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ABSTRACT ARTICLE HISTORY
Under various Arsenic (As) loads, growth of the tomato plant and changes in Received 11 September 2020
elemental uptake were investigated in this experimental study. Plants were Accepted 12 January 2021
transplanted into the As free soils and the loads of As were increased KEYWORDS
gradually with irrigation. The root and stem dry weights (I2\1N) steadily Uptake; translocation;
increased with the increase of As concentration up to 1.5 mg L™, while the groundwaters;

DW dropped to lower than the control plant’s DW when the As concentration contamination

was higher than mg L™". Although the leaves DW variations for the studied As

concentrations were negligible, As application to the tomato plants posi-

tively affected the biomass amount of leaf. Considering the decrease in root/

shoot ratio, the root growth was more promoted at low As concentrations,

while the effect of As on the production rate of aboveground biomass could

be neglected. When the As concentration was increased from 0.5 mg L™' to

3.0 mg L™, average 90% of the total applied As to the plants was accumu-

lated in the root and As content in the root was enhanced about four times.

Significantly higher levels of N, K, Mg, and Ca in the aerial parts of tomato

than in roots were determined while the level of P was about equal in the

tissues. Among the tissues, the lowest microelements; Cu, Mn, Fe, and Zn

concentrations were determined at the root of control plant. However,

especially at high As loads, the increase in the amount of microelements in

the root was considerably higher compared to the stem and leaf.

Introduction

Because of the applications of untreated wastewaters, phosphate fertilizers, and contaminated watering
practices to the agricultural areas, the agricultural soils and irrigation waters (IW) have been con-
taminated with heavy metals (Salem, Albanna, and Awwad 2016). Arsenic (As) is widely encountered
in the environment as the geogenic and anthropogenic sources (Meharg, Naylor, and Macnair 1994)
and causes soil and water source pollution which is a serious environmental problem (Caporale et al.
2013; Mohan and Pittman Jr. 2007; Smedley and Kinniburgh 2002). As mobility, bioavailability, and
toxicity might be greatly affected by the nature of soil components, pH, presence of anions (PO,>),
and residence time in the medium (Violante and Pigna 2002). In some areas (Das et al. 2004; Kobya
etal. 2011; Mutlu 2010), because As concentration in the groundwater has exceeded the recommended
limit of 0.01 mg L™" (WHO 2001), it has received more attention due to its toxic effect on humans,
plants, and animals (Stazi et al. 2016).

Groundwater mostly known as a clean source is widely consumed for drinking water as well as for
the plant irrigation. Because the As-contaminated groundwater is extensively used for crop irrigation,
the potential of high amount of As accumulations in the agronomic products is taken into account
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(Abedin et al. 2002). Exposure of human to As mainly occurs through As-contaminated drinking
water and agricultural products (Rahman et al. 2008).

Although As is not an essential element for the plants (Marin et al. 1993), it is essential for the
animal metabolism (Lepp 1981). As uptake of the plants depends on the plant species and habitats
(Bergqvest and Greger 2012). As contents of plants in the As-contaminated areas are several times
greater than the similar types of plants grown in the uncontaminated areas (Huq et al. 2006). The
highest level of As was detected in the sea foods, meats, and grains, while its low level has been
reported in some foods (Sushant and Ghosh 2010).

Most of the plants could tolerate the soil As amount up to 50 mg kg™, while higher levels negatively
affect the plant growth. However, some of the plants have strategies to adapt to the unfavorable
conditions (Madeira et al. 2012). As tolerance of some plants might be related to changes of the
phosphorus uptake, due to As being taken up into the roots through the phosphate transporters
(Carbonell-Barrachina, Burlé-Carbonell, and Beneyto 1997a; Zhao, McGrath, and Meharg 2010).
Because As is chemically similar to P, it is assumed that As is likely to take part in many cellular
reactions. Phosphate and arsenate are taken into the plant roots by a common carrier, which has
a much higher affinity for phosphate than arsenate. P is also reported as a highly efficient competitive
inhibitor on the uptake of arsenate into the plant (Meharg and Macnair 1990).

