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Abstract

Holik L., Rosikova J., Vranovd V. (2018): Effect of thinning on the amount of mineral nitrogen. J. For. Sci., 64:
289-295.

The soil nitrogen cycle and the dynamics of its transformation are closely related to the functioning of the forest eco-
system. This cycle, and the availability of nitrogen as a necessary nutrient in the soil, can be influenced by the process
of thinning. The aim of this study is to describe the impact of silvicultural measures on the content of ammonium and
nitrate nitrogen in forest soil. Attention is paid to the organic (spruce treatments) and organomineral horizon (beech
treatments) in which the transformation of soil nitrogen is most pronounced. Spruce treatments at the Rdjec-Némcice
area and beech stands at the Bfezina area, both in the region of Drahanskd vrchovina (Czech Republic), were selected
for the experiments. Two variants of thinning thinning from below and thinning from above, were performed in the
spruce treatments, and thinning from above was performed in the beech treatments. Control variants with no silvi-
cultural measures were defined in both treatments. The amount of ammonium nitrogen in the spruce treatments with
thinning from above was in most cases higher than in the other variants. On the contrary, in variant with thinning from
below, the ammonium nitrogen content decreased. In terms of the nitrate nitrogen content, the values were generally
higher for variants with silvicultural measures than for the control variants. In the beech treatments, the amount of
ammonium nitrogen increased and, on the contrary, there was a small decrease in the amount of nitrate nitrogen due
to the effect of thinning from above. The differences between thinning from above and the control variants in the
beech treatments were less noticeable than in the spruce treatments. Overall, however, it can be said that the nitrogen
content available to the vegetation increased. The results of the given experiment provide insight into the trends of

nitrogen mineralization intensity in stands in which silvicultural measures are performed.
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Plants and micro-organisms are limited in most
soils by the lack of nutrients, especially nitrogen
and phosphorus, as well as other macro- and mi-
cro-elements (Kuzyakov, Xu 2013). Nitrogen is a
nutrient that regulates primary production in most
ecosystems (ARBESTAIN et al. 2008) and its cycle
affects almost all aspects of the functioning of an
ecosystem (VITOUSEK et al. 1997; CRAINE et al.
2015). The nitrogen cycle in the ecosystem is com-

plex with several transformations, feedback and
interactions with other important biogeochemical
elements (LEBAUER, TRESEDER 2008; THOMAS et
al. 2013). In forest ecosystems the nitrogen cycle
consists of three processes that represent input,
transformation, and output. These processes in-
clude biological nitrogen fixation, organic matter
decomposition, nitrogen mineralization, nitrifica-
tion, denitrification, nitrogen oxide emissions and
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nitrogen loss by leaching (FANG et al. 2004; ZHU et
al. 2015). Most soil nitrogen is deposited in dead or-
ganic matter and can be converted from insoluble
organic nitrogen to soluble organic nitrogen by soil
microorganisms in the forest ecosystem. Part of the
NH; is assimilated by the plant, immobilized by
microorganisms or absorbed by clay minerals. The
remaining NH} is oxidized to nitrate (NO;) by ni-
trifying bacteria (CHAPIN et al. 2002). The hydro-
gen cation (H*) produced during nitrification can
cause acidification of the soil. NO; is prone to loss
from the ecosystem by leaching or nitrogen oxide
emissions (VESTGARDEN, KjoNaAs 2003).

Disturbances are important factors in chang-
ing environmental processes. Forest ecosystems
experience natural disturbances such as fires and
wind and interventions that are part of forest man-
agement (thinning, forest logging) (GENG et al.
2012). Thinning changes the conditions of the for-
est microclimate (Ma et al. 2010), which directly
and indirectly affects the properties of the soil.
The availability of nutrients is a dominant factor
in the long-term production of an area and the
maintenance of the structure and function of for-
est ecosystems (JOKELA et al. 2004). The intensity
of thinning and removal of the remnants of extrac-
tion can lead to changes in the nutrient cycle by
reducing the amount of nutrients that are part of
the organic matter being removed (BLANCO et al.
2008; FINKRAL, Evans 2008). Thinning also re-
duces nutrient yields through a reduced amount of
plant litter (SMITH et al. 2000). At the same time,
it influences the speed of mineralization of soil or-
ganic matter after the forest stands are loosened
(ALVAREZ et al. 2016).

