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Abstract

Today, the number of wastewater treatment plants is rapidly increasing. Accordingly, there is a large increase in the
amount of sewage sludge. The sewage sludge obtained should be disposed of in such a way as not to damage the
environment. Among these methods, disposal of sewage sludge by landfill is one of the most suitable methods in
terms of environment and economics. In this study, the effects on the development of “Cicer Arietinum” and “Allium
Ascalonicum” plants were investigated by adding municipal solid waste compost, brewery sludge, pyrolysis solid
product of brewery sludge and chemical fertilizer at certain rates to the soil in order to improve the soil and increase
the yield. As a result, it can be seen that the materials used can be used for remediation of the soil and contribute to
the development of the plant. As a result of the study, it was observed that the soil mixture obtained by mixing the
pyrolysis solid product with soil at certain ratios positively affected plant growth. Soil and pyrolysis solid product
(25%) provided the highest yield for “Cicer Arietinum”.Soil and brewery sludge (25%) provided the highest yield

for “Allium Ascalonicum”.

Keywords: Waste water treatment sludge, Pyrolysis, Plant growth

Introduction

Sewage sludge is a type of solid waste, and it contains 0.25-
12% solids by weight, depending on the treatment applied,
which is odorous, semi-solid in the liquid formed as a result
of wastewater treatment. The micro and micro nutrients in the
sludge that emerged as a result of the treatment are a bene-
ficial fertilizer to this waste; and organic substances provide
a good soil improvement feature, many authorities support
the use of these products in agriculture and applications are
spreading in many countries (Strauch,1991; Diiring and Géth,
2002). Within the framework of the European Union Direc-
tives; composting, biometanization and landmass application
with energy recovery and recovery methods to reduce the stor-
age of biodegradable waste in landfills. It is also appropriate
to use treatment sludge not only for agriculture but also for
green space, land recreation and urban landscape (Debosz et
al., 2002). Nowadays it is a very common practice to supply
the treatment sludges having suitable properties to agricultural
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areas and to use them. Both the final disposal and the plant nu-
trients in the sludge become natural cycles of the soil (Kocaer
et al., 2003) by applying the treatment sludges to the soil in ac-
cordance with the agriculture. Waste incineration / gasification
(thermal conversion) is the process of converting combustible
waste to an inert residue (ash, slag) at high temperatures. By
means of the method, while the space required for the storage
of solid wastes is reduced, energy recovery is achieved by us-
ing the heat that is present in the waste and which is produced
as a result of the treatment (Ongen et al., 2019). Pyrolysis is
a process based on thermal decomposition of waste in a com-
pletely oxygen-free environment. With the pyrolysis method,
coke, tar, volatile oils, condensable hydrocarbons, water and
pyrolysis gases are released as a result of disposal of wastes.
In the gasification method, a certain amount of air is given
but the amount of oxygen in the environment is kept below
the stoichiometric ratio (Saltabas et al., 2011). Biochar pro-
duced by carbonization of biomass with pyrolysis are used for
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soil remediation and as a plant fertilizer to store carbon in the
soil, increase soil fertility, reduce climate change (reduce CO,
and CH, emissions), dispose of waste causing environmental
pollution in waste management and generate energy (Akgul,
2017). In this study, the effect of compost, brewery sludge,
biochar obtained by pyrolysis of brewery sludge and chemical
fertilizer on the development of “Cicer Arietinum” and “Alli-
um Ascalonicum” plants was investigated.

Materials and Methods

In this study, Tropical brand 100% organic soil was used.
Compost which is recycled from the domestic solid waste ob-
tained from Istac Kemerburgaz Recovery and Compost Facil-
ity. Ammonium sulphate containing 21% Nitrogen obtained
from Giibretas as chemical fertilizer. Treatment sludge (from
a brewery waste water treatment plant) and heat treatment sol-
id product (pyrolysis product of brewery sludge) were used.
These contents mixed at the ratios indicated in Table 3 and
placed in a pot. As a plant material, natural field crop “Cicer
Arietinum” (chickpeas) and “Allium Ascalonicum” (shallot)
were used. Soil samples were prepared to contain 25% com-
post, 50% compost, 1.5% chemical fertilizer, 2.5% chemical
fertilizer, 10% brewery sludge, 25% brewery sludge, 10%
biochar, 25% biochar, mixture of 10% biochar and 25% com-
post. All of the percentages are as volume/volume (v/v).

Prior to addition of chemical fertilizer to samples, a two-
week waiting period was applied to obtain the reaction be-
tween the soil and compost for reclamation. Only irrigation
was employed at this stage. Also, plant seeds were planted in
the soil with no additives. The prepared pots were placed under
artificial light and constant temperature environment with tim-
er control, for 16 hours day and 8 hours night. The change in
the size of the plant (body and root), weight of the plant were
measured after a period of 40 days. At the beginning and end
of the experiment, the pH values of the mixtures in the pots
were measured.

For determining the pH values of the samples, for compost
pH; distilled water was added to the samples at a 5:2 (v/w)
ratio (Page et al. 1982), for soil pH; solution KCI 0.1 N was

added to soil samples at a 1:2.5 (v/w) ratio (Paradelo et al.
2011).Then mixed by a magnetic stirrer for 10 minutes. The
pH values were measured using a Jenway 3040 lon Analyzer.

For Elemental analysis of the compost and soil samples
(C, H, N, S determination) Thermo-Flash 2000 CHN-S ele-
mental analyzer in the laboratory of Istanbul University-Cer-
rahpasa, Environmental Engineering Department was used
(ASTM-D5373 (2016) method). The organic matter (%) de-
termination of the compost samples was performed in Halic
Cevre Laboratory.

For the determination of the total metal concentrations and
some elements (Mg, Ca, Na and K), the samples from the soil
and the compost were thoroughly ground with porcelain mor-
tar. Then, 0.5 g of air-dried sample was placed in microwave
tubes and mixed with 9 mL of concentrated HNO,, 3 mL of
concentrated HCI, 2 mL of concentrated HF and microwaved
(Berghof MWS-2 microwave-system) (EPA Method 3051A,
2013). During the digestion of the microwaves, the temperature
was gradually increased and 10 minutes were left at 185 ° C.
After digestion, the samples in Teflon containers were filtered
(MN 640 de, 125 mm Macherey-Nagel fitler paper) and the
filtrate was taken to HDPE containers and their volumes were
completed to 50 mL. The determination of concentrations of
metals and some elements was measured using ICP optical
emission spectrometer (Perkin Elmer Optima 7000 DV) com-
bined with autosampler (Perkin Elmer S10 Autosampler) in
Bahgesehir University Environmental Engineering laborato-
ry. Using the reference soil, the accuracy of the measurement
results was checked. NCS Certified Reference Material NCS
ZC73002 was used as reference soil.

Results

Table 1 shows the composition of the soil and compost
used in the study. When the results in Table 1 were examined,
it was found that the pH of the soil was slightly acidic. The pH
value of the compost is a slightly basic value.

Table 1. Composition of soil and compost

Parameters Soil Compost

pH 5.5-6.5 7.9

NO, 50-100 ppm -

EC 0.5-0.8 mmhos/cm -

Ca 30-50 ppm 22727 mg/kg dryweight
P 10-20 ppm -

K 40-100 ppm 7995 mg/kg dryweight
OM(%) - 1.36

Na - 17525 mg/kg dryweight
Mg - 5100 mg/kg dryweight
S(%) - 0.17

C(%) - 11.07
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Table 2 shows the characterization of the brewery sludge
and biochar used in the study. When the results in Table 2
were examined, it was seen that the C (%) and N(%) contents

in the brewery sludge not subjected to pyrolysis were higher
than the C (%) and N (%) contents of biochar obtained from
pyrolysis sludge.

Table 2. Characterization of brewery sludge and biochar

Parameters Brewery Sludge Biochar
C 17 9.30
H 3.15 0.20
N 3.20 0.12
S - -
Calorific Value (kcal) 1470 720

Table 3. Plant height, root length, weight and pH measurements at the end of the study for Cicer Arietinum

Soil mixture

pH Body height (cm)  Root lenght (cm) ~ Weight (gr)

Soil 6 19 9 0.11
Soil+ 25% compost 7 19.25 55 0.88
Soil+ 50% compost 7.5 13.5 6.5 0.92
Soil +1.5% chemical fertilizer 5.5 - - -
Soil+2.5% chemical fertilizer 6 - - -
Soil+10% brewery sludge 5 19.75 9 0.64
Soil +25% brewery sludge 5.5 16.25 5.85 0.3
Soil +10% biochar 7 23.5 13.25 1.07
Soil + 25% biochar 7 25.5 11 1.0595
Soil+ 10% biochar + 25% compost 7 21 9 0.95

When the changes in pH values of soil mixtures were ex-
amined, it was seen that the addition of compost and biochar to
soil increased soil pH slightly (Table 3 and 4). When the results
in Table 3 are examined, it is seen that the best plant growth
for Cicer Arietinum plant is in biochar added soil mixtures.

Cicer Arietinum plant growth was not observed in pots where
chemical fertilizer was added. When the development of Cicer
Arietinum plant was evaluated, it was observed that the results
were similar for plant development as a result of using com-
post and brewery sludge (Table 3).

Table 4. Plant height, root length, weight and pH measurements at the end of the study for Allium Ascalonicum

Soil mixtures pH at the end of study Body height (cm)  Root lenght (cm) Weight (gr)
Soil 6 25.75 9 1.6
Soil + 25% compost 7 29.9 12.15 2.4
Soil + 50% compost 7.5 18.5 11.75 1.23
Soil + 1.5% chemical fertilizer 5.5 27.75 5.85 2.038
Soil + 2.5% chemical fertilizer 6 13.85 1 0.7
Soil + 10% Brewery sludge 5 28.25 7 2.75
Soil + 25% Brewery sludge 5.5 31 2.5 3.5
Soil + 10% biochar 7 36.5 17 2.829
Soil + 25% biochar 7 - - -
Soil + 10% biochar + 25 % compost 7 2.09 9.5 1.5

In the study, when the results of the experiments related
to the growth of Allium Ascalonicum plant were examined, it
was seen that 10% compost added soil growth in the soil was
better than no remedial soil. Best plant growth was observed
in soil mixtures with 10% biochar added. It was observed that
plant Allium Ascalonicum did not develop in soil added to 25%
biochar. It was observed that A/lium Ascalonicum plant growth
was also very good in the soil mixtures where brewery sludge
was added. It can be said that Allium Ascalonicum plant root
growth and plant weight in soil mixtures with 25% brewery

sludge is better than the growth of plants growing in soil mix-
tures using 10% biochar (Table 4).

According to Lehmann and Joseph (2009), biochar not only
enhances water and nutrient retention properties, but also con-
tributes to creating favorable micro-environments to accom-
modate microorganisms. Addition of biochar in soil may affect
soil composition, soil diversity and microbial activity (Doan et
al., 2014; Purakayastha et al., 2015; Wang et al., 2015; Pan et
al., 2016). In this study, it was found that adding 10% biochar
to the soil positively affects plant development. The reason for
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this is thought that the biochar added to the soil increases the
water and nutrient retention properties of the soil as stated in
the studies in the literature.

Conclusions

In this study, it has been determined that the waste sludge
from the brewery’s wastewater treatment plant can be used as
a soil conditioner in the agricultural sector. While the yield is
highest in the soils where the heat treatment is included in the
solid product (biochar), it is followed by beer sludge which is
included raw in terms of yield. Thus, the use of so-called waste
sludges as soil conditioners after pyrolysis is considered to be
good in terms of “zero waste” approach. However, it is thought
that it is necessary to deepen the research with laboratory scale
studies where more parameters related to soil and plant are ob-
served before the implementation.
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Abstract

The aim of this study was to determine the effects of different rates and forms of nitrogen (N) on shoot growth and
root morphological and leaf physiological responses of watermelon (cv. Crimson Tide F1) under hydroponic growth
condition. The nutrient solution experiment was conducted between January - March in 2018 by using an aerated
Deep Water Culture (DWC) technique in a fully automated climate room placed in the Plant Physiology Laboratory
of Erciyes University, Faculty of Agriculture, Kayseri in Turkey. Plants were tested under two N-Rates (N1: 1000 and
N2: 2000 uM N) and three different N-Forms (Am-N: NH4", Nit-N: NO3-, 50% mixture of both N-Forms Mix-N:
NH4+NO3) by growing in 8 L pots filled continuously aerated nutrient solution (modified Hoagland). The experiment
was conducted with a completely randomized block design with four replications. From each pot two plants were
harvested 42 days after treatment (DAT) by separating into stem, leaf and root fractions. The results indicated that
shoot growth, root morphological and leaf physiological responses were significantly (p<0.001) affected by N-Rate,
N-Form and N-Rate x N-Form interaction. The lowest performance under sole Am-N supply was achieved, since it
severely reduced shoot and root growth and leaf area development as compared to sole Nit-N and Mix-N treatments.
Irrespective of N rates, best growth performance in shoot growth was achieved under Mix-N supply, while root
growth significantly improved under sole Nit-N supply. All these clearly indicate that the application of sole ammo-
nium (1000 uM N) is detrimentally toxic for hydroponically grown watermelon plants. On the other hand, a 50%
mixed of ammonium with nitrate even at a higher dose (N2: 2000 uM ammonium N) can be more advantageous for
the growth and development of watermelon plants grown in the hydroponic system. Furthermore, our study showed
that the effects of N-Form (Nit-N and Mix-N) on the improvement of shoot growth, root morphology and leaf phys-
iological development and photosynthesis were significantly higher than the effects of N-Rate. Therefore, the appli-
cation of nitrogen fertilizers in the form of Mix-N could be a useful N management strategy for growth and yield of
watermelon plants under hydroponic conditions.

Keywords: Nitrogen, Watermelon, N-form, Ammonium toxicity, Photosynthesis

Introduction

In crop production nitrogen (N) is the most common and
widely used fertilizer nutrient. Due to be an important resource
and essential input for crop growth and yield although, the
available N is more often a limiting factor influencing plant
growth than any other nutrient in both high-input and low-in-
put agriculture systems (Grindlay, 1997). Plants may prefer the
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ammonium (NH,") or the nitrate (NO,) as the N source in the
soil. There are several chemicals, physical and biotic soil fac-
tors determine which of the two forms prevails (Kinzel, 1983).
Under favorable soil conditions NO, is usually the major
N-Form in the soil solution and is therefore, supposed to be the
most important N-source for crop growth and yield. Because,
under favorable soil conditions, NH," is readily converted to
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NO, by soil microorganisms through the nitrification process.
However, this may be different when adverse soil conditions,
in particular low oxygen and low pH, hamper the activity of
nitrifying bacteria. For instance, agricultural practices such as
the application of NH4 fertilizers or urea along with nitrifica-
tion inhibitors or the creation of soil zones with high NH4 con-
centrations by specific application techniques (CULTAN tech-
nique: Sommer, 1994) may result in an enhanced NH4 supply.
The N-Form and N-concentration have pronounced effects on
plant growth (Wilcox et al., 1985). The response of plant spe-
cies or cultivars to NH4 or NO3 nutrition varies widely. Some
shows better growth with NH4, others with NO3. Beneficial
effects of enhanced NH4 supply on yield (Huffman, 1989),
specific yield components (Wiesler, 1997) and yield responses
among genotypes (Below, 1987) were clearly demonstrated.
However, the question remains unanswered as to which form
of nitrogen, NO3 or NH4, or which combinations of these
forms, is superior for obtaining maximum crop productivity.
Moreover, in the literature, there is not enough information
or conducted studies on the physiology of horticultural crops
related to N-rates or N-forms in hydroponic growth systems.
Therefore, the aim of this study was to assess the effects of
different rates and forms of nitrogen on shoot growth and root
morphological and leaf physiological responses of watermelon
under hydroponic growth conditions.

Materials and Methods

Plant Material

In the present study, to obtain a high germination rate and
also homogenous seedlings for hydroponic growth system,
a well-known commercial watermelon [Citrullus lanatus
(Thunb.) Matsum. and Nakai] cultivar (Crimson Tide F1) was
used as plant material.

Experimental Site and Plant Growth Conditions

An experiment was conducted between January - March
in 2018 by using an aerated Deep Water Culture (DWC) tech-
nique in a fully automated climate room placed in the Plant
Physiology Laboratory of Erciyes University, Agriculture
Faculty, Kayseri in Turkey. During the vegetation period, the
room temperatures (day/night) were 25/22 °C while the rela-
tive humidity was almost 65-70%. The supplied light intensity
was almost 350 pmol m? S photon flux of 16/8 h of light/
dark photoperiod regimes. The watermelon seeds were sown
in a mixture of peat (pH: 6.0-6.5) and perlite contained media
with a ratio of 2:1 (v:v) for two weeks in the plastic multi-pots.
The seedlings almost developed two to three true leaves, were
carefully freed from peat-perlite medium by root washing and
then transferred into 8 L plastic pots. Two plants were grown in
each pot filled with 8 L nutrient solution (modified Hoagland).
The solution was continuously aerated by an air pump to sup-
ply sufficient dissolved oxygen (8.0 mg/ L). The experiment
was conducted with completely randomized block design with
four replications. In the hydroponic experiment the total vege-
tation period from transplanting into 8 L plastic pots up to the
final harvest was almost 42 days.

