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POST-FIRE CONDITION AND RESTORATION
OF FORESTS ON THE TERRITORY OF KOSTANAY REGION

The results of field studies of post-fire condition and reforestation of Kostanay region are presented.
The purpose of the research is to study and analyze the post-fire condition and forest regeneration in
the territory of Kostanay region. It was established that the magnitude of post-fire tree declines and their
radial growth in stands of the main forest-forming species are determined by the type and intensity of
fire. Taking into account the types of forest landscapes using space images, we have identified 7 key
and control (background) sites that characterize the disturbed and background undisturbed forest cover.
Among them, the most affected by the forest fire are key areas N5 and N7, where a top fire of medium
intensity occurred. The forest litter of these key areas was completely burned in a severe fire, the soil
seed stock was destroyed, and low intensity of natural regeneration is expected. The average grade of all
studied key sites is estimated by us as lll and it is connected with untimely harvesting, which resulted in
the reduction of annual growth of the plantation. Sanitary condition of plantations in key sites N°1, N25,
N27 is unsatisfactory in comparison with other sites. Soils of the investigated key sites are not compacted
and favorable for growth. In key plot No.1 there was a compacted crust in the surface soil layer. Uneven
natural regeneration of common pine after the fire is observed. Predominantly friendly seed sprouting is
associated with more moistened lowlands and loosened soil areas. Factors impeding the natural renewal
of pine forests include deep burning of the forest floor and soil cover, mechanical effects on the soil and
seedlings of the equipment used to develop harems, the mushroom wavy rhizina (Rhizina undulata)
which affects the roots of coniferous trees.

Key words: forest, post-fire condition, forest restoration, key site, sanitary condition of trees,
Kostanay region.
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K.ocTaHai 006AbICbIHBIH ayMaFbIHAAFbl OPTTEH KeHiHri XKaFAai
)KdHEe OpMAHAAPAbI KAAMbIHA KEATipy

KocTaHait 06AbICbIHBIH ©PTTeH KEeMiHri >KarAalbl MEH OPMaHAbI KAAMblHA KEATIPYAIH AAAAAbIK,
3epTTeyAepiHiH HBTUXKeAepi YCbiHbIAAbL. 3epTTey MakcaTtbl KocTaHam O6AbIChIHbIH ayMarbiHAAFbI
©PTTEH KeHiHri KaF AaiAbl )K&HE OPMAHAAPADI KAATbIHA KEATIPY Al 3epAEAeY XKaHe TanAay. AFallTapAbiH,
OpTTEH KEMiHri KyAaybl XX8HE OAAPAbIH, HEri3ri opMaH KypayLlbl aAKan peTiHAEri paauaAAbl 6Cyi epTTiH,
TYPi MEH KapKbIHAbIAbIFbIMEH alMKbIHAAAATbIHbI aHbIKTaAAbl. OpMaH AaHALLIA(TTapbIHbIH, TYPAEpPIH
eckepe OTbIpbi, FapbILITbIK, CYpeTTep apkbiAbl 6i3 Oy3biAFaH oHe (OHAbIK, Oy3blAMaraH OpmaH
SKaMbIAFbIAAPbIH CUMATTANATbIH 7 HEri3ri xkaHe 6akpiAay ((POHABIK) yuacKeAepiH aHbIKTaAbIK. OAapAbIH,
iWiHAE OpMaH epTiHeH eH ken 3apaarn wekkeHAaep — N25 >xkoHe N7 Herisri yuyackeaep, cebebi, oHaa
opTala KapKbIHAbIAbIKTaFbl XOFapblAarbl 6pT 6oaraH. OcCbl HEri3ri yyackeAepAiH OpMaH Tecemi
KaTTbl OPTTE TOAbIFbIMEH OPTEHAI, TYKbIMHbIH, TOMbIPAK, KOPbI XOMbIAAbI, TAOWUFU KaHAPYAbIH TOMeH
KAPKbIHABIAbIFbI KYTIAYA€. BapAbiK 3epTTeAreH Herisri yuackeaepaiH, oprtawa 6oHutTeH 6i3 Il aen
6aranaiiMbi3 KeHe OyA YaKTblAbl araliTapAbl Kecrieyre 6GaiAaHbICTbl, OCbl ceben aAKanTapAblH
KbIAABIK, ©CYiHIH TeMeHAeyiHe aken coKTbipabl. N1, N25, N°7 Heri3ri yuyackeAepAeri aAKanTapAbiH,
CaHWTAPAbIK, >KaFAarbl KAaAFaH Yy4vaCKeAepMeH CaAbICTbIpFaHAQ KaHaFaTTaHapAbIKCbI3. 3epTTeAreH
Herisri yyackeAepAiH ToMblpakTapbl TbIFbI3AAAMaFaH >K8He ecyre KoAarAbl. N21 Herisri yuackeae
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TOMbIPaKTbiH 6eTKi KabaTbiHAQ ThIFbI3AAAFAH KbIPTbIC OaiKaAAbl. OPTTEH KeMiH KOAIMIi KaparaiAbiH
GipkeAki emec Taburn >kaHapybl 6arkasasbl. HerisiHeH AOCTbIK TYKbIM KOLIETTEPI bIAFAAAAHFAH OWi-
naTtTapmeH >X8He TOMbIPaKTbiH KOMCbITbIAFAH XXepAepiMeH OaiAaHbiCTbl. KapafaiAbl opmMaHAapAbIH
TabUFK >kKaHapyblHa KEAEPTri KeATIpeTiH (DakTOpAApFa OpMaH TOCEMI XKOHE XKep >KaMbIAFbICbIHbIH TEPeH
KYMin KeTyi, Tonblpakka MeXaHWKaAbIK, 8Cep eTy )KaHe KelleTTep epTey YLliH KOAAQHbBIAATbIH TEXHMKA,
TOAKbIHAbI pM3MHa caHbipaykyAarbl (Rhizina undulata) >kataabl, 0Aap KbIAKAH >KarblpakThl aFallTapAblH
TaMbIPAAPbIH 3aKbIMAANADI.

TyiiH ce3aep: opMaH, epTTeH KeWMiHri »Karaai, OpMaHAbl KaAMbiHA KEATipYy, TYMiHAI ydacke,
araluTapAblH, CaHMTaPABIK, XaF Aaiibl, KocTtaHan 06AbIChI.
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[NocAenoxkapHoe COCTOsIHME U BOCCTAHOBAEHUE AeCOB
Ha TeppuTopumn KoctaHaickoi obraacTu

