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ABSTRACT

Plant species compositions in the ecosystem and soils developed under these species compositions cause nutrients to
be fixed or transport away from the site. The change of plant species compositions of forest ecosystems in
precipitation watersheds changes the quality of water produced from these watershed. Especially, the fact that
species such as Alder with nitrogen fixation ability enter into plant species composition will be effective on nutrient
cycling. In this study, the effect of Alder on nitrogen transport to surface waters and therefore the cation losses in the
ecosystem in stands where it is dominant was investigated. For this purpose, 36 surface water samples from 3 sub-
watersheds selected in Simsirli stream watershed throughout 1 water year and 39 soil samples from 15 soil profiles
opened in forest areas were taken. While water quality parameters such as pH, EC, total nitrogen (TN), nitrate (NO3-
N), ammonium (NH,-N), Ca™, Mg"™, K" and Na* were determined in surface waters, sand, silt, clay, pH, EC, soil
organic matter, total nitrogen and exchangeable cations (Ca™, Mg™, K" and Na*) were determined in soil samples.
TN and NO3 N concentrations in surface waters have increased along with the increase in the rate of forest area in
the lower watersheds. Increase of NO3' N concentration in surface waters increased the basic cation (Ca™, Mg** and
K*) concentrations. This situation shows that leaching of nitrate in the sub-watersheds increases the cation losses.
Annual TN transport in the sub-watersheds varied between 6.17 - 95.09 kg N Ha™ and was 44.93 kg N Ha™Year™ on
the average. Findings obtained as a result of the study suggest that Alder might be an important species under the
control of the ecosystem and provide valuable information about the possible eutrophication of Galyan-Atasu dam
reservoir.
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$__iM$iRLi HAVZASINDAKiI DOGAL EKOSISTEMLERDE KIZILAGACI_N_
YUZEY SULARINA AZOT TASINIMI VE KATYON KAYIPLARINA ETKISI

OZET

Ekosistemdeki bitki tiir bilesimleri ve bu tiir bilesimleri altinda gelisen topraklar, besinlerin tutulmasina veya
ortamdan uzaklasmasina sebep olurlar. Yagis havzalarindaki orman ekosistemlerinin bitki tiir bilesimlerinin degisimi
bu havzalardan iiretilen suyun kalitesini degistirir. Ozellikle azot baglama yetenegine sahip Kizilagag gibi tiirlerin
bitki tiir bilesimine girmesi besin dongiisii iizerinde etkili olacaktir. Bu c¢alismada, hakim oldugu mescerelerde
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Kizilagacin yiizey sularina azot tasinimi ve dolayisiyla ekosistemdeki katyon kayiplarina etkisi aragtirilmistir. Bu
amagcla, Simsirli dere havzasinda segilen 3 alt havzadan 1 su yili boyunca 36 adet yiizey suyu Ornegi ile orman
alanlarinda agilan 15 toprak profilinden 39 adet toprak 6rnegi alinmstir. Yiizey sularinda pH, EC, toplam azot (TN),
nitrat (NO3-N), amonyum (NH,N), Ca™", Mg"*, K" ve Na" gibi su kalite parametreleri, toprak drneklerinde kum, toz,
kil, pH, EC, organik madde, toplam azot ve degisebilir katyonlar (Ca™, Mg"", K ve Na") belirlenmistir. Alt
havzalardaki orman alani oraninin artmasiyla birlikte yilizey sularindaki TN ve NO3'N konsantrasyonlari artmistir.
Yiizey sularindaki NO;N konsantrasyonunun artmasi bazik katyon (Ca®*, Mg"" ve K") konsantrasyonlarini
artirmigtir. Bu durum alt havzalardaki nitrat yikanmasinin katyon kayiplarini arttirdigini gostermektedir. Alt
havzalardaki yillik TN taginimu 6.17 - 95.09 kg N Ha™ arasinda degismekte ve ortalama 44.93 kg N HaY1l™dur.
Calisma sonucunda elde edilen bulgular, ekosistem kontroliinde Kizilagacin 6énemli bir tiir olabilecegi ve Galyan-
Atasu baraj1 goletinin muhtemel 6trofikasyonu hakkinda degerli bilgiler verebilir.

