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The Effect of Irrigation Treatments and Sowing Periods on Water Use Efficiency,

Yield and Quality of Common Bean

Summary

Modern society is facing serious challenges in agricultural production related to increasing
food demand and water scarcity. Basedtlese facts, the research described in this dissertation is
primarily dedicated to # rational use of water resoesc and finding ways to ramp up food
production.

The aim of this doctoral dissertation was to examine the impact of irrigation regimes and
sowing periods on water use efficiency, yield, and grain quafityeans, specifically theremac
bean variety. The research was conducted in aféstorial trial using a sphplot design divided
into three repetitions. The first factor (plot) was the sowing period, including sowing in the regular
term, mid-April (I) and two late sowings (end of Magginning of June(ll) and end of
June/beginning of Julftll) ). The second factor (subplot) was the irrigation regime, which included
full irrigation treatment (F) and two deficit irrigation treatments édd ). The threeyear study
was conducted fromrmid-April to early October (2018, 2019, 2020) on the experimental field of the
company "Napredak” a.d. Stara Pazova. All three years were warm and rainy, with total
precipitation during thetudy period ranging from 590 mm (2019) to 48 (2020), whichs well
above the average value of 3&&n for this period.

Within the framework of the examined factors (sowing period and irrigation regime), the
following aspects were monitored: phenology of beans, soil moisture, canopy cover, dry biomass
accumulation, daf area index, water consumption of common bean, plant health and water status,
grain yield, dry biomass yield, number of pods per plant, 4p8h weight, harvest index,
chemical properties of bean grains (protein and oil content), and water proguetigitvater use
efficiency. The research also applied modern remote sensing methods, including multispectral and
thermal images.

The highest soil moisture was observed in the F treatment (full irrigadiaimg all three
sowing periods and water contedid not drop belowthe readily avaliable watelevel, except
during maturation.The full irrigation regime (F) achieved significantly higher (p<0.05) biomass
accumulation andcanopy covercompared to the Dtreatment, while the Ddid not differ
significartly.

The effect of the irrigation regime and sowing period was statistically significant in changing
the values of actual evapotranspiratiomhe difference in average values of actual
evapotranspiration between irrigation treatments and bete@emg peiods was determined. In
the threeyear period, an average of 383.4 mm was spent in the first sowing period, 407.9 mm in the
second, and 360.0 mm in the thitd.the full irrigation treatment, an average of 40iih was
consumed, while water consumptiondgficit irrigation treatments was lower compared to the F
treatment (381.inmand 366.9 mm in the £and D treatments, respectively)

Calculated vegetation indicedDVI - normalized difference vegetation inde@NDVI -
green normalized difference vegetation index, BI@ARI1- modified chlorophyll absorption ratio
index at 700 nmjvere obtained from multispectral images taken by an unmanned aerial vehicle
(drone) The values oNDVI, MCARI1andGNDVIwere significany higher in the F treatment than
in the deficit irrigation treatments. Vegetation indidéé3VI, MCARIL andGNDVIwere in good to
strong correlation with theariablesaffected by the irrigation regime: canopy cover, leaf area index
and transpiratioras well assatisfactory correlation with soil moisture values. The high correlations
of the NDVI, MCARI1and GNDVI indices with the detection of differences in irrigation regimes
qualify them as a reliable taofor estimating bean yieldsThe estimated yieldata based on the
NDVI index showedgood correlation with the measured yield values, while the estimated values



based on th®CARI1andGNDVIindices showed moderate correlation with the measured values.

Observing leaf temperature of beans, it is noted the lowest temperatures of the plant
canopy were observed in F treatments, i.e. when plants were better supplied with water, their
temperature was lower. Within the sowing periods, the lowest temperatures were achieved in the
second and third sowing peds, when plants were exposed to high air temperatures. The lowest
values of the crop water stress index were observed in the first sowing period and increased in the
later sowing periods, while plants in the F treatment achieved the lowest valuescaiptheater
stress index (0.06), indicating that plants under full irrigation were not exposed to wateTéieess.
values of theCWSIindex were consistent with theoil moisture content, indicating the high
potential of using the plant water stress inttegetermine the appropriate timing foigation.

The highest bean yield was recorded during
This was 12.07% and 41.3% higher compared to the second and third sowing periods, respectively.
Fullirigat i on schedul i ng achi ev' dhichisanly 574% higherthany i e |
the Dy treatment and statistically significantly high&B(126) than the Rtreatment.

In the first and second sowing periods, significantly higher values of dnass
accumulation were observed compared to the third sowing pdtdtiermorethe F and B
treatments showed a significantly higher accumulation of dry biomass compared to, the D
treatment.

The highest values of total dry biomass were achieved ifirtesowing period 4.09t A') a
which was significantly differentp0.01) compared to theecond and third sowing periodsher
second and third sowing periodshieved dwer values of total dry biomass By68% and 14.74%
respectively,compared to thdirst sowing period. Within the irrigation regimes, the F and D
treatments achieved values 876 t A'haad 8.40t A'h r@spectively, which was significantly
different compared to the reatment, where the observed value W89t A'h a

The numbepf pods is one of the main indicators of bean yield. The most pods per plant were
registered in the first sowing period (7.4). Within the irrigation regime, the expected highest number
of pods per plant was observed in the F treatment (6.92), which B 2ricBe compared to the;D
treatment, but also significantly mor@8.§®6) compared to the Direatment.The results of the
harvest index indicate that the first and second sowing periods and the full irrigation treatment
proved to be the most adequate. Thass of 1000 grains shows that significantly higher values
were achieved in the F (407.61 g) and (804.04 g) treatments compared to thg ti@atment
(396.50 g), while significantly higher values of the weight of 1000 grains were achieved in the first
and second sowing periods compared to the third sowing pefiod.maximum values of water
productivity were observed in the first sowing perid®.82 g A3n which is 4.23% higher
compared to the second sowing period4:60% higher compared to the thirdwing period. The
irrigation regime did not significantly affect water productivity, but it was observed that water
productivity was highest in the and D treatment {1.79g A n d 1 1 2, Ye8pectvAlyn
which is 415% and 4.06 higher than in thé treatmentSimilar to water productivity, water use
efficiency was highest i ). Itthedrigdtionrregime isabseived,g p
the lowest water use efficiency was observed in the D e at me n t ), (while the fullk g A m
irrigation regime andthefdd ef i cit irrigation treatment *had
and 1.99 kgAm

The average protein content in the first and second sowing periods was 26.74% and 26.05%,
respectively, which is significantly higheompared to the third sowing date, which achieved
values of 19.45%. Protein content slightly increased in the deficit irrigation treatments compared to
the full irrigation (23.94%, 24.02% and 24.28% in k,ddd I3 treatments, respectively). The value
of the average oil content within the first sowing period is 8.83%, whictlig®o0 higher
compared to t second sowing period, or 53%3igher compared to the third sowing period. If
the irrigation regime is observed, there was no statistically signifiaéieteshce in oil content

e



between the treatments. The highest content was measured in the F treatment (7.53%).

By adopting deficit irrigation (B), we can achieve comparable yields to the full irrigation (F
treatment), whilesaving significant amounts of vier and enhancing the quality of bean grain.

Keywords:common bean, sowing period, irrigation regime, yield and quality, remote sensing,
water productivity.

Research field:Biotechnical sciences

Specific research field:Soil and Water Management

UDK: 631.67:631.53.04]:635.652(043.3)
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3. toér1r mrRI furarg

[Mdzsodei AdflsiLi tH Ct'dr Mj §sdkOLd & dhlstd
{Mdeso dzgj ~dislsjLi BH C(SHELBEMIEzOdH] EsOYd ]

5 U dMmMstcOydo O dBBO fMmj TodzOLd tH ftojlsftsimisOo ¢
Modd tsCsoaddkO Milsej (btejlsdBOdz tojHEZS o Odels¢  dzO o
joOfskteOdmMf JteOyd " j] Skdzlsktej) HB<d Owts OdziL dzQ s dzt=iz
fs0 j<0S ] jWdSOmdsmisd Sstedh<j 0 otHj, fsHESCI]

5 U stcj sd3Odgz tcj HES SO Odetsd dzOQo sH® O O O (609
MO j ¢ ftoddshMo £ ' j 2 MO fzddd dOstsH® O O
Odzd d pGPdegfifjls Cstedh <j* 0O otHj, CO d L dOYO  dzj

6 wjlse j dzd tcsC o d dzj < J L 20y 0" dzts ElsdyOlsd
dzOo sH® ©O9 OF Iz;

6 [YiSk'j Mi HO dL&j'k EMjeO dL tOLddudlsd:
tcOL dzd € j E € o Odzdilsgids A b disid® dfCfifda? Qo OF Iz ;

6 [YiSkj Mmi HO dJL&Bj'k fkdsc d tojHEC o Odat
LdzZOYO dzgj tOLd&zdC)] E Co0dzdljlkz Lttdd fOMEz? O;

5 ltwojbfsmMsOea? O Mj HO <j oj<j fobtijiBj §O0ME?
Milkej k ' j MO tejHBodtsdz Mj lse sd3;

O t i dzOeasHS O OT O < L dz2OYy0O  des EIsdyOlsd dzO
f oMk’ O;

o} 1 sdzOL d MMy sH ftojlsftsMisOe ¢ j HO < j d3J IstsH J
JdzH S Olstste] oBHASGE WY dBO BJ? S dBO shdselkz ¢’ (d
sHdets dats ff tots5Uzjh dpO diOs df yeQ@ dds fif



4. ltrdafror JRurtouvuir

Is?sftcdotecj HO ' jJ d2O" 9 j<d ftlstetsh Oy MdzOICj ot
75% tH BkSEfdts Bdte’deodms dLoaO (FAO, 2014,
dzOo sH® ©9o OF § BkFAﬂDQO@GFBIQyIBtaIZQO%L( fO yo¢ d 80% &
Cdzddsi (1 O0Cdms@a@z RUKLHOY dZ5 j dr] ¢tfo‘011fn‘+‘d [ BJOld
CesdzdyddzOdzs0 o tsH] By J Mi LOZdeOld MeojcO 20% t
ftesdLotsHd BEB 40% ntcOdzd (Dro ge s et al ., 20
CdzsB Odzdzz ftejIs® 2, MOJ v ¥ Ftelh&Bd ° JQtQ (744 g8 GtsH d dzd oz
G izsB Odzdzd 7 ted b & P dzffiln & @ ©dgj 'Az o tc j d34dzlz tGOfr]lsJ L OB
LOdzZdr O otsH |, e fsteOMmls MlsOdatse dzd h Is o LORIsj 80O
sdd3 d fslaseigh, © HisOddgo j I sy dzoj € dzd d3d |ZlSdu|Z dz0
otsHO (De Fraiture d Wichelns, 2010; Haddel and

