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Abstract

The natural and anthropogenic process cause arsenic contamination
of waters and creates serious environmental problems throughout the world.
Due to the alfalfa is an important crop in diverse farming systems, it has
been grown almost 33% of Turkey’s cropland. In this experimental study,
effect of As on the alfalfa plant growth and As accumulation in the shoot of
the alfalfa was determined.
The accumulation of As in shoots as well as growth of alfalfa at various As
contaminated water was evaluated. Alfalfa plants were grown in a
greenhouse on a soil amended with different concentrations of As (control,
0.5-1.0-1.5-2.0-2.5-3.0-4.0-6.0-8.0 mg/L). In this study, data of two
harvest samples were presented. Experimental results indicated that the
irrigation with As—contaminated water of alfalfa cause dry weight increase
compared to control pots. As accumulation in the shoots of alfalfa plant
increase with increasing As concentrations in the irrigation waters. As
accumulation in the shoots at the 2" harvest samples were higher than the 1%
samples. However, As accumulation differences between the 1% and 2"
samples decreased when the As concentrations in the irrigation water was
higher than 4 mg/L.
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Introduction

Arsenic (As) is a naturally occurring element in the environment.
Since ancient times, metalloid As has been known as a toxic element and
widely distribute in the worlds (Dahal et al., 2008). As occurs in both
inorganic and organic forms and inorganic As forms are about 100 times
more toxic than organic forms (Jain ve Ali 2000). Inorganic forms of As
occur in five oxidation states out of which the less toxic arsenates (+5) and
more toxic arsenites (+3).

As contamination of groundwater has been reported in many
countries and estimated that about 150 million people have been exposed to
the high concentrations of As (Akinbile and Haque, 2012). The intake of As
by humans occurs through drinking water, food and soil and contamination
of drinking waters is considered a serious worldwide problem after the
acceptable limit of As has been set to 10 ug/L (Pokhrel et al., 2005; USEPA,
2017; WHO, 1993).

Water is one of the important inputs after fertilizer for crop
production. When the plants are irrigated with water polluted by various
chemicals, it may be dangerous for plants, animals as well as for human
being.

High concentrations of As in soil and the use of irrigation water with
high As may lead to elevated As concentrations in the agricultural products.
If the As contaminated water is used for crop production, As accumulates in
the soil and transferred to the plants.

Groundwater contains mainly inorganic forms of As and arsenate
form comprises about 50% of the total As (Abedin et al., 2002). Due to the
phosphate and arsenate have similar physicochemical behavior in soils; they
compete for the same sorption sites on soil particle surfaces. Addition of
phosphate to soil may enhance downward movement of As, leading to
increased leaching from the topsoil or increase availability of As in the soil
solution resulting in higher uptake by the plants. Arsenate also acts as a
phosphate analogue with respect to transport across root plasma membrane
with phosphate competing much more effectively for transport sites (Abedin
et al., 2002).

Because of the natural and anthropogenic processes, As is present in
waters and creates serious environmental problems throughout the world.
The biotic and abiotic processes cause As release from the soils to the
groundwaters (Corsini et al., 2014). Microorganisms play a key role in the
speciation and mobility of As in the environment. In anaerobic
environments, a biodiverse group of dissimilatory arsenate reducing bacteria
use arsenate (AsY) as a terminal electron acceptor and reduce it to arsenite
(As"") (Sun et al., 2008). The oxidation states of As effect its mobility in
groundwaters. While As¥ forms under aerobic conditions, As'"' form occurs

130



under anaerobic conditions. Due to the AsY forms has greater affinity to
oxyhydroxides and clay minerals, it is less mobile than As""' (Corsini et al.,
2014). In all plant species tested so far, it has been shown that arsenate is
taken up via the phosphate transport systems (Chatuverdi, 2006).

As concentrations in the edible parts of plants have been reported in
crops grown in contaminated soil and irrigated with As contaminated waters

(Table 1).
Table 2. Accumulation of As in various plant tissues
As
Soil As contaminat Leaf Fruit
ed Root Shoot
Plants Conc. L (mg/k (mg/kg) References
(mg/kg) irrigation (ma/kg) (mg/kg) 9) grain
waters
(mg/L)

- 7.31-27. (Das et al.,
Rice 8 0.06-0.72 9.71 1.58 0.27 2004)
Rice 2.01-12.  0.062-0.36 0.00-15.  0.52- 0.000-0.09  (Alamet

00 4 8 3.32 4 al., 2003)