[MpeacTaBAeHbl pe3yAbTaTbl MOAEBbIX MCCAEAOBAHMIA MOCAENOXKAPHOrO COCTOSIHMS M A€COBOCCTa-
HoBAeHMs KocTaHarckorn obaactu. Lleab nccaeAoBaHMS M3yUeHMe M aHaAM3 MOCAEMNOXKAPHOro COCTO-
SHWUS M BOCCTAHOBAEHUS AeCOB Ha TeppuTopun KoctaHanckorn o6aacT. YCTaHOBAEHO, UTO BEAMYUMHA
NMOCAEMNO0XapHOro 0TNaAa AEPeBbEB U UX PAAMAAbHDBIN NMPUPOCT B HACAXKAEHUSIX OCHOBHbIX Aecoobpa-
3YIOLLMX MOPOA, OMPEAEASIOTCS BUAOM M MHTEHCMBHOCTbIO Nnokapa. C y4eToM TUMOB AECHbIX AAHALLIA-
TOB C MOMOLLbBIO KOCMMUYECKMX M300Pa>KEHNI HaMM OMPEAEAEHbI 7 KAIOYEBbIX U KOHTPOAbHbIX ((DOHO-
Bble) YYaCTKOB, KOTOPble XapaKTepPU3yloT HapyLUeHHble 1 (DOHOBble HeHAPYLUEHHbIE AeCHble MOKPOBbI.
Cpean HMX HaMboAee MOCTPaAaBLUME OT AECHOMO Moykapa — 3TO KAloUeBble yyacTkn N25 n N7, rae
MPOLLEA BEPXOBOM MOXKap CPeAHeN MHTEHCMBHOCTU. AeCHas MOACTMAKA AQHHbIX KAIOUEBbIX YUYaCTKOB
NPy CUABHOM MOYKape CropeAa NMOAHOCTbBIO, MOYBEHHbIM 3aMac CEMSH ObIA YHUUTOXEH, OXKMAAETCS HI3-
Kasi MIHTEHCMBHOCTb €CTCECTBEHHOIO BO306HOBAEHMS. CpeaHUIi GOHUTET BCEX M3YUYEHHbIX KAOUYEBbIX
y4acTKOB OLleHMBaeTcs Hamu Kak Ill 1 cBg3aHO 3TO € HecBOeBpemeHHbIM MpoBeaeHueM py6oK yxo-
AQ MOBAEKLUMM K CHUXKEHMEIO TOAMYHOrO pocTa HacakAeHun. CaHMTapHOe COCTOSIHME HacaXKAEeHUM B
KAKOUeBbIX yyacTkax N21, N5, N27 HeyAOBAETBOPUTEAbHOE MO CPABHEHMIO C OCTAAbHBIMM YHACTKAMM.
[NouBbl MCCAEAOBAHHBIX KAIOUYEBbIX YUYaCTKOB He YMAOTHEHbI U OAAronpusTHbl AAS MpoM3pacTaHus. B
KAloueBOM yuacTke N21 HabAloAaAach YNAOTHEHHAsi KOPKA B MOBEPXHOCTHOM MOYBEHHOM cAoe. Ha-
OAIOAQETCS HEPABHOMEPHOE eCcTCeCTBEeHHOe BO30OHOBAEHME COCHbI OObIKHOBEHHHOM MOCAE MoXKapa.
[penmMyLLLeCTBEHHO APY>KHbIE BCXOAbI CEMSIH CBSI3aHbl C 6OAEe YBAQXKHEHHBIMM HU3MHAMM U Pa3pbIX-
A€HHbIMM yyacTKamu nous. K hakTopam npensTcByOLMM eCTECTBEHHOMY BO30OHOBAEHMIO COCHOBbIX
AECOB OTHOCSITCS FAYOOKOe MPOropaHns AeCHOM MOACTMAKM M MOYBEHHOrO MOKPOBA, MeXaHWyeckoe
BO3AENCTBME HA MOYBY U CesHLbl TEXHWMKM, UCMOAb3YEMOI AASl Pa3paboTKu rapei, rpub BOAHMCTas
pm3uHa (Rhizina undulata) koTopbii nopaxkaeT KOPHU AEPEBbEB XBOMHbBIX MOPOA,

KAtoueBble cAOBa: AeC, MOCAENOXKapHOe COCTOSHME, BOCCTAHOBAEHME AeCa, KAIOUYEBOM Y4acCToK,
CaHWTapHOe COCTosIHWE AepeBbeB, KocTaHarckas 06AaCTb.

Introduction

Forests are one of the most economically
significant natural landscape formations on the
planet, the formation and evolution of which is
largely associated with the impact of the pyrogenic
factor. They perform extremely important
environment-forming and stabilizing functions,
largely determining the ecological balance in the
biosphere [1-3].

Forest fires are an eternal companion of forests,
largely determining the current appearance of forest
cover in vast areas. The role of fires is especially
great in plantations of light coniferous tree species

(pine forests, larch forests), which due to their
natural biological features are most exposed to fire
loads. Here fires act as the leading and sometimes
the only forest-forming factor, which, depending
on the nature of fire impact, determines the degree
of environmental transformation, composition and
structure of forest communities, directions, rates of
regenerative succession and dynamics of renewal
processes [4-7].

Natural and climatic features of Kostanay
region are determined by its inland location. Six
of the seven key areas are located on the territory
of the “Semiozero Forestry Institution” (Figure 1).
The total area of the forestry institution is 62359
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hectares. The forestry institution is structurally
divided into four lesnichestvo — Novonezhinskoye,
Kalininskoye, Amankaragai and Arkalykskoye. The

length of the territory of the forest establishment
from north to south is 480 km, from west to east —
400 km [8].

B0 53

52°270"

Figure 1 — Map of key areas of Kostanay region

The territory of key sites 1,3,4,5,6,7 belongs to
the steppe zone, in the subzone of arid steppes. The
area of steppe pine forests in the ancient Abugo-
Tobolskaya trough of ancient runoff represents
two sandy, north-eastward elongated, disconnected
massifs within the boundaries of the northern half of
the steppe landscape zone.

The main forest forming species is the common
pine, other species are birch and aspen, bush willow,
rose hips, tavolga forming both pure and mixed
stands.

Forests are located only on ancient alluvial
sands, along the tops of ancient dune ridges and
upper parts of their slopes. Birch and aspen forests
are confined to the lower parts of the slopes of sandy
ridges and are often adjacent to the shores of salt
lakes. Shrub willow, honeysuckle are confined to
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the banks of rivers and lakes. Rosehip, tavolga grow
along soyas and slopes.

On clearings and glades sandy forage steppes
are formed. On the borders of the hog massifs there
are characterized by not wide strips of meadow-
solonchak vegetation.

Steppe vegetation is represented by St. John’s
woad (Stipa pennata), Becker’s tipczak (Festuca
beckeri), bluebunch (Koeléria glauca), Siberian
honeysuckle (Agropyron sibiricum (Willd.) P. Beav.
Beav.), wormwood (Artemisia). The cover of the
southern part of the institution is represented mainly
by wormwood-solanaceous and grass-wormwood
vegetation.