16 30 dMbsttOy do OF dBO d MBQHEYY B B tc O R dzd%
B dz0 ftoesdLoBHT O COCt EER3MOEzOWBOGHS §GC sMdsed &g@ H
EmMdzjH fstcOMIsO Isj B jtcOlskztcyj ©0OLHERO, f etsdzd d&zO ts(
fjtedtsHO Mmikhj, J S Mistej dzdzd - 9te4d34dzfr]gc[&dzldz4®1sd15|ef®(
(Forzieri et al ., a20185tr|S|terV||IIeve|tI aelt. ,al 20 2 02b0)
ZOosH] HO <j dgj HsMIsOISOS oatHj L O dz@fﬂts@ﬁzg)aOFgére
d Soriano, 2007 ; Past Qazd dects g gz dag j2frplzliides i Is  detz B
ytse j yadfindsedsOde@ep 9  » dz2OyddzO0 L 0 fssmisdL 0 ) MlsOB d dz
ftesdLotsH® j, kL tykzeoOfj dOL pBN YIS @ ~d ffdetHHe®.H dzd ~

1 toj HdzSY § datsdzO yHdagzig &6 stcj P O O Iz ISJ(;Iz<q’ f tctsB dzj d3

dL&3j " & HesMisdedikzisdn d ffstoly Odpipdtiabmixi ~ f ff tohy sz@sdptOf) ls
(@ <j Ctedh<j®jg @GsaddlzdBOgOpdsd JarHdt@iHiD, O
ftesd3j dz0 dzOuqd dzO0 dMmreydajsfEdftefsh dipdd@SdL otsH | .
Bdlsd QtstststdzdtGOdzts o dh gHpslctz@ls] ¢ dd df LoQ LD dasd
sHicy o O d fets@a cpuysda® © d AieQdeiOMi{ € ddz®ay et al
ftod zOcts' 0o OF O l]’ts? sftcdotej Hdzj 1 totsdfisaftizHst jdzOp tstHtE BEOP

SHotSH® COHAOHAOSOYd O s BidstsgFdd ®© , FIORj O w&d?j ddr o
mMtstels d d3j dzls O, ftcOoddzOdz dLBtStc Mtstclsd d3j dzls O, ots' j
Mmistej Mdaj Emdztsoe § , ftod dzOGc 5' Q@] jdzz § dts H dsisf) s PFzO RFOL ©
(https://www.klimatskepromene.rs/waontent/uploads/2017/09/NABNDP-2015srpski.pdf

glstedyjod< d MOte., 2019) .

RMstcOydoa O ddizO® My LOS?Eyk " j HO Mmj Ek dOtej H dztsc
d fttsdzji dzO dfCmladtai ¢ BOP BLiitglz@tec ( d ﬂg®tpova20@e$ al ., 201
et al . (2020a; 2020b) ECoOLE k& HO f(t5? sfftedots

OHOf sOydtsdey Bited (fsRBItO" ] ttsitea® Mjlkej, dOo
COCts Bd k% izOg § &z d&zd 30IsMS drn f tesd3j dzO.
10" j%J] BHtej' jddr SkEdazkskztt® CttOlSj o9j6jlOyd’ |

MilseJ kL ftwddidkz OHjJjCoOIsd SStdzdyddei etHJ L O
dLOLBe ] COt hilsts Mk dzgj MlsONdy® oetH] d MdceclktdesMmlis
4. 1. Ys®OfdZdO j O oMk’ O

SOHO ceBottdhitc t  OMk? Iz, ftesdLotsH S o j KO
dzdmMSd d StdziB?ded fttsfj ydd fHteddsmd. 1 ttsdL oH
zOo sH® 09 OF O, E uwudfimbtsd kfMjek MO &GOdts dROG3Odz]L
NSISO d [(dzjLtsed<, 2005; 1 0¢ d 1 0O0fMmd<, 2006)
ddz stedzOyd - © d c[fnlstrano[sOqO s fslstciBOBO o j ¢ Ed

5


https://www.sciencedirect.com/science/article/pii/S0303243418304793#bib0110
https://www.sciencedirect.com/science/article/pii/S0303243418304793#bib0120
https://www.klimatskepromene.rs/wp-content/uploads/2017/09/NAP-UNDP-2015-srpski.pdf

1 OfnEPhasdolus vulgarishjy Mdi3OIstcO® dzO° 9 Oy dzd " B5d3 BOR ZdzOte§
9 jlsO® ( Gr alh®097; GladR atralag 2000;e pi [. ,et20DI7) . 1 Oy 0dz ' j
9 OS¢ OdzO (5BHayatreitn kgl .200201 3, Basso Los et al
sdLojH] BEts 26 BIdzdtsdzO IIsdzOv seteEd zfj os POHEAC
sateh ddzd ©H St 9100 RjSkOowO, fd uip®tHinsdds
Hdh O o, 2020) . TOHJ yd t5dz0 dzdzts 20 dzOM d d3
CktelzL 2. mketsmdzOed" 0 ° j i tcg tezese Mo jlsMmMEts
sdLoB'""GYO0 MfEMNEOHB s? O 0" E<dds ftetsj yded &3 1 tod dat
BtcedHO SCEkSEGERZLO C8°d Mk LORIjoeOdd ckzh<d mME
"kkMmj o (t smd <, 1957; ldutsed<, 1964) . I Moo i
dzj MIsOdzO ‘Isj g GiF<@lzHfPME? © £ LHky jdsdt EmMjeskz MO
CGsHddZO, HjbjteddddzOdzlsdzi Mtstelsy fOME? O sy dzi Mk
slsostceddzs o9tOISO L O dzso O ddisfplOH v OY PMmikts R tclisfg j ® s H

1 OfmMk? d dRhasedlis®@ulgarisL . ) otej Cdzsd3 " dL o3 ted € J
CO" jd&3 XVI 98¢0 E Httkedl stsdzzdiesotsds f lstso OF Iz,
ftcod dL vbktthmM¢] it [OCjHBdd j, c¢Hj Mk Mmj hd
fOomMkz? d H@eddmMOAPYglEmS ] d RIsOdkd " j E 1" o9tsHddz
Bs'd d MO "Otjddd Mj @i Ooyokzoc. 1 o0fmk? " j Lj?«
Fabaceage tPlaseolusy tc fiMsll@aris o BBOIstc® Mj HO HOdZOM § tsMmists’® d
Bd? CJ. 1 jdpj M seapciplblist © ddzH j s ] te dsdpdz@enisida) d
Hylsjtodsd dzOIsdzj otefmlsj ( Tudgarov, 1981).

[ Mdeseoad My ts? Ohdzed kEfmdzseod L O ttOMls d tOLeats® EO°
j d3? dhisy . 10 foOomkz?, sflsddizzdzs Wslssmddalsj Isduc g
j <ddzO0 MmMtRHagfolusvitigfgris $ s° J MJ HOdZOM ELEeO O Hz Mk E
Hdzj o detse e jIs? j O Hts 12 MOIsd EkBtL Odz
ok fOME? O©. uBttls] CttOlCtsE HOAO, SOt GHJ

z (UBHBmBaq< d MmMot., 2008) .

Ok fslsdud dr bt ddn SfE3GRERQsQE] sHd Nz |6
JtGOlSIZ'[BJ gL dzOH 35 AC dadfmkz fYsetsHd L O ttOfmls
O 90ttdtt® tsH 8 AC Hts 12 AC, HBS ' j dO ftso
OdzO, bk L Osdmdesimisds didej fiflsi@jaizQ. j °AfifA O dfj dsrja
E ftetsdzj <, “Jdt Mj tlfmls Bd? OCO L OEMsOs? O
j sO° § BOREdz0 90Ottdtc® Ek fMmMjek ©H 20 AC H
j Ol OBOC BOG d dzts igaptS 5S JAQ]. 3 [tgjHSS | Isj &3 j e Ols Izt
C, sfmjBdets EZL MBO® j dzz o dzOy dzsfls 9 OLHER O 5
0]
s
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“d s i3 J o ®ls Htes@ Hdedos® d&H d1 5nOte. , 2008) . I1d
O HBoaBHJ] HB MHBIBY Pde®E OB tf tkd @z O ~ Pz &O,
90 d dBOREZRO (Monterroso d Wien, 1990;
'94, f O 8BJ0BYYjadCylsAzday Hddrd Nj 1520 90A0C kB dh’dEdj Oklzyh OL d
WOoLd MOLtjo O P. 1 9OME™ k] gzsMgB dfi®®O BJd?> C O ¢
fr]tj’tsdzlz Isj B j eOsizte® tH 15 AC dise e8ags d A C s @gze
‘ 2012) .

Sltej B dz0 Isj By jwObkdzO MkdBO b btk ojajl
°C d T0O0GHPEzsol Isj s j cOkedd: MO, Ct°j Mk
tsCs0 0 Mjlalj O LiskO s tc Adedi1889).d § OME? O (

ltcjHkMmMdazsce L O HBBttk ftsdLeatsH EZ §fOME? O ° § H |
LB dhisy MO pH otcjHdtSh € tctsd yzds B BOCEBJ tof OO o RO
Lm0 j COHO Mk LidB? dhsO CdMmidj ©J OSyd" 4, 0]
OLslstsdz. 1 0" ftsetsHdzed O LjB?dhIsO LO 60O j° ) fHoOofmEk>?
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Odtkod Ockdz® L j B’ dh 5O, dBH BRY s dy) Otz jb Iststs &EPS ofs H ( |
CO' ¢ OUORO, HEBBELE HE) ddeOddd BdsMSdd ywddyOro.

