
Journal of the Faculty of Forestry Istanbul University 2017, 67(2): 178-193

JOURNAL OF THE FACULTY OF FORESTRY ISTANBUL UNIVERSITY
İSTANBUL ÜNİVERSİTESİ ORMAN FAKÜLTESİ DERGİSİ 

ISSN: 0535-8418         e-ISSN: 1309-6257 
Online available at / Çevrimiçi erişim           Research Article / Araştırma Makalesi 
http://dergipark.gov.tr/jffiu  -  http://dx.doi.org/10.17099/jffiu.301602  

Cite (Atıf) : Çakır, M., Akburak, S. 2017. Litterfall and nutrients return to soil in pure and mixed 
stands of oak and beech. Journal of the Faculty of Forestry Istanbul University 67(2): 185-200. 
DOI: 10.17099/jffiu.301602 

Litterfall and nutrients return to soil in pure and mixed stands of oak 
and beech  
Meriç Çakır1*, Serdar Akburak2

1 Çankırı Karatekin University, Faculty of Forestry, 18200, Çankırı, Turkey 
2 İstanbul University, Faculty of Forestry, 34473, Istanbul, Turkey 

Received (Geliş): 31.10.2016 - Revised (Düzeltme): 29.11.2016 -   Accepted (Kabul): 02.01.2017 

* Corresponding author e-mail: mericcakir@karatekin.edu.tr

Abstract: Litterfall is a significant pathway for the return of nutrients and carbon (C) to the soil in forest ecosystems. 
It provides long-term maintenance of nutrients in the forest ecosystem. For maintaining healthy forest ecosystems, 
knowledge about litterfall, energy, and nutrient inputs to the soil biota is important. This study was aimed to determine 
litterfall and nutrient return to soil in pure and mixed stands of oak (Quercus petraea (Mattuschka) Liebl.) and beech 
(Fagus orientalis Lipsky) in Atatürk Arboretum, Turkey. Litterfall has been collected over 3 years from 2009 to 2011 
at all three sites. Litter traps were used for this purpose, and the trapped samples were sorted into fractions, which 
included leaves (foliar), branches/twigs, and others (e.g., acorn, flowers, bark, etc.). The concentrations of 14 elements 
(C, N, P, K, Ca, Na, Mg, Mn, Fe, Al, Zn, Pb, Ni, and Cu) were analyzed. The highest amount of litterfall in the three 
areas was measured in 2010. The average total litterfall ranged from 3947 to 4578 kg/ha. The average amounts of 
leaflitter in oak, beech, and oak–beech sites were 86%, 62%, and 75%, respectively. Nutrient concentrations were 
higher in leaves and the least in branches and twigs. Element concentrations generally showed a descending order as 
C>Ca>N>Mg>K>Mn>P>Al>Fe>Na>Zn>Cu>Ni> in all the sites. The pure and mixed sites were not significantly
different by years, but there was a significant difference in the nutrient concentrations of litterfall fractions between the
two sites.

Keywords: Litter, litterfall compartments, macronutrients, micronutrients, oak, beech, mixed stands 

