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Abstract. The paper presents analysis of biometric features of ash with wavy-grained wood, which has decorative
appeal. The research results shows that fresh broadleaves ash forest stands growing in the Vinnytsya and Sokyryany
Regions of Ukraine have high potential for growing curly ash. The differences between straight-grained and wavy-
grained wood density and macrostructure were analysed and estimated. Statistical evaluation of the aesthetic
macrostructure of wood characteristics indicated that the length of wave varied from 3.25 to 10.83 mm and its
amplitude varied from 0.37 to 1.74 mm. The average width and mean height of anomalies in wood formation were
equal to 15.89 mm and 5.00 mm, and their mean occurrence was 30 times m-2. Average annual growth ring width
of wavy-grained ash wood was clearly greater (by 25 %) than that of straight-grained wood. The density of wavy-
grained wood was 82 kg·m-3 higher than straight-grained wood after oven-drying and 70 kg·m-3 higher prior to oven-
drying.
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1. Wstêp

Jesion wynios³y jest jednym z wa¿nych gatunków
drzew liœciastych na Ukrainie i w ca³ej Europie. W
wieku 100 lat drzewa osi¹gaj¹ wysokoœæ 30 m i pierœnicê
60–70 cm. Dziêki swojej strukturze drewno jesionu jest
dekoracyjne (Gottwald 1989; Schmidt 2002; Hemery et
al. 2008; Sopushynskyy 2011). Jedn¹ z cech jesionu,
ró¿ni¹c¹ go od innych gatunków drzew, s¹ swoiste
anomalie drewna, jak np. falisty uk³ad w³ókien (ryc. 1).

Drewno jesionu wynios³ego o falistym uk³adzie
w³ókien jest cenne pod wzglêdem dekoracyjnym. Taki
rysunek drewna jest okreœlany jako nietypowy lub
nieprawid³owy, zwiêkszaj¹cy wartoœæ estetyczn¹ pro-
duktów z litego drewna (Beals et al. 1977; Bauch 1980;
Harris 1989; Bucur 2006; Sopushynskyy et al. 2006).

Falistoœæ w³ókien nadaje wyrobom z drewna jesionu
drobnoziarnist¹ teksturê o wysokiej wartoœci ozdobnej
(Chovanec 1986; Gottwald 1989; Wobst 1994; Sopu-
shynskyy 2011).

Jakoœæ drewna dekoracyjnego mo¿e byæ odzwier-
ciedlona przez jego u¿ytecznoœæ i dlatego jest okreœlana
przez konsumentów. Kryteria jakoœciowe drewna mog¹
znajdowaæ zastosowanie jedynie w konkretnych celach,
dla jakich wykorzystywany jest surowiec drzewny
(Harris 1989; Grzeskiewicz 2007; Hemery et al. 2008).
G³ówne cechy okreœlaj¹ce klasy jakoœci drewna jesiono-
wego zgodnie z obecnymi normami europejskimi, np.
niemieckimi (Normen über Holz 2009), obejmuj¹ prze-
ciêtn¹ œrednicê, wystêpowanie sêków, przyrosty drew-
na, kolor, krzywiznê k³ody itp., ale nie uwzglêdniaj¹
jego w³aœciwoœci dekoracyjnych: szerokoœci i wyso-
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koœci anomalii w budowie drewna, ich liczby itp., cho-
cia¿ wartoœæ ozdobna drewna jesionowego ma znaczenie
w kontekœcie klasyfikacji opartej na cechach iloœcio-
wych i jakoœciowych (Yatsenko-Khmelewskyy 1954;
Rioux et al. 2003; Vintoniv et al. 2007; Sopushynskyy
2006, 2012).

Ró¿norodnoœæ wymagañ konsumentów odnoœnie do
swoistych cech estetycznych drewna sprawia, ¿e
surowiec drzewny jest przecierany lub skrawany w taki
sposób, by produkty z drewna mia³y powierzchniê
jednorodn¹ lub o teksturze dekoracyjnej (Mayevskyy et
al. 2008). Niedostateczna wiedza na temat gatunków
drzew liœciastych o drewnie wysoce ozdobnym (w
przypadku jesionu – dziêki falistoœci w³ókien) sprawia,
¿e uprawa tych gatunków nie cieszy siê popularnoœci¹, a
poda¿ drewna wartoœciowego ze wzglêdu na walory
dekoracyjne jest nieregularna. Z drugiej strony wyka-
zano, ¿e koñcowi odbiorcy s¹ gotowi zap³aciæ wy¿sz¹
cenê za dostosowane do oczekiwañ i potrzeb klienta
produkty, np. meble, dekoracje wnêtrz, ozdobne pod³ogi
(Furnier Magazin 2008, 2009; Surface Magazin 2008,
2009, 2010; Laminat Magazin 2008, 2009).

Celem przedstawionych badañ jest ocena cech bio-
metrycznych i makrostruktury drewna jesionowego o
falistym uk³adzie w³ókien oraz okreœlenie ró¿nic w gê-
stoœci drewna prostow³óknistego i falistow³óknistego.
Artyku³ wyznacza równie¿ ramy przysz³ych badañ w
zakresie opracowania diagnostycznego modelu jesionu z
falistoœci¹ w³ókien. Ponadto zawiera on informacje mo-
g¹ce s³u¿yæ ochronie jesionu o wysoce ozdobnym
drewnie.

