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sarh Jgago, Grdemdo ghgds gibob definog @eosgdgdl. Asbdn
Pogfigho staancee @ooBmdoren g pibab dfadl, 93 @asgompdol doomag
Bomeepray® Beflghndl oo Bob BrboomBrong dFdmenab Syomegdl.

53 6ol apbugrmmdadn dgbFrrmms Sfogera cosdefadmGonime @ bagoen
adbdgfiedgbdnsn bodysbogfim obbgndpdgdob modmogmngddn, 23
nBldndrdodob bapmam Bagamthy mo bagsfoggmmb Bggabstgmdal yanme
dofomsgg Mganebdn (Bom Bmcl sebsbgemdngs) Ledrabom Bagggen@hy.

Bocygdamd domoadds moe @aagebpdom eangPn sbobgs A3manh
bagmgdmm mabyigoagnsda.

abmemo bomgbob 60-0s6n, 70-0s60 mo BO-asbo Brgdob Jofggmo
Bobagafo omabodbs gGadb LoBnboomdmgam Bolrmdndal Gemapbmdab
(RoFommdol) figgnmem BGmom (Bome Fagbge 333Mash sebysme oo
sgacdgdma mzb). dogbomager ndabs, Fedgpbem LEmmym@erer oo
Snbidprrafon Gotmpdore pGog bndxdn Bodromigdn, Jagybob
Bolidgedom cnomygre bomdyd BeBromddy LobgerdBogeb Sng® a8y
bafiggdo gfnom Joeddgdmoge agm, Gmd sfogyfin aodgeb asfgdmb
@30bdaMadiby o bbmpaeme SugBy aymemara® 0By

fagarntiogbrgebn Badrmmdgdol Fadempdel mogasdmggdne obgams
Mggmdgbaggnal  Beigagfma  dgbogfio, Amdmgdeg bagmgdem
songnanzbmdagfigdebgh odob, agm b bugaim oy oo @ cnoxfddl o
gboboragebob bagfm smbBaddan gumomary® SHmdrddl.
©opn gefomdgdeb modfodieb @b s8ee ae8mbBagame 3BnBgbgromasbe
bofarmol mogneeb sgarmde an® byfbrndmgs.

sbgann begimpns exgamsb) nsbedBydes ndiby, fmd begngfan baggebdm
bagnaba b aa8m3B3090 byl Bomemmanadn Bmacibrgms gosBmBagdals.
Bugpernonag, sfbgdaere medgRadnfgme Smbegygdgdel Bnkbgmgen (Mo
googanabbobgdmeno ogm gMogob Bobsamdmgs dhdmenob s@Mobrgem
ebiodnndodBn) deisdols aaBmBobiol gdRummmdgBab Bs3eb, Gmgghag bl
gmomemn Snombagme magabo b Bgmedoefol gpmomdal 1/3-b (3. o
3039820000 @ababynbdngg). @d@nmfom go (Bgpbo BMageepn Bepol
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Bmiagygdgdel W]WWM ¢
saansBdes Bylmoabedbmmond Fyestigdan 1-1,5 ogb. M«&ﬂw
bagaGegds bameBomm g¥dmigmoash, bmen dedmeil) embibiydidds
oxboldagdgdo g0 Mxeapemn® (xmersgdob.

Froifrdodo Bagafndmma @yafagdodo @ edmGagminsdn Raga@odame
xgde Siggg BengeBadbndes oliby, Gmd sebodlgemn masgeepeb Lanbegydsem
Lol zaiboBonigbalss g BmBegggbm Laggandepem Jyfemigda dobo someg
aababimgdals 3gdsbebn wabibaldodame aym, Gomad wedafedntaw
Byshngddn 83638y Seligfarne 8gjebable Lpmmymeere 306 blbemd
'Errgvﬁmhws&hﬂhwﬂs

sfomsb asBmBrnBatiy fizgbl Bap BuBemds Bondatons Sbagan Lynobgdel
abalibagrmag:

- @oagepdab (dhagab) Jefggme apdefinbol momaghe LxjsGoggemeb
armaermTee @ Jmedsdfon aBltgapdne Biagbitgmdnl Bmbyddn.

- @apucdol sadademo grmdeb sdmgemebds we Bobo boedgdBymdo
b Segme.

= bonbaydem LaByobob gaasbedonigdols o Laggasdanm Jyfecugdo
Bl oy pbobempdol SxeBdblals brdode.

~ (egappdon aB8mbarama Spghefnl Jorgempdel Jsowmzmmpnnbs
Loy oo apgfgompdeb Sibedmmpdememdnls SgbBageme.