In this study, the basic nutrient solution was prepared re-
garding to Hoagland (modified) formulation. During hydro-

ponic study only distilled water with analytical grade (99%
pure) chemicals contained were used. In this hydroponic ex-
periment, ammonium sulfate (NH,),SO,) and clacium nitrate
(Ca(NO,),) were used as the N sources in two different N-Rates
(N1: 1000 and N2: 2000 uM N) and three different N-Forms
(sole nitrate: Nit-N, sole ammonium: Am-N and 50% mixture
of both N-Forms: Mix-N). The pH of nutrient solution was
maintained neutral by adding CaCO, and to hamper the nitri-
fication process, a nitrification inhibitor (DMPP: 3,4-dimeth-
ylpyrazole phosphate) was applied to the solution. Further-
more, basic nutrient solution had the following composition
(uM): K,SO, (500); KH,PO, (250); CaSO, (1000); MgSO,
(325); NaCl (50); H,BO, (8.0); MnSO, (0.4); ZnSO, (0.4);
CuSO, (0.4); MoNa O, (0.4); Fe-EDDHA (80). All nutrients
were replaced when the N concentration of the nutrient solu-
tion in the 2.0 mM N rate pots fell below 1.0 mM, as measured
daily with nitrate test strips (Merck, Darmstadt, Germany) by
using a NitracheckTM reflectometer. Distilled water was add-
ed every two days to replenish the water lost to evaporation,
and the solution was changed weekly.

Harvest, Shoot- Root Fresh and Dry Weight, Root:

Shoot Ratio Measurements

At the end of the experiment (42 DAT) watermelon plants
were harvested by separating them into the leaf, stem and roots
for the fresh weight determination. After measuring the fresh
weights of each shoot and root fraction, samples were stored
separately in paper bags and dried in a ventilated oven at 70
°C for 72 hours. Root: shoot ratio was calculated from the dry
weight.

Root Morphological Measurements

In the hydroponic experiment, the plant root morphologi-
cal parameters such as root length (m), root volume (cm?) and
root diameter (mm) of the plants were measured by using a
special image analysis software program WinRHIZO (Win/
Mac RHIZO Pro V. 2002c Regent Instruments Inc. Canada) in
combination with Epson Expression 11000XL scanner. From
harvested fresh root samples of watermelon plants, almost 5.0
g sub-samples were taken. The samples were each (one after
the other) placed in the scanner’s tray.

Water was added and with the aid of a plastic forceps, the
roots were homogenously spread across the tray; and the scan-
ning and analysis have done from the WinRhizo system’s in-
terface on a computer connected to the scanner. The total plant
root length and volume was then determined as the ratio of
sub-sampled root fresh weight to the total root fresh weight.

Main Stem Length and Leaf Physiological Measure-

ments

In the hydroponic experiment some of the leaf physiologi-
cal parameters were determined destructively at harvest while
some of them were measured non-destructively prior to the
harvest. The main stem length was measured non-destructive-
ly prior to the harvest by using a ruler and it was recorded in
centimeter (cm). The total leaf area of harvested plants was
measured destructively with a leaf area measuring device (LI-
COR LI-3100C, Inc., Lincoln, NE, USA). The measurements
were recorded in centimeter square (cm?).

On the other hand, the leaf chlorophyll index (SPAD) was
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determined non-destructively by using a portable chlorophyll
(SPAD) meter (Minolta SPAD-502). During the growth period,
SPAD readings were performed on 3" and 4" week of the veg-
etation period at the center of the leaves on the fully expanded
youngest leaf of whole plants for each treatment.

The leaf-level CO, gas exchange (umol CO, m™ s™') mea-
surements were done non-destructively in a controlled growth
chamber by using a portable photosynthesis system (LI-
6400XT; LI-COR Inc., Lincoln, NE, USA). The leaf photo-
synthesis measurement was performed on the most recent fully
expanded leaves, using four replicate leaves per treatment on
3" and 4 week of the vegetation period.

Shoot and Root Nitrogen Analysis

After grinding shoot (leaf) and root dry materials, almost
200 mg from each dry plant samples were taken to analyze
the shoot and root N concentration (mg N g d.w.) by using
Kjeldahl Nitrogen Determination Method, introduced by Johan
Kjeldahl in 1883 (Labconco, 1998). After the determination of
shoot and root N concentration, the value was multiplied by to-
tal shoot or root dry matter in order to calculate the total shoot
and root N content (N uptake) of a whole plant (mg N plant™).

Statistical Analysis

Statistical analysis of the nutrient solution experiment data
was performed using the PROC GLM procedure of SAS Statis-
tical Software (SAS for Windows 9.1. SAS Institute Inc., Cary,
NC.). A two-factorial analysis of variance was performed to
study the effects of N-Rate and N-Form and N-Rate x N-Form
interactions on the plants. Levels of significance are represent-
ed by *p < 0.05, **p< 0.01, ***p < 0.001, and ns means not
significant (F-Test). Differences between the treatments were
analyzed using Duncan’s Multiple Test (p < 0.05).

Results and Discussion

Shoot and Root Biomass Production and Partitioning

Results obtained from hydroponic experiment indicated
that shoot and root fresh weight, main stem length (Table 1),
shoot and root dry weight and root:shoot ratio (Table 2) of

watermelon plants were significantly (p <0.001) affected by
N-Rate, N-Form and N-Rate x N-Form interaction. Plants un-
der N2 supply showed usually a higher performance in shoot
and root growth and biomass production than plants grown
under N1 supply, but only when the nitrogen was applied in
the form of sole nitrate (Nit-N) or a mixture of both N-Forms
(Mix-N) (Table 1 and 2). On the other hand, a significant de-
cline in shoot and root growth was recorded when the nitrogen
was increased in the form of sole ammonium (Am-N) from N1
to N2 level. Increasing N supply from 1000 pM (N1) to 2000
uM (N2), led to an increase in shoot fresh weight by almost
19.9% and 23.2%, in root fresh weight by almost 35.6% and
36.1% and in main stem length by almost 26.2% and 16.4%,
respectively, under supply of Nit-N and Mix-N (Table 1). In
contrast, the reduction in shoot and root fresh weight and main
stem length was almost by 31.2%, 24.9% and 28.1%, respec-
tively, under the supply of sole Am-N.

Besides substantial nitrogen effects on the shoot and root
growth of watermelon, also highly significant differences were
found between N-Forms in shoot and root growth under N1
and N2 nitrogen levels (Table 1 and 2). As compared to both
Nit-N and Mix-N forms, significantly lowest shoot and root
fresh biomass and main stem length were recorded under the
supply of sole Am-N at N1 and N2 levels (Table 1). Averaged
over N-Rates, shoot fresh weight (SFW), root fresh weight
(RFW) and main stem length (MSL) were increased almost by
167.3%, 190.3% and 93.5%, respectively at Nit-N, and almost
by 196.5%, 165.6% and 114.2%, respectively at Mix-N, as
compared to sole Am-N supply. Interestingly, this result clear-
ly indicated that the effects of N-Forms (Nit-N and Mix-N) on
the enhancement of SWF, RFW and MSL were substantially
higher than the effects of N-Rates (Table 1 and 2).

In agreement with several studies (Wilcox et al., 1985; Sat-
telmacher et al., 1990; Schulte Auf’m Erley et al., 2007; Ulas
et al., 2012; 2013; 2019), our results clearly demonstrated that
nitrogen rates and forms have pronounced effects on the shoot
and root growth of watermelon. Moreover, our results

Table 1. Shoot and root fresh weight and main stem length of watermelon as affected by different N-Rates (N1: 1000 and N2:
2000 uM) and N-Forms (Nit-N: NO,’, Am-N: NH," and 50% mixture of both N-Form; Mix-N) in hydroponic system

Shoot fresh weight (g plant™)

Root fresh weight (g plant™)

Main stem length (cm plant™)

N-Form N1 N2
Am-N: NH,* 26.42 ¢ 18.18 C
Nit-N: NO, 54.20b 65.00 B
Mix-N: NH,+NO, 59.27 a 73.00 A
F-Test
N-Rate HHk
N-Form *kk

sokok

N-Rate x N-Form

N1 N2 N1 N2
422 ¢ 3.17C 9.60 ¢ 6.90B
9.10 a 12.34 A 13.93b 18.00 A
8.30b 11.30 B 16.33 a 19.00 A

k% *ok
sk sk
*kk *ok

Values denoted by different letters (lower and upper case letters for N1 and N2, respectively) are significantly different between N-Forms
within columns at p < 0.05. ns, non-significant. *p <0.05, **p <0.01 and ***p <0.001.
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are highly corroborating with the results of cereal crop experi-
ments which indicated that the best growth was obtained when
a mixture of both N-Forms (ammonium and nitrate) compared
to sole nitrate was supplied to the plants (Hageman, 1984;
Huffman, 1989). Furthermore, our results clearly showed that
sole ammonium supply (Am-N) is also detrimental for the wa-
termelon either grown under N1 or N2 nitrogen levels. This
could be the result of supra-optimum ammonium (NH,") up-
take of plant roots which might be caused a growth reduction
in this treatment.

Since ammonium-fed plants are not able to store excess ni-
trogen in the form of nitrate (NO,"), and hence the assimilation
capacity of roots and accumulation capacity of shoot might be
exceeded due to free ammonium/ammonia (Takéacs and Técsi,
1992).

In agreement with our results, similar growth inhibition
was often observed when the plants (Zea mays L., Bennett
et al. 1964; Solanum lycopersicon, Ganmore-Neumann and
Kafkafi 1980; Solanum lycopersicon, Magalhaes and Wilcox
1983; Phaseolis vulgaris, Chaillou et al. 1986) were fed exclu-
sively with sole ammonium in previous studies.

As similar as shoot and root fresh weight (Table 1),
N-Rates and N-Forms were differed significantly (p <0.001)
in shoot and root dry matter productions and their partition-
ing (root:shoot ratio) under both N1 and N2 nitrogen levels
(Table 2). Although showing similar dry matter partitioning as
Nit-N, the shoot and root dry matter accumulation were signifi-
cantly lowest under sole Am-N as compared to both Nit-N and
Mix-N forms under N1 and N2 supply. This clearly indicates
that the root growth of ammonium-fed plants was relatively
less reduced than shoot growth. Similar results have been ob-
served by Atkinson (1985), De Viesser (1985) and Haynes and
Goh (1978). The highest shoot dry matter was produced under
Mix-N form while the highest root dry matter was produced
under Nit-N form at both N1 and N2 nitrogen levels. This also
clearly explaining why the dry mater partitioning between
shoot and root was significantly higher at Nit-N than at Mix-N
form at both N1 and N2 nitrogen levels. This might be due to a
high assimilate allocation from shoot to roots under sole nitrate
supply. Similar and confirmative results have been demonstrat-
ed in the studies of Feil (1994) and Ulas et al. (2013).

Table 2. Shoot and root dry weight and root:shoot ratio of watermelon as affected by different N-Rates (N1: 1000 and N2: 2000
uM) and N-Forms (Nit-N: NO,, Am-N: NH," and 50% mixture of both N-Form; Mix-N) in hydroponic system

Shoot dry weight (g plant™)

Root dry weight (g plant™)

Root: shoot ratio (g g')

N-Form N1 N2
Am-N: NH,* 242 ¢ 1.52C
Nit-N: NO,” 489b 6.34 B
Mix-N: NH,+NO, 5.96 a 7.15A
F-Test
N-Rate wkE
N-Form Hkok

skksk

N-Rate x N-Form

N1 N2 N1 N2
027c¢ 0.18 C 0.11b 0.12A
0.58 a 0.77 A 0.12a 0.12A
0.52b 0.66 B 0.09 ¢ 0.09B

*ok Fok ok
sk sk
sk sk

Values denoted by different letters (lower and upper case letters for N1 and N2, respectively) are significantly different between N-Forms
within columns at p < 0.05. ns, non-significant. *p < 0.05, **p < 0.01 and ***p < 0.001

Shoot and Root N Concentration and Total Plant N Up-

take

Results indicated that highly significant (p <0.001) differ-
ences between N-Rates and N-Forms were found in shoot and
root N concentrations and in total plant N uptake of watermel-
on plants (Table 3). The growth response to supplied N, i.e.,
the interaction between N-Rate and N-Form was also signif-
icant but only in shoot N concentration and total plant N up-
take. Plants grown either under sole ammonium (Am-N), sole
nitrate (Nit-N) or a mixture of both N-Forms (Mix-N) exhibit-
ed a significant increase in shoot (13.3% by Am-N, 13.6% by
Nit-N and 11.7% by Mix-N) and root (31.5% by Am-N, 26.6%
by Nit-N and 20.8% by Mix-N) N concentrations when the
nitrogen was increased from N1 to N2 level. Interestingly, the
highest shoot N concentrations at both N levels were found un-
der sole Am-N, while the lowest was shown under sole Nit-N
supply. However, the highest shoot N concertation under sole
Am-N supply is contrasting with the lowest shoot fresh (Table

1) and dry (Table 2) matter production of the same watermel-
on plants. This can be explained by the detrimental effects of
ammonium toxicity that occurred in watermelon plants grown
under both 1000 uM (N1) and 2000 uM (N2) nitrogen levels
supplied as the form of sole ammonium (Am-N). This might
be due to a low leaf area formation which usually leads to an
increase in the amount of N accumulated per unit of leaf area
(Hirasawa and Hsiao, 1999). Similar and corroborative results
were demonstrated by the study of Ulas et al. (2013) when the
oilseed rape plants are grown under hydroponic sole ammoni-
um supply at a rate of 1000 uM N. Moreover, our watermelon
plants showed an intermediate shoot N concentration under
Mix-N supply at both N1 and N2 levels (Table 3). On the oth-
er hand, the highest root N concentrations were found under
Mix-N supply, while the lowest and similar root N concentra-
tions were recorded under sole Am-N and Nit-N supply at both
N1 and N2 levels.

137



Abdullah Ulas

DOI: https://doi.org/10.31015/jaefs.2020.2.2

Table 3. Shoot and root nitrogen concentration and total plant nitrogen uptake of watermelon as affected by different N-Rates
(N1: 1000 and N2: 2000 uM) and N-Forms (Nit-N: NO_, Am-N: NH,* and 50% mixture of both N-Form; Mix-N) in

hydroponic system

Shoot N concentration Root N concentration Plant total N uptake
(mg g dw. ™) (mg g dw. ™) (mg plant™)

N-Form N1 N2 N1 N2 N1 N2
Am-N: NH,* 36.77 a 41.67 A 18.14 b 23.75B 93.72¢ 67.76 C
Nit-N: NO, 29.49 ¢ 3347C 19.17b 2433 B 15543 b 230.90 B
Mix-N: NH,+NO, 31.62b 3528 B 22.55a 2729 A 200.06 a 270.30 A
F-Test
N_Rate skeskosk sk sksksk
N-FOrm sksksk ek skeksk
N-Rate x N-Form * n.s Ak

Values denoted by different letters (lower and upper case letters for N1 and N2, respectively) are significantly different between N-Forms
within columns at p < 0.05. ns, non-significant. *p < 0.05, **p < 0.01 and ***p < 0.001

Leaf Physiological Development and Photosynthetic

Activity of Leaves

In this study, the total leaf area, leaf chlorophyll index
(SPAD) and photosynthetic activity of leaves were signifi-
cantly (p <0.001) affected by N-Rate, N-Form and N-Rate
x N-Form interaction (Table 4). As similar as shoot and root
biomass production (Table 1 and 2), the plants grown under
N2 supply showed usually a higher performance in leaf area
formation, SPAD value and photosynthesis than plants grown
under N1 supply, but only when the nitrogen was applied in
the form of sole nitrate (Nit-N) or a mixture of both N-Forms

(Mix-N) (Table 4). These results clearly explaining which fac-
tors are primarily contributing to the shoot and root growth of
watermelon plants under increased N supply of both N-Forms.
Increasing N supply from N1 to N2 level, led to an increase
in total leaf area by almost 37.1% and 22.8%, in SPAD value
by almost 21.4% and 21.3% and in photosynthesis by almost
48.0% and 46.4%, respectively, under supply of Nit-N and
Mix-N (Table 4). However, the opposite is also true, since sig-
nificant reductions in total leaf area and photosynthesis were
recorded when the nitrogen was increased in the form of sole
ammonium (Am-N) from N1 to N2 level.

Table 4. Total leaf area, leaf chlorophyll index (SPAD) and photosynthesis of watermelon as affected by different N-Rates (N1:
1000 and N2: 2000 uM) and N-Forms (Nit-N: NO,", Am-N: NH," and 50% mixture of both N-Form; Mix-N) in hydro-

ponic system

Total leaf area (cm? plant™)

Leaf chlorophyll index (SPAD)

Photosynthesis (umol m? s™)

N-Form N1 N2
Am-N: NH* 303.74 ¢ 229.81 C
Nit-N: NO; 73891 b 1012.74 B
Mix-N: NH,+NO, 914.36 a 1122.18 A
F-Test

N-Rate ok

N-Form ok

N-Rate x N-Form ok

NI N2 N1 N2
50.61 a 5228 C 6.33¢ 4.77C
48.58 b 59.00 A 9.19b 13.58 B
4554 ¢ 55.18B 10.60 a 15.52A

otk ok
otk ok
ok ok

Values denoted by different letters (lower and upper case letters for N1 and N2, respectively) are significantly different between N-Forms
within columns at p < 0.05. ns, non-significant. *p < 0.05, **p <0.01 and ***p < 0.001

The reduction in total leaf area and photosynthesis was al-
most by 24.4% and 24.2%, respectively, under the supply of
sole Am-N. All these results are contrasting with the generally
positive effects of nitrogen on plant growth and development.

