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ABSTRACT

Today, drought stress threatens the world seriously. Determining the
effects of some exogenous stimulators in acquiring resistance against
stress will contribute to agriculture under drought stress. In this regard,
we investigated the effects of melatonin (MEL) on Morus nigra cv. 'Eksi
Kara' (black mulberry) in challenging drought. To reach this object, we
reproduced 'Eksi Kara', which is registered in Turkey and has economic
importance, in tissue culture by using the meristem culture method. Plants
were then transferred in a medium containing polyethylene glycol (PEG)
8000, which causes -1.5 MPa drought stress, and 20 pl MEL has applied.
Leaf samples were taken on the 5™, 10™, and 15" days after treatments in
groups of plants grown in a different medium (Control, Control+MEL,
PEG and PEG+MEL). The changes in the pigment system, relative water

under drought. Exogenous MEL added in MS medium had a mitigation
effect on stress. The reduction was detected in the chlorophyll and
carotenoid content of leaves. Moreover, MEL+PEG combination
improved the chlorophyll level. It was seen that exogenous MEL
application promoted the plant defence mechanism of M. nigra plants,
which exposed to drought stress, by increasing the accumulation of non-
enzymatic antioxidants; total glutathione (GSH), total phenolic, proline)
and activities of antioxidant enzymes; catalase (CAT), superoxide
dismutase (SOD), Glutathione-S-transferase (GST), glutathione
reductase (GR), peroxidase (POD), ascorbate peroxidase (APX). This
study also indicates that the application of MEL+PEG composition
partially prevented membrane lipid peroxidation by decreasing
(malondialdehyde) MDA content.

content (RWC) and antioxidant system were evaluated comparatively
between the groups to assess plants' growth and determine their roles in
coping with stress. Our findings showed that RWC decreased in leaves

Keywords: Black mulberry, Malondialdehyde, Pigment, Proline, Relative water Content, Total phenolic

1. Introduction

Abiotic stress is the primary cause of yield loss worldwide, and it corresponds to more than 50% of yield loss in high-yield
cultivated plants (Wang et al. 2004). Drought is considered one of the significant abiotic stresses, and it alters the average growth
balance in plants negatively. It also damages plants' growth and productivity by causing a series of morphological, physiological,
biochemical, and molecular changes (Pandey et al. 2017). Researches on obtaining drought-resistant plant varieties are critical
in challenging drought.

Morus nigra L. (black mulberry) is in Urticales order Moraceae family and Morus genus. Morus is widely cultivated,
particularly in East, West, Southeast Asia, Southern Europe, the south of North America, the northwest of South America, and
some parts of Africa (Datta 2002). Mulberry can be grown in temperate and subtropical climates due to its high ability to adapt
to different climatic and soil conditions. Therefore, it has been reported that mulberry will have significant potential bio-energy
plants in a rapidly changing global climate under drought conditions (Sekhar et al. 2017).

Mulberry in Turkey is cultivated as a closure and mixed garden or border plant. The fact that urbanization damages the
genetic diversity of the mulberry made the protection of varieties critical (Vijayan et al. 2011). Narrowing of agricultural lands
and the inverse effect of stress on environmental conditions are reasons for decreased productivity. Thus, it is very substantial to
increase productivity in vegetative production, which is achieved by breeding or selecting resistant plants to stress conditions
(Arici & Eraslan 2012). Sugar, organic acids, minerals, anthocyanins, and vitamins included in black mulberry make it an
essential source of nourishment. Most of the daily calcium, iron, B, and C vitamin requirements can be met by eating black
mulberry (Hepsag et al. 2012; Wang et al. 2021). It has also been used in traditional herbal medicine for both animals and
humans. It exhibited anti-inflammatory, antimicrobial, anti-diabetic, anti-obesity, and anticancer properties (Lim & Choi 2019;
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Erden 2021; Mehta & Kumar 2021). In this regard, it is essential to determine the drought resistance of M. nigra, which has
medical and economic importance.

Avoidance and tolerance are two primary defence mechanisms that allow the plant to survive under drought stress (Zheng et
al. 2017a). Drought tolerance is the ability to keep the plant tissue's physiological and metabolic activities at lower levels when
the water potential within the plant decreases (Blum & Ebercon 1981). Plants under drought stress have an effective defence
system that uses enzymatic antioxidant systems consisting of antioxidants such as superoxide dismutase (SOD), catalase (CAT),
peroxidase (POD), ascorbate peroxidase (APX), glutathione reductase (GR) and Glutathione-S-transferase (GST) as well as a
non-enzymatic antioxidant system including some secondary metabolites such as ascorbic acid, GSH, flavonoids, and total
phenols to mitigate the deleterious effects of reactive oxygen species (ROS) (Cheng et al. 2018).

Melatonin (MEL) has long been considered an important antioxidant or hormone in animals (Reiter 1991). Recently, it has
been proven that endogenous MEL is widely found in bacteria, fungi, animals, and plants (Lin et al. 2019; Qiao et al. 2019).
Also, MEL is recognized as a potential growth stimulator in plants (Arnao & Hernandez-Ruiz 2019; 2020). MEL acts as the
primary regulator by increasing tolerance to biotic and abiotic stresses such as salinity, drought, extreme temperatures, high light
intensity, herbicides, ultraviolet radiation (Zhang et al. 2012; Wang et al. 2017; Jahan et al. 2019; Ahammed et al. 2020a;
Moustafa-Farag et al. 2020). A compound's qualification as a plant hormone It must be formed within the plant, transported from
where it is formed to another location, and be able to manage or regulate various life events in the location where it is transported.
It must be able to show these effects even at very low concentrations (Kaynak & Ersoy 1997). MEL can dissolve both in water
and lipids and easily reach all intracellular components (Posmyk & Janas 2009). It can effectively protect the cell membrane,
organelles, and nucleus from free radicals' devastating effect. Poeggeler et al. (2002) reported that MEL is also a more potent
antioxidant than vitamins C, E, and K. According to our literature exploration on the effects of MEL on the antioxidant system,
we could not find any study of applications to plants in the form of trees. However, there were many kinds of research conducted
with herbaceous plants.

In this study, M. nigra cv. 'Eksi Kara', which has economic and medical importance, was reproduced in tissue culture, and
groups were formed, in which MEL and drought stress (-1.5 MPa) was applied, in vitro. Also, pigment content, RWC, GSH,
total phenol, proline content, and antioxidant enzyme activities (CAT, SOD, GST, GR, POD, and APX) were evaluated
comparatively in both groups.

2. Material and Methods
2.1. Plant growth in tissue culture

The M. nigra cv. 'Eksi Kara' explants used in the research were obtained from the National Mulberry Gene Resources parcel
located in in the Republic of Turkey, Ministry of Agriculture and Forestry, Malatya Apricot Research Institute. 'Eksi Kara' is the
only M. nigra variety registered in the Seed Registration and Certification Center, and its fruits are economically and
pharmacologically important. Explants were taken from nodal buds on one-year shoots in June, July, and August in 2017-2019.
Explants were reproduced in MS medium (Murashige & Skoog 1962, M0222 Duchefa) after surface sterilization. In the first
phase of culture, 0.75 mg L benzyl amino purine (BAP) was used, then 1 mg.L* BAP for shoot propagation, and 1.5 mg.L™
indole butyric acid for rooting.

2.2. Drought and melatonin application

Plants were grown over a period of 5 months prior to application. Following applications were made to the plants rooted in vitro
tissue culture: Control: Liquid (agar-free) MS medium was used. Control+MEL: The plants rooted under in vitro conditions
were transferred to a liquid MS medium containing 20 uM MEL. The MEL dose was chosen as a result of preliminary evaluations
based on reference studies (Korkmaz et al. 2016; Han et al. 2017; Zheng et al. 2017b). PEG group: Plants were transferred to a
liqguid MS medium containing PEG 8000, a polymer that retains water, to provide the drought condition. To reach -1.5 MPa
drought, 355 g.L ! PEG 8000 was added to the liquid MS medium according to the formula developed by Michel (1983).
PEG+MEL group: Plants were transferred to liquid MS medium containing 20 uM MEL and 355 g L'* PEG 8000.

4 — J(516 ¥ T —560 ¥ + 16)

PEG =
(2.58 T — 280)

X 1000

Y=-15MPa T=25°C
2.3. Samples for analysis
The leaves to be used in the analysis were taken on the 5™, 10", and 15" days after the applications. Samples were frozen in

liquid nitrogen and preserved at -40 °C to be used for analysis. They were studied as soon as possible to eliminate the risk of loss
of enzymatic activity. Fresh leaves were used without freezing to evaluate the relative water content.
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2.4. Determination of relative water content

Fresh weights (FW) of the leaf samples were determined. Then, these leaves were kept in distilled water for 4 hours, and their
turgor weights (TW) were determined. After drying for 48 hours in a 70 °C drying oven, the dry weights (DW) of samples were
weighed. (Sanchez et al. 2004; Demiral & Turkan 2005).

2.5. Determination of total chlorophyll and carotenoid content

The method of De Kok & Graham (1980) was used for pigment content. In the first step, 1 g sample taken from the leaf was
homogenized in 50 mL acetone (100% Merck) and kept at +4 °C for 24 hours. Homogenates were then centrifuged, and their
absorbance values were calculated according to Lichtenthaler & Welburn (1983) with spectrophotometric reading (Biochrom
Libra S22) at 662, 645, 470 nm.

2.6. Extraction for enzyme analysis

To analyze enzyme, 0.5 g leaves were homogenized with 2.5 mL 0.1 M, pH 7.5, Tris-HCI buffer, 2.5 mL 0.1mM EDTA
and 0.5 mL 1% PVP. The homogenate was centrifuged at +4 °C and 18.000 rpm for 30 minutes. Then, the supernatant was
stored at -40 °C until analysis (Andrews et al. 2005). Enzyme values were calculated in terms of specific activity by
dividing by total protein.

2.7. CAT activity

The method of Luck (1963) was used to determine CAT enzyme activity. CAT enzyme activity was defined as the absorbance
change obtained in 1 minute by reading at 240 nm in the spectrophotometer (molar extinction coefficient for H,O, is 0.0396
cm?.umol ™).

2.8. SOD activity

SOD enzyme activity determination was made using the method of McCord & Fridovich (1969). The SOD activity was measured
spectrophotometrically at 550 nm.

2.9. GST activity

The method of Habig et al. (1974) used to assign GST enzyme activity. Enzyme activity was determined as 344 nm in the
spectrophotometer (the extinction coefficient of CDNB is 9.6 mMt.cm™).

2.10. GR activity

Determination of GR activity was made according to Carlberg & Mannervik (1985) method. Enzyme activity was measured in
the spectrophotometer at 340 nm wavelength. NADPH was calculated with an extinction coefficient of 6.2 mM-t.cm™.

2.11. GSH content

Assignation of total glutathione content was made according to the method of Akerboom & Sies (1981). One-minute absorbance
change was determined at 412 nm.

2.12. POD activity

The method of Peters et al. (1989) and MacAdam et al. (1992) was performed for POD activity determined with modification.
The change in enzyme activity in the first minute was measured at the wavelength of 436 nm (Guaicol's extinction coefficient is
26.6 mMt.cm™).

2.13. APX activity

The methods of Nakano & Asada (1981) and Cakmak (1994) were used for APX activity determination. Enzyme activity was
determined at 290 nm in the spectrophotometer, and APX activity was calculated with an extinction coefficient of 2.8 mM=t.cm™.

2.14. Determination of MDA content

MDA analysis was made according to the method of Heath & Packer (1968). The absorbance of the supernatant was measured
at 532 and 600 nm. The content of MDA was calculated with an extinction coefficient of 155 mM=1.cm™.,
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2.15. Determination of total phenolic

Slinkard & Singleton's (1977) and Chandler & Dodds' (1983) method used to determine the total phenolic determination. It was
measured at 760 nm in the spectrophotometer, and a standard curve was prepared with the gallic acid solution.

2.16. Determination of proline content

Proline determination was made spectrophotometrically by the acid-ninhydrin method according to Bates et al. (1973). The
absorbance was measured at a wavelength of 520 nm. The same method was repeated using proline, and a standard graphic was
created.

2.17. Total protein content

Total protein content was determined using the method of Bradford (1976). 50 pL of homogenate prepared from leaves was
added onto 1000 pL Bradford reagent. It is measured in a spectrophotometer at a wavelength of 595 nm.

2.18. Statistical analysis

SPSS (Statistical Program in Social Sciences) V.25 software was used to evaluate this study's data. The data's compliance with
normal distribution was checked with the Shapiro — Wilk test, and the homogeneity of variances was controlled with the
LEVENE test at the 5% threshold. Duncan’'s multiple range test (Duncan 1955) was performed for paired comparisons of groups,
and variance analysis (ANOVA) was made. Differences between the means were showed with different letters (P>0.05).
Statistically same groups were showed with the same letters (P>0.05). Lower case letters show the comparison between averages
in days (within groups), upper case letters show the comparison between groups. Each stage (5", 10", and 15™ days) was
compared within itself with Duncan's multiple range test.

3. Results
3.1. Relative water content
It was found that RWC decreased in the application of PEG to M. nigra leaves compared to the Control (P<0.05). The highest

RWC was 64.11% in the Control+MEL group, while the lowest RWC was 21.11% in the PEG group. Moreover, there was a
substantial decrease in RWC in different PEG group days (P<0.05) (Figure 1).

S 80
T 70
(O]

£ 60
S 5o
—

g 40
= 30
L 20
s 10
e o0

Control Control+MEL PEG+MEL
gbSthday  y10*day g 15" day

Figure 1- Relative water content changes in M. nigra leaves depending on groups and days

3.2. Total chlorophyll and carotenoid content

The total chlorophyll content was lower in all treatment groups than in the Control (P<0.05). The highest total chlorophyll content
was 11.43 pg.g? in the control group, while the lowest was 4.54 pg.g’ in the PEG group. Higher total chlorophyll content was
observed in the PEG+MEL group compared to the PEG group. These differences were found to be statistically significant
(P<0.05) (Figure 2). The carotenoid content was lower in all treatment groups than in the control group (P<0.05). The highest
carotenoid content was observed as 2.57 ug.g in the Control+MEL group, while the lowest was 1.46 pg.g™ in PEG+MEL group.
PEG+MEL group were determined lower than the PEG group in terms of carotenoid content (P<0.05) (Figure 3).
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Figure 2- Variation of total chlorophyll content of M. nigra leaves depending on groups and days
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Figure 3- Variation of carotenoid content of M. nigra leaves depending on groups and days
3.3. CAT activity

CAT activity increased in all groups treated than the Control group (P<0.05). The highest enhancement in PEG+MEL group was
found by 40% on the 10th day and 57% on the 15! day than the PEG group (P<0.05). On the other hand, CAT activity improved
by 19% on the 5th day and 39% on the 10" day in Control+MEL group compared to the Control group (P<0.05) (Figure 4).

C
60 - C
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CAT Activity (umol.mint.mg protein -1

0

Control Control+MEL PEG PEG+MEL

m5thday ®m10thday ®15thday

Figure 4- Variation of CAT activity in M. nigra leaves depending on groups and days
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3.4. SOD activity

We determined improvement in SOD activity in all treatments, excluding the Control group (P<0.05). The highest SOD activity
was found in PEG+MEL group as 97.06 pmol.min *.mg protein. We also observed that SOD activity increased 100% on the
10th day and 92% on the 15" day in the PEG+MEL group compared to the PEG group (P<0.05). Also, MEL supplementation to
the Control group enhanced SOD activity by 52% on the 10™ day and 384% on the 15" day (P<0.05) (Figure 5).

120
100
80
60
40

20

SOD Activity umol.min-t.mg protein!

Control Control+MEL PEG PEG+MEL

m5thdagy m10thday m15thday

Figure 5- Variation of SOD activity in M. nigra leaves depending on groups and days

3.5. GST activity

It was determined that the GST activity increased in all the treatment groups compared to the Control (P<0.05). The highest GST
activity was 66.57 pmol.min™*.mg protein™in PEG+MEL group, and increasing by 125% was found compared to the 15" day of

the PEG group (Figure 6).
80
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0
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Control Control+MEL PEG PEG+MEL

m5thday m10hday m15Mday

Figure 6- Variation of GST activity in M. nigra leaves depending on groups and days
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3.6. GR activity
GR activity increased in all treatment groups compared to the Control (P<0.05). The highest GR activity was found in PEG+MEL

group as 124.48 umol.min.mg protein-t. Compared to the PEG group, GR activity in PEG+MEL group decreased 12% on the
5th day, while increased 28% on the 10" day and 55% on the 15" day (P<0.05) (Figure 7).
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Figure 7- Variation of GR activity in M. nigra leaves depending on groups and days
3.7. GSH content

It was seen that treatment groups, excluding Control, positively impacted GSH content (P<0.05). The highest GSH content
detected in the PEG+MEL group was 2.34 umol.min™t.mg protein™. It was found that the PEG+MEL group improved, compared
to the PEG group, 38% on the 10" day and 93% on the 15™ day (P<0.05) (Figure 8).

GSH Content (umol.mint.mg protein-t)

Control Control+MEL PEG PEG+MEL

.5”‘ day .10“‘ day .15“‘ day

Figure 8- Variation of GSH content in M. nigra leaves depending on groups and days
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3.8. POD activity

Our findings showed that PEG application increased POD activity in M. nigra leaves compared Control group on all days
(P<0.05). The highest POD activity was observed in the PEG+MEL group with 3.92 pmol.min"*.mg protein’t. The PEG+MEL
group enhanced POD activity by 48% on the 5™ and 10" days and by 92% on the 15" day when compared to the PEG group
(P<0.05) (Figure 9).

POD Activity (umol.min"t.mg protein)

Control Control+MEL PEG PEG+MEL

u5thday = 10" day = 15" day

Figure 9- Variation of POD activity in M. nigra leaves depending on groups and days
3.9. APX activity

It was seen that APX activity in M. nigra leaves increased along with PEG treatment compared to the Control group on all days
(P<0.05). The highest APX activity was found in the PEG+MEL group with 317.59 umol.min"t.mg protein=. In this context, it
was observed that improvement was 84% on the 10™ and 15" days in PEG+MEL group compared to the PEG group (P<0.05)
(Figure 10).
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Figure 10- Variation of APX activity in M. nigra leaves depending on groups and days
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3.10. MDA content

When compared with the Control group, it was determined that the MDA content of M. nigra leaves increased on all days with
PEG application (P<0.05). On the other hand, the highest MDA content was examined as 27.75 umol MDA.g FW in the PEG
group. (P>0.05) (Figure 11).
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Figure 11- Variation of MDA content in M. nigra leaves depending on groups and days
3.11. Total phenolic content

The highest total phenolic content was found as 13.5 pg.g * FW in the PEG+MEL group. On the other hand, it was observed
that PEG+MEL group enhanced total phenolic content by 17% on the 5™ day, 12% on the 10" day, and 53% on the 15" day
compared with the PEG group (P<0.05). Analysis results indicate that there was no difference between the Control+MEL and
Control group in terms of total phenolic content (P>0.05) (Figure 12).

3.12. Proline content

Our findings indicate that proline content was higher in all treatment groups than in the Control group (P<0.05). The highest
proline content was found as 115.11 pg.g* FW in PEG+MEL group. Exogenous MEL application to the PEG group improved
proline content by 32% on the 5™ day, 20% on the 10™ day, and 17% on the 15™ day (P<0.05) (Figure 13).

4. Discussion

Drought has become the most critical problem limiting agricultural production. Moreover, it ranks first according to evaluating
the adverse effects of natural disasters in the world (Marchin et al. 2020). In this context, to find solutions to yield losses caused
by drought, understanding plants' mechanisms that could adapt to deficient water conditions is crucial. Studies on different plant
species have shown that PEG can successfully provide drought stress conditions to plants (Zhu et al. 2005; Rouhi et al. 2006;
Caruso et al. 2008; Chen et al. 2010; Ipek 2015). Also, PEG has a substantial impact on plants' water uptake by affecting its
environment's osmotic potential. Hence, the intensity of use of PEG causes different levels of drought stress.

The soil's water potential is, on average, -1.5 MPa at the permanent wilting point (Kocacaliskan 2008). Leaf water content
reflects the ability of the plant leaves to maintain water balance. On the other hand, RWC in plant leaves is reduced as soil
moisture decreases (Marshall et al. 2000; Chen et al. 2012). It has been reported by Korkmaz et al. (2016) that chilling injury
stress caused a diminishment in RWC in the leaves of pepper seedlings while MEL treatment enhanced it. In this study, although
RWC was observed to be lower in the PEG group compared to the Control group, PEG+MEL composition improved RWC.
Also, MEL was potent in protecting RWC and water potential in M. nigra exposed to drought (Figure 1).

According to Santos (2004), decreasing chlorophyll biosynthesis or increase in chlorophyll fragmentation is the cause of
degradation in chlorophyll content in plants. On the other hand, Fracheboud et al. (2004) stated that drought stress might reduce
chlorophyll and carotenoid content. They also reported that it is closely related to the carbon exchange ratio. Drought prevents
photosynthesis by causing inconsistency in the light-harvesting complex, which triggers oxidative stress (Smirnoff 1993). Our
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findings showed that PEG treatment in M. nigra negatively affected the pigment system. The enhancement of the total
chlorophyll content in the PEG+MEL group indicates that MEL positively affects the pigment system (Figure 2).

Carotenoids are a photoprotective agent used to mitigate the deleterious effects of light and oxygen. They protect all
photosynthetic organisms against light damage by transforming the light into heat or detoxifying ROTSs, which leads to a
reduction in lipid peroxidation (Collins 2001). Sharma et al. (2020) determined that MEL's application to Carya cathayensis
(Chinese hickory) plants under drought stress conditions regulates metabolic pathways such as phenylpropanoid, chlorophyill,
and carotenoid biosynthesis, and carbon fixation. Our findings regarding carotenoid content indicate that the decrease in PEG
and PEG+MEL groups' carotenoid content may be due to the consumption of carotenoids in the plant during challenges with
drought stress (Figure 3).

Free radical-induced peroxidation of lipid membranes is both the reflection and measurement of stress-induced damage at
the cellular level (Jain et al. 2001). MDA is the end-product of membrane lipid peroxidation, and its accumulation demonstrates
that plant cells have high levels of lipid peroxides (Zhao & Tan 2005; Upadhyaya et al. 2007; Liu et al. 2014; Ju et al. 2018). On
the other hand, plant resistance can be assessed by measuring the MDA content (Gao et al. 2020). According to our findings, the
MDA content was the highest in the PEG group’s drought stress compared to the Control group. It was also observed that
MEL+PEG group, interestingly, had lower MDA content compared to the PEG group. In this context, it is thought that MEL
prevented membrane lipid peroxidation, while drought stress increased MDA content as well as the simultaneous application of
MEL and PEG decreased MDA content (Figure 11). According to some studies, the MDA content decreased in groups that
applied melatonin under stress (Li et al. 2019; Imran et al. 2021). The obtained findings indicate that MEL might alleviate abiotic
stress-triggered ROS accumulation and cell membrane damage.

CAT is one of the antioxidant enzymes that affect cell life as it contributes to coping with ROS, which forms in oxidative
stress (Volkert et al. 1994). In the study of Huihui et al. (2020), it was reported that SOD and CAT activity was increased in
leaves of mulberry (M. alba L.) seedlings exposed to NaCl stress, and O, accumulation was not observed. Liu et al. (2015)
reported that exogenous MEL application (0.1 mM) to the roots of tomato (Lycopersicum esculentum) under drought stress
conditions promoted CAT, SOD, POD enzyme activities, and AsA levels. It has been stated that this status is related to the
alleviation of damage in the membranes and thus the enhancement in drought tolerance. We observed that our findings are
coherent with this statement (Figures 4, 5, 9).

It has been reported that SOD plays a role in the antioxidant defence mechanism of plants during oxidative stress and increases
the activity of this enzyme as a reaction to stress (Jacoby et al. 2010). Plant GSTs detoxify ROSs, which form as consequences
of various stresses, and can reduce peroxides along with GSH (Gill & Tuteja 2010). Kaya & Doganlar (2019) reported that
proline, GSH, and MDA contents and APX, GST, and GR activities increased in peppers (Capsicum annuum) exposed to
pendimethalin and drought stress. They also found that exogenous MEL application reduced the plants' MDA content compared
to control plants, while the proline content, GSH, and antioxidant enzymes (APX, GST, and GR) activities increased. Oxidized
glutathione and NADPH transform GSH again with the reaction catalyzed by GR reductase (GR), and GR is the only enzyme
that catalyzes this recovery (Karuppanapandian et al. 2011; Guller et al. 2020). On the other hand, increasing GR activity in
plants promotes GSH accumulation. Thus, resistance and tolerance can be formed in plants against oxidative stresses (Shereefa
& Kumaraswamy 2016). GR is the only enzyme that catalyzes the recovery of reduced glutathione from oxidized glutathione
using NADPH as a reducing agent. In the research conducted by Xia et al. (2020), it is reported that exogenous MEL application
to seedlings grown under drought stress led to the enhancement of ascorbic acid-glutathione (AsA-GSH) cycle, carotenoid
biosynthesis, and antioxidant enzymes activities. It has been stated that the increase in POD activity under drought stress
conditions is associated with the drought tolerance of the plant and that high POD activity will strengthen drought stress tolerance
in the plant (Sairam & Saxena 2000). In another study, Campos et al. (2019) reported that MEL application (300 uM) increased
the enzymatic and non-enzymatic antioxidants activity and reduced lipid peroxidation in coffee plants under water stress. Our
findings indicate that SOD, GST, GR, POD, and APX enzyme activities and GSH content were increased in the PEG group
compared to the Control group. Moreover, these parameters raised more in PEG+MEL group (Figures 5-10). We observed that
MEL enhanced these enzymes, which are prominent in defence, and it demonstrates that MEL has a positive effect on the
antioxidant system. These findings are in accordance with the literature.

Flavonoids and phenolic acids function as scavengers of free radicals and play a role in chelating ROS-producing metals by
the Fenton reaction (Zhang et al. 2016). Gao et al. (2020), who experimented on two ornamental plants (Adonis amurensis and
A. pseudoamurensis), reported that drought stress conditions improved flavonoid and total phenol content remarkably.
Researchers also stated that plants mitigated damage caused by drought stress through soluble sugar and proline accumulation.
Our findings indicate that drought stress increased the total phenolic content in M. nigra by 53% in PEG+MEL treatment than
in the PEG group (Figure 12). Literature results suggest that exogenous MEL application in drought stress conditions contributes
to plants' defence mechanism in stress tolerance by enhancing the phenolic content.
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Figure 12- Variation of total phenolic content in M. nigra leaves depending on groups and days

Proline accumulation in plants preserves the moisture in the tissue, assists the absorption of water from the environment, and
supports the cells to maintain their normal physiological and biochemical activities. Many studies have confirmed this finding
in different plants under drought stress conditions (Karimi et al. 2012; Rostami & Rahami 2013; Bolat et al. 2014; Ipek 2015).
Besides, many researchers reported soluble sugar and protein increment also seen under drought stress conditions as a protective
mechanism of plants (Sarker & Oba 2018). Relative to the results of the study conducted by Ding et al. (2017), it was observed
that exogenous MEL application to the leaves of tomato seedlings increased antioxidant enzyme activity, sugar, and proline
content. Our findings demonstrated a similar trend in the M. nigra plant, and proline was higher, especially in the MEL group
(Figure 13).
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Figure 13- Variation of proline content in M. nigra leaves depending on groups and days

5. Conclusions

This study determined that MEL mitigates drought stress damage in M. nigra plants and could use as a protector. Moreover, our
findings have shown that MEL positively impacts the pigment system, RWC, MDA content, non-enzymatic (GSH, proline,
carotenoid), and enzymatic antioxidants (SOD, CAT, GST, GR, POD, APX). Hence, this study suggests significant findings to
in vitro and in vivo research in the future.
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ABSTRACT
Seed pelleting is a technique of covering seeds with adhesive agents to

by ZE + SS had the highest fresh tuber and biological yield (23.6 and 28.0
ton.ha%, respectively), which showed an increase of 156.5% and 145.6%,

improve seed performance and plant establishment while reducing
production costs. To evaluate the responses of potato superelite
minitubers to different pelleting treatments both qualitatively and
quantitatively, a 2-year experiment was conducted based on randomized
complete block design with three replications in Mohaghegh Ardabili
University, Ardabil, Iran during 2018 and 2019. Experimental treatments
included 17 different combinations of zeolite (ZE) or cocopeat (CO)
fillers, coating (SC) or soil application (SS) of triple superphosphate,
superabsorbent polymer (SP), and chitosan (CH). The results showed a
significant effect of pelleting on yield, physiological, and qualitative
traits. The highest fresh and dry tuber weight belonged to SS + ZE

compared to the no pelleting treatment. Most pelleting treatments
increased the leaf proline content and activity of the antioxidant enzymes.
The highest peroxidase activity and lowest catalase activity (16.1 and 29.6
U.mg protein™.min, respectively) were observed in the CO+SC+CH
treatment. Co-application of ZE, SC, and SP resulted in the highest
protein, nitrate, and starch content. In addition, minituber pelleting with
ZE+SS+SP increased methionine content significantly by 52.94%
compared to the control. In general, the co-application of triple
superphosphate, SP, and ZE increased the tuber yield and quality traits.
Finally, the use of CH with these compounds resulted in improving

physiological characteristics.
treatment, which showed 50.6 and 49.0% increase compared to the .
control treatment (without pelleting), respectively. Pelleting minitubers

Keywords: Antioxidant activity, Methionine amino acid, Proline, Tuber yield, Zeolite

1. Introduction

Potato (Solanum tuberosum L.) is a non-grain crop widely cultivated worldwide due to its easy cultivation, nutrient richness, and
high production. It is considered as the fourth largest crop after wheat, rice, and corn (Pawelzik & Moller 2014; Wang et al.
2020). Potato is the most crucial tuberous plant which is rich in carbohydrates, proteins, and essential amino acids for humans.
Lysine and methionine are essential amino acids for humans not synthesized in the body and should be obtained from other
sources. Potatoes are one of the rich sources of these amino acids (Kandi et al. 2012). The area under cultivation, production,
and yield of potatoes in Iran was recorded as 148 441 ha, 5142 891 tons, and 34 646 kg/ha, respectively. Ardabil province is the
second largest producer of this product after Hamadan province (Anonymous 2018). Among the superior characteristics of
Ardabil province, low temperature, sufficient light, and a large difference between day and night temperatures are considered as
necessary for the optimal growth in this plant (Song et al. 2014; Khan et al. 2015). The production of potatoes depends on the
dynamics of nutrients in the soil and the capacity of the product to absorb nutrients in the soil (Martinset al. 2018) as well as
genotype-environment interaction (Mohammadinia et al. 2021). The increasing population has led to an increase in demand for
this product around the world. Thus, more attention should be paid to innovation in potato production to increase its quantitative
and qualitative characteristics (Glover & Poole 2019; Haciyusufoglu 2020).

Seed pelleting is considered as the most useful methods used for improving seed germination and increasing seedling growth,
especially under environmental stress (Rocha et al. 2019). Changing the shape of the seed or placing chemical compounds on
the seed coat improves and regulates germination and growth, as well as increasing yield (Shinde et al. 2020). Seed pelleting and
coating are two types of seed coatings used for commercial application (Taghizoghi et al. 2018). In the seed coating method, a
thin layer of various substances such as pesticides, growth regulators, fertilizers, and nutrients and binders was added to the outer
surface of the seed without improving the seed shape. Pelleting is one of the methods in which other required materials are used
in addition to disinfecting the seeds such as adding nutrients to the seeds and their rounding (Mandal et al. 2015). Seed pelleting
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improves the external structure of the seed and makes it uniform, which results in sowing seeds accurately. Moreover, seed
priming and pelleting can increase the quality of seed, leading to an improvement in seedling growth power and reducing
production costs (Szerement et al. 2014; Karagoz & Yucel 2020).

Potato minituber was produced in vitro conditions, ranging from 0.1 to 10 g or more, 4 to 7 mm diameter, and 10 to 12 mm
length. Therefore, the cost of these tubers for planting is higher than that of the typical seed (Caliskan et al. 2020). Pelleting those
using nutrients, growth regulators, and inert substances is considered as a method for increasing the size of this minituber to be
acceptable for cultivation in field conditions (Ravichandran et al. 2015). This method increases the weight and volume of tuber
and standardizes the size of seed (Rykaczewska 2016). Some studies focused on pelleting potato seed and developed countries
refused to release useful compounds or methods. In one study, two small potato tuber cultivars were pelleted using different
combinations. Based on the results, the use of Acacia leaf powder increased germination, growth, and yield indices, including
the number of tubers (Ravichandran et al. 2015). Pelleting with chitosan (CH) increased the chlorophyll content and catalase and
peroxidase enzyme activities in peppers (Kheiri et al. 2016). Peanut seed pelleting with salicylic acid composition increased the
quantitative and qualitative traits of this plant by increasing the activities of various enzymes (Dong et al. 2019). The use of
salicylic acid and ethylene for pelleting and granulation improved the germination and growth indices of sugar beet (Pirasteh-
Anosheh & Emam 2019).

Due to an increase in food per capita and calorie consumption, attempts were made to produce more agricultural products
globally, especially in developing countries (Aksoy & Beghin 2004). Potatoes are the most critical nutrient source in nutritional
importance due to the presence of essential amino acids, vitamins, and minerals in human nutrition. Due to the diverse
distribution pattern of potatoes, this product has provided food security as a strategic plant in the world and Iran, especially in
deprived areas. Therefore, innovations based on potato planting science leading to an increase in quantitative traits in line with
qualitative characteristics are of considerable importance (Beumer et al. 2021). The present experiment aims to determine yield,
physiological, and qualitative responses of potato minitubers to different pelleting treatments with zeolite (ZE), cocopeat (CO),
triple superphosphate, CH, and superabsorbent (SP).

2. Material and Methods
2.1. Plant material and experimental design

To evaluate the growth, yield, physiological, and qualitative responses of potato minituber to different pelleting treatments under
field conditions, an experimental randomized complete block design with three replications in the field of agricultural research
and Natural resources of Mohaghegh Ardabili University located North-West of Iran (38°15'N and 48°20°E and altitude of 1350
m above sea level) were conducted during 2017-2018. Figure 1 displays monthly climatic parameters recorded at a weather
station located adjacent to the experimental site for two years.
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Figure 1-Climate conditions (temperature and precipitation) during the growing season 2018 and 2019

Experimental treatment included 17 treatments (using triple superphosphate fertilizer as a coating (SC) or soil application
(SS, ZE, CO, SP, and CH) were tested in combination with the control treatment (without pelleting) (Table 1). In this study,
Agria cultivar was used. This cultivar is obtained from a cross between Quarta x Semlo cultivars, which has some characteristics
such as medium late maturity, high yield, tuber elongated, high dry matter percentage, rapid foliage development, high height,
and susceptible to tuber tuberculosis and potato Y’ virus. The growth period of the Agria cultivar is 120 to 130 days.
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Table 1- Combination of experimental treatments in the present study

Treatment Combination Treatment Combination
T1 SP+ CH+SC + ZE T10 CH+SC+CO
T2 CH+SC+ZE T11 SP+SC+CO
T3 SP+SC+ZE T12 SC+CO
T4 SC+ZE T13 SP+CH+SS+CO
T5 SP+ CH+SS + ZE T14 CH+SS+CO
T6 CH+SS+ZE T15 SP+SS+CO
T7 SP+SS+ZE T16 SS+CO
T8 SS+ZE T17 Control (without pelleting)
T9 SP+CH+SC+CO

ZE: Zeolite; CO: Cocopeat; SC: Superphosphate coating; SS: Soil application of superphosphate; SP: Superabsorbent; CH: Chitosan
2.2. Minituber pelleting method

Potato minitubers were prepared from Dasht-e Zarrin Company in Ardabil province and placed in a warehouse with indirect
light at 18-20 °C for one week to germinate. To prepare the CH solution (Sigma-Aldrich Company, USA), a 1% solution of
acetic acid was designed and placed on a magnetic stirrer. Then, solutions of 5 g per liter of CH were prepared. In addition,
chitosan powder was added slowly at 60 °C. After stirring for five to six hours when all of the CH particles were dissolved and
the solution was clear, about 25% by the weight of the CH powder used glycerol (as Plasticizer) was added to the solution. In
this study, Arabic gum was used as an adhesive for minitubers. To prepare a solution of Arabic gum, 1.5 | of water was exposed
to a temperature of 70 °C, and then 50 g of Arabic gum was added to each liter of water was added, which was utterly powdered
and sifted in a mortar to the solution. Further, it was placed on a magnetic stirrer (half an hour) (Shaddel et al. 2018). In the next
stage, the pelleting material was applied. First, the tubers were impregnated with Arabic gum and then covered with ZE or CO
and placed in a laboratory environment at the room temperature for about 25 °C for one day to be dried. After ensuring the tubers
to dry, the tubers were covered with triple superphosphate powder in the next day using an electric mixer. Based on the
experimental treatments, the tubers which were not covered with superphosphate were added to the soil. Finally, CH and SP
were applied to the minitubers based on experimental treatments, and thus the pelleting process was completed. Pelleting with
different compounds was done to create a layer of coating on the surface of the tuber and the whole surface was impregnated
with the desired composition, which was easily done due to the use of Arabic gum as adhesive. After ensuring drying, the pelleted
minitubers were transferred to the field for planting. The weight of each plate was considered to be about 0.1 to 0.2 g. Planting
was conducted with a distance between plants of 25 cm, a distance between rows of 75 cm, and a planting depth of 5-10 cm in
five rows of cultivation (2 x 3 m?) was conducted on 30 April and 2 May for first and second years, respectively.

After planting, in addition to fertilizing based on soil test in Table 2, 180 kg nitrogen per ha in two stages from urea source,
120 kg phosphorus per ha from pentoxide phosphorus at planting, and 150 kg potassium per ha from potassium sulfate source),
the operation included irrigation and weed control (manually three times), insects, and pests. Irrigation was conducted according
to the needs of the plant and a total of eight irrigations. To control the deciduous pest of Colorado potato beetle, once spraying
with Zolon herbicide at two liters per hectare rate was conducted 75 days after planting.

Table 2- Physico-chemical characteristics of experimental soil at depths of 0 to 30 cm (on average)

Organic Total Available Available Electrical
Soil texture  Sand  Silt Clay carbon Nitrogen Phosphorous  Potassium conductivity pH
(%) (mg.kg™) (mg-kg™) (mg-kg™) (@s.m)
Sandy loam 52 22 26 1.17 1012 6.1 198 2.68 7.09

2.3. Yield and yield component parameters

Tuber yield and yield components such as the number of tubers, fresh and dry (70 °C for 48 h) tuber weight, and biological yield
(shoots + roots + tubers weight) were calculated and measured from the middle three rows while ignoring border effects and ten
plants were randomly selected. The harvest time was on 5 and 9 August in the first and second years, respectively.

2.4. Chlorophyll index and leaf area index (LAI)

After the flowering stage, the chlorophyll index was performed by manual chlorophyll meter (SPAD 502 PLUS model, England),
and the LAI was measured by leaf area meter (C1202 model, USA) (Roosjen et al. 2018).

2.5. Proline content

Leaf-free proline content was determined by using Bates et al. (1973) method. First, 0.5 g of the fresh leaf was ground with
quarts in porcelain pestle and mortar and treated with 10 mL sulfosalicylic acid. The homogenate was centrifuged at 13000 g for
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10 min. The red surface layer and standard samples were simultaneously placed in a spectrophotometer, and the absorption of
the samples was determined at the wavelength of 520 nm. The amount of proline content (umol g* FW) was calculated using
regression equations and the standard curves.

2.6. Extraction and assay of enzymatic antioxidant activities

Antioxidant enzyme extraction was determined using the method of Sunohara & Matsumoto (2004) with slight modifications.
First, 200 mg of leaves were sliced and homogenized in 10 mL of 25 mM K-P buffer (pH 7.8) containing one mM AsA, 0.4 mM
EDTA, and 2% PVPP at four °C for 1 min. The homogenate solution was centrifuged at 15,000 g at 4 °C for 20 min, and the
supernatant was filtered through filter paper (Whatman® No.1, England). The filtrate was collected to determine the activities
of catalase (EC 1.11.1.6) and peroxidase (EC 1.11.1) enzymes (Ghahremani et al. 2019).

Catalase activity was determined based on Sunohara and Matsumoto’s (2004) method with some modifications. First, it was
assayed in a 2 mL reaction mixture including 1.9 mL of 50 mM K-P buffer (pH 7.0) containing 25 mM H»0, and 0.1 mL of
enzyme extract for 1 min. Then, CAT activity was measured in terms of the decomposition of H,O, at 240 nm and activity
calculated per leaf protein for 1 min.

In the next procedure, peroxidase activity was assayed by the method proposed by Chance & Maehly (1955). An alcoholic
liquid of the tissue extract (100 pl) was added to 3 mL of assay solution including 3 mL of reaction mixture containing 13 mM
guaiacol, five mM H20,, and 50 mM sodium (Na)-phosphate (pH 6.5). An increase in the optical density at 470 nm for 1 min at
25 °C was recorded using a spectrophotometer.

2.7. Tuber quality characteristics

The method of Kandi et al. (2012) was used for measuring qualitative traits including the percentage of protein, lysine, and
methionine. Noda et al. (1995) method was applied for determining the tuber starch content using the phenol-sulfuric acid
method. In addition, nitrate was measured by the proposed method of Errebhi et al. (1998).

2.8. Statistical analysis

After checking the normal distribution of the data by Kolmogorov-Smirnov and Shapiro-Wilk test, using Statistical Analysis
System software (SAS Institute, Cary, NC, USA, ver. 9.2) was used for statistical analyses. When the result of ANOVA showed
a significant treatment effect, the least significant difference (LSD) test was applied to compare the means at 0.05 probability
level. Simple correlations between traits were performed using SAS software. Principal component analysis (PCA) and cluster
analysis were performed by Ward method using Minitab statistical software (ver. 19).

3. Results and Discussion
3.1. Effect of minituber pelleting on yield and yield components

As shown in Table 3, mixed ANOVA of 2-year data indicated a significant effect of minituber pelleting on yield and yield
components such as fresh and dry tuber weight, number of tuber per plant, tuber and biological yield (P<0.01). The highest fresh
and dry tuber weight (487.6 and 69.9 g, respectively) belonged to T8 (SS+ZE), which showed an increase of 102.6% and 96.3%
compared to the control treatment (without pelleting). The lowest these traits were related to T17 (without pelleting) by 240.7
and 35.6 g, respectively (Table 3). In this regard, Bahador et al. (2015) reported that ZE application leads to an increase in the
available moisture in the seeds, which results in increasing root moisture and uptake rate, and transferring nitrogenous substances.
Bybordi (2016) indicated that the significant effect of ZE on plant height, leaf number, dry weight, and seed yield of rapeseed
leading to an increase in the average of these traits.
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Table 3- Comparison of two-year means of yield and yield components of potato minituber by different pelleting treatments

Fresh tuber

weight Dry tuber wieight Number of tuber Tuber yieild Biological )1/ield
(g.plant?) (g.plant?) per plant (ton.hat) (ton.hat)
Year
First 366.45491.47 a 51.96+11.52 a 7.35+£1.78 b 17.2144.52 a 20.45+5.08 a
Second 343.26+91.55 a 53.32+15.88 a 8.67+2.28 a 19.04+5.67 a 22.21+6.33 a
LSD (0=0.05) 24.17 2.77 0.51 1.95 2.46
Treatments
T1 319.7+13.1 ef 46.1£2.5 fg 7.3+£0.4 de 16.3+£0.6 de 19.1£0.8 de
T2 361.6+49.7 b-f 60.7+8.2 be 7.1£0.5 ef 17.9£2.6 cde 21.743.1 b-e
T3 350.2423.2 b-f 57.6+6.1 bed 7.7£1.2 cde 17.8+1.6 cde 21.4+1.8 cde
T4 329.4+11.5 def 48.1+2.5 efg 7.6+0.8 de 16+1.6 de 19+1.7 de
T5 296.8+16.5 fg 42.342.7 gh 7.3+0.9 def 153+14e 179+15e
T6 340+25.6 c-f 52.7+4.8 c-f 8.7+1.0 bed 18.6+2.2 b-e 21.9+2.5b-e
T7 333.8+16.7 c-f 49.7+3.2 d-g 8.4+0.8 b-e 18.7£1.7 b-e 21.8+1.8 b-e
T8 487.6+35.1 a 69.9+7.6 a 8.2+0.7 b-e 23.6+29 a 28.0+3.4 a
T9 349.4+31 b-f 5143.5 def 11.2£1.0a 20.5+1.9 abc 23.742.0 be
T10 344.2439.6 c-f 46.843.9 fg 7.8+1.1 b-e 18.5+1.7 b-e 21.4+1.8 cde
T11 41544372 b 61.3+42b 740.6 ef 22+1.7 ab 25.841.9 ab
T12 375.3+25.1 b-e 53.8+5.5 b-f 9.2+13b 20.1+2.8 a-d 23.443.1 be
T13 344.3+£37.7 c-f 51£3.9 def 7.9+0.7 b-e 204+2.2 a-d 23.242.2 bed
T14 396.7+51.3 bed 59.3+2.8 be 9.1+£0.3 be 18+1.8 b-e 21.7£1.9 b-e
T15 344431.1 c-f 53.9+4.6 b-f 8.4+0.6 b-e 17.2£1.6 cde 20.5+1.8 cde
T16 403.6+65.1 be 55.2+7.0 b-e 7.8+0.4 b-e 18.8+1.9 b-e 22.242.3 bed
T17 (control) 240.7+158 g 35.6+2.8 h 5.8£0.3 f 9.2+0.7 f 114408 f
LSD (0=0.05) 70.4 8.07 1.49 4.09 4.25

Means followed by the same letter in each column are not significantly different according to the LSD test.

In addition, a considerable difference was observed in the number of tubers per plant under the effect of pelleting treatments,
among which T9 (SP+CH+SC+CQ) had the highest number of tubers per plant (11.2 number), which showed an increase of
93.1% compared to the control (Table 3). Further, most minituber pelleting treatments resulted in a significant increase in the
fresh tuber yield and biological yield. The highest fresh tuber and biological yield was reported in T8 (ZE+SS) by 23.6 and 28.0
ton.ha'l, respectively, which indicated an increase of 61.0 and 59.2% compared to the control treatment, respectively. The without
pelleted minituber led to the lowest tuber and biological yield by 9.2 and 11.4 ton.ha™!, respectively. Due to the developed root
system, potatoes need a lot of nutrients to produce high yields and larger tubers, which the soil alone cannot provide the elements
required by the plant (Fernandes et al. 2017). The use of organic and mineral fertilizers can have a significant impact on potato
yield. Phosphorus is one of the most restricted biomass elements present in less than one percent soluble in the soils of different
regions depending on climate (Alemayehu et al. 2020). Pelleting minituber with triple superphosphate increased the yield and
yield components. A balanced supply of phosphorus led to an increase in yield and phosphorus uptake in the potato plant (Soratto
& Fernandes 2016). Furthermore, phosphorus availability affects the uptake and concentration of other macro-and micro-
elements which can affect yield (Fernandes et al. 2017). Generally, the seed pelleting by triple superphosphate has a significant
advantage in yield traits and yield components compared to its soil application. It seems that more water uptake by seeds and
access to elements are considered as the factors related to the superiority of pelleting compared to the soil application of
superphosphate (Kataki et al. 2016).

In the present study, the application of ZE led to an increase in yield and yield components. Zeolites are among the minerals
which are significantly present in Iran, the unique property is to increase cation exchange capacity and selective bonding for
ammonium and potassium to improve soil structure (Alshameri et al. 2014; Ghasemi et al. 2018). Some researchers indicated
that adding ZE to the soil by changing the soil permeability facilitates water movement in the soil improves vegetative growth
and increases the secondary metabolite in Amaranths (Karami et al. 2020). Zeolites with a very porous structure and an extensive
inner surface stabilize the nutrients in their structure, the gradual release of which provides these nutrients for the plant for a long
time, which results in increasing efficiency and ability, and accordingly yield (Jakkula and Wani 2018). The application of ZE-
based on the review of sources led to an increase in yields of many crops including potatoes (13%), canola (33%), rice (13%),
and rapeseed (89%) (Aghaalikhani et al. 2012; Mohammadi & Rokhzadi 2012; Heydari et al. 2017). Some researchers reported
that superabsorbent polymers affect the rate of water content in soil, specific gravity, and soil structure, and the evaporation rate
from the soil surface leading to morpho-physiological changes in the plant (Khan et al. 2018; Bagherifard et al. 2020). It seems
that the co-application of ZE and superabsorbent led to an improvement in water availability and soil physical characteristics, as
well as increasing growth and yield parameters. The maximum use of resources and optimal growth conditions due to the
availability of resources can be a significant factor in improving growth and yield parameters (Barnett & Morse 2013).
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3.2. Effect of minituber pelleting on physiological characteristics

Physiological characteristics such as chlorophyll index, LAI, proline content, and activity of peroxidase and catalase enzymes
are significantly affected by pelleting treatments. Increasing the chlorophyll content in the leaves can help researchers in the
production of plants with higher photosynthetic power. The highest chlorophyll index is related to T7 (ZE+SS+SP) by 48.4,
leading to an increase of 24.1% compared to the without pelleting treatment. Further, T1, T2, T3, T4, T6, T9, T10, T11, T14,
and T16 treatments were in the same statistical group with treatment T7, indicating the highest means of this trait. Control
treatment (without pelleting) had the lowest chlorophyll index by 39.0 (Table 4). The chlorophyll content is closely related to
nitrogen availability and synthesis chlorophyll increased in the use of triple superphosphate fertilizer, ZE, and SP due to the key
role of phosphorus in the structure of enzymes and the role of ZE in reducing the leaching of elements, especially nitrogen as
one of the main elements in chlorophyll structure (Heydari et al. 2017).

Table 4- Comparison of two-year means of physiological traits of potato by different pelleting treatments

Proline content Peroxidase activity Catalase activity

Chlorophyll index LAI

(umol g* FW) (U mg protein-min) (U mg protein™ min)
Year
First 44.48+3.18 b 2.79+0.21 a 237.86+£20.31 b 14.48+2.26 a 37.26+£10.53 a
Second 47.55+3.53 a 2.95+0.24 a 255.78+25.13 a 14.66+2.30 a 49.5149.94 a
LSD (0=0.05) 0.95 0.54 6.88 0.66 2.05
Treatments
T1 47.7+1.8abc 2.92+0.1 a-d 257.7+6.9 ab 12.0+£0.3gh 43.7+£2 .9bc
T2 47.8+1.0 abc 2.93+0.11 a-d 259.348.1 a 16.2+0.6 a 36.4+2.0 def
T3 48.1+1.6 ab 2.90+0.09 a-d 268.0£8.0 a 14.3+0.7 a-f 33.0£2.2 e-h
T4 46.7+0.8 a-f 2.89+0.16 a-d 262.847.1 a 11.5£0.4 h 5244+2.6a
T5 45.240.9 c-f 2.99+0.07abc 268.6+7.8 a 13+0.6 d-h 30.3£1.0 gh
T6 46.7+1.8 a-f 2.76+0.08 d 255.4+10.1 ab 11.9+0.4gh 294422 h
T7 48.4+1.7 a 2.96+0.12 a-d 257£7.5 ab 13.6+0.8 b-g 36.3+1.6 d-g
T8 44.1+1 4ef 3.02+0.1 ab 262.849.6 a 15.9+0.6 a 30.9+2.4fgh
T9 47.6£1.0 abc 2.95+0.08 a-d 267.6£9.3 a 13.2+0.4 c-h 41.2+1.9bcd
T10 46.6+1.4 a-f 2.93+0.04 a-d 254.7+6.4 ab 16.140.3 a 29.6+1.4h
T11 474+1.5 a-d 2.814+0.08 cd 251.4+6.6 ab 14.6+0.9 a-e 42.5+1.1bc
T12 44019 f 2.88+0.1 a-d 238.4+7.1bc 12.7+0.4 e-h 4454824
T13 45.4+1.3 b-f 3.06+0.1 a 223.7+4.9 cd 15.5+0.7 ab 50.9+2.8 a
T14 46.8+1.0 a-d 2.84+0.07bced 257.3£10.3 ab 15.0+0.9abc 41.9+3.4bcd
T15 44.5+0.9 def 2.83+0.06bcd 238.1+£5.9bc 12.5+0.7fgh 40.3+1.9bcd
T16 46.9£1.0 a-d 2.91£0.07 a-d 259.1+7.1a 14.8+0.8 a-d 38.3+1.6¢cde
T17 (control) 39.0+0.8 g 2.3840.14 ¢ 210.6+4.2 d 15.3£0.5 ab 32.5+0.8 e-h
LSD (0=0.05) 2.78 0.21 20.07 1.94 6.00

Means followed by the same letter in each column are not significantly different according tothe LSD test.

As shown in Table 4, the results indicated that the pelleting treatments significantly increased LAI. The average LAI was
observed from 2.38 to 3.06. The highest LAl was related to T13 (CO+SS+CH+SP) by 3.06 and the lowest mean (2.38) was
related to without pelleting treatment. The results showed no significant difference between the applications of ZE and CO in
terms of LA In addition, the presence of triple superphosphate is necessary for increasing the LAI. Further, CH plays a
significant role in increasing the average physiological traits such as LAI, proline content, and antioxidant enzymes. Chitosan,
as a polysaccharide-based edible coating, has been successfully used to coat seed or fresh-cut fruits (Olawuyi et al. 2018).
Chitosan action mechanism is most likely done by sending signals to synthesize plant hormones such as gibberellin and auxin,
leading to some changes in physiological traits (Jiao et al. 2012; Katiyar et al. 2015). In this regard, some reported that the use
of CH led to an increase in growth parameters of the potato plant by strengthening the defense mechanisms of enzymatic
(antioxidant enzymes) and non-enzymatic (proline, carotenoids, etc.) (Muley et al. 2019).

Based on the results, the pelleting treatments increased the leaf proline content. The average proline content was observed
from 210.6 to 268.6 umol.g FW.As a result, the highest free proline content was obtained from T1-T11, T14, and T16.
Moreover, the lowest proline content was T17 (control) by 210.6 pmol.g™* FW. In addition to increasing cellular potential, proline
amino acid is involved in stabilizing the intracellular structure, redox potential of the cellular buffer, and eliminating free radicals
(Muley et al. 2019). Further, proline may act as a protein-compatible hydrotrope, which results in reducing cytoplasmic acidity
while maintaining the NADP*/NADPH ratios specified for cellular metabolic pathways (Ashraf and Foolad 2007). In another
study, CH led to an increase in proline content in the potato plant (Muley et al. 2019), which is consistent with the findings of
the present study.

Regarding the means, the peroxidase activity is more affected by pelleting treatments than the catalase enzyme. Further,
different results were found in these two enzymes response to pelleting treatments so that the highest peroxidase activity (16.2
U.mg protein™t.min) were observed in T2 (ZE+SC+CH) treatment and the lowest catalase activity (29.4 U.mg protein-t.min)
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were observed in T6 (ZE+SS+CH) treatment. The mean of peroxidase and catalase activities increased from 11.5 to 16.2 and
29.4 to 52.4 U.mg protein™.min, respectively. The highest activity of peroxidase and catalase enzymes showed an increase of
5.88% and 61.23% compared to the treatment without pelleting. The highest catalase activity was related to T4 (ZE+SC) and
T13 (CO+SS+CH+SP) by 52.4 and 50.9 U.mg protein-t.min, respectively (Table 4). The results of the present study indicated
the increasing effect of CH on the activity of antioxidant enzyme peroxidase and catalase. In this regard, Loy et al. (2019)
reported that CH pelleting treatment activated antioxidant enzyme activities of Thompson seedless.

3.3. Effect of minituber pelleting on tuber quality traits

Table 5 shows minituber quality characteristics such as protein, methionine, lysine, soluble carbohydrate, nitrate, and starch
contents significantly affected by pelleting treatments (p<0.01). The highest and lowest protein content (5.33 and 3.18%) was
observed in T3 (ZE+SC+SP) and T13 (CO+SS+CH+SP) treatments, respectively. In the T3 treatment, an increase of 50.14%
protein content occurred compared to the treatment without pelleting. Regarding the mean comparison of pelleting treatments,
the highest and lowest methionine amino acid content was found in T1 and T15 (0.26 and 0.16%), respectively. The application
of T1 (SP+CH+SC+ZE) treatment significantly increased methionine content by 52.94% compared to the control treatment
(without pelleting) (Table 5). The average of tuber lysine content ranged from 0.37 to 0.57%. The highest lysine content was
related to T1 and T12 (0.56 and 0.57%). T12 treatment significantly increased lysine content by 42.5%, compared to the treatment
without pelleting (Table 5). Co-application of ZE, SC, and SP (T3 treatment) resulted in the highest average nitrate and starch
content (239.7 mg.kg™* and 17. 2%), respectively), which showed an increase of 16.52% and 32.30% compared to the control
treatment. The lowest nitrate and starch content were related to T13 (146.6 mg.kg™ and 12.4%), respectively (Table 5). Any
change in nitrogen uptake and metabolism directly affects the rate of nucleic acid and protein synthesis. Taheri-Soudejani et al.
(2019) reported that the availability of phosphorus in the soil is adequate on nitrogen uptake and plant use and ZE can reduce
nitrogen leaching and increase plant availability. This mechanism increased the minituber protein and the content of lysine and
methionine amino acids using triple superphosphate and ZE. In this regard, some reported similar results for other plant species
(Gholamhoseini et al. 2013).

Table 5- Comparison of two-year means of the quality of potato minituber by different pelleting treatments

Protein content Methionine Lysine content car?a%lr?:/)c:?ate Nitrate content Starch content
0, 0, 0 -1 0
(%) content (%) (%) (mg.g FW) (mg.kg™) (%)
Year
First 4.23+0.75 a 0.18+0.03 b 0.44+0.08 b 11.52+1.80 a 196.8+30.5 a 14.442.05 a
Second 4.09+1.0 a 0.25+0.04 a 0.47+0.06 a 11.81+£1.37 a 201.6£39.9 a 143+2.82 a
LSD
(@=0.05) 0.22 0.009 0.021 0.38 6.62 0.60
Treatments
T1 4.78+0.16 ab 0.26+0.02 a 0.56+0.03 a 12.8+0.3abc 215.0£7.4b 124+04 ¢
T2 4.67+0.30b 0.2+0.02 e-h 0.43+0.02 def 10.740.5¢ef 210.2+139b 16.1+0.8 ab
T3 5.33+0.45a 0.21+0.02 c-g 0.50+0.03abc 10.4+0.4 f 239.7+15.7 a 17.2+1.8 a
T4 4.76+0.25 ab 0.23+0.02 b-¢ 0.48+0.03bcd 12.24+0.3bcd 214.4+6.7b 14.9+0.8bcd
T5 4.64+0.30b 0.23+0.02bcd 0.49+0.03bcd 12.6+0.3 a-d 208.9+7.5b 15.2+0.7bcd
6 4184023b-e  0.1940.01ghi  043£002d-g  11.7+0.5cde 188.148.5cde  13.6£0.8 d-g
T7 4.144+0.17 b-e 0.21+0.02 c-g 0.47+0.02 b-e 11.6+0.5 de 186.1+£5.4 de 13.1£0.6efg
T8 4.53+0.15bc 0.224+0.02 b-f 0.48+0.01bcd 10.8+0.4ef 203.8+3.9bcd 15.3+0.4bcd
T9 4.46+0.28bcd 0.21+0.02 d-g 0.44+0.02 c-f 12.6+0.6 a-d 199.0+6.4 b-e 15.5+0.7abc
T10 4.63:024bc  021£0.02¢c-g  0.41+0.01efg 13.0+0.3 ab 208.1£112 b 15.9+1.0 abe
T11 3.88+0.24 de 0.19+0.01ghi 0.37£0.02 g 12.2+0.5bcd 1829493 ¢ 14.1+0.5 c-g
T12 3.99+0.50cde 0.24+0.02 ab 0.57+0.01 a 13.3+0.5 ab 188.1+18.4cde 14.4+1.6 b-f
T13 3.18+0.34 f 0.19+0.02fgh 0.42+0.02efg 10.1£0.3 f 146.6+£13.6 f 124+£05 g
T14 4.57+0.28bc 0.24+0.02abc 0.51+0.02 ab 9.8+0.4 f 205.5+8.7bc 15.7+0.9abc
T15 4.38+0.44bcd 0.16+0.011 0.41+0.02fg 13.7+0.5 a 197.1+19 b-e 16.0+1.2 ab
T16 4.44+0.27bcd 0.22+0.02 b-f 0.47+0.02 b-e 134£0.2 ab 201.349.3 b-e 14.8+0.8 b-e
T17
(control) 3.55+0.35¢ef 0.17+0.02 hi 0.40+0.01fg 10.4+04 f 205.7+8.6bc 13.0+0.6fg
LSD
(=0.05) 0.67 0.028 0.062 1.12 19.30 1.76

Means followed by the same letter in each column are not significantly different according to the LSD test.

As shown in Tables 3, 4, and 5, the number of tubers, chlorophyll index, proline content, methionine and lysine content
increased significantly during the second year by 17.96%, 6.90%, 7.53%, 38.8%, and 6.82% compared to the first year. It seems
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that favorable climatic conditions in the second year, especially in terms of temperature and rainfall, led to an increase in the
average growth, yield, and quality traits (Porter & Semenov 2005).

3.4. Simple correlation, cluster, and principal component analysis

Table 6 indicates the results of simple correlations between yield, physiological, and qualitative traits. The tuber yield was
positively and significantly correlated with fresh and dry tuber weight, number of tubers, biological yield, and LAI, while it was
negatively correlated with methionine content. Lysine content as important qualitative traits in potatoes was positively correlated
with soluble carbohydrate and starch content. In addition, positive and negative correlations were observed between the yield
and morpho-physiological traits of potato and tuber yield had a positive correlation with yield components and tuber quality
traits (Petros & Zelleke 2013).
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Table 6- Simple correlation coefficients (Pearson) between yield, physiological, and qualitative traits of potato minituber under the influence of different seed pelleting treatments

1

2

3

4

5

6 0.08 ns
7 0.28*

8 0.23 ns
9 0.10 ns
10 0.20 ns
11 -0.04 ns
12 -0.33*

13 -0.21 ns
14 0.03 ns
15 -0.04 ns
16 -0.15 ns

2 3 4 5 6 7 8 9 10 11 12 13 14 15

0.31*
oosns [ EEEN

0.09 ns 0.07 ns 0.09 ns 0.09 ns

0.28* -0.07 ns 0.29* 0.29* -0.03 ns

0.24 ns -0.05 ns 0.25ns 0.25ns 0.28* 0.16 ns

0.10 ns -0.01 ns 0.13 ns 0.14 ns -0.16 ns -0.31* 0.31*

0.21ns -0.40* -0.10 ns -0.10 ns -0.22 ns -0.11 ns -0.20 ns -0.34**

-0.04 ns -0.03 ns -0.08 ns -0.07 ns 0.29* 0.12 ns 0.03 ns -0.09 ns 0.12 ns

-0.33* 0.08 ns -0.30* -0.31* -0.03 ns 0.02 ns 0.08 ns 0.43* -0.30* -0.45**

-0.21 ns -0.04 ns -0.19 ns -0.20 ns -0.09 ns 0.15ns -0.09 ns 0.25 ns 0.13 ns -0.25 ns 0.15ns

0.03ns 002ns  -0.08ns  -009ns  -0.04ns 013ns  0.06ns 031  -006ns  -021ns  013ns [NOESCN

-0.04 ns -0.03 ns -0.08 ns -0.07 ns 0.29* 0.12 ns 0.01ns -0.13 ns 0.01ns -0.32* 0.52** -0.03 ns -0.12 ns

0.22ns 0.33* 010ns  -009ns  -0.10ns 008ns  007ns  009ns  0.09ns - 0.31* 0.29% -ﬂ

ns: non-significant; * and **: significant at the 5 and 1% probability level, respectively

1: fresh tuber weight; 2: dry tuber weight, 3: number of tuber per plant; 4: tuber yield; 5: biological yield; 6: chlorophyll index; 7: LAI; 8: proline content; 9: peroxidase activity; 10: catalase activity; 11: protein content; 12:
methionine content; 13: lysine content; 14: soluble carbohydrate; 15: nitrate content; 16: starch content.
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The treatment (cluster analysis) was classified for decreasing the number of experimental treatments and determining the
most effective treatment. As shown in in Table 7 and Figure 2, 33 treatments were classified into three clusters, the first cluster
included 11 treatments (T1, T2, T3, T4, T5, T6, T7, T9, T10, T13, and T15), the second had 5 treatments (T8, T11, T12, T14,
and T16), and the control (T17) as the third cluster. The first cluster in terms of physiological characteristics such as chlorophyll
index, LAI, proline, protein and soluble content, and the second cluster in terms of yield and yield components and tuber quality
characteristics including fresh and dry tuber weight, tuber and biological yield, methionine and lysine content had the highest
coefficients. A principal component analysis was performed to understand the correlation between characteristic and important
traits (PCA) better (Figure 3). Based on the results, the first component could be explained by about 30% of the changes including
proline, starch, nitrate, and protein content. Regarding the second component, 22% of the changes could be explained by the
number of tubers, methionine, and lysine content. Further, the first component is called the physiological component, and the
second is the qualitative component, which justifies 52% of the changes. Similar results were reported for the potato plant by

other researchers (Deperi et al. 2018).

Table 7- Cluster analysis and grouping of studied variables of potato minitubers under the influence different pelleting
treatments (Highest values are underlined)

Variable Clusterl Cluster2 Cluster3 Grand centroid
Fresh tuber weight 337.576 415.709 240.720 354.859
Dry tuber weight 50.889 59.898 35.632 52.641
Number of tubers 8.121 8.239 5.806 8.020
Tuber yield 17.875 20.480 9.213 18.132
Biological yield 21.056 24.223 11.440 21.422
Chlorophyll index 46.792 45.814 39.008 46.047
LAI 2.919 2.890 2.380 2.879
Proline 255.715 253.796 210.600 252.497
Peroxidase 13.613 14.597 15.282 14.001
Catalase 38.512 39.639 32.507 38.491
Protein 4.468 4,281 3.551 4.359
Methionine 0.210 0.222 0.173 0.211
Lysine 0.460 0.480 0.399 0.462
Soluble carbohydrate 11.941 11.836 10.420 11.821
Nitrate 201.219 196.330 205.740 200.047
Starch 14.748 14.850 12.969 14.674
Number of treatments 11 5 1 -
Dendrogram

Ward Linkage, Euclidean Distance

-2B8.85

14.10
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L7.05
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Figure 2- Grouping the combination of potato minituber pelleting treatments
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Figure 3- Principal component analysis (PCA) of yield, physiological, and qualitative traits of potato minituber
4. Conclusions

From the previous results it could be concluded that, the pelleting of potato minituber with triple superphosphate, ZE, CO, CH,
and SP leads to an increase in growth, yield, and qualitative parameters of minitubers and changes in physiological traits.
Therefore, the success of seed pelleting technology depends upon the selection of inexpensive and readily available pelleting
agents with low cost. Collectively, cost effective, simple materials and methods are needed for use in third world countries.
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ABSTRACT genotoxic and induces chromosomal mutations. Later, another

In this study, in vitro and in vivo genotoxic effects of Bifenthrin (BIF),
an important insecticide used in agricultural production, storage and
processing, were investigated. The genoprotective properties of purslane
(Portulaca oleracea L.) against the genotoxic effects of BIF were also
determined by using the methanol (POmet) extract of this plant. In vivo
experiments were performed with somatic mutation and recombination
test (SMART) in Drosophila melanogaster. In in vitro studies, human
peripheral blood cultures were prepared and different concentrations of
BIF were applied to lymphocyte cells in accordance with the procedure
of both the micronucleus (MN) and sister chromatid exchange (SCE)

experiment was conducted and it was determined that the genotoxic
effects of BIF were reduced with POmet (1:1 v/v). This result, which
was observed in all in vivo and in vitro tests, shows that purslane plant
is a potent radical scavenger. Due to the healing properties of POmet,
gas chromatography-mass spectrometry (GS-MS) method was used to
determine the components in its content. Some of the components found
in the highest ratio in this extract are y-sitosterol (21.86%), 13-
docosenamide, (13.30%), palmitic acid (12.85%), stigmasteol (6.64%),
campesterol (5.69%), linoleicacid (5.46%) and 2-methyl-1-hexadecanol
(3.88%).

assay. The results obtained from all applied tests showed that BIF is

Keywords: Drosophila melanogaster, Portulaca oleracea, Household insecticides, Human peripheral blood cultures, Gas chromotography-mass
spectrometry

1. Introduction

In cases where agricultural products cannot be protected from diseases and pests, it becomes difficult to obtain healthy and
sufficient food. Today, about 20% of the world's grain production is lost in the pre-harvest and post-harvest stages
(Durmusoglu et al. 2010). One of the most important causes of these losses is pests that infect agricultural products and reduce
yield. Pesticides are still used as the most effective method to fight with pests (Singh et al. 2020).

Pesticides are chemicals that are used to reduce the devastating effects of live forms on human and animals and on crops
such as insects, rodents, wild weeds and fungi to damage inflicted or reduced nutritional value for the food resources
production, storage and consumption (Meister 1999; Pazir & Turan 2017). The pesticides group most widely used against pests
are insecticides. Insecticides, which are a sub-group of pesticides used in many areas and providing control of harmful
organisms, are chemical compounds used in agricultural production, in the storage of products and at homes for the purpose of
killing harmful insects or preventing their reproduction. Insecticides are of great help in controlling harmful insects, which can
increase product loss up to 100%. However, since insecticides are not specific, they affect not only target organisms but also
non-target organisms (Say1li & Akman 1994; Ozyurt et al. 2018). The unconscious use of insecticides has been shown to cause
the destruction of beneficial organisms and endanger genetic diversity (Giingér 2003).

Wild plant and animal populations are decreased as a result of intensive use of insecticides in agriculture. Therefore, it was
found to be endangered and started destruction of the beneficial organisms and genetic diversity. Insecticides are poisonous
compounds that are purposely released into the environment for the specific purpose of killing insects. The broad use of
insecticides represents a potential risk to humans and the environment (Cantelli-Forti et al. 1993; Tiryaki et al. 2010). 30% of
the world synthetic insecticides consist of pyrethroids and they are often preferred because despite being highly toxic to the
target organisms, they are less toxic to birds and mammals (Mazmanci et al. 2008). Pyrethroid is an organic compound similar
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to natural pyrethrins formed by pyrethrum flowers (Chrysanthemum cinerariaefolium and C. coccineum). Pyrethroids are now
the bulk of commercial house hold insecticides (Robert 2002; Dev 2017).

