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dSIszOdz desmisd dzlslcjsdgs.c J dzdzOW HyVWIsy dzt detsfls
HtsB toded 2j@daf 5§ O B¢ ol ©F da@ Oz " | da @ dizd
G dzsB Odz! dzts @ ts (NyafpStid® " QL2 Jsifdsyjjfdd dagd ¢ KO (Fieldsdzj
2004; Vitousek et al.,1 997) . 1 s istsdg] dzd W s joH d
Lesmdmisy &i3r, ¢ OC o dnd HQls ditsHn B teejdztzcfif], L t6MHN@K
mMkrtsets sHi@fefdyts ¢ Mikh j Mise j dzdzr OB oz d3 sl
OL slsdzsets, dzs d ke dzj tfts H2AAR GVitousgldeCal@®7)( [ J dzv
Il wdBdted, eHJOOg Uz @ @GBgsmM¥ j ter WwWodzwes s
dzdL € dn ) Bd/Ed csms 2 D&mwt ener et al .,
Bddztse d yJ MRl sWss pOydfj mdzr = ¢ tsye On, d3d
oJhjiMmMsa® {tsyor (s sdzdgw & M j g s Hitcj 9§
CdzOo dzr d&3 dMmlssydzd S sd3 OL BIsO Hdzv d3d dzj tc O dz
fslstejBdesmisd HtcjotsMissjo o OLBER] & Osc B
fesdmMrsHdIls orf dzsp BBdz htses Ctdzd yj Mlso O
Bdsd@30MMts2 d dMmissh jddj dzj de = ftsys, o
z20Ootcseo C dR.1995; LeBauer, Treseder,
(dzj dMmistsh dlsj fgts flas gz) L s 8zO dzd | dzj & SL d3ts Yy dzts
FHsBtejded?2. 18 jMmdzd odzgjmjdedj OLBISO 9o |
Jd Bdtdseduyj mMEs?2 fsHizCIsdodtsMmisd  dzOC

et al ., 2013) , ss MEkH!' BO9 ShHdtshizsE, ]
Fedzj esHO, d3d dzgj 4 BHdzBL d&zOydzO. ,SI0dkk]j ] dddQC S
(Sill en, Di el eman, 2012) , sO¢ d ¢ f sl

zdlsj cOlskzter ECOL" 90jIs dzO (toj sB d&zOH O h |
fsor hjdedesds smiskzf dzj dedd N, o fmdzj HMmlse dJ
BdCcoEEaOdzd JdgNssens et al ., 2010) .

shdeso Odaets dzO0 A € fif ojste d) g jj D &0 dz0 - fh or fiy
ftosd3" hdzjdedegr = o BtotsMise d OL BlsMsH jtoy O d.
2013) . ltejHf sdzZOGOj Isfmyw YISO LfAdj datzdhL CHdts
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OLlO o 1SCsMdmijd Cdds ftsyj Mhtse
fteddzydf Odz: des Htekzecdds (Reay d§ sfylalk § Gaj AP
dzO  @dde wOdzdL Oyd* 5 | e dipdg e Aoz 1z @ giz) dops o
slsmizlsMmlso 2z Is.

J tcOBdsiipfi sdz' L 59 Odz d3dets 6 5 dzj Is dzd 2 1 9 Mty .
[todzso (s ts [ todps o fijChidse t8) tsdetso dzf 3 dzj Msts
sdBdtcd. 0O0dzjJ dz2O dzjd3 B'" dzs f sC OL Odets,
odzdwdedy tSlsHjdzt dz' = Htcj o jMdzr renfymted o e t B
2003). 10detdzijy MmMddz dets tcOL dzd yOdzd - O
B dzj cOda Ofjf o O Y tsH dzdMmilse j degdzad yj 2 MdBs
1 sl lstsdiz dd3j dgdets 1 Isd Hej HtjojMmde j f stc
dzj s H d dzO Sotsdadvptsddw H SIB®Ils Gz] dapvy d3f dzj tc O dzdf IS@
tcOL dzr d©3d Htej o j Mder &3 f stctsH O A3

A J dz tc @BlAdEs O dzts o d Is ! odzdwdedJ odzj MJ dzdV
ftsye j dzdetsets kZedzj cBHO 9o Y YyoaOr HtH tOL
dMmMCkMmMmise j dzdzr & zj s sSMOHC .

1 OH OMbjdzg H 50 Odad W

1) v s Odzwodzfls''dzd j] HBB OO dzj dzgdW OL tssdPL ddots Us
OsdizasmMW jtcz d 6 jiIsj tesistcd]dpise | @dzdpd p 2zt i
Msmdzts? Bk dasazj a3 § sdzj otsdz + S MY § tod
2) 1l rweadls! o dzd W dzd J f sMdzj Hiso Ols j@F IsiEfsecdsts
B dzj 6OdzdL Oydd stcOtedaj MEOE s j MM g
9 CtHBotsda qdzS B Oydesdegdesds 1 ¢ MY j tod d3gj dzls
){ftejH]dzd Is o dzd W dzd | o dzj g ded v OL slsO
OCIsdo dztsfls - RBEdzdg A& OO0y tec Odzd Yj M «
o Jtorndidfdj cOdz! dzr = cettedL sdzlsOr ftsyes § tsH

1 Oz ydzOw detfajdaodzeq H dzv dzj meds 6] A P=IflS dizgs af te

LMY j gdies) deldzj Mj dzd j 5 OL IO d  fsfdzj Hizs "
L MMdisCHOll Odzts, ylsts o dzj Mj dzd j dz@stals @ o § tizd
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Ld3dMMmdd wyts MewL Odets M ko jdzduydddj B Mt
9 jhjmisowtedzj dglsts tsH dzestcOL sotsy o dzgj Mjdedy O
OCIsdodzsmils! cjlsjtoslstesWiseo @ ClsEIO W W ol
Hitcj o j fjdetsBH ™ . [ 5C OL Odzts, Y ls si3d dpjiad @ diaff 1j O Y
tcOL dz" &3 Htcj o jMmder 3 YstesHORB] Blsddyojlsmv
ot d34 dzO, Meidz S5 jeB HAzdlsj dz' detsfls © : €
Memds?2 di fisHe wed Miso j dedzd yj 24 ted du iz dsB 'O
LEMyitedd3j destse BT dzts  ff tolsa j dgth tef) tietzd G & o @Rifth
o dzj MfjOedslsdz”" = EZHGBtejdzd?2 o f tsdzj arO- {flshydztye
OCIsdo dzsfmis d GiljtotslstctsW dz' n Bd Ctotstc
Fcdzj esHMtsH j o OF d j 4 HAOL] figaff O dz' dzrtedf Y J ic
ftoesweodzw jlsfqpw o e Oddyd mMédas cBtodL tsdgs O:
fsCOLOdets, ylss 1+ WW jCIls HtsBOodzj dzdv OL tsls0O
OL s5ls0. l o egdgisy d detfL Oydvy OL SIsO i3d € totsB dzt
s ls olg dsjndzdz® d dzOS dtsdrds ' dzdp O L dfdmdda) j~d2IsDe @susd®  dzO i
g dzj eOdzdL Oydd wttecOdzdyd Métses o jh jMmlse O

v stejlsdud Mcow d JwLOsbdyud s 0w ddda@r
fsmiskzf dzj dzdwv OL tSilstOH dats 1 dSLts iysffijdstg edzlz = sSMdz
Fojdzdyj ddY Odstesi tscj ddsets o dzdwddw dzO
Bdeitsndidyui MSda vyd<S dzon, oL ddS0Oshdn
Bsc kzls B' Is dmf sdz L 59 Odz" 2 WM d Mt b ezcats L C
MsH j tey OdzdwY Bteec Odzd Yj MEBSEasODH.j hljEnsled >0 daf
[ Olsmtsdz dL &z ¢ §dmoOdzO, Yylksts ofMmj BB Odz!
OL sls s d3, d ftsLHdts o ddr dqLEZyoOls! dzO0y 0Od
dzdL Cdj HBLT odej My dzdv OL 5Is0O, ¢ Ctlstste’
[Pt j HdAEZEYJEZO dL ZyOls: ZOyoOdzt dz@ § MsOHdd
1999), oy, MmMoemid EfEkmMisde dL odHE
betso jdz@ OLBldr 2 HjfsLrdyd?2 d 6 fmj2 H
cOBBISO wodzw jlsmw cifi j oot W alzd t d ©q t54dQ zdgQ dat
ftsdzjor n kmdzsedwrn, d tslsj wpdediz)r Isitej A fdghds i
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ftsdzsy dIsj dz' dz 2 1 W W FRdsdz] 90 d&@EBIOOYy O, dylst

oL BIsy desfils! dMf sdz' L s Odegd W dzj Mdzer 7 MlstOwed

Odzs tosif 5¢ j dzdz R OL tslsdz’ A ZOGtlkzL ¢ . ] 5z

dmMf sdz’ L s Odgr fted yYybjdedd Cktemtse 5 BC

Eyisdzr » LOojHjdzdwr orfMmh jets tBttOL tsSo Odzed
[ Bsdzats o Odzdats iy ls - d H tsMis ts 9] Meddsdsands™ |  tedi

toj L zdzZds@S'e sHT §dkzyjd d2O0 sMmdtse i §tedc

BOLdtelzj Isfiw zO s BJ" Hldc@is dylzts ¢35 ¢ i Ghldcidta’ké O dzlz d

ftsHe jtoc dzzlsT Ish Olsj dz/ dzts A3z MlsOlsdmisd yj M¢E

HsMistse jtodz” . ftcd P<O
10 dh O 3" § f sdztsy j ded W :

1. ) sdzsyddj2z t YW jiClk OL RO diz®0 dgf s@usdnds,’ t
2O Mmjtes?2 dzj Mdes?2 Hyej § H dzd Mmise j dzdzd -
2O sfrilsj 1. 1. [toczsemCtsets, MmowL Odz f
fsyejdedz' 2 BISteststee OdzdL Biso .

2. 1 toj o jmde | f StgtdsH " dzj isSH@LAZOL B 9 5§ o dzd W dzo
odzdw dzdw OLtslsdzr » EZHtBtojded?2 dzO d3d dzj tc Od
v O¢, Hdzd Isj dz' detsfls odzdw dzdw OL sls @ dzdpdst
MdedtemMC 52 fdSHH an@ MaisRO sB " € dztso j dzdats 2 .

3. Vo j dzd yd ded § Cjlsjtzslhe¢GW das?2 §f DLolsid o f tod
FHtsBtejded?2 o jHjls € Hlkjtej ftsysej dedzscts
Hsf sdzdzd Isj dz! dzr &3 ftedtesMmissdy B dtsdBzOMMT H
EHtsB o] dzad 2 .

J dydzer 2 oCdzOWo OB s@ ydets f tod degd ©ZOdz kz y
feHslstso $d d fwseojHjddY ©OBSGIST, dzOyd dzOv
f sye 4 dzdz" ~ sBGOL Yytso d dL &3 8] ded ¥ Is tfftauindg -
fteso j HJ dzr o Md ddzC 2B Oyd tsdzdz’ § 1 S Jtedd
dqdzls j cf toj IsOydw + ¢ jteddgj delsOdz dgr = toj L zdz

dfteB Oydw tc QB 0. dz" | tcd L zdz sOIsT fc

HSC &ZOHT 0 Odzd ! 2@ S tsdeW jtej dzydw n &S dztgH." o
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dzCOYj 90 4 i o (stcOMmMdzsw tcMC , 2014 20
CtsdaW jJtojdzeydd M oBj Yy HEDOtSHA d Ez wasds djdes
L sdz GJEeOWdw, MstezC skt O, WEdC ydd,
I mMdesmmd2 MEs?2 dOkzydes?2 S Bdelt jtoj dzydd ¢ O
&zj hozkde 20 MCE0O) , zO CBdGctej Mg [ ottt
(dboMmMlstedwg, . ) 2 0dE@ kz dgQitojts H dzts 2Is | Azddz gy jditss O W ¢ 1
MlskH j dzlsts o, OMf JtcOdzlsts o d B dzZH T - Zyd «
dotsBBHA 2 (stcOMmdesw tcmC, 2015 ¢.), A
dzj ) dzts 3iz fsyeotse jHj dad® M &Y HEZAZOtESH M d
ftodS ZpH RS oM dzj Mdese s ftsyeotso jHjddWwe
r sCyojoeomitsets tsBh jMlsoO® ftsystse jHtse t s

ledzd SOy dBZ3OIsj ted OdzOd3 dMmmdzj H = eted@dadsls , t
Cslster = 3 MO d o YkedOdkzOs dL §J tej yda

1 ZOGtsH Otciaslintstd . o O O Is Gz BC Iz 8 i
Oz ydets iz tczCtsotsHdIsj dds. H[ pdz@ dftisfiis s W dzdzts g
C OBBjISOCY] Ctdzdzj SIsdolz dzOBBWKOISSEd
LEBsMmdMmis) &30~ R ® [ 1 ¢1 0O §bswisipd jj HOB 432
AL Bl BO ftshiish !t o fodzjosdy + CMYf j ted d3gj dzk



1/6l¢ 1. [ruprtovop13ds [171]1

1.1 sdz2 OLBO o twjekzdvydd yd<s dzO ke dzj

111 tse j dedeslsd OL slsdzgsets yqd< dz® o dzj e

] &zO 9o dzlz © tc ts dz o ftsyj MmMor o] otcOh j«
detcOs s foyejdedzg" | BJCtetststce Odzgd L dzr . [ Mdas:
Lo jMmidr : OLBLYJS O als,tc d OBl GO Yy
R M dzj H SfotOinledjvH dzd & H o ke O tijefdfidizj I8 d 22  dzO{
bilsOdztso dzj dedj RIS tetsticc OdedL dBse, o jlsfls
d dzls j dzfyqloldefsiistf tetsy j Mitse o toc @uUzdeq VY de'sd 91900 fr
[ OHBS qfBHAO0F [ j dzw 2280610 OL d dzj o d U, , 2098 ds lsz} AR dpt
2011: 1 OHtsty.B2020; 1 dfO cHROLO [HfpAdoet al., 2012
Bottomley,Myrold, 2014.

L &ZOodzr 8 tojL jtcokOtsds OLBISO o BdGMY jt
ZORBHMY o Bsdp) oz GdetegupiflEgj (N, 89ds |
Ols ZdsMW j tor ddzj elsj dz d dzj HtsMmiskzy jdz BBdz' hc
ChksB Oz dgsds BdBEjsodiRduiMStsdk ydsdj OL
OL Y dS MOYydd HEAOTEAmaIEset al., 2012p B d slsd yj < O
OLEERSdME®H tjLbd SOESck@EseMy " CO &S
SBOL s Oded¥ wWOL dzd ydzr = B¢ dMmdzj dzdz” - 18RS JsHsc
ssets CtsddyjMmMse® OLskO, SCtkttsj ¥d¢imd
(Bottomley, Myr ol d, 2014) d daoj ddaamj ls

2007). 1sysjdeder j OLsbWdSmdikshdj B8O
Mshsswhdj o MmMddedsLj M daj Sskster & o
fjdj2MseoO® BoBEGO'™ S, daj Stlstster j o dnjrdzj gl

psHBEEMdd, d&dho02ddsd ey Mo oL rdas@ly C bt
Ol sMWHter 140 [Is/ ¢sH (RMdHBLse, 2001) .

dzj MAARSISW d Mis@IsPY dzv jIs By dej 4 1 S 6/ df @spjjdase
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Oz tedC OdzMC drn JWEREZ| HAS/0OG j (T Revel dzpndletst
Mz yow s dBsydls HBRGBHJI! Hts 3,8 €§c¢/ cO
f slstc] BQzsHdsdzsc s  JIsOdzedW L g ADDE] S BEME E
B dtdztsc qajEIEVofc mMOydw fsCter 9 Oj s dzd " 2 %R0Od
(t OLGclzdzddg,s 2008 ) dzgd WIHEOYPIstsIlsW d € frpOdg] iy dz" c
L ¢ s RSy a0Rdz! das? e dgs Y p O MM d3OIsted o Ols* MW
fBHH]jtey OdzdW™w OLBldztsetts MIsOIskzMO d&d ¢ totg Hodsty
Hisdzy dzs B ' s o WBCEMm] HO B d OL f Hidz
Btstej Ozt dz" » dzj MO~ .

[ ddzj eOdzdL Oydw tecOdzdyj HzBetz » ] gk a
HdzZv 3 dzj e Odz! dzse ts5 HQ LIS loazg @rg ) dz’d & O dzdf s fn d
(L G Iz dzd dz, 2012, d2Q =4) [zt il dz/OUL Esls dz' -
B dzj ceOdzdL Oydd BtecOdzdyj Mitses oJjh jMmlse O
Wsteds OLBISO ftcjHjdvels Wsttddtotse Odzd j d
(AjHB] VY, 1 Or d3j Is, 2003). 1tod tOL dztsy j dz
(ddzd o ,HBj wdzjlzdg dzj esHO) ORRBsdedW d ¢ Olstster
dmMfsdz s Btcdes 2 ¢ f sSi\b=j28dsc 51 Plzdcls® €O
Stec Oded U M a3] o HEHJ oy dIs MIC/N LI 1§ dz 2 dts XOJL lds
f sdzdzts s+ & d dsdssB d dzd L s9 Odzf takH & tizfs 5 tc GoO dagfts &
MtsH j oy Oz 251 | Co  syphpy ofMenHtgeldH dzr 2 @ Odzd3d O
ftj sBwLOL Z]jIsMY o -ddz3s dyds?® @ o tpthizs| @5 O dzd J
Wstcds OL tslsO o s wads).( ) ovweddzy, o

lrTmMeotsBBYHOE N d2Mw dL ISotes Codgdis diyS2 cda] Isot
f SH o dzd W dzd j d3  dzdlls tc g WADE BlYf tetd t8 ds.dz" z ) dzts
ZdstedW¥WdSOydd, CBEHO OdBBtsddw o ftyej B
1998) 9 yYjtedtsL jdgdzr = d MmMjter a dzj mdz" = {f 51
9 G(=pHB Oh j 8 O d {HOElzj,4 Oy Is)0.dzsm: , ylsts tsmdz
wodzwe lsfipw OolstslstesWdz j BOCIsjtedd, sO¢dj
Nitrobacter (|  dzs G tc QAT fOIsj &3 B'" 2t 8§ BY @thets o &
BOCIsjtedd ( ppAl cAaltihgeormbeasc,t eBa cdacltdduss d( ISA
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Aspergillus flavus, A. wentii, Verticilliumecani, Absidia cylindrospord3 s J &3ts
shih jBlsodzflsted W d C Oyde d ¢ julsgpssswdsdptzs p ozt
Hsdzdzd Isted W d y d tc s 9 OfdteidisfSitso S@ P @sistcs W dz' § d
(skHjvtcse ) slddjOHodrd)j. H Odzdz" | ECOLT™ 9 O Is
Otcrn J sBOCISjted?2 o dzdlstedW d §.03@ctsH QlemIDEN g
1 ted ydddstedde d S Oydw ftewdds odzdwjls d&zO ddzlsj ¢
Oust®. 1 tso ChgfdzdetJso 5 dzdIstcOlstse dBtsy j Is Mmdzd Y
Emd dzd e OIs! HjdzdlstedW¥WdsE Oydy (skHjwise, 1C¢

l sfydzj Hdzd 3 ftesyj Mfmtsds, L OR COE N § 51
Mow L Odzdzr 2 OL tsls o dzso! ftopw @ PIsighw H f dzdl
[dsmih j Mis,o da | tsfipzts o dzs gl SEHz@OC I gefd g dzy H 59
tcOB tffistd L yjraddzd IstedW d S Oydd bk cted s 1099, tS h
L e sdzsedyd M Ow L dzOydq dztsfls ¢ L Issets ftotsyj M
Hig. 1999) . R ipipdzil mtpa@fdeded Wi ¢ Oydd f sdzzydc
Mewird M bjd, Ut ftd slsMhizisifldcastidz S dbidgds
ftosyd MMy wodzw jIsf®i a Of dgm?2 POEBPS o\ 2 ¢
BEY,JSIOE " HjdzviIst mw, sO¢ d f tsdsed B@zydpd M
fc5C 0L Odzts, Yylsts OCIsdo dzsmls! Hy dzdIsted W d € O

fslsjts! scteOdzd ydoe O Isiw dzj Mssd ¢t
BICtesstdOddL BBso bkddzj tsH O, MSsd Cd S B
1992). 16MStd SE & &idndaznr §Gyus®cj Od

