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dglsog35¢mo

09900l sgAsereNH™Bs: 3536900gd0L sboero Lobgmdgdol s saMLoEo domEGH039d0L 4sdmbgbsT,
Jodomco dMIMeol dgomEgdol 0bEHbLowM®mTs godmygbgdsd dbgdMoz0 89JoboBdgdol oliliEgds
3990300 ®MIzs  39LEGHO0EOIOOL  odmYgbadsbg WML mJds 909595 LmBol  FgMGBgmdOL
0o60mgd580 56 5GOL M1go M0, FogM5d sMLYdMBL dglodegdermds J0bodmdsdy s3094356Mmm Fo0gdmls
©5006d99M9ds  JodoMmo 39353900l  xJMOEMdOL  89930609d0m, 853693930l ge3MEIEgdOL
36MMabmboM9gd0m s 3mI3gdum@o domIoo.

9396sM9m O3E30L 93MEMAO0DBIE0S 306039 MOATO sOOL 3MA3wg]lwyMO doEAMTs SMM(39bMBYdTo
36MM 39900l MYYMEOMYGOOL 93MWMYOMEO 356MBEBMI0GMGOOL Fomzsobfiobgdoom.

LogoMmM39w Mo dcmem fiergddo JolowEs bgds bgbowrols domqdol 0bEHIBLOMO 35896935 s To0
X00Mm0Mm030 89050096 mdol  BeMs.  bgbowmgzsbo  3MWwEHMMHYd0©b 30 2obbo3MHOGOMEO
9603369 mds 9603Fgds 3580l LogdudmOEHMm® FomBmgdsl, MMIGELsE LogdsOmzgwmdo FoMmdmgdwywo
bool 50%-0 ©935300.

95050 5 ba®olbosbo dmbogerols Jolomgds® 9930 gdgeos 35369 MEMRSB0BAGdOL  Bs369mdol,
50M9Y3MMAo0l,  BgoMWMYool s MOEbMmzbmdOl ©obsdozol Fgbfiogars, o3 LOxkMI3WOE JoIOS
536399603160, B0MW M0G0 ) JodomEmo dGAMEOL Mbolidogdgdol asdmygbgdsls.

LogoMM39wMlL  3Yyggddo s 3590l B50gddo 49303900 dBMIGEdOL FMOZ35e0 Lobgmds,
(MIgdo3 BoGMBea0 3)gMHgd0s. 3500 bOL0LMYPIM  39MH0MEN0  FoLMOMOZ0 FOTMBIWGOS O
LgOOMBME LogMMbgl ©99db0osb 3969 LogsMl, Mg goblsBrzMgl IHBMIgegdol domeosbo mysbol
$obos0dgy dMdMEol Lsdgm@bgm 360d3zbgMdsl 5gM™ s 89bgdM03Z (39bmBYdTO.

50b03690sb 498mI0bseg LodsGmzguemdo gogMEgwgdmeo 3BMAgEgdol SeHgMol, dso TmMol
Y439y 9930 95369mdom 58mMbgmE0 MmIobsb@Eo Lobgmdgdol sYIBal, 93mErmaool dgifogwsl,
domo  0bgdMH030  IBHMYIOL godm3wqbsl, oo 3603369 Mds 593l I3965MYMS IE30L LbogoMbgdOL
Go30mbocrmMo  4950Y39@BHobomzol.  doom MA@,  Omd  Logodmnggwmdo  dBmIgEgdols
Lobgmd©030 9995096 Mds LB MLEHIOIE0, M3 39B30MHMBYIL 19TOL SJGHYISTOMBIL.

23¢eggol  Gobsbo s s0mpsb9Bo: 3300930l J0BobL  FoMmIMoygbs  LadoMmzgwrmdo
3930390900 dBMIgergdol LobgmdMog0 F9dsRgbWMdOL IBMLEGDS,  Tomsh gz9wsbg dgBHo
35369M0000 godmMBgmo Bsdm®ol FBMIGL BOMEMYPOMOO S 9IMELPMAO00VIMO MS30L90IMYdGOOL
dgbPogams, 96@MAMBogo0L A5dM3gbs s 900 9BIJAHIOMIOL oGBS 3936900l MoEbmgbmdol
093w 530500, VIOl IBMIgwsl  Fobsswdgy  dMIMEsdo  domEMmAoMEmo  3MH35M5GHJO0L
390560900000 565¢r0BOL Bo@oMgds.

33679306 809936  Ho6H0mo96@s LodoMmzggarmdo 253039009090 3Bm3gergdol mxsbols
Do6m0MI509begd0, o FmMol MI0bsbE0 Lobgmds BsTNEMOL IBMIgEs s Jobo 39bgdM030 IEMYdO.

330930L mdogd@ob dgmbgzs dmgzsbobgm 999gao  3O0EHIM0Mdgdol dobgzom:

- 0536900l 209653 gdols s o3 EILgdol bolosmo;

- 93965619900L ©sB0sBIdOL batolbo;

- bs339d0 93gbstrggdol Mosbzol BMs;

D060l 93mbmIo3zMmO s 93MmEmA0MMo Bsh39b7dwgd0.

323¢7930L dsbsgmgbo s Ggormgdo: 330930l Toborgds  3o8mygbgdme odbs  gm®ob

39603035¢0@gBHTo 5OBGOIE 3590l 0509dT0, 51939 9FM0L FHIMOBHMMOsDY SOBYOIE (353G
3590l 6o6omdbY s bb3oolibgs obGHMMmOoM Mmendgddo Bo@sMmgdvIeo 33e93900, boss 2015-2017

{9080 35b960m FsboEgdolL TgaMm39dsl, 8330603935 s Lb3sLBZS doMEIMAOIMHO M) JodowEo
3619356530000  ©53)F53905L. 33930l 3gMom©do  3bgeddm3sbgemdom  dobzMol s
WHdMOGHMOOMWO  33e093900bm30L  A9b3Mmgboy  Igommozgdom (Fasulati 1971:424, Dospekhov
1979:416). 35056309000 39EHJMOMELMY0YOH0 B5JEHMMIIOL 493wgbols ogbals BsdMMOL FbMIgErsls
3963000060905B9, 299003 gdLS S MOEbM3bMBIBY. F5bMOMEF0gWgdEOm 3306039090l TGbMEMYOWE
RDg0DbY, 896936030 IBHMYOOL godMm3zwgbsbg s 3536900l MOEbM3bMdOL  Mgymwomgdsdo dsmo
(ol PGBy



050900l 9B6GHMIMWMYoMEO IEYMIMYIMOOL FgRsLgdoLMZ0L 330093900 GHOMIIMES J>OIMHGHWIWO
5 335Q0OGHMO  F9JNMEIO00.
d936096Gxmo bosbeng: 3063910 LogoOM3geml 30OHMBYIOLMZ0L SBMLEHWs FBMIgEgdols
LobYMOMH030 F95AI6WMds, IEIMSE 065 Tglogerowo Bsdm®ol FBMIgws, Hmym®E bgbowol
9o36909wo0.
©50bs  3H9d39MeGH Mo 306MHMdGOOL  o3wgbs B8Ol FBMIgsl  29630056905DY
(359900l Jobgz0m), EO3J0YdoL s 35MDOEHJdOL LobgmdMoz0 3MA3wgdlo. Tgbfogerow odbs
BodoMol IbBMIgesll d0M0s©O 9BEHMIMBAJO0L HOEbM3bMdOL ©O0bsdozs s BsmMO dOMEIMAOMIMO
918393GHMOMdS S DsdEOL  IBmIgarsls HobssmBgy domEMmAoMMo  36M935M0BHJOoL  godmygbgdols

396L399GH039%0.

029P0LIM0 OS5 30SHH0Z2Km0 Fb0d309¢mBs: b5dGrmddo  Bmigder  Boboergdl 53l MMM
09MOOMo, 1939 3M9dBH03Mo  d60dzbgermds.  Mobs3  BIFMGOL FBMIGESl 293 EgIgdOL

Dmbgdol, BgbmEMy0MMo 3500gd0L, dobo dbgdMmoz0 IBHMIOOL Fglhogerol  Logdzgabg omeEos
domo  dgbodem 493MEgwgdol  3OHMABMBoMYds, Asdm3wgboo 39M9d0L ImboGmMobyo s  Lba.
653 93965095 (330 B3YE30SEOLEHIOL s BIMTGOGOL Lo YsEgdsls JolAL LHMOMH S POmMYYWS©
©53939Mb 353690¢0l fobsomdgy dGdMOolL 9539JGMMO0, 93MEMA0IMS© MLIRODMbM Mboldogdgdo.

33685305. 6506030 Im3gIMwo oMo dMbo3gdgdo asbbowmwos LrELIMOL JOHMZbme

L55296@ML ymgz9wlicrom® 990ox 99909 05030MGIBY.  LoobyMBHE0M Mgdol 33erg30L F9gEqd0L
dgbsbgd dmbligbgdgdo fFozombryar 0dbs LodoOmzgEmlb SO0 boggMloEgBHTo, dsmwmdols dmmo
O Lms39w0l Labgwdfomnm MboggmLo@gBol GH9dbmwmyomMo §Bo3MEEHIGOL  9gMMmg3MEmaool s
Lodggm Logddol ©g356@H9996G0L bbmads®yg, slig3g 90a0wmdm03 s LsgMmsdmMobm bsdgzboghHm
30b6x3960963090%9.

398¢m03560980: B OOLYIOGSE30M MOl 0MHY3WOL Fodmd3994bgdos 10 Lsdgabogmm dMMPs. Too
dmeOol 4 ©9093ow0s  LsghmodmMobm LsdgEbogMm 3mbxggmgbrogdols dsbowrgddo 3  Lbgsslibgs
M9539H0MJOS© s M9396D0MGOME FooEMgo@0bame HMbsegddo.

@oligHsaool Beageacmeds s UAGAIAHeKs: LsoLgOEEoMm bsdMmdo dgwaqds 153 339MEoLsYsb,
dmo3ogl  dgLsgoemls, 4 sglL, 15 439093, sligbgdl s M93mdgboE0gdL. 39 FbMowl, 6 FMsxo3me
Bobodl, bGPl BFMEMULMOIMNIOOL s FBOHOEGdOL Lobom.  gosdmyqbadmeos 152 sbsbgargdols
WO @9IMSGHIM.

306556l

@0 BIMGMOMo bofowro Ggaqds 1 M30Ls s 3 9390053096, Losg gobbowrmmwos  bBmaso
3bmd900 FBMIggdol Gglobgd,  IBMIggdol Bombols gogMEgErgdols s 93MEMPO0l BmaogHmo
Lbosgoombo, dBMIgEgdol, 3390dmE  Bsdm®ol  IBmIgesls  (Operoptera brumata) dOMEMYOWOO,
dMOBMEMPOMOHO S 93MWMP0YOH0  Mo30U909Mgdgd0 s LoJoMMZgEMml  5gMHM3E0TdEIMO
QbHSLOSMYDS.

99b39609bME Mo bsfowo FmoEsgl 3 mogls s 12 J39msegl. Gmdgardo dmEgdeos 33¢g30L
doboEgdo S F9MEYd0, 1533930  BHIMOGHMMOJOOL  9FMOMI0TIGIMO  IBILOIMYDS,  33¢9g30L

990093900 51336900 s M93mIgbs0900.
33w930b Byeyodo

Lsgo®mmnggemdo 936M(39¢gdviero dbmdgargdols (Geometridae, Lepidoptera) LsbgmdMogo
3905003060 d0L BB, 39360 (39Eg0s, BIBMEPMYOMMO Ms30lgdMMmYd6o

95369 53099608 BMOT0MgdOL g mgdo Bb35sLL3Z - BYol b 39emEmo bgbowol gb@mamaswmbs, @Gyob
RM™3560 (560bgbowmgsbo) x0dgdol 85369 96G™MIMRBIMbs, 39emEO dowsbmgsbo I3gbscggdols
95GHM™IMBsMBs, 3563900L5 s Mbm 39969306 FgdmGHobowo d39656M9900L, BobMmMLoEsz0 HYol
bmegdol 35369 96@™AMGBsmbs, GMIols 360d3bgermzsbo boffoemo Tggaas bgbowrmzsb BoGgomdsls,



LoJoMMZ9MB  300ToBL O bOEIS  BOMEO 53W0To@OBO300 s IMB535¢0d0 3N MBS IO
DoMols godmfj3935 99deos. J9OEBOHM0s6gd0L  FoBwgdo sH056gd9b BMmMEGdL, Y393009IdL,
g4om®GHgob, Gm@gobs o bogmagdl. dgrog®o sHosbgdol dgdmbgzgzsdo, bgbowo Gsdwgbody fierom
0939 AbIMosMgdsl s dmerml bdgds (Simonenkova, 2011: 293-295, Lobzhanidze, 2006: 20-21,
Lobzhanidze 2009:30-35. Troubridge.1993:1250), s80&md 85000 Lobgmd®ozo 99d5agbermdol 3:mbsl o
B MBEJOL AobLS3MIMGOMEO gMEIEPYdS 960 Fds.
B39bL Jog domEgbmbrddo osRoJloMgdMwo  0dbs s IBMLEHLs F9369 JIOELBOP06JdOL
39900920 Lobgmdgdo (3bMHogro Nel)
gb®oo 1

L5gsOmzgemBo 353GEIwgdrIwo dBmdgmgdo

Ne J3gmxsbo Labgeads
1. Archiearinae Archiearis parthenias
2. Alsophilinae Alsophila Aescularia
3. Geimetrinae
4. Tribe Geometrini Geometra papilionaria
5. Tribe pseudoterpini Pseudoterpna pruinata
6. Tribe thalerini Thalera fimbrialis
7. Hemithea aestivaria
8. Jodis lactearia
9. Sterhinae
10. Tribe sterrhini Ideae aureolaria
11. Ideae aversata
12. Ideae biselata
13. Ideae deversaria
14. Ideae dimidata
15. Ideae fiiscovenosa
16. Ideae humilata
17. Ideae inquinata
18. Ideae monilaria
19. Ideae muricata
20. Ideae pallidata
21. Ideae rubraria




22. Ideae rufaria

23. Ideae rusticata

24. Ideae seriata

25. Ideae serpentata

26. Ideae strainimata

27. Ideae subsericeata
28. Ideae Sylvestraria
29. Ideae vulpinaria

30. Tribe scopulini Scopula flaccidaria
31. Scopula immorata
32. Scopula incanata

33. Scopula nemoraria
34. Scopula nigropunctata
35. Scopula ornata

36. Scopula rubiginata
37. Scopula umbelaria
38. | Tribe rhodostobhini Rhodostrophia vibicaria
39. Tribe Cyclophorini Cyclophora albiocellaria
40. Cyclophora annulata
41. Cyclophora trilinraria
42. Cyclophora porata
43. Cyclophora punctaria
44. Cyclophora puppillaria
45. Cyclophora ruficilaria
46. | Tribe Calothysanini Timandra griseata
47. Larentiinae Lythria purpuraria
48. Tribe Xanthorhoini Scotopteryx bipunctaria
49. Scotopteryx chenopodiata
50. Scotopteryx mucronata




51.

