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Abstract: The knowledge about genetic diversity of wheat genotypes is useful
for the development of efficient cultivars adapted to diverse conditions. Various
genetic parameters like broad-sense heritability, expected selection response, and
correlation analysis were estimated among 12 Fs spring wheat populations
derived from eight parents. The 20 wheat genotypes exhibited highly significant
differences (P< 0.01) for all the studied traits. BT4N-11 x Zam-2004 revealed
maximum spikes plant!, while highest spikelets and grains spike! were obtained
for BTRF-1 x Zam-2004. BTRF-17 x Kohat-2010 and BT6N-5 x Kohat-2010
revealed maximum grain yield and harvest index plant-!, while BTRF-3 x Zam-
2004 and BT4N-11 x Kohat-2010 showed maximum 1000-grain weight and
biological yield plant! among 12 F3 populations. Moderate to high heritability
estimates were obtained for all the studied traits among the evaluated 12 F;
populations. Principal component analysis revealed biological yield per plant
(0.483), 1000-grain weight (0.586), and harvest index (0.601) as the major
variability contributing traits. Correlation analysis for grain yield, biological
yield, and 1000-grain weight exposed positive and significant associations among
each other and also with other yield contributing traits. Hence, it is concluded that
BT4N-11 x Zam-2004, BT4N-11 x Kohat-2010, BT6N-12 x Zam-2004 and
BTRF-17 x Kohat-2010 exhibited high estimates of genetic parameters and
multivariate analysis coupled with high mean performance for most of the yield
traits among 12 Fs populations and therefore, should be further used as Fa
populations for possible selection of desirable lines.

To Cite: Ali, F, Nadeem, M A, Khalil, I H, Barut, M, Yiice, I, Baloch, F S, 2022. Estimation of Genetic Parameters in F5 Segregating Spring
Wheat Populations for Yield and Yield Related Traits. Yuzuncu Yil University Journal of Agricultural Sciences, 32(1): 1-10. DOI:
https://doi.org/10.29133/yyutbd.886006
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Yazlik Bugdayda Verim ve Verim ile lgili Genetik Parametrelerin F3 Acilan
Populasyonlarinda Tahmini

Makale Bilgileri Oz: Cesitli kosullara adapte olmus verimli gesitlerin gelistirilebilmesi igin
Gelis: 26.02.2021 bugday genotiplerinin genetik cesitliligi hakkinda bilgiye sahip olunmasi
Kabul: 17.11.2021 yararhdir. Sekiz ebeveynden elde edilen 12 adet F3 yazlik bugday popiilasyonu

Online Yayinlanma: 15.03.2022 arasinda genig anlamda kalittim derecesi, beklenen seleksiyon yaniti ve
DOI: 10.29133/yyutbd.886006  korelasyon analizi gergeklestirilmistir. 20 adet bugday genotipi incelenen tiim
ozellikler i¢in olduk¢a dnemli farkliliklar gostermistir (P< 0.01). BT4N-11 x

Anahtar Kelimeler Zam-2004 ile bitki basina en yiiksek basak sayisi saptanirken, BTRF-1 X Zam-

Cesitlilik, 2004 ile bitki basina en yiiksek basak¢ik sayisi ve bitki basina bagakta en yiiksek
Eallle VTlnll:u’ tane sayis1 saptanmistir. BTRF-17 x Kohat-2010 ile bitki basina en yiiksek tane
alitsallt

verimi ve hasat indeksi elde edilirken, 12 F3; popiilasyonu arasinda BTRF-3 x
Zam-2004 ve BT4N-11 x Kohat-2010 ile en yiiksek 1000 dane agirligi ve
biyolojik verim elde edilmistir. Degerlendirilen 12 F3 popiilasyonu arasinda
incelenen tiim 6zellikler igin orta ila yiiksek kalitsallik tahminleri elde edilmistir.
Temel bilesen analizi ile bitki basina biyolojik verim (0.483), 1000 tane agirlig1
(0.586) ve hasat endeksi (0.601) dnemli varyasyon saglayan o6zellikler olarak
saptanmustir. Korelasyon analizi tane verimi, biyolojik verim ve 1000 tane agirlig1
icin birbirleri arasinda ve ayrica verime katkida bulunan diger 6zelliklerle pozitif
ve anlaml bir iligki ortaya koymustur. Sonu¢ olarak, BT4N-11 x Zam-2004,
BT4N-11 x Kohat-2010, BT6N-12 x Zam-2004 ve BTRF-17 % Kohat-2010 ile
iistlin genetik parametreler sergilenmekle birlikte, 12 F3 popiilasyonu arasindaki
verim bilesenlerinin ¢ogunda iyi bir performansa sahip oldugu ve bu nedenle arzu
edilen hatlarin se¢imi icin ileriki ¢aligmalarda ayrica F4 popiilasyonlari olarak
kullanilabilecegi saptanmustir.

1. Introduction

Wheat (Triticum aestivum) is one of the first domesticated food crops and is also known as the
main source of calories and proteins in developing countries (Hossain and Teixeira da Silva, 2013). It is
a widely adapted food crop around the world by providing more than half of its calories and nearly half
of its protein to one-third of the world’s population (Farshadfar et al., 2013). Wheat production is
consistently changing under different environmental conditions, thus the adaptation of crops to changing
global conditions is needed (Almeselmani et al., 2011). Wheat was cultivated in Pakistan on an area of
8972.5 thousand hectares with production and average yield of 26673.6 thousand tons and 2892 kg
hectare™, respectively during 2016-17 (MNFSR, 2017).

One of the world’s big concerns in the twenty-first century is the production of enough food for
current and future generations while confronting climate change, and adverse environmental factors
associated with biotic and abiotic stresses (Barut et al., 2021). In order to mitigate these problems, there
is a need to identify the novel source of useful genetic variability. Genetic diversity can be an effective
approach by providing a good source of variations (Nadeem et al., 2018; Ali et al., 2020a; Kocak et al.,
2020; Balkan et al., 2021). Selection of parents and cross combinations having desirable traits is the first
priority of plant breeders. The most common method of developing genetic diversity is hybridization
among parental genotypes possessing traits of interest. So, the extent of variability among parents and
its combinations is of huge importance in all wheat breeding programs. Estimation of genetic variance
in the early generation of the various cross combinations is very fruitful to plant breeders (Ejaz-Ul-
Hassan and Khaliq, 2008).

Various techniques are used to estimate the genetic basis of important plant traits and their
transmission rate. Heritability is a key tool for the estimation of transmission rate from parents to
offspring or from one generation to another generation. Heritability is simply the ratio of total genetic
variance to the total phenotypic variance. Expected selection response has a direct relationship with
heritability and can be estimated in different populations under various environmental conditions. Traits
having high heritability will lead to a high expected selection response and finally genetic improvement
of that desirable trait (Sial et al., 2013). The main possibilities of increasing wheat production in the last
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couple of years are either due to better agronomic inputs or cultivars having the potential of higher yield.
50% increment in wheat yield is only because of the development of genetically improved cultivars by
wheat breeders since the green revolution by Norman Borlaug in mid-1960’s (Khalil and Afridi, 2004).
Continuous wheat yield improvement programs are always important due to the consistently increasing
demand for wheat. It is highly suggested to estimate phenotypic plant diversity of important
morphological traits along with suitable multivariate analysis for better diversity estimation (Vollmann
et al., 2005). Associations among important plant traits could be easily understood with the help of
correlation analysis (Baloch et al., 2014).

This study aimed to estimate genetic parameters in 12 F; spring wheat populations for the
identification of promising segregants which support the main objectives of the breeding program to
genetically improve spring wheat in Pakistan.

2. Material and Methods

2.1. Experimental site and phenotypic evaluation

This study was conducted at Malakandher Research Farm (Lat. 34° 01’ 10.37 N”, Long. 71° 28’
01.69" E, Elevation 365.5m), the University of Agriculture, Peshawar-Pakistan during the wheat crop
season 2016-17. Eight parents and their 12 F3 populations were planted in randomized complete block
design with three replications in the 2nd week of November 2016. Three rows of each genotype per
replication were sown having a length of three meters. Plant to plant and row to row distance was
maintained at 10 and 30 cm, respectively. Thus, total the plot area in each replication for each genotype
was 2.7 m%. Normal cultural practices and fertilizer doses of 120 kg nitrogen and 60 kg phosphorous ha”
" as recommended for wheat were applied during the growing season. Half nitrogen and full phosphorous
fertilizer dose were applied at sowing time, while the remaining nitrogen was applied at the booting
stage.

Data were recorded on flag leaf area, plant height, spikes plant™, spike length, spikelets spike™,
grains spike™, 1000-grain weight, biological yield, grain yield, and harvest index. Five plants from each
parental genotype and 10 plants from each F3 population were randomly selected for data recording in
each replication to compute variances of parental lines and F3 populations, and to calculate genetic
parameters and multivariate analysis.

2.2. Statistical analysis

Singh and Chaudhary (1985) approach as outlined for RCB design were subjected to analysis
of variance (ANOVA) for mean data of all parameters. ANOVA was constructed in statistical software
SAS 9.3 version (Statistical Analysis Software/Stat Software, 2011). The sum of squares pertaining to
genotypes was further partitioned into the sum of squares due to parents, F3 populations, and parents vs.
F3 contrast. The least significant difference (LSD) test as outlined by Gomez and Gomez (1984) was
used for the mean comparison of genotypes including parental genotypes as well as F3 populations. LSD
test was also constructed in statistical software SAS 9.3 version. Frequency distribution was performed
using statistical software XLSTAT (Addinsoft, 2018) (www.xlstat.com). The modified formula of
Mahmud and Kramer (1951) was used to estimate broad-sense heritability (/”ss) for yield contributing
traits using variances of parental genotypes and F; populations. Principal component analysis and
Pearson correlation coefficient were calculated through the XLSTAT statistical software
(www xlstat.com).

3. Results and Discussion

3.1. Genetic diversity and morpho-agronomic performance

Analysis of variance regarding genotypes, parents, F3 populations, and parents vs. F3 contrast is
presented in Table 1. Analysis of variance revealed that genotypes and parents display highly significant
differences for all the studied traits except spikes plant” in parents. F3 populations revealed highly
significant differences for plant height, spike length, grains spike™, 1000-grain weight, grain yield plant
!, and harvest index. Moreover, significant differences were obtained only for spikes plant” in 12 F;
populations. Similarly, parents vs. F3 contrast exhibited highly significant and significant differences for
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grains spikes™, grain yield plant”, harvest index, and biological yield plant”. Our current results are
strongly supported by the findings of Azam et al. (2013) and Kumar et al. (2014) as they also reported
significant differences among genotypes, parents, F3 populations, and parents vs. F3 contrast.

Table 1. Mean squares for various yield and related traits of 20 wheat genotypes (8 parents and 12 F3
populations) were evaluated during 2016-17

Source DF FLA PH SPP SL SLPS GPS TGW BYPP GYPP HI
Genotypes 19 48.03**  284.18%*%  4.85%%  1.65%* 1.90%* 56.83** 43.19%*  278.68*%*  48.18**  281.26**
Parents 7 85.23**  324.80*%* 439ns  1.95%% 3.77*%F  51.78%*  41.70**  384.75%*  73.81*%*  119.38**
F3 Pops. 11 27.47ns  280.99%*  5.43% 1.50%* 0.87ns  56.19*%*  4526** 182.32ns  34.87**  386.09**
Parents vs. F5 1 13.69ns  35.07ns 1.68ns  1.23ns  0.03ns  99.26**  30.93ns  596.84* 15.11%%  261.27**
Error 38 14.29 25.83 231 0.37 0.73 2.2 9.68 109.7 0.49 0.56

CV (%) 9.4 4.73 13.72 4.78 3.84 2.02 8.35 16.89 3.04 1.78

R2 0.65 0.85 0.6 0.71 0.57 0.93 0.71 0.6 0.98 0.99

FLA: flag leaf area; PH: plant height; SPP: spikes per plant; SL: spike length; SLPS: spikelets per spike; GPS: grains per spikes; TGW: 1000-
grain weight; BYPP: biological yield per plant; GYPP: grain yield per plant and HI: harvest index.

* *% = Significant at 5 and 1% probability level, respectively.

ns = Non-significant.

Mean performances among eight parents and their 12 F3 populations are presented in Table 2.
The flag leaf area greatly contributes to grain yield, 1000-seed weight, and grain number in the wheat
plant, thus a higher flag leaf area is always desirable.

Table 2. Means for various yield and related traits of 20 wheat genotypes (8 parents and 12 F3
populations) were evaluated during 2016-17

Genotypes FLA PH SPP SL SLPS GPS TGW BYPP GYPP HI

I. Parents

BT4N-11 42.443.3 95.845.5 12.9+0.8 11.7£0.5 23.5+0.6 81.5+3.8 34.3+2.8 81.2+7.6 29.0+£3.0 36.8+3.7
BT6N-5 43.742.8 107.9+5.4  11.3+0.8 13.8+0.5 23.7+0.5 80.5£3.1 40.0+2.3 80.2+6.8 32.0+3.5 40.0+3.9
BT6N-12 47.6£2.6 113.5¢43  10.9+0.8 12.0+0.4 20.5+0.5 71.5£2.9 41.6£2.8 73.3+6.9 23.0£3.4 31.8£3.9
BTRF-1 38.3£3.2 115.5+6.5 9.1+0.6 12.3£0.5 21.9+0.5 75.543.3 37.443.4 56.5£6.5 21.6+3.3 40.3£3.6
BTRF-3 42.4+1.1 1144443  10.540.7 12.0+0.5 21.9+0.3 74.2+3.4 37.6£3.3 62.7£5.5 23.5£3.6 40.0+£3.7
BTRF-17 35.04£3.2 100.4+6.2 11.9+0.6 11.9+0.4 222404 69.5+3.4 32.3+3.3 58.2+6.5 23.0+3.3 42.1+3.8
Zam-2004 45.142.1 116.1+4.1 12.6£0.5 13.6£0.3 23.2+0.3 72.9+£2.8 37.242.7 64.8453 23.14£2.9 359429
Kohat-2010 31.842.5 88.7+4.4 10.9+0.5 12.5£0.3 21.2+0.3 73.9+£2.7 30.6+£2.6 502454 15.442.8 38.0+3.3
Parents Mean 40.8 106.5 11.3 12.5 22.3 74.9 36.4 65.9 23.8 38.1

II. F; Populations

BT4N-11 x Zam-2004 39.6+3.9 101.6+9.6  13.0+1.1 12.5£0.5 22.840.6 71.8+4.1 31.4+34 539494 18.9+3.8 35.2443
BT4N-11 x Kohat-

2010 38.9+3.4 104.8£10.2

BT6N-5 x Zam-2004 ~ 40.1+4.0 104.3+9.8  10.3+1.6 13.2+0.8 22.8+0.8 69.5+4.5 38.6+3.5 61.9+9.9 22.744.2 37.443.9
BT6N-5 x Kohat-2010 33.44+4.3 98.4+9.8 11.0£1.1  12.8+0.7 22.3+0.9 67.143.9 409439 51.249.6 24.5t4.6 48.6+4.7
BT6N-12 x Zam-2004 38.9+4.4 101.4+9.2  12.3+1.2 13.6+0.6 22.5+0.7 77.5+3.7 37.5£3.0 63.9+8.8 27.0+3.8 42.4+4.5
BT6N-12 x Kohat-

2010

BTRF-1 x Zam-2004 ~ 45.1£3.5 130.5£7.9  11.3+0.7 12.9+0.8 22.9+0.6 79.7+4.0 41.3£2.0 66.6+9.3 26.844.3 40.3+4.3
BTRF-1 x Kohat-2010 40.5+£3.4 102.3+10.3 8.9+0.9  12.3+0.5 22.0+0.7 72.2+4.1 36.0£3.4 51.849.5 19.6+4.7 39.6+3.7
BTRF-3 x Zam-2004 ~ 38.743.7 117.9+10.7 9.2+1.2  12.0£0.4 22.740.7 69.0+4.6 43.9+3.8 55.749.8 23.0£3.7 42.0£3.5
BTRF-3 x Kohat-2010 42.0+4.3 104.1+9.8 9.6+1.3  12.4+0.6 22.3+0.8 72.0+4.5 37.2439 562489 21.943.9 39.1+4.6
BTRF-17 x Zam-2004 36.3+4.1 117.9+9.4 11.2+1.1 11.3£0.6 21.3+0.8 66.4+3.8 40.5£4.0 58.4+10.0 23.7+4.6 40.6+4.1
BTRF-17 x Kohat-

12.7£1.4 13.8£0.7 22.8+0.6 78.5+4.3 33.6+£3.4 77.3+9.5 19.9+43 25.8+3.7

41.8+4.1 100.9+£8.8  10.1+£0.9 13.2+0.6 21.8+0.5 73.6+4.6 32.4+3.5 51.7£7.6 17.4+3.4 33.9+49

42.4+4.0 113.2£74 11.7£09 13.3+£0.7 21.5+0.6 70.5+4.5 40.7£3.4 64.9+8.4  28.0+4.3 43.4+4.0

2010
F3 Mean 39.8 108. 1 10.9 12.8 22.3 72.3 37.8 59.5 22.8 39.0
LSD (5%) 6.2 8.4 2.5 1.0 1.4 2.5 5.1 17.3 1.0 1.0

The current study reported a higher mean flag leaf area (39.8 cm?) for the studied 12 F; wheat
populations compared to Khan et al. (2003) (26.5 cm?) and Azam et al. (2013) (18.3 cm?). Khan et al.
(2003) tested six parents and their six F» populations, while Azam et al. (2013) evaluated five parents
and their 14 F3 populations. Semi-dwarf wheat cultivars are preferred due to various reasons like lodging
and yield losses. Tall wheat cultivars reduced harvestable yield up to 80% due to lodging. The current
study revealed semi-dwarf wheat populations with a mean plant height of 108.1 cm and supported the
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results of the previous studies of Khan et al. (2003) and Azam et al. (2013) as they reported mean plant
height of 110.42 and 112 cm while evaluating wheat populations respectively.
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Figure 1. Frequency distribution of the studied traits among 8 parents and 12 F3; wheat populations

Our current study supported the findings of Khan et al. (2003) by revealing the number of spikes
plant” in the same range. Ahmad et al. (2007) reported a lower mean spike length (10.73 cm) in the
developed five wheat crosses compared to our findings (12.8 cm). The developed F; populations
reported a higher mean number of spikelets spike™ (22.3), grains spike™ (72.3), and grain yield plant™
(22.8 g) compared to wheat F3 populations developed by Memon et al. (2007) as they obtained mean
spikelets spike™, grains spike”, and grain yield plant™ of 18.64, 57.33, and 13.03 (g) respectively. The
studied F3 populations exhibited a higher mean harvest index (39 %) compared to the mean harvest
index of F; populations developed by Azam et al. (2013) (30.9%). Most of the studied traits exhibited
promising performance compared to various wheat populations developed previously. It clearly
suggested that the investigated F3; populations comprise good cross combinations that must be further
explored. Frequency distribution was also performed to better understand the behavior of the recorded
data. Frequency distribution with the help of histogram exhibited normal distribution for the studied 10
traits among 8 parents and 12 F3 populations (Figure 1).
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3.2. Heritability and expected selection response of wheat derived 12 F; populations

Heritability and expected selection response estimation among 12 F3 spring wheat populations
are presented in Table 3. Heritability and expected selection response ranged from 0.52 (BT4N-11 x
Zam-2004) to 0.78 (BTRF-1 x Kohat-2010 and BTRF-3 x Kohat-2010) and 5.29 cm? (BT4N-11 x Zam-
2004) to 16.08 cm* (BTRF-1 x Kohat-2010) for flag leaf area among F; populations. Khan et al. (2003)
tested six F» wheat cross combinations along with their six parents to estimate heritability and selection
response for yield associated parameters in wheat. They observed high heritability (0.85) for flag leaf
area in wheat cross WLRG-3 x 5039. Heritability and expected selection response among F3 populations
for plant height ranged from 0.56 (BTRF-1 x Kohat-2010) to 0.89 (BTRF-17 x Zam-2004) and 6.69 cm
(B TRF-1 x Kohat-2010) to 17.61 cm (BTRF-17 x Zam-2004). Our findings are supported by the work
of Ahmad et al. (2007) who also obtained high heritability of 0.89 in wheat cross WL60 x LU26S.
Similarly, Memon et al. (2007) examined seven F3 populations along with eight parents for yield
contributing traits in wheat. They reported low heritability (0.56) and high heritability (0.92) for F3
progeny RWM-9313 x Kiran 95 and Khirman x RWM-9313, which further confirm our findings.
Moreover, Khan et al. (2003) also obtained high heritability (0.89) for plant height in cross WLRG-3 x
LU-268S that is in accordance with our results. Heritability and expected selection response ranged from
0.32 (BTRF-3 x Zam-2004) to 0.70 (BT4N-11 x Zam-2004) and 1.50 spikes (BTRF-3 x Zam-4) to 4.72
spikes (BT4N-11 x Zam-2004) among 12 F; populations for spikes plant. Magda and Abd El-Rahman
(2013) studied three wheat crosses obtained as a result of five wheat parents crossing for yield and its
contributing traits. They obtained high heritability (0.83) for spikes plant’ in wheat crosses, which
confirms our findings. F3 populations BT4AN-11 x Kohat-2010, BT4N-5 x Zam-2004 and BTRF-3 x
Kohat-2010 revealed maximum heritability (0.78) each, while BT6N-12 x Zam-2004 manifested
minimum heritability (0.57) for spike length. Expected selection response ranged from 0.95 cm (BTRF-
3 x Zam-2004) to 1.86 cm (BT6N-5 x Zam-2004). Memon et al. (2007) reported low heritability (0.58)
for F3 wheat progeny Marvi-2000 x Soghat-90, while high heritability (0.64) for Marvi-2000 x Khirman,
which are in accordance with our finding. Furthermore, Ahmad et al. (2007) estimated high heritability
(0.76) for wheat cross WL59 x LU26S. Heritability and expected selection response for spikelets spike
" among 12 F5 populations ranged from 0.45 (BT6N-5 x Kohat-2010) to 0.71 (BT4N-11 x Zam-2004)
and 1.22 spikelets (BTON-5 x Kohat-2010) to 2.69 spikelets (BT4N-11 x Zam-2004) (Table 3). Memon
et al. (2007) evaluated seven cross combinations of F3 generation along with its eight parents to predict
heritability and selection response for these cross combinations. They obtained low heritability (0.46)
for spikelets spike™ in Fs progeny of Marvi-2000 x Soghat-90. Heritability and expected selection
response for grains spike” among 12 F; populations ranged from 0.58 (BTRF-17 x Zam-40) to 0.84
(BTRF-1 x Kohat-2010) and 10.82 grains spike’ (BTRF-17 x Zam-2004) to 22.05 grains spike™
(BTRF-3 x Kohat-2010). Memon et al. (2007) evaluated eight parents and their seven F3 populations
for yield contributing traits in wheat to estimate heritability. They reported moderate to high heritability
(0.57 to 0.63) for the F3 wheat population Soghat-90 x Sarsabz and SD-1200/14 x IB 25/99. Moreover,
Ahmad et al. (2007) estimated moderate heritability (0.60) for grains spike™ in wheat cross WL59 x
LU26S. Heritability and selection response for 1000-grain weight ranged from 0.30 (BT6N-5 x Kohat-
2010) to 0.75 (BT6N-12 x Kohat-2010) and 0.24 g (BTRF-1 x Kohat-2010) to 0.96 g (BT6N-12 x
Kohat-2010), respectively. Our results are supported by the work of Ahmad et al. (2007) who reported
high heritability (0.75) for cross WL60 x LU26S. Heritability and expected selection response
magnitude ranged from 0.54 (BT6N-12 x Zam-2004) to 0.72 (BTRF-17 x Kohat-2010) and 15.60 g
(BT6N-12 x Zam-2004) to 27.50 g (BTRF-17 x Kohat-2010) for biological yield plant”. The extent of
heritability and selection response for grain yield plant™” ranged from 0.39 (BT6N-12 x Kohat-2010) to
0.81 (BT6N-12 x Zam-2004) and 4.65 g (BT6N-12 x Kohat-2010) to 16.84 g (BT6N-12 x Zam-2004).
Ahmad et al. (2007) reported high heritability (0.87) for grain yield in wheat cross WL59 x LU26S
which confirms our findings. Heritability and expected selection response for harvest index ranged from
0.36 (BTRF-1 x Zam-2004) to 0.96 (BTRF-17 x Kohat-2010) and 7.72 % (BTRF-1 x Zam-2004) to
128.59% (BTRF-17 x Kohat-2010). The explored wheat populations revealed a sufficient amount of
broad-sense heritability and expected selection response for the studied traits.
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Table 3. Heritability estimates (h?) and expected selection response (R.) for yield and yield related traits
of 12 F3 populations derived from eight parents of wheat

Traits PH (cm) FLA (cm?) SPP (no) SL (cm) SLPS (no) GPS (no) TGW (g) BYPP(g) GYPP(g) HI (%)

F; populations W R W Re K Re B R K Re ¥ Re H Re B R K R W R

BT4N-11 x Zam- 0.86 14.66 0.52 5.29 0.70 4.72 0.76 1.55 0.71 2.69 0.69 14.86 0.69 0.61 0.61 19.36 0.62 891 0.74 15.94

2004
BT4N-11 x

0.67 7.18 0.64 7.79 0.61 3.61 0.78 1.74 0.48 1.37 0.80 20.85 0.63 0.49 0.63 21.57 0.68 11.07 0.78 18.79
Kohat-2010
];(;I(‘&N-leam- 0.76 9.84 0.61 830 0.34 1.82 0.78 1.86 0.57 1.75 0.81 21.38 0.50 0.58 0.59 17.91 0.72 11.98 0.82 31.32
]23(;Ii60N-5><K0hat- 0.69 7.55 0.74 12.48 0.53 3.39 0.71 1.56 0.45 1.22 0.77 18.45 0.30 0.29 0.68 24.45 0.68 11.03 0.79 30.49
];(;I(‘&N-lleam- 0.87 1535 0.64 8.73 0.39 2.01 0.57 1.00 0.65 2.03 0.77 17.65 0.40 0.34 0.54 15.60 0.81 16.84 0.93 41.19
BT6N-12 x

0.77 9.73 0.72 11.58 0.57 3.55 0.72 1.62 0.54 1.43 0.80 18.94 0.75 0.96 0.58 18.81 0.39 4.65 0.83 24.73
Kohat-2010
]23(;[(‘)1:1:_1 X Zam- 0.79 13.93 0.69 11.79 0.61 3.69 0.71 1.28 0.58 1.53 0.69 11.91 0.39 0.33 0.61 18.85 0.65 9.86 0.36 7.72
]23(;?;1:_1 x Kohat- 0.56 6.69 0.78 16.08 0.53 3.00 0.70 1.28 0.52 1.27 0.84 19.77 0.30 0.24 0.69 25.61 0.64 9.85 0.64 19.09
]23(;1(‘)1:F-3><Zam- 0.77 9.89 0.61 851 0.32 1.50 0.59 0.95 0.55 1.36 0.68 13.57 0.35 0.32 0.61 19.07 0.54 8.03 0.57 14.28
]23(;Iil;F-3><Kohat- 0.68 7.33 0.78 14.57 0.55 3.15 0.78 1.76 0.69 2.02 0.82 22.05 0.32 0.29 0.65 22.92 0.51 7.77 042 9.22
]23(;1(‘)I:F-17><Zam- 0.89 17.61 0.56 7.24 0.34 1.95 0.61 1.11 0.48 1.25 0.58 10.82 0.57 0.67 0.66 21.36 0.64 9.01 0.45 17.05
BTRF-17 x
Kohat-2010 0.64 6.79 0.75 13.35 0.53 3.65 0.70 1.50 0.62 1.86 0.79 20.08 0.34 0.32 0.72 27.50 0.60 8.49 0.96 128.59

3.3. Correlation and principal component analysis

Correlation analysis is mainly applied to understand relatedness among various traits and
evaluated information can be best used for crop improvement by an indirect selection of the components
affecting crop yield (Ali et al., 2020b). Crop improvement depends upon the success of the selection
criteria. The importance of the traits can be judged from their direct or indirect effects upon yield
components, especially seed yield. It is therefore very important to know about the relative effects of
the traits influencing the economically important traits in a desirable direction and to be selected in the
crop improvement programs (Vrijendra et al., 2004). Correlation coefficients among the traits are
presented in Table 4. Biological yield per plant revealed a positive and significant correlation with flag
leaf area (0.563), seeds per spike (0.506), grains per spike (0.650), and grain yield per plant (0.657).
Plant height exposed a positive and significant correlation with flag leaf area (0.521) and 1000-grain
weight (0.690). Spikelets per spike exhibited a positive and significant correlation with grains per spike
(0.504), while 1000-grain weight showed a positive and significant correlation with grain yield per plant
(0.571). Present results confirmed the previous findings of Dutamo et al. (2015); Ahmad et al. (2016);
Ali et al. (2017) and Adnan et al. (2017).

Principal component analysis (PCA) helps to recognize important plant traits that are used to
characterize the variations among experimental materials (Chakravorty et al., 2013). Principal
component analysis precisely classified 10 morphological traits into 10 principal components among
which the first three principal components; PC1, PC2, and PC3 were selected along with their
Eigenvalues. These three components explained nearly 72.911% of the total genetic variation (Table 5).
The first principal component (PC1) contributed about 34.345% of the variation, showing the highest
contributions from biological yield per plant (0.483) followed by grains per spike (0.398) and grains per
plant (0.382). PC2 explained 24.505% of the variation with the highest contributions from 1000-grain
weight (0.586) followed by Plant height (0.463) and harvest index (0.371). PC3 revealed 14.061%
variation having the highest contributions from harvest index (0.601) followed by spikelets per spike
(0.385) and grain yield per plant (0.363).
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Table 4. Correlation analysis for various yield and related traits of 20 wheat genotypes (8 parents and 12
F3 populations)

Variables FLA PH SPP SL SLPS GPS TGW BYPP GYPP
FLA

PH 0.521

SPP 0.065 -0.162

SL 0.207 -0.049 0.276

SLPS 0.173 -0.003 0.352 0.410

GPS 0.387 -0.009 0.314 0.368 0.504

TGW 0.334 0.690 -0.311 -0.036 -0.036 -0.217

BYPP 0.563 0.190 0.506 0.253 0.405 0.650 0.186

GYPP 0.390 0.333 0.284 0.152 0.443 0.344 0.571 0.657

HI -0.360 0.066 -0.265 -0.194 -0.009 -0.347 0.417 -0.399 0.393

FLA: flag leaf area; PH: plant height; SPP: seeds per spike; SL: pike length; SLPS: spikelets per spike; GPS: grains per spike; TGW: 1000-
grain weight; BYPP: biological yield per plant; GYPP: grain yield per plant; HI: harvest index.
Values in bold are different from 0 with a significance level alpha=0.05.

The results suggested that traits, biological yield per plant, grain yield per plant, grains per spike,
1000-grain weight, plant height, harvest index, and spikelets per spike were responsible for the genetic
variation in the spring wheat genotypes. It is interpreted from the above that the traits that contributed
variation in each component may contain the same genes that should be useful during selection to
identify the most diverse segregants. These morphological traits having the highest variation
contribution should be employed as desirable tools when screening elite populations during field studies.
It is concluded that principal component analysis is very helpful to attain more accurately aware of the
relationship between traits that had the highest impact on seed yield per plant and to predict the best
selection indices for the yield improvement in various segregating populations. Spring wheat
populations revealing best mean performance and exposed higher genetic and multivariate parameters
could be effectively suggested for selection and further evaluation at later generations. The selected
spring wheat populations can be used as an important source of superior cultivar development.

Table 5. PCA analysis for various yield and related traits of 20 wheat genotypes (8 parents and 12 F3

populations)
Trait PC1 PC2 PC3
FLA 0.366 0.168 -0.448
PH 0.173 0.463 -0.308
SPP 0.275 -0.298 0.206
SL 0.261 -0.175 0.117
SLPS 0.341 -0.113 0.385
GPS 0.398 -0.225 20.018
TGW 0.12 0.586 0.005
BYPP 0.483 -0.03 -0.082
GYPP 0.382 0.304 0.363
HI -0.155 0.371 0.601
Eigenvalue 3.435 2.45 1.406
Variability (%) 34.345 24.505 14.061
Cumulative % 34.345 58.85 72911

FLA: flag leaf area; PH: plant height; SPP: seeds per spike; SL: spike length; SLPS: spikelets per spike; GPS: grains per spike; TGW: 1000-
grain weight; BYPP: biological yield per plant; GYPP: grain yield per plant; HI: harvest index.

4. Conclusion

Analysis of variance exhibited highly significant differences (P< 0.01) for all the studied traits
among 20 wheat genotypes. Principal component analysis revealed biological yield per plant (0.483),
grain yield per plant (0.382), grains per spike (0.398), 1000-grain weight (0.586), plant height (0.463),
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harvest index (0.601), spikelets per spike (0.385), and grain yield per plant (0.363) as the major
variability contributing traits. Correlation analysis for grain yield, biological yield, and 1000-grain yield
exposed positive and significant associations among each other and with other yield contributing traits.
On the basis of mean performance and genetic and multivariate parameters, F3 populations BT4N-11 x
Zam-2004, BT4N-11 x Kohat-2010, BT6N-12 x Zam-2004 and BTRF-17 x Kohat-2010 were found
outstanding and hence might be suggested for further evaluation. Moreover, the parental lines involved
in these crosses should be tested in later generations to achieve promising segregants across locations.
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Nemrut Krater (Turkey) Golii’nde Yasayan Barbus ercisianus (Cypriniformes:
Cyprinidae) Balik Tiiriinde Ligula intestinalis (Cestoda: Pseudophyllidea)‘in 11k

Bildirimi
Makale Bilgileri Oz: Van Golii Havzas1 su kaynaklar1 ve endemik balik tiirleri agisindan zengin bir
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Sestodlar, edilen sonuglar, HRM analizinde tek bir pik (87) ile dogrulanmustir.
Balik hastaliklari,

Balik parazitleri,
Real-Time PCR

Anahtar Kelimeler

11



YYU JAGR SCI 32 (1): 11-20
Onalan et al. / First Report of Ligula intestinalis (Cestoda: Pseudophyllidea) in Barbus ercisianus (Cypriniformes: Cyprinidae) from the Nemrut Crater Lake, Turkey

1. Introduction

Fisheries is an important sector with a high-income revenue because it is a good source of food,
provides significant employment, and has a vital export product status. Due to its climatic and
geographical structure, Turkey has the appropriate facilities for the cultivation of many aquaculture
products in seas and freshwaters (Onalan, 2016). Since fish are grown in closed areas such as ponds and
cages, and fish stock density is higher than it should be, fish diseases are an essential problem in
aquaculture. This leads to unsuitable aquaculture conditions and, consequently, increased susceptibility
to infections (Sakai, 1999). The Van Lake Basin, a closed basin, is rich in both plant and animal species
(Sekercioglu et al., 2011; Elp et al., 2016; Adizel et al., 2017; Demirkus et al., 2018; Toyran et al., 2018).
Also, there are many ponds and streams in the basin such as natural lakes of Van, Ercek, Nazik, Nemrut,
Aygir, Arin and the dam lakes of Sarimehmet, Kogkdprii, Zenek, Morgedik (Cetinkaya, 1993). All of
the naturally distributed fish species in these water resources, such as Barbus ercisianus, Alburnus
tarichi, Alburnus timarensis, Capoeta kosswigi, and Oxynoemacheilus ercisianus, are endemic
(Karaman, 1971).

B. ercisianus is taxonomically one of the members of the Cyprinidae family and was reported
as Data Deficient (DD) in the IUCN red list category (Elp et al., 2016). B. ercisianus shows the
distribution in the Zilan and Delicay river basins and Nemrut Crater Lake (Sen et al., 2018). Its body is
generally long and covered with cycloid scales. The mouth is ventrally positioned, and there are two
double whiskers around it. There is no distinct carina on the back, while there are dark spots on fins and
throughout its body. B. ercisianus usually inhabits fast-flowing, pebbly and sandy streams and feeds on
species such as Daphnia, Gammarus, and Diaptamus (Geldiay and Suleyman, 2009). Temporary white
spots on the body surface of males in the reproduction period are called tubercles.

L. intestinalis Linnaeus, 1758 (Cestoda: Pseudophyllidea) is a tapeworm species with a three-
host life cycle in freshwater habitats. After completing the larval development in two intermediate hosts,
they mature primarily in the intestine of bird species (Stefka et al., 2007).

In this study, the identification of L. intestinalis infestation in the B. ercisianus species from
the Nemrut Crater Lake was carried out for the first time.

2. Material and Methods

2.1. Study area

The study was conducted between September 2018 and February 2019. SAMUS 725 MS brand
electroshock device was used to sample fish in the Nemrut Crater Lake (Figure 1). In this study, 11 fish
were sampled. Infestation was observed in 6 of the fishes. It was observed that infestation at the sampled
fish level could have a prevalence of more than 50%. The lake is located in the east of Turkey, west of
the Van Lake, 13 km from Tatvan district center and 25 km from Ahlat district of Bitlis province. The
lake is the largest volcanic lake in Turkey and the second largest in the world. The maximum depth of
lake has been determined as 176 m and is located at an altitude of 2247 m. The lake has a surface area
of 12.52 km? and a total water volume of 1.25 km* (Kuluoztiirk and Dogru, 2015; Kurttag and Tezcan,
2018). Fishes taken from the sampling area were brought to the Van Yiiziincii Y1l University, Fisheries
Faculty, Aquarium Unit on the same day and kept in an aquarium at 13 °C water temperature until the
parasite identification was carried out. Morphological and molecular studies of parasites in fish samples
were carried out at Van Yiziincii Y1l University, Fisheries Faculty, Department of Fish Diseases.
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Figure 1. Map of the study area in Van Lake Basin.

2.2. Determination of the Duration of the Parasite to Leave the Host

Following the death of the infected fish, the duration of the parasite to leave the host was
determined by keeping the fish in an aquatic environment and a dry environment. A quarantine
environment was created that provided the same conditions as the temperature at which the fish were
kept in the aquarium.

Similarly, a 13 °C external environment was set for another infested fish following its death.
The procedure was carried out on a glass petri dish in a cooled incubator (Barrow et al., 2019).

2.3. Morphological Identification

The outer surfaces of the infested fish were disinfected with 70% ethanol. The time of death,
the length and weight values of the collected fish, the number of parasites, the length and weight values
of the parasites were determined. The number and length of parasites taken from each fish according to
their abdominal images and fish size during necropsy of fish samples were examined by a SMZ 745T
Stereo zoom microscope (Dabara et al., 2020).

2.4. DNA Isolation

L. intestinalis samples obtained from necropsy were exposed to cell lysis at a rate of 50 ms sec-
1 for 3 minutes (TissueLyser, Qiagen). Then, total DNAs were isolated using the Qiamp DNA mini kit
in the QIACube device in accordance with the manufacturer's instructions. The DNA purity was
measured by a nano spectrophotometer (Thermo) (Pinchi et al., 2013).