Saf ve karışık meşe, kayın meşcerelerinde ölü örtü dökümü ve bu yolla 
toprağa verilen besin maddeleri 
Özet: Ölü örtü dökümü ve ayrışması, besin maddelerinin toprak üstü ekosistemden toprak sistemine geçişini sağlayan 
önemli bir süreçtir. Orman ekosisteminde uzun dönem besin durumunun korunmasını sağlar. Orman ekosistemlerinin 
sağlıklı işleyebilmesi için, ölü örtü dökümü ile toprak canlıları için enerji ve besin girdisinin bilinmesi gerekmektedir. 
Atatürk Arboretumu’nda, saf ve karışık meşe (Quercus petraea (Mattuschka) Liebl.), kayın (Fagus orientalis Lipsky) 
meşcerelerinde yürütülen bu çalışmanın amacı ölü örtü dökümü ve bu yolla 2009-2011 yılları arasında ekosisteme geri 
verilen besin madde miktarının belirlenmesidir. Bu amaç ile belirlenen çalışma alanlarında ölü örtü kapanları 
kullanılmıştır. Kapanlara düşen bitki kısımları yaprak, dal ve diğer kısımlar (palamut, çiçek, kabuk vb.) olarak 
ayrılmıştır. Örneklerde C, N, P, K, Ca, Na, Mg, Mn, Fe, Al, Zn, Pb, Ni ve Cu içerikleri belirlenmiştir. Çalışmada her 
üç alanda da en yüksek ölü örtü döküm miktarı 2010 yılında ölçülmüştür. Toplam ölü örtü dökümü örnekleme 
alanlarında ortalama 3947-4578 kg/ha olarak bulunmuştur. Dökümle gelen yaprak miktarı ortalama olarak meşe, kayın 
ve meşe-kayın alanlarında sırası ile %86, %62 ve %75 olarak belirlenmiştir. Element yoğunluğu genel olarak en fazla 
yapraklarda en az dallarda bulunmaktadır. Tüm alanlarda element yoğunluğunun genel olarak 
C>Ca>N>Mg>K>Mn>P>Al>Fe>Na>Zn>Cu>Ni>Pb şeklinde sıralandığı ortaya çıkmıştır. Döküm yolu ile gelen ölü
örtü elemanları arasında istatistiksel fark bulunurken saf ve karışık alanlar arasında ve yıllara göre istatistiksel fark
bulunmamıştır.

Anahtar Kelimeler: Ölü örtü, döküm bileşenleri, Makro besin maddeleri, Mikro besin maddeleri, meşe, kayın, karışık 
meşcere 

Journal of the Faculty of Forestry Istanbul University 2017, 67(2): 185-200



Journal of the Faculty of Forestry Istanbul University 2017, 67(2): 178-193 
 

179 

 

1. INTRODUCTION 

Litterfall and decomposition are an important process that enables the transition of nutrients from the above-ground 
system to the below-ground system (Li et al., 2011; Berg ve McClaugherty, 2014) and protection of the nutrients in the 
forest ecosystem for a long time (Irmak and Çepel, 1968). Furthermore, litterfall is the main source of the organic 
matter and carbon that accumulates in the soil (Sayer, 2006). Therefore, litterfall is the key variable that is used to 
estimate, model and determine the amount of carbon accumulating in the soil (Liski et al., 2005). 

For the proper functioning of forest ecosystems, energy and nutrient input is required for the soil organisms by means 
of litterfall (Staaf and Berg, 1981). Litter that is converted by decomposing organisms into a form which can be taken 
by plants is of vital importance for the increment and growth of forest trees (Irmak and Çepel, 1974). The nutrient 
content of litterfall depends on various factors such as tree species and mixture, soil properties and climate 
(Ukonmaanaho et al., 2008). Litter has a direct and indirect effect on the physical and chemical properties of the soil, 
available nutrients and also the diversity of soil fauna and flora (Sayer, 2006). 

Litterfall is not only an important component of net primary production but also provides important information about 
the effect of climate change on forests during flowering, budding and seed set periods as a phonological observation. 
ICP Forests involves the monitoring of litterfall of different tree species depending on climate change (ICP-Forests, 
2010). In conclusion, monitoring is not only the total litterfall or leaf litter but also fall of other plant parts of trees will 
improve our knowledge about the nutrient cycle and phonological reactions of forest trees depending on climate change. 

Litterfall has been studied for several years (Müller, 1887) and the reviews try to explain this matter from a holistic 
perspective (Bray and Gorham, 1964; Meentemeyer et al., 1982; Vogt et al., 1986; Sayer, 2006). Although studies were 
conducted in beech, oak, black pine stands (Irmak and Çepel, 1968; Çakır, 2013; Sargıncı, 2014) and Calabrian pine 
stands (Çepel et al., 1988) in Turkey, the number of the studies is quite limited. The studies conducted in Turkey were 
conducted in pure forests. Nevertheless, the mixed stands has had an important effect on the ecosystem and have been 
studied in recent years (Enright, 1999; Staelens et al., 2003). It is reported that mixed forests are more productive than 
pure forests (Pretzsch et al., 2010), and their productivity is due to the nutrients and elements from the litterfall of 
varying quality (Prescott, 2005). In this context, mixed stands and pure stands were compared for the first time in 
Turkey with respect to litterfall and some elements.   