Anahtar Kelimeler: Kizilagag, TN ve NOs tasinimi, katyon kayiplari, 6trofikasyon

INTRODUCTION

The land cover/land use, plant species composition and change in the catchment watersheds are effective on the
quantity and quality of water. Although it is known that the water quality has increased in the catchment watershed
covered with forests, difference in forest species composition play important role in the export of nutrients from
watershed soils to surface waters. Increasing of the concentration of organic origin nutrients in surface waters
negatively affects the water quality. Among these, nitrogen is one of the most important nutrient elements that
regulates the water quality and production of aquatic ecosystems (Mazumder and Havens, 1998; Camargo and
Alonso, 2006). High amount of nitrogen inputs to aquatic ecosystems may lead to algae bloom and eutrophication,
which causes the deterioration of water quality (Downing and McCauley, 1992; Rabalais, 2002). In forest
ecosystems, amount of nutrients that have an importance place in plant production can turn into a source of pollution
for water resources in the same watershed. Nutrient pollution in water has many undesirable effects leading to an
increase in phytoplankton and other aquatic plants (eutrophication) (Conley, 1999; de Wit, 2001). On the other hand,
high amount of nitrogen transport which may cause the eutrophication from the soils in precipitation watersheds can
lead to nitrogen losses in terrestrial ecosystems and imbalance in the nutrient cycle (Murdoch and Stoddard, 1992;
Likens and others, 1996; Vitousek and others, 1997).

Plant species compositions are important factors affecting the soil fertility and nutrient cycle in the ecosystems. Plant
species may cause the retention of nutrients in the ecosystem during the nutrient cycle and also nutrient losses in the
watershed scale (Lovett and others, 2000). Some plant species have symbiotic nitrogen fixation in terrestrial
ecosystems. It is stated that pure forms of stands of some tree species can fix 50 - 200 kg N Ha'1 nitrogen per year in
this way (Boring and others, 1988; Binkley and others, 1994).

As in this study, it is stated that alders could significantly increase the nitrogen content of soils in pure or mixed
stands (Binkley and others, 1992; Binkley and others, 1994). Alder may cause the leaching of cations in soil in
addition to soil acidification for the future of both species with which it is composed and itself (Brozek, 1990;
Compton and others, 1997). Moreover, it may increase the nitrogen contents of river waters in the watersheds it is
located and therefore the near lake ecosystems (Goldman, 1961; Binkley and others, 1982; Stottlemyer and
Toczydlowski, 1999).

In this study carried out in Simgirli watershed supplying Galyan-Atasu dam which was built to produce drinking
water and domestic water, relationships between the nitrogen exported from forest areas in different proportions to
surface waters and cation losses were investigated. It is noteworthy that the nitrogen exported to surface waters and
cation losses increased as the ratio of alder in the stand increased in forest areas.
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MATERIAL AND METHODS

Research area

Galyan-Atasu dam was built for the drinking, domestic and industrial water needs of Trabzon and some of its
districts. Galyan and Simgirli streams supply the dam reservoir (Usta, 2011). The reservoir area of the dam which
was built to provide 91 million m? of water is 0.83 km?, and its storage capacity is 37.5 million m* (Nisanc et al.,
2007). Simsirli stream watershed is 5805.41 ha. The granite bedrock is surfaced in sub-watersheds received in
Kagkar granitoid formation (Giiven, 1993). Study was carried out in sub-watersheds with approximately same
(average of 1500 m) locations and average altitudes in the side tributaries of Simsirli stream.
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Figure 1. Location of the research area

The total area of Galyan and Simsirli watersheds is 18536.0 ha. In watersheds, the pure alder stand area is 452.5 ha,
the area of mixed stands dominated by alder is 1772.9 ha, and the area of stands with which it is mixed is 2987.5 ha
(GDF, 2011). When the fact that alder is pure and mixed in 5212.9 ha of 6898.5 ha forest area in watersheds is
considered, it can be said that alder has effect on approximately 75% of the forest areas in watersheds.