Bifenthrin (BIF), a member of the synthetic pyrethroid family of pesticides, is a third generation insecticide used
extensively in agricultural production. This group of pyrethroids is not found naturally and is more resistant to light and
exhibits higher toxic activity (Mokrey & Hoagland 1989). BIF, with a half-life of approximately 7 days to 8 months, is
insoluble in water or very slightly soluble, leaving a lot of residues in the soil (EXTOXNET 1996). In our country and in the
world, they are used especially against aphids, fire ants, lice, fleas, spiders, ticks and flies, against ornamental plants, hops,
raspberry, corn and cotton pests, as well as in homes, workplaces and schools (EPA 2010).

DNA disruption and oxidative stress play an important role in numerous cancers and pathological disorders, including
carcinogenesis and aging (Soltani et al. 2009; Jacobsen-Pereira et al. 2018). Numerous experiments have shown that plant-
derived natural compounds demonstrate defensive behaviors against genotoxicity caused by oxidative stress (Plazar et al.
2008; El-Nekeety et al. 2017; Rahmouni et al. 2018). Fruits and vegetables include many types of phytochemicals with
antioxidant, anti-mutagenic and anti-carcinogenic properties (Arora et al. 2002; Shahidi & Ambigaipalan 2015; Janet al. 2018).
Despite the development of medical science in a tremendous way in the 20" century, plants are still used in traditional
medicine (Jain et al. 2007; Izquierdo-Vega et al. 2017).

Purslane (Portulaca oleracea L.) is a wide spread wild edible plant with green leaves and is used as a medicinal plant. It is
used as salad, vegetable and medicinal plants in all parts of the world. Purslane contains more omega-3 fatty acids (a-linolenic
acid in particular) than any other leafy vegetable plant. Since it is used to cure many diseases, the World Health Organisation
named the plant “Global Panacea”, which means “good for every disease” (Kizilet & Uysal 2018).

In this study, the genoprotective of methanol extracts of purslane (POmet) against the possible genotoxic effects of BIF
were investigated. BIF is a powerful insecticide used against insects, their eggs and larvae, especially in agricultural areas and
warehouses where agricultural products are stored. However, this insecticide is also used against insects in crowded
environments such as homes, schools and workplaces where people live. In this case, humans as well as insects are exposed to
insecticides in both agricultural and living areas. In this study, it was aimed to determine the genotoxic effects of BIF in both
Drosophila melanogaster, an invertebrate insect species, and humans. The genotoxic effects of BIF were determined in
Drosophila by in vivo Somatic Mutation and Recombination Test (SMART). In vitro Sister Chromatid Exchange Test (SCE)
and Micronucleus Test were also used to determine the genotoxic effects of BIF in humans. POmet was applied to resolve the
genotoxic effects of BIF in the highest application group of all three testing techniques. Additionally, the chemical contents of
the methanol extracts of Portulaca oleracea was also defined by gas chromatography-mass spectrometry (GS-MS) method.

2. Material and Methods
2.1. Chemicals

The Bifenthrin (CAS N0:82657-04-3, state powder purity 96%), methanol (CAS No:67-56-1),dimethyl sulfoxide (CAS No:67-
68-5), ethyl methane-sulfonate (CAS No0:62-50-0), 5-bromo—2-deoxyuridine (CAS No: 59-14-3), potassium chloride (CAS
No: 7447-40-7), giemsa (CAS No: 51811-82-6), bishenzimide H 33342 (CAS N0:23491-52-3), sodium citrate (CAS No: 6132-
04-3), sodium chloride (CAS No0:7647-14-5), acetic acid (CAS No: 64-19-7),chromosome medium (CAS No: F 5023),
colchicine (CAS No: L 6221) and cytochalasin-B (CAS No: 14930-96-2) were purchased from the Sigma-Aldrich Company
while Drosophila Instant Medium has been acquired from the Carolina Biological Supplies Company.

2.2. Preparation of the methanol extracts of Portulaca oleracea L.

Purslane plant, which was determined to be used as an antigenotoxic agent in the experiments, was collected from the vicinity
of Hasancik village in Adiyaman province and from an altitude of 600-900 meters. Methanol extract (POmet) was prepared
with all of the above-ground organs of the purslane plant, such as stem, leaves and flowers, which were collected in its natural
environment, during the flowering period and from lands far from agriculture (Uysal et al. 2015). POmet extract was dissolved
with DMSO in the course of applications.

2.3. GC-MS System and conditions

Chromatographic analyzes were conducted on the Agilent 7820 A gas chromatography system. Various temperature programs
have been studied for the GC-MS process. Components determined according to POmet spectrum. GS-MS analysis of POmet
according to Kizilet et al. (2019).

2.4. Experimental animals and laboratory condition

The selected two Drosophila strains (mwh and flr®) were used in a previous study for somatic mutation and recombination test
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(SMART) (Kizilet & Uysal 2019). The flies were kept according to Uysal et al. (2006) laboratory condition.
2.5. Somatic mutation and recombination test (SMART)

The method for somatic mutation and recombination test (SMART) was determined by Graf et al. (1984). According to this
protocol, it was adapted to our laboratory conditions and applied. For this purpose, 4, 5, 6 and 7 ppm BIF application groups
have been created and highest (7 ppm) BIF concentration was tested antigenotoxically with 1% POmet. The data is analyzed in
compliance with the multiple-decision protocol of Frei &Wiirgler (1995).

2.6. Donors for peripheral blood assays

All donors were determined according to Kizilet et al. (2019). Permission for the study was sought from the Erzurum
Provincial Training and Research Hospital Local Ethics Committee (Number: 37732058-53/2467/BEAH KAEK 2015/9-67)
and the rules of the committee were observed during the inquiry. Documented informed consent was received from all patients
who engaged in the study.

2.7. Sister chromatid exchange (SCE) assay

To determine the genotoxic effects of BIF at different concentrations (50, 100, 250 and 500 ppm) and equal concentration of
500 ppm BIF + POmet by SCE, 1-2.5 mL of human peripheral blood was added to 5 mL chromosome media. Different sets
were prepared for each concentration and each donor. 5-bromo—2—deoxyuridine (BrdU) was added to all experiment sets at a
final concentration of 10-4M. All substances added to the tubes were sterilized to prevent contamination during the
experimental stage. The experimental sets were incubated for 72 hours at 37 °C in dark incubators. At 70 hours of the
experiment, colchicine was added to the medium at a final concentration of 0.5 pug/mL to stop the mitosis at the metaphase
stage. At the end of the 72 hours incubation, the tubes were centrifuged and removed the supernatants. Hypotonic solution
(0.075 M KCI) was added onto pellet and incubated for 30 minutes in dark incubator at 37 °C. At the end of the time, the
supernatant was removed after centrifugation. The remaining pellet was washed with a fixative consisting of a methanol/acetic
acid (3:1 v/v) mixture. This procedure was repeated three times.

Peripheral blood smears were then prepared from the remaining pellet and allowed to dry in the dark for 3 days. These
preparations were stained according to Rooney & Czepulkowski 1986 fluorescence plus Giemsa method. For this purpose,
preparations were wetted with 0.5 pg/mL bisBenzimide (Hoechst 33342) for 20 minutes. Wet preparations were incubated for
1 hour under 366 nm UV. The preparations were then kept in a 2 X SSC (1:1 v/v 0.03 M sodium citrate/0.03 M sodium
chloride) solution in a 65 °C water bath for 1 hour. Finally, the preparations were stained with 5% giemsa.

Preparations were examined at 1000 X magnification and sister chromatid changes were recorded on chromosomes in
metaphases. The data obtained were analyzed with SPSS package program.

2.8. Micronucleus (MN) assay

Experimental setups for MN test were prepared by adding 5 mL chromosome medium to the test tubes containing 50, 100, 250
and 500 ppm BIF and equal concentrations of BIF+POmet (only for 500 ppm BIF). All test tubes were allowed to incubate for
72 hours. In the experimental procedure, unlike SCE, BrdU was not added to the tubes. All solutions added to the tubes were
sterilized to prevent contamination. Cytochalasin-B was added to the tubes at a final concentration of 3 pg/mL at 48 hours of
incubation (In order to have binucleated cells). The tubes were centrifuged at the end of the incubation and hypotonic fluid was
applied to the pellet (0.075 M KCI) and incubated for 15 minutes at 37 °C. At the end of the period, the tubes were centrifuged
and remaining pellets washed with fixative solution (1:3 v/v acetic acid-methanol) 3 times. Then, the supernatant was
discarded and smear preparations were made from the pellet and stained with 4% giemsa. 1000 cells from each preparation
were counted and investigated under a light microscope at 400 X magnification. The data obtained were analyzed with SPSS
package program.

3. Results
3.1. SMART findings

The findings obtained from distilled water, dimethyl sulfoxide (DMSO), EMS, BIF and 7 ppm BIF+1% POmet application
groups for the normal wings (mwh/flr®) and serrate wings (mwh/TM3) phenotypes are shown in Table 1. As shown in Table 1,
there were no significant differences between the values, which were obtained with distilled water and 1ppm DMSO
applications for both normal and serrate wing phenotypes. When the BIF application groups (4, 5 and 6 ppm) were compared
with the DMSO application group, inconclusive (i) results were observed for all spots, although increased mutation frequency
in two phenotypes.
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Table 1- Wing spot test data obtained after exposure of BIF and BIF + POmet

Small single Large single Twin spots Total mwh Total spots Clone
Compound Number  ghot5 (12 cells)  spots (>2 cells) N sp Spots alsp induction
concentration of wings ('~ 5y (m=5) (m=5) m=2) (m=2) frequency
(Ppm) ) No Fr. D No Fr. D No Fr. D No Fr. D No Fr. D (CIF)
Normal wings (mwh/flr®)
Distilled water 80 8 (0.10) 1 (0.00) 0 (0.00) 9 (0.11) 9 (0.10) 0.46
DMSO 80 9 (011) i 1 (01 i 0 (000) i 10 (013) i 10 (0.13) i 051
EMS 80 29 (0.36) + 11 (0.14) + 3  (0.04) i 39 (049) + 43 (0.54) + 2.00
4 BIF 80 11 (014) i 0 (0.00) - 0 (0.00) - 11 (0.14) i 11 (0.14) i 0.56
5 BIF 80 12 (015 i 1 (001) i O (000 - 13 (0.16) i 13 (0.16) i 0.66
6 BIF 80 18 (023) i 0 (0.00) - O (0.00) - 18 (0.23) i 18 (0.23) i 0.92
7 BIF 80 21 (026) + 0 (0.00) - O (0.00) - 21 (0.26) + 21 (0.26) + 1.07
7BIF+%1POmet 80 12 (015 i 0 (000) - 0 (0.00) - 12 (015 i 12 (0.15) i 0.61
Serrate wings (mwh/TM3)
Distilled water 80 7 (0.09) 0 (0.00) 7 (0.09) 7 (0.09) 0.35
DMSO 80 7 (009 i 0 (000) i Balancer 7 (09 i 7 (009 i 035
EMS 80 19 (0.24) - 10 (0.13) + chromosome 29 (036) + 29 (0.36) + 149
4BIF 80 9 (011) i 0 (0.00) - TM3does 9 (011) i 9 (0.11) i 046
5 BIF 80 9 (011) i 0 (0.00) - notcarry 9 (011) i 9 (0.11) i 046
6 BIF 80 10 (013) i 0 (0.00) - thefir3 10 (013) i 10 (0.13) i 051
7 BIF 80 11 (014) i 0 (0.00) - mutation. 11 (014) i 11 (0.14) i 056
7BIF+%1POmet 80 9 (011) i 0 (0.00) - 9 (011) i 9 (011) i 046

No: number of clones; Fr: frequency; D: statistical diagnosis +: positive; -: negative; i: inconclusive; m:multiplication factor

However, positive (+) results were observed in the highest BIF application group (7 ppm) due to the increase in the number
of mutant clones for the normal wing phenotype (P<0.05). The clone induction frequency (CIF) was also calculated according
to the values obtained in this study. While the CIF value for mwh/flr® genotype (normal wing phenotype) in the application of 7
ppm BIF was 1.07, this value for the distilled water and DMSO control groups was measured as 0.46 and 0.51 (Table 1).

In addition, as shown in Table 1, 1% POmet application reduced the frequency of mutations in all spots. Important
variations were found between the values obtained with 7 ppm BIF and 7 ppm BIF+1% POmet applications for both normal
and serrate wing phenotypes (P<0.05). The CIF calculated as 1.07 for mwh/flr® genotype (normal wing phenotype) in the 7
ppm BIF application was found to be 0.61 for 7 ppm+1% POmet application group. In the mwh/TM3 genotype (serrate wing
phenotype), the CIF values were found to be 0.46 and 0.56 for the same application groups (Table 1). The decrease in CIF
values in both normal and serrate wing phenotype was found statistically significant in 7 ppm+1% POmet application group.

3.2. SCE findings

The SCE values, as a result of the application to human peripheral lymphocyte cells at 50, 100, 250 and 500 ppm BIF
concentrations, were detected as 4.13£0.01, 4.62+0.01, 6.50+£0.03 and 7.05+0.02 respectively. The results were statistically
significant (P<0.05). These values were determined at 3.60+0.02 for distilled water, 3.70+0.01 for negative control group
DMSO and 25.96+0.02 for EMS (positive control group) (Table 2). The difference between positive control group and
negative control groups are statistically significant (P<0.05). While the replication index (RI) values were accounted, these
values decreased in all the application groups. The SCE value of BIF + POmet application at the rate of 1:1 to determine the
therapeutic effect of purslane has decreased from 7.05+0.02 to 3.80+0.01 (Table 2). According to these values obtained from
BIF + POmet application, the decrease observed for SCE was statistically significant (P<0.05).

Table 2- Statistical significance of SCE induction after exposure to four concentrations of BIF and BIF + POmet

L . SCE/cell Min.-Max.
Application Groups Concentration RI (Average) SCE
Distilled Water - 2.414£0.03 3.60+0.02 1-11
DMSO %2 2.2440.07 3.70+0.01 1-10
EMS 2mM 2.25+0.09 25.96+0.02 8-36

50 2.33+0.08 4.13+0.01* 1-9
Bifenthrin (ppm) 100 2.01+£0.07* 4.62+0.01* 1-13

250 1.95+0.06* 6.50+0.03* 1-11

500 1.90+0.04* 7.05+0.02* 4-13
BIF + POmet 11 2.25+0.11%* 3.80+0.01** 1-10

*: Statistical difference is significant according to DMSO at the 0.05 level, **: Statistical difference is significant according to 500 ppm BIF at the 0.05 level.
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3.3. MN findings

MN frequencies measured after exposure to varying concentrations (50, 100, 250 and 500 ppm) of BIF in human peripheral
lymphocyte cells were detected as 1.100+0.73, 1.47540.85, 1.850+0.44 and 2.050+0.68, respectively. These values were
determined at 0.700+0.38 for distilled water, 0.825+0.65 for DMSO and 3.175+1.40 for EMS (Table 3). The results were
statistically significant between the application and all control groups (P<0.05). In addition, as shown in Table 3 NBI
decreased in all BIF application groups. NBI was found to be 1.54+0.17 in the DMSO negative control group. In the highest
BIF application group, this value decreased to 1.25+0.18 (P<0.05).

In the BIF + POmet application, the MN frequency decreased from 2.050+0.68 to 0.8754+0.72 (P<0.05). In this application
NBI value increased from 1.25+0.18 to 1.56+0.19 (P<0.05).

Table 3- Statistical significance of MN induction after exposure to four concentrations of BIF and BIF + POmet

Application _ Ir)vestigated of Ngm_ber (_Jf MN MN N_ur_:lt_ear _
Groups Concentration binucleated within binucleat frequency+S.E. division index
cells (1) (2) (3) (NDI)=S.E.
Distilled water - 4000 28 - - 0.700+0.38 1.52+0.15
DMSO %2 4000 33 - - 0.825+0.65 1.54+0.17
EMS 2mM 4000 88 12 5 3.175+1.40 1.48+0.18
50 4000 38 3 - 1.100+0.73 1.55+0.13
Bifenthrin (ppm) 100 4000 51 4 - 1.475+0.85* 1.46+£0.21
250 4000 66 4 - 1.850+0.44* 1.38+0.20%*
500 4000 71 4 1 2.050+0.68* 1.25+0.18*
BIF+POmet 1:1 4000 35 - - 0.875+0.72** 1.56+0.19**

*: Statistical difference is significant according to DMSO at the 0.05 level, **: Statistical difference is significant according to 500 ppm BIF at the 0.05 level.

3.4. C-MS findings

In this study, the components found in P. oleracea were determined by GC/MS method and listed in Table 4. 23 components
(99.305%) were identified for POmet. The most common compounds in POmet are y-sitosterol (peak no. 22), 13-
docosenamide (peak no. 13), (Z) and palmitic acid (peak no. 5). The total amount of these three compounds is 48.001%.
Compounds such as phytol, linoleic acid, campesterol and stigmasterol were also found in different rates in the content of
POmet at All of these compounds induce antigenotoxicity. Therefore, POmet can be considered as a strong radical scavenger
against BIF insecticide.

Table 4- Chemical compositions of the POmet

Peak Retantion Component Molecular Molecular % ratio in
number  time(min) formula weight (g/mol)  total component
1 16.137 2,4 Qiheroxy-Z,4,6-trimethylcyc|ohexylidene- C11H1603 196.10 2034
acetic acid 8-lactone
2 16.727 2-cis-9-octadecenloxyethanol C20H4002 312.30 0.863
3 16.856 Hexahydrofamecy! acetone C18H360 268.27 1.067
4 18.188 Palmitic acid methyl ester C17H3402 270.25 0.768
5 19.104 Palmitic acid C16H3202 256.24 12.848
6 21.420 Phytol C20H400 296.30 4.101
7 22.121 Linoleic acid C18H3202 280.24 5.455
8 29.612 Behenicalchol C22H460 326.35 2.008
9 30.026 Dipalmitin C35H6305 568.50 1.301
10 30.481 Diisoactyl phthalate C24H3804 390.27 2.352
11 31.281 Docosyl acetate C24H4802 368.36 2.745
12 32.264 2-methyl-1-hexadecanol C17H360 256.27 3.880
13 33.233 13-docosenamide,(Z)=(Erucylamide) C22H43NO 337.33 13.297
14 33.423 2-bromo octadecanol C18H35BrO  346.18 2.177
15 33.870 Methyl epoxystearate C19H3603 312.26 0.917
16 34.069 Dihyaroxanthin C17H2405 308.16 1.303
17 35.163 14-octadecenal C18H340 266.26 1.247
18 36.502 a-tocopherol C29H5002 430.38 1.245
19 37.714 Campesterol C28H480 400.37 5.692
20 38.113 Stigmasterol C29H480 412.37 6.642
21 38.245 Ethyl iso-allocholate C26H4405 436.31 2.157
22 38.949 y-sitosterol C29H500 414.38 21.856
23 39.467 Olean-12-en-3-one C30H480 424.37 3.350
Total component percentage ratio 99.305
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4. Discussion

Physical factors such as solar radiation, x-rays and a wide variety of chemicals can affect cellular DNA. Oxidative stress can
cause damage to lipids, proteins, and nucleic acids, resulting in improvements in signal transduction path ways, gene
expression, cell mutation, and cell death (Demirci et al. 2008; Popracet et al. 2017). Pesticides are a significant group of
human-made hazardous chemicals. Their probable synergistic or antagonistic side effects on humans have not yet been
thoroughly studied (Demsia et al. 2007). Over the three decades since the launch of the first compounds with adequate photo-
stability for agricultural use, synthetic pyrethroids have been valuable instruments for pest control in agriculture, public health
and a wide range of household applications.

However, pyrethroids are not only neurotoxic to plants, but also to mammals (Soderlund et al. 2002; Costa 2015). Synthetic
pyrethroids are neuropoisons that function on axons in peripheral and central nervous systems by interfering with sodium
channels in mammals or insects (IPCS 1990). BIF is chemically classified as a pyrethroid. BIF interferes with the nervous
system of the insect when it is eaten or touched (Miller & Salgado 1985; Yanget et al. 2018). It is more harmful to insects than
it is to humans, since insects have lower body temperatures and smaller body sizes. Therefore, it can show toxic effects at high
doses.

In this study, while 7 ppm BIF was showing genotoxic effects on D. melanogaster, upwards of 50 ppm BIF were showing
genotoxic effects on human peripheral blood cells. In conclusion; the higher concentrations of BIF were caused by somatic
mutation and chromosomal defects in this study. Our findings are in accordance with other research performed in a similar
fashion.

BIF was determined reduce the motor activity in rats at high doses (Wolansky et al. 2007; Scollon et al. 2011). BIF alone is
not harmful to rodent nerve cells at a concentration of 10-3 M. However, a house hold use substance containing BIF has been
found to be neurotoxic at concentrations between 10-6 and 10-7 M. The house hold formulation of the BIF insecticide
decreased the viability of rodent nerve cell cultures, while the BIF did not. Both the formulation and the active ingredient
decreased the development of neuritis in vitro, although the effect of the formulation was more extreme (Tran et al. 2006).
These findings indicate that inert ingredients would strengthen the developmental neurotoxic effects of BIF. According to
Walker & Keith (1992) evidence of mutagenic effects from exposure to BIF are inconclusive. Studies of mouse white blood
cells were positive for gene mutation. However, other tests of BIF’s mutagenic effects, including the Ames test and
experiments in liver rat bone marrow cells, were negative.

Sadowska-Woda (2010) has shown that BIF-induced oxidative stress induces increased lipid peroxidation and reduced
antioxidant function in human peripheral blood. DNA disruption and oxidative stress play an important role in numerous
cancers and pathological disorders, including carcinogenesis and aging (Soltani et al. 2009; Birch-Machin & Bowman 2016).
There has lately been a great deal of interest in the anti-mutagenic and anti-carcinogenic ability of plant-derived compounds
and natural food ingredients (Bhuvaneswari 2005; Xu et al. 2007; Shahidi 2009). The mechanism of defence of these
structurally very diverse compounds may be multifactorial, since the anti-mutagenic behaviour of most of these chemicals is
linked to their scavenging properties (Larson 1988). P. oleracea is a rich source of omega-3 fatty acids, gallotannins,
kaempferol, quercetin, apigenin, and glutathione (Sharmaet et al. 2009; Gharneh & Hassandokht 2012; Naeem & Khan 2013).
Purslane contains in large quantities I-norepinephrine (in fresh leaf 0.25%) that neurohormone of helpful to brain fatigue. It has
the highest omega-3 fatty acid content of all leafy vegetables (Kumlay et al. 2010). Antioxidant and antimutagenic functions of
extracts of P. oleracea have been previously demonstrated and are proposed to be linked to their constituents, such as A, B1,
B2, C, niasinamid, nicotinic acid, a-tocopherol, B-carotene, B-alanin, B-cyanine, magnesium, calcium, potassium, iron, omega-
3 fatty acids, gallotannins, kaempferol, quercetin, apigenin, flavonoids, ascorbic acid and glutathione (Simopoulos 2004).

In our study was determined that POmet, which was used in the experiment, inhibited somatic mutation in D. melanogaster
and decreased the SCE and MN rate in human peripheral lymphocytes. Our result is supported by similar studies of purslane.
Water extract of purslane significantly inhibited the DNA breakage (Behravan et al. 2011) and it’s leaves stems and roots
showed very strong antioxidant at in vivo and in vitro experiments on rabbits (Yu et al. 2007). Yen et al. (2001) have
demonstrated that P. oleracea extract has antimutagenic activity against 2-amino-3-methylimidazo (4,5-f) quinoline (1Q) as a
mutagenagent.

In POmet sample (Table 4), 99.305% of the total extract was identified, predominating y-sitosterol (21.856%), 13-
docosenamide, (Z) (13.297%), palmitic acid (12.848%), stigmasteol (6.642%) campesterol (5.692%), linoleic acid (5.455%)
and 2-methyl-1-hexadecanol (3.880%).

B-sitosterol and y-sitosterol are most widely found sterols in the plant. It has also been documented that the volume and
function of components of the extrinsic apoptic pathway in human lung and breast adenocarcinoma cells can be impaired by vy-
sitosterol (Balamurugan et al. 2011). y-sitosterol and 13-docosenamide, (Z) also shows high antimicrobial activity (Kanimozhi
& Bai 2012; Rukshana et al. 2017). Palmitic acid is the most common saturated fatty acid present in animals and plants. It is
the first synthesized fatty acid in the formation of fatty acids in living things and the longer fatty acids are produced from it.
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Palmitic acid, like other fatty acids, is not free in nature. Reduces hydrogen peroxide formation (Aydin 2009). Stigmasterol and
campesterol are a group of phytosterols. Stigmasterol is an unsaturated plant sterol. It is also useful for the treatment of many
tumours, including ovarian, lung, breast and colon cancers. It also has strong antioxidant, hypoglycaemic and thyroid inhibiting
effects (Panda et al. 2009). Linoleic acid is an unsaturated essential fatty acid. Linoleic acid exhibits potent antioxidant activity
as opposed to a-tocopherol (vitamin E), a known antioxidant (Ha et al. 1990).

Consequently, the higher concentration of BIF caused somatic mutation and chromosomal defects in this study. As a result
of our study, the increase in mutations in SMART, and SCE and MN in in vitro tests, respectively, can be assumed as a marker
of damage in genetic material. As seen above in similar studies, this genetic damage is caused by oxidative stress. Our results
and previously conducted studies indicate that the effect of natural components of purslane is radically scavenging on the
genotoxicagent BIF. Additionally, the repair of this damage by POmet indicates that purslane can be a strong antigenotoxic
agent. This scavenger effect is due to the high concentration on the content of the compound in POmet.
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ABSTRACT

Salinity is affecting plant growth and development. Low concentration of
hydrogen peroxide (H202) has shown to be effective against various stress
factors. In this study, effect of different H.02 priming methods on growth,
physiological and biochemical parameters in three wheat varieties (NKU
Lider, Sultan-95, and Tosunbey) under salt stress were investigated. Salt
stress (0 and 160 mM NaCl) was applied gradually to 100 uM H202
applied (-H202: negative control, no application; H20z: positive control,
100 uM H:02 applied; 1xH202: 100 uM H20: applied one year ago;
2xH202: 100 uM H20: applied second time after one year) wheat
seedlings. Biochemical results showed that the lowest H20: level was in
NKU Lider variety and in -H202 and 1xH20> groups. The lowest

variety and 2xH202 group. The highest superoxide dismutase (SOD)
activity was in NKU Lider variety, all H2O pre-treatment caused an
increase in SOD activity and 2xH202 pre-treatment caused the highest
SOD activity. However, H20, and TBARS levels increased in all
application groups except 2xH:02 group, while the H202 amount
increased and TBARS level decreased in 2xH202 group. MnSOD was not
detected in any groups. CuzZnSOD increased in all groups except 2xH202
groups under salt stress in Sultan-95 variety compared to FeSOD. H202
pre-treatment better tolerated salt stress, and second-applied H202 pre-
treatment eliminated the stress and improved plant growth. In conclusion,
it was determined that H202 re-pre-treatment to wheat seeds resulted in
improvement of plant growth in tolerant varieties exposed to salt stress.

thiobarbituric acid reactive substances (TBARS) level was in Tosunbey

Keywords: Priming, Stress biomarkers, Wheat cultivars, Superoxide dismutase activity

1. Introduction

Many different internal mechanisms allow plants to respond to environmental changes that have occurred during their
evolutionary processes. When there is a history of exposure to many types of stress, the plant changes its response in subsequent
stress conditions (Bruce et al. 2007). Stress often leads to histone or DNA modifications and changes in the expression of various
susceptible genes. Some of these modifications occur in a single unstable individual. Epigenetic signs preserve in the absence of
stimulants, which leads to "memorization" of stresses experienced by plants in the epigenetic environmental environment (He &
Li 2018).

Salt stress is one of the important abiotic stress factors that adversely affect plant growth and development (Ashraf 2009).
The first response of the plant to salt stress is the decrease in leaf surface expansion rate and the halting of growth. The negative
effects of salinity on plant growth are related to osmotic stress, food imbalance, specific ion effect and their combination (Ashraf
& Harris 2004). Increasing salinity at the soil level limits the sustainable use of the field. High salt level cause oxidative stress
because of increasing reactive oxygen species (ROS) (Rashidi et al. 2021).

Plants are developing regulatory mechanisms to adapt to various environmental stresses (Saxena et al. 2016). ROS also play
a holistic role as signalling molecules in the regulation of various biological processes in plants, such as growth, development,
and responses to biotic and abiotic stimuli (Baxter et al. 2014). To eliminate all the negative factors that the seed encounters,
accelerate germination and seedling growth and obtain high yield, various applications called priming are applied to the seeds
before sowing. Priming is defined as a controlled water intake that will initiate the necessary metabolic activity for germination,
but does not allow root uptake, and is defined as a physiological process in which the plant prepares to respond more quickly to
abiotic stresses (Jisha et al. 2013).
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There are many used priming techniques for improving seed quality properties for example osmopriming (Farooq et al. 2017),
hormopriming, hydropriming (Wani et al. 2016) and chemical priming (such as H,O>) (Savvides et al. 2016).

07, H20; and OH- excessive production of ROS causes oxidative stress in cells (Parida & Das 2005). Numerous studies have
shown that low concentrations of ROS, especially H.0,, are effective in priming against various abiotic stress factors (Savvides
et al. 2016).

Triticum aestivum L. (wheat) is one of the most important global foods for human nutrition. Wheat, cultivation, and
domestication as one of the main species closely related to the welfare of agriculture and settled societies; is one of the most
grown products due to its high yield values, nutritional and processing properties. By 2050, the world population is estimated to
reach nine billion, and the wheat yield of people's food needs to increase significantly (Jia et al. 2018). China is the largest wheat
producer and consumer. China's annual wheat production is about 100 million tons (Shi & Ling 2018). In Turkey, wheat
production is 20.5 million tons in 2020 (Anonymous 2021).

In this study, we investigated that the effect of different H.O» priming methods on root length (RL), root dry weight (RDW),
shoot length (SL), shoot dry weight (SDW), relative water content (RWC), stomatal index (SIn), stomatal conductance (SC),
H-0, and thiobarbituric acid reactive substances (TBARS) content, SOD activity and its isoenzyme profiling in three wheat
varieties (NKU Lider, Sultan-95, and Tosunbey) under salt stress.

2. Material and Methods
2.1. Experimental material and design
As plant material in this study were used three wheat varieties (NKU Lider, Sultan-95, and Tosunbey).

The study was carried out at the laboratories of Departments of Agricultural Biotechnology, Faculty of Agriculture, Tekirdag
Namik Kemal University in 2018-2019. The experiment was arranged in a randomized split-split plot design with three
replications. Each group was designed to contain at least 3 pots, and a trial was established with a total of 128 pots. The varieties,
NaCl solutions and H2O; pre-treatments were allotted to main plots, subplots, and sub-subplots, respectively.

2.2. H202 seed priming

The seeds of each variety were soaked in the different 100 uM H>O; solutions (-H2O>: negative control, no application; H20:
positive control, 100 uM H20- applied; 1xH,0,: 100 uM H,0; applied one year ago; 2xH,0,: 100 uM H,0O, applied second time
after one year) for 6 h under dark-room conditions for priming before sowing, and then the seeds were dried on filter paper at
room temperature (Demirbas & Balkan 2020).

2.3. Plant growth condition

After priming, the 20 seeds were sown in a pot (13 cm depth; 1.5 | volume) contained perlite. The seedlings were grown in a
plant growth room at 25+2/15+2 °C day/night with 16 h photoperiod, relative humidity 60% and photosynthetic flux density of
approximately 250 pmol m s, The salt concentrations mixed in Hoagland solution weekly gradually increased, and cultivation
was carried out for 5 weeks (Hoagland & Arnon 1950). On the 35th day, morphological, physiological, and biochemical
measurements were made, and plant materials were packed for biochemical analysis and stored at -20 °C.

2.4. Salt stress treatment and plant harvest

Fifteen-day seedlings were watered with 0-control and 160 mM NaCl diluted in Hoagland solutions. After salt stress application,
leaves were harvested on the thirty-five-days for test and analysis.

2.5. Plant growth parameters

Ten randomly selected thirty-five-days-old seedlings per replicate were divided into roots and shoots. Firstly, they were measured
with a ruler for root and shoot length (cm) (RL and SL) and then, they were dried in an oven for two days at 65 °C to determine
dry weights (mg) (SDW and RDW).

2.6. RWC test

The fully developed leaves of the plants were taken and weighed to determine fresh weights (FW-mg). To obtain the turgid

weight (TW-mg), these leaves were waited in closed petri dishes for 24 hours between distilled water and completely wet filter
paper. Turgid leaves were quickly wiped with a paper towel to remove the water accumulation on them and reweighed to
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determine the TW. Then, these leaves were dried at 70 °C for 48 hours and their dry weights (DW-mg) were found. The RWC
of the leaves were calculated using the following equations (Smart & Bingham 1974):

FW-DW
TW-DW

RWC (%) = x 100 @

2.7.SIn

The Sin level was determined from the third leaves of the wheat seedlings of 35 days. Transparent nail polish was applied to the
bottom surface of the leaves cut from the plant. It was expected to dry. Later, the polish was gently peeled off the sheet and
adhered to the slide and kept in room conditions until the day of measurement. Under the microscope, stoma (S) and epidermis
cells (E) in the unit area at 400x magnification were counted and the Sin value was calculated according to the formula below
(Radoglou & Jarvis 1990). Measurements were made three times from each group.

S
SIn (%) = 5= x 100 2
2.8.5C

The stomatal conductivity level of plants was measured from the second leaves by DECAGON brand SC-1 leaf porometer on
the 35" day of the growing period. Measurements were recorded as mmol m-2 s in triplicate from each group.

2.9. Determination of H,O; content

0.1 g leaf tissues were homogenized with 100 mM potassium phosphate buffer (pH 6.8). The homogenates were centrifuged at
14000 rpm for 30 min at 4 °C. After centrifugation, the supernatant reacted with peroxidase reagent. The mixture was waited at
30 °C for 10 min, and then reaction was stopped after 1 N perchloric acid was added. After 10 min, supernatant was centrifuged
at 14000 rcf for 5 min at 4 °C. The H20- content was spectrophotometrically determined at 436 nm according to H,O- standard
(Bernt & Bergmeyer 1974).

2.10. Determination of lipid peroxidation level

The lipid peroxidation level of plants was assayed by determining the level of MDA. The content of TBARS was assayed by
MDA (Madhava Rao & Sresty 2000).

2.11. Determination of total protein content and SOD activity

The total protein content of the enzyme extract was assayed by Bradford method using BSA as a standard (Bradford 1976). The
used reaction mixture for measuring SOD (EC 1.15.1.1) activity contained 33 pM NBT, 10 mM L-Methionine, 0.66 mM
EDTA.Nay, and 3.3 pM riboflavin in 0.05 M Na-phosphate buffer (pH 7.8). The test tubes containing the reaction mixture (3
ml) and 200 ul enzyme extract or distilled water were shaken and left for 10 min under an illumination of 300 umol m™ s™* at
room temperature. Maximum reduction of NBT resulted in maximum violet color in the supernatantless reaction mixture. A non-
illuminated reaction mixture served as the control. The reduction of NBT was inversely proportional to the SOD activity. One
unit of SOD was defined as the amount of enzyme that inhibits 50% NBT photoreduction (Beauchamp & Fridovich 1971;
Giannipolities & Ries 1977). A Mecasys Optizen POP UV/Vis spectrophotometer was used during all spectrophotometrically
analyses.

2.12. ldentification of SOD isoenzymes

0.2 g plant leaves were homogenised with buffer solution containing 50 mM Tris-HCI (pH 7.8), 0.1 mM
ethylenediaminetetraacetic acid (EDTA), 0.2% Triton X, 1 mM phenylmethanesulfonyl fluoride (PMSF) and 2%
polyvinylpolypyrrolidone (PVPP). The homogenates were centrifuged at 14000 rpm at 4 °C for 10 min. The supernatants were
used for electrophoretic separation of SOD isoenzymes. The isoenzymes were separated by native polyacrylamide gel
electrophoresis (PAGE) using 4% stacking and 12.5% running gels with a buffer consisting of %100 at 4 °C at 80 mA for 2 h
with a Junyi JY-SCZ2+ mini vertical electrophoresis. The total amount of protein applied per lane was 75 ng. After
electrophoresis, the gels were stained with riboflavin, nitroblue tetrazolium (NBT) and EDTA in Na-P buffer (pH 7.8) for 45
min in the dark. The gels were washed with dIH,O and visualized with white light (Arora & Bhatla 2017; Beauchamp &
Fridovich 1973). Inhibitors of SOD before staining, such as 2 mM potassium cyanide (KCN) and 3 mM H202, were used to
detect the different types of SOD (Vitdria et al. 2001). After staining, the gels were visualized under UV light using a Quantum
ST5 Gel Imaging System (Vilber Lourmat). SOD isoenzymes were determined densitometric using Biocapt software.

2.13. Statistical analysis

This study was carried out in 3 repetitions according to the split parcels trial pattern, which was divided in random parcels. All
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physiological and biochemical data were analysed using one-way ANOVA (MSTAT) program and differences between the
averages were compared with the LSD Test. Values with P<0.05 were considered statistically significant. The results are
presented in the tables as mean = SE.

3. Results

3.1.RL and SL

RLs were increased not significantly by 1.20% under salt stress as compared to untreated plants (Figure 1). RLs in the groups
which were treated by H20,, 1xH,0,, and 2xH,0, groups were different. RLs were decreased by 3.09% and %1.58 in H20 and
1xH»0; groups, whereas they were increased by 3.56% in the 2xH20- group (P<0.01). We found that the Sultan-95 variety had
the RL (213.74 mm) as compared to other varieties (P>0.05) (Table 1a).
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Figure 1- Effect of average NaCl on RL, RDW, SL, SDW, RWC, SIn, SC, H202, TBARS and SOD activity parameters in
wheat seedlings. Means values followed by different letters are significantly different at P<0.05 (* Significant correlations at P value
<0.05, and ** at P value <0.01. ns: non-significant).
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Table 1- Changes in RL (a), RDW (b), SL (c), and SDW (d) parameters of seed primed wheat seedlings with
H202 under salt stress

a) RL (mm) Groups
Variety NaCl (mM)  -H202 H202 1xH202 2xH202 Variety Average
L 0 16956j 20567f  21833d  219.78cd L
NKU Lider 160 232.61b 19611 ghi 203.83f  229.67h VKU Lider 209.44
0 217.00d  189.891  200.33fgh 246.50a
Sultan-95 160 219.89cd 22644bc 19617 ghi 21367 de Sultan-9s 213.74
0 22622bc 19433 200.83fgh  231.33b
Tosunbey 160 21833d  199.72fgh 206.83ef  201.78fg 'osunbey 209.92
Ho0, Average 21394b  202.03c  20439c  223.79a
LSD H202: 3.014™  VarietyxNaClxH.0>: 7.382™" Variety: ™
b) RDW (mg) Groups
Variety NaCl (mM) -H202 H202 1xH202 2xH202 Variety Average
P 0 1740 34.15¢c-f 34.07cf 3552cde P
NKU Lider 4, 23631 29639  2888gh 4050a VKU Lider 30.47b
0 1989)  2685h 23351  38.37ab
Sultan-95 ;44 3588bc  35.80bcd 3535cde 3571bed  OUltAM-9S 31.40ab
0 3245f  2825gh  32.87ef  33.20 def
Tosunbey 4, 2077g 29629  36.26bc  36.27bc  'osunbey 32342
H202 Average 20.50 ¢ 30.72b 31.80b 36.59 a
LSD H202: 1.091™  VarietyxNaClxH202: 2.673" Variety: 1.282"
¢) SL (mm) Groups
Variety NaCl (mM) -H202 H202 1xH202 2xH202 Variety Average
L 0 340221 282.89f 23528]  236.281j L
NKULider 4, 2026le 20580m 18300n 24056, V<U Lider 252.09¢
0 33028b 28456f 218001 24856 h
Sultan-95 444 280.06f 215781 227.00k 26878  Sultan-95 259.13b
0 337.78a 322.56c 29850d  289.83e
Tosunbey ¢4 28944e  20400de 231.67jk 246.83h  |osunbey 288.83
H202 Average 311.73a 267.61b 23224d 255.11c
LSD H20,:1.963™  VarietyxNaClxH.O>: 4.808™ Variety: 3.061""
d) SDW (mg) Groups
Variety NaCl (mM) -H202 H202 1xH202 2xH202 Variety Average
L 0 5724b  5245¢ 44139  46.86f L
NKU Lider 4, 44339 41830 3469] 4171 VKULider 4541b
0 4697f  4955de 3438]  49.75de
Sultan-95 44 4255gh  4119h 39831 3067,  oultan-95 42.99¢
0 6371a  6260a  50.92cd  48.61ef
Tosunbey 4149 4771ef  4888def 4427g  3283)  |osunbey 49.94a
H202 Average 50.42 a 49.42b 41.37d 43.24 ¢
LSD H202: 0.925™  VarietyxNaClxH202: 2.266™ Variety: 0.844™

*: Significant correlations at P value < 0.05, and **: at P value <0.01. ns: non-significant

SLs were decreased by 13.11% (P<0.01) under salt stress as compared to untreated plants (Figure 1). SLs were decreased by
14.15%, 25.50% and %18.16 in H,0, and 1xH,0,, and 2xH.0, groups (P<0.01). We found that the Tosunbey variety had the
longest shoot (288.83 mm) (P<0.01) as compared to other varieties (Table 1c).

3.2. RDW and SDW

RDW was increased significantly by 11.48% under salt stress as compared to untreated plants (Figure 1). RDW in the groups
which were treated by H,0,, 1xH,0,, and 2xH,0, groups were different. RDW was increased by 49.85%, 55.12% and 78.49%
in H20,, 1xH,0, and 2xH,0, groups (P<0.01). We found that the Tosunbey variety had the highest dry root weight (32.34 mg)
(P<0.01) as compared to other varieties (Table 1b).

SDW was decreased by 17.75% (P<0.01) under salt stress as compared to untreated plants (Figure 1). SDW was decreased
by 1.98%, 17.95% and 14.24% in H,0, and 1xH.0, and 2xH,0 groups (P<0.01). We found that the Tosunbey variety had the
highest dry shoot weight (49.94 mg) (P<0.01) as compared to other varieties (Table 1d).
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3.3.RWC

RWC was decreased not significantly under salt stress as compared to untreated plants (Figure 1). RWC in the groups which
were treated by H>0,, 1xH20,, and 2xH20; groups were different. RWC was increased not significantly by 2.59% and 0.80% in
H»0, and 2xH,0, groups, whereas they were decreased by 0.20% in 1xH,0, group. We found that the Sultan-95 variety had the
highest RWC (90.51%) as compared to other varieties (P>0.05) (Table 2a).

Table 2- Changes in RWC (a), SIn (b) and SC (c) parameters of seed primed wheat seedlings with H2O2 under salt stress

a) RWC (%) Groups
Variety NaCl (mM) -H202 H202 1xH202 2xH202 Variety Average
. 0 91.32 94.04 87.72 90.87 L
NKU Lider 160 8755 8923 84.08 88.23 NKU Lider 89.13
0 88.11 91.87 91.97 92.74
Sultan-95 160 87.92 9157 87.94 91.95 Sultan-95 90.51
0 89.39 91.48 88.12 91.07
Tosunbey 444 85.70 8550  89.06 7936 rosunbey 87.46
H20, Average 88.33 90.62 88.15 89.04
LSD H202:"™ VarietyxNaClxH202:" Variety:™
b) Sin (%) Groups
Variety NaCl (mM) -H202 H202 1xH202 2xH202 Variety Average
L 0 898jk  1830a  1229d  6.70m .
NKU Lider 4, 1006gh 1415¢  1068efy 6.87m VKU Lider 11.01a
0 9.85h  8.091 9.071k  17.22b
Sultan-95 44, 642mn  966hj  1124e  573no  oultan-95 9.66 ¢
0 870kl 1040fgh 6.09mn  17.92ab
Tosunbey ¢4 1239d  11.01ef 1098ef 4980  rosunbey 10.31b
H202 Average 9.40c 1194 a 10.06 b 9.90 b
LSD H202: 0.324™  VarietyxNaClxH202: 0.793" Variety: 0.321""
¢) SC (mmol m3sh) Groups
Variety NaCl (mM) -H202 H202 1xH202 2xH202 Variety Average
. 0 5850ch 56.37fj 526011 57.80d-h .
NKU Lider 4, 5453h-l 50.83b-f 6290abc 59.00b-f VKU Lider 57.80
0 50401 5147kl 56.67e1  59.43b-g
Sultan-95 444 5470¢g-1 5803c-h 6237ad 5157jkl  Sultan-95 5558
0 5577 fk 5597k 56.07fk 4543 m
Tosunbey 144 6240a-d 6l47a-e 6480a  6377ab  'oSunbey 5821
H20; Average 5605b  57.18b  59.23a  56.32b
LSD H20,: 1.993™  VarietyxNaClxH.02: 4.880" Variety: ™

*: Significant correlations at P value < 0.05, and **: at P value < 0.01. ns: non-significant
3.4.SIn

Stomal index was decreased significantly by 14.63% under salt stress as compared to untreated plants (Figure 1). Stomal index
was increased by H,O; applications. Stomal index was increased by 27.02%, 7.02% and 5.32% in H20;, 1xH202 and 2xH,0-
groups (P<0.01). We found that the NKU Lider variety had the highest stomal index (11.01%) (P<0.01) as compared to other
varieties (Table 2b).

3.5.5C

SC was increased significantly by 9.10% under salt stress as compared to untreated plants (Figure 1). SC in the groups which
were treated by H,O,, 1xH,0,, and 2xH»0, groups were different. SC was increased by 2.02%, 5.67% and 0.48% in H,0,,
1xH,0; and 2xH;0; groups (P<0.01). We found that the Tosunbey variety had the highest SC (58.21 mmol m-2s) as compared
to other varieties (P>0.05) (Table 2c).

3.6. H.0;
H.O; content was increased significantly by 25.00% under salt stress as compared to untreated plants (Figure 1). H.O, contents

were increased by 11.54% and 3.85% in H,0; and 2xH,0, groups (P<0.01). We found that the NKU Lider variety had the lowest
H20- content (0.26 uM) (P<0.01) as compared to other varieties (Table 3a).
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Table 3- Changes in H20:2 (a), TBARS (b) and SOD (c) parameters of seed primed wheat seedlings with H202 under salt stress

a) H202 (uM) Groups
Variety NaCl (mM) -H202 H202 1xH202 2xH202 Variety Average
- 0 02Llm  02llm  020m _ 027fg L
NKU Lider 4, 026gh  025m  035b  033c  NKULider 0.26 ¢
0 02417  029de 022kl 0.23jk
Sultan-95 444 027fg  044a  026gh  025h  Sultan-95 0.282
0 030d  028ef  023jk  0.20m
Tosunbey ;¢4 027fg  027fg  028ef  033c losunbey 0.27b
H202 Average 0.26 ¢ 0.29 a 0.26 ¢ 0.27 b
LSD H202: 0.005™  VarietyxNaCIlxH.0>: 1.136™ Variety: 0.005™
b) TBARS (nmol/g FW) Groups
Variety NaCl (mM) -H202 H202 1xH202 2xH202 Variety Average
o 0 6.18] 6.42 1 5110 5801 L
NKU Lider 4, 860d  1075a 7.73f  715h  NKULider 1.22a
0 391s  486p 6381 452q
Sultan-95 160 750 952 b 8.39 e 560 m Sultan-95 6.34b
0 6.14jk  490p 413t 5.32n
Tosunbey ¢4 761fg  699h  918c 6oLk  rosunbey 6.29b
H202 Average 6.66 C 7.24a 6.82b 5.73d
LSD H202: 0.068™  VarietyxNaClxH202: 0.164™ Variety: 0.052""
¢) SOD (U mg™* protein) Groups
Variety NaCl (mM) -H202 H202 1xH202 2xH202 Variety Average
- 0 30285k 31207] 379.23f 33553h L
NKU Lider 4, 324511 31566 467.94b 76484a VKU Lider 400.33a
0 19481q 40208e 41831d 311.76j
Sultan-95 44, 21984p 235820 325071 439.11c oultan-95 318.35b
0 245270  339.29h 326071  269.50m
Tosunbey ;¢4 19953q 180961 35435g 278631  |osunbey 274.20¢
H.0; Average 247.80d  297.65c  37850b  399.90 a
LSD H202: 3.151™  VarietyxNaCIxH202: 7.719™ Variety: 3.204™

*: Significant correlations at P value < 0.05, and **: at P value < 0.01. ns: non-significant
3.6. TBARS

TBARS level was increased significantly by 49.15% under salt stress as compared to untreated plants (Figure 1). TBARS levels
in the groups which were treated by H.O,, 1xH.0,, and 2xH.0, groups were different. TBARS level was increased by 8.71%
and 2.40% in H20, and 1xH»0O- groups, whereas the level was decreased by 13.96% in the 2xH»0- group (P<0.01). We found
that Tosunbey variety had the lowest TBARS level (6.29 nmol/g FW) as compared to other varieties (P<0.01) (Table 3b).

3.7. SOD activity and isoenzyme profiling

SOD activity was increased significantly by 7.02% under salt stress as compared to untreated plants (Figure 1). SOD activity
was increased by H>0,. SOD enzyme activity was increased by 20.12%, 52.74% and 61.38% in H.0,, 1xH,0; and 2xH,0,
groups (P<0.01). We found that NKU Lider variety had the highest SOD activity (400.33 U mg™ protein) (P<0.01) as compared
to other varieties (Table 3c).

We found that two SOD isoenzymes showed the activity. MnSOD isoenzyme activity was not determined in all wheat
varieties. CuZnSOD isoenzyme had higher activity than FeSOD isoenzyme except in 2xH20, group in Sultan-95 variety under
salt stress (Figure 2-3).
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Figure 2- The effects of H202 treatments (-H202, H202 and 1xH20: and 2xH.0) on native-PAGE separation of SOD
isoenzymes (MnSOD, FeSOD and CuZnSOD) in wheat varieties under salt stress (0 and 160 mM NacCl)

CuZnSOD isoenzyme activity in NKU Lider variety, in the 0 mM NaCl groups were found to be increased by 30.36%,
18.32% and 15.84%, respectively, in the H,O,, 1xH,0, and 2xH»0, groups compared to the -H,O; group. In Sultan-95 variety,
CuznSOD isoenzyme activity in the 0 mM NaCl groups increased by 9.60% and 12.42% in the H,O, and 2xH,O; groups,
respectively, compared to the -H,O, group. In Tosunbey variety, CuZnSOD isoenzyme activity in the 0 mM NaCl groups reduced
by 14.44% and 23.78% in the H,O2 and 2xH,0, groups compared to the -H;O group. It increased by 19.15% in the 1xH,0;
group (Figure 2-3).

CuZnSOD isoenzyme activity in NKU Lider variety under salt stress increased in all H,O, groups compared to the control
group. In Sultan-95 variety, only 2xH,0, application decreased the activity by 74.53%. In Tosunbey variety, 1xH20- application
decreased the activity by 11.48% (Figure 2-3).
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Figure 3- Effect of H.O2 pre-treatments (-H202, H.0. and 1xH.0 and 2xH20) on percentage distribution of SOD
isoenzymes under salt stress in wheat varieties (a: NKU Lider, b: Sultan-95, ¢c: Tosunbey)

1xH,0; application caused an increase of 43.95% in FeSOD isoenzyme activity although 2xH,0, application decreased the
activity by 10.04% in NKU Lider variety. In Sultan-95 variety, all H,O, applications caused an increase of 17% to 29% in the
FeSOD isoenzyme activity. In Tosunbey variety, 1xH,O, and 2xH,0, applications caused decreases of 36.22% and 14.42%,
respectively, in the activity (Figure 2-3).

1xH,0; application caused an increase of 39.94% in the FeSOD isoenzyme activity in NKU Lider variety compared to the
control group (-H20,-0) under salt stress. However, -H,02, H,0, and 2xH,0, applications decreased the activity by 60.91%,
5.55% and 56.05%, respectively. In Sultan-95 variety, all H,O; applications caused increases of 26% to 68%. In Tosunbey
variety, H.O. and 1xH»0O; applications caused increases of 36.50% and 28.95% in the FeSOD isoenzyme activity under salt
stress (Figure 2-3).

4. Discussion

Hydrogen peroxide causing oxidative stress in high concentrations in plants functions as a signal molecule in stimulating the
plant defense system at low concentrations (Saxena et al. 2016). In previous studies, H.O, has been applied by the researchers
as a seed priming agent (Savvides et al. 2016) and has been reported to have a positive effect on the growth and development of
wheat (Ashfaque 2014) and triticale (Demirbas & Balkan 2020) under stress conditions. Here, we focused on how H,O, affects
wheat seedlings under salt stress one generation after H,O- treatment. Compared to the -H,0O, treatment group, H.O; application
caused an increase in RWC, SC, SIn and RDW, while the SL, RL, and SDW decreased. 1xH,O, treatment caused an increase in
SC, SIn, and RDW, and a decrease in RWC, SL, RL, and SDW. While 2xH,0, application caused an increase in SL and RDW,
and a decrease in RWC, SC, SIn, SL, and SDW (Table 1 and 2).
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The highest RWC, RL, RDW and FeSOD isoenzyme band density was observed in Sultan-95 variety (Table 1a, b; Table 2a;
Figure 2). The highest SC, SL, and SDW and the lowest TBARS level were observed in Tosunbey variety (Table 1c, 1d, 2c).
The highest SIn, SOD activity and CuZnSOD isoenzyme band density and the lowest H,0; level were observed in NKU Lider
variety (Table 2b, 3c, Figure 2).

Triple interaction (Variety x NaCl x H,O2) was statistically significant for all parameters except RWC (Table 1-3). This result
indicated that there was not any effect of H,O. pre-treatment on leaf water status. The correlation between the parameters showed
that there was a positive relationship between RWC and SDW and Sin. This result indicated that leaf water content affected
stomata density and shoot development. The positive correlation between SC and H,O; and TBARS indicated that stomata gas
exchange arranged oxidative stress in wheat seedlings. The positive correlation between RDW and SOD and H,O; showed that
increasing H20- level with SOD activity increased root growth (Table 4).

Table 4- Correlation matrix of growth, physiologic and biochemical parameters in wheat seedlings

Variable RWC SC RL RDW SL SDW SIn SOD H>0> TBARS
RWC 1.000 -0.334" 0.035™  -0.048™  0.104" 0.287" 0.242" 0.061"s -0.220m™ -0.122m
SC 1.000 0.203"™  0.200m -0.370™ -0.233" -0.087m 0.065" 0.349" 0.457
RL 1.000 0.455™ -0.101"ms -0.062m 0.221" 0.027ms 0.112" 0.035™
RDW 1.000 -0.419™ -0.219m 0.019m 0.253" 0.277" 0.121m
SL 1.000 0.768™ -0.058" -0.396™ -0.352™ -0.512™
SDW 1.000 0.213m -0.283" -0.259" -0.372™
Sin 1.000 -0.222m -0.388™ 0.089m
SOD 1.000 0.152m 0.008m™
H202 1.000 0.421™
TBARS 1.000

*: Significant correlations at P value < 0.05, and **: at P value < 0.01. ns: non-significant
Hydrogen peroxide (H,0,), relative water content (RWC), root dry weight (RDW), root length (RL), shoot dry weight (SDW), shoot length (SL), stomatal
conductance (SC), stomatal index (SIn), superoxide dismutase (SOD), thiobarbituric acid reactive substances (TBARS)

H20; level, TBARS level, SOD activity, CuZnSOD and FeSOD isoenzyme band density increased in H,O group compared
to -H,O; group at salt tolerance level of H,O, pre-treatment. In 1xH,O, group, TBARS level, SOD activity and FeSOD
isoenzyme band density increased, CuZnSOD isoenzyme band density decreased and H-O; level did not change. In the 2xH,0-
group, H2O; level and SOD activity increased, TBARS level, CuZnSOD and FeSOD isoenzyme band density decreased (Table
3 and Figure 2). These results have shown the similarity to wheat plants’ response to pre-treatment with AsA (Athar et al. 2008),
K (Ahanger & Agarwal 2017) and SNP (Ali et al. 2017) against salt stress. And salt stress in wheat plants caused an increase in
SOD activity. This result is similar to studies of (He et al. 2009) and (Ashfaque 2014). MnSOD is a constitutive antioxidant
enzyme in mitochondria, and it can vary between species and varieties, but in general, it is quite stable under environmental
stresses (Asensio et al. 2012). In this study, MnSOD isoenzyme activity was not determined in any groups (Figure 2). This result
indicated that there was not any mitochondrial response to H,O; pre-treatment.

On the other hand, the increase in the amount of H,O, and TBARS in the groups other than the 2xH,0, application group
showed a negative relationship compared to the above studies. In the 2xH»0; application group, the amount of H,O; increased
while the amount of TBARS decreased. This result is similar to Tabassum et al. (Tabassum et al. 2017) study which they obtained
with the second application of CaCl..

5. Conclusions

Plant growth was improved by eliminating the pressure caused by salt stress in the development of wheat seedlings by removing
the second H20- pre-application. As a result, this study demonstrated for the first time that the H-O, application made before
sowing in wheat contributes positively to the growth of the wheat plant by stimulating the SOD activity against salt stress. It can
be said that the information obtained in this study will provide an important accumulation of knowledge for many scientific
studies in which the pre-application increases the plant tolerance level, how the epigenetic mechanism is triggered, and all aspects
of the antioxidant defense system will be examined more comprehensively.
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ABSTRACT in the low altitude Saruhanli location, the shrinkage ratio was reduced

In Turkey, the orchards are being established with the ‘Chandler’ walnut
variety in different ecologies, nowadays. Plant nutrition applications are
important for optimum yield and quality in terms of growing. In this study
conducted at two different altitudes (51 and 740 m) in the orchard, foliar
application as urea (5 gr/L), potassium nitrate (10 gr/L), borax (1 gr/L),
manganese sulfate (2 gr/L) and zinc sulfate (1.5 gr/L) were sprayed for
two years. Following the application, macro and micro nutrient content of
kernel and fruit properties were determined. According to this, it was
observed that foliar application of boron (B) in terms of nut weight and
foliar application of potassium (K) in terms of kernel ratio ranked the first

with foliar K application. In addition, while all foliar applications had a
positive effect on yield, the highest value was measured in Saruhanli
location (3.31 kg treet). The macro and micro nutrient content of kernel
evaluated, there was an increase in nutrients in the second year, except for
K, calcium (Ca) and magnesium (Mg). Phosphorus (0.29 and 0.27%), iron
(30.64 and 6.24 ppm), copper (7.64 and 11.35 ppm), zinc (32.42 and
27.03 ppm) and manganese (25.77 and 30.05 ppm) contents of the grain
were found to be significant for Demirci and Saruhanli locations,
respectively. Values in Demirci location were higher than Saruhanli
location. Additionally, it was also revealed in interaction.

row. The shrinkage ratio, an important quality criterion for walnuts, was
found to be low in the high altitude Demirci location (17.43%). However,

Keywords: Juglans regia, Macro and micro nutrients, Fruit quality, Location x year x application interaction

1. Introduction

Walnut is one of the most important hard nut fruit species in the world. Yield and quality characteristics vary depending on the
variety and ecological conditions at different altitudes. As it is known, high yield is the most important among production targets
in terms of growing. Macro and micro nutrients have an important effect on this matter (Khayyat et al. 2007). For a long time,
intensive use of soil fertilizers has caused significant soil and water-related environmental problems (Rios et al. 2020).
Management of nutrients is one of the basic principles of sustainable agriculture. In this context, foliar fertilization is considered
an environmentally friendly practice (Norozi et al. 2019). In plants, especially in periods when their uptake is limited and their
requirements are high, nutrients must be taken from the leaves. Foliar sprays are the most effective and very rapid treatment
(Fernandez et al. 2013; Ghani et al. 2021). The use of foliar fertilizer is common due to these properties (Rios et al. 2019).
Nitrogen is the basic plant nutrient. When sprayed in urea form, it improves diffusion conditions by increasing the permeability
of the cutin layer. In this way, it is reported to be high uptake (Kacar & Katkat 2006). Foliar N fertilizer application contributes
to the rapid development of shoots in the spring period (Xu et al. 2021). At the same time, N is an important element for the
synthesis of organic compounds (Carranca et al. 2018).

Another nutrient necessary for flowering and fruit formation is potassium (K). For this species with high oil content, the trees
must be fertilized with K. Nut fruit species require a high amount of potassium during the fruit development period. In this case,
foliar spraying is reported as an effective and rapid application in terms of potassium supply (Norozi et al. 2019; Marchand
2020).

In addition, micro-elements are effective in plant nutrition programs (Dejampour & Zeinalabedini 2006; Yildiz et al. 2007).
In salty, calcareous and high pH soils, micronutrient deficiencies are eliminated by foliar application. This method is preferred
because it is fast, cheap and target-oriented (Rios et al. 2019; Xie et al. 2020).
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Some fruit species need high boron (B) element especially during blooming. For nut species, this element is often
recommended in the fertilization program (Ellis 2016). High of pH and calcium carbonate in the experimental area soils cause
low efficiency of soil-applied B fertilizers (Khoshgoftarmanesh 2012). Therefore, it can be easily transported to different organs
of the tree through phloem by foliar application. Foliar B applications performed during this development period lead to fruit set
and consequently increase in yield (Brown 2001; Khayyat et al. 2007). With application B, the yield of cashew nut per tree
increased significantly compared to the control trees (Gavit et al. 2020). Similarly, in hazelnut, the best findings on yield and
some fruit quality traits were obtained with B treatments (Horuz et al. 2021).

Zinc (Zn), which is another essential element in plant physiology, has an effect on yield and quality. Soil-applied Zn is not
supplying enough Zn to the trees. This is due to the deep penetration of the roots and the difficult progression of Zn in the soil.
Foliar Zn application is a common practice to compensate for Zn deficiency (Smith et al. 2021). In pistachio, it is mentioned that
the application of leaf Zn spray during bud swelling and green tip period has a positive effect on fruit yield and quality, especially
splitting. This application is foreseen as a solution in calcareous soils (Norozi et al. 2019).

Manganese (Mn) should be included in walnut growing programs. In cold and rainy conditions, plant root activity decreases
and Mn uptake decreases. While Mn is very high in acid soils, Mn uptake is low in high pH soils. In walnuts, a significant
decrease in leaf Mn concentration was observed during fruit development (Kim & Wetzstein 2005). For these reasons, similar
to other elements, foliar spray treatments are more effective (Hounnou et al. 2019).

Walnut is considered as a good source of macro and micro nutrients composition. In particular, walnuts are rich in K, which
consume very important for human health. On the other hand, P, Ca, Mg and Na content is also high (Yildiz & Siimbiil, 2019a).
Copper, Fe, and Zn contained in walnuts are necessary micronutrients for important for human metabolism (Scherz & Kirchhoff
2006). Therefore, it is present in all diet programs, including the vegetarian and vegan diet (Abdallah et al. 2015). After all,
walnuts are an important food in the supply of essential elements to the human body (Simsek 2016). It was stated that nutrient
content may be varied due to effects such as variety, year, ecology, maturity level and the methods of cultivation (Juranovic
Cindric et al. 2018; Kabiri et al. 2019). Further, fruit quality features were improved with plant nutrition applications. In previous
studies, the nutrient content of walnut kernel was revealed in different locations (Giilsoy et al. 2016; Batun et al. 2017; Kabiri et
al. 2019; Ozyigit et al. 2019). In walnuts, these macro-micronutrients are extremely important in terms of fruit development,
yield and quality. Additionally, it has been concluded that foliar application of K and Zn fertilizers is necessary to obtain better
fruit yield and quality in pistachio (Norozi et al. 2019). In the light of the above explanations, in this study, it was aimed to
determine the effects of macro and micro foliar application on nutrient content of kernel, some fruit properties and yield of
‘Chandler’ walnut variety in different ecological conditions with two distinct altitudes (51 and 740 m).

2. Material and Methods

Field studies were conducted in a commercial orchard located in Saruhanl (38° 47' 31" N 27° 30' 22" E, altitude 51 m) and
Demirci (39° 02' 39" N 28° 35' 56" E, altitude 740 m), Manisa province, Turkey. Drip irrigation is applied to the trees in both
orchards. There is a homogeneous situation in terms of the amount of water. The maximum and minimum temperature values
for the years in which the trial was conducted are presented in Table 1. Soil analysis results of the experimental orchard are given
in Table 2. It was determined that the soil was loamy, slightly alkaline, moderately calcareous, poor in organic matter and salt-
free. ‘Chandler’ walnut variety (5-years-old) was used as plant material during 2017 and 2018 years. This variety has moderately
strong growth habit and winter chilling requirement is defined 700 hours. In addition, its foliation and blooming are the late
period. Nuts ripening in the mid-season are large, smooth, oval shaped and fragile shell (Ozgagiran et al. 2014).

Table 1- Monthly temperature values (°C)

Saruhanl Demirci

Month 2017 2018 2017 2018

Max Min Max Min Max Min Max Min
90 -03 121 16 44 -18 93 2.9
14.7 2.9 15.8 5.6 9.6 2.4 11.6 5.2
196 56 203 79 143 54 150 6.9
239 6.7 284 87 178 81 231 124
287 117 30.8 148 217 119 247 143
341 166 333 165 270 162 275 16.7
366 186 356 191 317 199 303 19.2
350 194 366 206 302 190 314 201
336 133 321 159 291 169 272 16.8
252 80 259 98 195 101 221 121
188 32 192 67 139 6.1 161 8.6
150 51 110 22 105 47 8.3 2.0
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Table 2- Soil analysis results at two depths (0-30 cm and 30-60 cm)

. Demirci Saruhanl
Soil Parameters
0-30 cm 30-60 cm 0-30 cm 30-60 cm
pH 7.77 Alkaline 7.71 Alkaline 7.74 Alkaline 7.85 Alkaline
EC (%) 0.038  Salt-free 0.048  Salt-free 0.046 Salt-free 0.047 Salt-free
CaCOj3 (%) 27.13 High 31.92 High 9.98 Medium 10.77 Medium
Sand (%) 42.24 46.24 44.24 44.24
Clay (%) 28.00 24.00 30.00 30.00
Silt (%) 29.76 29.76 25.76 25.76
Texture Clay loam soil Clay loam sand Loamy soil Loamy soil
Organic Matter (%) 3.39 Sufficient 2.90 Sufficient 0.68 Insufficient 0.14 Insufficient
Total N (%) 0.123 Sufficient 0.106  Sufficient 0.062 Insufficient 0.056 Insufficient
Available P (ppm) 0.20 Insufficient 0.40 Insufficient 0.80 Insufficient 0.2 Insufficient
Available K (ppm) 397.70 Sufficient 3298  Sufficient 358.9 Sufficient 310.4 Sufficient
Available Ca (ppm) 5529 High 5238  High 5238 High 5044 High
Available Mg (ppm) 351.60 High 401.70 High 632 High 649 High
Auvailable Na (ppm) 19.80  Normal 96.10  Normal 150.4 Normal 37.6 Normal
Available Fe (ppm) 3.80 Normal 3.34 Normal 6.31 Sufficient 1.14 Insufficient
Available Zn (ppm) 0.49 Sufficient 0.77 Insufficient 0.42 Insufficient 0.54 Insufficient
Auvailable Cu (ppm) 1.53 Sufficient 1.33 Sufficient 1.34 Sufficient 0.82 Sufficient
Available Mn (ppm) 8.12 Sufficient 6.58 Sufficient 5.8 Sufficient 3.46 Sufficient
Soluble B (ppm) 0.51 Insufficient 0.54 Insufficient 0.32 Insufficient 0.4 Insufficient

Foliar applications were sprayed as N (urea, 5 gr/L), K (potassium nitrate, 10 gr/L), B (borax, 1 gr/L), Mn (manganese sulfate,
2 gr/L), Zn (zinc sulfate, 1.5 gr/L) and control (untreated trees). As it is known, macro and micro nutrients are effective on fruit
growth, yield and quality parameters of plants. In foliar fertilizers, the application dose should not exceed 0.1-0.2% in micro
elements and 1-2% in macro elements on the basis of the active substance (except low biurea urea). Application doses and times
vary according to the development period of the plant and the thickness of the leaf cuticle layer (Kacar 1982; Epstein & Bloom
2005; Colakoglu & Cigekli 2016; Fernandez et al. 2013). Foliar application should be applied 2-3 times at 15-20 days intervals
after flowering, which is the critical period for plants (Colakoglu & Cigekli 2016).

It was carried out twice for each nutrient element. For B, the first application was made before the male flowers bloom, and
the second application two — three weeks later. For N, K, Zn, Mn, the first application was made, after the male flowers bloomed,
the second application was made two — three weeks later (Norozi et al. 2019).

The harvested fruits were separated from green peels and dried in the shade. Average nut weight was determined on precision
electronic scale (0.01 g) then the kernel ratio (%) was calculated. Fruit color was measured by a CR400 model Minolta
Colorimeter in CIE L* a* b*. In fruit which is accepted as 4 parts the shrinkage ratio of each part was determined as % (Sen,
1980; Beyhan, 1993; Askin & Giin, 1995). For yield, the total amount of nut was recorded in each tree at harvest time (kg). The
kernel samples were dried at 65°C in the oven until constant weight is achieved (24-48 hours), for nutrient analysis. These
samples were crushed and ground (Analytical Mill, IKA A 11 BASIC). The Kjeldahl method for N (Gerhardt Germany); the
colorimetric method for P (AnalytikJena AG Germany); the flame fotometric method for Ca and K (Eppendorf Geratebaue &
Netheler Hinz Gmbh Germany); atomic absorption spectrophotometer for Mg, Fe, Cu, Zn and Mn (Varian Spektr AA 220);
spectrophotometic with Azomethhin-H method for B analyses were used (Varian Spektr AA 220) (Wolf 1971; Kacar & Inal
2008).

