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FOLIAR RESORPTION IN NITROGEN-FIXING AND NON-FIXING SPECIES
IN A SWAMP FOREST IN NORTHERN TURKEY

Burak SURMEN!, Hamdi Giiray KUTBAYZ, Dudu Duygu KiLIC? & Mustafa SURMEN*

RESUME. — La résorption foliaire des espéces fixatrices et non-fixatrices d’azote dans une forét
marécageuse du nord de la Turquie. — La résorption foliaire des nutriments dans les végétaux est un facteur-
clé de conservation des nutriments en particulier de I’azote (N) et du phosphore (P) et rend les plantes moins
dépendantes des ressources nutritionnelles du sol. La question de savoir si les espéces fixatrices d’azote dif-
férent ou non des non-fixatrices dans leurs stratégies d’utilisation de N et de P demeure fort débattue. Deux
fixatrices d’azote (une actinorhize et une 1égumineuse) et quatre non-fixatrices ont été échantillonnées dans
une forét marécageuse du nord de la Turquie afin de comparer les fixatrices au non-fixatrices dans I’efficience
(RE) et la capacité (RP) de leur résorption. Les espéces fixatrices (actinorhize et légumineuse respectivement)
ont ét¢ Alnus glutinosa (L.) Gaertner subsp. glutinosa et Robinia pseudoacacia L. Les non-fixatrices étaient
Quercus hartwissiana Stev., Acer campestre L. subsp. campestre, Euonymus europaeus L. et Fraxinus excel-
sior L. 11 a été trouvé dans la présente étude que les fixatrices d’azote ont un plus faible NRE mais une plus
grande capacité en P que les non-fixatrices (a I’exception de F. excelsior). De plus, les N/P ratios des fixatrices
d’azote sont apparus plus élevés que ceux des non-fixatrices. La résorption foliaire ne s’est pas avérée de forte
capacité tant chez les fixatrices que chez les non-fixatrices d’azote dans notre étude.

SUMMARY. — Foliar resorption of nutrients in plants is a key factor to conserve nutrients especially
nitrogen (N) and phosphorus (P) and makes plant species less-dependent to soil nutrient status. There is
much debate whether N-fixing and non-fixing species differ or not with respect to N and P usage strategies.
Two N-fixing (one actinorhizal and one legume) and four non-fixing species were sampled in a swamp forest
in northern Turkey to compare nitrogen-fixing and non-fixing species with respect to resorption efficiency
(RE) and resorption proficiency (RP). Actinorhizal and legume species were Alnus glutinosa (L.) Gaertner
subsp. glutinosa and Robinia pseudoacacia L., respectively. Non-fixing species were Quercus hartwissiana
Stev., Acer campestre L. subsp. campestre, Euonymus europaeus L. and Fraxinus excelsior L. It has been
found that N-fixing species had lower NRE than non-fixing species in the present study, while N-fixing
species were more P-proficient than non-fixing species (except for £ excelsior). Additionally, N/P ratios of
N-fixing species were higher than those of non-fixing species. Foliar resorption was not highly proficient in
both N-fixing and non-fixing species in the present study.

Foliar resorption is an important mechanism of nutrient conservation and up to 80 % of
nitrogen (N) and phosphorus (P) foliar pools can be re-translocated and expressed as resorption
efficiency (RE) and resorption proficiency (RP) (Chapin & Kedrowski, 1983; Lambers et al.,
1998). RE is the difference between the nutrient concentration in green leaves and senescent
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leaves, given as a percentage (Distel ef al., 2003), whilst RP is the absolute value by which
nutrients are reduced in senescent leaves (Yuan et al., 2005; Lima et al., 2006). Higher levels
of resorption proficiency correspond to lower final nutrient concentrations in senescent leaves,
thus the lower concentration of a nutrient in senescent leaves indicates greater resorption pro-
ficiency (Killingbeck, 1996; van Heerwarden et al., 2003).

Foliar nutrient resorption can vary depending on soil fertility (Stachurski & Zimka, 1975), leaf
nutrient status (Del Arco et al., 1991), time span of senescence (Nordell & Karlson, 1995; Coté et al.,
2002), and symbiotic relationships (Richardson et al., 2008). It has been suggested that patterns in
foliar nutrient resorption may offer new insights into plant nutrient status and limitation for example
nutrient conservation by withdrawing from senescing tissues and sequestering them for future use
especially in stressful habitats (Hongua ef al., 2011; Reed et al., 2012; Yilmaz et al., 2013).