The purpose of this study conducted in oak and beech stands in Atatürk Arboretumu was to determine the litter fall and 
the amount of nutrients and some elements (C, N, P, K, Ca,  Mg, Mn, Fe, Cu, Zn, Ni, Na, Al, Pb)  given back to the 
ecosystem in that way in the pure and mixed stands. 

2. MATERIALS AND METHOD 

2.1 Study Site 

Established in 1949, Atatürk Arboretum is located on an area of 296 ha in the southeast of Belgrad Forest in İstanbul-
Sarıyer. The sample plots were selected from the natural pure oak, pure beech and mixed oak-beech stands located in 
Ataturk Arboretum in Belgrad Forest (Figure / Şekil 1). They are on north latitude 4109'48" - 4110'55" and east 
longitude 2857'27" - 2859'27" do (Karaöz, 1991). 

The soils in Atatürk Arboretum don’t contain lime (CaCO3) and their pH ranges from 4.5 to 5.0. The soils in the 
research area are Luvisol without any drainage problem (WRB, 2006). The overall texture class is loam. According to 
the data of Bahçeköy Meteorology Station, the mean annual precipitation in 1975-2008 was 1121 mm, average 
temperature was 13°C, with the highest average being 17.8°C and lowest average being 9°C. The vegetation period is 
7.5 months (230 days). The elevation from the sea level ranges from 65 to 166 m. The overall aspect is south-east and 
south- west, however, there are many slopes with different aspects and the inclination is 10%-15%. 
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Figure 1. Pure and mixed stands in Atatürk Arboretum in Istanbul 
Şekil 1. İstanbul Atatürk Arboretumu içerisinde bulunan saf ve karışık alanlar 

 

Litterfall traps were selected from the same-age oak (Quercus petraea (Mattuschka) Liebl), beech (Fagus orientalis 
Lipsky) and Oak-Beech mixed stands (Table / Tablo 1). These sites were established in 1949 by planting with natural 
species (Şengönül and Yılmaz, 2008).  

Table 1. Stands characteristics of pure and mixed stands 
Tablo 1. Saf ve Karışık alanlara ait meşcere özellikleri 

  Diameter d1.30 (cm) Height (cm) Age 

Pure Oak 10.28 16.8 60-65 
Beech 18.15 22.3 60-65 

Mixed Oak 14.20 22.5 60-65 
Beech 20.82 22.3 60-65 

 

2.2 Litterfall and Chemical Analyses  

In order to determine the amount of litterfall, 0.3 m-deep traps covering an area of 0.7 m² were installed with holes at 
the bottom to prevent the accumulation of water at a height of 1 m from the ground level at 9 different points in each 
study sites in August 2009 (Austin ve Vivanco, 2006; ICP-Forests, 2010). The plant parts falling into the traps were 
collected from 2009 to 2011. The litter samples were transported to the laboratory, dried in the oven at 65 °C until the 
constant weight. The dried samples were sorted into leaves, branches and other parts (acorn, flower, bark etc.), weighted 
and ground after their dry weights were determined. 

Subsamples (0.5 g) was taken from the ground samples and placed in teflon tubes after which 4 ml concentrated HNO3 
(nitric acid) and 2 ml H2O2 (hydrogen peroxide) were added and samples were converted into solution in microwave 
digestion systems (Berghof Speed Wave). The solutions were then prepared with ultra-pure water until the final volume 
reached 50 ml and stored at 4 Cº until they were analyzed. Phosphorus (P), Potassium (K), Calcium (Ca), Sodium (Na), 
Magnesium (Mg), Manganese (Mn), Iron (Fe), Aluminum (Al), Zinc (Zn), Lead (Pb), Nickel (Ni) and Copper (Cu) 
concentrations of the solutions were determined by ICP-OES (Perkin Elmer Optima 7000 DV) instrument. In order to 
validate the accuracy of the method and the calibration of the device, certified sample (NIST 1575a Pine needles) was 
also analyzed. The measurement of the instrument and the certificate values are shown in Table / Tablo 2. Carbon and 
nitrogen analyses were performed in C/N analyzer (LECO Truspec 2000) according to the dry combustion (Dumas) 
method. 