Increase of As uptake by the plant increases phosphorus uptake also (Burld et al. 1999; Cao, Ma,
and Shiralipour 2003). But uptake of As is restricted when the plant phosphorus requirement is met.
The defense mechanism of plants to As toxicity may derive from the capacity to metabolize As to less
toxic forms (reduction of arsenate (V) to arsenite (III)) which complexes with glutathione and
phytochelatins (Madeira et al. 2012).

In Turkey, tomato one of the most cultivated food plants is about 40% of the total vegetable
production. Tomato production was 10,624,862 tons between 2006 and 2016 in Turkey (TSI, 2017).
The need of world total tomato production of about 7% is provided by Turkey, which ranks fourth
(Bashimov 2016).

Effect of As on the tomato plant growth was widely studied in the As-contaminated soil and
water mediums. In the previous experimental studies, As was added into the growth mediums at
the beginning of experiment in order to investigate the effect on plant growth. However, when
As is gradually added to the growth medium there is lack of knowledge on the tomato plant
growth and changes of upward transportation of nutrients from the root to the aboveground
biomass.

In the present research, various concentrations of As in the irrigation water (IW) were applied to
the tomato plants, which cultivated in a laboratory condition. The plants were planted into the As free
soils and the loads of As increased gradually by irrigation. The tomato plant growth under various As
loads and changes of As and nutrients amounts in the tomato tissues were investigated.

Materials and methods
Experimental methodology

Soil sampling

Upper layer of the soil (0-30 cm) in the Campus Area of Sivas Cumhuriyet University was used
as a growth medium. The soil was initially dried in an air environment and passed through from
the 2 mm sieve. The principal physicochemical properties of soil before fertilization are pre-
sented in Table 1. Basic fertilization (500 mg kg ' N in CaNO3.4H,0 form; 100 mg kg™' P and
125 mg kg™' K in KH,PO, form; 2.0 mg kg™ Zn in ZnSO,.7H,O form; and 20 mg kg™" Fe in
Fe-EDTA form) for each pot was carried out to the soils to ensure the growth of plants (Ozturk,
Aslan, and Demirbas 2020).
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Table 1. The principal physicochemical proper-

ties of soil.

Soil property values
pH 7.28
Lime 19.6%
Salt 0.033%
Organic matter 1.7%
Texture SiCL
Available (kg P ha™") 34
Available (kg K ha™) 953.9
Available (mg Fe ha™") 3.99
Available (mg Mn ha™") 468
Available (kg Zn ha™) 0.42
Available (kg Cu ha™") 1.23
Available (kg Fe ha™") 3.99

Seed sowing and plant growth

Pot experiments were conducted in the laboratory. Firstly, the tomato seeds (H-2274) were sowed into
the viols having peat with high water-holding capacity and rich in the organic matters and nutrients.
The seeds were grown at room temperature in viols and irrigated with the As free tap water. During
this stage, in order to avoid negative effects of high temperature and sunlight on the seed germination,
the viols were kept far away from the window.

Germination, which was the optimum time for transplanting to the pots, was observed approxi-
mately 25 days after seed sowing. After planting of the plants into the pots, which were 3 kg of soil
capacity, they were placed in the closest position to sunlight. During the experiments, temperature was
determined between 19°C and 25°C in the laboratory. To provide growth uniformity among the
plants, the position of pots in the laboratory was routinely changed during the study. After planting in
the pots, the plants were treated with the As-contaminated water. Arsenic concentrations 0.5, 1.0, 1.5,
2.0, 2.5, to 3.0 mg As L™ were prepared from a stock solution of 0.05 mol L™ NaAsO, (Merck). The
ranges of As concentration in the IW were chosen considering widely encountered concentrations of
As-contaminated groundwater in the world (Aslan 2018). Experimental study was conducted accord-
ing to a completely randomized design factorial with three replicates. Harvesting was carried out in the
period when 10% of all plants flowering.

