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HIGHLIGHTS

The concentrations of elements showed significantly difference between species.
Oak had higher element concentrations than coniferous in all root diameters

Fe concentration in coarse roots of oak species showed antagonistic interaction with Mg and
Ca.

Nutrient storage properties of roots had differences between natural and plantations species

ABSTRACT

Element concentrations of roots play an important role for plant growth and below
ground biochemical cycles in forest ecosystems. It can show a change among species. This
research aimed to determine changes in the nutrient content for different root diameters
of trees in the Belgrad forest. Natural species of Sessile oak (Quercus petraea L.), Scots pine
(Pinus sylvestris L.), Austrian pine (Pinus nigra Arnold.), Turkish fir (Abies bornmuelleriana
L.), and Oriental spruce (Picea orientalis L.) were studied. Root sampling was carried out
by randomly collecting twenty soil samples within each species once every three months
(from April 2007) over one year. Roots were classified by fine root (< 2 mm), small root
(2-5 mm) and coarse root (>5mm) diameter classes. Total concentration of elements (K,
Ca, P, Fe, Mg, Cu, Mn, Al, Ni, Zn, Na) in each root classes were determined. The macro
elements Mg, K, and P and all microelements in the included species showed a tendency
to decrease in concentration with increasing root diameters. Macro elements except
K and P and microelements except Pb, Al, Zn, and Cu showed a significant temporal
difference between species based on the root diameters. Al, Pb, Ni, Mn, and Fe showed
different antagonistic relations with Ca, Mg, P, and K between species with regard to their
concentration in fine roots. There was no significant negative correlation between small
and coarse roots in species (except in oak species). The results have shown that nutrient
storage characteristics differ between different species in the same site.
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INTRODUCTION

Because an important part of the whole biomass
in the ecosystem forms belowground plant parts, these
are important for nutrients and organic substances entry
to soil via the roots and for maintaining soil productivity
(Lehmann and Zech, 1998). Root structures of tree have
a crucial role in ecosystem processes (Bardgett et al,,
2014; Brunner et al., 2015; McCormack et al., 2015;
Tsunoda and van Dam, 2017).

Roots are generally considered as organs that
provide nutrients to plant tissues rather than the
main nutrient sink (Aerts and Chapin lll, 1999). The
contribution of fine roots to the nutrient pool can be equal
to and even greater than that of leaf tissues (Hobbie et al.,
2010; Pallardy, 2008). In particular, root dynamics play an
significant role in the evaluation of net primary production
of terrestrial ecosystems (Van der Putten et al., 2013; Yang
et al,, 2010). The input to soil the with the decomposition
of fine roots is important for the health of the forests,
continuity of growth, soil microfauna in the root zone, and
population of microflora (Bloomfield, 1996).

Roots (< 2mm) are very sensitive to changes
in nutrient cycle and micro-conditions in the soil (e.g
temperature, moisture, depth) (Han et al., 2019; Inagaki
et al., 2009; Tian, 2002). Therefore, monitoring the
amount and temporal changes in fine root dynamics may
reflect changes in the ecosystem (Assefa et al., 2018;
Chen et al., 2017; Vogt et al., 1993).

The small and coarse roots are multifunctional
tree components providing main functions in root
structure such as transportation of food, water, and
photosynthesis products, storage of sugar and nutrients,
and biochemical stability. In addition, they form the
skeleton for development of fine root (Fortier etal., 201 5;
Guo et al., 2013). Coarse roots have slow decomposition
ratios and can contribute to the belowground nutrient
budget for long-term (Fortier et al., 2015; Liski et al.,
2014). Therefore, determination of element stocks in
small and coarse roots is important for understanding the
belowground element cycle in forest ecosystems.