- 1.20-4.1 1.26-

Rice 8.00-19.20 1 360 0.06-0.33
0.08-0.2  0.05-
Potato 61016, 0.005-101 020-07° 4 012 90 (Dahalet

i ., 2008

Caulel:‘low 70 4 106-345 & )
Onion - 0.55 1.02
Eggplant 0.14
(Beesley et
Tomato 6230 0.50-2.00 2040 8.63 <3.00 al., 2013)
1.16-2.8 (Burlo et
Tomato 1.00-5.00 1.91-3.61 3 2.47-4.06 al., 1999)
(Marmiroli
Tomato 5.00 1.00-20.00 7.00-20.00 2.00 etal.,
2014)
311.2-149  2.60-14. 2.70- (Carbonell
Tomato 19 70 19.90 0.12-0.41 B}
Bean T 000000 540431 w0 2200 L, DO
plants 0 44.30 40.60 1997)
0.0003-0.0
Tomato e e e 27
Parsley T P09 00650137 ——  (Bronkows
kaetal.,
Potato 0.0008-0.0 2008)
58
0.025
Wheat 0093
(Caporale
Blzﬁ{‘s 7.60 1-3 0.18-4.79 0'108‘ 26 0.05-1.08 etal,
P 2013)
: 0-12 (Ahmed et
Lentil 0.00-10.00  2-20 pg/g ug/e al., 2012)
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Alfalfa (Medicago sativa L.) is used to produce high—quality hay or
haylage for dairy and beef cattle and grown as pasture. It is also included in
crop rotations to help build nitrogen levels and maintain soil fertility (CBAN,
2013). Alfalfa is a flowering plant in the pea family Fabaceae. It is a cool
season perennial legume from three to twelve years depending upon climate
and variety. The plants grow to a height of up to 1 metre (3 ft), and have a
deep root system sometimes stretching to 4.5 meters (15 ft), which makes it
very resilient, especially to droughts, it has a tetraploid genome (Singh et al..
2009).

Alfalfa is an important crop in diverse farming systems. Alfalfa was
grown on almost 33% of Turkey’s cropland and it was approximately 34% of

the total animal green feed crops produced in 2017 (Table 2).
Table 2. Alfalfa Production in Turkey (TSI. 2018)

Years Area Sown (decare) Green (tonnes) Hay (tonnes)
2004 3200 000 2 300 000 2 000 000
2005 3 750 000 2100 000 2 400 000
2006 4 440 296 1814 990 2 820 225
2007 5 348 965 1697 645 3513945
2008 5557 215 1843961 3907 403
2009 5692 958 1747 676 4037 132
2010 5688 107 11 676 115 -
2011 5585 525 12 076 159

2012 6 741 832 11536 328

2013 6 286 419 12616 178

2014 6 923 055 13 432 968

2015 6 620 459 13949 958

2016 6 501 107 15714 381

2017 6 594 319 17 561 190

Alfalfa is extremely resistant to high levels of contaminants and can
be wused as a bioaccumulator (Gardea—Torresdey et al., 1999;
Gardea—Torresdey et al., 1997; Karimi, 2013; Peralta—Videa et al., 2004).
Peralta—Videa et al., (2002) reported that the alfalfa plants are able to
accumulate about 26.600 mg/kg of zinc, 8500 mg/kg of nickel, 12.000 mg/kg
of copper, 6000 mg/kg of chromium, and 10.700 mg/kg of cadmium,
individually. Nickel and chromium accumulation in the roots of alfalfa was
also reported by Orman (2014). Pajuelo et al. (2008) reported that 25% of the
total number of nodules of alfalfa plants decreases by applying sodium
arsenite concentrations ranging from 25 to 35 pM. Marin et al. (1992)
reported that the As form is more important than the As level in solution in
determining the phytotoxic effect of As to rice. When As was applied as
DMAA form at levels of 0.05, or 0.2 mg As/L an increase in total dry matter
was observed as compared to the control (Marin et al., 1992).
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In this study, the alfalfa plants grown by using various concentrations
of As—contaminated waters, was evaluated and As accumulation in the
shoots of alfalfa plant was investigated. Experimental study is still
proceeded, in this period, alfalfa plants were harvested four times, due to
analyses of the last two samples were not completed, two harvest data are
presented in this study.

Materials and Methods
Experimental methodology

The experimental study was conducted according to completely
randomized design factorial with 3 replicates. Ten—kilogram soil samples
each air—dried and sieved were placed in the pots after applying basic
fertilization (100 mg N/kg, 100 mg/kg P, 100 mg K/kg, 2.5 mg Fe/kg) and
also micronutrient mixture (B % 1.5 w/w, Fe % 3.0 w/w, Mn % 3.0 w/w, Zn
% 4.0 wiw).

Alfalfa seeds were planted in each pot and the plants were grown in
greenhouse conditions and the pots were equally watered during the growing
period. The alfalfa seeds of 2 g were planted into each pot. The seeds amount
was calculated according to the 3500 g/decare. At harvest, the shoots were
collected separately, washed with tap and deionized water to remove
impurities, and the fresh weight was determined.

Figure 1. Alfalfa planting

As was supplied as a solution of NaAsO: in tap water in the
concentrations of zero (control pot) 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, and
8.0 mg As/L. The irrigation of plants was carried out by weighing the pot
before each watering in order to maintain 70% water holding capacities.