2. Obiekt i metody badañ

Badania prowadzono w drzewostanach jesionowych
na siedlisku lasu œwie¿ego w obwodzie winnickim i
czerniowieckim (rejon sokiriañski) na Ukrainie. Dane
hodowlane i dendrometryczne drzewostanów zosta³y

zebrane na trzech powierzchniach obserwacyjnych (PO)
w trakcie badañ terenowych, skoncentrowanych na
identyfikacji i szczegó³owym zbadaniu okazów jesionu
z drewnem o falistym uk³adzie w³ókien, jak równie¿
poznaniu potencja³u hodowlanego takich drzew (tab. 1).

Ogó³em przebadano pod wzglêdem cech biome-
trycznych i morfologicznych oraz gêstoœci drewna po 11
przeciêtnych drzew jesionu z drewnem falistow³óknis-
tym oraz prostow³óknistym. Cechy biometryczne okreœ-
lono po œciêciu drzew. W celu usystematyzowania
wiedzy o poszczególnych cechach morfologicznych je-
sionu z falistym uk³adem w³ókien wykorzystano cechy
biometryczne przedstawione na rycinie 2.

Morfologiczne cechy powierzchni drewna i szero-
koœæ przyrostu rocznego zosta³y zmierzone na podstawie
zdjêæ cyfrowych przy u¿yciu programu AutoCAD 8.0.
Gêstoœæ drewna okreœlono na wysokoœci pierœnicy.
Dyski zosta³y pociête na trzy segmenty: drewno juwe-
nilne, gdzie mo¿e byæ inicjowane formowanie twardzieli
(od 5 do 20 pierœcienia przyrostu rocznego od rdzenia
drzewa), drewno przejœciowe (w przybli¿eniu 10–40
kolejnych pierœcieni) oraz drewno bielaste (20–60
pierœcieni przyrostu rocznego licz¹c od kory). Objêtoœæ
segmentów zosta³a oznaczona metod¹ wypornoœciow¹
w wodzie. Wykorzystuj¹c metodê suszarkow¹, ozna-
czono such¹ masê po 24 h w temperaturze 103±2°C.
Pocz¹tkowe wa¿enie ka¿dej próbki wykonano z dok³ad-
noœci¹ do 0,001 g na wadze niezw³ocznie po zebraniu
próbek. B³êdy pomiaru, wynikaj¹ce z up³ywu czasu miê-
dzy pobraniem próbek a ich zwa¿eniem, zminimali-
zowano przez umieszczenie wycinków w torebkach
polietylenowych niezw³oczne po ich pobraniu. Gêstoœæ
wzglêdna drewna zosta³a obliczona jako stosunek masy
suchego drewna do objêtoœci drewna œwie¿ego; gêstoœæ
drewna suchego obliczono jako stosunek masy do
objêtoœci drewna suchego (Vintoniv et al. 2007).

Wyniki poddano analizie wariancji (SPSS 13.0 –
One-Way ANOVA). Wykonano jednoczynnikow¹
analizê wariancji dla zmiennej zale¿nej iloœciowej ze
wzglêdu na wartoœci zmiennych niezale¿nych. W

190 I. Sopushynskyy et A. Teischinger / Leœne Prace Badawcze, 2013, Vol. 74 (3): 189–195.

Rycina 1. Drewno o falistym uk³adzie w³ókien jesionu wynios³ego rosn¹cego na Ukrainie
Figure 1. The wavy-grained wood of common ash growing in Ukraine



analizie wariancji zastosowano test t, okreœlaj¹cy
ró¿nicê wartoœci œrednich zmiennej ci¹g³ej. Postawiono
hipotezê zerow¹, ¿e wartoœci œrednich poszczególnych
nie ró¿ni¹ siê, oraz hipotezê alternatywn¹, ¿e ró¿nice
wystêpuj¹, przy poziomie istotnoœci p≤0,05; (Janssen,
Laatz 2007).

3. Wyniki i dyskusja

Cechy morfologiczne drzew oraz gêstoœæ drewna
stanowi¹ najlepsze cechy diagnostyczne jakoœci drewna
(Yatsenko-Khmelewskyy 1954; Zobel et al. 1995;
Grzeœkiewicz 2007; Vintoniv et al. 2007; Hemery et al.
2008; Sopushynskyy 2012). Wp³yw na nie maj¹ g³ównie
czynniki genetyczne i œrodowiskowe (Yatsenko-
Khmelewskyy 1954; Zobel et al. 1995). Przyk³adem
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Tabela 1. Charakterystyka powierzchni badawczych jesionu wynios³ego

Table 1. Forest and estimated features of observation plots of ash stands

Numer

dzia³ki

Observa
tion
plots

Po³o¿enie geograficzne

i wysokoœæ n.p.m.

