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Determination of combining ability, heterosis, hetorobeltiosis and dominance gene
effect in inbred popcorn (Zea mays everta Sturt.) lines*
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Abstract: This study aimed to determine the effects of heterosis, heterobeltiosis and dominance on the inheritance
of agronomic traits in popcorn. The study was carried out for two years (2018-2019) under ecological conditions
of Samsun province. A total of 32 inbred popcorn lines were crossed with two tester lines (i.e., ‘P206’ and ‘HP7211")
during 1st year and 64 hybrids were obtained. Yield trial was carried out according to the 8 x 8 partially balanced
Lattice trial design with 2 replications during 2nd year. Yield and yield components of each genotype were
determined, hybrid vigor of the hybrids and general combaning abilities of the parents were examined. Heterosis,
heterobeltiosis, and general combaning abilities occurred positively and negatively in all traits. Heterosis rates for
grain yield trait were between -11.33 and 178.05%, whereas heterosis rates for bursting volume trait were
between -0.9 and 69.9%. Heterobeltiosis rates ranged between -15.85 and 163.86% for grain yield and -14.4 and
69.1% for bursting volume. Overdominance and partial dominance genes were effective in the inheritance of the
examined traits. It was also determined that ‘TCK129’, “TCK 135’ ‘TCK136’ and ‘TCK144’ lines can be used as
genitor lines due to their high grain yield and average bursting volume. These results indicate that new commercial
popcorn hybrids which can be planted in Tiirkiye can be developed in a short time.

Keywords: Popcorn, GCA, heterosis, heterobeltiosis, dominance effect

Kendilenmis cin misir (Zea mays everta Sturt.) hatlarinda birlestirme yetenegi, heterosis,
hetorobeltiosis ve dominans gen etkinliginin belirlenmesi

0z: Bu calismada, patlamis misirin agronomik ézelliklerinin kalitiminda heterosis, heterobeltiosis ve baskinligin
etkilerinin belirlenmesi amac¢lanmistir. Calisma, Samsun ekolojik kosullarinda iki yi1l (2018-2019) stireyle
yuritilmiistiir. Calismanin birinci yilinda 32 adet kendilenmis patlamis misir hatti, iki test hatti (‘P206’ ve
‘HP7211’) ile melezlenmis ve 64 adet melez elde edilmistir. ikinci yilda ise verim denemesi, 8 x 8 kismi dengeli
Latis deneme desenine gore 2 tekrarlamal olarak yiiriitiilmistiir. Denemede her genotipe ait verim ve verim
6geleri belirlenmis, melezlerin melez giicli ve ebeveynlerin genel kombinasyon uyumlari incelenmistir. Heterosis,
heterobeltiosis, genel kombinasyon uyumlar1 tim o6zelliklerde olumlu ve olumsuz yonde ortaya cikmistir.
Denemede tane verimi 6zelliginde heterozis oranlari-%11.33 ile %178.05 araliginda, patlama hacmi 6zelliginde
heterozis oranlar1-%0.9 ile %69.9 araliginda belirlenmistir. Heterobeltiosis oranlar1 tane verimi 6zelliginde-
%15.85 ile %163.86 araliginda, patlama hacmi 6zelliginde ise-%14.4 ile %69.1 araliginda 6l¢tilmiistiir. Calismada
incelenen 6zelliklerin kalitmininda, asir1 baskinlik ve kismi baskinlik genlerinin etkili oldugu belirlenmistir. Ayrica
yliksek tane verimi ve ortalama patlama hacmi kapasiteleri nedeniyle “TCK129’, “TCK 135’, “‘TCK136’ ve ‘TCK144’
hatlarinin genitor hatlari olarak kullanilabilecegi belirlenmistir. Bu sonuglar kisa siirede Tiirkiye’de ekilebilecek
yeni ticari patlamis misir melezlerinin elde edilebilecegini gostermektedir.

Anahtar kelimeler: Cin misir, GCA, heterosis, heterobeltiosis, dominans etkisi

To cite this article: Ozata, E., & Ucar, B. (2025). Determination of combining ability, heterosis, hetorobeltiosis and dominance gene effect
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1. Introduction

Popcorn (Zea mays everta Sturt.) can be easily popped
using popping methods (oil, air and microwave), and it
is regarded as one of the most consumed snacks from
past to present. Being a high-quality and concentrated
food source with high fiber, protein, antioxidant and
vitamin content has allowed it to take its place in
breakfasts and meals. It is estimated that the popcorn
market will increase from 5.5 billion US$ to 13.5 billion
US$ in the next decade (Ozata et al., 2024). Tiirkiye is
ranked among the top ten countries in the world in
terms of popcorn production (50-60 thousand tons)
and export (25-30 thousand tons). Tiirkiye has the
potential to rise to the top in the popcorn market with
improvements in yield and quality.

Popping volume (PV), nonpopped grain ratio (NPGR),
grain weight and size are controlled by many genes in
popcorn breeding since they are quantitative
characters. Although this situation creates some
difficulties in breeding studies, the popping volume has
been doubled and the nonpopped grain ratio (NPGR)
has been reduced by 75% in the last 50 years (Sweley,
2013). The main goal in popcorn breeding is to develop
varieties with high PV and low NPGR, stable, uniform,
and fast grain moisture loss (Rinaldi et al, 2007;
Dhliwayo, 2008; Effa et al., 2011; Freitas Jtnior et al,,
2009). The breeder must have sufficient knowledge
about the inheritance and nature of the gene action of
yield and the yield-related traits in order to implement
a successful breeding strategy (Alhadi et al.,, 2013). The
ability of an improved inbred line to transfer the
desired performance to its hybrid progeny is defined as
the combining ability. The combining ability of parents
provides information about the genetic structure, as
well as gene action that plays a role in the inheritance
of quantitative traits (Begum et al., 2018; Gosai et al,,
2017). The basis of hybrid breeding varies according to
hybrid vigour. The superior performance of a hybrid
over the average of two parental strains is defined as
heterosis (He), and the superior performance of a

superior parent is defined as heterobeltiosis (Hb).

There are two views on the genetic control and
inheritance of major agronomic traits in popcorn. The
first view is that the control of PV is due to additive
genes only, while the control of grain yield (GY) is
primarily due to dominance genes (Larish and
Brewbaker 1999; Pereira and Amaral Junior, 2001;
Freitas Junior et al. 2006; Rangel et al. 2011; Cabral et
al. 2016). The second view is that dominance genes may

also effective to some extent on PV in parallel with GY.
The effectiveness of dominant genes in both traits (GY
and PV) enables the transfer of desirable characteristics
to hybrids by maximizing the benefits of high heterosis.
(Babo et al. 2006; Li et al. 2007; Freitas, et al. 2014;
Coan et al. 2019; Santos et al. 2020; Guimaries et al.
2019). Although studies on the genetic gain of He, Hb,
and dominance effects in the inheritance of agricultural
traits of popcorn exist worldwide, no research has been
found in Tirkiye. Understanding genetic gains in the
development of hybrids with high PV and GY is crucial
for breeding studies. The assessment of potential
genetic gains in popcorn, along with the analysis of
genetic parameters and the investigation of heterotic
and dominance effects on the genetic control of key
agricultural traits, is of great importance for the
reasons mentioned above. This study aimed to
determine the effects of He, Hb and dominance on the
inheritance of agronomic traits of popcorn.

2. Materials and Methods
2.1. Experimental site

A total of 32 inbred popcorn lines and 2 tester
(‘HP72171’ and ‘P206’) lines were used in the study. The
tester lines had high combination ability developed in
the Bati Akdeniz Agricultural
(BAARI) popcorn breeding research. In 2018, two
tester lines (‘P206’ and ‘HP7211") and 32 popcorn
inbred lines were crossed under controlled conditions

Research Institute

and 64 popcorn hybrids were produced. The popcorn
inbred lines were developed from materials obtained
from different genetic sources (domestic and foreign
populations and F2) between 2013 and 2018. For the
construction of the test hybrid, S6 inbred lines were
planted as the main parent in two different isolated
areas (without corn production adjacent or at least 500
m away) and the popcorn inbred lines used as fathers
(testers) were planted in the adjacent rows. The
number of mother and father rows were 4 and 2,
respectively. The experiment was conducted in 2019 at
the Bafra trial station according to the partially
balanced Lattice trial design (8 x 8) with 2 replications.
Morphological and physical traits were observed in
accordance with the technical instructions for
agricultural value  measurement experiments
(TTODTK, 2018). Planting was done with a disc type
pneumatic seeder with 70 cm row spacing and 20 cm
plant spacing. Fertilizers were applied as 80 kg/ha
phosphate P20s and 180 kg/ha N (nitrogen).
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All cultural practices (irrigation, fertilization, hoeing,
spraying, etc.) were performed as recommended. Data
relating to days to start flowering, thousand grain
weight, yield per hectare, popping volume, and non-
popping grain rate were recorded. Thousand grain
weight, grain moisture and flowering were made
according to TDODTT (2018), while the popping
volume and non-popping grain rate (%) were made
according to Sweley (2013). Popping was done with
1100 W Kiwi KPM-7408 brand hot air blowing
machines in the 11.8-12.5% moisture range. The data
of each observed trait were analyzed by analysis of
variance (ANOVA). Estimation of heterosis, potence
ratio, and general combining ability were carried out as
follows. Heterosis, heterobeltiosis and dominance
effect determination heterosis (H1) and heterobeltiosis
(H2) were calculated with the following formula

(Mather and Jinks, 1971).

a) H1 (%)= (F1-MP/MP) x 100,
Where F1= mean value of the hybrid population; MP =
mean of parent)

b) H2 (%) = (F1-BP/BP) x 100,
Where F1= mean value of the hybrid population; BP =
better-parent

Potency ratio (D.E.) was calculated using the
following formula suggested by Mather (1949) and
Smith (1952).

¢) D.E. = (F1- MP)/(0.5 x P2- P1),

Where F1= mean value of the hybrid population; MP =
middle parent; P2= mean of highest parent; P1= mean
of lowest parent. When D.E. = +1, it signifies complete
dominance; when D.E. falls between -1 and +1, it
indicates partial dominance; D.E. = 0 represents no
dominance. If D.E. exceeds *1, overdominance is
observed. The '+' and '-' indicate the direction of
dominance of one of the parents.

3. Results and Discussion
3.1. General combining ability (GCA)

Significant differences were determined among the
hybrids in all traits (p<0.01). General combining ability
(GCA), heterosis, heterobeltiosis and dominance effect
(DE) estimations indicated that the genetic difference
between the hybrids created sufficient variation. These
results show that the parents are sufficiently different
from each other and provide various allelic
combinations. The average grain yield of the hybrids

was 3.71 tonnes/ha, days to start flowering were 88

days, grain moisture was 20.1%, popping volume (PV)
was 28.5 g/cm3, non-popping grain rate (NPGR) was
14.1%, and 1000 grain weight (TGW) was 139.1 g. The
GCA showed grain yield ranging from -16.49 to 27.53
tonnes/ha, flowering ranging from -7.88 to 2.4 days,
grain moisture -3.78 to 2.53%, PV ranging from -8.2 to
9.04 g/cm3, NPGR ranging from -2.84 to 3.7%, and TGW
ranging from -29.54 to 31.97 g. The highest GCA in grain
yield was determined from ‘TCK152’ x ‘P206’, the
earliest flowering time from ‘TCK122’ x ‘HP7211’, the
lowest grain moisture from ‘TCK129’ x ‘P206’. The
highest PV was noted for “‘TCK125’ x ‘P206’, the lowest
NPGR was recorded for “‘TCK137’ x ‘HP7211’, and the
highest TGW was observed for ‘TCK141’ x ‘P206’ (Table
1). Considering the traits examined in GCA, popcorn
inbred lines showed different combining ability with
both tester inbred lines. The highest grain yield
combining ability was recorded for ‘HP7211’ tester line
(Figure 1). The GCA effects were obtained in both
directions (positive and negative) in terms of grain
yield and PV, which are important selection criteria in
popcorn. Among hybrids, 14 combinations in grain
yield, 33 combinations in flowering, 1 combination in
grain moisture, 29 combinations in PV, 4 combinations
in NPGR, and 37 combinations in TGW showed positive
comninig ability. The selection of superior genotypes
that will meet the needs of the producer and consumer
in popcorn is quite difficult since PV and grain yield are
quantitative traits. The dominance of the negative
relationship between both traits restricts simultaneous
selection (Kamphorst et al., 2021; dos Santos Junior, et
al,, 2023). An inverse relationship between grain yield
and PV in terms of GCA was noted in the current study.
These results are consistent with dos Santos Junior et
al. (2023), Santos et al. (2017), and Mafra et al. (2018).
In addition, when grain yield and PV were evaluated
together in terms of GCA, ‘TCK 132’ inbred line showed
positive combination compatibility with both testers
(‘P206’ and ‘HP7211"). Similarly, “TCK135’, “TCK136’
and ‘TCK 144’ popcorn inbred lines showed positive
combination ability with ‘HP7211’ tester line. The “TCK
138’ popcorn line had positive combination ability with
‘P206’ tester line. These popcorns inbred lines have
high potential to be used in breeding programs aiming
to obtain simultaneous gains in the future.

3.2. Heterosis

Significant differences were observed in the heterosis
rates of the hybrids included in the study. The main
purpose of using the check hybrid is to select the best
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parents in terms of certain traits for hybrid breeding.
Heterosis values also varied according to the testers
(Figure 2). The highest heterosis values in grain yield
were determined for ‘HP7211’ tester, and for ‘P206’
tester in other traits. Positive and negative heterosis
was measured in all parameters included in the study.
However, almost all the hybrids examined in grain yield
and PV showed positive heterosis. Our findings are
similar to those of Ghosh et al. (2018) in popcorn and
Flint-Garcia et al. (2009) reported that heterosis values
changed positively and negatively according to the
traits examined in their studies on grain maize.
However, these results suggest that performing each
trait in its biological context will contribute to obtaining
maximum heterosis in solving the heterosis
mechanism. In our study, heterosis rates varied
between-11.33 and 178.05% in grain yield, -3 and 9.1%
in flowering, -23.1 and 6.6% in grain moisture, and -0.9
and 69.9% in PV (Table 2). The results of our study are
generally similar to the results of Kumar et al. (2023),
Soni and Khanorkar (2013), Guimaraes et al. (2007),
Amanullah et al. (2011) and Kumar et al. (2013).
Guerrero et al. (2014) stated that in maize breeding, a
heterosis level of at least 20% is desirable for effective
utilization in crosses. Approximately 90% of the grain
yield heterosis rates and 75% of the PV rates of the
crosses were above the desired heterosis rates in maize
breeding. It is thought that this difference is due to the
genetic structure of the parents and environmental
differences and the differences used in data analysis.
Guillén-de la Cruz et al. (2009) found that as the genetic
diversity of parent lines increases, the variation among
their crosses also increases in both agronomic and
physiological traits. As the genetic difference between
inbred lines increases, the heterosis rate also increases.
Using this approach, inbred lines and testers provide
information about which heterotic group the inbred
lines belong to. Lines that show good combination
ability with the tester are thought to belong to a
different heterotic group. Inbred lines ‘TCK 158,
‘TCK138’ and ‘TCK 136’ had high heterosis rates for
grain yield and PV with both tester groups. There are no
heterotic groups defined differently from grain corn in
popcorn breeding. It is thought that lines that show
positive and high combining ability with both testers
are from a different heterotic group.

3.3 Heterobeltiosis

Significant differences were recorded between the
heterobeltiosis rates of grain yield and yield traits of

the hybrids included in the study. It was determined
that heterobeltiosis rates varied between-15.85 and
163.86% in grain yield, -3.6 and 8.4% in flowering, -
25.7 and 3% in grain moisture, -1.4 and 69.1% in PV, -
44.63 and -2.12% in NPGR, and -19.02 and 26.39% in
1000-grain weight (Table 3). The heterobeltiosis rates
were lower than the heterosis rates. Utilization of
heterosis or heterobeltiosis can speed up the process of
generating superior hybrids. Heterosis, or hybrid
vigour, is the superiority of the hybrid for a certain trait
over the mean of the parents, whereas heterobeltiosis
is a form of heterosis where the hybrid is superior to its
best performing parent (Beche et al. 2013) Jones
(1957) defined heterosis as the expression of
dominance deviation, a variance from mid parent value,
which may be explained by the additive effects of
dominant alleles, or as

several desired

“overdominance,” the combined effect of (two)
different alleles at the same gene locus, or a
expected that the

heterobeltiosis rate is lower than the heterosis rates in

combination of both. It is

the examined traits. Positive and negative
heterobeltiosis values were determined in terms of the
traits examined in hybrid combinations. The highest
heterobeltiosis value was obtained from grain yield.
When grain yield, popping volume and flowering time
traits were evaluated together, it was determined that

had

combinations

almost all the positive

heterobeltiosis values.

P2

Flowering (day) Grain moisture (%)

ing grain ratio (%) (] 1000 grain weight

Figure 1. General combination ability of popcorn
genotypes according to tester lines.

Hetorosis

Figure 2. Heterosis value comparisons of popcorn
genotypes according to tester lines.
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Our findings are similar and different from previous
studies (Soni and Khanorkar 2013; Kumar et al. 2023;
Kumar et al. 2014). The determined differences are due
to the
environmental differences and the genetic differences
of the corn types used. The ‘TCK 158’, “TCK138’ and
‘TCK 136’ inbred lines gave high heterobeltiosis rates

genetic structure of the parents and

similar to heterosis rates in grain yield and popping
volume with both tester groups (Figure 3). From the
definitions, heterobeltiosis helps a breeder to make
more stringent selections than heterosis, as also
reported by Lamkey & Edwards (1999). The obtained
results are similar to Begum et al. (2017) and Khan et
al. (2019) and Kumar et al,, (2023).

Heterobeltiosis

HP7211 P206

Yield (kg/da) Flowering (day) Grain moisture (%)

[ Popping Volume None popping grain ratio (%) 1000 grain weight

Figure 3. Heterobeltiosis value comparisons of popcorn
genotypes according to tester lines.

3.4. Dominance effect

in the
examined traits of the hybrids included in the

The dominance effect caused differences

experiment. The dominance effect was between-11.65
and 23.57% in grain yield, and it was >*1 in 59
combinations and between *1 in 4 combinations.
Positive complete and intense dominance was
determined in the hybrids. Since the potency ratio was
>1 in most of the combinations in the study, it suggests
that the inheritance in grain yield is only due to
overdominance. Our results are consistent with the
studies reporting that overdominance is effective in
grain yield in maize (Ghosh et al,, 2018, Alhadi et al,,

2013, Srdi¢ et al., 2008).

The dominance effect of the flowering ranged between-
15.38 and 4.80%, and it was determined to be >+1 in 59
hybrids and between *1 in 5 hybrids (Table 4). Our
findings revealed that intense and complete dominant
genes are effective in the inheritance of flowering time.
Indeed, our findings are similar to the results of El-
Badawy (2012) and Ghost et al., (2018), who reported
that complete dominance is effective in flowering. Grain
moisture dominance effect varied between -5.28 and

3.39%, and it was determined that it was > *1 in 48
hybrids, between +1 in 16 hybrids and that excessive,
complete and ineffective genes were effective,
respectively. Both dominance situations show that
dominant and partial dominance effects are intense in
grain moisture. The obtained results are similar to the
results of Begum et al. (2017), Rahman et al., (2019)
and Kumar et al,, (2023). Popping volume dominance
effect was between-14.91 and 16.43%, and it was
determined that it was > +1 in 58 combinations and
between *1 in 6 hybrids. It was determined that in most
hybrids, overdominance and partial dominance genes
were effective in terms of PV. Dong et al. (2007)
reported that partial dominance and overdominance
were effective on popping volume inheritance. Lima et
al. (2019), Oliveira et al. (2019), Santos et al. (2020) and
Santos Junior et al. (2023) stated that dominance
effects had a greater effect on PV inheritance. The
results obtained are in accordance with the above-
mentioned studies. The NPGR varied between-5.15 and
6.73%, and the NPGR dominance effect was determined
to be > *1 in 34 hybrids and #*1 in 30 hybrids.
in half of the

combinations, and partial dominance was determined

Overdominance was determined

in the other half. The results obtained from our study
are similar to the results of Mosa et al. (2024). The
dominance effect in 1000-grain weight varied between-
24.62 and 26.64% and was determined to be > +1 in DE
63 combinations and between 1 in 1 hybrid. It was
determined that overdominance and partial dominance
were effective on 1000 grain weight. The results
obtained in our study are consistent with Cabral et al.
(2016) and Kumar et al. (2021). In addition, it was
that,
heterobeltiosis rates, dominance effect also differed
from the tester lines (Figure 4). The fact that
overdominance and partial dominance conditions

determined similar to heterosis and

differed in testers suggests that they contain different
heterotic groups due to their genetic structures.

Dominans effect

HP7211 P206

Yield (kg/da) Howering {day) Grain moisture (%)

[ Popping Volume: None popping grain ratio (%) ] 1000 grain weight

Figure 4. Dominance effect rates comparisons of popcorn
genotypes with according to tester lines.
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Table 1. General combination ability of traits examined in popcorn.

Female Tester . Flowering Grain moisture Popping None popping 1000 grain
Line * Line Yield (tonnes/ha) (day) (%) Volume (%)  grainratio (%) weight (g)
TCK120 x  HP7211 2.398 n.s. 2.12 * 0.23 ns 1.10 o 0.51 ns 6.75 o
TCK120  x P206 -6.474 * 2.12 * 213 ns 0.90 * 241 * 14.81 x
TCK121 x  HP7211 -3.478 n.s 2.12 * -0.43 ns -1.34 *E 0.39 ns 26.32 x
TCK121  x P206 1.556 n.s. 2.12 * -1.03 ns 217 *x -0.01 ns 9.01 *x
TCK122 x  HP7211 3.393 n.s. -7.88 o 253 * -4.32 *x -0.27 ns 21.65 o,
TCK122  x P206 -12.286 E 2.12 * -1.93 ns -1.64 o 096 ns -2.19 x
TCK123 x  HP7211 -4.404 n.s. 2.12 * -2.88 * 0.69 n.s -0.12 ns -6.29 x
TCK123  x P206 -12.829 *x 2.12 * 1.03 ns 8.09 *E -0.21 ns 4.56 x
TCK124 x  HP7211 0.961 n.s. 2.12 * -1.08 ns 0.90 *x -0.28 ns 7.70 *x
TCK124  x P206 -0.5992 n.s 112 ns 193 ns 8.23 *x -092 ns 17.06 o,
TCK125 x  HP7211 -2.548 ns. 2.12 * -0.18 ns -1.13 o 0.18 ns 2.65 o
TCK125  x P206 -6.177 n.s -3.88 ok -0.58 ns 9.04 o -041 ns -0.05 n.s
TCK126 x  HP7211 -3.569 n.s -1.88 * -0.28 ns -1.34 o 0.45 ns 3.20 x
TCK126  x P206 -3.126 n.s. -1.88 * 0.28 ns 4.07 *E -1.71 ns 10.21 x
TCK127 x  HP7211 -9.267 *x 1.12 * -093 ns 2.67 *x -0.84 ns 17.29 o,
TCK127  x P206 -16.498 o -3.88 ok -1.83 ns 0.90 * 0.60 ns 5.95 o
TCK128 x  HP7211 -4.969 ns. 1.12 ok -0.03 ns 5.19 o 0.11 ns 4.16 o
TCK128  x P206 -5.068 n.s 212  ns -2.33 ns 2.22 o -044 ns 12.36 x
TCK129 x  HP7211 -7.323 * 1.12 * -093 ns 6.04 *E -0.21 ns 2.27 x
TCK129  x P206 13.502 *E 212  ns -3.78 ** 0.29 n.s 0.12 ns 6.39 *x
TCK130 x  HP7211 -9.618 *x 212 * -0.73 ns -0.11 n.s 229 * -11.57 o,
TCK130  x P206 -8.701 o 2.12 * 1.38 ns 8.97 o -0.64 ns -11.92 o
TCK131 x  HP7211 -1.59 ns. 2.12 * -0.18 ns 1.71 o 1.10 ns 22.16 o
TCK131  x P206 -8.267 * 2.12 * -0.33 ns 4.59 o -0.05 ns 1.45 *
TCK132 x  HP7211 16.869 *E -1.88 * -0.08 ns 0.95 *x 1.56 ns -8.63 *x
TCK132  x P206 1.801 n.s. 212 * 0.38 ns 0.90 * -2.51 ** 25.95 o,
TCK133 x HP7211 8.773 * 2.12 * 093 ns -3.16 o -1.99 * -2.79 o
TCK133  x P206 2.881 n.s 2.12 * -0.83 ns 0.90 * 3.70 ** -2.44 o
TCK134 x  HP7211 -4.908 n.s 2.12 * 0.08 ns -3.36 o -0.38 ns -29.54 x
TCK134  x P206 6.658 * 2.12 * 0.78 ns -0.31 n.s 0.83 ns -25.84 o
TCK135 x  HP7211 16.653 *E -1.88 * -0.33 ns 6.61 *x 0.56 ns -12.29 *x
TCK135  x P206 6.254 n.s 212 * 1.68 ns -6.21 *x -0.19 ns 5.58 o,
TCK136 x  HP7211 15.426 o 112 ns 1.63 ns 8.20 o -2.69 ** -12.29 o
TCK136  x P206 6.305 n.s 2.12 * 0.38 ns -6.51 o 0.20 ns -7.05 x
TCK137 x  HP7211 9.471 * -1.88 * -0.23 ns 0.56 * -2.84 ** -25.86 x
TCK137  x P206 -5.21 n.s 2.12 * 0.68 ns -0.92 *x -1.31 ns 6.40 *x
TCK138 x  HP7211 10.758 * -3.88 ok 118 ns -1.76 n.s 0.52 ns 1.48 *
TCK138  x P206 10.426 o -3.88 ok 0.13 ns 0.95 o -0.81 ns 26.87 o
TCK139 x  HP7211 21.902 E -0.88 ns -0.73 ns -5.09 o 0.52 ns -16.17 x
TCK139  x P206 -4.365 n.s -5.88 o -0.23 ns 2.94 o -1.17 ns 6.33 x
TCK141 x  HP7211 1.447 n.s. -4.88 o -0.18 ns -1.88 *E -0.69 ns -24.48 o
TCK141  x P206 -15.134 *E -4.88 o 033 ns -5.40 *x -1.92 * 31.97 *x
TCK143 x  HP7211 4.799 n.s. -3.88 ok -0.83 ns -4.18 *x -044 ns -18.54 o,
TCK143  x P206 1.018 n.s -4.88 ok 1.28 ns 0.15 n.s -1.37 ns -10.96 x
TCK144 x  HP7211 13.625 x -2.88 o -2.73 * 0.95 o 0.36 ns -10.37 x
TCK144  x P206 12.811 *x 2.12 o 0.78 ns -4.58 *E -1.37 ns -8.66 o
TCK145 x  HP7211 -4.598 n.s. -1.88 * -1.13 ns -1.47 *x -1.69 ns 5.46 *x
TCK145  x P206 -13.716 *x -0.38 * 098 ns 1.31 *x -0.07 ns -7.36 o,
TCK146 x  HP7211 -3.32 ns. 012 ns -0.18 ns 2.52 o 0.86 ns 8.25 o
TCK146  x P206 -5.33 n.s 2.12 * -1.38 ns 0.64 n.s -041 ns -25.82 o
TCK148 x  HP7211 -6.752 * 012 ns. -1.58 ns 0.15 n.s 0.63 ns -2.55 x
TCK148  x P206 -0.438 n.s 2.12 * 133 ns -5.19 *E -0.34 ns 3.93 o
TCK151 x  HP7211 -1.429 n.s. 0.12 ns 1.18 ns -5.09 ok 0.16 ns -1.54 *
TCK151  x P206 -11.683 o 0.12 ns. 193 ns -3.29 o 1.03 ns 3.57 o
TCK152 x  HP7211 2.598 n.s -4.88 ok 0.88 ns 0.50 n.s 0.60 ns -7.18 x
TCK152  x P206 27.532 x 012 ns -0.18 ns -4.58 o -0.54 ns 5.42 x
TCK153 x  HP7211 7.707 * 2.12 * 148 ns -5.19 *E 0.11 ns 6.91 o
TCK153  x P206 -4.888 n.s 2.12 * 183 ns 0.94 *x 0.82 ns -7.63 *x
TCK154 x  HP7211 -0.689 n.s. 212 * 0.88 ns -5.70 *x -0.09 ns -12.26 o,
TCK154  x P206 -3.975 n.s 2.12 * -2.38 ns 7.23 o 1.86 ns -18.45 o
TCK158 x  HP7211 0.037 n.s 2.12 * 1.28 ns -6.20 o 0.46 ns 17.74 o
TCK158  x P206 6.282 n.s -3.88 o -0.13 ns -3.29 o 1.23 ns -18.50 x
TCK159 x  HP7211 -6.57 * 2.12 * 0.23 n.s -8.2 *x 1.30 ns -10.30 *x
TCK159  x P206 -7.718 * 2.40 * 0.23 ns -4.63 ** 1.70 ns 7.33 *x

Mean 371 88 20.1 28.50 14.1 139.1
GCA 27.532t0-16.498 2.4to0-7.88 2.53t0-3.78 9.04 to -8.2 3.7 to -2.84 31.97 to -29.54
Total significant cross 29 54 4 54 8 63
Positive 14 33 1 29 4 37
Negative 15 21 3 26 4 26
CV (0.05) 12.39 1.15 8.55 13.97 9.57 0.6
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Table 2. Heterosis rates of some yield and components of popcorn genotypes.

. . . Flowering Grain Popping None popping 1000 grain
Female Line ) Tester Line Vield (%) (%) moisture (%)  Volume (%) grainratio (%)  weight (%)

TCK120 x HP7211 30.59 9.1 -4.2 23.3 -22.96 8.98
TCK120 x P206 31.78 9.1 4.7 69.9 -21.26 15.04
TCK121 x HP7211 66.32 9.1 -7.3 279 -26.70 10.66
TCK121 x P206 48.67 9.1 -10.1 69.6 -14.10 23.60
TCK122 x HP7211 44.67 9.1 -14.4 32.4 -20.60 2.33
TCK122 x P206 6.79 -3.0 6.6 66.2 -20.24 20.12
TCK123 x HP7211 52.79 9.1 -18.8 -0.9 -21.47 7.35
TCK123 x P206 4.45 9.1 -0.5 66.1 -34.21 -0.66
TCK124 x HP7211 56.67 7.9 -10.4 315 -28.80 16.65
TCK124 x P206 33.86 9.1 3.8 65.6 -26.87 9.75
TCK125 x HP7211 45.35 1.8 -6.1 2.7 -30.43 3.92
TCK125 x P206 33.07 9.1 -8.0 61.7 -32.72 5.99
TCK126 x HP7211 46.19 4.2 -6.6 0.4 -30.02 11.55
TCK126 x P206 69.94 4.2 -4.0 58.9 -28.46 6.40
TCK127 x HP7211 65.86 1.8 -9.6 29.7 -31.94 16.83
TCK127 x P206 -11.33 7.9 -13.9 56.3 -28.15 8.35
TCK128 x HP7211 53.48 9.1 -16.2 384 -25.08 7.05
TCK128 x P206 37.83 7.9 -5.4 52.5 -25.71 13.12
TCK129 x HP7211 117.71 7.9 -23.1 36.1 -26.70 5.76
TCK129 x P206 39.86 9.1 -9.6 49.8 -26.70 8.68
TCK130 x HP7211 22.21 9.1 -8.7 224 -27.75 -4.80
TCK130 x P206 19.77 9.1 1.2 47.4 -36.04 -4.69
TCK131 x HP7211 100.37 9.1 -6.1 5.4 -27.23 5.15
TCK131 x P206 24.07 9.1 -6.8 423 -21.54 20.41
TCK132 x HP7211 28.13 9.1 -3.5 31.2 -8.38 -2.35
TCK132 x P206 67.38 4.2 -5.6 40.4 -14.43 23.23
TCK133 x HP7211 131.26 9.1 -0.9 22.3 -15.18 2.26
TCK133 x P206 72.02 9.1 -9.2 38.8 -33.37 1.85
TCK134 x HP7211 88.27 9.1 -4.9 7.8 -21.12 -15.15
TCK134 x P206 18.26 9.1 -1.6 333 -50.41 -18.06
TCK135 x HP7211 118.23 9.1 2.6 20.4 -22.51 -5.07
TCK135 x P206 86.53 4.2 -6.8 333 -28.15 8.17
TCK136 x HP7211 105.90 9.1 -3.5 324 -39.56 -5.07
TCK136 x P206 86.75 7.9 2.4 333 -34.43 -1.23
TCK137 x HP7211 59.79 9.1 -2.1 5.0 -38.22 -15.17
TCK137 x P206 37.22 4.2 -6.4 33.2 -26.19 8.78
TCK138 x HP7211 125.98 1.8 0.2 40.4 -29.72 24.07
TCK138 x P206 104.48 1.8 -4.7 33.1 -30.60 5.12
TCK139 x HP7211 70.80 -0.6 -8.7 333 -32.46 8.78
TCK139 x P206 40.86 5.5 -6.4 331 -41.22 -8.01
TCK141 x HP7211 44.28 0.6 -3.8 14.1 -30.89 -15.18
TCK141 x P206 -5.46 0.6 -6.1 331 -12.35 27.89
TCK143 x HP7211 132.19 0.6 -9.2 24.2 -30.89 -5.13
TCK143 x P206 64.01 1.8 0.7 31.5 -41.26 -9.69
TCK144 x HP7211 38.52 9.1 -1.6 7.8 -23.93 -4.69
TCK144 x P206 114.73 3.0 -18.1 31.2 -36.58 -2.34
TCK145 x HP7211 31.37 6.1 -0.7 5.0 -26.70 -2.45
TCK145 x P206 0.64 4.2 -10.6 29.7 -26.70 8.17
TCK146 x HP7211 63.77 9.1 -11.8 9.6 -21.29 9.17
TCK146 x P206 36.71 6.7 -6.1 29.7 -45.79 -15.10
TCK148 x HP7211 57.75 6.7 0.9 13.2 -22.51 1.13
TCK148 x P206 40.69 9.1 -12.7 27.6 -29.88 6.01
TCK151 x HP7211 38.26 6.7 0.2 34.2 -24.08 5.69
TCK151 x P206 9.38 6.7 3.8 22.3 -33.14 1.94
TCK152 x HP7211 178.05 0.6 -6.1 4.1 -22.66 -2.31
TCK152 x P206 80.27 6.7 -1.2 20.5 -29.15 7.12
TCK153 x HP7211 97.36 9.1 1.6 5.5 -21.53 -2.65
TCK153 x P206 38.61 9.1 3.3 14.1 -28.15 8.23
TCK154 x HP7211 92.78 9.1 -1.2 0.5 -16.06 -10.70
TCK154 x P206 42.53 9.1 -16.5 14.1 -36.17 -6.03
TCK158 x HP7211 86.65 9.1 0.7 21.0 -19.35 -10.73
TCK158 x P206 153.83 1.8 -5.9 9.5 -21.64 16.28
TCK159 x HP7211 74.22 4.2 -4.2 7.5 -18.15 8.48
TCK159 x P206 2242 9.1 -1.4 0.4 -38.19 -4.32

Mean 59.63 6.52 -5.29 28.70 -27.48 3.73

Positive 62 62 14 63 0 40
Negative 2 2 62 1 64 24
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Table 3. Heterobeltiosis rates of some yield and components of popcorn genotypes.