Scotopteryx moeniata

52. Catarhoe cuculata
53. Catarhoe rubudata
54. Xantorhoe birivata
55. Xantorhoe disignata
56. Xantorhoe ferrugata
57. Xantorhoe fluectuata
58. Epirrhoe alternate
59. Epirrhoe galiata
60. Epirrhoe molluginata
61. Epirrhoe rivata

62. Tribe Cataclysmini Cataclysme riguata
63. Euphyia frustata
64. Euphyia unangulata
65. Tribe Larentiini Pelurga comitata
66. Tribe Asthenini Minoa murinata
67. Hydrelia flammeolaria
68. | Tribus Operopterini Operopthera brumata
69. Epirrita automnata
70. Calostigia pectinataria
71. Chloroclysta citrata
72. Cidaria fulvata

73. Thera juniperata
74. Thera obeliscata
75. |Tribe Rheumapterini Coenocalpe Iapidata
76. Tribus Eupitheciini Eupithecia absinthiata
77. Eupithecia centaureata
78. Eupithecia distinctaria
79. Eupithecia icterata




80. Eupithecia innotata
81. Eupithecia linariatav
82. Eupithecia millifoliata
83. Eupithecia pimpinellata
84. Eupithecia pini

85. Eupithecia succenturiata
86. Eupithecia virgaureata
87. Eupithecia vulgata
88. Rhinoprora rectangulata
89. Tribe Chesiadini Aplocera plagiata
90. Tribe Lobophorini Acasis viritata

91. Tribe Abraxini Calospilos sylvatus
92. Lomaspilis marginata
93. Ligdia adustata

94. Stegania dilectaria
95. Tribe Caberini Lomographa temerata
96. Cabera pusaria

97. Cabera exanthemata
98. Ennominae Selena dentaria

99. Selena lunularia
100. Selena tetralunaria
101. Epione repandaria
102. Tribus Colotoini Colotois pennaria
103. | Tribus Campaeini Hylaena fasciaria
104. | Tribus Semiothisisni Semiothisa liturata
105. Semiothisa notate
106. Semiothisa alternaria
107. Semiothisa artesiaria

108.

Semiothisa clathrata




109. Semiothisa glarearia
110. Tephrina arenacearia
111. Tephrina murinaria
112. Itame brunneata
113. Itame wauaria
114. Tribe Boarmiini Boarmia repandata
115. Hypomecis roboraria
116. Tribe Bistonini Biston betularius
117. Biston strataria
118. Agropis leucophaearia
119. Agriopis leucophaearia
120. Agriopis bajaria
121. Agriopis marginaria
122. Erannis defoliaria
123. Tribe Gnophini Siona lineata

OMAMOE 3BOOWOoEID BbL, A3gbl  Foge LoJoMMN39wML FJOOGHMM05BY IDMIGEgdol MmK¥sbosd
39dm3wgbow odbs 123 Lobgmds. Fomob ©@MI0bsbGHMdGD ImbmzmEGHMMmo ©s dMEwozmeEGMMmo
RMMIJO0, Jom0 FYGHILMOS SMOL 30RO, IMbMBOYGO0 23b30gds dbmem 10 %-3y.

dBmIg900 o3MEL YOO 56056 LodoMmMz9Eml JgE BHIOOEMM05DY S MOmMJdob 4yz9es Labols
d0m3H90d0. 396l J0gM 359M 33090 04bs dBOMEHIOOL 6 353JAMM0s S OMMYYoEsb 1000 by, Lwmen
- 6 000 by. 3300939005 963965, OMA 439sHg 990 M3MEIbMdom AsdMmoMbg3s Aploceraplagiata (6 000
50M0EbMwo bosb sHosbgdmmo oym 783-L, Moy 13.05 % -b Fgopabl), gsdgdom bszargdo
3930399000 bolosm©gds Epionerepandaria (50569370 ogm 755 bg, Gog 12.98 % -l 99o09bL).
dgLsdg spowbgs Eupithecia pimpinellata, beagom yz9wsHg ©sdsero 356396909000 boliosmgdosb -
Agriopisleucophaearia,  Selena  dentaria,  Calospilossylvatus,  Lomaspilismarginata,  Cidariafulvata,
Epirritaautomnata, Euphyiaunangulata, Xantorhoefluectuata, Scotopteryxmoeniata, Scotopteryxmucronata,
Rhodostrophiavibicaria, Scopulaflaccidaria, Ideaefiiscovenosa. Jdo 3096  IB0SBYOdMEo  bggdol
5096mds 6 000 do6Bg 0gm 9 by, ®ogz 0.15 % - 1 8g5009bL.

dBmIgEgdol  MIgBHLMdS  SMOL  MOMOPSEGHNIN0  BOGMBORO,  BoBEgdOl  MIMIZEIGLMBS 30 -
ROEMB5G00. MbEHMYG67BOL 5EMGME BBsTo 306039000~ 1530l FoEEgOL B3390 LYIOLEHMOGS©
39919000 259Mm0g4gbmb 330603900, Y3530e9©YO0 S Y3530¢gd0, bmwm WMRGML SBs3T0 29O
MOORIGHYIO BOEIMBSR0530. 3390000 B393E050DBs300L B0byE30m, LodsMM3gE ™Mo R30I (39EYOVICO
dBmIgegdol doMHOMOEO LobgMdGO0IL FoTMOYMBOSD  3ME0BsR9dO - MHMIEYdOE 0339090056 2-Bg
390 Labgmdol d39bsroom.

©H0sBxdOL  Yz9gwobg Fomowo 8583969390 sobodbs Rosaceae o Asteraceae My oHgdOL
939656M990%g. bmwm  ©sH0sbgdol @odswo  BsB3z969dwom  odmoMBg3056  Onagraceae mysbols
d3965699d0.



2015-2017 §ewgddo  dgadmzoo  dsboeol  BgbmEMmyoMo  5bseoBo  Lodowgdsl  a35deg3L
390m39mo dBMIgegdol 930000 B96MmEMA0MOmHO X aMRO:

5609 23BoxnbMwOl B9bMmEMAOMMHO XyMB0, MMIgedos dgol obgmo Lobgmdgdo, GMIWGdo;
0mbgdsdo  93b3090s FoMG-s3M0edo. qugbos: Aslophila aescularia, os Trichopthera carpinata, Archiearis
parthenias.

390553bol B9bMEMYOMMO0 XBWRO - J536909w0 86gd5d0 43b3 YOS 53M0E-Bs0ldo. 5T K ABdO
d9000L 10 Lobgmds.

39Box3bM-Dogbmwol gbmewmyom®mo x3MRdo ogMm0sbgdmwo 393wgdol gMmgbs dgobodbgds
336000 0360L53Y. 53 X ABI0 A59MMN05HYOME0s 16 Lobgmds.

5QM9M0 Dogbmwol gbmEwmyomMmo X3MRBo - 39300l BM9bs 90bodbgds dool-03b0ldo (47
Lobgmdo)

Boxgbmmols 3gbmemyom®mo xamxol 393¢gdol BM9bs 890b0dbgds Fms bogbwmemdo 3 xawmzdo
3996000569005 34 Lobgmda.

330560 Bogbmmol g9bmemaom®mo xaRdo gogHmosbgdmmos 11 Lobgmds, GMmIgums gemgbs
3906036905 5330LEML dermbs s bYdEHYddMHOL ILyYoLdo.

d99m@amdol 39bmemyom®mo x353do dgol 2 Lobgmds - Operopthera brumata o Erannis defoliaria,
(99ms 39309gdolL 13M96s 9906086905 990m©ymdsBy, bgd@gddgH-md@maddg®do.

196MEMaomGmo X3M5gdol dobgz00 Y4zgwsbg IgBHo MomEgbom g3b3gds Mg BogbrEols
(39,8%) 5 BoBbHols Lobgmdgdo (29,6%). 330560 Bogbmwols Labgmdgdo 9,3 %-0s, bmerm sbs®bgbo -
24 %.

B530M0olL IBMIgesl BgLfogemol Bglisbgd

B3Ol FbMIgEsls BomEMAoMo S BIBMEMA0MO 23563005(gd0L Ms30LgdMMId6O

OMAm63 90360369m, B3960 33009308 FoBsbo oym dg@gmEOMmEma0n® dmbs(39093bg ogMbmdoms
@5 B0MEMa0m0  IMBoGMOObyoL  Logwdzgebg  Bsdm®ol  FBmIgEsl  godmPgboli  35qd0L,
3963000009006 BsBYOOL, MOMBsMS M5MEYBMBOL FoblsHrzMs s Tomo 39300MIdOL YIBs 39bgdolL
LYBMBYO (335e9dEMBIB, 3JOFBH0IIWME DMBsEMBdLS s LOMING 306OHMdPPMsb (Tsintsadze,
2003:405-118, Dobrovolski, 1969:232, Kozhanchikov, 1959:286). 8{jg690l, GmymO3 3m030mmmg®mdoem
65600, 96O 205Rb0sm Lbgmeol 3Mdoz0 3HY3gMOGHIMs s 956 5§30 bsMIO 5MYAOOME
ob, 5doGmd 9FgMHol 29b30056Mgds, 5JGH0IMHMDS S sOLYIMBDI 30 STMIOWIOIWO0S Y5MgaM 306)MdJODY
@5 dgbsdms FBMWME  9M3399™  3gd3gMeGHIOH 30OHMdddo +6-120 C-sb 36-420C - 8y,
OmIgebsg  9hm©ads 29630560930l 9gEH03MdOL  DBW3960. 5ToLMID  ©3930MJP0”  3033W9I3OM
BodoMol  IbmIgersl BeBMOEMEO 30U MYOIOL  SPIMBOZEg O ILIZWID  LodsMmzgarmls
Lbgoslbgs ©9a0mbdo, oMM 30 MMl 39603035003 YEHT0 SO 3590l 3¢sbES30gdd0
@5 91939 9F9M0L BHIMOGHMM0sDY ML (3539 35Ol BoMYIMDdYIBY, IBEIMD S THWEIMD
39030350 6-sbIsRGHO Lod@Eygerdo (Smith, 1997: 1425, Wesolowsky, 2000: 299-305).

90630l (30900  BghmEMmyom®  dm3wwgbgdby  GHoOgdm©s 2015-2017 fewgddo, H@Iol
L53MAz39BY3 939069 BsIPMOL FBMIYGEOL  ob300MPOL  yzges  FoBob  obgz0mMmGdOL
sLafigobo (EbGoo Ne2).

99b3960896@0L 3gMHoMm©Ado JoMgdwo Imbs(399900@sb Lod s m BsB3969d¢OL godmyzsbols B9dwgy
3900935 0009356, ™I EIB0JLOMGOIE 30gMHMMYOTN  3060MdYdTo 3060390 FoBEgdol 2odmBgbs
oflygds 22 5360wl s FoLMIM0Z50 299MOsD 25  53MOW0EsH. FoLMdMO30 ©OFM3Mgds 0fygds 15
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3HOO0W0b 3565 BsBL, MM F53690¢0l 06EIBLOMOHO LB Gds sgoJloMEs dMbol bggd by
(LodmsEmE 4,27 oo bBOol 100 HobhGHowby). 8339003 93gbstrgms Bmlibsdo ygzgws®g bszwrgdo
6obmzbmdom 953690900 93b3gdMm©s 396MbgLs (0,52) s 6939MBbombg (0,63).

3bGowo 4
B30l 3BmIgemsls 93390530 I39656MH9900
d3gbstrg seffghogmo bggdols 95¢gdol Lsdugsemm
50096005 (BhHgools 100
50©gbmds FodBobY)
Quercus roburl.
10 4,27+0,24
Fraxinus excélsior Borkh.
10 0,8+0,32
Populus trémula L.
10 0,52+0,18
Malus sylvéstrisL. 10 1,15+0,67
Ulmus laevis L. 10 0,4+0,21
Acer platanoides. 10 0,63+0,83

9mbobgy 8gol FM36G900L ol s 3390 EbOL LoEgMEbEOlYIBsMObMdS 258MBIFNMYdOL 90y
094m 35050, 30000 bZs LobgMdIODY s LodwysErm dgo0y)bs 0,17 . s 96 %. 0x3s6%g s 358y
F136900L imbs ogm Ggsmgdom do6mg (0,09 g. s 0,10 @), Foa6sd 358cby gob30mscmgdwo ds369d¢ol
LglMdM030 3OHMMJ300L LoEMEbEolwbsMOBMBdOL BsB3969d9wo 0ym Forswo (Bsdrgsewrme 88,4 %).

00 30Bbom, MMI s390y0bs BTPMOL FBMIGEsL Fo369Mds, Gg30Lfog3egom dobo Boymaog®mgds o
Q©O30M35¢g0 SB0FOWS300L 3Mm9BR03090EO. F99Ya9d0 dm390ME0s  §M9g3039000 Ne 1; 2, Gmdgwos
953dbgds 3bMoels Ne 5.

