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Article Info Abstract: Under changing climate, abiotic stresses especially salinity have posed
Received: 14.02.2022 serious threats to modern crop production systems of staple crops and chemo-
Accepted: 13.03.2022 priming with salicylic acid offers a promising remedy. The present study aimed at

Online published: 15.06.2022 ameliorating the adverse effects of salt stress through optimization of salicylic
DOI:10.29133/yyutbd.1073555  acid (SA) for two bread wheat genotypes (DZ17-1 and Empire Plus). The trial
was comprised of chemo-priming with different SA levels including 0, 0.5, and 1

K d . . . .

cyworas mM applied to the seeds of bread wheat genotypes exposed to different salinity
Abiotic stress, levels (0, 50, 100, 150, 200 mM NaCl). The response variables included
Germination, germination indices, roots length, and weight along with seedling traits. The
Root length

results revealed that increasing the level of salinity had a negative effect on both
genotypes of wheat and all traits studied. The DZ17-7 genotype was found to be
more tolerant to salt stress. Among SA concentrations, | mM imparted a
significant influence on germination, root traits, and seedling parameters.
Although SA showed positive effects in salt stress conditions in the study, further
studies are needed to clarify the role of SA in providing stress tolerance of plants.

To Cite: Yilmaz, M, Kizilgeci, F, Tazebay Asan, N, Asan, U, Igbal, A, Igbal, M A, 2022. Determination of The Effect of Salicylic Acid
Application on Salinity Stress at Germination Stage of Bread Wheat. Yuzuncu Yil University Journal of Agricultural Sciences, 32(2): 223-
236. DOL: https://doi.org/10.29133/yyutbd.1073555

Ekmeklik Bugdaya Salisilik Asit Uygulamasinin Cimlenme Doneminde Tuzluluk
Stresine Etkisinin Belirlenmesi

Makale Bilgileri Oz: Degisen iklim kosullar1 altinda, abiyotik stresler, 6zellikle tuzluluk, temel
Gelis: 14.02.2022 iriinlerin tiretiminde ciddi tehditler olusturmakta ve salisilik asit bu etkilerin
Kabul: 13.03.2022 azaltilmasinda umut verici bir ¢dziim sunmaktadir. Bu ¢alisma, iki ekmeklik

Online yaymlanma: 15.06.2022 bugday genotipine (DZ17-1 ve Empire Plus) salisilik asit (SA) uygulamasinin tuz
DOLI: 10.29133/yyutbd.1073555
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stresinin olumsuz etkilerini iyilestirmesi amaglamistir. Arastirmada, farkli

Anahtar Kelimeler tuzluluk seviyelerine (0, 50, 100, 150, 200 mM NaCl) maruz birakilan ekmeklik

Abiyotik stres, bugday genotiplerinin tohumlarina 0, 0.5 ve 1 mM salisilik asit uygulanmistir.
Cimlenme, Calismada ¢imlenme indeksleri, kok ve fide ozellikleri incelenmistir. Arastirma
Kok Uzunlugu sonuglaria gore, artan tuzluluk seviyesinin hem bugday genotiplerini hem de

incelenen tiim oOzellikleri olumsuz etkiledigini ortaya koymustur. DZ17-7
genotipinin tuz stresine daha toleransli oldugu bulunmustur. SA konsantrasyonlari
arasinda 1 mM, ¢imlenme, kok 6zellikleri ve fide parametreleri iizerinde 6nemli
bir etki saglamistir. SA, caligmada tuz stresi kosullarinda olumlu etkiler gosterse
de bitkilerin stres toleransini saglamada SA'nin roliinii netlestirmek i¢in daha fazla
calismaya ihtiya¢ duyulmaktadir.

Dipnot: Bu makale Meliksah YILMAZ’1n Yiiksek Lisans tezinden tiretilmistir.

1. Introduction

Globally, changing climate and global warming have threatened the food production systems
and rapidly increasing human population demands proportionate increase in staple crops production.
However, abiotic stresses especially frequent spells of drought and salinity have emerged as daunting
challenges posed to multiply crops yield on a per hectare basis (Alghawry et al., 2021; Chowdhury et
al., 2021; Igbal et al., 2021). Wheat (T7iticum aestivum L.) has been regarded as the most significant
cereal crop for ensuring the food security and poverty alleviation strategy of farmers worldwide. It ranks
second most important crop after rice and is being cultivated in all continents (Giraldo et al., 2019). It
is a staple food for around 36% of the world's population and provides over 20% of daily calories and
55% of total carbohydrates to humans (Siddiqui et al. 2019; Kizilgeci, 2021). Currently, the wheat yield
remains low and stagnant, primarily owing to suboptimal growth conditions. (FAO, 2016). Recently,
climate change is feared to impart further adverse effects on germination, growth, and yield of wheat
crops (Asseng et al., 2015).

Among abiotic stresses, salinity causes numerous biochemical and physiological damages in
crop plants and ultimately deteriorates the grain yield and quality (Can et al., 2021). Salinity stress
causes osmotic stress and ion toxicity by increasing the assimilation of Na" ions and decreasing the
Na'/K" ratio due to low osmotic potential in plant roots. Furthermore, this ionic imbalance affects the
uptake and transport of other essential ions in target cells and inhibits important plant processes and
functions (Arif et al., 2020). In general, among field crops, wheat is more sensitive to salinity, which
inhibits plant growth and development. Salinity is the most adverse factor affecting the quality and
productivity of wheat by changing its physiological activities as well as its biochemical activities. Soil
salinity adversely affects various morphological structures of wheat including seedling growth, plant
height, shoot and root length, root, leaf, fresh and dry weight, root/shoot ratio, and chlorophyll content
(Iyem et al., 2020). Salinity stress accelerates all phenological stages of wheat (Grieve et al., 1994),
reduces the number of tillering (Abbas et al., 2013), the number of spikelets per spike (Frank et al.,
1987), grain weight (Abbas et al., 2013), and negatively affect grain yield (Sorour et al., 2019). Ali et
al. (2009) reported that wheat exposed to salt stress caused a decrease of up to 45% in yield.

Salicylic acid (SA) or ortho hydroxybenzoic acid [C¢Hs (OH)CO-H] is a phenolic type
endogenous growth regulator having the potential to ameliorate adverse effects of salt stress under
varying pedo-climatic conditions (Javid et al., 2011; Moghaddam et al., 2020). The SA application holds
the potential to increase the rate of photosynthesis, stomatal conductivity, and transpiration rate that
assist plants to cope with the saline environment (Khan et al., 2003; Arfan et al., 2007). In addition, SA
activates antioxidant protection (Xu et al., 2008) along with inhibiting the accumulation of Na" and CI
in plant cells (Gunes et al., 2007). Furthermore, Abhinandan et al. (2018) reported that SA application
remained effective in triggering the vegetative growth of crop plants which reduced the deleterious
effects of salinity by virtue of robust growth. In addition, Ma et al. (2017) inferred that SA exogenous
application remained effective in improving germination, seedling growth, photosynthesis rate,
antioxidant biosynthesis, numerous enzymes activation, stomata opening regulation, and chloroplast
development. Moreover, SA was reported to have a critical role in triggering the carotenoids bio-
synthesis along with enhancing the rate of de-epoxidation in wheat under saline environment
(Moharekar et al., 2003). Previously, it has also been exhibited that SA imparted robustness to the
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antioxidant system in Brassica species (Yusuf et al., 2008). The SA application as chemo-priming (pre-
sowing seed soaking for 6-72 hrs) might offer one of the biologically viable and promising approaches
to cope with adverse effects of salinity on germination and early seedling growth through activation of
numerous enzymes and biosynthesis of antioxidants (Choudhary et al. 2021; Zahoor et al., 2021).
However, most of the studies have addressed the salinity stress at terminal stages of crop plants while
research gaps exist regarding SA application as a seed priming agent in triggering the seed germination
and seedling growth traits under saline environments of varying extent.

Thus, it was hypothesized that SA dose optimization for chemo-priming may assist in improving
germination rate and seedling growth traits of wheat under varying levels of salinity. To this end, the
prime aim of this trial was to assess the impact of different doses of SA on wheat genotypes germination
and seedling growth parameters under saline conditions.

2. Material and Methods

The present study was executed in the laboratory of the Field Crops Department of the Faculty
of Agriculture, Sirnak University, Turkey in 2020. In the research, material was advanced bread wheat
line DZ17-1 (developed by Dicle University, Turkey) and Empire Plus bread wheat genotype. The trial
was comprised of different levels of SA (0, 0.5, and 1 mM) applied as a seed priming agent to wheat
under varying levels of imposed salinity (0, 50, 100, 150, and 200 mM). The trial was executed as a
factorial experiment under a completely randomized design having three replications. The genotypes
were subjected to a seed priming process with 10% Sodium Hypochlorite (NaClO) to prevent
contamination. The disinfected seeds were then rinsed 3 times with distilled water. The seed priming
duration was 12 hours and then dried with drying towels at room temperature. 15 seeds from each
genotype were placed on the filter paper in 9 cm plastic petri dishes, which is the germination medium.
The trial was carried out in a germination chamber at a constant temperature of 24+1 °C for 8 days, with
a day and night length of 18/6 hours. To create salt stress, NaCl solutions were prepared at doses of for
each application, and 10 ml were applied to the seeds placed in petri dishes and allowed to germinate.
Characteristics examined in the study we are determined according to Yildirim et al. (2015) (coleoptile
length, seedling length (mm), root length (cm), shoot dry weight (mg), germination rate (%),
germination vigour (%)).

2.1 Statistical analysis

The analysis of variance (ANOVA) of the data obtained from the study was performed using
the JMP 10 package program according to the factorial experiment under a completely randomized
design. Differences between means were interpreted according to the 5% LSD test.

3. Results and Discussions

3. 1. Coleoptile length

The coleoptile length and multiple comparisons of bread wheat genotypes subjected to salicylic
acid and salt stress are given in Table 1.

The highest coleoptile length value was recorded for the DZ17-1 genotype using | mM SA +
50 mM NaCl, while the lowest (5.47 mm) was obtained in the DZ17-1 genotype from the application of
0.5 mM SA + 200 mM NaCl. The increase in salt stress caused significant reductions in the coleoptile
length of both genotypes. DZ17-1 genotype was found to be more resistant to salt stress conditions than
Empire Plus variety. It was determined that salicylic acid application to salt doses had no effect on
coleoptile length (Figure 1).
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Table 1. Average values of coleoptiles length (mm) and multiple comparisons of bread wheat genotypes
subjected to salicylic acid and salt stress

Salicylic acid Salt stress (mM)
Genotypes @mM) 0 50 100 150 200
0 25.42a-d 24.39abc 22.85¢c-f 19.33ghi 8.180p
DZz17-1 0.5 24.16a-d 23.32b-¢ 24.39a-d 13.90Im 5.47p
1 26.70ab 27.19a 25.83abc 18.42g-j 5.64p
0 21.60d-g 24.54a-d 20.52¢-h 14.75klm 7.130p
Empire Plus 0.5 20.75e-h 18.12h-k 15.50j-m 12.83mn 9.350
1 19.65£-i 18.47g-j 16.38i-1 10.04no 7.250p
DZ17-1 mean 25.43A 24.97A 24.35A 17.22C 6.43E
Empire Plus mean 20.67B 20.38B 17.46C 12.54D 791E

Differences between means with the same lowercase and uppercase letter are not statistically significant.

30
25

20 -
m0mM
15
m(0.5mM
10 1 mM
5 _ 1
0 -

50 mM 100 mM 150 mM 200 mM

Figure 1. The effects of salicylic acid and NaCl application on the coleoptile length of bread wheat.

Kizilgeci (2021) reported that increasing salt concentrations and decreasing enzyme activities
caused a decrease in the coleoptile length of the seeds. Many other researchers have also reported a
significant decrease in coleoptile length due to the increase in salt stress (Yildirim et al., 2015; Iyem et
al., 2020; Kizilgeci et al., 2020). Responses of genotypes to salicylic acid application under 200 mM
salt stress conditions were similar. In our study, it was observed that salicylic acid application was
ineffective in reducing the negative effects of salt stress on coleoptile length. Additionally, it was also
observed that SA imparted an inhibitory effect in the Empire plus genotype. These findings are in
contradiction with those of Canakci and Munzuroglu (2007) who reported that SA exogenous
application in low concentrations increased the coleoptile length under normal conditions, while its high
concentrations caused an inhibitory effect on seedling growth and development.

3.2. Root length

The root length values and multiple comparisons of bread wheat genotypes subjected to salicylic
acid seed priming under salt stress are given in Table 2.

It was observed that the highest root length (72.28 mm) was obtained in the DZ17-1 genotype
by 1 mM SA under non-saline conditions, while the lowest value (6.21 mm) was obtained for Empire
Plus genotype by 0.5 mM SA under 200 mM NaCl salt stress. The effects of salicylic acid application
on root length properties differed under salt stress conditions (Figure 2). The increase in salt stress
resulted in significant reductions in the root length of both genotypes. In accordance with our findings,
many researchers have stated that increasing levels of salinity stress resulted in a higher degree of
adverse effects on the root length of many field crops (Yildirim et al., 2015; Iyem et al., 2020; Kizilgeci
etal., 2020). Additionally, it was also inferred that SA applications up to 100 mM salinity level imparted
a positive effect on the root length of the DZ17-1 genotype. Moreover, Empire plus genotype was
adversely affected by all doses of SA under varying salinity levels. These findings corroborate with
those of Dolatabadian et al. (2009) who opined that SA enhanced the root length of wheat under severe
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saline conditions, while Zahra et al. (2011) reported that root elongation was inhibited in parallel with
the increase in salicylic acid concentration under salt stress conditions.

Table 2. Average values of root length (mm) and multiple comparisons of bread wheat genotypes
subjected to salicylic acid and salt stress

Salicylic acid Salt stress (mM)

Genotypes (mM) 0 50 100 150 200
0 44.80 37.02 22.74 18.93 9.46
DZ17-1

0.5 49.12 35.72 25.85 13.56 9.81

72.28 41.27 31.72 14.79 9.43

. 0 37.42 25.40 19.13 11.34 9.59

Empire Plus 0.5 21.97 21.99 12.60 10.10 6.21

1 35.50 20.86 15.14 10.99 7.12
DZ17-1 mean 55.40A 38.00B 26.77CD 15.76E 9.57F
Empire Plus mean 31.63C 22.75D 15.62E 10.81EF 7.64F

Differences between means with the same lowercase and uppercase letter are not statistically significant.
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Figure 2. The effects of salicylic acid and NaCl application on the root length of bread wheat.
3.3. Seedling length

The impact of different doses of SA on seedling length of wheat genotypes under varying levels
of salinity has been illustrated in Table 3.

Table 3. Average values of seedling length (mm) and multiple comparisons of bread wheat genotypes
subjected to salicylic acid and salt stress

Salicylic Salt stress (mM)

Genotypes acid (mM) 0 50 100 150 200

0 89.92 74.97 52.95 24.54 8.18
DZ17-1 0.5 108.91 88.48 65.28 21.68 5.47

1 91.86 79.81 60.44 25.68 5.64

0 74.44 86.33 43.96 18.62 7.13
Empire Plus 0.5 74.87 52.30 40.33 20.63 12.72

1 78.04 60.41 37.74 13.59 7.25
DZ17-1 mean 96.89A 81.09B 59.56D 23.97F 6.43H
Empire Plus mean 75.78BC 66.35CD 40.68E 17.61FG 9.03GH

Differences between means with the same lowercase and uppercase letter are not statistically significant.
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The tallest seedling length (108.91 mm) was obtained for DZ17-1 genotype in 0.5 mM SA + 0
mM NaCl application, while the lowest (5.47 mm) was obtained for DZ17-1 genotype from 0.5 mM SA
+ 200 mM NaCl application.
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Figure 3. Seedling length in response to different doses of SA under varying levels of salinity.

The increase in salt stress caused significant reductions in the seedling length of both genotypes.
However, it was observed that the DZ17-1 genotype was more affected at the highest salt stress
compared to the control. It was observed that SA application did not have an effect on increasing
seedling length. Likewise, Werner and Finkelstein (1995) reported that high salinity slowed down the
plant's water uptake, thus inhibiting root and shoot elongation. Moreover, Shakirova et al. (2003)
reported that SA increased the resistance of wheat seedlings to salinity, and 0.05 mM SA application
improved plant growth and caused ABA and proline accumulation in wheat.

3.4. Root fresh weight

Table 4 illustrates the root fresh weight of wheat genotypes subjected to chemo-priming with
different concentrations of SA under varying levels of induced salinity.

Table 4. Average values of root fresh weight (mg) and multiple comparisons of bread wheat genotypes
subjected to salicylic acid and salt stress

Salicylic Salt stress (mM)

Genotypes acid (mM) 0 50 100 150 200

0 36.7e-k 29.9¢e-m 37.4e-k 50.5cde 19.7g-m
DZ17-1 0.5 40.3e-1 45.5def 38.8e-j 37.3e-k 35.6e-1

1 170.8a 73.6bc 84.9b 66.1bcd 42.2e-h

0 28.9e-m 23.2f-m 23.1f-m 26.4f-m 15.3j-m
Empire Plus 0.5 22.2f-m 12.4lm 24.6f-m 13.8klm 7.2m

1 43.3d-g 51.4cde 27.7e-m 17.4i-m 19.3h-m
DZ17-1 mean 82.6A 49.7B 53.7B 51.3B 32.5C
Empire Plus mean 31.5C 29.0C 25.1CD 19.2CD 13.9D

Differences between means with the same lowercase and uppercase letter are not statistically significant.

The results revealed that the maximum root fresh weight (170.8 mg) was obtained in the DZ17-
1 genotype that was chemo-primed with 1 mM SA and was grown under non-saline conditions, while
the lowest value (7.2 mg) was determined in the Empire Plus genotype from the application of 0.5 mM
SA + 200 mM NaCl

The effects of salicylic acid application on root fresh weight properties differed under salt stress
conditions (Figure 4). The highest root fresh weight was determined in the combination of 0 mM NaCl
+1 mM SA, while the lowest value was determined at 200 mM NaCl + 0 mM SA and 0.5 mM SA.
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Figure 4. The effects of salicylic acid and NaCl application on the root fresh weight of bread wheat.

The increase in salt stress resulted in significant decreases in root fresh weight of both
genotypes. It was observed that the 1 mM SA dose applied in the study had a positive effect on this
feature under all stress conditions.

3.5. Seedling fresh weight

Average values of seedling fresh weight and multiple comparisons of bread wheat genotypes
subjected to salicylic acid and salt stress are given in Table 5.

Table 5. Average values of seedling fresh weight (mg) and multiple comparisons of bread wheat
genotypes subjected to salicylic acid and salt stress

Salicylic Salt stress (mM)

Genotypes acid (mM) 0 50 100 150 200

0 249.8cd 2404cde 174.9d-j 167.3d-k 30.9n0
DZ17-1 0.5 364.7b 294.8bc 196.6¢-h 86.3i-0 112.4g-0

1 505.6a 373.4b 354.6b 153.6d-1 66.5k-0

0 218.4c-f 213.5¢c-g 128.1f-n 76.8j-0 26.3n0
Empire Plus 0.5 94.3h-o0 47.4mno 55.6l-0 50.61-0 21.60

1 145.8e-m  183.5d-i 72.1j-0 33.6n0 23.00
DZ17-1 mean 373.4A 302.8B 242.1C 135.7DE 69.9FG
Empire Plus mean 152.9D 148.1D 85.3EF 53.7FG 23.6G

Differences between means with the same lowercase and uppercase letter are not statistically significant.

As per recorded data, the highest seedling fresh weight (505.6 mg) was obtained in the DZ17-1
genotype that was subjected to chemo-priming with 1 mM SA and grown under optimum growth
conditions, while the lowest (21.6 mg) was recorded for Empire Plus genotype having chemo-priming
with 0.5 mM SA and was grown under maximum salinity level of 200 mM NacCl.

The increase in salt stress resulted in significant decreases in the seedling fresh weight of both
genotypes. Kizilgeci et al. (2020) reported that as the severity of salt stress increased, the seedling’s
fresh weight decreased. In the present study, it was observed that SA application had an improving effect
on seedling fresh weight under stress conditions. Similar to our study, Tepe (2011) reported that SA
application has an increasing effect on seedling fresh weight compared to control. Bahrani and Pourreza
(2012), in their study investigating the effect of the different salicylic acid applications on seedling fresh
weight under salinity stress, obtained the highest seedling fresh weight value in 1.5 mg L' SA
application.

229



YYU J AGR SCI 32 (2): 223-236
Yilmaz et al. / Determination of The Effect of Salicylic Acid Application on Salinity Stress at Germination Stage of Bread Wheat

400
300
mO0mM
200 -
m0.5mM
m1lmM

100 -

0 50mM 100mM 150 mM 200 mM

Figure 5. The effects of salicylic acid and NaCl application on the seedling fresh weight of bread
wheat.