. . . Flowering Grain Popping None popping 1000 grain weight
Female Line Tester Line Yield (%) (%) moisture (%)  Volume (%)  grain ratio (%) (g)

TCK120 x HP7211 23.93 8.4 -7.5 22.7 -24.55 7.70
TCK121 x HP7211 57.84 8.4 -10.5 31.8 -25.37 9.36
TCK122 x HP7211 37.29 8.4 -17.3 309 -26.37 1.13
TCK123 x HP7211 45.00 8.4 -21.6 0.0 -25.04 6.09
TCK124 x HP7211 48.68 7.2 -13.4 37.7 -32.34 15.28
TCK125 x HP7211 37.93 1.2 -9.3 21.8 -33.89 2.70
TCK126 x HP7211 38.73 3.6 -9.8 30.6 -28.81 10.24
TCK127 x HP7211 57.39 1.2 -12.7 7.3 -30.35 15.45
TCK128 x HP7211 45.65 8.4 -19.1 31.8 -23.36 5.79
TCK129 x HP7211 106.60 7.2 -25.7 39.7 -41.29 4.52
TCK130 x HP7211 15.97 8.4 -11.8 13.6 -42.57 -5.92
TCK131 x HP7211 90.15 8.4 -9.3 7.3 -33.21 391
TCK132 x HP7211 21.60 8.4 -6.8 9.1 -35.82 -3.50
TCK133 x HP7211 119.46 8.4 -4.3 33.6 -12.94 1.05
TCK134 x HP7211 78.66 8.4 -8.2 5.0 -19.40 -16.15
TCK135 x HP7211 107.10 8.4 -0.9 20.5 -30.35 -6.19
TCK136 x HP7211 95.40 8.4 -6.8 69.1 -27.72 -6.19
TCK137 x HP7211 51.64 8.4 -5.5 65.4 -30.85 -16.17
TCK138 x HP7211 114.45 1.2 -3.2 64.8 -31.34 22.61
TCK139 x HP7211 62.09 -1.2 -11.8 58.2 -35.32 7.50
TCK141 x HP7211 36.92 0.0 -7.0 51.8 -33.51 -16.18
TCK143 x HP7211 120.34 0.0 -12.3 46.7 -34.33 -6.24
TCK144 x HP7211 31.46 8.4 -5.0 39.7 -34.33 -5.81
TCK145 x HP7211 24.67 5.4 -4.1 32.7 -26.51 -3.60
TCK146 x HP7211 55.41 8.4 -14.8 32.7 -27.86 7.88
TCK148 x HP7211 49.70 6.0 -2.5 325 -25.43 -0.06
TCK151 x HP7211 31.21 6.0 -3.2 32,5 -20.24 445
TCK152 x HP7211 163.86 0.0 -9.3 30.6 -30.35 -3.46
TCK153 x HP7211 87.30 8.4 -1.8 29.1 -26.80 -3.79
TCK154 x HP7211 82.94 8.4 -4.5 21.8 -26.37 -11.75
TCK158 x HP7211 77.13 8.4 -2.7 13.6 -25.21 -11.78
TCK159 x HP7211 65.34 3.6 -7.5 9.0 -22.22 7.21
TCK120 x P206 25.06 8.4 1.1 27.3 -10.93 13.68
TCK121 x P206 41.09 8.4 -13.2 -1.4 -26.54 22.14
TCK122 x P206 1.34 -3.6 3.0 2.3 -19.77 18.71
TCK123 x P206 -0.88 8.4 -39 29.1 -44.63 -1.83
TCK124 x P206 27.03 8.4 0.2 35.5 -18.34 845
TCK125 x P206 26.28 8.4 -11.1 5.0 -24.87 4.74
TCK126 x P206 61.27 3.6 -7.3 21.8 -17.04 5.14
TCK127 x P206 -15.85 7.2 -16.8 19.9 -18.15 7.07
TCK128 x P206 30.80 7.2 -8.6 45 -12.50 11.79
TCK129 x P206 32.72 8.4 -12.7 32.7 -17.58 7.40
TCK130 x P206 13.66 8.4 -2.3 23.6 -26.78 -5.81
TCK131 x P206 17.74 8.4 -10.0 4.5 -22.50 18.99
TCK132 x P206 58.84 3.6 -8.9 12.7 -34.36 21.78
TCK133 x P206 63.25 8.4 -12.3 3.6 -4.45 0.65
TCK134 x P206 12.23 8.4 -5.0 0.0 -25.59 -19.02
TCK135 x P206 77.01 3.6 -10.0 7.0 -18.15 6.90
TCK136 x P206 77.22 7.2 -1.1 68.8 -29.18 -2.39
TCK137 x P206 30.22 3.6 -9.5 65.3 -12.39 7.50
TCK138 x P206 94.04 1.2 -8.0 61.0 -28.57 3.88
TCK139 x P206 33.67 4.8 -9.5 55.6 -19.77 -9.10
TCK141 x P206 -10.28 0.0 -9.3 49.1 -20.12 26.39
TCK143 x P206 55.64 1.2 -2.7 41.6 -2.12 -10.75
TCK144 x P206 103.78 2.4 -20.9 38.2 -34.41 -3.49
TCK145 x P206 -4.50 3.6 -13.6 32.7 -20.88 6.90
TCK146 x P206 29.73 6.0 -9.3 32.6 -25.34 -16.10
TCK148 x P206 33.51 8.4 -15.7 325 -19.77 4.76
TCK151 x P206 3.80 6.0 0.2 309 -28.73 0.74
TCK152 x P206 71.07 6.0 -4.5 29.1 -4.08 5.86
TCK153 x P206 31.54 8.4 -0.2 27.0 -12.07 6.96
TCK154 x P206 35.26 8.4 -19.3 20.0 -21.70 -7.14
TCK158 x P206 140.88 1.2 9.1 13.6 -39.47 14.92
TCK159 x P206 16.17 8.4 -4.8 0.0 -30.98 -5.45

Mean 51,49 5,88 -8.52 28.12 -25.25 2.51

Positive 60 62 4 63 0 39
Negative 4 2 60 1 64 25
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Table 4. Dominance effect rates of some yield and components of popcorn genotypes.

. . Yield Flowering Grain Popping None popping 1000 grain
Female Line x  TesterLine (%) (%) moisture (%)  Volume (%) grainratio (%)  weight (g)
TCK120 x HP7211 3.47 3.84 0.35 2.00 0.92 5.63
TCK120 x P206 -3.63 4.63 2.82 1.64 4.39 12.34
TCK121 x HP7211 2.79 4.63 -0.56 -2.43 0.71 21.93
TCK121 x P206 -1.24 3.84 -1.61 3.95 -0.01 7.51
TCK122 x HP7211 4.26 3.84 -2.68 -7.85 -0.50 18.04
TCK122 x P206 -8.28 -15.38 3.39 -2.97 1.75 -1.82
TCK123 x HP7211 -1.98 3.84 -4.01 1.26 -0.22 -5.24
TCK123 x P206 -8.72 4.63 1.27 14.70 -0.37 3.80
TCK124 x HP7211 2.32 1.84 -1.48 1.64 -0.52 6.42
TCK124 x P206 -3.25 4.63 2.54 14.96 -1.67 14.22
TCK125 x HP7211 -0.49 -8.16 -0.21 -2.05 0.32 2.21
TCK125 x P206 -3.39 4.63 -0.98 16.43 -0.74 -0.04
TCK126 x HP7211 -0.95 -3.38 -0.35 -2.43 0.82 2.67
TCK126 x P206 -1.31 -4.16 0.22 7.39 -3.10 851
TCK127 x HP7211 -5.87 -8.16 -1.27 4.86 -1.53 14.41
TCK127 x P206 -11.65 2.63 -2.74 1.64 1.09 4.96
TCK128 x HP7211 -2.43 3.84 -3.24 9.43 0.19 3.46
TCK128 x P206 -2.51 2.63 -0.20 4.04 -0.80 10.30
TCK129 x HP7211 12.35 2.63 -5.28 10.98 -0.37 1.89
TCK129 x P206 -4.31 3.84 -1.47 0.52 0.22 5.33
TCK130 x HP7211 -5.41 4.63 -0.99 -0.20 4.16 -9.64
TCK130 x P206 -6.15 3.84 1.77 16.32 -1.15 -9.93
TCK131 x HP7211 0.28 3.84 -0.21 3.12 2.00 18.47
TCK131 x P206 -5.07 4.63 -0.63 8.35 -0.09 1.21
TCK132 x HP7211 15.04 3.84 0.56 1.72 2.85 -7.19
TCK132 x P206 2.99 -3.38 -0.28 1.64 -4.57 21.63
TCK133 x HP7211 8.57 3.84 1.34 -5.75 -3.62 -2.33
TCK133 x P206 3.85 4.63 -1.33 1.64 6.73 -2.03
TCK134 x HP7211 6.87 4.63 0.14 -6.11 -0.70 -24.62
TCK134 x P206 -2.38 3.84 0.92 -0.57 1.51 -21.53
TCK135 x HP7211 14.87 3.84 2.39 12.02 1.03 -10.24
TCK135 x P206 6.55 -3.38 -0.63 -11.29 -0.34 4.65
TCK136 x HP7211 13.89 3.84 0.56 14.90 -4.89 -10.24
TCK136 x P206 6.59 2.63 212 -11.83 0.36 -5.87
TCK137 x HP7211 9.12 3.84 0.99 1.01 -5.15 -21.55
TCK137 x P206 -2.62 -3.38 -0.49 -1.68 -2.39 5.34
TCK138 x HP7211 10.15 -8.16 1.69 -3.20 0.95 1.23
TCK138 x P206 9.89 -7.38 0.01 1.73 -1.47 22.40
TCK139 x HP7211 19.07 -12.16 -0.99 -9.26 0.94 -13.47
TCK139 x P206 -1.94 -1.38 -0.49 5.34 -2.13 5.28
TCK141 x HP7211 2.71 -10.16 0.49 -3.42 -1.25 -20.40
TCK141 x P206 -10.56 -9.38 -0.42 -9.82 -3.49 26.64
TCK143 x HP7211 5.39 -10.16 -1.13 -7.60 -0.80 -15.45
TCK143 x P206 2.36 -7.38 1.63 0.27 -2.49 -9.14
TCK144 x HP7211 12.45 3.84 1.13 1.73 0.65 -8.64
TCK144 x P206 11.80 -5.38 -4.01 -8.32 -2.48 -7.22
TCK145 x HP7211 -2.13 -1.16 1.41 -2.67 -3.06 4.55
TCK145 x P206 -9.43 -3.38 -1.75 2.38 -0.13 -6.14
TCK146 x HP7211 -1.11 3.84 -1.90 4.58 1.57 6.87
TCK146 x P206 -2.72 0.63 -0.42 1.17 -0.75 -21.52
TCK148 x HP7211 1.20 0.63 1.90 0.27 1.15 -2.13
TCK148 x P206 -3.85 3.84 -2.39 -9.43 -0.62 3.28
TCK151 x HP7211 0.40 -0.16 1.69 -9.25 0.29 -1.28
TCK151 x P206 -7.80 0.63 2.54 -5.98 1.87 2.98
TCK152 x HP7211 23.57 -9.38 -0.21 0.90 1.09 -5.98
TCK152 x P206 3.63 -0.16 1.06 -8.33 -0.99 452
TCK153 x HP7211 7.71 3.84 211 -9.43 0.20 5.76
TCK153 x P206 -2.36 4.63 2.40 1.70 1.49 -6.36
TCK154 x HP7211 1.00 3.84 1.27 -10.35 -0.17 -10.21
TCK154 x P206 -1.63 4.63 -3.51 13.15 3.39 -15.38
TCK158 x HP7211 6.57 4.63 1.83 -11.28 0.85 14.78
TCK158 x P206 1.58 -8.16 -0.35 -5.98 2.25 -15.41
TCK159 x HP7211 -3.71 -4.00 0.35 -14.91 2.36 -8.58
TCK159 x P206 -5.37 4.80 0.28 -8.42 3.08 6.11

Mean 1,55 0,01 -0.08 -0.05 -0.02 0.00

x>1 29 37 20 31 18 34
-1<x<+1 30 22 16 27 16 29

-1>x 4 5 28 6 30 1
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4. Conclusion

Positive and negative heterosis and heterobeltiosis
values were obtained for all traits examined in the
study. According to the results, heterosis rates for grain
yield and popping volume traits were -11.33-178.05%,
-0.9-69.9%, respectively. Similalry, heterobeltiosis rates
grain yield and popping volume traits were -15.85-
163.86% -14.4-69.1%,
heterosis rates were obtained above the desired

and respectively. Positive
(>20%) heterosis values in for grain yield and popping
volume traits, which are the most important selection
criteria. It is thought that high heterosis values are
related to the genetic variability of inbred lines. In
addition, overdominance and partial dominance were
effective in grain yield and popping volume. The highest
GCA value in grain yield trait in the experiment was
obtained from ‘TCK152’ x ‘P206’ hybrid with 27.53
tons/ha, and from ‘TCK125’ x ‘P206’ hybrid with 9.04%
in popping volume. Different lines ranked first in grain
yield and popping volume traits, which are the main
selection criteria in popcorn breeding. However,
‘TCK129’,'TCK 135’,“TCK136’ and ‘TCK144’ inbred lines
had higher grain yield GCA and above average popping
volume values. These results indicate that in a short
time, new commercial popcorn hybrids can be
developed which can be planted in Tiirkiye. This
suggests that popcorn inbred lines that stand out in
both traits have the highest genetic differences. There
are no defined heterotic groups in popcorn.
Identification of heterotic groups through genetic
studies will contribute to increasing heterosis success.
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Abstract: This study assessed seed yield, yield components, and seed quality traits of some soybean (Glycine max
(L.) Merr.) genotypes in Samsun, Tiirkiye. The experiment was conducted in two locations (Carsamba and Bafra)
in 2022. A total of twenty-four soybean genotypes were utilized, including three standards varieties (ARISOY,
ATAEM-7, and SAMSQY), and twenty-one lines (F8 generation) developed by cross breeding. As a result of study,
seed yield values ranked between 4.69 t ha-1 (KA14-09-04) and 3.38 t ha-1 (KA14-01-01), whereas plant height
varied between 122.9 cm (ARISOY) and 92.8 cm (KA14-02-06). First pod height ranged from 17.9 cm (ATAEM-7)
to 12.5 cm (KA14-02-04), and the number of pods per plant varied between 113.5 (KA14-09-04) and 69.3 (KA14-
01-01). In addition, hundred seed weight differed between 20.70 g (KA14-05-04) and 15.59 g (KA14-01-14).
Finally, seed oil content ranged from 22.64% (KA14-05-01) to 20.22% (KA14-02-06), and the seed protein content
values varied between 45.28% (KA14-02-06) to 41.55% (KA14-05-01). In conclusion, KA14-09-04 and KA14-05-
04 produced the highest seed yield in the ecological conditions of Samsun province in Tiirkiye. It can be suggested
that the Bafralocation is more suitable for high oil production, while the Carsamba is more suitable for high protein
production in terms of suitability for soybean cultivation.

Keywords: Soybean lines, cross breeding, seed yield, oil concentration, protein concentration.

Tiirkiye Samsun’da bazi soya (Glycine max (L.) Merr.) genotiplerinin verim, verim komponentleri
ve tohum kalite 6zeliklerinin belirlenmesi

0z: Bu calismanin amaci, bazi soya (Glycine max (L.) Merr.) genotiplerinin Samsun ili kosullarinda tohum verimi,
verim komponentleri ve tohum kalite 6zelliklerini belirlemektir. Calisma 2022 yilinda, iki (Carsamba ve Bafra)
lokasyonda yiiriitilmiistiir. Calismada ii¢ tescilli cesit (ARISOY, ATAEM-7 ve SAMSOY) ve melezleme yoluyla
gelistirilmis yirmi bir adet ileri kademe (F8) hat kullanilmistir. Calisma sonucunda, verim 4.69 t ha-1 (KA14-09-
04) - 3.38 t ha-1 (KA14-01-01), bitki boyu 122.9 cm (ARISOY) - 92.8 cm (KA14-02-06), ilk bakla ytiksekligi 17.9
cm (ATAEM-7) - 12.5 cm (KA14-02-04), bitkide bakla sayis1 113.5 adet (KA14-09-04) - 69.3 adet (KA14-01-01)
araliginda degerler almistir. Ayrica yiiz tohum agirlhign 20.70 g (KA14-05-04) - 15.59 g (KA14-01-14) arasinda
degismistir. Son olarak ham yag orani1 %22.64 (KA14-05-01) - %20.22 (KA14-02-06) ve ham protein orani1 %45.28
(KA14-02-06) - %41.55 (KA14-05-01) araliginda degisim gostermistir. Calisma sonucunda Tirkiye’nin Samsun ili
ekolojik kosullarinda KA14-09-04 ve KA14-05-04 hatlar1 en ytliksek tane verimine sahip olmustur. Son olarak soya
ekiminde amaca uygun olmasi bakimindan yiiksek yag eldesi i¢cin Bafra lokasyonunun, yiiksek protein eldesi igin
ise Carsamba lokasyonunun daha uygun oldugu onerilebilir.

Anahtar kelimeler: Soya hatti, melezleme, tohum verimi, yag icerigi, protein icerigi
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1. Introduction

Soybean is an industrial plant that serves as a cost-
effective and high-quality source of plant-based protein
and oil on a global scale. Soybeans are an ideal raw
materials for feed production, oil extraction, and
biodiesel production with an oil content of 20% and a
protein content of 40%. Additionally, they are used in
cosmetics, nutraceuticals and for medicinal purposes
(de Siqueira Gesteira et al.,, 2018). Due to the presence
of essential amino acids, soybean proteins have high
nutritional value (Singh et al, 2008). Soybean oil
consists of 16% saturated and 84% unsaturated fatty
acids, with an average fatty acid composition of 52%
linoleic acid, 25% oleic acid, 12% palmitic acid, 6%
linolenic acid and 5% stearic acid (Eren et al,, 2012).

Tiirkiye is a suitable country for soybean production
under both main crop and second crop conditions,
especially in areas where irrigation is not an issue. With
proper production planning, the soybean cultivation
area and seed yield can be increased. Another method
to increase production is through breeding programs
aimed at developing new varieties that are superior in
terms of seed yield and agricultural traits. This
approach would allow for higher seed yields per unit
area. While developing new varieties, it is crucial to set
priorities according to specific conditions and direct
breeding efforts accordingly. It is also a scientific fact
that newly developed lines or varieties may show
different results under different ecological conditions.
In addition to genotypic traits, environmental factors
play a significant role in the seed yield performance of
data obtained from trials

genotypes. Therefore,

conducted in different environments should be
evaluated. Variance analyses applied to such trials
allow for the assessment of differences between
genotypes and the performance of genotypes across
different environments. For this reason, regional
adaptation studies are a critical breeding stage,

particularly for new varieties or lines. This is also true

Table 1. Soil properties of Carsamba and Bafra locations.

for soybean breeding, where the identification of
genotypes with superior yield and quality traits across
different environmental conditions is essential for
success. Soybean was first cultivated in the Black Sea
Region of Tiirkiye, it continues to be grown in the
province of Samsun within this region. Therefore, it
may be beneficial to develop soybean genotypes
suitable for the region and to increase studies on
improving yield and quality traits in different locations.

This study aims to determine the seed yield, yield
components and seed quality traits of some soybean
genotypes as a main crop under the ecological
conditions of Samsun Province.

2. Materials and Methods
2.1. Experimental area climate and soil properties

This study was conducted in 2022 at two locations
belonging to the Black Sea Agricultural Research
Institute: Carsamba (41° 13" N, 36° 40' E, altitude of 15
m) and Bafra (41°36'N, 35° 55" E, altitude of 20 m). The
soil characteristics of the locations where the study was
carried out were determined in the Soil Science
Laboratory of the Black Sea Agricultural Research
Institute Directorate.

The soil texture of the Carsamba experimental field is
clay-loam, while the soil texture of the Bafra
experimental field falls within the clay class. The
organic matter levels of both locations are similar (1.33,
1.38) (Table 1).

According to meteorological data,

temperature values in both locations are similar. The

the average

lowest average temperature was recorded in May, while
the highest occurred in August. The total rainfall was
227 mm in the Bafra location and 276 mm in the
Carsamba location. The monthly rainfall was higher in
Carsamba during September, whereas it was higher in
Bafra during June. In both locations, the lowest rainfall
was recorded in July (Figure 1, 2).

. . EC Organic P20s 0
Location Years Soil Texture pH Mmhos/cm matter% (kg/da) K0 (kg/da) CaCO03 (%)
Carsamba 2022 Clay-Loam 7.54 0.023 1.33 3.86 113 5.99
Bafra 2022 Clay 7.57 0.051 1.38 2.57 103 9.52
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Figure 1. Monthly average temperature (°C) and rainfall (mm) data for Carsamba location.
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Figure 2. Monthly average temperature (°C) and rainfall (mm) datas for Bafra location.

2.2. Experimental design and management

The experiment was conducted in a randomized
complete block design with three replications. The
material used in the study consisted of 21 soybean lines
(at the F8 generation) belonging to maturity group 1I],
developed through cross breeding as part of the
"Soybean Breeding Research Project for the Black Sea
Region" conducted at the Black Sea Agricultural
Research Institute. The standard varieties used were
ARISOY, ATAEM-7, and SAMSOY.

The plot dimensions were planned with a plot length of
5 m, a row spacing of 70 cm, intrarow spacing of 4 cm
and 4 rows per plot. The area of each plot was 14 m?2.
the
Bradyrhizobium japonicum bacterial inoculant. Sowing

Pre-sowing, seeds were inoculated with
was performed on May 17, 2022, using a seed drill.
Based on the soil analysis, 40 kg N ha™ and 8 kg P,05
ha™ fertilizers were applied before sowing. Irrigation
was carried out four different times, based on the water
requirements of plant and soil moisture status, using a
sprinkler irrigation system. To control weeds, chemical
control was applied before sowing using herbicide
containing pendimethalin (300 ml/da) and mechanical
control was conducted once during the V2 (second
trifoliolate) stage. The plants were harvested using a

parcel combine harvester on November 2, 2022.
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2.3. Plant sampling and measurements

At the physiological maturity stage (R7), plant height
and the height of the first pod were measured using a
meter stick on 10 randomly selected plants from each
plot. The number of pods per plant was determined by
counting the pods on each plant. For seed yield
calculation, two rows (7 m?) located in the center of
each plot were used. The 100 seed weight was
determined by counting and weighing 100 seeds from
the harvested seeds in each plot, with four replications.
After that, 100 seed weight of plants was determined by
calculating the average values of the weighing
measurements. The seed yield and 100 seed weight of
the plots were adjusted and calculated based on a seed
moisture content of 13.5%. The oil and protein content
of the seeds were determined using the NIRS (Near
Infrared Range Spectrometer) method with an XDS
MasterLab Rapid Content Analyzer NIR Spectrometer
(FOSS, appropriately.
Approximately 500 g of seed samples from each plot

Denmark), calibrated

were used for this analysis. Finally, the oil and protein
content of the seeds were calculated as a percentage
based on seed weight.

2.4. Statistical analysis

Analysis of variance (ANOVA) was used to analyze the
data according to randomized complete block using
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SAS-JMP 13.0 program. The differences among means
were compared by Tukey’s HSD multiple range test (p <
0.05).

3. Results and Discussion

Significant differences were found between the
genotypes for plant height, first pod height, number of
pods, 100-seed weight, oil and protein content
(P<0.01), seed yield (P<0.05).
differences were also observed between the Carsamba

and Significant

and Bafra locations in terms of first pod height, seed
yield, 100-seed weight, oil, and protein content
(P<0.01), and number of pods (P<0.05). However, no
statistically significant difference was found between
locations for plant height. According to the genotype x
environment interaction values, differences were found
in terms of first pod height, number of pods (P<0.01),
and protein content (P<0.05), although no significant
differences were observed for plant height, seed yield,
100-seed weight, and oil content (Table 2).

Table 2. Combined (Carsamba-Bafra locations) ANOVA statistical results.

Genotype Location Genotype x Location Int.
Parameters
DF MS Prob. DF MS Prob. DF MS Prob.

Plant height 23 383.99 0.0003** 1 3094.14 0.0743ns 23 113.23 0.6953ns
First pod height 23 19.33 <.0001** 1 697.84 0.0006** 23 16.64 <.0001**
Pod number 23 860.55 <.0001** 1 2704.00 0.0268* 23 683.41 <.0001**
Seed yield 23 6439.66 0.0183* 1 8464.88 0.0011** 23 2041.04 0.9210ns
100 seed weight 23 9.09 <.0001** 1 125.53 0.0028** 23 1.19 0.8104ns
0il content 23 2.47 0.0002** 1 60.50 0.0011** 23 1.19 0.1481ns
Protein content 23 3.48 0.0014** 1 121.78 0.0003** 23 2.61 0.0232*

**:p<0.01; *:p<0.05; ns: not significant

Table 3. Combined (Carsamba-Bafra locations) ANOVA
statistical results and statistical groups for plant height.

Plant Height (cm)

Genotypes Carsamba Bafra Mean
KA14-01-01 113.3 107.5 110.4** ab
KA14-01-03 121.2 100.5 110.9 ab
KA14-01-07 109.0 108.0 108.5 ab
KA14-01-14 108.0 98.0 103.0 ab
KA14-02-01 120.2 109.8 115.0 ab
KA14-02-02 117.0 106.5 111.8 ab
KA14-02-04 99.3 89.5 94.4 b
KA14-02-05 99.3 92.2 95.8 b
KA14-02-06 94.8 90.8 92.8 b
KA14-02-07 102.7 98.7 100.7 ab
KA14-03-01 117.7 101.2 109.5 ab
KA14-05-01 120.5 107.0 113.8 ab
KA14-05-04 128.3 102.2 115.3 ab
KA14-05-05 110.0 98.5 104.3 ab
KA14-05-07 119.2 96.2 107.7 ab
KA14-05-08 94.0 96.0 95.0 b
KA14-06-02 121.3 97.3 109.3 ab
KA14-09-01 106.5 106.7 106.6 ab
KA14-09-02 110.7 112.0 111.4 ab
KA14-09-03 115.0 108.8 111.9 ab
KA14-09-04 118.8 114.7 116.8 ab
ARISOY 132.5 113.2 1229 a
ATAEM-7 115.0 119.5 117.3 ab
SAMSOY 101.0 98.2 99.6 ab
Mean 112.3 103.0 107.7

CV (%) 10.9

**:p<0.01; CV: coefficient of variation; Mean data for each trait
followed by different letters differ significantly at p < 0.05 using
Tukey’s HSD test

According to the results of the variance analysis
conducted with the data obtained from the study,
significant differences were found between locations
for all traits except plant height (Table 2). Therefore, a
combined variance analysis was not performed for the
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other traits analyzed, except for plant height. Instead,
the variance analysis for the locations was conducted
separately, and the means were grouped accordingly.

3.1. Plant height (cm)

The highest plant height was observed in the ARISOY
variety (122.9 cm), while the lowest plant height was
recorded in the KA14-02-06 line (92.8 cm) (Table 3).

The effect of location on plant height was statistically
non-significant (Table 2). The average plant height at
the Carsamba location was 112.3 cm, while it was 103.0
cm at Bafra. Average for both locations was 107.7 cm
(Table 3). Several studies conducted in different regions
of Turkey support the findings of this study (Sincik et
al, 2009; Giingoér and Ustiin, 2015; Kocatiirk et al.,
2019; Kinay et al,, 2020).

3.2. First pod height (cm)

The average first pod height was 17.1 cm in Carsamba
and 12.7 cm in Bafra and a statistically significant
difference (P<0.01) was determined between the
locations (Table 4). The reason why the first pod height
was higher in Carsamba location compared to Bafra
location may be due to soil properties and rainfall
regime (Figure. 1, 2 and Table 1). According to the
average values of the locations, the highest first pod
height was determined in ATAEM-7 variety (17.9 cm)
while the lowest first pod height was determined in
KA14-02-04 line (12.5 cm) (Table 4).
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Table 4. ANOVA results and statistical groups for first pod height and pod number in Carsamba and Bafra locations.

Genotypes First Pod Height (cm) Pod number (piece)

Carsamba Bafra Mean Carsamba Bafra Mean
KA14-01-01 15.0** bc 10.3** bc 12.7 49.7*%* f 88.8** a-f 69.3
KA14-01-03 15.0 bc 10.8 bc 12.9 93.2 a-e 58.3 g 75.8
KA14-01-07 13.3 c 12.5 a-c 129 86.0 b-e 77.0 e-g 81.5
KA14-01-14 22.5 a 11.5 bc 17.0 80.7 c-f 72.3 fg 76.5
KA14-02-01 20.0 a-c 13.7 ac 16.9 112.5 a-c 102.8 ab 107.7
KA14-02-02 16.7 a-c 11.8 bc 14.3 113.8 a-c 80.5 c-f 97.2
KA14-02-04 15.0 bc 10.0 bc 12.5 104.7 a-d 85.5 a-f 95.1
KA14-02-05 13.3 c 12.5 a-c 129 90.5 a-e 105.3 a 97.9
KA14-02-06 14.2 bc 11.7 bc 13.0 108.0 a-d 79.0 d-g 93.5
KA14-02-07 16.7 a-c 13.3 a-c  15.0 89.3 a-c 74.8 fg 82.1
KA14-03-01 16.7 a-c 8.8 c 12.8 106.0 a-d 100.0 a-d 103.0
KA14-05-01 20.8 ab 14.2 a-c 17.5 113.2 a-c 77.5 e-g 95.4
KA14-05-04 20.0 a-c 12.5 a-c 16.3 119.2 ab 100.3 a-d 109.8
KA14-05-05 16.7 a-c 12.3 a-c 145 85.2 c-e 77.0 e-g 81.1
KA14-05-07 20.0 a-c 15.0 a-c 175 77.5 d-f 104.2 a 90.9
KA14-05-08 14.2 bc 13.2 a-c 137 101.8 a-d 75.3 e-g 88.6
KA14-06-02 22.5 a 11.2 bc 16.9 101.3 a-d 96.8 a-e 99.1
KA14-09-01 15.8 a-c 12.0 bc 13.9 59.5 e-f 88.8 a-f 74.2
KA14-09-02 18.3 a-c 14.5 a-c 16.4 98.0 a-d 103.0 ab 100.5
KA14-09-03 13.3 c 15.3 ab 14.3 111.8 a-c 100.2 a-d 106.0
KA14-09-04 15.8 a-c 15.0 a-c 154 120.7 a 106.3 a 113.5
ARISOY 19.2 a-c 12.2 a-c 157 82.7 c-f 102.3 a-c 92.5
ATAEM-7 17.5 a-c 18.3 a 17.9 99.5 a-d 72.5 f-g 86.0
SAMSOY 17.5 a-c 11.7 bc 14.6 114.2 a-c 82.0 b-f 98.1
Mean 17.1%* A 12.7 B 14.9 96.6* A 87.9 B 92.3
CV (%) 14.0 7.6 11.0 7.9

**:p<0.01; *:p<0.05; CV: coefficient of variation; Mean data for each trait followed by different letters differ significantly at p < 0.05 using Tukey’s

HSD test

First pod height is a significant agricultural trait for
machine harvesting. The development and productivity
of pods on the soybean plant are not uniform. Pods
located at the lower part of the plant tend to be more
productive than those at the upper part. Therefore, the
pods situated at the lower section of the plant are
particularly important in terms of harvest seed yield
and it can lead to losses during harvesting. Ramteke et
al. (2012) and Tkachuk (2019) reported that the first
pod height in soybeans should be at least 12 cm for
efficient mechanical harvesting. The first pod height
values possessed by the genotypes in this study are
within the suitable range for machine harvesting. The
first pod height values obtained in this study are
consistent with the findings of Beikiifner et al. (2019),
Sahin and isler (2021), and Richard et al. (2023).

3.3. Pod number (piece)

A significant difference (p<0.05) was determined
between the locations in terms of the number of pods
per plant. It was determined that the average number
of pods was higher in Carsamba location than in Bafra
location. According to the average values of the
locations, the number of pods varied between 69.3
pieces (KA14-01-01) and 113.5 pieces (KA14-09-04)
(Table 4). Arslanoglu and Ayta¢ (2010) conducted a
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study across eight different locations in Tiirkiye with
eight different soybean genotypes and found an average
pod number of 73.2 at the Carsamba location and 87.3
atthe Bafralocation. Yildirim et al. (2022), in a two-year
study in Izmir involving ten soybean genotypes,
including seven lines and three varieties, reported that
the number of pods per plant varied between 84.0 and
129.6. The number of pods per plant in this study was
found to be close to the values determined by the
researchers. Giimiis and Beyyavas (2020), in their study
conducted in the ecological conditions of Mardin
province with ten different soybean varieties, reported
a pod count ranging from 81.5 to 133.9, indicating that
they achieved higher pod count values than those
obtained in our study. Conversely, Andirman and Baran
(2023), in their research with seven different soybean
varieties in Batman province, found a pod count
ranging from 31.3 to 49.2, which is lower than the
values obtained in our study. In conclusion, genotype
and location differences in soybean have a significant
impact on the number of pods per plant.

3.4. Seed yield (t ha'1)

The average seed yield at the Carsamba location was
determined to be 3.34 tha-1, while at the Bafralocation,
it was found to be 4.87 t ha-1. The average seed yield
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across both locations was calculated to be 4.11 t ha-1.
According to the average of the locations, the lowest
seed yield was determined in KA14-01-01 (3.38 t ha-1)
and KA14-01-03 (3.61 t ha-1) lines, while the highest
seed yield was determined in KA14-09-04 (4.69 t ha-1)
and KA14-05-04 (4.66 t ha-1) lines. The seed yields of
the standard varieties in the study were determined as
follows: SAMSOY (4.24 t ha-1), ARISOY (4.16 t ha-1),
and ATAEM-7 (3.96 t ha-1) (Table 5). As a result of the
study, although the number of pods per plant affecting
the seed yield was higher at Carsamba location, the
average seed yield value was higher at Bafra location.
This was due to the higher 100 seed weight value at
Bafra location compared to Carsamba location. The
significant difference in seed yield between the
locations may be attributed to the higher amount of
rainfall recorded at the Bafra location in June compared
to the Carsamba. Eren et al. (2012) conducted a study
with 22 genotypes, at the Antalya location, where they
reported seed yields ranging from 3.11 to 4.48 t ha-1.
Cubukgu et al. (2021) investigated 14 different soybean
genotypes as a second crop at four different locations:
Adana, Antalya, Sanhurfa, and Izmir. Their findings
indicated seed yields in Adana ranging from 3.32 to
3.95 t ha-1, in Antalya from 2.63 to 3.61 t ha-1, in
Sanlurfa from 3.16 to 4.15 t ha-1, and in fzmir from
3.09 to 3.68 t ha-1. Goksoy et al. (2019) evaluated 15
soybean genotypes over three years at three different
locations: Samsun, Konya, and Bursa. The seed yield
varied between 2.65 and 4.22 t ha-1 at the Bursa
location, 2.33 and 3.85 t ha-1 at the Konya location, and
3.44 and 4.08 t ha-1 at the Samsun location. The results
indicated that the seed yield values obtained from the
Bafra location were higher compared to findings from
other studies conducted in Tiirkiye.

3.5. 100 seed weight (g)

A significant difference (p<0.01) was determined
between the locations in terms of 100 seed weight. The
average 100 seed weight was determined higher in the
Bafralocation than in the Carsamba location. According
to the average values of the locations, the lowest 100
seed weight was determined in the KA14-01-14 line
(15.59 g) while the highest was determined in the
KA14-05-04 line (20.70 g) (Table 5). The results of
some studies conducted in different regions of the
world (FlajSman et al, 2019; Staniak et al., 2021;
Thakur et al., 2022; Rani et al,, 2023), as well as some
studies conducted in Tirkiye (Gil and Arslanogluy,
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2020; Ekberli and Kars, 2021; Bakal et al., 2021), are
consistent with the findings obtained in this study.

3.6. Oil content (%)

The average oil content was determined to be %20.72
in the Carsamba location and %22.02 in the Bafra
location. The overall average for both locations was
calculated to be %21.37. The reason why the oil content
of the seeds was higher in the Bafra location than in the
Carsamba location may be due to ecological differences.
According to the average values of the locations, the
KA14-05-01 (22.64%) was
promising in terms of oil content (Table 6). Arslanoglu

line determined as
et al. (2011) reported significant effects of genotypes,
locations, and genotype x location interactions on the
oil content of seeds in their study conducted across
various locations in the provinces of Tokat (Erbaa and
Turhal), Amasya (Gokhoyiik and Suluova), Samsun
(Carsamba and Bafra), and Sinop (Kabali and Boyabat).
Additionally, the researchers found that the average oil
content of soybean genotypes varied between %20.52
and %21.80, with average oil contents of %21.00 and
%?21.58 in the Carsamba and Bafra locations of Samsun
province, respectively. The findings of our research are
supported by results from other studies conducted in
various regions of Tiirkiye regarding the oil content of
seeds (Goliikeii, 2019; Erbil, 2020; Kaya, 2020).

3.7. Protein content (%)

The protein content was determined to be 44.24% at
the Carsamba location and 42.41% at the Bafra
location. Based on the average of the locations, the
protein content of the seeds is approximately 43.33%.
The protein content was determined to be low in the
Bafra location where the fat content is high, and the
protein content was determined to be high in the
Carsamba location where the fat content is low.
According to the results of the average of the locations,
the protein content of the seeds ranged from 41.55%
(KA14-05-01) to 45.28% (KA14-02-06). Among the
standard varieties included in the study, the protein
contents were ranked as follows: ARISOY (44.18%),
ATAEM-7 (43.28%), and SAMSOY (42.93%). (Table 6).
The findings related to the protein content of the seeds
in our study are similar to the results reported by
Yildirim and ilker (2018), and Demir et al. (2020).
However, the findings in de Siqueira Gesteira et al.
(2018), Yilmaz et al. (2022), and Siimer (2022) seed
yielded lower protein content results compared to
those obtained in our study. We believe that the
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differences between the results of our study and those conducted and the differences in the genotypes
found in the literature are due to the variations in  examined.
ecological conditions under which the studies were

Table 5. ANOVA results and statistical groups for seed yield and 100 seed weight in Carsamba and Bafra locations.

Genotypes Seed Yield (t ha'1) 100 Seed Weight (g)

Carsamba Bafra Mean Carsamba Bafra Mean
KA14-01-01 2.73* d 4.02* d 3.38 17.22%* a-c 20.48** a-c 18.85
KA14-01-03 3.02 cd 4.20 cd 3.61 14.94 bc 17.12 cd 16.03
KA14-01-07 2.96 cd 5.00 a-c 3.98 17.16 a-c 19.54 a-d 18.35
KA14-01-14 3.14 bc 4.34 cd 3.74 14.40 c 16.77 d 15.59
KA14-02-01 3.57 ab 5.40 ab 4.49 19.32 ab 21.28 ab 20.30
KA14-02-02 3.18 bc 5.21 a-c 4.20 17.20 a-c 18.79 a-d 18.00
KA14-02-04 3.10 bc 5.16 a-c 413 18.94 a-c 20.61 ab 19.78
KA14-02-05 3.63 ab 4.55 bc 4.09 18.29 a-c 21.26 ab 19.78
KA14-02-06 3.45 ab 4.73 a-c 4.09 17.38 a-c 19.70 a-d 18.54
KA14-02-07 3.27 bc 4.47 bc 3.87 18.26 a-c 19.51 a-d 18.89
KA14-03-01 3.87 a 491 a-c 4.39 18.69 a-c 19.68 a-d 19.19
KA14-05-01 3.40 ab 490 a-c 415 16.22 a-c 19.57 a-d 17.90
KA14-05-04 3.94 a 5.37 ab 4.66 19.64 a 21.75 a 20.70
KA14-05-05 3.15 bc 4.57 bc 3.86 17.86 a-c 18.74 a-d 18.30
KA14-05-07 331 bc 4.79 a-c 4.05 19.74 a 21.10 ab 20.42
KA14-05-08 2.88 cd 5.12 a-c 4.00 18.71 a-c 19.40 a-d 19.06
KA14-06-02 3.60 ab 5.11 a-c 436 17.90 a-c 19.07 a-d 18.49
KA14-09-01 2.89 cd 4.35 cd 3.62 17.74 a-c 19.42 a-d 18.58
KA14-09-02 3.47 ab 5.26 a-c 437 19.10 ab 20.74 ab 19.92
KA14-09-03 3.41 ab 5.54 ab 4.48 16.61 a-c 20.60 ab 18.61
KA14-09-04 3.79 a 5.58 a 4.69 19.05 ab 21.16 ab 20.11
ARISOY 3.44 ab 4.88 a-c 416 17.48 a-c 18.24 b-d 17.86
ATAEM-7 3.35 bc 4.56 bc 3.96 17.98 a-c 18.57 a-d 18.28
SAMSOY 3.58 ab 4.90 a-c 4.24 17.85 a-c 19.39 a-d 18.62
Mean 3.34 B 4.87** A 411 17.82 B 19.69** A 18.76
CV (%) 14.0 11.7 8.1 53

**:p<0.01; *:p<0.05; CV: coefficient of variation; Mean data for each trait followed by different letters differ significantly at p < 0.05 using Tukey’s
HSD test.

