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Abstract

GRYC, V,, VAVRCIK, H.: Effects of the position in a stem on the variability of tracheids in spruce (Picea abies /L./
Karst.) with the occurrence of reaction wood. Acta univ. agric. et silvic. Mendel. Brun., 2010, LVIII, No. 2,
pp-77-86

The paper is aimed at the field of the microscopic structure of wood dealing with the description of
the most important anatomic element in softwood - tracheids in a stem with the occurrence of reac-
tion wood. Significant changes of tracheids were found along the height and radius of a stem. There
were statistically significant differences between particular annual rings (variability along the stem
radius). The height of a stem was also statistically significant. On the basis of the results obtained 3D
models were created (for zones compression wood, opposite wood and site wood; models for radial
dimension an early-wood tracheid and late-wood tracheid) depicting changes in transverse dimen-
sions of the spruce tracheid in relation to its position in a stem. Structure of ring with compression
wood was studied too. It was observed that the ring with occurrence of compression wood has a fol-
lowing structure: early wood tracheids at the beginning of the growing season, transitional tracheids,
compression tracheids and at the end of an annual ring typical late wood tracheids. The rings with

compression wood show more tracheids as compared with annual rings from the opposite side.

Norway spruce, tracheid, radial dimensions of tracheid, compression wood

Forests are managed to meet a variety of objec-
tives. When wood production is the objective of
management, the forester has a number of tech-
niques available for stimulating wood production
and ensuring renewal of the forest. Often the focus
of management is to maximize the volume of wood
produced. Tt is important, however, to keep in mind
that whatever is done to modify the growth rate can
also modify the properties of wood being grown.
Wood quality characteristics can be inherent to par-
ticular species, but are also influenced by tree grow-
ing conditions. This connection to tree growth gives
forest managers both an opportunity and an obliga-
tion to manage judiciously for value on every site be
it only through choice of rotation length, species se-
lection, and initial spacing and stocking control on
some sites, to fertilization, thinning and pruning on
others (Gryc and Horacek, 2004).
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When an actively growing softwood stem is tipped
from the vertical, it almost immediately begins pro-
ducing wood on the underside of the leaning stem
that is different from normal. Stems tipped as lit-
tle as several degrees from the vertical may begin
producing abnormal cells within several hours of
the change in stem orientation. This wood, known as
compression wood, is of interest because its proper-
ties are considerably different from, and much less
desirable than, normal mature wood. The appea-
rance of compression wood differs from that of nor-
mal mature wood in respect of anatomical structure,
chemical composition, and physical and mechani-
cal properties. This kind of wood is also sometimes
formed on the lower edges of branches, playing
an important role in controlling branch angle.

The behaviour and properties of wood are the ex-
pression of its structure on all levels, viz submicro-
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scopic, microscopic and macroscopic. Thus, wood
structure gives unambiguous answers why the wood
behaves or behaved in that way. Wood is a compli-
cated non-homogeneous and anisotropic mate-
rial of organic origin (Ku&era, 1973). The anatomi-
cal structure of softwood consists only of two types
of anatomical elements: tracheids and parenchyma-
tous cells (Plomino et. al, 2001; Panshin and Zeeuw,
1980; Matovi¢ and Gandelova, 1980; Kollmann,
1951; Trendelenburg, 1939).

Within annual rings, it is possible to observe two
types of tracheids, early-wood tracheids and late-
wood tracheids. Early-wood tracheids are formed
by cambium at the beginning of the growing season.
The tracheids are characterized by thin cell walls
and wide lumen their function in wood being con-
ductive. At the end of the growing season, cambium
creates so-called late-wood tracheids which are
thick-wall showing a narrow lumen. Their function
in wood is mechanical (Horaéek, 2003; Wagenfiihr,
1999; Botsche and Kithn 1988; Timell, 1986; De-
witz, 1969). Dimensions of tracheids within an an-
nual ring decrease from early wood to late wood
(Horagek, 2003; Mitschell and Denne, 1997; Wagen-
fithr, 1989; Botsche and Kiihn, 1988; Fengel and
Stoll, 1973; Denne, 1973). Dimensions of tracheids
also change within the stem radius. Along the stem
radius - from the stem pith to cambium - dimen-
sions of tracheids increase. The most marked incre-
ment occurs in the region of juvenile wood. In next
years, it is possible to observe increase in the value
or stagnation. The cell wall thickness shows an in-
verse trend as compared with the tracheid dimen-
sions which means the gradual increment of the cell
wall thickness from spring to late wood. (Gryc and
Horacek, 2003; Sarén et al., 2001; Matovi¢ and Gan-
delovi, 1989; Panshin and Zeeuw, 1980; Trendelen-
burg, 1939).