Table 1. Characteristics of sub-watersheds

Sub
watersheds

Watershed characteristics

S-1

S-2

A area including broad-leaved forest (% 65.8), grassland (% 33.1 in seasonal use) and agricultural area with
the lowest (% 1.1 in seasonal use) human influences; species of broad-leaved forest are Alnus glutinosa
subsp. Barbata (C.A. Meyer) Yalt., Fagus orientalis Lipsky and Carpinus orientalis Mill. subsp. orientalis;
S-1is62.51 ha.

The highest broad-leaved forest (% 85.5) and little grassland (% 14.5 in seasonal use); species of broad-
leaved forest are Alnus glutinosa subsp. Barbata (C.A. Meyer) Yalt. and Fagus orientalis Lipsky. S-2 is
32.18 ha.

The highest broad-leaved forest (% 98.3) with little coniferous (Picea orientalis L.) area (% 1.7). Species of
broad-leaved forest are Alnus glutinosa subsp. Barbata (C.A. Meyer) Yalt. and Fagus orientalis Lipsky; S-3
is 17.84 ha.
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Sub-watersheds where the study was carried out were coded as S-1, S-2 and S-3, and forest area ratios vary as 65.8%
(Alder, Beech, Hornbeam), 85.5% (Alder, Beech) and 98.3% (Alder, Beech), respectively (Table 1). Forest and
pasture areas exist in the sub-watersheds selected, and the dominant tree species in the forest area is Alder (GDF,
2011).

Soil and water analyses

A total of 39 soil samples were taken from 15 soil profiles opened in forest areas in sub-watersheds. In soil samples,
sand, silt, clay ratios were calculated by Bouyoucos's hydrometer method (Giilgur, 1974), soil pH and EC (mscm™)
were calculated by glass electrode method in pure water (USDA, 1996), soil organic matter was calculated through
oxidizable organic carbon (Arp, 1999) according to Walkley Black wet combustion method; total nitrogen (TN) was
determined in Leco FP-428 nitrogen measurement device by dry combustion method, available phosphorus (P,0s)
was determined by Bray-Kurtz method and replaceable cations (Ca™, Mg"™, K* and Na*) were determined by 1
Normal Neutral Ammonium acetate method (USDA, 1996).

Water samplings were performed once a month between the dates of September 2010 - August 2011 by taking a total
of 36 water samples. Some water quality parameters (temperature, pH and EC) were measured in the field. Water
samples taken by using polyethylene containers (of 0.5 L) were stored in the refrigerator at +4 °C by using reactive
which was in compliance with the EPA (1983) standards. pH and EC (ms/cm™) were measured by Orion 5 Star
device. Total Nitrogen (TN), Nitrate (NOsN) and Ammonium (NH4N) were determined by photometric method in
the UV-VIS Shimadzu 1800 branded device by using Spectroquant branded kits. Ca™, Mg™ K* and Na" cations
were measured in the Shimadzu AA-6601 branded Atomic Absorption Spectrophotometer device (APHA, 1989).

The flow of surface waters was measured in the field by FP111 Flow Meter device for 12 months as once a month.
Nutrient concentrations (mg/l) in surface waters were converted into quantities per unit area (kg/ha) with the help of
flows by considering the watershed areas.

Statistical analysis

In the study, variance analysis was performed by considering water quality parameters and soil properties of sub-
watersheds (S-1, S-2 and S-3) as dependent variables, and sub-watersheds as factors. For the variables which were
found to be statistically different, sub-watersheds were compared by ‘“Duncan test”. Relationships between forest
area ratio and concentrations of water quality parameters in sub-watersheds and the amounts exported to surface
waters were tested by correlation analysis. Regression analysis was used in determining the annual amount of
nitrogen exported to surface waters. All statistical analyses were performed in SPSS 16.0 program (SPSS, 2011).

RESULTS

According to variance analysis results, water quality parameters of the sub-watersheds were statistically similar
outside TN and NO3N. TN and NOsN amounts were observed to be highest in S-3 watershed and to be lowest in S-1
watershed (Table 2).