Latitude & altitude

Sk³ad gatunkowy

drzewostanu*

Tree species composition
composition*

Wiek

[lata]

Age [years]

Bonitacja /

Zadrzewienie Stand
quality index / stand

density index

H [m] D [cm] M [m3]

1 48°27'28”N 27°20'56”E
290 m

8Js2Dbs 90 II / 0,70 28 36 330

2 49°06'01”N 28°40'16”E
287 m

4Js5Gb11Jw+Lp+Kl 82 I / 0,70 28 36 307

3 49°06'30”N 28°39'15”E
295 m

4Js5Gb1Jw+Dbs+Lp 91 Ia / 0,90 32 46 400

* Js – Fraxinus excelsior L.; Dbs – Quercus robur L.; Gb – Carpinus betulus L.; Jw – Acer pseudoplatanus L.; Lp – Tilia cordata M³ll;
Kl – Acer platanoides L; + – <5% / defined as <5%, H – przeciêtna wysokoœæ / average tree height, D – przeciêtna pierœnica / average tree
diameter, M – mi¹¿szoœæ na hektar / timber volume per hectar

a b c
Rycina 2. Cechy biometryczne jesionu wynios³ego: a) drzewo: làn.w. – d³ugoœæ strefy anomalii drewna [m]; htree– wysokoœæ

drzewa [m]; hspr.crown – wysokoœæ osadzenia korony [m]; d1,3 m – pierœnica [cm]; b) drewno pnia z widocznymi anomaliami:

aan.form. – szerokoœæ, oraz ban.form. – wysokoœæ anomalii w budowie drewna [mm]; c) falistoœæ w³ókien: � – d³ugoœæ fali[ mm];

U – amplituda fali [mm]

Figure 2. Biometric features of common ash: a) tree (làn.w. – length of wood anomaly, m; htree– height of tree, m; hspr.crown – spring
of crown, m; d1.3 m – diameter at the breast height, cm); b) anomally-accentuated wood grains of trunk (aan.form. – width and
ban.form. – height of anomaly wood formation, mm; c) curly grain (λ – length of wave, mm; U – amplitude of wave, mm)



zmiennoœci uwarunkowanej genetycznie jest zmiennoœæ
drewna jesionu prostow³óknistego i falistow³óknistego i
biometryczna odmiennoœæ takich drzew (tab. 2).

W wieku od 80 do 92 lat drzewa z drewnem z
falistoœci¹ w³ókien maj¹ pierœnicê wiêksz¹ (o 8–16%)
ni¿ drzewa z drewnem prostow³óknistym. Œrednia wyso-
koœæ osadzenia korony w pierwszym przypadku wy-
nosi³a 12 m, a d³ugoœæ strefy anomalii drewna ok. 1,1 m.
Wysokoœæ drzew nie mia³a na to znacz¹cego wp³ywu.

Studium dendrochronologiczne wykaza³o, ¿e wytwarza-
nie drewna o falistym uk³adzie w³ókien zaczê³o siê w
wieku 11–20 lat. Ró¿nica miêdzy wartoœciami œrednimi
pierœnicy i wysokoœci osadzenia korony by³a istotna
statystycznie (p<0,05).

Analiza wieloczynnikowa obejmowa³a cechy bio-
metryczne jesionu z drewnem falistow³óknistym i wyka-
za³a istotn¹ zale¿noœæ (0,05) miêdzy d³ugoœci¹ strefy
anomalii, czyli drewna ozdobnego (Z=lan.wood), a wyso-
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Tabela 2. Cechy biometryczne jesionu wynios³ego: z drewnem falistow³óknistym i prostow³óknistym (wartoœci

w nawiasach)

Table 2. Biometric features of ash with vavy-grained wood and with straight-grained wood (in the brackets)

Numer dzia³ki

Observation
plots

Drzewo

Tree model
Wiek [lata]

Age [years]
htree [m] d1,3 m [cm] hspr..crown [m] làn.w. [m] Van.wood [m3]

1 1 90 31,0 (28,0) 42 (38) 11 (20) 1,8 0,22

2 92 27,0 (27,0) 42 (32) 12 (19) 0,9 0,09

3 89 28,0 (27,0) 46 (36) 9 (18) 0,5 0,04

4 92 28,5 (28,0) 45 (36) 8 (19) 1,0 0,12

5 90 27,5 (27,0) 44 (36) 10 (17) 1,5 0,19

2 6 85 28,0 (28,0) 38 (32) 14 (18) 0,5 0,03

7 80 27,0 (27,0) 44 (38) 15 (17) 1,8 0,23

8 83 29,0 (28,0) 46 (38) 10 (16) 2,1 0,29

3 9 91 32,0 (31,0) 44 (40) 15 (19) 0,5 0,03

10 90 30,0 (29,5) 42 (38) 14 (18) 0,9 0,09

11 92 31,0 (30,0) 48 (44) 12 (17) 0,8 0,11

Oznaczenia jak na rycinie 2. / Symbols as in Fig. 2.

Rycina 3. Model regresji d³ugoœci strefy anomalii

drewna u jesionu

Figure 3. Regression model of the length of wavy-grain
ash wood zone



koœci¹ pierwszej ¿ywej ga³êzi (Y=hspr.crown) i pierœnic¹
(X=d1,3m) (ryc. 3). W wyniku analizy regresji nieliniowej
badanych zmiennych otrzymano funkcjê:

Z X Y E X E XY Y= + − + − − − +5 3 0 03 0 8 1 0 4 1 4 5 0 032 2, , , , , ,
przy R=0,65.

Wa¿n¹ rolê odgrywaj¹ cechy estetyczne drewna. Dla
konsumentów wykorzystanie w meblach drewna o falis-
tym uk³adzie w³ókien ma du¿e znaczenie. Przy okreœ-
laniu atrakcyjnoœci drewna wa¿ne jest uwzglêdnienie
cech makrostruktury drewna. W przypadku drewna o
falistym przebiegu w³ókien analizie mog¹ byæ poddane
tekstura i rysunek drewna (tab. 3).

