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Abstract

Drifting dunes in the Curonian Spit of western Lithuania were covered by native Pinus sylvestris and alien Pinus
mugo species. With planting of non-native species there is a need for studies which could evaluate the effect of alien
and native plant species on soil ecosystem properties. We measured soil fungi amount, microbial enzyme activity, needle
decomposition rate, respiration intensity, and soil and needle chemical composition from nearby pairs of native and
alien pine species at different ages from several sites on the dunes (Lithuania). A total of 18 sampling sites of close-
growing P. sylvestris and P. mugo were selected with stand ages ranging from 14 to 120 years, representing three age
classes. Needles of P. sylvestris showed a faster decomposition rate than P. mugo. Needles of P. mugo had lower nitrogen
content, higher C/N ratio and lignin content compared to P. sylvestris. The mass loss of needle litter was also positively
correlated with C/N ratio and with fungi abundance in soil. Soil under Pinus sylvestris has higher C and N concentration
than under P. mugo. The tendencies showed that there were more fungi in the soil under P. sylvestris than under P.
mugo. Soil enzyme activity was lower in the P. mugo plots. The activities of invertase, dehydrogenase, alcaline
phosphatase, protease, potential nitrification activity increased gradually with the development of forests after
afforestation. These results suggest that due to the differences in litter properties and decomposition rates, changes may
occur in microbial properties and nutrient cycling in the forest ecosystems.
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Introduction species are endemic to Baltic dunes. Forest occupies
up to 70% of Curonian Spit land area. Scots pine
Coastal dunes are among the most valuable ele-  stands prevail and some of them are over 200-year-old.
ments of natural environment and natural resources in ~ To know how to behave in handling dunes is critical,
Europe. The Curonian Spit is a 98 km long (area 180  seeing that theories exist resulting in a paradigm from
km?) thin sand-dune spit situated between the Curo- afforestation to the removal of pine plantations.
nian Lagoon and the Baltic Sea. Dune systems are very The Curonian Spit is well known for its large-scale
sensitive and management both for the maintenance shifting sand dunes. The introduction of alien plant
of landscape diversity and for the conservation of the  species on coastal dunes for sand stabilization was a
heritage features of the Curonian Spit as a World common practice in the past and also in the present
Heritage site is important (Povilanskas et al. 2009). days. Pinus mugo, also known as mountain pine, is
Curonian Spit is famous for the highest moving (drift- native to the mountains of central Europe and the
ing) sand dunes in Europe. National Park was estab- Balkan Peninsula. In Lithuania, the first plantations of
lished in 1991 to protect the unique ecosystems of the P mugo were established on the coastal sand dunes
Curonian Spit and Curonian Lagoon. Several herbal about 200 years ago, and at present are considered
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useful for protection of sandy dunes and human set-
tlements. P. mugo does not spread extensively
throughout the Curonian Spit, occurring only in loca-
tions where it was deliberately planted, however nat-
urally regenerating seedlings of P. mugo appear near
mature trees, demonstrating the adaptability of the
mountain pine to coastal dune conditions (Aucina et
al. 2011). Some investigations also demonstrated the
facilities of the non-native pines to modify the dune
habitats (Leege and Murphy 2001).

The dune soils (Arenosols) are poor in nutrients
as well as carbonate and susceptible to acidification
(Piotrowska 1988, Peyrat 2007). In the case of drifting
dunes, no soil organic layer is formed and can be more
difficult to afforestation of the dunes. Creation or
improvement of soil fertility occurs mainly through
addition of plant biomass, particularly as litter-fall,
which is a major source of organic matter to soil (Xu-
luc-Tolosa et al. 2003). Accumulation of litterfall as well
as the magnitude of benefits of organic matter onto
the soil depends on the several factors i.e., plant spe-
cies, climate, mainly temperature and humidity. Tree
species influence ecosystem ecology in different ways,
i.e. through differences in the quantity and quality of
organic matter that they produce (Wardle et al. 2004,
Madritch and Lindroth 2011), in particular nitrogen,
lignin and polyphenol concentrations (Sariyildiz and
Anderson 2003), differences in root activity, by below-
ground cycling of carbon and nitrogen (Schweitzer et
al. 2004), soil nutrient availability (Fioretto et al. 2005),
the qualitative and quantitative composition of decom-
poser communities (Knoepp et al. 2000). Moreover,
plants have species-specific feedback interactions with
their soil decomposer organisms (Wardle et al. 2004)
when the releases of mineral nutrients through litter-
fall decomposition are processed by soil organisms,
which are of crucial importance for the functioning of
ecosystems.

The rate and process of litter decomposition great-
ly influence the soil formation and the availability of
carbon, nitrogen and other nutrients to plants and
microorganisms in forest ecosystems. The biological
activity increases gradually with soil age (Liski 1995,
Bens et al. 2006). The decomposition dynamics were
also affected by the initial chemical composition of the
litter (Fioretto et al. 1998). Concentrations of N, P,
cellulose, lignin, lignin-C and lignin-N content were
related to mass loss in decomposing Scots pine nee-
dles (Couteaux et al. 1998).

