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539Bgd0 53 ™dol 396H0Mm©o
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I 393939300L 21.03 | 17.03 | 28.03 2,0 3,0 4,0
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II ©53036gd0L 08.06 | 07.06 | 10.06 | 20,0 | 25,0 | 30,0
sbofigolo
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III | 43530@mdol 19.06 | 26.06 | 26.06 | 56,0 | 62,0 | 45,0
sbsfiyolo

IV | 3sbom®o 02.07 | 10.07 | 15.07 | 57,0 | 62,0 | 55,0
4353000

Vv ogberol 11.08 | 16.08 | 14.08 | 52,0 | 62,0 | 54,0
dmdfogxzgdol
sbsfigolo
(85369)

VI | ogbegrol 24.09 | 27.09 | 10.09 | 50,0 | 55,0 | 48,0
00(0g53905

VII | oogbgmols 23.10 | 30.10 | 28.10 | 45,0 | 45,0 | 43,0
dmdfoggdol
QLMo

gbGowo 2.
05385356 mbmmygbgbol dodobstgmdols 3GmEglio
(30wdo30098w0)

# | 93gbotol 30DOMEMYOOHO Lodsgerg (1)
29630m0M9d0L 335Dg00L
B39O0 530l 39MH0MmEO

2017 | 2018 | 2019 | 2017 | 2018 | 2019

I 393935300 20.03 | 08.03 | 15.03 | 2,0 4,0 5,0
QLsyolo

I 3030900l 27.05 | 20.05 | 30.05 | 35,0 | 40,0 | 42,0
3Lsyolo

III | 43530@™dol 01.06 | 08.06 | 10.06 | 68,0 | 650 | 75,0
sbofigolo

IV | dsbomeo 22.06 | 28.06 | 06.07 | 68,0 | 72,0 | 94,0
43530000

v ogbeol 19.07 | 30.07 | 03.08 | 65,0 | 72,0 | 80,0
dmdfoggdol
sbsfigolo
(053569

VI | oogberol 10.08 | 13.08 | 18.08 | 60,0 | 70,0 | 76,0
dmdfoxggds
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VII | oogbeools 20.09 | 23.09 | 20.09 | 50,0 | 60,0 | 68,0
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d3gbogms  930L9dYMHYdJIOL  Bgbmwmyom®o  33agls -

d9LFo3e0b Lidgds gweEolbdmdl d9dgal:
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43530¢Md0L 39MH0MEO (FYgds - TMsZ3MYdY);

09bewol dmd[ozgds;

3LOTOEHEOMO 535G 33MTs;

Lobogmabem 30300l sdmogMgds.
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O™
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(2960390LOAIHOL LagEIwo 65339000) .

gbéogo 3.

05385336 Lodsgmeng (10.) MbamygbgBol dodobstgmdols 3GmEglido

2017-2019%.§.

d3gbomob Lodoweng (LO) Lbodsweng (LI)
39630m5Mg00b | (39E)®0) (30 H0300gd)0)
35Hgd0
2017 | 2018 | 2019 | 2017 | 2018 | 2019
39393°300b 2 3 4 2 4 5
sbsHyolo

1I

©93Mm3Mgd0oL 25 20 30 35 40 42
sLsfiyobo

111

43930Mdol | 56 62 45 65 68 75
sLafiyobo
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43930QMdd>
V| ogbeol 52 62 | 54 |65 72 80
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sLsfyobo
(8%3569)

VI | oogligols 50 55 | 48 60 70 76
9md{oggds
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Q5LslOYIEO
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- 900 3560539BHM0 B30l Mb0b Lodsmergs.

gbOoo 4.
05385350 256300561980 doMIMOHFBMEMY0HO
530L9dMHdYd0, 2018¢geo

R5Dgd0 R0DBOMEMR0MO 39@. | 39M6M0
360 m39Lgd0
30639@0 Bodmn®ol 09.03 13.03
RsBo- dml3969%0L
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Godmgabs
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glucuronide, Negative ESI MS: m/z=477.06[M-H+], 9mg39mmeo
dsboon : 478.36/dme0o.
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glucoside,NegativeESI MS: m/z= 430.95[M-H+], ®6s3d9b@o m/z=
270.84[M+H], 8c¢09309¢0 )Mo 8olioo: 432.37 /dmero.

30000.0

ity

20000.0

Intens

10000.0

0.0
9.00 1000 1100 1200 1300 14.0C
Minutes

10.953 Peak 6
1.20R11.3

1.00 \

0.80 ‘0

\
2 601
T 0601 | 5638

0.407
0.20 335.4
0.00]

25000 30000 350.00 400.00  450.00
nm

9.004 Peak 2 - QDa 29: MS Scan 29: QC
270.85

250000+
200000%

150000

Intensity

100000

50000;

- » !
200.00 400.00 600.00 800.00 1000.0C
mz

6030096M9ds 6 m/z =447.07 [M+H*] JOHmds@mysds®y 893539000
O™ 9.005 §or-0s, doobomngdol dogbodmdo »en@EGmooobgyg® Lbogby
2638 o 3354 63-Bg goduodgds.  JOMIsEHMYMmR0w0
FobollosmgPBWGO0m,  WOFBIMSGHMOMWo s  ddboms  dBoL
(https://metlin.scripps.edu) dmbs383000 60gmogmgds 6 Bz96L dog
0963050306093 w0y, 99306000 GMMIMEom  HMYMOG
C21Hi180n1 53039606-7-g3MmOMmbmnobs (Apigenin 7-
glucuronide,Positive ESI MS: m/z= 447.07[M+H+], g6sdgb®o m/z=
270.85[M+H*], 9mg399em®o dsboo: 446.36 /dmeno.

40


https://metlin.scripps.edu/
https://pubchem.ncbi.nlm.nih.gov/#query=C21H18O11

300000
> 200000
2
g
c
= 100000
ol
R L s P
7.00 8.00 9.00 1000  11.00
Minutes
9.005 Peak 1 - QDa 1: MS Scan 1: QDa Positive(+) S 9'03‘7‘(?9;; 2- QDa 29: MS Scan 29: QB
400000 244707 2500001 .
300000 200000
2
Z ‘2 1500007
S 200000 g
‘E c
= = 100000
100000 500001
o NI I - O VS AL W W,L,‘,_
200.00 400.00 600.00 800.00 1000.0C 00.00 400.00 600.00 800.00 1000.0C
mz mz

Bogmoghgds 7 m/z =286.82 [M+H*] J6035EHma®msds®g 89353900L
@6 9.005 §or-05, doobmngdol doglodmdo Man@EEmsoobgg® Lbogzby
2638 > 3354 63-By godbo®gds.  bogmoghgds 7
JOMTGHMAMG0MO  TobslosmMGIWGO0m,  WOGHIMIGHWOICO OO
dobomy d5Bob  (https://metlin.scripps.edu) 9mbsggdgdol dobgzom
B3obl  Bogh  00gbGHOROEOMGOMW0s,  OHMAMOE  9830H0EO
xmOIwom- CisHwOs  wm@Egmeobs  (luteolin, Positive  ESI
MS:m/z=286.82[ M+H+], 70539960 m/z=162.87[M+H"],
99329060 doboo: 286.23/dmeo

41


https://metlin.scripps.edu/
https://pubchem.ncbi.nlm.nih.gov/#query=C15H10O6

8.845 Peak 2 - QDa 32: MS Scan 32:
286.82

1.2x10°
1.0x108
8.0x10%
6.0x10°]
4.0x10%
2.0x10%]

0.01—

1.0x10%

Intensity
Intensity

5.0x10°

10.122 - 286.90

2 Lo ‘
T P — 0.0+ i —— —— ——
800 10.00 200.00400.00 600.00 800.001000.0C
Minutes mz
8.845 Peak 2 - QDa 32: MS Scan 32:

140000.0

120000.0] 162.87
10000001

Intensity

80000.0-
60000.0-

40000.0-

150.00 20000 250,00 300.00
mz

0530535L dofiolbbgs Baffocro dg03o3L 0,1-1,4% gogmgeb Bgomb,
dobdo  MI0boMYBL  3oM353MME0,  MOIMWO  ©d domagbo.
d0MEIMPOMES  oJBHOMMO  XaBgdo©ob 3o oo dgoEogL
Bobdomfiyargdls, ™mO0bvgem 059390, A0396M396m00L,
LGHIOMOEIdL, 30306 C, JM0dwsg bogmogMgdgdl. 385350
0gbewdo 10-30%-0¢gs (3b0dmzgsbo Bgmo, 23b3gds  S0RsEHWGO
L3oMEgd0.

B3gbo  9du3g©m0dgbGHIOOLS s WOEIMSGHIOME  Imbs3gdgd by
©94OHEbMBOm 300w 3000 M93mTIbE300L 3535358 LadMgfggam
3obGHoool  mglgol s 29MR30L  M3G0TIWNMIM0 35005
Logdo®mnzggemdo d99m@ymdol 306039e0 bobgzs6mo. 398939300L Igmeg
fowbl 9(3569 dobol 36Mm©wdGHI™mds 15 #/35-09 ©s35830JsoMgm,
WoBHIMoGOHMo  dmbszgdgdom 30 gl @osbarmgdoom  8-10 3y
d306Mx85L0 gmgOHHBYM0s. 1530535 MOREM3sb0 I39b56M9399, 1 35-sb
100 32 o3¢0l doegds 9godengds.