The climate of the Semiozero Forestry, remote
from large water areas, is sharply continental, with
hot, dry summers and cold, low-snow winters. Low
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winter and high summer temperatures combined
with dry weather, dust storms, late spring and
early fall frosts negatively affect the growth and
development of tree and shrub vegetation. Favorable
climate factors include a large abundance of solar
radiation and a rather long frost-free period.
Unfavorable climatic factors of the region are
droughts, dry winds, strong winds, dust storms, late
spring and early autumn frosts, severe frosts in winter,
snow blizzards and low precipitation, increasing
aridity to the south, high evaporation rate. The
combination of high temperature, low humidity, and
high wind speeds determine atmospheric droughts,
which cause a decrease in soil moisture reserves to
a level unavailable to plants. The cumulative effect
of drought is expressed first of all in the reduction of
growth processes in tree and shrub vegetation and
forest crops, which in case of a long dry period can
lead to the death of plants. The existing distribution
of pine, birch, aspen and various shrub plantations
follows quite naturally from the peculiarities of
climatic factors of the forest area. The relief of the
territory where the key areas are located is rather
complex, its origin is connected with alluvial and
subsequent aeolian processes. Aeolian relief forms
alternate with gentle sandy ridges and lower sloping
hills with small hollows between them. Meadow-
steppe plains form a winding network of arms among
the elevated hilly sands. In some places, especially
in lower parts along hillocks and ramparts, they
have the character of floodplain meadows, flooded
in spring by melt water and sometimes swamped.
Soil-geographical zoning most fully reflects the
peculiarities of the natural environment of individual
regions and districts, because in addition to the
features of relief, climate and water regime, it also
takes into account the nature of the soil cover of the
territory. Climate, relief, parent rock, flora and fauna,
as well as human activity have a great influence on the
intensity and diversity of soil formation processes.
According to soil zoning, the area of the institution
location is referred to the subzone of chestnut, brown
soils. Soil-forming rocks are white sands, sandy
loam, loams, loams, which lie on pistachio clays. On
the tops of high sandy hillocks and parts of slopes,
where groundwater is deeper than 7 meters from the
surface, soils are not soaked and are represented by
soddy-sandy varieties. In closed depressions, under
pine islands, malt, meadow and meadow-chestnut
soils develop. On low sandy outbursts, in hollows
and more extensive depressions among sands, soils
are characterized by leaching type of moistening.
Podzolistogley and peat-gley soils are formed under
conditions of high groundwater table and constant

sufficient moistening. On meadow-steppe areas,
near hollows, depending on hydrological regime
and depth of underlying saline rocks saline soils
of hydromorphic series were formed to different
degrees [8].

The following soils were identified in the study
area: sod-pine soils; brown forest secondary-odder
soils; gray forest soils; dark-gray saline soils; solody
ogleenye soils; solodyzabolozochnye solonetsye
soils.

Forest fires from 2001 to 2019. According
to the forest fire zoning, the territory of the forest
establishment is referred to the Amankaragai forest
fire district with the duration of the fire-dangerous
period of 208 days. In the past audit period (18) on
the territory of the forestry institution 88 cases of
forest fires were registered, covering 5249.9 hectares
of the total area, including forested lands — 5010.7
hectares, represented by plantations and forest crops.
The main reasons of occurrence of lower forest fires
were: thunderstorms — 53 %, careless handling with
fire (through the fault of the population) — 22 %,
unidentified — 16 %, arson — 7 % and from steppe
fires, and from short-circuiting of electric wires — 2
%. According to the data of the forestry institution
the root stock of burnt and damaged wood amounted
to 660.07 thousand m3. The average area of forest
fire amounted to 59.6 ha [8].

The large forest fire that occurred in September
2022 is worth noting separately, as the fire covered a
huge area, and such a fire has not been recorded for
the last 30 years. The fire covered 29,392.4 hectares,
including forested area of 24,919.4 hectares.

Basaman forestry is located on the territory
of Auliekol administrative district. The total
area of the forestry institution is 44,898 ha. The
forestry institution is structurally divided into
four lesnichestvo — Kazanbas, Western and
Kondratievskoye.

The length of the territory of the forest institution
is from north to south — 48 km, from west to east —
35 km [9].

The territory of the Turgai depression within
the modern borders of Kustanay oblast, which
includes the territory of the forestry institution,
is characterized by peculiar natural conditions,
determined by its inland position and significant
extent from north to south. The large length of
the territory in meridional direction creates here a
consistent change of landscapes: forest-steppes in
the northern areas, steppes in the central part of the
region and semi-deserts in the south. The territory of
the Basamansky forestry institution, located in the
northern part of the Turgai depression, belongs to
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the steppe zone in the subzone of moderately arid
steppes.

The area of steppe pine forests in the ancient
Abugo-Tobolskaya trough of ancient runoff is two
sandy, north-eastwardly elongated, disconnected
massifs within the borders of the northern half of the
steppe landscape zone.

The main forest forming species is common
pine, other species are birch and aspen, forming
both pure and mixed plantations.

Forests are located only on ancient alluvial
sands, on the tops of ancient dune ridges and upper
parts of their slopes. Birch and aspen-birch forests
are confined to the lower parts of the slopes of sand
ridges and are often adjacent to the shores of salt
lakes — sorrows. On clearings and glades sandy-
hemlock steppes are formed. Not wide strips of
meadow-solonchak vegetation are characteristic for
hog massifs along their borders.

Steppe vegetation is represented by Stipa
pennata, Festuca beckeri, Koeleria glauca and
others. These grasses occur under the canopy of
sparse forest.

The climate of the forest, located in the center of
the continent far removed from large water areas, is
sharply continental with hot, dry summers and cold,
low-snow winters.

Low winter and high summer temperatures
combined with dry weather, dust storms, late spring
and early fall frosts have a negative impact on the
growth and development of forest vegetation and
make it difficult to introduce introductions into
plantations.

The main types of soils in the study area are as
follows. Turf-hog soils. Brown forest secondary —
sod. Gray forest soils. Dark gray silty soils. Solody.

During 1999-2019 on the territory of
Basamansky forest institution 147 cases of top and
bottom forest fires were registered, covering 4275.8
ha of the total area, including forested lands —2392.7
ha, represented by pine and birch plantations. The
root stock of burnt and damaged wood amounted
to 107.7 thousand m*. Causes of forest fires were
mainly caused by lightning.

The smallest area registered in the Book of
forest fires is 0.06 ha, the largest — 1941.7 ha (2010),
in Kazanbas and Western lesnichestvos.

The average annual number of forest fires for
the last 5 years is 24 cases on the area of 679.7 ha.
Out of 147 cases of fires 122 are lowland fires, 25
are highland fires. The average area of one fire is 29
ha [9].

As a result of a large forest fire that occurred in
September 2022 in Basamansky forestry institution,
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the fire covered — 10,380 hectares, including forested
area — 7,473.9 hectares.

The purpose of the research is to study and
analyze the post-fire condition and restoration of
forests on the territory of Kostanay region.

Materials and methods of research

The objects of the study were forest areas of
Kostanay region: seven key sites in Semiozerny and
Basamansky forestry institutions (Table 1).

Sample plots and data of their binding to the
quarterly network, their geographical coordinates
and altitude were determined, as well as the char-
acteristics of the terrain, soil and ground conditions,
and all forest components were described.

The location of the sample area was selected in
a part of the plot, homogeneous in all taxonomic in-
dicators and growing conditions, not closer than 30
m from a plot of another category. The size of the
sample area was determined by the need to have at
least 200 trees of the main forest element.

UAYV imagery to track the dynamics of natural
processes and assess the impact of fire in the forest.

Long-term unburned areas of forest or disturbed
forest land (clearcuts, burned areas) were used as con-
trol plots. The correspondence of the fire-treated plots
to the control plots was ensured by their belonging to
the same type of habitat conditions, identity of relief
and soils, similarity of species composition, pre-fire
completeness and age of stands; for disturbed plots —
by the age of cutting and previous fire.

To characterize the key areas, a field study form
is developed, which specifies the forest institution, le-
snichestvo, quarter, subdivision, area and protection
category. Then the area of the key plot and land cat-
egory are studied. The soil type of the key plot is de-
termined and soil density is determined using a Wile
SOIL soil density meter, as a decrease in organic
matter and physical clay content after fire leads to an
increase in soil density. Undergrowth is counted to
determine the dynamics of natural regeneration.

