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ABSTRACT

The aim of the study was evaluation of knots in wood of 150-year-old Norway spruce [Picea abies (L.) Karst.] in
stands situated at the altitude of 1450—1740 m above sea level in the Dolomites in Italian section of the Alps. In se-
lected stands, spruce trees were cut down and their length, stem thickness, height to the crown base and stem diam-
eters at every 1 m along the length of merchantable bole were measured. The diameter of knots was measured and
they were classified according to their healthiness and the degree of their tightness with the surrounding wood. The
relative knot diameters were calculated and the relative height of their location on stem was determined.

In total on sample trees there were analysed 1070 knots, of which sound knots (close to 75%) and tight (more than
60%) prevailed. Sound and tight knots had largest diameters, relative diameters and relative heights of location on
merchantable boles. The smallest diameters and relative diameters were indicated by rotten and not tight knots that

were located at the lowest merchantable bole parts.
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INTRODUCTION

The Norway spruce [Picea abies (L.) Karst.] is one of
important tree species which create forests in Poland
and Europe, and its timber presents a range of qualities
acknowledged in the construction sector and chemi-
cal industry. Timber defects can considerably decrease
spruce timber, and these are in particular knots. Nega-
tive effects of knots depend on their number, size,
healthiness and a degree of their tightness with stem
wood. These features are included in the classification
system of roundwood.

Researchers have recently undertaken studies on
models of spruce timber knottiness both outside and
inside merchantable boles as well relations between
tree or roundwood features and quality of sawn tim-
ber (Gjerdrum and Heibe 2008; Kantola et al. 2007,
Moberg 2006). Attention-grabbing research which has
been carried out in the areas of spruce range in Europe
concerns relations between knot location on merchant-
able boles and their size including knot healthiness
and the degree of their tightness with the surround-
ing wood (Barszcz 1995, 1999; Barszcz and Gjerdrum
2008).
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The aim of this study was the analysis of select-
ed characteristics of knots in wood of mature Norway
spruces growing in upper montane in the Dolomites.
There were evaluated knot dimensions, healthiness and
the degree of knot tightness with the surrounding wood
as well as relations between knot dimensions and their
location on spruce merchantable boles.

The research was granted by COST Action E53 and
carried out during a short-term scientific visit in Italy
(IVALSA).

MATERIALS AND METHODS

The study was carried out in northern Italy, in the prov-
ince Trento in the Dolomites. After consultations with
IVALSA (Trees and Timber Institute) specialists in San
Michele all Adige and local foresters, three experimen-
tal stands were selected. The stands were of natural
provenience at the age of about 150 years. The stands
were treated as sample areas which represented nature-
forest conditions for growing of local spruce in upper
montane. Below there is presented characteristics of ex-
perimental areas:

Sample area 1. Forest situated at 1450 m above sea
level; site fertility 5 (in a 9-degree scale where 1 = most
fertile sites), tree cover 0.7; volume 285 m?/ha; western
slope.

Tab. 1. Characteristics of studied trees

Sample area 2. Forest situated at 1740 m above sea
level, site fertility 5; tree cover 0.7; volume 479 m®/ha;
north-western slope.

Sample area 3. Forest situated at 1450 m above sea
level; site fertility 6; tree cover 0.7, volume 357 m?/ha;
north-western slope.

The methods used at selection of sample trees were
the same as previously described for studies conducted
in Poland and Norway (Barszcz 1995, Barszcz and Gjer-
drum 2008). In each of selected stands there were chosen
3 sample Norway spruces with DBH more than 40 cm.
After delimbing, each tree was measured for: total tree
length, length of merchantable bole of the diameter not
smaller than 7 cm over bark (PN-93/D—-02002... 1993)
timber diameters at each 1 m of the merchantable bole
length and the height of the crown base. Subsequently,
at the stem half point, the diameters of knots (> 1 cm)
were measured as well as their distances from the base
stem (PN-EN 1310... 2000). Knots were classified ac-
cording to their healthiness (sound, unsound and rot-
ten) and according to the degree of their tightness with
the surrounding wood (tight, partially intergrown and
not tight knots) (PN—79/D-01011... 1980). The volume
of merchantable boles as well as the relative height of
the crown bases was assessed. Characteristics of sample
trees are presented in Table 1.

