FORESTRY AND WOOD PROCESSING DOI: 10.22616/1rd.25.2019.012

IMPACT OF FOREST SOIL ENRICHMENT WITH NITROGEN FERTILIZER ON
THROUGHFALL AND SOIL WATER CHEMICAL PROPERTIES

Ilze Karklina'?, Jelena Stola’

"Latvian State Forest Research Institute ‘Silava’, Latvia
2University of Latvia, Latvia

ilze.karklina@silava.lv

Abstract

A demand for wood resources is increasing. In addition to drainage and appropriate regeneration and thinning, the
forest soil fertilization may increase the future harvest rates. Therefore, the improved growth of forest stands raises
in priority among the research topics related to forestry. The objective of the study is to evaluate the impact of
nitrogen fertilizer on soil water and throughfall water chemical composition to elaborate recommendations for the
forest fertilization. The trials were conducted in a birch stand and in three coniferous stands. Nitrogen containing
mineral fertilizer (ammonium nitrate) was distributed in the study sites, while the control plots were left without
any treatment. The water samples were collected a season before and a season after the soil treatment. The pH
level, total nitrogen, potassium and phosphate were determined in throughfall and soil water samples. The chemical
properties of throughfall water differed depending on the forest stand type. The concentration of nitrogen was higher
in throughfall water samples collected from the birch stand. The mean concentration of total nitrogen was 1.6 +
0.3 mg L in the throughfall water samples from the birch stand compared to 1.03 £ 0.11 mg L' in the throughfall
water samples from the coniferous stands. Although the forest soil was enriched with the nitrogen fertilizer, there
was a significant increase in concentrations of potassium and phosphate in soil water samples from certain stands. It
can be explained with changes in pH level that occurred after the forest soil treatment with ammonium nitrate. There
was also a significant increase in total nitrogen concentrations in soil water samples at the depth of 30 cm from the
treated plots of the coniferous stands — 15 + 6 mg L', compared to 1.5 + 0.03 mg L' in the samples from the control
plots. However, the concentrations decreased within two months and remained at a steady rate — slightly above the

control level.

Key words: forest fertilization, ammonium nitrate, water chemistry.

Introduction

According to the studies, in particular, the
agriculture and climate change related research,
the ability to control the nitrogen cycle has been
recognized as a substantial factor in the future of
mankind. The usage of synthetic fertilizer has rapidly
increased in the 20" century. Consequently, nitrate
pollution and nitrous oxide as one of the greenhouse
gas are considered to be the result of impacted nitrogen
cycle (Stein & Klotz, 2016). However, it is commonly
discussed that an increased growth of forest stand may
facilitate climate change mitigation by removal of
carbon dioxide in biomass (Houle & Moore, 2019). In
addition, extra increment, induced by fertilizer, helps
to meet the increasing demand for woody biomass.
Initial fertilization, applied during the period of
plantation, may increase the stem volume of Norway
spruce (Picea abies (L.) H.Karst.) by 17% (Jansons et
al., 2016). Therefore, the forest soil enrichment with
nitrogen containing fertilizer is an essential research
topic related to the forestry and water chemistry.

Boreal coniferous forests are acknowledged as
one of the most nitrogen limited ecosystems (Houle
& Moore, 2019). In addition to the economic impact,
forest fertilization is an effective measure to reduce
greenhouse gas emissions. It is possible to achieve
maximum additional radial increment in the 10"
year after the application of ammonium nitrate.
Theoretically it can be done in about 0.2% of state

forests annually (Petaja et al., 2018). Other research
results show that, depending on the forest type under
similar climatic regimes, simulated elevated rates of
atmospheric nitrogen deposition (stands were treated
with 50 or 150 kg N ha™' yr'') may promote losses of
nitric oxide from forest soil as a result of nitrification
(Venterea et al., 2003). It has been reported that since
1990s the rate of nitrogen atmospheric deposition
in Europe has declined. Research findings report
decrease in elevated nitrate concentrations in soil
solution and mostly lower nitrogen deposition in the
Eastern Europe (Schmitz et al., 2019). However, if
the soil treatment with nitrogen containing fertilizer
is intended, the capacity of plant uptake must be
considered. It is also important because nitrogen
saturation may affect the tree health (Houle & Moore,
2019). In this context nitrates in soil solution indicate
nitrogen availability in excess of biotic demand
(Schmitz et al., 2019).

Throughfall is a part of precipitation that filters
through canopy and has an impact on soil water
chemical quality. While falling through canopy,
precipitation changes in terms of water quality and
quantity. There is a difference in chemical composition
of throughfall depending on dominant trees, namely,
coniferous or deciduous trees (Terauda, 2008). The
chemical composition of throughfall may be impacted
also by insect excreta (Reynolds & Hunter, 2004).
Water pH level of throghfall from coniferous stand is
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lower than the pH level of an open field precipitation
(T&rauda, 2008). The amounts of nutrients that reach
soil with throughfall usually are elevated, especially
potassium (Pallardy & Kozlowski, 2008). Therefore,
throughfall is also an important aspect to consider
by estimating the impact on soil water properties.
Nutrient, among them nitrogen and potassium, input
in canopy occur through deposition — wet, dry and
cloud deposition (Reynolds & Hunter, 2004).