Stand bonitet, weighted average sanitary condi-
tion score, and fire type are determined. All trees
with a diameter at a height of 1.3 m greater than or
equal to 4 cm were counted. Tree diameter, height,
tree species, maximum canopy height, minimum
canopy height, trunk temperature, wood moisture,
proportion of crown shrinkage due to lowland fires
(%), percentage of crown damage (by high or severe
lowland fire), and condition category were deter-
mined. A tree was included in the enumeration if the
center of its trunk was within the boundary of the
sample area.



Zh.0. Ozgeldinova et al.

Table 1 — Data on key sites

>
g o | Names of | Name of le- . Forest Forest Date Tree species Soil
5= . Coordinates block |allotment -
o » forestry snichestvo time Ne of samples| Ne of samples
S number | number
Semiozer- . 52°25°14.70"" N 20.09.2023 r. Pine bark
! noye Kalininsky | C1o1911.50 5 | 107 ! 10:15 (cinders) Envelope
Basamans- 52°25'52.55"" N 21.09.2023 1.
2 Koye Western 63°38°48 83" E 3 22 09-40 2022 r Envelope
3 Semiozer- |Novonezhin-| 52°30721.46"" N 20 | 22-23.09.2023 .| Pine bark Envelope
noye skoye 64°4’16.48" E 10:00 (cinders) p
Semiozer- |Novonezhin-| 52°30°47.54"" N 24-25.09.2023 1.
4 noye skoye 64°5'26.08" E ? 1 08:20 2022 ¢ Envelope
Shurf
5.1
. . , . . 0-5 sm
5 Semiozer- | Novonezhin-| 52°30°38.52"" N 7 5 26.09.2023 1. Pine bark 59
noye skoye 64°3°21.89"" E 09:15 (background) 520 sm
53
20-60 sm
Shurf
6.1
0-20 sm
. 6.2
. Novonezhin-| 52°3024.12"" N 27.09.2023 . .
6 | Semiozernoe skoye 64°4°0.61" E 7 22 07:35 Pine 20—21(; cM
40-60 sm
6.3
60-80 sm
. .. 52°2779.06"" N 28.09.2023 .
7 | Semiozernoe | Kalininsky 64°5'3.56" E 54 27 08:00 ash 2004 Envelope

The depth of burning was assessed visually by
examining the root necks and assessing the degree
of destruction of litter remaining after the fire, and
then comparing this data with the situation typical
for the same unburned area.

Fire type, form and severity were determined
by stand condition, including the extent of crown
damage and desiccation, height of char on trunks,
burned crust (bark) and root feet, and the extent of
burned ground cover, old stumps and deadwood.
The number of years since the fire and inter-fire in-
tervals were determined from trunk cuttings with
fire dried stumps and from stumps of cut dead trees.
The age and condition of the undergrowth were used
to determine the age of the fire.

Forest-typological description of sample areas,
assessment of sanitary condition, determination of
fire class, and taxation of stands were carried out in
accordance with generally accepted methods.

All trees with a diameter at a height of 1.3 m
greater than or equal to 4 cm were counted. The

diameter, height, tree species, maximum canopy
height, minimum canopy height, proportion of
shrunken crowns as a result of lowland fires (%),
and percentage of crown damage (in case of high or
strong lowland fires) were determined. A tree was
included in the enumeration if the center of its trunk
was within the boundary of the sample area.

In patches with small trees (most of them 10 cm
in diameter), 2020 m plots were laid out to count
them, and the maximum and minimum diameter and
average height were determined.

A typical sampling method of observation was
used to survey intact areas. Sample plots were se-
lected in fire-affected stands and in control plots that
had not been exposed to fire for a long time.

The age of the main forest element was deter-
mined by counting the number of annual layers on
cores taken with an age drill at the root neck or on
stumps from 3-5 felled trees. The age of other for-
est elements was determined by eye, if necessary,
on 1-3 felled model trees or with the help of an age
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drill. Diameter was measured with a measuring fork
at a height of 1.3 m, height with an electronic al-
timeter, moisture with a wood moisture meter, and
temperature with a pyrometer.

Sampling of soils and vegetation for laboratory
studies of soil properties and composition to study
changes after fires. Study of changes in the chemi-
cal composition of soils compared to background
soils. Study of changes in chemical composition of
tree bark compared to bark of trees not exposed to
wildfire.

In the test areas, the description and accounting
of undergrowth and self-seeding were carried out on
the accounting sites, while the amount of preserved
and post-fire undergrowth was calculated in accor-
dance with the recommendations of A.l. Buzykin
and A.V. Pobedinsky.

The description and accounting of undergrowth
and self-seeded trees was carried out on the sample
plots, and the amount of preserved and post-fire
undergrowth was counted in accordance with the
recommendations of A.l. Buzykin and A.V. Pobe-
dinsky.

Determination of type, composition, complete-
ness, bonitet according to the table of M.M. Orlov,
age, average height of forest plantations, as well as
the stock per hectare and on an allotment before the
fire with the help of sample plots and according to
the forest inventory data.

To record and characterize undergrowth and un-
dergrowth within the trial area, at least 10 test plots
(representing about 0.25-2.0% of its area) of square
shape of 2x2 m or 1x1 m (in case of dense distribu-
tion) were laid out. In case of uniform undergrowth
distribution, the plots were laid uniformly over the

Table 2 — Scale of sanitary condition of trees [10]

area. In sample plots with clumps of undergrowth,
the percentage of area occupied by clumps or groups
was determined; the undergrowth was counted sepa-
rately for each placement category. The number of
undergrowth on average per 1 ha was determined
taking into account areas occupied by clumps and ar-
eas with evenly spaced undergrowth. Undergrowth
was counted in 5 height groups: up to 0.10 m; 0.11-
0.25 m; 0.26-0.50 m; 0.51-2.0 m; more than 2.0 m.
According to its condition, it was subdivided into re-
liable, doubtful and shrunken. Specimens with axial
shoot growth exceeding the growth of neighboring
lateral shoots, with green needles (leaves), without
mechanical damage, free of phyto-diseases, and free
of entomological pests were considered as reliable.
For each height group, the average age of the under-
growth was determined by counting the number of
annual layers or whorls in 5 average specimens. Un-
dergrowth was noted in relation to micro- and nano-
relief elements, to the degree of ground cover burn-
ing, species composition of living ground cover,
canopy closure or other forest features. At the sites
we counted undergrowth by species, determined av-
erage height and density.

Determination of forest sanitary condition. At
least 200 trees were counted on the sample plots,
their enumeration was carried out, diameter was
measured with a measuring fork at a height of 1.3 m,
and height was measured with an electronic altim-
eter. During the enumeration, trees are divided into
categories of sanitary condition. The sanitary condi-
tion of trees is determined according to the scale in
force in Kazakhstan, according to Annex 20 to the
Rules of forest felling in the areas of the state forest
fund [10]. Table 2.

Signs of tree condition by species

Category Score
gory Conifers

Deciduous

I —no signs of
weakening

The crown is dense, needles are green, no
desiccation, no damage

Crown dense, foliage green, no drying, no damage

1I — weakened

damage to trunk.

