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biznes-inJineringi qimiasa da 

metalurgiaSi

tyis roli garemos ekologiur stabilizaciaSi

Tamaz patarqalaSvili,
akademiuri doqtori

tyeebi udides zemoqmedebas axdenen gare sam-
yaroze. es zemoqmedeba gamoixateba bunebrivi 
procesebis stabilizaciaSi. tyeebi aregulire-
ben zedapirul Camonadens, Tovlis dnobis in-
tensiobas, haeris temperaturas da fardobiT 
tenianobas, wmenden wyals da haers meqanikuri 
da sxva minarevebisagan, amcireben qaris siC-
qares, STanTqaven naxSirorJangsa da sxva ada-
mianisaTvis mavne airebs da gamoyofen Jangbads, 
Trgunaven an spoben sxvadasxva daavadebebis 
gamomwvev mikroorganizmebs, amcireben qalaqis 
dasaxlebuli adgilebis xmaurs.

tyeebs gadahyavT zedapiruli Camonadeni 
niadagis siRrmeSi, riTac praqtikulad gamor-
icxaven niadagis erozias. am moqmedebis Sedegad 
ivseba gruntis wylebis maragi da xdeba mdina-
reebis wyliT Tanabari kveba mTeli wlis gan-
mavlobaSi. tyeebi TiTqmis gamoricxaven niada-
gis Camorecxvas da qarismier erozias. cocxali 
safarisa da xis fesvebis gamafxvierebeli mo-
qmedebiT tyeebi aumjobeseben niadagis struq-
turas, uzrunvelyofen mis maRal wyal- da 
haergamtarunarianobas.

samecniero-teqnikuri progresi, romelsac, 
erTi mxriv, bevri sikeTe moaqvs sazogadoebi-
saTvis, iwvevs industrializaciisa da urbani-
zaciis uswrafesi tempebiT zrdas, rasac Sede-
gad mosdevs garemos dabinZureba toqsikuri 
nivTierebebiT. dabinZurebis erT-erT yvelaze 
saxifaTo formas cocxali organizmebis sico-
cxlisaTvis warmoadgens atmosferuli haeris 
dabinZureba sxvadasxva toqsikuri airiT. sxva-
dasxva literaturuli monacemebiT atmosfer-
ul haerSi aris 140-200 sxvadasxva mavne toqsi-
kuri ingredienti [6, 7] maT Soris: gogirdisa da 
gogirdovani anhidridebi, ftorisa da qloris 
naerTebi, azotis naerTebi, azotis mJavebi, go-
girdovani naxSirbadi, amiaki, naxSirwyalbadebi, 
naxSirbadis mJava da sxva. myari gamonatyorc-
nebis saxiT atmosferoSi aris naxSiris, nacris, 
metalebis (rkina, spilenZi, tyvia) qloridebi, 
sulfatebi da sulfidebi, kalciumis naerTebi, 

kaliumi da sxva [1, 2, 3, 6, 7].
garemos dabinZurebis amgvari progresu-

li ganviTareba, prognozuli monacemebiT, 
migviyvans planetaze mTeli rigi raionebis war-
moqmnamde, sadac Camoyalibdeba sicocxlisaT-
vis SeuTavsebeli garemo pirobebi adamianisa da 
sxva cocxali organizmebisaTvis. aseTi kriti-
kuli raionebi ukve gaCnda da amJamadac Cndeba 
bevri maRalganviTarebuli qveynebis qalaqebSi, 
gansakuTrebiT iaponiaSi, aSS-Si, germaniaSi. 
garesamyaros degradacia udides materialur 
zarals ayenebs meurneobas, auaresebs adamianTa 
sacxovrebel pirobebs. saorientacio gamokv-
levebiT dadgenilia, rom yovelwliuri ekono-
mikuri zarali garemos dabinZurebisagan aRniS-
nul qveynebSi miliardobiT dolars Seadgens.

