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Pityokteines curvidens’in Abies nordmanniana ssp. nordmanniana’nin kimyasal

bilesimine etkisi

Zehra ODABAS SERIN', Tiirker GULEG 2
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Ozet

Bu calismada Pityokteines curvidens (Blyilk Goknar Kabuk Boécegi) sebebiyle tamamen kuruyan Abies
nordmanniana ssp. nordmanniana (Dogu Karadeniz Géknar)'in hem odun hem de kabuguna ait kimyasal bilesenler
belirlenmis ve sonuglar saglikli agaclardan elde edilen degerlerle karsilastiriimistir. Bécek tasallutu sonucu kuruyan
gbknar agaglarinin hem odun hem de kabuguna ait kimyasal analiz sonuglarinda holoseliiloz (%61.51-70.08) ve
a-selliloz (%32.63-41.28) miktari saglikh agaglara gére dusuk tespit edilirken; lignin (%29.73-36.13) ve kil degeri
(%0.44-2.16) yuksek bulunmustur. Bécek saldinsindan sonra agaglarin ¢ozinurlik degerleri (alkol-benzen, %1
NaOH, sicak-soguk su) odun kisminda artarken kabuk kisminda azaldig belirlenmistir.

Anahtar so6zciikler: Pityokteines curvidens, goknar, kimyasal bilesen, kabuk bdcegi

Giris

Ormanda ciddi anlamda agag 6limlerine sebep olan
bdceklerin basinda P. curvidens (Buyik Goknar kabuk
bbcegdi) gelmektedir. Bu bdcedin bulastigr agaclar, gok
kisa bir zaman sirecinde kurumaktadir (6lmektedir).
Bdcek saldinisina u@ramis agaglarin  kabuklar
kaldirildiginda, tomruklarin  yanal yuzeylerinde
bdceklerin sebep oldugu izler (ana ve larva yollari)
mevcuttur. Bu izlerin tomruklarda ciddi bir imaj
sorununa sebep oldugu ve musterilerin bu tir emvale
yonelik taleplerinin olumsuz etkiledigi Dikilitas & Oztiirk
(2005)'Un yaptiklar bir galismayla ortaya konmustur.
Bu sebeple bu tiir tomruklarin satis fiyatlar ¢ok diistik
olmakta ve Ulke ekonomisinde dnemli miktarda gelir
kayiplarina da sebep olabilmektedir (Oztiirk vd., 2008).

Ulke ekonomisine énemli maddi kayiplara neden olan
sorunlarin asiimasi c¢ok buydk 6énem tasimaktadir.
Bu nedenle boécek zarari sonucu kuruyup Kkesilen
agaclardan elde edilen tomruklarin, olumsuz fiziksel
g6runus 6zelliklerinin disinda bécegdin odunun kimyasal
bilesenlerine etkisinin olup olmadidinin bilinmesi
tomruklarin satigi sirasindaki olumsuzluklarin énine
gecilmesi anlamda cok blylk 6nem arz edecegi
asikardir.

Bu calismada Artvin Orman Bodlge Muidurliginde
P. curvidens (Buylk Goknar Kabuk Bocegi) zarari
sebebiyle  kesilen  Abies  nordmanniana  ssp.
nordmanniana (Dogu Karadeniz Goknar) agdaglarinin
kimyasal bilesimleri tespit edilmis ve elde edilen

sonuglar yine ayni bélgeden temin edilen saglikli géknar
agaclarin kimyasal analiz sonugclariyla karsilagtiriimistir.

Materyal ve Metot

Aragtirmamizda hammadde olarak Turkiye-Artvin ilinin
Kafkasor bolgesinden (Rakim 1940 m, koordinatlar
728836 4556758) temin edilen Pityokteines curvidens
zararina maruz kalmis ve kalmamis Abies nordmanniana
ssp. nordmanniana (Caucasian fir)(Dogu Karadeniz
Goknari) agaglari kullaniimistir. Caplari yaklasik 20 cm
olan 2 saglikl ve 2 6li olmak uzere toplamda 4 agac¢
Ekim-2011 tarihinde kesilmistir. Olii agaclar, kirmizi
atak asamasinda olup yasi (bocek bulasmasindan
sonra gegen sure) sifir olarak tespit edilmistir.

