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Abstract: People often consume organic foods because they believe they are healthier and tastier
foods. Agricultural products consumed by humans may contain harmful components such as
chemical residues and heavy metals. The aim of this study is to compare the fruit quality parameters
and heavy metal contents of strawberries grown in organic and conventional agriculture. Fruit, soil
and water samples were taken from 10 organic and 10 conventional strawberry farms in the Hüyük
district, located in the Central Anatolia Region of Turkey, in 2019–2020. The fruit quality parameters
of the obtained fruit samples were examined and it was determined whether there were significant
differences in fruit, soil and water contents in terms of Zn, Cu, Pb and Cd. According to the study
findings, fruit quality parameters were found to be higher in organic strawberries. Additionally, it
was determined that there was Zn and Cu accumulation in both organic and conventional strawberry
fruits, but the heavy metal accumulation did not exceed the acceptable limit. According to these
results, it can be said that the products grown in the region where organic strawberry cultivation is
intense do not show pollution in terms of heavy metals.

Keywords: berries; food safety; heavy metals; pollution

1. Introduction

People started to engage in various economic activities to meet their needs, especially
in the process that started with the industrial revolution, and tried to meet their daily
needs by changing and transforming nature [1,2]. In agricultural production activities,
methods focused on the intensive use of chemical inputs, excessive irrigation, monocul-
ture production, faulty tillage and cultivation in unsuitable areas (intensive agriculture)
cause great damage to agricultural production resources and destroy the abilities of these
resources to repair themselves [3]. Intensive chemical inputs used for increasing yield in
intensive agriculture have caused pollution of water, soil and food products with nitrates,
heavy metals and pesticide residues, as well as the eutrophication of fresh water and some
changes in the lower layer of the atmosphere over time [4]. Increasing environmental
awareness and the various hazards found in food products, such as dioxins and bacterial
contamination, have significantly reduced consumer confidence in food quality over the
past decade. For these reasons, consumers have started to search for reliable and quality
food produced with environmentally friendly methods [5].

Sustainability is redesigning nature and natural resources used in production–
consumption processes to meet the needs of current and future generations by preserv-
ing their characteristics [6]. In terms of organic agriculture, which reflects sustainable
economic activities in the agricultural production process, “It is defined as an agricul-
tural production method that aims to produce healthy products that are controlled and
documented at every stage from production to consumption, solving environmental
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problems by preserving and improving the natural balance, protecting the health of
humans and other living beings” [7].

Food quality and food safety are two important factors of increasing importance in
modern industry. One of the important problems long encountered in foods obtained from
agricultural production activities using modern agricultural methods (from the industrial
revolution to this time) is heavy metal accumulation in these foods [8]. Heavy metals found
in nature have been mixed into the atmosphere and soil as a result of industrial production
and consumption activities carried out to meet the various needs of people [9]. Heavy
metals are elements that are naturally occurring and have a high density of more than
5 g/cm3 [10,11], with high atomic weights, or atomic numbers [9]. The most common and
polluting heavy metals are lead (Pb), arsenic (As), cadmium (Cd), chromium (Cr), iron
(Fe), cobalt (Co), copper (Cu), nickel (Ni), mercury (Hg) and zinc (Zn) [9,10]. A large part
of heavy metals, which are absorbed by living things in various ways (oral, respiratory
and skin) and cannot be excreted by the body’s excretory systems (kidney, liver, intestine,
lung, skin), can accumulate in biological organisms. When these metals reach effective
doses, they can cause serious diseases such as thyroid, neurological, autism, infertility
and even death [10]. The heavy metal total content limit values allowed in the soil by
the General Directorate of Environment and Forestry of Turkey and the heavy metal limit
values allowed in plants by WHO/FAO are given in Table 1 [12,13].

Table 1. Heavy metal limit values in soil and plants.

Heavy Metal
Heavy Metal Limit Values in

Turkey (pH > 6)
(mg/kg Dry Soil)

Heavy Metal Limit Values
(mg/kg) Accepted by
FAO/WHO in Plants

Zn 300 50
Cu 140 5
Pb 300 2
Cd 3 0.5

Strawberry is a powerful antioxidant due to its rich content of vitamins A, B6, B9, B12
and especially C [14,15]. It is also a fruit rich in sodium, potassium, manganese, calcium
nutrients, fiber and carbohydrates [15]. The fruits of this plant, which have a pleasant
smell and aroma, are an important food source consumed fresh or processed for a healthy
diet, having blood-pressure-lowering properties, anticancer effects and cardiovascular-
risk-reducing properties [16,17]. Strawberry, which is very important in terms of human
nutrition and health and is also used as an important raw material in the food industry,
is a fruit with high economic value. According to FAO 2021 data, 9,175,384.43 tons of
strawberries were produced in 389,665 ha worldwide and 669,195 tons of strawberries
were produced in 18,676 ha in Turkey [18]. According to FIBL 2020 data, the total organic
strawberry production area in the world is 9573 ha [19]. In general, organic foods are
considered to be of higher quality and safer than conventional foods.

The limited number of studies on food safety and quality in organic products
and the multifaceted nature of the topic cause the continuation of disagreements on
the subject. There is a possibility of heavy metal residues in organic foods. This
situation needs to be revealed through planned and comprehensive studies. There are
numerous studies [20–25] examining the effect of organic crop cultivation practices on
strawberry yield, fruit quality and the amount of biochemical compounds. However,
only a few studies [26–28] have focused on a more holistic understanding of whether
organic strawberries contain residue of heavy metals. In this study, we aimed to
compare the fruit quality criteria of strawberries grown by organic and conventional
methods and to determine the differences in fruit, soil and water contents in terms of
Zn, Cu, Pb and Cd. Within the scope of the study, soil, water and fruit samples were
taken from 10 strawberry farms with organic certification and 10 strawberry farms
that use conventional methods, and heavy metal contents were determined in order to
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scientifically clarify the above-mentioned views. In addition, fruit quality criteria were
determined in the samples in order to determine the effect of cultivation methods on
product quality.