3.6. Root dry weight

Average values of root dry weight and multiple comparisons of bread wheat genotypes subjected
to salicylic acid and salt stress are given in Table 6.

Table 6. Average values of root dry weight (mg) and multiple comparisons of bread wheat genotypes
subjected to salicylic acid and salt stress

Salicylic acid Salt stress (mM)

Genotypes (mM) 0 50 100 150 200

0 23.0 17.2 42.8 313 11.6
DZ17-1 0.5 27.5 31.8 25.9 30.5 12.8

1 40.5 33.1 44.6 41.2 20.1

0 23.1 15.0 13.2 14.5 8.1
Empire Plus 0.5 11.9 10.5 9.1 12.3 7.2

1 14.4 28.0 11.8 7.3 6.9
DZ17-1 mean 30.3AB 27.4B 37.8A 34.3AB 14.8CD
Empire Plus mean 16.5C 17.8C 11.4CD 11.3CD 7.4D

Differences between means with the same lowercase and uppercase letter are not statistically significant.

The highest root dry weight value (44.6 mg) was obtained for the DZ17-1 genotype that was
chemo-primed with 1 mM SA under 100 mM salinity level, while the lowest value (6.9 mg) was
obtained in the Empire Plus genotype chemo-primed with 1 mM SA and exposed to 200 mM salinity
level.
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Figure 6. The effects of salicylic acid and NaCl application on the root dry weight of bread wheat.

Salt stress caused a decrease in root dry weight and these results corroborate with those of
Yildirim et al. (2015) who also observed a significant decrease in root growth parameters (fresh and dry
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weight) in wheat. In addition, Sourour et al. (2014) stated that the toxic effects of a saline environment
may be due to the accumulation of salts in cells which disrupted numerous physiological and chemical
process, and ultimately root growth was negatively affected, and ultimately significantly lowered root
dry weight was recorded. In our study, it was observed that salicylic acid application had an increasing
effect on root dry weight. Similarly, Karlidag et al. (2009) obtained the highest root dry weight value of
1 mM SA application in their study.

3.7. Seedling dry weight
The seedling dry weight of bread wheat genotypes as affected by seed priming of salicylic acid
under varying levels of salt stress are given in Table 7.

Table 7. Average values of seedling dry weight (mg) and multiple comparisons of bread wheat
genotypes subjected to salicylic acid and salt stress

Salicylic Salt stress (mM)
Genotypes acid(mM) 0 50 100 150 200
0 43.2 383 75.7 32.5 9.7
DZ17-1 0.5 554 47.7 37.4 21.5 7.7
1 62.4 50.2 60.3 31.8 36.1
0 41.8 35.8 22.8 15.3 7.2
Empire Plus 0.5 16.8 17.4 9.9 12.2 7.4
1 23.1 35.5 13.3 6.1 5.7
DZ17-1 mean 53.6 45.4 57.8 28.6 17.8
Empire Plus mean 27.2 29.5 15.4 11.2 6.7

Differences between means with the same lowercase and uppercase letter are not statistically significant.

The maximum seedling dry weight (62.4 mg) was obtained in the DZ17-1 genotype in the
application of 1 mM SA + 0 mM NaCl, according to the general averages of the genotypes, while the
lowest seedling dry weight (5.7 mg) was obtained in the Empire Plus genotype byl mM SA application
under salinity level of 200 mM NaCl.

The increasing level of salinity caused a proportionate decrease in the dry weight of the
seedlings. These results are in complete agreement with those of Iyem et al. (2020) who reported that
salinity significantly enhanced the dry weight of wheat owing to increased biosynthesis of antioxidants
and various enzymes which ameliorated the adverse effects of salinity and ultimately seedling growth
was promoted which resulted in the maximized seedling weight of wheat. The effects of SA acid
application on seedling dry weight under salt stress conditions were similar. El-Tayeb (2005) reported
that SA pre-treatment increased the dry weight of barley seedlings under stress conditions and Khodary
(2004) reported that SA increased the fresh and dry weight of shoots of maize plants under salt stress.
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Figure 7. The effects of salicylic acid and NaCl application on the seedling dry weight of bread wheat.
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3.8. Germination rate
The impact of chemo-priming with different concentrations of SA on wheat genotypes exposed

to different levels salinity have been presented in Table 8.

Table 8. Average values of germination rate (%) and multiple comparisons of bread wheat genotypes
subjected to salicylic acid and salt stress

Salicylic Salt stress (mM)

Genotypes acid (mM) 0 50 100 150 200

0 76.92a 59.62b-¢ 65.38abc 65.38abc 69.23ab
DZ17-1 0.5 53.85b-f 48.08d-h 55.77b-f 51.92c-g 36.54ghi

1 59.62b-¢ 51.92c-g 69.23ab 67.31abc 53.85b-f

0 57.69b-f 63.46a-d 57.69b-f 57.69b-f 55.77b-f
Empire Plus 0.5 57.69b-f 42.31fgh 46.15e-h 53.85b-f 25.00ij

1 61.54a-¢ 65.38abc 42.31fh 32.69hij 19.23j
DZ17-1 mean 63.46A 53.21BC 63.46A 61.54AB 53.21BC
Empire Plus mean 58.97AB 57.05ABC 48.72C 48.08C 33.33D

Differences between means with the same lowercase and uppercase letter are not statistically significant.

The maximum germination rate (76.92%) was obtained in the DZ17-1 genotype in the
application of 0 mM SA + 0 mM NaCl, according to the general averages of the genotypes, while the
lowest (19.23%) was obtained in the Empire plus genotype from the application of 1 mM SA + 200 mM
NaClL
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Figure 8. The effects of salicylic acid and NaCl application on the germination rate of bread wheat.
3.9. Germination vigour

Average values of germination vigour and multiple comparisons of bread wheat genotypes
subjected to salicylic acid and salt stress are given in Table 9.

The highest germination vigour (92.31%) was obtained in DZ17-1 and Empire Plus genotypes
in 0 mM SA + 0 mM NaCl application, while the lowest (36.54%) was obtained in DZ17-1 genotype
from 0.5 mM SA + 200 mM NacCl application.

Variety characteristic is an important factor affecting the germination performance of the seed.
In previous studies, it was reported that different wheat varieties have different germination rates
(Rahman et al., 2008; Moud and Maghsoudi, 2008; Kochak-zadeh et al., 2013). Salt stress had adverse
effects on the germination rate of both genotypes. It was observed that the increase in salt stress caused
a decrease in the germination rate. Iyem et al. (2020) reported that the increase in salt stress negatively
affects germination vigour. Furthermore, El Sabagh (2019) reported that salinity stress delays or reduces
germination of wheat probably owing to delayed seed imbibition as saline environment hindered the
moisture absorption by wheat seeds.
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Table 9. Average values of germination vigour (%) and multiple comparisons of bread wheat genotypes
subjected to salicylic acid and salt stress

Genotypes Salicylic acid Salt stress (mM)
(mM) 0 50 100 150 200

0 92.31 63.46 75.00 67.31 71.15

DZ17-1 0.5 90.38 63.46 57.69 55.77 36.54

1 88.46 71.15 73.08 65.38 53.85

0 92.31 71.15 63.46 61.54 55.77

Empire Plus 0.5 84.62 55.77 50.00 53.85 38.46
1 90.38 73.08 40.38 32.69 36.55

DZ17-1 mean 90.38A 66.03B 68.59B 62.82BC 53.85CD

Empire Plus mean 89.10A 66.67B 51.28DE 49.36DE 43.59E

Differences between means with the same lowercase and uppercase letter are not statistically significant.

TTITE

50mM 100mM 150 mM 200 mM

120

100
80

60

40
20

0

Figure 9. The effects of salicylic acid and NaCl application on germination vigour of bread wheat.
Conclusion

The research findings remained as per postulated hypothesis as varying levels of salinity had
adverse effects on seed germination and seedling growth traits, while SA seed priming in varying
concentrations remained effective in ameliorating the deleterious effects of saline environment. All
levels of salinity had adverse effects on germination and seedling growth of wheat genotypes. It may
also be inferred from results that wheat genotype DZ17-1 was salt tolerant compared to Empire Plus
genotype, while lower concentration of salicylic acid (1 mM) remained effective in mitigating the
adverse effects of salinity as indicated by higher germination, root growth and seedling traits. Although,
results of this trial are encouraging in the sense that salt tolerant genotype and most promising SA
priming concentration have been determined, but further in-depth trials entailing more genotypes and
SA concentrations need field evaluation in order to formulate strategy for general adoption in Turkey
and regions having similar climatic conditions.
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1. Introduction

The quality of life on earth and the quality of the environment depend on each other. With the
increase of urbanization and the development of industry, the use of human-oriented heavy metals has
increased. Heavy metals are released into the environment in significant quantities because of industrial
activities such as mining, energy and fuel production, and excessive use of pesticides and fertilizer
(Okcu et al., 2009). Especially in developed countries, this situation emerges as a more serious problem
with each passing day. The most important effect of soil pollution in terms of environmental health is
the transfer of pollutants in the soil to the human body due to plants consumed directly or as food for
animals that feed on these plants (Singh and Kalamdhad, 2011). Some plants can tolerate heavy metals
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that can be toxic to most organisms. Such plants are called “hyperaccumulator plants”. It is reported that
there are approximately 400 plant species that accumulate metal in their parts. The dominant families
with this feature are Asteraceae, Brassicaceae, Caryophyllaceae, Cyperaceae, Fabaceae, Lamiaceae,
Poaceae, Violaceae, and Euphorbiaceae. The Brassicaceae family is the largest family with this feature,
with 11 genera and 87 species (Ozbek, 2015). Hyperaccumulator plants can absorb one or more heavy
metals from the soil. Hyperaccumulator plants can grow easily in exceeding levels of heavy metal
contaminated soils and can accumulate metal ions in their different organs (Kiirsat, 1999; Rascioa and
Navari-Izzo, 2011).

Humic acid (HA) is a component of mixed organic matters formed as a by-product of a certain
decomposition process of plants, animals, and microbial substances. HA is an organic compound soluble
in alkaline medium and insoluble in acidic medium. Humic-based substances consist of functional
groups, namely carboxyl, alcoholic and phenolic hydroxyl, carbonyl, and methoxyl groups containing
oxygen (Cozzolino et al. 2016). The main heteroatoms in humic substances are oxygen. There are
carboxylic (COOH), phenolic-alcoholic (OH), ketonic-quinoid (C=0), and OCH3 (ether and ester)
functional groups within humic substances (Kwiatkowska-Malina, 2018). The molecular weight of HA
is 50000 g/mol, and the surface area is determined as 2000 m?*/g. HA cation exchange capacity varies
between 500 and 1200 me/100g (Alpay, 2013). In the presence of metals, HA has chelating properties.
In other words, it can complex well with heavy metals. When HA is decomposed at high pH values,
complex reactions and chelation occur between metals and HA molecules. These organic macro
molecules also increase the solubility of heavy metals, which significantly affects their biological
availability and transportation (Lagier et al., 2000; Alim, 2020). HA interact not only with metals but
also with toxic substances in terms of environmental pollution, such as many polluting hydrocarbons,
pesticides, and oil. It is asserted that HA forms a strong compound with heavy metals, reducing the
stress effect of heavy metals on plant development (Ozkay et al., 2016). It has been found that HA
increases the intake of nutrients because of the development of the root zone (Cimrin et al., 2001; Giilser
and Ayas, 2016). Rastghalam et al., (2011) investigated the phytoextraction effect of HA in the
experiment soils in which various levels of lead (Pb) were applied in their study with rapeseed plants.
They reported that HA application was associated with the increase in Pb accumulation in roots and the
transport to the shoots in concert with the levels of Pb applications to soils.

The toxic effects of heavy metals exert influence on both physiological and morphological
characteristics of plants and cause oxidative stress. The excessive increase of reactive oxygen radicals
in plant cells, which is the main cause of oxidative stress, may lead to the deterioration of metabolic
functions. However, antioxidative enzymes, which are the secondary defense mechanism in plant cells,
may reduce the toxic effects of oxidative stress damage in the plant. (Hamilton et al., 2012).

The present study aimed to determine the effects of applied HA levels on plant growth, heavy
metal concentrations, phytoremediation properties, and antioxidative enzyme activity of rapeseed
(Brassica napus L.) plant grown in soil polluted with Pb, Cr, Cd, and Zn. It was predicted that HA would
have a healthy effect on growth and development as well as antioxidant defense mechanisms of
rapeseed.

2. Material and Methods

The experiment soil was taken from the study areas of the Faculty of Agriculture of Van
Yiiziincti Y1l University. This soil is characterized by low nitrogen, medium calcareous, low organic
matter, alkaline pH, and without salt (Tablel). For total nitrogen N, according to the Kjeldahl method,
the limit values specified are % 0.045-0.090, degree: low nitrogen (Kacar, 1994). For lime (CaCO3),
according to the Scheibler calcimeter method, the limit values are % 5-15, degree: medium calcareous
(Kacar, 1994). For O.M., according to Walkley- Black wet burning method, the limit values are % 1-2,
degree: low organic matter (Miiftiioglu et al., 2014). Salt and pH were measured in 1/2.5 soil-water
mixture, with the limit values for pH: >8.5, degree: alkaline, the limit values for salt: <4 dS m™, degree:
without salt (Miiftiioglu et al., 2014). DTPA-Fe, Zn, Mn are at low level DTPA-Cu is at sufficient level
(Miiftiioglu et al., 2014). Total Cd, Pb, Zn, and Cr are under toxic levels in the soil. The toxic level for
Cd is 1 mg kg'. Toxic levels for Pb and Cr are100 mg kg' Toxic level for Zn is 150 mg kg
(Schachtschabel et al., 1993).
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Tablel. Experimental soil and humic acid properties

Experimental Soil Humic Acid
Texture Sandy Loam
pH (1/2.5) 8.15 8-10
Salt, dS m™' 0.35
Lime, % 6.6
Organic Material, % 1.02 25
Total N, % 0.056
Total humic 65
acid+fulvic acid %
Extractable with DTPA
mg kg’!
Fe 0.90
Cu 1.40
Mn 1.24
Cr 0.06
Zn 0.60
Cd 0.08
Pb 0.30
Total heavy metal
mg kg!
Zn 45.13
Cd 0.65
Pb 9.03
Cr 95.0

2.1. Pot experiment

Using the method used by Turan and Esringii (2007) for potting experiments. In the experiment,
heavy metals in doses of 100 mg kg Cr as chromium nitrate (Cr (NOs)3), 100 mg kg™ Cd as cadmium
sulphate (CdS04.8H,0), and 100 mg kg Pb as lead nitrate (Pb (NO3), and 250 mg kg Zn as zinc
sulphate (ZnS04.7H,0) were applied to the pots that each was 2.5 kg. The soil polluted with heavy
metals added to the potting soil as the liquid was left to incubate for a month. Then, the pot experiment
was carried out in the growth chamber. Eight of the rapeseed seeds were planted in each pot. Thinning
was done immediately after germination so that three plants were left in each pot. The temperature was
adjusted to 20 + 2°C since rapeseed is a cool weather crop. Chemical fertilizers of 80 mg kg™ phosphorus
(P) as triple superphosphate (TSP), 200 mg kg™ nitrogen (N) as ammonium nitrate (NHsNO3), and 50
mg kg' potassium (K) as potassium sulphate (K»SOs) were added. A completely randomized
experimental design with the three-replication trial was implemented in the trial. Five applications of
HA were as follows follows: 1-Control, 2- Polluted soil (PS) with heavy metals, 3- PS+HA; (500 mg
kg™), 4- PS +HA, (1000 mg kg™"), 5- PS +HA; (2000 mg kg™).

2.2. Chemical and physical analysis of soil

Soil samples were taken from a depth of 0-30 cm. Soil samples were air-dried in a shaded area
and passed through a 2 mm sieve. Before filling the pots, the soil was mixed with a liquid-heavy metal
mixture. Then the soil was left to incubate for one month. In the soil samples taken before and after the
plant harvest, respectively, the soil texture was determined by the Bouyoucos hydrometer method
(Bouyoucos, 1951). The pH was measured using in 1:2.5 soil-water mixture (Jackson, 1958). Lime
content was determined using Scheibler calcimeter (Hizalan and Unal, 1966). Soil organic matter was
determined using the Walkley Black method (Walkley, 1947). Total N was measured using the Kjeldahl
method (Kacar, 1994). The extractable Pb, Cr, Cd and Zn concentrations were determined by the DTPA
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method (Lindsay and Norvell, 1978). The total Pb, Cr, Cd, and Zn in the soil were determined according
to Khan and Frankland (1983).

2.3. Phytoremediation parameters

Bioconcentration factor (BCF), Translocation factor (TF), and Tolerance Index (TI) parameters
were calculated based on studies on phytoremediation. BCF and TF (Esringii et al. 2014) were
calculated. TI was calculated (Cif¢i, 2020) as follows:

BCF= [(Metal concentration in plant tissue (root or shoot), mg kg ) ]
[DTPA concentration of soil mg kg ]

TF= [(Metal concentration in the shoots, mg kg™ !) ]
[(Metal concentration in the roots, mg kg™ ")].

TI (%) =[(Metal Applied Plant Growth Parameters)] x100
[(Control Plant Growth Parameters)]

2.4. Antioxidative enzymes, H>O,, and heavy metal analyses in plant

Enzymatic measurements were carried out at 0-4°C. The supernatant was used as a crude
enzyme extract for CAT enzyme analyzes. CAT (EC 1.11.1.6) activity was determined as a decrease in
absorbance at 240 nm for 1 min following the decomposition of H,O, (Cakmak et al., 1993). APX (EC
1.11.1.11) activity was determined following the decrease of ascorbate by measuring the change in
absorbance at 290 nm for 1 min (Nakano and Asada, 1981). Leaf sample (0.25 g) was homogenized in
2.5 mlof I % TCA. 1 ml, 10 mM KH,PO4 (pH=7) phosphate buffer, and 1 ml, 1 M KI (Potassium
iodide) were added on 0.5 ml supernatant. The mixture of absorbance was determined at 390 nm
(Velikova et al., 2000). Dried plant shoot and root samples were digested with a mixture of HNOs-
HCIO:s acids and analyzed for the concentration of Pb, Cd, Cr, and Zn (ibrikgi et al., 1994).

2.5. Statistical analysis

The descriptive statistics were computed for experiment soil and humic acid properties. One-
way analysis of variance was performed to compare growth parameters, heavy metal content in the plant,
phytoremediation parameters, and antioxidative activity. Significant differences among applications
were determined by Duncan's Multiple Range Tests using the 13.0 SPSS software package (Diizglines
et al., 1987).

3. Results

3.1. Plant growth

The effect of HA applications on growth parameters is given in Table 2 as variance analysis
results. The HA applications were statistically significant at all growth parameters (P <0.01). In the
study conducted with rapeseed plants, a significant decrease was found in plant height, plant fresh
weight, plant dry weight, leaf number, root length, root fresh, and dry weight of rapeseed grown in PS
application compared to the control application. However, PS+HA,, PS+HA, and PS+HAj3 caused a
greater increase in shoot length, shoot fresh and dry weight, the number of leaves, root length, and root
fresh and dry weight compared to the PS application (Table 3).
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Table 2. The results of variance analysis on the effects of HA applications on the growth parameters in
polluted soil

Variation Source F(value) P(significant)
Shoot length 72.38 0.000
Shoot fresh weight 53.63 0.000
Shoot dry weight 47.76 0.000
Leaf of number 15.38 0.000
Root length 16.37 0.000
Root fresh weight 55.31 0.000
Root dry weight 32.00 0.000

Table 3. The Effect of HA applications on the growth parameters of the rapeseed plants in soil polluted
with Pb, Cd, Cr, and Zn

Applications Shoot Shoot fresh Shoot dry Leaf of Root length  Root fresh Root dry
length (cm)  weight(g pot™  weight (g number (per (cm) weight (g weight (g
! pot™) plant!) pot!) pot™)
Control 22.34+2.51a* 9.49+231a 0.90 £0.35a 5.61+0.61a 10.61£19 a 0.57+0.16a 0.087+ 0.04a
PS 7.70 £0.93¢ 1.58 £0.15d 0.04+0.01d 3.44 £1.38b 4.76+2.06 d 0.048+ 0.02¢  0.009+ 0.01¢
PS + HA, 17.70 £ 2.62b 4.45+0.58¢ 0.41£0.05¢ 6.17+1.47 a 7.22+ 3.40¢ 0.19+0.13b 0.033+0.02b
PS + HA; 17.19 £2.18b 4.66+1.74bc 0.48+0.05be  6.17+1.47a 8.76£1.83 b 0.21+0.08 b 0.032 +0.02b
PS + HA; 18.31+4.18b 6.09 £2.28 b 0.61+0.25 b 5.78+1.06a 8.90+ 1.87b 0.24+0.10b 0.034 +0.02b

*a,b,c,d,e:Statisticallysignificantmeandifferencesareindicatedwithdifferentletters in thesamecolumn (p<0.05), Polluted Soil:PS.