atmosferos mavne airebisagan gawmendis 
yvelaze efeqtur saSualebas warmoadgens 
dedamiwis mcenareuli safari, maTgan ki up-
irvelesad tyeebi. tyeebi ajansaReben atmos-
ferul haers da moqmedeben masSi dabinZure-
buli nivTierebebis ganawilebaze. es procesi 
ganpirobebulia xe-mcenareebis adsorbirebisa 
da filtraciis unariT. garda amisa, xe-mcena-
reebi axdenen aerodinamikur moqmedebas haeris 
gadaadgilebiT vertikalur da horizontalur 
sibrtyeSi. tyis airgamwmendi unari damokidebu-
lia misi struqturuli elementebis Semadgen-
lobaze, zrdis adgilsamyofelze, mozardisa da 
qvetyis ganviTarebis xarisxze, cocxali safa-
ris mdgomareobaze, agreTve tyis asakze, for-
masa da sixSireze. mwvane nargavobas aqvs unari, 
Seasrulos specifiuri “mwvane filtris” roli, 
romlis saSualebiTac isini axdenen mavne gamo-
tyorcnili airebis bevri ingredientebis akumu-
lirebasa da detoqsikacias.

mcenareuli samyaro did zegavlenas axdens 
atmosferos eleqtromagnitur Tvisebebze, rac 
mcenareTa adamianze biologiuri zemoqmedebis 
sistemaSi mniSvnelovan rgols warmoadgens. 
mcenareTa umravlesobas aqvs haeris ionuri re-
Jimis Secvlis unari adamianisaTvis ufro sasike-
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To mimarTulebiT. haeris ionizacia, kerZod, 
haerSi msubuqi ionebis (uaryofiTad damuxtuli 
ionebi) koncentraciis zomieri gazrda, dadebi-
Tad moqmedebs yvela cocxali organizmis cxov-
elmoqmedebaze. mZime da msubuqi ionebis maCven-
ebelTa Sefardebis sididezea damokidebuli ama 
Tu im rekreaciuli obieqtis Rirebuleba [1, 2, 
5]. uaryofiTad ionizirebuli haeris CasunTqva 
xels uwyobs sasunTqi fermentebis aqtivobis 
stimulirebas, gul-sisxlZarRvTa da sasunT-
qi sistemebis muSaobas, sisxlwarmoqmnis pro-
cesebs, aZlierebs tvinis biodenebs, zrdis sisx-
lSi Jangbadis Semcvelobas, aqveiTebs Saqrisa 
da fosforis Semcvelobas, aumjobesebs TviT-
SegrZnebas da ganwyobas, xsnis Tavis tkivilsa 
da daRlilobas. yvelaze maRali maionizirebe-
li unariT xe-mcenareebisagan gamoirCeva: cru-
akacia, muxa, naZvi, fiWvi, Rvia, wnori, iasamani. 
wiwvovan mcenareTa udidesi nawili sasikeTod 
moqmedebs haeris ionur Semadgenlobaze, zrdis 
msubuqi ionebis raodenobas da amcirebs mZime 
ionebis ricxvs.

mecnierTa umravlesoba maionizireblad mi-
iCneven fisovan, aromatul da sxva organul niv-
Tierebebs – terpenebs, agreTve rTul eTer-
ebs, aldegidebs, organul mJavebs, romlebsac 
vegetaciis periodSi mcenareebi gamoyofen [3, 
4]. amrigad, haeris ionizacia, rogorc uaRre-
sad mniSvnelovani bioklimaturi faqtori, aris 
atmosferos sisufTavis erT-erTi maCvenebeli 
da cocxali organizmebisaTvis optimaluri 
sacxovrebeli garemos Seqmnis faqtori. 

xe-mcenareebi gamoyofen biologiurad aqti-
ur nivTierebebs - fitoncidebs, romlebic ax-
Soben sxva cocxali organizmebis (ZiriTadad 
mikroorganizmebi da umartivesi organizmebi) 
zrdas da asruleben mniSvnelovan rols mcena-
reTa imunitetSi. mcenareebi fitoncidebs 
gamoyofen atmosferoSi, wyalSi da niadagSi ai-
rovani an wyalSi xsnadi formiT [3, 4, 7]. fiton-
cidebis qimiuri buneba araerTgvarovania. maTi 
Semadgenloba mravalferovani da jer kidev ar-
asakmarisad Seswavlilia. zogierT mcenares es 
aqvs organuli mJavebis saxiT, sxvebs – eTer-
zeTebis, alkaloidebis an aminomJavebis form-
iT. fitoncidebis mniSvnelovan raodenobas 
gamoimuSaveben evkalipti, SoTxvi, citrusovani 
mcenareebi.