h

The compression wood is created on the lower
part of bent stems and branches. On the microscopic
level, compression wood is expressed by the modi-
fied structure of tracheids. Tracheids of the normal
wood are of tetragonal or hexagonal form on their
cross section whereas tracheids of compression
wood are of circular form. Thus, there are intercellu-
lar spaces between particular tracheids. Also the cell
wall structure is modified in compression wood.
The cell wall shows a thickened secondary cell wall,
S, layer is missing and a fibril structure demon-
strates the marked deviation of fibrils from a vertical
axis (Wagenfithr, 1999; Mauer and Fengel, 1991; Ti-
mell, 1986; Casperson and ZinBer, 1965; Casperson,
1962; Knige, 1958; Rak, 1957, Trendelenburg, 1932).
Timell (1986) found that tracheids of compression
wood showed a smaller radial diameter as compared
with tracheids of normal wood. Onaka (1949) men-
tions that early-wood tracheids are smaller in com-
pression wood while late-wood tracheids show
an inverse trend, ie late-wood tracheids are larger in
compression wood.

The paper is aimed at the field of the microscopic
structure of wood dealing with the description of
the most important anatomic element in softwood -
tracheids in a stem with the occurrence of reaction
wood. The objective of the paper is to describe vari-
ability of early-wood and late-wood tracheids within
the annual ring, radius and stem height. Another ob-
jective is to determine if there is a significant effect
on tracheid dimensions between particular zones
of a stem (compression zone - CW, opposite zone —
OW).

MATERIALAND METHODS

In the Training Forest Enterprise “Masaryk Fo-
rest” Kitiny — Mendel University in Brno, Forest Dis-
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examined annual ring: Sth, 15th, 30th, 45th, 60th, 75th and SSth |

1: Sampling positions, dimensions of samples (mm); X, Y, U, V - directions of measurement, CW - zone of compression wood, OW - opposite
zone, SWL a SWR - zones of lateral wood, ® — examined annual rings, L - examined annual ring
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trict Habrtivka (49° 18’ 12" N, 16° 43’ 21”E, mean an-
nual temperature 7.5 °C, mean annual precipitation
610 mm), one sample tree of Norway spruce (Picea
abies (L.) Karst.) was selected where the occurrence
of reaction wood was supposed. A tree was selected
the stem axis of which was deflected from the direc-
tion of gravity. The age of the selected tree was 110
years. The total tree height was 33 m.

Eight discs of 100 mm in thickness were taken
from the tree at a height of 6, 8, 10, 12, 15, 18, 20 and
22 m. In each of the discs, the direction of measure-
ment was marked: the zone of reaction wood (X), op-
posite zone (Y) and two lateral zones (U and V), see
Fig. 1.

To determine variability of the tracheid transverse
dimension in relation to the position in a stem sam-
ples of wood were taken in respective zones (CW,
OW, SWL and SWR), in the 5th, 15th, 30th, 45th,
60th, 75th and 85th annual rings counted from cam-
bium and heights (6, 8, 10, 12, 15, 18, 20 and 22 m).
Dimensions of the wood samples were as follows:
cross section 15 x 15 mm and length 20 mm (Fig. 1)
and permanent slides were prepared (according VA-
VRCIK and GRYC 2004).