Crown weakly openwork; needles green, light green
or scorched (burnt) not more than 1/3; drying of
some branches, damage to some root paws, local

Crown slightly openworked; foliage falls off early or is
eaten by 25%; individual branches withered; localized
damage to trunk and root paws; sporadic water shoots

III — severely
weakened

damage.

Crown strongly openworked; needles light green
or gray or matt, or eaten off (burnt) up to 2/3, very
weak growth, desiccation of up to 2/3 of the crown,
damage to root paws or trunk, ringing them up to
2/3; attempts of settlement of trunk pests; fruiting
bodies of fungi or other signs of severe trunk

Crown strongly openworked; foliage very small, light
colored, early yellowing and falling off, very weak

or no growth; up to 2/3 of crown withered; trunk and
root paws damaged on 2/3 of circumference; sap flow
on trunks and skeletal limbs; attempted or localized
dispersal of trunk pests; abundant water shoots; fruiting
bodies of fungi on trunk
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Table continuation

Signs of tree condition by species

Category Score
gory Conifers

Deciduous

Crown strongly openworked; needles gray,

IV — withered

yellowish or yellow-green, falling off, very weak
or no growth; drying of more than 2/3 of branches;
damage to trunk and root paws more than 2/3 of
circumference; signs of settlement by stem pests

More than 2/3 of crown withered or shriveled; more
than 2/3 of trunk circumference and root feet damaged;
signs of stem pest infestation; shriveled water shoots

previous years)

V- fresh Gray, yellow or br‘own, pgrtlally ¢ rumbhpg needles, Leaves shriveled, wilted or absent; partial loss of bark;
deadwood partial bark fall, signs of infestation or flight of stem | . . .

signs of infestation or stem pests.
(current year) pests.
VI-old No needles; bark and small twigs partially or Leaves absent; bark and small twigs partially or
deadwood (of completely fallen off; flight holes of stem pests; completely fall off; flight holes for stem pests; under

fungus of wood-destroying fungi under the bark

bark fungus of tree-destroying fungi.

The weighted average sanitary condition score
by number of trees (Bg) was determined by the
formula:

Bg = z1nl+z2n2+73n3+74n4+z5n5+7z6n6,
nl-+n2+n3+n4+n5+n6
where,
z1...26 — tree condition categories 1 to 6;
nl...n6 — number of trees in the sample area
with the corresponding condition category, pcs.
Sanitary condition was assessed according to the
generally accepted scale (Table 3) [11, 12].

Table 3 — Assessment of stand condition depending on the value
of weighted average condition score

Value of weighted average Sanitary condition of forest
score stands
1,0-1,5 Healthy
1,6-2,5 Weakened
2,6-3,5 Severely weakened
3,6-4,5 Shriveling
4,6- and more Withered

Signs of damage or burning of trees, their
separate parts and various components of biocenosis
were determined according to the approved rules of
accounting, determination and compensation for
damage caused by fires in the forest fund [12].

Filming was carried out with DJI Mavic 3
Pro Fly More Combo + DJI RC. Photo and video
footage obtained by drones, both by conventional
and special cameras, provides a complete picture
of forest areas and their condition, including
information on tree species and heights and their

exact location in accordance with GPS coordinates,
which is certainly necessary for effective and
sustainable forest management. In the course of
analyzing the obtained images, fire boundaries were
specified for a number of key observation points
located in different landscape-forming conditions.

The cameral stage includes processing of the
collected materials, laboratory studies of soils, tree
bark, structuring of information, and preparation of
reports.

Results of field studies

The key site Ne 1 is located in subdivision
1 of quarter 107 of Kalininsky lesnichestvo of
Semiozerny forestry institution. The area of the
forest section is 9.2 hectares, according to the
category of protection this forest area belongs to
the field — and soil-protective forests, there are
artificial plantations, i.e. forest cultures, which are
56 years old. The average height of plantations
is 14 meters, and the average trunk diameter at
a height of 1.3 meters is 16 centimeters. In this
area, the main forest forming species is common
pine. The growing stands belong to the III bonitet.
Average weighted score of sanitary condition is 5.
Soil type is chestnut soils with density index 150
on the instrument dial 0-14 cm/kg2, i.e. favorable
conditions for growth.

According to the last forest inventory conducted
in 2019, the completeness of plantations is 0.7 and
the average wood stock is 165 m3 per hectare, that
is, on this allotment before the fire the wood stock
was 1518 m3 [8].

This site was selected as one of the key sites
due to the fact that in this area trees were massively
fallen, broken off at a height of 2.5 — 3.5 meters and
scattered in two opposite directions, as a result of
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the so-called “explosion”, which occurred due to the
oncoming flames (Figure 2).

The type of fire is defined as riding of medium
intensity [13]. Soil and bark samples of damaged wood
were taken at this site in order to determine the chemical
composition and changes after the fire. The top layer of
the soil is slightly compacted at a thickness of 5 cm.

As a result of heavy rainfall, from August 30 to
September 20, 2023, a process of natural renewal

is observed, that is, seedlings (self-seeding) of
ordinary pine aged 20-30 days. The appearance of
seedlings is due to the presence of intact fruiting
pine plantations, the so-called testes. On average,
there are about 1-2 seedlings per 1 m2, and there are
also separate areas where there is an accumulation
of seeds, mainly lowlands with accumulation of
moisture and places where there is a soil injury that
promotes natural regeneration (Figure 3).

Figure 3 — Key area 1. Natural renewal of pine
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The wavy rhizina mushroom (Rhizina undulata),
characteristic of scorched soils, campfires and
harems, is found. The wavy rhizina fungus (Rhizina
undulata) can infect the roots of coniferous trees,
which are 20-50 years old, which is an unfavorable
factor for seedlings. Coniferous trees are mainly
affected by wavy rhizina (Rhizina undulata),
whereas the roots of deciduous trees are not affected
by the wavy rhizina mushroom (Rhizina undulata)
(Figure 4).

No sampling plots were laid to determine the
sanitary condition of plantations due to the absence
of trees growing on the root.

This key area is littered with fallen trees,
some of which are in non-lethal condition. Natural
regeneration is due to undamaged seedlings and
abundant precipitation. Undergrowth accumulation
is associated with lowlands and moisture
accumulation.

Key site No. 2 is located in subdivision 22
of quarter 3 of the Western forestry block of the
Basaman Forestry Institution. The area of the forest
section is 5.3 hectares, according to the category
of protection this forest area belongs to the field —
and soil-protective forests, where there are artificial
plantations, i.e. forest cultures, the age of which is
44 years. The average height of plantations is 12
meters, and the average trunk diameter at a height of
1.3 meters is 14 centimeters. In this area, the main
forest forming species is common pine. The growing
stands belong to the III bonitet. At this site, the
minimum height of soot is 1.0 m, and the maximum
height of soot is 4.0 meters. According to the results
of reconnaissance survey the main number of trees
belongs to the IV category of tree sanitary condition.
Soil type is hog sand with density index of 100 on
the dial of Wile Soil density meter, i.e. from 0-14
cm/kg?, which is favorable conditions for growth.

Figure 4 — Key site 1. Rhizina undulata

According to the latest forest inventory,
conducted in 2019, the completeness of plantations
is 0.7, and the average wood stock is 134 m? per
hectare, that is, on this section before the fire the
wood stock was 710.2 m? [8].