mcenareebSi baqteriociduli da baqterio-
statikuri nivTierebebi gamoiyofa mudmivad 
maTi vegetaciis periodSi an qsovilebis meqan-
ikuri dazianebisas. fitoncidebi gamoiyofa 
dauzianebeli foTlebidanac. magaliTad, umar-
tivesi organizmebi muxis an aryis xis foTolze 
dadebidan cota xnis Semdeg iRupeba. erTi dRis 
ganmavlobaSi 1 ha foTlovani tye vegetaciis pe-
riodSi gamoyofs 2 kg. mqrolav fitoncidebs, 

wiwvovanebi - 5 kg, xolo Rviebi - 30 kg-ze mets 
[4].

mecnieruli gamokvlevebiT dadgenilia, rom 
tyis haerSi mkveTrad aris Semcirebuli pa-
Togenuli mikrobebis ricxvi, amasTan yvelaze 
meti sterilurobiT gamoirCeva wiwvovani ty-
eebi. amitom qalaqebis maqsimalur gamwvanebas, 
gamsakuTrebiT wiwvovani mcenareebiT, aqvs uaR-
resad mniSvnelovani sanitarul-higienuri da 
samkurnalo mniSvneloba. maRali antimikrobuli 
unariT xasiaTdeba: Rvia, fiWvi, soWi, muxa, ar-
yis xe, nekerCxali, maxvilfoTola da ameriku-
li, verxvi, SoTxvi, Txili, wyavi, dafnis xe, evka-
lipti, citrusovnebi, kakali, kowaxuri, grakla, 
zeTisxilis xe, mocxari da sxva. arsebobs pirda-
piri damokidebuleba fitoncidurobis xarisx-
sa da mcenareTa fitosinTezis intensiurobas 
Soris. mcenareTa foTlebi mzian eqspoziciaze 
awarmoeben ufro aqtiur fitoncidebs. Tbil, 
mzian amindSi fitonciduroba Zliedeba, xolo 
wvimian amindSi mcirdeba. dRe-Ramis ganmavlo-
baSi maqsimaluri fitonciduroba aRiniSneba 
SuadRisas, xolo minimaluri RamiT [3, 4, 5].

fitoncidurobis movlena, romelic met-nak-
lebad axasiaTebs yvela mcenares, SeiZleba iyos 
gamoyenebuli sasoflo-sameurneo da tyis kul-
turebis mavneblebTan da daavadebebTan brZo-
laSi, bostneulis SenaxvisaTvis, produqtebis 
sterilizaciisas, agreTve medicinaSi, veterina-
riaSi, kvebis mrewvelobaSi. agreTve uaRresad 
mniSvnelovania wylisa da niadagis biologiuri 
gawmenda wyalsatevebSi specialurad SerCeuli 
wylisa da wylispira mcenareebiT. energiiT 
mdidari organuli naerTebis warmoqmnas dedami-
waze kacobrioba unda umadlodes mcenareTa 
fotosinTezs, romelic gansazRvravs bunebaSi 
naxSirbadis, Jangbadis, azotis, fosforis, go-
girdis, magniumisa da sxva qimiuri elementebis 
brunvas dedamiwaze. fotosinTezi aris ZiriTadi 
meqanizmi, romlis saSualebiTac xdeba mzis en-
ergiis akumulireba da am ukanasknelis gardaqm-
na qimiuri naerTebis energiad. fotosinTezis 
procesSi adgili aqvs pirdapir, uSualo ener-
getikul kavSirs kosmosi-dedamiwa. garda amisa, 
mimdinareobs meore uaRresad mniSvnelovani 
biologiuri movlena - sinaTleze wylis wyal-
badiT aRdgenili naxSirorJangi gamoaTavisuf-
lebs wyalSi Semaval Jangbads, romelic mwvane 
foTlis mier gamoiyofa atmosferul haerSi.

fotosinTezis process, romelic mcenareTa 
naxSirbadiT kvebis ZiriTad formas warmoad-
gens, aqvs gadamwyveti mniSvneloba sasoflo-
sameurneo kulturebis mosavlis formire-
baSi, romelTa 95% warmoiqmneba naxSirbadis 
monawileobiT. uaRresad mniSvnelovania fo-
tosinTezis roli kacobriobis energetikul 
moTxovnilebaTa dasakmayofileblad. wiaRiseu-
li sawvavis SezRuduli maragebisagan gansxvave-
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biT tyes, rogorc energetikul resurss, aqvs 
unikaluri Tviseba – mzis energiis fotosinTe-
zuri akumulaciis saSualebiT mudmivad Seavsos 
da ganaaxlos energiis maragi merqnis yovelwli-
uri namatis saxiT.

