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The aim of this study was to investigate the total oil content and fatty acid
composition of 26 pecan cultivars oils. Significant differences were observed
between the total oil contents and fatty acid composition of pecan cultivars
(P<0.05). The oil contents of the -cultivars changed between 69.35
(Comanche) and 77.08% (Curtis). The fatty acid composition of the pecan oils
ranged from 56.17 to 71.55% monounsaturated fatty acids, from 20.23 to
34.78% polyunsaturated fatty acids, and 7.34 to 9.49% saturated fatty acids.
The major fatty acid was oleic acid (55.91-71.27%), followed by linoleic (19.38-
33.45%), palmitic (5.05-6.68%), stearic (1.97-3.42%), linolenic (0.79-1.55%),
11-Eicosenoic (0.22-0.30%) and arachidic acids (0.10-0.33%), respectively.
The highest oleic acid content was found in the Choctaw cultivar. Tejas and
Western cultivars showed the highest levels of linoleic acid. As a result, the
data of this study may contribute to future breeding programs and the food
industry regarding the selection of pecans with improved health and nutritional
quality. It is suggested that pecan oil should be consumed due to its high-

unsaturated fatty acid content for health benefits.

1. Introduction

Pecan [Carya illinoinensis (Wangenh) C. Koch]
belongs to the Juglandaceae family and is native to
North America. It has been cultivated in many
countries including USA, Mexico, Australia, South
Africa, Israel, Argentina, and Brazil (da Parto et al.,
2013). The South of Turkey has very favorable
climatic characteristics for the pecan cultivation.
Firstly, the pecan was brought to TUrkiye in 1953 as
a seed from the USA. Then, adaptation studies on
pecans were started in Antalya with 14 cultivars
brought from Israel through FAO in 1969 (Alkan et
al., 2014). Recently, pecan cultivation areas have
been increased especially in the Aegean,
Mediterranean, and Southeast Anatolia Regions
(Apak and Aksit, 2016). Pecans contain major
nutrients, such as carbohydrates, proteins, dietary

fiber, and fat. In addition, they are a rich source of
phenolics, phytosterols, tocopherols, and minerals
(Atanasov et al., 2018; Ribeiro et al., 2020). Pecans
are known to have a higher oil content than many
other nuts. The amount of pecan oil varies between
65 and 75% (Wakeling et al., 2001). Pecan oil is
added to salad sauces and meals due to its
distinctive flavor, and is also used as an ingredient
in lotions, soaps, perfumes, and massage oils in the
cosmetic industry (Salvador et al., 2016). Pecan oll
is one of the healthy oils because of its high content
of unsaturated fatty acids (UFAs) and low amounts
of saturated fatty acids (SFAs) (Rivera-Rangel et
al., 2018). The fatty acid composition of pecan oll
generally consists of oleic, linoleic and linolenic,
palmitic, and stearic acids (Jia et al.,, 2019).
Consumption of oils rich in UFAs is associated with
positive health effects. Recent studies have shown
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that the consumption of monounsaturated fatty
acids (MUFAs) can lower LDL (low-density
lipoprotein) cholesterol, defend against coronary
heart disease, modulate blood pressure, and may
have notable effects on coagulation factors,
inflammation, and endothelial activation (Rajaram
et al.,, 2001; Alonso et al., 2006). Similarly, the
intake of polyunsaturated fatty acids (PUFAS) in the
daily diet has beneficial effects on reducing the risk
of cardiovascular and inflammatory diseases
(Finley and Shahidi, 2001). Besides, PUFAs have
antithrombotic and antiatherosclerotic properties
and may inhibit the development of some diseases
such as arterial hypertension and insulin resistance
(Simopoulos, 1991; Hermansen, 2000; Manco et
al., 2004). Moreover, Garman et al. (2009) reported
that PUFAs exhibit protective effects against
diabetic kidney diseases. The amount and
composition of pecan oil can vary widely depending
on the cultivar, as well as environmental and
agricultural practies such as growing region and
conditions, harvest year, maturity state, and the age
of trees (Toro-Vazquez, 1999; Alvarez-Parrilla et al.,
2018). Although there are many studies on pecan
cultivars in the world, few comprehensive studies
are available about the fatty acid composition of
pecan cultivars in Turkiye. This study aimed to
determination of the total oil content and the fatty
acid composition of the oils obtaining from twenty-
six pecan cultivars grown in Antalya province.

2. Material and Methods

In this study, 26 pecan cultivars (Big Z, Bradley,
Burkett, Cape Fear, Cheroke, Cheyenne, Choctaw,
Comanche, Curtis, Desirable, Green River, Harris
Super, Hasting, Mahan, Mohawk, Mahan*Stuart,
Moneymaker, Royal, Schley, Shannee, Shoshoni,
Stuart, Tejas, Western, Wichita, Woodard) grown in
the Kayaburnu genetic resources parcel of the Bati
Akdeniz Agricultural Research Institute in Antalya
were used as materials. All cultivars were collected
from mature trees (30 years old) in the 2018 and
2019 harvesting seasons (20 November-1
December). Twenty fruits per cultivar were used for
each experiment.

2.1. Oil extraction

The fruits were shelled, and the edible parts
were dried in a hot air oven at 70°C until reaching
final dry matter content about 96% w.b. (weight
basis). Dried samples were ground with a laboratory
type miller (Retsch Grindomix GMZ200, Retsch
GmbH & Haan, Germany) before oil extraction.
Then, the oils were extracted with petroleum ether
in a soxhlet fat extractor (E-500, Buchi, Flawil,
Switzerland) for 3 hours.

The total oil content of pecan cultivars was
expressed as a percentage of dry matter according
to AOAC (2005).

2.2. Analysis of fatty acid compaosition

Firstly, fatty acid methyl esters (FAMEs) were
prepared from pecan oils for the fatty acid
composition analysis (Da Porto et al., 2012).
Briefly, the oil samples (0.1 g) were mixed in a screw
cap tube with 200 mL of methanolic potassium
hydroxide (2N). Then, 2 mL of n-hexane was added.
After separation of phase, the supernatant
containing methyl esters was transferred into a vial
for analysis.

Fatty acid methyl esters of samples were
analyzed by gas chromatography (GC) system
(Agilent 7890A) equipped with flame-ionization
detector (FID) and mass spectrometry (Agilent
5975C). An HP Innowax capillary column (60.0
m*0.25 mm; film thickness: 0.25 pm) was used for
the separation. Helium was used as a carrier gas at
a flow rate of 0.8 mL min't and an average velocity
was sett0 19.314 cm sect. The temperatures of the
injector and detector were 250°C and 260°C,
respectively. The column temperature program
employed in the analysis was as follow; started from
150°C and raised to 200°C with an increment of
10°C per minute, hold at 200°C for 5 minute, then
increased to 250°C with 5°C per minute increments
and hold 250°C at 15 minute. The total analysis time
was 35 minutes. The split ratio was 1:40 and the
injection volume was 1 uL. Mass spectra were
obtained by scanning in the mass range 35-450
AMU (Atomic Mass Unit) and the ionization mode
used was electronic impact at 70 eV. The
percentages of the fatty acid components were
calculated from the integration of the peaks in FID
chromatograms. The identification of the peaks was
performed using WILEY7N, NISTO5 and OIL
ADAMS libraries of the MS (Mass Spectrometric)
detector (Golikcu et al., 2016).

2.3. Statistical analysis

The oil extractions were carried out in duplicate
and the fatty acid analyses were performed in two
replicates for each year. Results were expressed as
mean values * standard errors of two years. Data
were subjected to analysis of variance using SAS
software (Version 6.12, SAS Institute, Cary, NC,
USA). The differences were determined by
Duncan’s Multiple Range Tests at P<0.05
confidential interval.

3. Results and Discussion
3.1. Oil contents of pecan cultivars

Total oil contents of pecan samples ranged from
69.35 to 77.08% (Figure 1). The highest oil content
was found in Curtis (77.08%), followed by Stuart
(75.67%), Green River (75.27%), Mohawk (75.23%)
and Woodard (73.97%). The lowest oil content was
obtained from the cultivar Comanche (69.73%).
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Figure 1. Total oil contents of 26 pecan cultivars.

Previously, Jia et al. (2019) reported the oil
contents of fourteen pecan cultivars grown in China
ranged from 70.1 to 79.7%. Oil content of desirable
cultivar was reported as 66.18 % by Venkatachalam
and Sathe (2006). Toro-Vazquez et al. (1999)
reported total lipid contents in pecan kernels
obtained from central Mexico was found between 70
and 79% on dry basis. In another study, Ribeiro et
al. (2020) determined that the total lipid contents of
eleven pecan cultivars varied between 52.69-
69.76% grown in Brazil.

Our results are compatible with previous reports
mentioned above. In addition, the pecan cultivars
analyzed in the current study had a higher oll
content than the other nuts (pistachios, hazelnuts,
almonds, macadamias, pinenuts, walnuts, cashew
nuts, Brazil nuts) reported in the literature (Yildiz et
al.,, 1998; Amaral et al., 2006; Sathe et al., 2008;
Venkatachalam and Sathe, 2006; Dogan and Akgll,
2005; Bakkalbasi et al., 2010). The oil content and
fatty acid composition of pecans can vary
depending on cultivar, harvest year, growing
location and condition, ripening, extraction method,
soil type and climate (Wakeling et al., 2001;
Villarreal-Lozoya et al., 2007; Bouali et al., 2013;
Dominguez-Avila et al., 2013; Rivera-Rangel et al.,
2018; Ribeiro et al., 2020).

3.2. Fatty acid composition

The UFAs and SFAs of oil from twenty-six
cultivars are presented in Table 1 and Table 2,
respectively. The results revealed that there are
statistically significant differences in fatty acid
composition among the pecan cultivars (P<0.05).
Seven fatty acids were determined in the oils of
pecans. The oils of all pecan cultivars was mainly
composed of UFAs which account for 90.51-
92.66% of total fatty acids (Table 1). The highest
UFAs were determined in Cape Fear (92.30%),
Harris Super (92.33%), Woodard (92.66%) and

Cope Fear

Shoshoni

t 5§ ¢ 8 > 5 Nt O 4ygz 0 0o C
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c 20 L £ 0O v g =
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Shoshoni  (92.57%) cultivars. Monounsaturated

fatty acids were dominant over PUFAs in all pecan
samples (Figure 2). The major MUFA in the cultivars
was oleic acid which ranged between 55.91%
(Tejas) and 71.27% (Choctaw). Oleic acid was also
the predominant fatty acid detected in the analyzed
pecan oils. The percentages of 11-Eicosenoic acid,
another MUFA, were between 0.22% (Wichita) and
0.30% (Western and Burkett).

Polyunsaturated fatty acids contents of the
cultivars changed between 20.23% and 34.78%
(Figure 2). Polyunsaturated fatty acids detected in
the analyzed oils of pecan cultivars were linoleic
and linolenic acids. Linoleic acid was the most
prevalent PUFA in the all pecan oils. Linoleic acid,
also known as omega 6, is an essential fatty acid
that cannot be synthesized by the animal and
human organism. Therefore, it must be taken by the
diet (Atanasov et al., 2018). The highest linoleic acid
was found in Western (33.45%), the lowest was in
Choctaw (19.38%). Linolenic acid content varied
from 0.79% (Mahan*Stuart) to 1.55% (Wichita)
(Table 1).

The percentages of SFAs (7.34-9.49%) were
lower than the mono and polyunsaturated fatty
acids (Table 2). Palmitic acid was determined to be
the predominant SFA and ranged between 5.05 and
6.68%. Tejas had the highest palmitic acid content,
while Bradley had the lowest palmitic acid content.
In addition, stearic acid was the second SFA and
changed between 1.97 and 3.42%. The contents of
arachidic acid in the pecan oils varied between 0.10
and 0.33%, and that of the Curtis cultivar was
significantly higher than the others (P<0.05).

Venkatachalam et al. (2007) found that the
dominant fatty acid in 24 different pecan cultivars
grown in the USA was oleic acid (52.52-74.09%),
followed by linoleic (17.69-37.52%), palmitic (4.16-
7.36%), stearic (1.00-3.15%), linolenic (0.65-
1.64%) and arachidic acid (0.06-0.13%). Villarreal-
Lozoya et al. (2007) reported that seven pecan
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Table 1. Unsaturated fatty acid components (%) of 26 pecan cultivars*.