This site was selected as one of the key sites due
to the fact that the main species here is pine as a
forest crop, which is more susceptible to forest fires
compared to natural stands.

A sample plot of 0.2 hectares was established at
this site, where a complete enumeration of trees was
carried out to determine the sanitary condition and
taxation characteristics of trees.

The age of the crops is classified as middle-
aged. This plot serves as a determinant of the
flammability of forests of this category at the
specified completeness and forest type. And also
the uniqueness of this plot is that it is located at the
forest edge and has different degrees of fire damage
(Figure 5).

The type of fire was determined to be a lowland
runaway fire of moderate to severe intensity. In this
plot, a sample area was established and a complete
census was conducted to determine the sanitary
condition of trees, and soil and bark samples of
damaged wood were taken.
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Figure 5 — Key area 2 top view

At this site, the fire did not fully cover the
key area in medium-aged pine stands. There are
completely burned trees, live ground cover, and
small areas where there was a downward runaway
fire of medium intensity, which slightly damaged
the thick bark of trees. There is also a forest edge
not damaged by fire.

In this key area there are old-growth forest
crops, which prevent the growth of self-sown trees
of natural origin, but after the fire, as a result of the
cessation of growth of individual trees, self-sown
pine trees appeared en masse.

Key site No. 3 is located in section 1 of quarter
20 of the Novonezhinskoye lesnichestvo of the
Semiozero forestry institution. The area of the forest
section is 9.2 hectares, according to the category
of protection this forest area belongs to the field —
and soil-protective forests, there are natural forest
plantations, the age of which is 93 years. The
average height of plantations is 21 meters, and the
average trunk diameter at a height of 1.3 meters is
28 centimeters. The main forest-forming species in
this area is the common pine. The growing stands
belong to the III bonitet. According to the results
of reconnaissance survey the main number of trees
belongs to II and III categories of tree sanitary
condition. Soil type is hog sand with density index
100 on the dial of Wile Soil density meter, i.e. from
0-14 cm/kg2, which is favorable conditions for
growth.
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According to the latest forest inventory
conducted in 2019, the plantation completeness
is 0.5 and the average timber stock is 195 m3 per
hectare, which means that this allotment had a
timber stock of 1794 m3 before the fire [§8].

This plot was selected as a background (control)
undamaged by fire forest area, where the main
species of natural origin grows, as well as single
trees of birch as a companion species. Figure 6.

A temporary sample plot of 0.25 ha was
established at this site, where a complete enumeration
of trees was made to determine the sanitary condition
and taxation characteristics of trees. The plantations
are of old-growth age, and there is a mixed-age
undergrowth (Figure 5).

As this key area is covered with natural
plantations with clearings, there is a gradual natural
regeneration by self-seeding. The dying off of
overgrown stands is also observed as a process of
natural forest regeneration[12]. During the period of
planned thinning on the places of skidder tracks and
lowlands there is an accumulation of undergrowth.

The key site No. 4 is located in section 11 of
quarter 9 of the Novonezhinskoye lesnichestvo of
the Semiozero forestry institution (Figure 7). The
area of the forest section is 0.2 hectares, according
to the category of protection this forest area belongs
to the field — and soil-protective forests, there are
natural forest plantations, i.e. self-seeding at the site
of'the fire, which are 17 years old. The average height
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of the plantations is 4 meters, and the average trunk
diameter at a height of 1.3 meters is 8 centimeters.
The main forest-forming species in the area is the
common pine. The growing stands belong to the 111
bonitet. At this site, the minimum height of soot is
2.5 meters, and the maximum height of soot is 17.0

meters. The type of fire is defined as a top fire of
medium intensity crops completely burned to the
point of cessation of growth. The soil type is hog
sand with a density index of 100 on the Wile Soil
density meter dial, i.e. from 0-14 cm/kg2, which is
favorable growing conditions.

Figure 6 — Background (control) undamaged by fire forest plot

In this key participatory area a sample plot was
also established on the area of 0.25 ha to determine
the condition of trees. In the cultures all plantations
belong to V category of sanitary condition. There
are also birch plantations in the crops, which have
started regeneration.

According to the data of the last forest inventory
conducted in 2019, the completeness of the stands
is 0.6, and the average wood stock is 21 m3 per
hectare, that is, on this allotment before the fire the
wood stock was 12.6 m3 [8].

A 0.2 ha sample plot was established at this site,
where trees were counted to determine the sanitary
condition and taxation characteristics of the trees.

In order to assess the self-restoring capacity of
the forest, the forest area where a large forest fire
occurred in 2004 was selected as a key site. At the
time of the survey, natural plantations and forest
crops were observed on the site of the former fire
(Figure 8).

An area where natural regeneration occurred was
selected. A temporary trial plot was also established
to assess the condition of the forest plantations. In

terms of growth and development, as well as other
taxation characteristics, the plantations correspond
to their age, have good annual growth, the impact of
pests and diseases is not observed. Trees belong to I
category by sanitary condition.

There are single stands of birch trees older
in age and aspen stands of the same age as the
main species and younger. The above-mentioned
associated species are strongly depressed and there
is a displacement of them by stopping their growth.
There are also intraspecific natural decay — single
dry and depressed pine stands, which is normal in
stands with high completeness.

For normal further growth and high-yielding
stands, thinning is necessary, which in turn also
reduces fire risk and the occurrence of wildfires.
As growth progresses, high-floor stands are
susceptible to pest and disease infestation. The
natural regeneration of 2005 at the moment of the
survey is growing evenly, the stands are healthy,
crowns are closed, no further regeneration is
observed, as mature stands hinder the growth of
seedlings.
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Figure 7 — Key area 4

Key site No 5 is located in sections 4 and 5 of
quarter 7 of Novonezhinskoye lesnichestvo of
Semiozernoye lesnichestvo of the Semiozernoye
forestry institution.

In section 4 of quarter 7 there are natural
plantations, the area of the section is 1.3 hectares,
according to the category of protection this forest
area belongs to the field — and soil protection
forests, the age of which is 73 years. The average
height of plantations is 18 meters, and the average
trunk diameter at a height of 1.3 meters is 20

centimeters. The main forest-forming species in
the area is the common pine. The growing stands
belong to the III bonitet. Soil type is hog sand with
density index 130 on the dial of Wile Soil density
meter, i.e. from 0-14 cm/kg?, which is favorable
conditions for growth.

According to the latest forest inventory,
conducted in 2019, the completeness of the stands
is 0.5, and the average wood stock is 170 m* per
hectare, that is, in this section before the fire, the
wood stock was 221 m® [8].

Figure 8 — Key site 4, top view

Since this plot is a forest edge, the fire intensity
was lower than in the neighboring plot with forest
crops. Also, the fullness of the plantation has a great
influence.
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In section 5 of quarter 7 there are artificial
plantations, the area of the section is 1.2 hectares,
according to the category of protection this forest
area belongs to the field — and soil protection forests,
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the age of which is 44 years. The average height
of plantations is 14 meters, and the average trunk
diameter at a height of 1.3 meters is 12 centimeters.
The main forest-forming species in the area is the
common pine. The growing stands belong to the
IT bonitet. According to the data of the last forest
inventory, conducted in 2019, the completeness of
plantations is 0.8, and the average wood stock of
188 m3 per hectare, that is, in this section before the
fire wood stock was 225.6 m? [8].

