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1. Introduction

Carbs in tomatoes, organic acids, amino acids, vitamins, various mineral substances, and
phenolic compounds have an important place in human nutrition (Georgé et al., 2011; Sénmez and
Ellialtioglu, 2014; Erdinc et al., 2018). Tomato is one of the most used vegetables in human nutrition.
It is known that tomato cultivation is carried out almost everywhere in the world except Antarctica
(Ozcan, 2016). Tomato is from the Solanaceae family spread to other continents from the New World;
it is known that tomatoes enter Tiirkiye from Adana, and there were numerous studies on it (Salk et al.,
2008; Ucgar and Sensoy, 2022). World tomato production is 186 million tons (FAO, 2020). China
produces approximately 64 million tons and ranks 1* with a share of 35% of the total world production,
while India ranks second with 20 -million tons, and Turkey ranks 3rd with 13 million tons of production
(FAO, 2020).
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Chemical fertilizers, hormones, and pesticides (ilter and Altindisli, 1998), used unconsciously
and excessively in order to meet the food needs of the increasing population, cause pollution of water
and air, decrease in soil fertility, destruction of agricultural areas, and serious damage to both human
and animal health (Saber, 2001; Hossain et al., 2003; Cakmakci, 2005; Oztemiz, 2008; Akbay, 2012;
Kapakei, 2013).

The most successful way to improve the soil structure and ensure its sustainability is to enrich
the soil with organic matter (Tiizel et al., 2011; Zhang et al., 2012). With organic fertilizers, the physical
and chemical structure of the soil is improved, and the vital activities of living things and
microorganisms living in the soil are increased. Thus, soil quality, fertility, and continuity are ensured
(Besirli et al., 2009; Nesmeyanova et al., 2013; Patil et al., 2014; Ragozo et al., 2014; Xie Feng et al.,
2014). With the start of microorganism activities in the soil, various events such as the mineralization
of nutrients important for plant growth, nitrogen fixation, phosphorus solubility, and prevention of
harmful microorganisms occur (Altin and Bora., 2005; Alagoz et al., 2020).

In recent years, to reveal the difference between organic and conventionally grown products, a
new method of creating images, which was used by some researchers and has become increasingly
important, has been used (Andersen et al., 1999; Balzer-Graf, 1999; Koepke et al., 2001; Huber, 2006;
Abdollahi, 2008; Kusgu, 2008; Unluturk et al., 2014). As a result of quantitative analysis, it was not
observed between organic and conventional products in some methods; on the other hand, the pictures
obtained from the products in question with these methods may differ. Image creation methods can be
grouped under three main headings as biocrystallization method, circular chromatogram method, and
rising picture method (Abdollahi, 2008; Kuscu, 2008).

With the increasing consumer awareness day by day, the taste and aroma properties,
biochemical contents, nutritional contents, pesticide residues, nitrate nitrite accumulation, the effects
they have left on the soil, human health, etc., of the products obtained by organic and conventional
agriculture it is seen that comparisons have been made in many subjects such as (Abdollahi, 2008;
Kuscu, 2008; Ninfali et al., 2008; Hallmann, 2012; Mditshwa et al., 2017; Suja et al., 2017; Erdinc et
al., 2018). While many features are revealed separately with quantitative analysis, these features are
stated as reflecting the whole with picture creation methods.

The aim of the study was to determine whether the difference between the two cultivation
methods used by some organic and conventional fertilizers can be distinguished by using image
formation methods in the Rio Grande tomato variety grown under field conditions in 2019 and 2020.

2. Material and Methods

2.1. Materials

The seeds of the Rio Grande standard tomato variety, the main material of the study, were
obtained from Yalova Atatiirk Horticultural Research Institute. Chemical fertilizer (18:18:18 NPK
compound fertilizer), plant activator containing seaweed, organic mineral fertilizer, solid worm, and
liquid worm were obtained from private companies. Cattle manure was obtained from farmers residing
in the Van-Tusba district, sheep manure from the Van-Edremut district, and chicken manure from the
Van-Gurpinar district.

Tomato seeds were sown on 11.04.2019 in viols containing sterile peat: perlite mixture at a ratio
of 2:1 in the greenhouses of Van Yuzuncu Yil University, Faculty of Agriculture, Department of
Horticulture. The healthy seedlings were planted on 08.06.2019 in the first year and on 14.06.2020 in
the second year. The field experiment was established in the village of Gollii, which has a latitude of
38.7202° and a longitude of 43.3124°, within the borders of the Tusba district of Van, in a randomized
block design with 4 repetitions, a control group, and 8 different fertilizer applications, with a total of 9
applications.