Soil enzyme activities are known to be involved
in nutrient cycling, and as such, have been suggest-
ed as potential indicators of soil quality and changes
in properties of the forest floor because of their es-
sential role in soil biology and ease of measurement

and rapid response to changes in soil management
(Kandeler et al. 1999). For example, dehydrogenase
plays an important role in the initial oxidation of soil
organic matter; protease and phosphatase is involved
in breaking down proteins and in the organic phos-
phorus mineralization, respectively; urease is involved
in nitrogen cycling (Tabatabai and Bremner 1972,
Amador et al. 1997, Kramer and Green 2000, Quilchai-
ro and Maronon 2002). Dehydrogenase and acid phos-
phatase activities showed different values in soil un-
der different trees species due to differences in the
leaf N, lignin and cellulose contents of the residues
(Defrieri et al. 2011).

The aim of the study was to evaluate the effects
of two pine species, native Pinus sylvestris and alien
Pinus mugo, and stand age on the soil biochemical and
microbial properties. Understanding of these differenc-
es will help to provide a more complete picture of how
the effects of plant species can influence soil proper-
ties in a sensitive area, where the long lasting attempts
(mainly by foresters) were intended to stop soil ero-
sion due to deforestation and introduction of alien
species with the aim to stop destructive processes.

Nowadays silvicultural policy tends to prevent
future spread of P.mugo and step by step to replace it
by P. sylvestris. Scientifically adjusted knowledge
would also help decision makers in this situation. We
studied the individual trees and their influence on
belowground ecosystem. While the decomposition of
pine needles has been widely studied in laboratory and
field conditions (Leege and Murphy 2001, McTiernan
et al. 2003); we have no information about compara-
tive study which would test the decomposition rates
of P. sylvestris and P. mugo and their impact on soil
properties at the same time.

Understanding the potential influence of needle
litter on soil is essential to understanding how differ-
ent pine species affect ecosystem properties.

Materials and methods

Description of sites

The Curonian Spit stretches in a gentle curve
between the Curonian lagoon and the Baltic Sea. Most
of the first dune ridges from the sea are artificial. The
main dune area is overgrown with trees or has been
afforested. The drifting of dunes began in the 16th
century due to deforestation of the spit caused by
overgrazing and timber harvesting. To stop this proc-
ess, starting in 1825, re-vegetation began with plant-
ing of a non-native species — mountain pine (Pinus
mugo). It is a native tree of mountain areas in the
Central and Southern Europe. Nowadays forest cov-
ers 89% of the spit, it consists mostly of Scotch pine
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(Pinus sylvestris) — 53% and mountain pine — 27%. In
favourable conditions, the mountain pine reaches 10
m in height, but on the dunes it is just 1 m high. Even
being blown over with sand it stays alive for several
years (Motiekaityte 2000). The mean annual tempera-
ture in the region is 7.4 °C, and the mean annual pre-
cipitation is 771 mm. Pine stands grew on a Haplic
Arenosol (FAO 2006) with a thin organic layer and
surrounded by Pinetum vacciniosum forest type.

Sampling procedure

The paired-site design was used in the study.
Samples of needle litter from forest floor and soil were
collected in pine forest, in the Curonian spit, in about
40 km long transect of dunes. There were 36 sites,
grouped into two pairs, where pure stands of the Pi-
nus sylvestris and P. mugo of the same age were grow-
ing on the same soil in order to minimize the hetero-
geneity among them. There were chosen three age
classes of trees. The age of the youngest-generation
pine ranged from 14 to 20 years, mature-generation
trees from 50 to 65 years, and age of the older gener-
ation from 110 to 120 years, which represented 2™, 5
and 11™ age class (by forest inventory description),
and accordingly are equivalents for juvenile age, mid-
dle age, mature age. Each age group is represented by
six samples in pair for P. sylvestris and P. mugo from
each selected site of about 10—10 m area. For respira-
tion measurement needle samples from the forest floor
were taken in September 2010 in each age’s class,
bulked to composite samples and air-dried. All sam-
ples for general soil chemical properties and microbi-
al analysis and fresh needles shake from the trees were
obtained in July 2011.

The soil contained thin organic layer, so the sam-
ples were not separated into different horizons and
were sampled uppermost 10 cm layer. After the upper
litter layer was removed, six to eight scoops were ran-
domly collected in each site to obtain soil samples with
a minimum of 1 kg of soil per sampling area. Soil sam-
ples were mixed thoroughly and placed in tightly
sealed plastic bags and kept at 4 °C to keep them field
moist for microbial analyses. All microbial determina-
tion was performed within one week of sampling. Soil
moisture content was determined gravimetrically after
drying soil samples at 105 °C.