Ocena statystyczna cech drewna wp³ywaj¹cych na
jego estetykê wskazuje na wysokie zró¿nicowanie
zmiennych makrostruktury (tab. 2) – wspó³czynnik
zmiennoœci zawiera³ siê w przedziale od 23 do 36%.
D³ugoœæ fali (por. ryc. 2) wynosi³a od 3,25 do 10,83 mm,
a jej amplituda – od 0,37 do 1,74 mm. Przeciêtna szero-
koœæ i przeciêtna wysokoœæ anomalii drewna wynosi³y

odpowiednio 15,89±0,80 mm i 5,00±0,18 mm, a prze-
ciêtna liczba anomalii na 0,1 m2 – 30±1,11.

Gêstoœæ drewna stanowi podstawowy cel hodowli
drzew i g³ówn¹ cechê jakoœci drewna. Jakoœæ drewna
jest wynikiem d³ugiego procesu, podczas którego pre-
dyspozycje genetyczne drzewa, wraz z warunkami
œrodowiska, determinuj¹ tempo przyrostu drzew, co ma
wp³yw nie tylko na formowanie siê drewna, ale równie¿
na jego w³aœciwoœci fizyczne (Yatsenko-Khmelewskyy
1954; Zobel et al. 1995; Vintoniv et al. 2007; Grzeœ-
kiewicz 2007; Hemery et al. 2008). W celu zbadania
wp³ywu kierunku przebiegu w³ókien na gêstoœæ drewna
jesionu pospolitego (tab. 4) pogrupowano wszystkie
próbki drewna w zale¿noœci od k¹ta odchylenia w³ókien
od osi drzewa: a – falistow³ókniste; b – 0–9°; c – 10–25°;
d – 26–45° (Sopushysnkyy 2011).

Falistow³ókniste drewno jesionu wynios³ego wyka-
zuje wiêksz¹ szerokoœæ przyrostów rocznych (5,1 mm).
Wartoœæ ta w przypadku przyrostów rocznych drewna
prostow³óknistego jest o 25% mniejsza (tab. 4).
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Tabela 3. Charakterystyczne cechy falistow³óknistego drewna jesionu wynios³ego

Table 3. Specific features of wavy-grain wood of common ash

Zmienne

Variables
N min M±m max V, % P, %

λ [mm] 450 3,25 6,52±0,09 10,83 28,4 1,3

U [mm] 300 0,37 1,06±0,02 1,74 30,6 1,8

aan.form. [mm] 52 7,36 15,89±0,80 33,19 36,1 5,0

ban.form. [mm] 52 2,25 5,00±0,18 8,26 25,8 3,6

Nan.form. / 0,1 m2 40 15 30±1,11 41 23,3 3,7

N – liczba próbek / number of samples; min – minimum; M±m – œrednia i odchylenie standardowe / mean ± standard deviation; max –
maximum; V – wspó³czynnik zmiennoœci / variation coefficient; P – stopieñ dok³adnoœci / accuracy figure

Tabela 4. Szerokoœæ przyrostu rocznego i gêstoœæ drewna jesionu wynios³ego

Table 4. Annual growth ring width and wood density of common ash

Zmienna

Variables

Odchylenie w³ókien

od osi drzewa

Slope of wood grain
N min M± m max V, % P, %

Stree rings [mm] falistow³ókniste /wavy-grain 49 3,5 5,1±0,17 8,2 23,2 3,3

0–9° 36 2,8 3,8±0,11 5,1 17,9 3,0

10–25° 14 2,9 3,9±0,10 4,3 9,2 2,5

26–45° 21 3,0 3,8±0,11 4,8 13,2 2,9

�b [kg·m-3] falistow³ókniste / wavy-grain 49 555 581±5,03 635 6,1 0,9

0–9° 71 457 511±4,29 575 7,1 0,8

10–25° 14 477 550±7,36 583 5,0 1,3

26–45° 21 545 567±5,20 585 4,2 0,9

ρ0 [kg·m-3] falistow³ókniste / wavy-grain 49 634 675±3,18 745 3,3 0,5

0–9° 107 525 593±3,43 671 6,0 0,6

10–25° 28 557 640±5,68 675 4,7 0,9

26–45° 42 635 659±1,57 681 1,5 0,2

ρ� – gêstoœæ wzglêdna drewna (stosunek masy drewna suchego do objêtoœci drewna œwie¿ego)

basic wood density (oven dry weight of wood / green volume of wood)

ρ� – gêstoœæ drewna suchego (stosunek masy do objêtoœci drewna suchego)

the density of over-dry wood (oven dry weight of wood / oven dry volume of wood)



Wspó³czynnik zmiennoœci gêstoœci drewna wynosi
od 0,9 do 7,1% i równie¿ wskazuje na statystyczn¹
istotnoœæ wyników badañ. Jak pokazano w tabeli 4,
gêstoœæ drewna jesionowego roœnie wraz ze wzrostem
nachylenia w³ókien drewna. Dlatego te¿ najmniejsz¹
gêstoœæ wzglêdn¹ (511 kg·m-3) ma drewno o nachyleniu
w³ókien 0–9°. Gêstoœæ drewna falistow³óknistego po
wysuszeniu jest wiêksza ni¿ drewna prostow³óknistego
o 82 kg·m-3, a przed wysuszeniem o 70 kg·m-3. Wyniki
badañ pokazuj¹, ¿e nachylenie w³ókien ma silny wp³yw
na gêstoœæ drewna jesionu wynios³ego. Szerokoœæ przy-
rostu rocznego i gêstoœæ drewna o falistym uk³adzie
w³ókien i drewna prostow³óknistego ró¿ni³y siê ewi-
dentnie i statystycznie istotnie (p<0,05).