After setting the permanent preparation, trans-
versal sections were taken by means of a digital ca-
mera. The photographs were evaluated by means
of the Lucia program. In each of the cross sections,
five series of tracheids were measured in a radial di-
rection. Late-wood tracheids (LWT) were defined
according to Morkov criterion (1928); the size of
the LWT lumen has to be smaller on the cross sec-
tion than the cell wall double (measured in radial di-
rection). The relative position in an annual ring was
calculated according to a formula:

relative position = ﬁ,
n

where
p ....tracheid order in an annual ring,
n ...number of all tracheids in an annual ring.

Values obtained were statistically processed ac-
cording to the Statistica 6.0 program (descriptive sta-
tistics, ANOVA) and Table Curve 3D 4.0 (tracheid
variability in relation to its position in a stem).

RESULTS

Descriptive statistics for transverse dimensions
of EWT and LWT in radial direction are given in Ta-
ble 1. Mean values of a tracheid in a transverse di-
rection for particular zones (CW, OW, SWL and
SWR) are depicted by means of a box diagram (all
measured data were used) - Fig. 2. The diagram
shows that the dimension of an early-wood trac-
heid (EWT) ranges below the limit of 30 pm in all
zones. The mean transverse dimension of a LWT in
aradial direction ranges from 15 to 17 pm. In zones
CW and SWR, the values are roughly on the same
level (about 16 pm). The highest mean was found
in an EWT in zone SWL (17 pm), the lowest mean
was found in the opposite zone (OW) with a value of
about 15 pm.

Statistical studies demonstrate that there are statis-
tically significant differences between mean values
of the transverse dimension of an EWT in particular
zones. These significant differences were found be-
tween all zones. In a LWT, statistically significant dif-
ferences were found between some zones (Table II).

Based on the measured data, models were con-
structed for particular zones describing the varia-
bility of EWT and LWT along the stem radius and
height. For models describing the early-wood trac-
heid variability those tracheids were selected which
showed a relative position 0.3 in the annual ring.
For the late-wood tracheid model those tracheids
were selected which showed a relative position 0.96
in the annual ring. In models describing the early-
wood tracheid variability (Fig. 3) it was found that
with the increasing distance from the stem pith
transverse dimensions of a tracheid increased.
The most marked increase in the tracheid dimension
(radial direction) occurred in the region of juvenile
wood. Maximum values were reached in the 30th
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2: Box diagram - transverse dimensions of an early-wood tracheid and late-wood tracheid in ym

for particular zones (all data were used)
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1: Average radial dimension of an early-wood tracheid (EW) and late-wood tracheid (LW) in different height and zones in the stem (CW - com-
pression wood zone, OW - opposite zone, SWL and SWR - lateral wood zones)

Type Haing)ht cw ow SWL SWR
22 25.60£0.55 25.68+0.60 27.95+0.53 25.65+0.64
20 28.93+0.65 20354076 20.21+0.68 20.20+0.65
18 20.35+0.82 20.66+0.85 31.30+0.89 28.73+0.71
W 15 30.96+0.69 30.88+0.78 33.03+0.74 29.27+0.71
12 30.37+0.87 30.00+0.87 32.33+0.79 30.69+0.97
10 30.42+0.70 20.78+0.85 32.85+0.84 2830+0.71
33.16+0.69 20.12+0.67 37,40+ 1.62 20.38+0.66
31.50£0.62 31.82+0.64 32.30£0.87 20.04+0.63
22 1436 1.03 12,60+ 1.10 13.35£0.99 1416+ 1.13
20 14.60+0.85 14.82+1.13 14.81+0.94 16.95 +1.34
18 14.83+1.30 14.91+0.99 16.69+1.01 15.96 +0.95
W 15 17.66+1.56 14.75+1.14 1472091 1543 +131
12 14.13+1.06 14144126 14.81+0.97 13.57+0.82
10 16.46+127 16.25+1.07 17.14+0.95 10.02+1.79
17.01+1.13 17.00+1.33 2013 £2.15 14.74+1.06
17.20+1.46 15.00+1.13 20.56+0.90 16.89+1.22