40 MigO®ROs f slstci BO L O otHtsd, §O0ME? Jd&BO Edkiti
10 HBBOt tOMI, t©WOLeats" d odmMts¢ fHteddesfy { tslstcj B dats
Heibloem, 1986)f j ' lsdd3, § OfMmE?> Mmj d&sxj ¢ O° dIsd250zfptf j M dats
f OHOea ddz0 H tcOo ddzdets tcOMY stej ' jdedr bsSCtds 9jcjlsOyd
dzd yo<j f0O0MmME? 0, fsttijH OHJjCOoOIsds ftodftej Bi3° J desc L
Csdzdyddze o sH] L O figidpitegd® j§ =y jAsddzff dP ‘Wjj detsW OL OBO
fsHdesMd CteOlEBltce® dzz Mmkh iz, HEC E W jdsWOL OO
Hs<d HtS LdZOYO dzdrmr hiIsjlsO. /MBS Oo gy ¢ d& {
fnlstG;fr]O ( Rao, 2014) . 1 BBGE dzj tQo detsdzj tedzse  tcOMY
tc j l]’thSHIzQIscfadzls WoLd (Laing et al ., 1984) . L L
UJtGdlSHO sHod O bk dzik jd fjtedsHkz, COHO Mmilsd ©9°
Bzl s sa®@BAddo OF JIssoa O d BOREZAZO (Rezene et
LO SO Tk fshdaindy d@BOo MBOT j ¢ J HebehbayP0R7).§ OMiz*
1 OME? MYOHO E otedzs tsMmjls? deoj BJd? dajtcjodgiffdsijC d rs dirffiy
Cs'" ] BBjY000 k ftesdLotsH E B ] dBOREZdzOtS § , hlsts
o¢ts ( dsaGdtmDﬁlsﬁ)ﬂLdm.ﬂ@a{@qd@c{n Btsdzj Misd (Haged r
OO (uUBHBR dtstafls jf)Etds *, § Zmﬂ)ﬂdlﬂlztsmtcuzufnp@q‘nﬁzte
B? j fHdtsfMj Mkhk. vt Mk ¢jdslkdfsed dad
sf sOmisdr MJ d@3d 2O IsOd3dzy B j (| &ZOBSYdzd °

Sksed’ Of PREYOBOE @so MO, [y M 0 d
iddzd ydzj Is tc O tts te(s dzO "dadififC<dpel otc @ iz O dzy dL H to Iz
HdbBd sdzOzdzs MBS C b iiBs S @M @Odzlsdzi , IsL o

JejHMmibo &0 ftodyitcjdiOo sl Jdld o ¥ dgBde0’ 0  to
fsoth S 5¢ BE&s O0CHdREd" M) §smisdcds hisjsdsde® j
tlso OO’ | sCttedyj dO L jd? dqhlsk bkffdjH §°kMStse O,
By HBo jMisd HE dafnlg & RO ] det©® dazdRy ®dBc f StcOfls C
CJe0” d oL &&" jd 4§ EeHddsipe sge@uists s M lsaHd dedimd- §fis
e dzsf ©H &St 400.000 ~Rd?OHO BJ?0OC0O 5 RjChkOtk
SH 50 cm d ©OL BOE sefp iz 5Bjcne. B d? OCO

ltcolz CEdzZsdoOyd 2 IstejBO @PLgtohHiEkd s f WP B &z Hz
sHO cm. 1 0OtjHdzg] SkdkzlsdeoeOyd J bttjBO HO MB). §f dd<j

v 96 ilsOydsdzse f jtedsHO §f OME? dL desmd o c
L Lj® dhlsO. 1tj @ gdfHkesdy deoo dRbdlszte® f tod dzts it
gﬁ%ma s B OL kKlgAh a2dZ0Cksdf Aslfdnls E YO dzi©g WismAdstclog A
Odzd * @O, (K fBujlddd ¥OLOKO ®©OLot O fOME?0O -
Odzyd  kdstsds, Mo j dejts tete jodfl 2 @ oHasid Ufilgs OMBBBItsd * |
oz
B
J

Eﬁ' 11

(Dd313udzq’ 0O (2012), MZOIstc® HO bk EMmdzsceaddBO il
JLBJH] BEts 80% fsskktejBO fOME?” 0O L O OL slstsds. ]t
B dh Isd 30 3 0% @udd dded Hz0' Eeithdjedd MO yJj dzsC 2 detsd3
sMisOdzO SCtsdzdyddzO k ft@d&D6) . ( ¢t Eix®s o O j M O
OfmMkz? EZLeO O dzO dzOSCddz d fHftsfkzmMddd L j & dhilsd B0
OL tsls. ANl clsdteg @@ ydqizOayd dzy f 8hr tcOd) ', d CPEW g sk figh
dzOo BH .09 OF |

IstejH GO jJ°0O fOME? O kE ttjHBoads™ Mmilsed, LBSG
e j Ht fYyjbco " zd&zO0 & Mmjyo, Ikj dtsyj sBdlsd Jdalsj



4200 oS sP®stHjsp jL @ZOssHsd, jWdSOomdshls ¢t
4 a3?
OC
i)

mjHOd BH dOyddkd L0 Bt?’j] dIdMitsttdh <08 O j L
fedatsHO MO " jHddzdyj Ytotehddzj "~ jMmisiy Mmdd  do )
(f sdzdzOte d MOts. |, 2003 )telzyl §° ectnjd daPlz “Hjo jls OF joldso t
LOadMmdesMmisd SH dqLBBKO EMjeoO (Vulil, 1981) d &k

SsOHME o tsted 5 & Mk E § dzbH st H 2z, tgxizQiedz® ij dzs j
tcOL dzd ydlsy MmMdMmilsj iz & zofjaftdhp HPOT Fz® Mtelsd CtcOls
BOr ZdzOBEGEMGO disd d C Ot cdzOo dzd [H SIBE~E iz iwkd
MOHO " J CtH dOm d&O L Oomiskzy ? j fizd ZOH ddztfotfids tgaizts ) O
[ OCMmd dizs o d2008d. fmudHets * dzO0 dEHEE® dep O B §otejH M’ J,
E ftshmistcdes” Mijlsoed COCB E Meajlskz (Babaeian et al
EmMzse 30 wteBd j (1 OMd< d MOt., 2007; 1 OdzHEztctse

RMEdIsdo OF ] sflsdBOdddr Jdz0S OH@IEE @ dfsLdss O ° jinj
COLdzdudlsdds Octs, Csdsh Cdd EMdses kO hdesd Me jlso

LsdYO® d&ZOoGH® 00 0° O, SO Milkoj ( l]'tecfdsdeJ

f SHEEZ WO RSOy do Odzd ( &2 20h.o diste d dgjt® jat® Mk q
(50%f sHMC ¢ o@udisics @ OF151% )su 1 1ls d 100% 1SH )
(WiBttkOtt d &Owls) J bktjlskOd OLsldse ' ketj’ O (f
DSty ddzO, ddzH S ddmdej fseothddzj, fddsh J
Comdzs’ Tjlsod OofsHN DD O Qaisd dgtsogj fj bEhlsjnjlsd dzO° d
MO j ¢ O foddetsimO.

Manning et al. (2020 Mistc Oy do Odzd Mk COC B tOL ddydlsd G
Yjlbog¢ BO° 0 d SO’ BO° O/ ftsyd skO¢ k2 dzO) dzO0 Ho
dzd o2&y lz dz20 ftoddesi odh j ¢ jdeslsdfsoa O BB O. 1
Yjlsisdg BOY) Ok(3 f®BIMsgADa; dO 9j<jc yjlbojdts@
dazsfd fshmisdyk Mjbetsdk & § et s @fpdasdsd fizg s O dg d
4d34 fr]OLtGJaOCO, HisC M Mieatsdsa CttO® jd&3 OBO O/
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Tuncetal.(2020)‘r]lz dMf dlsde Odzd EklsdyO'® f§fstedzj Mmjlse j
tclsd f OMmkz® O. oseHd d BEedzjH “jJ HMmisOe? j dz
Z0o? O 0. [edjH “j Mmj Odz 16. ‘kdO IsStsd 20
9BHS O 0OF | BfFHB®R" § QSO0 dzad Mk i yded §te
017) d 1505 (Q0ABYjdkyAhp HO | fwsdLotsHS O f
f tod digHdzzO od@FeO. Bab g e ifndzn dentf daslo.dzd( ZBHY O S O
oL EdzsOlsd ESCOLE B HO ] ftto® Mjkkoa O dBOEO
dNddz B3O d Btes® dBOREZARZO 5 BJd? yYdS QL Opdfo C fijdz «
Hd Mjlkej ddMmkz L dzOYO* dets klsdyOdzd dgOnded, d d dzl
) dmydisde Odzd Mk & HtEdy Ot HPAO teds@Os Hff jJODOS O
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j &3 d20 d ftsCtetsodetsMmisd kfMmjoe O, HSC fBgps B it
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d, ®tmseaOtedts | jSodoOdzj delsdzy Hteddesj C OB o,

Arredondo et al. (2020) dMmMfdlsOdzd tefyld ddiIs d
d3; ,[chnqco ' dBsHdW dStsoOdedds € dzd 3OMEdds Izf
Bd  jdzlsOdzdzj Isj B3 jteOlkztey L O 2 AC kL fdedyjdzj o
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RO o O 0 dsck<dshisd O jSO0 §0ME? 0 k& § sl
ez 1 omd< d mMOomk<@2®ELY dsdpdls j dssdfss 0. [ 56 C
by jhds cO° dlsd lzL § kit GPssE® Oo OF O s SH s
Mjlsed kB¢ q o) cHdda dMiseOydoO° O fteddsj  j dzC
Hiekc¢] EsHdd §odshss jdasSdy dpd&slady so 0 L OsJ dzj y J

s 8d’yd, G)dzq’ MBOS jdz Blets' MJ s dz0 5 s HdEdts
1900 'kghkh& dzjhlsts B3OS| ©H fwshmjyddns ftddsmho d
f OMk? k& ftmistedts Mjlsead dBsyj Mmj Olsd dzO° ¢ Ofmdad * j
1 Odzi Ztotso d< MO HcwEREd 1 )3  jtodsHkz dMisOy de
fesdL o ®mMiz] O (it Ndzses d BO ftodesHdzj MdzOBHj o j dat
zO0fyo ltcoj bted EsHddey Md Odz “§ §0OME? bk tjHt
fOME? Mmj Ot ¢ Ot f#fd¢mnEtsddskddzg . THEO ij ke 216 @Ed Kty
'(2015d2018. EBH.). U fhstdts &Yo@ tfOHmdzthay, jj g
yday My LOS?kyk"j HO E fsot?ddd ctsHddOBO MO

b j"hds fosdLosHdlsd d & SCOfddds tosSsodiO fjlss j
431 B9 j<pPB gC OfMdsiisd Cttedh<jS 0O oaH) tjHEC B Oded 5