3.2. Effects of HA applications on heavy metal content in shoot and root of rapeseed (Brassica
napus L) plant

The effect of HA applications on heavy metal content in shoot and root of rapeseed plants are
given in Table 4 as variance analysis results. The HA applications were statistically significant at heavy
metal content of shoot and root in the plant (P <0.01). The highest concentrations of Pb, Cr, Cd, and Zn
were determined in PS application in both roots and shoot parts of the rapeseed plant. However,
PS+HA\, PS+HA,, PS+HA; applications caused a statistically significant decrease in Pb, Cr, Cd, and
Zn contents in both roots and shoots of rapeseed compared to the PS application (Table 5 and Figure
1,2).

Table 4. The results of variance analysis on the effects of HA applications on heavy metal content in
polluted soil

Variation Source F(value) P(significant)
Shoot(Pb) 157 0.000
Root(Pb) 784 0.000
Shoot(Cr) 692 0.000
Root(Cr) 200 0.000
Shoot(Cd) 1020 0.000
Root(Cd) 71.41 0.000
Shoot(Zn) 1134 0.000
Root(Zn) 120 0.000
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Table 5. The Effect of HA applications on the heavy metal contents in the shoots and the roots of the
rapeseed plants in soil polluted with Pb, Cd, Cr, and Zn (mg kg-1)

Applications Pb Cr Cd Zn

Shoot Root Shoot Root Shoot Root Shoot Root
Control 3.81+£041c* 27.20+4.78d 0.66+0.11d 10.70+1.19d  0.22+0.04d 1.73+0.04d 10.43+0.84 ¢ 13.01+0.88e
PS 113+ 18.69a 280 +8.70a 14.57+1.0a 140+ 8.02a 112+3.21a 439+ 71.64a 117+ 3.91a 263+26.09a
PS + HA, 9.38+0.69b 174+£9.27b 3.05£0.19b  74.02+12.58b 103+3.01b 278 £40.06b  72.51+1.96b 236+33.b
PS + HA, 8.90+ 0.27b 141+£3.96¢ 1.88 £0.20¢ 40.57+4.32¢  73.92+4.43d 135+17.62¢  67.59+2.82¢ 146+16.0d
PS + HA; 8.93+0.35b 150 £7.67¢ 2.28 £0.25¢ 69.65+6.67b  84.07£3.00c  258+48.48b  56.29+2.02d 205+ 4.32¢

*a,b,c,d,e:Statisticallysignificantmeandifferencesareindicatedwithdifferentletters in thesamecolumn (p<0.05), Polluted Soil: PS.
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Figure 1. The effect of HA applications on the heavy metal contents in shoots of rapeseed plants in
polluted soil.
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Figure 2. The effect of HA applications on heavy metal content in the root of rapeseed in polluted soil.

3.3. The Effects of HA applications on phytoremediation parameters (BCF, TF, and TI %) of
rapeseed (Brassica napus L) plant

The effects of HA applications on phytoremediation parameters of rapeseed plants are given in
Table 6 as variance analysis results. The HA applications were statistically significant at all
phytoremediation parameters (P <0.01). In the present study conducted with rapeseed plants, shoot and
root BCF values were higher than 1 for Pb, Cr, Cd, and Zn. Nevertheless, PS+HA;, PS+HA,, and
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PS+HAj; applications caused a decrease in the shoot BCF values for Pb, Cr, Cd, and Zn compared to the
PS application. PS+HA | and PS+HA. applications caused a decrease in the root BCF values for Pb, Cr,
Cd and Zn compared to the PS application. TF values were lower than 1 for Pb, Cr, Cd, and Zn.
However, PS+HA, and PS+HA, applications for Cd caused an increase in the TF values compared to
the PS application (Table 7). In this case, it was determined that both HA applications decreased Pb, Cr,
Cd, and Zn accumulation and increased the transport of Cd to the upper organs in the rapeseed plant.
While shoot and root TI values were 100 % in the control application, shoot and root TI values were
17.37 % and 9.09 % in PS application. In comparison to PS applications, PS+HA, PS+HA, and
PS+HA; applications caused increases in the shoot and root TI values (Table 8).

Table 6. The results of variance analysis on the effects of HA applications on phytoremediation
parameters in polluted soil

Variation Source F(value) P(significant)
BCFshooty Pb 86.14 0.000
BCFshooty Cr 689 0.000
BCFshoory Cd 125 0.000
BCF shooty Zn 285 0.000
BCFqooy Pb 343 0.000
BCF oot Cr 56.14 0.000
BCFoon Cd 24.65 0.000
BCF ooy Zn 23.93 0.000
TLF (Pb) 107 0.000
TLF (Cr) 34.73 0.000
TLF (Cd) 39.03 0.000
TLF (Zn) 21.86 0.000
TT (shoot) 4321 0.000
T (root) 60,626 0.000

Table 7. The Effect of HA applications on the phytoremediation parameters (BCF and TF) of the

rapeseed plants in soil polluted with Pb, Cr, Cd, and Zn

Pb Cr Cd Zn
Applications BCFshoot BCEF shoot BCEF shoot BCEF shoot
Control 0.78+ 0.26b* 7.49+0.33d 1.84+0.33¢ 14.95+1.28a
PS 3.26+£0.59a 77.62+ 3.81a 429+0.11a 6.66+ 0.18b
PS + HA{ 0.41+0.01c¢ 22.45+0.93b 4.2240.12a 4.38+0.13¢
PS + HA» 0.42+0.01¢ 13.51+1.86¢ 3.25+0.29b 4.55+0.41c¢
PS + HA; 0.7620.04b 21.57£3.13b 4.47+0.15a 4.09+ 0.04¢

Pb Cr Cd Zn
Applications BCF(root) BCEF (root) BCEF (root) BCEF (root)
Control 2.66+0.31d* 160+17.36d 9.39+0.12b 18.21+0.67a
PS 8.10+0.52b 748+96.55a 16.75+2.80a 15.04+1.55b
PS + HA, 7.61£0.43b 547+109b 11.42+1.55be¢ 14.30+2.10b
PS + HA» 6.70+0.34¢ 289+17.28¢ 5.92+0.68d 9.81+1.37¢
PS + HA; 13.63+0.51a 659+74.01a 13.70+£2.55b 14.91+0.57b

Pb Cr Cd Zn

Applications TF TF TF TF
Control 0.14+0.02b* 0.062+0.02b 0.13+0.02¢ 0.80+0.08a
PS 0.41+0.07a 0.104+0.01a 0.26+0.05¢ 0.45+0.05b
PS + HA 0.054+0.001b 0.043+0.01¢ 0.37+£ 0.05b 0.184+0.04¢
PS + HA» 0.064+0.001b 0.047+£0.01¢ 0.56+0.08a 0.47+0.05b
PS + HA; 0.058+0.001b 0.033+0.01¢ 0.344+0.06bc 0.284+0.01¢

*a,b,c,d,e:Statisticallysignificantmeandifferencesareindicatedwithdifferentletters in thesamecolumn (p<0.05), Polluted Soil: PS.
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Table 8. The Effects of HA applications on phytoremediation parameter (TI) of rapeseed in soil polluted
with Pb, Cr, Cd, and Zn (%)

Applications TI (shoot) TI (root)
Control 100+£0.001a* 100+£0.001 a*
PS 17.3743.73d 9.09+4.72 ¢
PS + HA 49.21+12.92¢ 37.9242521b
PS + HA; 52.80+25.89¢ 40.58+21.24b
PS + HA3 68.15+32.16b 44.19+21.24b

*a,b,c,d,e: Statistically significant mean differences are indicated with different letters in the same column (p<0.05), TI: Calculated according
to the fresh weight of the plant. Polluted Soil: PS

3.4. The Effects of HA applications on antioxidant activity of rapeseed (Brassica napus L) plant

The effects of HA applications on the antioxidant activity of rapeseed plants are given in Table
9 as variance analysis results. The HA applications were statistically significant at CAT, APX enzyme
activities, and H>O» content (P <0.01). In the study conducted with rapeseed plants, the CAT and APX
enzyme activities from the antioxidative enzymes and H,O: content in PS application were higher than
in the control application. However, PS+HA |, PS+HA,, and PS+HA; applications caused a decrease in
CAT and APX enzyme activities and H,O» content compared to the PS application (Table 10).
Accordingly, the application of HA to the heavy metal contaminated soils resulted in a decrease in
oxidative stress.

Table 9. The results of variance analysis on the effects of HA applications on antioxidant activity of
rapeseed in polluted soil

Variation Source F(value) P(significant)
CAT 90,971 0.000
APX 49,465 0.000
H>0: 92,801 0.000

Table 10. The Effects of HA applications on antioxidative activity in rapeseed in soil polluted with Pb,

Cr, Cd, and Zn
Applications CAT(mmolg'FWMin')  APX(mmolg-'FW Min™) H202(umol g' FW)
Control 0.0088+0.001d* 3.03+0.33b 1.58+0.14¢
PS 0.044+0.001a 8.43+1.85a 9.49+1.31a
PS + HA: 0.026+0.001b 1.97+0.84¢ 3.91+£0.47b
PS + HA: 0.031+£0.001b 2.06+£0.21b 4.00+0.10b
PS + HA3 0.024+0.001b 2.83+0.38b 4.15+0.88b

*a,b,c,d,e:Statisticallysignificantmeandifferencesareindicatedwithdifferentletters in thesamecolumn (p<0.05), Polluted Soil: PS.
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0,01 r-|
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Figure 3. The effects of HA applications on CAT enzyme activities in the rapeseed plants in polluted
soil.
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Figure 4. The effects of HA applications on APX enzyme activities in the rapeseed plants in polluted
soil.
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Figure 5. The effects of HA applications on H>O, contents in the rapeseed plants in polluted soil.

According to all these results, HA applications increased some growth characteristics by
reducing the inhibitory effects of soil contaminated with Cd, Cr, Pb, and Zn. In addition, HA decreased
the effect of oxidative stress due to the decrease of heavy metal concentration in the plant.

4. Discussion

As a part of humus, when HA is added to the soil, it affects the availability of heavy metals in
the soil to the plant. This is because it has hydroxyl, carboxylic (COOH), phenolic-alcoholic (OH),
ketonic-quinoid (C=0), and OCH3 (ether and ester) functional groups (Nardi et al., 2009). HA affects
heavy metal uptake by plants. The addition of HA increases the amount of soil organic matter that
changes soil properties, cation exchange capacity, and pH. This change affects the mobility of heavy
metals in the soil and affects their uptake by plants (Xu et al., 2018). In the present study carried out
with rapeseed plants, humic levels applied to soil contaminated with Pb, Cr, Cd, and Zn caused increases
in shoot length, shoot fresh and dry weight, leaf number, root length, root fresh and dry weight (Table
3). HA application to soil polluted with Pb, Cr, Cd, and Zn caused decreases in heavy metal content in
both root and shoot parts of the rapeseed plants compared to alone polluted soil (Table 5). HA
application has been found to be associated with cadmium uptake in tobacco plants when applied to Cd
in soil (Evangelou, 2004). Fulvic acid is another component of the humus. Fulvic acid application, either
foliar or non-foliar, inhibited Cr uptake in the wheat plant, causing an increase in the plant's biomass
and photosynthetic pigments (Ali et al., 2015; Ali et al., 2018).

Shoot and root BCF values in rapeseed plants, which is one of the hyperaccumulator plants,
were found as follows: Cr> Zn > Cd>Pb in Pb, Cr, Cd, and Zn polluted soils. Shoot and root BCF values
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were greater than 1. Zayed et al. (1998) suggested that metal-accumulating plants should have shoot and
root BCF values were greater than 1. However, in the present study, it was determined that HA
applications caused a decrease in shoot and root BCF values in rapeseed. TF values were lower than 1
for Pb, Cr, Cd, and Zn. This indicates that rapeseed accumulates heavy metals mostly in the roots, and
their transport to the upper organs is low. However, HA applications for Cd caused an increase in the
TF values. In a similar study, Pandey (2013) found BCF >1 and TF<1 in the roots of wild castor oil
plants. In the present study, the TF values were determined as Zn > Cd > Pb > Cr. In another study,
Turan and Esringii (2007) determined TF values in Brassica Napus L. as Zn > Cu > Cd > Pb in heavy
metal contaminated soils. In our study shoot, TI decreased by 17.37 %, and root TI decreased by 9.09
% in soil polluted with Pb, Cr, Cd, and Zn of the rapeseed plant compared to the control application.
However, HA application caused an increase in shoot and root TI values (Table 8). In another study
conducted with wild castor oil plants in multi-contaminated soil, the TI was lower than the application
of EDDS and zeolite to the soil, but the application of nano zeolite caused an increase in TI (Ciftci,
2020). Similarly, biochar and hydrothermally treated coal gangue (HTCG) applied to rapeseed plant in
copper mine tailings resulted in the lowest transfer rate (TR), the lowest root and shoot BCF values, and
the lowest TF for Cu, Cd, Cr, Ni, Pb, and Zn compared to the application of (HTCG) together. In the
improvement study by rapeseed in the copper mine, it was stated that the combined application of
biochar and hydrothermally treated coal gangue reduces the bioavailability of heavy metals (Munir et
al., 2020).

In the current study, the CAT and APX activities of the antioxidative enzymes and the H,O»
content as a free radical formed as a result of oxidative stress increased significantly in the rapeseed
plant compared to the control. However, in comparison to polluted soil with heavy metals, PS+HA/,
PS+HA.,, and PS+HA; applications caused a significant decrease in CAT and APX enzyme activities as
well as H,O» content (Table 10 and Figures 3,4,5). Antioxidative enzymes are released to reduce the
effects of radicals formed in response to oxidative stress. Another building block of humus is fulvic
acid. In another study, wastewater application increased the Cr concentration in the wheat plant. On the
other hand, fulvic acid application caused a decrease in H,O; levels caused by Cr toxicity in the wheat
plant (Ali et al., 2015; Ali et al., 2018). Garcia et al. (2016) stated that HA promotes antioxidative
enzyme activity against radicals under heavy metal stress conditions. An aquaculture study conducted
by Dobbss et al. (2018) showed that HA application reduces iron uptake under high iron toxicity
conditions. However, when HA was treated together with iron, a decrease in antioxidant enzymes was
detected compared to the treatments separately.

5. Conclusion

HA has a significant effect on the mobility of heavy metals when applied to soil polluted with
heavy metals. This situation significantly affects the heavy metal content of the plant. HA can increase
plant development and growth by affecting the soil properties in the growth environment and by
influencing plant nutrient availability. We concluded that HA had a positive effect on rapeseed growth,
HA has hyperaccumulator properties in soil contaminated with multiple heavy metals thereby reducing
the heavy metal uptake and oxidative stress in the plant. HA can increase phytoremediation in polluted
soils as it improves plant growth and oxidative stress due to its organic nature.
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cyworas multivariate analyses. The highest fruit weight was detected as 31.90 g (Sakit-2)
Apricot, _ in the Turkish varieties and detected 22.36 g (Precoce de Colomer) in the foreign
Correlation matrix, varieties. The highest fruit height, thickness, stone height, and weight were
Fruit quality,

detected in ‘Alyanak’ and ‘Sakit-2* the Turkish apricot varieties. The ‘Soganct’
and ‘Sakit-2’ were characterized by the highest stone thickness, pH, fruit height,
and weight in Turkish varieties, whereas ‘Precoce de Tyrinthe’ had the highest
total soluble solids in the foreign varieties. The correlation analysis demonstrated
significant positive correlations between examined features in Turkish and foreign
varieties. In the principal component analysis, the first five components elucidated
93.59% of the total variance. Examined traits were separated into three groups,
and ‘Sakit-2’, ‘Alyanak’, ‘Hasanbey’, and ‘Hacihaliloglu’ at the Turkish varieties
were placed in the first two groups and characterized by fruit and stone traits,
while the foreign varieties formed the other group and were characterize by pH,
TSS, and colorimetric traits. The study put forward useful information for the
comparison of morphometric traits between Turkish and foreign varieties, and the
results can be used in future apricot breeding programs.

Principal component analysis

To Cite: Muradoglu, F, Kayakeser, U, Basak, I, 2022. Morphometric Properties Comparison of Some Turkish and Foreign Apricot Variety
Grown at High Altitude. Yuzuncu Yil University Journal of Agricultural Sciences, 32(2): 249-259.
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1. Introduction

The market value of fruits is related to their quality characteristics, and pomological traits are
basic commercial attention, while they are closely related to the yield of regular high fruit sets, and low
drops (Balta et al., 2007; Muradoglu et al., 2007). Costumers’ acceptance is determined by fruit color,
visual characteristics, firmness, maturity index (Total Soluble Solids/Titratable Acidity), appealing
smell, taste, and eating quality for fresh consumption (Ruiz and Egea, 2008; Krska et al., 2009; Mikulic-
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Petkovsek et al., 2016; Suszek et al., 2017). Additionally, the apricot fruit is fantastically approved by
consumers due to its richness in nutrients, vitamins, minerals, fibers, sugars, and bioactive
phytochemicals (Karabulut, et al., 2007; Leccese et al., 2011; Ali etal., 2011; Kan et al 2014; Fan et al.,
2017).

Apricot (P. armeniaca L.) kernel is a rich source of protein, fiber, oil, fatty acids, carotenoids,
phenolics, antioxidants, and several minerals such as K, Ca, and Mg (Ozcan, 2000; Silem et al., 2006;
Seker et al., 2009; Muradoglu et al. 2011). Because apricot is a climacteric fruit, it cannot be stored for
a long time as fresh. While it is mostly consumed fresh, different preservation methods are used to
prolong shelf life, such as dried, marmalade, juice, jam, puree, freezing, extrusion products, or packing
in a controlled atmosphere (Yildiz, 1994; Haciseferogullari et al., 2007). The main reason for the
preference for the apricot fruit is its high flavor, aroma, and sugar content which makes it one of the
most popular fruits in the world. The greatest amount of cultivation of apricot is in Mediterranean
countries such as Turkey, Spain, Italy, France, and Greece (Greger and Schieberle, 2007). Turkey is the
leading country in the world’s apricot production, with 833.398 tons. Following Turkey, Uzbekistan,
Iran, Italy, Algeria, and Spain are the main apricot producer countries (FAO, 2020). The apricot tree
greatly adapted to Anatolia and many important cultivars such as Kabaasi, Hasanbey, Hacihaliloglu,
Soganci, and Sakit-2 have been economically cultivated since the centuries (Akin, et al., 2008;
Haciseferogullari, et al 2007; Karatas and Songiil, 2020). Fruit quality is strongly affected by genotypes
or cultivars and environmental conditions. Therefore, fruit properties and quality may considerably
change among different varieties or the same varieties cultivated in different regions.

Many studies were performed on the characterization of some apricot genotypes or cultivars.
But, to our knowledge, there have been no comparative studies on morphometric properties of the
Turkish and foreign apricot varieties grown under the same ecological conditions or orchards. With the
present study, we aim to compare some Turkish and foreign apricot varieties cultivated in the same
orchard based on their fruit, stone, colorimetric, and chemical properties. Additionally, multivariate
analyses were used first time in the comparison of Turkish and foreign apricot varieties.

2. Material and Methods

2.1. Plant Material

The ten Apricot varieties which six Turkish varieties (‘Alyanak’, ‘Hacihaliloglu’, ‘Hasanbey’,
‘Kabaagr’, ‘Sakit-2’, and ‘Soganci’) and four foreign varieties (‘Bebeco’, ‘Paviot’, ‘Precoce de
Colomer’, and ‘Precoce de Tyrinthe’) were collected from collection orchards of Yuzuncu Yil
University in Van province (Figure 1) at the commercial ripening period and the morphometric traits
were evaluated through two consecutive years (2013 and 2014). The cultivars grown at 1730 m altitude
are fifteen years old and grafted on 'Zerdali' (wild apricot) rootstock. Orchard was regularly fertigated,
and pest and disease control were performed properly. No nutritional deficiency was observed on trees,
and all cultural practices were done properly during the study.