2. Materials and Methods
2.1. Research Area

The research was carried out in the Hüyük district of Konya Province, located in
the Central Anatolia Region of Turkey, in 2019–2020. Hüyük is located between 37◦57′ N
latitude and 31◦35′ E longitude, and the average elevation of the region above sea level is
1245 m. In the region, summers are hot and dry, and winters are cold and rainy. In this
study, the monthly maximum and minimum temperature, mean monthly temperature
and precipitation data of the district stations of Hüyük were obtained from the General
Directorate of Meteorology and are presented in Table 2. The soil structures of the agricul-
tural lands in the region are similar to each other, and the ground of the district consists
of limestone, silt and clay mixture, and schist marls. The Hüyük district is located within
the Beyşehir Lake Basin, surrounded by mountains, and is a kind of closed basin. For
this reason, efforts are being made to declare the region as an Organic Agriculture Re-
gion. Strawberry production is carried out on an open cultivated area of 1000 ha in the
Hüyük district, where wheat and barley were grown on agricultural lands in previous
years. In the region, 1600 farmers registered with the Ministry of Agriculture and Forestry
produce organic strawberries with a Geographical Indication Certificate [29], and farmers
are cultivating with methods in accordance with these certificate rules. Conventional
farmers, on the other hand, continue their production within the framework of integrated
agriculture rules in order not to pollute the region, in line with the recommendations of the
representatives of the Ministry of Agriculture in the district.

Table 2. Climate data of the Hüyük district for 2019–2020 1.

Monthly Minimum
Temperature

(◦C)

Monthly Maximum
Temperature (◦C)

Mean Monthly
Temperature

(◦C)

Mean Monthly Precipitation
(mm = kg ÷m2)

2019 2020 2019 2020 2019 2020 2019 2020

January −11.9 −7.9 9.0 7.1 0.1 −1.5 157.1 103.0
February −5.5 −13.4 12.2 12.8 2.9 1.5 31.0 51.0

March −5.6 −7.0 17.1 18.4 5.4 6.0 23.0 46.3
April −2.8 1.1 20.9 22.2 7.8 9.6 70.2 28.5
May 1.5 0.8 30.2 30.7 15.8 14.6 13.3 66.3
June 12.1 7.4 30.5 29.2 19.2 18.1 82.3 29.4
July 9.9 14.4 32.2 33.7 20.9 24.0 9.1 2.2

August 11.8 13.1 34.7 33.7 21.9 23.0 16.7 20.1
September 5.1 12.7 30.4 34.4 18.7 21.4 27.6 38.7

October 7.3 8.0 26.6 27.9 15.2 16.3 6.8 21.6
November 1.9 −2.3 20.2 16.2 9.9 6.3 36.1 12.0
December −5.0 −2.8 14.6 11.7 3.2 4.8 97.8 38.9

1 Data obtained from the General Directorate of Meteorology.

In the study, strawberry fruits obtained from 10 different organic-certified produc-
ers and 10 different conventional producers in Konya Province’s Hüyük district, which
produces the Albion variety of strawberries, were used (Figure 1a,b).
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Figure 1. (a) General view on the map of the area where fruit, soil and water samples were taken;
(b) stations where Albion strawberry samples were taken; blue marks indicates the conventional,
green marks organic stations.

2.2. Material

In this research, the Albion strawberry variety was preferred as a plant material, which
is widely produced in the region, has high commercial value and is preferred for fresh
consumption. Albion, a short-day neutral variety developed in the USA, is adaptable to
various climatic conditions and cultivated similarly to Diamante. It has higher fruit quality,
darker fruit color and better resistance to Phytophthora cactorum than Diamante [30]. The
fruits of the Albion strawberry variety are conically shaped, large and have hard firmness,
and also have a high content of total soluble solids, sugars and aroma [30,31]. This variety
is resistant to Verticillium wilt (Verticillium dahliae), crown rot (Phytophthora cactorum) and
anthracnose fruit rot (Colletotrichum acutatum) [32].
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2.3. Method

The study was carried out in two different periods designated as spring and autumn
production seasons. For the research, soil, water and fruit samples were taken from
10 organic and 10 conventional strawberry-growing stations in 3 replications on 19–21
September 2019 and 25–26 June 2020.

2.3.1. Determination of Fruit Quality Parameters

Fruits were taken simultaneously from the producers in 3 replications, each weighing
1 kg, considering the harvest time. Strawberry samples obtained each season were delivered
to Akdeniz University Faculty of Agriculture Laboratories and fruit quality analyses were
carried out. In the laboratory analysis processes, some of the strawberry fruits were first
washed with tap water and then washed twice with double-distilled water in order to carry
out the determined quality analyses. The following quality parameters were examined in
washed fruit samples. Fruit weight was measured using a digital balance (Denver TP-152,
Denver Instruments, Bohemia, NY, USA) with a sensitivity of 0.01 g. Fruit width and length
were measured in mm with the help of a digital caliper from 20 fruits randomly taken
from each harvested fruit in each plot. Firmness was measured as kg·cm−2 with a special
hardness-measuring device (FT011) using a 7 mm pointed tip from the middle of the fruit
at 3 different points. In the fruit juice obtained from fruit samples, the total amount of
water-soluble solids (TSS) was measured in % with a digital refractometer (Hanna HI96801,
Hanna Instruments, Smithfield, RI, USA), and pH was measured with a pH meter (Inolab
pH 720, WTW, Weilheim, Germany).