SOHO ctoBtdBs t dzOotsH® O OF Iz, fsmists" d odh
Cstedh <j O o9ftsH 2 yd?’k ¢ jdse t©OydtsdOddse ¢ i
tj HESC 5o Odets dzOo 5SHS Q9 OF j (t 1 )tsHSE ®tgj ¢(lzdedif)Q dzts$ e jdH
ftcjHMIsOe? O &£ OHOf Isdo dzz dgidtelias OO kwH ta ydEey@hajugjo dzif tk
et al ., 2021), Odzd d fIish Ratoregtalfad®XH S Isdo detsmlsd

it JHEC B Odzs L Odzdoa O J "0 odH tiOsddgdrjOyigds j L Ohdz

HSLOB? OO HO BEfpjeo k' j &k Mmistej Mdidggklrlgd y @ OH ddzG h fis
ftcddesmMO (Geerts d Raes, 2009). utitd W,jdsWoOoLO
fsweOmls d MOLKL]jeOf j) B?SC]) Mi j ZBPRsMishnhlE<J
A Odzd e OF j [z j @(ENng. Pupplethantaltirggatigh, St d Mj tHdtsMhd o
LOdZdo O] EkfMjoO btk yYydkOej MmMjLtdj. [BO Isjtd
dzOo tsH® 0o OF j .

stsdeyjfisd U&BHtgﬁ)daoﬁzﬁJW@ﬁmd(‘ﬁJﬂO feizts Hsjfn d&fs o
fOcOdi3j sted E ftetsyjded MlstcOlsjed" tcJ HEC B Odets e dzC
ZOo sH® OO j ddkOG L O yd? ﬁ]lsOdequLJ,OxlzdelslztGBth’dsdfzjﬂsﬁgI@1
BOC fid &3O dzdzd = fted deatsmO. ] steQdzad BBz "dBQEHGH C OB OJ J A3, toj |
dmMf JcO® | ~tcOdzdeaO® dL Ltsdzj Cttcj desoatse fMmdMmlsj B3O, |
osHO (1 nl ¢ et al., 2006) d jWdSOMmded jd&3 SBBtedh <

) sfsts’ d Gdscts JhsteOydo 0t 0 & Istdils@ @S s dzas
Bl sdksed &, CoOdkdlsjls d ftddsih §dksitseO. I O
fesyj dz jSsdsdnNSsd klsdyO 0 MKOS jS0 ftddsho

Sepaskhah et al ., 2006) . 10 OHJCoOBdzz HlstcOls
odhiJjetHdh O dMstcOy o O O k SedzjH®BO dO0 lso stcj dz

Zhang et al . (2019) Mz LOSC? Eyddzd HO tjHEZCT
CeCktezL O L dzOYyoO  dzes Mmdzedy O O Hteddesfy £k (stej' j°¢ k&
9JGCGilsOdodese ftcOffROLIN ST tcCakk®dyg ze3OAEL. destcdzz
WoLj dgdzlsj dzL d o dzese f stcOfMis O, CO¢ts Bd MJ L Odzd o C
CeCktclzL O.

Mil a et
J e BdtsdZsmE 2 ts
d 40% BH jo
W oL d, W oL d

) Mk dmswOy doDHzd {jeijdisdls
j l4s l;ttetssdeudstx;i}@dad OB EES o 0F O
Of sstcOMmdzf Oy Cbdzskztcj (Evc) Mk
fejH yojlkot o d Wtstsd3q’t¢6)$|@3ddz@dzg{ujn]z

O]



btcj lsBOdzd BO O ¢t JBOdYdlsPMPsREOL? s@SEO W jBOls
ftcJH Yo jlsO® j. Bell et al . (2018) Mk dmMstcOy de O
Codi3f sdzj delsj] fteddzsMO MdLesO. | 0O0S?kyddd Mk HO |
ZO B? )] MO OMYjSlO<jfidCommgshlgd ot tdas O, £
dzOo sH® Q9 OF j 3.

{ jHEC B9 Odets LOdZdo OF j] E BSHBOCdES® WOLd fsttOfls!
EhilsjHj oftHj, EyhiNarge®epedtdzdalfz (2019). wOHEBY O d ¢
fsoj<Odzd k Istj st dad @R 6@ HE.C S @dB 5° d 6 j dzgslsdf
(3892,45k g Ah,a ftesyj dzOls dzj L Ofd<j dzgj RBOMdzj S dfmj dzd dzj
BOMdzj Sdmjdddzay (7, 98%), hlss 60 yddzd dzO° § SGESH
fnd &3 Oted H dzd &3 € dzd BOIs d BO

Kifle d Gebretsadikan (2016) Mk {§tsmlsOe ddzd t
CsH Ctesdi3f qtc©O©. 1 jls Istejlsd3OdzO L Ofmdzd o Odzts g dzO0 L
Ctesd3f d tc O, HsC Mk o smMisOkzO Ited Istej sdBZ3OdzOd 5B EZ -
50% tsH ETc. tdLizdzlsOld fsCOLEZ'"E HO "] Cttsdf dt
Yyo jsOT 0. 1 0otsH Qa0 ] MO 65% SH EZSCEZfddr ftslstcjB
Bts?j ®tH tjHEZCBoOdtse dzOoaBsH® O O O MOBs k fJjtedts
fosmMisdedzs jWdSCOMmded " j] SCtstedh<j®j otsH] dgjets k fkzdz

v steBd  d ' j dL dishtgOms oddf Osdef Gt j Sk tjHEC S0 O

d §fsottlsOEMCdR Cbdsktd. U SEdjHJBO &ZO Slo tSte  dats
L O] f @L®H O fO(H] §OFwi | et al., 2016; Losili e
2018) d Mt ' j (Gajil et al., 2018)

[WJCOI teiddBO dzOoasH® OO O d fteddid dzai € Oftsdzd dz
oBH] HOLGOHO LO OdzOdzdL qtc@dedecj iz © DE3eds deif isd 1 & 0 %a s
ETc)dtej H &z Osbr@eadts H © 09 O O ( 50 &dzfigle OlETac QPdzd Mk oj<d
21% k2 Istejlsd3Odzz f zdzse dzO9o tsHS O OV L Otz H IS Sd3 @ dL
dZ@E)lSHCOE)OC z .

Losil et al . (2018) Mk dmhlstcOydoOdzd ElsdyoO®
ddzO dz0 Isj B jtcOkztckz Bd? dzse ftsCtcdo Oyo f Offt
Qo jdz COts HosWOSCsteMCd § tsist zdztf toff dgfp Y P detied Is &
s HAEZ@ O O © (100%, 80% d 70% H [uvc), O &O

sOsdzddz “J ftoddi  doOdze & Ctsdzyj dzsteOyd " d |
MisOa?” OdzO IstejIsd3Odzj BJL Htedd3j dzi ¢ Otdzd dzO.
0]
d
s

-\Jnoq_.oxgml_

{
Codds RO Yo B j wOlskztelz dzdMlsO. uvsyjd ] © OMC
90y MO MBOT j i3 destedzdy L Odzdoe OF O. [ i' EIsd
G o BHJSfetedndgticij O Ofted S ) d § OtcOHO L O.

jil et al. (2018) ifotORAfs@REGOND D] ¥ @l
ssteOdhnf JeOyd & SO&OBIMO. 1teddj s jd ‘4  jH
hdtcO® 0O otHj d SCtdstesdzO BjL dOoatH® O OF O.
mm otHj. LVSE{fOd klstetsh OF° DEHW] EZdz@ M pzs6 ff HIOtc Oxt
sfdts "4 470 mm, O B EmMdzscoeddkO BJL dZOotsH® O9 !
Yo' dets s j<Odzts ftod detshy) MmiswpesOfflSd tej JipadiSy 2 lsdgkBfr
Bd?Cj. 1d°?CJ Mk kfe tikd &if ndz@'og &hsp Oo 615 4 U
duddzsj otsH]) .

sdy0O0' ©OLkJuydlsdr ddotO dOostH® O O O WO { td
s j, GO jfds)’ BiHzO d figtfcd Isdbg @ztkdz Gaj i | et al .
Bjdzls ) BBER o OIlsOM0 %N, ls&f5%, dzf®d 00 % Ortzd o O
JIsO). 1 0oatsH QO] “jJ othjdzs COHO MOH G
sd tSH 50%. 6B jdod tjLEZdIsOId Mk ¢ OL
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MO Ctdlstttdsdts fteshmiy
13%. 10" eadhd ftcddatst
COofOydlsilkso (11s).

1 smists® ] Bt 20 dMlscOydo O° O tj HIZS o Pletiyg O 'dzO ¢«
ddzls j tco j dzlsdztsc L Odzd 9 O 50N Odz@ tc©O8 GG dijfdflsfils dp ©dlatg Mz
lteddBj S jdets “jJ Hjls dzdotsO LOkJoaOS O, 25%, 50%, 7
d CtdstesdzO (ftodiotsHdd MdzOBHjo jdtshmls ostkgdha
( S tsdzls tots dzk)g At 2308 Q°Qidyd. | 0S? Eyddzd Mk HO “j L O
d LtdzO fslstcjBdzs f des dzOotsH® O O j, HEBSEC Mmj tJH
fMBO® ¢4 fteddtsno.

Saleh et al. (2018nk dMf dlsde Odkzd EkIlsdyO° dzOo tsH® O OF O ¢
sMsB ddzj Isy o jB sig®ded * | . RMIstcOy do OF j “d BBO9” j dats
Emdzse d &3O, Milsoa © “J dLoth j dzO0O kd3jis@iHmif O0RGe, ¢ Of
lteddsj € j d2O Mk btcd Istej lsdBOdzO dzO9tsH® O OF O; 1009
cj]HEZEC B Odzddz LOZdOo O Jjd&3 80% BH [uts fCOLOB My
Cstedh <j ¢ b8 ByHAjl Bteds © d3OREdz0 5 Bd? yd ©)1.5 ldBik c
ZOosH Q90O ] (100% tsH [ut) ded' ' J fSCOLOdzs 50 j
Stcj sdBOdsd3 80 % BH [ UTfS.