B396 Ho@®HMIgEHOHMwo dgmmEom 63LsBO3MYm - go@Eedobo C
09933900mds  ®03dogol 3gbotol  Lbgssbbgs  Bofoengddo

42



930LoLEHGIOL  goblbgzegzgdnme  sMgoedo, 30Gsdobgdo - Moo
Jodom@o  89003960mdol boghmgdos, H®Iwgdoz bogmoghgdsms
330L  MHIRMWOGHMOIOOL OO  SbOHNMEGdID, Foo sMIOLYGOMDY,
Bogagdmds 96 LoFoMdg  9653060MdgdL  Lbgoslbgs  Lobol
Q55350J09g0L, oL 959 obobo 8goagbgb 1533900L 30 gdY
9905009969 BogmogmgdgdL. 9JL396M0d96GL 3900929000
29960c0Bgool  dggas  bomgwo  gobs, Gm3  go@sdob C
399333900MdS 0500wdm056  Bmbsdo  gogMEgegder 39 H
13M39ddo dg@0s I3965Mm0L gzgws bsfowdo, oMy BsdmmzsM©ads

370300907900 X 0do.

gbMoo 10.
3035006 C 39933390 mds 53353580 - ( 33%)
NN SIOIOTN ©9HMIO0 BOIO0 | Y35309d0
9m30, B30l | 3MwEozotmy | 35,0 35,5 43,6
©bosb 00
15200 39060 39,1 39,5 44,6
dzbgmo, Jw@Gogzohy | 31,1 32,1 41,0
B30l a0
©mbosb 39007 29,2 32,6 41,4
4809 60

00600 038535 B3gegd®mogo  (Origanum Vulgare) 990353V
LoEMEbEOLsMZ0L 5430eGdIE? BOMEMYOMSE 5JE0YO bogMmgdL.
OmamOE 439960l gmbmdm@ebozmdo  BHMmooEogdol  33eng3s0
@gboym, gl 9I39bstg oLGHMOOMWHE 20000Y9gbgdms
1593Mbs M, 3OMI5G M, 15006 Qo LobgEgdgem
L59v)oegd9ds. 595505 TolBY L MAIOM s WROM IbsME
dmbmgzgbgdl dolio d+9693Mm030 MLHOLGdIOL AobsYMMads Im3yzs o
Qs 36magbo  dmdsgowdo MRO™m  0bEgblowdo s 89MJ393900
29bgds. 0530535 B39wgd®0og0L (Origanum Vulgare) LsdGgfggem
35bs530900L dg9ddbs byl Fgmfgmdl Lods@mggeml »bogswm®o
39593039900 OHgLELYOdOL TgbsMbMBYdIL,  93MEMYOMGS© Lygms
Byomgmol dmygsbs Logd3zws© ©sYEIds 0SB0, SO MBGMOZO
L5839MbsFodwM, 35HB0MBgMHIMOo, BsEgdsMo s JMEobsGrwo

43


https://ka.wikipedia.org/wiki/%E1%83%96%E1%83%A6%E1%83%95%E1%83%98%E1%83%A1_%E1%83%93%E1%83%9D%E1%83%9C%E1%83%94
https://ka.wikipedia.org/wiki/%E1%83%96%E1%83%A6%E1%83%95%E1%83%98%E1%83%A1_%E1%83%93%E1%83%9D%E1%83%9C%E1%83%94

L5395 gdgdol  gdabol, o3 MBOHMB3gYMBL  FoMmIBGHOMIIME
05DoMLYO s LBEHBOW MO FgdmLogEgdol s3330MOSL.

05308535 B3gemgd®og0o (Origanum Vulgare), Gogm®s
Loe9gds®o 9396569

005305350 LoEYdsMO® 39630050 YBOL sEMIMWO 39MHOMPOHD
0ygbgd9b, 50 9B3%by 0go dmygogobgzmm - dmdfzobm dgg39630L
0d935, 39630m5M9d0L 9999y 3960M©T0 30 WBOM FJ Yoz30L53gM
1969030 ©0gd53L BoB Mo ®  Jumzowgdlsy mvy FoGYgwl. sl
0y9gbgd9gb 8530 13960l LoMgds30L JoLoMYdssE, Mo3g Bgdmm 339
Logobggdm 5¢360d6g0m.

B396L og® BodoMs Lgeos gdudgModgb@gdols, dmdogdoe odbs
Lodgdcmm bsgdgdo I3gbaMggdol  gsdmygbgdol  gmbmdmEsbozmmo
mbot - Bggzomo Tobogrgdo o M9393HYd0. 8go@bs ds0d dmeol
Mbo3oeMo 939669900 - 0538535, 3MfabM0, 303¢ol Fgbym. mbwos
500b0dbml, M3 Jgmadowo Tsbows Loboodmgbm, dgx39MH3000 ©o
90aM5M300 bolinsmEYds.

0l 9330dwo0s 503608bmm, MM Jormbgsgzs 0dols, G
056599000m39 FoMdmgds s 3H9dbmmwmaogdo 0dwggzs Jumzowgdol
39090306 @5 BgJuBool  FoMdmgdol  MedMmog  LodmeEgdals,
06906030 Lowgd939d0L 459MYghgds 56 J39MHAS3L 030l SJE¥oEIMdL.
005bsb  gPmo 3930 00960  AFoMIMGdgEo  ZoMojom,
0mbgd6M03 0baMmg096GHJOOL godmygbgds®y s 0bogzoMLEGO
3933907900L gbHEgdsDY OWOZ0WH. FEMDIWMMIO J3MEMYO0)M0
3M0Bolol gmbby, 3969dM030 064MI0YOEHIOOL 250mygbgds gobgs
36M9LGH0gMNWo. 53Ibs MR NG 30HMdYGOTo Loglbgdom Fglsderms
dogoomm Bggbmgol LabvyMzgeo ©s Bmpos  dodbowgzgwo
JuemgzgoMo  Bsfo®do, mwbosg 9339 9mdgzgegdmEo, ImEOEsb
29030 A9bBIdMo 60gmObsYb.

44



©51336900

530535 B39wgd®ogol (Origanum vulgare) LodMgfiggerm

3sbBo30gdol 99Jdbs bgawl 9gufymdl dggybol Mbogserwm®o
396mx8mbol  gbsBmbgdsl,  3MHMOMIGHMEMOOL  FoBMHELL;

3 GH0306093)0 X039l dobo 509853 gds 3G BMMIGOOL
Tsbol,  gLodsdobs  0BMEIds  MILEEOL  TMbOgsOE,  Mo3
06@gbbowmo &gdbmemyogdols dgwgy0s.

39 GH0300930 1538535 B39 gdmogz0bomzol  (Origanum
vulgare)  ©53obolosMPIJos  BOMIMMRM-OMPOMOO @O

0m@sbozmmo 3090900056 250m00bstg 396500
39630056930 53glzms LoliGGds, HMBEoL LogMBg s50HglL 19 -
22 18-809s, b ol 23-30 g-gs, OB Lobiwydol
(39005335600 Bs3ge0) d9@obobsl 30 40 &/3s Fgbsdsdoba dolo
3565993 M9gd0l LogMdg 2710-0¢0gs, sbs 30 34,5 4-009

2390033 gm0s 0030535 B39vgd®ogzol (Origanum vulgare)
00MINOBMEWMYPOYOHO  Mo30L9dMYddoL  Ldgds.  dggbstol
sbo3MdMOZ0  LGHOEOgIOLS @S MEYbmms  FoMdmddbols
360Hm3qLYdoL 894960BTJdOL WYIBOM F50d0GMS MBMMYIbgHOL
dogm  3g96HomETo  53MHMBOMEMAOHO  0530L90MGdsbo, o3
898380 LOYBNIZCHE IR FoRI  IOMEYIHYWO
3sb@o309d0L 89dabosb;

50996005, HMB 1530535 B39 gd®m030L (Origanum vulgare)
39bmEMmaommo  gsbgdol  9090bsmgmdol  Mz30LgdMgdsbo
mbommyqbgHols dogo 3960m©ob 296853@mdsdo
BODBOMEMAOMOO  256300000930L  9E3900L  I0dObIMYMdOL
396mbBmdoghos s g8mMbongds  doErsbmgsb  digbstgoms
239630056M930L 3¢sl03ME BMEIEU.

op9bomos 938035 Bggmegdmogol (Origanum vulgare)
©056mbEHo30L 3030 dmggo. Bossgol
Bogmmpog@gdobs Qo 93mbobEgdol 3565393500l
239035¢0lfjobgdom drm3zdo: boswogo - aoMgdm - Lobwydo -
dmbogogo ddodg ommbgdol gmbol hsmzwom. mGysbmwo
Lologdol  TgBobs 40 B/3s  Loa®dbmdwos  BOM@OL
36MHMYYJBH I Mdl s baMobbmd®mog dsb39690¢qdlL, Mog 030l
dbM0g by gmeols Lsbogmberm goliBg sYIOMSE S0LsbYdY;

45



6.

10.

©5030b@s, OHMI 3530535  B3gMwgdcmo30L (Origanum vulgare)
LYbMbMOO 296300000900 3030 Fggds  93o3MO©
396mbBmMdogho  ghHmIsbgmmsb  Bsboggwrgdmwo,  goblbge-
390990 9BHO3g00Logsb s sTIM3I0EIVE0s  93mLoLEIIOL
356589¢M9dby: 396500985%, ol boba®dwomdsby,
39939093 M9700%g,  Bowgdgdol  39MH0M©YEMdsHY,
6050530b b5gmg3096M9d5%by.

5000y ™og8ozs  B3gMegdMogol  (Origanum  vulgare)
LodGMP39w™  3wWsbESE0gdOLIMZ0L  M3GH0TogrHo 33900l
oMggdo:  45X30; 70X30, Gmas o©owo  5Jgl  ddwszco
sbOTOWHEOMMO  535MOGOL  FIB30MMYDIL, Mo SMEFOWYdJLO
3060055 50T MBO0 3HMOMJGHYIMOOLIMZOU.

©5099853005  LBEGBIOGHMWo  MgLberol  dsbzol  dgddbols
3565993HM9go0l domgro Bggds, Bobo s0gdol, d965b30L 350gdoLs
©5  300MdJdOL  Bomzwom. MYLEIOL  50gds  bs  Tmbgl
93930000350  8mdfoxnqgdol Qomzowobjobgdom oMo
239630006900 83965099006, sbaMolbogl BMogdi0gd0L
90bg300 50dM3g6930L boMolbol gsm35wolfobgdom. 33900l
o6glb 45X30 o 70X30 306mdgddo, mMasbmwo  Lobvydgdol
99¢3obolisl mglierols Bmlbsgmosbmds do@wemdl momdgdol 1,2
X0

0530535 B3gmwgdcogol (Origanum vulgare) 23MMBOMEIM-
230960 530L9dMGOGOOL 45035 oLobId0m ©OIMb-30MgEH S
0gbgol  35©Yd0,  MY3MIgbomgdwos  dobo  sMgLZS
bogbmwdo, dgdmymdom, Bsdms®mdo, 0wdzs MB0MmGHILMdS
dogbodFs  Lgd@gddmol  30M3gw  Bobggze®l, 8s80b  sbemo
50dm 3969080 9396569900 dodlodogr Mo 094gbgdgb GHgbls o
Lodml,  GMamM3  990mEamdom,  olg  ASBIBbMDbY
39390ME0@YOH0 30HMEgLgdoL 8030bs-Mgmdolsl.

530535  B39Mwgd™ogol  (Origanum  vulgare) 390G )Oe
X 039030 ddMoc0 60300gMYdsmS 8993390 ™Mds 503l 91 %-3¢y;
bowe 39096 gm®dgddo 88,2 %-0g,  9gLodsdolo
39OmE0bgdol 899339 mds 12,5 8/100y o 10,199/100y - dg
50f93L, bmm Jwmdmaowol 899339¢mds  91,8% o 103, 6
33/100-8009, ©29m30090w90s 93mboLEaoL 356539¢MgobY;

46



11.

