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Analysis of declining pine stands infested by pine engraver beetle in Teterivske Forestry Enterprise for 2001-2017
shows increase in the infested area since 2009 with the maximum of selective sanitary felling area in 2013 and clear
sanitary felling area in 2016. After 2013 total timber volume, obtained from clear and selective sanitary felling, as
well as timber volume per hectare, has noticeably increased. Timber volume from selective sanitary felling in 2011—
2015 and 2016-2017 exceeded the average value for 2001-2017 by 35.9 and 68 %, or in 1.4 and 1.7 times
respectively. A negative correlation was evaluated between the area of clear sanitary felling and the date of stable
transition of air temperature in spring over 0 °C, as well as between area of clear sanitary felling and precipitation for
vegetation period. Several stages of increasing the area of forest decline were registered during vegetation period of
2014-2016. Selective felling was not able to stop forest decline. Selective sanitary felling 2-3 times repeated in the
same forest plots for 2014-2017. In 2017 clear sanitary felling was carried out in the 28.6 % of plots with previous
selective sanitary felling.
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Introduction. The area of pine forest decline has been increasing for the last decades in many
European countries (Bigler et al. 2006, Wermelinger et al. 2008, Faccoli et al. 2011, 2012, Siitonen
2014) including Ukraine (Meshkova et al. 2015a, 2017).

The trees, weakened by drought or other unfavorable conditions, are successfully attacked by
stem pests, which propagated and spread in the forest stands (Bigler et al. 2006, Meshkova &
Zinchenko 2013). Ecological conditions of last decades become more favorable for pine engraver
beetle Ips acuminatus (Gyllenhal 1827) (Coleoptera: Curculionidae: Scolytinae). This insect
inhabits the branches and treetops making it difficult to find the first signs of tree colonization
(Siitonen 2014, Meshkova et al. 2015a). The trees inhabited by this pest become available for other,
less aggressive insects that develop in the lower parts of the stems and damage the most valuable
wood (Meshkova 2017). Furthermore, 1. acuminatus and other pine bark beetles are well known to
be associated with fungal complexes including blue-stain fungi and pathogens worsening tree health
(Davydenko et al. 2017). Pine engraver beetle is capable to develop in several generations per year,
including sister broods (Colombari et al. 2013). Therefore, it attacks the trees almost permanently
from May to the end of August. Inhabited trees become weakened and killed for several weeks, and
crown color gradually changes from green to grayish and reddish. In Ukraine, pine engraver beetle
was studied mainly in the Steppe and Forest-Steppe zones, particularly its phenology and
occurrence (Meshkova et al. 2015a, 2015b, 2017). But only in Forest zone, this insect revealed the
possibility to survive in thin branches of felled trees fallen to the ground, to propagate there and
then to colonize the trees in the border of clear-cuts, which accelerates the spread the infestation.

Pine engraver beetle forms the foci as “spots” by attacks of weakened trees (Siitonen 2014).
Research of pine engraver beetle foci dynamics in Italy for 6 years has shown that spots’ size and a
distance between them depend on the number of susceptible trees as well as bark beetle population
density and season (Faccoli et al. 2011, 2012, Colombari et al. 2013). An attention has not so far
paid to the spread of this pest. Before 2012 there was a little concern regarding pine engraver beetle
in Ukraine because it has never formed such large-scale decline of pine forest.

The aim of this work was the revealing the peculiarities of forest decline in the Scots pine
(Pinus sylvestris L.) stand infested by pine engraver beetle using as example Teterivske Forestry
Enterprise.

Materials and Methods. The research was carried out in 2014-2017 in the stands of Scots
pine in the Teterivske Forestry Enterprise (Kiev region). Dynamics of forest decline was studied on
the base of monitoring data of forest health condition and of selective and clear sanitary felling in
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the stands. Data on forest fund, especially on pine stands area, were taken from forest inventory
database as of 2016. Meteorological parameters (air temperature and precipitation) were taken from
meteorological station Teteriv (50°41'54" N; 29°35'567” E). The dates of stable temperature
transition over 0, 5 and 10 °C have been calculated using MS Excel applications (Meshkova 2009).
Spatial analysis of forest decline “spots” was carried out using QGIS 2.18 (Borysenko 2017). Linear
trend (R?) and Spearman’s rank correlation coefficient (r) were calculated by standard approach
(Atramentova and Utevskaya 2008) using MS Excel.