Kimyasal analizler i¢in her bir ajactan alt, orta ve Ust
olmak Ulizere (¢ tane disk alinmigtir. Odun disklerinin
deneyler icin hazirlanmasinda TAPPI T 257 cm-85
standardi kullaniimigtir. Bir agactan elde edilen 3 disk,
ayri ayri kibrit ¢dpu boyutlarina getirildikten sonra
Willey-degirmeninde 6gutilmus ve sonra birlestirilerek
homojen bir sekilde karistiriimistir. Odunun yani sira
hem saglkli hemde 6li adaclardan alinan kabuklarin
da kimyasal bilesenlerine bakilmistir. Asagidaki tabloda
uygulanan kimyasal testler ve standartlar verilmistir.
Her bir test 3 kere tekrar edilmistir. Her bir grup icin 2
agdac kesildigine gore her bir kimyasal analiz sonucu 2 x
3= 6 sonucun genel ortalamasidir.
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Deney sonuglarinin degerlendiriimesinde SPSS paket
programi kullanilmigtir. Saglikli ve 6lu agaglarin odun
ve kabuguna ait kimyasal analiz ortalamalari, t-testi
(%95 guven araliginda) ile karsilastiriimigtir.

Bulgular

amaciyla yurutilen bu calismada hem saglikh hem
de 6lu agaglardan odun ve kabuk 6rnekleri alinmistir.
Ornekler lzerinde holoseliiloz, a-seliiloz, lignin, alkol-
benzen ¢6zunulrligu, sicak su-soguk su ¢oézinirligu,
%1 NaOH ¢ozunuarligu ve kil miktari tayini yapiimigtir.
Kimyasal analizlere ait ortalama sonuclar ve standart

sapmalar Tablo 2'de verilmistir.

Kabuk bdceginin, Dogu Karadeniz Géknar adaglarinin
kimyasal bilesenler Gzerindeki etkisini ortaya koyabilmek

Tablo 1. Calismada kullanilan kimyasal analizler ve standartlari

Kullanilan standartlar

Wise’s chlorite method (Wise & Karl,1962)
Kurschner-Hoffner’s nitric acid method (Browning,1967)
TAPPI T 222 om-02 (TAPPI 2002)

TAPPI T 204 om-97 (TAPPI 1997)

TAPPI T 207 om-99 (TAPPI 1999)

TAPPI T 207 om-99 (TAPPI 1999)

TAPPI T 212 om-98 (TAPPI 1998)

TAPPI T 211 om-93 (TAPPI 1993)

Kimyasal analizler

Holosellloz Tayini

a-Seliloz Tayini

Lignin Tayini

Alkol-benzen Cozinurliga Tayini
Sicak su Cozunurligla Tayini
Soguk su Cézunurliga Tayini

%1 NaOH Cozunurluga Tayini
Kal Tayini

Tablo 2. Saglikli ve 61U A. nordmanniana’nin kimyasal bilesimi (%)

ODUN KABUK
Kimyasal analizler " "
Saghkh Old Saghkh Old
Holoselilon 73.88 70.08 62.72 61.51
(£0.23) A
(¥0.41) B (£0.38) A (+0.38) B
44.82 41.28 34.72 32.63
a-Seliiloz
(£0.79) A (+0.53) B (+1.08) A (+0.53) B
27.34 29.73 29.44 36.13
Lignin
(x0.42) B (£0.46) A (+0.55) B (x0.51) A
0.24 2.1 7.53 5.01
Alkol-benzen ¢6zUnurligi
(x0.08) B (£0.05) A (£0.18) A (+0.63) B
2.50 3.59 10.32 5.09
Sicak su ¢ozUnUrligu
(x0.18) B (£0.06) A (£0.27) A (¥0.71) B
2.78 3.42 10.62 5.12
Soguk su ¢ozUnurlugu
(x0.09) B (£0.28) A (x0.23) A (#0.21) B
9.12 11.65 33.54 30.96
%1 NaOH ¢ozinurlugu
(x0.20) B (£0.36) A (x0.31) A (+0.75) B
0.31 0.44 1.84 2.16
Kl
(£0.02) B (£0.03) A (£0.11) A (£0.20) A
a Standart sapmalar parantez 1gnde VerTmistr

*Koyu renkli harfler t-testi (a= 0.05) sonuglarini géstermektedir. Harflerin ayni olmasi gruplari arasinda bir farkin olmadigini géstermektedir.
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Tartigma ve Sonug