Table 2. Parameters measured in stream waters

Sub  Discharge EC N NHs N NOsN Ca” Mg™ K* Na*
W. m3dk™ pH ms cm™ mgL™* pgl? mgL™* mgL™* mgL™ mgL™? mgL™

S-1 1.13+0.83a* 7.42+0.21a  90.6+15.23a  2.64+1.45a 40+23a 1.14+0.30a  2.73+1.30a 1.20+0.23a  0.76+0.19a  1.38+0.32a
S-2 0.71+0.59a  7.31+0.27a  99.2+16.79a  4.52+2.22b 22+16a 2.20+0.89ab  2.71+1.40a 1.25+0.24a 0.66+£0.17a  1.40+0.31a
S-3 0.46+0.95a  7.23+0.23a  94.0+13.62a  6.01+1.83b 36+12a 3.16+1.56b  3.32+1.79a 1.1540.26a 0.74+0.20a 1.41+0.33a

Sub W.: Sub Watersheds, + : Standart Deviation, * : the different letters indicate statistical differences of total averages between different sites at p<0.05 (Duncan test)
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The average annual nitrate concentrations of water samples vary between 1.14 - 3.16 mg N L™ and TN
concentrations vary between 2.64 - 6.01 mg N L™ (Figure 2). Ammonium concentrations in very low amounts vary
between 22 - 40 pg N L™ on average. TN loss from watersheds was found to be between 6.17 - 95.09 kg N Ha™
Year™ and to be 44.93 kg N Ha™“Year™ on average (Figure 3).
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Figure 2. Relationship between leaved forest area and nitrogen forms
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Figure 3. Effect of leaved forest area ratio on TN loss

As a result of the correlation analysis, positive relationships were found between TN (p<0.001, r=0.610) and NO3-N
(p<0.001, r=0.627) concentrations measured in the forest area and surface waters in watersheds (Table 3). In
addition, positive relationships were determined between NO3N concentrations measured in surface waters and basic
cations. These relationships are; Ca™ (p<0.001, r=0.532), Mg*" (p<0.05, r=0.416) and K" (p<0.05, r=0.443) (Table
3).
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Table 3. Relationship between leaved forest areas and some water quality parameters

TN NH,N NO;N Ca™ Mg™ K* Na*

(*0) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Forest Area (%) 0.610 -0.099 0.627 0.148 -0.070 -0.055 0.043
TN (%) -0.419" 0.400" 0.230 -0.291 0.102 -0.410™
NH4N (ppm) 0.218 0.301 -0.003 0.628™ -0.414"
NO3N (ppm) 0.532™ 0.416™ 0.443™ 0.145
Ca™ (ppm) 0.495™ 0.720™ -0.016
Mg*™* (ppm) 0.308™ 0.449™
K* (ppm) -0.120

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Annual TN transport in sub-watersheds was determined, and forest area ratio and the amount of nitrogen exported
were subjected to correlation analysis. As a result of the regression analysis performed to determine the annual
nitrogen transport occurring in forest areas, annual TN transport was ideally obtained by the following formula.

Annual TN Transport (kg Ha™) = -132.649 + 2.016 x Forest (%) (r* = 0.657)

Annual cation losses in forest areas are given in Figure 3. With the increase in forest ratio, increase was determined
in Ca™, Mg"™, K" and Na* in sub-watersheds (Figure 4). The highest cation loss occurred in Ca*". Accordingly,
taking into account S-3 watershed where the highest forest area ratio and cation losses occurred, annual losses were
determined as 33.82 kg Ha™ in Ca™, as 3.32 kg Ha™* in Mg, as 1.43 kg Ha™ in K* and as 5.04 kg Ha™* in Na*.
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Figure 4. Relationship between forest area ratios and cation losses

The average values of some physical and chemical properties of soil samples taken from the forest areas are given in
Table 4. According to the results of variance analysis, statistical difference was found between sub-watersheds in
terms of pH, Ca™ and Mg*". According to Duncan test, S-2 and S-3 sub-watersheds are similar in terms of pH and
Ca'", and average pH and Ca ™ values of these watersheds are lower compared to S-1 watershed. S-1 and S-3 sub-
watersheds are statistically different in terms of Mg*™*, and S-2 sub-watershed was found to be similar with S-1 and
S-3 sub-watersheds.
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Table 4. Average values of some physical and chemical soil properties of the forest areas