However, similar negative effects of sole ammonium
supply were demonstrated in several experiments that were

conducted on various plant species (Bennett et al. 1964; Gan-
more-Neumann and Kafkafi 1980; Magalhaes and Wilcox
1983; Chaillou et al. 1986, Ulas et al., 2013). However, a small
increase in SPAD value by almost 3.4% under sole Am-N was
recorded when the nitrogen was increased from N1 to N2 level.
This is highly corroborating with the result of high shoot nitro-
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gen concertation under sole Am-N supply (Table 3).

Highly significant differences were found between
N-Forms in total leaf area, SPAD value and photosynthetic
activity of leaves under both N rates (Table 4). As compared
to both Nit-N and Mix-N forms, significantly lowest total leaf
area and photosynthesis were recorded under the supply of
sole Am-N at N1 and N2 levels. Averaged over N-Rates, total
leaf area and photosynthesis were increased almost by 228.9%
and 105.4%, respectively at Nit-N, and almost by 281.7%, and
135.7%, respectively at Mix-N, as compared to sole Am-N
supply. Our results indicated clearly again that the effects of
N-Forms (Nit-N and Mix-N) on the enhancement of leaf area
and photosynthetic activity of leaves were substantially higher
than the effects of N-Rates on both parameters.

Root Morphological Development and Root Architec-

ture

The results indicated that total root length, total root vol-
ume and average root diameter of watermelon plants were sig-
nificantly (P<0.001) affected by N-Rate, N-Form and N-Rate
x N-Form interaction (Table 5). Highly significant increases
in total root length and root volume, but oppositely significant
reductions in average root diameter were recorded when the
nitrogen was increased from N1 to N2 level in the form of
sole nitrate (Nit-N) or a mixture of both N-Forms (Mix-N). On
the other hand, significant reductions in total root length and
root volume, but oppositely significant increases in average
root diameter were recorded when the nitrogen was increased
in the form of sole ammonium (Am-N) from N1 to N2 level.
All these indicate that there is a negative relationship between

total root length and average root diameter, irrespective of the
N-rates.

Increasing N supply from 1000 uM (N1) to 2000 pM (N2),
led to an increase in total root length by almost 38.9% and
48.1%, in root volume by almost 27.5% and 36.7%, respec-
tively, while the average root diameter was declined almost
by 4.2% and 4.0%, respectively, under supply of Nit-N and
Mix-N (Table 5). In contrast, the reductions in total root length
and root volume were almost by 30.4%, and 23.1%, respec-
tively, while the average root diameter was increased almost
by 3.7% under the supply of sole Am-N. Similar to shoot fresh
and dry weight (Tablel and 2) sole ammonium supply also re-
duced root dry weight (Table 2), total root length and volume
(Table 5). However, ammonium-fed plants showed a higher
root:shoot ratio than ammonium-nitrate-fed plants (Table 2)
indicating that the root growth of ammonium-fed plants was
relatively less reduced than shoot growth. Similar results have
been observed by Atkinson (1985), De Viesser (1985) and
Haynes and Goh (1978).

The reduced growth of ammonium-fed plants might also
have been caused by enhanced C demand for ammonium as-
similation followed by deprivation of nonstructural carbohy-
drates exclusively in the roots (Blacquiere et al., 1987; Chail-
lou et al., 1991) or both, in the roots and shoots (Raab and
Terry, 1995). The high demand on intermediates from the TCA
cycle for ammonium assimilation and the need to stabilize cy-
tosolic pH by decarboxylation of organic acids (Marschner,
1995) may also cause a deprivation of carboxylates in ammo-
nium fed plants.

Table 5. Total root length, volume and root diameter of watermelon as affected by different N-Rates (N1: 1000 and N2: 2000 uM)
and N-Forms (Nit-N: NO,, Am-N: NH," and 50% mixture of both N-Form; Mix-N) in hydroponic system

Total root length (m plant™)

Total root volume (cm? plant!)

Average root diameter (mm)

N-Form N1 N2
Am-N: NH* 9.50 ¢ 6.61 C
Nit-N: NO; 21.30a 29.58 A
Mix-N: NH,+NO, 16.69 b 2472 B
F-Test
N-Rate Hkk
N-Form HHk

skskok

N-Rate x N-Form

NI N2 NI N2
212¢ 1.63C 0.27a 0.28 A
385a 491 A 024 ¢ 023 B
3.27b 4.47B 0.25b 0.24B

sksksk

n.s
kkk kkk
kkk *k

Values denoted by different letters (lower and upper case letters for N1 and N2, respectively) are significantly different between N-Forms
within columns at p < 0.05. ns, non-significant. *p < 0.05, **p <0.01 and ***p < 0.001

The N-Forms differed significantly in total root length, root
volume and average root diameter under both N rates (Table
5). As compared to both Nit-N and Mix-N forms, significantly
lowest total root length and root volume were recorded under
the supply of sole Am-N at N1 and N2 levels. Averaged over
N-Rates, total root length and root volume were increased al-
most by 215.9% and 134.2%, respectively at Nit-N, and almost
by 157.0%, and 106.9%, respectively at Mix-N, as compared

to sole Am-N supply. Moreover, the average root diameter was
reduced almost by 13.91% and 10.3%, respectively at Nit-N
and Mix-N forms, as compared to sole Am-N supply. Our re-
sults indicated clearly again that the effects of N-Forms (Nit-N
and Mix-N) on the enhancement of total root length and root
volume were substantially higher than the effects of N-Rates
on both parameters.
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Conclusion

Usually, nitrogen concentration has pronounced effects on
plant growth and development. However, the effects of differ-
ent N-forms (ammonium or nitrate) on the response of differ-
ent plant species or cultivars varies widely. Some showing bet-
ter growth with nitrate while some oppositely with ammonium.
Most of the studies revealed that best growth performance was
often obtained when a mixture of both N-forms was supplied.
Our study indicated that shoot growth, root morphological and
leaf physiological responses were significantly (p<0.001) af-
fected by N-Rate, N-Form and N-Rate x N-Form interaction.
A lowest performance under sole Am-N supply was achieved,
since it severely reduced shoot and root growth and leaf area
development as compared to sole Nit-N and Mix-N treatments.
Irrespective of N rates, best growth performance in shoot
growth was achieved under Mix-N supply, while root growth
significantly improved under sole Nit-N supply. All these
clearly indicate that the application of sole ammonium (1000
UM N) is detrimentally toxic for hydroponically grown water-
melon plants. On the other hand, a 50% mixed of ammonium
with nitrate even at a higher dose (N2: 2000 uM ammonium N)
can be more advantageous for the growth and development of
watermelon plants grown in the hydroponic system. Further-
more, our study showed that the effects of N-Form (Nit-N and
Mix-N) on the improvement of shoot growth, root morphology
and leaf physiological development and photosynthesis were
significantly higher than the effects of N-Rate. Therefore, the
application of nitrogen fertilizers in the form of Mix-N could
be a useful N management strategy for growth and yield of
watermelon plants under hydroponic conditions.
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Abstract

This study was carried out to investigate distribution of Cr and Ni concentrations in water and sediment of Lake Ulu-
abat, in Bursa (Turkey). The samples were collected from 10 sites and monitored monthly from August 2013 to July
2014. Data were mapped in ArcGIS 10.1 software and metals in water were assessed according to Turkish Water Pol-
lution Control Regulations (TWPCR), while in sediment were assessed according to American National Oceanic and
Atmospheric Administration’s (NOAA) criteria. As a result, Lake Uluabat was determined 4" class water, in terms
of dissolved forms of Cr, while the lake was determined 3% class water quality in terms of dissolved Ni forms. Trace
metals monitored were found above upper threshold value in the lake sediment. These results showed the importance
and the need for hard control of pollution loads for the protection of the Lake’s sediment and water quality. It is rec-
ommended to control and monitor all pollutant sources for ecological sustainability in the lake.

Keywords: Trace Metals, Geographic Information Systems (GIS), TWPCR, Uluabat Lake, NOAA

Introduction

Great amount of trace metals are being discharged into the
ecosystems with the rapid industrial and economic develop-
ment (Liu et al. 2014). Also mining and geochemical structure
of soil compose eventual sources of heavy metal pollution into
the ecosystems. Trace metals may accumulate up to toxic con-
centration and result in ecological damage, in these environ-
mental conditions (Hu et al. 2011, Castillo et al. 2011). Trace
metal contamination has become a topic of many studies in
recent literatures because of the rapid development of indus-
trialization and urbanization (Liu et al. 2018, Giir and Ozan
2017, Liu et al. 2014, Yang et al. 2014, Gao and Li 2012, Varol
and Sen 2012, Katip et al. 2012). These toxic metals be formed
in water systems in soluble, in suspension, in colloidal and in
bottom sediments. Geochemical structure of bottom sediment
is a very useful indicator for surface water quality, principally
regarding heavy metal contents. Also physicochemical com-
position of lake water is the same significance (Katip 2010).
Lake Uluabat forms a significant part of the Susurluk Basin

Cite this article as:

in Marmara Region (42°12' N, 28°40" E), where economy, in-
dustry and population are developing quickly (Figure 1). The
Lake is also one of Turkey’s richest lakes in terms of aquatic
plants as well as birds and fish populations. Lake Uluabat is
under natural and anthropogenic pressure due to its position
(Katip et al. 2013).

Consequently, Lake Uluabat has been contaminated for
many years by anthropogenic sources such as domestic, agri-
cultural, industrial waste waters, contaminated rain water, etc.
The results of many studies that have been made Lake Basin
indicate that erosion, eutrophication and heavy metal pollution
continues in the lake (Aksoy and Ozsoy 2002, Elmact et al.
2007, Kazanci et al. 2010, Katip 2010, Akdeniz et al. 2011,
Katip et al. 2013, Liu et al. 2018). This situation preoccupies
the effectiveness of the management plan for the basin which
was completed in 2002. To increase the effectiveness of current
management plan, GIS utilized from different management
plan tools, which widely used in the management of water
quality recent years. This paper describes research undertaken
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to explore the degree of metal pollution in Lake Uluabat. Cr
and Ni elements were found to be important in previous studies
in the lake (Katip 2010, Katip et al. 2012, Katip et al. 2016),
therefore in this study these metals were studied.

Materials and Methods

Study Site and Sampling Strategy

Lake Uluabat is a freshwater lake in the city of Bursa, west
part of Turkey (42°12° N and 28°40’ E). The lake is important
part of Susurluk basin. It is a large lake, covering an area of
between 135 and 160 km? depending on the water level, but
very shallow, being only 3 m deep at its deepest point. The
lake is fed by the Mustafa Kemal Pasa Brook from the south-
west. Water leaves the lake by way of the Kocasu Brook in
the northwest. A map of Lake Uluabat showing sampling sites
is presented in Figure 1. The locations of the sampling sites
determined using global positioning system tool (GPS). Water
and sediment samples were taken from ten different sites in
the lake. Samples were taken monthly and synchronously for a
year, from Aug 2013 to July 2014.

Water samples were taken from 0.5 m below the water sur-

face by using a Hydro-Bios brand standard sampler. The sam-
ples were transferred to dark polythene bottles (APHA 1998,
Burton and Pitt 2002). Sediment samples were taken from
the 5 cm layer of the surface sediment by Ekman grab sam-
pler. The samples were carried into the laboratory in plastic
bags, and then air-dried for 4 days for stable weighing. Water
samples were filtered through a milipore filter paper with pre-
weighed 0.45 um pore-size. The filtered water samples were
acidified with 0.2% (v/v) concentrated HNO, and kept in glass
bottles. The filter papers containing the suspended solids were
air dried and reweighed again. They were digested with 4/1
(v/v) HNO,/HCI mixture using a microwave device. After
cooling, digestions were diluted to 30 ml with mili-Q water.
Sediment samples were air dried and then sieved through a 0.2
mm mesh. These samples were digested with Aqua Regia solu-
tion 3/1 (v/v) HCI/HNO, in microwave device. Then diluted to
50 ml with mili-Q water. Samples were placed in teflon cups
and digestion operations were performed in a CEM brand Mars
5 model microwave device (Katip et al. 2013). Trace metals
(Cr and Ni) were determined using the VISTA-MPX model of
the VARIAN brand ICP-OES device.

Kocasu Brook
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Figure 1. Sampling Sites in Lake Uluabat

Mapping Study

ArcGIS is a worthful tool for interpreting spatial diversity
and environmental monitor. Interpolation is used to predict the
values of cells at locations that lack sampled points. Inverse
distance weighting (IDW) and kriging are two interpolation
methods applied widely to clarify spatial variation and distri-
bution of many parameters including heavy metals (Liu et al.
2018). Kriging interpolation refers to a group of spatial inter-

polation methods for assigning a value of a random field to
an unsampled location based on the measured values of the
random field at nearby locations (Li and Heap 2008, Xie et al.
2011). IDW assumes that the predictions are a linear combi-
nation of available data, and greater weighting values are as-
signed to values closer to the interpolated point (Hacisalihog-
lu et al. 2016). The formula for the IDW method is presented
below;
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z(xp) = PR3

i (Eq.1)
z(x,) : The linear interpolator weights the interpolated data,
z (xj) : The using parameter at the location j,

m  : The number of neighboring sampling locations,

X, :Non-sampling location,

k :The distance influence coefficient, which is usually 1 or 2,
di. : The distances between the unsampling location i(x,) and

the sampling locations ](x) (Hacisalihoglu et al. 2016, Man-
tzafleri et al. 2009).

ArcGIS 10.1 software, spatial analyst extension, and IDW
interpolation methods were applied in this study. The locations
of the sampling sites determined with global positioning sys-
tem tool (Magellan XL-GPS) using the Europe 1950 UTM
coordinate system. The annual average results of trace metals
were recorded vector maps attribute tables. These results were

interpolated by the method of IDW and were created layers of
grid format. In this way the data point transformed into spa-
tial map data and the distribution of pollution maps in the lake
have been obtained (Mantzafleri et al. 2009). These maps were
evaluated in comparison with national and international stan-
dards.

Results and Discussion

The ranges and mean concentrations of trace metals ob-
tained as a result of the study were given in Table 1. The ac-
cumulation order of these metals was found to be Cr>Ni for
dissolved form, Ni>Cr for metals in the particulate form and
Ni>Cr for those in sediment as seen on Table 1. As shown in
Table 1, in particulate and sediment form of Ni while the max-
imum, in dissolved, concentration of Cr is maximum. These
elements had high concentrations in summer and in Septem-
ber, also low concentrations in spring and in winter. Because
concentration was diluted during rainy periods.

Table 1.Trace Metal Concentrations of Lake Uluabat

Metal Mean-SD Maximum-Minimum
Dissolved form (mg/1)
Cr 0.022 +£0.03 0.249-0.0
Ni 0.012+£0.01 0.091-0.0
Particulate form (mg/kg)
Cr 10.53 £ 8.50 42.2-0.95
Ni 20.77 £32.1 159.3-1.2
Sediment(mg/kg)
Cr 119.74 + 34.70 210.52 - 1.02
Ni 196.27 £ 52.32 310.28 — 2.05

Spatial distributions of pollution are effective method to
identify ‘hot points’ areas with high contents (Zhou et al. 2007).
The concentrations of Cr and Ni are not uniform at all sites.
Distribution patterns of Cr and Ni in dissolved, particulate,
sediment forms are presented in Figure 2. As shown in Fig-
ure 2, dissolved metal concentrations are very high in the site
1%.When the particulate metal distribution maps are analyzed,
pollution has been observed intensively in Brook Mustafa Ke-
mal Paga (MKP) and Brook Kocasu where it is input-output of
the Lake. At the sites 6", 7" and 8" which are more stable re-
gions, metal pollutions are very low. The maximum concentra-
tions of Cr and Ni were detected at 2", 4™ and 5™ sites. This is
due to the fact that the area where these stations are located is
exposed to too much wind causing water turbulence. In water
column, winds cause vertical mixing of bottom sediment. This
situation encourage bonding between dissolved trace metals
and particulates (Singh et al. 2008).When the sediment met-
al distribution maps are analyzed, the maximum values of Cr
were observed at the 2" and 3" sites, respectively. Katip et al.
(2016) were found that Cr and Ni concentrations are higher

than the other metals such as As, Cu, Zn, Pb etc. Additionally,
the high concentrations of Ni are based on the configuration of
soil (Basar et al. 2004).

After the creation of metal pollution distribution maps,
water pollution of the Lake was assessed in conformity with
TWPCR, sediment pollution of the Lake was assessed in ac-
cording to NOAA international criteria. TWPCR are general-
ly used in Turkey as a pragmatic technique for following the
pollution problem in water. The measured parameters were
classified according to “Quality Classification of Continental
Surface Water (Water Quality Index)” tables in standard. The
standard was given in Table 2. According to Table 2, 1st class
water refers to high quality water, 2nd class water refers to less
contaminated water, 3rd class water refers to dirty water and
4th class water refers to very dirty water.