Tablo 2'de verilen kimyasal analiz sonuglarina gore
saglikh aga¢ odunlarinin karbonhidrat miktarini ifade
eden holoselltloz miktarinin, %73.88 iken bu oranin
oli agaglarda %70.08 oldugu gorilmektedir. Ayni
sekilde a-selliloz miktari da %8.6 oraninda saglikli
agaclarda daha yiiksek bulunmustur. Hem holosellloz
hemde a-seliiloz oraninin 6lt agag odunlarinda dustik
cikmasi; kabuk béceklerinin ve/veya onlara esglik eden
mantarlarin odun bilesenlerinden olan hemisellloz
(distik molekul agirlikh karbonhidratlar) veya amorf
selilozu  bozundurdugu anlamina  gelmektedir.
Bilindigi Uzere mantarlar sahip olduklar 6zel enzimleri
sayesinde odun hiicre c¢eper bilesenlerini (seliiloz,
hemiseliloz veya lignini) parcalama (ayristirma)
kapasitesine sahiptir. Hoeger ve arkadaslarinin (2014)
yaptiklari calismada o6li Pinus contorta Dougl. ex
Loud.) agaglarinda hemiseliilozun yapi taglarindan olan
arabinan, galaktan, ksilan ve manan miktarlarini saglikli
agaclara gore disik bulmalari bizim galismamamizin
sonuglarini destekler niteliktedir.

Odundaki lignin ve kil sonuglarina bakildiginda ise
6li aga¢ odunlarinin daha fazla lignin ve kul icerdigi
gériilmektedir. Olii agaglarda kiil oranin yani inorganik
bilesik miktarinin yiksek c¢ikmasi Christiansen ve
arkadaglari (1987)'nin yaptiklar agiklamalari destekler
nitelikte olmustur. Buna goére kabuk bécekleri ve/
veya refakat¢i mantarlar agaglarin kimyasal bilesimini
bozundurarak mineralizasyona neden olmaktadir.

Odun veya kabukta bulunan ekstraktif madde miktarini
belirlemek amaciyla alkol-benzen, sicak su ve soguk su
tayinleri yapiimaktadir. Buna gére Tablo 2 incelendiginde
bu oranlarin 6lt aga¢ odunlarinda daha yiksek ¢iktig
gorilmektedir. Bunun nedeni Trent ve arkadaslarinin
(2006)'da ifade etmis oldugu lizere bocek saldirisina
kargl agacin, kendini savunmak icin regine salinimini
artirmis olmasindan kaynaklanmaktadir.

%1'lik NaOH tayini ile odun veya kabukta bulunan digslk
molekil agirlikh karbonhidratlar (6zellikle hemiseliloz
ve degrade olmus sellilozu) uzaklastiriimaktadir. Bagka
bir deyisle %1'lik NaOH degeri mantar ¢urikliginin
derecesini veya sicaklk, 1sik, oksidasyon vb.
sebeplerden dolayi meydana gelen degradasyonu
(bozunmayi) ifade etmektedir. Buna goére Tablo 2
irdelendiginde 6lU agag¢ odunlarinin %1 NaOH miktari
(%11.65) saglikh agaglardan (%9.12) daha yiksek
ctkmistir. Burdan bdceklerin ve/veya beraberindeki
mantarlarin, odunda degradasyona sebep oldugu
anlasiimaktadir.

Her bir kimyasal analiz sonunda hem 6li ve hemde
saglikh aga¢ odunlari igin elde edilen ortalamalar %95
gliven araliginda t-testi ile karsilastinlmigtir. Tablo
2'de de goriildigu tzere bitin testlerde 61U ve saglikh
aga¢ odunlari igin bulunan sonuglar birbirinden farkli
bulunmustur.

Saglkli ve 6li agacglardan alinan kabuk Orneklerinin
kimyasal analiz sonuglarina bakildiginda 6lu goknar
aga¢c kabuklarinin odunda oldugu gibi daha az
holosellloz ve a-sellloz igerdigi gérulmektedir. Demekki
kabuk bdécekleri ve/veya onlara eslik eden mantarlar,
agagc kabuklarinin karbonhidrat bilesenlerini de degrade
etmisgtir.