I1: Results of the Tukey method of the multiple comparison of the tracheid transverse dimension between particular zones (P < 0.05 statistically

significant difference, P > 0.05 statistically insignificant difference)

Tracheid type EW
Zone cw ow SWL SWR
cw 0.021745 0.000008 0.000008
o ow 0.127710 0.000008 0.000022
SWL 0.000071 0.000008 0.000008
SWR 0.929989 0.027478 0.001170

annual ring. In next years, the dimension stagna-
tion occurred and in last annual rings, it was pos-
sible to observe the negligible decrease in the tra-
cheid dimension. The result was also corroborated
using ANOVA which showed that variability along
the stem radius (for all zones) was a significant fac-
tor affecting the tracheid dimensions. Trends and
values along the stem radius in OW, SWL and SWR
zones are nearly the same. As for the stem height,
an inverse trend was found - transverse dimen-
sions of a tracheid decrease with the stem height. In
the models, alimit of 12 m is evident. Up to the limit
height, the tracheid dimensions decrease gradually,
however, above the limit the dimension decrease is
marked. In Tab. III, functions are given describing
the variability of a tracheid in relation to its position
in the tree stem. The found out models as well as
particular coefficients were statistically significant.
Coefficients of determination for an EWT range
between 0.382 and 0.692. These values indicate me-
dium strong or even strong dependence of the tra-
cheid dimension on the position in a stem. In mo-
dels describing the variability of a LWT, it is possible
to notice only minimum changes in the tracheid di-
mensions. Although models as a whole are statis-

tically significant coefficients of determination for
particular models are very low ranging from 0.055 to
0.164. These low values of the coefficients give evi-
dence of the very low effect of a position in a stem on
the late-wood tracheid dimensions. Similar conclu-
sions were derived using ANOVA which confirmed
the effect of height and radius on the tracheid di-
mensions but, simultaneously, statistically signifi-
cant effects were found only between some heights
and annual rings.

In models describing variability of tracheids at
particular heights (Fig. 4, models for the compres-
sion zone CW and opposite zone OW are given),
changes in the tracheid radial dimensions within
an annual ring are evident. Between relative posi-
tions 0 and 0.6, it is possible to notice EWT. From
the relative position 0.6 to 0.9, a gradual decrease in
tracheid dimensions occurs - the transition area be-
tween EWT and LWT. From the relative position 0.9,
it is possible to observe LWT. Effects of the stem ra-
dius on the tracheid variability are similar as in pre-
vious models. At a height of 6 and 15 m, increasing
the tracheid is evident to the 30th annual ring, ie in
the area of juvenile wood. In the following years, it is
possible to notice a gradual decrease in the tracheid



Effects of the position in a stem on the variability of tracheids in spruce (Picea abies /L./ Karst.)

w s
w» O W

(%5
(=)

%o
e s
5054%05
Koeokes
JCIARRAX?
re%%¢!

424

N

Radial dimensions of tracheid (pm)
Radial dimensions of tracheid (jum)

.-"\\\“{3\‘
< v\\“‘{\\\‘\\\\\\\
g A
R

Radial dimensions of tracheid (1m)
Radial dimensions of tracheid (m)

54

BN \“
'4ﬂ.o,o‘%‘:‘\‘:“\‘\\‘\‘.-‘

1202900 XS
B

Radial dimensions of tracheid (p,m)

Radial dimensions of tracheid (Mm)

oo SRS
LSS

RIERD
oo

4
S

uV.
o v-\\\'{{\\l
I ‘-\\“{\\‘ e
w-;oa;\::\\g&\s\\‘}\\\k\L.}}
S
Rk
R

Radial dimensions of tracheid (pum)

ow

K ‘—"‘\‘t
RIS
RS ESR

KR ;‘}g,:\

K M
]
R

W

Radial dimensions of tracheid (pum)

RS RTL
S

SWR

3: Radial dimensions of an early-wood tracheid - relative position in an annual ring 0.3. CW — compression wood zone, OW - oppo-

site zone, SWL and SWR - lateral zones

I11: Table of resultant functions and coefficients of determination of the selective and basic sets for the radial dimension of an early-wood (EW)
and late-wood (LW) tracheid in particular zones of a stem (*p < 0.01, **p < 0.05, ***p > 0.05)