For each knot recorded at the point of its occur-
rence the timber diameter was determined by means of

No. of sample No. of tree Total length of merlglferllr%tt:ble log D, Ver Wi Wwk”*

area (m) (cm) (m’) (m)
(m)

1 25.0 23.0 40 1.22 10.5 0.456

1 2 309 28.4 43 1.39 12.6 0.444

3 335 30.8 51 2.48 14.0 0.454

1 36.0 33.6 67 4.39 6.9 0.205

2 2 233 21.0 40 1.20 5.4 0.257

3 314 28.6 51 2.45 6.6 0.231

1 335 30.7 52 3.67 10.7 0.348

3 2 26.0 23.8 43 1.80 8.7 0.365

3 355 32.0 60 3.82 11.0 0.344

Average 30.6 28.0 49.5 2.49 9.6 0.340

'D,, — DBH; Vgr — roundwood volume; Wk — height of crown base; Wwk — relative height of crown base
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interpolation. Next, the knot relative diameter was cal-
culated in relation to the timber diameter. The locality
of knots was determined by the relation of the distance
of knot from the lower stem end to the length of mer-
chantable bole. Next step concerned description of the
statistical characteristics of the features of particular
knot categories. Because of lack of the accordance of
the features with the normal distribution (Shapiro-Wilk
test, W from 0.781 to 0.971, p < 0.05) as well as lack
of homogenous variants (Levene test, F from 10.888 to
67.443, p < 0.05), further statistical analyses were car-
ried out with the non-parametric Kruskal-Walis test and
the multiple comparison test (0=0.05). The significance
of differences between the knots from different healthi-
ness categories as well as the degree of knot tightness
with the surrounding wood were statistically tested by
comparisons of knot diameters, their relative diameter
and the height of their location on sample tree stems.
Then the effect of the relative height of location on the
diameter and the relative diameter was determined.
Based on correlation coefficient R and the coefficient of
determination R? (o = 0.05) the best matching depend-
ency models were determined.

REsuLTs

The results of analyses of knot groups in combined
categories of healthiness and degrees of tightness
with the surrounding wood (Fig. 1) indicated that in
the whole tested material there prevailed sound-tight
knots (almost 60%). Considerably less frequent were
rotten-not tight and sound-not tight knots (more than
a dozen %). The rest of observed knots constituted less
than 10% and the shares of knots: tight-unsound and
rotten as well as rotten-partially intergrown was never
higher than 1%.

In total 1070 of knots were measured (Tab. 2). It
was observed that the largest diameters, relative diam-
eters and the relative height of location on merchant-
able boles were characteristic for sound knots and tight
knots which in this study were found most often time.
The lowest values of evaluated parameters were ob-
served for rotten knots and not tight knots. The knots
from intermediate categories i.e. unsound and par-
tially intergrown were found least frequently. Except
for intergrown, in all knot categories the absolute di-
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Fig. 1 Share of knots (%) in categories: 11 — sound and tight;
12 — sound and partially intergrown; 13 — sound and not
tight; 21 —unsound and tight; 22 — unsound and partially
intergrown; 23 —unsound and not tight; 31 — rotten and tight;
32 —rotten and partially intergrown; 33 — rotten and not tight

ameters were characteristic of lesser variability than
the relative diameters. Immense variability (more than
50%) was indicated by the relative height of location of
rotten as well as not tight knots. The Kruskal-Wallis test
showed that knot categories were significantly differ-
ent in terms of the analysed parameters (H from 167.741
to 569.344, p = 0.000). The multiple comparison test
(Tab. 3) showed that in most cases the knot categories
(3 categories of healthiness and 3 categories of the de-
gree of their tightness) were significantly different in
terms of their size and location on merchantable bole.
Not significant differences were observed only between
the diameters of tight and intergrown knots as well as
the relative heights of location of unsound and rotten
knots. Based on the results obtained on knot categories
further analyses were carried out.