Bocekli agaglarin kabuklarinda lignin (%36.13) ve kil
miktari (%2.16) yine odunda oldugu gibi daha yuksek
tespit edilmistir. Ancak saglkl ve 6li ajag¢ kabuklarina
ait kul ortalamalarina uygulanan t-testi (%95 guven
araliginda) sonuglarina goére saglikh ve o6lu aga¢
kabuklarina ait kil miktarlari arasinda istatistiksel
anlamda bir fark meydana gelmemis ve ayni grupta yer
almistir.

Cozunurlik test sonuglarina bakildiginda bocekli agag
kabuklarinin; alkol-benzen, sicak su, soguk su ve %1
NaOH ¢o6zinurlik degerlerinin azaldigi tespit edilmigtir.
Bu azalma sirasiyla %33.5, 50.7, 51.8 ve 7.7 oraninda
meydana gelmistir. Buna gore en fazla azalma %51.8 ile
soguk su ¢dzunurliginde olmustur. Hem bu ¢alismada
hem de daha 6nceki 6n galismalarimizda edindigimiz
bilgilere gore 6lu aga¢ kabuklarinin ekstraktif madde
miktari saglikliagagkabuklarinagére dahaazolmaktadir.
Bunun sebebi bdceklerin, aja¢ kabuklarinda meydana
getirdikleri  giris-cikis  delikleri nedeniyle kabugun
daha pordz bir yapi kazanmasi ve bdylece ugucu
bilesiklerin daha fazla serbest kalabilmesidir. Ayrica
kabukta bulunan ekstraktif maddeler hem bdceklerin
hem de dis hava kosullarinin (yagmur, sicaklik vb.)
etkisiyle daha kolay bozunmakta ve yagmurun etkisiyle
yikanip uzaklagmaktadir. Agaglarin alindigi bdélgenin
oldukga fazla yagis alan bir yer olmasi gz 6nilne
bulunduruldugunda yukarda sayilan sebeplerden dolayi
6li agag kabuklarinin ¢ézinurlik degerleri saglkli agag
kabuklarina gdre daha az bulunmustur.

Sonug olarak P. curvidens sebebiyle 1 yil icersinde
6len ve kirmizi asamada olan Abies nordmanniana
ssp. nordmanniana agaglarinin hem odun hemde
kabugunda bulunan karbonhidrat miktari azalmakta,
inorganik madde (kil) miktari ise artmaktadir. Ekstraktif
madde miktari ise 614 agaglarin odun kisminda artarken,
kabuk kisminda ise azaldigi tespit edilmigtir.

Tesekkur

Dogu Karadeniz Goknar agaglarinin temininde
bize yardimlarini esirgemeyen Artvin Orman Bolge
Mudirligu, Orman Zararhlariyla Micadele Sube
Muddri Sayin Yasar AKSU'ya tesekkir ederiz.
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Abstract

The chemical components of both wood and bark of Abies nordmanniana ssp. nordmanniana (Eastern Black
Sea Fir) killed by Pityokteines curvidens (Silver Fir Bark Beetle) were determined, and the results were com-
pared with the data obtained from healthy trees. According to chemical analysis results of the fir trees
killed as a result of insect invasion, the holocellulose (61.51-70.08%) and a-cellulose (32.63-41.28%) con-
tent in wood and bark were determined lower, whereas lignin (29.73-36.13%) and ash value (0.44-2.16%)
were higher as compared to healthy wood. After the bark beetle attack it was found that the solubility (alco-
hol-benzene, hot-cold water, 1% NaOH) values increased in wood parts while decreasing in the bark parts.

Key words: Pityokteines curvidens, fir, chemical component, bark beetle

Introduction

P. curvidens (Silver Fir Bark Beetle) is the primary insect
which leads to a substantial death rate among the trees
in forests. The trees infected by this insect dry (die) in a
very short time. When checked underneath of the barks
attacked by the insect, the traces caused by the insects
(tracks of the mother and the larvae) cam ne seen on
surfaces of the trunks. It was revealed by a study of
Dikilitag & Oztiirk (2005) that these tracks gave rise to
a serious problem of image on the trunks and that the
customers’ demand for such articles were negatively
affected. Therefore, sale prices of such trunks are too
low, and result in considerable losses of income for the
country’s economy.

Overcoming the problems resulting in such substantial
losses for the country’s economy are of critical
importance. Hence, it is evident that knowing whether
the trunks cut after death due to insect damage have
effect on the chemical components of the wood in
addition to the unfavorable physical appearance
characteristics will be of a great importance with regard
to avoiding the inconveniences during sale of the trunks.