2.5. Primer Synthesis

The primer sets designed for Real-Time PCR were obtained using the 28S rRNA gene region
of L. intestinalis with access No. KY552819.1 on the NCBI website. The forward primer sequence was
synthesized as Li-F-5’-AGATGCCACTGT-TTCTCG-CAC-C-3’, while the reverse primer sequence
was synthesized as Li-R-5’-AAT-GCA-CGC-CTT-TCC-AAC-GAC-C-3’. The melting temperatures of
the designed primers were determined to be 62.1 °C for both forward and reverse primers.
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2.6. Real-Time PCR

PCR master mix was prepared with DNA molecules obtained from the parasite samples (2.0
ul), forward (1.0 pl) and reverse (1.0 pl) primers, RT2 SYBRGreen qPCR master mix (10.0 pl) and
DNase-RNase free water (11.0 pl). The cycle process of the PCR protocol comprised pre-denaturation
at 95 °C for, after 10 min, 95 °C for 45 sec, 62.1 °C for 30 sec and 72 °C for 45 sec and the cycle was
repeated 45 times. The final elongation was carried out for 7 min at 72 °C (Hoseinifar et al., 2017).
Following the PCR procedure, the HRM procedure was performed from 50 °C to 99 °C, using a
Rotorgene Q, SPlex (Qiagen) with 0.01 °C sensitivity.

2.7. Data analysis

Positive and negative results were evaluated using the Ct (The cycle threshold value) values of
sigmoidal curves obtained from Real-Time PCR (Threshold: 0.5).
3. Results

Following the necropsy procedure performed under aseptic conditions, it was seen that external
morphological properties of the samples obtained from the fishes were similar to those of the typical L.
intestinalis (Figure 2). The parasite's significant presence was observed in the abdominal cavities (Figure
3) of infested fish taken from the sampling area.

INFESTED FisH

NON-INFESTED FiSH

3
o
0 1 2 3 4 56 7 8 9 1011 1

20%”%17.'/"22'/.'/"/.3%‘/"/.42
63

Figure 3. Healthy and infected individuals and abdominal cavity differences.

The average weight of the infested fish (6 of 11 ) was calculated as 2.75 + 0.01g, and the average
weight of the parasites was determined to be 0.2 g (Figure 4). The highest parasite weight was 0.3 g,
whereas the lowest was 0.17 g. While eight parasites were removed from the most massive 3.46 g fish,
three parasites were removed from the lightest 2.04 g fish. The length of the parasites ranged from 6 to
12 cm (Figure 5), while the length of the fish ranged from 5.5 to 8 cm. Images of sampled fish and
parasites obtained after necropsy are given in Figure 6 and Figure 7.
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Figure 4. The length and weights of the L. infestinalis.
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It was observed that the symptomatic fish sampled in the natural environment received feeds
administered, and their movements in water slowed down. Two of these fish died on the first day of the
observation. These fish were kept at the same temperature as the water temperature of the Nemrut Crater
Lake. One of the fish was kept in the petri dish to determine the duration of the parasite to leave the
host, while another was taken into the aquarium with the same conditions, and the duration of the
parasite to leave the host was determined. It was observed that the parasite movements became limited,
and the duration of the parasites to leave the host increased due to the decrease in the water content of
the fish and drying as macroscopic observations. It was determined that the parasite left the host after
80 min in the aquatic environment and after 130 min in the dry environment.

As a result of PCR performed with DNA obtained from the L. infestinalis agent, all of the
samples yielded sigmoidal curves and positive graphs. The samples in which the master mix, water, and
primers were used separately yielded negative results, and it was observed that the compounds used in
the study did not give false-positive results. The image obtained in the PCR is given in Figure 8.
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Figure 8. Real-Time PCR results of parasitic DNAs.

Following the Real-Time PCR procedure, single peaks after HRM analysis with PCR amplicons
confirmed the accuracy of PCR primers and the PCR procedure (Figure 9).
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Figure 9. Image of HRM analysis with PCR amplicons.
4. Discussion and Conclusion

The word endemic is used based on climate and soil characteristics for plant and animal
creatures spread in a specific region on earth. The Van Lake Basin is rich in endemic fish species. In
addition to B. ercisianus, other fish species, including Alburnus tarichi, Alburnus timarensis, Capoeta
kosswigi, and Oxynoemacheilus ercisianus, also show the distribution in the basin (Sen et al., 2018). It
is essential to identify the problems encountered in terms of the protection and monitoring of these
endemic species. L. intestinalis infestation was reported for the first time in the B. ercisianus and in the
Nemrut Crater Lake, which requires monitoring.
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L. intestinalis is a type of endoparasite that causes death in fish. This species is commonly seen
in the species belonging to the Cyprinidae family. The mature ones are found in aquatic birds' intestines,
while the larvae (plerocercoids) are found in freshwater fish. The first studies related to this species were
done by Basaran and Kelle (1976) and Cantoray and Ozcan (1975) in Turkey. Various studies were
carried out on this infestation in fish in Turkey (Uzbilek and Yildiz, 2002; innal et al., 2007; Demirtas
and Altindag, 2011; Koyun et al., 2015; Sag et al., 2015) and in the World (Olson et al., 2002; Bouzid
et al., 2008a; Hajirostamloo, 2009; Mehraban et al., 2015).

Although regular morphological appearances in the determination of parasitic infestations in
fish are required, molecular methods are also frequently performed to identify subspecies accurately. In
the identification studies carried out by PCR, some researchers have reported that more specific results
were obtained as a result of utilizing primers designed using housekeeping genes and PCR procedures
(Flisser et al., 1988; Rishi and McManus, 1988; Harrison et al., 1990). Also, it has been reported that,
although the visual identification of parasitic infestations was useful, specificity was not very clear.
Indeed, it has been reported that identifying two different species from the same family might be
challenging. On the other hand, studies conducted using DNA have been reported to have higher
specificity; however, the costs of such studies have been shown as a disadvantage (Flisser et al., 1988;
Rishi and McManus, 1988; Harrison et al., 1990; Chapman et al., 1995). In this study, the agents'
identifications were carried out by both external morphological forms and Real-Time PCR.

The primers from 28S rRNA gene regions were designed for molecular identification, and PCR
was performed. Similarly, some researchers have stated that they carried out identification and genetic
variation studies with PCR by designing specific primers and have reported that the studies using
molecular methods yielded higher specificity (Gonzalez et al., 2002; Bouzid et al., 2008b). Also, in
another study by (Gonzalez et al., 2004) in which the researchers compared the identifications using
diagnostic methods, it was reported that the multiplex PCR method had higher specificity and
sensitivity. The populations of L. intestinalis and its place in the ecosystem, the survival of the species
in the presence of predators such as cockroaches, and the environmental factors on the chances of finding
a host in such a case of the parasite were investigated. (Wyatt and Kennedy, 1989). Considering that
this parasite is also carried by birds (Stefka et al., 2007), its detection for the first time in the Nemrut
Region and the fact that fish species are endemic reveals the possibility of parasite transmission through
migratory birds.

The average length of the parasites isolated in this study was found to be 6-12 cm. The maximum
fish fork length was measured as 8 cm. Therefore, it was concluded that the parasite develops in direct
proportion to the host's feeding and size. However, the growth of the parasites removed from the same
fish is an obstacle to the feeding of another, leading to a consequent reduction in their length. Like the
results obtained in the present study, the length of the parasites isolated ranged between 6 and 12 cm in
the study investigating the L. intestinalis populations and their life cycle conducted by Kennedy and
Burrough (1981). It was also reported that the fish infected by the parasite died in their second winter
or after the summer.

It was observed that the infected fish continued to feed but were under stress compared to normal
behaviour. Their movements were first sudden and then became stable. Although the abdominal cavity
of the fish was filled with parasites, feed intake was thought to be due to nutritional reflexes. It can be
argued that the parasites both cause stress in the body and excessively stimulate the body’s immune
system. In another study, changes in the expression levels of genes in brain and liver tissues were
investigated in L. intestinalis-infected roaches (Rutilus rutilus) (Boulange-Lecomte et al., 2011). The
researchers reported an increase in the IGF genes associated with immunity, especially in females, by
about 190%, whereas only a partial increase was observed in males compared to the uninfected samples.

In this study, L. intestinalis infestation was identified in September 2018. The other researcher
also reported that the infestation was seen in these months (Demirtas and Altindag, 2011). However,
based on the annual examinations according to the years, it is seen that infestation can be seen in any
month of any season. Similar to the sampling period in this study, it was reported that L. intestinalis
infestation was seen intensively in July, August, and September (Sag et al., 2015).

In fish diseases, taking prophylactic measures and treatment are of great importance. It was
reported that chemicals including Acetic acid, Betadine, Bithionol, Chloramine-T, Copper sulfate,
Formaldehyde, Hydrogen peroxide, Ivermectin, Levamisole, Mebendazole, Metronidazole,
Niclosamide, Potassium permanganate, Praziquantel, Salt and Triclorphon were used for the treatment
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of parasitic diseases in fish depending on the species and administration dose, and successful results
were achieved (Kayis et al., 2009).

In conclusion, it is essential to monitor studies conducted in arcas where L. intestinalis
infestation is common, especially in areas where endemic species live. We believe that taking
precautions during migration periods of birds carrying parasite infestation in closed basins and
performing routine seasonal controls are very important for endemic species and parasite spread.
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electrical conductivity, sodium adsorption ratio, available potassium and
phosphorus, microbial biomass carbon, and Beta-Glucosidase enzyme activity. In
general, the applied organic wastes had a positive effect on the quality
characteristics of the soils. The lowest quality was determined in the control (50%)
and seaweed (51%) applications, while the highest quality increase was
determined in the rose pulp application (60%) and vermicompost application
(56%). Other applications did not cause significant changes according to SMAF
scoring. The most important effects of low quality scores were determined as
biological quality indicators. According to the results obtained, organic waste
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the physical, chemical, and biological soil quality properties of agricultural soils,
especially in the arid and semi-arid areas of our country, as well as increasing the
general soil quality index values.
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Farkh Organik Atik Uygulamasinin Toprak Kalitesi Uzerine Etkisinin SMAF Modeli ile

Belirlenmesi
Makale Bilgileri Oz: Toprak, karasal yasam igin 6nemli bir kaynaktir. Bu nedenle topraklari,
Gelis: 28.10.2021 ekolojik ve ekonomik islevlerinden herhangi bir zarar vermeden kullanmak hayati
Kabul: 11.01.2022 onem tasimaktadir. Bu calisma, yari kurak ekolojik 6zellige sahip Isparta ilinde

Online yaymlanma: 15.03.2022 SMAF modeli kullanilarak farkli organik materyallerin (ahir giibresi,
DOI: 10.29133/yyutbd. 1015943  vermikompost, leonardit, giil posasi, biyokdmiir, biyogaz atig1, deniz yosunu)
toprak kalitesi lizerine olan etkisini arastirmak amacryla gergeklestirilmistir.

Anahtar Kelimeler SMAF topraklarin fiziksel, kimyasal ve biyolojik toprak kalitesinin yani sira genel

Organik atik, toprak kalitesinin ortaya konulmasinda on ii¢ adet toprak kalite indikatorii
SMAF modeli, kullanilmaktadir. Bu ¢alismada ise hacim agirligi, agregat stabilitesi, su dolu
Toprak kalitesi gozenek hacmi, yarayigh su igerigi, organik karbon, pH, elektriksel iletkenlik,

sodyum adsorpsiyon orani, yarayisl potasyum ve fosfor, mikrobiyal biyokiitle
karbonu ve Peta-Glukosidaz enzim aktivitesinden olusan on iki indikator
kullanilmigtir. Uygulanan organik atiklari geneli, topraklarin kalite 6zellikleri
iizerinde olumlu etkide bulunmus olup, en diisiik kalite, kontrol (% 50) ve deniz
yosunu (% 51) uygulamasi ile belirlenirken en yiiksek kalite artigt giil posasi
uygulamasi (% 60) ile vermikompost uygulamasinda (% 56) belirlenmistir. Diger
uygulamalar SMAF skorlamalarina gére dnemli degisimlere neden olmamuistir.
Kalite skorlarindaki disiikligiin en 6nemli etkisi biyolojik kalite indikatdrleri
olarak belirlenmistir. Elde edilen sonuglara gore, 6zellikle lilkemizin kurak ve
yar1 kurak alanlarinda dagilim gosteren diisiik veya orta seviyede bulunan tarim
topraklarinin, toprak fiziksel, kimyasal ve biyolojik toprak kalite &zelliklerinin
yant sira genel toprak kalite indeks degerlerinin yiikseltilmesinde siirdiiriilebilir
bir toprak yonetimi i¢in organik atik uygulamasmin 6nemli bir yer aldigi
goriilmektedir.

1. Giris

Niifusun hizla artmasi arz ve taleplerdeki dengesizlikler, amag dis1 arazi kullanimlarinin giin
gegtikce artmasina yol agmaktadir. Arazilerin alansal olarak azalmasina ragmen, topraktan iiretim i¢in
olan talebin artmasi daha yogun girdi kullanimi ile birim alandan daha yiliksek miktarda iiretim
yapilmasin zorunlu kilmaktadir. Ayrica, mera ve ormanlik alanlarin tarim arazisine doniistiiriilmesi,
yogun toprak isleme, asir1 giibre ve pestisit kullanimi topragin verimlilik ve kalite parametrelerini
negatif yonde etkilemektedir. Topraklarin karakteristiklerine uygun planli kullanim ve yonetimle
topraklarin korunmasini saglayabilmek igin, topraklarin iiretkenlik fonksiyonlarinin belirlenmesi ve
degerlendirilmesi gerekmektedir. Fiziksel, kimyasal ve biyolojik toprak oOzelliklerinin birlikte
incelenmesi ile topragin farkli fonksiyonlarmin degerlendirilmesi miimkiindiir. Toprak kalitesi;
ekosistem ic¢indeki bir topragin bitki ve hayvan iiretimini slirdiirme, su ve hava kalitesini iyilestirme ve
insan saglig1 igin eksiksiz bir yagam ortami saglama kapasitesidir (Doran, 2002). Toprak kalitesinin
degerlendirilmesinde kullanilan farkli kalite indeks modelleri birgok arastirmaci tarafindan
kullanilmaktadir (Seker ve ark., 2017; Senol ve ark., 2020).

Toprak kalitesinde etkili bir¢ok faktdr bulunmakta olup hepsinin belirlenmesi hem giic hem de
maliyetli olmaktadir. Bunun i¢in kalitenin degerlendirilmesinde uygun indikatdrlerin segilmesi ve
degerlendirilmesi olduk¢a 6nemlidir (Negis ve Seker, 2019). Glinlimiizde ¢ok sayida arazi ve toprak
kalite degerlendirme yontemleri bulunmaktadir. Arazi kalitesi indeks metodu, dinamik ¢ok degiskenli
arazi kalitesi metodu, arazi test kitleri, Toprak Amenajmani Degerlendirme Cergevesi (SMAF-Soil
Management Assessment Framework) ve Toprak Sagligi Degerlendirmesi (Cornell Soil Health
Assessment) (Andrews ve ark., 2004; Gugino ve ark., 2009) Miiencheberg toprak kalite oranlamasi,
LSRS (Arazi uygunluk oran1 indeksi), VSA (Toprak kalitesini gorsel degerlendirme), Akdeniz bolgeleri
icin uygun olan MicroLEIS DSS metodu diinyaya entegre edilmek istenen toprak kalitesini en iyi sekilde
degerlendirmek ve {irlin verimine en yakin sonucu almak i¢in gelistirilen metotlardir (Mueller ve ark.,
2007; De La Rosa ve ark., 2009).

Toprak kalitesi degerlendirmelerinde Amerika Tarim Bakanlig1 personeli tarafindan gelistirilen
SMAF modeli kalite indikatorlerinin degerlendirilmesinde kullanilan bir yontemdir. Bu metot, iklim,

22



YYUJAGR SCI 32 (1): 21-32
Alaboz et al. / Determination of the Effect of Different Organic Fertilizers Applications on Soil Quality Using the SMAF Model

topografya, ana materyal gibi temel toprak olusum faktdrlerini yansitan ve genetik toprak kalitesinden
ziyade uygulanan amenajmandan etkilenen dinamik toprak kalitesini yansitmaktadir. SMAF, elektriksel
iletkenlik, pH, organik karbon, agregat stabilitesi, sodyum adsorpsiyon orani, yarayisl potasyum ve
fosfor, mikrobiyal biyokiitle karbonu, hacim agirligi, su dolu gozenek hacmi, yarayigh su icerigi, Peta-
Glukosidaz enzim aktivitesi, mikrobiyal biyokiitle karbonu ve potansiyel mineralize olabilir azot
indikatorlerini igermektedir (Andrew ve ark., 2004). Erkossa ve ark. (2007), tarafindan farkli toprak
isleme yontemlerinin toprak kalitesi (SQ) ftzerine etkilerini SMAF metoduyla degerlendirdikleri
calismada; analiz edilen indikatorler arasindan mikrobiyal biokiitle karbonu, hacim agirligi, agregat
stabilitesi, toprak organik karbonu, pH, faydali su kapasitesi ve yarayisli fosfor olmak tizere 7 indikatdr
minimum veri seti olarak se¢ilmis ve arazi yonetiminin degerlendirilmesinde etkili bir yontem olarak
belirtilmistir. Seker ve ark. (2017), tarafindan seker pancar1 ve bugday ekili alanlarda SMAF ve CSHA
yontemleri ile toprak kalitesini belirlemeye yonelik yapilan ¢aligmada; skorlama fonksiyonu ile yapilan
toprak kalitesi degerlendirmesi sonucunda bugday ve sekerpancar yetistirilen topraklarin kalitesini
strastyla orta ve diisiik olarak siniflamislardir. Diislik toprak kalite puanlarinin 6zellikle fiziksel ve
biyolojik toprak 6zelliklerine bagli oldugunu bildirmislerdir. Alaboz ve ark. (2021), tarafindan biyogaz
atig1 uygulamalarinin toprak kalitesi ve verim iizerine etkilerinin inceledikleri ¢alismalarinda, kontrol
uygulamasinda II. sinif olan topraklarin kalite indeksi biyogaz atig1 uygulamalariyla III. ve IV. simf
olarak belirlenmistir. Ozeng ve ark. (2006), findik zurufu kompostu, turba, ¢iftlik giibresi ve tavuk
giibresinin toprak ozellikleri, verim ve kalitesi lizerine etkilerini arastirdiklar1 ¢aligmalarinda tavuk
giibresi ve ¢iftlik giibresinin genellikle kimyasal toprak 6zellikleri, findik zurufu kompostu ve turbanin
ise fiziksel toprak ozellikleri iizerinde etkili oldugunu bildirmistir. Pacci ve ark. (2021), Van Havzas1
icerisinde bulunan mera arazileri topraklarin SMAF modeli aracilifiyla kalite durumunu
degerlendirdikleri c¢aligmalarinda, kimyasal toprak kalite indeksini diisiik, biyolojik toprak kalite
indeksini yiiksek, fiziksel toprak kalite indeksi sinifi ise orta sinifta belirlemislerdir. Yine gesitli giibre
uygulamalarina bagl olarak toprak kalite skorlarinda degiskenliklerin oldugu, yapilan ¢alismalar ile de
ortaya konmustur (Kuzucu, 2019; Wu ve ark., 2020).

Bu caligmada, farkli organik giibre kaynaklarinin topraklarin fiziksel, kimyasal, biyolojik toprak
kalite 6zellikleri tizerine etkisinin yani sira toplam toprak kalite indeksi {izerine etkisinin SMAF kalite
skorlama fonksiyonlari ile ortaya konmasi amaglanmustir.

2. Materyal ve Yontem

2.1. Calisma alam genel ozellikleri

Calisma alam Isparta Uygulamali Bilimler Universitesi kampiisii igerisinde, Isparta—Burdur
Karayolunun dogusunda yer almakta olup WGS 1984 UTM Zone 36N 283100- 282921 kuzey ve
4190355-4191399 dogu enlemleri koordinatlarindadir (Sekil 1).

Calisma alaninin uzun yillar meteorolojik verilerine gore bolgedeki yari1 kurak iklim tipi
hakimdir. Uzun yillar (1929-2020) yillik ortalama sicaklik, yagis sirasiyla 12.3°C, 569.4 mm’dir (MGM,
2021). Calisma alaninin toprak iklim rejimi Newhall simiilasyon modeline gore (Van Wambeke, 2000),
toprak sicakligi ve nem rejimleri sirasiyla mesic ve xeric (alt grupta kuru xeric) olarak belirlemislerdir.
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Sekil 1. Caligma alani lokasyon haritasi.

2.2. Denemenin kurulmasi ve yiiriitiilmesi

Calisma tesadiif bloklar1 deneme desenine bagli olarak 5 tekerriirlii olarak yiiriitiilmiistiir.
Deneme 27 Ekim 2021 tarihinde kurulmus, organik materyaller yaklasik 0-20 cm derinlige
karistirlmistir. Organik materyal olarak ahir giibresi (2 ton da™), vermikompost (750 kg da™"), leonardit
(1 ton da™), giil posasi (2 ton da™), giil posasindan elde edilen biyokomiir (% 1), biyogaz atig1 (2 ton da”
1, deniz yosunu (500 kg da™) kullamlmistir. Uygulama dozlar1 arastirmalar incelenerek belirlenmistir
(Alaboz ve Ark., 2017; Alaboz ve Isildar, 2018; Aydin ve ark., 2018; Alaboz ve ark., 2021). Uygulanan
organik materyallerin 6zellikleri Cizelge 1’de belirtilmistir. Tohum materyali olarak mercimek (Ankara
Yesili) kullanilmis ve metrekareye 250 adet tohum hesabiyla, 3-4 cm derinlige elle ekimi yapilmistir.

Cizelge 1. Organik materyallerin baz1 6zellikleri

Uygulamalar Organik Madde (%) pH EC (dS/m) C/N
Ahir giibresi (AG) 48.7 8.89 2.19 13.1
Vermikompost (VK) 64.3 6.80 2.07 24.6
Leonardit (L) 49.4 6.10 2.89 13.4
Giil posasi1 (GP) 68.3 3.51 1.22 25.2
Biyokomiir (BK) 554 8.82 0.540 25.4
Biyogaz atig1 (BA) 46.7 7.70 1.44 12.1
Deniz Yosunu (DY) 45.7 7.58 3.45 11.7

2.3. Toprak orneklemesi ve analizler

Toprak ornekleri 7 Haziran 2021 tarihinde 0-20 cm derinligi temsil edecek sekilde alinmistir.
Topraklar laboratuvara aktarildiktan sonra bir kistm &rnek biyolojik analiz icin ayrilmis +4 °C’de
saklanmistir. Diger fiziksel ve kimyasal analizler i¢in hava kuru hale getirilen 6rnekler 2 mm’lik elekten
gecirilerek analizlerde kullanilmigtir.

Bu c¢aligmada fiziksel toprak 6zelliklerinden tekstiir, toplam gozeneklilik (Burt, 2014), agregat
stabilitesi (Kemper ve Rosenau 1986), hacim agirlig1 (Blake ve Hartge, 1986), tarla kapasitesi, solma
noktasi ve yarayisl su igerigi (Klute, 1986), su ile dolu gbzenek hacmi (Doran ve ark., 1990), kimyasal
ozelliklerden yarayisl fosfor (Olsen ve ark., 1954), degisebilir potasyum (Thomas, 1982), saturasyon
¢amuru siiziiglinden Na, Ca ve Mg belirlemelerine goére sodyum absorbsiyon orani, saturasyon
camurunda pH-elektriksel iletkenlik, kalsimetrik yontemle kireg, walkey black yontemine gore organic
karbon (Burt, 2014) ve biyolojik toprak 6zeliklerinden; mikrobiyol biyomas karbon (Ohlinger, 1993) ve
B-Glucosidase aktivitesi (Arcak ve ark., 1997) 6zellikleri belirlenmistir.

Organik materyalerin pH ve EC igerikleri 1:5 toprak su siispansiyonunda, organik madde
seviyeleri kuru yakma, N igerikleri ise Kjeldahl yontemiyle belirlenmistir ( Kacar, 2009)

24



YYUJAGR SCI 32 (1): 21-32
Alaboz et al. / Determination of the Effect of Different Organic Fertilizers Applications on Soil Quality Using the SMAF Model

2.4. Toprak kalitesinin de@erlendirilmesi

SMAF modeli, topraklarin tarimsal {iiretkenlik ve ekolojik fonksiyonlarini karsilama
yeteneklerinin degerlendirmektedir. SMAF modelinde topraklarin fiziksel 6zelliklerinden hacim agirligi
(HA), agregat stabilitesi (AS), su dolu gézenek hacmi (SDGH), ve yarayish su igerigi (Y SI), kimyasal
ozellikleriden organik karbon (OK), pH, elektriksel iletkenlik (EC), sodyum adsorpsiyon orani (SAR),
yarayish fosfor (P) ve potasyum (K) ile potansiyel mineralize azot, biyolojik dzellikler igerisinden ise
mikrobiyal biyokiitle karbonu (MBK) ve Peta-Glukosidaz enzim aktivitesi indikatorleri
degerlendirilmektedir (Andrews ve ark., 2004). Bu ¢alisma kapsaminda, potansiyel mineralize olabilir
azot disinda on iki indikator kullanilmistir. Model igerisinde skorlamada dogrusal olmayan skorlama
fonksiyonlar kullanilmaktadir. Skorlama egrilerinde 3 farkli yaklagim bulunmaktadir. Bunlar; daha az
daha iyidir, orta nokta optimumdur, daha fazla daha iyidir seklindedir. Ozelliklerin kalite {izerine
katkilar1 degerlendirerek bu 3 skorlama fonksiyonu dikkate alinarak skorlanmaktadir. Her bir 6zelligin
dogrusal olmayan skorlama egrisinin bir algoritmasi veya alternatif algoritmalar1 kullaniimaktadir.
Model igerisinde her bir indikatoriin algoritmalarina gore degerler normalize edilerek skorlanmaktadir.
Model igerisinde 150 iiriin gesidine gore degerlendirmeler yapilmaktadir. Uriin ¢esidine, iklim 6zelligi
ve toprak siniflamasina bagh olarak indikatorlerin skorlama degerleri degisebilmektedir. Ayrica
bolgesel iklim verisi, minerolojik ve pedolojik 6zellikler ve toprak siniflamasi gibi baz1 6zelliklere ait
bilgilerde degerlendirilmektedir. Bu amagla SMAF modeli eklemeli indeks, toprak kalite indeksi (TKI)
yontemini kullanmaktadir (Es. 1).

TKI=E2% 4 100 1)

TKI: Toprak kalite indeksi, Xi: skorlama yapilan indikatdr degeri, n: indikatdr sayisi. Sonuglara
gore toprak kalite skorlamasi ¢ok diisiik (<40), diisiik (40-55), orta (55-70), yiiksek (70-85) ve ¢ok
yiiksek (> 85) olarak siniflandiriimaktadir (Gugino ve ark., 2009).

Uygulamalarin  etkilerinde ortalamalar arasindaki farkliliklarmm  olup  olmadiginin
belirlenmesinde ANOVA yontemi ve Tukey c¢oklu karsilastirma testi ile degerlendirilmigtir. Toprak
oOzellikleri arasindaki iligkilerin incelenmesinde spearman korelasyon analizi kullanilmistir. S6z konusu
istatistiksel degerlendirilmeler MINITAB 17 paket programu araciligiyla yapilmistir.

3. Bulgular ve Tartisma

3.1. Topraklarin biyo-fizikokimyasal o6zellikleri

Killi tinli tekstiire sahip (% 36.7 kil, % 35.2 silt, % 28.1 kum) deneme topraginin uygulamalar
sonucunda incelenen toprak 6zellikleri ve kalite indikatdrlerinin temel tanimlayica istatistikleri Cizelge
2’de belirtilmistir. Uygulama sonucunda topraklarin pH degerleri 8.01 ile 8.36 arasinda degisim
gosterirken, tuzluluk ortalamasi 0.14 dS m™ olarak belirlenmistir. Bitkiye yarayisli fosfor ve potasyum
igeriklerinde ortalama olarak sirastyla 6.72 ve 360.63 mg kg™ olarak belirlenmistir. Birgok arastirmact
(Senol ve ark., 2020; Dengiz, 2020) toprak 6zelliklerindeki degisimlerin agiklanmasinda 6nemli bir
gosterge olarak degiskenlik katsayisin1 gbz Oniine almakta ve Wilding (1985)’e gore diisiik (<% 15),
orta (% 15-35) ve yiiksek (> % 35) olarak siniflandirilmaktadir. Yapilan bu ¢aligmada; ele alinan
indikatorler arasinda EC, SAR ve Peta-Glukosidaz enzim aktivitesi orta, diger tiim indikatorler ise diisiik
degiskenlik gosterdikleri belirlenmistir. Uygulamalar sonucu incelenen fiziksel, kimyasal ve biyolojik
ozellikler ile hesaplanan toprak kalite indeksi en diisiik % 51 yani diislik sinif olarak belirlenirken, en
yiiksek ise %60 skor ile orta sinif olarak belirlenmistir.

25



YYUJAGR SCI 32 (1): 21-32
Alaboz et al. / Determination of the Effect of Different Organic Fertilizers Applications on Soil Quality Using the SMAF Model

Cizelge 2. Toprak ozellikleri ve kalite indikatorlerinin tanimlayici istatistikleri

indikatérler Ort. St.Sap. VK Min. Max. Carp. Bas.

HA-g cm? 1.32 0.06 4.39 1.22 1.42 -0.13 1.69
EC-dS m™! 0.14 0.04 29.16 0.09 0.22 143  2.48
YSI em? em™? 0.17 0.01 6.29 0.15 0.18 -0.12 -1.24
SDGH c¢cm’cm™ 0.68 0.06 9.58 0.60 0.76 022 -191
pH 8.10 0.11 1.37 8.01 8.36 2.01 4.66
OK % 1.31 0.03 24 1.27 1.35 -0.88  -0.63
AS % 76.23 0.82 1.08 75.12 77.23 -0.31 -1.86
Bg - pg p-nitrofenol gkt h! 31.20 526 16.87 21.45 38.01 -0.65 044
K-mg kg! 360.63 10.01 2.78  343.00  378.00 -0.03 1.59
MBK pg C gkt! 139.33 13.87 996 11545 15841 -0.55 -0.2
P- mg kg! 6.72 0.28 4.21 6.32 7.09 0.06 -1.58
SAR 0.13 0.03 19.47 0.11 0.19 .76 3.71
FKTI % 80.42 1.14 1.43 79.00 83.00 024 -091
KTKI % 61.98 6.03 9.73 56.96 75.40 196 3.74
BTKi % 17.63 2.56  14.52 14.00 21.00 -0.09  -1.54
TKI % 82.38 2.32 4.39 50.32 60.00 1.5 296

FKT: Fiziksel Toprak Kalite indeksi, KTK: Kimyasal Toprak Kalite indeksi, BTK: Biyolojik Toprak Kalite indeksi, Toprak Kalite indeksi,
VK: Degiskenlik katsayist HA: Hacim agirligi, EC: Elektriksel iletkenlik, YSI:Yarayisli su igerigi, SDGH:Su dolu gozenek hacmi,
OK: Organik karbon, AS: Agregat stabilitesi, MBK: Mikrobiyal biyokiitle karbonu, SAR: Sodyum adsorpsiyon orani.

3.2. Uygulamalarin ve Indikatorlerin Toprak Kalite Skorlar1 Uzerine Etkisi

Fiziksel toprak indikatorlerin tizerine farkli organik giibre uygulamalarin etkisine yonelik skor
dagilimi Sekil 2°de verilmistir. Agregat stabilitesi kalite skoru iizerine en yiiksek etki 83.7 ile deniz
yosunu uygulamasindan elde edilirken, yarayish su igeriginde en yiiksek deger (89.6) ahir giibresi
uygulamasindan elde edilmistir. Ayrica, hacim agirligr kalite skorlarinda en yiiksek deger giil posasi
(94.4) uygulamasinda ve su dolu gozenek hacmi fiziksel kalite skor i¢in en yiiksek deger olan 96.2 ile
biyokdmiir uygulamasi, giil posasi ve deniz yosunu uygulamalarindan elde edilmistir. Organik madde
ilavesi ylizey alanimin artirmasi ile daha yiiksek tansiyonlarda su tutma kapasitesinin artirmaktadir
(Glinski ve ark., 2011; Alaboz ve Cakmakci, 2020). Porozite arttikca, hacim agirligi azalmakta,
gozeneklerdeki katyonlarn tutulumu artmaktadir (Chaudhari ve ark., 2014). Ahir giibresi (% 86.6),
vermikompost (% 86.4) ve biyogaz atig1 (% 86.2) uygulamalart ile topraklarin yarayislh su igeriklerinde
kontrole (% 81.2) gore artis saglanirken diger uygulamalarda YSI skorlar1 birbirine benzer bulunmustur.
Bu calismada organik materyal uygulamasiyla hem tarla kapasitesinin hem de solma noktasinin benzer
oranda diisiik miktarda artmasi sonucu yarayish su icerigindeki degisim etkili bulunmamigtir. Hacim
agirhigt skorlar1 kontrole gore ahir giibresi, biyogaz atig1 ve vermikompost uygulamalarinda benzer ya
da bir miktar diisiik belirlenmistir. Giil posas1 uygulamasi ile birlikte hacim agirligi degeri azalmis ve
skor degeri artmigtir. Hacim agirligi tizerinde en etkili 6zellik giil posas1 uygulamasi olarak bulunmustur.
Organik materyal uygulamasiyla hacim agirligi degerinin diigmesi beklenirken bu uygulamalar ile
beklenilen diisiisler gozlenememistir. Bunun sebebi ¢aligmanin kontrollii (laboratuvar) kosullarinda
yiiriitiilmemis olmasi, arazi kosullarinda birgok faktdriin hacim agirligi gibi degisim aralig1 dar olan
ozelliklerde bu etkinin gozlenmesinin zor olacagi seklinde agiklanabilmektedir. Ayrica uygulama
dozlarinin yiiksek seviyelerde olmamasi etkinin tam anlamiyla gdzlenmesi i¢in bir engel olarak
degerlendirilmektedir.
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Sekil 2. Fiziksel toprak indikatdrlerin {izerine uygulamalarin etkisine yonelik skor dagilimi.

Kimyasal toprak indikatorlerin lizerine farkli organik giibre uygulamalarin etkisine yonelik skor
dagilimi Sekil 3’te verilmistir. SMAF modelinde en yiiksek ve en diislik skor degerleri K ve SAR
skorlarina degerlerinde elde edilmis olup, K skor degeri hepsinde % 100 olarak belirlenirken, SAR skoru
giil posast hari¢ (% 80) diger uygulamalarda ayni (% 24.6) bulunmustur. SAR hesaplamalarinda
topraklarin EC igerikleri dikkate alinarak skorlama yapilmakta olup giil posast uygulamalar ile
topraklarin EC igerikleri artmistir. EC skor degeri de diger uygulamalara gore daha yiiksek bulunmustur.
SMAF kalite indikatorlerinin hesaplamasinda Andrews ve ark. (2004)’e gore EC skorlamalarinda
optimum nokta en iyidir yaklasimi bulunmakta olup saturasyon ¢amurunda 0.3 dS m™ degeri bir esik
deger olarak belirlenmis ve bu degerin altinda olan EC igeriklerinde artan EC degeriyle birlikte EC skoru
artmaktadir. 0.3 dS m™ ve bitki icin belirlenen esik degeri arasindaki EC igerikleri optimum nokta olarak
degerlendirilmis, daha sonra ise arttik¢a azalan bir esitlik sunulmustur. Bu ¢alismada topraklarin EC
igerikleri bu esik degerinden diisiik oldugu i¢in artan EC igeriyle EC skoru artmis ve en yiiksek skor giil
posast uygulamasi (% 72.6) ile elde edilmistir. EC’deki artisa bagh olarak SAR skoruda yiiksek
belirlenmistir. En diisiik EC skoru ise deniz yosunu (% 30.6) uygulamasi ile elde edilmistir. P ve pH
kalite skorlarinda ise uygulamalar arasinda 6nemli farkliliklarin olmadigi belirlenmistir. Organik karbon
kalite skor degeri kontrol ve tiim uygulamalarda yiiksek olarak belirlenmesine karsin degisim en diisiik
kontrol (% 71.4) ve deniz yosunu (%71.0) en yiiksek ise % 77.1 ile biyogaz atiginda belirlenmistir.
Organik karbon skorlamalarinda iklim ve tekstiir onemli bir etken olup % 1.27-1.35 organik karbon
icerigi i¢in killi tin bir toprakta skorlar % 71-77 arasinda degisim sergilemektedir. Biyolojik toprak
indikatorlerin {izerine farkli organik giibre uygulamalarin etkisine yonelik skor dagilimi yoniinden ise
gerek mikrobial biomas karbon gerekse de Peta-Glukosidaz enzim aktivitesi diisiik sinif icerisinde
olduklar1 belirlenmistir. Kontrol ve diger uygulamalarin etkisi sonucu biyolojik toprak indikatérlerinin
skorlar1 oldukga diisiik olarak belirlenmistir. Biyolojik kalite gostergelerinden MBC % 20.3-37.7
arasinda degisirken Peta-Glukosidaz enzim skorlar1 oldukga diisiik seviyelerde belirlenmistir (% 3.6-
5.4). Organik materyal uygulamasi ile biyolojik aktivite bir miktar artsa da bu artig beklenilen diizeyde
yiiksek olarak belirlenememistir. Toprak sicaklifi, nem, gevresel faktor gibi dinamik degiskenlerden
oldukga fazla etkilenen biyolojik kalite gostergeleri, topraklarin fiziksel ve kimyasal 6zelliklerine gore
de farkliliklar sergilemektedir (Kizilkaya ve ark., 2019).
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Sekil 3. Kimyasal toprak indikatdrlerin {izerine uygulamalarin etkisine yonelik skor dagilimi.

Farkli organik giibre uygulamalarinin toprak kalite skorlar1 ve kalite indeksi lizerine etkileri
Cizelge 3 ve Sekil 4’te belirtilmistir. Uygulamalara bagli olarak fiziksel kalite skorlar iizerine baglh
degisim istatistiksel olarak onemli seviyede bulunmamistir. Fiziksel kalite skoru en diisiik kontrol (%
79) ve biyogaz atig1 uygulamasinda olup diger uygulamalarda da benzer seviyelerde belirlenmis ve
uygulanana materyallerin fiziksel 6zellikler lizerine etkisi dnemli seviyede bulunmamistir. Uygulama
dozlarinin yiiksek seviyelerde olmamasi kontrolli kosullar yerine arazi kosullarinda uygulamalarin
yapilmasi fiziksel etkinin tam olarak yansimamasina bir sebep olarak diistiniilmektedir. Ayrica fiziksel
kalite skorunun “yiiksek’seviyelerde belirlenmesi uygulamalarin etkisinin net olarak goériilememesinin
bagka bir nedenidir. Giil posas1 uygulamasi fiziksel 6zellikler lizerinde en etkili olan organik materyaller
olarak bulunmustur. Kimyasal kalite skoru “orta” seviyede olan topraga giil posast uygulamalar1 ile
“yiiksek” seviyelere ¢iktig1 ¢alisma ile ortaya konmustur.

Cizelge 3. Uygulamalarin toprak kalite skorlar tizerine etkisi

Fiziksel Kalite = Kimyasal Kalite Biyolojik Kalite Toprak Kalite

Skoru Skoru Skoru Indeksi
% % % %
Kontrol 79 59c* 13c* 50c*
Ahir Giibresi 81 60c 16b 52¢
Biyokoémiir 82 59¢ 18b 53¢
Leonardit 80 59¢ 2la 54bc
Biyogaz Atig1 79 6lc 17b 52c
Giil Posas1 83 76a 2la 60a
Deniz Yosunu 80 57¢ 15b S5lc
Vermikompost 81 69b 20a 57b

*Uygulamalar arasindaki degisim p<0.01 seviyesinde dnemli bulunmustur.