miuxedavad imisa, rom tyeebs ukaviaT mTe-
li planetis farTobis mxolod 9%, isini at-
mosferoSi gamoyofen mTeli Jangbadis 60%-ze 
mets. es miuTiTebs imaze, rom swored tyeebs 
ekuTvnis gadamwyveti roli biosferos Jangba-
diT momaragebaSi. tyis mcenareul formaciebSi, 
romlebSicaa mTeli biomasis yvelaze didi kon-
centracia erTeul farTobze, aRiniSneba Jang-
badisa da naxSirorJangis yvelaze intensiuri 
brunva. erT heqtar tyis farTobze Jangbadis 
warmoeba 3-10-jer metia, vidre mindvris kul-
turebiT dafarul farTobze. es gamowveulia 
xe-mcenareTa foTlebis veeberTela jamuri 
farTobiT.

dadgenilia, rom 1 ha tye mzian amindSi ha-
eridan STanTqavs 220-280 kg naxSirJangs da 
gamoyofs 180-220 kg Jangbads. amasTan foT-
lovani tyis jiSebis umravlesoba naxSirorJan-
gis STanTqmis unars inarCunebs Sebindebisasac 
ki. tyeebi akaveben da boWaven haeris mTel rig 
mavne naerTebs. amiT isini asruleben aqtiuri 
filtraciis funqcias, amasTan erTad mwvane 
nargavebi wmenden haers mtvrisagan, mWvartlisa-
gan, smogisagan, aerozolebis mkvrivi da Txieri 
nawilakebisagan. unda aRiniSnos tyeebis maRa-
li mtverdamWeri unari. 1 ha naZvnars SeuZlia 
weliwadSi gafiltros 30-32 t mtveri, fiWvisas 
30-36 t, muxisas 56 t, wiflisas 68 t. tye xels 
uwyobs atmosferos gawmendas radioaqtiuri 
dabinZurebisagan. igi STanTqavs 50%-amde ra-
dioaqtiur mtvers [4, 6, 7].

mcenareebi asruleben haergamwmendi fun-
qciisas da TviTon ganicdian mavne airebisa da 
sxva ingredientebis uaryofiT zegavlenas. da-
zianebis gansazRvrul etapze mcenareebi kar-
gaven sanitarul funqcias, rac damokidebulia 
tyis Semadgeneli elementebis gazmedegobis un-
arze. fitotoqsikantebis moqmedebis meqanizmi 
gamoixateba fiziologiuri da bioqimiuri mar-
egulirebeli sistemebis rRvevaSi, anatomiur 
da morfologiur cvlilebebSi, xolo zRvruli 
sidideebisas, mcenaris rogorc calkeuli or-
ganoebis, ise mTlian kvdomaSi.

mcenareebisaTvis yvelaze saxifaToa sam-
rewvelo gamonabolqvebis airovani ingredien-
tebi, rogoricaa: ftori, fosfori, ftoruli 
wyalbadi, qloridebi, azotis orJangi, rom-
lebic iwveven damwvrobas, xolo maRali kon-
centraciebis dros _ mcenaris daRupvas. go-
girdovani SenaerTebis moqmedebis Sedegad ir-
Rveva mcenareTa fotosinTezisa da sunTqvis 
procesebi. mcenaris foTolSi gogirdovani 