The study area consisted of 36 plots in total. The plots were prepared with a length of 7m x 6
m, and a 1.5 m distance was left between the blocks and the plots. Tomato seedlings were planted at
intervals of 100 cm x 50 cm on the rows. There were 84 plants were used in each plot and a total of 336
plants were used for one application. The drip irrigation system was used for irrigation.
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2.1.1. Fertilizer applications

1. Control application (No fertilizer)
2. Chemical fertilizer (CF) (based on 12 kg da”'N: 12 kg da™ P,Os: 18 kg da' K,0) 1* Year (as
a base fertilizer compound fertilizer of 18N:18P:18K, potassium sulfate, and triple super phosphate were
applied); the rest of the nitrogen was divided into two and applied in the flowering and fruit setting
periods as ammonium sulphate.
3. Chemical fertilizer (CF) (12 kg da'N: 12 kg da™' P,Os: 18kg da™ K»O )+ Plant activator (100
ml of plant activator (seaweed) in 100 liters were sprayed four times in 20 days intervals after planting).
4. *Organomineral fertilizer (based on 11 kg da”'N: 11 kg da™ P,Os:, 11kg da K,0)
. *Solid vermicompost 1. Year (589 kg da™'); 2.Year (590 kg da™)
. *Liquid vermicompost 1. Year (84.82 1da™); 2.Year (85.89 1 da™).
. *Sheep manure 1. Year (784.67 kg da™); 2.Year (786 kg da™).
. *Cattle manure 1. Year (1528.57 kg da™); 2.Year (1531.16 kg da™).
9. *Chicken manure 1. Year (435.93 kg da™); 2.Year (436.67 kg da™).
*: In all applications, the fertilizer rates were adjusted approximately to be equivalent to the amount of chemical
fertilizer nitrogen.

0 3 ON D

2.2. Methods

2.2.1. Samples preparation for imaging techniques

For each application, 10 fruits were taken randomly from the fruits harvested from the 6 plants
in the middle, and they were pureed and stored at -20 °C until the analysis day. Frozen tomato samples
of fertilizer applications were homogenized with the help of a blender. Then the extract is centrifuged
at 4000 rpm for 20 minutes. After centrifugation, the extract was filtered using coarse filter papers, and
obtained filters were employed in imaging techniques (biocrystallization method, -circular
chromatography, and rising picture method).

2.2.1.1. Biocrystallization method

The biocrystallization method, which is described as the method of sensitive copper chloride
crystallization, has been modified according to Balzer-Graf and Balzer (1991). The copper chloride
solution was prepared at a concentration of 16% and the sample extract at a concentration of 3%. Each
sample was prepared in triplicate. Petri dishes were left to dry in the climate room of Van Yiiziincii Yil
University, Faculty of Agriculture, Department of Horticulture, in a flat place at 25-30 °C and 60-65%
relative humidity conditions. After approximately 14-16 hours, the crystal patterns formed by drying on
the petri surface were evaluated.

2.2.1.2. Circular chromatography method

The circular chromatogram method was modified according to Balzer-Graf (1999). In the
circular chromatogram method, 1% AgNOs solution and 80% concentration sample extract were used.
The colors and patterns that emerged due to the drying of the paper emerged in a period of a few hours
to a few days.

2.2.1.3. Rising picture method

This method, called the capillary rising picture method, capillary dynamolysis, or steigbild, has
been modified according to Balzer-Graf (1999). In the method, 100% tomato extract, silver nitrate 0.5
%, and iron sulfate were prepared at 0.5% concentrations. In this method, a certain amount of sample
extract is given to the chromatography paper. After the drying stage, the silver nitrate solution was added
to a height of 1 cm from the sample extract, and after the second drying period, the iron sulfate solution
was given to a total height of 12 cm.

2.2.2. Examining patterns

The crystal patterns formed in the glass petri dish, the circular chromatogram, and the patterns
obtained from the ascending picture methods were taken with the Cano 7d DSLR digital camera. The
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evaluation of the photographs was made according to the morphological features of the crystals, and the
colors and patterns that emerged in the circular chromatogram and ascending picture method.

3. Results and Discussion

3.1. Biocrystallization images

The zones formed in biocrystallization are demonstrated in Figure 1. Pictures obtained by the
biocrystallization imaging technique in frozen tomato pulps are given in Figure 2. The biocrystallization
method was prepared by choosing the most appropriate sample concentration and copper solution,
taking into account the previous studies on tomatoes.

Center

Ground
zone

Surrouding
zone

Figure 1. Regions formed in biocrystallization imaging (Abdollahi, 2008).