Uygulamalarin kimyasal kalite skorlar iizerine etkileri incelendiginde en onemli etkinin giil
posast (% 76) uygulamasinda oldugu belirlenmisgtir. Uygulamalarin etkileri istatistiksel olarak énemli
seviyede degiskenlik sergilemistir (p<0.01). Giil posasi uygulamalarinin etkisi vermikompost’a gore
farkli, daha yiiksek seviyede iken ahir giibresi, biyokomiir, leonardit, biyogaz atig1 ve deniz yosunu
uygulamalar1 s6z konusu iki uygulamadan farklilik sergilemistir. Kimyasal kalite {izerine en etkili
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uygulamalar vermikompost ve giil posasi uygulamalari olarak bulunmustur. Bu uygulamalar kontrole
gore sirasiyla % 10 ve % 17 skor degerinde artig saglamistir.

Kontrol
90
80~
70 I
Vermikompost - ~ Ahur Giibresi
60 ~
50 \
40
30
20
/ 10
Deniz Yosunu  { 0 ) Biyokomiir
‘r\"
\‘a
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Biyogaz Atigl
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Sekil 4. Uygulamalarin toprak kalite skorlar1 ve kalite indeksi {izerine etkileri.

Uygulamalarin biyolojik kalite skorlar iizerine etkisi istatistiksel olarak énemli seviyede bir
degisim gostermistir (p<<0.01). En diisiik kontrol (% 13), en yiiksek ise vermikompost, giil posast (%
100) uygulamalari ile elde edilen skor degerlerindeki degisim 6nemli seviyede farkli bulunmustur. Ahir
giibresi, biyokomiir, biyogaz atig1 ve deniz yosunu uygulamalari arasindaki degisimler birbirine benzer
bulunmustur. Kontrol uygulamalarina gére organik materyal uygulamasi ile pozitif yonde etki diisiik
seviyelerde belirlenmistir. Giil posasi ve leonardit uygulamasiyla kontrole gore biyolojik kalite de % 8
skor artig1 tespit edilmistir. Mikrobiyal ayrisma triinleri, kil-organik kompleks olusumunun
kolaylagmasina yol agmaktadir. Ayrica mikrobiyal aktivitenin artmasi par¢calanma ve ayrisma hizini
arttirmaktadir (Ekberli ve Dengiz, 2016). Uygulanana materyaller incelendiginde organik materyali en
yliksek olan uygulamalardan biri giil posasi olarak belirlenmistir. C/N oraninin yiiksek olmasi
parcalanma ayrismanin daha ge¢ olmasina neden olabilmektedir (Abak ve Sakin, 2018). Bu yiizden
ozellikle biyolojik aktivitenin artmasi daha uzun siire toprak-materyal etkilesimi sonucu gerceklesecek
olarak diisiiniilebilmektedir.

Toprak kalite indeksi en diisiik kontrol uygulamasinda belirlenmistir (% 50). Toprak kalite
indeksi iizerine en yiiksek etki vermikompost (% 57) ve giil posas1 (% 60) uygulamalarinda elde edilmis
olup bu uygulamalar ile diisiik kalitede olan topraklar orta kalite seviyesine yiikselmistir. Toprak kalite
indeksi lizerine leonardit, ahir giibresi, biyokdmiir, biyogaz atig1, deniz yosunu uygulamalar1 benzer
degisimler sergilemis bu degisimler istatistiksel olarak dnemli belirlenmemistir. Kontrol toprag: ile
kiyaslandiginda, organik materyal uygulamasiyla toprak kalite indeksi degerinde % 9’a kadar bir artig
saglanmistir.

Organik materyal uygulamalarin toprak kalitesi {izerine pozitif yonde etkisinin oldugu ortaya
konulan bu ¢aligma literatiir ile de uyumlu bulunmaktadir. Alaboz ve ark. (2021), kontrol uygulamasinda
diistik toprak kalitesi sinifinda belirlenen topraklar biyogaz atig1 uygulamasiyla toprak kalite indeksinin
arttigimt belirtmistir. Yine Miijdeci ve ark. (2020), ahir giibresi ve yesil giibre uygulamalarin toprak
fiziksel ozelliklerini olumlu yonde etkiledigini bildirmistir. Alaboz ve ark. (2017), farkli dozlarda
vermikompost uygulamasinin topraklarin fiziksel 6zellikler lizerinde olumlu etki yarattigini bildirmistir.

Topraklarin biyo-fizikokimyasal indikatorleri ile kalite indeksleri arasindaki korelasyon
matrisleri ise Cizelge 4’te verilmistir. Cizelge 3’te goriilecegi iizere, topraklarin biyo-fiziko-kimyasal
indikatorleri ile fiziksel toprak kalite indeksi arasinda istatistiksel olarak bir iliski belirlenmez iken,
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kimyasal toprak kalite indeksi ile EC, yarayish su igerigi, agregat stabilitesi arasinda istatistiksel olarak
pozitif iliski oldugu belirlenmistir. Uygulamalarin fiziksel toprak kalite indeksi iizerine istatistiksel
olarak bir iligki olmadigin1 gosterse dahi uygulama sonuglarina ait verilerde, uygulamalarin toprak
fiziksel indikatorler {izerinde yapmis oldugu etkiye yonelik egilim goriilebilmektedir. Istatistiksel olarak
bir iligkinin ¢ikmamasi, uygulama siiresinin kisaligindan ya da uygulama dozundan kaynaklanabilecegi
diisiniilmektedir. Ayrica, biyolojik toprak kalite indeksi ile yarayish su igerigi ve Peta-Glukosidaz
enzim aktivitesi arasinda da istatistiksel olarak pozitif iliski oldugu fakat Toprak Kalite indeksinde
sadece Peta-Glukosidaz enzim aktivitesinin pozitif iliskili oldugu istatistiksel olarak tespit edilmistir.

Cizelge 4. Kalite indikatorleri ile toprak 6zellikleri arasindaki korelasyon matrisleri

indikatorler FTKi KTKi BTKi TKI
HA-g em? -0.468 0.015 -0.088 -0.250
EC-dS m" 0.193 0.602%* 0.201 0.446
YSi em? em 0.557 0.588* 0.651%* 0.553
SDGH cm® cm -0.476 0.312 0.094 -0.033
pH 0.043 -0.113 0.288 0.101
OK % 0.104 0.488 0.506 0.443
AS % -0.191 0.646* 0.344 0.353
Bg - pg p-nitrofenol gkt h'! 0.535 0.517 0.677* 0.653%*
K-mg kg! 0.009 -0.093 0.195 0.078
MBK pg C gkt! 0.175 0.518 0.532 0.548
P- mg kg! -0.121 0.271 0.199 0.144
SAR 0.064 0.201 -0.077 0.131

*P<0.05 HA: hacim agirligi, EC: elektriksel iletkenlik, YSI:yarayish su igerigi, SDGH:Su dolu gézenek hacmi, OK: organik karbon, AS:
agregat stabilitesi, MBK: mikrobiyal biyokiitle karbonu, SAR: Sodyum adsorpsiyon orani.

4. Sonuc¢

Bu calisma yan kurak ekolojik 6zellige sahip Isparta ilinde SMAF modeli kullanilarak farkl
organik materyallerin (ahir giibresi, vermikompost, leonardit, giil posasi, giil posasindan elde edilen
biyokomiir, biyogaz atig1, deniz yosunu) toprak kalite {izerine olan etkisini aragtirmak amaciyla
gerceklestirilmistir. SMAF topraklarin fiziksel, kimyasal ve biyolojik toprak kalitesinin yan1 sira genel
toprak kalitesinin ortaya konulmasinda on ii¢ adet toprak kalite indikatdrii kullanilmakta bu ¢aligmada
ise yarayish su igerigi, su dolu gézenek hacmi, hacim agirligi, agregat stabilitesi, toprak organik karbon
icerigi, toprak pH’si, elektriksel iletkenlik, sodyum adsorpsiyon orani, bitkiye yarayisli fosfor ve
potasyum, mikrobiyal biyokiitle karbonu ve Peta-Glukosidaz enzim aktivitesinden olusan on iki
indikator kullanilmistir. Uygulanan tiim organik atiklar topraklarin kalite 6zellikleri {izerinde olumlu
etkide bulunmus olup, orta diizeyde de olsa en diisiik kalite, kontrol topraginda belirlenirken en yiiksek
kalite artis1 giil posasi ve vermikompost uygulamasinda belirlenmistir. Ayrica ele alinan organik
atiklarin topraklarin fiziksel, kimyasal ve biyolojik kalite 6zellikleri {izerine olan etkilerinin de kontrol
uygulamast ile karsilastirildiginda oOnemli artiglarin  oldugu belirlenmistir. Uygulanan organik
materyallerin en yiiksek etki kimyasal kalite gostergeleri lizerine belirlenmistir. Calisma alani igin
biyolojik kalite gostergelerinin oldukca diisiik olmasi uygulamalar ile birlikte beklenilen artist
gostermemistir. Bolgede toprak kalitesinin arttirilmasinda giil posasi ve vermikompost uygulamalarina
yer verilmesi siirdiiriilebilir arazi kullamimina oldukc¢a dnemli yer tutacaktir. Ayrica biyolojik kalite
skorlariin arttirilmast ile toprak kalitesinin Onemli oranlarda yiikselecegi bu calisma ile
degerlendirilmistir. Bu amagla organik giibrelemeye ek olarak mikrobiyal glibrelemenin yapilmasi ya
da anmizlarin yakilmasi gibi degredasyona neden olan etkenlerin ortadan kaldirilmasi 6nerilmektedir.
Caligmada toprak fiziksel kalite skorlar1 {izerinde organik materyalin etkisinin tam anlamiyla
goriilmemesi hem zaman, hem de toprak fiziksel 6zelliklerinin kalitesinin yiiksek olmasi kaynakli olarak
degerlendirilmis fiziksek kalite Ozellikleri daha diisiik topraklarda etkinin tam anlamiyla ortaya
konulabilecegi degerlendirilmektedir.
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Elde edilen sonuglar gostermistir ki, 6zellikle iilkemizin kurak ve yar1 kurak alanlarinda dagilim
gosteren diisiik veya orta seviyede bulunan tarim topraklarimin, toprak fiziksel, kimyasal ve biyolojik
toprak kalite Ozelliklerinin yan1 sira toplam toprak kalite indeks degerlerinin yiikseltilmesinde
stirdiiriilebilir bir toprak yonetimi i¢in organik atik uygulamasiin énemli bir yer aldig1 goriilmektedir.
Bu islemlerin gergeklestirilmesinde ise SMAF modeli topraklarin ekolojik ve ekonomik fonksiyonlarini
yitirmeden devamliliklarinin saglanmasina yonelik izlemelerinde Onemli bir arag olarak
kullanilabilecegi bu ¢aligsma ile ortaya konulmustur.
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Bazi Patates Klonlarinin Alternaria solani’ye Kars1 Dayaniklhiliklarinin Belirlenmesi

Makale Bilgileri Oz: Patates bitkisinin yetistirilmesindeki en 6nemli sorunlarm baginda
Gelis: 02.12.2021 hastaliklara olan .du.y.ar.h.lvll.(larl gelmek';edir. Verimde énerpli derecede kayba
Kabul: 18.01.2022 neden olan ve yetistiriciligi kisitlayan bir¢ok hastalik etmeni vardir. Bu hastalik

Online yaymlanma: 15.03.2022  etmenlerinden birisi de fakiiltatif, saprofit bir fungus olan Alternaria solani (Ell.
DOI: 10.29133/yyutbd.980512  ve G. Martin) Sor.’dir. Bu etmen patateste erken yaniklik hastaligina neden
olmaktadir. 2019 yilinda Orta Karadeniz Gegit Kusagi Tarimsal Arastirma

Anahtar Kelimeler Enstitiisii deneme alan1 ve laboratuvarinda yiiriitiilen ¢alismada, bazi ticari tescilli

Klon, patates cesitleri, yerel patates cesitleri ve ustiin 6zellikleri olan bazi klonlar
Koparilmig yaprak test, arasinda yapilan melezlemeler ile olusturulan varyasyondan gelen 594 adet
Hastalik, klonun Alternaria solani’ye karsi reaksiyonlari, koparilmis yaprak yontemi ile
Erken yamiklik belirlenmistir. Hastalik reaksiyonlarinm belirlenmesi igin A. solani izolatna ait

kiiltiirlerin aktif olarak gelisen u¢ kisimlarindan steril kosullarda alinan 5 mm
capindaki fungus diskleri bes tekerriir olacak sekilde uygulanmig ve kontrol
amagli kullanilan yaprakgiklar iizerine sadece besi ortami yerlestirilmistir.
Arastirma sonucunda, A3/15 x Bafana kombinasyonuna ait klonlarin 70’1 immiin,
2’si toleransli, 9’u hassas, 18’1 asir1 hassas, Bas¢iftlik Beyazi x Lady Olympia
kombinasyonuna ait klonlarin 168’inin immiin, 1’inin dayanikli, 4’iiniin
toleransli, 5’inin hassas, 23’{iniin ise asir1 hassas, T5/4 x Bafana kombinasyonuna
ait klonlarin 209 unun immiin, 2’sinin toleransli, 7’sinin hassas, 46’sinin ise asir1
hassas oldugu tespit edilmistir. Boylelikle dayanikli gesitlerin gelistirilmesine
katki saglamak amaciyla 1slah materyalinin durumlar1 ortaya konulmus olup
seleksiyon kriteri olarak degerlendirilmistir.

1. Giris

Diinya’da temel bitkisel gida kaynaklarindan olan patates iiretim bakimindan bugday, misir ve
celtikten sonra dordiincii sirada bulunmaktadir. Ulkemiz, iklim ve toprak dzellikleri yoniinden patates
yetistiriciligi i¢in oldukca 6nemli bir konuma sahiptir. Yumrular karbonhidratlar, proteinler, vitaminler
ve de mineraller agisindan olduk¢a zengindir. Haslanarak veya kizartilarak taze tiiketildigi gibi sanayide
konserve, dondurulmus parmak patates, cips, piire, graniil ve toz gibi formlarda islenmekte ve
pazarlanmaktadir. Bunun yaninda hayvan yemi, nisasta, un, alkol ve biyoetanol yapiminda da
degerlendirilen bir tiriindiir (Vanaei ve ark., 2008; Caliskan ve Struik, 2010; Caliskan ve ark., 2010).

Diinya genelinde FAO verilerine gore, yaklasik 164 iilkede patates yetistirilmekte ve 17.5
milyon ha alanda 368.1 milyon ton iiretilmektedir; dekara verim ise 2 094 kg’dir (Anonim, 2020a).
Ulkemizde ise TUIK e gére, 140 896 ha alanda, yillik 4.9 milyon ton iiretim gergeklesmektedir; verim
ise dekara 3 534 kg’dir (Anonim, 2020b).

Patateste verimde onemli derecede kayba neden olan ve yetistiriciligi kisitlayan birgok hastalik
etmeni vardir. Bu etmenlerinden birisi de fakiiltatif, saprofit bir fungus olan Alternaria solani’dir. A.
solani (Ell. ve G. Martin) Sor. Deuteromycotina alt boliimiine bagli Hyphomycetes siifinda yer alan
Hyphomycetales takimina ait bir bitki patojenidir (Déken ve ark., 2005). Olii bitki dokularinda yasayan
fungal hastalik etmeni, basta domates ve patates gibi Solanaceae familyasina ait bitkileri, sebzeleri
(6zellikle fasulye), siis bitkilerini (karanfil) ve meyve tiirlerini (elma, portakal) enfekte etmektedir
(Agrios, 1988). Genis bir konukcu yelpazesine sahip olan Alternaria solani etmeni lilke tariminda
onemli bir yere sahip olan patateste ekonomik diizeyde iirlin kaybina neden olmakta ve miicadele
yapilmadig taktirde % 15-20’lerden % 100’e kadar ¢ikan iiriin kaybina neden olabilmektedir (Jansky,
2000; Fry, 2008).

Uretimde kullandigimiz cesitlerin cogunun yaniklik hastaliklarina kars: orta veya asir1 derecede
duyarli olmasi sebebiyle (Helgeson ve ark., 1998) verim ve kalite artis1 saglamak icin kimyasal
miicadele 6n plana ¢ikmaktadir (Christ, 1991). Yogun kimyasal kullaniminin ¢evre ve insan sagligi
iizerindeki olumsuz etkileri, hastalik etmenlerinin ilaglara karsi diren¢ kazanmasi, gida maddeleri
iizerinde olugankalintilar, biyolojik dengenin bozulmasi gibi sebepler alternatif ydntemlerin
gelistirilmesini zorunlu kilmaktadir. Ayn1 zamanda dayanikli ¢esitlerin iiretilmesi ile dayanikli gen
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piramitlerinin olugturulmasi énemli bir 1slah stratejisi olacaktir (Vidigal Filho ve ark., 2004; Vallejo ve
Kelly, 2005; Madakbas, 2007).

Hastalik kontrolii igin dayanikli ¢esit kullanimi oldukga biiyiik 6nem tasimaktadir. Alternaria
solani’ye kars1 patates cesitleri farkli derecelerde hassasiyet gostermekle birlikte % 100 dayanikli
(immun) cesitler bulunmamaktadir. Fakat orta diizeylerde dayanikliliga sahip Solanum tuberosum
popiilasyonlarinin bulundugu 6nceki ¢alismalarda bildirilmistir (Christ, 1991; Boiteux ve ark., 1995).
Bu nedenle hem Tiirkiye’de hem de diinyada séz konusu etmenlere karsi dayanikli cesitlerin
gelistirilmesine yonelik ¢aligmalarin yapilmasina gereksinim duyulmaktadir (Celik, 2012).

Alternaria solani’nin kontrolii i¢in, dayanikli veya toleransli ¢esit kullanmak, hastaliktan ari
tohumluk kullanmak, hastalikli tarladaki bitki artiklarinin yok edilmesi, ii¢ ya da dort yil miinavebe,
asir1 sulamanin Oniine gecilmesi gibi kiiltiirel dnlemler alinmalidir. Bu gereksinimden yola ¢ikarak
dayanikli cesit gelistirmek amaciyla yliriitmiis oldugumuz bu ¢alismada, patateste iic melez ailesine ait
klonlarin erken yaniklik hastaligina kars1 reaksiyonlariin belirlenmesi hedeflenmistir.

2. Materyal ve Yontem

2.1. Materyal

Bu c¢alisma, Baz1 patates (Solanum tuberosum L.) genotiplerinin verim, kalite ve Alternaria
solani’ye dayaniklilik bakimindan degerlendirilmesi, TAGEM/17/A07/P04/01/02 numarali TAGEM
projesi kapsaminda 2019 yilinda Orta Karadeniz Gegit Kusagi Tarimsal Aragtirma Enstitilisii deneme
alam1 ve laboratuvarinda yiiriitilmistiir. Caligmada melezleme 1slaht yoluyla gelistirilmis ¢
kombinasyona ait 594 adet klon kullanilmistir.

2.1.Yontem

Inokulasyon ve hastalik reaksiyonlarinin belirlenmesine ait analizler Yilmaz ve ark. (2010) ve
Celik (2012)’e gore yapilmistir.

2.2.1. Alternaria solani izolatlarinin elde edilmesi

Tarla kosullarinda yetistirilen patates bitkilerden alinan enfekte olmus yaprak 6rnekleri %1°lik
sodyum hipoklorit soliisyonunda iki dakika bekletildikten sonra li¢ kez steril saf sudan gegirilerek yiizey
sterilizasyonuna tabi tutulmustur. Enfekte olmus ve saglikli dokudan olusan yaprak parcalart %2’lik su
agar1 igeren petri kaplarina aktarilarak 20-25 ‘C’de inkiibasyona birakilmistir. Ug dort giin igerisinde
gelisen kolonilerin kenar bolgesinden bes mm ¢apli mantar delici ile ¢ikarilan misel diskleri %4’liik
Patates Dekstroz Agar (PDA) iceren petrilere aktarilarak saf kiiltiir elde edilmistir. Elde edilen izolatlar
10 "C’de muhafaza edilerek calismada kullanilmistir. Fungus izolatlarinin makroskobik ve mikroskobik
tanis1 Hasenekoglu (1991)’na gore yapilmistir.

2.2.2. Koparilmis yaprak testi

Patates klonlarinin Alterneria solani’ye karsi reaksiyonlarini belirlemek amaciyla hem ¢ok
sayida klonu kisa siirede, sinirh bir alanda testetme olanagi saglamasi ve hem de tarla denemeleriyle
yiiksek diizeyde korelasyon gdsteren bir yontem oldugu i¢in Vivianne ve ark. (1999) ve Foolad ve ark.
(2000) tarafindan tanimlanan koparilmis yaprak testi modifiye edilerek kullanilmustir.

Tarla kosullarinda melez klonlara ait bitkilerden ¢iceklenme Oncesi tam olarak agilmis en ug
yapraklar toplanarak sogutucu igerisinde laboratuvara getirilmistir. Bu yapraklarin ugtan ilk ii¢
yaprakgiklart (bir ug ve iki lateral yaprak¢ik) koparilarak alt yiizleri yukar1 gelecek sekilde, icerisinde
steril saf su ile 1slatilmis, steril kurutma kagidi bulunan 9 cm’lik petri kaplarina yerlestirilmistir. Yaprak
sapmin u¢ kismina saf su ile 1slatilmis pamuk parcalar sarilarak su kaybi1 onlenmis, ayrica yaprak
ayalarinin  kurutma kagidina temas etmemesi i¢in altlarmna 0.5 cm eninde plastik halkalar
yerlestirilmistir. Her bir petriye ii¢ yaprak¢ik (iki yan ve bir ug) yerlestirilerek her biri i¢in bes tekerriir
olacak sekilde uygulama yapilmistir. Hazirlanan yaprakgiklarin iizerine daha 6nce PDA besi ortaminda
gelistirilen bes-alt1 giinliik 4. solani izolatina ait kiiltiirlerin aktif olarak gelisen ug¢ kisimlarindan steril
kosullarda alinan 5 mm ¢apindaki fungus diskleri yerlestirilmistir.

Kontrol amagli kullanilan yaprakgiklar {izerine ise sadece besi ortami (PDA) diskleri bes
tekerriir olacak sekilde yerlestirilmistir. Ornekler 12 saat aydinlik ve 12 saat karanlikta 20 2 °C de bes

35



YYU JAGR SCI 32 (1): 33-41

Koyutiirk et al. / Determination of Resistance of Some Potato Clones to Alternaria solani

giin siireyle inkiibasyona birakilmistir. Degerlendirmelerde kontrol gesitlerindeki hastalik gelismesi
dikkate alinarak bu ¢esitlerde lezyonlar tiim yaprakgik yiizeyini kaplayinca deneme sonlandirilmistir.

Inkubasyon siiresi sonunda, her bir petrideki klonlara ait yaprakg¢iklarin yiizeyinde gelisen
nekrotik alanlarin en ve boylarn dijital kumpasla 6lgiilerek ortalamalar1 alinmak suretiyle lezyon caplar
belirlenmistir. Lezyon caplar1 yaprak caplarma oranlanarak her bir yaprake¢iktaki hastalik oranlari
hesaplanmigtir. Caligmada hassas kontrol olarak yerel bir ¢esit olan Basgiftlik Beyazi kullanilmistir.

Tarimsal Arastirmalar ve Politikalar Genel Miidiirliigii’ne ait Standart Ila¢ Deneme Metotlari
Kilavuzunda bulunan Patates mildiydsii hastalig1 degerlendirme skalas1 modifiye edilerek ¢aligmamizda
kullanilmis ve klonlarin reaksiyonlar1 immiin, dayanikli, toleransli, hassas, asir1 hassas olarak
gruplandirilmistir (Anonim, 2022) (Cizelge 1).

Cizelge 1. Patates erken yaniklik hastalig1 (4/terneria solani) degerlendirme skalasi

Skala Degeri

Tanim

0 (immiin)

1 (dayaniklr)
2 (toleransli)

3 (hassas)

4 (asir1 hassas)

Yaprakta hig leke yok
Yapragin % 1-25’ine kadar lekeli

Yapragin % 26-50’si lekeli
Yapragin % 51-75’1 lekeli
Yapragin % 76 ve lizeri lekeli

3. Bulgular ve Tartisma

Secilen klonlarin Alternaria solani’ye karsi reaksiyonlar1 Cizelge 2, Cizelge 3 ve Cizelge 4’te

verilmistir.

Cizelge 2. A3/15 x Bafana kombinasyonuna ait klonlarin erken yaniklik hastaligina kars1 reaksiyonlar

No Immiin Toleransh  Hassas Asiri
hassas
1 A1-100 A1-83 Al-2 Al1-618 A1-37 Al1-212 Al1-107
2 Al-11 A1-93 A1-200 Al-64 Al1-179 Al-144 Al-114
3 Al-12 A1-99 A1-201 Al1-65 Bafana A1-95 A1-208
4 Al1-136 Al1-102 Al1-215 Al1-35 Al1-38 A1-270
5 Al1-137 Al-104 Al1-219 A1-68 A1-108 Al-31
6 Al1-140 Al-113 A1-220 Al1-73 Al-167 Al1-72
7 Al-147 Al-119 Al1-221 A1-86 Al-3 Al1-136
8 Al-169 Al-12 Al-24 Al1-9 Al1-28 Al-17
9 Al-171 Al-122 A1-245 Al1-94 Al-14 A1-183
10 Al-174 Al1-123 A1-248 A3-15 Al1-21
11 A1-189 Al-13 Al1-272 Al1-217
12 A1-207 Al-131 A1-279 Al1-261
13 Al1-222 Al-132 A1-283 Al-274
14 Al1-25 Al-143 Al1-32 A1-285
15 Al-254 A1-150 Al-4 Al1-67
16 A1-258 Al-151 A1-40 Al-74
17 A1-260 Al1-155 Al-45 A1-89
18 Al-46 Al-176 A1-57 A1-99
19 Al-61 A1-193 Al1-59
20 Al-75 Al1-195 Al-6

Cizelge 2’de goriildigii tizere A3/15 x Bafana kombinasyonuna ait klonlarin 70’1 immiin, 2’si

toleransli, 9’u hassas, 18’1 agir1 hassas olarak tespit edilmistir.
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Cizelge 3. Basgiftlik Beyazi x Lady Olympia kombinasyonuna ait klonlarin erken yaniklik hastaligina
kars1 reaksiyonlari

Asirt

No immun Dayamiklh  Toleransh  Hassas Hassas

1 A2-117  A2-351 A2-142 A2-466 A2-98 A2-495  A2-424 A2-222  A2-147
2 A2-118  A2-368 A2-154 A2-47 A2-1 A2-428  A2-298 A2-164
3 A2-124  A2-376  A2-154 A2-471 A2-103 A2-106 A2-535 A2-194
4 A2-129  A2-380 A2-155 A2-48 A2-113 A2-388 A2-648 A2-306
5 A2-13 A2-382 A2-162 A2-481 A2-119 A2-96 A2-310
6 A2-131 A2-406 A2-169 A2-488  A2-12 L.O.* A2-343
7 A2-136  A2-407 A2-174 A2-5 A2-132 A2-348
8 A2-149 A2-410 A2-19 A2-510 A2-133 A2-350
9 A2-156  A2-414 A2-190 A2-513  A2-327 A2-431
10 A2-157 A2-417 A2-202 A2-53 A2-328 A2-49
11 A2-170  A2-434  A2-203 A2-391 A2-331 A2-554
12 A2-18 A2-439  A2-208 A2-415 A2-332 A2-591
13 A2-180 A2-443  A2-210 A2-425  A2-335 A2-95
14 A2-185 A2-448 A2-212  A2-426 A2-344 A2-135
15 A2-191 A2-465 A2-217 A2-430 A2-612 A2-14
16 A2-20 A2-482  A2-218 A2-436 A2-630 A2-275
17 A2-205  A2-487  A2-226 < A2-437  A2-636 A2-356
18 A2-207  A2-49 A2-230 A2-44 A2-66 A2-370
19 A2-213  A2-490 A2-231 A2-449 A2-7 A2-393
20 A2-214 A2-494  A2-239  A2-453  A2-75 A2-427
21 A2-226  A2-499  A2-242 A2-547  A2-353 A2-496
22 A2-244  A2-507 A2-244  A2-556 A2-354 A2-506
23 A2-246  A2-511 A2-248  A2-557 A2-357 A2-658
24 A2-263  A2-52 A2-26 A2-587  A2-369 B.B.**
25 A2-263  A2-520 A2-269 A2-592  A2-372
26 A2-268 A2-531 A2-286 A2-609 A2-379
27 A2-28 A2-534 A2-29 A2-610 A2-80
28 A2-281 A2-540 A2-3 A2-635 A2-86
29 A2-292 A2-551 A2-303 A2-64 A2-97
30 A2-300 A2-563  A2-304 A2-642  A2-79
31 A2-314 A2-59 A2-312 A2-652  A2-93
32 A2-318  A2-595 A2-326 A2-66 A2-88
33 A2-318  A2-60 A2-329  A2-68
34 A2-32 A2-604 A2-336 A2-76

* Lady Olympia.
**Bagciftlik Beyazi.

Cizelge 3 incelendiginde, Basciftlik Beyaz1 x Lady Olympia kombinasyonuna ait klonlarin
168’inin immiin, 1’inin dayanikli, 4’iiniin toleransl, 5’inin hassas, 23’{inlin ise asir1 hassas oldugu
goriilmektedir. Cizelge 4 incelendiginde ise T5/4 x Bafana kombinasyonuna ait klonlarin 209 unun
immiin, 2’sinin toleransli, 7°sinin hassas, 46’sinin ise asir1 hassas oldugu goriillmektedir.
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Cizelge 4. T5/4 x Bafana kombinasyonuna ait klonlarin erken yaniklik hastaligina kars1 reaksiyonlar

No immun Toleransh Hassas  Asir1 Asir
hassas hassas

1 A3-1 A3-194 A3-274 A3-357 A3-471 A3-282 A3-18 A3-115  A3-627
2 A3-101 A3-198 A3-278 A3-361 A3-474 A3-434 A3-296 A3-120 A3-64
3 A3-105 A3-202 A3-279 A3-362 A3-475 Bafana  A3-454 A3-123  A3-68
4 A3-108 A3-204 A3-28 A3-364  A3-476 A3-561 A3-125 A3-79
5 A3-110 A3-206 A3-28 A3-366 A3-478 A3-565 A3-132
6 A3-113 A3-207 A3-283 A3-376 A3-479 A3-600 A3-144
7 A3-119 A3-209 A3-284 A3-378 A3-481 A3-611 A3-150
8 A3-122  A3-211 A3-286 A3-379 A3-485 T5/4 A3-172
9 A3-124  A3-212 A3-288 A3-380 A3-486 A3-199
10 A3-128 A3-214 A3-289 A3-384 A3-497 A3-209
11 A3-13 A3-215 A3-290 A3-385  A3-498 A3-211
12 A3-132  A3-216 A3-291 A3-389 A3-499 A3-222
13 A3-136  A3-218 A3-293 A3-391 A3-500 A3-224
14 A3-136  A3-219 A3-300 A3-393  A3-506 A3-234
15 A3-14 A3-226  A3-302 A3-395  A3-508 A3-234
16 A3-140 A3-227 A3-303 A3-398 A3-511 A3-304
17 A3-141 A3-228 A3-303 A3-400 A3-512 A3-317
18 A3-145 A3-23 A3-305 A3-402 A3-514 A3-327
19 A3-15 A3-231 A3-309 A3-417 A3-517 A3-330
20 A3-15 A3-232  A3-310 A3-422  A3-518 A3-332
21 A3-154 A3-236 A3-311 A3-424 A3-52 A3-336
22 A3-161 A3-238 A3-311 A3-429 A3-520 A3-365
23 A3-169 A3-243  A3-315 A3-44 A3-525 A3-371
24 A3-170  A3-252 A3-316 A3-440 A3-529 A3-386
25 A3-173  A3-253 A3-32 A3-444  A3-533 A3-409
26 A3-175 A3-255 A3-321 A3-446  A3-535 A3-425
27 A3-176  A3-258 A3-325 A3-448 A3-543 A3-459
28 A3-179  A3-259 A3-328 A3-451 A3-546 A3-465
29 A3-179  A3-260 A3-329 A3-454 A3-549 A3-472
30 A3-181 A3-261 A3-335 A3-455 A3-549 A3-498
31 A3-182 A3-264 A3-339 A3-458 A3-55 A3-525
32 A3-182 A3-265 A3-344 A3-464 A3-55 A3-528
33 A3-183 A3-269 A3-346 A3-466 A3-554 A3-531
34 A3-184 A3-272 A3-352 A3-467  A3-555 A3-54
35 A3-187 A3-274 A3-356 A3-470  A3-556 A3-551
36 A3-558  A3-57 A3-592  A3-612 A3-623 A3-559
37 A3-560 A3-575 A3-6 A3-616 A3-636 A3-578
38 A3-564 A3-576 A3-600 A3-619 A3-66 A3-591
39 A3-567 A3-58 A3-607 A3-62 A3-676 A3-592
40 A3-568 A3-589 A3-610 A3-622 A3-69 A3-593
41 A3-94 A3-74 A3-9 A3-97 A3-85 A3-604
42 A3-95 A3-80 A3-91 A3-92 A3-606

Calismamiza benzer sekilde, Christ ve Hayner (2001), farkli melez kombinasyonlarina ait 280
klonla Pennsylvania’da yiiriittiikleri arastirmada erken yanikliga dayanikliliklar1 agisindan melez
kombinasyonlari i¢erisinde ve arasinda 6nemli diizeyde farkliliklarin oldugunu tespit etmislerdir. Sili’de
yiiriitiilen bir dayaniklilik caligmasinda ise, 30 adet yerel patates ¢esidinin ge¢ yaniklik reaksiyonlar
tarla kosullarinda degerlendirilmis ve sonu¢ olarak UCT-34Car, UCT-26Arch ve UCT-27Mu kodlu
cesitlerin yiiksek diizeyde dayanikli oldugu belirlenmistir. Caligmaya kullanilan diger ¢esitler ise orta
derecede dayanikli ve orta derecede hassas olmak iizere iki gruba ayrilmistir (Solano ve ark., 2014).
Pakistan’da yiiriitiilen bir bagka ¢aligmada 18 patates hattindan iki tanesinin (NARC-30012-96 ve FD-
69-2) P. infestans’a dayanikl oldugu rapor edilirken, diger hatlarin orta derecede dayanikli ve gok
hassas olduklar1 belirtilmistir (Mohsan ve ark., 2016). Rodriguez ve ark. (2002), yaptiklar bir calismada
Desiree patates ¢esidinden elde edilen govde klonlari, IBP10, IBP-27 ve IBP-30 patates hatlarini
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Alternaria solani ile enfeksiyonuna maruz birakmigslardir. Govde klonlarimin hassas kiiltiir ¢esidi olan
Desiree’ye gore patojene daha yliksek dayaniklilik gosterdiklerini bildirmislerdir.

Santa cruz ve ark. (2009) tarafindan, Solanum phureja x Solanum stenotamum, melez ailesinden
secilen en dayanikli dort klon secilmis ve bunlardan tetraploid klonlar gelistirilmistir. Gelistirilen bu
klonlarda ge¢ olgunlagma ile erken yanikliga dayaniklilik arasindaki iligki incelenmistir. Sonug olarak,
dayaniklilig1 kontrol eden genlerin ¢ogunun ge¢ olgunlagma ile ilgili olmadigi, fakat dayanmiklilikta rol
oynayan ii¢ ana genin ge¢ olgunlagmayla iliskili oldugu ortaya konulmustur. Shahbazi ve ark. (2010),
A. solani’ye dayamikliligm tek bir gen tarafindan kontrol edilmedigini, ¢oklu savunma genlerinin
etkisiyle belirlendigini belirtmislerdir. Ayrica ¢evresel faktorlerin, dayanikli ve hassas ¢esitler tespitinde
ge¢ olgunlagsmanin dolayli olarak patojen biiyiimesini etkileyebilecegi ve yabani patates tiirlerinin
dayaniklilik kaynaklar1 oldugu bildirilmistir. Pensilvanya’da, tetraploid erken yaniklik hastaligina
dayanikli dorder adet anne ve baba ebeveynin melezlenmesi sonucu olusturulan klonlardan her melez
ailesine ait 20’ser klonun erken yaniklik hastaligina kars1 reaksiyonlar tarla kosullarinda incelenmistir.
Caligma bulgularia gore dayanikliligin % 95 oraninda diploid ebeveynlerden tetraploid melezlere
gegebildigi tespit edilmistir. Buradaki dayanikliligin tek veya birkag gen tarafindan kontrol edildigi ifade
edilmistir (Christ ve ark., 2002).

Diger bir ¢aligmada, Celik (2012) tarafindan bazi patates klonlarinin Alternaria solani’ye karisi
duyarhiliklarn koparilmis yaprak testi yontemi ile tespit edilmistir. Caligma sonunda 224 klondan 116
tanesi semptom olusturmayarak hastaliga kars1 yiiksek diizeyde dayanikli bulunmustur. MF-1 X TS-4
melez ailesine ait A2/11 ve A2/132 numarali klonlar asir1 duyarli bulunurken, A2/120, A2/179 ve
A2/109 nolu klonlar % 100 dayanikli bulunmustur. Benzer sekilde Serrana x TS-9 melez ailesine ait
A3/20, A3/303, A3/117, T3/36 ve A3/55 numarali klonlar agir1 duyarli bulunurken, A3/4, A3/66, A3/74
ve A3/284 numarali klonlar % 100 dayanikli bulunmustur. Hassas kontrol olarak kullanilan gesitler
patojene asir1 duyarlilik gostermistir.

Nachmias ve ark. (1988) yiiriittiikleri bir calismada, sonbahar ve ilkbahar mevsimlerinde ii¢ yil
boyunca bazi klonlarin Alternaria solani’ye karsi tepkilerini arastirmig, her iki mevsimde hastalik
goriilse de ilkbaharda hastalik siddetinin daha yiiksek oldugunu tespit etmis, iiretici agisindan ciddi
verim kayiplarina sebep oldugu i¢in direngli ya da toleransh hatlarin kullanimmin avantajlar1 ve uygun
tarama tekniklerine ihtiya¢ bulundugunu bildirilmislerdir.