Wymienione wy¿ej charakterystyczne cechy diagno-
styczne falistow³óknistego drewna jesionowego zajmuj¹
wa¿ne miejsce we wczesnym rozpoznaniu oraz hodowli
i pielêgnacji jesionu. Przypuszczalnie mo¿na dysku-
towaæ o genetycznym dziedziczeniu tej cechy. Drzewa
jesionu z drewnem falistow³óknistym zas³uguj¹ na
szczególn¹ uwagê w kontekœcie ich selekcji i uprawy
plantacyjnej. Warunkiem wstêpnym udanej uprawy i
ochrony osobników z falistoœci¹ w³ókien jest zbadanie
natury jego pochodzenia oraz rozwój i monitoring ros-
n¹cych drzew i lasów.

4. Podsumowanie

Drzewostany jesionowe rosn¹ce na siedlisku lasu
œwie¿ego w obwodzie winnickim i czerniowieckim (re-
jon sokiriañski) na Ukrainie stanowi¹ du¿y zasób drzew
o drewnie z falistym uk³adem w³ókien. Analiza dendro-
chronologiczna wykaza³a, ¿e falistow³ókniste drewno
jesionu zaczyna byæ wytwarzane oko³o 11–20 roku ¿ycia
drzewa. Cechy biometryczne, jak pierœnica i wysokoœæ
osadzenia korony drzew z drewnem falistow³óknistym i
z drewnem prostow³óknistym ró¿ni¹ siê znacz¹co.

Ocena statystyczna estetycznych cech makrostruk-
tury drewna wskazuje, ¿e d³ugoœæ fali waha siê od 3,25
do 10,83 mm, a jej amplituda – od 0,37 do 1,74 mm.
Przeciêtna szerokoœæ anomalii drewna wynosi
15,89 mm, a wysokoœæ – 5,00 mm, natomiast liczba
anomalii na 0,1 m2 wynosi przeciêtnie 30. Przeciêtna
szerokoœæ s³oja przyrostu rocznego drewna o falistym
uk³adzie w³ókien jest o 25% wiêksza ni¿ w przypadku
drewna prostow³óknistego. Zale¿noœci miêdzy d³ugoœ-
ci¹ drewna ozdobnego (Z=lan.wood), wysokoœci¹ pier-
wszej ¿ywej ga³êzi (Y=hspr..crown) i pierœnic¹ (X=d1,3m)
opisano nieliniow¹ funkcj¹ regresji:

Z X Y E X E XY Y= + − + − − − +5 3 0 03 0 8 1 0 4 1 4 5 0 032 2, , , , , ,
przy R=0,65.

Gêstoœæ drewna falistow³óknistego jest wiêksza ni¿
drewna prostow³óknistego o 82 kg·m-3 w przypadku
drewna suchego oraz o 70 kg·m-3 przed wysuszeniem.
Wyniki badañ pokazuj¹, ¿e nachylenie w³ókien drewna
ma du¿y wp³yw na gêstoœæ drewna jesionu wynios³ego.
Ró¿nice w zmiennoœci œrednich wartoœci szerokoœci
przyrostu rocznego i gêstoœci drewna pomiêdzy drew-
nem o falistym uk³adzie w³ókien i drewnem prosto-
w³óknistym by³y ewidentne i istotne (p<0,05). Identy-
fikacja i produkcja wysoce dekoracyjnego drewna jest
jednym z wa¿nych ekonomicznie i strategicznie kie-
runków trwa³ego leœnictwa i przerobu drewna. Jesion
wynios³y z drewnem z falistoœci¹ w³ókien jest wartoœ-
ciowym surowcem ozdobnym do produkcji okleiny.
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Abstract. The paper presents analysis of biometric features of ash with wavy-grained wood, which has decorative 
appeal. The research results shows that fresh broadleaves ash forest stands growing in the Vinnytsya and Sokyryany 
Regions of Ukraine have high potential for growing curly ash. The differences between straight-grained and wavy-
grained wood density and macrostructure were analysed and estimated. Statistical evaluation of the aesthetic 
macrostructure of wood characteristics indicated that the length of wave varied from 3,25 to 10,83 mm and its 
amplitude varied from 0,37 to 1,74 mm. The average width and mean height of anomalies in wood formation were 
equal to 15,89 mm and 5,00 mm, and their mean occurrence was 30 times m-2. Average annual growth ring width of 
wavy-grained ash wood was clearly greater (by 25%) than that of straight-grained wood. The density of wavy-grained 
wood was 82 kg·m-3 higher than straight-grained wood after oven-drying and 70 kg·m-3 higher prior to oven-drying.

Key words: common ash, wavy-grained wood, biometry, decorative wood, anomaly wood, forest stands

1. Introduction

Common ash is one of the important hardwood 
trees species in Ukraine and across Europe. At the age 
of 100 years they are 30 m height and have 60–70 cm 
in diameter. Their wood texture supplies the simply 
decorative wood (Gottwald 1989; Schmidt 2002; 
COST E42 2008; Sopushynskyy 2011). One of the inter 
specific variability of ash is characterised by special 
wood anomalies like wave-grain (Fig. 1). 

