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ABSTRACT

Tirkiye, with an apricot (Prunus armeniaca L.) production amount of 833,398
tons per year, ranks first in fresh apricot production and dried apricot export
in the world. Malatya, Igdir, and Elazig constitute the main apricot production
centers in Tiirkiye. Many table and dried apricot cultivars have been grown in
Tiirkiye. Local apricot cultivars such as cv. Salak (or Aprikoz), cv. Tebereze,
cv. Ordubat, cv. Agcanabat, and cv. Agerik are widely grown in the Aras
Valley, including Igdir and Kagizman. In this study, DNA barcoding of local
cultivars based on the internal transcribed spacer region was performed and

their distribution demonstrated in the Aras Valley. The reactions of these apricot
cultivars to the causal agents of bacterial canker, which negatively affect the
yield and quality of apricot cultivation, were also determined. Alternative
methods such as image-processing technology and CHAID analysis have
also been successfully used for cultivar reaction tests. It was determined that
“Salak” is economically important and the most common apricot cultivar in
the Aras Valley. In addition, the Agcanabat cultivar was sensitive to the causal
agents of disease, while other local apricot cultivars were tolerant to it.
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1. Introduction

Apricot (Prunus armeniaca L.) has been cultivated for more than 5000 years across a wide area of the world, including Tiirkiye, Iran,
Turkestan, Afghanistan, Central Asia, and western China (Ercisli 2009; Bakir et al. 2019). Apricots consumed fresh and dried are among
the agricultural products with high nutritional value (USDA 2022). With an apricot production of 833,398 tons/year, Tiirkiye is ranked
first in fresh apricot production and dried apricot exports worldwide (FAO 2020). The most economically important apricot-growing
area in Tirkiye is the Eastern Anatolia region (Akin et al. 2017; Abact & Asma 2010) where 65-70% of the world’s dried apricots are
produced in this region (Ercisli 2009). The main apricot production areas in this region are Malatya (389,396 tons/year), [gdir (42,989
tons/year), and Elaz1g (31,179 tons/year) (TUIK 2021). The Aras Valley, which includes Igdir and Kagizman, has approximately 6.37%
of Tiirkiye’s apricot production (800,000 tons/year), with a production total of 51,033 tons/year (TUIK 2021). Previous studies have
determined the phenological and pomological characteristics of local apricot cultivars (cv. Salak or Aprikoz, cv. Tebereze, cv. Ordubat,
cv. Agcanabat, and cv. Agerik) widely grown in the Aras Valley (Ozyériik & Giileryiiz 1992; Ercisli 2009; Muradoglu et al. 2011).
Referring to the different names of local cultivars or varieties among geographic regions, countries, and continents is a global problem
and this issue is particularly important for apricot cultivars in Tiirkiye. Therefore, to generate a standardized database, it is necessary
to resolve the local cultivars of apricots based on DNA barcoding of the universal barcode region internal transcribed spacer (ITS).
By doing this it is possible to identify apricot samples by matching them with the generated database that includes known samples as
positive controls. DNA barcoding has been successfully applied to some apricot cultivars such as cv. Salak (Hiirkan 2020), Tunusian
cultivars (Batnini et al. 2019), and Egyptian cultivars (Sayed et al. 2022).
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Due to the small difference in altitude among the apricot orchards, all apricot plantations are exposed to frost in the spring of some
years in the Aras Valley, especially in [gdir (Ercisli 2009). Canker formation on trees is induced by stress factors, such as frost exposure,
which makes trees susceptible to infection and injury from frost damage. Pathogen inoculation trials in some studies have consistently
shown that increased infection rate and canker length are associated with frost damage (Sobiczewski & Jones 1992; Weaver 1978).
Pseudomonas syringae van Hall, which has ice nucleation activity, makes some plants susceptible to frost damage at -5 °C (Lindow
et al. 1982). Bacterial canker diseases in stone fruits are characterized by the systemic movement of bacteria in all aboveground parts
of the plant, especially in the vascular tissues (Lamichhane et al. 2014). It has been reported that disease agents including P. syringae
pv. syringae (Pss), P. syringae pv. morsprunorum race 1 (Psm R1), P. syringae pv. morsprunorum race 2 (Psm R2), and P. syringae
pv. cerasicola (Psc) are pathogenic in apricot plants and may cause bacterial canker symptoms (Hulin et al. 2020). Disease-causing
bacteria infect all aboveground plant organs throughout the season, causing symptoms such as fruit spots, necrosis, dead buds, flower
blight, cankers on stems and branches, and bacterial oozing (Kennelly et al. 2007; Hulin et al. 2020). Apricots (Kavak & Citir 1995;
Kotan & Sahin 2002), peaches (Ozaktan et al. 2008), cherries (Biilbiil & Mirik 2014; Erkek 2017; Akbaba & Ozaktan 2021), and
citrus (Mirik et al. 2005) have been reported to be causative agents of bacterial canker in Tiirkiye. The control of diseases caused by
P syringae pathogens is almost impossible because of the lack of effective chemical or biocontrol agents, the low number of resistant
cultivars, and the endophytic nature of the pathogen (Kennelly et al. 2007). Different pathogenic strains of P. syringae have a large
genetic variability that is adaptable to different hosts, cultivars, and pedoclimatic conditions, making it difficult to control bacterial
canker (Morris et al. 2009). Gilbert et al. (2010) suggested the need for alternative methods for the management of bacterial diseases in
orchards, including approaches based on biological control and plant resistance. For this reason, one of the most viable and economical
methods for the management of bacterial cancer in apricots is to use resistant cultivars. Only a few apricot cultivars in previous studies
worldwide have reported resistance to P. syringae pv. syringae (Scortichini et al. 1999; Singh et al. 2005; Giovanardi et al. 2018).

