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INTRODUCTION

ABSTRACT

Minimizing air, water, and soil pollution are very important for a sustainable environment.
Particularly, ensuring the continuity of soil fertility without deteriorating the soil structure is
very important. This objective can be achieved only by determining the physical, biological,
and chemical properties of atmospheric deposition and taking the required measures in agri-
cultural lands. Trees and plants reflect the soil quality and especially they take both beneficial
and harmful materials in their bodies owing to Saharan dust and using fossil fuel. Among
them, nutrient elements have specific importance since it was determined that many factors
including texture, irrigation method, organic matter, lime concentration, plant species and
age, pH, and ion balance play effective roles in the growth or degradation of plants’ productiv-
ity. Being one of the major nutrient elements taken by plants, potassium (K*) is of vital impor-
tance for trees and plants. Its concentration, which varies depending on the species of plant,
is influenced by the mutual interaction between tree development and environmental/genetic
factors. The scope of this study was to evaluate and rank the contribution of atmospheric po-
tassium (K*) deposition flows to organs of Robinia pseudoacacia L., Cupressus arizonica G.,
and Platanus orientalis L. trees as biomonitors.
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environment [5]. Although the quality of the soil belongs
to the region where it is located, atmospheric precipita-

Rapidly increasing world population and consequent in-
crease in urbanization, industrialization, and unawares
use of agricultural lands resulted in deterioration of many
forests and fertile agricultural lands [1-3]. Minimizing
air, water, and soil pollution is very important for a sus-
tainable environment [4]. Particularly, ensuring the conti-
nuity of the urban environment without deteriorating the
air and soil structure is very important for a sustainable
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tion plays a role in global cases [6]. This is dust transport,
emissions from nearby inert sources, and acid rain, which
is formed as a result of the reactions of pollutants released
due to the use of fossil fuels and their effects on plants [7].
Atmospheric potassium deposition can affect the physi-
cal, biological, and chemical properties of soil and take
the required measures in agricultural lands via wet, dry,
and total deposition [8]. Thus, plants need fundamental
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nutrient elements from the soil to grow and to maintain
their metabolic activities. The potassium (K*) is one of the
most abundant elements that represent the amount of po-
tassium defined in a spatial and temporal [9]. It is a nutri-
ent influencing many biochemical and physiological pro-
cesses [10]. It founds in dust and rainfall that likely comes
from terrestrial sources that can quickly be re-deposited
or be transported for large distances [11].

The K* is a fundamental nutrient allowing plants to sur-
vive various biotic and abiotic stresses (diseases, insects,
drought, salinity, cold, frost, and flood) [12]. It is import-
ant for developmental crops and activation enzymes [13].
It was stated in previous studies that each plant has various
concentration values and different levels of need for K ele-
ment that is the vital impact for enzyme activation, protein
synthesis, photosynthesis, energy transfer, stoma move-
ment, osmoregulation, phloem transfer, and cation-anion
balance [14]. The most well-known source of K in the soil
minerals such as feldspar and mica although it is found
in dust and rainfall likely comes from terrestrial sources
[15]. The effects of differences in presence of K in different
plants on species’ anatomy, morphology, and plant metab-
olism couldn’t be explained yet and they are still debated
[16]. It was shown that the presence of K allowed the trees
to overcome the stress conditions. In previous studies, it
was reported that trees and plants primarily need mineral
nutrients to overcome biotic and abiotic stress conditions
[17-19]. The presence of K in fertilizers used in herbal pro-
duction increases the quality of fertilizer. It was determined
in many studies that the second-most important nutrient
for plant development is potassium, following nitrogen.
Previous studies showed that plant fertilizer has a positive
correlation with crop development and quality. However,
potassium deficiency can also be seen in some cases. Potas-
sium deficiency is observed especially in acidic soils with
ample water and high salinity levels [20]. Several negativi-
ties are observed in the development of plants and trees in
such soils. Intake of potassium by plants and trees occurs
via roots and the intake levels vary [21]. On the contrary
other soil nutrients, K is available in the soil as only a K,
which supports the plant productivity and environmental
services, depending on the deficiency and abundance of
nutrients [22]. Besides that, the optimum benefit can be ob-
tained from the fertilization process, which is performed by
having accurate knowledge about the chemical and physical
properties [23]. For this purpose, many studies were carried
out to determine the productivity levels of different regions
and soils, to foreknow the potential nutritional problems,
and to increase the crop quality [24]. The K* is one of the
elements used by the plants in the soil at a higher concen-
tration in comparison to the others [25]. Although there
are many studies about the accumulation, transport, and
levels of The K* is one of the elements used by the plants in
the soil at higher concentrations of potassium, they could