4. Sonuc¢

Yiiritillen bu ¢alismada incelenen patates klonlarindan, hastaliga kars1 dayanikli, toleransli,
immiin reaksiyon gosterenlerin dayaniklilik 1slah1 ¢alismalarinda gen kaynagi olarak kullanilabilecek,
A3/15 x Bafana kombinasyonundan 29 adet immiin, 2 adet toleransli; Basciftlik Beyaz1 x Lady
Olympia’dan 134 immiin, bir dayanikli, dort adet toleransh klon; T5/4 x Bafana kombinasyonunda ise
209 immiin, 2 adet toleransli klon oldugu tespit edilmistir. Dolayisiyla, bu etmenle miicadelede,
iiretimde dayanikli ¢esitlerinin kullanimimin kimyasal miicadeleye alternatif, daha ekonomik ve gevre
dostu bir segenek olarak dnemle lizerinde durulmasi gerekmektedir. Bu ¢aligmada tespit edilen klonlar
hem gen kaynagi hem de dayanikli ¢esit gelistirmeye yonelik ¢esit aday1 olarak kullanilabilir.
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Abstract: In this study; yoghurt powder was produced using the conventional and
lyophilized methods. Half of the yoghurt powders were stored in plastic Ayran
packages, with the addition of 0.5 % salt for reconstituted ayran production. The
samples were analyzed as powder and reconstituted Ayran on the 1%, 15% 30,
60", and 90" days. In addition, Ayran that was reconstitued on the 1st day was
stored at +4 °C until the 15" day, and the changes following dilution were
examined. It has been observed that lyophilized yogurt powder gives better results
in terms of physical, chemical, and microbiological properties during 90 days of
storage, and its sensory properties are more appreciated and preferable when
consumed as reconstituted Ayran. When the Ayran samples were stored in
reconstituted form until the 15 th day, it was found that the pH value of all samples
decreased, serum separation and acidity increased, and sensory properties
decreased. As a result, it has been concluded that it is possible to convert yogurt
into yogurt powder in the specified ways, to pack it in a practical way for ayran
production, to have a long shelf life, and to be reconstituted even after months if
desired.
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Oz: Bu caligmada; konveksiyonel ve liyofilize olmak iizere iki farkli yontemle
yogurt tozu tretilmistir. Elde edilen tozlarin yarisi toz olarak yarisi da rekonstitiie
ayran Uretimi i¢in igerisine % 0.5 tuz eklenerek agizlari aliminyum varakli 100
ml'lik plastik ayran ambalajlarinda +4 °C'de depolanmstir. Depolamanin 1., 15.,
30., 60. ve 90. giinlerinde hem toz olarak hem de rekonstitiie ayran iiretilerek
fiziksel, kimyasal, mikrobiyolojik ve duyusal analizlere tabi tutulmuslardir.
Ayrica 1. giin analizleri igin rekonstitiie edilen ayranlar 15. giine kadar +4 °C'de
depolanip ayranlarin rekonstitlie edildikten sonraki dayanim siiresi ve gostermis
oldugu degisimler arastirilmistir. 90 giinliik depolama stiresince liyofilize yontem
kullanilarak {iretilen yogurt tozunun fiziksel, kimyasal ve mikrobiyolojik
ozellikler agisindan daha iyi sonuglar verdigi ve rekonstitiie ayran olarak
tiiketiminde duyusal 6zelliklerinin daha ¢ok begenildigi ve tercih edilebilirliginin
daha yiiksek oldugu goriilmiistiir. Ayran Ornekleri rekonstitiie halde 15. giine
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kadar depolandiginda ise hem konveksiyonel hem de liyofilize 6rneklerde pH
degerinin distiigli, asitlik ve serum ayrilmasi degerinin arttigi, duyusal
ozelliklerin azaldig1 ve tat- aroma kayiplarinin meydana geldigi tespit edilmistir.
Elde edilen tim bulgulardan hareketle yogurdun belirtilen sekillerde yogurt
tozuna doniistliriilmesi ve ayran tiretimi i¢in pratik bir sekilde ambalajlanmasi,
uzun bir raf dmriine sahip olmasi ve istenildiginde aylar sonra bile rekonstitiie
edilerek tiiketiminin saglanmasimin miimkiin olabilecegi sonucuna ulasilmustir.

Dipnot: Bu calisma Ozlem SOYSANA AR’ yiiksek lisans tezinden iiretilmistir.

1. Giris

Insan yasamindaki éneminden dolayi, siit ve siit iiriinleri, gida endiistrisinde énemli bir yere
sahiptir. Bu tiriinlerden biri olan yogurt, tarihi binlerce yil 6ncesine dayanan ve en ¢ok tercih edilen siit
griinlerinden biridir. Yogurt, siitlerin pastorizasyon ve homojenizasyon islemlerinden sonra
Lactobacillus delbrueckii subsp bulgaricus ve Streptecoccus thermophilus’dan olusan yogurt starter
kiiltiirlerinin ilave edilmesiyle Yogurt Yapim Kurallar1 Standardi’na uygun islemlerden sonra elde
edilen mamuldiir (Anonim, 2008).

Siite kiyasla raf dmrii biraz daha uzun olan yogurt yine de kisa siire i¢inde tat ve aromasinda
degisimler goriilerek bozulmaktadir. Yogurdun raf 6mrii 25-30 °C'de 1 giin, 7 °C’de 5 giin ve 4 °C’de
10 glindiir (Kumar ve Mishra, 2004a). Yogurdun raf Omriiniin kisalig1 ticari anlamda yogurt
endiistrisinin en 6nemli dezavantajidir.

Kurutma terimi gida maddesindeki nemin uzaklagtirilmasi anlamini tagimaktadir. Kurutma ile
gidanin nem seviyesi mikroorganizma gelisimini engelleyecek diizeye diisliriilmektedir. Bu
ozellikleriyle kurutma, ¢ok ¢esitli iiriinler i¢in en kolay ve genel gida muhafaza yontemidir. Kurutulmus
gidalar taze {irlin pazarina etkili bir alternatif olmuslardir (Kumar ve Mishra, 2004a; Akin, 2006).
Gelisen teknolojilerle birlikte gidalarin farkli yollarla kurutulmasi yaygmlik kazanmis olup kullanimi
ve uygulamasi diinyada her gecen giin daha fazla uygulanmakta olan bir islem haline gelmistir (Ergiin,
2012). Ozellikle hazir ve kolay tiiketilebilir gidalarin talebi paralelinde saglikli beslenmenin de &n
planda oldugu giiniimiizde degisen tiiketici istekleri de dikkate alinarak, gida sanayi son birkag yil
igerisinde toz hazir gida {irlinleri iizerinde inovatif ¢aligmalar ve atilimlar gerceklestirmistir. Degisen
hizli yasam kosullartyla beraber tiiketicinin beklentisi tek bir {riinden ihtiyact olan biitiin
gereksinimlerini kargilamasiyken, iiretici tiretmis oldugu {iriiniin uzun siire bozulmadan depolanmasini
ve nakliyat giderlerinin azalmasim istemektedirler. Bu sebepler de gida iiretici ve tiiketicilerini toz
karigimlara yoneltmektedir (Kog, 2008; Sackesen ve Ocak 2019).

Yogurdun raf Omriinii uzatmak i¢in uygulanan en 6nemli yontem kurutmadir. Yogurdun
kurutulmasimin amaci, raf dmrii uzun, stabil, sogutma ihtiyaci olmadan ve istenildigi zaman kullanim
kolaylig1 olan bir iiriin elde etmektir. Yogurdun dayaniminin artirilmas1 amactyla farkli yontemlerle
suyu uzaklastirilarak daha konsantre bir iiriin olan torba ya da stizme yogurtlar elde edilir. Bu konsantre
yogurtlarm raf émrii 7 °C’nin altinda depolandiginda 30-35 giine kadar ¢ikabilmektedir. iran ve
Tiirkiye’de de geleneksel olarak halen uygulanmakta olan kurutma yontemi ile elde edilen kurutun
dayanimi da uygun kosullarda 1 yila kadar uzayabilmektedir. Ulkemizde bdlgesel olarak yogurdun raf
omriinii uzatmak amaciyla suyunun siiziilerek uzaklastirilmasi (stizme yogurt), glineste kurutma (kurut)
gibi c¢esitli yontemler kullanilmakla birlikte endiistriyel olarak yogurt tozu iiretimi de yapilmaktadir.
Yogurdu kurutmak amaciyla, dondurarak kurutma, piskiirtmeli kurutma, direkt giines 15181 altinda
kurutma, mikrodalga kurutma ve konveksiyonel kurutma gibi yontemler uygulanmaktadir. Yogurttan
bu gibi yontemler kullanilarak elde edilen yogurt tozu; soguk depolama zorunlulugu olmadan istenilen
zamanda kullanim kolaylig1 saglayan ve raf omrii 1-2 y1l arasinda degisen yeni bir iiriine doniismektedir.
Yogurt tozu yogurda oranla daha diisiik paketleme ve depolama maliyetine sahiptir. Uygulanan kurutma
islemi sayesinde yogurdun hacmi azalmakta, depolanmasi ve taginmasi kolaylasmaktadir. Boylece
yogurt tozu; yogurdun depolanmasimin zor oldugu sicak bolgelerde, aglik ve protein eksikliginin
goriildiigli gelismekte olan {ilkeler i¢in iyi bir besleyici alternatif haline gelmektedir (Kumar ve Mishra,
2004a; Kumar ve Mishra, 2004b; Kog, 2008; Nalchi, 2014).

Yogurt tozu su ilave edilerek direkt yogurt olarak kullanilabildigi gibi, su ilavesi ile geleneksel
igecegimiz olan ayrana doniistiiriilerek de tiiketilebilmektedir. Ayrica Yogurt tozu taze yogurdun yerine;
firin iirlinlerinde (biskiivi, kraker, kek, ¢itir ekmek), meyve sularinda, hazir toz ¢orba karigimlarinda,
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bitter cikolatalarda, yogurt aromali seker ve tatlilarda, dondurmalarda ve dondurma kiilahlarinda,
protein zenginlestirici olarak birgok gida {irliniinde, soslarda, sosislerde, bebek mamalarinda, kozmetik
iirinlerinde (krem, maske vb.) kullanilmaktadir (Kog, 2008). Yogurt tozu starter kiiltiir ve evlerde kara
maya olarak da kullanilabilmektedir.

Yogurt benzeri bir iiriin olan ayran, yogurdun sulandirilmasiyla {iretilen bir icecektir. Zengin
vitamin igerigi bakimindan oldukca faydali bir fermente {iriindiir. Siitiin 6nemli iirlinlerinden olan ve
uzun yillardan beri Orta Asya ve Anadolu’da islenen ayran, 6zellikle Tiirk toplumunun beslenmesinde
onemli bir yere sahiptir. Ozellikle yaz aylarinda iiretimi artan ve asir1 sicaklarda viicudun ter yoluyla
kaybettigi sivinin geri kazanilmasinda énemli rol oynayan ayran, i¢erdigi sodyum ve kloriir iyonlari ile
viicudun sivi dengesinin korunmasini saglar. Sindiriminin kolaylig1 ve ferahlatici etkisi agisindan da
gerek sehirlerde gerekse kirsal kesimlerde oldukca fazla miktarda tiiketilen bir igecek olmustur (Giilmez
ve Giiven, 2003; Koksoy ve Kilig, 2003).

Ayran lretimi siit veya direk yogurtla yapilabildigi gibi yogurt tozunun sulandirilmasiyla da
iiretilebilir. Tiirkiye’de sevilerek tiiketilen yogurdun toz haline getirilmesi ile dayanimimin arttirilmasi,
depolama ve taginmasinin kolaylastirilmasi, pratik kullanim kolayliginin saglanmasi gibi avantajlarinin
yaninda geleneksel igecegimiz olan ayrana da doniistiiriilmesiyle hem iireticiler hem de tiiketiciler igin
biiylik avantajlar saglayabilecegi diisliniilmektedir.

Ulkemizde ayran tiiketimi bu kadar yaygin iken depolanma zorunlulugu ve raf émrii kisitlamasi
olmayan, istenildiginde kolay ulasilabilir, kolay tasmabilir bir ayran, tiiketici isteklerinin basinda
gelmektedir. Bu baglamda yapilan ¢aligmada 2 farkli yontemle (konveksiyonel ve liyofilize) yogurt tozu
iiretilmistir. Bu yogurt tozlar depolama periyodu boyunca hem toz olarak hem de rekonstitiie ayran
olarak fiziksel kimyasal, mikrobiyolojik ve duyusal incelemeye tabi tutulmustur. Bu sekilde yogurdun
toz olarak uzun siire saklanabilmesi, gida alaninda farkl iiretimlerde toz formunda kullanilabilecegi gibi
istendiginde tekrar yogurda ve ayrana donistiiriilebilmesi hedeflenmistir. Ayrica uygun saklama
yontemiyle dayaniminin artirilmasi, depolama ve taginmasinin kolaylastirilmasi ve kullanim alanlarinin
genisletilerek (giinliik kullanim, seyahat, askeri operasyonlar, afet alanlar1 vb.) tiikketiminin artirilmasi
amaglanmustir,

2. Materyal ve Yontem

2.1. Materyal

Iki tekerriirlii olarak yiiriitiilen bu ¢aliymada yogurt iiretiminde materyal olarak, Siit-Kur Gida
San. ve Tic. Sti tarafindan temin edilen ve analizleri Van Yiiziincii Y1l Universitesi, Gida Miihendisligi
Bolimii pilot siit igletmesinde yapilan ¢ig inek siitii kullanilmigtir. Yogurt iiretimi Siit-Kur siit
isletmesinde gergeklestirilmis olup islenen yogurtlar Van Yiiziincii Y11 Universitesi, Gida Miihendisligi
Bolimii pilot siit isletmesine getirilerek analizleri yapilip yogurt tozuna iglenmistir. Dondurarak
kurutma cihaz1 olarak Labconco (ABD) marka liyofilizator cihazi, konveksiyonel kurutma cihazi olarak
Oztiryakiler (Tiirkiye) markali konveksiyonel firin, ambalaj materyali olarak agiz kismi otomatik
ambalajlama makinesinde aliiminyum varakla kapatilan 100 ml'lik polipropilen ambalaj ve tiretilen
yogurt tozlarmin dgiitiilmesi i¢in dgiitiicii olarak ARNICA (Tiirkiye) markali kahve &giitme makinesi
kullanilmagtir.

2.1.1. Yogurt tozu iiretimi

Taze yogurdun bir kismi konveksiyonel yontem ile yogurt tozu iiretimi i¢in altina yagh pisirme
kagidi serilmis 32x53 cm ebadindaki firm tepsilerine 3 mm kalinliginda serilerek 60 °C'de 8 saat siireyle
kurutulmustur.

Taze yogurdun diger kismi liyofilize yogurt tozu iiretimi i¢in 100 ml'lik plastik kaplara dolum
yapilarak -18 °C'de bir gece 6n dondurma islemine tabi tutulmustur. On dondurma isleminin ardindan
liyofilizatdr cihazina yerlestirilen yogurt drnekleri -55 °C'de 0.005 Torr i¢ basing ile 96 saat siireyle
kurutulmustur.

Kurutulan yogurt, homojen bir goriintii elde etmek ve partikiil boyutunu kii¢iiltmek i¢in 6giitme
islemine tabi tutulduktan sonra yogurt tozu elde edilmistir. Konveksiyonel ve liyofilize yontemle elde
edilen her bir yogurt tozu 6rnegi iki kisma ayrilmistir. Birinci kisim toz olarak ikinci kisim ise igerisine
% 0.5 tuz eklenerek agiz kismu otomatik ambalajlama makinesinde aliminyum varakla kapatilan 100
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ml'lik polipropilen ambalaj igerisinde 1., 15., 30., 60., ve 90. giinlerde analiz edilmek {izere +4 °C’ de
depolanmustir.

Y ogurt tozu iiretiminde kullanilan taze yogurdun kimyasal ve mikrobiyolojik 6zellikleri Cizelge
1’de verilmistir.

Cizelge 1. Yogurt tozu liretiminde kullanilan yogurdun bilesim 6zellikleri

Analiz Yogurt
pH 4.56+0.01
Titrasyon Asitligi (% Laktik asit) 1.00+0.05
Kurumadde (%) 14.21+£0.01
Yag (%) 3.50+0.03
Protein (%) 4.34+0.07
Mikrobiyoloji (log KOB/g)

Lactobacillus delbrueckii subsp. bulgaricus 7.21£0.04
Streptococcus thermophilus 7.58+0.15

2.1.3. Yogurt tozundan rekonstitiie ayran iiretimi

[gerisine % 0.5 oraninda tuz eklenerek +4 °C’de depolanan yogurt tozlar1 belirlenen depolama
giinlerinde gerekli kuru madde ayarlamalar1 yapilarak (ortalama % 11.64) karistirildiktan sonra
rekonstitiie ayrana doniistiirilmiis ve belirlenen analizler yapilmistir. Rekonstitiie ayranlarin
karigtirilmasi i¢in Heidolph Silentcrusher M (Almanya) markali karigtirict kullanilmigtir. Karigtirma
islemi 15 bin devirde 3 dakika olarak belirlenmistir. 1. giin analizleri i¢in rekonstitiie edilen ayranlarin
rekonstitiie edildikten sonra gdsterdigi degisimi ve raf dmriinii belirlemek igin 15. giine kadar +4 °C' de
depolanmus, kontrol drnekleri olarak degerlendirilmis ve belirlenen analizler yapilmustir.

2.2.Yontem
2.2.1. Kimyasal analizler

Yogurt tozunda ve rekonstitiie ayranlarda pH degeri dijital pH metre ile dl¢tilmiistiir. Yogurt
tozunun pH 6l¢iimii igin tozlar belirlenen her bir depolama periyodunda rekonstite ayrana doniistiiriiliip
dlelim yapilmistir. Asitlik tayini TS 1018 Cig Inek Siitii Standardi (Anonim, 1994)’e, kuru madde ve
toplam azot miktar1t AOAC (1990)’a, yag tayini Kurt ve ark (2003)’e gore yapilmistir.

2.2.2. Fiziksel analizler

Yogurt tozunda ve rekonstitiie ayranlarda renk degerleri Minolta CR-400 cihazi ile, serum
ayrilmast degerleri Oziinlii (2005)’e viskozite degerleri Brookfield Dv-III Ultra Programmable
Rheometer kullanilarak l¢tilmiistiir.

Yogurt tozunda ¢oziiniirliik analizi, IDF 129A’ya (Anonim, 1988) gore yapilmistir. 13 g toz
ornek tartilmig ve iizerine 25 °C’de 100 ml damitik su eklenmistir. Kopilirmeyi dnlemek amaciyla 2-3
damla amil alkol damlatilmigtir. Karigim bir baget ile 90 saniye karigtirildiktan sonra 15 saniye
bekletilmistir. Daha sonra alt kismi konik sekilli ve 6lgiilii santrifiij tiiplerine 50 ml aktarilmis ve 1100
dev/dak’da 5 dakika santrifiijlenmistir. Cokelti kismina dokunmadan ¢okelti kismina yiizeyden yaklasik
5 ml kalincaya kadar s1v1 kisim bir sifon yardimiyla bosaltilmis, dipte kalan ¢okelti karistirilarak {izerine
25°C’de 25 ml damitik su eklenmis, karistirilmis ve 50 ml’ye tamamlanarak tekrar 1100 dev/dak’da 5
dakika santrifiijlenmistir. Santrifiijden alinan tiiplerin ¢okelti seviyesi (C) okunmustur. Orneklerin
¢ozlinebilme oran1 agagidaki formiile gore hesaplanmistir (Es.1).

Coziinebilme orani (%)= 100-2C )

Yogurt tozunda dagilabilirlik ve 1slanabilirlik analizleri FIL-IDF:87'ye (Anonim, 1979) gore
yapilmstir. Yogurt tozunda dagilabilirlik analizi i¢in, 13 g toz 6rnek tartilmis ve 25 °C’de 100 ml su
igerisine 2.5 s icerisinde tamamen bosaltilmistir. Bu agsamada kronometre ¢alistirilmis ve 20 s icerisinde
20 dairesel hareket yapildiktan sonra karigtirmaya son verilmistir. Tim topakciklar tamamen eridiginde,
kronometre durdurulmus ve sonug, saniye cinsinden gegen siire olarak kaydedilmistir.
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Y ogurt tozunda 1slanabilirlik analizi i¢in, 13 g toz 6rnek tartilmig ve 25 °C’de 100 ml su igerisine
2.5 s igerisinde tamamen bosaltilmistir. Bu asamada kronometre ¢alistirilmis ve tiim partikiiller
tamamen battiginda kronometre durdurulmus ve sonug, saniye cinsinden gecen siire olarak
kaydedilmistir.

2.2.3. Mikrobiyolojik analizler

Lactobacillus delbrueckii subsp. bulgaricus, Streptococcus thermophilus, Toplam mezofilik
aerobik bakteri (TMAB) ve Toplam maya- kiif sayimi1 TS ISO 7889 (Anonim, 2004) standardina gore
yapilmistir. Dokme plak yontemi kullanilmis olup koloni sayimi sonucu, “koloni olusturma birimi/g
kurumadde” (KOB/g KM) olarak belirlenmistir. Yogurt tozlari rehidre edilmeden direk 1 gram 6rmek
alinarak seyreltme islemi yapilmustir.

Lactobacillus delbrueckii subsp. bulgaricus sayimi igcin MRS agara ekim yapildiktan sonra 37
°C’de 72 saat anaerobik ortamda inkiibe edilerek belirlenmistir. Petrilerde gelisen tiim koloniler
Lactobacillus delbrueckii subsp. bulgaricus olarak degerlendirilmistir.

Streptococcus thermophilus saymm igin M-17 agara ekim yapildiktan sonra 37 °C’de 48 saat
inkiibe edilerek belirlenmistir. Petrilerde gelisen tiim koloniler Streptococcus thermophilus olarak
degerlendirilmistir.

Toplam mezofililk bakterilerin sayist PCA besiyerine ekim yapildiktan sonra 37 °C’de 48 saat
inkiibe edilerek belirlenmistir. Petrilerde gelisen tiim koloniler mezofililk bakteri olarak
degerlendirilmistir.

Maya-kiif sayimi i¢in sterilize PDA besiyeri pH 3.5’a kadar asitlendirilerek ekim yapilmis ve
25 °C’de 5 giin inkiibe edilerek belirlenmistir. Petrilerde gelisen tiim koloniler Maya-kiif olarak
degerlendirilmistir.

2.2.4. Duyusal analizler

Rekonstitiie ayran 6rneklerinin duyusal analizi 25-50 yas aralig1 5 kisilik deneyimli panelist
grubu tarafindan belirlenen periyotlarda yapilmigtir. Duyusal analizler igin 5 puanlik skalada 6rneklerin
gOriiniis, kivam, tat, koku, renk ve genel begenirlikleri degerlendirilmistir. Tadim aralarinda panelistlere
su verilmistir.

2.2.5. istatistiksel analizler

Calismada elde edilen verilerin istatistik analizinde, SAS 9.4 paket programi kullanilmistir.
Gruplara ait ortalamalar arasindaki farkliliklarin belirlenmesinde genel dogrusal model (GLM) analizi
yapilmis, ikiden fazla olan gruplar arasindaki farkliliklarin 6nemli olup-olmadigmin belirlenmesinde
Duncan ¢oklu karsilastirma testinden yararlanilmigtir. Duyusal analiz sonuglarinin degerlendirilmesinde
parametrik olmayan iki yonlii varyans analizi kullanilarak, renk, goriiniis, koku, tat ve genel begeni
gruplart arasindaki farkliliklarin belirlenmesinde Bonferroni ¢oklu karsilastirma testi kullanilmigtir
(SAS, 2014).

3. Bulgular ve Tartisma

3.1. Yogurt tozlarinda saptanan ozellikler
3.1.1. Kimyasal o6zellikler

Konveksiyonel (K) ve Liyofilize (L) olmak {izere iki farkli yontemle iiretilen yogurt tozlarinda
saptanan pH, asitlik, kurumadde, yag ve protein degerleri istatistiksel olarak degerlendirilip Cizelge 2'de
verilmistir.

Cizelge 2’den yogurt tozlarinin pH degerleri incelendiginde; depolama periyoduna gore
orneklerin pH degerlerinde bir azalis s6z konusu olsa da bu azalis istatistiksel olarak 6énemli diizeyde
bulunmamuistir. Fakat yogurt tozu {liretim ydnteminin pH degerleri arasinda meydana getirdigi farklilik
ornekler arasinda 6nemli tespit edilmistir. Orneklerin pH degerleri arasindaki farkliligin K rneginin
iiretim yontemindeki yiiksek sicaklik ve siirenin etkisiyle meydana gelen asitlik artigina bagl oldugu
diistiniilmektedir.
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Cizelge 2. Depolama siireci boyunca yogurt tozlarinda saptanan kimyasal 6zellikler

.. Depol i ii
Analiz Ornek epolama Periyodu (Giin)

1 15 30 60 90
- K 3.96+0.0152 3.96+0.0452 3,94+ 0,0152 3.91+ 0,045 3.89+0.01582
P L 4.48+0.02 A2 4.47 £ 0,004 4.45+0.03 4.43 +£0.024° 4.40 £0.0542
Asitlik (%) K 8.84:£0.28A° 8.89:+0.04A° 9.09+0.02° 9.26+0.074* 9.47+0.03 A®
sitli
° L 8.23+ 0.0452 8.31+0.075° 8.52:+0.0452 8.61:+0.0452 8.79+ 0.065°
Kurumadde K 95.56+0.13A2 95.38+0.024 95.72+0.03A2 95.47+0.16*° 95.37+ 0.66™*°
(%) L 95.70+0.014* 95.45+0.04"2 95.81+0.0244 95.65+0.014% 95.51+0.014%
24.34+0.09" 24.30+0.04" 24.23+0.3344 24.11+0.0244 24.02 + 0.16*°
Yag (%) Aa Aa Aa Aa
L 24.66+0.07 24.59+0.35" 24.49+0.01™ 2431+ .16 24.2740.1674
Protein (%) K 28.14+0.0452 28.39+0.085* 28.29+0.2382 28.43+0.055* 28.64+ (0.03B2
rotein
’ L 30.32+0.024% 30.28+0.06"* 30.54+0.094 30.63+0.16"* 30.42+ 0.0442

abe Kiigiik harfler ayn1 satirda aym drnege ait depolama periyotlari arasi farklilig gostermektedir (P< 0.05).
ABC Biiyiik harfler ayni siitunda 8rnekler arasi farklihg1 géstermektedir (P< 0.05).

K: Konveksiyonel yontemle iiretilen yogurt tozu.

L: Liyofilize yontemle iiretilen yogurt tozu.

Depolama periyodu boyunca K ve L Omeklerinin titrasyon asitligi artan degerler almistir.
Titrasyon asitligindeki bu artisin nedeni, laktik asit bakterilerinin faaliyetlerinin devam etmesi sonucu
laktozun laktik aside doniismesi olarak diisiiniilebilir. Uretim yonteminin titirasyon asitligine etkisi
onemli bulunmustur (P<0.05). Nalchi (2014), liyofilize yontem kullanarak {irettigi yogurt tozunun
asitlik degerini %8.54 olarak bulmustur. Calismamizda yogurt tozlarinda tespit ettigimiz titrasyon
asitligi degerleri bu ¢alismayla paralellik gostermektedir.

Depolama siiresi boyunca yogurt tozlarinin kurumadde degerleri % 95.37-95.81 araliginda
birbirine yakin degerler almistir. Kurutulmus iiriinde kuru madde igerigi, kurutma isleminin etkinligi
acisindan onemli bir parametredir. Kurutulmus iiriiniin raf 6mriiniin uzun olmas1 kuru madde igerigi ile
yakindan iligkilidir. Kearney (2009), kurutulmus toz iiriinlerde kurumadde miktarinin % 95’in tizerinde
olmasi gerektigini belirtmektedir. Nalchi (2014), liyofilize yontem kullanarak iirettigi yogurt tozunun
kurumadde miktarin1 94.29 olarak belirlerken; Kog¢ (2008), piiskiirtmeli yontemle iirettigi yogurt
tozunda 90 °C hava ¢ikis sicakliginda kurumadde degerini % 96.02, 60 °C’de ise % 92.83 olarak
belirlemistir.

Uretilen yogurt tozlarinin yag degerleri % 24.02 ile % 24.66 arasinda degisim gdstermistir. Yag
degerlerindeki degisim iiretim yontemi ve depolama periyoduna gore istatistiksel olarak énemli degildir.

K ve L drneklerinin protein degerleri incelendiginde K 6rneginin protein degerinin L 6rneginin

protein degerinden daha diisiik oldugu goézlemlenmistir (Cizelge 2). Uretim ydntemindeki sicaklik farki
orneklerin protein degerleri arasinda onemli bir fark meydana getirmistir (P<0.05). K 6rmeginin
iiretiminde kullanilan yiiksek sicakliktan dolay1 protein kaybi1 meydana gelmistir.
Kumar ve ark. (2016) yaptiklart ¢aligmada; 50 °C, 60 °C ve 70 °C’de konveksiyonel sicak hava ile
kurutulan Dahi (Hindistan yogurdu) tozlarinin protein icerigini sirastyla %1.48, %1.19, %1.08 olarak
bulmus ve sicak hava artigina bagh olarak suda ¢oziiniir proteinlerin nemle birlikte buharlagtigi buna
bagli olarak protein oraninda azalis meydana geldigi belirtilmistir. Benzer sekilde Tontul ve ark. (2018)
tarafindan yapilan ¢alismada da 60 °C’de kirmim pencereli kurutma ve -80 °C’de dondurarak kurutma
ile kurutulan yogurt tozlarinin protein degeri sirasiyla 56.6 ve 57.4 olarak bulunmustur.

3.1.2. Fiziksel ozellikler

Yogurt tozlarmin depolama periyodu boyunca olgiilen renk, ¢oziiniirliik, dagilabilirlik ve
1slanabilirlik 6zelliklerine ait istatistiksel analiz sonuglar1 Cizelge 3’°de verilmistir.

Ug boyutlu CIE renk &lgiim sisteminde L*, siyahi ve beyazi (0 siyah-100 beyaz), a* kirmizilig
ve yesilligi (— yesil, +kirmizi) b* ise sar1 ve maviligi (— mavi, +sar1) ifade etmektedir.
Depolama siiresince K &rneginin; L degeri 85.32 ile 87.79 araliginda, a* degeri -3.46 ile -3.25
arahiginda, b* degeri 24.70 ile 26.15 araliginda belirlenirken, L 6rneginin L" degeri 95.11 ile 95.98
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araliginda, a* degeri -0.59 ile -0.31 araliginda, b* degeri 13.99 ile 15.32 araliginda belirlenmistir. Siit
ve siit Tirlinlerinde uygulanan 1s1l islem etkinligi elde edilen {iriiniin rengini etkilediginden dolay1 K ve
L 6rneklerinin renk tonlari istatistiksel olarak dnemli bir fark géstermistir. Orneklerin renginde meydana
gelen degisim konveksiyonel yontemde yiiksek sicaklik nedeniyle meydana gelen enzimatik olmayan
esmerlesme reaksiyonlar ile iligkilidir. Tontul ve ark. (2018) 50, 60 ve 70 °C’de kuruttuklar yogurt
tozlarmin renk degerlerinin sicaklik artisina bagli olarak L* ve a* degerinin azaldigi, b* degerinin
arttigin1 gozlemlemislerdir. Renk degerlerinde meydana gelen degisimin sebebi sicaklik artisina bagh
meydana gelen enzimatik olmayan esmerlesme reaksiyonlarindan kaynaklandig: ifade edilmis. Benzer
sonuclar Carvalho ve ark. (2017) tarafindan da ifade edilmistir.

Coziinebilme orani, siit veya siit lriinlerinden elde edilen toz gidalarin kalitesinin
belirlenmesinde ¢ok yaygin olarak kullanilan bir analiz yontemidir. Cizelge 3 incelendiginde tiretilen
yogurt tozlarinin ¢oziiniirliik 6zellikleri K 6rneklerinde 72.40 ile 74.30, L 6rneklerinde 84.60 ile 86.20
araliginda oldugu goriilmektedir. Depolama siiresinin drneklerin ¢oziiniirliik degerine etkisi dnemsiz
iken, liretim yonteminin 6rneklerin ¢oziiniirliik degerine etkisi istatistiksel olarak énemli bulunmustur.
Diona- Georgeta ve ark. (2016) 100 °C’de konveksiyonel sicak hava ile kuruttuklar1 yogurt tozunun
¢cOzlintirlik degerini % 26 olarak bulmustur. Dibyakonta ve ark. (2017) ile Kog¢ ve ark. (2014) sprey
kurutma ile kuruttuklar1 yogurt tozlarinin ¢oziiniirlik degerlerini sirasiyla % 72-88 ve % 65-72
araliginda bulmustur. Calismacilarin kurutma sistemlerinde giris hava sicakligi arttikca ¢oziiniirlik
orani azalmistir. Tozlarin ¢dziiniirliikk oran laktoz, denatiire olmus serum proteini, ¢oziiniir tuzlar,
ortamin pH’s1 gibi faktdrlerden etkilenir (Fang ve ark., 2008). Siit ve siit lirlinlerinden yapilan tozlarm
¢oOziiniirliigii protein denatiirasyon diizeyine gore degisir. Tozlarin iiretim siirecindeki 1s1l islemler
proteinlerin denatiirasyonuna neden olur. Denatiire olan proteinlerin ¢oziiniirligiiniin diisiik olmas1
tozun ¢Oziiniirliigiini de diislirlir. Ayn1 zamanda, serum proteinlerinin ¢6ziinebilme yeteneginin pH 7°de
yliksek iken, pH 5’in altina inildiginde %15 oraninda diistiigli de belirtilmektedir (Thomas ve ark.,
2004). Yukandaki literatiir bilgilerine paralel olarak ¢alismamizda K 6rneginin iiretim yontemindeki
yiiksek sicaklik ve daha diisiik pH degeri ¢oziiniirliik oraninin da diisiik olmasina sebep olmustur.

Cizelge 3. Depolama periyodu boyunca yogurt tozlarinda belirlenen fiziksel 6zellikler

Depolama Periyodu (Giin)

Analiz Ornek T 15 30 50 %0
L™ 85,67+0.495* 85.32+0.2152 86.02+0.1252 86.88+0.3854 87.79+0.7752
K a* -3.36£0.05%¢ -3.2540.055 -3.46+0.065* -3.2840.0352 -3.3240.0282
b*  25.47£1.62°° 25.83+0.25%4 26.15+1.224 25.36+0.354 24.70+0.0344
Renk
L*  95.26+0.04%° 95.56+0.40" 95.98+0.62"4 95.11+0.214% 95.51+0.314%
L a* -0.31£0.05"° -0.40+0.03%4 -0.50+0.15% -0.554+0.10% -0.59+0.0244
b*  13.99+0.0252 14.94+0.208 14.02+0.3752 15.32+0.185% 14.05+0.1282
Cozinirlik K 73.50£0.50%* 72.80+0.20%* 74.30+0.40% 72.70+0.30%* 72,400,204
(%) L 86.00+0.0052 86.20+0.2052 85.50+0.5052 84.60+0.4052 85.60+0.2052
Dagilabilirlik K 997+12.508+ 102714.00% 1043+12.505 1039+23.50%  1007+16.00
s L 1165+10.00%2 1117+14.00%2 1090+0.7542 1101+18.00% 1183+33.50%
Islanabilirlik K 1248+13.00 1219+71.00 B 1237+7.50 B2 1245417.50%%  1227+£19.505+
s L 1331£11.5042 1311+43.0042 1323+9.0044 1302+4.5044 1346+6.5024

abe Kiigiik harfler ayn1 satirda aym 6rnege ait depolama periyotlar: arasi farkliligi gostermektedir(P<0.05).
ABC Biiyiik harfler ayni siitunda 6rnekler arasi farklihg1 géstermektedir (P<0.05).

K: Konveksiyonel yontemle iiretilen yogurt tozu.

L: Liyofilize yontemle iiretilen yogurt tozu.

Cizelge 3’e gore depolama periyodu boyunca K ve L 6rneklerinin dagilabilirlik ve 1slanabilirlik
degerlerindeki degisim {liretim yontemine gore Onemli goriilmiistir (P<0.05). Dagilabilirlik ve
1slanabilirlik degeri; tozun morfolojisi, boyutu, geometrisi ve gozenekliligi ile dogrudan iliskilidir ve
daha diisiik dagilma ve 1slatma siiresi arzu edilen bir 6zelliktir. Ayrica toz materyalin yag igerigi dagilma
ve 1slanma siiresini olumsuz etkiler. Ciinkii yag yiizeyde hidrofobik bir yapi1 olusturup yiizeyi yapiskan
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bir kdprii gibi kaplayarak dagilma ve 1slanma siiresini uzatir (Seth ve ark., 2017). Sicakligin arttirilmasi,
tersinmez olarak denatiirasyonun artmasina sebebiyet verdigi icin, siit iiriinlerinin rekonstitiie edilmesi
sirasinda denatiire olmus proteinin sabit bir dagilabilirlik ve 1slanabilirlik gdstermedigi belirtilmistir
(Nale, 2013).

Kog (2008), piiskiirtmeli kurutucuyla yogurt tozu iiretim prosesinin optimizasyonu iizerine
yaptig1 tez ¢caligmasinda; yogurt tozlariin dagilabilirlik siirelerini 194-897, 1slanabilirlik siirelerini 316-
1007 saniye araliginda tespit etmistir. Kim ve ark. (2002), yaptiklar1 bir ¢alismada piiskiirtmeli
kurutucuda kurutularak elde edilen ii¢ farkli endiistriyel siit tozu iiriinii olarak belirledikleri yagsiz siit
tozu, yagl siit tozu ve siit yag1 tozunun fizikokimyasal davraniglarini incelemislerdir. Yagsiz siit tozu
orneginde 1slanabilirlik siiresi yaklagik 10 dakika siirerken, diger 6rneklerde 15 dakikadan uzun siireler
tespit edilmistir.

Literatlir ¢caligmalarina paralel olarak Orneklerimizde yag oranmin yiiksek olmasi K ve L
orneklerinin dagilabilirlik ve 1slanabilirlik siirelerini olumsuz etkiledigi ve silireyi arttirdig
gbzlemlenmistir.

3.1.3. Mikrobiyolojik 6zellikler

Depolama siireci boyunca yogurt tozlarinda saptanan mikrobiyolojik dzellikler log KOB/g
olarak Cizelge 4’de verilmistir.

Cizelge 4. Depolama siireci boyunca yogurt tozlarinda saptanan mikrobiyolojik dzellikler (log KOB/g)

Ornek Saymm yapilan Depolama Periyodu (Giin)
mikroorganizma 1 15 30 60 90
Lactobacillus
delbrueckii subsp. 3.7120.015% 3.68£0.025¢  3.3240.01B% 2.97+0.028 2.68+0.035%
Bulgaricus

K ;ZZ‘,ZZ;Z;Z’? 4.45+0.045 4.3620.075 4.3040.0382 4240075 4.17+0.175%
TMAB 5.19+0.024% 5.14+0.304 5.1240.164 5.16+.0.124¢ 5.10+0.094%
Toplam maya-kiif TE 0.50+0.014% 0.70£0.024 0.780.07A 0.6240.10**
Lactobacillus
delbrueckii subsp. 5.67+0.034° 5.65£0.044¢ 5,560,044 5.50+£0.014% 5.41+0.04A
Bulgaricus

L ;ZZ‘,ZZ;Z;Z’? 6.80+0.014% 6.70£0.05  6.63£0.00A 6.47+£0.07A% 6.44+0.0440
TMAB 4.9120.074% 4.95 +0.0474 4.99+0,044 4,960,024 4.90+0.0344
Toplam maya-kiif TE 0.52+0.004 0.7840.02¢ 0.610.07A 0.7040.02%¢

abe Kiiciik harfler ayni satirda aym drnege ait depolama periyotlari arasi farkliligi gdstermektedir (P< 0.05).
ABL Biiyiik harfler ayni siitunda 6rnekler arasi farkliligi géstermektedir (P< 0.05).

K: Konveksiyonel yontemle iiretilen yogurt tozu.

L: Liyofilize yontemle iiretilen yogurt tozu.

T.E: Tespit Edilemedi.

Kurutma islemi sonrasinda yogurt tozu kalitesini etkileyen kalite 6lgiitlerinden biri canli laktik
asit bakterisi sayisidir. FAO/WHO’ya gore taze yogurtta ve yogurt tozunda Lactobacillus delbrueckii
subsp. Bulgaricus ve Streptococcus thermophilus bakterileri taze yogurt tozunda minimum 5x10°
KOB/g diizeyinde bulunmalidir.

Bilindigi tlizere kurutulmus 6rneklerin stabilitesi depolama siiresince azalma gosterir. Ancak
diisiik sicakliklarda depolama var olan mikroorganizma yogunlugunun hayatta kalma oranin
arttirmaktadir (Nale, 2013). Calismamizda yogurt tozlarmin +4 °C’de depolanmasi ve ayrica dis ortamin
neminden etkilenmesini engelleyen ambalaj malzemesinde saklanmasi depolama siiresince var olan
mikroorganizma yogunlugunu korumus ve bakteri sayisinin azaligini sinirlandirmstir.