To determine the different products between organic and conventional fertilizer applications,
when the cryptograms were examined in the study conducted in 2019 and 2020, deformation and quality
loss in the crystal structure were observed in both organic and conventional samples. It is seen that the
number of crystal centers obtained in CF+plant activator application and organomineral fertilizer,
excluding chemical fertilizer, is higher than in the organic samples. Due to the quality loss of frozen
tomatoes during storage, breakage, and deformation are observed in the crystal branches. When organic
and conventional frozen samples are compared, there are still differences between organic and
conventional samples although the cryptograms of frozen samples do not reveal as much difference as
the cryptograms of fresh samples. However, it is more difficult to reveal crystalline differences due to
deformation in organic and conventional samples than in fresh samples. As a matter of fact, in a study
by Abdollahi (2008), the cryptograms of fresh, frozen, and pulp-treated samples were examined, and it
was determined that the crystal structures of fresh samples more clearly reflected the difference between
organic and conventional. He determined that the frozen samples did not form strong crystals as they
were exposed to losses during storage. It is quite difficult to reveal the difference between organic and
conventional crystals in frozen tomatoes and tomato pulp compared to the fresh sample. In the present
study, the samples were frozen and kept at -20 °C until the day of imaging techniques. It has been
determined that the crystal structures of organic fertilizers in solid vermicompost, sheep manure, and
chicken manure applications form smoother, tighter, and more lively tissues compared to conventional
fertilizers. Although it was frozen, it was determined that there were differences, though not very
obvious, in tomato samples grown with organic and conventional fertilizer applications.
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Solid vermikompost 2019 original Chicken manure 2019 original

Figure 2. Crystallization images of some frozen tomato samples in 2019 and 2020 (3% frozen
tomatoes, 16% CuCl>.2H,0).

3.2. Circular chromatography images

As seen in Figure 3, circular chromatogram images are seen to consist of four regions: the central
zone, the middle (ground) zone, the edge zone, and the end zone (Medina Saavedra et al., 2018). Pictures
obtained in the circular chromatogram imaging technique applied to frozen tomato pulps are given in
Figure 4.

Figure 3. Regions formed in circular chromatography imaging (Medina Saavedra et al., 2018).
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The patterns formed in the chromatograms differed in 2019 and 2020, the end zone formed in
2019 was dark brown, and the edge zone was not very clear; In 2020, it is seen that the end zone is light
brown and the edge zone is more prominent and clear.

It has been determined that the patterns obtained from the five different organic fertilizers
studied show almost the same characteristics, and the patterns obtained in 2020, in particular, are
smoother, clearer, and clearer than those obtained from conventional fertilizers. The central and middle
zone of the organic and conventional frozen tomato sample chromatograms were separated from each
other in both years and in 2019, they acquired a color close to lilac; In 2020, it is seen that it has an
orange color. When the edge zone is examined; N: P: K (12:12:18), which is one of the conventional
examples, shows almost non-existent patterns in the application, while in CF+ plant activator and
organomineral applications, it is seen that there are close to each other and more prominent structures
in the second year. In organic fertilizer applications; when the patterns obtained in 2020 are smoother
and more distinct, and the corrugated (indentation) structure is examined, it is seen that they are longer
than the conventional samples. Among the organic fertilizer applications, especially the patterns
obtained from the sheep manure application are clearer than both conventional fertilizer and other
organic fertilizer applications, pronounced, and the indentations were determined to be longer. In the tip
region, it was observed that the samples obtained from conventional fertilizer applications took a lighter
brown color in the second year compared to organic fertilizers, conventional fertilizer applications other
than organomineral were longer and irregular, and the color formed in the tip area was darker and shorter
in organic fertilizer applications. In light of the data we have obtained, the images obtained from the
circular imaging technique in the second year, excluding cattle manure, are smoother than conventional
applications, and the rings formed between the center and the periphery are more prominent. The fact
that the tip is darker in the circular imaging technique is due to the protein amount of the products grown
with organic fertilizer.

Actually, when the protein content of 2020 is examined (data is available in the thesis), it has
been determined that the protein content is higher in organic fertilizer applications than in conventional
applications, except for chicken manure. In the circular chromatogram technique, circular small and
light-colored rings indicate biomaterials, and the shapes extending from the periphery to the center show
the protein quality and amount in the sample (Pfeiffer, 1960). In a study in which a circular
chromatogram was used for protein detection with different fertilization conditions, it was stated that
chromatograms obtained from organic fertilization were more frequent and deep (Knorr, 1982).
Reported that in the circular chromatogram technique, circular small and light-colored rings indicate
biomaterials, and shapes extending from the periphery to the center indicate the quality and amount of
protein in the sample. Kucukyasar (2019), reported that the vivid dark color formed at the ends of
circular chromatograms indicates high protein and enzyme activity. Velimirov (2003) stated that in the
chromatograms obtained from organic apple samples, the widths of the corrugations are narrower and a
more vivid orange color is dominant in the end region. In the images obtained from the studies performed
on fresh and frozen red pepper and tomato samples, it was determined that the corrugations formed in
the organic chromatograms differed from the conventional ones and were in a deeper and narrower
structure (Abdollahi, 2008; Kuscu, 2008). As a result of some previous studies, they stated that dark
gray spots occur between dark brown corrugations in organic chromatograms, while light brown
corrugations appear in conventional chromatograms (Knorr, 1982; Abdoollahi, 2008; Kuscu, 2008).
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Figure 4. Circular chromatogram of some frozen tomato samples in 2019 and 2020 (80% frozen
tomatoes, 1% silver nitrate solution).