The harvested shoots of alfalfa were separated into aboveground,
dried in an oven between 65-75 °C for about 48 hours, and then dry weight
was determined. After the plant samples were ground into powder, they were
prepared for analysis. As analysis was carried out by using hydride
generation atomic absorption spectrophotometer.
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Results and Discussion

Experimental study on the As accumulation in the alfalfa plants are
ongoing. Because of the alfalfa is a perennial plant, experimental study will
be carried out two years in order to evaluate As accumulation in the plant for
first and second year. In the first year, alfalfa was planted in the clean soil
and irrigated with As contaminated water. During the first year, alfalfa was
harvested four times and the analysis of last two harvests and soil samples
just have not been carried out. In this study, variations of As accumulation in
the shoots and the size of alfalfa irrigated with various As contaminated
waters was evaluated. Alfalfa plants grown in greenhouse are presented in
Figure 2.

Figure 2. Alfalfa grown in the greenhouse

The data on the heights and numbers of branches at the first harvest is
presented in Figure 3. As in irrigation water has a marked effect on the
height of alfalfa plant. As can be seen from the figure that significance
difference was found in height and numbers of branches growing with
control and up to 3 mg As/L. However, differences were not observed for the
As concentrations higher than 4 mg/L with the control unit. It was observed
that the plant height slightly increased with increasing As concentrations in
irrigation water. Plant height was about 35 cm for the control units. With the
lower range of As doses (0.5-4.0 mg of As/L), plant height ranged between
38 and 45 cm, while with the As doses of 8.0 mg As/L, plant height
decreased to about 35 cm. The number of branches and height of shoots for
the As applied pots were higher that the control pots.
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As adding into the irrigation water positively affects the alfalfa
growth. About 20% increase of dry weight was observed for the applied As
concentrations up to 4 mg/L compared to control units and it was slightly
decreased by further increase of As concentrations in the irrigation waters
(Figure 4). Although As is not considered as an essential plant nutrient,
increased dry weight production was observed for tomato (Burlo” et al.,
1998; Carbonell-Barrachina, 1995), red clover (Mascher et al., 2002),
Spartina alterniflora and Spartina patens (Carbonell-Barrachina et al.,
1998), onion (Sushant and Ghosh, 2010), rice (Marin et al., 1992). On the
contrary, significant decrease of dry biomass was reported by applying As in
some research (Abedin et al., 2002; Carbonell-Barrachina, 1997).

Accumulation of As in the shoots of alfalfa plant presented in Figure
4 was based on the dry weight basis of harvested plant material. The
significant increase in level of As in shoots was found with increase in As
concentrations in the irrigation waters. When the plant was exposed to 0.5
mg As/L, the As concentration was found to be about 1.07 mg/Kg in shoots.
As accumulation in the shoots of alfalfa steadily increased with increase of
As concentrations in the irrigation waters. The highest As accumulation of
about 12.9 mg/Kg was observed for the concentration of 8 mg As/L.

Although significant alfalfa height variations were not observed between
controls and As applied pots, numbers of the branches decreased steadily
with increase of As concentrations in the irrigation waters at the 2" harvest
(Figure 5). The highest branch numbers were observed for the control pots
and its number steadily decreased from 109 to 73 pieces for the control units
and 8 mg As/L, respectively.
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Figure 3. Variations of Alfalfa grown at the 1% harvest.
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Figure 4. Variations of dry weight and As accumulation in the shoot of alfalfa plant at the
1t harvest.

Variation of shoots dry weight for the 2" harvest by application of
As contaminated waters is presented in Figure 6. Irrigation with As
contaminated water resulted in negligible increase of shoot dry weight
production than in the control plants. However, biomass production
decreased about 11.7% when the concentration of 8 mg As/L was applied to
the pots.

As in the irrigation water is transferred to the soil and accumulated in
the root and shoots of plant. During the experimental study, maximum 153
mg As/pot was applied for the concentration of 8.0 mg/L up to the 1% harvest
and total applied As amount was 208 mg/pot throughout the study. As can be
seen from the Figure 7, As accumulation in the shoots of alfalfa plant
increased with increasing As concentrations in the irrigation waters. As
accumulation in the shoots at the 2" harvest samples were higher than the 1%
samples. However, As accumulation differences between the 1t and 2"
samples decreased when the As concentrations in the irrigation water was
higher than 4 mg/L.
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Conclusion

As is widely distributed in the environment and it is considered as a
toxic metalloid at elevated concentrations. Human and livestock are being
exposed to As via As—contaminated drinking water and consumption of food
grown in As—contaminated soil or irrigated with As—contaminated water. As
is not considered as an essential plant nutrient. However, it was observed that
the dry weight of alfalfa increased when the plant was irrigated with As
contaminated waters. Similar observations were reported for different plants.
As accumulation in the shoots of alfalfa plant increased with increase of As
concentration in the irrigation waters. Experimental study is still carried out
and roots analysis is not completed yet.
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