Figure 1: The location of the collection orchard and sampling region.
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2.2. Method

About 40 similar fruits were harvested uniformly from five different trees. The fruit quality
traits: fruit width (FWD), fruit thickness (FT), fruit height (FH), stone width (SWD), stone thickness
(ST), and stone height (SH) were measured using a caliper with an accuracy of 0.1 mm. Fruit weight
(FWT) and stone weight (SW) were measured with an electronic scale that has a 0.01 g precision. The
color parameters (L*, a*, b* Chrome*, and Hue®) were determined by using a hand-type colorimeter
(Minolta Co., model CR-400, Tokyo, Japan). pH was determined by a table-type pH meter (Thermo
Science, Orion star A 111). Total soluble solids (TSS) were determined using a hand refractometer
(ATC, NTRMO1). TA was measured by titration method by adding 0.1 N NaOH to fruit juice (5 ml)
until the final pH reaches 8.1. (Ruiz et al., 2008; Muradoglu et al., 2011)

2.3. Climate Description of Research Area

Climatic data belonging to the research area, as shown in Figure 2, obtained from the Turkish
State Meteorological Service are presented as the monthly average of two years (2013 and 2014). The
range of monthly minimum, maximum, and average temperatures were 7.6-14.7 °C, 1.9-28.0 °C, and -
3.4°C-22.2 °C, respectively. The minimum, maximum, and average temperatures during the vegetative
period (from March to November) ranged between -2.7-5.7 °C, 6.6-17.1 °C, and 1.4-10.7°C,
respectively. January and February were characterized by the lowest temperatures, whereas July and
August had the highest temperatures. The monthly precipitation varied between 3.4 and 56.0 kg/m?. The
highest precipitation occurred in the winter months, and the summer months were the lowest in the
research area.
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Figure 2. Climatic data belong to the research area.

2.4 Statistical Analysis

The average data from two years (2013-2014) were subjected to analysis of variance using SPSS
23.0 statistical software. Data were presented as the mean and standard error. One-way ANOVA and
Duncan multiple range tests were used to compare the varieties, and the statistical significance level was
taken as 5% in the calculations. Moreover, the correlations matrix was determined by Pearson’s
correlation analysis using R Studio software with the package 'Corrplot' (Wei et al., 2017) and the cluster
dendrogram was created according to Ward’s method. The principal component analysis (PCA) was
performed to clarify the relationships of features with each other and varieties using R Studio software
with the package of 'ggplot2' (Wickham, 2016).

3. Results and Discussions
The sixteen morphological characters that average for two years (2013-2014) belong to Turkish

and foreign apricot varieties were determined. Morphological characters include fruit (width, thickness,
height, and weight), stone (width, thickness, height, and weight), color (lightness, green/redness,
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blueness/yellowness, chroma, lightness’s angle), total soluble solids, pH, and titratable acidity were
evaluated.

3.1. Morphometric Traits of Turkish and Foreign Varieties

The apricot fruit is also consumed fresh, and consumers primarily prefer the fruit in terms of
visual appearance, and minorly defected or low-quality fruits could be used for processing. Therefore,
fruit dimensions are an important description factor of fruit quality and are one of the crucial criteria for
consumers' preferences. The fruit dimensions, FWD, FT, FH, and FWT, were detected between 27.29-
39.42 mm, 31.72-39.45 mm, 24.34-38.42 mm, and 10.68-31.9 g, respectively in the Turkish varieties,
while they ranged from 29.06 to 35.95 mm, 34.01 to 35.28 mm, 30.68 to 33.9 mm, and 19.42 to 22.36
g, respectively in the foreign varieties.
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Figure 3. Fruit dimension features of Turkish and foreign varieties. AL; Alyanak, HH; Hacihaliloglu,
HB; Hasanbey, KA; Kabaasi, SK; Sakit-2, SG; Soganci, BB; Bebeco, PV; Paviot, CL; Precoce de
Colomer, TY; Precoce de Tyrinthe.

The fruit dimensions were highest in Turkish varieties ‘Alyanak’ and ‘Sakit-2’ compared to
foreign varieties (Figure 3). Krichen et al. (2014) reported that fruit dimensions of 112 Tunisian apricot
accessions ranged from 2.0 to 10 g for fruit weight and from 1.0 to 1.8 g for stone weight. Studies on
fruit height, width, thickness, and 100 kernel weight were previously reported to vary from 14.0 to 19.17
mm, from 9.99 to 10.20 mm, from 3.3 to 6.27 mm, and from 28.7 to 65.1 g, respectively (Gezer et al.,
2003; Vursavus and Ozgiiven, 2004). Velardo-Micharet, et al. (2021) declared fruit height, diameter,
and weight as varying from 46.6 to 53.9 mm, 48.4 to 57.5 mm, and 58.0 to 97.4 g, respectively. Another
study was carried out in the Igdir region on six apricot cultivars, fruit and stone weights were recorded
as 27.88-52.9 g and 1.96-2.94 g, respectively (Muradoglu et al., 2011). The fruit pomological data were
in line with the previous findings; nevertheless, the differences are related to cultivar, yield (high and
low fruit set up), maturity, soil types, nutritional status, and climatic conditions. The fruit set and
pomological characters are seriously affected by climatological events. As shown in Figure 2. the
research area where Located in eastern Turkey at a high altitude is show suitable climate conditions for
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apricot growing. Besides in some years, extreme temperature fluctuations including late spring frost that
occur in late April-early May can be causing an important threat to fruit sets and the yield of apricot
varieties. Because apricot is a sensitive species and is seriously affected by climatological conditions.

Apricot stones (kernel) are generally by products in the fruit processing industry and thinking
as discarded material. Apricot, a very important commercial fruit, is in the world and numerous apricot
stones are exposed in food processing. Recent studies showed that apricot stones are rich in unsaturated
fatty acids (Ozkal, 2004), minerals such as K, Ca, and Mg (Muradoglu et al. 2011), contains dietary
fiber (Dwivedi and Ram, 2006), and several biological activities by its antioxidant, anticarcinogenic
and, antimicrobial properties (Mandalari et al., 2010; Yigit et al., 2009). For these reasons, apricot stones
have been used in many foods and industrial areas in recent years.

Significant statistical differences were observed in terms of stone dimensions between the
Turkish and the foreign apricot varieties (Figure 4). The SWD, ST, SH, and SWT of Turkish varieties
changed from 9.31 to 17.04 mm, from 21.05 to 25.24 mm, from 10.15 to 18.81 mm, and from 1.23 to
2.13 g, respectively. These values changed to 8.40-9.68 mm, 19.93-22.60 mm, 14.14-16.51 mm, and
1.36-1.35 g, respectively for foreign varieties. Turkish varieties had higher stone dimensions than
foreign varieties. Mratinic et al., (2011) reported that the stone weight of twenty Macedonia wild apricot
ranged from 1.81 to 4.85 g. The stone length and width were previously reported by Velardo-Micharet,
et al., (2021) as from 26.4 to 28.2 mm and between 21.6 and 23.4 mm from apricot cultivars,
respectively. Our results were in a close relationship with previous studies and minor differences are
due to varieties or high altitudes that are affected by climatic factors and fruit characters.
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Figure 4. Stone dimension features of Turkish and foreign varieties. AL; Alyanak, HH; Hacihaliloglu,
HB; Hasanbey, KA; Kabaasi, SK; Sakit-2, SG; Soganci, BB; Bebeco, PV; Paviot, CL; Precoce de
Colomer, TY; Precoce de Tyrinthe.

Apricot fruit color is very important commercially and customer prefers acceptable fruit color
should be skin color ranging from yellow to deep orange, with a distinct red blush in many modern
cultivars. According to Callahan (1995) and Moreau-Rio (2006), shiny, yellow, and orange apricot
genotypes with a high red-blush ratio are very desirable to customers. Therefore, chromatic parameters
such as 1*, a*, b*, C*, and hue®* are crucial and have been widely used to describe fruit quality. In
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addition, the color variables have been connected to the cultivars and presence of phenolic compounds,
anthocyanins, and antioxidant capacity in fruits (Akin et al., 2008; Christiensen, 2000; Comert et al.,
2020). Therefore, numerous researches were performed on chromatic parameters by Akin et al., (2008);
Fan et al., (2017) and Velardo-Micharet, et al (2021) to determine the fruit quality of apricot. In this
study, the fruit color of Turkish apricot varieties was detected 50.39-55.75 for L*, 15.77-30.02 for a*,
33.9-42.34 for b*, 27.75-49.06 for C*, and 32.15-66.39 for hue’. In foreign verities, fruit color was
observed as 52.39-62.14 for L*, 17.98-27.66 for a*, 37.99-48.40 for b*, 45.84-55.67 for C*, and 55.66-
62.34 for hue® respectively. The color of apricot varieties was higher in foreign varieties except for a*
and hue® than Turkish varieties (Figure 5). Moreover, color is the most important maturity indicator for
many fruit species and chromatic traits are affected by a sequence of agents such as cultivar, lighting,
cultivation management, and maturity stage.
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Figure 5. Chromatic features of Turkish and foreign varieties. AL; Alyanak, HH; Hacihaliloglu, HB;
Hasanbey, KA; Kabaasi, SK; Sakit-2, SG; Soganci, BB; Bebeco, PV; Paviot, CL; Precoce de
Colomer, TY; Precoce de Tyrinthe,

Apricot quality is generally characterized by parameters of soluble solids content, sugars,
titratable acidity, flesh firmness, and peel color (Génard et al., 1994). Fruit taste contributing to fruit
quality was determined by sweetness and acidity, which is related to the content of soluble sugars and
types of organic acids (Mikulic-Petkovsek et al., 2016). TSS and pH for Turkish varieties ranged from
3.05-4.20 % to 3.66-5.42 and for foreign varieties ranged from 3.55-5.00% to 3.95-5.14 respectively.
TA varied from 0.37 to 3.18% in Turkish varieties and 0.60-2.39 % in foreign varieties (Figure 6). In a
study conducted on 13 Turkish apricot cultivars, pH and titratable acids varied between 3.68-5.04 and
0.22-1.40% respectively (Karatas and Sengiil, 2020). In another study, the pH and total acid values were
reported as 3.83—6.61 and 0.08% and 0.28% as malic acid (Akin et al., 2008). In the studies conducted
on some apricot cultivars, total acidity, pH, and soluble solid contents were found 0.14-0.68%, 4.81-
5.45 and 12.50-24.00% by Muradoglu et al., (2011) and 0.96-1.89%, 3.90-4.70, and 11.70-14.40 Brix,
respectively by Mratinic, et al., (2011). According to the researchers, soluble solids contents of over
10% and titratable acidity of 0.7-1.0% are critical for consumer acceptance. Our titratable acidity
amounts were in the range of acceptance threshold, but soluble solids contents were below. The main
reasons were variety differentiation, environmental conditions, and harvest date such as early harvest.
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Figure 6. Chromatic features of Turkish and foreign varieties. AL; Alyanak, HH; Hacihaliloglu, HB;
Hasanbey, KA; Kabaasi, SK; Sakit-2, SG; Soganci, BB; Bebeco, PV; Paviot, CL; Precoce de
Colomer, TY; Precoce de Tyrinthe.
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3.2. Morphological Distribution in Turkish Apricot Varieties

The studied morphological characters in Turkish varieties were grouped into four categories
depending on the correlation matrix and the clustering analyses (Figure 7A). These analyses were
successfully used in the previous studies by Liu et al., (2021) in the comparison of relationships.
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Figure 7. Correlation matrix and cluster dendrogram of morphological characters in Turkish (A) and
foreign (B) varieties. FWD: fruit width, FT: fruit thickness, FH: fruit height, FWT: fruit weight, SWD:
stone width, ST: stone thickness, SH: stone height, SWT: stone weight, L: lightness, a: green/redness,

b: blueness/yellowness, C: chroma, hue®: lightness’s angle, TSS: total soluble solids, and TA:

titratable acidity.
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Six morphological characters (Fruit width, fruit thickness, fruit height, fruit weight, stone height,
and stone weight) were grouped in the first category (Fig 7A). The highest FWD, FT, SH, and SWT
were determined in the ‘Alyanak’ variety, while the highest FH and FWT were determined in the ‘Sakit-
2’ variety (Figure 3)

Some calorimetric parameters such as L, b, C, and hue® were grouped in the second category
(Figure 7A). The highest L*, b*, and hue® were detected in the *Sakit-2’ variety, while the highest C*
was detected in the ‘Hacihaliloglu’ variety (Figure 5).

Morphological characters in the third group were separated into two clusters. Maximum ST and
pH were detected in ‘Sakit-2° and the highest TSS was detected in the ‘Kabaasi variety (Figures 4 and
6)

SWD, TA, and a* were grouped into four categories: The maximum SWD and a* were observed
in ‘Hacihaliloglu’, while the maximum TA was observed in ‘Hasanbey’ (Figures 4, 5, and 6).

3.3. Morphological Distribution in Foreign Apricot Varieties

The studied morphological characters in foreign varieties were grouped into five categories
depending on the correlation matrix and clustering analyses (Figure 7B).

FWD; FH, L*, pH, and TSS parameters were formalized in the first group. In this cluster, all
examined morphological characters were the highest in ‘Precoce de Tyrinthe’ (Figures 3, 5, and 6)

Two characters, FT and FWT, were placed in the second group. The highest FL. was determined
in ‘Paviot’, while the maximum FWT was in ‘Precoce de Colomer’ (Figure 3).

The third group consisted of four characters SWD, a*, SH, and C*. The maximum a*, and SH
were determined in ‘Bebeco’, while maximum SWT and C* were determined in ‘Paviot’ and ‘Precoce
de Tyrinthe’ (Figures 4 and 5).

From the colorimetric parameter, b* and hue® were composed of the fourth group. The highest
b* was detected in the "Precoce de Tyrinthe’, while the highest hue® was in ‘Paviot’ (Figure 5).

ST, SWT, and TA parameters were grouped in the fifth cluster. The maximum ST, SWT, and
TA were detected in ‘Paviot’ (Figures 4 and 6).

3.4. Differences in Morphological Characters Between Turkish and Foreign Apricot Varieties

Relationships between morphological characters of Turkish and foreign varieties were
detected by creating a correlation matrix. Significant positive correlations were observed among fruit
and stone characters in the Turkish varieties. On the contrary, TA with pH and a* with SWD had a
significant negative correlation in both Turkish and foreign varieties (Figure 7). These results agree with
previous findings by Krichen et al., (2014) and Comert et al., (2020). PCA was used to determine critical
characters and to minimize the number of effective factors. Therefore, PCA has been used intensely by
researchers to define critical characteristics of fruit species for the last decade (Mratinic, et al., 2011;
Giler et al.,, 2021; Muradoglu et al., 2021). In this study, PCA was conducted to characterize
morphological characters of Turkish and foreign varieties. The PCA showed that 93.59% of the observed
total variability was described by the first five components. PC1 and PC2 identified 40.1%, and 23.2%
of total variations, respectively, and the first two components described 63.32% of the total variability.
Turkish and foreign varieties were separated into three groups. The first group was associated with the
‘Alyanak’, and ‘Sakit-2’ variety that was related to FWD, FH, FWT, FT, SH, SWT, and hue°*. The
second group was formed mostly of foreign varieties as ‘Precoce de Colomer’, ‘Bebeco’, ‘Paviot’,
‘Precoce de Tyrinthe’, ‘Soganct’, and ‘Kabaasi® linked with colorimetric data such as L*, b*, ¢*, TSS,
and pH characters. ‘Hasanbey’ and ‘Hacihaliloglu’ varieties formed the third group, and these varieties
were characterized by ST, SWD, TA, and a*. Relationships among varieties were shown on a biplot
(Figure 8). In a similar study on local apricot genotypes, Mratinic, et al., (2011) reported that the first
three components represented 70.85% of the total variance.
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Figure 8. The principal component analysis (PCA) shows the interrelation of Turkish and foreign
apricot variety and morphological characters.

4. Conclusions

The morphological properties of varieties are major indicators in determining fruit quality.
That's why it is important to investigate fruit quality related to consumer preferences. In the present
study, significant differences were observed in Turkish and foreign varieties according to their
morphometric properties.

The fruit dimensions (FWD, FT, FH, and FWT) of varieties were the highest in ‘Alyanak’ and
‘Sakit-2’ in the Turkish varieties. The highest values regarding stone width were recorded from the
‘Hasanbey’ and ‘Hacihaliloglu’ varieties, length from the ‘Soganc1’ variety, while ‘Alyanak’ and ‘Sakit-
2’ varieties have the biggest fruit height and weight. Fruit stone features were the highest in Turkish
varieties compared to foreign varieties. The color was higher in foreign varieties except for a* and hue®.
The highest soluble solid contents were recorded from the ‘Precoce de Tyrinthe’ in foreign varieties.
Contrarily, pH and total titratable acids were higher recorded from ‘Soganc1’ and ‘Hasanbey’ in Turkish
varieties.

The results showed that Turkish varieties have higher morphometric characters and these
varieties had better performance in the ecological conditions of the study.
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1. Introduction

Beta-lysine is a non-specific immune defense factor in birds that has been little studied. "Beta-
lysine" means the thermostable bactericidal substances in the serum, active against bacilli, which do not
need the presence of complement to perform their function (Weinert, 2013). The beta-lytic activity of
the serum provides information about the state of the body in animals and humans in different
physiological and pathological processes of different etiology, so it is important in clinical trials in
veterinary and human medicine (Sarukhanov et al., 2016). Henriksen et al. (2012), Wu, (2013), Xie et
al. (2015), Ouidir et al. (2015) performed experiments on lysine synthesis with the help of other
microorganisms — Saccharomycescerevisiae, Mycobacterium tuberculosis, Pseudomonas aeruginosa.
Ayasan and Okan (2010) investigate the effects of containing lysine on the fattening performance of
broiler chickens. Beta-lysine is also known to be a precursor to the biosynthesis of antibiotics,
neurotransmitters, and several polymers with high molecular weight (Hungetal., 2013). Our previous
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studies (Karakolev et al., 2014; Karakolev, 2015; Karakolev and Nikolov, 2015) followed the
physiological fluctuations in the beta-lysine activity of the blood serum in broilers and hen embryos
from two hybrids of laying hens, and in the egg white of commodity eggs, depending on the age and
hybrid affiliation of the laying hens. In a detailed study of the role of Schizochytrium limacinum in the
diet of broilers on their natural immunity, Sotirov et al.(2021) also found a positive effect of the beta-
lysine index in the experimental group. Investigating the possibilities for influencing the humoral
immune response in laying hens, Bozakova et al., (2018) also draw attention to the changes in the
activity of beta lysine under the influence of the immunomodulator «Immunobeta». According to
Zemskov et al.(2018) beta lysine is involved in the mechanisms of immune homeostasis, in induction,
regulation, and possibly in the correction of the immune response. The protective effects of other
bacteriolysins, such as lysozyme and the complement system, have been studied in sufficient
depth.However, literature data on beta lysine are extremely scarce, with no data on the beta-lysine
activity of blood serum and egg white in broiler breeders, as well as the factors potentially influencing
this activity.

With the present studies, we aimed to determine the beta-lysine activity of the blood serum of
broilers and in the blood serum and egg white in broiler breeders treated with the immunomodulator
"AVIGEN?", as one of the main factors of natural immunity in the studied birds.

2. Material and Methods

2.1. Polybacterial immunomodulator "AVIGEN"

The product is a concentrated form of lipopolysaccharide components of the thermostable
endotoxin extracted from Gram-negative bacteria from the Enterobacteriaceae family.

2.1.1. Method of treatment

The immunomodulator was administered in liquid form, containing 3,000 doses (ten days) in
1000 ml.

For broilers - orally, through drinking water from the 1st to the 10th day. The experimental and
control flocks of broilers numbered 12,000 birds each. From the birds treated with the immunomodulator
in the experimental flock, as well as from the control one, 45 birds were randomly selected, from which
blood was taken for testing.

For broiler breeders - during the growing up period, orally, through drinking water from the 1st
to the 10th day and from the 120th to the 130th day of life. The experimental and control flocks of
broilers breeders numbered 12,500 birds each. From them, we took 45 samples of blood serum for the
tests.

The field experiments were conducted in a poultry farm of Planeta 98 Ltd.

The subject of the study were broiler breeders and broilers from the hybrid ROSS 308, grown
on the floor under industrial conditions. The birds from the experimental flocks received with the water
and the preparations “ASPIVIT C” and “BIOXAN” in a dosage of 5 ml per 10 | of water. Both
preparations have an ancillary effect. The first has an anti-stress effect on birds, and the second improves
the permeability of mucous surfaces.

2.2. Sampling

At certain intervals (6-, 12- 18-, 24-, 36-week-old), we took blood from the axillary vein. The
separated blood serum was stored at 4°C. We collected blood samples from broilers at 10, 18, and 28
days of age. Serum testing was performed no later than 24 hours after sampling. We collected 45 eggs
inaday (2, 7, 10, and 14) from control and experimental parent flock in the first two weeks after laying.
The egg white test was performed no later than 6 hours after sampling.