Table 2 valid for dissolved metals in water. The annual
average values of the measured metals were used to decide
quality classes depending on metal concentrations. Spatial dis-
tribution maps of these metal classes were given in Figure 3.

Table 2. Turkish Water Pollution Control Regulation, Quality Classification (Water Quality Index) (Anonymous, 2004)

(mg/1) TWPCR This Study

Metals Class I Class I1 Class IIT Class IV Mean — SD
Cr 0.02 0.05 0.2 >0.2 0.0848 +0.2092
Ni 0.02 0.05 0.2 >0.2 0.0304 + 0.0416
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Figure 3. Spatial distribution maps of Cr and Ni according to WQI (in dissolved form)

According to Figure 3, the study area was classified into
three zones according to Cr values, that is, class 2 (3%, 5%, 6%
sites), class 3 (219, 4% 7% 8t 9t 10 sites), class 4 (1* site).
Also, the lake was classified into two zones according to Ni
concentrations, that is, class 3 (only 1% site) and class 2 (all
sites). The two metals were determined higher at site 1 than
all of the lake, which is closest to the lake exit. Some another
pollutant sources enter the Lake, such as reverse current. This

current occurs in the Kocasu Brook, because its rate of flow
is raised by rainfall during winter (Katip et al. 2013). Another
sources of pollutant is Creek Akgalar, which carries domestic
and industrial wastewaters of Akcalar village. The irrigation
canals of the General Directorate of State Hydraulic Works,
which drains wastewaters from agricultural irrigation and
neighboring industries are some of the other pollutant sources
(Katip et al. 2012). Sediment is an important layer in which
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water contaminants can be caught like heavy metals. The level
of pollution in water resources can be measured by detailed
analysis of water, sediment and aquatic organisms living in
that area (Goher et al. 2014). Sediment quality guidelines are
important tools for assessing the level of contamination in bio-

logically important water resources (Hacisalihoglu and Karaer
2016, Zhou et al. 2007). Sediment pollution of the Lake was
assessed in according to American National Oceanic and At-
mospheric Administration (NOAA) international criteria. This
criteria was given in Table 3.

Table 3. Concentrations of metals in Lake Uluabat sediment and the toxicological reference values for sediments according to

NOAA (Burton and Pitt, 2002)

Limits Cr Ni

PEL 90 36 PEL : Probable Effect Level

SEL 110 75 SEL : Severe Effect Level
filj‘ly%z/v 1;‘2 ht TET 100 61 TET : Toxic Effect Threshold

ERM 145 50 ERM : Effect Range-Median

UET 95 H 43 H UET : Upper Effect Threshold
This Study 131.627 220.032 H  :Hyalella azteca test

As seen in Table 3, according to the guideline, Cr and Ni
values were defined above from all levels (PEL, SEL, TET,
ERM, UET). These metals were determined to be higher than
upper effect threshold (UET) concentrations. The accumula-
tion of heavy metals in environmental samples affects both
human health and the entire ecosystem through the food chain
(Castillo et al. 2011). Also, industrial activities, traffic emis-
sions, air pollution can cause contamination of water bodies by
heavy metals. Furthermore, rain water coming from runoff car-
ries heavy metals in water resources. These metals, which are
found in surface waters, are deposited in the sediment layer.

(Katip et al. 2012). In a study conducted by Basar et al. (2004),
it was found that the concentrations of Cr, Pb and Ni metals in
the soils in the South Marmara Region exceeded the relevant
limits. It is possible that these metals deposits in sediment after
runoff from the basins of MKP Brook. In addition, the high Ni
concentration is due to the general structure of the soil (Basar
et al. 2004). Although the metals may remain in the sediment
for a long time, they may become free by degradation under
oxidizing conditions. This is explained by the fractions of met-
als. According to the NOAA criteria metal distribution maps
for Cr and Ni in sediment was given in Figure 4.

Figure 4. Spatial distribution maps of Cr and Ni according to NOAA (in sediment)

As shown in Figure 4, metal concentrations of the lake
sediment were found higher than UET (upper effect thresh-
old) limits. The two metals were determined very high all of
the lake sediment. Difference methods have been produced
for the risk assessment of heavy metals in sediment; one of
them is pollutant load index (Goher et al. 2014). Ecological
risk management supply systematic methods that can apprise
decision making. Heavy metals are non-biodegradable pollut-
ants. These pollutants do not remove by self purification, on
the contrary they cause accumulation, finally enter the food
chain (Goher et al. 2014).

Conclusions

Contamination of toxic metals has attracted global notice
owing to its persistence, bioaccumulation, and toxicity. The
results of this research provide valuable data about Cr and Ni
contents of water and sediment from different sites on Lake

Uluabat. The concentrations of these metals in water and sed-
iment undergo seasonal changes. Especially concentrations
are generally higher during summer. In addition, the quality
status of the lake was determined by overlapping water and
sediment quality indices with GIS. GIS is widely used for wa-
ter resources management as well as for many purposes. Using
GIS modeling software spatial distribution of numerous water
and sediment quality parameters were prepared and analyzed.
More intense pollution load were observed at the sites of 1%
and 5", The present situation of the lake compared with WQI
for dissolved metals in water and compared with NOAA for
metals in sediment. The results show that according to Cr con-
centrations the lake was classified three zones; class 2 (less
contaminated water), class 3 (dirty water), class 4 (very dirty
water). Also according to Ni concentrations the lake was clas-
sified into two zones that is, class 3 (dirty water) and class
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2 (less contaminated water). The two metals were determined
higher at sitel than all of the lake, which is near the outlet of
the lake. In the Lake sediment, heavy metals were found to
be over upper effect threshold value. Lake Uluabat which its
importance is high lightened at the global status, have been
exposed to heavy metal pollution. So, this study suggested that
heavy metals should be monitored regularly in the water and
sediment of the lake. Domestic, industrial and agricultural dis-
charges in the lake should be avoided, considering the danger
of metals to human health and ecosystem.

Finally, if the necessary precautions are not taken, these
metals will participate the human food chain and affect human
health.
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Abstract

This study investigated the physicochemical properties, sugar and organic acid profiles of 21 grape juice and 3 sour
grape juice samples in Turkey. The pH, acidity and soluble solids were ranged from 2.64 to 4.19, 3.58 to 30.75 g L"!
and 5.45 to 25.45 °Bx, respectively. The turbidities varied between 1.59 and 109.50 NTU and the lowest value was
in the Sultani Cekirdeksiz sour grape juices. The Denizli Karasi sample had the highest color index. The tartaric and
malic acid amounts of the samples ranged from 0.53 to 13.16 g 100! g'' and 0.45 to 30.80 g 100" g!, respectively. The
major acid was malic acid in the sour grape juice samples and tartaric acid in the grape juice samples. For all samples,
glucose and fructose constituted a great part of total sugars. The glucose, fructose and total sugar contents changed
from 28.45 t0 48.00 g 100" g, 15.88 t0 48.75 g 100! g and 53.67 t0 97.27 g 100! g’!, respectively. The highest sugar
content was observed in Kara Erik and the lowest in Yediveren. As a result; some physiochemical characteristics,
sugar and organic acid contents of the examined 24 grape juice samples were revealed by the current work.

Keywords: Grapes, Juices, Physicochemical characteristics, Organic acids, Sugars

Introduction

Turkey has approximately 435,000 ha vineyards and pro-
duces 4 million tons of grapes annually (Faostat, 2018). Most
of the grapes used for table and drying. A small part of the pro-
duction are processed to wine, molasses, grape juice and other
grape based traditional foods. Grape based traditional products
such as grape juice (clarified or unclarified) and sour grape
juice have been processed for a long time. In the last years,
the consumer demand for these grape products has increased
with emergence of benefits of them on human health. For this
reason, production amounts of them have tended to upward
especially last decade.

Organic acid quantity and composition are important pa-
rameters indicating the quality of grape juice. These com-
pounds affect taste balance, chemical stability, and pH values
with organoleptic features, such as flavor, taste, color, and aro-
ma in grape juice products (Lima et al., 2014; Nascimento Sil-
va et al., 2015). Additionally, they can affect stability in juice

Cite this article as:

and can be used as microbiological indicators in beverages.
Especially acetic acid is utilized as an indicator to detect unde-
sired microbiological activities in beverages (Ali et al., 2010).
Major organic acids are tartaric and malic acid in grape juice,
and citric and succinic acid are also present, albeit in lower
amounts (Soyer et al., 2003; Ali et al., 2010). Additionally, in
a previous study, Lima et al (2014) detected lactic and acetic
acid in grape juice samples.

Sugar is one of the main components of grape juice and it
is very important for taste balance. Glucose and fructose are
the major sugars in Vitis vinifera grapes, but sucrose and other
sugars are rarely found (Ali et al. 2010). Furthermore, Coelho
et al (2018) reported the detection of maltose and rhamnose in
addition to glucose and fructose in Vitis labrusca L. grape juice
samples.

The physicochemical features, aroma, phenolic com-
pounds, organic acid, and sugar compositions of the grapes ef-
fect on the grape juice quality. The functional properties of the
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grape juices are directly related with their bioactive compound
profiles and ingredients, especially phenolic acids (Margraf et
al., 2016). Additionally, growing conditions and location, ag-
ricultural applications, climate characteristics, and maturity
level and variety of grapes affect to quality also (Granato et al.,
2015; Yamamoto et al., 2015; Sabir et al., 2010).

The objective of the current study was to determine physi-
cochemical features, sugar and organic acid profiles of the 24
grape and sour grape juices that were processed with different
techniques. Three of the 24 samples were un-processing sour
grape juice, eight of them were processed grape juice and the
others were also un-processing grape juices. The un-process-
ing grape juices of some native grape varieties have been made
for a long time in Turkey. Therefore, the traditional technique
was performed for native grapes and industrial technique was
for the others.

Material and Method

Chemicals

Acetonitrile and malic acid were purchased from Sigma-—
Aldrich (St. Louis, Missouri, USA). Waters RS for HPLC Plus
were obtained from Carlo Erba (Carlo Erba Reagents S.A.S.,
Val de Reuil, France). D-fructose, D-glucose and L-(+)-tartaric
acid were obtained from Extrasynthese (Lyon, France).

Grape samples and juice processing

The grapes and sour grapes (V. vinifera L.) samples were
picked from Manisa Viticulture Research Institute vineyards,
approximately 10 kg were used for each samples, and they
were presented in Table 1. After harvest, the samples were

transferred to grape processing unit of the institute. Firstly,
grapes were washed and passed through a destemmer-crusher
machine (Tiirk6z Metal Makine, Turkey). The obtained grape
mash samples were used to produce grape juices with tradi-
tional or industrial techniques. The grape mash was heated up
to 50 °C and were kept at this temperature for 60 min for red
and 30 min for white varieties. Then, they were pressed and
blurred grape juice samples were obtained. Must yield of tra-
ditional produced grape juice samples has changed between 39
and 63 %. Besides, must yield was determined approximately
75 % and 40 % for industrial produced grape juice samples and
SGJ, respectively. For the production with the traditional tech-
nique, this blurred juice was put into 250 mL glass bottles and
pasteurized. Thus, un-processing grape juices were obtained.
To manufacture processing grape juice and sour grape juice
(SGJ) with industrial technique, pectolytic enzyme (Pectinex
XXL, 10000 PECTU/mL) was applied (ImL L) for 60 min
at 50 °C. Bentonite (SIHA Puranit UF, Germany) was used
1.2 g/L at 50 °C for 60 min, gelatin (SIHA Gelatin Fine Gran-
ules, 80-100 Bloom, Begerow, Germany) was applied 0.2 g/L
for 120 min, and kieselsol (Levasil 200 /30/FG, HC Starck,
Germany) was used fivefold of the gelatin amount for 60 min.
Then, the samples filtered using by a plate filter (Europor K 3
filter sheets, 10.4 gpm/ft2; 40x40 Plate filter, Turkey). After
filtering, processed grape and SGJ juices was filled into 250
mL glass bottles. The un-processed and processed grape juice
and SGJ samples were pasteurized in the 85 °C of water for 20
min and immediately cooled to room temperature.

Table 1. The sample properties, codes and harvest dates

No. Code Varieties Color Harvest Date Processing techniques
1 Ml 50% Hamburg muscat + 50% Siyah Dimrit Red 08.08.2017
2 M2 20% Hamburg muscat + 80% Siyah Dimrit Red 15.08.2017
3 M3 85% Royal + 15% Italia Red 01.09.2017 Processing with indus-
4 MH1  Mixed grape hybrids Red 13.09.2017 trial techniques: clarified
5 MH2 Mixed grape hybrids Red 20.09.2017 . '
6 OKG Okiizgozii Red 28.09.2017 grape Juice
7 SCGJ  Sultani Cekirdeksiz White 15.08.2017
8 IT Italia White 11.08.2017
9 CS Cabernet Sauvignon Red 25.06.2017 Processing with indus-
10 SC Sultani Cekirdeksiz White 25.06.2017 trial techniques: clarified
11 YD Yediveren White 20.06.2017 sour grape juice (SGJ)
12 BL Bulama White 07.08.2017
13  EXL Exalta White 07.08.2017
14 KH Kanon Harabi White 06.08.2017
15 KY Koy Yeri White 06.08.2017
16 TG Tergoynek White 12.08.2017
17 KO Koca Osman Red 11.08.2017 Processing with tradi-
18 CU Cilek Uziimii Red 10.08.2017 tional techniques: blurred
19 YDM  Yerli Dimrit Red 04.08.2017 grape juice
20 BK Balgova Karasi Red 07.08.2017
21 ED Erkenci Dimrit Red 04.08.2017
22 KE Kara Erik Red 08.08.2017
23 DK Denizli Karasi Red 03.08.2017
24 KK Kat1 Kara Red 07.08.2017
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Determination of physicochemical properties

The pH, titratable acidity (TA) and soluble solid (SS) anal-
yses were conducted as described by William (2005). The pH
was measured using a calibrated pH meter (Sartorius Docu-pH
meter, Germany). The TA analysis was performed using the
potentiometric titration method, and the results were obtained
as tartaric acid equivalent (g/L). A portable refractometer
(Hanna HI 96801, USA) was used to measure SS (°Bx).

The absorbance values of the samples were measured us-
ing a spectrophotometer (Thermo scientific, Multiskango, Fin-
land) at 420, 520 and 620 nm, and the color intensity (CI) val-
ues were calculated using the formula below (1).

CI=A4420+A4520+A4620 (1)

The turbidity values of the samples were measured using
a portable turbidimeter (Hach 2100Q Portable Turbidimeter,
China), and the results were expressed in the nephelometric
turbidity unit (NTU)

Sugar compositions of the samples

The sugar profiles of the samples were determined with
slight modifications to the method described by Xu et al
(2015). First, the samples were diluted with distilled water
and passed through a PTFE 0.45 um syringe filter (Sartorius).
Then, they were injected into the HPLC system (Agilent 1260
infinity) for analysis. The detector was selected as the refrac-
tive index (RID), and the column was NH,250 x 4.6 mm, S5pum
(Inertsil). The column temperature was set to 30 °C, and a 20
pL injection volume was used. The flow was isocratic, the flow
rate was 1.5 mL min’', and the elution time was 20 min. Aceto-
nitrile and distilled water (80:20; v:v) were used as the mobile
phase. The R? values were 0.9996 and 0.9928 and detection
limits (LOD) were 6.28x10* and 4.68x107 mg/L for fructose
and glucose, respectively. The results were expressed as g in
100 g DW.

Organic acid compositions of the samples

The chromatographic organic acid analyses were per-
formed according to Reuter & Shelton (2015). The samples di-
luted with distilled water to a certain ratio were filtered (PTFE
0.45 um syringe filter) and injected into the HPLC instrument
(Agilent 1260 infinity). The injection volume was 20 pL, and
the flow rate was 1.5 mL/min. The measurements were under-
taken using a diode-array detector (DAD; Agilent 1260 infini-
ty) with the following parameters: wavelength 210 nm, column
C18 ODS 250 x 4.6 mm, 5 um (Agilent), and column tempera-
ture 30 °C, flow isocratic, and elution time 8 min. An acidified
25 mM KH, PO, buffer (to pH 2.4 with H,PO,) was used as
the mobile phase. For tartaric and malic acids, the Rzand LOD
values were 0.9998-0.9997 and 0.015-0.037 mg/L, respective-
ly. The results were calculated according to a calibration curve
and given as g in 100 g DW.

Statistical analysis

In this study, all analyses were performed in triplicate, and
the results were given with standard deviations. The obtained
results were subjected to an analysis of variance (ANOVA),
and the Duncan multiple comparison test was used to deter-
mine the differences between the samples.

Results and Discussion

Physicochemical properties of the samples

The physicochemical properties, CI and turbidity values of
the samples are presented in Table 2. The differences between
the pH values of the samples were statistically significant (p <
0.05), ranging from 2.64 to 4.19 in grape juice and SGJ sam-
ples. The highest value was found in the KK sample and the
lowest in YD. At the same time, the pH values of the SGJ sam-
ples were lower than those of the grape juice samples, as ex-
pected. The pH of grape juice has an important effect on many
parameters, such as conservation, storage, color and character-
istics of the product. Soyer et al (2003) reported that the pH of
the grape juice products in Turkey varied between 3.3 and 4.0.
In other studies, the pH values of the grape juice samples were
found between 3.02 and 3.90 (Matos et al., 2017; Margraf et
al., 2016; Yamamoto et al., 2015; Lima et al., 2014; Toaldo et
al., 2014).