Table 6. ANOVA results and statistical groups for oil content and protein content in Carsamba and Bafra locations.

Genotypes 0il Content (%) Protein Content (%)

Carsamba Bafra Mean Carsamba Bafra Mean
KA14-01-01 21.08** ab 22.12** ab 21.60 43.73%* ac 42.03* ab 42.88
KA14-01-03 20.32 ac 21.90 ab 21.11 44.77 ab 43.09 ab 43.93
KA14-01-07 21.11 ab 22.23 ab 21.67 44.34 ab 42.33 ab 43.34
KA14-01-14 21.07 ab 21.67 ab 21.37 43.95 ac 44.07 a 44.01
KA14-02-01 22.27 ab 22.49 ab 22.38 42.71 bc 42.50 ab 42.61
KA14-02-02 22.06 ab 21.46 ab 21.76 43.31 bc 43.32 ab 43.32
KA14-02-04 21.20 ab 22.57 ab 21.89 44.84 ab 41.94 ab 43.39
KA14-02-05 20.61 ac 23.13 a 21.87 44.08 ac 41.62 ab 42.85
KA14-02-06 19.31 c 21.13 ab 20.22 46.09 a 44.47 a 45.28
KA14-02-07 20.45 ac 21.30 ab 20.88 44.66 ab 42.81 ab 43.74
KA14-03-01 20.17 bc 23.19 a 21.68 45.24 ab 40.21 b 42.73
KA14-05-01 2242 a 22.86 ab 22.64 42.23 c 40.88 ab 41.55
KA14-05-04 20.51 ac 22.00 ab 21.26 44.29 ab 4212 ab 43.21
KA14-05-05 21.84 ab 22.89 ab 22.37 42.53 bc 41.79 ab 42.16
KA14-05-07 19.88 bc 22.54 ab 21.21 44.37 ab 41.45 ab 4291
KA14-05-08 20.43 ac 22.03 ab 21.23 45.01 ab 42.58 ab 43.80
KA14-06-02 19.97 bc 21.69 ab 20.83 45.12 ab 42.65 ab 43.89
KA14-09-01 20.31 ac 21.45 ab 20.88 44.59 ab 42.94 ab 43.77
KA14-09-02 20.64 ac 22.21 ab 21.43 45.94 a 42.33 ab 4414
KA14-09-03 19.75 bc 20.73 b 20.24 42.58 bc 43.05 ab 42.82
KA14-09-04 19.61 bc 21.65 ab 20.63 44.35 ab 41.92 ab 43.14
ARISOY 19.26 c 21.81 ab 20.54 46.08 a 42.27 ab 4418
ATAEM-7 21.64 ab 21.95 ab 21.80 43.82 ac 42.73 ab 43.28
SAMSOY 21.45 ab 21.45 ab 21.45 43.24 bc 42.62 ab 42.93
Mean 20.72 B 22.02** A 21.37 44.24%* A 42.41 B 43.33
CV (%) 5.1 3.5 2.8 2.7

**:p<0.01; *:p<0.05; CV: coefficient of variation; Mean data for each trait followed by different letters differ significantly at p < 0.05 using Tukey’s
HSD test
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4. Conclusion

According to the research findings, KA14-09-04 and
KA14-05-04 soybean lines stood out as the ones with
the highest seed yield in the ecological conditions of
Samsun province of Tirkiye. It can be suggested that
the Bafra location is more suitable for high oil
production, while the Carsamba location is more
suitable for high protein production in terms of
suitability for soybean cultivation. Finally, it was
concluded that conducting similar studies in more
locations and over extended periods would be
beneficial for assessing the impact of environmental
factors on soybean genotypes regarding seed yield,
yield criteria, and seed quality traits.
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Abstract: This study investigated plant growth-promoting characteristics of 389 candidate bacterial isolates
collected during surveys conducted in 2017 by using nitrogen fixation, phosphorus reduction, and antagonistic
activities tests. Six candidate bacterial isolates were identified as a result of the tests. The identification of these
species was carried out using the MALDI-TOF MS technique, which identified species as Enterobacter cloacae, E.
aerogenes, Bacillus cereus, Microbacterium testaceum, Pseudomonas putida, and Acinetobacter calcoaceticus. Pot
and field trials were conducted using different combinations of these isolates. All isolates were used in the pot
experiment, whereas isolates with the highest antagonistic activity and their combinations were used in the field
trials. The pot trials were conducted using a randomized block design with five replications, while the field trials
were conducted using a randomized complete block design with ten replications. The effects of these isolates on
the yield of healthy pepper plants were investigated. Data relating to plant height, root length, stem diameter,
number of fruits, plant fresh and dry weight, and root fresh and dry weight were collected. Results of the pot
experiment revealed that combinations of B. cereus + P. putida and P. putida + A. calcoaceticus resulted in 15%
higher yield compared to the control. Similarly, field trials indicated that P. putida improved the values of
investigated traits by 12.3-37.2%. Pseudomonas putida is considered beneficial for future research based on the
results of this study.

Keywords: PGPR, yield, bacteria, pepper

Bazi faydali bakterilerin biber bitkilerinin verimi tizerindeki etkisi

0z: Bu calismada, 2017 yilinda yapilan siirveyler sonucunda toplanan 389 aday bakteri izolatinin bitki biiyiimesini
tesvik edici o6zellikleri arastirllmistir. Elde edilen izolatlarin bitki gelisimini tesvik etme 6zelliklerini belirlemek
amaciyla azotu baglama, fosforu indirgeme ve antagonistik etki testleri yapilmistir. Testler sonucunda alt1 adet
aday bakteri izolati belirlenmistir. Bu tiirler MALDI-TOF MS teknigi ile Enterobacter cloacae, Enterobacter
aerogenes, Bacillus cereus, Microbacterium testaceum, Pseudomonas putida ve Acinetobacter calcoaceticus
bakterileri oldugu tanilanmistir. Saksi ve tarla denemeleri, bu izolatlarin farkli kombinasyonlar1 kullanilarak
yuritilmiistiir. Saks1 denemesinde tiim izolatlar kullanilirken, tarla denemesinde en yiiksek antagonistik etkiye
sahip izolatlar ve bunlarin kombinasyonlar: kullanilmistir. Saks1 denemeleri tesadif parselleri deneme desenine
gore 5 tekerriir olarak ytriitilmiistiir. Tarla denemeleri ise tesadiif bloklar1 deneme desenine gore 10 tekerriirlii
yuriitilmiistir. Bu izolatlarin saglikli biber bitkisinin verim degerlerine etkileri arastirilmistir. Saksi ¢alismasi ve
devaminda yiirttiilen tarla ¢alismasinda bitki boyu, kdk uzunlugu, gévde capi, meyve sayisi, bitki yas agirlig, bitki
kuru agirligy, kok yas agirligi ve kok kuru agirligi gibi parametreler 6l¢iilmiistiir. Sonug olarak sera denemelerinde
B. cereus + P, putida ile P. putida + A. calcoaceticus bakterilerin ikili kombinasyon uygulamalarinda kontrole gore
%15 daha fazla verim elde edilmistir. Tarla uygulamalarinda ise P. putida uygulamasi degerlendirmeye alinan bitki
parametrelerinde %12,3-37,2 arasinda degisen oranlarda artis1 saglamistir. Calisma sonuglarina gore o6zellikle
Pseudomonas putida ile ileriye doniik ¢alismalarin yapilmasinin yararl olacagi diistintilmektedir.

Anahtar kelimeler: PGPR, verim, bakteri, biber
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1. Introduction

Antagonistic bacterial isolates that promote plant
growth not only activate the defense mechanisms of
plants, but also stimulate seed germination, enhance
root development, and improve nutrient uptake.
Furthermore, they contribute to the plant’s resistance
to pathogens by producing hormones (Siddiqui, 2005).
Different PGPR
Rhizobacteria)

(plant growth-promoting
isolates improve yield and stress
tolerance in plants while suppressing soil-borne
pathogens (Kloepper et al., 1991). Endophytic bacteria
have a high colonization ability in plant roots, leading to
reduced stress and increased root development
(Hardoim et al., 2008). Isolates belonging to genera
Bacillus, Pseudomonas, and Agrobacterium are
prominent in biological control as microorganisms
associated with soil and plants (Fira et al, 2018).
Considering all these properties, the use of PGPR is
becoming increasingly important. Kang et al. (2007)
selected 23 endophytic bacterial isolates among 150
isolates collected from pepper fields in Chungcheong
and Gyeongsang provinces of Korea. These isolates
were reported to increase root fresh weight by 73.9%
and 41.5%, respectively, by stimulating systemic
resistance in the plants. Mirik et al. (2008) isolated 3
Bacillus isolates from soil samples in the rhizosphere of
pepper plants, then applied them alone or in
combination to the pepper plants. Conequently, their
application increased stem diameter, root length, root
dry weight, shoot dry weight, and yield by 7-20%, 7-

17%, 4.5-23.5%, 16.5-38.5%, and 11-33%, respectively.
This study isolated PGPRs from leaves, stems, root
hairs, and rhizosphere regions of healthy pepper plants
growing in Tokat Province. Six candidate isolates that
could potentially promote plant growth were identified.
These identified by MALDI-TOF were
Enterobacter cloacae, E. aerogenes, Bacillus cereus,

isolates

Microbacterium testaceum, Pseudomonas putida, and
Acinetobacter calcoaceticus, which were tested for their
effects on pepper plant development under both
greenhouse and field conditions in single, double, and
triple combinations.

2. Materials and Methods
2.1. Materials

Samples were taken from 17 fields (7 from Tokat Center
and 10 from Erbaa district) during September 2017 to
obtain bacteria that promote plant growth. A total 389
candidate isolates were obtained by isolating the soil
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and capillary roots, stem and leaf parts of the pepper
plant with different methods. These candidate isolates
were subjected to the phosphate reduction test and 94
isolates with the best zone diameter were recorded.
Nitrogen fixation ability test identified 38 candidate
isolates (Kayaaslan 2021). Proteomic identification of
the isolates determined by tobacco hypersensitivity,
potato softening test and antagonistic effect tests were
performed by Mustafa Kemal University, Plant Health
Clinic Application and Research Center using MALDI-
TOF MS technique. The baterial isolates tested were
Enterobacter cloacae, Enterobacter aerogenes, Bacillus
cereus, Microbacterium testaceum, Pseudomonas putida,
and Acinetobacter calcoaceticus. The ‘Istek F1’ pepper
variety was used in the experiments. Nutrient agar (NA)
were used for the development of bacterial isolates.

2.2. Methods

The pot experiment was conducted in the greenhouses
of the Research and Application Center at Tokat
Gaziosmanpasa University, while the field study was
carried out in the field plots of the same center. Field
trials were conducted with the three isolates that gave
the best results in the pot experiment (ZE-7, ZE-12, and
ZE-13).

2.3. Pot experiments

Pepper seedlings of ‘Istek F1’ variety in three true leaf
The
experiment was designed according to a randomized

stage were used in the pot experiments.
block design with five replications. Candidate bacteria
were growen on NA medium at 25°C for 24-48 hours.
The treatments are given in Table 1. The roots of the
pepper seedlings
suspensions (1x10¢ cfu/ml) for 1 hour to ensure

were immersed in bacterial
bacterial colonization. Afterwards, the seedlings were
planted in 5-liter plastic pots filled with a soil:peat
(1:1:1) mixture, with one plant per pot. The same
bacterial suspensions were applied again 10 days after
planting (50 ml per plant) to the root region of the
plants (Belgilizar et al., 2021). Weekly observations
were recorded following the second application
throughout the growing season, and the number of
fruits and total fruit weight were recorded for each
plant. The aboveground and underground parts of the
plants were separately collected in polyethylene bags
and brought to the laboratory at the end of the
production season. Plant height, root length, stem
diameter, number of fruits, plant fresh and dry weight,
and root fresh and dry weight were recorded.



Kayaaslan, Z., Belgiizar, S, Yanar, Y., & Mirik, M. / JAFAG (2025) 42(1), 21-26

Table 1. Treatments used in the pot experiments

Treatments Bacterial isolates

NC Distilled water (negative control)
ZE-2 Enterobacter cloacae

ZE-5 Enterobacter aerogenes

ZE-7 Bacillus cereus

ZE-8 Microbacterium testaceum

ZE-12 Pseudomonas putida

ZE-13 Acinetobacter calcoaceticus
ZE-7+2 B. cereus + P. putida

ZE-7+13 B. cereus + A. calcoaceticus
ZE-12+13 P. putida + A. calcoaceticus
ZE-7+12+13 B. cereus + P. putida + A. calcoaceticus

Table 2. Treatments used in the field experiments

Treatments Bacterial isolates

NC Distilled water treatment (negative control)
ZE-7 Bacillus cereus

ZE-12 Pseudomonas putida

ZE-13 Acinetobacter calcoaceticus

ZE-7+12 B. cereus +P. putida

ZE-7+13 B. cereus +A. calcoaceticus

ZE-12+13 P. putida + A. calcoaceticus

ZE-7+12+13 B. cereus + P. putida+A. calcoaceticus

2.4. Field trials

The field trials were conducted using three isolates (ZE-
7, ZE-12, and ZE-13) that gave the best results in the
pots experiments (Table 2). The seedlings of ‘Istek F1’
pepper variety were used in the field trial. The prepared
bacterial suspensions were used to immerse the pepper
seedlings roots for 1 hour to ensure bacterial
colonization. Afterwards, the seedlings were planted in
the field. Ten days after planting, a second bacterial
suspension applications were made to the root region
of the plants, 50 ml per plant. Plants roots were
immersed in sterile distilled water as negative control.
The study was set up according to randomized block
design with 10 replications. Weekly observations were
made throughout the growing season following the
second application and the number of fruits and total
fruit weight were recorded for each plant. The plants
were harvested at the end of the production season and
their above- and below-ground were collected
separately in polyethylene bags and brought to the
laboratory. Measurements for plant height, root length,
stem diameter, number of fruits, plant fresh weight, and
root fresh weight were taken. Additionally, above- and
below-ground parts of the plants were dried, and their
dry weights were recorded.

2.5. Statistical analyses

The differences between the applications were
compared with ANOVA and Tukey multiple comparison
test (p<0.05).
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3. Results and Discussion
3.1. Pots experiments

The effects of candidate bacterial isolates on plant
height, root length, stem diameter, fruit number, plant
fresh weight, plant dry weight, root fresh weight, and
root dry weight in pepper are presented in Table 3. All
treatments increased plant development to varying
degrees, but this increase was statistically non-
significant. The highest effect on plant height (15.2%
increase compared with control) was observed for ZE-
7+12 (Bacillus cereus + Pseudomonas putida). Root
length was increased by 7.2%, 4.6%, and 1.1% with the
applicaitons of ZE-7+12, ZE-7+13, and ZE-12+13,
respectively. The highest effect on stem diameter
(10.2% ZE-12+13
(Pseudomonas putida + Acinetobacter calcoaceticus).

increase) was noted for
The highest impact on number of fruits (13.9%
increase) was observed for ZE-12+13. The application
of ZE-2 increased plant fresh weight by 8.8%, whereas
ZE-7+13 caused a 1.9% increase. The other treatemnts
did not significantly affect plant fresh weight. The
highest effect on plant dry weight was observed for ZE-
7+12, while ZE-13 and ZE-12+13 increased root dry
weight by 15.9%, ZE-7+12 by 15.4%, ZE-7+12+13 by
9.5%, ZE-7+13 by 8.1%, ZE-2 by 6.9%, and ZE-5 by
4.7%. The most increase (9.3%) in root fresh weight
was recorded for ZE-13 (Acinetobacter calcoaceticus)

(Figure 1).

Figure 1. Images from pot experiments.

3.2. Field trials

The highest increase in plant height (12.3%) was
observed with the application of ZE-12. Root length was
improverd by 11.8% with the application of ZE-7+12
followed by ZE-7 and ZE-12 with 8.1% and 5.9%
increase, respectively (Figure 2). The highest increase
in stem diameter (16.07%) was observed with the
application of ZE-13. Similarly, the highest increase in
number of fruits (40.5%) was noted for ZE-12+13. In
the same way, ZE-12 application caused 37.2% increase
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in plant fresh weight. Similarly, ZE-12 application
increased plant dry weight by 30.8%.

Root fresh weight was improved by 29.2% with the
application of ZE-12. Finally, ZE-7+12 increased root
dry weight bu 32.4%, which was significantly different
from the control group (Table 4).

ZE-7/12
ZE-12

Figure 2 Images from the field trials.

Generally, non-significant differences were observed
among the treatemnts for evaluated plant traits in pot
and field experiments. Nevertheless, root dry weight
was statistically significantly different from the control
in the field trial. Similar findings were reported by
Shrestha et al. (2014), where lactic acid bacteria did not
show a significant effect on plant growth in either
greenhouse or field studies. While some treatments had
negative effects in the pot experiment, these effects
were not observed in the field study. This difference
may be attributed to several factors, including soil
characteristics that support plant growth, nutrient
of the

parameters,

colonization,
the
production of antagonistic metabolites, and changes in

composition soil, root

environmental competition,

climate conditions (such as temperature and humidity).

Although statistically non-significant differences was
observed between the bacterial treatmens and control
group for plant growth traits (i.e., plant height, stem
diameter, fruit number, plant fresh weight, plant dry
weight, root fresh weight, and root dry weight)
exhibited some improvement in the field trial. Previous
studies have reported that Pseudomonas putida
increases siderophore production, Bacillus cereus
degridates phosphate, and Acinetobacter calcoaceticus
has properties like indole acetic acid production,
phosphate reduction, and nitrogen fixation (Santoyo et

24

al, 2012; Kang et al, 2012; Felipe et al, 2021).
Furthermore, Pseudomonas and Bacillus species are
known to synthesize auxins, multiply rapidly, produce
antibiotics, and bacteriotoxins. They also activate
systemic resistance and enhance secondary metabolite
production, which could explain the positive effects
observed in the pepper plants in this study.

A similar study on peanuts reported that Bacillus spp.
and Pseudomonas spp. (specifically Bacillus velezensis
strains RI3 and SC6, and Pseudomonas psychrophila
strain P10) applied as PGPR improved plant biomass by
12-18%. This increase was attributed to higher levels of
auxins (22%), gibberellins (23%), and cytokinins
(27%) (Bigatton et al., 2024). This supports the idea
that the positive growth effects in pepper plants could
be due to the similar mechanisms exhibited by the
bacterial strains used in the current study. Khodabin et
al. (2023) investigated the effects of plant growth-
such as Bacillus

promoting bacteria subtilis,

Azospirillum lipoferum, Azotobacter chroococcum,
Enterobacter cloacae, and Pseudomonas putida on soil
properties, nutrient uptake, and growth of bell peppers,
chemical and biological properties of the soil, NPK
uptake, growth, and yield characteristics. It was
observed that these bacteria increased the uptake of
total nitrogen, phosphorus, and potassium in the soil.
The highest nitrogen content in the soil (0.44%),
nitrogen uptake (28.8 g/m?), and shoot dry weight
(0.565 g/m?) were noted for Azotobacter chroococcum
application. The highest rhizospheric microbial
population (7.6x106 cfu/g™) and R/S ratio of 47.9 were
recorded with Enterobacter cloacae, and this treatment
also resulted in higher yield (18.8 kg/m?) and fruit
number (65/8/m?) (Khodabin et al, 2023). These
bacteria were suggested to be used as bio-fertilizers.

In the current study, E. cloacae strain (ZE-2) increased
number of fruits by 5.5% and plant fresh weight by
8.8% in pot experiment, while P putida increased
number of fruit by 5.5%. Khodabin et al. (2023)
reported that P. putida increased number of fruits by
34% and plant fresh weight by 37.2% in the field tials.
These findings suggest that beneficial bacteria can
enhance plant growth and yield, which is consistent
with the results of this study. The similarity between
the findings of current study and previous studies
further supports the potential use of these bacteria as
growth-promoting agents in pepper cultivation.
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Table 3. Effect of bacterial isolates on plant growth in healthy pepper plants (Pot study)

App. Plant Height Root Length Stem Diameter Fruit Number Plavs;g;e;sh Pbé\\;;itg?ll;y R(:/(\)Rteil;rhetsh R\?Vitig]?:ty
Av. % Av. % Av. % Av. % Av. % Av. % Av. % Av. %
(cm)  Effect (cm)  Effect  (cm)  Effect  piece  Effect  (cm) Effect  (cm) Effect  (cm) Effect  piece  Effect
NC 17.2a 0 22.3a 0 2.62 0 3.4a 0 21.02 0 2.6a 0 30.92 0 2.9a
ZE-2 17.1a -0.6 22.1a -1.1 2.8a 5.4 3.62 5.5 23.1a 8.8 2.5a -3.6 30.02 -2.6 3.1a 6.9
ZE-5 17.62 2.5 22.22 -0.3 2.74 1.5 3.62 4.2 18.32 -14.9 2.62 1.2 30.02 -3.2 2.92 4.7
ZE-7 16.52 -4.4 20.22 -0.3 2.7 3.6 2.9a -17.2 20.22 -39 2.2a -158  25.62  -21.2 2.7a -4.4
ZE-8 1532 -12.6 2142 -4.05 2.8 5.4 3.4a -1.5 16.0a  -31.2 2.1a -23.6 2489 -25 2.3a -21.7
ZE-12 17.82 3.9 20.82  -7.05 2.7 2.2 3.62 5.5 16.12  -30.7 2.2a -153 304 -1.8 2.8a -2.1
ZE-13 17.1a -0.2 22.52 0.8 2.8a 6.4 3.62 4.2 16.4a  -28.7 2.5a -2.8 34.2a 9.3 3.4a 15.9
ZE-7+12 20.32 15.2 24.0a 7.2 2.7 4 3.82 10.5 20.4a -3.1 3.1a 16.3 32.3a 4.02 3.4a 15.4
ZE-7+13 19.32 10.8 23.42 4.6 2.8 7.7 3.9a 12.8 21.52 1.9 2.92 11.7 30.22 -2.61 3.1a 8.1
ZE-12+13 18.52 7.03 22.62 1.1 2.9 10.2 3.9a 13.9 19.2a -9.5 2.9a 10.8 31.82 2.4 3.4a 15.9
ZE-7+12+13 17.1a -0.3 21.32 0 2.82 7.7 3.72 6.8 1692  -24.3 2.7a 7.2 2812 -10.2 3.2a 9.5

*The difference between values with the same letter in the same column is statistically non-significant. (p>0.05). (ZE-2:
ZE-5: Enterobacter aerogenes, ZE-7: Bacillus cereus, ZE-8: Microbacterium testaceum, ZE-12: Pseudomonas putida,

calcoaceticus).

Enterobacter cloacae,
ZE-13: Acinetobacter

Table 4. Effect of bacterial isolates on plant growth in healthy pepper plants (Field study)

App. Plant Height Root Length Stem Diameter Fruit Number Pl?/\r/l;l;;?h P:;I;itg?ll;y R(;;\)/;FgliSh R&ZE;]?
Av. % Av. % Av. % Av. % Av. % Av. % Av. % Av. %
(cm) Effect  (cm) Effect  (cm) Effect  piece  Effect (cm) Effect  (cm) Effect  (cm) Effect piece Effect
NC 61.22 0 21.12 0 4.92 0 11.52 0 283.62 0 64.32 0 32.32 0 8.1a 0
ZE-7 69.22 11.5 22.9a 8.1 5.82 14.6 11.92 34 426.22 335 89.92 285 42.92 24.8 11.2ab 27.5
ZE-12 69.82 12.3 22.52 5.9 5.92 16.3 17.4a 34 451.82 37.2 92.92 30.8 45.62 29.2 11.62b 29.5
ZE-13 65.7a 6.9 21.52 1.9 5.92 16.7 16.7a 31.2 422.8a 329 89.02 27.8 44.52 274 10.92b 25.7
ZE-7+12 68.8a 111 23.92 11.8 5.82 14.9 13.9a 17.3 407.52 30.4 84.7a 241 45.2a 28.6 12.0b 324
ZE-7+13 68.52 10.7 22.22 4.95 5.7a 14.1 17.0a 32.6 419.92 325 88.42 27.3 39.82 18.8 10.0ab 18.9
ZE-12+13 64.52 5.1 22.52 5.9 5.42 8.0 19.3a 40.5 375.22 24.4 76.02 15.4 33.4a 3.23 8.6ab 5.02
ZE-7+12+13 64.92 5.8 23.0a 8.3 5.52 9.5 18.72 38.6 373.42 24.1 87.52 26.5 41.92 229 10.42b 22.1

*The difference between values with the same letter in the same column is statistically non-significant. (p>0.05). (ZE-2:Enterobacter cloacae,

ZE-5:Enterobacter aerogenes, ZE-7:Bacillus cereus, ZE-8:Microbacterium testaceum, ZE-12: Pseudomonas putida, ZE-13: Acinetobacter

calcoaceticus)

4. Conclusion

The effects of PGPR (Plant Growth-Promoting
Rhizobacteria) applications on growth traits of pepper
plants (plant height, root length, stem diameter,
number of fruits, plant fresh and dry weight, and root
fresh and dry weight) remained non-significant
compared to the negative control. However, plant
growth traits generally showed positive responses to
the PGPR applications in both pot and field trials.
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Abstract: Hazelnut is of strategic importance for Turkey and is a product subject to international trade. Turkey,
which realizes 64% of the world hazelnut production, is also the country that exports the most. It is important to
estimate the future hazelnut price, export amount and income from exports to maintain the country’s position.
Hazelnut export unit price ($/ton), hazelnut export quantity (tons) and hazelnut export value ($) variables in
Turkey between 1961 and 2023 were used and forecasted with ARIMA model for 2024, 2025 and 2026. Statistical
error evaluation criteria such as mean absolute percentage error (MAPE), mean absolute error (MAE), root mean
square error (RMSE), normalized Bayesian information criterion (BIC) etc. were used to test the validity of the
ARIMA model, which indicated that the model was reliable. In addition, the augmented Dickey-Fuller test (ADF)
and Phillips-Perron test (PP) unit root tests were applied to determine the stationarity levels of the series. The
series was stationarity at different levels and the Ljung-Box significance levels of the series were appropriate for
the models. It is predicted that export unit price and hazelnut export value will follow an increasing trend in the
next three years, while hazelnut export quantity will follow a fluctuating course. In addition, it can be said that the
export quantity will continue to follow a fluctuating course over the years with the effect of periodicity in
production, while the export unit price and export value will continue its upward trend in a fluctuating manner
with the effect of the crisis experienced after 2005.

Keywords: ARIMA model, hazelnut price, hazelnut exports, Tiirkiye

Tiirkiye findik ihracat miktari ve fiyatlarinin ARIMA modeli ile tahmini

0z: Findik Tiirkiye icin stratejik éneme sahip olup, uluslararasi ticarete konu olan bir iiriindiir. Diinya findik
liretiminin %64’linii gerceklestiren Tiirkiye, ayn1 zamanda en fazla ihracat yapan iilkedir. Ulkenin bu konumunu
siirdiirebilmesi i¢in gelecege iliskin findik fiyati, ihracat miktar1 ve ihracattan elde edilen gelirin bilinmesi
onemlidir. Calismada 1961-2023 yillar1 arasindaki Turkiye findik ihracat birim fiyati ($/ton), Ttirkiye findik ihracat
miktar1 (ton) ve Tirkiye findik ihracat degeri ($) degiskenleri kullanilmig ve Tirkiye icin 2024, 2025 ve 2026
yillarina dair ARIMA modeli ile tahminler yapilmistir. ARIMA Modelinin gecerliligini stnamak amaciyla MAPE, MAE,
RMSE, Normalize BIC vb. istatistiki hata degerlendirme o6lgiitleri yapilmis ve modelin giivenilir oldugu tespit
edilmistir. Ayrica serilerin duraganlik seviyelerini tespit etmek amaciyla ADF ve PP birim kok testleri
uygulanmistir. Seriler farkli seviyelerde duraganlik gostermekte ve serilerin Ljung-Box anlamhlik diizeyleri
modeller i¢in uygundur. Calisma sonuglarina gore Tirkiye ihracat birim fiyati ve Tiirkiye findik ihracat degerinin
gelecek li¢ yilda artis trendinde olacagi, Tiirkiye findik ihracat miktarinin ise dalgali bir seyir izleyecegi tespit
edilmistir. Ayrica ihracat miktarinin tiretimdeki periyodisite etkisi ile yillar itibariyle dalgali bir seyir izlemeye
devam edecegi, ihracat birim fiyatinin ve ihracat degerinin 2005 yilindan sonra yasanan krizin etkisi ile artis
trendini dalgah sekilde siirdiirecegi soylenebilir. Fiyatlardaki bu oynakligin dikkate alinarak uygun politikalarin
izlenmesi ve iireticilerin fiyat oynakligindan korunmasi 6nem arz etmektedir.

Anahtar kelimeler: ARIMA modelj, findik fiyati, findik ihracati, Tiirkiye

To cite this article: Kaplan,, K., & Cicek, A. (2025). Estimation of Turkey hazelnut export quantity and prices with ARIMA model. Journal
of Agricultural Faculty of Gaziosmanpasa University, 42(1), 27-35. https://doi.org/10.55507 /gopzfd.1629321


https://dergipark.org.tr/tr/pub/gopzfd
https://orcid.org/0000-0002-5579-5707
https://orcid.org/0000-0002-2671-1439

Kaplan,, K., & Cicek, A. / JAFAG (2025) 42(1), 27-35

1. Introduction

Hazelnuts are a strategically important product for
Turkey. Turkey accounts for 64.0% of global hazelnut
production and 57.4% of global hazelnut exports,
ranking the country first worldwide in both production
and export. Hazelnuts and hazelnut products are
among Turkey’s leading agricultural export
commodities, constituting 9% of the country’s annual
agricultural exports and 2% of its total exports
(Anonymous, 2024). Hazelnuts serve as a raw material

in various industries, including snacks, confectionery,

chocolate, halvah, and baking, which further
underscores their strategic significance in terms of
imports and exports (Kirsahanoglu, 2022).

Consequently, the future trajectory of hazelnut prices
and export volumes is of critical importance for Turkey,
which holds the top position in global exports. Although
Turkey ranks first in the world in hazelnut production
and export, the entry of countries such as Italy, Chile,
Azerbaijan, and Georgia into the market in recent years
has affected Turkey’s share in this sector. Chile
increased its hazelnut production from 180 tons in the
1990s to 62 thousand tons by 2022, and Azerbaijan
increased its hazelnut production from 7 to 8 thousand
tons in the 1990s to 72 thousand tons in 2022. These
countries are gaining a more prominent position in
hazelnut production, with South American nations,
particularly Chile, increasing their output thanks to
favorable climatic conditions. Moreover, countries like
Georgia, Azerbaijan, Iran, and some Middle Eastern
nations are gaining a competitive advantage due to low
labor costs. These developments highlight the need for
further economic analysis regarding how Turkey’s
hazelnut production and exports might be impacted
(Aydogan & Meral, 2024). Turkey’s production of
765,000 (64%
demonstrates the country’s dominant position in this

tons of global output) clearly
sector. Italy and Azerbaijan follow as the second and
third largest producers, with 98,670 tons and 72,105
tons, respectively. These top three producers are
followed by the United States, Chile, Georgia, China,
Iran, France, and Poland. The total global hazelnut
production amounts to 1,195,732 tons. Turkey’s
contribution to 64% of global production is driven by
both domestic market dynamics and international
competitive conditions, providing a significant
indicator of how global production strategies are
evolving. The entry of South American countries and

China into hazelnut production exemplifies this trend.
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Table 1. The countries producing the most hazelnuts in
the World (2022).

Import Quantity Import Value

Countries Countries

(tonnes) %)
Germany 69 493 Germany 484964 426
Italy 58 163 Italy 375986 506
France 23068 France 152 327 672
Canada 17 419 Canada 121868 984
Switzerland 9627 Brazil 73 864 055
Brazil 7 949 Switzerland 64 181 739
Holland 5469 Poland 45011 606
Poland 5211 Holland 37 716 626
Austria 3320 Austria 23154 370
Belgium 2838 Belgium 20476 157
Others 22092 Others 232770897
World 224 648 World 1632323038

Table 2. Top ten countries in world export quantity and
export value (2022).

Countries Export Quantity Countries  Export Value ($)
(tonnes)

Turkey 153678 Turkey 995 330 274
Holland 26 059 Chile 231925106
Azerbaijan 21947 Italy 185781 832
Italy 21617 Azerbaijan 119 555 427
Georgia 13167 USA 99 078 251
USA 12 552 Georgia 74188 441
Germany 7 542 Germany 59352976
Czechia 1005 Holland 43885 353
Spain 943 Czechia 6955 466
Armenia 905 Spain 6 687 167
Others 8154 Others 29 627 236
World 267 569 World 1852367 529

In 2022, Turkey ranked first globally in hazelnut
exports with an export volume of 153,678 tons. The
Netherlands and Germany, despite having no domestic
production, are among the top ten countries in export
volume and value due to their role as re-export hubs.
Globally, the total hazelnut export volume reached
267,596 tons, with an export value of $1,852,367,529.

Germany ranks first globally in both hazelnut import
volume and export volume. Germany is followed by
Italy, France, Canada, and Switzerland. Except for Italy
and France, the other countries do not hold a significant
share in hazelnut production, yet their prominent role
in imports indicates their re-export activities and a
more active involvement in the hazelnut market. Re-
export is a form of international trade in which a
country exports previously imported goods without
changing them. With the re-export method, the above-
mentioned countries can determine the market prices
For this the
international market prices of hazelnuts are mostly

for hazelnuts themselves. reason,

determined in European stock exchanges. Globally, the
total hazelnut import volume amounted to 224,648
tons, with an import value of $1,632,323,038.

Numerous studies have been conducted on hazelnut
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prices. Ozer and Yavuz (2014) used the Box-Jenkins
model to forecast hazelnut prices. Seyranlioglu (2022)
detailed the relationship between hazelnut prices and
exchange rates. Bayyurt and Deveci Kocakog¢ (2023)
employed the NARX technique of artificial neural
networks to predict hazelnut production volumes,
while Kara (2024) attempted to forecast hazelnut
prices in Turkey using artificial neural networks. Biilbil
and Tanrivermis (1999) examined traditional and
organic hazelnut production and export potential in
Turkey, linking stock increases to production growth
and low domestic and foreign demand. Based on their
findings, they proposed recommendations for
restructuring hazelnut production and marketing
policies. Sarimeseli and Aydogmus (2000) aimed to
develop policy alternatives for the global hazelnut
market using data from the 1967-1985 period,
applying a quadratic programming model. Their results
assessed the potential impacts of alternative policies on

producer welfare in Turkey.

Table 3. Top ten countries in world import quantity and
import value (2022).

Import Quantity Import Value

Countries (tonnes) Countries $)
Germany 69 493 Germany 484964 426
Italy 58163 Italy 375986 506
France 23068 France 152 327 672
Canada 17 419 Canada 121 868 984
Switzerland 9627 Brazil 73 864 055
Brazil 7 949 Switzerland 64 181 739
Holland 5469 Poland 45011 606
Poland 5211 Holland 37716 626
Austria 3320 Austria 23154370
Belgium 2838 Belgium 20476 157
Others 22092 Others 232770897
World 224 648 World 1632323038

Reference: FAOSTAT, 2024

Yavuz et al. (2004) carried out a study aiming to provide
alternative policies to solve the problems of hazelnut
sector in Turkey. In this study, a model was developed
for the current situation and problems of the hazelnut
sector and applied using the least squares method.
Bayramoglu and Gilindogmus (2007) analyzed the
of the World hazelnut market and
investigated the effect of Turkey on price formation and
price determinants in global markets. Using data for the
period 1970-2004,
decomposition,

Dynamics

they analyzed the variance

impulse-response  function and
Granger Causality tests. The findings of the analyses
revealed that the position of countries own currencies
against the dollar, the amount of hazelnut production in

Turkey and the price of Findik Tarim Satis
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(FIKSOBIRLIK)  play
determinant role in determining the prices in the world
Usta (2007) the
distribution of Turkey's hazelnut exports by market
and product groups between 1996 and 2005. The
findings revealed that the market structure of Turkey's

Kooperatifleri  Birligi a

hazelnut market. examined

hazelnut exports remained unchanged during this
period. The study concluded with a recommendation to
preserve surplus hazelnuts under suitable storage
conditions and to take new steps toward product
development. Erdal and Uzunéz (2008) investigated
the causal relationship between hazelnut prices and
exchange rates. They analyzed the relationship
between Turkey’s hazelnut export prices, European
stock market prices, and exchange rates for the period
1995-2007,

Granger causality tests. The results indicated a long-

applying Johansen cointegration and

term relationship among these variables. Based on the
findings, it was recommended that Turkey’s hazelnut
export prices be made less susceptible to exchange rate
uncertainties. Hatirli et al. (2008) analyzed the price
pass-through of hazelnuts from Turkey to Germany.
Using monthly data from 1996-2006, the study applied
a double-logarithmic model and the GARCH approach.
The results attributed to the lack of price pass-through
to hazelnuts being a storable product. Akal (2009)
examined Turkey's shelled hazelnut exports using
simple econometric methods and autoregressive
moving averages. Models based on natural logarithms
were developed, revealing that the exchange rate
elasticity of shelled hazelnut exports was inelastic,
while the export revenue elasticity of shelled hazelnut
export volumes was elastic. The study predicted an
increase in shelled hazelnut export revenues based on
Parlaktuna (2009)
empirical study focusing on Turkey's hazelnut exports

these models. conducted an
from 1980 to 2007. The analysis employed a two-stage
least squares method and found no strong substitution
relationship between hazelnuts and almonds.
Additionally, production and stock levels were shown to
have a negative impact on export prices. The study
concluded that export prices are determined by supply
dynamics in the market. Akseki (2012) analyzed price
formation in the global hazelnut market and proposed
alternative policies for Turkey. The study employed
time series and panel data methods for econometric
analysis. The results indicated that the purchasing
prices set by FISKOBIRLIK had a significant upward
Ucar (2014)

impact on global hazelnut prices.
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examined Turkey's hazelnut export demand during the
2001-2011 period, focusing on data from countries
such as Germany, France, Belgium, Poland, Switzerland,
Italy, and the Netherlands. Panel data analysis was
applied, and the fixed-effects model was identified as
the most appropriate approach for the analysis. The
findings reveal that the export demand model satisfies
the self-interest assumption but not the equal diffusion
assumption. Cabas (2017) examined the effects of
hazelnut exports on foreign trade in the post-1990
period, focusing on the Sakarya province. The empirical
analysis utilized data from 2004 to 2016 to explore
causal relationships between hazelnut exports,
Turkey’s and Sakarya’s GDP, and foreign trade. The
study employed the Toda-Yamamoto causality test
along with ADF, PP, and Vogelsang-Perron structural
The

unidirectional causality from Turkey's total exports to

break wunit root tests. results revealed
Sakarya's hazelnut exports and from Sakarya’s GDP to
hazelnut exports, as well as a unidirectional causality
relationship involving exchange rates. Kili¢ and Turhan
(2020) attempted to explain Turkey's hazelnut exports
using the Box-Jenkins method and forecasted future
export volumes. The study analyzed hazelnut export
data from 1961 to 2018, employing the ARIMA model
for projections. According to the findings, Turkey's
hazelnut export volume was predicted to reach 162,000
tons in 2019 and 176,000 tons in 2023. Merdan (2024)
investigated the factors influencing Turkey’s hazelnut
export demand using the ARIMA model. The study
assessed the impacts of global hazelnut imports, unit
prices, and Turkey's export unit prices from 2001 to
2021. The findings indicated that these variables were
not significant determinants of Turkey’s hazelnut
exports. However, the study revealed that global
hazelnut export volumes positively influenced Turkey's
hazelnut exports.