2.3. Determination of beta-lysine activity

The beta-lysine activity of blood serum and egg white was determined by a spectrophotometric
method describedby Bucharin et al. (1977), modified by Karakolev and Nikolov (2015). The research
was performed in flat-bottomed plates. We used a pre-prepared spore suspension of Bacillus subtilis
ATCC 6633. We added the controls with an automatic pipette - 80 pl of saline + 80 pul of spore
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suspension in each of the first 4 wells. We then instilled the experimental sera with an automatic pipette
- 80 pl serum + 80 pl spore suspension in each of the following wells, according to the number of
samples tested. We homogenized by a plate shaker. Optical density measurements were performed using
a BioTek L80 spectrophotometer at a wavelength of 630 nm, before incubation. We incubated the plate
in a plate incubator with a timer (37°C for 2 hours). Immediately after incubation, we again measured
the optical densities at the same wavelength. Since the optical densities of the controls did not change
for 2 hours in the incubator, we performed the calculations by taking the changes in the optical densities
of the samples for each well separately, according to the formula:

% of lysis = OD1 - OD2 / OD1 x 100, (1)

where OD1 is the optical density of the sample before incubation and OD?2 is the optical density of the
sample after incubation.

2.4. Statistical analysis

The optical density results were calculated for the control wells and experimental sera expressed
as a percentage of the test culture lysis. Data were processed by independent t test with the fixe defect
model using Data analysis tool pack, Microsoft Excel 2016, Microsoft Corporation Ltd. at a level of
significance P < 0.05.

3. Results

3.1. Values for beta-lysine activity in the blood serum of broiler breeders

Measured values for beta-lysine activity in the blood serum of broiler breeders are presented in
Table 1. Monitoring of changes in the indicator began at 6 weeks of age and continued until 36 weeks
of age. Significant differences were found in beta-lysine activity at 18 weeks of age, coinciding with the
laying of birds and the strong physiological stress that accompanies this process. Not coincidentally, at
this stage, there is a slight increase in serum beta-lytic activity in the control group. The changes are
physiologically conditioned.

Table 1. Beta-lysine activity (%) of blood serum in broiler breeders ROSS hybrid, n=45

Age, Experimental flock Control flock P value
in weeks X+SD X+£SD
6 18.26+0.23 12.34+0.46 P<0.00001
12 21.58+0.42 14.05+0.63 P<0.00001
18 47.50+4.95 32.29+1.55 P<0.00001
24 29.86+1.05 15.27+0.95 P<0.00001
36 20.41+0.61 15.70+0.35 P<0.00001

The increase in beta-lysine activity in the blood serum of laying birds from the experimental
flock is significantly more pronounced - 47.50% vs. 32.29% in controls. As can be seen from the table,
the values of the studied indicator are higher during the whole observed period in the birds treated with
the immunomodulator, while in the controls, the activity of beta-lysine is close to the physiological norm
with a small increase during the laying period. The obtained data show an increase in beta-lysine activity
in the blood serum of laying birds (18th week), significantly higher in the experimental flock. After the
onset of lay, beta-lysine levels again decreased at 24 and 36 weeks, and in birds receiving the
immunomodulator, it remained higher compared to controls.

3.2. Values for beta-lysine activity of egg white in broiler breeders

In research of egg white, we found higher beta-lysine activity in the experimental parent flock
compared to the control. These differences are particularly pronounced on the 2nd and 7th days of
laying. The results obtained by us show that beta-lysine is one of the earliest factors of non-specific
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protection of the chicken embryo, which is active at the beginning of prenatal development. In the
control herd, these values fluctuate physiologically between 28% and 15% activity. In birds treated with
a polybacterial immunomodulator, beta-lysine activity in egg white was almost twice as high. This is an
indicator directly related to the non-specific, humoral immune defense and the development of the
embryo, as well as to the hatchability of the breeding eggs.

Table 2. Beta-lysine activity (%) of egg white in broiler breeders ROSS hybrid, n=45

Days Experimental flock Control flock P value
of laying X+ 5D x+5D

2 42.06+1.27 28.45+0.24 P<0.001

7 40.20+1.44 22.19+0.82 P<0.001

10 28.45+0.56 22.63+0.85 P<0.001

14 20.82+0.55 15.50+0.57 P<0.001

3.3. Values for beta-lysine activity in the blood serum of broilers

In research of blood sera from broiler chickens, we found that the activity of beta lysine
generally had higher values in immunomodulator-treated birds. Already on the 10" day of the life of
broilers, the studied indicator has an average value of 24.59, or 37 % more than the controls. On day 28,
beta-lysine activity increased again to 37.35%, while in untreated birds, it remained at 16.54 % activity.

Table 3. Beta-lysine activity (%) in the blood serum of broilers ROSS hybrid, n=45.

Age Experimental flock Control flock P value
in days X+ 5D X+5D
10 24.59+0.69 15.53+0.52 P<0.001
18 25.14+0.36 17.44+0.27 P<0.001
28 37.35+0.86 16.54+0.69 P<0.001

4. Discussion

In all our blood serum and egg white tests, we found higher beta-lysine activity in birds from
the experimental flocks receiving an immunomodulator. Probably, it is positively influenced by
stimulation of the mucous membranes with the polybacterial immunomodulator, as well as by the action
of the preparations “ASPIVIT C” and “BIOXAN”, which help to increase the resorption surface of the
intestinal mucosa. In addition, the application of the anti-stress preparation "ASPIVIT C" provides
additional equalization in the conditions of the experiments that were conducted under production
conditions. This makes it possible to exclude the influence of some technological stressors and to believe
with a high degree of confidence that the increase in beta-lysine activity in experimental birds is due to
the effect of the immunomodulator "AVIGEN". Our results also show that age is not a determinant of
beta-lysine expression. Birds respond well regardless of age and category, and breeders treated with
immunomodulator, lay eggs containing more beta-lysine, especially in the first 7 days after the onset of
laying. Several studies on germ-free animals demonstrate that symbiotic bacteria and/or bacterial
molecules (for instance, lipopolysaccharide, B-glucan, and peptidoglycan) can fully trigger adaptive
immunity (Gensollen et al., 2016; Ganalvonarburg et al., 2016, Macpherson et al., 2017). The intestinal
mucosa plays an important role in the initial triggering of the immune response and the following
regulation of its maturation (Hrnciv et al., 2008).

Polybacterial immunomodulators are a powerful inducer of lysozyme and complement
(Karakolev et al., 2014). The induction of beta lysine in egg white and blood serum is studied for the
first time under the influence of the preparations we use — "AVIGEN", “ASPIVIT C” and “BIOXAN".
The present experiments also establish their influence on the activity of beta-lysine, which is part of the
non-specific immune factors in the blood serum. Obviously, beta-lysine is one of the earliest factors of
innate immunity, as it is already present in the avian embryo, and its additional activity can be induced
by lipopolysaccharides from enterobacteria included in the drinking water of birds, as our experiments
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show. We evaluate the effect of the other two preparations only as supportive - anti-stress in “ASPIVIT
C” and increasing the resorptive capacity of the mucous membranes in “BIOXAN”.

In our previous studies, the physiological values of beta-lysine in the blood serum in broiler
breeders and broilers were monitored. Unlike broilers, in parent flocks, there is a strong stress factor
associated with the onset of laying and accompanying hormonal and immune rearrangement in the body
(Karakolev, 2015; Karakolev and Nikolov, 2015). Nevertheless, the concentration of beta-lysine may
be influenced by some factors that have a beneficial effect on the activity of complement, lysozyme,
and other indicators of the natural (innate) immune response. A number of authors (Ganalvonarburg et.
al., 2016; Zemskov et al., 2018; Bozakova et al., 2018) consider the factors that may influence the
mechanisms of non-specific, innate resistance and emphasize that polysaccharide substances are one of
the most effective for this purpose. Hung et al. (2013) consider that AblAs from methanoarchaea are
lysine 2,3-aminomutases that may function as potential biocatalysts for the synthesis of B-lysine in vivo
and in vitro. Okanishi et al.(2013), and Zhang, et al.(2013), Weinert et al.(2013), also developed genetic
methods for the biosynthesis of lysine for biotechnological purposes.

From the present experiments, it is clear that lipopolysaccharides from enterobacteria contained
in concentrated form in the immunomodulator "AVIGEN" have a positive effect on the activity of beta-
lysine fractions in the blood serum of broilers and especially in the parental forms during laying and
about two weeks thereafter. The increased activity of beta- lysine is an important part of the non-specific
immune defense and the possibilities for its activation in stressful periods of breeding are of particular
importance for the health status of birds. Similar data in broilers was reported by Sotirov et al.(2021),
which compared the effect of the application of Schizochytrium limacinum on some indicators of natural
immunity in broilers. The authors found an increase in the activity of beta-lysine in the blood serum in
experimental group III, accompanied by a slight decrease in the values of lysozyme and complement.
These data also confirm the results of our previous studies on the inverse correlation between lysozyme
and complement values on the one hand and beta-lysine activity on the other. Comparison of the results
regarding the effect of Schizochytrium limacinum in the diet of broiler chickens and the measured
activity of beta lysine of 11.49% show that beta-lysine is less affected than as a result of exposure to
lipopolysaccharides from enterobacteria. Bozakova et al.(2018) investigated the effect of the
immunomodulator “Immunobeta” on innate humoral immunity in laying hens and also found some
effect on beta lysine activity. In the conditions of temperature stress, Bozakova et al.(2018) tracks the
effect of the immunomodulator "Immunobeta" on innate humoral immunity in turkeys and laying hens,
which supports our data on the special role of beta-lysine in stressful situations for the body.

After administration of the immunomodulator "AVIGEN", the activity of beta-lysine in the
blood serum of broilers from the ROSS 308 hybrid reached 37.35%, which is significantly above the
physiological limit observed in the control flock. The increase in the activity of beta-lysine in the blood
serum in broiler breeders who took the immunomodulator in our experiments is especially significant
and long-lasting. The discovery of almost twice the activity of beta-lysine in egg white shows the
importance of beta-lysine as one of the earliest protective factors of innate immunity in birds and the
importance of immunomodulators for their health status.

Conclusion

Based on the results obtained, it can be concluded that the immunomodulator "AVIGEN",
containing lipopolysaccharides from enterobacteria and taken with drinking water in an appropriate
dosage, causes an increase in beta-lysine activity in the blood serum of broilers and broiler breeders.
The effect of beta-lysine activity does not depend on the age and category of the birds.

For the first time, it is established that breeding eggs laid by broiler breeders receiving the
immunomodulator "AVIGEN" have higher levels of beta-lysine, especially in the first weeks after
laying.
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1. Introduction

The genus Astragalus, which includes annual and perennial herbaceous and shrubby plants and
belongs to the leguminous family, includes 3000 species. Astragalus species are spread over a wide area
such as Europe, Asia, and North America, with 463 species and 41% (210 species) of these species
endemic in Turkey (Ding et al., 2013; Erkul and Aytag, 2013). Astragalus species are widely used as a
feed source for animals, as a raw material for medicine, dye, textile industry, as a source of nectar for
bees, and also in the control of erosion areas (Demir and Keskin, 2016; Keskin and Temel, 2019; Bagheri
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et al., 2015; Budge et al., 2012; Lee et al., 2007; Abd Kadir et al., 2013). Astragalus brachycalyx,
Astragalus gummifer, Astragalus kurdicus, and Astragalus microcephalus species from which gum
called tragacanth is extracted are widely found in Turkey, Iran, Caucasus, and Afghanistan regions, and
this gum obtained is used in pharmacy, paint and weaving industries (Khan and Abourashed, 2010).

Gum tragacanth (Astragalus gummifer Labill.) is a perennial herb that can grow up to 60 cm. It
is piled rooted, and its stem and shoots are thorny. Its flowers are white and pollinated by bees. When
their stems are cracked and scratched, they ooze a gum called tragacanta (tragacanth gum). It is resistant
to sandy, acidic, and arid areas (Keskin and Temel, 2019). Gum tragacanth spends the winter period in
a dormant state and forms new shoots and leaves with the onset of temperatures, and the newly formed
fresh shoots and leaves maintain their greenery throughout the summer. Flowering continues between
May and October, and fruit formation continues for a long period, from June to November (Keskin and
Temel, 2019).

Gum tragacanth, which is used in many areas, grows in natural areas, and these plants are not
cultivated and grown in the field. Therefore, these plants cannot be controlled, and their generation may
be extinct. The germination rate is expected to be high in cultivated seeds. On the other hand, non-
cultured plants are more likely to have hard seeds and dormancy. It is also difficult to obtain seeds in
these plants. Knowing the optimum germination temperatures of the seeds and the level of dormancy
characteristics, if any, and which methods and methods are effective on breaking dormancy in seeds in
order to spread the plants of high importance to wider areas will contribute to the dissemination of this
plant to wider areas. Dormancy is defined as the inability of seeds to germinate due to internal (water
and gas impermeability of the seed coat, chemical substances in the seeds) and external (temperature,
oxygen, light) factors even though the environmental conditions are suitable. The practices required to
break dormancy in seeds vary from species to species and even between seeds of the same species from
different origins. In order to break dormancy, stratification, soaking in water, using growth regulators,
washing, drying, heat and light treatment, mechanical scarification, chemical scarification, and
combinations of one or more of these are used (Obali, 2009; Agrawal and Dadlani, 1995; Erken and
Kaleci, 2010; Moradi et al., 2016; Lagha et al., 2001; Tuncer, 2019; Maesaroh and Demirbag, 2020).

In the literature review on the germination status and dormancy breaking methods of the seeds
of gum tragacanth, it was seen that no study was conducted. Therefore, this study was planned to
determine the temperature at which gum tragacanth showed high germination and which methods
methods would be appropriate for breaking the dormancy in seeds.

2. Materials and Methods

2.1. Plant material

The study was carried out in the laboratory of the Department of Field Crops, Faculty of
Agriculture, 1gdir University, in 2019. The seeds of gum tragacanth were cut in October-November and
dried in the shade after being brought to the laboratory. The dried shoots were crushed with a plastic
board on the bottom of the sieve, and the seeds were removed from the shoots. Damaged and broken
seeds in the seeds were removed. The 1000 grain weight of the seeds was determined as 3.7 g. Seeds
were stored in airtight packages at 5 °C until used. Seed viability and dormancy applications were carried
out according to ISTA rules (ISTA, 2017).

2.2. Germination test

The seeds were germinated in the dark at constant temperatures of 10, 15, 20, and 25 °C and
variable temperatures of 20/10 °C, 20/15 °C, 25/10 °C, and 25/15 °C. 3x25 seeds were used in each
application. The seeds to be germinated were kept in 5% sodium hypochlorite for 60 seconds and then
left to dry for 30 seconds on germination papers for half an hour. After the seeds were placed on the
germination paper in a 120x20 mm glass petri dish, they were left on the germination papers with 25
seeds in each glass petri dish and then covered with a second germination paper. Germination papers
were wetted with water prepared by adding 0.2 g of pomarsol to 1 liter of distilled water as starting
water to prevent fungus growth. After the establishment of the experiment, daily counts were made for
28 days, and rootlets germinating above 2 mm were accepted as germinated (ISTA, 2017). At the end
of the 28th day, normal, abnormal, and dead seeds were counted.
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2.3. Dormancy breaking applications

12 dormancy breaking methods were applied to gum tragacanth milkvetch based on ISTA
(2017) rules. After the dormancy breaking methods were applied, the seeds that showed the highest total
and normal germination at the end of the germination tests were subjected to germination tests for 28
days at 25/10 °C and 25/15°C. Since the highest total and normal germination in all dormancy breaking
applications occurred at 25/15 °C, statistical analyzes were made based on data at only 25/15 °C
temperature.

2.3.1. Matrix priming

Seed: vermiculite: water; The seeds and vermiculite were placed in gauze nets in a 2: 1: 3 ratio
and placed in opaque containers with water. The dishes were kept in the dark for 24, 36, and 48 hours
at 15 °C and then dried to their initial weight at 25 °C.

2.3.2. Hydro priming

The seeds to be used in hydro priming application were kept in water at 20 °C for 5 hours, and
then surface drying was applied to the seeds. After the surface drying process, the seeds in the tulle
pouch were left on the wire tray in the aging pots filled with water so that they do not come into contact
with water. The mouth of the aging containers was covered with a cling film in an airtight manner, and
the lids of the containers were tightly closed. Seeds kept in aging containers at 20 °C for 60, 72, and 96
hours were dried at room temperature until they reached their initial weight.

2.3.3. Gibberellic acid

The seeds were kept in the dark for 24 hours in 250, 500, and 1.000 ppm GAj3 solutions so that
they were completely submerged, and then surface drying was applied to the seeds.

2.3.4. Potassium nitrate

The seeds were kept in the dark for 6 hours in 2% and 4% KNOs solutions so that they were
completely submerged, and then surface drying was applied to the seeds.

2.3.5. Cold moist stratification

After the seeds were placed between completely saturated coarse filter papers, they were placed
in tulle pouch, and the applications were kept at 5 °C for 3 and 4 weeks.

2.3.6. Warm moist stratification

The seeds were kept for 1 and 2 weeks at 20 °C between completely saturated coarse filter
papers and surface drying was applied to the seeds.

2.3.7. Warm-+cold moist stratification

The seeds were kept between completely saturated coarse filter papers at 20 °C for 1 and 2
weeks, then kept at room temperature for 24 hours and then kept at 5 °C for 3 and 4 weeks. Afterwards,
surface drying was applied to the seeds.

2.3.8. Cold+warm moist stratification

Seeds were kept between completely saturated coarse filter papers at 5 °C for 3 and 4 weeks,
then 24 hours at room temperature, and then at 20 °C for 1 and 2 weeks. Then, surface drying was done
on the seeds.

2.3.9. Coldwater

The seeds were kept in tulle pouch for 1, 2, and 4 weeks at 5 °C, completely submerged in water,
and then surface drying was performed on the seeds.

2.3.10. Hot water

The seeds were kept in tulle pouch for 2 and 4 minutes in boiling (100 °C) water so that they
were completely submerged in the water. Then the surface drying process was carried out.
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2.3.11. Mechanical scarification (Sanding)
Seeds were abraded in a shaking device for 5, 10, and 15 minutes in size 10 sandpaper.
2.3.12. Chemical scarification (Sulfuric acid)

Seeds were kept in 96% H>SO4 for 10, 20, and 30 seconds. After the application, the seeds were
washed with pure water and left to dry on blotting paper.

2.4. Comparison of dormancy breaking applications

In the germination tests, the germination rate control data obtained at 25/15 °C temperature were
accepted, and a comparison was made with the dormancy breaking application, which obtained the
highest germination rate after each dormancy breaking method was applied.

2.5. Statistical analysis

The analysis of variance was carried out according to the randomized plots experimental design
according to the JMP 5.0.1 package program of the research data. The mean of the important factors is
grouped according to the least significance difference (LSD).

3. Results and Discussion

3.1. Germination rates of Astragalus gummifer at different temperatures

There were significant changes in the total and normal germination rates of gum tragacanth
milkvetch seeds germinated at different temperatures. Total germination rates were 2.7%, 8.0%, 8.0%,
8.0%, 5.3%, 8.0%, 10.7% and 10.7%. at 10, 15, 20, 25, 20/10, 20/15, 25/10 and 25/15 °C temperatures,
respectively. On the other hand, normal germination rates were 0.0%, 4.0%, 5.3%, 8.0%, 5.3%, 8.0%,
9.3% and 9.3%, respectively. The highest total and normal germination rates were found at 25/10 °C
and 25/15 °C temperature values. There was no significant change in abnormal germination rates at
different temperatures. Although the germination rate of Astragalus gummifer seeds increased slightly
due to the increase in temperature, it was observed that the seeds showed dormancy at a significant rate
(89.3%). It is an expected situation to show dormancy in uncultured plants. Astragalus gummifer seeds
were not found to germinate normally at 10 °C, the lowest temperature used in the study, while there
was some germination due to the increase in temperature, but this germination rate remained at 9.3%
(Figure 1).

It was determined that there was no significant change in the germination rate between different
temperature values without pretreatment, and the highest germination rate was 10% in Astragalus
adsurgens, 3.17% in Astragalus maritimus, 4% in Astragalus arpilobus and Astragalus bibullatus, and
the species showed significant dormancy. (Kondo and Takeuchi, 2004; Bacchetta et al., 2011; Albrecht
and Penagos, 2012; Long et al., 2012). On the other hand, it was determined that Astragalus adsurgens
germinated at different temperature values at 30 °C, Astragalus gines-lopezii at 15/25°C and Astragalus
membranaceus at 10 °C (Jaganathan et al., 2019; Zhou et al. al., 2012; Schnadelbach et al., 2016).
Generally, Astragalus seeds appear to show high dormancy. Salsola kali subsp. ruthenica seeds at 10
and 25 °C (Obali, 2009), Alhagi pseudodalhagi seeds at 25 °C (Moradi et al., 2016). As can be seen in
previous research, the germination temperatures of the seeds vary according to the plant genus and
species.
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Figure 1. Total, normal and abnormal germination rates of Astragalus gummifer seeds at different
temperatures (Total germination LSDs: 3.0**, Normal germination LSDs: 4.7**, Abnormal
germination LSDs: 4.7ns), **P < 0.01 are significant within the probability limits, ns is insignificant.