Trach R? Coefficients
' Zone Function
samplin, asic a c e
Type pling  basi b d i
CW z=a+bx*+cy’ 0.398* 0.371* 37.836% -0.00439*  -0.00001* * *
EW OW z=a+bxInx+cy?lny+dy*+ey’ 0.520* 0.490* 39.709* -0.17322*  -0.02621***  0.02165*** -0.00100*
SWL z=a+bx?+cy?lny + dy*’+ ey? 0.692* 0.665* 40.638* -0.02455*  -0.02672**  0.02225** -0.00104**
SWR z=a+bx?+cy*’+dy? 0.466* 0.438* 37.226% -0.02350* 0.00098*  -0.00013* L
CW z=a+bx+cx?+dy+ey? 0.120%%*  0.053*%%*  11.664*  0.55851*** -0.02634*** 0.03140** -0.00071**
w OW z=a+bx+cy+dy?+ey’+fy* 0.134* 0.112* 12.782* -0.12862* 0.30645*** -0.01695**  0.00033** -0.00001*
SWL z=a+bx+clny 0.055*%**  0.019%**  14.893* -0.09726** -0.32317***
SWR z=a+by*’+cy’ 0.164* 0.133* 10.631*  0.00036**  -0.00003***

dimensions. At a height of 22 m, values are available
only to the 45th annual ring. In these models, it is
possible to observe the tracheid increment through-
out the stem radius. In Tab. TV, particular coefficients
and coefficients of determination are given ranging
between 0.55 and 0.80. These values give evidence of
the high dependence of radial dimensions of a trac-

heid on the relative position in an annual ring and
position within the stem radius. Models and respec-
tive coefficients were statistically significant.

Fig. 5 describing the tracheid variability in relation
to the relative position in an annual ring. The dia-
gram demonstrates that annual rings in compression
wood show the high number of tracheids within
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4: Tracheid variability at various heights (CW - compression zone, OW - opposite zone)

an annual ring as compared with an annual ring in
the opposite zone (OW). Annual rings with com-
pression wood show 1.89 x more tracheids as com-
pared with an annual ring from the opposite side.
It is also possible to notice that in the compression
zone, annual ring dimensions of compression trac-
heids in the relative position between 0.4 and 0.9 are
nearly constant.

Fig. 6 describing an annual ring with compression
wood. At the beginning of the growing season, cam-
bium produced early-wood tracheids the transverse
shape of which corresponded to tracheids of nor-
mal wood (tetragonal to hexagonal form). In a tran-
sitional zone, tracheids show thicker cell walls but

their form is more or less x-gonal. In the compres-
sion wood zone, tracheids show circular shape on
their cross section, thick cell walls and intercellu-
lar spaces between tracheids. At the end of an an-
nual ring, it is possible to notice LWT showing x-go-
nal form on their cross section and thick cell walls
which are typical of LWR.

DISCUSSION

The aim of the paper was to determine variabi-
lity of cross dimensions of tracheids in radial direc-
tion in relation to their position in a stem. Studies in
the field of the microscopic structure of wood (trans-
verse dimensions and length of tracheids) were car-
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IV: Tracheid variability at various heights — Table of resultant functions with coefficients of determination of the sampling and basic set (*p <

0.01, **¥p <0.05)