airi haerTan erTad iwvevs ujredebis cxovel-
moqmedebis daTrgunvas. foTlebi ifareba wab-
lisferi laqebiT da mTlianad xmeba. am airis 
maRali koncentraciis xanmokle moqmedebac ki 
iwvevs foTlebis mniSvnelovan dazianebas da 
mkveTrad amcirebs fotosinTezis intensivobas. 
aRniSnulis garda gogirdovani airisagan war-
moqmnili gogirdmJava da gogirdovani mJavebi, 
sxva mavne nivTierebebTan moxvedrisas niadagSi 
aqveiTebs mis nayofierebas. icvleba niadagis 
mJavianoba, rac iwvevs baqteriebis cxovelmoq-
medebis daTrgunvas da Wiayelebis raodenobis 
Semcirebas. dadgenilia, rom haeris dabinZureba 
iwvevs transpiraciis intensivobis Semcirebas 
1,5-2,0-jer, xolo fotosinTezisas - 10-jer. da-
zianebuli xeebi xasiaTdeba meCxeri varjiT da 
wverxmelobiT. wiwvebis sicocxlis xangrZlivo-
ba mcirdeba 1-2 wlamde. Semdgom iwyeba wiwvebis 
an foTlebis cvena. mcirdeba zrda simaRlesa da 
diametrSi.

mcenareebisaTvis Zalian toqsikuria ftor-
is SenaerTebi, romelTa moqmedeba kidev ufro 
mwvavdeba maTi kumulaciuri TvisebebiT, rac 
gamoixateba mcenareebSi maTi dagrovebiT da 
xangrZlivi zemoqmedebiT mcire koncentra-
ciebis SemTxvevebSic ki. aranakleb toqsikuria 
myari narCenebi rogoricaa metalebisa da nax-
Siris mtveri, nacari, mWvartli. atmosferuli 
naleqebis Serevisas es toqsikuri nivTierebebi 
iwveven mcenareuli da cxoveluri organizmebis 
fiziologiuri da bioqimiuri procesebis rRve-
vas. 

mcenareebis airmedegobaze moqmedeben klima-
turi da orografiuli pirobebi. atmosferuli 
toqsikantebis koncentracia haeris miwispira 
fenaSi mniSvnelovnadaa damokidebuli tempera-
turis cvalebadobaze, nislian da moRrublul 
amindebze, naleqebze da sxva faqtorebze, rom-
lebic moqmedeben haeris fenebis vertikalur 
da horizontalur gadaadgilebaze. dadgenil-
ia, rom haeris tenianobisa da nisliani dReeb-
is zrda iwvevs intoqsikantebis koncentraciis 
zrdas. tyis nargavebis mdgradoba toqsikuri 
gamonabolqvebis winaaRmdeg mniSvnelovnad 
aris damokidebuli tyeebis jiSobriv Semadgen-
lobaze. maRali gazmedegobiT gamoirCeva 
kanaduri da balzamuri verxvebi, wvrilfoTola 
Tela, wvrilfoTola cacxvi, amerikuli neker-
Cxali, wnori, WalafSata, TeTri TuTa, cruaka-
cia, Rvia, kvido, SoTxvi. dabali gazmedegobiT 
xasiaTdeba naZvi, soWi, fiWvi [4, 6, 7].

aRsaniSnavia, rom merqnian mcenareebs axa-
siaTebT adaptaciis unari toqsikuri gamon-
abolqvebis mimarT. maTi zemoqmedebis Sedegad 
zogierTi jiSis foTlovan xeebs usqeldebaT 
epidermisis Sre, ezrdebaT foTlebis Sinagani 
qsovilebis simWidrove da a.S.
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miuxedavad dRemde gatarebuli RonisZie-
bebisa, samrewvelo da saavtomobilo toqsikuri 
gamonabolqvebis Sesamcireblad (haer- da wyal-
gamwmendi mowyobilobebi, mtver da mavne air-
damWeri aparatebi da sxva) atmosferul haeris 
dabinZurebis done mudmivad matulobs. progno-
zuli monacemebiT perspeqtivaSi mniSvnelovnad 
gaizrdeba axali teritoriebis sameurneo aT-
viseba da atmosferos dabinZureba intoqsikan-
tebiT kidev ufro gaizrdeba. mecnierTa azriT, 
amJamad arsebuli da momavalSi savaraudoT Se-
qmnili axali damcavi mowyobilobebi mTlianad 
mainc ver SesZleben atmosferuli haeris dacvas 
intoqsikantebisagan. amitom haeris dabinZureba 
da xmauris done did qalaqebsa da samrewvelo 
centrebSi kidev ufro gaizrdeba. Seqmnili 
mdgomareoba moiTxovs saswrafo da gadam-
Wreli zomebis miRebas mavne toqsikuri gamon-
abolqvebis raodenobis Sesamcireblad. es araa 
erTi an ramdenime ganviTarebuli saxelmwifos 
problema. es globaluri problemaa da erTna-
irad exeba yvelas.