Despite Turkey being the world's largest hazelnut
producer and exporter, the dominance of countries like
Germany and the Netherlands in the market due to re-
export activities, as well as the increasing production in
countries such as Chile, China, and the United States,
make the future of Turkey’s hazelnut prices and export
volumes highly significant. The presence of hazelnut
exchanges in Germany and Italy, and their role in
determining global hazelnut prices, contributes to
Turkey’s hazelnut prices not being the primary
determinant, despite its leading position in global
production. The study examines the future projections
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of Turkey's hazelnut export unit prices, export value,
and export volumes using the ARIMA model. The aim of
the study is to analyze how Turkey’s hazelnut prices
will evolve in the future, and whether new entrants in
the hazelnut export market will lead to any changes in
Turkey’s export volume.

2. Materials and Methods

The main material of the study consists of data obtained
from FAOSTAT and UN Comtrade. Turkey hazelnut
export quantity (tons), Turkey hazelnut export value
($) and Turkey hazelnut export unit price ($) data for
the years 1961-2023 were used. There is no missing
data in the series and no data transformation was
performed.

The Augmented Dickey-Fuller (ADF) test developed by
Dickey and Fuller (1981) and the Phillips-Perron (PP)
test developed by Phillips and Perron (1988) are used
to determine series trend to determine the stationarity
of the series before constructing the ARIMA model.
The ARIMA model can achieve high accuracy rates in
short-term forecasts (Akdag, 2016). For this reason,
forecasting is limited to three years to avoid a high
margin of error in long-term forecasts. The most
striking feature of SPSS in time series analysis is its
ability to automatically determine forecasting
techniques.

ARIMA is a widely used method in time series analysis
and continues to be popular today (Akpinar, 2020). This
method makes it possible to predict future trends by
examining past data (Kutlar, 2006). SPSS is a frequently
preferred software for modeling and data analysis and
this software offers the opportunity to automate model
an parameter selection processes, to check for
seasonality, interruptions and missing data in the data
set, and to display goodness-of-fit measures (R2, RMSE,
MAPE, MAE, BIC) (Esidir & Metin, 2021).The estimated
ARIMA models are evaluated based on criteria such as
significance of parameter coefficients, constant R-
Square, Normalized Bayes Information Criterion (BIC),
Root Mean Square Error (RMSE), Mean Absolute Error
(MAE) and Mean Absolute Percentage Eror (MAPE). In
line with these criteria, the model with the lowest BIC,
RMSE, MAE and MAPE values and the highest Constant
R? value is considered the most appropriate model (Oni
& Akanle, 2018; Celik, 2019). To Show that a model has
a successful forecasting performance, the MAPE value
is expected to be below 10% and the p-value of the
Ljung-Box Q test is expected to be greater than 5%. In
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addition, the lower the Normalized Bayes Information
Criterion (BIC), the better the fit of the model to the
series (Pankratz, 1983; Oghan, 2010; Pektas, 2013).
ARIMA Model is a combination of AR and MA models.
The AR model uses observations from previous time
periods to predict the value in the next time period.
There may be a relationship between values in different
periods. This relationship is called inter-variable
correlation if the relationship changes in the opposite
direction and a positive correlation if it changes in the
same direction. Statistics-based metrics are used to
calculate correlation. The AR (p) notation is expressed
by equation (1) below.

Xe=c+ 2&1 @i Xp—1 + & (1)

In equation (1), c is a constant coefficient. The time
series is denoted by X: and the integer index of the time
series is denoted by t. The parameter values of the AR
model are denoted by ;. P is the number of lags of the
model and & is the constant variance error term with
zero mean. The MA model is called a Rolling or moving
average. For use in data analysis, different subsets, if
any, calculate the average of other subsets (Kaya et al.,
2020).

Xe=p+g Z?:1 0; &~ (2)

K in equation (2) denotes the mean of the series in the
model. The value of the moving average is denoted by 6;
and the order of the average is denoted by q. Xt denotes
the time series. The error terms are denoted by &:and
& (Kaya et al., 2020). ARIMA both linearly models the
next step from the previous steps and combines AR and
MA models. In addition, it makes the sequence
stationary by combining the preprocessing step. This
precess is called integration and is expressed by the
following equation (Kaya et al., 2020).
(A+57, 6iL)ee

X = 057 ouhand

(3)
The lag operator used in equation (3) is denoted by L.
The Parameter value in the autoregressive model is
denoted by @, while the parameters of the moving
average model are denoted by 6. Xt represents the time
series, while the error terms are denoted by & (Kaya et
al, 2020). The ARIMA (p,d,q) model uses three main
variables as input parameters. Among these variables,
p represents the number of lags, d represents the
degree of differencing and q represents the moving
average window size. However, first the time series
must be stationary, in which case d=1 is chosen. One of

31

these methods is to examine the autocorrelation
function (ACF) and partial autocorrelation function
(PACF) graphs. These plots are used to determine the
number of AR and MA terms. The also provide
information on trend and seasonality. The ACF shows
the value of autocorrelation in a series and is important
for understanding the relationship between past and
The ACF
function

is known as the full
it
components such as trend, seasonality and noise. In

current values.

autocorrelation because analyzes
non-stationary time series, the ACF plat shows a
decreasing trend over time. The PACF shows the time-
varying correlations between two data points and is
used to determine the optimal number of terms in the
AR model. This number of terms is also a parameter
that determines the degree of the model (Akgay, H.,
Yiltas-Kaplan, D., 2024).

In the study, the ARIMA model was used for the
forecasts of all variables and annual data and three-year
(2024, 2025 and 2026) forecast values were analyzed.

3. Results and Discussion

The data set in the study consists of hazelnut export
unit price, export quantity and export value. The names
of the variables are coded for ease of analysis. Turkey
Hazelnut Export Unit Price is coded as THEUP, Turkey
Export Quantity (tons) as TEQ and Turkey Export Value
($) as TEV. In the study, Augmented Dickey-Fuller Test
(ADF) and Phillips-Perron (PP) unit root tests were
applied to test the stationarity of the series.

As mentioned in Equation (3), d=1 was chosen to make
the series stationary while constructing the ARIMA
model. Table 4 presents the ADF and PP unit root tests
of the variables.

Table 4 shows that the series are stationary at different
levels. Accordingly, while THEUP and TEV variables are
non-stationary at level and constant, they are
stationary at level and constant trend. The TEQ variable
is stationary at both level and first difference. While all
the series are stationary in the first difference, only the
TEV variable does not Show stationarity in the ADF unit
root test in the first difference but shows stationarity in

the PP unit root test in the same first difference.

Figure 1 shows the forecast value, upper limit and
lower limit of the unit price of hazelnut exports in
Turkey. While forming the unit price between 1961-
2023, forecasting was made from 2024 onwards.
Except for 1979, the export unit price, which has

followed a stable course since 1961, showed a
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significant increase in 2005 and then followed a
fluctuatin graph. During this period, FISKOBIRLIK, the
cooperative organization of which hazelnut producers
are members, was unable to make payments for some
of the products purchased in 2005 and 2006 and faced
afinancial crisis. This led to a sharp increase in hazelnut
prices. As a result of the economic and social problems
experienced by producers, the Toprak Mahsulleri Ofisi
(TMO) decided to purchase surplus hazelnuts on behalf
of the state. After this process, which lasted until 2012,
hazelnut prices were left to free market conditions
again (Ozciire, 2012). Starting in 2005, price
fluctuations continued until 2023.

Table 5 presents the ARIMA (1,2,1) model of Turkish
hazelnut export unit price and future forecasts. In the
tests for the validity of the model, the R? value of the
model was found to be 0.787. Since the Ljung-Box Q
value is greater than 5% (0.085), it is determined that
the model is compatible with the data. The mean
absolute percentage error (MAPE) value is 16%, which
isbetween 10% and 20%, indicating that the model has
a good level. The normalized BIC (Bayes Information
Criterion) was 14.287. As a result of all these tests,
Turkey’s hazelnut export unit price is predicted to be 6
639,20 $/ton ,n 2024, 6 750,67 $/ton in 2025 and 6
859,97 $/ton in 2026. Accordingly, it can be said that
Turkey’s hazelnut export unit price will continue its
upward trend since 2022.

Figure 2 shows the forecast value, upper limit and
lower limit of the projection for Turkey’s exports (tons).
Since 1961, there has been an increase in the amount of
exports, but it still follows a fluctuating course with the
increase. The most important reason for this
fluctuation is the periodicity effect observed in hazelnut
production. In Table 6, the ARIMA (1,2,1) model of
Turkey’s export volume (tons) and future forecasts are
given. In the tests for the validity of the model, the R2
value of the model was found to be 0.644. The Ljung-
Box Q value was found to be 0.189 and since it was
greater than 5%, it was determined that the model was
compatible with the data. The mean absolute

Table 4. ADF and PP unit root tests

percentage error (MAPE) value is 14%, which is
between 10% and 20% indicating that the model is
good. The normalized BIC (Bayes Information
Criterion) is 20,220. As a result of all these tests,
Turkey’s export volume (tons) is projected to be 162
433 tons in 2024, 157 819 tons in 2025 and 158 039
tons in 2026. It is estimated that the amount of exports
is in line with the general course of the series and that
after 2024, there will be a decline in 2025 and then
increase again.

Figure 1. Turkey hazelnut export unit price data and
future forecasts

Figure 2. Turkey’s export quantity (tonnes) data and
future forecasts

W[

Figure 3. Turkey export value ($) data and future
forecasts

Variables ADF PP Variables ADF PP
THEUP -1.7852 -1.5881 3 THEUP -7.3379™ -17.0975
< Intercept TEQ -2.9424* -2.6908" § TEQ -11.6752" -19.7816™"
3 TEV -1.4873 -1.2783 % TEV -1.7107 -20.9589""
= Trend and THEUP -4.5350"" -3.5704" S THEUP -7.2721 -16.8304"
intercept TEQ -4.9844" -4.9844" 3 TEQ -11.6352" -25.9573™
TEV -3.9438™ -3.8150" TEV -1.2788 -20.5530™*
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Table 5. ARIMA (1,2,1) results for Turkey hazelnut export unit price

Turkey Hazelnut Price 2024 2025 2026

Forecast Value 6 639.20 6 750.67 6 859.97

Forecast Upper Limit 8920.38 10 092.99 11 025.65

Forecast Lower Limit 4358.02 3408.34 2694.29

Model Constant R? R? RMSE MAPE MAE Normalize BIC Ljung-Box Q (Sig.)

0.475 0.787 1144.002 16.322  727.422 14.287 0.082

Table 6. ARIMA (1,2,1) results for export quantity (tonnes)

Export Quantity (tons) 2024 2025 2026

Forecast Value 162 433 157 819 158 039

Forecast Upper Limit 213 600 218333 231595

Forecast Lower Limit 116 717 105001 95591

Normalize Ljung-Box
2
Model R RMSE MAPE MAE BIC Q (Sig)
0.644 22227.949 14.342 17260.389 20.220 0.189

Table 7. ARIMA (1,1,0) results for export value ($)

Export Value ($) 2024 2025 2026

Forecast Value 1014954574 1036040574 1056 728 305

Forecast Upper Limit 1291938 847 1374163 654 1467071 244

Forecast Lower Limit 763 859 756 735122921 699 179 261

Constant Normalize Ljung-Box Q
2
Model R? R RMSE MAPE MAE BIC (Sig.)
0.448 0.936 106623541.8 14.780 77047442.63 37.302 0.510

The timeline of Turkey’s export value ($) is given in and international trade. For this reason, future

figure 3. Since 1961, the value of exports has followed a
normal course, while in 2005 it increased with an
increase similar to the export unit price and it can be
said that it fluctuates. Table 7 presents the ARIMA
(1,1,0) model of Turkey’s export value ($) and future
forecasts. For the validity tests of the model, the R2
value of the model was found to be 0.936. The Ljung-
Box Q value was found to be 0.510 and since it was
greater than 5%, it was determined that the model was
compatible with the data. The mean absolute
percentage error (MAPE) value is 14%, which is
between 10% and 20%, indicating that the model has a
good accuracy level. The normalized BIC (Bayes
Information Criterion) is 37,302. As s result of all these
tests, Turkey’s export amount (tons) is predicted to be
1014954 574 USD in 2024,1 036 040 574 USD in 2025
and 1 059 728 305 USD in 2006. It can be said that the
export value will continue the upward trend that it has
achieved in 2022 for three years. Even if the amount of
hazelnut production and exports fluctuate slightly for
the next 3 years, the hazelnut export unit price
continues its upward trend. This shows that hazelnut
prices are not affected much by small changes in supply
and that the stock exchanges are dominant over prices.

4. Conclusion

Hazelnut is a strategic agricultural product for Turkey
and has a great importance in terms of both economic
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projections of hazelnut foreign trade are important.
Turkey’s leading position in the World and the
continuation of this position in the coming years in an
increasingly competitive environment is important in
terms of dominating the market. However, as
mentioned before, although Turkey is the leading
exporter in the market, it does not have a say in the
stock market prices. Projections made with the ARIMA
model show that Turkey’s hazelnut export unit price
will be in an increasing trend between 2024 and 2026.
Accordingly, hazelnut export unit price is expected to
reach 6 639,20 $/tons in 2024 and 6 859,97 $/tons in
2026. Although the export amount follows a fluctuating
course, it is expected to reach 162 433 tons in 224 and
158 039 tons in 2026. Turkey’s hazelnut export value
will continue to increase in the same period and is
estimated to reach 1 059 728 305 USD by 2026.
Different policies created over the years, acting with
government policy instead of state policy have led to
the formation of different problems in hazelnut in
different periods. The excess supply caused by the rapid
increase in hazelnut areas and the rise in hazelnut
prices in 2005 are examples of this. For this reason, it
can be said that sudden price changes can be prevented
with fixed production planning and need-oriented
agricultural policies. This situation causes the hazelnut
price to play a more active role especially in European-
based stock exchanges. The same care shown to
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produce hazelnuts should also be applied to the market
structure, and hazelnut prices should be organized by
the producing country within the framework of free
competition conditions through the stock exchanges
established in Turkey. These findings show that
although Turkey maintains its leading position in the
world hazelnut market, it needs to develop more careful
strategies against increasing international competition
conditions and fluctuations in the domestic market.
Turkey should both invest in production technologies
and diversify its export markets to ensure sustainable
growth in hazelnut production and exports. In addition,
measures should be taken against Halyomorpha Halys,
which has caused serious damage to hazelnuts in recent
years. The pest, which significantly reduces the yield
rate in hazelnuts, affects the production of quality
hazelnuts, and this problem has the potential to damage
the value of hazelnuts produced in Turkey in the
international market.

Acknowledgement

This research was funded by the Tokat Gaziosmanpasa
University Scientific Research Projects Coordination
Unit under project number 2024/11.

Conflict of interest

The authors declare no conflicts of interest.

Authorship contribution statement

KK and A.C: The authors declare that they have
contributed equally to the article.

References

Akal, M. (2009). Tiirkiye’'nin i¢ findik ihracati tahmini ve dngori
dogrulugu. Uluslararast Yonetim ve Iktisat ve Isletme Dergisi,

5(10), 77-96.
Akcay, H., & Yiltas-Kaplan, D. (2024). Zaman serileri tahminleme
algoritmalar1 ile kontor tiiketim tahminlemesi ve

Kkarsilastirmali uygulamasi. Kahramanmaras Siitcii Imam
Universitesi Miihendislik Bilimleri Dergisi, 27(1), 166-189.

Akdag, R. (2016). Yapay sinir aglari, destek vektor makineleri ve
Box-Jenkins yontemleriyle kentsel igmesuyu talebi tahmini
ve karsilagtirmali analizi. Business and Economics Research
Journal, 7(1),s. 123-138.

Akpiar, M., & Yumusak, N. (2020). Giinltik temelli orta vadeli
sehir dogal gaz talebinin tek degiskenli istatistik teknikleri
ile tahmini. Journal of the Faculty of Engineering and
Architecture of Gazi University, 35(2), s. 725-741.

Akseki, U. (2012). Diinya findik piyasasinda fiyat Olusumu ve

Tirkiye icin alternatif politikalarin  belirlenmesi.

34

(Yayimlanmis Doktora Tezi). Ege Universitesi Sosyal
Bilimler Enstitiisii, Izmir.

Anonim (2024). Trade: Crops and Livestock Products. Food and
Agriculture Organization of the United Nations (FAO),
Erigim Tarihi: 07.09.2024

Aydogan, M., & Meral, H. (2024). Findik iiretiminin karlilig1 ve
findik isletmelerinin asgari gelir diizeylerinin belirlenmesi.
Tiirkiye Tarimsal Arastirmalar Dergisi, 11(1): 71-81.

Bayramoglu, Z., & Gilindogmus, E. (2007). Diinya findik
piyasasinin analizi. Gazi Universitesi [ktisadi ve Idari
Bilimler Fakiiltesi Ekonomik Yaklasim Dergisi, 18(65), 71-
89.

Bayyurt, D., & Deveci Kocakog, 1. (2023). Yapay sinir aglart NARX
ile Tirkiye findik tiretim miktar1 tahmini, Giresun
Universitesi Iktisadi ve Idari Bilimler Dergisi, 9(1), 15-35.

Biilbiil, M., & Tanrwvermis, H. (1999). Tiirkiye’de ekolojik ve
geleneksel findik iiretiminin ekonomik yapisi ve ihracat
potansiyeli. Karadeniz Bélgesinde Tarimsal Uretim ve
Pazarlama Sempozyumu, Samsun: Karadeniz Tarimsal
Arastirma Enstitiisti Yayinlari, Yilmaz Ofset.

Cabas, M. (2017). 1990 sonrasi findik ihracatinin Tiirkiye’nin dig
ticareti lizerine etkileri: Sakarya o6rnegi. [Yayimlanmamig
Yiiksek Lisans Tezi]. Sakarya Universitesi Sosyal Bilimler
Enstitiisii, Sakarya.

Celik, S. (2019). Modeling and estimation of potato Production in
Turkey with time series Analysis. International Journal of
Trend in Research Development, 6(5), 111-116.

Dickey, D.A., & Fuller, W.A. (1981). Likelihood ratio statistics for
autoregressive Time Series with a Unit Root. Econometrica,
49 (4): 1057-1072.

Erdal, G., & Uzunoz, M. (2008). Tiirkiye ve Avrupa findik fiyatlari
ve doviz kuru arasindaki nedensellik iliskisi. Uludag
Universitesi Ziraat Fakiiltesi Dergisi, 22(2), 47-56.

Esidir, K.A,, & Metin, S. (2021). arima yontemi ile tiiketici fiyat
endeksi tahmini. Iktisadi ve Idari Bilimler Alaninda
Uluslararasi Arastirmalar Dergisi. 978-625-7316-68-2.

Food and Agricultural Organization, Faostat (2024). Erisim Linki:
https://www.fao.org/faostat/en/#home
30.08.2024.

Hatirly, S.A., Oztiirk, E., & Aktas, A.R. (2008). Findik piyasasinda
fiyat gecirgenliginin analizi. Akdeniz Universitesi Ziraat
Fakiiltesi Dergisi, 21(1), 139-143.

Kaya, U, Akba, F, Medeni, .T, & Medeni, T.D. (2020). Bitcoin fiyat
degisimlerinin makine 6grenmesi, zaman serileri analizi ve

Erisim Tarihi:

derin 6grenme yodntemleriyle degerlendirilmesi. Bilisim
Teknolojileri Dergisi, 3(13), 341-355.

Kilig, TM., & Turhan, $. (2020). Tiirkiye’de findik ihracatinin box-
jenkins yontemiyle modellenmesi ve ihracat ongoriisii.
IBAD Sosyal Bilimler Dergisi (Milli Miicadele’nin 100. Yil
Ozel Sayist), 453-461.

Kirsahanoglu, S. (2022). Findik fiyatini etkileyen faktorlerin VAR
modeliyle analizi. Findik Ekonomisi. K.Y. Geng, Y. Mamur
Isikc1 & M. Ozdemir (Edt.), s. 165-182. Bursa.


https://www.fao.org/faostat/en/#home

Kaplan,, K., & Cicek, A. / JAFAG (2025) 42(1), 27-35

Kutlar, A, & Turgut, T. (2006). Tiirkiye’deki Baslica Ekonomi
Serilerinin  ARFIMA  modelleri ile tahmini
ongoriilebilirligi. Kocaeli Universitesi Sosyal ~Bilimler
Enstittisti Dergisi (11), s. 120-149.

Merdan, K. (2024). Tiirkiye’de findik ihracat talebine etki eden
faktorlerin ARIMA modeli ile tahmin edilmesi, Kastamonu

ve

Universitesi [ktisadi ve Idari Bilimler Fakiiltesi Dergisi, 26(1),
40-68.

S.  (2010).
karsilastirilmasi. Ege Universitesi Fen Bilimleri Enstitiisii.
Yiiksek lisans tezi.

Oghan, Zaman serisi analiz yontemlerinin

Oni, 0., & Akanle, Y. (2018). Comparison of exponential smoothing
models for forecasting cassava production. International
Journal of Scientific Research in Mathematical and Statistical
Sciences, 5(3), 65-68.

Ozciire, G. (2012). Tarim politikasina uyum perspektifinde
fiskobirlik ve findik {ireticilerinin ekonomik ve sosyal
sorunlarina ¢dziim arayislari. Kent Akademisi, 5(11), 105-
128.

Ozer, 0.0., & Yavuz, G.G. (2014). Box-Jenkins Modeli yardimiyla
findik fiyatlarinin tahmini. XI. Ulusal Tartm Ekonomisi
Kongresi, 3(5).

Pankratz, A. (1983). Forecasting with univariate box-jenkins
models: concept and cases. John, Wiley and sons, New
YorkIJRDO - journal of Agriculture and Research.(4), (12),
201813.

35

Parlaktuna, 1. (2009). Tiirkiye'nin findik ihracat1 analizi: 1980-
2007 doénemi Uygulamasi Iktisat, Isletme ve Finans,
24(277), 61-80.

Pektas, A.O. (2013). SPSS ile Veri Madenciligi, Dikeyeksen
Yayinlari, ISBN:978-605-86660-4-7, istanbul.

Perron, P. (1997). Further evidence on breaking trend functions
in macroeconomic variables. Journal of Econometrics, 80
(2): 355-385.

Sarimeseli, M., & Aydogus, O. (2000). Diinya findik piyasasinin
ekonomik analizi ve tiirkiye i¢in optimum politikalarin
saptanmasl. Ankara: Tarimsal Ekonomi ve Arastirma
Enstitiist.

Seyranliogluy, 0. (2022). Findik fiyatlari ile doviz kuru arasindaki
sakl iliskinin analizi. findik Ekonomisi. K.Y. Geng, Y. Mamur
Isik¢1 & M. Ozdemir (Edt.), s. 261-278. Bursa: Ekin.

Ugar, 0. (2014). Tiirkiye findik ihracat talebi. Uludag Universitesi
Sosyal Bilimler Enstitiisti, Bursa.

Uncomtrade (2024). United Nations Comtrade Database, Erisim
Linki:  https://comtradeplus.un.org/
28.09.2024

Usta, R. (2007). Tiirkiye'nin Findik Thracatinda Pazar ve Mamul
Gelistirme Calismalarinin 1996-2005 dénemi itibariyle

Erisim  Tarihi:

incelenmesi. Afyon Kocatepe Universitesi IIBF Dergisi, 9(1),
155-172.

Yavuz, F, Birinci, A., Peker, K, & Atsan, T. (2004). Tirkiye findik
sektorii ekonometrik modelinin olusturulmasi ve politik

analizlerde kullanimi.  Erzurum: Tarimsal Ekonomi

Arastirma Enstitiisti.


https://comtradeplus.un.org/

Journal of Agricultural Faculty of Gaziosmanpasa University
Gaziosmanpasa Universitesi Ziraat Fakiiltesi Dergisi

o JAFAG (2025) 42(1), 36-45
’ Z’: https://dergipark.org.tr/tr/pub/gopzfd

ISSN: 1300-2910
E-ISSN: 2147-8848
DOI: 10.55507 /gopzfd.1571083

&

oo“"’“sﬂ Unjy,

& 7

{ <

2 N\

2
9 Jo y°>

Research Article

Hybrid zoysia grass potential for turf use in transitional climate zones of Tiirkiye
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Abstract: This study aimed to determine the winter survival of Turkish hybrid zoysia grasses under the
transitional climate conditions of Isparta. The plant materials were the 214 hybrids developed from crosses
involving Zoysia japonica and Zoysia matrella parents, and five commercial cultivars (Emerald, Empire, JaMur,
Zenith, and Zeon) as controls. Spring green-up rates were assessed from May to July to evaluate post-winter
recovery and adaptation. The findings suggest that a total of 37 hybrids (17%) did not survive winter cold stress.
Significant variation in spring green-up rates was observed among the hybrids, with some outperforming both
parents, demonstrating transgressive segregation. A total of 63 hybrids (29%) achieved 100% spring green-up,
indicating their suitability for use in urban green spaces in regions with a transitional climate. Given the increasing
importance of water conservation, these selected hybrids are highly recommended for use in larger-scale green
area projects. Additionally, some hybrids outperformed commercial cultivars, suggesting that utilizing these locally
developed hybrid lines could reduce dependence on foreign turfgrass varieties while offering sustainable solutions
for landscape use without compromising turf quality.

Keywords: Hybrid lines, transitional climates, spring green-up, winter dormancy, zoysia grass.

Tiirkiye’nin gecis iklim bélgelerinde hibrit zoysia ¢ciminin kullanim potansiyeli

0z: Bu calisma, Isparta'nin gecis iklim kosullarinda Tiirk hibrit zoysia ¢cimlerinin kisin hayatta kalma oranlarini
belirlemeyi amaclamistir. Bitki materyali olarak Zoysia japonica ve Zoysia matrella ebeveynlerinin
caprazlamalarindan elde edilen 214 melez ve kontrol olarak bes ticari ¢esit (Emerald, Empire, JaMur, Zenith ve
Zeon) kullanilmistir. Kis sonrasi geri gelme ve adaptasyonu degerlendirmek amaciyla, Mayis'tan Temmuz'a kadar
yeniden yesillenme oranlari belirlenmistir. Bulgular, tiim hibritlerin %17’sini olusturan toplam 37 hibrit hattin kis
soguk stresine dayanamadigini gostermistir. Hibritler arasinda ilkbaharda yeniden yesillenme oranlarinda 6nemli
farkliliklar gozlemlenmis olup bazi hatlar her iki ebeveynden de daha iyi performans gdstererek transgresif agilim
sergilemistir. Toplamda 63 hibrit hat (%29) %100 yesillenme oranina ulasmis ve gegis iklimine sahip bolgelerdeki
kentsel yesil alanlarda kullanim icin uygun olduklarini gostermistir. Su tasarrufunun giderek daha fazla 6nem
kazandig1 g6z oniinde bulunduruldugunda, bu hibritlerin genis c¢apli yesil alan projelerinde kullanimi
onerilmektedir. Ayrica, bazi hibritler ticari ¢esitlerden iistiin performans sergilemis olup bu yerel hibrit hatlarin
kullanilmasi, ¢im sektériindeki disa bagimlilig1 azaltabilir ve yiiksek ¢im kalitesini korurken peyzaj kullanimina
stirdiirtlebilir ¢oziimler sunabilir.

Anahtar kelimeler: Hibrit hatlar, gegis iklimleri, ilkbaharda yeniden yesillenme, kis dormansisi, zoysia ¢imi.

1. Introduction agricultural irrigation, leading to widespread water
scarcity that affects millions of people and ecosystems.
Approximately 71% of the Earth's surface consists of
water; however, just 2.5% is freshwater, the majority of

Landscape design and management are essential for
the efficient use of water resources, crucial for
sustaining landscapes, enhancing aesthetic value, and o ) ] ) ]
o . which is sequestered in glaciers and aquifers (Kim &
maintaining ecological balance. However, the global ) i
Lee, 2002), with less than 1% available for human use

water crisis has intensified due to rising demand from
(Mishra, 2023). The depletion of water resources and

population  growth, industrial activities, and
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rising demand underscore the need for sustainable
water use strategies, especially in water-intensive
sectors like agriculture and landscape management.
Irrigated areas make up 20% of the world’s arable land,
consuming over 70% of global freshwater (Droogers et
al,, 2010). Thus, implementing water-saving techniques
in landscape design is essential. Xeriscaping employs
low water-requiring plants (Ozyavuz & Ozyavuz, 2012),
and drip irrigation to minimize evaporation and runoff
(Shareef et al., 2019), both of which are effective for
water conservation. Additionally, rainwater harvesting
systems capture and store rainwater for irrigation
2007),
preserve soil moisture and reduce evaporation (Patil

(Kinkade-Levario, while mulching helps
Shirish, 2013). These techniques enhance water

efficiency in landscapes, promoting ecological

sustainability and economic savings. Selecting
appropriate plants not only improves environmental
sustainability but also enhances aesthetic appeal,
conserves water, and protects biodiversity. Sustainable
resource management requires the use of low-water
plants in landscape designs due to the growing water

scarcity.

Durability reflects a plant’s ability to withstand harsh
environments. It is necessary to choose winter-hardy
species for colder climates and drought-resistant
varieties for hot, dry regions. For example, turfgrass
species like Cynodon dactylon L. (bermudagrass) and
Zoysia japonica Steud. (zoysia grass) are resilient to
drought and heavy foot traffic, making them ideal for
parks and sports areas in tropical and subtropical
regions. In transitional climates, where both cool-
season (C3) and warm-season (Cs4) turfgrasses can
thrive, choices should consider intended use, aesthetic
goals, maintenance capabilities, and sustainability
objectives. Cs turfgrasses are generally more suitable
due to their lower water requirements, which is
increasingly important in times of water scarcity. They
also demand less frequent irrigation, mowing,
fertilization, and pesticide application, resulting in
lower energy and material use, and a smaller carbon
footprint. However, Cakir & Tugluer (2021) revealed
that predominantly C3 turfgrass mixtures were used in
three urban parks in Isparta,

indicating an

underutilization of more sustainable turfgrass options.
Improving water use efficiency in landscape
management and agricultural irrigation is essential
under increasing water scarcity. One effective strategy

is using drought-resistant species and varieties, with Cs
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plants being significant alternatives due to their water-

saving potential. In transitional climate zones,
prioritizing Cs species over C3 can enhance sustainable
landscape practices by optimizing water use, making Cs

turfgrasses a better option for sustainable landscaping.

Zoysia grass is a perennial Cs turfgrass, valued for its
dense texture and resilience against drought, foot
traffic, weeds, diseases, and pests, and has recently
been adopted in Tirkiye. However, its widespread use
is limited because of slow growth rate, prolonged
establishment and dormancy periods, insufficient
adaptability studies for Tiirkiye's climates, and high
costs of seeded and hybrid varieties. Despite these
challenges, zoysia grass excels in shaded environments
compared to bermudagrass, which tends to thin out. It
also requires less maintenance, offers superior drought
tolerance, and provides dense coverage that suppresses
weeds.

The Zoysia genus includes eleven species, but only a few
are commonly used as turfgrass, including Z. japonica
(Steud.), Z. matrella, (L.) Merr,, Z. pacifica (Goudsw.) M.
Hotta & Kuroki, and hybrids like Z. japonica x Z. matrella
and Z. japonica x Z. pacifica (Magni et al.,, 2017). These
species differ in both morphological characteristics and
resilience to stress conditions (Riffell et al., 1995; Dunn
etal, 1999; Reinert & Engelke, 2001; White et al,, 2001;
Patton & Reicher, 2007; Trappe et al.,, 2011; Wherley et
al, 2011; Patton et al., 2017; Irkoriicii, 2018). Each
Zoysia species offers distinct advantages, suggesting
potential for increased use in Tiirkiye as research and
applications expand.

Hybridization in plants enhances genetic diversity and
improves specific traits, often resulting in new species
or varieties. Plant breeders commonly use this method
to develop high-performance varieties, with hybrid
zoysia grasses exemplifying this approach. These
hybrids, created by crossbreeding species like Z.
japonica, Z. pacifica, and Z. matrella, are particularly
well-suited for warm climates, making them ideal for
landscaping and sports fields due to their resilience.
Hybrids involving Z. japonica are especially promising
for transitional climates, offering cold resistance,
improved water use efficiency, disease resistance, and
lower maintenance requirements (Reinert & Engelke,
2001; White et al, 2001). The combination of Z
japonica and Z. matrella is advantageous, as Z. japonica
provides cold tolerance and rapid growth, while Z.
matrella offers finer texture, superior turf quality, and
better shade resistance (Patton et al, 2017). By
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selecting these species as primary and secondary
parents, breeders can create optimal traits for various
environments. It was hypothesized that hybrid zoysia
grasses with strong survival rates can establish high-
quality, spaces
transitional climate, serving as a viable alternative to

sustainable green in Tirkiye’s
traditional Cs grass species. This study aimed to
determine the winter survival potential of the Turkish
hybrid zoysia grass lines under the transitional climate
conditions of Isparta. The results of this study are
expected to contribute to the creation of high-quality

and sustainable green areas in transitional climates.
2. Materials and Methods

The field evaluation was conducted in Isparta province
(37.808333 °N, 30.527500 °E), Tiirkiye, during 2020
and 2021. A total of 214 hybrid lines developed through
reciprocal interspecific hybridizations between Z.
japonica and Z. matrella at Akdeniz University (Antalya,
Tiirkiye), as part of the “TAGEM/17/ARGE/15” project
were evaluated in the study. These hybrid lines, with
potential for use as turfgrass, were selected through a
preliminary evaluation of hybrid genotypes developed
based on general turfgrass characteristics such as
growth rate, leaf texture (coarse or fine), color (dark or
light green), and growth habit (dwarf or upright).
Alongside the hybrids, two zoysia grass lines (Z
japonica and Z. matrella) used as parents in the crosses,
and five commercially available zoysia grass cultivars
(Emerald, Empire, JaMur, Zenith, and Zeon) as controls
were included in the study. Commercially available
zoysia grass cultivars preferred in green spaces in the
Mediterranean region of Tiirkiye were selected for the
study. Their adaptation to Mediterranean growing
conditions of Tirkiye has been reported (Avcioglu &
Geren; 2012; Severmutlu et al.,, 2011a; 2011b; Kir et al,,
2018). The adaptation of the commercial varieties used
as controls has not been determined in Isparta. Among
the 214 hybrid lines, 80 were produced from the
crossbreeding of Z. japonica (?) with Z matrella (J),
while 134 lines resulted from the crossbreeding of Z.

matrella (?) with Z. japonica ().

The research area is located in the transitional climate
zone, which
continental climates. Based on 33 years of temperature
the
temperature for the province is 12.5 °C. Furthermore,

includes both Mediterranean and

observations for Isparta, annual average

the annual average maximum temperature is 19.0 °C,
whereas the annual average minimum temperature is

38

6.4 °C. The warmest months in Isparta are July and
August, and the coldest months are January and
February. The annual precipitation is 568 mm,
accompanied by average of 99 rainy days per year
(General Directorate of Meteorology, 2024). Table 1
presents the climate data for Isparta during the trial
showing  seasonal and

period, temperature

precipitation variations.

Table 1. Monthly climate data for Isparta: temperature
and precipitation averages.