Results and Discussion. The analysis shows that in Teterivske Forestry Enterprise in 2001
2017 selective sanitary felling was carried out on average on 1,231.5 ha per year (Fig. 1).

Area of stands, covered by selective sanitary felling, trended to decrease for analyzed years
(R*=0.1463; r = 0.38). However, after minimum at 398 ha per year in 2009, this parameter has
increased dramatically up to 1,947 ha per year in 2013. Clear sanitary fellings were carried out in
average on 30.9 ha per year, from 2.1 ha in 2006 to 124 ha in 2016. The area of clear sanitary
felling trended to increase for analyzed years (R® = 0.3046; r = 0.55). Before 2010 the area of clear
sanitary felling fluctuated slightly, but after 2010 it has increased steadily.

The last maximum of clear sanitary felling area was registered three years after the maximum
of selective sanitary felling area (see Fig. 1).

3000 - - 150
e > R2=0,1463 R2=10,3046 =
8-—. ..'. 8-—
= 2000 - 100
2 g
3 1000 - - 50 B
] ]
.g 0 T T T T T T T T T T T T T T T T 0 .g
z 0 O X HE L O O N NIV DD B> H B w
= " D" V" D D" D O D X N NN QDD DD
g WA AR AR DA A A A AR AR A AR 2
© Years %
78]
Selective sanitary felling area, ha =~ «««---- Clear sanitary felling area, ha
Trend of selective felling area ~ «weeee Trend of clear sanitary felling area

Fig. 1 — Dynamics of pine stands area, covered by sanitary felling in 2001-2017 (Teterivske Forestry Enterprise)

Total timber volume, obtained from clear and selective sanitary felling, as well as timber
volume per hectare, has noticeably increased in the second half of analyzed period (Figs. 2, 3).

So the timber volume of clear sanitary felling in 2001-2005 and 2006-2010 was lower as
compared with 2001-2017 by 38.6 and 62.9 %, or 1.6 and 2.7 times respectively, whereas timber
volume of clear sanitary felling in 2011-2015 and 2016-2017 exceeded average value by 19.2 and
205.9 %, or in 1.2 and 3.1 times respectively (see Fig. 2).

The timber volume from selective sanitary felling in 2001-2005 and 2006—-2010 was below the
average value for 2001-2017 by 21 and 35.2 %, or in 1.3 and 1.5 times respectively, whereas timber
volume of selective sanitary felling in 2011-2015 and 20162017 exceeded average value by 24.2
and 80.1 %, or in 1.2 and 1.8 times respectively (see Fig. 2). Average timber volume of selective
sanitary felling (30,806.9 m®) was in 3.3 times greater than of clear sanitary felling (9,332.1 m%)
(see Fig. 2).

Average timber volume per 1 ha of clear sanitary felling (269 m® per ha) was in 10.3 times
more than from selective sanitary felling (26.1 m® per ha). Like clear timber volume from such
felling, timber volume from 1 ha in 2001-2005 and 2006-2010 was less than the average value for
2001-2017 by 10.8 and 15.1 %, or in 1.1 and 1.2 times respectively. At the same time, timber
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volume in 2011-2015 and 20162017 clear sanitary felling exceeded average value for 2001-2017
by 19.8 and 15.1 %, or in 1.2 and 1.2 times respectively (see Fig. 3, a).