Cultivars Linoleic acid Oleic acid Linolenic acid 11-. Eicosenoic SUEAS
(C:18:2) (C:18:1) (C:18:3) acid (C:20:1)
Cheroke 30.75+4.20 ac 59.01+4.78 €j 1.35+0.12 ae 0.2840.00 af 91.39+0.62 ad
Comanche 26.98+1.57 bg 63.26+1.66 ch 1.10£0.04 ci 0.26+0.002 cf 91.60+0.07 ae
Cape Fear 20.46+1.56 hi 70.72+1.74 ab 0.84+0.05 gi 0.28+0.004 af 92.30+0.15 a
Cheyenne 28.85+0.97 af 61.47+1.00 dj 1.01£0.004 di 0.29+0.01 ad 91.62+0.04 ae
Green River 25.32+0.27 ci 64.77+0.39 ag 1.14+0.02 bi 0.28+0.01 ae 91.51+£0.11 ae
Harris Super 22.49+0.92 fi 68.7310.95 ac 0.8310.03 hi 0.2840.01 af 92.33+0.08 a
Hasting 31.23+0.27 ac 58.83+0.36 fj 1.15+0.05 bh 0.25+0.008 eg 91.46+0.03 ae
Mahan*Stuart 19.904£0.54 i 69.58+0.18 ac 0.7940.05i 0.24+0.01 fg 90.51+0.42 f
Desirable 25.71£1.99 ch 65.0412.14 ah 1.05+0.07 ci 0.27+0.007 af 92.07+0.35 ac
Mohawk 26.45+3.01 ch 64.151£3.46 ah 0.85+0.09 gi 0.28+0.009 ae 91.73+0.35 ad
Mahan 26.63+1.22 ci 63.05+£1.35ci 1.194+0.008 bg 0.24+0.008 fg 91.11£0.14 bf
Money Maker 25.32+0.23 ci 64.92+0.24 ag 1.06+0.01 ci 0.27+0.002 af 91.57+0.02 ae
Royal 30.09+1.39 ae 59.90+1.50 dj 1.38+0.07 ac 0.3040.007 ab 91.67+0.07 ae
Shanne 24.14+0.93 di 66.32+0.68 ae 1.19+0.02 bg 0.29+0.009 ac 91.94+0.47 ac
Schley 23.90+1.40 ei 66.91+1.57 ad 0.91+0.09 fi 0.27+0.006 af 91.99+0.08 ac
Shoshoni 27.26+2.75 ag 63.92+3.03 bh 1.12+0.10 ci 0.27+0.01 af 92.57+0.20 a
Stuart 30.47+1.47 ad 59.27+1.98 gj 1.36+0.01 ad 0.27+0.01 af 91.37 +0.65 ae
Tejas 33.29+2.55 ab 55.91+2.80 j 1.49+0.11 ab 0.26+0.01 df 90.95+0.16 cf
Western 33.45+1.89 a 56.18+1.83 ji 1.32+0.06 ae 0.30+0.008 a 91.25+0.13 bf
Wichita 31.47+0.94 ac 57.50£0.73 hj 1.55+0.22 a 0.22+0.002 g 90.74+0.19 ef
Woodard 29.86+0.84 ae 61.19+0.95 dj 1.32+0.07 ae 0.29+0.006 ad 92.66+0.05 a
Burkett 26.79+3.31 ch 63.63+3.59 bh 1.23+0.09 ae 0.30+£0.008 a 91.95+0.21 ac
Bradley 23.88+3.69 ei 67.08+4.08 ad 1.0040.08 ei 0.2740.01 bf 92.23+0.33 ab
Big Z 31.74+0.69 ac 58.84+0.96 fj 1.16£0.13 bh 0.28+0.007 af 92.02+0.14 ac
Choctaw 19.384+2.06 i 71.27+2.20 a 0.85+0.06 gi 0.28+0.01 ae 91.78+0.15 ad
Curtis 22.07+0.72 gi 67.49+1.65 ae 1.331£0.38 ae 0.26+0.01 df 91.15+1.00 bf
Retention time (min)  18.923 18.156 19.973 21.591

*Different letters within the same column show significant differences between pecan cultivars (P<0.05).

cultivars contained 53-75% oleic, 15-36% linoleic,
5-6% palmitic, 2-3% stearic and 1% linolenic acids.
Ribeiro et al. (2020) determined 65.53-72.99%
oleic acid, 16.27-22.50% linoleic acid, 5.64-6.53%
palmitic acid and 2.46-4.67% stearic acid in oils
from eleven pecan cultivars grown in Brazil. They
also reported that the pecan cultivars were rich in
UFAs. In the study done by Yilmaz et al. (2021)
oleic acid and linoleic acids were determined as the
major fatty acids in five pecan cultivars. The
present study fatty acid results are generally
consistent with these literature findings. On the
other hand, Rivera-Rangel et al. (2018) reported
that the predominant fatty acid in pecan varieties
cultured in Chihuahua, Mexico was linoleic acid
followed by oleic acid, which is different from our
results. In another report, oleic acid contents (47.43-
57.18%) found in pecan oils by Dominguez-Avila et
al. (2013) were lower than our values. Yilmaz et al.
(2021) determined linoleic acids for the Western
cultivar as 29.81% which is lower than our result.
Wakeling et al. (2001) determined average linolenic
acid content to be %1.74 in Western Schley and
Wichita pecans. This content was found to be higher
compared to the values of our study. These
differences can be explained by factors such as
genotype, ripening, harvest year, climate, growing

region, horticultural practices, oil extraction method,
and soil type (Rudolph et al., 1992; Wakeling et al.,
2001; Venkatachalam and Sathe, 2006;
Dominguez-Avila et al., 2013; Bouali et al., 2013).
Regarding the fatty acid groups, it was revealed
that the oils obtained from the pecan cultivars were
rich in MUFA and PUFA and contained low levels of
SFA (Figure 2). The significant variations were
detected among the pecan cultivars in terms of fatty
acid groups (P<0.05). Tejas and Western cultivars
had the highest percentage of PUFAs, known as
essential fatty acids, due to their high linoleic
content. The highest MUFA was determined in the
Choctaw cultivar with the highest oleic acid content.
Also, the linoleic acid content of this cultivar had the
lowest value. Several studies on pecan oil have
reported an inverse relationship between oleic acid
and linoleic acid contents (Dominguez-Avila et al.,
2013; Ribeiro et al., 2020; Rivera-Rangel et al.,
2018). This may be due to the fact that oleic acid is
the biosynthetic precursor of linoleic acid (Toro-
Vazquez, 1999; Dominguez-Avila et al., 2013). It is
a desirable feature that oleic acid is higher than
linoleic acid in edible oils since the oils rich in oleic
acid have high oxidative stability (Alvarez-Parrilla et
al., 2018). In this respect, pecan oil may be used in
cooking applications. Many studies on fatty acids
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Table 2. Saturated fatty acid components (%) of 26 pecan cultivars*.

. Palmitic acid Stearic acid Arachidic acid
Cultivars (C:16) (C:18:0) (C:20:0) ZSFAs
Cheroke 6.44+0.09 ac 2.07+0.01 ef 0.10+0.002 b 8.61+0.11 cg
Comanche 5.81+0.12 ci 2.46%0.09 ce 0.1320.006 b 8.40£0.03 di
Cape Fear 5.3110.24 gk 2.27%£0.09 cf 0.12+0.006 b 7.70£0.15 km
Cheyenne 6.18+0.03 af 2.10£0.06 ef 0.10+0.004 b 8.38+0.04 di
Green River 5.7240.06 €j 2.6520.13 ¢ 0.12+0.002 b 8.49+0.06 di
Harris Super 5.08+0.11 jk 2.4520.03 ce 0.14£0.008 b 7.67£0.08 km
Hasting 6.45+0.05 ac 1.97+0.002 f 0.12+0.00 b 8.54+0.05 ch
Mahan*Stuart 5.92+0.005 bg 3.42+0.40 a 0.1520.01 b 9.49+0.42 a
Desirable 5.78+0.15ci 2.0320.03 ef 0.12+0.005 b 7.9320.12 il
Mohawk 5.81+0.37 ci 2.3440.01 cf 0.12+0.002 b 8.27+0.34 ej
Mahan 6.23120.05 ae 2.5520.10 cd 0.11+0.005 b 8.89+0.12 bd
Money Maker 5.7620.02 di 2.55+0.02 cd 0.12+0.002 b 8.43+0.04 di
Royal 6.27+0.23 ae 1.96+0.12 f 0.10+0.004 b 8.33+0.11 dj
Shanne 5.8940.15 bg 2.07%£0.08 ef 0.10£0.004 b 8.06+0.06 fk
Schley 5.831£0.06 ch 2.07£0.009 ef 0.11£0.004 b 8.01%£0.05 hk
Shoshoni 5.1520.26 ik 2.17+£0.08 df 0.11+0.004 b 7.4320.17 Im
Stuart 6.43+0.19 ad 2.09+0.08 ef 0.11£0.002 b 8.63+0.10 cf
Tejas 6.68+0.16 a 2.26%0.05 cf 0.11£0.00 b 9,0510,16 ac
Western 6.26+0.10 ae 2.371£0.07 cf 0.12+0.002 b 8.750,03 be
Wichita 6.54+0.07 ab 2.61£0.14 c 0.11£0.004 b 9.2610.22 ab
Woodard 5.18+0.05 hk 2.04+0.02 ef 0.12£0.004 b 7.34£0.04 m
Burkett 5.35+0.56 gk 2.57+0.32 cd 0.13x0.01 b 8.05+0.23 gk
Bradley 5.05+£0.35 k 2.59+0.03 cd 0.13£0.004 b 7.77+0.35 jm
Big Z 5.87+0.08 cg 2.00+0.01 f 0.11£0.002 b 7.98+0.10 hl
Choctaw 5.5410.24 fk 2.561£0.13 cd 0.12+0.006 b 8.22+0.14 ek
Curtis 5.49+0.08 gk 3.03£0.07 b 0.33+0.21 a 8.85+0.08 bd
Retention time (min) 13.792 17.591 21.129
*Different letters within the same column show significant differences between pecan cultivars (P<0.05).
Curtis
Choctaw
BigZ
Bradley
Burkett
Woodard
Wichita
Western
Tejas
Stuart
Shoshoni
Schley
Shanne
Royal
Money Maker
Mahan
Mohawk
Desirable
Mahan*stuart
Hasting
Harris Super
Green River
Cheyenne
Cape Fear
Comanche
Cherake
0% 10% 20% 30% 40% 50% B0% T0% a0% 90% 100%

m5FA mPUFA mMUFA

Figure 2. Fatty acid groups of 26 pecan cultivars (SFA: Saturated fatty acids, PUFA: Polyunsaturated fatty acids, and
MUFA: Monounsaturated fatty acids).
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suggested that diets containing MUFAs and PUFAs
have a positive impact on the health of human
(Simopoulos 1991; Alonso et al., 2006; Garman et
al., 2009). However, high SFA consumption can
cause chronic diseases such as obesity, diabetes
and cancer (Ribeiro et al., 2020).

4. Conclusion

In this study, the oil contents and fatty acid
compositions of 26 pecan cultivars grown in Turkiye
were investigated. The results showed that there
were significant differences between cultivars in
terms of both oil contents and individual fatty acids.
The oil contents and fatty acid compositions of
pecan oils were generally similar to those previously
reported in the literature. Curtis, Stuart, Green
River, Mohawk, and Woodard cultivars had high oil
content.

Seven fatty acids were detected in the oil
samples including oleic, linoleic, palmitic, stearic,
linolenic, 11-Eicosenoic and arachidic acids. More
than 90% of the oils from the pecan cultivars
consisted of UFAs, which protect against coronary
heart disease and reduce LDL (low-density
lipoprotein) cholesterol. Among the pecan cultivars,
Choctaw had the highest MUFAs and oleic acid
contents. High levels of PUFAs and linoleic acid
were determined in Tejas and Western cultivars. As
a result, the data of this study may contribute to
future breeding programs and the food industry
regarding the selection of pecans with improved
health and nutritional quality.

It is suggested that pecan oil should be
consumed due to its high unsaturated fatty acid
content for health benefits. There is a need for
studies investigating the usability of pecan in the
food, cosmetic and pharmaceutical industries to
improve the production and consumption of pecan
in Tarkiye.
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1. Introduction

Abstract

This study aimed to evaluate the effect of different time of taking cutting and
IBA concentrations on the rooting of Myrtus communis L. White and black
myrtle types were used as plant materials. The cuttings were obtained from
Bati Akdeniz Agricultural Research Institute (BATEM) collection garden. The
effects of 0 (control), 500, 1000, 2000, 4000 and 8000 mg L doses of IBA
applications and time of taking cutting (February, March, April and May) on the
rooting were investigated. The highest rooting percentage (76.67%) in black
myrtle was obtained from cuttings taken in April and applied 1000 mg Lt IBA,
while the lowest rooting (10.00%) was obtained from cuttings applied
500 mg L taken in May. White myrtle was rooted at a lower rate than black
myrtle. It was determined that the highest rooting percentage (43.33%),
shooting percentage (43.33%), rooted-shooted rates (43.33%) and average
root number (1.63 pcs) in the white myrtle were 500 mg L IBA dose in April.
In addition, the study showed that the best rooting of white myrtle was in the
cuttings taken in April and applied 500 mg L* IBA. Based on results, it can be
concluded that time of taking cuttings in propagation and different
concentration of IBA applications had a different impact on the success of
black and white myrtle rooting.

source of essential oils that have medicinal,
insecticidal and sensory value (Khosh-Khui et al.,

The myrtle (Myrtus communis L.) is one of the
important medicinal plants used in traditional
medicine in many parts of the World. Myrtus
communis L. belongs to the family of Myrtaceae.
The myrtle plant also known as true myrtle, is a
perennial, evergreen shrub or small tree, typical of
the Mediterranean region. In Tlrkiye, it spreads
from the lowest altitude up to 600 meters in the
Mediterranean, Aegean and Marmara Regions.
Myrtle is also known by names such as erduran,
erdiren, sazak, zazak, murt, mort. Naturally grown
myrtle plant is resistant to both diseases and pests
as well as drought and soil stress factors. This
feature ensures that myrtle is grown organically
(Uzun et al., 2014). The leaves and berries are a

1984; Mulas et al., 1996; Milhau et al., 1997). Myrtle
fruits are white and black coloured. White myrtles,
which are called hambeles, are mostly consumed
mainly as fresh fruit in Turkiye. Wild myrtles found
in nature are grafted with hambeles or grown as
border trees on the edges of the land. The black
myrtle fruits are mainly consumed as fresh fruit
(edible), dried fruit and fruit tea, and are also used
in marmalade and jam production (Baytop, 2007;
Alim and Uzun, 2017). The myrtle leaf and fruit are
widely used as traditional folk medicine to treat
many disorders and diseases. Its fruits, leaves, and
seeds have a significant amount of phenolic
substances, anthocyanins and  antioxidant
compounds (Alim et al., 2019).
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Generally, myrtles grown wild in nature are
grafted with white myrtle. In addition, this type of
myrtle is grown as a border tree on the edges of the
land. In our country, it is produced in the form of a
closed garden in a very limited area. The demand
for the myrtle fruits has increased in recent years
because of their antioxidant and phenolic
compound content. It was determined that
especially black myrtle contains more phenolic
substances than white fruit. Myrtle fruits naturally
grown in Turkey were collected from nature by local
people and it was sold at the district bazaars and
herbalists in the coastal parts of the Mediterranean
region (San et al.,, 2015a; Alim and Uzun, 2017,
Alim, 2020).