- ool Jofggemn asBefgbols Memabebofigds, BeBrmmdal sbagma
Jperpbesfrma 3mydol @amaghe o BBromdal sbormn Lnydeb wedydaggde.
>eobodErgen bageomibgdty Radamdaen saemaanb Fyenagde Sm@pbnrmos jagBomon.
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* gbeb gingols baddmdermig Atigommgen sdgayob badbge-sgBmbeg-
goa. nongemgds. o mosgernds Acgfaamobamn nym Gygdde soeTae

g dofggemo oobndbs dggnbogyds 1834 Byeb.

godn. gfiogo Bomdmomagbms Lgaribygm @edMmemgdal a06-
oo ggfimdgene gndgdol gsbnb gomBngofigdabaagnb.
30b gmbBnbbEy gbob griagn 8y-18 bugnbab 70-06 Bernddn
36 Bgdmborn gammegbys-geddmy bobedygby dabarmeb dgdeyae
asbaongaemabBinbydyemas nbingy, fmd Gadnb dgypbamggdals ByBm)-
ofbgdmdms Lomobomm Lygpiobinbm dibermmgnde). odels dyd-
Bgenbs 8. @rpdghds dryonnons pbgfgondo Ffadol aogfysgrmpéol
Sbg; 1878 Bennb Lyddgdogmdn mprmyngd defggmmoe ndmgs Ffgo
d Ihegabignadn. gl gaddn 856 Ggagymdoba dmmabderl, Grmdnm-
53 33Bbsbeogio oagempds o 1879 b g98mardgybs Bgbedodabn (36m-

Benomsb obygdmern mosgamnds Lagfebagmdn gpbamsamn
govgmgdec gpdmBgaemn bofarn xgM Jowny 86edghyemm

80 Brmobsoygob gshols deiogn admagh gbdebgordo (Butilgrmbadal,
fnado, agfdsbosdn, sgidfinedn o adormenb Ghsgaen Mygombdo.
5:lﬂ':'b gbals dfvdn gfoemegds dmMdmasemastdn, Mmdnbgondn,
mdggabm Bemgddn Bmaggge doygenn gafimds.
90 Byenb dfogn scbodbgb Lalemga adgfazedn, 36sbogonsde; 1907
~ badbigor syngadn, 19161917 Brmgddn — sglybfomnado.
bofedasdn gsde Infggmor Brbndbgh 1884 Byenbs (beigngfonn 53
1881 Byemls absabgerogdls). Bmigggabm Bengddn gehads Bengygs Mrby-
b @W dgggBabigmdaly ygorms Mgapmbn. ja@dm, ynndda ngp
636> 1891 Bnembs LinBegmdmemols 85bFodn; o] dFdmems o8 moogomy-
ﬁﬁ»ﬂm&ww 1892 Brongsb, Gedgmbary Mo bogopme oo
aBadarn bobosmn Hmbps. meagemadnls Lo apBmgemobgds sbodsdo
%o 1888 Bogmls.
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b ol @oBemognmsb. AR |
o Shoob Fbdmdenazddo defdn Sofiggemor sebedogul B2 IBEERUI D

& Lyoegbyab (1941) 8mboggipdoon myeobily o6 Smadmggs
Waﬁw 1 obgane Bmbs Lagagy @ 37 el axgHaomydy-

Wwwmﬁma Boggsdgoemn
sbobrmgdls 1881 b, Bragnobgdao Bl rafim odergPor gpdmagy-
mogne gb bagnorbn @s byjsfaggmemdn dhadolb aggegdol Mo
HoRbegmenns 1884-1885 Brmbda.

Laaongommb Jofmdddn Bfsgemn iammggerin LBagmmdes gsbab
e,

3. agaakeb Bmgsgh Joonabol Zdy@besks @ mdagbob Bogdmgdda
1888 Boenb gobobydols ooreemagfigdab dnmgagde, Fmdgmos dabyeges
o003 38 avy 08 0BG Bbagmdeo aeafigemadame aym ownonddal yag-
e vogefgdae Baggel.

B. agfmgnl BeboyzBdocn 1888 Brnab 27 agbobabaargals diadals apdm
Fbgow bogegrornm Samdafigmdade serdmfbms @ gb 3udeb Mewpgbag
%96 gy 20 Bonbabsongel sbam oM snbedydmms bmymgsbe gov-
wEgdab (G50 3ol dhixdob) gabanosigds. sBskiowb, gfegmgb Gpdob-
303580 senBnBBdmees, Hmd diudn o Bazafin pimmArmgmse Shosbyde-
Bgb gbydlo, Gogadl ovy o onagh ofigbme aeblbarnefgbyen Ladeagh-
o, Boggn@n adbodl Llgee Sbasbydee, @8 dnfndoo, af, bamag senbed-
Bydmigs BayMoon devngfin @abnaligds, dhunor wsbasbyds Lbdo aym. o8,
gfon dbgegne, Dby Bxdék ey Befgnga sblbs: ¢hsdnor deagfin
wshoabgdols Bydmibggede Baabadals grbgamaigds b nym, Bxdabagady
BagyMabacngol o6 aym Lindudffagn s dofncagen groegdob @sbosbyls
srobndBo. o, bagay dfdn o aym 96 glgee oym gebgoomfiglenn,
beom 8dagbpde gonbom aebananfigbb smapere Imbes belryygm
Lgdbdogh o odalsaady Bogyfieb denag gabgomatipdobas.