The applied total As loads to the pots are calculated by using Equation 1 according to the volume of
IW. In order to maintain 70% water-holding capacity of the pot, the pots were weighed before each
watering.

As Loads (mg pot™') = volume of IWs (L) x As concentrations in the IWs (1)

All plants were irrigated with an equal amount of tap water. The As loads were varied, because of the
different concentrations of As in waters. For irrigation, the total volume of 10.2 L water was applied
and the total applied As loads to the pots ranged between 0 mg pot ' and 30.6 mg As pot~' (10.2 mg As
(kg soil)™h)

After the tomato plants are harvested before flowering, the aboveground biomass from the soil
surface above 1-4 cm was cut and then its shoots and leaves were separated.

Sampling of plants and soils

After harvesting, the root, stem and leaves were collected separately. The tissues were cleaned by using
tap water and 0.1% HCI solution and then rinsed at least twice with deionized water to remove soil
residues. To get a constant dry weight (DW), the plant tissues were dried in an oven for 48 hours at
about 65°C (Demirbas et al. 2017). For the element analysis, the dried plant tissues were ground into
powder by using grinding mill (HD-702 model, Simsekler Labortechnik).
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Macro and micro nutrient analysis

To determine As amounts, 0.2 g soil and powdered plant samples were digested by using 2 mL of 35%
H,0, and 5 mL of 65% HNOj; in the microwave oven (Milestone Srl - ETHOS EASY). After digestion
of samples, P concentration was calorimetrically determined at 882 nm by the spectrophotometer
(Shimadzu UV-1800 model) (Murphy and Riley 1962) while As, K, Ca, Mg, Fe, Zn, Cu and Mn were
analyzed by using a hydride generation atomic absorption spectrophotometer (Analytik Jena AG-
contrAA 700 model) (Guzel et al. 1992; Kacar and Inal, 2008). The total N concentration of samples
was measured by Kjeldahl method using the Kjeldahl distillation unit (VELP Scientifica marka UDK
139) (Bremner 1965). The precision was calculated on the three replications for the digestion
procedures.

Statistical analysis

The experimental data was subjected to ANOVA variance analysis with the use of SPS523.0 for
Windows packet for the statistical analysis (SPSS Inc, Chicago IL). The differences between the
applications were determined in a way that they were lower than 0.05 (P < 0.05) with Tukey test.

Results and discussion
Plant tissue dry weights

Effects of As on the tomato plant growth and changes of elements contents in the tissues were
evaluated by comparing with the control plants.

As can be seen from Figure 1, low concentrations of As (up to 2.0 mg L") positively affected
the tomato plant growth. Higher amount of DW at the As applied plants than the control plant
was observed. The root and stem DW of control plant were 4.6 g and 15.7 g, respectively. Up to
the concentration of 1.5 mgAs L™, the DW of root (6.08 g) and stem (18.7 g) increased, while
the decrease of DWs was observed when the As load was further increased. It was determined
that the root DW was lower than the control plant root DW when the As concentration was
higher than 2.0 mg L™'. The lowest root DW (4.3 g) was observed at the As concentration of
3.0 mg L™'. Compared to the control plant, at the highest concentration of As, decrease in the
plant root dry weight was negligible. Considering the previous study, which was reported that
the root membrane of tomato was damaged at the As concentration of 10 mg L™ (Carbonell-
Barrachina et al. 1998), it was thought that the roots were not damaged for the applied As
concentrations.

The stem DW constituted the major portion (average %73) of the total biomass of tomato plant.
The DW change of stems in the applied As concentrations was similar to the root DW changes. The
stem DW of control plant was 15.7 g and increased steadily to about 18.9 g up to the As concentration

control 0.5 1.0 1.5 2.0 25 3.0
mgAsL!

mRoot mStem = Leaf

Figure 1. The dry weight change of tomato plant at various Arsenic concentrations.
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of 2.0 mg L™". Although the stem DW decreased to the lower than 18.9 g at the concentration of 2.5
mgAs L', it was higher than the stem of control plant. At the highest As concentration, the DW of
stem dropped to 15.3 g approximately equal to the control plant.