2.3.2. Determination of Heavy Metal Contents

Heavy metal analyses of the fruits were carried out by a private Istanbul environmental
analysis laboratory. Soil and water samples taken from the stations where the fruits were
collected were sent to the Ministry of Agriculture and Forestry Laboratory (Ankara) for
heavy metal analysis.

Strawberry fruits to be analyzed for heavy metals were frozen at −80 ◦C and packed
with dry ice and sent to a special laboratory called Environment Food Analysis (Istanbul)
with special poly packaging providing a cold chain at −18 ◦C. Quantitative analysis of the
total heavy metal content was performed by ICP/MS [33].

Water samples were taken from the underground water sources used for irrigation
at the stations where fruit samples were taken. The water samples taken were filled into
1 lt plastic bottles that were washed 3 times with water and then passed through distilled
water. In order to prevent microbiological activity, a few drops of toluene were added and
sent to the laboratory where the analysis would be performed. Heavy metal contents in
water samples were analyzed by ICP-MS.

Soil samples were taken from a depth of 0–30 cm in 3 repetitions from each of the
stations where organic and conventional strawberry cultivation is carried out in the Hüyük
district and placed in plastic bags and brought to the laboratory. Soil samples were homog-
enized by pounding in a mortar after drying in the open air. Then, the soil was passed
through a stainless-steel sieve with a diameter suitable for the type of analysis. The amounts
of Zn, Cu, Pb and Cd in the extract were determined in ICP-OES [34].

2.4. Statistical Analysis

The study was carried out during 2 different periods, spring and autumn, covering the
production seasons. Fruits were taken simultaneously from the producers in 3 replications.
Data from the two seasons were arranged and statistically analyzed using SPSS version 22
software (IBM, Chicago, IL, USA). Analysis of variance and Duncan’s Multiple Range Test
at a significance level of p < 0.05 were used for the comparison of means.
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3. Results
3.1. Fruit Quality Parameters

The effects of organic and conventional growing techniques on fruit firmness in the
spring and autumn growing seasons are given in Table 3.

Table 3. Effects of different seasons and cultivation practices on strawberry fruit firmness (kg).

Spring Cultivation Season Autumn Cultivation Season

Stations
Cultivation Technique Cultivation Technique

Organic Conventional Organic Conventional

1 5.59 8.18 a * 3.97 6.81
2 4.17 5.30 b 4.01 6.08
3 4.21 6.38 ab 4.71 5.36
4 5.30 6.08 ab 5.20 6.38
5 4.42 5.36 b 4.28 6.08
6 3.90 5.75 ab 5.72 6.24
7 5.72 5.19 b 5.79 4.91
8 5.35 5.18 b 4.84 6.08
9 5.59 4.90 b 5.78 5.99
10 5.07 6.43 ab 5.30 5.96

ACT 4.93 B 5.88 A 4.96 B 5.99 A

Season × Station Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique Significant at the p ≤ 0.05 significance level
Station × Cultivation Technique Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique × Station Insignificant at the p ≤ 0.05 significance level

* Different lettering in the same column indicates statistically significant differences at the p ≤ 0.05 significance
level. Averages of Cultivation Technique (ACT).

As seen in Table 3, the effect of the growing technique on fruit firmness values was
found to be statistically significant in the spring season (p < 0.005). According to our study
findings, when organic agriculture and conventional agriculture were compared, higher
values were obtained from conventional agriculture in terms of fruit firmness ACT in the
spring (5.88 kg) and autumn (5.99 kg) seasons (Table 3).

Cultivation technique and season had significant effects on average fruit weight
(Table 4). When organic farming and conventional farming were compared, higher values
were obtained from organic farming in the spring (8.38 g) and autumn seasons (8.99) in
terms of ACT in fruit weight.

The results showed that the TSS values were found to be statistically significant at
the p < 0.05 significance level (Table 5). In the spring season, the highest TSS value was
obtained from station 5 in organic agriculture and station 6 in conventional agriculture. The
highest TSS value in the autumn season was obtained from station 4 in organic agriculture
and conventional agriculture. According to our study findings, when organic farming and
conventional farming were compared, higher values were obtained from organic farming
in the spring and autumn seasons in terms of ACT in TSS (Table 5).

As shown in Table 6, the pH values examined within the scope of the study were
found to be statistically significant at the p < 0.05 significance level, but similar values
were obtained between the applications, except for spring-season organic agriculture and
ACT. The highest numerical pH value in the spring season was obtained from station 5 in
conventional agriculture (Table 6). The highest numerical pH value in the autumn season
was obtained from station 3 in organic agriculture (Table 6).

Results of variance analysis show that the fruit width values were found to be statis-
tically significant (p < 0.05) (Table 7). In the spring season, the highest fruit width values
were obtained from stations 9 and 10 in organic agriculture. The highest fruit width value
in the autumn season was obtained from station 9 in organic agriculture. According to our
study findings, when organic and conventional farming were compared, higher values
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were obtained from organic farming in the spring (38.84 mm) and autumn (32.57 mm)
seasons in terms of ACT in fruit width (Table 7).

Table 4. Effects of different seasons and cultivation practices on strawberry fruit weights (g).