Soil and needle chemical analysis

Soil pH was measured in a soil-water suspension
(volume ratio 1:5) using a WTW Inolab pH meter. The
total soil nitrogen and organic carbon were determined
by dry combustion method (DIN/ ISO 13878). Needle
samples dried and ground by a mill with 1 mm sieve were
used for chemical analyses. Carbon content was deter-

mined using an automatic spectrophotometer UV/VIS
Carry 50 (Varian, Germany) at the wavelength of 590 nm
using glucose as a standard after wet combustion. N
determined by Dumas method. Concentrations of wa-
ter-soluble carbohydrates (WSC) was evaluated by
Anthronmethod, crude fibre (CF) by using near infra-
red spectrometer NIRS — 6500 (Perstorp Analytical, Sil-
ver Spring, Maryland, USA), fat determined by Soxhlet
apparatus using gravimetric method. Lignin (acid de-
tergent lignin) (ADL) was estimated by cell wall deter-
gent fractionation method using the van Soest meth-
odology of fibre fraction. Ash was determined by com-
bustion and digestibly of the dry matter in vitro using
pepsin-cellulose method. Major elements (Na, K, Ca and
Mg) were measured using a Perkin Elmer Instrument
model AAnalyst 200 flame atomic absorption spectrom-
eter, P was determined by a spectrophotometer.

Soil enzymatic activities

Fresh soil samples were used for all enzyme assays.
Dehydrogenase (EC 1.1) activity was determined using
the reduction of 2,3,5-triphenyltetrazolium chloride
(TTC) to triphenyl formazan (TPF) method and results
were expressed, ug TPF g'dw 24 h''. The urease (EC
3.5.1.5) activity estimation was based on the colorimet-
ric determination of ammonium formation after enzymatic
urea hydrolysis by buffered method. The released am-
monium was determined spectrophotometrically at 630
nm. Results were expressed as 4 N g-! dry soil. Protease
activity (EC 3.4.21-24) was estimated by determination
of tyrosine released after incubation of sodium casein-
ate as substrate and Tris buffer at 50°C for 2 h and the
residual casein was precipitated with 10% trichloroacetic
acid and filtrate was reacted with Na,CO, and Folin-
Ciocalteu reagent. The tyrosine concentration was
measured colorimetrically at 700 nm after 1h incubation
at room temperature. For alkaline phosphatase activity
(EC 3.1.3.1) soil sample (1.0 g) was reacted with sub-
strate (50 mM sodium p-nitrophenyl phosphate). The
yellow colour intensity of the released p-nitrophenol
was measured at 400 nm using a spectrophotometer after
incubation at 37°C for 1 h.

The potential ammonium oxidation (potential ni-
trification) rate in soil was assayed as accumulated
nitrite according to the rapid test by ammonium oxi-
dation technique described in the draft standard ISO/
DIS 15685 (1999) for testing of the potential nitrifica-
tion in soil. Results are expressed as ug of NO, g' dw.
Standard curves were obtained for each analytical run
using serially diluted nitrite standards (NaNO,).

Enzyme activities were assayed according to the
procedure as described by Schinner et al. (1995). All
spectrophotometrical analyses were made by a Perkin
Elmer Lambda 25 UV/VIS spectrophotometer. All anal-
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yses were carried out in triplicate and values were
calculated on the basis of oven-dry weight of soil.

Respiration from litter, microcosm decomposi-
tion study

For respiration or CO, production measurement
needle samples were taken in 2010. A beaker with 1 g
of needle litter was placed in a 1 I air-tight jar with 10
ml H,O at the bottom and with a CO, trap (10 ml of 0.5
M NaOH) and incubated in total darkness at 17 °C.
The needle was moistened by soil suspension. Soil
suspensions were prepared by shaking 10 g of soil
with 100 ml of distilled water for 15 min. Portions (3
ml) were extracted from the suspensions and applied
to each beaker in order to inoculate litter samples by
microorganisms. The traps were replaced at 21 day
intervals. The CO, released was determined by titra-
tion with HCI1 (0.25 M), combined with 1 ml of BaCl,
(1.0 M) and five drops of phenolphthalein solution
(0.1% in 60% ethanol), until the solution had changed
from pink to cloudy white. The measurement was per-
formed in triplicate on each litter sample. Respiration
was expressed as ug C- CO, g' litter and measured in
a closed environment after each 21 days. The incuba-
tion lasted for 105 days. The daily decay rate (K) of
litter for the entire study was calculated through the
negative exponential decay model:

W/W, = exp (*);
where W is initial weight (1 g of dry litter) and W, is
weight remaining after time ¢ (the end of experiment,
105 days).

Fungi counts

Before analyses, consolidated soil samples were
passed through a 2 mm sieve. Conventional dilution
spread-plating was performed to assess the cultura-
ble fungal colony forming units (cfu). Total fungi were
enumerated by plating the dilution series onto malt
extract agar. All inoculated media were incubated at
room temperature (22 £ 3 °C) for ca. 4-5 days. All mi-
crobial enumerations were carried out in triplicate. Data
are reported as 10* CFU g dry soils.