3. Bogrifibob deggogh 08 igempguions agorigde, Amdimgdogy bbsgrmare-
B %ol b aplrmo buguabeb obabynbogsb 20-nsba Beugdab Roor-
eroo: Jgfdmm, ghgho aygbob gebgendo: biydegao (1898-1900), bignmbyen-
o (1898), 3. 0. Bogmiba (1916}, nroblyo (1916), Lgeogglym (1917),
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sBaaclyn (1917), amodgoema (1917), Bbosindy (1924-1925),
ﬂ L W “w} --i- L J;

g oo e (1898), bosgeago (1899), b. 3. Btk

{1912); bokorgyo (192:), Sodoezgodapea (1926), dyfiodgocza (1926).

~08gfgondo: bsGmbnrmlyo (1898-1900), gas@sgbgmas (1912), 3. o,

Bogm@Ba (1922), L. 0. obamemodgomma (1927), gfobongn (1927).

- 3mffoenmdo: Bogaggn (1899).

_%@m el Gmigdo org0b (36mEpdl Ubgareobbys Brogdde

3060ty mmﬂw«ﬁnmmmmwm-

Gy BoGag, Bob Sydeons oBegbor @xbgldmb asbyde (axblaygoty-
B0 omy @exgvegdsb Seganeme ffgde bomdbye Gobgbody Benalb g363sg-
- mmduda), Hmd oyl gxmabgamb.

| oy dbfio b gpdmorfgemn 5. e, bbstirgeh (1916),
 dog, 68 oot SBoanrgdb 3 Bofigm Bmbagoenls, @*mﬂﬂs
 obregbb gsbob B~ gpbgnanarindsy; BRogemra mosgrepdame dgberiy
onboanh bymgd Boymegh ndemgge o 5-6 Bronb ddegy eergipde.
3. 0. Bgmemagge (1961) dadols BogBgmdals Brlolbgd scabadBogh, Hemd
- Smgnemdte, bamog g Bennrab-Brnsdmy deng gnosfiggds, 3sbel
- Tgadames o 8o Fpadizofimb o6 Bonemasbor aeBoragBmb Smbigser,
sl gx8mobgomb gsbob Bafdgdol bmemo eorrndge.

9 9. b@mmgglymb BmbogpBgdocn 1966 Bgenb degols B Ao
9 Jgbosdo @aedsrme Smbsgeamn mengig; T SgoMbmipdda
gromgdels @ 33q36730b @basbded 80% yseanbs, beene domer g
Fanboganddn Sl abypighs — 50%. 2Bogy agdrmenl oo deido
@0 Bkl 3yl gsbob Sfdodb, aegemgbels Soeegbls Aol bagorn degm-
Buigmdsy; gt Lgbdrends, FoRvR Brdrnbofgmdb gsbob Bhey-asbge-
ogds B3ehegds yobyogeddmymds, omee gronAegds Libwmgy
Jan6iggde dmdegaho Benabaagab, bghdes yrmegndal Bbaieo mo o. 3.
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© © 39fegfoale @ - o gmadmgoBe (1970), o/
g @ad8odb, Fedemdory domoeongh asgsedols 3p8oh fehs SHE (IS
Jndsby. sby Bspermomary, 1880 Bpenb déorile wocrndadder-GhkiiadEh I
Bembagronb 360dabenmgabo Babora Ladb@gm s Lademyon-gabageage b
afsbagenda; 1910 B Loggobagodn dfxido apsborans mbagsena,
Gemdguadory dpogapbs 28 Bogoombo Jpddmeadfia gofdoeb bygbe, bmemem
1917 Bpebs go = 17 Sopmombn Jnd@ememodfn.

o b3sogmmgab (1889) apedeysglon dixfds 350dgbommgbor gossbe-
a» yrfdbol Gmbagaeno 1883, 1885 @ 1887 Bemaddn Lagabangonls bbgs-
mobbgs pdoM@adghddo. @obyymandds dgbodsdebae dpeanbs dmgea
Benbagmols 60%, 75% s B0%. bagyMubagonl LaBbRgemoom, bamsg dfedo
asbbapgenigdmn babBhsgoo 3fpmmegdmeo, ggbsbybob grmmdgmgda
e Sydn Bodoor Hynndebyb 58 @esgemgdib, gorMy @nemjlgfb.

5. 5. oshgglyob (1908) psedmndom, go dfydls Brmangfior dangeboda
obnoa Bosbn Bnoygbe ashol pmendmfel, Mmd gobabgdal dgymmdnemdo
Bodds Fyndyfim o Boon aeaf Fgbbgamon doems axafdegdobom o8 o
ol BoMBegda. obg aym 1881 Bgenb omgefidn, 1888 o 1891 Berpddo
Laggrobaganols bisgarobbas ego@ndgtdde. 1897 Bymb mmbrblafgeda
dfagorma ggbebo So@magdeser ool asdm, Bed dfugds obobn daag
apehebaga.