SO hbts ‘j o9j< Bjujds, LO dstdkOdkOd oMl

dzts s elzjL < Ofdsfo JY<t€xf dpts fiff tefitstsi zjS Isud
d §efisdedklsd Mk O tjHES S

sSBJLBJHHGB MR O BRztodzEMO LL QD@ dilr ligtsiB dgin s H

Gsck fj femsd<d odms¢d fwddshd. {OL&I¢j bk ¢sd
20 § 5° j H d dgds RS ¢ Gudechils] dzj o PEEZB OYGIsH, Mistsied B
BjicTO0'k fj 5 W,jdsVOLOKROsEO) o GEe®N dJ jidzd & @. ®Btzdzds
oy i3j &z IstejBO 120 g otH] d&O 100 g ‘jetej dOMJ
otcj sy Mjbeaj, odbdc] k LjB dhlsk EcdkzOodasds d BO H-
CH dZOBO JdBOBts ' OCt MkzeoOothwiHdz :«sB®C MEo &3O dzts df 3@
Mjlsoad HOME? HEKEOR LOkdJsaO. 10fME?>E " jJ d&O odhj
Gjdzj cOIsdqodz WOLE, Is°. fyjbSitsd ysjlo* o, d O
O LOoteh OO Mmj EkE WOLdu fflsstydy Ist€ jOtc o] o 198 ©" d. tefiggd . Yy O
Hdzgj o dets (utsHBstesead< d MOt., 2008) .

Campos et al. (2021) MmMEe dmMmifdlksde Odzd JWJ Ol

ftcddesm ¢ OME? O. RLOtGh jdzgO Mk Ho O JjSCMmYjted dzj dzlsO
MO Md OOBA LG dda @@H difds © § Oteyj dzd . R fiffschedbcfPem@dzjO; M2 o
dezlp j Hj todzd dzOIsdzse d Ho HJlsj tc3d de@Ildag®c L OEA] G IS @.
MOCMd " OdEN % 1PBBO Yo Of slstcOdzm qtcOyYy P Jjf Olisfyjj akd MET d
Ho O Istoj IsdIPdz0 % 100 WETc. RMtcOy3do Oyd Mk L O0¢? z2yd
sH ETc L dzOyo dzs EIsdyOdzd dzO Mdiz0° § 4 fHteddzsmMO ¢
fcsCOLOs COt HBBOW Bk MMz EZh"hIsjHJ 9 tSH J , O dzd
MlsOIsd Misd y¢ d desdfdny Odz@ dzH tzkz GjjH o j HEZC 59 Odzjy Istcj Is d3O dzg
hj d0 dBsteWtsdktsed & d WdLdsdksed & §OME? ©, Ras
hisd<j dzsds f wigttsisjclzd MQJ Bhded toj 4D ([ Dzl O @O )
0  SHS W BE MO SHdsE COf OQdaOdd ® O( b P * Odzmj f ¢
YyodzO dzO Mo j dststeW sdztsh ¢ j  wasdnis B fg g Is figfelndgds Olsi tef jo lOd3L)
Omn@@j j * 4 dzddej Ysothddsj, TMkedj MG EBAHREZ A
J'd'k MO Ctdlstotsdzdezd d3 Istcj Is d30O dzts 3. O dz0OdzdL O 8 C
dtsdzsh ¢ j smBe d dzj (tcj dzOIs d o dzd MOHtY O 9 SH
shddzlsj des MO JWJdEOMmdetsmls, dqdzH j €M - izt ld &zO,
BO) BklsdyoOts dj HEMISOOS 9BHJ .

Satriani et al . (2018) Mk dmfdlsde Odzd Elsd y¢
LOdZdo O 0O d&O fHtddetsip §OME? ®dirtcttsajd@migddzd g tizlz f & |
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B@BOIsj ted ° O dzO, yd O ~dHtetsW d dzdzO 3 nls telg e[t tg © S dsdizd ©§ d3
1 todidg Pdzlpied Istcj Is@BOdZO0 dzOo sH® O OF O; IstejlsdBOdz MO 1 C
stejlsd3Odz MO 70% tsH ETc d ftedd3idesds 5 g ~dHteBG
ftedB3jldisdy ~dHEtscj zO 5 B ORH? O\jals = dls tf jelsfd3sdpd]
100% d 50% BSH ETc. dwatSHME Istdid, LOSC? Eyo¢ °j H
ZzOo sH® 09 O O dBtsckz §fsmisd<d acffr]tqu’ Paafdgminef alzL &
(2019) Mk dMmistcOy do Odzd EklIsdyO detsthj H HSGstEd BdtseE Jdz@o
HY MsfebOMiz’ OOKfMNEBIdlo) d 2@ Bt f)lste) igd 3 © do Odz  * §
ZOo sH® 09O O dqL BtOLHJ, MO Ited t©WOL &zdydlsi dztstediy
P t6) dese Mistej MO Mizhjjnod it J e d GHGSgE o iRz f),
EmMzso B3O HBBK] MdzOBH o jdesMisd oBHBA, dj' klsdd L
mMehi. o HBEGE] MsttOdzj, cJjdslsdf 2 " j LOBJdiydt
fisted MO Mmizh j .

Webber et al . (2Q@eE)omMiMissHCHtcd 'y © YN Ez8 ©H j
ZOSH® O Odzsc  dzO0 Is e oy d § A dap@zy dcfiz I L BtcOL HO.
EsBdyO jdsds Mstelsddzj dzlskz §f OmMEz? © d dz0 dBkzdzets f Ofy
stcd destedzsi L Odzdeo O° O ( § 2dz0 dlzsdeEsIORO dZs@EIFOc zfifdy te i kD
HO BBO dOyddzd L Odzds OF Bselz RO dlsd tlstejBj ¢
B ssHESd3 L O dOotsHS O OF dL BtcOLH] BEL ftoddi kkz
ckzdlsCO fteddesMO E fstej' jk MO fzdsds destedstsdz L O

Abd EfWWa hed et al . (2017) dmlstcOy do Odzd Mk dzO
BOZYqdqueo® 0 ((MdzOBO fdteddyd d fteddj 2O MisO" * O¢ O) ,
cof (100%, 85% d 70% BH ETc) d ydbdtd HJjB? ddz
iWdeoffdeteifls <j * O otsHj d" ISP dzd\d@ Istg fipdztm ojmz’ d Mistc Oy d & C
HO fJ LO f§wfMisdL OF j o dMmsC dn fteddsmMO §OME® O
ZOosH® O OO (100% tsH ETc) kL fHftdd3jdzz MlsO" ¢ OCC
ZOo tsH® Qo @ s EBE) tsfylso OwcHfpthO EZh IsjHO o tsHJ

GhassemiGolezaniet al. (2008fnz o tch ddzd BedzjH] MO IIstced Mtstels g
COCt Ibtcd bicjlsd@OdZO tjHESC S Ods O @OS OH OOHO @ o (OFf
¢ dzO M jd M o@egm, 80 mngd 100 mnsHoydlzH jdz0  jtedsH Ltej S O d ¢
L to dzO. rshdzd Mk Hts LOC?EYSO HO "] dsecbk<j (ot
teiddizd 3O dOo tsH® 09 OF O, ECtsdzdSs M YjloaO othd ¢

iz
o
J

LtedzO dL-23j %k fOdtsd d COomdiygds dashls oWsedd dedissjds’ O j d3d
Rosales jt al. (2013) Mk dMlstcO)y do Odzd J W jJ& Ols
fOomMEz?” ©, tSH ¢t dr HOj] HBBEKSS {HdsM] MzhEkz, O Ht
E MIsOSdzj dzd S 2 (S dzstesdzd MOdzed § tesMmiststs) L ftod d3d
113%. tiLkdzskOd ECOLE"E HO Mtls] Istsdzjdc Obak@zj z ‘ddd
ckedls¢j eoeBHJ] EfmdjH Mmkhj, ddksjdlLdodzd dd3 L Olse O
tc] &zZOlsdo dztse MOH Y D Is b dzdRR@sBIEd sd3 dts<d Ek §tstej ' |
&z0 Mmkh ik

Her era et aI. (2021) Mk dMmf dls d 00 dadfO Ekifstd qydts
Wdsrnjdid k& d dz€ yd s dzO dzdz© RpsatmurififfisRin® Saltdlo) hstels
fd &3d Oted H ded d3 adantGOa ded 3O [ JEMIdCO. Twddi § &z0 M
EsSCsd3 YydlsOatse oj6jsOWEsEB dyd@dgsHDI § OMEOG] € dH

ssCtsd3 WOL ] (Tce sl PEzGo P © BH Yo jsO* O HEs SO
&ZOo sH® O O° | biCtd yYdls OoRse4 0004 cdjLicdEDH] t5lddtsse) . f jitgidLit
HO Mk BIPILtG] sd8D dzd B3O d 30 dzd tjHES yd ERIfeg d2&GHO «
LOf Oy jdzes " J e j<0Of ] RicandzigffiP@to Baltillo 3 3190 "do j X% L@
ftotslsj ddzO HRIEsde] JsdBO iz k& Ré&tamdrid Pifto Sal@lokz tsH dzdWE& dz0
stej Isd3Odz) , Mmdzd yoOdz IstejdzH L Of Oy J dz TRIdRIL @dsHdzfpPH dz
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oMl oj<ddj WdssRjdkd MEdR Mot MsO0s 0. [ jHECT
FdeC ydtsdzOdzdz® Mot  Mlsa © f OfMEz? © kL dzj L dzOlsded EIlsdy

Dewedar et al . (2020) Mk fmMisOeaddzd HOBGEISHI
l]’isatc;h d dz € oas hdf At 1istets dzOyd dz0@ dzOo tsH® O O O d3j ISBBH tsC
(100%, 80% d 60% H [uf) dO §SAGED Oz O d
tGJHIZQISSOdZISG’ LOEZJo O ©® (80% BH Euc) fcsCOL O
ECOLOoh d HO M) Iy jo tsutyfissii< d2 O%.1s j) tetsH € Is d o dats fi)
fsHYf soteh d dzMC 56 k dzQfotddaij' QioCF O MO  tso teh d dzm) o dzdz dzO ¢
Is tc j Is 3O @290 tcd tc j1Q0§odBECL @2 % tod to J8NOPEBEE T 6,93% Y tc d
toj y Jekkz% tH ETc. tdLEzdzsOsd ESCOLE ' E HOGH SH@Sp t
JdzsMO G PSBIT7% S MO fsoth ddis d@kzddzokd dzsds?
sHEZCIsd o distdfisls pLs®i€jj do d MG g § d e d dz® B+ F8@DEPO “EOT C .
Il stejH IseO hilsts M dOotsH OO jdi3 §O0ME? O { s
OO SHS O O O dBsdkz HBo jMisd HBs MdzOB R JteddesMO L t
al ., 1979; Deschamps d Wery, 1987) . gdlstsc O, 9 |
d LGBzO dzfn d tc O dzd . 1 ©0d &34 , e HESC B9 Odets dzO9 tsSH® O OF §
MsOBdddad: ftddshO Lttdd §O0Mkz? © (English et al.