It is worth noting that on the sites where pine and
a number of other coniferous species were burned,
the first to naturally appear are seedlings or shoots of
birch (Figure 9). In turn, these species during the next
20-30 years prepare the ground for mass growth of the
main species. But they can also grow simultaneously
with self-seeding of the main species. Due to their
biological peculiarity — fast growth, deciduous
species, in particular birch overtakes the main species
in growth during the first vegetation period.

J
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Figure 9 — Key Site 5. Birch regeneration after the fire

In natural stands there are trees belonging to
category IV that have preserved the upper part of
the crown, and these trees may serve as seedlings
for natural regeneration in the future. Seedlings of
15-30 days old are also observed here in separate
clumps. On average 5-6 pieces per 1 m?.

In this subdivision of key plot Ne 5, a medium-
intensity overhead fire occurred, and stands up to
the top were completely affected by the fire with no
possibility of continued growth.

In this key area in Section 5, the forest floor,
which was storing seed stock, was deeply burned,
which will have a negative impact on natural
regeneration.

In this key plot in Section 5, the forest litter,
which stored seed stock, is deeply burned, which
will have a negative impact on natural regeneration.

The key plot Ne 6 background plot is located in
subdivision 32 of quarter 7 of the Novonezhinskoye
lesnichestvo of the Semiozernoye lesnichestvo of
the Semiozernoye lesnichestvo.

The area of the forest section is 1.4 hectares,
according to the category of protection this forest area
belongs to the protective forest belts along railroads

and highways, there are natural forest plantations,
the age of which is 93 years. The average height of
the plantations is 20 meters, and the average trunk
diameter at a height of 1.3 meters is 28 centimeters.
The main forest-forming species in this area is the
common pine. The growing stands belong to the III
bonitet. Soil type is hog sand with density index 100
on the dial of Wile Soil density meter, i.e. from 0-14
cm/kg?, which is favorable conditions for growth.

According to the latest forest inventory
conducted in 2019, the fullness of the stands is 0.6
and the average wood stock is 204 m® per hectare,
i.e. the wood stock in this plot before the fire was
285.6 m’.

At this site, a trial area of 0.25 hectares was
established, where a complete enumeration of trees
was made to determine the sanitary condition and
taxation characteristics of trees.

This key site was selected as a background site
characterized by a typical pine forest growing near
the highway and the settlement, and birch plantations
are also found. The anthropogenic load on the site is
high, as the site is located near the settlement and
along the highway. In terms of age, the stands are
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old-growth. Undergrowth is present in this plot,
but with poor dynamics. Mature plantations do not
allow growth of young trees, only in a small area,
where there is an unshaded and warmed area with
tree crowns, there are shrubs and young pine trees.
Birch stands are declining due to displacement of
the main species.

Key site No. 7 is located in section 27 of quarter
54 of Kalininsky lesnichestvo of Semiozero forestry
institution. The area of the forest section is 5.6
hectares, according to the category of protection,
this forest area belongs to the protective forest belts
along railroads and highways, there are natural
forest plantations, the age of which is 53 years. The
average height of plantations is 16 meters, and the
average trunk diameter at a height of 1.3 meters is

16 centimeters. The main forest-forming species in
this area is the common pine. The growing stands
belong to the II bonitet.

Soil type is hog sand with a density index of
100 on the dial of the Wile Soil density meter, i.e.
from 0-14 cm/kg?, which is favorable conditions for
growth.

According to the last forest inventory conducted
in 2019, the completeness of the stands is 0.7 and
the average wood stock is 204 m3 per hectare, i.e.
in this allotment before the fire the wood stock was
1142.4 m3 [8].

In this plot, there was an upward fire of medium
intensity, and the plantations up to the top were
completely affected by the fire without the possibility
of continued growth (Figure 10).

Figure 10 — Key Site 7.

At this site the minimum height of soot is 14.0
m, and the maximum height of soot is 18.0 m.
According to the survey on sanitary condition of
plantations belong to V category. During the field
survey it is observed that after the fire the natural
regeneration is weak, in general the undergrowth on
the site and before the fire was insignificant, only
single young trees. Weak regeneration is due to the
high density of stands, where mature stands hinder
the growth and development of undergrowth. Forest
litter was completely burned in the fire, and soil
seed reserves were destroyed. The process of natural
regeneration is possible only after the development
of the burned area, i.e. after removal of burned trees
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from the area and soil damage during skidding
and other logging operations. This increases the
likelihood of self-seeding of seeds from nearby seed
trees.

Conclusion

Thus, we have surveyed 7 key areas, among them
the most affected by the forest fire are key areas No.
5 and No. 7, where there was a top fire of medium
intensity. It should be noted that in the key site No.
5 in section 5 of quarter 7 of Novonezhinskoye
lesnichestvo there are middle-aged forest cultures
(44 years), and in the key site No. 7 in section 27
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of quarter 54 of Kalininskoye lesnichestvo there
are middle-aged natural plantations (53 years). The
similarity of the two plots is their high fullness (0.7
—0.8), bonitet (II) and stock per 1 hectare (190 m3).
The plantations in these plots burned completely
without the possibility of continued growth and
regeneration, the height of the soot is over 12 meters.

We estimate the average bonitet of all studied
key sites as III and this is due to untimely harvesting,
which resulted in a decrease in the annual growth of
the plantation. Sanitary condition of plantations in
key sites Nel, Ne5, No7 is unsatisfactory in comparison
with other sites. Soils of the investigated key sites
are not compacted and favorable for growth. In key
plot No.1 there was a compacted crust in the surface
soil layer.

Uneven natural regeneration of common pine
after the fire was observed. Predominantly friendly
seed sprouting is associated with more moistened
lowlands and loosened soil areas.

Factors hindering the natural regeneration of
pine forests include deep burning of forest litter and
soil cover, mechanical impact on soil and seedlings
of machinery used for the development of burned
areas, Rhizina undulata fungus, which affects the
roots of coniferous trees.

Low intensity of natural regeneration is
expected in key areas Ne 5, Ne 7, where forest litter
was completely burned during a strong fire, soil seed
stock was destroyed. In the same way, during the
development of burned areas the already appeared
sprouts will be destroyed under the wheels of
machinery.

The main factor contributing to natural
regeneration of burned forests is abundant
precipitation both in spring and fall. The natural
recovery process after fire is uneven. The prolonged
drought, which in 2022 contributed to the rapid
spread of the fire, has also hindered natural
regeneration in the forest in recent years. In 2023,
the summer was also dry, with prolonged rains
only at the end o the summer, which favored the

germination of pine seedlings. Seed material that
failed to sprout in spring began to sprout in the fall,
mainly in lowlands where moisture lasts longer.
Also during field inspection of the fire sites spring
sprouts were found on the sites of winter felling,
during which skidding of fallen trees took place,
which in turn damaged the topsoil, contributing to
the entry of seeds into favorable, relatively prepared
for sprouting soils. For the pine forests of this region,
moisture, or rather its high level, plays a key role.

Forests that have been damaged by fire urgently
need to be developed and cleared to avoid the spread
of secondary stem pests and diseases. But this
increases the risk of death of young pine seedlings
that have already appeared during mechanized works.

