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Needle traces as indicators of growing conditions in Scots pine

(Pinus sylvestris L.)

B. KONOPKA

Forest Research Institute, Zvolen, Slovak Republic

ABSTRACT: Needle retention (number of needle sets) and needle density (number of needle pairs per centimeter of shoot) were
surveyed on Scots pines in five forest regions of Slovakia. The Needle Trace Method (NTM) was used to determine needle retention
and needle density along the main stem retrospectively for the last four decades. In all forest regions, the values of these indicators
varied from year to year. However, in Zahorska lowland, Vta¢nik, Krupinska plain, and High Tatras, the trends of both observed
indicators were constant over the time series. The situation was different in the Levocskeé hills, where the needle retention displayed
a decreasing trend and needle density an increasing trend. These trends probably reflected a long-term stress of air pollution on

pines in this forest stand.
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Most coniferous species of the boreal and temperate
zones keep needles the whole year but the number of
needle sets naturally differs between growing season and
dormancy. Every year about one set of oldest needles shed
at the end of growing season is replaced by a new one in
the spring of the following year. A number of needle sets
on conifers can be changing over time due to a variety
of disturbances (JALKANEN 1995). Hence, development
of the number of needle sets and especially its sudden
decrease can indicate environmental and anthropogenic
impacts on conifers.

Observations on defoliation together with discoloration
have been carried out in most European countries and
North America to monitor the health conditions of forest
ecosystems (ANONYMOUS 1988). The terrestrial visual
observation itself or in combination with aerial infrared
photographs were used for the assessment. The main
weaknesses of visual assessment are: certain subjectivity
of each observer, acquirement of data only for current-
year needle retention, and inadequate consideration of the
natural variability of needle retention in this tree species
(INNES 1998). KURKELA and JALKANEN (1990) invented
the Needle Trace Method (NTM), which dissolved the
above mentioned problems and enabled to survey needle
retention (number of needle sets) retrospectively for al-
most the whole tree’s life.

The NTM is based on the examination of the vascular
bundles connecting the needles and shoot pith. According
to studies of ELLIOT (1937), vascular bundles stop their
elongation at the tree ring after the needle pairs are shed.
Thus, needle longevity corresponds with the number of
annual tree rings containing vascular bundles, i.e. needle
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traces. The needle traces are well recognizable by naked
eye on Pinus species, since they have a different (darker)
color from the surrounding wood tissues. The needle
traces appear as dark-brown dots in the longitudinal wood
surface. The NTM is applicable to the main stem rather
than to the branches because of the irregularity and thin-
ness of annual rings in the branches (AALTO, JALKANEN
1998a). In addition, needles along the stem are always
more exposed to the prevailing light than the needles on
the branches situated lower in the canopy (WOOD 1974).
Consequently, the needles along the stem of dominant and
co-dominant trees, in comparison with the needles on the
branches, are negligibly influenced by tree competition
for light.

The aim of this study was to examine long-term deve-
lopment of needle retention (number of needle sets) on
Scots pines in five forest regions of Slovakia. A further aim
was to test needle retention and needle density as indica-
tors of growing conditions, especially environmental and
anthropogenic stresses, in Scots pines.

MATERIALS AND METHODS

Fieldwork was performed in the summers of 2000 and
2001 in five forest regions of Slovakia: Zahorska lowland,
Vtacnik, Krupinska plain, High Tatras, and Levocské hills
(Fig. 1). The altitudes of pine stands sampled were be-
tween 185 m a.s.l. (Zahorska lowland) and 1,050 m a.s.1.
(High Tatras). The main characteristics of research plots
are shown in Table 1.

In each forest stand, seven or eight co-dominant pines
were felled and researched. The number of needle sets on



Table 1. The main characteristics of the research plots and Scots pines

Plot Forest Altitude Number Mean age Mean height Mean dbh
Forest region vegetation of plot of pines of pines of pines of pines
No.
zone (mas.l.) researched (years) (m) (cm)
1 Zahorska lowland 1 185 7 41 17.6 16.9
2 Vtaénik 4 600 7 48 20.2 26.0
3 Krupinska plain 2 250 8 41 16.7 20.0
4 High Tatras 6 1,050 7 49 19.1 24.2
5 Levocské hills 5 580 7 50 23.1 22.8

branches was assessed visually whorl by whorl at a preci-
sion of 0.1 needle set (data for the current year 2000 or
2001). Then, the branches were cut from the main stem.
Using a chain saw and a waterproof pen-marker, a linear
mark was drawn onto the stem to indicate the east-facing
side. The stems were cut into pieces respecting annual
shoots (i.e. each piece represented a section between two
neighboring whorls). The lengths of the annual shoots
(height increments), starting from breast height to tree
top, were measured and considered for further needle
trace survey. Every shoot was shortened for a bolt ap-
proximately 15 cm long. Tree code and numerical order
within the stem were marked on the bolts. The bolts with
discs cut off at breast height were transported and dried
at a room temperature for a few days.