Timber volume per 1 ha of selective sanitary felling in 2001-2005 and 2006-2010 was
significantly lower than average value for 2001-2017 by 39.8 and 23.3 %, or in 1.7 and 1.3 times
respectively, whereas timber volume of selective sanitary felling in 2011-2015 and 2016-2017
exceeded the average value for 2001-2017 by 35.9 and 68 %, or in 1.4 and 1.7 times respectively
(see Fig. 3, b).
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Fig. 2 — Timber volume obtained from clear (a) and selective (b) sanitary felling in different time periods
in Teterivske Forestry Enterprise
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Fig. 3 — Timber volume obtained from 1 ha of clear (a) and selective (b) sanitary felling in different time periods
in Teterivske Forestry Enterprise

Considering dependence of forest health on weather conditions, correlation between area of
forest decline in pine forests of Teterivske Forestry Enterprise and weather parameters has been
evaluated using particularly air temperature for year and vegetation period, precipitation for year
and vegetation period, as well as the dates of stable transition of air temperature in spring over 0, 5
and 10 °C in the current and previous year.
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A reliable negative correlation was obtained between the area of clear sanitary felling and the
date of stable transition of air temperature in spring over 0 °C (r = -0.62), as well as between area of
clear sanitary felling and precipitation for vegetation period (r = -0.56) (Fig. 4).

Such correlations are larger by absolute value for 2013-2017 (-0.72 and -0.76 for the date of
stable transition of air temperature in spring over 0 °C and precipitation for vegetation period
respectively), but data are not verifiable due to a small period of time was analyzed.

Indeed, early transition of air temperature over 0 °C in 2008 and low precipitation in 2009 were
not being identified as the key reason of the growth of area of pine forest decline, but both
parameters were rather low in 2015-2016 with the highest area of clear sanitary felling (see Fig. 4).
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Fig. 4 — Dynamics of parameters, which reveal the highest correlation
with area of clear sanitary felling (CSF)

In 2013 the area of selective sanitary felling has transcended average value for 2001-2017 by
72.2 % (see Fig. 1). Low precipitation levels in 2014-2017 were unfavorable for the forest, and
early beginning of spring in these years was favorable for phytophagous insects, particularly for
pine engraver beetle. It resulted in forest weakening in the large area and an increase of the area of
clear sanitary felling.

So, the average date of stable temperature transition over 0°C for 13 years is March 2" over
5°C — March 24™. In 2014, 2015, 2016 and 2017 the date of stable temperature transition over 0°C
was 13, 9, 23 and 5 days earlier than perennial average date. The date of stable temperature
transition over 5°C was 14, 5, 3 and 11 days earlier than perennial average date. That is in 2014 the
favorable conditions for pine engraver beetle abandonment of the place of hibernation developed on
March 10, and in 2015, 2016 and 2017 on March 19, 21 and 13.

For abovementioned, the area of pine forest decline in Teterivske Forestry Enterprise has
increased from 1,296.7 ha in 2014 up to 2,406.1 ha in 2017 (Table 1).

In 2014-2016 the area of forest decline has grown in all forestries, and in 2017 only for two
(Blidchanske and Teterivske) out of the eight it became less than in previous year.

The area of forest decline in related years has shown an upward trend, increasing 1.1-1.5
times, and has reached a peak in certain forestries such as Blidchanske (increase in 2.1 times in
2016) and Kukharske where decline area has sharply increased in 3.4 times in 2015.

Percentage of foci area from the total area of pine stands of Teterivske Forestry Enterprise
increased from 6.8 % in 2014 to 12.7 % in 2017. It means that at such rate of decline, the pine
stands in the region may be totally killed for several decades.

As far as the main cause of tree mortality was their infestation by pine engraver beetle, the
periods of new foci appearance were conditioned by the dates of tree colonizing by this pest, which
develops in several broods per year, including the main and sister generations. After tree
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colonization by pine engraver beetle, crown color rapidly changes. After 2-3 weeks the crowns
become gray-green and dull, after 5-6 weeks they become yellowish, and after 6-8 weeks become
reddish. Therefore the survey in the foci of pine engraver beetle must be carried out several times

per year.