=

44, w09 toj d3j dad dB3d stsH J EftcOo? OF O 9 SH OO (1 tod a3
fs’sftedotef H)

dlstcOIlsjecd” j tcj HEC 5o Odzts @ OB ¢ Ob O°COs d3r{d dzp ty ff
ftcj HMIsO8? OIsd HBBEKES tJNj"] E jHds LO EhIsjHEZ of
GdzsB Odzdzd = f te s d3j dzO. R OC, HOdzOM t©OHd hilsts f tcj
LB dh O d Mmdz. Mo odhj Mmj ftedHdl dz HBF lsfteamf j{
(Jiang et al.2020).

0?2 ddzm¢ O HiljCyd O HtjHMsOe? O syl M HtSB
c[tGJledztsG CdzlsOCIsO MO dMmisdds (Vadi vambal d Jay
OfmMdzd o © dzO k¢ tslstej B dj My didk SiEs®®O WP  teifEBHAO® j dzj ¢ Is
Lu et al., 2021). tJjceédfimlstetso Oded Mdc dzOdzd { totsdzC
dedlsOdzdzed ddzd OdzOdzsc dzd 5B dzd €, tej SIsdW¥WdsoOyd- 0O,
aughan, 2010).

ujdel sSted f OOSjedfBHOLOCO Mj (sMs0s? 0 & dzO |
Isj tod Ml dlagk ju DitaS( B)OL H &G tef) d3f( S jno § BB telz) .

10Bjdzjyjdes L&OYjS) C&°j) MO Meesd dsid j dzj
d d3j by c@ather, 1999).

l o] kisbteje) MddkSO sthd fMj fjcco0 GBLOHO
oqLizjdzdzj ddesjtefteiboyd j d S&OMW¥dSoyd: j.

1] jtoedzgOdgj dzlsdzd d3 tcOL ots” jd3 dzOECj d lsc; desdztse d * j
2 kftslstejsd &zdalsdnfFlO:a@an]) & def g3ig fntquﬂmtéOdztﬁzuﬁ (B
COROEZOY)dr tso 5 Qtsteqh<4¢4 slso OO 56 tots d3dzj B E Iz < d
ftoesyj dzz BHtej' jdadrn Mot MisOa O dzj Sts¢ fsHtkzYy O dd
sH daj Ctsdzd € ¢ Gdab@fy(d IssgdBd dgj] Bsckz ftedSOLdoOlsd L O
ddzd CtBBdd&zOYyd t5d3 Isted COROEZO ([ ddkzOdtsod< o njhj

[dzlsdmtf j SlstcOdzded Mdzed d3yd HisBd jdzed MO tOL dzd yd k
fnd dyatGth UBUdeISIJGJlsOu.Cf‘J o} H@EIOP@Z@OIN@L@ZCIHCL
ftesyj dzk MIsO* O ojcjlkOoyd § NWkcdflgp | g fdsszgd s d
stcd3Odzd L 59 OMEARIWIBH dzf § £ s Odad d dzH j SWigdz@ B lintste ff Wdzj §
LCl-ddzH j S R dztstc SNOVHED j dzg i Op j ¢ j sOyd tsdzd dudzd Cjiy dz
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BNDVI - f &zOea d 9 J Gy

CjlOydtdd ddzHj S BAVIdzfaEzRG Ry S Pagj s ¢
ftod ZOE ' jd2 L j ds sk s{

Is
qn dMOdzd t5H MisttOdzj (Jones

ljejlOydtsded ddzvnj SMd Mk 90yded fCOLOIj?>d fls:
mMof s&wdetsh < Iz, d dzH J anlsdz, dzd M flzgz ~ dfstcast ' i), , B fif GHBE
Wtslstsfnc{dzlstzlsfr;Qtsdg, OQ q’sdzish<lz (Jones d Vaughan,
ftcO<j®j MO0 9jc6ikOyd j d ftwtsyjdkz §toddsnho.
BJ MY qdsisdy) dz@b) eyl dareetf] 1 dej ddei SEEOYEH L O
fc” sftcdotcj Hdas" UtGISCfLE)ISHqu (Ball ester et al .,
(Htetsdztso d) i B s8I Bz g O > O ] otHdddB tj mMEztehd 30
Bsekz<dsMmlsd ftodSEzf? OO0 fHOBOCO E odmMtet’ toj I
Esdyo° 0 oatcjdizj dzMSCdr Hftoddzd ¢ O (tsB dzOydetsmls) dz0 tej L

[ edzlsdmy S steOdzdzd Mded i3y d tefipiy J dgtizc tn ls® ©tfits G ipdD fib
(Glenn et al.,, 2010 © ftod 3 tc, HEBBto dzOo tsH W 45 @3dz tc g M=idE tc j
B dzd 6)§ tW tc Oytco j dzSNIR) I, tc Gswjdztstn dats  dgff MS ds d3y tsg) JddRE L 6 O
(Genc, et al., 2013; Oudts®BeeddzefCfpd .G 520 1BB , H
sJGOROEOOL O<j M O " BB?d LO fttO<j ] otHde Ml

Il sted H Bzdaisdmf j SIstceOdzdzd = Mmded d©30¢ O, Z ftetsyd ded
Is § tc &30 dzdzd fndzd d3y d MO bjtdseadLd MEdn COd3j 6 0O.
odLEjddLOyd k& IsjBfjtcOkztedzdr t©OLdEZdJSO B  j $ 50,
tcOHd Oyd "  d. v B j cOikztc® ftsoteh ddzd Bd® OO0 Ik
SteOdzmMtf dtceOyd "4 ( NobedQS?LNTL) | dIKOE Gsls zHe@® o @ j Is O
f @0Is jPtsHdzsEe Mstiej MO BJ? O¢ O, sy M dByd SCtedmls
(Wang et al., 2010).

LV Y’ sftedote] Hdgs dsiflestisl) o O d dzfChj< jn jfipl C U d
PftcOo? O § dzOo tsH ¢ & 92015;Rdnjaf &t al.y Z213rge et al.2019 Rai et al.,
2020 , ftetsyjdzz fteddesmMO (Spitk- et adtsdgOfiRj0 1 6d dzHdj
dzd Mdzy f SoHEdjd dfjo,0¢ J L tej dzsfplsd Bd? €4 (Li et al .,

Stonee t al . (2016) dmMfdlsde Odzd Mk &seclkz<detsMmis |
ez O NV dedpdgtstofizO , Isj dzL d s d3j lbrigatdd Pr¢ & Bz G @ H dize
J wOLdadydlsdr bdftse0 LjKB dqhsO. [pldyRi] kil
dilsde Odzgd.m ¢l tstdgP dzd@z L OC ° &z yd dzd NDVIQ[ Irfiyltor 59 IstsH §
sj BO ° j HAZOC HWBtdﬁls@s@@,dlsﬁ]ls@@H(ﬁ]tg; Bsclz MO o
ZfwcOo? O] o0td OBddzded s Mmdmisj d3d B30 dzOo tsH® O
Z < dets if 1O fidGsjjm©® d fJteddetsmMO twWjHEZSSo Odese dzOo t
Bzdazlsdmtf j SlstcOdzdzd m S O3 t6O. JedzijH Mmj MOMts® Ot (
sSBiGOH J . ststcd Mis d dzd Mk odh j tSH 201IPVl ( & gzis 9 ) i 5
ddzaV eOYyteo j detsc  ff oS UPMIAs OJ @ jI€QuscPydgd j § dzi j € ) Is t O dzfy ¥
NLI ( dzj dzd dzj Otcdzed o j G jolMNyld(tgieH o &f dzi€ js© @)z dzj dzd dzj Ote d
gdzn jfEN)Bddzd E HBBtB Ctej ZOyd d MO sitsk dzdng fflsiza
COts h B, MRAVI( [ sHd W JYEQdd) o9jcilsOyd § f OFAWOGts' j
({fsdB3dL soeOded ddzvH j CM ojcjlsOyd  J ff € PO cHSS {]dzmC
d dzH

¢
qh
ny
qm
o]
e

SGr3aon

d €Mmd.

Rai et | . (2020) Mk dMktcOydoOdd COCK o0t
ftoddesi § OMEkzdioed @) dadzifj@iztssh j sj Cyd jJ L O ftwO<j®j M
LOdzd o OF j

HiSo j dzts H & H fig 3OF3 Y8 Hodzf field] dzles@n Of bsdzts BA2O o

f) dzd M dzNDVifdso s thdegz) BJ° CJ L OC° YUy
dzOo tsH® 09 OF fOmMEz? O L O Myt lSShABOBBAM MY s Eflds ' ¢ | dztsH
LOC? Eyos¢ HWHNOVIgsEElz dedlsd HtsBted dJdzHdSC Olststed L O
] st jNDVI, GNDVI d OSAV|] Jorge et al . (2019) ftoj i stk

a
z
S d
smdzoo lz ( ¢ flzb j €
O]
|
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sted3Odzd L 89 Odzy w©WOL dzd ¢ NDRE [z BLOO IagHjalg jgigs dzts ) f ) 1€ s Je @O ( o3

Spitk- et al. (2016)NDYlfigtizfils § MOdzf[ fiflic d tfiatsd) PL © dat
E MmdMmlsjddk MO d BjL d&ZOatsH® Qo OF O. ViisOdetseo d dzd
Esydilsd wNDVIdgdigij Sl 30, © k2 ¢ OMmdazsiflds & dzezs® 0 OdzOf
COYyo, Ij Mmji Mo Otk kS Htvlaj efftctan . dzj( 240t2d0dets it d
ftoedd3dj dzi ojcilOydodedr ddznj $MO HBSBd j dzd s Htotsdzts
tcOL dzd ydisdds ckfmisd dzOzO Mmjlse jB B2OJ {dsdzHejzufydz df LeHOa &
NDVI, MSAVRdSAVI( 8 j 6 j sOydtsded ddzn j S, § tad z@ess M dzt tc4f dg
fteggilsd fteddesh MO ftoj ydL desh <kz tH 93 %.