12.

13.

14.

030535  B3gMmwgd®ogo  (Origanum  Vulgare)  890393L
LoEMEbWOLsM3oL  SME0WGdJE  BOMELWMYPOYOMI®  odGHOME
Bogmogodl: LogMoM 539bMegdL, RE53MmbmodL,
Bobdomfiyargdls, 30&ed0b C.

OHmamm3 439460L  gobmdMmEbozmmo  GMmooEogdol 33wg3s0
gbosym, gl 9ggbsty  oLbGHMMOoWWL©  398M0Ygbgdm@s
Lo83MMbsemE,  SMMTsGHME,  Loegds® s  Lobgargdgen
150v95¢909d5. 5955050 TobbY b WBOM s MBGM FbsME
dmmbmgbgdl  dobo  dbgdcmogo  MHglELYdOL  2oboMMYdS
dm3g43s @5 gb 3MmEgbo dmdsgsemdo MRGM 0bFgbbomEmo s
3999393500  gobgds. 538535  B39Mwqddog0L  (Origanum
Vulgare) LsdGMgfiggaom 3esb@ogogdol dgddbs byl dgofymdl
Lodo®mggml  MbogsernMo 496903 cmo  Mgbrebgdol
99656BbgdsL, 930mMy0Mmo bnms bgowgmeols dmyzsbs
L5%3¥YIZEOE IJWIOS 0G0, SOYOWMIN0Z0 Lod3Mbswfodenm,
35605303900, LOEgdIMO s 39wobsMEo bsdmowgdgdol
d994absb, Moz MHBOWD3gEYgmRL FMBEGH0MYIME dBIGLS
L3300 Fgambogergdol sd330M9dL.

00b50g0Mm3zg  JoMBmgds s BH9dbmwmyogdo  0dwrgzs
Jumzowgdol Ggmgd3ol s GH9gduGowol Fomdmadols msdMog
L53v95¢gd5L B969d6030 Bogds39d0L 25dMmYggbads 56 35653l
0530L  5JB¥OErMdsl.  935Lmsb  gBms 093¢0 00960
hom3mgdgwo 306040 0mbgd&mog 062Mm900096@ o0l
2980y96905%g s 0603009 MMO 9339009d0L FglMHEgdaty
239093005, AMBSCMOO  §3MMY0YHO  3HoBoLOL  RMEDY,
0b9dM030 0byMx0gbEHFOOL A9dmyqbgds gobs 3GMglEogmwro.
509bo MmxsbMH 306MHMdYddo Loglgdoo dqladwrms Foz30LMm
B3096m30L LElM39wP0 s DM FodBoZ o JumzoEEHo
Bsfo®mBo, omMbosi 339 9mdzgwmqdo, dmEOoEsb gowslivyemo
23966900 Bogmobogeb. 153853580 89ds35¢0 SB6EGHME0sBYdO -
0, 17% -0g ULOTMoEgdsL 0dergzs 99mYgbgde odbsl gL
mbogserMo 9396569, HmymMs 0690M030 Lowgdseo.

B3960 gdudg®0dgbBHgdols s WOoEIMOGMOMEr Bmbsgdgdby
g4 bmdom 3009300 930996o30sL 530539L
Lo8M9F39w™ 3w sb@oE00b Malgol s FoMY30L M3GH0ToE MO
350055 Logdo®mggembo  990m@amdol  3o6M3zgwo  bobgzamo.

47



39393°300L dgmeg Fgarlb 9F3s69 dobol 3OMmEMIEGHMEmds 15
#/35-0009 ©53580JLBOMIM, WOGEHIOIGHOo dmbs3gdgdom 30
9 ssbwmgdom 8-10 33 d30MHx8BO  gmgOBYmos. 0530535
®oxm3560 I3gbstgEss, 1 35-sb 100 33 omoxgol dowgds
dgodangds.

fobssgdgdo

1. bL¥d3MMboerm  8ggbstgms  3MEGHO30M9do  3EbEE0gdOL
[RALLN byl 399999mdL d39960L MB03owr ™o
0003M5350RIMM367d0L gbsBMbgdsl, 3HM©MIGHOMEMBISLS S
bo6olbmdM030 35839690 qd0l 45BMm@L;

2. 538535 h39wenqd®030 (Origanum Vulgare) m3&Hodsew®mo omgbgzol
350005 19d$HgddcmOL  3oM39wo  bobgzao, 33900l sy 45X30
LobG0dgEH™0, bmm dgdoboBogool  godmygbgdolsl 70X30 ULG;
0300309050 Lygoms 630w goeol olowgds® M3E0TowwGO
299033900l Ldgds  qobsgon: 40  B/3s.  meyobmmo  Lsbvdo

(390583900 6539o0).

3°9mgd3994690mmo bsdgbogHm LEsGH0gdo:

1. comdxsbodg 0., 35350035 ., FYygdbogs b. 2017 00038535
Origanum vulgare d0Mm@My09H0 0530L90w)MYO60%, LoJoGmzgeml
Lo0bgobMm Losbegbo N4 (vol.84), ISSN 1512-0287, a3. 97-80;

2. @mdxsbodg 3., 3Bdsbodgowo ¢. 2018 ,HDMmy0gMm0 LedMEObswMm
9396569 3bmzgms 33909500° IOMIsms 3Mgdwo, ISBN 978-9941-
8-0431-1, UDC (v953) 636(479.22)+619(479.22) s-322, odogrobo,
258m3g3. 0800 23. 91-93

3. Lobjanidze M., Kacharava T. 2019. “Useful Plants’ Diversity in Georgia
Advances and Perspectives of  Biodiversity = Research  and
Conservation”, ISBN 978-9941-8-1337-5; Georgia, Tbilisi. p. 50-52;

4. Kvesitadze E., Lobjanidze M., Ghlighvashvili V., Epitashvili T,
Kacharava T. 2023. “Colouring of Wool by Natural Dyes”, Bulletin of
the Georgian National Academy of Sciences (Moambe). ISSN - 0132 —
1447, Vol. 17, N1; 2023, p. 118-122;

48



5. Kacharava T., Epitashvili T., Lobjanidze M., Koiava L. 2022.
“Physiological Features and Qualitative Indicators Of Origanum
Vulgare”, VOL 22, ISSUE 6.2, ISSN 1314-2704, ISBN 978-619-7603-52-
1 (hard copy), ISBN 978-619-7603-53-8 (DVD), p. 269-277.

Lodgbogmem 3mbxgMyb309080 Imbsfoengmds:

1.gomdxsbodg 9., 3Bdobodzowo ¢. 2018. ,Bmyoqgmomo bsd3OMbowrm
939botyg gbmggmms 3390580° Lado@mzgarml bmgerols 3gMbgmdol
d93b0gMgdsms 53900990000l Lodgbogtm 3Mbx39M9bi0s.
»B0gdoMm3zgemdo  dggbmggugmdols s 393H9M0bsMOOL  sGLGdMEO
3 M3sMmgMdS, 3M:MdEgIgd0 S 39MHL3gdE03900 .

2. Lobjanidze M., Kacharava T. 2019 ,Useful Plants and Prospects of
Their Rational Use”. Ministry of Education of the Republic of Azerbaijan,
Baky State University, Ecology and Soil Science Faculty, Actual
problems of ecology and soil science in XXI century, Materials , 2019, p.
214-217.

3. Lobjanidze M., Kacharava T. 2019. “Useful Plants’ Diversity in Georgia
Advances and Perspectives of Biodiversity Research and Conservation
in Georgia”, Proceedings of the 1st International Scientific Conference.
Thilisi. p 50-52;

4. Kacharava T., Epitashvili T., Lobjanidze M., Koiava L. 2022.
"Physiological Features and Qualitative Indicators of Origanum Vulgare”,
22-nd International Multi disciplinary Scientific GeoConference SGEM
2022, Conference Proceedings, 06 - 08 December, 2022 / Vienna, Austria;
5. @mdxsbodg 8. JoFoMsgs . 2024. 17 o0gbobo. ,Lod3wObogom,
0OMIs@Mwo,  LEbgwgdgmo s Lomgdsto  I3gbstg  0o3dsgz0
P3gMmgd®ogolb  Origanum Vulgare L 250603@wgdol  3m®dgdo
L3MIH39M 3B FOE0gddo . LLOS - Ladbg-xo35bgmol Labgwdfogm
MB03gMLOGHIG0.  LgMHmIdm®mobe  Lsdgaboghm  3mbxgg®mabios
»0936090Mgds  gMmosbo  0bBHgwgdBH oo bogMiEolomgol®.
abaggoby;

6. wmd)sb0dg 0. 2017, 3s0b0, sHowEoby. 0b70bgMO0L, 530 ©s
Lad16gd0LIYHY3I ™ 8YbogMIBacs B3N HIG0,  LAYPIBGHDS
L58936090HM  3MbRIMY6E0s. 1gds: ,00MIMEZoW-3gMHM369d0L o33
JoOom GHMo©0(309030%;

49



7. @mdyxsbodg 9. 2018 fgwo. sbowgoby.  Lsdsbg-xsgzobgomol
Lobgardfogm 16039MLoGGO. 30539 M-0obFogzegdgwms
L5893609HM 306539696305, 19ds: ,,3960MPOROEFOMYIMO 1533900 -
LogMmbg 09 3Togeol goMsb@Eo?;

8. wmdxsbodg 9. 2018. sboewzoby. 067069000, 3G  ©o
badBYBOLIYHYZIw™  FgsbogPgdsms  BoINWAHIA0,  LAOIBHMS
LodgbogMm 3mbggMgbios. 0gds: ,, Ld3MMbserm dEgbstggdo Lbgs
6537OLoM

9. wmdxsbodg 8. 2019. dsolo sbooby. 0bg0bgMOOL, sgMsME ©s
Lod69d0LdgBHY39wm  I93b0gMgdsMs BIIMWEHIGH0,  3OMABILMEO -
9oLFo3wgdgMs s LBEAIBEGHMS LodgEbogmm 3MmbxggMgbios. mgds:
»0593MMBsErm 9396509900 FgdMHMBST0;

10. comdxs60dg 3. 2020. 10 0360L0, sbsanzoby. 065069600, sgMocmye
@5 bdbgdoLdgGY3gwm d93609MHFdMs Bo3MNWEIGH0, SOMBILMO-
9oLHo3w g9 s LEGHWYBEHS Lsdg360gMMm MBES0b 3MbBM96Eo..
0935: ,6000580L boygma0gMHxdoL AEAMToMgMdS bdEby-)o3°bgmdo’;
11. comdxs60dg 9. 2022 0360b0, sbogzobg. 0b50bgMm00L, sg@oMyem s
Lod69d0LdgBHY39wm  I93bogmgdsms BIIMNWEHIGH0,  3OMABILMEO -
9oLo3wgdgmMs s LEMIbGHMS LodgEboghm 3mbrgM9bios. 0gds:
»JOMBOMWOo 50w gd0 bdEbg-x 93969 do;

12. @mdyxsbodg 9. 2023. 31 doobo. sboewioby.  bxlvwy. 0bgobgool,
03050 @ LsdbgdolidgByzgurm dgsbogMgdoms  BS3MEIGHO,
Lodgbogm  3mbgg®gbgos.  mgds:  ,Lsd3m@bocom  8gbstggdol
3653503560 359mygbads“.

