-0Ms-
355390336980l 30039 0MbOZsL 35M9% 5090 396gd6M03
356300 o [oMdmsbgbls dobggdom 3393980l 3603369 mdSL,
303935000560  B0MIMZ5¢RgMM3bgd0L  FgBoligdols s
3™bLgM35:300L IYYAIZ0LMZ0L.

1553356dm LBo@yzgdo: LoBOOGBIBRMmM0s6gd0, segs FMzseagMM™m3-
B0, 396 9090.

1200 A

1000

800

0o 1. dsLogrol dmEmewmds 364300900 ©s GHJumbmdow®o
X3998990L dobgzom
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@oAIOGIOS

Doga Koruma ve Milli Parklar Genel Midiirligi (DKMP) (2019), Bursa
Karacabey Karadagi-Ovakorusu Yaban Hayati Gelistirme Sahasi
Yo6netim ve Gelisim Plani II. Revizyonu.

Imamoglu A.F. (2023), Karacabey Karadagi—-Ovakorusu Yaban Hayati
Gelistirme sahasi’nin Biiyiik Memeli Tiirleri ve Alan Kullanimlari,
(Yiiksek Lisans Tezi), Bursa Teknik Universitesi, Lisansiistii Egitim
Enstitiisii, Bursa.

Gauld I. & Bolton B. (1988), “The Hymenoptera”, British Museum (Natural
History) (332 p.), Oxford Univ.Press., London.

Karlioglu Kili¢ N., Yilmaz Dagdeviren R., Aykir D., Fural §., Kiikrer S.,
Dogan T. (2024), Vegetation history of Karacabey Longoz Forest and
surrounding area during the last 250 years (Bursa, Tiirkiye). Cografya
Dergisi, 49, 31-41. https://doi.org/10.26650/JGEOG2024-1428426

Ursavag S. & Kegeli T. (2019), The Moss Flora of Kocagay Delta
(Karacabey-Bursa) Floodplain Forests in Turkey, Anatolian
Bryology, 5(1), 22-34.
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R00MOU (Iscum) 1553379Mbserm 6030009MYd9d0

a3Ma030dg L.
0500l Ims HYLM39wol Labgwdfogm mbogg®lbodg@o

R0060 (Viscum album L.) {o60mopqbl bsbgzdo 35650~
G 9396s6MgL, HMIGOE BoOMMPOS FOZMEILGOYO Bodoe-
039®do s bobosmgds 11sd3Mbsgrm 360d3zbgermdols ddmbg
B0MEMP0YM5© 5JBH0M0 bsgMmgdol 899;339mdoo (Barney
et al.,, 2007; Melo & Batista, 2022). 33¢930L d0bsbl fomdmaoco-
3965 ©aLvgegm LodoOmM3zgErmdo 203039 gdYO oGOl
159399Mbsem 6030009690 gd0L Tgufoges s Fo00 doMEMYO-
WO 59BH0gmdol 9gxuolgds (Szurpnicka et al., 2022). 33¢0930L
0099 FoMImoagbs bberols s Jwos3zol bggdbyg 4o-
DMHOOWO FoNMOL BMMMEO, VIOHM, 435300 s Boymao.
L59MMM GJbMEgdOL, BE9356M0IdOLS S BJbME JoMOMOIss-
3900l M5 bmMdM030 33935 F9BbMM30gw©s B39gJBHOMBM-
G™I9GHOo Fg0MPYI0m, bergm sbEH0MmJLoIBEGHWOO 5ddo-
3M05 d9i35bs DPPH 330183500 6o@035¢0l 06308060900l
3900m©om. 65900930l 009gbEH0R035305 RGOS JOMIsGH M-
30553069000 bbzoolbgs gBgdB™Mol (UPLC-MS-PDA) 9o-
9my96900m. 96005, O™ BoEMOL BMMEYdO S Boymao
3963 MMMB0m  BEOEIM0S  BJbMEIOO  BoghHmgdoms s
BW3mbM0Egdom, M55 39bs30MMdYBL Fom Bogow sbGHomd-
LOIBGHMEO  5dBH03MOL.  JOMT>EGHMYMIBoMo  sbseobom
0963053030000 0dbs bgmdarm®mmygbols 893> m/z=353,
&®030006OMJb0-E0dg00MJbo-Bwsgmbo-HMG-0O-396¢mbow-
39dbmbBoo m/z=767, GHM030OMJLO-E0IGNMJLOGES3Mb-
396@Mbow-39JbmBool 0Bmdgho m/z=623,06, 4'-3oMmJlo-
5,7-0003900gJboxsz3mbmbo-HMG-39b@mbow-3gJbmbBowo
m/z=737, 9mx3m6md0Eol 0HBMmIgM0 m/z=593. HmymO 3 ool
d060m5©0 b5d39OBsm bogmogM9gdgdo (Melo & Batista, 2022;
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Szurpnicka et al., 2022). 33009300 9909390 5065, HMI -
15390 LOJosMMNZ9wMT0 Q930 (3JIIINO BOMNOO FOWIMOS
R/ MOHo  bsgHmgdoms O BsgzmbmoYdom, 53w gbl
9505 9B6BH0MJLOBEHMO 5JEH03MdL s HoMmBMmogbl 39O~
39d&HoMw {goermlb 1sd3mObsem ©sb0dbmmgdols domermyo-
M9 5dBHoMMo 503009693 500LsM30L. (Log®MbEGHM bgwdg3-
Oagds NeFR-22-4236, 01.03.2023)

L533%6dm  Lodyzgdo:  Bom®o,  Lod3zw®mbswm  Bogmoghgdgdo,
339600, BEWsz3s6moEado.

3b60o 1. B0l BoMEMY0M®mI© 5d@0wMHo boghmgdol
5009bMdM030 A9bLEBEOZGS

sb@omdbowsb-
LogHonm ) 139bemem- GO0 5JBHogmdS
bodgol 396mengdo Besgmbo 396™b- DPPH
Q3bobgargds 0©)%0 /3>
& ?/33 396 Fracm Fobsd 0553980 2/33 650350l
BoOHo 3sbis%b R 000 Gacrm sbssby 50 % 0b30botgds
3g 6039300
ROOMEO 46.85 31.90 13.21 1.63
Qo 27.82 1 4 1
Bsbgowo 8 8.53 5.6 5.8
Bsﬁ?fg’o 38.96 26,50 9.60 1.62
435300 29.52 18.08 472 6.28
Bogmpo 51.20 22.94 4.05 1.24
WOBIOGIMS

Barney C.W., Hawksworth F.G. & Geils B.W. (2007), Hosts of Viscum
album, European Journal of Forest Pathology, 28 (3), 187-208.

Melo M.N.O. & Batista J.VV.C. (2022), A scoping review of genus Viscum:
Biological and chemical aspects of alcoholic extracts, Journal of
Ethnopharmacology.

Szurpnicka A., Wronska A.K. & Bus K. (2022), Phytochemical screening and
effect of Viscum album L. on monoamine oxidase A and B activity and
serotonin, dopamine and serotonin receptor 5-HTR1A levels in Galleria
mellonella (Lepidoptera), Journal of Ethnopharmacology.
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5306530 353M(39¢gdmeo Rhodendron ponticum-ols
3507J0bgdols 3393

23Ma0G0dg U., 3560dg 3., 35¢056q0s ».
05090l Jnms HMYL39w0ol Lobgwdfoxgm Mmboggdlodg@o

Rhododendron ponticum L. {5603m50g9bL 53s6M0b 53emMol
JOMN-9OH0 BGSOHMMO 353039090 MJer0d@O LobgMds, M-
9903 2959m0MBY35 FoWIWO §3MMMPOIMHO S BOMEMYOMOO
9603369cmdom. bbzo@alibgs wodgMo@Mveo dmbsigdol bo-
13390y 9396509 90IM0s 3MoggbmwMo boghmg-
000, #obLOIMMMIOO FBEs3BMMM0 353 9Jobgdom, HMI-
w9003 (36Md00s 96E0MJLOoIBEHWGO, s6EH0T03OMMdIMWO ©s
d0MEMAO0YMSQ  SJBHOMMo  m30L9dgd0m (Kandelaki, 2021;
Kumar et al., 2019). 80bgs350 530Ls, 530500 3039w~
oo R. ponticum-ob 3539Jobmeo 99050099bwmds s Mom-
©96MdM030 1530L9dMYOJO0 YT 9Ml53F5COLIE SGIOL
dgbfogerowo (Kandelaki, 2021). 330930l dobobos sFo6d0
3930 39w9dwo Rhododendron ponticum-ol @omegddo sOY-
00 35394069d0L 009bEH0B035(309, MZ0BMIMOZ0 S MOMOI-
B™md®030 49bLsbEgM..

3329300 99030@ HMEMEIHEOMHdo 0bGozogomws
om3sdgdobo ((M-H]™ m/z 305), Gsz dormomgdl 9;39bstrols
9505 5B6GH0MJLOIBEHMO 5dBH03MB5BY. oS SToLs, ORO]-
LoMs  3939doboll  ©0dgMgdo  3OHMbmnmiEosboobydo
(Procyanidin B1, B2, B3) [M-H]" m/z 577. sbg3g o@gb@o-
%030Mg0M 0dbs gdgao bsgdomgdo: Gallic acid [M-H]-
m/z169; Quercetin-3-O-glucoside (Isoquercitrin) [M-H] m/z 463;
Quercetin-3-O-rutinoside (Rutin) [M-H]™ m/z 609; Kaempferol-3-
O-glucoside [M-H]™ m/z447; Kaempferol-3-O-rutinoside [M-H]"
m/z593 (Kumar et al., 2019; Sicak et al,. 2024).

LogMbEGHM bged930rmegds (3MLYLEG GMBEGH0 NeMR-25-154 ).
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1553396dm Lo@gyggdo: Rhodendron ponticum, 3s@gdobgdo, s6@omdguo-
QIbGHMMO 5JBH03Mmds.

3b®0o 1. HmEMIb®™Mbol domEwmyowMs® sg@&omemo bsghmgdol
5mEgbMdMH030 2obloBLgMS

% 2 i § g Sy 12000007 g‘ | .
n -| = D
%(cg chgl gco SRR 100000.0 B 2
S C|l BE|L TN o =283 €q . 8sooo0o] | a
[} © £ 8 % (=] L8 © E [*} q = ™M ¢ '
L Y DS B |52 LY £ cooo00] =
A3 ST | ¥ & S Cma E il 0
R 8 7] ‘}? 4 4000007 B
w0 [} - :‘E [¢;
& 20000 04
us 0.0 Hbeitlinal At
2 | smsbsbs 88.92 | 12.84 20.56 I | e ——
& Minutes
& us
o) 59.65 | 8.00 41.23
o | Bmbo
g
9. YS lg112| 1800 | 1965
€ | bmboo
B
5 us
100.58| 8.97 20.56
% 505%0bo
2| us
=z erbigo 120.98| 19.68 6.59
@OoBIOGH IO

Jobgwszo 3. (2021), 8dg®ob (Rhododendron L.) 0b@®m@mEo©gdveo
©5  3AO0WMdM030  Lobgmdgdol  d0MYIMWMYOMMO  M30Lg-
0090900 5F5MOL BEOZoL30MINOL 306HMBYdTO.
https://bsu.edu.ge/text_files/ge_file 15308 1.pdf

Kumar V., Suri S., Prasad R., Gat Y., Sangma C., Jakhu H. & Sharma M.
(2019), Bioactive compounds, health benefits and utilization of
Rhododendron: A comprehensive review, Agriculture & Food Security,
8 (6). https://doi.org/10.1186/s40066-019-0251-3

Sicak S., Oztirk 1., Sahin B., Cam D., Cakir C. & Oztirk M. (2024),
Chemical content profile and antioxidant activity of Rhododendron
ponticum L. (Ericaceae) extracts. DOI:10.21448/ijsm.1382522
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5H5E0 B0MEMYO0MA0 LBMBHJ0gd0 BsdEobsMy
P9amgdols gs§d9bolisomgzols

©¥)305dg 6., 3859560 0., yMs830o 3., gMmodg J.,
35050 m.

LogdoMmM39E ML saMMm0o MboggMloE GOl MMIododol
000mdodools s dom@Hgdbmemyool 0bLEOEGHWGHO, IZ30m
2005996900l bgogsbo 240, mdogrolo 0159, Lsds®mggam

Lodo™ 83390000 BsdMdomgdom sdmfzgmeo ddodyg dg-
G900 00bINMHGdS LYOOMBYIE LogOmMbgL MJdbols Hm-
3MOE 39M9dmb, sB939 95d0sBOL X SBIOMYEMBISL Fyarol Gg-
LOLYPIOLS S LELMBEM-BsTGMMbgM L535MYMEGOOL HBOB-
dmEqdol 450m (Bakradze et al., 2021; Dvalashvili et al., 2023;
Khmiadashvili et al., 2022). dmgm {emgddo 960d369¢m3s560
496500905 30034Mrt ©sd0bdMMmado Fywols s boswagol
39089650 35gd@gm09gdol doge Lobmgbomgdmds domlivye-
1399 BHob3H90ds, OMIgddog godmegeobgl ddodg dg@Eowgdols
blbsmdoLs s FMmdOEMdOL A5dE0gMgdol vbso, Mog byl
9Pymdab domEgdgoszool 3OmEglgol (Khatisashvili et al.,
2021). §o6dmygboer 6586H:mIdo 359m330g290s Msdbmerodo-
©900L5> 5 BHMY35eMBo030 0oL Mo B3owgbdol, GHyzo-
0, M0JHBIBOL s Fobgsbdol dBoMIY©[935MBdOL gordx ™mdY-
193530, F9x35L9gdIE0s om0 9BIIGHVIOMBdS O0BIMMYdIO
fgoob  3obggmaggdolsl  wdx-9f3s6y  fgsewdggbsy
Arthrospira platensis-ols L5305 9d0M.

33w930L BoMygddo b3owgbdom, 3HY300m, EMOTBIBOMS
@5 956906 dom ©d0BIMMGdIMo gwols 60dmdgdo @sdw-
853005 659600300930Ls S BHEY39MBOL W30l bbgs-
©lbgs 3mb3gbEHMs3o0m. bibstMgddo 9g@sbow 0dbs Arthrospira
platensis-ols 0oLy, A06@, MMI dOMLYIOHRBIIEBEGHIOOL
3990mygqbqdsd 3608369 m3zbo  gobotms 3dodg  dgEowgdols
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00 dgmfigzo00mds: bL3owrgbdol Jqdmbggzsdo As0BsGIs 19%-
0m, bmem sbgobmdol - 22%-00m. 50 5doLs, doMbYIMTGS]-
A95@900 BHy300Ls s MOTHSBOL FNbmMJdol ML 24 Bss-
000 59330609005, o3 LygMmM (98705300l 3OMELL sBds-
69009. 359m33gM 53963gdL InMmoL, Hs3bmE0300gdds B~
3965 439w sy 95050 9539dGHIOMdS IM0TbsbOL dmEowgdols
db603, bowm GHM9350MmBIw0300gdds M390m9L0 8990 SB-
3965 bL30ggbdom s Bsb69F0m dOBIMMYOMEo bodmdgdols
©53M853900L5b.

3393 9639690, OMI BoMLYOBSIHBGH0 9BIIGHNOQ
53@09MH9x3l MMM 3 d0MIY0(i93900MdsL, S1939 I00BIMEMYdWY-
o Jyawosb ddodg dg@Eowgdol dmagogdsl (Tabagari et al.,
2024). 9935900l d0MIg0Hg350MdOL BOES S BHY300Ls S
©6MH0TbsboL IRJIMYIMO SBLMEOBE0S SIBEHWIMYOL M5TbM-
©030J00Ls S B35 MBE030Gd0L 3:MEH 6305wl dommg-
99053300l 30391900l QoYIxMdGLYdSTo. LsgMomm  xsddo,
390092900 3000mMYdL, O™ B0MBYO5EHobEHIOOL 450mygbgds
§om0mMop9bl dyMe o 9B9JAH™MEG Joymdsl ddodg dg@s-
9000 ©d0bIMMGOOL  LHobssmdgym®, 29BLS3MMNEMGOOM
Lodmem 330390000 153ToMgO0m IBIMSMGOMW Mga0Mbyd-
do, 0MdEs 3500 3MogdBHo3Mwo 2sdmygbgdols sbzgfobmazols

©5353900mM0 330939005 BoFOMM.

155335630 Lo@Y39d0: doMMmYIGEOS305, dOMLXORBSIBHBEJ00, Fywol
29089600, 3d08g Ag@owgdol domIgmigzsmds, Arthrospira platensis.

@OoBHIOGIOS
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000531630300 "BoEMB3MMO0E-M”-0l g539dGHwOH™Mds
dozm@mdlobgdols Jodstron

©¥)305dg 6., IgBIH0AZ060 3., 3MMYOSA] 0., 300G0dY
., sndgensdy. d.

050vdob Ims HYLM39wol Lobgwdfogm Mboggdlodg@o,
B0GM3500MMMQ00Ls S BOMIM35RYHM36930L 0blGHOGMEO

O 396000 9(39b5MgMO 9535009dJIOLAD L3535,
J030MH0 L53w95¢g09d0L 45dMmYgbgdsd 4sdmofjz0s dmgwro Gogyo
930EMA0)M0 30Md9dgd0. 0Lobo Fo3bgs MMYMO 3 5sd0sBOl
X 96O 9Mmd0LEMZ0L, 1939 NGO 93mbOLEHGIOBMZ0L, MO3
39900bsEgds LEbgMDGOL FMOL BoSBLOL MM3935d0. 5796
399m30bs6g Bggbo 33c9g30L JoBsbo ogm dgazqlfhogws dom-
29620300 "BoGML3MO06-M"-0l 9539d@MOM™ds dozmEGmdbo-
6900l dodsron.

903m@™Jbobgdo 3MMEMEOMEYds IMs35¢o Lmzmb dogo,
I gdo3 5H0s69096 8608369 M356 LoliomBwrm-lsdgr@MHbgm
390GMOPOL, 5930609096 Mglieols boGobbl, sLliEgdgb sdm-
B5396L, Lobogmabamo 8608369 mgsb60 50dmEgbgdols 9bg®-
300U §om930L botrx Bg. 5H0s6909b 3mEboe 9396509 Jum-
30¢90L o 59 Bom, olobo 360d369ePM396 MMl SLEIWEgd9E
939boMgms 993509001  LA3EGHMIGOOL  9b3005M9gd50
(Pankova et al., 2018).

00M5bsoBol IgomEol dsdmygbgdom GHmglobgdol 36m-
©396G0 bmzmgdols (Alternaria spp; Fusarium spp.) (Ismaiel &
Papenbrock, 2015; Evidente et al., 2019) o @®o@do 493500390
bm®deoby s Lodobol Mglirgdo. d9w9agdds 3083965 MgL-
ol 250003900l Fo0oo 0630806M9ds, Mo3 Lydmseme 70%-l
0950099605 3MBEGHOMEMb FgsMgdom. IgmMg 35M056EGHT0 do-
9my969090 0gbs d0Mm3MY356530 "BoGML3MOOL-M”. dom3cg-
390530b 9399053 33063965 3mbEHOME™mSb Josbermgd o
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390093900, 653 d0momgdl Jol Forser BOMBMBAOEOE
656BY. 5060dbM sboEro Momdol F03OMIOMEMY0NH 3619~
39053l 9bHLsMYOL bobyMdewrogzo s BoMmm L3gdG®ol dmd-
9909%s. 039396 3o00M96m0 bm3Mgdol VX MgIdOL 390l
6039350, d1939 L sbobosmgdl dzgbo®ol 0dMbo@g@ol s
BMOoL LEGH0IMWOMIOOL MBIMO, MoE doe0sb 360d369wMm3z560s
9396560l 3OMMIEH0MIOL 5350 gdOLy s Q9BTJMMGO0m
0553500900l 93300 9d0LsMZ0L.

L53396dm Loyggdo: biofungicide, fungi, mycotoxins, inhibition.

@oBIOGIOS
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Evidente A., Cimino A., Masi M. (2019), Phytotoxins produced by
pathogenic fungi of agrarian plants, Phytochem. Rev,, 18, 843-870.
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5030l53¢90 LagdoMmzgeml rgds3wMHo s
5a3ME0 153M3MGOOL X53860560 303900l

(Acari: Oribatida) 36535¢089MM36905, d0Mm0bn3s30s
5 30M3mbo@mMobyo

0mEMos 6.1, 3mMgzs60dg 9.2, xogmdzoo g.},
boensgsos 0.1

196&MIME™a00L 0bLEHOEME0, LodsMMZIEML SMIMWEO
Mb039MLOEIGH0. 300 50d599b69dol bgogsbo 240, mdowrolo 0159

203569 %93560830¢0L LabgeMmdol MdOEoLol Lobgwdfogm

1603960L0EJGH0, BMLE s LEdMBYdOLAYAEHY39w ™ Tg3bogMgdsMS
39370 GHIG0. 0179, J. 0000bo, 0. F53335d0L 250%b. Nel

950530560 93mboLEBHYGO0  2obL3MPMGd0m Tmfiyzens-
@O0 ZMBSIM0 3E0ddBIMO (33€009dJO0LS S SBMHM-
3039600 Hg8mgdggdol odsdm, Mg 360369 mabo sobs-
H905 6050l B0MIMOZ5wRgMM36905Dg. 06E9bLOMGO dnggds
93965MmgMo  LOxRsMOL Q9B MMYOL s BosIROL Bgws-
3060l 533933658 0f393L, M3 B3l Bosogols do3Mm-
SODOM3MOGOOL 2530 39wgdsl (Manu et al., 2023). LogoGron-
390l 50dmbsgmmgo  bofowols dmosbgmdo - bgglryGgomols
dbsM930, LYBIWSMIMHO S SO0 LM EYgdol dEIMYdbY
d9LHogow 0dbs bosspdo dbma®mgdo xs3dbosbo 3303900l
LobgmdM030 FM635¢RIMM369d5, 06L>BMYsMgdoL LidHvYd-
GIOS 5 2obofoegds.

58 9930bm30L yzgms 9dldgmodgb@ow® bsE0MmbsMm0Esb
Lo H920LGO0MgdME 0dbs x93860560 3$H303900L 85 Lobgmdo,
150QbE 76 LobgMds 3OS LXYdsEI3YH FEYXMYODY, bergrm
53O - 51. 06030Ms Y39esHBY OO MOMEYbMdS Hod-
dmygbomos ©58@gbodg MmobsbGo Lobgmdom, HMIwwgdos
d90degds Boom35mb 53 93mLoLEJIGOOLOMZ0L  oTobOLOS-
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0999 BobgMdgds. 95309039, 359M3w0bEs LodsMmM3gemU-
30L 0330500 5 5o dmol 93mLolE)dgdoLomzol sds-
boLosmMY0gE0 LEbgMdYOO.

900900 899000  Bsdwgoeqdsls  dma339dL  BMLES®
3990353w0bmo 53 93mboLEYIGOOLMZ0L  EsdsbILOSMYOIEO
X93860560 303900 ©@o v GMIGO MOOdSEGHOME0  bo-
b9gmd900/%2BJd0s 50080560 IEI™mgdol SbOHM3myq-
6960 ©sM©0393900L s 335360 30TsGHWIOO 306OHMdJdOL 0bO-
394™M900. 300M0b03oGMMO Bobgmdgdo s Lobgmdsms XY~
1900 dgboderms 459mygbgdgeo 0dbsl bgoglbo Godol g3m-
LolEYdgOoL QoMgdmTo J0dEObstYg (330¢)gdgd0L OHMMES©
390mbogwgbs (Todria et al., 2021), Lsdmg®mgdols s bbgs
L5dgObgm  Logddosbmdol dgbgxdgbBolb s ImboEMGmobyol
©oLOY9Rdo (Gergdes & Hufnagel, 2009; Gulvik, 2007).

15533956dm Lo@yzgdo: d0mdmbo@m®mobyo, d0moboogzsEos, Ladmgmgdo,
0009M535¢RIMHM367ds, Ko3db0sbo G 3odgdo.
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353¢m3560L gHmzbmeo 35300 Afgmgdols
00M3M535¢0xgMM36905

06x05 L.}, }x5530md30¢0 9.2
lbgHbgdwmos 33693000 396GM0, Mmgmmofiyargdo, mgasgo, 2200,
Logo®mnggem

296@™3mEmyo0l 0BLEHOGHWE0, LodsMmMZ9wml saMoMIEo
60390L0E G0, 5005396980l bgogsbo #240, mdogolo, 0131,

Lodomoggerm

398Mm3560L  gHmzbmwo  35G30L  dYdIMGMdS  J39ybols
y39obg ddMo bsfordo 25653060HMmd9dL Lodo®mzgarml bbgs
930mb6900L96 36033690 mzbs  oblbgs39de W sbETog-
AJOLS O 350039BHIOL. BHYMHOGHMM0s IS MGG MO,
960093960 ©5 0330500 BLMOOLS S Borbol Lobgmdgdom. o
393039d0MEo  Mbgdbgdermgdo, o dmMob  3HgMHgdol
961535000 X 3MRB0, 65309050, 56 LEWWOOE 5Gs Tgbfogwrowro.

358em3560L 3FgMgdol 306390 LMo sbmEGH0MmYdME bos
399596M05670L  5MLYdIME  (3mBIL I BHIMOGMM09dDY
3936039090 3HgMH9dmb ©H353d06MHgd0m. 0bBMMIs30s Fga-
3o 99-20 s 21-9 Lo3wbggdo godmdaqybgdmwo Lido-
A09%0s6 (Yasnosh, 1972; Didmanidze, 1978; Cholokava, 2008;
Skhirtladze, 2016; Japoshvili & Haris, 2024; Riedel & Japoshvili,
2025). 890099 358m3w0bs 826 dfjgcol Lobgmds, Gmdgwos 7
09305 2500b5)ogdmwo (ob. Lvy@omo 1).

59 9393Yg Y39wsbHy 3960 dgbfageowo LoGMmORIEIGM-
00569000 %3530 (fomIM9b0e0s 368 Lobgmdom). selsbod-
65300, GMI B0 JoM0MOO bofoero (202 Lobgmds) 53 Losdo
dmbgs Mbgmbgdmmms 3393000 (396GG0LS s 9bGHMIM-
@wmaool 0bbGHOGMEGOL Joge Fomdmgdmwo 33e930m0 3GM]-
Gob 9909390, OMmIgos LHmOmg 35dmgzsbols dgMgdol s
3960dm© 30 LOBOOBIBIRMM0EIOOL BOMIMSZoETRYMM367dOL
d9LFogamsls gabobwyegds.
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36mdHob 3bbatE0gwdsdey Y3awsD) 3560 JIOEL-
BOM056900L X aMB0 0ym dgLfogerowo, Mmdgeoa 290 Lsbgm-
00055 §oMmBmEYgboo. sbmEGH0Mmgdmwo bos 53 9Be3bg -
3539000 36m39Ld0s.

1553356dm LoBYzgdo: 358emgs60, BfgMado, dBoMIMOzoWRgMHM36gds.
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LyBsmo 1. Lobgmdgdol Mom@gbmdMm030 gobofforgds MHoygddo
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bs6039demsLs (Senecio Platyphyllus)

3060MmE0HBoEObMMO 5¢135¢MOEJdoL 330930l
0bLEGHMHIgbE oMo Igommegdols 99993905

307996509 0., ©53005d9 6., 3560dg 3., 35e0s6OS ».
050vdob Ims HMYL39w0ol Lobgwdfoxgm Mmboggdlodg@o
Bobmdgzowols J. 35

330930l 80Bsbl HomBmowaqbs, LadsMmzgwmlb 9bqdwmemo
9396560l bs®0dMdsl (Senecio Platyphyllus) 3oHmeroboo-
B0 5¢035¢0Mm0q00L 009bEH0B035300LS s MSMPIbMBGMOZ0
39bLsBO3MOL  JOMTsGHMaMoxowo HPLC-MS  d90m@gdol
09099353905. ©9gb00s, MM 500dbmwo 93gbseol yzgws
Bofoendo  (omdmygbowos 306MmoHBoEobmwo s 3swmo-
©900 350 FMM0L (3eoBG)B0w0bo, LgbyzoB0W0bo,LoMsi3060).
b5600dsl 6By sIDsIIMWO 36MY35MOBHIOO do-
dm0yggbgds L3sBIMwoGHomHo dmgdggdol Bsd3MMbowrm bo-
99159050 3e-LobbeEds®m3ms s Lalibmdo LoliGgdol 3o-
OMEMA05MS MJM30580 (Ascr et al., 2018; Usta et al.,2009; Yayli,
2008).

Bodmdol 9duB®magdsos gobbmMEogms fywoom gdu@®magsool
(SWE) 8gom@o0; dsmsgro {j6g30Ls s $9d3gMs@ndols 3o6mm-
39030 fyeols gs8mygbgdom (2%-0s60 amyoMEdn3ol 890339-
@dom) 9duBMsgdzool LOMmymaols MmBOHMB3gwlsymBs© 3MM-
39065 BsGM©s mxgm, 120 °C #993gMs@En@sts s 2 dsMols
§16935B9; mommgmEo gduGMsgd3ool bsbyMdmogzmds 8gsc9bgs
10 §mols. 306HMme0BoEobMEo 3¢ 35¢M0Egdols gsblisB@3MOL
doBbbom g59mygbgdmmo 0dbs Mm@ ®s-0505e0989IGHMOMIOL
0bg3500  JOHMBoGmyMsx0s  FsbL-LBgIBMMBMGHMIYEHBGOE
©939d303L056 3m3d0bs3gosdo (UPLC-MS, Waters UPLC Acquity
Qda), 50b6086veds JgomEds NYHOHMB3gEYm 5¢035¢00gdOL
La®sobol, Ugbgzoxnoobols, dwsdgnomobols s dobo N-
mgbool  ghmEOmmo  0©IbGH0x03Eos g3y  dsmo
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o0©6MdM0g0  obBlsBM3Gs  LGebsdEMmo  BogMagdols
853my9bgdoom.

