WOOD RESEARCH doi.org/10.37763/wr.1336-4561/65.1.013024
65 (1): 2020
13-24

SITE INFLUENCE ON ANATOMICAL STRUCTURE OF
BALD CYPRESS

Dusan Jokanovi¢, Dracica ViLoTié, Vesna Nikori¢ Jokanovié, Sara Lukic¢
BeLerADE UN1vERSITY, FACULTY OF FORESTRY
BeLGRADE, REPUBLIC OF SERBIA

Tarjana Cirkovié-MiTrovIE
INsTITUTE OF FORESTRY
BeLGRADE, REPUBLIC OF SERBIA

(Rece1vED FEBRUARY 2019)

ABSTRACT

The paper deals with length of tracheids of bald cypress at two alluvial sites in Serbia. Scope
of the paper was to establish site influence (climate, soil, etc.) on mentioned anatomical feature
and to quantify it, as well. Axial tracheid changes have been observed depending on three factors:
cambial age, zone inside growth ring and stem height where sampling was performed. The paper
established gradually increasing of axial tracheid length with cambial age and that did not depend
on zone inside growth ring and stem height. There was also significant influence of the zone
inside growth ring to axial tracheid length, while stem height where sampling was performed
does not have significant influence. There was found relation between factors that determine
site such as physical and chemical soil properties and climate from one and axial tracheid length
from another side.
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INTRODUCTION

Bald cypress (ZTaxodium distichum (L.) Rich.) wood is valuable, especially in its natural habitat
— North America. Some important characteristics of bald cypress such as fast radial and height
increment, decorative and technical value confirm its forestry significance. Bald cypress was
introduced in Europe in 1640 and at first planted as ornamental species, but later it was also used
for forest plantations establishing (Vidakovi¢ 1982). In Serbia, bald cypress can be considered as
introduced species characterized by relatively fast growth. As for Serbia, there is a group of bald
cypress stems in Banja Koviljaca park (Tucovi¢ and Ocokolji¢ 2005) and it is also present in some
parts of Belgrade (Veliko ratno ostrvo and Backa Palanka), as well as in Novi Sad, Vrsac Vrnjacka
banja and Kraljevo.
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There are a lot of papers such as Viloti¢ and Knezevi¢ (1994), Viloti¢ (1992, 1992a), Vilotic
et al. (2015), Jacobsen et al. (2007), Gunthardt-Goerg et al. (2013), Luostarinen et al. (2017) etc.
that confirmed influence of ecological factors (soil and climate) on wood anatomical structure.

The scope of the paper was to explain how tracheid length changes depending on zone inside
growth ring, stem height that was sampled and cambial age. Bearing on mind that tracheids play
both mechanical and conductive role by conifers, the goal was to investigate site factors influence
on these elements.

MATERIAL AND METHODS

Material selected for this research originates from two locations — Veliko ratno ostrvo
and Backa Palanka — Republic of Serbia. Veliko ratno ostrvo is protected natural area situated
between 1,169 km and 1,172 km of the Danube river flow close to Belgrade. On the other side,
Backa Palanka is located in the northern part of Serbia (Vojvodina) and there is the only seed
stand of bald cypress in the whole Republic.

Climate

Based on data obtained from meteorological stations Belgrade and Backi Petrovac, two
climate factors were analyzed — an average monthly air temperature and medium monthly rainfall
quantity. As for Backa Palanka, an average monthly air temperature during a year was 11.2°C,
while an average monthly air temperature during vegetation season was 18.0°C. Overall annual
rainfall quantity at this locality was 618 mm, while during vegetation season it was 350 mm,
which means that about 57% from the whole rainfall quantity occurs during vegetation season.
At Veliko ratno ostrvo, an average monthly air temperature during a year was 12.2°C, and during
vegetation season it was 18.9°C. Overall annual rainfall quantity at this locality was 693 mm,
while during vegetation season it was 395 mm, which means that about 57% from the whole
rainfall quantity occurs during vegetation season. Based on obtained data related to observed
climate factors, we can deduce there are very suitable conditions for growth and development of
bald cypress at both localities.