36003030 1;2

osthmtiols Tesipmals Gogensreags (bt gxbobob)

IR O
Fa

Swmmnofvis IPNES. e . SlyEn  dafome
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3bGowo 5

B3dmn®ol 3BMIgemsls 393engdol 6sgmuoggds s silodowsool 3MmgxB030gbEo Lbgswalibgs

93965M9%g 33990UsL
Lisbgmds dgbs 3580
3b530, fgwo 45 60 15 20
bol Lol () 0,6 0,7 0,7 0,7
dmbo@g@o 11 v v v
Lodmoem 6ogma3096M9ds (3390 3b0o) oo 204+11 159+8 172+6 146+5
sbodoEEooL 3MmYR0E0Y5EO 0,202 0,300 0,265 0,317

O0amOE  33ag390ds 98396y, mbobg  sbodowrszool  3mgnoE0gbGHO 0ym  FgIMgd0m  OIBSWO
(0,202+0,185), begom Bodwgoem bsgmzog©gds - dowoero (204). 6531905 bgalisy®gero 306m:Mmdgd0 oym 60
ol dmbobg, 300069 20 ool 358By. 359¢BY Lodrgom boymazogMgds 0ym ©sdseo (172 s 146
33963b0), sLodows3Eool 3MYBO3096EGHO 30- Fomeo.

439039 Bgdmom 50b0dbmwo@sb  99mdobatyg, 90degds 453909l ©al3369d30, HMI BsdcEOL
dBmIgs 3M(39gds LEWMWosE bbgsslbgs 849693603 30MMdJdLS ©s dom3gbmbyddo, momddol
dog LodoMmmzgewmdo, mwdas JoLo 293MEIGdS s F9369MdS 39365sS OTMIOWIONPO MMYMO 3
39099mU 300035@ M 306HMdJdBY, 0y 1533900 F3gbsEIYgdOL LobgMdsls s Sbs3BY.

3B0MG?MH0 5 BOMAGYIMO BJEMMIOOL G0 BsdcMOL FBMIYEL GoEbrmzgbmdol HgawEoMydsdo

3536900l GHoEbm3zbmdol Mgamwomgdsdo Lbgoolbgs Bod@EHMmMol Mmool dgbslfsgws  3©Id0
Bogo@Mmgom 50 @odBHmOms  0dsMm 4933 gMmdsDY. 330939000 IY0bEs, GMI  339M3boL
LoMEbEolBIMOIBMDSBY 9B0MEHMHO S BOMEGHMMO BSJBMOGOO 453cgbsls sbabl 18,3 %-om. I - III
Sb530L  BoBEgdol  2oddergmdol  dshgz9b6909wo  50,8%-05, IV-Vologol  ds@GHgdol  453dengmdols
dsh39bgdgwo - 27,2%, 3FM36900L 30 - 54,8 %. y39wobg 9B oddrg  50dmBbs  0doym.
103300056MBOL Fodero 853969090 sxzgoduoMmEs I - III sL530L FoBgdby 330MEHJOOL EIdYMHZOLS
@5 353900l 259mBg30L  5MILOBJOMbMEOMBOLLL.  MGFOMUO sl To@gdol 10330 O6MdS
300©530M3OM3MM 3005 3Mm3300L 0dF0EOMZgLMSD. ToBgdol  Jowswo L03Z3EOW0sbMdOL
9603369 m3s60  Rod@BH™MMos  BodmEol  FBMIgEol  EsdM30©JOMgds  (BoEolobgmdMozo s
LobYMBMIMOOLO) Lb3oolbZS 8339053 36O (Mog3030 Ne3).
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‘bodmol Fbemidgaesl TV -V sbisgols Sadyergdol GogbmgBmdobs @b boggoogmosbindols soogbgol

e T

by

TV = V sl gols Aol bo gmomoibnds 100 dofy

36553030 3

B59nMHOL  IDBMIJWIL  WsdMOIGHMOOM 3060Mm39dd0  298MBOOL FgJAO®© 29dM30bs, MM
353900 JOMOMIIE 00)393MBID 3565D0EJOOLY (FbOOWON6).

3bGowo 6
B3390l IBMTgesls FsEemgdol s F1936:900L 10 3300s6MBdOL F5B396gdEGOOMDdMMIEMMONMED
30609030
;io 03300560 03¢ @gdols HG5gbmds 3semo % 0330560 FM369d0l Hocbymds, 3oeo, %
N
2
| 3565D0@gdoLs6 é 3565%0@Ybolgs6
i 2 | - % g
g 2 ¢ 2 &
2 S S g g S S 8
1> 4] © o] £ e = ¢
2 g 2 28 2 g 2 88
[<3 g B, I & [) [~} ] B I3 & [=)
3, g g & & S | g g & 9P
£ B g ® 88 € B g & &8
) A E 2 A i 2
£ i3 = % o o
2015
100/3,2 1/1,0 2/2,0 00 22,0 97 |0/0,0 1/1,0 0/0 1/1,0
100/3,3 0/0 1/1,0 10 [3/3,0 95 |0/0,0 0/0,0 0/0 2/2,0
2016
100/3,1 2/2,0 1/1,0 00 2120 95 | 000 | 1/1,0 0/0 1/1,0
100/3,3 0/0 2/2,0 /1,0  1/1,0 9 | 0/00 | 0/00 0/0 2/2,0
2017
100/ 2/2,0 3/3,0 /1,0  2/2,0 94 | 0/00 | 1/1,0 0/0 1/1,0
3,1
100/3,3 0/0 2/2,0 0/0 [1/1,0 97 | 0/00 | 3/30 0/0 2/2,0

B580M0ls 3BMIgesls 3673030 dBHOYd0

091693603 3060HMdgdT0 HoINEMOL FBMIGSL MHoEbM3bMdOL 0BsT03sDY gE)-b53wgds© Fo3w9bsL
0bgbab 9bFGHM™INGsAgd0. 53BMMOOL  MBgBHgumds JooBbg3l, MHMI  gbGHMIMBoYGOOL  939IBHWIOMDS
BodoM0oL IBMIgEsl HoEbmzbmdols MgywoMgdsdo d3oMgs. 59539 EOML Bs30MOL3OMM FMLOBMHYdS
33b30905 bogmgzsl 30Mmgddo.
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BodoM0oL IBMIGErsl dMEM sb530L FoBgdl sB0sbgdgb Eodobgdo Cyzenisalbicans Ell., Gadgwos
0f1393L 3536900l L0 330W0sbMdSL 2,4-6,2 % - 0m. BYol GHOOJmA®ds ( Trichogramma evanescens West.)
5oL IM5350  Lobgmdols  dFgemol, dsod  TmOHoL BsINOOL  FBMIgEsl 339OHELOL 3oMBoG0. dsmo
90090900 3390 3bgdL ©Yd9b Fsl30bdol 3396M3bgdBY. BoBEOL FBMIGsls 339MEbT0 30MMEYds 1-2
G®0Jma®505. 35M5D0EHOL 339006 LMYYEGBOLIL (TGOl BosBsdo) FbmIgesl 339MHEbo 0WIdL ds3
39539600 MdsL s 5000 oMRg35 X 9BLOEMOLIRD doe0sb 530W0s. BHEMOJMYMsds Foldobdgols 339G Ebdo
0329360901 5 3gM9d0 godmxMmgbolbmsbsgzg ©gdgb OO MomMmEgbmdom 339M3bydL.

BodoMol FBMIGEL OMEbMm3zbmdol Mmgawo®mgds Jgdwosm s19g3g  DMA0IOHD BOGHMBIRLIES,
0539 0mO, MmamMoass Miridae, Macrolophus nubilis H.S, &m09eo3 03390905 3Bmagemsl 3390 3boom s
35¢gd0m.

DodoMol  dBMIgol  9bBHMIMAPsQq00l  godmzwgbolomgol  B3z9gbl  dogh  4sdmygbgdgen  0dbs
©xgOHMb30L dg0mEo: GHMEGHJO0L IxRgMMb30L Tgdgy IFIMHIOL 353MM390EOM  3M0JNOEGHol
L5396009b6, MMIgaEroi sxggboo ogm bol §39d. 9aMmM™30e0 Tobvgns 2osR3JMBES WSdMMSEHMM05T0.
Lol 93905 bgdm®s ool bosmgddo, GmELss IPgMgdo 653wgds© IMIMms3z60 561056.
3sLoeols Gg6m™M3905 bgdms 2015-2017 Hengdol doger bs3929GEG0M 39MHOMETO.

B39bL og® Asdmzwgboero 0dbs 9990 9B6GHMIMNGIRJO0 s 9BGHMIMNGBIAJOOL 9339dEHIOMdOL
053969000 (Tserodze 2014:105-106, Tserodze M. 2017: 13-14). (Table 7; 8).
3bGowo 7

B33l 3BMIgemsls 3670030 IBHMIdO

35615H0300
95BHols Fn36m0L
Ichneumonidae Ichneumonidae
Agrypon flaveolatum L. Pimpla spuria Grav.
Braconidae
Apanteles ater Ratzb.
Ascogaster rufidens Wesm.
Tachinidae
Blondelia nigripes Fall.
Chalcidae
Eulopus larvarum L.
3®o6Idwgdo
9s¢3ols Fn360L
Carabidae Carabidae
Calosoma inguisitor L. Pterostichus cupreus L.
Silphidae Cicindela soluta De;j.
Xylodrepa quadripunctata Sehr. Staphylinidae
Raphidioptera Philonthus sp.
Raphidia ophiosis Schum. Cantharidae
Cantharis fusca L.
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3bGowo 8

b330l 3BMIYsls MBROMBO sLs30L Fodergdolss s FM3Mgdol gbEMIMBIRIB0m slsYH0sbYdOL %
(96¢3™3mEBs9d0L 9BIIBHIOMDS)

fangdo | 953690¢mols gsbgomstgdols 053b9d¢mols 3lgbosbydremo s1sgbosbgdol %
bBogos ©5m©gbmdagowo | JbAMBmBIBOm o
2015 935G 0 925 18 1,3
Fm360 259 8 0,09
2016 935G 0 306 8 2,6
Fm360 400 3 0,7
2017 935G 0 274 18 6,6
Fm360 314 1 0,3

MMMO3 3BO0oEsh BbL, B3gbL Jog smGmoEbrwo 96@™MIMBIRgo0l 3083¢gJlosb BsBmMOL
dBmIgsll Mobmabmdsby 960d369mm3s6 493w gbsls  sbgbgb GmamGE dos@wol, olg F3Gob
3565039d0. 256L53MJOME0 LobsMI0Mm FoGEOL 35M5H0EJOO FodMoMBY305b.

3905D0BJOL dmMol 4obbo3MNMGdEo 3b0d3bgermdom Qsdmombgzs Agrypon flaveolatum L. o
Apanteles ater Ratzb. 37360l 9¢35:390¢90L dm®ob 30 - Prerostichus cupreus L., Cicindela soluta Dej. o
Cantharis fuscaL. (3bGoeo N9).

3bGowo 9

3565B03900L 989dGHVIOMDS BBHOL FBMTgEsl GoEbmzbMdOL MHgameE0Mgds80o

Lsbymds B580Hols IBMIgersls BodErgdolss s F23MHgd0L LogMoM Gormwgbmdols
©33565B0BH056900L %
95gdb0dsgrmmo d0bodsem®o

Agrypon flaveolatum L. 9,4 24,1
Apanteles ater Ratzb. 11,1 37,6
Prerostichus cupreus L. 5,7 14,9
Cicindela soluta Dej. 81 18,4
Cantharis fuscal.. 8,6 19,7

33193900 B135396M90 51939 Bo8OOL dBMIGEsl FoGgdols s F936M900L 9bEHMIMBOAO0
©5H056930L bomolbby Logge s LogmMbGHOMW™M 3H9M0EGHMM0GODY, CMIWdoE F9dmaBsMYMIo
69d&Ho60ob 9993390 339bstggdom (sbGowro Ne10,11).

19



3b®owol0

69dBoOm3z560 9396509980 9539dBIMMdS (Bsdesene dsB3zgbgdgo, 2015- 2017)

bgdol ©gxMEmosEool
bsGolbo % BagmBEHmem ®og8wm3zs60
93gbsggdo (350s)
50-60 30-40
96¢3m3mxz589000 ©sH0sEIIOL %
953G 0 8 15
Fm360 6 17

OMamO3 bO0E0b BBL, ol GHIOOGHMM0S BOSE IMIBOEO 0gm 3505, 9IGHMIMBOAIOO0”
5@ g0l sHbgds 0ym 15%, beagom 3993609d0L 17%. 585bmsb d3965(0L EIBRMEOsE300L baGolbo
20%-007 Q505¢005 3000MY LO3MBEHMMEM FHYMHOBHMM0sDY. 330939800 OH0BW, MOMI bgd@Eocmm3zsbo
939656900 890mBsGMME  GHYO0EAMO05DY  35M5D0GHIO0L  9BIIGHMOMDS (339 JOS©0S, gL
3000090l 005D, HMI Bgd@sM™mz560 I3965609900 Lb3oILLZsAZ9M TMJdggdl 9bEHMIMGBsRJdOL
dmbo3zsbg (Moo Nel1).

gb®ocro 11

©5300M0ls IBMTgeEsls 35M3BoEWMmo 9bEMIMGsagd0L 19BIBIMEMDS B3I s BoIMBEMMENM
653390090%9 (2015-2017 §engdols bsdoysenm)

3¢ gd0oLs s F36gd0l
Lsbgemds ©3bxdmg6xdol BsBS 3lBgdM3bgds %
U3302609Gagm
bipegero
Ichneumonidae
Agrypon flaveolatum L. 2,0 33,3
B id
A ant::::ieii{atz 37,5 40,0
P : 953G
Tachinidae 95 0 200
Blondelia nigripes Fall. ’ ’
Chalcidae
Eulopus larvarum L. 1252 6.7
Ichneumonidae 6.7 83
Pimpla instigator F. F360 ’ ’
Chalcidae
. . 33,3 17,7
Brachimeria sp.

0553m3560 9396569900l Fgoglgom  9bEGMIMGBIYgdoL  BBo3LL  Fgdemos  Fo3bgderols
HoEbM3bmd0L 9306905, Boa®sd gl 3g0mO 396 39330l 853690¢09dM5b dMAMMOL GHMOEO(30,
339 93MMB06MYdM I9gmMEIOU.

dBmIgemgdol  MHobmzbmdol  MHgawomgdsdo  396gdM03  30MMO9dd0  9bEHMIMGBYYIM6-
9)539090056 5 35M5D0EHJOE gD, FIM3IZIM OHMWL  SEOYWGdID  9bEMIM3smMYabmEo
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303606 56093930. doMMZMWO 3:M09bEOMBOL 396936030 930BMMEH0S 0ym s0bodbmewo 1981 .,
MM 3 B5dGOL IBMIGEsl L0330 0s6MBA 30OMLEo 0bx3gd300L Fggas dosmfos 18,1-2,54% -b.