While the SS values of the grape juice samples ranged from
16.15 to 25.45 °Bx, these values were between 5.45 and 7.45
°Bx in the SGJ samples. In different studies, the SS values of
grape juice and SGJ samples were reported to vary between
4.50 and 22.6 °Bx (Margrafetal.,2016; Onciil and Karabiyikli,
2015; Yamamoto et al., 2015; Lima et al., 2014; Hayoglu et al.,
2009). The results obtained from the current study in relation
to the pH and SS values were similar to those reported in the
literature.

TA is very important for the taste balance of grape juice. In
grape juice and SGJ samples, the TA values ranged from 3.58
to 8.11 g/L and 25.22 to 30.75 g/L, respectively. These values
are consistent with the results of previous studies ( Margraf et
al., 2016; Onciil and Karabiyikli, 2015; Yamamoto et al., 2015;
Lima et al., 2014; Tolado et al., 2014; Hayoglu et al., 2009;
Nikfardjam, 2008; Soyer et al., 2003).

The color of grape juice is another important parameter, es-
pecially for the consumers. In the grape juice and SGJ samples
produced, the CI values were measured between 0.17 and 6.75.
The highest CI value was observed in red grape juice samples.
Lima et al (2014) stated that the CI values of the grape juice
samples obtained from six new grape varieties ranged from
2.78 to 11.15. In another study, the CI values of the grape juice
samples varied between 10.87 and 16.59 (Yamamoto et al.,
2015). Moreover, Margraf et al (2016) found that the CI values
of grape juice were between 1.02 and 2.17. The CI values of
the current study were lower than previously reported. This is
considered to be due to the differences in the species and vari-
eties, as well as the processing method.

In the analyzed samples of grape juice, turbidities were de-
termined between 7.09 and 109.50 NTU. The highest turbidity
was observed in the ED unclarified grape juice sample. Kaya
& Unluturk (2016) revealed that the turbidity values of grape
juice varied between 32.5 and 105 NTU, which is in agree-
ment with our turbidity results. In the SGJ samples, the tur-
bidity values were between 1.59 and 4.01 NTU, which were
lower compared to the grape juice samples. This may be due to
the processing, in addition to the chemical and physiological
differences between grapes berry and sour grapes berry. Hayo-
glu et al (2009) reported that gelatin applications enhanced the
clarity of SGJ samples.
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Table 2. The physicochemical, CI and turbidity values of the samples

Samples pH SS, °Brix TA, g/LL CI Turbidity, NTU
Ml 3.74+0.01% 20.90+0.01¢ 5.06+0.06" 2.58+0.11" 52.90+0.01¢
M2 3.69+£0.01"™ 18.14+0.05™ 3.58+0.05! 3.64+0.11F 39.13+0.17
M3 3.91+0.01F 19.65+0.07i 4.69+0.15¢ 4.93+0.05¢ 57.15+£0.13¢
MH1 3.65+£0.01" 21.00+£0.01¢ 5.68+0.03¢ 1.8140.04! 15.10+£0.14°
MH2 3.77+0.011 19.60£0.01 4.5940.05¢" 2.33+0.07 70.3620.56°
OKG 3.70+0.01" 19.20+£0.01% 5.04+0.09% 5.03+£0.23¢ 10.48+0.10r
SCaGJ 3.97+0.01¢ 21.20+0.01F 4.48+0.03" 0.77+0.03" 18.35+0.25"
IT 3.82+0.01! 20.55+0.07" 4.42+0.02"ik 0.59+0.01» 23.23+0.05™
CS 2.81+0.02° 7.15+0.074 25.22+0.72° 0.23+0.01¢ 3.05+0.34"
SC 2.77+0.02¢ 7.45+0.07° 25.37+0.37° 0.17+0.01¢ 1.59+0.01°
YD 2.64+0.01° 5.45+0.07" 30.75+0.632 0.67+0.01° 4.01+0.19"
BL 3.75+0.01% 17.75+£0.07" 3.99+0.10™ 0.49+0.024 26.50+0.20!
EXL 3.85+0.01" 18.45+0.07" 3.94+0.054 0.50+0.014 48.75+0.13"
KH 3.66+£0.01" 16.15+0.01° 4.67+0.05¢ 0.32+0.02" 18.68+0.29"
KY 3.83+0.01° 18.25+0.07™ 3.64+0.02! 0.224+0.01¢ 7.09+0.024
TG 3.68+0.01™ 17.85+£0.07" 4.16+0.047% 0.36+0.02" 30.85+0.13
KO 3.88+0.03¢ 18.45+0.07" 3.99+0.04* 2.68+0.068 26.70+0.01'
CuU 3.99+0.05¢ 20.15+0.07 4.714£0.04¢ 1.01+£0.01™ 24.80+0.08™
YDM 3.90+0.01F 18.45+0.07" 7.08+0.04¢ 2.06+0.02i 69.35+0.06°
BK 3.93+0.01° 22.214+0.01¢ 5.22+0.24¢f 1.97+0.03% 55.30+0.50f
ED 3.57+0.10° 24.354+0.07° 8.11£0.04¢ 4.04+0.03¢ 109.50+4.80°
KE 4.02+0.07¢ 25.45+0.07° 5.66+0.07¢ 5.75+0.08" 66.60+1.104
DK 4.07+0.01° 21.80+0.01¢ 4.50+0.10" 6.75+0.07¢ 78.70+1.93°
KK 4.19+0.012 23.90+0.01¢ 4.924+0.06% 2.76+0.03¢ 33.83+1.33

Values indicated with different letters within each group and column are significantly different for p<0.05

Sugar compositions of the samples

The wvariations in sugar compositions and total sugar
amounts of grape juice and SGJ samples are given in Table 3.
The differences between the fructose, glucose and total sugar
amounts of the samples were found statistically significant (p <
0.05). The fructose contents ranged from 15.88 to 48.75 g/100
g, with the highest amount being determined in KE and the
lowest in YD. The highest glucose value was 48.00 g/100 g
obtained from the KE sample and the lowest was 28.45 g/100
g found in CS. The total sugar amounts were found between
52.16 and 96.75 g/100 g. The highest sugar content was ob-
served in KE and the lowest in YD. The HPLC chromatogram
of YD sugars profiles was presented on Figure 1. Expectedly,
the sugar contents of the SGJ samples were lower than those
of the grape juice samples because they were harvested before
maturity according to others.

Eyduran et al (2015) found that the fructose and glucose

amounts of some grapes grown in the east of Turkey were 8.03
- 13.47 g/100 g and 9.51-16.47 g/100 g, respectively. Canbas
et al (1996) revealed that the amount of invert sugar varied
between 159 and 195 g/L in carbonated grape juice samples.
Munoz-Robredo et al (2011) reported that in three table grape
varieties (V. vinifera L.), the amount of fructose was 7.74-8.74
2/100 g, glucose 8.03-8.70 g/100 g, sucrose 0.73-0.90 g/100 g,
and total sugar 16.57-17.74 g/100 g at harvest. In grape juice
samples produced from V. labrusca L. grapes, the amount of
fructose was 72.90 -92.90 g/L, glucose 86.61-108.09 g/L, and
total sugar 163.31-200.97 g/L (Coelho et al., 2018). In a simi-
lar study, the glucose amount was 39.70-72.16 g/Land fructose
was 48.12-80.04 g/L in Concord and Bordo (Vitis Labrusca
L.) grape juice samples (Barros et al., 2014). Additionally, in
their study investigating grape juice concentrations, Piva et al
(2008) reported 105 g/L glucose and 98.4 g/L fructose in fresh
juice.
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Figure 1. Chromatogram of HPLC sugars profile of YD (1: Fructose; 2: Glucose)
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Table 3.Sugar compositions of the samples (g/100 g DW)

Samples Fructose Glucose Total Sugar (Glucose +Fructose)
Ml 44.80+0.418m 42.68+0.69°th 87.48+0.95¢"
M2 44.83+0.11¢& 43.67+1.38¢e 88.05+1.02¢%f
M3 43.86+0.304 41.62+0.10M 85.48+0.54¢"
MH1 44.97+0.63%" 41.65+0.35¢m 86.62+0.85"%"
MH2 45.8340.134f 42.9140.44defen 88.74+0.30%"
OKG 45.43+0.90° 42.09+0.76% 87.52+1.21¢f
SCGJ 47.18+0.91° 43.4340.50¢" 90.61+1.32¢
IT 47.38+0.06° 41.2041.18¢ 88.58+1.47%f
CS 24.54+0.05™ 28.45+0.32" 52.99+1.12!
SC 24.56+0.21™ 32.26+0.25™ 56.82+0.25%
YD 15.88+0.15" 36.28+0.42! 52.16+1.36
BL 46.07+0.07° 40.99+0.18 87.060.18¢""
EXL 44.33+0.10M 41.6340.47Mi 85.96+0.61¢"
KH 46.80+0.20% 46.61+1.09° 93.41£1.68°
KY 46.44£0.52b 44.60+0.28¢ 91.04£1.01¢
TG 46.52+0.28b¢ 42.59+0.35¢teh 89.11+0.70<
KO 44.00+0.35M 43.06:£0.3 5¢defeh 87.06+0.17¢"h
CU 43.374+0.25 41.69+0.69¢M 85.06+0.82"
YDM 40.93+0.17" 37.28+0.45% 78.21+0.721
BK 41.03+0.39! 40.95+0.65' 81.98+0.70"
ED 42.43+0.16% 43.22:+0.14cdte 85.65+0.43"
KE 48.75+0.70? 48.00+0.16* 96.75+0.49*
DK 46.90+0.330 44.13+0.18¢e 91.03+0.10°
KK 44.06+0.03M 44.43+0.01« 88.49+0.11%f

Values indicated with different letters within each group and column are significantly different for p<0.05

Ali et al (2010) noted that glucose and fructose were the
major grape sugars while sucrose and other sugars were rarely
found in V. vinifera grapes. The findings of the current study
also revealed that fructose and glucose were the major sugars
in grape juice. On the other hand, our results were not in agree-
ment to some of the previous studies. The conflicting results
concerning sugar compositions can be attributed to the differ-
ences in species, variety and maturity of grapes used.

Organic acid compositions of the samples

Table 4 presents the organic acid compositions (tartar-
ic, malic and total acids) of the samples, which statistically
significantly differed (p < 0.05) with respect to tartaric, malic
and total acid. The tartaric acid amounts of the samples ranged
from 0.53 to 13.16 g/100 g, with the lowest value being de-
termined in ED and the highest in YD. The amounts of ma-
lic acid and total acid in grape juice and SGJ samples were
0.45-30.80 g/100 g and 1.21- 43.96 g/100 g, respectively. The
highest total amount of acid was found in YD and the lowest
in BL. The HPLC chromatogram of YD organic acid profiles
was indicated on Figure 2. The organic acid organoleptic prop-
erties of grape juice and wine are very important because of
their effects on microbiological quality and wine stabilization
(Ali et al., 2010). Tartaric acid is the dominant organic acid in
grapes and grape products. When the organic acid distribution
in grape juice samples was analyzed, tartaric acid was found
lower than malic acid in the unclarified red grape juice sam-
ples, but this was not observed in the clarified red grape juice
samples. These differences might be due to the separation of
pulp rich in malic acid during the production of grape juice.

Soyer et al (2003) investigated the organic acid composi-
tions in grape and grape juice of 11 different grape varieties in
Turkey and reported tartaric, malic, citric and total acid values

as 4.98-7.48 g/L, 1.43-3.40 g/L, 30-164 mg/L and 6.61-10.62
g/L, respectively for grapes, and 4.07-4.92 g/L, 1.36-3.47 g/L,
31-181 mg/Land 6.00-7.83 g L', respectively for grape juice.
Lima et al (2014) determined that the amounts of tartaric, ma-
lic and total acid were 4.60-6.32 g/L, 2.12-4.15 g/L and 8.82-
12.04 g/L, respectively in five new Brazilian grape varieties (V.
labrusca L.). In another study investigating different macera-
tion conditions, tartaric acid ranged from 4.30 to 5.64 g/L, ma-
lic acid 3.46 to 3.80 g/L and total acid 9.33 to 10.64 g/L in grape
juice samples (Lima et al 2015). Toaldo et al (2015) found the
tartaric, malic and total acid amounts as 2.09-3.11 g g/L, 1.29-
3.22 g/LLand 4.67-8.23 g/L, respectively in grape juice samples
produced from organic and conventional grapes (V. labrusca
L.). In another study on organic acid and sugar methodology in
grape juice and wine, tartaric acid was found as 4.02-5.38 g/L,
malic acid 1.56-1.92 g/L, and total acid 6.20-7.35 g/L (Coelho
et al., 2018). In some commercial table grapes (Red Globe,
Thompson Seedless and Crimson Seedless, V. vinifera L.), the
tartaric, malic and total acid amounts were reported as 7.45-
6.55 g/L, 47.78-29.92 g/L and 32.49-36.86 g/L, respectively
seven weeks before harvest. In the same study, these values
dropped to 1.28-2.05 g/L, 0.39-1.80 g/L and 1.93-3.85 g/L, re-
spectively at harvest (Munoz-Robredo et al., 2011).

The organic acid amounts obtained from this study were
generally similar to the previous reports. On the other hand,
the tartaric acid amounts in some samples were lower than pre-
viously found. This may be due to the grape variety, ecology,
harvest time, and grape juice production process. With respect
to the differences between the malic acid amounts, species (vi-
nifera or labrusca) is another factor that should be take into
consideration.
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Table 4. Organic acid compositions of the samples (g/100 g DW)

Samples Tartaric Acid Malic Acid Total Acid (tartarictmalic)
M1 1.01+0.01" 1.18+0.10¢ 2.19+£0.10F
M2 1.10+0.01" 0.80+0.01 1.90£0.01™
M3 1.16£0.01f 1.01£0.07™" 2.17+0.07f
MHI1 1.1440.06¢ 0.72+0.01Klmn 1.86+0.01Y
MH2 1.16£0.10f 0.89+0.17 2.05+0.17¢
OKG 1.37+£0.01¢ 0.97+0.12M 2.34+0.11¢
SCGJ 0.87+0.12¢ 0.76+0.01Km 1.63+0.01™
1T 0.97+0.041 0.66+0.01™ 1.63£0.07'
CS 4.98+0.07° 21.36+0.08° 26.34+0.14°
SC 7.52+0.03° 17.16+0.14¢ 24.68+0.10¢
YD 13.16+0.16? 30.80+0.107 43.96+0.052
BL 0.76+£0.01° 0.45+0.01° 1.21£0.01»
EXL 0.89+0.01! 0.68+0.03'mn 1.57+£0.01'
KH 0.93+£0.01% 0.89+0.01¢ 1.82+0.02)
KY 0.72+0.014 0.62+0.01" 1.34£0.11™
TG 0.84+0.01™ 1.30+0.01"% 2.134+0.07"%
KO 0.76=0.01? 1.3740.02f 2.1340.05f
CU 0.65+0.01¢ 1.23+0.01# 1.88+0.02M
YDM 0.79+0.01" 2.07+0.01¢ 2.86+0.02¢
BK 0.65+0.01° 1.06+£0.01" 1.71£0.024
ED 0.53+0.01¢ 1.39+0.01f 1.92+0.02M
KE 0.63+0.01" 1.5740.02¢ 2.21+0.01F
DK 0.77+0.06° 0.89+0.01¢ 1.66+0.02!
KK 0.67+0.01" 1.194+0.018 1.86+0.01%
Values indicated with different letters within each group and column are significantly different for p<0.05
R
0=
35—
30—
2
20—
15%
10—
o-
o ' 2 6 ' 5 mil

Figure 2. Chromatogram of HPLC organic acids profile of YD (1: Tartaric acid; 2: Malic acid; 3: Citric acid)

The SGJ samples were found to contain much high-
er amounts of organic acid compare to grape juice samples.
These differences resulted from using sour grape samples with
a high acid content in the production of SGJ. Besides, in the
SGJ samples, the amount of malic acid was higher than tartaric
acid due to the higher amounts of malic acid in sour grape sam-
ples than tartaric acid. Munoz-Robredo et al (2011) reported
significantly higher amounts of malic acid than tartaric acid
during the pre-harvest period (seven weeks before harvest) in
the Thompson Seedless grape variety. In another study exam-
ining the maturation period of different grape varieties, tartaric
acid was reported as 10.3-12.3 g/L, malic acid as 9.1-15.1 g/L
and total acid as 21.8-30.7 g/L in sour grape samples before ve-
raison (Sabir et al., 2010). Matos et al (2017) investigated the
SGJ samples of six grape varieties at three maturation times
and found the tartaric and malic acid amounts to range from
5.5t0 10.4 g/L and 10.9 to 30.4 g/L, respectively. In the same

study, the total acid amounts were given as 17.4-40.5 g/L. The
organic acid compositions of our SGJ samples are consistent
with the values determined in previous studies.