The leaf DW of control plant was 0.7 g and it increased to about 1.1 g at the As concentration of
0.5 mg L™". Although significant leaf DW variations were not observed, the leaf DW of whole As
applied plants were higher than the control plant.

While the root/shoot ratio of control was 0.28, the ratio increased to about 0.3 up to the As
concentration of 2.0 mg L™' (Figure 2). Further increase of the As concentration caused the
decrease in ratio to about 0.26. From the increase in root/shoot ratio, it could be concluded that
the root growth is more promoted at low As concentrations and/or positive effect of As on the
growth of aboveground biomass could be neglected. However, sharp drop of the root/shoot ratio
at high As concentrations indicated that the root growth was inhibited more than the above-
ground biomass.

The total dry biomass of plants is considered as a critical parameter in order to evaluate the
effects of As on the tomato growth (Niazi et al. 2017). When the amount of biomass of the
tomato plant is taken into account, experimental results indicate that the effects of applied As
concentrations on the total DW of tomato were negligible. Compared to the control plant, at the
As concentration of 3.0 mg L™", while the leaf biomass production increased about 33%, the root
and shoot biomass productions were decreases about 5.9% and 2.1%, respectively. Although the
experimental results are in agreement with the findings of Burld et al. (1999), who found that
tomato plants treated with arsenite exhibited a higher DW than the controls, they were not
consistent with the other studies (Carbonell-Barrachina et al. 1997b; Pigna et al. 2012). At the
As concentration of 2.0 mg L', decrease in the stem DW about 36.8% (Pigna et al. 2012) and
12.5% (Carbonell-Barrachina et al. 1997b) were reported, while about 17.5% increase was
observed in this study.

The tissue dry weight difference of tomato plant was not observed by Stazi et al. (2016). It is believed
that the As effect on plant growth is varied according to the experimental conditions (gradually adding
of As, growth mediums like soil or hydroponic, etc.). In the literature, the subject of As accumulation
in the plants was widely investigated in the contaminated soils and in the nutrients solution. However,
As was gradually added into the soil with IW in this study. It is thought that the gradual addition of As
positively affected the plant growth. Compared with the control plant, for the studied As concentra-
tions, negligible DW decrease was determined and the plant survived, grew normally and the
symptoms such as wilting were not observed. Although As has not been considered to be an essential
nutrient for the plant, at low concentrations (<2.0 mg L"), positively affect the growth of some plants
such as tomato (Burl6 et al. 1999; Miteva 2002), Spartina alterniflora and Spartina patens (Carbonell-
Barrachina, 1995; Carbonell-Barrachina et al. 1998; Marin, Masscheleyn, and Patrick 1992), onion

0.32
0.31 -
0.30
0.29 -
0.28 -
0.27 -
0.26 -
0.25 -
0.24 -

m root/shoot

root / shoot

control 0.5 1.0 1.5 2.0 2.5 3.0
mg As L-!

Figure 2. The root/shoot ratio under various As concentrations.
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(Sushant and Ghosh 2010), red clower (Mascher et al. 2002), wheat (Li et al. 2007; Liu et al. 2005),
Baccharis dracunculifolia (Gilberti et al. 2014), P. vittata (Singh and Ma 2006; Tu and Ma 2002, 2004),
common vetch and alfalfa (Aslan 2018; Hamid 2019; Ozturk 2018) has been reported. However, its
high concentration becomes toxic to all plants (Gulz, Gupta, and Schulin 2005).

As accumulation and transportation in the tissues

The As level in fruit was reported as about 0.66% of the total level of tomato plant (Stazi et al. 2016).
Experimental study carried out in the hydroponic growth medium contained 10 mgAs L™" indicated
that the As level in the tomato fruits was not toxic or harmful to human consumption (Carbonell-
Barrachina, Burlo, and Beneyto 1995). In this study, since the highest As concentration was 3.0 mg L™,
the fruit As amount was not planned to study, and therefore the tomato plant was harvested at the
flowering period of 10%.