Trach. . R? Coefficients*
¢ Zone Function sampling basic a b c d e f
CcwW 22 z=a+bx+cxInx+dy?’ +ey? 0.803*  0.799* 26.383* 0.8558* -0.2323*  16.5886** -33.9418*
cw 15 z=a+bxlnx+cx®+dy’ 0.710*  0.706* 29.505* 0.0807* -0.0001* -20.2755*
cw 6 z=a+bx+cx?+dy+ey? 0.436*  0.429* 25.841* 0.3578* -0.0035* 16.0105* -29.2715*
ow 22 z=a+bx+cxInx+dy?+ey’? 0.789*  0.785* 24.751* 1.3673* -0.3642*  20.0154* -37.7186*
ow 15 z=a+bx?Inx+cx} +dy? 0.770*  0.765* 29.710* 0.0038* -0.0002* -23.0645*
ow 6 z=a+bx®+cx+dy’ 0.553*  0.550* 27.663* 0.0200* -0.0021* -18.9203*
SWL 22 z=a+bx?’+cx}+dy? 0.766*  0.763* 33.514* -0.0032* 0.0004* -18.7716*
SWL 15 z=a+bx+cx?+dx}+ey+fy? 0.682*  0.675* 21.426* 1.4910* -0.0490* 0.0004*  38.2676* -58.5827*
SWL 6 z=a+bxlnx+cx*+dy’+ey®’Iny 0.563* 0.559* 34.276* 0.0912* 0.0000* -28.3307*  11.5697*
SwPp 22 z=a+bx*+cx? +dx’ + ey’ 0.753*  0.748* 26.282* 0.1487* -0.0470* 0.0037* -16.7724*
SWP 15 z=a+bx*+cx}+dy?+ ey’ +fy? 0.651*  0.640* 31.678* 0.0114* -0.0002* -312.4226* 712.6028* -424.0855*
Swp 6 z=a+bx*»+cx}+dy+ey?+fy>®  0.553* 0.546* 31.005* 0.0014* -0.0002* -194.3696* 481.8800* -308.8887*

ried out as early as the end of the 19th century be-
ing also carried out at the present time. Based on
the studies it is evident that variability of tracheids is
considerable. Transverse dimensions of tracheids are
affected by the kind of wood, site and climatic con-
ditions, position within the stem radius and height
and position in an annual ring (Hora¢ek, 2003; Gryc
and Horacek, 2003; Sarén et al., 2001; Panshin and
Zeeuw, 1980; Diaz-Vaz ct al.,, 1975; Trendelenburg,
1939).

The average dimension of an early-wood tracheid
in radial direction ranged about 30 pm in particu-
lar zones. The late-wood tracheid dimension in ra-
dial direction in particular zones of a stem reached
avalue of about 16 pm. Thus, the values occurred in
arange which is given for coniferous wood tracheids
by other authors (Horacek, 2004; Gryc and Horacek,
2003; Fengel and Stoll, 1977; Onaka, 1949; Trende-
lenburg, 1939).

Based on determined dimensions, models were
constructed describing the tracheid variability in
relation to its position in a stem (Fig. 5). In the first
type of models where tracheids were used show-
ing the relative position in an annual ring 0.3 (early-
wood tracheids), it appeared that transverse di-
mensions of tracheids in the area of juvenile wood
significantly increased with the increasing distance
from the stem pith. Maximum values were reached
in the 30th annual ring, in the following years stag-
nation occurred or decrease in the tracheid dimen-
sions. A trend in increasing the tracheid dimensions
in the area of juvenile wood was corroborated by
models at particular heights. The determined trends
correspond to literature sources (Gryc and Horé-
¢ek, 2003; Sarén et al., 2001). A decrease in the trac-
heid transverse dimensions in radial direction along
the stem height can be explained by the increasing
proportion of juvenile wood from the total area of
the stem disc.In models depicting changes in the tra-
cheid dimensions in relation to its position in an an-
nual ring and stem radius (Fig. 6), it is evident that

tracheid dimensions decrease from spring wood to
late wood. These changes are related to the tracheid
differentiation. At the end of the growing season,
late-wood tracheids remain longer in the matur-
ing area while in the area of radial increasing, they
remain for a shorter period (Hordc¢ek, 2003). Along
the stem radius, increase in the tracheid dimensions
occurred in the area of juvenile wood, subsequently
amaximum was achieved and in the next years, stag-
nation occurred or decrease in the tracheid dimen-
sions (Gryc and Horacek, 2003).

