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ECOLOGICAL RESTORATION AND PRODUCTIVITY ENHANCEMENT
OF FOREST ECOSYSTEMS

Abstract: Forest ecosystems are among the most important natural
components ensuring ecological stability, biodiversity conservation, climate
regulation, and soil protection. However, increasing anthropogenic impacts,
including illegal logging, overgrazing, and irrational land use, have led to
significant degradation of forest ecosystems in mountainous regions. The present
study investigates measures aimed at increasing forest productivity and restoring
degraded forest ecosystems under changing environmental conditions.

The research revealed that anthropogenic disturbances negatively affect forest
structure, species composition, and natural regeneration processes, particularly in
mountain and foothill forest belts. Soil erosion, reduction of forest density, and
replacement of valuable edificatory species by shrubs and low-value vegetation were
observed in many degraded forest areas. Restoration measures should therefore
include strict protection of forest territories, limitation of grazing activities,
prevention of illegal tree cutting, and implementation of natural and artificial
afforestation programs.

Special attention was given to the selection of tree species adapted to
degraded and erosion-prone environments. The results indicate that species such as
Pinus eldarica, Pinus nigra, birch, and common pear demonstrate high adaptability

and favorable growth under poor soil and dry climatic conditions. Artificial forest
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plantations established on degraded slopes contribute to soil recovery, reduction of
erosion processes, and gradual restoration of ecological balance.

The study emphasizes that sustainable forest management and ecosystem
restoration require integrated ecological approaches combining afforestation,
biodiversity conservation, erosion control, and rational utilization of forest
resources. Implementation of scientifically based restoration measures will
contribute to the improvement of forest productivity, stabilization of mountain
landscapes, and long-term ecological sustainability.

Keywords: forest ecosystems, ecological restoration, anthropogenic impacts,
afforestation, forest productivity, soil erosion, mountain forests, biodiversity

conservation.

Jlekmop I'onemexun Ucmaunoesa,
Daxyaremem Xumuu u buonozuu,
A3zepoanioxcanckuit I'ocyoapcmeennwiit Iledazozuueckuit Ynueepcumem

A3zepbaiioncan, baxy

IKOJTOI'NMYECKASA PECTABPAIIUA U TIOBBILHIEHUE
HNPOAYKTUBHOCTHU JIECHBIX 9KOCUCTEM

Annomayusn: Jlecuvle sxKocucmemvl AGNANOMCA OOHUMU U3 BANCHEUULUX
NPUPOOHLIX KOMNOHEHMO8, 00ecneuusaowux 3KonN02U4ecKyo CmabulibHOCMb,
coxpanerue OUOPA3ZHO0OPA3Us, pe2yIuposanue Kiumama u 3auumy nous. QOHaxko
pacmywee aHmMpONO2eHHOe B030elicmaue, BKIUAsl He3AKOHHYIO 8blPYOK) 1ecos,
upe3MepHbIlL 8bINAC CKOMA U HEPAYUOHAIbHOE 3eMIEeNolb308aHue, NpPUBeno K
3HAYUMENLHOU 0e2padayuil 1eCHbIX IKOCUCEM 8 20PHbIX pecuoHax. B nacmosawem
UCCNIe008AHUU U3YUAIOMCSL MePbl, HANPABTIeHHble HA NOBbLULEHUE NPOOYKIMUBHOCTNU
Jleco8 U B8occmaHosienue 0ecpaoupoB8aAHHbIX JIECHbIX IKOCUCMEM 8 YCLOBUSX

MeHAIWelCsl OKpyxcarouell cpeovl.
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Hccnedosanue nokasano, 4mo aHmpoOno2eHHble 6030elUCmBUsi He2amueHO
GAUAIOM HA CMPYKMYPY J1eco8, GUO0BOL COCMAB U NPOYUECChl eCMECmMBEeHH020
60300H06/I€HUSL, OCOOEHHO 8 20PHbLIX U NPe02OPHbLIX NeCHbIX noscax. Bo mmuoeux
0e2paoupOBaAHHBIX JIECHbIX PAUOHAX HAOMIOOANUCL 3PO3USL NOUEbL, CHUNCEHUE
NJIOMHOCMU  1eCO8 U 3AMeHA UYEHHbIX OPEeBeCHbIX 6U008 KYCMAPHUKAMU U
ManoyenHol pacmumeinbHocmyvio. Ilosmomy mepvl no 80CCMaHOBIEHUIO OONNCHBL
BKIIOHANb CIMPO2YIO 3aWUmYy 1ECHbIX MeppUmopull, 0epanudenue 8blnaca cKomd,
npedomepaujenue He3aKOHHOU GblPYOKU O0epedbed U peanu3ayuro npocpamm
eCmecmeeHH020 U UCKYCCMBEHHO20 1eCOB80CCMAHOBIEeHUSL.

Ocoboe sHuMaHue 6v110 YOeleHo 8b100pPY 8UO08 Depesbes, A0aNMUPOBAHHbIX
K 0e2pacupoBanHbiM U  NOOBEPICEHHLIM 3po3uu  ycaosusim. Pezyromamol
nokKasvleaiom, umo maxue 8uosl, kax Pinus eldarica, Pinus nigra, bepesza u epywa
00bIKHOBEHHAS, OEMOHCMPUPYIOM BbICOKYIO A0ANMUBHOCMb U O1A20NPUSMHBILL
pocm 8 yclosusix OeOHvIX NOYE U 3acyuLiueo2o Kiumama. MckyccmeeHuble 1ecHbvie
Haca)coemus, Co30aHHble HA 0ecPpaoUpOBAHHBbIX CKIOHAX, CHOCOOCMBYIOM
B0CCMAHOBIIEHUIO NOYBbL, CHUNCCHUIO 3PO3UOHHBIX NPOYECCO8 U NOCMENEHHOMY
B0CCMAHOBIIEHUIO IKOJIOSUYECKO20 DANaHCa.