Therefore, knowledge of the soil nitrogen cycle is
crucial for understanding the behavior of ecosys-
tems and their responses to natural and anthropo-
genic changes (JONESs et al. 2004; KULHAVY, MENSTK
2014; PURAHONG et al. 2014). The dynamics of or-
ganic matter of forest soils and soil chemistry are
influenced, in particular, by the type of trees form-
ing the forest stands, which determines the accumu-
lation, transformation and mineralization of humus
by the amount of litter and its quality (GOMORYOVA
et al. 2006; PODRAZSKY et al. 2006; SCHONING,
ScHrRUMPF 2017). The nitrogen cycle is also close-
ly associated to the carbon cycle (SCHRUMPF et al.
2014), and forest management together with the
ecological factors of the given ecosystem play a
pivotal role in both the nitrogen and carbon cycle
(PODRAZSKY et al. 2005; PRIETZEL et al. 2006).

In this study, attention is paid to the effect of sil-
vicultural measures on the ammonium and nitrate
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nitrogen content, in the organomineral horizon
(Ah) of a beech forest and in the organic horizon
(H) of a spruce forest. Within the soil body, these
are influenced both by the natural ecological fac-
tors of an ecosystem and by human interventions.
It is our hypothesis that 30% thinning will slightly
increase the amount of ammonium and mineral ni-
trogen in the given stands.

MATERIAL AND METHODS

We selected two research areas: the Réjec-
Némcice research area (part of the International
Long Term Ecological Research network) and the
Brezina area located to the southeast of the Réjec-
Némcice research area. The Rijec-Némcice re-
search area (49°26'N, 16°41'E) is situated in Drah-
anskd vrchovina (Czech Republic) at an elevation
of 600—660 m a.s.l. The bedrock consists of acidic
granodiorite, soil type is Haplic Cambisol (IUSS
Working Group WRB 2015). Environmentally it is
a moderately warm and humid climate. The aver-
age annual air temperature is 6.5°C and the average
annual rainfall is 631 mm. From a forestry point of
view, the ecosystem belongs to the 4" forest veg-
etation zone — Fagetum mesotrophicum (nutrient-
medium beech). At the Réjec-Némcice area, the
spruce treatments were 40 years old, and strong
thinning from above and thinning from below had
been performed at an intensity of 30% and a part
was left without any intervention as a control vari-
ants. The original tree density was 4,200 trees per
hectare, thinning was carried out in 1986, 2002 and
2010 and the density was reduced to 2,381 trees
per hectare. The size of the spruce treatments was
25 x 25 m for each of the variants (thinning from
above, thinning from below, control). The Brezina
area (49°16'N, 16°45'E) has the same climatic and
pedological characteristics. At the Bfezina site, the
beech treatments were 45 years old with thinning
from above of 30%, and there was a control vari-
ants without any thinning. The thinning was per-
formed in 2009 and the original number of 3,327
trees per hectare was decreased to 2,329 trees per
hectare. The size of the beech treatments for the
thinning from above and control variants was 50 x
50 m. Sampling from both sites was conducted dur-
ing 2014, in intervals of 45 days, starting in April.
Three mixed samples from the organic horizon
(Rdjec, horizon H-thinning from above, thinning
from below, control) and the organomineral ho-
rizon (Bfezina, horizon Ah-thinning from above,
control) were taken for analysis, because the organ-
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Table 1. Selected physical and chemical properties of the tested soils in Réjec-Némcice and Brezina area