Improving the conditions for the control of bacterial canker requires determining the diversity, epidemiology, and distribution of the
causal agents of the disease. In addition, the distribution, diversity, and susceptibility of host cultivars are important in the epidemic risk
of the disease. The present study aims to generate a DNA barcode database for the local apricot cultivars (cv. Agcanabat, cv. Agerik,
cv. Aprikoz, cv. Ordubat, and cv. Tebereze) resolve phylogenetic relationships among the cultivars, identify samples with the generated
database, and determine the resistance reactions of these cultivars against P, syringae pathovars, which are the causal agents of bacterial
canker in apricots. Image processing technology and MATLAB software were used to determine the responses of the cultivars as an
alternative method, in contrast to previous studies.

2. Material and Methods

2.1. Collection of plant samples

In the field survey, a simple random sampling method was applied to represent the apricot production areas in the Aras Valley (Tiirkiye)
(Bora & Karaca 1970). According to the method; for 1-5 da (1 piece), 5-10 da (2 pieces), 10-50 da (3 pieces), 50-100 da (4 pieces),
100-500 da (5 pieces), and 500-1000 da (6 pieces) were collected as plant samples from apricot orchards. The samples were made
by increasing the sampling rate by 1 for every 500 decares after 1000 da area. Leaf samples from the apricot cultivars (Table 1) were
collected for DNA Barcoding. “Salak” is known as “Aprikoz” cultivar in local public in Kagizman.