Avg Avg. Avg. Avg.
' High Low Monthly
Months Temp. .
©C) Temp. Temp. Precip.
(Y] 9 (mm)
September2020 19.8 28.1 11.8 14.7
October 2020 14.5 23.2 7.6 35.6
November 2020 9.2 15.6 2.5 41.6
December 2020 4.5 9.2 1.3 58.9
January 2021 2.2 7.2 -1.2 60.7
February 2021 3.8 8.7 0.5 50.1
March 2021 7.1 13.0 1.6 52.3
April 2021 11.8 18.4 5.2 48.9
May 2021 17.0 19.0 9.3 49.8
June 2021 21.2 23.5 13.4 28.9
July 2021 25.1 324 17.1 17.8
August 2021 24.6 33.1 16.8 15.4
Table 2. Soil properties of the trial area.
Analysis Name Analysis Method Unit Results
Bouyoucos
Sand Hydrometer % 32
Texture  Silt Bouyoucos % 25
Hydrometer
Bouyoucos
Clay Hydi‘,ometer % 43
EC (1:2.5) dS/m  0.22
pH (1:2.5) - 7.81
Lime (Calcimetric) % 14.41
Organic Matter (Walkley Black) % 1.10
Nitrogen (Kjeldahl) ppm 650
(Olsen-
Phosphorus Spectrophotometer) ppm 1150
Potassium (A. Acetate-AAS) ppm 210.77
Calcium (A. Acetate-AAS) ppm 8,798.20
Magnesium (A. Acetate-AAS) ppm 611.22
Iron (DTPA-AAS) ppm 2.74
Copper (DTPA-AAS) ppm 1.29
Manganese (DTPA-AAS) ppm 8.65
Zinc (DTPA-AAS) ppm 0.98

The field treatment plots, measuring 1 m x 1 m, were
organized in a trial designed as a randomized complete
block with three replications. The soil sample taken
from a depth of 0-30 cm from the experimental field
was analyzed in accordance with the principles
reported by Jackson (1962). The pH, salinity, organic
matter content, texture classes, and nutrient contents
of the soil in the experimental field are presented in
Table 2. The experimental field has a clay loam texture,
non-saline (low EC), slightly alkaline pH, high lime, and
low organic matter content.
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Prior to planting, the trial area was cultivated between
August and September and mechanically cleared of
weeds. The topsoil was graded and rolled to ensure an
even surface. Throughout the trial period, no fertilizers
or pesticides were applied. On September 21, 2020,
three grass plugs were harvested from each genotype
cultivated in the Akdeniz University Research Field
using a grass profile sampling tool with a diameter of
10.8 cm (A = 91.61 cm?). The harvested grass profiles
were promptly transported to Isparta, where they were
individually planted in the designated plots on the same
day. Following planting, irrigation was applied using a
sprinkler system at a rate of 7 mm three times daily for
two weeks to support establishment and subsequently
reduce visual turfgrass stress symptoms. Weeds were
mechanically controlled at regular intervals, and no
incidents requiring pest control were recorded.

The assessment of spring green-up, indicative of both
the transition from winter dormancy to active spring
growth and winter survival, was conducted between
May and July. Spring green-up was quantified using a
visual estimate scale ranging from 0% to 100%, where
0% indicates the absence of green vegetation cover and
100% signifies complete coverage of the plot with
green vegetation (Severmutlu et al., 2011b). The data
were analyzed using the PROC GLM procedure in SAS
(version 9.1; SAS Institute, Cary, NC, USA). Mean
comparisons were performed using Fisher’s protected
least significant difference (LSD) test at a 0.05
significance level.

3. Results and Discussion

The optimal growth temperature for Zoysia species
ranges from 25 to 35 °C (Xie, 2015). Like other Cs
turfgrass species, Zoysia species enter a dormant state
during the fall and winter months as temperatures
decrease. Zoysia species and cultivars vary in their
genetic ability concerning the onset of dormancy,
tolerance to low temperatures in winter months, and
coming back from dormancy in the spring (Pompeiano
et al. 2014; Engelke & Anderson 2003). During the
dormant period, turfgrasses lose their green color and
turn straw yellow, and they typically return to their
green color as temperatures rise in the spring.
Consequently, it is advantageous for warm-season
turfgrasses to enter dormancy late in the fall and to
green up early in the spring, maintaining their green
color for an extended period. As air temperatures
dropped in late November, hybrid zoysia grasses began
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to enter dormancy. From mid to late May, as
temperatures began to rise, the plants began their
green-up phase. Table 3 presents data on the spring
green-up of the hybrids observed between May and July.
Spring green-up refers to the transition of dormant
turfgrass from a winter-damaged state to active growth
(Morris & Shearman, 2006). The data on the spring
green-up of the genotypes are critical for assessing
their post-winter adaptation success. Understanding
these characteristics can help to identify and develop
more resilient cultivars that can withstand winter
stresses and recover effectively in the spring. While
most hybrids exhibited a relatively low spring green-up
rate on May 19, a significant increase was observed
from June 10 onwards. This trend suggests that the
spring green-up process accelerated in response to the
increased temperatures observed in the second half of
May. Similarly, Rimi et al. (2011), Severmutlu et al.
(2011b), Pompeiano et al. (2014) and Oh et al. (2015)
reported that rising temperatures accelerate spring
green-up. This phenomenon is attributed to enhanced
photosynthetic activity and metabolic processes
stimulated by temperature fluctuations. Significant
differences were found among hybrids in the spring
green-up rate (Table 3). For example, the M]J46
genotype showed a 60% spring green-up on the 19t of
May, while many of the other genotypes did not begin
the spring green-up process on that date.

These results highlight the existence of considerable
variation in the genetic ability of hybrids to adapt to the
prevailing climatic and soil conditions in the region.
Previous studies have also reported both intra- and
interspecific variation in spring green-up temperatures
among Cs turfgrasses (Croce et al., 2001; Severmutlu et
al,, 2011b). The 63 different hybrids (29%) namely, M-
14, J]M-19, JM-25, JM-30, JM-38, ]M-4, ]M-7, ]M-9, ]M-
e46, JM-e47, JM-e51, JM-e55, JM-G75, ]M-h77, JM-h79,
JM-z57, ]M-z61, [M-z62, ]M-z69, ]M-z74, ]M-zm1, JM-
zm3, MJ-103, MJ-104, MJ-11, MJ-111, MJ-112, MJ-12,
MJ-17, MJ-18, M]-22, MJ-24, M]-25, M]-26, M]-42, M]-44,
MJ-46, M]-49, MJ-5, MJ-50, M]-53, MJ-54, MJ-56, M]-59,
MJ-6, MJ-62, MJ-65, M]-69, M]-74, M]-8, M]-87, M]-88,
MJ-92, MJ-95, MJ-e115, MJ-e116, M]-mz1, MJ-mz10, M]J-
mz2, MJ-mz4, MJ-mz9, MJ-T2, and MJ-T5 exhibited a
rapid spring green-up process beginning on May 19,
achieving a 100% spring green-up rate within a short
period. These hybrid
candidates for successful adaptation in transitional

lines represent promising

climate, such as Isparta.
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Table 3. Spring green-up rates (%) of the genotypes.

No. Genotypes May 19 June 10 June 22 July 1 No Genotypes May 19 June 10 June 22 July 1
Commercial Cultivars 65 JM-z62 10 0 70 100
1 Emerald 1 5 10 25 66 JM-z63 5 15 40 75
2 Empire 5 15 85 100 67 JM-z64 0 0 0 0
3 JaMur 25 75 100 100 68 JM-z65 5 10 40 80
4 Zenith 20 30 60 90 69 JM-z66 5 10 35 70
5 Zeon 5 25 50 85 70 JM-z67 5 15 25 50
Parental Lines 71 JM-z68 5 35 60 90
1 Z. matrella 1 8 15 30 72 JM-z69 10 40 85 100
2 Z. japonica 0 10 35 72 73 JM-z70 5 25 55 85
Hybrids (Z. japonica? x Z. matrellad) 74 JM-z71 0 0 5 10
1 JM-10 5 10 45 70 75 JM-z72 5 5 10 20
2 JM-11 5 10 35 60 76 JM-z73 1 0 0 0
3 JM-12 5 10 20 40 77 JM-z74 10 30 70 100
4 JM-13 5 25 60 90 78 JM-zm1 35 90 100 100
5 JM-14 10 35 70 100 79 JM-zm2 10 30 70 95
6 JM-15 1 5 20 40 80 JM-zm3 5 35 70 100
7 JM-16 5 20 50 70 Hybrids (Z matrella? x Z. japonicad)
8 JM-17 0 0 0 0 1 MJ-1 0 0 0 0
9 JM-19 35 90 95 100 2 MJ-10 5 35 75 95
10 JM-2 5 35 55 85 3 MJ-100 0 0 0 0
11 JM-20 0 10 0 0 4 MJ-101 5 35 55 90
12 JM-21 5 5 30 50 5 MJ-102 1 10 35 55
13 JM-22 0 0 0 0 6 MJ-103 15 50 90 100
14 JM-23 5 25 45 75 7 MJ-104 5 25 70 100
15 JM-24 10 15 40 70 8 MJ-105 0 0 0 0
16 JM-25 10 40 70 100 9 MJ-106 0 0 0 0
17 JM-26 5 1 30 75 10 MJ-107 1 20 45 75
18 JM-27 0 0 0 0 11 MJ-108 0 0 0 0
19 JM-28 0 0 0 0 12 MJ-109 5 20 70 85
20 JM-29 5 25 50 85 13 MJ-11 10 45 95 100
21 JM-3 5 35 60 90 14 MJ-110 1 0 5 20
22 JM-30 10 30 65 100 15 MJ-111 5 40 85 100
23 JM-31 10 35 60 95 16 MJ-112 10 35 70 100
24 JM-32 0 25 45 70 17 MJ-113 10 20 50 75
25 JM-33 1 10 40 75 18 MJ-114 5 15 40 75
26 JM-34 5 10 30 65 19 MJ-12 15 90 100 100
27 JM-35 0 0 0 0 20 MJ-13 10 35 50 80
28 JM-36 0 0 0 0 21 MJ-14 0 1 5 10
29 JM-37 0 0 10 25 22 MJ-15 5 15 50 85
30 JM-38 35 45 100 100 23 MJ-16 5 25 65 95
31 JM-39 0 0 0 0 24 MJ-17 15 25 90 100
32 JM-4 10 35 75 100 25 MJ-18 10 25 75 100
33 JM-40 15 25 60 85 26 MJ-19 0 0 0 0
34 JM-41 1 5 10 25 27 MJ-2 0 5 10 25
35 JM-42 0 0 0 0 28 MJ-20 5 15 40 65
36 JM-43 0 0 0 0 29 MJ-21 0 5 10 15
37 JM-44 1 10 40 65 30 M]J-22 20 30 80 100
38 JM-5 10 30 70 95 31 MJ-23 5 30 50 80
39 JM-6 0 0 0 0 32 MJ-24 10 40 32 100
40 JM-7 20 50 80 100 33 MJ-25 20 50 90 100
41 JM-8 5 30 50 85 34 MJ-26 5 45 80 100
42 JM-9 10 45 75 100 35 MJ-27 5 25 50 85
43 JM-e44 0 0 0 0 36 MJ-28 5 20 50 85
44 JM-e46 10 40 95 100 37 MJ-29 5 25 55 70
45 JM-e47 10 35 75 100 38 MJ-3 0 0 0 0
46 JM-e48 5 10 55 80 39 MJ-30 5 15 39 85
47 JM-e49 10 35 55 85 40 MJ-31 0 0 0 0
48 JM-e50 10 10 35 70 41 MJ-32 5 15 35 70
49 JM-e51 25 90 100 100 42 MJ-33 0 0 0 0
50 JM-e52 1 1 5 20 43 MJ-34 1 10 20 35
51 JM-e53 0 0 0 0 44 MJ-35 5 35 60 95
52 JM-e54 5 5 15 25 45 MJ-36 5 30 50 80
53 JM-e55 10 40 95 100 46 MJ-37 10 30 75 95
54 JM-g75 15 50 90 100 47 MJ-38 15 45 60 85
55 JM-h76 5 15 50 85 48 MJ-39 0 10 30 60
56 JM-h77 40 50 85 100 49 MJ-4 0 5 15 30
57 JM-h78 0 1 10 25 50 MJ-40 5 15 50 80
58 JM-h79 30 95 100 100 51 MJ-42 20 90 100 100
59 JM-z 5 10 10 25 52 MJ-43 1 5 10 25
60 JM-z56 10 45 45 75 53 MJ-44 5 30 70 100
61 JM-z57 10 45 80 100 54 MJ-45 0 10 30 70
62 JM-z59 1 1 10 25 55 MJ-46 60 90 100 100
63 JM-z60 5 5 10 20 56 MJ-47 5 20 55 85
64 JM-z61 15 40 70 100 57 MJ-48 0 5 5 20

40
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Table 3. Spring green-up rates (%) of the genotypes (continued).

No. Genotypes May 19 June 10 June 22 July 1 No. Genotypes May 19 June 10 June 22 July 1
58 MJ-49 5 30 80 100 97 M]-84 0 0 0 0
59 MJ-5 5 30 70 100 98 M]-85 5 15 40 80
60 MJ-50 5 15 70 100 99 M]-86 5 30 55 85
61 MJ-51 5 20 45 75 100 M]J-87 15 40 85 100
62 M]J-52 1 15 20 40 101 M]-88 10 70 85 100
63 MJ-53 10 45 70 100 102 M]-89 5 25 60 85
64 MJ-54 10 45 85 100 103 MJ-9 5 25 60 90
65 MJ-55 5 1 10 25 104 MJ-90 5 5 45 85
66 MJ-56 10 75 80 100 105 MJ-91 1 0 5 10
67 MJ-57 5 30 65 95 106 M]J-92 15 45 100 100
68 MJ-58 0 0 0 0 107 MJ-93 5 20 60 85
69 MJ-59 20 35 75 100 108 MJ-94 5 25 55 85
70 MJ-6 5 30 70 100 109 MJ-95 15 40 90 100
71 MJ-60 5 10 15 30 110 MJ-96 5 10 40 80
72 MJ-61 0 0 0 0 111 M]J-97 5 10 40 65
73 M]J-62 10 40 100 100 112 M]-98 1 5 10 25
74 MJ-63 0 0 0 0 113 MJ-99 0 0 0 0
75 MJ-64 0 0 0 0 114 MJ-e115 10 40 70 100
76 MJ-65 15 60 90 100 115 MJ-el16 10 40 85 100
77 MJ-66 0 5 15 30 116 MJ-mz1 10 40 75 100
78 MJ-67 1 5 5 15 117 MJ-mz10 10 40 95 100
79 M]-68 0 0 0 0 118 MJ-mz11 5 40 40 75
80 MJ-69 5 20 50 100 119 MJ-mz12 1 10 10 25
81 MJ-7 0 0 0 0 120 M]-mz2 35 80 95 100
82 M]J-70 5 15 35 70 121 MJ-mz3 0 0 10 20
83 MJ-71 1 0 10 30 122 MJ-mz4 10 30 70 100
84 M]-72 0 0 0 0 123 M]-mz5 1 5 35 70
85 MJ-73 1 15 65 90 124 MJ-mz6 0 0 0 0
86 MJ-74 5 25 70 100 125 MJ-mz7 0 0 0 0
87 M]J-75 1 15 35 75 126 M]-mz8 5 10 50 80
88 MJ-76 0 0 0 0 127 MJ-mz9 10 35 70 100
89 MJ-77 5 5 30 65 128 MJ-T1 5 20 60 95
90 M]-78 10 25 45 70 129 MJ-T2 15 40 80 100
91 M]7-9 1 5 40 75 130 MJ-T3 1 5 10 20
92 MJ-8 30 75 100 100 131 M]-T4 1 15 40 70
93 M]-80 10 20 20 40 132 MJ-T5 10 45 85 100
94 M]J-81 1 1 10 20 133 MJ-T6 5 20 35 55
95 M]J-82 0 0 0 0 134 MJ-T7 5 5 10 15
96 M]-83 5 5 20 50 LSDo.05 4.9 9.6 13.2 16.8

On the other hand, 37 hybrids (17%) including JM-17,
JM-20, ]M-22,]M-27,]M-28, JM-35,]M-36,]M-39,]M-42,
JM-43, JM-6, ]Me-44, ]Me-53, ]Mz-64, ]Mz-73, MJ-1, MJ-
100, MJ-105, MJ-106, MJ-108, MJ-19, MJ-3, M]-31, MJ-
33, MJ-58, MJ-61, MJ-63, M]-64, M]-68, M]-7, M]-72, M]-
76, M]-82, MJ-84, MJ-99, M]J-mz6, and MJ-mz7 had a 0%
spring green-up rate, indicating they suffered from
winterkill and fully died out. These hybrids probably
did not initiate dormancy until it got too cold for them
to survive under cold winter conditions in Isparta.
These underperforming hybrid lines may have slower
growth rates or be less tolerant of environmental
stresses. These hybrids may require very short
dormancy and it may be conceivable to test these
hybrids
conditions to evaluate their adaptability and survival.

in regions having mild winter climatic

To effectively illustrate the overall spring green-up
performance trends, the analysis conducted using
quartiles (25%) is presented in Table 4. A significant
proportion of the hybrids (49%) exhibited relatively
high performance, achieving a spring green-up rate of
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76% or above by July 1. These elevated adaptation rates
suggest that certain hybrid zoysia grasses may
represent a promising option for transition climatic
zones. This performance is particularly important
considering that hybrid zoysia grasses have been
highlighted in literature for their superior tolerance to
environmental stressors, including drought and cold.
Beard (1973) reported that zoysia grass had a greater
tolerance to freezing than other warm-season turf
grasses, and Dunn et al. (1999) demonstrated a wide
range of cold tolerance among zoysia grass cultivars.
The high spring green-up rates of some genotypes,
which reached 100% green-up, echo the results of the
study by Pompeiano et al. (2014), who reported strong
adaptability and rapid green-up in certain Zoysia
genotypes in the transitional climate zone of Italy.
Figure 1 visualizes the frequencies and distribution of
spring green-up rates across the genotypes on the
specified observation dates.

0% spring green-up: This group includes 37 distinct
hybrids, which faced difficulty adapting to Isparta's
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climate. This suggests that these hybrids probably
suffered from winter Kkill Surprisingly, in 15 of these
hybrids (41%), the maternal parent was Z. japonica
which is well known for its best tolerance to low
temperatures among all zoysia grass species (Emmons,
2000). This result suggests that resistance to cold
temperatures may not be associated with maternal
inheritance. It also further indicating large intra and
inter-specific variation exist among zoysia grasses.
Overall the hybrids in this group apparently have low
dormancy requirements and, hence do not become
dormant before the onset of cold winter onset. Hence,
they could not survive winter cold in a non-dormant
state, making these genotypes unsuitable for Isparta.

1-25% spring green-up: The range encompasses 25
distinct hybrids. The genotypes that demonstrated
markedly suboptimal spring green-up performance
were also unable to thrive in the environmental
conditions of Isparta. The inability of these genotypes
to demonstrate complete spring green-up can be
attributed to their higher temperature requirements
and their relatively slow growth /regeneration habit.

26-50% spring green-up: A total of 12 hybrids are
present within this group. The genotypes exhibited
low-to-medium spring green-up rates. These genotypes
exhibited some degree of success, although the results
were far from optimal. Since their regional adaptations
have only been partially achieved, further improvement
studies are necessary to enhance success in other
settings. These genotypes may exhibit greater efficacy
under certain ecological niches where springs are
earlier or warmer than Isparta region.

51-75% spring green-up: A total of 34 genotypes within
this group have shown relative success in adapting to
the climatic conditions of Isparta. These genotypes
were characterized by their relatively high spring
green-up rates and moderate resistance to stress
factors. Further testing is necessary to ascertain the
optimal conditions for these genotypes. There is
potential for these genotypes to be cultivated on a
larger scale, provided they continue to adapt well to the
prevailing environmental conditions. The likelihood of
these genotypes serving as a sustainable option in the
transitional climate zone is considerable.

76-99% spring green-up: The presence of 43 distinct
genotypes within this group indicates significant
These
genotypes are promising regarding both spring green-

performance under Isparta conditions.

up, winter survival, and overall adaptation to the
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region. Utilizing these genotypes in green spaces in

will potentially contribute to water

Additionally,
genotypes in different transition zones could help

Isparta

conservation efforts. testing these
determine their success in other regions. Future studies
should focus on a more detailed examination of these
genotypes, particularly evaluating characteristics such

as drought tolerance and water use efficiency.

100% spring green-up: This group includes 63 distinct
genotypes, demonstrating a notable degree of success.
These genotypes are well-suited to both the climatic
and environmental conditions of Isparta, indicating
that they can effectively complete their growth cycles. It
is recommended that these genotypes be widely
disseminated and serve as references for future similar
projects. They may represent optimal choices for water
conservation, durability, and longevity. Future studies
should conduct a more detailed examination of these
genotypes, focusing on their drought tolerance and
water use efficiency. The genotypes in this group show
potential for commercial application since their
performance is likely to be comparable to, if not
superior to, that of currently available commercial
genotypes. However, their success should be validated
through testing in larger areas. Moreover, assessments
of their stress resistance and other turf performance
characteristics are crucial before implementing them
widely.

To provide a comprehensive assessment, Table 5
presents the means, standard deviations, and ranges for
the spring green-up data of the hybrids, parental lines,
and commercial cultivars used in the study. The
findings show that, up until the second half of June,
some of the hybrids outperformed commercial checks
in terms of spring green-up performance and then
showed comparable results. For example, on June 10,
the spring green-up ratio of some hybrids was as high
as 95%, whereas it was only between 5 and 75% in the
commercial cultivars. Commercial zoysia grass
varieties used in this study are widely used in the
turfgrass market in Tiirkiye. These lines serve as
benchmarks, showcasing stable performance under
specific environmental conditions. To evaluate the
commercialization potential of hybrid lines, it is crucial
with
commercial varieties. Such comparisons highlight the

to conduct direct comparisons existing

relative advantages or disadvantages of the hybrid
lines, providing insight into their competitive position
against current market alternatives.



Cakir, M., & Sever Mutly, S. / JAFAG (2025) 42(1), 36-45

Several individual hybrid lines, including MJ-46 and JM-
19, have surpassed the performance of all the
commercial checks, which in turn indicates their
potential for commercialization. The commercial
cultivars also demonstrated significant differences in
their spring green-up rate among them. JaMur and
the
measurement periods, reaching 100% green-up in June
22 and July 1, respectively. Emerald ranked the lowest,

Empire consistently excelled throughout

achieving a maximum spring green-up rate of only 25%
in Isparta. Zeon followed with a maximum rate of 85%,
showing gradual improvement over time. Zenith
attained a maximum spring green-up rate of 90%.
Empire also performed well, reaching a maximum of
100%.
especially JaMur and Empire also supports the

The performance of commercial varieties,

hypothesis that zoysia grass can be an alternative to C3
turfgrass species in [sparta.

In hybridization studies, the performance and genetic
characteristics of parental genotypes determine the
quality and adaptability of the resulting hybrids. The
parents play a crucial role in determining the hybrids'
resistance to various stress factors, including diseases,
drought, and adverse climatic conditions. Comparative
analyses are essential for assessing the degree of
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genetic divergence between the hybrids and their
parent varieties. By evaluating the hybrids in relation to
the parental lines, researchers can ascertain whether
the desired traits have been effectively expressed in the
hybrid lines. The parental lines exhibited lower spring
green-up rates compared to the hybrids. On June 10,
when the mean spring green-up rates of Z. japonica and
Z. matrella parents were 10% and 8%, respectively, the
average spring green-up rate of hybrids (n = 214)
varied from 0 to 95% (Table 5). Thus, transgressive
segregation was evident for earlier spring green-up and
better winter survival among hybrid progenies. In
general, the parental line Z japonica demonstrated
better spring green-up performance than Z. matrella.

Table 4. Distribution of genotypes according to spring
green-up rates as of July 1.

Spring green-up Number of the % of all
percentage range genotypes genotypes
0% (15)0+(22)==37 17

1% - 25% (10)+(15)=25 12
26% -50% (8)+(4)=12 6
51% - 75% (14)+(20)=34 16

76 % - 99% (15)+(28)=43 20
100% (22)+(41)=63 29

9, °: Numbers in the first parentheses represent Z. japonica ? x Z.
matrella & hybrids, and numbers in the second parentheses
represent Z matrella ? x Z. japonica & hybrids.
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Figure 1. Spring green-up frequency distribution of genotypes.
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Table 5. Means, standard deviations, and ranges for spring green-up of hybrid zoysia grass genotypes developed

from crosses of Z. japonica with Z. matrella along with parental lines and five commercial zoysia grass cultivars

(Emerald, Empire, JaMur, Zenith, and Zeon) in Isparta, Tiirkiye.

Commercial Cultivars Parental Lines Hybrid lines
Z. japonica Z. matrella Z. japonica? x Z. matrellad Z. matrella? x Z. japonicad
X+SE m-M X+ SE Xto X+ SE m-M X+ SE m-M
May 19 11.2+2.49 1-25 0.0+0.00 0.5+0.00 7.40+0.57 0-40 6.03+0.39 0-60
June 10 30.0+6.53 5-75 10.0£1.15 7.5+1.44 21.80+1.48 0-95 21.78+1.04 0-90
June 22 61.0+7.51 10-100 35.0+1.73 15.0+1.73 42.63+2.09 0-100 44.51+1.62 0-100
July 1 80.0+6.45 25-100 71.7¢1.15 30.0+1.73 61.19+2.50 0-100 63.25+1.91 0-100

X: Mean; SE: Standart Error; m: Minimum; M: Maximum

4. Conclusion

This study represents one of the first comprehensive
investigations into the performance of Zoysia species in
the transitional climate zones of Tirkiye. It found that
some hybrid zoysia grasses are more resilient to winter
cold and green up faster in spring, with 50% showing
green-up rates between 76% and 100%, outperforming
commercial cultivars. These Turkish-origin local
hybrids have strong potential for reducing water usage
in green areas and may reduce dependency on

imported turfgrass.

Since the study was conducted only in Isparta, the
findings may not be generalizable to other regions.
Further studies are needed in both transitional and
different climatic zones. Evaluating the performance of
these hybrids in different climatic and soil conditions
may help to better understand the general adaptation
potential of the zoysia grasses. Moreover, additional
research should be done on the long-term performance
of these hybrids, especially their resilience to deficient
irrigation conditions and climate change.
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Abstract: The study was carried out in Ikizce Research Farm of Field Crops Central Research Institute in 2014 and
2015 . The experiment was established according to random blocks experimental design with three replicates and
0,4, 8,12 and 16 kg/da nitrogen applications were made. Normalized difference vegetation index (NDVI) readings
were taken with a portable handheld GreenSeeker device throughout the growing season. Spectroradiometer
readings were taken in each plot from sowing to harvest. In addition, the relationships between biophysical
characteristics of the plant and yield values were determined. The measured spectroradiometer values were used
to calculate various plant indices reported in the literature. Considering the phenological development periods
between 2013 and 2014 in Haymana, the correlation values between grain yield and spectral indices (r? <0,277)
in the early period (Feekes 1-9) from emergence to stalk emergence were lower than the values (r* <0,603) in the
late period (Feekes 10-11,4). The correlation values of the first ten indices (SR-5, SR-8, NDI-2, OVI, SR-2, SR-17,
NDVI-3, SR-10, NDI-1, NVI) in the late development period (flowering) ranged between R*=0.453-0.603 and Green
+ Red + Red Border + Near Infra-Red (NIR) bands were prominent. The highest correlations between grain yield
and spectral indices were determined at the beginning of flowering (26 May 2015) and correlation values ranged
between R%= 0.930-0.889 for the first ten indices for 2014-2015 growing season. The prominent indices in this
period were NVI, SR-8, SR-11, SR-5, SR-17, OV, SR-2, SR-1, ZTM, SR-16, respectively. These indices were in located
in the 550-900 nm band range, in the green+red+red+red edge (Red Edge) + Near Infrared (NIR) range on the
electromagnetic spectrum. The use of spectral data in early yield estimation in wheat is important in terms of
guiding national agricultural policies. The application and dissemination of this estimation method in yield
estimations in different locations in the future will provide great convenience.

Keywords: Wheat, indice, estimation, spectral reflectance, yield.
Kislik bugday icin erken dénem verim tahmininde bitki indekslerinin kullanimi

Oz: Calisma 2014 ve 2015 yillarinda Tarla Bitkileri Merkez Arastirma Enstitiisii ikizce Arastirma Ciftliginde
yuritilmiistir. Deneme tesadiifi bloklar deneme desenine gore kurulmus, ti¢ tekerrirlii olmak tizere, 0, 4, 8, 12 ve
16 kg/da azot uygulamalar1 yapilmistir. Bitki yetisme donemi boyunca tasinabilir el GreenSeeker cihazi ile NDVI
okumalar1 yapilmistir. Her parselde ekimden hasada kadar gelisme peryodu boyunca spektroradyometre
okumalar1 yapilmis, bunun yanisira bitkinin biyofiziksel o6zellikleri ile verim degerleri arasindaki iligkiler
belirlenmistir. Olgiilen spektroradyometre yansima degerlerinden faydalanilarak literatiirde verilen cesitli bitki
indeksleri hesaplanmistir Haymanada 2013 -2014 yillar1 arasinda fenolojik gelisme ddnemleri gozoniine
alindiginda ¢ikistan sapa kalkmaya kadar olan erken déonemde (Feekes 1-9), dane verimi ile spektral indeksler
arasindaki korelasyon degerleri (r <0,277), ciceklenmeden danenin sararmasina kadar devam eden ge¢ donemdeki
(Feekes 10-11,4) korelasyon degerlerine gore (r <0,603) diisiik seyretmistir. Ge¢ gelisme doneminde (Ciceklenme)
one ¢ikan ilk on indeksin (SR-5, SR-8, NDI-2, OVI, SR-2, SR-17, NDVI-3, SR-10, NDI-1, NVI) korelasyon degerleri
R?=0,453-0,603 arasinda degismis ve Yesil+Kirmizi+Kirmizi Simir+Yakin Kizil Otesi bandlar 6n plana ¢ikmistir.
2014-2015 gelisme doneminde dane verimi ile spektral indeksler arasindaki korelasyonlarin en yiiksek oldugu
donem ciceklenme baslangici (26 Mayis 2015) olarak belirlenmis, korelasyon degerleri ilk on indeks i¢in r= 0.930-
0.889 arasinda degismistir. Bu donemde 6ne ¢ikan indeksler sirasiyla NVI, SR-8, SR-11, SR-5, SR-17, OVI, SR-2, SR-
1, ZTM, SR-16 seklinde siralanmistir. Bu indeksler 550-900 nm bant araliginda, elektromanyetik spektrum
tizerinde yesil+kirmizi+kirmizi sinir (Red Edge) +Yakin Kizil Otesi (NIR) aralikta yer almistir. Spektral verilerin
bugday ‘da erken dénemde verim tahmininde kullanimi tlkesel tarimsal politikalara yon vermesi agisindan
6nemlidir. Bu bakimdan gelecekte farkli lokasyonlarda rekolte tahminlerinde bu tahmin yénteminin uygulanmasi
ve yayginlastirilmasi biiytik kolayliklar saglayacaktir.

Anahtar kelimeler: Bugday, indeks, tahmin, spektral yansima, verim.
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1. Introduction

The impact of the plant's environment and its growth
may be assessed by vegetation indices, regardless of
the growing environment. Plant water requirement,
fertilization, climate and soil properties significantly
alter the yield of crop plants. Crop simulation models
mimic these inputs to estimate the expected yield in
yield estimation for a specific region.Vegetation indices
can determine the response of the plant to the
the
relationships in plant growth. Normalised vegetation

environment without considering complex
difference index (NDVI) is a widely used vegetation
index. It was developed by Deering (1978). NDVI is
related to the amount of nitrogen in the plant,
chlorophyll content and green biomass. Plants absorb
red (RED) wavelength light it

photosynthesis, so they reflect less in this region, while

and use for
they reflect more near infrared (NIR) wavelength light.
NDVI is calculated from the ratio of these two
wavelength reflectance differences to their sum, i.e,,
NDVI = (NIR-RED) / (NIR+RED). Several studies have
shown high correlations between vegetation indices
derived from spectral observations and standard plant
traits such as plant height, coverage and planting
density number (Raun et al., 2005 and Stone et al,,
1996).
agriculture, because they allow fast and efficient

Vegetation indices are widely wused in
detection of vegetation change and are easy to apply
(Cattani et al., 2017). Studies have shown that plants
show the most typical reflection in the NIR region (400-
1100

measurements in plants are concentrated in the NIR

nm). Therefore, spectro radiometric
region (Basyigit and Ding, 2001).

Vegetation indices help to reveal the spectral
reflectance characteristics of plants more clearly on
green vegetation and help to eliminate negative effects
caused by soil and other factors (Huete et al. 1985;
Major et al. 1990). Spectral reflectance values provide a
correlation between plant health and leaf biochemical
concentration (Curran, 1989). Spectral indices can be
measured on a single leaf of the plant or on a canopy.
Values obtained from single leaf measurements neglect
the influence of environmental conditions to a greater
extent, while canopy measurements give larger scale
values. Leaf-scale trials are rather used to obtain
information on the chlorophyll concentration of whole
branches from the biochemical concentration of the
leaf from cellular reflections in plant tissues (Carter and

Spiering, 2002). Gamon (1992) concluded that the use
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of multi-band indices is necessary to observe changes
in plants rich in pigments such as carotenoids. These
normalised index values are effectively used to reveal
the biophysical parameters of plants using the spectral
bands of vegetation (red and near infrared).

Reflectance values in the RED band range are inversely
related to the amount of chlorophyll in plants, while
reflectance values in the NIR infrared band range are
directly related to leaf area (Tucker 1979). Spectral
indices have been widely used in many agricultural
applications to compare different growth patterns at
field, regional and global scales (Elvidge and Chen,
1995).
integrated with remote sensing technology to estimate

Geographical information systems are
bio-physical data and to measure plant biomass
(Aparicio, etal., 2000). Raun et al. (2001), estimated the
by

measurements after dormancy and to determine the

potential yield of winter wheat spectral
relationship between the estimated yield and the actual
yield in nine locations. The results indicated that there
was a significant relationship between the yield
calculated from the readings made at Feekes 4-5 (ZD
31) and the actual yield at the level of (r = 0.50**).
Spectral vegetation index (NDVI) measurements made
in wheat in the early period can help to calculate the
differences in the light utilization capacity of genotypes
as well as differences in their biomass can be calculated.
This value (NDVI) also gives an idea about the
photosynthetic capacity in relation to the total
chlorophyll content in the biomass (Gutierrez-
Rodriguez et al. 2004). Another environmental factor
determining plant yield is cumulative temperature. The
correlation between phenologically calculated growing
degree days GDD and NDVI (Normalised Difference
Vegetation Index) data during the growing season is
very high (Karlsen et al., 2005). Raun et al. (2001),
found that spectral measurements (NDVI) at different
growth stages of winter wheat have a very significant
relationship with total biomass in determining yield
potential. Vegetation indices have been used to
crop the

environmental burden of agriculture. Easy-to-use and

increase production and reduce
effective measuring devices have been developed for
vegetation index measurement, especially for nitrogen
fertilizer applications. Nitrogen is the limiting nutrient
for crop production and has the greatest impact on
grain. Five different nitrogen doses (0, 4, 8, 12, 16
kg/da) were applied in three replicates according to the

coincidence blocks experimental design. In each plot,
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spectroradiometer readings were taken throughout the
growth period from sowing to harvest, and the
relationships between biophysical characteristics of
the plant and yield values were determined. The
measured spectroradiometer values were used to
calculate various plant indices reported in the
literature. The correlations of these indices values with
yield and other biophysical parameters were examined,
and the behavior of these indices in different
phenological development periods (early-late-all) and
fertilizer doses were investigated. In conclusion, the
main objective of this study was to investigate the
usefulness of hyperspectral data for early yield
prediction in winter wheat and to determine which
plant indices and which band regions are effective for

this purpose.
2. Material and Method
2.1. Plant material

The project was carried out in the production farm of
the Central Research Institute of Field Crops in ikizce,

Whrmans

Haymana district of Ankara in 2013-2014 and 2014-
2015 growing seasons. Ikizce winter wheat cultivar
was used in the study. The experiment was established
according to random blocks experimental design and
five different nitrogen doses, i.e.,, 0, 4, 8, 12 and 16 kg
N/da were used with three replications. Biophysical
observations and NDVI readings were taken seven
times during the growing period of both years. A
portable GreenSeeker device was used to follow the
vegetation development of the plant in the field.

2.2. Climate and soil characteristics of the experimental
site

The farm has been established in the south-west of
Ankara where continental climate prevails, with dry
and hot summers and cold and rainy winters. The
experiment was carried out in Ikizce/Haymana
Research and Application Farm of the Central Research

Institute of Field Crops (Figure 1). The test area is
between 39 12’ -43’ 6 north latitude and 35 58" -37’
44" east longitude.

Figure 1. Haymana-ikizce production enterprise and experiment area.

2.3. Climatic characteristics of the research site

The average annual temperature of the area is 10.0 °C
according to the 20-year data of Ikizce station. The
average highest temperature is 18.5 °C in August and
the average lowest temperature is -5.2 °C in January.
Total annual rainfall totals is 398.7 mm. The wettest
month is December with 53.8 mm and the driest month
is August with 13.8 mm. precipitation.

2.4. Soil characteristics of the research site

The soil of ikizce farmlands belong to the brown soil
group. The soil texture is generally medium heavy and
the lime content in the soil is high (25-45 %). The
amount of organic matter in the soil is approximately 1
% and pH is around 7,5. The slope of the land varies
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between 2-15%. The altitude of the area where the
meteorological station is located in the farm is 1070 m.

2.5. Experimental design

The experiment was started in Haymana with the
preliminary trial results obtained in 2012-2013 for the
first year. Afterwards, it was continued with the data
collected on the experimental plots established in
Haymana during 2013-2014 and 2014-2015. The
experiment was carried out by applying different
nitrogen doses to each plot on the plots formed
according to the random blocks experimental design
with three replications. Five different 0-4-8-12-16
kg/da pure nitrogen doses were used in each replicate.
The experimental area consists of a total of 15 plots
(3.15 m x 10 m = 31.5 m?). Twenty (20) kg seeds of
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Ikizce wheat variety per decare was sown with 24-row
pneumatic seeder keeping row spacing of 13 cm. Half of
the plot length determined for each plot was reserved
for agronomic sampling (% cover, LAI calculation, wet-
dry biological mass per m?, etc.). The remaining half (5
m) was allocated for the calculation of grain yield. For
the collection of biomass data, 0.25 m2 quadrate (0.50m
x 0.50m) was used. Plant samples in the quadrate were
were harvested, weighed fresh and then dried in an
oven at 70-80 °C for 3-4 days and calculated as kg/ha.