Soil

Physical and chemical soil features at researched sites were established according to
pedological analysis. As for texture composition of soil, more suitable conditions were found
at Veliko ratno ostrvo. Texture classes such as sandy loam and loam, recorded at Veliko ratno
ostrvo, have much greater useful water capacity than texture classes recorded in Backa Palanka
(sand and loamy sand), so there is much more available water for plants at Veliko ratno ostrvo
(Popovic¢ 2014, Jokanovi¢ 2016). As for chemical structure, there was also present more nutrients
at Veliko ratno ostrvo (Jokanovié 2016). Ivanisevié¢ (1993) and Peke¢ (2010) concluded there are
significant differences between some texture classes related to optimal hydrological conditions
for plants growth.

Samples preparing

Overall six trees of bald cypress (Zuaxodium distichum (L.) Rich.) from both localities were
harvested. Each test tree was marked on the side facing north because of further investigations
on anatomical properties. Disks, approximately 5 cm thick, were cut at the base (0.3 m) and on
breast height (1.3 m) from each tree. Radial segments (north-south orientation) were cut from
each disc and annual growth rings were marked along one radius. All growth rings from the pith
to the bark were included.
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As for laboratory work, mentioned discs were transported into Laboratory for wood anatomy
at Faculty of Forestry in Belgrade. Maceration had to be performed in order to measure tracheid
length. Maceration was performed according to Franklin’s method (Franklin 1945).

Wood tissue maceration of ZTaxodium distichum (L.) Rich. samples was carried out using
Franklin’s reagent (mixture of 30% of hydrogen peroxide and glacial acetic acid in 1:1 proportion)
in the Laboratory for wood anatomy, Faculty of Forestry, Belgrade. The prepared reagent was
dosed onto chopped wooden samples in glass test tubes, closed with glass plugs, and left in
a dryer for 24 hours, exposed to a temperature of 65°C. The sampled material was transformed
into pulp, which was later rinsed with distilled water. Macerated material was stained using
safranin, then placed on microscope (Trinocular Microscope model 1S.1153-EPL, Euromex,
Holland) slides and mounted in glycerin gelatin (Figs. 2 and 4). In order to perform tracheid
length measurements, overall four zones were established: (1) close to the core that includes a few
initial growth rings, (2) situated in juvenile wood zone, (3) in the central part, and finally (4) close
to the bark (Jokanovi¢ 2016).

Statistical analysis of results was carried out using Statistica 7. Repeated measures analysis
of variance (ANOVA) was used to test significance of differences in radial distribution of
selected tracheid characteristics, as well as their variations within and between two bald cypress
populations.

RESULTS AND DISCUSSION

As for Backa Palanka stems on the base (0.3 m), an average tracheid length in earlywood was
1.68 mm, while minimal and maximal values were 0.3 mm and 2.9 mm, respectively. Standard
deviation was 0.5184. As for latewood tracheids at the same locality and on the same height,
its average value was 1.69 mm, while extreme values were 0.2 mm and 2.9 mm, respectively.
Standard deviation was 0.6153. Based on Tab. 1, it can be established there is no statistically
significant difference in tracheid length between earlywood and latewood. Based on Tab. 1, it
can be established there is no statistically significant difference between early- and latewood

tracheid length.

Tab. 1: Medium tracheid length in early- and latewood (Backa Palanka).