The annual radial increments were measured from the
breast-height discs. The bolts were longitudinally split
with an axe to get their central parts and all the rings con-
taining needle traces on the marked east-facing side. The
ends of the bolts were polished with an electric grinding
machine to make the rings easily distinguishable. Then,
angles were drawn on both ends of the bolts delimiting
the examined area. The precise length of every bolt was
measured. The bolts were planed manually ring by ring,
and the number of needle traces in each ring was recorded.
The data on height increment, radial increment, angles
a, and a,, bolt length and number of needle traces in
each ring were processed using the computer program
NTMENG version 5.1 (AALTO, JALKANEN 1998b). The
computer program calculates summer and winter retention
(i.e. number of needle sets in growing season and in dor-
mancy season), annual needle loss (differences between
the number of needle sets in summer and in successive
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Fig. 1. Approximate allocation of the research plots

winter), needle density per cm of shoot, number of needle
pairs in leading shoot and total number of needles on stem
for every year of the tree’s life. More detailed information
on the procedure of the NTM, as well as the formulas to
calculate the particular parameters, are in the manuals
“The needle trace method” (AALTO, JALKANEN 1998a)
and “NTM version 5.1” (AALTO, JALKANEN 1998b). The
following part of this paper is focused mainly on summer
needle retention issues.

All the needles that are born in the same calendar year
make up a needle set. One full needle set (no needles are
missing in the annual shoot) is expressed numerically as
1.0 or 100%. As needles normally live longer than one
year, there can be for example four different needle age
classes: the needles are born in the year n,n—1,n—2 and
n — 3 in the branches and the main stem. If no needles in
the shoots of the four years have shed, all original needles
are intact, resulting in four full needle sets, expressed also
that the number of needle sets is four. However, needles
tend to die (shed) from older shoots. For instance, if there
are 25, 50, and 75% of needles lost in the shoots of 7 — 1,
n —2, and n — 3, the amount of the remaining needles is

Fig. 2. Upper part of stem with intact needles and traces of shed
needles. Number of needle sets in current year is 2.50
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Fig. 3. Inventory of needle sets on the fifth tree ring (in this
case there are two traces)

75, 50, and 25%, respectively, equaling 0.75, 0.50, and
0.25 needle sets left. Hence, the total number of needle
sets is 1.0 + 0.75 + 0.50 + 0.25 = 2.50. This procedure is
the same in both cases, whether the current situation is
determined visually for tree top (Fig. 2), or the NTM is
used to reveal the needle history to any particular year.
Using the NTM, needle traces can easily be recognized
on the planed surface of the innermost tree rings where
they are assessed on an area delimited by angles a, and
a, (Fig. 3).

RESULTS

In the years 2000 and 2001, the Scots pines on the par-
ticular research plots had between 16 and 25 “green” whorls
(those with living needles). The values for the number of
needle sets were variable between the plots, and also
between the pines growing on the same plot. In Table 2,
averages for “optimal” number of needle sets (highest value
within the tree crown) are given for each plot. Position of
the whorl bearing these needle sets as well as number of
green whorls are shown. The table also gives minimum and
maximum values for the number of needle sets situated on

3.0

Table 2. “Optimal” needle retention (number of needle sets
— min., max., and average values between the particluar pines)
and position of whorls having this retention

Number . Number
Plot of needle sets Position o green
No. - of whorl

min. max. average whorls
1 2.50 3.00 2.60 4-7 16
2 2.60 3.20 2.80 6-8 25
3 2.60 3.10 2.70 6-7 16
4 2.90 3.70 3.30 8-10 21
5 2.70 3.30 2.90 6-10 21

Table 3. Long-term average values of needle retention (number
of needle sets) along the main stem and its min. and max. values
between the particular pines and years

Number of needle sets

Plot min. and max. values
No. between particular long-term
- average
pines years
1 2.50-3.09 2.11-3.02 2.68
2 2.54-3.16 2.59-3.14 2.85
3 2.49-2.97 2.28-3.01 2.62
4 2.96-3.64 2.92-3.50 3.20
5 2.75-3.37 2.61-3.64 3.02

the above mentioned whorls of the particular pines. The
highest value (3.30) for optimal number of needle sets was
recorded on 8"-10" whorls of pines growing in the High
Tatras and the lowest (2.60) on 47" whorls of pines in
Zahorska lowland. Differences in the values for optimal
number of needle sets between the pines on the same plots
were from 0.50 (Zahorska lowland and Krupinska plain) to
0.80 (High Tatras). The number of needle sets on branches
increased from the first whorl to the upper third of the crown
(between 4™ and 10" whorl). Then, the number of needle
sets decreased downward to the crown foot. An example
of needle retention variability in the crowns of pines is il-
lustrated in Fig. 4 (Zahorska lowland).