Sub Sand Silt Clay EC oM TN Exchangeable Bases (mgL™)
Watersheds % % % pH (ms cm™) % % Ca™ Mg* K* Na*
Forest Area
S-1 78+6a 10+£2a  12+4a  5.48+0.5b 93.7+26.7a 9.10+4.3a 0.48+0.1a  712.4+449.3b  150.6+51.5b 66.7+19.1a 57.1+13.4a
S-2 84+4a 11+4a S5+4a 3.97+0.5a  144.4+68.6a  10.34+3.7a  0.60+0.2a 110.1+£91.8a 71.3+12.3ab  100.9+37.8a  76.1+57.0a
S-3 86+3a 8+la 6+2a 4.13+0.6a  100.0+£53.7a  12.90+1.4a  0.76+0.4a 54.4+73.1a 36.0+21.9a 62.2+18.1a 50.0+0.8a

Regarding the physical soil properties of forest areas in sub watersheds, no statistically significant difference was
found between sand, silt and clay contents (p>0.05). The highest average sand content was determined in S-3 sub-
watershed where Alder was the dominant species. In general, average sand contents of the leaved forest areas in sub
watersheds vary between % 78-86.

DISCUSSION

Nitrogen concentrations in stream waters

According to the results of variance analysis, significant differences were found between sub-watersheds in terms of
TN and NO3N amount. Other water quality parameters were found to be statistically similar. TN and NO3N amounts
were determined to be highest in S-3 watershed and to be lowest in S-1 watershed. Forest area ration in S-3 sub-
watershed (98.3%) is higher compared to other sub-watersheds. Forest area ratio is the lowest in S-1 sub-watershed
(65.8%). The annual average NO;N concentrations are between 1.14 - 3.16 mg N L™, and TN concentrations are
between 2.64 - 6.01 mg N L. NH,N concentrations in very low amounts were found to be annual average 22 - 40 pg
N L™ As a result of the correlation analysis, statistically significant positive relationships were determined between
TN (p<0.001, r=0.610) and NO3N (p<0.001, r=0.627) measured in the forest area ratio and stream waters in the
watersheds. With the increase in the forest area ratio in sub-watersheds, there occurred increase in TN, NO;N and
NH4N concentrations. In sub-watersheds, high amounts of nitrogen forms in pure and mixed Alder stands in forest
areas can flow into stream waters (Compton et al., 2003). In some studies carried out in watersheds with pure,
leaved, mixed and coniferous species of Alder and mixed stands, nitrogen in the soil and nitrogen leaching in the soil
solution were reported to be much higher (Van Miegroet and Cole, 1984; Bormann et al., 1994; Compton et al.,
2003). In fact, according to variance analysis performed on the soil properties of the forest areas in sub-watersheds,
statistically significant differences were found between watersheds in terms of pH, Ca* and Mg"", and average
values are lower in S-2 and S-3 watersheds. The average pH of the forest soils in S-2 and S-3 sub-watersheds are
3.97 (S-2) and 4.13 (S-3). In the forest areas in both sub-watersheds, Alder is the dominant species and there is
Beech mixing with this species. Low levels of soil pH as well as Ca™ and Mg"* values mean the leaching of soils at
higher degrees by basic cations.

In sub-watersheds, annual TN transport was found to be between 6.17 - 95.09 kg N Ha™ Year™, and to be 44.93 kg N
HalYear™ on average. The lowest nitrogen transport occurred in S-1 sub-watershed with the lowest forest ratio
(65.8%), and the highest nitrogen transport occurred in S-3 sub-watershed with the highest forest ratio (98.3%). This
situation can be expressed as the increase of nitrogen transport depending on the increase of the forest ratio
dominated by Alder. In their similar study, Compton et al. (2003) reported the highest nitrogen transport as annual
30.8 kg N Ha'Year™ in the watershed with forest ratio of 74%. In this study, nitrogen transport was determined to be
annual 33.53 kg N Ha™Year™ in S-2 watershed with forest ratio of 85.5%, and results that were consistent with the
study carried out by Compton et al. (2003) were obtained.