The experiment was carried out according to the design of the random blocks, with 3 replications and 3 trees per replication.
30 fruits were evaluated each year. The data were subjected to analysis of variance using SPSS 20 statistical package program.
Significant differences between averages were defined by Duncan test at the P<0.05 significant level.

3. Results
3.1. Fruit properties and yield

In the evaluation made according to applications, years and locations, there was a statistical difference in the nut properties, in
general except for the kernel color L* and a* value (Table 3). According to this, the highest nut weight was measured with B
application at Saruhanli location in 2017 and at Demirci location in both years (2017 and 2018). In contrast, the lowest value
was measured in the untreated trees. Kernel ratio varied according to applications. The highest kernel ratio was obtained from B
application with 54.96% at the Saruhanli location in 2018 and K application with 57.55% at Demirci location in 2017. For b*
value, a statistical difference was found at Saruhanli in the second year and at Demirci in both years. However, applications
varied on the yellow color of the kernel. The effect of applications on the shrinkage ratio of the kernel was statistically significant
effective in the first year of the experiment in both locations. Accordingly, the shrinkage ratio of the kernel was found in the
range of 22.50% - 56.66% in Saruhanli and 8.33% - 30.00% in Demirci. The highest yield was achieved with control application
at Saruhanli in 2017, but at Demirci, with Zn application in both years.
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According to the years; nut weight; shrinkage ratio and yield statistical difference was observed (Table 4). Thus, an increase
in the features mentioned was detected in 2018. On the other hand, the statistical differences were found between locations in
the majority of the properties (except nut weight and kernel ratio). It was calculated that L* value (54.07), a* value (7.22) and
shrinkage ratio (17.43%) had better results in Demirci location, while b* value (27.77) and yield (3.31 kg tree) in Saruhanl
location. On the basis of applications, it was observed that foliar application of B in terms of nut weight (13.70 g) and foliar
application of K in terms of kernel ratio (52.01%) ranked the first row. For shrinkage ratio, applications were in the same
statistical group, except N and Mn. All applications, except untreated trees, had an impact on yield. In addition, it was determined
that foliar nutrient applications were not effective on kernel color values.

It was found out that year*location interaction for nut weight; location*application for shrinkage ratio; year*application
interaction for b* value and location* year* application interaction for shrinkage ratio were significant. For the year* location
interaction, changes in locations based on years were important in terms of nut weight. In terms of average value of nut weight,
it varied between 12.60 g (2017) and 13.60 g (2018) in Saruhanli location (Table 3).

To be into account year* application interaction, b* value of kernel was determined to be effective. Accordingly, the highest
value was obtained from Mn application (30.05 and 29.38) with an average of 29.72 in 2018. For location* application
interaction, it was found important in terms of shrinkage ratio. Regarding this feature, in the evaluation made according to the
average of the data for both years in Table 3, the highest value was determined from B application (11.66% and 9.16%) with an
average of 10.41% in Demirci location. However, the lowest value was stated from N application (56.66% and 36.66%) with an
average of 46.66% in other location. In terms of the same feature, location* year* application interaction was important. Thus,
the shrinkage ratio ranged from 5.83% (with Mn application in Demirci location in 2018) to 56.66% (with N application in
Saruhanli location in 2017).

Table 3- Location, year and application values of the nut properties

. I Nut weight Kernel ratio - - * Shrinkage Yield
Location  Year Application @) (%) L*value a*value b*value ratio (%) (kgltree)
Control 12.27b 50.17 51.34 8.75 29.87 29.16 ab 1.79b
K 12.58 ab 50.75 52.43 8.53 29.23 2250a 1.99 ab
2017 B 13.29a 51.03 50.61 8.97 29.92 40.83 abc 3.89a
N 12.29b 51.08 51.40 7.86 29.74 56.66 ¢ 2.11ab
Mn 12.59 ab 52.00 51.09 8.34 28.78 34.16 ab 3.21ab
Saruhanly Zn 12.56 ab 49.22 50.25 8.05 29.48 45.00 be 2.40 ab
Control 13.89 48.45 bc 49.65 8.54 30.14ab  38.33 3.16
K 12.76 54.31 ab 52.75 8.39 30.46a 21.66 4.50
2018 B 13.82 54.96 a 51.28 8.42 29.22b 22.50 4.34
N 13.63 51.67 abc 51.90 7.95 29.92ab  36.66 3.89
Mn 13.81 48.51 bc 52.26 7.90 30.05ab  38.33 4.01
Zn 13.69 4795¢ 47.90 9.56 30.44 a 31.66 4.44
Control 11.84d 50.59 ab 52.88 6.95 28.42b 35.00 be 111b
K 11.84d 57.55a 55.19 7.79 28.99ab  30.00b 1.08 b
2017 B 1417 a 51.31ab 53.87 6.67 29.12a 11.66 a 1.42 ab
N 12.09 cd 44.99b 52.41 7.05 28.75ab  16.66a 1.24b
Mn 13.05 bc 49.07b 51.26 6.77 28.44D 41.66 c 1.24b
Demirci Zn 13.14b 48.19b 54.70 8.10 29.10a 8.33a 1.79a
Control 11.97b 49.99 53.91 7.32 28.99ab  8.33 0.77b
K 12.18 ab 45.45 55.76 7.17 28.50 b 12.50 1.99 ab
2018 B 13.53a 47.45 54.57 6.93 2750 ¢ 9.16 1.30 ab
N 12.21 ab 47.20 54.67 7.17 28.64 ab 16.66 1.92 ab
Mn 12.85 ab 48.30 55.05 7.20 29.38a 5.83 1.91ab
Zn 13.26 ab 45.57 54.63 7.51 28.74ab  13.33 3.05a

The differences in the means were determined by the Duncan test according to P<0.05
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Table 4- Average values of the properties

Nut Kernel L* value a* value b* value Shrinkage Yield
weight (g)  ratio (%) ratio (%) (kg/tree)

Year 2017 12.64b 50.49 52.28 7.82 29.15 3097 b 1.94b

2018 13.13a 49.15 52.86 7.83 29.33 21.25a 2.94a
Location Demirci 12.68 48.80 54.07 a 7.22a 28.71Db 1743 a 1.57b

Saruhanli | 13.10 50.84 51.07 b 8.43 b 29.77 a 34.79b 3.31a

Control 12.49d 49.80abc 51.94 7.89 29.35 2770 a 1.71b

K 12.34d 52.01a 54.03 7.97 29.30 21.66 ab 2.39a
Application B 13.70 a 51.19 ab 52.58 7.74 28.94 21.04 ab 2.73a

N 12,55 cd 48.74 be 52.59 7.51 29.26 31.66 b 2.29ab

Mn 13.07 bc 4947 abc 5242 7.55 29.16 30.00 b 2.59 a

Zn 13.16 b 4773 ¢ 51.87 8.30 29.44 24.58 ab 2.92a
Year*Location *x ns ns ns ns ns ns
Location* Application ns ns ns ns ns faled ns
Year* Application ns ns ns ns ** ns ns
Location* Year* Application ns ns ns ns ns * ns

*: Significant at P<0.05, **: Significant at P<0.01. ns: Non-significance.

3.2. Nutrient concentrations of kernel

As a result of foliar applications, macro and micro nutrient contents determined in ‘Chandler’ variety are given in Table 5. Foliar
N spray was caused this element content of kernel to be much higher than others in both locations and years. In contrast, control
application was observed in the last group. Considering the P contents of kernels, K and Mn (0.33%) applications for Demirci
and Zn (0.31%) application for Saruhanli took placed the first row in 2018. In the foliar K spray, this macro element was found
to have the highest values as a result of kernel analysis in both locations and years. Whereas, the lowest K content was determined
in the control application. All foliar applications had positive effect on this content. It was seen that Ca content of kernel is high
for Saruhanli location, K application in 2018; for Demirci location, Zn application in 2017 and Mn application in 2018. The
effect of the applications on the Mg content of kernel was statistically significant. According to this, the highest Mg content of
kernel was obtained from Mn application with 0.17% in 2017 and with 0.20% in 2018.

For both locations and years, micro elements such as Fe, Zn and Mn were statistically significant. Fe content of kernel was
located in the first statistical group in K, B and Mn applications in Saruhanli. Otherwise, the highest kernel Fe content was
determined with the N application in Demirci. In the foliar Zn application in Saruhanli location, this micro element was found
to have the highest values, while the lowest Zn content of kernel was observed in the control group. A similar situation was
determined in Mn content of kernel at the same location. Cu content of kernel was important statistically in Saruhanli in 2018
and Demirci in both years. This content varied based on year and applications. B content, the most effective application was N
foliar spray, in Saruhanli. B content reached the highest level in the Demirci location in first year with foliar application of Zn
(2.86 ppm) and second year with foliar application of B (4.53 ppm).

There was a statistical difference in macro and micro nutrients evaluated by years, except for K, Ca and Mg (Table 6). Thus,
there was an increase in these nutrients in the second year. When the locations are evaluated, it was found to be an increased that
P for macro and Fe, Cu, Zn and Mn for micro were significant. Nutrition contents of kernel in Demirci location were higher than
the other location. Nitrogen application for N content of kernel (2.96%), K application for K content of kernel (0.55%), Mn and
Zn application for Ca content of kernel (0.10%), B application for Fe content of kernel (29.76), B application for Cu content of
kernel (10.55), Zn application for Zn content of kernel (31.86 ppm), Mn application for Mn content of kernel (31.13 ppm) and
N application for B content of kernel (3.43 ppm) ranked the first row. Untreated trees formed the last group.

It was stated that location* year interaction for N; location* application for N, Zn, Mn and B; year* application interaction
for N, Fe Mn and B and location* year™ application interaction for N and Mn were significant. For year* location interaction, it
was found important in terms of N amount of kernel. Considering the average value, the N content of kernel (2.905%) took the
first place at the Demirci location in 2018 (Table 5). In 2017, the N content of kernel was determined as 2.44% in the same
location. Considering the location* application interaction; in the evaluation made according to the average of the data for both
years in Table 5, the highest amount of kernel N was obtained from Mn application (2.84 and 3.23%) with an average of 3.04%
at the Demirci location. The lowest amount of kernel N was occurred from control application (2.06 and 2.21%) with an average
of 2.14 at the same location. In terms of Zn amount of kernel, Mn application (34.43 and 35.31 ppm) with an average of 34.87
ppm in Demirci location was the first, and control application (17.37 and 20.66 ppm) with an average of 19.02 ppm in Saruhanli
was found in the last place. The Mn content of kernel was found in the range of 23.45 (with Zn application at Demirci location)
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- 31.51 ppm (with K application at Saruhanli location). In terms of B content of kernel, Mn application (2.97 and 4.17 ppm) with
an average of 3.57 ppm in Saruhanl location was the first, and N application (3.71 and 1.10 ppm) with an average of 2.41 ppm
in the same location was found in the last place. For the year™ application interaction; N, Fe, Mn and B content of kernel were
determined to be effective. Accordingly, the highest value N, Fe, Mn and B content of kernel were obtained from foliar N
application (3.05 and 3.26%) with an average of 3.16%, Fe application (32.28 and 35.583 ppm) with an average of 33.93 ppm,
Mn application (32.97 and 35.46 ppm) with an average of 34.22 ppm, B application (4.40 and 4.53 ppm) with an average of 4.47
ppm in 2018, respectively. For the location* year* application, N and Mn contents of kernel were determined to be effective.
The N content was found in the range of 3.26% (with N application in Demirci location in 2018) - 2.06% (with control application
in Demirci location in 2017). The Mn of kernel was found in the range of 18.64 ppm (with K application in Demirci location in
2017) - 38.55 ppm (with Mn application in Saruhanli location in 2018).

Table 5- Location, year and application values of the macro and micro nutrient content of kernel

Location Year  Application N P K Ca Mg Fe Cu Zn Mn B
(%) (%) (%) (%) (%) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
Control  2.30¢c 0.24 0.40c  0.03 0.10 18.98b 1131 1737c 23.83c 234c
K 2.78a 0.26 0.54a 0.06 0.10 2485a 1151 26.75b 30.05ab 2.47hc
2017 B 2.41bc 0.27 0.46 bc 0.10 0.16 27.62a 12.16 2654b 2247c¢ 212c
N 2.78 a 0.29 0.46bc 0.06 0.16 26.00a 1047 2826b 2945ab 3.71a
Mn 2.57 ab 0.26 0.43bc 0.10 0.13 26.64a 1051 2451b 340la 297b
Saruhanl: Zn 2.63 ab 0.25 0.48ab 0.10 0.13 2535a 10.43 33.40a 28.72b 3.62a
Control  2.33¢c 0.27b 038c 0.09b 0.17 26.36ab 11.36ab 20.66c 28.88bc 2.84
K 2.83ab 0.30ab 056a 0.12a 0.18 32.28a 1251ab 2855ab 3297b 2.82
2018 B 2.60 be 0.28ab 0.50b 0.11a 0.18 29.41ab 13.03a 29.87ab 27.92c 4.08
N 3.05a 0.29ab 0.48b 0.09b 0.18 25.33b 11.13ab 29.74ab 32.01bc 4.30
Mn 2.76 ab 0.26b 050b 0.11a 0.18 27.71ab 1043b 25.82b 3855a 3.14
Zn 2.75b 0.31la 048b 0.10a 0.18 2441b 1138ab 32.85a 31.77bc 3.96
Control  2.06d 0.31 0.37d 009b 0.14c 28.78a 7.59a 33.12ab 30.30a 2.58ab
K 2.22¢ 0.24 054a 0.08b 0.14c 2386b 4.81b 3239ab 1864c 2.19b
2017 B 260b 0.27 0.51ab 0.10ab 0.16abc 29.82a 8.14a 30.90ab 2653b 229b
N 275a 0.28 0.48abc 0.08b 0.17ab 30.12a 6.51ab 2550c 2536b 2.53ab
Mn 2.84a 0.29 0.44cd 0.10ab 0.17a 29.14a 8.08a 34.43a 2586b 24lab
Demirci Zn 2.14cd 0.31 0.44bc 0.13a 0.15bc 28.04a 6.37ab 29.36bc 2297b 2.86a
Control  2.21d 0.28b 0.34d 008c 019ab 30.16d 7.65b 36.41a 21.86c 3.08b
K 3.23a 0.33a 058a 0.08c 0.20a 3558ab 9.83a 3491ab 3546a 296b
2018 B 2.96 b 0.30ab 0.51bc 0.10bc 0.18ab 32.18cd 8.86ab 34.63ab 25.38bc 4.53a
N 3.26a 0.30ab 0.50bc 0.07c 0.18b 36.86a 9.78a 3029b 26.92b 3.20b
Mn 3.23a 0.33a 053ab 0.12a 0.20a 29.85d 853ab 353lab 26.09b 3.07b
Zn 2.51c 0.30ab 046c 0.11ab 0.18b 33.28bc 558c 31.81ab 23.92bc 2.40b
The differences in the means were determined by the Duncan test according to P<0.05
Table 6- Average values of the macro and micro nutrient content of kernel
o o o o Mg Cu Zn Mn B
NCO POO KOO Cat) ) FEOP™ opm)  (ppm)  (ppm) (ppm)
Year 2017 251b 0.27b 0.466 0.06 0.11 26.60b 8.99b 2854b 2651b 2.67b
2018 2.8la 0.29a 0.489 0.06 0.12 30.28a 10.01a 30.90a 29.3l1a 3.36a
. Demirci [2.67 0.29a 0.479 0.05 0.11 30.64a 7.64b 3242a 2577b 284
Location Saruhanli |2.65 0.27b 0476 007 012 2624b 1135a 27.03b 3005a 3.0
Control 222e 027 0.37¢c 0.03c 0.11 26.07b 9.47b 26.89c 26.22d 271c
K 2.76b 0.28 055a 0.05bc 0.11 29.14a 9.66ab 30.65ac 29.28b 261c
Application B 2.64c 0.28 0.49b 0.07ab 012 29.76a 1055a 3048ac 2557d 3.26ab
N 296a 0.29 0.48b 0.04c 0.11 29.58a 9.48b 28.45bc 28.44bc 3.43a
Mn 2.85b 0.28 0.47b 0.10a 0.13 2833a 9.39b 30.02ac 31.13a 2.90bc
Zn 251d 0.29 046b 0.10a 0.11 27.77ab 8.44c 31.86a 26.84cd 3.2lab
Year* Location * ns ns ns ns ns ns ns ns ns
Location* Application haid ns ns ns ns ns ns * * faied
Year* Application * ns ns ns ns w* ns ns * *
Location* Year* Application * ns ns ns ns ns ns ns * ns
*: Significant at P<0.05, **: Significant at P<0.01. ns: Non-significance.
4. Discussion

4.1. Fruit properties and yield

Foliar applications of macro and micro nutrients have a positive effect on fruit quality and yield. In this study, important effects
of applications were determined on fruit weight. In this regard, statistically, the highest value was obtained from the B application
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for this feature. This was followed by the Zn leaf application, in general. It is also emphasized by different researchers that Zn
treatments had a positive effect on nut weight in Pecan (Hounnou et al. 2019) and pistachio (Najizadeh & Khoshgoftarmanes
2019) than the untreated trees. As a result of Zn and B foliar application, nut weight and kernel ratio amount increased compared
to other application for Persian walnut trees (Keshavarz et al. 2011). In the same variety, the highest value was obtained with B
application in terms of nut weight (Acarsoy Bilgin et al. 2018). Similar results were found in this current study. Additionally,
among the different Zn forms, zinc sulfate is the lowest-cost Zn treatment. As a matter of fact, Hounnou et al. (2019) achieved
positive results with the same application. Confirming this, the zinc sulfate treatment had a positive effect on nut and kernel
weight in both years. In Hazelnut B + Zn applications increased nut size and kernel weight (Horuz et al. 2021). In almond, soil
and foliar N applications did not significantly affect the nut and kernel weight (Morais et al. 2020). A somewhat similar finding
was obtained in this current study.

The plant nutrient deficiency has been reported to cause problems such as the shrinkage ratio of the kernel that is important
for this variety (Sen 1986). In this study, the shrinkage ratio was low with the K application in Saruhanli location and these
values were determined to be 22.50% (first year) and 21.66% (second year). Besides, it was found that shrinkage ratio varied
according to location and years. There are differences in the shrinkage ratio of the genotypes (Simsek 2010). In another study on
the same walnut cultivar, shrinkage ratio was approximately half of the control with K application (Acarsoy Bilgin et al. 2021).
In this context, it was concluded that K foliar application is important in terms of kernel quality.

One of the most important properties in commercial production is high efficiency. Keshavarz et al. (2011) reported that the
foliar application of zinc dramatically increased both fruit set and yield of walnut. The yield increase was recorded with Zn foliar
application in pistachio (Mohammadmehdi et al. 2019; Najizadeh & Khoshgoftarmanes 2019). There was a positive effect of B
applications on yield (Acarsoy Bilgin et al. 2018). Zinc application was less effective than B application in terms of fruit yield
effect by Keshavarz et al. (2011). A similar result was achieved in this study. In the research by Morais et al. (2020) investigating
the effects of combined soil and foliar nitrogen fertilization applications on almond trees, it was stated that N fertilization was
not effective on yield. On the contrary, in the current study, an increase in yield was recorded with foliar N application compared
to the control in both locations and years. The higher yield of cashew nut was obtained with the foliar application of boron
(0.25%) + zinc (0.5%) in addition to the application of N P K (1 : 0.5 : 0.5) (Gavit et al. 2020). In Tombul Hazelnut variety, the
highest yield was obtained with the B + Zn applications (Horuz et al. 2021). The aforementioned fertilizers had a positive effect
on Chandler walnut in this study. The effects of genotype, environment and interaction on fruit quality characteristics are
mentioned (Forde, 1975). It was stated that the quality characteristics of 5 hazelnut varieties varied according to the altitudes
(100, 350 and 800 m) (Giilsoy et al. 2019). Koyuncu et al. (2002) reported that the walnut grown at high altitudes are small, but
the color values give better results. In addition, it was stated that the genotype selected at 710 m altitude in the Northeastern
Anatolia Region increased the kernel weight and yield when grown in the Yolova ecology at sea level (Orman 2018). In Usak
ecology, at an average altitude of 650 m, 800 m, and 900 m, in the ‘Chandler’ variety, nut weight increased depending on the
altitude (Biiytiksolak et al. 2020). On the contrary, it decreased in this study. In a different study conducted our, it was emphasized
that ‘Chandler’ variety may be suitable for Saruhanli ecology (Bilgin et al. 2018). In support of this, in the current study of
'‘Chandler' walnut variety, it was observed that the properties were superior in Saruhanl location compared to Demirci location,
which has a high altitude. This situation is thought to be a result of favorable climatic conditions.

Ramos (1998) reported that walnut yield and fruit quality characteristics changed according to ecological conditions. One of
the causes of the shrinkage is high temperature damage (Forde, 1975). Due to the low summer temperatures in the Demirci
location, the weight that has not been filled up completely has decreased. In support of this, it was observed that the shrinkage
ratio increased in Saruhanli location, which has high summer temperatures.

4.2. Nutrient concentrations of kernel

Walnuts are a good source of macro and micro nutrients, which are very beneficial for human health (Abdallah et al. 2015;
Simsek, 2016). Nutrient contents of ‘Chandler’ variety were revealed in the Usak region, which is at an altitude of about 900 m
in the inner western Anatolia, by Yildiz & Siimbiil (2019a). According to the results of the analysis; N contents of kernels were
found 3.11%, P 352.63 mg/100g, K 449.02 mg/100g, Ca 159.42 mg/100g, Mg 122.45 mg/100g, Fe 2.96 mg/100g, Zn 2.07
mg/100g, Mn 3.78 mg/100g and Cu 1.61 mg/100g. On the other hand, there are many selection studies in our country. Mineral
substance contents of selected genotypes were determined (Giilsoy et al. 2016; Simsek, 2016; Yilmaz & Akga, 2017; Yildiz &
Stimbiil, 2019b; Acar & Kazankaya, 2020). In some research; the variation of K, P, Mg, Ca, Fe, Zn, Mn and Cu were found at
170-548, 223- 380, 81-549, 37-453, 1.20-6.90, 1.10-3.80, 1.20-18.37 and 0.50-3.22 mg/100g, respectively (Cosmulescu et al.
2010; Ozcan et al. 2010; Tapia et al. 2013). According to the literature mentioned, it was determined that N, P, Ca and Mn
content were low; K and Zn content were high; Mg and Fe contents were similar in this study.

In this current study, the differences in mineral content of kernel were determined in year, location and foliar nutrient
application. In addition, interactions were found to be effective in some applications. The positive effects of the applications
occurred compared to the control of the nutrients of the kernel. On the other hand, with the N foliar application, the N content of
kernel ranked the first row in both locations and years. A similar situation was observed in the K application.
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Mineral composition of kernel was varied significantly among accessions at 650-1996 m altitude in Morocco (Kabiri et al.
2019). In this study, the change depending on the locations was determined in the research conducted at different altitude. In
general, mineral content was found higher in Demirci location. Differences have emerged in the studies conducted on nutrient
content in walnut varieties and genotypes in our country and in the world. It is thought that there are different factors in the
emergence of this condition such as genetic characteristics, climate conditions, soil type, agricultural practice and harvest dates
(Caglarirmak 2003; Ozcan et al. 2010; Yilmaz & Akga 2017; Giilsoy et al. 2016; Batun et al. 2017).

No data were found on the effect of foliar nutrient applications on the kernel nutrient content of walnuts. On the other hand,
applications of K;SO4and ZnSO, affected concentrations of P, K, Mg, Zn, Mn and Fe in the leaves of pistachio, but nutrient
treatments had no effect on leaf concentration of N (Norozi et al. 2019). In this study carried out in the Chandler variety, these
applications had a positive effect on the kernel N content. In pecan trees treated with Zn, manganese was low, but Cu and Fe
contents were different. However, its effects have varied over the years (Hounnou et al. 2019). In this current study, however,
the positive effect of Zn application was observed. Similar to the change in leaf nutrient content by years, the same change was
observed in fruit content.

5. Conclusions

Plant nutrition applications are important in terms of growing. In this context, foliar application of B and Zn was
observed in terms of nut weight. The shrinkage ratio, an important quality criterion for walnuts, was found to be low
in the high altitude Demirci location. However, in the low altitude Saruhanli location, the shrinkage ratio was reduced
with foliar K application. When the data were evaluated in general, walnut yield and fruit quality characteristics
changed according to ecological conditions. Further, all foliar applications had positive effect on yield. The
differences in mineral content of kernel were determined in year, location and application. But in general, mineral
content was found higher in Demirci location. Thus, it was observed that the properties were superior in Saruhanli
location compared to Demirci location, which has a high altitude.
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ABSTRACT

The relationship between hydrogen peroxide and the metabolism of
polyamines and the role of NADPH oxidase (NOX) in that relationship
under drought conditions remains unclear. To reveal the relationship,
expression levels of the genes in polyamine metabolism, such as arginine
decarboxylase, agmatine aminohydrolase, spermidine synthase, S-
adenosyl methionine decarboxylase, diamine oxidase, and polyamine
oxidase were determined by RT PCR under drought stress combined with
exogenous hydrogen peroxide (H202) and diphenyleneiodonium chloride

parameters (leaf water potential, lipid peroxidation), levels of polyamines
(putrescine, spermidine, and spermine), and gene expression of NOX
were measured under drought stress. Exogenous H2O: induced the
polyamine content by up-regulating polyamine-synthesizing genes and
downregulating polyamine oxidizing genes. When the NOX enzyme was
inhibited by DPI, the polyamine pathway tended towards degradation
instead of production. Exogenous H20: regulated the metabolism of
polyamines to promote their synthesis, and NOX played a key role in that
regulation.

(DPI) treatments in maize seedlings. In addition, some basic stress

Keywords: Antioxidant enzymes, Arginine decarboxylase, Diphenyleneiodonium chloride, Polyamine oxidation, Reactive oxygen species

1. Introduction

Polyamines, similar to hormones, have been considered to function as regulatory molecules in several basic cellular and
physiological processes such as cell division, differentiation, and proliferation, cell death, membrane stabilization, DNA
replication, protein synthesis, flower formation and development, leaf senescence, fruit development and maturation, biotic and
abiotic stress responses (Alcazar et al. 2006a; Kusano et al. 2008). Recent studies of transgenic and mutant plants with excess or
less polyamine suggest that polyamines play a protective role against abiotic stress (Alcazar et al. 2006b; Kusano et al. 2008;
Gill & Tuteja 2010). For instance, the excessive level of putrescine in the Arabidopsis plant by overexpression of the Arginine
decarboxylase 2 (ADC2) gene has probably stimulated stomal closure, and this decrease in water loss increased drought tolerance
(Alcazar et al. 2010a). In a study by Kusano et al. (2007), Arabidopsis acl5/spms double mutant plants, which are unable to
produce spermine, became hypersensitive to drought and saline stress. In the same study, however, the externally applied
spermine mitigated the effects of the stresses mentioned in the plant. Besides, Yamaguchi et al. (2006; 2007) reported that the
susceptibility to drought and salt stresses increased in the studies with double mutants of spmsl/acl5-1 of Arabidopsis to
investigate the protective role of spermine against abiotic stress.

Drought stress is known to increase the generation of reactive oxygen species (ROS) in cell compartments such as
chloroplasts, peroxisomes, and mitochondria. Be exposed to environmental stresses, such as drought, chilling, heat, or high light
irradiation, is considered to lead to high concentrations of ROS, such as superoxide, H,0,, single oxygen, and hydroxyl radical
(Das & Roychoudhury 2014; Akyol et al. 2020). If drought stress is prolonged, ROS production becomes dominant over the
scavenging capacity of the antioxidant system, resulting in extensive cellular damage and death (Cruz de Carvalho 2008). On
the other hand, ROS function as signal molecules in plants (Waszczak et al. 2018), controlling growth, development, responses
to biotic and abiotic environmental stimuli, and programmed cell death (Bailey-Serres & Mittler 2006). The production of H,0,
is strongly associated with the catabolic processes of polyamine. Because H.O- is not only produced by the of NADPH oxidases
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(NOX), but also by amine oxidases (Cona et al. 2006a; 2006b). Apoplastic polyamine oxidase in tobacco and polyamine oxidase
encoded by the Arabidopsis polyamine oxidase 3 (AtPAO3) gene have been documented to contribute to the production of H,O,
(Moschou et al. 2008a; Wu et al. 2010). Polyamine oxidation has been reported to be regulated by polyamine oxidases at different
levels of expression in Arabidopsis thaliana, thus rendering ROS levels is quite complex (Fincato et al. 2011). Many studies
confirm that NOX homologs are essential for ROS accumulation in plants (Kwak et al. 2003; Sagi et al. 2004; Torres et al. 2005).
Mutants of the NADPH oxidase genes have been employed in most of these studies. ROS accumulation, especially H,O»,
decreases in these plants. Papadakis & Roubelakis-Angelakis (2005) have suggested that the cross-linking between polyamines
and NOX regulates protoplast regeneration in a tobacco plant. Andronis et al. (2014) have found that exogenously applied
polyamines stimulate NADPH oxidase-dependent oxygen consumption in Arabidopsis. In the study, the amount of oxygen in
the mutant plants carrying the overexpressed AtPAO3 gene decreased compared to the mutant Atpao3 mutant plants with
incomplete function. In the Atpao3 mutants, the amount of H>O, was low. In the case of AtPAQO3 over-expression, the opposite
was the case. Andronis et al. (2014) stated that there could be a very strong relationship between polyamines and H.O,, and this
relationship could also be associated with NOX. Furthermore, Liu et al. (2019) determined that exogenously applied putrescin
contributed to the development of resistance against pathogenic bacteria in Arabidopsis thaliana. The resistance was found to be
dependent on hydrogen peroxide and NOX (RbohD and RbohF). In addition, Seo et al. (2019) found out that NtRbohD and
NtRbohF genes were downregulated in SAMDC overexpressing Nicotiana tabacum under salt stress conditions. Consequently,
they concluded that polyamines inhibited the production of ROS. However, the relationship between NADPH oxidase and
polyamines has not been fully elucidated under drought stress conditions yet. In the current study, the hypothesis that NOX acts
as a regulator in the metabolism of polyamines under drought stress conditions has been tested. For this purpose, the biosynthesis
pathway of polyamines in drought-stressed maize plants was studied in detail after the application of H,O, and a NOX inhibitor.

2. Material and Methods
2.1. Plant material and treatments

Maize seeds (Zea mays L cv Akpinar sensitive to drought, (Guven 2013) provided from Karadeniz Agricultural Research
Institute, Samsun, Turkey, were sterilized with 0.1% HgCl, for 3 min and washed with sterilized distilled water (Terzi et al.
2014). Ten seeds were grown in pots containing peat and sand (5:1) in a growth chamber, which was set to 16 h light (PPFD on
the leaf surface per 400 pmol.m?2.s?), 8 h dark photoperiod at 25 °C + 2 and ambiance humidity 60% =+ 5. Four-week-old
seedlings were cut from near bottom then immersed distilled water for alleviating injury stress, and subsequently, plants were
divided three groups as followed i) Control (3% PEG 6000 only, -0.5 MPa), ii) 3% PEG 6000 + 10 mM H,0- (Terzi et al. 2014)
and iii) 3% PEG 6000 + 100 uM DPI (NOX inhibitor diphenyleneiodonium chloride, Potocky et al. 2007). All treatments were
done on the excised seedlings immersed in the test solutions mentioned. The seedlings were kept in the test solutions for 6 hours.
At the end of this period, the third leaves from the base of the seedlings were selected and used in the experiments.

2.2. Leaf water potential

Leaf water potential (MPa) was measured by using a C52 thermocouple psychrometer (Wescor Inc.). Leaf disks approximately
6 mm in diameter were placed in the C52 sampling chamber and monitored for one hour with the PSYPRO data logger (Saglam
et al. 2011).

2.3. Lipid peroxidation

The quantity of thiobarbituric acid reactive substances (TBARS) was measured to determine lipid peroxidation according to
Heath & Packer (1968). Leaf samples (0.25 g) were homogenized with 20% trichloroacetic acid (TCA) including 5%
thiobarbituric acid (TBA) and centrifuged at 10000 g for 10 minutes at 4 °C. TBARS content was expressed as nmol g dry
weight.

2.4. Endogenous H,0, content

The endogenous content of H,O, was measured according to Velikova et al. (2000). Frozen leaf samples (0.25 g) were
homogenized with 1% TCA and centrifuged at 15000 g for 15 minutes at 4 °C. The resultant supernatant was added to the
reaction mixture, including 10 Mm of potassium phosphate buffer (pH 7), and 1 M of potassium iodide (KI). Absorbance was
measured at 390 nm. The H,O; content was given as nmol g dry weight.

2.5. Enzyme activities
Leaf samples (0.1 g) were pulverized in liquid nitrogen and extracted with 1.8 ml of extraction buffer (100 mM K;HPO4, 0.1

mM EDTA pH 7.0, 0.1% Triton). The extracts were centrifuged at 15000 g for 20 minutes at 4 °C. The resultant supernatant was
used to determine enzyme activity.
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The activity of NADPH oxidase (EC 1.6.3.1) was measured by Cakmak & Marschner (1988). NADPH oxidase activity was
determined based on NADPH's oxidation at 340 nm (€= 6.2 mM cm). Enzyme activity was determined based on the decrease
in absorbance for 3 minutes in the reaction medium consisting of 100 mM of potassium phosphate buffer (pH 7.0), 0.1 mM of
EDTA, and 100 uM of NADPH.

Catalase (EC 1.11.1.6) activity was determined according to Aebi (1983). Enzyme activity was determined by measuring a
1 mL reaction mixture containing 50 mM of potassium phosphate buffer (pH 7.0), 30 mM of H,0,, and 20 pl of enzyme extract
at 240 nm for 5 minutes. The catalase activity was calculated by using the extraction coefficient € = 39.4 mM cm* for H,O,.

Peroxidase (EC 1.11.1.7) activity was determined according to Urbanek et al. (1991). The enzyme activity was determined
by measuring the 2 mL reaction mixture containing 100 mM of potassium phosphate buffer (pH 7.0), 0.1 mM of EDTA, 5 mM
of guaiacol, 15 mM of H20,, and 50 pul of enzyme extract for 1 minute at 470 nm. The peroxidase activity was calculated using
the extinction coefficient (€ = 26.6 mM™cm).

The activity of superoxide dismutase (EC 1.15.1.1) was determined according to Beauchamp & Fridovich (1971). The
reaction was started by adding 2 pM of riboflavin to 1 mL reaction medium containing 50 mM of potassium phosphate buffer
(pH 7.8), 0.1 mM of EDTA, 13 mM of methionine, 75 uM of nitro blue tetrazolium and 50 pl of extract. Following exposure to
white light at 375 pmol m2 s, absorption values were determined at 560 nm.

2.6. Polyamine content

The determination of polyamines was performed as outlined in Terzi et al. (2014). Briefly, the fresh leaves (5g) were
homogenized with 10 mL of perchloric acid 0.4 M. The homogenate was centrifuged at 3000 g for 4 minutes at 4 °C. The
supernatant was collected and perchloric acid (10 mL of 0.4M) was added to the supernatant. This mixture was then re-
centrifuged. NaOH (1 M) and sodium hydrogen carbonate were added to 1 mL of the supernatant. The mixture was vortexed for
30 seconds. Subsequently, 2 ml of dansylchloride chloride was added (10 mg ml in acetone). The reaction was stopped with
0.1 mL of 25% ammonium hydroxide. An HPLC device with UV/VIS detector (Shimadzu, LC 20 AT / Prominence, Japan) read
the polyamine content. The mobile phase consisted of 0.1 M ammonium acetate and 19 M acetonitrile (65:35 v/v). The flow rate
was 0.70 mL min and the column temperature was 50 °C. The 20 ul sample was injected into the C18 column (4.6 x 250 mm
Supelco, Bellefonte, USA). Polyamines were determined at 254nm wavelength. Peak fields of the polyamines were recorded,
then putrescine (put), spermine (spm), and spermidine (spd) concentrations were calculated using LabSolutions software. The
concentrations were expressed in pug g dry weight.

2.7. Protein content

Protein determination was performed spectrophotometrically according to Bradford (1976). Thirty microliters of sample were
used from the extracts prepared for enzymatic activity. Bovine serum albumin (BSA) standards were prepared, and the complex
of proteins with Coomassie Brillant Blue G250 was measured at 595 nm. The protein concentration was determined in mg and
used for enzyme activities.

2.8. RNA isolation and cDNA synthesis

Fresh leaf samples (0.1 g) were used for total RNA isolation. Total RNA isolation was carried out using a total RNA isolation
kit (RNeasy Plant Mini Kit 74904, Qiagen Netherlands). The samples frozen with liquid nitrogen were ground by tissue
homogenizer (TissueLyser LT, Qiagen Germany). The amount and the purity of the RNA samples were measured using a
nanodrop spectrophotometer (Thermo Scientific, Nanodrop 2000, America). A c-DNA reverse transcription kit (4368814,
Applied Biosystems America) was used for the synthesis of c-DNA from the isolated total RNA. The cDNA concentration was
adjusted to 2000 ng in each group. The synthesized cDNAs were stored at -20 °C until Real-Time PCR analyses were performed.

2.9. Quantitative Real-Time PCR analysis

The c-DNAs from the previous step were used in the Real-Time PCR analysis to determine gene expression. 5x HOT FIREPol
Eva Green gPCR Supermix (08-36-00008, Solis Biodyne, Estonia) was used to analyze gene expression through CFX Connect
Real-Time PCR system (BioRad, USA). RT PCR protocol modified according to Solis Biodyne instructions was as follows 12
minutes at 95 °C, 45 cycles at 95 °C, 30 seconds at 60 °C, 30 seconds at 72 °C. The melt curve was held in 0.5 °C increments
from 60 to 95 °C. The primers were designed with Primer 3 plus (http://primer3plus.com/cgi-bin/dev/primer3plus.cgi). As a
reference for gene expression, primers belonging to the Actinl gene were used. In the study, the genes targeted for expression
and primers from those genes were given in Table 1.
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Table 1- The sequences of specific primers used for gRT-PCR analysis

Target gene NCBI accession no.  Primer names and their sequences
Actin 1 NM_001155179.1 ACT1Zm_F: “GAAGATCACCCTGTGCTGCT”
ACT1Zm_R: “ACCAGTTGTTCGCCCACTAG”
Arginine decarboxylase (ADC) EU968980.1 ADCZm_F: “GACATCACCTGCGACAGTGA”
ADCZm_R: “GAACAGGTTGTGCTTGCCAG”
Spermidine synthase (SPDS) EU976300.1 SPDSZm_F: “TTCCCCTGTTCGATTCACCG”
SPDSZm_R: “GCAGAACCGTTTCTTGCGTC”
Agmatine iminohydrolase (AIH) NM_001156428.1 AIHZm_F: “GACGAGGATACAAACGGCCA”
AIHZm_R: “ACGGACTGGGAGAGAACAGA”
S-Adenosylmethionine decarboxylase (SAMDC)  EU968400.1 SAMDCZm_F: “GGAGGCGTGAAGAAGTTCCA”
SAMDCZm_R: “TTATCAGGAAGCAGCAGGCC”
Diamine oxidase (DAO) NM_001152492.1 DAOZm_F: “ACAGCAAGTCCGAGAAGTGG”
DAOZm_R: “TGTACCACAGCACGATGTCC”
Polyamine oxidase 1 (PAO) NM_001111636.1 PAOZm_F: “CGCTACGAATACGACCAGCT”
PAOZm_R: “TGGGCGCAGTTGATGAGAAT”
NADPH oxidase B DQ890023.1 NOXZm_F: “GGGCCAGTACTTCGGTGAAA”

NOXZm_R: “AAGCTTCACCAGGCTACGAC”

2.10. Statistical analysis

The variance analysis of means obtained as a result of the analyzes with three replications with 10 samples was performed
according to the one-way ANOVA (Duncan Multiple Comparison Test) included in the package of the Statistical Package for
Social Sciences (SPSS 16.0 for Windows) at P<0.05. The relative gene expression level was analyzed by the Bio-Rad CFX
Manager 3.1. Expression levels were also assayed by SPSS software. Variance analysis of mean values was carried out by one-
way ANOVA (P<0.05).

3. Results and Discussion

Water potential measurements were performed to determine the effect of H,O, on the water content of maize plants subjected to
drought stress conditions. Leaf water potential has been regarded as a good indicator of drought stress (Shaw et al. 2002). Sharma
& Dubey (2005) reported in their study that the water potential of rice plants exposed to drought stress could be reduced from -
0.5 MPa to -2 MPa. Similarly, drought stress in wheat reduced leaf water potential from -0.63 MPa to -2 MPa (Siddique et al.
2000). Unlike the above studies, Terzi et al. (2014) determined that the water potential of the leaf increased in drought stress
conditions with the application of H,O; in maize plants compared to control (PEG only). Likewise, in the current study, the leaf
water status was improved by the H,O- application (Figure 1a). The water potential of the H,O,-treated group was 1.2-fold higher
than that of the control group (PEG only), and the levels of polyamine increased along with this improvement. Following the use
of DPI to reduce the endogenous H,O- content, there was a decrease in the leaf water potential and the polyamine content. The
water potential of the DPI group was 1.3-fold lower than that of the control group. The water potential value of the DPI group
was also less than that of the H2O group. The water potential of the DPI group was 1.65-fold lower than that of the H,O,-treated
group. DPI was found to influence the water status of the plant by decreasing the water potential relative to the control group
(PEG application). The reduction suggested that applying H.O; could affect water potential by regulating polyamine metabolism.
As is known, polyamines play a role as an osmotic regulator in drought stress (Sequera-Mutiozabal et al. 2017).
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Figure 1- Effect of exogenous H202 and DPI on leaf water potential (A) TBARS (B) and endogenous H2O> contents in the
leaves of detached maize seedlings under PEG-induced drought stress conditions. The seedlings were submitted to three
treatments: Applied with PEG (Control); applied with H,O, and PEG (H.0.); applied with DP1 and PEG (DPI). Vertical bars are
standard deviations. Different letters indicate significant differences among different treatments at P<0.05

In the present study, lipid peroxidation was measured to determine the effects of H,O, and DPI on membrane damage under
drought stress. ROS is known to cause high levels of lipid peroxidation, resulting in damage to cell membranes (Munne-Bosch
et al. 2001). However, in our study, the 10 mM of H,O, was determined to reduce lipid peroxidation under drought stress
conditions (Figure 1b). The TBARS content of the H,O»-treated group was 1.5-fold lower than that of the control group. The
amount of TBARS measured in the DPI group was significantly increased concerning the control and the H2O--treated groups.
The TBARS content of the DPI group was 1.1 and 1.6-fold higher than the control and the H,O,-treated groups respectively.
Furthermore, the application of 10 mM H0O, significantly increased the endogenous level of H,O, compared with the control
group. The endogenous H,O; content of the H,O,-treated group was 1.7-fold higher than that of the control group. Following
DPI treatment, the level of endogenous H,O, decreased significantly in comparison with the control and H,O, groups (Figure
1c). The endogenous H,0, content of the DPI group was 1.2 and 2.0 times lower than the control group and the H,O, treated
group, respectively. Here, H,O, applied exogenously may have caused the endogenous hydrogen peroxide to act as a signal
molecule and stimulate antioxidants. The stimulation of antioxidants in response to a non-lethal dose of hydrogen peroxide
allows cells to adapt to exposure to a much larger dose and thus survive (Rodriguez-Rojas et al. 2020).

Similarly, in our study, the application of H,O; increased catalase (CAT) and peroxidase (POD) activities, but the activity of
superoxide dismutase (SOD) declined. The catalase activity of the H,O»-applied group was 1.3 and 1.4-fold higher than that of
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the control and the DPI groups, respectively (Figure 2a). In the DPI group, the CAT activity was found to be lower than that of
the control group. The CAT activity of the DPI group was 1.1-fold lower than that of the control group. POD activity was
determined as the highest in the H,O, group compared to the control and the DPI groups (Figure 2b). The peroxidase activity of
the H,O; applied group was 1.3 and 1.4-fold higher than the control and the DPI groups, respectively. Furthermore, because of
the DPI application, the activity decreased by 1.1 times compared to the control group. In terms of superoxide dismutase, the
highest activity was identified in the control group (Figure 2c). The SOD activity of the control group was 1.5 and 1.6-fold higher
than that of the H.O2 and DPI groups, respectively. There was no difference between the H,O, and DPI groups in terms of the

SOD activity.

8000+

CAT Activity (U.mg protein- 1)

Control H,0, DPI

POD Activity (U.mg protein )

Control H,0, DPI

SOD Activity (U.mg protein )

Control H,0, DPI

Figure 2- Effect of exogenous H20. and DPI on antioxidant enzyme activities in the leaves of detached maize seedlings under
PEG-induced drought stress conditions. Catalase (A), Peroxidase (B) and Superoxide dismutase (C).
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The enzyme catalase is known to scavenge excess H.O- by reducing it to water and oxygen (Chaudiere & Ferrari-lliou 1999).
This enzyme has also been reported to play a role in the prevention of potential damage (such as lipid peroxidation) of H,O; in
membranes (Chaudiere & Ferrari-1lioui 1999). Similarly, peroxidases have also been reported to be responsible for scavenging
H>O, under stress and maintaining cell membrane integrity (Parida & Das 2005). We concluded that the application of H»0;
protected the integrity of the cell membrane by inducing catalase and peroxidase activities and therefore reduced TBARS levels.
Similar findings were reported in wheat plantings under drought conditions and in cucumber and corn plants under osmotic stress
conditions (He et al. 2009; Liu et al. 2010; Terzi et al. 2014). In our study, following the application of DPI, the endogenous
H.0; level, NADPH oxidase activity, and NOX expression level decreased significantly compared to other groups. The lowest
NOX activity was observed in the DPI-treated group (Figure 3a). On the other hand, exogenously applied H,O; significantly
increased NOX activity compared to the control. The NOX activity of the H,O; treated group was 1.1 and 1.3 higher than that
of the control and DPI groups, respectively. In addition to NOX activity, the DPI reduced the level of expression of the NOX
gene in comparison to the control group (Figure 3b). The NOX expression level of the PDI applied group was 1.3 times lower
than that of the control group; however, the highest NOX expression level was found in the H,O> group (Figure 3b). The NOX
expression of the H,O, applied group was 1.4 and 1.9-fold higher than the control and the DPI groups.
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Figure 3- Effect of exogenous H>0. and DPI on NADPH oxidase (NOX) activity (A) and NOXB gene expression (B) in the
leaves of detached maize seedlings under PEG-induced drought stress conditions.
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The decreases in endogenous H,O; level, NADPH oxidase activity, and NOX expression levels and the increased amount of
TBARS following the DPI application could be explained by decreasing catalase and peroxidase activities. These changes in
enzyme activities showed that hydrogen peroxide acted as a signaling molecule, activated the antioxidant system and protected
corn plants from the effects of stress.

Significant increases in levels of endogenous polyamines due to drought stress have been noted in some studies (Erdei et al.
1996; Galston et al. 1997; Groppa & Benavides 2008). In this study, the application of H,O, under drought stress increased the
levels of polyamines such as put and spm in comparison with the control group. The maximum put concentration (in all groups)
was determined in group H20, (Figure 4). The putrescine level was found to be the lowest in the DP1 among all groups. The put
content of the H,O; treated group was 1.3 and 2.1-fold higher than the control and DPI groups, respectively. The concentration
of (spd) in the control group was highest among all groups. The spd content was significantly reduced by the H,O, and DPI
treatments relative to the control group. The spd content in the control group was 1.2 and 1.6-fold higher than the H.O. and DPI
groups, respectively. Furthermore, the spd content of the H,O, group was found to be greater than that of the DPI group. As for
the spm content, the application of H20- resulted in the accumulation of spm. The spm content of the H,O-applied group was
1.4 and 2.0-fold higher than the control and DPI groups, respectively. Moreover, the lowest spm concentration was determined
in the DPI group (Figure 4).

350 - @Put @Spd @Spm

100

(4))
o

o

Control |-|2o2 DPI

Figure 4- Effect of exogenous H202 and DPI on endogenous polyamine contents in the leaves of detached maize seedlings
under PEG-induced drought stress conditions.

Abass & Mohamed (2011) suggested that the application of H,O, to bean seeds stimulated polyamine content under drought
conditions. Similarly, Terzi et al. (2014) exposed maize seedlings to osmotic stress after performing pre-treatment of H,O, and
found significant increases in the put, spm and spd contents. Besides, in our study, the decrease in polyamine level due to DPI
application supported the idea that NOX-induced H,O, may have a stimulating effect on the polyamine synthesis pathways.

The level of expression of the ADC gene, located in the first stage of the put synthesis, increased with the application of H.0,
in comparison to the other groups in our study. The ADC expression of the H,O,-treated group was 1.2 and 1.3-fold higher than
the control and DPI groups, respectively (Figure 5a). The put pool is mainly under the control of the ADC gene and shows an
increase in drought stress (Urano et al. 2004; Alcazar et al. 2010b). For this reason, the increase in the putrescine level in the
experimental group with H,O-applied may be related to the increased expression level of the ADC gene. Indeed, Urano et al.
(2004) reported that the increase in putrescine levels in Arabidopsis plants under drought conditions was positively correlated
with the stimulation of ADC transcripts. This positive relationship between ADC and putrescine, which we found in our study,
was similar to the one obtained by Urano et al. (2004). Abass & Mohamed (2011) and Terzi et al. (2014), in their drought-related
stress studies, determined that the application of H,O, increased the polyamine content. Our findings were consistent with the
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data from these researchers. In addition, the RT PCR analyses of the present study confirmed our opinion that H,O, promoted
the accumulation of polyamines.

In contrast to H,O,, DPI decreased the expression level of the ADC gene by 1.1-times compared to the control group (Figure
5a). The downregulation of the ADC gene through DPI also supported the idea that H,O, derived from NOX may be necessary
for the regulation of polyamine biosynthesis. The transcript level of the agmatine aminohydrolase (AIH) gene, which is another
enzyme involved in putrescine synthesis, was enhanced with the application of H2O- (Figure 5b). The AIH expression of H,0--
applied group was 2.2 and 3.3-fold higher than that of the control and the DPI groups, respectively. Because of the DPI
application, the AIH expression level was reduced by 1.5 times compared to the control group.

The level of expression of the AIH gene has been reported to increase in Arabidopsis plants exposed to drought stress
(Alcazar et al. 2006b). According to the results of our study, another reason for the increase in putrescine due to the application
of H,O, was the positive regulation of the AIH gene. At the same time, the decrease in the AIH transcript level with DPI
application indicated that H,O- could regulate the expression level of the gene in question, and the level of putrescine increased.
Alcazar et al. (2011) and Do et al. (2014) found elevated levels of transcripts of spermidine synthase (SPDS) genes in Arabidopsis
and rice plants, respectively, under drought stress conditions. In our study, the amount of spd was found to be decreasing in the
H»O, group compared to the control group. This decrease might be caused by the recovery of spermidine into the putrescine pool
through PAO activity or by the reduction of transcripts of the SPDS gene because the SPDS gene in the control group was more
expressed than the H>O; group in our study. The expression level of SPDS in the control group 1.8-fold higher than H.O; group
(Figure 5d). Furthermore, the low level of expression of PAO in the H,O, group compared to the control group may help explain
the fluctuations in spermidine levels.
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Figure 5- Effect of exogenous H>02 and DPI on gene expression levels of Arginine decarboxylase (A), Agmatine
iminohydrolase (B), S-adenosylmethionine decarboxylase (C), Spermidine synthase (D), Diamine oxidase (E), Polyamine
oxidase (F) in the leaves of detached maize seedlings under PEG-induced drought stress conditions.
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In conclusion, according to the control group, the decrease in endogenous spd level in our study due to the H,0, application
was consistent with the reduction in the expression level of the SPDS gene. In our study, the expression level of the S-adenosyl
methionine decarboxylase (SAMDC) gene, which is involved in the synthesis of spd and spm, was determined. The level of
expression of SAMDC was significantly enhanced by H,O, treatment. The expression level of SAMDC in the H,O-applied group
was 1.3 and 1.4-fold higher than the control and the DPI groups, respectively (Figure 5¢). The measurement of the degree of
expression of this gene provided valuable information for the regulation of spd and spm concentrations. A limited number of
studies reported increases in SAMDC expression levels under the stress of drought. For example, under drought stress conditions,
there has been an increase in SAMDC transcripts in Arabidopsis and rice plants (Li & Chen 2000; Alcazar et al. 2011). In
addition, the level of spm was reported to increase in rice plants subject to drought stress (Capell et al. 2004). In our study, under
drought conditions, the SAMDC transcription level when H,O; was applied was higher than other experimental groups. This was
consistent with the increased spermine level with hydrogen peroxide application. As in our study, Terzi et al. (2014) reported
increases in spm levels as a result of H,O, treatment in maize seedlings subjected to osmotic stress. Furthermore, increased
expression of a SAMDC by H,0O- in our study supported the idea that H,O. plays an important role in the regulation of polyamine
biosynthesis.

Several studies have reported that genes involved in the destruction of polyamines encode diamine oxidase (DAQO) and PAO
enzymes (Cohen 1998; Angelini et al. 2010; Fincato et al. 2012). In our study, the expression of the DAQO gene was significantly
decreased by H,0; application in drought conditions compared to other groups. The exogenous H,O, treatment reduced the
expression level of the DAO gene as 1.5-fold than the control group (Figure 5e). This reduction may help explain the high level
of put in the H,0, group compared with other groups. DPI application was the group with the highest level of DAO transcript.
The gene expression level of DAO in the DPI group was 1.2 and 1.7-fold higher than the control and the H,O,-treated groups,
respectively (Figure 5e). This was confirmed by examining putrescine rates. Regulation of the DAO gene supported the idea that
there could be a crosstalk between H,0; and polyamine levels during drought stress. In our study, the levels of PAO transcripts
in the control and DPI groups were higher than the H,O group under drought conditions. The level of expression of the PAO
gene in the DPI group was 1.5 and 1.7 times higher than that of the control and H.O, groups, respectively. On the other hand,
the expression level measured in the H.O, group was 1.1-fold lower than the control group (Figure 5f).

Alcazar et al. (2011) reported a rise in PAO expression in drought-exposed Arabidopsis plants. In another study, PAO
transcripts were also found to increase significantly, while put and spd levels decreased in grape varieties exposed to drought
stress (Hatmi et al. 2015).

On the other hand, the application of H,O, which we carried out in our study resulted in a decrease in PAO transcripts and
an increase in polyamine levels. This was evidenced by the rise in the putrescine rate in the H.O2 group. The increased expression
level of the PAO gene by DPI also supported that NOX-derived H,O- had a regulatory role in polyamine degradation.

Superoxide (O2-7) and H;0-, the most studied ROS derivatives, have critical roles in many processes (Pitzschke et al. 2006;
Dikalov et al. 2011; Suzuki et al. 2013). In our study, DPI reduced the H.O, accumulation by blocking the NADPH oxidase
enzyme, which resulted in significant reductions in polyamine levels. Furthermore, the levels of expression of DAO and PAO
responsible for polyamine degradation increased. On the other hand, the model of polyamine oxidation initiated by the H,O;
signal cascade has been accepted because H2O: is a direct product of polyamine oxidation (Moschou et al. 2008b). In summary,
the literature indicates that polyamine metabolism can be regulated by H20,, which is derived from the activities of DAO and
PAO enzymes. However exogenously applied H20- in our study decreased the gene expression level of the DAO and PAO, while
leading to an increase in expressions of ADC, AlH, SPDS, and SAMDC. So, according to our study, it concluded that H,O, was
capable of positive regulation on polyamine metabolism. Consequently, in our study, not only H,O> due to polyamine oxidation,
but also H20- derived from NADPH oxidase and externally applied H,O, affects polyamine signaling. Because when NOX is
inhibited, the metabolic pathway has shifted from synthesis to breakdown.

4. Conclusions

Based on the data obtained in this study, a model diagram showing the potential H,O»-polyamine relationship was established
(Figure 6). The model of polyamine metabolism controlled by hydrogen peroxide can be summarized as follows. H20, which
was applied externally in drought conditions, probably induced both NOX gene expression and enzyme activity. Then, H.0,
induced the expression of ADC, AlH, SPDS, and SAMDC, one of the polyamine synthesis genes, directly or indirectly, by other
possible metabolic pathways. Due to the increased level of gene expression, the amount of endogenous polyamine has increased.
Besides, H20; has been suggested to reduce the production of polyamine oxidation enzymes by directly or indirectly suppressing
the expression of polyamine degradation genes. In conclusion, H,O, plays an essential regulation role in the metabolism of
polyamines by adjusting the expressions of genes for the synthesis and degradation of polyamines.
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ABSTRACT

Playing a key role in immunity and autoimmunity, Major
Histocompatibility Complex (MHC) contains microsatellite regions and
polymorphisms associated with resistance to several diseases and thermo-
physiologic characteristics in farm animals. This study aims to reveal
genetic diversity in four native Turkish goat populations via MHC related
gene regions including MHC-linked microsatellite markers (BF1,
BM1818, BM1258, SMHCC1 and DYMS1) and MHC Class 1I-DRB
gene. A total of 120 unrelated animals belonging to Hair (HAI), Honaml
(HNM), Kabakulak (KBK) and Norduz (NRD) from different
representative populations in Antalya and Van provinces were sampled
and genotyped for molecular analysis. Based on MHC-linked
microsatellite markers, number of alleles ranged from 8.20 (NRD) to 8.80
(HAI and KBK) across studied goat populations. Observed
heterozygosity was between 0.68 (NRD) and 0.80 (KBK), whereas
expected heterozygosity ranged from 0.74 (NRD) to 0.82 (KBK) in native
Turkish goats. Inbreeding coefficients were 0.04, 0.13, -0.01 and 0.09 for

digested separately with Pstl, Taqgl, BsaHl and Alul restriction
endonucleases to assess polymorphism status together with Hardy-
Weinberg equilibrium in studied goat populations. P allele frequency
ranged from 0.73 (KBK) to 0.95 (NRD), while p allele frequency was
between 0.05 (NRD) and 0.27 (KBK) in Pstl polymorphism. The highest
and lowest frequency of T allele were detected in HNM (0.80) and KBK
(0.49), respectively, whereas frequency of t allele was between 0.20
(HNM) and 0.51 (KBK) in Tagl polymorphism. G and A allele frequency
were between 0.16 (HNM) - 0.39 (HAI) and 0.84 (HNM) — 0.61 (HAI),
respectively in BsaHI polymorphism, while three different genotypes and
two alleles, which were different from results reported in the literature,
were observed in Alul polymorphism. In this study, high genetic diversity
and low inbreeding were detected in native Turkish goats according to
MHC-linked microsatellite markers. Similarly, native Turkish goats hold
enough polymorphisms in MHC Class 1I-DRB gene which gives
opportunity to support selection strategies against tuberculosis and heat
stress in the future.

HAI, HNM, KBK and NRD populations, respectively. A 284 bp length
PCR products belonging to MHC Class 1I-DRB gene region were

Keywords: Genetic diversity, Heat tolerance, PCR-RFLP, SSR, Tuberculosis resistance

1. Introduction

In Turkey, goat raising is practised by smallholder farmers across the country in order to obtain specific products such as milk,
meat, cashmere and angora. Although, large part of goat population (more than 90%) is Hair (HAI) goat, it possesses different
varieties [Kabakulak (KBK), Pavga and Candir] adapted to different environmental conditions (Karsli et al. 2020). There are
differences between HAI and its varieties in terms of body size, fertility and milk yield (Erduran & Kirbas 2010). Moreover, a
recent study based on 20 microsatellite loci demonstrated that KBK is genetically different from HAI (Karsli et al. 2020). Lower
jaw and convex nose are distinctive characteristics of HNM which is raised in Mugla and Antalya provinces. Norduz (NRD)
possess the lowest body size and live weight among native Turkish goats and is raised in limited region of Van province and
villages close to Iran border (Kirk et al. 2004).

Today, there are many factors such as climate change and infectious diseases which negatively affect sustainability of
livestock sector (Radostits et al. 2007; Rovelli et al. 2020). Genetic diversity across genome and polymorphisms in related gene
regions are required to face these challenges and to maintain livestock sector in the future. Indeed, today several studies have
been aimed to investigate genes related to resistance to higher temperature (Basirico et al. 2011; Liu et al. 2011) and diseases
(Vaccari et al. 2006; Pisoni et al. 2010; Cecchi et al. 2017; Gowane et al. 2018; Eren et al. 2019) in livestock species. Of these
genes, Major Histocompatibility Complex (MHC) consisting of MHC Class | and MHC Class 11, has a key role in immunity and
autoimmunity. MHC Class | molecules transporting proteins to T cells are present in almost all cells, while MHC Class |1
molecules known as Antigen Presenting Cells (APC) are present in certain cells such as macrophage and B cells. Previous studies


https://orcid.org/0000-0002-7733-1372
https://orcid.org/0000-0003-4507-7426
https://orcid.org/0000-0002-2413-1713

Aslan et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2022, 28(4): 626-634

show that there are association between polymorphisms of MHC gene regions and resistance/susceptibility to several diseases
(Singh et al. 2012; Shen et al. 2014; Kim et al. 2015; Kannaki et al. 2017) and thermo-physiologic traits in livestock species.
Additionally, MHC-linked microsatellite markers are commonly used to reveal genetic diversity and phylogenetic relationships
among different goat breeds (Salles et al. 2011; Guang-Xin et al. 2015).

Due to developing molecular techniques, animals with higher ability of heat tolerance and resistant to specific diseases can
be detected easily. Moreover, by applying Marker Assisted Selection (MAS), the frequency of desired genotypes in terms of heat
tolerance and resistance to disease can be increased in populations. In this regard, this paper aims i) to reveal current genetic
diversity by MHC-linked microsatellite markers and ii) to obtain preliminary results of enzyme-based polymorphisms of MHC
Class 11-DRB gene which may be further analysed for association studies for heat tolerance and tuberculosis resistance in native
Turkish goats.

2. Material and Methods

2.1 Blood collection and DNA isolation

120 unrelated blood samples were randomly chosen from HAI (n=40), HNM (n=30), KBK (n=30) and NRD (n=20) goat
populations. Blood samples of NRD were obtained from Van, while the other samples were collected from representative herds
raised in different districts of Antalya, Turkey. Genomic DNA was isolated from blood samples by using a salting-out method
with minor modifications (Miller et al. 1988).

2.2 PCR-RFLP analysis and microsatellite genotyping

A 284 bp length of MHC Class 11-DRB gene region and five MHC Class Il-linked microsatellite markers were amplified with
specific primer sets (Table 1).

Table 1- Characteristics of used loci in the study

PCR Products RE

Locus Method Primer Sequence (5°-3°) (bp) Enzyme Reference
MHC Class I1- . Pstl, Singh et al. (2012)
Gene e PCR-RFLP  F: TATCCCGTCTCTGCAGCACATTTC - Taq|
Polymorphism R: TCGCCGCTGCACACTGAAACTCTC BsaHl,
Alul Yakubu et al. (2017)
- F. CAACGGTCTGCAACCGAATTACC 150165
R: CAATCCGTGGGTTGGAACACAA
F: AGCTGGGAATATAACCAAAGG
BM1818 R: AGTGCTTTCAAGGTCCATGC 244-266 Suanexin etal
Genetic BMizsg  Microsatellite F: GTATGTATTTTTCCCACCCTGC 98.126 ) ”arz%lg;,eta'
Diversity R: GTCAGACATGACTGAGCCTG '
F: TCCTGGGGATTCCCAATACC Salles etal. (2011)
DYMS1 R: CATAGAAGTCTTCACTGGTG 171-199
F: ATCTGGTGGGCTACAGTCCATG
SMHCC1 R: GCAATGCTTTCTAAATTCTGA 175-199

PCR was performed in total of 50 uLL volume containing 3.2 uL. HQ buffer (GeneAll), 2.5 mM dNTPs, 10 pM of each primer,
2.5 U Taq DNA Polymerase (GeneAll), 50 ng template DNA and 30.9 uL ddH,O. PCR amplifications were applied in initial
denaturation at 94 °C for 5 mins, followed by 30 cycles at 94 °C for 45 s, at 55-58 °C (depending on locus) for 45 s and at 72 °C
for 50 s. The final extension was carried out at 72 °C for 5 mins. Amplificated 284 bp length PCR products were separately
digested with restriction enzymes of Pstl, Taql, BsaHI and Alul to assess polymorphism status of native Turkish goats.
Restriction enzyme mixture containing 10 pL of amplified PCR products, 5 U restriction enzymes (Table 1), 4.5 pL. enzyme
buffer and 5 pL nuclease free water, were incubated according to manufacturer instructions (Thermo Scientific Inc.). PCR and
RFLP products were separated on 1% and 3% agarose gel electrophoresis, respectively. On the other hand, a 96-well automatic
fragment analyzer (Agilent 5200 Fragment Analyzer System, USA) was used to genotype individuals for five microsatellite
markers.

2.3 Statistical analysis

Allele and genotype frequencies of PCR-RFLP data were calculated by using Popgene (Yeh et al. 1997) package software. Chi-
Square (x2) test was applied to determine deviation from Hardy-Weinberg Equilibrium (HWE). Allele size range, private allele
and allele frequencies of microsatellite loci were calculated via Convert (Glaubitz 2004) program. Number of alleles (Na),
number of effective alleles (Ne), observed (Ho) and expected (He) heterozygosity were calculated by Popgene (Yeh et al. 1997)
software. Inbreeding coefficient (Fs), the diversity between breeds (Dsr) and the coefficient of gene differentiation (Gsr) were
detected by Fstat v.1.2. (Goudet 1995), whereas null allele frequency was calculated by using MI-NullFreq (Kalinowski & Taper
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2006) software, respectively. UPGMA (Unweighted Pair-Group Method with Arithmetic Mean) dendrogram was constructed
by Popgene (Yeh et al. 1997), while FCA (Factorial Corresponding Analysis) and Structure analysis were done by Genetix v.4.05
(Belknhir et al. 2004) and Structure v.2.2. (Pritchard et al. 2000) programs, respectively. In order to determine the best K value,
Structure Harvester (Earl & vonHoldt 2012) was utilized, while Clumpak (Kopelman et al. 2015) was used to visualise the result
of structure analysis.

3. Results and Discussion
3.1 Genetic diversity among native Turkish goat populations based on MHC-linked microsatellite markers

A total of 65 alleles ranging from 11 (BM1258) to 15 (DYMS1) per marker were detected in all population (Table 2). Null allele
frequency ranged from 0.00 (DYMS1) to 0.11 (BM1258) per marker with a mean of 0.05 indicating that all studied loci were
highly amplificated. Mean Dsr and Gsr, indicating the genetic diversity between breeds and the coefficient of gene differentiation,
were 0.06 and 0.07, respectively. In this study, high number of alleles ranging from 8.20 (NRD) to 8.80 (HAI and KBK) were
detected across studied goat populations by using a total of 5 different MHC-linked microsatellite markers (Table 3). Of 10
private alleles, 9 alleles were detected in NRD population, while only one private allele was observed in HNM populations (data
not shown). Although, the frequency of private alleles was low (<0.3), the frequency of an allele (176 bp) at BF1 locus were at
0.60 for NRD population. Observed heterozygosity were between 0.68 (NRD) and 0.80 (KBK), whereas expected heterozygosity
ranged from 0.74 (NRD) to 0.82 (KBK) across studied populations. Inbreeding coefficients were 0.04, 0.13, -0.01 and 0.09 for
HAI, HNM, KBK and NRD populations, respectively (Table 3).

Table 2- Genetic diversity parameters across four native Turkish goat populations based on 5 MHC-linked loci

Loci AR n Na Ne Ho He Fis Dst  Gst  F(Nul) HWE

BF1 154-180 110 13 452 082 0.78 -0.21 0.14 0.17 0.01 ekl
BM1818 246-270 100 12 758 0.68 0.87 018 0.02 0.03 0.09 *xx
BM1258 98-120 108 11 6.25 0.62 0.84 020 0.07 0.08 0.11 ok

SMHCC1 91-199 112 14 620 0.69 084 015 0.01 0.01 0.06 *
DYMS1 175-205 109 15 753 089 087 -0.12 0.06 0.07 0.00 il
Mean - - 13 642 074 083 0.05 0.06 0.07 0.05 -

AR: Allele range, n: Number of genotyped individuals, Na: number of alleles, Ne: number of effective alleles, Ho: observed heterozygosity, He: expected
heterozygosity, Fis: inbreeding coefficient, Dsr: diversity between breeds, Gsr: coefficient of gene differentiation, F (Null): null allele frequency, HWE:
Hardy-Weinberg equilibrium, *: P<0.05, **: P<0.01, ***: P<0.001.

Table 3- Genetic diversity parameters per studied goat populations based on 5 MHC-linked loci

Breeds MNA MNE Ho He Fis HWE
HAI 8.80 4.83 0.74 0.80 0.04 -
HNM 8.40 5.10 0.76 0.79 0.13 1
KBK 8.80 5.36 0.80 0.82 -0.01 2
NRD 8.20 4.66 0.68 0.74 0.09 1

MNA: mean number of alleles, MNE: mean number of effective alleles, Ho: mean observed heterozygosity, He: mean expected heterozygosity, Fis: mean
inbreeding coefficient, HWE: number of loci deviated from Hardy-Weinberg equilibrium.

The same MHC-linked microsatellite markers were preferred by Guang-Xin et al. (2015) and Salles et al. (2011) to reveal
genetic diversity in different goat breeds raised in China. Although, similar genetic diversity was reported for Dazu Black and
Chuannan Black goat breeds, genetic diversity in native Turkish goat populations were higher than Chuanzhong, Enshi, Hechuan,
Jining Qing, Tibetan and Yichang goat breeds raised in China (Guang-Xin et al. 2015). Additionally, mean observed
heterozygosity values for native Turkish goat populations were higher than the values reported for Xuhuai, Pashmina,
Changthangi, Vendi, Galla, Small East African goat breeds (Salles et al. 2011). On the other hand, higher genetic diversity was
reported in previous studies conducted on native Turkish goats breeds in which Karsli et al. (2020) used 20 microsatellite
markers, while Giil et al. (2020) preferred a total 22 microsatellite markers to reveal genetic structure of studied goat breeds. It
is not surprising, since genetic diversity may increase by using more microsatellite markers with higher population size.