2.6. Fertilization and sampling dates

In the experiment, 5.5 kg P20s/da (DAP 18-46%) and
12 kg/ha DAP base fertilizer was applied to the soil

before sowing and 0.378 kg/ 31.5 m? DAP fertilizer was
applied for each plot. Ammonium nitrate (33%)
nitrogen fertilizer (0-0.176-0.557-0.557-0.939-1.321-
1.321- kg/31.5 m?2) was applied in addition to the plots
for 5 different nitrogen doses (0-4-8-12-16 kg/da) in
the experiment established with three replicates as top
dressing in early spring. Fertilizer applications were
applied by subtracting nitrogen provided by DAP. All
phosphorus was applied at planting, whereas half of the
nitrogen was applied at planting, and the remaining
half was applied as top dressing at the end of the
tillering period in spring. Sampling times of 2013-2014
and 2014-2015 were determined according to
phenological periods (Table 1, 2).

Table 1. Number and dates of sampling according to different growth stages (Zadoks) in Haymanada during 2013-

2014 vegetation period.

P(};%nlo?}f)zg(l)clai)PS;ltc;d Cultivar Sampling Periods (Feekes) Ngﬁ)pell(;gf Z;l;l;l;s
19 March2014 ikizce Emergence (1) 6 10-19
26 March 2014 ikizce Tillering (2) 16 21-25
3 April 2014 ikizce End of Tillering (3) 15 26-29
22 April 2014 ikizce Beginning of Jointing (4-5) 15 30
13 May 2014 ikizce Jointing (6-7) 15 31-39
22 May 2014 ikizce Emergence of the Flag Leaf (8-9) 16 40-69
26 May 2014 ikizce Beginning of flowering (10) 16
4 June 2014 ikizce Beginning of the Milk Period (11) 16 70-77
12 June 2014 ikizce Dough Formation Period of Grain, (11.2) 16 80-87
24 June 2014 ikizce Hardening, ripening and yellowing of the grain (11.3-11.4) 16 91-92

Total Number of Samples 147

Table 2. Number and dates of sampling according to different growth stages (Zadoks) in Haymanada during 2014-

2015 vegetation period.

Phenological

Period (2014- Cultivar Sampling Periods (Feekes) NSu;nn})elzsof Zadoks Scala
2015) Date p
18 March 2015 ikizce Emergence ( (1-2) - 10-19
06 April 2015 ikizce End of Tillering (3) 16 26-29
17 April 2015 ikizce Beginning of Jointing (4-5) 16- 30
30 April 2015 ikizce Jointing (5) 16 26-29
12 May 2015 ikizce Jointing (6-7) 16 31-39
26 May 2015 ikizce Beginning of flowering (8-10) 16 40-69
10 June 2015 ikizce Beginning of the Milk Period (11) 16 70-77
07 July 2015 ikizce Hardening, ripening and yellowing of the grain (11.3-11.4) 16 80-92
Total Number of Samples 128

2.7. Collection and evaluation of hayperspectral data

Spectroradiometric canopy reflectance measurements
portable  handheld
spectroradiometer between 11 am and 15 pm, when

were made using a
the sun's rays were perpendicular to the earth's surface
and cloudless. Spectral reflections in the plant leaves
were carried out with the help of the spectral sensor
band range from 350 nm to 1150 nm every 3 nm. The

measurements were instantly transferred to the
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computer with cable connection. Measurements were
taken from a height of 70 cm at an angle of 25° ' to the
earth's surface.

Measurements were taken at 8 different phenological
periods. These measurements were then averaged and
used in the calculation. Using the reflection values, the
vegetation index values given in the appendix were
calculated and their correlation with yield was revealed
(Table 3).
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Table 3. Indices used in yield estimation in the project

Structural Indices

Chlorophyll Pigment Indices

Red Edge Indices

Red Edge 750~700
Red Edge 740~ 720
ZTM (Zarco Tejada and Miller)

SR1 NDVI13 NDI5 SRPI (Simple Ratio Pigment Index)

SR2 NDVI14 NDI9 RVI (Ratio Vegetation Index)

SR4 NDVI16 NDVI1  RDVI (Renormalized Difference Vegetation Index)
SR5 NDVI17 NDVIZ ~ MCARI2

SR7 NDVI18 NDVI3  TVI (Triangular vegetation Index)

SR5 NDVI(Modis) NDVI4  LCCI (Leaf and Canopy Chlorophyll Index)
SR8 HNDVI NDVI5  NVI (New Vegetation Index)

SR9 SR11 NDVI6  DVI (Difference Vegetation index)

SR10 SR14 NDVI11 OVI (Optimum Vegetation index)

SR11 SR16 NDVI12 HVI

SR14 SR17 NDVI13 NVI

SR16 MTVI NDVI14 ARI

NDVI SR17 NDVI16 NPCI

NDI1  SAVI (Soil Adjusted Veg. Index) NDVI17 ARI

NDI2 MSAVI NDVI18  SIPI (Structural insensitive Pigment index)
NDI3 OSAVI (Optimized SAVI) GREEN INDEKS

NDI4 TCI/OSAVI PSRI

NDI9 MSR PRI

NDI10 SR8 PhRI

3. Results and Discussion

3.1. Relationship between yield (biological yield) and
spectral indices

Analysis of biomass variation over the plant growth
period (Haymana 2013-2014) revealed that biomass
increased from the early to the late period in
correlation with the increasing nitrogen dose. The
highest amount of biomass (1538.51 g/m?) was
observed at 12 kg/da N dose in the late period (Figure
2). In the 2014-2015 growth period, the highest
biomass was noted for 16 kg/da N dose in the late
period (1277.87 g/m?) (Figure 3).

Correlation (r) analysis between wheat biomass
(ton/da) and single band reflectance values (at 3 nm

wavelength) during the 2013-2014 growth periods
revealed significant correlation between biomass and
wavelengths within the 409-549 nm range in the visible
spectrum (Feekes 4-7) and in the red edge region (700-
770 nm), particularly during the early, late, and overall
growth phases. During the late period (Feekes 8-10), an
increased correlation was noted in the wavelength
range of 530-680 nm within the visible spectrum.
Conversely, a negative change in correlation was
recorded in the red edge region (700-750 nm), while
non-significant correlation was observed in the near-
infrared region (750-1000 nm). Throughout the whole
duration (Feekes 4-10), the most significant change in
correlation was seen in the red edge spectrum (Red
Edge 700-750 nm) (Figure 4).

Biomass Recurrence Averages (g/m?) according to Phenological Periods
(HAYMANA-ikizce 2013-2014)

2.000
<o
 1.500
=
S 1.000
N—r
= 500 i I
S = | /(TR || | MM
g 19 March = 26 March 03 April 22 April 13 May 26 May 04 June 12 June 24 June Average
~ 2014 2014 2014 2014 2014 2014 2014 2014 2014 &
a Early Period Phenological Period Late Period
HO0 6.733 9.73 14.05 76.32 209.31 447.04 787.47 602.88 723.15 319.631
4 5.02 10.61 23.73 98.45 284.91 520.43 594.99 977.97 947.04 384.794
M8 8.01 14.16 26.43 98.37 319.2 524.8 672.16 974.08 1097.07 414.92
12 5.82 19.41 34.51 112.21 357.07 417.12 771.95 998.93 1538.51 472.837
M16 11.367 23.52 26.69 117.39 381.55 419.89 731.09 1342.4 904.32 439.802

Figure 2. Variation in biomass of wheat according to the amount of nitrogen applied and phenological development period in

2013-2014 (gr / m?).
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Biomass Recurrence Averages (g/m?) according to Phenological Periods
1.500 (HAYMANA-Ikizce 2014-2015)
£ 1.000
A
e « NMUEN RN i
<
£ S = 1| | T T [
g 06 April 2015 ' 17 April 2015 30 April 2015 12 May 2015 26 May 2014 = 10 June 2015 ' 07 July 2015 Average
b Early Period : : Late Period
a Phenological Period
O 72.45 101.17 146.51 224.65 429.65 781.60 891.31 378.191
H4 126.02 155.68 238.45 370.35 284.91 543.15 637.65 336.6
8 138.93 166.35 229.23 445.28 319.2 966.51 849.87 445.05
12 146.11 205.33 350.24 648.43 357.07 771.95 1172.96 521.73
H16 99.63 131.95 294.13 590.35 381.55 731.09 1277.87 500.94

Figure 3. Variation in biomass of wheat according to the amount of nitrogen applied and phenological development period in

2014-2015 (gr / m?)

0.80 Correlation (r) relations between Biomass (ton/da.) and Reflectance Values (%) (HAY MANA-
Ikizce 2013-2014)
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Figure 4. The correlation (r) relations between Biomass (ton/da) and single band reflectance values (3 nm) in wheat in 2013-

2014.

3.2. Relationships between grainyield and spectral
indices (2013-2014)

Relationships between grain yield-spectral indices for
different phenological periods in Haymana 2013-2014
period indicated the highest correlation for flowering
period (26 May 2014), stalk emergence period (13 May
2014) and milking period (04 June 2014), respectively.
The prominent indices in these periods are SR-5 (650-
700), SR-8 (550-860), NDVI-6 (708-760), NDVI-2 (700-
800), Red Edge (720-740), SR-4 (720-740), LCCI (705-
750). Green+Red+Red Edge+Near Infrared (NIR) bands
have come to the fore to be used in yield estimation
(Table 4). Considering the phenological development
periods, the correlation values (r= 0.277) between
grain yield and spectral indices in the early period from
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emergence to stalk emergence (Feekes 1-9) were lower
than the correlation values (r = 0.603) in the late period
from flowering to yellowing of grain (Feekes 10-11,4).
The correlation values of the first ten indices (SR-5, SR-
8, NDI-2, OV], SR-2, SR-17, NDVI-3, SR-10, NDI-1, NVI)
which were prominent in the late development period
(Stalk
setting) varied between r =0.453-0.603 and Green +

emergence+Blooming+Milk  maturity+Grain

Red+ Red border + NIR bands were prominent.
Correlations in the late period were found to be higher
than in the other periods.

The correlation between grain yield and spectral
indicators across several phenological phases revealed
the strongest correlation values during the flowering
period on 26 May 2014 (Figure 5).
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Table 4. Grain yield-index relationships according to different development periods (Early-Late-All Periods)

(Haymana-2013-2014).

Early Period Late Period All Period
Indices r Indices r Indices r
Red Edge (740-720) 0.277 SR-5 0.603 SR-8 0.348
SR-4 0.277 SR-8 0.581 SR-5 0.347
SR-9 0.255 NDI-2 0.571 Red Edge (740-720) 0.325
ZTM 0.254 oVl 0.507 SR-4 0.325
SR-16 0.252 SR-2 0.494 NVI 0.320
SR-5 0.242 SR-17 0.483 ZTM 0.313
TVI 0.239 NDVI3 0.464 0oVI 0.311
Red Edge (750-700) 0.237 SR-10 0.461 SR-16 0.308
HVI 0.237 NDI-1 0.460 SR-9 0.303
SR-8 0.236 NVI 0.453 SR-17 0.281
0.90 = SR-5
~
= \
= 0.70 NDVI-6
)
=) \ NDVI-2
< 0.60 \’\
)
= \ Red Edge
S 050 (740-720)
SR-4
0.40
0.30
E’“efgmce Tilleyyy, ) Beg,-,,ing ) Jointip, 13 FIoWer,‘n - Mil Periog Fonnag,-o,, Por: Yelloy,;,
(19 Mart 39 14 Isan 20, B Olnting s Maysg 2014) s 20 14) 0 Ziran 5 1 4e”°d Grain( 12 the 8rain (o4 Hay:
Phenological Periods “2014) ) Haziray " 4Tan201)

Figure 5. Fenolojik donemlere gére verim-vejetasyon indeks iliskisi (2013-2014).
SR-5 (650-700 nm.) Red+Red Edge, SR-8 (550-860 nm.) Green+Red+Near Infrared, NDVI-6 (708-760 nm.) Red Edge, NDVI-2 (700-800 nm.)

Red Edge+ Near Infrared, Red Edge (740-720 nm.) Red Edge

The correlation values between the top ten prominent
indices in this period ranged between r = 0.857-0.835.
The prominent indices during this period were SR-5
(650-700), SR-8 (550-860), NDVI-6 (708-760), NDVI-2
(700-800), NDI-1 (715-747), Red Edge (740-720), SR-4
(740-720), LCCI (750-705), NDVI-3 (780-550) and ZTM
(750-710). Effective spectral band regions for yield
estimation were found to be Red+Red Edge (Red
Edge)+Near Infrared (NIR). This period was followed
by the Staggering period (13 May 2014), and the
correlation values of the top ten indices in this period
ranged between r 0.849-0.813. The prominent
indices in this period are NDI-2, NDI-1, SR-5, NDVI-2,
NDVI-3, NDVI-6, NDVI-4, OSAVI, SIPI, NDVI(Modis),
NDVI, SAVI. The correlation values between the first
nine prominent indices during the Hardening Period
(12 June 2014) ranged between r = 0.847-0.791. The
prominent indices in this period were MSAVI, SAVI-1,
NDVI-5, NDVI-2, NDVI-6, NDVI-4, RDVI, NDVI-3, 0V],
NDVI-1. The correlation values between the top ten
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indices during the milking period (04 June 2014)
ranged between r 0.796-0.886. The prominent
indices in this period were SRPI, OVI-1, NDI-2, NDVI-6,
NDI-1, LCC, NDVI-2, Red Edge (740-720), SR-4, SR-14.

3.3. Relationships between yield and spectral indices
(Haymana 2014-2015)

Correlation (between biomass (ton/da) and single
band reflectance values (at 3 nm wavelength) indicated
an increasing correlation in 530-680 nm band range. A
negative decrease in the correlation was noted in the
red region (Red Edge 700-750 nm), and no significant
change in correlation was observed in NIR region
(Figure 6). Considering different phenological periods,
the highest biological yield values were found in the
late period (10 June 2015) at 12 kg/da nitrogen dose.
High correlation values were found in the blue band
(400-500 nm.) green and red bands (570-680 nm.).
High correlation values were found in the green and red
band range (570-680 nm) in the early period (06 April-
12 May 2015).
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3.4. Relationships between grainyield and spectral 5(650-700), SR-17 (560-810), OVI(730-760), SR-
indices (2014-2015) 2(550-800), SR-1(670-801), ZTM(710-750), SR-
Correlations between grain yield and spectral indices  16(705-750). Green + Red + Red Edge + NIR bands have
for different phenological periods during 2014-2015 come to the fore for use in yield estimation (Figure 10).
indicated the highest correlation during the flowering Relationships between grain yield-spectral indices
period (26 May 2015), milking period (10 June 2015), according to different phenological periods indicated
stalk emergence period (12 May 2015), respectively  the highest correlation during flowering period (26
(Table 5). The prominent indices in these periods were ~ May 2015) (Figure 7).
NVI(673-777), SR-8(550-860), SR-11(680-900), SR-

Correlation (r) relations between biomass (tonnes/ha.) and reflectance values (%) (HAY MANA-

0.4 2014-2015-IKIZCE)

0.2 Visible Region (Mavi+Yesil) Red +Red Edge Region (660-750) nm
ORI
.5 300 400 6 00 800 900 1000 110 1200
B 0.2
[
:o) 0.4

-0.6

-0.8

avelength(nm)
= All Period (2013-2014) = Early Period (1-9) = Late Period (10-11.4)

Figure 6. Correlation (r) relations between biomass (ton/da) and single band Reflectance Values (3 nm wave Saturation)
in wheat (Haymana-2014-2015-ikizce).

Table 5. Correlations between grain yield and spectral indices and prominent indices during flowering period
(Haymana 2014-2015).

Agronomic Indices Band Range Correlation Determination Coefficient Regression Equation
Properties (nm.) (r) (RH) (26 May 2015)
NVI 673-777 0.964 0.930 Y= 0.0048X-0.4588
SR-8 550-860 0.956 0914 Y =0.0015X- 0.0864
SR-11 680-900 0.952 0.907 Y =0.0305X + 0.1288
SR-5 650-700 0.951 0.905 Y =0.0002x + 0.0136
Yield SR-17 560-810 0.947 0.898 Y =0.0199X + 0.4413
(kg/da) oVvI 730-760 0.946 0.895 y=0.0017x + 0.9336
SR-2 550-800 0.945 0.894 y =0.0203x + 0.4963
SR-1 670-801 0.945 0.893 Y=0.0393x - 0.5
ZTM 710-750 0.944 0.891 Y =0.008x + 0.6097
SR-16 705-750 0.943 0.889 Y =0.0107x + 0.4741
. Correlation (r) values between yield and vegetation
- intervak according to phenological periods ( Haymana- —
[kizce, 2014-2015)
— - — M5SR
—— T
cs e — > — Leey
/‘\ Red Edge (740-
= T20)
= Irmm
E — 381
JE s LS
S LR
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2o} e 0ol 1 Mewols) R peted e
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Figure 7. Yield-vegetation index relationship according to phenological periods (2014-2015)
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Figure 8. Spectral indices for predicting grain yield (2014-2015)
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Figure 10. Yield-NDVI relationship (Haymana 2014-2015).

Correlation between grain yield and vegetation index
between 2014-2015 indicated an increase from the
tillering period (06 April 2015) until the middle of the
milking period. However, the highest correlation values
were found in the middle of the flowering period (26
May 2015), similar to the 2013-2014 (r = 0.943-0.964).
In this case, the band ranges to be taken as a basis for
early yield estimation were determined as the region
within the red (Red), red edge (Red Edge) and early NIR
bands. As a result, spectral indices (NVI, SR-8, SR-11,
SR-5) and their regression estimation equations were
obtained using these bands in early yield estimation. In
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the study, regression equations were used to reveal the
relationships between actual yields and estimated
yields calculated from the indices. In this way, indices
and effective band regions that can be used in yield
estimation were revealed.

3.5. Yield-NDVI-INSEY relationships according to
different phenological periods in wheat

The difference in yield NDVI and INSEY values
obtained from the plots in 2014 and 2015 by applying
different nitrogen doses are given in the Box-Whisker
plot (Figure 9).
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The relationship graphs between NDVI measurements
two years vegetation period and the calculated INSEY
values and yields are shown in Figure 12. It is observed
that the relationship between INSEY and yield is higher
in 2015 than in 2014. The relationship between INSEY
and yield increases during the periods when plant
height increased, and soil coverage of the plant
increased during the year. This relationship is lowest in
March, increases in April and May, and reached its
highest level in late May and early June. This
relationship decreases towards the end of June when
the plant starts to turn yellow. The response of the
plant to the applied nitrogen is an important criterion
to evaluate the nitrogen requirement of the plant to
obtain maximum yield (Fageria and Baligar 2005). The
relationship between NDVI and yield is further
increased by dividing NDVI by GDD
(GDD=[(Tmin+Tmax)/2-4.4 °C]), which is measured
from the sowing date throughout development (Lukina
et al,, 2001). In the relationship between NDVI and
yield, the highest yield values were found on 04 June
2014 (r =0.707, RMSE=26.08, % RMSE=10.51) in 2014
and on 10.06.2015 (r 0.912, RMSE=21.55, %
RMSE=8.99) in 2015 (Figure 10). The correlations
between biophysical characteristics (biomass, grain

yield) influencing plant growth and various vegetation
indices (NDVI, DVI, RVI, MTVI, OSAVI, etc.) derived
from spectral reflectance values collected through
ground measurements of plants within the 330-1142
nm range were investigated, and regression prediction
equations were developed for predicting agronomic
different
development stages. The impact of varying nitrogen
the spectral
characteristics of wheat during different growth stages

characteristics  across phenological

fertilizer doses on reflectance
was determined, and the optimal spectral band
combinations, band intervals, and timing of nitrogen
application, which directly influence yield, were
determined. Correlation (r) relations between single
band reflectance values (at 3 nm wavelength) and
biomass (ton/da.) were analyzed, high correlation
values were observed between biomass and
wavelengths in the band range of 409-549 nm in the
visible region (Feekes 4-7) and in the red edge region
(700-770 nm), especially in the early period (Feekes 4-
7),

development period. In the late period (Feekes 8-10),

considering the early, late and the whole

an increasing correlation was observed in the band
range 530-680 nm. in the visible region, a negative
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decrease in the correlation was observed in the red
edge region (Red Edge 700-750 nm), and no significant
change in the correlation was observed in the near
infrared region (NIR) with a wavelength of 750-1000
nm Considering the whole period (Feekes 4-10), the
highest correlation change was observed in the red
edge region (Red Edge 700-750 nm). Relationships
between agronomic traits and spectral indices were
in 2014-2015 vegetation period. The
relationships between the index values calculated

analyzed

according to the period when the spectral readings
were taken, and biomass and yield were analyzed.
When the Correlation (r) relations between Biomass
(ton/da.) and Single band Reflectance values (at 3 nm)
of wheat in Haymanada ikizce experimental area
according to different development periods in 2014-
2015, it was observed that there was an increasing
correlation in the visible region in the 530-680 nm
band range in the visible region, a negative decrease
was observed in the correlation in the red region (Red
Edge 700-750 nm), and no significant change was
observed in the correlation in the near infrared region
(NIR) with a wavelength of 750-1000 nm Considering
different phenological periods, the highest biological
yield values were found at 12 kg/da nitrogen dose in
the late period (10 June 2015). Especially considering
the late and the whole development periods, high
correlation values were found in the blue band range
(400-500 nm) in the visible region and in the green and
red bands range (570-680 nm) in the visible region. The
highest correlations between biomass (kg/ha) and
spectral indices were determined at tillering (06 April
2015) and stalk emergence (12 May 2015), and
correlation values ranged between R?= 0.771-0.735 for
the first ten indices. The prominent indices in this
period were NDI-2, SR-11, SR-17, SR-9, ZTM, SR-1, SR-
16, OVI-4, SR-10 and NDVI-2. These indices were in the
550-900 nm band range, in the green + red + red edge
(Red Edge) + NIR range on the electromagnetic
spectrum. When the relationships between grain yield-
spectral indices for different phenological periods in
Haymana 2014-2015 period were examined, the
highest correlation values were found in flowering
period (26 May 2015), milking period (10 June 2015)
period (12 May 2015),
respectively. The prominent indices in these periods
are NVI (673-777), SR-8 (550-860), SR-11 (680-900),
SR-5 (650-700), SR-17 (560-810), OVI (730-760), SR-2
(550-800), SR-1 (670-801), ZTM (710-750), SR-16

and stalk emergence
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(705-750). Green+Red+Red Edge+Near Infrared (NIR)
bands have come to the forefront to be used in yield
estimation. These results obtained at Haymana location
showed that the spectral readings obtained during the
flowering period of winter wheat and the indices and
yield estimation equations obtained by using the
spectral band combinations related to them can be used
for yield estimation in Ankara province conditions.

4., Conclusion

The growth stage of the plant has gained importance
for future research. It will be aimed at which nitrogen
fertilizer application is necessary for the highest yield
at which stage of the plant. Nowadays, many
hyperspectral vegetation indices have been developed
to determine yield estimate in wheat. However, many
of them are still under evaluation and need to be re-
tested in different locations according to different
growth stages of the plant, and years
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Abstract: Riparian forests (or floodplain forests) are rare ecosystems with a variety of habitats resulting from the
temporal and spatial variation in the relationship between the water level of rivers and the geomorphological
characteristics of floodplains. Turkey is one of the countries with floodplain forest ecosystem characteristics. These
forests, protected under various status are significant for biodiversity. Although many studies have been carried
out on the forest cover, vegetation, landscape characteristics and tourism potential of Turkey’s floodplain forests,
little research has been carried out on the basic soil characteristics. However, it is very important to explain the
basic soil properties for evaluating the existing floodplain forest ecosystem in a sustainable way. The aim of this
study was to evaluate the basic soil properties of Turkey’s riparian forests using GIS. In this context, firstly, 9
floodplain forests reported in the literature and their boundaries were identified. These were Acarlar, Haclosman
(Meseligdl), Hendek-Siileymaniye, igneada, Karacabey, Kéycegiz, Sarikum, Sinop-Aksaz and Yériikler (Galeric)
floodplain forests. The basic soil characteristics within the boundaries of these flooded forests were described
using GIS techniques. The basic soil properties were extracted from the data of the National Soil Information
System provided by the General Directorate of Agricultural Research and Policies. According to the results of the
study, alluvial soils are generally widespread in the flooded forests connected to river systems. When evaluated in
terms of land use, the largest class of floodplain forests is woodland. When evaluated in terms of land capability
class, class II, 11l and VII soils are the areas that generally characterize the flooded forests.

Keywords: Alluvial forest, GIS, soil, land use, land capability class.

Tiirkiye’nin subasar ormanlarinin temel toprak 6zelliklerinin CBS ile degerlendirilmesi

0z: Subasar (longoz) ormanlar (veya taskin yatagi ormanlari), akarsularin su seviyesi ve taskin yataklarinin
jeomorfolojik 6zellikleri arasindaki iliskinin zamansal ve mekansal degisikligi sonucunda ortaya c¢ikan cesitli
habitatlarin bulundugu nadir ekosistemlerdir. Tiirkiye’de subasar ormanlarin goriildiigi ekosistem ozelliklere
sahip olan iilkelerden birisidir. Farkl statiilerde koruma altina alinmis olan bu ormanlar, biyogesitlilik agisindan
onemlidir. Daha 6nce Tiirkiye’'nin subasar ormanlarinin genellikle orman varligy, bitki ortiisii, peyzaj 6zellikleri ve
turizm potansiyeline yonelik cok cesitli calismalar yapilmasina ragmen temel toprak 6zellikleri konusunda ¢ok
sinirll sayida arastirma yapilmistir. Ancak mevcut subasar orman ekosisteminin siirdiiriilebilir bir sekilde
degerlendirilmesi icin temel toprak oOzelliklerinin agiklanmasi oldukca onemlidir. Bu ¢alismada Tirkiye'nin
subasar ormanlarinin temel toprak 6zelliklerinin CBS ile degerlendirilmesi amag¢lanmistir. Bu baglamda 6ncelikle
Tiirkiye’'deki literatiirde bahsedilen 9 subasar ormani ve sinirlar1 belirlenmistir. Bunlar Acarlar, Haciosman
(Meseligél), Hendek-Siileymaniye, igneada, Karacabey, Kéycegiz, Sarikum, Sinop-Aksaz ve Yoriikler (Galeric)
subasar ormanlaridir. Bu subasar ormanlarin sinirlari dahilinde temel toprak 6zellikleri CBS teknikleri kullanilarak
aciklanmistir. Temel toprak 6zellikleri, Tarimsal Arastirmalar ve Politikalar Genel Miidiirligi tarafindan paylasima
acilan Ulkesel Toprak Bilgi Sistemi verilerinden cekilmistir. Calisma sonuclarina goére akarsu sistemleri ile
baglantili olan subasar ormanlarda genel olarak aliivyal topraklarin en genis sahada yayilis gosterdigi anlasiimistir.
Arazi kullanimi agisindan degerlendirildiginde subasar ormanlari olusturan en genis sinif orman alanlaridir. Arazi
kabiliyet sinifi bakimindan degerlendirildiginde ise II, IIl ve VII. Sinif araziler subasar ormanlar1 genel olarak
karakterize eden alanlardir.

Anahtar kelimeler: Subasar orman, CBS, toprak, arazi kullanimi, arazi kabiliyet sinifi
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1. Introduction

Oceans, lakes, rivers, ponds and other water bodies,
which constitute or influence the formation of natural
resources worldwide, form different ecosystems in the
geography in which they are located. Ecosystems where
the ground is wet or saturated with water and where
water-loving plants dominate are called wetlands.
Wetlands are home to more plant species than their
surroundings, as well as being a habitat for endemic
species and various creatures. These characteristics
make wetlands an inclusive upper class (Cicek, 2004;
Ramsar, 2005; Wetlands Convention Communication
Database, 2024). According to Ramsar, the Convention
on Wetlands, a wetland is any natural or artificial
reedbed, wet meadow, swamp, peat bog, lake or marine
area, saturated and mobile, fresh, alkaline or saline,
with a water depth of less than 6 meters. These
subclasses with different characteristics form different
types of ecosystems within themselves and are home to
many species (Hasan¢avusoglu, 2018; Yeler et al. 2023;
Solak & Yilmaz, 2021). These are wetlands that are the
habitat of primitive plants such as liverwort (Sarioglu &
Keceli, 2018). However, they are ecologically important
structures in producing oxygen, absorbing nutrients,
creating microclimates, filtering pollution, influencing
global climate change and in the groundwater
& Elmas 2022).
Therefore, it is necessary to protect important wetlands
(Toker & Sunar 2018).

recharge/discharge cycle (Bani

Turkey has different types of wetlands of which some
have been protected under different status, but all the
components of floodplain forests have not been
sufficiently studied (Cicek, 2004). Although scientific
studies have been carried out on the existence of
forests, vegetation, landscape features and tourism
potential, studies on the soil, which is one of the most
basic elements of the ecosystem, have been insufficient.
Since floodplain forests have a higher plant diversity
compared to other forests, soil properties are very
important both to explain this diversity and to ensure
its sustainability (Gallardo, 2003; Parolin et al,, 2004;
Heger et al., 2021). In this study we mapped the soil
properties of floodplain forests in Turkey using
Geographic Information Systems (GIS) from the
National Soil Information System data provided by the
General Directorate of Agricultural Research and
Policies to assess the soil properties of floodplain
forests in general (TAPGM, 2017). Floodplain forests
are one of the most fragile ecosystems of the Middle
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Belt, which are currently 9 in Turkey. Although Efe
(2004) mentions the existence of various floodplain
forests, these ecosystems have disappeared after being
destroyed by humans.

Floodplain forests are located downstream of large
streams and rivers (Gallardo, 2003). As all floodplains
are associated with one or more rivers, alluvial soils are
common to all floodplains. The alluvial soils that
accumulate in the downstream part have flat and
almost flat slope characteristics. They have normal
permeability, are well drained, have no salinity and
alkalinity problems and are suitable for dryland and
irrigated agriculture (Bozyigit, 2020; Table 1). This
part, which corresponds to the briquette part of the
material carried by the river, is very fertile and, together
with water, is the basic element of the micro-scale
floodplain ecosystem. Soil, which is an element of
floodplain forests worthy of research as much as
aboveground resources, is important because it allows
different types of tree groups to grow depending on its
quality (Tuncer & Kaya, 2010). Due to their ecological,
biological, environmental and economic importance,
floodplain forests play multiple functional roles in the
natural landscape (Bozkaya et al., 2014). Floodplain
forests, which are similar to the mangrove forests of the
tropical belt but with certain differences, are very
important forest resources in the Middle Belt. Turkey
has part of the largest floodplain forest ecosystem in the
middle belt. Changes in the regime of the rivers that
feed the floodplain forests are a constant problem for
the floodplain forests. At the same time, the fact that
these forests are established on the bottom lands and
their soils are fertile, leaves the ecosystem with another
problem such as land use demand (Yeni, 2004).

2. Material and Method

The list of flooded forests included in the study was
obtained through a literature review (Cicek, 2004). The
locations and boundaries of the flooded forests that
have survived to date were compiled from scientific
studies (Bahadir and Ozli, 2014; Siirmen, 2018;
Hasang¢avusoglu, 2018; Karaduman, 2019; Ozdemir,
2019; Akyigit, 2020; Urker, 2020; Urker and Yorulmaz,
2020; Bani and Elmas, 2022). The boundary data of the
obtained floodplain forests were digitized in ArcGIS
PRO 3.0. The soil data and land use land cover data of
the floodplain forests were obtained from the General
Directorate of Agricultural Research and Policies
(TAPGM, 2017). The floodplain forests examined were
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Igneada, Acarlar, Hendek-Siileymaniye, Sarikum, Sinop-
Aksaz,
floodplains.

Yoriikler, Haciosman, Karacabey, Koycegiz

3. Results and Discussion

Among the flooded forests, the flooded forests of
Acarlar, Haciosman (Meseligol), igneada, Sarikum,
Sinop-Aksaz and Yoriikler (Galeric) are located on the
Black Sea coast, while the remaining three are located
on the Marmara coast. Karacabey on the coast of
Marmara Sea, Hendek-Siileymaniye is located within
the provincial border of Sakarya and is not on the sea
coast, and finally Koycegiz floodplains are located in the
Aegean region and have shown tolerance to climate
change. Despite its tolerance to climate change and
summer drought, the Koycegiz floodplain has been
severely affected by anthropogenic destruction. As the
remaining small patches of forest are not visible on the
map, they have been transferred to the map within an
inclusive area. The numbered maps are 1. igneada, 2.
Acarlar, 3. Hendek-Siileymaniye, 4. Sarikum, 5. Sinop-
Aksaz, 6. Yoriikler, 7. Haciosman, 8. Karacabey, 9.
Koycegiz floodplains (Figure 1). The soils of the
floodplain forests in Turkey are divided into major soil
groups, which are upper categories, according to their
pedogenetic characteristics. The distribution of the soil
groups identified by letters in Table 1 is shown in Figure
2. Red-brown Mediterranean soils, which are found
only around the Koycegiz floodplain, are present in
areas where the continental semi-arid climate prevails
(Atalay, 2016). Hydromorphic alluvial soils, which have
excessive soil moisture in the degree of wetness, have a
structure that prevents drainage and have high
moisture retention rates because they are formed in
flat, low slope and depression areas (Horasan, 2014).
As slope debris, calcareous brown forest soils are
present in some floodplains, red yellow podzolic soils in
Sinop-Aksaz and Sarikum floodplains, and calcareous
brown forest soils in our floodplain forests.

3.1. List of flooded forests according to land use
capability class

The list of flooded forests according to land capability
classification is given in Table 2. In general, flat, nearly
flat, deep and fertile lands with fertile soils that can be
cultivated and lands with excessive slope, stony
structure, swamp and other unfavorable soil
characteristics, which are not suitable for cultivation,
are present in all floodplain forests in Turkey (Ozsahin

& Eroglu, 2018).
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Figure 1. General combination ability of popcorn genotypes
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Figure 2. Map of large soil groups of the study area (TAPGM,
2017).

Table 1. List of large soil groups found in flooded
forests

Sand

Alluvial Soils

Red Brown Mediterranean Soils
Hydromorphic Alluvial Soils
Colluvial Soils

Brown Forest Soils

Red Yellow Podzolic Soils
Calcareous Brown Forest Soils
Alluvial Coastal Soils
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Figure 3. LULUC map of the study area (TAPGM, 2017).

Table 2. Land Capability Classification

Land suitable for Land not suitable for

cultivation

cultivation

O OO UTLSA WN =

IL, 111, IV

L1V

I1, 111
IL, 111, IV
L IL L, IV
L IL L, IV
IL, 111, IV
L IL IIL, IV

vV

V, VI, VII, VIII
VI
V, VI
VI, VII, VIII
VII, VIII
V, VI, VII, VIII
VII, VIII
VII, VIII
VI, VII, VIII

4. Conclusion

Zonal, azonal and intrazonal soil types are observed in
the study areas. For the safety of the alluvial forests and
their surroundings, which are rich in soil diversity,
planning and agriculture should be carried out in
ccordance with the identified soils. The surrounding
areas of floodplain forests should be closed to
settlement and soil pollution should be prevented. The
water resources of these wetlands, which are very
suitable for endemic plants, should be protected.
Hydroelectric dams should not be built on the rivers
that feed the floodplain forests, and the sustainability of
these oxygen-rich forests should be ensured. Even if
there are areas in the study area that can be cultivated
according to the land's capacity, the most appropriate
solution is to limit the use of these areas with

observation, scientific studies and educational
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programs. As these forests are also one of the stopping
points for bird migration, natural life can also be
damaged by human activities.

Another advantage of flooded forests is that they store
carbon. This characteristic makes floodplain forests
one of the most productive areas. This is because soil
organic carbon levels are high in forests with active
river connections. The formation of hydromorphic
features close to the mineral soil surface is a sign that
soils store high levels of organic carbon. In this respect,
it is important to protect the soils of alluvial forests,
which will be a legacy for future generations.

On the other hand, floodplain forests that are
mentioned in the literature but have lost their quality
and natural resources can be studied and better
protection methods can be developed for existing
floodplain forests.
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Abstract: The current study evaluated the effects of modified atmosphere packaging (MAP) and Putrescine
applications on fruit quality during postharvest storage and shelf life of ‘Rosy Glow’ apple cultivar. Quality
parameters, i.e.,, weight loss, decay rate, total soluble solids content (SSC), titratable acidity (TA), fruit flesh
firmness and color changes were investigated during different storage periods. Low levels of weight loss were
observed in all applications during the 30t day while losses increased in control treatment after the 60t day
(3.58%) and the lowest loss rate (1.27%) was recorded in the MAP + Putrescine application. The MAP + Putrescine
group showed the lowest loss rate (2.28%) on the 120t day making it the most effective preservation technique.
The decay rate increased during the storage period while MAP and Putrescine applications prevented decay and
MAP+Putrescine combination kept the decay rate at the lowest level. The MAP+Putrescine application completely
prevented the decay rate on the 120t day. The SSC ratio decreased during the storage period, MAP and Putrescine
applications maintained the fruit carbohydrate content better whereas Putrescine application showed the highest
SSC value. The TA values generally decreased during the storage, but MAP and Putrescine applications minimized
TA loss. The MAP and Putrescine applications better maintained TA during shelf life. The MAP and Putrescine
applications better maintained fruit flesh firmness, MAP application provided the highest firmness value on the
120t day. Firmness loss was more pronounced ‘n the control group. In all applications, the changes were observed
in L* a* b* and hue values over time. L* value remained lower in control on the 120t day, but MAP and
MAP+Putrescine applications maintained the brightness level of the fruit peel. MAP treatment initially affected the
hue angle more. As a result, MAP and Putrescine applications effectively maintained fruit quality in ‘Rosy Glow’
apple cultivar during storage while MAP+Putrescine combination stood out as the most effective preservation
technique.