33w93900L  Ho®mdmgdol 30mEgbdo B3gbl dogM HAoMmo 900b0dBYdIMS dodBHMomwo s Lmzmgsbo
06339930900L5256 20dmf3gmo  BsFNEOL FHBMIGEsls FoGgdols s FM3Md0L L03ZO0W06Mds
(O0Igems  250m3)3930  odMYMBOO  04m  O935QJOM0  FoBEd0sb o F30g00b o
39050900 0465 153390 960990DY). LmIMZID 535000 JO0D T53b9gdOL FoBEgdly s FM3MNODY
3993 9gboo 0gm m3mgdo: MgmEo IML3sMEO0bs (Beaveria bassiana Bals) s Metarhizium anisopliae.

05369000l Hobmzbmdol MHgamwo®mgds®y  bmzmgzsbo  mMasbobIgdol  Mmols s  Jomo
95393GHIOMBOL ©LOAJ65©, (3IOL 35BHIMJOOm 8536980l A56305MgdOL MOMJdol yz9es Fsbsdo
3993 gbow 3500My9b9gdYy - Beauveria bassiana —bs ©s Metarhizium anisopliae - ©g.

(30901 3539M90Om bMmogg sbo3ol Fo@WYdbY, GMIMIdoE ©FMTs390wo oym  Lbgssbbgs
3M6396G®5300L 36019356153 9d0m. 1103300W0HMBL Z30MZWOEOM 5dMEHOL BMOIMWOL  35dmygbgdoom.

33w930L 8993900 dm(39900s 3bOowdo Ne12.
3bGowo 12

350009969960 Lm3MgdoLsgsb gsdmfizgmmo Bsdm®mol IbmIgesls Lbgsslibgs slsgol ds@Eugdols
15033000e056MdOL % (2017 Foewo)

356%s3900L 306396@Gs30s ©®9900 ©53M853900L 89dwgy 15033000¢056md0L %
B. bassiana M.anisopliae
1:1000 5 93 90
10 95 93
15 98 98
1:5000 5 81 79
10 83 82
15 87 89
1:10000 5 69 65
10 72 70
15 75 75
1:50000 5 29 27
10 42 40
15 45 45
30b@OH™mo 5 8 7
10 15 14
15 17 17

MmO 3bOowdo dmygzsbowo 9mbs3gdgdosd 0033935, Beaveria bassiana s Metharisium anisopliae
98393AHMO0 35000396930 5601056 BsIMHOL FHBMTGOl dOMMMYPOMOO 3MBEGHMMEWOLIMZ0L. M3 MBOM
050005 blbsMOL 3m6(396GHM30d @5 BW0s TGOl d30, LM3MdoL 9JRIJBHMOMdSE MBO™
0o0o0s. Beaveria bassiana - b 9839d&«yOHmdsd 9goq0bs 93 %, bmerm  Metharisium anisopliae-U
3900bg935d0 gl dsB3z96909w0 oym  90%.
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9oMmowos  96GHMINGBYYYd0 5 96GMIM3500MA9bMm0  B03MMMMYboBIgo0  T9B)-Bogrgdo
5092009096 dmEgdmeo 3536930l GHoEbmzbmdsls 3690580, MoE BM3NYIMWOs  MHMYMOEF
39M99m 306m390bY, sbg3zg 3536900OL gob30mMsMgdOL BIBIBY s LBBZ. FBodBHMmMgdby. B3z9bol sHBEMOm,
G063 93965699000L, 0bg LolaMygdM gbEMIMABsbol 39698580 330l JoBbom, F0BBTgfmboos
95369 909930l (oboswdgy  doMmWMyomEmo 36M935M0GHo0L,  3gMdmE  BsdmGol  IbmIgesls
(oEbmzbmdol IglodEomgdes©, Lmamzsbo s 30OHMLM360 LT W gdgd0L AsdMY)bgds.

B3dm®ol 3BMIgamsls Fobosmdgy 3d3egduvmo mmbolidogdgdols 898wdsgzgds

30m3679356M53 700l 3sdm3ol 899700

BodoMol dBMIGEols sboliosmgdl FolmdMOZ0 odM3egds. ol sb5YMMGOL dzgbotgms 3m3MVL,
y3530q0dlL, 6513390l o 2obLOIMNMGOOM BMMWGIL, M3 03938 bggdol deoge IBOsBYdIL s
50335653 30, O3 8O3 0sbMdOL F9d300900L LoxmAdzgwos. s3sbmsb, 85369090 Lbgsalibgs
3B53900bLs S 35M5D0EHOLIMZOL [oMTmoagbls 33900L Hysmrmb.

L5doM39wML Bofo®dmm d50gdoLs S GYol FMOMEIMOMBIEo 85369d¢qdol  sg3MmJogdol
Pe0gddo, Jodom®o 330l FgmEOL 9x39dGHIOMDs Fooeos ©s bdoMs T9ogbl 95%, Togsd
JodomEo 36MH9356M5@JO0L AobmdMOZ0 4dmyghgds MoMYMBomM© ImJdggdl oMgdmbg s Loliocygdwm
95@HM™IMRBsMBsBY. LEdMWMME d6gdM030 F9dsboBTGdOL ILMLEHIds 0f)393L To3b69 LobgmdadOL MBGOM
39965300905-3559dBH0MJOSL, 51939 8500 MYHBOLEIHEHMOL 39LB0E0IOIOL 0B,

(330000  ©MboLA0YdGOOL  g9dmygbadol botxdg 03 ©obs3MPgd0L 360TbgEr™m3560  Bofiocrol
B3935 dgLodergdgeros 939bsmms  06@9aM0MgdMEo (330l 09b53gM™m3g  Fgom©gdol
399mygbgdoom.

93965695 o330l BHMOOEONO  BgMMEIP0  FOMOMIPI®  ©BWYIDYIME0s  Zsmmygbols
6oEbMm3bmd0L Jodomo b0 899;3060905Dy.

B30BL o9 33093900l  Po®mBmgdol  MmL  Ibgzgwmdsdo  935J3L  dggbsegms o;330L
93 Ma0bs300L  3OMMdIWYTs, M3 3060390 M0ddo FMolbImdl  sgMmE3gbmbIdol Mgy mEwsEool
3639890050 3033 gJuE  FoEMALL,  93MLOLEYIJOOL  g3MEMPOMEO  356MBIYdIMdJdOL
Log)d39@bY.

39LG0E30YO0L 25dMmYgbgd0l BE0BO WsBIYMRS 58 POMOLIMZOL MMM, TodE00 SOLYIMOL
d9L5degdEMds,  d0600w9FsdEg  ©930Y356Mmm  QoMgIML  sdOBIMEMGds  Jodomo  ©sTMToz900L
XJO5MdOL F9830Mgd0Ms s 5Fsmwgod  Bsdodo 3536930l 2o3M(39wgd0L 3MMYbmboMgdom. sdob
Lod3zgbHg bs IMbEIL  BOMIMY35MEHIOOL 25dMmYbgds S WYGHIMOsE 0dbgl Fglfogerowo
0536900900l LobgmdMogo 8985 gbermds,  B9bmeomaos s Mo3gb™m3bmds  3mb3M9E M
526Mm396mBgdd0.

B3Ol BMIGEol MHoEbmgzbmdsby 33060390905 5h39bs, MM Jobgszs 3536980l Jomoero
399dgmdols sMobglisgMgwo  30MHMddOL  Jodsmm, dol MHogbmgbmdsby o  gogurgbsls sbgbl
530MEHMMHO S BOMGHMMO BoJBMOYd0. 3536900l JogM 93965609900L IBOIBIBOL badolbols 9ggslgds
9399905 3bGOowdo Nel13.
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3bGowol3

BsdoMols IbmIgesls 3og® 3396569980l sB0sBgdOL batolibols Gggsligds

swMogboymo 5Bobgdrmo 5B0sbgdrymo ©5B0sbgdvymo 339M3bol
35 bggdo % R0 00% 39009900l
3 % 6o009bmds 1 bgbg

2015

5 3 60 12 22 0,05
2016

5 4 80 18 31 0,2
2017

5 4 30 4 7,1 0,01

OMamO3 3BOHOoEIb BbL, B3Ol FBMIGs A9dMoMBg35 OO F5369Mmd0m. 2015 gl 500b0dbs
©5D0569do 339bs0ggdol oo dsB39b9gdgeo - 60%, 2016 ol - 80%, bogwem 2017 ool - 30%.
50539 3960m@do, Bggbo MImswm dmbsfowgmdoom, 8536900l g53M39wgd0l 39M9d3o bgdms
0036935653 J000  F3gbstgms 930508853905,  39MOHWIIWNIMQ  WBMEMOBHMO0M 3060900
39569600 F03MMBOMMWMAO0NMMO 30H9356M5EHJOOL 2oTM(BLSL.

BodoMol IbmIgesl Fobsswdogy F396L 3096 gsdmEEOwo s JOMIsBymby 9ot gdmwo odbs 2
05d3H9M00 0bLYIEH0E0O: D 00390 8 ¢, B d5-1760 g5/0y (Bacilus thuregensis subsp.kurstaki), d@sdo
HD-I AB»8-351 350968 d0mUbisgblgh 3m®m3m©m90db s wgdomizoo 93-b 35-2000 g5/dy (Bacillus
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o 230000 Bogbwmol ggbmwmMaoM® XAMBIo gogMm0s6gdos 11 Lobgmds, MMdgwoms gMgbs dgobodbgds
59230LE™ML dMEMbs s 1YdEHYIdMOL sLfigoLdo.

e J90mpamdol 539bmemyow® xamxdo dgolb 2 Lobgmds: Operopthera brumata s Erannis defoliaria, Hmdgerons
393qd0b 530965 8906086905 9gdmeamdsby, LgdGHgddge-mgd@Emaddg®do.

396ME@MA0MMO X a953g00l JobgE30m, Y39esHg gBHo MamEgbmdom 3bggds Mg Boxbmwol (39,8%) s
Dogbyamol Lobgmdgdo (29,6%). 330560 Bogbwyanol babgmdgdo 9,3 %-0s, bemerm EsbsMbgbo - 24 %.

3. 2959m3wwo0bs LodoMmmz9ewmdo 4o3MEIgdIEo IHBMIGgd0Eb yzgwsby dg@Eo ds3bgmdoom (85%) sdmMbgwyeno
Lobgmdos - Bsdmncmol FbmTgms s 3oM39ws© 0gbs Fglifogzerowmo Lsggmdzerosbs dobo g3mEMaoM@mo 0530L9dM9dIdO.
©5@0bs 35369000l 256301 5¢9d0LmM30L oo™ gx39JGwIO GHJB3gOGHWIMMS X980, OMIgEoE LsdrgsmmE 99goyqbL
300°C.

4. Bs00HoL FbmIgems 2o3M39egdos  bogsMmmzgwml dmger  GHIMOGHMO0sHY. BobO 2o3M3gEgds s Fo36gmds
093650055 ©59M3I0IOYO BIMYMOE JEr0TsEH IO 30MHMdJODY, 0Ly 83390530 939656970l Labgmdsls s Sbs3HY.

5. Bs00MHol  FBmdgeol  ToGeEgdol  godmbgls,  49630m5MgdoL  Bobgdol  bobyMdwrogmde (D) 3500900
©53M300090105 (3gd396MoEMEave 306MdgdBY s 83390530 I39Bs0L (358c0l) BIBMEIMAOME 530L9dMGOGODY.
0oBagdobl g99mBgbs 0fjggds 330MEGIOL  2odwolsl, MMmEILag 9BIIGHNIO GJI3gMoGMGsms Xsdo s@ol 310°C - 1064°C.
0530l 4963000060905 Mdgargds Lodrsem© 21 Y. s53006 15380 2oObgEs begds 3-5 WYdo, sF3MYds -
03bolido. FM3Mol 535%s  AMmIgEgds bodrewm 147 MY, OMEs 9BIIGHMO BIB39MGVIOIMS X s00 s@ol 500°C-1529
0C.  393wgdol dobmdGMmogo BMgbs bgds md@mddgm-bmgddgmdo s 3MHIYEEIds ssbEmgdom 33 ryg, 80°C-835°C
9899AHMO G9939M9GHWIMmS X5Tol OMU.

6. 393wgdol ©EMY-0sIMNMmO BOIBOL ©E0bsdogol Tgufogursd sh396s, M 30Mm3gws BMI6LL ofjygdgh dsdémgdo,
osbwmgdom 40 fmol 3069000 30 - IgM9d0. 22 Losmol 8989y 9JGHoMo BMmabs d30MmEYds, MWsdom 30
0990Bbg3q0s.

7. 0500060b dBmIgesl HoEbmgbmds ©s35380M900s BT M EEI-03H  3Yd3gMsdwIMlmsb, GmIgwog
3960L5BOZMGOS SVOMEHHO BSJEHMMIO0m. 33939008 FIWLIYIW 0B, HMT F53690¢0L 4963005MJOOL MIEHOTMdo
dmombmgl $993gMs@nMol B3gE308039M (33¢L ferol ds6dogbg, Jolo gsb30msMYdOL BsbgdoL Jobgzoom: 0dogm -
990mamdsbY, 339030 - 23006 Fg0mEyMIsLy O S©MY ASBoBLNEDBY, ToGwgdo s FM3MGd0 - FoBoBbMDy
Dogbwyendo.

8. Bs30MHol IBmBgensel bogmzogMmgds ©sdm300gdvwos 9339053 93965091 s oMgdml ¢gddgMo@ e
306MHMdPOBY. 9536900l 0603oEBHMMO F(39Ds6MYgd0s FMbs s 353o. Lo bogmzoghhgds Fgoygbl Lsdwswrm
172 3396 bL.