From the visual observations, current values for needle
retention in the upper part of the main stem and optimal

55 2.6 2.6 2.6 2.6

2.5
2.0
2.0

1.5

1.0
1.0

Number of needle sets

0.5 11

—t

00 T T T T T T T T T T T
7 8 9

Position of whorl

J. FOR. SCI, 49, 2003 (1): 1-10

10 11 12 13 14 15 16

b Fig. 4. The mean number of needle sets

on the particular whorls of Scots pines
(Zahorska lowland)



Fig. 5. Correlation between the needle
retention in the upper part of stem and
needle retention on alight branches (ave-
rages for five research plots)

=) 34 4

w8 334 A

g > i

°z 32 y =1.237x - 0.653

§ oé 3.1 )

25 30- R*=0.796

"93 g 29+

25 28

o8 274 A

S E 26 A

§ 2.5 T T T T T T 1
25 26 27 28 29 30 31

32

Number of needle sets in upper part of stem in current year

needle retention on the branches were compared. The fact
that these two characteristics had very similar values is
evident from Fig. 5 — it shows correlations between the
average values of needle retention in the upper part of the
main stem and needle retention on the alight branches for
the pines of five research plots.

The long-term mean needle retention on the main stem,
determined by the NTM, in the particular forest regions
was as follows: 2.68 needle pairs for Zahorska lowland,
2.85 for Vtacénik, 2.62 for Krupinska plain, 3.20 for
High Tatras, and 3.02 for Levoé¢ské hills. These values
varied between the particular pines and also between the
years (Table 3). For instance, in Zahorska lowland, the
minimum value of long-term average for needle retention
was 2.50 and the maximum one was 3.09. Thus, certain
individual dispositions to needle retention of pines might
be assumed. Even higher variability of needle retention is
seen between the values recorded for the particular years.
For example in Zahorska lowland, needle retention was
between 2.11 (1967) and 3.02 (1975).

Only insignificant differences were found in the long-
term averages of needle density (number of needle pairs
per cm of shoot) between the particular forest regions.
Their values were: 6.41 (Zahorska lowland), 6.49
(Vtacnik), 6.43 (Krupinska plain), 6.61 (High Tatras),
and 6.34 (Levoc¢ské hills).

As we have already mentioned above, high variability
in the values of needle retention was observed between
the particular years. These differences were from 0.58
(High Tatras) to 1.03 needle set (Levocské hills). Figs.
6—10 describe the trends of needle retention for the pines
of five research plots. The longest time series of needle
retention (output data from the NTM) was recorded for the
research plot in Vta¢nik (1958-1999), the shortest one in
Krupinska plain (1970-1999). The number of needle sets
varied from year to year, nevertheless differences between
two successive years did not exceed the value of 0.3.

On the research plots, the trends of needle retention
and needle density (diagrams for needle density are not
shown) were constant over the observed time series. As
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for the needle retention it means that the long-term budget
between newly born and annually shed needle sets was in
equilibrium. The situation for pines in the Levoc¢ské hills
was different. The trend of needle retention in this locality
was decreasing and that of needle density increasing (Figs.
10 and 11). The trends in Levocské hills reflected the
worsening health condition of pine stand. Relationships
between needle retention and needle density were studied
in the particular years for each research plot. The closest
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1985

density in the years 1960—

1990 1995 2000 1999 (Levocské hills)

correlation was observed just for the pines in the Levoc¢ské
hills (Fig. 12). It seems that both needle retention and nee-
dle density are sensitive indicators of growing conditions
in pines. However, they react to unfavorable conditions in
opposite ways (reverse trends of their values).

Besides the trends of needle retention and needle densi-
ty, trends of radial and height increments were also investi-
gated on the research plots. The results showed that trends
of needle retention and both increments suggested certain
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resemblance. Comparisons of the trends of needle reten-
tion, radial increment, and height increment were already
analyzed in previous papers (KONOPKA et al. 2000a,b),
therefore these data are not shown in this paper.