Statistical analyses

Data are reported as mean =+ standard error of the
mean and were examined using analysis of variance
(ANOVA) procedures. We used a two-way analysis of
variance (ANOVA) to determine the influence of pine
species and age on enzyme activities and amount of
microbes. In the soil, the significance of differences
in soil properties with stand and age was assessed
separately for each stand by a one-way analysis of
variance. For the microbial properties, an arsine square-
root transformation was done. Significant differences
among treatment means were assessed by Fisher’s
least significant difference test (LSD, P < 0.05) and
using an F-test. Statistical computations were per-
formed with software ANOVA adapted by P. Tarakano-
vas in the Visual Basic of Application as macro pro-
gram to run in the EXCEL (Tarakanovas and Raudo-
nius 2003). SAS STEPDISC procedure was used for
selecting variables best discriminating pine species
(SAS institute, Inc. 2004). The method of principal
components in factor analysis was applied to analyse
the data of soil and pine needles components by the
FACTOR procedure. The dendrogram of cluster anal-
ysis (method= average) was generated in order to
present the relationships among pine species in dif-
ferent age groups. SAS CLUSTER and TREE proce-
dures were used for data processing.

Results

Chemical properties of soil and litter

Table 1 presents the data of soil properties. All soil
under Pinus sylvestris had higher soil C concentration
than under P. mugo. In addition, the C concentration
(%) in the soil under the oldest pines was significantly
higher (P < 0.05) than under soils with the younger pines
(Table 1), in the oldest P. sylvestris stands, as much as
40% higher amount of C than that in P. mugo soil. Also
the total N content in the soil under P. sylvestris was
higher than under P. mugo by 61%, with the highest
value in the oldest stand. The C/N ratio was lower in
younger soils for both pine species, and in 11* age class

Age, pine C N CIN P pH Table 1. ANOVA analysis for
Ps soil chemistry of study stands.
2¢ 235(0.86)a  0.059 (0.01)ab  38.13 (7.16)ab  0.012(0.006)ab  3.83 (0.14)p  Vvalues are % of the dry mass
5¢ 3.72 (1.32)abc  0.062 (0.01)ab  57.07 (13.47)b  0.009 (0.002)ab  3.82 (0.13)ab

¢ 10.30 2.71)c  0.208 (0.06)p  51.63 (8.33)ab  0.016 (0.003)b  3.77 (0.14)ab

p-level  0.065 0.087 0.391 0.531 0.926

Pm

2¢c 210 (062)a  0063(0.02)ab 33.79 (2.92)a  0.012(0.007)a  4.03 (0.16)c

5¢ 2.61 (069  0.051(0.01)ab  49.54 (7.83)abc  0.009 (0.003)a  3.87 (0.13)abc

1Mc 7.36(0.64)p  0.091 (0.02b  89.28 (16.15)c  0.005(0.002)a  3.71 (0.09)a

p-level  0.0017 0.389 0.072 0.686 0.050

In each column, means with different letters are significantly different (P<0.05). Standard
errors of the means are in parentheses, n=3. Ps — P. sylvestris, P.m — P. mugo; (2c, 5¢c llc

— 2nd) 5t oand 11" age class of stand)
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soil under P. mugo reached the highest ratio. P amount
was low and similar in all sites, except for the 11" age
class soil under P. sylvestris where it reached the high-
est value. The pH values of all soil samples were in
the range from 3.36 to 4.48, thus being very acidic. pH-
values were also affected by a tree species, with the
pH of the P. sylvestris being slightly lower than that of
P mugo (Table 1), and with tendency to decrease with
stand age.

Pronounced differences in litter quality were de-
tected for fresh fallen needle (Table 2).

Soil enzyme activities

The stand age showed positive impact on all soil
microbial properties (Figure 1; Table 4). The activity
of alkaline phosphatase, urease and protease increased
significantly in the oldest stand almost by 3, 2.5 and
1 times, compared with the youngest stand, respec-
tively. Lesser impact was found in the case with de-
hydrogenase and potential nitrification, by about 50%
higher in the oldest pine stand (Figure 1).

Table 2. Chemical characteris-

. ; Pine pH CF  Ash Lignin Fat WSC N C P K Mg Ca Na
tics of fresh needle litter collect-
. . Ps 415 438 235 321 105 351 1.09 678 0126 045 0.072 0.374 0.33
ed from two pine species from
Pm 454 514 147 434 681 229 068 67.8 0078 031 0.062 0.343 023

5t age class stands, values are

% of the dry mass. Ps — P. syl-
vestris, Pm — P. mugo

Ps — P sylvestris, Pm —

Higher values of the chemical elements were
found in P. sylvestris needles, and only crude fibre and
lignin contents were higher in P. mugo needles. There
were no differences in C concentration in the decom-
posed needle litter collected on the forest floor be-
tween both species (Table 3).