MsHj ey dlsmw &EOdzts, dj o' MsCd d cOLBSBGOL C
l slstej Bdzj dedj L O¢ dédz pAteBslf) § £ s g @ A91,
[ J dzgv Ydztst 1097, 1998) H 5C OL Odzts, Yyksts o ¢ dztss Bl
fslstci BdzWIs! dzj BBdzZjJ 1% LOCdMd OL BISO sl
2013). 1 6ilksdiidz, f§omdzi Hdze ®Mls Odz Y dzy glzdfag |
HS ditdzy Sdzw tcedzse 5 OL BISO, dBsy ik, ¢0¢ d
COC dMmsdsy@lzd @ dzvOL B S tesstc e Oded L s 9, stsB j
W BtedsOld OL sIsO BBdtslsdzr = dzj Mder = f syYys O~ .
MftcOo j Hdzd o sMisd cdytslsjLr, Yls ts otsmMmis O
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HdMmd &3 dzv ststedz" 2, dzes d, yoOmlsdydzets, OMmMmdec

(Mls! jhi HOO dBOdsdLEZyjddzr » ftetsyj MMC
o MMmMisOdztse dzj dzd 4 dzd Is tc O lsdd LoO YAy B3RS @f dgd) ¢

r d mid &3d dzv Is ts te dzts § o smimils Odzts o ddj @z + taiEdBlS
ftetsyd M, ftotslsj SO h 2 o 4ty zo dzOy dzj dzdz
1 Ctsdzsedud MSdr EfmMdzseodwrn f todils tsls if B iy s thsthoH
ftod Mizls idgfdsdedPIls © tstc G Odzd € 4 fip Ciis sz GzHE il tied
mMetsisdzsh § dzd § CsdzyJ dzls tda gD Is @ ¢ dz jf g HQ dzW | Is
Hj ddlstedah@dzddeded o sffils Odzb dedpidecB 5 § O g dadh *
o J dzdyStasyj d dskzh j Mise j dedzts  tots d figAsts HOTEedis( i 48B) O o
l sdzsy dIsj dz dzOv  to s dz L Isses sy MO  sQE
fsmMCtsdz Sk dzdIlstcOlst Btsdzj J f sHo Jjtey J dz )
OBgBsdzd?2 (Silver et al., 2001).

l1 sye'" BtStej Odz dz2@ = d Ekd3jtej dede" = dzj Mtse ,
sBZOH OB Is ftsorh jdades?2 M shs@uUaslEn@ ' ¥ o ¢ d
SHEEBOISdsd odzj Mjddd dzadlstcOISO OBBSded™ o
e/ c0O fttOCIsduj mMc&d o4 M dzd stcOIs B'" dz d d3¢
fsHMlsddz¢ )] d EkB' 9 Odz M " delce @ @8gwbAdgarden dgchldzj
2003). 1td odzj j deduo o din JiddAwtf Qe jntezz dzdz f A
300 &6 NgCdkzlsded Hezdtss d dzd 1900 tsdw o widg fiflg diaid:
ftcd + CMiste] dG3Odz dz" = HIiEMOOA" o4 2 B O § dztizg . &l /
oLl Jqdi3d@tseddzdL 2§ Ismw d3d ¢ talxBdrz0 dedd SIB@IfYn t
dimssydzd S sd3 § JlsOdzedw HdzvW tOMiIs dzd 2 9@ tedgf Ist
Bsy Jls sftcjHj dzvwis! Emlsts?2 ydo sfis 1 Ctsmd
B dzj tOdz! detsegts OLtsISO d B'Is! CcdzOoadze d3 W OC
OL tslsdzr = E(HssHog Wzffd@ts e ,d bkt ) ) 0BL)sls  tsis
dL f§ tsyse

[MtsB j dzdes s & dzj Mdgrtstz! ff ©Yo HVsaalpw jaldaghip 1)
Cdzsydo" n fetsyj MmOn { tc] o (CBelof Broh?1098) 8| ¥ o ez
2003;s ztc OC tsH Hein@nhdalb et al., @5). ¢ | cjelkzdzvyydd sy
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ydq ¢ dzO ) 1 CsfmdMmlsj i3OR o Oy dzts § L dzOyJ dzd .
(MO tesbtesWdyr 7, HBJStBtedL dz o, 4 Olstscej dedz ~
stsdz' ¢t ) BOCIKjtedwdd, €&, des d fg oftsHE
(s te@IS)e Isdzj f tetsiisr j B dBIsdud firCoddds i o Ptf Ptz
) dzts M des dzd W 4 i s Q) filzpgssy ) @ deds“usidimind ©(dan Groenigen
et al., 2015).

1.1.2.0 dzls to 5 § 1§ iddzs § Q] tsi(q .

ve j czd yde O h j jMmw o o] LHzjdM ldsjOds ffoissfigisrflfs dr j
MsjHddzj dzgd?2 OL tsls L 8 O z@ dsifEffthiEss | @iz iAol sds O
Btsdz' M3 1, Jdzthc dzj tgtt3iBCE 5 9 t5,az'd f§ Y slf8dz Vitousek et al.,
1997; Fields 2004; Galloway et al., 200}, Reayet al., 2008,[ j dzW A dzts 2012,
2015). 1 tsdzt h OwW H ts dzW OL sl 0O Odzlstetsf ts¢ j dadets @
EHtsBtoj dzdw di3d o Pttt Qsdijdf@degy BE Istso d Is O da
L Csmd fiflssidd3rd dals | digfy t foassdig ol tsojCpigledts ) f ls O dats o dzj
9 LOEBiYd n ¢ MEE@®@PRD N J s ] wlsigfLdd wdOL tsB d t
(stsoHO, @ OB YMets? [ Ytoed yddets?2 W ddztsfy! dz0 &z v
1918 CGtsHEZ |1 tBj i) OSBIV-HBPRIEOSL o sdzv & h
BB dzj tOdz' dz" 2 OL tsls dL @ls dgtili9 8tbdets ¢ t5 j (frpdztsdh
tej OCydqw dHjl ftoed or MsCtsdg HOodzjdedd d
1 dzj teG tsL OO jsdsPg des s fJtesdL otsHMIsa O OLt
s5CO0LO&ZOMBC X Ists slsCter Isd j ftoesdL o j dzts tc
f tetsd3r " dzj dzdakdpls f 5w dndg'Ols ' MW L O9 SHT OL tsls dz
o j dzpyd df csdL o sHdIsj dz? desls: o Mmj dzr ME A

1 s 3 H3ts § dzd f jredidfiyy dejLdmflevdz” - zdz@ B o dz@zdz I fs )
sBi j d3 o ro te@lidstefts jj Hodz dg) LdixiR®O tc Lz fifwcd My d 6
dm¢ s O wfsazdse O. [ fndats ofgissjjn dCdBjcdedseP M ® B dzv |
sCMdHO OLtslIsO NO, HSMISOIssydzs B' Mistesd S
Byl §itej dshdls: MW oL HENd & EOMMHOA]
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MsdzdzyO®, oeoMmMdzjHMmlsoad] othEpSEcEsmONBO 8 e f
Yyomse WHiEdBEA@MdHO OLtSIsO Bsyjl fitj2isd o
22O ftso oy Ed)sp1991).) sdzso ddzz L BM jets ¢
sMOHKC Hosf OH O h = 8 s Q] daj wiigle © 0@z 6 © 5 6 H
Bsdzj C & gzh | fipsdgcB oz j smMw  dzO §tso jtorn desfylsw
sfmjHOBE |2 MisedPazd s'OF d fduaks et al.,, 2008253 5 % t
sBh jEts § tQrdeisidglssy OsmMOHS s dL Oldismy jter
mtsd H d @) dtdGotell, 2A1).

RdzH EMisted Odzd L Oydw, ddzls j dzifdW¥ d S Oydqw
dedfp r Bletsfr O®RGBPOUsY y( Nad § § ts)ddff &dimg 5l fiflis
fwisdCtcOlsdes sz ol of jOdad] fgig(d f dzp iz B O 1+ € tsfyddnls .
ftoj Hi 520G &) dzf¥bsg J dzd (Realz€t pl.2008).

] sfdzj H fiylsasdEs  totsyj iy OO Lisk gz s & jzdzdf ts dz
f s PWO otsHdzr §| d dzj L J, &3 tgd oltsCHES ) doin Is4j af3s to s W
fsHSdMmdz) ded® f§tsye, dLdijdejded® GJesyj Mise
d H2012,) Od3ts dzts H y d;Vitkasek et2aD11939 7 ) . v Y § b sz ¥ aizp
OL slsdz" = o tizD Omjddsias U fy G B jol 5L tsffned My J 3] to dz
Edsjtojdede’ » tojedtsdzOn [otetst ", 4Jojtodss?  «
(sdls0O?2, RdzH d V) ( Nordin0)200IJ7; L tBdzjo b tcd |
S Odzd W stedad W , G (ot d dzj Stslsstc’ @Ml
| Obddem&s2 ¢R@Bjtedscd d oWtwedScd.

l 10§ OHdes?2 d AJj dglsteOdzt des?2 [otetstf j, dz0
f OldtsmMW jtodz" dizgd o' f OH j ded W 3dil § =B B © dzts N
GtsHI dzj mHOA Md o j tesOlsdzOdzlsd yj M tse s f tsB
f SHo j to)g diafly dedbis d3r M dzj dede’ - o Mdftmlpded Y @4 s o,
N/ ¢ O. l Mmjoeojtdzs?2 yomksd ¢d&3j tedS diHEHE40
N/ O ® GBH (PaOkkOH, MDD R. o Ms& P O Hzjod
HsfMisdeOjIls 13 €c¢ N/ c0O, gotsdtzd iz§0dEdgn NN/ etO
(Comnell 2011).0 sdzj j R OOCw" B®w ) HORB] tc § dedztf W @O
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IO PHd IsOW ( Bobbi nk@etsdiial dzj dzdz’'0-L Ot O2 tsdzO A
Htsfisd ¢ ®ls! N2 @B B tsldajetjal., OB).

MBBIsw Btsdz! " dJdzmlse ts dzj Mse Bk d3j tol dzdzfiss
OLtlskz (LeBauer, Treseder , 2008) , 9 [ 9
gLBrIsCtsds (Blent2aeb) etd fsweodwjlsimw ¢ 0O
fejo" Mdl MfsmMsedshis! < SsMdmisjd EZHJjwLYC
dL Ezyj dd® o tfOpjH2jfipiEfe2d WOLESIsO dz0 Roeots2dzr j d
fc5C 0L Odzts, ybsts ffted JYJeBHAsR §shmisizi dj d
OLtsls LOCt] § odzv Pisfiftcdo ff fsligde if dXli/ dadad ofyoc t'Hj

J 65 mMkh j Mise j dzdz" | ftslsj ted . CbzszC B®IO
4t dzofmr M jddv fys dzj de" =  CMdMisj i3 ©
N/ O 9 etsH (Wright et al ., 1995) .

[ Mis! o § H Jjiztis e dalidns LSsmdmisj o3 <
Cotetej dzdtelzjIs M jJ N MsOkkzmMsdy (Ti et smEBf
dlssed dMmMmdzj Hse Odzd?2 tj OCydd bkd3d tej dzdz" n
20 Hdzdlsj dz' detsy o dagifmjded] OLSlsde'r = BEZHtSBIWG]
d ®ISCtstecOddL s  ftsyes fHtsdmMAsHdls §t
o' MCdd3 LZtesodzi zOL ©®E @ th dzjfdedfye Or d ko j dz
l lststcOw o Cdzs yojls ) misWw zmddzy dzd J i tot
or &3 o Odedj dzdlstcOIstsa, 9 Iss otjdw GCOC fo
MsOHdd tMmls Hjtjo! jo HtojCtcOh OjlIlsmw Mmwe
OCIsdo dztflgts WA O A tsds s W dAdpds &t allsi9g0).

1\ dHOoddj dfmfdzj Hiso Oded™ o ¢d3jtedsy d
f sMmis sW dzdzts f sdzz yOs h dn dLBr Istsydz 2 N,
Foj dzdydeOjlsfMfvy cdBjdz2 RoBRAWy -~ SHigteEp ' IgBG
LOd3d M jdedj o3 Hdzj dzgdets tcOMmilskzh dn, M dedL S 52
RZOMOYHJjdzd2 dz0O B' MtesteOMIskzh dj dzd Mmise j dzd
MEisksmis: ¥ BBOYdo O] &3 fikKbmaro® ShHan20¥2F e n n

[z dfdedz'or H OUEzzE Y Pipls&EEz § Goj dp sy d d
BOdzs. wbkh jMmMsoakjls Bteseo OV € RUclis@] O dzis s dzts
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f sz yJ dzgdzOW tcOMyd Isder d3d dBJIssH OB ( Reay
AjddstcOdzr dzOw yOfls: t SBM NN @Rz yOEB®dzy &
| sMssS §sdidyoed N @8kkcdd HOdadz &3 § s
OlsgsMY jtoder &8 ©MOHS OB d G d v joo totsy G &t
yomisd Misfiply@d dz6 j2is1 8 NA Q dzz =59 O), O 1PPB* y
dzj Sslstste’ &7 ksyjS, BddLStS ©OMY§ sdsy j dd -
GHJ Wisdztsjpd@) sHsts 4 O H fi) tzff B Oblidk4Cjds N/ 6O o G fs
d H©2006), tOMyYjldy j HOddE jj2 b @Me iy MlstOd
(Reay et al.,2008) Mse dzOMmizs smw M 1 ¢ MY j tod ugialsjCl
OLtslsdz & o' (ML OFOH[ tdise QOBE &8sy b @dz € d
SteOmMdsY M O, MeMisOodv jlk ¢ sds 01YISIEOSHE
fsfOHOjIs o9 OMYUJiEdRNRBcAJOf OLsdz 0, 25

s O0Cdd3 BBLOL t5d3, ftcdojHjdedz | WOGIST f
fsiiskf dzj dzdv OL IO o dzjidy j 1S &idmls Rk
Osdissmit j o7 (ol @mes C¢/ 0 J sCods 2
Bddseday mEBIC MOydd. U sikjigd DLsQo (¢
Muijls of & 9 Odzd¥) OSCYj] &EOd . sOS Mmdzj H Ml
o d&zj MOR tsMMdd ROwLOCkjtdLbkjkmw or MC 53
OL tsls § HdzW Yy dLdgj dedzr = ftesyj MmMtse otigfféd
fsyoj dedesets bkEdzj esHO, i lssdz d WkdSyd
B dzj e OdzdL Oyd j 2 f syo J dzdetsG 5 stec Odzed YJ M
ftcjotcOh jdzdd &3 MtsiHddzj dzgd?2 OL O BIStos!
o dzd X 4 dzd § fz2dzO tstcc Odzed YjomS s & ts dztffojjdziy dffipdsiz jGs
Sl OHtsd HisjojMmds?2 t©OMisdlsj d dsmisd ( ft
&j ML Ocsksso S fsdmMisHdl o' disfy Bd ht
BdsdOMMBs2, (5 HOdde d3 ¢ . -0z sdzj @57 I dp@zv §
500 €Cc1bkN/rcS@dfd, 1989790801 tdaf Istizf B C @)Asfydzw € s
5B &ZOMIsd §tslsj GO8MOMIES@o dN/6ds® ( s sBOtese
f smistsw dzdzts f tsor h O h ddzmw MftesmMtsd3 dzO H e
Fojdzd yde O h dd3 tsBi jJd3 dzj MtsL Odzs s tsodgjChdz
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ftejyHd oMmjcet, fts OLtlkkz (zO0sttsoaMCd22 o
1 sMStsd Sk fttd t©kzBCOR (e ddets Y dzt
R kzHh OB Isfw Zmdzse dw B3 dzj e Odz! dzsegts § dIsC
Hicj o sfistsj o, By des o g Oy , ( U
zj Mfsftsdz! LsoaOdedj o t sMipdd dzj o tsL d3stsy dats B

1131 ted d3j dzj dzdj OL Blsdz" = EZHGBtGj dzd2 o dzj

1l siskzt dzj dzd J§ OL BIsO ) 1 CsidMmlsj di3kz t
ftcsHEZCIsd o dztsfls d dz0¢ s dziMighani €z al.d206F s dz'©
dzj Mtso Zdzj o j dgdesets d BBt Odzt detse s ff swW MO
ftcedotsHdls o MmMtejHdad d3 € HBY BSdzdedIsj dz! dzts Zkz
Bdsd@zOMMI (FIl ei s cddodisse bt | pzlogjtoyfdfl 3DH.ts Bltc W ¥
HL OBlseo fnsmisezs h dr Y sMmiskzy dzj dzd & 50 €¢ad (
tesis®© Hjtejo! jo d keojddyjddw d&OS s dzj dzd
dzj MO EkZHteAW dfH-ts 7THBtsdzj IsdY d EkZHtBtWE IS
Ndzdzv dzid  d cf séddzi s sipse@P, | J teBOC
(1 2L € (ddg, 1989) . J ftotsd3r h dzj dzdz" = ABOMD
dzd S sGHO.

vg i3 dai WBhHepgz S odzimMjded] OL Slsdesets
sHddd3 dL Mfsmtsetse ftsor h jddw { tedsHEI®IS) o
odztizd § odzj j dedW OL IO o dfff thfds &< EAGJ i jSugAs
tsmmdd. | wdedtd (o JMmisiMmilsejdeds = 1 S5
B GO stOmMdkzcwicmMStsets CteOW) BN dzO {f tetsH J dzOc
Hitcj o sMmistsj o ( f tc Asdidsd® dats cas’ fifddsiidc s iils ©, Mt
ZO odzjMjdzedj ©WOLAE » HEtSL OLBIO 9o Wtsttdgj
otsLtcOMlstse d Isdfse dzj MO () Q7R 1983 @296 1
1L €d dg, 1987, 1P 8.2 YJ dzCls o Hrpdsdmfighy JC
dtejHAzj G LVOdZO dL EZzyoOdzd ILWWJGCIlsde detsyls
( Bsyd o d dz' d Odidzd Oydets?2 dijrdel k&9 5 ) .( 2z Do 5t
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smMistesddMC 20 chptidEdsod - dzj MOEY L I W@ ddzal =~ d Us
OctesmndBdUd MEdn Mots2Migee j MHefagd s ffdrd totsh
fsolbstedsets (UdtejL 6 @(zslg)dse @2p0n) uwiafdy ddge
1dYJeBBHME B2, [ BMEtseamME?2 B EZOMISWA o
ORBI Oydets?2 M dzdiste™  Bsyj odds dzOz ds@izy gz
sy f OdepOBe s f Odgj dzC 5, 2010) .