Conclusion

In this work, the physicochemical characteristics, sugar and
organic acid profiles of SGJ and grape juice samples from Tur-
key were demonstrated. In particular, the parameters having
significant effects on fruit juice quality such as CI and turbidity
were determined in detail. The results also revealed the ma-
jor organic acids were malic acid for SGJ and tartaric acid for
grape juice. Additionally, glucose and fructose constituted the
majority of total sugar in all investigated samples. The study
findings will contribute to the literature and sector regarding
Turkish grape juice. On the other hand, more research need to
characterize the Turkish grape and grape juice regarding phys-
ical, chemical and technological properties.
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Abstract

This study was aimed to assess the effect of defoliant application on yield and yield components of some cotton cul-
tivars at timely and late sowing under Harran Plain conditions in 2017 and 2018 growing seasons. Field trials were
arranged employing randomized blocks split-split plots design with 3 replications. In the study, sowing times (i.e.10®
of May and 10" of June) consisted the main plots, cultivars (i.e. Candia and Lima) placed in the sub-plots and defo-
liant applications (i.e. Control and Dropp Ultra (600 ml ha')) were in the sub-subplots. Each plot was sown with a
length of 12 m and 6 rows, with a 70 cm inter-row and 15 cm intra-row spacing. In the trials, the defoliant chemical
called Dropp Ultra (i.e.120 g Thidiazuron + 60 g Diuron) was used. The application was practiced when the 60 %
of boll opened. It was found that Candia and Lima cotton cultivars sown timely gave seed cotton yields of 5296.7
and 5073.3 kg ha'' respectively, whereas at late sowing gave the seed cotton yields of 4672.5 kg ha! and 4545.8 kg
ha'in 2017 and 2018; Candia gave the higher seed cotton yield (i.e. 5179.2 in 2017 and 5013.3 kg ha'in 2018) than
Lima cultivar (i.e. 4790.0 in 2017 and 4605.8 kg ha!' in 2018) in both years. Results indicated that that the defoliant
application increased the seed cotton yield comparing control plots. Defoliant application positively influenced the
seed cotton yield (kg ha), plant height (cm), number of opened bolls (per plant™), boll weight (g) and boll seed cotton
weight (g). However, there were no significant effects on the number of bolls (per plant™) and 100 seed weight (g). It

was concluded that defoliant application and timely sowing can be recommended for farmers in the region.

Keywords: Cotton, Defoliant, Yield, Yield components, Timely and late sowing

Introduction

Since cotton has a perennial and indeterminate growth
characteristic, it continues to grow vegetative when the envi-
ronmental conditions are favorable and therefore its matura-
tion is delayed (Stewart et al., 2000; Bondada and Oosterhuis,
2001). Sowing time is a main factor influencing growth and
development of cotton as it influences the time of vegetative
and reproductive stage of the crop. Moreover, too early and
too late sowings resulted in drastic reduction of seed cotton
yield (Bange and Milroy, 2010). Cotton plant is very sensi-
tive to temperature fluctuation and cultivated in a wide range
of agro-ecological zones. Sowing date is important to explore
the potential of cultivars in a region (Ali et al., 2009). More-

Cite this article as:

over, optimum-sowing time for a cultivar in a region is crucial
to be the most significant controllable factor for cotton plant
(Bozbek et al., 2006). Cotton cultivars vary for fiber traits
(Mohammad, 2001) and may be affected by the environmental
condition (Killi and Bolek, 2005). Cotton cultivars exhibited
maximum seed cotton yield in early sowing of 15" April as
compared to late sowing of 15" June (Siddiqui et al., 2004).
In order to obtain a good and high-quality product, it is ex-
tremely important to choose reliable cultivar that will be sown
in that region. It is desired that the cultivar to be adopted the re-
gion, yield and fiber quality properties are superior. However,
sowing time is an important factor in the selection of the culti-
vars to be sown, as the cultivars with a long vegetation periods
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are sown in late (June), their maturation cannot be completed
adequately, it may result in major problems at the harvest and
the harvest efficiency could be poor. For this reason, the cul-
tivars to be sown in both optimum and late sowing must be
different growing habits.

It is extremely important to harvest cotton timely. Gener-
ally, it is desirable the harvest of seed cotton to be clean and
the harvest efficiency high. Cotton leaves need to be shed both
before hand and machine harvesting. Delay harvest of cotton
bear the rain risk, and it may result in quality loss. Besides,
non-harvested cotton plant may remain in the field due to the
lack of worker and the presence of autumn rains (Mert, 2007).
Hence, it was necessary to use defoliant to stimulate the boll
aperture before harvesting. Therefore it was possible to in-
crease harvest efficiency, reduce the moisture content of seed
cotton, fiber contamination, the negative effect of disease and
pest attacks (Oglakci, 1992).

When a defoliant or harvesting chemical is applied to the
plant, immature bolls may also be present on the plant. As a
general rule, the 4" or 5™ node downward from the last matu-
rated boll to be collected is used for the time of defoliant ap-
plication (Larson et al., 2005; Copur et al., 2010). Optimum
dosage for desired outcome of any defoliant depends on de-
foliant application time rather than which of those chemicals
used (Edmisten, 1998). For this reason, optimum defoliant
application time should be determined by taking into account
the genotype characteristic and the regional conditions (Co-
pur et al., 2010). As a result of leaf shedding in early period,
the yield decreased and fiber quality was negatively affected
(Snipes and Baskin, 1994). Moreover, in case of leaf shedding
in later growing periods, adverse weather conditions were en-
countered (Kerby et al., 1992) and also due to low temperature
conditions, sufficient leaf shedding did not occur. Early or late
defoliant applications negatively affected fiber quality (Wright
et al., 2014). Early defoliant application was critical for max-
imum yield. Delaying defoliant applications may increase the
risk of yield lose due to rain and early frost in the winter sea-
son (Bange and Milory, 2000). In addition, as a result of late
defoliant application decreases in ginning outturn, fiber yield
and fiber quality were experienced. This might affect textile
industry negatively.

Many researches were carried out for the defoliant applica-
tion and boll openers. Sokat (2008) investigated the effects of
various defoliant doses on cotton variety of Stoneville 373 as a
second crop. As statistically significant effects of the defoliant
application were determined on some fiber quality properties
(i.e. fiber strength, short fiber content, fiber reflectance and
trash count in fiber). This had no significant effects on boll seed
cotton weight, ginning outturn, 100 seed weight, fiber length
and fiber maturity. Atas (2008) applied Dropp Ultra defoliant
and used cotton cultivar of Delta Opal at the 2 sowing dates in
5 growing periods (i.e. number of nodes on the cracked boll
were 2, 4, 6, 8 and 10) under Diyarbakir conditions. It was
found that the seed cotton yields were between 3360-4260 kg
ha’', ginning outturn 39.2-41.00%, and fiber strength 29.5-33.2
g tex!. Copur et al. (2010) found that the application of dropp
ultra 60 days after flowering decreased the seed cotton yield,

number of bolls, boll weight and fiber index, and delayed de-
foliant application increased the number of bolls, seed cotton
yield and boll weight. All applications had no effect on the
ginning outturn and fiber quality.

Awan et al. (2012) reported that defoliant application re-
sulted in cotton the harvest 25 days earlier than the control, the
applications gave high seed cotton yield than control plots. As
the application affected significantly fiber fineness and unifor-
mity, had no effect on fiber strength. Tiilemen (2016) reported
that methods and defoliant doses were not statistically signif-
icant for the number of total bolls, number of opened bolls,
ratio of opened bolls, boll seed cotton weight, ginning outturn
and fiber length. Beyyavas (2019) stated that Drop Ultra (600
cc ha') (5422.7 kg ha'), Appeal 75 ml ha' + Ethun 3000 ml
ha! (5382.3 kg ha') applications gave the highest seed cot-
ton yield in 2012, Sonround (3000 ml ha') (4150.7 kg ha')
in 2013. The highest earliness ratio was obtained from the ap-
plication of Drop Ultra (300 cc ha') + Efhun (3000 m / ha)
(96.30% and 96.30 %) in both years.

Harran Plain, where the experiment was established is the
most important cotton producing area in Turkey. The most
cotton fiber need of the textile sector in Turkey is met from
the cotton produced in the GAP region. However, cotton har-
vest is delayed due to the early autumn rainfall in some years.
In GAP region, cotton harvesting is mostly done by combine
cotton harvesting machine. In order to increase the efficien-
cy of the combine harvesting and achieving clean seed cotton
nowadays, it is compulsory practice to shed the leaves on time
and open the bolls. This study was carried out to determine the
effects of defoliant application on yield and yield components
of some cotton cultivars at timely and late sowing.

Materials and Methods

Field trials were conducted according to randomized blocks
split-split plots with 3 replications in Sultantepe village in
Harran Plain in 2017 and 2018 growing seasons. In the study,
sowing times placed in-the main plots, cultivars in sub-plots,
and defoliant applications placed in sub-subplots.

Candia and Lima cotton cultivars were used as plant ma-
terial. In the trial, each plot was arranged with 6 rows of 12 m
length, 70 cm inter-row and 15 cm intra-row spacing. Sowing
was practiced on May, 10" (timely sowing) and June 10 (late
sowing) with a pneumatic drill in both years. Some physical
and chemical properties of soil samples taken from the trial
sites (0-30 cm) were given in Table 1 and some climate data of
Sanliurfa province are given in Table 2.

In the field trial, fertilization was performed to be 160 kg
ha'' pure N and 70 kg ha' P. 70 kg ha" N and 70 kg P,O, (all
of the phosphorus) with 20.20.0 composite fertilizer as a basal,
and the remaining 90 kg ha' of nitrogen as a top (urea 46%
N) just before the first irrigation were applied with the lister
tool. Defoliant (Dropp Ultra 600 cc ha') was applied in both
years. The defoliant was mixed with water (300 It ha') and
applied with a back pump with the pressure set at 4.22 kg/cm?.
Sprayers were calibrated for 4.80 km h™! walking speed before
each application. Only water was sprayed to the control plots
(Copur et al., 2010). Defoliant were applied in timely sowing
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(May, 10™) on September, 10" in 2017, on September, 12" in
2018; in late sowing time (June 10) on September 25 in 2017
and on September 26 in 2018 when 60% of the bolls opened
(Edmisten, 2006).

Harvesting was practiced over the remaining area (10 x1.4
= 14 m?) by discarding 1 meter from the head and the end of
the middle two rows of each plot 15 days after the applications.

The harvest was performed by hand on October 27 in 2017,
on October 29 in 2018 for timely sowing; on November 9 in
2017, on November 10 in 2018 for late sowing. The evaluation
of the data obtained from each parameter was examined by
JMP 13.2.0 statistical package program according to the ran-
domized blocks split-split plots and the means were grouped

according to the LSD,, s, test.

Table 1. Some physical and chemical properties of soil (Anonymous, 2018a)

Soil Properties 2017 2018
Structure Clay Clay
Clay, % 56.50 59.14
Silt - Loam, % 22.70 22.73
Sandy, % 20.80 19.24
Reaction (pH) 7.76 7.68
Lime (CaCO,) % 24.4 24.7
Total Salt, % 0.062 0.068
Organic Matter, % 1.58 1.47

Table 2. Some meteorological data of Sanliurfa province for 2017 and 2018 (Anonymous, 2018a)

2017 2018 1929-2018
Montly Avg.  Rainfall Avg. Relative  Montly Avg.  Rainfall Average Long Years Avg.

Months Temperature  (kg/m?) Humidity (%)  Temperature  (kg/m?) Relative Hu- Temperature

(°C) (°C) midity (°C)
(o)

April 16.6 79.2 50.2 19.4 38.2 454 16.2
May 229 7.2 39.0 239 112.8 52.6 22.1
June 29.7 0.0 27.0 28.3 6.8 414 28.0
July 34.2 0.0 229 313 0.0 38.7 319
August 322 0.0 35.7 31.1 0.0 40.9 315
September 29.6 0.0 28.8 27.4 0.0 41.6 27.1
October 20.5 17.1 36.9 20.6 28.8 54.3 20.5
November 13.4 17.4 56.0 14.3 30.5 55.5 13.1

Results and Discussion

Seed Cotton Yield (kg ha)

Candia and Lima cotton cultivars sown timely (May 10)
gave the seed cotton yields of 5296.7 and 5073.3 kg ha! re-
spectively, same cultivars in late sowing (June 10) gave the
seed cotton yields of 4672.5 and 4545.8 kg ha'in 2017 and
2018. It was observed that more yield was obtained from the
timely sowing (Table 3). This was due to the fact that geno-
types received more vegetation period in timely sowing (Gor-
mus and Yucel 2002; Huang, 2016). The growing season length
was important for cotton yield, and selecting the growing sea-
son length by the optimal sowing date was of tremendous im-
portance (Huang, 2016). Gormus and Yucel (2002) found that
late sowing resulted in the crop late crop flowering and pushed
boll development into the cooler weather, resulting in reduced
yield. The results obtained in compliance with Kaynak et al.

(2003); Killi and Bolek (2005); Atas (2008); Beyyavas (2009);
Qamar et al. (2016)’s results that indicate the timely sowing
was more yielding than late sowing. It has been determined
that defoliant application (5074.2 and 4860.8 kg ha') increased
seed cotton yield compared to control plots (4895.0 and 4758.3
kg ha'). Awan et al. (2012); Ming-wei et al. (2013); Mrunalini
et al. (2018) stated that defoliant application gived more seed
cotton yield than control plots were in accordance with our
study; Karademir et al. (2007) opposed that by stating that the
control plots gave more seed cotton yield than those of defo-
liant application. This might be due to the differences of the
cultivars and trial locations. When the interactions of sowing
time*cultivar*defoliant applications were examined, timely
sowing (TS)*Candia*defoliant application (DA) interaction
(5750.0 kg ha') gave the highest seed cotton yield in 2017,
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TS*Candia*DA interaction (5350.0 kg ha') and TS*Candia*-
Control plot interaction (5283.3 kg ha!) in 2018.

Plant Height (cm)

It is observed that there was no statistically significant dif-
ference between Candia and Lima cotton cultivars in timely
sowing (May 10) and late sowing (June 10) in 2017. Same cul-
tivars gave the highest plant height in timely sowing (103.31
cm) than late sowing (97.58 cm) in 2018 (Table 3). Killi and
Bolek (2005) stated that late sowing decreased the plant height
by 15% compared to timely sowing; Qamar et al. (2016) indi-
cated that early sowing increased the plant height confirming
with our findings. Porter et al. (1996) report that plant height
increased with delaying of sowing; Beyyavas (2009) stated
that plant height decreased in timely sowing those were con-

tradicting with our results. Atasg (2008) reported that sowing
times had no effect on plant height. It was observed that the
height of Candia cultivar (95.53 and 91.47 cm) was less than
Lima cultivar (113.10 and 109.42 cm). This might be due to
the difference of the genotypes of the cultivars used in the trial.
Defoliant application was found insignificant in the first year
of the trial, the plots defoliant applied (102.04 cm) were higher
than that of control plots (98.84 cm) in the second year. Sing
et al., (2015) indicated that the defoliant application onto plant
height was found to be higher than control confirming our sec-
ond year results. Interaction of sowing time (ST)*Cultivar*-
DA were found to be important and formed different groups.
TS*Lima*DA interaction formed the highest plant height in
both years.

Table 3. Seed cotton yield (kg ha!), plant height (cm), number of bolls (per plant') related to defoliant application in timely and

late sowing, and groups formed according to LSD test.

Seed Cotton Yield (kg ha) Plant Height (cm) Number of Bolls (per plant™!)
Sowing Time 2017 2018 2017 2018 2017 2018
Timely Sowing (TS) 5296.7 a 50733 a 107.29 ns 10331 a 1993 a 19.35a
Late Sowing (LS) 4672.5b 45458 b 101.34 97.58 b 13.52b 13.90 b
LSD %5 127.3 53.1 7.04 3.55 3.93 0.06
Cultivars
Candia 5179.2 a 5013.3 a 95.53 b 91.47b 18.16 a 17.46 a
Lima 4790.0 b 4605.8 b 113.10 a 109.42 a 1529b 15.78 b
LSD %5 67.5 83.6 2.86 2.01 2.69 0.80
Defoliant Applications
Dropp Ultra 600 ccha!  5074.2 a 4860.8 a 104.68 ns 102.04 a 17.15 ns 16.68 ns
Control 4895.0b 47583 b 103.96 98.84 b 16.30 16.58
LSD %5 95.3 62.7 1.15 1.11 2.35 0.61
Interactions
TS*Candia*DA 5750.0 a 5350.0 a 98.30d 94.50d 19.90 a 19.37 a
TS*Candia*Control 5403.3 b 52833 a 95.17 ¢ 91.13 ¢ 20.00 a 1933 a
TS*Lima*DA 5083.3 ¢ 4866.7 b 119.27 a 116.13 a 19.77 a 19.03 a
TS*Lima*Control 4950.0 c¢d 47933 b 116.43 b 11147 b 20.03 a 19.67 a
LS*Candia*DA 4846.7 de 4770.0 be 9327 ¢ 92.03 ¢ 16.50 ab 1573 b
LS*Candia*Control 4716.7 ef 4650.0 ¢ 9540 ¢ 88.20 16.23 ab 15470
LS*Lima*DA 4616.7 fg 4456.7d 107.87 ¢ 105.50 ¢ 9.03 ¢ 12.57 ¢
LS*Lima*Control 45100 g 4300.7 ¢ 108.83 ¢ 104.57 ¢ 12.33 be 11.83 ¢
LSD (5%) 190.6 125.4 2.30 2.22 4.71 1.22
CV (%) 2.03 1.38 1.17 1.18 14.97 3.89

“Means in each column followed by the same letter are not significantly different (p<0.05) ns: Non-significant TS: Timely Sowing LS: Late

Sowing DA: Defoliation Applications ST: Sowing Time

Number of Bolls (per plant™)

Candia and Lima cotton cultivars in the timely sowing (May
10) formed bolls as 19.93 and 19.35 per plant’!, respectively,
since the same cultivars were sown in late (June 10), 13.52 and
13.90 per plant'of bolls were obtained in 2017 and 2018 years.
It was observed that timely sowing created more bolls (Table
3). Giir et al. (2001) and Beyyavas (2009) stated that timely

sowing created more bolls than that of late sowing time con-
firming our results. Cotton had an indeterminate growth habit,
which provided more bolls per plant if it was remained longer
time in the field/sown earlier (Qamar et al., 2016). It was ob-
served from Table 3 that Candia cultivar (18.16 and 17.46 per
plant™!) created more bolls than Lima cultivar (15.29 and 15.78
per plant!). This might be due to the genotypic differences of
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the cultivars used as material. It was observed that the defoliant
applications on the cultivars were formed in the same group
with control plots and were statistically insignificant (Table
3). Copur et al. (2010) and Tiilemen (2015) stated that defoli-
ant applications did not affect the number of bolls confirming
this study. ST*Cultivar*DA interaction was found important
in both years of the experiment and formed different groups.
However, when evaluated in general, it can be said that the
applications in timely sowing consituted more bolls than late
sowing time. This situation can be explained by the fact that
plants perform more photosynthesis and form more dry matter
in timely sowing.