Wetlands cover one third of the Earth’s surface and 60 % of these areas are swamp forests.
Swamp forests are ecosystems restricted to hydromorphic soils which are subject to the pres-
ence of surface water due to upwelling of groundwater. The water table is at or near the land
surface, and this causes anaerobic conditions within the root zone of plants and as a result of
this, swamp forests show a slower rate of nutrient cycling, mainly due to low litter nutrient qual-
ity and slower litter decomposition rate (Calhoun, 1999; Yalcin ef al., 2004; Shah, 2006; Reef et
al., 2011). It has been stated that nitrogen-fixing plants are key constituents in many natural eco-
systems throughout the world and provide the major source of N that enters the N cycle in these
ecosystems (Plassmeyer, 2008). However, several authors concluded that plants which perform
symbiotic N-fixation presented lower N-resorption proficiency (NRP), and N-resorption effi-
ciency (NRE) than non-fixing species (Killingbeck, 1996; Stewart et al., 2008).

This study addresses the following objectives: (i) Co-occurring nitrogen-fixing (N-fixing)
and non-fixing deciduous species in a swamp forest in northern Turkey were compared to find
whether co-occurring N-fixing and non-fixing species differed or not regarding N and P usage
strategies. (ii) Nutrient ratios (N/P ratio) were investigated to find whether the two functional
groups N- or P-limited differ or not in the studied swamp forest. (iii) The interactions among
plant species and soil traits were investigated by multivariate methods.

MATERIAL AND METHODS

STUDY AREA

The study was carried out in a swamp forest called “Haci Osman Forest” (41°18” N; 36°55’ E) in Central Black Sea
Region of Turkey (Fig. 1). This forest covers an 86 ha area and is located 4 m a.s.l. Hact Osman Forest has been defined as
unique and endangered alluvial ecosystems on a world-wide basis and declared as a Nature Protection Area by the Turkish
General Directorate of Forestry. The study area has a rather closed canopy (90 %) and is characterized by hydromorphic
alluvial soils and includes later successional shade-tolerant species (Kutbay, 2001). Co-occurring tree and shrub species
in this studied swamp forest are Fraxinus excelsior, Alnus glutinosa subsp. glutinosa, Robinia pseudoacacia, Euonymus
europaeus, Quercus hartwissiana, and Acer campestre subsp. campestre. All species have winter deciduous leaf habit.
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Figure 1. — Map of the study area (Google Earth Software, 2012).
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Hac1 Osman Forest has an oceanic type climate with a mean annual precipitation of 885.2 mm (P); summer
drought is not observed in the area. Mean annual temperature is 13.8 °C. Summer rainfall (PE) is 152.2 mm. Mean
maximum for the hottest month (M) and mean minimum for the coldest month (m) are 27.7 and 2.1 °C, respectively.
The precipitation regime in this forest is East Mediterranean-type (Autumn, Winter, Spring, Summer; Au, Wi, Sp, Su)
(Kutbay, 2001; Yalcimn et al., 2011; Huseyinova ef al., 2013).

SPECIES AND SAMPLING

Taxonomic nomenclature for plant species followed is that of Brummitt & Powell (1992). Two functional
groups were selected in the study area as N-fixing and non-fixing species (Tab. I). N-fixing species are represented by
A. glutinosa and R. pseudoacacia, while non-fixing ones are represented by A. campestre, F. excelsior, E. europaeus,
and Q. hartwissiana.

Leaf samples were collected monthly from May to November 2009. For each species five trees were pre-selected
and marked. Leaf samples were taken from throughout the mid-crown of each individual and consisted of leaves with
no evidence of insect attack. At least ten leaves per plant were collected. Individuals were selected from 4 to 10 m
(only R. pseudoacacia individuals were taken > 2.5 m because individuals were located very close to each other in the
studied swamp forest) from the stems of neighbouring canopy trees to avoid potential microsite variation (Boerner &
Koslowsky, 1989). When a leaf or at least two-thirds of its area turned yellow or brown, it was considered senesced
(Williams-Linera, 2000; Kilic ef al., 2012).

Chemical analysis

Leaf samples were scanned and leaf area was calculated by using a Netcad software (Anonymous, 1999) and then
leaves were dried at 70 °C for 24 h. Leaf samples were digested in a mixture of nitric acid and perchloric acid, with the
exception of sample for N analysis. Nitrogen was determined by the Kjeldahl method. P concentration was determined
with the stannous chloride method using a Jenway spectrophotometer (Allen ez al., 1986).

Ten soil samples of 0-30 cm depth were collected using an auger from May to November 2010. Then the soil
samples were air-dried and sieved to pass through a 2-mm screen. The pH values were measured in deionised water
(1:1). Soil nitrogen (%) was determined by the micro Kjeldahl method. Soil available phosphorus (ppm) was determined
spectrophotometrically following extraction by ammonium acetate. CaCO3 % was determined by Scheibler calcimeter
method. Soil moisture was calculated on a volume basis by soil pins (Allen et al., 1986; Kacar, 2009). The results of soil
analysis were evaluated according to Kacar (2009).