Spring Cultivation Season Autumn Cultivation Season

Stations
Cultivation Technique Cultivation Technique

Organic Conventional Organic Conventional

1 7.87 cde * 5.23 de 9.46 bc 5.90 b
2 9.54 abc 4.07 e 10.15 ab 5.58 b
3 10.15 ab 5.60 cde 8.61 bcd 10.29 a
4 8.12 cde 5.90 cde 7.24 de 5.90 b
5 7.47 de 5.58 cde 8.36 cde 5.62 b
6 7.88 cde 10.29 b 11.38 a 6.07 b
7 10.82 a 7.89 c 11.22 a 5.90 b
8 8.86 bcd 7.58 cd 8.66 bcd 5.90 b
9 6.65 e 14.63 a 6.84 e 5.90 b
10 6.41 e 5.28 de 7.98 cde 5.64 b

ACT 8.38 A 7.21 B 8.99 A 6.27 B

Season × Station Significant at the p ≤ 0.05 significance level
Season × Cultivation Technique Significant at the p ≤ 0.05 significance level
Station × Cultivation Technique Significant at the p ≤ 0.05 significance level
Season × Cultivation Technique × Station Significant at the p ≤ 0.05 significance level

* Different lettering in the same column indicates statistically significant differences at the p ≤ 0.05 significance
level. Averages of Cultivation Technique (ACT).

Table 5. Effects of different seasons and cultivation practices on strawberry TSS (%).

Spring Cultivation Season Autumn Cultivation Season

Stations
Cultivation Technique Cultivation Technique

Organic Conventional Organic Conventional

1 7.00 cd * 8.67 ab 7.17 c 7.50 bc
2 7.50 bcd 9.00 ab 6.95 c 8.00 abc
3 9.00 ab 5.33 c 6.93 c 7.00 c
4 8.00 bcd 7.83 b 10.00 a 9.00 a
5 10.00 a 8.00 b 8.13 bc 8.67 ab
6 8.00 bcd 10.00 a 8.32 bc 5.00 d
7 8.67 abc 7.33 b 8.00 bc 8.00 abc
8 8.83 ab 7.33 b 9.00 ab 7.83 abc
9 9.00 ab 9.00 ab 8.00 bc 7.00 c
10 6.83 d 5.17 c 9.33 ab 8.67 ab

ACT 8.28 A 7.77 B 8.18 A 7.67 B

Season × Station Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique Significant at the p ≤ 0.05 significance level
Station × Cultivation Technique Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique × Station Insignificant at the p ≤ 0.05 significance level

* Different lettering in the same column indicates statistically significant differences at the p ≤ 0.05 significance
level. Averages of Cultivation Technique (ACT).

According to Table 8, in the spring and autumn seasons, the highest fruit length values
were obtained from station 9 in organic agriculture. According to our study findings, when
organic farming and conventional farming were compared, higher values were obtained
from organic farming in the spring (42.01 mm) and autumn (39.30 mm) seasons in terms of
ACT in fruit length.
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Table 6. Effects of different seasons and cultivation practices on strawberry pH.

Spring Cultivation Season Autumn Cultivation Season

Stations
Cultivation Technique Cultivation Technique

Organic Conventional Organic Conventional

1 3.46 3.83 ab * 3.35 d 3.62 abc
2 3.63 2.85 c 3.15 e 3.29 d
3 3.42 3.46 b 3.84 a 3.48 bcd
4 3.47 3.44 b 3.70 ab 3.48 bcd
5 3.56 3.92 a 3.57 bc 3.40 bcd
6 3.55 3.58 ab 3.46 cd 3.33 cd
7 3.51 3.52 ab 3.62 bc 3.65 ab
8 3.46 3.88 ab 3.40 d 3.56 abcd
9 3.50 3.45 b 3.32 d 3.80 a
10 3.53 2.81 c 3.60 bc 3.80 a

ACT 3.51 3.47 3.50 3.54

Season × Station Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique Significant at the p ≤ 0.05 significance level
Station × Cultivation Technique Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique × Station Insignificant at the p ≤ 0.05 significance level

* Different lettering in the same column indicates statistically significant differences at the p ≤ 0.05 significance
level. Averages of Cultivation Technique (ACT).

Table 7. Effects of different seasons and cultivation practices on strawberry fruit width (mm).

Spring Cultivation Season Autumn Cultivation Season

Stations
Cultivation Technique Cultivation Technique

Organic Conventional Organic Conventional

1 25.47 c * 23.97 bcd 29.87 c 24.26 ab
2 30.00 c 21.57 cd 26.25 c 24.72 ab
3 26.01 c 24.31 abcd 30.34 c 29.73 a
4 26.12 c 25.19 abcd 24.96 c 24.73 ab
5 26.12 c 19.83 d 26.28 c 25.19 ab
6 26.07 c 29.39 ab 30.36 c 29.03 a
7 31.29 c 26.80 ab 30.19 c 21.25 b
8 41.71 b 29.73 a 39.04 b 25.19 ab
9 57.89 a 26.15 abc 62.20 a 24.11 ab
10 57.73 a 24.73 abcd 26.21 c 24.34 ab

ACT 34.84 A 25.17 B 32.57 A 25.25 B

Season × Station Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique Significant at the p ≤ 0.05 significance level
Station × Cultivation Technique Significant at the p ≤ 0.05 significance level
Season × Cultivation Technique × Station Significant at the p ≤ 0.05 significance level

* Different lettering in the same column indicates statistically significant differences at the p ≤ 0.05 significance
level. Averages of Cultivation Technique (ACT).

3.2. Heavy Metal Contents

As a result of analyses carried out to evaluate strawberries in terms of pollution risk,
the overall pollution level of heavy metals in strawberries in Hüyük was low. Likewise,
while low levels of Zn and Cu residues were found in the fruit samples taken, Pb and Cd
were not detected (Tables 9 and 10). This situation shows that organic and conventional
strawberries produced in the region where intensive strawberry cultivation is carried out
do not carry high risk in terms of Zn, Cu, Pb and Cd heavy metals.