Table 1

Dynamics of pine forest decline area in Teterivske Forestry Enterprise (2014-2017; numerator — area, ha;
denominator — percentage from pine forest area, %)

Forestry ear
2014 2015 2016 2017
Blidchanske 182.3/4.7 136.2/3.5 290.6/7.5 249.1/6.4
Kodryanske 2475/55 253.8/5.6 230.9/5.1 311.2/6.9
Mygalske 123.9/3.6 152.2/4.5 206.2/6.1 321.8/9.4
Mirchanske 180.9/7.3 150.4/6.0 2354795 256.7/10.3
Potashnyanske 107.2/2.9 175.5/4.8 307.2/8.3 342.2/9.3
Teterivske 293.3/6.7 269.7/6.2 433.7/9.9 312.3/7.2
Kukharske 49.1/1.0 169.3/3.5 252.0/5.1 3479/7.1
Piskivske 1125/3.7 154.9/5.1 185.1/6.1 264.9/8.7
Total 1296.7 /6.8 1462.0/7.7 2141.1/11.3 2406.1/12.7

Due to the fact that survey of the pest is carried out regularly in Teterivske Forestry Enterprise,

dynamics of forest foci area can be described by dynamics of selective and clear sanitary felling.
Analysis of such data showed that at the beginning of 2014 the area of forest decline was 821.7 ha
or 54.5 % from the area at the end of given year (Fig. 5).

Already in March of 2014, the foci area of forest decline was 53.4 ha, in June 507.2 ha, in July
109.2 ha. From March to August 2014 the total area of new foci has reached 689.6 ha. It is
important that 73.8 % of this area was added in June, due to the emergence of the progeny of the
beetles, which inhabited the trees in spring. Less population of sister brood colonized trees in July
(15.9 %).

In general, in 2014 the area of selective sanitary felling was 96.3 % of the total area of sanitary
felling. However, their implementation could not stop the spread of forest decline.
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Fig. 5 — Dynamics of pine forest area covered by selective (SSF) and clear (CSF) sanitary felling in 2014
in Teterivske Forestry Enterprise

The area of pine forest decline in Teterivske Forestry Enterprise at the beginning of 2015 was
928.8 ha (Fig. 6).
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Like in 2014, the area of forest decline continued to increase in 2015, and the most part of new
foci area developed in June and July (27.1 and 35.3 % respectively). Due to the prolongation of
forest decline in the foci of the previous year, the considerable area of stands covered by selective
sanitary felling in 2014 had to be felled as clear sanitary felling. In March it was found that the
inhabited in autumn trees died, and the area of clear sanitary felling increased from projected
125.7 ha to 207.6 ha (see Fig. 6).
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Fig. 6 — Dynamics of pine forest area covered by selective (SSF) and clear (CSF) sanitary felling in 2015
in Teterivske Forestry Enterprise

In 2016, the area of forest decline increased during the whole vegetation period (Fig. 7).
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Fig. 7 — Dynamics of pine forest area covered by selective (SSF) and clear (CSF) sanitary felling in 2016
in Teterivske Forestry Enterprise

The most part of selective sanitary felling area in “secondary” foci (31.7 %) also was estimated
in July, and the most part of clear sanitary felling in September (405.8 ha from 756.7 ha of clear
sanitary felling area in 2016).

The part of the area, covered by clear sanitary felling, from the total area of sanitary felling in
2015 exceeded in 6.5 times that of 2014 (3.7 and 24.1 % in 2014 and 2015 respectively). In 2016
such part achieved 35.8 % and exceeded in 9.6 times that of 2014 and in 1.5 times that of 2015.
Obtained data show, that selective sanitary felling does not give the possibility to stop the spread of
forest decline, although it repeated 2—3 times in the same forest subplots for 2014-2017 (Fig. 8). In
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2017 in Teterivske Forestry clear sanitary felling was carried out at the 28.6 % of plots with
previous selective sanitary felling.
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Fig. 8 — Fragment of Teterivske Forestry scheme. Forest plots covered with one or several selective (SSF) and
clear (CSF) sanitary felling are indicated (1 — SSF in 2014; 2 — SSF in 2015; 3 — SSF in 2016; 4 — SSF in 2017; 5 -
CSFin 2014; 6 — CSF in 2015; 7 — CSF in 2016; 8 — CSF in 2017)