50



LEPL Samtskhe-Javakheti State University
Faculty of Engineering, Agrarian and Natural Sciences

The Doctoral Program of Agronomy

On the rights of the manuscript

Mzia Lobjanidze

Biodiversity, Biological Peculiarities, Chemical
Composition and Use of Medicinal, Aromatic,
Spicy and Dye Plant
Oregano (Origanum Vulgare)

The Paper Submitted for Obtaining the Academic Degree of the
Doctor of Agronomy

The Sadisertatsio Matsne (The Dissertation Herald)
(Code 0811)

Akhaltsikhe
2024

51



The work is implemented at the faculty of Engineering, Agrarian and Natural
Scientific of the LEPL Samtskhe-Javakheti State University, in the
Biotechnology Center of Georgian Technical University

Scientific Supervisor: Doctor of Agricultural Sciences, Professor Tamar
Kacharava

The opponents:
Meladze Maia GTU Doctor of Agriculture

Gvaramadze Temuri SJSU Doctor of Agriculture

The defence of adisertationison 10 X 2024

At the meeting of the sectoral collegium of the Agronomy Dissertation
Council of Faculty of Engineering, Agrarian and Natural Sciences of the
Samtskhe-Javakheti State University.

Address: N122>, Rustaveli Street, Block I, Pavle Zazadze Conference Hall.

The dissertation thesis will be available in the scientific library of Samtskhe-
Javakheti State University.

The dissertation thesis sent __ 19.1X 2024

Preliminary review of dissertation defence took place on the dissertation
council of agronomy of Engineering, agrarian and natural sciences faculty.
The meeting was held in the Georgian National Acedemy of Sciences on July
18, 2024, Session protocol # 5 | Decision# 13

The secretary of dissertation board,
Doctor of Agronomy ... ..~ Tamara Narimanishvili

52


https://leqtori.gtu.ge/

General Description of Dissertation Thesis

Relevance of thesis - Georgia is a country with a moderate climate, and
its unique geographical, climatic and soil conditions create a diversity of flora
and provide the opportunity to cultivate valuable species, including
medicinal, melliferous, dye, aromatic and spicy plants. There are more than
4,100 species of vascular plants in the phytogenetic resources of the country,
about 21% of them or about 900 species are endemic. The demand for
medicinal, melliferous, dye, aromatic and spicy plants is increasing more and
more, because of use of chemical preparations leads to complications (eg,
allergies, etc.). The compounds formed in the plant during the ontogenesis
period are very important for the metabolic processes in the living organism.
Therefore, taking herbal preparations is safe, simple and effective, because
they do not cause allergic or other negative processes in the body. All of the
above determined the importance of the dissertation topic. Therefore, the
sustainable use of medicinal, melliferous, dye, aromatic and spicy plants,
including ethnobotanical skills, is very important and promising.

The production of medicinal, melliferous, dye, aromatic and spicy plants
will significantly increase the country's economic potential. Therefore, it is
important to supply high-quality and competitive phytotherapeutic drugs,
natural dyes and flavoring agents produced in our country, taking into
account the modern forms and standards, to the world market.

Our goal is to improve the health status of the population with high-
quality, effective and safe phytomedicines. For this, the further
development of competitive enterprises and distribution practice standards
(GMP/GDP) should be promoted in order to stably protect the safety and
quality of phytomedicines in accordance with international standards [source
- Georgia's Development Strategy].

In the folk and traditional medicine, plants are the main source of
medicinal products. According to A. Bakuradze and M. Berashvili about 21
thousand species of plants are used for medicinal purposes by different
peoples of the world. Curable plants have been successfully used in Georgia
since ancient times. One of the important supporting factors of this process
was the geographical location of Georgia, its unique and richest biodiversity,
soil-climatic conditions, etc.

Samtskhe-Javakheti is a region distinguished by biodiversity. Javakheti
plateau and the Lesser Caucasus mountain system, as the center of evolution
of many unique life forms, are an open-air museum of rich genetic resources.
Vegetation research data of Samtskhe-Javakheti region are scarce.
[Akhalkatsi M. et al. 2018].
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One of the popular, widely used medicinal, aromatic, spicy, melliferous
and dye plant - Origanum Vulgare L. is found among the plants distributed
in Georgia. It is the strongest antibiotic, contains essential oils, tannins,
vitamin C, flavonoids, phytoncides, alkaloids, carbohydrates, organic acids.
The composition of plant includes a large amount of carvacrol, exceeding
many existing antibiotics and antihistamine drugs with its activity. It is
recommended to use preparations for different chronical and severe diseases
for treatment or prevention. Vitamins or essential oils, tanning substances or
alkaloids, glycosides or many other biologically active compounds
accumulated and produced in the plant as a result of biochemical reactions
during ontogenesis have a mild and long-lasting effect on the human body,
the result is characterized by a fairly stable and high physiological effect.

Plants are an inexhaustible source and reserve of many medicinal
substances. Today, more than 30% of medicinal preparations are obtained
from plants. This means that every third medicine on the world market is of
herbal origin. It should also be noted that price of herbal preparations is quite
low compared to synthetic ones. Today, chemical composition and properties
of useful plants are being studied in depth for improving human health and
well-being. The thesis is dedicated to this actual topic, because "the history
of medicine was considered and is considered one of the measures of the
nation's culture, since human health is the beginning of all good things in the
world" noted the medieval philosopher and healer Arnold Villanovel.

Medicinal, dye, melliferous, aromatic and spicy plants contain
pharmacologically active substances in a defined ratio and quantity against
the background of different ecosystems. At the same time, many countries
have banned the addition of synthetic antibiotics to food for adults and
animals. Against this background, natural phytosupplements will occupy a
special place in the world market. The biodiversity of our country is rich in
such plants, which determined the relevance of the thesis and prospects of
using the selected plant - Origanum Vulgare. In this direction, study of
ethnobotanical skills in the country is important in phytomedicine, phyto
cookery and phyto perfumery.

Origanum Vulgare is an important, valuable and irreplaceable raw
material, not only for the industry of our country, but it also has a serious
prospect for export. Therefore, the cultivation of Oregano plantations will be
important and quite effective. Accordingly, growing of oregano plantation is
important and quite efficient.

The goal of the research:
e The study of Origanum Vulgare botanical, biological and bio-
chemical peculiarities considering the parameters of ecosystem and
soil fertility to get the material which is ecologically pure, containing
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of biologically active substances. It is the valuable melliferous plant
as well.

Creating a database of ethnobotanical skills will ensure protection of
phytoresources of this unique plant and sustainable use of its
components;

Origanum vulgare’s perspectives of use in dyeing.

The following objectives have been set based on the research goal:

Origanum Vulgare search and cataloging, coverage area, condition,
botanical structure and biochemical composition;

Origanum Vulgare’s biological features depending on phenological
phases, physiological stages and ecosystem parameters;
Development of ethnobotanical database of Origanum Vulgare for its
sustainable use;

The way of growing industrial plantation of the Origanum Vulgare,
its influence on the productivity and on the content of biologically
active substances;

Creation of the seed bank of the on the content of biologically active
substances Origanum Vulgare;

Quality indicators of Origanum Vulgare and its productivity;
Origanum Vulgare, as a dye plant.

It is recommended to produce raw material and development of the

pharmauceptical industry of Origanum Vulgare at the next level which
is the ground for viability of a dissertation thesis.

Scientific novelty — Traditional priority of the country will be developed
based on the scietifically grounded recommendations which considers
agricultural and biological peculiarities of Origanum Vulgare:

The technologies for growing of medicinal, aromatic, spicy and dye
plants, in particular - Origanum Vulgare and establishment of the seed
genebank will develop;

Highly productive model of the diagnostic block, like: soil-
environment- fertilizer- harvest was established;

Differentiation of growing technologies and seeding times of this
unique plant took place, their influence on the content of active
substances;

The optimal criteria of the feeding area has been developed,;

The cycle of phenological stages has been studied;

The mechanism of creating a standard seed bank has been worked out,
taking into account terms and conditions of storage, in order to
preserve the quality of germination as much as possible;
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e Use of Origanum Vulgare as a natural dye plant.

Theoretical and practical importance of the thesis - Creation of
industrial plantations of Origanum Vulgare will support to maintenance of
unique phytogenetic resources of Georgia, as growing demand on the plant
led to its extermination and this process will become more intensive and
irreversible in the future. Cultivation of ecologically pure raw materials will
be basis for the creation of cheap, local medicinal, perfumery, dye and
culinary products, which will ensure a guaranteed market and the
establishment of stable incomes. In addition, creation of standard seed bank
has a great importance. It is a valuable product with the guaranteed income.
About 500 kg conditional seed is produced out of 1 hegtare plot, with price
of 10-15 USD per 1 kg and even higher.

Thus, the foundation has been laid for cultivation technology of
medicinal, aromatic, dye, spicy and melliferous plant Origanum Vulgare,
the actual and prospective priority in the country, which is based on the
results of scientific research and will take its place in the country's
economy.

Approbation of a thesis - Presentation of the dissertation research results
took place gradually during 2017 - 2024 in the Georgian National Academy
of Sciences, Georgian Academy of Agricultural Sciences, Samtskhe-
Javakheti State University, Georgian Technical University, International
Conferences in Vienna, Baku, Thilisi, etc.

The structure of a dissertation thesis - The dissertation paper consists
of the abstract, introduction, overview of the literature, experimental part, the
findings of the research and discussion. The key results are presented in the
form of the conclusion and recommendations. The list of references is given
at the end of the paper. The dissertation paper includes 18 tables, 15
illustrations in the form of photo and 6 diagrams. The dissertation paper
includes 156 pages.