) ts ) dzts o@ipEds s Is 3] Y O Is cCtsdilf dzj € Mdats |
ftocsHBM) dIs] dz @zasplsdpdZy W HdeBGFstsfdaf @ dz” | ¢ Sdi3Y ¢t
WdltsyjdtsLtses d dr ftsHEZzCIsdoe desflss . J dzts
f zsH StesHIE Vo B0t @MU Odzd v o & ) jdzd aL dits & 5 dnt
9 JHTSO tcOMmlisj dzd 2 ) dzOH f syo j dedetsdz f 5C ot
oL 5B dztso depezd fzd wgj p@d S tsdzd yd Mise © > dL dzj M
f SteSH; fsorhjddd Emlst?2 ydoe siils dzo dtstntdak |
CazdBzOsdud MSdd3 Emasedvd (LOmMEz-j) d My
or s sets COyYJ Mlso Oe (zE2d30C ol .0 1199p G gou
M @GdclO dgdB dzt HOdgd dzdv o OG tetsn d d3diusivdips ij &z s
L Oo dMmd &stsmisd , fistise dsfidpiaiz flpidfad v d  § to tSw S e ds
Htse tejfdscd®i. ud dzts ¢ § tso3 Odadaya)dties ] tehtsj H d dz]
WEMV& d CBddw Ctej @8 Mdzsy Issdzh d datg?) d( G fipd
fsye ", OdzOlIs €@ H JO dzts fr) f sHS dMEds wad ] ujisiadp)
ficH j o OdzgdY Gz BISP o Odeg dcts ciad - € e ltcad jL dadfial
ftotsHZC Isd o dzts filstwy ChifssofABASE s (

It tjLizdz OISO dhimdz Hise Odzd 2 H Qo Odzd
OL Blsdz n B3d dzj o Odz! dzr n EHtsBte] dzd 2 . 1 dmjts fi
simstesBME 82 B dZOMIsd 1 tctndoy te @Y I4f @HH ML fstizd dg®
f syptfrls d 3O dz! dzf dzd Wwo dzw ¥ Ismw OL tsSlsdz't ) IEdsBE
H tg 2005,y &z &3Oy J dz¢ tzj dz®ts,j f ®O 0 7 ) . dzOd est€ djL JO dzts ¥ V
ElsddzdL Jtclzj IsdgivissdadH el o s MEGW 7 f to tc Hastsf)ls t4'0
dzils d BHEEgh BP0 €6/ cO (4L €(ddg, 198
OO, ftotsdL tcOMisOEhda d&O BLkt' n ¢ tsdatsdz
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ded L Sdd3 MisHjtexy Oded j i3 4§ dlsOls jtaig' @E \hd j12dz] dig j
odzsmdls! -4BQ0" C80O60 ({z @RS MB AP H S0 @8 PDdzds
Yl sttt sdzy d s j dz' datsfyls Hj2MlseadwY tcOL o BE TS
ftesHEGCIsd o detsfyls dzj Msial 2 A3z dsls ) sH@Oje dzi s ¢
tej OC ydvwis Hjtemj odsd) OL Slsdzzy fsHCSteddSE MEh § i
HisL ' EHtsBtej dzd 2 , sls MesC O odzj M dzgdw EH
CdHEesdsteW dzg" §, §JMuod 4 ddzd cdzddedflisr-j)
CeMmMlsOtcdzed S sots2, IstcOo W dzd Mdets s ' dedzd ( ad3 =1 dzlo
HsL EHBsBtjddw), O OS¢y Bl dL d3j dzj dzd 2,
BdnddBdUuiMédn i dd30n f§tys d( 2cd@OSs, il
1989; wuljfOdyjdzSs5, 2010) .

[Isd3j Isd 3, Ylsts o fMmw dz02 Hj dzdzO¥'ts drlz@dsd frdsd
1 d Mdislstew dz0 OCIsdodz 4§ dMmMmdzi Hso Oded W™ Hf te(d «
9 B tosh dzsegts 9 jC O, fkzBdzdSC o Odzdets?2 dzd |
B sdz! h d dffdssoys] Is d € eotChpippd? ME Qdefsls ZydIlsr o Odzd
LOf OMmMtse flisqudejitdadas@.s C C MY jtcd ] delsseo 5 o
dzj MOR, GHJ dL®Bjtewdzdm' B'" Hdse tcj d3j dzdzts
sO¢ d dLdBj dzgj dedwv e Oddyj mMSsets ojh jMmlse
fsCOLOdts, ylsts JyJjcectsHdzs] 2H el dsdzjbdadjidzdQuo
ftsyoe jdedese 5 kZodzjtcsHO HOYj] BGdZ N j, UJ a3
2014), d 1t LOoadMmdl tls HsdBBJddtelzs h j 2
Yylsts ftodyuddets? dzOS s dzj dedw EZedzj tcsHO o
ZzOCdgjifdzd ] ddedzddzO d Ed3d dz " jdzedd OCIsd o dzt
ojhjmise @O eslstetst dz"@ d3 € s dz € s d3. 1 Of to
B dzj tOdzdL Oyd d st Odzd yj MEtsegts o jh jmlseO
Hicj o j Mdz" di3d § stetsH Od3d B dzOtedzygtdz2 0 b4 ) dag d
Yybsts ftlsjted ftyejddetsets kZcecdzj csHO Bsclkzls
ftejorhOls! ZOS s dzj dzdj EkZcedzj etsH @@ o Mad tvd3
Menyailo, 2015).
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114 stedyOlj dz detsj osLHj2flsad) OLBLO

lted drEyjddd lSCdd¢O Httkzedr § BRBYf
Eidztse d 2 OL tslsdetse s ff dlsOded W sB O Odzts fy!
ZOf syoe j dedetse s f sCtesoa @ d tSCOLOdzsf! , vyt
fsdzsy dlsj dz' dz" 2 L WWJ Cls.-Is Oz® fF tc digay figdzy COR ¥
dzdh 02 ded ¢ d dqLBjdevs s BCteOMSE, ftosdmatsHd]
d SCkmsOtddyStss. [ dv Sl&jtehdn Bsots!
fsHSCstedRRSd 1@ fgfskE@ls v 828 d @0 j lds sHASIC AR’ d%h s §f
odej Mjdedd GO OGRS N/ GHisL O MisddBzdzdtelzjIs tot
(42 €ddz d HEG. , 1983) . Il Mmdw € OF ste
( Bsyj o d dzO) ® HBLJ] 100 €C€c¢/c0O0 COLOMs
i MlsjMmlse j dzdzse 5 o 5L 5B dats 9-48) W& /v ¢ O tstintdaf g | ddzfs
9o dHBo tsSGE 1S tcOL dets 58 i@ls @ 18 dzd g IctOD t§ s W tg Iz fi) C
dzOMmr h j dzgdesisd Mtsseh jMlsa O, O OS] fHtosj !
fsCtotso O. lted or MsCdms HBL &D 0 OLLEIS R 5 |
qazede doirsstHjjR Mésody dzO dzdh O2dedStser 2 d
LOf Ofmtse  dzj Mdets?2 ftsufmisddzéd (1 k2L Sdde d
sStso0Odzj 90O, uwtsBOYSddz, 2016). JIbd3gd yd dzs Mc
Cstedzgj 2, tsecdzsh Qs hdrn fdlsObpgetedats f &M Ml
OL tslsdets? f sHS RS, o3 Misy M Isj 3, Zzoj
(1L €ddz d Hte., 1996) .

J A d dzdzw dzH d d B ' dzts sB dzOtclz y j dzts, Yls ts
slstcd yOlsj dz’ dats dzO twOLoadIsdd id ¢ sjtcdjtes fif 3 OB
Yybsts tojL zdzOlsDiszd L @) BB dz’ h ségts Ctsdzd yj Mlse O
odzj Mjdedv OLBIO 9o BfStj Odz' dzf 7 d kd3j toj dad
dzj ¢ Olsd o dats § otsLHj2Mlsadj OLBISO EkHBBW] dz
Fdzsj dz h jded j i3 ofisB®@acdy oL def CstedL Oydd €
it OBBISO®RRd 1 dksjtc®O myeBjJWEeO o ftdzjor s EZMm
stcOdemy stels EZcdzj esHO © &JSstedLlz f§td o dzj
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2008, 2010) . Il BL BBy dz" 2 3§ ~didQ edis dzd @ Sox2
(Chapin et al ., 2011) . Vedzj tesH HoadYJls
BISCBstedL 2, o thMdseodsd (2O 90 %), o Wt
ltwed dLer" ¢y dBddzj tOdz! degsg s OL sIsO, 3 IsOB
mM&j] MsOdtsedlsmw Bdz "j kcecdzjtetsHO o Wisted3d
Hdzw ctdBBe, d tdzd Jjets it MIsOsIs § tsilste] E

115 sHCdmdzj dzdj G tsyes OL BIstsd

g dMisd BOISH Ui MOB Jsis detleg M Jzaedsp Bz T O s BC ¢
or Mssdj s fffszifHodjdegddzad 2 L OL BlEs@sMW | 67 2
ftetsd3” " dzj dzdz" d3d, dptsyjtdsts MDD ey dzd ud o OHzy fr) dgf S dat
(Makaroy, Kiselevg 1995;Vitousek et al.1997. 1 tod yd dzts?2 w o dzw j Ismyw
isCdMmdzj dedj doodetseo Od@zBsdzdw™w H B dzd IstctO Isfipte j |
d sdzts o o BIHtSHESH Pz dzd j f syo j dadats 2 mMtcj HT
WJtedij dzlsOIsd o dz" | Mo ts2 Mise O fsyer , OCIsd
tcOMmisj ddvdisd OHHbEO@IsgdrdzE&d8 M j Mlse (199§ OH
[ofmwdzeded € ts9), SHEZ @ MOk dzddils St d 4 tss j t6 § sB d3j ¢
f syo jfidsdztslzsh O h jets Ctsi3f dzj € MO, sOo¢dr ¢ O¢
1997) . [ dzsed B OolststceOdRdd MtssBh Odzsys
o jdduyde Ojlsfmw ftsHodydetsfls! Mmtsj H d dzaj dzd 2
Bsclzls BsCMdydes HJj2Mlsose Ols! ZzO Cttdzj okz
ftesdL cOMisOs h dn dz@® Slst)zclz® 1 ¢ fig ez P Bzdzts My Is -
Bd Ctessicc Odzd L F3swIO9(,1SEheel ¢t l2008; Janssens, et..,a2010).

1 sHC dMmdzj dzd § By dIs ftcdosHdIs! ¢ fsorh
fsHL ) B §J otH' d ko j dzd uj @ dBpiDRKkiedah, AN Is
1 sl sz o dzj Sslstster 7 MistcOdzOR GHJ ftctsB
Shbtets, dOfeddie, o | JjdBO0ddd d zejydd.
EHsBtoj dzdw &3, o desfwils drL o jMmls: (dLojMlsC e
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1.1.6)] dzdwdzdy OL t5IsO dzO d3d ddg dicdapaf tsdO yiddyd, fif fitg

( Mdzd odzj Md dzdd OLBISO o L CBMdMis] iz,
Bdsdsedyuj MSs?2 fosHbkSIsdo desflsd  dz0S ¢ &
shdzco dzsets tjL jteo OO bkEdzjtesHO o Bdf
SHdL ZOYdzO. | N daf e d OEBEE®! & 0C ¢ dzOCt

2012) , so¢ d ¢ fYoljty foysj ddsets o |
ECOL" 90jIs dzgO ftoj sBdzOH OB M jj dgOS Y dzj dzd
fsmiskzy dzj ded d N, o fmMdzj HMise d J f sHO8 dzj C
Bt Odzd L dits o (Janssens et al ., 2
sfmdeso Odets dzO0@ + S M Jtcd dgd delsOn, Hteso jH| dade
al ., 2008) d, 9 fYomdzjHdzjd otej dzv, ® sd

MistcOdzOr ) o s rddy dzjtedsdr’dsy) dp 'fBtectsmtse d OL
ltej Hf SdOeOjIsiw, <yt fted dedL Sdn ddzd Mt
L Csfdmlsj o slsSdzdS fsyjmhse Is to O dzfy ¥ t
fteddeydf dOdz! dets Hickzecdd3 ( Ren2ldet al ., 20C

I kjByGyd, SBCEHO Heftdddls]d dsj {§t
bojddudoOjls oddzj tOddL Oydy §sHmisdkSd, d
Uystedotsudls & kojddujdds dadmMmdd Z6dz
cidsydlsjd dsd {WY¥jClk] OLcl@&dj d hipds
LWWiCl OLBIO ¢ tlstedyOtgs gz dztzD € B f) Edris®nstz ¢
al,2010).f SHj &z ¢ dzsB Odz! dgsets YqdS dzO@ b & dzj tetsH O
LWWjCSl ftod i bisiyiotia lf s t@adcisiPdzy g s v b
Hsfmiskd dzsfylsd OLBkO HdW cjlbjelstesl dr -
stecOdzd YjMS ] ojh jMmots.

e sslsdesh j dzd ¢ dzj tc tE£HIB Y jdo s DL st OL Ols
cOMmisdlsj dz degse s SfOHO, Coltstr 2 dNfsd L |
B dzj wOEAdL d ¢ b dehlekande0 49 o s OH d y d s dzdzOw €
tcsdzd OLBIO 9 BCtesBdatsdys tOL dztsy j ded d 1
COL ZOGC O Bsets BtcOddyjMStsets ojh jMmlse O,
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Mk MistcOls O3, dzd 3 Isdtetso Odzdz” 3 ff ® j dzig 5 gydzd ¢
B dzj cOdzdL Oydd 1 tdzt htsj Ctsdzdyd mMsets dMmmdz
Mo w L ! BhE sk &sdgd yj Mlso sd3 OL tsls ® . s Hfiplsl ¢ dey
MEtstesMmis: 8 j i tOL dzsy j ded 'O, Isd&sc | tcayks tHaqj
OL tslsO ) iz B flsiagjOids j ) Sorsfteks|fitplsf” to dmf sdz' L
BISCteststce OdzdL BOBI ( CH O ¢S B dzf © @Rk H, | d2
Ylsts HsBOoadzjdzdj OLBISO € MkeMmMlstcOIsOd M o
FPedzj csHO, O tOL sy jddd fOHO M daddLtcinddsc
( Oted sdzsp2B17), 4 stetsfls! twOL dztsy j dzd W St Odzd Y
ssdz 5 M MsH ey Odzed § d3 d L tdsGs Is aztoiigynardgis deizd
Eilsts?2 ydor n | =zdifcts(d) dels ts oddd & fddd @z0) tcc Odzd Y
fsyos" ( Fog, 1988) .

rezedyd dmMmdzj Hise Ols jdalfd' dzdal d OEEIERO L Qs
st Odzd Yy MEsets o jhimsea® yo tcOk@addz®y s
e fltedBd@zy v, L Hdvw, d %ddOd dowv) (B
o Mo jxks {HMisddf &y fyigdidd3 zaiefdefs Oys b fsdzj
MlsOH WA, fted Clster n Is j &3t * tcOL dztsy § da
Bddzj tOdzd L Oydd tstec Odaddrjjfifs dadzr s ts wigigbsq) ehdsen dats
Bd dzj tOdzdL Oydd

shkzesQieMs®OERd JtosOdOddL Jtetse Odzd fig fiAq 1y joalf
© HJjowld MmMsteOdzO~ d B dZOtclzy d dzd, Ylsts
HtsBOo dzj dzgd d 1200 skEOL o ft2jor hOsh jd3 kZtotse j d
or" f OH,j ddffed OUr OB jJ&BIEWE HB 10 ¢€c¢ N/ O
COuj Mmisej df BH fiplaschizlzt™ d 3 MtsH j o) Oded § d3  dzd ¢ dz
OL tslsalzr FOH(dgf{@zj J 5 €¢ N/ O o ¢éEtsH) d ftec
HisB Oo dzj dzd J OLBISO MsdkBzdzdtetse Odzts tOL dzts:
sdzj HEils Blijikdls!, Ylsts o 1 CiElp @d dgj dzle
Ctsdzyj desteOydd o dzj fndzr = 1+ CsfpdMmlsj BOR ) o
LOGtW L dzgj dzgd?2, dzj oL B3y dets f sdzzydls: ftej H
¢ dzj o 'EtXitusds des d3slz L OG teetal, @33j3zd s ( Hedwal |
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L3 dg " jdedd BN hdef stfstsdsC © dzifl tzf QL @dzf
Bsdzj j hdqusSts ©Ogfckips isdidy d57 | S0y
fsCOLT 9 0dzd GltedyOljd dr 2 LWW¥jClk N dzO t
) 6d odzed OIS dz' desds wOMMdsslstej dzdd ©C OL OdztsH
LYW jChtsds fesosHddzdf! dO BjHd 7 OLGLS
fMdzj Hse Odzs ko jdzdyujddj BdCtsBds? B
Wjttdsj delsOlsdo dzs? OCkdodesmlsd fsys d SO
al., 2010).

117 jnOdedL o5 d dzc (B dftedsp Ozl ® s O sdgs?2 OF

Il d&dlsjOlskteyj dLojMmisdes Ho O i » Odzd L d3C
B dzj cOdzd L Oyd & fsye j dedetse s EZedzj esHO: 1T 1
ZdcdtsdazdisdStses d 2) tf ctizizig oy j dieudL tesypd @ dzddts o diz
ojhjMmlse O.