Cizelge 4 incelendiginde K ve L 6rneklerinin Lactobacillus delbrueckii subsp. Bulgaricus ve
Streptococcus thermophilus sayist depolama siiresince azalan degerler gostermistir. K 6rnegindeki
Lactobacillus delbrueckii subsp. Bulgaricus sayisindaki azalig 1. Ve 90. Giinlerde istatistiksel olarak
onemlidir (P<0.05). K 6rneginde saptanan Lactobacillus delbrueckii subsp. Bulgaricus ve Streptococcus
thermophilus sayismin L Orneginde saptanan Lactobacillus delbrueckii subsp. Bulgaricus ve
Streptococcus thermophilus sayisindan daha diisiik oldugu gézlemlenmistir. Bu durumun K 6rneginin
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iretim yonteminde kullanilan yiiksek sicaklik ve siirenin bakteri sayisini olumsuz etkilemesinden
kaynaklandig: diistintilmektedir.

Calismamizda yogurt tozu liretiminde kullanilan taze yogurdun Lactobacillus delbrueckii subsp.
Bulgaricus ve Streptococcus thermophilus sayist sirasiyla 7.21 log KOB/g ve 7.58 log KOB/g olarak
bulunmustur. Kurutma isleminden sonra ilk giin yapilan analizlerde K o6rneginde Lactobacillus
delbrueckii subsp. Bulgaricus ve Streptococcus thermophilus sayisi sirasiyla 3.71 ve 4.45 log KOB/g,
olarak; L 6rneginde Lactobacillus delbrueckii subsp. Bulgaricus ve Streptococcus thermophilus sayisi
sirastyla 5.67 ve 6.80 log KOB/g, olarak bulunmustur. Ergun ve ark. (2013) yaptiklar1 ¢aligmada taze
yogurt ve dondurarak kurutma ile elde ettikleri yogurt tozunda Lactobacillus delbrueckii subsp.
Bulgaricus sayisim sirasiyla 7.69 ve 6.31 log KOB/g olarak bulurken Strepfococcus thermophilus
sayisini sirastyla 9.83 ve 9.45 log KOB/g olarak bulmustur.

Tontul ve ark. (2018) yaptiklar caligmada; yogurt tozu iiretiminde kullanilan taze yogurtta 9 log
olan Lactobacillus delbrueckii subsp. Bulgaricus sayisim 60 °C’de ve 0.5 mm kalinhiginda sererek
iirettigi yogurt tozunda 4.48 log kob/g olarak belirlerken, dondurarak kurutma ile elde ettigi yogurt
tozunda 8.5 log KOB/g olarak belirlemistir.

K ve L orneklerinde Streptococcus thermophilus sayisi Lactobacillus delbrueckii subsp.
Bulgaricus sayisindan daha yiiksek bulunmustur. Konveksiyonel kurutmada sicakligin etkisiyle
Lactobacillus delbrueckii subsp. Bulgaricus bakterisinin membran gecirgenligi zarar gordiiglinden
dolayi bakteri sayisinda daha fazla azalma goriiliir. Bu durum Streptococcus thermophilus bakterisinin
Lactobacillus delbrueckii subsp. Bulgaricus bakterisinden daha direngli oldugunu gostermektedir. Bu
sonugclar literatiirdeki bulgularla da desteklenmektedir (Ergiin ve ark., 2013).

Y ogurt tozlarinda saptanan TMAB sayis1 log KOB/g olarak K 6rneginde 5.19-5.10, L 6rneginde
4.99-4.90 araliginda degisen degerler almigtir. K 6rneginde depolama siiresince tespit edilen TMAB
sayist L. Orneginden daha yiiksek bulunmasma ragmen depolama siiresinin ve Orneklerin iiretim
yonteminin TMAB sayisina etkisi istatistiksel olarak onemli goriilmemistir. TS 1329 Siittozu
standardina gére, siittozunda bulunmasi gereken TMAB sayis1 5x10%-10° adet/g olmasi gerektigi
bildirilmektedir. Bu degerlere gore ¢alismamizda K ve L orneklerinde tespit ettiimiz TMAB sayist
standartlara uygunluk gdstermektedir.

Cizelge 4 incelendiginde depolamanin 1. Giiniinde K ve L orneklerinde maya ve kiif tespit
edilememistir. Depolamanin ilerleyen giinlerinde 6rneklerde saptanan toplam maya- kiif sayilar1 cok
kiiciik miktarda ve birbirine ¢ok yakin degerler almistir. Depolama siiresi ve oOrneklerin {iretim
yontemleri maya-kiif sayisini etkilememistir. Mikrobiyolojik kriterler tebligine gore siittozunda
bulunmasi gereken maya- kiif sayismin en fazla 10° olmas1 gerektigi bildirilmektedir. Calismanizda
tespit ettigimiz maya- kiif say1s1 bu sinir degerinin ¢ok altinda tespit edilmistir.

3.2. Rekonstitiie ayranlarda saptanan ozellikler
3.2.1. Kimyasal analizler

Depolama siiresi boyunca rekonstitiie ayranlarda saptanan kimyasal analiz sonuglar1 Cizelge
5’de verilmistir.

Igerisine % 0.5 tuz eklenip paketlenerek +4 °C saklanan yogurt tozlar1 1., 15., 30., 60. Ve 90.
Giinlerde rekonstitiie edilip belirlenen analizler yapilmistir. 1. Giin rekonstitiie edilen ayran ornekleri
15. Giine kadar +4 °C’de depolanip, Kkontrol V€ Liontor ayranlari olarak nitelendirilmistir. Boylece
rekonstitiie edilen ayranlarin rekonstitiitasyon isleminden sonra gostermis oldugu degisimleri
gozlemlemek, dayanim siiresini belirlemek ve toz halde ile rekonstitiie halde saklamanin farki
belirlenmek istenmistir.

90 giinliik depolama siiresince K rekonstitiie ayranlarinin pH degeri L rekonstitiie ayranlariin
pH degerinden diisiik oldugu belirlenmistir. Uretim ydnteminin farklilig1 rekonstitiie ayranlarin pH
degerini etkilemistir (P<0.05). Kkontrol V€ Lkontrot ayranlarinin pH degerinin 15. Giiniin sonunda K ve L
ayranlarina gore istatistiksel olarak 6nemli bir azalig gosterdigi gézlemlenmistir. 90 giin boyunca toz
halde saklanan ve depolama boyunca pH bakimindan 6nemli bir degisiklik gdstermeyen ayran tozlarmin
rekonstitiie edildikten sonraki 15. Giiniin sonunda pH degerlerinin énemli derecede azalig gosterdigi
gorlilmistiir. Bu durum temel olarak ayranlarin toz halinde saklanmasinin avantajini, ¢aligmamizin
amacini ve ulasilmak istenen asil sonucu ortaya koymaktadir.
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Cizelge 5. Depolama siireci boyunca rekonstitiie ayranlarda saptanan kimyasal 6zellikler

Depolama Periyodu (Giin)

Analiz Ornek 1 15 30 0 90
K 3.96+0.015%x 3.96+0.045a%x 3,94+ 0,015 3.91+ 0,045 3.89+0.0154
L 4.48+0.02 AaXx. 4.47 £ 0,00%x 4.45+0.037 4.43+0.02"° 4.40 £0.05%*
o K Kontrol 3,96 +£0.01%* 3.58+0.01%Y
L Kontro! 4,48+ 0.02 ** 3,99+0.02%
K 1.1340.0342%x 1.15£0.014Y* 1.18+0.014* 1.21£0.014* 1.29+0.014*
Asitlik (%) L 0.72+0.045:2 %x 0.75+0.055Yx 0.80 +0.03%* 0.86+0.0154 0,92+0.0552
sith (
K Kontrol 1.13i0.03x’y 1.36:‘:0.00)(’/‘
L Kontro! 0.72+0.04% 1,00£0.01%*
K 11.72£0.044%x 11.74£0.15%%= 11.45£0.02%° 11.58+0.02* 11.71£0.08"*
K dde(%) L 11.68 £0.164*%* 11.73£0.024 % 11.62£0.1742 11.50+0.074* 11.68+0.08"*
urumaade( 7o
K Kontrol 11.72+0.04%* 11.75 £0.02%*
L Kontro! 11.68+0.16%* 11.70+0.03%
K 3,10+£0.054 % 3.00+£0.054%x 3.10+£0.10"* 2.95+0.05"* 3.05+0.05"*
Yag (%) L 3.00+0.034 X 3,05+0.104 % 3.10+£0.05"* 3.05+0.05"* 3.00+0.10"*
ag (7o
K Kontrol 3,10:‘:0.05)(’x 3.05:!:0.05X,x
L Kontro! 3.00+0.03%* 2,95+0.05%*
K 3.19£0.078%x 3.2540.045a %x 3.31+0.0284 3.20+0.065¢ 3.26+0.0254
Protein (%) L 4.18+0.024 X~ 4.10£0.064 %~ 4.1240.05%* 4.23+0.08** 4.29+0.024°
rotein (7o
K Kontrol 3.19:!:0.07X,x 3.23:‘:0.03)(’x
L Kontrol 4.1 8:!:0.02)(“‘ 4.1 3i0.04X,x

ABL Biiyiik harfler ayni siitunda 6rnekler arasi farkliligi géstermektedir (P< 0.05).

abe Kiiciik harfler ayni satirda aym drnege ait depolama periyotlari arasi farkhiligi gdstermektedir (P< 0.05).

XY Biiyiik harfler 1. Ve 15. Giinlerde ayni siitunda drnekler arasi farklihgi gdstermektedir (P< 0.05).

*¥, Kiiciik harfler 1. ve 15. giinlerde ayni satirda ayn1 rnege ait depolama periyotlar arasi farkliligi gostermektedir (P< 0.05).
K: Konveksiyonel yontemle iiretilen yogurt tozundan rekonstitiie edilen ayran.

L: Liyofilize yontemle iiretilen yogurt tozundan rekonstitiie edilen ayran.

Akcay (2016) “Acili ayran iiretimi ve bazi 6zelliklerinin arastirilmasi” adli tez ¢alismasinda 20
giinliik depolama periyodunda kontrol 6rneginin pH degerini 4.31 ile 3.65 araliginda azalan degerlerde
bulmustur. Farkli starter kiiltiir kullanilarak {iretilen ayranlarin kalite 6zelliklerinin incelendigi bir
arastirmada; 21 giinliikk depolama siiresince pH degeri; 1. giinde 4.64, 21. Giinde 3.83 olarak tespit
edilmistir (Polat, 2009). Caligmamizda ayranlarin gdstermis oldugu pH degisimleri yapilan literatiir
caligmalarina paralel sekilde bulunmustur.

Titre edilebilir asitlik degeri, ayranin tat ve aromasiyla ilgili bir kalite kriteri olup ayranin
tiikketilebilme 6zelligini kaybetmeden saklanabilecegi siirenin belirlenmesinde son derece etkili bir
faktordiir. Ayranin titrasyon asitligi degeri laktik asit cinsinden en az % 0.6 olmas1 gerektigi
belirtilmistir (Akcay, 2016). Calismamizda depolama periyoduna gore rekonstitiie ayranlarin titrasyon
asitligi degerleri bir artig gosterse de bu artis onemli bulunmamistir (P>0.05). Ancak {iretim yonteminin
farklilig1 rekonstitiie ayranlarin titrasyon asitligi degerini istatistiksel olarak etkilemistir. Kionwol Ve
Lkontrot ayranlariin 15 giinliik depolanmasinda titrasyon asitliginde énemli bir artis meydana geldigi
tespit edilmistir. Asitlik derecesinin artigi, drnekleri tat- aroma yoniinden de olumsuz etkilemistir. Toz
halinde saklanan ayran 6rnekleri 90 giinliik depolama siiresince 90. glinde bile hala ilk giinkii tat aromay1
verebiliyorken, sulandirilmig halde depolanan ayranlar 15. giiniin sonunda énemli diizeyde tat- aroma
degisimleri gostermistir. Bu durum ayranlarm toz halde saklanmasinin avantajini ve ¢alismamizin temel
amacini ortaya koymaktadir.

Ayranin fizikokimyasal, mikrobiyolojik, duyusal ve probiyotik o6zelliklerini belirlemek
amaciyla yapilan bir ¢alismada 30 giinliik depolama siiresince {i¢ farkli1 zamanda titrasyon asitligi analizi
yapilmistir. Ayran 6rneklerinde belirlenen titrasyon asitligi degerleri 1. giin sonunda % 0.80-0.95, 15.
giin sonunda % 0.93-1.10 ve 30. gilin sonunda % 0.95-1.16arasinda degismistir (Zengin, 2011). Ak¢ay
(2016), calismasinda 20 giinliik depolama periyodunda kontrol 6rneginin titrasyon asitligi degerlerini
0.56 ile 0.72 arasinda artan degerlerde bulmustur. Calismamizda yogurt tozu iiretim yonteminin etkisi
nedeniyle K 6rneginin titrasyon asitligi degerleri literatiir ¢alismalarindan biraz yiiksek bulunmustur
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ancak L Orneginin titrasyon asitligi literatiir caligmalarina paralel sekildedir. Bu durum dondurularak
kurutulan 6rneklerin konveksiyonel kurutulan 6rneklere gore iiriiniin yapisini daha az degistirdigini ve
daha iyi derecede sonug alindigini gostermektedir.

Rekonstitiie ayranlar ile Kyontrol V€ Liontrot @yranlart depolama siiresi boyunca kurumadde, yag ve
protein degerleri bakimindan 6nemli degisiklikler gostermemistir (P>0.05).

3.2.2. Fiziksel analizler

Depolama siiresi boyunca rekonstitiie ayranlarda saptanan serum ayrilmasi, viskozite ve renk
Olciimleri Cizelge 6'da verilmistir.

Calismamizda K ve L rekonstitiie ayranlarinin serum ayrilmasi degerinin belirlenmesi i¢in;
depolama siiresince belirlenen giinlerde hazirlanan ayranlar 100 mI’lik silindirik meziirlerde +4 °C’de 1
giinliik depolanmistir. 1 giinliik depolamanin ardindan serum ayrilmasi degerleri saptanmustir.

K ve L rekonstitiie ayranlarinda saptanan serum ayrilmasi degerleri incelendiginde; depolama
stiresince K orneklerinin serum ayrilmasi degerlerinin L 6rneklerinin serum ayrilmasi degerlerinden
daha yiiksek oldugu gézlemlenmistir.

Cizelge 6. Depolama siireci boyunca rekonstitiie ayranlarda saptanan fiziksel 6zellikler

Depolama Periyodu (giin )

Analiz Ornek I 5 30 50 50

K 3.30+0.01-Aa%x 3.50+0.504%Y* 3.70+£0.30% 3.60+£0.40"° 3.50+£0.254
Serum L 1.1040.10-Ba%x 1.00+0.205Yx 1.40+0.205 1.20+0.205 1.30+0.105
{Ao/y;llmam K kontrol 3.30+£0.01%Y 26.00+2.00%*

0

L kontrol 1.10+£0.10YY 11.00+1.00%*

K 8.39+0.14Ba Xx 8.11+0.128a%x 8.25+0.0784 7.93+0.2654 7.85+0.0752
Viskozite L 39.60+£1.914%x 39.15+0.24A%x 38.90+0.10" 38.51+0.65% 38.18+0.214%
(cP) K kontrol 8.39+0.14Y 8.28+0.21Y

L kontrol 39.60+£1.91% 39.53+0.06™%*

K 86.71+0.978a%x 87.69+0.108a%x 87.30+0.5282 88.99+0.7284 87.59+0.778

L* L 95.38+0.0042%* 95.01+0.134% 95.62+0.16" 95.73+0.37A2 95.94+0.86"*

K kontrol 86.71+0.97%* 85.04+0.46%*

L kontrol 95.38+0.00%* 93.79+0.05%*

K -2.00+0.13B4%x -2.07+0.04832%x -2.05+0.1382 -2.134+0.065* -2.2540.0282
Renk . L -0.1840.0244%x -0.2040.104%%x -0.154+0.04%2 -0.23+0.0144 0.21£0.054

en a

K kontrol -2.00+0.13%* -1.97+0.29%*

L kontrol -O.ISiO.OIX’X -0.21:(:0.08)(”‘

K 16.23+£1.104%%* 16.86+0.8442%x 16.1540.5244 16.74+0.75%4 16.70+0.0344

b L 9.69+0.095-2%x 9.77+0.02:Ba%x 9.41+0.1052 9.53+0.2352 9.89+0.1552
K kontrol 16.23+£1.10%* 16.25+0.39%*
L iontrol 9.69+0.09%* 9.93+0.37%%

ABC Biiyiik harfler ayni siitunda drnekler arasi farkliligi gdstermektedir (P< 0.05).
*be Kiigiik harfler ayni satirda ayni drnege ait depolama periyotlari arasi farkhihigi gostermektedir (P< 0.05).
XY Biiyiik harfler 1. ve 15. giinlerde ayn1 siitunda &rnekler arasi farkliligi géstermektedir (P< 0.05).

*¥ Kiiglik harfler 1. ve 15. giinlerde ayni satirda ayn1 6rnege ait depolama periyotlar: aras: farklilig1 gostermektedir (P< 0.05).
K: Konveksiyonel yontemle iiretilen yogurt tozundan rekonstitiie edilen ayran.

L: Liyofilize yontemle iiretilen yogurt tozundan rekonstitiie edilen ayran.

1. giinde Kyontrol, Lkontrot Orneklerinin serum ayrilmasi degerleri sirasiyla % 3.30 ve % 1.10 olarak
olgiiliirken, bu 6rnekler 15.giine kadar depolandiginda serum ayrilmasi degerleri sirasiyla % 26 ve % 11
olarak tespit edilmistir. Toz halde depolanip 15. giinde rekonstitiie edilen K ve L ayranlarinin serum
ayrilmasi degerleri ise sirasiyla % 3.50 ve % 1.00 olarak tespit edilmistir. Toz halde depolanip 15. giinde
rekonstitiie edilen K ve L ayranlarinda serum ayrilmasi degerleri 1. giine gére énemli bir degisim
sergilemezken, 15.giinde K ve Kiontrot 0rnekleri ile L ve Liontrol 0neklerinin serum ayrilmasi degerinde
1. giine gore meydana gelen degisim onemli bulunmustur (P<0.05). Bu durum Kionwot V€ Liontrol
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ayranlarinda ciddi bir yap1 kusuru iken, toz halde saklanip daha sonra rekonstitiie edilen ayran
orneklerinde 90 giinliik depolama siiresinde bile ¢ok az miktarda serum ayrilmasi meydana gelmesi
tiikketiciler i¢in daha ¢ok tercih edilebilecek bir durumdur.

Yogurt ve ayran gibi iirlinlerin viskozitesi kalite ve reolojik 6zellikler bakimindan oldukga
onemlidir. Depolama siiresinin viskozite degerlerindeki degisime etkisi dnemsiz bulunmustur. Uretim
yontemlerine gore K ve L rekonstitiie ayranlar birbiriyle kiyaslandiginda depolama siiresince K
ayraninin viskozite degeri L ayranindan daha diisiik bulunmustur. Viskozite degerleri arasindaki bu
farklilik 6nemli bulunmustur (P<0.05). Bu farkliligin konveksiyonel yontemle iiretilen yogurt tozunun
yapisinda bulunan proteinlerin yiiksek sicaklik etkisiyle bozunmasi ve su tutma kapasitesinin
diismesinden kaynaklandigi diislinlilmektedir. Krasaekoopt ve Bhatia (2012); 50, 60 ve 70 °C’de
kuruttuklar1 yogurt tozundan iirettikleri % 15 kuru maddeli i¢ecegin viskozite degerinin diisme sebebini,
sicaklik artisina bagli olarak proteinlerin hasar gérmesi olarak agiklamustir.

90 giinliik depolama siiresince L 6rnegi daha yiiksek L*, a* degeri alirken daha diisiik b* degeri
almigtir. Orneklerin iiretim yontemi L', a*, b*degerleri arasinda istatistiksel olarak daha énemli bir
farklilik meydana getirmistir. Artan sicakliga bagl olarak renk degisimlerinin meydana geldigi Tontul
ve ark. (2018) tarafindan yapilan galigmada da belirlenmigtir. Kyontrol V€ Liontrol ayranlarinin renk
degerlerinde 15 giinliik depolama siiresince 6nemli degisim goézlenmemistir. Nalchi (2014), liyofilize
yontem kullanarak elde ettigi yogurt tozundan iirettigi rekonstitiie yogurdun 21 giinliikk depolama
siiresince kontrol &rneginde L*, a*, b*degerlerinin degismedigini vurgulanustir.

3.2.3. Mikrobiyolojik ozellikler

Depolama siiresince belirlenen giinlerde rekonstitiie edilen ayranlarin mikrobiyolojik
ozelliklerinde saptanan degerler Cizelge 7°de verilmistir.

Cizelge 7. Depolama siiresince rekonstitiie ayranlarda saptanan mikrobiyolojik degerler (log KOB/ml)

Sayimi yapilan Ornek Depolama Periyodu (Giin)
bakteri 1 15 30 60 90
Lactobacillus K 2.3940.028>%x 2.3040.128>%x 2.2140.1282 2.10£0.055* 2.01.£0.2382
delbrueckii L 4.50+0.05%2%% 4.47+0.024% X 4.41+0.074* 4.32+0.034* 4.29+0.08%*
subsp. K kontrol 2.3940.02%% 2.5340.04%*
bulgaricu:
uigaricus L kool 4.5040.05%% 4.68+£0.03%%

K 3.2540.018>%x 3.16£0.065> %> 3.05£0.0142 2.97+0.08** 2.89:0.02*
Streptococcus L 5.61+£0.06" X 5.57+£0.014% % 5.50+0.04%* 5.34+0.04%* 5.12+0.03%*
thermophilus K kontrol 3.25+0.01%* 3.58+0.06**

L tontrol 5.61£0.06** 5.82+0.07%*

K 4.17+0.0344%x 411202475 Y 4,08+0.12"° 3.99+0.144* 3.95+0.114*
TMAB L 3.8340.034 X 3.8940.034% Y 3.84+0.0142 3.79+0.124* 3.76+0.00**

K ontrol 4.17£0.03%Y 6.75£0.21%%

L tontrol 3.83+0.03%Y 5,78+0.04%>

K 0.4743%x 0.42:£0.014Yx 0.61£0.034* 0.49+0.014* 0.85+0.014*
Toplam Maya- L 0.49%3%x 0.47£0.00% Y 0.54+0.014* 0.67+0.014* 0.32:£0.034*
Kif K tontol 0.47% 1.340.03%

L yontrol 0.49%Y 1.3040.00%*

ABL Biiyiik harfler ayni siitunda 6rnekler arasi farkliligi géstermektedir (P< 0.05).
abe Kiiciik harfler ayni satirda aym drnege ait depolama periyotlari arasi farkliligi gdstermektedir (P< 0.05).
XY Biiyiik harfler 1. ve 15. giinlerde ayn1 siitunda &rnekler aras1 farklihig1 gostermektedir (P< 0.05).
*¥, Kiigiik harfler 1. ve 15. giinlerde ayni satirda ayn1 rnege ait depolama periyotlari aras1 farkliligi gostermektedir (P< 0.05).
K: Konveksiyonel yontemle iiretilen yogurt tozundan rekonstitiie edilen ayran.

L: Liyofilize yontemle iiretilen yogurt tozundan rekonstitiie edilen ayran.

Depolama siiresince 6rneklerin Streptococcus thermophilus ve Lactobacillus delbrueckii subsp.
bulgaricus sayilarinin géstermis oldugu degisim onemsiz bulunmustur. Rekonstitiie ayranlarin TMAB
sayist K o6rneginde 4.17-3.95 log KOB/ml, L 6rneginde 3.89-3.76 log KOB/ml araliginda degisen
degerler almistir. Kiontrot Orneginde TMAB sayis1 1.giin 4.17 log KOB/ml, 15.giin 6.75 log KOB/ml,
Likontrot 0rneginde 1.giin 3.83 log KOB/ml, 15. giin 5.78 log KOB/ml olarak artmustir.
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Yaptigimiz calisgmada 90 giin boyunca toz halde depolayip belirlenen periyotlarda rekonstitiie
ettigimiz ayranlarda TMAB bakteri yogunlugunun degismemesine ragmen; rekonstitiie edip 15 giin
depoladigimiz ayranlarda bakteri yogunlugunun énemli diizeyde arttig1 gozlemlenmistir (P<0.05). Bu
bakteri yogunlugundaki artis ortamdaki serbest su miktarinin artmasina bagl olarak bakterilerin hizla
gelisip cogalmasindan kaynaklanmaktadir.

K ve L ayranlarinda saptanan maya- kiif sayilar1 depolama siiresince sirastyla 0.42- 0.85 log
KOB/ml ve 0.32-0.67 log KOB/ml araliginda degisen degerlerde bulunmustur. Depolama siiresinin ve
iiretim yonteminin ayranlarin maya- kiif sayisin etkilemedigi tespit edilmistir (P>0.05). Kiontrol V€ Liontrol
ayranlarmin 15 giinliik depolama siiresince maya- kiif sayilarinda onemli bir artis tespit edilmistir.
Ayrica Kiontrol V€ Liontrol @yranlarin 15. giiniindeki maya- kiif artisi, toz halde saklanan ve 15. giin
rekonstitlie edilen K ve L 6rneklerine gore 6nemli bulunmustur (P<0.05).

Calismamizda K ve L ayranlarinda 90 giinliik depolama siiresince tespit edilen toplam maya-
kiif miktari, Tiirk Gida Kodeksi Mikrobiyolojik Kriterler Tebliginde belirtilen sinir degeri olan 2 log
degerinin altinda tespit edilirken; rekonstitiie halde depolanan Kyontrol V€ Liontrol @yranlarinda 15 giinliik
depolama sonunda maya-kiif miktar1 6nemli bir artig gostererek 2 log olan sinir degerine yaklagsmistir.

3.2.4. Duyusal analizler

Rekonstitiie ayranlara ait duyusal degerlendirme bulgular1 Cizelge 8’de verilmistir. K ve L
ayranlarinda yapilan duyusal analizlerde goriiniis, kivam tat, koku, renk 6zelligi bakimidan L 6rnegi
panelistler tarafindan daha ¢ok begenilmistir. L 6rneginin genel begenirlik diizeyinin K 6rneginden
yliksek bulunmasi ve panelistler tarafindan daha c¢ok tercih edilmesi toz iiriinlerin tiretiminde liyofilize
yontemin {iriniin niteliklerini daha iyi korudugu sonucuna ulastirmaktadir.

Cizelge 8. Depolama siiresince rekonstitiie ayranlarda saptanan duyusal 6zellikler

Analiz Ornek 1 = Depolama Perlg/(())du (Giin) — -

K 2.8+0.045% X 2.6+0.045% X 2.740.00B°  2.4+0.645 2.5+0.895%
o L 4.6£0.35M 4.4+6.48M 4.6£0.48M  4.2+0.94M 4.8+0.00M
Goriindls Keontrol 2.8+0.04%% 2.540.10%%

Liontrol 4.6+0.35%* 4.5+£0.00%*

K 340,488 XX 3,640,675 X 3240338 3.4:£0.948 3,540,505
K L 4.8.4£0.50MXx 4,840,391 4.6£0.50  4.5£0.39M% 4.7+£0.39M
tvam Keontrol 3.440.48%% 3.542.14%%

Liontrol 4.8+0.50%* 4.6£1.15%*

K 230,713 Xx 210,023 X 23+0.73B%  1.9+0.205 2.0.40.00%
Tat L 4,840,344 X 4,940,814 Xx 4.5£0.84%  4.7+£0.00M 4.8+0.59M
a Kool 2.340.71% 1.0£0,00%

Liontrol 4.8+0.34% 3.040,43Y

K 3.540.828¢ 360,198 X 3440725 3.5+0.635 3,040,135
Kok L 4,840,450 X 4.740.75M X 4.9+£0.67°  4.8+£0.76™ 4.74£0.15M
oK Kionteol 3.540.82% 34021

Liontrol 4.8+0.45%* 4,540,545

K 2.0:4(0.73B4 X 210,778 Xx 1.940.47%%  2.0+£0.45%° 1.9+.665
Renk L 4,740,944 X 4.8+£0.89 X 4.9£0.48M  4.7+£0.94M 4.9.£0.48M
en Kionteol 2.2:0.73% 2.040.45%

Lkonlm] 4.72*:0.94)("X 4.5:‘:0.64)("X

K 330,713 X 340,488 X 3.040.75%%  3.1£0.645 3,340,695
Genel L 40404140 Xx 4.04£0.034Xx 4.0£0.00  4.4+0.33M 4.6£0.39M
Begeni Kiontrol 3.3+0.71%* 3.0+0.05%*

Liontrol 4.040.41% 4.0+£0.65%*

ABL Biiyiik harfler ayni siitunda 6rnekler arasi farkliligi géstermektedir (P< 0.05).

abe Kiiciik harfler ayni satirda aym drnege ait depolama periyotlari arasi farkliligi gdstermektedir (P< 0.05).

XY Biiyiik harfler 1. ve 15. giinlerde ayni siitunda drnekler arasi farklihig1 gdstermektedir (P< 0.05).

*¥, Kiiciik harfler 1. ve 15. giinlerde ayni satirda ayn1 rnege ait depolama periyotlari aras1 farkliligi gostermektedir (P< 0.05).
K: Konveksiyonel yontemle iiretilen yogurt tozundan rekonstitiie edilen ayran.

L: Liyofilize yontemle iiretilen yogurt tozundan rekonstitiie edilen ayran.
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90 giin boyunca toz halde saklanan ve depolama boyunca sahip oldugu 6zellikleri koruyan, 90.
giinde bile rekonstitue edildiginde hala ilk gilinkii tat ve aromasini yakalayan ayran tozlarinin,
rekonstitiie edildikten sonraki 15. giiniin sonunda duyusal 6zelliklerini énemli derecede kaybettigi
dayanimimin azaldigr goriilmiistiir. Bu durum temel olarak ayranlarin toz halinde saklanmasinin
avantajini, ¢alismamizin amacini ve ulagilmak istenen asil sonucu ortaya koymaktadir. Bu noktada hem
tiiketicinin begenecegi hem de raf omrii sikintis1 olmadan depolanabilecek bir iiriin elde etmek
caligmamizin esasini olugturmaktadir.

4. Sonuc ve Oneriler

Calisma siiresince yogurt tozlarinda ve rekonstitiie ayranlarda yapilan kimyasal, fiziksel,
mikrobiyolojik ve duyusal analizler 15181nda asagidaki sonug ve oneriler elde edilmistir.

Konveksiyonel ve liyofilize olmak iizere farkli iki yontem ile yogurt tozu elde edilmis ve
farkliliklar1 ortaya konulmustur.

Kullanima hazir iiriin elde edilerek; dayanikl, taginmasi kolay, soguk depolamaya ihtiyag
duyulmayan, oda sicakliginda bile lezzetini uzun siire koruyabilen, zamandan tasarruf saglayan, hacim
azalmasi sonucu depolama ve nakliyatta kolaylik saglayan bir iiriin elde edilmistir.

Yogurt tozu haricinde ilk defa toz ayran iiretimi gerceklestirilmis ve belirtilen depolama stiresi
boyunca fiziksel, kimyasal, mikrobiyolojik ve duyusal agidan degisimleri izlenmistir.

Yogurt tozlarmin ve rekonstitiie ayranlarin fiziksel, kimyasal, mikrobiyolojik ve duyusal
ozellikleri depolama periyoduna gére istatistiksel olarak onemli degisimler sergilememistir. Uriinler
kalite 6zelliklerini koruyarak bozulmadan 90 giin boyunca depolanabilmistir.

Uretim yontemine bagl olarak yogurt tozu ve rekonstitiie ayranlarm fiziksel, kimyasal,
mikrobiyolojik ve duyusal 6zellikleri istatistiksel olarak dnemli degisimler gostermistir.

Liyofilize yontem ile iiretilen yogurt tozlar1 konveksiyonel yontem ile iiretilen yogurt tozlarima
kiyasla daha iyi fiziksel, kimyasal, mikrobiyolojik sonuglar vermis ve duyusal analizlerde genel
begenirliliginin daha yliksek oldugu goriilmiistiir.

Kimyasal 6zellikler bakimindan liyofilize yontem ile iiretilen 6rneklerde pH daha diisiik, asitlik
ve protein orani daha yiiksek bulunmustur.

Fiziksel 6zellikler bakimindan liyofilize 6rneklerde renk, viskozite, ¢oziiniirliik, dagilabilirlik
ve 1slanabilirlik degerleri daha yiiksek; serum ayrilmasi degeri daha diisiik bulunmustur.

Mikrobiyolojik ozellikler bakimindan liyofilize 6rneklerde Streptococcus thermophilus ve
Lactobacillus delbrueckii subsp. bulgaricus sayis1 daha yiiksek bulunmustur.

Duyusal 6zellikler bakimindan liyofilize 6rneklerde goriiniis, kivam, tat, koku, renk ve genel
begeni 6zellikleri daha yiiksek puan almistir.

Bu calisma 15181nda; yogurt tozu iiretimiyle ilgili farkli yontemlerin denenip c¢alismalarin
yayginlastirilmasi, yogurt tozu liretiminde daha diisiik yag oranina sahip yogurdun kullanilmasi, liretim
yonteminde konveksiyonel iiretime nazaran liyofilize iiretimin tercih edilmesi, farkli ambalaj
yontemleriyle pratik kullaniminin artirilmasi 6nerilebilir.
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Abstract: Seaweeds are known sources of bioactive compounds that provide
diverse health benefits. However, knowledge on the potential pharmaceutical
application of some economically important seaweeds such as Halymenia
durvillei is still limited. In this study, the bioactive properties of H. durvillei were
studied. The results showed that the macroalga contains a total phenolic content
(TPC) of 6.77 £ 0.03 mg GAE/g. Antioxidant activity of H. durvillei exhibited
potent ABTS" radical scavenging activity and high copper reduction capacity with
ICso value of 106 pg GAE/mL and 20.44 pg GAE/mL, respectively. In vitro
assessment of tyrosinase and elastase inhibition properties of H. durvillei extract
showed that the alga has potent inhibitory activity with ICso of 40 ng GAE/mL
and ICso of 696 ug GAE/mL, respectively more effective than kojic acid and
tocopherol. In addition, evaluation of ai-amylase inhibition properties showed that
H. durvillei extract has potent inhibitory activity with ICso value of 56 ng
GAE/mL more effective than acarbose (standard anti-diabetic drug) with ICso of
101 pg/mL. The current investigation shows the potential of H. durvillei for the
pharmaceutical application, which can be utilized for the synthesis of novel drugs.
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Anahtar Kelimeler

Biyolojik aktivite,
Kimyasal bilesim,
Deniz,

Filipinler,

Oz: Deniz yosunlar, gesitli saglik yararlari saglayan biyoaktif bilesiklerin bilinen
kaynaklaridir. Bununla birlikte, Halymenia durvillei gibi ekonomik agidan 6nemli
bazi deniz yosunlarimin potansiyel farmasdtik uygulamalarina iliskin bilgiler hala
sinirlidir. Bu ¢alismada H. durvillei'nin biyoaktif o6zellikleri incelenmistir.
Sonuglar, makroalganin 6.77 + 0.03 mg GAE/g toplam fenolik igerik (TPC)
icerdigini gosterdi. H. durvillei'nin antioksidan aktivitesi, sirasiyla 106 pg
GAE/mL ve 20.44 pg GAE/mL ICso degeri ile giiglii ABTS" radikal siipiirme
aktivitesi ve yiiksek bakir indirgeme kapasitesi sergiledi. H. durvillei ekstraktinin
tirozinaz ve elastaz inhibisyon 6zelliklerinin in vitro degerlendirmesi, alg'in ICso'si
40 ng GAE/mL ve ICso'si 696 pg GAE/mL 'lik giiclii inhibitor aktiviteye sahip
oldugunu ve kojik asit ve tokoferolden daha etkili oldugunu gosterdi. Ek olarak,
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Yosunlar a-amilaz inhibisyon ozelliklerinin degerlendirilmesi, H. durvillei ekstraktinin
ICsodegeri 56 ug GAE/mL olan giiclii inhibitor aktiviteye sahip oldugunu ve IC50
degeri 101 pg/mL olan akarbozdan (standart anti-diyabetik ilag) daha etkili
oldugunu gostermistir. Mevcut arastirma, yeni ilaglarin sentezi i¢in kullanilabilen
farmasotik uygulama ic¢in H. durvillei'nin potansiyelini gostermektedir.

1. Introduction

Over the past few years, there has been an increasing demand to develop natural, cheap, and
novel bioactive compounds that will address emerging diseases such as cancer, diabetes, and microbial
infections (Sobuj et al., 2021). Natural bioactive compounds currently being screened for this purpose
includes phenolic compounds, polysaccharides, essential oils, and bioactive peptides derived from
seaweeds. Marine algae are rich sources of bioactive compounds since these organisms live in extreme
environments where temperature, light, and salinity are constantly fluctuating (Arguelles and Sapin,
2021). Such conditions allowed seaweeds to develop diverse secondary metabolites that possess unique
and potent biological activities. These metabolites are considered valuable bioactive substances that can
be used as functional ingredients for food, industrial, and medical applications (Sari et al., 2019; Sobuj
et al., 2021).

Halymenia durvillei Bory 1828 is a widely distributed seaweed belonging to Rhodophyta. It is
characterized by having soft, flattened, and cartilaginous branches with cylindrical stipe. The branch of
this seaweed is red to orange in color and is usually arranged as alternate or pinnate forming bushy
clumps on solid rock surfaces (Trono, 1997). H. durvillei is considered as a high value marine algae
because of its carrageenan content (Trono and Largo, 2019). This commercially important seaweed can
also be an alternative source of active metabolites such as proteins, carotenoids, phenolic compounds,
and arachidonic acid. These compounds have biological activities such as antioxidant, anti-diabetic, and
antimicrobial activities that can be harnessed for pharmaceutical application. In addition, the natural
pigment of H. durvillei, such as phycoerythrin, can also be produced and utilized as natural colorants
for commercial application (Trono and Largo, 2019).

The Philippines, being at the center of the Coral Triangle, is known for its rich marine algal flora
with diverse bioactive metabolites. However, only limited reports are available on the bioactive
properties of seaweeds in the Philippines (Arguelles 2020; Magdugo et al., 2020; Arguelles and Sapin
2020a, b, c; Arguelles 2021b; Arguelles and Sapin, 2021). Thus, the current study aims to document
some of the important biological properties of H. durvillei for potential medical application. The study
specifically aims to evaluate the total polyphenolic content (TPC), antioxidant (using ABTS" radical
scavenging and copper reduction antioxidant capacity (CUPRAC) assays), anti-diabetic, as well as
tyrosinase and elastase inhibition properties of H. durvillei. In addition, correlation analysis on the
phenolic content of the seaweed extract and its antioxidant activities were also established.

2. Material and Methods

2.1. Seaweed sampling and collection

Fresh algal biomass of Halymenia durvillei Bory was collected on 08 March 2021 in the coast
of Nasugbu (Lat. 14° 5'31.4484" N; Long. 120° 37' 21.8382" E), Batangas, Philippines (Figure 1). The
biomass was rinsed with sterile distilled water several times to remove epiphytes and sand particles in
the algal sample. Halymenia durvillei was oven-drying at 60 °C for 12 hours and was pulverized (250-
500 um) before subjecting it for solvent extraction. The taxonomic identification of the seaweed was
done using the taxonomic keys of Guiry and Guiry (2021) on Algae Base (web site: www.algaebase.org)
and Trono (1997). The seaweed was verified by the algae curator of the National Institute of Molecular
Biology and Biotechnology (BIOTECH), Laguna, Philippines.
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Figure 1. Thallus morphology of H. durvillei from the coast of Nasugbu, Batangas.