The observation series presented in the study
are undoubtedly short and do not cover a succession
cycle of 100 or more years. At the same time, they
make it possible to identify certain regularities of
post-pyrogenic forest dynamics to analyze the speed
and direction of these processes, as well as to use
them in practical activities.

The study of recovery dynamics processes
makes it possible to determine the nature and
speed of compensation by plant communities for
the changes caused by the disturbance factor. The
recovery time of a plant community after a distur-
bance (stabilization time or relaxation time) is its
fundamental characteristic. In this connection, the
study of recovery processes of boreal forests af-
ter external disturbances, as well as a comparative
analysis of the features of organization of disturbed
and undisturbed communities is an urgent modern
problem. The results of the conducted research can
be useful in solving the question of the necessity to
carry out reforestation measures on the burned areas
of Kostanay region.

This study was undertaken as part of grant
funding for scientists awarded for scientific and (or)
scientific and technical projects from 2023 to 2025
by the Ministry of Science and Higher Education of
the Republic of Kazakhstan (IRN Ne AP19678305).

References

1. AbatzoglouJ.T., Williamms A.P. Impact of anthropogenic climate change on wildfire across western US forests. Proc. Natl.

Acad. Sci., 113 (42), 11770, 2016

2. Dupire S., Curt T., Bigot S., Frejaville T. Vulnerability of forest ecosystems to fire in the French Alps, Eur. J. For.

Res. 138(4), 1, 2019

3. Vacchiano G., Foderi C., Berretti R., Marchi E., Motta R. Modeling anthropogenic and natural fire ignitions in an inner-

alpine valley, Nat. Hazards Earth Syst. Sci.,18, 935, 2018

4. Komarova E.P., Malyukov S.V. Dynamics of renewal of areas covered by forest fires, Actual directions of scientific research

of the XXI century: theory and practice, 5(3), 48, 2014

67



Post-fire condition and restoration of forests on the territory of Kostanay region

5. Gavrilova O.1., Pak K.A. Restoration succession after fires in lingonberry pine forests of southern Karelia, Increasing the
efficiency of forest complex: Mater. All-Russian scientific and practical conf. with international participation May 22, 22, 275, 2017

6. P. Moore Forest Landscape Restoration After Fires // Forest Retoration in Landscapes, 2005, P.332-338

7. Lea Wittenberg, Nurit Shtober-Zisu Restoring fire-affected soils: The potential of nature-based solutions, Volume 36, De-
cember 2023, P.100520

8. State Enterprise “Kazakh Forestry Enterprise” Forestry project of KSU “Semiozernoye Institution of Forestry” of the De-
partment of Natural Resources and Regulation of Nature Management of Akimat of Kostanay region, Volume 1, Explanatory Note,
2019. (In Russian)

9. State Enterprise “Kazakh Forest Enterprise” Forest management project of KSU “Basaman forestry institution” of the De-
partment of Natural Resources and Regulation of Nature Management of Akimat of Kostanay region, Volume 1, Explanatory Note,
2019. (In Russian)

10.Rules of forest felling in the areas of the state forest fund (approved by the order of the Minister of Agriculture of the Repub-
lic of Kazakhstan from June 30, 2015 Ne 18-02/596).

11. Armolaitis, K. Methodical guidelines for assessing the life condition of pine, spruce and birch (in the conditions of the Lith-
uanian SSR) / K. Armolaitis, R. Barauskas, M. Vaichis, J. Siapiatene, M. Mastauskis, E. Bartkevi¢ius. Kaunas: K. Pozela Printing
House, 1987. K. Pozela, 1987. 31 p.

12.Rozhkov, A.A. Sustainability of forests / A.A. Rozhkov, V.T. Kazak. Moscow: Agropromizdat, 1989. 239 p.

13.Rules of accounting, determination and compensation for damage caused by fires on the territory of the forest fund (approved
by the order of the Minister of Agriculture of the Republic of Kazakhstan from January 27, 2015 Ne 18-02/42). [Electronic resource].
2015.

Aemopnap mypanvl monimem:

Oseenounosa Kanap Osecenvounosna — [ymunes amvindacer Eypasus yammulx yHueepcumeminiy @usukanvli icone
IKOHOMUKATLIK 2eoepahust kKagedpacwinviy npogeccop m.a., PhD (Acmana x., Kazaxcman, s1. nowma: ozgeldinova@mail.ru)

Myraes JKanooc Toneybexosuu (koppecnonoenm-asmop) — PhD, ooyenm, [lloxopim yHusepcumeminiy scapamuliblcmany-
mamemamuranvlk paxyromeminiy oexanvl (Cemetl K., Kazaxcman, s1. nowma: zhandos.mukaev@mail.ru)

Typnvibexos Kapuwwviea Mypamxanosuu — undicenep, opmar namonozvi MKKK Pecnybnuxanviy Opman Cenexyusiiblk myKbim
ecipy opmanviabl”’ pecnyOnuKaIbly memiekemmix Kasvinanvlk kocinopusl (Cemetl k., Kazaxcman, an. nowma: karshyga 94@mail.
ru)

JKaneyosicuna Anmuoin Amupoicanosna — Eypazus ynmmulx ynusepcumeminiy QuuKauivlk jicone IKOHOMUKATBIK 2eoepaghus
Kageopacwinvly doyenm m. a., PhD (Acmana, Kazaxcmarn, sn.nowma: altyn@mail.ru)

Pamaszanosa Hypeyne Ecenosna — Eypaszus yimmelx ynugepcumeminiy Qu3uKanbly cone IKOHOMUKANLIK 2eoepagus
Kagedpacwinviy npogeccop m.a., PhD, Acmana, Kazaxcman, sn.nowma. nurgulram@gmail.com )

M.M. Vnviknanosa — I'vmunes amvinoazol Eypasus yimmuolx ynueepcumeminiy Qu3uUKanibly Jeone IKOHOMUKATBIEK 2eocpadus.
rkagedpacwinviy 8D05213 -I'eoepaghus BEB dokmopanmuer (Acmana, Kazaxcman, sn.nowma: ulykpanova@mail.ru)

Information about authors:

Ozgeldinova Zhanar O. — PhD, acting Professor of the Department physical and economic geography of L.N. Gumilyov
Eurasian National University (Astana, Kazakhstan, email: ozgeldinova@mail.ru )

Mukayev Zhandos T. (corresponding author) — PhD, Associate Professor, the Dean of the Faculty of Natural and Mathematical
Sciences of Shakarim University (Semey, Kazakhstan, email: zhandos.mukaev@mail.ru)

Turlybekov Karshyga M. — Forest pathologist engineer, RSE “Republican Forest Breeding and Seed Center” (Semey,
Kazakhstan, email: karshyga 94@mail.ru)

Zhanguzhina Altyn A. — PhD, acting Associate Professor of the Department physical and economic geography of L.N. Gumilyov
Eurasian National University (Astana, Kazakhstan, email: altyn@mail.ru )

Ramazanova Nurgul E. — PhD, acting Professor of the Department physical and economic geography of L.N. Gumilyov Eurasian
National University (Astana, Kazakhstan, nurgulram@gmail.com)

Ulykpanova M.M. — PhD student of the EP 8D05213 -Geography of the Department physical and economic geography of L.N.
Gumilyov Eurasian National University (Astana, Kazakhstan, email: ulykpanova@mail.ru)

Received: January 02, 2024
Accepted: June 17, 2024

68