The wavy-grained wood of common ash is 
characterised by valuable decorative features. Such 
figures in a wood have been defined as unusual grain 
or abnormal grain pattern that adds value to solid wood 
products by aesthetic characteristics (Beals et al. 1977; 
Bauch 1980; Harris 1989; Bucur 2006; Sopushynskyy 
et al. 2006). The wave-grained wood of ash displays 

fine textures which have quite a high decorative 
value (Chovanec 1986; Gottwald 1989; Wobst 1994; 
Sopushynskyy 2011).

The quality of decorative wood can be reflected 
by its utility and therefore is defined by the consum-
ers. Wood quality criteria can only be applied for the 
specific purpose for which it is used (Harris 1989; 
Grześkiewicz 2007; Hemery et al. 2008). The main 
wood characteristics that define the timber qual-
ity classes of ash according to the current European 
norms (Normen über Holz 2009) include average 
diameter, knots, wood growth, colour, sweep of the 
wood etc. but do not include the decorative wood 
characteristics: width and height of anomaly wood 
formation, its number etc. Thereby, the decorative 
value of ash wood is important in the context of its 
classification by quantifiable or explicable charac-
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teristics (Yatsenko-Khmelevskyy 1954; Rioux et 
al. 2003; Vintoniv et al. 2007; Sopushynskyy 2006, 
2012).

The diversification of customers’ demands for spe-
cific aesthetic wood properties leads to a gain of sawed 
or cut wood surfaces which supply the fine or decorative 
appearance of wood products (Mayevskyy et al. 2008). 
Insufficient knowledge and poor understanding of the 
high value of broadleaved species with high-quality 
decorative wood (due to wave-grained wood of ash) 
leads to a lack of willingness of cultivating these species 
and also to inconsistent supply of timber with high-val-
ue decorative wood.On the other hand there is evidence 
that the final consumers are ready to pay a higher price 
for personalised and customised products e.g. furniture, 
interior design, floors with highly decorative wood sur-
faces (Furnier Magazin 2008, 2009; Surface Magazin 
2008, 2009, 2010; Laminate Magazin 2008, 2009).

The aims of the present study are to assess the 
biometric and wood macrostructure characteristics of 
ash trees with wave-grained wood and to determine the 
distinctions of wood density between straight-grained 
and wave-grained wood. Also this paper provides  
a framework fora future research in the subject area of the 
diagnostic model development of ash trees with wave-
grained wood. Furthermore, it provides information for 
the conservation of ash with high decorative wood.

2. Materials and methods

The study was conducted in the fresh broadleaves ash 
forest stands growing in theVinnytsya and Sokyryany 
regions of Ukraine. Silvicultural and dendrometrical 
characteristics of broadleaves forest stands were 
collected on three observation plots (OP) of field studies 

with focus on acquiring and in-depth understanding of 
ash with wavy-grained wood as well as its silvicultural 
potential (Table 1).

Altogether, 11 models of ash trees with wavy-
grained wood and 11models of ash trees with straight-
grained wood were studied for their biometric and 
morphological features as well as wood density. The 
biometric characteristics were collected from the 
fell model trees. To systematize knowledge about 
differences in morphological characteristics of curly ash 
specific features have been used (Fig. 2).

The morphological characteristics of a wood surface 
and an annual ring width were measured by software 
AutoCAD 8.0 on the digital photos.The wood density 
was determined at breast height.The discs were cut into 
three segments: juvenile wood where heartwood forma-
tion may be initiated (years rings 5–20 from the pith), 
transition heartwood (approximately 10–40 years rings), 
and sapwood (years rings 20–60 from the bark). The 
green volume of the segments was measured by water 
displacement method. By using the oven drying method 
the oven-dry mass was measured after 24 h at 103±2oC. 
The initial weighing of each sample was made as soon 
as possible after it had been cut and the measurement 
was made to the nearest 0,001 g on a precision balance. 
Errors, due to unavoidable delay before weighing, were 
minimised by placing the sample in polythene bags im-
mediately after cut. Basic wood density was calculated 
as the ratio of the weight of the oven-dry wood and the 
volume of green wood; the density of oven-dry wood 
was calculated as the ratio of the weight and the volume 
of the oven-dry wood. (Vintoniv et al. 2007).

The statistical analyses was based on procedure 
SPSS 13.0 – One-Way ANOVA (Analysis of Variance) 
to produce a one-way analysis of variance for a quanti-

Figure 1. The wavy-grained wood of common ash growing in Ukraine
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Table 1. Forest and estimated features of observation plots of ash stands

Observation 
plots Latitude & altitude Tree species composition

composition*
Age 

[years]

Stand quality 
index / stand
density index

H [m] D [cm] M [m3]

1 48º27'28''N 27º20'56''E 290 m 8Js2Dbs 90 ІІ / 0,70 28 36 330

2 49º06'01''N 28º40'16''E 287 m 4Js5Gb11Jw+Lp+Kl 82 І / 0,70 28 36 307

3 49º06'30''N 28º39'15''E 295 m 4Js5Gb1Jw+Dbs+Lp 91 Іа / 0,90 32 46 400

*   �Js – Fraxinus excelsior L.; Dbs – Quercus robur L.; Gb – Carpinus betulus L.; Jw – Acer pseudoplatanus L.; Lp – Tiliacordata Mill.;
Kl – Acer platanoides L.; +– <5%/ defined as <5%, H – average tree height, D – average tree diameter, M – timber volume perhectar