[lstcdyOlsj dz' dzr 2 , f gty § teY s o  fdad
GjlsjtoslstesW dzgse s d BGBEEYClES BHTIK'Odd )L HdsysO
OLslssds OCIsdoedetsmisd f syo j dzdz” 2O {f deicf digf Qets @i L
Bj dzze glddWizg € I dig dy'ls otz tide s tdzdf{ dz® O h d 7 9 Oy dzk
dzj mMdzr = 1 ¢, HaplejrdzOF ts y o j dzdz’ MO ctslstctst s
( 1 kztctseo OHobbie,2808)] H ts dzc ts fiyte ts Y dz’ 1 Oy j ted d3j dz
B dzOtclzy j flzlsy OQatzssj smw dr W j Bd&3j dzla dg6 v 9z€ © Bz
s Okojs2 dz' = f stet(HC aH jrieji ar'oj oe t al .1 ted 0@ ts C
d ¢ dz¢ wieQ@Bts Y dzts s LOd3d h j ded W CGtod B dets @ 15
BOGCIsjtod Offntfds diz, L z# h d d3, , daj ¢ & fgHzts f) Hzls fisdz" |
Med Hddzj ded v ( yJ dzdz® dzsndzV i o6ty Jd2d \py ooz affigiEis)a Mzls
et al.,, 1998)s OC drd® dfiy o d3d € toc s B ddigxly | fiptstfasEdg sindsls jj dz
Uw W jfSds] o dzofg Jsdzdpd ( Iz 9 gzdpdf) iy b e jo § t5 Y edzOB dz¥ H O
CteOlS sMtesydzr ~ , tStidz J Wb oy dzls Crid3s [das df Yy @8 § deiz

]

]
m
]
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Hsdgistsydz" = 1 € M J o LdgEdifls@rnhdzfj e j Ists@ ts, ¢ O
Csdzd yd Msots dzj cCsHEsMiskY dzse 5 k¢ dzj(datssels, et (
al., 2010).

t 4O0Cydd OBdtslsdyjmisets LOCtj fdzj degdwv O
slsted yoOlsj dz' dftwe ts H tssB R vdafg dzd W OL 5ls© dzO a3
l dzj mJ dzdz" 2 OL Bls 9 Cdzt yoO,jlsmw ) MtsmilsOo
fsdzdd3j edzr = MtsjHddzgj d&zd2 ¢ BB hdd3 or" MC
CsteslsCdj bkcedzjtetsHdMmilsr j yitdisuySd o HAzddaz
dzj GCtsSHBMsEY detsd3 kG dzj tetsH § (SBtetslsCdj ygt
B dzj cOdzdL Oyde foyeJ dzdetsets tstec Odzed yj M< s@
1997, Sj°berg, 2003;Trevndde&kr ,et208B) ,
Pedzj esHdMmilsr 7 yd hazyj & L sE®sddygez 2 + W j ¢
B dzj cOdzdL Oydr BteeOdduyi mMisets ojh iMmlse O
ZOYyoOdz' dzf » { SO On doEsets Mo j Y Jj e tstec O da
EmMetstew jls jets tOL dzsy § dzd 4 , zO0 f ts f) dig) Oitelis]]
e Odd yd MEtsjy ojhjimsoats, Cobtttsj] o Bl
OLBIssd, yYlsts d fsHOoadzw jIs OCIsdaiR®Nls! d3dc

120 dsdzscqdui MSdi dmlssyddSd kcdzj S dmds.
B IssHsdse d yddnSyd deded Jdt OCIsd o dztsfls d

121 s j dedetsilsd W kdeS yd s defigls Otiged S B d ¢
bedzj SdMdzsets ¢OLO o dzjidey &= fsyse OF

{ Mdztso dz" B3 B dtsdztse d ud Mied dfdis whofjls 3V updrrss Clsdif
GBS et OddL &5 (cjljtesktesyr) d €t
OColtsltl dasBz Stdi3fsdyj dzglskz. 1 jBdtsdsedyj Ms
odH] COkBBtdOLO COd ydw, Sttt ?2 kY
(MowL Odzdz" 2 M YHCdMdzidzdj d3 1 syes o toj Lk
LdzOyjdedj bktd St § BEgddsc @GnmMEOPs 0Dt d
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fMcOo dzj dzdé M oS¢ OH AR B J sEszyakoy,2096)d & d flst

t Ofmlsj dzd w detcOsls o 0Oy dzlz tc ts dz- 9 Jsto
JNJCeBHdts flstcjBdzww o Whlstsmddzs, L gzgOS ©p W |
9 OlsdismWrj tejt (aBle.e, 2010). 1 twOMmlsjdedd, M
ftcjotcOh Ojlsmw & MOROtO (cdzt SsLO d MORO
HodYdbmw 6 Wdhst &3y dqL ddmlser o Ctstodzd.
d(yqdédz stejBMmO), O HEEfipEOWE fdsdzdH@] SStsted L
f zOIsOO0 L O d3ddzj eOdz! dz" § §dlsOIsjdzr dz" §j 9§ h |
fsstetsj dzdd BIdBBROMMT, YOMise § ewo p dzede] 22"
HOdzj J UMmMlskzf Ojls tBtOlsdzts o Ols d3ts fiyfifig ldgjlzdz dz
Ftctso dzj . f desetsydmozj dedzr § dMmMmdzi His9 Odzedw
(tedL dStstedzj otsets) ftsye jdedetsets HT R Odzgdw Mo
ftesHESYydd d wOmMftejHjdzidedd &3 ftcsHECIsse W
d dzOHL J d3dzts 2 Byakty/dgawmiéhioa, 20X0uKnzyakov, Larionova, 2006).
stsdzd yj Msoets kMmeotsj dzdetsets d dmMftsd L kj BBSE s
odHisd®, wWdLdbdsedudmMSiddd d +Ssdsedud hs
foyano et al., 2009) .

1d 5 esilsBsWCds 3 SEz dasdzts H'™ - Oded W wog dzw j
tcOL dzsy j dzgdW BJSCtoststede OdzedL BORBd d dr W j tod
Ctstedzj o' 7 1 CMMEZHOlstses d ftsyse j dedesets tstc@ C
Moyanoetal, 2009). |1 ftesyj MM o o dzj CHOE jisH dzjtf
ff tcOLder &3 otcj d3gj dgj d3 HtojB" 9 Odedw™ (tojLdHJ d
dzj MSCsdz Cdr dzjls (dL Mo jnj?2 YsuMmisddzSd)
zOdBtsdzj j cSkzd3dW dydtectse Odzdzsts ¢(Eprofs ROGOSHIMelietn €
al., 1994).{ ietds dzr@ § W OSCIstster , Cslstster J 5 tSISHJ
pdzdwesls dzO wWOL dzsy Jdedd GYoHMisddzéd di 4 sty
WdLedueRd ud MSdy Mots2Mmlse © BSLtkzy 08 M j2 Mt
M MstcOISO, O OCY] Mtshmls@pd Cde sisths @Az iy A3t
al.,, 1979L ¢t zow et al .d REODGOS5) . dzG ) tizgf Csda' C
f syoiOs Mmdtsodesdz tjL Ezdz sOls H' 2 O0dzgdw €5
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stccOdzd yj MSsets o9 jh iMmMaO BICtetstce Oded L dzOC
e@Cydd, Iscdb fgupjim Gagiy s sl tsai s
Mtcj.Hlr i Hj dzv " GdizsB Odz! dzesegts yd&dz0 kg dzj
tcOL dztsy j dzd W fsyeo j dedzse s ttecOdzd yj MS sets
Bdtsdztsecd yj m¢ ts2 tej OCydd, COCONfHtE Qo d tizls, G
fsorhjddw Isj 3 jteOlsfgtd’ Isj @Yty teQlsiddede” 2 Q €
nOtcOCIsjtedL zs h d?2 CtcOlsdets s ! o j dzd g tizd o
ftsorh jdadd Isj BtfAdcOts®@ic (@ecadsoriz Bhssens, 2006) | s |
dzf oMicHO IOy dPfwfd] B, O s5dZOA, GHJ
ddzls j dzeifpd o detsfyls - HM nOdedw f syer Btsdzj j vylkzo
(Lloyd, Taylor, 1994)y ' e OdzedJ CBtedzj?2 d &BdEHge dzOjo dt
HsMiskzf desfds d 3t askals  f sH o j toe Olsezdls O fdddi dzis tc
9 dzOx dzr = Iz ) dzts etchly, 200)uMDCydady otsB tc OL tsd3 d3dats y j M
BsHjdzj 2 MowL'o@fils §wddmsslajrnddy s dj o
H' nOdzd] © C¢cHM aOdzdj ftsyese) Mm Isj iBYJjtcOlst
(Davidson, Jansms, 2006).J G tets d3dzts | Csdzdyj Msots OB TS
o dzd W dzd W Isj BY J cOlskzter ZO Clif tsdzj dalsr ]
ModHjlsjdzt Misakzs Is s Is ts 3, Yls ts dzd Is dzd
ylze mlseo dlsj dz datsfmls d B Y HE Qo lsslstetsW dz" d3d
f sjdzdzse s H ' A Odzd ¥Singh Btlaly pOD3n Idvieer ep ah,12005; Sulzman et
al ., 2005) . [tczed B3 §t5C OL Odzts, Ylsts Is,
Ctstedzj 2 Bldzdyojlsmwy s ykemlsedlsj dz@ detsfmls d
stec Odzed yj M< 56 s neeef dl.,j18P8;0Hansoh Btoab, 2000; Pregitzer et al.
2000; Epron et al., 2001; Le¢ al., 2003Epron 2009; Kutsch et al., 2009).

14 o9MjceHO dL d3jdzgj dedv Isj &3 jteOlskzte”
d3j dgw v h d j mw fsCOLOIj dzd f slssEC O ettals yROQP)zd
Iseor M jded d L B mdndd §egeor tojL lzdzr sOIsj Iz
Wislssmddes Isdud fiSesRinls @6 Ip dzo dats i lsfdic o dgs s dlzts L O
fsorhjdedj 8] B SsmG®ls (,3008).k ¢ HetOolabictses M
WslktsmMddalsjL wWedzw jlsmw Cdzs yjor d3 WOSCIsstetsd3
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GOLO dqL {§wBye, smtse jdzdzs o L CsMdMmlsj d3O~A
(Raich, Schlesinger, 199Bteinemeyer et al., 2007; 201¢ . mj 2gzdip g @®o Is t=
f80L Odzd , Yylsts 0OCIsdo dztsmls! H' n Odzd W a3d €
o IzOy dzsmlis d , LOoadMmdls ls flstsCO ftesHEZCISHE
dL d3 dzj ded W di3d Isjudsf J e Gllelz ta'e me we fj figez§ daflSC. 1"
Ctstedzd 2 d Mo w L Gdzbizts & d Ligs Metzd dgds 2 zZzO ftsorh
dzd Mils o § dzdz' ~ dzi MO~ Btsdzt h j, YyJ @3 s dzd ¢
st Oded Yy MEtsets o jh jMmMlso® (Boone et al .
Isj B J tOIskte" BEHJjIs Mddz dzs ko9 j,dzd yi srO&ESB
ftod Isj B jtcOlsktcjAdf sdio’ dzffyizpzj 8 otej dgv o
H' nOded § d3q dzd B3O daj dzn BOP3)Ode d s dgtf )WY o prif § dzv
Sfdzso desdy HMr nOded j i3 RBISC teststec Odzd L dtse, MY
s BYf j cOEZteOr (4Bt Oz, 2012) .

t Oglzj ) sBL B, , sdehBOkzd3 MtstseBh O Is,
Isj BYf j tOktedzOY yYkoMmlseodlsj dz' dztsfls! tOL dztsy |
ZOBdetsects or M j Isj B jtcOlskztcdzss?2 yYkeMmlseadlsj dz
fted o' MsCdn, dd {ted d3juemizts IsSHAA@ Yt pseis
f sdzOc OYb®OWtsyoe j dzdetsy H'™ mOdzedjy o BtSdZ' M j 2
(odzdwsh j2 dzO cjls]jteslstesW dzlze ©OC Isd o dzafsdylsy Is
tcj h O h jj L dzOyd dzd J H dzW C B O dzO dzfn © 1 ¢
ftej Hdz] BFHIEH B j cOZBC@RY K¢ tsdzh bam m, 200 (

[lsdesMmdIsjdz dgs Rofts2der » dzj Mtse, 9 dzj HC
fsHMlsd &z © odetsmdls Mmkh jMmise j dedzr 2 16000ZOH
fesmMitsdz S o foHMmMisddzt,] ¢ sStEitaps) , dzjsests didshsts
dzd J ddid 4 Is ftoj ddzzh j Mise j dzdzts CGJIsjtesilstets
l stesB j2yds¢, 2016) .

14 SBlsster § dimmdz HsS9 Olsj d&zd Mydls o Is, |
BB dzj eOdzdL Oydd Me jyJjet, dzgjHOoadzes Wd< Mmdtot
fsye J detizee Bdzd yd ME sG s odh imlse © ftiedtstedlIs
CllsjtoslstesWdzr @3 d OolstslstetsW dz@r d3 Hastlsys thé&sadpgd
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2008). s .t OIs ¢ sMtctsydzr J zOB tstc Olststedz" J 1 St j tec
H' ~nOdzdJ ftyes + CMY sdzj dzyd Odz! joelsf jotdsA I9dCdry Is O(J
Janssens, 2006).C € MY j tod d3] dzls O dz' dzts d fn f cdgsh
fsHIso jteyH]dets, yYlsts Isj B j cOsktecdzOY ykoMmils
M2 ydoatsmis! 8 ftsys j dzgdesets Stec Odzd yd M sGt
et al., 2007;Har t | ey, |l neson, 2008) . 1 s sdz
MsjHddzi dzd2 §tsyoJ dzdzsets Stec Odzd yJ M 56 5 H
dzl Bsdz 5] fitsigeflelaf jdr tcOL dztsy j dzdw  d3tsy J
® HjMwiIsddzj sdzgdr ddzd Btsdzj QRBH@E] Is(j Oza dad & s C
2006). I fsdzj o n Emdztseo dw A dL d3d ded dzd J e &
st Oded Yy MEtsets ojh jmMsa® yoOfmlsts f jtcj Ctor o
2000) d Blojldts? tj OCydd?2 &OBddz detsc ts
d&3d dzdzd stdkOL B SAZ2 " j ( Davidson, Janssens,

| Otcdtsdgsoifls®O®gd § ¢ Qg jOCEYd], tc Olgliztle dzOv  ylz-
fsyes J dzgdetsets H'M n OdedwVw 3 dgW jIsmqpw o L Osa dMmdd
Btsdz' h ] dzj S tstcOL &ZzOGOj 3" » kol mMisisd A3

(Larionova et al. , 2007) . S tctsd3d IstsG 5, ZzO0 BiIs!
Isj] B J cOlskztcdz j Csdzj B Oded W By J s o dzd v Is !
Isj &3 j eOlskzter ftosMistcOdemlise j dzdzOW d o tcj o3

Fcdzj esHO, t©OL®Bjter deMMb®® @Gt s ©
sO¢C ) kttse j dz gDdm@igodzdandsens, 086y Graine et al., 20001,
2013;Karhuet al., 2014)

ltced kZtotseodzy o dzOy detsfilsd ftsyer dzdyd Yl
NdLdzj HiWisj dz detslsd (BdstedL HWJ ®mOMisdy
BICtosstce OdzdL dii3se, Ed3j dz' h Oj Isqw tcOMYf tej HJ «
fesmMiszf O0s hdr dL f seMilsdadtS.d, (2R0el 2c;h s eii me
syjdz@ odkzOydes?2 Hwsysj, BewOddyjdedj cOL T
i to dirplsid ¢ dzd L € 52 Ctsdzyd dzlstceOyd d CdMmdztstet
MCOLTr a0 IsMw dz0O H' cOdedd ftsye j dedets?2 BIBIs
o dzOy dzr | Efpdzsedw ftsyer Bsckzls §tsodzdwlis:
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f syo J dzdzts ¢ s5(Wem 'et=ab,d2q06). " dztsdzGaslz ¥y § dzts Yylsts Is
ylze mlse dlsj dz¢ dzetsmls fsye kdjdzt P OjIsmmw M L
dzd ¥ § i lsd @&, @BOE Reichstein et al.,, 2002).tctslsd o s 5
IsjdgH j dzydw B" dzO fsCOLOdZO fHtod § jtco] zo dzOy
Geldeman, 2011).

vsO0Cdd3 tBWOL A3, MEkh j Mise zb dsr g dedp ez @z flzd
COCHdsts sSHdzsets WOC IO dz0O sftej HJ dzj dede 2
[ BteOL sa Qdfdigisd M rEsHdEEse toj A3 dedzts o toj L 2Zdzt IsC
Ctstedzj 2 Hjtedo! jo d BdEBtedL ™, BdCtoststc
BdCceice Odzd L d3ts o ZyoOfmlse zs h dn ) tcOL dz
StecOded Ui MSE s solj "4 B o Pistsyded ¢ d suedshigyts Iso
ofsyo Or WJHES YHHJYdOo Oy Ismw siflsd 30dz! d
d BlsCdzd¢ Cttedzj 2 twOMmlsjdzd?2 M did¢ stcd LdsdnW
otsL dzd € O h Mistej Mo j v fig dzts stz ,  dizls | St |
ftsye jdedzr = fHtesyj MmMse yd ¢ @Ez0 tzd tzP te 8 v @20 e3d 9
Btsdz! M s L d&z0yd dzd J tcOL H j dz dzOW syd dz¢ O
(1 OHtstcthy ezt 2010 ; Cl emmensen et al ., 20
2009).

122f jssHtsdzsedudi MSdy fTtedd &3 dqLbEzuyy@dgzgwoOq

RMartsHY dmOdkBEH&@GB O cEEBOHLGN et al .,

tcOMMdBBOIstcd © O©dzd iy BBj StSHT tcOL H J dzj dzd W

BISCtesstce OdzdL dGgso o HTM o Odedj ¢ tsyo, Yyoh j
Ctstedzj 2 (root exclusion met hod) , dzd Is
f syoe J dzdeis@Edanma £ nt i ntegration method),

tcOMmls jeztf® pul se | abeling).

cljltsHtsd dMCds yjddw Ctstedzj2e ddzd te
ftesyj HELO, Ctsfe j dzdzs tsyj dzd o O h OW HT 2 Od
fsyoer M Cttodew B3 e d3rBrj L d L( d84. tg J. dzdB2j LH " fn O dac
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ljteoar d@3, Skt dzOyodz OSCdd3 d¢3j ssH BB § @&dd s,
B"dz heojHumMCd2 Bkyj dz't@H sy j detddjr of © diz® |y @ @j

sB dzOtclzy ddz, ylsts BN jj HT 2 Otizdifjtc jfos YoO jflssdin
f syoe" fsH fOsd (Lundegar duists 1H92]7 ) Is tc
Fcdzj CdMmdztsls T , dzOR sSHWh j2Mmw ) f syo J dzdzts ¢t
HyWlisjdz detsfisd B OC Isij R dzj 20 tsOifiglisD] dasft@d Is(Hsta@
2009) . 1 sLYJ, o &g H ©aDdafs's d g odzdzyf HH J
Cslstster 2 MtcOo dzgd 08 Odz  H,CHdedy | f o\ oH'j daj @Y 3 v dad
ftsyer f sH  OtcltRH AOIzFHjodas ods I5(] VW@l 570 |, ff
t OLdd yo0 r~Attetshts sfftejHJdwjlsiw 20 ftyeJ
Cedasilslkz 15 ftoj BN jMsoats 1 Istsegts dBBjIssHO |
gL o3 ted dzd 4§ H' n Odzd W fsyoer Mo sB tSH dats 2 s e
ZOtclzh jddWw dsd ftedtetsHAzr = otHdz n, otLHEN dz
{HdZOC s, B stsH  dM& dz® yj ded "ai3v ¢ wtindejsdz: o zg Is o
dmMmdzj Hiso Oded v = H dzw syd dz€ d GjlsjtoslstctsW d
2ZOL " 9 Oj Isw  d3j ssHBAB ¢ d dhlsijde ta@ffdjdie OlEPdodksd
Htg. 2003, J tOGHEBOOBRMS dwj ¥ ddzsea O, 2007) .
MomMissdilglststs@lis dzed Eydlsr aO0jlsmw HT' 2 O0dedj d
B SCtstedL Cslstster j ) dzj mdzr - 1 CsfdMmisj
f syo j dedets j( JHEZGOSEJQISIHD. §3; v Oftcsdztse, sbkL W
al., 2000; Pumpaneet al, 2009).{ H dzOfflsh, j Miseo ¥ Is tcOL dzd ydz j
dim¢dzs yj dedv Ctstedaj 2.

VLHOdzj dzdj Ctstodzj 21 C (Srcalaft ZmOmay ¥ d&sl, ) f syo
ftojydagjj dBjMss d EMsOdzOe dzdeo O ls B Ot j tef
¢ stodzj 2 (9 €C0OyjMmlsej Odz' Isj tedzOIs d offdzj Cfisite
dLBjtcjded?2 BhMN jeés ftsyo jddscts fsiststO) .
weo dzw j Isfqgw oL RIS Y dets M is tcOL H J dzd Is sBh jj
Qo lstslstetsW dzr j - ff tSllsdssCfiyf dldtsets BjIssHO o Ists
sBd My udoeOjl dL @jdddNM" S SeefsEtsLOVs W



32
i 4 o] d3j dadats? H dzw MtcOo dzj dzd v M daj f sotcj )|
1My jteddgy dzgs®© ( Hanson et al ., 2000) .