ukanasknel wlebSi mecnierebisa da sazoga-
doebriobis interesi plantis tyeebisadmi up-
recedentod gaizarda maTi gansakuTrebuli 
mniSvnelobis gamo gare samtaros ekologiuri 
wonasworobis SenarCunabaSi. klimaturi cvli
lebebis Sedegebis Semcireba naxSirorJangi 
airis gamonabolqvebis Semcirebis gziT, rac 
gamowveulia planetis tyeebis mospobiT xazs 
usvams tyeebis kardinalur mniSvnelobaze sico-
cxlis SenarCunebisaTvis dedamiwaze.

miuxedavad tyis aseTi sasicocxlo mniS-
vnelobisa planetis tyeebis saerTo farTo-
bi kulturuli miwaTsargeblobis dawyebidan 
dRemde Semcirda 20%-iT. ukanaskneli 10 wlis 
ganmavlobaSi yovelwliurad dedamiwaze ispo-
boda 13 milioni heqtari tye, rac teritoriiT 
daaxloebiT saberZneTis tolia. tyeebis mospoba 
planetaze xdeba ZiriTadad miwaTsargeblobis 
sxva saxeebis sasargebloT. 1990-ian wlebSi es 
maCvenebeli 16 milion heqtars Seadgenda. tyeeb-
is mospobis procesi ganicdis kklebis tenden-
cias, Tumca jer kidev rCeba maRal niSnulze. es 
problema gansakuTrebiT aqtualuria tropiku-
li sartyelis qveynebSi [8]. gaero amJamad muSa-
obs im sakanonmdeblo principebis SemuSavebaze, 
romelTa Tanaxmad is qveynebi, romlebic Tavian-
Ti nebasurviliT Seamcireben tyis gegmiuri xan-
Zrebis odenobas, rac Seamcirebs naxSirorJangi 
airis mavne gamonatyorcnebs atmosferoSi, mi-
iReben Sesabamis fulad kompensacias. es Tavis 
mxriv xels Seuwyobs tyeebis degradaciisa da 
mospobis masStabebis Semcirebas msoflios bevr 
qveyanaSi [9].

gaeros garemos dacvis programebis dRis 
wesrigSi ukanasknel wlebSi dgas ori erTmaneT-
Tan mWidrod dakavSirebuli sakiTxi: planetis 

tyeebis TandaTanobiTi mospoba da klimatis 
cvalebadoba. FAO-s monacemebiT saTburi efeq-
tis gamomwvevi mizezebis 25% modis planetis 
tyeebis mospobaze. am procesis SeCereba upirve-
lesi globaluri problemaa. winaaRmdeg SemTx-
vevaSi mas myisierad mohyveba iseTi uaryofiTi 
Sedegebi rogoricaa: adamianis sacxovrebeli 
pirobebis gauareseba naxSirorJangis momate-
buli mavne gamonatyorcnebi atmosferoSi, rac 
Tavis mxriv gaamZafrebs saTburi efeqtis pro-
cess da planetis tyeebis biomravalferovnebis 
TandaTanobiT mospoba.
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SUMMARY
T.Patarkalashvili

Forest’s role in environment ecological stabilization

The vital and very important functions of forests are consid-
ered in the article. It is emphasized that forests purify the atmos-
phere by absorbing pollutants including nitrigen oxide, sulpher 
dioxide, ozone and particulare matter in addition to improving air 
quality. Forests absorb carbon dioxide – a green-house gas that 
contributes to global warming.

Forests represent the most diverse ecosystems on the Earth 
They are home to 80% of our terrestrial biodiversity, providing 
habitats for flora and fauna while hosting a wide variety of genetic 
resources.

The possibility of mitigating climate change by reducing car-
bon emissions caused by deforestation and forest degradation and 
by increasing carbon uptake by afforestation and sustainable for-
est managerment highlights the essential role of forests in sup-
porting life on the Earth.

It is underlined, that for last decades we abserve the pracess 
of deforestation, mainly the conversion of tropical forests to ag-
ricultural land.

The quicest solution of deforestation would be to stop cutting 
demn trees, though from financial and economical points of vien 
it is unlikely to ocurr. The UNO is working now on mechanisms 
to pay compensations to those countries who voluntarily reduce 
deforestation process.    