3bM0o 1. JHMToBHMaM953009¢0 ©sballosmgds

©6OH® eagm®o SIR Ion CE
Ne
o) | 233030 bogmagtyds 3bs | m/z+HY) | (V)
1| 585 | S@0IBowoLN- 353 354 30
mdboo
2 6.59 Lgbgsonowobo 333.4 334 30
3 7.15 Lo®ogobo 337.4 338 30
4 7.62 3wo¢gnowobo 337.4 338 30
3B 9Bowobo
5 7.65 300OMHGOOGO 353 354 30
3.0x10%
2.5x108] g;g
2.0x10%] §
% 1.5x10%] o % T
£ 3 e |
1.0x10%] ® g |\
5.0x105] § “ \
||
A
‘ ‘5.60‘ o ‘G.bO‘ B ‘7.(".)0‘ o ‘8.&]0‘ o ‘9.‘00‘

Minutes

by@smo 1. JOHmas@masds

Domdmoygboero fywom gdu@eodiool (SWE) dgomools s
UPLC-MS 565¢00%0b 59mygbgds botrodmdensls 60ddqddo «b-
b390ymxzl  306HMEOBOEObMWo S IsWMm0EYdOL  gPHo-
©OMM, LHMSg, 030LMdM03 S M9MEIbMdMOZ goblabrgzMs
G0amO3 LYol gduBHMedGHgddo,sligzg doo dshdgbow 36g-
35653)9ddo.

153396dm Lodyggdo: bomodmdws, 30OHME0HBoEobMwo se3sEwmo-
900, 0BLEHOMIYBEHIWMMHO IgMEYdO.
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fodfol gomog9d0lL 3Gmdemgds@ogls Vitis viniferaL.-8o

3030¢5830¢r0 3.1, 3033509 0.1, Byorgmsdgomo o.1,

05899900 5.1, 0530560 1.2, GG OMbO 0.2, Bs0MsdY ¢O.!
139335L00b LagMmsdm®olicm 1bogzgmLo@EgE 0, MBdOEOLO, bodsMmzgEm
Wsegb@BHmL MB039OLOGHIE0, OG0

35%%ob (Vitis vinifera L.) 459653900l Lofigolbo ggmenm30vy-
60 gmMOIs 0gbeEom JoMOZEgdss, Mw9d3d ©MIGLEH03ZS300L
36MHm39Ldo 3gaMo 3ol (V. vinifera subsp. sylvestris) g 2%
39393°G0MMs 99gnmEgdds Bosbo3gwrs, 353 39 G030609-
o 35%ob (V. vinifera subsp. sativa) 3969@0360 LESd0Er-
MBS S LELMMZIEXO SFMHMBOMEMYO0OHO Bodbgdol TgbstBem-

6905 MBEOHMD39ym. Lods®mzgermdo Bo@e®mgdmwo 3393900
doM»omMYBL, MM 3MEEH03009d0 35D0 390 HMB Jgs-
69000 353Mm0MBg35 ox8gLZ0sBYOOL MRGM Foiro MbsGom,
33 3939G9G0M0 353531900l ba®ol dgMBgzom odw0g-
©905bg 905608693l (Maghradze et al., 2025). 39¢v96o 35Bob
9ol INORMEMYoOHO dmbs3zgdgdo 5sLGHMYdL mAgL-
A0353000L bobaMdmog olBMmM0sly s 39 S 3N EGH030-
690 gm®mdgdL Jmeol 9693036  MYOHP0xMH00Jd)90gdL
(Kikvadze et al., 2024), bogom 056599060m39 993965b9mdsdo
09LE0m J9MOZWYds FodM0ygbgds Ibmewme Loligergdom s
b5393b0gMM 0BbgdOLMZ0U.

33930L JoBbL FomBrmoygbs 350l (od(gdol sedm-
396900 MboMol gxoligds Lb3zsolbgs 30mblg™mzs300l dgom-
oL 359mygbgdol 306HMdgddo. 58 BoBboo dgo@Bs 3mw@ogo-
6900 35P0L x0do (L4xYMS30, MJsHomgmo) s 39O
35B0b 3390 (BsPbGoss 01, bobm{jdobs 01, bobmfjdobws
02, 9969bm 01, bsbomeo 15) §odfgdol bodmdgdo ogmagow
0965 Mmb JoMHOMO© XAMNBI© FJaMm3gdo: sbodm3cg-
100 4®dbosb; 2odmddMswo ymabowsb; 39mdgbEoMmgdols
990009y 5 gmowol LB30MEGJo sYgm3bgdmwo. dmEgdmwo
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33w935 3090bs6MgMdEs 3933956006 LogHmMsdmMobm Mboggm-
LoBIBOL BMBTIBEHMMMO  LogMbBH™  3Mb3MOLOL 350l
3960903980l [o3980b 3503980 bsxzw1dzcngdol 850023301935

05000 350Mm53¢m980L 302(996505¢70l sggbobs s bsligemgd-
30-Usfgobo dsbserol d99060b50330b “ Bo0rawrgddo.

900900 899900l  9bseoBds 5B396s, H™I 39w Mo
350l {o3{90L 399w GH03060930w BMMTJIMb Fgocmgdom dbo-
33690 m3bs MaM® Fo0oeo gor0ggdols dshz9b9gdgeo sbslios-
0905, 053 JgLodms Fo00 G3MEIMAO0NIM0 5OSEIF0JO0S
@5 099690603 3060Mmd39dd0  hsdMYse0dgdMYO  FodM3gdOL
LEAHOGIR09O0m S0bLBSL. 4390sbg oMo 20003905 OBOT-
oMo 499MmIIMso 33936900056 090w 60d39dd0, bergrm
19MIY6EH0MGOMEo dsloerol 99dmbz93530,9439wWsDg B0
M6039 J39L5bgMBOLMZOL. gmowol L3oMEol Bgdmddgwgdol
3060Md9030 F9M0000 oW For03gds 2odm3zwobos V.
sylvestris-00. Lobgmdol Foaboom BoEMYdIMTs T9EoMgd0mTds
9650BTd s9IBEHNIMS, MHMA 450039006 3MgR0E0gbEH 96033~
B9wm3zbo MBGMM™ dowowos V. vinifera subsp. sylvestris-00, 3000-
69 V. vinifera subsp. sativa-8o, ®53 909900m90L ©MIGLEH0I-
300L 3039880 MYBEOM FoIM3gdOL 9BYJGHOMOOL T9030-
90565 5 3939G9GHOVIM0 M3 gdOL MB30MSEHILMdSDY.

1553356dm LoEYzgd0: 35B0, EMAGLEH0353E0, FTMI3Egd..

@OBIOGIMS

Maghradze D., Rehman S., Chutlashvili A., Kikilashvili S., Kikvadze M.,
Shamugia A., Charkviani S., McGovern P., Failla O., Gotsiridze O.,
Rossetti G. & Rustioni L. (2025), Differences in rooting ability
between wild and cultivated Vitis vinifera, Oenone, 59 (3), 1-10.

Kikvadze M., Valera J., Obén C., Ocete R., Alvar Ocete C., Kikilashvili S.,
Maghradze D., Rivera-Obén D.J. & Rivera D. (2024), Wild
grapevines of Georgia and their relationship with local cultivars: a
Bayesian analysis of seed morphology, Vitis, 63, 1-19.
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LoobE JOHMT>EMYMIBO B5¢0BYdTo

A™JLo3MMo 253bLBgEgd0L Bsbs33egds 3569
35ablbgegd0om 5M9d8mbg bsMmBgbgdols 95369

B99mgd9ggdol d9330Mgdol dobboo

©m33530 3
LodoMmMZ9E ML 53MMHME0 MBOo3gOLOGHIGO0, BILEHWdO

dbmgmomdo ymz9whHero®s Lombwymo JOHmds@Emycego-
w0 3900MmE0m Bo@sMdM 5b5oBIIL 1 sbarsgls Jogrom-
bmdom wo@®mo Jodom@o bseBgbols Foedmddbs (Kalisz et al.,
2024). 506036 565¢r0Dgddo dmdMs3 BoBsTo y39eobg Got-
0OME 259m0Yygbgds X 96IOMYEMIOLmMZ0L Fomowo Logm®mbols
3993390 930mGH™MJL03MOO Fodblbggdo, HMAMMYGdOE3S Tgoms-
Bmero s 939G™boE®moE0. 3smo bs@hgbgdol s6e3mbEMmmeno-
09050 293039 gds  LEgMMbgl  ©9ddbol  bosIYgALS o
09ag0do dmd0bsgtg sGLYdJOL.

5060360 gsdblibgengdol Bsbso3gwgds Bmyogo sbsgrob-
30, 0595005 ML do sxs@™Jlobgdol 33argzol dgmme-
do, JgLodwgdgwos JgsMgd0m 5M5GMJLOIMMO godblbgeryg-
dom, oly, ™3 d9bsMRMbIL EHmJLobgdol oblsbwz®mOl 9339d-
AGMOMBS. I9BMEob 5 EgMHbsEH0 453bLBYW9dL Fomdmago-
39bL 9. §. 073569 29bLBggd0“: gmebmero, d3MM3sbmwo s
0DBM3OM356M0, HMIGWM 93MEWMYPOMOHO LHBOHMBY Q530 g-
000 b530qd0s (Joshi & Adhikari, 2019). 535bm96, 9Ju3gG0dg6-
GO LGOS, O™ LOMbMOO JOHMASBHMAMIBOYIEO
565¢0Bol 3w gmdol MM EOEHOs® ITMIOPIOM0S
dmdM53 BsHsGo 2odmygbgdmero gsdbLbgergdols dmerg3mewm®
50bsMdsLy O FE0sbIE FOBOL  3MWMIMBSDY. 39MIMC,
1L30MEJOOL  BBIOMBSPMZB0  KX5F30L  BOLMID  gHMI©
9306905 LB OBM MM, FqLsdsdoLOE, T30MEIOS PDOCM-
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9990 365¢0BoLMZ0L godmygbgdmero ImdMszo FoBol Mom-
©96Mds. 535D, IMIM30 RsDOL M3EGH0T>WMMO 30EsOMBOL
domf93s 99bodergdge0s 39mobmemsb dgsMgdom bszwrgdo
50m©9bMmdOoL ,,0(3569" 453bLBYEdOL A53mygbgdoom.
d9L5dEgdgE0s 0MI39L, GMI LoPbwE JOMASEHMYMIGOME
5Bse0Bgddo 073569 godblbgergdol asdmygbgds Lsdo gBoom
59306090L 256MgImbg Jodommo bs@Bgbgdom doygbgdrye Bosbl
Q5 59:306090L bs®PBBIdOL BoMZ30LMZ0L s FoMHm MHglryMLYAL.

Lo3356dm  Logyggdo:  93mwmyos,  bs®Bgbgdo,  JHmIs@maMogos,
,003969" godblbgargdo.

gbMoo 1. LEMWo BsobHolb O™ s odbLBgagdoL LoFoMm
50m©9bMd7d0 BMmdMsgz0olb Bsbol 99339¢0 godblibgergdols dobggom

LsFoGMm 00 s65¢robols

3906LBgezo 600@(?;3065, dgw 36)‘3@0 gg@@m, {0
39 sbmo 2.6 26
909bmo 1.35 15
0DM3MHM356mo 1.19 14
360Hm356mero 0.77 9

@OoBHIOGIOS

Kalisz O., et al. (2024), Exploring the Potential of Green Chemistry in
Reversed-Phase Liquid Chromatography: A Review of Sustainable
Solvents, 7rAC Trends in Analytical Chemistry, 181 (11), 118007.

www.sciencedirect.com/science/article/abs/pii/S0165993624004904

https://doi.org/10.1016/j.trac.2024.118007

Joshi D.R. & Adhikari N. (2019), An Overview on Common Organic
Solvents and Their Toxicity, Journal of Pharmaceutical Research
International, 28 (3), 1-18.

https://doi.org/10.9734/jpri/2019/v28i330203
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https://doi.org/10.1016/j.trac.2024.118007
https://doi.org/10.9734/jpri/2019/v28i330203

30y BebamBY 333039 gdIEo bmgmgsbo
Q055350090900

39095669 J., mMy0sdg ., Lobstryeody J.,

3asbersdg ., bsgoeodzowo J.
050930l Inms HYL39w0ol Labgwdfogm MboggmobEg@ol
B0GM3500MMMQ00Ls O BOMIM35¢RYHM36930L 0blGHOGMEO

LodoMmmM390 ™ IH535¢0 3O MEo d396560Ls s Fomo
39060 Hobs36Hgd0l FommTmdol 396l Fo0dmowygbl. Jomysb

96039369crmg5605 ImEbo®ol - Ribes L. 33560L (o6dmdoqb-
@gd0. ol 33008550 69 gME0s BsMTS(393HIX0 s 339d0L
dM9039mdoLm30L (353960dg & bosdgwro, 2014). dmgbs®ol
§om3mgdol 3OMmEgLdo doeosb 360d360wM3z5605 FoliBy @olisb-
wgdMo 35369 MmEe60Hdgdol, MmameE d3gbseol 3Gmwmd-
G0MEmdol 999D0©030 BodEm®mol, globgd 0bgm®mdsizos. gus
Lo30mbo Lodo®mzgermdo X9 300093 56 sOHOL TgLfogzwrowo.

2025 ol 0360l-03woldo 5FoMOl EdOWMS S To@own-
800056 Dmbyddo Bs35GMgm M0 Ls3zgwg 9390305 39bsGOL
393935300Ls s Bogmxagdols IFoxgmdol 3gmomdo Imabstols
55350090900 3936(390905-3963056M900L  BMmbo@GHmMmobyol
doBbom. bembs s Jgsdo sOLgdo 39wIMHo bsMsmdols
3990330930l 990099 993536™390 IMEbIMOL 5350900
RME9d0L s bogmxzgdol 620 bodmdo.

doon dImeol, 370 bodmdo (60%) ogm Fmoerol s bsgmgol
W5g0sbmds, beagwem 250 6odmdo (40%) - Bogmgol Losd3deng.
0553509090 6031930l FgpMm39ds s 3smMgbms LvyRms
3M0GHMO5d0  359MYMRo-00096E0BOE0MGdS  2obbmM(3090s
L59M5IMOOLM  BGHobsMEGHMWo  IgmmEgdol  dobgzom
(Afanador-Kafuri et al., 2014; Blodgett, 1936; Wang et al., 2021).
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WHBMEMISGHMOOI 30639030, 939656MH0L 935000 Bo-
Dowqdl 3M93bs30m OLEHOWOMYOMWO (Yoo S ZoM3-
b9gdom 3-5% bo@GHEmomdol 303mdarm®mool blbs®do 1 ffor-ob
3968530 Mdsd0, 8999 5-%X9O 3930JOEO0 OLEHOWOMGOIYG
0goado, 603989006 3FMooom 233%-0L Bmdol Jumzowrol
Bofoegdl s 35053900 35MEHMBO0-IJBEHOMDBS 5Q5MOL Lo~
3390 5099 39BHE0L x53do. Mmmbols ¢Hgd3gMsdwcol (18-22 °C)
@5 069061030 29B5mgd0L 306HMdYdTo 3-7 EOL 0639d5300L
390009 09935090 Jum30wgdbBg Ho®Bmoddbs 9350 9dOL
390mdf3930 LeZML B3MOYO0, HMIGWDS FosMNJL300 Jowg-
0o 0dbs LNBMS 3NWEHWOGd0. bLrm3m3sb Zsmmygbms Imnm-

ROEMYPOO-329 GO OH0 Jobolinsmgdgdols s 3s00m-
39696HMdOL BglEoL LMAZz9EDY 0IBEHOBROEFOMYOMEO 04bs
39900920 3036OMMMQ60H3Y00: BMMEgdOL S Boymaol Logns-
9539900L gsdmafiggzo Lmzmgdo - Pestalotia sp., Phyllosticta sp.,
Phomopsis sp., Colletotrichum sp., Alternatia alternata, Fusarium sp.
Bogmaol Losddol s8mdfzgzo Lmzmgdo - Botrytis cinerea;

Phomopsis sp. B3gbl 3096 Bs@o®mgdmwo 3393900l 99950
399m3wgbowo 3500m969%0 gOHMbsomo 063 BLogMdom -

1304LOMS OMYMOF EIOEMD, 1939 FoSET056 BMbsTo.
155335690 Lo BY3gd0: b0, 93500YdJd0, bragm, Loy

OGIOSGHMOS:

303mb0dg, 3. & bosdgwo, 3. (2014), LodoGmzgErml bod3MMboem
9396569900, Mdoolo, 214 93.

Afanador-Kafuri L., Gonzélez A., Gafian L., et.al. (2014), Characterization
of the Colletotrichum Species Causing Anthracnose in Andean
Blackberry in Colombia, Plant Disease, 98 (11), 1503-1513.

Blodgett E. (1936), The anthracnose of currant and gooseberry caused by
Pseudopeziza ribis, Phytopathology, 26, 115-152.

Wang W., de Silva D.D., Moslemi A., Edwards J., etal. (2021),
Colletotrichum Species Causing Anthracnose of Citrus in Australia,
Journal of Fungi, 7 (1), 47. https://doi.org/10.3390/jof7010047
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35960L BHMbLsLEBEOZOHM d06AMMYds S
9L30MSGHMMMEO 5 JME-LOLbEPISMOZMS 535VMDS
Jogmsg HMsgdo, bodsMmmazgwm: MMomo gMogdols
3bsgroBo

d9xsM0830¢0 b.12
5goMm39emb 46 9dmb o330Ls s bmgeol dgMbgmdols
L5doBOLEHMML L3 FoMgIML gHM3bmo LosggbEMm;

WogdoHnggerml Mbogg®lo®g@o

3596006 BOBLLLEBOZOM  OOBINOGDdS  FoMBMoYRIBL
3B 490993300 O BsDBMYPSOMYIM030 KI6IGMMYEM-
d0l 3OMdEYTsL, 46LO3MMNEOIOOM 08 MYa0mbYdT0, HMIEgdO|
9939909056935 MsdbML dBH3MoLs s bbgs ©sdsd0bdm®mgd-
@900l M6 sbdowbg  GHMIBLEMOEMGdOL  bgdmddggdsls
(WHO, 2021; EEA, 2019). bsgo®omnggermdo, 45bLs3mom®mgdom
Jowsd OMLmegdo, 5GHIMbGBgOH 359680 dyso bofiowszgdols
0mBs3Hgdo 3mb3gbGHMsEool 930Bm©gdo bdoMsw ©s3sgdo-
4901005 LETBOYJM s LHTHEOHY0I-5TMBZ3EY0Y MYOMbYdOI6
M@0bmL 3@36M0L sbgdol 2930 (39wgdsLbmsb. {3Mowo (PM..s)
s dbgoeo (PMio) bsfowszgdo, MmIegdos o dsbdowmbyg
3OO R0MY0S, M5 5093l Lolibod LoliEgdsdo s byl

9PYmdl HgL306MEGHMOIWO s FI-LOLBEISMOIMS O53500T-
0900l 256300006935 S 3503539051 (Lelieveld et al., 2015).

3319300 30Bb0s Jogmag MMLms30L IMBobergMmdsdo @G®Mmablo-
LsBE3OM FoG8mIMdOL PMio @5 PM:z.s-000 3596M0L 0006w~
4900L 9393500560 B9dmgdggdol dgas19ds SOl a3~
39055 s 3ol 09930M0 935 d0m (IHD) godmfizgmen
30U30GowoBHs309dbg. 8090bsMgmdl MMmomo LgMool sbs-
©@0D0o LLOS3 FoMgdml 9MHM3bMo Lsoggb@BHML 35960l botolbols
Lo5MOM0Z30 IMbS390900Ls s LOJoMIMZI ML H9350YISMS
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3MB6AHOHMOoby s LoBMPsMIdM030 X b6IOMYEMdOL g6~
m3bmwo 39630l (NCDC) 3mb30@sw6o Bsbsfigmgdol godm-
4969000 2019-2023 {iegdol 3960m©do. GH®Moblolabmgzmm @s-
00b6dmM930L 930DMEYO0 2o60LsBO3MS PMio @5 PM2.5-0l 8cmds-
GO 3m639bH®30gdols bog31dz9@w oY
(Trans_PMio/PMa2.s=1). 900000b569mdL  25565¢00Bgds  sliomdol
(ICD-10:J45) s geol 0d930496Mm0 935000l (ICD-10: 120-
I121) 3mb30@ow0bs3090bg 50bodbmer 3960m©gddo.

331930l 396H0Mm©I0 9bEMmgdom 6.007 Lssmo Jwslogo-
BOO©S GHMBLILEDOIOM sd0BIMMIOOL G30DMEYds. Tm3-
96930 245dm0MHBgMEs LYHBMBMMHO FobolsMYdMGdOm, 303900
5006036y 05635630, 5330LGHMbY S ©Y39909MT0. 30MZ9WSO
565¢0B0 30m0mgdL SbToLs S ol 0d9TOYOO 93O~
©900L  3mL30E90B30gd0L  Fglsderm BB BHEBLILS-
b03OH™m PM 930bm©9d0b codml bbgs 390-0m@©gdmsb dgwstg-
300, 935 99093900 XM 56 5HOL LadMEOMM.

33939 3039 @S bLEFOMHMIOL T5EJI0M LEOGOLEO-
3996 965¢00BL, MmO ©OEHBEIL BHEMBLILIBOZOM bofogms-
39008 H9dmgdggdol 1oddodg s LEsGHoLE03MMo 860d369-
@Mds MIL30MSIGHMOME S -LolbEdsMVZMNS 53500909~
b0l 9909a90bg. 30639050 F9gR900 bobL Mligsdl 3960l
G®BLOLIDPWIOM  BOBAMEOYOOL Bonzol 96033690 MdsBY
96M3699 % 96533530 O 359MH0L bodobbols BoOm30l LGHGMsE9-
3090d0. 9306w 1sb53IMMAMOOL Qod0gMgds 30 dbo-
3369wm35605 6 3960y BHMBL3MOEH0MGdMEo  gsMo
Bofoes 3900l ©sd0bdMmgdom godmfizgmeo X sbIOmMgEmdol
G300m0L Jglsd30MYOS.

155335630 BoGYzgdo: 359HoL BHOBLOLIBOZOHM ©sd06INMYds, PMio,
PM..5, 5035, 29900l 0393160 ©59350090900.
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Air Quality Monitoring of Georgia. https://air.gov.ge

European Environment Agency (EEA) (2019), Air quality in Europe 2019
report, Luxembourg: Publications Office of the European Union.

Lelieveld J., Evans J.S., Fnais M., Giannadaki D. & Pozzer A. (2015), The
contribution of outdoor air pollution sources to premature mortality
on a global scale, Nature, 525, 367-371.

WHO (2021), Air pollution and health: WHO global air quality guidelines.
World Health Organization.

https://www.who.int/publications/i/item/9789240034228
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396396E0MIOMO 5M35¢n3M3MEHo Lsldgmgdo:
96d30m®0 33900l 3@ gbEoseo ©s
G9gbmmma0m®o doymdgdo

3990560 J., bedgeos o.

LodoMmmM39w ML 39dbozwmo ¥bo39MHLoGYE0, 53MMWWwo
093609690900L5 5 J0doMO FJIdMEMY0gdOL GBo3EHIEO.
d0obo, 8. 3mbEogsL J. 69

19MIYBEHOMGOME0 M I3MIMEmo bELAGEgd0 BwbJso-
WO 339006 gOHm-9Mm Y39mwoby 3960L39dGH0e  J0dsMm VY-

@wgdsl GoMmoAgbl, M3 2ob30MMdYdME0s F5000 domEM-
3OO0 VOMIOMEGO0MS S RIBIOMYEMBIDBY  ©OWIIOMO
b99tmdd9900L 3mEH9b(305w0m. Bomo [oMmdmgds gi3mdbgds 0v)-
6906030 539639BESE00L 3MIM39U900L 3MBEHOMEOMHYdS© Fodm-
496905, Gro3 MBOHYD39wYMRL 3OMEOJEHOL BEIOOWMOMISLS
5 MLORONbMYdsL (Adesulu-Dahunsi et al., 2025; Brugnoli et al.,
2023). 653600l 06m35306M0 5139JEH05 JoHNYO BHMIOE0-
Mo bowol By gmeols 0bGHgyMmoE0s Mo 3Mm3mE® 1396-
396@530580, o3 byl MFymdL 5H0EMIM030 doMOYLWE-
19gdob 95399BH05b6 godmynbgdsl. s0bodbmwo bywgmwo godm-
00B935 30MgdEGH0IM0 BogMHmgdol IMs35wRgMM35b0 F9ds096-
WMO0m, 350 FMOL 3MWoxgbMEgd0m, MEMRBMEo 3553900~
05 5 308sdobgdom (Katsitadze et al., 2025). bogrol Jodow®o
36530¢00 3609369003650 296L5BO3M3L BYMBY6ESE00L B0d-
©065M9gMAL 5 LBOdMEMM 3OHMOIEHOL MOHRBMWg33H03M6
dobobosmgdgdl. 39693030 TodMgdo FoMdmoygbl dozMm-
6256039008 09356 LYdOLEHMIGL, MOL 93 BJMA96-
Gd5300L 36HMmEqLT30 Y4oeodgds MmMYsbmo 853900 s Lbgs-
©slbzs bdiowm®mo 3md3mbgb@gdo, Mmdwgdos BOOL 36Hm-
9Bl 339900 0MHOMGdL s 59dxMdIBYOL ol FoBoM-
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WMRoO 9839JBL. 33193590 205bse0BYdMos F03MMdOM-
WM0YMHo 3OMmEJLgdI0L HMEo bslidgewol BMmGINMmYdsdo ©s

896Bgo  bHIOGIONWO FNWAHYOYOOL Fo3wgbs BgHIg6-
G5300L ©0653035D7. 2obbowmos Egdbmemyom®mo 356539E)-
900l M330d0Ds30s, HMIIdoE MHBOHMBIGEYMRL Loldgwrol
LGB0 M boMOLLL. gmEs®gds 25355300 qdME0s S 3M3Mm-
ol Ho®dmddbols J0bodoBs300L BHgdbmermaon® doamdgdby,
o3 Jdbols sbsgn FglsdErgdEmdgdl sMOIM3MEMO, KX bIM-
09mdsbg m6H096GH0MdME0 BbJ30M0 Lolidgwgdols 49630~
05M900Lm30lL (Khablenko et al., 2025).

15533560 Lo@yggdo: x3gM3gbGoMgdmmo Loldgwgdo, 9MosEw3Mm3m-
@60, FbI30O0 33905

@oBIOGIOS

Adesulu-Dahunsi A.T., Adesulu A.O., Fagbemi A.S. & Ezeamagu C.O.
(2025), African cereal based fermented beverages as functional drinks
with potential impact on human gut microbiota and health
implications, Discover Food, 5 (1), 106.

Brugnoli M., Cantadori E., Arena M.P., De Vero L., Colonello A. & Gullo
M. (2023), Zero- and Low-Alcohol Fermented Beverages: A
Perspective for Non-Conventional Healthy and Sustainable
Production from Red Fruits, Fermentation, 9 (5), 457.
https://doi.org/10.3390/fermentation9050457

Katsitadze E., Museliani K., Kvesitadze E., Ujmajuridze L., Turmanidze T.
& Khobelia T. (2025), Study of the fermentation process of juice of
Georgian grape Ojaleshi for the production of probiotic functional
beverages, The Journal of Nature Studies-Annals of Agrarian Science,
23(1).

Khablenko A., Danylenko S., Dugan O., Lakiychuk O. & Potemska O.
(2025), Plant-based non-alcoholic fermented beverages: microbiota

overview and biotechnological production perspectives, jJournal of
microbiology, biotechnology and food sciences, 14 (6), e11295-
e11295.
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gmBogstosls (Cyclamen) gzobomermyo®e
53BHomemo 603moggdgdo

359b5dg 3., 3560dg 9., 35¢m56EOs 5.
05090l Jnms HMYL39w0ol Lobgwdfoxgm Mmboggdlodg@o

OMAMO3 30300, G030 dg0Eobsl bsbymdwozo
obBHMM0s 4o9Bb0s, I39BsMgMWo 3619356053700l bod3M@Mbsm
dobbom godmygbgds 30 Ly MAOHM 3MIMWsBrMEo bgds,
50LSB0ABsg05 ol 339bs0ggdo, MMIgEms  IMZ9¢TBGOZ0
399mygbgds 33039l 535 049 08 53500l Lofobssmdgym
(World Health Organization, 2025), g®om-96mo sbgmo 33gbstgs
4mB035Mms, ®d3s, Job dgbobgd 3393900 IFoM0s S SGEG 1Y)
0bg OO 0bBMOTs300, sd0GMIs3 B390L Lozzwrgg Mmdogd@L
50bodbmaro 939bstrg FoMdmoagbl, 33930l dobsbos o3o-
0 ymbogzsmoll 3609369 m3560 BobBoMmEMy0MGs© 5dE0-
W0  BoghHmgdol 331935 Mobsdg®mmgzg 0blEBHMWAgbE o
990070 253mygbgdoom.