3.2. Germination rates of Astragalus gummifer in dormancy breaking applications

3.2.1. Matrix priming

While matrix priming application at different times had a significant effect on total seed
germination and normal seed germination rates of gum tragacanth milkvetch, it was observed that it did
not have a significant effect on abnormal seed germination rate. When matrix priming was applied for
24,36, 48 hours, total seed germination rates in gum tragacanth milkvetch seeds were 8.0%, 22.7%, and
8.0%, respectively. The highest total seed germination rate was 22.7% in the matrix priming application
for 36 hours. The lowest total germination rate of 8.0% was observed in the seeds applied 24 and 48
hours of matrix priming. Normal germination rates were determined as 20.0% in gum tragacanth
milkvetch seeds, which were applied matrix priming for 36 hours (Table 1).

In the literature studies, it was seen that matrix priming application was not tested in Astragalus
species. However, studies on different plant species (A/lium cepa, Abelmoschus esculentus and Allium
ampeloprasum) determined that matrix priming increased the seed germination rate compared to control
and was a successful method in breaking dormancy (Ozden et al., 2018a; Pandita et al., 2010; Ozden et
al., 2018b). In the present study, it was found that matrix priming application increased the germination
rate in Astragalus gummifer seeds and revealed that it was an effective method in breaking dormancy,
which also supports previous studies.

3.2.2. Hydro priming

The effect of different hydro priming applications on seed germination rates of gum tragacanth
milkvetch was not significant. With the application of hydro priming for 48, 72, and 96 hours, total seed
germination rates of gum tragacanth milkvetch were 10.7%, 9.3%, and 2.7%, while normal germination
rates were 10.7%, 6.7%, and 2.7%, and abnormal germination rates were 0.0%, 2.7%, and 0.0%,
respectively,

In previous studies, no hydro priming application was found to break the dormancy in the seeds
of Astragalus species. However, they determined hydro priming of Nigella sativa (Tajbakhsh et al.,
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2014), Allium cepa (Ozden et al., 2018a), and Lactuca sativa (Rao et al., 1987) seeds increased the
germination rate compared to the control and was a successful method in breaking dormancy.

3.2.3. Gibberellic acid

Gibberellic acid application at different concentrations had a significant effect on the total
germination and abnormal germination rate of gum tragacanth, but the effect on the normal germination
rate was not significant (Table 1).

Table 1. The effects of some dormancy breaking practices on seed viability of Astragalus gummifer

Application  Total germination Normal germination Abnormal germination
Aplications levels (%) (%) (%)
24 hour 8.0b 8.0b 0.0
Matrix Priming 36 hour 22.7a 20.0a 2.7
48 hour 8.0b 8.0b 0.0
LSD value and significant 6.05%* 0.00** 6.05 ns
48 hour 10.7 10.7 0.0
Hydro priming 72 hour 9.3 6.7 2.7
96 hour 2.7 2.7 0.0
LSD value and significant ns ns ns
250 ppm 6.7b 6.7 00b
Gibberellic acid 500 ppm 10.7 a 6.7 4.0a
1000 ppm 10.7 a 9.3 1.3 ab
LSD value and significant 3.83%* ns 3.02%*
Potassium nitrate 702 10.7 93 1.3
%4 10.7 9.3 1.3
LSD value and significant ns ns ns
. . . 3 week 24.0a 213 a 2.7
Cold moist stratification 4 week 40D 27b 13
LSD value and significant 9.94** 5.74%* ns
. . . 1 week 9.3 8.0 1.3
Warm moist stratification 2 week 14.7 12.0 27
LSD value and significant ns ns ns
1 week+3 week 14.7b 12.0 be 2.7
Warm + cold moist 1 week+4 week 24.0a 173 a 6.7
stratification 2 week+3 week 12.0b 93¢ 2.7
2 week+4 week 16.0 ab 16.0 ab 0.0
LSD value and significant 9.23%* 4.80* ns
3 week+1 week 10.7 10.7 0.0
Cold + warm moist 3 week+2 week 14.7 12.0 2.7
stratification 4 week+1 week 14.7 13.3 1.3
4 week+2 week 9.3 6.7 2.7
LSD value and significant ns ns ns
1 week 13.3b 8.0 53
Cold water 2 week 20.0a 13.3 6.7
4 week 14.7b 12.0 2.7
LSD value and significant 3.70** ns ns
Hot water 2 minute 50.7 38.7 12.0b
4 minute 46.7 20.0 26.7 a
LSD value and significant ns ns 5.74%*
Mechanical scarification 1501:115211:; S%(La ;037 3(3) E
15 minute 93b 9.3 00b
LSD value and significant 6.05%* ns 3.02%*
10 second 6.7b 6.7 0.0
Chemical scarification 20 second 10.7 a 10.7 0.0
30 second 9.3 ab 8.0 1.3
LSD value and significant 3.02%* ns ns

*P < 0.05 significant at probability limits, **P < 0.01 significant at probability limits, ns not significant.

Total germination rates of gum tragacanth seeds were 6.7%, 10.7%, and 10.7% in 250, 500, and
1000 ppm applications of gibberellic acid. While the highest total germination rate was obtained in 500
and 1000 ppm gibberellic acid application, the lowest total germination rate was found in 250 ppm
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application. Gibberellic acid application at different concentrations did not have an effect on increasing
the germination rates obtained without any dormancy breaking the application. Although the application
of gibberellic acid in breaking dormancy is a common application, the application of gibberellic acid in
gum tragacanth seeds did not make a significant contribution to the increase in germination rate. In
studies on some Astragalus species, it has been revealed that gibberellic acid application is not effective
in breaking dormancy (Ikram et al., 2014). On the other hand, it is an effective method in breaking
dormancy (Zhou et al., 2012; Keshtkar et al., 2008). On the other hand, it was determined that the
application of gibberellic acid to Centaurea tchihatcheffii, Capparis ovata, Arbutus andrachne, Thlaspi
lilacinum, Draba brunifolia, and Vitis vinifera seeds increased the germination rate of seeds and was an
effective method in breaking dormancy (Okay and Giinéz, 2009; Gokg¢ol and Duman, 2018). ; Onursal
and Gozlekei, 2007; Kirmizi, 2017; Akkurt et al., 2013). However, in studies conducted on Achillea
gypsicola, Saponaria halophila, and Chamaecytisus pygmaeus species, it was determined that
gibberellic acid application was not effective in increasing the seed germination rate (Colak, 2011; Erken
et al., 2014; Ac¢ikgdz and Kara, 2019).

3.2.4. Potassium nitrate

There was no significant difference between 2% and 4% potassium nitrate application on total
germination, normal germination, and abnormal germination rate of gum tragacanth. Total germination,
normal germination, and abnormal germination rates were 10.7%, 9.3%, and 1.3%, respectively, in both
potassium nitrate applications (Table 1). In previous studies, it was determined that potassium nitrate
application was not effective in increasing the germination rate of some Astragalus seeds (Ikram et al.,
2014), while it increased the germination rate in some species (Zhou et al., 2012). In the current study,
it was determined that potassium nitrate application was not effective in increasing the germination rate
of gum tragacanth seeds.

3.2.5. Cold moist stratification

Changes in total germination and normal germination rates were observed in gum tragacanth
seeds, which were subjected to cold moist stratification at different times. The total germination rates in
the seeds germinated after the 3rd week and 4th week of cold moist stratification application were 24.0%
and 4.0%, respectively, while the normal germination rates were 21.3% and 2.7% (Table 1). Considering
these values, total germination and normal germination rates were higher in seeds that were cold moist
stratification for 3 weeks. It has been determined that there will be significant decreases in germination
rates of gum tragacanth seeds in case of longer cold stratification (4 weeks).

In a study conducted by Cavieres and Almedia (2018), although cold stratification increased the
germination of Astragalus looseri seeds by 9% compared to the control, this increase was found to be
statistically insignificant. Germination rates were determined as 7.7% in control application and 16.7%
in cold stratification. Long et al. (2012) applied Astragalus arpilobus seeds in wet sand at 4 °C for 4, §,
12, and 16 weeks. Cold stratification did not increase the germination rate of seeds, and they determined
that it was not an effective method for breaking dormancy. Jones et al. (2016) applied cold stratification
to Astragalus filipes seeds for 3 weeks at 4 °C. Cold stratification increased the germination rate of
seeds, and it was determined to be an effective method for breaking dormancy. Isavand et al. (2005)
applied cold stratification to Astragalus siliquosus seeds. Cold stratification increased the germination
rate of seeds, and it was determined to be an effective method for breaking dormancy.

Studies have shown that cold folding has a positive effect on breaking dormancy. In the current
study, it has been seen that cold stratification is an effective method in breaking dormancy and
encourages germination, which supports previous studies.

3.2.6. Warm moist stratification

There was no significant difference in seed germination rates between 1 and 2 weeks of warm
stratification of seeds of gum tragacanth. The total germination rates of seeds, which were germinated
after 1 and 2 weeks of warm stratification, varied between 9.3% and 14.7%, normal germination rates
between 8.0% and 12.0%, and abnormal germination rates between 1.3% and 2.7%, respectively (Table
1). In a study, It was determined that the application of warm stratification to Salsola kali subsp.
ruthenica. Seeds decreased the germination rate compared to the control and had no effect on the
breaking of dormancy (Obali, 2009).
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3.2.7. Warm+cold moist stratification

It was observed that the effect of warm+cold stratification at different times on gum tragacanth
seeds on total germination rate and the normal germination rate was significant, but the effect on
abnormal germination was insignificant (Table 1). In 1 week warm—+3 weeks cold, 1 week warm+4
weeks cold, 2 weeks warm+3 weeks cold, and 2 week warm+4 week cold stratification, total
germination rates were 14.7%, 24.0%, 12.0% and 16.0%, normal germination rates were determined as
12.0%, 17.3%, 9.3%, and 16.0%, respectively. The highest total germination and normal germination
rates were obtained in 1 week warm+4 weeks cold stratification (Table 1). Previously, no study has been
found in which warm+cold stratification has been tested in seeds of Astragalus species. However, it was
determined that 3 week warm stratification + 12 week cold stratification application of Fraxinus ornus
seeds had a significant effect on the germination rate (Tilki, 2005). On the other hand, it was determined
that the application of warm+cold stratification to Flueggea anatolica seeds had no effect on breaking
dormancy (Avsar and Ok 2009).

3.2.8. Cold+warm moist stratification

It was observed that cold+warm stratification application of gum tragacanth seeds at different
times did not have a significant effect on total, normal and abnormal seed germination rates (Table 1).
In the current study, as a result of 3 weeks cold+1 week warm, 3 weeks cold+2 weeks warm, 4 weeks
cold+1 week warm, and 4 weeks cold+2 weeks warm stratification, total seed germination rates were
10.7%, 14.7%, 14.7%, and 9.3%, normal seed germination rates were 10.7%, 12.0%, 13.3%, and 6.7%,
respectively.

3.2.9. Cold water

While significant differences were observed in the total germination rate of gum tragacanth
seeds by soaking in cold water for 1, 2, and 4 weeks, no significant differences were observed in normal
and abnormal germination rates. Total germination rates were found as 13.3%, 20.0%, and 14.7% in
cold water soaking for 1, 2, and 4 weeks, respectively. In applications, the highest total germination rate
was obtained with 20.0% in cold water soaking for 2 weeks (Table 1). In a study conducted on the
subject, it was determined that keeping Astragalus adscendens and Astragalus podolobus seeds in cold
water at 4 °C for 10 days increased the germination rate of seeds and was an effective method in breaking
dormancy (Tavili et al., 2014). In another study, when Salsola kali subsp. ruthenica seeds were washed
in running water for 24, 48 and 72 hours, germination rates of 87.33%, 86.67%, and 84.67% were
obtained, respectively. In the control, a germination of 84% was achieved. Therefore, it was determined
that the germination rate decreased with the increase in the soaking time of the seeds (Obali, 2009).

3.2.10. Hot water

There were significant changes in the total, normal and abnormal seed germination rates of gum
tragacanth seeds in different times (2 and 4 minutes) soaking in boiling water. Total germination rates
of gum tragacanth seeds kept for 2 and 4 minutes in hot water were 50.7% and 46.7%, normal
germination rates were 38.7% and 20.0%, and abnormal germination rates were 12.0% and 26.7%,
respectively (Table 1). On the other hand, significant differences were observed in abnormal
germination rates in 2 different periods of soaking in hot water. The highest total and normal germination
rates were obtained in the application of soaking gum tragacanth seeds in boiling water for 2 minutes.
It was determined that there was a decrease in the total germination and normal germination rates of the
seeds that were kept in boiling water for a longer time and an increase in the abnormal germination rate
at the same time. It is estimated that hot water application has a significant effect on the permeability of
the seed coat and contributes to the increase in germination rate.

In many studies, the seeds of Astragalus species were soaked in hot water. Astragalus maritimus
and Astragalus verrucosus seeds in 100 °C hot water (Bacchetta et al., 2011), Astragalus adscendens
and Astragalus podolobus seeds in hot water for 5 minutes (Tavili et al., 2014), Astragalus hamosus
seeds in 60, 70, 80, 90 and 100 °C hot water for 5, 10, 15 and 20 minutes (Patane and Gresta, 2006),
Astragalus cyclophyllon seeds in 60, 80 and 100 °C hot water for 5 and 10 minutes (Keshtkar et al.,
2008), Astragalus arpilobus seeds in 70, 80, 90 and 100 °C hot water (Long et al., 2012) and Astragalus
podolobus seeds in boiling water for 1 minute (Agh et al., 2017) applied soaking and determined that
soaking in hot water is an effective method for breaking dormancy. On the other hand, it has been
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determined that soaking in hot water for seeds of Astragalus filipes, Astragalus gines-lopezii, and
Astragalus cicer is not an effective method for breaking dormancy (Kildisheva et al., 2018;
Schnadelbach et al., 2016; Statwick, 2016).

3.2.11. Mechanical scarification

Mechanical scarification of gum tragacanth seeds for 5, 10, and 15 minutes caused significant
changes in total germination and abnormal germination rates. On the other hand, it was determined that
mechanical scarification application for different durations did not cause significant changes in the
normal germination rate (Table 1). As a result of mechanical scarification application of gum tragacanth
seeds for 5, 10, and 15 minutes, total germination rates were 20.0%, 9.3%, and 9.3%, while abnormal
germination rates were determined as 9.3%, 0.0%, and 0.0%, respectively. It was observed that
mechanical scarification caused an increase in abnormal germination rate in the application for 5
minutes, but there was no significant change in normal germination.

Mechanical scarification has been applied to seeds of many Astragalus species. Mechanical
scarification increased the germination rate of the seeds compared to the control in Astragalus peckii,
Astragalus penduliflorus, Astragalus filipes, Astragalus siliquosus, Astragalus hamosus, Astragalus
cicer, Astragalus fridae, Astragalus tribuloides, Astragalus bibullatus, and Astragalus contortuplicatus
seeds and determined that mechanical scarification is an effective method for breaking dormancy
(Miklas et al., 1987; Isavand et al., 2005; Eisvand et al., 2006; Fateh et al., 2006; Patane and Gresta,
2006; Arbabian et al., 2009; Albrecht et al., 2012; Molnar et al., 2015; Pearson, 2015; Jones et al., 2016;
Schnadelbach et al., 2016; Siles et al., 2016; Statwick, 2016; Kildisheva et al., 2018; Dziurka et al.,
2019).

3.2.12. Chemical scarification (Sulfuric acid)

It was observed that keeping gum tragacanth seeds in 96% sulfuric acid for 10, 20, and 30
seconds caused a difference in total germination rates, while it did not cause a significant change in
normal germination and abnormal germination rates. The total germination rates in seeds kept for 10,
20 and 30 seconds in chemical scarification were found to be 6.7%, 10.7%, and 9.3%, respectively. The
highest total germination rate was observed in the seeds that applied chemical scarification for 20
seconds (Table 1). When the seeds of gum tragacanth were kept in sulfuric acid for 10 and 20 seconds,
no abnormal germination was observed. However, abnormal seed germination was observed at the rate
of 1.3% when kept for 30 seconds.

As chemical scarification, sulfuric acid applications at different concentrations and durations
have been applied to many Astragalus species. It was determined that the application of sulfuric acid to
Astragalus cicer and Astragalus hamosus seeds did not increase the germination rate of the seeds
compared to the control, and it was not an effective method for breaking dormancy (Siles et al., 2016;
Statwick, 2016). On the other hand, the application of sulfuric acid to the seeds of Astragalus
vulnerariae, Astragalus adsurgens, Astragalus penduliflorus, Astragalus maritimus, Astragalus
verrucosus, Astragalus adscendens, Astragalus podolobus, Astragalus siliquosus, Astragalus hamosus,
Astragalus lehmannianus, Astragalus cyclophyllon, Astragalus armatus, Astragalus sinicus, Astragalus
cicer, and Astragalus arpilobus determined that it is an effective method in breaking dormancy (Miklas
et al., 1987; Kondo and Takeuchi, 2004; Isavand et al., 2005; Eisvand et al., 2006; Patane and Gresta,
2006; Keshtkar et al., 2008; Kim et al. al., 2008; Bacchetta et al., 2011; Long et al., 2012; Abudurehman
et al., 2014; Tavili et al., 2014; Dilaver et al., 2017; Kheloufi et al., 2018; Dziurka et al., 2019).

3.3. Comparison of dormancy breaking applications

Each dormancy breaking application with the highest total germination rate was compared with
the germination rates obtained in the control (25/15°C) application. Seed germination rates of gum
tragacanth are given in Figure 2 according to the statistical analysis made to compare dormancy breaking
practices with each other.

It was determined that the differences between different dormancy breaking treatments on total
germination rate, normal germination rate, and abnormal germination rate of gum tragacanth were
statistically significant. The highest total germination and normal germination rates of 50.7% and 38.7%,
respectively, were obtained from gum tragacanth seeds kept in hot water for 2 minutes. Gum tragacanth
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seeds kept in hot water for 2 minutes had 40% more total germination and 29.4% more normal
germination than the control treatment.

Compared with the control application, it was determined that hydro priming, gibberellic acid,
potassium nitrate, warm moist stratification, cold + warm moist stratification, and chemical scarification
applications did not cause a significant change in the total germination rates of gum tragacanth seeds.
On the other hand, it was determined that matrix priming increased the total germination rate of seeds
by 12%, cold moist stratification 13.3%, warm + cold moist stratification 13.3%, cold water soaking
9.3%, and mechanical abrasion 9.3%, compared to the control application.

Compared with the control application, it was determined that hydro priming, gibberellic acid,
potassium nitrate, warm moist stratification, cold+warm moist stratification, cold water soaking,
mechanical scarification, and chemical scarification did not cause any increase in the normal
germination rate of gum tragacanth seeds. On the other hand, matrix priming, which increased the total
germination rate of gum tragacanth seeds slightly compared to the control application, caused an
increase in normal germination rate as 10.7%, cold moist stratification 12.0%, and warm + cold moist
stratification 8.0%.
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Figure 2. Effects of different dormancy breaking treatments on germination of Astragalus gummifer

seeds (at 25/15°C temperature degrees). Treatment= 1: Control, 2: Matrix priming (36 hours), 3: Hydro priming (48 hours), 4:
Gibberellic acid (500 ppm), 5: Potassium nitrate (%2), 6: Cold moist stratification (3 weeks), 7: Warm moist stratification (2 weeks), 8:
Warm + cold moist stratification (1 week+4 week), 9: Cold + warm moist stratification (4 week+1 weeks), 10: Cold water (2 weeks), 11: Hot
water (2 minutes), 12: Mechanical scarification (5 minutes), 13: Chemical scarification (20 seconds). (Total germination LSDs: 7.1**,
Normal germination LSDs: 6.0*%*, Abnormal germination LSDs: 4.6**), **P < 0.01 is significant in the range of probability.

Compared with the control application, matrix priming, hydro priming, gibberellic acid,
potassium nitrate, cold moist stratification, warm moist stratification, cold+warm moist stratification,
and chemical scarification applications did not affect the abnormal germination rate of gum tragacanth
seeds. Compared to the control application, it was determined that there was 5.4% more abnormal
germination rate in the warm+cold moist stratification application, 5.4% in the cold water soaking, and
10.7% in the hot water soaking.