Mj IstsH IstcOdzh j RME Nt jrfiglneckhsi indgj) € stedzed tcOL
GteOdzdyd BEZyomksc O, dts dzj EbO&z®OKk jtcd HRZOC
(d&z20ftedd3j 6, M §tsdi3tsh s  fHankohietsal d2p0iksewetsad.,
2003; Subke etgl2006) . [HdO dL MO n BtSdZ h d~A
ssd3, ybsts twOL sy jdzdj BlsMm yJ dzde’ = ¢ stedsj 2
9 CdzZOH © BN JjJ HjRIGERY fzs ®Rzjs @OV dL d3d
BiMvyje d fittdsHduimcd BEBEEHM § e 2y
al., 1987) . Yy Oh j 9 fgkét,MC Kicd dpdf 30 jolOfy wzts  j
a3 Hdzj dzdzOW d dr .8 SlEizPYJ dzd f sigfSCsded dzj L dzO

¢ dzO dzd L tcOMrntsyH]ded 2/ SIsdz@md 2 d3dz@va p tc @fpl
f sdzdesfls' 8 EZHOMdY jlsfiw dL slsdatsmdlsj dz@ dats B
dzj mMlz) dL B tew jlsmw BMOW ftsyse j dzdzOw  &d M
L sdagtcOQodzedIlsj dz' dets dzj HOo dzs f toj H dztsy j dzdz" 2
met hod) , sdeso Odz dz20 Mtej L Odedd W dzts+ dgr i
WslssmMddelsjL O, foMmiskzf O0shd2 dL ddimls: jo o
a, 2001, 2008). Hg&tsHlosazOo @dedig " g Yy
H' nOdzdW todL sMW jter tMhMdzseo Odz dzO Y o HJadzj
fsyer ZO0 Ctdzlstesdz! dgsdz EZyoOmils¢ § (BJL ¢
dmfr lsOlsj dzt desdz EyoOmlsCj. 1 dzgfm | Isses dFOIst
Btsdz? hdr fdzshoOHws d BJL dzOtclzh j dzd2 f 59
Hiczed], ftLottdwjls tsftcjHjdzdls! OoltslstesW C
d tdLtmWjtr) d ocjlsjtoslstetsW datsj f syoe J dat
f sMmiskzt dzj ded v ftotsH 2 € IsGswtc dzlf s lsasjidjdids | SO &k
tcOL dztsy § dzd ¥ , Yls ts ftcdotsHdls ¢ fjtejttyd
sC tsdz ytseo Odzedz’ ruzydkayOligiofio@e; 208). Kelting il Mts O o {)is tc
fsdigsh s+ 8 &BsHjdzd tOL dztsy j dedw teOL dzd ydzr =
d3d H dzj dzdfsc O ® | dzts W d Ekfmks2yde tscts) f 5C (
tcOL &zOc O h d j v § 2dz C dmydLOdzd ftdedzdL
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gL di3j tej degdw HTM aOdedw ftsyer. Clsts L dOydls,

3 BIMWY YO HBdydets fJtesdMma tsH,] Isdzj fifa v LfOdzdss 2
f syo J dzdzats 2 B Ctotse  wmlls =1998).  Kg !l ttsmddz edzd dzkz
sCtsdz! yser o Odad v d f§oHBBd n B3J ssH B9,

Ctstedz] oz Md Misij dBts Hdzjeg B @oy dets M ls ¢ ftotso J
Hdzd Isj dz! dz' ~ { 9 fistiniddg d dgli~ozlstfste d d3j dzj dzd v , IsO¢
ZyomisSd dzj MO dzOyddzOels f sedB OIs! , 9o {5y
mMetse h j Mise , gL d3gj dgv § Isfmw 9 dzOY dzts s i s
stcOdzMf JtcOyYydtsdedz' =  slssCsbhb @GPUmMPBpBEBRE RIS X
dmf sdz L s cdkzeetsSCdj IstekzBr ddzd SCtdz yO,
cdzzeddzz or isHddzd L O ftoj HJ dz ts iy dztsfa dztsd2d
tcOMMBOIstcd o Of Isfhe j 1§ OF ts I tistsisdets citd f syo J dzdzts G
al. 2006; Heinemeyeretal. 2011) . l s otej d3w dL d3J toj dzd
ZMmls Odzts o dzj dzdz" | ) f sye d, GJtoddd sdydets M
Ctdayj deste@udof se [dL o3 dzj ded ¥ G 8 daysiBdzly @@y o G C
tcOMmMmydlsr 9 ©j Ismw G e(teS=uipsk e festlss @ © . b J &PWO
CllsjtoslstesW dzse s  OolstslstetsW dzgtsets € s tsdzd
9" Hjdzjdedjd3 H'" -~ Oded W B SCtstedL T 9 1 j dzd €
My Isyolkr s ¢tsdzjy (Johnson et al ., 2001)
CllsjtoslstesW 59 Emils @de@a dzd g Pg&Hy, J82Y ctcO
ctedL Bdels O d fsHMmisddzéd (Bhjj tyse j dzdzts
Milbyols?2 fdzjdSts?2, M HJORBj stesdz tslso j tofmlis
dzi J cdWwte ctedBtso, Wstedsdqtelzs hdr dBdS sicdL
Cotodzhp 2. &3 ssHO MjlsyOlsr 7 Csdzjy ddzd ¢CBdz
dzd HsMIsOISC (. VLB dzj dzd j f dzOMKEROMMGE § d &
tcOL 6 oz MEkh jMmlse j dzdzts?2 yOMmilsd IksdzC dr S fstet
(Heinemeyer et BJd¢ dzB016BM Hy Mdedn g dsds d
Cstedz] 2 dBsydls ftodotsHdlIs! CO¢C ¢ kZd3gj dz',hj
(Gadgi | , Gadgi | , 1975, Hei nemeyer et
dm&dz¥ U ded jo "enfj dz¥ J @365 Cstedzy &3 o BT OB
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Bsy 4 Is ftesdmnHdIS ) Ho lznA Mdzz yow 3 : (
CGjlsjtoslstcsdse f sfr " j dzd W 9 dzOy detsyIs o fn
o zZOc s se dztsh jdedw Ctstecdwd3d ( Menyail o, H
CdeS Etej dzydd dBdyHE BJEstedL dzr dgd O tf gl dg(f
(Gadgil, Gadgil,1971,1975) . Yy jd& cedzkzByj kMlsOdzOe dzd
Csdzdyj Msoats Cwtedzj 2 dMEdze yojlsmw  Isj d3
I sdzl hddegmlse s dMmMMmdzj Hise Olsj dzj 2  daj ZHj dzW dzc
o dzd 3O dzd v , ) ddsts, do ucdfe sH s ¢ Mddz' degs tOL
dsLdL fBye BHEkets IO (skzHjwie, S Iz toc
1 51 Ists iz, HOdzdz" 2 @ dBjIstsH HBdzy jdz ftod d3j dgv Is
tcOfmMyjlsses 1 CSsMmdmlsj d3, Is. J . Mmd tso Qdzdztyg] =iz
fsmiskzf Os h jets o B CtstedL Iz, d azd tsB sz
f syoe J dzdetq(cHsOdatlf j| 9 BLRkHEIS dzgj MEBsdzr €5 L Oor |
Ctsdzj y dqHJOdz des f sSHAatsHdI HdvW MtcOo dzdlsj «
tcOL dzd ydz = 1 € tsfifdicfipls j W3O L(d€dOy dz" &3 Htcj o j fde
tcOBBIS]), dqLEyjddw MjLdd ~ L OS¢ tsdtsdij tcdz
B SCtstedL iz, syj deSd o dzdw dedw tcOL dzd ydz' A 1
L Oz~ d, d Is. H.), fsLosdzY jIs dzOB diztsiw @45 «
Codi3f sdzj dzlstse f syo J dzgdzs @fts aB14R OdzedW™w ([ Olse d 4

Ry sdzr L ¥ Is IsOC Y J§ 3 IstsSHT wWdLdyd m¢
1 smMetsdz S22 wOL iy jddi i OHO, f sHMIsddzC d
stecOdzd yj MEsets ojh jMmMsoaO ftosdmadsiH s p jt

GijbjclstctsW s &y dts dMmmdzj Hise Ols tcOL HJ
B sBHBR cdLsdzYydde. [ BtoOL YT ( dzj modzts?
HteJ 9 J Mdz" = sMisOIs¢ 9, Mo JBIOL B9 Odadz" -

ftosHECIstse ¢k A@FzGODOsflsipyge 9  fipOls yOlIlsr 7 d&3j h s
stsdzh j] fyes'd HRPOWRBRSo A jHtctseo O, aA 005 ;2 0Wes
fslsj toj BOMMr sSBteOL ytso sftcj HJdzw j Isfw

tcOL dztsy § dzd W WdCmdtecso Odzdzts 2 BOMM’ tcOMmlis d
dzj sB R SH d d3ts s ftecso jHjddY HAzdIsjdz dz" =
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OHJj C90Ilsdzr » to] Ldztslds B,OISEBO0 [ )u;tcj z@tclz O Ismw
sBtOL Yyso: dqLdhizjdwelsmw otsLHEMdZ 2 d o tsHdz
dLi L O ftesded Cdatso j dzdW > d 99 (s BlSs@ieS idBl, 20683z
R dzls § toj Mdzts, Ylsts Mmji2yom § s kzdvtcdzts @IRdzar |
f OC j Isldpfonf s ted HJ dzj dzdz" 2 Motels Ctlttetats
COydjmsey JjHJtses BJtesotsets MIsOdzH Otels© C
f sye j dedets G tso ki Hazjcds™H D Keundatpetidal, 2013) 1 s s
BOMMO (20 G6) dJEPdz) ddasts sydDstcisO®Of Mis OdzH
Mz j cdzOLs jIsOr dBJO, otsL Bsydts EZddWdydtet
tcOL ZOG O] BBsets Mk MisteOIsO, ds d Jjets € tsdzd

s O0Cdd3 e L'dgzmisots ftsdzj or 7 RBH Ibisistes Wi
d 6ilsjtesltesWdy n ftsyo jdzedzr » dhissyded ¢ 59 |
ZzOtclzh O Is EMmMdazsedw JMmisj Mise jfdedgeO, Mtdj He'j L dz
Mzsy dets ddzlsj tef-tlcPls ptsteln Olisic sd 1€ sdzd yj Mlso © |
[ JIsBBHT sfdis e dz@0Os Bimj HY sSdztsy j dzd d Yls ts (
ftoj CteOn j dzd § O3 f smiskzy dzj ded W Ctstedzd 9" n 1
dmMfsdzr L so Odzed™w dzj S sHESMskZY dgse s k6 dzj totsH (
ftcdo sHdIs! ¢ Mmd3d dad BdSCtsBdz" =« MstsBh j Mls
H nOdedd. mlvw jMmls! Mtseh jddw, ylt EkHOd
d&i3d ¢ totsB dzlz B d ts d3OH°indzb eld®gg, bt v @ J @ 0 0,22003).L e
ltoj ddBzM j Mise s dmf sdz L s9 Odzed W fsdzjor a
fsyej dzdetsegts H'™ n OdzdV Msild B dzd y jodzddfO S d 3@
EmMsodwvds d tj Odz dz B Sl dzdc O3 flssCtso
sCtolzy O h j 2 Mmteefal,” 2(0MO9y;a ngoo H2ABID)] di3ts o

| OBBtcOIststedz” §j 3 IsBHT dimf sdz L s Isfypw o
Misjfjdd tlsdzd yos lsmw sls JjMmisjMmlse jdedzr = kT
Mdztsy dgts H j dzOIs! or etsH'™ B JjMisj Mise j dzdzr n
OB BteOIststedzr = dMmdz H&o O 18 ts tc J[dH daBs dsdzts o O
Csli3f sdzj dals T’ ftsye j dedetse s HM A OQdedw d Istsyo
otsLHj2Msoke hda d&O jet MEtsttsMmis: . 1 81 st
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ZzOB stcOlsstedz | BilstsHT Myudlos smw S stetsh dd
dLEzyfdzdgzyf sdzj dzlstse  tsyo j dzdas a.12009) - Odzad v ( M«

[ JssH ©OLHJdz dzets?2 ddz€ zB OYydd, (dofiradis y dzgf
ddzs j etceOydd Cti3ftsdej dzlstse) o dzOB tstcOls thtc dp
COyjMmMbea ] Odz IsjtedzOIsdo desets d3j IstsH Iz Isf & dzt
teOLHJjdzjdedj] MMlsOQodzwe hdr Cod3tf sdzj dzlstseo {1
f sHMisd d&zC d) , M fmdzjHnkzsh j2 dJdtkzsBOydJ?2
s4 ud df4 HYOMse d dL @) LHlEds By HEsqO &
[ Odedz" | o Mmjrn MBsmisOls jlzzr z @ Qs Ismw  dz0 fMts
Mzdzzddtclzs Ismw Hdzv §odzzyj ddy @i dj $ hdas:
tcOLHjdz des?2 dqdzS z2BOYydd OS] oCdzt yoO,jls o
MtcOo dzj ded v . [ dzd ddzls j cted tots o OdzdzOW i ldnaiztafzic
dL d3gd teo 4 dzdzts d3lz sBh j 3z fslstsC Iz, Ists tsyd dz¢
Hj2Mmlsaaflsifdz’ (skzLwCtse, [ Ottd 19 dets 0 O Is tc2 OYADG )Is
f SHA SH : dL d&3j tcw s H fiflasdsdzCd dd € Btodzj 2, 0]
GjljteslstotsW 590 dzOr sH dIsmw dY, HEsds I YH)s.O d
dL d3j oW Is H' n Odzd § dLBdzdtetse Odzedz = ¢ tstedad >
ftcOoaddz dzf = € sdetfj B DD j ©OMisezs hdr  dna
1 JHBMISOLSC s d¢Bj ssHO wWodzw jIlsfqw WdL dyd ML s,
sls fsysgdz{d sHstcdz] 2, dBddzj tOdz! dzts?2 YOfyls
SlsHjdz do" § fBlstsCd, Colstster | dseckzls d dzj
LHOdA] dzd J f sHMilsd dzC d Btsy jIs dL d3d dzd Is
ftso jtorndasmisdesdz Mdzsy Y sye' d  shbdadWise , o
dzOtelzh j dzd d oLOddsHj2Misoadw ¢ tstedzd 2 d
BdCteicOdzdL @Bse todL sMW jter ( Hanson et &

[ jJlssH MEeMlstcOls dqdzHzydem@dzdizs e ks 87 H G
9 C d&ZOH O H' 7 OdB< toitstarzOMad] o Wy - KdAC] of tsdr@B st
ddzC B Oydesdzdzg », 1sOC d o { tsdzjdo rihtc 2 EInd)j .t
Shdetseo Odz dz2O o dzi mMidedd o Yo Iz, dzdBts o
cdz CsL T M Ctdyj dzZlstcOydj?2 tls 29 Gjsls 3o Md
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B CtesB dzse 5 dgf ~DdaffWj s dagO § Stedzj otsjy H' - Od
9 BwOLJY fHtys-" BJL Ctstedzgy 2 BYtej HJ dzvw B |
H' n Odzd W, O H'" R Odzed J Ctstedzj 2 ftcjHjdzvsEls
SlsCdzdC Oi3d BBKLOL Yytsotedg 2¢ S(teldd dgfi¢ tdo BCj LM LA
oded My dedjy Gzt CSt5L T podzdw jls dzO d3ddzj eOdzd L ¢
(ftcO2dB3ddzc) (Kuzyakov et al., 2000), {t
f tcd d3d dzv Is By des ssdzt € 5, BzHEkzyd ko pPBj di
detcOjls L O] sdes?2 tetsdzd .

RLBIssfdz j d3j IStsSHT L OC dzg yoOe Isfmpwv o 3§ Y,
SBSGEON jdadzr &8 dL tslstsq BuRd :d dzdnls GO df 8¢ dg iz
o dzj i dg dgfj AUJ stecOded Uy MEdnmn ojN jMmlso o fdsy
Htg. 2008z ize hddg dzOBdz¢ Hjdzdj 3 L O dJL Gt
fsyer ddzd o B3d € tctsB dzts 2 BdsdzOMMmJ . Clsd
BBj stsH Od3d gqdzlsj ctceOydd Codsf sdzd dzlstso d d

fsLotsdzy 8 Is tcOL H Jj dzd Is sBh Jj H' o Odzdejs  {d
GjljtoslstetsW dets@ s Codi3f sdzj dzls 59 B4 L d3j » Od:
(skLwCte, [ Otedtdtso®, 2006). vOS ¥j-

L WWJiCls HtsBOodzj dzdvw Mk MistcOIsO dzO tcOL dzts y
HiltedlsO d ftsyoe j dzdetse smisetOc Odgd aid € fditso
[Mdeso dzr i3 dzj HsMIsOIS OB dL slstsfdz = d3j Ist
LM jedd3j delsO d Mssd Bshls! 0dzOdzd Isd w4 M¢
LOGteW L dgj dgdWv BCtekzy O h j2 fMtej HT fted dmy
mislsw  d3j flEez Mdetge s d3j U dzdv Wodzv s IsfqW dHJ (
tcOMftej Hjdzjdgdd o twWOMmMlsjdedvdsd d Lo tsdzvj
dzj HOo dets kMot j dzdetsets o o dEOHL j dBdesds d ff s
Kuzyakov, Gavrichkova, S290clddj)e,ts] » St 518 dsL
n Odzd 4§ IstcOo W dzd MIs™ = tcOMmlsj dzd 2 , dzts tsdz
st tcj HY dzj &dD dad W dzj edL sMW j todz" n BdCtostste G
fsHMyjsO 9C d&ZOHO HTM R Odzdw CBtedzgj 2 o BN j

H r
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al ., 2000Q@) sstctfdds pd3zy ssH" § ted d3gd dgw dzd 6O
1M jtedd3d dzlsOr (v Oftetsdztseo, sbkLwCtse, 2007

Il OLdz » dMMdzj Hse OdzdW s d3d SSHOMBd BkHC
od3d Misy M tedL tsWipasWViar GIG% 88z dz O4 6 ts dzts o
2007),16/131% (vtejWddzso®, MBHBO®Y  dz3 BMtc] H dzj dede
g dL i tets? dzy MAAfS®H L & dzdffij detsis o tf sy o ' i
d Misd Mls dcOdgdeteds § dz! dztsfyls & | SHdZOCtS diBiYHE
hJtesC sd3 HIeAY CQLODORS] OB s dtes?@ 03 ) . | A (d dad
fsH Mtshdw Ctsd3 B dzOtclzy j dats, Ylsts Ois teodzd s sdh
f syo j dedzlz ¥ 1, ®dmiplgreet ah,2015) o HsC ddisseo M € tsdzdz
Mk Mgtz ydictso Odzdzse 5 H' ~ OdzdW o Y tsdzj o' n
o ftye On Mmd3j M O dtAdhxlr]dEs dafpjciipdztyGi&izsA @ & O&ZO0B 8
1 CiY j ted d3d dzls O~  d5f dzrstaisdize Hrp@dpis@tds %, - BaZ 9
% ftoed wWOLHJjd dsdd dz¢kBdtcse Odzdd] KBOIOYZ] :
RMMdzj Hise Olsj dzd dzOr MEsBdas ez Ed H S BH B OH B d3
Ctstedzj osy H' nBdzfj] 6RBC tsB (Evwebt & al,, 1987) Subk
Ctodzdzj OB Bj IssHEsd Etsdz! yser o 0Odzdw EkmlsO
tedL MW jtodzr » BISCtosstceOdzdL dsso o BH jY%H
(Subke et al ., 2003). 1 dzjfmmkz Mmd3j " Odads -
Ctstodz] otsets H' - OEBR% HYts% £8Bvedegndet al.,, 1993)l L to j dzts
BzCtsotsds dzj Mk o | jtedzOded d, Hf anOdedj G Btod
Msmis Oo d dzts % BBrumdzds1 34905 ) O 9o Ltgj dztsdz dzd fls
citsddd @®%Wsdads 58BN jets Ctsdzdyjmlse © ( Naka
IStcOdB ] &Zs f SYIOE Owlias- Odzed J ¢ Stdsdsj 2 79 Gitds drtdts &
o Isj 9jd&djs Ols d o disesetsal.,l8J08).ts dzO

