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In order to evaluate weight and nutrients content in dwarf pine biomass, sample
trees were taken for destructive analysis in the formerly air-polluted Orlické Hory
Mountains. Investigated stand of dwarf pine was planted in 1988-1989 within clear-
cut at elevation 1060-1110m (N'W aspect, Sorbeto - Piceetum). Totally 29,000 kg.ha!
of dry biomass was accumulated in the stand. Above-ground biomass accounts for
27,000kg (needles 8,000kg and wood 19,000kg) and main root biomass represents
ca 2,000 kg.ha'. The biomass of dwarf pine stand contained following amounts
of nutrients per hectare: 153 kg of Nitrogen (from this 64% in needles, 27% in wood
and 8% in roots), 14.5kg of Phosphorus (52% in needles), 46 kg of Potassium (52% in
needles), 22kg of Calcium (45% in needles) and 15kg of Magnesium (40% in needles

and 44% in wood).
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Introduction

Forests in the Czech Republic are under heavy
anthropogenic pressure. The main factors are
air pollution, pollutant deposition, change of
natural forest ecosystems and also global climate
changes (Lomsky, Sramek 2004). Dwarf pine (Pi-
nus mugo Turra) is considered a suitable species
for sites affected by extreme frost stress and can
be used as nurse species first substituting and
later fostering commercially important tree spe-
cies in mountain sites affected by disturbances
(Balcar et al. 2011). The changes in environmen-
tal conditions caused by acidic air pollution did
not allow renewing forest stands within large
mountain areas in 1980’s. The components of
the pollutants deteriorated properties of natu-
rally acidic soil changing them to even more
acidic ones. This led to a loss of base nutrients.
However, nutrients may be returned to the soil
via litter-fall; this is a part of an ameliorative
function of forest. Dwarf pine was able at least to
restore and keep a soil cover, and thus provided
an anti-erosion function of forest.

The ameliorative effect of trees depends espe-
cially on chemical properties of their litter-fall
and, subsequently, on decomposition processes
of necromass. Therefore, scientific knowledge
of nutrient contents in biomass of particular
forest species is necessary for better under-
standing their roles in forest ecosystems. The
main objective of this paper is to evaluate an
amount of aboveground biomass of dwarf pine
and to quantify a content of main nutrients in
particular biomass components. The question
is: Which part of dwarf pine biomass is impor-
tant as a potential source of nutrients?

Material and methods

Three plots were established in dwarf pine
stands in the Velkd Destna Mt., the Orlické
hory Mts., North-Eastern Bohemia in 2002. The
stand was established by planting on clear cutin
1988-1989. The plots are situated at an altitude
of 1060-1110m on north-western slope, the
co-ordinates are 50° 18’ 137, 16° 23’ 58”. Area of
each plot was 100 m? (10 x 10 m).

181



182

D. Dusek, . Novdk, D. Kacdlek, M. Slodiédk

All dwarf pine individuals in the each plot
were measured (height, width of crown in
north-south and east-west directions) and, sub-
sequently, three samples (one shrub per plot)
were selected to evaluate biomass amount. The
samples were divided into particular annual
shoots and particular components (needles,
bark and wood) were weighed separately. Bark
and wood of annual shoots older than 5 years
were processed altogether. Additionally, the
samples for chemical analysis (nutrient contents
in needles, bark and wood) were taken from the
other individuals. Merely weight and nutrients
content of coarse roots were evaluated, because
of impossibility to obtain all (particularly fine)
roots.

The samples were dried first in the open air
and afterwards in a laboratory at 105°C and
weighed. Total nitrogen (N) concentration was
analyzed according to Kjeldahl procedure and
phosphorus (P) concentration was determined
colorimetrically. An atomic absorption spectro-
photometer was used to determine total potas-
sium (K) concentration by flame emission, and
calcium (Ca) and magnesium (Mg) by atomic
absorption after addition of La. Weight of dry
biomass and nutrient content were recalculated
into a hectare area.

Results

The amounts and concentrations of nutrients
were different in the particular biomass com-
ponents. Nitrogen concentrations ranged be-
tween 1.1-1.3 % in needles, 0.6-1.2 % in bark and
0.2-0.7% in wood. Phosphorus concentrations
were 0.07-0.11% (needles), 0.07 - 0.15% (bark),
0.02-0.09% (wood). Potassium concentrations
were 0.20-0.36% (needles), 031-0.44% (bark),
0.07-0.28% (wood). Calcium concentrations
were 0.09-0.32% (needles), 0.10-0.21% (bark),
0.04-0.06 % (wood). Magnesium concentrations
were 0.06-0.09% (needles), 0.10-0.11% (bark),
0.03-0.08% (wood). The lowest concentrations
of all nutrients were found in wood. Generally,
the nutrient concentration was lower in older
annual shoots in all components (needles, bark
and wood). Only calcium concentrations in
needles and bark were higher in older annual
shoots (fig. 1).

Nutrients concentrations in coarse roots were
similar to concentrations in aboveground bio-
mass, excepting calcium concentration, which
was approximately three times higher.