At the next stage of this study the relations be-
tween the relative height of location and the diameters
and relative diameters of knots were tested. In Table
4 there are presented only significant relations, with
correlation coefficients close to the value of 0.50 or
higher. Observed dependencies can be best described
by the linear model y = ax + b. The exponential as well
as power law models were excluded as weaker match-
ing. It was shown that the relative height of knot loca-
tion influences significantly the relative diameters of
knots of all observed categories except for the group
of partially intergrown knots. Most evident was the
relation between the relative height of knot location
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Tab. 2. Statistical characteristics of studied knots

Knot category Feature, unit X X X ) V... (%) NulI; 2: of S(l;z;e
sS (cm)” 2.25 1.0 4.8 0.79 34.99

Sound SsSw* 0.089 0.01 0.286 0.034 38.23 799 74.67
WS/L7™ 0.66 0.06 1.00 0.23 34.55
SS (cm) 1.65 1.0 3.8 6.09 36.80

Unsound SSW 0.049 0.018 0.136 0.022 4421 104 9.72
WS/L7 0.46 0.05 0.90 0.21 46.50
SS (cm) 1.24 1.0 2.3 0.31 24.79

Rotten SSW 0.036 0.016 0.100 0.01 41.54 167 15.61
WS/L7 0.39 0.07 0.93 0.21 52.79
SS (cm) 2.28 1.0 48 0.82 35.83

Tight SSW 0.097 0.010 0.286 0.031 32.52 644 60.19
WS/L7 0.72 0.06 1.00 0.19 26.27
SS (cm) 2.13 1.0 4.3 0.77 36.23

Partially intergrown SSW 0.070 0.030 0.179 0.028 39.71 44 4.11
WS/L7 0.54 0.19 0.90 0.20 37.92
SS (cm) 1.61 1.0 4.0 0.62 38.45

Not tight SSW 0.044 0.016 0.118 0.019 43.62 382 35.70
WS/L7 0.40 0.05 0.93 0.20 50.52
SS (cm) 2.03 1.0 4.8 0.81 39.92

Total SSW 0.077 0.010 0.286 0.037 48.53 1070 100.00
WS/L7 0.60 0.05 1.00 0.25 41.28

* §S — knot diameters

** SSW — relative knot diameters

**% WS/L7 — relative height of location
6 — standard deviation

V.. — coefficient of variation

and the relative diameters of all investigated popula-
tion of knots.

DiscussioN

Studied Norway spruces were characteristic of DBH
considerably higher than the average when compared
with the trees observed during similar research car-
ried out in Poland within the area of the Beskidy
Mountains (DBH 37.9 cm) and south—eastern Norway

(DBH 42.7 cm) (Barszcz 1995, Barszcz and Gjerdrum
2008). Tested spruces’ total length and the length of
merchantable bole was greater than in the case of
spruces from Norway (26.8 m and 24.5 m, respective-
ly), but similar to the lengths observed in spruces in
Poland (29.2 m and 26.5 m). The spruce trees grow-
ing in the Dolomites were characteristic of the low
height of the crown base. Similar absolute and relative
heights of the crown base were noted for spruces in
Norway (8.8 m and 0.35 m, respectively). Observed
in Norway small heights of the crown base and conse-
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Tab. 3. P — values for multiple comparisons with the Kruskal-Wallis one-way analysis of variance

Size and localisation of knots in timber from mountain spruce stands in the Dolomites

calfelgz)try Sound Unsound Rotten caI?eIg)try Tight irf;:?gi:(l)gn Not tight
SS* SS*
Sound + + Tight - +
Unsound 0.0000 + Partially 0.8035 +
Intergrown
Rotten 0.0000 0.0000 Not tight 0.0000 0.0001
SSW** SSW*3*
Sound + + Tight + +
Unsound 0.0000 + Partially 0.0000 +
intergrown
Rotten 0.0000 0.0012 Not tight 0.0000 0.0000
WS/L7%** WS/L7%**
Sound + + Tight + +
Unsound 0.0000 - ii:r‘;loywn 0.0000 +
Rotten 0.0000 0.1725 Not tight 0.0000 0.0033

* SS — knot diameters
**  SSW — relative knot diameters
*** WS/L7 — relative height of location

+  significant

—  not significant

Tab. 4. Relations between the relative height of location along merchantable log (WS/L7) and knot diameters (SS) as well as knot

relative diameters (SSW)