Compared to the goat breeds raised in China (Salles et al. 2011; Guang-Xin et al. 2015), lower inbreeding was detected in
native Turkish goats via MHC-linked microsatellite markers. Similarly, low inbreeding was reported in previous microsatellite
studies on native Turkish goats (Giil et al. 2020; Karsli et al. 2020; Tefiel et al. 2020). As highlighted by Argun Karsli et al.
(2020), higher null allele frequency (>0.2) may affect estimates of observed heterozygosity and inbreeding coefficient
parameters. Low null allele frequencies observed in the present study were the sign of that these parameters (observed
heterozygosity and inbreeding coefficient) were calculated at high accuracy.

This study revealed that native Turkish goat populations are of high genetic diversity and low inbreeding which could be
attributed to different phenomenon. As highlighted by Demir & Balcioglu (2019), Anatolia is a part of domestication centre
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indicating that theoretically native Turkish goat breeds contain a large part of C. hircus gene pool. Additionally, sampling strategy
may be another reason, since studied animals were provided from different representative herds in which animals were unrelated
according to pedigree record.

Food and Agriculture Organization of the United Nations reported and recommended at least 30 microsatellite markers for
molecular characterization of farm animals (FAO 2011). On the other hand, the main aim of the present study was to reveal
genetic diversity based on MHC-linked microsatellite markers which are naturally less compared to other autosomal
microsatellite loci. Despite of low number of used microsatellite markers, comparatively high genetic diversity (Na, Ne, Ho and
He) were detected in native Turkish goat breeds. Similarly, Ceccobelli et al. (2020) reported that even decreased number of
microsatellite markers from 16 to 12 was enough to distinguish a local Italian goat breed from exotic breeds.

3.2 Phylogenetic relationships among native Turkish goat populations based on MHC-linked microsatellite markers

In this study, UPGMA dendrogram (Figure 1), FCA (Figure 2) and structure (Figure 3) analysis were utilized to reveal
phylogenetic relationships among native Turkish goat populations. Genetic distance and similarity values were calculated in
order to construct UPGMA dendrogram. The highest genetic distance value (1.19) was observed between KBK and NRD
populations, while the highest similarity value (0.87) was detected between HAI and KBK populations (Table 4).

Table 4- Nei’s genetic distance (below the diagonal) and similarity (above the diagonal) values between studied populations

HAI HNM KBK NRD

HAI ko 0.84 0.87 0.34

HNM 0.16 falalaled 0.86 0.33

KBK 0.13 0.13 folalele 0.30

NRD 1.06* 1.09* 1.19* falaiolel
5.1

0.9 HAI

48.2 24 KBK

o 5 HNM

NRD

54.2

Figure 1- UPGMA denrogram among native Turkish goats based on genetic distance values (Nei 1978)

Figure 2- FCA analysis of native Turkish goats
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K=2

K=3

K=4

K=5

HAI HNM KBK NRD

Figure 3- Population structure of native Turkish goats via STRUCTURE analysis

NRD population were clustered separately from the other populations in UPGMA dendrogram, while HAI and KBK were
clustered together. HNM were found closer to HAI and KBK than NRD population. Results of UPGMA dendrogram was
supported by FCA analysis in which NRD population were distinctively separate from the other populations in three-dimensional
space, while KBK and HAI clustered together. Similarly, admixture was observed between HNM, HAI and KBK populations.

Although, four different Turkish goat populations were analysed in this study, the best K value was determined as 3 by
Structure Harvester (Earl & vonHoldt 2012) indicating that studied individuals were assigned to three different clusters (Table
5). At K=2, NRD population were distinct clearly from the other populations, while HAI, KBK and HNM were assigned into
the same clade. At K=3, similar results were obtained in which NRD was clustered separately from the other populations, while
a high level of admixture was detected among HAI, KBK and HNM.

Table 5- Estimated posterior probabilities [LnPr (X|K)] and AK statistics for different number of clusters

Number of Cluster [LnPr (X|K)] AK
2 -2617.895 -
3 -2530.851 47.860
4 -2532.445 1.715
5 -2550.721 -

In this study, phylogenetic relationship analysis revealed that NRD population was genetically different from HAI, KBK and
HNM populations in harmony with its breeding history. Indeed, NRD population is raised separately from the other goat breeds
in a limited region of Turkey (Van province) and this isolation led to different genetic structure together with specific phenotypes
such as lower body size. Similarly, NRD were reported to be genetically different from the other native Turkish goat breeds by
Karsli et al. (2020) via 20 different microsatellite markers.

On the contrary, although they are of different morphological traits, a high level of admixture was detected among HAI, KBK
and HNM populations based on phylogenetic analysis. Similarly, previous studies could not distinguish HNM and HAI breeds
by microsatellite markers (Agaoglu & Ertugrul 2012; Bulut et al. 2016). Conversely, a recently published study showed for the
first time that KBK has become genetically different from HAI breed (Karsli et al. 2020).

3.3 Restriction enzyme-based polymorphisms of MHC loci in native Turkish goats

In order to assess the polymorphisms status of native Turkish goats, MHC Class 11-DRB gene region was digested separately
with Pstl (Figure 4a), Tagl (Figure 4b), BsaHI (Figure 4c) and Alul (Figure 4d) restriction enzymes.

Two alleles (P and p) leading to three genotypes (PP, Pp and pp) were observed in native Turkish goat populations in terms
of MHC Class I1-DRB/Pstl polymorphism (Table 6). P allele frequency ranged from 0.73 (KBK) to 0.95 (NRD), while p allele
frequency was between 0.05 (NRD) and 0.27 (KBK). PP was the most common genotype with ranging from 0.57 (KBK) to 0.90
(NRD), while pp was the least genotype varying between 0.00 (NRD) and 0.10 (HNM and KBK) in studied populations. The
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highest and lowest frequency of Pp genotype were detected in KBK (0.33) and NRD (0.10) population, respectively. A significant
deviation from HWE was detected in only HNM population. (Table 6).

(a) (b)

M PP PP PP PP PP pp PP pp PP. PP Pp Pp PP PP TES ST R ETTATT SR ETTETE T T 7Y

.

(©) Q)

M GA AA 65 AA GAGA GA AA GA AA GA AA AA GA AA GA

Figure 4- Digestion image of MHC Class I1-DRB gene region using Pstl (a), Tagl (b), BsaHI (c) and Alul (d) restriction
enzymes. M: Thermo 50 bp DNA ladder, Cat. No: SM0371

Table 6- Allele and genotype frequencies of Pstl, Tagl, BsaHI and Alul, polymorphisms on MHC Class 11-DRB gene region in
studied populations

MHC Class 11-DRB/Pstl MHC Class 11-DRB/Tagql
) Allele 2
Breed n Allele Frequency  Genotype Frequency b4 Breed n Frequency Genotype Frequency X
P o] PP Pp pp T t TT Tt tt
HAI 34 081 019 068 026 006  08%  HAI 3 065 035 036 059 050 3.58¢
HNM 31 082 018 074 016 010  6.20* HMN g 080 020 067 027 oéo 0.83
KBK 30 073 027 057 033 010 065 *f(B g 049 051 020 057 oéz 0.542
NRD 20 095 005 000 010 000  0.06° NDR g 060 040 045 030 052 282
MHC Class 11-DRB/BsaH]| MHC Class 11-DRB/Alul
) Allele 2
Breed n Allele Frequency  Genotype Frequency b4 Breed n Frequency Genotype Frequency X
G A GG GA AA Ay As Gl G2 G3
HAI 40 039 061 000 078 022 1601**  HAI g 084 016 075 017 oéo 5.10%
HNM 31 016 084 000 032 068  1.14° '?JI\' g 067 033 050 033 0%1 1.88
KBK 30 028 072 003 050 047  160° KKB g 073 027 053 040 0%0 0.012
NRD 20 030 070 005 050 045 073 NDR S 037 063 020 035 054 1.8

o.01:1:3.84; %%0.051:6.63; * P<0.05; **P<0.01; a: Non-significant from HWE.

Similarly, presence of three different genotypes were reported in goat breeds raised in India (Jamunapari) (Singh et al. 2012)
and Indonesia (Saanen, Etawah Grade and their crossbred) (Petlane et al. 2012) in MHC Class 11-DRB/Pstl polymorphism.
Moreover, Singh et al. (2012) highlighted that animals with pp genotype showed resistance to tuberculosis, while PP and Pp
genotypes were commonly found in animals susceptible to tuberculosis. Frequency of pp genotype was reported as 65.04% and
90% in susceptible and resistant group for tuberculosis, respectively (Singh et al. 2012). On the other hand, pp genotype
frequency was reported as 0.28, 039, and 0.35 in Saanen, Etawah Grade and their crossbred (Petlane et al. 2012). Frequency of
p allele in native Turkish goat populations was lower than that of reported in goat breeds raised in India and Indonesia (Petlane
et al. 2012; Singh et al. 2012). It is possible that they have developed resistance to tuberculosis during long history of breeding,
since tuberculosis occurs more frequently in ruminants raised in South Asia and Africa (Humblet et al. 2009).
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T and t allele together with TT, Tt and tt genotypes were detected by Tagl polymorphism in studied populations (Table 6).
The highest and lowest frequency of T allele were detected in HNM (0.80) and KBK (0.49), respectively, whereas frequency of
t allele was between 0.20 (HNM) and 0.51 (KBK) in studied populations. TT genotype frequency was between 0.20 (HNM) and
0.51 (KBK), while tt genotype frequency ranged from 0.05 (HAI) to 0.25 (NRD). The highest and lowest Tt genotype frequencies
were detected in HAI (0.59) and HNM (0.27), respectively. All goat population were in HWE in terms of Taql polymorphism.

Singh et al. (2012) reported that animals with Tt genotype had advantages in terms of resistance to tuberculosis than that of
TT and tt genotypes in Jamunapari goat breeds in MHC Class 11-DRB/Taql polymorphism. Additionally, frequency of Tt
genotype was reported as 0.70 in resistant group in Jamunapari (Singh et al. 2012) and 0.39, 0.15 and 0.17 in Saanen, Etawah
Grade and their crossbred (Petlane et al. 2012). The lower frequency of desired genotype (Tt) in terms of tuberculosis was
detected in native Turkish goat populations compared to Jumanapari (Singh et al. 2012), while higher Tt genotype frequencies
were observed for HAI and KBK than Saanen goat breed (Petlane et al. 2012).

G allele frequency ranged from 0.16 (HNM) to 0.39 (HAI), while the highest and lowest A allele frequency were observed
in HNM (0.84) and HAI (0.61), respectively in BsaHI polymorphism (Table 6). No GG genotype were detected in HAI and
HNM populations, while it was present in KBK (0.03) and NRD (0.05) goats at very low levels. On the contrary, GA and AA
genotypes were observed in all studied populations at variable levels ranging from 0.32 (HNM) to 0.78 (HAI) for GA genotype
and ranging from 0.22 (HAI) to 0.68 (HNM) for AA genotype. Significant deviation from HWE was observed in only HAI
population.

According to MHC Class 1I-DRB/BsaHI polymorphism, similar alleles and genotypes were reported by a previous study
conducted on West African Dwarf, Red Sokoto and Shael goat breeds (Yakubu et al. 2017) in which animals with AA genotype
had advantages in terms of heat tolerance. Yakubu et al. (2017) reported that AA allele frequencies were 0.45, 0.22 and 0.10 for
West African Dwarf, Red Sokoto and Shael goat breeds, respectively. Desired genotype (AA) detected in HNM were
significantly higher than the values reported by Yakubu et al. (2017) and the other native Turkish goat populations.

According to Alul polymorphisms, Yakubu et al. (2017) reported three different genotypes such as GG (158, 84 and 42 bp),
GC (200, 158, 84 and 42 bp) and CC (200 and 84 bp) in West African Dwarf, Red Sokoto and Shael goat breeds. Benefiting
from the same primers, similar PCR fragment (284 bp) was detected in native Turkish goats. On the other hand, by using the
same restriction enzyme and RFLP process, restriction fragments in native Turkish goats were different from genotype patterns
reported by Yakubu et al. (2017). This variation must be further analysed by sequencing in order to obtain more information on
MHC Class I1-DRB/Alul polymorphism.

Briefly, previous studies reported that restriction enzyme-based polymorphisms of MHC Class 11-DRB gene were associated
with tuberculosis resistance/susceptibility and heat tolerance in different goat breeds. Our preliminary results showed that MHC
Class 11-DRB gene were polymorphic in native Turkish goats. Association analysis between these polymorphisms and
tuberculosis and heat tolerance should be investigated to keep sustainability of goat breeding at optimum level in Turkey.

4. Conclusions

In this study genetic diversity and phylogenetic relationships of native Turkish goat breeds were investigated via 5 different
MHC-linked microsatellite markers, whereas polymorphism status of MHC Class 11-DRB gene were assessed by Pstl, Tagl,
BsaHI and Alul restriction enzymes. High level of genetic diversity and low inbreeding were detected based on five MHC-linked
microsatellite markers across the studied populations indicating that native Turkish goat breeds have enough genetic diversity
for sustainability for the future. On the other hand, the temperature is raising globally, and diseases develop under suitable
conditions in livestock species which are believed to negatively affect sustainability of livestock sector in the future. According
to previous association studies on different goat breeds, native Turkish goat populations have desired genotypes for heat tolerance
and resistance to tuberculosis at variable frequencies. Surprisingly, being a sub-type (variety) of HAI and raised in limited region
of Southern Turkey (Elmali, Kas and Fethiye districts), KBK has the desired genotypes for tuberculosis resistance (pp and Tt)
with higher frequencies than the other Turkish goat breeds. This result highlighted the importance of conserving genetic diversity
not only at breeds but also sub-type level. Still, these genotypes should be investigated in terms of heat tolerance and resistance
to tuberculosis and frequency of desired alleles and genotypes should be increased by applying related genes in MAS studies.
Additionally, the current status of native Turkish goat breeds for the other environmental challenges and diseases should be
monitored to obtain the best selection application. Additionally, a low number of MHC-linked microsatellite loci were found
enough to distinguish the studied populations according to their breeding history and origins.
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ABSTRACT

Soil temperature prediction is an important task since soil temperature
plays an important role in agriculture and land use. Although some
progress has been made in this area, the existing methods provide a
regression or nominal classification task. However, ordinal classification
is yet to be explored. To bridge the gap, this paper proposes a novel
approach: Soil Temperature Ordinal Classification (STOC), which
considers the relationships between the class labels during soil
temperature level prediction. To demonstrate the effectiveness of the
proposed approach, the STOC method using five different traditional
machine learning methods (Decision Tree, Naive Bayes, K-Nearest

on daily values of meteorological and soil data obtained from 16 stations
in three states (Utah, Alabama, and New Mexico) of United States at five
soil depths (2, 4, 8, 20, and 40 inches) between the years of 2011 and
2020. The experiments show that the proposed STOC approach is an
efficient method for soil temperature level (very low, low, medium, high,
and very high) prediction. The applied STOC models (STOC.DT,
STOC.NB, STOC.KNN, STOC.SVM, and STOC.RF) showed average
accuracy rates of 90.95%, 77.09%, 90.84%, 89.94%, and 90.91% on the
experimental datasets, respectively. It was observed from the
experimental results that the STOC.DT method achieved the best soil
temperature level prediction among the others.

Neighbors, Support Vector Machines, and Random Forest) was applied

Keywords: Agriculture, Classification, Decision tree, Machine learning, Random forest, Soil temperature level

1. Introduction

Soil temperature greatly influences plant growth and development, soil water and salt transport, soil carbon balance, and
microbial activity and chemical reactions inside the soil (Onwuka & Mang 2018). Biochemical processes, such as germination
of a seed, seedling emergence, uptake operation by roots, root growth, are realized under the suitable soil temperature. The high
temperature in the soil can lead to a dramatic reduction of soil resistance to physical events such as erosion and subsidence. On
the other hand, some biochemical activities can stop when the temperature drops dramatically and the soil freezes. In addition, a
significant decrease in temperature changes the rate of organic matter decomposition and mineralization inside the soil. If the
soil temperature is suitable, chemical activities in the soil continue smoothly and regularly. Soil temperature prediction is of
great importance for this purpose. If further changes in soil temperature are predicted, new strategies can be developed to prevent
undesired situations.

Machine learning has recently received much attention in the soil temperature prediction field (Abyaneh et al. 2016; Li et al.
2020a; Sattari et al. 2020). It discovers significant underlying patterns in raw data by constructing a model without any human
intervention. The most widely studied machine learning technique is classification. Classification is the task of categorizing an
input sample data into one of the predefined classes. In the literature, there are several soil temperature prediction studies that
apply different machine learning techniques, such as regression (Abyaneh et al. 2016; Alizamir et al. 2020a; Alizamir et al.
2020b; Li et al. 2020b; Sattari et al. 2020) and time series (Mehdizadeh et al. 2020; Zeynoddin et al. 2020). For example,
(Alizamir et al. 2020b) proposed a deep echo state network (Deep ESN) regression model for soil temperature prediction at 10
and 20 cm depths. In another study, a new time-series model, called fractionally autoregressive integrated moving average
(FARIMA), was implemented for daily soil temperature prediction at four depths (5, 10, 50, and 100 cm) (Mehdizadeh et al.
2020).
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In the previous machine learning-based soil temperature prediction studies, it is assumed that there is no order between the
class labels of the dataset which will be predicted. However, the class attributes of some soil data have an inherent order. Due to
this situation, this study proposes the ordinal classification technique for the first time, which considers natural order between
class labels to solve the problem of soil temperature level prediction.

Ordinal classification is a special type of classification which assumes the class values of the attributes in the dataset are
ordered and finite (Frank & Hall 2001). The ordinal classification aims to predict the target attribute of a given new sample by
considering ranking relationships between the classes. For example, the soil temperature values can be categorized as “very
low”, “low”, “medium”, “high”, and “very high”. The order of these values is stated as “very low” <“low” < “medium” < “high”
< “very high”. The prediction performance of the machine learning models can be improved regarding the ranking relationship
between the class labels of the used experimental dataset. Considering this motivation, a novel ordinal classification method,
named STOC, was applied to real-world soil temperature data at five different soil depths (2, 4, 8, 20, and 40 inches) in this

study.

Due to the nature of the problem of soil temperature level prediction, datasets are typically ordinal. Disregarding the orders
among class labels, the problem is basically treated as a multi-class classification task, and it often results in a loss of
performance. A possible way out is to develop a novel approach that makes use of order relations for samples during the
classification task. Exploring such ranking information can usually help to increase the effectiveness of predictive classifiers. In
this study, the order information was incorporated into the classification method, thus exploiting the implicit and relative
knowledge simultaneously. More specifically, this study brings together notions from the fields of agriculture and machine
learning for information fusion.

Soil temperature has a great impact on the growth and development of all types of plants. Because of this reason, soil
temperature prediction plays an important role in the agriculture field. The machine learning-based soil temperature prediction
studies in the literature generally apply regression (Kisi et al. 2015; Abyaneh et al. 2016; Citakoglu 2017; Mehdizadeh et al.
2018; Sanikhani et al. 2018; Xing et al. 2018; Delbari et al. 2019; Feng et al. 2019; Alizamir et al. 2020a; Alizamir et al. 2020b;
Hao et al. 2020; Li et al. 2020a; Li et al. 2020b; Penghui et al. 2020; Sattari et al. 2020; Shamshirband et al. 2020; Tsai et al.
2020; Abimbola et al. 2021; Bayatvarkeshi et al. 2021; Wang et al. 2021) or time series (Bonakdari et al. 2019; Li et al. 2020c;
Mehdizadeh et al. 2020; Nanda et al. 2020; Zeynoddin et al. 2020) methods.

In the regression studies, DT (Sanikhani et al. 2018; Sattari et al. 2020), Support Vector Regression (SVR) (Mehdizadeh et
al. 2018; Xing et al. 2018; Delbari et al. 2019; Li et al. 2020a; Li et al. 2020b; Shamshirband et al. 2020), RF (Feng et al. 2019;
Alizamir et al. 2020b; Tsai et al. 2020), NN (Kisi et al. 2015; Abyaneh et al. 2016; Citakoglu 2017; Hao et al. 2020; Penghui et
al. 2020; Abimbola et al. 2021; Bayatvarkeshi et al. 2021; Wang et al. 2021), ELM (Alizamir et al. 2020a) algorithms have been
preferred for predicting soil temperatures. In addition, some of the time-series studies have also applied NN (Bonakdari et al.
2019; Li et al. 2020c), ELM (Mehdizadeh et al. 2020; Zeynoddin et al. 2020), SVR (Nanda et al. 2020) algorithms for the
prediction performance comparison.

Most of the soil temperature prediction studies are performed at multiple depths (Kisi et al. 2015; Sanikhani et al. 2018;
Shamshirband et al. 2020). Sanikhani et al. (2018) applied extreme learning machine (ELM), neural network (NN), and M5
Model Tree (M5 Tree) models on the meteorological data obtained from two stations in Turkey for predicting soil temperatures
at 5, 50, and 100 cm depths. The studies also estimate the features that affect the soil temperature prediction (Feng et al. 2019;
Nanda et al. 2020). Nanda et al. (2020) discovered that while rainfall data does not affect the prediction performance, the soil
moisture parameter improves the accuracy of the prediction problem.

The present studies assumed that there is no order between the target attribute of the soil dataset, which will be predicted.
However, the target attribute values have a natural order, such as very high, high, medium, low, very low, and it can affect the
prediction performance of the soil temperature level. Because of this reason, the STOC approach, which takes into account the
inherent order of class labels, is proposed to classify the soil temperature levels of the experimental dataset.

Table 1 shows the comparison of this study with the existing studies. This method differs from the existing methods in three
respects. First, they performed the prediction of numeric target values, while this paper focuses on the classification of ordinal
and categorical target values. Second, this study uses different methods such as KNN and NB. Third, in this study, the
performance was tested with some metrics different from those used by aforementioned studies.

636



Kugulk et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2022, 28(4): 635-649

Table 1- Comparison of this study with the existing studies.

Reference Year Algorithm Task MD Country
DT SVR NB KNN RF NN ELM R T O

Abimbola et al. 2021 2021 \ \ \ USA
Bayatvarkeshi et al. 2021 2021 S S S Iran
Wang et al. 2021 2021 \ \ v Switzerland
Alizamir et al. 2020a 2020 NN N N Turkey
Alizamir et al. 2020b 2020 NN J J USA
Hao et al. 2020 2020 \ \ v Switzerland
Sattari et al. 2020 2020 S Y Turkey
Li et al. 2020a 2020 V v o N J USA
Li et al. 2020b 2020 \ NN N China
Li et al. 2020c 2020 J J v Switzerland
Zeynoddin et al. 2020 2020 S S S Iran
Mehdizadeh et al. 2020 2020 V J J Iran
Nanda et al. 2020 2020 V v o N V India
Shamshirband et al. 2020 2020 \ \ \ \ Iran
Penghui et al. 2020 2020 V V USA
Tsai et al. 2020 2020 V \ Taiwan
Bonakdari et al. 2019 2019 \ \ \ USA
Delbari et al. 2019 2019 V V J J Iran
Feng et al. 2019 2019 S N A China
Mehdizadeh et al. 2018 2018 V V V Iran
Sanikhani et al. 2018 2018 NN S Turkey
Xing et al. 2018 2018 \ \ S USA
Citakoglu 2017 2017 \ \ S Turkey
Abyaneh et al. 2016 2016 \ \ S Iran
Kisi et al. 2015 2015 \ \ S Turkey
Proposed approach NN NN NN N N USA

(R=Regression, T=Time series, O=0rdinal Classification, MD=Multiple-Depth)

The novelty and main contributions of this work are as follows. (i) It is the first attempt to apply ordinal classification for
soil temperature level prediction. (ii) This paper proposes a novel method, called STOC, which takes into account the
relationships between the class labels during soil temperature level prediction. (iii) This study is also original in that it compares
alternative base learners in conjunction with the proposed method, including decision tree (DT), Naive Bayes (NB), k-nearest
neighbors (KNN), support vector machines (SVM), and random forest (RF). (iv) This is the first study using ordinal classification
to predict soil temperature levels at five different soil depths. The main motivation of this study is to improve the performance
of the soil temperature level prediction of the models by considering the ranking among the class labels.

2. Material and Methods
2.1. Dataset description
In this study, 16 different experimental datasets which contain daily values of meteorological and soil data obtained from 16

stations in three states (Utah, Alabama, and New Mexico) of United States at five soil depths at the interval of 01.01.2011 and
31.05.2020. Figure 1 presents the map of the stations in each state of the United States.
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Utah 9 Panguitch
1 Cave Valley 10 Sand Hollow
3 Grouse Creek 12 Split Mountain

4 Hals Canyon 13 Spooky ‘
5 Harms Way 15 Tule Valley Alabama

7 Manderfield 16 Vermillion 2 Dee River Ranch
6 Isbell Farms
‘ New Mexico 8 Morris Farms
11 Sevilleta 14 Sudduth Farms

Figure 1- The map of the stations used in this study

Each data set in this study includes meteorological parameters such as air temperature, precipitation, relative humidity, solar
radiation, wind speed, and vapor pressure, and soil parameters such as moisture and temperature. These real-world and publicly
available datasets were gathered from the website (https://www.wcc.nrcs.usda.gov) of the National Water and Climate Center
(NWCC) in the National Resources Conservation Service (NRCS) under the United States Department of Agriculture. Table 2
presents the details of meteorological and soil parameters for each dataset.
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Table 2- Parameters of the datasets

Type Parameters Unit
Air Temperature Maximum degF
" Air Temperature Minimum degF
% Precipitation Increment in
§ Relative Humidity pct
o Solar Radiation Average watt/m?
'g, Solar Radiation/Langley Total langley
g Wind Speed Maximum mph
3]
g Wind Speed Average mph
Vapor Pressure — Partial in Hg
Vapor Pressure — Saturated in Hg
Soil Moisture Percent -2in pct
Soil Moisture Percent -4in pct
Soil Moisture Percent -8in pct
5 Soil Moisture Percent -20in pct
% Soil Moisture Percent -40in pct
e
S Soil Temperature Observed -2in degF
E Soil Temperature Observed -4in degF
Soil Temperature Observed -8in degF
Soil Temperature Observed -20in degF
Soil Temperature Observed -40in degF

Figures 2 and 3 present the annual and seasonal variations of maximum (max) and minimum (min) soil temperature values
by soil depth between 2011 and 2019, respectively. The data for 2020 are not included because they only contain soil temperature
values for the first five months of the year. In Figure 2, it is clearly seen that as the soil depth increases, the minimum soil
temperature increases, while the maximum soil temperature decreases for each year. Figure 3 reveals that when the air
temperatures rise, especially in the spring and summer seasons, an increase in soil temperature values is also observed. In other
seasons, the soil temperature decreases in direct proportion to the air temperature.
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Figure 2- The annual variations of max and min soil temperature values by soil depth
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Figure 3- The seasonal variations of max and min soil temperature values by soil depth

The datasets considered in this study have passed through data preprocessing steps using the Python Scikit-learn library for
the implementation of the STOC method. First, “date” and “station ID” parameters were extracted from each dataset because
they are not correlated with the target parameter (soil temperature observed). Then, the hourly collected data were converted into
daily data and the instances which have no soil temperature value were eliminated. Furthermore, the proposed STOC method
cannot handle continuous target parameters, so, the first, soil temperature observed parameter for each soil depths in Fahrenheit
degree were converted to Celsius degree, and then they were discretized into five different levels such as “very low”, “low”,
“medium”, “high”, and “very high” according to specific value ranges as shown in Table 3.

Table 3- Discretization of soil temperature observed parameter

Continuous Values (Celsius) Continuous Values (Fahrenheit) Categorical Values
[..., 5] [..., 41] Very low
(5,10] (41, 50] Low
(10, 15] (50, 59] Medium
(15, 20] (59, 68] High
(20, ...] (68, ...] Very high

2.2. Proposed approach

In this study, the authors propose a novel approach: STOC. This approach classifies the soil temperature levels of meteorological
and soil data at different soil depths by considering the natural order of class labels. In this approach, the ordinal class classifier
algorithm (Frank & Hall 2001), which converts an ordinal classification problem including multiple class labels to a binary
classification problem was preferred. According to this algorithm, k different ordinal class labels are converted to binary values
considering their inherent order. For example, consider that there are five different class labels (Ci, Cy, Cs, C4, and Cs) and the
order between the classes is as follows: Cs > C4 > C3 > C, > Ca. In the first phase, while the class values that are higher than C;
(Cy, C3,C4, and Cs) are labeled as 1, the rest of them (C,) are labeled as 0. Then, the same processes are applied to all class labels,
so the ordinal classification approach is transformed into a binary classification problem. Besides, five different traditional
classification algorithms (DT, NB, KNN, SVM, and RF) were chosen as base learners for the ordinal class classifier algorithm
in the STOC method.

Figure 4 shows a general overview of the proposed approach. First, in the data acquisition step, meteorological (air
temperature, air pressure, precipitation, relative humidity, and solar radiation) and soil (soil temperature and soil moisture) data
is obtained from the sensors (i.e. solar radiation sensor, wind speed, and direction sensor, etc.) of the Soil Climate Analysis
Network (SCAN) in 16 stations of United States. These data are stored in a cloud platform. In the next step, first, the datasets
are passed through a data preprocessing step (discretization and missing data elimination) and then they are converted to binary
datasets to make them ready for the implementation of the STOC method. In the training phase, the STOC approach is applied
to the meteorological and soil data using DT, NB, KNN, SVM, and RF as base learners. After that, the performance of the soil
temperature level prediction of these models are evaluated using the n-fold cross-validation technique selecting n as 10. Then,
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in the prediction phase, a new sample is predicted using the STOC method. Finally, the obtained accuracy rate and F-measure
results from these models are represented in the presentation step.

Data Acquisition Phase Data Preprocessing Phase  Training Phase  Presentation Phase
’1 N - \\ ,: :\ e \\ r/& \I
:ﬂg Air Temperatu% ! ' ollg Discretization | ! E “X sTOCDT ! 122 Report |
| . 1 ! \ v 1 = I
! L‘:I% Air Pressure ! i (8 Missing data ! 10¢ STOC.NB : :Q Applicat on:
! M . ) ey 1 1 iIcauon,
|| & Precipitation : ! elimination ) i'::>i i f_r.,-_STOC.KNN: L ]
' ! Cloud | | A Y N
A, . o | 1%% STOCRF !
: _/; Relative Humidity| ! @ E E . d.@lD t | : AL ! %
. 1 E o
i =2 Wind Speed tloT 2O ! rainal Uata i Vi STOC.SVM, Prediction Phase
‘", 1 L [ R N I EA ‘ "\
E \O‘ Solar Radiatiory ! @ ! /]\ ! :’ " New] |
[P ~ ! : : . I Dats !
! i ! = &5 ... |1 Evaluation Phase ! !
: JJ_} Soil Temperature | | i  Eveluion Tha 3 : ol |
. . . ! . 1 ] 1
I‘\k Soil Moisture : | _Binary Datasets /'I 'Sross Vardation) :\ Classification !

g

_________________________________________________

Figure 4- The general overview of the proposed STOC approach

In addition to the general overview of the proposed STOC approach, the flowchart of it is also presented in Figure 5. In the
training phase, the original raw data passes through data preprocessing steps and then the ordinal values are converted to binary
values using the binary decomposition method. After that, the experimental dataset is divided into training and test data. The
selected ordinal classification algorithm is applied to the training data to construct the prediction model. The constructed model
is then evaluated using the test data in terms of an accuracy metric. Finally, in the prediction phase, the class label of new unseen
data is predicted using the constructed classification model.
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—| Test Data >
ke

Training Phase Prediction Phase

Figure 5- The flowchart of the proposed STOC approach

A tangible example of the proposed STOC approach and its differences from the traditional approach is illustrated in Figure
6. Assume that each instance in the example dataset, including daily values of meteorological and soil data, has an ordinal class
attribute with five values: very low, low, medium, high, and very high. These values are on an ordinal scale, such as low < very
low < medium < high < very high. In the proposed approach, first, these values are converted to binary values considering their
ordinal scales. For example, the samples whose class values are higher than “very low” are labeled as 1 and the others are labeled
as 0. Thus, the first dataset (D1) is obtained. In this manner, four different transformed datasets (D1, D2, D3, and D4) are
constructed. Then, the base classifiers of the STOC approach (DT, NB, KNN, SVM, and RF) are applied to these datasets and
multiple models are generated. The proposed application was developed by using the WEKA machine learning library (Witten
et al. 2016) in the Java programming language. In the prediction step, the class label of the new data is predicted using these
models by choosing the class with the highest probability. However, in the traditional approaches, the orders among class labels
are disregarded. Thus, the classification algorithms are directly applied to the original dataset without any conversion process
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and the model is constructed. Finally, similar to the STOC approach, new data is classified with one of the predefined classes
using the model.

Model2

Model3

Prediction
Phase

2334,8.1,....

New data

Class Label

|
Original Datasct| Parameters | Class !
32,1223, | Very low !
0.2.19.5.2,..]Low \
0.1,1.2.83,..JLow : =| Classification Algorithms
Binary 5.6,2.2.2.7...] Medium ! .
Decomposition 8.7.2.5.5.3...| High ! lf;lﬂ'f”"g
Phase A 9.2.3.2.4.3,.. ] Very high \ : ase il
Class > Very low > . I @I
@ ' / Class > Medium ™~ ) I
Class > Low \ Class > High :
¥ ™ |
Parameters [Class||Parameters Class| | Parameters (Class||Parameters [Class| | New data
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Figure 6- The comparison of the proposed STOC and traditional approaches
The main benefits of the proposed STOC approach can be summarized as follows:

- Using the meteorological data, future soil temperature levels for a region can be predicted.
- An intelligent soil management system can be designed using the predicted values.
- The crop yield in agriculture can be increased by using the predicted soil temperature levels.

- The proposed approach can play a role in reducing unnecessary resource consumption in agriculture, such as water, sensor, and
pesticide.

2.3. Formal definition of the proposed method

Definition 1. STOC refers to the problem that uses ordinal data obtained from sensors and aims to construct a prediction model

by considering the orders among class labels to correctly predict the level of the soil temperature according to the methodological
data.

Let D be an ordinal meteorological and soil data D={(x;, y;)"., € X x Y}, where X e R% and its related class label y; belongs
to the output space Y={C,, Cy, Cs,.....,Ck} having k classes with a data ranking structure C; < C; < Cs <....< Ci, Where < denotes
the linear order relation. In this method, five different traditional classification algorithms (DT, NB, KNN, SVM, and RF) were
implemented as base learners. The aim of classification is to categorize an input vector x with one of the k class labels by selecting
the maximum probability value among the evaluated probabilities for each label using a binary classification method. In this
approach, the probabilities for each k class are computed as follows:

P(C,|x) =1—P (Class > C;| x) (1)
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P(C;| x) = P(Class > Cj_,|x) — P (Class > C;| x)
P(Cy| x) = P(Class > Cy_,|x)

Where; j={2,3,....,k}.
2.4. Proposed algorithm

Algorithm 1 presents the pseudocode of the STOC method. In the first step of this algorithm, the original dataset is passed
through a binary decomposition process for converting ordinal data D to binary datasets {D;}¥=! to encode the ranking
relationship among the classes. Here, the label y; associated with the sample x; is replaced with y; = 1 for all y; > C;, or, y; = 0 for
all yj <= Ci. In other words, for a particular class C;, the values lower than or equal to C; are labeled as 0 and the others are labeled
as 1. In this way, the algorithm converts an ordinal classification problem involving k classes into k-1 binary classification
problems. The dataset D' is created for each i € {1, 2, ..., k-1} by using classes {C1, C, ..., Ci} against {Cis1, Cisz, ..., Ci}. After
that, a model M; is constructed for each binary dataset D; using one of the classification algorithms (DT, NB, KNN, SVM, and
RF) as a base learner. In other words, the first model M; is constructed to predict what is the probability for a given instance
belonging to any class which is located higher than C,, the second model M is built to predict the probability of belonging to
any class that is ordered higher than C,, and so on. In the final step, the class label of each instance x in the test set T is predicted
by choosing the maximum probability value among the evaluated probabilities for each class label using the constructed
classification models M*. In this process, the probability of the first class P(C1) is computed by subtracting the probability of the
upward union of classes P(Lx > C;) from 1. The probability of the last class P(Cy) is computed by directly considering the
probability of the upward union of classes P(Lx Ck-1). In other cases (for the intermediate classes, where 2 < j < k-1), the
probabilities are computed by considering the probabilities of both upward and downward unions of classes. In the end, the class
label with the highest probability (MAX) is predicted as the final class y for the test query x.

Algorithm 1: STOC

Inputs:
D: ordinal dataset D={(x1,y1), (X2,y2), ..., (x,y1} with n instances
T: test set to be predicted
Y: ordinal class labels y € {C1,C,....,Ck} with an order C; < Cy < ... < Cy
k: the number of classes
Output:
M*: Ordinal classifiers
Y : Predicted class labels
Begin:
// Step 1 — Binary decomposition
fori=1tok-1do
foreach (x;,y;) in D
if (yj<=C)
Di.Add(x;,0)
else
Di.Add(Xj,l)
end if
end foreach
end for
I/ Step 2 — Model construction
fori=1tok-1do

Mi=Train(Di)
M* = M* U M;
end for

/I Step 3 — Classification
foreachxinT
y = M*(x) = MAX (
P(C1)=1-P(L«>Cy)
for j=2tok-1do
P(Cj) =P(Lx > C;-;) - P(Lx > C))

end for
P(C) = P(Lx>Cs-1) )
Y=Yuy

end foreach

End Algorithm
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2.5. Evaluation metrics

The proposed STOC models using five different base classifiers were compared by using the n-fold cross-validation technique
selecting n as 10. The prediction performance of each model was tested in terms of accuracy rate and F-measure metric, and the
obtained results were presented via tables and graphs in this study.

The accuracy rate gives a ratio of correctly classified instances to all instances in the dataset, as shown in Equation (2).

# of correctly classified instances

O]

Accuracy rate =
y # of total instances

F-measure is a useful metric for presenting the classification performance of any model, which is calculated as a harmonic
mean of precision and recall values as shown in Equation (3).

precision * recall
F — measure = 2 * — 3)
precision + recall

3. Results

In the experimental studies, the proposed STOC method was executed on real-world meteorological and soil data from 16 stations
for predicting soil temperature levels at five soil depths. In this study, five different traditional classification algorithms (DT
(C4.5 algorithm), NB, KNN, SVM, and RF) were chosen as base learners for the STOC method. Except for the KNN algorithm,
all other base learners were implemented with their default parameter values. In each experiment, the k value of the KNN
algorithm was selected as logz(n)(n is the number of instances in each dataset). To test the success of the proposed STOC method
on the datasets, accuracy rate and F-measure values were evaluated.

Tables 4, 5, 6, 7, and 8 present the accuracy rate results of the applied STOC models using the traditional classification
algorithms as base learners (STOC.DT, STOC.NB, STOC.KNN, STOC.SVM, and STOC.RF) on the datasets obtained from 16
stations in three states of United States at five soil depths (D). The results obtained from these tables indicate that the STOC
models using five classification algorithms show different classification performances on these datasets. For example,
STOC.KNN and STOC.SVM algorithms achieved the highest accuracy rate value (96.3%) on the dataset with 4 inches depth of
the Sudduth Farms and Sevilleta stations, respectively. Also, when the accuracy rate results are considered in general, it is
observed that STOC.NB showed a worse classification ability than the other STOC models. However, the applied STOC models,
except for STOC.NB, show over 75.5% performance of the soil temperature level prediction.

Table 4- The accuracy rates (%) of the applied STOC.DT model on 16 stations at five soil depths (inch)

Station ID
D 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 909 904 929 89 926 926 886 953 956 946 948 936 934 926 923 92
4
8

953 932 935 911 934 921 926 94 954 945 949 94 94 952 926 92.7
939 929 924 891 904 901 929 84 954 928 911 925 941 947 92 911
20 873 895 888 883 885 848 887 896 918 889 873 91 903 90 903 877
40 846 894 905 878 884 82 904 847 937 86.7 886 877 891 859 858 897

Table 5- The accuracy rates (%) of the applied STOC.NB model on 16 stations at five soil depths (inch)

Station ID
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
811 77 843 84 832 77 803 818 853 799 833 894 871 793 856 814
85.1 797 845 853 855 763 815 828 785 817 849 907 883 802 88.1 81
859 795 825 832 826 812 808 744 891 808 808 881 875 793 859 809
20 754 78 726 712 753 734 684 808 773 738 75 763 754 765 786 66.7
40 635 759 59 557 517 633 656 726 695 705 586 583 64 671 605 71

o b~ N O
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Table 6- The accuracy rates (%) of the applied STOC.KNN model on 16 stations at five soil depths (inch)

Station ID
D 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 919 912 92 886 932 921 888 951 957 943 949 0934 936 934 912 927
4
8

95 94 947 909 937 932 924 95 957 955 96 931 949 96.3 928 934
95 937 929 89.6 915 903 935 834 955 938 914 936 945 954 922 922
20 874 887 883 868 87 873 867 904 881 882 874 896 89 897 899 863
40 835 873 869 82 829 824 845 858 896 859 858 843 857 861 816 864

Table 7- The accuracy rates (%) of the applied STOC.SVM model on 16 stations at five soil depths (inch)

Station ID
D 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 921 904 931 902 936 923 904 954 958 949 956 941 939 935 922 933
4
8

952 939 948 926 945 926 929 952 959 954 963 939 95 959 936 938
953 938 93 898 915 893 932 834 956 94 913 941 948 956 934 923
20 8.6 8 877 865 874 861 849 897 878 879 853 901 895 887 904 86.3
40 80.2 857 853 755 831 808 834 839 818 839 808 79 818 855 77 847

Table 8- The accuracy rates (%) of the applied STOC.RF model on 16 stations at five soil depths (inch)

Station ID
D 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 925 922 932 902 932 936 897 954 96 953 957 941 943 935 928 929
4
8

955 941 941 918 94 926 926 953 958 954 957 944 95 96.1 935 93.2
948 94 922 903 90.8 895 936 845 952 937 918 936 946 959 933 921
20 876 87 876 887 877 87 854 90.7 877 884 872 895 89.7 905 89.7 849
40 833 879 86 857 854 811 869 842 877 859 865 824 865 851 836 855

The average accuracy rates of the STOC models on these datasets were calculated to reveal which model is more successful
in soil temperature level prediction. The obtained values are illustrated in the graph given in Figure 7. The results from this graph
indicate that STOC.DT achieved the best performance of the soil temperature level prediction with an accuracy rate of 90.95%.
This is probably because of the fact that the DT algorithm ignores unrelated parameters of the experimental dataset through
information gain and defines logic for the split branches, and as a result, it usually provides accurate results. It is the most
successful predictive model since it provides an exhaustive analysis of the consequences of each possible decision. The decision
tree method divides the dataset at a much deeper level which is not as easily accomplished with other classifiers such as support
of vector machines (Mim et al. 2018). According to the results given in Figure 7, it is also possible to say that STOC.RF and
STOC.KNN reached higher classification abilities with quite close accuracy rates of 90.91% and 90.84%, respectively.
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Figure 7- The average accuracy rates (%) of the applied STOC models on the 16 different stations

Furthermore, F-measure values of the applied STOC models using the traditional classification algorithms on the 16 datasets
obtained in three of the United States at five soil depths were evaluated. In Figures 8, 9, and 10, the average F-measure values
of the STOC models for each state were illustrated, respectively. The fact that the F-measure value is close to 1 presents that the
model offers a successful classification ability. These graphs in the figures presented that the STOC.NB model gives the worst
prediction performance among the others. Because the NB classifier assumes that the parameters of the dataset are independent
of each other. However, some of the parameters often contain similar information and they depend on one another (Jiang et al.
2020). This may cause the NB classifier to yield inaccurate prediction results. The graphs also indicated that all the STOC
models, except for STOC.NB, provide over 0.8 F-measure value. Therefore, it is possible to say that the proposed STOC
approach is a successful method for soil temperature level prediction of ordinal data.

2 inches 4 inches 8 inches
1 092 0.92 0.92 0.93 1 093 0.94 0.54 0.94 1 o090 0.89 0.90 0.90
0.8 0.75 0.8 0.77 0.8 0.76
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
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1 1

0.88 p.87 0.88 0.84 0.82 0.82

0.88 0.85
0.8 0.74 0.8
0.65
0.6 0.6
0.4 0.4

0.2 0.2

ESTOC.DT ESTOC.NB ESTOC.KNN OSTOC.SVM B STOC.RF

Figure 8- The average F-measure values of the applied STOC models on the Alabama state stations
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Figure 9- The average F-measure values of the applied STOC models on the Mexico state stations
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Figure 10- The average F-measure values of the applied STOC models on the Utah state stations
4. Discussion

Differently from the existing machine learning-based soil prediction studies, this study focuses on the classification of ordinal
and categorical target values. It also applies different methods from the present studies, such as KNN and NB. Finally, because
the target attribute value is categorical, the performances of the applied algorithms were tested with accuracy and F-measure
metrics. The detailed comparison of this study with the existing studies is given in Table 1.

The main findings of this study can be summarized as follows:

- The proposed STOC method achieved high accuracy (>90%) on the prediction of soil temperature level. This means
that it has a high capability of temperature prediction for new samples in the presence of ordinal historical data.

- The STOC method can be applied to any ordinal soil dataset without any prior information or specific assumptions
about the given data.
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- When the STOC approach was tested in combination with different classification algorithms (DT, NB, KNN, SVM,
and RF), the SSOC.DT method achieved higher accuracy (90.95%) than the rest on average.

- Daily soil temperature level prediction at different depths is necessary for real-life agricultural management systems.
The accuracy of prediction varies as the soil depth changes for many locations. STOC usually performed over 0.8 of F-
measure value, which means that the proposed method has a good generalization ability at all soil depths. Since STOC
covers multiple soil depths, it enables numerous agricultural applications, and thus it expands the use of machine
learning in the field of agriculture.

- Since soil temperature is highly dependent on various parameters (i.e., meteorology, soil type, vegetation, lithology,
slope angle, and background concentration), this study proposes station-based models. In other words, a separate model
is built for each measurement location (monitoring node) by using the station-based soil data.

- Based on the experimental results reported in this study, it is possible to say that the proposed STOC approach is a
successful method for making a prediction on ordinal soil temperature data.

- It was observed that STOC has many advantages for predicting soil temperature level, which can provide increasing
crop vyield, reducing unnecessary resource consumption (i.e., water, sensor, and pesticide), and providing additional
information when ordinal data is available.

5. Conclusions

In this study, a novel STOC approach is proposed. The proposed approach categorizes the soil temperature levels of
meteorological and soil data at different soil depths by taking into account the inherent order of class labels. While the previous
soil temperature prediction studies do not consider the natural ranking between the class labels, this study considers them by
using the binary decomposition technique in ordinal classification. Thus, this study is the first attempt to implement ordinal
classification for soil temperature level prediction. This study is also original in that it compares alternative base learners (DT,
NB, KNN, SVM, and RF) in conjunction with the proposed method.

In the experiments, the proposed STOC method with different classifiers (STOC.DT, STOC.NB, STOC.KNN, STOC.SVM,
and STOC.RF) was applied on daily values of meteorological and soil data obtained from 16 stations at five soil depths and
compared with each other in terms of F-measure and accuracy rate metrics. The results show that the proposed STOC method
provides accurate soil temperature classification performance. The constructed STOC models, except for STOC.NB, achieved
over 75.5% ability of the soil temperature level prediction. Also, it is clearly understood from the experimental result that the
STOC.DT shows the best performance of the soil temperature level prediction with an average accuracy rate of 90.95%.

As a future study, a multi-output regression technique can be implemented on the same meteorological and soil data for
predicting continuous soil temperature values. In addition, an improved time-series study that solves the soil temperature
prediction problem using a supervised learning technique can be performed.
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ABSTRACT

The aim of this research is to determine the physiological responses of
tomato seedlings treated with 24-epibrassinolide (EBL), given via
different methods such as immersion, irrigation, and foliar spray,
followed by inoculation of root-knot nematode Meloidogyne incognita
(Kofoid & White 1919) Chitwood, 1949 (Tylenchida: Meloidogynidae).
Physiological measurements (chlorophyll, flavonols, nitrogen balance
index, and anthocyanins) were carried out non-destructively with a

affected by both the EBL applications and the methods. Chlorophyll
contents were better protected with the irrigation method. Flavonols and
nitrogen balance index were inversely related with the application
method. Leaf anthocyanin index was affected just by the EBL
applications. Depending on the physiological aspect under observation,
the method (immersion against irrigation, for instance) might present a
challenging status in terms of providing protection against root-knot
nematode when tomato plants are treated with EBL.

portable chlorophyll meter at the end of the 56th days post inoculation.
Results showed that chlorophyll contents of the tomato leaves were

Keywords: Brassinosteroids, Lycopersicon esculentum, Meloidogyne spp., Non-destructive sampling

1. Introduction

Responses of plants to stress factors are elucidated through assessment of changes in morphology, biochemistry, and genetics.
Plant stress can be caused by abiotic factors, such as drought, salinity, or heat or by biotic ones such as diseases and herbivorous
pests like viruses, bacteria, or nematodes (Jagodic et al. 2017; Voglar et al. 2019). Detrimental consequences occurring after a
biotic or abiotic stress can be alleviated through the utilization of synthetic elicitors (Llorens et al. 2017), chemical compounds
activating plant’s reaction to sustain health and productivity (Ramirez-Godoy et al. 2018). Brassinosteroids are among these
elicitors, and they have been proven by various research to stimulate antioxidant defense mechanism of a plant against numerous
abiotic factors (Jan et al. 2018).

Most information about protective properties of brassinosteroids in plants under stress have been provided from studies
evaluating abiotic factors such as salinity, drought, or heavy-metal accumulation in the soil. In these studies, it was reported that
acquisition of resistance with brassinosteroid applications derive from protection of chlorophyll content, increase in
photosynthetic rate and stimulation of antioxidative system (Fariduddin et al. 2013; Yang et al. 2019; Santos de Fonseca et al.
2020). On the other hand, research pertaining to the effects of brassinosteroids in protecting plants against pathogen attacks have
been quite limited. They were found to mitigate fungus-related deleterious influences in cotton (Bibi et al. 2017), cucumber
(Ding et al. 2009) and barley (Ali et al. 2013).

Increases in resistance after brassinosteroid application against viruses have also been shown by Ali et al. (2014) in Hordeum
vulgare, and by Zhang et al. (2015) in Arabidopsis thaliana. In recent years, responses against root-knot nematode damage in
plants have also been carried out and positive results have been reported by Jasrotia & Ohri (2014; 2017), Kaur et al. (2013;
2014), Song et al. (2017) and Gozel (2021) against Meloidogyne incognita (Kofoid & White 1919) Chitwood 1949 (Tylenchida:
Meloidogynidae).


https://orcid.org/0000-0002-0742-7205
https://orcid.org/0000-0002-0012-9782

Gozel & Gokbayrak - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2022, 28(4): 650-655

Early detection of stress symptoms in plants presents an invaluable tool to manage and abate them before any reduction in
yield and quality appears and causes an income loss. Non-destructive and in-field measurement via technological tools,
thermographic or optical, have made it possible. Among these tools, leaf-clip chlorophyll-meters use chlorophyll fluorescence
screening method (Agati et al. 2016), and estimate chlorophyll, flavonoids, and anthocyanins. These optical sensors have been
shown to be superior to lab-based and destructive leaf chlorophyll measurement (Dong et al. 2019).

As opposed to abundant research on effects of brassinosteroids on plant growth and development as well as on response to
abiotic stress, information about their role against biotic stress, specifically plant parasitic nematodes, are quite limited. Thus,
aim of this study was to non-destructively evaluate whether exogenously applied 24-epibrassinolide to roots or leaves can induce
protective effects on physiological aspects (chlorophyll, flavonols or antioxidants) of tomato seedlings inoculated with M.
incognita.

2. Material and Methods

2.1. Plant material and nematode inoculum

3-4 leaved seedlings of tomato (Lycopersicon esculentum Mill.) cv. Heinz 2274 were obtained from a commercial nursery. These
seedlings used in a study conducted at Department of Plant Protection, Faculty of Agriculture, University of Canakkale Onsekiz
Mart, Canakkale in 2020. Second-stage juveniles (J2s) of Meloidogyne incognita after reproduction from a single egg mass on
a cucumber plant were inoculated at the dose of 1000 per plant.

2.2. 24-epibrassinolide application and nematode inoculation

E-1641 EBL (Sigma Aldrich) was used after dilution in ethanol absolute, and working solutions of 1, 5 and 10 uM were prepared.
Experimental design was shown in Table 1. Repetitive applications of irrigation and spraying were done at transplanting and on

the following 7t and 14" day.

Table 1- Experimental design of the study

Methods concen tlrzfti;m (uM) Nematode inoculation Application times (x)

0 (DW) - 1

| - 0 (DW+J2s) + 1
mmersion

- 1 +/- 1

(20 min.) 5 - 1

10 +/- 1

0 (Dw) - 3

0 (DW+J2s) + 3

Irrigation 1 +- 3

5 +- 3

10 +/- 3

0 (DW) - 3

0 (DW+J2s) + 3

Spraying 1 +- 3

5 +- 3

10 +/- 3

2.3. Growth conditions

The pots (1.4-liter volume) into which the plants were transplanted contained 70:30 (v/v) sterilized sand and soil mixture (approx.
450 g). Later the pots were placed in a growth chamber under the conditions of 261 °C and 18/6 hours of photoperiod until the
end of the experiment (56 days post inoculation).

2.4. Data analysis

At the end of the experiment synchronous readings using Dualex Scientific+™ were made on each side (abaxial and adaxial) of
the third youngest leaf and a mean value was obtained. Measured indices were chlorophyll (ug per cm?), relative absorbance
units of flavonols (0 to 3) and anthocyanins (0 to 1.5), and the nitrogen balance index (NBI), determined by the relationship
between chlorophyll and flavonols.

The experiment was arranged in a completely randomized design with three replications of one plant per pot. The data for
chlorophyll, flavonols, anthocyanins and NBI were analyzed using ANOVA on Minitab® (v. 17.1.0 for Windows) statistics
package program. Significant differences between the means were compared using Duncan’s multiple comparison test at 95%
confidence level.
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3. Results and Discussion

Chlorophyll contents of the tomato leaves were interactively affected by both EBL applications and the methods they were given
(P=0.001, Figure 1). Best EBL applications in the immersion group protecting the chlorophyll contents were 5 uM and 1 uM-+J2s,
following the distilled water (DW). Irrigated plants had better contents in all the applications except for 5 uM+J2s, 10 uM EBL+J2s
and DW+J2s. Foliar spraying was generally the least supporting in all treatments, except for 5 uM EBL (Figure 1).

Effect of nematode inoculation on chlorophyll content was abated with 1 uM EBL application given via irrigation. Increasing
concentration did not provide a positive response in suppressing the nematode stress comparing to control groups (Figure 1). In
general, irrigating the seedlings with 1 uM EBL+J2s improved chlorophyll contents in the tomato leaves. Overall, irrigation was
the best among the application methods at keeping chlorophyll at higher levels.

60

50 |8 ab* {»
AB ab
S0 cn b
Dc
20
10 I
0

1 uM EBL+)2s 5 UM EBL#J2s 10 uM EBL+)2s 1uMEBL 5 UM EBL 10 pM EBL DW+)2s

o
o

Chlorophyll (pg/cm?)

Treatments

W Immersion MW lrrigation W Spraying

Figure 1- Effects of 24-epibrassinolide (EBL) on chlorophyll contents of tomato cv. Heinz 2274 plants given in three
treatments (immersion, irrigation, and spraying) followed by Meloidogyne incognita inoculation at a dose of 1000
J2s. *Different capital letters denote significant differences in methods at the same concentration of EBL and different
small letters indicate significance in the treatments of EBL at the same methods. P=0.001. Means+S.E.

NBI is an indicator of plant growth, using the relation between chlorophyll and flavanols contents (Figure 2). Although a
significant effect of the applications was detected (P=0.019), a clear distinction was only seen between DW and 5 uM EBL+J2s.
The NBI of the seedlings were in general supported by the EBL treatments in DW (hematode-free soil) more than DW+J2s, and
as the concentration of EBL increased this effect was lessened. NBI was also under the influence of the methods (figure not
shown, P=0.015) and it was in the decreasing order of immersion, irrigation, and foliar spraying. Significant differences were
only observed between immersion and foliar spraying.

60
50

40

ab
ab
30 b
20
10
0

1 uM EBL+J2s S uM EBL+)2s 10 uMm 1puM EBL S uM EBL 10 uM EBL DW+J2s
EBL+J2s

NBI

Treatments

Figure 2- Effects of 24-epibrassinolide (EBL) on NBI (nitrogen balance index) of tomato cv. Heinz 2274 plants given
in three treatments (immersion, irrigation, and foliar spraying) followed by Meloidogyne incognita inoculation at a
dose of 1000 J2s. *Different letters show significant differences at P<0.05. Means+S.E.

Flavonols contents of the seedling significantly changed with the methods the EBL concentrations (p=0.021) and distinct
difference was only observed between the foliar spraying and the immersion methods (Figure 3).
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Figure 3- Effects of 24-epibrassinolide (EBL) on flavonols index (radiance absorbance unit, 0-3) of tomato cv. Heinz
2274 plants given in three treatments (immersion, irrigation, and foliar spraying) followed by Meloidogyne incognita
inoculation at a dose of 1000 J2s. *Different letters show significant differences at P<0.05. Means+S.E.

Leaf anthocyanin contents of the seedlings at the end of the experiment was affected by the EBL applications (P= 0.036,
Figure 4). The highest anthocyanin accumulation was observed in the DW+J2s application, indicating nematodes in the soil
induced it as a response to the stress. However, the difference among the rest of the treatments was not clear enough to
differentiate the effects of EBL. The application of 5 uM EBL provided the lowest content of anthocyanins.

0.8
0.7

0.6

0.5
0.4
0.3
0.2
0.1

0

1um 5uM 10 uMm 1uMEBL 5 puM EBL 10 uM EBL DW+J2s
EBL+)2s EBL+)2s EBL+)2s

Treatments

Figure 4- Effects of 24-epibrassinolide (EBL) on anthocyanins index (radiance absorbance unit, 0-1) of tomato cv.
Heinz 2274 plants given in three treatments (immersion, irrigation, and foliar spraying) followed by Meloidogyne
incognita inoculation at a dose of 1000 J2s. *Different letters show significant differences at P<0.05. Means+S.E.

Root-knot nematodes induce plants to develop galls on their roots, damaging root structure and preventing water and nutrient
uptake. Most of the assimilates produced in the plant is redirected from shoot to root to support nematode’s growth and
reproduction (Maleita et al. 2012). Since the study of Loveys & Bird (1973), which showed that photosynthetic rate and
chlorophyll content in the nematode infected plants decreased, several other reports (Melakeberhan et al. 1985; Gine et al. 2014;
Lopez-Gomez & Verdejo-Lucas (2017) also supported this observation. In the current study, a great deal of reduction in
chlorophyll was also observed in the DW plants with nematode infestation.

When plants were exposed to nematode infestation, applying 1 uM EBL through immersion or irrigation resulted comparably
closer chlorophyll contents to DW plants. As the concentration increased, the positive effect weakened and became negative.
Similar results were obtained in rice plants to which brassinolide was given as foliar spraying (Nahar et al. 2013). Since low
concentration (0.1 pM) was successful in ameliorating the effects of M. graminicola, but higher concentrations (1, 5, 10 uM)
were not, they concluded that exogenous brassinolide created negative feedback on brassinosteroids biosynthesis. It has been
also reported that brassinosteroids act as stimuli on chlorophyll through activation of chlorophyllase and Rubisco (Xia et al.
2009).

653



Gozel & Gokbayrak - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2022, 28(4): 650-655

NBI, the ratio of chlorophyll to flavonols, is an index proven to be a reliable indicator of plant N content (Cartelat et al. 2005;
Padilla et al. 2014). The current study found that brassinosteroids application protected the N reserve of the nematode infested
plants at the lowest concentration of EBL. Schlemmer et al. (2013) stated that chlorophyll is closely related to leaf N status. One
possible reason for the root treatment to cause an increased N content might be the increased root activity and increased
chlorophyll concentration in the leaves. This kind of relationship between NBI and the chlorophyll content can be seen in the
response of DW plants, showing a decrease in the irrigated and sprayed plants. Changes depending on the methods also revealed
the inverse relationship between the flavonols and the N content, being the lowest in the sprayed plants, this relationship was
also indicated in the studies of Stewart et al. (2001) and Fallovo et al. (2011).

Non-enzymatic antioxidants, such as polyphenols including flavonoids, come into play to mitigate the adverse effects of
stress on plant. Although specific effects were not found significant in the current study, it was revealed that flavonols respond
to method of the application. Since polyphenols are accumulated on the epidermal tissue of the leaves covering chlorophyll
molecules from above, foliar spraying with epibrassinolide might have stimulated the synthesis of flavonols (Brunetti et al. 2013)
with an ease of infuse on the surface or protected the integrity of the chloroplast and hence the flavonols in them. It was shown
that chloroplasts have flavonoids, presenting an additional defense line against reactive oxygen species produced under stressful
conditions (Triantaphylidés et al. 2008).

4. Conclusions

Studies on brassinosteroids mostly involve its effects on growth and development, and stress responses, specifically to abiotic
factors. the physiological response of the tomato plant differs with the application method that EBL was given to plants. Results
showed that chlorophyll contents were responsive to the EBL concentrations and the method. An inverse relationship was found
between flavonols and nitrogen balance index depending on the application method. The findings of the study illustrate that
possible effects of 24-epibrassinolide might be concentration-dependent and how it is administered to the plants should be taken
into consideration in both scientific studies and agronomic use.
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ABSTRACT

In this study, it was aimed to determine the pneumatic conveying
characteristics of canola seeds (Brasicca napus Oleifera sp). The physical
properties, pressure drop, air velocity, power consumption characteristics
of Turan variety canola seeds were investigated. Three different canola
moisture (6.36%, 16.54% and 25.94%), three different pipe diameters
(43.1, 54.5 and 70.3 mm), three different material feed flow rates (3.89,
5.47 and 7.49 t/h) and five different air velocities (5 compressor cycles of
850, 1150, 1450, 1750 and 2250 min) were used and the effects of these

at the positive pressure pneumatic conveyor. The pressure drop and power
consumption have increased with the increase of air velocity. The lowest
pressure drop and power consumption values were obtained in conveying
with pipe diameter of 70.3 mm, canola seed moisture of 16.54%,
compressor speed of 1150 rpm and conveying capacity of 3.89 t/h. The
lowest power consumption was achieved with the conveying of the canola
seed at 6.36% moisture, 7.49 t/h material feed flow rate and 1150 rpm
compressor speed. In trials, the pressure drop decreased when the pipe
diameter was increased.

factors on the pneumatic conveying characteristics of the canola seeds
were examined. The pneumatic conveying of canola seeds was carried out

Keywords: Conveying, Canola seed, Pneumatic, Pressure drop, Physical properties

1. Introduction

Canola (Brasicca napus Oleifera sp) forms a group of plants (formerly known as a member of the Cruciferae family) belonging
to the Brasscicaceae family. Canola is a special name for a rapeseed variety that edible oil can be produced from its seeds and
has been genetically modified by classical breeding methods for this purpose. Canola has high oil content and high adhesion
probability. Pneumatic conveying is defined as pulling in the granular material to be transmitted along a transmission pipeline,
hanging it in the air and conveying it. It is preferred for its reasons such as being flexible, no transmission loss, being suitable
for automation, ensuring continuous flow.

Davison et al. (1975) stated that in case of exposure to any external load, information about the mechanical behavior of canola
is required in the design of canola grinding and crushing machines, especially in the selection of grinding drum surfaces. Caligir
et al. (2005) determined some physical properties of canola seed grains such as size, geometric mean diameter, sphericity, 1000
grain weight, bulk density, terminal velocity, projection area and porosity. Razavi et al. (2009) determined the physical properties
of four common Iranian varieties of canola seeds (Hyola, Okapi, Orient and SLM) such as average seed length, average diameter,
geometric mean diameter, sphericity, bulk density, angles of repose, static coefficient of friction, thousand seed mass as a
function of their moisture contents. izli et al. (2009) investigated the physical and mechanical properties of three common
varieties of rapeseed as a function of seed moisture content varying from 8.3 to 25.9%, from 7.7 to 27.4%, and from 7.3 to 26.4%
(d.b.) for cv. Capitol, Jetneuf and Samurai, respectively. Increasing moisture content was found to increase the length, diameter,
geometric mean diameter, sphericity, seed volume, surface area, thousand grain weight, porosity, angle of repose and terminal
velocity, and static friction coefficient on six structural surfaces, while decreasing bulk density, true density and rupture strength.
Kord et al. (2016) reported that canola stems may be an alternative source of raw materials for the particle board industry.
Barekati et al. (2019) studied the effects of sowing dates and humic acid foliar application on canola cultivars seed yield and
yield components.

The aim of this study is to determine the pneumatic conveying characteristics of canola seeds. Depending on the moisture
change of the canola seed, physical properties such as specific mass, porosity, and conveying characteristics such as air velocity,
pressure drop, and power consumption have also been determined.
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2. Material and Methods
2.1. Material

In this study, Turan variety canola seeds (Brasicca napus Oleifera sp) were used. The pneumatic conveying of canola seeds was
carried out at the positive pressure pneumatic conveyor shown in Figure 1.

Figure 1- The general arrangement of the positive pressure pneumatic conveyor: 1: control unit; 2: roots blower; 3: air inlet
filter; 4: roots blower motor; 5: seed hopper; 6: rotary feeder or hopper airlock feeder; 7: rotary feeder motor; 8: seed pipe; 9:
transparent tube; 10: pressure drop measurement (M) tappings; 11: cyclone separator; 12: cyclone separator airlock; 13: cyclone
separator airlock motor; 14: seed discharge; 15: vacuum blower; 16: dust pipes; 17: dust collector or exhaust air filter; 18: light
foreign materials (Giiner 2006).

In the measurement and analysis, 0.01 g precision electronic precision scale, 0.01 mm precision electronic digital caliper, 0.1
ml precision graduated cylinder was used to determine the volume weight and specific mass (actual density) of the material.
Standard oven was used for moisture determination. Liquid toluene (C7H8) was preferred as the displacement material for
volume measurement in specific mass measurements. Distilled water as conditioning and moistening material, lockable nylon
bags are used to group conditioned and moistened canola seeds and keep them at desired moisture levels. During the trials and
measurements, a home-type refrigerator was used to store the trial material at a constant temperature of +4 °C. Digital image
processing and analysis software ImageJ / Fiji 1.47v and Myriad v8.0 softwares were used to determine projection areas. The
wind tunnel device and the speed meter (anemometer) with a sensitivity of 0.1 m/s were used in the measurement of terminal
velocity. The roots blower (LT-65 type, max. 80 kPa, max. 2250 min-1 produced by UKA, Konya, Turkey) was used to deliver
air through the system.

2.2. Methods

In the research, 3 moisture values (6.36%, 16.54% and 25.94%) were used. The natural moisture content of canola seeds was
measured as 6.36%. To increase the moisture of canola seeds to two other moisture values, water was added to the canola seeds
according to the formula below.

_ WilNg=Ny)
~ (100-Np)

Q @)

Where; Q, amount of water to be added (kg); Wi, the initial mass of the material (kg); Ni, the initial moisture content of the
material (% w.b.); Nf, the final moisture content of the material after water addition (% w.b.).

In the moistening of canola seeds, after adding water to the seeds, seeds were mixed regularly at a constant temperature of
+4 °C three times a day. This process was continued for two weeks. At the end of the second week, moisture was measured. In
order to determine the physicomechanical properties of canola seeds, three replicate measurements were made at each moisture
level.
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The following formulas were used to determine the physical properties of canola grains (Mohsenin 1986; Sitkei 1986; Caligir
et al. 2005; izli et al. 2009; Razavi et al. 2009).

_(L+2T)

Arithmetic mean diameter: D, = 3 )
Geometric mean diameter: D, = (LT%)/3 3)
2
Grain volume: Vy = 225 (4)
Projection area: S, = T[(;)Z [xz — plane] (5)
Ly T
S,=m (E) (E)Z [xy ve yz — planes]
Sphericity: @ = (LT?)Y/3L (6)
Flatness: ¢ =1 —E @)

Where; L, length (mm); T, thickness (mm); S,, projection area (mm?); Dy, geometric mean diameter (mm); D,, arithmetic
mean diameter (mm); @, equivalent sphere diameter sphericity (%); ¢, flatness; V;, grain volume (mm?3). Since the thickness (T)
of the canola in the measurements shows very close values with its width (W), the thickness dimension was accepted as
equivalent to the width dimension (T = W).

The true density (p;) is determined by the ratio of grain mass to the volume of the grain without voids (Mohsenin 1986;
Sitkei 1986). Toluene (C;Hg) (was used instead of water in determining the volume of the grain. Bulk density (p;) was obtained
by dividing the natural (void) volume of the material by the weight of the material. The following equation was used in the
calculation of the equivalent sphere diameter (D,) (Gorial & O’Callaghan 1990).

D, = [®]” ®)

Where; M, mass of canola seed (kg); p;, true density of canola seed (kg m), Porosity was found using the following
equation.

€=100(1— Z—b 9)
t

Where; p,,, bulk density of canola seed (kg m™); p,, true density of canola seed (kg m)

The wind tunnel created by using the pneumatic conveyor was used to measure terminal velocities of canola grains and a
digital anemometer with a speed measurement accuracy of 0.1 m s was used. The drag coefficient of the canola seed's
aerodynamic properties was calculated using the equations given below.

2Fg _ 2Gq

Cd = SaV% Pa - SaV% Pa (10)
Gg = Mg.g (11)
Fd = Gd (12)

Where; S, projection area of the grain (mm?); Vt, terminal velocity (m s); pa, density of air (1.28 kg m™®); Gd, seed weight
(N); Fd, seed drag force (N); Md, seed mass (kg); g, gravity acceleration (9.81 m s2).