The nutrient concentration in the roots may vary
depending on the annual growth ratio and the intake
of nutrients (Helmisaari, 1991) . The nutrients stocks
in fine roots supplies important knowledge about the
nutritional conditions of trees (Persson and Ahlstrom,
2002). Many studies on this topic are available in the
literature (Gordon and Jackson, 2000; Hellsten et
al., 2013; livonen et al., 2006; Yuan and Chen, 2010).
However, even though there are studies on root biomass
in forest ecosystems, studies on how elemental content
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in different root diameters varies between species are
quite inadequate. In our study, one deciduous species,
Quercus petraea L., and coniferous species such as, Pinus
sylvestris L., Pinus nigra Arnold., Abies bornmuelleriana L.
and Picea orientalis L. were chosen. Quercus petraea L.,
Pinus sylvestris L., Pinus nigra Arnold. have vast distribution
in European and Turkey, although, Abies bornmuelleriana
L. and Picea orientalis L. have local distributions in Turkey.
The objective and scope of this study is to determine
changes in the nutrient content of different diameters of
tree roots in selected species at the same site.

MATERIAL AND METHODS

Research area

The
Belgrad Forest, Turkey. The long-term, avarage annual
temperature and precipitation were approximately 13°C
and 1,074 mm, respectively. The area are characterized
by Mediterranean climate (Akburak and Makineci, 2013).
The soil of the research area is Luvisol and its texture
is loam. The research areas were instituted in 1950
by introducing conifer species adjacent to natural oak
species (Akburak et al., 2013; Sevgi et al., 201 ).

research area is located at Istanbul

Field data and measurements

Sampling were carried outin four conifer plantation,
Oriental spruce (Picea orientalis L.), Austrian pine (Pinus
nigra Arnold), Turkish fir (Abies bornmulleriana L.), Scots
pine (Pinus sylvestris L.), and one natural deciduous forest,
Sessile oak (Quercus petraea L.), as common garden
experiments without replications (Akburak and Makineci,
2013; Akburak et al., 2013).

The soil was comparatively undisturbed because
any forest treatments were not applied after the
establishment. Tree stand characteristics is shown in
Table | (Akburak et al., 2013).

Root core sampling was carried out by randomly
collecting twenty soil samples (5 sampling points x 4
repetitions = 20 soil cores) within each species once
every three months (from April 2007) over one year
(Akburak et al., 201 3). Thus, 400 soil cores in total (5 tree
TABLE | Characteristics of trees on sample plots.

Turkish Oriental Austri Scot:

Characteristics  Sessile Oak ur‘ s rienta us. ran c~o °

Fir ~ Spruce  Pine Pine

Tree number 444 1,206 1,541 1,206 1,005
(ha'")

Diameter (dbh) 26.6 16.8 19.7 27.3 27.2
(cm)

Height 20 17.1 16.4 16.7 18.0

(m)
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species X 20 soil cores X 4 sampling times = 400) were
collected in the study. Samples were taken from 35 cm
deep with cylindrical soil core (& 6.4 cm) (Tufekgioglu
and Kuctik, 2004).

The root samples were separated from soil by
washing and sieving (Tiifekcioglu and Kiiciik 2004). Roots
were classified by fine root (< 2 mm), small root (2-5
mm) and coarse root (>5mm) diameter classes (Akburak
et al.,, 2013; Tifekcioglu and Kiiciik, 2004). Dry mass of
all roots (at 65 °C for 24 h) were determined (Akburak et
al. 2013). Samples were digested with concentrated 4 ml
HNO, (% 65) and 2 ml H,O, (% 37) in microwave oven
(Berghoff Speedwave). The samples were converted into
solutions via microwave digestion system. The solutions
were then prepared with ultra-pure water until the final
volume reached 50 ml and these were stored at 4 °C until
they were analyzed. Total concentration of elements (K,
Ca, P Fe, Mg, Cu, Mn, Al, Ni, Zn, Na) in solutions were
determined by ICP-OES (Perkin Elmer Optima 7000 DV)
spectrometer (Cakir and Akburak, 2017).

Data analysis

Statistical tests were done with SPSS 21.0
software. Normality of the data obtained according to
the species was tested by the Kolmogorov-Smirnov test.
As a result of this test, the data not normally distributed
were shown to be normal with Box-Cox transformation.
ANOVA used to compare element concentrations
in all roots (fine, small and coarse) of tree species.
Comparisons among species were determined using the
Duncan test. Also, Multivariate MANOVA analysis was
applied in order to determine the differences between
nutrient elements according to temporal, interspecific
and root diameter classes. In addition, the relationships
between the elements in the roots were tested with
Pearson correlation analysis.