Conclusion
In the current study, the most suitable germination temperatures were found at 25/10°C and
25/15°C values for the seeds of the gum tragacanth bush. The highest dormancy breaking application

was observed in gum tragacanth seeds kept in hot water for 2 minutes. According to the control
application, matrix priming, cold moist stratification, warm moist stratification, warm-+cold moist
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stratification, cold+warm moist stratification, cold water soaking, hot water soaking, and mechanical
scarification applications caused a slight increase in germination rates by breaking the dormancy state
of the gum tragacanth seeds. On the other hand, it was determined that hydro priming, gibberellic acid,
potassium nitrate, and chemical scarification applications did not have significant effects on breaking
the dormancy of gum tragacanth seeds.
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1. Introduction

Tilapia is regarded as an aquatic chicken because of its prolific nature (Menaga and
Fitzsimmons, 2017). They are the third most important aquaculture product, just behind salmon and carp
(Naylor et al., 2021). With the genus Oreochromis consisting of O. niloticus, O. aureus, and O.
mossambicus, they remain one of the most widely cultured. Tilapia culture is popular because of its
ability to thrive in most aquaculture systems (Nwachi and Esa, 2016). Khaw et al. (2016) infer that
tilapia has almost all the traits that are associated with a fish with excellent culturable traits. Despite the

fact that tilapia has the potential to do well in culture, its production in Africa remains at a minimal level
(Goni et al., 2020; Ovharhe et al., 2020).

280



YYU J AGR SCI 32 (2): 280-285
Nwachi and Irabor / Determination of sex-reversal rate and growth performance in Diallel Hybrids of Nile Tilapia (Oreochromis niloticus) and Blue Tilapia (Oreochromis
aureus)

Tilapia could be cultured in different environments because of its ability to adapt to different
environments. It is of note that strains of tilapia could be found in every body of water ranging from
fresh water to marine environments. They are easy to culture, while their early maturation makes them
it a choice for stock improvement. Although the aforementioned made it clear that tilapia is a fish that
is farmed because of its desirable characteristics, drawbacks do exist while culturing this fish (Ng and
Romano, 2013). Tilapia is known to quickly reproduce and populate the water body that it is introduced
to (Oladimeji et al., 2015). This gives rise to a population of mini fish that are of little or no economic
value.

Proliferation implies that there isn't enough food to go around for the army of mini fish that are
produced. At a certain time in Southeast Asia, tilapia is regarded as weed fish (fish to be eliminated)
before stocking the folk’s fish as a result of the fish not reaching market size in culture (Nwachi et al.,
2020). However, the ability of the male fish to reach market size on time made it possible for breeders
to focus on raising monosex tilapia with a focus on the male fish because tilapia exhibit sexual
dimorphism (Novelo et al., 2020).

A study by Nwachi and Esa (2016) infers that hybridization is a process of combining different
strains with the purpose of producing a hybrid. It also involves mating fish with traits of interest,
especially if they could be inherited. Strain or line crossing could be initiated depending on the need.
Production of monosex tilapia has been a success because fertilization is external, making it possible to
produce fish with a different number of chromosomes (Lago et al., 2016). Haque et al. (2016); Lozano
et al. (2014) reported the use of interspecific breeding to produce hybrids of interest, which is in line
with the way in which tilapia can easily accept related strains. A number of crosses have been used to
produce male skewed sex individuals (Lahav and Lahav 1990; Rosenstein and Hulata 1994; Wohlfarth
1994; Verdegem el al., 1997; El-Hawarry 2012; Felix et al., 2019).

Despite some success recorded by the crossing of interspecific strains to achieve a population
that is skewed toward males, proper documentation on the use of reciprocal mating and the growth rate
achieved has not been fully exploited. Hence, there is a need to carry out diallel pairing of pure strains
of O. niloticus to O. aureus to produce a high male sex ratio and a male of O. aureus to O. niloticus to
produce a reciprocal.

The general objective was to produce a population of fish skewed towards a male population,
with the specific objective of the pairing of male O. aureus (Blue tilapia) to female O. niloticus and the
reciprocal. Also, evaluated the growth rate and colour variation of both the pure strain and the hybrid.

2. Material and Methods

The work was carried out at the research center of the Department of Aquaculture and Fisheries
Delta State University Abraka, Nigeria. The candidate fish was collected from notable tilapia cage
culture farms in River Benue and Ase creek. A total of 100 of each strain of Oreochromis niloticus (Nile
tilapia) and Oreochromis aureus (Blue tilapia) were collected, respectively. The weight and length of
the 12 months old female broodstocks range from 48.70 g to 168.50 g at 13.6 cm — 21.40 cm, while the
14 months old male range from 50.60 g to 190.60 g at 14.40 cm — 23.50 cm.

A pure strain of this stock was required; hence, prior to purchase for the research, they were
subjected to further identification to species level with the aid of microsatellite by a group of experts at
the African Bioscience Laboratory Ibadan Nigeria and Inqaba, West Africa after which a total of 36
females and 12 males that were identified as the pure strain was selected. A man-made lake of 100 sq.m
was chosen for the work. Hapa of 1x1x1m? was made from micro mesh size net that could retain fry but
allow free flow of water. Water quality parameters such as temperature, pH, and dissolved oxygen were
constantly monitored to ensure they were within the acceptable levels 27 °C, 7.5, and 6.9 mg/L",
respectively, as reported by Mohammadi et al. (2021).

Paring was at a ratio of 1:3 for male and female broodstocks. Mouth clipping was carried out on
the male fish to reduce the incidence of cannibalism. The female fish is stocked for five days in the hapa
before the introduction of the male fish. The male fish is crossed with the female fish at random to
produce half-sib so that phenotypic and heritability correlation could be carried out. Mating of male to
female O. niloticus (pure strain 1) and male to female O. aureus (pure strain 2) made up treatments 1
and 2, while male O. aureus to female O. niloticus (hybrid 1) and male O. niloticus to female O. aureus
(hybrid 2) made up treatments 3 and 4. All treatments were in triplicates.
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2.1. Spawning and fry collection

The paired broodstocks were fed to satiation twice a day at 07:00 and 04:00 GMT with
commercial feed (Stretches) of size 3 mm at 25% crude protein. Free swimming fries were scoped out
of the water. The mouths of the brooders were also examined for fries and fertilized eggs that were
collected and transferred to the hatchery for completion of the hatching process. A total of three mating
periods were carried out. The male fish was removed from the hapa after each round of egg production
to allow repercussion.

2.2. Fry rearing and sexing

Fries from the experimental units were counted and stocked in a tank of 3x1x4m?” They were
fed to satiation while maintaining the basic water quality as described by Boyd and Lichtkpper (2002).
The fries were fed with artemia and green algae from the pond in a progressive manner and were
subsequently fed with various sizes of commercial feed to satiation. Three different culture tanks were
used in raising each set that was produced at the same time to reduce the incidence of cannibalism. After
a period of twelve weeks, methylene blue and hand lenses were used in separating the sexes. The male
fish has only one opening through which both milt and urine pass, while the females have different
openings for eggs, and urine exists.

2.3. Data analysis

The sex ratio was calculated with the aid of the Independent Groups t-test, while growth analysis
was done by Anova on IBM SPSS v25 while Duncan Multiple Range was used to differentiate the means
(Irabor et al., 2021).

3. Results

In Table 1, the result of interspecific breeding infers that a true hybridization between Nile
tilapia and Blue tilapia produces a population that is skewed toward the male population. The mating of
the pure strain produced both populations; mating between male and female pure 1 produced 126 males
and 174 females in the first trial. At the end of the last trial, 470 males and 592 females were produced
from a total of 1062. Pure 2 produced 414 males from a total of 1103 after the third trial. Similarly, the
trial produces a 44% male population for pure 1 and a 37% for pure 2. Hybrid 1 produces a total of 925
males and 70 females from a total of 995. This makes it 93%, while the hybrid 2 produces 71% from a
total of 993, making it 663 males and 270 females.

Table 1. Number of male fish from the trials

Trails Pure strain 1 Pure strain 2 Hybrid 1 Hybrid 2
1 126(300) 115(318) 206(220) 198(225)
2 146(362) 143(355) 339(355) 215(310)
3 198(400) 156(430) 380(420) 250(398)
Average 470(1062) 414(1103) 925(995) 663(933)
Percentage 44 37 93 71

Values without superscripts are the same.

The mating of Nile tilapia to blue tilapia gives strains at a different number of days. It takes a
mean of 24.16 days for the first trail to produce fries for pure 1 and 24.67 days for pure 2. The average
number of days for pure 1 and pure 2 was 15.97 and 16.13, respectively. In the first mating, the hybrid
recorded success after 28.21 and 28.47 days, respectively, for the hybrids 1 and 2. However, the average
number of days for success to be recorded was 19.21 for pure 1 and 19.6 for pure 2. Although the
numbers of successful days for the two pure strains were the same at the first mating, they were
significantly different from the hybrids (Table 2). This trend repeated itself throughout the times that
pairing for mating was initiated (Table 3).
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Table 2. Mean number of fries produced at each crossing

Mean (Days) Pure strain 1 Pure strain 2 Hybrid 1 Hybrid 2
1 24.16 £0.33° 24.67 £0.63" 28.21 £0.54° 28.47 £0.34°
2 13.44£0.14° 13.87 £0.76° 16.31 £0.65° 16.63 £0.5°
3 10.32 +£0.23" 9.85+0.85% 13.12+0.11° 13.71 £ 0.41°
Average 15.97 16.13 19.21 19.6

The superscripts were used to show different averages, and values with the same superscripts are the same.

Table 3. Growth Performance of Interspecific hybridization
Mean (Days) Pure strain 1 Pure strain 2 Hybrid 1 Hybrid 2
Initial weight (g) 48.01 £0.67 48.00£0.75 48.02+0.32 48.00 £ 0.41
Final live weight (g) 82.23+0.23* 77.19£0.11° 91.62+1.54 89.29+1.23
MWG (g) 34.22+0.77* 29.19+ 0.65° 43.60 +£0.71° 41.29+0.12°
MDWG (g/day) 0.36+1.23% 0.31+1.41* 0.46+0.33% 0.44+0.51°
PWG (%) 66.58+0.71* 57.73+0.22° 86.52+0.62° 82.51+0.31°
TFI (g) 114.72+1.43* 114.02+ 1.67* 117.19+ 1.56° 116.42+ 1.89°

The superscripts were used to show different averages, and values with the same superscripts are the same; MWG is the mean weight gain;
MDWG is the mean weight gain per day; TFI is the total feed intake.

4. Discussion and Conclusion

The reports by Assis et al. (2017); Lago et al. (2016); Nwachi and Esa (2016) inferred that tilapia
exhibits sexual dimorphism, making the male fish much more valuable than the female, and the practice
of all-male fish, culture is an option to adapt to if the goal of the culturist is to produce food sources
for human. A number of ways that could lead to the exclusive production of a population that is skewed
toward the male proportions were evaluated.

However, in this study, the use of interspecific breeding by pairing Nile tilapia with Blue tilapia
was examined. Pure strains of each of the base parents were crossed, and the resulting fries were
examined. Nwachi et al. (2020) reported the sexual difference that was shown at the mating of reddish
coloured fish to their wild counterparts, with the conclusion that difficulties (delayed) in producing fries
take place because of differences in their colours, despite the fact that they are from the same strain. In
this study, more variation was observed in the hybridization matches (produced from pairing the
interspecific and pure strains) when compared to that of the pure strain.

It is of note that the interspecific strain produced a population with more males compared to the
mating of the pure strains with each other. In Table 1, the mating of the hybrids produced 93 and 71%
male proportion, while the crossing of the pure strain produced 37 and 44%. Eknath and Hulata (2009);
El-Zaeem et al., (2012) opined that a pure strain of Nile tilapia crossed with Blue tilapia produces a
population that is skewed towards the male gender which is in agreement with the results of this study.
Similarly, the time at which swim-up appears in the hatching hapa, which is an indication that fries have
been produced for the pure strain, is shorter compared to the hybrids. In Table 2, after the three trials,
the average length of time for spawning to take place is 15.97 and 16.13 days, respectfully, for the pure
strains, while it takes the hybrid 19.21 and 19.60 days, respectively. This assertion was in line with the
work of Nwachi et al. (2020) on the effect of colour on the diallel mating of wild tilapia to UPM red
tilapia.

Similarly, the hybrid gave a better growth rate throughout the study, as shown in Table 3. The
mean growth rate of the hybrid was higher compared to the pure strain despite lower total feed intake,
and this was attributed to the genotype of the hybrid. Lugert et al. (2019); De Verdal et al. (2018) were
of the opinion that hybrids performed better than their parents, even with a lower feed intake. The mean
daily growth rate of 43 and 41g is higher than the 36 and 31g recorded in their parents.

Conclusively, a male skewed population was produced through the interspecific crossing of two
related strains of tilapia. The hybrids and their reciprocals produced a higher number of male fish
compared to the females. Similarly, better performance was recorded by the hybrids when compared
with their pure strains despite the lower feed intake. This means that the production of the hybrid for
commercial purposes will give more income.

283



YYU J AGR SCI 32 (2): 280-285
Nwachi and Irabor / Determination of sex-reversal rate and growth performance in Diallel Hybrids of Nile Tilapia (Oreochromis niloticus) and Blue Tilapia (Oreochromis
aureus)

Acknowledgements

We wish to appreciate the workforces of the Department of Fisheries for their inestimable
assistance all through the research period. Also, we appreciate the laboratory technologist for their
significant contributions to the work.

References

Assis, A. De, Teruel, T., Aurélio, M., Dias, D., Tadeu, R., Freitas, F. De, Wagner, A., & Hilsdorf, S.
(2017). The development of genetically improved red tilapia lines through the backcross breeding
of two Oreochromis niloticus strains. Aquaculture, 472, 17-22.
https://doi.org/10.1016/j.aquaculture.2016.06.042

Boyd, C. E., & Lichtkpper. F. (2002). Water quality management in pond culture. Research and. In
Research and Development series (22nd ed.).

De Verdal, H., Komen, H., Quillet, E., Chatain, B., Allal, F., Benzie, J. A. H. & Vandeputte, M. (2018).
Improving feed efficiency in fish using selective breeding: a review. Reviews in Aquaculture,
10(4), 833-851. https://doi.org/10.1111/raq.12202

Eknath, A. E., & Hulata, G. (2009). Use and exchange of genetic resources of Nile tilapia (Oreochromis
niloticus). Reviews in Aquaculture, 1(3—4), 197-213. https://doi.org/10.1111/].1753-
5131.2009.01017.x

El-Hawarry W.N. (2012). Growth Performance, Proximate Muscle Composition And Dress-Out
Percentage of Nile Tilapia (Oreochromis niloticus),Blue Tilapia (O. aureus) and their Interspecific
Hybrid (&' O. aureus x @ O. niloticus) Cultured in Semi-Intensive Culture System. World's Vet. J.
2(2): 17-22.

Felix, E., Avwemoya, F. E., & Abah, A. (2019). Some methods of monosex tilapia production: A
review. International Journal of Fisheries and Aquatic Research, 3, 42—49.

Goni, M. L., Auta, J., Abdullahi, S. A., & Ibrahim, B. (2020). Production of all-male tilapia through
hybridization between Oreochromis niloticus and Tilapia zilli. International Journal of Fisheries
and Aquatic Science, 8(2), 103-107.

Haque, M. R, Islam, M. A., Wahab, M. A., Hoq, M. E., Rahman, M. M., & Azim, M. E. (2016).
Evaluation of production performance and profitability of hybrid red tilapia and genetically
improved farmed tilapia (GIFT) strains in the carbon/nitrogen controlled periphyton-based (C/N-
CP) on-farm prawn culture system in Bangladesh. Aquaculture Reports, 4, 101-111.
https://doi.org/10.1016/j.aqrep.2016.07.004

Khaw, H. L., Ponzoni, R. W., Yee, H. Y., Aziz, M. A. Bin, Mulder, H. A., Marjanovic, J.,& Bijma, P.
(2016). Genetic variance for uniformity of harvest weight in Nile tilapia (Oreochromis niloticus).
Aquaculture, 451, 113—120. https://doi.org/10.1016/j.aquaculture.2015.09.003

Irabor, A. E., Ekelemu, J. K., Ekokotu, P. A., & Nwachi, O. F. (2021). Effect of garlic concentrates on
performance of hybrid catfish fingerlings (Heterobranchus longifilis x Clarias gariepinus).
International Journal of Agricultural Technology 17(2):503-516

Irabor, A. E., Ekokotu, P. A., Obakanurhe, O., Adeleke, M. L., Obugara, J. E. & Ayamre, E. U. (2021).

Moringa oleifera leaf meal as partial replacement of soybean meal in diets of Clarias gariepinus
juveniles. Livestock Research for Rural 33(8). http://www.lrrd.org/Irrd33/8/331000baka.html

Lago, A. de A., Rezende, T. T., Dias, M. A. D., Freitas, R. T. F. de, & Hilsdorf, A. W. S. (2016). The
development of genetically improved red tilapia lines through the backcross breeding of two
Oreochromis niloticus strains. Aquaculture. https://doi.org/10.1016/j.aquaculture.2016.06.042

Lahav M. & Lahav E. (1990). The Development of all-male tilapia hybrids inNir David. Israeli Journal
of Aquaculture — Bamidgeh 42, 58-61

Lozano, C. A., Gjerde, B., Odegard, J., Rye, M., & Luan, T. D. (2014). Heritability estimates for male
proportion in hybrids between Nile tilapia females (Oreochromis niloticus) and blue tilapia males
(Oreochromis aureus). Aquaculture, 430, 66-73.
https://doi.org/10.1016/j.aquaculture.2014.03.036

Lugert, V., Hopkins, K., Schulz, C., Schlicht, K., & Krieter, J. (2019). The course of growth, feed intake
and feed efficiency of different turbot (Scophthalmus maximus) strains in recirculating aquaculture
systems. Turkish Journal of Fisheries and Aquatic Sciences, 19(4), 305-312.

284



YYU J AGR SCI 32 (2): 280-285
Nwachi and Irabor / Determination of sex-reversal rate and growth performance in Diallel Hybrids of Nile Tilapia (Oreochromis niloticus) and Blue Tilapia (Oreochromis
aureus)

https://doi.org/10.4194/1303-2712-v19 4 05

Mohammadi, G., Rafiee, G., Tavabe, K. R., Abdel-Latif, H. M., & Dawood, M. A. (2021). The
enrichment of diet with beneficial bacteria (single-or multi-strain) in biofloc system enhanced the
water quality, growth performance, immune responses, and disease resistance of Nile tilapia
(Oreochromis niloticus). Aquaculture, 539, 736640.

Naylor, R.L., Hardy, R.W., Buschmann, A.H., Bush, S.R., Cao, L., Klinger, D.H., Little, D.C.,
Lubchenco, J., Shumway, S.E. & Troell, M., (2021). A 20-year retrospective review of global
aquaculture. Nature, 591(7851), pp.551-563.

Neira, R., Garcia, X., Lhorente, J. P., Filp, M., Y????ez, J. M., & Cascante, A. M. (2016). Evaluation of
the growth and carcass quality of diallel crosses of four strains of Nile tilapia (Oerochromis
niloticus). Aquaculture, 451, 213-222. https://doi.org/10.1016/j.aquaculture.2015.08.033

Ng, W. K., & Romano, N. (2013). A review of the nutrition and feeding management of farmed tilapia
throughout  the  culture cycle.  Reviews in  Aquaculture,  5(4), 220-254.
https://doi.org/10.1111/raq.12014

Novelo, N. D., Gomelsky, B., Coyle, S. D., & Kramer, A. G. (2020). Evaluation of growth, sex (male
proportion; sexual dimorphism), and color segregation in four cross combinations of different
strains of XX female and YY male Nile Tilapia. Journal of the World Aquaculture Society,
February, 1-12. https://doi.org/10.1111/jwas.12742

Nwachi, O.F & Esa, Y. (2016). A Review of Production Protocols Used in Producing Economically
Viable Monosex Tilapia. Journal of Fisheries and Aquatic Science, 11(JANUARY), 1-11.
https://doi.org/10.3923/jfas.2016.

Nwachi, O. F., Esa, Y. B., Christianus, A., Rahim A. A. & Kamarudin, M. S. (2020). Patterns of colour
inheritance from crossbreeding between Red hybrid tilapia (Oreochromis sp.) and GIFT tilapia
(Oreochromis  niloticus.  Journal  of  Environmental  Biology, 41, 1289-1294.
http://doi.org/10.22438/jeb/41/5(SI)/MS_22.

Nwachi, O. F., Esa, Y. B., Christianus, A. & Kamarudin, M. S. (2020). Sexual Restiveness and
Colouration between Partial Diallel Cross. Jordan Journal of Biological Sciences, 13(2), 219-222.