Nemesk®r i et al . (2017) fteOIsddzd Mk §(tOMmIs
dzso d BBO t6 JQHOESLHS 0ODAAS O dzL §ted d3j dzgz tlkzydzj dBwBzdzlsd M
' Otem S j . lteddsj © j dz2O@ Mk Isted tjy ddBO dzOotsH® O OF
ddzj dzOoBsH® O O° O) . NPE&EEIJH OISk yksS sd3 W j dsW
ted3dtc O © BOr £ dz® stz Cs'tel dOyEd@& MO f tod dshd 30,
JHod' O] ftoddesmMO E EMdteod kO HIJjWIydlsO otsHj.

Toureiro et al . (2017) d WOV ¢ @azg ¢ iz Hifseedz <jdz
Landsat 5M Ol j &zdls© L O Ef©Oo? OF j MmdMmisj & B3O W, s5H O
ZzOo tsH® Oo @Y jcBo MPdzs dzO Ho O f BBQRIB Ot P tc @O ‘Isjjds j dzlz
R[1) d dzOaRsiad Ot igMaPelij sSH s AMDWIJI dgH. j S ) § 5C OL Os
Ctej ZOYyd £ MO Sj¥dyd jdstsd® Skdsktj d HLEZOddo
qdzh jagsy | Cswdmisdlsd b bfwOo? O d&zOotsHS Oo OF j &.
&j HsMIs Ol OS¢ B WENdBGREY kj S Peshigetdkz ftojHmsOsk 5]t

[jltsH] HO>ddMSj HjljSyd j dO BOLJ Isjtcd0dd
HjljSydek My GO L Okt hilsts Mk dagjHjfsekzSlsdo dzj d
mMdzOej (I houma d Madramootoo, 2019). Oe8,j dJIstsH

z )
[0
f
WS
f o

hlss “jJ fHtwots ftojHdztsyds Jackson et al . (1977),
Ef sl ddzH | C MO B d° dzt€WS) o LHilzfe  fiinldf tdojBpRiiAg(® © aa®OH | dzj
tcOLdZdyd dqLd3j' & Isj Bf JtcOlskzte] 90OLHE-O d Isj B jtcOls

Erdem et al . (2006) Mk dmfdlsdeOdzd eojLE di
HiWwWdydbko dz 5dz0 oStmtgdihjls jf Oteq , s Hts "dd o3¢ § ddzHj €
(CWS) ¢ ted Ldzduydisddz tj 3 ddB3d 30 L OzCHWEIE O dzd ¢zfs © © dz6

ojLd MmO u’tscfdzisfn B LcdO oMk’ O, sy M4 dO tsmhdats:
EftcOo? O 0O MmdMmlsj oi3d dg) Mdz@asOH COg OdL) IRO Hiso 52 dets 9 St
Hickzej MistcOdzj , St rgfjlednid wJO Lfpjk i Is jJ(d349j9t¥Qls ztedzj to
fs5Ctedo OUO d 9OLHERO, dzj &Bsek Cstedhbsdlsd L O H
LBESGE L d&ZOYyo dzj thiplsh dy slef§ dz@ ) 3 et der EMazse O,
EfMjo0O COHOLNKGY fc@PHd® O ftcjSts 2 Awu.

I slsjdzyd Odz ftedd3d daj ddzHd CMO BJ? detse o tsH detse Ml
Blzdzh j 0 Py ddids te Mz Ki r nak ted thj “ajldets (2j0Qdg a®®d DO {f |
ZOo 5HS Go B° jej HEZS S0 Odzd R Istoj s BUEIR. o OGT B @i tc] iz
fteddstsmsds, ddeHj CMmsds dzdmdzj GYsoteh ddzj, MOHLY O jo
otcj] HODNPERIsY | Btee OdzdL so Olsd HEBB Ot tj ) dz@o sOfzd a OF
ZOo sH® O O jJ EIsdyOdzs dzO0 Mmdzd y O OF jdohlelj dpfQ teLOAsdzdce) C
LdzOYO  des Eklsduj &0 bkj & jOkzickz ddfmls OWSI dedsBjts O
HsBd jdzO, Isj Okltted ftojHdzzOyYE EyjmMsOodd 0 fttd<

Vv Oted o OF j Mdzd BOC O MO dBedlsdmt j ¢ IstcOdzdzi d |Is
fslsjdyd Oz L O ftejHoad O HteddesmMO. Zhou et al.
Bzdzlsdmf j SstcOdzdzd» d dJdeW tcOytco j dzdrmr Isj tedzZOdzdzd » W s
tcOL dzd yd IsigPaled z@J s j Y J BO L Odzd o O 0O d dzOyqddz© tsB tcOH
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GNDVIC{dZHJQfF], Is §
Qistc;szOucf

Bs G Iz sted
UBQ&danO
By j St
tcJ HEZC S0 Odz B @dizpo Q°dgAB O fes 9 j <O Iz fstey ' 4k
Stej sdBZ3Oded @30, HBE dzOyddz tsBtOH dzd* d B30 L dzO Y C
Bsekz<dsMmls Ef Otcedo O O Mded BOS O MO Is;ted30dzdz;o["‘§0
fded 3O O dH tsB ff)fjdfislals dzj Isj dzdysds HO Bd ByGdedidad 54
dzd v OdgP¢ j de@®dMmiz 4 tj 3 dIdPO0 %z0 98sH%, 00 P 60 % sH

Cfm Bd?” dzetse o sHdzse Mistej MO d MOHEY O 9 dzOgG j
Isd o Odzd = st j tisl3OdzOY d OQE(® O ¢ O dsj Is O NOVEFESAVI § j tod
c

s

B J cOlskzte® Bd? detse f s8Ctcdo OYyo d
d MO fteddtshtsd §OME?> O d ddHj ¢Mmts
fls d lasde d¢ Gt teqf dgtOd Z@Ng o © L O feO<j ©
“d I sCOLOEO dzO° 9 j <k ¢ GNDYIHOUYds',
Misdisd ¢COt dqdzHdS¢ Olstste Misted MO kEMjo O dz
d &3

) Emfjdd HO HjljClskddsa dsdd( 6is@fjHo fisd £ o @
5 M Cote] OO MO MOHELY O j & o OE QU s dd fk
WS|OSAVIGNDVIdsts ¢ 2 ©Odzs s f o dzsfd ¢ Ols dzd v O dzO .
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5. [Joéuvrtrmof] R [frulrr
5.1. 1M 0O Bedzj HO

Cf jteddsj dzels ) fsMlsOe? jdz &0 Ghottjdsd i
i HOCAH O.H. &0 Ctdkj Mj B0’ 0 ©OLOEMESO (
Ote. [CdzjHdzs HEBBEE Mj ADWLOL d dztizdsjuldsGBidds © i) j)
(1°ftdotejHdd WOCkdsjls vdedojteL dlsjlsO |
WMed hMdweddinsgydj Az ] 88 1cOB8MX j i3iHiLOtE@z] (20 Hizl
yayd O Sedzj Hdzj § Gizgydzi 1. j §tdS OL OdzO dzO

Crapa Ilazosa

&
sddCO 1. [s8COYd O BScedjHdz §Oyjdj L

stesesHdh ¢ BedzjH ] fMmMisOe? jdz COts HotW OCIsH
fOteyj &zO Bk Isted {tsdzOe? O] BRY tcPdzdzd Y d lyf Odplotyts Sftseted
el dBIJBO L Odzd o OF O.

ste] sd3Odz MO Istcd totsC Qopfofdsistef tcj HMIsOo ?» Ot ° §

1.1 Oted * Odzls© MO 6 nict o1 dpilal® QY aftea® 2 ¢ dzd WOl M d o3
2.1 Oted * Odzls© MO { € fiplOts dztes® * 1) WP, sy j SOC * &z dzO)

3.1 Oted  Odzls @ MO { i F@OKOM ] Eaz®BH). 0§ syYj ISOC Iz dz
4.

rtezed dmMf PEEEs@dzd ] SBEZRo OO Isted o9 Oted  Odzlsj L
1.1 Oted * Odzs© MO Hkzdzdds dzOosSHS Q9 OF jd&3 SOHQY * j

mi(eBrc) (A);

2.1 Otcd * Odzls® MO tjHEZSCtSo Odzd 5 dZOWSEECPp OF j a5 € OH C
3.] Otcd * Odzls® MO wjHEZSCSo Odzd 3 dzOo tsHS @Po OF jdg € OHC

17



] Ofk? fighekOY Odz " j E bted ttsSO Mjleaj (° jHOd
f Oteyj ZOKRO k Isted f sdzOo? OBE.AS[5] 'ntc O dasO fidsd Is@s* jO ¢
Ztg iz 5 c'mf tsgeEgsOnls d dz0 fj VD0 0B JBROE 04T 7 S ls
fsoth ddz® tSedzj HO L dshddkzd ‘j 2371,5 m
T I1sotehddzO EfMjo 0O fOfMk? O mMkB5m3eriesd tetsCkz fjlse j
T I1sotehddzO EfMjo O fOME? 0O k IstejlsBOddg] lff & fimtxc 2 d& o

90 m = 225m°.