Results of Experimental Research and Discussion

Medicinal, aromatic, melliferous, spicy and dye plant infrastructure can
have the effect of many kinds for the country:
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e Environmental - medicinal, aromatic, melliferous, spicy and dye plants
cultivation supports to restoration, maintenance, protection and conservation
of the natural genetical resource of the country.

e Pharmacological and chemical - medicinal, aromatic, melliferous, spicy
and dye plant market price is defined by the number available of the
pharmacological (biological) active substances. It should be noted, that the
productivity and quality indicators of the cultivars much exceeds wild
varieties of plant, what is explained by the impact of the optimal technologies
which are based on the scientific researches.

e Economic - Production of ecologically pure raw material, product and
standard seed of medicinal, aromatic, melliferous, spicy and dye plants
ensures guaranteed income both inside of the country and the export has a
great potential.

Trial area, scheme, an object and methodology

The area and scheme of a trial:
The series of the experiements have been conducted at the following

areas:

e Akhaltsikhe municipality, trial plot of Samtskhe-Javakheti State

University;

o Village Ani, Akhaltsikhe municipality;

o Former village Agara (“Vaio Valleys”), Aspindza municipality;

e Village Ghebi, Oni municipality.

Research Object:

One of the widely used medicinal, aromatic, melliferous, cpicy and dye
plants - Origanum vulgare is a perennial herbaceous plant from the Labiatae
family, with size of 45-50 cm, mostly branched from the base, leafy, leaves
are located opposite, stalked, oblong-ovate, pointed at the tip, finely toothed
or almost with the whole edges, 2.1-4.0 cm long, leaves become smaller
towards the stem. The stem is four-lobed, weakly pubescent or almost bare,
ending with a flower in the upper part, which is a shield-like stalk. Many-
flowered bracts are longer than calyx, oblong, acuminate, calyx with
triangular lanceolate teeth, glabrous or shallow indumentum, corona is
bicuspid, flowers are narrow, 3-5 mm of length. Root is branched, often
scandent. Color of leaves is green on the upper side, dark green on the lower
side, the stems are green or purple, the co-flowers and calyx are black-purple
or greenish-black, the crown is black-purple or black-pink, it is distinguished
by a specific aromatic smell and bitter-sweet taste.
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Origanum Vulgare is found in the Caucasus, Kazakhstan, Middle East; it
is spread all over Georgia, especially, on the fronts of mountains, forests and
in the subalpine zone, in the bushes, on the meadows.

The experiment scheme:

e Study of botanical, biomorphological peculiarities and chemical
compositions of cultivated Origanum Vulgare in the period of
ontogeny;

e Study of wild Origanum Vulgarum botanical and biomorphological
peculiarties and chemical composition;

e Development of the recommendations for growing of Origanum
Vulgare plantations and its sustainable use;

e  Establishment of the seed bank;

e Study of ethnobotanical skills of Origanum Vulgare for sustainable
use.

e Origanum Vulgare as a natural spicy and dye plant.

Trial plot has been selected in the typical, with right terrain, irrigating
area. History, productivity, agricultural machinery, relevant technological
map where the scope (field boundaries, seed-rotation, feeder, etc.) for the
conducted activities.

The norm of seeding of Origanum Vulgare is 10-12 kg/ha with the first
class seed. The works have been held in accordance to the agro-technical
terms. Conditional seed and high-quality planting material have been applied.

I.Organic fertilizer (manure) efficiency.

The scheme of experiment: :

1) Control — without fertilizer;

2) Manure 40 t/ha;

Experiment area - 240 m?, repetition — 4 times, feeding area - 45X30; 70X30;

I1. Defining of feeding area.

The scheme of experiment:

1) 45 X 30;

2) 70 X 30;

Remark: Distance between plants 30 cm, between rows - 45 cm and 70 cm.
Experiment area - 240 m?, repetition — 4 times.

Phenological observations included:
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The terms and rules of seeding, depth of seeding and planting;
Recording of field germination quality,

Development of the first pair of leaves, root and defining of adding
dynamics of assimilation aparatus masses;

We conducted observations of leaves and blossom development, at the
beginning of budding, during blosoming, seed production and maturing.

The approbated methods of the research during conducting of
experimnet:

GIS software (GIS-ArcView);

Wild and cultivated varieties of Origanum vulgare have been collected
in the different ecosystem conditions and by applying of international
descriptors of the harverst collectors;

Renewal and enriching of seed genebank;

The ethnobotanical skills of sustainable use;

Study of phisiological processes by classic methods during the
ontogenesis period,;

We separated and identified biologically active components using the
high-performance liquid chromatograph HPLC-UV, RI and the ultra-
high-performance chromatograph UPLC-PDA, MS method,;
Separation and subsequent identification of the precursor has been done
by the high-pressure liquid spectrum chromatography (UPLC) method;

Analysis of Obtained Results

Biological Features of Origanum Vulgare According to
Phenological Seasons

The botanical description of Origanum vulgare L.

Scientific classification

e Kingdom: Plants
e Family: Labiatae
e Genus: Oregano
e Latin name: Origanum vulgare
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Origanum Vulgare L. is a perennial medicinal, melliferous, aromatic, dye
and spicy plant from the Labiatae family. This family includes about 5,500
species, which are united in 270 genera, out of which 152 species of 37 genera
are common in our country. This unique plant is characterized by a specific,
sweet-sour taste, up to 45-50 cm tall. Mainly branched from the base and ends
with a raceme in the upper part. Root is indirect, egg-shaped, round-edged,
blunt-tipped leaves with short stalks are located opposite the stem, the leaves
become smaller towards the stem. The length of the leaf in the middle part of
the stem is about 4 cm, and in the lower part of the plant it is 1-5 cm, and the
width is 1-3 cm. The color is green from above and it is green below. Purple
bracts are mostly sessile. In our conditions, it blooms from May and the seeds
are ripen in July-September. The flower crown may be purple, pink or white,
depending on the species and ecosystem parameters. The shape of the basket
is the main characteristic of the plant, it is the mean for distinguishing of
Oregano plants. The fruit consists of four dry round or oval shaped bear seed
of brown or dark brown color. The ripen seed is 0,5-1mm long and 0,5mm
length. The weight of 1000 seeds varies within the range of 0,10-0,12 grams.

Oregano is a classic herbaceous plant, therefore, taking into account its
biological features, we used the classic scheme of phenological research:
emergence, formation of above-ground and underground parts, formation of
the assimilation apparatus, development of generative organs, starting and
end of blooming, seed formation and ripening, post-seeding period in the
development of the whole plant, death of the assimilative apparatus, state of
roots, end of the cycle [Kacharava T. 2020, 2023], we studied physiological
phases of Oregano development mechanisms considering seasons, we have
defined that whole cycle consists of strictly regulated alternating
morphological different stages and which depends on aletrnation of the
ecosystem parameters.

During the ontogenesis period natural, regular replacement of
physiological phases of Origanum vulgare take place and it adapts to the
climatic rythm, which is expressed in variation of the metabolic activities,
difference of the development amplitude. Life cycle of Oregano depends on
vegetation period duration and ecosystem parameters available during that
period. Key factors which are metioned for several times include
precipitation, temperature and relative humidity together with soil fertility
[Korakhashvili A., Kacharava T., 2020, 2023].

Oregano is not a heat-loving herb, which tolerates winter frost. Seed starts
germination in early spring at 7°C. The plantation planted in autumn also
starts vegetation in spring. It is quite demanding towards the fertility of soil,
itis light-loving herb. Therefore, it is recommended to select well-illuminated

60



plots for growing industrial plantations. Oregano is a moisture-loving plant
and yields optimally when there is no shortage of moisture. That's why plants
sown in autumn start intensive vegetation in early spring, they are resistant to
spring frosts and droughts. Along with fertility, soil and environmental
temperatures and relative humidity play a big role in the growth and
development of Origanum. During a certain period of vegetation, the plant is
satisfied with supply of moisture that accumulates during the winter and
spring, during blooming and seed formation, ripening period, it needs the
optimal amount of moisture and nutrients, therefore feeding with organic
fertilizer (burnt manure) ensures the optimization of the nutrition block. In
addition, it should be noted that in April-May-June 2018, the air temperature
was higher than usual (18-26°C), and the relative humidity reached 80%,
therefore, a well-developed assimilation apparatus and root system were
accompanied by an optimal seed yield, especially when fed with organic
manure (burnt manure).

The synchronicity of the rhythms of vegetation and phenological phases
should be identified very precisely, which is possible when studying their
course in dynamics. It is very subtle and complicated process, we defined two
main periods of Oregano life cycle, ontogenesis.

Period one - After germination, formation of the underground part, the
root and the above-ground parts, i.e. vegetative organs - stems, leaves,
flowers, is taking place, through which the most important functions are
performed, such as: nutrition, respiration, regulation of the water regime,
metabolic processes, synthesis of organic substances and their movement and
accumulation.

Period two - Formation of generative or reproduction organs is
intensively taking place - the formation of stems, flowers, seeds. The
phenological phases of growth and development, as known from the literature
and confirmed by our experiments, are characterized by clearly demonstrated
morphological changes, such as seed germination phase, germination and
development, stem growth, budding and blooming, seed formation, seed
maturation, etc.

Then main periods of development comes which includes transformation
of juvenille condition of a herb towards maturing, aging and death.

During the ontogenesis period Origanum vulgare experiences adaptation
changes, which is expressed mainly in assumilation apparatus formation,
adaptation of organs changes, as it is known, that plants unity is realized with
the living conditions by means of the individual organs and merges ecosystem
with the respective physiological functions. The individual development
phases and duration periods of Origanum Vulgare have not been similar
during different years. Phenological observations allowed us to gather
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valuable information about the ontogenesis of the cultivated varieties and
endemic forms of Origanum Vulgare in the different periods of time. The
penological periods differ from each other quite interestingly.

Results of our observation give quite a dynamic picture about progress of
life cycle of medicinal, aromatic, melliferous, dye and spicy plant - Origanum
Vulgare. We have been studied dynamic of the physiological phases
considering the penological seasons during 2017-2019. It shall be noted that
progress of the penological phases during the ontogenesis period is relevant
to the climatic conditions (Table 1, 2).

Table 1.
The Progress of Ontogenesis of Origanum Vulgare (Wild)
Plant Physiological phase Height (cm)
# | development 5517 T 2018 | 2019 | 2017 | 2018 | 2019
phases

| Start of | 21.03 | 17.03 | 28.03 2,0 3,0 4,0
vegetation

| Start of | 08.06 | 07.06 | 10.06 20,0 25,0 | 30,0
budding

I | Start of | 19.06 | 26.06 | 26.06 56,0 | 62,0 |450
blooming

IV | Intensive 02.07 | 10.07 | 15.07 57,0 62,0 | 55,0
blooming

V Start of seed | 11.08 | 16.08 | 14.08 52,0 62,0 | 54,0
ripening
(green)

VI | Ripening of | 24.09 | 27.09 | 10.09 50,0 | 55,0 |48,0
seed

Vil The end of | 23.10 | 30.10 | 28.10 45,0 | 45,0 | 43,0
seed ripening

Table 2.