Changes of As amount in the plant depend on the applied As compounds, and rate, time of plant
harvest, and plant organ analyzed (Tlusto$ et al. 2006). As reported in the literature (Pigna et al. 2012,
2009; Stazi et al. 2016; Tao et al. 2006), accumulation of As in the plant tissues steadily increased with
the elevation of applied As concentration.

As levels in the root, shoot and leaf are presented in Figure 3. Up to the concentration of
1.5 mgAs L', the As accumulation in stem was higher than the leaves. However, accumulation
was lower in the stems than in the leaves when the As concentration was equal to 2.0 mg L™
and higher.

With the increase of As concentration in IW, As amounts in the roots and leaves steadily
elevated and at the concentration of 3.0 mg L', reached to about 129.3 and 7.7 mgAs kg ™',
respectively. The highest As accumulation in the stem was at the concentration of 2.0 mgAs L™
and accumulation decreased with further increase of As dose. However, the leaf As content
steadily increased with the elevation of As dose. The transportation of As from the root to leaf
was higher than the stem when the concentration was higher than 1.5 mgAs L™'. Similar
observation was also reported for all applied As doses by Carbonell-Barrachina, Burlo, and
Beneyto (1995) and it is explained by the fact that the stems are the transition zone between
the roots and leaves.

While the average 90% of the total applied As to plants was accumulated in the roots, remaining
portion was transported to the aboveground biomass. Accumulation of As in the root enhanced about
four times when the As concentration increased from 0.5 mg L™" to 3.0 mg L™". Because the tomato
plant accumulates most of the applied As in its root, it could be characterized as the plant that avoiding
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Figure 3. Arsenic accumulation in the tomato plant tissues.



2394 (&) S.ASLANETAL.

As (Tlusto$ et al. 2006). By considering the root growth and functions, the applied As loads on the
tomato plant could not be considered as the toxic dose. It has been reported that most of the applied As
was accumulated in the root of tomato, and regardless of the As compounds, accumulation followed in
decreasing order by leaf, stem, and fruits (Tlusto$ et al. 2006). As transport from the roots to the
aboveground biomass was limited by its high toxicity to the radicular membranes (Carbonell-
Barrachina, Burlo, and Beneyto 1995). When the As level in the root is low, As is upward transported
and the As level in the aboveground biomass of plant increases with exposure time. High As levels
damage the root cells and cause the disruptions of root function and even cellular death. When the
toxic level of As in the plants is reached, upward transportation of As is restricted (Carbonell-
Barrachina, Burlo, and Beneyto 1995). At the beginning of experiment, As level was too low and the
level was steadily increased with irrigation. It is thought that As was upward transported from the root
at low loads while high As loads achieved with watering caused the restriction of upward translocation
and results in the accumulation of As in the root.

It has been reported that the rice (Lei et al. 2013), ferns (Feng et al. 2015), mangrove species
(Kandelia obovata and Aegiceras corniculatum L.) (Liu et al. 2014; Wu, Hong, and Yan 2015), and
common vetch (Aslan 2018) plants also accumulated more As in their root than the aboveground

biomass.
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Amounts of macroelements in the plant tissues

The macro element compositions of plant tissues are presented in Figure 4. Comparison between the
root and aboveground biomass element concentrations showed significantly higher levels of N, K, Mg,
and Ca in the aerial parts than in the roots while the level of P was about equal in the tissues.

Concentration of N in the tissues of As applied plants was slightly lower than the tissues of control
plant. The N amount in root was the lowest among the tissues and the most of N was transported from
the growth medium to the leaves. The root N content of control plant was 1.94% and concentration
steadily reduced with the increase of Asload. The concentration of N dropped to its lowest level, which
was about 1.5%, at the concentration of 3.0 mgAs L™".