9. Bggbl dogh 3oM39wo@ 90m3wgbowwo ogdbs bsdm®mol Fbmdgsls 13 Lobgmdol gbGmImesyo, doGwol
3565D0EHIOL FnMoL 256Ls3MMMGOMo 9B9dGHNMOMOdOm #5dmoMmbg3056 Agrypon flaveolatum L. s Apanteles ater Ratzb.
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F99300L 3Bo390wgdl dmeob 3o - Prerostichus cupreus L., Cicindela soluta Dej. s Cantharis fisca L. dbgdsdo dsomo
9539JGHMOMdS 8536900l Hobmgbmdoll Mgamwomgdols Lygddgdo dghygmdl 8%- sb 37%-0wy.
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Lo FoMms 359myqbadwaro 0dbgl JodomMo dgmmeo, JgMmdm - GsbiEezo (0,3 ¢/3s).
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Specification of species (Geometridae, Lepidoptera) and processing of harmfulness measures
in Georgia

Introduction

Actuality of the subject. the appearance of new species of pests and aggressive biotypes, intensive use
of chemical fighting methods caused debilitation of natural mechanisms; However, refusal to use
pesticides in farming is not realistic now, but there is a possibility to minimize environmental pollution
by decreasing the effect of chemical processing, predicting the spread of pests and the multilateral
approach.

The ecology of plant protection is primarily a complex approach of management processes in agro
enosis while considering environmental appropriateness.

In recent years, cultivation of fruit trees and the composition of their cultivars have intensively
increased in Georgia. From the cultivars special importance is given to the apple production, which is
50% of fruit production in Georgia and it is considered to be an exporting product.

In order to achieve rich yield, it is necessary to study the dynamics of harmfulness of pests, their
bioecology, phenology and number that will be the basis for using agrotechnical, biological or chemical
measures.

Many species of Geometridae are spread in the forests and apple gardens of Georgia. They are
phytophages. They are characterized by periodic mass reproduction and seriously threaten the green
cover that conditions the farming importance of measures against the entire family of Geometridae in
agro and natural cenoses.

Proceeding from the above mentioned, the description of Geometridae species, spread in Georgia,
including the determination of the most harmful, dominant species, the study of ecology, and the
identification of their natural enemies is of great importance for the rational solution of plant protection
problems. Especially because, the specific composition of Geometridae in Georgia has not been defined
yet. That determines the actuality of the problem.

Research objectives and tasks: The aim of the research is to clarify the specific composition of
Geometridae in Georgia, to study biological and ecological peculiarities of winter moth, the most
harmful dominant among the Geometridae, to reveal the entomophagous insects and determine their
effectiveness in regulation of the pests number, to conduct comparative analysis of the biological
preparations against the Geometridae.

The objective of the research was the representatives of family Geometridae, spread in Georgia,
including the dominant species-the winter moth and its natural enemies.

Selection of the research object was made according to the following criteria:

* Nature of propagation and spread of the pest;

* Level of plant damage;

* Increase the number of the host plants;

* Economic and ecological indicators of the damage.

Research Materials and Methods: The materials, which were collected in the apple orchards in Gori
municipality as well as on some apple trees, growing in different regions of Adjara and historical
districts, the observations and procession of the collected material with different biological and chemical
preparations, conducted in 2015-2017, were used for carrying out research work. During the research
we used the methodology for field and laboratory studies (Fasulati 1971: 424, Dospekhov 1979: 416).
We conducted work with the purpose to determine the impact of meteorological factors on the
development, propagation and number of winter moths. We carried out observations on the
phonological phases, to reveal their natural enemies and determine their role in regulating the number
of pests.

The route and square methods were used during the research work to ascertain the entomological
condition of the gardens.



Scientific innovation: This is the first time the species composition of Geometridae in Georgian has
been ascertained, the winter moth, as a pest for fruit trees, was studied in details.

The impact of temperature conditions on the development of the winter moth (according to phases)
and specific complex of predators and parasites were ascertained. There has been studied the range of
the main entomophagen of the winter moth, their biological efficiency and prospects of the use of
biological preparations against the winter moth.

Theoretical and practical significance: The material, represented in the paper has both theoretical and
practical significance. It is easier to predict the possible zones of spread if the phonological terms of the
winter moth and its natural enemies are studied, to monitor the revealed areas where they are spread
and so on. That will enable the plant protection specialists and farmers to plan properly and efficiently,
ecologically safe and effective measures to combat the pests.

Approbations: The principal information given in the work was reviewed at the Annual Summit of
the National Food Agency. The reports on the results of the dissertation topic were read at the meetings,
held at the Agrarian University of Georgia, at the Technological Faculty of the Department of Agro
Ecology and Forestry at Batumi Shota Rustaveli State University, as well as at the local and international
scientific conferences.

Publications: There are 10 scientific works published around the dissertation topic. 7 of these works
are published in the Annals of the International Scientific Conferences and 3 of them in different
reviewed scientific journals.

Volume and structure of the dissertation: The dissertation work consists of 153 pages, including the
introduction, 4 chapters, 15 sub-chapters, 39 tables, 6 graphic drawings, photographs, conclusions and
recommendations. The reference list contains 152 publications.

The literary part consists of 1 chapter and 3 sub-chapters, dealing with the general information about
the family Geometridae, some issues about distribution and ecology of the Geometridae fauna, the
biological, morphological and ecological peculiarities of the family Geometridae, particularly the winter
moth (Operoptera brumata) and the agro-climatic characteristics of Georgia.

The experimental part consists of 3 chapters and 12 sub- chapters, which cover research materials and
methods, agro-climatic characterization of the scientific research area, the results of the research work,
conclusions and recommendations.

Content

It consists of 1 chapter and 3 subdivisions, which describes the general information on the
Geometridae, Lepidoptera, ecology and distribution and the biological, morphological and ecological
characteristics of Winter moth (Operoptera brumata), and the agro-climatic character of Georgia.

The experimental part consists of 3 heads and 12 subunits. Which provides research materials and
methods, agro-climatic characterization of research plots, results of research results and
recommendations.

Research Results

There are various sources that promote formation of harmful fauna - entomofauna of forest or wild
fruit trees, harmful entomofauna of forest deciduous tree (non-fruit bearing trees) varieties,
entomofauna of wild herbaceous plants, harmful entomofauna of parks and the imported plants and field
protective forest belts. Considerable number of the entomofauna has adapted to fruit bearing plantings,
adjusted to the climate of Georgia and may cause a gargantuan damage in future. The larvae of
Lepidoptera destroy leaves, inflorescences, sprouts, branches and fruit. In case of severe damage, fruit
trees discontinue fruit bearing for a few years and finally they die. (Simonenkova, 2011: 293-295,
Lobzhanidze, 2006: 20-21, Lobzhanidze 2009:30-35. Troubridge.1993:1250). Therefore, the knowledge
and ascertainment of specific composition of these insects are given special attention.



In the biocanosis we have found and identified the following species of Lepidoptera, Geometridae
(Meskhi 2014) (Table 1)

Table 1
Geometridae, lepidopteran of Georgia

Ne Subfamily Species
1. Archiearinae Archiearis parthenias
2. Alsophilinae Alsophila Aescularia
3. Geimetrinae
4. Tribe Geometrini Geometra papilionaria
5. Tribe pseudoterpini Pseudoterpna pruinata
6. Tribe thalerini Thalera fimbrialis
7. Hemithea aestivaria
8. Jodis lactearia
9. Sterhinae
10. Tribe sterrhini Ideae aureolaria
11. Ideae aversata
12. Ideae biselata
13. Ideae deversaria
14. Ideae dimidata
15. Ideae fuscovenosa
16. Ideae humilata
17. Ideae inquinata
18. Ideae monilaria
19. Ideae muricata
20. Ideae pallidata
21. Ideae rubraria
22. Ideae rufaria
23. Ideae rusticata
24. Ideae seriata
25. Ideae serpentata
26. Ideae strainimata
27. Ideae subsericeata
28. Ideae Sylvestraria
29. Ideae vulpinaria
30. Tribe scopulini Scopula flaccidaria
31. Scopula immorata
32. Scopula incanata
33. Scopula nemoraria
34. Scopula nigropunctata
35. Scopula ornata
36. Scopula rubiginata
37. Scopula umbelaria
38. Tribe rhodostobhini Rhodostrophia vibicaria
39. Tribe Cyclophorini Cyclophora albiocellaria
40. Cyclophora annulata
41. Cyclophora trilinraria
42, Cyclophora porata
43. Cyclophora punctaria
44, Cyclophora puppillaria
45. Cyclophora ruficilaria



46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

Tribe Calothysanini
Larentiinae
Tribe Xanthorhoini

Tribe Cataclysmini
Tribe Larentiini
Tribe Asthenini

Tribus Operopterini

Tribe Rheumapterini
Tribus Eupitheciini

Tribe Chesiadini
Tribe Lobophorini
Tribe Abraxini

Tribe Caberini

Ennominae

Timandra griseata
Lythria purpuraria
Scotopteryx bipunctaria
Scotopteryx chenopodiata
Scotopteryx mucronata
Scotopteryx moeniata
Catarhoe cuculata
Catarhoe rubudata
Xantorhoe birivata
Xantorhoe disignata
Xantorhoe ferrugata
Xantorhoe fluectuata
Epirrhoe alternate
Epirrhoe galiata
Epirrhoe molluginata
Epirrhoe rivata
Cataclysme riguata
Euphyia frustata
Euphyia unangulata
Pelurga comitata
Minoa murinata
Hydrelia flammeolaria
Operopthera brumata
Epirrita automnata
Calostigia pectinataria
Chloroclysta citrata
Cidaria filvata
Thera juniperata
Thera obeliscata
Coenocalpe Iapidata
Eupithecia absinthiata
Eupithecia centaureata
Eupithecia distinctaria
Eupithecia icterata
Eupithecia innotata
Eupithecia linariatav
Eupithecia millifoliata
Eupithecia pimpinellata
Eupithecia pini
Eupithecia succenturiata
Eupithecia virgaureata
Eupithecia vulgata
Rhinoprora rectangulata
Aplocera plagiata
Acasis viritata
Calospilos sylvatus
Lomaspilis marginata
Ligdia adustata
Stegania dilectaria
Lomographa temerata
Cabera pusaria
Cabera exanthemata
Selena dentaria
Selena lunularia



100. Selena tetralunaria

101. Epione repandaria
102. Tribus Colotoini Colotois pennaria
103. Tribus Campaeini Hylaena fasciaria
104. Tribus Semiothisisni Semiothisa liturata
105. Semiothisa notate
106. Semiothisa alternaria
107. Semiothisa artesiaria
108. Semiothisa clathrata
109. Semiothisa glarearia
110. Tephrina arenacearia
111. Tephrina murinaria
112. ltame brunneata
113. Itame wauaria
114. Tribe Boarmiini Boarmia repandata
115. Hypomecis roboraria
116. Tribe Bistonini Biston betularius
117. Biston strataria
118. Agropis leucophaearia
119. Agriopis leucophaearia
120. Agriopis bajaria
121. Agriopis marginaria
122. FErannis defoliaria
123. Tribe Gnophini Siona lineata

As shown in the table, we have found 123 species from the family of Geometridae within the
territory of Georgia. Monovoltine and polyvoltine forms are dominant, most of them are polyphage,
whilst monophages are only 10%.

The geometer moths (Geometridae) are spread throughout the whole territory of Georgia and in
almost all kinds of biota. We studied 6 categories of biota and 1000 trees from each category, 6,000 trees
altogether. The investigations showed that Aploceraplagiata is distinguished by the largest quantity
(among the 6 000 registered trees 783 appeared to be damaged that is 13.05%), Epionerepandaria is
characterized by comparatively less distribution (755 trees were damaged that is 12.98%). The third
place is occupied by Eupithecia pimpinellata, and with the lowest indicators are distinguished
Agriopisleucophaearia, Selena dentaria, Calospilossylvatus, Lomaspilismarginata, Clidariafulvata,
Epirritaautomnata, Euphyiaunangulata, Xantorhoefluectuata, Scotopteryxmoeniata,
Scotopteryxmucronata, Rhodostrophiavibicaria, Scopulaflaccidaria, Ideaefuscovenosa. The number of
damaged trees caused by the geometer moths was 9 trees among 6,000 that is 0.15%.

The majority of the geometer moths are obligate phytophages and the majority of the larvae are the
phyllophage. In the early phase of ontogenesis, the first and the second instars of larvae may use
substrates of buds, inflorescences and flowers for food.

At the age of adulthood they go to the obligate philophage. According to nutrition specificity, the
main types of the winter moths, spread in Georgia are polyphages - insects feeding on more than 2
species of plants.

The highest rate of damage was reported on the plants of the Rosaceae and Asteraceae families. While
the lowest rate of damage is observed on the plants of the Onagraceae family.

The phonological analysis of the collected material in 2015-2017 allows us to assign seven
phenoogical groups:

1. Early spring phonological group, which includes species that are found in nature in March-April.
They are: Aslophila aescularia, and Trichopthera carpinata, Archiearis parthenias.



2. Early spring phonological group — a pest occurs in nature in April-May. This group includes 10
species.

3. Flight of the butterflies combined in the spring-summer phenological group is observed to occur
from April to June. This group combines 16 species.

4. Early summer phenological group — flight of butterflies is observed in May-June (47 species)

5. Flight of the phenological group of summer butterflies are observed in the middle of the
summer. This group combines 35 species.

6. The phenological group of late summer consists of 11 species which fly at the beginning of
August and early in September.

7. Autumn phenological group includes 2 species - Operopthera brumata and Erannis defoliaria,
the butterflies of which fly in autumn, September-October.

According to the phenological groups, the largest number of early summer (39.8%) and summer
species (29,6%). Late summer species are 9,3% and the rest is 24%.

Concerning the studies of the winter moth
Biological and phenological development of the winter moth

As we have mentioned above, the goal of our research was to define the terms of appearance of the
winter moth, based on the meteorological data and biological monitoring, to determine their
development phases, the number of generations, to ascertain their associationss with seasonal changes of
nature, vertical zones and heat conditions (Tsintsadze, 2003:405-118, Dobrovolski, 1969:232,
Kozhanchikov, 1959:286). Insects, like poikilotherm organisms, do not maintain the constant
temperature of the body and do not have the ability to regulate it, so the development of the insect, its
activity and even existence depends on the environmental conditions and possibly only in certain
temperature conditions from + 6-12°C to 36-42°C, which is called Limit of Development Activity. In this
regard, we investigated the seasonal peculiarities of the winter moth in various regions of eastern and
western Georgia, mainly in the apple plantations in Gori municipality, as well as on individual plants in
the territory of Adjara, in lowland and mountainous vertical landscape belts (Smith, 1997: 1425,
Wesolowsky, 2000: 299-305).

