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LIFE SPAN OF NEEDLES OF PINUS MUGO TURRA:
EFFECT OF ALTITUDE AND SPECIES ORIGIN

ABSTRACT: The needle life span of ever-
green coniferous trees is a species-specific trait
but can be also affected and modified by environ-
mental conditions. On the basis of field observa-
tions of needle life span during three periods in
two populations of Pinus mugo in the Tatra Mts
(altitude: 1600-1700 m) and Sudety Mts (alti-
tude 830-1420 m), 11 populations from various
altitudes we concluded that: 1) within the same
population needle life span remained the same
over the three periods of observations, 2) needle
life span in the Tatra Mts is about 1 year longer
than in the Sudety Mts, ranging from 5.5 to 5.9
years and 3) needle life span in the Sudety Mts in-
creases significantly with the altitude of the popu-
lation. The longer life span of needles in the Tatra
Mts may be specific for the population, i.e. it may
be due to a different population origin (another
Pleistocene centre of the species), and the shorter
life span of needles noted in the Sudety Mts may
be due to higher soil pollution in this region.

KEY WORDS: leaf life span, Sudety Mts, Ta-
tra Mts, subalpine vegetation

Measures of plant characteristics are
common tools for estimating their environ-
mental and genetic variability (e.g. Li et al.
1998, Yuan and Chen 2009). In particular
leaf life span, defined as the period between

leaf emergence and leaf fall, is specific for par-
ticular species, but also strongly depends on
ecological factors. Generally, species growing
in extreme environmental conditions such as
those near the upper forest line, are charac-
terized by a longer leaf life span than those in
milder climates (e.g. Hess et al. 1980, Moser
et al. 2007). It is also known that individuals
exposed to pollution lose their photosyn-
thetic apparatus more rapidly (see Oleksyn
1998, Oleksyn et al. 1998, Modrzynski
1998, Werner 1998).

Among about 100 species of pine, a few
have a needle life span longer than 3 to 4 years
while others retain needles for 1 to 2 years
(see Mirov 1967, Farjon 1984, Vidakovi¢
1991). Only P, aristata Engelm. needles sur-
vive up to 12 to 17 (20) years (Farjon 1984,
Vidakovi¢ 1991). P mugo Turra, together
with the closely related P. uncinata Ramond,
are said to retain their needles for 5 or more
years (Farjon 1984, Vidakovi¢ 1991),
sometimes even to 10 years (Pawlowski
1956). These data come from direct field ob-
servations and have not been documented in
a detailed study.

It has been reported that the longevity
of needles of Picea abies (L.) Karst depends
on the region and altitude (Burger 1927,
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Modrzynski 1998). The Norway spruce is
found up to the tree line and down to the low-
lands, and their needles persist for the longest
time at the upper forest belt. P. mugo coloniz-
es only the subalpine zone in the mountains
of Central Europe, with much less variation
in climatic conditions. For this reason one
would expect needles to be retained for a sim-
ilar period in different geographic regions. In
addition, needle life span should not change
in different periods of observation, but may
vary depending on altitude.

The aim of this study was to estimate
the longevity of needles of P. mugo — dwarf
mountain pine — populations from the Tatra
Mts and Sudety Mts during three different
years (Table 1). The tested populations from
the Carpathian and Sudetan parts of spe-
cies geographic range are spatially isolated

probably for a longer period than Holocene
(Latalowa et al. 2005). This isolation caused
genetic and morphological differentiation of
P. mugo (e.g. Boratynska et al. 2005).

The effect of altitude on the needle life
span has been tested in 2008 by taking data
from 2 different populations in the Tatra Mts
(TATRA 1, TATRA 2) and 9 in the Sudety Mts
(SUD 1). The Sudety Mountains are located
close to large industrial centres in the Czech
Republic, Germany and Poland and they are
among the most threatened and damaged Pol-
ish area. The pollution (like acid rain) caused
serious environmental damage in the Sudety
Mts forest ecosystem (Boratynski etal. 1989,
Grodzinska and Szarek-Lukaszewska
1997, Bochenek et al. 1997).