Plot C, (%) N, (%) C/N pHH,0 pHIMKCI Clay (%) Silt (%) Sand (%)
Spruce forest

Thinning from above 25.6 1.42 18.0 3.37 2.65 - - -
Thinning from below 22.9 1.26 18.2 3.48 2.68 - - -
Without thinning (control) 21.5 1.00 21.5 3.04 2.46 - - -
Beech forest

Thinning from above 9.52 0.58 16.3 5.52 4.93 9.66 63.5 26.8
Without thinning (control) 6.92 0.40 17.2 5.81 4.84 10.17 63.4 26.4

C, — total carbon, N, - total nitrogen, pH H,O - active reaction, pH KCI - potential reaction

ic horizon at the Brezina site could not be removed.
The samples were sieved through a 2-mm sieve and
stored in the cold and dark at 4°C.

The amount of ammonium (NH;) and nitrate
nitrogen (NO;) in the samples was determined
spectrophotometrically according to KUCERA et al.
(2013). To 10 g of fresh soil was added 50 ml of 1M
KClI solution and shaken for 30 min. After shaking,
the sample was centrifuged. Concentration of NH}
was measured in wavelength of 655 nm (green co-
loured solution). Concentration of NO; was mea-
sured in wavelength of 410 nm (yellow coloured
solution). The soil pH was measured in a soil:water
suspension with a ratio of 1:2.5 in 1M KCI (ZBIrRAL
et al. 2010). Total carbon (C) and total nitrogen
(N,) was detrmined on LECO TruSpec Analyzer
(LECO Corporation, USA). Calibrated to LECO
standards: Tobacco 1016. Soil texture was deter-
mined by pipetting method according to ZBIRAL
et al. (2010). Table 1 gives the basic physical and
chemical properties of the study areas. The statis-
tical evaluation was performed using the single-
factor ANOVA module and a multiple comparison
was performed using the Fischer’s Least Significant
Difference test. The significance level of analyses
of all data was o = 0.05. Statistically homogeneous
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Fig. 1. The Rdjec-Némcice (a), Brezina (b) area, the amount of mineral nitrogen (N

groups of stands are designated by the same letter
in Figs 1a, b. Standard error is listed vertically for
each month. The statistical program STATISTICA
(Version 12.5, 2014) was used.

RESULTS

The results from the Rajec-Némcice area show
that at the beginning of the measurements, higher
amounts of ammonium nitrogen (Table 2) were
found in sections of the variants with thinning
from above (7.43 ug N-NH}.g™! dry mass), and
lower levels of ammonium nitrogen in parts with
thinning from below (4.93 pg N-NH;-g™! dry mass)
compared to control variants (6.13 pg N-NH}.g™!
dry mass). During further measurements, a lower
amount of ammonium nitrogen (Table 2) was de-
termined in the thinning from below variants in
June (7.82 pg N-NH;.g™' dry mass) and October
(8.07 ug N-NH;.g™' dry mass) and an increase
NH; in thinning from above variants in September
(11.01 pg N-NH;-.g™! dry mass) and a decrease in
October (10.16 ug N-NH;-g™! dry mass) compared
to the control variants. In July, there was no sta-
tistically significant difference between the studied
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Table 2. The Réjec-Némcice area, thinning effect on the amount of ammonium and nitrate nitrogen in the Norway

spruce stands (the results represent ug N-NH;-g™' dry mass and ug N-NO;-g™' dry mass measured in the soil samples)

Plot April June July September October
NH;

Thinning from above 7.44* 11.71 5.58 11.01* 10.16*
Thinning from below 4.93* 7.82% 6.14 7.77 8.07*
Control 6.13% 10.13 5.82 7.32 14.40*
SE £ 0.253 0.750 0.284 0.382 0.614
NO;

Thinning from above 5.16% 10.10% 6.68* 11.71% 5.85%
Thinning from below 6.00% 8.56* 6.25% 17.36* 4.56%
Control 3.45% 9.50% 4.39* 5.38* 3.29*
SE + 0.271 0.226 0.486 0.562 0.137