RESULTS

Variations in macroelements concentrations

The concentrations of macro elements (Ca,
K, Mg, and P) showed significant differences between
both root diameters and species (Table 2). Except Ca
concentration in oak, and spruce, all macro element
concentrations showed a tendency to decrease as
the root diameter increases (Table 3). In terms of Ca
concentration in fine roots, Austrain pine significantly
lower from other species. However, Ca concentration
in small and coarse roots of oak was statistically higher
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than that in other coniferous. The level of K and Mg in
fine and small roots of oak species differed statistically
from other species, and concentration of K in the coarse
roots of spruce species was significantly different from
other species. In terms of P concentration in fine roots,
oak species showed a similar tendency to other species.
P concentration in the coarse roots of spruce differed
statistically from that in the roots of other species.

The concentration of Caand Mg were significantly
different between species according to their root
diameter temporarily (Table 2). Ca content generally
showed significantly decrease in the fine roots in the oak
and fir species in July, whereas there was significantly
increase in Ca concentration in other species (except to
Austrian pine) (Figure 1). In general, Ca concentration
in small roots showed significantly increase in oak and
spruce species, whereas that in other species showed a
decrease in July (Figure 2). The Ca concentrations in the
coarse roots of oak and fir generally showed a tendency
to decrease during the study period (Figure 3).

Mg concentration in the fine roots showed
significantly decrease only in oak species in July, but there
was significantly increase in Mg concentration in other
species (Figure |). Regarding Mg concentration in small
roots, oak and Austrian pine species showed significantly
increase in July (Figure 2). Only spruce species showed
significantly increase in Mg concentration in coarse
roots in July. The concentration showed a tendency to
decrease in Austrian pine and fir species during the study
period (Figure 3).

When the K concentrations were examined,
concentrations in fine and small roots decreased in
oak species temporarily, whereas that in other species
showed significantly increase in July (Figure 1,2). The K
concentrations in coarse roots of fir species and Scots
pine decreased in July but that in the coarse roots of
other species significantly increased (Figure 3). The P
concentrations in all root diameters (except small root
of Austrain pine) generally significantly decreased in all
species over the study period (Figure [,2,3).

Variation in microelement concentrations

The concentrations of elements (Pb, Ni, Mn, Al,
Cu, Fe, Zn, and Na) in the roots differed significantly
between root diameters and species (Table 2). When
the species were evaluated, it was seen that Al and
Fe concentrations were higher than other element
concentrations in all species (Table 4). In particular, the
element concentrations in the fine roots were more than
the small and coarse roots in all species (Table 4).
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TABLE 2 Statistical results from the multivariate analysis of variance (MANOVA) for variation of element concentration.

Variable Ca K Mg P Pb Ni Al Fe Zn Cu Na Mn
Time 0.006 0000 0.002 0.000 0.875 0.000 0.000 0.287 0.130 0.225 0.000 0.000
Species 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000
Root diameter 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Time x Species 0.026 0.126 0.008 0.100 0.006 0.149 0.155 0.000 0.189 0.002 0.000 0.056
Time x Root diameter 0.000 0.000 0.000 0.000 0.545 0.000 0.000 0.183 0.0/1 0.074 0.000 0.026
Species x Root diameter 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.022 0.000 0.000
Time x Species x Root diameter  0.006 0.071 0.00/ 0.322 0.153 0.036 0.097 0.000 0.343 0.247 0.025 0.042