Figure 2. Biometric features of common ash: a) tree (lrn.w.– length of wood anomaly, m; htree – height of tree, m; hspr..crown – spring 
of crown, m; d1.3m – diameter at the breast height, cm); b) anomally-accentuated wood grains of trunk (aan.form.– width and ban.form. – 
height of anomaly wood formation, mm; c) curly grain (λ – length of wave, mm; U – amplitude of wave, mm)

a b c

tative dependent variable by a single factor (independ-
ent) variable. T-test was applied for the analysis of vari-
ance which analyses the difference in means of a con-
tinuous variable between two groups. Null hypothesis 
has no difference in the mean values and the alternative 
hypothesis has a difference in the mean values (signifi-
cant at p ≤ 0,05) (Janssen, Laatz 2007).

3. Results and discussion

Morphological characteristics of trees and the 
wood density are the best diagnostic features of tim-
ber and wood quality (Yatsenko-Khmelevskyy 1954; 
Zobelet at al. 1995; Grześkiewicz 2007; Vintoniv et 

al. 2007; Hemery et al. 2008; Sopushynskyy 2012). 
They are mainly influenced by genetic and environ-
mental factors (Yatsenko-Khmelevskyy 1954; Zobel et 
al. 1995). The genetics of hereditary variation of ash 
is well characterised by straight-grained and wavy-
grained wood, and reflected by biometric distinctions 
of trees (Table 2).

Morphological distinctions of wavy-grained 
ash wood of the age range from 80 to 92 years are 
characterised by 8–16% bigger diameters at the breast 
height for ash trees with straight-grained wood. The 
spring of crown of curly ash started at the average 
height of 12 m and the length of anomaly wood is in 
range around 1,1 m. There are no significant changes 
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Table 2. Biometric features of curly ash with wavy-grained wood with straight-grained wood (in the brackets)

Observation
plots Tree model Age [years] htree [m] d1,3m [cm] hspr.crown [m] lrn.w. [m] Van.wood [m

3]

1 1 90 31,0 (28,0) 42 (38) 11 (20) 1,8 0,22

2 92 27,0 (27,0) 42 (32) 12 (19) 0,9 0,09

3 89 28,0 (27,0) 46 (36) 9 (18) 0,5 0,04

4 92 28,5 (28,0) 45 (36) 8 (19) 1,0 0,12

5 90 27,5 (27,0) 44 (36) 10 (17) 1,5 0,19

2 6 85 28,0 (28,0) 38 (32) 14 (18) 0,5 0,03

7 80 27,0 (27,0) 44 (38) 15 (17) 1,8 0,23

8 83 29,0 (28,0) 46 (38) 10 (16) 2,1 0,29

3 9 91 32,0 (31,0) 44 (40) 15 (19) 0,5 0,03

10 90 30,0 (29,5) 42 (38) 14 (18) 0,9 0,09

11 92 31,0 (30,0) 48 (44) 12 (17) 0,8 0,11

Symbols as in Fig. 2.

Figure 3. Regression model of the length
of wavy-grain ash wood zone

in the study results for trees in different height. The 
dendrochronologic study revealed that wavy-grained 
wood ash started to produce in the age range of 11–20 
years old.The differences in variability of mean values 
of the diameter at the breast height and the spring of 
crown were evident or significant (<0,05).

The multivariate analysis encompassed the 
biometric features of curly cCommon ash and showed 
the significant relationships (<0,05) among the length of 
decorative wood (Z=lan.wood), the height to the first living 
branch (Y=hspr..crown) and the diameter at breast height 
(X=d1,3m) (Fig. 3). The non-linear regression analyses of 
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researched variables gave the function:
Z = �5,3 + 0,03X – 0,8Y + 1,0E – 4X 2 – 1,4E – 5XY + 

0,03Y2 
by multiple R = 0,65.

Aesthetic features of wood play an important 
role due to their volumetric and fashionable patters. 
Wave-grained wood appearance in furniture is very 
important for the customers who are buying it. For 
measuring the wood attractiveness it is very important 
to use quantifiable or explicable characteristics of wood 
macrostructure. The wave-grained wood formations of 
common ash are evaluated by analysing the texture and 
figure of the wood surface (Table 3). 

Statistic evaluation of the aesthetic macrostructure 
wood characters indicates the high variation of macro 
structural variables (Table 2). Thus, the coefficient of 
variation is in the range of 23 to 36%. Thereby, the 
length of wave varies from 3,25 to 10,83 mm and its 
amplitude – from 0,37 to 1,74 mm. The average width 
and average height of anomaly wood formation are 
equal 15,89±0,80 mm and 5,00±0,18 mm as well as 
their average number on 0,1 m2 of 30±1,11.