Keywords: Decay rate, fruit flesh firmness, titratable acidity, total soluble solids, weight loss.

Modifiye atmosfer paketleme ve putresin uygulamalarinin ‘Rosy Glow’ elma c¢esidinin hasat
sonrasi depolama ve raf 6émrii lizerine etkileri

0z: ‘Rosy Glow’ elma cesidinde hasat sonrasi depolama ve raf dmrii siiresince Modifiye Atmosfer Paketleme (MAP)
ve Putresin uygulamalarinin meyve Kkalitesi iizerine etkileri degerlendirilmis ve farkli depolama donemlerinde
agirlik kaybi, ¢liriime orani, toplam ¢6ziiniir kuru madde igerigi (SSC), titre edilebilir asitlik (TA), meyve eti sertligi
ve renk degisimleri gibi kalite parametreleri incelenmistir. Tiim uygulamalarda 30 giin boyunca diisiik seviyelerde
agirlik kaybi gozlenirken, 60. giinden sonra kontrol grubunda kayiplar artmis (%3,58) ve en diisiik kayip orani
(%1,27) MAP+Putresin uygulamasinda kaydedilmistir. 120. giinde, MAP+Putresin grubu en diisiik kayip oranini
(%2,28) gostererek en etkili muhafaza teknigi olmustur. Depolama siiresince ¢iliriime orani artarken, MAP ve
Putresin uygulamalari ¢iirimeyi 6nlemis ve MAP+Putresin kombinasyonu ¢iirlime oranini en diisiik seviyede
tutmustur. 120. giinde MAP+Putresin uygulamasi ¢iirlime oranini tamamen engellemistir. SSC orani depolama
sliresince azalmis, MAP ve Putresin uygulamalari meyve karbonhidrat icerigini daha iyi korumus ve 6zellikle
Putresin uygulamasi en yiiksek SSC degerini vermistir. TA degerleri depolama siiresince genel olarak azalmus,
ancak MAP ve Putresin uygulamalar1 TA kaybin1 en aza indirmistir Raf 6mrii boyunca MAP ve Putresin
uygulamalari1 TA degerini daha iyi korumustur. MAP ve Putresin uygulamalari meyve eti sertligini daha iyi korumus,
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MAP uygulamas1 120. giinde en yiiksek sertlik degerini saglamistir. Kontrol grubunda meyve eti sertligindeki kayip
daha belirgin olmustur. Tim uygulamalarda L* a* b* ve hue acisi degerlerinde zaman icinde degisimler
gozlenmistir. L* degeri 120. glinde kontrol grubunda diger uygulamalara kiyasla daha diisiik kalmistir, ancak MAP
ve MAP+Putresin uygulamalar1 meyve kabugunun parlaklik seviyesini daha iyi korumustur. MAP uygulamasi
baslangi¢ta hue acisini daha fazla etkilemis, ancak zamanla diger uygulamalarla benzer sonuglar elde edilmistir.
Sonug olarak, MAP ve Putresin uygulamalari ‘Rosy Glow’ elma cesidinde depolama sirasinda meyve kalitesini etkili
bir sekilde korurken, MAP+Putresin kombinasyonu en etkili muhafaza teknigi olarak dne ¢ikmistir.

Anahtar kelimeler: Agirlik kayb, ¢iirtime orani, meyve eti sertligi, titre edilebilir asitlik, toplam ¢6ziinebilir kuru

madde.

1. Introduction

Apple (Malus domestica Borkh.) is a fruit species widely
produced in the world by adapting to different climatic
conditions. Tirkiye has an important share in global
apple production (Coskun & Askin, 2016; Gunay et al,,
2021). The apple production has increased in Tiirkiye
over the years. Similarly, preservation of fruit quality
has gained great importance ove these years in the
country. Sensitive fruits such as apples can suffer from
various deteriorations and quality losses during post-
harvest processes. Hence, preventing these losses
directly contributes to the trade of the product (El
Ghaouth et al,, 2004; Sharma et al,, 2009; Wani et al,,
2022). The quality losses of apples are generally
associated with high respiration rate,
spoilage
microorganisms. In this context, effective preservation

ethylene

production, water loss and due to

methods must be applied to preserve fruit quality.

The use of biological compounds such as MAP and
putrescine has become remarkably widespread in
recent years for fruit preservation. These compounds
slow down the respiration rates of fruits by controlling
their environmental conditions and changing the
oxygen and carbon dioxide levels of the fruits. These
methods have been successful in improving fruit
quality and extending shelf life. The MAP protects fruit
health and prevents quality losses. Moreover, MAP
application exhibits effective results in fruits such as
apples. This technology slows down fruit respiration,
reduces ethylene production and controls fruit ripening
(Ben Yehoshua, 1999; Sisler & Serek, 2003; Kader &
Rolle, 2004; Rojas Grau & Martin-Belloso, 2007; Chien
& Chien, 2013). Studies have shown that MAP
significantly reduces quality losses by extending the
shelf life of fruits. For example, Turk and Karaca (2015)
reported that MAP applications ensured that apple
fruits remained fresh for a longer time by maintaining
their color and firmness. In addition, reducing ethylene
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level with MAP slows down fruit ripening (Ustunel et
al,, 2008; Kaushal et al.,, 2020).

Putrescine is an organic compound and a polyamine
that plays a significant role in cellular growth,
differentiation and aging processes (Erbas et al., 2018).
Various studies show that putrescine application
increased fruit quality and prevented physiological
deterioration during storage. For example, Malik and
Singh (2003) reported that putrescine application
delay ripening by reducing ethylene production in
Dibble et al. (1988)
emphasized that putrescine applications prevented

apple fruits. In addition,
quality losses by slowing down the fruit respiration
rate. The ‘Rosy Glow’ apple attracts attention with its
bright pink skin and sweet, crisp texture, and can retain
its value for longer time with the right preservation
techniques. In this study, the effects of post-harvest
applied putrescine (1 mM) and MAP technologies on
fruit quality during post-harvest storage and shelf life
in ‘Rosy Glow’ apple cultivar were investigated.

2. Materials and Methods
2.1. Plant material

The plant materials used in the study included “Rosy
Glow” apple cultivar grafted onto the MM106’
rootstock planted in a producer’s orchard in Yunuslar
town of Kurtalan district of Siirt province. The orchard
is located at an altitude of 595 m and between the 370
55’27’ N parallel and 410 21’ 17’ E meridians. The trees
were planted at 4x4 m distance, and a wire training
system was established according to the central leader
training system. Irrigation is carried out with a drip
irrigation system, and other cultural practices such as
pruning, fertilizing, and spraying are carried out
regularly in the orchard.

2.2. Methods

Fruits harvested at commercial maturity were quickly
transported to the Siirt University laboratory. Damaged
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fruits during transportation were sorted and excluded
from the evaluation. Fruits selected according to color
and size criteria were divided into 4 different groups
and treatment applications were initiated. The fruits in
the first group were regarded as control, immersed
only in pure water and left to dry at room temperature.
The dried fruits were placed in plastic bowls and stored
in cold storage after weighing. The fruits in the second
group were subjected to a pre-cooling process at 1°C
for 24 hours to reduce the fruit temperature to 3-4°C.
After cooling, the fruits were placed in 5 kg capacity
Xtend® MAP packages closed with plastic clips. The
packaged fruits were quickly transported to the cold
storage. The fruits in the third group were immersed in
1 mM putrescine solution for 10 minutes and then dried
on blotting paper for 20 minutes. The fruits in the
fourth group were immersed in 1 mM putrescine
solution for 10 minutes, dried on blotting paper for 20
minutes, and stored in MAP packages. Control and
treated fruits were stored in cold storage at 1°C and
90+5% humidity for ~120 days. Measurements and
analyses of fruit quality traits were carried out in Siirt
University and Igdir University laboratories. Apple
samples were subjected to physical and chemical
analyses at the beginning of storage and on 30t, 60,
90th and 120t days. Each application was arranged in 3
replications and 30 fruits were used in replication. A
total of 5 fruits were taken from each replication in each
tretatment to determine the shelf life of fruits during
each analysis period and kept at 20+1°C for 5 days.
Measurements and analyses were made at the end of 5
days.

2.3. Weight loss (%)

Initial weights (Wi) of the fruit were determined by a
digital scale with a precision of 0.01 g (Radwag, Poland)
at the beginning of the cold storage. Afterwards, final
weights (Wf) were determined on 30, 60th, 90t and
120th days of the storage. The weight loss was based on
the weight at the beginning of each measurement
period and determined as a percentage (%) through the
equation given below (Eq.1).

Wi—Wf

Wi

WL = X 100

(1)
2.4. Decay rate (%)

Ten (10) fruits were used in each replication and the
total number of fruit (TF) was determined before cold
storage. The decayed fruits (DF) in each replication
were determined during each observation period. The
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fruits were considered rotten if the development of
mycelium was recorded on shell. The Eq .2 was used to
compute the decay rate (DR, %).

TF—-DF

DR = % 100

(2)

2.5. Soluble solids content and titratable acidity (%)

The amount of water-soluble solids (SSC) was
determined as % by refractometer and the amount of
acidity was determined as malic acid by titration
method as % in 10 ml of juice extracted from hawthorn
fruit.

2.6. Fruit flesh firmness

The fruit firmness was measured by touching the
opposite cheeks of the equatorial part of five fruits with
100 field,
Agrotechnologie, France) with the 10-point tip of the

a digital penetrometer (Agrosta

device perpendicularly (Blankenship at al., 1997).
2.7. Fruit color

L* a* b* and hue angle values in fruit peels were
Minolta, CR-400
measurement device. The color measurement device

determined using a color
was calibrated with a white standard plate (Y = 92.40 x
= 0.3137 y = 0.3195). Fruit peel and flesh color were
determined in 6 fruits from each treatment. Flesh color
was measured bidirectionally from the center of the
fruit, and flesh color was measured from two lateral
parts of the longitudinal section (Sacks & Shaw, 1994;

Gunduz & Ozdemir, 2003).
2.8. Statistical analyses

The randomized plot experimental design was
established with three replications and 30 fruits in each
replication to determine the change that occurred at
each observation period. Data were analyzed with
of the

differences between the application means was

variance analysis, the significance level

determined with Duncan multiple research test.
3. Results and Discussion
3.1. Weight loss (%)

The weight loss rates were low in all applications
during the first 30 days with non-significant differences
among treatments. However, the differences between
treatments increased after the 60t day. The highest
weight loss was recorded for control (3.58%), whereas
MAP+Putrescine resulted in the lowest (0.69%) weight
loss. Likewsie, MAP+Putrescine resulted in the the
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lowest weight loss (1.27%) on the 90t day, while the
loss in control was 3.27%. On the 120% day,
MAP+Putrescine treatment resulted in the lowest loss
(2.28%), while the loss in control increased to 3.56%.

shelf life,
treatments were significant for different storage

During the differences between the
periods. On the 30+5t% day, the highest loss was
observed in control (11.15%), while lower losses were
observed in the MAP application (8.75%) and the

Putrescine application (5.99%). The lowest loss was

observed in the MAP+Putrescine application (4.69%).
Onthe 60+5t day, 17.60% loss was observed in control,
in the MAP and
Putrescine applications while the lowest loss (3.26%)

similar losses were observed

was recorded in the MAP+Putrescine application. On
the 90+5t day, MAP (7.55%) and MAP+Putrescine
(4.27%) applications provided lower losses than the
control group. MAP+Putrescine application gave the
lowest loss with 2.39% on the 120+5t% day whereas the
loss in control was the highest with 17.14% (Table 1).

Table 1. The effect of putrescine and MAP applications on weight loss of ‘Rosy Glow’ apple cultivar.

Weight loss (%)

Storage time (day)

Applications 30 50 % 120

Control 0.99a 3.58a 3.27a 3.56a
MAP 0.65a 1.70c 1.99b 2.29b
Putrescine 0.81a 2.03b 2.15ba 2.67b
MAP+Putrescine 0.57a 0.69d 1.27b 2.28b

Shelf life (day)

Applications 30+5 60+5 90+5 12045
Control 11.15a 17.60a 17.36a 17.14a
MAP 8.75ba 7.84b 7.55b 7.34c
Putrescine 5.99b 8.01b 2.79b 12.61b
MAP+Putrescine 4.69b 3.26b 4.27b 2.39d

*Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.

Weight loss occurs because of evaporation of water in
the fruit through transpiration and increases in
proportion to the storage period (Kader & Yahia, 2011;
Candir et al.,, 2018; Kucuker et al., 2024). These losses
cause significant economic problems for fruit
producers (Sandhya, 2010). It is stated that weight loss
occurs due to metabolic activities such as transpiration
and respiration (Lownds et al., 1993). Applications of
polyamines, especially MAP and putrescine, prevent
weight loss by slowing down fruit respiration and
delaying the degradation of cell walls (Champa et al,,
2014; Fawole et al, 2020). MAP, Putrescine and
MAP+Putrescine provided lower respiration rate and
parallelly less weight loss. Archana and Suresh (2019)
reported that putrescine and spermidine applications
were effective in reducing weight loss. In addition, Avci
(2016) and Ogurlu et al. (2024a) indicated that MAP
application reduces weight loss by decreasing
respiration rate. These findings show that MAP and
putrescine are effective in preserving fruit quality,

playing an important role in fruit preservation.
3.2. Decay rate (%)

Decay occurs in fruits during the post-harvest storage
period, depending on the species and cultivar (Zafari et
al, 2015). The decay rates increased as the storage
period progressed. The decay rate of 1.33% in control

group on the 30t day increased to 2.86% on the 120t
day. MAP application resulted in a low decay rate
(0.71%) on 30t day, which increased to 1.71% on the
120t day. Putrescine application showed a low decay
rate (0.46%) on the 30t day, which increased to 1.52%
on the 120t day. Similarly, MAP+Putrescine resulted in
1.55% decay rate on the 120t day. Observations during
shelf life showed that no decay occurred in all
applications on 30+5t% day, while on the 60+5% day,
0.77% decay was observed in the control group, and no
decay occurred in the other groups. On the 90+5t day,
the decay rate increased to 1.71% in control, while
0.10% decay was observed in MAP+Putrescine
application and 0.58% in MAP. On the 120+5t day,
1.77% decay rate was observed in control, 1.16% in
MAP application, and no decay was observed in
Putrescine and MAP+Putrescine applications. These
results show that Putrescine and MAP+Putrescine
applications completely prevented decay, while MAP
application controlled decay (Table 2).

Polyamines such as putrescine and spermidine, which
have anti-pathogenic properties, play a significant role
in plant defense mechanisms (Hanif et al, 2020;
Kucuker et al., 2023a). Champa et al. (2014) reported
that polyamines are conjugated to phenolic compounds
and hydroxycinnamic acid amides and that there is a
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good correlation between the accumulation of
hydroxycinnamic acid amides and pathogen resistance.
In our study, the decay rate in fruits increased in
parallel with the storage period but was lower in
treated fruits. Indeed, MAP have been reported to
reduce the respiration rate by changing the gas
atmosphere in the environment, thus slowing down the
2024b).
applications reduced rotting and cold-induced damage
in peach (Zokaee Khosroshahi et al., 2008; Kibar et al,,
2021), pomegranate (Barman et al, 2011), apricot
(Martinez-Romero, 2006), papaya (Hanif et al., 2020),
strawberry (Khosroshahi et al, 2007), mandarin
(Ennab et al.,, 2020) and mango (Jawandha et al., 2012)
fruits, and maintained fruit quality during cold storage.

decay rate (Ogurlu et al, Polyamine

3.3. Soluble solids content and titratable acidity

The amount of SSC and TA have a significant effect on
the storage period of the fruit. The amount of SSC
increases while the titratable acidity decreases as the
ripening progresses in the fruit, (Mahto & Das, 2013;
Abd El-Gawad et al., 2019; Kucuker et al., 2023b).

The SSC content was at similar levels during harvest in
all applications in the current study (i.e, control =

16.2%, MAP = 15.61%, Putrescine = 14.96% and
MAP+Putrescine = 16.41%). No significant difference
was observed between the treatmentns on 30*and 60t
days of storage. On the 90t day, the highest SSC was
observed in control (18.96%) while lower values were
observed in the Putrescine and MAP applications.
Similarly, the lowest SSC value was found in control
(14.40%) on 120% day, while MAP (16.41%) and
MAP+Putrescine (16.40%) applications showed higher
values. These results show that MAP and Putrescine
better maintained carbohydrate content of the fruits.
Observations made during the shelf life also yielded
similar results. On the 30+5t day, higher SSC values
were recorded with MAP and Putrescine, while a
significant decrease was observed in these applications
on the 60+5t™ day. On the 90+5t day, SSC values were
close to each other in MAP and Putrescine applications,
but this value decreased significantly in control. On the
120+5t% day, the highest SSC value (10.65%) was
obtained with Putrescine application. The lowest value
was recorded in the control group with 7.80%. This
reveals that Putrescine application best preserves the
carbohydrate content of the fruits (Table 3).

Table 2. The effect of putrescine and MAP applications on decay rate of ‘Rosy Glow’ apple cultivar.

Decay rate (%)

Storage time (day)

Applications

30 60 90 120
Control 1.33a 2.55a 2.77a 2.86a
MAP 0.71a 1.21b 1.26b 1.71b
Putrescine 0.46a 0.55b 1.11b 1.52b
MAP+Putrescine 0.58a 1.07b 1.28b 1.55b
Shelf life (day)
Applications 3045 60+5 90+5 120+5
Control 0.00a 0.77a 1.71a 1.77a
MAP 0.00a 0.00b 0.58b 1.16b
Putrescine 0.00a 0.00b 0.00c 0.00c
MAP+Putrescine 0.00a 0.00b 0.10c 0.12¢
*Means in columns with the same lower case do not differ according to Duncan's test at P<0.05.
Table 3. The effect of putrescine and MAP applications on total soluble solids of ‘Rosy Glow’ apple cultivar.
Soluble solids content (%)
Applications Storage time (day)
Harvest 30 60 90 120
Control 16.38a 16.96a 18.96a 14.40b
MAP 16.2 15.61a 16.45a 17.34b 16.41a
Putrescine ’ 14.96a 15.67a 15.77¢ 16.37a
MAP+Putrescine 16.41a 15.73a 15.80c 1640a
Shelf life (day)
Applications 30+5 60+5 90+5 12045
Control 10.33a 14.36b 8.50b 7.80b
MAP 162 17.57a 17.99a 10.76a 10.37a
Putrescine ’ 15.60a 18.93a 10.57a 10.65a
MAP+Putrescine 14.73a 16.93ba 10.87a 10.60a

*Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.
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The TA content was at different levels in all applications
at the time of harvest (i.e., control = 1.45%, MAP =
0.85%, Putrescine 0.83%, and MAP+Putrescine
0.86%). On the 30t day, a decrease in TA values was
observed in all applications but decreased faster

(0.77%) in the control group. A similar trend continued
on 60t day, with control showing the lowest value at
0.70%, while the other applications had higher TA
contents. On the 90t day, the highest TA value of 0.80%
was recorded in MAP, while control showed the lowest
value of 0.66%. On the 120t day, MAP and
MAP+Putrescine applications had the highest TA
values, while the lowest TA value (0.64%) was recorded
for control group.

A similar trend was observed throughout the shelf life.
On the 30+5t% day, TA values were 0.92%, 0.86% and
0.84%
applications, respectively while the lowest value was
recorded in control at 0.66%. On the 60+5™ day, higher
TA values were observed in MAP (0.80%) and
Putrescine (0.65%) applications. On the 90+5t day, TA
values remained higher with small differences between
MAP and Putrescine applications. On the 120+5t% day,
MAP and Putrescine applications had the highest TA
values, but control showed the lowest value (0.38%).

in MAP, Putrescine and MAP+Putrescine

This reveals that MAP and Putrescine applications
preserved TA better (Table 4).

Table 4. The effect of putrescine and MAP applications on titratable acidity of ‘Rosy Glow’ apple cultivar.

Titratable acidity (%)

Storage time (day)

Applications

Harvest 30 60 90 120
Control 0.77b 0.70b 0.66¢ 0.64b
MAP 145 0.85a 0.84a 0.80a 0.78a
Putrescine ’ 0.83a 0.82a 0.72b 0.74a
MAP+Putrescine 0.86a 0.85a 0.73b 0.75a
Shelf life (day)
Applications 3045 60+5 90+5 120+5
Control 0.66b 0.65b 0.49b 0.38c
MAP 145 0.93a 0.92a 0.80a 0.75a
Putrescine ’ 0.87a 0.86a 0.65a 0.70a
MAP+Putrescine 0.88a 0.84a 0.76a 0.65b
*Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.
Indeed, it has been reported that different polyamine processes in fruits, and it decreases with the

applications delay ripening and therefore slow down
postharvest SSC and TA changes (Serrano et al,, 2003;
Jongsri et al,, 2017). Our findings are consistent with
findings indicating that post-harvest putrescine
applications slow down the changes in sap and stone
content in plum (Serrano et al., 2003), peach (Abbasi et
al, 2019; Kaur & Kaur, 2019; Kibar et al., 2021) and
papaya (Hanif et al,, 2020) fruits. Similarly, Khan et al.
(2013) reported that post-harvest MAP applications
preserved the SSC content in plum fruits. Ozturk and
Aglar (2019) suggested that MAP-applied fruits in
cornelian cherry had higher TA content.

3.4. Fruit flesh firmness

Fruit flesh firmness is one of the important quality
parameters in apples (Song et al,, 2013). As the fruit
ripens, the fruit flesh firmness decreases because of the
breakdown of cell wall components such as pectin
substances, hemicellulose and cellulose and the
decrease in turgor pressure within the cell (Mannozzi
et al, 2018; Kucuker et al., 2023a). Fruit flesh firmness

has an important effect on marketing and post-harvest
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progression of ripening. It is known that softening in
fruits occurs because of weight loss and cell wall
breakdown by enzymes such as polygalacturonase and
pectinesterase (Martinez-Ferrer et al., 2002), and the
main reason for weight loss and fruit flesh softening is
transpiration due to the water pressure gradient
between the fruit tissues and the surrounding
atmosphere (Ozturk, 2012). Similar fruit flesh firmness
was observed with all applications at harvest in the
current study (i.e.,, control = 8.63%, MAP = 8.56%,
8.41%, and MAP+Putrescine = 8.60%).
Softening was observed in fruits with all applications
on the 30t day, but the highest firmness (8.60 kg) was
determined in the MAP+Putrescine applications. On the

Putrescine

60t day, fruit firmness decreased in all applications and
the lowest value (8.10 kg) was recorded with control.
On the 90t day, 7.75 kg fruit flesh firmness values were
measured in MAP application, 8.11 kg in Putrescine
application and 8.13 kg in MAP+Putrescine application.
It was determined that the firmness was lower in
control fruits (7.96 kg). On the 120t day, the lowest
firmness value was measured in control with 7.56 kg,
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while higher fruit firmness was noted in other
applications. Regarding shelf life, MAP application
maintained the highest hardness value (8.48 kg) on
30+5t day, while the firmness decreased more rapidly
in the control group (6.91 kg). Similarly MAP
application resulted in the highest firmness value (8.34
kg) on all observation periods. This shows that MAP
application maintained fruit firmness compared to the
other treatments (Table 5).

MAP is an effective method for reducing weight loss and
fruit softening during cold storage of various fruits and
vegetables (Cantin et al., 2008; Guillen et al., 2013; Khan
etal,, 2013). Polyamines delay ripening by changing the
stability of the cell wall in the fruit, and contribute to
the protection of fruit flesh (Kucuker et al., 2023a).
Putrescine application preserved fruit flesh firmness in
fruit species such as plum (Serrano et al,, 2003; Khan et
al., 2008) and peach (Kaur et al, 2019; Kibar et al,,
2021).

Table 5. The effect of putrescine and MAP applications on fruit flesh firmness of ‘Rosy Glow’ apple cultivar.

Fruit flesh firmness (kg)

Storage time (day)

Applications

Harvest 30 60 90 120
Control 8.16b 8.10b 7.96b 7.56b
MAP 8.63 8.56a 8.37a 8.04a 7.75ab
Putrescine ' 8.41a 8.35a 8.20a 8.11a
MAP+Putrescine 8.60a 8.59a 8.25a 813a
Shelf life (day)
Applications 3045 60+5 90+5 120+5
Control 6.91b 5.54b 4.47b 4.53b
MAP 8.63 8.56a 8.48a 8.34a 7.56a
Putrescine ) 8.40a 8.10a 7.65a 7.51a
MAP+Putrescine 8.57a 7.96a 7.34a 7.28a

* Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.

3.5. Fruit color

Fruit color is an observable maturity criterion in many
fruit species and is an important quality trait that
affects consumer preferences. The color changes occur
in the fruit with post-harvest ripening and it is very
important to reduce these changes. Similar L* values
were observed in all applications at the time of harvest.
The L* values increased in all applications on 30t day
wsth the highest values recorded for MAP and
Putrescine. Control and MAP+Putrescine had the
highest L* values on 60t day, while the highest L* value
was noted for control on 120t day. The a* value was at
similar levels in all applications at harvest, and changes
were observed in different applications on the 30t day.
On the 120t day, MAP+Putrescine application showed
low a* value. The b* value increased in all groups from
day 30 days to onwards and the significant increase was
observed for MAP. Although there were differences
among treatments for hue, similar changes occurred in
all treatments over time. Shelf life data indicated that
the L* value of control was lower. MAP, Putrescine and
MAP+Putrescine applications preserved the light level
of the fruit peel better. In a* value, control had lower
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values on the 90+5™ and 120+5% days while the
MAP+Putrescine application showed the highest a*
value. In the b* value, the Putrescine application
showed the highest value on 30+5t™ day. In terms of hue,
the MAP application initially showed higher values, but
over time the differences between all applications
decreased. These findings show that the MAP
application affected the color tone more in the initial
stages, but the other applications provided similar
effects over time (Table 6). Similarly, Ozturk et al.
(2021) reported that physiological and biochemical
changes in MAP-applied medlar fruits were less during
storage and fruit color was preserved. Cantin et al.
(2008) suggested that color changes were lower with
MAP application in Japanese plums. Martinez-Romero
(2006) reported that putrescine reduced color changes
in fruits in a study in which they treated apricot fruits
harvested at commercial maturity with 1 mM
putrescine and stored at 10 °C for 6 days, while Valero
et al. (1998) found that lemon fruits treated with
putrescine preserved their color index during storage.
Gain, Martinez-Romero et al. (2002) stated that color
change was lower in apricot fruits treated with
putrescine.
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Table 6. The effect of putrescine and MAP applications on fruit color of ‘Rosy Glow’ apple cultivar.

Fruit color
- Storage Time (day)

Applications Harvest 30 60 90 120

Control 58.40a 59.27a 54.67a 63.08a
MAP L 55.61 50.31a 61.50a 56.45a 55.65a
Putrescine ' 54.78a 53.24a 61.75a 59.84a
MAP+Putrescine 54.08a 61.86a 57.50a 60.94a
Control 22.52a 22.01a 27.44a 23.01a
MAP a 18.22 26.04a 16.63a 33.29a 22.98a
Putrescine ' 32.38a 30.59a 19.76a 22.41a
MAP+Putrescine 26.97a 21.05a 26.87a 21.39a
Control 34.37a 35.00a 34.40a 36.96a
MAP b 31.55 31.93a 42.05a 41.66a 43.22a
Putrescine ' 31.71a 33.84a 42.14a 42.90a
MAP+Putrescine 26.97a 37.83a 36.02a 40.56a
Control 56.67a 55.77a 57.33a 56.60a
MAP hue angle 58.14 52.06a 67.77a 59.15a 61.20a
Putrescine ' 65.09a 48.13a 65.02a 62.11a
MAP+Putrescine 48.70a 61.00a 55.21a 63.06a

Shelf life (day)

Applications 3045 60+5 90+5 120+5
Control 79.34a 55.94b 46.37b 52.66b
MAP L* 55.61 83.61a 80.10a 80.85a 78.88a
Putrescine ' 82.70a 80.82a 80.93a 67.85a
MAP+Putrescine 80.14a 78.23a 80.66a 80.09a
Control 4.05a 3.65a 2.81b 3.59b
MAP a 18.22 4.28a 391a 5.68a 5.65ba
Putrescine ' 4.20a 4.77a 4.69ba 5.37ba
MAP+Putrescine 4.33a 5.99a 6.35a 7.24a
Control 31.77c 37.81a 26.60a 25.73a
MAP b 31.55 34.83b 39.51a 39.85a 35.53a
Putrescine ' 37.63a 37.92a 39.07a 42.28a
MAP+Putrescine 31.52c 27.41a 42.65a 37.32a
Control 82.42b 81.20a 50.90a 48.79a
MAP hue angle 58.14 87.84a 85.06a 81.04a 78.13a
Putrescine ' 81.15b 82.94a 81.70a 69.21a
MAP+Putrescine 81.87b 84.60a 81.64a 81.40a

*Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.

4. Conclusion

Different treatments applied to ‘Rosy Glow’ apples had
significant effects on weight loss rates. MAP+Putrescine
combination provided the lowest weight loss and
preserved apple quality for a longer period. This
combination gave particularly superior results after the
60t day and lower losses. MAP+Putrescine application
is an effective solution for preserving apple quality
during storage. Shelf life data indicated that the same
combination prevent decay and maintained the fruit
quality, providing the lowest losses compared to other
applications. The preservation of fruit quality was not
limited to weight loss only, but also had visible effects
on decay rates, soluble solids content, titretable acidity,
flesh firmness and color changes. MAP and Putrescine
applications preserved fruit firmness and kept acidity
The MAP+Putresin
combination resulted in the lowest decay rates and

in the fruit under control.

highest firmness values. In addition, these applications
minimized fruit color changes and preserved their
aesthetic quality for alonger time. As a result, MAP and
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Putrescine applications stand out as methods that
effectively preserve fruit quality. Especially the
MAP+Putrescine combination provides the most
efficient results in apple storage.
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Effects of external gibberellin on germination of wall-spray cotoneaster seeds stratified
with and without fruit under dry-cold conditions
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Abstract: Wall-spray cotoneaster (Cotoneaster horizontalis Decne.) seeds show deep dormancy and have a very
low germination rate. Wall-spray cotoneaster seeds were dry cold stratified (+4°C) either in the fruit or removed
from the fruit for different periods (0, 30, 60, 90, 120 and 180 days) and then treated with different GAs doses (0,
500, 1000 and 2000 ppm) and sown in peat medium in bottom heated (+24°C) trays in the greenhouse in the
current study. The effects of GAs treatment on germination (emergence) rate, living plant rate (%), plant height
(cm) and leaf number were determined. The highest germination rate (35.00%) was obtained from the seeds
treated with 2000 ppm GAs without cold stratification. These control seeds were kept in fruit between October and
May under room temperature. The germination rate in the seeds treated with 1000 ppm GA3 after stratification in
dry cold at +4°C for 60 days in the fruit was only 25.00%. The GAs applications did not affect the germination rate
of the seeds that were taken out of the fruit and stratified in dry-cold for different periods.

Keywords: Cotoneaster, seed, dry-cold, GAs, germination

Meyve icinde ve disinda kuru sogukta katlanan yayilic1 dag musmulasi tohumlarinda ¢cimlenme
uizerine giberellinin etkisi

0z: Yayilic1 dag musmulasi tohumlari derin dinlenme gésterir ve cimlenme orani da cok diisiiktiir. Bu ¢alismada,
yayilict dag musmulasi (Cotoneaster horizontalis Decne.) tohumlar1 katlanmadan (kontrol) ve 30, 60, 90, 120 ve
180 gilin +4°C’de meyve icinde ve meyveden ¢ikarilarak kuru sogukta katlandiktan sonra Oppm (kontrol) ile 500,
1000 ve 2000 ppm GAs ile muamele edilmistir. Sogukta katlanarak gibberellin uygulanan tohumlar +24°C’lik alttan
1sitmali tavalardaki torf ortamina ekilerek ¢imlenme (¢ikis) orani, yasayan bitki orani (%), bitki boyu (cm) ve
yaprak sayisi tespit edilmistir. En yiiksek cimlenme oranmi %35.00 ile sogukta katlanmadan 2000 ppm GAs
uygulandiktan sonra ekilen tohumlardan elde edilmistir. Bu tohumlar oda sartlarinda ekim-mayis arasinda meyve
icinde bekletilmistir. Meyve icinde 60 giin +4°C’lik kuru sogukta katlandiktan sonra 1000 ppm GAs uygulandiktan
sonra ekilen tohumlardaki ¢cimlenme orani ise %25.00’e kadar ¢ikabilmistir. Meyveden c¢ikarilarak kuru-sogukta
farkl stirelerde katlanan tohumlarda ¢cimlenme tizerine GAs uygulamalari ise etki etmemistir.

Anahtar kelimeler: Cotoneaster, ¢cekirdek, kuru-soguk, GAs, cimlenme

1. Introduction (Cotoneaster horizontalis Decne.), has horizontal
branches and grows 50-60 cm height. Although it is

Cotoneaster species (Rosaceae family) constitute a very ] R ]
. . native to western China, it is widely used in outdoor
important part of ornamental plants in shrub form. s In Tiirld d tries in E
. - arrangements in Tiirkiye and many countries in Europe
They have attractive plant characteristics and are used & y y p
. . due to its blue-green leaves in summer and its dense
in landscape planning. Cotoneaster plants can be tall or S )
. . . fruits in winter and fall. It is one of the most valuable
show horizontal or sprayed growth with multi-colored } i
. . shrubs, often used in rock gardens, on roadside slopes,
fruits and leaves. Their leaves turn red, orange or o ]
small hillsides and flowering herb gardens. Cotoneaster

is also considered as a ground cover and used for
creating fences, shelter for wild birds and rodents and

yellow in autumn. There are nearly 400 species in the
Cotoneaster, which includes plants native to temperate

climates in Asia. The wall-spreading Cotoneaster

To cite this article: Celik, H., & Kalayc1 Karasakal, 0. (2025). Effects of external gibberellin on germination of wall-spray cotoneaster seeds
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fruiting plants for their feeding. It is good for wind
blocking, solitary plant in the landscape by forming
abundant flowers, barrier and corridor forming plants
for roadsides and area isolation in urban landscapes
(Buffin, 2005; Olmez et al., 2006; Olmez et al, 2007;
Lonnee et al,, 2011). It is an attractive landscape plants
in all seasons with its plant, flowers and fruits, is easy
to maintain, can take different forms with pruning and
prefers sunny places all day long. Cotoneaster fruits
contain one to five seeds (Slabaugh & Shaw, 2008).
Cotoneaster seeds have very hard endocarp and seed
coats, they physically show deep and double dormancy
and the embryo remains physiologically dormant over
years (Baskin & Baskin, 2004; Hartmann et al., 2014).
According to studies, cold-stratification for up to 24
months may be required for seed propagation of
Cotoneaster (Bujarska-Borkowska & Suszka, 2019). Hot
cold 2-3 months and
scarification with intense sulfuric acid before cold

and/or stratification for
stratification is required for germination of cotoneaster
seeds (Tilki, 2013). Aygiin et al. (2011) stated that
germination rate was just 41.00% of Cotoneaster
horizontalis seeds stratified at 60 days in wet and cold
conditions. They also found that gibberellins and
sulfuric acids did not affect the germination rate.

Seed propagation is becoming increasingly popular in
ornamental plants. Because propagation by cuttings is
much more expensive. There are differences between
plant species in terms of seed viability and the storage
period of seeds can be short. It is very important for
seedling producers that ornamental plants used in
landscaping can be propagated by
intensively. It is important to eliminate dormancy and

seeds and
germination prevent substances in the seed propagated
plants. Hard and thick seed coats also prevent seed
germination. Many factors in the seed endosperm,
embryo or coats are effective on germination. They may
inhibit germination and affect seed development, gas
exchange and water mobility in different ways. To
eliminate these factors scarification, cold storage, hot or
cold-water applications, acid treatment and plant
growth regulators can be used (Karam et al, 2001;
Persson et al., 2006; Slabaugh et al., 2008; Liu et al,
2010; Lonnee et al,, 2011; Nadeem et al., 2013; Tilki,
2013; Hartmann et al., 2014). While some Cotoneaster
seeds can show high germination under cold and white
light (Tilki, 2013),
treatments gave similar results to the light effect. In

pre-sowing gibberellic acid

addition, since Cotoneaster seeds have a hard shell,
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keeping them in a cool environment and treatment with
surface abrasives may affect the germination rate.
According to Tilki (2013), some researchers obtained
67.00% germination rate after stratified Cotoneaster
horizontalis seeds in cold for 11 months and treating
them with sulfuric acid. Researchers reported that
Cotoneaster seeds have a long dormancy with low
germination rate. Their seeds have also double
dormancy due to hard and impermeable seed coats and
embryo physiology (Aygiin et al.,, 2011; Hartman et al,,
2014; Zare, 2019). Cotoneaster fruits for seed collection
can be collected in early fall and after leaf fall by hand
scraping or shaking. Fruit firmness and color can be
used for maturity (Slabaugh & Shaw, 2008). Hartmann
etal. (2014) stated that Cotoneaster species have fleshy
fruits and the seed is preserved in dry fruits. Seeds of
some Cotoneaster species can emerge without resting if
they are stratified for 115 days and can germinate in a
warm environment. It is stated that even in seeds
stratified for about three months, there is conditional
they
temperatures of 15-25°C. In some studies, it was also

dormancy and can germinate better at
found that Cotoneaster seeds that were not stratified or
kept in the cold for 60 days were not affected by the
ambient temperature and did not germinate. It is also
reported that when Cotoneaster seeds are kept in
sulfuric acid for 1.5 hours and then stratified in a humid
environment at +4°C for 3-4 months, the negative
effects of impermeable shells on germination may
decrease (Hartmann et al, 2014). According to Zare
(2019), Cotoneaster nummularioides seed germination
was 18.30% after sulfuric acid-potassium nitrate
treatment and 4 months cold stratification. He revealed
that chilling without scarification of the cotoneaster
seeds had no germination.