60823900 935MB0gm 50 y0EYdIMYMdOL dobgz00m, Bo-
3mbobgdoll  0gbBH0Bo3s30s @S dddmgmas  dmzsbobgm
MG5-0505w9539d GO0 LoMbEOO JOHMsGHMaMoxol UPLC-
PDA, MS 38goom@om, 2563b5B03Mgom  sb6GHomglosbEmmo
59BoM™ds DPPH dgomm@om, 515939 995356000 d0mema oMo
594BHoH  boghomms  MHymE9bmdmo30  sbsewobo.  ymBogzsms
399006MB935 Lo3MbobBYBdOL ForoEo F98339XMBOM, 500 MO
30 005 93965090 930MEMA0580, 51939 3MIgME0ME G-
mdo, OMAMO3 30303580, 0lig BsMTs393EW HoMdmgdsdo,
339%0L  LgdBm®do (Moses et al., 2014). 33¢930L 99IAS©
09bG0xB0E0MJIPIMos 3 BHM0GHIO39bMwo  awo3zmboo:
LA 30m303wsdgb 1(M/z=1083[M + Na]), zozwszmmdobo
(m/z =1099 [M + Na]), 3060d0wobols eod@mbo (M/z=1243[M +
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Na]), ©md06s6@ b03009Mgdsl Homdmoyqbl gLy zmao-
30096 1. d0m@myom®me© 9dEHomo bsgmomgdol 93339wm-
0005 5 BBH0MJLOIBEHMMO SJBHOMOMBOM Q5FMOMBY3s MO~
0505030l ymB035Ms, bmwm bsg@mgdol LodMsgwom gm-
M0, (Log®ob@Em bgwdg3Ovegds: NFR-22-4236 01.03.2023)

1553356d0 LoBY39d0: Yho35Mm s, Ladmbobgdo, TsbL-bdgdEmagGHos.

sm:gsz)@fb- 8‘;%?,‘:’;’3:0 9@3«::7- 3605)3/05060 i%ggg;
gd3mMobo By Q00003 3d 50505
BODOEO 7943.18 7107.72 1120.97 40.72
deagndgo 3237.40 1727.53 288.05 112.17
096 4680.39 3296.88 920.98 56.88
geaB0gs6s-
MOMDSOS-
odo
B0 9710.89 7482.88 1435.22 41.42
dedgo 4848.30 2282.28 318.05 61.81
09OH™ 7115.72 3121.72 1065.50 50.06
@OoBIM5GHIMS

Moses T., Papadopoulou K.K. & Osbourn A. (2014), Metabolic and
functional diversity of saponins, biosynthetic intermediates and
semi-synthetic derivatives, Crit. Rev. Biochem. Mol Biol, 49 (6),
439-462.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4266039/

World Health Organization (2025), Traditional medicine. World Health
Organization.

https://www.who.int/news-room/questions-and-answers/item/traditional-
medicine
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3935ewdo (Juglans regia) 0embols 0009630803530
Lod{ogol bgsslibgs bGoosty

359b5dg 3., 3560dg 9., 35¢m56EOs 5.
05090l Jnms HMYL39w0ol Lobgwdfoxgm Mmboggdlodg@o

39300l 39965030L FomTmgdol 056 sbesgl Gmdbogmmo bog-
00969039300 IE0EIMO fyolbs s bogmaol 3560L sbsmoeo -
,»¥13560L0% Bo®Bgb0, HMIgE0E 094egds 6525330, 56 (35396 dom,
0935 B396 99330005 5000 353Mmygbgds Lbgsslibgs dobboom
@5 350996 FogloToEmo Lakygderol dowmgds. d3gbsdgmeo
69w gm0 s 35096 F0©YdIO oMW MYROMESE 5JGHOOO
6030009693930 2590m099gbgds LodgEOEObM 36935M5EJOOL, LrM-
396@9d0b dolowgdsq (Zhu et al., 2024). Bs450m5© 9330300
9m30943956m0  Bog@mdobmbgdols Ig@EHedmeo@o omawmbo 5-
300MOMJbo-1-4-bsgBmdobmbo, MmIgwos 4bgzgds 3939¢ndo,
9ol Mo 9ddo, Bq390d0, JgOJdo. oawmbo, MMM d969d-
6030 Ls©Yd530 0l Podmoygbgds. godmgzmgboer 0dbs s6EH0dwy-
A9396096M0 0630d0GHMOMwo gn3qdGgdo TA 98 s TA 100 d@s-
9900l dodoMmm. JgxsLS FOGMGMJLOIMOMdS Q90339 Lod-
10369M s BTo® M OgEE bsbgdbg (Chamorro et al.,
2022). B3960 30Dsb0s ,,0d0L* LodFogol bEGHsosby YmBo 3539~
@O0 259Mm3049bmo HMYMOE 09Mmbols Jolowgds, oby 153390
630wynws. 33wg30Lm3z0L g>dmz0ggbgo gdudMeggool bbgs-
©slb3s> 9900™MO, FoabLBYO, 0MAWMBOL goblsBrzmolimzgols
30 359m309ygbgon UPLC-PAD-MS. 65qsb omaarmbo bozdsm
09MHIMEBOWIM0s 5 gLodSTOBOE  SOIOWIBE  035MYGOS
0mboBsEool MM, 33c0g30L F9YR© 0IBEGHOBOGFOMYOWE
0dbs: 0a@mb-5-30OMmJlo-1-4-65g3¢mdobmbo (m/z 173 [M —
H]). ©s@ygbowo o0d6s 9du@@adgool 89mm@gdol  go3wgbo
093cMboL 2odmbiogocby. (AOLYLEG yMsbEHo MR-25-156)
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153396dm  LBo@yggdo:  3o3owo,  0wawmbo,

9obL-L3gdBHMAg GO,

9JbGH®ogd300.
6503980l abisbgegds ovgamembo, 93/

US-5b0b¢. 9JuGH®0d30s, 50% gorsbmgmom 6.96
US 9du®od309, 50% gomsbmgroom 20.81
05050 {69300 s GH9gI3gMoEOHOM 18.15
23b&®sgdgos '
3H9e0o 9duBH®g309 39995303600 dmygbgdom 17.60
3000039960 9JuEHMI30S 9.89
By0wo 35300l 3960b ed. gdbOsdgos 3281
J003IHIO0N
WOMBOWNOHIQ 35FIO. 3530l Jsbols 38.80
9dbEOg300 90EIEIGHIEGHOD '
40 °C 359365¢0 35300l 3560 gduBMadzos 3507
9PO3IGOHON '
WOMGBOWNHO IOMBOLIL Fomdmgdbowo 268
gobemzs60 3bablsdo ’

0.20-

015

2 ]

0.104

005

0.00-

L L AL A T L R R
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@oBIOGIOS
Zhu K., Ma J. & Cong J. (2024), The road to reuse of walnut by-products:
A comprehensive review of bioactive compounds, extraction and

Identification methods, biomedical and industrial applications,

Trends in

FoodScienceTechnology.https://www.sciencedirect.com/science/art
icle/abs/pii/S0924224423003795?utm source=chatgpt.com

Chamorro F., Carpena M., et al. (2022). By-products of walnut (Juglans
regia) as a source of bioactive compounds for the formulation of
nutraceuticals and functional foods, Biology and Life Sciences
Forum, 12 (1), 35. https://www.mdpi.com/2673-9976/12/1/35
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bdoGolb Bgdmddggdol gxolgds oMgdmby
b90mgdggdol dggsligdols 3hmaglido:
3900EMEMy0MHo 359393900 5 XS6MMYEMdOL
“0oL39090L 0b6E ™300l 3gMlidgdEogs bagoMmggermado

boboomdg .12, B9gMsdg 9.1, s0d0dg 8.1

lao09dmb 9mHM36wo Losggb@m 4oM9dml sd0bdmMgdol
9bo@m®m0obaol ©g3sm@s89bGo

Q. 5085896908 ¢0ol 259%.150, ®dogrolo

Lsodoromgzgemb Ggdb03Mo Mbogadlo@g@do Lsdmm §gmEmaoOHO
5 300l 9RIMEO Pob30:5M7d0L G353 EYE0, OOEOLO,
3MbEogoL 77

bdomMo  9OHo-9MHMO  Y39eoDg  293MEIXOMWO  J5M9gImU
©5006d1)M9d0L G3odEHMM0S, HMTOL 2o3egbs 2obls3MMNMIdOm
d9Ls3RBg300 MEBBM  A56gIMT0, LoGHMIBL3MOGHM  0bxg®-
LEAHOMIEGHMIOOL BOOLS s LEdMGHIGEM 5JE03MdYOOL 0bBE9b-
Log0353008 BMEDY. LodoMmzgemdo, BT 3MmEglo FoMdmo-
390l 30356  0bLGHMMIYBBHL  AMYIMLS s 5T0sbgdOL
X 96900 9gmd5Hg gbosdem Hgdmddnggdol 3OMmybmBoMgdols
s 9993060900Lsm30l, MdEs bdsremol 3md3mbgb@ol 99gz3s-
bgdol boolbo d60d369wm3bs Bsdmwyzs0Mqds LogMmodm-
ol BB FHIOL.

LodoMM39w Mo  5JGHYIIIM0s  o69dmbg Bgdmddggdols
99335900L (Bd) 303980 HF>HOL HBgdmgdggdol dggsligdols
36543039, 39nMEOM™y0O0 bot3gHgdo s xs6aMMgmdol
6ol3gd0lL 0bFgaMo300l LoFoMmgds. 33wg30l d9i360gM o
Loobeng 93 gmdl Modgbody dodsMomergdsdo: 30639~
WO bmMmE0gmwgds Lododmgzggwmdo gHa-b M3dgbEgdol
LoLEYIMNEI0 56> 0Bo bdsvEol 3md3mbgbE by, 0IbGHOBOOM-
©905 F9gNMEOMEMYONOO  QoBIMOMNMIOOL 5930 GIW MBS S
bs639D900, HMIMGd03 393w9bsll SHEIBL 3HMPbMBYdOL Lo-
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DMUEgBY; dB939 30M39Ws bgds LyYMMITMGOLM 53MLBEO-
39960 LEBBIMEJdOL (ISO 9613-2, CNOSSOS-EU) (Acoustics —
Description, m. a., 2025) 990693000 5dmygbgds Lodotrongg-
@b 3063 gJuGBg. sboew Bs@Bm 59005693l bdsmEols dm-
©IOMJOSL, XIBIOMIMdOL bBgdmddgqdol MomEgbmdmog
39835b905L s M96539MM39 JoB0YSE00L LEFNSWgdIdOL 9539d-
G0560md0L M9oeE 45dmm3wsl (Environmental noise guidelines
for the European Region, 2025; Patel, 2024). dm390vo doymds
0o0mMopbl  06M3z530MM  3WOGHBRMOASL BTl 3GMEgLOL
2999x mdBYOOLS O P9TY39BO ool dogdol ba@olbols
35BMOLbmM30L.

1533%6dm  LBo@ygagdo: bdow®o, Bgdmddggds, X 96IMMYEMdOL
6Hob3goo.

@OoBHIOGIOd

Acoustics — Description, m. a. (2025, 12 17), https://www.iso.org/.
Retrieved from https://www.iso.org/:

https://www.iso.org/standard/59765.html

Environmental noise guidelines for the Furopean Region. (2025, 12 17),

Retrieved from https://www.who.int/:
https://www.who.int/europe/publications/i/item/9789289053563
Patel R.T. (2024), Noise Modeling, Mapping, and Control: Promotion of
Sustainable and Quieter Environment, Springer, Singapore, 1-20.
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beOdEol 3mes 79basL (Puccinia triticina)
LogdoGomg9emdo go3M(39¢gdvemo 3Mm3MES3Eo0l
300796 G™ds

bobsvyeodg J., 39Ebesdg §., Bogs®odzomo J.,
bobsvyeodg b.

05090l Ims HYLM39wol Labgewrdfogm Mboggdlodg@o,
BoGM35GMELMP00Ls © dOMIMS35¢BgMHM369d0L 0bLEOGWGHO

be@dseoo (Triticum aestivum L.) bodoOm39wmbomgol bEms-
G920 LobMBWM-b5dgMMHbgm 39w EHMMSL  HomBmowyqbl.
be®dol  ImbogErosbmdsby  Metymgzoms  dmddgwo
9OM-9O0 IN93500 BogdBHMMO bm3M3560 9350090930, M-
99wms Mol bmMdol 3Gy gsbgo (o0mdfgg30 Puccinia
triticina Eriks.) (o60mo090L R5OHmM© 293039090
9306md03mMo 36093690 m356 ©5535009dL. ©593509d0L ot~
030L  93MMYoMEHs© LBo0dgEM FJOMPO QoS30 oddeg
X 038900l J0©gds @ Fo0rdmgdsdo sbgMzs, MoloE BogwdlzwsE
»©93L 35000960l 33430580 J0d0bstrg 30OHMabEMmEo
(33L0wgdgdol dgbffagerol 99@gpgdo. (j06s8gdeMg 3330l

90Bsbl  Fomdmoagbs  LogdoMmzgmmdo  4936M39w90ME0
Puccinia triticina-ls 30329c05300L 30OHVIEgbEHMdOL LE®MYdEvw-

ol 5 MBMIO030 IM35BIMHM36930L Tglfoges.

3393900 bbmdEogEs  bdggwg  9dbdgoEegdol s
LobomdMEY (3009000 LT)OEgdOm, LOSE J9TMYIbgdIO 0yMm
LogOHPMIMOOLM  3eologMMo  dgmmgdo (Roelfs et all, 1992).
2025 gl Gobolfo® dmIBs©IdMEo AGMsxz030L dobgzom
bm&dOol 1539393930® 3gMomEdo (dsolo, 03bolo, 03wolo)
BoBoM@d mmbo 1539w gL3IEO(30s. FBOL3OMIL O BIMTYEIME
39996b9mMd93d0 3gds6Mg bmMdolb 3mdgM 0o bscglgdo s
Lobgergdom 653390900 3o3m33wgwo 0gbs 0mddol yzgws
530M93Mmma0M Bmbsdo (3obgmo, Fos Jodmeo, Jzgdm
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Joemeo, dgbbgmo, xo35b900). FMMs obgols o3MEgEgds(1-
10%) doeo0sb @odsero ogm. dgsMgdom MBOM  FSWIWO
06@&9gblogmdom 0gm go3M39gwgdmwo 3sbgomdo. 093, bos
500603bMU, MM 3G 960 BMMOEOL GMEOTss s bdoMs ol
4309 7560U06 @S WIOML FoBASLMID gOmOo 0gm 496-
300050900 BMNEOL BOOROGIDY. ©IOMBOLFYsOMTo,
Logotgx™do, Ydgmdo, dzbgmsdo, MIMNOOfYsOMLS s sbogn-
Joansddo 50930 6039890096 godmygmaowo ogm 75 dmbm-
B3MOMZ60 3WMBMBO 3MWEHMOS 9.5 OBMWSGO. (39E 3o
obmwsGom 20  x09-oRgM963E0sGHMMGdOLYD  Fgdysmo
L5gMHMIMOHOLM 65305d0L 0bMm3MsE00l s FgdAMITdo FMS
539620L50d0 oo Badslybm Ggodzool GH03gdol seMobzol
1553199390 BY 2obLOBWIGMWo 0dbs FMEs Fbgol GLYdO s
3069b@GH MO0 09050bwmds.  39Mdm©, dMOS  Fobyol
33290530500 by s0fgMowo 0dbs 13 Gobs( NTKRQ, NSTRQ,
PTTRS, PTTRQ, PSTRQ, PTKRS, NTKQQ, NSTTS, PTPPQ,
NPFMQ, NTTRQ, NSKQQ NTKSQ). @m306069ds ®slsls NTKRQ
(45%). ©™doboMgdeo ML 3060MEIbEHMBOOL BMOTMEsY:
2a,2b, 3ka, 15, 18, 28, /1, 2c, 3a, 3bg,9, 14a, 16, 17,19, 20, 23, 24, 26,
30,B. beMdeol 500mbszgboll Bsbsdo 259degmdsls «mBEwb-
390YMRBS 3OS 560L500 259dEgMdol 3gbgdo: Lr2a, Lr2b,
Lr3ka, Lr 10, Lr 15, Lr 18, Lr 21, Lr 28, Lr 29, Lr 10+27+31.
53539000 25565¢00BgdMwo 0BMYIbMMo bsbgdosb 9539d-
GO0 50IMBBS goddwgmdol y9gbgdo: Lr21, Lr 29, Lr 10+27+31.

1553356dm LBo@yggdo: bmMmdoro, 79699, 306 gbEMds,
0bo.

@OBHIOGOd

Roelfs A.P., Sigh R.P. & Saari E.E. (1992), Rust Diseases of Wheat:
Concepts and Methods of Disease Management (81 p.). Mexico, D.F.:
CIMMYT.
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300530 emdEMO (33¢0e9d0lL 353¢9bs
LdsE3E 5MYBs® (HYyggdBY

Gmambodyg 6.1, 408579600 6.2
16030 39(3b™39w0b Labgemdol dmEHsbogzol 0blEoEMEHO, 0oLl

Lobgerdfogm Mmboggdlbodg@o
Lmgerol dgmmbgmdol bsdgaboghm-33eg30m0 3960

30008530l AEMOIWIMHO (33¢0EO0L goggbols Tgz3ol90s
35050l 930mLoLEGHYIPODY FoMBmoygbl gem-gMo mdbo-

33690 m3969L 200mfiz939L Msbsdg®mmgzg dgEbogMgdsdo. dmbs-
©wmEbgw0s, MHMI erMBSCMOO EMOMDS S FoLSb o393~
Fom9do b5¢gdgdol s mmgEol LOGFsMOL (335 gdIOMBS
30039 Hogdo 253096l dmsbgbli dsmoedmol di39bstg-
@Md5bg. XXI Lo3mbgdo 3w0ds@ol (33¢00wgdsd Tgloderms
©9530f5Bg d0MmIM35¢9OM36900L 08 360369 mz560 bo-
fowol 45JOmds 353mofgoml, GMIWGdoE 9s3GH0MYdbo
56056 9300MIMOJBE VO 3HgB39MOGIOLMb.  SBGOMBL
36MHmabmbgdo  0dsLmb  ©s393806M9d0m, MMI  (33E0EYdJO0
3963 9d0m Fggbgds BoOPMBMMEM356 I3965699gdl
doo dmeob s0ygLog (Betula spp.). Bggbl d399sbsdo db69d6M030
56MYb56900 03305005, GHYoL LogsMOL 3-4%-b HoMmBMmoqbl s
393039 90os 519d5e3H LoMEYgedo. bodsMm3gwmls do-
©odmM056 M90mb7dL IOl 50Lsbodbsgos bgzo, Lowsg bob-
330305 56O M3MYgbMds Bgdmddggdsd ¢gol oo dslo-
3900L 296500y MM9gds A53MOf305. IAMOIOE00L FYRe©, U
AGIO0GHMOM09I0 495035 Lom0d s LHIMZ9M Y MYdS,
099935 MM 509 gdol gobdsgarmdsdo 99060d6gds GHyols
0Bg0MH030 M99bgMo3E0s 00 5EA0WGdd0, LosE s©MY “9bs
4mz30e0ym 56m9bs®0o @yg. 9gemgdbdg 499mBbos sMyol bob -
Betula litwinowii Doluch. 503mbsi396900. UbG9x3s6(dobools
3996030350003 G0 5OHYbsMO BYyggdol 3916936030 256sbergdols
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LG50 39bgbiEos 9906086905, M3 OO 5e350IMdO YodM-
039105 gomoL AbEOOZ 3e00ToBHOL FEOMBSCMEMO (330Y-
d0m, beaenm dgmMgl IbGOZ v3MbEOM™ dmggdol 9993060930
3990, 56bMME09W s LB 3O 0B FHYol 39bgdM030
93969605300L 3OM3gLoL TguHogans, odmzwobos bmdiglbovy-
60 LEGHOIPOYJOO O J9BOLLDBPZMS M) MHMYMO 033wds I(39b5-
6905 LobgMmdMm030 IM35WRIOM369ds BHYob sy bol dodo-
Bo®gmdolsl. 33930l 999gdds g30h396s 33390060 LBHMI-
GIOILO ©> FLOOOLAYWO EZLOLIBIO0 HYgbgO300L
30miEglbol  bgoolbgs  93e3by.  dowgdmwo  dmbsigdgdo
d600369crm3560 39639305 BYol bgermzbMo 50y bolsmazol,
306500096 B396L J0g 5bLBPZOHO JoMmbgMmeo Lobgmdgdo
9406056 03 1360369 M3z569L 3003d0bSE00L, GMIgEog byl
39709mdlL IgMdbosbo 9396509900 3900 ©5T3Z30MYOL, M3
LodmEmMm Bsfyobl Jobgdl GHYob 93MmEMA0Ye S0RIbIL o
LOHYEYMBoo 93mbobEGIol Bsdmygseodgdsl. 33¢0g30L d9w9-
3900056 359mIobscy, F9godergds 00d3sl, MM 300dsEob
3300905 36003690M396 493w965L sbgbl srgbs®o BHyggdol
©065303599. (36Md00s, H®M 450930 3060HMdIOOL (33¢0Egd>T
399m0(305 BHYol Bgs LEBEOIOOL 39MGH03ZSMOO FoYMOFO,
5956 B39gbo 33093900mo33 35LGVIMGIM. sMYol bob oz Eg-
@900l Bgs BzsMTs 860d369cm3560 330w gdgd0 Qobo3e-
5 OOMMS obdogarmdsdo: 2002 Harol dmbsoigdgdoom s6ygols bols
O 060003000 sB0JLOMEs 2560 3-Bg, 2015 gl - 2685 3-
g, bowm 2025 gl 2698 9-Bg. s50bodbmmo GH9bgbgos
d99L5053905 GHIMGHMEOIME BMbo3gdgdLsGE, Loog bobOLTv)-
©0d, MM GYob 39MGH035W M0 FogsE0d SOBYOMEIO YoM~
055 5 3ol 03500 F59MmdM53509¢  doesol  FoMdmoygbl
30008530l MBI (3300 gds. B39bo sBMom, doov)-

©909 5930 gIMdSL Fotrdmoygbl GHyol Bgs LoB3mOL
9303™bol 399doz0 ImboBHM®mobyo, Gog 360d3bgwmzsb 0b-

BMOI5305L ma3:399L Lwydow3Gmo d3gbsdgmemdol dymds-
903565 S 0b653035DY 3000B5GH MO (33€0EYdIOOL FMHOETo.
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15533560 LoBY3900:  3e0T5EHOL  FEPMBSEINYMHO (33X,
bmdoa3mGo  syboto (Byg, Betula litwinowii Doluch., @&gob

b9s LB3OOL 93MEMbo.
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353¢m0l 5Q0EMdM030 X08900sb 9gMBgmeo
03995535 35g3g0M0700 06M35309M0 3MMdO0MEH039MO
{13960L Fo6dmgdolismgzgols

AYgB9e05dg 9., 3939e0dg b., baombodzowmo .,
00EMMH35 0., 35010353000 b., 0603583000 ¢.
L5doMmMZ9E ML 53MMm0 MBoggOLOGHIAGO, bLyMao rMIododol
000md0dools s dom@GHgdbmemyool 0bLEOEHMGO, 3obs dgbwydodol
Lob039MOLOGHYEGH™ 35930, 300 50Bodgbgderol bgogsbo 240, 0159
03000, boJosGmzggem

2960396¢5305 Fo630msgbl LyOLsmol Tgbobzols s dom-
594BHoMo Bogmmgdol Fo@mdmddbol 9339dEw®, 93mbmdomMs
bgaboy®gen dgomml, OHmIol 989d@Omds 360d3bgwmgbs-
@55 593000900 bgwgmeol 9995096 mdLs o 4o0Mm-
49690 d03OHMdM 3ME@mgdby. 839bsMgMwo (omdmIm-
dol ®dob 3019 gdoL s EHIMBsEH03930L 3390000 VOMYdVY-
@900l goldBOEIWOIE SJBHYIIWIM0s SHOWO, SYHOWMIGMOZ0
§o600mdMmd0L  3MMd0MmEGH03M0 30900l gmbg3s s godm-
y9690s. 33e930L FoBbL Ho®mBmowgbs 3590l {3gbols gsa-
©OEMYds ©d9T5535 05dBHM0gd0m (LAB) o 5396M396@s300L
363980 30M5gdBH0IM0 BogMHmMYOOL MomEIbMdMOZ0 33Wowg-
0900 dgx3sL9ds. 33293530 259MYgbgdwo 0gm 358oEsb o~
dgmBowo Qo 0963053030000 9350900
Lactiplantibacillus plantarum 52, 74 5 76, Levilactobacillus brevis
18, Lactiplantibacillus pentosus 57 ©s Lactobacillus fermentum 44.
obobo 458m0MBgM©BI6 3OHMBOMEH03MM0 M30LJOJO00Y: OB
pH-%g BO@oLs s Bogwol ds60wgdol 305G GHMEg®sb-
A™d, 36@03030MdIMWO 5JBH03MdS s 9BGH0dOMEH039d0LsTO
69BobBHIBGH™dS (Tkesheliadze et al., 2023). Logmaberolvybs-
60560 MXM9900L MoMmEYbmds A9BoLLBPIMS LyMoreo ob-
539008 dgomom  (309/0), Xs8MOO  Bgbmegdols Jgd-
(3390MdS - BMob-Bom3swBHgml, beagom sbEomdlosbdmemo
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5JBogmds - FRAP 9gomom. dopgdmemo d9gaqdool do-

bggom, Lpb. plantarum 52 ©s5 74 Logmabeolbs®osbmds

3580l {3960l 48-Lssmosbo RIMIGBEHS300L 909y Fgo-

396005 7.23+0.05 oo 7.82+0.06 1g 309/0¢0-b. 53539 3gMomdo Lpb.

plantarum 52-00 g96396EH0M9d 60939030 IR0JLOMES

X90M60 539bmegdol 999339 mdol DS 345+17 dy GAE/qo-

©sb 418+25 8y GAE/w-0g, bmwm s6@0mdlowsbdmco

59BH0gmds 360d3bgermgbo As0Bsts 31518 Iy AAE/-sb
1055+90 9y AAE/e-009, Lpb. plantarum 74 s 76-ol 0mgd-
9909d0m. 9gMBgMe0 13935535 05J3HJM0900 065MRM69dIE 36rm-
30m3H03900LmM30L 530w gdIE d5JBHIMOME BHOGHML S 5w90-

X 0919396 3580l )3960L doMsdBHoMG M30Lgd9OL BgMAYE-

GoM9dM 30MmEIGdo, Mg G0mmomgdl o0y oo dom-

&996mmyome 3m@E)bEoswdg 36b30mM0, 3OMdOME03MOO

139696 GH0MOME0 LAY HoMdmgdobmgol.

155335600 LoBy3gdo: 3530l §39bo, ®Igdz35 ddJBHIM0YdO, BgMIYh-

39309, B9bMgd0, 56EH0MILOIBEHWOO SJEH03Mds.

@OBIOGIMS

Bond T.]., Lewis J.R., Davis A., Davis A.P., Santos-Bulga C. & Williamson
G. (2003), Methods of polyphenols analysis, Santos-Bulga C.
Williamson G. eds., Analysis and Purification of Catechins and Their
Transformation Products, The Royal Society of Chemistry.

Xiao H., Witjen A.P., Molina G.E.S., Hansen E.B., Tovar M. & Bang-
Berthelsen C.H. (2026), Droplet microfluidics-based isolation,
adaptation, and screening of riboflavin-producing lactic acid bacteria
for fermenting plant-based dairy alternatives, LWT, 119036.

Tkesheliadze E., Gagelidze N., Sadunishvili T. & Herzig C. (2023),
Lactobacillus strains from apple and fermented milk and their

probiotic properties, Journal of microbiology, biotechnology and
food sciences, 12 (6), €5776-e5776.
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Jog5g 0930eolol 3590l EIdOEINGHgdOL
0003MboGMMm0b0 dM0MBOGHYOOl L35 gdoo

190gModz0wo J., $ogaodzowo J.
0osl Lobgwdfogm Mboggdlodgdo, bogm 393bm3gmol bobgwmdols
0m@56030L 0bLEBHOEMEHO0; dMEHb03MMOL . 1

Josgd 30olols GgHo@EmMmosby Bo@e®s 359M0l sd0b-
dm®900L Mol dgx3sligds dHOMBOEHIdOL A5dMYgbgdom. 339~
35 2obbmME0gws 2022-2023 (jergddo mdogrolol 10 sdobo-
LEAHOIEO M50mbdo, Loz FgaMm™mzws dHOMBOGEHIdOL 625
B0odxdo 50-Bg d9G0 95A0W0sb. Tologns dsgzs Ol
Lobgerdfogm  9boggdloGg@ol  dm@sbozol  0bbEo@wEol
39605609930  LAHBPIOGHWMWO BOOMEMYOOHO FJ0MPYOOL
398mygqbgdom.

0000oboL YMHBBME A5M9dmTo 0IbGH0R0E0M©s 85 Uo-
H9md0L boglio, HMIGEmoysb 63 530Mm 350390 s 22 e~
39039905 (BH00d30o & 3904600330000, 2024). gsdm3zw0bs
93390000  OLBSBLO  53MMIIM3M S 3WYNOHM I3
RMOIGOL IO, M3 VIMBBOBIFO0LS s 5SGHIMLBIMMWO 359-
ol sd0bdMEMYOOL o090 Mbol Fsb39bgdgeos (Migdefrau,
1982). 33930l 999 ©oA0bEs, MMI  53OMISMIM0
Lobgmdgdol IM935¢xgMHM369ds s FgH39MOEMdS 0BMYdS
Joesdol  396@®0L3gb, OmEs 3wgMOHMIM3MEo  LobgmdgdO
doMO0MOIE 23H3W09ds 39MHOBIOOI S FgIMgdom b53-
905 00b6dMMGdI BmbydTdo.

939WobY BIOMME 33OFILIVINLO ©d ©BOBINMIBNO
3596006  0b6035GHMOME  Lobgmdgdo  4sdmgobos -
Orthotrichum diaphanum, Tortula muralis, Bryum argenteum,
Bryum caespiticium s Amblystegium serpens. bLrygms 35960b
0600353)MM9050 LGOS Leucodon sciuroides, Hypnum
cupressiforme, Pylaisia polyantha, Homalothecium lutescens s
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Pleurochaeta  squarrosa. 35960l  ©5006dMEGOOL  Jodocron
dgMdbmdostyg Lobgmds Grimmia pulvinata 50mygbgdwyeros
Jowsdol 39b@GHGMomMo s 39M0BIO0MMo BMbYdOL godyma
060353 Mo (Gilbert, 1968).

13063960l MbaMOdMO30  3MMYES300L BBy  5B39bs
LoMHIMBM B9gROBH0MIMH0 HTMIOEYOGdS 53MMIIMZMWO S
3E9wIOHM39MH390 Lobgmdgool Mom©bmdgdl dmdol (p<0.05),
o3 9LAMMIOL dMOMBOEJIOL Tosero 0bO03ZSEGHMMMEo
96039369cmdsl MEBEMo 3596H0L doMIMboEMmMObyoLsmMZ0L.

doegdmwo 99093900l  Jobgzom, MdowOoLOL 35960
LogOHmem X590 bolosmMYds Foswo sd0bIMMYdOL mboom,
3963 MMMGO0m  Joeodol  39bEGHGsMEm s 0bEgbLoMMI©
MMHd560DYdM Md67dTo.

1553356dm Lodygzgdo: dGM0MR0GEHIO0, 35960l d0BIMGMYds, domdm-
Bo@m®H0obyo, MOBIBOD305, MdowOLO.

@OoBHIOGIOd

03033000 ., 39046030000 J. (2024), Jocood 0d0Er0bOL MdsbEo
0M0MBOGJOOL  FMZ35w-139Mm3gbads,  96083zbgarmds 35960l
©500b6dMH9d0L  0bogsEools s domdmbo@mMobyolmgol,
bsgs6039e0mb 39960329600 #96039GL0BIAO.

Migdefrau K. (1982), Life-forms of bryophytes, Bryophyte Ecology,
Springer.

Gilbert O.L. (1968), Bryophytes as indicators of pollution in the Tine
Valley.
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06m3530900 ba®dEOoL Fo®dmgdsdo: 30gMHmo
dmbo@mMobyol ¢gdbmemaogdols 58mygbgdoo
G9LOLIdOL 989gIEH06MdOL HToMEIdS

©590580d9 5.