Significant differences (P < 0.05) are marked with italic

TABLE 3 Comparison of the mean element concentrations

(mg'kg') in different diameter classes of the
roots in tree species.
8y Ca K Mg, P
2 T;g Area Mean +Sd Mean +Sd Mean +Sd Mean +Sd
SO 7346.0c 3436 24948b 147.7 1646.8c__ 69.57 536.5ab _ 47.9
E _TF 66352bc 3989 2051.5a 1246 15569bc 744 _ 467.1a _ 27.0
ETOS 6li52b 8352 166762 481.8 113272 1359 506.7a 2134
© _AP_ 4777.8a 9846 198492 473.9 1362.9b 449.9 717.4b  259.9
SP__6056.9b 1648.9 1760.5a 4942 1l4l.4a 188.1 687.5b 295.6
SO 84759c 6199 2861.2b 1483 14488d 864  4547c 319
£ _TF 6493.9b 3357 15643a (508 9718c 377 2455a 118
E TOS 611950 17535 12387a 5308  6186a 127.5 23672 666
& AP 3531.2a 1447.5 1682.1a 892.8 [1352c 5985 3450b  8I.5
SP__3636.5a 1149.9 1597.9a 889.8 7709b 2139 408.7bc__106.2
SO 84055c 9456 1627.6c 151.5 8714b _ 47.7 313.7bc__ 20.0
v _TF_53996b 4298 23535d 415 802.8ab 44.1 253.4bc 174
£ OS 6922.bc_ 3464 805.9a 3434 697.5a 5443  187.7a _ 68.1
&5 TAP 354622 11727 10287ab 4873 801.3ab 3329  283.6b 747
SP_ 2917.9a 7594 1322.3bc_653.3 733.2ab 3324  347.0c 1323

SO: Sessile Oak, TF: Turkish Fir, OS: Oriental Spruce, AP: Austrain Pine, SP:
Scots Pine , Sd: Standar deviation, Significant differences (p < 0.05) between
tree species are marked with different letters

Pb, Al, and Fe concentration in fine roots of oak
were similar to those in the fine roots of coniferous
species, although Zn and Cu concentrations were
statistically higher in oak species than in coniferous
species (Table 4). Mn concentration in fine roots was
significantly different among species (Table 4).

With regard to element concentrations in small
roots, oak species differed significantly in Pb, Cu, and
Ni concentrations from other species, whereas fir
species differed in Ni and Cu concentrations (Table 4).
Fe concentration in both spruce and Scots pine was
significantly different than those of other species (Table
4). Further, all species, except oak and spruce, were
significantly different with regard to Mn concentration

(Table 4). Mn concentration in the coarse roots of the fir
species differed statistically from other species (Table 4).
The elements, except Pb, Al, Zn, and Cu, showed
temporal differences between species depending on
the root diameters (Table 2). When the fine roots were
evaluated according to species, oak species showed a
significantly decrease in all microelements during July
(Figure 1). In addition, Fe, Cu, Ni, and Pb concentrations
in fine roots of fir species and austrain pine showed
significantly increase during the study period (Figure
). The element concentrations, excluding Na and
Zn, for small roots reached significantly highest level
in the oak species in July, as opposed to the decrease
in concentration for fine roots (Figure 2). According
to species, concentrations in coarse roots showed a
temporarily different fluctuation (Figure 3). In particular,
Al, Fe, and Cu concentrations significantly decreased in
Austrian pine over the study period (Figure 1,2,3).

Relationships between element concentrations

On evaluating the relationships between
elements in fine roots, there was a significant negative
correlation among Mn, Pb, and K and between Al and
Ca in oak species; between Ni and P in spruce species;
between Al and P and Fe and o= in the Austrian pine;
among Pb, Ni, Al, Fe, and P and between Pb and K in fir
species; and among Pb, Mn, and K and among Pb, Ni, Al
and P in Scots pine (Table 5). Furthermore, there were
less significant relationships in spruce species and more
significant relationships in fir species (Table 5).

TABLE 4 Comparison of the mean micro element concentrations (mg.kg™') in different diameter classes of the roots in

tree species.