In the spring period, the highest Zn content among organic strawberry stations was
determined at station 6, while it was found at station 3 among the conventional stations
(Table 9). The Zn contents of the fruits taken from different stations in the autumn season
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were also evaluated and the highest Zn content in organic strawberry fruits was found at
station 5, and in conventional strawberry fruits at stations 3 and 8. In addition, it was also
determined that the average Zn content in the conventionally grown fruits in the spring
and autumn period was higher than that in the organic ones (Table 9).

Table 8. Effects of different seasons and cultivation practices on strawberry fruit length (mm).

Spring Cultivation Season Autumn Cultivation Season

Stations
Cultivation Technique Cultivation Technique

Organic Conventional Organic Conventional

1 36.17 d * 31.71 ab 37.32 bcd 19.35 b
2 38.13 d 27.46 bc 35.24 bcd 36.88 a
3 35.37 d 20.26 cd 34.83 bcd 24.63 b
4 35.00 d 19.35 d 32.03 d 24.63 b
5 33.14 d 25.25 bcd 33.85 cd 19.35 b
6 35.13 d 36.88 a 40.60 b 36.84 a
7 40.51 cd 19.26 d 40.06 bc 19.68 b
8 46.04 c 24.63 cd 37.91 bcd 19.35 b
9 65.03 a 23.77 cd 64.89 a 19.35 b
10 55.56 b 23.19 cd 36.28 bcd 19.53 b

ACT 42.01 A 25.18 B 39.30 A 23.96 B

Season × Station Significant at the p ≤ 0.05 significance level
Season × Cultivation Technique Insignificant at the p ≤ 0.05 significance level
Station × Cultivation Technique Significant at the p ≤ 0.05 significance level
Season × Cultivation Technique × Station Significant at the p ≤ 0.05 significance level

* Different lettering in the same column indicates statistically significant differences at the p ≤ 0.05 significance
level. Averages of Cultivation Technique (ACT).

Table 9. Effects of different seasons and cultivation practices on strawberry Zn content (ppm).

Spring Cultivation Season Autumn Cultivation Season

Stations
Cultivation Technique Cultivation Technique

Organic Conventional Organic Conventional

1 0.925 ab * 0.853 d 0.863 bc 1.230
2 1.330 ab 1.023 cd 0.730 c 1.315
3 0.765 b 1.853 a 1.103 a 1.550
4 0.890 ab 1.537 ab 1.053 ab 1.230
5 1.185 ab 1.260 bc 1.117 a 1.150
6 1.475 a 1.763 a 0.860 bc 1.390
7 0.970 1.093 cd 1.033 ab 1.280
8 0.795 b 0.850 d 0.947 ab 1.550
9 0.805 b 1.107 cd 1.026 ab 1.165
10 1.305 ab 1.247 bc 1.107 a 1.100

ACT 1.044 B 1.259 A 0.984 B 1.296 A

Season × Station Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique Significant at the p ≤ 0.05 significance level
Station × Cultivation Technique Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique × Station Insignificant at the p ≤ 0.05 significance level

* Different lettering in the same column indicates statistically significant differences at the p ≤ 0.05 significance
level. Averages of Cultivation Technique (ACT).

In the spring period, the highest Cu content in organic strawberry fruits was found at
station 7 (Table 10). In the autumn period, the highest Cu content in organic strawberry
fruits was found at station 10, and the highest Cu content in conventional strawberry fruits
was found at station 4 (Table 10). When the organic and conventionally grown strawberry
fruits were compared in terms of Cu content, the average Cu content in the organic-grown
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fruits in the spring was determined to be higher than in the conventional ones; in the
conventionally grown fruits, in autumn, the average Cu content was determined to be
higher than in the organic ones (Table 10). As a result of the analysis, Pb and Cd contents
could not be determined in strawberry fruit samples.

Table 10. Effects of different seasons and cultivation practices on strawberry Cu content (ppm).

Spring Cultivation Season Autumn Cultivation Season

Stations
Cultivation Technique Cultivation Technique

Organic Conventional Organic Conventional

1 <0.05 <0.05 <0.05 0.570 b
2 <0.05 <0.05 <0.05 0.940 b
3 <0.05 <0.05 <0.05 0.743 b
4 <0.05 <0.05 0.610 c 1.700 a
5 0.493 abc * <0.05 <0.05 0.595 b
6 0.747 ab 0.707 <0.05 0.605 b
7 0.770 a <0.05 <0.05 0.617 b
8 0.290 bcd <0.05 <0.05 0.645 b
9 0.320 abcd <0.05 0.523 b 0.670 b
10 0.190 cd <0.05 0.680 a 0.495 b

ACT 0.281 A 0.071 B 0.181 B 0.758 A

Season × Station Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique Insignificant at the p ≤ 0.05 significance level
Station × Cultivation Technique Insignificant at the p ≤ 0.05 significance level
Season × Cultivation Technique × Station Insignificant at the p ≤ 0.05 significance level

* Different lettering in the same column indicates statistically significant differences at the p ≤ 0.05 significance
level. Averages of Cultivation Technique (ACT).

Within the scope of the study, samples taken from irrigation water sources of each
organic and conventional production station were analyzed in order to determine the heavy
metal content of irrigation water.

When the Zn level of irrigation water was examined in strawberry-growing regions,
the highest Zn content was 106.18 ppm at station 3 in water samples taken from organic
farming areas and 120.22 ppm at station 10 in samples taken from conventional farming
areas. Comparing the water samples taken from the organic and conventional production
areas in terms of total Zn content, the Zn level was found to be higher in the water samples
taken from the conventional farming areas (Figure 2a). This affected the Zn content of the
fruits, and the Zn contents of the fruit samples taken from the conventional plots were
found to be higher than those of the organic plots.