Tukey HSD test
Homogenous groups, alpha = 0.05000
Early-late wood, 0.3 m Early-late wood, 1.3 m
Early wood 1.6851522 1.682348
Late wood 1.6946212 1.806212b
Error: Between MS = 0.32372, Error: Between MS = 0.31646,
df = 2638.0 df = 2638.0
Average values in the same column with different letter (a, b) are statistically different for p < 0.05 (Post hoc

Tukey’s HSD test)

On the Fig. 1a is displayed changing of an average tracheid length at the base depending
on cambial age. Earlywood tracheids are the shortest at the beginning, in juvenile zone. As for
earlywood tracheids, close to the pith (1-4 growth rings) was established the lowest value of
medium tracheid length, 0.99 mm. With cambial age, earlywood tracheids gradually become
longer and culmination was reached between 35th and 44th growth ring, 2.11 mm. After that
going to the bark an average earlywood tracheid length decreases.
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As for latewood tracheids at the same height (0.3 m) in the same locality (Backa Palanka),
the same tendency as in the early wood close to the pith was established — there are the shortest
tracheids long about 0.80 mm. After that its length gradually increases until 54th growth ring, but
maximal medium tracheid value was established between 45th and 54th growth ring, 2.28 mm.
Next phase was characterized by reducing of latewood tracheid value.

As for Backa Palanka on the breast height (1.3 m), an average earlywood tracheid length

was 1.81 mm, while extreme values were 0.5 mm and 2.9 mm, respectively (Tab. 1). Standard
deviation was 0.4804.
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Fig. 1: Changes of an average tracheid length in early- and latewood at the base (0.3 m) and on the breast
height (1.3 m) depending on cambial age (Backa Palanka).

As for latewood tracheids, an average length was 1.68 mm, while minimum and maximum
were 0.3 mm and 2.9 mm, respectively (Tab. 1). Standard deviation was 0.6341.

Earlywood tracheids on the breast height (1.3 m) in Backa Palanka are the shortest close to
the pith — 1.27 mm. After that, they become longer with cambial age and the greatest values were
recorded between 35th and 44th growth ring — 2.22 mm. Next phase was characterized by its
length reducing with the lowest values in final growth rings — 1.57 mm (Fig. 1b).

Latewood tracheids are also the shortest close to the pith (0.88 mm), and after that was

established constant rising of tracheid length with maximal values close to the bark — 2.43 mm
(Fig. 1b).

Fig. 2: Strings of macerated early- and latewood tracheids (x 40).
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An average early- and latewood tracheid length comparing between each other in
Backa Palanka at the base (0.3 m) shows existing of statistically significant differences up to
35-44 interval, because between these growth rings earlywood tracheids are much longer than
latewood. During 35-44 intervals, there was no significant difference, and after it up to the final
growth rings, there was established gradual increasing of latewood tracheid length and decreasing
of earlywood tracheid length. There is no statistically significant difference in interval 45-54.
Before mentioned interval, earlywood tracheids are much longer, unlike after this interval.

As for Veliko ratno ostrvo, at the base (0.3 m), an average earlywood tracheid length is
2.49 mm (Tab. 2). Extreme values are 0.4 mm and 4.6 mm, respectively, while standard deviation
was 1.0608. Medium latewood tracheid length was 1.03 mm (Tab. 2), minimal 0.3 mm and
maximal 2.3 mm with standard deviation of 0.4311.

Tab. 2: Medium tracheid length in early- and latewood (Veliko ratno ostrvo).

Tukey HSD test
Homogenous groups, alpha = 0.05000
Early-late wood, 0.3 m Early-late wood, 1.3 m
Early wood 2.490625a 2.810625a
Late wood 1.028125b 0.953750b
Error: Between MS = 0.85956, Error: Between MS = 0.59385,
df = 958.00 df = 958.00

Average values in the same column with different letter (a, b) are statistically different for p < 0.05
(Post hoc Tukey’s HSD test).

On the base (0.3 m), with cambial age, an average earlywood tracheid length constantly
increases with maximal value in the final growth rings — 4.02 mm (Fig. 3a).