Table 3. ANOVA analysis of needle litter chemical charac-
teristics. The samples analysed were collected in pine stands
of both species at different age (presented in age classes).
The values are percents of dry mass

P. mugo. CF — crude fibre, WSC — water-soluble carbohydrates

The results summarized in Table 4, show that pine
species was an important factor for enzyme activities.
In general, the activities of all enzymes were higher
in the soil under P. sylvestris, than under P. mugo
(Figure 1).

Table 4. Results of ANOVA for the effects of pine species
and stand age on soil microbial properties

Age, c N Lignin CIN
pine

Ps

2¢  6460(0.15)ab 055(0.05a  3573(1.39b  119.8(106)b
5¢  6513(003b  0.76(0.11)a  34.03(147)a 897 (14.4)ab
¢  6443(048)ab 074(0.12a 3333 (1.18)a  92.4 (15.8)ab
plevel 0.357 0.453 0.026 0.432

Pm

2c  6576(0.4T)abc 043 (0.12ab  41.00(1.64)p  173.4 (43.2)b
5¢  6486(0.89b  0.66(0.17)  36.96(3.39)ab 112.4 (31.4)ab
11c 6386 (0.14)a  054(0.04)ab 38.86 (252)ab 118.1 (8.9)ab
plevel 0.082 0.472 0.609 0.413

In each column, means with different letters are significantly
different (P < 0.05). Standard errors of the means are in pa-
rentheses, n = 3. Ps — P. sylvestris, Pm — P. mugo; (2c, Sc
Ilc — 2™, 5" and 11™ age class of stand)

However, a tendency was revealed that litter N
concentration was by as much as 25.9% higher in P.
sylvestris needles, while C/N ratio was lower in P. syl-
vestris needles by 33.8%. Lignin content was signifi-
cantly (P=0.01) higher in P. mugo needles compared
with P. sylvestris. Among the age classes, the needles
from younger stand had the lower N concentration, and
higher C/N ratio, also lignin content. Initial lignin con-
centration in fresh and decomposed needles of P,
mugo was by 35.2 and 13.3%, respectively higher com-
pared with lignin content in P. sylvestris needles.

Source
Variable of df F P
variable
Dehydrogenase (ug triphenyl formazan g' of  Age 2 893* 0.000
soil for 24 h)
Pinus 1 1229* 0.000
AxP 2 044 0.647
Urease (ug ammonium g™ of soil for 1 h) Age 2 57.05* 0.000
Pinus 1 398 0.051
AxP 2 12.01* 0.000
Protease (ug tyrosine g soil h™) Age 2  3.06 0.059
Pinus 1 0.32 0.577
AxP 2 062 0.544
Alkaline phosphatase (ug p-nitrophenol g”' Age 2 1165* 0.000
soilh™) Pinus 1 113 0.305
AxP 2 069 0.516
Potential nitrification (ug N-NO, g soil) Age 2 286 0.088
Pinus 1 202 0.175
AxP 2 074 0.494
Fungi (CFU g™ soil) Age 2 432" 0.016
Pinus 1 855" 0.004
AxP 2 046 0.633

** — significant at P < 0.05 and 0.01

Litter decomposition rate

Litter of different pine species and different age
showed variations in their respiration intensity (Fig-
ure 2). The total release of CO, from the litter during
105 days ranged from 17.37 (P. mugo sample at juve-
nile age) to 28.74 ug C-CO, g' (P. sylvestris sample at
middle age). Respiration was highest in P. sylvestris
needle of 5™ age class, and lowest in P. mugo stand
of 2" age class.
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— P. sylvestris, Pm — P. mugo; (2c, 5c 20 4 i
Ilc — 2™, 5" and 11™ age class of =)
stand) 0 - . 0 ' -
2c 5c 1Mc 2c ac 11c

The decomposition rate constant (K ), calculat-
ed from mass losses was 0.001647 and 0.001474 for P.
sylvestris and P. mugo, respectively, (Figure 2), with
being higher by 11.7% in average for P. sylvestris. In
addition, for all P. mugo variants the first-order decom-
position rate constant (K ) varied from each other
weakly. However, for P. sylvestris the decomposition
rate constant (K ) differed among needles from differ-
ent age classes, with higher values for needles from
the oldest trees (Kw — 0.001855). The best relationships
were established between the decomposition rate and
N, r =-0.88. Litter C/N ratio and C amount showed the
weak correlation (» = -0.48) and no relationship with
decomposition rate.

Also we analysed by comparing fresh leaf litter
(collected from trees after its shaking) and decomposed
litter from the forest floor. The results showed the same
tendency — the decomposition rate constant (K ), cal-
culated from mass losses was 0.0025 and 0.0018 for P.
sylvestris and P. mugo, respectively.