To estimate the impact of fertilizer on forest soil
solution and to distinguish any natural variations in
chemical properties from the treatment impact, data
should be compared from both control and fertilized
plot (Stuanes, Kjonaas, & van Miegroet, 1995). In the
experimental site of mature spruce, ammonium nitrate
(35 kg N ha™ yr'!) was repeatedly applied to 500 m?
plots and after 4 years of the treatment an increase in
nitrate concentrations in soil solution was observed.
Despite the ascertained nitrate leaching, 92% of inputs
were preserved (Gundersen, 1998). Likewise, in the
research related to the response of boreal ecosystem
to eight years of ammonium nitrate addition, a high
nitrogen retention capacity of two boreal coniferous
stands was observed (Houle & Moore, 2019).

The aim of this study was to estimate the impact of
the forest fertilization with ammonium nitrate on soil
water and throughfall water chemical properties two
years after the soil enrichment.

Materials and Methods
Study site

The research was conducted in four forest stands.
Two of them are located in the central part and two —
in the eastern part of Latvia. During 2016, the
experimental plots were established in the forest sites
managed by the Research forest station (Table 1).

Treatments

In period May — July, 2017 ammonium nitrate
was spread in the experimental plots (Table 2). The
fertilizer was applied manually in one pine stand (21-
10-4) and mechanically in the rest of the stands.

Sampling and analyses

Each of the experimental sites has one control
plot and one treatment plot — both located in the same
forest stand. Lysimeters and throughfall collectors
were installed according to IPC Forests guidelines
(Convention on Long Range Transboundary Air
Pollution, 2010). Each plot has three pairs of vacuum
lysimeters and three throughfall water collectors. The
vacuum lysimeters were installed at depths 30 cm and
60 cm to collect soil leachate. Rainwater was gathered
with throughfall water collectors. Both soil water and
throughfall samples were collected once per month.
The period of field works was restricted by weather
conditions, namely, average daily temperatures. First
water samples were collected starting from May and
field works lasted till September or October. The
parameters determined in the water samples are: pH,
N,,, mg L', KmgL"and PO mg L.
Statistical analysis

We used Mann-Whitney test p-values to determine
the difference in chemical properties of water. The
statistical tests were conducted at a 95% confidence
level. The statistical tests were performed in IBM
SPSS Statistics 22.

Results and Discussion

Figure 1 and Figure 2 illustrate changes in pH
level of throughfall. PH level slightly elevates during
the summer period and decreases in the autumn. The
values vary from 5.8 to 7.3 mg L' in the control plots
and from 5.3 to 7.6 mg L in the treated plots.

Table 1

Description of experimental sites

Forest stand Forest type Age Dominant tree type Coordinates, X Coordinates, Y
21-49-14 Mpyrtilloso-sphagnosa 15 Birch 56.709612 23.755750
11-18-5 Hylocomiosa 36 Spruce 56.736803 25.879994
11-210-5 Mpyrtillosa 67 Pine 56.681789 25.989758
21-10-4 Hylocomiosa 22 Pine 56.738765 23.719551

Table 2
Treatment in experimental sites
Forest stand NH,NO,, t ha' Area, ha Month / year
21-49-14 0.44 0.18 05.2017
11-18-5 0.44 0.80 07.2017
11-210-5 0.44 1.50 07.2017
21-10-4 0.44 1.62 06.2017
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Figure 1. PH level in throughfall collected from control plots.
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Figure 2. PH level in throughfall collected from treated plots.

The observed seasonal changes in pH level are
related to the impact of the canopy on precipitation
parameters. Namely, while flowing through the canopy,
rainfall interacts with ions of leaves or needles. As a
result, the average pH level of throughfall is higher than
pH level of open field precipitation (T&rauda, 2008).

Figure 3 and Figure 4 illustrate changes in the total
nitrogen concentrations of throughfall. Total nitrogen
concentration values vary from 0.21 to 6.80 mg L' in the
control plots and from 0.33 to 3.04 mg L in the treated
plots, but the mean values are 1.3 = 0.2 mg L in the
control plots and 1.1 £ 0.1 mg L™ in the treated plots.