The highest Cu content was 37.55 ppm at station 8 in the water samples taken from
the regions where organic farming is carried out and 79.25 ppm at station 10 in the samples
taken from the regions where conventional farming is practiced (Figure 2b). When the
water samples taken from the organic and conventional production areas were compared
in terms of total Cu content, the Cu level was higher in the water samples taken from the
organic farming areas.

The average values of Cd and Pb in the analysis of organic and conventional strawberry
fruit samples were below the detection limit.

When the Pb level of irrigation water was examined in strawberry-growing regions,
the highest Pb content was 28.37 ppm at station 3 in water samples taken from organic
farming areas and 9.29 ppm at station 8 in samples taken from conventional farming areas
(Figure 2c). When the water samples taken from the organic and conventional production
areas are compared in terms of total Pb content, the Pb level is higher in the water samples
taken from the organic farming areas.
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Figure 2. Zn (a), Cu (b) and Pb (c) contents in water samples taken from different stations. Circular
marks indicate statistically significant differences (p < 0.05) between organic and conventional stations.

The heavy metal (Zn, Cu, Pb, Cd) contents of different organic and conventional
stations soils are shown in Figure 3. Since heavy metals are transported from soil to
strawberries through the roots and stems of plants, soil is considered one of the important
sources of pollutants. The fact that the average concentrations of different heavy metals
(Zn, Cu and Pb) were lower than the risk screening values show that the general heavy
metal pollution in Hüyük soils where organic and conventional strawberry cultivation is
carried out is not a serious problem.

The Zn level in soil samples taken from organic and conventional farming areas was
examined, and the highest Zn content was 133.80 ppm at station 6 in soil samples taken
from organic farming areas and 74.66 ppm at station 1 in samples taken from conventional
farming areas (Figure 3a). When soil samples taken from organic and conventional pro-
duction areas were compared in terms of total Zn content, the Zn level was higher in soil
samples taken from organic farming areas.
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Figure 3. Zn (a), Cu (b) and Pb (c) contents in soil samples taken from different stations. Circular
marks indicate statistically significant differences (p < 0.05) between organic and conventional stations.

The data obtained show that the highest Cu content was 74.26 ppm at station 1 in
soil samples taken from regions with organic farming and 108.10 ppm at station 4 in
samples taken from regions with conventional agriculture (Figure 3b). When soil samples
taken from organic and conventional production areas were compared in terms of total Cu
content, the Cu level was higher in soil samples taken from conventional farming areas.

When the Pb level was examined in soil samples taken from organic and conventional
farming regions, the highest Pb content was 10.58 ppm at station 1 in soil samples taken
from organic farming areas and 35.69 ppm at station 10 in samples taken from conventional
farming areas (Figure 3c). In terms of total Pb content, when soil samples taken from
organic and conventional production regions were compared, the Pb level was higher in
soil samples taken from conventional farming regions.

The correlation between Zn and Cu contents in soil water samples taken from straw-
berry stations practicing conventional and organic growing methods and Zn and Cu
contents taken from fruit samples is given in Figure 4.
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Figure 4. Correlation between soil water Zn and Cu contents and fruit Zn and Cu contents.
(a) Correlation between water and fruit Zn contents, (b) correlation between water and fruit Cu
contents, (c) correlation between soil and fruit Zn contents, (d) correlation between soil and fruit
Cu contents.

In Figure 4, it is seen that there is a high correlation between the Zn content in irrigation
water and the Zn content in strawberries. This is an expected situation. However, the same
conditions could not be determined between the Zn content in the soil content and the
content determined in the fruit. A similar situation is observed for Cu contents in soil,
water and fruit. The relationship between the variables is a “cause and effect” relationship,
and it may not always seem clear. Therefore, the fact that the variables change together
does not always mean that there is a cause–effect relationship between them.

4. Discussion

Fruit firmness is one of the most important post-harvest quality characteristics for
strawberry growers, shippers and consumers, especially for the marketing process. Plant
genetic characteristics or growing conditions factors such as maturity level, temperature and
harvest period can affect this quality parameter [35,36]. Shaw and Larson [37] reported fruit
firmness as 9.30 kg in the approved patent document for Albion. Antunes et al. [38] reported
fruit firmness as 5.07 kg in the first season and 11.53 kg in the second season for Albion in
Brazil. Reganold et al. [23] reported that fruit firmness was higher in organic farming than
in conventional farming in their study examining whether there were significant differences
in fruit and soil quality in 13 pairs of commercial organic and conventional strawberry
farming ecosystems in California. Andrade et al. [24] compared the quality characteristics
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of strawberry fruits grown in organic and conventional agriculture in Brazil and reported
that fruit firmness was higher in organic agriculture than in conventional agriculture. Kilic
et al. [21], on the other hand, examined the effects of organic, chemical and organic–chemical
fertilizer applications on fruit quality parameters in different strawberry cultivars in Turkey
and reported that fruit firmness was lower in organic farming. Neuweiler [39] reported
that there is a direct correlation between the nitrogen uptake of strawberry plants and the
firmness of the fruit flesh. Contrary to our study findings, reference studies by Reganold
et al. [23] and Andrade et al. [24] reported higher fruit firmness in organic farming, and
Kılıç et al. [21] reported similar results. As can be seen in the referenced studies, fruit
firmness is a quality characteristic that can vary greatly, influenced by different factors.