As for latewood tracheids on the same height and in the same locality (Veliko ratno ostrvo),
there are no significant changes of its length close to the pith and in juvenile wood zone. After
that comes to its significant increasing to maximal 1.55 mm and that was followed with reducing
of its value to minimum — 0.71 mm (Fig. 3a). The same tendency was recorded for both early- and
latewood tracheid length on the breast height (1.3 m) on Veliko ratno ostrvo (Fig. 3b).
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Fig. 3: Changes of an average tracheid length in early- and latewood at the base (0.3 m) and on the breast
height (1.3 m) depending on cambial age (Veliko ratno ostrvo).
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Fig. 4: Macerated tracheids (x 400).

Based on obtained results, significant difference was established, not only in values, but also
in growth tendencies of tracheid length with cambial age depending on locality.

In Backa Palanka, earlywood tracheids are the shortest in juvenile zone, then become longer
with culmination between 35t and 44th growth ring, and then its length decreases going to the
bark. As for latewood tracheids, they are also the shortest close to the pith, and then become
longer with maximal value close to the bark. The same tendencies were recorded both at the base
and on the breast height in Bac¢ka Palanka.

As for Veliko ratno ostrvo, unlike earlywood tracheids with remarkable length increasing
from the pith to the bark, there is decreasing of latewood tracheid length apart from interval
15-24 when culmination was reached. On the breast height was also recorded that earlywood
tracheids are much longer than these situated in latewood. Like on the base, on another height
(1.3 m) was recorded the same tendency —by latewood tracheids, apart from interval 5-14,
reducing of tracheids length was obvious with minimum reached in the final growth rings.

Comparative analysis of an average tracheid length in radial direction at breast height from
both localities has been shown on the Fig. 5. As for the value of this element, it gradually rises
from the pith to the bark going to the mutual age of 34.

Wilks lambda=0,08577, F(6, 948)=381,48, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Fig. 5: Distribution of an average tracheid length in radial direction at both localities.

The influence of different sites and tracheid distance from the pith to the bark to its length
has been shown in the Tab. 3.
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Tab. 3: Results of variance analysis of tracheid length properties from two localities in radial direction,
from the pith to the bark.

Univariate tests of significance for tracheid length
Sigma-restricted parameterization
Effective hypothesis decomposition
Sum of Degree of .
Effect Mean Square F-Ratio P-Value
Squares freedom
Site 24.0457 1 24.0457 1224.08 0.0000
Age (annual rings 1-34) 49.7512 3 16.5837 844.22 0.0000
i;) age (annualrings | 735759 3 0.244251 12.43 0.0000
Error 9.27187 472 0.0196438

*All F-ratios are based on the residual mean square error.

The values of p-test show statistical significance each of factors. Because obtained values
are less than 0.05, both factors have a statistically significant influence on tracheid length at the
significance level of 95%. According to soil type and impact of climate characteristics, Veliko
ratno ostrvo should be considered as more suitable for bald cypress growth and development than
Backa Palanka. Vasiljevi¢ and Hafi¢ (1959) observed relation between tracheid width and length
by fir. They concluded that this relation is changeable going from one to another tracheid. As
for mentioned relation, they also found there is no significant difference between early and late
wood zone. By fast-growing species, tracheids are longer in the first a few growth rings, and then
they gradually become shorter (Stairs et al. 1966). This is not compatible with obtained results
for bald cypress.

Some research (Seth 1981, Shiokura and Sudo 1984) established that tracheids are very short
close to the core, and after that they become much longer, from the juvenile zone up to the bark.
This is compatible with obtained results for tracheid length by bald cypress on both locations.
By Serbian spruce (Matijevi¢ 1988), tracheids are a little bit longer — in the early wood about
4.36 mm, and in the late wood on average 4.70 mm. The longest tracheids are within Sequoia
genus — even 10 mm (Viloti¢ 2000).

Sirvio and Karenlampi (2001) followed relation between maturation and growth rate from
one side and spruce tracheids features from another side. They concluded that tracheid length
rises from the pith to the bark, then that aging process contributes to tracheid localization in
some part of the meristem, and finally that tracheid shape depends the most on growth rate. By
bald cypress, tracheid length increases with ages, and their shape depends a lot on growth rate
— in narrower growth rings, tracheids have irregular shape, while in wider growth rings, they are
much more regular.