T 1 sotehddz® EfMjoO fOME? O E IstejlsdzOdzz t6jHES 50 Ok
Mikej: 2,5 nfh.x 90 m = 225 m

T 1 sotehddz® EfMjo O fOME? O E btjls®kOdkkEz ©jHEZS B9 O
esCk: 2,5 m3x 90 m = 225 m

T 1 seoteh ddzCR sBtsjudmfo © (L Ohelslailsjdix]) fos " PiIsj o © dL d3j
L detsfyd 2346, 5 m

) 8Ms00S0O jCMijteddjds0 Bddo ‘j d0OfdsdwddoslOs
ptch j dzO0 O &S d ZOBwdS QjcO0 ‘'jJ §sMmlsOs? Odz MdMmlsj ds

WAL O uif Gl lAZoo W EBEQE WS | MMy GO L O

ZjBOMSd fEdCOL BEdjHO MO ktjlskOddEO L Odds OF
fizd yd 3.
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Jlerenna

O3sHaka Haaus
’ )
a1
nz
3awTuTHY peq
PassogHuum
Natepan
* BeHTun 3a Tpaky

| nan
[Il MoHaBbarwe

BeHTnnm

McnycHn BeHTMN
MaHomeTap ca CUrypHOCHUM BEHTUIOM

K y

o
|l MoHaBBamwe
—- \
— E—

| i
Bynap u nymna 0]
Benrui ca HenoBpaTHOM KJlalHoM e
Bakywm Ba3yunu BeHTH o
I 1aBHK BEHTHA ©
€HTYPH HILEKTOP T
Mauomerap - (e}
Mpeskactu puarep c
Mpesxactu (uirep —
i

sz CO 3. zj GOBMEQA MasdiEdOnls sEsd dz0so SHE Op

5.2. skdiOkmsd Hndgsd sE@dks® ©d

O ZOdzdL O Cdzd BOLMS dR f OttO®R s Otc @ Of UsdeteH jj dgQ Is 56 ts¢
fjtodtsH -2007) 88 EHdN S OCO t(jfkBdduyStse ARdHE®] IS
ftejbkL jlde MO &ikjotetsdsh ¢ MsOddy] & dOmEdHHsZ,
fsHEEZY tgsmj ydzj otejHdzsMisd dz0° L dzOUOB ek dI.  Otc OB,

sdkzd BO dsCOddlsjlsO0 j Ed&jtjds € tdlsddzj dzls ©dzdzO.
L desfyd 12,4 AC, &O Isfdd d &Binmiyd Mk ‘dk d O:
dzO © zOH dzd ° ‘OOt d HjyjBBOte MO ftesfj ydtsd Is
9OLHEZRO dLdtsd 74,3%, O dO oadhj (86,3%) d d&zO
COHO " j d dO°  dzdy 0 BHdshds dO°  asdh 0 f{ totfigjingdsd, s j
6j HSd. 1 tesfj ydz® BtL d RO & jdsd Oo jdla taiEofmds d2 ,d5%).d3) s v
ltesmy ydz© ctsHdh ©O0d dQ Md dz@ts ifdoH6 2 0 santeH b ¢ | BB Is € d k6 §)
o0t tcO®ZO “j tSH 937,3 mm Hts 351, 6 mm. fos®joyjdssO
79,7 mm) 0O 20 e NPLMetsd).j B oz Otelz
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v OB J dzk@IN.J ydzaj d34 Md ydeaj otej HdesMmisd wi@ztse dzd
fJtdtsH S H 1988. HtS 2017. GsHddzj: L O
Il BY j OO &ML HE RQRBO BTN J BO deadd; dzd dgdz0 )
tc j dzO lsoddz@aCizts ls © OL H R O ( RIHOH, O eBdftatzjd de@ )o j Is tc O
fimiyl e Gmin Tinax RH v P
(eC) (eC) (eC) % ( mHis | (mm)
mOo dzkz © 1,1 4.5 -2,3 86,3 2,5 40,2
AJ Btelz( 3,3 7,5 -1,0 79,7 2,8 33,2
[ Otcls 7,7 12,9 2,6 71,4 3,1 43,6
bfteddd 12,6 18,1 7,0 68,6 3,0 50,9
[ O 17,4 23,1 11,7 68,5 2,5 64,4
mk dz 20,8 26,6 15,1 69,2 2,3 79,7
mk dz 22,9 29,0 16,7 65,6 2,2 56,3
bockzfm| 229 29,2 16,6 65,2 2,0 51,2
gjflsjdd 180 23,7 12,4 72,0 2,3 56,9
J ClstsB ( 13,0 18,2 7,7 76,7 2,4 50,5
1 5o j &38| 7,3 11,5 3,1 81,8 2,6 47,6
rjiyg & 21 5,3 1,1 86,3 2,6 45,6
[ OCMdds 22,9 29,2 16,7 86,3 3,1 79,7
[ dded B3l 1,1 4,5 2,3 65,2 2,0 33,2
] tetsfy 12,4 17,5 7.4 74,3 2,5 51,7
rd OctOd3 tWwalter Dakz/<19MB)rc e OW)JSH O j] EZodH COHO fj

sy 4
fiyls te
9CGLkz

] tc

sUjSqdoOlsd daj HeMEPEBHIs @@
5 d o Odzts 4P88F ROATRta) dZO (Hd * OCLOBE 5 ° k@ails j &tz dzC

o)
fls ©.

30

25 4

20

15

10 A

Temneparypa sa3ayxa (°C)

TManasnne

—e— Temnepartypa

OueknBaHI nepuoa cyue

owdqs 1.
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2

3

4

5 6 7 8
Mecen

9

| Odzls j at® (S, cefdde™
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11 12
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(
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@
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&
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5.3. [jbjctesds"C0 sMBOLOS O

10 tsbtjBj dMstOydoOS O &O GedjHbdsR §s°k {§t
MisOdzd yo S Oded  §j AEMS Brnoi. slsOdzdyo ' j (s
dzi { SMtej H dzts ‘5C dzjlzgdzqf Rz § Oteyj ZO, 2O IstcOo dzOBd I f
dzOo sH® Qo Odz, toj Hiso dgNdEPE"Oj dz d tSHtcy O Odz

a2

- oz S i
TR WD TR e v we wn e R W R W W R W
P 4 g

bdzdCO 4. [jlsjokBdshCO MsOdkdyd &0 ¢ d

10 fte0<jj ChzddiOlmMcdr OO lsOd® dzO d&jlsj ots
fnj dzL (Sheddf)S ©

Minikin RTHiH OlsOdizsc jte S8 d M MOMsOd i #O< jstof ddzt
cOHd Oyd)',j AIWAINMO LO &Bjtj ] IjhBfjtOlsktc] o 0OLHLE
90OLHERO ( %) ;

MicroLog SDlDSqu @ecagonm s dzd ydzd d3 Odzj. dIs dfjds@esids § B oL d dzj
HZzo O O oY lstc® ( mAs

Datalogger Minkkin ERiL O ftcO<j “j odMmddzai § OHO8ddzO ( mm) ;

F3T3MicroLog O M j dzCamntbefl d§Centific CS 616C d PT100/8- L O § t.O<J ¢ j
o dzOy dzsfisd (%) d Isj B jteOlskztey L Jjd3> dhIsOG (AC) ;

Irda/lUSBE OB Odz L O Stsd3zdzdCOyd & d ftodbkr ddizO® 4 f 8HC

t OH MmMjdaL stc® d ©BKOHO BHOKOSCO dL:M'mih%dzO
mMesWise jtcO. Joddz EZtej' O B3O dBsekz<j “d fsH]jh O O
f sHOISOC O, oteh j¢ ] Codzkt@Bd&P® BOBOL Hizdztf tsE@IsPC @ I
(ftejzLddizO’ ] Mdesedr YBHOIOCO ddzd MksOlkdmisdysd
CteOW d ¢ sdz0) . 10 ftsltcjBi tsodn o[fr]lstsOxo[anO me d
fsrntcO  do O] YSHOBOCO E dqEshntto Bk LBy ' Ol D j &Gh
B 6 ¢ O.
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r, 7 =
Datalogger Minikin ERi ?

Minikin RTHi
MicroLog SDI-DS2

Decagon connunn
aHeMoMeTap

Cambell Scientific C'S 616 .
‘ F3T3:Miclorog Cambell Scientific PT100

s4dzd ¢ O 5. wjdzLtsted LO ftO<j ) Cdzd BOIsME ¢

{jLEdsOd ftsfj ydd dojMmjudy IjBfjeOsktej o OL
dMiste O do O Y ] 'ojddz j ¢ SH d " BHFMD W7S)H Oy D] H{fHSO © ° ]
| Odzls jteso s HO OCLORO dzO0 cLOW Sk 2.
s A Magasiate 1% N‘ b Tazapmme 180 = B [aasse 135
40 :“»'»W“"L" 1988-2017) 120 :(“ -lly[l‘l.l:lmn[uc]‘JRK-:IH'-'» l<:5 40 :ll:‘ll,'ummc\I‘J*N-ZUIT\ 120
P H 1988-2017) 105 15 +':‘:;wm<-:n|‘\ :“ 3 E""’“‘””’ 105
%11 ) |40 12030 % 'E
P 3 10335 - E
23 60 ;\] \.J.:‘ 20 ; [ 60 ,E,
EIS 45 |20 ) w 15 \ 45 é
:‘é]u 30 15 + 10 30
F‘i" 15 ]‘; i I ;‘:‘ 5 15
! ap Oxodal ! ! Anpin Maj I T Apryer  Cenremap OxroSap ! ! Anpun May hu ha Aprver CemremGap OxroGap !
Mecen Mecen

LEOWdS 2. 18]’ S ddBAlis,dE2 0K DB®O O ss6
odhjesHdh Cdd BB8HYJ sdish if 823 8

UECEdB O OO0 BEdZjHO 2018. cetsHddz MejHS O d
21,05 Aw, hilsts “jJ LO 3,32 Aw odhj (zctfGRufc. | k&
ltetsj ydaj ®KROCMd BOdzdzj d B3d ded B3O dzdzj Isj B3 j eOlslztej
toj HEEH Qlsdzd BO)s.j cffdz®dz" Iss ] COtOCIsjtedmisdydes L O
sts hilsts “j thislstej dts YOShxhp B BB S NQdf@ 31® dzdu . Om
LOBjdzjyJdets " jJ 52 HORRO M fOHOs ddOBO, O k&S] dzo
“d LO 24,10 mm eodhj EkE ffttej' Jj‘E MO eodhjetsHdhfC
f OHOoddzMC O HBEO' O O, LOBjdzjyjdaj Mk HdAzj oadzj o dTM
OQockMmls) . 1 O0Cdzj, eHddO “jJ BJddEZO OIdf dydzd, It d

tdLbdzlsOlsd ¢ eofgjztpdel 9191 B2F O d MEzdi ¢ OH Qe d dzO
Mk d20 cweoWdSlk 21. w©jH® O ojMmjyudd sj&fjtcoskieo

odhy k ' j*k MO odlgebldit dd gl i) sdz00
22


































































































































































































































































































































