Since the data on needle retention came from five
research plots situated at different localities, altitude as
a factor influencing the number of needle sets could be
analyzed. A very close correlation for these two character-
istics was proved (7> =0.8962). The values for the number
ofneedle sets grew linearly with altitude, expressed by the
equation y = 0.0007x + 2.5227. From the linear model, the
value of needle retention for the lowest location of Scots
pine occurrence (150 m a.s.l.) would be 2.63 and for the
highest one (1,400 m a.s.1.) 3.50 needle sets (Table 4).

Table 4. Needle retention (number of needle sets) with respect
to altitude (linear model y = 0.0007x + 2.5227, * = 0.8962)

Altitude Needle retention
(mas.l) (needle sets)
150 2.63
200 2.66
300 2.73
400 2.80
500 2.87
600 2.94
700 3.01
800 3.08
900 3.15
1,000 322
1,100 3.29
1,200 3.36
1,300 343
1,400 3.50

DISCUSSION

The number of needle sets varied between whorls in
the pine crowns significantly. The maximum value of

needle sets was observed in the upper third of crowns
(from 4% to 10" whorl — counted from the tree top). These
whorls had very uniform needle retention (+ 0.1 needle
set) because they were negligibly influenced by suppres-
sion. Thus, a visual observation of the health status in
pines should be focused on assessment of defoliation in
these whorls. Needle retention in the upper part of the
main stem and needle retention on the alight branches
had very similar values. It proves that the investigation
of needle retention on the main stem (visually for current
year or retrospectively for time series) truly describes the
situation of needle retention on branches. The whorls
that were situated lower carried fewer needle sets due
to sunlight reduction. This phenomenon is in agreement
with the finding of MADGWICK (1983). On the other hand,
some authors (e.g. MAILLETTE 1982) found that needles
in lower canopy often lived longer. We observed this ef-
fect only on the research plot in the High Tatras that the
oldest needles (as many as 6-year-old) were recorded in
the lower half of crowns. The needles in the upper half of
crowns, aged up to 5 years, made up more complete sets
than those situated in the lower half.

The mean values of long-term needle retention in the
pines were different between the particular research plots.
The maximum value was found in the pines of High Tatras
(3.20 needle sets), the minimum one in Krupinska plain
(2.62). We assumed a certain relationship between the
needle retention and altitude. The relationship was proved
by a close linear correlation indicating that the needle
retention grew with altitude. However, the increase in
values for the number of needle sets was rather small.
The linear model showed that the value of needle reten-
tion for the lowest location of Scots pine occurrence
(150 m a.s.l.) would be 2.63 and for the highest one
(1,400 m a.s.l.) 3.50 needle sets. Thus, the difference
between the highest and lowest location of Scots pine
occurrence was only 0.87 needle set. This result is in
accordance with the knowledge of EWERS and SCHMID
(1981), who found an increase in needle longevity of
bristlecone pine (Pinus longaeva D.K. Bailey) with alti-
tude in the USA. The same finding was also obtained by
KONOPKA et al. (2000a) for Japanese black pine (Pinus
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thunbergii Parl.) in Japan. The results from Sweden and
Finland (ALBREKTSON 1988; JALKANEN 1995) showed
the number of needle sets to increase with increase of
latitude, i.e. from south to north. The increase in needle
retention with both altitude and latitude can be explained
by the thermal sum as a decisive factor governing the
needle life span.

Surprisingly, rather large differences in the long-term
needle retention were observed between the particular
pines on the research plots. These differences can be ex-
plained by combination of individual genetic properties
and growing conditions of the pines.

The distinct differences in needle retention (1.03) be-
tween the particular years in Levoéské hills can be relat-
ed to worsened growing conditions at this site. The Spi$
region, where Levoéské hills belong to, ranked among
the most polluted areas in Slovakia. High concentrations
of noxious matters were produced there mainly in the
70s and 80s. The deteriorated growing conditions were
proved by the time series of needle retention and needle
density. While needle retention showed a decreasing
trend, needle density manifested a gradual rise. Certain
stabilization of the values for both these indicators was
observed in the last decade. This can be a positive con-
sequence of reduced emission volume since the end of
the 80s. Results similar to ours were also obtained by
JALKANEN (1996), who proved a gradual decrease in
needle retention over the last two decades in Scots pine
stands near to a pollution source. The phenomenon that
the number of needle sets decreases due to a variety of
stresses is generally known and it is widely used for the
monitoring of forest health. However, the needle density
and its relationship to growing conditions of trees have
been researched very rarely. JALKANEN et al. (1998)
found that the needle density in Scots pine was highest
in the years with abnormally cold growing season. The
authors considered needle density as a sensitive indica-
tor of temperature extremes, and even suggested it as
anovel parameter for detection of climatic changes. Our
results showed the long-term average value of needle
density in Scots pine between 6.34 (Levoc¢ské hills) and
6.61 (High Tatras). JALKANEN et al. (1998) determined
the value of average needle density in Northern Finland
10.5 pairs per centimeter of shoot.