LodoMmM39wmL 39gbozweo ¥bozgMLOEYE0, 53MMWEwo
09360969d0bs S J0doMMO FHIbMEMy0gd0L Go3EHIEO

056599060m39 bm®dwol (o®mdmgdsdo oo BsM0MdYdOL
o35 LOFOMMYOL Fodeo LOHBMLEOL IMboGHMOObyol Lob-
A99gdL, OMIgdo 0deg3s LegsMyedo sMLYdMO ASBLL-
393909008 @OMWWO© 259M3w960l dglodegdemdsl. gobls-
3990M9000 35bgmols A o3l Mga0mbgddo, Loss LgsMYMWgdO
Sbmdom 39dBHOL IMo33L, 30BOMo BHgdbmeomaogdo fot-
9mo9bL 9839dBHWO 0bLEBHOWAIBEBL M3gMsBHOMo ©s dmbo-
308909 ©387)dbgdo  3d@sfiY39HOwBIBOL  FobdgdI©
(Mulla, 2013; FAO, 2021).

33w935 356bMmM(3090s BMEOdOL Loggwr Lsgstymmby
Josd §6mEdo (39bgmo), bysa 800 399d@s6BY s0MYLS bMMD-
@wob x0do ,bemegdom®. Lsggwrg Imbo@m®obyolmgzol yodmyg-
690 0465 LoGgwodme dmbszgdgdby gmdbgdemo 30x3-
o 3EoGRBMMHTGO0, OHMIIO0E 0dWIMES 3939HOE0IMO0
0b6@gdugdol (NDVI, NDRE, MSAVI) a53mm3eol dgladargd-
MBSl O 3MEGNOMHOL 396300000900 MFY39¢@) 3MBGHOMML.

2024-2025 §argdol Lo3939G°30M bYbBmbol g96ds3mdsdo
5900 39939650l X580 dgoygbs 2139 °C-U, bmwm
Boangdqdoll Gomgbmds — 624.2 93. dovbgsgzs 0dols, @I
Boangdo Hobs §germsb dgstgdom bs3ergdo oym, dolo masbs-
0560 gobsfoegds bgarlisgMgero sdmBbs bm®mdwol BeMol-
30L. NDVI 8609369mds 4505605 0.18-0056 9008m 396900l
1sDsdo 0.72-8009 05300530md0L 39M0Mm©d0, M3 0093l
00mdsbol  0b6@FgbloMH  oaMm3z9dsbg. NDRE  dmbsigdgdo
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9B39698@5 LGB0 ME RMEGHMLOBMIHBMO 5JBH03MdL, bmerm
MSAVI  5@sb@MM9d©s 39030  Ldxzs®OL  Bsdmyserodgdsls
4 mOGHMd0LS s PIOHML 2obsbaMA03900L 9¢)5390DY.
Lo@geo@demds dmbodm®mobads dgladwrgdgewro 4obos bo-
356290 0SW3OHMEYYJEH0I0 BMbgdOL, figwol biGMglo-
Lo @5 1533900 9@gdgbgdol ©IBoEOGOL SEMIILO 0©IBGHO-
B0E0MYds. 99 8mbs3gdgdby WoYMEbMdom YbbmEE0gw©s
dmMFyz0Ls s 496mygogmgdols 3mM9gdE0Mmgds, M3o3 Poswdxm-
d9ls  MHgLOLYOOL  Qobsfoegds s F9sdE0Ms  JMEEHIOOL
LEHOYLO. oMbz Foolol dmerml s 03boldo ImLsgerols
509d0L  395390bgdoLy, Lodgao@w®mds 993HYmdobgdgdds mb-
b39wygm m39MH530900L Mm3BH0TMMO Q)T S b~
396900 990300905 (European Space Agency (ESA), 2020).

@oBIOGIOS

Mulla D.J. (2013), Twenty-five years of remote sensing in precision
agriculture: Key advances and remaining knowledge gaps,
Biosystems Engineering, 114 (4), 358-371.

FAO (2021), Satellite remote sensing for agricultural monitoring. Food
and Agriculture Organization of the United Nations.

European Space Agency (ESA) (2020), Copernicus Sentinel satellite

missions for agricultural monitoring.
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ROWOL 3009930530 GO 35BOL sg8bsbyMo
X08900U 536MmbmB0emo ©s 9gomermaom®o

339bgosgrols 9glfjogems

05849900 5., 3033539 ., 30300533060 0., J>®M3dg .
39339L00UL LygOMsTMOHOLM MBOgzaOLOGHIEG0, Botywols 4. N73. 0141.
0d0olo

5x3bsBgm0 9Ol LodoMNz9wmlb 393965bgMdOL gobryymagero
Boffocro oo godmMBgmmo obEGHMMmo0ms s 35Dol x0dgdols
1603500 29bmxzmbom, ®sBg3 99¢Y39wgdl 2obveo Lo~
3mbol d93bogmms bsdM™Ims LoIM3wrg (F53w9a05, FoMady,
2025), LooE SVPIOOWO0S, HMYMEOF SPYOWMOM030 35HOL KO-
3900, 515939 39IM0 (3O030Bs) 39Bo. FogMd Igmag Lowm3mbol
O™ 0 39630005609091000 BHMOR03090 dm3w9bqdol godm 53
3moobols  99396sbgmdols  09do@03obg  fargdol  dsbdoenby
33223000 5056 3obbmOE0gIdYWs.

653330 (o83 9b00s K0Pl Logzmemgdzom batr-
3900530 (30 7 553bsBYOO X 0dob - 5300:50, 53b0sj0, 5300-
@030, WH350550, 583030510, 56L350 O 5330550 - MbsTgEMH™M39
(59390MM5R00, BIHMEMAO0MEMO0, GoM-35M3MEMA0MMO,
3609 BH0MMmdol, Hodhol 35003900, MmEMYsbmErgddozmno
@5 96mgdodomMo) BgmmEgdom 33e930L 90ga900.

X038900L dgLfogerol 9999 ©OER0bEs, MM olbobo bo-

L05YB056 5339EMYMIROO S BIBMEW MY Bsbolos-
098900l 366350 53960Mm3690000 - 500 JmEOL BOEILOYIEO
BMEoL GoOHBoGEHOL d9dmlgol dswswo 0b@Egblogmdom, Lod-
foxol Logz09bm 3gMompom, bozwgds 3malo 9¢3g3bgdoom.
4o96m3bols do(335¢0l 9bm-35M3MMy0O0 SOHgMOLLL Qo0mg-
boas, O™ y4z9gwsby 500 3MEoggbmwmmo 8935096-
WMdom  boliosmgds s30dwogo (3859.4 Y3y ymMdgbdo),
bowm 439waHg ©dswom - sbLs3go (780.3 3y/33) (Gsdmyo0s,
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2025). 3c05b03M0 39dbmemy000 sdHBsYdME 030bmgddo
3960LsBO3Ms J0FoWMO S MOMYBMWI3EH03MMO Fobolins0Yd-

©900. 33009359 583965, HMA dglHogerowo x0dgdol dg@glcmds
9®93b0Ls s FoM 330l BmIgdom s gbmdodoMo dsh3969d-
9000 9093933690056 Low3z0bg X0d9dL s dbmErmE sh30-
30550 560b LobMIMY-boz0bg BHo30L. 3060l JodorMo sbsero-
D900 dgLodsFoLMBT0s MYTO sOLGdM bBObIME 6.

3bM0o 1. 53b5BMMO X 0IIOOL gbm-35M3MEMY0MMO
Jsbalioomgdemgdo (2024-2025)

05633¢0l Bmds  Lsghorm gm&dbols ¢3dools
0095 9mbsi3gdgdo
(89) ®96egmy-
xoBo - Bob o oty Bugeg 00000
foabo 3% 9 (ogpom)  pH

bog®dg ULogsby ymcMd.  do%

/e
199.8+ 135+ 12.8+
53003 830 0.64 075 1908.0 23.1 8.16 3.1

2123+ 145+ 13.7+

5360 sy oit ons 71 209 8.85 3.1

5300@og 47.77.3 9.3:0.45 9.4:0.61 3859.4 258 1024 27
2355: 155: 159:

Blpgg oot 195159k g0 gy 10.47 2.7

26.1 0.88 0.96

2789+ 159+ 16.1+
53303 321 011 0.24 1988.1 20.5 9.12 3.0

228.6+ 183+ 16.2+
oB30309 496 0.35 0.02 1011.5 17.2 8.05 3.1

535059 1979'7& 106'12; 105.181i 23692 204 1053 3.0

33930 bmMEogwgds  dmms  OMbomeggeool  Labgermdols
Lodomomgganml ghmgbmwo bsdgsboghm gmbool dbstsFghom
LodogolB®™ gMsbEHol (MR-25-155) gatyangddo.

153356dm  Logyggdo: 9939bsbgmds,  09m306gmds, 5839 maMoz0.,
390M3mm0d, 9bmgodos.
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@oHIOGIOS

959999005 5. (2025), s83bsbgool 993965bgmds: sPOWMdMHOZ30 35Bol
X03900L O9GOML39dE039, bogsGozgcmml beagerol dgre690m80b
Us8966090m 335090006 ds889, 350mdggdenmds ,,oamm’, 1 (53),
24-36.

95099200 5. & Fo®odg ©. (2025), sx3bsbgomol 9g39bsbgmds-0gmgo-
B9md0L obEHMMowo Fo®bireo s sbEsbgmo dEAMToMgmds,
FJ9s0bob s3. Pgtgoremol bsb. «60396bodgH00 BoBstg8sicro
U5893609(-3659¢90,39¢0 302689096605 ,0mdsz¢ol 93609(0 "
143-150.
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25609956 gsdmymauoeo Burkholderia cepacia
3083¢9dlo: FBsMEO 930MEMYO0MMHO BIBRONHIIOO S
B5390B9 55336700, FMm9Imlm3zol MisBOHMbM
BA®3E9a00

099629005 3.1, bGHwG«ys B.1-2, emsdbo 6.1, Lyemsdg .12,
096033000 .12, 03905830¢00 3.2, 396033599 3.1,
X56godg b.1-2

la. 905350 bobgErMdOl dod@gMomgsgool, o3MMBOMEMAO0L, s
30699MmEmao0l 06LEHOEGHMGHO, MYl J. 3, Mmdowolo 0160,
Lodomoggem

Lsodo®rogzgamb «6039MGLoGYE0, 3936090980L s Bgdbmermyngdol
L35, BOMEWMPO0L ©Y35MFAG6EH0, 0. 3EZL J. 775, PBOOLO
0171, bogsGronzgwm

Burkholderia cepacia 30093¢0gduo (Bcc) 93memaom@o 5306~
M 253039930 303MMMMYB0BIMS X AMR0s, MHMIg-
003 LYOOMBYE LEFODHIL b0 Qo0xIMLs S KX boE30L
L9ggdBHMOL, 39BLs3MMMYIO0 30 08bM3MIZOMIYEH0MYOMW 3o~
309639dL. Fomo dMbBgdMH030 MYHBOLEHIOEHMDS sbEH0dOMGH039-
dols o ©gHB0bxgdEBEHIO0L 0T DML BHOIWOE0Y-
o 3MBEGH®MEOol  9539d@G0sbmdsL, Mol odmE  ddgEgMOMm-
R9290P9  ©ox8ndbgdmwo  LEGHMGHIR0Jd0  obobogds
396L39dBHoM 9w EIMbsBH035, I3s,  Bec-ol  goggdo
505538500l MOV Jglfogwrowo.

3309308 30Bsbo 0ym 4909gdmsb Bee 8@sdgdols s oo
9005600 5dBH0IO0 d5dBHIO0MBsROOL 49dMYMRs, 0©I6EGHOT0-
39G05 @5 bslosMYdY, sMgm3g Bee 9EHodgdol dadbmdyg-
@Mmdol Jgg3aligds  9BGH0B0MEH039d0LS s 05gBHIMOMRBIAJOOL
900560.
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93539008  009bEGH0x803IE30s 2obbmM30gw©s APl 20 NE,
MALDI-TOF 855-b39d&6Mmag@®mools s recA 9bols PCR/g-
339606900b g58mygqbgd0m (BLAST 565¢00b0). 9s6EGH0d0mEH039d0-
bodo dyMdbmdgarmds Jgxslis CLSI-ob ®93m39bsi30gd0l
d9L50530L5, bmEM GFoggdol AoTMYMAs S ILILOSMYdS Bo-
G55 BEBIBIO GO FJPMPIOOM.

3960990 86 50330IH ([gsero, b0ssR0) Aodmymaow 0dbs
Bec-ob 12 93980, MH®Igdog 943b bobgmdsl 909399003693 ms.
0DMWHEJOol  MIM3wgLMds AMdbmdosty ogm  GHM0Igom-
3603-b35dgBHMJbsBmeol (100%) s gHm3gbgdols (92%)
d0ds6m, bemem 33% 53w9bs MH9HoLEIBEHMBL g3mBErmd-
Logobols s JermEsdxggbozmeol dods®m. Lsdo oBmEs@o
3obOGOEOMES OMYMO 3 IMEGH0MIBoLEHIBEGHMwo (MDR).

3odmgmgomo 50 gogm@o  bsn30sb dgo®Bs 6 g3opo,
GH0Iwgdoi 009303600m©s 3ol Caudoviricetes. o900l
396m3dol Bmdgdo IghHhygmds 36.4-303.5 30-b gstyargddo. Lsd
R0 o9Bbs  MBo3o O GogJumbmdonMo 3mbogos, oo
dmOOL MO0 ,x00m“ goao (VB_BoMT-1/77 s vB_Borb 2a/cl).
396m31©®3s> 565e0BBs oBMYgbool 3esllolzmEo dMmEEgdo
56 250M530bs. Boaq00lL WoBMMO 5dEBH03Mds 0bE0300Ys-
@s© 17-58%-b 8950969, bmm Loghmm  ©sxs¢359
905005 92%-U.

900900 dmbs3gdgdo SILEHWEMIOL, MMI Bs3gdBY ©o-
30969000 bAOGIPIRO [jMIM>IPL 9BIIOVO ©s 93¢~
MRS MLIROMBM FoEAMIL oMby s LoBMYSM-
906030 X 96IOMYMdOL ©o330LmM30L Bec-om  godmfizgmero
»0oL3900L 3993060900l 80O GdO).

U53396dm Lodyggdo: Burkholderia cepacia 3m93¢ogdlo, obEGH0dOM-
&03mOxHBoLEIDbEBHMB, 05dBHINOM-Bog900, BogZMMIMS30s.
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Dufour G., Lebel K., Bellemare J. & Iugovaz 1. (2023), Identification of
Burkholderia cepacia Complex by PCR: A Simple Way, PDA J Pharm
Sci Technol, 77 (6), 485-497.

CLSI (2024), Performance standards for antimicrobial susceptibility
testing. 34 th ed. CLSI supplement M100. Wayne, PA: Clinical and
Laboratory Standards Institute.

Suladze T., Jaiani E., Tediashvili M., Janelidze N., et al. (2023), New
Bacteriophages with Podoviridal Morphotypes Active against
Yersinia pestis: Characterization and Application Potential. Viruses,
15, 1484.
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3306M96sMBgb0sbo Fgdbmemaogdols sbgMags dgsmo
Logmxzo3bm3m9dm Ba®Bybgdol dsmmzsdo

Bogmgsbo s., serg3gbodg d.
LebMIoL Lobgerdfozm MboggLoEEO. J. Mdowobo, sbs
303 3m3L35050 # 26

394560 LogMBs3bM3MGOM bsMBgbgdol (MSW — Municipal Solid
Waste), g96L5300605000 LobmgHOO 3meodgH o doloeng-
d0U, 93MBEMMEM ©MHM3Z905 HoMmBMoIbL yerMdsH 93m-
WMY0YOH 3OMdEGISL, MMIgEoE boliosmgds baby®mdwogo yo-
690330000 9BIJHIO0MS O 5©5F0BOL X SBIOMYEMISBY
693°G0MMs Bgdmddgwgdl (Geyer et al., 2017). 33e0930L 53~
39655 b5MBgbgd0m 58Mf)39o goMgdml sd0bIMGgdOL dolsd-
Gd00L x50, 930EMJLOZMWMYOMEGO F9YR)O0L sbsE0Dbo,
B0MEOYAMI0MYISPO 30¢00dgMH 0 Toboergdol 4sdmygbgdols
S G9MBsGH0MEo 2Hgd0Ly s I30609650MRGB0BO FH9dbmemyo-
900l ©s69MHA30L ©306M5EHILMOOL ELLdMMYds (OECD, 2021).

36HMd9d0L 2505FMH0L d0Bbom, 999M535H9dw0s dmEOo-
BOEOMIOMO  dOMPIRMIVO0MJISO0  3tr0dgMHYdoL  godmyg-
6905, BMIgdo3 ©sBMI6gdM0s dMbrdMO3 3;Me0dgMgdby.
0603530996 J0MTo© 3560b0M9Gds om0 FMPOBOZSE0S dOM-
59300 ©b5Ts3HYO0m, M53 BOHPOL d9dobo3 e BYMOMdL
99L3sBSE300L  9BHO3DY o 9BJoMGOL  30EOMEOBMOH s
9036OMd0MEMY0E IRMIPIF0SL 3909dmdo dmbgzg®ol 993~
©99 (Zimmermann, 2025).

Bo6Bgbgd0ol gosdwmdsgzgdsdo 3608369wm3zs6 MMl sSliGrvy-
©90L JodoMo s 303OMdOMMMY0EOO d9dsboBIgdol 0b@g-
365305. JodomO ©EI3MW0IJH0BsE00L 3MIMEILYdO M HBEOME-
390g4maxl 3modgmHyeo BEGOWJEHMOYOOL IMbmIgH e TMoy-
39639050 3L, bmerm JozOMBOMEMA0IMHO dOMOYYMS-
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O30S — 8500 9oH0NE BHMIBLBMODo300l 93MMYOMS© b5~
ROHObM 3OHMEJBHI05©. 05dBHIM0Mo ©s bmzmzsbo do3MHm-
RO (Pseudomonas, Bacillus, Aspergillus spp.) sbm®3Eogwgdls
3m0dgH o 83900L 30OHMEWoBL, M3 Jdbol Loxywdzgwl
Bo6hgbgdol doMEH®MIBLBMOTo300LS S MJLMOLIQ  FoOST-
dbolongols (Yoshida et al., 2016). s0bodbmwo Jodor®-dom-
@wMy0Ho Joymds [oMdmoagbl 39ML3gdGomer dmEgwl
M50 650Mh9gbgdol ds@mzol Lol gdgdol Rsdmyserodgdol-
®30U.

3963000060900 93996900l godmEE0wgds (3bSEYMBL, I
3306 9bs®mhgb05b0 39dbmema0gdol sbgtazs 953vdbgds GoM-
390 930b6mdozol, 93m©obsobols s Logmabaols
30300l 5bseobol (LCA) 300630390L. 930m353d060U, 296 ds-
Bools s 053mbools 3ModBogzs 9B39690L, MM doMEYAMIO-
90500 30M0dgMgdol 459mygbgds, BHoMmBMIdOL Qox35MMNMY-
OO 35¢YOGOOLs S I3MHBOGHWOO LobEGgdgdol 3mad-
006530500, 3609369 ™3bs 5930690 boBgbgdol 49696300l
@5 9303™JLo3Ne Hgdmddggdsl AsMgdmbg (OECD, 2021;
Zimmermann, 2025).

155335630 Lo BHY39d0: BOMPIAMIPOMIOSWO, GOMINIGIO
930bm3039, 8306 9656:Bg60560 BHgdbmanmaos.

@OBIOGIMS

Geyer R., Jambeck J.R. & Law K.L. (2017), Production, use, and fate of all
plastics ever made, Science, 390 (6220), 120-129.

OECD (2021), Global plastics outlook: Economic drivers, environmental
Impacts and policy options, Paris: OECD Publishing.

Yoshida S., Hiraga K., Takehana T., Taniguchi I., Yamaji H., Maeda Y., ...
Oda K. (2016), A bacterium that degrades and assimilates
poly(ethylene terephthalate), Science, 351 (6278), 1196-1199.

Zimmermann W. (2025), Polyester-degrading enzymes in a circular
economy of plastics, Nature Reviews Bioengineering, 3, 681-696.
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Bg0oLboEOL 53MMEgbmbol 35369 Mey60BIGPOL
383¢9dlGo dglifagems Lvgdo®mzgemdo

Bd0bodzomo 8., 3sbadg d., BboMEmsdg 6., G0gsdsdg o.,
35¢035b0os 0.

LodoMmmM39 ML 53O0 MB03gMOLOGHIGHOL . Ysbhaggwol
93960095 ©o330L 0BLBHOGMEO

bgomobboewo (Olea Europaea L), 956(0@d)3569, Lwyd@®m-
303e-bgbowmgsbo 93gbstg, olGMMmOMWs© LodsMm3gwrml-
30L M)3bM 3MWEHMOS 56 SMOL. d39WMSY0, SBgMo Fargdols
§ob, 03bmdbyb dsl, 58969dbYb s 53985390b6. Lomg-
obmE Bgmolbowds Fgodobs sbogro 360d3bgermds Lodo®rngg-
WMl 03MMm396MBoLMZOL,  A93MEIYdIMYos  9B3bIBgM o,
536Mgm39 39bgmol ddMsen LBGHMM303w bmbsdo, Lowsg o0
390GHMO0L  Loghmm  BsMMdYd0  EgoLbsmzol  2,800-sb
3,000 39d@®s0g d95009bL o dmdoz50 0BOMEYds. 2025
P0sb Logormzgembo s8m0339ms sDools 39969030 By~
3900l 9du3MmOEGHOL 3mEGHgbEoswo, o3 5dwogxMgdl dEgbstrgms
R0GMBO60EGHIM0MO 3MBEGHOMEOL bsFoMHMgdsl. 33eg30L do-
Bobos Bgmolbomol sbws Bsdmygsmodgdm sdmmaEgbmbdo
»058306dgao 9;39B5M0L s 85367 MMHABOBIOL™ LsbogmEberm
303ob dgbfagems s 85369 MmMsbobdgdol LobgmdMogo dg-
050396 Md0l YL 3330l FJRIAOIP oEHObLIDS bY-
oolbool 35369 ™mMsbobIgdo s domo  bo39M6EH0bM
bAOGMLBO J394boLomzol. sGLYdIMIL BsdgabogMm dmbsBMgds,
603 LogdoMm3z9wml Bgmolbogrols dswgddo 35369 3H9Mgd06
393603909005 -Bgmobbogrols BeRowo (Prays oleae Bernard,
1788) (Lepidoptera: Praydidae) oo 8530 36053560060 (Saissetia
oleae (Olivier, 1791))(Hemiptera: Coccidae) (dsm0sdgoo &
©9356m0dg, 1974), bmrm 9350909000 - Fmomeol Lo-
wsdogq (Venturia oleagina (=Spilocaea oleagina), s60»®53bmbo
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(Colletotrichum spp.) (956Bsggero, 2017). ol {gueogdos
Bgmolbowol 3esb@s309080 393039 gdI0 RGOS Lsdodo
1535696@&0bM o369 MmMQs60bAoL - Xylella fastidiosa Wells et al.
1987, 50069990 godm3wgbs (8mbo@m®obyo) LadsOmzggumdo.
X. fastidiosa dcoe (Hengddo ogodboMs bdgemsdmsbmgol
Lobo3oMmml  2oLf3em03, 4obLLBYZOM™  BHgMOGHMMm0gdbY s
9oOIOBom  353ghol 9bgbl FNWEHNONW d3gbadygdbY,
OHMAMM03ES Bgmolbowo, 30GHMMLGO0 s 35Bo. Ym3z9gE039
500L o0 L Mgcdem 860d3bgermgsbo bgds smbodbmeo
05dBHIM0MO 9350 JO0LS @S ToLo  2oadESBgdOL, Doy,
Cercopidae-b mxsbols d(g09gdol (Philaenus spumarius (Linnaeus,
1758)), 350m33935 LodoMmzgeml 306HMdgd0Lsm30L. Bgmol-
boolb ds0gddo s HBgomolbool bsbgMaggddo Bo@o®mgds
oMM EHMo  359Mm33¢93930. 930MM30L LOLLMOL MBoge-
0bmgdolb bosgagb@mUl (EFSA, 2016; EPPO, 2019a) dgom@menm-
300 MHoL390DY RYI6JIMo IMboEBMOObYOL Fgwgys© WS-
©0bgds godmzwgbowo, ls3zarg3zo 3FgM9dolL domEMYyoMEO
0530L90M90900;  LEbEgdOL LodFoM™gg; IFgHol  mo-
0MgMwo  Bobgmdol  2ob30msMgdol 3030l M35¢LBObM-
900LsmM30L F9YYdS OMLEBHMOMIOMO B9bMEMAONGO 35-
©9bM900. 35MOWGWIMO®, ©9935©0J3Jd0L dMmboEMM0obyo-
L0300l BOEM3>MMWMYOOHO FoBOEOL MoMMgMwo bodmdo
©599399009056935  LomBIM  EIBMOISEHMOONE  25TM33WY-
390L. d9gogdbgds 85369 mERsBoBIGOOL gOHMosbo dmbsizgdms
05D9, 3960LEBOZMGds B0 1539MBEHbM LESEHWMUBO. ST5LmMsb,
331935 Log3Adzgwl RormygMol Bgmolbowols ds3bg mGysbob-
390l 06@gaM0MmgdMmo  dsem3zol (IPM) d9om©gdol  ©os-
696350 LadoOmgzgermdo.

153396dm Lo@yzgdo: Bgomolbowo, spMmagbmbo, Xylella fastidiosa,
IPM.
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00005830¢00 0. & ©Y396Mm0dy . (1974), gbGHMIMEMY0s. MdOOLO,
516 a3.

g9bBsggo b. (2017), 3oGHM3s00meMmyo0L Lsgwyd3zwgdo. Mdowolo,
663 23.

EPPO ©0536mb&Ho3m6M0 bigsbos®@o PM 7/24 (5) (EPPO, 2019a).

EFSA (European Food Safety Authority) 2016, Workshop on Xylella
fastidiosa: Knowledge gaps and research priorities for the EU. EFSA
supporting publication 2016: EN-1039, 74 pp.
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BMA3OoLbsoOms (Hymenoptera, Apoidea)
00M3M535¢0xBgMM36905 S 3500 dobsfoggds
1035090030 MoE09gbEOL obg300 o
(bE9BEHI0bEL F0EBMYdO) S F30MY (ergMdols
MIGHIHoo) 35335L0Mmbol 35¢mgdBY

Bd0bodg 0.1, xs8mdzomo g.2, dmMgzsbodg d.!
103569 Xx939b083000l LobgEMdOL MBdOEOLOL Lobgwdfoxm
160390L0EJBH0, BMLE s LodMBIdOLIYEHY39gwm dgbogMgdsms

B3N GHIG0, 030obo, bydoOmzgem
W5gdoHM39mL 53MHE0 MboggOLoE B0, 9BEMIMmEMmyool
0bLEGHOGM B0, MdOEOLO, LodsMmzgem

RG3MJO0 IjgOoms (Insecta) 3e0slol, LOBOOTBIBODOBMS
(Hymenoptera) 60l 309303690056. 3@ 3600Lbsomgdol Gm-
o 93965695 93390308 3OMm3gLdo gobliszmmMgdom dbo-
33690 m35600. Ig@ms 53 xaRol HoEbmzbmdol 3argds dbo-
9369wm3bo 593060938l 565 Fbmem@ BobimgErm-bsdgObym
39 GHYOJOOL 300 BH0MWMd, 50sdgE d49690M03 93¢~
LoLEBYA90d0 Y43530M3560 (3965609900l  gobsYMBOYMHGdS-50-
53000l 3OMEgLLYE.  BYEIOOLBsoOMS  Fgufoges  2obls-
37006OJO0m 9GO0 4obs 3oL 9989, o3 AbMBEroMm
dsLdBHod00  890b0dbgds  goMgMe  gmE3MOLbsoMmS MomY-
Bmdol 360936gemgsb0 J9d306090s. 5955950, U QEIMBSEIYE
93 M0NOH  3OHMIWGIs©ss JoBbgwo s MmymO Lbgs-
@©sb35 §399b60lL 5BOMEMYIB0, 0 LEGMMSTMOOLM MEMYSBO-
Do(30900 35000, OHMYMOG 8053500 ©IEZIM939dgdOL 3¢mb-
19O3EO0LINZOL  5YFOWIOIL > 9BIIOVO  3OMIIHIOL
b (3090909b.

80959390 2MY BoGOIOO 333900Ls, BIHICOL-
Boo0gdo (Hymenoptera, Apoidea) oo (LEHgBob{Hdobsls do-
©53m900) s 33009 (3MEgMHIoL MgEIbowo) 35335B0MboL
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3owmqdbg IfoMs 90056 Fglfogwrowo, sggg 96O 235d3L
Moberqlio badgabog®m dmbsiqdgdo.

B39bo 33930l oo ba3zwa3 HIoO™OosDY Fgb-
fogwomo gm@300LbsoMgdo Godumbmdom®s 6 myxsbl, 14
3350bs o 41 Lobgmdsl 30939m3b90s. OO  393395b0Mbol
(LEHIBSBFIObEOL  F0EIMYO0)  BHYMOGHMM05DY  MgaOLEGOO-
090990 0gbs 27 Lobgmds, 5dgsb 22 Lobgmds 30639eoss
50b0dbmaro dqlfagarow GHgMo@MMosby. 330ty 39335b0mbols

(3m@gMHdol MWIEgbowo) GgMHoEMm®m0sBg M9A0LEHMOMYdWY-
o 32 Lobgmdosb 26 Lobgmds 306039Ws@ss  5©0bodbmero

d9LPogerow BHIOOGHMO05DY. 33¢935d 5B396s, MM BwEIMOL-
BooMms Lobgmdgdol aobsfiorgdsdo ggmacogormwm Losberm-
39%9 9930 8609369wmds 5d3L LoTsgl B30l MbOoWD s
d9L50580L5, I3gbsMgme LOGIOL. QoM 5oLy, AmEgMdol

MM Ggbool 1533930 BHIMOGHMM00EID sOmOEbMWo 0ym
900 b0 Lobgmds LoJoMMNZ9w ML Gombolomzob.

1533%6dm  LoByggdo:  BdomIMmzoengMmm3zbgds,  BwWAEIMOLBsoMgdO,
LoLBHIIoE0Io.

@OoBHIOGIOS

Gagnidze R. & Davitadze M. (2010), Flora of Georgia (271p.). Batumi,
Achara.

Kirkitadze G.J. & Japoshvili G. (2015), Renewed checklist of bees
(Hymenoptera: Apoidea) from Georgia, Annals of Agrarian Science,
13(1), 20-32.

Maruashvili G. (1964), Physical Geography of Georgia (344 p.). Thilisi:
Metsniereba. (in Georgian)

Michener C.D. (2007), The bees of the world (953 p.). Baltimore, Johns
Hopkins University Press.