@ © 300e0fgaliebs @ 3. 9. gmademgofiol (1970) Gobggeo desgols
ol Bobgafiby Byde; Jofdme, $Bsb smanemn mbes 1888-1891, 1897,
1898, 1901, 1906, 1908-1914, 1932, 1933 brngddn. sbooagy demag
aafaoemndsh Hmbes seapeme Frodobgoda 1900, 1905, 1906, 1910, 1912,
1913, 1916, 1924, 1930, 1932, 1933, 1936, 1940 Bemddo. Beybgrogee
apdafgbama ombabdagdndabs, Smeomeggmal bmgngfier dymMbymdada
dfafob B axBrbagmme BoMsemn 1966 @5 1967 Bamgdde sonBaddmos
dmbsgenab 50%-b. agngy 3@mMgda sbedBoggh, Gmd geadol dnfiggenn
apdegemabdogsb 65 Brnab apblagmmmdsdn Smeneeggedo Fggebdfiofndy-
oo @sdgoegdol 22 demaggbn sggends, Hmdemeb eAmbog @uagyss
gammdg Fndg¥ty yfdbab Babygefity Hyéo.

3. 0. BoamBobs (1915) BmbzyBgdoo bisgmdmmals ndgRbonk -
Jlob Goambde g plagglmyfie BldEda Bogmes @ ForBsdama
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 a8erfigga. g dgonegh ol Mm //

b ) Pt

yigdob P10 o oo ?ePel Sy Wy
by Mregbodn > zp8mBgbo 1961 Byenb®, Boorjgedng, Gmd

BHo mexfde 1961 Byrmb g gdmabyes oo roaf-
dm, yofindals mgmd3n 86 Bysmanbs 35000 BmBs yfadibo,
.@wﬁnwgﬁﬁ% bergmen By@bmbals memddn

fanebdn Iquw&ﬂﬁm?ﬂ% Bengmen
dbofgd Bmbogemlb obajeials dpemaebs 52000 @mbs
g Boonggsdos, Gmd 1960 Bgers Fenbigmgols evgndols bl
nmbab gfar-ghon jrendyaGBymdab Byggomdly diagolagsb
dmbagemals 100%.

Byl LoBgggPm3mendn asBeqzgBam gfo-gfar blgMadesda
md Sbndbeme ©oxgeE)ds Yrggrbenmgog Bmbygrmasbmdsls
20-35%-a0, oogaggdol gebgnonsigdabsangeb bgenboyfigen
70-100%-3qgy.

W@fﬁa{i‘?ﬂﬂmﬂ 8. abongomgabs (1981) 3mba3pdy-
Songpbob ggbobgddn dergbgmpem dedol Lebnbesrigame as-
mf'@:w embobdagdgdebs, @osgorgdabogsb ap8mEzyamn
B0 @obayfiggda dpomagbl 25-30%, bogom glogadmdenb

_-?0-% -b.
(1962) debagzggd0n Bbofiggbob meddn 1963 ymis
‘*ﬂ”ﬂﬁ" gobgnmofigdol gpdm mnoyfdal o6 wmEmser yidenls

. 3 bygnobol (1945) Beboggddac bndbgode, sfomagab gomby
dadol: Wmﬁn asbgemargdal Bragddn Bmbagemols mobageads
B4, o i&hﬁ&m > bbg. (1980) ndemggnob (36mdols adab gbobgd, Mmd

Bedtgoob sefobgobs @ Iepgbetbol Lobobry@ol obopmgdol Bnbrmo-
. gooy, giogols demagin apbgnanaigds anbodbs 1950, 1954, 1958, 1963,
\wﬁ'.
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1964 o 1967 Brmgdo. govgregdeb skoongy sgorggdsh ﬁ}k "

1887 Broob byddpddeda gobgonbs @ bagsonormolb mpnfde @
algo bodggon gaf0emEs, Bed Bebigstn 8060383y 3 .

agofonls ool BmbogBgdo (1927) ghagnon deongh cesbooties.
yfgar Redpdo: ysbghe, Gaprnmdradanrmn, mizbaby@n (50-70%- ﬂm}'
g, 3> (50%-8g), mbraemads (20-35%-00).

1. Jogeodgormab (1976) BmbogsgBydoor sedmbagmger bajsGargyemenda
dhaom drmng bsfarms gobsbgda 1963-1966, 1968, 1972 Beogdda.
1963 Byl gofds mome BoMormn Boogghs ndygomb ggbobgdh, b
pbgedo Gmbygeonobimds 3dafies 60%-am, begngFo seapegdde go =
0% -nen e mﬁm a;_)@p:g

dugobageb byFecibame Bafsere abogas bugeGoggermb 839+
Bobymdod 1974, 1980, 1981, 1988 Gengdda.