58 e Pb Ni Al Fe Zn Cu Mn Na
o Mean +Sd Mean +Sd Mean +Sd Mean +Sd Mean +Sd Mean +Sd Mean +Sd Mean +Sd
SO 22.9ab 2.02 353c 1.42 10916.4ab 636.4 5961.9bc 5304 50.2b 9.95 2I.5b 1.l 1485.3e 137.9 1601.6b 176.3
g TF 198a 1.2 351c 2.0 11032.1b 9239 53155ab 413.3 383a 2.1 19.7ab 0.9 585.5c 47.6 1657.2b 212.9
ETOS 199a 72 279b 43 10296.7ab 1854.8 5214.4ab 1297.2 38.9a 104 17.6a 4.2 933.0d 2049 1068.1a 688.1
© AP 27.6b 6.7 159a 2.3 12477.3b 32475 7222.4c 2377.7 393a 6.1 16.8a 3.1 213.4a 88.7 1137.6ab 428.6
SP_276b 104 16.la 5.7 8827.7a 2659.6 41153a 1010.6 43.3ab 6.6 17.8a 6.5 424.1b 1552 1010.4a 385.3
SO 124c 1.2 2l.lc 2.1 3182.5b  441.7 1427.5¢c 2129 29.1lb 29 82c 0.6 695.3d 459 1060.2bc 133.1
e TF 60b 05 134b 14 2034.4b 1399 985.8c  68.1 186a 1.5 56b 02 2708c 257 11782c 136.5
E70OS 39a 137 7.la 253 1221.5a 3767 4785a 1494 308b 82 4.la 1.1 639.4d 184.6 617.2a 4549
& AP 78b 478 6.6a 493 2288.7b 12402 1023.9c 522.7 269b 58 43a |5 862a 4I.5 677.6ab 247.
SP__6.1b 4.13 6.7a 4.18 14704a 7653 7169 3798 21.5a 58 4.5a 1.3 140.5b 43.9 88l.9abc 748.8
SO 53¢ 04 104b 09 1675.1a 144.6  1053.6a 2192 16.6a 35 49b 0.6 496.8c 719 637.7ab 63.1
E TF 36a 04 78ab 0.9 182732 180.2 18273a 977 149a 16 43ab 03 2759 39.7 8414b 136.0
w OS 36ab 24 10.3ab 7.3 1619.7a 951.6 7773a 4336 223b 116 4.lab 1.6 457.2c 1945 493.2a 3259
AN _AP 52bc 3.1 6.5a 1.9 1677.7a 1005.1 848.7a 4858 239 98 3.7a 23 1109a 69.9 397.4a 100.7
SP_49bc 2.7 83ab 38 1570.3a 6574 8182a 380.1 173ab 54 3.6a 1.2 109.2a 43.1 5159a 308.6

SO: Sessile Oak, TF: Turkish Fir, OS: Oriental Spruce, AP: Austrain Pine, SP: Scots Pine , Sd: Standar deviation, Significant differences (p

species are marked with different letters.

AKBURAK

< 0.05) between tree

124



VARIATIONS OF ELEMENT CONCENTRATIONS IN ROOTS OF DIFFERENT TREE SPECIES

TABLE 5 Releationship between concentration of elements in
fine root according to tree species.

Pb Ni Al Fe Ca K Mn

N 023
Al 05| 042
Fe 067 001 064
SO _Ca -036 008 -052 012
K -05/ 036 017 -025 037
Mn 042 016 046 064 010 -046
P -022 008 -025 000 045 049 -0.19
N 056
Al___060 078
Fe 059 076 097
TF _Ca 008 028 008 0.
K___-043 026 -0.05 -0.05 -0.37
Mn__ 0.19 039 -004 0.13 038 -0.38
P 056 -042 -064 -062 064 -0.16 0.I8
Ni_ 0.l
Al 033 075
Fe 022 047 076
Os _Ca 024 0.7 -0.12 -027
K 002 032 038 064 -0.08
Mn 008 -0.13 -005 0.13 0.0l 003
P 00l -044 -016 023 -055 047 027
Ni__-0ll
Al 021 007
Fe  -0.5] 071 024
ap _Ca 047 011 -013 052
K -028 050 022 078 -0.30
Mn__ 0.04 006 -003 -0.12 044 -0.8
P 030 -028 -047 -035 045 -0.09 0.38
N 044
Al 020 065
Fe 009 062 087
SP _Ca 0.8 040 -023 0.l
K___-043 0.9 053 048 -02I
Mn 028 043 -0.18 -024 055 -053
P 058 -062 -042 -025 -028 -0.05 -0.19

SO: Sessile Oak, TF: Turkish Fir, OS: Oriental Spruce, AP: Austrian Pine, SP:
Scots Pine, Significant differences (p < 0.05) are marked with italic

There is no significant negative correlation between
the species for the elements in the small roots. However,
there were less significant correlations in the oak species
and more significant relationships in Austrian pine and
Scots pine species. The inter-elemental relationship in the
coarse roots was similar to those in the small roots. Only,
there was a negative correlation between Pb and Ca and
between Fe and Mg, Ca in oak species.