The Progress of Ontogeny of Origanum Vulgare (Cultivated)

# Plant Physiological Height (cm)
development phases
phases 2017 |2018 [2019 (2017 |2018 |2019

I Start of [20.03 [08.03 [15.03 [20 [40 [50
vegetation

T Start of [27.05 [20.05 [30.05 [350 [40,0 [42,0
budding
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Start of |01.06 |08.06 |10.06 {68,0 [65,0 |75,0
blooming

Intensive 22.06 |28.06 |06.07 |68,0 |72,0 |94,0
blooming

Start of seed |19.07 |30.07 |03.08 |65,0 |72,0 |80,0
ripening
(green)

VI

Ripening of [10.08 |13.08 |18.08 {60,0 |70,0 |[76,0
seed

Vil

The end of |20.09 |23.09 |20.09 |50,0 |60,0 |68,0
seed ripening

The penological research and study scheme of plant peculiarities
considers the following:

Germination: each plant needs special conditions for germination;
Formation of underground and above-ground parts, which takes place
in different durations in all plants;

Formation of assimilation apparatus;

Formation of generative organs;

Blooming period (start-end);

Seed ripening;

Death of assimilation apparatus;

Completion of the life cycle.

In the research period (2017-2019) we have studied the process of
ontogenesis progress both in wild (village Ani) and cultivated forms
(university trial plot).

Table 3.
The Height (cm) of Origanum Vulgare During the Ontogenesis, 2017-
2019
Plant Height (cm.) wild Height (cm)
# development Cultivated
phases 2017 | 2018 2019 | 2017 | 2018 | 2019
| Start of | 2 3 4 2 4 5
vegetation
Il | Start of | 25 20 30 35 40 42
budding
I | Start of | 56 62 45 65 68 75
blooming
IV | Intensive 57 62 55 68 72 94
blooming
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V | Start of seed | 52 62 54 65 72 80
ripening
(green)

VI | Ripening of | 50 55 48 60 70 76
seed

VIl | The end of | 45 45 43 50 60 68
seed ripening

The period of ontogenesis is different in the wild and cultivated forms,
but this difference is natural, as observation on the cultivated Oregano took
place at the 1,000 m above sea level and for the wild one at 1,500 m above
sea level. The study confirmed once again, that plant vegetation phases
depend on the ecosystem parameters, in this case one parameter is altitute

above sea level.

Biomorphological Peculiarities of Origanum Vulgare
Development, 2018

Table 4.

Phases Physiological Cultivar | Wild
Processes
Phase one - | From the winterresting | 09.03 13.03
germination period till the growing
of the sprouts from
undergraound
Phase two - | From creation to | 15.03 28.03
emergence emerging of stem
Phase three - | From emerging to | 27.03 12.04
development of | leafage 8 Leaves
leaves
Phase four - | From leafage till | 23.04 13.05

Development of

creation of lateral stems

64



the lateral step
development
Phase five - | From lateral stem | 30.05 09.06
Bract development till start of
development blooming
Phase six - | From the start of | End of | Beginn
Blooming blooming till the end of | may- ing of
the whole period Septemb | June -
er Beginn
ing of
Sept
Phase seven - | Start of seed ripening 03.08 14.08
Ripening of seed
Phase eight - | From start of seed | From From
Seed technical | technical ripening till | 28.08 10.09
complete full ripening
ripening
Phase ninth - | Death of underground | Il decade | II-1lI
Death of | part of plant of decade
underground October | of
part of plant Octobe
r

In the different ecosystems and co-environment study of penological
phases of plant in the ontogenesis period has a great importance. It is possible
to define the regularity or mehanism based on which the forms of plants were
developed during its evolution process, which ecological parameters caused
development of the cultivars out of wild forms and which is under progress
again.

As a result of the observation it has been found that in case of excess
moisture Oregano’s aroma and taste features are weakened similar to other
plants.

In the second year of vegetation, the productivity of a green mass obtained
in the conditions of Samtskhe-Javakheti in the case of cultivation of
Origanum Vulgare will be approximately 12-15 t/ha. Based on scientific
data, this is 6.4-7.3 kg of precious oil. The amount of oil is significantly
increases by treatment of the organic fertilizer (burned manure).

During the life cycle of Origanum Vulgare L. undergoes an adaptive
change along with the change of the corresponding factors of ecosystem,
which is manifested in the change of adaptation of the assimilative apparatus
and organs in different years or seasons. The dynamics of the physiological
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phases are easily identified by penological observation of wild varieties.
Different bio-chemical and physiological transformations take place at all the
stages of development. Due to those processess new organs are formed and
developed, biologically active substances are created and accumulated.

The plant undergoes biochemical and physiological transformations at all
the stages of development during the whole period of ontogenesis. Creation
and accumulation of organic substances, the metabolic processes also take
place ended with strictly defined consequence and development of new
organs.

The process takes place with the following order: during the first year
vegetative organs grow and develop, strong assimilation apparatus causes full
development of the root, where stock of substances are accumulated, the
second stage of organogenesis is terminated in early autumn which continues
early spring, when the plant consumes the accumulated stock, starts
vegetation, develops strong assimilation aparatus and generative blooming
stem, creation of racemes starts. This is the third phase of organogenesis and
it is developed in accordance to the classic scheme. At this stage budding
process is starting at the generative blooming stem and recemes develop.

In the fourth stage, the entire spectrum of inflorescences is gradually
formed into tiers, that is why on one plant of Origanum Vulgare it can be
found ordinary, newly formed blossoms, those in the process of blooming,
the onces which completed blooming and those which have seeds at the same
time.

The fifth stage of organogenesis is characterized by the formation of
whole system of flower spectrum with stamens and pistil. The next stage are
blooming, pollination,fertilization and zygote formation. As a result of
fertilization, the stigma withers and dies, and calyx leaves are left around the
newly formed seeds as it is known from the literature [Kynepman ®., 1975].
They participate in the process of photosynthesis, while simultaneously
protecting it from unfavorable conditions and fungal diseases. The process is
repeated.

Table 5.
The Origanum Vulgare Resource

Location Coverage % | Altitute

above  see

(m)
V. Ani, Akhaltsikhe municipality 20 1500
V. Dziri, Akhaltsikhe municipality 10 1100
»Vaio Valleys®, former village Agara, | 55 2200
Aspindza Municipality
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V. Ghebi, Onu municipality, Racha 45 1800

Tsalka municipality 45 1200
Mtskheta municipality 35 480
Table 6.

Description of Origanum Vulgare Population
Location | Co-population | Area Spacial The

of plant (m?) structure  of | number of

population individuals
, m?

V. Ani, | Field 4002 Group/shallow | 1-15
Akhaltsi
khe
V. Dziri, | Field 1002 Accidental/ 1-12
Akhaltsi shallow
khe
,»Vaio Hay-pasture 10082 Group 60-100
Valleys*®, | land
Aspindza
Ghebi, Hay-pasture 10002 Group 40-75
Oni land
Tsalka Co-population | 10082 Group 45-120

of plants
Mtskheta | Co-population | 1592 Group 30-35

of plants

During the research period 2017-2019, we have studied the height, the
diameter of the bush and the number of stems per plant. We determined that
intensity of plant growth and development during the vegetation period is
significantly influenced by the parameters of ecosystem, the age of plant, etc.
The height of the plants varied on average from 32.9 to 70.4 cm, and the
diameter of bush from 36.5 to 82.7 cm.

Varieties of the first year (2017) and of two next years (2018 and 2019)
differ from each other, by the number of stems per bush, by height and
diameter. The indicators were lower. The values of plants in the first year of
vegetation were lower, which is not surprising because they have been
planted on the trial plot that year. Their height was on average 15.6-38.8 cm
in 2017 and bush diameter was 12.3-47.6 cm.
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The studies showed that intensive growth and development of studied
plants have been due to more favorable weather conditions during the
vegetation period (in 2018 it was warm and humid spring), therefore the plant
height was from 40.8 to 92.1 cm and diameter reached 39.0 to 126.4 cm.

In 2019, bush height (36.8-87.7 cm) and diameter (46.8-101.7 cm) were
less than in previous year, because the first month of Oregano vegetation
(April), during the active period of stem growth was less humid and with a
lower temperature (average 8.7°C) compared to the previous year.

On the experimental plot, the height of the Oregano stem was studied
(2017-2019). According to this morphological feature, studied plants can be
divided into 3 groups: low-growing (up to 45 cm), medium-growing (45-55
cm) and high-growing (more than 55 cm).

Medicinal, spicy, aromatic, dye and melliferous plants differ from
biological structure and requirements from the environment. At the study
phase the biomorphological peculiarities of plant organs have been described.

Table 7.
Biological and Phisiological Development Peculiarities of
Origanum Vulgare

# Tests Wild Cultivated
1. Biological + +
Vegetation Period: + +
Long + +

Resistance to low temperature
Humidity resistant
Morphological

2. | Shape of leaf:

Winged

Oblong-ovoid

Wide ovate + + +
Size of leaf:
3. | Long
Short
Wide
Narrow
Leaves:

4. | Villiferous
Non-villiferous +

+ 4+ +
+ + t F

+
o+
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Color of leaves:
Green
Yellowish green
Grayish green
Dark Green

+ + + +

Structure of stem:
Strainght
Branched
Villiferous
Naked

+ + + +

Plant shape:
Compact
Semi-branched
Branched

Plant height:
High
Medium
Short

Stem shape:
Cylindrical
Shaped

10.

Color of stem:
Green

Deep green
Purple

11.

Plant leaves:
Weak
Frequent

12.

Blossom color:
Light pink
Light violet
Violet

White

+ + 4+

13.

Shape of blossom:
Shield-like panicle
Wide branch

14.

Raceme size
Big (7-8 cm)
Average (5-6 cm)
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Small (2-3 cm)
Root:

15. | Conical
Branched root runner + +
Branch size:

16. | Long (35-40 cm)
Medium (25 cm) +
Short (10 cm) + +
Root thickness:
17. | Thick

Medium

Thin + +
Root colour:
18. | lvory

Light brown + +

During the period of experiment (2017-2019), we observed and compared
the physiological phases of the development of cultivated and wild plants in
the postharvest period. We found out that in the cultivated forms, when we
cut the stems during the flowering period (June-August), by September,
before the seeds were fully matured, new shoots were still growing in the cut
place. We determined their lengths by measuring: 5-8-9-10-15-20-22 cm.
The new "shoot" grows intensively, which makes it possible to get
"additional" green mass or raw material from it before the plant completes its
vegetation. Cultural forms can be harvested several times (3-4 times) in one
growing season and more crops can be obtained, which is economically more
profitable.