0Mogpm, ey gopmeg, dhude Bumdmomaghl gsbob gfese b=
303 ovgaendob. 38agmd, babgdnges ab oo BiEHghds, Mvbyg o3
@aogoendol xBmBgbob Mmaeb Bumgemaml dogaeno igempgen of-
20b. B ofds ghee, Gow gaeogeb defncsg bagebls BaMBmomagbred
wgepdols 238mbg30 bryeb Somenmgonl bygnobgdo.

Limgels Boegoemgpa@sb pigaborrg® bygroth Bobmagagh beymb
arrsbsBonfigbobs o BmBeagbe baggandpnem LgbmbBa obggdaeeh asbob-
emgdab (bogemobormo agBgfnfigdab) Lygeobe.

Bragaemn dpaemaaefals Bgtaarnemgdoo, beygem Sedofmdl 5. 6. bedohal
bdmigdoli=memb3m@gdol babom, Gmdemdbsg ognobon spodammdel By-
semdoon shabosoygdor Gmameiyy yobgeb, ol ageemgobs wo bbgs Mobym-
bayfigemo Jofmdndol BodaMor Bopamo apddrmgmds; Bagsemoanse, 3. 9.
nofiagbageb (1900) oxflne mmb3m@gdds mgbgderoma gn dgndezgds oo
Bomb orgn dogmobebdgsdmn (Fomaamgdel gademsb af Bmbaomol 393-
m.

6. g. beateqyabo (1892) ndenys (350m3sb nols Fnbobd, Gead enembadoei-
30 Jofggems xodrryfighos gfemogh sdfapdn 1876 Bgenb 23636
gy

6. 0. sbmgggn (1925) 8mb3xdlb Berpemy-drfavalb @a30M303Rb @
>ebodbagh, Gmd Brfbadonfy L3mgdn o> godgdmen gsbyBby Gy hbory
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g, Gedemgdioss Moo @w%

o WW@ dnbatifrabodame i prbgeren
Bodmdborme gdgoenobod®o goadn. Swmgreetfreg|4 ] o
BaBmizagbogno, dmagf csbnabgdumo gmanerde bad-
bob, @3, 9. dadmnsbab, L. 3. dmopmbosbob [1980) 8mbagyy-
fgdo oo Mamgnbmdoo Bobengdtgds mavgomybel byy-
) godadby, e abgm gndydby, Aedgemes groedby
og8a. 0B@gblagPam goowfiggds, mmbimigd adgnsmam
0 Bnbggggnon mmbimgaab S)diaoene dorgnezgdn LEMsge
Bgfis ggb @ ogesbon Jgmgogmmdon gblbgegrgdnsk
Jomgoengdoliogsb, Fedrgdog of gniegb mmixdmeigdh.
Ro Bbgronmgdoo mmldmgaols gomnggds asbegbretby by
lm%ﬂ@h é{]ﬁnb& [k aq‘jﬁ aly WWHL} Satre *3(]55:_101“
i 9. 8. LeGmggblaymb (1970) Bmborzgdydnen ashogloaeby
.'Wﬂﬂbﬁ brgds, Hmezs 3@l Boddgeadm@e scnpdaggds
dmmndol gamngadols cbgl.?b %QSF%Q ngn d.ﬁbmal.:- 32-
adysgs0sh (1937, 1939) mmbdmmganl asmnggdob mignBagm
Bmfs Bofbgmemns 20-25°C. mmbimgdnl apemoggdol Shmegbl,
bl Bmabi393ndty moyfmbmdam, o. Bagafedgoemn (1972) Byd-
o 3aByib: Gg6dn dmbggmoge mmblma Byemol Bgbmgal dye-
R, AdAbo Jobgrmmgds we peddgnfgorry buogds; dydmna
go gpdmbshompb, Membmol owdby goowfiggds gfon gogn
o0 Wﬁ Brombdmfiobarnde aemendgge. SyHm gmbom-
atﬁnm Bo@mnddbgde 60-8mg beombdmfa. gl qpbslybgeba o
b, Bndols Bbgegndol @s ». 3. badmarmdao bamndnsb gsbols mfasbey -
@ oftigdash gmonmgdda dogggdels gbom, beeom sgan dboon d(3g-
b Jofggmomn aligbosbgdal dgdena smanene gh Gymfem (Bmd-
) @obighoobydgdl 330 Bogbrenol Ldmfigdal Ladmaergdoon.
& Bgaeglyo (1912) bmgb aebgaaatigbabsogols s3nengdoen dofio-
8o Boafbgal Somaro Gbol oflgdmdal, Snbn Bgbgmmgdoo ook gp8e
~ bugds mtm dagme oofrmbol gmonmgdel mobgbnabyde. oot dubs
- B0afibos, Amd glnfiadgbor szeeegds SxbaggMor bbby, ob
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@bbdodnmn gmomgdn; wmmmﬂ%

grado ndgesor Bydobgagedn oginds. JAMEDE
o By begmis omgoon Bygorigo. 3xboBodiRd Y piNe
obardeznnl gbabrmndeb, Bsfmoans brgngfonn Ggempgeiol Bngf sbgea
(o8 dgbadempdemomos ofbymo, Bagfed ogn FModmdma mnen bobos
Bogobygdmme agm @ o8 Selaforgmodeo jaemge omodnl oo -
Bob. 1-g Bemggihmemos eondgodiyedn sebfotmn gobols dhadob as6-
goatigdals Broe@a (yagme, Gmdgemngy WdpBagr@or aedmbsbagl oily-