Boll Weight (g)

Statistically significant differences were found between
sowing times in terms of the boll weight. Candia and Lima
cotton cultivars sown in timely (May 10) formed boll weights
of 6.91 g and 6.59 g respectively, same cultivars being sown
in the late (June 10) boll weights of 6.34 g and 6.19 g were
obtained, so the heavier bolls weight were obtained from the
timely sowing in 2017 and 2018 years (Table 4). It can be said
that the prolonged vegetation period contributed positively
to the boll weight. Boll weight was an important yield attri-
butes which directly affected the seed cotton yield. Qamar et
al. (2016) reported that delays of sowing time gave lower boll
weight; Cathey et al. (1988) stated that boll weight decreased
as a result of delayed sowing; Killi and Bolek (2005) indicat-
ed that the seed cotton weight decreased by 14% in late sow-
ing results were coinciding with our study. As Candia cultivar
formed heavier bolls (6.83 g) than Lima cultivar (6.43 g) in
2017, there was no difference between cultivars in 2018. De-
foliant application had no significant effect in the first year of
the trial, and the plots with defoliant formed heavier bolls (6.44
g) than control plots (6.34 g) in the second year. Awan et al.
(2012) stated that defoliant and sulfur dose application plots
formed the heavier boll weight than control plots; Gormus et
al. (2017) found that the defoliant application was heavier than
control parcels in the first year, and this was insignificant. Boll
weight results in the second year were compatible with the re-
sults obtained from this study. ST*Cultivar*DA interactions
were found to be important in both years and formed different
groups. However, when evaluated two years together, it can be
said that TS*Lima*Control plot interaction gave the heaviest
boll weight.

Boll Seed Cotton Weight (g)

No significant differences were found between sowing
times and cultivars in terms of the boll seed cotton weight in
2017 and 2018 years (Table 4). Siilli (2001) and Beyyavas
(2009) stated that sowing times had no effect on boll seed cot-
ton weight this was coinciding with this study. Defoliant ap-
plication made a positive contribution to the boll seed cotton
weight (5.08 and 4.95 g) compared to control plots (4.95 and
4.73 g). Awan et al. (2012) stated that the defoliant and sul-
fur doses increased the boll seed weight compared to control
plots. Findings supported the result obtained from this study.
Tilemen (2015) stated that defoliant applications had no ef-
fect on the boll seed cotton weight contradicts with this study.
ST*Cultivar*Defoliation interaction was found significant and

formed different groups in both years. TS*Candia*DA and
LS*Candia*DA interactions were taken part in the first group
in both years. It can be said that the application of defoliant to
Candia cultivar increaseed the boll seed cotton weight.

Number of Opened Bolls (per plant™)

Candia and Lima cotton cultivars sown in timely (May 10)
formed opened bolls as 16.88 and 16.20 per plant!, respec-
tively in 2017 and 2018 years, since the same cultivars sown
in late (June 10) formed 12.97 and 12.41 per plant™. It can be
observed that timely sowing forms more opened bolls than late
sowing (Table 4). The Candia cultivar used in the study creat-
ed more opened bolls (16.20 and 15.79 per plant') than Lima
cultivar (13.65 and 12.83 per plant'). Defoliant applications
have created more opened bolls (15.96 and 15.13 per plant™)
than control plots (13.89 and 13.48 per plant?). Ming-wei et al.
(2013) stated that all applications contributed to more opened
bolls than control plots; Beyyavas (2019) indicated that de-
foliant applications formed more opened bolls than control
plot in the first year of the study this confirmed our results in
this study. ST*Cultivar*DA interaction was found significant
in both years of experiment and formed different groups. The
application of TS*Candia*DA interaction formed the highest
opened bolls (18.43 and 18.13 per plant!) in both years.

Number of Unopened Bolls (perplant™)

Statistically no significant differences were found in terms
of the number of un-opened bolls in both timely sowing (10
May) and late sowing (10 June) in 2017 and 2018 (Table 5).
Lima cultivar has created more unopened bolls (2.79 and 2.97
per plant') than Candia cultivar (1.97 and 2.33 per plant")
which was not desired. In cultivation, the goal is to achieve
the higher number of opened bolls. Defoliant application (1.63
and 2.02 per plant') caused more opened bolls than control
plots (3.13 and 3.28 perplant™). These results revealed that de-
foliant application caused more opened bolls. Ming-wei et al.
(2013) stated that defoliant applications contributed to opening
more bolls than control plots; Beyyavas (2019) reported that
defoliant applications created more opened bolls than control
plots in the first year of this study, which were consistent with
our results. Tiilemen (2015) found that the number of opened
bolls between all defoliant applications and control plots were
insignificant and was incompatible with this study. ST*Cul-
tivar*DA interaction was found significant in both years of
experiment and formed different groups. The least number of
unopened bolls were obtained from the TS*Candia*DA inter-
action. The fact that the same interaction gave the highest num-
ber of opened bolls confirms this result.

Ginning Outturn (%)

Sowing times, cultivars used as material and defoliant ap-
plications in the first year of the experiment had no effects on
the ginning outturn in 2017 and 2018 (Table 5). Siilli (2001),
Gormus and Yucel (2002) and Beyyavas (2009) stated that
sowing times had no effect on ginning outturn; Denizdurduran
and Efe (2009), Copur et al. (2010), Ming-wei et al. (2013),
Tilemen (2015); Gormus et al. (2017) and Beyyavas (2019)
stated that the defoliant application had no effect on ginning
outturn which were coinciding with results of 2017. ST*Culti-
var*DA interactions were found important and formed differ-
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Table 4. Boll weight (g), boll seed cotton weight (g), number opened bolls (per plant related to defoliant application in timely
and late sowing, and groups formed according to LSD test

Boll Weight (g) Boll Seed Cotton Weight (g) Number of Opened Bolls (per plant™)
Sowing Time 2017 2018 2017 2018 2017 2018
Timely Sowing (TS) 691 a 6.59 a 5.05 ns 4.87 ns 16.88 a 16.20 a
Late Sowing (LS) 6.34b 6.19b 4.98 4.80 1297 b 1241 b
LSD %5 0.35 0.32 0.51 0.27 1.71 1.18
Cultivars
Candia 6.83 a 6.48 ns 5.10 ns 4.85 ns 16.20 a 15.79 a
Lima 6.43b 6.30 4.93 4.83 13.65b 12.83 b
LSD %5 0.20 0.21 0.19 0.11 0.45 0.81
Defoliant Applications
Dropp Ultra 600 cc ha! 6.71ns 6.44a 5.08 a 4.95a 1596 a 15.13 a
Control 6.54 6.34b 495b 473 b 13.89b 13.48 b
LSD %5 0.17 0.07 0.09 0.18 0.68 0.89
Interactions
TS*Candia*DA 7.10 a 6.63 b 527a 4.93 ab 1843 a 18.13 a
TS*Candia*Control 6.90 a 6.57 bc 4.90 cd 4.77 ab 16.40 be 1573 b
TS*Lima*DA 6.83ab  6.37 de 5.03 be 5.10a 17.67 ab 16.23 b
TS*Lima*Control 6.80ab 6.80a 5.00 be 4.70 b 15.03 cd 14.70 be
LS*Candia*DA 6.80ab 6.47cd 5.13 ab 5.07a 16.07 ¢ 15.67b
LS*Candia*Control 6.50b 627 ¢ 5.10 ab 4.63b 13.90d 13.63 ¢
LS*Lima*DA 6.10 ¢ 6.30 ¢ 4.90 cd 470 b 11.67 ¢ 10.50 d
LS*Lima*Control 597 ¢ 573 f 4.80d 4.80 ab 10.23 f 9.87d
LSD (5%) 0.35 0.15 0.19 0.36 1.37 1.34
CV (%) 2.81 1.24 1.94 391 4.87 6.59

“Means in each column followed by the same letter are not significantly different (p<0.05) ns: Non-significant TS: Timely Sowing LS: Late Sowing DA:
Defoliation Applications ST: Sowing Time

Table 5.Number of unopened bolls (per plant!), ginning outturn (%)and 100 seed weight (g)related to defoliant application in
timely and late sowing, and groups formed according to LSD test.

Number of Unopened Bolls (per plant™) Ginning Outturn (%) 100 Seed Weight (g)

Sowing Time 2017 2018 2017 2018 2017 2018
Timely Sowing (TS) 2.39ns 2.64 ns 42.85 ns 4191 ns 10.04 ns 10.63 ns
Late Sowing (LS) 2.37 2.66 43.17 42.29 9.82 10.33
LSD %5 0.87 0.91 1.93 0.90 0.27 0.32
Cultivars

Candia 1.97b 2.33b 42.70 ns 42.03ns 991 ns 10.48 ns
Lima 2.79 a 297a 43.32 42.17 9.95 10.48
LSD %5 0.69 0.33 0.69 1.21 0.10 0.12
Defoliant Applications

Dropp Ultra 600 cc ha! 1.63b 2.02b 43.09 ns 4243 a 9.93 ns 10.45 ns
Control 3.13a 328a 42.93 41.78b  9.93 10.50
LSD %S5 0.53 0.29 0.64 0.50 0.17 0.12
Interactions

TS*Candia*DA 043 ¢ 0.77 e 42.87b 4277 ab 10.13 ab 10.43 cde
TS*Candia*Control 347 a 3.50a 4293 Db 41.60 ¢ 9.90 abc 10.63 be
TS*Lima*DA 2.50 ab 2.90 be 42.83b 41.83bc  9.97 abc 1093 a
TS*Lima*Control 3.17 ab 3.40 ab 42.77b 4143 ¢ 10.17 a 10.50 bed
LS*Candia*DA 1.20 ¢ 1.63d 42.33b 41.77bc 9.77 ¢ 10.17 £
LS*Candia*Control 2.77 ab 3.43 ab 42.67b 42.00bc  9.83 abc 10.70 ab
LS*Lima*DA 2.37b 2.77 ¢ 4433 a 4333a 9.87abc 10.27 def
LS*Lima*Control 3.13 ab 2.80¢ 43.33 ab 42.07bc  9.80 be 10.20 ef
LSD (5%) 1.05 0.57 1.28 1.01 0.34 0.24
CV (%) 23.46 11.60 1.58 1.27 1.82 1.22

"Means in each column followed by the same Ietter are not significantly different (p<0.05) ns: Non-significant TS: Timely Sowing LS: Late Sowing DA:
Defoliation Application ST: Sowing Time
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ent groups in both years. The highest ginning outturn was ob-
tained from the LS*Lima*DA interaction (44.33 and 43.33%)).

100 Seed Weight (g)

Statistically no significant differences were found on 100
seed weight in terms of the sowing times, cultivars and defo-
liant applications in the 2017 and 2018 (Table 5). Seed index
(100 seed weight) was a major yield-contributing component
that was affected by soil nutrients status, irrigation availability
and the rapid environmental changes (Qamar, 2016). Abd-El
Gawad et al. (1986) and Beyyavas (2009) indicated that sow-
ing times had no effect on 100 seed weight; Karademir et al.
(2007) and Sokat (2008) stated that defoliant application had
no effect on 100 seed weight support the results obtained from
this study. Statistically significant differences were found be-
tween ST*Cultivar*DA interactions in both years, but this dif-
ference varied over the years.

Conclusion

Candia and Lima cotton cultivars sown timely (May 10)
gave 5296.7 and 5073.3 kg ha'! of seed cotton yield respec-
tively when 4672.5 kg ha! and 4545.8 kg ha! of seed cotton
yield were obtained from the same cultivars sown in late (June
10). High yields were obtained from late sowing time in 2017
and 2018.Candia cultivar (5179.2 and 5013.3 kg ha') gave
the higher seed cotton yield than Lima cultivar (4790.0 and
4605.8 kgha) in both years. It was thought that this difference
between cultivars caused from the genotypic structure of cul-
tivars. While the defoliant application affected positively the
properties of examined traits such as seed cotton yield, plant
height, number of opened bolls, number of unopened bolls,
boll weight and boll seed cotton weight, not effected the num-
ber of bolls and 100 seed weight. In addition, it was deter-
mined that the seed cotton yield decreased with the delaying
of sowing time and negatively affected by early autumn rains.
Candia cultivar performed better in defoliant application. Ac-
cording to the results of this study it can be concluded that
defoliant application and timely sowing provided higher yield.
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Abstract

The aims of this study were to determine the concentrations of mercury (Hg) in frozen imported Atlantic mackerel
consumed in Istanbul and to predict their potential health consequences. In this study, the concentration of Hg was
determined following US EPA Method 7473 (2007) using a direct mercury analyzer (DMA-1). Mercury level of the
Atlantic mackerel ranged between 0.045 to 0.065 mg/kg. The mercury levels were well below the limit value of 1.00
mg/kg wet weight (EC, 2006; Turkish Food Codex, 2011) for fish such as mackerel. The potential human health risks
of Atlantic mackerel sold in Istanbul were also assessed in terms of Hg levels. The estimated weekly intakes (EWI) of
the mercury were lower than established provisional tolerable weekly intakes (PTWI). Target hazard quotient (THQ)
values were below 1, indicating that Atlantic mackerel consumption is not a potential health risk in adults and chil-
dren. According to the amount of Hg, this fish can be consumed safely 3 times a week. Furthermore, it is determined
that consumption of fish from the IV. Region 4 times a week will not be a problem because of the low amount of Hg.
Our results provide a good tool to determine the Hg exposure of Turkish consumers (adult and children) via Atlantic

mackerel consumption in terms of food monitoring and food safety.

Keywords: Mercury, Scomber scombrus, Health risk, PTWI, THQ

Introduction

Fish is an important source of proteins, aminoacids, fatty
acids, vitamins and minerals, which are necessary elements for
human diet (FAO, 2020). In addition, Omega-3 fatty acids in
fish have been reported to reduce the incidence of heart disease
and stroke (Ababneh, 2013). In addition to the good benefits of
fish, fish may contain some toxic contaminants, which are of
significant concern because of their potential adverse effects
on human health (Visciano et al., 2014). The heavy metals
released into the environment have created an environmental
problem in the world. Toxic metals are important water pol-
lutants due to their toxicity, long-term environmental stability
and bioaccumulation properties (Guerin et al., 2011). Mercury
is classified as a toxic heavy metal and its presence in food
is limited by law, considering human health (Visciano et al.,

Cite this article as:

2014). The environmental risk of Hg is very high since it can
be volatile and transported over long distances in the atmo-
sphere (Ordiano-Flores et al., 2012). Once Hg entered the ma-
rine environment as a result of environmental pollution such
as transportation, agriculture, industry and urbanization, it can
accumulate in trophic level (Gorur et al., 2012). Its organic
compounds are the most toxic forms, particularly methylmer-
cury (Ikem and Egiebo, 2005). Organic mercury is absorbed
more easily by fish, so that methyl mercury enters the food
chain through fish consumption (Agusa et al., 2005; Kibria,
2016). Fish has good health effects due to PUFAs, but meth-
yl mercury may inhibit their efficiency. It causes significant
behavioral disorders in children, damaging the developing fe-
tus and young children (Guallar et al., 2002; JECFA, 2007).
Fish is the main way of human exposure to Hg. Therefore, the
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maximum mercury concentration that can be found in fish in
terms of human health is limited by law. It was generally con-
cluded that if the maximum Hg level in fish muscle exceed
the permitted limit value, consuming contaminated fish may
lead to adverse health effects on human. However, as much
as the amount of Hg in fish, the amount of fish consumed by
human is also important in terms of potential health risk. The
risk assessment based on the target hazard coefficient (THQ)
indicates the potential health risks from dietary metal intake
(Burger, 2009; Kral et al., 2017).