Myrtle is generally propagated by seeds or
woody stem cuttings (Ruffoni et al., 2010).
Propagation with cuttings is widely used due to its
advantages such as being simple and easy to apply,
obtaining many seedlings from a unit area and
obtaining high-quality seedlings with the same
genetic structure as the rootstock plant. Differences
in root ability of cuttings are due to anatomical,
physiological, biochemical and environmental
factors (Babaie et al., 2014). Cutting is at the
moment the easiest and cheapest technique for
mass propagation and production of plants more
uniform and genetically similar to the genitors
(Hartman et al., 2011). As in most fruit trees that are
propagated by woody cuttings, physiological stage
of the mother plant and the type of growth regulators
are very important factors for the success of rooting
cutting. In addition, the time of cuttings taken is very
important in rooting yield in woody plants, but the
optimum time for rooting must be established
individually for each species (Howard, 1996;
Chojnowska, 2004; Elgimabi, 2008).

For general use, for cuttings propagation of the
majority of plant species, treatment with auxins is
recommended (Davis and Haissig, 1990). Auxin
has an effect on speed and increases the
percentage of rooting of the stem cuttings. Plants
produce natural auxin in young shoots and leaves,
but synthetic auxin should be used for successful
rooting to cuttings (Stefanic et al., 2007; Kasim and
Rayya, 2009). IBA is a synthetic growth regulator,
which belongs to the class of auxins (Hartmann and
Kester, 2002). Treatment with rooting stimulators
and especially IBA is generally effective in
increasing the rooting rate of cuttings and making
the root system stronger (Kaska and Yilmaz, 1990).

The myrtle plant provides raw material for the
pharmaceutical, cosmetic, ornamental and food
industries (Medda and Mulas, 2021). Myrtle fruits
and leaves, which are used as raw materials, are
collected from wild plants and natural areas. This
situation puts pressure on myrtle grown in the
natural area. The increase in demand for myrtle in
recent years creates uncontrolled pressure on wild
plants. Therefore there is a great need for this plant
to be produced as a standard and serial. The rooting
ability of myrtle varies considerably, and some

growers state that the plant is difficult to root (Mulas
et al., 1996; Klein et al., 2000). However, limited
studies have been made on the possibilities of
producing myrtle plants with cutting, which is easier
and more suitable for mass production. So far,
studies on the propagation of myrtle species are not
enough. The purpose of the present study was to
improve the rooting of black and white muyrtle
cuttings by determination of the best concentration
of IBA and time of cutting cultivation under mist
propagation.

2. Material and Methods
2.1. Material

The study was carried out in the Bati Akdeniz
Agricultural Research Institute Aksu campus rooting
greenhouse in 2018. The distance of the research
area to the sea is 20 km and the altitude is 46 m. In
the province of Antalya, Turkiye where the trial area
is located, summers are hot and dry, and winters
are warm and rainy. Antalya 4% Regional
Directorate of Meteorology has determined the
average temperature as 19.65°C, the highest
temperature of 32.51°C, the lowest temperature of
9.32°C, the annual average precipitation as
52.67 mm and the average relative humidity as
71.81% in 2018 (Table 1) (Anonymous, 2018).

In this research white (Hambeles) and black
(Yakup) myrtle genotype which was not registered
taken from the collection garden in the Aksu
campus of the Bati Akdeniz Agricultural Research
Institute, were used as plant materials (Figure 1).
The fruits of hambeles are larger and have fewer
seeds compared to the black fruits. Black myrtle
fruits contain many (16 pieces fruit') and hard
seeds. Also, its fruits are more aromatic (Uzun et
al., 2016).

2.2. Preparation of cuttings

Cuttings were taken from 5-year-old plants
grown in the BATEM collection garden in four
periods (February, March, April and May) in 2018. It
was prepared from 1-year shoots (woody cuttings),
which were about 15 cm long, bearing 3-4 leaves
and eyes on the cuttings. Before planting date, all
cuttings were soaked in 50% captan solution.

2.3. IBA treatment

In this study, 0 (control), 500, 1000, 2000, 4000
and 8000 mg L* doses of IBA doses were applied
to the cuttings taken at different time of taking
cutting. Before the applications, 250 mL 8000 mg L-
1IBA stock solution was prepared. For this purpose,
2000 mg L1 of IBA (Sigma-57310) in pure powder
form was weighed into a 250 mL measuring cylinder
on precision scales and 30 mL of ethyl alcohol
(96%) was added to dissolve. After the powder was
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Table 1. Some climate data of Antalya 4" Regional Directorate of Meteorology in 2018.

Months Average Highest Lowest Precipitation Average relative
temperature (°C) temperature (°C) temperature (°C) (mm) humidity (%)
January 10.8 20.9 1.7 93.0 72.2
February 12.8 21.2 3.4 91.0 83.0
March 15.0 25.8 6.8 94.0 78.9
April 18.5 35.2 6.7 2.0 68.7
May 23.2 35.6 11.9 19.0 66.2
June 255 38.0 16.3 65.0 72.8
July 28.5 43.3 18.2 18.0 65.8
August 28.0 40.8 17.2 0.0 71.2
September 25.9 40.7 15.2 13.0 65.1
October 20.4 35.5 7.2 24.0 67.3
November 15.7 315 7.2 57.0 72.5
December 115 21.6 0.0 156.0 78.0
Mean 19.6 325 9.3 52.6 71.8

Figure 1. Black and white myrtles.

dissolved, it was completed to 125 ml with 96%
ethanol and then to 250 ml with distilled water. For
each application 500, 1000, 2000, 4000 and
8000 mg L* IBA were prepared from the stock
solution. In the control application, distilled water
was applied. It was applied to IBA cuttings by fast
dipping method and 1 cm of the cuttings from the
bottom were immersed in IBA solutions for 5
seconds. For each type and time of taking cutting,
they were planted 2.5 x 2.0 cm apart in plastic
crates (410 x 620 x 255 mm) filled with propagation
medium (peat and perlite 1:1 v/v).

The crates were placed on rooting tables
irrigated with a fogging system. The fogging system
was set to operate for 5 seconds at 10 minute
intervals throughout the experiment. In the study, 2
cultivars (white and black myrtles), 4 period
(February, March, April, May), 6 doses 0 (control),
500, 1000, 2000, 4000 and 8000mglL?, 3
replications and 10 cuttings in each replication, a
total of 1440 cuttings were used. The cuttings were
cut on the 7t day of February, March, April and May.
The rooting percentage (%), the shooting
percentage (%), the rooted-shooted rate (%) and
the average number of roots (pcs) were determined
in the cuttings removed four months after planting.
The rooting percentage was found by dividing the
number of rooted cuttings to the total number of
cuttings. Shooting rate is the number of shooting
cuttings by dividing the total number of cuttings. The
average root number was found by counting the
roots formed in the cuttings.

2.4. Statistical analysis

The research was established according to the
Randomized complete block design, with 3
replications. The significance of treatment means
was tested by one-way analysis of variance
(ANOVA) on the transformed square root of rooting
percentages, shooting percentages and rooted-
shooted rates. Where significant differences were
found (P<0.05) treatment means were compared
using LSD test (Dlzglnes et. al., 1987).

3. Results and Discussion

Rooting percentage, shooting percentage,
rooted-shooted rates and average root number of
cuttings were taken in February, March, April and
May and IBA was applied at doses (500, 1000,
2000, 4000 and 8000 mg L) in black and white
myrtles. The results were given in Table 2 and 3.
The interaction of time of taking cutting and IBA
dosages was determined as important as P<0.05
level in terms of rooting rate, shooting rate, rooted-
shooted cutting rate and average root number at
black and white myrtles.

The highest rooting percentage of black myrtle
cuttings in 1000 mg L1 IBA application taken in April
were determined as 76.67% (Figure 2). The lowest
value was determined in the cuttings taken in May
and applied 500 mg L' (10.00%) IBA application
(Figure 2). Rooting percentage decreased in
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Table 2. Rooting percentage (%), shooting percentage (%), rooting-shooting rates (%) and average root number (pcs)
according to time of taking cutting and IBA doses in black myrtle.

Parameters IBA doses

Time of taking cutting

(mg LY February March April May Mean

Control  40.00 (5.95) dh*  60.00 (7.68) af 66.67 (8.12) ac 26.67 (5.14) h 48.34

500 46.67 (6.76) ah 63.33 (7.95) ad 73.33(8.53) ab 10.00 (2.54) i 48.33

Rooting 1000  36.67 (5.95) dh 63.33 (7.79) ae 76.67 (8.75) a 33.33 (5.51) gh 52.50
percentage 2000  40.00 (6.20) ch 73.33 (8.55) ab 36.67 (5.89) eh 36.67 (5.95) dh 46.67
(%) 4000  73.33(8.54) ab 66.67 (8.12) ac 53.33 (7.27) ag 33.33 (5.70) th 56.67
8000 66.67 (8.07) ac 66.67 (8.12) ac 56.67 (7.38) ag 46.67 (6.72) bh 59.17

Mean 50.56 65.56 60.56 31.11 51.95

Control  60.00 (7.67) ac 60.00 (7.69) ac 66.67 (8.12) ab 26.67 (5.14) f 53.34

500 60.00 (7.69) ac 66.67 (8.15) ab 73.33(8.53) ab 10.00 (2.54) g 52.50

Shooting 1000  60.00 (7.67) ac 66.67 (8.02) ab 66.67 (8.12) ab 33.33 (5.51) ef 56.67
percentage 2000  60.00 (7.59) ad 73.33 (8.55) ab 36.67 (5.89) cf 36.67 (5.95) cf 51.67
(%) 4000  76.67 (8.75) a 70.00 (8.35) ab 56.67 (7.47) bd 33.33(5.70) df 59.17
8000 70.00 (8.25) ab 66.67 (8.12) ab 56.67 (7.38) ae 46.67 (6.72) bf 60.00

Mean 64.45 67.22 59.45 31.11 55.56

Control  40.00 (5.95) dg 60.00 (7.68) ae 66.67 (8.12) ab 26.67 (5.14) g 48.34

500 43.33 (6.51) bg 63.33 (7.95) ac 73.33(8.53) ab 10.00 (2.54) h 47.50

Rooted- 1000 33.33 (5.51) fg 63.33 (7.79) ad 66.67 (8.12) ab 33.33(5.51) fg 49.17
shooted rates 2000 36.67 (5.95) cg 73.33(8.55) a 36.67 (5.85) dg 36.67 (5.95) cg 45.84
(%) 4000 73.33 (8.54) ab 66.67 (8.12) ab 53.33 (7.27) af 33.33 (5.70) eg 56.67
8000 66.67 (8.07) ab 66.67 (8.12) ab 56.67 (7.38) af 46.67 (6.72) ag 59.17

Mean 48.89 65.56 58.89 31.11 51.11

Control  1.33jm 3.80cg 2.60 fj 0.80Im 2.13

500 1.53 im 4.53 ad 2.83ei 0.20m 2.27

Average root 1000 2.07 hl 4.67 ad 3.30dh 1.60 im 291
number 2000 2.27 hl 5.60 ab 1731 1.37 im 2.74
(pcs) 4000 4.20 be 5.17 ac 2.27 hl 1.03 km 3.17
8000 4.03 cf 5.70 a 2.47 gk 1.50 iim 3.43

Mean 2.57 4.91 2.53 1.08 2.77

* |BA dosage x time of taking cutting interaction is indicated with small characters (a) (P<0.05). While grouping the percentage values, the square
root values written in parentheses were taken as basis.

Table 3. Rooting percentage (%), shooting percentage (%), rooted-shooted rate (%) and average root number (pcs)
according to time of taking cutting and IBA doses in white myrtle.

Parameters  IBA doses Time of taking cutting

(mg L) February March April May Mean
Control  3.33 (1.05) gh* 0.00 (0) h 23.33 (4.80) ad 10.00 (3.59) bg 9.17
500 3.33(1.05) gh 16.67 (4.02) af 43.33 (6.57) a 10.00 (2.54) ch 18.33
Rooting 1000  6.67 (2.10) dh 8.33 (1.66) eh 10.00 (2.54) ch 3.33(1.05) gh 7.08
percentage 2000  3.33(1.05) gh 16.67 (4.02) af 33.33 (5.51) ab 1.82 (0.00) eh 13.33
(%) 4000  6.67 (1.49) th 12.50 (3.53) bg 20.00 (4.37) ae 13.33 (3.59) bg 13.13
8000 3.33 (1.05) gh 8.33 (2.35) dh 10.00 (2.54) ch 26.67 (5.14) ac 12.08
Mean 4.44 10.42 23.33 10.56 12.19
Control  13.33 (3.60) ad 0.00 (0.00) e 16.67 (4.04) ad 10.00 (3.60) ad 10.00
500 3.33(1.05) de 20.83 (4.40) ac 43.33 (6.57) a 10.00 (2.54) be 19.37
Shooting 1000  10.00 (2.54) be 12.50 (2.85) be 13.33 (2.88) be 3.33(1.05) de 9.79
percentage 2000  3.33(1.05) de 16.67 (3.22) bd 33.33 (5.52) ab 0.00 (0.00) e 13.33
(%) 4000  10.00 (1.83) ce 12.50 (3.54) ad 20.00 (4.37) ac 13.33 (3.60) ad 13.96
8000 3.33 (1.05) de 8.33 (2.36) be 10.00 (2.54) be 26.67 (5.14) ab 12.08
Mean 7.22 11.81 22.78 10.56 13.09
Control ~ 3.33 (1.05) ef 0.00 (0.00) f 16.67 (4.04) ae 10.00 (3.60) ae 7.50
500 3.33(1.05) ef 16.67 (4.02) ae  43.33(6.57) a 10.00 (2.54) bf 18.33
Rooted- 1000  6.67 (2.10) cf 8.33 (1.67) df 10.00 (2.54) bf 3.33(1.05) ef 7.08
shooted rates 2000  3.33(1.05) ef 12.50 (2.85) bf 33.33 (5.52) ab 0.00 (0.00) f 12.29
(%) 4000  10.00 (1.83) df 12.50 (3.54) ae 20.00 (4.37) ad 13.33 (3.60) ae 13.96
8000 3.33 (1.05) ef 8.33 (2.36) cf 10.00 (2.54) cf 26.67 (5.14) ac 12.08
Mean 5.00 9.72 22.22 10.56 11.86
Control  0.03 ef 0.00 f 0.57 cf 0.67 bf 0.32
500 0.17 df 0.83 bd 1.63 a 0.20 df 0.72
Average root 1000 0.30 df 0.25 df 0.30 df 0.17 df 0.24
number (pcs) 2000 0.07 ef 0.37 df 1.33 ab 0.30 df 0.43
4000 0.27 df 0.41 df 0.70 be 0.63 cf 0.48
8000 0.10 ef 0.42 df 0.60 cf 1.17 ac 0.55
Mean 0.16 0.31 0.86 0.51 0.46

* |BA dosage x time of taking cutting interaction is indicated with small characters (a) (P<0.05). While grouping the percentage values, the square
root values written in parentheses were taken as basis.