Origanum Vulgare is the best melliferous plant - 100 kg of honey can
be produced out of 1 ha. It shows that growing of Oregano plantation supports
to development of one more filed, such as beekeeping.

The flora in Georgia is unique and diverse. Most of the plants found here
have been used for medicinal purposes since ancient times. The research
conducted by us and based on the experiments carried out by L. Baliashvili
(2016), the calendar sequence of flowering of medicinal and melliferous
plants, in particular for Origanum Vulgare, is generalized throughout
Georgia, including in Samtskhe-Javakheti.

Table 8.
Blooming Calendar of Origanum Vulgare
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Name of a | Blooming Blooming Honey production kg.
plant period duration Minimum 1 Maximum
Origanum June-July 30-35 60 120
Vulgare

This is very interesting and economically profitable information, as it
gives possibility to a beekeeper to plan bee feeding according to this calendar
for more productivity.

We have introduced with the interesting studies of Ms. L. Baliashvili and
tried to create the blooming calendar for medicinal and melliferous plant
Origanum Vulgare growing in Akhaltsikhe municipality, in order to be
interesting and economically profitable. If we add other plants, the region is
rich and unique by means of phytoresources and based on, it is possibel to
develop a guidebook for a beekeeper.

The Rule of Growing Industrial Plantations of Origanum
Vulgare, its Influence on Productivity and Quality Indicators

It is known from the literatyre and proved from the experiments that

Origanum Vulgare shall be seeded:

o In summer, directly after taking of a seed, when it has an ultimate energy
for emerging;

o Early autumn, in such case, consideration of the frost, not to damage a
shoot, or flooding not to wash out the crop is recommended;

¢ In spring, though it is possible to harm shoots by possible drought.

We conducted the series of experiments aiming to defin optimal terms for
cultivation of Origanum Vulgare .

Origanum Vulgare is sown in the 1,0-1,5 cm depth, by the conditional
seed of 10-12 kg/ha. The best predecessors are mowing and cereal crops,
perennial grasses. In autumn, seed rate increases by 20-25%, because seed
may be washed away (there are frequent rains in autumn).

Table 9.
Productivity of Origanum Vulgare According to the Fodder (Organic
fertilizer 40 t/ha)

Medicinal  plant raw | Nutrition area | Nutrition area
materia 45X30 70X30
Green mass t/ha 8,92 8,43
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| Seed t/ha | 0,049 | 0,042 |

Such a region should be selected to cultivate Origanum vulgare, where
there will be significantly more sunny days during the vegetation period of
the plant. Accordingly, the average air temperature should be high. Oregano
requires soil fertility, accordingly, technology and quality of soil cultivation
should be taken into account. It is important to maintain the balance of
nutrients, moisture and other parameters in the soil in order to obtain an
ecologically pure and maximum yielding.

The experimental area - trial plot of Samtskhe-Javakheti State University
by the size of 240 m2,

We have chosen the rootstock as the planting material for Origanum
Vulgare. We selected 10-18 cm long rootstock for planting.

Agrotechnological activities are started from soil cultivation during
growing of Origanum vulgare industrial plantations considering local soil
and climatic, as well as industrial- commercial conditions. Soil cultivation is
depended on predecessor crops. Plowing of the soil on 20-30 cm depth takes
place after harvesting of predecessor crop. It is necessary to remove the
remainders of the previous crop from the soil. Origanum can be maintained
on the same place for 4-5 years. Initially it is very easy to grow it by the
rootstocks, what is vegetative reproduction. After vegetation year collection
of seed is also possible.

SJSU trial plot where the research works have been conducted (2017-
2019) belongs to the field gray-brown soil type. Wheat was a previous crop
before planting of Origanum Vulgare seedlings. The soil was cultivated for
producing oregano. Each year of experiment respective agro-technological
activities were applied in the plot during ontogenesis period of Oregano.

The best period for planting and re-planting of Origanum Vulgare is the
second half of September in order to avoid harmful impact of possible
drougnts of Spring. In addition to that the plants sown or replanted in Autumn
absorb heat, moisture ultimately and are quite strong while transferring to the
resting condition. They start vegetation in early spring. Light factor positively
influences the physiological processes, the day duration is increasing. In
addition, the plants sown or replanted during Autumn develop strong
assimilation apparatus, or green mass, accordingly root system is developed
proportionally. It is precondition for high productively. At the same time, the
we received standart seed from those herbs. The quality of seed germination
depends on nutrition area. The stock of the substances is accumulated in the
optimal conditions, analyzing the results obtained by us, the maximum
germination rate (85-92%) has the seeds from the feeding area of 45cm
X30cm and 70cm X30cm.
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Thus, results of our experiments and analysis of literary materials, the
amount of green mass, the quality of seeds and the yield depend on the area
of plant nutrition. We conducted series of experiments and determined the
optimal feeding area, which is also confirmed by the data available in the
literature. The strong assimilation aparatus supports not only to development
of the root system, but also development of the generative stems. It is
demonstrated from the received data, that all the acceptable versions 45cm x
30cm and 70x30 nutrition area, when there was more number of the
generative stems, green mass and receme. It should be noted here that in
industrial plantations planted with this frequency, it is much easier to include
machinery to perform agrotechnical measures. As for reproduction of
Origanum vulgare by seedlings, it is linked with additional costs, therefore
we offer it as an additional way of reproduction, when there is no faborable
conditions for sowing in an open soil (unfavorable climate condition,
deficiency of seed, low-productive soils, etc.). Vegetative propagation
method is used for preservation, protection and reproduction of unique
varieties and forms of development of the priorities of selective breeders.

The correct and optimal feeding terms has a great influence on the
nutrition of Origanum Vulgare. It should be noted that when feeding with
organic fertilizer (burnt manure) at 40 t/ha, a powerful root system and
assimilation apparatus developed, which was followed by a high yield of
green mass and seeds.

Establishment of Origanum Vulgare Seedbank

One of the most important priorities of the technological process for
medicinal plant production is the creation of a standard, high-yield seed bank
adapted to environmental conditions. It is now being formed in Georgia a nd
is quite a complex and expensive process, as it requires constant updating and
improvement.

Seed is the organism with biological and economic properties of plant,
that's why quantity and quality of harvest depend significantly on them, and
of course, medicinal plants, in particular, price of Origanum vulgare raw
materials.

It is known, that the key objective of seed production is to meet the
demand on production of new, better varieties and hybrid seed completely.
In addition, totally new infrastructure is developing. In order to develop
priorities it is necessary to analyse the market conucture and involvement
marketing service, therefore, the process should be managable. It is possible
in case of consideration of series of criteria, such as ecological criteria,
pharmacological factors, agritechnical factors.
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Origanum Vulgare develops strong generative stems with recemes on the
second year of vegeration, therefore, blooming and ripening of seeds are
starting by development of stems; It should be noted that flowers, semi-ripen
and already ripen seeds can be found on one plant at the same time. Based on
the rich practical experience and literature sources we changed the seed
harvesting technology. Generative stems are cut from the plant with almost
ripen seed and hung them in the storage, which was airing, in this case seed
yielding increased up to 25% and the quality of germination also improved,
qualitative indicators have been brought to the condition. Under the
conditions of 12-14% humidity, 75-80% relative air humidity and
temperature 18-20°C, seeds maintained their germination quality for 2 years.

Chemical Composition of Origanum Vulgare

In the process of long evolution, edible, medicinal, aromatic, spicy,
melliferous and dyeing plants spread in the different ecosystems develop
appropriate chemical composition and characteristics under the influence of
biotic and abiotic factors. The ratio of contents of their biologically active
substances was and is specific. They are characterized by low toxicity and
quite strong biological activity, what is required for the preparations,
aromatic and seasoning, coloring means which are used in the culinary,
cosmetics and for curing and prevention of different diseases. During
ontogenesis period as a result of biochemical reactions, carbohydrates,
vitamins or essential oils, tannins or alkaloids, glycosides or many other
biologically active compounds, accumulated and produced in the plant, have
a mild and long-lasting effect on the human body, the result is characterized
by a fairly stable and high physiological effect.

Our country’s biodiversity is rich with such plants, what defined
importance of the work and the application potential of selected, widely used
plant Origanum Vulgare and the ethnobotanical skills in the phytomedicine,
phytocookery and phytoperfumery in the country.

The aim of our research is study of biomorphological peculiarities and
chemical composition of widely used plant - Origanum vulgare considering
its ecosystem parameters and soil fertility in order to produce ecologically
pure high quality raw material which includes biologically active substances.
Collecting of available ethnobotanial skills in the country, ensuring
protection of phytoresources of this unique plant and sustainable use of those
components.

We conducted a series of experiments - a qualitative study of organic
compounds in Origanum vulgare by HPLC and UPLC-MS method: the
qualitative composition and quantitative content of common phenols,
flavonoids, anthocyanins were determined and compared.
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2.5 g of the sample has been taken for analysis and extracted with 50%
methanol three times using an ultrasonic bath. We concentrated the total
volume of the extract. To remove chlorophyll, we treated the concentrate with
chloroform multiple times until the pigments were completely removed. For
the separation of phenolic compounds, we put a sample cleaned from
pigments on a C18 cartridge. Phenolcarboxylic acids were eluted with ethyl
acetate, and other phenolic compounds were eluted with methanol. After the
obtained eluents and concentration, we extracted the dry mass using the
mobile phase: In the case of phenolic acids - 600 pl and other phenolic
compounds - 800 pl. i.e. Phenolic carboxylic acids 2.5 g/600 ul and other
phenolic compounds 2.5 g/800 pl.

Substances were identified by means of the free database of substance
mass (https://metlin.scripps.edu), as well as by comparing the data of peer-
reviewed literary publications (1).

Analysis was performed on a UPLC Acquity (WatersCorp., Milford, MA,
USAPDA, with MS detectors). Mobile phase A 0.1% formic acid in water
and 0.1% formic acid in ACN (B), column C18 5 pm 3.9 x 150 mm
(WatersCorp., Milford, MA, USA) solution delivery rate is 0.4 mL/min.
Injection 1 or 2 pL, temperature 30-C and elution in gradient, %B (0, 20), (1,
30), (15, 53), (15.2, 100), (17, 100) Column equilibration 3.5 min. Saponins
were ionized in positive or negative mode. The detector is connected to a
nitrogen generator, heating of a sample at 600 °C.