Calculations

RE was defined as the percentage of N and P removed from senescing leaves and calculated as the difference
between peak foliar N and P and senesced leaves. Nitrogen and phosphorus resorption efficiency (NRE and PRE) (%)
was calculated as the percentage of N, P and recovered from senescing leaves and calculated by: NRE = (N mature
green - N senescent) / N mature green x 100 %, where: N mature green = N in mature green leaves, N senescent =
N in senescent leaves. PRE = (P mature green - P senescent) / P mature green x 100 %, where: P mature green = P in
mature green leaves, P senescent = P in senescent leaves (Kilic et al., 2010). Green and senescent leaves were sampled
in August and November, respectively.

Vergutz et al. (2012) stated that mass loss should be taken into account for calculation of RE and RE was calculated
using the following formulas:

Nutrient in senescent leaves

Nutrient RE =| 1— —
Nutrient in green leaves

MLCF] % 100( Vergutz et. al., 2012)

Senescent leaves mass (g)
MLCF = (van Heerwaarden et. al., 2003)
Green leaves mass ( g)

where MLCF is the mass loss correction factor. MLCEF is ratio of dry mass of senesced leaves and the dry mass of green
leaves (van Heerwaarden et al., 2003).
Nutrient RP = Nutrient concentration in the senesced leaves (mg/g).

Statistical analysis

Statistical analyses were performed by SPSS software version 17.0 (SPSS Inc., 2007). The differences among
species and sampling months regarding leaf traits and leaf nutrient concentrations were investigated by two-way ANOVA.
Dependent variables were N and P concentrations, NRE, PRE, NRP, PRP and N/P ratio, respectively. Independent
variables were functional groups and species. Tukey’s honestly significant difference (HSD) test was used to rank
means. The relationships between plant species and some soil traits were investigated by Canonical Correspondence
Analysis (CCA) (Jongman et al., 1995) using the ECOM version 1.33 (Henderson & Seaby, 2001).
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RESULTS

Statistically significant differences were found among the studied species with respect to
NRE. The highest PRE was found in nitrogen-fixing 4. glutinosa and non-fixing F. excelsior.
There were statistically significant differences between N-fixing and non-fixing species with
respect to NRP and PRP. NRE was lower in N-fixing species than that of non-fixing species.
NRE values of N-fixing species were similar. The highest NRE was found in A4.campestre
subsp. campestre, while the highest PRE was found in 4. glutinosa. N-fixing species were low-
est NRP like NRE. The most N- proficient species was F. excelsior because this species had
the lowest N concentration in their senescent leaves, while the most P-proficient species was
A. glutinosa (Tab. I; Fig. 2).

TABLE

Mean resorption proficiency and efficiency of nitrogen (N) and phosphorus (P) (Mean + SE)(MLCF: Mass loss correction
factor). Means followed by the same letter are not significantly different at the 0.05 level using Tukey s HSD test

Group, faily NRP PRP NRE (%)  PRE (%) NRE (%) PRE (%)
and species (me/e) (mg/e) Vergutz et al., 2012 RE values without MLCF factor.
Nitrogen-fixing
species

Actinorhizal:

Betulaceae:
Alnus glutinosa 20.86+2.0a 0.51+£0.03c  49.35+1.5d 84.21+0.9a 36.12+1.95 75.94+1.49
N-fixing legume
species:

Fabaceae
Robinia pseudoacacia  24.00+0.8a  0.91£0.01b  42.34+1.3e¢  67.80+1.7b 33.17+1.52 63.36+2.03
Non-N-fixing species:

Celastraceae
Euonymus europaeus ~ 15.21+0.5b  1.32+0.13a  59.35+0.7c  68.69+2.3b 43.49+0.98 56.47+3.29

Oleaceae
Fraxinus excelsior 11.71+0.7b  0.80+0.06b  64.56+0.9b  79.87+1.0a 55.71+1.14 74.84+1.35

Fagaceae:
Quercus hartwissiana  12.32+1.1b  1.10+0.04b  62.23+0.3b  64.21+0.8b 58.02+0.36 60.23+0.93
Aceraceae:
Acer campestre 12.03£0.4b  1.06+0.05b  70.83+0.6a  65.74+2.1b 65.61+0.73 59.60+2.49

000 400 Species
Bl
i
Hiveee
=l =

Figure 2. — N and P concentrations in green and senesced leaves of nitrogen-fixing and non-fixing species

(Mean + SE; p <0.001).
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High NRE and PRE values were found in both N-fixing and non-fixing species when mass
loss correction factor was used (Tab. I). Leaf P concentrations of N-fixing species and N and
P concentrations of non-fixing species were significantly changed over the growing season.
However, no significant changes were found in leaf N concentrations of N-fixing species from
May to October. However, leaf N concentration was decreased in November in N-fixing spe-
cies (Table II). Significant differences were found between N-fixing and non-fixing species
with respect to N/P ratio of green leaves. N/P ratios of N-fixing species were found to be higher
than that of non-fixing ones (Tab. III).