2.3 Statistical analysis 

In order to determine the spatial and component variations in the nutrient contents by years, one-way ANOVA test was 
applied. When these variations were found to be significant (α=0.05) at the confidence interval of 95%, Tukey’s test 

187

Journal of the Faculty of Forestry Istanbul University 2017, 67(2): 185-200



Journal of the Faculty of Forestry Istanbul University 2017, 67(2): 178-193 
 

181 

 

was performed. Statistical analyses were conducted in IBM Statistical Package for the Social Sciences (IBM SPSS 
Statistics, Armonk, NY, USA) 21.0 package software. 

Table 2. The values of device and certificate 
Tablo 2. Cihaz (ICP-OES, Perkin Elmer) değerleri ve sertifika değerleri 

 
 Measurement Value Certificate value 

 
Mean 

(mg kg-

1) 

Sd  
(±) 

Mean 
(mg kg-1) 

Sd  
(±) 

Pb 0.252 0.116 0.167 0.015 
Cd 0.224 0.0305 0.233 0.004 
Ni 1.517 0.0089 1.47 0.1 
Al 546.1 3.79 580 30 
Fe 45.59 0.962 46 2 
Ca 2438 66.8 2500 100 
Na 65.02 5.748 63 1 
K 3984 44.5 4170 80 
Zn 37.95 0.157 38 2 
Cu 2.64 0.0776 2.8 0.2 
Mg 920.7 10.47 1060 170 
Mn 496.9 3.25 488 12 
P 1027 9.7 1070 80 

Cr 0.47 0.0014 0.30-0.50  
Sd: Standard deviation 

 

3. RESULTS AND DISCUSSION 

3.1 Litterfall in Pure and Mixed Sites  

Total litterfall was found to be 3947-4578 kg ha-1  on average for all plots. From 2009 to 2011, the average amount of 
litterfall was 3514-4708 kg ha-1  in the oak site, and 3602-6160 kg ha-1 in the beech sit while it was 3227-6543 kg ha-1  
in the oak-beech mixed site.  

As for the amount of leaf litter from 2009 to 2011, the highest amount of leaf litter on average was found in oak site 
(3402 kg ha-1), while the lowest leaf litter was found in beech site (2473 kg ha-1). The lowest amount of branch litter 
was in the beech site with 352 kg ha-1 while the highest amount of branch litter was in the oak-beech mixed site with 
472 kg ha-1. The highest amount of the other parts that were seeds, barks and plant parts of other species (e.g. Hedera 
helix) was found in the beech site (1483 kg ha-1) while the lowest amount was in the oak site (107 kg ha-1). As regards 
the distribution of the total litterfall amount by years, the highest amount of total litterfall was found in 2010 in the pure 
and mixed stands (Table / Tablo 3).   

Majority of the litterfall is composed of leaves. The average amount of leaf litter was 86% in the oak site, 62% in the 
beech site and 75% in the oak-beech mixed site. The highest amount of branch litter was in the oak site (10%) while 
the lowest amount of branch litter was in the beech site (6%), while the highest amount of other plant parts was in the 
beech site (30%) while the lowest amount was in the oak site (3%) (Table / Tablo 3).   
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Table 3. The annual amount of litterfall (kg ha-1) ratios to total amount of litterfall (%), which separated leaves, 
branches/twigs, and others 

Tablo 3. Yıllık döküm miktarı (kg/ha) ve toplam döküm miktarına oranları (%) ölüörtü, yaprak, dal ve diğer olarak 
ayrılmıştır 

   Oak Leaves 
(kg ha-1) 

Beech Leaves  
(kg ha-1) 

Branches 
(kg ha-1) 

Other 
(kg ha-1) Total 

O
ak

 

2009 3247.1 (92.4) - 216.4 (6.2) 51.1 (1.5) 3514.6 
2010 4003.8 (85) - 592.3 (12.6) 112.3 (2.4) 4708.4 
2011 2955.1 (81.7) - 505 (14) 158 (4.4) 3618.1 