The weight of dry mass of average shrub
was approximately 8.4 kg. Wood accumulated
ca. 64% of biomass, but needles were higher
in nutrients, except for magnesium (tab. 1).
Coarse roots biomass comprised only 7% of to-
tal biomass, but it does not represent biomass
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Fig. 1: The concentrations of nutrients in particular annual shoots.
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of all roots. Weight of dry mass per hectare was
approximately 29,000kg (considering density
3,500 shrubs.ha?).

Such a dwarf pine stand contains ca 153 kg of
nitrogen (64% needles, 27 % wood and 8% roots
respectively), 14.5kg of phosphorus (52% nee-
dles), 46 kg of potassium (52 % needles), 22 kg of
calcium (45% needles) and 15 kg of magnesium
(40% needles, 44% wood).

Discussion

Brewer et al. (1994) evaluated nutrient con-
tents in needles of six annual shoots of dwarf
pine at different elevations (490-1350m a. s.
l.) in Bohemian peatbogs. The needles were
0.92-1.15% nitrogen, 0.10-0.12% phosphorus,
039-0.61% potassium, 0.15-038% calcium,
and 0.05-0.11% magnesium. Calcium content
clearly increased with age of needles, whereas
trend in nitrogen, potassium and magnesium
was inversed. This is quite consistent with our
findings. Brewer et al. (1994) found no substan-
tial differences at various elevations. A general
trend toward increasing calcium and decreas-
ing nitrogen, potassium and magnesium with

Tab. 1: Dry weight of biomass and nutrient contents.

needle’s age was also found by Byliniska et al.
(2000) and Spinlerov4, Martinkova (2009).

Spinlerova (2011) investigated above-ground
biomass in four transects (within 4 m?area per
transect, thus the term transect is questionable),
the Hruby Jesenik Mts. In this study, dry mass
totaled 67,000-174,000 kg.ha' in 20-150-year-
old stands which exceeds substantially our
23-24-year-old study stand. There are three pos-
sible causes of this (with presumably decreasing
magnitude of influence): 1) Our stand showed
substantially sparse density; 2) Our sample
strategy leads to negatively biased results; 3) Our
laboratory preprocessing of biological materi-
als (air drying) caused significant losses due to
respiration.

Spinlerové4, Martinkova (2006) found dwarf
pine providing germinating herbs, woody sap-
lings and new plantations with a sufficient shel-
ter in the Orlické hory Mts. Bartos et al. (2009)
found that under conditions of summit parts
of the Krkono3e Mts., dwarf pine site showed
higher both amount of snow and snow cover
among all the woody species tested. However,
the dwarf pine stand was not able to retain as
much water as 20-year-old spruce stand did dur-
ing spring thawing.

Biomass (g)
Annual shoots Sample Sample Sample M (N " . ca Mg
shrub1l shrub2 shrub3 can (g) g (&) (&) g ()
Needles 578 966 779 774 10.0 0.9 2.8 0.7 0.7
1 Wood" 162 237 267 222 1.4 0.2 0.6 0.1 0.2
Total 740 1203 1045 996 - - - - -
Needles 610 823 1019 817 9.4 0.8 2.0 0.8 0.5
2 Wood" 240 477 420 379 1.2 0.2 0.6 0.2 0.2
Total 850 1300 1439 1196 - - - - -
Needles 466 550 534 517 5.6 0.4 13 0.8 0.3
3 Wood" 305 354 409 356 0.7 0.1 0.3 0.2 0.1
Total 771 904 943 873 - - - - -
Needles 340 278 336 318 3.4 0.2 0.8 0.5 0.2
4+5 Wood" 4857 3964 4370 4397 8.8 1.2 4.0 2.2 1.4
Total 5197 4242 4706 4715 - - - - -
Roots 474 583 763 606 3.7 0.3 0.8 0.9 0.7
Total (g) 8386 443 4.2 13.2 6.4 43
Total needles (g) 2426 28.4 2.2 6.9 2.9 1.7
Total wood? (g) 5354 12.1 1.7 5.5 2.6 1.9
Total roots® (g) 606 3.7 0.3 0.8 0.9 0.7
Total biomass (kg.ha™) 29072 153 15 46 22 15

1) wood and bark together; 2) wood and bark for 1-5 and older annual shoots together; 3) only coarse roots
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The opinions on the dwarf pine function dif-
fer when this species is grown in areas where
the pine is not considered a native species.
Hosek et al. (2007) and Treml et al. (2007), pro-
posed to remove large dwarf pine stands in the
Hruby Jesenik Mts. On the other hand, Madéra
etal. (2011) pointed out potential risks resulting
from rapid and extensive deforestation in the
area of interest. Results of our study support
this conclusion as we found that the dwarf pine
stands can accumulate the important nutri-
ent’s amounts and store them in the mountain
ecosystem.

Conclusion
From our study it can be concluded:

e The accumulated dry mass of biomass of
dwarf pine totaled 29,000 kg.ha-1; above-
ground biomass weighed 27,000kg (8,000kg
of needles and 19,000kg of wood) and coarse
roots weighed 2,000kg.

e As for nutrient cycling, biomass of needles
and to some extent biomass of bark seems to
have a crucial role. Younger needles contain
more nutrients compared to older ones, ex-
cepting calcium.
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