Field experiments were conducted on phenological phenomena in 2015-2017. On the basis of these
experiments we ascertained the beginning of the development of all phases of the winter moth
development (Table 2).

After receiving the data from the experiment the average indices that were obtained make it possible
to conclude that in the hygrothermal conditions the first larvae begin to appear on April 22 and
massively emerge after April 25. Mass pupation begins from May 15 and lasts until May 21, flight of
butterflies start on October 5 and ends on November 11. For the normal development of the pest, the
sum of effective temperatures is approximately 219°C - 379°C (Meskhi, 2012: 206-2011, Egorova,
2014:98-100 ).



Table

Phonological development of winter moth (2015-2017)

Phase of development

Appearing in the first worms

Mass appearance of worms

The appearance of the first
pupas

Mass pupation

End of pupation

flight of first adults
Beginning of Mass flight

The end of flight

Appearing in the first worms

Mass appearance of worms

The appearance of the first
pupas
Mass pupation

End of pupation

flight of first adults

Beginning of Mass flight
The end of flight

Appearing in the first worms

Mass appearance of worms

The appearance of the first
pupas
Mass pupation

End of pupation
flight of first adults
Beginning of Mass flight

The end of flight

Date

19.04

23.04

08.05

11.05
17.05

28.09

01.10

07.11

29.04

03.05

15.05

17.05

20.05

12.10

15.10
12.11

20.04

22.04

12.05

15.05
18.05
13.10

17.10

13.11

Time of Sum of effective temperature
development
(phase / days)
2015
Worm/21
326
Pupa/136
2908
Adult37
347
2016
Worm /19
290
pupa/ 158
3056
Adult/30
252
2017
Worm/23
o 315
Pupa/ 158
2982
Adult/30 300



In the middle of May, the pest begins pupation and for this purpose it climbs down into the soil at
about 10 cm deep. According to the research work, in the gardens of Gori Winter moth larvae
(caterpillars) emerge in spring, 10-12 days befoflire the blossom of apple trees (at the end of April,
beginning of May), depending on the temperature conditions. The larvae emerged in the spring, first
damage buds and then spins itself a silky cocoon. The first instar larvae prefer younger leaves. The older
larvae need more food that provides not only their growth and development, but also the accumulation
of fat in their bodies.

The variability of the biochemical content of leaves depends not only on its age but also on the
weather. In rainy, cloudy and cool weather, moisture content increases in the leaves that impedes their
aging processes. The older larvae of the winter moth, if they feed on such leaves have digesting disorder
get weaker, become ill and often die. Sunny, warm and dry weather strengthens the assimilation
processes in the leaves, promotes the enrichment of the leaves with nourishing substances that
accelerates the growth and development of the caterpillars. Then, they eat leaves, buds, flowers and
small fruit.

The temperature, closer to the optimum accelerates viability and the development processes of the
larvae. Low humidity of air forces the larvae to take food more intensively that provides them with
moisture. As it is known, moisture is essential for all vital processes. In dry conditions, water
evaporation increases.

The length of the fifth instar larvae is equal to 15-20 mm. During the optimal air temperature (14-
190 C,) their development lasts for 3-4 weeks. The adult caterpillars remain almost motionless on the
undersides of the leaves and keep on feeding. Pupation of larvae undergoes in the soil in the weak oval
web-spinning cocoons. Hatching of caterpillars starts at the time when the buds begin opening and the
summation of the actual temperature is 80 degrees (the temperature limit equals to 6 degrees). During
their lifetime, the larvae molt 4 times and pass through 5 instars that differs according to width of head
capsule. With the increase in age, the size of larvae’s head grows from 0,2 mm to 0.50 mm.

The influence of thermal conditions on the development of the larvae of the winter moth was studied
under the laboratory conditions in 2015-2017. The data shows that 100% of the death of the winter
moth larvae is reported to occur at 30°C as well as 3°C degrees. The optimum temperature for the larvae
to develop is 20°C degrees, while occurrence of their natural death is only 6.1%.

The winter moth larvae can withstand air temperature of 25-28°C for 6-8 hours during the day and
the night. Higher temperature causes death of the larvae. High temperatures will also prolong the
process of pupation for 40 days, and the death rate of pupae is consequently higher. In warm and hot
summer conditions, the larvae develop normally, but pupation is significantly longer.

Studies have also been carried out to determine the effects of winter moth larval nutrition on the
duration of pupae development and we found out that elevated temperature obstructs larval
development. 30-40% of larvae survived starvation at 20°C during 24 hours, while under the same
thermal conditions and normal feeding a great number of larvae turn into pupae. It was ascertained that
pupation starts 15 days earlier than at temperature 20°C when they normally feed. At the same
temperature a large number of larvae could not survive starvation during 2 days and nights and the
pupae could not go to imago phase.

If caterpillars grow in low-temperature mode (12-130C), they are more likely tolerant to starvation
for more than a week. In case of total starvation death rate is 50%.

Reduction of development time and low death rate of larvae was observed at 20° C, during
starvation for 24 hours.

The fifth instar larvae of the winter moth drop to the ground and pupate. They prefer the more
friable soil, often near the trunk of an apple tree and some forest trees. After the fifth instar larval
nutrition only the central veins remain from the leaves.

When fruit begins developing the larvae soon descend to the ground and climb down into the soil at
a depth of 5-10 cm and make pupae. The vast majority of the winter moths start pupation at the
beginning of summer and remain in this phase until late autumn.

The pupa of the winter moth is light brown, 5-8 mm in length. They love moisture, can absorb
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water, and in the low humidity of the air they quickly lose water through evaporation.

Comparison of pupae weight shows that their average weight is 133,36 + 3,76 mg (margin of
error-2,6%), minimum - 73 mg, maximum - 211 mg. The average weight of a male pupae- 104.16 +
2,49 mg (margin of error - 2,31%), minimum - 64 mg, maximum - 156 mm. The average weight of a
female pupae is 12.1% more than the male pupae.

Duration of pupae development is longer when the temperature varies between 9,8-16,30 C.

On average, the terms for pupae development, depending only on temperature, differ within
the interval of 25 days and nights (t-9,80 - 119,8 24/ hours, t - 16,30 - 144,6 /24 hours). At the two
temperature points the difference between the pupal development terms may last for 2 months.

If the temperature fluctuates within 4-5°C, the pupae may enter diapause. 27,5°C is the
maximum when the pupae ceases development.

Our observations make it possible to ascertain that only some butterflies can emerge from
pupae at 17-20° C temperature. The pupae prosection showed that most of them die in the final stage
of their life at 18,5°C when the butterflies in the cocoon were already covered with scales and black
pigments. The pupae die at the initial stages of the metamorphosis if the temperature goes up to 27° C
and higher.

However, it should also be noted that the winter moth larvae do not die at 25°C temperatures
for a long time, as they are characterized by the ability of estivation (delay in development at high
temperatures and trigger the summer diapause).

Estivation during 1.5-2 months does not cause the death of pupae. The estivation ability of the
winter moth enables the pest to extend the terms of its development in hot summer conditions.

Based on the analysis of the obtained data, it was found that during the optimal feeding of
larvae, in case estivation is not fixed in the pupae the sum of effective temperatures varies between
720-1800°C. If the development of pupae occurs at 10-16° C, the lower temperature margin is 4°C.
The butterflies start flying in October-November. They can easily withstand light frosts (-1,5°C).

In 2015, the mass fly of Butterflies was observed from October 1 and ended on November 7-10,
in 2016 from 15 October until November 12. In 2017 this phenological phenomenon took place from
October 17 to November 13.

The study of the dynamics of 24 hour flight of butterflies showed that males appear 40 minutes
earlier than females. After 22 hours the flight intensity decreases and at night it is not noticeable at
all.

The most active flight is observed at temperature of 7-12°C. The embryo inside the egg begins
to develop in autumn, at -2,5- -2,6°C temperature. The winter moth is a light and heat-loving insect.
That is why it gives preference to the lighted and warm places of a tree crown. They begin mating
flight 1,5 hour earlier before the sun rises. Male butterflies can fly at low temperatures (-2°C), and
when the temperature is low at night, the flight is observed by day.

Air humidity also affects the male fly. The flight does not stop at a small rainfall but the
intensity decreases. In case of wind (5 m / sec) flight is interrupted.

The males usually fly nearby the host plants in search of females. After finding their partners
they perform mating / copulation that lasts for 8-36 hours. After the sunrise, they stop flying.

The males of the winter moths migrate well and can fly 3,5 km. The longevity of the females
depends on the air temperature, humidity and other meteorological factors. The average weight of
the females is 115.13 + 2,57 mg, maximum - 169 mg, minimum 59 mg (accuracy of the testing is
2,68%). The average weight of the males is 66,49 + 2,00 mg, maximum - 97 mg, minimum - 36 mg.
The females have false ovipositor. Egg-laying of winter moth begins at 5-8°C temperature.

Productivity of the winter moth is around 400 eggs that occur singly or in small groups, in the
top part of branches or at the bottom of buds (Kozhanchikov, 1959: 227-288, Polivoda. 2007:14-16,
Rudnev, 1962:313-329). The longevity of the winter moth females gradually decreases when
temperature varies from 0 to 27°C and it lasts during a few days and nights.

The females lay eggs separately or in small groups, in bark crevices, on branches, leaves,
buds, sprouts and the top part of tree crowns.



Our observations showed that, the butterflies of the winter moths can withstand the low
temperature conditions quite well, although they can act normally at all positive temperatures
(above 0 degree). Having studied the egg-laying processes of 500 females we can ascertain that
eggs are laid at minimum temperature 5-11°C.

The embryonic development begins late in autumn and stops in the germ phase. The
overwintering process of eggs continues until spring.

The size of an egg is 0,7X0,65 mm, with a stable membrane. The structure of the elliptical
membrane is cellular, with thinner cells at the base. The freshly laid egg is blue or yellowish-
green, 6-7 days after they get orange.

The sum of average effective temperatures, necessary for development of the embryo in the
egg is 131°C in the autumn, and the limit for pausing development is - 2,5°C.

The average of the minimum effective temperatures is 15-18°C and in spring, the sum of the
minimum effective temperatures for the development is equal to an average of 79°C. Embryonic
development is ceased at 6 ° C. The scope of temperature variation in the embryonic development
phase is narrower and it was marked within 75-82°C. The minimum is observed at 20°C.

The studies have shown that the egg, which develops at the temperature of 5-10°C in the
autumn (without overchilling), dies at all temperatures within 3-25°C and stops developing. Death
rate is observed at the end of winter. 60% of the eggs, having developed under the favorable
conditions during the autumn and overchilled at about 0-5 degrees during one and a half months,
continued developing when the temperature got warmer. The relative humidity of the air was
75% at the time of the test.

Under the laboratory conditions, the eggs, which were laid in October and underwent their
development at the beginning of December while having a rapid fall in temperature (-1 - 4°C)
continued normal development after they were transferred in the warmth. It is confirmd by the
data, obtained by Rudnev (Rudnev, 1962: 313-329). According to this data, normal embryogenesis
of the winter moth in autumn is possible under the conditions of negative temperatures.

The development of embryo lasted for 1 month at the temperature of 15°C. At the higher
temperatures, most of the eggs died, and at low temperatures they had poor development.
Consequently, we can conclude that the development of thewinter moths in the autumn goes on
against the background effect of temperatures and the stage of diapause may undergo at positive
temperatures too.

Optimum of the winter moth development requires a specific change of temperatures
according to the phases during the year: imago in autumn, egg - late in autumn and early in
spring, larvae and pupae - in spring and summer.

Based on all of the above, we can make up a phenogram of the winter moth development
(Table 3).



Table 3
Phenogram of the winter moth development

2015-2017 years

March

April
May

June

July
August
September
October
November
December

NOTE: E - (Egg), L - (Larva), P - (Pupa), A - (Adult)
Harmfulness and distribution of winter moth

As we have already mentioned, winter moth is spread in both eastern and western Georgia.
In larvae phase it causes damage to the buds and leaves of a number of deciduous (forest and
garden) plants. The newly hatched larvae attack the first swollen buds early in spring, then they
begin eating up parts of leaves i.e. leaf skeletonization (riddling with holes), that causes premature
leaf falling, followed by massive damage and eventually defoliation and death of trees.

In order to investigate the harmfulness and distribution of the winter moth, our studies were
conducted in different natural zones and regions of Georgia.

According to the data given in the table and the results of the route investigations, the
winter moth is widespread throughout the whole Georgia in all natural zones and represents a vast
polyphage.

As it was already said, the winter moth is a vast polyphage insect, but its development
greatly depends on a host plant. There is a list of plants below on which the pest develops well in
the conditions of East and West Georgia (Table 4).




Nourishing plants of winter moth

Table 4

Plants Number of described Average number of described
trees trees

Quercus roburl.

10 4,27+0,24
Fraxinus excélsior Borkh.

10 0,8+0,32
Populus trémula L.

10 0,52+0,18
Malus sylvéstrisL. 10 1,15+0,67
Ulmus laevisL. 10 0,4+0,21
Acer platanoidesL. 10 0,63+0,83

The table shows that the intensive settlement of the pest is observed on oak trees (on average

4,27 caterpillars on 100 samples). In the host plant list the least number of pests is found on aspen

(0,52) and maple (0.63) trees.

After overwintering, the weight of the female pupae and vitality of their eggs on oak trees
was higher than on other plants and on average it made 0.17 g. and 96%. On ash and apple trees
the pupae weight was relatively small (0,09 g and 0.10 g), but the index of vitality of the mating

production on apple trees was high (on average 88.4%). With the purpose to define the
harmfulness of the the winter moth we studied the fertility and calculated the assimilation

coefficient. The results are given in the graphs 1; 2, which are based on Table 5.