Fruit weight is an important quality indicator in terms of product yield and nutritional
content values. It is seen in the literature that some studies have reached similar results in
terms of the fruit quality of organic and conventional strawberry production [23]. Similar
results to our study were obtained in a study comparing organic and conventional straw-
berry cultivation in Southern Italy, where strawberry cultivation is common and has similar
climatic characteristics to Turkey. According to this study, the average fruit weight of
strawberry fruits obtained from organic agriculture was statistically significantly different
when compared with conventional agriculture [40]. In another study conducted in Samsun,
the performances of five different strawberry cultivars under organic and conventional
growing conditions were examined, and it was reported that fruit weight in organic farming
is higher than in conventional farming [41]. In another study by Rhinds and Kovach [42],
it was reported that strawberry yield in organic farming was higher than in conventional
farming, but the practices had no effect on average fruit weight.

TSS, which is one of the fruit quality characteristics, is important in terms of determin-
ing the maturity and harvesting times of the fruits.

In addition, TSS is important as production processes such as fruit juice, concentrate
or canned processing must be kept under constant control at various production stages and
quality control studies. In the literature, it has been reported that the TSS of strawberries is
higher in organic farming than in conventional farming [43]. In another study conducted by
Özkan and Güleryüz [44] on strawberry cultivation in Erzurum’s ecological conditions, the
TSS values were higher in organic agriculture compared to conventional agriculture. Balci
et al. [45] also compared conventional and organic farming techniques in Samsun, Turkey,
and stated that the TSS content in organically grown Sweet Charlie and Camarosa cultivars
was higher than in conventional farming. Wang and Lin [46] investigated the effectiveness
of different growing media (soil, compost and sand) on two different strawberry cultivars,
Beltsville and MD. They found that the use of compost significantly increased the titratable
acid, TSS, sugar and organic acid content in both cultivars. As seen in the references of
numerous studies, TSS is affected by many factors. However, as stated in different reports
comparing organic and conventional techniques, it can be said that organic cultivation
techniques have a positive effect on the TSS content of the fruit.

The pH value is one of the important quality characteristics that affect the taste
quality in determining the tartness and sweetness of strawberries and is also important
in determining the ripening period [47]. In a study conducted in Mersin, Turkey, on
strawberries, it was determined that the pH content in organic agriculture was lower
compared to conventional agriculture [25]. Results similar to our findings were obtained in
a study conducted by Sayğı [48] to examine the effects of different organic and chemical
fertilizer applications on strawberry fruit quality; the author reported that there was no
difference in pH content between applications.

One of the physical quality characteristics is fruit size (width and length) and this
is affected by early planting, temperature and pollination factors [49]. Generally, it is
commonly believed by producers that the yield and quality of strawberry production will
be lower in organic agriculture compared to conventional agriculture [40,46], in which
chemical inputs are used.
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However, according to our study findings, better results were obtained from organic
agriculture in terms of fruit width. Contrary to our study findings, in Mersin’s ecological
conditions, it was reported that fruit width was higher in conventional agriculture [25]. The
geographical location of the agricultural area is thought to be one of the reasons for this.
In a study on organic agriculture and conventional agriculture by Seufert et al. [50], they
reported that the yield was lower in organic agriculture and that these yield differences
were significantly dependent on the characteristics of the breeding system and area. The
use of synthetic chemical fertilizers, which continues for many years, adversely affects the
vitality of the soil and may reduce the amount of microorganisms in the soil, and, as a
result, the fertility of the soil may decrease [51].

Fruit length, which is an effective quality component in directing consumers’ pref-
erences in terms of marketability, is important in determining the fruit quality of straw-
berries [40,52]. In the study conducted by Ersoy [25] on strawberries, it was determined
that the fruit length in organic agriculture was lower compared to conventional agriculture.
Reganold et al. [23] also reported that fruit size was generally smaller in organic farming in
a literature review in which they compared organic and conventional production methods
in strawberries. Abu-Zahra et al. [53] examined the effects of organic farming and conven-
tional farming on fruit quality in strawberries and found that fruit length, titratable acidity
(TA) percentage, moisture content, ammonium content and nitrate content were higher in
conventionally produced fruits than in organically produced fruits. The results of previous
studies on the subject are different from the data obtained in this study. This situation may
be affected by many factors. Cultivation technology can be effective in shaping the fruit
composition of strawberries [22]. In addition, organic agriculture is a production method
that has gained importance and started to be applied in many countries in the past 20 years.
For this reason, new products and techniques that can be used in this production method
and that can increase efficiency and quality are being developed.

It is of great importance for human health to determine the content of heavy metals [54],
which are scientifically proven to cause great harm to human health, in strawberry fruit,
as strawberry production and consumption amounts are increasing around the world.
This study was carried out to determine the effects of organic and conventional farming
methods on heavy metal (Pb, Cu, Zn and Cd) content in strawberry fruit.