B
ee

ch
 2009 - 3185.4 (80.2) 118.8 (3) 668.8 (16.8) 3973 

2010 - 2702.7 (43.9) 771.8 (12.5) 2686.2 (43.6) 6160.7 

2011 - 2342.3 (65) 165.8 (4.6) 1094.1 (30.4) 3602.2 

O
ak

-
B

ee
ch

 2009 1504.3 (41.7) 1926.1 (53.4) 98.3 (2.7) 81.5 (2.3) 3610.2 

2010 1591.7 (24.3) 2032.4 (31.1) 1056.7 (16.1) 1862.5 (28.5) 6543.3 

2011 1162.7 (36) 1305.4 (40.4) 260.2 (8.1) 499.4 (15.5) 3227.7 
 

3.2 Nutrient contents and element flow of litter components  

There were temporal and spatial statistical differences between the element concentrations of the litterfall components 
(P<0,05) (Table / Tablo 4). The highest element concentration was found to be in C, Ca, Mg, K and Mn, respectively, 
in the leaves of the oak trees with while it was in C, Ca, Mn, Mg and K, respectively, in the beech trees. Ca, K and Mg 
had the highest concentration in the branches and other parts (Table / Tablo 4). The lowest concentration was found in 
Pb, Ni, Cu, Zn, Al and Fe in all sites (Table / Tablo 4). Overall, the highest element concentration was found in the 
leaves whereas the lowest element concentration was found in the branches (Table / Tablo 4). As for the distribution 
by years, there were statistically significant differences between the concentrations of the elements by years except Zn 
and Ca in oak leaves (Table / Tablo 4). As for the beech leaves, there was a statistical difference between the element 
concentration of Pb, Mn, Mg, Cu, Al, Na and K over the years (Table / Tablo 4).  

As regards the element concentration of the total litterfall, temporal and spatial statistical differences were found 
(P<0,05) (Table / Tablo 5). Only the concentration of Zn in the total litterfall varied across the years in the oak site 
(Table 5). In the beech site, however, a temporal difference was found in the concentration of P, Mn, Ca and Na, while 
a temporal difference was found in the concentration of Ni, Mn, Ca and Na in the oak-beech site (Table / Tablo 5). 

While there was a statistical difference between the litterfall components (leaf, branch and others), non-significant 
difference was observed between the pure and mixed stands and across the years (Table / Tablo 5). The highest nutrient 
flow was found in the leaves (Table / Tablo 6). The total nutrient flow in the branches and other parts varied across the 
years. The total amount of nutrients in the litter was in descending order as 
C>Ca>N>Mg>K>Mn>P>Al>Fe>Na>Zn>Cu>Ni>Pb in all sites. The highest total nutrient flow (except Mn) was found 
in 2010 in the oak-beech mixed stand (Table / Tablo 6). 
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Mineral nutrients and C content in forest ecosystems are substantially supplied from litterfall. Therefore, it is important 
to measure, model and estimate of litterfall as an important parameter for global carbon cycle and carbon accumulation 
(Liski et al., 2005). Moreover, litterfall is one of the important components of net primary production and very 
important for phonological observations (Hansen et al., 2009).  

In this study, the average amount of litterfall in the oak and beech stands was found to be 3947 and 4578 (kg ha-1), 
respectively. The average amount of litterfall by years was 3514-4708 kg ha-1 in the oak stand, 3602-6160 kg ha-1 in 
the beech stand and 3227-6543 kg ha-1 in the oak-beech mixed stand. The highest amount of litterfall in all of the three 
sites was measured in 2010 because it is rich seeds year. 

Some of the studies conducted in similar sites are also consistent with our findings. Irmak and Çepel (1968) reported 
that the average amount of litterfall in the oak and beech stands in the Belgrad Forest was 3546 kg ha-1 and 3712 kg ha-

1, respectively. Carlisle et al. (1966) reported that the average amount of total litterfall from Quercus petraea (from 
1961 to 1964) was 2206 kg ha-1. Augusto et al. (2002) found that the annual litterfall amount in the temperate forests 
in Europe was 3.5 t ha-1 - 4.0 t ha-1 in general. Trap et al. (2011) reported that the annual litterfall amount was 2.58 t ha-

1 in Fagus sylvatica forests in France, while Kavvadias et al. (2001) found the litterfall amount of the same species as 
4.0 t ha-1 in Greece. The amount of litterfall may vary across different sites and biomes. Pandey et al. (2007) found that 
the annual litterfall in semi-tropical Quercus serrata forest was 4.19 and 5.47 t ha-1, while Tateno et al. (2007) found 
the annual litterfall amount was 4.20 t ha-1 in Quercus liaotungensis forest in China. 