Pressure transmitters (model: HUBA 0-1600 mb) were used to determine the pressure drops in the pipe. The measured values
observed on DIN-Vscreen of ESM-400 48x90 device. Trials were carried out at 3 different humidity (6.36%, 16.54 and 25.94),
5 compressor cycles (850, 1150, 1450, 1750 and 2250 mint), 3 different pipe diameters (43.1, 54.5 and 70.3 mm) and 3 different
material flows (3.89, 5.47 and 7.49 t h'Y). The moisture values of canola seed have been chosen considering the storage humidity
of the canola seed. Different compressor speeds have been selected by considering the conveying velocity of the canola seed.
Pipe diameters were chosen according to Giiner (20006).
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The trials were made with 3 replications. The difference of the pressure values before the feeder (M1) and before the cyclone
(M5) at the blower outlet in the pneumatic conveyor is taken as the total pressure drop value. The air velocity in the pneumatic
system was calculated from the following equation using the air flow values given in the catalogue of Longtech brand LT-65
type roots blower compressor (Giiner 2006).

4Qn (14)

a ™ gomD2

Where; Va, air velocity (m s1); Qh, air flow rate (m® min?); D, pipe diameter (m)

Seamless pipes made of St 37 steel material with 43.1 mm, 54.5 mm and 70.3 mm inner diameters were used as the conveying
line in the trials. Power consumption has been found with the help of the following equation.

N=+/3U.1. Cos¢ (15)
Where; N, power (W); U, voltage (V); I, current (A); Cos ¢, power factor

In this study, two of the image processing software tools were used to determine the surface projection areas of canola seeds.
The first of the computer aided image processing software tools is Myriad v8.0 digital image processing package. Along with
this package, the complementary equipment specified below was also used to capture images of 30 grains randomly selected
from material samples in each moisture content. Supplementary equipment used are Nikon D40X Model 10.1 megapixel SLR
digital camera, appropriate size scale calibration plate, and Myriad v8.0 digital image processing software. Another computer-
aided image processing software tool used in the study was ImageJ / Fiji 1.47v. Once again, numerical images of 30 canola seed
grains randomly selected from each moisture content sample batch were taken using the appropriate sized scale calibration plate
and digital camera. Subsequently, digital images of all seed grain taken with a digital camera; Transferred and processed for
processing to a computer installed with ImageJ / Fiji 1.47v software. Minitab Statistical Software was used to evaluate the results
statistically (MINITAB 2018).

3. Results and discussion
3.1. Physical properties of canola seeds

Results related to the physical properties of canola seeds in three different moisture content are given in Table 1.

Table 1- Physical properties of canola seeds

Moisture contents (wet basis, %)
6.36 16.54 25.94

Physical properties

Dimensional properties (mm)

Length 2.14+0.011A** 2.195+0.009A 2.271+0.011B
Thickness = Width 1.83+0.0097B** 1.952+0.0079A 2.007+0.0005A
Arithmetic mean diameter 1.93+0.0086C** 2.033+0.0073B 2.095+0.0080A
Geometric mean diameter 1.928+0,0087C** 2.03+0.0074B 2.09+0.0080A
Equivalent sphere diameter 1.05 1.949 2.034

Mass properties

Thousand grain mass (g)

3.81£0.012C**

4.195+0.038B

4.697+0.072A

Bulk density (kg/m?) 643+0.0176A** 621.2+2.06B 597.8+0.521C
True density (kg/m?) 1041.66+0.887C** 1064+0.263B 1075.2+0.658 A
Seed (grain) volume (mm3/seed) 3.75+0.0504C** 4.379+0.0452B 4.79+0.0531A
Sedd(grain) mass (@) 0.00381 0.004168 0.004688
Shapes properties

Sphericity(%) 0.91+0.0034C** 0.924+0.0025A 0.921+0.0029B
Flatness (%) 0.145+0.0048 A** 0.111+0.0036C 0.116+0.0042B
Porosity(%) 38.27 42.22 44.40
Projection area (mm?)—[x—plane]-from equation 3.597+0.0375A** 3.784+0.0317A 4.05+0.0375B
Projection area (mm?)-[y; z-planes] —from equations 3.076+0.0269C** 3.365+0.0236B 3.579+0.0269A
Projection area (mm?)-ImageJ 1.47v from package program 3.187 3.480 3.614

Projection area (mm?)-Myriad v8.0 from package program

2.430+0.0005 C**

3.100+0.0006 B

3.380+0.0007A

Aerodynamic properties

Terminal velocity (m/s) (Ozlii and Giiner 2016)

Drag coefficient

5.8336+0.0674C**
0.5418

6.8773+0.0472B  7.3064+0.0619 A

0.4701

0.4030

**: The differences between the values given in the same lines with the same letters are statistically insignificant (P<0.001)
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From the findings in Table 1, it is seen that the length, width, arithmetic and geometric mean diameters increase with moisture
content. Duc et al. (2008 determined that the geometric mean diameter in canola increases with moisture content. Unal & Sincik
(2009) found in their study with 3 different canola varieties (Capitol, Jetneuf and Samurai) that as the moisture increases, the
length, thickness, geometric mean diameter and thickness values increase. They reported that longitudinal dimension, thickness
(or diameter) and geometric mean diameter for 7.3%, 7.7%, and 8.3% d.b are 2.25 mm, 1.82 mm, 1.96 mm; 2.26 mm, 1.85 mm,
1.98 mm and 2.46 mm, 1.96 mm, 2.11 mm, respectively.

Isik & izli (2016) reported that the thickness, diameter, arithmetic and geometric diameter increased in the yellow split lentil
as the moisture increased at 5 different moisture values. Baran et al. (2016) found that length, width and mean geometric diameter
values in canola with 8.34% moisture content as 2.35 mm, 1.93 mm and 2.07 mm, respectively. In the experiments, while the
seed moisture content increased from 6.36% to 25.94%, it was observed that the weight of 1000 grains varied between 3.81 g,
4.195 g and 4.697 g, respectively, and it was determined that the weight of one thousand grain increased with moisture. As the
moisture content increased, the weight of 1000 grains increased due to the canola grains absorb water and their weight increased.
The following relationship was found between 1000 grain weight and moisture.

M;i000q = 0.0033 + 0.0004M,
Where; M; 4904, thousand grain mass (g); M., moisture content (%, w.b.)

Similar results for thousand grain weights were recorded for canola, moringa oleifera, green wheat, soybeans, and chickpeas
by other researchers (Aviara et al. 2013; Al-Manash & Rababah 2007; Duc et al. 2008; Unal & Sincik 2009). The seed volumes
of canola seeds increased with increasing moisture and similar results were found by Unal and Sincik (2009). As the moisture
content increased, the bulk volume of canola seeds decreased and their true density increased. However, if the moisture content
increased to 25.94%, the increase in the true density was observed to be relatively slow.

While the moisture content of canola seed (w.b.) increased from 6.36% to 16.54%, the sphericity increased from 91.00% to
92.40%, but it was found 92.10% when the moisture content increased to 25.94%. Similar results were reported for barley by
Sologubik et al. (2013) and for Okra by Sahoo & Srivastava (2002). Duc et al. (2008) reported that the sphericity decreased from
0.946 to 0.927 with the increase in moisture content. Unal and Sincik (2009) gave the sphericity values of canola 86.1%, 87.4%
and 86.8% for 8.3%, 7.7% and 7.3% (db) of moisture content, respectively. Isik & Izli (2016) found that the sphericity increased
with the increase of moisture in the yellow split lentil. Baran et al. (2016) determined the sphericity of canola as 88% for 8.34%
moisture content. The sphericity of canola seeds on the contrary of flatness, firstly decreased and then increased as the moisture
content increased. If the moisture content increased from 6.36% to 16.54%, the porosity increased from 38.27% to 41.62%. On
the other hand, with the increase of moisture content from 16.54% to 25.94%, porosity increased to 44.40% with an increase of
2.78%. The relationship between moisture content and porosity has been determined as follows. According to this relationship,
there is a polynomial relationship between moisture and porosity.

€ = 34.64 + 0.6437M, — 0.0111M? R? =99.7
Where; ¢, porosity (%); M., moisture content (%, w.b.)

Damian (2014) found that there is a polynomial relationship between the porosity and moisture contents of mustard seeds.
Unal and Sincik (2009) found porosity values of 36.6%, 41.5% and 38.4% of canola seeds in 8.3%, 7.7% and 7.3% moisture
contents, respectively. As the moisture content increased, projection areas increased in the XZ, XY and XZ-planes.

While the moisture content values were 6.36%, 16.54% and 25.94%, the terminal velocities of canola seeds were 5.8336 m
571, 6.8773 ms ! and 7.3064 m s~ %, respectively, and terminal velocities increased with the moisture content (Ozlii & Giiner
2016). Duc et al. (2008) found that terminal velocities increased from 3.47 ms™ to 3.91 ms™* with moisture (10.03%, 14.91, 20.07,
25.06 and 30.12) in canola seeds. Kroulik et al. (2016) found the terminal velocity value for canola in 7.65 ms™ at a moisture
content of 8.3% (w.b.) in a study.

Bilanski et al. (1962) gave the terminal velocity of the canola as 7.62 ms™. It has been determined that terminal velocity
increases as the moisture content increases in apricot kernels, chickpeas and hemp seed (Gezer et al. 2002; Konak et al. 2002;
Sacilik et al. 2003). The drag coefficient (Cq) was 0.5418, 0.4701 and 0.4030 at 6.36%, 16.54% and 25.94% moisture contents,
respectively. The drag coefficient decreased as the moisture content increased. The relationship between drag coefficient and
moisture content was found as follows.

C4 = 0.58703 — 0.00709M, R? = 0.99

Where; C,, drag coefficient, M., moisture content (%, d.b)
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3.2. Conveying characteristics of canola seeds

The pneumatic conveying characteristics of the canola seed, which are obtained in three different moisture contents, 3 different
pipe diameters, 3 different feed flow rates and 5 different air velocities, can be examined as follows.

3.2.1. The effect of pipe diameter on pressure drop

Pressure drop measurements at 16.54% and 25.9% moisture content could not be done with 43.1 mm and 54.5 mm diameter
pipes due to clumping, jamming and blockages. The pressure drops of the canola with 6.36% moisture content measured in
different pipe diameters at a conveying capacity of 3.89 t h* are shown in Figure 2. It is seen that the pressure drop decreases
as the pipe diameter increases and air velocity decreases. Kiligkan & Giiner (2006) found that pressure drop decreased with
increasing pipe diameter for cotton seed of Giilerbey and Nazilli 84 S varieties at a given conveying capacity and air velocity.
Kiligkan & Giiner (2010) reported that pressure drop for pneumatic conveying of chickpea of the variety Kogbasi decreases as
the pipe diameter increases at a constant conveying capacity and revolution of the blower.

2500
2000

1500

1000
500

Feed Flow Rate (d/fd] D D D O O D D D D O D D D D O
cdfowfae @l L L L L ST LSS

AP-Pressure Drop (Pa/m)

Pipe Diameter (mm) 43,1 54.5 70.3

Moisture Content (%) 6.36

Figure 2- Effect of air velocity and pipe diameter on pressure drop at a moisture content of 6.36% and at a conveying
capacity of 3.89 th*!

3.2.2. Effect of conveying capacity on pressure drop

While examining the effect of conveying capacity on pressure drop; air velocity, pipe diameter and moisture content values were
kept constant and pressure drops were determined due to capacity change (Figures 3-5). When the graphs are examined, it is
seen that the pressure drop increases as the conveying capacity increases. Some other researcher found that the pressure drop
increased as the conveying capacity increased for barley, sunflower, lentil, wheat, chickpea, and cotton seed (Giiner 2006,
Kiligkan & Giiner 2006; Kiligkan & Giiner 2010). When Figure 3 is examined the feed flow rate is 5.47% t/h, as the air velocity
increases, the pressure drop also increases, but the tendency to increase is less than the other 2 values. This may be due to the
fact that the pneumatic transmission depends on many factors such as the delivery air temperature, humidity, condition of the
material, feeding of the material and the like.

i & 8

AP-Pressure Drop (Pa/m)

§

50 60
Air Velocity (m/s)

Figure 3- Pressure drop values for a pipe diameter of 43.1 mm, a moisture content of 6.36%, 5 different air velocities, and 3
different feed flow rates
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Figure 4- Pressure drop values for a pipe diameter of 70.3 mm, a moisture content of 16.54%, 5 different air velocities, and 3
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Figure 5- Pressure drop values for a pipe diameter of 70.3 mm, a moisture content of 25.94%, 5 different air velocities, and 3
different feed flow rates

3.2.3. Moisture content and pressure drop relationships

No pressure losses could be determined at 16.54% and 25.94% humidity values and 43.1 mm and 54.5 mm pipe diameters due
to clumping and clogging. Therefore, trials could not be done. Pressure drops for a pipe diameter of 70.3 mm and 3 different
moisture contents is given in Figure 6. Pressure drops for a pipe diameter of 70.3 mm increased as moisture content of canola
seed increased.
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Figure 6- Pressure drops for a pipe diameter of 70.3 mm, 3 different moisture contents, 3 different feed flow rates, and 5
different air velocities
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3.2.4. Air velocities and power consumption relationships in material conveying

Power consumption (N) of canola seeds for a diameter pipes of 70.3 mm, 3 different moisture contents, and 5 different air
velocities are given in Figure 7. Power consumptions increase as air velocities increase. Giiner and Kiligkan found that the power
consumption increased as the air velocities increased for barley, sunflower, lentil, wheat, chickpea, and cotton seed (Giiner 2006,
Kiligkan &Giiner 2006; Kilickan & Giiner 2010).
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3.2.5. Pipe diameter, air velocity, and power consumption relationships

The relations between air velocity, feed flow rate (conveying capacity), pipe diameter and power consumption are given in Figure
8 when the moisture content is 6.36%. While the moisture content was 6.36%, the power consumption decreased as the pipe
diameter increased. The reduction in power consumption was less in pipes with a diameter of 54.5 mm and pipes with a diameter
of 70.3 mm. Kiligkan and Giiner (2010) found that the power decreased as the pipe diameter increased in the pneumatic
conveying of chickpeas. They reported that large diameter pipes should be selected for low power consumption. The results of
Kiligkan and Giiner (2010) overlap with our results. As the pipe diameter increases, the friction loss (pressure drop) decreases
and this decreases the power consumption. It is an expected result.
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Figure 8- Power consumptions depending on pipe diameter, conveying capacity and air velocity under material moisture
content of 6.36% [a: Qm=3.89 t/h, b: Qm=5.47 t/h, c: Qm=7.49 t/h]

3.2.6. Feed flow rates (conveying capacity) and power consumption relationships

While the pipe diameters are constant, power consumption for 5 different air velocities, a moisture content of 6.36%, and feed
flow rates of 3.89 th'l, 5.47 th! and 7.49 this given in Figure 9. According to the data in the graph, the power consumption
increases as feed flow rate increases. This is normal because the higher the feed flow rate, the more resistance the material applies
to the airflow.
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Figure 9- Power consumption for a moisture content of 6.36%, 3 different diameter pipes, 3 different feed flow rates, and 5
different air velocities [a: D=43.1 mm, b: D=54.5 mm, c: D=70.3 mm]

4. Conclusions

The following results can be listed on the pneumatic conveying characteristics of the Turan variety canola seeds depending on
the moisture content.
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1. Physico mechanical properties such as length, thickness, width, arithmetic and geometric mean diameter, projection area,
volume, sphericity, flatness, equivalent sphere diameters, terminal velocity, porosity increase as the moisture content increases.
The effect of moisture content on physical properties was found significant (P<0.001).

2. The results of the projection areas found by different methods (ImageJ / Fiji 1.47v and Myriad v8.0 software) were found
close to each other and this result led to the conclusion that these methods can be used in small size and soft textured materials.

3. Adhesion, clustering and jamming occurred in the conveying of the canola seed with moisture content values of 16.54%
and 25.94% for pipes of 40.3 mm and 54.5 mm diameter, and therefore measurements could not be made. The reason why the
canola seed cannot be transported under these conditions is the large pipe diameter and high moisture content of the canola seed.
The high moisture content of the canola seed and the small diameter of the pipe led to sticking, clumping and high friction loss,
which led to blockages. For this reason, material conveying trials at 16.54% and 25.94% moisture contents have been carried
out with a pipe diameter of 70.3 mm and the tests have been evaluated over these outputs.

4. The increase in air velocity and feed flow rate increased pressure drop and power consumption. As the pipe diameter
increased, pressure drop and power consumption decreased.

5. In order for the pressure drop to be the least, the air velocity should be chosen as small as possible and the pipe diameter
should be chosen as large. In addition, care should be taken to keep the directional changes in the pneumatic system to a
minimum.

6. Pneumatic conveying of materials such as canola seeds, which is high in oil content and high adhesion probability than
natural storage moisture contents (such as 16.54% and 25.96%) is not efficient. It is recommended to use pipes of 70 mm and
larger diameter in the transmission of the canola due to the low pressure drop and power consumption, and the absence of
clogging and sticking.
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ABSTRACT

Turkey is targeting to generate 30% of its total electricity production from
renewable energy sources by 2023. The replacement of electrical energy
in the Mediterranean Region of Turkey according to exploitable biomass
data was determined in this study. Data from the Ministry of Energy and
Natural Resources, the Ministry of Agriculture and Forestry, Turkish
Statistical Institute, measurements and literature were used in the study.
The technical potential of plant residues and animal-originated biomass

residues can meet 6.9% of the energy demand of the region, i.e. about 8.3
PJ/year. Employment can be established from the technologies to be used
here. By generating electrical energy from biomass, 2 644 302 tons of
COqlyear can be reduced by generating electrical energy from biomass.
The amount of biofertilizer that can be obtained after biogas production
is 1 184 049 ton/year of biofertilizer can be obtained after biogas
production. The calorific values measured to determine the energy values
of agricultural residues were found to be between 13.0-20.7 MJ/kg.

in the region was analyzed. It is estimated that the existing plant and
animal residues in Turkey correspond to 39% and 9%, respectively. These

Keywords: Renewable energy, Agricultural residues, Biomass potential, Energy substitution

1. Introduction

Although renewable energy sources (RES) have expanded rapidly in the last decade, it is pointed out that the share of fossil fuels
in global energy demand is around 80% (GWEC 2018; IRENA 2018; Johnsson et al. 2018; REN21 2020; Afkari Sayyah et al.
2020). According to The Ministry of Energy and Natural Resources (MENR) in 2018, 85.5% of primary energy sources in
Turkey were of fossil origin and 75.7% of them were imported. It is very important that to reduce foreign dependency by using
domestic and renewable energy sources. Energy production technologies based on RES are environmentally friendly
technologies that reduce foreign dependency.

The white document on RES prepared by the EU Commission in 1997 deems that achieving an increase of 8% between 2010-
2020 and providing 20% of the electrical energy by RES as of 2020 is feasible (Brussels 2004). The main objective of the 2010-
2014 strategic plan of the MENR is to achieve a level of 30% for RES energy generation in the total electricity supply as of 2023
in Turkey (MENR 2010).

Biomass is one of the promising alternatives in renewable energy sources to meet the future energy demand and reduce
greenhouse gas emissions (Mao et al. 2015; Mao et al. 2018). Biomass includes all of the organic plant materials that are
agricultural or forestry products and that can be used as fuel, in whole or in part, to recover energy (Atay & EKkinci 2020).
Although Turkey has 78 million hectares of area, approximately 39.01 million hectares are used for agricultural applications. In
addition, 5.8% of the national income is generated by agriculture (TURKSTAT 2019a). Approximately 50.01% of the total
arable land in Turkey is used for agriculture, 10.7% is fallow land, fruit trees and vegetable fields cover 10.6% of the land while
pastures and meadows comprise 37.9% of the total land (TURKSTAT 2019b). Turkey consists of seven geographical regions,
each of which have different climate conditions as well as different agricultural activities, according to the geographical
conditions and geographic area. The Mediterranean region enjoys a characteristically Mediterranean climate, with hot dry
summers and moderately warm and rainy winters. Agriculture, tourism, animal husbandry, mining, industry, and forestry are the
main economic activities in the Mediterranean Region. The economy of the region is looking for new energy sources to fill the
energy deficit for the developing industry and expand. Biomass is the most important renewable energy source that can be used
in the region. Direct burning of agricultural residues with the traditional method has negative effects on soil and air quality. In
addition, it can be said that the biggest problems in agricultural residues are their high moisture content and low bulk density.
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Biofuel, bioelectricity, and bioproducts can be generated from agricultural residues obtained from agricultural and livestock
activities by using biomass energy technologies (NREL 2017). Biomass conversion technologies (combustion, co-firing,
gasification, pyrolysis, CHP, Etherification/pressing, fermentation/hydrolysis, anaerobic digestion, etc.) were explained by
Gokcol et al. (2009). Turkey meets about 37% of its total energy from primary domestic sources out of which 57% are biomass-
based fuels (Demirbas et al. 2001; Siirmen 2003; Balat 2004). The amount of agricultural residues is reported as 467-623 PJ/year
and this value is equivalent to 22-27% of Turkey's energy consumption (Kar & Tekeli 2008).

A potential waste map was prepared for all provinces in Turkey (Avcioglu & Tiirker 2012; Aybek et al. 2015). The number
of cattle, small ruminants, and poultry, as well as the amount of biogas production based on various criteria were calculated.
According to the 2009 agricultural information, Turkey's annual biogas energy potential was determined as 2.18 billion m2, It is
estimated that the biogas energy balance based on the total biogas potential obtained from 68% cattle, 5% small ruminants and
27% poultry was approximately 49 PJ (Bilgen et al. 2015; Yelmen & Cakir 2016), recent studies have outlined a perspective for
the biomass potential and technologies in Turkey. The studies by Saka & Y1lmaz (2017) on the biomass potential and the situation
in Turkey showed that the current annual plant residue was 142.4x108 ton. According to BP (2018), Turkey's total annual energy
consumption for 2017 was 6 623 PJ. It was estimated that 995 PJ of this consumption took place in the Mediterranean Region.
It is estimated that Turkey's potential amount of waste biomass was approximately 8.6 Mtoe and that the amount of producible
biogas was 1.5-2 Mtoe (WEB1 2019). The total dry agricultural residues potential of Turkey in 2019 was approximately 256x10°
ton which is equal to 8.29 Mtoe of raw fuel in value (BEPA 2020).

In terms of the importance and the future of renewable energy in Turkey, the target of MENR for 2023 is to generate 34 000
MW of hydroelectric energy, 20 000 MW of wind energy, 5 000 MW of solar energy, 1 000 MW of geothermal energy and 1
000 MW of biomass energy. In short, it is predicted that approximately one third (1/3) of the total electricity consumed in 2023
will be generated from RES (MENR 2010).

This study aims to technically find out the agricultural biomass potential in the research area of the Eastern Mediterranean
Agricultural Research Institute, Adana, Turkey. Subsequently, the obtained results were used to calculate electrical energy
production from these wastes in the Mediterranean. Plant and animal biomass potentials, types and quantities for the provinces
in the region and their use for energy purposes were evaluated using the data for the region. In addition to the technologies to be
deployed in the region, the potential contribution of biomass to the regional energy consumption was determined. These
technologies are expected to contribute the creation of new employment areas, reducing CO2 emissions, and use of biofertilizers
instead of chemical fertilizers in agricultural areas.

2. Material and Methods

The study area is in the south of Turkey, situated between the Taurus Mountains and the Mediterranean Sea (Figure 1). The
coordinates of the location are between 36° 32’ 33" - 34° 34' 11" North latitudes and 29° 57’ 38"-36° 54’ 59" East longitudes,
and the region covers eight provinces. The area covers around 89 493 km?2 which is approximately 14% of the total area of
Turkey. About 10% of the area consists of agricultural land while the region is populated by 13% of the population. The average
temperature for January in the region was 6.4 °C, while the average temperature for July which was the hottest month is 26.8
°C, the annual mean temperature is 16.3 °C and the annual mean relative humidity is 63.2%. While the mean annual total
precipitation was 725.9 mm, the share of the summer precipitation was 5.7%. Therefore, summer drought dominants in the region
(Sensoy et al. 2008).
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Figure 1- The Mediterranean Region

The region has an important agricultural economy and a share of more than 50% on a national basis in terms of arable land,
vineyards-orchards, vegetable fields, and production. Greenhouse production is practiced the most in the Mediterranean Region
in Turkey. The region also ranks first place in soybean, peanut, and corn production. In Turkey, 41% of cotton, 90% of peanut,
91% of soybean, 80% of sesame seeds, 100% of rose, 65% of anise seed, 29% of watermelon, 26% of vegetables, 22% of
tomatoes, 90% of citrus fruits, 100% of banana, 18% of grapes and 16% of olives production are grown in the Mediterranean
Region (TURKSTAT 2019b). A total of 34 different potential crops (trees, vegetables, and field crops) are grown in the region,
but others are not grown in sufficient quantities for potential biomass energy.

The Mediterranean Region has significant potential in terms of animal husbandry. 7.9% of the country's cattle, 13.0% of
sheep and goats and 9.3% of the poultry population are raised in the region (TURKSTAT 2019b).

According to TURKSTAT data for 2019, the population density of the region (person) and the amount of electrical energy
consumed based on provinces (MWh/year) and agricultural areas (ha) are shown in Table 1 (TURKSTAT 2019b).
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Table 1- Available biomass potential and status in the region according to 2019 data

Parameters Adana Antalya Burdur Hatay Isparta K. Marag Mersin Osmaniye
Population (person) 2237940 2511700 270796 1628894 444914 1154102 1840425 538759
Electricity
consumption
(MWh/yr) 6754795 8608939 793877 4390056 1007211 3902864 4605510 3709730
Agricultural area
(ha) 476 654 361707 149669 221800 187914 351362 333173 121753
Number of animals
Cattle 253 632 190250 213418 143099 147331 212240 127 521 78 427
Small ruminant 833027 1273635 410055 414512 537493 925327 1695174 229174
Poultry 6 556 620 534248 213374 693030 289362 1738801 21217866 720813
Manure amount Waste quantity (ton/yr)
Cattle 114 562 85934 96 398 64 636 66 548 95 866 57 600 35424
Small ruminant 18 813 28764 9261 9361 12139 20898 38284 5176
Poultry 87 051 7093 2833 9201 3842 23 086 281707 9570
The energy equivalent of animal waste (MWh/yr)
Cattle 118 787 89 103 99 953 67 020 69 002 99 402 59 724 36731
Small ruminant 3200 4893 1575 1593 2 065 3555 6513 880
Poultry 157 958 12871 5140 16 696 6971 41 890 511 169 17 365
Annual vegetal production (ton/yr)
Orchard (tree 27782 5425 34117 27020
number) 884 25997 154 826 471 18577 757 858 65438725 5415963
Field crops 1620 639 442097 207996 512006 169243 787130 401125 542261
Vegetable 427523 6121463 331157 122397 133537 134605 2226641 27632
Biomass yield (kg/da) (kg/tree)
Orchard (kg/tree) 3.76 3.47 2.14 3.32 2.79 2.18 2.59 3.21
Field crops (kg/da) 423.64 98.89 51.47 455.88 33.29 166.41 185.31 342.77
Vegetable (kg/da) 1124.95 2067.20  2017.38 579.26 1331.64 529.48 2218.83 600.74
Residues amount (ton/yr)
Orchard 104 366 90 248 11633 113364 51839 58 781 169 365 17 396
Field crops 1211740 147 948 38024 494768 28712 337498 213901 341562
Vegetable 193145 26943421 149109 55 087 67 820 54619 1328945 12 245
The energy equivalent of vegetal residual (MWh/yr)
Orchard 217 590 101799 17804 131721 67 165 91109 223898 12 906
Field crops 3620 434 110 1463 83 999 637 1023
Vegetable 364 48.429 268 103 122 100 2479 23

The outputs of the study were obtained in three consecutive steps in eight provinces in the Mediterranean Region.

In the first step, statistical data published by TURKSTAT (2019a, 2019b), the Ministry for Agriculture and Forestry, and
MENR as well as data regarding biomass resources in Turkey, plant, and animal production values in the "Biomass Energy
Potential Atlas" (BEPA 2020) and data from the regional project executed by the Eastern Mediterranean Agricultural Research
Institute and other literature (Bascetingelik et al. 2006; Tolay et al. 2008; Bilgili et al. 2008; Kayisoglu & Diken 2019, etc.) were
utilized and are presented in Table 1. These are I) Population (person) living in the region, electricity consumption (MWh/year),
agricultural lands (ha), 11) In the assessment, animal species (cattle, small ruminant, and poultry) numbers (number) and plant
products (9 field crops, 3 vegetable crops and 22 different types of trees). The residue amounts (ton/year) according to the plant
product quantities and animal numbers were determined, no significant residue potential was obtained from other than these.

In the second step, 1) Plant and animal waste potentials of the region were calculated as technical potential (ton/year). I1) The
lower calorific value (MJ/kg) of the plant residues in the region were analyzed in the laboratory (Table 2), and the biogas calorific
value (MJ/m?) of animal biomass was calculated according to the equation given in a literature (Samah 2016; Ozcan et al. 2015).

In the third step, 1) The substitution equivalence (MWh/year) of the electrical energy consumed in the region was calculated
by converting the "technical potential" of the total biomass of the region into electrical energy. 11) The amount of biofertilizer
that can be produced from the residue of the production facility of the calculated biogas potential (ton/year) was also determined
in the study. I11) The CO; emissions (ton of CO2/year) for the production of both "substitution electrical energy" that can be
obtained from biomass in the region as well as "substitution biofertilizer" to replace chemical fertilizer that can be obtained after
biogas production were calculated.
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Table 2- Average calorific values (Avg. CV) (MJ/kg) and standard deviations (Std. dev) of agricultural residues.

Avg. CV Std. dev.

Crops Agricultural residue (MI/kg) (MJ/kg)
Apricots 19.3 0.64
Olives 18.1 0.48
Orchard Figs, Almonds 18.4 0.51
Sourcherries, Plums, Pistachios, Walnuts 19.0 0.54
Grapefruit, Lemons, Oranges, Mandarins, Apples, Pears, Quinces,
Armeniaca Vulgaris, Cherries, Peaches, Nectarines, Loquats, 17.6 0.86
Pomegranates, Persimmons.
Wheat 17.9 0.88
Maize 18.4 0.34
. Barley, Rye 17.5 0.72
Field crops Oats Y Ry 17.4 0.67
Soybeans 194 0.66
Peanuts 20.7 0.64
Paddy 13.0 0.07
Cotton 18.2 0.33
Vegetable Peppers 175 0.67
Aubergines 17.4 1.09
Tomatoes 154 0.93

The technical potential quantities (kg/da, kg/tree) of annual usable residues from crop production were calculated based on
4 replicate measurements and observations on a dry basis during each crop's harvest or pruning period during the study conducted
in the region. Field crops and vegetable residue, annual yield, and residue rates per hectare were determined. The annual amount
of residue for vineyard and orchard production was calculated as the total residue left after the pruning of each tree (Bilgili et al.
2008). The thermal production method was preferred as a suitable method for direct burning energy generation for plant residues
(Tezgakar & Can 2010; Ozcan et al. 2012; Yilmaz & Saka 2017).

The total annual manure production in each province was calculated based on types and number of animals and the total
manure production per one animal was calculated with the equations found in the literature (Gonzalez-Salazar et al. 2014),
Equation (1-3), and in Table 1. Yilmaz & Saka (2017) proposed an anaerobic system to increase the use of energy obtained from
animal manure. Biogas (methane (55-75% CHa), carbon dioxide (25-45% CO,), 1-10% hydrogen (H2), 0-0.3% nitrogen (N>) and
0-3% hydrogen sulfide (H2S)) is formed as result of anaerobic digestion (Weiland 2010).

The calorific values were generally determined according to the methane content in biogas (Oztiirk et al. 2015). The calorific
value of 65% methane gas (6.1 kWh/mq) in the biogas was converted (Samah 2016) and subsequently calculated as MWh in this
study.

Daily livestock activities affect the amount of manure and the cumulative biogas potential. Animal species, diet, body weight,
total solids ratio, volatile matter ratio in solids, waste availability, and biogas efficiency have a high impact on the waste potential
of animals. While the availability of poultry manure is very high, bovine manure can be collected in less amount and the
availability of manure is much lower for small ruminant animals due to the limited time in the shelter.

The next procedure was followed to calculate the amount of biogas production: the amount of annual manure of three animal
species in 8 provinces was calculated with Equation (1, 2 and 3), and the amount of total annual manure was estimated with Eq.
(4) (Gonzalez-Salazar et al. 2014). The number of each species was determined according to the data of BEPA (2020).

>8 AB.=YNA..(M.(0.365)).SC.WA 1)
>8 AB;=YNAs.(M.(0.365)).SC.WA )
Y% AB,=YNAp.(M.(0.365)).SC.WA (3)
i TAB=YABc+Y ABs+Y ABp (4)

Where TAB is total animal biomass (ton/year), j is animal species (3 species),

Where: i, Number of provinces; ¢, s and p: cattle, small ruminants and poultry, AB: the amount of animal manure (ton/year),
NA: Number of animals (number), M: the amount of daily produced animal manure (kg/day), k: coefficient (0.365 year/ton),
SC: solid content (%), WA: Waste availability (%).

The amount of manure was determined based on the daily feeding and manure accumulation habits of the animal species. In
other words, the amount of manure produced (M) by cattle, small ruminants, and poultry was estimated as 15, 3, and 0.074
kg/day, respectively (Hart 1960). Table 3 shows that the characterization of waste varies.
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Table 3- Physical properties of animal manure (Hart 1960)

Wet waste amount

Body
weight % of weight Solid content Waste data
Animal species (kg) (kg/day) (%) (kg/day)
Poultry 1.5-2.3 3-5 0.08-1.6 10-90 0.074
Small ruminants 30-75 4-5 2-3 23-30 3
Cattle 135-800 5-6 10-30 5-25 15

Waste availability (WA) was selected as 55% for cattle, 13% for small ruminants, and 99% for poultry, taking into account
the time the animals remain in shelters (Avcioglu & Tiirker 2012). Availability is a measure of a collectible manure fraction that
varies with livestock conditions (Ekinci et al. 2010, Yilmaz & Saka 2017).

The total biomass obtained from animal manure was determined by multiplying the total number of animals, the total amount
of dry manure, the availability value, and solids content of the manure (Equations 1-3). The solids content (SC) factors were
taken as 25%, 23%, and 11.5% for poultry, small ruminants, and cattle, respectively (Ekinci et al. 2010). Annual total biomass
amount according to animal species in eight provinces is given in the Egs. (1-3):

The total annual biomass amount of 3 animal species in eight provinces was calculated with Equation 4. The total energy
from animal manure (MWh/year) was determined by multiplying the total amount of animal manure (ton/year), the thermal value
of biogas (MJ/m?®) and the coefficient of gas engine efficiency (%) (Ozcan et al. 2012). The amount of biogas production was
accepted as approximately 200 m? per ton of dry manure, the calorific value of biogas was taken into account as 22.7 MJ/m?® (6.1
kWh/m?) (Ozcan et al. 2015; Samah 2016; Gérmiis 2018; Yilmaz & Saka, 2017). The gas engine efficiency used in converting
biogas to electrical energy was taken as 44% (Horlock 1997; Ozcan et al. 2012). The total amount of electrical energy that can
be obtained depending on the animal species for each province is given in Egs. (5- 7):

Y8 AEc= Y ABc.v.e (5)
Y8 AEs= YABs.v.e (6)
Y8 AEp= Y ABp.v.c ©)

Where: AE is the amount of energy produced (MWh), v is Energy value of biogas (MWh/m?3), e is electrical efficiency of
gas engine (%).

The amount of electrical energy from animal biomass (MWh/year) is given in Equation 8:
' AEn=Y AEc+Y AEs+Y AEp (8)
Where; AEh is the amount of electrical energy from animal biomass (MWh/year).

The amount of plant residue in eight provinces was determined by Equations 9-11:

S VOP=32NT. AA. WA. k o
Y FCP=3?FC .AA. WA. k o
TE3VP=3S VP .AA. WA k .

Where; VOP is Vineyard-orchard tree potential (ton/year), NT is Number of trees (units), AA is Actual amount (kg/tree),
WA is Waste availability (%), k is the residue coefficient for the plant species.

The amount of available waste was first calculated by multiplying the residual amounts with the Equation (9- 11) and some
reference coefficients and plant production values for the estimation of the amount of energy that can be obtained from plant
residues (Hart, 1960). Subsequently, the energy content of the residues was calculated by using Equation (12-14). The electrical
energy values of plant products in the region were calculated as:

572 AE0p= Y2 VOP .v.e.Hu w
ZE’? AEgcp= Zﬁ’fg FCP .v.e.Hu .
¥ A=Y VP v.eHu ~
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Where; FC is Field crops (kg/da); FCP: Field crops potential (ton), f: Field crops group (9 items), VP: the amount of total
vegetable (ton/year), vg: vegetable group (3 items), v: Biomass energy value (MWh/ton), e: used engine efficiency (40%). Hu:
lower calorific value (MJ/kg).

The calorific values (MJ/kg) of agricultural residue types were determined with a stoichiometric analysis method (Bilgili et
al. 2008). The calorific values of each vegetable residue were measured using a bomb calorimeter (Bilgili 2015). The calorimeter
method was based on a TS 1SO 1928 standard. At least 4 measurements (by calorimeter) were made to calculate the calorific
values and the arithmetic average and standard deviation of the determinations were taken to obtain the calorific values of the
relevant pruning/vegetable/plant residues are shown in Table 2.

Electrical energy in total crop production was calculated with Equation 15:
ZE’S AEb=Y AEvop+> AEfcp+Y AEvp (15)
Where; b is 3 plant groups (Field crops, Vegetable and Vineyard-orchard).

The total amount of electrical energy that can be obtained from biomass in the region was calculated with Equation 16:

20 AEu=X5; AEb+ Y AEh (16)

Where; X is the energy group that can be obtained from plant and animal biomass.

In conclusion, the analyzes carried out revealed the potential biomass for each province in the region, the supply of waste
from animal and plant production, and the annual amounts of electrical energy that they corresponded to (Yilmaz & Saka 2017).
Equation 17 was used to calculate the remaining solids by taking approximately 15% for separator and other losses for 3 animal
species in the study to determine the amount of biofertilizer after biogas production (Bilgili et al. 2018):

Y OFgio=(Y TAB) 0.85 17)

Where; OF is the amount of biofertilizer (ton/year), TAB the amount of animal manure (ton/year). 0.85 is the availability
coefficient.

CO; emissions were calculated according to 2019 electricity energy consumption data and its replacement in the
Mediterranean Region. According to the Development Bank of Turkey (DBT) (2018), electricity generation from fossil fuels in
Turkey was 512 tonCO2/GWh, and electricity generation from biomass was 26 ton CO2/GWh in Turkey (Bilgili 2020). The CO,
emission was calculated with Equations 18 and 19:

Fossil: CO, =512 (ton CO2/GWh). current energy consumption (GWh) (DBT 2018) (18)
Biomass: Y CO,=(>. AEh+> AEFC).26 ton (ton CO2/GWh)  (Bilgili 2020) (19)
Where; AEh + AEgc is energy production from Biomass (GWh).
The amount of CO; that can be obtained from the total replaced electrical energy is given in Equation 20.

Y CO,=(YAEtotal).26 ton (20)

The amount of CO; emission that can be provided by biofertilizer that can be used to replace chemical fertilizer was calculated
according to Sturm (2011) and Gellings & Parmenter (2016).

3. Results and Discussion

The status of the provinces in the region and the available biomass potential in the study are shown in Table 1. According to the
data obtained as a result of the calculation using TURKSTAT (2019b), While average electricity consumption in Turkey was 2
761 kWh/year/person, the electricity consumption in the Mediterranean Region was calculated as 3 178 kWh/year/person. The
total number of animals in Turkey was 408 433 823, out of which 84% were poultry, 12% were small ruminants and 4% were
cattle.

The Mediterranean Region’s contribution to total animal production in Turkey was calculated as 10%. The total amount of
animal waste in the corresponding region of Turkey was 1 184 049 ton/year which corresponds to 9%. The animal waste potential
of the region, as seen in Table 1, is not directly proportional to the number of animals and the amount of waste. Table 3 shows
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that the characterization of waste potential varies according to the animal species. As the size of the animal increased, the amount
of waste per animal naturally increased. Yilmaz & Saka (2017), animal manure properties varied according to many factors. The
physical properties of animal manure can vary depending on weight, eating habits, and the season.

Although Table 1 indicates that Mersin had a higher number of animals compared to Burdur, the proportional waste potential
according to the highest animal number in the region was calculated for Burdur with approximately 91% and Mersin with 6%.
This is due to the difference in animal species (Burdur has mainly cattle while poultry is dominant in Mersin). Estimates indicated
that 104 238 MJ thermal energy can be produced annually from animal wastes. This is significant in determining the locations
where new energy technologies will be installed in the region.

According to the results of the research, it is possible to obtain approximately 221 million m® of methane gas per year from
animal residues and approximately 1.4x10%8 MWh of electrical energy per year from this gas. When the results obtained are
examined, it is similar to the studies performed by Aktas et al. (2015), calculated that approximately 30 million m® of methane
gas per year and approximately 119 million kWh electrical energy can be obtained from this methane gas from the total animal
fecal waste of Tekirdag Province.

At this stage, it is important to evaluate biomass technology to be applied. Thermal or chemical processes can be used to
convert biomass into a usable form. Combustion of biogas is the most common method of thermal conversion (Ozcan et al.
2012). IEA (2017) data revealed that 2000 biogas plants in Turkey that can operate only with animal manure (WEB2 2017).
There are 100 licensed biogas plants in Turkey, 82 biomass, waste heat, and pyrolytic oil energy power plants with a total
installed capacity of 467.37 MWe were active. 19 of these plants with an installed capacity of 79.36 MWe were in the
Mediterranean Region. There were 5 of them in Mersin province, 4 in Adana, 3 each in Antalya and Kahramanmaras, 2 in Hatay,
1 each in Osmaniye and Isparta, respectively. Burdur was the only province in the region without such a plant (WEB3 2017).
The amount of annual plant residues in Turkey was 163.30x10° ton, 77% of this residue was from croplands, the remaining 23%
was from the production of plant residues (WEB4 2019). The Mediterranean Region contributed 13% to plant production.

According to Table 1, since orchard and vegetable crops are produced on less land than field crops, their residue amounts are
also less. The highest amount of residue in the region was obtained from field crops. Yields are shown in Table 1. Adana had
the highest yield of 1.9x10° ton/year and 95.9% of the waste and the most residues were collected from cultivated plants. The
percentages for residue amount generated by wheat, corn, sunflower, cotton, and soybean were 32.1%, 47.3%, 8.9%, 7.7%, and
4.0%, respectively. According to estimates, 5.97 Mtoe can be used every year if plant residues are used as specified. Bilgili
(2020), despite its high potential availability, agricultural residues in the region have generally been directly incinerated and used
for thermal purposes for the last 20 years, biomass thermal conversion facilities were not available. However, a few businesses
were working with new technologies intending to generate electrical energy. Furthermore, many new facilities were in the design
or commissioning phase.

Although the existing energy potential for the provinces in the region seems high, the supply chain (logistics) problem limits
the capacities of potential power plants in the absence of large volumes in the field crops. Similar results were observed in several
other studies (Y1lmaz & Saka 2017; Bilgili 2020). However, the most suitable conditions for thermal conversion-based energy
generation are to establish a medium or large-scale plant to achieve an efficient cycle (WEB5 2017). Investment and operating
costs for small-scale plants are high compared to large-scale power generation (Yilmaz & Saka 2017). The central facility
concept, which is as economical as the transport distance between stations (Salleh et al. 2019) and the amount of dry matter in
the manure requires a solution. For example, dry matter content should be 70%, the economic distance should be around 40 km.
If the dry matter content drops to 10%, the distance should be 10 km (Tafdrup 1994).

While the yield status of potential plant residue is 14.63 ton/ha-year depending on the agricultural areas in the region, the
overall potential in Turkey has been calculated as 2.40 ton/ha-year (Table 1). Similar results were observed in several other
studies, Bilgili et al. (2008); Yilmaz & Saka (2017); Bilgili (2020), the lowest and highest calorific values of plant residues varied
between 10.3 and 21.8 MJ/kg.

Biomass waste potential in the Mediterranean Region was estimated to be around 8.3 PJ. According to the results, 6.9% of
the region’s energy demand can be countered by this potential. The inclusion of biomass in energy technologies investments in
the region is highly recommended. These are in agreement with the results were observed in several other studies (Yilmaz &
Saka 2017; BP 2018; WEB1 2019).

According to the results of this study, 1 184 049 tons/year of biofertilizer, which can be obtained after biogas production in
agricultural areas can be used in the region. This is in agreement with the results of a research involving biomass-energy
performed by Bilgili (2020). The literature has reported that the pure nitrogen ratio of the biogas slurry to the chemical fertilizer
best improves the soil nitrogen and organic matter content. The liquid-solid part remaining after biogas production is used as
fertilizer (Tolay et al. 1999; Tiirker 2008). For the use of this biofertilizer, the optimum digestion time is recommended as 21
days in agricultural applications (Okoroigwe 2007). If 40 t/ha biofertilizer can be applied instead of 0.5-5 t/ha conventional
compost application, the need for mineral fertilizers can be reduced by 20-75% (Sidorchuk 2017).
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If the animal waste in the region is used for energy replacement, it is estimated that a total of 1 461 116 ton of CO; in
emissions will be reduced per year with the production of biofertilizers. This is in agreement with the results of an experiment
involving biofertilizers application in agriculture performed by Havukainen et al. (2018), carbon footprints are 0.8 kgCO./kg for
N and 1.8 kgCO./kg for P, whereas carbon footprints for mineral fertilizers are 1.9—-7.8 kgCO,/kg for N. and 2.3-4.5 kgCOz/kg
for P. Compared to the emission from mineral fertilizer production, the reduction of GHG emission in organic fertilizer
production is 78% for N and 41% for P on average.

4. Conclusions

The usable biomass potential of the provinces in the Mediterranean Region was emphasized in this study. The amounts of waste
of animal and plant biomass and the energy equivalency of potential of biomass were analyzed according to the statistical data
of the Mediterranean Region for 2019 and the project was carried out to represent the region. A comparison of the biomass
potential with literature studies showed that the estimate seems reasonable. The current biomass potential was determined and
the amount of energy to be generated with biogas from animal waste and burning plant residues were calculated basis on waste.
The electrical energy wvalue of the total biomass waste in the region was calculated as
2 313 965 MWh/year in 2019. The following results can be evaluated in this context:

v The provinces with the highest plant and animal biomass potential in the region were Mersin and Adana.

v' The region’s total biomass potential was calculated as approximately 8.3 PJ/year and this energy can meet 6.9% of the
regional demand.

v' The animal waste potential was lower than plant residue potential, therefore it is likely that animal energy production-based
biomass can be generated with relatively small-scale energy technologies, hybrid applications are needed.

v/ 1184 049 ton/year of biofertilizer that can be obtained after biogas production can be used in agricultural areas in the
region. Accordingly, approximately 537 kg of biofertilizer per hectare can be applied to all agricultural land in the region.
This can benefit areas that are poor in organic matter.

v' Ifthe agricultural residues in the region are used for energy replacement, it is estimated that a total of 2 644 302 ton of CO,
emissions are reduced with the production of approximately 1 183 186 ton of CO; and biofertilizers per year.

v' The fact that the region's electricity consumption per capita (3 178 kWh/year/per person) is above Turkey's average (2 761
kWh/year/per person) can be expressed as an indicator of development. In this study, the per capita electricity requirement
of the region (218 kWh/year/per person) may be beneficial. Alternative energy sources are important at this point.

v" The approach to making useful biomass without damaging the environment and reducing CO2 emissions on a global scale
realized with this study will also contribute to the energy targets of Turkey's "Vision 2023".

In conclusion, some of the expected differences in energy production from biomass compared to other energy sources in this
study can be listed as follows: 1) Strategically important energy can provide economic and political advantages to the state. 2) It
is considered a reliable potential in soil protection, water, creating landscape value, energy and food production. 3) It can provide
permanent job opportunities by creating new technologies and employment. 4) It is an energy source that slows down climate
change by reducing greenhouse gas emissions.
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ABSTRACT

Performing agricultural analysis is becoming much more effortless due to
the rapid improvements in information technologies. Geographic
Information Systems (GIS) provide more detailed data about climate, soil,
topography, and irrigation values regarding agriculture; thus, allowing for
performing detailed location analyses. These analyses cover agricultural
investment maps, agricultural propriety areas, and plant pattern
detections. The purpose of this study is to develop product-based
agricultural risk analysis maps. Climate, soil, topography, and irrigation
data are essential in the cultivation of agricultural products. With risk
analysis, the risk values are determined for each risk factor. Applying the
Analytical Hierarchy Process (AHP), which is one of the multi-criteria
decision-making methods, the total risk value is calculated by prioritizing
the risk factors. AHP is an efficient methodology developed to calculate
scenario-based risk values by considering various possibilities.

In this study, a model is generated by studying apricot, sour cherry,
and almond farming in Ankara. As a result of the development of a GIS

model for Ankara, the total risk values were mapped as "high-risk areas",
"medium-risk areas", "low-risk areas" and "strongly not recommended
areas" according to the points they received spatially. When the maps
were examined in detail; it was determined that apricot crops in Ankara
province are more sensitive to climate, soil, and topography conditions
than other products. Since apricot is affected by late spring frosts, it is
recommended that risk factors can be reduced by taking climatic
measures in areas where soil structure is suitable. It has been determined
that the sour cherry crop is less sensitive to climatic and topographic
conditions and is more affected by the risk factors from the soil layers;
while the almond crop is more affected by the climatic conditions, though
it is more tolerant to soil conditions. According to these results, apricot
can be grown in large areas with medium and high-risk levels, and in
limited areas with low-risk levels. Almond with a very high-risk level can
be grown in large areas compared to apricot, and sour cherry can be grown
in similar-sized areas with apricot, but with a lower risk level than apricot.

Keywords: Risk maps, Multi-Criteria decision Model (MCDM), Analytical hierarchy process (AHP), Fault tree analyses (FTA), Agricultural product

risk maps

1. Introduction

The current world population of 7.6 billion is expected to reach 8.6 billion in 2030, 9.8 billion in 2050 and 11.2 billion in 2100,
according to a United Nations last report. Numerous challenges linked to agricultural supply chains, as well as decreasing
farmland, environmental problems, and the insufficient protection of natural resources have made it necessary to take urgent
measures to meet the food needs of the increasing world population. Farming systems require an extensive and profound
transformation from traditional practices to precision farming and to intelligent farming practices to cope with these challenges
(FAO/WHO, 2018).

Approximately 13 billion hectares of the earth's surface is covered with land and 37% of this land (approximately 5 billion
hectares) consists of agricultural land. Considering the distribution of the agricultural land according to its use; It is seen that
field crops are grown in approximately 1.5 billion hectares of land, while perennial plants are also planted in 1.5 billion hectares.
The remaining 2 billion hectares are utilized as meadows and pastures (Ministry Development of Turkey 2013).

The strategic importance of the protection and development of agricultural production, the continuity of nutrition, which is
the basic need of human beings, the supply of food raw materials, and the sustainability of the agricultural sector has become
even more evident during the COVID-19 process. The existing agricultural areas in the world are decreasing by 0.1% - 0.2%
every 5 years. On the other hand, the world population has increased by 6.2% in the last 5 years (UN, 2013). Between 2001 and
2020, the total amount of land planted in Turkey decreased by 3 million 205 thousand hectares from 26 million 350 thousand
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hectares to 23 million 145 thousand hectares. The drop rate was 12 percent. In the same period, our population increased by 18
million 219 thousand and reached 83 million 385 thousand. The rate of increase was 28% (Turkish Statistical Institute 2021). It
is estimated that the population of Turkey will reach 100 million in 2040. This shows that it will be more difficult to feed the
increasing population with the decreasing agricultural lands (Kritikos 2017; Pablo et al. 2014).

In the current study, the reason why apricot, sour cherry, and almond were selected for creating a risk analysis map in Ankara
was due to the fact that these crops are affected the most during early spring and late autumn frosts, and also that the damage
caused by moisture and sunburn reduces the economic value of these products. These factors arising from the climate can be
minimized via performing site selection analysis with GIS methods.

1.1. Risk analysis

In the current situation, the existence of a potential source that may cause deficiency or loss induces a risk. On the other hand,
the presence of loss is not satisfactory in defining the risk situation encountered. At this point, there is vagueness as the loss has
converted from potential to tangible loss. Therefore, the risk can be defined as a combination of any loss or omissions that may
occur. Moreover, the vagueness of this possibility turns into an actual omission or loss. In brief, the risk is the probability of loss
or deficiency and the degree of this deficiency. Risk is equal to the sum of incompleteness and uncertainty (Benner 1978).
Another equation in this regard is the following formula, which includes the “result” and the "probability of occurrence"; Risk
(R) is the multiplying of “product of severity” (S) and “probability” (P). As the formula indicates, the degree of risk revealed
through result and probability values can have the equivalent value for various situations. Although the risk levels are similar;
there are several techniques to reduce risk. In the first case, systems that may cause minor damage should be highlighted,
considering the situations that will occur when the event occurs. Concerning the second case, the main objects generating the
events should be ascertained and eliminated efficiently (Senel & Senel 2013; Cetinyokus & Yeniay 2019).

1.2. Geographic information systems (GIS)

GIS has many different definitions due to its use in numerous disciplines. For instance, Geographic Information Systems (GIS)
can be used as a landscape planning instrument for the landscape architect, a reserve calculation instrument for a mining engineer,
or an instrument for calculating recall values for an agricultural engineer. GIS is defined as a system that is “designed to solve
complex planning and management problems, which consists of hardware, software, and methods that cover the containment,
management, processing, analysis, modeling, and display of data for a particular location” (Research In Urbanism Series Vol. 3,
2015). In addition, the agricultural meaning of GIS is a technology that facilitates the transition from existing methods to
precision agriculture (Sharma et al. 2018).

In the current study, land propriety, land survey, selection, and risk assessment for agricultural products are discussed through
GIS applications. GIS and Risk analysis are combined in the same model to determine location-based agricultural risks. This
study has established a framework for crop harvesting in plant production where ecological risks can be predicted and preventive
measures can be taken to minimize risks. That framework identifies extensive data analysis that plays an essential role in
improving the quality of GIS implementation in agriculture and provides guidelines for researchers, practitioners, and
policymakers to manage massive GIS data to successfully maintain enhanced agricultural productivity (Peggion et al. 2008).

In similar studies, it has been observed that a limited number of agricultural risks are focused on a single GIS model. In
addition, each of the risks creates the result with the same degree of importance. For example, it was seen that the frost risk,
which significantly affects the yield, and the humidity risk, which affects the product quality, are calculated with the same degree
of importance. In this study, due to Multi-Criteria Decision Model (MCDM) in Ankara, many agricultural risk layers and the
sub-layers that make up these layers are scored according to the degree of importance with AHP and create a risk score from 0
to 25 (Nyeko 2012).

2. Material and Methods
2.1. Study area

In this study, Ankara is selected, since it is the capital city of Turkey and in the middle of it. Ankara has an area of 26,897 km?
and its elevation above sea level is about 890 meters. Approximately 50% of the province's surface area formed in the plains is
agricultural land, 28% is forest and heathland, 12% is meadow and pasture, and 10% is non-agricultural land (Ankara
Governorship 2020; Turkish Statistical Institute 2020).

Kizilirmak River, one of the longest rivers in Turkey with a length of 1 355 kilometers, irrigates the east of the province,
while the longest river with a length of 824 kilometers, irrigates the west of the Ankara province. Ankara stream, a branch of the
Sakarya River, flows through the city center. Salt Lake is the second-largest lake in the country with 1 300 km?, and with a salt
rate of 32.4% it is the second saltiest lake in the world. In addition, the basin in which Salt Lake is located, is the largest closed
basin in Turkey (Ankara Governorship 2020).
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Ankara province has a variable geographical structure with Black Sea climate in the north, continental climate in the south
and east, and temperate climate in the west. Due to these wide characteristics, the province of Ankara has been preferred in order
to spread the test applicability of the current study throughout the country.

2.2. Data supply

Climate, soil, topography, and streambed maps provided by the General Directorate of State Hydraulic Works, General
Directorate of Meteorology, as well as from the General Directorate of Abolished Land and Water datas (Table 1) were
standardized. These data were transferred to the geographical database built-in with the ArcGIS 10.5 application and adapted to
a single projection system.

The last published 30 years (1980-2010) of climatic data, collected from 228 stations in Turkey by the General Directorate
of Meteorology, have been used. These data were classified monthly, and subsequently, the monthly mean values, minimum, as
well as maximum values, were calculated. Consequently, data were converted to GIS format via co-kriging and inverse distance
weighting (IDW) methods with the ArcGIS software, and surface spread was applied. In the process of spreading over the
surface, considering the topography, values were divided into compartments with 20x20 meters size, and climate maps were
generated in raster format.

Table 1- GIS Datasets

Climate Data Soil Data
e  Temperature e  Soil Depth
o Average Temperature on a Monthly o Lithosolic
o Maximum Temperature on a Monthly o  Very Shallow (0-30cm)
o Minimum Temperature on a Monthly o  Shallow (30-50cm)
o  Extreme Maximum Temperature on a Monthly o  Medium Deep (50-90cm)
o  Extreme Minimum Temperature on a Monthly o  Deep (90-150cm)
e  Precipitation o  Very Deep (>150cm)
o  Total Precipitation on a Monthly e Soil Erosion
o Summer Months Total Precipitation o  Wind Erosion
o  Total Annual Precipitation o Rain Erosion
e  Sunbathing e Land Use Capability
o  Total Sunbathing Times on a Monthly o 1-8th Class Land
o Annual Total Sunbathing Time e Auvailable Land Use

Evaporation
o  Evaporation Values on a Monthly
o Average Annual Evaporation Amount
Humidity
o Average Humidity value on a Monthly
o  Spring Months Average Humidity value

Absolute Irrigated Farmland
Marginal Irrigated Agricultural Land
Absolute Dry Farmland

Marginal Dry Farmland

Planted Agricultural Land

Meadow and Pasture Areas

O O OO0 OO OO0 oo

o Summer Months Average Humidity Value Wetlands
e Wind Forest Areas
o Average Wind Speed on a Monthly More Fields
e  Soil Temperature, e Drainage
Topography
Water Data Slope and Aspect maps are produced using the Turkish
e Areas Irrigated by Surface and Groundwater Resources Digital Height Model (DHM) data at a resolution of 10
e  Streams meters.
e Damsand Lakes e  Height
e  Sub-Basins Where Groundwater Is Insufficient e Slope
e Aspect

2.3. Statistical data

The province and district-based annual values of field, production, and yield where agricultural products are grown, offered by
the Turkish Statistical Institute, were used. The average values of the last five years were calculated, and also the product-based
county yield amount was calculated. Since it takes 3-5 years for fruit trees to reach economic value in perennial garden facilities,
statistical data from the past 5 years have been used.

2.4. Method
Factors described graphically in the tree diagram and errors related to the used material can be attributed to human mistakes or

different events that generate unintended outcomes. The Failed Tree Analyses (FTA) method can be qualitatively used to identify
the reasons and events that lead to an error and can be used quantitatively, to calculate the probability of recurrence of the main
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reason as well. In the design stage of a system, The FTA method is also used to calculate potential losses and collect from
different design options and predict the significance of potential losses during the operation phase (Limnios 1993).

Based on deductive logic, the factors that may cause an undesirable situation are determined and analyzed. The severity of
the risk arising from undesirable conditions is calculated by the FTA method. Risk factors are organized, defined, and presented
on a tree diagram with a logical system. Undesirable peak events should be detected and any factor considered in this event
should be analyzed. The model setup is started by using the total risk value of a selected fruit product. Consequently, sub-risks
such as climate, soil, topography, and water restrictions that lead to total risk are determined. Factors that lead to sub-risks are
selected based on a product and inscribed as layers. The FTA method used in complex systems focuses only on the risk of a
single product (Cinar & Karacabey 2004).

2.5. Agricultural risk analysis

Various risks that farmers experience in developing countries are listed under two main headings; ecological risks which arise
from the uncertainty of production amount related to climatic factors in current agricultural activities; and economic risks which
arise from potential fluctuations in cost and sales. In recent years, risks such as increasingly large disasters, droughts, floods,
frost, hail damages, shifting of seasons, erosion, new types of diseases, and pests are collected under the heading of ecological
risks. In a recent study, researchers estimate that 23% of the field products have been lost due to adverse weather conditions.
This percentage is remarkable in garden plants (Islam et al. 2018).

2.6. Step model establishment

Analytical Hierarchy Process (AHP) model is developed in the GIS environment under the capabilities of the ArcGIS software.
The “weighted overlay analysis” tool, the equivalent of the AHP method in ArcGIS software, is used. During the calculation of
the risk factors of the substrates constituting the distinctive climate risk factor, it was accepted that the main climate risk factor
is the highest risk factor, since it would contain the highest risk in terms of plant growth. At this stage, the “fuzzy overlay
analysis” tool in the ArcGIS software was used.

In that model, with the road map in figure 1, values lead to risk during the plant's growth in the climate, soil, topography, and
water presence layers, and the risk probabilities are inscribed in the Figure 2. Consequently, optimum values, i.e., the lowest risk
values, promote selected plant growth according to the risk matrix that has scored the lowest. In contrast, high-risk values for
the plant's growing conditions are scored as the highest according to the risk matrix.

In addition, thanks to the “weighted overlap analysis tool”, the risk scores from the layers can be re-scored hierarchically by
assigning values between climate, soil, hill, and irrigation layers according to their importance (Tuncay & Demirel 2017).

Collection of data Risk Analysis Generation of the risk
Identifying hazards based on . factor for each criterion
_| each criterion determination
i "| of probability, violence, and
risks related to hazards
Determination of criteria
(Probabilities and Severity) \
\ 4 AHP
Entering their severity Determination of the total
risk factor for the product
according to Severity values
A\ 4 among risk factors
Entering the probabilities |

Figure 1- GIS/AHP Model Flow Chart
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Figure 2- GIS Model (Error Tree, FMEA System hierarchical structure)
2.7. Step; GIS/AHP scoring

All of the data required on the cultivation of agricultural products were collected from crop specialists (Researchers working on
crop improvement in Agricultural Research Institutes) and from published scientific studies. Data have been entered into the
GIS/AHP Model by following the steps below (Cobanoglu et al. 2007; Oztekin et al. 2008; Giir et al. 2011; Eroglu & Misirh
2012; Gogmez & Seferoglu 2014).

Entering the probabilities
Entering its severity

Generation of risk matrix
Determining risks

Prioritization of risks with AHP
Determination of total risk

ouhkwhE

In the light of this information, risk severity for each layer that is essential for the selected product's growth is filled in Table
2 with the "reclassification" tool on GIS.

Table 2- Severity Rating of AHP

Risk Matrix Severity Degree Description
Very light 1 Product/yield loss less than 10%
Light 2 Up to 10% product/yield loss
Moderate 3 10%-30% product/yield loss
Serious 4 30%-50% product/yield loss
Very serious 5 Product yield loss more than 50%

For instance, for the apricot crop, when the April minimum temperature value is at -10 °C, frostbite intensity is "5" as "very
high", while at 1 °C, the frostbite intensity is "3" as "moderate”, and at +6 °C, frostbite intensity is "1" as "very low."

For example, for Apricot, the minimum temperature value for April is “5” at -10 °C, while the severity of frost is “very
severe”, and at -3 °C the severity of frost is “3”, and finally at +3 °C, the severity of frost is considered as light at “3”. In addition,
apricot cultivation is definitely not recommended at locations where the average temperature layer shows temperatures below -
10 °C. Considering this situation, when the risk severity exceeds the "irrecoverable" level, with the "no data" command entered
into the model, the information that an apricot crop is not recommended for this region is processed regardless of other conditions
(Chen et al. 2009).
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Table 3- Severity Rating (Example: Average Temperature Layer)

Average Temperature Layer  State of Violence  Severity ating Description
+6,+10C Very light 1 Product/yield loss less than 10%
+3,+5C Light 2 Up to 10% product/yield loss
-2+2C Moderate 3 10%-30% product/yield loss
-5-3C Serious 4 30%-50% product/yield loss
-10,-6 C Very serious 5 Product yield loss more than 50%
>-10C Definitely No data No products can be grown

Each layer essential for the selected plant growth has been inputted with probability values such as the values given above.

Risk probability values such as the risk severity values given in Table 3 were entered for all layers that are important for the
growth of the selected plant. After the risk severity values were entered into the GIS model, the "probability” values were filled
as shown in Table 4. Here, the aim is to enter the information about how likely the risk severity layer is to realize the severity.
This process is formed with the "Weighted Overlay Analyses" tool in GIS (Oztekin et al. 2008; Mokarram & Aminzadeh 2010;
Mokarram & Hojati 2016)

Table 4- Degree of Probability

Risk Matrix Probability Degree Description
Very small 1 No more than once in 30 years
Small 2 2-5 times in 30 years
Moderate 3 Seen 6-10 times in 30 years
High 4 11-15 sightings in 30 years
Too high 5 Seen more than 15 times in 30 years

For instance, in Table 3, April frostbite severity values are noted for the apricot crop. Supposing that value for February, March,
and May is "5" as "too high." Hence, in April, frost probability is higher than the rest of the year due to the flowering of apricot
trees. The average temperature layer data of March, May, and February can be entered into the model as "3" "moderate”, "2"
"small", and "1" "very small" respectively (ibrahim & Pirlak 2011).

Table 5- Degree of Probability

Mounts Probability Degree of Probability Description

February Very small 1 No more than once in 30 years
Mart Moderate 3 Seen 6-10 times in 30 years
April Too high 5 Seen more than 15 times in 30 years
May Small 2 2-5 times in 30 years

2.8. Risk Matrix

Risk= Severity x Probability; Using the probability values in Tables 5 - 7 risk matrix was created with this formula.
According to the scores after the values entered,;

- Green Areas: Low-risk from 1 to 6 (inclusive) (1 pointless risk)

- Yellow Areas: Medium risk from 6 to 12 (inclusive)

- Red Areas: High risk from 12 and 25 (inclusive) (25 non-tolerable risks)

Table 6- Risk Matrix

RISK MATRIX Violence
Probability 1 (Very Light) 2 (Light) 3 (Moderate) 4 (Serious) 5 (Very Serious)
1 (Very small) 1 Meanless 2 Low 3 Low 4 Low 5 Low
2 (Small) 2 Low 4 Low 6 Low 8 Medium 10 Medium
3 (Moderate) 3  Low 6 Low 9 Medium 12 Medium 15 High
4 (High) 4 Low 8 Medium 12 Medium 16 High 20 High
5 (Too high) 5 Low 10 Medium 15 High 20 High 25 Irrecoverable
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The GIS model places the probability values entered for layers locational into each grid as values. A selected point in Ankara
is the average temperature layer (-1 °C) in April. Hence, the severity of apricot trees damaged by frostbite is a moderate "3". The
average temperature value of the same point is (-5 °C) in March, and the average temperature value is (+3 °C) in May. Therefore,
the average temperature value, in other words, the frostbite severity of March and May, is 5 and 1 °C, respectively. However,
considering the periods when apricot trees bloom at the selected region, in April when flowering is the highest, the probability
of frosthiting is serious "5", and the probability of frostbiting in March and May is "3" and "1", respectively, since the flowering
of trees is low in the months of March and May (Oztekin et al. 2008; Ibrahim & Pirlak 2011).

Table 7- Risk Factor

Foraselected . . . Stateof Severity o ... Degreeof RISK  RISK Frost Risk
point P Severity Rating Probability  Status  Severity Factor
Average P
temperature -5C Moderate 4 High 3 Moderate 12 >
value for March 29
Average =L
temperature -1C St\e/r?czl)js 3 High 5 High 31)(55 = %‘
value for April = 9
Average - S8
temperature +6C Light 1 Very Small 2 Low 9

value for May

Table 7 has the frostbite risk factor for the region selected for the apricot crop. Factors essential in agricultural productivity
which may include risks for products in their lack or excess can be calculated separately for the following factors; risk factors;
climate (frost, humidity, temperature, precipitation, sunshine, wind), soil, topography, and water presence (drought).

Therefore, Table 8 is filled for each risk factor, and "importance assessment™ is carried out using AHP through those risk
factors. Scoring is determined among the risk factors with the support of Table 8, which was generated during the AHP. This is
conducted with the "Weighted Overlay” analysis tool on GIS (Uniivar & Pirlak 2016).

Table 8- AHP Severity Values

Value Definition Description

1 Equally important Equally important in two options

3 Little important. Where one criterion is slightly superior to another

5 Too important. One criterion is considered superior to another

7 Too important. One criterion is considered quite superior to another

9 Extremely important One criterion is superior to another.

2,4,6,8 Intermediate values Specify intermediate values between two consecutive evaluations

After determining criteria and sub-criteria, using the Super Decision software, the interactions between the criteria can be
analyzed, and the criteria affecting each other can be determined. The network structure in Figure 3 is established by generating
inter-criteria connections, internal and external dependencies, and feedback with the program's help (Rabia & Terribile 2013).

tions  Hetworks  Help
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Super D

= =
g _— |50 ==
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-
’/(,)»"’ )”"/"*\\‘ — _
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— . 1 - " l -
. / ~.
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Sunnv Dav == Rainy Day = Hot L= Frost [ IToae -\'w:l_l
Figure 3- Super Decision Program Interface

Cross-layer "severity scores" (Figure 4) were calculated by entering the critical values of the AHP method to the Super
Decision software (Figure 3). Score values can be entered directly into the GIS Model (Altay & Keskin 2018; Paulraj & Easwaran

2008).
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Figure 4- Entering data into the Super Decision Program
For the apricot crop selected as a model, the "supremacy" importance scores of the risk factors that were formed after all the
layers under the climate, soil, topography, and irrigation layer groups were entered using Table 9. The sum of the importance
values to be given to the risk factor groups should be equal to “1” (Van Chuong 2008).

Table 9- Total Risk Prioritization

Risk Factors Severity Weight Total Risk
Irrigation 0.10303
Soil 0.11887

Topography 0.29271 . .

Layers Climate Max Risk Climate + Soil +
Topography +

Frost Max (Frost, Humidit Irrigation

Climate Humidity ’ Y 0.48090
Temperature,
Temperature

ipitati Precipitation
Precipitation ecipitation)

2.9. Step; running the model

All the steps and formulas described above to calculate total risk are processed into the GIS model developed on ArcGIS Desktop
software and the values entered are run on the tools shown in Figure 2 and rendered into the pop-up windows. The blue oval
shapes shown in figure 2 represent the layers entered into the model. Checkboxes colored yellow are the toolboxes that are
processed. Green oval shapes, on the other hand, express the newly formed layers after the procedure. In the model, the layers
that are decisive in the growing of apricot crops are primarily chosen. These layers are divided into groups as climate, soil,
topography, and irrigation. The climate is divided into subgroups as frost, temperature, precipitation, and humidity. Risk
probabilities and risk severity values in each sub-group are entered as described in this article's setting-up-the-model section.
Scores from sub-groups are calculated with the formula “X=Max > Probability x Severity”. Since there are four subgroups of
this factor in calculating the risk factor value of the climate group, each risk factor is calculated separately, and the maximum
climate risk layer is created by selecting the maximum risk that matches with each point with the “fuzzy overlay analysis” tool.