TABLE II

Foliar N and P concentrations in N-fixing and non-fixing species over the growing season. Means followed by the
same letter are not significantly different at the 0.05 level using Tukeys HSD test

Growing seasons

Functional group May June July August September October November

N-fixing species

N (mg/g) 2553 a 27.08 a 28.65a 28.69 a 2641 a 2487 a 18.04 b

P (mg/g) 236a 1.92 ab 2.13 ab 1.89 ab 1.72 abc 1.33 be 091 ¢

Non-fixing species

N (mg/g) 28.66 a 26.48 ab 26.07 ab 24.53 ab 22.86b 18.02 ¢ 11.99d

P (mg/g) 273 a 2.23 ab 1.94 be 1.92 be 1.84 be 1.43 cd 0.96 d
TABLE 111

Mean nitrogen/ phosphorus ratio in green and senescent leaves in N-fixing and non-fixing species. Means followed
by the same letter are not significantly different at the 0.05 level using Tukey s HSD test

Green leaves

Group, species N/P ratio
Nitrogen-fixing species

Alnus glutinosa 13.27a
Robinia pseudoacacia 12.86ab
Non-fixing species:

Euonymus europaeus 8.92¢
Fraxinus excelsior 8.10c
Quercus hartwissiana 9.26bc
Acer campestre 9.97abc

No significant differences were found in N and P concentrations of green leaves, while
there were significant differences among senescent leaves with respect to N and P concentra-
tions (Fig. 2). N-fixing species have higher SLA than non-fixing species (Fig. 3).

Soil pH was slightly alkaline. Soil N concentration was high, while soil P concentrations
were found to be low, while CaCO5 content was at medium level in studied swamp forest
(Tab. IV). The cumulative percentage of variance explained by the first and axis accounted
for 25.56 and 5.42 %, respectively. Species environment scores were found to be significant
(p <0.01). According to canonical coefficients soil N concentration and CaCOj5 content were
significant in the first axis, while none of the soil traits were significant in the second axis
(Tab. V). CCA diagram revealed that only Q. hartwisiana associated with CaCO5 content,
while the other species were not associated with soil traits, F. excelsior, A. campestre and
E. europaeus were found in the negative side of axis 1, while the other species occurred in the
positive side. (Fig. 4).
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Figure 3. — SLA in nitrogen-fixing and non-fixing species (£SE; p<0.001).

TABLE IV
Soil traits in studied swamp forest (Mean+SE).

pH 7.31+£0.072

P(ppm) 6.10+0.011

CaCOj3 (%) 4.67+0.74

N(%) 0.29+£0.03

Soil Moisture (%) 88.05+8.07
TABLE V

Canonical coefficients of soil traits for axis 1 and axis 2

Soil trait Axis 1 Axis 2
pH -0.35 0.38
N 0.89 0.02
P -0.13 0.26
CaCO;y 0.80 -0.03
Soil Moisture 0.29 -0.07

Ordination Plot
Environment Axis 1

“A. glutinosa pH

E. enropaeus

O harnvissiana

E excelsior

R.pseudoacacia

1 b T 3 3
Species/Sample Axis 1

0

2 sy juetmon AT

Figure 4. — CCA diagram of soil traits in studied swamp forest (SM: Soil moisture).
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DISCUSSION

Several authors reported that NRE and PRE ranged from 20 to 70 % and 50 to 85 % respec-
tively in N-fixing species (Aerts, 1996; Lima et al., 2006; Ozbucak et al., 2008, 2009). NRE and
PRE in N-fixing species were similar to those reported in other studies in the present study. Van
Heerwaarden ef al. (2003) and Vergutz et al. (2012) implied that ignoring mass loss leads to an
underestimation of nutrient resorption by 10 %. We found RE was increased about 10 % when
we used mass loss correction factor. Vergutz et al. (2012) found that NRE values for deciduous
angiosperms and N-fixing deciduous angiosperms namely 59.7 % and 49.5 %, respectively.

Foliar resorption was not highly proficient in both N-fixing and non-fixing species. Kill-
ingbeck (1996) stated that resorption is highly proficient in plants that have reduced N and P
during their senescent stages to concentrations below 7.0 m g'1 and 0.5 mg g'l, respectively.
N and P concentrations were above 7.0 mg g'l and 0.5 mg g, respectively in all of the species
in the present study. Stewart ef al. (2008) also found that low NRP vales for N-fixing species.