Table 5

The fertility of the winter moth and the assimilation coefficients by feeding different plant

Species Oak Apple
Age, year 45 60 15 20
Diameter 0,6 0,7 0,7 0,7
Bonita 111 IV A% A%
Average of fertility (egg) 20411 159+8 17246 146+5
Coefficient of Assimilation 0,202 0,300 0,265 0,317




Fertility of winter moth (feeding with oak)
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As the studies have shown, the osmium assimilation coefficient was relatively low (0,202 +
0,185), and average fertility - high (204). The less favorable conditions were on 60-year-old oak
tree in comparison with 20-year old apple tree. The average fertility on apple trees was low (172
and 146 eggs), while the assimilation coefficient was high.

Proceeding from the above mentioned the following conclusions can be made that the winter
moths become widespread in absolutely different natural conditions and biocenosis, almost all
over Georgia, though its spread and harmfulness greatly depends on the environmental climatic
conditions as well as the species and age of the host plants.

The role of abiotic and biotic factors in regulating the number of winter moths

Experiments were carried out to study the role of different factors in regulating the number
of pests and their steadiness to overcome these factors. The studies have shown that abiotic and biotic
factors affect the viability of eggs by 18,3%. The resistance of larvae in stages I-III is 50.8%, the
resistance rate of IV-V stages is 27.2%, and in pupae stage it is 54.8%. The most tolerant appeared to
be imago. The high mortality rate of the caterpillars was observed during in I-III stages when bud
swelling and hatching from eggs are not synchronized. The mortality of the older larvae is directly
proportional to population density. An important factor of high mortality among caterpillars is
conditioned by the association of winter moth (interspecific and intraspecific) with various host
plants (Figure 3).



Measurement indicators of the number of deaths larvas (IV — V stage) of

winter moth

Ilortality %
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When the winter moth was grown under the laboratory conditions, it was revealed that the

caterpillars mainly died from parasites (Table 6).

Table 6
Mortality rates of winter moth in laboratory conditions
o The number of dead worms % Number of dead pupa %
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2015
100/ 1/1, 2/2, 0 2/2, 97 0/0, 1/1, 0/0 1/1,0
3,2 0 0 / 0 0 0
100/ 0/0 1/1, 1 3/3, 95 0/0, 0/0, 0/0 2/2,0
3,3 0 0 0 0
2016
100/ 2/2,0 1/1, | 0/0 | 2/2, 95 0/0,0 | 1/1, 0/0 11,0
3,1 0 0 0
100/ 0/0 2/2, | 171, | 1/1, 96 0/0,0 | 0/0, 0/0 2/2,0
3,3 0 0 0 0
2017
100/ 2/2,0 3/3, | 1/1, | 2/2, 94 0/0,0 | 1/1, 0/0 1/1,0
3,1 0 0 0 0
100/ 0/0 2/2, | 0/0 | 1/1, 97 0/0,0 | 3/3, 0/0 2/2,0
3,3 0 0 0




Natural enemies of the winter moth

In the natural conditions, the enthomophages more or less influence on the quantity dynamics
of the winter moth. Most authors believe that the efficiency of enthomophages is less in regulation of
the winter moth quantity.

The winter moth caterpillars in the final larvae stage are inflicted by Tachinid - Cyzenis
albicans Ell. That causes death of pests by 2,4-6,2%. The forest Trichogramma -7richogramma
evanescens West.  is an egg parasitoid of various insects, including the winter moth. The females
deposit their own eggs inside the host's eggs. One or two trichogrammas are developed inside the
eggs of the winter moth. After the parasitoid (in larvae stage) finishes consuming the insides, the egg
becomes black and it is very easy to differ it from the healthy one. The trichogramma larvae emerge
inside the host’s egg and the females deposit a large amount of eggs as soon as they fly out. The
quantity of the winter moth can also be regulated by some phytophages, such as Miridae,
Macrolophus nubilis H.S, which is fed by the eggs and larvae of the winter moth.

With the purpose to reveal entomophages we have used a shaking method. After shaking the
branches off we collect the insects on a piece of polyethylene spread under a tree. The collected
materials were carried to the laboratory. The material was collected in the morning hours when
insects are less movable. The material was collected during the entire vegetation period from 2015 to
2017. We have revealed the following entomophages and their efficiency (Tserodze 2014:105-106,
Tserodze M. 2018: 13-14). (Table 7; 8).

Table 7

Entomophages and predator of winter moth

Parasites
Larva pupae
Ichneumonidae Ichneumonidae
Agrypon flaveolatumL. Pimpla spuria Grav.
Braconidae
Apanteles ater Ratzb.

Ascogaster rufidensWesm.

Tachinidae

Blondelia nigripes Fall.

Chalcidae
Eulopus Iarvarum L.
Carnivores
Larva Pupae
Carabidae Carabidae

Calosoma inguisitorL.

Pterostichus cupreus L.

Silphidae Cicindela soluta De;j.
Xylodrepa quadripunctataSehr. Staphylinidae
Raphidioptera Philonthus sp.
Raphidia ophiosisSchum. Cantharidae

Cantharis fusca L.




The percentage of damaged of the worms and pupas of the winter moth

(the effectiveness of entomophages)

Years Quantity of pest | Damaged with >rcentage of damage
Stage of pest entomophages
development
2015 Worm 925 18 1,3
Pupa 259 8 0,09
2016 Worm 306 8 2,6
Pupa 400 3 0,7
2017 Worm 274 18 6,6
Pupa 314 1 0,3

Table 8

As shown in the table, among the entomophage complexes that we have registered, larvae as
well as pupae parasites considerably impact on the quantity of winter moth. The larvae parasites
are distinguished by particular greediness.

Among the parasitoids Agrypon flaveolatum L. and Apanteles ater Ratzb. are distinguished by
distinctive importance. Among the predators of winter moth pupae are Prerostichus cupreus L.,

Cicindela soluta Dej. and Cantharis fuscal. (Table 9).

Table 9

Effectiveness of parasites in the regulation of winter moth

Species The percentage of the total number damaged worms and pupas
max min
Agrypon flaveolatum L. 9.4 241
Apanteles ater Ratzb. 11,1 37,6
Prerostichus cupreus L. 5,7 14,9
Cicindela soluta Dej. 8,1 18,4
Cantharis fuscal.. 8,6 19,7

We also conducted research work on the damage rate winter moths’ larvae and pupae caused
by entomophages within the testing and management area which was enclosed by nectar
containing plants. (Table 10;11).




Table 10

Efficacy of nectar plants (average indicator 2015-2017)

The quality of trees )
defoliation,% control nectar plants (Dill)
50-60 30-40
Percentage of damage with entomophages, %
‘Worm 8 15
Pupa 6 17

Table 11

Ratio of parasitic endomopagues for winter mot on experimental and control plots
(2015-2017 average)

Infection of worms and pupas, %
Species Stage of infection
control experimental
Ichneumonidae _ 333
Agrypon flaveolatum L. ’ ’
Braconidae
worm 37,5 1
Apanteles ater Ratz. 400
Tachinidae
Blondelia nigripesFall. 250 200
Chalcidae
FEulopus larvarumL. == &
Ichneumonidae
) A 66,7 823
Pimpla instigator F. RUpd
Chalcidae
L 33.3 17,7
Brachimeria sp.

As shown in the table, the area where Dill (Foeniculum vulgare) was sown entomophages
caused damage of larvae by 15% and pupae by 17%. In addition, defoliation level of the plants is
20% lower than in the management area. The studies have shown that the effectiveness of parasites
in the area enclosed by nectar plants is variable, indicating that nectar plants affect differently on
attraction of entomophages (Table Ne11).

Some honey plants sown in places can attract entomophages that consequently cause reduction
of the pests’ number, though this method cannot change the traditional, already approved methods of
fighting pests.



In the natural conditions, along with entomophages - predators and parasites,
entomopathogenic microorganisms play some definite role in regulating the number of winter moths.
Natural epizootics of nuclear polyhedrosis was recorded to occur in 1981, when the death of winter
moth reached 18,1-2,54% as a result of virus infections.

In the process of the research we often observed the deaths of winter moth larvae and pupae
caused by bacterial and fungal infections (the death of winter moth was caused by substance excreted
from the unhealthy larvae and pupae and transmitted to nutriment area). Among the fungal diseases
Beaveria bassiana Bals and Metarhizium anisopliae were found on the larvae and pupae of the pest.

To determine the role and effectiveness of fungal organisms in regulation of the number of
pests, we carried out experiments on the pathogens - Beauveria bassiana and Metarhizium anisopliae.
revealed in almost all phases of pest development.

We conducted experiments on the larvae in all five stages of development which were
processed with preparations of different concentration. Mortality was calculated by using Abbott
formula. The results of the research are given in Table 12.

Table 12
The death rate of different stage worms of winter moth caused by pathogenic fungi
(2017 year)
Concentration Days after treatment Mortality %
B. bassiana M.anisopliae

1:1000 5 93 90
10 95 93

15 98 98

1:5000 5 81 79
10 83 82

15 87 89

1:10000 5 69 65
10 72 70

15 75 75

1:50000 5 29 27
10 42 40

15 45 45

control 5 8 7
10 15 14

15 17 17

As the data from the table shows, Beaveria bassiana and Metharisium anisopliae are effective
pathogens for the biological control of the winter moth. The higher the concentration of the solution
and younger the larvae stage, the higher is fungi effectiveness. The effectiveness of Beaveria bassiana
made 93%, and in the case of Metharisium anisopliae it was 90%.

It is true that entomophages and entomopathogenic microorganisms are more or less able to
control the number of this particular pest in nature that depends on environmental conditions, as
well as on the stage of the pest’s development and many more factors. In our opinion, with the
purpose of protecting plants as well as the useful entomofauna in nature, it is advisable to use some
biological preparation against the harmful pests, in particular, fungal and viral preparations for
reducing the number of the winter moth.



Elaboration of complex measures to combat winter moth
Results of testing biopreparations

The winter moth is characterized by massive increase in number. It destroys plant buds,
flowers, ovaries and especially leaves, causing severe damage to trees and even their death that can be
reason of poor harvest. At the same time the pest is a source of food for various predators and
parasites.

In the years of increasing number of leaf-mining insects in agricultural gardens and forests
of Georgia the efficiency of the chemical method is high and often makes 95%, but frequent use of
chemical preparations affects the environmental and useful entomofauna. Eventually weakening of
natural mechanisms causes more reproduction and activation of the harmful species and their
resistance to pesticides.

At the expense of using protective measures, the significant part of these losses can be
prevented by using the modern methods of integrated plant protection.

Traditional methods of plant protection are primarily based on the reduction of the
pathogenic number by means of chemicals.

While conducting our research, we consider the problem of plant protection ecology that
primarily implicates a complex approach to the regulatory process of agrocenosis, based on
ecosystems of ecological regulations.

The total denial of pesticides is currently unrealistic, but there is a possibility to minimize
environmental pollution by decreasing the effectiveness of chemical processing and predicting the
spread of harmful pests. Based on this, there should be used biopreparation and the specific
composition of pests, their phenology and number should be studied in specific agrocenosis.

The observations on the quantity of winter moths have shown that despite the high resistance
of the pest to unfavorable conditions, the abiotic and biotic factors greatly affect their number. The
evaluation of the plant damage degree caused by the pest is given in Table 13.

Table 13
Evaluation of quality of damaged plants caused by winter moth
Registered/Ha Damaged Damaged trees, % | Damaged leaves % | Amount of egg"s nest
for 1 tree %
Ha | %
2015
5 '3 |60 | 12 | 22 | 0,05
2016
5 ‘4 |80 | 18 | 31 | 0,2
2017
5 ‘4 |30 | 4 | 7,1 | 0,01

As shown in the table, the winter moth is distinguished by great harmfulness. In 2015, 60% of
the damaged plants - was registered, in 2016 - 80% and in 2017 - 30%. In the same period, with our
direct involvement, the plants were processed with biopreparations in the areas in the areas of the
pest distribution. At the same, under the laboratory conditions we carried out testing of the
microbiological preparations.



Two Bacterial insecticides against the winter moth were tested and comparedwith each
other: D DiPel 8 L, ZS BA- 1760 (Bacilus thuregensis subsp.kurstaki), Strain HD-I ABTS-351 Valent
Bioscience Corp. and Lepidocyte -2000 EA / mg (Bacillus thuringiensis var. kurstaki) Sybiopharm
and chemical preparation Fastac - emulsion concentrate. It is a chemical insecticide from the group of
synthetic pyrethroids, which, in contrast to other chemicals insecticides, is relatively low toxic to
haematherms. The research work was also conducted in the laboratory conditions. The results are
given in Table 14.

Table 14

Results of test of biological praparation against the winter moth

Name of | Concentration [Amount of | Dead after 12 days alive
preparation % worms in SETE % amount | %
experiment
Fastac 0.01 100 85 85 11 11
Fastac 0.3 100 95 95 4 4
Dipel 0.1 100 62 62 38 38
Dipel 0.15 100 72 72 28 28
Lepidocide 0.1 100 55 55 45 45
Lepidocide 0.2 100 61 61 29 29

As seen from the table, when spraying with 0.01% concentration of Fastac the larvae mortality
was 85%, but if 0.1% concentration of DiPel was used it was - 62%, while processing withlepitocytes
the result was 55%. The table shows that, with the increase in concentration, the percentage of insect
mortality increases.

The effectiveness of biologic preparations on the third stage larvae has also been studied. We made
a registration on the branches of each tree (25 nests on the tree). Table Ne 15

Presents the data of winter moth mortality in the third stage larvae before processing with
Lepidocyte and Table Ne 16 gives the indices after being processed with Lepidocyte. As shown in the
tables the effect of the biological preparations on the third stage larvae is the highest and in case the
activity is repeated several times the result can achieve 100%.



Number of winter moth worms (III stage) before treatment by lepidocide

Table 15

Repetition Amount of worms on the trees.
1 20 29 8 14 8 8 10 = 12 9 18 = = = = = = = = =
2 6 14 14 22 13 13 14 - 16 12 10 - - - - - - - - -
3 14 15 10 12 10 10 9 = 7 7 7 10 12 = 15 10 = 19 16 =
4 10 10 9 - 7 - 5 7 - 14 - 11 - 14 17 - 10 5 - 6

Table 16
Number of winter moth worms (III stage) after treatment by lepidocide

Repetition Number of worms on the trees
1 0 1 4 3 1 2 3 = 1 0 = 2
2 0 1 1 1 0 0 0 - 1 1 - 0
3 0 1 1 1 1 1 1 = 0 1 = 2 = 1 0 = 0 2 =
4 1 0 1 - 2 - 1 0 - 1 1 - 1 1 - 0 - 1




All the bacterial preparations, including Lepidocyte, are characterized by intestinal action. Therefore,
to reveal the entomopathogenic action, it must get into the intestines of the insect. It is noteworthy that the
larvae kept alive neither fed nor moved on the 8th day after being sprayed. That means that their inner organs
were lysing.