In calculating soil, topography, and irrigation risk factors, probability and severity values in the sub-layers are entered. Risk
factors for groups are calculated by multiplying the probability and severity values, which have been entered. The maximum
climate risk layer described in the previous step is used for the climate.

After this stage, risk factors ranging from zero to 25 are obtained in each group. To prioritize climate, soil, topography, and
irrigation with AHP, the "AHP Importance Values" shown in Table 9 are entered into the “weighted overlay analysis” tool. Since
the sum of the values entered in AHP is equal to 100% of the values entered, the final values can be the “total risk” values
between 0 and 25.

An example of manual calculation for a selected point is made below. in the apricot example described above, "frost risk
factor" scored "15" at a chosen point. again, the calculation process is continued assuming its score is "10" from the risk factors
"humidity," "temperature,” and "precipitation." When calculating the climate risk factor, prioritization scores are given among
the sub-groups as shown in Table 9 total risk calculation.

Climate Risk Factor= Maksimum|[ Frost Risk, Humidity Risk, Precipitation Risk, Temperature Risk]
Climate Risk Factor (Calculation with Virtual Values)= Maksimum][ 15,10,10,10] = 15

When the treating was performed, the "climate risk factor" scored 15. Considering the risk matrix, the climate risk factor of
the chosen point is the "high risk" level for the apricot crop.
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Once again, the process was continued assuming that the soil risk factor from the same point scored "8" and the topography
risk factor scored as "12" and the irrigation risk factor scored as "18". Table 9: In calculating the total risk, AHP and "importance
values" scores for climate, soil, topography, and irrigation are multiplied.

Total risk = Climate x 0.48090 + Soil x 0.11887 + Topography x 0.29271 + Irrigation x 0.10303
Total risk =15x0.48+8x0.12 +12x0.30 + 18x0.10 = 12.54

The total risk value calculated for apricot farming at the chosen point after the previously explained procedure is "moderate,"
according to Table 6 risk matrix. Assume that the total risk score calculated for the chosen point is decision 1. Since AHP allows
calculations exerted in consideration of several possibilities, a new total risk score has been calculated by assuming that the
importance of the climate risk factor weight is reduced at the same point. This reduction is due to the conservative effect of
measures such as a temporary greenhouse plant, running a fan on icy cold days, creating smoke by burning hay, and tying mesh
against hail risk.

In order to check the model result, calculations will also be made manually for 3 different points, which are currently
apricot, cherry and almond orchards. In this way, it will be possible to compare the score status of the risk maps in the lands that
can grow high-yield crops.

2.10. Creating risk maps

The climate (Figure 5), soil (Figure 6), topography (Figure 7) and irrigation (Figure 8) sub-risk layers created as a result of
running the GIS model are shown on the maps. While the risk value is low in the north of Ankara in the climate risk map, the
situation is calculated as the opposite in the topography risk map. The soil risk map shows a complex distribution. Fixed risk has
been determined in non-irrigated lands. (EI-Sheikh et al. 2010)
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Total Risk Map

The total risk map of apricot created by the combination of the sub-risk layers, are shown Figure 9.
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Figure 9- Apricot Risk Map in Ankara Province

Table 10- Turkish Statistical Institute 2020 Plant Production Statistics

Provincial Countv Name Product Planted Area Number  Production Average Yield
Name y Name (da) of Trees (Tons) Per Tree (kg)
Ankara Evren Apricot 0 1140 68 60
Ankara Kalecik Apricot 499 21550 690 32
Ankara Beypazari Apricot 0 1000 30 30
Ankara Giidiil Apricot 170 6500 195 30
Ankara Kahramankazan  Apricot 23 1800 54 30
Ankara Kegioren Apricot 7 535 16 30
Ankara Yenimahalle Apricot 0 250 7 28
Ankara Cankaya Apricot 15 2700 70 26
Ankara Polath Apricot 878 24400 561 23
Ankara Cubuk Apricot 340 5435 125 23
Ankara Sereflikoghisar ~ Apricot 0 2000 40 20
Ankara Etimesgut Apricot 18 215 4 19
Ankara Haymana Apricot 295 12550 213 17
Ankara Ayas Apricot 65 9400 141 15
Ankara Nallthan Apricot 5 6550 98 15
Ankara Pursaklar Apricot 20 400 6 15
Ankara Sincan Apricot 122 5270 79 15
Ankara Mamak Apricot 40 1290 18 14
Ankara Golbasi Apricot 1550 21792 283 13
Ankara Elmadag Apricot 43 5250 63 12
Ankara Altindag Apricot 24 469 4 9
Ankara Akyurt Apricot 49 2120 11 5
Ankara Bala Apricot 27 750 1 1
Total/Average 4190 133 366 2777 21

According to the Turkish Statistical Institute apricot maximum yield in Turkey is 95 kg, the average yield is 47 kg in 2020.
When Table 10 is examined, it is understood that the average yield for the apricot crop is below the country average in all except
Evren district of Ankara province. There is no closed garden in Evren district either. It is seen that the yield is quite low in the
high-risk red areas on the map, while the yield is relatively high in the low-risk green areas. High and medium risk areas make
up the bulk of the map.

Since it is possible to develop risk maps of different products with the same model, risk maps are generated for the sour
cherry and almond crops. Probability and severity values entered into the model are predetermined for the product, and two new
maps are generated.
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Figure 10- Sour Cherry Risk Map in Ankara Province
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Table 11- Turkish Statistical Institute 2020 Plant Production Statistics

Provincial County Name Product Planted Number  Production Average Yield

Name y Name Area (da) of Trees (Tons) Per Tree (kg)
Ankara Evren S. Cherry 20 1.270 76 60
Ankara Akyurt S. Cherry 88 2.720 136 50
Ankara Giidiil S. Cherry 800 14.500 725 50
Ankara Sincan S. Cherry 265 6.530 327 50
Ankara Sereflikoghisar S. Cherry 0 1.500 75 50
Ankara Polatlt S. Cherry 276 10.240 410 40
Ankara Cankaya S. Cherry 3 2.050 72 35
Ankara Yenimahalle S. Cherry 0 150 5 33
Ankara Ayas S. Cherry 1.900 55.200 1.766 32
Ankara Kalecik S. Cherry 300 13.400 415 31
Ankara Kegioren S. Cherry 18 258 8 31
Ankara Elmadag S. Cherry 136 7.350 221 30
Ankara Kahramankazan S. Cherry 67 6.040 181 30
Ankara Cubuk S. Cherry 1.230 19.661 590 30
Ankara Etimesgut S. Cherry 14 750 22 29
Ankara Camlidere S. Cherry 58 1.100 26 24
Ankara Kizilcahamam S. Cherry 40 6.500 143 22
Ankara Beypazari S. Cherry 203 14.020 280 20
Ankara Haymana S. Cherry 76 2.730 54 20
Ankara Pursaklar S. Cherry 45 1.300 26 20
Ankara Altindag S. Cherry 18 429 8 19
Ankara Mamak S. Cherry 8 440 8 18
Ankara Golbagt S. Cherry 520 10.824 162 15
Ankara Nallihan S. Cherry 74 11.600 174 15
Ankara Bala S. Cherry 28 825 8 10
Total/Average 6 187 191 387 5918 31

Figure 11- Almond Risk Map in Ankara Province

According to the Turkish Statistical Institute, sour cherry maximum yield in Turkey is 83 kg, the average yield is 33 kg in
2020. The current product statistics of the sour cherry crop in Table 11 are examined, it is understood that it is similar to the map
created as a result of the model in Figure 10. It is seen that the risk is low in the flat areas located in the north and west of Ankara.
It is observed that the risk increases in mountainous areas.
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Table 12- Turkish Statistical Institute 2020 Plant Production Statistics

Provincial Countv Name Product Planted Area  Number  Production Average Yield
Name Y Name (da) of Trees (Tons) Per Tree (kg)
Ankara Evren Almond 585 16000 560 35
Ankara Akyurt Almond 150 1550 47 30
Ankara Polatlt Almond 1.438 35800 1074 30
Ankara Beypazari Almond 66 4188 105 25
Ankara Sincan Almond 200 1880 47 25
Ankara Cankaya Almond 3 925 23 25
Ankara Cubuk Almond 350 5595 140 25
Ankara Etimesgut Almond 8 200 4 20
Ankara Gidiil Almond 70 4250 85 20
Ankara Haymana Almond 488 3200 65 20
Ankara Kahramankazan ~ Almond 58 1959 39 20
Ankara Kalecik Almond 6003 16459 331 20
Ankara Pursaklar Almond 45 1300 25 19
Ankara Ayas Almond 130 4400 79 18
Ankara Nallthan Almond 330 6500 98 15
Ankara Kegioren Almond 2 70 1 14
Ankara Sereflikoghisar ~ Almond 600 11100 144 13
Ankara Goélbasi Almond 955 18984 190 10
Ankara Mamak Almond 150 5874 47 8
Ankara Altindag Almond 6 560 4 7
Ankara Bala Almond 1840 21275 106 5
Ankara Elmadag Almond 590 15600 78 5
Ankara Yenimahalle Almond 42 1500 8 5
Total/Average 14109 179169 3300 18

According to the Turkish Statistical Institute, almond maximum yield in Turkey is 70 kg, the average yield is 15 kg for 2020.
When Table 12 and Figure 11 are interpreted together, it is considered that almond crops settle with less risk in mountainous
areas. From the risk maps obtained as a result of the analysis made on the GIS, the areas where the crop can be grown are
calculated in table 13.

Table 13- Crops area calculation

Product Low Risk Medium Risk High Risk Total

Name Area (Da) Area (Da) Area (Da) Areas (Da)
Apricot 572 290 5 496 557 1574379 7643 227
Sour Cherry 3031271 3498 374 1 083 955 7613 601
Almond 1210614 3447835 2 946 215 7604 215

According to these results, all crops have a similar total growing area even if they have different risk factors. However, the
sour cherry crop has more low-risk growing areas than the others, and the apricot crop has more medium risk growing areas,
while the almond crop has few ‘low risk’ growing areas, with mostly 'moderate risk' and 'high risk' growing areas.

3. Conclusions

The fact that agriculture is indispensable not only for Turkey, but also for all the countries in the world during the pandemic, has
made it necessary to continue with agriculture more consciously after scientific analysis. The study aims to develop a
methodology to provide farmers with the highest profit from their fields with the lowest risk. As a result of entering the correct
data, crop risk analysis can be performed with the developed method in this study, for millions of geographic points within a few
minutes.

The risks that led to yield loss in fruit growing are pretty high. The probability of those risks remains seasonal and decreases
and increases in severity as the plants grow, bloom, and bear fruits. In addition, the effect of each risk factor on yield/crop loss
is different from each other. A model is developed to generate product-based risk analysis maps with the analytical hierarchy
method, a multi-criteria decision-making method, risk matrix, and fault tree analysis over GIS, by considering the cumulative
information specific to agriculture.

In this study, apricot, sour cherry, and almond farming in Ankara were chosen as a model. Risk maps were prepared separately
for the climate, soil, topography, and irrigation factors. Total risk maps for apricot, sour cherry, and almond crops were created
in general, with all the layers taken together. The reason for those ascertained risks can be easily accessed, retrospectively, with
the fault tree analysis. Risk values of 3 different points chosen in Ankara, which were entered into the GIS model were compared,
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and the accuracy was confirmed with manual calculations. In this manner, this analysis can be performed for millions of points
on the GIS, in the time allotted for manual risk analysis calculation for each point.

When the risk maps and sub-layers are examined in detail, it was determined that the apricot tree is more susceptible to soil
and topography conditions and is highly affected by risk factors from soil and topography layers. Hence, it was concluded that
the total risk factors for apricot can be mitigated with improvements that can be performed in terms of soil and topography. It
was also determined that the almond crop is more susceptible to climatic conditions and is highly affected by the risk factors that
arise from the climatic layers. Thus, finally it was concluded that the sour cherry crop is less affected by the climate, soil, and
the topography risk layers as compared to apricot and almond, and it has a high yield with less risk in irrigated areas.

Considering the climate, soil, topography, and irrigation data throughout Turkey, this study can be implemented for all plant
products with known ecological demands using this developed model. After the products have been examined, a methodology
study can be conducted to find answers to the questions as to which crops can grow more riskily in various regions, and which
of these risks are caused by climate, soil, topography, and irrigation resources, and finally what precautions can be taken against
them.

In this study, it was concluded that with the risk analysis methodology developed on GIS, the sour cherry crop can be grown
in Ankara with lesser risk as compared to the other products examined.
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ABSTRACT

This study was conducted to determine the changes in the
physicochemical and microbiological qualities of the non-sulfited sun
dried apricots (NSDAS) at three different moisture contents (MCs, 13.7,
23.5 and 27.0%) and at four different storage temperatures (4, 10, 20, and
30 °C) for 12 months in bulk and packaged samples. NSDAs were
subjected to physical (moisture, water activity, pH and reflectance colour
values), chemical (browning formation, B-carotene, and acidity), and
microbial (counts for total aerobic mesophilic and psycrofilic bacteria,
yeast and mould, xerofilic mould and yeast, osmophilic yeast, lactic acid

MC and stored at 30 °C, the browning decelerated below 10 °C. No
significant change was observed in B-carotene contents of NSDAs during
storage (P>0.05). After rehydration, osmophilic yeast count of NSDAs
increased by 2.5 log colony-forming units (cfu/g). Significant reductions
were observed in the microbial loads of the samples at 23.5 and 27.0%
MCs with the decreasing water activity (P<0.05) during storage and
increasing storage temperatures. However, yeast and mould counts
exceeded 5.0 log cfu/g of the samples containing 27.0% MC after 2-
months storage at 20 °C. Overall, we suggest that MC and storage
temperature for NSDAs should be below 23.5% and 20 °C to achieve high

bacteria, Enterobacteriaceae, Staphylococcus-Micrococcus — spp.)
analyses at one-month time intervals. Results indicated that while the
fastest brown colour formation occurred in the samples containing 23.5%

microbial and physicochemical qualities for a year, respectively.

Keywords: Dried apricots, Colour, Water activity, Browning index, -carotene content, Yeast and mould counts

1. Introduction

Sulfur dioxide (SO.) treatment of apricots before drying not only prevents enzymatic and non-enzymatic browning, but also
prevents microbial spoilage during drying and storage. Aside from these valuable benefits, the adverse health effects of SO, have
been well-documented for asthmatic patients (Rose 2007). For the last decade, because of increasing consumer demand towards
minimally processed and additive free products, NSDAs (Non-sulfited dried apricots) have become more prominent. However,
compared to sulfited apricots, NSDAs are more susceptible to chemical and microbial deteriorations during storage at very high
MC (over 34%) (Alagoz et al. 2015).

The Codex Alimentarius (Codex Alimentarius Commission 2019) requires that maximum MC of untreated sun-dried apricot
should not exceed 20%, while this limit is 22% for Turkish standard (TS 485 2019). Although the NSDAs are sun-dried until
their MCs are generally reduced to 10.0-13.0% for long-term storage, dried apricots with high MC (over 25%) are more desirable
because of their soft mouth-feel (Davis et al. 1973; Asma 2007). Dried apricots with 25% MC have been preferred due to their
softer and tender texture (Davis et al. 1973). NSDAs are rehydrated before marketing because of consumer demand for higher
moisture containing dried products (Davis et al. 1973). However, NSDAs at high MCs are susceptible to microbial deteriorations
especially by yeasts and molds. Also, unlike golden yellow coloured-sulfited apricots, NSDAs colour become more brown due
to the browning reactions take place during sun drying, and at high storage temperatures and/or for prolonged storages (Ozkan
et al. 2016).

The effects of factors such as MC (Sagirli et al. 2008), drying temperatures (Ihns et al. 2011), sulfitting methods (Coskun et
al. 2013) and SO; content (Tirkyilmaz et al. 2012) on the various quality parameters have been studied. On the contrary, there
are only a few studies on NSDAs. Alagoz et al. (2015) investigated the effects of various sorbic acid levels (488-1087 mg/kg)
on the chemical and microbial qualities of NSDAs (27.2—-34.3% MCs) stored at 5-30 °C. Elmac1 et al. (2008) studied the
chemical and sensory quality changes of modified atmosphere packaged NSDAs (17.5% MC) during storage at 5-25 °C.
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However, no information is available concerning the effect of low and intermediate MCs (13.7-27.0%) on the physicochemical
and microbial properties of NSDAs stored in bulk and packaged. Therefore, considering both Codex Alimentarius and TS 485
limit for MC, the aim of the present study was to investigate the changes in MCs, water activity (aw), brown color, reflectance
surface color, B-carotene content, total mesophilic aerobic, psychrophilic aerobic bacteria, total yeast and molds, xerophilic yeast-
mould, osmophilic yeast, lactic acid bacteria, Staphylococcus-Micrococcus spp and Enterobacteriaceae NSDAs with various
MCs (13.7, 23.5 and 27.0%) during 12 months-storage at various temperatures (4, 10, 20 and 30 °C).

2. Material and Methods
2.1. Materials

Apricots (Prunus armeniaca L., var. Hacthaliloglu) that contained no preservatives were supplied by Malatya Apricot Research
Foundation.

Chemical and Reagents. p-carotene was purchased from Sigma-Aldrich Co. (St. Louis, MO, USA) and HPLC grade liquid
chromatography reagents, culture media, and all other analytical grade chemicals and reagents were obtained from Merck Co.
(Darmstad, Germany). Aluminum phosphide was obtained from Platin Kimya, Inc (Istanbul, Turkey). Fresh apricots (Prunus
armeniaca L., var. Hacihaliloglu) were supplied by Malatya Apricot Research Foundation.

2.2. Drying and fumigation

Fresh apricots (Prunus armeniaca L., var. Hacthalilogli) were sun-dried for 6 days in Malatya. At the 3" day of drying, semi-
dried apricots were hand-squeezed to remove the pits and then continued for sun-drying for three 3 more days. NSDAs samples
(120 kg) were put in a closable container and then left in a temperature-controlled room at 20 °C for one month so that they
could equilibrate for MC. Then, the damaged ones, excessively soft and hard, and light and dark coloured dried apricots were
removed. NSDAs were loosely put in crates and then fumigated to eliminate the insects and larvae present, using 2 tablets (6
g/each) containing aluminium phosphide (57%, w/w each) (Tamtoxin, Platin Kimya, Istanbul, Turkey) for each m® space in a
confined room at room temperature for 3 days. A flow diagram of processing and storage of NSDAs is shown in Figure 1.

2.3. Rehydration

The rehydration of dried apricots was carried out on a conveyor system equipped with spray washing system using tap water at
20 °C. After rehydration, NSDAs were held in plastic storage crates at ambient temperature for 4 days for the absorption of
moisture on the surface of dried apricots. To increase the MC from 13.7% to the targeted MCs (23.5 and 27.0%), rehydration
was carried out in two and three steps respectively, to avoid skin peeling of the apricots. Finally, rehydrated apricots were
transferred into closable plastic containers to equilibrate the respective MCs at 20 °C for 2 weeks. Following the rehydration,
moisture analysis was carried out to monitor the final MC. As stated before, a part of NSDAs was kept at 13.7% to mimic the
MC (10.0-13.0%) of NSDAs for long-term commercial bulk storage (Asma 2007), while MCs of 23.5 and 27.0% were mimic
the commercially marketed packaged NSDAs, although these two MCs were above the both Codex Alimentarius and TS 485
limits.
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Figure 1- Flow diagram of the processing and storage of non-sulfitted dried apricots

2.4. Packaging and storage

For the packaged storage, 400-g samples at 23.5 and 27.0% MCs were placed in polystyrene trays (14 x 22 x 2.5 cm) which was
then covered with PVC film (moisture permeability: 500 cm®/cm?.day and O, permeability: 20 000 dm? O,/cm?.day) to mimic
consumer packaging. The PVC film was applied one layer and stretched moderately to minimize permeability change. For the
bulk storage, a 10-kg sample at 13.7% MC was transferred into temperature controlled incubators (Sanyo MIR 153 and 253,
Gunma, Japan) at 4, 10, 20 and 30 °C £ 0.5 °C to mimic the commercial bulk storage conditions for a period of 12 months. For
each sampling time, samples (2 packages) were randomly taken out of the storage for the various physical, chemical and
microbiological analyses given below. To obtain a homogeneous sample, a-400 g sample was passed twice through a meat
grinder (Tefal Maxi Power 1800 W, France) with 4 mm orifices.

2.5. Moisture Analyses, Water Activity, pH and Titratable Acidity

The MCs of NSDAs were determined using 5 g homogenized sample which was dried in a vacuum oven (Heraeus VT 6025,
Hanau, Germany) at 70 °C + 0.5 °C for 14 h with the AOAC 934.06 method (AOAC 2000). Moisture measurements were
replicated four times. The MCs of the samples throughout storage was determined based on the weight changes of NSDASs due
to moisture loss. Each time, 20 pieces of NSDAs for each storage temperature from the packaged and bulk stored samples were
randomly picked and their weights were recorded. After weight measurements, the same 20-piece samples were immediately
placed in the plastic bags which were then hot-sealed and returned to the respective incubators for the future moisture
determinations. For the bulk-stored samples, these sub-samples were directly transferred in the incubators without any plastic
bags.

The water activities of the homogenized NSDA samples were measured with a hygrometer (AquaLab 3, Decagon
Devices, Pullman, USA) with an accuracy + 0.003 at 25 °C. The pH of the samples was measured using a pH meter (WTW
Inolab, Weilheim, Germany). The titratable acidity was measured by the method (942.15) given by AOAC (2000), and the results
were expressed as “g anhydrous citric acid/100 g sample”.
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2.6. Browning measurement

Brown colour formation was determined by the method outlined by Baloch et al. (1973). Details of this analysis were given in
Coskun et al. (2013). Briefly, water soluble brown pigments were extracted with acetic acid containing formaldehyde and then
the absorbances of supernatants were determined at 420 nm for brown colour and 600 nm for turbidity with a UV-VIS
spectrophotometer (Thermo Spectronic Helios-a, Cambridge, England). Calculation of the browning was based on the difference
between the absorbances at 600 and 420 nm. The browning value was expressed as “absorbance at 420 nm/g sample dried weight
(DW)”.

2.7. p-carotene analyses
2.7.1. Extraction

[B-carotene was extracted by the method outlined in Sadler et al. (1990). A 10 g (+0.01 g) homogenized sample in 20 mL distilled
water was rehydrated at +4 °C overnight and then homogenized at 13 500 rpm using a benchtop homogenizer (Heidolph
SilentCrusher M, Schwabach, Germany) for 2 min. Calcium carbonate (0.2 g) as a neutralizing agent was added onto a-2 g
homogenized sample in polypropylene centrifuge tube containing 25 mL extraction solvent (hexane:acetone:ethanol; 25:50:25,
v/viv). The tube was then agitated on an orbital shaker (Heidolph Unimax 2010, Schwabach, Germany) at 220 rpm until the
residue became completely colourless (ca. 15 min). 5 mL distilled water was added onto the yellowish-orange extract which was
then centrifuged at 9400 g at +4 °C for 15 min to separate the polar and nonpolar layers.

2.7.2. Preparation of sample for HPLC

The upper non-polar hexane layer (5 mL) containing B-carotene was pipetted to an amber coloured vial. The hexane was
evaporated under a stream of nitrogen at 40 °C (Caliper TurboVap LV, Hopkinton, MA, U.S.A.). The resulting residue was
dissolved in 200 pL tetrahydrofuran (THF) with 0.1 g/L buthylated hydroxytoluene (BHT) and then diluted with 1800 uL
methanol. After filtration through a 0.22-pum polytetrafluoroethylene (PTFE) filter (Sartorious AG, Goettingen, Germany), the
extract was immediately injected to HPLC.

2.7.3. Instrumentation and chromatography

For the separation and quantification of f-carotene, high performance liquid chromatography (HPLC, Agilent 1200 series,
Waldbronn, Germany) with the following equipments were used: A binary pump, a photo diode array (PDA) detector, a
thermostatted auto-sampler, a degasser and a thermostatted column compartment. Agilent 1200 series ChemStation
rev.B.02.01 software was used to process the chromatographic data. Isocratic separation was carried out on a Cso (5 pm) column
(250 x 4.6 mm) (Phenomenex, Inc, Los Angeles, CA, U.S.A.) with a Cso (5 um) guard column (10 x 4.0 mm) (Phenomenex,
Inc). Methanol:tert-buthylmethylether (65:35, v/v) solution containing 0.1 g/L BHT was the mobile phase. The flow rate was 1.0
mL/min, sample injection volume was 50 pl and column temperature was set at 30 °C. The detector was set at 450 nm. The
other details are given in Tiirkyilmaz et al. (2013). The amount of B-carotene was calculated taking into account of recovery
values (90-96%).

2.8. Surface Colour Measurement

The surface colour of NSDA samples were measured using a reflectance spectrophotometer (Minolta CM-3600d, Osaka, Japan).
The measurements were recorded L* (Lightness), +a* (redness), +b* (yellowness), C* (Chroma), and h° (hue angle) colour
coordinates. Browning Index (BI) and total colour changes (AE) were calculated using L*, a* and b* coordinates according to
the following equations (Ihns et al. 2011):

BI =[100 (x — 0.31)] / 0.17 @
x = [a* + 1.75L*] / [5.645L* + a* — 3.012b*] )
AE = [(Aa)? + (Ab)? + (AL)]]%® ®)

2.9. Microbial analyses

The microbial analyses were carried out to evaluate the microbial contamination before and after fumigation, and after
rehydration and packaging, and during storage of the NSDA samples. At each sampling day, three packages of samples were
removed from the incubators and a 400-g sample was removed from the bulk stored NSDA samples. The NSDA samples were
aseptically cut into halves to obtain a uniform subsample. Then, a-30 g subsample was aseptically weighed in a screw cap flask
(500 mL). A 20 mL portion of 90 mL aliquot of sterile 0.1% (w/v) peptone water (PW) was added to the flask, which was left at
room temperature for 15 min to prevent osmotic shock and revive the stressed microorganisms (Mackey 2000). Then, the
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remaining 70 mL PW was added into the flask, which was agitated with an oscillating flask shaker (Griffin and George Ltd.,
UK) at half speed of the shaker’s maximum speed for 1.5 min. Appropriate dilutions in PW were transferred to appropriate media
for each microorganism according to APHA-directives (APHA 2002).

The microbial loads of for total mesophilic aerobic (TMAB) and psychrophilic aerobic bacteria (TPAB) were determined on
plate count agar (PCA) plates by pour culture method, total yeast and molds (YM) on yeast extract glucose
chloramphenicol (YGC) agar, xerophilic yeast-mould (XY M) on dichloran glycerol (DG-18) agar, osmophilic yeast (OSY) on
malt yeast extract (MY-40G, osmofilic 40% glucose) agar, lactic acid bacteria (LAB) by spread culture method on de man,
rogosa and sharpe (MRS) agar containing cycloheximide (100 pg/mL), Staphylococcus-Micrococcus spp (SM) on Baird-Parker
(BP) agar (fortified with egg yolk tellurite) and Enterobacteriaceae (ENT) on violet red bile dextrose (VRBD) agar by pour
plate method. The plates were then incubated at 28 °C for 48 h and 4 °C for 10 days for the detection of TMAB and TPAB,
respectively, at 28 °C for 5-6 days for YM, XYM and OSY, at 30 °C for up to 3 days for LAB, at 37 °C for 48 h for SM and at
37 °C for 24 h for ENT. Suspected colonies for LAB, SM and ENT were confirmed with appropriate biochemical tests. All
microbiological incubations were carried out in temperature-controlled incubators (Sanyo MIR 253).

2.10. Statistical analysis

Browning, B-carotene content, moisture, titration acidity, pH and microbial counts were the main variables. These variables were
subjected to one-way analysis of variance (ANOVA) using the SPSS Statistics software, version 20 (IBM Statistics for Windows,
Armonk, NY, USA). Statistical differences among means were determined using Duncan’s multiple range tests at 5%
significance level. Chemical analyses and microbiological counts were carried out twice analytical and biological triplicates,
respectively.

3. Results and Discussion

3.1. Moisture content and ay

Although the MC of NSDAs should not exceed to 20% for Codex Alimentarius and 22% for Turkish standard (TS 485), the MCs
of the packaged NSDA samples were over the standards’ limits. The reason for chosing higher MCs for NSDAs was due to
mimic the MC of commercially marketed NSDAs. The MCs of the NSDA samples during storage at 4-30 °C are presented in
Table 1. The MCs of the NSDA samples stored at 20 and 30 °C lost most of their MCs after 1-month storage. The decrease in
MC of the NSDA samples during storage was parabolic at 20 and 30 °C at all MCs (data not shown). For example, the samples
packed in PVVC film (containing 23.5 and 27.0% MC) lost 44 and 57% MCs after 1-month storage at 20 and 30 °C, respectively.
After 3-months storage, the MCs at all samples were similar and did not change much between 3- and 12-months storage at both
temperatures. At the end of 1-year storage, MCs of the samples at 13.7, 23.5 and 27.0% MCs decreased by 47, 67 and 77% at
30 °C, respectively. These observations clearly showed that most of the MCs were lost for the first 3-months storage at high
temperatures (20 and 30 °C). Moreover, the moisture loss was also higher at higher MCs, compared to lower MCs. Furthermore,
as expected, storage at 30 °C caused more moisture loss than that of 20 °C.
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Table 1-Moisture contents (%) of NSDAs stored at various temperatures for 1 year

MCs after 1 year of storage

MCs prior to Time
storage 4°C 10 °C 20 °C 30 C
%) (months)
1 17.7 16.1 12.2 10.6
13.7 2 20.7 16.8 111 09.0
3 215 18.4 10.2 08.2
4 18.9 20.6 10.0 07.6
6 14.0 219 11.7 07.3
9 115 12.3 12.3 06.7
12 11.3 254 09.7 07.0
23.5 1 231 22.3 16.5 13.2
2 228 21.2 13.9 10.8
3 225 20.7 12.4 09.7
4 20.6 21.0 11.9 09.0
6 135 219 12.8 08.5
9 10.6 12.9 13.1 07.8
12 10.2 18.0 11.0 07.7
1 26.5 251 18.1 117
2 26.2 23.3 14.0 09.1
27.5 3 26.0 221 12.1 08.0
4 241 21.7 11.4 07.4
6 16.5 221 12.2 06.9
9 13.5 12.0 12.5 06.2
12 13.1 17.5 10.3 06.3

The aw values of the samples at 23.5 and 27.0% MCs were initially 0.675 and 0.696, respectively. These aw values are in the
range of ay optimums (aw=0.60-0.70) for Maillard reactions. This will be discussed in detail in “3.2. Brown colour formation”
section. The aw values of the samples could not have been measured at 30 °C because the samples lost most of their moisture
after 1-month storage and this made impossible the samples to pass through the grinder. Moreover, ay values of the sample stored
in bulk (13.7% MC) could also have not been measured at 20 °C due to the very low MC.

Similar to MCs, the aw of NSDAs also decreased sharply after 1-month storage and this high decrease also continued up to
3-months storage at 20 and 30 °C. This showed that most of the moisture loss occurred during the first 3-months storage at these
temperatures as a result of the loss of free water. The highest reductions in both MC and aw values were observed in the samples
stored at 30°C. The samples packaged in PVVC films (at 23.5 and 27.0% MCs) could not have kept their initial MC even after 1-
month storage at 30 °C. The results indicated that PVC packaging material, which is widely used for dried apricot packaging in
Turkey, is not suitable for the rehydrated dried apricots stored at 30 °C.

3.2. Brown colour formation

At the beginning of storage, the absorbance values measured for brown colour at 420 nm in NSDAs ranged from 3.52 to 4.99
Auz0/g DW, depending on MCs. The acceptable colour for sulfite-treated dried apricots was defined by Nury et al. (1960) as the
time where the absorbance values at 440 nm reached to 0.3 (Davis et al. 1973). However, there has been no such absorbance
value defined for NSDAs. Therefore, in the present study, only the changes in in the brown colour measured at 420 nm of the
NSDA samples were compared throughout the storage. Below 10°C, no significant changes were detected for the brown colour
values of the samples throughout the storage period (P>0.05); therefore, no kinetic parameter was calculated below 10 °C.
However, above 10 °C, significant increase in brown colour formation was observed as the storage temperature increased from
10 to 20 and 30 °C at all MCs (P<0.05) (Table 2). For instance, the brown colour formation for the sample containing 23.5%
moisture after 12-months storage at 20 and 30 °C increased by 51 and 80%, respectively.
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Table 2- k values for the formation of brown colour, AE, pH and titratable acidity in NSDA samples during storage at 20 and

30°C
Temperature Initial MC Formation of brown colour AE pH Titratable acidity
() (%) (1/month) (colour units/month) (pH units/month) (9/[100g DW month])
20 13.7 0.0598 (0.8820)2 0.2902 (0.9233) -0.0140 (0.8922) 0.0276 (0.8642)
30 0.1483 (0.9533) 0.3694 (0.9310) -0.0220 (0.8272) 0.0562 (0.9126)
20 235 0.0643 (0.9219) 0.1928 (0.9502) —-0.0135 (0.7316) 0.0320 (0.9480)
30 0.1568 (0.9446) 0.3402 (0.8060) —0.0179 (0.9534) 0.0412 (0.9075)
20 27.0 0.0332 (0.8929) 0.2204 (0.7500) —0.0098 (0.8803) 0.0477 (0.8309)
30 0.1338 (0.9025) 0.3091 (0.7978) —0.0137 (0.8399) 0.0558 (0.8555)

2 Numbers in parentheses are the coefficient of determination (n=2).

The brown colour formation in NSDA samples at 13.7-27.0% MCs at 20 and 30 °C was fitted to a first-order reaction kinetic
model. Investigation of determination coefficients (R?) values at these temperatures revealed a little higher value for zero-order
than for the first-order reaction rate constants. However, zero-order reaction model for brown colour formation in NSDAs would
not be possible because MCs in the NSDAs changed not in a constant amount during the 12-months storage period. Therefore,
brown-colour formation in NSDAs would not fit zero-order reaction kinetic model. Most studies in sulfite-dried apricots during
storage showed that brown colour formation was fitted to a first-order reaction model (Sadler et al. 1990; Sagirli et al. 2008;
Tirkyilmaz et al. 2012).

The increase in k value for NSDAs stored at 20 °C (0.0643/month) and 30 °C (0.1568 /month) at 23.5% MC clearly showed
that brown colour formation was highly dependent on storage temperature. Similarly, Sagirli et al. (2008) found k values as
0.0488 and 0.2411/month for brown colour formation in sulfitted (1458 mg/kg) dried apricots stored at 20 and 30 °C at 36.6%
MC, respectively. In another study with lower MC (18.9-24.5%), Tiirkyilmaz et al. (2012) reported k values for sulfitted (188—
3864 mg/kg) dried apricots stored at 20 and 30 °C as 0.0193 and 0.0553/month, respectively. The k values for brown colour
formation increased by 1.5 times increasing the storage temperature from 10 to 20 °C than from 20 to 30 °C. Moreover, increasing
the temperature form 20 to 30 °C caused the rate of brown colour formation to increase 4.81 and 7.53 times at 13.7 and 27%
MCs, respectively. Studies on sulfited and non-sulfitted dried apricots showed that storage temperature over 20 °C caused
significant increase in brown colour formation (Tiirkyilmaz et al. 2012; Coskun et al. 2013; Alagoz et al. 2015). The results
from the present study and above studies clearly indicated that the storage temperature should be lower than 20 °C in order to
control the brown colour formation in dried apricots. To show the effects of the temperature change on brown colour formation,
Qo values were calculated, which were 2.36 at 10-20 °C and 3.49 at 20-30 °C. Higher Q1o value showed that increase in
temperature at 20—30 °C had more effect on brown colour formation than at 10—20 °C.

The MCs also had significant effects on brown colour formation in NSDAs. As expected, the highest brown colour formation
was observed in the NSDA samples containing 23.5% MC (aw=0.675) at both 20 and 30 °C, which corresponds to intermediate
MC. As known, the non-enzymatic Maillard browning reactions occur fastest at the intermediate MC, which corresponds to
aw=0.6-0.7 (Beveridge & Harrison 1984). The samples containing 13.7% MC had higher brown colour compared to those
containing 27% MC at especially 20 °C. Increasing MC from 13.7 to 23.5% caused 10% decrease in the k value for brown colour
formation in NSDAs stored at 30 °C, while 7.7% decrease increasing MC from 23.5 to 27%.

3.3. Changes in p-carotene content

The sample chromatogram for carotenoid composition of NSDA sample is presented in Figure 2. 3-carotene was the predominant
carotenoid in all NSDA samples. Similar composition was also found for the same cultivar (Hacihaliloglu) in the studies carried
out in our laboratory (Sagirli et al. 2008; Tiirkyilmaz et al. 2012; Coskun et al. 2013; Alag6z et al. 2015). B-carotene content in
NSDA samples at the beginning of the storage-ranged from 6.5 to 12.8 mg/100 g DW, while 4.7-12.4 mg/100 g DW after 12-
months storage. The storage time and temperature had no significant effect on the B-carotene contents of the samples at 13.7,
23.5 and 27.0% MCs during storage at 4-30 °C (P>0.05). Similarly, Alagéz et al. (2015) found that storage at 30 °C for 10
months did not affect the $-carotene content of sorbic acid treated dried apricots (P>0.05). On the contrary, Elmaci et al. (2008)
reported that increasing storage time and temperature decreased the B-carotene content of NSDAs during 12-months storage.
The decrease observed in B-carotene content might have been due to the higher a. of the samples during storage. As known, one
of the degradation patterns of -carotene is the enzymatic oxidation which is catalyzed by the enzyme lipoxygenase, showing
the optimum activity a,>0.85 (Berry et al. 1996).
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Figure 2- Carotenoid profile of NSDA sample containing 13.7% moisture at the beginning of storage
3.4. Changes in surface colour

For the dried fruits whose MC is not very low, reflectance color measurements, along with browning and carotenoid
measurements, can be used to monitor the changes in the color of NSDAs throughout the storage. Results from surface color
measurements are presented in Table 2. Both MC and storage temperature affected the reflectance colour values of NSDA
samples. Changes in reflectance colour values were found insignificant (P>0.05) in the samples stored at low temperatures (4
and 10 °C). On the contrary, L* values decreased by 2.5-2.7 units in the samples at 13.7% MC, 1.8-2.0 units at 23.5% MC and
0.9-1.7 units at 27.0% MC after 12-months storage at 20 and 30 °C, respectively. Much higher decreases (3.7 and 7.4 units)
were reported for L* values of the NSDA samples containing 34.0% MC and 488 mg/kg sorbic acid after 10-months storage at
20 and 30 °C, respectively (Alagoz et al. 2015). Studies showed that MCs of dried fuits had tremendeous effects on the reflectance
color measurements. For example, Ozkan et al. (2003) showed that increasing MC from 15.0 to 30.0% caused significant changes
in L*, a*, b*, C* and h° color values (P<0.05). L* value was used as a browning index in many dried fruits, such as raisins
(Aguilera et al. 1987), dried figs (Piga et al. 2004) and dried pears (Joubert et al. 2001). In addition to L* value, Browning Index
(BI), which was calculated from L*, a* and b* values, has also been used to evaluate brown colour formation (Castafion et al.
1999; Chutintrasri & Noomhorm 2007). Strong negative correlations between Bl and browning values (As20/g DW) were found
in in the samples containing at 23.5% MC (r= —0.8575) and 27.0% MC (r= —0.9258) at 30 °C during 12-month storage. This
result was in an agreement with the finding of Alagoz et al. (2015) who found a strong negative logarithmic correlation (r=0.896—
0.996) between Bl and browning values of sorbic acid treated dried apricots at 20 and 30 °C. These high correlations indicated
that measuring the reflectance colour values of dried apricots may be a good alternative to the spectrophotometric lenghty brown
color measurements. As expected, increasing the storage temperature decreased the Bl values of the samples, indicating the
increase in brown color formation (Table 3).
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Table 3- Changes in the reflectance colour values? of NSDAs during storage at 20 and 30°C

Initial

T(ig‘)perat” re ?/IO/S (Jéﬂfh) L* a* b c* he A Bl
20 13.7 0 2576:235%  4824159°  0124207° 10374235 6230:654 - 5608
12 2319:217°  465:165% 6.85:163°  B.36+198 56284839 343 4859
30 0 27.30:229°  540+167% 1042:241° 11794268 62504608  —  61.06
12 2455:190°  410+181%  696+2.16°  B.16+251 5085649 461 4456
20 235 0 26264206° 58442257  8.83+3.07% 10654361 56624687 - 5598
12 2498:254°  577:2.12°  816£250°  10.35:3.07 56907.61 145 5520
30 0 2566:255%  6.00+225%  9.10£271% 1007329 5682:7.03 - 59.52
12 2366+190b  295:0.92°  626+2.15b 6961220  6418+695 462 3895
20 270 0 2643:234°  7.08:245° 958+3.17% 11984379 53204638  — 6311
12 2554¢183°  486£170°  7.34£264b  B.874296  5625+691 328  46.76
30 0 2432+166% 558+128° 79842147 9774235  5462:5.13 - 5530
12 2263:137°  2.876092°  573+193b  645:199  6254+7.11 391  37.60

2: Colour values are expressed as mean + standard deviation (n=30). The letters indicated for the means which are at the begining and end of the storage in the
same column with different lower case superscripts are significantly different (P<0.05).

AE (total change in colour) value is another useful indicator which is used to show the colour change in dried fruits. AE of
the NSDA samples increased with increasing storage temperature, which indicated that higher colour deterioration occurred at
high storage temperatures (Table 2). The change in colour might be due to pigment degradation, browning reaction or both
during drying and storage. The changes in AE values were fitted to zero-order kinetic model, which was in agreement with the
former studies (Barreiro et al. 1997; Chutintrasri & Noomhorm 2007). The highest k values for the change in AE (0.3091-0.3694
colour units/month) of all NSDA samples were determined at 30 °C. Furthermore, the colour deterioration occurred faster in
bulk samples than the samples stored in PVC packages at all temperatures. The results showed that the colour properties of
NSDAs were affected by both storage temperature and packaging conditions during storage.

3.5 Changes in microbial counts

After fumigation of NSDAs, no live insects were observed in the samples during 12-months storage. The effect of fumigation
on the microbial flora of NSDAs was also determined. Before fumigation, TMAB, TPAB, YM, XYM, OSY, LAB, ENT, and
SM counts were 3.93 (£0.07) and 2.75 (+0.20), 2.09 (+£0.03), 2.65 (+0.11), <0.60, <0.60, <0.60 and <1.60 log cfu/g, respectively.
The microbial counts after fumigation are presented at “month 0” column in Table 4. Results of counts for OSY, LAB, ENT,
and SM were not given in Table 4 because they were generally below detection limit. Compared to the microbial of loads of the
samples before (given above) and after fumigation (month 0 in Table 4) the number TAMB and TAPB decreased slightly by 0.4
and 0.3 log cfu/g (P>0.05), respectively, whereas LAB count significantly increased from <0.60 log cfu/g to <1.30 log cfu/g
(P<0.05). However, no significant changes in YM, XYM, OSY, ENT, and SM were found (P>0.05). Similarly, Alagdz et al.
(2015) reported that counts for TMAB and TPAB were unchanged, and the YM counts declined by 0.6 log cfu/g after fumigation.
Overall, the fumigation process had no effect on the number of YM, XYM, but increased the number of LAB and slightly
decreased that of TMAB and TPAB.

Following fumigation, a part of the samples was rehydrated from the NSDAs (13.7% MC) to 23.5 and 27.0% MC. After
rehydration, initial numbers of each microbial groups for the samples at 23.5 and 27% MCs are presented at “month 0” columns
in Table 4. When compared to the initial counts of the sample at 13.7% MC, TAMB counts increased by 0.84 and 1.01 log cfu/g
in the samples at 23.5 and 27.0% MCs (Table 4), respectively (P<0.05). While the number of OSY was below the detection limit

699



Glzel et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2022, 28(4): 691-703

before rehydration, the number increased by 1.99 and 1.91 log cfu/g for the samples at 23.5 and 27.0% MCs, respectively
(P<0.05). However, rehydration did not increase the numbers of TAPB, YM, OSY, XYM, LAB, SM and ENT (P>0.05). Alagoz
et al. (2015) reported that the number of YM decreased by 0.7 log cfu/g after rehydration of the samples to 27.2% MC while YM
increased by 0.7 log cfu/g for the samples with 34.1% MC. Results of the present study indicated that a, values (0.67-0.69) for
the rehydrated NSDAs at 23.5 and 27.0% MCs were appropriate for the growth of TAMB and OSY.

Generally, counts of the sample at 13.7% MC for TAMB and TAPB, YM, XM, and OSY were not affected by the storage
temperatures. During 12-months storage, almost no changes in microbial counts were observed for all storage temperatures and
the microbial groups. Although very slight increases and decreases (P>0.05) in the counts were observed, they are negligible in
practice. However, the number of TAMB and TAPB in the sample at 23.5% MC decreased during storage at all temperatures
(P<0.05). Despite the fluctuation of the bacterial counts between month 4-9, the decrease in the number of TAMB and TAPB
were in the range of 1.20-0.75 and 0.91-1.01 log cfu/g for the storage temperatures between 4-30 °C and 4-10 °C during 12-
months storage period (Table 4). Similarly, the number of TAMB in the sample at 27.0% MC decreased (P<0.05) after 12
months for all the storage temperatures (Table 4). Also, the number of TAPB decreased by 0.96 and 1.02 log cfu/g after 12
months at 4 and 10 °C, respectively (P<0.05). The decrease in bacterial counts for the samples at 23.5 and 27.0% MCs could be
explained by the greater decrease in MC and ay with increasing storage temperature. Significant reduction in TAMB counts
with decreasing aw during 12 months in bulk stored sulfitted dried apricots (SDA) at 5-30 °C was reported by Tiirkyilmaz et al.
(2013). However, Alagoz et al. (2015) reported that TAMB decreased slightly, while aw values did not change during the 10-
months storage of packaged SDAs at 4-30 °C.

While YM and XYM counts did not change in the sample at 13.7% MC during the storage at all temperatures, they decreased
in the sample at 23.5 and 27.0% MCs in the same storage conditions (P<0.05). The YM and XYM counts for the sample at
23.5% MC were similar to the initial values and decreased after 3-months storage at 4 °C, (P<0.05). The YM and XYM counts
of the stored samples at 10, 20 and 30 °C significantly decreased (P<0.05) after the 39, 2" and 1%t month, respectively while they
remained constant for the samples stored at 4 °C.

As seen in Table 4, YM count for the sample at 27.0% MC increased to 6 and 4 log cfu/g level after the 2" and 1 month of
storage at 20 and 30 °C, respectively, exceeding the legal limit. YM counts for the sample at 27.0% MC did not change
significantly until the 6™ month at 4 and 10 °C (P>0.05), and then they decreased (1.2 log cfu/g) after 12-months storage (P<0.05).
Reduction in YM counts with increasing storage temperatures (20 and 30 °C) increased as seen in Table 4. Interestingly, YM
and XYM followed a similar pattern in that they increased rapidly in numbers during the first 2-months storage at 20 and 30 °C.
After 2 months, sharp decreases of the counts for the samples at 27.0% MC were observed. Counts for YM and XYM were in
the range between 3.85-2.53 and 3.77-2.5 log cfu/g, compared to that in the following 3" month, at 20 and 30 °C, respectively.
Microbial growth is expected to increase with increasing storage temperature. However, in our study, microbial growth was low
or limited as the moisture loss increased with increasing temperature and storage time.

OSY-counts in the 13.7% MC stored at all temperatures remained below the detection level (<0.60 log cfu/g) throughout 12-
months storage. On the contrary, OSY -counts remained almost constant (except month 4) and remained below the detection
level after 9" month at 4 and 10 °C, and after 6 and 2 months at 20 and 30 °C, respectively. In these samples, increase in
microbial reduction due to increase in storage temperature was observed. A similar trend in OSY-counts for the sample at 27.0%
MC to that of the sample at 23.5% MC was also observed. Counts for OSY followed similar pattern to that of YM and XYM
increased to 6.49 log cfu/g level after 2-months storage at 20 °C for the sample at 27.0% MC. After 2 months, a sharp reduction
was observed for the counts of YM, XYM, and OSY. This trend might be related to the sharp decrease of the MC from 27%
(aw=0.69) to 9.1% (aw= 0.55) in the first 2-months storage. In the following months, MC remained at between 8.0-6.3% until
the end of the storage.
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Table 4- Microbial counts” of the NSDAs at various MCs during storage

Microbial MC** Storage Storage period
count* (%) temp. (months)
(log cfu/g) e/ 0 1 2 3 4 6 9 12

TMAB 4°C 3.56 ¢ 3.882 3.63%® 3.41°% 3.45 ¢ 3.32¢ 2.86°¢ 3.404
10°C 3.56° 4702 3.28° 3.430 3.56° 3.53P 3.42° 3.450
20°C 3.56 4.04® 3.202 351 3.60 ¢ 3.50 3.21¢ 3.28
30°C 3.56 2 3.632 3.562 3.882 3.70% 3.832 4323 3.71¢%
TPAB 4°C 2.48¢ 1.79¢ 151f 2.59¢ 2.35¢ 3.34° 4.00° 2.344
10°C 2.48° 2.08 241" 2.325 2.53°P 3.508 3.56@ 2.084¢
YM 13.7 4°C 2,23 2.90° 4932 2.88° 225¢ 2.33¢ 1.994 210
(NP) 10°C 2,23 3218 2.78° 2,27 2.01 % 235¢ 2.00¢ 2.14 %
20°C 2.23%® 2.04° 2408 2.00 ¢ 2332 2338 1.63¢ 1.46°¢
30°C 2.23°b 2.31°b 2.282 2.28° 2.10° 2.10 b 1.99¢ 1.98¢
XYM 4°C 2.65° 2.60° 4,942 2,785 231¢ 222¢ 1.014 2.20¢
10°C 2.26°¢ 3.17¢ 2.81° 2.14 ¢ 1.994 2.30¢ 2.01¢ 211
20°C 2.26° 2.04 ¢ 2.64° 2.02 b 2.21 b 3.682 1.74¢ 1.40¢
30°C 2262 2343 2.34¢ 2.34¢ 2.09 2.23¢ 1.91° 2.08 ®
TMAB 4°C 4.40% 4.31%¢ 3.54¢ 4.02¢ 4822 4,59 3.43¢ 3.20¢
10°C 4.402 3.550¢ 3.81b 3.55b¢ 3.45%¢ 3.52%¢ 4.03bc 3.25¢
20°C 4.40° 3.58%¢ 3.59b 3.36¢ 3.28%¢ 5.132 2.50 ¢ 3.49b¢
30°C 4.402 3.88" 3.33¢ 4.412 3.32¢ 3.37¢ 3.43¢ 3.65b¢
TPAB 4°C 2.67¢c 2.52c 2.21% 2.06¢f 3.06°¢ 4.412 3.55b 1.76f
10°C 2.67°¢ 2.25% 1.91¢ 1.91¢% 2.52¢ 3.630 4122 1.66¢
YM 235 4°C 2.29° 2812 2.49% 1.95¢ 1.79¢ 1.45¢ 1.92¢ 1.61¢%
P) 10°C 2.292 2312 4.64° 1.40¢ 1.90° 1.08¢ 0.60°¢ 1.00¢
20°C 2.29® 2.642 1.92 ¢ 1.48¢ 2.53%® 1.41¢ 1.04¢ 0.60¢
30°C 2.292 1.04° 1.11° 1.08° 1.00%¢ 0.95 bed 0.70¢ 0.70¢
XYM 4°C 2.39° 2.892 258 %® 2.08°¢ 1.81¢ 1.52¢ 2.00¢ 1.41¢
10°C 2.392 2.36° 4.65°2 1.38¢ 1.71° 1.18¢ 0.60¢ 0.95¢
20°C 2.39® 2.522 2.04b 1.53° 2.38%® 1.30°¢ 1.15¢ 0.78¢
30°C 2.392 0.90° 1.04° 1.11° 0.955% 0.78°¢ 0.855% 1.11°
TMAB 4°C 4572 3.84b 3.52¢ 3.48°¢ 3.92b 3.34¢ 347°¢ 3.43¢
10°C 4572 4.10" 3.58¢ 3.79¢ 3.21¢ 3.79¢ 2.59¢ 3.47¢
20°C 457" 4,040 4,07 3.74" 3.78" 5.13¢ 3.38¢ 4.10°
30°C 4572 4,080 3.33« 3.254 3.49¢ 3.37¢ 3.85"% 3.44¢
TPAB 4°C 2.66° 2.53b 1.95¢ 2.14¢ 2.86"° 2.142 3.552 1.70¢
10°C 2.66 2.05% 1.93¢f 3.19« 2.42¢ 3.19% 2,773 1.64f
YM 27.0 4°C 2422 2.562 2.145b¢ 2.592 2.21b 2.592 2.00°¢ 1.20¢
P) 10°C 2422 2.182 2.132 2122 1.82b 2122 0.78¢ 1.23¢
20°C 2.420¢ 5.252 6.232 2.38 ¢ 3.43b 2.38%¢ 1.20°¢ 0.95¢
30°C 2.42b 4.052 3.372 0.84°¢ 0.78°¢ 0.85¢ 0.70°¢ <0.60°
XYM 4°C 2443 2.632 2.07%% 2532 2.14% 1.57¢ 2.00 1.18¢
10°C 2442 2212 2.16° 2232 1.79° 1.84° 0.95¢ 1.18%
20°C 2.44 ¢ 5.192 5.962 2.19% 3.35b 1.36¢ 1.23¢ 1.11¢
30°C 2.44° 4,012 3.10° <0.604 0.78¢ 0.70¢ 0.60¢ 0.844

*: Counts are expressed as mean (n=3), log cfu/g: colony forming unit, **: Moisture content, NP: bulk storage (non-packaged), P: packaged. TMAB: Total
Mesophilic Aerobic Bacteria, TPAB: Total Psychrophilic Aerobic Bacteria, YM: Yeast-Mould, XYM: Xerophilic Yeast-Mould. *f Values with different letters
within same row indicate significant difference (Duncan test, P< 0.05). <0.60 log cfu/g values indicate that microbial count are below detection limits.

The initial number (1.30 log cfu/g) of LAB in the sample 13.7% MC decreased at the beginning (10 and 20 °C) and after 1-
month storage (4 and 30 °C) and remained below the detection limit throughout the storage, which might be due to the low MC
of the sample. However, the LAB-counts for the samples at 23.5 and 27.0% MCs decreased gradually and faster due to higher
moisture loss of NSDAs with the increasing storage temperatures, and later remained below the detection level for the rest of the
storage period. On the contrary to the LAB counts of the present study, Alagéz et al. (2015) reported no detectable LAB (<0.6
log cfu/g) in both sorbic acid treated and untreated dried apricots before and after storage. This difference may be due to higher
initial LAB loads of the NSDAs, which were 1.3 log cfu/g for the sample at 13.7% MC, and 2.5-2.7 for the samples at 23.5 and
27.0% MCs, respectively, in the present study.

ENT and SM counts, which can be considered as the index for the level of hygiene during production and microbial quality
of the product (Jay 2000), were below the detection limit (<0.60 log cfu/g) and no growth was detected prior to and during 12-
months storage in all samples and storage temperatures. Similar findings were reported by Sagirl et al. (2008) and Alagoz et al.
(2015) in high moisture dried apricots containing SO, and sorbic acid, respectively. In general, as the a, values of the NSDA
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samples decreased with storage time, significant reductions (P<0.05) were observed in microbial loads of the samples at 23.5
and 27.0% MC:s for all the storage temperatures studied.

According to FDA (2013), the maximum limit of YM counts for dried fruits should not exceed 3 log cfu/g (1and 2 log cfu/g
for yeasts and molds, respectively). In the present study, the YM count for the samples at 13.7 and 23.5% MCs were below the
legal limits; therefore, rehydrated NSDASs containing up to 23.5% moisture were acceptable for consumption during storage at
4-30 °C. However, after 1-month storage at 20 and 30 °C, the YM counts of NSDAs containing 27.0% moisture exceeded the
permitted legal limits (3 log cfu/g). Alagoz et al. (2015) observed visible yeast and mold colonies on the surface of NSDAs
containing no preservative (34.3% MC) after 1-month storage at 20 and 30 °C. In the present study, none of the samples yielded
visible colonies. In addition to YM count, OSY count in rehydrated sample (27.0% MC) exceeded to the legal limit of 4 log
cfu/g after 1-month storage at 20 and 30 °C. Similarly, XYM counts of the same sample group were above 5 and 4 log cfu/g after
1-month storage at 20 and 30 °C, respectively. These findings suggested that rehydrated NSDAs above 23.0% MC has the
potential to be spoiled mostly by osmophilic yeast and xerophilic yeast-molds during the storage at 20 and 30 °C.

3.6 pH and titratable acidity

The initial pH values of NSDAs were found between 5.12 and 5.21, while the initial titratable acidity values ranged between
1.12-1.53 g/100 g DW. Almost no changes in the pH and titratable acidity values were observed in NSDA samples stored at 4
and 10 °C. On the other hand, significant increases were observed in the titratable acidity of the NSDAs stored at 20 and 30 °C
(P<0.05). The decreases in pH and increases in titratable acidity values of the samples stored at 20 and 30 °C were fitted to zero-
order kinetic model. Increasing storage temperature from 20 to 30 °C caused 1.3-1.5 times faster decrease in the pH values,
while titratable acidity of values increased 1.2-2 times. The increase in titratable acidity of the samples during higher MC and
at 30 °C would be attributable to the increase in microbial counts. This could be easily understood from the very high correlations
(r=0.960-0.991) between titratable acidity and microbial counts. Similar results were reported by Tiirkyilmaz et al. (2012) who
found that titratable acidity values of sulfitted dried apricots (2899 mg SO2/kg) showed an increase with the increase of the
storage temperature from 10 to 30 °C.

4. Conclusions

Physicochemical and microbial qualities of NSDAs were affected by both MC and storage temperature. Colour deterioration in
NSDAs occurred because of browning reactions during the storage. The browning of NSDAs occurred at a much faster rate
above 20 °C. Below 10 °C, brown colour formation was limited. The increase in MC from 13.7 to 23.5% substantially accelerated
brown colour formation. On the contrary, increasing MC from 23.5 to 27.0% decreased brown colour formation. These findings
clearly showed that the fastest brown colour formation occurred at the intermediate MC (23.5%) samples, indicating the non-
enzymatic Maillard browning. The content of B-carotene did not change during storage at all temperature. In general, significant
decreases were found in microbial loads and aw values of NSDA samples during storage with the increasing storage temperature.
However, among the microorganisms tested, only the number of yeast and mould exceeded permitted limits in the samples at
27.0% MC after 2-months storage at 20 °C. The results suggest that the NSDAs over 23.5% MC need to be stored below 20 °C
to preserve their microbial and physicochemical quality.
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ABSTRACT

The present study was carried out between 2013 and 2014 in vineyards in
Ankara province on the Kalecik karasi grape variety. The aim was to
determine the biological characteristics of Lobesia botrana (Denis &
Schiffermuller, 1775) (Lepidoptera: Tortricidae) such as adult flight
activity, the duration of its presence in nature and the number of
generations per year. These characteristics are essential for the control, as
well as for the evaluation of the damage status. During this study, the first

pest occurred in the second-third week of June and it produced two
generations per year. It was also determined that the flight of adults ended
in September. European grapevine moth adults were found to be active
for about six months. Although there were European grapevine moths in
the vineyard during the control and count at vegetation and harvest period,
there were no eggs and larvae or damage on grapes during harvest of both
years. The results of this study clearly demonstrate that it is not necessary
to use chemicals to control of L. botrana in the vineyards of Kalecik

adults of L. botrana were caught in April and the first peak of the pest  karasi.

was seen in the last week of April in both years. The second peak of the

Keywords: Lobesia botrana, population, Integrated pest management, Damage, Kalecik karasi

1. Introduction

Turkey ranks among the top countries in terms of vineyards and grape production. The grape production area comprises of
4 054 307 decares, and 2 050 000 tons are produced for table grapes, 1 599 000 tons for dried grapes and 451 000 tons for wine
production, making up the total production of 3 600 000 tons (TUIK 2019). Ankara province provides 1.2% of Turkey's wine
production. Despite the decline in vineyard areas across Turkey, viticulture in Kalecik district of Ankara province has shown a
rapid development with public and private sector investments in the field of viticulture. Kalecik karast is a standard quality grape
variety, suitable for red wine, produced in the Central Anatolia Region (Karatas et al. 2010).

While many diseases and pests require chemical control in vineyards, Lobesia botrana is the main pest in vineyards (Davydov
1976; Altindisli & Kismal1 1996; Anonymous 2008). The larva of the European grapevine moth causes damage in the vineyard
by eating buds, flowers, unripe grape and ripe ones. It causes abscission during budding and flowering period as well as rotting
during the unripe and ripe grape harvest (Anonymous 2008). It affects the product in terms of both quality and quantity. Wine
produced from grapes damaged by L. botrana has low quality. L. botrana infestation negatively affects taste, smell and alcohol
content of wine (Altindigli 2014). According to studies done in different regions, it has been observed that the damage of
vineyards due to L. botrana range between 45-92% in the Aegean region (Ongag 1975), and between 34-52% in Sanliurfa in the
Southeastern Anatolia region (Mamay & Cakir 2014). According to the studies performed in different countries, the European
grapevine moth, which is a polyvoltine species, generates 2 to 4 generations annually depending on geographical areas and
climatic conditions (Martin-Vertedor et al. 2010; Caffarra et al. 2012; Pavan et al. 2013; Gilioli et al. 2016). L. botrana generally
has three generations in our country; however, the species produces two generations in some vineyards in the Central Anatolia
Region where our study has been conducted (Anonymous 2008). Since L. botrana is the main pest in vineyards, many studies
have been carried out from past to present on population change, biology and control of the pest in different regions of our
country.

The present study was conducted in vineyards in Kalecik district of Ankara province between 2013 and 2014 and the adult
flight activity, the main control against European grapevine moth and important criteria such as climate data and the phenology
of vineyard were evaluated together and the damage status was investigated. This study is the first in-depth study on the European
grapevine moth in the Central Anatolian Region and aims to obtain basic data on the management strategy of pest control.
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2. Material and Methods

Trials were carried out in a vineyard of 15 da, in which Kalecik karas1 grape variety was cultivated, in the district of Kalecik of
Ankara province. This area was infected with the European grapevine moth Lobesia botrana Den. & Schiff. (Lepidoptera:
Tortricidae). The trial vineyard was established according to the two-tier cordon training system with a trunk of 70 cm and an
offshoot height of 110-120 cm whereas the distance between rows was 3 m and the distance above rows was 1.5 m. Pherocon
type (Trece® incorporated Pherocon® CAP) sex pheromone traps (E-7, Z-9-dodecadienyl acetate) used to monitor the flight
activity of European grapevine moth and a METOS computerized climate device used to obtain climate.

Starting from January 1, when the sum of the maximum temperatures reached 1000 °C, 2 traps/da of sex pheromone traps
were hung in the trial vineyard to identify the adult flight activity of L. botrana (Anonymous 2011). These traps were hung to
the south of vine stocks, at the level of clusters and a height of approximately 50 cm from the ground in the prevailing wind
direction. The pheromone traps were checked twice a week until the first adult was obtained and once a week after the first adult
was obtained, and the number of adults was counted and recorded. The pheromone capsules were changed every 4-5 weeks or
when the sticky tray of these traps got dirty.

After the first adults were caught, the presence of first generation eggs in the flower buds were checked if the temperature
was above 15 °C for at least two consecutive nights and continued in the following days. Control of the first generation larvae
was carried out when the total effective temperature reached 120 days degrees, starting from January 1. A loupe was used (40X)
for the control of larvae. When it reached 520 degrees/days (d/d), a control was performed whether larvae of European grapevine
moth were produced in the second generation. At least 150 clusters were checked at each count. During the harvest at least 150
clusters randomly selected from the inner and outer part of grapevines at four directions were checked for any larvae damage.
Phenological periods of the grapevine were recorded in both years (Anonymous 2011). Climate data in the two years of the study
was obtained using a METOS computerized climate device, 50 m away from the vineyard area.

3. Results and Discussion
Starting from January 1, when the maximum total of temperatures reached 1000 °C, 2 traps/ha of sex pheromone traps were

hung to identify the adult flight activity of L. botrana on April 4, 2013, and on April 2, 2014. The first adults in pheromone traps
were caught on April 22, 2013, and on April 17, 2014 The population trend is given in Figures 1 and 2.
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Figure 1- Flight activity of European grapevine moth in Ankara, Kalecik district in 2013
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Figure 2- Flight activity of European grapevine moth in Ankara, Kalecik district in 2014

The first adult was obtained in the third week of April in both years. The date when the first adults of European grapevine
moth were seen in vineyards was different in studies conducted in different provinces and regions.

In this context, Giiglii and Unlii (2018) obtained the first adults in different districts of Manisa in late March, Mamay &
Cakir (2014) in Sanlhurfa on May 19, Oztiirk & Ac16z (2010) in Mersin, Tarsus district in late February-early March. Regional
climate, ecological differences and plant phenology are considered to have affected the time when the first adult was seen.

Pentad temperature and relative humidity values were 13.8 °C and 48% (Figure 3) when the first adult was seen in 2013,
while it was 17.1 °C and 47% in 2014 (Figure 4). It was recorded that pentad temperature values were 13.8-17.1 °C and relative
humidity values were 47-48% when L. botrana adults were seen in these years. In a study performed in Tarsus district, Oztiirk
& Ac16z (2010) stated that the pentad temperature and relative humidity values were 14.1-13.5 °C and 66.5-70.3% respectively
when L. botrana adults were first caught. Kovanci et al. (2005) stated that the pentad temperature values were 13.3-15.3 °C and
relative humidity values were 67.0-71.0 when L. botrana adults were first caught in Iznik vineyards. Figure 1 shows that the
highest number of adults caught in traps in 2013 was on April 30, with 50 adults/trap/week and on June 11, with 24
adults/trap/week whereas the highest number of adults caught in traps in 2014 was on April 30, with 25 adults /trap/week and on
June 18, with 10 adults /trap/week (Figure 2). At the first peak of the population, pentad air temperature and relative humidity
were 19.5 °C and 44% in 2013, and 16.4 °C and 61% in 2014. At the second peak point of the population, pentad air temperature
and relative humidity were 19.1 °C and 52% in 2013, and 21.4 °C and 58% in 2014. It was concluded that European grapevine
adults had two peaks during the year, April 30 and June 11 in 2013 and April 30 and June 18in 2014. However, in both years,
during the near-harvest period, there was an increase in the number of adults with 4 adults/traps/week in 2013 and 3 adults
[trap/week in 2014 on August 13; which pointed out that there may be a third generation. In their study conducted in Ankara,
Sereflikochisar district, Atag et al. (1987) stated that the third generation of L. botrana had two small flights towards the end of
August; however, there were not any eggs and larvae in cluster controls. It was observed that L. botrana generally produced 3-4
generations in Canakkale and Sanliurfa (Ozpinar et al. 2004; Mamay & Cakir 2014), and 4 generations in Bursa, Tarsus, and
Manisa (Kovanci et al. 2005; Oztiirk & Ac16z 2010; Giileg & Unlii 2018). In European vineyards, L. botrana is active from early
spring to late summer (Noma et al. 2010). Abiotic factors may have a major effect on the population dynamics of L. botrana at
all insect stages. In particular, temperature acting on adult and larval stages regulates female fecundity (Torres-Vila 1996). Adult
activity, i.e. flight, feeding, calling, mating and egg-laying, is principally displayed at twilight, although some activity can also
occur at daybreak or at any time on cloudy days. Water availability is necessary for adults to reach their potential reproductive
capacity (Torres-Vilaetal. 1996). The twilight temperature must be above 15-16 °C for two consecutive days and this condition
must continue in the next days for the first generation adults of L. botrana to mate and lay eggs (Anonymous 2011). While it
could be understood that the duration of European grapevine moths in nature varies according to the different ecology, it is
thought that this may be due to climate conditions and ecological differences.
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Figure 4- Temperature and relative humidity values in Ankara, Kalecik District in 2014 (January-December)

It was concluded that the dates when the first adult was caught in sex pheromone traps in both years coincided with the dates
when leaves were observed phenologically in grapevines. It was also deduced that the adult population phenologically had its
first peak during the budding period of clusters in grapevines and its second peak during the unripe grape period. In studies
carried out in different regions, the adult population of the European grapevine moth was reported to have its first peak during

the flowering period its second peak during unripe grape or the beginning of the ripe period (Mamay & Cakir 2014; Oztiirk &
Aci16z 2010).