Skhirtladze I. (1981), Pchelinye Zakavkazia (Hymenoptera, Apoidea) (148
p.)- Thilisi: Metsniereba. (in Russian).
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65MBgbgdoL B35 S d0MIMSZoRIMHM36IDS

B«9d0bodg O.
03569 x935b608300l Labgermdol Mdogoliols Labgwdfogm

60390L0EJEH0, BMULE s LodMBIdOLAYEY3gEM Ag3bogMgdoms
B3N GHIG0, 030wobo, LydoOmzgem

Bo6Bgbgd0m ©d0EAMENDS MDD H 3HODOLI© Bodmys-
WO0d, OMIGE0E BoM0MILIES006 LoggMmbgl Jdbols M-
3MOE 00MmIM35wWBIOM309dL, 0Ly 505d0sbol K 6IGMYEM-
03L.  00mgdol 56  sMOLYdMOL  AbmBomdo obgmo  J399sbs,
OMIgebsg 96 3Jmbgl 6s®PBgbdol doMmzolomsb ©s3sgdo-
6900 3OMd9d900. bsMBgbgdols (odmddbols 9dudmbgbios-
O35 BOHIT 5 9MBMbsEM  gobmogligdsd godmofjzos
300OHMLGZIOMU, 5EHILBIOMULS S OMMLGIOHML GoOroOMIold-
G500560 ©od0bIMENd; 58 LEYHMgdTdo sOLYdMWO FMEbIEO
MO2560H3900L O5MEIBMIOL s Fomo 396gdMH030 39d0G)S-
&9o0b 899306M9ds.

Bo6Bgbgd0m ©006dMMgds 300bYds IMSZ5¢0 FMGT0 -
3bBogol bseBgbydom, 0bMLEGHMmomwo bs®Bgbgdom, dom-
0936500693500 b5MBY67d00 s Lbgs.

36039900l LOOMDYWOL 5©00sMYd0L Jobgoz5, boM-
B9b690000 ©B0BIMMGOOL F0boodgy A9EIMYIMO ©mbol-
d90900 3M53396@ 0 5 5M153TMOB0S. Joe0sb 3b0IZzbgEm-
35605 656B36gd0m ©sd0BIMEYOOL 3BIMOdOL BMy356MgdOLS-
030L  30MOEOBOMGIMMO S oW IdJo FMmgdgEId900.
193565300l S B1Y303w0MYd0L 0N Idom JBJJEH0O
09371009(30900L 993853905. 63MBgbgdoL LmeMo ds@mgs 3569
930b6mdo30l gmho-9MHmo Mdbodzbgermazsbglo Lgddm®mos. 8(3969
930bmdozol 39630560935 30 byl MfmdL d69dM0z0 9-
LMHgd0L BEYMOI® odMmYgghbgdsll s oMYBMDBY MOIMYMBOMO
b99mgdggdolL 999306Mmg0sL.
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L@ 98O SJGHNI@Oo bEgds 3mB3OYGHTwo @mbob-
d0gd900lL  sLEbgs s gIbbmmE0gwgds bsMhgbgdom  yam-
BoMHO ©5d06dMHYdOL Im®ML0Ts35¢0 9gaqd0L dgbsdEo-
(90O©; (3939990 93boLBHIIGOOL s 0d sMlGdMWO dom-
93500 x39MM36900L, A96537NMd000 9bIdMGmo Lsbgmdgdol
OB(3939C.

L533%6dm  Lo@yggdo:  boMbgbgdo,  M9303w0Mgds,  dOMIEMSZoW-
39O ™M3z6900.

@OoBHIOGIOd
Anunobi T.J. (2022), Hazardous effects of plastic wastes on land
biodiversity: A review, Zoologist, 20 (1), 80-86.

Dissanayake P.D., et al. (2022), Effects of microplastics on the terrestrial
environment: A critical review, Environmental Research, 209.
Okorondul J., Nasir A. Umarl., et al. (2022), Anthropogenic Activities as
Primary Drivers of Environmental Pollution and Loss of
Biodiversity: A Review, International Journal of Trend in Scientific

Research and Development, 6 (4), 2456-6470.
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53960 35HOL K 0dgdoL 5339 YMITB0S QOO
9bmemyo0s

3o3bsdy 5., beazzg®os b., 3033309 3.
39335L00U LSgMMSTMEOHOLM MBOozaOLOE YO0, hotyol 4. N73,
d0olo

obAMOOM Fysmrmgdls s sMJgmermyom® 5©0Imbgbgd by
©9MEbMI0M ILEGHMHYdS, OMT sFoMol Mgaombdo 35Bol
3G dzgIbo EOMOEIE 0gm FIZOFIWIONWO  ©d
Bo0myse0ds 40-Bg 3930 953EHMIBHMbMM0 350l x0do. 430560
3995 193Mbygdol OHMMEds OLBHMOmOETs IMgEgbgdds, dbo-
033690wmgbo  T9og39Mbs  9Fo6sdo  993965bgmds-09m03069mdol
3963000060905 O 9YOMIMOZ0  ¥0IJOOL  Q93M(39EGOS
(3oEbsdg, 2025). XX Bo3mbgdo 350l 5y0wmd®m030 Xo-
3900 bsfomd®mog odbs dglfogaroeo, mwdgs d939bsbgmde-
9903069m30L 1sb539MmM39 900MEYO00 FoM0 331935 QM-
9009 565L5305Mm0L5S obbMM30ggdM0. 5 fFoMdmygbowo
33930l Bo6Rgddo 330590 SMBYOIEO 5FMI0 35DOL
mmbo x0do - Go30dMMs, 39308960, 3bgbolidmdm 5FoM¥eo s
WMo - dglfsgarowo odbs 3MwEHool03wobsmvco
9900m©gd0m  Mga0mbols 59943560 3sBoL Kx0d9gdoL  FMeEo-
3MOLS S Bb3gMMb T9oM9d0l BMEMTo@Edo. 33930l Fotrgy-
9030 30M39Ws ABBMM309W@s sgMMbMmTomwo 356599F)-
900U, Imbo3w0sbMdOL, boygmaol Bmdols (yzgwabg Mdgwro
oM 330m oty ero 21.68 99, yz9wsbHg Imzarg @oa0dMs
12.74 99) s Hmbob (oo fmboo bgboldmdw sFo@mero 345
3 03009 3530065 79 ) 35BLsBO3Ms, X0dgd0L IbsLosMYdS
OIV-ol gb3M03@mMcmgd0l LsdmMsmgdom ©s 8mIBIEs -
L9090 533JMAMOIBOIO  dMOMYdO. 9390096~
G ©306m9080 dqLfogarowds dobobosmgdargdds  sh3969L
d9L50530LMdS 1b5356MbBIYdEM FMPBM3BYOM 6.
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900900 9909900 B39693L, H™A dgLlHogerowmo Lowzoby
X08900 G53039M5 ©s F9F0dIMS MmE03g 39MB39JGH0M0s SFo-
6ol 3903069m00LmM30L, bogrm »fiob Lobmadg 35@9amO05d0
39900056900 3bgbolidmdm sFotrmero glodgdgeros gob-
bomwo 0dbgl Lo3w3sggm 35Bol bbgs Lowzoby x0dgdmsb
9OMSQ.

3gbMowo 1. 9du3gModgb@ o 0306mgdol gbmgodon®mo
05h396g0egdo (2025)

Bsagmol Ldobgo  OPOTITO 2JOmsgo
X009%0 B0m06a5 % 0953056mds, pH  3g039%0,
/e Y
3930099605  fomgero 14.2 6.6 3.4 0.5
J9300960 MJNOO 12.8 8.7 2.8 0.7
3bgboldwdwy  Homgwro 11.8 4.2 3.5 0.3
3 FoMemo
(3ME03MMMH0 09000 9.5 7.0 3.2 0.2
Bbsggo fHomgwo 9.5 5.4 3.5 0.4

33935 bm®E0gmqds dmms  OHMLbomeggerol  Labgarmdols
LodoMmM39wml  gmMm3bmeo  Lsdgaboghm  Bmbool  FbsGIS-
F9000 Bs3s0LEHOM AMBEHOL (MR-25-622) goteegddo.

Lo33%6dm  Lodygzgdo:  ©aLiMO3GMMmgdo,  ©30bm,  gbmdodos,
mOA56ME933039.

@OoBIOGH IO

39EbWsdg 5. (2025), sFs60l 393965H9MdOL obEHME0S, UdrgbHors d9-
13 bs960sdm@ober  bsdgsbogme 3006096096505  0dowobo:
39339L00U LogMMsTMOOLM MBogzgMLOGHIAGO.
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bmOdEOL oo 9bgdm®o Labgmdgdols s
X03900lL 3eGH9bobgdo

J0w0@5830e0 M., 53589390 b., Wswsbody .,
bsmbodgomo .
LYMH0 MGIododol domdodools s domEgdbmemyools

0BLEGHOEBHO, LOJoMMZIW ML MO0 Y6039OLOEJEO.
5300 5035996900l bgogsbo, 240. 0159 mdowolo

3G 960690L, GMmamME be®dwol BJzomol  (30¢gdol
9600-9600 doMoms 998500969 3mI3mbgbEL, 3B0dzbgwrm-

3960 253a9bs 593l bmMdOlL 3MMoL (3bmdol boMolbby. -
LH9300005 BodoMm39wml saMsMwero MbogzgMbo@g@ol gqb-
056300 3o brmdEolb 96gdwHo Lobgmdgdol s x0dgdol
956 3300L 2 93H960bgdOL BMOJ30Eo Fgdsgbermds. 30-
@900l godmygmas gobbm®mEogus be®dol dotizaol mbg-
390 5BMEH0L 356M9Imdo 3mIMygboBs300L G999 J0oLYdIEO
193006 9630dy3trmwo gduEMmsdaools s OgYMH6-
300 blbsmdol Logdzguwby, MLdMObOL J3wslbogm@mo dg-
0oL InEox030Mgdom (Osborn, 1935). oM 330l Bdz0¢0-
@56 5ed3069d0L, 2eMdE0bIdOLs S R0sEOBIdOL QoTm-
gmnolb (Amashukeli et al.,, 2025) 89909y ©s0Mhgbowwo bogng-
J056 39606900l 9JlEG®gdE0s 3oBbMM309ws 1% omo-
M@GMg03Molb 9993390 50%-0560 36HM3s6meom 30 fo-ob
396853 Mdsd0, LAY IMs©s© 10 fo-0sbo 0bEgmzswom, 1
fmoo0sbo 89b50Mm930m. B0dMIgdo ©IEIBbEGHMORWoM©s 2 000
06/ 5 momob o63s3mdsdo (Lookhart et al., 1995). Lwy3dgm-
Bo@ob@o - gam@gbobgdol g3Mogios aobbogws 1:1 Lowmgdsgdo
5 ©9bsGMMm0oMgdol JoBbom, 0639d0M®S MgMAMLEHGHT0 95
°C 39939653 1M5BY, 5 ool gobdsgermdsdo. yer@gbobgdol
BOWIMH0 3MMBoEYdo dgbfagerow 0dbs 30300 sdools
390BY 9gJOHOOBMOIHo0 BoBHBordol EMEIBELLILBs-
AoU (SDS) 0565000L5b 3960¢035¢9M demzdo Blue Vertical 101
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SERVA. gargd@eamgmmgbol 3o6mdgdo: 150 V, 20- 40 mA, o6Hm
2 Lo. dqgLsdsdolo  BoJuogool, Tgmgdzols  (Lowgdsgo —
Coomassie® Brilliant Blue G 250, SERVA) s 35693b30L 9990092

900900 9EgdGHOMBMOYGYMs3900L dobgz0m yzgws bo-

dxddo Fo0Imq60w0s EHbobydols adsdmerg3rew-
60, bEmgdom 63-65 kDa dsbiol 30¢900. ssbemgdoom 80

kDa 3mg0g399cm®o dsbol 30ergdo 350mgeobos ©sdwgbody
Lobgmdol 60dxddo: sA0mdMo30 x0do 3sMdos (Triticum
aestivum L), sbogoiobol fomgwo ©mwmob 3mGo (7riticum
aestivum var. ferrugineum Alef.) o Triticum aestivum var.
aestivum 35005305bMob 5@3GHOMIOMWO 3NOIMIOL SO~
WMmOM030 Mol 3990M0. ©03s (Iriticum carthlicum Nevski) o
9o3@bo (Triticum durum var. caerulescens Korn) 259m06Bgms
d9bfogarowo Lobgmdgdosb Fsmodmerg3MEmemo (300900l
(>100 kDa) sGo6lgdmdom. 50bsbodbsgos, MM sGEgMo bm-
doedo 96 2odm3er0bs 130 kDa-bg dowsgro dmerg3oeom®do
dsbob dmbg 309gd0. J0dEOBIMYMBL Qar)EH9bobgdols ds3mo-
69090 396900l segEMEMO 35600530900l dgbfagens dgMBgwm-
o 365039609000 3639630160 S 39l 3XEM-00.

050009M905: 65dOMT0 B0bBLYdMos Fmms OHMLMS39-
ol Lobgermdol  boygdo®mgzgwmlb  gMmgbmo  LsdgboghHm
1mbool (SRNSFG) 8096, 36560l bmdgéo FR-24-17827.

155335630 Lo@By3gd0: bm®mdol JosMmrwo 9bwgdgdo, aw@gbobgdo,
SDS-gargd@emmgmtmgbo.
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L9®Ls0OL ©93693¢MdOL godmfizg3900 F0MIESEmen
93mbm3do 3580

b5 Fo39M0dy 3.1, 3MmMBIIZ0MO 5.2

15905090 MB039MOLOGHIG0, o300 50d5d969dol bgogsbo 240,
0d0obo, 0159, bodsMmgzgem

Wodommnggerml 9936096090505 gMmgbmeo 3509305, HMLmOz9Ewol
299%. 52, 0dowobo, 0108, Lads®mggaem

GOOZNWIOHM 93mbMT035DY QoLZEs IYMmoO I3~
ol 8603369cm356 §0bs30MMdL Fotdmoyqgbl, Moysb oyo

MBHOHYD39wymBl MgLlOLYdOL 9539dBH056 450mygbgdsls, bo@hg-
6900l 99930609d5L5 S oMMy 85369 bgdmddggdols dobo-
doBo300L.  30MH3NWIOMO  365dEH03900L  LaMRYIOI0bMdOL
d0bH95350, 95000 IBIMAZS SMMULLYOLIMM LobEgdgddo
LOLICOL 9369DEMBOL b godm()39393L JABOL, MMM
530b03MMO0, 303OMBOMEMYOOHO S JodoMo LogOmbggdol
3953990l O IZMM3900U, 1939 96EGH0T03zMMdMWo MHYbol-
A96GH™BOL 253039 gd0L MH0L3Yd0. 50b0Tb)0Ib yodmdo-
Bo6g, LYIOLHMOL »369dEMBS GHM-96M0d 1153356dM 0bEOIoEHMM
§o6m0m59bL 30MH3NW B §30608035%Y L3Ol 3MM-
39L30, MHob godma Mobgdol gxsLgds s oMz Lol dMMo©
bs 2obbmezogwgl (FAO, 2024; Lépez Cervantes et al.,
2024).

1533%6dm  LBodyggdo:  bLYOLsmol  M3badEIMds,  sMmMLLLYOLIMM
LolLEJdgd0, 0MINsH0 §30bMI03s.

3bM0mo 1. 306N 53MH@LILYIGLIm® bolEgdgddo LyMLsmol
13699¢mdol dJoMomso 4s9mfgg3g00 (FAO, 2024)
felelok vy oy el do60050 Lsbry@lsomm xs33do dmbgg®ol

3653030 Lsg3onbggdo 999456000
P90l 49@s39)-  BOMEMPONM0; 395335390 g do oM-
953905 ©s Bobogo dsmmyqbgdo, Jodormemo
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359mygbgdo 36080360 m-
dano Ggbob-
A9b6GH™MdS

656MBg6900 s 63000 3OMdMEm
M9BoLEHIBEGHMOo 39bgdo god-
@9ds 8mb3zEIL 3w HYOOTo

9mHg430b5L 96 2953903900

36m39800 358mygbgdmeo fywol
aboom

LOLIMOL EsBs-  FogOHMBOMEOMY
39M3900Ls 099)M0; Jod0MO;
Bo@Bgbgdol go- 530003160
@MOHO0DE00 (-

0565996 3010009 EH9gdT0 SMg-
0o 3500mgbg00, Bmdulobgdo,
9dodg d9@owgdo sb goHo3MGo
9065093900 565b5335G0L0

Qsbsfoergds, bgen- 30bGHOM@Ool 306H:MmdYddo

sbaero godmygbgds, bgamsbs 06@gamoMgds
2900509953909) LolwOLsmM ¥o3380

d9g3mom3z0L Jodovmo; 39830300 35059v9353900L5L o
30M3MYWsOHMWo  30DBO3YOO 35L5¢ngd0ol bgemabswo 459myqby-
2350509393 0wg- 00LsL 9L5dEdYE0s BODBO MO0
09%0 Q5006d9)M9ds 96 Jodowm&o bog-

009690930l J0M 5305, OMEILS3

39005094105390¢0 doloengdols
3690 Md5 56 5MOL Lomsbsm

0vO0bgywgmgoro
063930060900 303OMBOMEIMY  MMHNO0JNH35300M I
39MIYHEo 09960; J030O0  J39x5F390L MOl 3o0myqbadols
Lol@gdgdo (9sy,. 5 Jodom®mo Bo®BgbgdolL
939620 - 3953905
gbmgy o
§o60mgds,
533930b039)
@OBIOGIMS
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d0MEMY0MI© 5JE0IMo ommbdgdsggero
3900980 fiyamols 358gbols 3Gmdgrgdols

39QLFHIOE

bu30dg3000 d.1, 3030830¢00 3.12, MmEsdgMody b.1,
do®mdggero b.}, bogemsdg 8.1, sdoModg b.!

103.%53560830¢0b Lob. mbvy 3.09¢0d0d30¢0b Lsb. 30B03MMO s
™mO569o Jodoob 0blGOEGHMEGH0, MdOEOLO, bodsOmzgwm
Lsodoroggemb 3936096 gdsms ghmgbrmmo 9357009, MdOOLO,
Logo®mnggem

Ubgoalibgs ©eds006dMgdegdolsgsd fiywrol 9i39d@wdo
39009bols o ©93MBEHTobsgo0l  Tgbodergdemds  Foedm-
500396L Hgeols MBsgmmbMmgdols s o330l BOHMb3gErymaol
L593d39WL. EEILOPIMIOD 5VO0SMYOINE0s, MmT dbydMoz0
3900930 fyaol 5)dgbol 3mmbom, M30MsGgbos GHMo-
OGOV 366 oMgdmE Foloergdmsb dgsmgdom, obobo
bobosmEYd0sb  boxMgRIJGHMOMIOm,  (33907509W0YRMO0M,
35@™MJLOZMOMBOD O 93N MYOMMO MLIROMbMIdOm.

33930l J0Dsb0s LJoMIMNZGWML 5 HOETYOIMYIMOOL dv)-
6906030 (39MmWomOol, 3wobm3@owmmwodol Jodor®mo dmEo-
R0E0MIO0LS O GHOBLBMOT>300L IgMEYdoL d9ddbs {ywol
3oLHIgbO®, TLoggMOlo  BodBHIMOEF0IWO  BOWEHMYdOL
oLOPYdSE.  FIMMOMGI0  3MOBEIWMEMO, F03OMBMOMII60
5¢0mdoblogr03s@gd0s, MHMIwgddos B39 gdmoz0 GwGg o6

AGMGH990fo @ommboll 0mbgdo bsfowmd®mog Bsbszargdmwos
30MgdBHoM0 wommbol 0mbgdom s 3gMLdgdEBomws sGoL

50050900 (Diez-Pascual, 2018; Yilmaz et al., 2023). sbgoo
wommbol 9993390  (39MOMYO0 56 03938  SWIMHRRO
095d3090L 5@530569330; 0LobO 9MSBHMILO3MM0s, Mimbm s
MBOBOMbMO  003wgds  9Mgdmbongol (Krdl et al., 2022).
BoBoM©d @S 9GO 0dbs glfogerowo  Jomormeo
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0000 Imd0oL 3969061030 S IMNPOROEFOMGOMEIO FIMELPOMOL,
390560 3)-30bM3EH0WMWoEol BMs0 obslosmgds s
030199900, 09MH 0 s J0doMO 53w9ds3930L 3MrM(39LgdoL
33w939; 3963berol, bL3owgbdol s Mmool 9933390 39~
@womgdol JogdoLsl, 0mbdodm3eomo 3MMEgLgdoL 33¢0939;

900900 AsboeEgdol B5JGHIMOEOEIO S BdJBHIMOMUES-
G03OH0  30L90900L  2obLEBO3MS. Jogdo  bodMIgdols
JodomMo 999500396 md0L oLy gbs, 35dmygbgd o odbs
»3€0L039MH0“ JodoMMo sbsgrobo s EDS dgomeo. XRD o
FTIR U139d@®9ool Loxmdzgebyg gobolsbmads 3gmwomgdol
LEAOYIHMOS, bw® HBYI30MO O BMMOBMBS Fgbfsgwrowo
0965 3050 H9d3gMHoBH Mol sSDBMAEHOL SELMMBEF0S-EILMMD-
300l 0BMmMIMHIGOOL 965¢0BOL LogdzgwBy. 1939, Agufog-
oo 0g6s 4ol s B96Bmeols dmeng329egdol sSELMOBdE0S
Mm5bob 393396M0GHEsbg, BEAOGH03MM 30M:Md9dT0. dodBHIM0E0-
M0 5dBH03mdol Jgxzsligds obbmME0gw®s ©olgol o-
RHBooL (30600-059996M0L) FgOMPO.

330930l 3900929035 dglodergdqero 4obogs bolidgwro s Bo-
90bs6g Fyargdol golsdgboo, sboswo 3gmmwomwemo dsbs-
@900l dggdbols Gglodergdermdols d93bogevero slvdmmgdols
09099953909; Jodool bgggmmgddo B3zgbo 3MEBOL IBOMYdS
@5 01690030 5 IMPOGOGOMJOIO (39MOMNYOOL B3~
@O0 bdEMYOOL, SELMMBIBEHIOOL, 0MbMmO JodmI33wgEg-
B0l @O 39BHOWODBOGHMMYOOL  259mygbgdols Fglsdegdenmdols
39BOMMYdS 3M9)H39e™d580, Lemgeol dgObymdsdo, do0gdmls
©5335L5 s bbgs bLg®mgddo.

1553356dm  LoByzgdo: d3MbgdMOZ0  (39MEP0MO,  FMPOGBOEFOMIOO
(390om0, 4ol 25439605, 353EgM0E0ME0 5JE03Mds.
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Diez-Pascual A.M. (2018), Antibacterial activity of nanomaterials,
Nanomaterials, 8, 359-365.
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composites, Materials, 15, 3305.
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095005793960, H9gbol F0560gddols Isemoero
5LMMdE00L bsM0sbo s s6EH0T03MMdMEO
03090900l 8dmbg, Tgloxmoo Jsmogrol
33900l sHagmo Fggdbrmemmyos

bvy300300 .1, 30300300 3.2, EMEsdgMody 6.1,
do®dggero b.1, bogosdg 8.1, s806Modg b.1, brmzodgzowo 3.!
103.%935b00930¢0b Lob. MLy 3.99e0gdodz0wol Lsb. oBoZMMO s
™O5699o Jodool 0blEGOGHMEH0, Mdowobo, LadsOmzgurm
Lsodoromgzgemb 3936096 gdsms ghmgbrmo 9357009, MdOOLO,
Lodomoggem

056599060M39 39M908mLEIE3000 03396M03H03900L Lodolivy-
bm, GMIgdog Igbogwo dsbogngddo LobmgBMMo 3mero-
d96MgoolL 99306905l dmombmgl, 0BMEgds 0bGHIMgLbo 39bgd-
603 5WGHIMB53H0390DYg, OMYMOHOEss Joswo s FMgoml
506693 36r15g3H03500.

3309308 30Bsbos Mmoo Fglogmmo Jomoerols dgdw-
353905, MHMIgEoi 393w0gMHgdwo s630803MMdMMo ™M30L9-
0900 5 IMEPOROEOMJOMWO (i9segsdBsM0 Hgod3oMom
399m06MB935. 330935 J0DBBo@ 0Lvb3L (39Mmeomol MbogswmEmo
030099900l 36M535¢TBOMOZ 259Mygbhgdols s FMoEI3L Jowown-
oL 30193900l 330935, OMIGE0E FOWIONIEN0S JIMEPMYO)-
5 doLs®gdo ByWwgMwoEsh (3gmEwomo) Lbgswslbgs dg-
953L90eol dgg35600m. Joseol Homdmgdsdo 9935390 gds
399mygqbgdol  dgdmbggzsdo, obobo MbBOMBlgwymaegb dolo
bs6obbol 3609369 ™356 BGOIL. IMORBOE0MGOMEIO0 (3900~
0990 3bMdOos 96E005JBHIM0MEo M30L9d9d00 (Nikolov et
al., 2023). 9gfogeroo 0dbs bbgoalibgs g35gd@meMmqdol gogargbs
93D 9Yd0 FoLoegdol 13019390 s 2o60LEBLZMS (39m-
@womob JodoE@o IMoR0E0MYd0L Mm33H0ToW MO0 30OHMdYdO,
D90l Mmool dosdlodoem@o sSELMMBE0I0 MbsMOLS s
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9630803000 5gBH03md0L  InmbMm3zbgdol  Loggrdzgunby.
3960L5BM3M 39ME0 MO TsboErgdoL BoBo3M-Jodoemo s
96308030MmdMmo m30L909d0 (Tsitsishvili et al., 2024). spbo-
60365305, MM Jowswolb {omdmgdobmazol, JoM0MII, 4o~
9m0yYy9gb9ds 9mEoo bgMgMmo - goqs8v)85390w90 Jomsn-
0. 5303™d, Jowserol bosMolbol aomdxmodglgds 9609369~
©@M3560 @5 9GO MM0s, HMYMOE d9dobolzmemo mM30Lgdgd0L,
51939 302096996-LsBOEHIMO0MEO MO LsBMOLOmM, M3 bawl
399990l dgLsgMMN0 JoLsw Ol s 3Ygsml BYI30MHHY MdOL
@5 b35 3030MMdY0 ©sd0bdMH9d0L Ho®dmddbsls, MmBEwbgge-
4ozl 1533900l baeolbol 9650MhMBIdOL bobaMdwr03mdsL. dbo-
33690 ™35600, ®MA 3300935 9995053905 oMYMLLS3300 3G0b-
30390L Jowow ol [o®dmgdsdo s 3M0MMOEIAHL 560390l go-
Bobegds 25005985390 Aoboergdl. 350056000 Jorowrol
bs6oLboL 3omdxmdgbgdol 5930090 MdL 30g09b0L, d9gdsbo-
3760 ©30L90930L s 9BEGH0T03MMBMWo M30LgdIOOL MZoen-
LoBOOLbom, Gomsi bgwl d9g3mhHymdo MBG® daMswo 99-
LR 06EMLEHMOOL Fobgz0msMGdL.

LogOo™ %5380, 3960 8dsmdols FoBsbos Mobaglio 33wg-
39000, 93MMP0M5© YOO TGLogmmo dobogrgdols 9g-
94865 390M0mgdoL Mbozsw Mo M30L90900L godmygbgdoo s
PomBmgdol 3MHmEglido MO 3M5JGH035Pg BM3MLOMmYdo,
P3crowo 9930396mm dgbsggmmo  0bMLEBHMOOL  g3mEmyo-
M6 dobswgdo Imdsgzerols dgdbsdo.

1553356dm LoBygzgdo: (39MEP0mO, Jo0YIMO IMPOBOGEOMYDS, dLORMO

Jo0ow@O, 45058853900 JoMsw o, 9BEGH0dIJBHIHoMo ™30-
1gdgdO.
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Nikolov A., Dobreva L., Danova S., Miteva-Staleva J., Krumova E., Rashev
V. & Vilhelmova-Ilieva N. (2023), Natural and modified zeolite
clinoptilolite with antimicrobial properties: A review, Acta
Microbiologica Bulgarica, 39 (2), 147-154.

91



Tsitsishvili V.G., Dolaberidze N.M., Doula M.K., Gemishev O.T.,
Mirdzveli N.A., Nijaradze M.O., Amiridze Z.S. & Khutsishvili B.T.
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Paper, Chemistry, Physics and Technology of Surface, 15 (4), 467-
477. https://doi.org/10.15407/hftp15.04.467
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305 3030:0m53mMHM36mdoL dJmbg ombmdggdols
1060 Bo 560MbI33Ege 393365659 8mdmdsgy

Pyeol 9egd@HmemoBgmgdols s Bsfj3s30
993963 gdobmgols

bvy300300 .12, 3030560 9.2+, Ho@zobody g.13,
bmemsdg®odg 6.12, bo@mzo ©.12, 393¢gMo .12
19am99BOmdodom®o gbghaool bobEgdgdo, 356-80350m:0, 3gmcy-
3MgMob 458060, 103, 79110 36Ms0dMH0, 4gMdsbos

200930 - 3030mLoLEHJIgOOL 0b0bIMOOL ©g3s6SETYOEO,
3M500M0L 1b039MLOGYGH0, 3IMMY-3egmHoL 3sdBoMo, 103, 79110
3M00MM0, 39MHTb0s

3500v6990Ld9G Y39 93609Mgdd0L s doMmEgIbrmEwmaool
93503539630, Lo0bgObOM 30T MOl WdMEISEHMM0S,
15JoOMNZYEML 53MMo MbogxMLOE IGO0, ©. 085d9bgderol
2359060, 240, mdowobo 0131, LodsGnggarm

*5bEsbg0 9830005305: MG HYodso, 0.L.1., 29bgeoew
396@MMgL godbomo 39, 38061, sewos (Bb), o@owos

560mb333wgw 89836565%g 8mdMTsgg Hyodaols gegdd-
OE0DgM9d0L (590(g) 9999853905 3eoGobol xyma3ol gds-
@gd0LAb (3xT) FBIPYIOMWO 35390 DOGHMMYOOL FoMdgs
d90de0gds (Santoro et al., 2022), Mob as0mg 099(9, 3OMEGHMb-

933wg  99306M5bsby  ImIMdsgzg  gargd@BHEOME0BYMHGOOLY6
(388(9) aobLbbgs3900m, 93bmT0zMMHO M3seLsBMOLOm Imfjo-

6539 39dbmemyoss. 388(9-U GHgdbmemyos M30GMsEHIBs© 060~
©0v30L @5 3EoBH0bOL 35S 0BoGHMMYdbY ImTsmdl (Santoro
et al., 2022). dbas3L LobEgdgddo s60MbIE3w g0 3mer0dgMgdo
3990m9g9bgdmEos HMYMOE 9gs® gargd@Bmmemo@® 89ddMsbg-
05, 91939 9e9d@BHmMmEgddo 8993309 bogmogMgds. ToM-
0509, 58 MmO 3m33MmbgbEHOL dobolioomgdrgdo dlgoglo Mbos
0yml, 0di3s MmEbsg Loddg doygds oMol Fodmddbols
MBoMLS O S0MYOOL godBHMMILMD, LM 033Wgds.
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50 33193530 §oMIMy0y9gbom 3080LgdMO 3tEP0TIMGOOL, Brer-
3™O3 dos d0300BMOM36Mmd0L dJmbg 3meodgmgdol, Lob-
9Bl 539F9-0b 3H9dbmermaoolbm3zol. gl 3mwodgMmgdo Lobmgb-
©905 393OW0BMOHO 56H9b-bMOHOMOBYBOL s6Eocgdol (35bswn)
300dgH0DOE00m, 5HSL0SMIOM boLBHO BEAMVIEBHNOS S Tos-
0 5062593oMMdy (Teo et al., 2017). 53060l XMzl 33596~
60Bsool Mgogsos 9MHm-9MHmo Ims356M0 LoggbMos 3terody-
6HoLm30L s60MmbBI0dM(33c00l MZ30LgdOL glsdgbs (LYMsmo 1).