Independent

variable Dependent variable R R?[%] p b a
Tight knots SS —-0.5369 28.82 0.0000 3.9410 -2.3147
WSILT Partially intergrown knots SS —0.4639 21.52 0.0015 3.0733 —1.7563
Sound knots SSW 0.6195 38.38 0.0000 0.0028 0.0093
Unsound knots SSW 0.5074 25.75 0.0000 0.0026 0.0052
Rotten knots SSW 0.6871 47.21 0.0000 0.0016 0.0049
WSILT Tight knots SSW 0.4972 24.72 0.0000 0.0037 0.0083
Not tight knots SSW 0.4799 23.03 0.0000 0.0026 0.0046
Total of knots SSW 0.6922 4791 0.0000 0.0014 0.0105

quently larger taper are mainly connected with spruce
geographical position (high latitude) (Modrzynski
1998), and in the present study — with the high altitude
above sea level

The results of analyses on Italian spruce knots,
grouped according to their healthiness and the degree
of their tightness showed similar patterns in the case
of knots sound and tight when compared with the re-
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sults on spruces from Norway (Barszcz and Gjerdrum
2008). Spruces from the Beskidy Mountains (Poland)
(Barszcz 1995) were characteristic of lesser shares of
these knot categories. In the case of spruce from Po-
land the share of sound knots was only 65.5% and that
of tight knots was 54.3%. These results are connected
first of all with the small length of crown in Beskidy
spruces, and knots of the above categories occur main-
ly in tree crowns.

Based on the results of analysis of the size of knots
it was concluded that the knots in spruces in Italy indi-
cated bigger mean diameter values when compared with
the data from Poland and Norway. Only in the case of the
present study the unsound and rotten knots had smaller
absolute diameters. The average relative knot diameter
of the total number of analysed knots was same in the
material from Italy and Norway, and at the same time
considerably smaller than that of spruces from Poland.
Even though considerable sample variability was ob-
served, the average relative height of location of knots
(total) was almost identical for spruces from Italy and
Poland. Spruces from Norway showed slightly smaller
values of this feature.

The comparison of the results of this study with
those obtained in Poland and Norway indicates the sig-
nificance of relations between the relative height of knot
location and the relative knot diameter. In the material
from the three cited countries statistically significant
relations were found for the relative height of location
of knots and the diameter of tight knots, and what is
more, in the spruces from Poland as well Norway this
relation was also indicated with the diameter of sound
knots. The significant relation was proven for the rela-
tive diameter of knots and the height of their location for
all knot categories investigated in spruces from Poland
and for 3 categories (sound, rotten not tight) in spruces
from Norway.

The results of Gjerdrum and Heibe (2008) on the
models of knottiness of sawn timber obtained also from
150-year-old spruces from the Italian section of Alps
showed a great share of sound knots (56%) which at the
same time indicated the biggest diameters. The share of
rotten knots was about 37% and their diameters were
about 1/3 of the value obtained for sound knots. In this
study it was shown that the share of sound knots was by
20% higher than reported from Norway and Poland. At
the same time, there was observed 50% lesser share of

rotten knots with the diameter of about % of the diam-
eter of sound knots.

CONCLUSIONS

— In spruce timber from mature alpine stands in the
Dolomites there prevailed sound knots and tight
knots with the biggest diameters, relative diameters
and relative heights of location along merchantable
boles. The big share of not tight knots with the very
small mean relative diameter was also noted on low-
er parts of merchantable boles.

— Statistical tests confirmed determined division of
knots into the groups according to the criteria of
their healthiness and tightness. All knot categories
significantly differed with regard to the absolute di-
ameter, the relative diameter and the relative height
of location, except for two cases: the height of lo-
cation compared between unsound and rotten knots
and the diameter between tight and partially inter-
grown knots.

— The significant effect of the relative height of loca-
tion of knots from different categories along mer-
chantable boles on the size of knots was shown. This
relation was confirmed more often for the relative
diameter (5 times) when compared with calculations
based on the absolute diameter of knots as the de-
pendent variable.

— The Norway spruce is susceptible to effects of exter-
nal conditions and creates many geographical forms
and races. Similarities between relative values of
knot parameters were shown — this can indicate the
regularity which is independent of provenance of
the material collected for research.
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