Some competitive interactions in the absorption of anionic forms of As and N, which are taken up
by the plants, have been reported (Carbonell-Barrachina, Burld-Carbonell, and Beneyto 1997a).
According to this possibility, the root N uptake might reduce at high concentrations of As in the
solution. Decrease in N uptake by the root of tomato plant was observed for the studied As
concentrations in this study.

The N content in the tomato tissues decreased by the application of As-contaminated waters, but
the biomass yields slightly increased. The biomass yield increase has been associated with the presence
of other limiting factors (Carbonell-Barrachina et al. 1997b) and nutrients (Carbonell-Barrachina
et al. 1997b; Klimek-Kopyra et al. 2015). It was reported that the plant yield decreases and produces
excessive vegetation when the concentration of N in the plant is high (Carbonell-Barrachina, Burlo-
Carbonell, and Mataix-Beneyto 1994). Adding of As into the growth medium did not change the
N transportation to the above ground biomass of tomato plant unlike for wheat (Quanji et al. 2008)
and the common vetch plants (Aslan 2018). As caused the decrease of N content of some plants such as
lentil (Ahmed et al., 2012) and B. Dracunculifolia (Gilberti et al. 2014), while causing the increase in
the green and red Amaranthus plants (Roy, Parveen, and Huq 2012).

P content of control plant tissues was determined to be between 0.08 and 0.1 mg kg™ Experimental
results indicated that the changes in P amount in tomato tissues were negligible for the applied As
doses. Because As addition into the soil may cause phosphate displacement in the plant, positive effect
on the plant growth is attributed to the increases of P bioavailability in the soil. The As accumulation at
the root is related to the phosphorus due to affinity of As compounds to phosphate channels (Stazi
et al. 2016). As in the growth medium affects the P concentration in the plant tissues. The P level
reductions were 32% and 11% in the roots and shoots of tomato plant were observed, respectively
(Stazi et al. 2016). It was determined that the concentration of P increased from 1.16 g kg™' (control
plant non-fertilized with P) to 2.30 gkg ™" (at the As concentration of 4.0 mg L") and from 1.65 g kg™’
(control plant with fertilized with P) to 3.40 g kg ™', respectively (Pigna et al. 2012). Amounts of P in
the tomato tissues are varied according to the As and plant species. For the Marmande cultivar of
tomato, while the root P concentration of control plant was about 2.1 g kg™, at the concentrations of
5 mg L' of As species namely arsenite, arsenate, methylarsonate, and dimethylarsinate, P amount
increased to about 2.2 g kg ™', 2.9 g kg ™!, and 3.6 g kg, respectively (Burlé et al. 1999).

Uptake of P by plants is controlled by a high-affinity carrier at low concentration of P in the
medium, whereas it is controlled with a low affinity at high concentrations (Reed et al. 2015). At the
beginning of the study, the soil P (100 mg kg™' P and 125 mg kg~' K (in KH,PO, form)) and available
P amounts (34 kg ha ') were very high while As concentration was negligible. The As amount
increased gradually in the soil by the irrigation throughout the experiments. When the soil was free of
As at the beginning of trial, it is estimated that more P was taken into the root cell and transported to
the aboveground biomass, due to the element carriers of tomato have higher affinities to phosphorus
than As.

Compared with the control plant, significant K contents variations in the As applied tomato plant
tissues were not observed. However, the root K concentration was significantly lower than the leaf and
stem. As is taken up by the plant as an anion while cation K is also transported to the plant in order to
maintain electroneutrality or ionic balance (Carbonell-Barrachina et al. 1998). The soil Na content was
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provided by both the IW and the addition of As as the sodium salts. Increase of As load into the soil
caused K depression in the root, because of the competition with Na (Carbonell-Barrachina et al. 1998;
Marin, Masscheleyn, and Patrick 1992; Wallace, Mueller, and Wood 1980). Because of the low As
content of soil at the beginning of experiment, without competing with As, K might be transported
from the root to the aboveground biomass. With the increase of As content of soil, the plant K uptake
could be restricted and caused the reduction of K amount in the root to lower than the aboveground
biomass K contents.