Conclusions. Area of pine forest decline in Teterivske Forestry Enterprise has increased since
2009 with a maximum of selective sanitary felling area in 2013 and clear sanitary felling area in
2016. A negative correlation has been evaluated for the area of forest decline with the date of stable
transition of air temperature in spring over 0 °C and precipitation for vegetation period. Area of
forest decline has been increasing every year (2014-2016) in several distinct stages, which
correspond to the periods of pine engraver beetles attacks. Selective felling was not able to stop
forest decline. Selective sanitary felling 2—3 times repeated in the same forest plots for 2014-2017.
In 2017 clear sanitary felling was carried out in the 28.6 % of plots with previous selective sanitary
felling.
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Memxkosa B. JI., bopucenko O. 1.

JVUHAMIKA TUIOLII BCUXAHHS JIICIB, CHPUYMHEHOI'O BEPXIBKOBUM KOPOIJOM, VY
JIT «TETEPIBCBKE JIT'»

Yrpaincoruii nayxogo-oocnionuti incmumym 1icogoeo 2ocnooapcmea ma azpoaicomeniopayii in. I. M. Bucoyvrozco

AHali3 yCHXaHHS COCHOBUX HAacalpKeHb, 3aceleHHX BepxiBKoBHM Kopoimom, y JIT «Terepiscrke JII'» y 2001-
2017 pp. BusiBEB picT miomi ocepenkiB ycuxaHHs 3 2009 poky 3 MakCHMAalbHOIO IUTOIICIO NPOBEACHHS BHOIpPKOBOT
canitapaoi pyoku y 2013 p. Ta cynineHoi canitapHoi pyoku y 2016 p. [Toumnatoun 3 2013 poky, 00’eM nepeBUHH,
3arOTOBIICHOI MiJ Yac MPOBEACHHS CYIUIbHOI Ta BHOIPKOBOI CaHITApHUX PyOOK, a TakoX 00’€M AepeBHHH Ha | ra
moMiTHO 30umbmmmcs. O6’€M IepeBHHHM, 3arOTOBICHOI ITiJ Yac MPOBENCHHS BHOIpKOBOI caHiTapHOI pyOku B 2011—
2015 Ta 2016-2017 pp., mepeBepmuB 3HaueHHs 11 2001-2017 pp. Ha 35,9 1 68 %, abo B 1,4 Ta 1,7 pa3y BiamosigHo.
BusBicHO BiI’€MHY KOPEIAII0 MK IUIOIICKD, OXOIUICHOK CYIIIBHOI CaHITApPHOI PYOKOI, Ta MaTOK CTIMKOTO
nepexoy TeMIlepaTypd HOBITpsi HaBecHiI uepe3 0°C, a TakoX MiX IUIOIIEI0, OXOIUICHOIO CYLIJIBHOK CaHITapHOIO
pyOKOIO, Ta CyMOIO aTMOC(EpHHX OMaiB 3a BereraiiiHuii mepioA. Big3HaueHO HAsSBHICTH JEKIIBKOX €TaliB
HApPOCTaHHS IUIONII BCUXaHHS JIiCiB 3a BeretamiiiHi nepioau 2014-2016 pp. [IpoBeneHHs BUOIPKOBUX pyOOK HE 3MOTIIO
3YIIMHUTU BCUXaHs HacaJpkeHb. BUOIpKoBi pyOKM J0OBeNOCsS MOBTOPUTH 2—3 pa3d B OJHMX I TUX caMHUX BUAIIAX 3a
nepion 2014-2017 pp. ¥ 2017 p. cyninsHi caHiTapHi pyOku Oynu mpoBeneHi y 28,6 % BUIUIIB, e B MONEPEAHI POKU
TIPOBOIMIIN BHOIPKOBI CaHITapHI PyOKH.