Maintenance time of the substance 1 m/z =359.01 on the chromatograms
is 11.734 minutes. The maximum absorption on the ultraviolet ray is fixed at
232.6 and 331.0nm. Substance 1 has been identified by us with
chromatographic  characteristics,  literature and mass database
(https://metlin.scripps.edu) data by empirical formula C1sH160s Rosmarinic
acid, Negative ESI MS: m/z= 359.01 [M-H+], molecular mass 360.31 g/mol.
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Maintenance time of the substance 3 m/z =152.91 on the chromatograms
is 10.103 minutes. The maximum absorption on the ultraviolet ray is fixed at
263.8 and 228.3. Substance 2 has been identified by us with chromatographic
characteristics, literature and mass database (https://metlin.scripps.edu) data
by empirical formula C;HeO4 as a Protocatechuic acid, Negative ESI MS:
m/z=152.91 [M-H+], molecular mass 154.12 g/mol.
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Maintenance time of the substance 3 m/z =477.06 [M-H+] on the
chromatograms is 9.204 minutes, The maximum absorption on the ultraviolet
ray is fixed at 273.8 and 359.3 nm. Substance 3 has been identified by us with
chromatographic  characteristics,  literature and mass database
(https://metlin.scripps.edu) data as empirical formula C21H18013 quercetin-
3’-glucuronide, Negative ESI MS: m/z=477.06[M-H+], by the molecular
mass- 478.36 g/mol
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chromotogram is 8.382 minutes, maximum absorbtion for ultraviolet beem is
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is identified by us based on the literature and mass database
(https://metlin.scripps.edu), both by empirical formula - C2H15012
kaempferol 3-glucuronide,Positive ESI MS: m/z= 462.98[M+H"*] fragment
m/z= 286[M+H"*], molecular mass - 462.36 g/mol.
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Maintenance time of the substance 5 m/z = 430.95 on the chromatograms
is 10.103 minutes. The maximum absorption on the ultraviolet ray is fixed at
263.8 and 3354 nm. Substance 6 has been identified by us with
chromatographic  characteristics,  literature and mass database
(https://metlin.scripps.edu) data by empirical formula C21H20010 Apigenin 5-
O-glucoside, Negative - ESI MS: m/z= 430.95 [M-H+], fragment m/z=
270.84[M+H"*], molecular mass 432.37 g/mol.
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Maintenance time of the substance 6 m/z = 447.07 on the chromatograms
is 9.005 minutes. The maximum absorption on the ultraviolet ray is fixed at
263.8 and 335.4 nm. Substance 6 has been identified by us with
chromatographic  characteristics,  literature and mass database
(https://metlin.scripps.edu) data by empirical formula C21H15011 Apigenin 7-
glucuronide, Positive ESI MS: m/z= 270.85 [M-H+], molecular mass 446.36
g/mol.
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Maintenance time of the substance 7 m/z = 286.82 on the chromatograms
is 9.005 minutes. The maximum absorption on the ultraviolet ray is fixed at
263.8 and 3354 nm. Substance 6 has been identified by us with
chromatographic  characteristics,  literature and mass  database
(https://metlin.scripps.edu) data by empirical formula CisH100s luteolin,
Positive ESI MS:m/z=286.82 [M-H+], molecular mass 446.36 g/mol.
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The above-ground part of Origanum Vulgare contains 0.1-1.4% essential
oil, it is dominated by carvacrol, thymol and myrcene. Among the
biologically active groups, it contains carbohydrates, organic acids,
triterpenoids, steroids, vitamin C, tannins. Origanum vulgare seeds contain
up to 10-30% of oil, aliphatic alcohols are found. Based on our experiments
and literature data, we recommend that the optimal period for sowing and
transplanting of the industrial plantation of Origanum vulgare is the first half
of autumn in Georgia. In the second year of vegetation, we recorded the
productivity of green mass up to 15 t/ha, and according to literary data, this
is about 8-10 kg of precious essential oil. Oregano is also a honey plant, 100
kg of honey can be obtained from 1 ha.

We determined the content of vitamin C in the different parts of Oregano
plant in the different areas of ecosystem by the titrometric method. Vitamins
are complex chemical compounds that play the role of regulators of
metabolism, their absence, lack or excess causes various diseases, which is
why they are essential constituents of food. As a result of analysis of the
experiment it became clear, that content of Vitamin C is higher in the all the
parts of the herb wild varieties spread in the highland area, which is slightly
less in cultivars.
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Table 10.
Content of Vitamin C in Origanum Vulgare ( mg %)

Area Form Stems Leaves | Flowers
Shovi, altitude Cultivated 35,0 35,5 43,6
above sea
level 1520 m Wild 39,1 39,5 44,6

Mtskheta, altit Cultivated 31,1 32,1 41,0
ude above sea

level 480 m Wild 29,2 32,6 414

Thus, Origanum Vulgare contains biologically active compounds
necessary for life. As research into the country's ethnobotanical traditions has
revealed, this plant has historically been used as a medicinal, aromatic, dye
and spicy plant. Currently, growing demands on it have led to the destruction
of its natural resources, and this process will become more intense and
irreversible in the future. Establishment of the industrial plantations of
Origanum Vulgare will support to preservation of the unique genetic
resources of Georgia. The cultivation of ecologically pure raw materials will
be the basis for creation of cheap, local medicinal, perfumery, dye and
culinary products, which will ensure a guaranteed market and establishment
of stable incomes.

Origanum Vulgare, as a Dye Plant

Origanum Vulgare has been applied as a dye from the early period.
Currently, it produces brownish- green color, later it colors natural materials
or wool in darker brown. It is used to produce a black dye, what was
highlighted above.

The series of experiments has been conducted based on the explored
ethnobotanical skills and recipies. The unique plants, like Origanum Vulgare,
barberry, green walnut have been selected. The colored material was
characterized by pleasant color and stability.

Thus, we can note that despite the fact that modern production and
technologies provide many opportunities for dyeing fabrics and textile
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production, use of natural dyes does not lose its importance. At the same time,
many "branded" manufacturers, on the contrary, switched to using natural
ingredients and fulfilling individual orders. Against the backdrop of the
global ecological crisis, use of natural ingredients has become prestigious. In
addition, it is quite possible to produce desired and attractive textile product
in the family conditions, even from the outdated, discolored item which is
already out of fashion.

Conclusions

1. Creation of industrial plantations of Origanum vulgare will help
preserve country's unique gene pool, increase productivity; The mass
of cultivated varieties exceeds mass of wild forms, therefore seed
yielding also increases, which is the result of intensive technologies.
The weight of cultivated varieties is higher than weight of wild forms,
accordingly, yielding of seed is increasing as a result of intensive
technologies.

2. Well-developed root system is characterized for cultivated Origanum
Vulagare based on its biomorphological and botanic features, which
reaches around 19 - 22 c¢cm in length and about 23-30 grams of weight.
In case of applying organic fertilizer (burnt manure) the length achieves
about 27 cm and the weight is about 34,5 gram.

3. The scheme of bio-morphological peculiarities is studied. Agricultural
and biological peculiarities have been idenrified during the entire
ontogenesis based on the age phases of plant and organ development
process mechanism and it became ground for producing highly
productive plantations;

4. Itis determined that characteristics of phenological phases of Origanum
vulgare during the entire period of ontogenesis are regular and follow
the classical model of development of herbaceous plants.

5. The optimal model for diagnosis of Origanum vulgare has been
established. Considering soil fertility and ecosystem parameters in the
block: soil-environment-fertilizer-crop including background of heavy
metals. Applying 40 t/ha of organic fertilizer significantly increases
productivity and quality indicators, which in turn has a positive effect
on the price of raw materials;

6. It has been determined that the seasonal development cycle of
Origanum vulgare consists of strict regularly alternating different stages
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10.

11.

12.

13.

and depends on ecosystem parameters, like light, day length,
temperature regime, precipitation periodicity, soil fertility.

Optimum feeding areas for industrial plantations of Origanum vulgare
have been determined: 45X30; 70X30, when there is a development of
a powerful assimilation apparatus, which is a necessary condition for
maximum productivity.

The whole scheme of parameters for establishment of standard
seedbank has been developed including the terms and conditions of its
harvesting and storage. The seed shall be taken gradually when it is
ripened from well-developed plant, it is sorted according to the fractions
based on the germination quality. In the nutritaion area 45X30 and
70X30, during treating with the organic fertilizers, the productivity of
the seed increased 1.2 times almost.

Considering agrobiologically peculiarities of Origanum vulgare the
sowing terms have been specified. Its sowing is recommended in
summer, autumn and winter, though the first half of September is more
recommended, as newly germinated plants ultimately use humidity and
warm, both in Autumn and spring, when metabolic processes take place
in spring.

Dry substance content in the cultivated forms of Origanum vulgare
reaches 91 %; while it is around 88,2 % in wild forms. Accordingly, the
content of carotenes reaches up to 12.5 mg/100g and 10.1mg/100g, and
the content of chlorophyll is up to 91.8% and 103.6 mg/100, depending
on the ecosystem parameters;

Origanum Vulgare contains biologically active compounds necessary
for life: common phenols, flavonoids, carbohydrates, vitamin C.

The study of country's ethnobotanical traditions has revealed, this plant
has historically been used as a medicinal, aromatic, dye and spicy agent.
Currently, the increasing demands on the plant have led to the
destruction of its natural resources, and this process will become more
intense and irreversible in the future. Establishment of industrial
plantations of Origanum Vulgare will support to maintenance of the
unique genetic resources of Georgia. Production of ecologically clean
raw material will lead to production of cheap, local, medicinal,
parfumery, coloring and culinary means which will ensure guaranteed
market and stable income generation.

Modern production and technologies provide many opportunities for
dyeing fabrics and textile production. Use of natural dyes does not lose
its relevance. At the same time, many "trendy" manufacturers have
switched to using natural ingredients and fulfilling individual orders.
Against the backdrop of the global ecological crisis, use of natural
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ingredients has become prestigious. Thus, in family conditions, it is
quite possible to get our desired and generally attractive textile products,
even from old, out-of-fashion, worn-out items. The anthocyanins
contained in the leaves up to 0.17% allow the use of this unique plant as
a natural dye.

14. Based on our experiments and literature data, we recommend that
optimal period for sowing and transplanting of Origanum vulgare for
the industrial plantation is the first half of autumn in Georgia. In the
second year of vegetation, we recorded the productivity of green mass
up to 15 t/ha, and according to literary data, this is about 8-10 kg of
precious essential oil. Origanum Vulgare is also a melliferous plant, 100
kg of honey can be obtained from 1 ha.

Recommendations

1. Creation of cultivated plantations of medicinal plants will help
preservation of the country's unique biodiversity, productivity and
increasing quality;

2. Optimal terms for sowing of Origanum Vulgare is the first half of
September, nutrition area is 45X30 cm, 70X30 cm is in case of applying
machinery; The optimal feeding scheme for obtaining ecologically pure
raw materials is 40 t/ha of organic fertilizer (burnt manure).
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