The results showed a high variability in the values of
needle retention between the particular years not only in
Levocské hills but also in all other forest regions. The
oscillations in the trends of needle retention in the pines
could be caused by a variety of factors. In view of the
importance of meteorological conditions for needle reten-
tion development, the averages of monthly temperatures
and precipitation in the particular years were analyzed.
The data were obtained from hydrometeorological sta-
tions situated as near as possible to the research plots.
The analysis showed that the sum of precipitation in the
first half of growing season (April-June) considerably
influenced the needle retention in some years. For instance
in Zahorska lowland, a depression in the needle retention
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trend was observed in 1977, when the sum of precipita-
tion (118 mm) during the first half of growing season
was extremely low. On the contrary, a peak of the needle
retention trend in 1995 coincided with very high sum of
precipitation (263 mm). The previous research showed
that needle retention and needle density proved to be
suitable indicators to monitor retrospectively the effect
of not only abiotic harmful agents (mainly air pollution
and temperature extremes) but also biotic ones, e.g. fungal
diseases (JALKANEN et al. 1994) and leaf-eating insect
(KONOPKA et al. 2000a).

Interesting development (steep increase) of needle re-
tention was recorded for the initial stage of pine growth in
Zahorska lowland. From the trend (in 1967-1975) one can
assume unfavorable growing conditions for the pines aged
up to approximately 15 years (tree height of about 4-5 m).
These stressful conditions could be caused by extremely
high temperatures in summers that are typical of sandy
sites in Zahorska lowland. Sandy soils create a layer of hot
air above their surface that negatively affects the physi-
ological status of young pines, which results in a reduction
of needle sets. Later on, older pines (reaching height of
about 4 m) build up the closed canopy that makes more
favorable climatic conditions for their crowns. Certainly,
many other factors also affected the variability of needle
retention over the time on the research plots. Clarifying
the sensitivity of needle retention and needle density to
particular stresses further research should be done. In fact,
site-specific records of the occurrence of harmful factors
and meteorological data from previous decades would be
necessary for making progress in the field.

So far, our research has shown that needle retention
(partly also needle density) is a more suitable indicator
of stresses in pines than radial increment and height in-
crement. While the increments depend strongly on tree
age, needle retention and needle density are relatively
independent of growth stage.

CONCLUSIONS

The obtained results can be summarized as follows:

— maximum values for the number of needle sets oc-
curred in the upper third of the “green” pine crown
(for about 40- and 50-year-old pines approximately on
the seventh whorl counting from the tree top). Special
attention of the observer visually assessing the pine
crown condition should be focused thereon,

— the number of needle sets in the upper part of the main
stem manifested very similar values to the number of
needle sets of branches situated on the alight part of
pine crowns,

— differences in the number of needle sets between the
particular years were considerable (up to 1.0 needle
set). Worsening growth conditions cause a decrease in
needle retention. An opposite situation was observed
for the values of needle density that long-term deterio-
ration of growth conditions increased the number of
needle pairs per cm of shoot,



— the number of needle sets increased naturally with al-
titude. However, the increase in the values was rather
small (0.35 needle set per 500 m).

References

AALTO T., JALKANEN R., 1998a. The needle trace method.
Research Papers, Research Institute, Helsinki: 36.

AALTOT., JALKANE R., 1998b. Computation program for the
needle trace method. NTMENG Version 5.1. Forest Research
Institute, Helsinki: 12.

ALBREKTSON A., 1988. Needle litterfall in stand of Pinus
sylvestris L. in Sweden, in relation to site quality, stand age
and latitude. Scand. J. For. Res., 3: 333-342.

ANONYMOUS, 1988. Manual of methodologies and criteria for
harmonized sampling, assessment, monitoring and analysis
of the effects of air pollution on forests. UNEP/UN-ECE,
Strasbourg: 228.

ELLIOT J.H., 1937. The development of the vascular system
in evergreen leaves more than one year old. Ann. Bot., I:
107-127.

EWERS F.W., SCHMID R., 1981. Longevity of needle fascicles
of Pinus longaeva (bristlecone pine) and other North American
pines. Oecologia, 57: 107-115.

INNES J., 1998. Forest health survey: problems in assessing
observer objectivity. Can. J. For. Res., /8: 560-565.