Table 1- Characteristics of local apricot cultivars in the Aras Valley (Reviewed in Ercisli 2009)

Cultivars F"."t Fruit shape Skin colour F.reedom of Type of . Flesh 78S (%) Location
weight (g) pit consumption firmness

Salak 63 Cylindiric Yellow Free Table Soft 14 Igdir
Ordubat 25 Cylindiric Orange Semi-cling Dried Medium 18 Igdir
Tebereze 38 Round Orange Free Dried Medium 17 Igdir
Agcanabat 51 Round Cream Free Table Medium 14 Igdir
Agerik 45 Round White Free Dried Soft 14 Igdir
Sekerpare 22 Round Cream Free Table Soft 20 Malatya
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2.2. DNA extraction and amplification of ITS region for DNA Barcoding

We used 100 mg of fresh leaf tissues from each cultivar as the starting material for DNA extraction, which was performed according
to the literature (Aydin et al. 2018). The extracted DNAs were checked for integrity on 1.5% agarose gel electrophoresis, and the
concentration was measured using NanoDrop (Maestrogen, Taiwan) spectrophotometer. The DNA extracts were stored at -45 °C until
polymerase chain reaction (PCR). We amplified the partial ITS region using the primers ITS1A (5'-GACGTCGCGAGAAGTCCA-3"),
and ITS4 (5'-TCCTCCGCTTATTGATATGC-3") described by Gulyas et al. (2005) and White et al. (1990), respectively. Twenty-
five microliter of PCR reaction mix was prepared with a 2X Reaction Buffer (Thermo Scientific, Cat. No. EP0401), 0.1 mM dNTPs,
0.2 uM both primers, 1 U Taq DNA polymerase (Thermo Scientific, Cat. No. EP0401), 1 mM Mg, 20 ng DNA and nuclease-free
water. Thermal cycling was performed in a SimpliAmp™ instrument (Thermo Scientific, USA) using conditions first denaturation
at 95 °C for 1 min and followed by 35 cycles of 95 °C for 30 s denaturation, 54 °C for 30 s annealing, 72 °C for 1 min elongation.
PCR was finalised with 72 °C for 10 min final elongation step. All the PCR products were checked for specific amplicons (~800 bp)
on 2% agarose gel electrophoresis. After ensuring for specific amplicons, we directly sent the PCR products to Macrogen Inc. (The
Netherland) for purification and Sanger sequencing for both directions using the same primers on the PCR.

2.3. Bioinformatics and phylogenetics

The obtained DNA sequences were imported to Geneiour R8 (Dotmatics, Australia) bioinformatics platform and checked for sequencing
quality. The primer binding regions and low quality ending parts of the sequences were trimmed, and the sequences for both directions
were aligned to generate consensus sequences for each apricot cultivar. The consensus sequences of the positive controls (P. armeniaca
cv. Agcanabat, P. armeniaca cv. Agerik, P. armeniaca cv. Salak (Aprikoz), P. armeniaca cv. Ordubat, and P. armeniaca cv. Tebereze)
were submitted to the National Center for Biotechnology Information GenBank and deposited with the accession numbers OP804469,
OP804470, OP804471, OP804472, and OP804473, respectively. The ITS sequence of P. armeniaca cv. Salak were obtained from
Genbank (MT072696). Then, to identify the 67 apricot samples collected in this study, we compared their sequences with positive
controls by aligning all the sequences and constructing a phylogenetics tree using Neighbor-Joining approach with 1,000 bootstrap
replicates. Prunus persica (DQ006273) was selected as the outgroup.

2.4. Determination of response of cultivars against P. syringae pathovars

Five different local apricot cultivars and cv. Sekerpare in Table 1, commonly cultivated in Tiirkiye, were used in this study (Ercisli
2009). According to Gormez et al. (2013), cv. Sekerpare is a tolerant cultivar of P. syringae pv. syringae. Pseudomonas syringae strains
(P. syringae pv. morsprunorum R1 strain 25B and P, syringae pv. morsprunorum R2 strain 732 from Poland and Pseudomonas syringae
pv. syringae strain BAY3 from Tiirkiye) in bacteriology laboratory stocks were also used as reference pathogenic bacteria.

The methods specified in previous studies by Sobiczewski & Jones (1992) and Li et al. (2015) were optimized and used for the shoot
inoculation tests in this study. One-year dormant shoots of apricot cultivars were randomly collected from orchards in and around
Igdir in 2021 (December) and used for cultivar reaction tests. Each shoot was cut into equal lengths of 10 cm. For surface sterilization,
the cut shoots were kept in 0.5% sodium hypochlorite for 5 min, rinsed with sterile distilled water, and left to dry on blotting paper for
a while.