Alim and Kaya / HortiS (2023) 40(1):8-15

12

Figure 2. Black myrtle cuttings taken in April and applied 1000 mg L™ IBA.

b

Figure 3. Black myrtle cuttings taken in February and applied 4000 mg L* IBA (a) and white myrtle cuttings taken in April

and applied 500 mg L IBA (b).

cuttings taken in later periods. The lowest value in
both of them was in the cuttings taken in May
(31.11%). When evaluated in terms of creep rate,
the highest was in the 4000 mgL?! (76.67%)
application taken in February, the lowest was in the
cuttings taken in May and 500 mg L (10.00%) IBA
application (Figure 3a). The highest shooting
percentage was in February (64.45%), March
(67.22%) and April (59.45%) in black myrtle. The
lowest shooting rate was taken in May (31.11%).
The rate of rooted-shooded rate cutting was highest
in 2000 mg L (73.33%), 4000 mg L (66.67%) in
March. The lowest rooted-shooted rate was
determined in the cuttings applied (10.00%)
500 mg L IBA taken in May. Rooted-shooted rates
were found to be significant in the time of taking
cuttings. The rate of rooted-shooted cutting
decreased as the time of taking cutting progressed,
and it was obtained at least in May (31.11%). The
highest rooted-shooted cutting rate was in the
cuttings taken in March (65.56%) in black myrtle.

We have also measured root number of the cutting
during in rooting experiment. The data showed
significant differences in root number of the cutting
which ranged from 0.2 to 5.7 pcs (Table 2). The
average root number of black myrtle increased in
parallel with the increase in IBA dose in cuttings
taken in February and March. In our study, the
highest average number of roots was obtained from
the cuttings taken in March and applied 8000 mg L-
1 (5.70 pcs) IBA. The lowest average root number
was 500 mg L? in May (0.20 pcs). As the time of
taking cutting progressed, the average root number
of the cuttings decreased. It was determined that
the highest average root number was in March (4.91
pcs) and the lowest was in the cuttings taken in May
(1.08 pcs).

In terms of rooting rate, white myrtle was found
to be lower than black myrtle. It was determined that
the highest rooting rate (43.33%), shooting rate
(43.33%), rooting-shooting rate (43.33%) and
average root number (1.63 pcs) in the white myrtle
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were 500 mg L1 IBA dose in April (Figure 3b). In this
myrtle type, there were no rooting or shooting in the
control cuttings taken in March and the 2000 mg L1
IBA application taken in May. The lowest average
root shooted rate results were in control (0.00%) in
February, 2000 mg L IBA (0.00%) in May.
Application of IBA concentration and date of
cutting collection can affect and promote root
formation of hardwood cuttings in some genotypes
by influencing the endogenous auxin and
carbohydrate contents of the tissues. Furthermore,
a correlation among polarity, root differentiation,
and auxin movement can be made (Hartman, 1985;
Hartmann and Kester, 2002). It was reported that
the sampling time had a clear effect on the rooting
percentage of the myrtle cuttings and the weld of the
cuttings was negligible. In the study conducted by
the researchers, while approximately 70% of the
cuttings taken during the winter months (December-
February) were rooted, 20% of the cuttings taken in
May-August showed rooting (Klein et. al., 2000).
Additionally, Abd El Hameed (2018), in his study on
Myrtus communis, recommended the application of
4000 mg L IBA dose to terminal cuttings taken in
March and September. The lowest values were
obtained from base cuttings without IBA applied in
June and December. Our results confirmed the
findings that time of taking cutting and IBA
applications were important factors affecting plant
propagation. Additionally, Pignatti and Crobeddu
(2005) reported that applied 0.80% NAA in powder
formulation to Myrtus communis cuttings. Holcomb
and Michalas (1992) reported that 58.30-88.90% of
the cuttings of Myrtus communis taken from mature
plants and 86.10-91.70% of the cuttings taken from
young plants were rooted. Researchers stated that
Myrtus communis is suitable for mass production
with young material. In addition, peat:perlite mixture
was found to be superior to peat alone in promoting
myrtle rooting. It is known that both genotype and
growth regulators significantly affect rooting in
myrtle. San et al. (2015b) reported that in myrtus in
vitro study, higher rooting was obtained than our
results. In the study, the explants were rooted in
2MS containing indole-3-butyric acid (IBA),
naphthalene acetic acid (NAA) and activated
charcoal (AC). IBA applications induced more
rooting than NAA. The medium supplemented with
1.0 mg L1 IBA + 2.0 g L't AC resulted in the highest
rooting ratio (80%). Addition of AC into the medium
resulted in slight increase in the rooting ratio,
significant increase in shoot length, and reduced
darkening in the rooting area. Acclimatization was
successful for 86% of the rooted plants.
Hatzilazarou et al. (2001) investigated that rooting
capability of two M. communis clones, with large
and small leaves. Shoots transferred to WPM
medium supplemented with various concentrations
(0, 0.5, 1.0 or 2.0 uM) of IBA, IAA or NAA in rooting
assays. According to this study, the best rooting
was achieved with the application of 0.5 uM IBA

(96% rooting) and 1.0 uM IAA (100% rooting) for
large leaves and small leaves, respectively.

Similar results to our results were found in
studies conducted on different species. Palanisamy
and Pramod (1997) stated that in Pongamia
pinnata, rooting was best in March cuttings and IBA
induced 100% rooting. Tewfik (2002) showed that
6000 mg L' IBA concentration has the highest
rooting percentage in Nemaguard peach. It has
been reported that the cutting time and IBA doses
are important in the success of rooting. Meanwhile,
Thirunavoukkarasu and Brahmam (1999) reported
that auxin treatments stimulated sprouting of
Enterolobium cyclocarpum cutting in but only
cuttings prepared in January, March responded for
rooting. On the other hand, Ercisli et al. (2002), in
their study on kiwi fruits, the highest rooting
percentage, maximum root length and number were
obtained with 6000 mg L IBA application. In
addition, cuttings taken in February were rooted
better than in January. Houle and Babeux (1998),
stated that IBA significantly increased percentage of
rooting and root length of Pinus ocarpa and
increased enhanced the number of roots /cuttings
and average roots length. A similar effect has also
been observed by Ingle (2008) in Stevia. According
to the results, on rooting of Stevia that increasing
the concentration of IBA from 50 to 500 mg L,
caused an increase in rooting percentage, root
number, root length and fresh weight of root. In
addition, De Souza and De Lima (2005) obtained
the best rooting percentages for Prunus cuttings at
2000 mg L't IBA concentration. Siddiqui and
Hussain (2007) examined the effect of IBA
applications (between 0-5000 mg L™1) on the rooting
of Ficus Hawaii. The researchers showed that the
maximum root length and number, maximum shoot
and leaf number per cutting were obtained at
4000 mg Lt IBA concentration.

4.Conclusion

When both myrtle types were evaluated
together, the rooting rate, shooting rate, rooted-
shooted cutting ratio and average root number
changed between time of taking cutting and IBA
applications. Rooting ability of black myrtle was
higher than white myrtle. Rooting properties of black
myrtle decreased as time of taking cutting was
delayed. The best time of taking cutting for white
myrtle was April. As a result, IBA applications of
4000 and 8000 mg L in February, 2000, 4000 and
8000 mg L in March, 500, 1000 ve control in April
can be recommended for black myrtle propagation
by cuttings. In addition, propagation was suitable
with black (control) cuttings taken in April and not
applied IBA. In the production of myrtle with white,
500 mg L IBA can be applied to the cuttings taken
in April. In further studies, it is aimed to investigate
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different applications to increase the propagation
rate of myrtle.
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Abstract

This study was aimed to determine the fertilization biology of the 'Arsel’ olive
cultivar obtained by hybridization breeding. For this reason, treatments of
open pollination, cross pollination, and self-pollination were performed for
2 years and self-compatibility and appropriate pollinators of this new cultivar
were investigated. Among the varieties included as pollinators (‘Memecik’,
‘Gemlik’, ‘Uslu’, ‘Ayvalik’ and ‘Egriburun Nizip’), the highest fruit set was
achieved with ‘Memecik’ and ‘Gemlik’ varietes in both years (2.64%, 1.37%
and 1.75%, 1.39%). For this reason, ‘Memecik’ and ‘Gemlik’ cultivars were
the best pollinator for ‘Arsel’ olive was thought. On the other hand,
considering the statistical analyzes and productivity index values, ‘Arsel’
variety was found to be self-incompatible. However, the data also indicated
that cross pollination was effective in increasing fruit set. Therefore, it is
thought that the use of pollinator cultivar in orchard establishment would be
beneficial in terms of yield. Pollen viability and germination tests were
performed by using 2,3,5 Triphenyl Tetrazolium Chloride (TTC) and agar in
petri (15% sucrose + 1% agar + 100 ppm H3BOs) methods in the study. The
highest pollen viability rate was observed in ‘Memecik’ cultivar in 2020 and
there isn’t statistical differences between olive cultivars in 2018. The
highest pollen germination rate was observed in ‘Arsel’ cultivar in 2018.
Accordingly, differences were determined between pollen viability and
germination rates of examined olive cultivars in terms of years.

1. Introduction

Olive (Olea europea L.), which is produced all
over the Mediterranean Basin and used as oil and
table olives, is one of the most important products
of this geography. It is widely cultivated in Turkiye,
especially in the Aegean, Marmara and
Mediterranean Regions. According to data of the
Turkish Istatistical Institute (TUIK), there are almost
192,3 million olive trees with about 1.74 million tons
of production in Tirkiye. Turkiye ranks fourths in the
world in terms of production amount (TUIK, 2021).
It will be possible to have a say in the world market

with the development of new varieties and the
spread of production.

Determination of suitable pollinator variety and
pollen quality are of great importance in terms of
fruit breeding, adaptation and breeding studies.
High efficiency ranks first among production targets.
For this, first of all, successful pollination and
fertilization are required in fruit species. Because
low fruit set in olive species is a common problem.
Significant production losses are observed due to
the absence or insufficient use of the pollinator
variety with the main variety. Similarly, self-
compatibility of 13 olive species was investigated at
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the Olive Land Gene Bank of the 'Olive Research
Institute’ in Izmir for 2 years. As a result, it was
determined that 8 varieties were self-
incompatibility, 2 varieties were partially fertile, and
3 varieties were fertile. In addition, it was
determined that two hybrid candidates were self-
incompatible. As a result, researchers stated that
self- incompatibility is common in olives (Gul, 2020).
Thus, Mete et al. (2016) reported that although the
'Hayat' olive variety obtained from hybridization
studies is self-fertile, it would be appropriate to have
a pollinator variety in the orchard in order to
increase the fertilization efficiency and fruit set.

There are many studies on the determination of
viability and germination of pollen in different olive
cultivars. Pollen viability and germination tests are
important in fertilization biology studies. It is stated
that pollen performances vary according to
genotypes and pollen tube development is very
slow and does not reach the embryo sac in self-
pollination  (Porlings and Voyiatsiz, 1976;
Palasciano et al., 2008; Selak et al., 2013; Mete et
al., 2015).

Itis necessary to include 10% pollinator varieties
in the orchard, where olive pollen is carried by the
wind for very long distances and for an effective
pollination. It is reported that this ratio may vary
depending on the topography of the region and the
wind and air temperature during the flowering period
(Lavee and Datt, 1978). In this context, it was
determined that the stigma remained receptive for
12 days in the 'Manzanilla' olive variety and the
fertilization ratio was 26% in the first 3 days and
55% at the end of the 8t day (Cuevas et al., 2009).
In the current study, it was aimed to determine the

appropriate pollinator to be uses as a pollinator,
self-compatibility and pollen quality of the 'Arsel’
olive variety obtained by hybridization breeding by
the Olive Research Institute in izmir.

2. Materials and Methods

The experiment of this study was conducted at
the observation plot of registration of Olive
Research Institute in izmir/Kemalpasa, Turkiye
between 2018 and 2020. The study interrupted in
2019, due to strong alternate-bearing tendency of
‘Arsel’ cultivar. Cultivars like ‘Memecik’, ‘Gemlik’,
‘Uslu’, ‘Ayvalik’ and ‘Egriburun Nizip’ cultivars were
used as pollinator for ‘Arsel’ cultivar. Moreover,
open pollination and self pollination applications
were conducted. ‘Arsel’ olive cultivar was
developed by hybridization studies and registered
on February 2019. This cultivar which showed good
performance particularly got with 24.69% oil and
88.24% pulp ratio. Flower clusters were isolated
with oily paper bags at the balloon stage of buds to
obtain pollens. After the anthesis stage bags were
removed and pollens were sieved and protected in
the refrigerator in glass bottles. For open-pollination
treatments, flowers in clusters, as for the self-
pollination, flower buds on clusters take place on
one-year-old shoots were counted at balloon stage
buds before the flower were counted, isolated and
labeled. At the end of the receptivity of pistil, bags
were removed and the isolation was completed. The
number of flowers in three combinations as open
pollination, self pollination and cross pollination was
predicted as at least 500 (Figure 1).

f

Figure 1. Arsel cultivar (a), beginning of blooming (b), full bloom (c), fruits and unfertilized parthenocarpic fruits 10 days
after full bloom (d), fertilized and unfertilized parthenocarpic fruits (e), changes in fruit and seed with the effect of pollinator

varieties 3 months after fruit set (f).
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Self-fertility of examined cultivars and the degree
of fertility of pollinator cultivars were calculated
according to productivity index (R) and the obtained
figures were evaluated by considering the Table 1
(Moutier, 2002).

SP

R=0p
where, R is productivity index, SP is percent fruit set
obtained from self-pollination or pollinator, and OP
is percent fruit set obtained from open-pollination
cultivar.