In their comprehensive study, Bray and Gorham (1964) and Vogt et al. (1986) stated that there was not a major 
difference between the tree species with respect to litterfall. There are significant differences depending on the climate. 
Liuet al. (2004) reported that the total litterfall in the temperate forests was higher in broad-leaved species than in the 
coniferous species while this is to the contrary in the boreal zones. In this study, no major difference was either found 
between the oak and beech trees in the same habitat with respect to litterfall. 

Collection of different plant parts in the litter is important to determine the amount of nutrients supplied by each part 
to the soil system. Litterfall has become an important parameter recently in monitoring global climate change in 
addition to the plant flowering and foliation used for phonological observation (Hansen et al., 2009). Almost 80% of 
the net primary production is supplied back to the ecosystem by means of litterfall (Meentemeyer et al., 1982; Kassnacht 
and Gower, 1997). Therefore, the amount of litterfall is important for the health of the ecosystem. There are studies 
that focused on determining the total amount of litterfall with the equations based on the amount of different plant parts 
in the litterfall (Meentemeyer et al., 1982; Hansen et al., 2009). However, the amount of litter varies significantly across 
the ecosystems. Previous studies showed that the leaf litter accounted for 75-85% of the total litterfall (Bray and 
Gorham, 1964; Meentemeyer et al., 1982). In this study, the amount of litterfall ranged from 81% to 92% in the oak 
stand across the years. Although it fell to 50% in 2010, when is rich seeds year, in the oak-beech fixed stand, there was 
no significant difference between the years in terms of mass. 

There were temporal and spatial statistical differences between the element concentrations of litterfall components. The 
highest element concentration was found in C, Ca, Mg, K and Mn, respectively in the leaves of the oak trees while it 
was in C, Ca, Mn, Mg and K in the beech stands. Beech is capable of effectively using a substantial amount of nutrients 
(Mn, Mg, Ca) carried over biologically from deep soils to the active organic layer by means of mycorrhiza and its roots 
(Meier et al., 2005). Langenbruch et al. (2012) conducted a study in beech stands and found that the Mn content of the 
leaves in the litterfall had a negative association with the pH of the top soil. In our study, the amount of Mn in the 
leaves of the beech trees was higher than the amount of Mg and K, which might be associated with the low pH of the 
soil as mentioned above. C, Ca, K and Mg had the highest concentration in the branches and other parts. Similar to the 
findings of our study, Shin et al. (2011) found that K, Ca and Mg had the highest concentration in the leaves of the oak 
trees while Ca and K had the highest concentration in the branches and barks. Mun et al. (2007) found the highest 
density in K, Ca and Mg in the leaves, and in K, Ca and Mg in the branches and barks. In another similar study, Hansen 
et al. (2009) found that K, Ca and Mg had the highest concentration in the leaves in the beech and oak stands. 
Furthermore, K, Ca and Mg were found to have the highest amount in the branches of oak and beech trees. In another 
study conducted in the mixed stands, Ca and Mg as nutrients reaching the soil surface by litterfall were found to be 
high however, this was to the contrary for K (Nordén, 1994). The reason why Ca, Mg and K has the highest 
concentration in the leaves is because the nutrients are carried as N≈P>K>Mg>Ca throughout the senescence process 
of leaves (Smith ve Shortle, 1996; Martin et al., 1998; Meerts, 2002). Furthermore, K, N, P and Na are highly  mobile 
elements in an ecosystem (Santa Regina et al., 1997). Apart from these elements, Pb, Ni, Cu, Zn, Al, Fe and Mn were 
found to have the lowest concentration in our study. 
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In our study, the highest element concentration was found in the leaves while the lowest was found in the branches, in 
general. In other studies, the percentage of total nutrient input through litterfall was found to be 75-85% in leaves, and 
10-35% in branches and other parts (including flower, fruit and seed) (Klinge and Rodrigues, 1968; Bernhard-Reversat, 
1972; Rawat and Singh, 1989). Similarly, Pandey and Singh (1981) reported that the nutrient input in the oak-coniferous 
mixed forests was 80-83% through leaves, and 17-20% through branches. As for the element concentration of the total 
litterfall in our study, there were temporally and spatially statistical differences, while there were statistically significant 
differences between the element concentrations of Zn and Ca in the oak leaves across the years. For the beech leaves, 
however, there were statistical differences between the element concentrations of Pb, Mn, Mg, Cu, Al, Na and K across 
the years. Contrary to the data obtained, Hansen et al. (2009) found that there was no significant difference between 
five different tree species with respect to the nutrient density of the leaves as litterfall component. This may vary due 
to the different effects of environmental factors (soil nutrients, precipitation and temperature differences). 