Significant variations in Ca and Mg amounts under studied As loads were not observed. Mg level in
the root was higher than the aboveground biomass. While the root Ca amount was higher than the
stem, it was lower than the leaf. It has been reported that As caused the increase in Ca and Mg
concentrations in the stems. It was assumed that increased Ca level in the tissues might be a protective
behavior of plants to the toxicity of metal/loids (Mengel and Kirkby 1987). Increase of Ca concentra-
tion in the plants was observed, when the application of organic and/or inorganic As compounds to
the plants, such as canola (Cox 1995), (Marin 1989), spartina alterniflora (Carbonell-Barrachina et al.
1998), common vetch, and alfalfa (Aslan 2018; Hamid 2019; Ozturk 2018).

Amount of contents (nutrients, protein, carbohydrates, etc.) in plants might vary with environ-
mental conditions, plants species and cultivars, harvest years (Yucel et al. 2014) and planting time
(Bingol et al. 2007). Effects of As on the plant growth may vary according to the plant species, level of
contamination and toleration ability (Gilberti et al. 2014). As might influence the nutrient uptakes and
distributions in the plants through competing directly with nutrients and/or altering metabolic
processes and also affect the root and shoot development (Armendariz et al. 2016; Gilberti et al.
2014; Tu and Ma 2004).

Amounts of microelements in the tissues

Among the tissues of tomato, the lowest microelements concentration was determined in the root of
control plant (Figure 5). Microelements; Cu, Fe and Mn were predominantly transported to the leaf,
except for Zn. However, especially at high As loads, the increase in the amount of microelements in the
root was considerably higher compared to the stem and leaf. Mn and Fe amounts in the root
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significantly increased with the increase of As concentration and reached to the higher levels than the
stem and leaf. Cu content of root was also higher than the stem and leaf for some As loads.

The microelements content of plant roots which were exposed to As was considerably higher than
the root of control plant. Although the microelements amount decreased at the As concentration of
3.0 mg L™, they were significantly higher than the control plant root.

When the As concentration was higher than 0.5 mg L™, the microelement concentrations in the
root sharply increased, while the stem and leaf concentrations were lower than the control. It was
observed that the use of As-contaminated water for the plant growth caused the decrease in micro-
elements concentration in the aboveground biomass.

For the applied As doses, meaningful changes in the microelement concentrations in tissues were
not observed. When the tomato plant was grown with the As-contaminated waters, the transportation
of microelements from the root to the aboveground biomass was restricted and most of elements taken
from the growth medium were kept by the root. Instead of the aboveground biomass, higher
accumulation of As or microelements at its root is defined as an exclusion strategy of plant (Wang
et al. 2009; Zhang et al. 2002).

Conclusion

The tomato plant survived and grew normally under the studied As concentrations. While As has not
been considered to be an essential element for the plant growth, additions of As at low concentrations
into the IW, positively affected the tomato plant growth and increased the biomass production. The
stem DW constituted the major portion of the total biomass of tomato plant. Increase of the root/
shoot ratio at low As concentrations indicated that the root growth is more than the aboveground
biomass. However, at high As concentrations, the root growth inhibition was more compared to the
aboveground biomass. Due to about 90% of applied As was accumulated in the root; the tomato could
be characterized as the plant avoiding the As. Gradually adding of As to the growth medium with the
IW caused the increase of As load to the tomato plant throughout the experimental study. It was
determined that the plants grown with the As-contaminated water changed the amounts of elements
carried from the root to the aboveground biomass. At the low As loads, more As was transferred from
the root to the aboveground plant biomass, while the As transfer from the root was restricted when the
high loads were reached. With the increase of As load, it was determined that there was also a change
in the transfer of As, P and K from the root to the stem and leaf. Use of As-contaminated water in the
tomato plant growth negatively affected the transportation of elements from the root to the aerial parts
and it was observed that most of microelements accumulated in the root.
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