Annual rings with compression wood demon-
strated the following structure: spring wood, com-
pression wood - transition stage, compression wood
and last tracheids were of the same shape as late-
wood tracheids. This structure of an annual ring
was noticed in all annual rings under investigation
which showed compression wood. An annual ring
structured in this way as one of the possibilities of
the occurrence of compression wood within an an-
nual ring is also given by Timell (1986). Early wood
was formed by wide tracheids with a wide lumen
and thin cell walls which is typical of early-wood
tracheids functioning as conductive elements as
compared with late-wood tracheids which showed
a small diameter in radial direction, narrow lumen
and thick cell walls typical of tissues with mecha-
nical functions (Wagenfiihr, 1999; Trendelenburg,
1932).

Tracheids of compression wood showed circu-
lar shape, thick cell wall and intercellular spaces
between tracheids. The structure of compression
wood corresponds to conclusions published so far
(Wagenfiihr, 1999; Mauer and Fengel, 1991; Timell,
1986; Casperson and ZinBer, 1965; Casperson, 1962;
Knige, 1958; Rak, 1957; Trendelenburg, 1932). In
comparing the number of tracheids in an annual
ring in a compression zone and opposite zone an-
nual rings with compression wood show nearly
the double number of tracheids. This resultis caused
by wider annual rings in the compression zone.
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SUMMARY

The paper was aimed at the determination of variability of tracheid dimensions in spruce wood in re-
lation to their position in a stem. Significant changes of tracheids were found along the height and ra-
dius of a stem. There were statistically significant differences between particular annual rings (varia-
bility along the stem radius). The height of a stem was also statistically significant.

On the basis of the results obtained 3D models were created (for zones CW, OW, SWL, SWP; models
for an early-wood tracheid and late-wood tracheid) depicting changes in transverse dimensions of
the spruce tracheid in relation to its position in a stem. In the models, decrease in tracheid dimen-
sions occurs at upper heights of a stem. On the other hand, radial dimensions of tracheids increase
with the increasing distances from the stem pith reaching their maximum in the 30th annual ring. In
the following years, they show stagnation or decrease in the tracheid dimensions.

The importance of the paper consists in the enlargement of knowledge on the structure of spruce
wood. At the same time, the paper can contribute to the partial explanation of the different behaviour
of physical and mechanical properties of wood in particular parts of a stem.

SOUHRN

Vliv polohy ve kmeni na variabilitu radidlniho rozméru tracheidy
smrku (Picea abies /L./ Karst.) s pfitomnosti reakéniho dieva

Cilem price bylo popsat variabilitu rozmé&ru tracheidy u smrku v zavislosti na poloze v kmeni. Sta-
tisticky vyznamné zmény v radidlnim rozméru tracheidy byly nalezeny nejen po poloméru, ale
ipo vysce kmene. Z namé&renych hodnot byly vytvofeny 3D modely (pro z6ny CW, OW, SWL a SWR),
které popisuji zmé&nu radidlniho rozmé&ru jarnich a i letnich tracheid v zavislosti na poloze v kmeni.
Z modeld vyplyva, Ze rozmér tracheid se snizuje s vyskou kmene, zatimco po poloméru kmene se
radidlni rozmé&r tracheidy zvy3uje. Nejvyssi pFirastek radidlniho rozméru tracheidy byl pozorovan
mezi dfeni a 30. letokruhem, v nasledujicich letech je rozmér konstantni, popf. mirné& klesajici. Dale
byla studovéna struktura letokruht s pfitomnosti reakéniho (tlakového) dfeva. Bylo zjisténo, Ze leto-
kruhy s tlakovym dfevem maji vyrazn& modifikovanou strukturu v porovnéni s dfevem normalnim,
popf. letokruhem z protilehlé Easti kmene. V letokruhu s pFitomnosti tlakového d¥eva byly pozoro-
vany jarni, pfechodové, tlakové a letni tracheidy. Tlakové tracheidy se vyznagovaly kruhovym tvarem,

silnou buné&€nou sténou a pFitomnosti mezibun&énych prostor.
smrk, radidlni rozmér tracheidy, tlakové dfevo
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