Soil fungi

The density of fungi varied across the soils from
the different pine species. The amount of fungi dif-
fered significantly (p=0.004) between the soil under P.
sylvestris and under P. mugo and the higher amount
in average reached in the site under Scots pine, by
101.4 x10* cfu g' soil (Figure 1). The amount of fungi

0.002 Kw s gy 1 C- CO;z g litter

_ 00018 ‘T—’» L.
Figure 2. The needle decomposi-  0.0016 T =
tion rate constant (K ), calculated  0.0014 +— 20
from leaf mass loss. Mean values =  0.0012 -— 15
SE are shown per each measure- 0.001 41— 10
ment. Carbon release as CO, meas-  0.0008 47—
urement during 105 d incubations of ~ 0:0006 17— 5 ; ;

. . . 0.0004 1+—] Days of incubation
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in the soil under different age classes also differed
significantly between two species, being lowest in the
soil under P. mugo of 5" age class, and the highest
soil fungi population occurred in the oldest P. sylves-
tris stand, 73.2 x10* and 109.7 x10* cfu g' soils, respec-
tively.

Joint analysis of all soil and needle components

Soil and needle components were the most dis-
tinguishing between species at mature age. Average
distance of mature Scots pine cluster from the rest was
twice as large as for mature P. mugo (Figure 3).

ed properties of soil and needle components (fungi,
bacteria, pH, urease, dehydrogenase, soil C, soil N,
needle N, needle C/N) is evident. All the characteris-
tics, except ph and needle C/N, correlated positively
with Factorl estimates. Fungi, soil C, soil N and nee-
dle C_N correlate positively and significant with Fac-
tor2, the rest negatively. And only pH, dehydrogenase
and N of all used characteristics had negative corre-
lation with Factor3 estimates.

mugo_mat

mugo_mid

Figure. 3. Dendrogram showing the relation-
ships between two pine species in all char-
acteristics at different stand age (abbrevia-
tions: you- juvenile age, mid — middle age,

sylv_mid

sylv_you

mugo_you

sylv_mat

mat — mature age, which correspond 2, 5
and 11" age class of stand) based on the trait
average

1.8 1.6

The least difference was between P. mugo and P,
sylvestris at middle age. P. sylvestris at juvenile age
was the closest to the cluster of both species stands
at middle age. P. mugo at juvenile age was at the dis-
tance 0.64 from the mentioned group, while the dis-
tance of mature P. mugo was 0.78. Factorial analysis
of characteristics best discriminating pine species
proves that differences between two species are sub-
stantial (Figure 4).

Nine of eighteen characteristics were significant-
ly contributing to differences between species, though
variance explained by three factors did not exceed 10
percent. Even if portion of variance explained is not
large, the separation of both pine species by estimat-

Figure 4. Plotting of estimated properties of soil and nee-
dle components (fungi, bacteria, ph, urease, dehydrogenase,
soil C, soil N, needle N, needle C/N) in tridimensional per-
spective on factorial axis. Different shapes indicate pine
species: diamonds indicate P. mugo and pyramids — P. syl-
vestris. Variance explained by Factorl, Factor2 and Factor3
was accordingly 3.18, 1.70 and 1.25

1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0
Average Distance Between Clusters

Factor3

2.14

0.82

-0.50

i

i || o]

Factor2

-1.82
2.06

-0.82 0.75

-0.61 Factor1
-2.27 -1.97
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Discussion

All sampling sites were located within transect of
the Curonian spit. The sampling sites were chosen
relatively similar in pine age and soil. Therefore, our
data should be interpreted assuming that the major
differences in the revealed properties can be attribut-
ed to the effect of pine species and age.

Our prediction that the different pine species in-
fluenced the soil chemical and biological properties was
supported by the results. Our study showed that even
pine species affect decomposition rate, soil fungi abun-
dance and enzymatic activity in a distinct manner.

Litter fall and decomposition are important func-
tions in the case of recently afforested soils with low
organic matter or without it, particularly in dunes, for
organic matter accumulations (Sariyildiz et al. 2005)
and for other associated ecological benefits. When a
plant has rapidly decomposing litter due to the differ-
ences in the litter chemistry (Ashton 2005), it tends
to raise rates of nutrient cycling within the young
ecosystem. Despite the fact that in many cases it has
been noted that litter from alien plants decomposes
and nutrients are released more quickly compared with
native plant litter (Ehrenfeld 2003, Ashton 2005, Liao
et al. 2008), in our study we found an opposite effect.
Due to variations in needle chemical properties of pine
species (Tables 2, 3), differences in needle decomposi-
tion rates were expected. Similar differences in chemi-
cal litter composition of the two pine species were
observed in other studies (Nardi et al. 2000).