Atlantic mackerel is a great source of omega-3 polyunsatu-
rated fatty acids (PUFAs), which makes it an excellent food for
nutrition (Romotowska et al., 2016). Frozen imported Atlantic
mackerel (Scomber scombrus) is an important food fish in the
diet of Turkish consumers. In recent years, consumption of im-
ported mackerel from Norway has increased considerably in
Turkey. According to the Norwegian Seafood Council, Turkey
is the sixth country that imports most frozen mackerel from
Norway in 2016 (Statista, 2018). Imported mackerel can be
consumed over the year, independently from the closed fish-
ing season implemented in Turkey. Besides, its desirable taste
appreciated by Turkish people, its price also is affordable. So,
consumption of this fish has increased in this country. Unfor-
tunately, there is limited information on mercury level in im-
ported frozen Atlantic mackerel sold in our country. According
to the table of mercury levels in commercial fish and shell-
fish (1990-2012), prepared by FDA (2017), Northern Atlantic
mackerel contains low levels of Hg. However, this list was pre-
pared according to the data of NMFS REPORT 1978. Since it
is known that mercury levels in fish can vary significantly over
the years due to pollution and environmental factors; moni-
toring the current status of commercial Atlantic mackerel in
terms of mercury content and potential risks is important for
international trade and human health.

Atlantic mackerel is a pelagic carnivorous fish (Luna, 2019).
Mercury distribution in the fish depends on the age, maturation

status and habitat of the fish. It is stated that the main way of
mercury intake of fish is the diet, and differences in the feeding
ecology of such fish affects the accumulation of Hg (Bae et
al., 2011; Barone et al., 2015). Daily industrial, agricultural
and domestic human activities contribute to accumulation of
mercury in the ecosystem (Abubabakar et al., 2015), and there
may be potential risks due to heavy metal uptake changes. Al-
though there are few studies on Hg concentrations in Atlantic
mackerel, no study focused to the Estimated Weekly Intakes
(EWI), Provisional Tolerable Weekly Intakes (PTWI), Hazard
Index (HI) and the Target Hazard Quotient (THQ). Thus, it is
very important to determine of potential risks related to Hg
concentrations in Atlantic mackerel which constitutes a large
percentage of imported fish consumed in the world.

In this study, Hg levels in the edible tissues of frozen Atlan-
tic mackerel (Scomber scombrus) sold in the local fish markets
in Istanbul were determined and dietary intakes of Hg were
assessed. The health risk of Atlantic mackerel was evaluated
by calculating EWI, PTWI, HI and THQ values according to
Turkish consumers. The aims of this work were to determine
the concentrations of Hg in frozen imported Atlantic mackerel
consumed in Istanbul and to predict their potential health con-
sequences.

Materials and Methods

Samples

Atlantic mackerel samples were obtained from local fish
markets located in five main regions (Region I= Eminonu, Re-
gion [I=Uskudar, Region III= Kadikoy, Region IV= Karakoy
and Region V=Beyoglu) of Istanbul (Fig 1). Sampling (n=15)
was carried out in these markets during spring season, 2018.
According to the label information of the batches, Atlantic
mackerels were caught from the Atlantic, Northeast (FAO 27).
These samples were produced in Norway and the production
time of them varied between 20.10.2018-05.09.2018.

Figure 1. The locations of sampled local fish markets.
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Norwegian mackerels can be caught from different catching
areas in different seasons; stored as frozen, then can be export-
ed. They can also be marketed in Istanbul at different times.
This is the reason of our sampling from various regions of Is-
tanbul. Istanbul, with a population of 15.067 724, represents
a significant part of the Turkish population, since it is an im-
migration megapol of Turkey (Istanbul Governorship, 2018).
Density of the population and the performance of trade are the
reasons for choosing this city as the study area. The average
lengths of samples were 32 +1.32; 31.43 £0.12; 31.50 +£0.50;
31.00 £1.00 and 31.67 £1.53 while the average weights were
422.59 £77.41; 408.68 £10.64; 412.63 +4.65; 385.17 +£31.00
and 381.67 £24.01 for Region I, II, III, IV and V, respectively.
Each individual of fish was analyzed for Hg concentrations.

Mercury analysis

The concentration of Hg was determined following US
EPA Method 7473 (2007) using a direct mercury analyzer
(DMA-1; Milestone SRL, Sarisole BG, Italy). The method is
based on the thermal decomposition of sample, mercury amal-
gamation and atomic absorption detection. Each fish sample
was weighed (0.1 g) into a quartz tube, then, the tubes were
placed into the auto injector. The samples were heated with ox-
ygen stream passing over them at 650 °C. The mercury vapor
was mounted on a gold coupling trap and then quantitatively
decoded. The Hg content was determined using atomic absorp-
tion spectrometry at 254 nm, and the results were calculated
using DMA-1 PC software. The operating times in the study
were 1, 2 and 1 min, respectively for drying, combustion, and
post-combustion flushing periods. Total analysis time per sam-
ple was less than 10 minutes. The DMA-1 was calibrated using
the certified reference material (fish muscle (Catalogue No.
ERM-BB422, the Joint Research Centre (JRC), Italy). The re-
sults were determined in mg/kg wet weight. All analyses were
in triplicate, the mean values and standard deviations were cal-
culated.

Health risk assessment

The estimated weekly intake (EWI) value in pg/kg body
weight was determined by multiplying the mean concentration
of Hg (ng/g) with the amount of weekly consumed fish, and di-
vided by the average value of children and adult body weights
(14.5 and 70 kg) (Hajeb et al., 2009; US EPA, 2000).

EWI=[WFC X C]/ BW

In Turkey, weekly fish consumption (WFC) amounts for
adults and children are 106 g and 50 g, respectively (Fisher-
ies Statistics, 2018). C is the mean concentration of Hg (ng/g)
and BW is the average body weight. The provisional tolerable
weekly intake (PTWI) values were multiplied by the average
children and adult body weights. Then, the percent PTWI was

calculated (EFSA, 2012).

PTWI=PTWI (supplied for each metal) x BW

Target hazard quotient (THQ) values indicate health risks
to humans via dietary intake of fish because of heavy metal
exposure. The THQ, expressing the risk of noncarcinogenic ef-
fects, is the ratio between exposure and the oral reference dose
(RfD). If the ratio is less than 1, therefore, it seems to be carry
no obvious health risk. Conversely, if the dose is equal to or
greater than 1, the RfD (Yi et al., 2011), an exposed population
will experience health risks (Pazi et al., 2017). In this study,
health risks through Atlantic mackerel consumption in Turkey
were examined based on THQ values. The dose calculations
in the method of determining the THQ value were provided
in the US EPA Regional Screening Levels Generic Tables (US
EPA, 2018) and THQ values were calculated according to the
following formula (Ihedioha and Okoye, 2013):

(B, xE xF_ xC)/ (R, xW,, xT)]x 107,

where EFr is the exposure frequency (350 days/year); ED
is exposure duration, total (70 years for adults; 6 years for chil-
dren); F . is the food ingestion rate (15.07 and 7.14 g/person/
day for adult and children Turkish consumers, respectively; C
is metal concentration (ng/g); R, is the oral reference dose
(mg/kg/day); W, , is the average body weight (70 kg for adults,
14.5 kg for children), T, is averaging time for non-carcinogens
(365 days/year x ED).

An allowable fish consumption (CR,, ) rate for a noncar-
cinogen can be calculated with the following formula and is
expressed in kilograms of fish per day (kg/d) (US EPA, 2000):

CR, =R xBW/C_

where R, is for methylmercury 1.0 x 10 mg/kg/day (ATS-
DR, 2009); BW (consumer body weight) is 70 and 14.5 kg for
adults and children, respectively; C, is measured concentration
of chemical contaminant in a given species of fish (mg/kg).

Statistical analysis

Statistical analysis was performed with SPSS 21.0 (SPSS
Inc. Chicago, IL). Data were analyzed by one-way ANOVA,
and Tukey test were applied for multiple comparison. Statisti-
cal significance was expressed at p <0.05.

Results and Discussion

Observed and certified values (mg/kg) were shown in Table
1. The mean concentrations of Hg were 0.056 +0.01, 0.063
+0.02, 0.057 £0.00, 0.045 £0.01 and 0.059 £0.01 mg/kg for
Region I, II, III, IV, V, respectively (Fig 2). EWI and PTWI
values for adults and children were presented in Table 2 while
THQ and CR,  values for adults and children were given in
Table 3.

Table 1. Observed and certified values (mg/kg) of mercury concentrations in standard reference material (dry weight) (n=3)

Certified value Uncertainty

Observed value Recovery (%)

Hg 0.601 0.030

0.645 +0.040 107.32
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In our study, there were no significant differences (p> 0.05)
between Hg concentrations of fish, obtained from different
regions of Istanbul. Alcala-Orozco et al. (2018) also showed
similar finding to our study. In general, the permitted limit for
Hg in fish is 0.50 mg/kg, but this limit is 1.00 mg/kg for the
species such as mackerel (EC, 2006; Turkish Food Codex,
2011). The highest mean concentration of Hg was found as
0.063 mg/kg for Region II (Figure 2), and the mercury con-
centrations of all samples were well below the limit value of
1.00 mg/kg wet weight. Tuzen (2009) reported Hg concentra-
tion in Atlantic mackerel (Scomber scombrus) as 0.06 mg/kg.
Likewise, Visciano et al. (2014) reported the concentrations of
Hg for Atlantic mackerel samples below 1 mg/kg. Luczynska
and Krupowski (2001) stated that the contents of Hg in Scomb-

er scombrus bought from supermarkets of Olsztyn, Poland
ranged between 0.039-0.068 mg/kg (mean 0.052 mg/kg). In
addition, Kral et al. (2017) and Mol (2011)_found that average
concentrations of total mercury (mg/kg) lower than the legal
limit (1.00 mg/kg) for canned mackerel. The value of Hg in
frozen Atlantic mackerel purchased from the Jagalchi fish mar-
ket of Korea was found to be 0.08 mg/kg (Bae et al., 2011).
Likewise, total Hg content in mackerel from Malaysia (Hajeb
et al. 2010), Italy (Plessi et al., 2001; Storelli et al., 1998), and
Croatia (Juresa and Blanusa, 2003) reported below 1 mg/kg.
These results are similar to our findings. However, Abubakar
ve et al. (2015) reported Hg concentrations in frozen Scomber
scombrus above the permitted limits and suggested periodical
monitoring regarding human health risks._

0,07

—HH

0,06

T
O,JGI

Hg (mg/kg)

—HH

—H

Regions

Figure 2. Mean concentrations of Hg (mg/kg wet weight) in Atlantic mackerel samples of different regions.

Table 2. Estimated weekly intakes (EWI) and percent PTWI’s for Atlantic mackerel, consumed by children and adults

PTWI*  PTWI”
PTWI (ug Hg /week/kg body weight) (%) (%) Adult Children
Adult Child
Regions EWI  PTWI (%) EWI  PTWI (%)
1.6° 112 23.2
I 0.08 5.29 0.19  12.05
11 0.10 5.99 022 13.64
111 0.09 5.41 020  12.33
v 0.07 4.26 0.16 9.71
A% 0.09 5.59 020 12.72

*PTWI for a 70 kg adult (ng/week body weight)
** PTWI for a 14.5 kg child (pg/week body weight)
a EFSA, 2012

The PTWI values for adults and children were calculated
and compared with EWI values (Table 3).

The estimated weekly intake (EWI) values of Hg in our
study were ranged between 0.07- 0.10 pg/kg bw/week for
adults, and 0.16- 0.22 pg/kg bw/week for the children. Even
though EWI of young’s were higher than that of adults; it was
still very far from indicating a potential risk, due to consump-

tion of Atlantic mackerel. The established PTWI values (png/
week/kg) were proposed as 1.6 for Hg (EFSA, 2012). In this
study, the average adult and child body weight were consid-
ered as 70 and 14.5 kg, respectively. The results indicated that
the EWIs of total mercury were below the respective PTWI
(Provisional tolerable weekly_intakes) (ug/kg/week) recom-
mended by EFSA (2012). A potential risk has been notified
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when the percent PTWI is above 100 % (Mol et al., 2019). So,
average Turkish adult and young population, consuming fro-
zen Atlantic mackerel, does not have a health risk in terms of
mercury. Likewise, Llull et al. (2017) reported the estimated
weekly intakes (EWI) in children (7-12 years of age, 34.48
pg/kg body weight) and adults (>17 years of age, 68.48 ng/
kg body weight) below the provisional tolerable weekly intake
(PTWI) of Hg established by EFSA in 32 fish species from
the Balearic Islands._Similarly, the EWI of total mercury in
grey mullet from The Caspian Sea was below the respective
PTWI for an adult (70 kg) (Hosseini et al., 2013). However, the
absence of risk for the average consumer does not mean that
there is no risk for the heavy consumers (Guerin et al., 2011).
Olmedo et al. (2013) reported that there is no risk of heavy

metal in some shark species. However, they emphasized the
possibility of health risk in over-consumption of these species.
But at the same time they highlighted the possibility of health
risk for heavy consumers on account of excessive shark con-
sumption. Akhbarizadeh et al. (2018) found that Hg weekly
intakes for adults below the reference values in fish species
caught from the northeast Persian Gulf. But, they stated that
children under 16 kg should have less than 50 g of meal size.
In addition, Hajeb et al. (2009) found that the EWI values were
below the respective PTWI for in mackerel from fish markets
in Malaysian, and also underlined that the large consumption
pattern for mackerel may increase health risks in terms of es-
pecially pregnant women and children._

Table 3. Estimated Target Hazard Quotients (THQs) and cancer risk (CR,; ) for Hg caused by consuming Atlantic mackerel for

children and adults.

CRiim (g/day) / CRiim (meals per week) THQ

Children Adults Children Adults
26/3 125/3 0.34 0.12
23/3 111/3 0.39 0.14
25/3 122/3 0.35 0.12
32 /4 155/4 0.28 0.10
25/3 119/3 0.36 0.13

The THQ was used to express the potential health risks of
adult and young Turkish people, consuming Atlantic mackerel.
If the ratio is less than 1, potential risk is not concerned. This
level of exposure is thought to be insignificant enough to have
no negative effect during a person’s lifetime (Yi et al., 2011).
In the present study, the THQs values for Hg via Atlantic mack-
erel consumption were determined well below 1 for adults and
children (Table 3). It shows that exposure to Hg via imported
Atlantic mackerel consumption do not pose a significant health
risk for children and adults. Yi et al. (2011) studied the health
risks of heavy metals to the general population and fisherman
in Yangtze River, China. Likewise, they reported THQ values
for all species below 1, but emphasized health risks associated
with fish consumption should be controlled regularly.

CR, is the maximum allowable consumption rate without
adverse health effects. Therefore, to determine the allowable
fish consumption (daily or weekly) is very important for hu-
man health (Hosseini et al., 2013). In this study, the allowable
fish consumption rates were determined according to adults
and children for all regions (Table 3). The standard portion
amount of raw fish consumed by an average adult and child
are 227 g and 48 g, respectively according to US EPA (2000).
The average body weights of Turkish adults and children as-
sumed to be 70 and 14.5 kg, respectively. According to the
amount of Hg, this fish can be consumed safely 3 times a week.
Furthermore, it is determined that consumption of fish from
the IV. Region 4 times a week will not be a problem because
of the low amount of Hg. According to weight of adult and
children, the consumption rates and the number of meals can

be proportionally higher or lower, respectively. Hosseini et al.
(2013) calculated CR, and the permissible amount of grey
mullet from the Caspian Sea in terms of mercury intake, using
the same method. They reported allowable consumption rate
as 51 g, and concluded that is not a serious threat for Iranian
consumers. Asare-Donkor and Adimado (2016) evaluated the
concentrations of the total mercury in fish from the Ankobra
and Tano River basins in South Western Ghana, and estimated
the THQs, allowable consumption rate and EDI values with
regard to human health. They emphasized that these values
should be carefully monitored and controlled to reduce the po-
tential health risks of Hg levels. Alcala-Orozco et al. (2017)
studied Hg concentrations in canned tuna sold in Colombia and
estimated maximum allowable tuna consumption rate in meals/
week (CR ) regarding human exposure. They resulted that the
consumption of canned tuna may pose a high risk to the people
of Colombia. Moreover, Olivero-Verbel et al. (2016) assessed
the levels of Hg in fish in the Caqueta River, at the Colombian
Amazon, as well as to determine fish consumption-based risks
(CR_ , THQ), but THQS values were so high than our results,
and CR_  indicated that Hg concentrations are limited to two
meals a week, recommending these fish species may be risky
for consumer health revealed. Pal and Maiti (2017) evaluated
health risks of the heavy metal pollution in cultured fish from
Urban Aquaculture Pond, India in case of children and adults,
and THQs values were higher than our results.

Conclusions

The frozen Atlantic mackerel is one of the most commer-
cially valuable fish species in European countries. Also, it is
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considerably important food source, commonly consumed all
over the world. In the present study, it was determined that
estimated weekly intakes (EWI) of mercury via consumption
of Atlantic mackerel were far below the established provi-
sional tolerable weekly intake (PTWI) values recommended
by EU (2006) in case of adult and children. The THQ 