2,3,5 Triphenyl Tetrazolium Chloride (TTC)
solution was used to determine the pollen viability
rates (Norton, 1966; Heslop-Harrison and Heslop-
Harrison, 1970). In this test, which is based on the
dyeing of pollen, the red pollen was considered as
alive. Unstained pollen was classified as inanimate.
In the pollen germination test, in the agar-petri
method; 15% sucrose + 1% agar + 100 ppm HsBO3
medium was used (Mete, 2009).

The experiment was conducted on a randomize
block design with five replications. Variance
analysis was applied to the obtained data and
Student's T-Test was used to compare the
averages.

3. Results and Discussion

The percentages of pollen viability and
germination belonging to ‘Arsel’ olive cultivar, this
was used as the main cultivar and the other;
pollinator cultivars were given in Table 2.

With the exception of pollen viability rates in
2018, the treatments showed statistically significant
differences at (P<0,001) level. The highest rate of
pollen viability in 2020 was determined in ‘Memecik’
(79%) and ‘Arsel' (74%) cultivars. These cultivars
were followed by ‘Uslu’ (65%), ‘Egriburun Nizip’
(62%), ‘Ayvalik’ (58%) and ‘Gemlik’ (49%) cultivars

respectively. In terms of pollen germination rates,
the highest figure was determined in ‘Arsel’ cultivar,
while the lowest one was determined in ‘Egriburun
Nizip’ in the first year of the study. As for the second
experiment year, two statistical groups occurred.
Accordingly, ‘Gemlik’, ‘Egriburun Nizip’, ‘Ayvalik’,
‘Uslu’ and ‘Memecik’ took place in the first group
and ‘Arsel’ was in the last group.

Pollen viability rates of olive cultivar could be
variable, and the possible reasons of this situation
might be related to climatic factors, cultural
practices, tendency to alternate-bearing together
with genetic factors as formerly exposed in different
studies (Ferri et al., 2008; Palasciano et al., 2008;
Mete., 2009; Gierdani et al., 2012; Mete et al., 2012;
Manzzeo et al., 2014; Abaci and Asma, 2015;
Karabiyik and Eti, 2015).

Pollen viability values were higher than
germination values in this study which were with the
former results of Rovira and Tous (2002). One of
possible reasons of this situations, despite the
acceptance of the viable pollens have a good
germination capacity, as a result of the insufficient
in-vitro conditions for pollen germination, lower
germination rates could be generally be obtained as
formerly suggested by Yildiz and Kaplankiran
(2014). Similar result was emphasized in various
stone fruit species (Eroglu and Misirli, 2016)
Moreover, in ‘Arsel’ cultivar which was determined
in self-incompatible category in accordance with
pollination biology in this study, obtained pollen
germination rate as 19% in 2020 might be one of the
possible causes of self-incompatibility was thought.
Accordingly, the low pollen germination rate can be
resulted with the decreases in germination and fruit
set consecutively.

The fruit set and productivity index (R) values
related with the combinations of controlled
pollinations that conducted in ‘Arsel’ cultivar, which
was used as the main cultivar have seen in Table 3.
Statistically significant (P<0,001) differences were
predicted between treatments in both years (2018-

Table 1. Classification of self-fertility and activity level of pollinators.

&) 0.00 0.15 0.30 0.30 1.00
Self-incompatibility Partially self-compatibility Self-compatibility
R) 0.00 0.33 0.66 0.66 1.00

Bad pollinator

Passable pollinator

Good pollinator

Table 2. Pollen viability and germination ratio (%).

Pollen viability ratio

Pollen germination ratio

Cultivars 2018 2018 2020
Arsel 89.82 74.00 ab 64.28 a 19.00 b
Memecik 93.05 79.00 a 36.47 ¢ 26.00 a
Uslu 78.37 65.00 bc 35.44 c 29.00 a
Egriburun Nizip 87.60 62.00 c 24.12d 37.00 a
Ayvalik 84.01 58.00 c 34.89c 35.00 a
Gemlik 81.93 49.00d 45.69 b 37.00a
CV% 1 9 2 6

Means were grouped according to Student's t test (P<0,001).
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2020) and data were in parallel with normal
separation. Fruit set rate of 1-2% in olive was
accepted as sufficient by different researchers. The
combination in which the ‘Memecik’ cultivar was
used as pollinator for ‘Arsel’ cultivar, fruit set rates
were 2.64% and 1.37% respectively. In terms of
Number of Fruits Per Inflorescence (NFPI) in 2018,
‘Memecik’ cultivar was ranking first and it was
followed by ‘Gemlik’, open pollination, ‘Ayvalik’,
‘Uslu’, ‘Egriburun  Nizip” and self-pollination
respectively. According to Productivity Index (R)
values of 2018, while ‘Memecik’, ‘Gemlik’, ‘Ayvalik’
and ‘Uslu’ cultivars were in good pollinator class,
‘Egriburun Nizip’ took place in acceptable pollinator
class. Moreover, ‘Arsel’ cultivar was classified as
self-incompatible. In terms of NFPI in 2020,
‘Memecik’, ‘Gemlik’ and open pollination took place
in the same statistical group in both years and gave
the highest fruit set values as well (P<0,001).
According to Productivity Index (R) values, while
‘Memecik’ and ‘Gemlik’ cultivars in good pollinator
class, ‘Ayvalik’ took place in acceptable pollinator
class. On the contrary, ‘Uslu’ cultivar was in bad
pollinator class as it was calculated. ‘Arsel’ cultivar
was also self-incompatible like the first year.

In Kemalpasa location, blooming period was
observed between April 27 and May 15 in 2018. As
the start of blooming in April 27 and May 3-4 when
the full blooming was observed in ‘Arsel’ cultivar,
daily maximum temperatures ranged between 28-
33°C and these values did not cause any problem
related with pollination biology was determined
(Figure 2).

Moreover, after quite low precipitations
measured as 16 and 5 mm, on May 6 and 11,
resulted with proper conditions for pollination
biology was thought. In fact, results were quite
satisfactory clue to fruit setting values and 2,64%
fruit setting was determined in combination, in which
‘Memecik’ cultivar was used as pollinator and more
than 1% fruit settings were also obtained with the
other combinations (Table 3).

In 2020, daily maximum temperatures were
higher than 35°C at the start of blooming (May 14)
and during full blooming (May 17-18) have seen in
Figure 3.

However, these high temperatures, which may
adversely affect the fruit set, dropped after the
precipitation occurred on May 21. After that, lower
daily maximum temperatures were measured to the

Table 3. Fruit set rates depending on pollination combinations in ‘Arsel’ female parent.

Application Fruit set ratio (%) NFPI Productivity index (R)

2018 2020 2018 2020 2018 2020
Memecik 264 a 1.37a 0.43 a 0.17a 1.00 1.00
Gemlik 1.75 ab 1.39a 0.28b 0.17a 1.00 1.00
Uslu 1.17 bc 0.42b 0.17 bc 0.04 b 0.73 0.28
Ayvalik 1.11 bc 0.46 b 0.19 bc 0.05b 0.82 0.35
Egriburun Nizip 0.83¢c - 0.10 cd - 0.43 -
Open pollination 1.47 bc 1.08 a 0.23 bc 0.14 a 1.00 1.00
Self-pollination 0.15d 0.13 b 0.02d 0.01b 0.08 0.07
(CV, %) 19 21 8 5

NFPI: Number of fruits per inflorescence.The means were classified according to the original values by Student's t test, and the groups
were classified according to the transformed values (P<0,001). The data fit the normal distribution.
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Figure 2. The daily maximum temperature and precipitation in the blooming period of 2018.
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Figure 3. The daily maximum temperature and precipitation in the blooming period of 2020.

end of blooming (June 3), which gave rise to quite
proper conditions for pollination biology was
observed. Considering the all combinations of the
second pollination were done after the precipitation
on May 21, in terms of fruit set rates obtained as
1,37% from ‘Memecik’ and 1,39% from ‘Gemlik’
combinations were quite good figures was thought.
Fruit set at 1-2% have been accepted as sufficient
for olive, in general. In both years of the study, in
accordance with the pollinator cultivars, quite
satisfactory fruit set rates occurred. However, when
the meteorological data were considered, fruit set
rates obtained in 2018 were higher compared with
2020, due to the more proper daily maximum
temperature values. Moreover, a difference of 10-
17 days between inflorescence initiation and
blooming was determined in relation with the
warmer weather conditions during blooming period
in 2018.

4. Conclusion

For ‘Arsel’ olive cultivar, ‘Memecik’ and ‘Gemlik’
cultivars were the combinations that provided the
highest level of fruit sets related either with fruit
number per inflorescence, which is basic for
evolution, or values of productivity index (R). For
this reason, mentioned cultivars were the proper
pollinator for ‘Arsel’ cultivar olive. Moreover, higher
fruit set was obtained compared with open
pollination treatment. Plantations of ‘Arsel’ should
include a minimum of 10% of trees of ‘Memecik’ or
‘Gemlik’ in order to ensure a good compatible
pollination. According to this study, for ‘Arsel
cultivar which was obtained with the hybridization of
‘Gemlik’ and ‘Memecik’ cultivars, determination of
parent cultivars as the most proper pollinator should
be evaluated as a quite interesting result for olive
breeding programs.
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1. Introduction

Several

researchers believe that in the

Abstract

The globe artichoke belongs to the Asteraceae family and has become more
and more popular among other vegetables due to its beneficial health-
promoting features that are related to bioactive compounds present in leaves.
The plant materials have inadequate proportions of valuable bioactive
compounds in nature, so researchers are emphasizing on how to enhance
their amounts. In vitro techniques with integrated novel practices can be
employed to enhance phytochemicals from any plant. The current study aimed
to determine and assess valuable bioactive components in 3 artichoke
cultivars via callus cultures which were subjected to a treatment of 4 different
concentrations (2.5, 5.0, 10.0, and 15.0 mg L) of silver nitrate. Results
indicated that well-balanced levels of plant growth regulators were necessary
for stimulating the callus formation of globe artichoke. The findings of the
current study also revealed the importance of cultivar differences regarding
callus formation. Experimental results revealed that variation in silver nitrate
concentrations had a significant effect on biomass, total phenolic content and
total antioxidant activities. The results of the current, study may offer a good
strategy by promoting bioactive compounds of globe artichoke leaves for
utilizing in large-scale industries, pharmacology, and food supplements.

artichoke is known to be rich in valuable bioactive
compounds.
The globe artichoke [Cynara cardunculus var.

upcoming  years, the potential adverse
consequences of global warming on agricultural
ecosystems will become considerably more
pronounced than before. If agricultural production
becomes less productive, it will be difficult for
people to get healthy food. This has led to greater
interest in research aimed at improving the existing
nutritional value of our goods, increased consumer
awareness of the significance of consuming high-
quality meals, and a shift toward functional foods.
Plants/vegetables have the potential to be viewed
as functional foods due to the phytochemicals they
have, and among vegetables, in this context,

scolymus (L.) Fiori] plant has been used to meet a
variety of human requirements, such as culinary
and medicinal reasons since ancient times.
Nowadays, it is appreciated as a functional food.
The value of the artichoke plant in terms of being a
rich source of vitamins, minerals, and bioactive
compounds has once more come to light recently
due to the growing interest in functional foods
coupled with healthy and conscientious nutrition.
To meet the growing demand for functional
foods, it is critical to expedite research into whether
these valuable bioactive components, which can
vary depending on the stage of plant development,
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can be produced using in vitro techniques and
whether there is a chance of increasing the amounts
of the produced components. The artichoke plant
may be used to make extracts, like many other
plants. High-level contents of the desired extracts
are is also significant in this regard. Yet, as long as
they are not impacted by harsh conditions, the
contents of extracts obtained from conventionally
grown plants are at a certain steady level. The
beneficial bioactive chemicals already present in
plants may be amplified utilizing in vitro methods
and that approach has been tried on different crops.
Based on in vitro approach, callus culture technique
has been also used in previous studies by treating
callus with different elicitors to see their effect on the
contents of biomass and bioactive components.

Instead of helping individuals grow and develop,
bioactive components offer "improvement in quality
of life" by lowering the risk of developing certain
medical problems (Pandino et al., 2011). They also
assist in the process of plant growth and
development while protecting them against biotic or
abiotic stresses (Abu-Reidah et al., 2013). The
quantity of medicinally important herbal bioactive
components in plants is low in concentration, and
they are synthesized at different growth and
developmental phases of the plant, thus production
rates often remain low. Nowadays, certain
biotechnological techniques are applied to boost
these important compounds' production rates. They
may be acquired in this situation utilizing the in vitro
callus cultivation approach in high quantities and
under controlled circumstances and regardless of
time. It is a known fact that callus culture is used on
a large scale in different industries including
pharmacy, cosmetics, and agriculture (Ozsan and
Onus, 2020).

Elicitors are agents that cause stress and
activate secondary pathways, which trigger the
creation of bioactive substances. To rapidly
produce a large number of phytochemicals, elicitors
(biotic and abiotic) can be used in in vitro
techniques. Regarding the subject, plant callus
cultures have great potential to get beneficial
phytochemicals rich in antioxidant activity. Besides,
the integration of elicitors to callus cultures may
enhance the  accumulation of valuable
phytochemicals in plants (Ali et al., 2018; Al-Khayri
and Naik, 2020). It is known that silver nitrate has
effects on enzyme activity, gene expression, and
the synthesis of secondary metabolites in plants
(Alirezaei et al., 2017), and that is why silver nitrate
is a preferred abiotic elicitor to increase the
synthesis of bioactive compounds in plant tissue
culture experiments (Winson et al., 2020). Based on
above stated information present study was
conducted to provide solutions to issues like
whether the culture process and elicitation might be
improved the total phenolic contents and total
antioxidant activities in artichoke. In this content, the
total phenol and total antioxidant activities of the
extracts produced as a consequence of the silver

nitrate elicitation treatments on callus culture of
three different artichoke cultivars (Sakiz OP,
Bayrampasa OP, and Olympus F1 hybrid).