Pines, including P. mugo, are character-
ized by the ramification of sprouts from a set

Table 1. Localisation of the populations of Pinus mugo verified for longevity of needles; bolded popula-

tions verified during three periods.

Localities of populations

Geographic  Altitude

Relief Years of ob- Number of

(in brackets: local names) Acronym coordinates (m) form  servation individuals
Tatra Mts (ridge of Grzes$ - ¥A¥RA_1_02 N 49°14°05” 1600- 2002
Wolowiec) ATRA-1-06 11904000 1700 COMVEX 2006 20
’ TATRA-1-08 2008
. N 49°15’53” 1300-
Tatra Mts (Sarnia Skata) TATRA-2 E 19°5621” 1350  convex 2008 39
SUD-1-02 AN 2002
%‘g‘ijg’aMgs égﬁf;‘i{“‘)’sze’ SUD-1-06 3 fgojg, f’g 1420 convex 2006 20
P 4 SUD-1-08 2008
Sudety Mts (Karkonosze, N 50°44°43”
Eomniczka) SUD-2 E 15°43'59” 1200  concave 2008 20
Sudety Mts (Karkonosze, N 50°44’43”
slopes above Maly Staw) SUD-3 E 15°41°43” 1390 convex 2008 30
Sudety Mts (Karkonosze, N 50°45’10”
below Maly Staw) SUD-4 E 15°41°59” 1170  concave 2008 40
Sudety Mts (Karkonosze, N 50°46°03”
above Pielgrzymy rocks) SUD-5 E 15°41°00” 1220 convex 2008 20
Sudety Mts (Karkonosze, N 50°46’54”
Labski Szczyt, NE slopes) SUD-6 E1533°03” 1280  convex 2008 30
Sudety Mts (Karkonosze, N 50°47°27”
Szrenica, E slopes) SUD-7 E 15°3048” e convex 2008 30
Sudety Mts (Izerskie N 50°51°04
Mts, Hala Izerska, above SUD-8 E 15020417 830 flat 2008 28
Jagniecy Potok)
Sudety Mts (Izerskie Mts, N 50°50°26”
Hala Izerska, near Kobyla SUD-9 E 15227017 825 flat 2008 42

Laka)
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Fig. 1. Average needle longevity in populations of Pinus mugo (acronyms as in Table 1; various letters
mean statistically significant differences between all populations at P = 0.05, Tukey-Kramer test).
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Fig. 2. Relationship between needle longevity of Pinus mugo and altitude in the Sudety Mts (acronyms
as in Table 1; the localities with concave terrain are omitted ), R? = 0.84 P = 0.0103.
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of buds around the terminal bud. This enables
the age of every yearly longitudinal increment
of sprouts to be determined, and consequent-
ly, also the year of needle emergence. The life
span of needles was determined in the field
as the age (in years) of the oldest yearly incre-
ment of the sprout with a full set of needles.
A further 0.5 was added in cases in which the
next older yearly increment had about 50% of
a full set of needles.

Observations were conducted in Septem-
ber 2002, 2006 and 2008, in two main centres
of occurrence of P. mugo in Poland (Table 1)
To verify the potential influence of the year
of observation, the needle life span was de-
termined for twenty individuals of each spe-
cies in each three years in the Tatra Mts and
Sudety Mts. Upright, terminal sprouts that
were fully exposed to solar radiation, were
tested, following a method of sampling used
for morphological and genetic investigations
(Boratynska et al. 2005).

The Tukey-Kramer test was used to verify
the statistical significance of the differences
among populations, region of origin, year of
observation and altitude. The dependence of
average leaf longevity for a particular popula-
tion on altitude was verified using regression
and correlation tests (Sokal and Rohlf 2003).

The average leaf longevity in particular
populations from the Tatra Mts and Sudety
Mts differed significantly (Fig. 1). Generally,
all populations of P. mugo in the Tatra Mts re-
tained their leaves for an average of 5.4 to 5.9
years, which was about one year longer than
those in the Sudety Mts. The needle longev-
ity of P. mugo in the latter oscillated around
4.5 years, except for SUD-4, which had sig-
nificantly higher needle longevity (Fig. 1).
Samples SUD-8 and SUD-9 had the lowest
average leaf longevity, which was significantly
lower than that of sample SUD-4 (Fig. 1).