Zn is a trace element necessary for a healthy person. However, high-dose Zn intake
exceeding the daily dose tolerable by the human body (0.43 mg/kg body weight; [55]) can
damage the pancreas, impair protein metabolism, cause arteriosclerosis and have a toxic
effect after exceeding certain amounts in living things [56]. Hattab et al. [26] evaluated the
heavy metal content of strawberries grown in conventional and organic farming areas in
the east-central region of Tunisia and reported higher heavy metal content in strawberry
fruits in conventional farming compared to organic farming. Similar to our study findings,
Hattab et al. [26] reported lower Zn (0.98 mg kg−1) content in strawberry fruits in organic
agriculture compared to strawberry fruits in conventional agriculture (1.29 mg kg−1). On
the other hand, Kotula et al. [57] reported that raspberry fruits obtained from organic
farming had significantly more (p ≤ 0.05) cadmium, zinc, manganese and vanadium than
those obtained from conventional cultivation, unlike the findings we obtained. It is thought
that this situation may be caused by climatic and soil factors. The presence of heavy metals
in a plant depends on factors such as the type of plant and its total and accessible content
in the soil. Petrova et al. [58], in their study evaluating the effects on fruit quality of two
different garden strawberries grown in technologically polluted soils, reported that the
highest Zn content in strawberry fruit was 3.78 mg kg−1. Bednarek et al. [28] evaluated the
quality of strawberry fruit and heavy metal contents in the Lublin region and reported the
highest Zn content of 1307 mg kg−1. While one of the strawberry fruit zinc content values
in these two reference studies is close to our study findings obtained from conventional
agriculture, the other is a higher value; the values in both studies are higher than our study
findings obtained from organic agriculture. Contrary to our study findings, in the literature
review of Çakmakçı and Çakmakçı [43], in which product quality characteristics in organic
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and conventional agriculture were examined, Zn content was higher in organically grown
strawberry fruits than in conventional ones.

Cu is the basic building block for hair, skin, bones and some internal organs [59].
However, high Cu intake causes the slowing of growth and development, the gray-
ing hair, decreases in body temperature and brain damage [59]. According to the
EFSA Scientific Committee, the acceptable Cu intake for an adult human per day is
0.007 mg kg−1 body weight [60]. Petrova et al. [58] evaluated two different strawberry
cultivars (Fragaria x ananassa) grown in technologically contaminated soils and reported
the highest Cu content as 2.83 mg kg−1. Bednarek et al. [28] reported this value as
0.424 mg kg−1 in their study in the Lublin region. The average Cu values we found in
this study are in the range of the values obtained from the aforementioned studies. In
the literature review of Çakmakçı and Çakmakçı [43], in which product quality charac-
teristics in organic and conventional agriculture were examined, Cu content was higher
in organically grown strawberry fruits than in conventional ones. While these results
are similar to our study findings obtained in the spring season, they are the opposite for
the autumn season.

The main route of exposure to lead, which is considered a potential carcinogen for
humans, is through food. According to our study findings, the average values of Cd and
Pb analysis of organic and conventional strawberry fruit samples were below the detec-
tion limit. Bednarek et al. [28] similarly reported that the average heavy metal content in
strawberry fruit grown in the Lublin region was not at a significant level. Hattab et al. [26]
evaluated the heavy metal (Fe, Mg, Mn, K, Ca, Na, Zn, Cu, Ni and Cd) contents of straw-
berries grown with conventional and organic farming methods in the east-central region of
Tunisia, and researchers reported that Cd could not be detected in strawberry fruits, as in
our study findings. Wieczorek et al. [27], in their study for the determination of lead, cad-
mium and persistent organic pollutants in some berry species grown wild and cultivated
in Northeast Poland, reported that wild strawberry contains a higher concentration of Cd
(50 µg/kg fresh weight) compared to raspberry and blackberry. Cd and Pb amounts in fruit
samples below the observable limit values in some studies that were similar to our study in
terms of fruit type [61] or the region where the samples were taken [62]. The reason for the
different results from the studies is thought to be factors such as the conditions of the study
sites and the proximity to pollutant sources. The Hüyük district is a high-altitude region
where industrialization is not intense. This situation is thought to be closely related to the
low or no heavy metal content in fruits. In addition, under organic farming principles and
rules, agricultural activities are recommended to be carried out in areas far from industrial
enterprises and main land transportation roads.

Chemical pollutants formed as a result of environmental pollution can be found in
both conventional and organic products [57,59]. However, the presence or absence of these
chemicals in organic or non-organic foods basically depends on the area of agriculture. The
Pb concentration in plants differs, especially due to exhaust gases. It is thought that these
results obtained in our study are due to the characteristics of the region. Contamination
of foods with cadmium, which is known as a carcinogen, is also a hotly debated issue. In
some studies, it has been reported that this element is poorly fixed in the roots of plants
and is more evenly distributed in the organs of strawberry plants compared to other heavy
metals [58,63]. Cd values in soil and water samples taken from strawberry stations grown
with conventional and organic methods are below the detection limit.

5. Conclusions

This study was carried out to compare the fruit quality parameters and heavy metal
contents of strawberries grown by organic and conventional methods. Within the scope of
the study, organic and conventional strawberry samples collected from different stations
were examined by comparing fruit quality parameters (fruit firmness, fruit size, TSS content,
pH, fruit width and length) and heavy metal (Pb, Cd, Cu, Zn) contents. According to our
study findings, the fruits grown in organic agriculture had greater width, length, weight
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and TSS values, while fruits grown in conventional agriculture had greater firmness values.
According to our study findings, for heavy metal parameters, while the Zn metal content
of strawberry fruits grown with conventional agriculture was higher than in organic agri-
culture, the Cu metal content was found to be higher in organic agriculture in the spring
season and in conventional agriculture in the autumn season. The heavy metal content of
the soil is of great importance in areas where agriculture will take place, especially in areas
where organic farming will be practiced. When the data of the soil samples obtained as a
result of this study were compared with the heavy metal limit values allowed in the soil
in Turkey and the world, it was observed that heavy metal accumulation in the soil did
not exceed the acceptable limit value. When the data of the samples taken from strawberry
fruits grown by organic and conventional methods were examined, it was determined
that there was Zn and Cu accumulation, but when compared with the heavy metal limit
values allowed in plants by the World Health Organization (WHO) and the United Na-
tions Food and Agriculture Organization (FAO), the heavy metal accumulation did not
exceed the acceptable limit value. According to these results, it can be said that the region
and the strawberries grown there do not show pollution in terms of Zn, Cu, Cd and Pb
heavy metals.
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