Fpen Sgbgmememgdols >ebedb baygoantiby.
| Foygemende
e penmie | ——
| H
| |
| ¥
PRy Tabsest
geavsads gl
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| |
RO~ - - o __}
E i [ —
"i pylaad
i
v
gete] Y
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Falaiicl Hn"id
[rmbdemigtoh)
armeyads
Bab. 1

Fbob Jhagols aabgeensfigdol Berao prume.
Bygadermn bibgdom Bofizgfpdns Bughomal gnjme
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rd bogds afomsb gmanmol dsgagdel Fboos) fw
hm%ﬂhﬂmﬁ%ﬁw@@djmhﬁmagdﬂjﬂqﬂJJJ

by (Bogrmabbdgans Jagfnl badmsenm mey-medafo @gd-

09 J9en30dl aGeFpdme g Bomgfe (1918), dBmna aegy

0. Fodobrbont gfoom (1923). deon Bog gpBmganybodamas
e, GmBgenngy (36mdagmns Brgrngfob S6m-
. . Sorgpempfiols e Bm3pBamns Bab. 2-%. wBbygnbo-
mﬁﬁmwbbﬁwmmwﬁaﬁﬁ&amﬁm

) mtpobados mafdly baefypdogom Jpfommgdo mmpgddo.
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On the Bioecology of the Fungus Plasmopara Viticola

Berlese & De Toni Causing Vine Mildew

L.G. Chrelashvili

Institute of Gardening, Viticulture, and Winemaking of the Academy of Agri-
w]tural Sciences of the Rep. of Georgia, 380015 Thilisi. REP OF GEORGIA

ABSTRACT

New data on the bicecological characieristics of Plasmopara viticola Berl. &
de Toni arc presented. The results of microscopic analysis of mycelium wintering
of mildew causing Flasmopara witicola on branches and fruit  bearing buds are
discussed.

Key Words: Vine mildew, Plasmopara viucola Berl. & de Tomi myselium
wintering, Muller Curve.

Among the main diseases of vine, mildew is notable by its harmfulness, The
effective control of this discase depends pnmarily on study of the bicecology of

disease pathogen, its wintering mechanism, and resumption of infections.
‘Through the vine mildew has been siudied for a long time, not all the bicecologic
aspects of the fungus are clear at present and some key issues of the fungus
causing the mildew, as well as the methods of defense against it still require
significant study.

Resuits are presented of an investigation on the bioecology of the fungus
causing vine mildew, and methods of defense against the disease. This work has
been carried out during the past two decades in geographically separate areas of
the Republic of Georgia (Chrelashvili 1978, 1984, 1985 1988; Chrelashvili &
Salukvadze 1985). The four geographically separaie zones selected were: Kvarely,
Sagarcjo (east Georgia), Maiakovsky and Gudauta (west Georgia). The results are
likely applicable in other countries where viticulture is undertaken,

Past workers have agreed that onc of the key issues of the bioecology of the
fungus is the survival of the fungus during the period of overwintering and renewal
of the fungal infection upon revegetation. It has been accepted that the mechanism
of overwintering is through oospores found in the so called necrotic spots of leaves
that fall into the soil, and that re-infectuon is secomplished by splashing of fungai
spores from the soil 1o the leaves of the vines. The discase becomes apparent
immediately afier the vines produce leaves, when the day and night temperatures
become 12-15° C, and rainfall occurs. Viala (1887, 1493), Speshnev (1906,
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Andreev (1925), Gregory {1912, 1914), Boubals (1977). Prince
ki & Vonovich (1970), Natsarashvili (1972), and others ha‘ﬂ!:']a.’ con
probiem of overwinering and renewal of infection of vine ﬁ"lﬂiﬁ-\r‘
Onher authors {Yachevski 1909; Istvanp & Pahinkas 1913) have -
opinion that presence of fungus in wintering buds of the vine is the mech
for overwintering and source of infection in the rullcmng growing season. Yach
ski (1909) hypothesized that the infection spreads from the buds by diffusion. L
the excepion of Nadenova (1974), this mechanism of overwintering and
mfection has not been examined. {
The necessity of a more critical determination of the exact |
overwintering and re-infection of vine mildew was caused by the l’t:tilll:»‘lll’h:ir f
each of which will be discussed below: :
1. Observations have indicated that the actual appearance of '-'ﬂ'l.‘.
s delayed by a month or more after the date predicied using the scenario imp
n the accepted method of overwintering and infection,
. The method by which the fungus spreads once infection has ocew
nod known, ‘s
3. Infections were noted to spread much faster than predicied by ﬂn
accepted method of infection. ouE
4 Infections oceurred even when the possibility of a soil bome infe
source wis climinated.