For shoot inoculation, the strains of pathogenic bacteria were grown in King’s B medium (Schaad et al. 2001) for 24-48 h at 2442 °C.
Growing bacterial cultures were suspended in 20 mL of sterile water and prepared for all strains at the same concentration (OD:
0.1) using a spectrophotometer. Sterile distilled water was used as the negative control. The upper 5 mm of each 10 cm shoot tip was
removed with a scalpel and immersed in the bacterial suspension for 5 min. The tips of the shoots immersed in the bacterial suspension
were covered with Parafilm. The untreated tips of the shoots were cut (approximately 10 mm) and placed in transparent polyethylene
bags containing sterile cotton and sterile distilled water (0.1% sodium hypochlorite dropped) to a depth of 20 mm. To prevent cross-
contamination, separate polyethylene bags were used for each treatment. Cultivar x strain treatment was performed with 5 repetitions.
The shoots were incubated in closed polyethylene bags at 15 °C for 1 week under a photoperiod of 16 h in light and 8 h in darkness. To
show the effect of frost damage on the infection process in the experiment, the shoots were incubated for 1 week at -2 °C. Finally, the
10 mm untreated part of each shoot was discarded, and the shoots were placed in sterile polyethylene bags according to a completely
randomized plot experiment design. It was incubated at 15 °C for four weeks under the same light conditions as previously mentioned,
maintaining high humidity.
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At the end of the incubation period, the necrotic areas on the shoots were evaluated for the severity of the bacterial canker. First, the
uppermost layer of the bark was stripped from the top to reveal symptoms. The shoots were then cut from the bottom to approximately
8 cm long and digitally photographed to detect the necrotic areas. According to the classical method used by Sobiczewski & Jones
(1992), the length of the necrosis was measured using a ruler, and the percentage of disease severity was determined by proportioning it
to the entire length of the shoot. As an alternative to this evaluation method, a new method based on image processing using MATLAB
was used in this study. This new method allows for the detection of the entire necrotic area compared with the widely used subjective
evaluation method based on the measurement of necrosis length specified in previous studies.

In the detection of disease by image processing method, the (red, green, and blue) values of the diseased parts of the apricot shoot were
examined at the first stage, and the black-and-white (binary) image obtained by following the instructions given in Supplemantary
data 1 and the processing steps specified in Figure 1 was used in calculating the area of the apricot area and the diseased area in the
apricot. Perimeter and area measurements are meaningful only for binary images, for this purpose the percentage of diseased area was
calculated using the "bwarea" command (Pratt 1991) in MATLAB.

1-Image acquisition 3- Color image processing r‘l;zzt?;tizz ]_‘;1::2: ijjizsi ’
MATLAB program for the
L | i determined threshold value

5- Extracting the diseased area

2- Mamual cutting of from the image

the apricot shoot area

6- Converting to binary
image

7- Calculation of the black
and white area of the
diseased area

8- Determining the
severity of the disease by
proportioning the area of

the diseased area to the
total apricot shoot area.

—

Figure 1- Image processing steps using MATLAB

2.5. Statistical analysis

In the evaluation of the cultivar x treatment reaction was used CHAID analysis which is a non-parametric analysis, it is a statistical
method that is independent of the preconditions and assumptions required by parametric tests and does not require any transformation
in the data. In the chaid analysis, the parent and child node ratio is taken as 10:5 and tree depth 3.