An overall assessment of the nutrient content revealed that the total order of the nutrients was C>Ca>N>Mg>K>Mn>P, 
while on average element concentrations (kg ha-1y-1)  was 1917.59 for C, 44.42 for N, 5.37 for K, 60.56 for Ca, 5.56 
for Mg, 0.72 for P, 2.52 for Mn, 0.87 for Na, 0.82 for Al, 0.90 for Fe in the oak stand, whereas 2189.32 for C, 44.43 
for N, 5.43 for K, 58.37 for Ca, 6.21 for Mg, 0.96 for P, 7.46 for Mn, 0.89 for Na, 1.10 for Al, 1,35 for Fe in the beech 
stand, and 2128.42 for C, 46.37 for N, 5.33 for K, 56.27 for Ca, 6.23 for Mg, 0.98 for P, 5.90 for Mn, 0.90 for Na, 1.60 
for Al, 1.37 for Fe in the oak-beech mixed stand. In a study conducted by Hansen et al. (2009), they found that the total 
nutrient amount supplied by total litterfall in the beech stands was 1397 kg ha-1y-1 for C, 39 kg ha-1y-1 for N, 2.1 kg ha-

1y-1 for P, 7.1 kg ha-1y-1 for K, 23 kg ha-1y-1 for Ca, 3.2 kg ha-1y-1 for Mg, 2.9 kg ha-1y-1 for Mn. It was 1611 kg ha-1y-1 
for C, 55 kg ha-1y-1 for N, 3.3 kg ha-1y-1 for P, 9.8 kg ha-1y-1 for K, 26 kg ha-1y-1 for Ca, 4.8 kg ha-1y-1 for Mg, 4.2 kg 
ha-1y-1 for Mn in the oak stands. In another study, Pedersen and Bille-Hansen (1999) found the average nutrient amount 
through litterfall in the beech stands for six years as 45 kg ha-1y-1 for N, 1.9 kg ha-1y-1 for P, 10.5 kg ha-1y-1 for K, 18 
kg ha-1y-1 for Ca, 3.5 kg ha-1y-1 for Mg, 2.7 kg ha-1y-1 for Na, 0.6 kg ha-1y-1 for A1, 0.3 kg ha-1y-1 for Fe. Similarly, Shin 
ve ark. (2011) found the average nutrient amount through litterfall in the oak stands for four years as 53.42 kg ha-1y-1 
for N, 3.76 kg ha-1y-1 for P, 17.79 kg ha-1y-1 for K, 17.15 kg ha-1y-1 for Ca, 5.76 kg ha-1y-1 for Mg. When the results of 
our study are compared with those of the other studies, it appears that other elements except K, P and Na had higher 
amounts. This difference might be due to the different number of trees per hectare, crown closure and age (Mun et al., 
2007). Furthermore, the results of our study demonstrate that the nutrient input in beech stands and oak-beech mixed 
stands was similar. It can be suggested that this was due to higher amount of beech leaves in the litterfall components 
in the oak-beech stands compared to the amount of oak leaves. 

4. CONCLUSION 

The highest litterfall amount was found in 2010 in our study in all of the three sites. Therefore, the amount of nutrients 
in the litterfall in the oak-beech mixed stand was remarkably higher in 2010 as it was the rich seeds year. Moreover, 
the nutrient input in the oak-beech mixed stands was similar to the input in the beech stands. This can be associated 
with the dominant species in the mixture. In this study, the amount of micro elements was also determined in addition 
to the macro nutrients. According to the data of our study, the density was in general found to be high in 
C>Ca>N>Mg>K>Mn>P>Al>Fe>Na>Zn>Cu>Ni>Pb, respectively.  

Future studies to be conducted on litter decomposition, soil nutrients, nutrients in the biomass and litterfall will ensure 
better understanding of the nutrient flows in the ecosystem. It is hoped that the results of our study will lay the basis 
for such future studies.  
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