Frimpong-Mensah (1987) found that tracheids are longer by species with a low growth rate
compared to these with a high growth rate, even though there are some different results.

Axial tracheids distribution by bald cypress is usually in radial strings, that is similar to
tracheids distribution by fir from Veliki Jastrebac mountain (Viloti¢ 1992a).

Lim and Soh (1997) established by pines that tracheids reduction occurs as a result of, not
only decreased length of initial cells, but also because of decreased rate of stem growth.

Measured tracheid length by spruce (Bergqvist et al. 1997), showed that length of undamaged
tracheids varies between 2.77 and 3.00 mm. In this research by bald cypress, an average tracheid
length goes up to 4 mm, while minimal values are much lower compared to spruce.

19



WOOD RESEARCH

Research conducted on five Canadian woody species (Fujiwara and Yang, 2000), that was
related to correlation between tracheid length and growth rings width, established that wider
growth rings caused longer axial tracheids. Variation of tracheid dimensions can indicate short
term intensity variation of some ecological factors (Vysotskaya and Vaganov1989), while water
availability plays a very important role in tracheid length increasing (Abe and Nakai 1999). This
coincides with results obtained for bald cypress — much longer tracheids of early wood are present
in Veliko ratno ostrvo, whose soil texture is very suitable for useful water capacity increasing
(Jokanovi¢ 2016).

There was established that latewood tracheids by bald cypress are a bit longer in Backa
Palanka, that can be related to narrower growth rings that affect greater latewood proportion.
Istok et al. (2017) established increasing of wood fibres length by white poplar going from the pith
to the bark. All mentioned results completely coincide with tracheid length behaviour depending
on cambial age by bald cypress. Jokanovi¢ et al. (2017) concluded that latewood proportion is
related to site conditions less suitable for bald cypress growth that finally affects narrower growth
rings forming. It was also found that radial increment depends a lot on physical and chemical soil
features and on quantity of available water (Jokanovi¢ et al. 2018).

CONCLUSIONS

Based on obtained results for tracheid length by bald cypress on two alluvial sites in Serbia,
we can deduce that medium tracheid length is greater by early- than by latewood tracheids.

It should be emphasized the difference was not so obvious in Backa Palanka. In Backa
Palanka, at 0.3 m an average values of tracheid length were the same (1.69 mm), while at 1.3 m
latewood tracheids were a bit longer (1.80 mm), than in earlywood (1.68 mm). As for Veliko ratno
ostrvo earlywood tracheids were much longer at both heights (2.49 mm at 0.3 m and 2.81 mm at
1.3 m), than latewood tracheids (1.02 mm at 0.3 m and 0.95 mm at 1.3 m).

An average tracheid length in early wood was characterized by gradual increasing with
stem height at both localities. As for Veliko ratno ostrvo, at both heights, there was established
gradual increasing of earlywood tracheid length going from the pith to the bark. The same
relation was also found in latewood zone apart from a few final growth rings with reducing of
tracheid length not depending on stem height. In Backa Palanka, in earlywood at both heights,
tracheids gradually become longer with cambial age with a weak reducing of these values in the
final growth rings.

As for latewood zone in the same locality, the longest tracheids are situated in the final
growth rings. Tracheid length depends the most on zone where sampling was performed — in
earlywood tracheids are much longer in Veliko ratno ostrvo, unlike Bac¢ka Palanka with a small
advantage of latewood tracheids. Site conditions are much more suitable in Veliko ratno ostrvo
that finally affects faster radial increment and forming of longer tracheids.

Based on all above mentioned, we can conclude that much more attention has to be paid to
bald cypress in Serbia because of its, not only decorative, but also forestry importance. Bearing on
mind its tracheid length that is greater than by many autochtonous conifers, bald cypress should
be much more used for wood utilization purposes.
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