In this study, the effects of dry-cold stratification of
wall-spray cotoneaster seeds stratified with or without
fruits and gibberellic acid applications on germination
were investigated.

2. Materials and Methods
2.1. Obtaining seeds and cold stratification

The seeds of the wall-spray cotoneaster used in the
experiment were taken from the fruits of Cotoneaster
horizontalis Decne. plants. The fruits collected in the
first week of November. The large seeds were selected
after separation from the pericarp and subjected to a
floating test and kept at room temperature for 10 days
until they reached 10% moisture content. The 100
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seeds were filled into perforated and zip lock bags and
kept in cold storage at +4°C for different periods (30,
60, 90 and 120 days). Control and cold stratified seeds
were kept in the dark room conditions until sowing.
The seeds that will be cold-stratified in the fruit and at
+4 °C were transferred to cold storage by filling them
into zip lock and perforated bags without removing
them from the fruit, and the seeds that will not be cold-
stratified in the fruit were kept under dark room
conditions until sowing. The fruits that were kept in the
cold storage were removed and the seeds were
removed from the fruits, washed, dried and filled in
perforated and locked bags with holes so that 100 seeds
per bag and kept in room conditions and in a dark
environment until sowing.

2.2. Gibberellic acid (GA3) treatment

The seeds of wall-spray cotoneaster, which were
removed from the fruit and stratified in dry-cold
conditions, were kept in 500, 1000 and 2000 ppm GAs3
solution for 24 hours before sowing. The seeds of the
control group (0 ppm), which were not treated with
GAs, were kept in pure water for 24 hours. After
treatment, the seeds removed from the GAs solution
were sown in peat in the greenhouse and in trays with
a constant bottom heating temperature of +24°C. The
seeds were removed from the fruits after cold
stratification. They kept in room conditions for 10 days
until they reached 10% humidity. Then they filled in
perforated and zip locked bags and kept in 500, 1000
and 2000 ppm GAs solution for 24 hours. The seeds of
the control (0 ppm GA3) were kept in pure water for 24
hours. GAs-treated seeds were sown in trays had
peatmoss under greenhouse with a bottom heating
temperature of +24°C at the end of April. Fungicides
were applied weekly against fungal diseases in the seed
and the
environment was humidified by controlling the misting

sowing trays, irrigation was applied,
system with a “leaf wetness sensor” so that the ambient
humidity was above 60% after emergence started

(Klingaman, 2015).

2.3. Determination of germination rate (%) and
transplanting the seedlings

For the beginning of germination in the seeds sown in
peat in bottom heated trays under greenhouse, the first
date when the cotyledon leaves started to emerge on
the peat surface was taken into consideration. After this
date, weekly germination (emergence) was determined
by counting the seeds that emerged weekly for 6 weeks
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and total germination rate (%) was determined over all
emerged seedlings. At the end of six weeks (Pittcock,
2015), emergence was completed and when the
plantlets reached the four-leaf stage, they were
removed from the trays and transplanted to the P9
plastic pots (9x9x9 cm dimensions) including garden
soil+barnyard manure+sand (1:1:1, v/v) at the end of
in the
greenhouse for 6 months and the survival rate was

September. The plants were maintained

determined. Plant height and number of leaves were
also determined weekly.

2.4. Statistical analyses

The established
replications with 100 seeds in each replicate in bottom-

experiment, which was in 3
heated (+24°C) trays in the greenhouse, was designed
according to the “split plots experimental design
divided by blocks of the

stratification type (inside the fruit, outside the fruit)

coincidence”. Here,
was randomly allocated to the main plots, cold storage
period (0, 30, 60,90, 120 and 180 days) to the sub-plots
and GAs doses (0, 500, 1000 and 2000 ppm) to the sub-
sub-plots. Angle (arcsin\/x) transformation was applied
to the “%” data obtained from the experiment and
statistical analyses were performed on these data.
Statistical analyses of the data obtained from the
experiment were performed using SPSS V25.0 software
(SPSS Inc., USA) based on 3-factor analysis of variance
(ANOVA). Differences between the mean values were
evaluated by Duncan Multiple Range Test. In the
statistical evaluation of the results, the significance
level between the differences was expressed as
significant at P<0.05 level.

3. Results and Discussion

The results of the effects of stratification type, duration
and GAs doses on germination and survival rates (%),
seedling height and number of leaves in wall-spread
cotoneaster seeds are given in Table 1. According to the
findings, the effects of all factors on the criteria
examined in the seeds of spreading cotoneaster kept in
the cold with the fruit or removed from the fruit were
found to be significant. The best germination rate
(35.00 %) observed from 2000 ppm GA3z applied seeds
which were not cold stratified but kept inside the fruits
under room conditions between October and May till
sowing. It was determined that the germination in the
seeds which were kept in dry cold at +4°C for 60 days
without removing from the fruit and then treated with
1000 ppm GA3 could reach up to 25.00% (Table 1).
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As the stratification period in fruit increased, the
efficiency of GAs application decreased. In the seeds of
wall-spray cotoneaster that were kept in fruit and
under room conditions until planting, i.e. that were not
treated with cold, 0 ppm GAs application showed
27.33% germination success, while there was no
germination in the 500 ppm GAs application. The
germination which was 17.33% at 1000 ppm increased
to 35% at 2000 ppm. This situation proves the research
results indicating that the germination in wall-spray
cotoneaster seeds is irregular. In wall-spray
cotoneaster seeds, the efficiency of GAs application
decreased as the stratification period in the fruit and
under cold increased, only the seeds cold-stratified for
30 and 180 days and no GAs applied gave germination
results (16.33% and 22.67%, respectively) and 1000
ppm GAs application showed 25.00% germination in
cold-stratified seeds for 60 days. In cotoneaster seeds
kept in the fruit and in the cold for 120 days, only
11.66% germination was achieved with 500 ppm GAs
application. The remaining seeds kept in the fruit and
in the cold and applied with GA3 did not germinate
(Table 1). After being removed from the fruit and cold
stratified, the germination in the seeds to which GAs
was applied did not increase, and only the control
groups germinated. Accordingly, the germination in the
seeds that were not kept in the cold outside the fruit
and that were not applied GAs was 5.33%. While the
germination in the seeds that were cold stratified for 30
days outside the fruit was 3.33% at 0 ppm. The seeds
that were cold stratified for 60 and 120 days without
any GAs application showed a germination success of
2.33%. The seeds that were cold stratified for 180 days
outside the fruit and that were not applied GAs had the
lowest germination rate with 1.67%. It was also
determined that most of the seeds that were kept in the
cold outside the fruit and for different periods and
applied GAs3 did not germinate at all (Table 1). When the
average values were taken into consideration, it was
determined that the seeds that were not stratified
reached the highest values in terms of germination,
survival rate, plant height and leaf number in terms of
stratification period. It was determined that 60 days of
cold stratification came second in germination and
survival rates, and 120 days of cold storage came
second in plant height and leaf number (Figure 1a).
When GA3 doses were considered, 0 ppm GAs
application as control dose came first in all criteria,
while 1000 ppm GAs3 followed, but the results obtained
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were very low (Figure 1b). In the stratification type, it
was determined that germination and survival rates
and plant height were better in seeds stratified in the
fruit, while leaf number gave similar results in both
stratification types (Figure 1c).

According to the stratification type, duration and GAs
applications, all plants that germinated and emerged to
the soil surface and were transplanted after the
formation of true leaves had the same survival rate.
Accordingly, the highest survival rate, as in the
germination rate, was obtained from the seeds kept in
the fruit and kept in room conditions until planting
(October-May) and to which 0 ppm GAs was applied,
with 35.00%. The lowest survival rate, with 1.67%, was
obtained from the seeds kept outside the fruit and kept
dry-cold in +4°C for 180 days and again to which 0 ppm
GAs3 was applied. The highest value in terms of plant
height was determined as 25.67 cm in the plants that
grew from the seeds kept outside the fruit and kept in
cold for 60 days and not to which GAs was applied. The
number of leaves reached the highest value with 28.33
in the seeds kept in the fruit and kept in room
conditions and to which 2000 ppm GAs was applied
(Table 1). In our study, it was found that the hard and
impermeable shells in the seeds of the wall spreading
cotoneaster had a negative effect on germination, and
the germination success was very low even after the
seeds were stratified in the cold and GAs was applied.
The fact that the germination rates obtained from
previous germination experiments involving chemical
scarification were slightly higher than the results of our
study. This may be since we did not erode the hard coats
of the seeds with acids. Therefore, it may be necessary
to use scarified chemicals together with GAs application
in addition to dry or moist cold stratification in
spreading cotoneaster. Because species in the genus
Cotoneaster produce seeds with hard and impermeable
shells, and the embryo in these seeds has double
dormancy due to its physiological characteristics. Seed
germination of this species can be increased by wet cold
stratification, scarify with acid and soaking in hot water
(Slabaugh & Shaw, 2008; Lonnee et al, 2011). The
addition of some commercial activators to wet and cold
soaking can also increase germination (Hartmann et al,,
2014). The duration of pre-treatments affecting
germination in seeds may vary according to plant
species, seed type and the environment. Region and
years in which the seeds were taken due to shell
thickness differences and the degree of resting in the
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embryo is also important. Because some researchers
applied concentrated sulfuric acid to the seeds of
spreading cotoneaster for 90 min and kept at +2°C cold
and wet. On the other hand, germination in cotoneaster
seeds is inconsistent and rapid germination is very
difficult to achieve (Tilki, 2013). Slabaugh & Shaw
(2008) showed that increasing the germination rate in
cotoneaster seeds depends on soaking them in sulfuric
acid for 3 hours and then keeping them in hot water at
+27°C for 48 hours. Zare (2019) resolved the dormancy
problem of Cotoneaster seeds under the combined
effects of scratches shell and cold stratification.

The germination rate in cotoneaster seeds varied
depending on the activators used. Bujarska-Borkowska
& Suszka (2019) obtained 48% germination on

stratified the wall-spray cotoneaster seeds in hot-cold
environments and scarified them with sulfuric acid. In
our experiment, where scarifying was not used, the
germination rate was up to 35.00% when 2000 ppm
GAswas applied to the seeds that were not stored in the
fruit and in the cold. On the other hand, Slabaugh &
Shaw (2008) germinated wall-spray cotoneasters in
sand and found that the seeds that were applied at 30°C
during the day and 20°C at night germinated at a rate of
30.00% in 100 days. Zare (2019) resolved the problem
dormancy Cotoneaster under the combined effects of
scratches shell and cold stratification, but the highest
germination rate was just 18.20% and lower than our
findings. However, Aygiin et al. (2011) found 41.00%
germination rate of Cotoneaster horizontalis seeds and
this may cause from cold and wet stratification.

Table 1. Variation of germination rate (%), survival rate (%), plant height (cm) and number of leaves in wall-spray

cotoneaster seeds stored with or without fruit and kept in dry cold according to stratification duration and GAs

application.

Stratification Stratification

GAs (ppm)

Germination rate

Mortality rate (%)  Plant height (cm) Leaf number

type day (%)
0 2733D 2733D 21.66 be 16.33 cde
0 500 0.00 0.00 e 0.00 f 0.00 f
1000 17.33 cd 17.33 cd 1233 e 14.66 de
2000 35.00 a 35.00a 16.00 de 28332
0 1633 cd 1633 cd 16.67 de 19.50 ¢
20 500 0.00 ¢ 0.00 e 0.00 f 0.00 f
1000 0.00 ¢ 0.00 0.00 f 0.00 f
2000 0.00 e 0.00 0.00 f 0.00 f
0 0.00 ¢ 0.00 e 0.00f 0.00
o 500 0.00 0.00 0.00 f 0.00 f
With fruit 60 1000 25.00 be 25.00 be 21.67 be 18.00 cd
2000 0.00 0.00 e 0.00 f 0.00 f
0 0.00e 0.00e 0.00f 0.00f
120 500 11.66 d 11.66 d 19.33 cd 19.33 ¢
1000 0.00 ¢ 0.00 0.00 f 0.00 f
2000 0.00 0.00 e 0.00 f 0.00 f
0 2267 be 22.67 be 18334 1833 cd
180 500 0.00 ¢ 0.00 e 0.00 f 0.00 f
1000 0.00 ¢ 0.00 0.00 f 0.00 f
2000 0.00 0.00 e 0.00 f 0.00 f
0 533 de 533 de 21.67 be 20.67 be
o 500 0.00 0.00 e 0.00 f 0.00 f
1000 0.00 e 0.00 0.00 f 0.00 f
2000 0.00 0.00 0.00 f 0.00 f
0 333 e 333 e 22.67be 23.50 be
20 500 0.00 e 0.00 0.00 f 0.00 f
1000 0.00 ¢ 0.00 e 0.00 f 0.00 f
2000 0.00 0.00 e 0.00 f 0.00 f
0 233e 233e 2567a 24.00b
. . 500 0.00 ¢ 0.00 e 0.00 f 0.00 f
Without fruit 60 1000 0.00 e 0.00 e 0.00 f 0.00 f
2000 0.00 0.00 0.00 f 0.00 f
0 233e 233e 1933 cd 21.50 be
120 500 0.00 ¢ 0.00 0.00 f 0.00 f
1000 0.00 e 0.00 0.00 f 0.00 f
2000 0.00 0.00 0.00 f 0.00 f
0 167 e 167 ¢ 12334 12.00 de
160 500 0.00 0.00 e 0.00 f 0.00 f
1000 0.00 ¢ 0.00 e 0.00 f 0.00 f
2000 0.00 0.00 e 0.00 f 0.00 f

* There is no statistical difference between the data shown with the same letter in the columns, p<0.05.
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Figure 1. Changes of germination rate (%), survival rate (%), plant height (cm) and leaf number in wall-spray cotoneaster seeds
stored in dry-cold with or without fruit, according to stratification period (A), GA3 doses (B) and stratification type (C).

As can be seen, the germination rate in wall-spray
cotoneasters is unstable and inconsistent. The low
germination rate obtained in our study may also be due
to environmental conditions, plant growth and
development, and the characteristics of the place where
the seeds were collected. Because environmental
conditions can affect the end of seed dormancy and
germination capacity. The most promising way to
understand this phenomenon is to examine not only
but also physiological

diversity of seeds together with plant taxonomy,

morphological characters

ecology and geographical factors (Hartmann et al,
2014). photoperiod,
temperature and light intensity in seed maturation.

Important factors include
Germination rates in species of the Cotoneaster genus
may vary depending on the species, and it is stated that
stratification of seeds in cold-hot conditions, abrasion
of the seed coat, soaking in hot water and light in the
germination environment may also be effective
(Slabaugh and Shaw 2008; Lonnee et al., 2011; Tilki,
2013; Hartmann et al,, 2014). Cotoneaster seeds have
thick and very hard shells and stratification and
chemical abrasion are carried out in cold and humid
environments. In addition, double dormancy and
excessive germination inhibitory substances prevent

their germination (Hartman et al., 2014). On the other
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hand, some Cotoneaster species can germinate in light
and GAs treatment can create a light effect (Tilki, 2013).
This situation is also stated by Slabaugh & Shaw (2008)
and they state that the ambient temperature should be
high for germination. In this experiment, germination
success may have decreased because the seeds were
kept in dry cold. However, the germination rate is low
in dispersing cotoneasters (Slabaugh & Shaw, 2008)
and the pretreatments for germination, their duration,
the thickness of the seed coats and the degree of
embryonic dormancy should also be taken into account
(Liu et al., 2010; Hartmann et al., 2014).

4., Conclusion

Wall-spray cotoneaster (Cotoneaster horizantalis
Decne.) is an ornamental plant in the Rosaceae family
and widely used in outdoor arrangements. In recent
years, it has been necessary to study this species
generatively and vegetatively in order to respond to the
increasing plant demands. For this purpose, the
effectiveness of GAs3 treatment in addition to dry cold
stratification of seeds in and out of the fruit on
germination and seedling quality in seed propagation,
which is a rapid and intensive propagation method, was

investigated. The highest germination rate in wall-
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spray cotoneaster seeds was obtained with 35.00% in
those kept in the fruit, not treated with cold but treated
with 2000 ppm GAs. The germination rate in all other
applications remained below this value, and in fact,
there was no germination in most applications. The
germination and survival rate of seeds that were not
treated with GAs were higher than the others among the
seeds that were stratified both with the fruit and by
removing them from the fruit. The survival rate in
germinated and transplanted plants gave the same
result in all applications. According to the average
values, no or 60 days stratification, no GAs or and 1000
ppm GAs treatment and stratification the seed inside
the fruits has come to the fore. All the results showed
that the germination success of the wall-spray
cotoneaster, especially without using different
scarification of the hard and impermeable shells, may
be very low. Therefore, after treatment with some plant
growth regulators to break the dormancy in spreading
cotoneaster (Cotoneaster horizontalis Decne.) seeds,
several applications such as seed shell corrosive
chemicals, light, germination medium ingredients, pH
and EC value, temperature and humidity should be
investigated.
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Abstract: This study, evaluated the effects of microwave-MD and hybrid-MACD (hot air + microwave) drying
systems on drying rate (DR), moisture content (MR), effective moisture diffusion (Deg), specific moisture absorption
rate (SMER), specific energy consumption (SEC), and greenhouse gas emission (GHG) properties in the production
process of ‘Santa Maria’ variety pear fruit chips. Microwave method (except 360 W) dried the products in a shorter
time than the hybrid method. The DR values of the MD method were higher than MACD. The Degvalues of the drying
processes varied between 2.54 x 102 and 1.01 x 10-8. The average SMER values for the MD method varied between
0.006917 - 0.002803 kg/kWh and the SEC values varied between 356.8205 - 144.5714 kWh/kg. For MACD method,
the average SMER values varied between 0.0037 - 0.0016 kg/kWh and SEC values between 6261.5 - 2693.6
kWh/kg. The increase in energy consumption increased the GHG values. The lowest GHG values were determined
in the drying process performed at MD - 720 W power value.

Keywords: Pear fruit, drying processes, effective moisture diffusion, energy analyses, greenhouse gas

Mikrodalga ve sicak hava destekli mikrodalga kurutma sistemleriyle islenen Santa Maria cesidi
armut cipslerin kinetik, enerji tilketimi ve sera gazi analizinin karsilastirilmasi

0z: Bu calismada, mikrodalga (MD) ve hibrit (MACD) (sicak hava + mikrodalga) kurutma sistemlerinin, ‘Santa
Maria’ ¢esidi armut meyve yongalarinin iiretim siirecinde kurutma hizi (DR), nem igerigi (MR), etkili nem
difiizyonu (Def), 6zgiil nem ¢cekme oran1 (SMER), 6zgiil enerji tiiketimi (SEC) ve sera gazi emisyonu (GHG) 6zellikleri
iizerine etkileri incelenmistir. Kurutma prosesleri arasinda mikrodalga yontemi (360 W harig) hibrit yonteme gore
irtnleri daha kisa siirede kurutmustur. MD ydnteminin DR degerlerinin MACD yénteminden daha yiiksek oldugu
bulunmustur. Kurutma proseslerinin D¢ degerleri 2.54 x 10 ile 1.01 x 10-8 arasinda degismistir. MD yontemi i¢in
ortalama SMER degerleri 0,006917 - 0,002803 kg/kWh arasinda, SEC degerleri ise 356,8205 - 144,5714 kWh/kg
arasinda degismistir. MACD ydntemi icin ortalama SMER degerlerinin 0,0037 - 0,0016 kg/kWh arasinda, SEC
degerlerinin ise 6261.5 - 2693.6 kWh/kg arasinda degistigi belirlenmistir. Enerji tiiketimindeki artis GHG
degerlerini artirmistir. En diisiik GHG degerleri MD - 720 W gii¢ degerinde gerceklestirilen kurutma prosesinde
belirlenmistir.

Anahtar kelimeler: Armut meyvesi, kurutma islemleri, efektif nem difiizyonu, enerji analizleri, sera gazi

1. Introduction desired standards for achieving this goal (Afzal et al,

Drying is the process of removing moisture from solid 1999). For this reason, drying methods and techniques

or semi-solid material by evaporation technique
(Aghbashlo et al., 2008). The process of removing water
from products/dehydrating them to preserve for
human food is one of the oldest known methods
(Antonio et al, 2008). Minimium nutritional losses,
quick drying, and low energy consumption are the

have been developed.

The most commonly used drying methods are
conventional (tray, tunnel, and drum etc.), microwave
and microwave-assisted (oven, vacuum etc.) hybrid
techniques (Kutlu et al., 2015). The most widely used
drying technique in the fruit and vegetable drying

To cite this article: Tasova, M., & Ayvaliogly, S. (2025). Comparison of kinetics, energy consumption, and GHG analysis of Santa Maria
variety pear chips processed by microwave and hot air-assisted microwave drying systems. Journal of Agricultural Faculty of
Gaziosmanpasa University, 42(1), 80-88. https://doi.org/10.55507 /gopzfd.1649321
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industry is hot air-drying systems. These systems,
transmit hot air to the drying medium, and constitute >
85% of the drying devices used in the drying field
(Moses & Authority, 2014). Hot air-drying systems have
the advantage of not being affected by climatic
conditions. However, the long drying process causes
nutritional losses (Guan et al., 2024). Understanding of
good drying has improved with the development of
innovative drying systems. This has revealed the
importance of sustainable food systems (Calin-Sanchez
etal,, 2020). However, the drying time has decreased by
an average of 26%, the process efficiency has increased,
and the energy consumption has decreased by
(Chojnacka et 2021).
Microwave drying ovens are one of the innovative

approximately 80% al,,
drying systems used in the drying processes developed
by utilizing microwave energy (Fan et al, 2024).
Microwave energy penetrates the moisture in the fresh
product and heat is produce by the principle of ionic
contact and polar rotation (Li et al., 2023). Junqueira et
al. (2017) dried the pumpkin to compare the convective
and microwave drying systems. The microwave method
dried the product earlier than the convective drying
system. Although microwave drying systems have
advantages over many other methods, there are still
some quality losses in the product due to high heat
towards the final stage of drying (Shen et al., 2020).
Microwave-assisted drying methods have been
developed to eliminate the problems that occur in
microwave drying methods. The quality of food
materials is better when compared to the drying
systems used together (hybrid). For this reason,
researchers have focused on investigating the
properties, effects and advantages of microwave-
assisted hybrid drying methods (Zielinska et al., 2020).
There are some studies in the literature on the
production of dried pear fruit by applying microwave
and different drying techniques. For example, Onal et al.
(2021) dried Rocha variety pear fruit using ultrasound
and microwave pretreatment hot air-drying technique.
Drying kinetics, color and phytochemical properties
were examined in the study. The quality characteristics
of microwave pretreatment samples caused higher
losses compared to the quality characteristics of control
(2020)

investigated the effect of hot air and microwave-

and ultrasound samples. Marzec et al.
assisted hot air-drying techniques on the quality of
‘Conference’ and ‘Alexander Lucas’ variety dried pear
fruits. It was determined that drying methods affected
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the varieties, but there was no significant difference
between the varieties in terms of general quality
characteristics. There are many studies on drying
different varieties of pear fruits using microwave
technique; Fumagalli and Silveira (2007; ‘Packham'’s
Triumph’ pear), Li et al. (2021; ‘Balsam’ pear), Zhang et
al. (2023; ‘Dangshan’ pear), Tepe & Tepe (2024; ‘Deveci’
pear), Coskun-Topuz et al. (2022; ‘Mellaki’ pear), Kian-
Pour (2023; ‘Santa Maria’ pear), Onwuzuruike et al.
(2022; ‘African’ pear) etc. However, it has been seen
that the number of studies on drying ‘Santa Maria’ pear
fruits is still insufficient.

In this study, the drying rate - DR, moisture rate - MR,
effective moisture diffusion Deg, color, specific moisture
absorption rate - SMER, specific energy consumption -
SEC, and greenhouse gas emission - GHG values of Santa
Maria variety pear fruit dried with microwave and hot
air assisted microwave methods were compared.

2. Materials and Methods
2.1. Raw fruit

Fresh ‘Santa Maria’ fruits were purchased from a local
market in Tokat province. The fruits were first washed
with chlorinated tap water and sliced crosswise into
circular slices for chips. An average of 140 g of sample
was used in thermal treatments.

2.2. Drying devices

Microwave drying (MD): Fresh ‘Santa Maria’ fruits were
used in a Vestel brand and MD-GD23 model microwave
oven. The microwave oven has a total output power of
900 W and its dimensions are 305 mm x 508 mm x 385
mm in height x width x depth, respectively. The
products were placed on a glass plate and dried on the
rotating glass tray in the oven at 360, 540, 720, and 900
W power values.

Microwave-assisted convective drying (MACD): Fresh
fruits was dried by Ariston Hotpoint Brand MWHA
33343 model 2450 MHz (Italy). This dryer is a device
with both hot air and microwave features. The AND
brand GF-300 model precision balance (0.01 g) was
used to follow the weight change of the samples in the
drying processes.

2.3. Moisture content

Equation number 1 was used to determine the moisture
content of fresh fruits on a dry basis (Yagcioglu, 1999).

Nd.b. _ (9]

_M;-Ms
M X 100

Here: Mi; Initial weight (g), Ms; Final weight (g).
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2.4. Drying rate (DR)

Equation number 2 was used to determine the drying
rates of dried fruits (Doymaz et al.,, 2006).

Me—m (t+dt)
dt

DR = (2)

Where: My; Moisture content (g moisture/g drying matter), dy;
minutes, DR; Drying rate (g moisture/g drying matter
minutes).

2.5. Moisture rate (MR)

To determine the rate of moisture removed from the
dried fruits, equation number 3 was used (Maskan,
2000).

M-M,
Mo—M,

MR =

3)

Where: MR: Moisture content, M; Instantaneous moisture
content of the product (g moisture/g dry matter), Me;
Equilibrium moisture content of the product (g moisture/g
dry matter), Mo; Initial moisture content of the product (g
moisture/g dry matter).

2.6. Effective moisture diffusion (Def)

Equation number 4 was used to calculate the effective
moisture diffusion values of dried fruits (Corzo et al.,
2008).

2
T 'Deff-t
412

In MR = ln%— 4)

Where: Deg: Effective diffusion value (m2/s), L; half of the
thickness value of the product (m).

2.7. Total energy consumption

A Polaxtor brand PLX-15366 model energy analyzer (+
0.02 kWh) was used to measure the energy
consumption values of dried fruits.

2.8. Specific moisture absorption ratio (SMER)

Equation number 5 was used to calculate the specific
moisture absorption ratio of dried fruits (Surendhar et
al,, 2019).

Evaporated moisture (kg)

SMER =

(5)

Consumed energy (kWh)
Where: SMER: Specific moisture removal rate (kg/kWh).
2.9. Specific energy consumption (SEC)

Equation number 6 was used to calculate specific
energy consumption values in dried fruits (Motevali et
al, 2012).

(6)
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Where: SEC: Specific energy consumption (kWh/kg), P:
Microwave power value (W), t: Drying time, mw; amount of
moisture removed (kg).

2.10. Greenhouse gas emissions (GHG)

The amount of GHG released into the atmosphere
during drying processes was determined according to
the methods of Nazari et al. (2010) and (Kaveh et al,,
2021). Energy consumption values were by multiplying
the specified coefficients with the consumed energy
consumption values. Energy production method -
Consumed energy raw material source - GHG were
calculated according to the principle. Calculations were
made without considering regional GHG emission
differences or any other factors as variables.

2.11. Statistical analysis

SigmaPlot10 was used to create the drying kinetics of
the dried samples (p<0.05). Duncan multiple
comparison test (p<0.05) was performed in SPSS17 to
statistically evaluate the findings obtained within the
scope of the study.

3. Results and Discussion

3.1. Moisture rate and drying rate

The humidity and drying rate curves of the drying
processes are given in Figure 1. The moisture content of
the samples on a wet basis was reduced from 86% to <
7%. The decrease in the drying times of the products
progressed inversely proportional to the increase in the
microwave power value. The average duration of the
drying processes in the microwave dryer varied
between 15.5 - 54 minutes and between 34 - 36 minutes
in the hybrid dryer. Alibas et al. (2021) investigated the
effects of drying methods on the drying kinetic
parameters of ‘Deveci’ pear. The initial moisture
content of the product was dried from 83.95 + 0.01%
(5.24 + 0.003 kg moisture kg dry matter) to a final
moisture content of 11.40 * 0.06% (0.13 + 0.001 kg
moisture kg matter-1). It was dried by hot air-drying
method at 60, 80, and 100 °C for 11150, 437, 252, and
148 min, respectively. Nguyen et al. (2006) studied the
estimation of effective diffusion of pear tissue and
cuticle by means of numerical water diffusion model.
The MR was determined as a function of time in the
weight loss of a pear slice at 1 °C and 20 °C and 80-90%
relative humidity. Initially, it was observed that the
curves decreased at 1 °C and this decrease was due to
the temperature and evaporation of excess water from
the free surface of the samples. Kili¢ (2014) studied the
determination of drying characteristics of vegetables
and fruits dried under convective conditions. The
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decrease in the time to reach equilibrium humidity
provided an increase in the dimensionless humidity
ratio and drying air temperature in drying under
natural convective conditions. It was observed that the
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significantly in the first 100 minutes of drying. The
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times to reach equilibrium humidity were 330, 250, and
210 minutes at 60, 70, and 80 °C, respectively.
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Figure 1. Drying kinetics.

3.2. Effective moisture diffusion

The effective moisture diffusion of the drying processes
was affected by the microwave and hybrid power values
(Table 1). The effective moisture diffusion values in the
microwave dryer varied between 9.13 x 109-1.01 x 10-
8m?/s and in the hybrid dryer between 5.58 - 5.58 x 10-
9in drying processes. The highest effective moisture
diffusion value was determined as 1.01 x 108 m?/s in
the microwave dryer. This situation is thought to be the
result of energy produced by the microwave system
directly affecting the heat conversion within the
product. Doymaz and Aktas (2018) observed that the
effective moisture diffusion value was positively
affected by increasing the drying temperature. The
reason for this was that the increase in the drying rate
in the product affected the easier evaporation of
(2006) worked on the
estimation of the effective diffusion of pear tissue and

moisture. Nguyen et al

cuticle by means of a numerical water diffusion model.
Diffusion coefficient values were greater in late
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collected pear samples (inner cortex: 123.0 + 48.0).
This is because pears picked late are riper than those
picked early. Since cell membrane deterioration is seen
in products picked late, diffusion coefficients increase.
Silva et al. (2016) studied three-stage intermittent
drying of pears considering shrinkage and variable
diffusion coefficient. In the results of the study,
considering the amount of shrinkage in the samples,
diffusion coefficients varying between 2.5 x 10-° m?2/s
and 6.0 x 1011 m?%/sat 40 °Cand 2.4 x 10 m?/sand 1.9
x 1019 m2/s at 50 °C were observed. In the drying
performed at 50 °C, a 28.7% decrease in the total time
was obtained. This result determined that air
temperature had a greater effect on drying kinetics than
air flow rate. Effective moisture diffusion values of
drying processes are given in Table 1.

3.3. Energy consumption values

The energy consumption curves of the drying processes
are given in Figure 2.
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Table 1. Effective moisture diffusion values of drying

processes.

Microwave power Effective diffusion (m?/s) R?

360 W 2.54 x 109 0.8407
540 W 5.83 x 10 0.8637
720 W 1.01 x 108 0.8766
900 W 9.13 x 10 0.8012
350 W+ 60 °C 5.58 x 10 0.9470
360 W+ 70 °C 5.58 x 10 0.9691

It was observed that the average SMER values of MD
drying processes varied between 0.006917-0.002803
kg/kWh and SEC values varied between 356.8205-
144.5714 kWh/kg. It was observed that the average
SMER values of hybrid drying processes varied between
0.0037-0.0016 kg/kWh and SEC values varied between
6261.5-2693.6 kWh/kg. Alibas et (2021)
investigated the effects of drying methods on the drying

al.

kinetics parameters of ‘Deveci’ pear. In the study, it was
determined that the method with the highest total
energy consumption in the hot air-drying method was
60°C. The increase in drying temperature was the
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determining factor in the increase in total energy
consumption and the decrease in specific energy
consumption. Kaveh et al. (2023) investigated the
comparative evaluation of GHG emissions and specific
energy consumption of different drying techniques in
pear slices. For CV, IR, and MW the highest SEC values
were obtained with the values of 267.61, 204.64, and
87.03 MJ/kg for 6 mm thickness at 50 °C, 500 W, and
270 W, respectively, while the lowest SEC values were
94.54, 85.36, and 28.33 MJ/kg for a 2 mm sample
thickness at 70 °C, 1000 W, and 630 W, respectively. In
the study, it was obtained that the SEC value decreased
with increasing temperature-power and decreasing
sample thickness. It was determined that the shrinkage
values were higher at low sample thicknesses and
temperature powers.

3.4. Greenhouse gas emission (GHG)

The GHG values in drying processes are given in Table

2.
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Figure 2. SMER and SEC curves of drying processes.
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Table 2. GHG values.

Energy production

Microwave power methods Fuel NOx(g) S0:(g) CO:(g)
Steam Natural gas 1.32717 0 313.548
Kerosene 1.24236 7.53304 505.325
360 W Gas turbine Natural gas 0.94163 0 385.526
Kerosene 2.85447 1.89312 516.664
Combined cycle Natural gas 1.45435 0 221.85
Kerosene 1.86354 1.14376 306.646
Steam Natural gas 1.11097 0 262.668
oil 1.04076 6.31064 423.325
540 W Gas turbine Natural gas 0.78883 0 322.966
Kerosene 2.39127 1.58592 432.824
Combined cycle Natural gas 1.21835 0 185.85
Kerosene 1.56114 0.95816 256.886
Steam Natural gas 0.84197 0 199.068
oil 0.78876 478264 320.825
720 W Gas turbine Natural gas 0.59783 0 244.766
Kerosene 1.81227 1.20192 328.024
Combined cycle Natural gas 0.92335 0 140.85
Kerosene 1.18314 0.72616 194.686
Steam Natural gas 0.8877 0 209.88
oil 0.8316 5.0424 338.25
900 W Gas turbine Natural gas 0.6303 0 258.06
Kerosene 1.9107 1.2672 345.84
Combined cycle Natural gas 0.9735 0 148.5
Kerosene 1.2474 0.7656 205.26
Steam Natural gas 1.41225 0 3339
oil 1.323 8.022 538.125
o Gas turbine Natural gas 1.00275 0 410.55
350 W+ 60C Kerosene 3.03975 2,016 550.2
Combined cycle Natural gas 1.54875 0 236.25
Kerosene 1.9845 1.218 326.55
Steam Natural gas 1.77809 0 420.396
oil 1.66572 10.10008 677.525
o Gas turbine Natural gas 1.26251 0 516.902
350 W+70%C Kerosene 3.82719 2.53824 692.728
Combined cycle Natural gas 1.94995 0 297.45
Kerosene 2.49858 1.53352 411.142

** The value of 0 (Zero) indicates that the SO2 gas released into the atmosphere during energy production using natural gas fuel with steam,

gas turbine and combined cycle methods is not at a significant level.

Cesmeli and Penge (2020) reported that GHG emissions
exceed the capacity of our world to renew itself, leading
to serious consequences such as ozone layer depletion,
global warming and the decrease in food resources. In
addition, GHG are one of the biggest factors in the
formation of the ecological footprint. For the world to
be more livable and sustainable, biomass areas and the
ecological footprint must be kept in balance. To achieve
this balance, the future status of greenhouse gas
emissions must be predicted accurately. According to
Table 2, it was determined that the GHG values
decreased with the increase in microwave power
values. This is because the drying time of the product
decreased at high microwave power values, and the
amount of energy consumed by the dryer also
decreased. This caused the GHG values to decrease.
Kaveh et al. (2023) investigated the comparative
evaluation of GHG emissions and specific energy
consumption of different drying techniques in pear
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slices. As seen in the microwave drying process, the
highest CO2 levels were recorded in SP-HO (89.21 kg/kg
water) and GT-GO (91.21 kg/kg water) plants drying at
270 W with a sample thickness of 6 mm. The lowest CO2
level was 12.75 kg/kg water in CC-NG plant with 630 W
power and 2 mm sample thickness. The highest NOx
emissions (0.50 kg/kg water) were found in the GT-GO
plant with 270 W and 6 mm thickness. The lowest NOx
(0.05 kg/kg water) was in the GT-NG plant with 2 mm
sample thickness and drying at 630 W. In addition,
increases in MW power led to a decrease in CO2 and NOx
emissions, while an increase in sample thickness led to
an increase in COz and NOx emissions. This high MW
power required less energy to remove moisture from
pear samples, which resulted in a decrease in
Kaveh et al. (2021)
conducted a green pea drying study. In this study, they

greenhouse gas emissions.

determined the highest and lowest CO2 greenhouse gas
emission values as 225.80 and 29.70 g/kg moisture.
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The values in literature are higher than the values in
this study. The reason for this is that the drying
processes were carried out in industrial type convective
dryers. Motevali and Koloor (2017) investigated the
GHG values of different drying systems. They found the
lowest CO2 and NOx greenhouse gas emissions in the
microwave dryer as 38.55 g and 1.54 g. In this study;, it
was seen that the GHG values obtained with the
microwave dryer were compatible with the GHG values
obtained with the microwave dryer in the literature.

4. Conclusion

It was observed that microwave power values affected
the drying Kkinetics, energy consumption and GHG
values of pear chips. With the increase in power values,
the moisture content of the samples also increased. NOx
gas emission was determined as 2.85 g at the highest
power value of 360 W. SO:2 gas emission was
determined as 6.31 g at the highest power value of 360
W. CO2 gas emission was determined as 516.66 g at the
highest power value of 360 W. The drying processes of
the samples were affected by effective moisture
diffusion, microwave and hybrid power values. In the
pear chip study, it is thought that the energy produced
by the microwave system directly affects the heat
conversion within the product. The highest SMER and
lowest SEC values were determined in the drying
processes performed in the microwave dryer at 900 W
power value and in the hybrid dryer at 350 W - 60 °C.
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