It is true that utilization of chemical preparations is fast and effective, but from the point of ecological
problems, it is recommended to use biological preparations. The optimal version is the system of complex
activities.

Biological system for protection of fruit gardens from winter moth

The garden protection system should be based not only on the use of chemical and biological
preparations but adapted intensification strategy of the horticulture should also be elaborated that aims to use
the methods of management of the biomechanical components of the agro-ecosystems (Schott 2012:109). The
testing of the biological protection system from the winter moth was conducted in the gardens of Gori in
2015-2017. Firstly, according to Vorontsov method, the reservoir of useful agents was introduced into the
gardens for preserving and activating the entomophages of the local population.

The reservoir is a part of the garden, that makes not less than 0.5% of the area that is occupied by late-
season apple varieties resistant to harmful organisms. After tree flowering in the reservoir, uses of all types of
chemical insecticides were discontinued. In case of necessity fungicides that do not reduce the biological effect
of entomophages were applied (Figure 5). The biological protection zone was created around the reservoir
where the procession of plants was carried out with biological preparations and biologically active substances.

Placing the reservants of zoophages in the apple garden

3 summer varieties

3 autumn varieties

3 winter varieties




1- Reservoir (adjacent to natural station or forest belt);

2 - Biological protection zone;

3- Integrated protection.

This part of the garden served as the filter, entomophages without hindrance were allowed to transfer
from the reservoir to the market garden obstructing the spread of phytophagous.

After that, there were summer apple varieties that were preserved by biological methods and
biologically active substances after the blossom.

The summer apples were followed by the autumn apple varieties that required minimal dose of
chemicals to be protected from the pests.

In winter apple varieties more or less pesticides are used. They are applied in the periphery of the
garden area to maximize the distance from the chemical processing point to the reservoir. Thus, the terms of
uninterrupted application of entomophages in the garden is provided.

The biological effectiveness of the reservoir in the market garden is given in Table 17.

Table 17
Influences the reservant of natural entomophages activity
Variant Amount of entimophages winter moth
Species/tree Species/tree
Reserve-Reservant 524 59
420 51

Biological protection zone

182 50
The proposed option for protection
Control-Basic Option 15 2,8

(Without reservant)

On the example of the winter moth and the local population controlled by beneficial agents there has
been ascertained that these activities increase the entomo and acharyphage activity by 12-13 times and
decrease the pesticide pressure by 10-25%.

While laying out a garden, the exit of the dripping irrigation lines are blocked. One and the same
species of trees (stone fruit trees — early and late fruit tree varieties) are planted in a quarter, with the same
level of sensitivity to major diseases, steadiness to the pests and preparations. While arranging the garden in
the quarters whole technologies of plant protection should be taken into consideration that reduces the value
of protective measures and reduces the pollution of nature by 10-80%.

It is important to take the role of distribution of entomophage complexes into consideration for
planning and organizing defensive measures in the gardens. It is known that distribution of many species of
useful arthropods may be mosaic in the garden.

The area of the garden also conditions the character of the useful arthropods’ settlement. An equal
distribution of these creatures is noticeable in the small quarters of the garden, within 1 hectare of area. The



expansion of the garden area increases the variability in number of entomophages, from the edges towards the
center.

Entomophages, during the vegetative period, are unevenly spread within the area of fertile gardens. In
the green cone phenophase, maximum concentration of the entomophages is observed on the apple trees with
moderately mature fruit in the lines, to the edges of the garden. In the central areas the settlement is weaker.
At bud break, high density of entomophages is observed in the direction of the garden center. Aggregate
settlement is noticeable in the period of flowering, fruit growth and development.

The spread of entomophages in the garden area is significantly corrected with biotypic environment.
In the gardens that are enclosed with a protective belt and farming lands, a large number of useful insects are
observed in the inner part of the garden. The apple seedlings that grow close to the edges of the mixed forest
and are surrounded by trees and shrubs have more or less high number of entomophage complexes at the
edges of the lines. This fact confirms the flow of species from the neighboring ecotopes (Figure 6).

The ratio of the impact factors of the main factors on the reduction of the winter moth, during the losing

season
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Thus, the number of phytophagous is affected by different factors that impact simultaneously. Abiotic
factors (84%) play an important role. As the winter moth considerably reacts to the variability of climatic
conditions and the increase of their number depends on the optimal conditions that consequently are closely
related to the development of apple tree phenophases. The second factor in the regulation of the number of
the winter moth is the development of entomophages. There is a great diversity of entomophages and their
impact on the pest is conducted on different stages of development. The third factor is considered to be
diseases: protozoa, microsporidiosis and others.

The goal of the studies is to predict the terms when the pest appears, reveal their nests and destroy
them without delay. Consequently, a specific system of observation is necessary to determine the optimal
terms of any activity. There are different methods of phonological observations, elaborated by Dobrovolsky to
define the harmfulness of phytophagous.

We carried out direct observations on the flight of the butterflies, as well as on the development of
eggs, larvae and pupae. The material that is obtained after using the method of direct observation makes it
possible to predict the number of the pest more accurately.

While predicting the development cycle of the winter moth, it is important to know the effective
temperature sum. For every phase of pest development, the lower temperature limit was +9°C. The effective
temperature sum corresponding to a certain period of development is given in Table N°18.



The development cycle of winter moth
Gori, Apple orchard

Stage development of insect Sum of effective temperature °C
The first generation The second generation
Beginning of adults exhibition 81,4-101,6 716,5-834,3
Mass fight of adults, egg-laying 118-184 833,2-891,2
Beginning of worms appearance 209-246,6 945-1063,5
Beginning of pupation 274,5-345 1042-1146,7
Mass pupation 556-685,5 1371,9-1528,8

Of course, the effective temperature sum is neither biological nor mathematical constant. During the
year, the quickness of development is conditioned by conjoint effect of temperature, air humidity, feeding,
overwintering and weather conditions. Besides, it is necessary to calculate the effective temperature sum in
practice. Due to this indicator, it is possible to predict the terms for the development of any phase.

In order to predict the pest it is necessary to use the following methods: a) Direct observation on the
biology and behavior of pests b) Observation on all phases of development.

During such observations, it is possible to predict the developing phase of the pest and urgently carry
out the measures to combat it.

Implementation of the complex measures for garden protection and evaluation of efficiency

In order to determine technical efficiency, it is necessary to assess the number of pests before and after
the conducted measures. It is also necessary to ascertain the terms for determining the effectiveness after
processing (individually for each specific case). The appropriateness and effectiveness of the planned combat
measures should also be established in connection with the biology of plants and pests (Tenow, 2019:84-94,
Tikkanen 2013:529-553).

In the orchards of Gori, while fighting against the winter moth, the first records were made before the
tree protection treatment and the number of alive larvae was counted on 25 branches. After 2-3 days we made
the second record and counted the number of dead larvae in the nests.

The third registration was carried out 5 days later and so on, until the pesticide action was fully
revealed.

The results of the required accounting after using the biological fighting method does not differ from
the results achieved after applying the chemical insecticides. When using bio-preparations the results should
be recorded 5 days earlier and after the protection treatment. The effectiveness should be carried out on the
6th day and if the part of the larvae is still alive, observation should be continued to reduce the pest to the
economic limit of harmfulness.

In case of infection after treatment with preparations, it is necessary to continue monitoring of all
phases of pest development and the next generation.

In order to protect the apple gardens from the winter months, we used chemical and biological
preparations tested in the laboratory - DiPel, Lepidocyte and Fastac. The results of the insecticide application
are given in Table Ne19.



Results of testing of different preparations against winter moth

Variant of testing

Control
Dipel
Lepidocit

Fastac

Control
Dipel
Lepidocid

Fastac

Control

Dipel
Lepidocid

Fastac

According to the results of the experiments conducted in field conditions, the highest effect was
shown after using Fastac in 2015-2017. The effectiveness achieved 92-95%, and the efficiency of the bio-
preparations varied within 83-93%.

Proceeding from the all above mentioned, we can conclude that the integrated method, particularly
the complex use of chemical and biological preparations has a good effect on the protection of plants from the

winter moth.

Value of
Ppreparation

(2015-2017)
2015
Effectiveness of the
preparats according to
days
%
10
0
1,5 90,0 94,1
3 81,3 88,2
0,3 94,3 96,1
2016
0
15 92,5 95,0
3 80,1 87,2
0.3 932 956
2017
0
15 86,5 92.6
3 60,5 82,3
0.3 89,0 97,4

The overall
efficacy of
preparations,

92,0

84,8
95,2

93,7

83,8
94,5

89,5

76,1

93,2



1.

Conclusions

1. An annotated list was made and specified covering 6 subfamilies and 123 species of the
winter moth spread in Georgia.

7 phenological groups of the Geometridae were allocated:

* Early spring phenological group including the species that occur in nature in March-April.
They are: Aslophila aescularia, and Trichopthera carpinata, Archiearis parthenias.

- Spring phenological group. The pest is found in nature in April-May. This group includes 10
species.

* Flight of the butterflies combined in the spring and summer phenological group is observed
from April to June. This group combines 16 species.

+ Early Summer phenological group. Flight of the butterflies is observed in May-June. It
combines 47 species.

+ Flight of the butterflies from the summer phenological group is observed in the middle of
summer. There are 35 species in this group.

* The late summer phenological group consists of 11 species, which fly at the end of August and
early in September.

* There are 2 species in the autumn phenological group: Operopthera brumata and Erannis
defoliaria. Their butterflies fly in autumn (September-October).

According to the phenological groups, early summer (39.8%) and summer species (29,6%) are found
in the largest quantity. Occurrence of the late summer species is 9,3% and the rest is found in 24%.

3.

The studies revealed the winter moth spread in Georgia that is considered the most harmfulness
pest from the family Geometridae (85%). Its ecological peculiarities have been studied
profoundly for the first time. There has been ascertained the effective temperature sum that is
necessary for the development of the pest and it makes 300°C.

Winter moth is spread throughout the whole territory of Georgia. Its spread and harmfulness
significantly depend on the climatic conditions, as well as the species and age of the host plants.
Hatching of the winter moth larvae, duration and terms of the development phases depend on
temperature conditions and the phonological peculiarities of the host plant (apple). The
caterpillars appear at bud break and the effective temperature sum is 310°C - 1064°C. The larvae
stage development lasts about 21 days. Turning from one larvae stage into another undergoes in
3-5 days. Pupation occurs in June. The phase of pupation lasts on average 147 days when the
effective temperature sum is 500°C-1529 °C. The mass flight of butterflies takes place in
October-November and lasts for about 33 days. At this time the effective temperature sum is
80°C-835°C.

The studies of the flight dynamics of butterflies showed that the males are the first to fly, then
about 40 minutes later - the females do. After 22 hours, the active flight is reduced and at night
it is not noticeable.



7. The number of winter moths is related to the average temperature during the twenty four
hours, which is determined by the abiotic factors. As a result of the research work it was
ascertained that the optimum of the pest development, according to its development phases
requires specific temperature variability during the year: imago in autumn, egg - late in autumn
and early in spring, larvae and pupae - in spring and summer.

8. The fertility of the winter moth depends on the host plant and the temperature conditions of
the environment. The pest indicator plants are oak and apple trees. The average fertility is
about 172 eggs.

9. We were the first to identify entomophage of 13 species of the winter moth. Among the larvae
parasites Agrypon flaveolatum L. and Apanteles ater Ratzb are distinguished by particular
effect. Prerostichus cupreus L., Cicindela soluta Dej. and Cantharis fuscal. are known as pupae
predators. Their effectiveness in nature for regulating the number of the pest ranges from 8%
to 37%.

10. The use of honey plants allows the attraction of entomophages, and consequently the number
of larvae and pupae, compared to the control makes 8-15% and 6-17%, although this method
cannot substitute the integrated method for controlling pests.

11. The entomopathogenic microorganisms - Beaveria bassiana and Metharisium anisopliae were
revealed and their effectiveness in regulating the number of the winter moth under the
laboratory conditions was assessed. The higher the concentration of the solution and the earlier
the larvae stage the higher is the effectiveness of fungi. The efficiency of Beaveria bassiana is
93%, while the effect of Metharisium anisopliae is 90%. Under their natural conditions, their
efficiency varies from 10% to 40%.

12. Biological system was developed to protect fruit trees. With the purpose to preserve the
entomophapes of the local populations and their activation the reservoir of useful agents was
introduced in the gardens. It is estimated that the activity of entomo and acharyphages is
increased by 12-13 times and the use of pesticides is reduced by 10-25%.

13. Two Bacterial insecticides against the winter moth were tested and comparedwith each other:
D DiPel 8 L, ZS BA- 1760 (Bacilus thuregensis subsp.kurstaki), Strain HD-I ABTS-351 Valent
Bioscience Corp. and Lepidocyte -2000 EA / mg (Bacillus thuringiensis Var. Kurstaki)
Sybiopharm and chemical preparation Fastac - emulsion concentrate. After spraying the
solution of 0.01 % concentration of Fastac the death rate of larvae was 85%, in case 0.1%
concentration of DiPel was used the result was 62% and if Lepidocyte was applied only 55%
was achieved. The studies have shown that with the increase in concentration, the percentage
of insect deaths increases too.

Recommendations and proposals

To protect plants from harmful impact of the winter moth, it is recommended:

* To reveal the outbreak of the pest in the forests and fruit gardens, systematic monitoring by using
hydrothermal indicators should be used.

* Spread of pest should be predicted and the quantity and level of harmfulness must be determined.

If the degree of harmfulness is 50%, it is advisable to use biologic preparations, namely Lepidocytes
(standard spending 3 1/ ha) or use of DiPel - 10 bil. (standard spending 1.5 1/ ha). In case of massive
distribution of pests, in order to achieve the instantaneous results and avoid the negative outcome, the
chemical method, namely - Fastac (0.3 1/ ha) should be used.
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