4 sefipdgs Mz B3ROt dzs?2 Byjdz€J o suiBHisPs i
5,67 Jls 4w/ EtsH, BfCtospdetsj] d GCtstodzj oatsj H
skHjVviEKBY , 2012) . RMaBHW dL SBL BB (
(iR sdzj dzlstse f syoe j dzdelsc s H @ WBH Odzcfiiy’j ¢ 68O datlz’
ftcj HIIsOo dzj dzd J , Yylsts o dzj mdzr = + SsMdMmisy



39
OolsslstesW dzgse s d GJjIsj eBlstesW dzgse s ¢ tsd3ff tsdzd

dqdaffsdzj ots?2 MjLtsdz fteddz tedzes SHAEMSE &9 (van

OBfLee NOYBEHHOE AbIXEHWE

’ Tlorox = 60-75 seoms © M2 rog! I
505 k]
— Pusochepa reTepoTpo@HOE —
Abel<aHHE i
T 30-40% [aeToTpodin) + 20-60%
KOpHK + MHECpU3a MoOcTHAKS KW HOpH.
SmoymaTe = 88 aomms O S rogt l ............. —— MOpTMacca
'POB l R T l
| [IpocTteie @ CnoHele, . | NoB
EH-D?-:'I = Ly Tlomox =5":-[-:ht5""5"'"""* <10-205
neoms Cufromd Cwfromt 0 |
10-20% (reTepoTpods) mI

t qindzts C- v Y t&h v dzgdzOv Ma j BO (T sltsSG o tstzsdd degz
9 CdOHB dL tOL dzd ydzr = d Mmlstsydzd Sad Biologywaad
Biochemistry. 1 2005) . I fj ftsyjdadsde j L dzOyj deqdw
H' ~OdzdWw f§tsyo’ . rdtede | Mmistej daf s td=Cisofs B o @0
Is s dz$ d 4 Mistej dz€ BO Az j fslstsC d zG dzj tetsH
dzj L dzOydlsj dz' dz" j f sisdR€Yd, z ¢y dojsm Pdzdz | N
ftcj HMMIsOo dzv ¢ Is MsB 52 smhdets e dz' j tejL jteblzC
olststetsMisj § § dedd jy.tsya jf dzdats j stcc Oddd ayty M < g J
tcOMmilso Stej dedetsy e Oded yd Mg o4 h jmlsets.

[ Hd&OC 5, mMetslsdztsh § dzd J GjlsjtoslstetsW dztsz?
By jls Mddz des o Ote! qeso Ols! o Isjyjdedj MmJd
LOadMmdBsmisd s kdfoO dzimo0 d kJdfoO dguoayd,
skHjwtse, 1998; Hanson et. al., 2000;
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13 dzedwdzdj HEjojfMdr i fotesH dz0 Mots2Mmise O

{ MB J dadets M ls d fsyotstsBtcOL 59 Olsj dz' dz' n
Wdltsyj dtsL Od3d dL HOo dz0 {ricd o (d4] t§ tOmatss oo, HIFAIEO4
dlzC OYJ 9s OAPB Y jfo MABYRs Okztedyj o, chdds, 199
fefmdzj Hdz] | otcj &3 otsftets odzdwdedw tOL dzd y
dzso 2 OCIskzOdz detsfyls: o Mmewrd M dLddijfivigy~dzdo]
BJtcO o tcjLEdz IsOIsj G dzsB Odz! dztsd 5 H & L2d9 0d5]
dmS Ezmmlise j dzdz' ~(f Jjdxp"iARAORKENIOK IS&y |, Menyail o,
odzdwdzgdw tOLdzr » HtojoJMmder » fotesH dzO (s
~nOtOCIsjtedMisd S dstcc @@l g ik dzdts o4 M 4 Miso O
Mots2Mlso® fsys wWodzw jlsmw o0O)dgr d3 d HdzW o
d dzj fstcOLO9 jHjdddY (Prescott, Vesterdal,

] d Misd Milse j dzdz" ~ dzy mdz" n 1 CsmMdMmlsj &3OR
By nOddyj MEtsdz MemMs®LiEOMsFyoHtcj otsMmissj o
OoBdlsdyj MS dn WOCIktstes o, 3 h OJ Is MH j dzOIs
cLWWjClsyj Htcj 9 J Mdz" = df tsHcRB08,e Vestefda tetd dk,d2A0 B3O
RMSEMMise § dzdz’ | dzf MsftsMOHCd, ddde*"dd
o  sLdEiEsMis: o ydzj dedls! o dzdwdedj tslsHj dz' dz" A
BdtseitndiBduimMédy ftesyjmmr, §omitd ¢k
~d@adud MSdad, wdrdud S ddad o d3dz decs dfjss .
1984 Binkley, 19%; Binkley, Menyailo, P05 Reich et al., 2005; Vesterdat al.,
2008; 2012;Hanssonet al. | 2011) . s -Lsp Bdzj Hze62 , H dzd
tcOLOodlsdw HtjosfMmissj o, fts MeOode dede M
Ckdz sEtcORBd, + M jtedd3 delstse f d ¢ A idsasic
l ddt] foHBd » S jtoddsj delstso ddese s, ¢
dzd 9 JLHJ. RL 9 jfMmilsds f sye Jj dedz’ | tcOB sls
dmSEMmMmilse jdadzr = dzj M sMOHBE o B tstcj-djdds diafs
LEMY jedd3j dals dzO Mge® @Y H h dpdfiztizdzaizn Bl o fnL + ¢ ¢
ddzd d MmMMmde BBM Cdzso J dzdzE R 90 Pr i €a yd 8mash &
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f sesHO®Bd o | Jted3sOdzedd d yJIsr edzOH YyOIs+ ¥ 9o
M himls' ¥ dOdetdzj j ttOMmY totsmls tc @ ds tadizia Coggld : o
Cdzy dz, dzdff O, BkSC-Thekr, et atz: , (ROGe&n. |
1 CMYf jted d&3j dzlsts e W dzw jIsfw sf s 1 - 1.

dz] MotsBtecOL 2 M BB f stesH @d3cH 1984).8 ke z (I 5 I©
Yylsts BBdz M d dzfiPls Omlzdzd £ N JEIY § tod A3 dASGBD d Ok
ftesh dzsets 9o j € O, CBGHO dzj B' dzs tcOL 9o dIsts
(Hurlbert, 1984) , f s lstsdzlz, sdzd MIstcOH Ot Is s
fdzd yyQuwlzdzts s+  §f sdzz yJ dedets 2 d de st dzOyd d .

lLOddtsH j 2 Misod W tc Gty jodedipdz" i f syo J dzedz’ 3
fndzts y dz d dBhsectstsBteOL dz' des d ftetsw e dzw
otoj d@3j dedz" = [ BO PE@DY tj OCydw {fsye, tsls tc C
shdseo dzr = Mo s2Mmilse, By jls BT Is syd dz H d
i jdtds H fsyotstsBtcOL 59 Odzd Vv, d dzd ) tcj L zdz
mMzCyj Mmdw=a) sO¢dy Moats2MmMksa® ftsys CO& t
osmMmMlsOdzso dIsj dz' dz@ | bEfmdzse dqw, Ctckzectso stetsls
fsye tsfdetsigOigdw>pgddzd § B Odeizd BC toc sd3q dzj -
fsyoer Bsc kzls gL d3j dzd Is* mw LO HisMlsOlstsyd
(1l szdlsddz, 2007; zEkcOdzj?2, 2002).

t OLdzdydze" J HEjoOoiMmMde § §YstesH' odzdwels d
Jd SdMmdzsls dets s ! (R Odets o, 1rBn7 B098; Hogpeartetsah, ©
2000; Muel l er, 2012) . 1 SH ddd3d dBsclzls
LOf OMOdBd foHMmisddktd, doOdzdudj s ddd sishl
(s Otcf Oyd) oHFEOF)RMMdz] Hseo OdedwW Y tsSHIso jtey HOE Is
dzCnNBsH jtey Odedd d Hddz2OBdSEZ Bdtsej dzdz' = (26
dzdlstse j dzdz - ( Odz® 3 ded ¥ d £ Offets ty i dzN( Jz deds B fixm
d ©21884; Binkley, 1995; Binkley, Giardina, 1998; Finzi et 4B98a, b; Priha,
Smolander, 1997; Augustet al, 2002; Menyailo et al., 20@2b, 2003 z z ¢ O dz] -
2002; HagefThorn et al., 2004; Vesterdal et al., 2008, 2q13; " j Is dzd ¢ t5,0 RO

MlstekzCsktel B3dS totsB dats cdig ) fipts B B ) yisTpls@y, d200)7
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Ctsdzd yd Mise § dedzetsy Missls dzats hHjidad J d3dHSCaiti]ctofizdts off &
(W OdOMtse O, wifsteSOIJEds | P 1&J CtotsBdzs?2 B d 50
1997; Grayston, Prescott, 200%jon et al.2005;f j dzW 2 dzB0 0 7 ) , o dH
BdCtcsBdesets Mtstseh jmMise ® (Lej on e emeraet al.,

2007; Nugroho et al ., 2006) , JeB oL d&
Br emer et al ., 2007) d dz© MsMmilsOo9 |
1 JLOCSteso O2ldzO8B h P@ 1th zOdzj , 9 dzdf[welrAs tp® iR jndizd 1
B S e dsdasedud NEEyH iy jYfddiss ¢ | dzdz” = 4
flzlsj d3 dzj § ts ) teigOHf fitdOeo fipdits@ts o Lodzj"tg ciplsdf tsdu o J c
®BdCtess dz j fyEsR{" jfiddsoj@ dL d3j dzj dzedV¥ OB dBIsc
tcj Glzdzd ez ¥ I QEdLetiEmiEoenigen et al., 26).

t Qzd ydz@wv WOEH ] 9 J Mdzr -~ § ststetg BHzs M IS o
04N imazdg dzidoe datsils' f tsffjlelg thdzpzd b5 18 Y Gaef A
dzl sBrBHd B mjtBjdgwmiBedtcOIsO BJBGj dedzr HEC BB
tOL dztsy J dzd W tcOMmisdlsj de' dztf 5. 580 O&J Isigdia@EDO 1 «
Fedzj CdMmMdac & =OW@OOIsjtcdL 2z h Ow OCIsdo detsfls
slsdzd yojlsmw o wWOLEJyYyd -~ IdfoOor dj MO ( ME
Hte. ) dzOf By tezRg figls™ =~ R Yl ®OBW (gg'lzd j Wtoctse, s
fwisd wOLd » M jtedd3d dzZlsOr B'" dzs S ted HJ (
stsdz Y 4§ Isd {q 4 f syoe f SH ~n 9 t52dzr dzd f ctots
hqtesS sdzd Milse j dzdz" d@s3d ( Rai ¢ h, Tufekciogul
f tots Hilztyed O df, Vs Bz to Z N ff tdaPp e OL dztsy | tefdfd Mifsts b figdsiaf
no 2 @Bdy Isdzdrn  dzj Mdz(A jHisde's IO € @P1Q 7 gdzls | dzf d
B dej 6OdzdL Oydd §sHMisdwERY B d@es QY] Gl 6 O
> tsmddzO0 > dzd Mmise § dzded w@®, > [ djdzHtg >0 O ts il 2@ 8(

stsdgyj delstcOydw o jh jMmlse o oHMmisddze] {§f
sftej HY dzw j Is mMemisOo odJhjmlse, f s OH OB N
dzd ¥ j dzj ¥ O dj Hoyejdedzr | ctstcdL sdalsT (Pres
ZZcOdtjj2H tctR@1H. " datsH toj oB R j deder = o j N j Ml
Missdzr ¢t BBIs MSHJtey OddY dm © Y94, CO¢
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Ckdz bkzter o Cdzt YO hdplE j dab)@ o diasigdelz 8 o d to dvls d3
(zEEe@izjiRte 1984) . 1tod yj dz | axpdgtafd 19k
s j dstliste zts Yot mdzj Hise Olsj dzd Y tej HJ dzd dzd ,  yle
OL 50O, ¥ st el fizOMAdkd Ydz0 S Of dzd 9 O Is sfd d
fodtsy J @gEndd d ¢JHte, T @d fgdsfedgddigiadia) @ztsd dzdr oz
B dzts f sH@Q b@das, Istsdzdziz B s &3O MmN, i OBHRA@ CL
e s, 1,8 €6 w0, dzgj dz20 Bdetse s B tsdziz) ded Y
r Bj#©9L4 ¢¢ N, 0,8 ¢¢ P, 4 C¢G¢ s, 4,8
SHdzed - d Isdn X Jsofdge, J difias Ete jiBfipey dzdd § d K
dzd lso j dedets? ftsStesHT BB M j, yYyjdz k2 r o2 dat

1 Of O  dZOHL j BBdzs?2 B, O EBO GG B 6 sz B 1 |
f stesHOBG, 1SOC, dzOf o] fejs dztwo MEGEE ¢ ts dz Ay dE
BdsBOMMr 35 dzjlsdzdn Skd bk®O,B | & j6fs fijdipt
(vtejls' wCtso O, 2006,)ylstsr ddfjmfisgtg lsizelyy | 2@ Skt
MBtcOmMr e Ot ls dzdMmlselz COYHT 2 GtSH, O MmMtess
sl Oo tew Pls BDi7k kjdkd &% DY OGE J & = o 52 daf 37
tOL O L Of Ofiyf dzd tftiste fj et d | H toftsjohOQj, Is dzdRS0tL 40 .
fMow L Otfefplcod B, M twOLM 38 CSsdzdyj Mo sds f sl
fsH G jEfpksHYy @il 6, 352219/ ¢, ¢ O ts Hf tSjHdz! fiif ts ) dzt
fteddBjtedsts 4,8 d 4,6 Is/ 0O, O o B jotdsjstatzas
tcOL dzd ydzts?2 OCIsdo dzsfyls: ¥ BStetsB JsdzseE d Yy
f stesHORd BftjHjdvjdkds?2 Ctsddyj Miss sjdlskac

StecOddyjMSsd ojhjfMmlsaj. 1t Ctdyj delstcOn
fOSIsdyj MSd daj ©OLd&dyOjlshmw, de§ otc Qrddigs
sfMddz" , BjtejL', Rot] ddmlsoigdtzdyo HEB |Gt

CjJH©O, fn s fdz d dzgjygzdzls e @y dw dfd dejicOdz! dz' n
dzd Milso j dede’ Z &z f Gedbjg, tc@DA@,4) . 1 Addedzw dzH d d,
sdsodzr = BdBGejdzse o {§tyesk B dOtlzy ddzd,
fsyes™ N, P, K d Ca M 6sfOHtd {4 HEiido
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fsH BjtjLdW Ctsd3%25 ,s833 Mis27 sdz4B, f tsH
(1 OO0 ddzO2dzgj dz, 1983) .

RL 9 J Mlsdzts, yls ts ddzlsj dzind o dzts s ¢ tcOL dz
tcj edzdtelzj Ismw Msslsdesh jdzedjd3 C/ N d MmMtsHJ
94N jiMmlsai] d¥ fPisslsdzsCf e j Isj 3 Btsdzr hj OL SISO

B Mistej J dHEzls fesygd M’ dedstedw d< Oydd
BfCtosstcs Oded L d3r dzJ gmfrisr e0tls dzgj HsMIsO
(10Lddzjoady, uvdlsd dses®, 2008). ] @f ®B

d odese s EkMmMlss2ydetsets € tcOL dzsy j dzd © dzd ¢
MetstsMmMisd tOL dzsy j dedv BHFOHO d OCIsde detsflsc
noBTdY stetsH  tsfo 5B 5y Oy ff gjcH dzp ddzts 0 O |
s ddzdL 2j sy BJStoststec OdzgdL ORI, o toj
OL sty fifls s 0 ) SP@ha, Smdladhdei) 1997).

sOC¢ HfwOosdts, tOLddydw o dOC st dzj dzd d
ZzOB dzt HOj Isw  odzag salz’ f GRMIBEY PR, dzj j dzd e
f syoe . [ HdOEC 5, j Mis d dz2 dzOw Isj dzH j dayd W
fmMtsL HOE h dd3d Is ts dzC Iz ¢ f sHMIsd dz€ Iz (BjtejL O,
Bisdz! " jj CBdzdyd Mlse s ¢ fgaztsjs H OV @ 20tRef, dais 48 @ajz
1 J H tc BOdAD.,

rdtejo' w tcOL dg CAL difstsBzts vo dAffty s Is dzO € d dzts
sdidsldashls: ftysj dscts t©OfMlsststc® ddj j |
ftesyj MMO BISCteststce Odzad L s o . J dzj mdzr =
Ctodzd yj Migaes( 2 B @S IsOCIsddesdzd yj sso d ko j dzd

B CtotsW dztste (Lo jIsC o, 2000; H° gberg e
fsdztsy dIsj dz' dats odzdw j Is dzO tcOMmilso tstej dad j
Mtsd H ddzj dzd 2 fsyer , ZzOC s dzj dzd j 9 fIsa o

(Heinonsalo, et al., 2B).R 8 Odztso, L EzZzyow o dzdwdedj f totst
20030dz) sdzj 6 5 odsLts@inkRPyUd'3mr 9 dJHBO B &RZOWKEY
OCIsdodes dLdB3jdewels dMmEkmmilse j dedzlz® ddzd o
2O tcOo dzj dzd d ddo Qfttdscfrfryy triBodgddz € dzte ©® L dgts dizliny dzés d
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tcj OCyde fyer: BHdd foHSCdMdzvE s, Hiclzc d
(R9Odese, 1973). RMMdzj Hiseo Odzedw™w dzO dBdetsc s
smdetseo dzr i3d dzj MssBCOL 28 h d BB  EHOHIDEJ o4 ¢
CdMmMzslsdesils! §fsys HtosWodw jlsmw 76,56 )¢ j HE
dzdL SOV YtSH jdzz¥ (5,55), 0O MtsmdzO, Bjtcj
Slsdzd yOdzd ! d3j 3y vz Mmigstage j(fifdg" dgveaifi) ts 2upe0 8t
o dzdw & Is ¢ ddp@lzts Is dztisiylef siskzf dzj ded j d3 o fsye kz
B dzj cOdz dzgr - OC Mz MicO® ztsy j.dzd P B ts R EYAtOG S H
Hitejo'jo (Jdz, §dalsOr)f s Cdfjmaizwhjfstizy fsle] sz
dzd Mlso jdsts B H H,j tcg Pt j 9 O C dotshighfiz” © Mtej H i =
dzd Miso j deadtlrmPpgB)Y ted W Isdzts o dzd v ¢ ISl RO diffods?2 Mdz® EC
&ZOodetsdz " jj MsHjtey Oded] kMO o fyejd
C(slsstetses OCIsdodzs EkyOfmlse kz¥ Is B S teststcc C
BjLsWOzd fopshte@®@skzjIsmMvy d ftedesHdl ¢
BB dzj tOdz dets?2 syer wMdsesOddwdd d Htlzedc