2. Material and Methods
2.1. Plant material

As plant materials two open-pollinated (OP)
Sakiz, Bayrampasa, and one Fi hybrid Olympus
cultivar, that were grown in open fields of Faculty of
Agriculture at Akdeniz University were employed.
Plant collecting and surface sterilization of plant
materials was conducted according to Ozsan and
Onus (2020). Leaves were separately harvested for
each cultivar from the inner part of the plants and
subjected to the surface sterilization process. After
washing by running the tap water leaves were kept
for 15 min in an antibacterial soap solution with 5%
then washed again. The following step for surface
sterilization step was performed at laminar flow
cabinets by utilizing a hypochlorite solution with
20% (active substance 5%) for ten minutes, then
three rinsing with autoclaved distilled water.

2.2. The media preparation, callus cultures and
physical culture conditions

In the current study, optimizing studies on callus
formation were conducted with 22 different media
combinations (Table 1). As the basic media
Gamborg B5 (Gamborg et al., 1968) was employed
with various concentrations (0, 0.5, 1.0, 2.0, 3.0,
4.0, 5.0 mg L) 6-Benzylaminopurine (BAP) and
naphthalene acetic acid (NAA). Approximately 0.5-
1.0cm size leaf explants were inoculated to
prepared media and maintained the growths at
certain physical culture room conditions, 24 + 2°C,
16h/8h - light/dark, 3000 py E.m2.s! light intensity.

2.3. Evaluation of calli formation

The success of callus formation of media
combinations was expressed as 0-40% of cultured
leaf explants as insufficient growth (+), 41-75% as
moderate growth (++), and 76-100% as fine growth
(+++). Healthy growing calli in different media
combinations were weighed as 1.0 g per treatment
and cultivar under aseptic conditions for further
elicitor treatments (Table 2).

2.4. Elicitor treatments

All obtained calli were sub-cultured 5 times. At
the end of the 5" sub-culture, silver nitrate at
different concentrations (2.5, 5.0, 10.0, and
15.0 mg L1), which were separately filter-sterilized
with a 0.22 pm filter, was added to 10-day-old callus
cultures for 7 days.

2.5. Growth kinetics and biomass production
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Table 1. Media compositions for callus formation.

Media compositions

No Media-Gamborg B5 (g L™?)

BAP (mgL?1) NAA(mgL?') Sucrose(gL?) Plantagar(gL?
1 3.2 - - 30.0 6.0
2 3.2 0.5 0.5 30.0 6.0
3 3.2 0.5 1.0 30.0 6.0
4 3.2 0.5 2.0 30.0 6.0
5 3.2 0.5 3.0 30.0 6.0
6 3.2 0.5 4.0 30.0 6.0
7 3.2 0.5 5.0 30.0 6.0
8 3.2 1.0 1.0 30.0 6.0
9 3.2 1.0 2.0 30.0 6.0
10 3.2 1.0 3.0 30.0 6.0
11 3.2 1.0 4.0 30.0 6.0
12 3.2 1.0 5.0 30.0 6.0
13 3.2 2.0 2.0 30.0 6.0
14 3.2 2.0 3.0 30.0 6.0
15 3.2 2.0 4.0 30.0 6.0
16 3.2 2.0 5.0 30.0 6.0
17 3.2 3.0 3.0 30.0 6.0
18 3.2 3.0 4.0 30.0 6.0
19 3.2 3.0 5.0 30.0 6.0
20 3.2 4.0 4.0 30.0 6.0
21 3.2 4.0 4.0 30.0 6.0
22 3.2 5.0 5.0 30.0 6.0

Differences in callus biomass in response to
varied elicitor treatments were measured as fresh
(FW) and dry (DW) weights after 7 days of elicitor
treatments. Calli were taken out from petri dishes,
pressed softly on filter paper to the excess water,
weighed, and expresses as fresh weight. The calli
were harvested, weighed, and oven dried at 60°C
for 48 h to determine the dry weight (DW).

2.6. Determination of total phenolic content

Total phenolic content was measured using the
Folin-Ciocalteu method as defined by Skerget et al.
(2005). The sample (1.0 g) is extracted in 100 mL of
extraction solution. The sample at the volume of
0.5mL was added to 2.5mL Folin-Ciocalteu
reagent which was 10 times diluted with water. After
adding 2.0 mL sodium carbonate (75.0 g L) the
mixture was maintained for five minutes at 50°C and
then cooled. The absorbance values of samples
were measured at 760 nm. The total phenolic
content was expressed as mg gallic acid equivalent
per 100 g dry weight of callus.

2.7. Determination of total antioxidant activity

The free radical-scavenging activity (2,2-
diphenyl-1-picrylhydrazyl - DPPH) was analyzed
according to Fernandez-Leon et al. (2013). A1.0g
dry sample was dissolved in a 20 mL extraction
solution (80% methanol) for 1 minute with the help
of ultraturrax. For analysis, 50 yL of the diluted
extract was transferred to an Eppendorf tube and
950 pL of diluted DPPH was added into it and mixed
with vortex for 30 minutes and kept in the dark. The
absorbance of the DPPH solution prepared for
analysis was determined and

spectrophotometrically readings were recorded at a
wavelength of 515-517 nm. The total antioxidant
activity was expressed as mg trolox equivalent per
100 g dry weight of callus.

2.8. Statistical analysis

The experiments of the current study were
performed with a completely randomized factorial
design in triplicates. The data obtained were
subjected to variance analysis in the JMP package
program and the differences between the averages
were determined by the least significant difference
(LSD) test also the differences were determined
statistically significant at P<0.05.

3. Results and Discussion

3.1. Evaluation of media combinations, callus
formation and biomass accumulation

In vitro calli formation and maintenance as well
as bioactive compound accumulation in cultivated
explants are known to be influenced by a variety of
variables, e.g. genotype, plant explant type, media,
plant growth regulators, and physical circumstances
of culture (Siatka, 2019). One of the most crucial
variables to consider when measuring growth is the
cell's biomass. Types, concentrations, and
combinations of plant growth regulators that added
medium had an important effect on callus formation
and medium No.15 and medium No.19 were
determined as the most responsive media
combinations.

The experimental findings demonstrated that
there were variations in cultivars' callus formation in
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Table 2. Effects of different media combinations on cultivars.

No Media composition Cultivars

Sakiz OP Bayrampasa OP Olympus F1
1 Gamborg B5 (G.B5 - control) - - -
2 G.B5+0.5mg L' BAP + 0.5 mg L't NAA +
3 G.B5+0.5mgL*BAP + 1.0 mg Lt NAA + + +
4 G.B5+0.5mg L*BAP + 2.0 mg Lt NAA + + +
5 G.B5+0.5mg L' BAP + 3.0 mg L' NAA + + +
6 G.B5+0.5mg L' BAP + 4.0 mg L' NAA + + +
7 G.B5+0.5mg L' BAP + 5.0 mg L' NAA + + +
8 G.B5+1.0mgL*BAP + 1.0 mg L NAA + + +
9 G.B5+1.0mgL*BAP + 2.0 mg Lt NAA + + +
10 G.B5+ 1.0 mg L't BAP + 3.0 mg L' NAA + + +
11 G.B5+ 1.0 mg L' BAP + 4.0 mg L' NAA + + +
12 G.B5+ 1.0 mg L't BAP + 5.0 mg L' NAA + + +
13 G.B5+2.0mgL*BAP + 2.0 mg Lt NAA + + +
14 G.B5+2.0mg L*BAP + 3.0 mg Lt NAA + ++ +
15 G.B5+2.0mg L' BAP + 4.0 mg L' NAA +++ +++ +
16 G.B5+2.0mg L't BAP + 5.0 mg L' NAA + + +
17 G.B5+3.0mg L*BAP + 3.0 mg Lt NAA + + +
18 G.B5+3.0mg L*BAP + 4.0 mg Lt NAA ++ + +
19 G.B5+3.0mg L't BAP + 5.0 mg L' NAA +++ +++ +
20 G.B5+ 4.0 mg L' BAP + 4.0 mg L' NAA + + +
21 G.B5+ 4.0 mg L' BAP + 5.0 mg L1 NAA + + +
22 G.B5+5.0mg L BAP + 5.0 mg Lt NAA ++ ++ +

Table 3. Calli fresh and dry weights (biomass).
Fresh weight (g) Dry weight (g) .
AgNOQO:3 treatments (T) SakizOP  Bayrampasa Sakiz OP Bayrampasa Meaz d’\llfger?ncets valtues
(SOP) OP (BOP)  (SOP) OP (BOP) — AgNDs treatments

1. Medium No.15 (control) (X) 6.22 ef 0.00 h 0.55 df 0.00 h 3.11E 0.27 EF
2. X+ 2.5 mg L't AgNOs 6.25 ef 5.43f 0.57 cf 0.45 fg 5.84 C 0.51C
3. X+ 5.0 mg L't AgNO3 7.19 be 7.51 bd 0.69 bd 0.71 bc 7.35B 0.70B
4. X +10.0mg L't AgNOs 6.81 ce 6.31 df 0.62 be 0.54 ef 6.56 BC 0.58C
5. X+ 15.0 mg L™t AgNO3 1041la 8.25b 0.89a 0.74 b 9.33A 0.81 A
6. Medium No.19 (control) (Y) 3.62¢g 0.00 h 0.379g 0.00 h 181F 0.18F
7.Y +2.5mg L't AgNO3 7.64 bc 0.00 h 0.71 bc 0.00 h 3.82 DE 0.35 DE
8.Y +5.0 mg L't AgNO3 8.10 b 0.00 h 0.77 ab 0.00 h 4.05D 0.38 D
9.Y +10.0 mg L't AgNOs 7.09 be 0.00 h 0.65 be 0.00 h 3.54 DE 0.32 DE
10.Y +15.0mg Lt AgNOs 6.05 ef 0.00 h 0.55 df 0.00 h 3.02E 0.27 EF

Mean differences values-cultivars (C) Fresh weight (SOP:6.94 A, BOP:2.75 B), Dry weight (SOP:0.64 A, BOP:0.24 B)

LSD values-fresh weight

LSD (C) = 0.386, LSD (T) = 0.864, LSD (C x T)= 1.223

LSD values-dry weight

LSD (C) = 0.043, LSD (T) = 0.097, LSD (C x T)= 0.137

Different letters between cultivars and AgNO; treatments denote significant differences (LSD test, P<0.05).

all investigated media compositions. The cultivar
with the best response regarding callus formation
was "Sakiz" OP, which was followed by
"Bayrampaga" OP. "Olympus" Fi1 did not form
enough amount of callus and that is why excluded
from further silver nitrate elicitor treatments.

3.2. Effect of silver nitrate on fresh and dry
weights of calli

The supplementation of different concentrations
of silver nitrate had a positive impact on calli fresh
and dry weights (biomass) (Table 3). Experimental
results revealed that calli fresh and dry weights
were affected positively by 15.0 mg L silver nitrate
treatment for successful media combinations of No.
15, No. 19 which was followed by silver nitrate
treatment concentration of 5.0 mg L.

When the cultivars are evaluated among
themselves, it is seen that the Sakiz cultivar gives a

more positive result than Bayrampasa to silver
nitrate concentrations regarding biomass. In
previous studies some researchers indicated that
the use of silver nitrate as an elicitor in the right
quantities might have beneficial effects (Yan et al.,
2006; Deepthi and Satheeshkumar, 2016).
According to Yan et al. (2006), the addition of 15 ym
Ag+ to Salvia miltiorrhiza's hairy root culture
significantly promotes growth and increases root dry
weight. In addition, Zaker et al. (2015) reported that
25 and 50 yM Ag+ treatment decreased root growth
whereas 5 yM of Ag+ application boosted root
growth in adventitious root cultures of Perovskia
abrotanoides.

3.3. Effect of silver nitrate on total phenolic
content and total antioxidant capacity of calli

Table 4, display the total phenolic content and
antioxidant capacity of calli samples that had been
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Table 4. Total phenolic contents and total antioxidant activity of calli.

Mean differences values

Total phenolic content _ AgNOs treatments

Total antioxidant activity

AgNOs3 treatments (T) Sakiz Bayrampasa Sakiz Bayrampasa Total Total

OoP OoP OoP OoP phenolic antioxidant

(SOP) (BOP) (SOP) (BOP) content activity
1. Medium No.15 (control) (X) 417.42 b 0.00i 331.35a 0.00 0 208.71 D 165.67 E
2. X+2.5mg L AgNO3 375.34 ¢ 383.48 ¢ 283.59 ¢ 261.11d 37941 A 272.35A
3. X+5.0mg L't AgNO3 302.96 d 440.99 a 197.89i 304.66 b 37197 A 251.27 B
4. X+ 10.0mg Lt AgNOs 229.45f 410.69 b 199.30 h 231.61f 320.07B 215.45D
5. X+15.0 mg L AgNOs 228.89 f 269.85 e 223.18 g 233.01e 249.37C 228.09 C
6. Medium No.19 (control) (Y) 179.82 h 0.00i 192.18 k 0.00 0 89.91F 96.09 G
7.Y +2.5mg L't AgNO3 197.47 g 0.00i 185.251 0.000 98.73 E 92.62 H
8.Y +5.0 mg L't AgNO3 193.25¢g 0.00i 172.60 m 0.000 96.62 EF 86.30 |
9.Y +10.0 mg L' AgNOs 189.05 gh 0.00i 138.89n 0.000 94.52 EF 69.44 J
10.Y + 15.0 mg Lt AgNOs 196.62 g 0.00i 196.49 | 0.000 98.31 EF 98.24 F

Total phenolic content (SOP=251.03 A, BOP=150.50 B)
Total antioxidant activity (SOP=212.07 A, BOP=103.03 B)
LSD (C) = 3.885, LSD (T) = 8.688, LSD (C x T)= 12.287

Mean differences values-cultivars (C)

LSD values-Total phenolic content

LSD values-Total antioxidant activity

LSD (C) = 7.467 x 107, LSD (T) = 1.669 x 105, LSD (C x T)= 2.361 x 10

Different letters between cultivars and AgNO; treatments denote significant differences (LSD test, P<0.05).
**The total phenolic content (TPC) was expressed as mg gallic acid equivalent per 100 g dry weight of callus (mg GAE/g DW).
** The total antioxidant activity (TAA) was expressed as mg trolox equivalent per 100 g dry weight of callus (mg trolox/g DW).

stimulated with various concentrations of silver
nitrate. Accordingly, the highest total phenolic
content among various silver nitrate concentrations
was obtained from 2.5 mg L, while the media with
non-added silver nitrate (control) created
undesirable results. It is seen that as the silver
nitrate concentration increases, the total phenolic
content decreases except for media with the non-
application of silver nitrate regardless of cultivars
and media. Besides, with regards to the total
phenolic content between cultivars, Bayrampasa
was by far the best while Sakiz has the highest total
antioxidant activity. It was also determined that the
calli of the Sakiz cultivar obtained from the medium
without silver nitrate application had the highest
antioxidant capacity.