JALKANEN R., 1995. Needle Trace Method (NTM) for retro-
spective needle retention studies on Scots pine (Pinus sylvestris
L.). Acta Univ. Ouluensis, Oulu: 84.

JALKANEN R., 1996. Needle retention chronology along a
pollution gradient. In: Tree rings, environment and humanity.
Radiocarbon: 419-426.

JALKANEN R., AALTO T., KURKELA T., 1994. The use
of needle-trace method (NTM) in retrospectively detecting
Lophodermella needle-cast epidemic. Eur. J. For. Path., 24:
376-385.

JALKANEN R., AALTO T., KURKELA T., 1998. Revealing
past needle density in Pinus spp. Scand. J. For. Res., /3:
292-296.

KONOPKA B., TSUKAHARA H., JALKANEN R., 2000a. A
comparison of needle retention on Japanese black pine and
Japanese red pine. J. For. Res., 5: 175-180.

KONOPKA B., TSUKAHARA H., NETSU A., 2000b. Deve-
lopment of needle retention in Japanese black pine (Pinus
thunbergii Parl.) plantation in the years 1967-1997. Ekologia
(Bratislava), 79: 141-150.

KURKELA T., JALKANEN R., 1990. Revealing past needle
retention in Pinus spp. Scand. J. For. Res., 4: 481-485.

MADGWICK H.A.L, 1983. Seasonal changes in the biomass of
a young Pinus radiata stand. N. Z. J. For. Sci., 13: 26-36.

MAILLETTE L., 1982. Needle demography and growth pattern
of Corsican pine. Can. J. Bot., 60: 105-106.

WOOD G.B., 1974. Age distribution of needle fascicles in the
crown of a radiate pine sapling. Aust. For. Res., 7: 15-20.

Received for publication October 24, 2002
Accepted after corrections December 9, 2002

Stopy po ihli¢i ako indikatory rastovych pomerov borovice sosny (Pinus sylvestris L.)

B. KONOPKA

Lesnicky vyskumny ustav, Zvolen, Slovenska republika

ABSTRAKT: Retencia ihlic (pocet ro¢nikov ihlic) a hustota nasadenia ihlic (pocet parov ihlic na bezny centimeter kmeia) sa
sledovali na boroviciach v piatich lesnych oblastiach Slovenska. Metdda stop po ihli¢i (Needle Trace Method — NTM) sa pouzila
na odvodenie poctu ro¢nikov ihlic a hustoty ich nasadenia na kmefoch retrospektivne pre ostatné Styri desatrocia. Vo vsetkych
lesnych oblastiach hodnoty tychto indikatorov kolisali medzi jednotlivymi rokmi. AvSak na Zahorskej nizine, Vtacniku, vo
Vysokych Tatrach a Krupinskej planine bola ich tendencia dlhodobo vyrovnana. Odlisna situacia bola v Levoc¢skych vrchoch,
kde retencia ihlic mala klesajucu a hustota nasadenia ihlic rastucu tendenciu. Tieto tendencie pravdepodobne odrazali dlhodoby
stres znecistenia ovzdusia na boroviciach v sledovanom poraste.

KIacové slova: retencia ihlic; hustota nasadenia ihlic; environmentalne a antropogénne vplyvy

Najjednoduch$ou metdédou hodnotenia kondicie drevin
je vizualne posudenie stavu koruny, menovite straty
asimilaénych organov a ich Zltnutia. Tato metéda ma ale
nickol’ko nedostatkov. Vysledky vizualneho hodnotenia
st zatazené subjektivnou chybou hodnotitel'a. Dalsim
problémom je adekvatne zohl'adnenie roznych faktorov
(mimo $kodlivych ¢initel'ov) ovplyvitujucich prirodzené
olistenie drevin.

Pre zhodnotenie dlhodobej retencie ihlic na borovi-
ciach mozno aplikovat’ metédu stop po ihlici — NTM
(Needle Trace Method), ktoru vyvinuli finski odbornici
zaCiatkom devitdesiatych rokov (KURKELA, JALKANEN
1990). Metoda sa zaklada na zistovani poctu stop, ktoré
vytvaraju kanaliky spajajuce drefiova ¢ast’ kmena (alebo
vetvy) a ihlice. Kanalik za vyvija len dovtedy, kym st na
nom pripojené ihlice. Ako nahle ihlice odpadnu, jeho rast
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sa zastavuje. Takze vek, ktorého sa dozila ihlica, mozno
zistit’ podl'a poctu letokruhov obsahujucich tento kanalik
(na pozdiznom reze kmeia ide o stopy v podobe bodiek).
Metdda sa da 'ahko uplatnit’ pri boroviciach, pretoze stopy
po ihli¢i mozno pozorovat’ vol'nym okom. Predmetom
sledovania su spravidla ihlice na kmeni troviiovych
a naduroviiovych borovic. Zivotnost’ tychto ihlic je v po-
rovnani s ihlicami na zatienenych vetvach len minimalne
ovplyvnena zniZzenou intenzitou osvetlenia. NTM mini-
malizuje subjektivnu chybu hodnotitela.