(" siHeftsogg )y & " 2 dzO  C d fif dzts lsiztate iQIstad j f 5]
C ol Hjtejo'! jo Stee Odzd yd MS d - 9 jhjmlse (
(1] JjHtes®»OE, zlPdz yse O, 2006) . l tjLikzd IO
MsHjtey O dj COtBdser j SCdmdslsr, f§sddWjc
Cdzyj delstcOyd ¢ ® LOsdmMdddsMmisd tsls f StcSHT
otsmimisOdetso dzj dzgdwv d € i3 dzd € tsdz@ c@ls ‘50 O dkg W
fMsH jtoy Odedw OLtslsO d Ekcdzj tesH O, tsB d3j daedz’ n
fsyej k2 MetsdzO® o Btsd hj2 Mmisjfjded, Ud
fSHL B ttOL 59 Odzd W .

ststeded HicjojMmdr 7 YstesH, §HC M s {
HT nOdedw d Ctstedzjor &3 or Hjdzjdedwvdzgd (HE 3
CseHO ftosdmMaHdls tBdijd o §tsyoj ¢ Olsdt
or Hjdzw jdsr 2 Cttodzy dfd HEeOWOPP Y] a2 ¢ tstedk
fsyolkz d o tjLikzdz kBl dzf BZ3dtcOdzed™w d tOL
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s O¢ slsd3j yjdets o1 h j, Btsdz! h dqdzmlse ts d
Bddzj cOdzdL Oydd e Oddy Mises ojh jiMmlse O
fesyd Mpr M SOuimMbetsd §sHMmisddsd d, Mt
s OHO. [ dhi+ dzj HOo dzts dzfif |§ O diap € OWQP MBlo s T & d
Moslsdetsh jdzdj C/ N d MmMtsH jtey Odedj dzd ¢ dzd dzO
(Philips, Fahey, 2006, Deckmyn et al., 2014)d H ' Hjtej o' Jo dIBGCLEL
Is 5 dz'tc @O d&3j tc O d3diets YifdsdzrOH ' 86 d G dzkB ddzes?2 tOMm
mMdmilsj o3 (Yt BltOY OjIshwy d&O Mo jlsto s5d3
1959). [ 0Oy%j &0 BHdsE yomisSj, Sttdd {1
BOMMs?2 (MeavwL Odes Mts MEBtesMmis! ¥ fsgflg @zj d
Ctstedzj 2 8 cdzzeddzj, Misjfjded BSEStedL dzts?
tOMYytejHjdjddjdB Sstedzgj o' 7 + CMMkzHOss, d
HdOMJ Iste d Hdzd dzdzO € tste dzj Churchl&hd, Graystonn 201el)
SOYHT 2 AdLW OQCHdsistetse oadzdwW jIs dz@ otcj AW y dL c
fsmdz dr tlBBdteOddw (Prescott, Vesterde

L COYHB2 HtojojMmMdes?2 YotetsH' Moat?2 MmMtsml
ZO MmisOe BOCISjtedOdz dzts?2 Ctstodzj o ts2 o3d € tot
ststocded twOMmMIsjded?2 orHjdzwels o {ftyslkz t©OL &
Bsclzls BriIs! odlsOdidde , OzCMdde , Od3ddetsS d f
BdsascduiMédn d BBadBduiMédrn fotsyj i
fsHOodzve N dj fse Bhfylpdizz Xy dz0t H dzthdzpddy gzd J
dr t(oddsstizs §, @ o ¢(JdidhfdsO w1986)dgysfi¢jd2. dzOwv ¢
- tetctsc | dgtso OW CdmAzs®ezH | &b d tstsg Gdeal, J Is C
ddzededtokze hdj ddlstcdW dSOydes , q Lio@hy j fld3ts
sStczH dzstc OL dzOG Oj df j - ootghdg fifls o A ©w3FEm dzv ¥ h d j
B dzj cOdzdL Oydd (RoOdese, [HIOI 5, A g M BS9¢
W datsdz! dzgf § ftsd v ddad dad W B d g d dets @ By I [ bzt
otsLHj2Msad] d2O ftesyjmMm ddlstcdWld S @faHe ¢
OL IO 1+ CsmMdMmisj dds?2, YoM sdz S f sHo dY dats
(vtosW ddiisa,” dds9 SB)RZOtEZY j ds, Ykt CCttedzd ME
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sO¢dj djbkzuydj tttcOddumcdy ojhjMmlss O,
My dls, O UsidEtdpddz dgowd L  Mdzsls ©, B &zOH O h
(L Od3J Hdzj dzd j tesfis © Wdlstsf Olstsc j dzdz" ~ G to
oj dzd ydo Odzts S tsdzyd delstcOyde 1 Isdnm 9o J hyldndsdzt
dL o j Mis dzts Yysts 1S3 tstcdL dz'ty doLtagidz" Isfh 1
BOCIsjtcdOdz desets MstsBh jMlsoO® d 6jlsjteslstets:
OCIsd o dzsmiset al.( P96Hawkese t al . |, 2007) . l dzd w
fsdsh d MddelsjLdelzj d3r = BISCtstedL 52 d3j lsOB
COC GjdilsdudimMéddsd ~OwLOCIsjtedMmisd S Odzqd, Is
ofmMiet SCtdzduyuifmets d Isdf dhmissydsd ¢ O Ols&dzy
(1t ced, 1983). |1 twjLikzd sOIsj, dMm¢ dz¥ yj dzd .
ftcdosHdls € fworh jdads OG Is gV detE filpls d| O jelgf jct
Gadgil 1971,1975) . 1" dzs BB dzgOtclzy j dets, yYbsts + W W
fstesH’ . 10 HChHegedBfwss m " ifmls: s His
ftotsw o o dzfgw ssdz €5 YtsHd MBgdasRl 4 [ [ Olso@fdE
CdeS 2tej dzydd d tOL dz" 2 MsmMisOo BB3d € tc 5B dz
dL B dgj dedW &3 o fJsyd MMO~ ©WOL dzsy jdzd™ d
ojhgpgfBlsd © HEkzedms ftyejdedzr = ety MMO=-.
J dmlse § dzdzd yO© d wsldsmdlkshwy ¢ K92 de d3,
Atesh j2 MbtekzClskztey f§tsyser , 0O Cttsdz , Is §
ZOCtsfdzjdedj Mdzj O d BBBEOM jdzdj ftsysr W
g ydIls®, Is fipyls ts Ctsdzd yj Miso ts sMmdzats o Odzd 2 dzd |
fjtojodes2der » SCSdMmdzsls, BBOLEZshdamw ftod t
fsyo stsBtcOL 89 Olsjdzt dz" 2 fJtesyd M Mz M OJ s

(1 s¢0Oh s O, 1959) . 1 f &y dnjsdedztS d3 Iz 6 zts W d
fsweodWjlsmw Ctojdidej L J BIMsSOY fedmr <0, 6]
Cdmdzts 2, o jdzdyde O0j Isfqw cdHiesdzdlsdyj s O

dzd lse j deded yd 2, Blsdj ud des ko j dzdyddedy clkzds
ftod Gpdedd MsHjtey OddW ckdkMO, ¢OC fldj H
OLs0O (HhOSH2KEOS:; |sdsCdlsdd, 2007;: 1 jHt
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1 dzd W dzd 4§ Hijtcjo! jo dzgO f§tyejdedzr j ftefs-
B dgvIs! MW o Isjyujdzdi o] 6] 80O lsdgfjordptiss 6 tSimjQ diy
Yylss Ctstedgj or j MdMmlsj dzgr dhmmkh O Is f sye j dzdz
o4 jMmlsoORd o Btsd N jMj HigdT | dd o d Ssemjj gz
dzO s B [SticEsAse O O Is C stedzj " d&3d o' H J dzj-ozd ¥ didits d
L st tzy | ¥ W fted qBzh j Mise j dzdz" o3 dmiy &
WslktsmMddzals jLdelzj dssets EZedzj tesHO dz0@ ttsfls ¢
fjtcokzy ftdzsoddz o jcjlsOydoddzsects Mmj L 5dzO
BddROMME ot olkttes? § tsdztse ddzj dzdhy J fiplsads
f sz dzj dedw EZcdzj esHO o Ctstedead d B tstedlL
d Wjdtdtedyj MSddd sMmtse j ddesMmisw d3d tcOL dzd
2001) . 1 OB dz¢ H j dzd W ZO0 wdBdtemMSsdz + ¢ MY |
ftsHIso j toHd dzdD S dzPazdzsieip IstcOdem stcls©O® k6 dzj tot
f sdztse d dzj 9JcGjlsOlsdodztsets Mmj L t5dz0. [ OC Mmd
tcOL dzr d3d f stesH OB BGlsdzd yodzd Mt o o M jct®O) Hlzafsdej
fsH dzdMmilsbg dddasdzgy 2 Oo ¢ zfdls @2@L4) Olse d j dz ts

s tots A3y Ists@ 5, f sfdzj H ded J dfmMmdzj H t5o O dat
tcOMf tej HJ dzj dgdV kG dzj esHO © dzgOHL j dgdats2 ‘Mg |
9 LOsadMmMddisMmisd B©ls ket L OMEh dzder 2 ¢ BH
al ., 2015). ) tcgdficdpddiss dhitfFp j Bd 7
mMdzzy d Is, CdzOo dz" &3 tsB e OL 543, Hdzw ke j dzd yJ
LOMER] &yl ftejHjdvis! Mw M shtse desfls:
f SHL J d3dzts 2 BdsdzOMmMmr ) Emdzse dw rn L Ofgdodd.
OColbtslstosW degsets Ct®Rf sdzj dzglsO §syo j dafasc Fsy o
LIsdddd stesHOB]. [ JetstedLO rot2der 7 f Btok
otsHdsE f JlsOdzed L Bmisdzistizgiz¢ [ j dzv 2 dzideinonfaldds o ¢
al., 2015.

RL O34 def ded ¥ MC & d3d KjOUd Miso dzj f)dzts 2 '
fJtcosdzOyoOdz: dz &5 SODOL @B dzff dgdzsjse B H " B d
Ad Bdw  dzj dets?2 fsHMisddzCd HI OB ydzO® o Isj y
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o dBddzj tOdz dets?2 f tsyoe Btsdzj J Mis OB d dz'CdRE.
Mdzj HEze s dL d3j dgj degdv o Mot2MmMlse Or d3ddzj tcOC
Miter jLdesds odzdwdaedd Htej o j fpdaThorn #tisas,s2004)dzC
ltcJ HY 52O O j Isw, o dsdsH' 7 dZOMOYHjddwna
stsdz? €58 o §tsHMmIsd dzE OB d O B dzii3is Ozfzdadfzs 2 o f sy
fsmddp 03 Qkzjls tesMisO, o LOsdmMdddsmisd tls dL
i ts tc gVesterdalRaulundRasmussernl998;Binkley, Valenting 1991).

I8 oadzdwdzd® HtEjojMmde » YBeSH dz2O Y BByo kz
© 2004 ¢ tHENATOsH g te@fpds@w tcmC j , fts toj BEzd
GBHE B" 2O dL HOAO doitsdSuimerfTee.., 2006) L HIOIsY &
yomisdzd € d mMse j M Odzd W Ctsdzemis Olsd tetso Odzd
mMdadz dzj 21§ § o dzd W dzdifjts C dz® 9 ,f ts Ydb Jsdzadis IQtc Oy O J I
dL d3d dz dzd d -= dwFfrug NS d - e ts2Mmise f sye,
BdSCwssdsazsedud MSds d BdBe) SaddB3dud MS dn
B rnOdedL d3f HOdzdese s o dzdwdedw. 10 dr dL ky
o dzd BOMpH ez Hso Ols jdzj 2 o BEHEDN | 3. [ Hddz0dzL
1 ddeC dzd ([ wZ pOL ddz dBdzj dzdj ., Ut d&d " dJ
dzj s sMOHBSE HEBdyd' dhftsd Ltse Ol MW H dzw
olststese s YsCsdziddw M Htokc dddsL e tsidalish dis Ist
otsfftesf, { SHG s dpdifedts] jtfilss wadz  dzz y" §j o Hdzv f
COCdABts HikZes?2 (Y BWEBHT .

) 2012 GetHEkz wddHd 1tjMmMils (s OdzOH O)
sOCts?2 i MdBISLJEZE B 9 dzd v dzd d M EBEEROSAILodzO
RIsOdzd (. tdLizd OO MBI sSLdEZBO B d2
Forest Ecology and Management( 2 01 3 ) . l tosOdzOdzd L Jtetso Oo
ftcedhdzd € or eatHIz, Yylsts Hts oMmMCter sdw d3j = (
H Odzj Rrescot{Vesterdal 2013) . l sf tetsmr s o dzd W dzd d
Mmd2yyom MisOedls! MW SO 3] Bz0dz6] A § Bk 5 § QO S dy!
MH ] ey OdedY EedzjtesHO  Is. H.) §BH Jjdz@s
mMemdets 2, O dz20 C0O0¢dr dzOtsB sttedg? Mz - €DOE
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sBEZzMdzOos dzd o OjIs tOL dzd ydw 9 , & Yy lHz] dedpds?2 df
dzd mMlso j dgdz" 3 § stesHOBRBId? vt jMmls! o dzd W dgd J
LOoadMmdls tls kEmMdazsed?2 ftesdLtcOmMlsOddwYy d d3j
1 B 90O desids™ dlstzayg do sf esMO cOtOdalsdtelz j Is,
odzdwded] HtjojMmde » ftstetsH dzO Isg Qdzdffvizdtf t ¢
oMmMj eGHO.

JUrsl . [todzBomMCtsets dMmMf sdzr L soa Odz © H O
9" wWodzj dad W dzj sH J dzO¢ tso tsfls ds B tegj ddaf"2dzd WdzO OL
B dzd cOdzdL Oydd BtecOdzduyuj Métsets oM jiMmissd O
zd mMlse j dzdzd yd 2 d MmMsmdes?2 . lrBetste L Isdn f st
OCIsdeodesmlswn Hwsyj MMO OL stsifizgsie jd . y d Seddbs. o |
5B dzOtclzy j dzts, | toplolis dets 2 A3 deyoJ MOBsdiZEz Mmd dz
fstesH §BHo jtoyJde { tctsiydedhlftc d Yoo Ssylzfsie,ts  dgdd!
ddidsBddzdL Oydw Ot s&l0) ( M2 REI od] MCtstetsf
d ddlsted®W dsOydd dzOB dz¥ HOdzdz@ Y d3f dizH ' ddgd Mtste o
j dzt s, tcOLddy® Br dzO o 100 t©0OL ([ jdaw?2dz
OCIsdo dzsmilst ftslstejBdzj dzgdw 3J sSOdzO t6OL dzd YO,
Htsd o § dzr o3 f stetsH Od3( , d OCIsd o dztsfmls! f
Cstetej dzd teits 0 E&B todifnlsw d3d B dzj st OdzdL Oydd O
FCOLT 90jls dzO IsjMmdzze MewrL! fHtetsyj mMihse O
ftcj Hf sdzOcOIs', ybts d tlCdad¢ OCIsdso dasfmisd
OLBIO ®Bsyjls BYpmOdy L Oddd Bakzpetsy ayyf ¢ dz
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1Joel¢ 2. [i13rsv3 R [ruvlr3 Rue"[ [

2.1. mO©OCkjtedmisdCO ©Bi jChsos  djlsBHBGE

RLEyd dzdd odzdwdedw odzj My dedvw Orfdds®OH da@ts
ZO0 dBdese tsizj Bgefzgzsmdz” d©3d S kdz sztcOdidy R dztnlE ¢ 6
g T ¢1, L Odztsy § dzdztse s f ts1 [ cleddrfsip fr@igpdeotsid] Is
f dzsh OQu' & 1,7 60O dOasHdlMw oeoBddJLd ftsmj
CO2sdkz0 stOfmdsYtthMisets COw, d tOMmf sdsy,
ftedlstsC O ( ded Mg V) dzO Sd BYUkzemMs s f SH
tcO2 cdzdtetseo Odzad & Is j Gotioa|ts Stfety MY dz¥s I§ diiny 28 Iidzts i) d Is 1
d n 1S ciasds jdads] dzdzts d3iz fsHf sW Mz, ¢ sB dzOMlis d
CdHeIsjteddd ud MC dd3 Kls16W W dsydddj degeildsfdy) j 1,¢2f § b
L dz2Oydlsj dz' dats 2 Milsd 4 dz* ¢ Q598 d dzj dzi © tizt
o zOG ssBdptififlg ' ysj dzd dzj HEMIsOIBYdzr &3 € tsdzd yj M
Gz sC Bz Hwtsdyd oL Oded® §tsyse ©ls 1ndlls Mu t
fdtedtsHdud Ms d( 4 6 dzpesisl

1 sfmdzj cOMCsteyj 9¢d olstedydesets B J ol
fJjtedsHddnfh&dz L s9 Odzipw f SH My dz MECBRBL W
COtlstsW j dzw , LOdzj * , Ml dets € sy, dzj f sftej Hfr
f Oeso Odzipw . 1] 1968 6. dO kyomksecj Mm yJj dz
CediszmMtseor 2 GeBtedL tsdzls Mmdzd Iz dz@ B)§ WD df I 1
B3d dzj e Odz! dzO% Istsdzh © " 7 dzd d&zOf! HEt 70 fd3,
Ckzddzmtsor 2 MmMdds2. zjMmk! shdaspdzy - hHdsg qisis®
abies obovata Ledeb.jptsdzO B " (RiatsosyhEsizO WL )N dzO € j H
fnd B d to(Bifu® embra sibirica Du Tourlizd fls © j dzdzd y dLarfy cibirifds fr
Ledeb.),B j tcj L © t(Betolg fpddGl@ Roth)s i) d @&pulus tremula L)B r dzd
9" MOy dAIABY 2 i13ralzj Is2zd d3d MOY § dzyOdzd. 1 dzsh
SHo@?2 E@sgkBBR0VuEH jtoy O0dzd] d ©WOMY e Hj dzj
ckdzmO, oSdidyujmSdn dzj kj dzstses d tej OC vy
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nOOCIsjtodzsts Hzw Mjter n MdzOB stsif-t5k tctsEzj dzdk
(zk2cOdzf 2 4 1©1984. mdddyd ME &g ad.) wdm§dJ
BfCtesBdtsdsedyji MSdy Met2Mlsea® ftsys d
sz dzd S50 Odgr t©60Odzj § ([ j dzv 2 dztm,, 8D.'0BIsdzdvke
l jHtets 9 &, ] h2j0lsldidL1s2015)
sOBdEdqyAdBIU MSd] Mot2Mlsa® ftyse 1§ tsH
fstesH OdBd :  fpPlichIHEj 0T N, DOM,,DOC o &Bd dzj tc O dz
Gsted L midpld] Moz ([ § de"Cldkis, 9 2P tc O dz! detsdy G ot
Mo jgydi2 ([jdw2dts, da tfkzed ), (M Jjhdlddd
l jHtets9o O, 2014; t Nhyj syt s dzdO1a5Q,, 201