Hccnedosanue noouepkusaem, umo YCMOUYUBOE JIeCONONb308AHUE U
B0CCMAHOGIIEHUE IKOCUCEM MPeOYIOm KOMNJIEKCHbIX IKOA02UYEeCKUX HOO0X0008,
couemarowux 1econocaoku, coxpamexue ouopasHoobpasus, 6opvoOy c spo3uei u
PAYUOHATbHOE UCNONIL30BAHUE IECHbIX pecypcos. Buedpernue nayuno 0o60cHo8aHHbIX
Mep no 80CCMAHOBIEHUI0 Oy0em cnocobcmeosams noGbIUEHUIO NPOOYKMUBHOCHU
J1ecos, CmMadUIU3AYUU 2OPHLIX AAHOWADMOE U O00N20CPOUHOU IKOJLOSUUECKOL
YCmMou4u8oCcmu.

Knioueevle cnosa: necuvie s3xocucmemsl, dK0N0SUYECKOE BOCCHMAHOBIEHUE,
AHMPONO2eHHoe B030elcmaue, J1eCOnOCAOKU, NPOOYKMUBHOCb J1eCO8, 3PO3Us

nou4evl, COpHblEe jeca, COXxpaHeHue 6u0pa3H006pa3uﬂ.
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Forest ecosystems play an essential role in maintaining ecological balance,
protecting biodiversity, preventing soil erosion, and regulating climatic conditions.
However, increasing anthropogenic pressure, illegal logging, overgrazing, and
irrational land use have caused serious degradation of forest ecosystems in many
mountainous regions. The restoration of forest productivity and the conservation of
degraded forest landscapes therefore remain among the most important
environmental priorities [4,8,9,12].

Anthropogenic impacts significantly alter the composition and structure of
forest vegetation. In some cases, these impacts only slightly affect afforestation
conditions, while in other situations they lead to severe degradation of forest
ecosystems [18,22]. Preventive and restoration measures can partially restore the
natural state of forests if timely interventions are implemented. Therefore, degraded
forest areas must be strictly protected from harmful external influences. This
includes the removal of shrubs and trees that negatively affect forest regeneration,
restricting livestock grazing within forest territories, and implementing measures
that support natural regeneration processes.

Illegal tree cutting has become one of the major threats to forest ecosystems,
especially in mountainous and foothill regions where local populations depend on
forest resources. Continuous deforestation accelerates soil erosion and gradually
worsens afforestation conditions [24]. Research findings indicate that strict
protection of forest boundaries and limitation of anthropogenic impacts contribute
significantly to the restoration of degraded forest cover. In many degraded stands,
straight-stemmed forests can be re-established through reconstruction activities,
including the removal of damaged bush-like trees and the creation of suitable
conditions for canopy closure. After approximately 10—15 years, corridors can be
established within regenerated stands and valuable tree species can be planted.

On steep mountain slopes affected by erosion, low-value and curved-stemmed
trees should be selectively removed while preserving ecologically and economically

important species such as oak, alder, and birch. In many south-facing slopes, erosion
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has exposed parent rock material and removed fertile soil layers, resulting in
extremely dry afforestation conditions. Under such circumstances, natural
regeneration occurs very slowly, even after anthropogenic pressures are reduced.
Therefore, artificial afforestation measures become necessary in order to accelerate
ecosystem recovery [1,6-9].

The selection of suitable tree species is crucial for successful forest
restoration. Since many degraded forest soils are poor in mineral nutrients and
moisture, valuable but demanding species such as oak, walnut, and chestnut often
show low adaptability in these conditions [12-18,23,24]. Consequently, forest
restoration programs should prioritize species that are resistant to drought and
adapted to poor soils. Research has shown that at elevations of approximately 500—
600 m above sea level, particularly on rocky foothill slopes, species such as Eldar
pine and Crimean pine produce favorable results. In eroded middle mountain forest
belts, mixed pine plantations consisting of Crimean pine and common pine are
effective, whereas in upper forest belts, common pine, pear, and birch form stable
and productive forest stands.

Artificially established forests on eroded slopes gradually improve soil quality
over time. Once soil conditions recover sufficiently, it becomes possible to replace
pioneer and resistant tree species with more valuable edificatory species
characteristic of natural forest ecosystems. However, forest degradation continues to
intensify near settlements due to excessive grazing and uncontrolled wood
harvesting. In the southern slope of the Greater Caucasus, many beech forests have
been replaced by sparse shrub vegetation. Similar degradation processes are
observed in the middle mountain forest belts of the Lesser Caucasus and the Talysh
Mountains, where sparse forests dominate around populated areas.

In these regions, restoration measures should combine natural regeneration
with scientifically planned afforestation activities [7,11,18]. Mountain meadows,
glades, and shrublands located within upper mountain forest belts provide favorable

ecological conditions for the expansion of forest vegetation. Therefore, restoration
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programs should focus on increasing forest productivity while simultaneously
preserving ecological stability and biodiversity.

Overall, the degradation of mountain forests negatively affects ecological
regulation processes and disrupts the balance of natural and anthropogenic
landscapes. Sustainable forest management strategies aimed at restoration,
conservation, and productivity enhancement are therefore essential. Ecological
assessment, soil fertility evaluation, and bonitation studies conducted across
different forest belts demonstrate that increasing forest productivity is closely
connected with both environmental and socio-economic conditions. Effective forest
restoration requires integrated management approaches that combine ecological

protection, afforestation, erosion control, and rational use of forest resources.
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