not calculate the amount of potassium that passes from the
atmosphere to the soil [26]. For the determination of the
available potassium amount, inputs (atmospheric deposi-
tion, plant residue, and animal manures, commercial fertil-
izers, minerals, etc.) and outputs (removal of plant, leach-
ing, erosion, fixation, etc.) of potassium sources should be
well known as ecosystem services [27, 28].

Plants and trees are great bioindicators of atmospheric met-
als deposition including trace and toxic metals due to their
effective adsorption capacity of them [29, 30]. The main
sources of potassium and other elements are atmospheric
inputs as wet, dry, and total deposition [31]. There are also
some studies on the atmospheric trace metals transport and
deposition on plants from anthropogenic sources [32-35].
The amount of potassium is increased with acid rain and
precipitation because trace metals and other pollutants
oxides form chemical compounds on terrestrial ecosys-
tems [36]. Biomonitoring with plants ensures inexpensive
knowledge on the composition and quantity of the deposi-
tion of trace and toxic metals [37]. In this study, the atmo-
spheric potassium deposition was examined in the organs
of trees for years. The K* concentrations were inspected in
the rings of 3 different trees growing in the Kocaeli indus-
trial zone via years and organs. The organs of trees used for
this purpose Robinia pseudoacacia L., Cupressus arizonica
G., and Platanus orientalis L. were selected because they are
widespread on the terrestrial ecosystem for resistance to air
pollution. The concentrations of K* were analyzed in the
outer bark, inner bark, and wood fractions of trees. It was
aimed to determine how the K* concentration in the annual
rings of trees changed over the years.

MATERIALS AND METHODS

Study Area and Sampling Site

The study area is located around the organized zone of Ko-
caeli city, Turkiye. Significant factors of air pollutants are
released from many industrial activities and fuel combus-
tion. Air pollutants may contain heavy metals and toxic
elements including macronutrients. Organs (wood, inner
bark, and outer bark) of four dominant tree species were
used Robinia pseudoacacia L., Cupressus arizonica G., and
Platanus orientalis L. in an industrial area and were col-
lected no more than 4 km from the site of the organized
zone. All samples were taken from the main trunk of trees.
After sampling, wood, inner bark, and outer bark were ur-
gently placed in a glass vessel and transferred to the lab for
preparation of analysis.

Preparation of Tree Species Sampling

The tree rings were determined to be 30 years old (between
1991 and 2020) in three years. The species had an almost
same trunk diameter and height around 1 m above the
ground. All samples were rinsed with acetone (Merck, Ger-
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Table 1. Change of K* concentrations (ppm) based on species

Species
Organ Robinia pseudoacacia L. Cupressus arizonica G. Platanus orientalis L. F value
Wood 776.7 Aa 472 Aa 1439.2 Ba 15.8*
Inner bark 1976 Ba 783.9 Aa 6187.1 Cb 48537.8*
Outer bark 3216.8 Bb 1909.8 Ab 6458 Cb 50096.1*
F value 12.2* 36.2% 160.2*

*: Significant at p<0.001. Upper and lower letters differ significantly based on the Duncan test.

many) then they were divided into groups for the age rang-
es. All samples taken into glass vessels were kept at 50°C
for 7 days. The samples were taken as 0.5 g weighed and 6
mL of 65% nitric acid (HNO,) and 2 mL of 30% hydrogen
peroxide (H,O,) were added to glass vessels. According to
USEPA 3052 Method, the combustion process was carried
out in the microwave oven at 200°C for 15 minutes [38].
The resulting samples were made up to 50 mL with ultra-
pure water and potassium analyzes were made in by In-
ductively Coupled Plasma-Optical Emission Spectrometry
(ICP-OES) with a plasma source device (SpectroBlue, Spec-
tro). Analytical grade chemicals were used for the research.

Statistical Analyses

All measurements were repeated as in triplicate. Analysis
of variance (ANOVA) and Duncan test was conducted to
identify the significance of atmospheric potassium depo-
sition in species by using the SPSS 22.0 statistical package
program for Windows.