It has been reported that N-fixing plants have usually lower NRE than non-fixing species
and this suggests that a trade-off between these two functional groups occurred (Stewart et al.,
2008; Drenovsky et al., 2013). Alnus species and other actinorhizal plants have been found to
resorb less foliar N in fall than non-fixing deciduous woody angiosperms (Kaelke & Dawson,
2003). N-fixing species had lower NRE than non-fixing species in the present study. They were
also not N-proficient because they had high N concentrations in their senescent leaves. Contin-
ued N, fixation may lead to high senescent leaf N concentrations and rapid ecosystem incor-
poration of fixed N (Uliassi & Ruess, 2002). Unlike many shrub and tree species, actinorhizal
plants typically retain a large amount of nutrients in their leaves during senescence instead of
reabsorbing them into stem or other biomass (Stewart et al., 2008; Vincent, 2011). Drenovsky
et al. (2013) also found that N resorption in actinorhizal species were incomplete mainly due
to environmental factors and phenotypic plasticity.

However, N-fixing species were more P-proficient than non-fixing species (except for
F. excelsior) because they had low P concentrations in their senescent leaves. The highest PRE
was found in 4. glutinosa. Alders (Alnus species) resorbed high amount of P (Uliassi & Ruess,
2002). However, the lowest PRE was found in Q. hartwissiana. Oak species has been known
as the highest indicators of P supply (i.e. available soil P), and lowest foliar resorption and this
suggests that oak species may be less reliant on internally recycled P and more dependent on
uptake (Weand ef al., 2010). It has been found that there were significant differences among
functional types with respect to foliar P concentrations. P has been known as a critical limiting
nutrient for microbial process. For example, P is very important for nodulation and N-fixation.
Low P level inhibits plant growth, nodulation and N fixation processes (Almeida et al., 2000;
Novotny et al., 2007). Honghua ef al. (2001) and Mitchell & Ruess (2009) indicated that N-fix-
ing plants have high P demands and high capacity for PRE. Mao ef al. (2011) reported that
mean PRE in nitrogen-fixing species was 67 %, while Vergutz et al. (2012) found PRE values
for deciduous N-fixing angiosperms and non-fixing species of 59.6 and 54.5 % respectively,
and indicated that N-fixing species should resorb less nitrogen than non-N-fixing species and
potentially resorb proportionally more P and that high PRE in N-fixing species is probably due
to their high P requirement.

It has been found that N/P ratios of N-fixing species were found to be higher than that of
non-fixing ones in studied swamp forest. Novotny et al. (2007) and Kurokawa et al. (2010)
found that N-fixers had higher N /P ratios than did non N-fixers in co-occurring woody spe-
cies. It has been reported that foliar N/P ratio below 14 indicated N-limitation (Aerts & Chapin,
2000; Giisewell & Koerselman, 2002; Rejmankova, 2005). Koerselman & Meuleman (1996)
indicated that N/P ratios below 16 indicate P-limitation, while Finzi et al. (2004) stated that
N/P ratios >12.5 indicate P-limitation. N-limitation was found in all of the species, while
nitrogen-fixing species were P-limited in the present study. Neatrour et al. (2008) showed
colimitation by N and P in swamp forests. Vitousek et al. (2010) stated that the main cause of
N-limitation in ecosystems is demand-independent losses, and constraints to N fixation can
control the ecosystem level mass balance of N. N/P ratios may be an inconclusive indicator of
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nutrient limitation. However, high PRE and high PRP in nitrogen-fixing species showed that
these species were particularly P-limited. Low biological activity in swamp forests may inhibit
nutrient uptake and cycling (Rodriguez-Gonzalez et al., 2010; Anderson & Lockaby, 2011).

SLA has been considered a key variable to explain differences in leaf traits among dif-
ferent functional groups and it has been found to be involved in an efficient conservation of
nutrients (Garnier ef al., 2001; Vilar & Merino, 2002). Plants with high SLA have leaves with
high nitrogen concentration and this relationship would be important in mixed species stands
(Wright & Westoby, 2003). However, such a trend is not found with respect to N concentra-
tions, while it has been found that N-fixing species were more P-proficient than non-fixing
species and high SLA of these species may contribute to optimal using of leaf P.

In conclusion, we found foliar N and P resorption in N-fixing and non-fixing species
were incomplete. However, N-fixing species were more P-proficient, while non-fixing species
were more N-proficient. In addition to these, N/P ratio was higher in N-fixing species. It has
been emphasized that N-fixing species have some positive effects on co-occurring non-N-
fixers in N-limited environments (Mason et al., 2012). We found N-limitation in all of the spe-
cies, whilst N-fixing species were P-limited. The differences between two functional groups
with respect to foliar resorption patterns i.e. high PRP in N-fixing species vs. non-fixing ones
may be interpreted on the basis of some positive effects against N- or P-limitation among co-
occurring species in a swamp forest. Foliar resorption was not greatly influenced by soil traits
because many of the species (except Q. hartwissiana) were not associated with soil traits in the
studied swamp forest.

REFERENCES

AERTS, R. (1996). — Nutrient resorption from senescing leaves of perennials: are there general patterns? J. Ecol., 84:
597-608.