SE — standard error, *statistically significant (P < 0.05, n = 6) for each month (vertically), results for SE + of Fisher’s Least

Significant Difference test for each month (vertically)

variants for ammonium nitrate. For nitrate nitro-
gen (Table 2), higher amounts were determined for
both variants of silvicultural measures compared
to parts of the variants without the thinning, with
one exception in June, when a lower amount of NO;
was determined (8.55 ug N-NO;-g! dry mass).
The differences between the variants of silvicultural
measures were not significant except for in Septem-
ber, when the lowest amount of NO; (Table 2) was
recorded in the variants without thinning (5.38 pg
N-NO;-g™! dry mass) and the highest in the case of
thinning from below (17.35 ug N-NO; g™ dry mass).

The treatments at the Brezina area (thinning
from above) showed a slight increase in the amount
of ammonium nitrogen (Table 3) during the whole
measurement period, with the exception of July. In
this sampling period, the amount of NH; (5.54 ug
N-NH;-g™! dry mass) was less than the part of the
variants without thinning (10.39 pg N-NH;.g™*
dry mass). In the remaining months, the differ-
ence between the variants with and without thin-
ning ranged from 1.7 to 3 pg N-NH}-g™! dry mass

(Table 3). In the months of June and July, the amount
of NO; in the variants with thinning was decreased
(Table 3). On the contrary, the nitrate nitrogen in-
creased in September, 1.06 ug N-NO;-g™! dry mass
was determined in areas with thinning, and 0.55 pg
N-NO; g™ dry mass in variants without thinning
(Table 3). The measurements may have be affected
by rainfall in July, when it rained throughout the
week prior to the sampling period.

Mineral nitrogen at the Rdjec-Némcice area in
the control variants (without thinning) and in the
variants with the thinning from above shows a sim-
ilar trend as the ammonium nitrogen (Fig. 1a). The
exception was in July, when the amount of mineral
nitrogen increased in the variants with thinning
from above compared to the control variants. In
variants with thinning from below, an overall in-
crease in mineral nitrogen was observed, which was
evident in September when the amount of nitrogen
was higher than in the other two variants (Fig. 1a).
In the beech treatments, a statistically significant
difference between the variants with thinning from

Table 3. The Brezina area, thinning effect on the amount of ammonium and nitrate nitrogen in the European beech

stands (the results represent ug N-NH}-g™' dry mass and ug N-NO;-g™"' dry mass measured in the soil samples)

Plot April June July September October
NH;

Thinning from above 7.42*% 18.64* 5.55% 5.02% 7.33*
Control 5.65*% 15.49% 10.40* 3.37% 5.86*
SE + 0.592 0.860 0.633 0.342 0.354
NO;

Thinning from above 0.54 0.40* 0.60* 1.07* 1.08
Control 0.51 0.80* 0.73* 0.55% 1.09
SE £ 0.096 0.089 0.048 0.112 0.049

SE - standard error, *statistically significant (P < 0.05, n = 6) for each month (vertically), results for SE + of Fisher’s Least

Significant Difference test for each month (vertically)
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above and the control variants was determined
during the measuring (Fig. 1b). The exception was
in July, when more mineral nitrogen was found in
the variants without thinning from above.

DISCUSSION

Intensity of mineralization nitrogen are affected
by temperature, humidity, microbial process inten-
sity (TANG et al. 2005; VRANOVA et al. 2010), and by
the condition of the stand (in our case, the intensity
of thinning). Our hypothesis was that 30% thinning
would slightly increase the amount of ammonium
and mineral nitrogen in the given stands and was
largely confirmed. The highest concentrations of
NH; in the Norway spruce stands were measured
in the first third of the growing season (with the
highest in June) and the last third of the growing
season (in October) and NO; in September. The
measured concentrations were similar to studies by
SoN et al. (1995) and SoN and LEE (1997) in conif-
erous stands.