DISCUSSION

Variation in macroelement concentrations

The nutrient concentrations between different
tree organs are very variable and they incline to be
higher in the growing parts of trees (Hellsten et al.,
2013). In this study, Mg, K, and P concentrations showed
a tendency to decrease as the root diameter increases in
all species. Similar to our results, Augusto et al. (2015),
Ranger and Gelhaye (2001), Yuan etal. (201 I )and Lemma
et al. (2007) showed higher level of Mg, P and K in fine
roots. In addition, Ca concentration in oak, and spruce
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species tended to be high with increasing root diameter
in this study. However, a contrasting situation was seen
in Austrian pine, Scots pine and fir probably because of
the differences in the morphological structure of these
species. Chen et al. (2013) found that root tissue density
was higher the angiosperm species than coniferous
species. Also, Tecimen and Makineci (2007) stated that
the level of nutrients in woody tissues of conifers was
lower than deciduous species. In present study, the
decreasing Ca concentration in Austrian and Scots pine
can be explained by differences of root tissue density.
The root properties of plants (tissue density, diameter
etc.) may also affect the rate of tissues decomposition
(Beidler and Pritchard, 2017). Consequently, it could
said that differences of element concentration in root
diameter classes of species would potentially to be
different effect in below ground biogeochemical cycles
at same site conditions.

The temporal change of
concentrations (Ca, K and Mg) in the fine roots generally

macroelement

resulted in a decrease in the oak species in July. The
concentration of these elements increased in coniferous
species during this period. When small roots were
evaluated, Ca and Mg concentration increased in oak
species during this period but decreased in fir, Austrian
pine (excluding Mg), and Scots pine species. This may
be because of the translocations from fine roots to small
roots which is highly depending on rapid root growth
in oak species during this period, which is the period of
active growth. However, Withington et al. (2006) stated
that angiosperm roots tended to faster growth than
coniferous roots.

For oak species, K concentration decreased in
small roots, whereas that in coarse roots increased. For
this situation, it can be presumed that this was because of
the translocation of K from fine and small roots to coarse
roots in oak species. However, although K concentration
in small and coarse roots of Austrian pine and spruce
species were observed to increase, there was a decrease
in the concentration in Scots pine and fir species. Here
it can be interpreted that although K is mobile (White,
2012), the Austrian pine and spruce species translocate
K more slowly to the above-ground organs than Scots
pine and fir species. Likewise, temporal changes in P
concentration generally follow a decreasing trend in all
root diameters and species. This may be because of fast
translocation of P to the above-ground growth organs
(such as leaves and fruits) owing to the high mobility of
the P element in the plant as stated by Zhao et al. (2016).
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The macroelements (Ca and Mg) temporarily
showed significant  differences between species
depending on the root diameters. Yin et al. (1991)
found that Ca and Mg show a significant temporal
change. They emphasized that this significant change is
the result of the active interactions of many processes
such as translocation, absorption of nutrients, interstitial
accumulation, and root growth. Especially, oak species
had a tendency with higher changes than coniferous
species in present study. Mueller et al. (2010) pointed
out that rapid growing root is more common in
angiosperm species. Also, there are certain genotypic
differences in the ability of different plants to take up and
translocate various elements as stated by Shtangeeva et
al. (2009). Consequently, the differences in Ca and Mg
concentration owing to temporal change in present study
can be explained by these abovementioned factors.

Variation in microelement concentrations

On evaluating microelements in the fine roots
among species, all microelements in the oak species
showed a tendency to decrease in July. This situation
may be because the translocation rate is higher in the oak
species during this period, which is the period of active
growth, as indicated in the section on macroelements.
When the small roots were evaluated, it was found
that microelement concentrations (except to Na and
Zn) increased during this period. This suggests that
although the mobility of micro elements is low, they can
be translocated from the fine roots to the small roots.
Moreover, Fe, Cu, Ni, and Pb concentration in fine roots
of fir species increased during the study period. This may
be because these elements are antagonistic to P element.
Similar to this study, P&hlsson (1989) emphasizes the
contrasting relation between microelements and
macroelements, especially Ca, B and Mg. The temporal
changes in microelements in coarse roots showed
varying fluctuations for different species. However, Al
Fe, and Cu has a prominent tendency to decrease in the
Austrian pine species over the study period. This may
be because of the low mobility of these elements in
plant, and also because the translocation activity in these
species is lower than that in other species.