3.3. Rising picture chromatogram

The patterns formed when the image is viewed from bottom to top in the rising picture
chromatogram consist of the lower region (ground), thin white line, bowl region, tailing region,
fall region, branches, and drops (Figure 5).

Fall region

Tail zone

Bowl region
Thin white line

Lower zone

Figure 5. Regions formed in rising picture chromatogram (Kucukyasar, 2019).

It is seen that the regions formed in the second year of the rising picture images obtained in the
study and the thin yellow and white lines formed between these regions are more clearly separated than
in the first year (Figure 6). In the 2019 images of the ground area, it is seen that a matte coloration occurs
in organic fertilizer applications, darker and more vivid colors are formed in conventional fertilizer
applications, but the thin yellow line is not very clear in both organic and conventional manure
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applications. However, it was photographed that the thin yellow line occurred prominently in the second
year. In the pictures obtained from conventional fertilizer applications, it is seen that a thin yellow line
is formed in the ground region in the second year, followed by a white thin line. The bowl] area is formed
and has a vivid dark brown color. It has been determined that tailing, branching, and drops are more
prominent in the first year. It was seen that gray tones are more dominant in the decline region in the
second year.

It was determined that the yellow line formed in the soil area in organic fertilizer applications
was not very pronounced compared to conventional fertilizer applications, and the coloration in all
regions was dominated by dull and gray tones. Since the thin white line is wider than in conventional
applications and the tailing region is clear, the bowl region has a recessed structure. In almost all organic
fertilizer applications, it has been photographed that the branches forming the fall zone become clear
towards the tailing zone, but there is no clarity where the drops have entered each other.

Kucukyasar (2019), reported that in the chromatograms created by the rising picture method of
potatoes obtained by organic and conventional applications, organic applications took a darker, more
pronounced color in the ground region, a very intense gray color in the tailing region, and indistinct
branching in the fall region. Schilperoord (2004) examined the ascending picture chromatograms of
wheat samples grown as a result of organic and conventional applications and found that for organic
wheat samples, a burgundy-colored wavy region, more dense and narrow, red bowl structures were
formed in the lower region, and more vivid colored drops were formed in the fall region for conventional
samples. Fresh red pepper samples grown with organic and conventional fertilizer applications were
examined by imaging techniques, It has been reported that in fresh peppers obtained from conventional
fertilizer applications, the width of the bowl area is wider, the tail area is clear, the thin white line
separating the ground and the bowl area is wider, and the drop formations in the fall zone are darker and
wider (Kuscu, 2008). In a study that adhered to organic and conventionally grown green olives, the
images obtained from the rising image chromatograms also determined that the ground region had
different colors in the samples obtained from both applications, the conventional applications samples
had wider bowl structures and the thin white line was more prominent and wider (Kucukyasar, 2019).
It has been reported that the thin white line separating the ground and bowl area is wider and the drop
formations in the fall zone are darker and wider (Kusgu, 2008).

Chemscdl fertilicer 2009 ovignad Chemical forlaer 2020 onglod Liqud vermkompost 2019 orgins Liguad vessdiospont 2000 orignad

CF+Pt sctivaler feniizer 2020
cngmal

Sheep mannre 2000 coipmad

Ovpsossmanifortlioe 019 ongeal Ovpracesinersiiortificer 2000 originad Coamle massre 200 ovigead

Sold ol ompost 2018 orpmad Sobd vermdompodt 2000 ooyl Chichen massre 2019 cviginal o mamae 000 origmal

Figure 6. Rising picture chromatogram of some frozen tomato samples in 2019 and 2020 (100%
frozen tomatoes, 0.5% silver nitrate, 0.5% ferrous sulfate solution).
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5. Conclusion

The components (vitamin C, antioxidant capacity, etc.) that can be determined by analyzing
them one by one with analytical methods have brought a different perspective in that they reflect the
entire sample with holistic methods.

Painting methods could be applied very easily because they are both easy and repeatable to
reveal the difference between organic and conventional products. However, since both organic and
conventional crystals are deformed in frozen products, especially in tomatoes, the crystal branches
formed began to resemble each other. However, the change in the number of centers in the
Biocrystallization method, the smoothness of the rings formed in the circular chromatogram and the
vividness of the colors, the transitions between the colors and the light and dark tones in the colors in
the ascending dyeing method reveal the difference between organic and conventionally grown tomato
fruits.
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