The optimum laying temperature of L. botrana is 20-25 °C, and the twilight temperature must be above and 15-16 °C for two
consecutive days and continue in this manner in the following days for adults in the first generation to mate and lay eggs
(Anonymous 2008). The twilight temperature was over 15-16 °C in 2013, on April 26 and 27. It was reported that during the
dates when European grapevine moth adults were obtained and suitable twilight temperatures were observed, temperatures were
usually below 20 °C and this continued until the third week of May and went above 20 °C for the next few days; however,
temperatures were once again below 20 °C in the first week of June (Figure 3). In 2014, it was observed that the average
temperatures were generally below 20 °C since the date when European grapevine moth adults were seen and that temperatures
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were around 20 °C only for a few days in the second week of May. Low temperatures continued until the second week of June,
then started to rise above 20 °C, and it was observed that the twilight temperature was above 15-16 °C on May 15-16; however,
this did not continue in the following days (Figure 4). In the study performed on the population dynamics of L. botrana, Briere
& Pracros (1997) reported that the temperature must be between 8-32 °C to provide the egg and larvae development of the pest.
Starting from the days when the twilight temperatures were suitable for spawning of European grapevine moth in both years,
pest eggs were searched in each lot, 150 clusters apiece; however, no eggs were found. Generally, it is thought that changes in
temperature below 20 °C and unstable temperature changes affect the laying of L. botrana. The total of effective temperatures
in Kalecik, starting from January 1, 2013, reached 118.67 d/d on May 6, 126.74 d/d on May 7, whereas the total of effective
temperatures was close to 120 d/d on May 14 (119.2 d/d) and was 128.6 d/d on May 15. If the total of effective temperatures
approach or reach 120 (d/d) as of January 1, it means that the first larvae have emerged and the cluster phenology was undergoing
the budding period at that time. In addition to catching adults in traps on these dates, due to the suitability of a total of effective
temperatures and cluster in phenological manner, European grapevine moth larvae were searched in each lot, 150 clusters apiece.
However, larvae and larvae damage was not found in these clusters. Adults in the second generation of L. botrana reached the
peak on June 11, 2013. The total of effective temperatures was found to be 520.86 d/d on June 11. It is reported that the most
suitable flight temperature for adults is 20-27 °C with relative humidity of 40-70% (Anonymous 2011). Although the average
temperature in June in Kalecik district was 21.2 °C and it was rainy between June 12-18, the average relative humidity was 43%.
Adults in the second generation of L. botrana reached the peak on June 18, 2014. Starting from January 1, the total effective
temperatures reached 517.5 d/d and the number of adults caught in traps rapidly decreased while the presence of eggs, larvae,
and damage caused by larvae in the second generation could not be found as of July 5. Therefore, there was no spraying against
the second generation. During this period, L. botrana eggs and larvae were searched in each lot, 150 clusters apiece; however,
no eggs or larvae could be found. When this is evaluated together with climate data, temperature and relative humidity, values
seemed close to the minimum value for adult flight, and this may affect adult flight, therefore, spawning. Harvesting in the trial
vineyard in Kalecik was performed in the last week of August in both years. Cluster samples were collected to identify damaged
ones during harvest, and no European grapevine moth egg or larva was found. Even though there were L. botrana adults in
Kalecik both in 2013 and 2014, the reason why no egg or larvae or related damage were observed may be that unstable climate
conditions can be effective as it is stated above. Moreover, it was concluded that these values were close to minimum value for
adult flight; therefore, it may affect female butterflies to lay eggs. Coscolla & Davila-Zurita (1983) concluded that there was a
clear correlation between climate and the L. botrana's biology and that the main determinant of the pest's population fluctuations
was climatic factors, by using ecoclimatograms.

It was reported that abiotic factors could have a major effect on population dynamics of L. botrana's at all biological stages,
and in particular, that the effective temperature regulated fertility during the adult and larva stage (Torres-Vila 1996), adult
activity and longevity (Bovey 1966), and egg deaths (Coscolla & Davila-Zurita 1983). Although in literature it has been discussed
that the ecological conditions in the study area may affect the L. botrana's egg laying and damage status, ecological conditions
alone are not considered to have an effect on its egg laying and damage status. It has been determined that the damage status of
L. botrana is different from Kalecik karasi in some grape varieties grown under the same ecological conditions.

Around the vineyard, where the trial was conducted, there were 2-3 decares of grape varieties such as Yalova pearl and Black
muscat (Muscat Hamburg). During the years when the study was conducted, it was observed that these grape varieties were
infested with European grapevine moths, though at a low density. Falling of buds were seen in clusters due to the damage caused
by the first generation larva. Also, damage in grapes was seen by the second generation. In addition to adult flight, considering
the overall temperatures and phenological features of the grapevine, it was observed that there were egg and larvae phases of
European grapevine moth in these grape varieties and that there was damage during the budding and unripe grape period. It could
be deduced that adults caught in traps established in vineyards of Kalecik karas1 variety flew to vineyard areas of Yalova pearl
and Black muscat varieties and they formed populations there.

Even though adult flight activity of European grapevine moth was detected in vineyard areas of Kalecik karas1 grape variety,
as it was mentioned before about this variety, there were no eggs or larvae damage. In a study performed on the preference of
grape varieties of L. botrana, it was reported that the females had several effects on the host selection in four grape varieties
(Sharon et al. 2009). Similarly, Birgiicii et al. (2015), demonstrated that L. botrana was observed the most in Yalova pearl and
the least in Alevsiz variety, among grape varieties of Yalova Pearl, Alevsiz Sultana, and Red Seedless. In another study,
researchers found that L. botrana’s 1st generation caused the highest damage to Baris grapes, 2nd generation to the Yalova
Incisi-Trakya Ilkeren, and 3rd generation to the Honiisii-Italia grape varieties (Aslan & Candan 2018). Although the preference
was not investigated in our study, there is are indications that there might be a variety of preference. As it is supported by findings
in Yalova pearl and Black muscat harvested around vineyard areas close to Kalecik karasi grape variety were damaged by L.
botrana and that Kalecik karas: was not. Studies were done in different oviposition stimulants or deterrents of L. botrana on
different grape varieties. The mated females of L. botrana typically oviposit at twilight and lay a series of single eggs, responding
to olfactory cues (Gabel &Thiéry 1994; Hurtrel & Thiéry 1999; Masante-Roca et al. 2002) and taste stimuli (Maher & Thiéry
2004; Maher et al. 2006). The contact-chemoreceptors from both the tarsae and ovipositor were determined to respond to
different oviposition stimulants or deterrents (Maher & Thiéry 2004; Maher et al. 2006). In oviposition choice assays, non-
volatile polar compounds extracted from ripe grape berries of different grapevine varieties stimulate the oviposition of the L.
botrana female (Maher & Thiéry 2004), whereas fatty acids and their derivatives were shown to be deterrent (Gabel & Thiéry
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1996). In a study carried out in our country, it was identified that there is a total of 5 organic acids (citric, tartaric, malic, succinic
and fumaric acids) and 14 anthocyanins (5 monoglycosides, 5 acetyls and 4 coumaryls) in Kalecik karasi. In addition, a total of
8 phenol compounds (gallic acid, protocathic acid, catechin, epicatechin, B1, B2, B3 and B4 dimers) were detected in the seeds
of Kalecik karasi berries (Kelebek 2009). Kalecik karasi grape berries have a deep purple, almost blue color, thick skins, medium
size and frequent cluster. Snjezana (2004) stated that damage of L. botrana to cultivars can be said to be attributable to cluster
compactness, epidermis thickness and sugar content of grapes.

So far, no study has been conducted on the relationship between the morphological and histochemical features of this variety
with L. botrana. The results of the present study showed that L. botrana does not prefer the Kalecik karasi grape variety, but
detailed studies suggested that this variety is resistant to L. botrana. In conclusion, when both years are evaluated the study
conducted on the damage status of European grapevine moth on Kalecik karasi grape variety harvested in vineyard areas in
Kalecik district for two consecutive years, revealed that even though there were European grapevine moth adults, no eggs, larvae,
and therefore, no damage was present. When all the data of the study are evaluated together, it has been concluded that there is
no need for a chemical control against European grapevine moth in vineyard areas where Kalecik karasi grape variety is
produced.

4. Conclusions

The results of this study clearly demonstrate that it is not necessary to use of chemicals to control L. botrana in the vineyards of
Kalecik karasi. Generally, when adults are caught using traps for European grapevine moth with a suitable total of effective
temperatures and in phenological features, Provincial Directorate issues a warning on the matter and growers make the
disinfestation. In vineyards of Kalecik karasi, it can be advised to farmers not to apply chemical control against L. botrana
through the provincial directorate’s technical staff. Since Kalecik karasi grape variety not only occupies an important place in
wine-making in our country but also is consumed as a table grape variety, demonstrating that there is no need for spraying
application under integrated pest management against L. botrana will contribute to risk-free agriculture for human health and
environment without any insecticide residue. In future studies, conduction of experiments to reveal the resistance of Kalecik
karasi against L. botrana under controlled and semi-field conditions is recommended. In addition, considering the changing of
climatic conditions and the presence of different grape varieties grown in our country, the investigation of the damage status of
L. botrana on different grape varieties is suggested.
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ABSTRACT

For sustainable agricultural production, besides drought, plant resistance
to irrigation water and soil salinity should be investigated. Researchers
mostly focused on salinity and drought resistance of common species
such as wheat, barley, maize, etc. However, the number of studies on
chickpea with various uses is quite limited. In the present study, 11
chickpea varieties (Aksu, Arda, Hasanbey, Azkan, Cagatay, Aslanbey,
Inci, Seckin, 21C, 42C and EN1867) were subjected to germination tests
under different levels of irrigation water salinity (ECi) conditions to
identify irrigation water salinity resistant and sensitive varieties. In

levels (6, 8 10, 12 and 16 dS/m) were used in germination solution. The
sodium absorption ratio of saline waters was adjusted to be below 3. GGE
biplot method was used for visual assessment of genotype response to
saline irrigation waters. The threshold salinity value for germination was
identified as 12 dS/m based on germination ratios and seedling dry
weights, 8 dS/m based on seedling stem lengths and 10 dS/m based on
seedling root lengths. Based on germination ratios and seedling dry
weights, Azkan cultivar was identified as the most resistant and Cagatay
cultivar was identified as the most sensitive cultivar to irrigation water
salinity.

germination tests, besides control treatment (0 dS/m), five different EC

Keywords: Irrigation water quality, Germination ratios, Total salinity

1. Introduction

Chickpea is used in human nutrition and animal feeding in various parts of the world. Chickpea kernels are quite rich in protein,
so constitute a good source of nutrient. Chickpea straw is a valuable forage source. Chickpea does not require too much water
during the growing period and therefore it is considered as a drought-resistant plant. The drought level increases with the effect
of the increasing global warming from year to year, and chickpea becomes advantageous compared to many other plant species.
Together with increasing populations and rapid economic growth, water shortage has become a fundamental and chronic problem
for sustainable agriculture especially in arid and semi-arid regions. Meanwhile, irrigation water quality is continuously
deteriorated (Jiang et al. 2012). Water deficits in arid and semi-arid regions have made the use of saline water an inevitable
component of irrigations (Assouline et al. 2006; Letey et al. 2007). However, the use of saline or brackish water increases the
risk of soil salinization due to salt accumulation within the root zone (Pereira et al. 2002; Min et al. 2014).

Because saline water is among the most limiting factors in agriculture, it is important to study the potential effects of salt
stress on plant growth and yield (Sozen & Karadavut 2018; Yurtseven et al. 2018). Soil salinity induces osmotic stress by
increasing both the accumulation of toxic concentration of Na and ClI ions and the prevention of uptake of essential nutrients
such as K, Ca and NOs; (Munns 2002; Okhovatian-Ardakani et al. 2010; Peykanpour et al. 2016). Such negative impacts of
salinity then alter soil flora and fauna, impairs germination and mergence and ultimately reduce yield and quality. In sustainable
agriculture, the primary target is to supply optimum conditions to plants from seeding to harvest without generating any
environmental problems. Natural supply of sufficient quantity and quality irrigation water is getting more difficult every day and
water quality has become more important problem than water supply. Increasing pollution factors reduce water quality and use
of low-quality waters has become an essential issue in irrigations. Such low-quality waters then result in soil salinity and reduce
available land resources.

Irrigation water is the primary source of salts accumulated in soils. Inappropriate irrigation water quality directly influences
fertilizer uptake from the soil. Plant nutrient uptake through root system depends on nutrient concentrations in soil. In case of
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use of low-quality irrigation waters, plant characteristics should be taken into consideration. Both irrigation water pollution and
increasing soil salinity in agricultural lands are the most important limiting factors for cultivation of culture crops. To meet
increasing needs, marginal waters should be used and agricultural lands should be used for production. Saline lands could also
be used in production through the use of salt-resistant plants.

Salinity studies generally are not conducted under field conditions since i) precipitation and groundwater levels are not able
to be controlled, ii) soil salinity vary vertically and horizontally in short distances, salt concentrations and soil characteristics
may also varies, iii) plant salt uptake and sensitivity may vary with the species and the environmental conditions (light intensity,
temperature, relative humidity). Such studies should be conducted in multi replicates, thus require quite large areas and
discordant results are obtained in most cases. Just because of these difficulties, generally more practical and reliable greenhouse
and laboratory experiments are conducted. However, outcomes of such studies under controlled conditions should be proved
under field conditions, then appropriate selection methods should be offered to breeders (Yeo et al. 1990; Ekiz et al. 2000;
Koyuncu 2008).

Biplot was developed for the first time by Gabriel (1971) to present significant traits of a data matrix. Then, biplot started to
be applied in various disciplines and proved to be highly practical method in visual presentation of experimental data. Biplot
method was used in biomedical researches (Gabriel & Odoroff 1990), in multivariate process data (Sparks et al. 1997), two-way
cross tables (Bradu & Gabriel 1978, Gabriel 1995), robust methods (Daigle & Rivest 1992), growth curve analysis (Ojeda &
Juarez-Cerrillo 1996) and suitability analysis (Greenacre 1984; 1993).

Yan (2014) indicated that GGE Biplot analysis method could be used in analysis of all two-way data, in identification of
which genotype is well adapted to which environment and which genotypes yielded better outcomes in all environments.
Different genetic variation sources should be investigated with the use of developed methods and selection criteria should be
developed in breeding programs. Genotypic/cultivar differences in germination play an important role in identification of salt
resistance (Saxena et al. 1994). In this sense, seed germination in saline media in petri dishes is largely used to determine salt
resistance rapidly (Jana & Slinkard 1976). Salt tolerance of beans (Goertz & Coons, 1989; Guvenc & Kantar 1996; Elkoca &
Kantar 2003), sorghum (Esechie 1994), bread wheat (Kirtok et al. 1994; Coskun & Tas 2017) and different vegetables (Cucci et
al. 1994) were tested in petri dishes with different salt solutions. Germination test results should be proven with small plot and
field experiments.

In present study, different chickpea varieties were subjected to germination tests under saline irrigation water conditions to
identify irrigation water salinity resistant and sensitive varieties. It is expected that the present results will provide important
contributions for the breeding of chickpea varieties resistant to irrigation water salinity.

2. Material and Methods

Eleven chickpea cultivars commonly cultivated in Turkey were selected as the plant material of the study (Table 1). Experiments
were conducted in randomized blocks - split plots experimental design with 3 replicates in laboratories of Canakkale Onsekiz
Mart University Faculty of Agriculture. Pre-tests were conducted with randomly selected cultivars and germination threshold
salinity level was determined as 10 dS/m. Present treatments were selected as two levels below and two levels above this
threshold.

Table 1- Chickpea genotypes used in this study

Genotype No Cultivar name
Gl Aksu
G2 Arda
G3 Hasanbey
G4 Azkan
G5 Cagatay
G6 Aslanbey
G7 Inci
G8 Seckin
G9 21C

G10 42C
G11 EN1867

Besides the control treatment, irrigation waters were prepared at 6, 8, 10, 12 and 16 dS/m electrical conductivity (ECi), SAR
was adjusted to be below 3. Different salt sources (Na, Ca and Mg) were used to prepare saline irrigation waters. Ca/Mg ratio
was adjusted to be greater than 2. Twenty seeds of each cultivar were placed into 15 cm diameter petri dishes. Petri dishes were
supplemented with 45 mL of saline germination water. Seeded Petri dishes were monitored for 7 days. Along with the
recommendations of Wang et al. (2009) and Kusvuran (2015), seeds were considered as germinated when the rootlets were
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emerged. Germinated seeds were dried in an oven at 60 °C for 48 hours and weighed to get dry weights. Germinated seeds of
each petri dish were converted into percentage to get germination ratios as recommended by Atak et al. (2006).

Descriptive statistics was used to determine germination ratio, root length, stem length and seedling dry weights. Regression
and GGE biplot graphs were used for visual presentation of the experimental data (Alkan 2011). GGE biplot method was used
to identify the best genotypes at each salinity level, the genotypes tolerant to entire salinity levels and germination threshold
salinity level of the genotypes. In GGE biplot analysis of genotype X environment interactions, irrigation water salinity levels
were considered as environments. GGE biplot graphs were generated with different perspectives (Yan 2014).

3. Results and Discussion
3.1. Germination ratio

Decreasing germination ratios were observed with increasing irrigation water salinity levels (Table 2). Except for one genotype
(G8), germination was observed in all genotypes at 16 dS/m ECi level. Regression graphs for changes in germination ratios of
the genotypes based on ECi levels are presented in Figure 1a and Genotype - ECi Biplot graph indicating which genotype had
the greatest germination ratio at which ECi level and which genotype had the greatest germination ratio at all ECi levels is
presented in Figure 1b. As can be seen in Figurela, germination ratios linearly decreased with increasing ECi levels. However,
genotypes G5 and G8 had greater decreases as compared to the other genotypes.

Table 2- Change in germination ratios of chickpea geneotype with ECi levels

Genotype 0 dS/m 6 dS/m 8 dS/m 10 dS/m 12 dS/m 16 dS/m
Gl 73.01 £15.06 6223 £7.15 58.83 +7.09 52.70 £ 6.45 37.85+£14.27 25.58 £4.57
G2 7530 £12.51 71.79 £12.31 58.00 + 12.59 51.47 +8.47 4445 +7.14 12.58 £5.84
G3 71.72 £12.63 58.62+4.74 52.45+2.40 47.69 £2.24 44.85+5.71 28.49 £7.93
G4 76.21 £5.59 66.87 £0.18 64.31+£3.73 62.32+2.16 52.91 £6.63 39.58 £5.79
G5 39.03 £8.39 29.93 £4.32 17.50 +£3.81 16.20 £3.58 12.68 £2.92 8.86 £4.47
G6 54.85+£1.97 48.62 +6.21 38.32£4.32 35.03+£7.27 24.10 +£13.37 14.23 £3.69
G7 67.73 £3.10 53.57+£15.08  47.17+£10.54 37.87+4.41 31.03 £7.08 20.40 £0.87
G8 21.99+4.42 18.44 £5.89 1772 £5.17 13.21 £4.67 12.55+£5.09 0.00 +0.00
G9 47.53 £6.19 42.56 +4.46 39.03 £2.64 31.87+£5.62 28.96 £5.54 5.64 £1.37
G10 76.19 £ 6.68 69.81 £12.73 67.18 £13.05 61.08 £10.24 43.78 £5.32 19.32 £21.39
G1l1 41.05+1.78 40.83 +1.87 3333 +£8.94 31.08 £10.56 2286 +£11.67 6.70 £ 0.75

Genotype *k *k *k "k ok *ox

Average 58.60 51.21 44.89 40.05 32.37 16.49

Minimum 21.99 18.44 17.50 13.21 12.55 0.00

Maximum 76.21 71.79 67.18 62.32 52.91 39.58

LSD 0.01 19.18 18.75 17.78 15.17 19.50 17.64

**: Genotypes are statistically different (P<0.01)
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Figure 1- Germination ratios at different ECi levels a) regression b) GGE biplot graph

These genotypes also had quite lower germination ratios than the others in control treatments. Germination ratio of G5 and
G8 genotypes in control treatments varied between 39.03 - 21.99%. These values were lower than the germination ratios of the
other genotypes at different ECi levels.

A biplot graph was generated for visual presentation of change in germination ratios of the genotypes with ECi levels. In this
graph (Figure 1b), salt treatments were gathered under two groups. The first group included 0 and 6 dS/m ECi levels and the
second group included 8, 10, 12 and 16 dS/m ECi levels. However, 16 dS/m ECi level had weak correlations with the other
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levels. In other words, in terms of germination ratio, genotype response was quite distinctive in 16 dS/m treatments. In terms of
germination ratio, the diagonal genotype G4 of the second group (8, 10, 12 and 16 dS/m ECi), G1, G7, G3 genotypes of this
group and G10 genotype with the closest position to the first group (6, 0 dS/m) were found to be superior over the others. In
terms of germination ratio, the genotype G5, G8 and G9 had the most negative response to salinity (Figure 1b).

3.2. Seedling root length

Decreasing seedling root lengths were observed with increasing irrigation water salinity levels (Table 3). Regression graphs for
changes in seedling root lengths of the genotypes with ECi levels are presented in Figure 2a. GGE biplot graph indicating the
genotypes with the greatest seedling root length at each salinity level and the genotype with the greatest seedling root length at
all ECi levels is presented in Figure 2b. A biplot graph was generated for visual presentation of change in seedling root lengths
of the genotypes with ECi levels. In this graph, salt treatments were gathered under two groups. The first group included 0, 6
and 8 dS/m ECi levels and the second group included 10,12 and 16 dS/m ECi levels.

However, 12 and 16 dS/m treatments of the second group were placed at further position to 10 dS/m treatment. In these
treatments, the greatest seedling root length was observed in G9 genotype. In the first group (0, 6, 8 dS/m), the greatest root
length was observed in G2 and G4 genotypes. In terms of root lengths, the genotype G5 and G1 had the most negative response
to salinity (Figure 2b).

Table 3- Change in seedling root lengths of chickpea genotype with ECi levels

Genotype 0dS/m 6 dS/m 8 dS/m 10 dS/m 12 dS/m 16 dS/m
Gl 36.58 £7.88 20.81 £5.33 17.87+7.08 13.30+5.86 1.63 +0.56 1.86 £ 0.81
G2 65.99 +10.80 49.67 +23.79 33.77+3.39 22.51+13.32 2.22+£0.29 1.63 +0.56
G3 54.65+4.52 46.24 + 6.68 32.48 £3.60 8.32+1.09 0.00 +0.00 0.00 +0.00
G4 59.35+£6.25 47.61 = 8.66 23.72 £16.16 2146 +1.24 0.97 £0.04 0.00 +0.00
G5 28.10+5.74 19.52 £3.77 12.89 +£3.69 11.55+4.28 3.93+2.05 0.00 +=0.00
G6 53.50 £8.92 44,11 +9.74 30.84 +£15.37 6.46 = 1.00 0.00 +0.00 0.00 +0.00
G7 50.23 +£0.55 43.83 +£1.62 28.10 £2.97 11.73 £6.17 0.00 £0.00 0.00 +0.00
G8 53.95+3.11 35.81+£4.33 2137+£7.16 1536 +7.32 0.00 +0.00 0.00 +=0.00
G9 59.31 £5.89 4728 +11.78 3230+£12.69 18.87 £ 14.81 1143 £14.28 2.55+3.47
G10 43.60 +3.40 25.61 +1.61 16.90 +2.64 14.10 £ 0.60 2.38+0.54 0.00 +0.00
G1l1 44.06 = 6.95 26.14 £8.15 15.39£9.99 8.83£4.90 5.54+6.55 0.00 +0.00

Genotype ok *k *k "k ok *k

Average 49.94 36.97 24.15 13.86 2.55 0.40

Minimum 28.10 19.52 12.89 6.46 0.00 0.00

Maximum 65.99 49.67 33.77 2251 11.40 2.55

LSD 0.01 1481 2251 20.97 16.56 11.01 247

3.3. Seedling stem length

**: Genotypes are statistically different (P<0.01)

Decreasing seedling stem lengths were observed with increasing irrigation water salinity levels (Table 4). Regression graphs for
changes in seedling stem lengths of the genotypes based on ECi levels are presented in Figure 3a and Genotype - ECi Biplot
graph indicating which genotype had the greatest seedling stem length at which ECi level and which genotype had the greatest
seedling stem length at all ECi levels is presented in Figure 3b. In this graph, salt treatments were gathered under three groups.

The first group included 0, 6 and 8 dS/m ECi levels, the second group included 10 and 12 dS/m ECi levels and the third
group included 16 dS/m ECi level. In the first group, the greatest stem length was observed in G2 and G6 genotypes. In the
second group, G9 and G4 genotypes were prominent for stem lengths. These genotypes were placed at diagonals. The 16 dS/m
ECi treatment constituting the third group alone had the lowest vector length. In this treatment, stem lengths of the genotypes
were quite low and the greatest values were observed in G10 and G5 genotypes (Figure 3b).
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Figure 2- Seedling root lengths at different ECi levels a) regression b) GGE biplot graph

However, in the second group, diagonal ECi levels of 12 and 16 dS/m were placed at further position to 10 dS/m treatment.
The greatest stem length in these treatments was observed in G9 genotype. In the first group (0, 6, 8 dS/m), the greatest seedling
stem length was observed in G2 and G4 genotypes. In terms of stem lengths, the genotype G5 and G1 had the most negative
response to salinity (Figure 3b).
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Table 4- Change in seedling stem lengths of chickpea genotype with ECi levels

Genotype 0 dS/m 6 dS/m 8 dS/m 10 dS/m 12 dS/m 16 dS/m
Gl 7499 £5.84 56.06 +£4.04 52.85+7.61 4558 +11.18 25.15+3.38 4.65+1.51
G2 102.31+3.76 8545+687 7991+10.62 36.57+22.53 32.62+20.91 0.64+1.12
G3 11439 +4.15 84.23 +5.77 56.68 +£23.36  32.69 £22.63 7.72 +2.86 2.58 +4.46
G4 75.19+£554 5751+14.14 4893 +£7.58 4492 +£3.75 29.94 £4.90 1.48 £2.06
G5 56.82+11.02 44.71+6.10 38.75+11.28 34.97+11.03 17.06 £2.34 1.24 £2.16
G6 104.51+7.65 9629+14.72 7391+13.82 53.37+24.60 23.58+£1.03 2.56+0.34
G7 9433 +1523 87.27+17.26 58.17+25.66 30.10 £9.81 17.13 £3.22 5.33+1.53
G8 68.29 £2.13 51.36+5.21 42.52 £7.81 21.86 £0.98 20.56 £1.71 0.00 £0.00
G9 95.64 £5.73 78.10+£12.53  6532+10.98 54.02+11.44 31.40+7.35 4.34+1.33
G10 52.68 £2.34 47.54 +£5.82 41.82+5.16 25.95+2.63 23.34+4.59 6.68 +1.29
G1l1 80.71+£4.49  59.64+1525 4989+798 42.63+11.62 19.89 £2.35 5.40+0.36
Genotype ** ** NS NS il il
Average 83.62 68 55.3 38.4 22.6 3.2
Minimum 52.68 44.7 38.8 21.9 7.72 0
Maximum 114.4 96.3 79.9 54 32.6 6.7
LSD 0.01 16.58 25.01 NS NS 16.73 4.29

**: Genotypes are statistically different (P<0.01)

3.4. Seedling dry weight

Decreasing seedling dry weights were observed with increasing irrigation water salinity levels (Table 5). In biplot graph (Figure
4b) generated for visual presentation of change in seedling dry weights of the genotypes with ECi levels, salinity treatments were

gathered under two groups. The first group included 0, 6, 8 and 10 dS/m ECi levels and the second group included 12 and 16

dS/m ECi levels.
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Figure 3- Seedling stem lengths at different ECi levels a) regression b) GGE biplot graph

The greatest seedling dry weight was observed in G4 of the first group and G10 of the second group. These genotypes were
placed at diagonals. The greatest decreases in seedling dry weights with ECi levels were observed in G8, G5 and G9 genotypes

(Figure 4b).
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Table 5- Change in seedling dry weights of chickpea genotype with ECi levels

Genotype 0dS/m 6 dS/m 8 dS/m 10 dS/m 12 dS/m 16 dS/m
Gl 1.13+£0.28 1.09£0.29 1.04 £0.31 0.87+£0.25 0.70 £0.22 0.27£0.10
G2 1.57+£0.04 1.34£0.20 1.05+0.03 0.83 £0.27 0.61+0.17 0.22+0.15
G3 1.06 £0.14 0.84 £0.09 0.76 £0.04 0.71 £0.05 0.63£0.12 0.36 £0.02
G4 2.41+0.10 1.59+0.24 1.40 £0.27 1.27 £0.31 0.97+£0.45 0.40 £0.41
G5 0.74 £ 0.05 0.71 £0.04 0.49 £0.06 0.44 £0.08 0.38 £0.08 0.33+£0.05
G6 1.12+0.11 1.00 = 0.06 0.93 £0.03 0.78 £0.14 0.59+0.21 0.47 £0.24
G7 1.23+£0.21 0.97+0.23 0.87+0.15 0.67 £0.06 0.50 =0.00 0.30=0.10
G8 0.41 +0.04 0.32+£0.04 0.30 +0.05 0.25+0.01 0.18 £0.06 0.00 = 0.00
G9 1.57+0.10 1.03+£0.35 0.84 £0.27 0.73+£0.23 0.55+£0.29 0.13£0.02
G10 1.72+£0.01 1.59+0.13 1.29+0.09 1.16 £0.12 1.00 £0.12 0.71 £0.50
11 1.12+0.27 0.91£0.09 0.83£0.07 0.73 £0.04 0.64 £0.03 0.39£0.23
Genotype Hx Hok ok Hok Hok ok
Average 1.28 1.04 0.89 0.77 0.61 0.33
Minimum 0.41 0.32 0.30 0.25 0.18 0.06
Maximum 241 1.59 1.40 1.27 1.00 0.71
LSD 0.01 0.35 0.43 0.37 0.40 0.47 0.53

**: Genotypes are statistically different (P<0.01)

In cultivar development studies with breeding methods, different genetic variation sources should be used through modern
methods, significant traits should be investigated with the use of proper methods, selection criteria should be developed/specified
and characteristics of developed cultivars should be well-defined.
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Figure 4- Seedling dry weights at different ECi levels a) regression b) GGE biplot graph

Already limited water resources will get even more deficit in the future. Such deficit nature of water resources will necessitate
the use of poor or low-quality waters in irrigations. A sustainable production model should be generated while using these poor-
quality waters. For sustainable plant production, resistance to stress factors, especially sensitivity/resistance of the plants to water
and soil salinity should be determined and threshold salinity values should be identified. Present findings may offer significant
information to further breeding studies about salt tolerance of the plants.
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Genotypic differences in germination play an important role in identification of salt tolerance (Saxena et al. 1994). Therefore,
seed germination in Petri dishes with saline irrigation water solutions are generally used for rapid identification of plant salt
tolerance (Jana & Slinkard 1976). Previous researchers used petri dishes with different NaCl salt solutions in beans (Goertz &
Coons 1989; Guvenc & Kantar 1996; Elkoca & Kantar 2003), sorghum (Esechie 1994), bread wheat (Kirtok et al. 1994; Coskun
& Tas 2017) and different vegetables (Cucci et al. 1994) and identified salt tolerant/resistant cultivars in a short time. Citak &
Toprak (2016) reported chickpea kernel yield was 351 kg/da at full irrigation and 281 kg/da at deficit irrigation (50%) treatment.
Ozcan et al. (2000) supplemented 500 g pot soils with 68 mmol/kg NaCl to generate salt stress on three different chickpea
cultivars under greenhouse conditions and reported that Damla chickpea cultivar had lower dry weight, Na and CI content than
the other cultivars under NaCl salt stress.

Present study revealed that, in the germination tests, besides control treatment (0 dS/m), five different ECi levels (6, 8 10, 12
and 16 dS/m) were applied. Threshold salinity value for germination was identified as 12 dS/m based on germination ratios and
seedling dry weights, 8 dS/m based on seedling stem lengths and 10 dS/m based on seedling root lengths. According to these
results, it is understood that chickpeas are quite resistant to salinity.

In terms of germination ratios and seedling dry weights, G4 genotype was identified as the most resistant and G5 was
identified as the most sensitive cultivar to irrigation water salinity. The greatest seedling root and stem lengths were obtained
from G2 and G4 genotypes. The present findings revealed that G5, G8 and G9 genotypes for germination rate and seedling dry
weight, and G5 and G1 genotypes for seedling root length and seedling stem length were more sensitive to salinity.

4. Conclusions

The GGB biplot method can be used safely in determining the threshold value of irrigation water salinity in germination tests.
Threshold salinity value for germination was identified as 12 dS/m based on germination ratios and seedling dry weights, 8 dS/m
based on seedling stem lengths and 10 dS/m based on seedling root lengths. Based on germination ratios and seedling dry
weights, Azkan cultivar was identified as the most resistant and Cagatay cultivar was identified as the most sensitive cultivar to
irrigation water salinity.
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ABSTRACT

In this study, secondary metabolite amounts of leaf samples belonging to
12 different Bituminaria bituminosa (L.) C.H. Stirtion genotypes were
determined at the beginning of growth, budding and at the beginning of
flowering periods. Leaf samples belonging to B. bituminosa genotypes
were dried under natural conditions and extracted using a microwave
system (NEOS). Furanocumarins (psoralen and angelicin), isoflavonoids

obtained by LC-MS / MS. While the secondary metabolite contents
determined in B. bituminosa differed among growth periods, genotype
difference was found to be more effective on these metabolite contents.
As a result, all genotypes performed remarkably in terms of secondary
metabolites. Besides, the number 12 genotype (Samsun-Kavak) was
prominent in terms of angelicin, daidzein, genistein, daidzin, and genistin
compared to the other genotypes.

(daidzein, genistein) and isoflovan glycosides (daidzin and genistin)

Keywords: Animal health, Furanocoumarin, Isoflavonoid, Tedera

1. Introduction

Bituminaria bituminosa (L.) C.H. Stirtion (B. bituminosa) is a perennial species and is a member of the Leguminosea family is
originated in Mediterranean. However, it shows a wide spreading in the natural flora of Turkey, South Europe, Crimea, Western
Syria, Cyprus, the Caucasus, Israel, the North Africa, Portugal and Spain (Davis 1965).

B. bituminosa is a plant species which has rich content in terms of secondary metabolites. The amount of secondary
metabolites that give the plant a distinctive odour varies significantly according to genotype and ecological conditions (Pecetti
et al. 2007; Correal 2012; Real 2012). While these metabolites play a role in the defence mechanism of the plant, they also have
beneficial effects on human physiology and diseases due to their bioactive molecules. Secondary metabolite content of B.
bituminosa such as furanocoumarins, isoflavonoids and pterocarbans have pharmacological effects (Martinez et al. 2010). These
substances are used in the cosmetic industry and in the treatment of vitiligo, psoriasis, fungal, eczema, sunburn, skin cancer,
colon cancer, Mediterranean anemia, allergen diseases and relieving inflammation (Pistelli et al. 2003; Pazos -Navarro et al.
2013). While secondary metabolites and antioxidant substances in the plant positively affect the health of animals, they also
improve the quality of animal products (Pecetti et al. 2007).

The literature shows that secondary metabolites of B. bituminosa may change depending on the growth periods. Study of
Tava et al. (2007) determined in the leaves and stems of B. bituminosa plant psoralen and angelicin content. Walker et al. (2006)
analysed these metabolites in April, August and November and the highest values were found to be in the samples collected in
August. This is related to temperature and increases the furanocoumarin content of the plant with increasing UV light intensity
(Bourgaud et al. 1995). In previous studies, the presence of pterocarpan and daidzein were determined in the Psoralea species
(Boardley et al. 1986; Bouque et al. 1998; Pistelli et al. 2003).

In the present study, secondary metabolites (psoralen and angelicin, daidzein, genistein, daidzin and genistin) were
determined in beginning of growth, budding, and in the beginning of flowering periods of 12 different B. bituminosa genotypes
and changes in the amounts of these secondary metabolites were determined in three different physiological periods.
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2. Material and Methods

Seeds of B. bituminosa collected in 2012 from Samsun (8), Sinop (2) and Kastamonu (1) were used as plant material in the study.
In addition, one genotype of Spain origin was also used in the study (Table 1).

Table 1- Localities of B. bituminosa genotypes

. . Locations
No Collection Location North East

Gl Spain - -

G2 Kastamonu Inebolu 41°58'32.8" 33°46'10.4'
G3 Samsun-Catalzeytin 41° 57" 48.4" 34°09'07.8'
G4 Sinop Kanligay 41°40'40.3" 35°22'22.8'
G5 Samsun-Kozagzi 41°28'05.1" 35°49'56.8'
G6 Samsun-Carsamba 41°04'35.1" 36° 40' 09.0'
G7 Samsun-Bagkur 41°18'39.0" 36°20'02.5'
G8 Samsun- Baruthane 41°19'08.5" 36°19'13.6'
G9 Samsun-Nebyan 41°23'359" 35°59'06.2'
G10 Samsun-Kurupelit 41°22'16.0" 36°11'46.7'
Gl1 Sinop-Tingiroglu 41°47'41.0" 35°00'23.0"
G12 Samsun-Kavak 41°03'14.4" 35°56'59.8"

The collected seeds were firstly sown into seed trays. Then, they were transplanted to Experimental Field of Agriculture
Faculty of Samsun Ondokuz Mayis University with 70x70 cm spaces in autumn during 2016. The properties of experimental
area soil which were gathered from 0-15 cm deep were determined as a pH of 6.45, 7.90% CaCO3; and saltless (0.052 mmhos/cm).
Plants were not irrigated and fertilized during the study. In the 2018 vegetation period; at the beginning of growth, budding and
at the beginning flowering, the plants were harvested and the leaves were separated (Table 2). Besides, while sampling the leaves,
genotypes with the same habitus were taken into account.

Table 2- Harvest dates of B. bituminosa genotypes

Genotypes Beginning of growth Budding Beginning of flowering
Spain 10.05.2018 31.05.2018 07.06.2018
Kastamonu inebolu 10.05.2018 24.05.2018 31.05.2018
Samsun-Catalzeytin 10.05.2018 24.05.2018 31.05.2018
Sinop Kanligay 10.05.2018 24.05.2018 31.05.2018
Samsun-Kozagzi 10.05.2018 24.05.2018 31.05.2018
Samsun-Carsamba 10.05.2018 24.05.2018 31.05.2018
Samsun-Bagkur 10.05.2018 24.05.2018 31.05.2018
Samsun- Baruthane 10.05.2018 24.05.2018 31.05.2018
Samsun-Nebyan 10.05.2018 24.05.2018 31.05.2018
Samsun-Kurupelit 10.05.2018 24.05.2018 31.05.2018
Sinop-Tingiroglu 10.05.2018 24.05.2018 31.05.2018
Samsun-Kavak 10.05.2018 24.05.2018 31.05.2018

B. bituminosa leaf samples taken from the genotypes were dried under natural conditions and then extracted with NEOS
device (microwave system) in the ECO-Biotechnology Laboratory of Bilecik Seyh Edebali University, Biotechnology
Application and Research Centre. Secondary metabolite contents of the extracts were determined by LC-MS / MS. Secondary
metabolites determined in leaf samples of B. bituminosa were psoralen, angelicin, daidzein, genistein, daidzin and genistin. Prior
to the statistical analysis of the data obtained, transformation was applied and its suitability for normal distribution was examined.
The results of the study were analysed by using the MSTAT-C statistical package program with regards to the split pilot design.
Differences between genotype and physiological periods were determined by Duncan multiple comparison test. Besides, the
correlation coefficients among all observed components were calculated by the in SPSS version 18.0, while the Principal
component analysis (PCA) was carried out using the statistical software package PASW (18) Statistics Data Editor Program.

3. Results and Discussion
Mean squares and coefficient of variance for secondary metabolites and B. bituminosa genotypes are given Table 3. Accordingly,

the difference between the growth periods, genotypes and the interaction between genotype x growth period were found to be
significant at the 1% probability level for all secondary metabolites.
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Table 3- Mean squares and coefficient of variance for secondary metabolites and B. bituminosa genotypes

sgﬁgifoﬁf df Psoralen Angelicin Daidzein Genistein Daidzin Genistin

Growth period (GP) | 2 42.09** 7.17** 138.33** 9.81** 278.07** 172.38**

Genotype (G) 11 15.94** 2.08** 327.98** 7.16** 100.34** 98.56**

GPXG 22 9.32** 2.59** 115.86** 2.08** 73.78** 68.69**

CV% 0.46 7.52 3.73 3.37 0.50 1.05
**:P<0.01

The highest psoralen content was obtained at the beginning of flowering and genotype number 11 with 118.47 ppm; the
lowest psoralen content was obtained in budding and genotype number 12 with 3.88 ppm. Psoralen content in growth periods
was determined as the highest in the beginning of flowering, lower in budding and the lowest in the beginning of growth. When
the genotypes were compared, the highest psoralen content was determined in genotype number 8 (89.87 ppm) (Table 4).

Table 4- Psoralen contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding B??(;\rf]vz:?r?g()f Average**
Gl 53.89q 85.19h 64.49 mn 67.85 f
G2 34.51 x 24.14B 83.56 j 47.40h
G3 12.36 D 25.03 A 4329 v 26.89 k
G4 26.19z 49.78 s 43.31v 39.76 i
G5 4711t 107.16 ¢ 91.48 f 81.91b
G6 41.36 w 2593z 4555u 37.61]j
G7 2315C 104.66 d 84.09 ij 70.63 d
G8 72441 87.40¢ 109.77 b 89.87 a
G9 50.52r 84.63 hi 79.34 k 7149c
G10 79.57 k 62.86 0 63.76 n 68.73 e
Gl11 3113y 57.06p 118.47 a 68.89 e
G12 65.28 m 3.88E 9552 e 54.89 g
Average** 4479 ¢ 59.81 b 76.89 a

**: P<0.01 (While the interactions were lettered, capital letters were continued after the lowercase letters were finished). G1: Spain; G2: Kastamonu Inebolu;
G3: Samsun-Catalzeytin; G4: Sinop Kanligay; G5: Samsun-Kozagzi; G6: Samsun-Cargsamba; G7: Samsun-Bagkur; G8: Samsun- Baruthane; G9: Samsun-
Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.

The angelicin contents of the genotypes ranged from 0.11 ppm to 19.61 ppm. The highest angelicin content was determined
in genotype number 6 in the budding and the lowest angelicin content was determined in genotype number 5 in the beginning of
flowering. When the growth periods were compared, the highest angelicin content was found in the budding (4.29 ppm) and the
lowest angelicin content was found in the beginning of flowering (0.60 ppm) (Table 5).

Table 5- Angelicin content of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 0.16 tu 0.34q 0.22 stu 0.24i
G2 0.97 il 5.18e 0.37 p-s 217e
G3 1859 1357 Db 0.71 k-n 5.38b
G4 1829 0.81j-m 0.52 n-q 1.05f
G5 0.68 I-0 1.02 ijk 0.11u 0.60 gh
G6 0.32 grs 19.61a 0.47 o-r 6.80 a
G7 9.57¢ 0.58 m-p 0.86 j-m 3.67c
G8 1.07 hij 1.02 ijk 0.76 j-n 0.95f
G9 0.63 mno 0.16 tu 141h 0.73¢g
G10 0.78 j-n 0.34 qrs 0.29 rst 0.47h
Gl1 3.70f 1.20 hi 1.23 hi 2.04¢
G12 0.37 p-s 7.67d 0.26 rst 2.77d
Average** 1.83b 4.29a 0.60 ¢

**: P<0.01. G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanligay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba; G7: Samsun-
Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.
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Different researchers reported that Psoraleae varieties have a rich content of psoralen and angelicin, and they are used
traditional medicine (Rakhmankulov & Korotkova 1975; Cappelletti et al. 1984). Baskaran et al. (2001) and Milesi et al. (2001)
indicated that the psoralen is used for the photochemotherapy of vitiligo and skin diseases such as psoriasis, mycosis fungoidies,
and eczema. Besides, psoralen inhibits cancer (Oliveira et al. 2006). Angelicin is used for determining DNA/RNA structures in
cells and microorganisms, and the treatment of psoriasis (Kittler et al. 1980). Previous researches showed greater variability in
psoralen and angelicin contents between Psoralea varieties. This may be due to genetic differences and environmental factors.
Li et al. (2018) found that the psoralen and angelicin contents of Psoralea gingivalis were 6250 and 3125 ppm, respectively,
while Ahandani et al. (2013) determined that psoralen and angelicin contents of Psoraleae plumose were at 2744 and 3022 ppm,
respectively. Psoralen and angelicin contents may vary differences in the organs of plants. For example, Del Rio et al. (2010)
determined that the psoralen and angelicin content of Psoralea bituminosa leaves ranged between 2204-3416 and 2530-3918
ppm, respectively. On the other hand, Ahandani et al. (2013) indicated that the seeds of Psoralea corylifolia content of psoralen
and angelicin were at 7800 and 2300 ppm, respectively. The angelicin and psoralen contents in this study are different from
previous studies. This may be due to the varieties and ecological conditions.

The contents of daidzein and genistein determined in B. bituminosa leaf extracts are given in Tables 6 and Table 7. The
daidzein content of genotypes was ranged from 3.66 ppm (genotype number 1 at the beginning of flowering) to 37.57 ppm
(genotype number 5 at the budding period). When the growth periods were compared, the highest daidzein content was found at
the beginning of growth (18.27 ppm) and the lowest daidzein content was found in the budding period (14.78 ppm) (Table 6).
The highest genistein content was determined in genotype number 9 at the beginning of growth (6.34 ppm), while the lowest
genistein content was determined in genotype number 8 in budding period (1.27 ppm). The genistein content in the growth
periods from highest to lowest was at the beginning of growth, beginning of flowering and in the budding, respectively. When
the genotypes were compared, the highest genistein content was determined in genotype number 9 (4.99 ppm) (Table 7).

Table 6- Daidzein contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 9.74 op 6.76 r 3.66t 6.72
G2 10.63 0 542s 13.24n 9.76 i
G3 20.22 h 12.99j 2781c 20.34c
G4 9.30 pq 18.05n 15.30 m 14219
G5 19.44 hi 3757a 17.56 jk 24.86 b
G6 17.59 jk 9.53 pq 26.84 cd 17.99e
G7 21.30¢g 16.06 Im 15.39 Im 17.58 ef
G8 26.26 d 7.21r 18.62 ij 17.36 f
G9 30.92b 2427¢e 30.90 b 28.70 a
G10 18.38 ij 8.50¢q 16.57 kI 1448 ¢
Gl1 16.10 Im 8.60 q 15.47 Im 13.39h
G12 19.36 hi 2243fF 15.56 Im 19.12d
Average** 18.27 a 14.78 ¢ 18.08 b

**: P<0.01. G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanhgay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba; G7: Samsun-
Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.

Table 7- Genistein contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 1.92 qgr 1.60 st 1.71 st 1.74 h
G2 2.29 op 3.12 jk 3.49 gh 2.96 de
G3 5.65b 3.32hi 4.69d 4.55h
G4 1.76rs 2.65n 3.60g 2.67 f
G5 3.92f 2440 2.77 mn 3.04d
G6 3.83f 2.20p 3.02 kl 3.01d
G7 2.22p 2.29 op 2.27 op 2.26 9
G8 3.80f 1.27u 3.01 Kl 2.60f
G9 6.34a 5.26 ¢ 3.38 hi 4.99 a
G10 3.291j 157t 413e 2.99 de
G11 3.84f 196 q 2.87 Im 289¢
G12 4.18e 2.90 Im 3.00 kI 3.36¢C
Average** 359a 255¢ 3.16b

**: P<0.01. G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanligay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba; G7: Samsun-
Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.
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Adlercreutz et al. (1991) and Setchell et al. (1981) explained that the daidzein has reduced breast cancer occurrence, and play
a key role in the protection against colon cancer. Bouquet et al. (1998) reported that the daidzein concentration of Psoraleae
varieties is greater in the stems than in the leaves, and it was ranged between 174-6072 ppm. Genistein is a secondary matter an
estrogenic preventing bone resorption and promotes increased bone density (Anderson et al. 1995; Arjmandi et al. 1996; Alekel
et al. 2000). Hsu et al. (2001) reported that the genistein content of Psoralea corylifolia was at 7800 ppm. Mustonen et al. (2018)
reported daidzein and genistein content of red clover were ranged between 250-310 and 490-550 ppm, respectively. Our results
showing a great difference between the previous studies. Sivesind & Seguin (2005) indicated that if there are environmental
effects (soil) and plant phenological traits (plant age and growth period), the variety choice will influence most on isoflavonoid
amounts. Besides, Kallela et al. (1988) and Saloniemi et al. (1995) reported that the isoflavone content of the plants was higher
in the early growth periods than in the late periods. Similarly, in this study, daidzein and genistein content of the beginning of
growth was higher than other growing periods.

The contents of daidzin and genistin determined in B. bituminosa leaf extracts were given in Tables 8 and Table 9. When
Table 8 is examined, the daidzin content of B.bituminosa genotypes showed change among growth periods. The daidzin content
of the plant between 0 ppm and 381.66 ppm. Accordingly, the highest daidzin content was determined in genotype number 6 at
the beginning of flowering. When the growth periods were compared, the highest daidzin content was found at the beginning of
flowering (113.05 ppm) and the lowest daidzin content was found at the beginning of growth (25.46 ppm) (Table 8). Genistin
contents of genotypes ranged from 0 ppm to 330.14 ppm, while the highest genistin was obtained from genotype number 6 and
in the beginning of growth (Table 9). Genistin content was not found in many genotypes especially in the budding period.
Besides, when the genotypes were compared, the highest genistin content was determined in genotype number 3 (137.82 ppm)
(Table 9).

Table 8- Daidzin contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 000 F 55.52q 192 A 19.14
G2 355y 000 F 8.93u 4.16 |
G3 102.78 m 0.83C 18.65s 40.75h
G4 1.18B 231.53¢c 222.29 ¢ 151.66 b
G5 3.33y 275.09 b 224.47 d 167.63 a
G6 031E 000 F 381.66a 127.32d
G7 79.76 0 112.98 1 146.07 h 11294 ¢
G8 0.96 C 43.89r 215z 15.66 k
G9 8.33v 182.78 g 4.31x 65.14 g
G10 7.53 w 75.70 p 15.86 t 33.03i
Gl1 89.71n 115.10 k 190.99 f 131.93¢
G12 8.06 v 126.85j 139.34 | 91.41f
Average** 2546 ¢C 101.69 b 113.05a

**: P<0.01 (While the interactions were lettered, capital letters were continued after the lowercase letters were finished). G1: Spain; G2: Kastamonu Inebolu;
G3: Samsun-Catalzeytin; G4: Sinop Kanligay; G5: Samsun-Kozagzi; G6: Samsun-Cargsamba; G7: Samsun-Bagkur; G8: Samsun- Baruthane; G9: Samsun-
Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.

Table 9- Genistin contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 000 r 000 r 30.96n 10.32
G2 130.31 f 38.111 130.30 f 99.57 e
G3 40.89 k 241.67b 130.89 ef 137.82a
G4 167.31c 163.98 d 15.850 115.71¢c
G5 24451b 000 r 85.57h 110.02 d
G6 330.14 a 000 r 34.95m 121.69 b
G7 6.86 p 000 r 000 r 2.28 k
G8 000 r 000 r 52.48 | 17.49h
G9 000 r 000 r 131.09 ef 43699
G10 000 r 000 r 4497 j 14.99 |
Gl1 133.29 e 000 r 15.19 0 49.49 f
G12 38.021 0.23¢q 109.35¢g 49.20 f
Average** 90.94 a 37.00¢c 65.13 b

**: P<0.01. G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanhgay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba; G7: Samsun-
Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.
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Daidzin and genistin is a natural organic compound in the class of phytochemicals known as isoflavones. Bituminaria
bituminosa was less than daidzein and genistein content compared to the previous studies. Lojza et al. (2004) reported that
daidzein and genistein content of soybean ranged between 249-468 and 280-618 ppm, respectively. On the other hand, the harvest
time has influenced daidzin and genistin. This indicates that the plant secretes metabolites at different times.

Table 10 shows binary relationships among secondary metabolites in terms of the mean values of B. bituminosa genotypes.
Accordingly, a negative and very important relationship was found between psoralen with angelicin (r = - 0.690) and genistin (r
= 0.755). In other words, increased psoralen in genotypes lead to a decrease in angelicin and genistin and vice versa. Besides,
while there was a negative and significant relationship between furanocoumarins (psoralen and angelicin), a significant and
positive relationship was found between isoflavonoids (daidzein, genistein) and isoflovan glycosides (daidzin and genistin).

Table 10- Bilateral relationships between secondary metabolites of B. bituminosa genotypes

Angelicin Daidzein Genistein Daidzin Genistin
Psoralen - 0.690** 0.230 -0.343 -0.121 - 0.755**
Angelicin 0.032 0.232 0.157 0.439
Daidzein 0.078 -0.208 -0.018
Genistein 0.460 0.415
Daidzin 0.216
**: P<0.01.

To determine the multivariate relationships between the secondary metabolite values of B. bituminosa genotypes, biplot
analysis, which is the principal component analysis (PCA) of both genotypes and secondary metabolites, was carried out. Biplot
analysis was performed by comparing PC1 and PC2 values. When the biplot graph is examined, PC1 (Main component 1) is
42.0% and PC2 (Main component 2) is 26.6% and the total variation is 68.6%. In the first group, since the angle value between
the vectors belonging to the properties of angelicin and genistin is 90° lower, these two properties are in the same group. In the
second group, the angle between the vectors belonging to genistein, daidzein and daidzin content is found to be less than 90° and
these properties are in the same group. The third group is the psoralen vector. In the biplot graph, genotype number 2, 3, 4 and
6 are prominent in terms of content of angelicin and genistin. In the second group, genotype number 9 and 12 are prominent in
terms of content of genistein, daidzein and daidzin. Genotypes number 5, 7, 8 and 10 fall into the same group in terms of psoralen
(Figure 1).
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4
a3 Daidzein
=G9 A
2 .
- Genistein

Psoralen G5

PCA2 (26.6 %)

-3

4 b
4 3 2 1 0 1 2 3 4

PCA1 (42.0 %)
Figure 1- Principal Component Analysis of secondary metabolites of B. bituminosa
G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanlicay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba;
G7: Samsun-Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-
Kavak

4. Conclusions

Secondary metabolites determined in leaf samples of B. bituminosa were found to be different both in genotypes and growth
periods. When the growth periods were compared, it was found that furanocoumarins (psoralen and angelicin) and isoflovan
glycosides (daidzin and genistin) showed a change in B. bituminosa leaves and these varied in three different growth periods.
However, isoflavonoids (daidzein, genistein) were found to be higher in the beginning of growth than the other two periods.

On the other hand, as a result, all genotypes performed remarkably in terms of secondary metabolites. Besides, the number
12 genotype (Samsun-Kavak) was prominent in terms of angelicin, daidzein, genistein, daidzin, and genistin compared to the
other genotypes.

In the literature, there is limited study on the changes in the amount of secondary metabolites both in different genotypes and
in different growth periods of B. bituminosa. In this respect, the present study fills this gap. At the same time, the study will shed
light on future studies about B. bituminosa.
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ABSTRACT

This research was conducted to determine the effects of row spacing and
sowing rate on the hay quality characteristics of alfalfa under Tokat-
Kazova ecological conditions during the years of 2014-2016. Alfalfa
cultivar Bilensoy-80 was sown at four different row spacings (15, 30, 45

sowing rates were sub-plots. The highest crude protein content (% 20.8)
and relative feed value (147.8) were obtained from 5 kg ha* sowing rate
and 15 cm row spacing. It was concluded based on present findings that
Belinsoy-80 alfalfa cultivar should be sown at 15 cm row spacing and 25
kg ha*sowing rate for high hay quality under Tokat-Kazova ecological

and 60 cm) and six different sowing rates (5, 10, 15, 20, 25 and 30 kg ha-  conditions.
). The experimental design was randomized complete block design in

split plots with four replications. Row spacings were main plots and

Keywords: Lucerne, Sowing rate, Crude protein rate, ADF, RFV, Anatolia

1. Introduction

Alfalfa is the most common forage plant worldwide. So, called as the queen of forage crops, alfalfa has a higher forage yield
than almost all the other forage crops. Hay and green herbage of alfalfa with quite a high protein yield per unit area are delicious
and nutritious for all kinds of animals. Alfalfa herbage is rich in vitamins. Due to its deep roots, it can easily benefit from soil
water and nutrients. Since alfalfa is a leguminous plant, it is able to fixate free atmospheric nitrogen into the soils through root
nodules (Acikgoz 2001). Relative feed value is generally used to assess quality of alfalfa hay and herbage (Yavuz 2005). The
relative feed value is calculated with the use of acid detergent fiber (ADF) and neutral detergent fiber (NDF) values. In animal
feeding, ADF has been used as an energy indicator especially in ruminant rations (Tekce & Giil 2014) and NDF has been used
as an indicator of how much feed an animal will consume within 24 hours (Budak & Budak 2014). In other words, while ADF
value gives an idea about the quality of the feed, NDF value gives an idea about the size-thickness of the feed (Kutlu 2008). In
calculating the relative feed value, digestible dry matter and dry matter intake are determined and protein content is not included
in the calculation (Gliney et al. 2016). Protein ratio itself is a quality criterion.

Inter-row and intra-row spacing designate solar radiation and consequent biomass production of alfalfa plants. Row spacing
alone influences the yield and quality of the plants and it is an easy-to-apply agronomic practice (Mattera et al. 2013). Plant
losses in the year of establishment are generally higher in high sowing rate than in low sowing rate (Volenec et al. 1987).

Seed cost and seed supply constitute the most important problems in cultivation of forage crops. Alfalfa cultivated lands are
renewed generally in every four years. In 2017, alfalfa seed need of Turkey was 3297.0 tons, but certificated alfalfa seed
production was 887.4 tons. That means only 26.9% of alfalfa seed needs were met (Anonymous 2018). The remaining 75% was
supplied from the seeds produced in alfalfa cultivated lands of farmers and growers. In Turkey, although varied with the regions,
alfalfa sowing rate vary between 40 - 180 kg ha’. Following the first winter after sowing, it is desired to have a plant density of
130 plants/m? (Rashidi et al. 2009). With a simple calculation, approximately 9 kg ha** seed is sufficient to attain this plant
density after the first winter. Thousand grain weight of alfalfa is approximately 2.4 g. It is known that approximately 50-60% of
the seeds sown form the seedlings and 60-80% of these seedlings die after the first winter (Rashidi et al. 2009). In this case, the
sowing rate per hectare is 9 kg. When it considered that half of the seeds planted will not emerge since the field conditions were
not optimal, soil was not well prepared and problems were encountered in germination of the seeds, it will be sufficient to use
18 kg of seed per hectare to achieve optimum plant density. In this sense, sowing rate (amount of seed to be sown per unit area)
has become an important issue in alfalfa cultivation.
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Numerous researches have been completed on sowing rate and plant density in many parts of the world. Chocarro & Lloveras
(2015) reported in their research that narrower row spacings provided higher dry matter yields. Yilmaz et al. (2015) conducted
a study under ecological conditions of Kahramanmaras province and reported that narrow row spacing was more advantageous

in terms of herbage and seed yields. Caddel et al. (2017) indicated “variety selection”, “seed quality” and “sowing rate” as the
cost items in alfalfa cultivation and pointed out that these issues should not be considered separately.

Although the number of seeds is low in different regions in Turkey and the distance between rows has been studied, no
research has been found on the seed amount and row spacing of Bilensoy 80 alfalfa cultivar in Tokat Kazova, which is located
in the transition zone climate zone. This study was conducted to determine the effects of different row spacings and sowing rates
on the hay quality characteristics of Bilensoy-80 alfalfa cultivar under Tokat-Kazova ecological conditions.

2. Material and Methods

The research was conducted under ecological conditions of Tokat-Kazova located at between 40° 19™ North latitude and 40° 19°
East longitudes and with an altitude of 595 m between the years 2014-2016. Experimental soils were rich in lime and potassium,
clay-loam in texture, alkaline, but poor in organic matter (Anonymous 2014). Bilensoy-80 alfalfa cultivar was used as the plant
material. This widely-grown and well-adapted cultivar was developed by Ankara Field Crops Central Research Institute and
registered in 1984. It is listed in 4-5 dormancy group. Experiments were conducted in randomized complete block design in split
plots with 4 replications. Experimental treatments are composed of 6 different sowing rates (5, 10, 15, 20, 25 and 30 kg ha'?) and
4 different row spacings (15, 30, 45 and 60 cm). Row spacings were placed in main plots and sowing rates were placed in sub-
plots. Experimental plots were 5 m long and each plot had 6 rows. Based on row spacings, plot sizes were arranged as 0.15 x 6
X5=45m? 0.30Xx6Xx5=9m? 0.45x6 x5=13.50 m?, 0.6 x 6 x5 =18 m? When the plants reached 10% flowering, two side
rows and 50 cm sections from the top and bottom of each plot were omitted as to consider side effects and harvest was performed
from the remaining plot area (Avcioglu et al. 2009).

Since alfalfa is a perennial crop and the first year is its establishment year (2014), observation and measurements were not
taken in the first year. Observations and measurements were made in the 2" (2015) and 3™ (2016) years (Anonymous 2001).
Quality analyses were conducted in accordance with the studies of Sleugh et al. (2000); Bulgurlu & Ergiil (1978); Van Soest et
al. (1991) and Sheaffer et al. (1995). Variance analysis was applied to the experimental data by using the MSTAT -C statistical
software in accordance with the randomized complete block design in split plots. Significant means were compared with the use
of Duncan’s multiple comparison test (Yurtsever 2011).

3. Research Findings and Discussion
3.1. Crude protein ratio (%)

According to variance analysis of separate years data, row spacing, sowing rate and row spacing x sowing rate interactions had
significant effects on crude protein ratio in the first year of the study; sowing rate and row spacing x sowing rate interactions had
significant effects on crude protein ratio in the second year of the study. According to variance analysis of combined years data,
year, year X row spacing, row spacing x sowing rate, year X sowing rate and row spacing x year x sowing rate interactions had
significant effects on crude protein ratio. Average crude protein ratios for different row spacing-sowing rate combinations in the
experimental years and as averaged values of two years are provided in Table 1.
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Table 1- Averaged crude protein ratios (%) for different row spacings and sowing rates in the experimental years and in the
combination of two years

Vears Row Sowing Rate
Spacing 5 kg hat 10kgha! 15kgha! 20kgha! 25kgha'l 30kgha! Average
15cm 204 f-n? 20.3g-p 20.5 d-m 19.5 o-t 20.2 h-p 19.2 g-t 20.0 D"
30cm  20.11-q 19.2 rst 19.7 m-t 19.4 p-t 19.7 m-t 190t 195E
2015 45¢cm 199 k-s 20.8 b-k 19.6 n-t 20.4 f-n 1991-s 19.5 0-t 200D
60cm  20.0j-r 19.1st 20.1 1-q 20.6 c-l 20.2 g-0 20.1 1-p 20.0D
Avg. 20.1C* 19.8 CD 200C 200C 200C 195D 19.9 B!
15cm 213 b-e 21.4 be 21.3 bed 21.1b-g 20.6 c-I 215ab 212 A
30cm  20.7 c-l 20.2 h-p 21.3 bed 20.4 e-m 21.6 ab 22.2a 21.1 AB
2016 45cm  19.7 m-t 20.6 c-I 21.3 bed 21.0 b-h 20.8 b-k 20.4 e-m 206 C
60cm  21.2 b-f 20.8 b-k 20.3 g-0 20.9 b1 20.8 b-j 20.9 b1 20.8 BC
Avg. 20.7B 20.7B 21.1 AB 209B 20.9 AB 213 A 209 A
15cm  20.8 ab® 20.8 ab 209a 20.3 b-f 20.4 a-f 20.4 a-f 20.6
Combined 30cm 204 a-f 19.7¢ 205 a-e 19.9 efg 20.6 abc 20.6 abc 20.3
0\2 a'rge 45cm  19.8fg 207abc 205a-e  20.7abc  203af  200d-g 203

60cm  20.6 abc 19.9 efg 20.2 c-g 20.8 abc 20.5 a-d 20.6 a-d 20.4
Avg. 204 20.3 20.5 204 20.5 204 204

*: Means indicated with the similar capital letters in the same column are not significantly different at P<0.05 according to Duncan’s test; *: Averaged values
of year x sowing rate combinations indicated with similar capital letters are not significantly different at P<0.01 according to Duncan’s test; !: The averages of
the years indicated with different letters are not significantly different; >: Row spacing X year x sowing rate interactions indicated with similar lower case
letters are not significantly different at P<0.01 according to Duncan’s test; *: Averaged values of row spacing x sowing rate combinations indicated with
similar lower-case letters are not significantly different at P<0.01 according to Duncan’s test.

The average crude protein ratio was determined as 19.9% in the first year and 20.9% in the second year of the study. There
were significant differences in average crude protein ratios of the years (Table 1).

In the first year of the study, row spacings significantly affected crude protein ratio. On the other hand, significant row spacing
X year interactions revealed that effects of row spacings on crude protein ratio varied with the years. In terms of year x row
spacing interactions, the lowest value (19.5%) was obtained from 30 cm row spacing of 2015 and the greatest values (21.2 and
21.1%) were respectively obtained from 15 and 30 cm row spacings of 2016.

Separate analyses of the years revealed that sowing rates significantly affected crude protein ratios. On the other hand,
significant year x sowing rate interactions revealed that effects of sowing rates on crude protein ratios varied with the years. In
the first year, row spacing of 30 cm resulted in significantly lower crude protein ratio than the other row spacings tested while
row spacing of 15 cm gave significantly higher crude protein ratio than the other row spacings with the exception of 30 cm in
the second year. In terms of crude protein ratio, while the sowing rate of 5 kg ha™* was found to be the optimum sowing rate in
the first year of the study, 30 kg ha* sowing rate was identified as the optimum sowing rate in the second year of the study. At
sowing rate of 5 kg ha, population density was lower, thus greater number of branches and consequently greater crude protein
ratios were achieved. On the other hand, in the second year of the study, change in population resulted in greater crude protein
ratio at 30 kg ha* sowing rate. Similarly, Hansen & Krueger (1973) obtained the highest crude protein ratio from the low sowing
rate (45 kg ha*) in the first year and from the higher sowing rate (135 kg ha?) in the second year.

Karadag et al. (2011) conducted a study with different alfalfa cultivars under the same ecological conditions as in this study
and indicated Bilensoy-80 cultivar as prominent with crude protein ratio. Stout (1998) reported insignificant differences in crude
protein ratios of alfalfa under different row spacings.

Present findings on crude protein ratios are in agreement with the findings of earlier studies (Hansen & Kreuger 1973; Stout
1998; Avci et al. 2009; Scholtz 2009; Saruhan & Kusvuran 2011; Yavuz 2011; Cinar 2012; Inal 2015; Acikbas et al. 2017; Erdel
2017).

3.2. Acid detergent fiber content (%)
Variance analysis revealed that sowing rates had significant effect on ADF ratio in the first year of the study. Additionally,
significant differences were observed in ADF ratio depending on the year. Combined analysis of the years revealed that year x

sowing rate and row spacing x year x sowing rate interactions were statistically significant for this character.

Acid detergent fiber ratios of the years and two-year averages under different row spacings and sowing rates are provided in
Table 2.
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The average ADF ratio was determined as 35.5% in the first year and 30.9% in the second year of the study. ADF ratio
significantly varied with the years (Table 2).

In the first year of the study, sowing rates significantly affected ADF ratios. On the other hand, significant year x sowing rate
interactions revealed that effects of sowing rates on ADF ratios varied with the years.

Table 2- ADF Ratios (%) for different row spacings and sowing rates in the experimental years and in the combination of two

years
Row Sowing Rates
Years .
Spacing  5kghal 10kgha! 15kghal 20kghal 25kghal 30kghal Average
15cm 345cdt  34.6cd 35.3ad 35.7 ad 35.6 a-d 36.1a-c 35.3
30cm 36.1 abc 35.0 bed 35.6 a-d 35.2 a-d 35.9 a-d 36.3 ab 35.7
2015 45 cm 36.0abc 354 a-d 36.7a 359 a-d 35.2 a-d 35.5 a-d 35.8
60 cm 34.6cd 35.2a-d 36.0 abc 35.2a-d 34.3d 355a-d 351
Avg. 353AB* 351B 359A 35.5 AB 35.3 AB 359A 355 A"
15¢cm 30.3fg 30.8 ef 31.1ef 30.9 ef 30.7 ef 30.7 ef 30.8
30 cm 31.7 ef 31.0 ef 30.6 ef 31.1ef 30.6 ef 29049 30.7
2016 45 cm 30.5 efg 315ef 320e 315ef 31.9 ef 31.8 ef 315
60 cm 30.8 ef 30.4 efg 30.4 efg 31.3 ef 315 ef 30.3fg 30.8
Avg. 308CD 30.9CD 31.0CD 312C 31.1CD 305D 309B
15cm 324 32.7 33.2 33.3 33.2 334 33.0
30 cm 33.9 33.0 331 33.2 33.3 32.7 33.2
Combined g5cm 333 335 34.4 337 336 33.7 33.7
60 cm 32.7 32.8 33.2 33.3 32.9 32.9 33.0
Avg. 331 33.0 335 334 33.2 33.2 33.2

“: Means indicated with different capital letters are significantly different from each other; *: Year x sowing rate combinations indicated with similar capital
letters are not significantly different at P<0.05 according to Duncan’s test; :: Row spacing X year x sowing rate combinations indicated with similar lower case
letters are not significantly different at P<0.05 according to Duncan’s test.

Thus, optimum sowing rate for a low ADF content of the forage was 10 kg ha* in the first year while it was 30 kg ha* in the
second year (Table 2). Combined analysis of the years revealed that row spacing X year x sowing rate interactions had significant
effects on ADF ratios. Such a case indicated that effects of row spacing x sowing rate interactions varied with the years. Thus,
optimum row spacing x sowing rate combination for a low ADF content in the first year was 60 cm x 25 kg ha* while 30 cm x
30 kg ha? in the second year.

Stout (1998) indicated insignificant differences between of 15 cm row spacing and 30 cm row spacing in ADF ratio and
reported that the lowest ADF ratio was obtained at sowing rate of 22.4 kg ha*. Besides, Min et al. (2000) indicated that high
stand densities (278 plants/m? or more) did not increase herbage yield and forage quality of alfalfa compared with low plant
population densities (100 plants/m? or less). Thus, using lower seeding rates may enable alfalfa producers to reduce the
establishment costs and increase their marginal profit.

Present findings on ADF ratios of alfalfa plants under different sowing rates and row spacings are in agreement with the
results of earlier studies (Scholtz 2009; Avci et al. 2011; Yavuz 2011; Yiicel et al. 2011; Yiiksel 2012; Giindel et al. 2014; Inal
2015; Engin 2016; Yilmaz & Albayrak 2016; Acikbas et al. 2017; Erdel 2017).

3.3. Neutral detergent fiber content (%)

Sowing rates and sowing rate X row spacing interactions had significant effects on NDF ratio in the first year and row spacings
and row spacing x sowing rate interactions had significant effects on NDF ratios in the second year of the study. Combined
analysis of the years revealed that row spacings, years, row spacing x sowing rate, year x sowing rate and row spacing X year X
sowing rate interactions had significant effects on NDF ratio.