N, C/N, and lignin concentrations were the best
predictors of needle mass losses of different pine
species and affected their decomposition rates and
hence the nutrient cycling process in this forest eco-
system. Pmugo had less N-rich needles, higher lignin
content, and thereby slower litter decomposing rate.
Conversely, the litter from P. sylvestris contained rel-
atively low levels of lignin and crude fibre, and high
levels of ash, fat, N and water-soluble carbodydrates
(WSC), and P. sylvestris exhibited significantly faster
rates of decay. There was no difference between ini-
tial litter C content between species, and C/N rate was
high enough for both species. This suggests that
decomposition rate is determined by N and/or other
nutrient content rather than by C. This result confirms
the previously reported pattern that high quality lit-
ter (characterized by higher N concentration and low-
er C/N ratio) can decompose faster in comparison with
low quality litter (Vesterdal et al. 2008). For needles
of P. sylvestris with higher N content the mass loss
and respiration rate were more than 11.7 and 11.1%
higher respectively, than for needles of P. mugo with
lower N content. The importance of the initial N con-

tent for the decomposition rate was noted also previ-
ously (Vestgarden 2001). Also litter, containing rela-
tively low levels of lignin and high levels of carbohy-
drates, exhibited significantly faster rates of decay than
the highly lignified litter (Hansson et al. 2011) and may
be as a good predictor for mass losses from litter (Sa-
riyildiz and Anderson 2003). Moreover, despite the
different needle fall time of the two pine species, the
comparison of chemistry, in both cases showed P.
sylvestris to have higher N concentration and lower
C/N ratio in soil (Table 1). C concentration was slightly
higher in the soil under P. sylvestris. This can be ex-
plained by differences in needle longevity, as P. syl-
vestris needle longevity is usually around 3-5 years,
compared with more than 5 years for P. mugo needles.
As a result, increased needle litter input is the prime
factor, together with needle properties for accumula-
tion of organic matter.

The age of tree stand may also alter ecosystem.
Effects of stand age on the microbial properties also
was detected in previous studies (Bauhus et al. 1998).
Tree species impact on soil biological properties was
small and mostly not significant on young soils. This
is common that organic layer accumulation after pine
establishment is a long-term process, particularly after
P. mugo establishment more than 100 years is required
to increase the organic layer by more than 10 cm (Dirn-
bock et al. 2008). We may assume that for pine stands
in new afforested sites, the period of about 100-120
years is enough to exhibit clear differences in soil prop-
erties. Our results indicate that the slightly increased
respiration of the P. sylvestris and the values of enzyme
activities in general were greater for the most developed
soils. It agrees with other studies that the microbial
communities in less developed soils are less efficient
at mineralizing C (Hopkins et al. 2007), nitrification rates
generally increase with age (Barford and Lajtha 1992).
Moreover, more large differences between the investi-
gated microbial indicators were determined by the old-
est P. sylvestris stand compared with P. mugo stand.

When areas without organic soil layer are re-
claimed for forestry, soil microbes are responsible for
establishing biogeochemical cycles and for energy
transfer, and are involved in forming soil structure
(Diaz-Ravina et al. 1993). Soil and litter resource qual-
ity also directly affect the abundance, composition, and
activity of the decomposer community. Older stand
have higher content of organic matter and create con-
ditions for habitat heterogeneity, which in the oldest
stand seemed to be responsible for the more abundant
soil fungi population (Figure 1). The overall amount
of fungi was higher in soil under Pinus sylvestris.

For this study we assumed that enzyme activities
could serve as sensitive indicators for the measuring
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of impact of pine species on soil formation and qual-
ity. Changes in enzyme activities during litter decom-
position provide information on the changes in soil
quality and functional microbial succession (Nannip-
ieri et al. 2003). Instead, the higher activity was in soil
under P. sylvestris, which agrees with other studies
(Nardi et al. 2000). Also, the phosphatase activity
values in the present study are within the range of
those reported for acidic soils from coniferous forests
(Pang and Kolenko 1986). Enzyme activity for each age
class was found to increase proportionally with stand
ages. There were only occasional differences in en-
zyme activity in younger stands, and significant dif-
ferences in older ones. Longer period of tree growth
results in higher organic matter accumulation in the
soil. Lower enzyme activity in soil from young stands
may be due to lower organic C as was noted previ-
ously that soil organic matter amount influences en-
zyme activity (Nannipieri et al. 2003). In addition, it
was found that changes of land use associated with
organic matter content can alter the soil enzyme ac-
tivities (Kizilkaya and Dengiz 2010). Microbial succes-
sion with shifting enzymatic capabilities enhances
decomposition (Hattenschwiler et al. 2005), which is
tied to organic matter content in soil.

The pH values of the pine soil investigated in our
study were generally low. Conifers may increase soil
acidity due to needle litter which has low pH (Hagen-
Thorn et al. 2004, Oostra et al. 2006). Lower pH of the
soil under P. sylvestris is linked to lower needle pH of
4.15, compared to P mugo needle pH of 4.54. A decrease
in pH with soil development is a common phenomenon
and has been observed at other reclaimed sites (Gra-
ham and Haynes 2004) as well as during primary suc-
cession on sand dunes (Emmer and Sevink 1994).