I. The theorctical date of the first appearance of vine mildew is st
predicied by a curve of incubation periods (ie., the Miiller Curve [M e
Rabanus 1923]). Based on the determination of this date, antifungal treatment
begun. Observations during the past two decades have shown that the actual|
appearance of the mildew is delayed one month and sometimes more beyond
date predicied by the Muller Curve, Y

The results of these observations from one climatic zone (Kvarely e
eist Georgia) are shown in Table 1. The first column in the table shows the
dates of appearance, the second column shows actual dates of appearance,
third column indicates the year in which the observations were made.
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Table 1. Comparison of theoretical and actual first dates of ml‘lﬂﬂ: of //

mil
. AT J g By |
> [ )
theoretical, according to the =2 Year of % ﬂ ‘.“ JIJ JJ .J :J
Miiller Curve uhservation
monthiday
0504 602 1971
04,18 05.20 1972
05,05 06.05 1973
as5.11 0.4 1974
04,25 05.26 1975
05.07 05.30 1976
04.28 U531 1977
05.10 06.05 1978
05.29 07.02 1979
05.14 0618 1950
04.27 0517 1981
05.15 07.02 1982
05.25 07.05 1983
05.16 07.02 19%4
05.15 06.18 1985
05.10 0625 1986

The observations made regularly from 1971-1986, have shown that appearance
of vinc mildew on the plants coincides not predicted appearance based on climatic
les, but, with the opening of floral buds. In each case, mildew was firsi
ed as, or shortly after flower buds opencd. Widely accepted theory predicts
nfection will occur earlier, when leal buds break. However, as we have
ed, the appearance of the disease is correlated with a specific phenological
of vine, namely with the “preflowenng” period. At this stage the plamt
lizes large amounts of ils resources (o support the flowenng and fruiting, and
is richest from the viewpoint of nutricnt medium. The combination of the avail-
ghility of these resources, along with favorable climatic conditions, formates most
| le conditions for rapid development of the fungus.
2. Following the wadely accepted mechanism of infection and incubation
period for the fungus, the process of continuous formation of the mildew on vine
saves is not satisfactorily explained. Raikov & lonov (1958), Dubin & Demen-
j {1953} amd others have suggested that night dew is responsible for the
atinuous formation of vine mildew.
However, observations reported here, taken over several years, show that the
ess of continuous furmation of vine mildew taken place even withoul night
or rain. Table 2 contains the meteorological data from July 1976 & the
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expenmental site, along with data on vine mildew infection. Durm P
observation period, newly nfected leaves were observed each day, eveh
neither rain por mght dew occurred during this period. These ghgyyvas
particularly interesting m light of the fact that fungus is k@ﬂﬁnﬂy_a:'
entering through the stoma of leaves when water is present. §
i An inconsistency was noled between leaf age meubation periods for ap
ance of vine mildew as predicted by use of the Mil'er Curve, In particular,
meubation period according to the Muller Curve was 5-6 days, fungal damage _
also observed on 2-3 day old Jeaves. According to previously accepted d
infecuon should take place wough the edges of the leaves when waler is p
and the infestabon should become observable after an incubation of 5-6 days.
fact that infections appear in 2-3 day old leaves indicates that if the incub
actually takes 5-6 days. then infection could not have occurred as d
Consequently, an internal infection source in indicated by these data. Fig
shows a curve depicting percentage of damaged leaves by age of leaves. |
ahscissa comesponds 10 the age of leaves (in days), and the ordinate corres|
o the percentage of damaged leaves. Maximum damage appears in 8-9 day old
leaves, with minimum damage in 2-3 day old leaves. "
4. According to the literature, grafts and seedlings are most suscepti
mildew, and infeciion onginates from soil s a resuit of raindrops s
contaminated soil onto the leaves or by wind carrying cospores from conta
sml onto the leaves. Expenments were conducied 1o test the hypothesis of &
anginated infection.