2.2. Preparation of seaweed extract

Powdered algal biomass of H. durvillei (1 gram) was subjected to solvent extraction following
the protocol of Gao et al., (2002). The biomass was extracted using 30 mL acidified methanol (1 HCI:
80 CH3OH: 10 H,0O) in an ultrasonic bath for 30 minutes with continuous stirring for 1 hour. The algal
mixture was then centrifuged at 12,000 rpm for 20 minutes at a temperature of 20 °C. The harvested
algal extract was further concentrated via rotary evaporator (BUCHI Rotavapor®) set at 40 °C under
reduced pressure. The algal extract was placed under refrigerated conditions (4 °C) to preserve its
biological activity for use in different biological assays included in the current study (Arguelles and
Sapin, 2020a). The yield extract of H. durvillei was calculated using the equation:

Weight of the algal extract (g)
Weight of the dried algal biomass (g)

Yield (%) = ( )x 100 0

2.3. Determination of total phenolic content (TPC)

The TPC of H. durvillei was analyzed via Folin-Ciocalteu assay following the methods of
Nuiiez-Selles et al., (2002) and expressed as microgram (pg) of gallic acid equivalent (GAE) per gram
of the seaweed biomass (calibration curve equation: y = 0.006415x — 0.0140, R* = 0.99978). Briefly,
about 0.5 mL of H. durvillei extract was mixed with 0.5 mL 10% sodium carbonate solution and 0.5 mL
of Folin-Ciocalteau’s reagent for 1 minute. The sample mixture was mixed and set aside from at room
temperature for 5 minutes. The volume of the mixture was adjusted using 5 mL distilled water. The
absorbance reading of the sample and control were taken using an Ultraviolet-Visible spectrophotometer
at a wavelength set at 720 nm.

2.4. ABTS" (2,2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) scavenging assay

The ABTS" scavenging assay for H. durvillei was done following the procedure of by Re et al.
(1999) with a few modifications in the procedure. Briefly, 40 puL of H. durvillei extract prepared in
different concentrations (30.0 — 150.0 pg GAE/mL) and 40 pL of 90% methanol (control) were mixed
with 3 mL of ABTS" radical mixture with an initial absorbance reading of 0.72 % 0.05 at 734 nm. The
reaction mixtures were mixed and placed at ambient room temperature for 5 min. The absorbance
readings of each prepared reaction sample solution were taken at 734 nm. ABTS" inhibition (%) was
noted using the equation:
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Acontral - Asample

Inhibition (%) = ( )x 100 @)

Acontrol

Where Agmplc is the absorbance reading of the sample (algal extract) and Aconwor is the absorbance
reading of the control (ascorbic acid). The ABTS" inhibition activity (%) was plotted with different
prepared concentrations of H. durvillei extract. ICso of the seaweed extract is the concentration the
seaweed extract that exhibited 50% ABTS radical scavenging activity.

2.5. Copper reduction antioxidant capacity (CUPRAC) assay

The copper reduction antioxidant capacity assay for H. durvillei extract was made using the
methods of Alpinar et al., (2009). In this assay, 1 mL each of 0.01 M CuCl, solution, 0.0075 M
neocuproine, and 1 M ammonium acetate buffer (pH 7) were mixed in sterile test tubes containing 0.5
mL of H. durvillei extract (at a different prepared phenolic concentration) and ascorbic acid (control)
(Arguelles et al., 2019). The volume of the sample mixtures was adjusted (to 4.1 mL) using sterile
distilled water and was kept at room temperature for 30 min. The absorbance reading for both the H.
durvillei extract and ascorbic acid concentrations was noted at 450 nm (Arguelles, 2021a).

2.6. Tyrosinase inhibition assay

The whitening property of H. durvillei extract was evaluated in vitro using tyrosinase inhibition
assay following the methods of Hapsari et al., (2012). Solutions of mushroom tyrosinase (250 units/mL.,
Sigma T- 3824), SmM DOPA (3,4-dihydroxy-L-phenylalanine, Sigma D-9628), and 0.1M potassium
phosphate buffer (pH 6.5) were prepared. Briefly, an aliquot of 40 uL. DOPA is mixed with 40 uL of H.
durvillei extract (at varying concentration: 15.0, 30.0, 45.0, 60.0, and 75.0 ug GAE/mL) or 40 pul buffer
(for the control) in a microtiter plate. The total volume of each reaction sample mixture was adjusted to
160 pL by adding 40 uL of phosphate buffer and mushroom tyrosinase. The microtiter plate containing
the mixtures was incubated at ambient temperature for 15 min. The absorbance reading was taken using
a microtiter plate reader at a wavelength of 490 nm (Hapsari et al., 2012). The percent tyrosinase
inhibition was computed using the equation below:

A — (A4 —A
Inhibition (%) — ( control ( sample blank)) x 100 (3)

Acontrol

Where Agmple is the absorbance reading of the sample (seaweed extract), Apiank is the absorbance
reading of the blank, and Aconwrol 1S the absorbance reading of the control. Kojic acid was used as the
positive control in the assay.

2.7. Elastase inhibition assay

The anti-wrinkling property of H. durvillei extract was evaluated using elastase inhibition
activity assay following the procedure of Moon et al., (2010). Initially, solutions of elastase from porcine
pancreas (50 ug/mL, Sigma E-7885), N-succinyl-(ALA)s;-p-nitroanilide (25 mM, Sigma S-4760), and
0.2M TRIS-HCI buffer (pH 8.0) were prepared. An aliquot (40 uL) of the H. durvillei extract or 40 uL
bufter (control) was thoroughly mixed with 40 pL N-succinyl-(ALA)s;-p-nitroanilide in sterile test tubes.
The volume of the reaction mixture was adjusted to 1 mL using phosphate buffer, and 40 pL elastase
was added last in the solution. The blank (control) tube was the one that did not contain the enzyme
solution. After 20 minutes of incubation, 2 mL of TRIS-HCI buffer were put in the reaction mixtures,
and the absorbance reading of each sample was taken at 410 nm wavelength. The percent elastase
inhibition was determined using the equation:

A — (A —A
Inhibition (%) — ( control ( sample blank)) x 100 (4)

Acontrol
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Where Acontrol i the absorbance reading of the control, Apiank is the absorbance reading of the
blank, and Asmplc is the absorbance reading of the sample (algal extract). Tocopherol was used as the
positive control in the assay.

2.8. a-amylase inhibition assay

The anti-diabetic properties of H. durvillei extract were assessed in vitro using o-amylase
inhibition assay using the procedures of Phoboo (2015) with slight modifications. Initially, solutions of
alpha-amylase from porcine pancreas (0.5 mg/mL, Sigma A3176), 0.02 M Sodium-phosphate buffer,
pH 6.9 with 0.006M NaCl and 1% starch solution were prepared. Varying concentrations of H. durvillei
extract (20.0, 40.0, 60.0, 80.0, and 100.0 ug GAE/mL) were prepared by dilution with water. To 50 puL
of the alpha-amylase solution, 25 pL of H. durvillei extracts or 25 pL buffer (for the control) were
thoroughly mixed in sterile test tubes. The total volume of the sample mixtures was adjusted up to 250
uL by adding 175 pL phosphate buffer. These mixtures were then added (at timed intervals) with 250
uL starch solution and were kept for 20 minutes. After incubation, the mixture was halted by adding 400
uL of dinitrosalicylic acid (DNS) color reagent (also added at timed intervals). The blank (control) used
in the assay was consisted of 400 pL. DNS reagent and 500 pL buffer. The reaction mixtures (in test
tubes) were subjected to a boiling water bath for 5 minutes, cooled, and were further diluted with 5 mL
sterile distilled water. The absorbance reading of the sample mixtures and control were taken at a 540
nm wavelength. The percent (%) inhibition was determined using the equation:

control — Asample

A
a — Amylase Inhibition (%) = ( ) x 100 (%)

Acontral

2.9. Statistical Analyses

The assays used in this study were done in three replicates, and the data were given as means +
standard deviations. The correlation analysis among antioxidant activity and the phenolic concentration
of H. durvillei extract using Pearson’s correlation coefficient (r) was evaluated using Microsoft (MS)
Office Excel 2007.

3. Results and Discussion

3.1. Extraction yield and TPC

Halymenia durvillei was extracted using acidified methanol (1:30) with stirring for 1 hour using
an ultrasonic bath. To obtain the crude seaweed extract, the liquid soluble active constituents of the
extract were concentrated and dried via a rotary evaporator. In this study, crude extract of H. durvillei
was observed to have a reddish to brown color, which can be attributed to algal pigments such as
phycoerythrin and other algal pigments present in the algal biomass (Sobuj et al., 2021). The extraction
yield of H. durvillei crude extract is 14.91 £ 0.02%. This yield is higher than those obtained by
Boonchum et al., (2017) from Sargassum binderi, Tubinaria conoides, Amphiroa sp., and Halimeda
macroloba with extraction yields of 12.25%, 6.41%, 2.94%, and 2.52%, respectively. Variations in the
extraction yield of H. durvillei as compared to other seaweeds previously reported may be due to factors
such as extraction method and polarity of the solvent extractant, which are critical for large scale use of
bioactive products that can be harnessed to H. durvillei (Boonchum et al., 2017).

Table 1. Total phenolic content and extraction yield of Halymenia durvillei acidified methanolic extract

Sampl Extract Extraction Yield Total Phenolic Content
P - (%)! (mg GAE/g)!
Halymenia durvillei Acidified Methanol 14.91 £ 0.02 6.77 £ 0.03

"Meanz Standard deviation.

Seaweeds are good sources of phenolic compounds with potential pharmacological use.
Phenolic compounds such as catechins (catechin gallate and epicatechin), flavonols, and phlorotannins
were documented from red and brown seaweeds (Yoshie-Stark et al., 2003). These compounds are
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considered valuable because of the reported antioxidant and antibacterial activities that can be used as
active ingredients for novel drug synthesis (Yoshie-Stark et al., 2003; Mekini¢ et al., 2019). In addition,
these biologically active algal metabolites act as defense mechanisms for adaptation against harsh
conditions in the marine environment (Mekini¢ et al., 2019). The TPC of H. durvillei is 6.77 + 0.03 mg
GAE/g extract (Table 1). This result was greater than those observed from other seaweeds such as
Sargassum polycystum, Zonaria tournefortii, Fucus serratus, and Himanthalia elongata with TPC of
0.37 mg GAE/g, 0.78 mg GAE/g, 4.0 mg GAE/g, and 5.48 mg GAE/g, respectively (O’Sullivan et al.,
2011; Fu et al., 2015; Belda et al., 2016; Fellah et al., 2017). On the other hand, Chakraborty et al.,
(2013) showed that dichloromethane extracts of Turbinaria conoides and Turbinaria ornata have higher
TPC than H. durvillei, which are 51.47 mg GAE/g, and 12.72 mg GAE/g, respectively. In general, the
amount and kinds of phenolic compounds in algal biomass is highly affected by the age and maturity of
the seaweed as well as the type and polarity of solvent used in the extraction (Mekini¢ et al., 2019).

3.2. ABTS" scavenging activity

Phenolic compounds are potent free-radical scavengers since these compounds possess reducing
properties that serve as electron or hydrogen donating agents (Boonchum et al., 2011; Orak, et al., 2021).
In this study, H. durvillei exhibited potent ABTS" radical scavenging activity, more efficient than
ascorbic acid (Table 2). The ABTS" scavenging activity of the algal extract exhibited inhibition of
ABTS" free radicals in a concentration-dependent manner. The computed effective concentration (ICso)
of H. durvillei extract is 106 pg/mL, which is more effective as compared to ascorbic acid with ICso
value of 151 pg/mL. This antioxidant activity is considered more potent than that obtained for methanol
extracts of Padina tetrastromatica (ICso value of 1.33 + 0.09 mg/mL) and Gracilaria tenuistipitata (1Cso
value of 3.01 = 0.10 mg/mL) (Sobuyj et al., 2021). However, ABTS" scavenging activity of H. durvillei
is less effective as compared to Turbinaria decurrens with 1Cso value of 49.31 pg/mL (Arguelles and
Sapin, 2020a). The polarity of the solvent extractant and the method of extraction are critical factors in
determining the amount and activity of polyphenols that can be obtained from a seaweed sample. In
general, polar solvents (e.g. methanol) are effective extractants of phenolic compounds since these
solvent can inhibit and suppress the activity of polyphenol oxidase (Boonchum et al., 2011; Sobuj et al.,
2021).

Table 2. ABTS" radical scavenging activity and ICso value of H. durvillei extract and ascorbic acid

Halymenia durvillei Ascorbic Acid™
Phenolic concentration ABTS" Inhibition Concentration ABTS" Inhibition
(ng GAE/mL) (%)! (pg/mL) (%)!
30 18.00 £1.19 37.5 14.34 £ 0.49
60 34.04 £0.00 75.0 25.82 +0.00
90 45.15+0.80 112.5 38.07 £0.20
120 5436 +1.29 150.0 49.69 +0.10
150 64.70 £0.99 187.5 62.70 £0.79
1Cso* 106 pg/mL 1Cso* 151 pg/mL

“ICso is the concentration that effectively inhibits the activity of ABTS" cation radical by 50%. Computed by interpolation.
"*A reference antioxidant.
"Mean+ Standard deviation.

3.3. Copper reduction antioxidant capacity (CUPRAC)

CUPRAC method is a redox reduction assay between CUPRAC reagent (cupric neocuproine)
and antioxidants (in the algal extract) producing Cu(I)-neocuproine chromophore, which is measured
spectrophotometrically (Arguelles, 2021a). Halymenia durvillei extract exhibited a concentration-
dependent copper ion reduction ability which is similar to that observed for ABTS" scavenging assay
wherein at high phenolic concentration, the highest ABTS" free radical inhibition was observed. Table
3 shows that H. durvillei extract exhibited potent antioxidant activity more effective than ascorbic acid
with I1Cso value of 20.44 pg/mL. Also, H. durvillei is more effective than that obtained for Turbinaria
ornata from the coast of Catanauan, Quezon, with 1Cso value of 24.34 pg/mL (Arguelles and Sapin,
2020c). The study shows the potential of H. durvillei extract as an effective inhibitor of oxidation (via
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metal chelation mechanism). This activity is possibly associated with polyphenols (e.g. quercetin and
gallic acids) present in H. durvillei extract, which are known metal chelators (Arguelles and Sapin,
2020c).

Table 3. Copper reduction antioxidant capacity and ICso value of H. durvillei extract and ascorbic acid

Halymenia durvillei Ascorbic Acid**
Phenolic concentration CUPRAC value Concentration ( A(I:)ISJ(E’II:aAn(éeV::I:IeSO
(ng GAE/mL) (Absorbance at 450 nm)' (ng/mL) nm)!
5.0 0.114 £0.002 10.0 0.114 £ 0.001
10.0 0.263 £ 0.003 20.0 0.232 +0.002
15.0 0.382 +£0.001 30.0 0.347 £0.001
20.0 0.490 £ 0.004 40.0 0.454 + 0.008
25.0 0.603 +0.000 50.0 0.566 + 0.005
1Cso* 20.44 pg/mL 1Cso* 44.12 pg/mL

*ICso is the concentration that gives a CUPRAC value of 0.5 at a wavelength of 450 nm. Computed by interpolation.
**A reference antioxidant.
"Mean+ Standard deviation.

3.4. Correlation study between TPC and antioxidant activity

The correlation analysis among phenolic concentrations in the algal extract and antioxidant
activities of H. durvillei using ABTS" scavenging and CUPRAC assays are presented in Table 4. Results
showed a positive correlation exists for ABTS" (r =0.9938) and CUPRAC (r =0.9979) and phenolic
concentration of the H. durvillei extract. This correlation is similar to previous studies that reported
positive correlations among antioxidant activities and phenolic concentration from several species of
seaweeds such as Sargassum ilicifolium, Codium intricatum, Sargassum siliqguosum, Sargassum
vulgare, and Turbinaria decurrens (Arguelles et al., 2019; Arguelles, 2020; Arguelles, 2021b; Arguelles
and Sapin, 2020a,b). Furthermore, the positive correlation between CUPRAC and ABTS" antioxidant
activities and phenolic concentrations in H. durvillei extract shows that polyphenols are responsible for
the antioxidant activity of the seaweed. Thus, isolation and identification of these compounds are
necessary to deepen our understanding of the potent antioxidant activities of the algal extract.

Table 4. Correlation between phenolic content and antioxidant activities of Halymenia durvillei extract

Antioxidant Assay Correlation Coefficient (r) p-value*
ABTS" Radical Scavenging Assay 0.9938 0.000592
Copper Reduction Antioxidant Capacity

(CUPRAC) Assay 0.9979 0.000116

*Correlation is significant at p<0.05.

3.5. Tyrosinase inhibition activity

Seaweeds are known sources of skin whitening ingredients that can be tapped for cosmeceutical
application (Sari et al., 2019). In this investigation, the whitening ability of H. durvillei extract was
evaluated in vitro via inhibition of tyrosinase. Tyrosinase is an important enzyme that controls
monophenolase and diphenolase reactions in melanin synthesis. Thus, inhibition of this enzyme can
reduce the formation of melanin that leads to brown pigmentation (Arguelles, 2021b). Halymenia
durvillei extract exhibited potent tyrosinase inhibition in a dose-dependent manner (Table 5). The
computed ICso of H. durvillei extract is 40 pg/mL, which is more effective than the control (kojic acid)
with 1Cso value of 113 pg/mL. H. durvillei extract is also more effective than those obtained from
extracts of Turbinaria ornata and Turbinaria conoides with 1Cso values of 67.5 pg/mL, and 188.5
pg/mL, respectively (Sari et al., 2019; Arguelles, 2021b). The result of this essay suggests that H.
durvillei extract contains bioactive substances (such as phenolic compounds) with potent anti-
melanogenic activities. Phenolic compounds are known tyrosinase inhibitors capable of causing
conformational changes in the active site of tyrosinase, leading to the inactivation of the enzyme (Susano
et al., 2021). The differences in the potency of the different seaweed extracts in inhibiting tyrosinase are
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caused by factors such as extraction protocol, the polarity of the solvent, age, and maturity of the alga,
which are being considered in the assay. Variations in these parameters can cause differences in the
amount and types of bioactive substances that are present in the crude extract of the alga, causing
differences in the activity and effectiveness of the extract (Dolorosa et al., 2019).

Table 5. Tyrosinase inhibition activity and ICso value of H. durvillei extract and kojic acid

Halymenia durvillei Kojic Acid™
Phenolic concentration Tyrosinase Inhibition Concentration Tyrosinase Inhibition
(ng GAE/mL) (%) (ng/mL) (%)
15.0 25.84+£0.99 50.0 27.81 £0.77
30.0 38.19+0.71 100.0 46.20 + 0.36
45.0 55.43 £ 0.64 150.0 60.66 £ 0.22
60.0 66.37+1.16 200.0 68.39+£0.31
75.0 75.93+£2.50 250.0 73.98 £0.01
1Cso" 40 pg/mL 1Cs0" 113 pg/mL

" ICso is the inhibitory concentration that effectively inhibits tyrosinase activity by 50%. Computed by interpolation.
**A reference tyrosinase inhibitor and known whitening agent.
"Mean+ Standard deviation.

3.6. Elastase inhibition activity

Seaweeds that have collagenase and elastase inhibitory properties, which degrade collagen
fibers and elastin, might play an important pharmaceutical application against skin aging (Sari et al.,
2019). Bioactive compounds derived from these seaweeds can be further developed as cheap, alternative
sources of active ingredients for cosmetic use. The anti-aging activity of H. durvillei extract was
evaluated in vitro via elastase inhibition assay. Results showed that H. durvillei extract exhibited the
highest inhibition activity at 700 pg GAE/mL with a percent inhibition of 50.40 + 0.19% (Table 6). The
ICso of H. durvillei extract is 696 pg/ml, which is considered more potent than tocopherol with 1Csg
value of >2500 pg/mL. However, it is less potent than that observed for Sargassum aquifolium, which
reported an ICsg value of 231 pg/mL (Arguelles and Sapin, 2021). Phenolic compounds derived from
seaweeds are known elastase inhibitors. These compounds can inhibit metalloproteinase in human
dermal fibroblast cells and prevents the synthesis of elastase in the skin (Jesumani et al., 2019). The
current study shows that the crude extract of H. durvillei may contain phenolic compounds with potent
elastase inhibition properties. Thus, suggesting that elastase inhibitors are promising target compounds
that can be harnessed in H. durvillei for cosmeceutical application.

Table 6. Elastase inhibition activity and ICsg value of H. durvillei extract and tocopherol

Halymenia durvillei Tocopherol™
Phenolic concentration Elastase Inhibition Concentration (ug/mL) Elastase Inhibition
(ng GAE/mL) (%)" ne (%)"
300.0 9.83 £ 1.58 500.0 16.58 £0.19
400.0 17.65 £0.51 1000.0 19.35 £ 0.06
500.0 24.80 + 0.37 1500.0 26.08 +1.13
600.0 39.64 +1.21 2000.0 31.03+£0.95
700.0 50.40+£0.19 2500.0 38.22 +£0.37
ICs0" 696 pg/mL 1Cso* >2500 pg/mL"

“ICsois the concentration that effectively inhibits elastase activity by 50%. Computed by interpolation.
"ICso was not determined because 50% inhibition was not achieved at 2500 pug/mL concentration.
A reference standard elastase inhibitor.

"Mean+ Standard deviation.

3.7. Anti-diabetic activity

Controlling blood glucose levels in patients with diabetes is an essential step in minimizing
vascular complications. Hyperglycemia is controlled via inhibition of degrading starch enzymes such as
a- amylase (Poulose et al., 2021). In this study, evaluation of the potential anti-diabetic property of H.
durvillei was done in vitro via a-amylase inhibition assay. The inhibition property of H. durvillei extract
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on the target enzyme is shown in Table 7. The algal extract exhibited a concentration-dependent
reduction in a-amylase inhibition. Halymenia durvillei extract exhibited the highest inhibition of a-
amylase (78.18 £ 0.15%) at phenolic extract concentration of 100 ug GAE/mL. Halymenia durvillei
extract has potent a-amylase inhibition property (ICso of 56 pg/mL) more efficient than the standard
anti-diabetic drug, acarbose with ICso of 101 pg/mL. The ICso value of H. durvillei towards a-amylase
is more potent as compared to that observed for Gelidium spinosum with 1Csy value of 89.27 pg/mlL.
However, it is less effective than Ascophyllum nodosum extract, which exhibited ICso of 53.6 pg/mL.
(Lordan et al., 2013 ; Poulose et al., 2021). Generally, seaweeds are rich sources of antioxidants with
anti-diabetic properties. Several compounds such as pigments (carotenoids and fucoxanthin) and
phenolic compounds (i.e., tannins, and phenolic acids) are reported to have o -amylase inhibition
activities (Kim et al., 2021). Thus, phenolic compounds in these seaweeds can be tapped as novel sources
of bioactive substances for pharmaceutical application.

Table 7. a-amylase inhibition and ICso of H. durvillei extract and acarbose

Halymenia durvillei Acarbose™
Phenolic concentration a-amylase inhibition Concentration a-amylase inhibition
(ng GAE/mL) (%) (ng/mL) (%)
20.0 16.25+1.09 60.0 3416 +0.76
40.0 39.18+2.36 120.0 57.45+0.20
60.0 51.81+1.45 180.0 71.03 +£0.66
80.0 63.83+1.71 240.0 79.40 +0.20
100.0 78.18+0.15 300.0 84.89 £0.40
1Cs0" 56 pg/mL 1Cs0" 101 pg/mL

*ICsois the concentration that effectively inhibits a-amylase activity by 50%. Computed by interpolation.
**A reference standard antidiabetic drug.
"Mean+ Standard deviation.

4. Conclusion

In the Philippines, biotechnological studies on the use of seaweeds for pharmacological
application remain poorly understood. This study documented that Halymenia durvillei extract exhibited
promising bioactivities such as alpha-amylase, elastase, and tyrosinase inhibition properties, as well as
antioxidant activity. It is recommended that additional studies on the identification of the active
compounds (via High Performance Liquid Chromatography or Liquid Chromatography-Mass
Spectrometry), as well as elucidation of the reaction mechanisms, involved in these active substances,
should be done to further support the findings of the study. The role of other compounds such as
phycoerythrin should also be analyzed in the sample to show its relationship to the reported biological
activities of H. durvillei. Correlation studies on the activity of phycoerythrin in relation to the biological
activities exhibited by the extract can lead to a proposal of a possible mechanism by which these
activities are exhibited by the seaweed. In addition, in vivo experimental trials are needed to confirm the
safety and effectivity of H. durvillei extract as potential active ingredients for medicinal use.
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efficiently by using Response Surface Method (RSM). Studies have been
conducted on a 500 ml erlenmeyer scale, the medium optimization of the
Lactobacillus fermentum strain was carried out according to the Central
Composite Design (CCD) included in RSM. The effects of glucose, yeast extract,
inorganic salts, and Tween 80 were investigated on the growth rate of the L.
Sfermentum NBC-08 strain. Samples were taken at regular intervals from the
erlenmeyer flask and the number of viable cells was measured by planting them
in petri agar medium. In the study, the number of viable cells logio (cfu/ml) was
chosen as the response variable. As a result of the study, it was concluded that
glucose and yeast extract are absolutely essential components in the medium. The
optimum medium composition was found as 96.06 g/L glucose, 40.76 g L' yeast
extract, 19.43 g L'! inorganic salts, and 11.01 ml/L Tween 80. The production of
the maximum L. fermentum strain was determined as 10.75 logio (cfu ml™t). It is
predicted that this study will make positive contributions to the fermentation
conditions and medium optimization studies for production of lactic acid bacteria.
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Anahtar Kelimeler

Laktik Asit Bakterisi,
Probiyotik,
Fermantasyon,

Gida Biyoteknolojisi,
Cevap Yiizey Yontemi

Oz: Bu calismada probiyotik o6zelliklere sahip Lactobacillus fermentum
mikroorganizmasinin en verimli olarak biiytidiigii optimimum besi yeri bilesimi
Cevap Yiizey Yontemi (CYY) kullanilarak belirlenmistir. Calismalar 500 ml
hacminde erlen dl¢eginde yapilmis olup Lactobacillus fermentum susunun besi
yeri optimizasyonu CYY igerisinde yer alan Merkezi Kompozit Tasarim
(MKT)’a gore gergeklestirilmistir. L. fermentum NBC-08 susunun biiyiime
miktar1 iizerine glikoz, yeast extract, inorganik tuzlar ve Tween-80’in etkisi
incelenmistir. Erlenlerden belirli araliklarla numuneler alinmis ve petri agar
ortamina ekilerek canli hiicre sayilarina bakilmistir. Calismada cevap degiskeni
olarak canli hiicre sayisi logio (cfu/ml) segilmistir. Calisma sonucunda besi
ortaminda glikoz ve maya ekstraktinin kesinlikle bulunmasi gereken bilesenler
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oldugu sonucu ortaya ¢ikmistir. Optimum besi yeri bilesimi 96.06 g/L glikoz,
40.76 g/L yeast ekstrakt, 19.43 g/L inorganik tuzlar ve 11.01 ml/L Tween 80
olarak bulunmustur. Maksimum L. fermentum susunun iiretimi ise 10.75 logio
(cfu/ml) seklinde bulunmustur. Bu c¢alismanin laktik asit bakterilerinin
fermantasyon yolu ile iiretilmesi ve probiyotik suslarin besi yeri optimizasyonu
calismalarina olumlu katkilar yapacagi 6n goriilmektedir.

1. Introduction

Probiotics are defined as living microorganisms that cause positive effects on host health when
consumed in certain amounts (Anvari et al., 2014). Probiotics affect the host by regulating mucosal and
systemic immunity and are thus beneficial microorganisms. Most probiotic bacteria are gram-positive,
and their main functions are related to the maintenance of intestinal system health (Marco et al., 2006).
Lactic acid bacteria constitute the most important group of probiotic microorganisms. Among the lactic
acid bacteria (LAB), Bifidobacterium and Lactobacillus species stand out as the most widely used as a
probiotic (Iranmanesh et al., 2014). LAB is an important group of fermentative bacteria that are widely
used as starter cultures for the production of fermented foods both at home and in industry, and it is also
part of the normal intestinal microflora (Pithva et al., 2014). Numerous studies have shown that LAB
has a wide application area as a probiotic organism and provides beneficial effects to humans and
animals (Lee et al., 2010; Shamekhi et al., 2012; Kaewnopparat et al., 2013). The beneficial effects of
LAB on human health and intestinal microbial balance stand out as valuable probiotic properties.
Lactobacillus strains are characterized by their ability to adhere to and colonize the intestinal mucous
layer and to produce antimicrobial agents (Belova et al., 2016; Boricha et al., 2019; Ozkan et al., 2020;
Teame et al., 2020). These properties allow probiotic strains to compete with gastrointestinal tract
pathogens and food degrading pathogens (Bove et al., 2013). LAB species were listed in the qualified
presumption of safety published by the European Food Safety Authority (EFSA) and generally
recognized as safe (GRAS) by the US Food and Drug Administration (FDA) (Ricci et al., 2017).

Lactobacillus fermentum is a bacterium with probiotics including health-promoting effects, and
it widely inhabits the human gastrointestinal and urogenital tracts. It is present naturally in raw milk,
dairy products, and many traditional fermented foods and beverages. L. fermentum bacteria is a
microorganism whose main task is to produce lactic acid (Ramos et al., 2013). It is considered as
beneficial for developing various methods to ensure that large quantities of L. fermentum biomass can
be produced effectively and cost-effectively. Optimization of the culture medium to obtain high-quality
probiotic products is one of the most important steps in improving the efficiency of the production
process in terms of both economic and yield-related aims. (Gao et al., 2009).

Many studies have been conducted related to L. fermentum strain isolated from breast milk.
Also, there have been studies that showed L. fermentum strain has various benefits on the gastrointestinal
system and cholesterol-lowering effects (Gil-Campos et al., 2012; Maldonado et al., 2012; Lopez-
Huertas, 2015; Asan-Ozusaglam and Gunyakti, 2019).

Response Surface Methodology (RSM) is a set of mathematical and statistical techniques useful
for analyzing the relationship between several independent variables and one or more responses. (Liew
et al., 2005; Kanmani et al., 2012). Compared to traditional methods, RSM has many advantages, such
as requiring a minimum number of experiments, lower processing costs, and using fewer medium
components (Rodrigues et al., 2006). Additionally, unlike traditional methods, RSM shows the
combined effects of all independent variables on response variables (Anvari et al., 2014). Recently,
RSM has been widely used in many bioprocessing studies, including modeling and optimization of
culture media (Stephenie et al., 2007; Shang et al., 2013; Thite et al., 2020).

The L. fermentum NBC-08 strain used in this study was isolated from breast colostrum milk. L.
fermentum NBC-08 strain is a local probiotic strain originating from Turkey. In addition, the low-cost
medium developed in this study can be used on an industrial scale. This aspect makes the study original
and significant. In this study, optimization of media components for the maximum growth of L.
fermentum NBC-08 probiotic strain isolated from breast milk colostrum was performed using the RSM.
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2. Material and Method

2.1. Microorganism

The Lactobacillus fermentum NBC-08 strain used in this study was isolated from breast
colostrum milk by Orzax Pharmaceuticals and Chemical Industry Trade Corporation in a project within
the scope of the R&D Support Program supported by the General Directorate of Agricultural Research
and Policies (TAGEM). The characterization and reliability tests of this strain were performed by Orzax
Company. L. fermentum NBC-08 strain was identified on the basis of genus and species by the MALDI-
TOF MS method. The L. fermentum NBC-08 strain bile tolerance, gastric acid resistance, lysozyme
tolerance, and intestinal adhesion tests were applied for the determination of the probiotic character of
the bacteria.

2.2. Substrates and Chemicals

In this study, glucose as carbon source, yeast extract as organic nitrogen source, and inorganic
salts (sodium acetate, potassium dihydrogen phosphate, magnesium sulphate, and manganese (II)
sulphate) which are thought to be needed for the growth of microorganisms and Tween 80, were used
to provide a rich culture growth medium. All chemicals used in the experiments are of analytical purity.

2.3. Microorganism growth medium and conditions

Lactobacillus fermentum strain was taken from 20% (v/v) glycerol stock and first inoculated
into MRS broth (Table 1) medium, and its growth was achieved in a shaking incubator at 37 °C and 200
rpm agitation speed for 24 hours. Bacterial cultures that completed their pre-development were
cultivated in MRS Agar (Table 1) culture storage medium by spreading with drigalski spatula and kept
in an incubator at 37 °C for 48 hours. L. fermentum strain in petri dishes was inoculated into 500 ml
erlenmeyer flasks containing 100 ml of bacteria growth medium with the help of a sterile spatula (loop).
At the end of the incubation period, petri dishes were kept at +4 °C, and the cultures were renewed once
every 15 days. The L. fermentum strain used in each stage of the study was inoculated in two stages.
First, the L. fermentum strain taken from the culture storage medium was inoculated in the bacteria
growth medium and then L. fermentum strain taken from bacteria growth medium was inoculated in the
production medium.

Table 1. MRS (De Man, Rogosa and Sharpe) broth medium composition

Component Storage Medium (g L) Growth medium (g L)
Glucose 20 20
Peptone 10 10
Meat Extract 8 8
Yeast Extract 4 4
Sodium Acetate (C2H3zNaOx) 5 5
Dipotassium hydrogen phosphate (K2HPO4) 2 2
Triammonium citrate (CsH17N3O7) 2 2
Magnesium sulphate (MgSOa4) 0.2 0.2
Manganese sulphate(MnSO4) 0.0 0.05
Tween 80 1 1

Agar 15

MRS broth medium of 100 ml was put into 500 ml erlenmeyer flasks. The initial pH of the
bioprocess media was adjusted to a value of 6.0 by using 0.1 N HCI and 0.1 N NaOH. The brim of the
erlenmeyer flasks was sealed with a plug made of cotton and gauze, and the top of the plug was covered
with aluminum foil. The medium prepared in this way was sterilized with an autoclave (Alp CLA40,
Japan) for 20 minutes at 121 °C and 1.2 bar pressure. The sterilized media was cooled to ambient
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temperature in laminar flow. 1% of the L. fermentum strain in the growth medium was inoculated into
growth media of different compositions. The growth of bacteria was ensured for 18 hours in the culture
inoculated into the erlenmeyer flasks at 37 °C and in a shaker with an orbital incubator (Stuart SI600,
United Kingdom) with an agitation speed of 200 rpm.

2.4. Experimental Design

Four of the medium components (glucose concentration (g L), yeast extract concentration (g
L"), inorganic salts (sodium acetate (50%, w/w), potassium dihydrogen phosphate (20%, w/w),
magnesium sulphate (20%, w/w), and manganese (II) sulphate (10%, w/w mixture) and Tween 80 (ml
L") were selected as an independent parameter for the RSM. Above mentioned medium components
are also present in the MRS broth medium and are thought to be effective in the production of
Lactobacillus fermentum strain. The value ranges of the independent variables were determined by
preliminary experiments. In the study, all experiments were carried out in 3 parallel, and the arithmetic
mean of the obtained results was used.

The experimental design was carried out according to Central Composite Design (CCD), which
is included in RSM and is widely used in optimization processes, and the number of live cells logio
(cfu/ml) was selected as the response variable. The independent variables selected for the medium
composition and examined ranges are given in Table 2.

Table 2. Experimental values and levels of independent variables for CCD

Independent variables Code -2.0 (-a) -1.0 (low) 0.0 (central)  +1.0 (high) +2.0 (+a)
Glucose (g L™) A 50 75 100 125 150
Yeast extract (g L) B 15 30 45 60 75
Inorganic salts (g L) C 5 10 15 20 25
Tween 80 (ml L) D 10 15 20 25 30

In the full factorial design for CCD, an experimental matrix consisting of 16 factorials, 8
endpoints, and 6 center points were used, and the total of the experiments was equal to 30. The total
number of experiments was calculated using the equation given below.

Total Number of Experiments= 2" + (2)(n) + 6 = 2* + (2)(4) + 6= 30 (D

Here, n represents the number of independent variables.
For the optimization of medium components, the equation of full factorial design given by Eq.
(2) was used (Liu et al., 2020);

n n n-1 n
Y=p, + ZBiXi + ZBIIXZ + ZZBinin 2)
-1 i1

=l j=2

Where Y; the number of viable cells (logio (cfu ml™)), 0; a constant coefficient, Xi and Xj are
independent variables that affect the response, Pi; linear effect, Bii; second degree effect, Bij; binary
interaction between independent variables. Analysis of variance (ANOVA) and three-dimensional
surface graphs for CCD were obtained using Design Expert 10.0 (Stat-Ease) software.

3. Results and Discussion

One of the most important parameters affecting the production of primary and secondary
metabolites produced by microorganisms is the medium composition. Among the medium components,
the carbon source accounts for approximately 60-80% of the medium cost (Rehm et al., 1987). The
maximum availability of valuable metabolites obtained as a result of microbial activities is closely
related to the carbon/nitrogen (C/N) ratio in the growth medium where the production takes place
(Farezvidal et al., 1992). In previous studies conducted it is stated that microbial cells and metabolite
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production will reach maximum values when the C/N ratio is selected as optimum (Ulger, 1997). In
addition, with the thought that inorganic salts and Tween 80 would positively affect the microbial cell
formation, experiments were carried out within the framework of the experimental plan given in Table
3. Cultivation was carried out using the medium compositions in Table 3, and at the end of the 18th
hour, the samples taken from the Erlenmeyer flasks were diluted as required and inoculated in petri
dishes containing MRS broth solid medium with agar. After the petri dishes were incubated for 24 hours
in an incubator at 37 °C, the colonies formed (Figure 1) were counted, and the results were multiplied
by the dilution factor, and thus the number of viable cells formed under each experiment was determined.
Actual numbers of living cells obtained in the experiment and the living cell numbers estimated by the
model are given in Table 3 as cfu/ml on a logj basis.