AERTS, R. & CHAPIN, F.S.III. (2000). — The mineral nutrition of wild plants revisited: a re-evolution of processes and
patterns. Adv. Ecol. Res., 30: 1-67.

ALLEN, S.E., GRIMSHAW, H.M., PARKINSON, J.A., QUARMBY, C. & ROBERTS, J.D. (1986). — Chemical analysis. Pp
411-466 in: S.B. Chapman (ed.). Methods in plant ecology. Blackwell Science, Oxford.

ALMEIDA, J.P.F., HARTWIG, U.A., FREHNER, M., NOSBERGER, J. & LUSCHER, A. (2000). — Evidence that P deficiency
induces N feedback regulation of symbiotic N, fixation in white clover (Trifolium repens L.). J. Exp. Bot.,
51: 1289-1297.

ANDERSON, C.J. & LOCKABY, B.G. (2011). — Foliar nutrient dynamics in tidal and non-tidal freshwater forested wet-
lands. Aquat. Bot., 95: 153-160.

ANONYMOUS (1999). — Net Cad for Windows. Version 2.0 90b56.

BOERNER, R.E.J. & KOSLOWSKY, S.D. (1989). — Microsite variations in soil chemistry and nitrogen mineralization in
a beech-maple forest. Soil Biol. Biochem., 21: 795-801.

BRUMMITT, R.K. & POWELL, C.E. (1992). — Authors of plant names. Royal Botanic Gardens, Kew & Edinburgh.

CALHOUN, A.J.K. (1999). — Forested wetlands. Chapter 9, pp 300-331 in: Maintain biodiversity in forest ecosystems.
Cambridge University Press, Cambridge.

CHAPIN, F.S.III. & KEDROWSKI, R.A. (1983). — Seasonal changes in nitrogen and phosphorus fractions and autumnal
retranslocation in evergreen and deciduous taiga trees. Ecology, 64: 376-391.

COTE, B., FYLES, J.W., & DJALILVAND, H. (2002). — Increasing N and P resorption in northern deciduous hardwoods
with decreasing foliar N and P concentrations. Ann. For. Sci., 59: 275-281.

DEL ARCO, J.M., ESCUDERO, A. & GARRIDO, M.V.V. (1991). — Effects of soil site characteristics on nitrogen resorption
from senescing leaves. Ecology, 72: 701-708.

DISTEL, R.A., MORETTO, A.S. & DIDONE, N.G. (2003). — Nutrient resorption from senescing leaves in two Stipa spe-
cies native to Central Argentina. Austral Ecol., 28: 210-215.

DRENOVSKY, R.E., KOEHLER, C.E., SKELLY, K. & RICHARDS, J.H. (2013). — Potential and realized nutrient resorption
in serpentine and non-serpentine chaparral shrubs and trees. Oecologia, 171: 39-50.

Finzi, A'F., DE LuciA, E.H. & SCHLESINGER, W.H. (2004). — Canopy N and P dynamics of a southeastern US pine
forest under elevated CO,. Biogeochemistry, 69: 363-378.

GARNIER, E., LAURENT, G., BELLMAN, A., DEBAIN, S., BERTHELIER, P., DUcoOUT, B., ROMET, C. & NAVAS, M.L.
(2001). — Consistency of species ranking based on functional leaf traits. New Phytol., 152: 69-83.

GOOGLE EARTH SOFTWARE (2012). — Google Inc. Attn: Corporate Secretary 1600 Amphitheatre Parkway Mountain
View, CA 94043.

-325-



GUSEWELL, S. & KOERSELMAN, W. (2002). — Variation in nitrogen and phosphorus concentrations of wetland plants.
Perspect. Plant. Ecol. Evol. Syst., 5: 37-61.

HENDERSON, P.A. & SEABY, R M.H. (2001). — Environmental Community Analysis. 1.33 version. Pisces Conservation
Ltd, UK.

HONGHUA, H.E., BLEBY, T.M., VENEKLAAS, E.J. & LAMBERS, H., (2001). — Dinitrogen-fixing Acacia species from
phosphorus-impoverishes soils resorb leaf phosphorus efficiently. Plant Cell Environ., 34: 2060-2070.

HUSEYINOVA, R., KILINC, M., KUTBAY, H.G., KiLIC, D.D. & BILGIN, A. (2013). — The comparison of Grime’s strate-
gies of plant taxa in Hac1 Osman Forest and Bafra Fish Lakes in the central Black Sea region of Turkey. Turk.
J. Bot., 37: 725-734.

JONGMAN, R.H., TER BRAAK, C.J.F. & TONGEREN, O.F.R. (1995). — Data analysis in community and landscape ecol-
ogy. CambridgeUniversity Press, Cambridge.