Table 2. Climatic data and observations of leaves during July 1976, The fota
number of leaves observed was §90. No precipitation nor dew was recorded durk

the period.

relative ground W

daty [air “’:’P{f'"“"‘“ humidity temperature point

. LY L
Jam | 6am | lam fam Jam | 6am | 3am | Gam
07.01 197 19,2 70 T2 17 15 14 14
nTo2 | 178 | 181 %2 9 16 19 16 9
T3 | 175 17.8 Hd 67 15 17 11 12
0704 | 158 | 164 53 52 12 15 6 6
17,08 17.8 14.5 g1 75 1 14 i 10
07 (s 15.2 16.2 76 75 13 1 I 12
0io7 | o4 | 182 ] T3 15 14 13 13
0708 | 190 | 19.2 B 63 i7 20 12 12
709 | 185 13.3 0% To 18 19 12 14
R VI LR 197 77 T4 13 21 15 16
] 22| a2 77 T i9 20 16 16
a7.12 19.8 20.1 6 T8 19 n 15 1]
07.13 | 180 | 184 £l 7% 14 17 15 15
07.14 199 173 04 7 1% 1% 13 12
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Fig 1. The amount of damaged leaves in percentage (the axis of the ordinate) vs
the age of the leaves in days.

In order to test the accepted methods for infection, 80 square meters of
prepared soil was covered with polyethylene. Holes were made in the polyethylenc
just large enough 1o plant the seedlings. A control plot was made with plants
placed in uncovered soil.

Experimental plants grew more rapidly in general, and expressed mildew
infections approximately 20 days earlier than control plants. The more rapid
growth was likely due to elevated temperature and moisture levels under the
pelyethylene. However, since the possibility of infection by splashing of contam-
inated soil had been excluded, the more rapid appearance of the fungal infections
on experimental plants can only be explained if the infection were already present
in the seedlings, in which case, the more rapid appearance of mildew on exper-
imental plants could also be explained by elevated temperature and moisture levels
under the polyethylene.

Another expenment in which the experimental treatment involved seedlings
placed in closed pots in a greenhouse showed similar results (e, mildew infec-
tions became apparent approximately 20 days carlier in cxperimental plants than
in control plants). In this case, the possibility of wind bome infection, as well as
water bome infection had been excluded. These data suggest that the source of
these outbreaks of mildew is from within the ussues of the plant, and that the
appearance of the [ungus is not predicated on an infection source, but mercly the
presence of conditions under which the fungus can grow rapidly and become

apparenl.
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Table 3. The results of light microscopic analysis

Mumber of Number of "““"ﬂ-. LJ
Sample sections where mycelium Sadd
whserved
| 10 !
2 10 0
3 10 2
4 1] ]
5 10 i

The possihility of an infection source from within the plant tissue is sugg
by the well known fact that vine mildew was introduced to Furope by a
phyllexeraprofl graft brought from America sn 1887, It is also known lhl.t
perenosporals (such as Plasmopara) winter in the plants as a latent i -.
would sppear based on the data presented here, that the vine mildew is 1
excephon "

The data presented above lead to the conclusion that previously acce
hypotheses on the source of infection of vine mildew are maccurate, and
inappropriatencss of use of the Miller Curve o predict when vine mildew be
apparent, Further, the dala suggest that the source of ewrly scason vine mi
outbreaks is a latent infection within the plants, If this is the case, thea
infection would be expected to be present in samples of the plant tissue. Micr
seopic analyses were conducted to determine whether the fungus was prem ]
apparently uninfected plamt tissue.

Sections were made on @ microtome from shoots collected in the spring,
had expressed infection during the previous growing season. Light microse
examination showed that fungal mycelium was present in many sections (Table
The fact that mycelium was not observed in all sections suggests that the fi
may not be present in all tissues. However, even though not found throughout
plant, the presence of fungal mycelium in any portion of the plant would W
much more rapid expression of the fungus than if the infection were required to
be ntroduced from outside the plant

Electron microscope analyses carricd out using a YEM-10013 lransmilﬂdl
clectron microscope, provided further information on the existence of '
mfections in dormant plant tissue. Experimental material was treated to prevent
other discases than vine mildew. Control material was free of all known pathogens.
Longitudinal sections were made and observed under the microscope. Cells of
contral tissues had well defined edges. quite thick asmophilic globulations, aﬁ
roundish miochondria. In experimental tissue, cell boundaries anes were ill de-
fined and the fungal mycelium was clearly seen.
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It is clear that previously accepted hypotheses considering the initded defg ) =2 11
spread of vine mildew are inaccuraic, and that treatment protocols basthicordhbid U1 J 5
hypotheses are flawed. Specifically, early scason treatments 10 control the spread
of the discase. or prophylactic treatments to prevent infection are unnecessary
Based in the findings of this study, new treatment protocols have been developed
for use in Georgia. These treatments have provided control as well as previous
treatments, bul since they are made less ofien, a substantial savings in treatment
cxpendilures has been realized.

The currently used treatment schedule is as follows:

1 A sanitary treatmént or “autumn measure”, carmed out as soon as the
vintage is completed. This is a systemic treatment aimed at reducing the amount
of fungal material available for overwintering while the fungus is still localized in
the plant.

2 A preblooming treatment directed at reducing spread of any fungus in
the plant and timed te coincide with the first outbreak of the fungus without
treatment.

3 Immediately after Dowerning, directed at reducing spread of any fungus
in the plant.
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