3. Results
3.1. Collecting of apricot samples

Based on the results published by Ozyériik and Giileryiiz (1992), local cultivars cultivated in the Aras Valley were determined, as
shown in Figure 2. Leaf samples of local apricot cultivars were collected from 71 points representing the apricot production areas in
the Aras Valley (Supplementary data 2).
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Figure 2- Local cultivars cultivated in the Aras Valley; Agerik (a), Agcanabat (b), Ordubat (c), Tebereze (d), Salak (e), Aprikoz (f)

3.2. DNA barcoding of the apricot samples

We successfully extracted DNA from the samples with the concentrations ranging from 18.39-84.42 ng pL"!, the A260/A230 ratio
was 1.30-1.69, and the A260/A280 ratio was 1.83-2.30. The nanodrop results confirmed that the extracted DNAs were ready for PCR
reaction. Agarose gel electrophoresis validated ITS barcode region were amplified successfully for all the samples (data not shown).
Nucleotide sequences for ITS region were obtained with sequencing quality scores ranging from 80.6-96.7. After trimming and aligning
the sequences, the aligned length was 716 bp.
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Figure 3- Phylogram reconstructed with internal transcribed spacer sequence of 71 apricot (Prunus armeniaca L.) samples. The
Aprikoz cultivar groups were coloured as green, the Salak cultivar group were coloured as red. Bootstrap support values were
placed on the nodes

The phylogram reconstructed with ITS sequences identified the sampled by grouping the samples with closely related positive controls
(Figure 3). The outgroup was placed as the natural outgroup on the tree. The branchings were highly supported by bootstrap values (85
to 93%). According to the tree, most of the (52 samples) samples matched with P. armeniaca cv. $alak, 9 samples were matched with P
armeniaca cv. Aprikoz, two samples (56 and 59) matched with P. armeniaca cv. Tebereze, the sample 185 matched with P. armeniaca
cv. Agcanabat, and the sample 116 matched with P. armeniaca cv. Agerik. There was no matching with P. armeniaca cv. Ordubat.
According to the DNA barcoding results in these 65 locations, 80% cv. Salak, 14% cv. Salak (Aprikoz), and 3% cv. Tebereze cultivars
were identified, and the remaining 3% belonged to the Agcanabat, Ordubat, and Agerik cultivars (Figure 4).
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Figure 4- Distribution map of apricot cultivars in Aras Valley based on GPS data

3.3. An alternative method to detect the reactions of apricot cultivars to pathogens

In this study, results were obtained regarding the reactions of six different apricot cultivars against three different P. syringae pathovars,
which are causal agents of bacterial canker in apricot (Giovanardi et al. 2018). An alternative new method based on image processing
technology instead of the classical method has been attempted to obtain results (Figure 1). Data on disease severity obtained using
MATLAB were statistically compared with the results obtained using the classical method (Figure 5). A correlation of 0.7587 was
found between the disease severity data determined using these two methods.

Figure 5- Stages of image processing (IP) at cultivar reactions to bacterial pathogens; Apricot cultivar (cv. Agcanabat*); treatments
(NC', strain BAY3?, strain 25B?, strain 7324); Image processing (Original’, RGBcolour’, RGBblack_white‘, RGBdiseased_area?)
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In the classical method, different researchers can detect the disease severity at different rates. However, the image-processing method
provides the same results as an objective tool for researchers who use the same command and threshold values. Therefore, in the next
step of the study, the data obtained from the image processing method using MATLAB was used to determine the average disease
severity (%) values showing the response of the cultivars to the pathogens.

Table 2- Reactions of cultivars with P. syringae pathovars (%)

Cultivars NC Strain BAY3 (Pss) Strain 25B (Psm R1) Strain 732 (Psm R2)
Agcanabat 0.75 9.13 1.69 15.72