Pocas vegetacného obdobia rokov 2000 a 2001 sa vy-
skum zameral na lesné oblasti Zahorska nizina, Vta¢nik,
Krupinska planina, Vysoké Tatry a Levoc¢ské vrchy.
V kazdej lesnej oblasti sa vybral jeden porast s prevahou
borovic piateho vekového stupna (41-50 rokov). V sle-
dovanych porastoch sa spililo sedem az osem Groviiovych
borovic. I8lo o lesné porasty nachadzajuce sa v nadmor-
skych vyskach od 185 do 1 050 m n. m.

Na spilenych boroviciach sa zistoval pocet ,,zelenych*
praslenov (teda tych, ¢o mali eSte zivé ihlice). Bolo ich
od 16 (plochy na Zahorskej nizine a Krupinskej planine)
po 25 (Vtaénik). Vizualny odhad poctu ro¢nikov ihlic na
spilenych boroviciach poukézal na vel'ké rozdiely medzi
jednotlivymi praslenmi. Pocet ro¢nikov ihlic rastol od
prvého praslena az po praslen nachadzajici sa zhruba
v hornej tretine koruny. Potom klesal smerom k baze
koruny. Na nezaclonenych vetvach borovic bola hodnota
poctu ro¢nikov ihlic vel'mi blizka poctu ro¢nikov ihlic
na vrcholci. Takze mozno konstatovat’, Ze idaje o pocte
ro¢nikov ihlic vo vrcholci (ziskané pomocou NTM) do-
bre odzrkadl'uju aj pocet ro¢nikov ihlic na nezatienenych
vetvach.

Prostrednictvom NTM sa sledovala dlhodoba retencia
ihlic a hustota ich nasadenia na kmeni borovic. Dlho-
dobé priemery hodnot retencie ihlic boli na jednotlivych
vyskumnych plochach takéto: Zahorska nizina 2,68,
Vtacnik 2,85, Krupinska planina 2,62, Vysoké Tatry 3,20
a Levocské vrchy 3,02 ro¢nika ihlic. Pre hustotu nasadenia
ihlic sa zistili takéto dlhodobé priemery: Zahorska nizina
6,41, Vtacnik 6,49, Krupinska planina 6,43, Vysoké Tatry
6,61 a Levocéské vrchy 6,43 parov ihlic na bezny centi-
meter kmena.

Medziro¢né rozdiely hodnét sledovanych indikatorov
pravdepodobne sposobili prevazne rézne klimatické
podmienky v jednotlivych rokoch. Z tohto dévodu sa
ziskali meteorologické idaje, konkrétne tthrny zrazok
a priemerné teploty z meteorologickych stanic nachadza-
jucich sa ¢o najblizsie k vyskumnym plocham. Zistilo sa,
ze narast alebo pokles poc¢tu ro¢nikov ihlic casto stivisel
s thrnom zrazok z prvej polovici vegetaéného obdobia
v danom roku. Pravdaze medzirocné oscilacie hodnot
poctu roénikov ihlic sposobuju aj d’alSie Cinitele.

Dlhodoba tendencia retencie ihlic indikuje zmeny
rastovych podmienok borovic. NajvyraznejSia dlhodoba
zmena (trvaly pokles) sa zaznamenala v lesnom poraste
nachadzajicom sa v Levoc¢skych vrchoch. Znizenie
retencie ihlic, a teda aj pravdepodobné zhorSovanie ras-
tovych podmienok, sa tu pozoruje od zaciatku sedemde-
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siatych rokov, mierne zlepSenie nastava v devit'desiatych
rokoch. Tento stav mozno najpravdepodobnejsie dat’
do suvisu s imisnou situaciou a s jej negativnymi
nasledkami na lesné porasty. V pripade tohto porastu
bol zaujimavy aj vyvoj hustoty nasadenia ihlic. Tu sa
zaznamenala opaéna tendencia, t.j. narast hustoty na-
sadenia ihlic (v ostatnych sledovanych porastoch bola
tato tendencia vyrovnana). Takze mozno konstatovat,
ze ak zhorSujtce rastové podmienky skracuju retenciu
ihlic, drevina na toto reaguje ich hustej$im nasadenim.
Zaujimavy bol rast poctu ro¢nikov ihlic v lesnom poraste
na Zahori v rokoch 1967-1975. Z vyvoja by sa mohli
odvodit zI¢ rastové pomery v tychto borinach asi do veku
15 rokov (do ich strednej vysky okolo 4-5 m). Tieto
zhor$ené rastové podmienky pravdepodobne suviseli
s bioklimatickymi pomermi na viatych pieskoch.
V letnom obdobi tu dochadza k extrémnemu prehrieva-
niu pddneho povrchu, ktoré moze vyrazne ovplyvnit
kondiciu koruny. Situacia sa zlepSuje po odrasteni je-
dincov do uz uvedenej vysky, kedy su porasty dostatocne
zapojené a vytvaraju si vlastni mikroklimu.