KACAR, B. (2009). — Soil analysis. Second Edition, Nobel Publications. (in Turkish)

KAELE, C.M. & DAWSON, J.A. (2003). — Seasonal flooding regimes influence survival, nitrogen fixation, and the par-
titioning of nitrogen and biomass in A/nus incana ssp. rugosa. Plant Soil, 254:167-177.

KiLic, D.D., KuTBAY, H.G., OZBUCAK, T. & HUSEYINOVA, R. (2010). — Foliar resorption in Quercus petraea subsp.
iberica and Arbutus andrachne along an elevational gradient. Ann. Forest Sci., 67: 213-220.

Kiric, D.D., KUTBAY, H.G., OZBUCAK, T. & HUSEYINOVA, R. (2012). — Nitrogen and phosphorus resorption in two
sympatric deciduous species along an elevational gradient. Rev. Ecol. (Terre Vie), 67: 409-422.

KILLINGBECK, K.T. (1996). — Nutrients in senesced leaves: keys to the search for potential resorption and resorption
proficiency. Ecology, 77: 1716-1727.

KOERSELMAN, W. & MEULEMAN, A.F.M. (1996). — The vegetation N/P ratio: a new tool to detect the nature of nutrient
limitation. J. Appl. Ecol., 33: 1441-1450.

KUROKAWA, H., PELTZER, D.A. & WARDLE, D.A. (2010). — Plant traits, leaf palatability and litter decomposability
for co-occurring woody species differing in invasion status and nitrogen fixation ability. Funct. Ecol., 24:
513-523.

KUTBAY, H.G. (2001). — Nutrient content in leaves from different strata of a swamp forest from northern Turkey. Pol.
J. Ecol., 49: 221-230.

LAMBERS, H., CHAPIN, F.S. & PONS, T.L. (1998). — Plant physiological ecology. 2" edition. Springer-Verlag, New York.

LiMA, A.L.S., ZANELLA, F., SCHIAVIANTO, M.A. & HADDAD, C.R.B. (2006). — N availability and mechanisms of N
conservation in deciduous and semideciduous tropical forest legume trees. Acta Bot. Bras., 20: 625-632.

Mao, W, L1, Y., Cul, J., Zuo, X. & ZHAO, X. (2011). — Variations in foliar nutrient resorption efficiency of different
plant growth forms in temperate sandy grassland. Pol. J. Ecol., 59: 355-365.

MASON, N.W.H., RICHARDSSON, S.J., PELTZER, D.A., DE BELLO, F., WARDLE, D.A. & ALLEN, R.B. (2012). — Changes
in coexistence mechanisms along a long-term soil chronosequence revealed by functional trait diversity. J.
Ecol., 100: 678-689.

MITCHELL, J.S. & RUESS, R.W. (2009). — Seasonal patterns of climate controls over nitrogen fixation by A/nus
viridis subsp. fruticosa in a secondary successional chronosequence in interior Alaska. Ecoscience, 16:
341-351.

NEATROUR, M.A., JONES, R.H. & GOLLADAY, S.W. (2008). — Assessment of nutrient limitation in floodplain forests
with two different techniques. Res. Lett. Ecol., 2008: 1-4.

NORDELL, K.O. & KARLSSON, P.S. (1995). — Resorption of nitrogen and dry matter prior to leaf abscission: variation
among individuals, sites and years in the mountain birch. Funct. Ecol., 9: 326-333.

NOVOTNY, A.M., SCHADE, J.D., HOBBIE, S.E., KAy, A.D., KYLE, M., REICH, P.B. & ELSER, J.J. (2007). — Stochio-
metric response of nitrogen-fixing and non-fixing dicots to manipulations of CO2, nitrogen and diversity.
Oecologia, 151: 687-696.

OzBUCAK, T.B., KUTBAY, H.G., KILIC, D., KORKMAZ, H., BILGIN, A., YALCIN, E. & APAYDIN, Z. (2008). — Foliar
resorption of nutrients in selected sympatric tree species in gallery forest (Black Sea Region). Pol. J. Ecol.,
56:227-237.

0zBUCAK, T.B., KUTBAY, H.G. & TURKIS, S. (2009). — Annual N and P nutrient concentrations and foliar resorption
in Alnus glutinosa subsp. glutinosa (Betulaceae) leaves. JABS, 3: 8-13.

PLASSMEYER, C.J. (2008). — Seasonal variation in nutrient availability and uptake by oak saplings following four
nitrogen treatments on a Missouri river floodplain. MSc thesis University of Missouri-Columbia.

REED, S.C., TOWSEND, A.R., DAVIDSON, E.A. & CLEVELAND, C.C. (2012). — Stochiometric patterns in foliar nutrient
resorption across multiple scales. New Phytol., 196: 173-180.

REEF, R., FELLER, I.C. & LOVELOCK, C.E. (2010). — Nutrition of mangroves. Tree Physiol., 30: 1148-1160.