In this study, chemical compositions of the Abies
nordmanniana ssp. nordmanniana (Eastern Black Sea
Fir) trees cut due to the damage by P. curvidens (Silver
Fir Bark Beetle) in the responsibility area of Artvin
Regional Directorate of Forestry were determined, and
the results obtained were with the chemical analysis
results of the healthy fir trees in the same region.

Material and Method

The raw material used in our study was Abies
nordmanniana ssp. nordmanniana (Eastern Black Sea
Fir) trees which have and have not undergone damage
by Pityokteines curvidens, which were obtained from
Kafkasor locality (elevation: 1940 m, coordinates:
728836 4556758) in Artvin city of Turkey. A total of 4
trees with a diameter of around 20 cm including 2
healthy and 2 dead were cur in October 2011. The dead
trees were in the red attack phase and their age (the
period of time that has elapsed after insect infection)
was established as zero.

For chemical analyses, three disks were obtained from
each tree being at the bottom, in the middle and at the
top. TAPPI T 257 cm-85 standard was used to prepare
the wood disks for the tests. 3 disk obtained from a
tree were separately degraded to the size of a match,
they were milled in he Willey mill, and the combined
and mixed homogenously. In addition to the wood,
barks obtained from both healthy and dead trees were
checked for their chemical components. The following
table gives the chemical tests and standards applied.
Each test was repeated 3 times. Assuming that 2 trees
were cut per group, each chemical analysis result is the
general average of 2 x 3 = 6 results.

SPSS packet program was used in evaluation of the
test results. Chemical analysis averages of the wood
and bark of healthy and dead trees was compared
using t-test (in confidence range 95%).
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Tablo 1. Calismada kullanilan kimyasal analizler ve standartlari

Kimyasal analizler Kullanilan standartlar
Holosellloz Tayini Wise’s chlorite method (Wise & Karl,1962)
a-Sellloz Tayini Kirschner-Hoffner’s nitric acid method (Browning,1967)
Lignin Tayini TAPPI T 222 om-02 (TAPPI 2002)
Alkol-benzen Cozinurliga Tayini TAPPI T 204 om-97 (TAPPI 1997)
Sicak su Coézunirligu Tayini TAPPI T 207 om-99 (TAPPI 1999)
Soguk su Cozunurliga Tayini TAPPI T 207 om-99 (TAPPI 1999)
%1 NaOH Cozunurlugu Tayini TAPPI T 212 om-98 (TAPPI 1998)
Kl Tayini TAPPI T 211 om-93 (TAPPI 1993)
Results

In this study conducted to reveal effect of the bark beetle ~ solubility, 1% NaOH solubility and ash quantity were
on the chemical components of the Eastern Black Sea  determined on the samples. The average results and
Fir trees, samples of wood and bark were collected from ~ standard deviations concerning the chemical analyses
both healthy and dead trees. Holocellulose, a-cellulose, — are given in Table 2.

lignin, alcohol-benzene solubility, hot water - cold water

Table 2. Chemical composition of healthy and dead A. nordmanniana (%)

wOoOoD BARK
Chemical analyses
Healthy Dead Healthy Dead
70.08 62.72 61.51
Holocellulose 73.88
(£0.23) A
(¥0.41) B (+0.38) A (+0.38) B
44.82 41.28 34.72 32.63
a-Cellulose
(£0.79) A (+0.53) B (£1.08) A (+0.53) B
27.34 29.73 29.44 36.13
Lignin
(x0.42) B (+0.46) A (+0.55) B (x0.51) A
0.24 2.1 7.53 5.01
Alcohol-benzene solubility
(+0.08) B (£0.05) A (£0.18) A (x0.63) B
2.50 3.59 10.32 5.09
Hot water solubility
(x0.18) B (£0.06) A (0.27) A (#0.71) B
2.78 3.42 10.62 5.12
Cold water solubility
(+0.09) B (+0.28) A (x0.23) A (x0.21) B
9.12 11.65 33.54 30.96
1% NaOH solubility
(x0.20) B (£0.36) A (x0.31) A (x0.75) B
0.31 0.44 1.84 2.16
Ash
(x0.02) B (£0.03) A (x0.11) A (0.20) A

a Standard deviations are given in brackets.