Zistili sa urcité rozdiely hodndt dlhodobej retencie
ihlic na boroviciach medzi jednotlivymi vyskumnymi
plochami, ¢o suviselo hlavne s ich nadmorskou vyskou.
Preto sa odvodil linéarny model pre vyjadrenie vztahu
medzi nadmorskou vyskou a po¢tom ro¢nikov ihlic na
boroviciach. Z linearneho modelu mozno pre podmienky
Slovenska konstatovat, Ze rozdiel v pocte ro¢nikov ihlic
najvyssim vyskytom (1 400 m n. m.) bol 0,87. Takze tieto
rozdiely neboli vel'mi vyrazné. Dosiahnuté vysledky st
v zhode s tidajmi ALBREKTSONA (1988) a JALKANENA
(1995), ktori vo Svédsku, resp. Finsku zistili narast poétu
ro¢nikov ihlic z nizsich do vysSich nadmorskych vysok
a od juhu na sever. JALKANEN (1986) dokazal, Ze pocet
ro¢nikov ihlic suvisi s dizkou vegeta¢ného obdobia
(ro¢nou teplotnou sumou).

Ako sa uzuviedlo, medziro¢na oscilacia retencie ihlic
indikuje ¢asto klimatické pomery, najmai zrazkovu bilan-
ciu v danom roku. Avsak tieto medzirocné zmeny moézu
spdsobit’ aj niektoré iné Cinitele, napr. rozni Skodcovia.
KONOPKA et al. (2000a) touto metddou retrospektivne
identifikoval premnozenie listozravého hmyzu Den-
drolimus spectabilis na borovici ¢iernej. JALKANEN
et al. (1994) vyuzil metddu na retrospektivne zistenie
vyskytu sypaviek na borovici sosne spdsobenych
hubou Lophodermella sulcigena. Postupny dlhodoby
pokles retencie ihlic zaznamenl JALKANEN (1996)
v borovicovych porastoch nachadzajucich sa v blizkosti
imisného zdroja. TakZze metoda ma dobré uplatnenie
na retrospektivne zistovanie rastovych podmienok,
resp. nasledkov pdsobenia abiotickych a biotickych
Skodlivych ¢initel'ov na kondiciu borovic. JALKANEN
et al. (1998) dalej zistili, ze aj hustota nasadenia ihlic
moéze indikovat’ rastové podmienky v jednotlivych
rokoch. Tato sa vyrazne zvysila podl'a uvedeného au-
tora vo Finsku pocas rokov s vyskytom klimatickych
extrémov.



Z dosiahnutych vysledkov mozno urobit’ tieto zavery:
— optimalny (maximalny) pocet ro¢nikov ihlic sa vysky-
tuje priblizne v jednej tretine zelenej Casti koruny (pri
40- az 50-ro¢nych boroviciach asina 7. praslene odho-
ra). Tam by sa mala sustredit’ pozornost’ hodnotitel'a pri
vizualnom odhade kondicie koruny borovice,

pocet rocnikov ihlic vo vrcholci (na kmeni) ma blizku
hodnotu k poctu ro¢nikov ihlic na vetvach v osvetlene;j
Casti koruny. Takze vysledky dosiahnuté pomocou
NTM pre kmen dobre odzrkadl'uju aj situaciu na
vetvach,

— medziro¢né rozdiely v pocte ro¢nikov ihlic su vyrazné

(az do jedného rocnika ihlic). ZhorSené rastové pod-
mienky spdsobuju pokles hodnoty tohto ukazovatela.
Opacna situacia je pri hustote nasadenia ihlic, kde sa
v désledku dlhodobo zhorSenych rastovych podmienok
zistil postupny narast jej hodnot,

s nadmorskou vyskou rastie prirodzeny pocet ro¢nikov
ihlic, avSak tento nérast je pomerne maly (0,35 rocnika
ihlic na 500 vyskovych metrov).
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