Salak 0.08 0.80 1.24 222

Tebereze 0.00 1.68 0.45 0.85

Ordubat 0.01 3.73 1.29 1.32

Agerik 0.10 5.52 343 2.73

Sekerpare 0.39 1.74 2.82 4.33

The results were evaluated with reference to cv. Sekerpare, which has been reported to be tolerant to Pss in previous studies. According
to the results of the CHAID analysis shown in Figure 6, disease severity was determined at an average rate of 7.032% in 120 apricot
shoots (node-0). Pathogens (treatments) affected the disease severity more than the cultivar factor; therefore, the first node (node-0)
was attached to the node of the treatments. Disease severity was divided into three groups based on the pathogens. In the negative
control group, an average of 0.033% disease severity was determined (node-1). Strains BAY3 and 732 were included in the same group
in terms of their effect on disease severity and caused 11.075% of disease on average (node-2). The disease severity rate caused by
strain 25B was determined to be 5.943% and was included in a different group from the others (node-3). Strains BAY3 (Pss) and 732
(Psm R2) were in the same statistical group according to the disease severity values created by pathogen application on the cultivars.
The Agcanabat cultivar was in the sensitive group with a disease severity rate of 17.810% (node-4) for these two pathogens, whereas
other cultivars were in the same statistical group with the more tolerant cv. Sekerpare with an average disease severity of 9.728%
(node-5). According to the results, the Agcanabat cultivar was more sensitive than the cv. Sekerpare (Table 2). The reaction differences
between cultivars other than the Agcanabat cultivar against these two pathogens were statistically insignificant. There was no statistical
difference between the cultivars with respect to strain 25B (Psm R1). All cultivars for this strain were in the same statistical group as
that of the tolerant reference cultivar. When the image processing method was used to evaluate the results, an average of 0.033% disease
severity values were measured in the negative control. According to expert opinions, the error of the method is a tolerable level for plant
samples (Figure 5, Table 2, node-1). The coefficient of determination (R?) for the model was 0.599.
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4. Discussion

Many table [Hasanbey, Salak (Aprikoz), Sekerpare, Sam, Turfanda izmir, Tokaloglu, Alyanak, Ethembey, Karacabey, Mahmudun
Erigi, Adilcevaz 5, Iri Bitirgen, Precoce de Tyrinthe, Precoce de Colomer, Canino, Luizet, Roxana, Ninfa, Aurora ect.] and dried apricot
cultivars (Hacihaliloglu, Kabaasi, Soganci, Cataloglu) are grown in Tirkiye, placing the country first in world apricot production
(Paydas Kargi et al. 2015). The Aras Valley, which includes Igdir and Kagizman, accounts for approximately 6.37% of this production
(TUIK 2021). Economically important apricot cultivars such as Salak (Aprikoz), Tebereze, Ordubat, Agcanabat, and Agerik are widely
grown in the Aras Valley, and their phenological and pomological characteristics have been determined in previous studies (Ozy6riik
& Giilerytiz 1992; Ercisli 2009; Muradoglu et al. 2011). Therefore, it is crucial to identify the apricot cultivars for breeding and
commercial use. Bourguiba et al. (2010) reported sequence-tagged microsatellites (SSR) and amplified fragment length polymorphism
(AFLP) markers could be used to identify apricot cultivars and discover synonyms and homonyms. Genotyping studies were limited
to AFLP, SSR, and random-amplified fragment length polymorphism (RAPD) techniques for Turkish apricot genotyping studies.
The next level genotyping method based on DNA sequencing was also applied to identify and discriminate apricot cultivars from
closely related apricot types. In a study performed by Hiirkan (2020), the DNA sequences of barcoding regions ITS, LEAFY, matK,
rbcL, and ycfl for P. armeniaca cv. Salak were obtained and tested for their discrimination performance. The results of the study
showed that ITS and LEAFY DNA sequences successfully discriminated the Salak cultivar from other cultivars. Previous studies have
mentioned that “Aprikoz” and “Salak” are the same cultivars (Asma 2000, Alim & Kaya 2005; Asma & Ozturk 2005). However, these
cultivars differed according to the DNA sequencing results based on the ITS gene region. In the present study’s DNA sequencing based
analysis, the cultivars distributed as Salak (80%), Aprikoz (14%), and Tebereze (3%) in the Aras Valley. The remaining 3% included
the Agcanabat, Agerik, and Ordubat cultivars. The results confirmed the previous studies identification of apricot cultivars distributed
in the Aras Valley. Alim & Kaya (2005) reported Salak (Aprikoz) was the most cultivated cultivar with 85%, and Tebereze, Agerik and
Ordubat cultivars was 15%. P. syringae pathovars have high genetic diversity, making bacterial canker difficult to control (Morris et
al. 2009). One of the most important methods for controlling the causal agents of bacterial canker is the use of resistant apricot cultivars
(Donmez et al. 2010). However, only a few apricot cultivars have been reported to be resistant to Pss until now (Scortichini et al. 1999;
Singh et al. 2005). In a study conducted on apricot cultivars in Tiirkiye, Hacthaliloglu was reported to be very sensitive to Pss, while
the Roxana, Hasanbey, and Sekerpare cultivars were tolerant to Pss (Gormez et al. 2013). Apricot cultivars that show resistance or
sensitivity to the causal agents of bacterial canker in Tiirkiye and the world have been determined by many similar studies (Donmez
et al. 2010; Bibi et al. 2022; Cetinkaya et al. 2022). However, the local cultivars in the Aras Valley were not included in these studies.
Therefore, in this study, the reactions of apricot cultivars in the Aras Valley against P. syringae pathovars caused bacterial canker on
apricot were detected for the first time using the image processing method.