155335600 LoBy3gdo: b330 gugdgb@o, fywol gugd@OHmaobgmo,
303969 Hgodo@0, 8005 F030MBMOM3bMdOL dJmbg d3teodghgdo.
R

R.I.R
N

NH, NH» ®
@ B i - .mgf.ﬂ_“,}.‘ bogos l - xppFEobiges l.
n n

byOsm0 1. 0mbmdgmHol ImdHogdol gMm-gM00 LEHMOGIR0s

..362969b300L 659630 9936985 B9do #9d30(535L9b0
3982860, 05956 bshobsdzoemol, bbmz650...
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Jaouen F. (2022), What Is Next in Anion-Exchange Membrane Water
Electrolyzers? Bottlenecks, Benefits, and Future, ChemSusChem, 15
(8).

Teo Y.C, Lai HW.H. & Xia Y. (2017), Synthesis of Ladder Polymers:
Developments, Challenges, and Opportunities, Chemistry — A
European Journal, 23 (57), 14101-14112.
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3036003000530l 393e9bs 35GEHMFBOOL
06 HME30690v90o x03700L dMBsger0sbmds By

X5060dg b. , 583305760 6., IMGs330¢0 3., JM0szs .,

J505¢0539 .
050930l Inms HYL39w0ol Labgwdfogm Mboggdlodg@ol
B0GM3500MMMQ00Ls O BOMIM35¢RYHM36930L 0blGHOGMEO

30360m3w0d53GH0  250590Y39@ MMl 05353MdL, MMM
bbgo LObMBEWM-LsdgMOHbgm 3 EHMMYOOL, 939 JSOGHMTBO-
@0l % 03900l dmboge056MdsBY (BoMIEIE0d30¢00 & 3oMdgams-
33000, 2002). 3560GHMGBOEL, HMymOE 9omn-960 360d3bgermgsb
153390 3MEEGHNMOSL, 593 3930803 YMO INMBM3BYdO oMM
306Md900L J0doMrm, HMIGEMs ©3T9YMBOWGdS3 30MISOM
50Lobgds IMLOZ3E0bMdILS s BHYdgMIdOL baolbbg (Lsdsws-
d300 & 353565dg, 2008). 5J99b 998m©0bsty, Lozmargdzom
X038900L 4565bgdols O 93MEMAO0MMO A5dMEEOL dJobbom,
M6 256Lb353909 5N MY3MWMYOME BMbsT0, BY-U BoGMm3s-
0OMEMP00Ls s B0MIMH35RIMM369d0L 0bLEHOEEGHOL, MM~
O3 JdEgool, s1939 forggOob Loggw-Lsgmegdsom bs-
339029099 ©50m9Ls 39MOGHMBOWOL 0bGHMMPMEFOMIOMEIO KO-
d9%0. 3M535¢fe0sbo 3300939005 o 33060390930l F99-
390 1539393°30M 39MH0Mm©OL 303MM3e0ds3 0l BMbBY, Fmlog-
W0sbMBO®M O 5535009000 L F0TsMI QHFIGMBOM  QoTM-
0330979 35OGMB0ol bmo % 080: 5@oG™, MMM, B39dd)-
65, X390, 9bBsEo fomgwo, GMIGEms B53929GSE0™ 39~
H0MEO 253039 90-110 y.

2025 §geob, Bo3939B930 396H0MmEOL 4968530 Mmdsdo, 35960l
A993965GH w65 396MHYygmds 12-26 °C-0ol Bo6rrgddo, 39gbosbmds
78-81%. {}3080560 ©M9gd0 ©osxodloMEs 54 EolL As63o3-

©wMd5d0, 5J9sb 5 30-Bg IgBHo bowrgdo dbmm 19 g oym
s X580 177 83 9950006s. 35MEGHMB0EOL Y3530¢0Mmd0L BsBol
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©oLBLEOWWL  21-22  03bobol  mGEEosbo {3000l F9dwg
Logg 6533900BY, M6 L33w93 X0TDY - SIGHM IFOJBOMES
Phytophthora infestans s 139d@G6oYg Alternaria spp., Lbgo-
©ob3s  0b6@9blogmdom, MMIgwoi 0bsbgds  0bLEOGHMEOL
3G 3ngd30sdo (Fobodzowo s bbg., 2017).
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Ecotoxicological Impact of Arsenic and Biogeochemical
Circulation in the Modern Environment

BAKRADZE E.!, KHMIADASHVILI S.!, BUTKHUZI T.?,
SANDODZE G.t

INational Environmental Agency, Department of Environmental Pollution
Monitoring, 150 D. Aghmashenebeli Avenue, Thilisi, Georgia
2Agricultural University of Georgia, 240 David Aghmashenebeli Alley,
Thilisi 0159, Georgia

Arsenic (As) is one of the most ecotoxicologically important
metalloids, which is widely distributed in the environment as a result
of natural and anthropogenic processes. Its main natural sources are
rock weathering and volcanic activity, while anthropogenic sources
include mining and extractive industries, metallurgy, pesticide use,
and coal combustion. These factors determine the accumulation of
arsenic in soil, water, and atmosphere.

Arsenic is found in the environment in various chemical forms, the
most toxic of which are inorganic compounds — arsenite (As*®) and
arsenate (As*). Arsenic is characterized by high mobility and
bioavailability, which increases its ecotoxicological risk. Arsenic
negatively affects microorganisms, inhibits biochemical processes in
the soil and reduces fertility. In plants, it causes growth retardation,
reduced photosynthesis and biomass, and in aquatic ecosystems it
accumulates in phytoplankton and other organisms, which leads to
biomagnification through the trophic chain.

The biogeochemical cycle of arsenic includes its movement between
the lithosphere, hydrosphere, atmosphere and biosphere. Microorganisms
play an important role in the transformation of its chemical forms,
especially under anaerobic conditions, where the mobility and toxicity of
arsenic increase. After entering the atmosphere, it returns to the land
surface with precipitation and continues to circulate.

Arsenic pollution poses a serious threat to human health and the
sustainability of ecosystems. Reducing the problem requires
controlling pollution sources, improving environmental monitoring,
and implementing environmentally safe technologies.

Keywords: arsenic, pollution, heavy metals, ecosystem.
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Diversity of earthworms of Georgia

BIRKAIA Kh.
Institute of Zoology, Ilia State University

Earthworms  (Lumbricidae, Oligochaeta) are important
components of soil, indicators of environmental conditions, and a
group distinguished by high species diversity. To date, the family
includes up to 7,000 described species (Singh & Singh, 2023), of
which 62 species/subspecies belonging to 11 genera are
representatives of the fauna of Georgia (Kvavadze, 1999; Kvavadze
& Pataridze, 2002).

Planned and systematic studies of the lumbricofauna of Colchic
forests have not been conducted, and during the last two decades
research has practically ceased (Kvavadze, 1985; Kvavadze &
Pataridze, 2002; Jghenti et al., 2003; Bakhtadze et al., 2004).
Consequently, existing data on the species composition, abundance,
guantitative and qualitative distribution, and ecological characteristics
of earthworms in Colchic forests have been fragmentary and scarce.

The studies were carried out in the Ajameti Managed Reserve,
which represents a unique and important part of the historical Colchic
landscape and the Colchic-type forest natural heritage of Georgia
(AAMG, 2024). At the same time, as a protected area, it experiences
relatively low anthropogenic impact, and species diversity is
preserved there in a more or less undisturbed state.

Fieldwork was conducted in 2025 within three forest districts of
the reserve (Ajameti, Obcha, and Vartsikhe) and their surroundings.
Material was collected at 24 points, both in soil and under fallen trees
and logs, beneath bark and in decaying wood, under moss, along the
banks of water bodies, and in other microhabitats.

For collecting soil-dwelling earthworms, the soil monolith method
(50 x 50 x 50 cm) was used. Samples from the monoliths were taken
by layers at every 10 cm depth (Gilyarov, 1975).

In total, 754 earthworm specimens were collected. Identification
and determination of the obtained material are currently in progress.
At present, six species of earthworms belonging to four genera
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(Lumbricus, Aporrectodea, Dendrobaena, Helodrilus) have been
recorded in the Ajameti Managed Reserve.

Keywords: earthworm, biodiversity, Colchic forest.
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Cyanobacteria-Based Bioassays to Assess Estuarine
Health Impacted by Treated Sewage
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SUniversity of Pau and Adour Countries, E2S UPPA, CNRS, IPREM, Pau,
France

Sewage treatment is essential for protecting aquatic ecosystems
from anthropogenic pressure, yet treated effluents may still alter biota
and promote the accumulation of contaminants in sediments. Estuaries
are particularly vulnerable due to cumulative upstream pressures and
dynamic physicochemical conditions that complicate risk prediction.
Assessing the impact of an individual sewage treatment plant (STP)
on estuarine sediments, therefore, requires integrated multiple-
organism ecotoxicological approaches. Cyanobacteria have been
proposed as promising ecotoxicological models, yet remain poorly
characterized for assessing complex sediment-derived contaminant
mixtures (Poniedziatek et al., 2017). This study aimed to optimize the
OECD 201 Growth Inhibition Test using Anabaena cylindrica (SAG
1403-02) with estuarine sediment extracts and assess endpoint
relevance for STP impact evaluation, in comparison with previously
established ecotoxicological models.

Surface sediments were collected in triplicate in upstream, at, and
downstream of STP discharges in three estuaries (Bayonne, Bilbao-
Galindo, and Guriezo) during two seasonal campaigns. Sediment
freshwater extracts were prepared according to ASTM E1391-03,
supplemented with enriched BG-11 medium, serially diluted, and
inoculated with log-phase A. cylindrica. Cultures were incubated for
72 h in 96-well plates under controlled temperature and illumination.
Growth was quantified using phycocyanin (APC) fluorescence as a
surrogate, and selected dilutions were analysed by flow cytometry
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(CytoFLEX) after Calcein-AM and DAPI staining to assess viability
and membrane integrity within the APC-positive cell populations.

Growth inhibition expressed as specific growth rate (SGR)
revealed the combined influence of nutrient availability and
contaminant toxicity in sediment extracts. Integration of SGR values
showed two pronounced peaks under contaminated sediment
conditions, which were particularly strong across all sites in the highly
contaminated Bayonne estuary in both seasons, as well as at the
discharge and downstream sites in Guriezo during summer sampling.
In contrast, upstream sites from a non-industrial area (Guriezo) and a
pristine reference site (Plentzia, without STP influence) exhibited
mostly similar SGR values across dilutions. Strong calcein
fluorescence in Bayonne discharge sites across all dilutions suggested
increased esterase activity, potentially linked to detoxification
processes. DAPI-positive cell proportions increased with dilutions at
three sites, mirroring SGR trends. Moreover, the coefficient of
variation of DAPI fluorescence emerged as a sensitive indicator of the
general toxicity, showing elevated variability in APC-positive
populations across Bayonne samples and downstream of Galindo STP.

This research contributes to the development of reliable structural
and functional biomarkers for assessing STP impacts on estuarine
sediments. Growth inhibition and population-level responses of A.
cylindrica exposed to sediment extracts revealed new toxicity
endpoints consistent with established ecotoxicological profiles. While
the cyanobacteria successfully detected treated sewage impacts in the
moderately impacted Guriezo estuary, some endpoints in highly
contaminated systems did not clearly isolate the effect of STP
discharges, highlighting both the strengths and current limitations of
this approach.

This work was supported by the French ANSES (n°2024/EST/218
ISMI), UPPA MESRI (AAP UPPA/UPV 2022) and the Basque
Government (CRG I1T1743-22) grants.

Keywords: cyanobacteria, flow cytometry, treated sewage, estuarine
sediments, environmental monitoring.
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Implementation of Low-Waste Technologies in the
Management of Municipal Solid Waste

CHIKOVANI A., ALPHENIDZE M.
Sokhumi State University, Thilisi, 26 Ana Politkovskaya St., Georgia

The uncontrolled accumulation of municipal solid waste (MSW),
particularly synthetic polymeric materials, represents a global
environmental problem characterized by long-term ecological impacts
and negative effects on human health (Geyer et al., 2017). The aim of
this study is to assess the scale of waste-induced environmental
pollution, analyze its ecotoxicological consequences, and substantiate
the advantages of alternative approaches involving the use of
biodegradable polymeric materials and the implementation of low-
waste technologies (OECD, 2021).

To mitigate this problem, the use of modified biodegradable
polymers based on natural polymers is proposed. An innovative
approach involves their modification with bioactive additives, which
enhance mechanical stability during the use phase and accelerate
hydrolytic and microbiological degradation after entering the
environment (Zimmermann, 2025).

The integration of chemical and microbiological mechanisms plays
a significant role in waste recycling processes. Chemical
depolymerization ensures the breakdown of polymer structures into
monomeric fragments, while microbiological biodegradation enables
their enzymatic transformation into environmentally safe products.
Bacterial and fungal microflora (Pseudomonas, Bacillus, Aspergillus
spp.) facilitate the hydrolysis of polymer bonds, creating a basis for
waste biotransformation and conversion into secondary resources
(Yoshida et al., 2016). This chemo-biological approach represents a
promising model for the development of sustainable waste
management systems.

The experience of developed countries demonstrates that the
implementation of low-waste technologies is based on the principles
of the circular economy, eco-design, and life cycle assessment (LCA).
Practices in the European Union, Germany, and Japan show that the
use of biodegradable polymers, combined with extended producer
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responsibility and deposit-return systems, significantly reduces waste
generation and the ecotoxic impact on the environment (OECD, 2021;
Zimmermann, 2025).

Keywords: biodegradable, circular economy, low-waste technology.
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Biodiversity of bees (Hymenoptera, Apoidea) and their
distribution along an altitudinal gradient on the slopes
of the Greater (areas around Stepantsminda) and
Lesser (Goderdzi Pass) Caucasus

CHUBINIDZE M., JAPOSHVILI G.2,

MURVANIDZE M.

Ylvane Javakhishvili Thilisi State University, Faculty of Exact and Natural
Sciences, Thilisi, Georgia

2Institute of Entomology, Agricultural University of Georgia, Thilisi,
Georgia

Bees are members of the class Insecta and the order Hymenoptera.
Their role as pollinators is critical for both agricultural productivity
and the reproductive success of wild flowering plants within natural
ecosystems. A decline in the abundance and diversity of bees not only
compromises crop Yields but also disrupts ecological processes
essential for plant reproduction. The study of apidofauna has gained
heightened significance in recent years due to the observed global
decline in wild bee populations. This phenomenon has been
recognized as a pressing ecological concern, prompting both national
apidologists and international organizations to implement targeted,
evidence-based conservation strategies to safeguard these primary
pollinators.

Despite previous investigations, bees (Hymenoptera, Apoidea)
remain poorly studied across both the major (e.g., the Stepantsminda
region) and minor (e.g., Goderdzi Pass) slopes of the Caucasus, and
critically, up-to-date scientific data on their diversity and distribution
are lacking.

The examined fauna encompasses six families, 14 genera, and 41
species. Within the Greater Caucasus region (Stepantsminda region),
twenty-seven species were recorded, of which twenty-two represent
first records for this locality. In the Lesser Caucasus region (Goderdzi
Pass), thirty-two species were documented, including twenty-six
species newly reported for the studied area. Analysis of the
distribution patterns indicated that elevation above sea level and the
associated vegetation types exert a greater influence on bee species
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composition than mere geographic proximity. Furthermore, the study
revealed one species from Goderdzi Pass previously unrecorded in the
fauna of Georgia, thereby contributing novel data to the national
biodiversity inventory.

Keywords: biodiversity, wild bee, taxonomy.
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Waste management and biodiversity

CHUBINIDZE M.
Ivane Javakhishvili Thilisi State University, Faculty of Exact and Natural
Sciences, Thilisi, Georgia

Waste pollution has evolved into a global environmental crisis,
posing substantial and multifaceted threats to biodiversity and human
health. Virtually no country worldwide remains unaffected by
challenges associated with waste management. The exponential
increase in waste generation, coupled with inadequate disposal
practices, has resulted in widespread contamination of the
hydrosphere, atmosphere, and lithosphere. These processes have led
to a significant decline in biological diversity, manifested through
reductions in population sizes of living organisms and the progressive
degradation and loss of their natural habitats.

Waste-related pollution occurs in multiple forms, including plastic
debris, industrial waste, biodegradable materials, and various other
waste streams. Despite growing recognition of the complexity and
severity of these environmental challenges, existing mitigation
measures remain fragmented, insufficient, and poorly coordinated.
Addressing waste pollution, therefore, requires the implementation of
integrated, comprehensive, and urgently coordinated strategies at
local, regional, and global scales.

The development and enforcement of effective regulatory
frameworks for waste separation, recycling, and recovery are essential
components of sustainable waste management. Proper waste
management constitutes a key pillar of the green economy, as it
supports the efficient and sustainable use of natural resources while
minimizing adverse environmental impacts.

There is a growing and urgent need to formulate and implement
evidence-based, targeted interventions to mitigate the far-reaching
impacts of global waste-induced pollution, while ensuring the
protection of individual ecosystems and the biodiversity they support,
with particular emphasis on the preservation of endemic species.

Keywords: waste, waste recycling, biodiversity.
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Comprehensive Study of Harmful Organisms in
Georgia's Olive Agrocenosis

CHUBINISHVILI M., KAKHADZE M.,
SKHIRTLADZE R., RIZHAMADZE |., MALANIA I.
L. Kanchaveli Institute of Plant Protection, Agricultural University of
Georgia

The olive (Olea europaea L.), an evergreen subtropical fruit tree,
is not historically a foreign crop to Georgia. Since ancient times, it has
been recognized, cultivated, and processed across the region. Today,
the olive has gained renewed importance for Georgia's agrocenosis,
being widely distributed in Abkhazia and the dry subtropical zone of
Kakheti. In these areas, the total cultivation area currently ranges from
2,800 to 3,000 hectares and continues to expand. As of 2025, the
emerging potential for exporting olive seedlings to Asian countries has
further highlighted the necessity for stringent phytosanitary control.

The aim of this research is to investigate the "host plant-pest" life
cycle within newly established olive agrocenoses and to determine
their species composition. The study will identify olive pests and
diseases and establish their quarantine status for the country. Current
scientific data indicates that the most prevalent pests in Georgian olive
orchards are the olive moth (Prays oleae Bernard, 1788)(Lepidoptera:
Praydidae) and the black scale (Saissetia oleae (Olivier,
1791))(Hemiptera: Coccidae) (Batiashvili & Dekanoidze,1974), while
the primary diseases include leaf spot (Spilocaea oleagina) and
anthracnose (Colletotrichum spp.) (Kanchaveli, 2017).

A Key priority is the early detection and monitoring of the highly
dangerous quarantine pathogen Xylella fastidiosa Wells et al., 1987.
In recent years, X. fastidiosa has been recorded in specific territories
along the Mediterranean coast, where it severely impacts cultural
plants such as olives, citrus, and grapevines.

Therefore, it is increasingly vital to investigate this bacterial
disease and its vectors, specifically insects belonging to the
Cercopidae family, such as Philaenus spumarius (Linnaeus, 1758),
under Georgian environmental conditions.
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Route surveys will be conducted in both olive orchards and
nurseries. Utilizing the risk-based monitoring methodology of the
European Food Safety Authority (EFSA, 2016; EPPO, 2019a), the
biological characteristics and population densities of the identified
insects will be determined. Illustrated phenological calendars will be
developed to visualize the development cycles of each species.
Concurrently, phytopathological samples will undergo rigorous
laboratory analysis. This research will lead to a unified database of
harmful organisms and the definition of their quarantine status,
ultimately laying the groundwork for the implementation of Integrated
Pest Management (IPM) strategies for olives in Georgia.

Keywords: Olive, Agrocenosis, Xylella fastidiosa, IPM.
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Novel Strategies for Designing a Biologically Based
Wastewater Treatment Line

DUMBADZE N., TABAGARI I., KURASHVILI M.,
PRUIDZE M., VARAZI T.
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Heavy metal pollution resulting from mining operations poses
serious threats to both the environment and human health, particularly
by contaminating water resources and agricultural lands (Bakradze et
al., 2021; Dvalashvili et al., 2023; Khmiadashvili et al., 2022). In recent
years, biological and natural remediation factors have gained
significant attention for their role in purifying polluted water and soil.
Among these, biosurfactants synthesized by bacteria have shown
potential in enhancing the solubility and mobility of heavy metals,
thereby facilitating bioremediation processes (Khatisashvili et al.,
2021). This study investigates the role of rhamnolipids and trehalose
lipids in improving the bioavailability of metals such as copper, lead,
arsenic, manganese and assesses their effectiveness in promoting the
removal of these contaminants from polluted water using Arthrospira
platensis, a blue-green alga recognized for its remediation potential.

The study conducted laboratory experiments to evaluate how
biosurfactants affect heavy metal bioavailability. Water samples
contaminated with copper, lead, arsenic and manganese were treated
with varying concentrations of rhamnolipids and trehalose lipids.
Arthrospira platensis was then introduced to promote metal uptake.
Changes in metal concentrations before and after treatment were
analyzed to determine increases in bioavailability and algal absorption
efficiency.

The use of biosurfactants notably enhanced the bioavailability of
heavy metals in polluted water samples. Copper bioavailability
increased by 19% and manganese by 22%, enabling Arthrospira
platensis to uptake these metals more efficiently. Moreover,
biosurfactants shortened the absorption time for lead and arsenic by
24 hours, accelerating the overall remediation process. Among the
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tested agents, Rhamnolipid 2 exhibited the highest efficiency in
arsenic removal, while trehalose lipid performed better in treating
copper- and manganese-contaminated samples.

This study demonstrates that biosurfactants effectively enhance
both the bioavailability and removal of heavy metals from polluted
water (Tabagari et al., 2024). The observed increases in metal
bioavailability and the accelerated uptake of lead and arsenic confirm
the potential of rhamnolipids and trehalose lipids in advancing
bioremediation processes. Overall, the results indicate that
biosurfactants offer a sustainable and efficient approach to addressing
heavy metal pollution, particularly in regions impacted by mining,
though additional research is required to refine their practical use.

Keywords: bioremediation, biosurfactants, water purification, heavy metal
bioavailability, Arthrospira platensis.
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Effectiveness of the biofungicide "'Fitosporin-M"*
against mycotoxins

DUMBADZE R., MEPARISHVILI G., GORGILADZE L.,
GOGITIDZE S., ARTMELADZE M.

Batumi Shota Rustaveli State University, Institute of Phytopathology and
Biodiversity

Recently, the use of chemical agents to protect plants from diseases
has caused a number of ecological problems. They are harmful to both
human health and the entire ecosystem, which is manifested in a
violation of the balance between species. Therefore, the aim of our
study was to study the effectiveness of the biofungicide "Fitosporin-
M" against mycotoxins.

Mycotoxins are produced by many fungi that damage important
agricultural crops, reduce seed quality, and impair germination by
depriving the plant of vital germination energy. They damage living
plant tissues and thus play an important role in the development of
plant disease symptoms (Pankova et al., 2018).

Using the bioassay method, we germinated wheat and corn seeds
in the filtrate of toxin-producing fungi (Alternaria spp; Fusarium spp.)
(Ismaiel & Papenbrock, 2015; Evidente et al., 2019). The results
showed a high inhibition of seed germination, which averaged 70%
compared to the control. In the second variant, the biopreparation
"Fitosporin-M" was used. The action of the biopreparation showed
results close to the control, which indicates its high biofungicidal
ability. This new generation microbiological preparation is
characterized by a long and broad-spectrum action. It causes the cell
wall of pathogenic fungi to break down, and it is also characterized by
the ability to stimulate plant immunity and growth, which is very
important for increasing plant productivity and reducing recurrent
disease.

Keywords: Biofungicide, Fungi, Mycotoxins, Inhibition.
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Innovations In Wheat Production: Improving
Resource Efficiency Using Digital Monitoring
Technologies

GHAMBASHIDZE A.
Georgian Technical University, Faculty of Agricultural Sciences and
Chemical Technologies

In modern wheat production, especially on large agricultural farms,
digital monitoring technologies have become a central element of
precision agriculture. Wheat is one of the most widely grown crops
worldwide, and in regions such as Georgia, where cultivated areas
often extend over hundreds of hectares, it is increasingly difficult to
assess crop conditions using only traditional field observations (Mulla,
2013; FAO, 2021).

Using remote sensing technologies, farmers receive multispectral
and thermal imagery that can be transformed into vegetation indices
such as NDVI (Normalized Difference Vegetation Index), NDRE
(Normalized Difference Red Edge Index), and MSAVI (Modified Soil
Adjusted Vegetation Index). These indicators provide detailed
information about plant vigor, canopy structure, chlorophyll activity,
and biomass accumulation. Digital crop maps allow early detection of
stress, uneven growth, and nutrient deficiencies, long before they can
be observed visually in the field. This supports variable-rate
application of fertilizers, irrigation, and crop protection products,
improving resource efficiency and reducing unnecessary input costs.

During our experiments, digital monitoring technologies were
actively used on an experimental wheat cultivation area in Tsnori,
located in the Kakheti region of Georgia. More than 800 hectares were
planted with the variety of wheat Sohelio. Satellite-based monitoring
played a significant role in tracking crop development, identifying
low-performance zones, and optimizing management decisions.
Throughout my doctoral research, satellite data enabled precise
identification of nutrient-deficient areas, water stress, and growth
irregularities, allowing irrigation and fertilization schedules to be
adjusted accordingly. This led to better resource allocation, reduced
crop stress, and improved overall field performance.
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The 2024-2025 growing season recorded a total active temperature
sum of 2139 °C and 624.2 mm of precipitation. Although rainfall was
lower than in the previous year, it was more evenly distributed,
creating favorable conditions for wheat growth. NDVI values
increased from 0.18 during early emergence to 0.72 at the heading
stage, indicating strong biomass accumulation. NDRE data showed
stable photosynthetic activity, while MSAVI confirmed good canopy
development during the tillering and stem elongation stages. Satellite-
based monitoring allowed continuous observation of crop
development from sowing to harvest. Early detection of anomalies
enabled timely management actions. Despite delayed harvesting due
to rainfall in late May and June, satellite alerts helped optimize field
operations and minimize potential losses (European Space Agency
(ESA), 2020).
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Alpha Diversity Patterns of Hymenoptera in
Karacabey Natural Park (NW Turkey)

GENCAL T.!, SARIKAYA 0.1, JAPOSHVILI G.2
'Faculty of Forestry, Bursa Technical University, Bursa-Turkey
2Institute of Entomology, Agricultural University of Georgia, Thilisi,
Georgia

Seasonal sampling of Hymenoptera was carried out in Karacabey-
Karadag1 (northwestern Turkey) to assess local (alpha) diversity of
hymenopteran groups across multiple habitat types. Standardized trap
monitoring was conducted at several representative sampling sites,
including Kursunlu, Bayramdere, Kumul, and the ecologically
complex Longoz floodplain forest zones.

Collections were repeated between 22 May and beginning of
October 2025 every 10+2 days, allowing comparison of
hymenopteran assemblages across both spatial gradients and seasonal
turnover. In total, 2,327 individuals were recorded, representing
seven major functional and taxonomic groups, including Apoidea,
Vespoidea, Ichneumonoids, Microhymenoptera, Chrysididae,
Symphyta, and Formicidae (ants).

Overall abundance was dominated by ants (614 individuals),
followed by Ichneumonoids (572 individuals), while Apoidea and
Vespoidea were also consistently represented across most sites.
Longoz forest localities exhibited notably higher richness and group
diversity compared with more disturbed or open habitats, underlining
the influence of habitat heterogeneity on local hymenopteran
assemblages.

Some trapping points yielded reduced sample sizes due to damaged
or empty traps, largely attributed to anthropogenic disturbance,
emphasizing the logistical challenges of biodiversity monitoring in
protected recreational landscapes.

This dataset provides the first baseline overview of Hymenoptera
alpha diversity patterns in Karacabey Natural Park and highlights the
value of standardized seasonal trap surveys for long-term biodiversity
assessment and conservation planning in this unique protected area.
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Figure 1. Sample sizes by functional and taxonomic groups
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Medicinal Substances of Mistletoe (Viscum)

GOGITIDZE S.
Batumi Shota Rustaveli State University

Mistletoe (Viscum album L.) is a semi-parasitic plant that is widely
distributed in Georgia and is characterized by the presence of
biologically active compounds of medicinal importance (Barney et al.,
2007; Melo & Batista, 2022). The aim of the study was to investigate
the medicinal substances of mistletoe distributed in Western Georgia
and to assess their biological activity (Szurpnicka et al., 2022). The
objects of the study were the leaves, stems, flowers, and fruits of
mistletoe growing on pear and plum trees. Quantitative determination
of total phenols, flavonoids, and phenolic acids was carried out using
spectrophotometric methods, while antioxidant activity was evaluated
by the DPPH free radical inhibition method. Identification of
compounds was performed by chromatographic analysis using various
detectors (UPLC-MS-PDA). It was established that mistletoe leaves
and fruits are particularly rich in phenolic compounds and flavonoids,
which determines their high antioxidant activity. Chromatographic
analysis identified neochlorogenic acid m/z=353, trihydroxy-
dimethoxyflavone-HMG-O-pentosyl-hexoside m/z=767, an isomer of
trihydroxy-dimethoxyflavone-pentosyl-hexoside  m/z=623.06, 4'-
hydroxy-5,7-dimethoxyflavanone-HMG-pentosyl-hexoside m/z=737,
and a pheophorbide isomer m/z=593 as the main medicinal substances
of mistletoe (Melo & Batista, 2022; Szurpnicka et al., 2022). As a
result of the study, it was determined that mistletoe distributed in
Western Georgia is rich in phenolic compounds and flavonoids,
exhibits high antioxidant activity, and represents a promising source
of biologically active substances for medicinal purposes.