] OO Ists 4 15 dzO [ dMme j da
pH 5,88 (0,02) 6,06 (0,02)
NH,, &c/ S ¢ 4,96 (0,34) 7,98 (1,23)
NO;', &6/ S ¢ 0,63(1,09) 6,81(2,90)
Notsy OH j, % 0,61 0,74
N o f§tsuflsddSj, 0,84 0,75
No o3q dzj tc O dz' dats dj 0,18 (0,01) 0,31 (0,15)
4o GBYOH], % 51,47 54,43
o § tsHMIsd dzC | , 48,6 41,5
Co d3d dzj tc @ dz! dats d 2,86 (0,04) 4,89 (2,46)
4/ N o Rnetj Mo} 35, 02 22,66
C/INe tsif OHJ 84 74
CINe f sHflsd dzS j 571 59 55
C/' N o d3ddzj tcOdz 19,38 16,72
DON, ®&c/ C¢ 15,53 (1,36) 17,85 (0,09)
DOC, &6/ ¢a 244,50 (45,67) 281,00 (15,40)

[Bl jCloddzj Hiso Odzd ™ BT dzd &) fgtsfpdlr € ts d2
dzd s o § dzded qBAS s B (



tdizdsS 2. 1dzd Mls aPdptizq d 5B figd emdstbyighs 2 B " € «

[ dz¥ L kdyY dedizd W dzd W 9 dej M J dzd W OL slsO  gz0
dmyf sdz' LdgplOszinw C tsdzj y, cOL tcOBBIsOdzdzr 2 o |
2001) . 10 COYHBR dqL EyoOmlsSCtse BTN dzs { tof
My Oh dr Y solstodzsMisw dzd Hd&zvW MisOIsdmisd yd M
ZMmis Odats 9 dzj dz' RS Ho O f &zOMmlsBOMMtse ' (O S
dimf sdz! L se OdzdMm+ HEW,. dL Bjtej dzd¥Y IstsC O d

t OmMMmisswdzdjy ls MlsoasdzO HB CBBdzj y B' dzis
dL fitsgasy j dzd v, yYbsts «&OCMdBOd detsj ¢ tsdzd ug
ftesd Sydd Ctesds . e ¢dz yo k2 COYHEBSGET
t dm2). [ j d&zC 5§ Cdz yts, or Mslss2 10 mds3, :
BB dzj cOdz! dzts? Y suyo’ de fslsEOO®fIsjtedL 8o Odz
dmlstsyidgdt€tdzd, RBIJECBtedL O d BICtttstec Odzed L d3f
EMmMisOdztse dzj dzdetsy 2O cdzzs d dzz, dMm¢ dzé yoOdzs -
fslsssédw [dzf 65 dd3gd dz Istsdz! §$ 5 G Jjlsj eslstetsW dzts §
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stsdz yo kmkOdssdjd 1 &GOY 2010 cE&HO.
fsteH', §t 4 §solttdshisd (HjkjoO) @M O
Bifmwvy Mfligsds 2010 cBHO o Witd) dedits
BOdzj dz' SR8 Eyofls BODS oGOz & Bj stcO o
COMYjlkO HOJHE N / cO

NUCTBEHHUUA COCHA
o ©
) ° ©

® (@]
0] o) ® ®
(2]
o ® o
2
1 xonsyo ~ —
2] 2 Konbyo

Nobaenenue asora 50 krira

t Mz dats € 2. 2. g nj BO fsdzj o sG ts 1 ¢y j to
EMmMlsOdztso dzj dzdz’ 7 ff Belzj ez§ B pozzB dgd 54 1

RL 34 64 ded § 4 d3dsmyfglsffc eeOfszter o & dz@mépgils
dL a3 W dzd dJdeW tcOSC tcOMmdzr d3 L8ROI 6 @5 @ @O @ 19 C
fjtedsH ) &BOV 12t 1R C lsWseHtd) . LSRRG LdO Isfifstg) H d
Qo lstsBOIsd yj M¢ s2 COdj tots? HdOBRBRcdE 29Dt
EMmlsOdz0o dzd 9 OdzO ! dz®tsts | @O figdaf 8'0a O dz tefif SO to |
e Ld*M) f5 dLdjdej dedy jet Ctdayj delsteOydd e
[ Bl Jdgdzzs o dzOy detsfls! g tsyer (%) dL d&3j W dzd
tcOL o HiMmMwvy M fsdsh i s Md dehstc® T hdd,t a
MsdJHddz] dzgdetsegts M wkzydzr &3 HOISOdzZsGGj etsds ( HI
o dzOy detsfls! 2O tshdse j CtsdstcOMisdztsets Msy t
1 dzj Slsteduyj MEsdBz LS E. v B jteOktel § sYybo
|l nstrument s, ] Odzdt€@&BA@& d B O ddgj*f)W YyH os H dzts o to

Laadmmdd o
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glsOldmisdud MEd2 ©a@Gadedy § 6deds i3 @ 4 datw

sj kY jcOlsktej fsyse' Brdd fsejtjdr  daC
SHdzSte B H dzs fls ! 9 0tcdOydd fusdd spids@d3 d s t
Meslse jsilse j dedzs. | dzdwdedj Hisjojmdes?2  ft

HokoWOCkstdyr &8 HAMY jemdsdedy &5 OdzO L s
W OChkste AfGESHT O flojHmsOodjd Hobkdw List
Alsdy Cws @0 ( di3d dzC 54, v schdzzjpftp'C s ) d3d tf dtsc
Issud ¢ HdzV AdBdEBHEYJ eQlskzter d M jfmls: Iy
| dzd v ded pe®OHHdlsOdzsf' HOHBEB jBd BCHEd ¢
B d&zd L d&zOudr, §ts§ Otedts] MteOo dzj dad j MMH j dz
Csdzoy®0Ct] otj k" lddyuoOddn' Hikd 6l Ht
{sd chksddr Swdjy o dL d&itei dadt §Odas
40dzj Isdzj 8 dMC kfMise j dzdzs s czd Mls o j dzdzd ydzd € j
gl to1, LOMY dtyjddscts o-Ni ey Hzg fd i

MEfjMuodscets ckOdbk fkgi@dEEd uj NS et MimlsOc

i

t Mk dets3s 8tdz yoO t©OL das?2 cdzksddy , EkMmC
dzd M ls o § dzdzd Y dzd § ts 3.
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[JYHE Hjtjo!wdd B'M dzd EMmlsOdztse dzj dz i
fn a3, 9" Msls©O dzOH ¢ e Odzed Uynis2n ls Ko dzf wzO dz! 1ddts G fg
ftosded C degtso j dzgdWw o  d3Rdzj teB,dz' d&z82 d mdeth?2 3.
CcdzzeddzOdsd BT dzd EZMilsOdztse dzj dz ) tciv 8,5 . dg(
1 Ote Odzdzj dz' dzts fJtco sz teW HIz B dzd Zfmls O
fsolsstodzsmisw &3z » H @ M igics @dsjtcise . 1 Mj e BT
Ctzj y: 4 cdzzsddzyr d 3 §solststedesfmisd.

RL 34 64 ded § LB ) wlszter d o dzOy deBfl
dL i3 W figOC tcOMdzr A3 ¢ OL sSas'fdf ) O de@ztlzdlr P @ iig E
My fjtcds M BRWW 11t ¢ BB tg ' d3dzalz © o dzO
dL d3j W dzd o CoQizjHdias diz iflss@inzisy) By diz) OISz BC
dL BJAdH er©OL © o B3j MWy BHzso t6] d3j dzelets ) L o

RdzC 2B Oyd tsdadz” 2 f 6zt J go'd dzilalzy dzd v tc 5 dzc
9 dzOY detsfmyls W & ®as dzttcHOO dzO fn) - ) ftsdzj o tsdg 1 ¢
EmMlsOdaetso dzj dzdz" = dzO twOL dzgz G dzzsddzz, B '™ dz |
9 Otc! dqieso Oded j d3 o dzO) deslsd Y Bsys" o C Bzt
LIstsegts M B lsdsets EyoOmise © B @il Ofs i) tg O dgt
Brdzd ftetsmjiwder vydteiLr Mt - ks oddzvdrdzSokzdrG
11 HB%W)58s flsj ¢ dzw dzdzr = Blzlsr dzv s (200, &
dL dzgj oW dzOfy! d dgW¥ tc OC wlD-BIBHIAG OdzOdzd L Ols s tc ts d3

dlsObdmisdud MS d2 ©aeeded | dif Bdgdgld ~ & zO ¥ dats
Isj BB j cOIskztej f syer B dzd ftetse j toj dzf dzC
SH dzStc S H dats ) ls - o 0tdOydd f-isdzd tsdethds@ d3 d s t
Motslseo jIsmise jdzdets. 1 dzdw dedd bIdfO Csdzr yo Is
fsolststow s h dd3d M WdDCdgjstisj daf s dztff , € sdz yOe  ft
tetse dzv o3q , Msslse jIsMlsezs hddisd ydlbs" tej &3 G
fsolststewe hdjmw dLBjted ddy dkj.dd IS4lkylEa)
hjMmls! Issyj & HA&Y o dzOy dsfmisd { snyefls ts ol jdajds
<00 5 . vOd3, GHJ Gd&zOodzr § 1+ WWJjCIsr BT" dzd L
s Mistsd3 Adh jteO Hdzw or widzgj dzdw, COCdJ ¢
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Hezg ®) d2 bt 1L O Mi sy hHisQifiddl ¢ (6 gy i dd
4,20 otejdkW. ubkOEORSEYPMNE@dsr 1 tbOagly .
fescteOdBd STATI STI CA 10.

[ dd2OBd C 2 o "fHsjyRjjddets d B B8 ftsdzscdyd MSdn
fsH ddMmlsejddzdyd 2 MdedtmMEs?d @O0 i)k dzs s
g fmlse j dzdzgd ydedSj d MhmdvCj dO d&dksdsdjlsd
RA&zMIsdlsklsO 1zj MOz Y@y j 8O s [ 61, L Odztsy j dad
], [tthsemMStscets, d@OLSHWH jesfw osBddLd §&
GO0 sEOMdEYEhnS et Ctow.

& &
@Wg,f &@

t dizdasS v fr Ctsdzjy, kflsOdzshidgjdaetsy &G dz
dlstsyded R i cafz B sCtsj Ctsdzr yts ) ¢ dzOBRI (i j
ChkzkBCts) Std ys BjL GCd (btsd 5 Ejlsjt
J dmMmdzj Hse Oded d dMtsdz L 59 Odz tc @Gglels 5 HY
His sdzdzad Is j dz' dzts k2 Mls Odats o dzj datlzd @4) ( fipj Is i§ @ Is g3
Codzjl) dzj CONHBGELS Hjtejo O, o' BteOdzdzsE s H
fs Isted SCtdz yo: d3d dz© ts jo tc{ & d2'dagiats,; o' fiff Sl
B dzj tOdz' dets?2 Y tsyp' d2j fssBOO®IjtedL 5o Oz
dMssyiz 8@dzd, BISstedL O  BICtoostes OdafL c
(o' Msls® 32 Mmd3, 6 yfeg) c ZOs@B®MEBY dzd d 7
ZOdzj j dzdzgs? dz@ dzdm  fjbyOlbts? §dzj def 52
mils OdzO 9 dzd 9 O dzts ) 4 sOCdd3 tBteOL B3, Ylstse’
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CGtcOdzed yj d3dfsdzeji B @ dz! dzts?2 f syofs@L dfj tdf tstulnds d teAf lisc
sBl M JydoOdz fttstcOMlsOdzd) , ME s cEjhidre
(ssdzh ddz0 Bd "ddzmlso © By dzd Bdz' wias 7 2 %
(Hei nemeyer et al ., 2007), dets dMm¢ dzs yOc

|z d 20 wOMmMf sdztsy J dedw SEBdz tsBJ MY J yude
BdSstedL dz" = cGtodBtse, Jifgzftg mistly vadzisdzdz o j tcts,
hdzts § f syoer (Johnson LgtL allkets2 Kosldy! .y O}
BISstedLr d BdSCteststec OdzdL Bse. 1 OC sdzj v,
EmlsOdzeso dzj dzdetsy dzg©@ sk 3 j cdzzsddzz, Tgkistc«
¢ stodzj 2 d B SCtstedL.rdL ddzj fslstshdzj dzf Istsdzt €
ftesdMmn cylHNjdEds] .B"™ dzs EkMlsOdetseo dzj dets 24 Ctsdz
(HjtejoO), BIBYYFO Ctdzjy

d K

2
h] & *
L I !
. am -

[ ] " [ ] .

S _ )
- v
& / &
.~ JIHCTBEHHKLA I CocHa
-

t dMzddsC 2. BO fdzjotsets 1 CMf jtodd3j dels ©. ¢
s mdzts2  d dzd Misdgjj b jy j Qisezdtists S B8] Ctsd yts
icdzEetsC 5] € sdzr nfstc BdpQ HsjCligke, Gt B jtoj 9 O.

RL 34 64 ded § 4 d3dsmyfglsffc eeOfszter o & dz@ Mg ls
dL d3j W dzd ddzWW cOC tcOMmdzr o3 &8s ' df § © dzd Hzd LnC
sClswpts! 2011 ¢. Ho O t©OLO 9 o Mwvy. [ B
COYHBSA olddhjlsifdialatels C tsdz’ yj ®HARE jte@lskzeslz i3 5y
HOO OLO o BjMwy BHAdBot] d3j dzdzts M L d3j t6

{Bhd2 ¢t kcdzj tedsisiGuiz L EO3dARP L tsieg | td30 fiirfie
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L d3d mMimdd dzGa [ o t6j d3W . 4lsOdmMisdyd M& Ow 5B to(
dmf sdz! L soOdzdj &3 fescteOdEd3" STATI STI CA 1C

2.2. [BljClkr d ®iltsur dhidjHso Oded"
LSy jted B dzls OR

| SHs9O 52 zOB stcOlststodz” 2 + CdndpS ea @R\fschizis diddnd
SBOL Yr ojtendzj 65 d3d dzj 6100z igas)c tsd G fstisie iy lis dial
stcjfdso ststodetsmiswrn M tfdMOdedz" = or " j EyOMmls
Htoj © J Mdzr di3d f stetsH Od3d : Pirfigss dyldeGtris ) g r  Cdegtdrplsjodgc
fd B dawfi@rik sibirica Ledeb . dtcOL 2 f sMmdzj slsB tstc O
CstedL Bdzls® B dzO tsMotsBtsyHJ dZO sIs Ctstedzj 2
slso jteMmMisd?2 3 dBdz. 1 sHMisddzC O tcOo dats d3j to dzts
sMisOIs¢d. [BtOLY" ©OL &3jdmzde ©df s B5 2 diplsly 5
G ftsyer dBJdzj tcOdz desets estedL sdzZls O ddzd s

oL sls o W,NBHBjo NHtsdeyj dlstcOydd o detsfyd dsts?
fsMmiskzf dzj ded® o/ PBRizsdnid dz§ 0 o ¢ @M Mideyg @dj L5 0603
ROYUO&BY j tedd3j dzsO. 1 jteoatsj dL di3j tepdzdizis AT
5 tsClswptgWw 2013 cetsHO, HB f jtcotsets odaj MJ
fMzlsSd f§tsmdj eodjMmjddwy. It v dL d&3j tej dzd’
Hoazd Isj dz' detsfils! dL 3§ g effd do B 9@ &Gy ddzdzj H L
ftoctso tsH d dzd ! n ddzls j tco Odzsdz o Istc ts J Mzl
LdzZOydlsj dz' detsj kdsjdzg hjdedj +WWJjGSIlsO OLNSIsO.
) Ctsdzd yj Mlso § , Motslse jlsMisekze h jd3 § sMmiskzy
Balzj 6OdzdL Oydd dL & tew dzOfm! yjtejLd miisy df Wl
o IsjuydJdd] tdzzecsHO (Hts 8 Clswetw 2014
IMmMjes B dzs fteso jHjdes 16 dL d3j toj dad 2

¢ CIlsdo dztsfls Bddzj cOdzdL Oydd Ekcecdzj tetsH O
ftgo jdzdzg' = BBOLYse M fshistswdadets?2 Isj o3 J t
ftojHjdz dats? f sdzj o t52 9 JzO citslg wkR s figls d ,0 s
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d d&z¢ B Oy d tsdzdz" - L CMmY Jteddzgd dzls Or , ME Bic i) zg
d dz¢ B Oy ( ts dzdptengnertiPROM)Ez fif § sditsh 1 ¢ oGS td
(Li-Cor8100) sk Ot dz! detscts RBzldzCdsg § 820 k M jc@® S5

O OIS dyd MEJEE 26 j6y)d 34 (

tdmMzdes¢ 2. 6. RdzC 2B Oyd tsd&zBF500 " §-©O @ dQ'dX edm
Bzdz' Isdf dzj-Cyj tc 8L D) , Mtsd H ddaj dzd® RO dig L Pdizk
(Li-Cor 8100).

I8 ostejd3vw +CMYyjedd3j dzs©O 9o dzOY detsfls! ff sy
FteseHdigr yjets HtsBOo dzwdzd dzj sBmatSHdBB] € 5d
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36, ldzdwdzdj HGSBOo dzj dzdw OL SO 2O tsBh j

orHjdzdoh j jMmej o) b@daapdRi2Hjiotsdss 201

18 HOdzdz @3 f tsdzj 9 52 B dips Me(@fm Meud Is © dzts
or Hjddehjjmw L O of¢dEOydumosdd jMmjHtsdde c
sBh jJ Cosdzdyj Msots EZcedzg sy Pdzd jor aj dzg BOJs
201020126 ¢ ., By dzd o Okd WHp CHstsdpsidsicrs 3 d MY j to
COYHBSEGBB GBSHO BIsHjdz dets, M Istej d3W G dzOo dz" «
o Cdzs Yyodz 2 Etetseodaw: MsmdzO d dzif Ilisla {f:wzpzder| &
Ctsdz? ys d ocdzze € 5l df Hgzdad 2 O¥ @&PEE sis s d3
(vO B 82).

v OB g4y O t3i.L Edz O It nWOSCIsBtcdztets HdMY
sBh jets Csdzdyd Mlsoa © o7 Hj dzdiR0jl@tsgsHIzZ G dzj tot

ANOSCIstster d d-s 9L O( i i i

20102011/ 2012
[tejojfmde § fYSteSHT 0,865 | 0,002 | 0,001
sdf Ctdz yo 0,627 | 0,027 | 0,008
I dzgj nd dzed 4 N 0,000 | 0,002 | 0,057
[tojojMmder §j fwstetsur T wuwd| 0130 | 0,000 | 0,078
[tejojfmder j ftstesuHr [ 1] df 0597 | 0,046 | 0,796
sdf SCtsdz yo 1 1 dgj j ded j| 0,224 | 0,835 | 0,453
[tojojMmder § fwtetsur T  WoNd| 0992 | 0,199 | 0,099

l fjter?2 GEtH 1 WWJjCl OLBISO BN dz L dzOy«
Ctsdzd yj mlso O, 9" HJj dzd 9,"djLf ssts HL Ots BfY JJLoigedz H
f stesHOMR], dzgj LOadMmddss WMy &BOO
B' &z MisObdMisdud M¢d L dOyddr &5 (1t <0, 01 Yt
Jhj] ©OL fYBHIse jtexHOjIs odzdwdedj Htej o Mmdz
OLBBlsdzgr = EZHtsBtej dzd 2 .
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