Conclusions

The variability of needle litter decomposition and
enzyme activities, as occurs among different pine spe-
cies, is accompanied by differences in needle litter
chemistry. Needle from native pine P. sylvestris has
higher decomposition rate and nutrient contents, than
litter from alien P. mugo species, potentially leading
to increased rates of nutrient cycling, productivity in
the forest ecosystem and soil formation intensity.

The results of a study also bear geographic rele-
vance as there was no such study performed before,
and future investigations might be focused on micro-
organism activity shift associated with plant species.
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PA3JIOKEHHUE NMOACTHUJIKHN MECTHOI'O PINUS SYLVESTRIS L. 1 YY) KEPOJHOI'O
PINUS MUGO BAJIOB COCHBI PAZHBIX BO3PACTOB, 1 BO3JIEMNCTBHUE HA CBOMCTBA
IHOYBbI U AKTUBHOCTDb ®EPMEHTOB B IIECYHAHBIX JIOHAX

. SInymayckaiite, B .bamoukac, 3. J[adksaBu4ioc
Pe3siome

Ha 6nyxnparomux aroHax Kypmckoit kocsl (3amagnas JIuTBa) mpon3pacTaloT B OCHOBHOM COCHBI MECTHOTO
npoucxoxjaeHust Pinus sylvestris L. u uaTpogynuposanusie Pinus mugo. Ilocagka HHTPOAYLUPOBAHHBIX BHJOB BBI3BaNa
HEeoOXOIMMOCTh UCCIEAOBAHUM, HANPABIECHHBIX Ha BbISBICHUE 3(1)(1)eKTa BO3/JIEMCTBUA Ka)XJ0ro BUJa Ha MOYBEHHYIO
sKocHCcTEMyY. bbUIO OIpesiesIeHo KOTMYeCTBO OUBEHHBIX IPHOOB, AKTUBHOCTh MUKPOOHBIX ()epPMEHTOB, CKOPOCTh PA3IIOKECHHS
XBOH, HHTCHCHBHOCTb JIBIXaHHs, XUMHYECKUH COCTaB ITOYBHI X XBOM HA MECTaX IIPOM3PACTAHMS PSAIOM PACTYIINX MECTHBIX U
HUHTPOIYLMPOBAHHEIX coceH. OOBEKTHI HCCIEeI0BaHNUs OBLTH MOJ00PaHbI B JPEBOCTOSAX PA3HOTO BO3pAcTa, MPOU3PACTAIONINX
B HECKONBKHX MecTax. Beero mis uccnenosanuii 66u10 mogodpano 18 00beKTOB, Iie MPOU3PACTAIOT COCHIKH TPEX KJIACCOB
BO3pacTa, M 1o Bo3pacty pacupenenstorcs ot 14 no 120 net. XBost P. sylvestris pasnaraiack ObicTpee XBou P mugo.
Coneprkanue a3oTa B XBoe P mugo OBIIO HIDKE, a COOTHOIIeHHe yrepoaa k asoty (C/N) u coieprkaHue JIMTHUHA OBIIO BEIIIE
1o cpaBHEeHHIO ¢ P. sylvestris. Ilorepst Macchl XBOM IONOKHUTENIBHO Koppenuposaia ¢ C/N U ¢ KoJIH4ecTBOM IpHOOB B IIOUBE.
Bce o6pasisr mouBsl u3 nox P. sylvestris uMenu 6ojee BBICOKYIO KOHIIGHTPALUIO IMOYBEHHOIO yITIEepoja M a30Ta. AHAIH3
00pa3oB MOYBHI MOKA3aj, YTO B OOJNBLIMHCTBE CilydaeB oOunue rpuboB B mouBe mox P sylvestris mpeBocxommino P mugo.
AKTUBHOCTb (h)epPMEHTOB MOYBBI OblIa HIDKE NMOA P. mugo. AKTHBHOCTb MHBEPTa3bl, JETUIPOIeHAasbl, MEN04HOI (ocdarasbl,
HpoTeasbl, U MOTCHIMAIbHAS aKTUBHOCTh HUTPU(UKALMK TI0CIE MOCAJKH JIeca MOCTENEHHO YBEIMYUBANIach C BO3PACTOM
npeBocToeB. IloydeHHbIe pe3yIbTaThl YKa3bIBAIOT HA PA3IHYMs JIECHOH MOJCTHIIKE M CKOPOCTH PA3JIOKEHHs, B CBI3H C 4eM
MOTYT NIPOU30UTH H3MEHEHUSI MUKPOOHOM aKTUBHOCTH M OOMEHBI ITUTATENILHBIX BEIIECTB B SKOCUCTEME JIECa.

KiroueBble ciioBa: CKOPOCTBb PaA3JIOKEHUS JIECHOM IMOJACTHJIKH, aKTUBHOCTH (l)epMeHTOB, COCHa O6bIKHOBeHHafl, COCHa
ropHasi, Ka4€CTBO JIECHOM TOJICTUIIKU
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