(Grant Agreement No. FR-22-4236, 01.03.2023)

Keywords: mistletoe, medicinal substances, phenols, flavonoids.
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Table 1. Quantitative determination of biologically active compounds of
mistletoe

Antioxidant
Samole Total Flavanoids Phenolic activity: 50%
narﬁe phenols g/kg  g/kg (dry  acidsg/kg  inhibition of
(dry matter)  matter)  (dry matter) DPPH radical,
mg of sample
Leaf 46.85 31.90 13.21 1.63
Stem (thick) 27.82 18.53 5.64 5.81
Stem (thin) 38.96 26.50 9.60 1.62
Flower 29.52 18.08 4.72 6.28
Fruit 51.20 22.94 4.05 1.24
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Study of Catechins in Rhododendron ponticum
Distributed in Adjara

GOGITIDZE S., VANIDZE M., KALANDIA A.
Batumi Shota Rustaveli State University

Rhododendron ponticum L. is one of the widely distributed relict
species of the flora of Adjara and is characterized by high ecological
and biological significance. According to various literature sources,
the plant is rich in polyphenolic compounds, particularly flavanol
catechins, which are known for their antioxidant, antimicrobial, and
biologically active properties (Kandelaki, 2021; Kumar et al., 2019).
Nevertheless, the catechin composition and quantitative
characteristics of R. ponticum distributed in Adjara have not yet been
sufficiently studied (Kandelaki, 2021).

The aim of this research is to identify the catechins present in the
leaves of Rhododendron ponticum growing in Adjara and to determine
their qualitative and gquantitative composition.

As a result of the study, gallocatechin ([M-H]~ m/z 305) was
identified in Rhododendron ponticum, indicating the plant’s high
antioxidant activity. In addition, catechin dimers—proanthocyanidins
(Procyanidin B1, B2, and B3)—were detected with [M-H]~ m/z 577.
The following compounds were also identified: Gallic acid [M—H]~
m/z 169; Quercetin-3-O-glucoside (Isoquercitrin) [M-H]~ m/z 463;
Quercetin-3-O-rutinoside (Rutin) [M—H]~ m/z 609; Kaempferol-3-O-
glucoside [M-H]™ m/z 447; and Kaempferol-3-O-rutinoside [M-H]"
m/z 593 (Kumar et al., 2019; Sicak et al,. 2024).

This research was conducted within the framework of a grant
agreement

(SRNSF Grant No. MR-25-154).

Keywords: Rhododendron ponticum, catechins, antioxidant activity.
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Table 1. Quantitative determination of biologically active compounds in
Rhododendron ponticum

Phenols Amount of sample (mg)

Sampling Extraction (mglg dry Catechins. _ reggi_red for 50%
site method - mg/g dry weigh inhibition of 0.1 Mm

weight) DPPH
Tskhmorisi US bath 88.92 12.84 20.56
US probe 59.65 8.00 41.23
Kharaula ~ US probe 81.12 18.00 19.65
Machakhela US bath 100.58 8.97 20.56
US probe 120.98 19.68 6.59

120000.0

100000.04

80000.0+

1.153 - 168:93—

60000.04

8.511 - 300.91

Intensity

40000 07
20000 0] !
0.0 Sided :
200 400 600 800
Minutes

References

Kandelaki M. (2021), Bioecological characteristics of introduced and local
species of Rhododendron (Rhododendron L.) under the conditions of
the Adjara coastal zone.
https://bsu.edu.ge/text_files/ge_file 15308 1.pdf

Kumar V., Suri S., Prasad R., Gat Y., Sangma C., Jakhu H. & Sharma M.
(2019), Bioactive compounds, health benefits and utilization of
Rhododendron: A comprehensive review, Agriculture & Food Security,
8 (6).
https://doi.org/10.1186/s40066-019-0251-3

Sicak S., Oztiirk 1., Sahin B., Cam D., Cakir C. & Oztirk M. (2024),
Chemical content profile and antioxidant activity of Rhododendron
ponticum L. (Ericaceae) extracts. DOI:10.21448/ijsm.1382522

124


https://bsu.edu.ge/text_files/ge_file_15308_1.pdf
https://doi.org/10.1186/s40066-019-0251-3
https://doi.org/10.21448/ijsm.1382522

Biodiversity of insects in the Vashlovani National Park

INJIA S.1, JAPOSHVILI G2

Invertebrate Research Center, Tetritsklebi, Telavi, 2200, Georgia
2Institute of Entomology, Agricultural University of Georgia,
Agmashenebeli Alley #240, Thilisi, 0131, Georgia

The location of the Vashlovani National Park in the most arid part
of Georgia determines significantly different landscapes and habitats
compared to other regions of Georgia. The area is rich in relict,
endemic and rare species of flora and fauna. Little or no research has
been done on local invertebrates, including many insect groups.

The first complete checklist of insects of Vashlovani will unify the
current knowledge about species that are distributed in the protected
area. The information was gathered from research papers published in
the 20" and 21 centuries (Yasnosh, 1972; Didmanidze, 1978;
Cholokava, 2008; Skhirtladze, 2016; Japoshvili & Haris, 2024; Riedel
& Japoshvili, 2025). As a result, 826 species were revealed, which are
classified into 7 orders (see Figure 1).

At this moment, Hymenoptera (presented with 368 species) is the
most researched order. Notably, the major part of species in this order
(202 species) has been added to the checklist as a result of the ongoing
research project conducted by the Invertebrate Research Center and
the Institute of Entomology. The project aims to study the biodiversity
of insects and especially Hymenopterans in the Vashlovani National
Park.

Before this project, the most researched order was Coleoptera,
which is presented with 290 species. The checklist is in the process of
development.

Keywords: Vashlovani, insects, biodiversity.
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Figure 1. The quantitive distribution of species in orders
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The influence of microclimate on the yield of
introduced potato varieties

JABNIDZE N., APTSIAURI N., MURADASHVILI M.,
KOIAVA L., QAMADADZE D.

Institute of Phytopathology and Biodiversity, Batumi Shota Rustaveli State
University

Microclimate plays a decisive role in the yield of other agricultural
crops, as well as potato varieties (Zardalishvili & Vardzelashvili,
2002). Potato, as one of the important food crops, has specific
requirements for environmental conditions, the satisfaction of which
directly affects the yield and quality of tubers (Samadashvili &
Kapanadze, 2008). In order to renew the resulting collection varieties
and conduct ecological testing, introduced potato varieties were
shown in two different agro-ecological zones, in the experimental-
collection plots of the Institute of Phytopathology and Biodiversity of
the Georgian State University.

Many years research was based on the microclimate of the growing
season (90-110 days), yield and resistance to diseases have been
conducted Kobuleti and Tsaghveri. The result identified five potato
varieties: Adato, Rudolf, Spectra, Jewel, New Red.

In 2025, during the growing season, the air temperature fluctuated
within 12-26 °C, humidity 78-81%. Rainy days were recorded for 54
days, which only 19 days had more than 5 mm of precipitation, and
the total was 177 mm. At the end of the potato flowering phase, after
two days of rain on June 21-22, Phytophthora infestans and Alternaria
spp. were recorded on the test plot on two test varieties - Adato and
Spectra, with different intensities, which are stored in the Institute's
culture collection (Chanishvili et al., 2017).

In Tsaghveri, on May 15-16, the same varieties were sown later,
due to unfavorable environmental conditions in Tsaghveri. Unstable
weather, i.e. the lack of precipitation during the vegetation period (air
temperature 12-21 °C, humidity 74%) (July-August - 64-47 mm) and
droughts negatively affected the growth and development of potatoes.
As expected, the yield also decreased, but potato diseases were not
recorded in the mentioned study area.
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Main diseases of persimmons in the subtropical zone of
Western Georgia

JABNIDZE N., DUMBADZE R., GORGILADZE L.,
JABNIDZE G.

Institute of Phytopathology and Biodiversity, Batumi Shota Rustaveli State
University

One of the important fruit crops in subtropical plants is the
Persimmon, whose synonyms are oriental persimmon and Japanese
persimmon (Jabnidze, 2018). It originated in China and was
introduced to us from Italy at the end of the 19th century, which has
industrial and economic importance (http://agrosc.ge/uploads/
subtropikuli%20xurma.pdf). Persimmon culture is in demand in the
world market, which is due to its high nutritional values.

The introduction of Persimmon, as well as other subtropical crops,
continues today, and accordingly there is a real threat that the spread
of harmful organisms to this crop may reduce the quantity and quality
of the harvest, which will lead to economic losses.

Literature data shows that in many countries, Persimmon plants are
widely affected by diseases that previously did not cause much
damage, but today they have a negative impact on the harvest.

Given that in recent years, farmers and agroservice centers have
been increasingly contacting the Institute of Phytopathology and
Biodiversity of BSU due to problems related to persimmon diseases,
the detection and study of persimmon diseases has become
increasingly important.

Based on the objectives of the study, we first conducted field
surveys of Persimmon plants during the vegetation and harvest period
in the following regions: Adjara, Guria, Samegrelo, on homestead and
commercial plots, from which diseased Persimmon samples were
taken (Chanishvili etal., 2017). A total of 1292 samples were collected
from Persimmon leaves and fruits, among which leaf and fruit spotting
was 969 samples (75%), fruit rot - 323 samples (25%).

In laboratory conditions, the following microorganisms were
isolated and identified in pure culture: leaf and fruit spotting fungi -
Pestalotia spp, Diplodia spp, Fusicladium levieri; Phomopsis spp,
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Colletotrichum spp. Alternatia alternata, Fusarium spp. Fruit rot
fungi - Botrytis spp; Phomopsis spp.

Studies and observations have shown that these pathogens damage
Persimmon plants, hinder its development, as a result of which the
quantity and quality of the crop are reduced.

Key words: persimmon, pathogen, culture, disease, sample.
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Development of Instrumental Methods for the
Determination of Pyrrolizidine Alkaloids in Senecio
platyphyllus

KEZHERADZE I., DAVITADZE R., VANIDZE M.,

KALANDIA A.
Batumi Shota Rustaveli State University Ninoshvili St. 32/35

The aim of the research was to develop chromatographic HPLC-
MS methods for the identification and quantification of pyrrolizidine
alkaloids in the Georgian endemic plant Senecio Platyphyllus. It has
been established that all parts of this plant contain pyrrolizidine
alkaloids including (platyphyllin, seneciophyllin, sarracen).
Preparations made from raw materials of Senecio Platyphyllus are
used as a medicinal product with spasmolytic action in the therapy of
pathologies of the cardiovascular and respiratory systems (Asci et al.,
2018; Usta et al., 2009; Yayli, 2008).

Extraction of the sample under high pressure and temperature
conditions with water (2% sulfuric acid) was performed twice to
ensure complete extraction, at 120 °C and 2 bar; each extraction lasted
10-10 minutes.

For the purpose of determining pyrrolizidine alkaloids, ultra-high
performance liquid chromatography in combination with mass
spectrophotometric detection (UPLC-MS, Waters UPLC Acquity
Qda) was used, which enabled the simultaneous identification of the
alkaloids sarracen, senecifillin, platephyllin and its N-oxide and their
guantification using standard compounds.

Table 1. Segments of chromatography separation

Time Mean Product SIR Product lon
N (min) Analyte Molar mass (m/z+ H+) CE(V)
1 s5g5  laephylline N- 333.4 334 30
Oxide
2 6.59 Seneciphyline 337.4 338 30
3 715 Sarracine 337.4 338 30
4 7.62 Platephylline 353 354 30
Platephylline;
5 7.65 Hydrotartrate 353 354 30
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Figure 1. Chromatograms

The application of the presented water extraction (SWE) method
and UPLC-MS analysis in Senecio platyphyllus samples provided
simultaneous, rapid, qualitative and quantitative determination of
pyrrolizidine alkaloids in both the initial extracts and their purified
preparations.

Key words: Senecio Platyphyllus, pyrrolizidine alkaloids, instrumental
methods.
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Food Safety Challenges in the Circular Economy
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The transition to a circular economy is a fundamental prerequisite
for achieving a sustainable future, as it promotes efficient resource
utilization, reduces waste generation, and mitigates environmental
impacts. However, despite the sustainability advantages of circular
practices, their implementation within agrifood systems introduces
new and evolving food safety challenges. These include the
introduction, transmission, and accumulation of physical,
microbiological, and chemical hazards, as well as the potential
dissemination of antimicrobial resistance. Within this framework,
food safety emerges as one of the key performance indicators of the
circular economy transition, requiring systematic risk assessment and
management grounded in a risk-based approach (FAO, 2024; Lopez
Cervantes et al., 2024).

Keywords: food Safety, agrifood Sector, circular economy.

Table 1. Key Food Safety Challenges in Circular Agrifood Systems (FAO,
2024)

Mechanism of Entry

Circular Practice Main Hazards info Food Chain
Residual pathogens,
chemical contaminants,
and antimicrobial
Biological: resis_tance genes
Water recycling and Chemical, present in reused water
reuse Antimicrobial may be transferred to
resistance crops through

irrigation practices or

through its application

during food processing
operations
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Valorization of food
loss and waste
(redistribution,

reuse, recycling)

Microbiological,
Chemical;
Physical

Pathogens, toxins,
heavy metals, and
physical contaminants
present in by-products
may re-enter the food
chain when control
measures are
inadequate or
insufficiently
implemented

Circular packaging
solutions

Chemical;
Physical

Physical contamination
and chemical substance
migration may occur
during packaging
recycling and material
reuse when the safety
of recycled materials is
not adequately ensured

Integrated farming

systems (e.g., plant-

animal production,
aquaponics)

Microbiological;
Chemical

Transmission of
pathogens and
chemical residues
between components
of interconnected
circular agrifood
systems
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Biologically Active Metal-Containing Zeolites in
Solving the Problem of Water Purification

KHUTSISHVILI B.L, TSITSISHVILI V.12,
DOLABERIDZE N.1, MIRDZVELI N.%, NIJARADZE M.1,
AMIRIDZE Z.1

Petre Melikishvili Institute of Physical and Organic Chemistry at lvane
Javakhishvili Thilisi State University, 31 A. Politkovskaya Str., 0186,
Thilisi, Georgia

2National Academy of Sciences of Georgia, 52 Rustaveli Av., 0108, Thilisi,
Georgia

Having an effective opportunity to purify and decontaminate water
containing various pollutants is the basis for ensuring the Water Safety
and Security. Today it is recognized that natural zeolites outperform
conventional granular materials in water purification, they are cost-
effective, abrasion resistant, non-toxic and environmentally friendly,
especially in the treatment of such special wastewater streams as acid
mine drainage, landfill leachate, nuclear fallout, and urban runoff.

The aim of the study is to create methods for chemical modification
and transformation of the natural zeolite, clinoptilolite from deposits
in Georgia to obtain bactericidal filters suitable for use in the water
purification. Zeolites are crystalline microporous aluminosilicates
Mx[ALSiyO2x+y)] MH20, in which usual alkali or alkaline-earth metal
ions M* are partially replaced by such bioactive metal ions as Ag",
Cu?*, Zn?*, etc., are recognized as promising (Diez-Pascual, 2018;
Yilmaz et al., 2023). Biocidal formulations containing such metal-
containing zeolites do not cause allergic reactions in humans; they are
nontoxic, odorless, and considered to be safe for the environment
(Krol et al., 2022).

Heulandite-clinoptilolite, the object of study for this project, is one
of the most common natural zeolites in nature. Within the framework
of the project, the following studies were carried out and studied in
detail: general characterization and properties of natural and modified
zeolites of Georgian origin, Rkoni were given; investigation of
processes during thermal and chemical treatment of zeolites;
investigation of ion-exchange processes in obtaining silver-, copper-
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and zinc-containing zeolites; determination of bactericidal and
bacteriostatic properties of metal-free, metal-containing zeolite
materials.

To determine the chemical composition of the obtained samples,
the methods of "classical" chemical analysis and X-ray energy-
dispersive spectroscopy (EDS) was used. Based on X-ray diffraction
(XRD) and infrared spectra (FTIR), the structure of zeolites was
determined, and the surface and porosity were studied based on the
analysis of low-temperature nitrogen adsorption-desorption
isotherms. The adsorption of model polar (water) and non-polar
(benzene) molecules at room temperature under static conditions was
also studied. Evaluation of the bactericidal activity of the obtained
samples was carried out by the disk diffusion (Kirby-Bauer) method
assay using the cultures of gram-negative bacterium Escherichia coli
and Salmonella, gram-positive bacteria Staphylococcus aureus and
Bacillus subtilis, fungal pathogenic yeast Candida albicans and a
fungus Aspergilus niger.

The results of the work made it possible to develop a scientific
justification for the possibility of creating new zeolite materials for the
purification and disinfection of drinking and waste water, enriching
our knowledge in the fields of chemistry and expanding the scope of
natural and modified zeolites in opportunity used as molecular sieves,
adsorbents, ion exchangers and catalysts in industry, agriculture,
environmental protection and other fields.

Keywords: natural zeolite, modified zeolite, water purification, bactericidal
activity.
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New Technology of Preparation of Paper Packaging
with Water Resistance, High Moisture Adsorption
Capacity and Antimicrobial Properties

KHUTSISHVILI G.%, TSITSISHVILI V.12,
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AMIRIDZE Z.1, KHUTSISHVILI B.1
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Thilisi, Georgia

National Academy of Sciences of Georgia, 52 Rustaveli Av., 0108, Thilisi,
Georgia

In response to modern environmental imperatives urging the
reduction of synthetic polymers in packaging materials, there's a
growing interest in returning to natural alternatives such as paper and
cardboard.

The work aims at developing sustainable packaging paper
endowed with enhanced antimicrobial properties and having a
modified waterproof surface, using nature-based solutions. Instead of
relying solely on synthetic additives, the work aims - to harness the
unique properties of zeolite, a naturally occurring mineral with
versatile applications.

The work involves investigation of the properties of paper obtained
by introducing various fillers derived from environmentally friendly
raw materials (zeolite), including pre-prepared ones, as well as
mixtures of zeolite and salts in various ratios. Zeolites are microporous
crystalline aluminosilicates used as molecular sieves, adsorbents, ion
exchangers and catalysts in industry, agriculture, and environment
protection. Applied as fillers in paper production, they will ensure a
significant increase in their quality. Modified zeolites are known for
their antibacterial properties (Nikolov et al., 2023).

We chose clinoptilolite because the 2013 EU Regulation No
651/2013 (9 July 2013) confirms the safety of clinoptilolite for use in
feed additives for animal species, consumed by humans, so we can
state that the fillers and the resulting paper samples are safe to use.
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The influence of various factors on the properties of the prepared
materials was studied, and optimal conditions for chemical
modification of zeolite were determined based on the requirements for
maximum adsorption capacity for water vapor and antimicrobial
activity. The physicochemical and antimicrobial properties of zeolite
materials were determined (Tsitsishvili et al., 2024).

It should be noted that the envisaged raw material for producing
the paper, mostly, is secondary raw material -recycled paper.
Therefore, improvement of the paper quality is important and relevant,
both in terms of mechanical properties, and hygienic-sanitary
standards, imparting antimicrobial ones. This will prevent the
formation of mold and other microbial contamination on the surface
of packing paper and cardboard, will ensure longer freshness of food.

Importantly, our work aligns with nature-based principles by
prioritizing renewable and recycled materials in paper production. We
recognize the need to improve paper quality in terms of hygiene,
mechanical properties, and antimicrobial performance, thereby
reducing reliance on synthetic alternatives and fostering a more
sustainable packaging industry.

In summary, the work has the ambition to marry cutting-edge
research with nature-inspired solutions to develop environmentally
friendly packaging materials. By leveraging the inherent properties of
zeolites and emphasizing sustainable practices throughout the
production process, we aim to contribute to a more sustainable and
eco-friendly future for the packaging industry.

Keywords: zeolite, chemical modification, packaging paper, recycled paper,
antibacterial properties.

References

Nikolov A., Dobreva L., Danova S., Miteva-Staleva J., Krumova E., Rashev
V. & Vilhelmova-llieva N. (2023), Natural and modified zeolite
clinoptilolite with antimicrobial properties: A review, Acta
Microbiologica Bulgarica, 39 (2), 147-154.

Tsitsishvili V.G., Dolaberidze N.M., Doula M.K., Gemishev O.T., Mirdzveli
N.A., Nijaradze M.O., Amiridze Z.S. & Khutsishvili B.T. (2024), The
Role of Zeolite in Imparting Bacteriostatic Properties to Paper,
Chemistry, Physics and Technology of Surface, 15 (4), 467-477.
https://doi.org/10.15407/hftp15.04.467

138


https://doi.org/10.15407/hftp15.04.467

Synthesis of lonomers with Intrinsic Microporosity for
Anion-Exchange Membrane Water Electrolyzers and
Fuel Cells

KHUTSISHVILI L.12, VIVIANI M.12+,

TITVINIDZE G.13, SULABERIDZE R.%?,

RUSITOV D.12, METZLER L.12

Electrochemical Energy Systems, Hahn-Schickard, Georges-Koehler-Allee
103, 79110 Freiburg, Germany

2IMTEK - Department of Microsystems Engineering, University of
Freiburg, Georges-Koehler-Allee 103, 79110 Freiburg, Germany
3Department of Natural Sciences and Biotechnology, Engineering Polymers
Laboratory, Agricultural University of Georgia, 240 David Aghmashenebeli
Alley, Thilisi 0131, Georgia

* Current affiliation: UFI Hydrogen S.p.A. Corso General Cantore 39,
38061, Ala (TN), Italy

An Anion Exchange Membrane Water Electolyzer (AEM-WE) can
be operated using abundant non-PGM (Platinum Group Metals)
catalysts (Santoro et al., 2022). This represents both an economic and
scalability advantage compared to proton exchange membrane (PEM)
WE, which strongly rely on precious metals like iridium and platinum
(Santoro et al., 2022). Anion exchange polymers serve as both the
solid-electrolyte membrane and the ionomer binder in the electrodes.
Although very similar, the requirement of Anion Exchange lonomers
(AEISs) slightly differ from AEM when it comes to gas permeability
and film forming properties.

In this study, we present the strategy of using ladder polymers for
the synthesis of intrinsically porous AEI for AEM-WE applications.
Ladder polymers are synthesized via Catalytic Arene-Norbornene
Annulation (CANAL) polymerization and demonstrate high rigidity
and gas permeability (Teo et al., 2017). Quaternization reaction of
amine groups using various reagents is a key step to impart anion
conductivity onto the polymer and yield polymer electrolytes (Figure
1).
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Keywords: fuel cell, water electrolyzer, ionomer, green hydrogen,
intrinsically porous polymers.
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Figure 1. A strategy for ionomer preparation

...The conference work is dedicated to the memory of my dear
friend, Tamar Khatisashvili...
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Challenges of Seed Germination in Vitis vinifera L.
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The initial evolutionary form of grapevine (Vitis vinifera L.)
propagation is sexual reproduction by seeds; however, during the
domestication process this pathway was largely replaced by vegetative
propagation in wild grapevine (V. vinifera subsp. sylvestris). This
transition ensured genetic stability and the preservation of desirable
agrobiological traits in cultivated grapevine (V. vinifera subsp. sativa).
Studies conducted in Georgia indicate that cultivated grapevine
exhibits a significantly higher rooting capacity compared to wild
forms, suggesting a domestication-driven selection for enhanced
vegetative propagation ability (Maghradze et al., 2025).
Morphological analyses of wild grapevine seeds further confirm the
long history of domestication and genetic interactions between wild
and cultivated forms (Kikvadze et al., 2024). In modern viticulture,
seed propagation is therefore used exclusively for breeding and
scientific purposes.

The aim of this study was to evaluate the germination capacity of
grapevine seeds under different conservation and treatment
conditions. Seed samples were collected from cultivated grapevine
varietys (Saperavi, Rkatsiteli) and wild grapevine forms
(Chachkhriala 01, Ninotsminda 01, Ninotsminda 02, Meneso 01,
Nakhiduri 15). The seeds were divided into four main groups based on
their origin and treatment: seeds obtained from fresh ripe grapes, dried
grape clusters, post-fermentation seed, and seeds stored in alcohol.
The study was conducted within the framework of the Caucasus
International University Fundamental Grant Competition entitled
“Investigation of grapevine’s seed germination rate of various
genotypes for detection of the propagation potential and obtaining of
initial breeding material”.
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Analysis of the results demonstrated that seeds of wild grapevine
exhibited significantly higher germination rates compared to
cultivated forms, which may be explained by ecological adaptations
and reproductive strategies developed under natural conditions. The
highest germination percentages were recorded in seeds collected
from dried grape clusters, whereas the lowest germination was
observed in fermented material in both subspecies. Under ethyl
alcohol treatment, relatively higher germination rates were observed
in V. vinifera subsp. sylvestris. Intraspecific comparative analysis
confirmed that the germination coefficient is significantly higher in V.
vinifera subsp. sylvestris than in V. vinifera subsp. sativa, indicating a
reduced efficiency of seed-based propagation and a clear dominance
of vegetative propagation during the domestication process.

Keywords: grapevine, domestication, propagation.
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Replacement of toxic solvents by “Green” solvents in
Liquid Chromatography for reduction of the harm
effect on the environment

LOMKATSI TS.
Agricultural University of Georgia, TestLab

Liquid chromatography analysis generates millions of liters of
chemical waste annually worldwide (Kalisz et al., 2024). The most
frequently used organic solvents in such analysis: Methanol and
Acetonitrile are hazardous and highly ecotoxic. Uncontrolled
contamination of soils and waters by these solvents creates significant
risks for leaving organisms.

Alternative non-toxic solvents can be used for some
chromatographic analyses. For example, in the determination of
Aflatoxin contamination in Nuts, modified analysis can maintain
detection efficiency. Methanol can be replaced by so called “Green”
solvents such as Ethanol, Propanol, and Isopropanol, which are more
environmentally friendly and less hazardous (Joshi & Adhikari, 2019).

Furthermore, it has been experimentally demonstrated that the
duration of liquid chromatographic analysis strongly depends on the
structure of the organic solvent and overall, the polarity of the mobile
phase. In particular, increasing the carbon chain length of alcohol
decreases the analysis time, consequently, reduces the amount of
mobile phase required per analysis. At the same time, optimal polarity
of the mobile phase can be achieved using smaller amount of “Green”
solvents compared to methanol.

In summary, the use of “Green” solvents in liquid chromatography
analysis reduces the harmful environmental effects of chemical waste
in three ways and decreases the resources required for waste treatment
and disposal.

Keywords: ecology, waste, chromatography, “Green” solvents.
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Table 1. Amounts of organic solvents used in mobile phase and the duration
of one full analysis

Duration of one

Solvent Amount, ml . :
analysis, min
Methanol 2.6 26
Ethanol 1.35 15
Isopropanol 1.19 14
Propanol 0.77 9
References

Kalisz O., et al. (2024), Exploring the Potential of Green Chemistry in
Reversed-Phase Liquid Chromatography: A Review of Sustainable
Solvents, TrAC Trends in Analytical Chemistry, 181 (11), 118007.
www.sciencedirect.com/science/article/abs/pii/S0165993624004904
https://doi.org/10.1016/j.trac.2024.118007

Joshi D.R. & Adhikari N. (2019), An Overview on Common Organic
Solvents and Their Toxicity, Journal of Pharmaceutical Research
International, 28 (3), 1-18.
https://doi.org/10.9734/jpri/2019/v28i330203

144


http://www.sciencedirect.com/science/article/abs/pii/S0165993624004904
https://doi.org/10.1016/j.trac.2024.118007
https://doi.org/10.9734/jpri/2019/v28i330203

Common fungal diseases of wild currant
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Georgia represents a center of origin for many cultivated plants and
their wild ancestors. Among them, species of the genus Ribes L.
(currants) are of particular importance. They constitute valuable raw
material for the pharmaceutical and food industries (Papunidze &
Khidasheli, 2014). In the process of currant production, information on
harmful organisms inhabiting these plants, as a factor limiting plant
productivity, is of great importance. This issue has not yet been studied
in Georgia. Two field expeditions were conducted in the lowland and
high-mountain zones of Adjara in June-July 2025, during the
vegetation and fruit-ripening periods. The spread and development of
current diseases have been monitored, and 620 samples of diseased
wild currant leaves and fruits were collected in Khulo and Keda
municipalites, among them 370 samples of Ribes L. (60%) were
affected by leaf and fruit spot diseases and 250 samples (40%) by fruit
rot. Collection of diseased samples, isolation and identification of
pathogens in pure culture were carried out according to the
international standard methods (Afanador-Kafuri et al., 2014; Blodgett,
1936; Wang et al., 2021). The diseased parts of the sample were washed
with distilled water and dispossed in a 3-5% sodium hypochlorite
solution for 1 minute and after washed 5 times with distilled water.
Tissue fragments (2 mm2 each) were cut from the samples and placed
on potato dextrose agar (PDA) medium in Petri dishes at room
temperature (18-22 °C) and under natural light conditions. After 3-7
days, the spores of the pathogenic fungus were developed, and pure
cultures were obtained by subculturing these spores. The following
microorganisms were identified based on morphological-cultural
characteristics and pathogenicity tests of fungal pathogens: fungi
causing leaf and fruit spots, Pestalotia sp., Phyllosticta sp., Phomopsis
sp., Colletotrichum sp., Alternaria alternata, Fusarium sp, as well as
fungi causing fruit rot, Botrytis cinerea and Phomopsis sp.
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According to the our results, the identified pathogens were
recorded in both lowland and high-mountain zones with the same
intensity.

Keywords: currant, diseases, fungus, rot.
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Transboundary Air Pollution and Respiratory and
Cardiovascular Morbidity in Rustavi, Georgia:
A Time-Series Analysis
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Transboundary air pollution represents a growing environmental
health concern, particularly in regions affected by long-range transport
of desert dust and other particulate matter sources (WHO, 2021; EEA,
2019). In Georgia, and especially in the city of Rustavi, episodes of
elevated particulate matter concentrations are frequently associated
with transboundary dust intrusions originating from arid regions to the
south and southeast (air.gov.ge). Fine (PMa.s) and coarse (PMio)
particles transported over long distances can penetrate deep into the
respiratory system and contribute to both respiratory and
cardiovascular morbidity (Lelieveld et al., 2015; Guarnieri & Balmes,
2014).