In some previous studies, exogenous treatment
with elicitors has been shown to increase the
synthesis of bioactive compounds in plant cells
(Gheisary et al., 2018). Several researchers have
shown that elicitor treatments are particularly
successful in plant cell proliferation and the
augmentation of phytochemicals (Namdeo, 2007).
The efficiency of elicitor treatments can be
increased by taking into account factors including
the culture age, the length of exposure to elicitors,
and the kind and concentration of the elicitor (Nazir
et al., 2019). Acikgoz (2020) reported that medium
with the non-elicitor application (control) and
medium treated with silver nitrate at 100 uM
concentration has the lowest total phenolic content.
In his research, it was determined that the treatment
with silver nitrate as an abiotic elicitor increased the
total contents of phenolic and antioxidants.
According to previous research, employing low
guantities of silver nitrate may enhance the overall
guantity of phenolics and antioxidants, similar to the
present report's findings (Cai et al., 2013; Nadeem
et al., 2018; Acikgdz, 2020). It is known that cells
can respond to certain elicitor treatments at low

concentrations and in a short time. On the other
hand, some of the elicitor treatments can respond
at high concentrations and over a prolonged time.
Gongalves et al. (2019) reported that 50 uM silver
nitrate treatments enhanced the total phenolic
content by 12.5% at the end of six weeks, while Yan
et al. (2006) demonstrated that for increasing the
total phenolic content, the treatment with 15 yM
Ag+, which was at low concentration, was more
efficient at the 4" day after application.

Previous researches reported the differences
between callus tissues of total phenolic content and
total antioxidant capacities to be associated with the
phenolics of cell and flavonoid types and
concentrations (Sabir et al., 2012; Xu et al., 2016).
As a result, discrepancies in antioxidant capabilities
can be attributed to variations in phenolic acid and
flavonoid concentration that emerge throughout
elicitor treatment (Krishnan et al., 2015; Sarkate et
al., 2017).

4. Conclusion

The present experiment results reveal the
different elicitor concentrations' effects on biomass,
total phenolic content, and total antioxidant activity
from the callus culture of two globe artichoke
cultivars. Using silver nitrate as an elicitor increased
the biomass of Sakiz and Bayrampasa artichoke
cultivars when applied at the concentration
15.0mg Lt  For further studies, higher
concentrations of silver nitrate should be tested to
determine the optimum concentration of silver
nitrate for biomass increase. Regarding total
phenolic and antioxidant contents, the low
concentration of silver nitrate treatmentas 2.5 mg L
1 had a positive effect on the phenolic content of
Sakiz and Bayrampasa cultivars, while silver nitrate
treatment had no positive effect on antioxidant
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contents. The current findings are expected to help
those working on increasing globe artichoke’s
values as a functional food.
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Abstract

Satsuma (Rize) Mandarin is Turkiye's most widely produced and exported
mandarin variety. Due to its early ripeness and seedlessness, Satsuma
mandarin (Citrus unshiu Marc.) is a popular citrus fruit in domestic and foreign
markets. The present study was conducted at Recep Tayyip Erdogan
University, Faculty of Agriculture, Department of Horticulture in 2020-2021 to
determine the shelf-life of Satsuma mandarin genotypes obtained as a result
of clonal selection carried out in Rize province and its districts. The harvested
mandarin variety candidates were pomologically analyzed and stored in an
environment containing at 15°C + 1 temperature and 55-60% humidity. The
changes in fruit weight (g), fruit juice content (%), rind thickness (mm), total
soluble solid (%, TSS), and titratable acid (%, TA) content were examined at
one-week intervals during the storage period. It was determined that weight
loss (%) and TSS (%) increased steadily, while fruit juice content (%), rind
thickness (mm), and titratable acid (%) decreased steadily during storage in
all genotypes and control. Also, the differences detected in terms of the
properties examined were lower on 7 and 14 days than the initial value,
whereas they were higher on 21 days. As a result of the findings, it was
determined that the quality losses of mandarin genotypes showed differences
during the shelf-life, but they could be stored for 14 days without much loss in
quality.

1. Introduction

A total of 161,800,880.88 tons of citrus fruits are
produced worldwide on a total area of
10,222,415 ha. Orange is the type with the highest
production amount in citrus production. Orange
production is followed by mandarin, lemon, and
grapefruit. Turkiye ranks 8™ in the world with
5,362,615 tons of citrus production in 166,417 ha.
Tarkiye's citrus production consists of 1,742,000
tons of oranges, 1,819,000 tons of mandarin,
1,550,000 tons of lemon, and 249,000 tons of
grapefruit (FAO, 2021). Turkiye Statistical Institute
(TSl) has reported that Turkiye's mandarin
production were increased in 2020, 2021, and 2022.
The most produced mandarin variety in Tirkiye is

Satsuma mandarin (854,720 tons), with a ratio of
45.90%. Satsuma mandarin is followed by
Klemantin (86,121 tons), King (5,793 tons), and
other varieties (918,366 tons).

Satsuma mandarin is a low-acid, easy-to-peel,
seedless, aromatic, and high-quality variety that
ripens earlier than other mandarin varieties. It is
suitable for storage and transportation and is
popular worldwide (Campbell et al., 2004;
Cantuarias-Avilés et al., 2010; Turgutoglu, 2020).
Satsuma mandarin was introduced to Turkiye via
Batumi, spread to the Eastern Black Sea region and
then spread to areas that can grow in the Aegean
and Mediterranean regions.

Cultivation of tropical and semitropical citrus
fruits is concentrated in subtropical regions (Davies
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and Albrigo, 1994). In Turkiye, ecological conditions
facilitate the economic cultivation of citrus fruits in
the Mediterranean and Aegean Regions
(Kaplankiran et al., 2005). However, Satsuma
mandarin, also known as Rize mandarin, the most
exported fruit in Tirkiye, has found the best ecology
in the Eastern Black Sea Region, especially in Rize
province.

The Black Sea Agricultural Region has 11.8% of
Tarkiye's fruit production, and the Eastern Black
Sea Region ranks 3 in citrus production after the
Mediterranean and Aegean regions (TSI, 2020).
Citrus fruits and especially Satsuma (Rize)
mandarin, which are in the subtropical fruit group,
have found a place to grow individually in home
gardens as a border tree in the region, although
there are few closed orchards. However, in recent
years, it is known that the fruits of the scattered
trees are collected and sold at particular sales
points in the districts, mandarin jam is also
produced in Rize province, and studies have been
initiated to establish a mandarin jam factory with
increasing demand (Yazici et al., 2020).

Fruits maintain their vitality after harvest; in other
words, they continue their physiological respiration
(Cavusoglu et al., 2019). Many factors, such as
respiration rate, appropriate harvest time, presence
of pathogens, the resistance of the variety to
preservation, orchard maintenance conditions,
storage temperatures, oxygen, the composition of
the packaging atmosphere, and many other factors,
affect the shelf-life of fruits. Also, the shelf-life of
fresh fruits is shortened due to ethylene, a vital
phytohormone associated with the ripening process
(Kafa and Canihos, 2010; Nayik and Muzaffar,
2014; Cavusoglu et al., 2019; Hu et al., 2019).

It is known that citrus fruits have a longer shelf-
life than other tropical fruits, but if post-harvest
processing is not carried out correctly and stored
under the appropriate conditions, the amount of
marketable fruit will decrease (Strano et al., 2017).
It has also been reported that Mandarins (Citrus
reticulata Blanco) are more sensitive to post-harvest
storage than other citrus species (Cohen et al.,
1990).

Approximately half of the world's citrus
production is for the fresh market. Therefore, the
post-harvest shelf-life in non-climacteric citrus fruits
is vital to reduce post-harvest losses and extend the
time to market. Citrus fruits have a relatively long
post-harvest life when kept under the suitable
conditions, but they are prone to developing
numerous post-harvest disorders that reduce rind
quality. The citrus fruit rind contains oil glands filled
with essential oils that are easily oxidized. Exposure
of fruits to stressful conditions can lead to the
breakdown of gland cells and the release of
essential oil content, which can cause injury and
damage. Furthermore, the rotting of citrus fruits
after harvest due to fungal infection is quite common
(Lafuente and Zacarias, 2006; Petracek et al., 2007;
Lado et al., 2019; Zacarias et al., 2020).

It has been reported that the shelf-life of citrus
fruits can be increased by reducing mechanical
damage during post-harvest packaging and
packaging processes and by expanding cold
system transportation (Strano et al., 2017).

To increase the storage and shelf-life of
mandarins, the use of UV-C radiation (Shen et al.,
2013a), pre-harvest gibberellic acid application
(Rokaya et al., 2016a), investigation of packaging
packages with different properties (Mahajan et al.,
2016), laurel and wax applications (Dogan, 2017),
1% sodium metabisulfite (SMBS) application
(Ozdemir et al., 2020), post-harvest salicylic acid
application (Haider et al., 2020), chitosan and wax
applications (Zan and Ozdemir, 2022), and hot
water dipping (DUndar et al., 2020). The quality can
be maintained with these applications, even under
normal storage conditions, and they are widely used
worldwide (Bisen et al., 2012).

It has been known that preservation and
packaging facilities are not sufficient in the Eastern
Black Sea region (Akbulut et al., 2017). In Rize
province, Satsuma mandarin is sold in special sales
places, especially in a very long period after
harvest, and applications are not made to increase
the storage period. Therefore, the fruits are kept on
the tree, and since the harvest period coincides with
the winter months, snowfall and adverse weather
conditions cause product losses. Some producers
keep the mandarin fruits in covered open areas and
offer them for sale in parts. No studies have been
carried out in the region for Rize mandarin's shelf-
life and storage. It has been known that it is crucial
to know the shelf-life of the varieties sought,
especially in domestic and foreign markets, and to
develop appropriate storage and transportation
methods in retail sales places such as Rize
province. Also, it has been reported that
appearance, robustness, and shelf-life are essential
for wholesalers and retail producers (Brasil and
Siddiqu, 2018). Therefore, the first shelf-life study
was carried out in the Rize mandarin, and the
results were evaluated in the present study.

Satsuma Mandarin entered our country for the
first time in Rize through Russia. Considering that
different genotypes have been formed by the
vegetative propagation of this mandarin variety until
today, it has been accepted that Rize province has
an important genetic resource. With two projects
completed by Yazici etal. (2017, 2021), somaclonal
differences in mandarins were determined, and
important Satsuma mandarin cultivar candidates for
our country were determined. Among these
candidates, there are cold-resistant, early, and late
varieties and a variety of candidates were identified
that could be effective in extending the mandarin
season not only for the Black Sea region but also in
Tarkiye. The present study was conducted at Recep
Tayyip Erdogan University, Faculty of Agriculture,
Department of Horticulture to determine the shelf-
life of new mandarin variety candidates determined
by clonal selection in Rize province.
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2. Material and Methods
2.1. Plant materials

In the study, eight Satsuma mandarin genotypes
were selected by clonal selection from Rize region,
grafted on trifoliate rootstock (P. trifoliata (L.) Raf.)
and established in the orchard with 4x4 m spacing
were used as the material, and a registered
Satsuma mandarin variety grafted on trifoliate
rootstock was used as the control. Mandarin cultivar
candidates used as material in this study are high
yield and quality cultivar candidates. Among these
cultivar candidates, Yu 2 and Tek 1 are early
season, Pa 2, Tek 4 and Yu 3 are late season, Tek
3, Tek 8 and isim are medium late season
characteristics.

2.2. Methods

The harvested fruit samples of each mandarin
genotype were divided into four groups, and the first
group was initially subjected to pomological
analyses, then stored at 15°C + 1 temperature and
55-60% humidity. To determine the quality losses in
the fruit samples during the shelf period, weight loss
(%), TSS (%), titratable acid content (%), fruit juice
content (%), rind thickness (mm) changes were
determined at one-week intervals on the 2" group
on day 7, 3" group on day 14 day and 4™ group on
day 21. The experiment was established according
to the factorial experimental design in randomized
plots with three replicates. The data obtained from
the experiment was analyzed with the JMP
statistical package program, and the LSD (P<0.05)
multiple comparisons test was applied to determine
the differences between the means.

Weight loss was calculated in percentile for each
treatment in each analysis period by comparing the
initial weight with a precision balance of 0.01 g. Rind
thickness was determined by cutting the fruits
transversely from the equator and measuring the
flavedo and albedo thickness with the help of
calipers. The fruit juice was weighed individually by
squeezing the juice of each fruit. After the pulp
weight was determined, the pulp content % was
calculated. The TSS content was determined in
percentile using a hand refractometer after the
juices were filtered through the cheesecloth.
Titratable acid (TA) content was calculated in %
citric acid by titrating the juice samples with
0.1 N NaOH.

3. Results and Discussions
3.1. Weight loss

The weight losses of fruit samples of different
mandarin genotypes after three weeks of storage at

15°C +1 temperatures and 55-60% humidity is
given in Table 1. According to the statistical analysis

results, the differences between shelf periods and
genotypes in terms of weight losses were found to
be statistically significant (P< 0.05). As seen in
Table 1, weight losses increased in all mandarin
types in parallel with the increase in shelf period.
During the 21-days shelf-life, the lowest weight loss
was found in Tek 1 (18.78%), islm (18.84%), and
Control (19.75%) fruit groups, followed by Tek 4
(22.06%), Tek 3 (22.08%), Pa 2 (23.20%), and Yu
2 (26.57%). The highest weight loss was found in
the Yu 3 (31.55%) and Tek 8 (28.27%) mandarin
genotypes. It was also reported by different
researchers (Dal and Goézen, 2010; Yadav et al.,
2010; Kaur and Kumar, 2014; Rokaya et al., 2016b;
Majahan et al., 2016; Zan and Ozdemir, 2022) that
weight loss in fruits increases in parallel with the
shelf period.