KniouoBi cnoBa: cocua 3BuuaitHa (Pinus sylvestris L.), BcuxauHs micy, BuOipkoBa caHiTapHa pyoOKa,
CyliJbHA CaHiTapHA pyOKa.

Memnixosa B. JI., bopucenko A. U.

JMHAMUKA TUIOIIAIN VYCBIXAHUA JIECOB, BBI3BBAHHOI'O BEPHIMHHBIM KOPOEIAOM, B
I'TT «TETEPEBCKOE JIX»

Ykpaunckuii  nayuno-uccneooéamenvckuti - UHCMUMym — J€CHO20 — XO3AUCMEA U A2POJecOMenuopayuu
um. I'. H. Boicoyrozo

AHanM3 ychIXaHHUsI COCHOBBIX HacCa)K/IeHHUH, 3acCelI€HHBIX BepIIMHHBIM KopoenoM, B ['TI «Tereperckoe JIX» B 2001
2017 rr. BBISIBHI POCT IJIOIIAAM 04aroB ycsixanus ¢ 2009 roga ¢ MakCUMallbHOM IUIOIIA/IbI0 IPOBEICHHST BELIOOPOUHOM
canutapHoil pyoku B 2013 1. u cruromHON caHuTapHoil pyOku B 2016 r. Haumnas ¢ 2013 roga, o0beM ApeBECHHEI,
3arOTOBJICHHOW TNPW TNPOBEICHHUHN CIIOIIHON M BHIOOPOYHON CaHUTapHOW pyOKH, a Takke o0beM JpeBecuHbl Ha | Ta
3aMeTHO Bo3pocian. OOBbEM APEBECHHBI, 3aTOTOBJICHHOW IIPU MPOBEACHUN BBEIOOPOYHON caHUTapHOH pyOku B 2011-—
2015 n 20162017 rr., npesbicun 3Hauenue a1 2001-2017 rr. na 35,9 u 68 %, wiu B 1,4 u 1,7 paza cOOTBETCTBEHHO.
BrisiBniena orpumarenbHas KOPpEsIIus MEXTy IUIOIAa/Abl0, OXBAYEHHOHN CIUIOMIHOW CaHWTApHOW pYOKOH, W naToi
YCTOMYHMBOTO MEpexoaa TeMIepaTyphl Bo3ayxa BecHOH uepe3 0°C, a Taxke MeXIy IJIOIIAIbI0, OXBAYCHHOH CIIIOIIHOM
CaHUTApHOH pyOKoOii, U CyMMOH aTMOC(EpPHBIX 0CaTKOB 3a BETETAIIMOHHBINA Meproj. OTMEUeHO HaTMYhe HECKOJIBKUX
9TANoB HapacTaHMUS IUIOIMIAH YCHIXaHMS JIECOB 3a BereranuoHHble nepuoas! 2014-2016 rr. [IpoBeneHne BRIOOPOYHBIX
pyOOK HE CMOTJIO OCTAaHOBUTH yChIXaHHWE HAaCaXIeHHH. BriOopouHble pyOKH MPHUIILIOCH TOBTOPUTE 2—3 pasa B OAHUX H
Tex ke BeIAenax 3a mepuon 2014-2017 rr. B 2017 r. cimomHble caHUTapHbIE pyOKn ObutM mpoBeneHsl B 28,6 %
BBIJICNIOB, I/I€ B TIPEABIAYIINE TOIBI IPOBOAMIINCH BEIOOPOUHBIE CAHUTAPHBIE PYOKH.

KnwueBbie cinoBa: cocHa oObikHOBeHHas (Pinus sylvestris L.), ycbixanue jieca, BEIOOpOYHAsl CaHHTAapHAst
pyOKa, crutomHasi caHuTapHas pyoka.

E-mail: valentynameshkova@gmail.com; xalekter@gmail.com
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