This study aimed to assess the short-term impact of transboundary
PMio and PM..s pollution on asthma exacerbations and ischemic heart
disease (IHD) hospitalizations among residents of Rustavi, Georgia.
A time-series analysis was conducted using hourly air quality data
obtained from the National Environment Agency of Georgia and
hospital admission records from the National Center for Disease
Control and Public Health (NCDC) for the period 2019-2023.
Transboundary pollution episodes were identified based on elevated
PMic and PMoz.s concentrations combined with meteorological
conditions indicative of long-range transport (Trans PMio/PMa.5=1).
Hospital admissions for asthma (ICD-10: J45) and ischemic heart
disease (ICD-10: 120-121) occurring during these periods were
analyzed.

During the study period, 6.007 hours were classified as
transboundary pollution episodes. These events showed clear seasonal
patterns, with peaks observed in January, August, and December.
Preliminary analyses suggest a possible increase in hospital
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admissions for asthma and ischemic heart disease during
transboundary PM episodes compared to non-episode periods;
however, these findings are not yet conclusive.

The study is ongoing, and further statistical analyses are required
to clarify the strength and significance of the association between
transboundary particulate matter exposure and acute respiratory and
cardiovascular health outcomes in Rustavi. The results highlight the
importance of incorporating transboundary air pollution into national
public health surveillance and air quality management strategies.
Strengthening early-warning systems and regional cooperation is
essential to reducing the health burden associated with long-range
transported particulate matter.

Keywords: Transboundary air pollution, PM.o, PM2.s, asthma, ischemic heart
disease.
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Fermented Non-Alcoholic Beverages: Functional
Nutrition Potential and Technological Approaches
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Fermented non-alcoholic beverages represent one of the most
promising directions in functional nutrition, due to their biological
value and potential positive effects on human health. Their production
is based on the controlled application of natural fermentation
processes, which ensures product stability and safety (Adesulu-
Dahunsi et al., 2025; Brugnoli et al., 2023). An innovative aspect of
this study is the integration of traditional Georgian fruit raw materials
into non-alcoholic fermentation, contributing to the efficient use of
local bioresources. These raw materials are characterized by a diverse
composition of bioactive compounds, including polyphenols, organic
acids, and vitamins (Katsitadze et al., 2025). The chemical profile of
fruits significantly determines the course of fermentation and the
organoleptic characteristics of the final product. Natural sugars serve
as the main substrate for microorganisms, resulting in the formation
of organic acids and various functional components during
fermentation. These compounds enhance the nutritional value and
physiological effects of the product. The role of microbiological
processes in beverage formation is analyzed, along with the influence
of selected starter cultures on fermentation dynamics. The
optimization of technological parameters ensuring stable product
quality is discussed. Emphasis is placed on technological approaches
aimed at minimizing alcohol formation, which creates new
opportunities for the development of non-alcoholic, health-oriented
functional beverages (Khablenko et al., 2025).

Keywords: fermented beverages, non-alcoholic, functional nutrition.
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Physiologically Active Compounds of Cyclamen

PAKSADZE M., VANIDZE M., KALANDIA A.
Batumi Shota Rustaveli State University

As is well known, traditional medicine has a long history, and the
use of plant-based preparations for therapeutic purposes is becoming
increasingly popular. Of particular interest are plants that have found
multifaceted applications in the treatment of various diseases (World
Health Organization, 2025). One such plant is Cyclamen; however,
studies devoted to this genus are limited, and available information is
relatively scarce. Therefore, Cyclamen was selected as the object of
the present study. The aim of the research was to investigate the major
physiologically active compounds of Adjarian Cyclamen using
modern instrumental methods.

Samples were selected according to their geographical location.
The identification and isolation of saponins were carried out using
ultra-performance liquid chromatography (UPLC-PDA) coupled with
mass spectrometry (MS). Antioxidant activity was determined by the
DPPH method, and a quantitative analysis of biologically active
compounds was also performed. Cyclamen is characterized by a high
content of saponins, which play an important role in plant ecology as
well as in commercial applications, including cosmetics,
pharmaceutical production, and the food sector (Moses et al., 2014).
As a result of the study, three triterpenoid glycosides were identified:
desglucocyclamen 1 (m/z = 1083 [M + Na]), cyclacoumin (m/z = 1099
[M + Na]), and miribilin lactone (m/z = 1243 [M + Na]). The dominant
compound was desglucocyclamen 1. Among the studied samples,
Cyclamen from Ortabatumi was distinguished by a high content of
biologically active compounds and strong antioxidant activity, while
the leaves were characterized by the greatest diversity of compounds.
(Grant: NFR-22-4236 01.03.2023)

Keywords: Cyclamen, saponins, mass spectrometry.
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Total

Cyclamen— Flavonoids  Catechins  Antioxidant

Tskhmorisi ?2;?&5 (ma/kg) (mg/kg) activity
Leaf 7943.18 7107.72 1120.97 40.72
Tuber 3237.40 1727.53 288.05 112.17
Stem 4680.39 3296.88 920.98 56.88
Cyclamen—
Ortabatumi
Leaf 9710.89 7482.88 1435.22 41.42
Tuber 4848.30 2282.28 318.05 61.81
Stem 7115.72 3121.72 1065.50 50.06
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Identification of Juglone in Walnut (Juglans regia) at
Different Maturity Stages

PAKSADZE M., VANIDZE M., KALANDIA A.
Shota Rustaveli State University, Batumi

The production of walnut jam is accompanied by the generation of
processing by-products considered as “waste,” including water and
fruit peels rich in toxic substances, which are commonly discarded or
burned. However, these by-products can be utilized for various
purposes, allowing their maximum potential to be realized. Plant raw
materials and the biologically active substances derived from them are
widely used in the production of medicinal preparations and sorbents
(Zhu et al., 2024). One such compound is juglone (5-hydroxy-1,4-
naphthoquinone), a metabolite of naphthoquinones, which is found in
walnuts, including their leaves, roots, and bark. Juglone is also used
as a natural dye. Antimutagenic inhibitory effects against TA98 and
TAL100 strains have been identified, and cytotoxicity has been
evaluated in certain cancerous and normal cell lines (Chamorro et al.,
2022). The aim of this study was to utilize walnuts at the “milk”
maturity stage both as a source of juglone and as an edible raw
material. Various extraction methods and solvents were employed,
and juglone determination was performed using UPLC-PAD-MS.
Since juglone is highly thermolabile, it is easily lost during the
ionization process. As a result of the study, juglone (5-hydroxy-1,4-
naphthoquinone, m/z 173 [M-H]") was identified, and the influence
of extraction methods on juglone yield was determined.

(Supported by Shota Rustaveli National Science Foundation Grant
MR-25-156)

Keywords: walnut, juglone, mass spectrometry, extraction.
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Sample / Extraction Method Juglone (mg/g)

US-assisted extraction with 50% ethanol 6.96
US extraction with 50% ethanol 20.81
High pressure and temperature extraction 18.15
Hot extraction using a reflux system 17.60
Classical extraction 9.89
Raw walnut peel, US extraction with ethyl
32.81
acetate
Lyophilized walnut peel, extraction with
38.80
ethyl acetate
Walnut peel dried at 40 °C, extraction with
35.27
ethyl acetate
Ice condensate formed during lyophilization 2.68
Er
0.20] ¢
0.151 E
2 U
<o10] @
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0,001
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Biomonitoring of Air Pollution in the City of Thilisi
Using Bryophytes

PEIKRISHVILI K., TIGISHVILI K.
Ilia State University, Niko Ketskhoveli Institute of Botany, Botanikuri St. 1,
Thilisi, Georgia

Air pollution levels in the territory of Thilisi were assessed using
bryophytes. The study was conducted during 2022-2023 across 10
administrative districts of Thilisi, where a total of 625 bryophyte
samples were collected from over 50 sites. The material was processed
at the Herbarium of the Niko Ketskhoveli Institute of Botany, Ilia State
University, using standard bryological methods.

In the urban environment of Thbilisi, 85 moss species were
identified, including 63 acrocarpous and 22 pleurocarpous species
(Tigishvili & Feikrishvili, 2024). A pronounced imbalance between
acrocarpous and pleurocarpous forms was observed, indicating high
levels of urbanization and atmospheric pollution (Mégdefrau, 1982).
The results revealed that the diversity and occurrence of acrocarpous
species increase toward the city center, whereas pleurocarpous species
are primarily found in peripheral and relatively less polluted areas.

The most widespread and air pollution-tolerant indicator species
were identified as Orthotrichum diaphanum, Tortula muralis, Bryum
argenteum, Bryum caespiticium and Amblystegium serpens. Species
indicative of clean air included Leucodon sciuroides, Hypnum
cupressiforme, Pylaisia polyantha, Homalothecium lutescens and
Pleurochaeta squarrosa. The pollution-sensitive species Grimmia
pulvinata was used as a differentiating indicator between central and
peripheral urban zones (Gilbert, 1968).

Spearman’s rank correlation analysis showed a significant negative
relationship  between the abundances of acrocarpous and
pleurocarpous species (p < 0.05), confirming the high indicator value
of bryophytes for urban air biomonitoring.

Overall, the results indicate that air quality in Thilisi is
characterized by a high level of pollution, particularly in the central
and intensively urbanized districts of the city.
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Assessment of Noise Impacts in the Environmental
Impact Assessment Process: Methodological
Challenges and Prospects for Integrating Health Risks
in Georgia

SANDODZE G.1?2, BAKRADZE E.}, ARABIDZE M2
INational Environmental Agency, Department of Environmental Pollution
Monitoring 150 D. Aghmashenebeli Avenue, Thilisi, Georgia

2Georgian Technical University, Faculty of Mining, Geology and
Sustainable Mountain Development 77 Kostava Street, Thilisi, Georgia

Noise is one of the most widespread factors of environmental
pollution, the impacts of which are particularly pronounced in urban
environments against the backdrop of expanding transport
infrastructure and the intensification of industrial activities. In
Georgia, the Environmental Impact Assessment (EIA) process serves
as the primary instrument for predicting and mitigating potential
impacts on the environment and human health. However, the quality
of noise impact assessment within EIA documentation still below the
international standards.

The current practice of noise impact assessment within the EIA
process in Georgia identifies key methodological shortcomings and
emphasizes the necessity of integrating health risk assessment into
noise evaluation. The scientific novelty of this research lies in several
aspects: for the first time, a systematic analysis of Georgian EIA
documents is conducted with a focus on the noise component;
methodological gaps affecting the accuracy of noise predictions are
identified; and international acoustic standards (ISO 9613-2 and
CNOSSOS-EU) (Acoustics — Description, m. a., 2025) are
comparatively applied within the Georgian context.

It is a new conceptual framework that integrates noise modelling,
guantitative assessment of health impacts, and realistic evaluation of
the effectiveness of modern mitigation measures (Environmental
noise guidelines for the European Region, 2025; Patel, 2024). This
approach represents an innovative platform for improving the EIA
process and enhancing the quality of decision-making.
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Study of the agronomic and enological potential of
Abkhazian grapevine varieties preserved in the
Jighaura collection

SHAMUGIA A., KIKVADZE M., KIKILASHVILI SH.,

MAGHRADZE D.
Caucasus international university, Chargali St. N73, 0141, Thilisi

Abkhazia is an integral part of Georgian viticulture, distinguished
by its unique history and the exceptional genetic diversity of grapevine
varieties. This is evidenced by the extensive body of scientific works
produced by researchers of the past century (Shamugia, Maghradze,
2025), which document both local grapevine varieties and wild
(krikina) grapevines. However, due to the tragic events that unfolded
in the region at the end of the 20th century, research on Abkhazian
viticulture was canselded for many years.

The present study reports the results of research conducted using
modern methods (ampelographic, phenological, eno-carpological,
productivity, seed germination, organoleptic, and enochemical
analyses) on seven Abkhazian grapevine varieties preserved in the
Jighaura grapevine collection: Agbizhi, Adznizhi, Atsimlizhi,
Lakaiazhi, Achkikizhi, Ansapzhi, and Atspizhi.

The study of these varieties revealed considerable diversity in their
ampelographic and phenological characteristics, including a high
intensity of hairs on the mature leaf blade, late ripening periods, and
relatively loose clusters. Eno-carpological evaluation of the berries
showed that Atsimlizhi is characterized by the highest polyphenolic
content (3859.4 mg/kg of grape), whereas Ansapzhi exhibited the
lowest value (780.3 mg/kg of grape) (Shamugia, 2025).

Chemical and organoleptic characteristics were determined in
wines produced using classical winemaking technology. The results
demonstrated that the majority of the studied varieties, based on
cluster and berry size as well as enochemical parameters, belong to
wine grape varieties, while only Achkikizhi can be classified as a
table—wine type. The chemical analyses of the wines comply with the
standards currently accepted in the field.

159



Table 1. Eno-carpological characteristics of Abkhazian grapevine varieties
(2024-2025)

ize (mm) Total Grape must parameters
) Bunch Berrysize (mm) phenolics Total
Variety  weight _ (mglkgof SURT ity pH

Length Width  grape) %) (mg/l)

. 199.8+ 135+ 128+
Agbizh 832 064 075 1908.0 231 8.16 3.1

. 212.3+ 145+ 13.7%
Adznizh 637 014 0.4 749.1 20.9 8.85 3.1

- 477+ 9.3+ 9.4+
Atsimlizh 73 045 061 38594 258 10.24 2.7

2355+ 155+ 159+
Ansapzh 26.1 088  0.96 780.3 194 10.47 2.7

. 2789+ 159+ 16.1%
Atspizh 321 011 024 1988.1 205 9.12 3.0
Achkikiz 228.6+ 18.3x 16.2+
h 49.6 0.35 0.02
199.8+ 16.2+ 15.8+

Lakaiazh 77 0.16 0.11 2369.2 20.4 10.53 3.0

1011.5 17.2 8.05 3.1

This research was carried out with the support of the Shota
Rustaveli National Science Foundation of Georgia within the
framework of a Master’s Grant (MR-25-155).

Keywords:  viticulture,  winemaking, = ampelography, carpology,
enochemistry.
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Environmental Burkholderia cepacia Complex:
Emerging Ecological Threats and Phage-Based,
Environmentally Safe Strategies

SHENGELIA M.}, STURUA S.1.2) LASHKHI N.1,
SULADZE T.r?, BERISHVILI G.12 TEDIASHVILI M.%2,
TSERTSVADZE G.1, JANELIDZE N.1,2

1G. Eliava Institute of Bacteriophages, Microbiology and Virology, 3. Gotua
Str., Thilisi 0160, Georgia

2University of Georgia, School of Science and Technology, Department of
Biology, 77a M. Kostava Str., Thilisi 0171, Georgia

The Burkholderia cepacia complex (Bcc) comprises a group of
ecologically widespread microorganisms that pose significant
challenges in environmental and healthcare settings. Members of the
Bcc are known to contaminate pharmaceutical products and cause
severe infections, particularly in immunocompromised patients. Their
intrinsic resistance to a broad range of antibiotics and disinfectants
significantly limits the effectiveness of conventional control measures.
In this context, bacteriophage-based, environmentally safe strategies
are considered promising alternatives for both environmental
decontamination and therapeutic applications. However, Bcc
bacteriophages remain poorly studied.

The aim of this study was to isolate, identify, and characterize
environmental Bcc strains and their specific bacteriophages, as well as
to evaluate the susceptibility of Bcc isolates to antibiotics and phages.

Bacterial identification was performed using APl 20 NE, MALDI-
TOF mass spectrometry, and recA gene PCR/sequencing with BLAST
analysis. Antimicrobial susceptibility testing was conducted according
to CLSI guidelines. Bacteriophages were isolated and characterized
using standard methods.

From 86 environmental samples (water and soil), 12 Bcc strains
representing six species were isolated. Most isolates were susceptible
to trimethoprim-sulfamethoxazole (100%) and meropenem (92%),
whereas 33% showed resistance to levofloxacin and chloramphenicol.
Three isolates were classified as multidrug-resistant (MDR). From 50
isolated phage mixtures, six bacteriophages belonging to the class
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Caudoviricetes were selected. Phage genome sizes ranged from 36.4
to 303.5 kb. Three phages exhibited unique taxonomic positions,
including two jumbo phages (vB_BoMT-1/77 and vB_Borb 2a/cl)
with no close homologs in public databases. Genomic analysis
revealed no classical lysogeny modules, indicating a lytic lifestyle.
Individual phage lytic activity ranged from 17% to 58%, while the
combined phage panel covered 92% of the tested Bcc isolates.

These findings demonstrate that phage-based strategies represent
an effective and environmentally safe approach for reducing Bcc-
associated risks in environmental and public health contexts.

Keywords: Burkholderia cepacia complex, antibiotic resistance,
bacteriophages, phage therapy.
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Virulence of the Wheat Leaf Rust (Puccinia triticina)
Population Widespread in Georgia

SIKHARULIDZE K., TSETSKHLADZE TS.,
NATSARISHVILI K., SIKHARULIDZE Z.

Batumi Shota Rustaveli State University, Institute of Phytopathology and
Biodiversity

Wheat (Triticum aestivum L.) is a strategic agricultural crop for
Georgia. One of the main factors negatively affecting wheat yield is
fungal diseases, among which wheat leaf (brown) rust, caused by
Puccinia triticina Erikss., is a widespread and economically
significant disease. An environmentally sound approach to disease
management is the development and introduction of resistant cultivars
into production, which is based on the results of studies of virulence
changes occurring within pathogen populations. The aim of the
present study was to investigate the virulence structure and racial
diversity of the Puccinia triticina population present in Georgia.

The research was carried out through field expeditions and
greenhouse experiments using internationally accepted classical
methods (Roelfs et al., 1992). In 2025, according to a pre-established
schedule, four field expeditions were conducted during the wheat
growing season (May, June, and July). Commercial wheat fields and
breeding plots located along roadsides and on farmers’ holdings were
surveyed across almost all agroecological zones of the country
(Kakheti, Shida Kartli, Kvemo Kartli, Meskheti, and Javakheti). The
incidence of leaf rust was very low (1-10%), with relatively higher
intensity observed in Kakheti. However, it should be noted that leaf
rust is a foliar disease and was often observed developing on leaf
blades together with stripe rust and stem rust.From samples collected
in Dedoplistskaro, Sagarejo, Dusheti, Mtskheta, Tetritskaro, and
Akhalkalaki, a total of 75 monosporic isolates were obtained. Based
on inoculation of an international differential set consisting of 20
cultivars with individual isolates, followed by assessment of their
reaction types to leaf rust, the races and virulence composition of the
leaf rust pathogen were determined. In total, 13 races of leaf rust were
identified in the population (NTKRQ, NSTRQ, PTTRS, PTTRQ,
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PSTRQ, PTKRS, NTKQQ, NSTTS, PTPPQ, NPFMQ, NTTRQ,
NSKQQ, NTKSQ). Race NTKRQ was dominant, accounting for 45%
of the population. The virulence formula of the common race was: 2a,
2b, 3ka, 15, 18, 28/ 1, 2c, 3a, 3bg, 9, 14a, 16, 17, 19, 20, 23, 24, 26,
30, B. At the seedling stage, resistance to leaf rust was conferred by
the resistance genes Lr2a, Lr2b, Lr3ka, Lr10, Lr15, Lr18, Lr21, Lr28,
Lr29, and the gene combination Lr10+27+31. Among the additionally
analyzed isogenic lines, the resistance genes Lr21, Lr29, and
Lr10+27+31 were found to be effective.

Keywords: wheat, rust, virulence, race.
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Glutenins of Georgian Endemic Wheat Species and
Varieties

TCHIGITASHVILI T., AMASHUKELI N.,
GAGANIDZE D., SADUNISHVILI T.

Agricultural University of Georgia. 240 David Aghmashenebeli Alley,
01599 Thilisi

Glutenins, as one of the main protein components of wheat flour,
have a signifcant impact on the baking quality of wheat bread. The
fractional composition of grain glutenins from endemic wheat species
and varieties preserved in the gene bank of the Agricultural University
of Georgia was studied. Protein extraction was performed from flour
obtained by homogenization of wheat grains in liquid nitrogen, using
sequential extraction and differential solubility based on a modified
classical Osborne method (Osborne, 1935). After the extraction of
albumins, globulins, and gliadins from grain flour (Amashukeli et al.,
2025), glutenins were extracted from the remaining precipitate using
50% 1-propanol containing 1% dithiothreitol for 30 minutes, vortexed
for 1 min, at 10 min intervals, followed by centrifugation at 2,000 rpm
for 5 minutes (Lookhart et al., 1995). The supernatant containing the
glutenin fraction was diluted 1:1 with sample buffer and incubated at
95 °C for 5 minutes in a thermostat. Glutenin protein profiles were
analyzed by polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulfate (SDS) using a vertical system (Blue Vertical
101, SERVA). Electrophoresis was carried out at 150 V, 20-40 mA
for 2 hours. Based on the electrophoregrams obtained after fixation,
staining (performed with SERVA Coomassie® Brilliant Blue G 250
dye), and washing, low-molecular-weight glutenin proteins with a
molecular mass of approximately 63-65 kDa were detected in all
samples. Proteins with a molecular mass of approximately 80 kDa
were identified in samples of several species, including the local
variety Vardzia (Triticum aestivum L), Akhaltsikhis tsiteli dolis puri
(Triticum aestivum var. ferrugineum Alef.), and Korboulis dolis puri
(Triticum aestivum var. aestivum). Dika (Triticum carthlicum Nevski)
and Shavpkha (Triticum durum var. caerulescens Koérn) were
distinguished among the studied species by the absence of high-
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molecular-weight proteins (>100 kDa). It should be noted that proteins
with a molecular mass higher than approximately 130 kDa were not
detected in any of the wheat samples. Studies of allelic variations of
glutenin-encoding genes are currently underway using selected
primers and conventional duplex PCR.

Acknowledgment: This work is funded by the Shota Rustaveli National
Science Foundation of Georgia (SRNSFG), grant number FR-24-17827.
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Lactic acid bacteria selected from local apple varieties
for the production of innovative probiotic juice

TKESHELIADZE E., GAGELIDZE N., SADUNISHVILI T.,
TOLORDAVA L., VARSIMASHVILI KH.,
TINIKASHVILI L.

Agricultural University of Georgia, Sergi Durmishidze Institute of

Biochemistry and Biotechnology, Kakha Bendukidze University Campus,
240 David Agmashenebeli Alley, 0159 Thilisi, Georgia

Fermentation is an effective and cost-efficient method of
preserving food and producing bioactive compounds. The
effectiveness of fermentation depends significantly on the
composition of the raw materials and microbial cultures used.
Selecting and using new, locally sourced probiotic strains can increase
the nutritional value of plant-based dairy alternatives. The study aimed
to enrich apple juice with lactic acid bacteria (LAB) and evaluate
changes in bioactive compounds during fermentation. The following
strains, which were isolated and identified from apples, were used in
the study: Lactiplantibacillus plantarum 52, 74, and 76;
Levilactobacillus brevis 18; Lactiplantibacillus pentosus 57; and
Lactobacillus fermentum 44. These strains were distinguished by their
probiotic properties, including growth at low pH, tolerance to bile
salts, antimicrobial activity, and resistance to antibiotics
(Tkesheliadze et al., 2023). Number of viable cells were determined
by the serial dilution method (Ig CFU/mL), the total phenolic content
by the Folin-Ciocalteu method, and the antioxidant activity by the
FRAP method. According to the obtained results, the viability of Lpb.
plantarum 52 and 74 after 48 hours of apple juice fermentation was
7.23£0.05and 7.82 = 0.06 Ilg CFU/mL, respectively. During the same
period, the total phenolic content increased from 345 + 17 mg GAE/L
to 418 £ 25 mg GAE/L in samples fermented with Lpb. plantarum 52.
Meanwhile, the antioxidant activity significantly increased from 315
+ 18 mg AAE/L to 1055 + 90 mg AAE/L under the influence of Lpb.
plantarum 74 and 76. Selected lactic acid bacteria maintain probiotic-
level bacterial titers and enhance the bioactive properties of apple juice
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during fermentation, demonstrating their high biotechnological
potential for the production of functional probiotic beverages.

Keywords: apple juice, lactic acid bacteria, fermentation, phenols,
antioxidant activity.
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The assessment of the impacts of global climate change on high-
mountain ecosystems constitutes an important scientific challenge.
Global warming, together with associated alterations in precipitation
regimes and snow cover dynamics, is expected to exert a particularly
strong influence on high-altitude vegetation. Climate change in the
twenty-first century may lead to a substantial decline in global
biodiversity, including the potential extinction of species adapted to
extremely low temperatures and short or abruptly interrupted growing
seasons. Climate-induced environmental changes are known to have
especially pronounced effects on broad-leaved tree species, including
birch (Betula spp.). In Georgia, natural birch forests are rare,
accounting for only 3-4% of the country’s total forest cover. These
forests are typically associated with cold climatic conditions and are
confined to subalpine zones. Among Georgia’s highland regions,
Kazbegi is of particular interest due to its long history of
anthropogenic disturbance, which has destroyed extensive forest
stands. Subsequent forest degradation transformed these areas into
subalpine secondary meadows that have been widely used as pastures
and hay meadows. Over recent decades, reforestation processes have
been observed on slopes previously occupied by birch forests.
Seedlings of Betula litwinowii Doluch. have increasingly appeared in
pastures and hay meadows. In the Stepantsminda district of the Central
Caucasus, natural regeneration of birch forests is particularly active on
north-facing slopes. A reduction in grazing pressure, combined with
ongoing climate change, is considered a key factor driving this large-
scale reforestation process. In this study, we investigated the natural
regeneration of subalpine birch forests and analyzed changes in
vegetation diversity during forest recovery. Distinct stages of forest
restoration were identified and compared in terms of physical structure
and species composition, revealing pronounced structural and floristic
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shifts throughout the regeneration process. The data obtained are of
considerable importance for environmental conservation and may be
applied to the planning and implementation of artificial forest
restoration initiatives. Effective rehabilitation efforts require a
thorough understanding of the ecological conditions necessary for the
development of target tree species and the establishment of suitable
environments to ensure successful regeneration and long-term forest
stability. Overall, the findings indicate that climate change has a
substantial impact on birch forest dynamics. Previous studies have
shown that, as a result of both climatic and anthropogenic factors, the
treeline ecotone has already undergone upward vertical migration. Our
research confirms a notable shift in the upper limit of birch distribution
over time: 2560 m in 2002, 2685 m in 2015, and 2698 m in 2025. This
trend is consistent with observations reported in the literature, which
indicate that vertical forest migration is already underway and that
global warming represents the primary driving force behind this
process. Based on these findings, we emphasize the importance of
continuous monitoring of the treeline ecotone under ongoing climate
change, as this will provide essential insights into the status and
dynamics of vegetation cover in the region.

Keywords: global climate change, subalpine birch forest, Betula
litwinowii Doluch., treeline ecotone.
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Diversity, bioindication and biomonitoring of soil mites
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High-mountain ecosystems are particularly vulnerable to global
climate change and anthropogenic impacts, which significantly affect
soil biodiversity. Intensive grazing leads to the degradation of
vegetation cover and compaction of the soil surface, which limits the
distribution of soil microarthropods (Manu et al., 2023). In the
mountainous eastern part of Georgia, the Khevsureti region, the
species diversity, community structure, and distribution of soil-
dwelling oribatid mites were studied in subalpine and alpine meadows.

At this stage, a total of 85 species of Oribatid mites have been
registered across all experimental stations, of which 76 species are
found in subalpine meadows, and 51 in alpine meadows. The largest
number of individuals is represented by several dominant species,
which can be considered as species characteristic of these ecosystems.
In addition, species that are rare for Georgia and characteristic of high-
mountain ecosystems were identified.

The result obtained will allow us to identify the oribatid mites
characteristic of these ecosystems and determine which oribatid
species or groups serve as indicators of anthropogenic disturbances
and harsh climatic conditions in high mountain meadows.
Bioindicator species and species groups can be used to rapidly detect
environmental changes in similar ecosystems (Todria et al., 2021) and
to guide the planning of management and monitoring of pastures and
other agricultural activities (Gergécs & Hufnagel, 2009; Gulvik,
2007).
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Ampelography and Oenology of Adjara Grape
Varieties
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Based on historical sources and archaeological findings, it is
confirmed that grapevine cultivation has been widespread in the
Adjara region since ancient times, resulting in the formation of more
than 40 autochthonous grape varieties. Complex historical events of
the Late Middle Ages significantly hindered the development of
viticulture and winemaking in Adjara and restricted the dissemination
of local grape varieties (Tsetskhladze, 2025). In the 20th century, local
grape varieties were studied only partially, while research employing
modern viticultural and oenological methods remains insufficient to
this day. Within the framework of the present study, four Adjara grape
varieties preserved in the collection - Tagidzura, Chechibera,
Tskhenisdzudzu Acharuli, and Klarjuli - were investigated using
multidisciplinary methods, in comparison with the region’s leading
grape varieties, Tsolikouri (b) and Chkhaveri (n). For the first time,
agronomic parameters were determined, including vyield, berry size
(Klarjuli exhibited the longest berries at 21.68 mm, while Tagidzura
had the shortest at 12.74 mm) and bunch weight (Tskhenisdzudzu
Acharuli showed the highest weight at 345 g, whereas Tagidzura had
the lowest at 79 g). The varieties were characterized using OIV
descriptors, and illustrated ampelographic cards were prepared. The
characteristics studied in the experimental wines demonstrated
compliance with legislative requirements.

The obtained results indicate that the wine grape varieties
Tagidzura and Chechibera are both promising for winemaking in
Adjara, while Tskhenisdzudzu Acharuli, previously classified as a
table grape variety, may be considered suitable for blending with other
wine grape varieties.
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Table 1. Chemical parameters of experimental wines (2025)

. Berry  Alcohol Titr_atgble Vo_Ia?iIe
Variety color (%) acidity pH  acidity
(9/L) (9/L)
Tagidzura Red 14.2 6.6 34 0.5
Chechibera White 12.8 8.7 2.8 0.7
Tskhenisdzudzu Red 11.8 4.2 35 0.3
Acharuli
Tsolikouri White 9.5 7.0 3.2 0.2
Chkhaveri Red 9.5 5.4 3.5 0.4

The research is conducted with the support of the Shota Rustaveli
National Science Foundation of Georgia within the framework of a
Master’s Grant (MR-25-622).

Keywords: descriptors, wine, chemistry, sensorial evaluation.
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