* Bold letters show t-test (a= 0.05) results. Same letters show that there is no difference between the groups
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Discussion and Conclusion

According to the chemical analysis results given
in Table 2, the holocellulose quantity expressing
the carbohydrate quantity is seen to be 73.88%
in healthy tree woods compared to 70.08 in dead
trees. Likewise, a-cellulose quantity was also
found to be higher in the healthy trees with 8.6%.

The fact that both holocellulose and a-cellulose rate
was found to be lower in dead tree woods means
that the bark beetles and/or the fungi accompanying
them degrade the hemicellulose (low molecule weight
carbohydrates) or the amorphous cellulose, which are
among the components the wood. As it is known, the
fungi are capable to decompose the wood cell wall
constituents (cellulose, hemicellulose or lignin) thanks
to the special enzymes they have. In the study by

Hoeger et al. (2014), quantities of arabinan, galactan,
xylan and mannan, which are among the constituents of
hemicellulose, were found to be lower in the dead Pinus
contorta (Dougl. ex Loud.) trees compared to healthy
trees, whsch supports results of our study.

When considered the lignin and ash results of the wood,
wood of dead trees is seen to contain more lignin and
ash. The fact that ash rate, i.e. inorganic compound
quantity inthe dead trees was found to be higher supports
the statements made by Christiansen et al. (1987).
Accordingly, bark beetles and/or the accompanying
fungi decompose the chemical composition of the trees
leading to mineralization.

Alcohol-benzene, hot water and cold water
determinations are made to determine the extractive
substance quantity in the wood or bark. Accordingly,
when examined Table 2, these rates are seen to be
higher in the wood of dead trees. This is because, as
expressed by Trent et al. (2006), the tree has increased
resin release to defend itself against insect attack.

By 1% NaOH determination, the low molecular weight
carbohydrates (especially hemicellulose and degraded
cellulose) in the wood or bark are removed. In other
words, 1% NaOH value expresses degree or the fungus
corruption or the degradation caused by the factors
such as temperature, light, oxidation, etc. Accordingly,
when examined Table 2, 1% NaOH quantity of the
dead tree woods (11.65%) was found to be higher than
the healthy trees (9.12%). It is understood from here
that the insects and/or the accompanying fungi cause
degradation in the wood.

At the end of each chemical analysis, the averages
attained for the wood of both dead and healthy trees
were compared with t-test in the confidence interval
95%. As seen from Table 2, the results found for dead
and healthy tree woods in all tests were different from
each other.

When considered the chemical analysis results of the
bark samples taken from healthy and dead trees, the
dead tree barks are seen to contain less holocellulose
and a-cellulose as in wood; which means that the bark
beetles and/or the accompanying fungi have degraded
the carbohydrate components of the tree barks.

In the barks of the trees infected with the insects, lignin
(36.13%) and ash (2.16%) was detected to be higher
as in the wood. However, according to the t-test (in the
confidence interval 95%) applied to the ash quantity
averages of the healthy and dead tree barks, no
statistically significant difference occurred between the
ash quantities of the healthy and dead tree barks, and
they were included in the same group.

When considered the solubility test results, alcohol-
benzene, hot water, cold water and 1% NaOH solubility
values of the insect-infected tree barks were detected
to decrease. These decreases took place at the rates of
33.5, 50.7, 51.8 and 7.7, respectively. Accordingly, the
highest decrease occurred in cold water solubility with
51.8%. Based on the information we have gained both
in this study and in our previous preliminary studies,
extractive substance quantity of the dead tree barks is
less than the healthy tree barks. This is because the
bark gains a more porous structure due to the entry-exit
holes made by the insects in the tree barks, thus, volatile
components can be released more. Furthermore, the
extractive substances in the bark are degraded more
easily with the influence of both the insects and the
external weather conditions (rain, temperature, etc.),
and are washed away by the rain. Considering that
the region where the trees were taken is a high-rain-
receiving location, due to the reasons specified above,
solubility values of the dead tree barks were found to be
less compared to healthy tree barks.

In conclusion, in both wood and bark of the Abies
nordmanniana ssp. nordmanniana, which have died
due to P. curvidens in the last 1 year and which are
in the red phase, the carbohydrate quantity decreases
while the inorganic substance (ash) quantity increases.
The extractive substance quantity was determined
to increase in the wood part of the dead trees while
decreasing in the bark part.
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