Oladimeji, T. E., Awodiran, M. O., & Komolafe, O. O. (2015). Genetic Differentiation Studies among
Natural Populations of Tilapia zillii. 7(July), 423—429. https://doi.org/10.15835/nsb.7.4.969

Ovharhe, O., Ofuoku, A., Nwachi, F. & Osekete, M. (2020). Assessment of Fish Farmers in Delta State,
Nigeria: Livelihoods Strategies. Yuzuncu Yil University Journal of Agricultural Science, 30(4) 840
—851. DOI: 10.29133/yyutbd.720578

Rosenstein, S., & Hulata, G. (1994). Sex reversal in the genus Oreochromis: optimization of
feminization protocol. Aquaculture Research, 25(3), 329-339.

Verdegem, M.C.J., Hilbrands, A.D. & Boon, J.H. (1997). Influence of salinity anddietary composition
on blood parameter values of hybrid red tilapia, Oreochromis niloticus x O. mossambicus.
AquacultureResearch 28, 453—459.

Wohlfarth, G. W. (1994). The unexploited potential of tilapia hybrids in aquaculture. Aquaculture
Research, 25(8), 781-788.

285



Yuzuncu Yil University Journal of Agricultural Sciences, Volume: 32, Issue: 2, 30.06.2022

v SILERT O
. DERGESE =
e ———T

Yuzuncu Yil University
Journal of Agricultural Sciences

(Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi)

https://dergipark.org.tr/en/pub/yyutbd B=af T
ISSN: 1308-7576 e-ISSN: 1308-7584

Research Article

Effects of Traditional Tillage, Conserved Tillage and No Tillage Methods and Some Allelopathic
Practices on Weed Growth in Organic Vineyards

Koray KACAN", Fadime ATES? Engin CAKIR?, ikbal AYGUN*
"Mugla Sitki1 Kogman University, Research and Application Center, 48000, Mugla, Turkey
2Viticulture Research Institute, Atatiirk Neighbourhood, Horozkdy, 45125, Manisa, Turkey
34Ege University, Faculty of Agriculture, Department of Agricultural Machinery and Technologies Engineering,
35040, izmir, Turkey

'https://orcid.org/0000-0003-3316-9286, https://orcid.org/0000-0003-4466-4573, 3https://orcid.org/0000-0003-4573-4991
*https://orcid.org/0000-0003-1144-913X

*Corresponding author’s e-mail: koray099@hotmail.com

Article Info Abstract: This study was carried out to determine the effects of some tillage
Received: 22.12.2021 methods; it included conventional tillage and conservation tillage with some weed
Accepted: 15.05.2022 control applications on weed manifestation in organic vineyards. The organic

Online published: 15.06.2022  vineyard experiment area was designed as main and sub-plots. The effects of some
DOI: 10.29133/yyutbd. 1039750 methods of conventional tillage, no-tillage, and conservation tillage on weed
coverage, densities, fresh weight, and dry weight were determined in the organic

Keywords vineyard experiment area. These tillage methods were applied in the main plots.
Organic, A chisel and heavy-duty disk harrow were used for conservation tillage methods.
Vineyard, The plough and disc harrow were also applied as conventional methods. Other
Weed, allelopathic methods (olive mill wastewater, radish (Raphanus sativus L.), and

Soil tillage applications broccoli (Brassica oleracea L.) were applied as sub-plots in the experiment area.

As a result of the statistical analysis of the values obtained in the study, the most
effective method, the application of the plough and disc harrow, was determined
for weed coverage and fresh and dry weight weeds in the main plots. The olive
mill wastewater was also determined as the most effective application in the sub-
plots. In terms of grape yield, the most effective method in the main plots was the
plough + disc harrow application (6.8068 kg vinestock™"). The planting of broccoli
(6.4485 kg vinestock ') was determined as the most effective sub-plot application
for grape yield.
To Cite: Kagan, K, Ates, F, Cakir, E, Aygiin, I, 2022. The Effects of Conventional Tillage, Conservation Tillage and No-Tillage On Weed

Infestation in Organic Vineyards. Yuzuncu Yil University Journal of Agricultural Sciences, 32(2): 286-299.
DOI: https://doi.org/10.29133/yyutbd.1039750

1. Introduction

Equivalent to the increasing use of pesticides in agricultural areas, it is inevitable that the
practice of sustainable agriculture will be disturbed as a result of improper practices. In addition, the
negative effects of intensive pesticide use on the environment and human health cause increasing health
concerns. Therefore, the conscious use of agricultural land to meet the adequate nutritional needs of the
world's population (Ilter et al., 1998, Aksoy and Altindisli 1999) and alternative methods to conventional
agriculture and their integrated management should be investigated. The loss of crops caused by
diseases, pests, and weeds is approximately 67.15% in some important crops such as wheat, corn, paddy,
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cotton, and soybeans in the world. This loss is caused by 13.78% from disease, 21.75% from pests, and
32% from weeds (Oerke and Dehne 2004).

In Turkey, depending on the type and density of weeds, the average yield loss varies between
10%—50% (Tepe, 1998); however, the yield loss is known to occur in even larger amounts depending
on crops. The amount of pesticides used to eliminate these losses is increasing. Besides the many
damaging effects of weeds, the most important damage is that they cause a decrease in crops; this
decrease amounts to an average loss of 10% in worldwide production (Oerke, 2006). Pesticide use is
increasing the cost of production exponentially and causes the irreversible destruction of agricultural
systems, as resistance to harmful organisms is caused by intensive pesticide use. According to FAO
(Food and Agriculture Organization), the worlds’ pesticide use has reached 4 122 334 tons (FAOSTAT,
2018), meaning 41.5% of the pesticide market is used by herbicides, plant growth regulators, and growth
inhibitors, 27.1% is used by insecticides, 21.5% by fungicides and 9.9% by other chemicals (FAOSTAT
2017). Using the amount of pesticides is 60 020 tons in Turkey. This amount consists of 20 450 tons of
fungicide, 12450 tons of insecticides, herbicides 10025 tons, rodenticides 259 tons, and 6 835 tons of
other pesticides (FAOSTAT, 2018). It is known that 0.015%—6% of pesticides used in agriculture reach
target organisms. The remaining use of the 94.0%-99.9% of pesticides is mixed with the ecosystem
(Yildiz et al., 2005).

Pesticide residue damages the soil, flora, and fauna, which play an important role in the soil.
They also pass from the soil to the crops and from there to humans and animals causing harmful effects
on the food chain. Pesticides enter groundwater and the atmosphere through evaporation, adversely
affecting the reproductive ability of fish and bird populations, along with many other organisms, thereby
causing the destruction of organisms (Kortekamp, 2011). However, in organic agriculture, which
alternates conventional agriculture with chemicals, one of the most important problems in organic
production is weed growth (Reddiex et al., 2001).

Climate change is also emerging as a serious growing threat, largely due to its negative impacts
on agricultural production and global food security. (FAO, 2009, Wheeler and Von Braun, 2013). In the
last 50-100 years, an increase of approximately 0.5 °C in annual average surface temperature has been
observed in different parts of the world (IPCC, 2014). Furthermore, climate change affects the ability of
ecosystems to effectively capture carbon and maintain balance in the nitrogen cycle (Fu et al., 2020,
Succarrie et al., 2020). There is evidence that conservation tillage (reduced tillage and no tillage)
increases yields (Naab et al., 2017) and reduces soil degradation in conserved tillage practices, as well
as the addition of plant waste to soil is one mechanism supporting the positive effects of these practices
on soil health, soil organic carbon, and yield. The high nitrogen and phosphorus content in (cutting cover
crops and incorporating them into the soil before planting the target crop) has been explained as the
reason behind their ability to improve yields and soil health (Nziguheba et al., 2000).

Three long-term experiments were conducted with a combination of reduced and conventional
plow tillage and stubble tillage to determine weed infestation levels in organic farming. As a result of
the treatment, tillage by chisel plough resulted in significantly highest annual weed density compared to
all other treatments. The natural C. arvense infestation showed the highest shoot density in the
plough/chisel treatment (Gruber and Claupein 2009). In another study; showed that zero tillage
application increased grain yield by 49% and 18%, gross yield by 43% and 14%, and reduced the total
amount of weeds for four years in tillage applications (Sasode et al., 2020). Compared to conventional
tillage with zero tillage systems, some It has been observed that perennial weeds have decreased.
(Thomas et al., 2004). Therefore, a tillage reduction can be expected in Long-term organic crop systems.
Using cover crop mulches for weed control can also lead to a change in the weed community. It can
cause an increase in perennial weeds (Ryan et al., 2009). Fewer weeds and lower weed biomass in
reduced tillage plots were also observed compared with tilled plots and no-till plots (Vaisman et al.,
2011). Besides the amount of cover crop residue, other factors such as field history, cultural practices,
and the weed seed bank can also determine the weed type. Species present in the year following the
cover crop should b. evaluated in the context of weed competition.

Turkey has the most favorable conditions for grape production and is one of the country. Thus,
it ranks sixth in the world in terms of grape production. Furthermore, Turkey has the highest rate of
organic grape exports. According to statistics in 2017, 4 200 000 tons of grapes are produced in an area
0f 416.907 ha (FAOSTAT, 2017). These production figures include 50.2% fresh grapes, 38.1% drying
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grapes, and 11.6% wine grapes (TUIK, 2019). The yield for grape production in Turkey is 10 074 kg
ha™'. Moreover, organic grapes are produced in 116.283 tons on 403,047 ha™".

In organic farming applications, the highest costs refer to the expenditures related to the control
of weeds (Uygur and Lanini 2006). Therefore, in order to produce successful organic production, weeds
must be effectively controlled. The ‘organic agriculture’ system refers to controlled and certified
agricultural production at every stage, from production to consumption, without using chemical input.
It is recommended to apply the appropriate soil tillage methods in the control of weeds. However,
excessive tillage applications that may cause soil erosion are not allowed (TMOARA, 2005). The most
important reasons for tillage are the elimination of crop competition with weeds and supporting the early
growth of the crop (Triplett and Dick 2008).

The success of weed control can be measured by crop yield. Chemical weed control is widely
used in conventional agriculture. Production costs decrease according to the intensity of the weeds'
pressure. Herbicide application rates can be reduced if weeds remain below the economic damage
threshold in the crop. Therefore, alternative weed control methods are important for sustainable
agriculture. However, perennial weeds with longer life spans and deep root systems cannot be reduced
by herbicides. The seed reserve in the soil and weed infestation tends to increase under conservation
tillage and no-tillage (Légére et al., 2011).

Weeds can obstruct the early development of the crop both by reducing the nutrient content of
the soil and by reducing the soil temperature in conservation tillage and no-tillage applications (Triplett
and Dick, 2008; Boomsma et al., 2010). At the same time, they can also significantly reduce crop yield
(Davis et al. 2005). Generally, the presence of weeds depends on soil conditions, cultivation treatments,
thermal conditions, and weed seed reserves in the soil (Shahzad et al., 2016, Skuodiene et al., 2018).

Thanks to the ploughing system, more than 33% of weeds on the surface of the soil were carried
to the deeper layers of the soil as a result of ploughing, which significantly decreases the emergence of
weeds (Wozniak, 2007). On the other hand, opinions on crop infestation with weeds in the ploughing
and no-till systems are inexplicit. Therefore, our primary objectives were to determine the control
efficiency of different tillage systems and organic practices on weeds.

2. Materials and Methods

2.1. Experiment area

This study was conducted at the Viticulture Research Institute between 2015 and 2018 in Manisa
38°38'0,9.40" N, 27° 23' 59.43" E). The variety was seedless Royal which is planted at a range of 3 m
- 2 m in the experiment area. Some organic weed control practices consisted of radish, broccoli, and mill
olive waste water.

2.2. General features of the Manisa province

Manisa province is only 41 kilometers away from the Aegean Sea. It is located between 27 08'
and 29 05' east longitudes and 38 04' and 39 58' north latitudes, with an area of 13,810 km2 (Figure 1).
The prevailing climate in Manisa is also referred to as the Mediterranean land climate type.
Temperatures rise in the summer, while rainfall intensifies in the winter. The months of summer are
very hot, as the characteristics of the continental Mediterranean climate prevail in Manisa. The average
annual temperature is 16.3°C. The coldest months are January and February. The Western Anatolia
region has the precipitation characteristics of the Mediterranean climate type (MMMID, 2019).

288



YYU J AGR SCI 32 (2): 286-299
Kagan et al. / Effects of Traditional Tillage, Conserved Tillage and No Tillage Methods and Some Allelopathic Practices on Weed Growth in Organic Vineyards

e ; =
[ Bgsdic N KUTAHYA

/ ca
@

B Saraykgy Pamiideale P
fo® N

e N N
Babadag/ DENIZET™ ...

25 oy \ ) ]
| Karpuzlu 2 S ) s
s ) !

Figure 1. Map of the province of Manisa, Turkey.

2.3. Soil analysis

The soil samples were taken from 0-30 cm depth, and some physical and chemical analyses
were performed to determine the initial soil properties. Cation exchange capacity (CEC) was determined
by using sodium acetate (buffered at pH 8.2) and ammonium acetate (Sumner and Miller 1996). The
Kjeldahl method was used to determine organic N (Bremner 1996), while plant-available P was
determined by using the sodium bicarbonate method (Olsen et al., 1954).

Electrical conductivity (EC) was measured in saturation extracts according to Rhoades
(Rhoadesd 1996). Soil pH was determined in 1:2 extracts, and calcium carbonate concentrations were
determined according to McLean (McLean, 1982). Soil organic matter was determined using the Smith-
Weldon method (Nelson and Sommers, 1982). Ammonium acetate was buffered at pH 7 (Thomas,
1982). was used to determine exchangeable cations. After extraction, the P, K, Ca, Mg, and Na contents
were determined using an inductively coupled plasma spectrophotometer (Perkin-Elmer, Optima 2100
DV, ICP/OES, Shelton, CT 06484- 4794, USA). The analysis results for soil physical and chemical
properties are given in Table 1.

Table 1. Chemical and physical characteristics of the soil

Evaluated Values Evaluated Values
Characters Characters

pH (1 mol KCL dm™) 7.50 K (mgkg") 593.3
Salt (dS m™) 0.015 Ca (mgkg") 620
Lime (%) 5.62 Mg (mg kg ™) 463.5
Organic matter (%) 1.41 Fe (mg kg™) 5.15
N (%) 0.18 Cu (mg kg™ 2.84
P (mg kg™) 2.68 Zn (mg kg™) 0.78
Soil type Sandy-loamy Mn (mg kg™") 6.58

2.4. Climate data

The climate values measured between 2015-1018 in the experimental area are given in Table 2-3.
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Table 2. Weather data at the experimental station between 2015 and 2018
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'C 16.1 6 8 10 15 20 24 27 26 23 17 12 8
Average High Temperature
C 22.0 10 8 15 21 26 31 34 33 30 23 17 12
Average Low Temperature
“C 102 2 0 5 9 13 17 20 19 16 11 7 4
Average Precipitation
mm 740 129 109 88 59 24 9 - - 26 49 90 160

Average Length of Day
Hours 12.7 103 11.2 124 13.7 148 153 151 14.1 129 11.6 105 10

Table 3. Precipitation data at the experimental station between 2015 and 2018

Date Liquid Precipitation (mm) Number of Days
Elem >PRCP EMXP DPO1 DP10 DP1X
Total Liquid  Extrem Max Max. Precip. Date  Precip Precip Precip
Year Content Precip. of occurence >= (.01 >=().10 >=1.00
2015 725.4 50.8 Oct-25 77 50 9
2016 669.3 86.1 Jan-18 69 37 6
2017 693.7 74.9 Mar-08 82 49 8
2018 564.9 26.9 Dec-10 86 46 2

The number of days above 20 °C in 2017 was 68. It was 68 days in 2018. It was 41 °C in July
2017, 39 °C on the 19th of August 2018. 2017 average was 23.5 °C, 2018 average was 24.1 °C. (NOAA,
2021. NOAA's National Centers for Environmental Information).

2.4. Experiment details

Experiments were conducted in 2015 and 2018 in the experiment vineyards of the Viticulture
Research Institute. The experiment contained four replicates and made use of a randomized complete
block split-split plot design. A row of the vineyard was left as a space buffer between each main plot.
Each main plot was divided into three subplots with the four vines in each subplot, and the two vines
maintained as buffers. The first treatment (the main plots) split-plot used the conventional conservation
and no-tillage methods. The conservation tillage methods included the use of a chisel and heavy duty
disc harrow. Broccoli, radish, and olive mill wastewater were investigated as Organic allelopathic weed
control applications. Experiments were undertaken with four replicates applications consisting of 12
vines per plot.

2.5. Soil tillage Applications

Conventional Tillage (CT): In this method, it was carried out as an intensive cultivation applied
by farmers in the region. The conventional tillage with the use of a disc harrow and a plough were carried
out twice a year. 1. Plough applications in Autumn with two passes of disc harrow application. 2. Weed
count and plough application with two passes of disc harrow application in April.

Conservation Tillage (CST1): This method was applied in ways using a chisel. Conservation
Tillage : 1. Soil tillage applications with chisel in Autumn 2. Weed count and chisel application in April

Conservation Tillage (CST2): This method was applied in ways using a heavy disk harrow. 1.
Soil tillage applications with heavy duty disc harrow in Autumn. 2. Weed count and heavy duty disc
harrow application in April.
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No Tillage (NT): Grape production was carried out without soil tillage in the experiment plots.
Weeds were count in April. (Figure 2).
Control (C): Weedy plots control.without any weed control.

Plough application Disc harrow application

No tillage application

Figure 2. The soil tillage applications

2.6. Organic allelopathic weed control applications

Olive mill wastewater, radish, and broccoli were used to determine the effectiveness of weed
control in organic viticulture. These plants were selected because of their allelopathic properties. In
order to compensate for the missing nutrients in the vineyard, stable manure (1.5 tons da™) and green
fertilizer (barley + vetch + fababean 2.5 + 3.5 + 7.5 kg da™') were applied.

2.7. Identification of weeds and measurements

While counting, the broadleaf weeds were counted by the whole plant in the plots, while the
narrow-leaf weeds were counted by the shoot number. The recognized weed species were recorded, and
the unrecognized species were numbered and brought to the laboratory. Afterwards, their diagnosis was
made as a result of the comparison of plants in the flora of Turkey (Davis, 1965; Davis, 1988). In order
to determine the effect of the applications on weeds, the type and number of weeds were determined by
throwing a 50 x 50 cm ™ frame on each plot 28 and 56 days after the application (Figure 3). The effects
of the applications were determined as a percentage by applying the following Abbott formula to weed
coverage and weed density (Abbott, 1925).

Weed Coverage—Density in Unapplied Control Parcels-Weed Coverage—Density in Applications Parcels
Weed Coverage—Density in Unapplied Cotrol Parcels

% EFFECT = (

)x100
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Figure 3. Images of weed counts from the experiment area.

Effects of the applications on grape yield: The number of grapes obtained from the vines in the
application plots were weighed, and the yields were determined as grape kg vine™'. Statistical Analysis:
The values obtained in the counts performed in the plots in the experiment area were applied using one-
way variance (ANOVA) analysis and the IBM SPSS v22 package program; the differences between the
averages obtained from the measurements were subjected to variance analysis by Duncan Multiple
Comparison.

3. Results

3.1. Effects of different soil tillage methods on weed coverage

The results of the Duncan Multiple Comparison Test on the different tillage methods between
2015 and 2018 for weed coverage are shown in Table 4. As a result of the statistical analysis of weed
coverage, differences between the main plot and sub-plot applications and the weed coverage obtained
between the years were found to be statistically significant for p < 0.05. At the same time, applications—
years and the interaction of the main plot applications between the sub-plot applications are statistically
significant for p< 0.05.

Statistical analysis was carried out by taking the average of the weed covering values obtained
at the time of both counts of tillage applications. The weed coverage obtained at the second count time
shows similar information to the data in the first count time but was increased by 8%—30% with the
development of weeds (Table 4). Compared to the control plots (C), the plow and disc harrow (CT) were
the most effective application by reducing the coverage of weeds by 70.39%. The least effective
application was the NT method, with 33.34%.

The main plot applications on weed fresh weights were found to be statistically as significan in
terms of the applications and interactions of the main applications with years in organic experiment
plots. The CT applications were the most effective application by reducing the fresh weight of weeds
by 68.31%. Other applications were found to be effective at rates of CST1 32.47%, CST2 29.64%, NT
16.84%, respectively. The most effective application was the plough and disc harrow method CT
(53.37%) in terms of dry weights of weeds. In plots of no-tillage (7.42%) was the least effective
application. Other applications had an efficiency of 28% to 31.07%.
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Table 4. Effects of main plot applications on weeds (2015-2018)

Treatment CT CST