After the forest soil enrichment with ammonium
nitrate, there was no significant increase in the total
nitrogen concentrations in water samples from fertilized
plots. Elevated total nitrogen concentrations detected
in May, June and July samples could be affected by
pollen, needles or leaves that have accidentally fallen
into the collectors. Birch is the dominant tree species of
the forest stand 21-49-14. Since chemical properties of
leaves differ from needles (Teérauda, 2008), the Figure
3 and Figure 4 elucidate the difference in total nitrogen
concentrations between throughfall collected from the
coniferous and the deciduous stands. Likewise, there
were higher potassium and phosphate concentrations

in the samples from the birch stand. The mean
concentrations of potassium were 3.6 + 0.6 mg L' in
the samples from the birch stand and 2.1 + 0.2 mg L
in the samples from the coniferous stands. Similarly,
the mean concentrations of phosphate were 0.19 +
0.04 mg L' and 0.10 + 0.03 mg L' — from the birch and
the coniferous stands, respectively.

Considering that nutrient status in soil may
diversify depending on the forest type, soil water
sample results of chemical analyses were divided into
two groups. The first group consisted of data collected
from the forest stands on dry mineral soil (11-18-5,
11-210-5 and 21-10-4) — Hylocomiosa and Myrtillosa,
respectively. The second group was formed of data
collected from the birch forest stand (21-49-14) on
wet mineral soil — Myrtilloso-sphagnosa.

Figure 5, Figure 6, Figure 7 and Figure 8 illustrate
the possible impact of ammonium nitrate fertilizer on
soil water chemical properties. In the forest stands on
dry mineral soil we observed an elevated pH level
in the soil samples from the treated plots. It has also
been reported on increased pH level in soil solution
after the application of nitrogen containing mineral
fertilizer (Aber et al., 1989). We also observed a
rapid increase in the total nitrogen concentrations in
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Figure 3. N, ,, mg L' concentrations in throughfall collected from control plots.
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Figure 4. N, mg L concentrations in throughfall collected from treated plots.

soil water samples from the coniferous stands on dry
mineral soil. The concentrations decreased within
two months. There was also a slight increase in total
nitrogen concentrations in the soil water samples
from the birch stand on wet mineral soil; however,
the concentrations were relatively low. In all data
groups, larger data variation was observed in the
soil water samples collected from 30 cm depth rather
than from 60 cm depth (Stuanes, Kjonaas, & van
Miegroet, 1995).

In both experimental groups, we observed a
statistically significant increase in total nitrogen
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Figure 5. PH level in soil water collected from
stands 11-18-5, 11-210-5, 21-10-4.

concentrations in soil water samples from the treated
plots (Table 3). The mean concentrations were 1.5 +
0.3 mg L' at the depth of 30 cm and 1.4 + 0.3 mg L™
at the depth of 60 cm in the soil water samples from
the untreated control plots compared to 15 + 6 mg L'
at the depth of 30 cm and 5 + 1 mg L' at the depth
of 60 cm in the samples from the treated plots of the
coniferous stands. The total nitrogen concentration
increased more moderately in the soil water samples
from the treated plot of the birch stand — 7.3 + 0.9 mg
L' at the depth of 30 cm and 5.4 + 0.5 mg L' at the
depth of 60 cm compared to concentrations in the
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Figure 6. PH level in soil water collected from
stand 21-49-14.
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Figure 7. Nitrogen (N, mg L") concentration in
soil water collected from stands 11-18-5, 11-210-5,
21-10-4.
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Table 3

Mann-Whitney test p-values for soil water chemical parameters

Forest stands 11-18-5, 21-10-4, 11-210-5 Forest stand 21-49-14
Parameter

30 cm 60 cm 30 cm 60 cm
pH 0.017* 0.006* 0.682 0.503
K, mg L' 0.951 0.771 0.003* 0.736
N,,pmgL! 0.004* 0.023* 0.002* 0.001*
PO, mg L 0.004* 0.003* 0.206 0.860

* — a statistically significant difference

samples from the control plot— 1.8 £ 0.3 mg L' at the
depth of 30 cm and 2.4 = 0.3 mg L' at the depth of
60 cm. There was also a statistically significant
increase in potassium concentrations in the soil water
samples from the birch stand and a significant decrease
in phosphate concentrations in the water samples from
the coniferous stands. The mean concentrations of
potassium at the depth of 30 cm were 0.26 + 0.04 mg
L"'in the soil water samples from the control plot and
0.38 £ 0.06 mg L' in the samples collected from the
treated plot of the birch stand. The concentrations
of phosphate were 0.043 = 0.006 mg L' at the depth
of 30 cm and 0.06 + 0.03 mg L' at the depth of
60 cm in the soil water samples from the untreated
control plots compared to 0.019 = 0.004 mg L' at the
depth of 30 cm and 0.013 + 0.003 mg L' at the depth
of 60 cm in the samples from the treated plots of the
coniferous stands.

Conclusions

1. Chemical parameters of throughfall do not indicate
any impact of the nitrogen fertilizer. However,
changes in throughfall chemical composition
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