The differences in needle life span be-
tween populations from samples TATRA-1
and SUD-1 were similar over the three differ-
ent years of observations. Every year the aver-
age longevity of needles in the Tatra Mts was
about 1 year longer than in the Sudety Mts
(Fig. 1) (Tukey-Kramer test, P = 0.05).

The correlation between altitude and
needle life span was tested using the data
from the Sudety Mts. The samples SUD-2 and
SUD-4 were excluded from these analyses, as
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their relief form differed from the other sam-
ples (Table 1). Populations from higher alti-
tudes had significantly higher average needle
longevity (Fig. 2).

The life span of needles of P. mugo in the
Tatra Mts has been reported to range between
5to 10 years (Pawlowski 1956). The life span
of the needles in our study varied between 4
and 7 years, with an average of 5.4, 5.6 and
5.96 years for 2002, 2006 and 2008, respec-
tively. These values were similar during three
years of observation and are similar to the
lower value reported by Pawtowski (1956).

In the Sudety Mts leaf longevity was
about 1 year shorter than in the Tatra Mts and
varied between 3 and 6 years, with an average
of 4.6, 4.6 and 4.5 years for 2002, 2006 and
2008, respectively. These values are similar to
the lower of the previously reported range of
4 to 6 years (Skalicka and Skalicky 1988).
This may indicate a longer needle life span in
the latter mountains in the past. Our findings
confirm the differences between the life span
of needles of P. mugo in the Tatra Mts and Su-
dety Mts that were reported in the botanical
literature (Pawtowski 1956, Skalicka and
Skalicky 1988).

The longevity of P. mugo needles is closely
correlated to altitude and is significantly pro-
longed at the highest locations, as described
for P. abies (Burger 1927, Modrzynski
1998). The difference between the altitudes of
the lowest and highest locality of P. mugo in
the Sudety Mts was much less than between
those of Norway spruce (Boratynski 1991,
1994). However, the dependence of needle
life span on altitude was similar, especially
where the relief was similar. P. mugo retains
their needles for a longer period on concave
than on convex relief forms (compare Table 1
and Fig. 1). This may reflect differences in ex-
posure to winds and the higher temperature
oscillations in the convex terrain, and also the
inversion of temperatures in the valleys (Er-
mich 1962, Hess 1966, Hess et al. 1980).

Our study confirms the relationship be-
tween needle life span and altitude (e.g. Mos-
er et al. 2007). The longer life span of leaves
at higher altitudes results probably from the
colder habitats (Hess et al. 1980). Popula-
tions of Scots pine and Norway spruce in
northern Europe are characterized by longer
needle life span and lower content of nitrogen
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in needles, in comparison with more south-
erly located populations in central and south-
ern Europe (Reich et al. 1996, Oleksyn et
al. 2003). This dependence is associated with
the resource-conservation strategy for low
nutrient supply that is observed at colder
latitudes and altitudes (Reich et al. 2003).
The lower content of nitrogen in plants from
colder habitats is the consequence of the low-
er rate of litter decomposition in these habi-
tats (Stump and Binkley 1993), especially
during initial phase of that process (Melil-
lo et al. 1989). In habitats with low nutrient
availability, the selection of plant traits results
in higher nutrient conservation, including
longer leaf life span (Eckstein et al. 1999,
Oleksyn et al. 2003).

In conclusion, the shorter life span of P
mugo needles in the Sudety Mts compared to
the Tatra Mts may result from 1) the higher
concentrations of pollutants in the soil due to
high pollution in the past (e.g. Boratynski
et al. 1989, Grodzinska and Szarek-
Lukaszewska 1997, Bochenek etal. 1997,
Werner 1998) or 2) genetic differences
resulting of isolation for a long period dur-
ing the Pleistocene (Latatowa et al. 2004,
Boratynska et al. 2005).
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