Table 3. Observed and predicted responses for CCD in experimental design matrix prepared with real
and coded values of independent model parameters

E . ¢ (A) 3B) © D) Observed Predicted
Xperimen Glucose Yeast Inorganic Tween 80 logio(cfu  logio (cfu mI’

No g L' extract g L' salts g L' ml L' ml") 1)
1 75 -1 30 -1 10 -1 15 -1 10544 10.460
2 125 +1 30 -1 10 -1 15 -1 10.380 10.360
3 75 -1 60 +1 10 -1 15 -1 10.114 10.120
-8 4 125 +1 60 +1 10 -1 15 -1 9.954 9.950
) 5 75 -1 30 -1 20 +1 15 -1 10505 10.470
'§ 6 125 +1 30 -1 20 +1 15 -1 10342 10.300
2 7 75 -1 60 +1 20 +1 15 -1 10431 10.420
_En 8 125 +1 60 +1 20 +1 15 -1 10255 10.180
_GE 9 75 -1 30 -1 10 -1 25  +1 10462 10.470
= 10 125 +1 30 -1 10 -1 25 41 10.230 10.250
E 11 75 -1 60  +1 10 125 4110176 10.220
e 12 125 +1 60 +1 10 -1 25 41 9954 9.930
= 13 75 -1 30 -1 20 +1 25 +1 10.000 10.000
14 125 +1 30 -1 20 +1 25  +1  9.778 9.710
15 75 -1 60 +1 20 +1 25 +1 10.079 10.040
16 125 +1 60 +1 20 +1 25 4+l 9.602 9.680
17 50 -2 45 0 15 0 20 0 9954 9.980
& 18 150 +2 45 0 15 0 20 0 9477 9.520
= 19 100 0 15 -2 15 0 20 0 10.279 10.360
£ 20 100 0 75 +2 15 0 20 0 10.000 9.980
'g 21 100 0 45 0 5 220 0 10.462 10.460
= 22 100 0 45 0 25 +2 20 0 10.146 10.210
= 23 100 0 45 0 15 0 10 -2 10.532 10.630
24 100 0 45 0 15 0 30 +2 10.176 10.140
= 25 100 0 45 0 15 0 20 0 10.690 10.640
3 26 100 0 45 0 15 0 20 0 10.568 10.640
;‘ 27 100 0 45 0 15 0 20 0 10.699 10.640
E 28 100 0 45 0 15 0 20 0 10.556 10.640
g 29 100 0 45 0 15 0 20 0 10.672 10.640
© 30 100 0 45 0 15 0 20 0 10.663 10.640
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Figure 1. Lactobacillus fermentum colonies formed in petri dishes after 10° dilution at the end of the
24" hour.

In order to understand which model (linear, 2FI, quadratic, and cubic) better fit the experimental
data, Design Expert 10 software was used in the analysis of statistical results, and the findings are given
in Table 4. By looking at both the program and statistical coefficients, it was observed that the
experimental data fit the quadratic model equation better.

Table 4. Statistical results of suggested models after ANOVA analysis

Sequential Lack of fit

Source p-value p-value Adjusted R? Predicted R? Result
Linear 0.0373 0.0010 0.2168 0.0937

2F1 0.6969 0.0007 0.1429 0.0985

Quadratic <0.0001 0.3679 0.9516 0.8840 Suggested
Cubic 0.5134 0.2298 0.9513 0.2373

As a result of the ANOVA, the quadratic model Probe > F value was found to be significant
with <0.0001 at a 95% confidence level. It has been determined that the model terms A, B, C, D, BC,
CD, A2, B2, C2, D2 where the probe>F value is less than 0.05 are effective medium composition
parameters in the production of Lactobacillus fermentum strain. Probe>F value is used to control the
effect of coefficients on the result of each component. By using these coefficients, the interaction
between independent variables can be determined. Probe> F values of linear, quadratic, and interaction
terms and other statistical results are presented in Table 5.

The model equation proposed as a result of ANOV A analysis for the production of Lactobacillus
fermentum strain is given in Equation 3 and Equation 4 in terms of actual and coded values, respectively.

Model equation for the actual values;
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(o0 ()

= 10.64 — 0.12(Glucose) — 0.093(Yeast extract)
— 0.061(inorganic salts) — 0.12(tween 80)

— 0.016(glucose)(yeast extract) — 0.016(glucose)(inorganic salts) )
— 0.031(glucose)(tween 80) + 0.073(yeast extract)(inorganic salts)
+ 0.022(yeast extract)(tween 80 — 0.12(inorganic salts)(tween 80)
—0.22 * (glucose)? — 0.12(yeast extract)? — 0.076(inorganic salts)?
— 0.064(tween 80)2
Model equation for the coded values;
cfu
Y (loglO (ml ))
= 4.325 + 0.0757 (4) + 0.0246 (B) + 0.1443 (C) + 0.1604 (D) — 4.24E
— 5(AB) — 1.30E — 4(AC) — 2.45E — 4(AD) + 9.67E — 4(BC) + 2.98E (4
— 4(BD) — 4.76E — 3(CD) — 3.58E — 4(4?) — 5.23E — 4(B?) — 3.06E
—3(C?) — 2.56E — 3(D?)
Table 5. ANOVA results of regression coefficients in RSM
Source Sum of squares DF  Meansquare F-value  P-value
Model 2.940 14 0.210 41.73 <0.0001
A-Glucose 0.320 1 0.320 63.51 <0.0001
B-Yeast extract 0.210 1 0.210 41.32 <0.0001
C-inorganic salts 0.088 1 0.088 17.52 0.0008
D-Tween 80 0.360 1 0.360 72.30 <0.0001
AB 4.044E-3 1 4.044E-3 0.800 0.3841
AC 4.239E-3 1 4.239E-3 0.840 0.3732
AD 0.015 1 0.015 2.990 0.1045
BC 0.084 1 0.084 16.74 0.0010
BD 7.993E-3 1 7.993E-3 1.590 0.2268
CD 0.230 1 0.230 45.10 <0.0001
A? 1.370 1 1.370 272.4 <0.0001
B? 0.380 1 0.380 75.42 <0.0001
c? 0.160 1 0.160 31.82 <0.0001
D? 0.110 1 0.110 22.34 0.0003
Residual 0.075 15 5.032E-3 - -
Lack of fit 0.056 10 5.578E-3 1.420 0.3679
Pure error 0.020 5 3.939E-3
Core total 3.020 29
Mean 10.26
R? 0.975
R2aqj 0.952
R%re 0.884
Std. Dev. 0.071
CV.% 0.690
PRESS 0.350
Adequate precision 22.43
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The compatibility of the model with experimental data is evaluated based on the value of the
multiple correlation coefficient, R2 (Yang et al., 2020). R2 shows that suggested linear models can
define the changes in the response variable as high as 97.5% and only 2.5% of the total variation cannot
be explained by the model. Similarly, the realistically corrected R2Adj term value was determined as
95.2% (Table 5).

High R? and R?44; values are an indicator of a close interaction between the experimental results
and the values obtained from the model (Wu and Ahn, 2018). From the high R? and R?s; values obtained
in the study, it is possible to say that experimental and predicted values are very close to each other,
indicating the success of the established model. , The adequate precision value was found to be 22.43.
This value shows the signal to noise ratio, and this value is expected to be above 4 (Venkateswarulu et
al., 2017). Lack of Fit value (0.3679) was found to be insignificant for the model. The low CV (CV =
0.690%) value clearly demonstrates that the deviations between experimental and predicted values are
low, and there is a high degree of precision in the experiments performed, and also the model is
reproducible (Long et al., 2018). All descriptive statistical data obtained show that the models proposed
in this study are significant.

Studentized residues and a normal % probability plot are given in Figure 2.a. Studentized
residues measure the number of standard deviations that distinguish actual and estimated values. The
normal % probability checks whether the residues are in a normal distribution. The straight line between
these two variables shown in Figure 2.a determines whether a response transformation is required (Mona
et al., 2011). Experimentally obtained log'® (cfu mI™") values and estimated logio (cfu ml™") values are
given in Figure 2.b. As it can be understood from Figure 2.b, it is clearly seen that the estimated logio
(cfuml") values suggested by the created model and the experimentally obtained log10 (cfu ml") values
conform and can be defined by the model.
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Figure 2. (a) Studentized residues and a normal % probability plot, (b) Experimentally obtained logio
(cfu/ml) values and estimated logio (cfu ml™) values plot.

Four independent parameters, namely, glucose concentration (g L), yeast extract concentration
(g L"), inorganic salts, and Tween 80 (ml L), appear to significantly affected the production of the
Lactobacillus fermentum strain. It is extremely important to determine the interaction of components
with each other while modeling studies when parameters are affected by each other. RSM can reveal
these interactions between parameters with the help of stratified graphics and 3D graphics. The 3D
response surface graphics obtained as a result of the study are given in Figure 3.
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Figure 3. 3D response surface graphics obtained for production of Lactobacillus fermentum strain
depending on medium composition, (a) Glucose and Yeast extract, (b) Glucose and inorganic salts, (c)
Glucose and Tween 80, (d) Yeast extract and inorganic salts, (€) Yeast extract and Tween 80, (f)
inorganic salts and Tween 80.

As can be seen from Figures 3.a, 3.b, 3.c, 3.d and 3.e, the production level of Lactobacillus
fermentum strain decreases in media with low and high concentrations of glucose and low and high yeast
extract concentrations. In other current studies, this observation has been expressed as a decrease in
microbial activity due to the repression effect of some carbon sources at high concentrations in the
growth medium (Yun and Ryu, 2001; Myers and Montgomery, 2002; Geckil et al., 2004). It is reported
that microbial activity will be negatively affected due to the absence of a sufficient concentration of
nitrogen source in the growth medium. However, it is stated that if the nitrogen source at high
concentrations is in the growth medium, the microbial product production efficiency will be inhibited
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(Avonts et al., 2004). In this context, a similar decrease was observed in low and high yeast extract
concentrations. In Figure 3.b, 3.d, and 3.f it is seen that the production decreases in the medium where
inorganic salts at higher and lower concentrations are present. This can be interpreted as a requirement
for ensuring the stability of enzymes that catalyze the reactions necessary for microbial cell formation
(Djekrif-Dakhmouche et al., 2006). The same is also valid for Tween 80 containing growth medium
(Figures 3.c, 3.e and 3.1).

4. Conclusion

As a result, optimization of the media components for the production of Lactobacillus
fermentum strain by using Design Expert 10 software has revealed the conditions by which the
maximum production of L. fermentum NBC-08 strain biomass is possible. Confirmation experiments
were carried out under these conditions, and the production levels of L. fermentum strain in the medium
composition suggested by the model were examined. The optimum medium composition suggested by
the model is 96.06 g L' glucose, 40.76 g L' yeast extract, 19.43 g L' inorganic salts, and 11.01 ml L™
Tween 80. This medium composition created as a result of this study was coined as NBC media. The
production of the maximum L. fermentum strain is 10.75 logio (cfu ml'). By using the medium
composition suggested by model 3 parallel validation experiments were performed, and the production
of L. fermentum strain as the result of these experiments was 10.79 logio (cfu ml"). These values, which
are quite close, indicate that the optimization work is successful and reliable. As a controlled study, the
L. fermentum NBC-08 strain was grown in MRS Broth medium. As a result of this study, cell viable
count in MRS Broth was reached 9.43 logio (cfu ml™"). A significant difference was found when
comparing viable cell counts between MRS broth and the medium suggested by the model. In this case,
it can be achieved a more viable cell count by using less medium composition.

It is concluded that this study will make important contributions to the literature and industry
for optimizing nutrient composition media for producing maximum lactic acid bacteria.
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Porphyridium cruentum’un Kapalh Alan Tiibiiler Fotobiyoreaktor Kiiltiiriinde
Fikoeritrin Birikimi

Makale Bilgileri Oz: Mikroalgler, akuakiiltiir ile birlikte farmasotik, yem, gida, tarim ve enerji gibi
Gelis: 29.08.2021 endiistriyel alanlarda kullanilmaktadir. Mikroalg pigmentleri potansiyel gida
Kabul: 21.12.2021 renklendirme ajani olmakla birlikte, yapilarinda ¢oklu doymamig yag asitleri gibi

Online Yayinlanma: 15.03.2022 biyoaktif bilesenler icermektedir. Porphyridium cruentum fikoeritrin, klorofil ve
DOI: 10.29133/yyutbd.986286  karotenoidler gibi degerli pigmentleri biriktirebilme yetenegine sahip kirmizi bir
alg olarak bilinmektedir. Bu ¢alismada, P. cruentum’un 51 giin boyunca kapali

Anahtar Kelimeler alanda pilot 6l¢ekli tiibiiler fotobiyoreaktorde kiiltiirli yapilmustir. En yiiksek hiicre

Fikoeritrin, say1st 31.84 x 10° hiicre mL! olarak belirlenmis olup, en yiiksek spesifik biiyiime
Plgment,' ' orant 0.80 olarak belirlenmistir. Toplam fikobiliprotein ve fikoeritrin miktarlar
Porphyridium cruentum, erken iissel fazda sirastyla 0.252 + 0.009 mg mL™! ve 0.224 = 0.007 mg mL""ye

Tiibiiler fotobiyoreaktor. ulagmustir.

1. Introduction
Microalgae are well-studied microorganisms and have been used for feeding zooplankton,

molluscans, and lastly, for human consumption (Kent et al., 2015). In years, the use of these organisms
went beyond the previous purposes and started to see as a resource in many different fields such as
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bioenergy, bioplastic, pharmaceuticals, drugs, and biofertilizers (Spolaore et al., 2006). As a result,
different production systems such as photobioreactors (PBR) and fermenters have been started to be
used commonly in recent years (Enzmann et al., 2019). The major role of PBRs on microalgae
production has already been explained (Acién et al., 2017). PBRs could be designed in many shapes,
such as tubular, flat plates, and columns. Every design may have specific advantages and disadvantages.
Also, target species could help to choose the design of PBRs. For instance, it was stated that tubular
PBR is more efficient than flat plate PBR for Nannochloropsis oculata cultivation (Durmaz and Erbil,
2020). Many methods have also been developed to isolate valuable metabolites from these algae.
Recently, research and development on the efficiency of culture systems and methods have become the
main objective in microalgae production.

Porphyridium cruentum is a red alga that belongs to the Rhodophyta. The microalga has a
rounded shape with a lack of cell walls. Its unique red color comes from phycobiliprotein substances.
Dominant accessory pigment phycoerythrin is the most valuable biomolecule of P. cruentum and can
be reached to 82% of the total phycobiliprotein amount (Fuentes et al., 2000). The phycobiliproteins
include R-phycocyanin, allophycocyanin, and three forms of phycoerythrin. Phycoerythrins, present in
the greatest amount, are giving to Porphyridium its bloody red color. B-phycoerythrin is present in the
more primitive red algae and is found in Porphyridium. Phycoerythrin has used for food varied
applications such as food colorization, pharmaceuticals, and immunology (Toker, 2019).

P. cruentum can naturally accumulate high amounts of pigments, fatty acids, proteins, vitamins,
hydrocarbons, polysaccharides, and many other metabolites. However, the biochemical composition of
microalgae biomass depends on growth conditions such as PBRs, nutrient environment, temperature,
salinity, pH, light. Therefore, it is important to optimize cultural conditions. The aim of this study is to
investigate of effects of indoor pilot scale tubular PBR and culture growth phases on the phycobiliprotein
accumulation of P. cruentum.

2. Materials and Methods

Inoculation culture of Porphyridium cruentum (UTEX 161) was grown at flasks under constant
illumination (Philips Master TLD Super 80 830 & 840 36w) for three weeks. F/2 growth medium
(Guillard, 1975) was used in both inoculation cultures and in the pilot scale tubular PBR system.

2.1. Photobioreactor

The tubular PBR system can be separated into two parts as the solar receiver (tubular area) and
the reservoir tank (Figure 1). The working volume of the system is 140 L and the solar receiver
constitutes 107 L of it. Four fluorescent lights (2 x Philips Master TLD Super 80 830 36w & 2 x Philips
Master TLD Super 80 840 36w) were placed between the tubes, and four low CRI cool white led lights
(100 w) were placed against the system for supporting the illumination. Solar irradiance on the reactor
surface was measured as 250 mmol m™ s on-line using a quantum scalar irradiance meter (LI-190 SA,
Licor Instruments, Lincoln, NE, USA). System circulation was provided by a submersible water pump
placed in the reservoir tank.

82



YYU JAGR SCI 32 (1): 81-88
Erbil et al. / Phycoerythrin Accumulation of Porphyridium cruentum Culture at Indoor Tubular Photobioreactor

=\
Ib@

—
[/

pH
=1 controller

AN/
PP

Al [ |

ﬂ — P\ 2
— f f:, Temperature
= I probe
- "~ pH probe
> N
Plexiglass
tubing = B Eﬂf ¢ Reservoir tank
:z . Circulation
v crul
-
]

L
Figure 1. Illustration of the tubular PBR.

Before the inoculation, the tubular PBR was disinfected with sodium hypochlorite and
neutralized with sodium thiosulfate. The temperature was arranged with air condition in the room as
20.5-22.5 °C. System pH was controlled with automatically CO- injection (JBL CO»/pH control 12V)
and varied between 7.1-7.8. PBR system was operated semi-continuously.

2.2. Analytical Methods

All measurements were performed in triplicate during the study. Samples were taken daily for
cell count at Neubauer haemocytometer and for optical density measurement at Hach DR 6000
spectrophotometer. Specific growth rates were calculated by using the equation given below:

_ In(Ny) —In (Ny)
B t—t,

Where N is cell number at time (t) and N, is the beginning cell number at time t,.

Total phycobiliprotein (PB), phycoerythrin (PE), R-phycocyanin (R-PC), and Allo-phycocyanin
(A-PC) amounts were determined 4 times during the culture period on the day of 14, 24, 34, and 44.
Phycobiliprotein amounts were determined spectrophotometrically. Fresh cells were harvested, and
phycobiliproteins were extracted with distilled water by sonication. Absorbance values of the samples
were read in Hach DR 6000 spectrophotometer at 545 nm, 620 nm, and 650 nm.

Calculations were done according to the formulas 1-4 were given by Gantt & Lipschultz (1974).

Phycoerythrin (PE)= (As450m—0.572(A6200m)+0.246(Ass500m))/5.26 (1)
R-phycocyanin (R-PC)= (A620nm—0.666(Ag500m))/3.86 2)
Allo-phycocyanin (A-PC)= (Ass50nm—0.105(As20nm))/4.65 3)
Total phycobiliprotein (Total PBP) = (PE)+(R-PC)+(A-PC) 4
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2.3. Statistical Analysis
Results were analysed by one-way ANOVA with significance at P<0.05, and Tukey’s multiple

comparison test was used for the determination of significant differences among means. Statistical
procedures were carried out by using IBM SPSS Statistics 23 software.
3. Results

3.1. Culture Density

The experiment was started with 0.145 x 10° cells mL™' density and was continued for 51 days
(Figure 2). The First five days were recorded as the lag phase. The specific growth rate at the early
exponential phase was 0.33 division days™ for the first week and the culture cell number was reached
1.68 x 10° cells mL™ on the 7™ day. In the early exponential phase of the culture, the specific growth
rate was 0.32 division days™ and cell numbers were 9.28 x 10° cells mL™' on the 14™ day.

g . o
Figure 2. Porphyridium cruentum culture at tubular PBR (left to right: 1% day, 7" day, 14™ day, 24"
day, 34" day, 44™ day).

However, the specific growth rate was started to decrease at the third week and calculated as an
average of 0.15 division days™. After three weeks, the cell density of P. cruentum at tubular PBR was
reached 19.88 x 10° cells mL™', and the average specific growth rate was 0.26 division days™. The highest
cell number was determined as 31.84 x 10° cells mL' on the day of 28. Both cell count and OD results
showed that there were four phases of in culture: 0-5 days was a lag phase, 5-23 days was an exponential
phase, 24-34 days were a stationary phase, and 35-51 days were decay phase (Figure 3).

s EDW e CN OD

35 8,00
30 7,00%{J
OO p—
- 25 6,00 >
o 5,00 5
<20 .

5 4,00
E15 G
5 || 3,00 £
(]
= 10 |||| || 2,00 3
S ||| g =
5 || I 1002
il LT ), @

0 _-lllllll o’oo

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
Time (Day)

Figure 3. Cell numbers (n x 10°), optical density (680 nm) and estimated dry weights of the
Porphyridium cruentum culture in the pilot scale tubular photobioreactor (Estimated dry weights were
calculated according to the data given by Razaghi et al., (2014)).
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The harvest regime was performed according to the increase in cell number. Forty-six liters of
culture was harvested at the exponential phase, and mean cell density was calculated as 9.92 x 10° cells
mL" for this period. Thirty liters of P. cruentum were harvested at the stationary phase, and the mean
cell density was 27.18 x 10° cells mL™". Finally, harvested culture amount was 40 liters with 16.95 x 10°
cells mL™" mean cell density at the decay phase, and then the whole system was harvested at the end of
the culture.

3.2. Phycobiliproteins

Total PB, PE, R-PC, and A-PC amounts were calculated at different culture phases (Table 1).
According to the results, the highest amounts of phycobiliproteins were found at the early stationary
phase. The maximum PE amount per mL was 0.224+0.007 mg at that culture phase. However, the
highest PE/PB ratio was found as 0.92+0.013 at the late stationary phase. Also, at the decay phase
decrease in PE and R-PC amounts was found while the A-PC amount was increased.

Table 1. Total PB, PE, R-PC and A-PC amounts of Porphyridium cruentum (mg/mL) at different culture
phases (Superscript letters show the statistical difference)

Phase Total PB (mg PE R-PC A-PC PE/Total PB
mL™") (mg mL™") (mg mL™") (mg mL™")

Early Exponential ~ 0.053£0.003*  0.045+£0.002° 0.004+0.001*  0.004+0.001* 0.85+0.030"

Early Stationary ~ 0.252+0.009°  0.224+0.007° 0.0140.003°  0.013+£0.001°  0.89+0.006"

Late Stationary 0.187+0.006°  0.172+0.006°  0.009+0.002*® 0.005+0.001*  0.92+0.013"

Decay 0.119+0.007¢  0.102+0.004°  0.008+0.003® 0.008+0.000° 0.86+0.018"
Mean =+ standard deviation. Different superscript uppercase letters show the significant differences in each parameter between culture phases

(P<0.05).

A statistically significant difference was detected between Total PB and PE amounts at different
culture phases. However, R-PC differed only between early exponential and early stationary phases.
Statistical difference in A-PC amounts was found at early stationary and decay phases.

The highest total PB and PE per cell were determined on the day of 24 as 10.42 pg and 9.29+0.28
pg, respectively. However, the highest concentrations of R-PC (0.7+0.09 pg cell™) and A-PC (0.69+0.02
pg cell") were determined on the day of 44 (Figure 4).

Phycobiliprotein per cell (pg)
12

10 I

14 24 34 44
Day

Phycobiliprotein amount (pg.cell)
B

PE/cell R-PC/cell mAlloPC/cell

Figure 4. PB (PE+R-PC+A-PC), PE, R-PC, and A-PC amounts per cell of Porphyridium cruentum at
different culture phases.
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According to cellular phycobiliprotein and harvest quantities at culture phases, the highest
amount of phycobiliprotein and phycoerythrin were collected as 7.59 g and 6.88 g at the stationary
phase, respectively. The total harvested phycobiliprotein amount was calculated as 31.68 g, and
phycoerythrin was 27.57 g during the 51 days of the experiment (Table 2).

Table 2. Harvested PB and PE amounts of P. cruentum

Harvest Time  PB PE Harvest Mean Cell Total PB Total PE
pgcell’ pgcell' Quantity (L) Number (L) (g) (2)

Exponential 5.68 4.85 46 9.92 x 10° 2.59 2.21

Stationary 9.31 8.44 30 27.18 x 10° 7.59 6.88

(early & late)

Decay 9.88 8.49 40 16.95 x 10° 6.70 5.76

Final 9.88 8.49 140 10.70 x 10° 14.8 12.72

Total 31.68 27.57

4. Discussion

The pilot scale tubular PBR system had a significant effect on the growth rate in the culture of
P. cruentum. This microalga can be easily grown and obtain maximum biomass using the pilot scale
tubular PBR system indoor and on artificial light illumination. This biomass yield is comparable to
typical biomass concentrations achieved in other PBRs. In a study, P. purpureum was cultured in a
greenhouse at BioFence bioreactor and stated that maximum cell number was reached to 14.3 x 10° cells
mL" (Fuentes-Griinewald et al., 2015). In a flat plate bioreactor, 13.8 x 10° cells mL™" was found as the
maximum cell number by Liqin et al., (2008). In another study conducted with tubular PBR located in
an aquaculture facility, P. cruentum was reached to maximum cell density as 26.2 x 10° (Durmaz et al.,
2017). In this study, maximum cell density was reached 31.84 x 10° cells mL"'. In comparison with the
studies mentioned above, this study was achieved the highest cell density. However, it was started to
decrease after reaching the maximum density.

Li et al., (2019) stated that nitrate concentrations might affect the B-phycoerythrin (B-PE)
production of P. purpureum. According to the study, 17.6 mM concentration of KNO; was provided the
highest B-PE production as 0.193+0.002 g L™ (Li et al., 2019). NaNOs was used as a nitrate source in
this study with the standard F/2 medium concentration (8.82 mM) which was given by Guillard, (1975).
On day 24, the B-PE amount was found as 0.224+0.007 g L.

Wang et al. (2007) reported that 112 mg I'' PE was found as the highest amount at 100 mL liquid
volume with a 20% inoculation rate, 6.5 pH and below 4500 lux. In this study, pH was controlled with
CO; injection and was held around 7.5 and light intensity was higher (9000 lux) when the culture was
reached its highest PE amount per liter. However, it was reported that amounts of polysaccharides also
increase with the light intensity (Wang et al., 2007), which may cause precipitations of polysaccharides
with cells in the culture system. As a result, light intensity, pH, inoculation rate and liquid volume factors
were found to be effective on PE production of P. cruentum.

Xu et al. (2020), described that decreasing temperature and light intensity under high nitrogen
conditions results in higher PE content. According to the study, the highest PE content of P. purpureum
was 229+11 mg L™ (Xu et al., 2020). A similar result (224+7 mg L") was found in our study without
any induction. However, it is seen that temperature and light induction might provide higher PE content,
especially if the culture induced between harvest intervals.

82% was the highest PE/PBP ratio of a study on P. cruentum culture in tubular PBR (Fuentes et
al., 2000). In the present study, the maximum ratio was found as 92%. However, PE/PBP ratio was
ranged between 80 and 92% at different culture phases. It can be assumed that the stationary phase is
the most suitable for phycoerythrin production in considering accumulation per cell and culture density.
The differences might be occurred because of variation of the growth medium and the light between
phases.

The effects of nitrogen source and irradiance on P. cruentum pigment are already been
investigated. It is stated that the use of NO; as the nitrogen source under 200 pmol photon m?s™
irradiance was yielded 1 pg cell” PE and 2 pg cell” total phycobiliprotein content (del Pilar Sanchez-
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Saavedra et al., 2018). Li et al. (2020) showed that a low C/N (0.96) ratio was yielded higher PE content
per cell, which was reached more than 30 pg cell'. PE amount of P. cruentum per cell was varied
between 4.85-9.29 pg and the total phycobiliprotein per cell amount was reached more than 10 pg in
this study. The wide difference of the phycoerythrin content per cell between studies might be the result
of major variations on culture media, light sources, and culture systems. It is clear that phycoerythrin
content per cell is highly variable depending on the culture conditions.

A great deal of work has been devoted to the genus Porphyridium, which grows naturally in a
diverse spectrum of habitats. They have chlorophyll @, but also have large amounts of the pigments
phycocyanin and phycoerythrin, which give them their distinctive red, brown, and purple colors.
Phycoerythrin, extracted from the microalga P. cruentum, is gaining momentum for its application in
the food industry as a red pigment (Sudhakar et al., 2015). Phycobiliprotein produced from Rhodophyte
Porphyridium is commercially available and is widely used as colorants in candy bars, sweets, cold
drinks, chewing gums, dairy products, and so on (Spolaore et al., 2006). High prices of phycobiliproteins
in the global market make it difficult to use in industrial applications commonly. It is shown that high
amounts of phycobiliproteins per cell, also high PE/PB ratio was found in this study. Through this,
phycobiliprotein production may spread with further investigations on the optimization of culture.
Consequently, it is thought that efforts to increase production efficiency should continue in order to
eliminate this obstacle.
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Makale Bilgileri Oz: Arastirmada atmosferik ve basingh kizartmanmn koftelerin bazi kalite
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DOI:10.29133/yyutbd.1010069  (tiyobarbutirik asit reaktif substans) ve enstriimental renk (i¢ ve dis kesit yiizeyi)
yoniinden analiz edilmistir. Kofteler enstriimental tekstiir 6zellikleri agisindan da
) test edilmistir. Kizartma faktorii koftenin nem degeri lizerinde 6nemli (p<0.05),
Kofte, TBARS degeri iizerinde ise ¢ok 6nemli (p<0.01) etki gostermistir. Atmosferik
E;Zs?;tlﬂal;zartma kosullarda kizartilan 6rneklerin % nem degerleri basingli kosullarda kizartilan
Tesktglr ’ orneklere gore daha diisiik belirlenmistir. Basingli kizartma islemi TBARS

degerini diigiirmiis, i¢ kesit yiizeyi L*, a* ve b* degerlerini artirmistir. Bu yontem

dis kesit ylizeyinde L* degerinde artisa, b* degerinde ise diisiise neden olmustur
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(p<0.05). Kizartma tekrar sayis1 faktorii ise i¢ ve dig kesit yiizey renk degerlerini
genel olarak diigiirmiistiir. Basingli kizartma islemi koftenin sertlik, yapiskanlik,
esneklik, ve kohesivlik degerlerini artirmistir. Buna karsin elastikiyet degeri
iizerinde kizartma yontemi onemli bir etki gostermemistir (p>0.05). Kizartma
say1st ise sakizimsilik degeri hari¢ biitlin tekstiir parametrelerinde diisiise neden
olmustur.

1. Giris

Derin yagda kizartma, genellikle 165-190 °C gibi yiiksek sicakliklarda atmosferik kosullarda
uygulanan bir pisirme ydntemi olup, yag absorpsiyonu, ylizeyde kabuk olusumu, kizartma tat ve
kokusunun gelisimine bagli olarak tiriiniin lezzetine katkida bulunmaktadir. Derin yagda kizartma iglemi
atmosferik, diisik (vakum) veya yiliksek basing kosullarinda uygulanabilmektedir. Atmosferik
kosullarda kizartma 165-190 °C gibi yiiksek sicakliklarda gerceklestirilmekte ve istenilen renk ve
tekstiirde iiriinler elde edilmektedir (Moreira, 2002). Bu yontemin sebze ve bazi et iiriinlerindeki
olumsuz etkilerinden dolay1 6zellikle son yillarda diisiik ve yiiksek basing gibi alternatif kizartma
yontemleri siklikla giindeme gelmektedir. Vakum kizartma (diisik basing), 6.65 kPa altindaki
basinglarda meyve ve sebzeler gibi hassas iiriinlerde uygulanan bir yontemdir. Bu yontemle 90°C gibi
diisiik sicakliklarda atmosferik kizartmadaki 6zelliklere benzer iiriin 6zellikleri elde edilebilmektedir.
Yaklagik 184 kPa basing altinda uygulanan yiiksek basingli kizartma islemi ise, genellikle baget, kanat
gibi kemikli kanath etlerinde tercih edilmekte ve bu etlerde yiiksek basincin etkisiyle sulu, homojen
pisirilmis ve ¢itir iiriinler hazirlanabilmektedir (Ballard ve Mallikarjunan, 2006; Moreira, 2014).

Kizartma yaglan kizartma isleminde hem 1s1 transfer arac1 olmas1 hem de tekstiir ve aroma
olusumuna katkilar1 nedeniyle 6nem arz etmektedir (Debnath ve ark., 2012). Ticari kizartma isleminde,
kizartma yaglan birkag kez kullanilabilmekte ve bu uygulamadan dolay1 son iiriinlerde saglik agisindan
riskli ugucu ve ugucu olmayan bilesikler olusabilmektedir (Takeoka ve ark., 1997). Kizartma islemi
sirasinda ayni1 yagin tekrarli kullanimi neticesinde ortaya ¢ikan bu bilesikler ve bozulma iiriinleri yag ve
gidanin tat, koku, renk ve tekstiiriinde arzu edilmeyen degisimlere neden olurken aym1 zamanda raf
omriinii de kisaltmaktadir (Bhattacharya ve ark., 2008). Tekrarli kizartma isleminin yag kalitesine
etkisini belirlemeye yonelik pek ¢ok calisma (Jaswir ve ark., 2000; Yilmaz ve Aydeniz, 2014)
yiirlitiilmistiir. Tekrarl kizartma isleminin tiriin 6zelliklerine etkisini belirlemeye yonelik ¢calisma sayisi
ise oldukea sinirlt ve belirli iirlinleri belirlemeye (Enriquez-Fernandez ve ark., 2011; Debnath ve ark.,
2012) yoneliktir.

Fast food ve hazir yemek gibi tiiketime hazir gida iirlinlerine talep giin gegtikce artmaktadir.
Her iki sektorde tiiketici taleplerini karsilamak ve iiriin gesitliligini artirmak amaciyla farkli pisirme
yontemleri uygulanmaktadir. Bu yontemler arasinda derin yagda kizartma islemi, patates, misir cipsi,
deniz trilinleri, nugget ve kofte gibi kanath ve kirmuzi et iriinleri gibi pek ¢ok {irlin grubunun
hazirlanmasinda en ¢ok kullanilan yontemdir (Gaduraju ve ark., 2015). Kofte, kiyma haline getirilmis
etin cesitli katki maddeleri (baharat, kiyilmis sogan, sarimsak vb.) ile karistirilmasi suretiyle iiretilen
onemli et tiriinlerinden biri olup bu iirlinlin hazirlanmasinda en ¢ok tercih edilen yontemlerden biri derin
yagda kizartma islemidir (Oz ve ark., 2017). Alternatif kizartma ydntemi olan basingli kizartma
yonteminin aragtirildigi ¢calisma sayisi ise oldukca azdir (Ballard ve Mallikarjunan, 2006; Innawong ve
ark., 2006; Erdogdu ve Dejmek, 2010). Koftenin basingli kosullarda kizartilmasina ydnelik bir
aragtirmaya ise literatiirde rastlanmamistir. Bu ¢aligmada iki farkli kizartma yontemi (atmosferik ve
basinglh kizartma) ile findik yaginda tekrarli (5 kez) kizartma igleminin koftelerin bazi fizikokimyasal
(pH, nem, renk, TBARS) ve enstriimantal tekstiir (sertlik, yapiskanlik, kohesivlik, elastikiyet, esneklik,
sakizimsilik, ¢ignenebilirlik) 6zelliklerine etkileri arastirtlmistir.

2. Materyal ve Yontem

2.1. Materyal

Kofte iiretiminde dana karkasinin but kismindan ¢ikarilan parga etler kullanilmistir. Kofte
iiretiminde kullanilan tuz ve ekmek kirintis1 Erzurum piyasasindan temin edilmistir.
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2.2. Yontem
2.2.1. Kofte iiretimi

Kofte liretimi i¢in hazirlanan etler 6nce kiyma makinasindan (Arzum, AR 160) (3mm’lik ayna)
gecirilerek kiyma haline getirilmistir. Kéfte hamuruna % 5 oraninda ekmek kirintisi, % 2 oraninda tuz
ilave edilerek elle yogurulmustur. Bu sekilde hazirlanan kofte hamuru sekil verilmeden 6nce 4 °C’de 1
saat siireyle bekletilmistir. Dinlendirilen hamur kalipla (Cap 6.5 cm x yiikseklik 1.5 cm) sekil verildikten
sonra -20 °C’de kizartma iglemine kadar dondurulmus olarak muhafaza edilmistir. Her bir muamele
icin iki kez iiretim yapilmistir.

2.2.2. Kizartma islemleri

Kizartma kosullan1 Cizelge 1°de verilmistir. Kizartma islemi aym1 yag kullamilarak 5 kez
tekrarlanmigtir. Her kizartma isleminden sonra yagin 25 °C’ye sogumast beklenmis ve numune
alinmistir. Kizartma isleminde {iriin yag orani (1:10) da ayn1 seviyede tutulmustur.

Cizelge 1. Kizartmada uygulanan kosullar

islemler Kosullar

Kizartma Makinesi MARKEFRY 1014, Tiirkiye, PD tipi kizartma cihazi (sepet + kapak)
Kizartma Yo6ntemi Atmosfer/Basing kosullarinda derin yagda kizartma
Yag Cinsi Findik yag:

Yag Miktar1 11L

Islem Sicaklig Atmosferik-180°/Basingli-160°

Kizartma Siireleri Atmosferik-2/Basingli-3 dak.

Basing Kosulu 2 bar

Kizartma Tekrar Sayist 5

Kizartma Uriini Kofte

Kofte boyutlari 6.5 x1.5 cm

2.2.3. Orneklerin alinmasi ve analize hazirlanmasi

Analizler i¢in kizartma igleminden sonra koéfteler 25 °C’ye sogutulmus ve her bir muamele
grubundan 3 paraleli olarak 6rnekler alinmig ve analizlere tabi tutulmustur.

2.3. Analizler
2.3.1. Nem miktar

Homojen haline getirilen yaklagik 10 g kofte 6rnegi daha 6nceden 105 °C’de kurutulmus ve
daras1 alinmig kaplara tartildiktan sonra 105 °C’deki etiivde (Memmert 400) sabit agirliga gelinceye
kadar kurutulmustur. Agirlik kayiplar1 dikkate alinarak nem miktar1 % olarak belirlenmistir (Gokalp ve
ark., 2001).

2.3.2. pH

Kofte drneklerinin pH degerlerini belirlemek i¢in 10'ar gram tartilip {izerine 100 ml saf su ilave
edilerek 1 dak. homojenize (Ultra-Turrax, IKA Werk Tp 18-10 20.000 UpM) edilmistir.
Homojenizatlarin pH degerleri dlgiilmeden énce pH metre (Mettler Toledo Ion S220, Isvigre) pH 4.0 ve
pH 7.0’lik tampon ¢ozeltiler kullanilarak kalibre edilmistir (Gokalp ve ark., 2001).

2.3.3. Tiyobarbiturik Asit Reaktif Maddeler (TBARS)

TBARS analizi i¢in homojen hale getirilen 6rneklerden 2’ser gram paralelli olarak tartilarak
iizerine 12 ml TCA c¢ozeltisi (% 7.5 TCA, % 0.1 EDTA ve % 0.1 Propil galat (3 ml etanolde
¢ozlindiiriilmis)) ilave edilmis ve Ultra Turrax (IKA Werk Tp 18-10 20.000 UpM ) ile 15-20 s orta
hizda homojenize edilmistir. Karigim daha sonra Whatman 1 filtre kagidindan siiziilerek deney tiiplerine
3 ml alinmis ve {izerine 3 ml 0.02 M TBA ¢dzeltisinden ilave edilerek vortekslenmistir. Deney tiipleri
kaynayan su banyosunda 40 dak. bekletilmis ve 5 dak. akan musluk suyunda sogutulmustur. Bu
islemden sonra Spektrofotometrede (Shimadzu Spectrophotometer UV-120-01) 532 nm’lik dalga
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boyunda kore kars1 absorbans degeri belirlenmistir. Elde edilen absorbans degerinden ve TEP (1,1,3,3
tetraecthoxypropane) standardi kullanilarak belirlenerek standart kiirveden faydalanilarak TBARS degeri
hesaplanmistir (Lemon, 1975).

2.3.4. Renk analizi

Kofte orneklerinin renk yogunluklar koftelerin i¢ ve dis kesit yiizeyinden 3 paralelli olacak
sekilde Minolta (CR-200, Minolta Co, Osaka, Japan) kolorimetresi kullanilarak belirlenmistir. L*, a*
ve b* degerleri ii¢ boyutlu renk Sl¢limiinii esas alan Uluslararas1 Aydinlatma Komisyonu CIELAB
(Commision Internationele de I’E Clairage) tarafindan verilen kriterlere (L* degeri; L=0, siyah; L=100,
beyaz (koyuluk/agiklik); a* degeri; +a=kirmizi, -a=yesil; b* degeri; +b=sar1, -b=mavi renk) gore
yapilmustir.