The NDF ratios in the experimental years and average of two years under different row spacings and sowing rates are provided
in Table 3.
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The averaged NDF ratio was determined as 42.3% in the first year and 41.5% in the second year, and there were significant
differences between the averaged NDF values of the years (Table 3).

Table 3- NDF Ratios (%) for different row spacings and sowing rates in the experimental years and in the combination of two

years
vears  Row Sowing Rate
Spacing 5 kg ha! 10kgha! 15kgha! 20kgha' 25kgha! 30kgha! Average
15cm  41.8b-2 40.7 £ 421b-h  425ag  424bg  428ad 421
30cm 426 af 421b-h  420b-h 407 432abc  434ab 423
2015  450cm  42.2b-h 427af  443a 422b-h  422b-h  434ab 428
60cm  424b-g 423b-g  427ae  425ag  40.6 g 415 b-j 42.0
Avg. 42.3 AB* 420AB  428A 420B 421AB  428A 423 Al
15cm 40071 39.71 40.8 e-j 40.3 hij 40.7 f-j 40.5 g-j 403C*
30em  42.1b-h 420b-h  41.0d§j  434ab 420b-h  41.0d§j  41.9AB
2016 45 cm 42.3 b-g 43.4 ab 42.3 b-h 42.2 b-h 41.6 b-j 41.1 d-j 422 A
60cm 4114 414cj  419b-h  416bj  416ba  411dj  415B
Avg. 41.4BC 416 BC 415BC 419B 4158B 409C 415B
15cm 409 fg? 40.2 g 415def  414def  416def  417cf  41.2B*
30cm 424 bed 421b-e  415def  421b-e  426abc  422bcd  421A
Combined ygom 423bed  431ab  433a  422bod  419cf  423bod  425A
60cm  418c-f 419c-f  423bed  421cde  4llefg  413def 417 AB
Avg. 41.8 418 42.1 41.9 41.8 419 41.9

*: Means indicated with the similar capital letters in the same column are not significantly different at P<0.01 according to Duncan’s test; *: Averaged values of
the Years indicated with different capital letters are significantly different; *: Year x sowing rate combinations indicated with the similar capital letters are not
significantly different at P<0.05 according to Duncan’s test; 2 Row spacing X year x sowing rate combinations indicated with the similar lowercase letters are
not significantly different at P<0.05 according to Duncan’s test; . Row spacing x sowing rate combinations indicated with the similar lowercase letters are not
significantly different at P<0.01 according to Duncan’s test; *: Means indicated with the similar capital letters in the same column are not significantly
different at P<0.05 according to Duncan’s test.

Although there were no significant differences among the mean NDF values of row spacings in the first year, row spacings
significantly affected NDF ratio in the second year of the study (Table 3). According to two-year averages, the lowest NDF ratio
(41.2%) was obtained from 15 cm row spacing and the highest (42.5%) from 45 cm row spacing. Present findings revealed that
15 cm row spacing could be optimal row spacing for a low NDF content of forage in alfalfa.

In the first year of the study, sowing rates had significant effects on NDF ratios. On the other hand, significant year x sowing
rate interactions (Table 2) revealed that effects of sowing rates on NDF ratios varied with the years. Thus, optimal sowing rate
for a low NDF content was 20 kg kg ha! in the first year while the optimal sowing rate was 30 kg ha* in the second year.

Combined analysis of the years revealed that row spacing x sowing rate interactions had significant effects on NDF ratios.
Such a case indicated that effects of sowing rates on NDF ratios varied with the row spacings. Significant row spacing x year x
sowing rate interactions revealed that effects of row spacing x sowing rate interactions on NDF ratios varied with the years.
Accordingly, optimal combination of row spacing and sowing rate was 60 cm row spacing with a sowing rate of 25 kg ha™in
the first year while it was 15 cm row spacing with a sowing rate of 10 kg ha* in the second year of the study (Table 3).

Low plant population in narrow row spacing resulted in taller plants leading to an increase in leaf / stem ratio and lower NDF
ratios. Iwaasa et al. (1996) also indicated that sowing rates did not have significant effects on NDF ratio.

Present findings on NDF ratios under different row spacings and sowing rates are in agreement with the results of previous
studies (Min et al. 2000; Scholtz 2009; Avci et al. 2011; Yiicel et al. 2011; Albayrak & Tiirk 2013; Engin 2016; Yilmaz &
Albayrak 2016; Acikbas et al. 2017; Erdel 2017).

3.4. Relative feed value
Sowing rates had significant effects on relative feed values in the first year while row spacings had significant effects on relative

feed values in the second year. Row spacing x sowing rate and year x sowing rate interactions had significant effects on relative
feed values in both years.
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Averaged relative feed values in the experimental years and averages of two years under different row spacings and sowing
rates are provided in Table 4. The average relative feed value was determined as 137.8 in the first year and 148.7 in the second
year of the study. There were significant differences between the averaged relative feed values of the years (Table 4).

In the second year of the study, row spacings greater than 15 cm caused significant decreases in relative feed values. As the
average of two years, the highest relative feed value (145.8) was obtained from 15 cm row spacing and the lowest one (141.0)
from 45 cm row spacing.

Table 4- Relative feed values for different row spacings and sowing rates in the experimental years and in the combination of

two years
vears Row Sowing Rate
Spacing 5 kg hat 10 kg ha! 15kg ha' 20kgha! 25kgha! 30kgha! Average
15 cm 141.6 144.2 138.7 137.4 137.5 136.0 139.2
30 em 135.0 141.7 138.8 143.1 134.8 131.3 1375
2015 45 cm 136.9 136.3 128.9 138.7 139.8 135.1 136.0
60 cm 137.4 139.7 135.0 136.6 145.2 138.1 138.7
Avg. 137.7 BCD* 1405B 135.4 CD 139.0BC 139.3B 135.1D 137.8 B”
15 cm 154.0 154.2 150.6 152.0 151.5 151.5 152.3 A
30 cm 145.4 148.4 152.3 142.7 147.9 152.8 148.3B
2016 45 cm 147.3 1415 144.9 147.1 147.3 148.4 146.1 B
60 cm 150.0 148.2 147.1 146.9 146.4 149.8 148.1B
Avg. 1492 A 148.1 A 148.7 A 1472 A 148.3 A 150.6 A 148.7 A
15 cm 147.8 ab! 149.2a 144.7 b-e 144.7 b-e 1445 b-f 143.8 b-f 145.8 A?

30 em 140.2fgh  1451b-e  1456ad  1429c-g 1414d-g 1421c-g 1429AB
Coggirr;ed 45 cm 142.1 c-g 138.9 gh 136.9h 1429c-g 1436bf 1418cg  141.0B

60 cm 143.7 b-f 1440bf  1411efy  141.8c-g 1458abc  144.0b-f 1434 AB

Avg. 1435 144.3 142.0 143.1 143.8 142.9 143.3

" Averaged values of the years indicated with different letters are significantly different; *: Year x sowing rate combinations indicated with the similar capital
letters are not significantly different at P<0.05 according to Duncan’s test; 1 Row spacing x sowing rate combinations indicated with the similar lowercase
letters are not significant different at P<0.01 according to Duncan’s test; % Means indicated with the similar capital letters in the same column are not
significantly different at P<0.01 according to Duncan’s test.

Sowing rate had significant effect on relative feed value while relative feed value was not significantly influenced by sowing
rate in the second year (Table 4). Therefore, year x sowing rate interaction was statistically significant. In the first year of the
study, the optimal sowing rate for a high relative feed value was 10 kg ha™.

According to combined analysis of the years, row spacing x sowing rate interaction was statistically significant. Thus, the
optimal combination of row spacing and sowing rate for a high relative feed value was 15 ¢cm row spacing with a 10 kg ha™
sowing rate. Since relative feed value is calculated with the use of ADF and NDF values, as it was expected, the treatments with
low ADF and NDF values yielded high relative feed values since there is a negative relationship between ADF - NDF ratios and
relative feed value.

Present findings revealed that under present ecological conditions, alfalfa plants should be sown at 10 kg ha™* sowing rate and

15 cm row spacing for high relative feed values. Present are in agreement with the results of Albayrak & Tiirk (2013), Engin
(2016) and Acikbas et al. (2017).

4. Conclusions

From the results of the study conducted two years under Tokat-Kozova conditions, it was concluded that 15 cm row spacing and
10 kg ha sowing rate should be applied in order to obtain satisfactory results in terms of hay quality of alfalfa plants under
ecological conditions of Tokat-Kazova and in similar ecologies. Present findings revealed that agronomic practices played a
great role in alfalfa cultivation and such practices varied considerably with the regions and ecological conditions. Further research
is recommended to be conducted on different alfalfa cultivars with different dormancy groups.
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ABSTRACT

To evaluate the effect of planting method (PM), planting date (PD), and
cultivar (CV) on the grain and herbage vyield, irrigation water use
efficiency for herbage (IWUEH) and grain (IWUEG), and grain quality
of maize, a two-year field study was conducted at the Research Farm of
Seed and Plant Improvement Institute, Karaj, Iran, during the 2017 and
2018 growing seasons. The experiment was arranged as split-plot
factorial with three planting dates, including PD1 (July 1%%), PD2 (July
11", and PD3 (July 23 as main plots. Three planting methods,
including direct seeding (DS), seed hydro-priming (HP), and
transplanting (TP), were factorially combined with two maize cultivars
(S.C.704 and S.C.260) as sub-plots. The highest herbage and grain yields

found in the TP. The CV S.C.704 obtained a higher grain yield (GY) on
PD1 than that of S.C.260, but as planting was delayed, the GY of S.C.704
was affected more negatively in both years. Delay planting enhanced
IWUEH, but not IWUEG. The highest IWUEG was obtained from TP on
each PD. The CV S.C.260 in delay planting resulted in better IWUEG in
both years. The highest and lowest contents of crude protein, starch, ash,
crude fiber, and oil were obtained from hydro-primed and transplanted
maize, respectively. In conclusion, the yield in the transplanting method
had superiority over DS and HP. Also, HP was found to be the optimal
PM to enhance the grain quality of maize in delayed planting.
Furthermore, selecting S.C.260 as a high-yielding hybrid on delayed
planting is suggested.

(76685 and 7369 kg ha™, respectively) and the maximum IWUE for
herbage and grain production (13.1 and 1.21 kg m™, respectively) were

Keywords: Planting method, Planting date, Zea mays L, Crude protein, Semi-arid region

1. Introduction

Maize (Zea mays L.) is one of the main cultivated cereals in the world (FAO 2019). As the consumption of maize increases due
to its vital role in human and animal diet, the countries' demand for grain maize has grown fast (Loy & Lundy 2019; Unay et al.
2021). On the other hand, the production of crops such as maize declined remarkably in arid and semi-arid regions worldwide
(Golzardi et al. 2017). The high percent of grain maize cultivated in the second cropping; nevertheless, water shortage and short
growing season in the semi-arid regions are the main problems of farmers to produce high-yield maize (Khalily et al. 2010). The
shortage of growing season in the second cropping causes the maize to be harvested too early with high moisture content, which
reduces the maize grain yield (GY) and consequently causes economic losses for the farmers in storage conditions (Moradi et al.
2013). Indeed, delayed planting will expose the maize to different conditions of temperature, water availability, photoperiod, and
solar radiation. Several studies reported that delayed planting of maize significantly reduced the GY and herbage yield (HY) as
well as irrigation water use efficiency (IWUE) (Srivastava et al. 2018; Cao et al. 2019).

Germination is particularly important for determining the final plant density. Delayed cultivation of maize reduces its GY by
postponing the germination and growth stages (Long et al. 2017). Choosing a suitable planting method (PM) that could lead to
the early maturity of maize in delayed planting might result in lower maize yield losses. Grain maize producers require more
information on how PM and planting date (PD) affect the yield of grain maize in the delayed sowing.

Transplanting (TP) is a planting strategy used for higher crop yield, especially when the condition is not suitable for direct
seeding (DS). Fanadzo et al. (2009) reported that transplanting can be used as a planting method to compensate for yield loss in
delayed planting of maize by improving its establishment and germination and reducing the growth period and flowering time.
Furthermore, another planting method that can improve the yield of maize is seed hydro-priming (HP). This method is based on
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controlled irrigation technology, and hydro-primed seeds go through the first (physical absorption of water) and second (initiation
of biological processes and carbohydrate hydrolysis) stages of germination, though failing to pass the third stage (carbohydrate
intake by the embryo and rootlet growth) (Nazari et al. 2017). Rehman et al. (2015) reported that hydro-priming as an important
physiological method could accelerate and boost the strength of germination processes. Furthermore, previous studies revealed
that transplanted and hydro-primed maize could use available water more efficiently (San Miguel-Chavez & Larqué Saavedra
1996; Rockstrom et al. 2007).

It was hypothesized that transplanting and hydro-priming increased maize grain yield and quality and IWUE compared to
direct seeding in delayed planting. Recently, due to the increasing need for more grain maize production in arid and semi-arid
regions, determining the optimum planting method and planting date to improve the IWUE, quantity, and quality of grain maize
in delayed planting has received considerable critical attention. Although many studies have investigated the effect of
transplanting and hydro-priming on grain and herbage yield, the impacts of these planting methods on IWUE and grain quality
under delayed planting are not well documented. Furthermore, previous reports did not compare the transplanting and hydro-
priming methods regarding their effects on grain maize yield, quality, and IWUE. Therefore, the present study was carried out
to evaluate the impact of transplanting and hydro-priming on the IWUE and grain quality besides grain yield of early- and late-
maturing cultivars of maize to determine the most suitable planting method in delayed planting for a semi-arid environment.

2. Material and Methods

This study was carried out at the Research Farm of Seed and Plant Improvement Institute, Karaj, Iran (35° 47' N, 50° 54' E, 1250
m. a.s.l.), during the 2017 and 2018 cropping seasons. The climate of this region is characterized as semi-arid, with a long-term
average annual rainfall of 251 mm and annual evaporation of 2184 mm. The long-term average air temperature was 13.5 °C, and
the average soil temperature was 14.5 °C in Karaj. The meteorological characteristics of the two years of the study sites are
presented in Table 1. The physical and chemical characteristics of the soil of the study location are shown in Table 2.

Table 1- The monthly meteorological data of experimental sites during 2017 and 2018 growing seasons

Year  Month Mean soil Max air Min air Mean air Evaporation Precipitation Relat_ivg
temp (°C) temp (°C)  temp (°C)  temp (°C) (mm) (mm) Humidity (%)

June 1341 34.16 17.6 26.08 338.6 0.00 32.30
July 16.65 36.41 20.29 28.88 367.8 0.41 29.54

2017 August 16.26 34.88 19.35 27.44 355.5 0.00 32.57
September 12.53 31.59 15.92 23.72 267.6 0.00 34.37
October 7.00 23.87 10.59 17.02 175.5 4.80 38.55
November 2.10 17.26 6.148 11.53 89.3 0.64 43.48
June 15.53 33.81 17.35 25.58 3343 7.23 37.27
July 21.16 38.87 23.31 3191 471.8 0.00 22.06

2018 August 17.87 36.18 20.08 28.41 425.6 0.00 33.73
September 13.70 31.56 16.79 23.99 266.1 0.81 34.9
October 9.03 22.62 11.07 16.62 137.6 29.12 52.71
November 3.80 13.24 5.45 9.06 70.3 65.91 73.17

Temp: temperature; Max: maximum; Min: minimum.

Table 2- Physicochemical properties of the soil (0-30 cm) at the experimental site during 2017 and 2018 growing seasons

Clay Silt Sand N P K oM EC

vear  Soiltexture %) (6 (k) (%)  (mgkgh (mg kg) %)  (@sm) PH
2017 Clay loam 28 49 23 0.06 12.0 256 0.55 2.21 7.22
2018 Clay loam 29 48 23 0.07 12.2 254 0.57 2.20 7.21

OM: organic matter; EC: electrical conductivity

A split-plot factorial design was set up based on a randomized complete block design with three replications. The planting
date at three levels (July 1, 11, 23) was allocated to the main plots, and factorial of planting methods at three levels (HP, TP and
DS) and cultivars (S.C.704, S.C.260) were allocated in the subplots. Each subplot consists of 3-rows spaced 75 cm apart and
measuring 6 m long. Spaces between plants in the rows were 18 cm for S.C.704 (planting density of 7.5 plants m?) and 16 cm
for S.C.260 (planting density of 8.3 plants m2).

Seedbed prepared by plowing, disc, and leveling. Chemical fertilizers were applied based on soil analysis (Table 2) and the
nutritional needs of maize. A total of 250 kg ha* di-ammonium phosphate (DAP) and 200 kg ha urea were added to the soil
before cultivation. In addition, when the plants reached the stage of 6-8 leaves, urea was applied as topdressing with a rate of
200 kg ha.
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Seeds for TP were sown in a tray with holes full of soil (60% soil, 20% animal manure, 20% sand). Crops were fertilized
with a dose of fertilizer (20:20:20; N: P,Os: K20 kg ha) + humic acid, two times, first after the emergence of primary leaves
(BBCH=12), then one week later. After attaining the age of three weeks (2-3 leaves stage), seedlings were uprooted manually
and transplanted to the main field on the same day. The hydro-primed seeds were laid out in distilled water, and the surfaces of
seeds were dried at optimum temperature and, finally, were planted in the PD according to experimental treatments (Rashid et
al. 2006).

The irrigation system was drip irrigation. For determining irrigation water volume, sampled from the plot soil up to deep root
development, and determined soil moisture percentage. Irrigation water volume was calculated by Penman-Monteith (Allen et
al. 1998). The volume of water consumed in each PD is shown separately in Table 3. It should be noted that the amount of water
used to produce seedlings has also been added to the amount of water used in the field. Also, for each treatment, the time interval
between planting and harvesting date is reported in Table 4. The growing degree days (GDD) was calculated using the equation
1, where Tmax, Tmin, @nd Thase are the maximum temperature, minimum temperature, and 10 °C base temperature, respectively
(McMaster & Wilhelm 1997):

n
Tmax + Tmi
6op = ) [t | 7y, @
0

Table 3- Total volume of irrigation water used (m® ha?) in each treatment during2017 and 2018 growing seasons

. . 2017 2018
Planting method Cultivar July 1 July 11 July 23 July 1 July 11 July 23
Direct seeding 260 6459 5672 4826 6928 6012 5261
704 6459 5672 4826 6928 6012 5261

Hydro-priming 260 6459.05 5672.05 4826.05 6928.05 6012.05 5261.05
704 6459.05 5672.05 4826.05 6928.05 6012.05 5261.05

— 260 6480 5694 4850 6950 6035 5285
ransplanting 704 6480 5694 4850 6950 6035 5285

Table 4- Growing degree days and days from planting to harvest in different treatments during 2017 and 2018 growing

seasons
July 1 July 11 July 23
Year Planting method  Cultivar y Y Y

GDD DAP GDD DAP GDD DAP
. . 260 1407.8 106 1333.3 108 1234 104

Direct seeding
704 1534.5 122 1423.6 119 1246.9 106
- 260 1448.6 113 1306.9 105 1234 104

2017 Hydro-priming
704 1511.6 120 1423.6 119 1246.9 106
. 260 1245.3 86 1241 94 1249.3 91

Transplanting
704 1448.6 113 1380.3 112 1246.9 106
. . 260 1543.9 112 1457.8 118 1252.1 106

Direct seeding
704 1583.4 117 1457.8 118 1252.1 106
. 260 1530.6 110 1457.8 118 1252.1 106

2018 Hydro-priming
704 1615.1 125 1457.8 118 1252.1 106
) 260 1452 98 1396.2 104 1252.1 106

Transplanting
704 1599.7 119 1457.8 118 1252.1 106

GDD: growing degree days; DAP: days after planting.

For yield determination, plants were harvested from an area of 3.75 m? in each plot. The herbage yield was measured at the
dough stage, and grain yield was measured at the physiological maturity stage. The irrigation water use efficiency was calculated
as yield divided by irrigation water (Golzardi et al. 2017). One kilogram of grain was randomly selected from every treatment to
determine grain quality, then samples were milled, and crude fiber (CF), ash, water-soluble carbohydrates (WSC), crude protein
(CP), starch, oil, and digestible dry matter (DDM) were measured by NIR (near infra-red) device (DICKEY -gun model) (Siesler
et al. 2002; Baghdadi et al. 2017).

Homogeneity of experimental errors in two years was tested following Bartlett's test (Bartlett 1937), and data were imposed
to combine analysis of variance. The statistical model was Yiju= p + Ri+ Ai + Eji + Bj + (AB)jj + Ci + (AC)ik + (BC)jk + (ABC)ij +
Eiju, where p, Ry, A, Ei, Bj, Ck, and Ejju were the total mean, the effects of the block, planting date, the error of main factor (E,),
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planting methods, cultivar, and the error of sub-factors (Ep), respectively. Year and block were considered as random effects,
whereas the planting date, planting methods, and cultivar were deemed to be fixed effects. Statistical analysis was performed
using SAS software version 9.4, and the means were compared by Duncan's multiple range test (P<0.05).

3. Results and Discussion
3.1. Herbage yield

The results indicated that HY was influenced by PD, and shortening the growing season could significantly reduce it (Table 5).
The highest HY was recorded on PD1 (74407 kg ha), and the lowest HY was recorded on PD3 (67261 kg ha) (Table 6).
Delayed planting from PD1 to PD2 and PD3 decreased the available GDD by about 174.5 and 364.1, respectively (Table 4), and
consequently reduced the HY by 5% and 10% (Table 6).

Table 5- P-Values obtained from ANOVA for the effect of planting date (July 1, July 11, and July 23), planting method
(hydro-priming, transplanting, and direct seeding) and cultivar (S.C. 704 and S.C.260) on yield and irrigation water use
efficiency of maize

Source of variation df Herbage yield IWUEH Grain yield IWUEG
Year (Y) 1 0.1643 0.3335 0.6986 0.9097
Rep (Year) 4 0.4096 0.4307 0.7571 0.7968
Planting Date (PD) 2 0.0277 0.027 0.0077 0.0084
Y*PD 2 0.7243 0.9944 0.4503 0.5692
Rep (Y*PD) 8 0.7252 0.6085 0.1532 0.2320
Planting Method (PM) 2 0.0278 0.0427 0.0378 0.0420
PDxPM 4 0.1195 0.0628 0.0366 0.0466
Y*PM 2 0.2603 0.2451 0.5472 0.5226
Y*xPDxPM 4 0.2678 0.2915 0.6745 0.6283
Cultivar (CV) 1 0.0534 0.0767 0.4900 0.3335
YxCV 1 0.4004 0.2525 0.5246 0.5772
PDxCV 2 0.2297 0.8420 0.1302 0.1298
YXPDxCV 2 0.2610 0.1976 0.0441 0.0348
PMxCV 2 0.0015 0.0023 0.2503 0.2086
YXPMxCV 2 0.9603 0.9338 0.2295 0.2434
PDXxPMxCV 4 0.1538 0.0862 0.1911 0.1584
YXPDxPMxCV 4 0.9923 0.992 0.4438 0.483

df: degree of freedom; IWUE,: irrigation water use efficiency for herbage production; IWUEg: irrigation water use efficiency for grain production

Table 6- The effect of year, planting date, planting method and cultivar on yield, irrigation water use efficiency

Herbage yield Grain yield IWUEH IWUEG
Experimental Factors
(kg ha™) (kg m?)
Year 2017 69505a 6775a 12.4a 1.16a
2018 72318a 6565a 12.0a 1.04a
) July 01 74407a 8890a 11.1b 1.32a
Panting  guy 11 710672 8004 12.2b 1.37a
July 23 67261b 3115b 13.3a 0.62b
DS 66741b 6189b 11.4b 1.02b
Planting
Method HP 69308b 6451b 11.9b 1.07b
TP 76685a 7369a 13.1a 1.21a
S.C.260 65481a 6786a 11.2a 1.13a
Cultivar
S.C.704 76342a 6553a 13.1a 1.07a

DS: direct seeding; HP: hydro-priming; TP: transplanting; IWUE,: irrigation water use efficiency for herbage production; IWUEg: irrigation water use
efficiency for grain production. Means within each column followed by the same lowercase letter(s) are not significantly different (P<0.05) according to
Duncan's multiple range test

Plant growth rate depends on light absorption and the efficiency of converting this light into dry matter. The increase in the
HY on PD1 can be explained by plants' more efficient use of sunlight at the beginning of the planting season (Aziz et al. 2007).
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On the other hand, the delayed cultivation of maize reduces its photosynthetic activities due to its sensitivity to lower
temperatures. These results are consistent with those of other studies and suggest that HY was affected by photoperiod, and
delayed cultivation resulted in shorter plants with fewer and smaller leaves through shortening of photoperiod (Srivastava et al.
2018; Cao et al. 2019).

The herbage yield was significantly affected by the planting method and cultivar (Table 5). The Highest and lowest herbage
yield was produced from TP of S.C.704 (80490 kg ha) and DS of S.C.260 (60582 kg hat), respectively (Figure 1a). In line with
our findings, Andonova et al. (2014) observed that transplanted plants increased maize biomass accumulation compared to the
direct-seeded ones. The mechanisms associated with increased yield in transplanted plants are improving light interception, leaf
area development, and changes in anatomical features such as the phloem to xylem ratio and the vascular bundle to mesophyll
ratio related to TP (Aziz et al. 2007).
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Figure 1- The effect of planting method X cultivar on the herbage yield (a), and irrigation water use efficiency for herbage
production (b) DS, direct seeding; HP, seed hydro-priming; TP, transplanting; IWUE4, irrigation water use efficiency for herbage
production.

On the other hand, based on our results, the S.C.704 as a late-maturing cultivar showed greater herbage yield than the S.C.260
as an early-maturing cultivar in all planting methods (Figure 1a). These results corroborate with other authors, who mention that
the herbage yield is influenced by genotype. In comparing cultivars, the herbage yield of late-maturing significantly was higher
than early-maturing ones. Late maturing cultivars took more days to maturity and hence had a better chance to utilize more
nutrients and more photosynthetic activity, resulting in higher herbage yield (Aziz et al. 2007; Hassan et al. 2020a).

3.2. Irrigation water use efficiency for herbage production

Water deficit is one of the main limiting factors in maize production in different regions of the world. Due to declining irrigation
sources, improvement of IWUE of crops becomes more essential nowadays. IWUE depends on several factors, including
genotype, planting time, and method of planting.

The IWUEw was significantly affected by planting date, as shown in Table 5. Based on the result of this study, the highest
and lowest IWUEy (13.3 and 11.1 kg m®) were recorded on PD3 and PD1, respectively (Table 6). Delayed planting significantly
improved IWUER by 16.5% on PD3 compared to PD1 (Table 6). Increased IWUEH on PD3 can be explained by temperature
decreases, therefore, reduces evaporation in delayed cultivation. The present findings seem consistent with other research, which
found a significant increase in IWUEy in the delayed planting of maize (Feyzbakhsh et al. 2015).

IWUER was also remarkably influenced by the planting method and cultivar interaction, and the highest and lowest IWUE
(13.806 and 10.415 kg m®) was obtained from transplanting S.C.704 and direct seeding of S.C.260 (Figure 1b). Compared with
S.C.260, the late-maturing variety (S.C.704) significantly extended the maize growing cycle, increasing the HY and the IWUEy
in all three PMs (Bu et al. 2015). Since various cultivars of crops have different IWUE, recognizing and cultivation cultivars
with higher IWUE could improve the water productivity per unit area. In line with our finding, Rafiee & Kalhor (2016) reported
that the late-maturing hybrids such as S.C.704 had a higher IWUE than mid-maturing hybrids. On the other hand, the transplanted
maize used available water most efficiently. In previous research, TP of maize increased the IWUE by 66% or more over the DS
(San Miguel-Chavez & Larqué Saavedra 1996). Overall, choosing appropriate maize hybrids and a suitable planting method will
contribute to the effective use of agricultural water resources.

3.3. Grain yield

The GY was significantly affected by the interaction of planting date and planting method (Table 5). Results revealed that the
maximum GY (9655 kg ha') was obtained from TP on PD1 and the minimum GY (2646 kg ha') obtained from DS on PD3
(Figure 2a). According to the findings, delayed planting using any of the three PMs (DS, HP, and TP) significantly reduced the
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GY (Figure 2a). The current experiment results also presented the superiority of TP over HP and DS to achieve higher GY. The
TP obtained more GY than HP by 11.3%, 12.5% and 16.5% on PD1, PD2 and PD3, respectively (Figure 2a). Comparison of HP
and DS on PD3 indicated that hydro-priming with 18.8% more grain yield was a better planting method than direct seeding.
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Figure 2- Effect of planting date x planting method on the grain yield (a), and IWUEG (b) DS, direct seedling; HP, seed hydro-
priming; TP, transplanting; IWUEg, irrigation water use efficiency for grain production.

Our results align with previous studies, which also reported that delayed cultivation had reduced the grain yield (Feyzbakhsh
et al. 2015; Cao et al. 2019). The decrease in grain yield of delayed planting crops could be attributed to lower nutrient uptake
and reduced photosynthetic translocation in the developing seeds. Srivastava et al. (2018) concluded that delayed planting

reduced overall growth stage duration from 143 days in regular cultivation to 127 days in delayed cultivation, resulting in lower
grain yield.

The data revealed that transplanting maize as a strategy for crop management increased grain yield by shortening the growth
period. These results match those observed in the earlier study, in which the growth period of maize had cultivated using TP was
shorter than DS in a way that it reached flowering 11-15 days earlier (Fanadzo et al. 2009). Despite the higher GY of TP than
HP on PD3, this difference was not significant. During manual uprooting of seedlings to the main field on PD3, breaking some
of the seminal roots had coincided with high temperature, and transplanting shock got worse. This might result in the inability
of maize roots to regenerate after TP and GY reduction (Andonova et al. 2014).

Moreover, GY is highly affected by the interaction of YearxPDxCV (Table 5). The highest GY in 2017 and 2018 (9193 kg
ha'and 9609 kg ha'?, respectively) was obtained from S.C.704 on PD1. Further, the lowest GY in 2017 (2604 kg ha'!) and 2018
(2104 kg ha't) were achieved from S.C.704 on PD3 (Figure 3a). As planting was delayed from 1 to 11 July, the GDD decreased
by 169.4 and 180.8 in 2017 and 2018, respectively. This GDD reduction decreased the grain yield of S.C.704 by about 8% and
24% in two consecutive years; however, the grain yield of S.C.260 wasn't affected (Figure 3a, Table 4). In addition, we found a
70% (2017) and 71% (2018) reduction in GY of S.C.704 when planting was delayed from 1 to 23 July. However, the GY of
S.C.260 was reduced by 48% (2017) and 60% (2018) when planting was delayed 3 weeks in two consecutive years. It means
that two hybrids responded differently to delayed planting and available GDD since the GDD on PD3 was about 345.2 and 384.7
fewer than 1 July in 2017 and 2018, respectively (Figure 3a, Table 4).
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Figure 3- Effect of year x planting date x cultivar on the grain yield (a), and IWUEG (b) sliced on year
PD1, July 1; PD2, July 11; PD3, July 23; 260, cultivar S.C.260; 704, cultivar S.C.704; IWUEg, irrigation water use efficiency for
grain production.

Each maize cultivar has its optimal planting date; according to the results, S.C.704 obtained significantly higher GY on PD1
than S.C.260 in both years. The late-maturing varieties of maize resulted in higher GY if cultivated on optimized PD since these
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varieties genetically require more time for the grain-filling period and could obtain more water resources for plant growth and
grain production (Rafiee & Kalhor 2016). However, as planting was delayed, the GY of S.C.704 affected more negatively than
S.C.260 in both years since S.C.260 (early-maturing) obtained required GDD in a shorter duration compared to S.C.704 (late-
maturing). Moreover, despite late-maturing cultivars' potential to produce high yields when planted on a suitable date, delayed
planting causes them to enter into the flowering phase earlier due to their low growth rate (Hassan et al. 2020b). We found that
S.C.260 is superior in GY to S.C.704 in delayed cultivation. In line with our findings, Biswas (2015) and Koca and Canavar
(2014) reported that various cultivars of maize in different PD had different amounts of GY.

Furthermore, there was a significant difference in GY of S.C.704 on PD2 (11 July) between two years, which was likely
related to the 10% drop in temperature at the end of the growing season in 2018 compared to 2017 (Table 1), which coincided
with the grain maturity and grain-filling period of S.C.704 and subsequently reduced GY on PD2 in 2018 (Figure 3a).

3.4. Irrigation water use efficiency for grain production

The effects of PDxPM on IWUEg were significant (Table 5). The highest IWUEg (1.53 kg m3) was recorded from TP on PD2,
and the lowest IWUEg (0.52 kg m?®) was obtained from DS on PD3 (Figure 2b). These results also revealed that delayed
cultivation from PD2 to PD3 caused reductions of IWUEg 60%, 50%, and 56%, respectively, in DS, HP, and TP. Since there is
a direct association between GY and IWUEg, decreasing the GY in delayed planting led to a remarkable reduction of IWUEg on
PD3 in all three planting methods.

On the other hand, TP in all three PD could obtain the highest IWUEg. The superiority of TP to achieve higher WUE in this
study was mainly due to the shorter growth stage period, about 10-12 days, compared to HP and DS, which decreased the
requirement for irrigation at least 700 m? in this study. In line with the present study, investigating the effects of TP on cotton
and maize showed that TP could lead to an increase in IWUE (Biswas 2015).

Examining the effects of YearxPDxCV interactions on IWUEg showed that the highest IWUEg (1.49 kg m™3) was obtained
from cultivating S.C.704 on PD2 in 2017, and the lowest IWUEg (0.39 kg m) was obtained from S.C.704 on PD3 in 2018
(Figure 3b). IWUEg of cultivars in all planting dates decreased in 2018 compared to 2017 since the higher temperature in 2018
increased evapotranspiration (Figure 3b). Delay in planting to 23 July in both years significantly decreased IWUE of S.C.704
and S.C.260. The reduction of IWUEg under delayed planting was due to a higher reduction in maize GY than the consumptive
water use (Bu et al. 2015).

On the other hand, IWUEg of S.C.260 significantly increased about 10% as cultivation was delayed from 1 to 11 July in both
years (Figure 3b). A possible explanation for these results may be the insignificant differences in GY of S.C.260 when planting
was delayed for 10 days (Figure 3a), besides less evapotranspiration occurred on PD2 rather than PD1, which led to enhancement
of IWUEg. In comparing hybrids, S.C.260 in delayed planting dates resulted in better IWUEg in both years. This result agrees
with the findings of other studies, which reported that the WUE of maize depends on multiple factors, such as genotype. The
shorter growing period in early-maturing cultivars like S.C.260 than late-maturing ones may lead to lower evapotranspiration,
which increased IWUEg (Rockstrom et al. 2007). Overall, the appropriate CV selection is essential to improve IWUEg in delayed
planting.

3.5. Grain quality

Maize is an important crop, and concerns about grain quality are increasingly important. According to the findings of the present
study, grain quality parameters were significantly affected by sowing date (Table 7). As shown in Table 8, delayed planting
negatively affects qualitative traits of grain maize such as CP, DDM, starch, and WSC. The highest CP, DDM, starch, WSC
were obtained on PD1, and the lowest contents were obtained on PD3. Delaying cultivation from PD1 to PD3 decreased CP,
DDM, starch and WSC by 11.5%, 11%, 8% and 13%, respectively (Table 8).
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Table 7- P-Values obtained from ANOVA for the effect of planting date (July 1, July 11, and July 23), planting method
(hydro-priming, transplanting, and direct seeding) and cultivar (late-maturing S.C. 704 and early-maturing S.C.260) on grain
quality of maize

Source of variation df CP DDM Starch Ash CF wWsC Oil
Year (Y) 1 0.8953 0.5056 0.324 0.6855 0.6412 0.7718 0.8994
Rep(Year) 4 0.0220 0.0960 0.2172 0.3475 0.7471 0.8101 0.1849
Planting Date (PD) 2 0.0500 0.0311 0.0153 0.0006 0.0290 0.0444 0.1114
YxPD 2 0.8999 0.5870 0.4223 0.9155 0.1683 0.7395 0.2345
Rep(Y*PD) 8 0.6368 0.8559 0.6711 0.1098 0.2984 0.2452 0.2597
Planting Method (PM) 2 0.0405 0.8900 0.0227 0.0281 0.0046 0.8813 0.0500
PDxPM 4 0.0879 0.2762 0.7511 0.0243 0.0184 0.6477 0.2102
Y*xPM 2 0.7287 0.8196 0.7708 0.5495 0.9783 0.1379 0.646
YxPDxPM 4  0.5261 0.5358 0.1769 0.0618 0.9140 0.1066 0.5342
Cultivar (CV) 1 01411 0.1958 0.9028 0.0277 0.0891 0.7247 0.2966
Y*xCV 1 02324 0.9485 0.1961 0.7083 0.7744 0.5981 0.5766
PDxCV 2 0.5780 0.3245 0.4409 0.0013 0.0068 0.1678 0.1894
YxPDxCV 2 0.2323 0.3706 0.1434 0.6866 0.9136 0.2575 0.5014
PMxCV 2 0.4090 0.2284 0.9036 0.0883 0.7547 0.1628 0.3779
YXPMxCV 2 0.1270 0.7774 0.5438 0.1963 0.2572 0.9536 0.5627
PDxPMxCV 4 04921 0.3587 0.5389 0.0134 0.7898 0.218 0.6734
YxPDxPMxCV 4 0.9647 0.2119 0.4745 0.9980 0.7710 0.8939 0.6040

df: degree of freedom; CP: crude protein; DDM: digestible dry matter; CF: crude fiber; WSC: water-soluble carbohydrate

Table 8- The effect of year, planting date, planting method and cultivar on grain quality of maize

. CP DDM Starch Ash CF WSC Oil
Experimental Factors
%
2017 8.87a 82.08a 68.5a 1.40a 2.92a 3.59a 3.71a
Year
2018 10.51a 80.81a 69.7a 1.38a 2.90a 3.65a 3.70a
July01 9.86a 86.5a 71.5a 1.63a 3.23a 3.90a 3.89a
Planting July11 9.26ab 80.6b 70.0a 1.60b 3.11a 3.58ab 3.69
Date
July23 8.72b 77.3b 65.9b 1.34c 2.77b 3.40b 3.53a
DS 9.30ab 81.6a 69.5a 1.51b 3.04b 3.57a 3.74a
Planting o 9.48a 81.7a 69.6a 1.56a 3.09 3.68a 3.75a
Method
TP 9.06b 80.9a 68.1b 1.51b 2.99¢ 3.62a 3.61b
S.C.260 8.95a 81.3a 69.2a 1.50b 3.00a 3.61a 3.74a
Cultivar
S.C.704 9.61a 81.6a 69.1a 1.55a 3.08a 3.63a 3.67a

DS, direct seeding; HP, hydro-priming; TP, transplanting; CP, crude protein; DDM, digestible dry matter; CF, crude fiber; WSC, water-soluble carbohydrate.
Means within each column followed by the same lowercase letter(s) are not significantly different (P < 0.05) according to Duncan's multiple range test.

Maize grains mainly consist of endosperm and embryo, containing protein, starch, oil, and other grain quality parameters
(Motto et al. 2012). As we explained later, delayed planting could disrupt maize grain growth and development, reducing grain
quality. In accordance with the present results, previous studies have demonstrated that delayed sowing of maize negatively
affects the grain quality since there is a high probability of experiencing lower temperature during the grain-filling period and
reduction of rate and duration of grain filling in delayed cultivation (Koca and Canavar. 2014; Cao et al. 2019). Grain nutritional
contents reduction in delayed sowing supports the idea of down-regulation of enzymatic activities in delayed planting dates,
which results in lower assimilate convention and grain starch, oil, and protein reduction.

Based on our findings, the effect of the planting method on some qualitative traits such as CP, starch, and oil was significant.
The hydro-priming method had the highest CP, starch, and oil (9.48, 69.6, and 3.75%, respectively). The lowest contents of CP,
starch, and oil were obtained from transplanted maize (Table 8). According to the results, HP was found to be the optimal PM
to enhance grain quality. Furthermore, assessing the interactions of PDXPM on the CF (Table 7) indicated that the highest CF
(3.27%) was obtained from HP on 1 July and the lowest CF (2.65%) obtained from TP on 23 July (Figure 4a). Delayed planting
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from PD1 to PD2 decreased CF by 2.8%, 3.4%, and 4.9% in DS, HP, TP, respectively. Likewise, CF content was reduced when
planting delayed from PD1 to PD3 in DS (11.6%), HP (13.1%), and TP (18.2%). As shown in Figure 4a, CF obtained from TP
is more negatively affected by delayed sowing than the other two planting methods. As mentioned in the previous literature
review, the maize grain quality could be remarkably affected by planting method and date (Mason & D'croz-Mason 2002). Seed
priming of maize could affect grain quality through various physiological strategies and improve grain quality under different

PD. Indeed, seed priming triggers a range of biochemical reactions and enhances photoassimilates translocation (Bakhtavar et
al. 2015).
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Figure 4- Effect of planting date x planting method (a), and planting date x cultivar (b) on crude fiber content
DS, direct seedling; HP, seed hydro-priming; TP, transplanting; 260, S.C.260; 704, S.C.704.

The CF is one of the main parameters influencing the quality of maize. Based on the findings, the interactions of PDxCV on
CF were significant (Table 7). The highest and lowest CF were obtained from S.C.704 on PD1 and PD3, respectively. Our
findings revealed that CF of S.C.704 and S.C.260 decreased by 18.3% and 10.2% in delayed sowing from 1 to 23 July,
respectively. Variation in grain quality parameters among different hybrids in delayed planting is in line with Buriro et al. (2015),

who reported that grain quality parameters such as protein, starch, and oil content were significantly affected by genetic
differences among maize cultivars and different sowing dates.

In addition, the interaction of PDxPMxCV on ash was significant (Table 7). In this study, transplanted S.C.704 on PD1 had
maximum ash content (1.71%) whereas, from transplanting variety S.C.704 on PD3 minimum ash (1.26%) was obtained (Figure

5). Comparing three PD revealed that the lowest ash content of all CV and PM was achieved on PD3. The highest ash content
on PD3 (1.42%), obtained from hydro-priming S.C.260.

mDS260 mDS704 mHP260 mHP704  OTP260  mTP 704
1.8
17 d be ¢
16 of g g
15
1.4

Ash (%)

13 k
1.2
11

1 - -
July 1 July 11 July 23

Planting dates

Figure 5- Effect of planting date x planting method x cultivar on ash content DS, direct seedling; HP, seed hydro-priming; TP,
transplanting; 260, S.C..260; 704, S.C.704
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4. Conclusions

To our knowledge, this is the first report of the effect of transplanting and hydro-priming on grain yield, herbage yield, irrigation
water use efficiency, and grain quality of late- and early-maturing maize cultivars under delayed planting. It was concluded from
the findings of the present research that all quantity and quality traits of grain maize except IWHEH remarkably decreased in
delayed planting. Most agronomic and qualitative characteristics were significantly affected by the planting date, planting
method, and cultivar interactions. Our data revealed the superiority of transplanting to achieve high grain and herbage yield
among other planting methods. On the other hand, hydro-priming was the optimal planting method to enhance grain quality in
delayed planting. Furthermore, selecting S.C.260 as a suitable hybrid on delayed planting is suggested. Choosing an appropriate
planting method and cultivar could help farmers achieve a higher maize GY, HY, IWUE in delayed planting. Further
investigations are necessary to validate the kinds of conclusions that can be drawn from this study.
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ABSTRACT

The region between The Caspian Sea and Black Sea has been
hypothesized as the origin of grapevine. Likewise, an extensive study on
Grapevine fanleaf virus (GFLV) from this region suggests this region as
a possible origin of the virus. However, as yet there is no information as
to whether or not the virus variants from this region accompanied with
the virus satellite RNA (satRNA) and if so, how diverse theses satRNAs
can be. To answer these questions, Grapevine fanleaf virus isolates were
collected from different vineyards in the northwest region of Iran to study
occurrence of the satellite RNA. A total of 421 samples including Vitis
vinifera, Chenopodium quinoa, C. amaranticolor, Cynodon dactylis,
Medicago sativa were initially screened against GFLV by RT-PCR with

(36 samples) were screened by RT-PCR with the newly designed satRNA
primers Gf750 and Gr750, three samples appeared to possess the satRNA.
The satellite cDNA fragments were cloned and sequenced and when the
resulting data were compared with sequences of previously-reported
satRNA of GFLV and Arabis mosaic virus (ArMV), 70-98% and 69-71%
similarities were found, respectively. Phylogenetic studies revealed
distinctness of the satRNAs from Iran. This may suggest coevolution of
the satRNA with the helper virus because GFLV isolates from this region
also form a distinct branch. Among previously reported corresponding
satRNA sequences, those from Slovenia and South Central Europe were
the closest. This study also reports C. amaranticolor as the natural host
for GFLV, which was previously reported only as an experimental host.

the coat protein primers (Cp433, Cp912). When the GFLV-infected plants

Keywords: Arabis mosaic virus, Double-stranded RNA, Grapevine fanleaf virus, Satellite RNA

© Ankara University, Faculty of Agriculture
1. Introduction

Grapevine fanleaf virus (GFLV) is responsible for one of the important diseases of grapevine (Vitis vinifera L.), fan leaf,
worldwide and causes economic losses (Martelli & Boudon-Padieu 2006). This virus has two genomic RNA molecules each
coding for a viral polyprotein (Andret-Link et al. 2004; Sokhandan Bashir et al. 2009). Some GFLV isolates have an extra RNA
molecule known as satellite RNA (satRNA). SatRNAs are thought to be originated from similar helper viruses through mutation
events such as deletion, insertion, recombination or reassortment (Cepin et al. 2016). GFLV satRNA was initially reported in
GFLYV isolate F13 which caused severe symptoms on Chenopodium quinoa (Pinck et al. 1988). Later on, satRNA was also
detected in other nepoviruses such as Arabis mosaic virus and Tomato black ring virus (Cepin et al. 2016).

SatRNAs associated with nepoviruses are divided into three groups: large linear, small linear and circular satRNAs
(Roossinck et al. 1992; Palukaitis 2016). The large satRNAs usually encode nonstructural proteins. They all encode a protein
which is necessary for the replication of satRNA associated with nepoviruses (Hu et al. 2009; Cepin et al. 2016). In contrast, the
small satRNAs are highly structural and have internal base pairing. Small satRNAs of nepoviruses are packaged as linear RNAs;
however, during replication in plants they form a circular RNA (Roossinck et al. 1992; Palukaitis 2016).

SatRNAs of nepoviruses vary in size from 1.1 to 1.5 kb and have end structures (5'-Vpg and 3'-poly A) like that of the helper
virus genome. These satRNAs encode a 37-48 kDa non-structural protein which is necessary, but not sufficient, for the satRNA
replication (Roossinck et al. 1992). SatRNAs might affect the symptoms incurred by the helper virus (Simon et al. 2004); which
could be due to satRNA’s potential in multiplication and accumulation level in host plant (Betancourt et al. 2011). This role of
satRNAs involves some aspects of RNA silencing and its suppression as described by Palukaitis (2016). A comparative analysis
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of GFLYV isolates containing satRNA or not, showed no obvious effect on virus accumulation and symptom expression in C.
quinoa (Gottula et al. 2013).

This study was carried out for the first time to determine presence of satRNA in the GFLV isolates from vineyards in the
northwest region of Iran. Vineyards in this region have previously been shown to be widely infected with GFLV. Also,
phylogenetic analyses have shown that GFLV variants from this region form a distinct clade. This region is located between The
Caspian Sea and Black Sea and hypothesized to be the origin of the grapevine and GFLV (Raski et al. 1983). Therefore, we were
interested to find out if the GFLV isolates from this region are accompanied with the satellite and, if so, what would be the
differences between satRNA of theses isolates compared to that of GFLVSs reported from elsewhere. Association of satRNA
with viruses may have an important implication as to the biology of helper virus and its potential use in the virus control.

2. Material and Methods

2. 1. Primer design

Initially, previously-published (Fuchs et al. 1989; Cepin et al. 2016) primer pairs, Gsat191f/Gsat1005r and Fp3/Rp, were used
for detection of GFLV satRNA in RT-PCR before designing new primers. Previously reported GFLV satRNA sequences were
retrieved from GenBank (Sequences which reported by Fuchs et al. 1989; Liu et al. 1990; Gottula et al. 2013; Cepin et al. 2016;
Chiumenti et al. 2016) and incorporated in the design of new primers (Table 1) by the use of Primer 3 software (Primer3web
version 4.1.0, http://primer3.ut.ee/).

Table 1- Features of the GFLV coat protein and satellite RNA specific primers tried in this study

Primer name  Primer sequence Expected product size (bp) The amplified fragment Reference

gggig E:: 55 G@%&%%%—?g%%ﬁgﬁ%ﬁcgg 350 GFLV coat protein  Izadpanah et al. 2003
gggg E:: 2 g%?gﬁééiﬁiiﬁ%ﬁ%?@réggi%3 700-750 GFLYV satellite Newly designed Primers
EE?, R AR CAASTCCCAS 870-900 GFLV satellite Cepin et al. 2016
83888 E:: % i%LTF%E'AC\:TFLTTCGG;C? JQAASCC ,;C-?,' 1000 GFLV satellite  Newly designed Primers
AT F S COORCACOMAICCORTARATRS  opamo_orLvaie om0

2. 2. Virus sources, extraction of total RNA and RT-PCR

First, 421 samples including grapevine and several weeds were subjected to total RNA extraction according to Rowhani et al.
(1993) with modifications as described elsewhere (Sokhandan et al. 2007; Khabbazi et al. 2017) and then screened by RT-PCR
with GFLV coat protein primers to determine the virus infection. Then, 36 GFLV- infected plants (Table 2) including grapevine
(30 samples), Chenopodium quinoa (4 samples), C. amaranticolor (1 sample) and C. dactylis (1 sample) were subjected to RT-
PCR with the satellite primers.

RT-PCR was initially conducted to confirm the GFLV entity of the extracted total RNA by the use of Cp433/Cp912 primers
(Table 1). Accordingly, cDNA was synthesized with the reverse primer, Cp912 following the RevertAid First Strand cDNA
Synthesis Kit instructions (Thermo Fisher Scientific Inc., Waltham, USA). Subsequently, PCR was carried out using the Cp433
and Cp912 primer pairs under a thermal profile of an initial denaturation at 94 °C for 1 min, followed by 30 cycles of denaturation
at 94 °C for 30 s, annealing at 50 °C for 30 s, and extension at 72 °C for 30 s, and a final polymerization step at 72 °C for 7 min.

cDNA synthesis was also performed with Gsat1005r, GR1000, Rp or Gr750 primer to detect the virus satRNA, respectively.
Then, the generated cDNA was used as the template to amplify the expected fragment by PCR using Gsat191f/Gsat1005r,
Gf1000/Gr1000 or Fp3/Rp primer pairs, respectively. PCR amplification was performed by using one Unit of Tag DNA
Polymerase (SinaClon Co., Tehran, Iran) in a total reaction mixture of 20 ul containing 1x reaction buffer, 1.5 mM MgCly, 1
mM dNTPs and 0.25 pmol of each primer. A gradient PCR (for all the satRNA primer pairs) was initiated with an initial
denaturation at 94 °C for 1 min and the reaction was progressed in 30 cycles of denaturation at 94 “C for 30 secs, annealing at
52, 54, 56, 58 and 60 °C for 30 sec and extension at 72 °C for 1 min. The amplification was ended with the elongation step of 72
°C for 7 min. In PCR with the new primer set Gf750/Gr750, an annealing temperature at 60 °C for 30 secs was applied. A 5 ul-
aliquot of the products were electrophoresed on 1% agarose.
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Table 2- List of samples tested for GFLV and its satRNA

Sample code Host Symptoms Origin GFLV  satRNA
M3 C. quinoa Local lesions Khelejan, E. Azar.1 + +
A2 V. vinifera cv. Keshmeshi Mosaic Urmia, W. Azar.2 + +
G3,G4,G1,Kh2 V. vinifera cv. Keshmeshi Vein banding Khalatpoushan, E. Azar. + -
G2 V. vinifera cv. Keshmeshi Vein banding and leaf deformation Khalatpoushan, E. Azar. + -
Kh3, Khé V. vinifera cv. Shahani Vein banding Khalatpoushan, E. Azar. + -
Kh4 C. quinoa Local lesions Khalatpoushan, E. Azar. + -
Kh7, Kh8 V. vinifera cv. Shahani Mosaic Khalatpoushan, E. Azar. + -
S2 V. vinifera cv. Asgari Mosaic Sardrud, E. Azar. + -
S3 V. vinifera cv. Asgari Vein banding Sardrud, E. Azar. + -
S4, S6, S10 V. vinifera cv. Keshmeshi Vein banding Sardrud, E. Azar. + -
A6 V. vinifera cv. Hoseini Mosaic and yellowing Ajabshir, E. Azar. + -
A9 V. vinifera cv. Hoseini No symptoms Ajabshir, E. Azar. + -
A2, All V. vinifera cv. Asgari No symptoms Ajabshir, E. Azar. + -
Al4 C. quinoa Local lesions and yellowing Ajabshir, E. Azar. + -
TH V. vinifera cv. Keshmeshi Mosaic Tabriz, E. Azar. + -
L2, L3 V. vinifera cv. Keshmeshi Vein banding Lahroud, Ardebil + -
U3, U4 V. vinifera cv. Sahebi No symptoms Urmia, W. Azar. + -
ue6, U7 V. vinifera cv. Keshmeshi No symptoms Urmia, W. Azar. + -
M.ch C. quinoa Local lesions Mayan, E. Azar. + -
M.cy C. dactylis Mosaic Mayan, E. Azar. + -
B2, B10 V. vinifera cv. Qizil uzum Vein banding Bonab, E. Azar. + -
N1, N5 V. vinifera cv. Keshmeshi No symptoms Khelejan, E. Azar. + -
Tl C.amaranticolor Local lesions Khelejan, E. Azar. + +

1: East Azarbaijan, 2: West Azarbaijan

2. 3. Cloning and sequence analysis

DNA fragments amplified by the use of the satellite primers (Gf750, Gr750) were excised from agarose gel and purified using
Thermo Fisher DNA Gel Extraction kit (Waltham, USA). The purified fragment (150 ng) from each sample was ligated into
pTG19-T cloning vector (50 ng) according to the manufacturer’s protocol (SinaClon Corp., Tehran, Iran) and transformed into
100 ul home-prepared competent Escherichia coli DH5a cells through heat-shock method (Chung et al. 1989). The transformed
bacteria were grown on LB medium containing ampicillin (100 mg/L), X-GaL (20 mg/ml) and IPTG (0.1 M). Three desired
colonies each from an isolate (RT-PCR product species) were selected by colony- PCR screening (Sokhandan et al. 1997) and
the plasmids were extracted following the alkaline lysis method (Green & Sambrook 2012). To confirm that the satellite fragment
is cloned into the vector (pTG19-satRNA), BamHI restriction analysis was conducted. Subsequently, recombinant plasmids from
the desired colonies were sequenced (Refgen Corp., Ltd., Ankara, Turkey) by the use of satRNA specific primers, Gf 750 and
Gr 750. Analysis of the sequences was performed to assess variation between the satRNA sequences. Nucleotide (nt) alignment
and phylogenetic trees were constructed using GeneDoc (Nicholas & Nicholas, 1997) and CLC sequence viewer 7.6.1 program
(CLC Bio-Qiagen, Aarhus, Denmark), respectively. The SIAS online tool (Immunomedicine Group, UCM, Spain) was used for
calculation of pairwise identity percentages. A 700 nt data from each of the three satRNA isolates were aligned with satellite
sequences of GFLV and ArMV which were retrieved from GenBank. The alignment numbering was relative to the satRNA
strain R2 (accession number: KC162000.1) to find out the position of highly conserved regions.

2. 4. Glasshouse studies

Glasshouse studies were performed to gather further evidence for association of the satellite with GFLV. It was hypothesized
that if the GFLV possesses the satRNA, it may still be accompanied with the virus after seed transmission. Accordingly, C.
quinoa (50 pots) was used in this study. One healthy control was included for every five inoculated samples. Three-week old C.
quinoa plants were subjected to mechanical inoculation. The leaves were cleaned with a piece of wet cloth before being dusted
with carborundum and rubbed with sap of GFLV-infected grapevine leaves ground in 0.1 M phosphate buffer (pH 7.2) containing
2.5% (v/v) nicotine. The inoculated leaves were rinsed with water after 10 minutes of the inoculation and the plants were kept
at 24 + 2 C for 10 to 14 days in glasshouse until appearance of the symptoms. The infected plants were tested by total RNA
extraction and RT-PCR for infection with GFLV and presence of the satRNA.

The infected C. quinoa plants were grown to flowering and allowed to produce seeds. The resultant seeds were germinated
and maintained under glasshouse conditions for the appearance of any viral symptom before being checked by total RNA
extraction and RT-PCR for the presence of the virus and satRNA.
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3. Results and Discussion
3. 1. Detection of GFLV and satRNA

When total RNA samples were tested by RT-PCR, only 36 samples (8.6%) appeared to have an infection with GFLV. The
expected 350 bp and 700 bp fragments were amplified with the coat protein (Cp912, 433) and satRNA (gf 750, gr 750) primers,
respectively (Figure 1). Among the GFLV-infected plants, satRNA was detected only in three plant samples (Table 2) including
V. vinifera, C. quinoa, and C. amaranticolor. However, no satisfying result was achieved using the primers already reported in
the literature.

b

Figure 1- Electrophoresis of products from RT-PCR with GFLV primers (Cp912, Cp433) [a] and GFLV satellite (gf750 and
gr750) primers [b] on 1% agarose gel. Lane 1(a, b): Lambda DNA EcoRI + Hindlll; (a) Lanes 2, 3 and 4: infected C.quinoa,
V. vinifera, and C. amaranticolor, respectively. (b)Lanes 2, 3 and 4: infected C.quinoa, V. vinifera, and C. amaranticolor
containing satRNA, respectively; Lane 5: GFLV-infected sample lacking satRNA

3. 2. Sequencing and phylogenetic analysis

When RT-PCR-amplified satRNA fragment (700 bp) was ligated into pTG19-T and the resulting recombinant plasmid was used
for transformation of E. coli, the desired colonies were found among which three colonies (A2, M3, and T1) were randomly
selected for further analyses. A subsequent BamHI restriction digestion also confirmed cloning of the 700 bp satRNA cDNA
into the pTG19-T vector. When the recombinant plasmids were subjected to sequencing and the resultant sequence data were
aligned, homologies of 91-97% were observed between the three satRNA isolates. Maximum (97%) homology was between the
isolates A2 and M3 and the least homology (91%) between T1 and M3. By Comparison of these sequences to previously recorded
GFLYV satRNA sequences, homologies of 70-98% were revealed between them. In addition, comparison of the newly-generated
GFLV satRNA isolates with ArMV satRNA sequences (accession number D00664.1 and NC_003523.1) revealed homologies
of 59-61% (Table 3). Further, there were 80-85% homologies between the new isolates and that reported from Slovenia and
South Central Europe (Cepin et al. 2016). This considerably big difference (15-20%) between these satRNAs could be due to
the differences in lineages of the helper virus or independent events in evolutionary history such as deletion or insertion of
nucleotides.

Table 3- Similarity analysis of the isolated satRNA sequences performed by SIAS program; A2, M3 and T1 are satRNAs
isolated in this study, L1, L2 and C1-C22 are codes for the sequences reported earlier. Numbers represent the similarity
percentage between the isolates

Code of A2 M3 Tl
isolates

A2 - 97% 94%
M3 97% - 91%
T1 94% 91% -
L1, L2 59-61%

C1-C22 80-85%

In the cladogram constructed on the basis of the satRNA sequences (Table 4), there were two clades so that the newly-
generated GFLV satRNA sequences (A2, T1, and M3) were clustered in a distinct position together with previously-reported
GFLV and ArMV satRNAs (Figure 2). Thus, the isolates from Iran were clustered in the same clade together with the isolates
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reported from Slovenia and South Central Europe. Sequences of GFLV satRNA isolates A2, T1, and M3 were placed in a
common subclade although the latter (from C. quinoa) was on a different branch in the same subclade. The first two isolates
shared 95% similarity. GFLV satRNA-isolate A2 from V. vinifera was from a different geographical region far away from that
of GFLV satRNA-T1 from C. amaranticolor. GFLV satRNA-M3 and T1 were from the same region, but it (M3) shared 99%
similarity with satGFLV-A2 and 96% with GFLV satRNA- T1. The accession numbers provided by GenBank for the sequences
of GFLV satRNA (A2, M3 and T1) are MK248516, MK248517 and MK248518, respectively.
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Figure 2- Phylogenetic relationship between sequences of satRNA obtained in this study and that of previously reported
GFLYV satellite RNA retrieved from GenBank. T1, A2, and M3 are the newly-generated sequences

Table4- List of the satRNA sequences retrieved from NCBI gene bank and incorporated in this study

Code Viral isolate Accession number Reference
C1 Zup_2_1 clone c2 P3* KR014664.1 Cepin et al. 2015
C2 Zup_2_1clone c1 P3* KR014663.1

C3 Zelen_1 2 10 clone c1 P3* KR014655.1

C4 SOROL1 clone c2 P3* KR014653.1

C5 Sla_1_3clone ¢2 P3* KR014651.1

C6 SauDUK_2_27 clone c2 P3* KR014647.1

Cc7 Sau_h clone ¢3 P3* KR014645.1

C8 RefKE1_10 2 clone c3 P3* KR014642.1

C9 RefDUC_4_10 clone c8 P3* KR014626.1

C10 Rec_4 25 clone c2 P3* KR014606.1

Cl11 Racuk_B6_18 clone c1 P3* KR014604.1

C12 PP_21 clone c1 P3* KR014602.1

C13 P22 clone c1 P3* KR014600.1

C14 Mal_o_5 clone c4* KR014599.1

C15 LR_6_30 clone c3 P3* KR014586.1

C16 LR_6_30 clone c2 P3* KR014585.1

C17 ITA3 clone c1 P3* KR014579.1

C18 Cividin_5_51 clone c1 P3* KR014571.1

C19 B2_7 clone c1 P3* KR014570.1

C20 A2_25 clone c2 P3* KR014569.1

ca21 GFLV103 clone ¢3 P3* KR014565.1

C22 Vol_2_55 clone c6 P3* KR014557.1

P Panse Precoce, clone 7FL-19* LN890580.1 Chiumenti et al. 2015
G Strain R2* KC162000.1 Gottula et al.2012
L1 ArMV large satRNA** D00664.1 Liu et al. 2000
L2 ArMV large satRNA** NC_003523.1

*, Host: Vitis vinifera; **, Host: Syringa vulgaris
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3. 3. Glasshouse studies

Among the 50 plants of C. quinoa 40 plants (80%) exhibited symptoms including local lesions and leaf deformation. However,
when total RNA from all the inoculated plants were subjected to RT-PCR to verify the results. 350 bp and 700 bp fragments
were obtained by the use of GFLV coat protein (Cp 433/Cp 912) and satellite primers (Gf750/Gr750), respectively.

Based on the assessments of GFLV+satRNA transmission to C. quinoa, it could be concluded that the plants infected with
satRNA-containing viruses indicate normal growth with local lesions only, whereas the satRNA-free GFLV infection causes
stunting, chlorosis, and local lesions as well (Figure 3).When the seeds of C. quinoa from the plants infected with satRNA-
possessing GFLV were germinated and the progeny plants were compared to the healthy plants, obvious difference in plant
height was evident, validating the virus transition to the next progeny. Subsequent RT-PCR assays confirmed the presence of
GFLV and satRNA in the progeny (Figure 4).

Figure 3- A (al): Grapevine leaves infected with satRNA-free GFLV, showing leaf deformation and growth reduction; A (a2):
Grapevine leaves infected with GFLV isolate containing satRNA (T1) showing no obvious symptoms; B: Healthy plant; C
(c1): C. quinoa inoculated with GFLYV isolate containing satRNA (T1) only shows local lesions on leaves with normal growth;
C (c2): C. quinoa inoculated with GFLV isolate lacking satRNA shows stunting, chlorosis in lower leaves and local lesions in
upper leaves

In this study, samples were collected in late spring, early summer and early autumn. This timing was because of the symptom
disappearance in hot summer days (Francki et al. 1985). In addition to different samples with various GFLV symptoms,
asymptomatic samples from V. vinifera and weeds were also collected, because it has been documented that some V. vinifera
varieties are tolerant to GFLV (Martelli & Boudon-Padieu 2006). Thus, they could be infected with GFLV although
asymptomatically, as 9 out of 71 asymptomatic samples appeared to be carrying GFLV although none of them had the satRNA.

The distribution pattern of the satRNA among the GFLV-infected vines suggests that the satRNA could be absent in a
GFLV-infected plant adjacent to others which contain the satRNA (Gottula et al. 2013). Likewise, in the present study, satRNA-
containing GFLV was detected in C. amaranticolor grown in vineyards, but not in the surrounding grapevines in the same
vineyard.

Figure 4- Surveying seed transmission of the satellite RNA in C. quinoa; electrophoresis of the RT-PCR products on 1.2%
agarose gel. Lane 1: Lambda DNA EcoRI+HindlIl; Lane 2: RT-PCR product from satRNA in the progenies; Lane 3: RT-
PCR product from satRNA in the parental plant; Lane 4: RT-PCR product from the GFLV coat protein gene in the
progenies as the control

To confirm the detection of GFLV and its satRNA, RT-PCR with GFLV coat protein and satRNA primers were applied in
this study. SatRNA detection was carried out using different primer pairs, of which three pairs had earlier been utilized in similar
researches elsewhere in the world; however, detection of satRNA was not successful with the previously published primers
(Gsat191f/Gsat1005r, Fp3/Rp) which might be due to the satellite genetic variation. The genetic variation in the flanking
sequences of satRNA and failure in the primer annealing process might be the reason for unsuccessful RT-PCR amplification
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once other primers were used. Also, previous studies on Iran isolates of GFLV have revealed that they possess distinct genotypes,
consequently the primers which were designed based on exotic GFLV isolates could not be efficient in annealing the local
isolates (Sokhandan et al. 2012). Among the newly designed primers, Gf750/Gr750 had a better amplification thus were utilized
in the study. The other newly designed primers (Gf1000/Gr1000) were not useful in the detection and the expected amplified
fragment (1000 bp) was very faint and the PCR conditions could not be optimized further.

Comparison of results from the two different primer sets (Gf1000/Gr1000 and Gf750/Gr750) suggested that the satRNA may
possess some conserved regions internally rather than at the ends because only Gf750/Gr750 satisfactionally gave the expected
band.

The main objective of this study was to determine presence of the satRNA and investigate its diversity in GFLV isolates
from Iran. To confirm further that the GFLV is accompanied with the satRNA, seeds from GFLV+satRNA infected C. quinoa
plants were germinated and a subsequent analysis of the progeny plants revealed that the transmitted GFLV contained the satellite
(Figure 4). This gave a further evidence as to the association of the satRNA with the GFLV isolates. The results also indicated
that the satRNA affected severity of symptoms so that normal growth together with only local lesions were seen on the inoculated
plants compared to the satRNA-free isolates which caused severe damage. This is in agreement with the previous report that
satRNAs impact on their helper viruses and the induced symptoms (Roossinck et al. 1992). In general, the effect of satRNA on
virus symptoms is influenced by helper virus, host plant and features of satRNA (Roossinck et al. 1992). As reported by
Lamprecht et al. (2013), helper virus was the determining factor in the infection of C. quinoa plants when they were mechanically
inoculated with satRNA-containing GFLV isolates. Accordingly, the GFLV satellite RNA was supported only when co-
inoculated with GFLV as the helper virus but not when co-inoculated with ArMV-NW.

Seeds from GFLV+satRNA infected C. quinoa plants germinated one month later than that from the control plants and also
showed reduction in plantlet growth in 50% of the replicates when compared to the control plants which were in agreement with
the results reported by Saldarelli et al. (1993) and Gottula et al. (2013). Accordingly, the effect of satRNA on infection and
symptom appearance might be dependent on the host species as well.

Among 36 infected grapevine samples, GFLV isolates harboring the satRNA (8.33%) were detected in three cases which
demonstrates the low frequency of the satRNA in the studied region. In a similar study conducted by Saldarelli et al. (1993) only
five isolates from among 34 GFLV-infected samples were determined to contain the satRNA (14.70%). Likewise, in another
study more than 100 plants were screened but the satRNA was found in two samples only. Therefore, it appears that the
occurrence of satRNA is a rare event (Lamprecht et al. 2013) and it is speculated that helper virus and host plant are the factors
involved in satRNA origination (Roossinck et al. 1992; Saldarelli et al. 1993; Lamprecht et al. 2013).

This study also dealt with the variation of the satRNA compared to the previously reported GFLV satRNAs. Accordingly,
phylogenetic studies demonstrated that GFLV isolates M3 (C. quinoa) and T1 (C. amaranticolor) were placed on different
branches in the same subclade although they were collected from the same region (Khelejan, East Azarbaijan, Iran). As such,
there appears that geographical location is not the only determining factor for satRNA grouping in the phylogenetic trees. As
this is the case for the helper virus as well (Lamprecht et al. 2013; Cepin et al. 2016). Comparison of the satRNA sequences
from Iran with the previously reported satRNA sequences suggested that the former were phylogenetically close to that reported
from Slovenia and Central Europe; however, the reported satRNA sequences in this study were placed in a distinct subclade on
the phylogenetic tree. The previous studies on CP and MP genes of GFLV in Iran have shown the distinctness of the Iran isolates
among all the reported GFLV sequences from around the world (Sokhandan et al. 2012). So, the distinct positions of satRNAs
from Iran in the phylogenetic tree could be because of the distinctness of the helper virus. This could also strengthen the previous
hypothesis that Iran is the origin of GFLV and from there it has spread to all over the world (Vuittenez 1970). The present study
is the first study of GFLV satRNA in, Iran, which provides new insights into the occurrence and genetic diversity of GFLV
satRNA. Results achieved pave the way for future studies of satRNA and perhaps development of resistant against GFLV.

4. Conclusions

In this study, GFLV satellite RNA was detected and characterized for the first time in the northwest region of Iran by RT-PCR.
A heterogeneity of 2-30% was revealed between the three newly-reported satRNAs and the previously-reported isolates and it
was also demonstrated that the GFLV satRNA sequences from Iran are phylogenetically close to that reported from Slovenia
and central Europe. They have close phylogenetic relationship, but the Iran isolates formed a distinct subclade.
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