RESULTS

The biomonitoring organ of plants was chosen outer bark,
inner bark, and wood of a Robinia pseudoacacia L., Cupres-
sus arizonica G., and Platanus orientalis L. which, due to its
widely used and readily available in local terrestrial ecosys-
tem. It has been proven that it can provide information on
the presence of the K* element in Table 1.

According to the results of variance analysis (ANOVA) that
the change in the concentration of K* element on an organ
basis in all three species is statistically significant (p<0.001).
Considering the Duncan test results, the lowest values are
obtained in the wood and the highest values were obtained
in the outer bark, the values obtained in the wood and inner
bark of Platanus orientalis L. are in the same group, and in
other species, each organ formed a separate group. Con-
sidering the Duncan test results, the inner bark and wood
were in the same groups in Robinia pseudoacacia L. and
Cupressus arizonica G. also, the inner bark and the outer
bark of Platanus orientalis L. were in the same groups. It is
noteworthy that the values obtained in the outer bark are
many times higher than the values obtained in the inner

bark and wood in all three species. The lowest value in the
outer bark is obtained in Cupressus arizonica G. with 1909.8
ppm, the highest value is obtained in Robinia pseudoaca-
cia L. with 3216.8 ppm, the highest value in the inner bark
is obtained in Platanus orientalis L. with 6187.1 ppm, and
the lowest value is obtained in Cupressus arizonica G. with
783.9 ppm. In the wood part, the lowest value is obtained
in Cupressus arizonica G. with 472 ppm, and the highest
value is obtained in Platanus orientalis L. with 1439.2 ppm.
According to these results, it can be said that the lowest val-
ues are obtained in Cupressus arizonica G. and the highest
values are obtained in Platanus orientalis L. The change in
the K* concentration in woods depending on the age range
and direction is given in Table 2.

When the values showing the change of K element ac-
cording to the age range are examined, it is seen that the
highest value in Robinia pseudoacacia L. is obtained with
3520.9 ppm in 2018-2020, the lowest value with 379.9 ppm
in 1994-1996, the lowest value in Cupressus arizonica G. in
1997-1999 with 256.8 ppm, the highest value is obtained
in the years 2015-2017 with 778.5 ppm, the highest val-
ue in Platanus orientalis L. with 3069.2 ppm in the years
2018-2020, and the lowest value with 982.1 ppm in the
years 1997-1999. According to the analysis of variance re-
sults, it is determined that the variation of K concentration
depending on the species is statistically significant at least
99.9% confidence level (p<0.001) in all age ranges. When
the values are examined, it is very difficult to say that the K*
concentration changes regularly based on species or year.
This situation can be interpreted as the change of K* con-
centration in plants does not change primarily depending
on the species or year, and other factors are more dominant.

DISCUSSION

In regions, where four seasons are observed, it was deter-
mined that the development of trees increased in parallel
with several intakes of potassium (K) in their bodies [39].
Regarding this point, providing data about the nutrient ac-
cumulation in trees, tree rings and organs can give import-
ant information about the chronology of the atmospheric el-
ements deposition in its ecosystem [40]. Although there are
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Table 2. The K* concentration (ppm) age interval and species change of in wood

Species

Years Robinia pseudoacacia L. Cupressus arizonica G. Platanus orientalis L. F value
2018-2020 35209 Cg 762.4 Ag 3069.2 Bh 34256.8*
2015-2017 610.2 Af 778.5 Bh 2093.0 Cg 44693.2*
2012-2014 562.6 Ae 773.4 Bh 1688.0 Cf 11214.3*
2009-2011 404.4 Abc 637.2 Be 1160.8 Ce 8293.5*
2006-2008 487.2 Ad 722.8 Bf 1064.6 Cc 2267.6*
2003-2005 591.6 Bf 449.0 Ad 999.9 Cb 15820.5*
2000-2002 393.6 Bab 339.6 Ac 1100.3 Cd 4085.8*
1997-1999 396.1 Bab 256.8 Ab 982.1 Ca 7985.1*
1994-1996 379.9 Ba 123.6 Aa 1169.8 Ce 6713.1*
1991-1993 420.2 Bc 125.8 Aa 1064.2 Cc 28405.3*
F Value 22130.5* 8467.0* 12896.2*