Cation losses in forest areas

Statistical relationships were investigated and significant positive relationships were found between NO3N
concentrations and basic cations (Ca™, Mg"™, K) measured in stream waters. In addition, annual cation losses (kg
Ha™) increased depending on the increase in forest areas, and increases were determined in Ca**, Mg**, K* and Na*
exported to stream waters in sub-watersheds. The highest cation loss occurred in Ca™. Accordingly, taking into
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account S-3 watershed where the highest forest area ratio and cation losses occurred, annual losses were determined
as 33.82 kg Ha® in Ca™", as 3.32 kg Ha™ in Mg"*, as 1.43 kg Ha™ in K" and as 5.04 kg Ha™ in Na*. Taking into
account S-1 watershed with the lowest forest, annual losses were determined as 6.25 kg Ha™ in Ca*™, as 1.03 kg Ha™
in Mg**, as 0.42 kg Ha™ in K* and as 1.38 kg Ha™ in Na". It can increase the amount of cation in nitrate stream
waters resulting from alder (Stednick and Kern, 1992). Increase in the degree of weathering in watersheds with alder
may increase the cation uptake, nutrient cycling and losses of trees (Binkley et al., 1992; Homann et al., 1992).

Cation amounts of soils of the forest areas in sub-watersheds were found to be consistent with the amounts of cation
exported to stream waters. In fact, forest area (98.3%) soils of S-3 watershed has the lowest cation (Ca™*, Mg**, K*
and Na") amounts. Also, the significant relationships between nitrate and cations in watersheds with pure and mixed
leaved forest areas show that cation losses may increase in the watershed scale with the nitrate leaching of Alder
(Compton et al., 2003). Besides, the fact that soils developed from the granite bedrock are generally light texture
(sandy loam and loamy sand) permeable soils and have high air capacity (Kantarci, 2000) were effective in the
increase of both nitrate and cation losses. Indeed, the highest average sand content was also found in S-3 watershed
although there was no statistically significant difference.

As a result of the variance analysis, a significant difference was found between soil pHs of forest areas in sub-
watersheds. Average soil pH is the highest in S-1 watershed and the lowest in S-2 watershed. Soil pHs of forest areas
of S-2 and S-3 watersheds are similar. S-2 and S-3 sub-watersheds are expected to be similar. Indeed, Alder and
beech species are mixed in the forest areas in both sub-watersheds. The fact that soil pH is low in these watersheds is
an indication of cation losses. In addition to cation losses, low levels of average soil pH (3.97, 4.13) means gradually
decrease in acid neutralization capacity of forest area soils. The fact that soil pH decreases below 4.2 will provide the
release of toxic elements such as Fe, Al by the degradation of clay minerals in the soil (Kantarci, 2000). This
situation will create problems in terms of both forest ecosystems and water quality.

The dominant tree species in the forest areas in sub-watersheds is Alder. The social pressure to other species in the
region leads Alder to maintain its existence in riparian ecosystems also in slope ecosystems. According to species
composition of forests in sub-watersheds, Alder is accompanied by beech and hornbeam species in 3 sub-watersheds.
The fact that Alder gradually increases its activity especially in dam watersheds for drinking water as in this study
draws attention to this species.

The fact that granite bedrock gives filter soils leads to an increase in nutrients leached/exported from sub-watershed
soils. In fact it was observed in this study that significant positive relationships were determined between NO3N and
some cations in the forest areas in sub-watersheds and stream waters. Also in this study, it was observed that NOsN
exported from sub-watersheds increased the cation losses (especially Ca™, Mg*™ and K*). The leaching of NO;N in
high amounts from sub-watershed soils may increase the eutrophication of stream waters therefore water in dam
reservoirs. On the other hand, the fact that NO3N increases the cation losses in the forest soils in sub-watersheds may
give rise to the emergence of problems in terms of ecosystem health and may indirectly affect the quality of water in
the dam reservoir in the negative way.

Findings obtained as a result of the study suggest that Alder might be an important species in terms of ecosystem
health and provide valuable information about the possible eutrophication of Galyan-Atasu dam reservoir.
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