REJMANKOVA, E. (2005). — Nutrient resorption in wetland macrophytes; comparisons across several regions of differ-
ent nutrient status. New Phytol., 167: 471-482.

RICHARDSON, S.J., ALLEN, R.B. & DOHERTY, J.E. (2008). — Shifts in leaf N:P ratio during resorption reflect soil P in
temperate rainforest. Funct. Ecol., 22: 738-745.

RODRIGUEZ-GONZALEZ, P.M., STELLA, J.C., CAMPELO, F., FERREIRA, M.T. & ALBUQUERQUE, A. (2010). — Subsidy or
stress? Tree structure and growth in wetland forests along a hydrological gradient in Southern Europe. Forest
Ecol. Manag., 259: 2015-2025.

-326 -



SHAH, J.J.F. (2006). — Effects of flood regime and riparian plant species on soil nitrogen cycling along the Middle Rio
Grande: implications for restoration. PhD Thesis, University of New Mexico Albuquerque, New Mexico.

SPSS INCORPORATION (2007). — SPSS Statistics Base 17.0 User's Guide. 233 South Wacker Drive, Chicago.

STACHURSKI, A. & ZIMKA, J.R. (1975). — Methods of studying forest ecosystems: leaf area, leaf production, and with
drawal of nutrients from leaves of trees. Pol. J. Ecol., 23: 637-648.

STEWART, R.J., KENNEDY, G.J., LANDES, R.D. & DAWSON, J.O. (2008). — Foliar nitrogen and phosphorus resorption
patterns differ among nitrogen fixing and nonfixing temperate deciduous trees and shrubs. Int. J. Plant Sci.,
169: 495-502.

ULiassL D.D. & RUESS, R.W. (2002). — Limitations to symbiotic nitrogen fixation in primary succession on the Tanana
river floodplain. Ecology, 83: 88-103.

VAN HEERWAARDEN, L.M., TOET, S. & AERTS, R. (2003). — Current measures of nutrient resorption efficiency lead to
a substantial underestimation of real resorption efficiency: facts and solutions. Oikos, 101: 664-669.

VEGUTZ, L., MANZONI, S., PORPORATO, A., NOVAI, R.F. & JACKSON, R.B. (2012). — Global resorption efficiencies and
concentration of carbon and nutrients in leaves of terrestrial plants. Ecol. Monogr., 82: 205-220.

VILAR, R. & MERINO, J. (2002). — Comparison of leaf construction costs in woody species with differing leaf life-spans
in contrasting ecosystems. New Phytol., 151: 213-226.

VINCENT, C.A. (2012). — Seasonal changes in wetland plant chemical composition and effects on local environment.
MSc thesis, The University of Alabama, Tuscaloosa, Alabama.

VITOUSEK, P.M., PORDER, S., HOULTON, B.Z. & CHADWICK, O.A. (2010). — Terrestrial phosphorus limitation: mecha-
nisms, implications, and nitrogen-phosphorus interactions. Ecol. Appl., 20: 5-15.

WEAND, M.P., ARTHUR, M.A., LOVETT, G.M., SIKORA, F. & WEATHERS, K.C. (2010). — The phosphorus status of north-
ern hardwoods differs by species but is unaffected by nitrogen fertilization. Biogeochemistry, 97: 159-181.

WILLIAMS-LINERA, G. (2000). — Leaf demography and leaf traits of temperate-deciduous and tropical evergreen-
broadleaved trees in a Mexican montane cloud forest. Plant Ecol., 149: 233-244.

WRIGHT, 1.J. & WESTOBY, M. (2003). — Nutrient concentration, resorption and lifespan: leaf traits of Australian scle-
rophyll species. Funct. Ecol., 17: 10-19.

YALCIN, E., BILGIN, A., KUTBAY, H.G. & KILINC, M. (2004). — Relationships between community structure and soil
properties of a swamp forest from northern Turkey. Pol. J. Ecol., 52: 233-238.

YALCIN, E., KILINC, M., KUTBAY, H.G., BILGIN, A. & KORKMAZ, H. (2011). — Floristic properties of lowland mead-
ows in the central Black Sea region of Turkey. Eurasia. J. Biosci., 5: 54-63.

Yimaz, H., KUTtBAy, H.G., KiLic, D.D. & SURMEN, B. (2014). — Foliar nitrogen and phosphorus resorption in an
undisturbed and Pinus pinaster Ait. planted forests in northern Turkey. Rev. Ecol. (Terre Vie), 69: 39-48.

YUAN, Z.Y., L1, L.H., HAN, X.G., HUANG, J.H., JIANG, G.M., & WAN, S.Q. (2005). — Soil characteristics and nutrient
resorption in Salix krylovii native to northern China. Plant Soil, 273: 257-268.

-327-