Dal and Gozen (2010) reported that the weight
loss of three different types of Satsuma mandarins,
which were applied to wax and kept at 20 £1°C and
55-60% humidity for 10 days, was 8.46-8.97-
10.09% in the control plants. Kaur and Kumar
(2014) determined the shelf-life of Kinnow
mandarins and the weight loss as 21.22% on day
15 and 33.33% on day 30. Rokaya et al. (2016a)
examined the effects of post-harvest treatments on
the shelf-life and quality of mandarins (Citrus
reticulata Blanco) and found that the weight loss of
mandarins stored for four weeks at 14°C - 18°C and
45% - 73% humidity was 21% in untreated fruits.
Majahan et al. (2016) determined that the rate of
weight loss in Kinnow mandarin increased during
the shelf period, and the weight loss was 15% on
day 21. Pekmezci (1984) determined that Satsuma
mandarins can be successfully stored for 2-2.5
months at 3°C and 85-90% relative humidity. In the
study, it was also reported that the thin rind of
mandarins accelerated their weight loss.

3.2. Fruit juice content

Changes in the fruit juice value during the shelf-
life of Rize mandarin genotypes are given in
Table 2. At the beginning of the shelf-life, the
average fruit juice content was determined to be
40.95% and 35.30% at the end of the 21-day shelf-
life. During the shelf-life period, Yu 2, islm, Tek 1,
Tek 3, Tek 4, Tek 4, Tek 8, and Pa 2 genotypes
showed a decrease in the fruit juice values, whereas
the Yu 3 and control genotypes showed an
increase. Both genotypes and shelf-life changes in
the fruit juice values were statistically significant (P<
0.05). Similar to the results obtained in the present
study, Kaur and Kumar (2014) determined the fruit
juice content in Kinnow mandarins to be 45% on day
15% day and 43.95% on 30" day. Rokaya et al.
(2016a) reported that the juice content of mandarins
for four weeks decreased from 47.26% to 34.65%.
During the shelf-life of the genotypes, there was a
regular increase in the fruit juice values in isim, Tek
1, Tek 3, and Tek 8 genotypes, whereas fluctuations
were observed in Control, Yu 2, Yu 3, Pa 2, and Tek
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Table 1. Weight loss (%) of genotypes during storage.

Genotypes Shelf life Average
7" day 14" day 215 day (Genotypes)
Control 11.80 16.27 31.17 19.75d
Yu 2 12.68 32.19 34.84 26.57b
Yu 3 14.02 35.44 45.02 31.55a
Pa?2 8.05 27.33 34.23 23.20 bd
isim 10.91 15.04 30.58 18.84 d
Tek 1 10.20 15.92 30.21 18.78 d
Tek 3 13.99 20.18 32.06 22.08 cd
Tek 4 7.88 23.85 34.46 22.06 cd
Tek 8 14.05 21.86 41.80 25.90 bc
Average (Storage period) 11.50c¢c 25.14 b 37.01a
LSD 5% =3.53 (Storage period), LSD 5% =6.11 (Genotypes), LSD 5% = N.S. (GenotypesxStorage period)
Table 2. Changes in the fruit juice values (%) in genotypes during storage.

Shelf life Average
Genotypes Inception 7" day 14 day 215 day (Genotypes)
Control 40.23 fj 52.50 a 37.84 gk 37.05 gm 41.65 ab
Yu 2 41.92 eg 33.451p 46.61 cd 34.62 kp 38.90 cd
Yu3 34.80 kp 4745c 40.40 eh 39.62fi 40.32 bc
Pa 2 34.89 kp 33.18 mp 31.86 np 34.17 kp 33.27f
isim 43.96 df 44.43 ce 36.36 hm 36.32 1m 40.02 bc
Tek 1 41.81 eg 39.75fi 35.31 jo 34.20 kp 37.52 de
Tek 3 40.50 fi 36.40 hm 36.34 hm 30.68 p 35.73 e
Tek 4 52.31a 31.60 op 45.62 cd 35.701n 4331la
Tek 8 38.15gm 37.28 gl 37.07 gm 35.35 jo 36.72 e
Average (Storage period) 40.95 a 39.56 b 38.60 b 35.30c
LSD 5% =1.35 (Storage period), LSD 5% =2.03 (Genotypes), LSD 5% =4.06 (GenotypesxStorage period)

Table 3. Changes in rind thickness (mm) of genotypes during storage.

Shelf life Average
Genotypes Inception 7 day 14" day 215 day (Genotypegs)
Control 2.45 2.85 191 1.66 221b
Yu 2 2.89 241 2.37 1.98 241a
Yu 3 3.22 2.10 1.87 1.64 2.20b
Pa 2 2.46 2.18 2.04 1.70 2.10c
isim 2.35 1.93 1.93 1.40 1.90d
Tek 1 2.75 2.17 2.15 1.89 2.24b
Tek 3 2.90 2.28 2.28 2.06 240a
Tek 4 2.53 2.39 2.07 1.72 2.17 bc
Tek 8 2.54 2.16 2.02 1.75 211c
Average (Storage period) 2.68a 2.29b 2.07c 1.76d

LSD 5% =0.13 (Storage period), LSD 5% =0.19 (Genotypes), LSD 5% = N.S. (GenotypesxStorage period)

4 genotypes. It has been reported that fluctuations
were observed in the fruit juice content during
storage (Rokaya et al., 2016b; Didin et al., 2018;
Diindar et al., 2018; Ozdemir et al., 2020; Giiveng
and Diindar, 2021; Zan and Ozdemir, 2022). These
fluctuations were associated with the moisture loss
of the fruit rind and solubility of compounds other
than carbohydrates-sugars (Echeverria and Ismail,
1990; Ozdemir et al., 2020; Zan and Ozdemir,
2022).

3.3. Rind thickness

Regarding rind thickness, the differences
between storage periods and genotypes were found

to be statistically significant (P< 0.05). The rind
thickness of the genotypes decreased throughout
the shelf-life analysis. The rind thickness, which was
2.68 mm at the beginning, was determined to be
1.76 mm on day 21. At the end of the shelf period,
the rind thickness was 2.41 mm in Yu 2 and 2.21,
2.41, 2.20, 2.10, 1.90, 2.24, 2.40, 2.17, 2.11 in
control, Yu 2, Yu 3, Pa 2, isim, Tek 1, Tek 3, Tek 4
and Tek 8, respectively.

Different researchers have also reported a
decrease in fruit rind thickness during storage
(Wang et al., 2019; Shahzad et al., 2022). Shahzad
et al. (2022) reported that the rind thickness of
Tango mandarin was 1.99 mm at the beginning of
the storage period and became 1.73 mm at the end
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Table 4. Changes in the TSS content (%) of genotypes during storage.

Genotypes Shelf life Average
Inception 7 day 14" day 215 day (Genotypes)
Control 8.40 e 8.80c 8.60 d 8.80c 8.65b
Yu?2 7.80 h 8.20 f 8.40 e 8.47 de 8.22¢c
Yu3 8.60d 8.80c 9.00 b 9.20a 8.90 a
Pa 2 7.40] 7.601 7.601 7.20k 7.45f
islm 8.00g 8.00g 8.00g 8.20 f 8.05d
Tek 1 7.20k 7.40] 7.20k 7.40] 7.309g
Tek 3 8.00g 8.00g 8.00¢g 8.10g 8.02d
Tek 4 7.80 h 7.801 7.801 8.00g 7.85e
Tek 8 8.20 f 8.00g 8.31e 8.40 e 8.22¢c
Average (Storage period) 7.93d 8.06 c 8.10 b 8.20 a
LSD 5% = 0.05 (Storage period), LSD 5% =0.08 (Genotypes), LSD 5% =0.16 (GenotypesxStorage period)
Table 5. Changes in TA content (%) of genotypes during storage.
Shelf life Average
Genotypes Inception 7" day 14™ day 215t day (Genotypegs)
Control 1.00 eg 0.93 0.92 0.77 gs 0.91 de
Yu 2 0.96 gi 0.74 s 0.99 eg 0.87 km 0.89e
Yu3 114 a 1.01 df 1.06 bc 1.06 bc 1.07a
Pa 2 0.98 fh 0.98 fh 0.96 gI 0.91 jk 0.96 c
isim 1.04ce 112a 1.05 cd 0.94 hi 1.04b
Tek 1 0.83 np 0.85 mo 0.83 mp 0.79 pr 0.83f
Tek 3 0.98 fh 0.84 mp 0.81 og 0.75rs 0.84f
Tek 4 0.90jl 0.90jl 1.10 ab 0.80 oq 0.92d
Tek 8 0.96 g 0.861n 0.98 fh 0.84 mo 0.91 de
Average (Storage period) 0.97 a 091b 0.97 a 0.86 c

LSD 5% = 0.02 (Storage period), LSD 5% =0.02 (Genotypes), LSD 5% =0.05 (GenotypesxStorage period)

of the storage period. Wang et al. (2019) have
reported that the rind thickness of pomelo (Citrus
grandis Osbeck) varieties decreased during storage
on the tree and with the storage period in the closed
storage environment.

3.4. Total soluble solid (TSS) content

The differences between mandarin genotypes in
terms of TSS, storage periods, genotypes, and
genotype x storage period interactions were found
to be statistically significant (P< 0.05). During the
shelf-life of the Satsuma mandarin genotypes, the
average TSS content increased from 7.93% at the
beginning to 8.20% at the end of day 21. At the end
of the shelf-life, the highest TSS content among
genotypes was determined in Yu 3 (8.90%),
followed by Control (8.65%), Yu 2 (8.22%) and Tek
8 (8.22%). The genotypes with the lowest TSS
content were determined in Tek1 (7.30%) and Pa 2
(7.45%) (Table 4). Camilla et al. (2016) stated that
water loss during storage increased the sugar
content in the fruit. In shelf-life studies, it has been
reported by many researchers that the TSS content
increases during shelf-life (Kim et al., 1998; Sen and
Karacali, 2005; Altuntas et al., 2009; Dal and
Gozen, 2010; Yadav et al., 2010; Calhan et al,,
2012; Kaur and Kumar, 2014; Rokaya et al., 2016a;
Dindar et al.,, 2018). Sen and Karagali (2005)
reported that 'Satsuma' mandarin generally did not

change the TSS value and slightly decreased the
TA value in the post-harvest period. Zan and
Ozdemir (2022) have reported that, on day 90 of
Owari Satsuma mandarin stored in natural
refrigerated storage and cold storage, the TSS
value increased to 11.06% in natural refrigerated
storage and 10.90% in cold storage. Rokaya et al.
(2016a) have reported that the TSS content of the
Citrus reticulata Blanco mandarin fruits increased
during the shelf period, and the TSS value, which
was 10.92% at the beginning, increased to 12.88%
at the end of storage. In another study conducted to
determine the shelf-life of Kinnow mandarins, Kaur
and Kumar (2014) reported that the TSS content
was 12.20% on day 15 and 12.53% on day 30. Our
findings were similar to those of these studies.
According to Pantastico, changes in sugars are
insignificant and slow in fruits that do not show
climacteric properties. Although their amounts
increase slightly at the beginning of storage, they
decrease in long-term storage (Ozdemir and
Dundar, 1999). In our study, there was an increase
in the amount of TSS before the 7" and 14t storage
days and a decrease in some genotypes on the 21t
day.

3.5. Titratable acid (TA)

After the analysis of the titratable acid content of
the genotypes during the shelf-life, it was observed
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that while the initial average was 0.97%, it
decreased to 0.86% on day 21. At the end of the 21-
day period, it decreased to 0.86%. In terms of
titratable acid content, the differences between
storage periods, genotypes, and genotype x
storage period interactions were found statistically
significant (P< 0.05) (Table 5).

At the end of the shelf period, the highest
titratable acid content was determined in Yu 3
(1.07%), followed by Isim (1.04%), Pa 2 (0.96%),
Tek 4 (0.92%), Tek 8 (0.91%) and Control (0.91%),
and Yu 2 (0.89%). The genotypes with the lowest
acid content were Tek 1 (0.83%) and Tek 3 (0.84%).
Also, all genotypes showed a decrease in titratable
acid content during the storage period. Many
researchers have also reported that the acid content
of Satsuma mandarin decreases in post-harvest
storage conditions (Sen and Karacali, 2005; Hong
et al., 2007; Tietel et al., 2010; Santos et al., 2010;
Shen et al., 2013b; Ozdemir et al., 2020; Zan and
Ozdemir, 2022).

Dal and Gézen (2010), in their shelf-life study on
three different Satsuma mandarin genotypes,
determined that TA values were decreased on day
10 of the shelf period and decreased to 1.30%-
1.57%-1.67%. Zan and Ozdemir (2022) determined
that the titratable acid value of Owari Satsuma
mandarin in natural refrigerated storage was 1.10%
and 0.92% on day 90 in cold storage. Rokaya et al.
(2016a) determined that the juice acid ratios of
mandarins were 0.86%-0.75%-0.65%-0.53% on
weeks 1, 2, 3, and 4 during the shelf-life,
respectively. Yadav et al. (2010), in their study on
Kinnow mandarins, found that the fruit juice acidity
decreased from 0.64% to 0.57% in the control
groups during the shelf-life. In their study to
determine the shelf-life of the same variety, Kaur
and Kumar (2014) determined the acid ratios as
0.58% on day 15 and 0.47% on day 30 of the shelf-
life period.

4. Conclusion

The present study was carried out to determine
the shelf-life of eight satsuma genotypes obtained
by selection. As a result of the study, it was
determined that shelf-life varied depending on both
the storage period and the genotypes. Losses
occurred in the fruit weights of the genotypes during
the storage period. The highest weight loss
(37.01%) was detected on day 21. Among the
genotypes, the highest weight loss was found in the
Yu 3 genotype (45.02%). During the shelf period,
the fruit juice values of the fruits generally
increased, whereas the rind thickness decreased.
There was a continuous decrease in the titratable
acid values. As a result of the findings, it was
determined that the quality losses of mandarin
genotypes showed differences during the shelf-life,
but they could be stored for 14™ days without much
loss in quality.
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