The determination coefficients of the disease severity values obtained by image processing and classical methods were calculated as
R?=0.5756. The most important reason for not obtaining a high level of determination coefficient is that the region of the disease is in
the form of a line in some cases, whereas in some cases, it is spread over the entire shoot (Figure 5). In the classical method, disease
severity is determined by measuring the length of necrosis and dividing it by the shoot length. For this reason, even if the disease
symptom was a thin line, the entire shoot area with symptoms was considered to be diseased. However, in the image-processing
method, disease severity is only obtained by the ratio of the specified necrotized area to the area of the shoot, which eliminates this
disadvantage (Figure 5). In this study, an image processing method was developed using the MATLAB package program to obtain
faster and more objective results than the classical method (Sobiczewski & Jones 1992) in the evaluation of disease severity. In a similar
study, a general, rapid and reliable approach was used for lesion measurement using image recognition and an artificial neural network
model, and it was suggested that it produced more objective results than visual scoring (Li et al. 2015).

In this study, CHAID analysis, which allows for easier interpretation of the data, was used as a statistical method to evaluate the
reactions of local cultivars to P. syringae pathovars. In most scientific studies, the findings obtained cannot provide the assumptions of
the ANOVA test (normality, homogeneity of variances, etc.). In this situation, applying one of the transformation methods (angle, log,
In, etc.) to the data, the dataset was transformed to be suitable for a normal distribution, an ANOVA test was applied to these new data,
and the results obtained were evaluated. The CHAID analysis, which has become increasingly popular in recent years, was used as an
alternative to the classical method in this study. The CHAID analysis is a decision tree method in which the relationship between the
dependent and independent variables in the dataset and the relationships among the independent variables are examined (Akin et al.
2017). CHAID is a nonparametric analysis, is independent of the preconditions and assumptions required by parametric tests, and does
not require any transformation of the data (Koc et al. 2019).
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5. Conclusion

According to our results of DNA Barcoding based on ITS, “Salak” is the most common apricot cultivar in Aras Valley. Alternative
methods such as image-processing technology and CHAID analysis have also been successfully used for cultivar reaction tests in this
study. It was also determined that the Agcanabat cultivar, which is a local apricot cultivar in the Aras Valley, is sensitive to strains BAY3
(Pss) and 732 (Psm R2), whereas the other local cultivars were found to be tolerant. All cultivars were in the tolerant group of strain 25
B (Psm R1), and the Agcanabat apricot cultivar was highly sensitive to strain 732 (Psm R2).
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