The effect of thinning from above on the con-
centration of ammonium and nitrate nitrogen was
similar to that observed by FORMANEK and KutL-
HAVY (2001) and FORMANEK and VRANOVA (2003)
in mountain spruce forests. A slight decrease in
NH; and NO; after 2 years of thinning coniferous
stands was determined by MOGHADDAS and STE-
PHENS (2007). BURGESS and WETZEL (2000) found
a significant increase in the content of the two min-
eral forms of nitrogen after 2 years of thinning of
pine forests, but a subsequent reduction in these
nitrogen forms in the subsequent year. This is also
reflected in our results from July, which may be af-
fected by higher precipitation rates before the soil
sampling. The effect of thinning from below was
not found in the available literature and it was not
possible to compare our results with other authors.

The effect of thinning the European beech stands
was similar to that found by DANNENMANN et al.
(2006) in calcareous soils. Despite the fact that the
stands grew on a different soil type and were younger
(45 years old) than the stands studied by DANNEN-
MANN et al. (2006), which were 70 to 80 years old,
our results corresponded both in terms of the sea-
sonal dynamics and the effect of the thinning on the
European beech stands. The highest NO; concen-
tration in the Brezina forest stands was measured in
October. GESSLER et al. (2005) on the contrary also
determined the lowest NO; content in the soil after
thinning. RITTER (2005) and RITTER and VESTER-
DAL (2006) state that as a result of the loosening of
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beech stands due to silvicultural measures, the NH;
and NO; content in the soil increased compared to
untreated areas, which in addition to the NO; con-
centrations corresponds to our results. Compared
to oak stands, the effect of thinning on the season-
al trend in NH; concentrations in beech stands is
similar to that found by Son and LeEe (1997), with
only NO; being slightly lower and with an increas-
ing tendency towards the end of the growing season.

The long-term effect of various different inten-
sities of thinning on the total nitrogen content of
the forest soil of spruce stands was documented by
JONARD et al. (2006), the results of which indicat-
ed an increase in nitrogen content with increasing
intensity of the intervention. A study by Hwang
and SoN (2006) showed a significant increase in the
total nitrogen content observed one year after the
silvicultural intervention, but with a slight decrease
the following season. Ryu et al. (2009) found a sig-
nificant increase in total nitrogen content in the
case of thinning from below.

Thinning has a significant effect on the produc-
tive and non-productive functions of economic
forests. Their aim is to ensure the quality and re-
silience of forest stands and at the same time to
improve soil conditions and the nutrient cycle
(SLop1CAK, NovAK 2007; DUSEK et al. 2014). They
influence the nitrogen cycle and the overall dy-
namics of the organic matter in the soil (VESTER-
DAL et al. 1995) by changing the amount of litter in
forest stands of different quality and canopy den-
sity (KLimo 1990) and as a result of these condi-
tions, they effected the mineralization of organic
matter due to changes in the microclimate. There-
fore, the loosening of soil during thinning caused a
lower accumulation of overburden humus, and an
intensification of mineralization processes in the
given area. Such accelerated mineralization of soil
organic matter can, among other things, result in
the loss and leaching of nitrogen (PODRAZSKY et
al. 2005). Compared to uncultivated forests, a high
intensity of forest management leads to an accel-
eration in the decomposition process and increas-
es the decomposition of organic matter in the soil
and subsequent release of nutrients (PURAHONG
et al. 2014).

CONCLUSIONS

In our work we studied the effects of thinning on
the amounts of ammonium and nitrate nitrogen in
Norway spruce and European beech stands of the
same age. The thinning from above has a positive ef-
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fect on the amount of ammoniacal nitrogen in both
studied stands (Norway spruce, European beech).
Similarly, nitrate nitrogen in the spruce stands. Eu-
ropean beech stands, however, its amount dropped.
Thinning from below has negatively altered (in case
of spruce) the amount of ammoniacal nitrogen and
the amount of nitrate nitrogen has been increased.
The achieved results may serve as supplementary
data for fields such as forest ecology and provide an
insight into the trends of nitrogen mineralization
intensity in stands in which silvicultural measures
are performed.
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