*: Significant at p<0.001. Upper and lower letters differ significantly based on the Duncan test.

studies on the usability of accumulation in the rings of trees,
there are few studies on the transfer of elements between the
organs of trees [41]. The changes in the concentration of K*
in organs of 3 different trees grown in the intense industrial
zone in Kocaeli province by organs. They were determined
by making use of Robinia pseudoacacia L., Cupressus arizon-
ica G., and Platanus orientalis L. in the present study. It was
aimed to evaluate the level of atmospheric K* accumulation
in the inner bark, outer bark, and wood segments of the tree
and to interpret if the K* concentrations in rings and organs
varied by year. In this study, the change of potassium con-
centration in barks and wood of three species was found to
be 783.9 ppm of Cupressus arizonica G. but to be 6187.1 ppm
in that of Platanus orientalis L. in the inner bark. Similarly,
the K* concentration was found to be 472 ppm in Cupres-
sus arizonica G. but 1439.2 ppm in Platanus orientalis L. in
wood. Accordingly, it can be stated that K* concentration
significantly varied between the species.

In previous studies carried out on this subject, it was de-
termined that the concentrations of many elements sig-
nificantly varied by the species [42]. The accumulation of
elements within the bodies of plants is closely related to the
plant habitus and development [43]. Plant development is
shaped by the mutual interaction between genetic structure
and environmental conditions [44]. Hence, the factors in-
fluencing the genetic structure of plants directly influence
the intake and accumulation of elements in plants and,
since different species have different genetic structures, it
is normal for species to have different levels of element ac-
cumulation [45]. Another important result achieved in this
study is that the concentration of potassium significantly
varied by organs in all the species. Examining all three spe-
cies, the highest values were found in the outer bark and the
lowest values in the inner bark.

Many studies reported that the element accumulations
differed between the organs of the same plant [46].
Moreover, it was also determined that the differences
between the organs could reach very high levels [47].
In previous studies, the lowest concentrations were
generally found in wood and the highest ones in outer
bark [48]. The reason for higher element concentration
in outer barks when compared to other organs was re-
ported to mainly be the structure of the organ, particle
matters, and the contamination of these particles by el-
ements. It was determined in studies carried out before,
it was determined that the elements in air adhered to
the surface of particles and enriched them in elements,
and these elements adhered to the plant organs and in-
creased the element concentrations in these organs. The
rough surface of the outer bark makes it easier for parti-
cles to hold on these surfaces [49].

The atmospheric potassium deposition significantly var-
ied between the woods forming in subsequent years and
the difference can reach very high levels. For instance, the
potassium concentration in the woods of Robinia pseudo-
acacia L. forming from 2015 to 2017 was found to be 610.2
ppm, whereas it was 3520.9 ppm for the woods forming
from 2018 to 2020. This finding suggests that the transfer
of the K element in wood can be very limited. Among
the species examined in this study, the lowest proportion
of change was observed in Platanus orientalis L. and the
highest one in Robinia pseudoacacia L. on atmospheric
potassium deposition. It suggests that, among these spe-
cies, the species that is most suitable for monitoring the
change of potassium concentration is Robinia pseudoa-
cacia L. in an industrial area. The knowledge about the
transfer of elements between the organs is, however, very
limited in plants.
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CONCLUSIONS

Plants are the main indicator of urban environmental
pollution and they fulfill many ecologic, economic, and
social functions in ecosystem services. Development and
phenotypic characters of plants are shaped by the genetic
structure and edaphic factors such as soil’s structure and
nutrient content and soil, as well as climatic factors such
as light, temperature, and atmospheric deposition-pre-
cipitation. Hence, to understand regional pollution which
spatial distribution information links to existing or future
policy with regards to sustainable environmental pollu-
tion including air and soil. Atmospheric deposition in-
fluences plant development, it is necessary to determine
the intake and accumulation of elements directly from
the surrounding environment. Atmospheric deposition
contains quantities of K* which can significantly affect the
structure and development of plants. Biomonitoring the
deposition of atmospheric K* concentration is the crucial
method to present levels of other metals and toxic met-
als in the territorial environment. The result of this study
provides biomonitoring of atmospheric metals deposition
on plants that tell the level of their accumulation. Future
research on atmospheric other metals deposition for the
suitability of some commonly found species for biomon-
itoring should be investigated the spatial and temporal
variation of industrial and high traffic areas.
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