Wood density forms an integral component of tree 
breeding programs and the main characteristics of wood 
quality. Since the quality of wood is the result of a long 
process where genetic dispositions of the tree interact 

Table 3. Specific features of wave-grain wood of common ash

Variables N min М±m max V, % P, %

λ [mm] 450 3,25 6,52±0,09 10,83 28,4 1,3

U [mm] 300 0,37 1,06±0,02 1,74 30,6 1,8

aan.form. [mm] 52 7,36 15,89±0,80 33,19 36,1 5,0

ban.form. [mm] 52 2,25 5,00±0,18 8,26 25,8 3,6

Nan.form. / 0,1 m2 40 15 30±1,11 41 23,3 3,7

N  – number of samples; min – minimum; М±m  – mean ± standard deviation; max – maximum; V – coefficient of variation; P – accuracy figure

Table 4. Annual ring width and wood density of common ash

Variables Slope of wood grain N min М ± m max V, % P, %

Stree rings [mm]

wavy-grain 49 3,5 5,1±0,17 8,2 23,2 3,3

0–9о 36 2,8 3,8±0,11 5,1 17,9 3,0

10–25о 14 2,9 3,9±0,10 4,3 9,2 2,5

26–45о 21 3,0 3,8±0,11 4,8 13,2 2,9

ρб [kg·m-3]

wavy-grain 49 555 581±5,03 635 6,1 0,9

0–9о 71 457 511±4,29 575 7,1 0,8

10–25о 14 477 550±7,36 583 5,0 1,3

26–45о 21 545 567±5,20 585 4,2 0,9

ρ0[kg·m-3]

wavy-grain 49 634 675±3,18 745 3,3 0,5

0–9о 107 525 593±3,43 671 6,0 0,6

10–25о 28 557 640±5,68 675 4,7 0,9

26–45о 42 635 659±1,57 681 1,5 0,2

ρб–basic wood density (oven dry weight of wood / green volume of wood)
ρ0–the density of oven-dry wood (over dry weight of wood / oven dry volume of wood)
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with environmental requirements, the tree growth rate 
affects not only the formation of wood but also its 
physical properties (Yatsenko-Khmelevskyy 1954; 
Zobel et al. 1995; Vintoniv et al. 2007; Grześkiewicz 
2007; Hemery et al. 2008).To study the influence of 
wood fiber orientation on wood density of common ash 
(Table 4) all wood specimens were grouped depend on 
the slope of wood fibers: a – wave-grained; b – 0o–9o; 
c –10o–25o; d – 26o–45o(Sopushynskyy 2011).

The wave-grained wood of Common ash is showing 
the greater annual rings width (5,1 mm). Assuming the 
value obtained for wave-grained wood is 100% then the 
comparison to the value obtained for straight-grained 
wood indicates clearly that this macrostructure has a 
lower average annual ring width of 25% (Table 4).

Coefficients of variation of wood density are ranged 
from 0,9 to 7,1% and also they indicate the statistical 
significance of the research results. As it was shown in 
the Table 4, the wood density of ash increases with the 
rise of the slope of wood fibers. Thus, the average basic 
wood density with slope of wood fibers 0–9о appears 
to be the lowest (511 kg·m-3). The density of wavy-
grained wood is more than straight-grained wood on 
82 kg·m-3 in the oven-dry condition and on 70 kg·m-3 

in the basic condition.Theresearch results show that 
the slope of wood fiber has a strong effect on wood 
density of common ash.The differences in variability of 
mean values of the annual ring width and wood density 
between wave-grained and straight-grained wood were 
evident and significant (p < 0,05).

Above mentioned specific diagnostic features of wave-
grained ash wood take an important place in the young 
diagnose and breeding of ash trees as well as care for 
them. Hypothetically, one could argue about the genetic 
inheritance of this trait. Ash trees with wavy-grained wood 
deserve special attention in the context of their selection 
and plantation cultivation. A prerequisite for successful 
cultivation and conservation of Common ash with wave-
grained wood is the study of the nature of its origin, 
development and monitoring growing trees and woodlands. 

4. Conclusions

The results showed that the fresh broadleaves ash 
forest stands growing in Vinnytsya and Sokyryany 
regions of Ukraine are characterised by high forest 
potential on the ash trees with wave-grained wood. The 
dendrochronologic analysisrevealed that wavy-grained 
wood ash stars being produced at the age around 11–20 
years old. The biometric characteristics such as diameter 

at the breast height and spring of crown between ash 
trees with wavy-grained and ash trees with straight-
grained wood differ significantly.

Statistic evaluation of the aesthetic macrostructure 
wood characters indicates that the length of wave varies 
from 3,25 to 10,83 mm and its amplitude – from 0,37 
to 1,74 mm. The average width and average height of 
anomaly wood formation was equal 15,89 mm and 5,00 
mm as well as their average number in 0,1 m2 was 30. 
Average annual ring width of wave-grained ash wood 
was clearly greater by 25% than in straight-grained 
wood. The relationships among the length of decorative 
wood (Z=lan.wood), the height to the first living branch 
(Y=hspr.crown) and the diameter at breast height (X=d1,3m) 
described by the non-linear regression function Z= 5,3 
+ 0,03X – 0,8Y + 1,0E – 4X2 – 1,4E – 5XY + 0,03Y2 by 
multiple R=0,65.

The density parameter of wavy-grained wood is bigger 
than in straight-grained wood by 82 kg·m-3 in the oven-
dry condition and by 70 kg·m-3 in the basic condition. 
The research results show that the slope of wood fiber 
has a strong effect on wood density of common ash. The 
differences in variability of mean values of the annual 
ring width and wood density between wave-grained 
and straight-grained wood were evident and significant 
(p < 0,05). The identification and production of high 
decorative timber is one of the important economic and 
strategic directions for the sustainable forestry and wood 
processing. Common ash with wavy-grained wood is 
valuable decorative material for veneer production.
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