All elements, except Pb, Al, Zn, and Cu, have
temporal differences between species according to
their root diameters. Further, it was determined that a
given species shows a significant difference in terms of
micro element concentration. This difference between
species may result from differences in the morphological
structure of the roots, differences in microorganisms in
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the roots (especially mycorrhizal fungi), and differences
in the physiology and biochemistry of the nutrients in the
roots (Pallardy, 2008). Ayhan et al. (2006) stated that
metal intake varies depending on the plant species and
that the properties such as root cation exchange capacity
and root surface area affect metal uptake. In addition,
there are studies showing that elements such as Al, Ni,
Cu, Zn, and Pb are prevented from being transported to
the upper organs by mycorrhizal fungi (Dahlgren et al.,
1991; Moyer-Henry et al., 2005; Wilkins, 1991).

Relationships between elements concentrations

Macro elements (Ca, P and Mg) have antagonistic
affect against absorption micro elements (Kabata-Pendias,
2010). In this study, There is different negative correlation
between microelements (Pb, Mn, Ni Al, and Fe) and
macroelements (Ca, K, and P) in fine roots depending on
the species. Similar to the results of this study, previous
studies have shown that microelements are negatively
associated with macroelements such as Ca, K, P and Mg
(Brunner et al., 2008; Buschmann et al., 1991; Heim et al.,
1999; Kahle, 1993; Pahlsson, 1989). Brunner et al. (2002)
pointed out that differences of soil types are more effective
than differences of tree species on fine root chemistry. On
the contrary, these different relationships in present study
may be the result of different morphological properties in
tree species rather than soil type.

In terms of inter-elemental relationships in small
roots of all species, there was no significant negative
correlation. However, although the relationship in the
oak species was weaker, there was a stronger relationship
both Austrian pine and Scots pine. Elemental relationships
in coarse roots are similar to those in small roots. A
negative correlation was only observed between Pb and
Ca and Fe and Mg in oak species. The cell walls of plant
are very effective in the immobilization of metals, and
therefore, serve as a storage space for metals (Brunner
and Frey, 2000; Kahle, 1993). In this study, when the
interactions were taken into consideration, it is thought
that Al pass to Ca sites in oak roots. Consequently, there
can be an accumulation of Al in cell walls and plasma
membranes as stated by Kochian et al. (2005). Likewise,
it can be assumed that Al was replaced with phosphate
compounds in the cell walls of Austrian pine, Scots pine
and fir roots.. It is possible to say that elements are stored
with different mechanisms according to the species
and that the elements are transported to other organs
differently. These processes are controlled by both
genetic characteristics and environmental conditions (Yin
etal., 1991).
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CONCLUSION

In conclusion, macro and micro nutrient
concentrations decreased with increasing root diameter.
It was seen that the oak, which is a natural species, had a
higher element concentration than coniferous plantations
in all root diameters. In addition, it can be expressed that
oak species carries out a higher translocation process
than coniferous species over the growth period. The
fine roots in coniferous species had different negative
correlation between microelement and macroelements
different from oak species. However, as the striking
result of the study, Fe concentration of coarse roots of
oak species showed antagonistic interaction with Mg and
Ca but there were not antagonistic interactions in the
coniferous species.

Consequently, the study, which is a short-term,
results showed that different species had different
nutritional and nutrient storage properties at the
same site. Although previous studies have focused
on fine roots, studies on small and coarse roots are
few. To better understand nutrient intake and storage
mechanisms of trees with regard to belowground organs,
long-term observation of different species and different
sites, combined with protein analysis of the elements is
required. This will guide the assessment of the nutrition
and growth relationships in natural and plantation areas.
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