2.3.5. Tekstiir profil analizi (TPA)

Kofte oOrneklerinin enstriimental tekstiir o6zelliklerinin (sertlik, yapiskanlik, kohesivlik,
elastikiyet, esneklik, sakizimsilik, ¢ignenebilirlik) belirlenmesinde tekstiir profil analiz cihaz1 (CT3,
Brookfield Engineering Laboratories, USA) kullanilmistir. Silindirik boyutlu (20 mm ¢ap ve 10 mm
yiikseklik) ornekler alinarak tekstiir profil analiz cihazinda silindirik prob kullanilarak sikistirilma
cevrimi ile oda sicakliginda analiz gerceklestirilmistir. TPA’da kullanilan iglem sartlart; 6n test hizi 1
mm/s, test sonrast hizi 2 mm/s, sikigtirma oranm1 % 50 ve iki sikistirma arast 5 s olacak sekilde
uygulanmugtir. Tekstiirel parametreler (sertlik, elastikiyet, yapiskanlik, kohesivlik, esneklik,
sakizimsilik, ¢ignenebilirlik) bir giig-siire grafigi kullanilarak belirlenmigtir (Bourne, 1978).

2.4. istatistiksel analizler

Arastirmada pisirme yontemi (atmosferik ve basing¢l kizartma) ve kizartma tekrar sayisi (1, 2,
3, 4 ve 5) faktor olarak alinmis, denemeler 2*5 faktoriyel diizende tam sansa bagli deneme planina gore
3 tekerriirlii olarak kurulmus ve yiriitiilmiistiir. Elde edilen veriler IBM SPSS Statistics 20 paket
program kullanilarak varyans analizine tabi tutulmus ve istatistiki agidan énemli bulunan ana varyasyon
kaynaklarina ait ortalamalar Duncan ¢oklu karsilagtirma testi ile karsilastirilmastir.

3. Bulgular ve Tartisma

3.1. Nem miktari, pH ve TBARS degerleri

Farkli kizartma yontemleri (atmosferik ve basingli) ve kizartma sayis1 (5 tekrar) kullanilarak
findik yag: ile iiretilen kofte drneklerinin % nem, pH ve TBARS degerleri Cizelge 2’de verilmistir.
Koftelerin nem miktar {izerinde kizartma yontemi énemli (p<0.05), kizartma sayis1 ise ¢gok dnemli (
p<0,01) diizeyde etkili olmustur. Nem igerigi (%) basin¢h kizartilmis koftelerde (% 55.99), atmosferik
kosullarda kizartilan koftelere (% 54.84) gore daha yiiksek tespit edilmistir. Kizartma tekrar sayist
arttikca nem degeri diismistiir. Kizartma sicakligi ve uygulanan basing iglemi iirlinlin nem igerigi
iizerinde oldukga etkili olmakta ve yag sicakligindaki artisla tirlinde meydana gelen dehidrasyon sonucu
iriinden hizli nem ¢ikist meydana gelmektedir (Innawong ve ark., 2006). Arastirmada basingl
kizartmada belirlenen bu yiiksek nem igeriginin kizartmanin daha diisiik sicaklikta yapilmasindan
kaynaklandig1 diisiiniilmektedir. Farkli kizartma yontemlerinin nugget iizerine etkisini belirlemeye
yonelik yiiriitiilen bir ¢alismada da atmosferik kizartma igleminde nem degerinin (% 57.19), basingh
kizartma iglemine gore (% 58.50) daha diisiik oldugu belirlenmistir (Kaplan, 2020). Das ve ark. (2003)
da benzer sekilde tavuk orneklerinde nem igeriklerinin basingli kosullarda daha yiiksek oldugunu
belirtmisglerdir.

Atmosferik ve basinghi kosullarda gergeklestirilen kizartma isleminde kofte orneklerinin pH
degerleri 6.01-6.03 arasinda degismistir. Kizartma yonteminin 6rneklerin pH degeri tizerinde 6nemli bir
etkisi olmamistir (p>0.05). Aymi sekilde kizartma sayis1 ve kizartma yontemi x kizartma sayisi
interaksiyonunun da pH degeri {izerinde énemli bir etkiye sahip olmadig: tespit edilmistir (p>0.05).
Derin yagda atmosferik ve basinghi kosullarda gergeklestirilen kizartma iglemlerinin karsilastirildigi
benzer bir ¢alismada da pH degeri acisindan 6nemli bir farklilik belirlenememistir (Das ve ark., 2013).
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izelge 2. Farkli pisirme yontemleri ve tekrarl kizartma islemi uygulanarak pisirilen koftelerin nem,
izelge 2. Farkl pisi yO leri krarli k islemi uygul k pisirilen kofteleri
pH ve TBARS degerlerine ait ortalamalarin Duncan Coklu Karsilagtirma Test Sonuglari

Nem (%) pH TBARS (umol MDA/kg)
Kizartma Yontemi (KY)
Atmosferik 54.84+2.81* 6.01+0.04* 39.35+6.85%
Basingh 55.99+1.84° 6.03+0.06* 29.4445.52°
* Od sk
Kizartma Sayist (KS)
1 57.78+0.95* 6.03+0.042 28.48+7.78¢
2 56.97+1.68% 6.03+0.07* 33.30+8.86"
3 55.66+0.90° 6.01+0.032 33.68+6.36%
4 53.75+1.90¢ 6.02+0.09* 34.85+6.40°
5 52.9442.24¢ 6.03+£0.042 41.68+5.97*
sk Od sk

a-c: Ayni siitunda benzer harfle ifade edilen degerler arasinda Duncan ¢oklu karsilastirma testine gore istatistiki agidan fark yoktur(p>0.05).
kK .
:p<0.01.
* 1 p<0.05.
Od: onemli degil.

Kizartma islemindeki yiiksek sicakliklarda atmosferik oksijen yag ile birlikte oksidatif
degisikliklere neden olmaktadir. Lipid oksidasyonu bu nedenle son {iriin kalite ve giivenligini belirleyen
onemli bir faktordiir. Ette aroma ve kotii tat olusumuna katkida bulunan ikincil oksidasyon tirtinlerinin
bir dlciisii olan TBARS degeri iizerinde, kizartma yontemi ve kizartma sayis1 faktorleri ¢cok dnemli
(p<0.01) etki gostermistir. Analiz sonuclarina gore atmosferik kosullarda gerceklestirilen kizartma
islemi ile koftelerin TBARS degeri (39.35 pmol MDA/kg), basingli kosullarda (29.44 pymol MDA/kg)
gergeklestirilen kizartma iglemine gore daha yiiksek bir deger vermistir (Cizelge 2). Lipid oksidasyonu
yag kalitesi lizerinde oldukga biiylik bir 6neme sahip olup, 6zellikle atmosferik kosullarda gerceklesen
kizartmada oksijen en 6nemli oksidasyon nedenlerinden biridir. Kizartma isleminde oksijen seviyesinin
diisliriilmesinin oksidasyonu onlemede en etkin yontemlerden biri oldugu belirtilmektedir. Basing
uygulanarak pisirilen koftelerde TBARS degerinin diisiik ¢ikmasinin bu kosullardaki oksijen
seviyesinin atmosferik kosullara gore daha diisiik seviyede olmasindan kaynaklandigi diisiiniilmektedir.
Benzer sonuglarin belirlendigi diger bir ¢alismada kizartilmis tavuk etlerinde TBA degerleri atmosferik
kosullarda 0.35-0.56 pmol MDA/kg, basin¢h kosullarda ise 0.28-0.31 pmol MDA/kg araliginda
belirlenmistir (Das ve ark., 2003). Kizartma igleminde yagin tekrar tekrar kullaniminin yag igerisinde
kizaran gidanin lezzeti, rengi ve tekstiirli tizerinde 6nemli etkileri olmaktadir (Stevenson ve ark., 1984).
Mevcut bu arastirmada tekrarli kizartma isleminin koftelerin TBARS degeri lizerinde ¢ok Onemli
(p<0.01) etkiye sahip oldugu belirlenmistir. {lk kizartma sonucunda koftelerin TBARS degeri 28.46
umol MDA/kg olarak belirlenirken 5. kizartma sonucunda bu deger 41.68 pmol MDA/kg olarak tespit
edilmistir (Cizelge 2).

3.2. Renk analizi

Kizartilan iiriinlerin en énemli kalite 6zelliklerinden biri olan renk, iiriine uygulanan kizartma
stire ve sicaklifi, protein denatiirasyonu, nisastanin jelatizasyonu ve maillard reaksiyonu gibi
faktorlerden etkilenmektedir (Innawong ve ark., 2006; Devresen ve ark., 2016). Kizartma yonteminin,
orneklerin i¢ kesit ylizey L* ve a* degerleri iizerinde énemli, b* degeri iizerinde ise ¢ok dnemli etkiye
sahip oldugu belirlenmistir. Basingli kosullarda gergeklestirilen kizartma islemi bu {i¢ renk
parametresini de artirmigtir. Kizartma yontemlerinin karsilagtirildigi diger bir ¢aligmada da basingh
kizartmanin atmosferik kizartmaya gore daha ytiksek a* degeri verdigini bildirilmistir. Ayn1 ¢alismada
kizartma yonteminin L* ve b* degeri lizerinde bir etkisinin olmadig: belirtilmistir (Innawong ve ark.,
2006).
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Cizelge 3. Farkli pisirme yontemleri ve tekrarh kizartma iglemi uygulanarak pisirilen koftelerin L*, a*
ve b* degerlerine ait ortalamalarin Duncan Coklu Karsilagtirma Test Sonuglari

Renk ozellikleri

I¢ kesit Drs kesit
L* a* b* L* a* b*
Kizartma Yontemi (KY)
Atmosferik 46.50+2.13*  8.69+0.80* 11.5440.56*  28.494+2.93? 6.21+0.79* 7.76£1.08*
Basingh 47.71£1.97°  9.04+0.83° 12.26+£1.45*  29.70+£2.21° 6.00£0.57* 6.57+0.80°
* * sk * Od sk

Kizartma Sayist (KS)

49.30+1.25*  9.61+0.63* 121241298 32.82+1.432 6.88+0.54* 7.95+0.97*
48.44+0.92*  9.11+0.66* 11.31+0.26*  29.02+£1.38>  6.10+0.22° 7.11+0.57
46.09+2.25*  9.04+0.97° 12.89+1.78%  29.21£1.47°  6.20+0.94° 7.08+1.96%
46.29+1.53%  8.12+0.65° 11.51£0.78"  28.26+0.99®  5.74+0.36° 6.65+0.24°
45.40+1.60°  8.45+0.26° 11.66+0.42°  26.16+2.25° 5.624+0.41° 7.0440.94%

D AW N =

a-c: Ayni siitunda benzer harfle ifade edilen degerler arasinda Duncan ¢oklu karsilastirma testine gore istatistiki agidan fark yoktur(p>0.05).
3k .
:p<0.01.
* 1 p<0.05.
Od: Onemli degil.

Basingh kizartma isleminde azot gazi veya buhar (gidadan ¢ikan) kullanimmin nuggetlara
etkisinin belirlendigi bir ¢aligmada, buharla kizartilan tiriinlerin L* degerinin azot gazi ile kizartilan
iiriinlere gore daha diisiik oldugu bildirilmistir (Enriquez-Fernandez ve ark., 2011). Kizartma tekrar
sayist arttikca koftelerin i¢ kesit yiizeyindeki renk parametreleri diislis gostermistir (Cizelge 3).
Atmosferik kosullarda tavuk 6rnekleri iizerinde gergeklestirilen bir calismada da benzer sekilde tekrar
sayist arttikca L* degerinde diisiis meydana geldigi belirlenmistir (Sunisa ve ark., 2011). Kizartma
yontemi x kizartma sayisi interaksiyonunun ise L* degeri iizerinde 6nemli bir etkisi olmazken (p>0.05),
a* ve b* degerleri {lizerinde ¢cok 6nemli etkileri gézlemlenmistir (p<0.01). Kofte drneklerinin dis kesit
yiizeyinde ise, parlakligin gostergesi olan L* degeri basingh kizartma isleminde artig gdstermistir. Buna
karsin sar1 renk yogunlugunun gdstergesi olan b* degeri diigmiistiir (Cizelge 3). Kirmiziligin gostergesi
olan a* degerinde ise dnemli bir degisim gdzlemlenmemistir (p>0.05). 1. Kizartma islemi sonucunda
orneklerin L* ve a* degerleri 32.82 ve 6.88 olarak belirlenmis, buna karsin 5.kizartma iglemi sonucunda
bu degerler sirasiyla 26.16 ve 5.62 degerlerine diigmiistiir. Diger taraftan kizartma sayisinin kofte
orneklerinin dis ylizey b* degeri lizerinde 6nemli bir etkisi olmadig1 tespit saptanmistir(p>0.05) (Cizelge
3).

3.3. Tekstiir profil analizi

Basingli kizartma yontemi bir 6rnegi sikistirmak i¢in sarf edilen maksimum kuvvetin gostergesi
olan (Herrero ve ark., 2007) sertlik degeri (N) lizerinde dnemli bir artisa neden olmustur. Teruel ve ark.
(2014) tarafindan yapilan calismada da vakum altinda kizartma isleminde gevrekligin arttig1 rapor
edilmistir. Mevcut bu arastirmada 2.kizartma 1. kizartmaya gore daha diisiik deger vermekle birlikte
istatistiki agidan 6nemli bir farklilik vermemistir. 3., 4. ve 5. kizartmalar 1. ve 2. kizartmaya gore daha
diisiik degerler vermis, ancak bu kizartmalara ait ortalamalar istatistiki agidan farkli bulunmamistir. Bu
sonuclar 2. kez kizartmanin sertlikte Onemli bir degisiklige neden olmadigimi gostermektedir.
Yapiskanlik (mJ), sikistirict pistonu numuneden uzaklastirmak igin gerekli kuvvetin bir gostergesi
olarak dikkate alinan bir parametredir (Andress ve ark., 2006). Kizartma yontemi 6rneklerin yapiskanlik
degeri iizerinde Onemli (p<0.05) etkiye sahiptir. Atmosferik kosullarda gergeklestirilen kizartma
isleminde (8.69 mJ) basingli kizartma (9.04 mj) islemine gore daha diisiik bir deger belirlenmistir.
Yapiskanlik degeri 1. kizartmada 9.61 mj olarak belirlenirken tekrar sayis1 arttikca bu deger diisiis
gostermistir. Ancak 2. ve 3. kizartma sayilara ait ortalamalar 1. kizartma sayisina ait ortalamadan
istatistiki olarak bir farklilik géstermemistir (p>0.05). Kizartmanin 4. ve 5. tekrarinda yapiskanlik degeri
diismiis (p<0.05), bununla birlikte bu iki kizartma sayisina ait ortalamalar istatistiki olarak birbirinden
farkli bulunmamstir (p>0.05).

94



YYU J AGR SCI 32 (1): 89-97
Sisik Ogras / Atmosferik ve Basingli Kizartma Islemlerinin Koftenin Kalite Ozelliklerine Etkileri

Cizelge 4. Farkl1 pisirme yontemleri ve tekrarli kizartma islemi uygulanarak pisirilen koftelerin tekstiirel
parametrelerine ait ortalamalarin Duncan Coklu Karsilagtirma Test Sonuglar

Sertlik Yapigkanlik Esneklik  Kohesivlik Elastikiyet Sakizimsilik  Cignenebilirlik

M) (mJ) (mm) M) (mJ)
Kizartma Yontemi (KY)
Atmosferik 46.50+2.13* 8.69+£0.80* 11.54+0.56* 28.49+2.93* 6.214+0.79* 7.76+1.08* 6.21+0.79*
Basingh 47.71£1.97° 9.04+0.83> 12.26+1.45> 29.70+2.21 6.00+0.57* 6.57+0.80° 6.00+0.57*
* * R * Od sk Od

Kizartma Sayist (KS)

99.30+1.2529.61+0.63*  12.12+1.29% 2.82+1.43% 6.88+0.54* 7.95+0.97° 6.884+0.54*
48.44+0.92% 9.11+0.66* 11.31+0.26" 29.02+£1.38" 6.10+0.22° 7.11+£0.57®  6.10+0.22°
46.09+2.25% 9.044+0.97* 12.89+1.78* 29.21£1.47° 6.20+0.94> 7.08+1.96®  6.20+0.94°
46.29+1.53% 8.12+0.65* 11.51+0.78" 28.26+0.99" 5.74+0.36° 6.65+0.24° 5.74+0.36°
45.40+1.60° 8.45+0.26" 11.66+0.42% 26.16+£2.25° 5.62+0.41° 7.04+£0.94®  5.62+0.41°

O S R

a-c: Ayni siitunda benzer harfle ifade edilen degerler arasinda Duncan ¢oklu karsilastirma testine gore istatistiki agidan fark yoktur(p>0.05).
**:p<0.01.

* 1 p <0.05.

Od: Onemli degil

Deformasyona maruz kalan bir 6rnegin geri kazanimi olarak tanimlanan esneklik (Bourne,
1982) iizerinde kizartma yontemi ile kizartma sayis1 ¢ok dnemli etkide bulunmustur (p<0.01). Esneklik
degeri yapiskanlik ve sertlik degerinde oldugu gibi basingli kizartma atmosferik kizartmaya gore daha
yiiksek bir ortalama deger vermistir (p<0.05). Kizartma sayisinin 1’den 2 veya 3’e ¢ikarilmasi esneklik
degerinde 6nemli bir etki gostermemistir. (p>0.05) Buna karsin 3. Kizartma 4 ve 5’ten daha yiiksek bir
ortalama deger vermistir Ayrica 2, 4 ve 5. kizartma islemlerine ait ortalamalar arasinda da 6énemli bir
farklilik bulunmamigtir (p>0.05).

Kohesivlik o6rnegin kopmadan oOnceki deformasyon derecesinin bir Olgiisii  olarak
tanimlamaktadir (Herrero ve ark., 2007). Farkli kizartma yontemleri (atmosferik ve basingli) ve kizartma
sayist kullanilarak iiretilen kofte 6rneklerinin kohesivlik degerlerine ait sonuglar Cizelge 4‘te verilmistir.
Kohesivlik iizerinde kizartma yontemi 6nemli (p<0.05), kizartma sayisi ise ¢ok dnemli (p<0.01) bir
etkide bulunmustur. Basingli kizartma atmosferik kosullardaki kizartma iglemine gore daha yiiksek bir
ortalama deger vermistir (Cizelge 4). Das ve ark. (2013) tarafindan yapilan calismada basingh ve
atmosferik kizartma isleminin kohesivlik {izerinde etkili olmadig1 bildirilmistir. Kizartma sayis arttikca
kohesivlik degerinde diislis gdzlenmistir. Bununla birlikte 2, 3 ve 4. kizartmalar arasinda istatistiki
acidan 6nemli bir farklilik gézlenmemistir. En diigiik ortalama kohesivlik degerini 5.kizartma vermistir.
Bu sonuca gore 5. kizartma tirliniin kohesivlik degerinde 6nemli diisiise neden olmaktadir.

Ornege uygulanan deformasyon kuvveti ortadan kalktiktan sonra érnegin orijinal sekline donme
yetenegi olarak tanimlanan diger onemli bir tekstiirel parametre olan (Herrero ve ark., 2007) elastikiyet
iizerinde kizartma yontemimin herhangi 6nemli bir etkisi (p >0.05) olmamistir. Benzer sekilde konu ile
ilgili ytiriitiilen diger bir calismada elastikiyet degeri agisindan kizartma yonteminin bir etkisi olmadigi
bildirilmistir (Das ve ark., 2013). Kizartma sayisinin elastikiyet tizerinde p<0.01 diizeyinde etki
gosterdigi saptanmigtir. En yliksek ortalama degeri 1. kizartma vermistir. Diger kizartma sayilari
arasinda ise istatistik agidan 6nemli bir farklilik gériilmemistir (p>0.05). Diger taraftan basinglh kizartma
daha diisiik bir ortalama sakizimsilik degeri vermistir (p<0.05). Kizartma sayisinin ise bu tekstiir
parametresi iizerinde herhangi bir etkisi olmamistir (Cizelge 4).

Numunenin pargalara ayrilip yutmaya hazir duruma getirilmesi i¢in gerekli enerjiyi ifade eden
bir parametre olan ¢ignenebilirlik (mJ) degeri, elastikiyet degerinde oldugu gibi kizartma yonteminden
etkilenmemistir (p>0.05). Buna karsin kizartma sayis1 bu parametre iizerinde ¢ok dnemli (p<0.01)
diizeyde etkili olmustur (Cizelge 4). Elastikiyet parametresinde oldugu gibi en yiiksek ortalama deger
1. kizartmada belirlenmistir (p<0.05). Diger kizartma seviyelerinde ise bu parametre agisindan énemli
farkliliklar gézlemlenmemistir (p>0.05).

4. Sonucg

Sonug olarak basingl kizartma tiriin renk 6zellikleri ve lipid oksidasyonu agisindan atmosferik
kizartmaya gore daha iyi sonuclar vermektedir. Basingli kizartma esneklik degerini artirmakta,
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sakizimsilik degerini ise diisiirmektedir. Bu kizartma yontemi az da olsa sertlik ve yapiskanlik degerinde
artisa neden olmaktadir.

TBARS degeri 5. kizartmadan sonra 6nemli derecede artmakta buna karsin, parlakligin dl¢iisii
olan L degeri ise kizartma sayis1 arttikca diisiis gostermektedir. Kizartma sayisi tekstiirel parametreler
iizerinde de farkli etkiler gostermektedir.
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Geleneksel Olmayan Bir Agro-Ekolojik Bolgede Yetistirilen Lavanta Cesitlerinin Ugucu
Yag Kimyasal Bilesimi

Makale Bilgileri Oz: Dobruca bolgesinde, (Hemus, Seuthopolis, Jubilee ve Druzhba) dort gesit
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1. Introduction

The Lamiaceae family is one of the most important herbal families with a cosmopolitan
distribution, which includes a wide variety of plants of great industrial significance and multiple
applications. The genus Lavandula, a member of the Lamiaceae family, with its 39 species, numerous
hybrids, and about 400 officially registered varieties, are cultivated around the world and highly
appreciated in many production directions because of the content and quality of the essential oil
extracted mainly from the flowers. Only three Lavandula species are with commercial values Lavandula
angustifolia Mill, Lavandula latifolia L, and Lavandula x intermedia a sterile hybrid developed by
crossing L. angustifolia x L. latifolia. The essential oil chemical composition of the Lavandula species
is the same, but with a different proportion of the compounds (Kivrak, 2018). The quality of the essential
oil is determined through the levels of linalool, linalyl acetate, and camphor in it. According to the ISO
3515:2002 standard, lavender essential oil contains linalool (25-38%), linalyl acetate (25—45%) and
camphor (0.5-1.0%), lavandin essential oil contains linalool (24—35%), linalyl acetate (28—-38%) and
camphor (6—8%) according to the ISO 8902:2009 (Kivrak, 2018). While lavender essential oil is used
in the perfumery, cosmetics, and pharmaceuticals (Kara and Baydar, 2020), due to the high linalool and
linalyl acetate content, the essential oil of lavandin is used in hygiene products, detergents, and
insecticides, because of the higher amount of camphor. Lavender essential oil quality and price (85—
150€/kg) is higher than lavandin essential oil (19 € kg™), although lavandin essential oil is produced in
higher yields than lavender essential oil (120 kg ha™', 40 kg ha™', respectively) (Carrasco et al., 2016).
Compounds such as linalyl acetate, linalool, 1,8- cineol, terpinen-4-ol, camphor have been reported to
possess antimicrobial, antioxidant, and anticholinesterase activities (Gongalves and Romano, 2013).
Many studies in the last years evaluated the insecticidal activity of the essential oils against plant pests
(Soares et al., 2019) and store product pests (Akami et al., 2019). Essential oil is stored in the oil glands
of flowers and extracted from fresh or dried flowering tops by steam distillation or hydro-distillation.
Various factors influence the content and composition of the lavender essential oil, like the genotype,
climatic conditions, growing location, stage of development, storage conditions, distillation conditions.
Many studies in the last years evaluated the insecticidal activity of the essential oils against plant pests
(Isman and Sefftrin, 2018) and store product pests (Akami et al., 2019). Many scientists researched the
composition of the essential oil and the antioxidant activities of lavender (Bajalan et al., 2016; Kivrak,
2018). Antioxidants neutralize free radicals, protect cell molecules, and preserve food quality for a
longer time (Pourabdal el al., 2021).

Traditionally, lavender cultivation in Bulgaria is concentrated in the region of the Thracian
valley. The total lavender areas in the last years have expanded, which is related to increasing cultivation
outside the traditional areas, for example, the region of Dobruja - known as the granary of the country.
The experience of the farmers indicates that the lavender grown in this area can realise its productive
potential, but there is no comparative study on the essential oil chemical composition of the lavender
varieties cultivated in this untraditional region. In this connection, the study aims to define which variety
demonstrates the highest content of essential oil with the better proportion of the compounds.

2. Material and Methods

During the period from 2014 to 2017 in the region of Dobruja, village Kapinovo (43.759° N
27.977° E)- Northeastern Bulgaria, a field experiment was conducted to achieve the aims of the study.
There were used four varieties of lavender - "Hemus,Yubileyna", "Druzhba", and "Sevtopolis. The
experiment was arranged according to the randomized complete block design in four replications and a
plot size of 10 m?. Fresh plant material was collected from five years old plants at a flowering stage
when the concentration of essential oil reached its maximum. The plants were planted in rows at the
spacing of 1.4 m x 0.35 m (Yankov et al., 2013) and grown under conventional practice. Flowers were
cut and directly transported to the laboratory of the Department of Crop Science at the Agricultural
university-Plovdiv, where distillation took place. The essential oil content was determined with the help
of a Clevenger type distillation apparatus. Fifteen grams of lavender flowers were subjected to 240 mL
of water for 105 min (hydrodistillation). The procedure was repeated three times for each sample. The
obtained essential oil was stored in the refrigerator (4 °C) until the gas chromatograph analysis. The
essential oil of lavender was analyzed on a Hewlett Packard 6890 gas chromatograph with an
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autosampler (carrier gas helium, 40 cm s™'; 11.7 psi [60 °C]; 2.5 mL min ' constant flow rate; injection:
split [60:1], 0.5 pL, inlet 220 °C; oven temperature program: 60 °C for 1 min, 10 °C min ' to 250 °C;
column: HP-INNOWAX [cross-linked polyethylene glycol], 30 m x 0.32 mm x 0.5 pum; flame ionization
detector temperature 275 °C). The gas chromatograph analysis detected and identified 12 different
compounds in the lavender oil: Limonene (L), cis-B-Ocimene (cis), B-phellandrene (B), 1,8-cineole (cin),
Linalool (L), Camphor (Cam), Linalyl acetate (LA), Terpinen-4-ol (T), Lavandulol acetate (LVA),
Lavandulol (LV), a-Terpineol (0-T), trans-B-Ocimene (O).

The statistical processing of the data was carried out through ANOVA, as the differences
between the variants were established by the multi-rank LSD test. The correlation analysis is performed
with XLSTAT Version 2016.02.

2.1. Soil and climatic characteristics of the region

Gyurov and Artinova (2015) defined the soils in the region as slightly leached chernozem. The
humus horizon is relatively strong, extending on average in the range of 60-80 cm. In the surface layers,
the total nitrogen reserve varies from 156 to 166 mg 100 g soil by Kjeldahl, which characterizes the
soil as moderately stocked with nitrogen. These soils belong to the group of poorly stocked with
phosphorous and medium stocked with potassium ().

In terms of the climate conditions, the average monthly temperatures in the survey years did not
differ significantly from those of the long-term period (Table 1). For the triennial period, the average
daily temperature values exceed the perennial ones. According to the amount of precipitation, the values
are close to or slightly higher than those of the long-term period.

Table 1. Meteorological data of the experimental field*

Temperature (°C)

Year vim IX X XI X@I I 0 1 IV V VI VI
20142015 232 175 112 50 20 14 20 50 100 164 194 23.0
20152016 28 195 109 56 3.1 -08 73 68 132 147 209 237
2016/2017 27 181 106 65 06 -41 20 73 87 150 200 22.5

long-term average 206 162 115 6.1 1.8 -05 0.6 3.8 94 148 188 21.0
Precipitation (mm)

2014/2015 34 314 58 332 1014 332 795 677 463 129 313 30.2
2015/2016 420 210 783 332 2.0 863 40.7 527 208 117 557 28
2016/2017 124 358 720 43.0 125 484 274 490 384 29.0 87.7 66.5

long-term average 440 31.0 374 500 38.7 305 40.7 327 446 500 673 50.0

*Meteorology Station Kapinovo.
3. Results and discussion

The increased requirements in recent years to the quality, safety, and authenticity of essential
oils can be met with an objective characteristic of their chemical composition. Table 2 presents the
results of the gas chromatographic analysis of lavender oils from the tested varieties during the three
experimental years. The main components in lavender essential oil are linalool and linalyl acetate.
Linalool, linalyl acetate, camphor, and lavandulol were determined as the main constituents in the fresh
stem flower essential oil of lavender reported from Blazekovi¢ et al. (2018). The same authors registered
higher linalool content in all tested varieties of lavender. The most important ingredient when
determining the quality of lavender oil is linalyl acetate. Its high content is an indicator of good quality.

This content is highest by the Hemus variety (from 35.98 to 42.00%) and meets the requirements
of the standard for lavender oil (from 25 to 45%). By the variety Sevtopolis the content of linalyl acetate
over the years is slightly below the values of the standard, while by the varieties Yubileyna and Druzhba
in 2015 and 2017 experimental years, the values are like by the standard, and in 2016 - are about 17%
lower. The results determined in the present study are in line with the observations of Zagorcheva et al.
(2013) and Stanev et al. (2016). Of great importance for the quality of the essential oil is the ratio
between linalyl acetate and linalool, which for the typical Bulgarian lavender oil should be in a ratio of
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1: 0.7 (Stanev and Dzhurmanski, 2011). The content of linalool by the studied varieties between 27.66-
38.92% and is within limits and slightly above the standard (25 - 38% according to ISO 3515: 2002).
The ratio between the two components is observed only by the variety Hemus, while by Yubileyna,
Druzhba, and Sevtopolis, the amount of linalyl acetate is less than that of linalool. Many authors also
stated that the main components of lavender essential oil were linalool and linalyl acetate and the
contents varied between 37.0-54.0% and 21.0-36.0% (Carrasco et al., 2016), 28.10-36.80% and 29.09-
46.88% (Kivrak, 2018), 23.51-27.39% and 26.60- 40.66% (Bogdan et al., 2020) respectively. Camen et
al. (2016) stated that linalool (30.39%) and linalyl acetate (23.60%) exceeded half of the total content
of essential oil components. According to Ozel (2019) the dominating constituents of the essential oil
of Lavandula angustifolia leaves were 1.8 cineol 35.24% and camphor 21.79%. Yildirim et al. (2019)
reported that the percentage of the essential oil components was influenced by the time of harvest, as
the highest essential oil (10.27%) was obtained from flowers harvested at 15:00 with linalool as the
main compound. Moreover, the essential oil contents changed between 6.73-10.27% for flowers, 0.29-
0.76% for peduncles, and 0.08-0.42% for leaves.

Other chemical ingredients that determine the quality of the essential oil are lavanduly] acetate,
lavandulol, a-terpineol, 1,8-cineole, and limonene. In terms of the content of lavandulol, a-terpineol,
1,8-cineole, and limonene, all varieties meet the standards.

Table 2. Essential oil composition (%) in fresh stem flowers of lavander

Cultivar
RT Hemus Druzhba Sevtopolis Yubileyna
2015 2016 2017 2015 2016 2017 2015 2016 2017 2015 2016 2017
Limonene 19.7 025 034 043 0.27 030 039 025 049 066 036 031 043

Essential oil
components

gzggl-ene 203 282 311 382 2.09 447 396 255 195 3.09 245 292 901
pl-lellandrene 489 0.08 036 030 043 052 040 027 042 095 056 0.77 038

1,8-cineole 199 0.06 040 094 0.70 043 086 055 075 015 064 040 091
Linalool 247 276 371 367 342 280 311 362 351 389 315 296 369
Camphor 27.7 011 013 016 0.14 020 018 018 028 0.15 020 015 021

Linalyl 355 397 420 359 32,1 249 330 293 255 280 300 265 330
acetate

zlerpmen"" 300 014 086 1.61 3.5 343 320 321 436 062 339 478 383
I;:evtzttf“l"l 377 378 210 224 364 320 334 354 436 232 306 348 293

Lavandulol 492 055 039 048 1.54 1.42 139 142 136 035 1.14 114 1.16
a-Terpineol 309  1.53 .70 1.60 1.14 1.16 122 130 177 188 129 140 1.27

trans-B- 210 333 132 392 255 212 341 257 284 333 320 400 3.94
Ocimene

A serious problem in the last few years is the low content of lavandulyl acetate in Bulgarian
lavender oil intended for export. In the region of Northeastern Bulgaria, all tested varieties of lavender
meet the standard (2-5%). Undesirable ingredients in the essential oil are terpinene-4-ol and camphor.
According Baydar (2009), the camphor content in a quality lavender oil must be between 0.5 and 1%.
The modern breeding in Bulgaria was aimed at creating varieties with a very low content of terpin- 4-
ol. That is why its content is very low by all Bulgarian varieties. The ISO 3515: 2002 requirement for
camphor content is up to 1%. Depending on the year, by the tested varieties, the amount of camphor
varies from 0.11 to 0.28%, which is significantly lower than the maximum permissible quantity
according to ISO 3515: 2002.

The yield of essential oil (Y) varies depending on the climatic conditions of the year and the
genotype (Table 3).

In the first year of the study, the values are higher by all tested varieties, which could be
explained with the favourable wetter conditions - optimal temperature values and evenly distributed
rainfall, as the values vary between 179 1 ha by Sevtopolis to 120 1 ha' by the variety Hemus. More
abundant rainfall in May and June in 2016 and 2017 led to a decrease in the average yields of essential
oil by the tested varieties with respectively 31% and 47.5%.
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Table 3. Yield of essential oil 1 ha™)

Variety 2015 2016 2017 Average
Hemus 120c 80c 70c 90c
Yubileyna 150b 100b 80b 110b
Druzhba 170a 120a 85a 125a
Sevtopolis 179a 127a 90a 131a
LSD 5% 25.3 19.8 9.4 18.2

*Values with the same letters do not differ significantly.

Table 4. Two-way ANOVA analysis of variance

Source of Variation  SS df MS F P-value F crit
Years 42867 2 21433 1148.24 0.00* 3.26
Varieties 12093 3 4031 215.95 0.00* 2.87
Interaction 2473 6 412 22.09 0.00* 2.36
Within 672 6 18

Total 58106 47

*Significance at 0.05 level.

In the second year the maximal yield of essential oil was observed by Sevtopolis (127 1 ha™),
and the minimal by the variety Hemus (80 1 ha"). During the third year are registered the lowest values
of the examined parameter by all varieties due to the highest precipitation of 66.5 mm and the lowest
temperature of 22.5° C during the harvest period. On average for the three years, the highest yield of
essential oil was reported by the variety Sevtopolis - 131 1 ha™', followed by Druzhba with 125 1 ha™,
Yubileyna with 110 1 ha, and at least the variety Hemus with a value of 90 1 ha™'. The mathematical
processing of the data shows that the differences between the varieties Sevtopolis and Druzhba are
statistically non-significant, not only by years but also for the three years of the experiment. Giannoulis
et al. (2020) reported smaller essential oil yields ranging between 14 kg ha™ and 85 kg ha™', as the highest
values were observed after treatment with bio-stimulator. As per the essential oil content, the values
varied depending on the variety and the climate conditions of the year, and on average, for the period,
the varieties could be arranged in the following descending order: Sevtopolis (2.1%), Druzhba (1.9%),
Yubileyna (1.8%) and Hemus (1.6%) (Georgieva et al., 2021). The lowest values were reported in the
third year of the investigation when the content of essential oil in the tested varieties had similar values
of 1.3% by the varieties Druzhba and Hemus, 1.4% - by the variety Yubileyna, and 1.5% by the variety
Sevtopolis. Many researchers reported that the essential oil content may vary due to soil and climatic
factors or genetic characteristics of the variety (Hassiotis et al., 2014; Dudaa et al., 2015). Chrysargyris
et al. (2016) stated that because of different fertilization treatments, the lavender essential oil ranged
from 0.71 to 1.14%. In an experiment conducted in Ankara, Turkey the reported lavender essential oil
content ranged between 0.7 and 2.6 % (Kirimer et al., 2017), while Rasheda et al. (2017) reported
smaller contents (0.61- 0.81%).

The results from the performed two-way ANOVA analysis of variance (Table 4) confirm that
both factors — “year” and “variety” proven to influence the yield of essential oil, as their interaction is
also significant.

From the performed correlation analysis, it can be concluded that there exists a positive
correlation between the yield of essential oil and the content of Lavandulol acetate (0.539); Limonene
content and the content of B-phellandrene (0.597) and the content of a-Terpineol (0.688) (Table 5). The
strongest relation is observed between the variables Terpinen-4-ol and Lavandulol (0.775). A strong
negative correlation is determined between the content of Linalyl acetate and the content of Terpinen-
4-0l (-0.848), as well as with the content of Lavandulol (-0.794). Analogical to the content of Linalyl
acetate, the values of the variable yield of essential oil tend to decrease when the values of the Limonene,
cis-p-Ocimene, and trans-B-Ocimene increase because of the determined negative correlation. A
negative correlation is also determined between the content of camphor and the content of Linalyl
acetate (-0.614).
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Table 5. Correlation matrix (Pearson)

Variables Y L cis B cin L Cam LA T LVA LV o-T (0]
Y
L' 0.466
50501 0.043

B 0.152  0.597 0.076

M 0.096 0.017 0363 0222

L 0196 0565 0158 0.160 0277
Cam 121 0282 0167 0073 0531 0.114
LA 0330 0249 0094 0.602 0068 0129 0.614
T 0223 0117 0128 0509 0398 0037 0.666 0.848
LVA
0.593 0355 0290 0251 0.025 0493 0405 0411 0416
LV 0531 0047 0027 0375 0209 0084 0494 0.794 0.775 0.520
T 0414 0688 0264 0213 0352 0492 0027 0.165 0333 0292 0478
o)

0.619 0.266 0.397 0.125 0.213 0.122 0.143 0.208 0.029 0.257 0.383 0.202

*Values in bold are different from 0 with a significance level alpha =0.05.
*Abbreviations are given in the material and methods.
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Figure 1. Correlation scatterplots between the variables.

With larger values of the yield of essential oil, the values of the variable Lavandulol acetate also
had a tendency to increase. The scatterplots illustrate the determined relations (Figure 1) and define the
negative relations between the Linalyl acetate and the variables Lavandulol and Camphor.

Conclusion

For the untypical lavandula growing region of Northeastern Bulgarian, the variety Sevtopolis
distinguished with the highest yield of essential oil during the studied period, but the chemical
composition of the essential oil was better by the variety Hemus, which determines the last one as more
appropriate for oil production. The content of the linalyl acetate by the variety Hemus is the highest and
meets the requirements of the international standard, as only by this variety the ratio between linalyl
acetate and linalool is 1: 0.7, and the essential oil could be defined as high qualitative. The performed
analysis confirmed that the yield of essential oil is dependent, not only on the weather conditions during
the harvest by also on the genotype.
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reduced the chlorophyll content and carrot juice pH value. The result of the study
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can be concluded that in regions where salinity is high, more frequent irrigation
minimizes losses that may occur in yield.
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Su Stres Kosullar1 Altinda Tuzlulugun Siyah Havug Bitkisinin (Daucus Carota L.)
Verim, Verim Bilesenleri ve Bitki Su Tiiketimi Uzerine Etkileri

Makale Bilgileri Oz: Tuzluluk ve kuraklik, kiiresel anlamda bitkisel iiretimi etkileyen en 6nemli
Gelis: 10.11.2021 onemli problemlerden bazilaridir. Bu ¢alisma, sulama araligi ve sulama suyu
Kabul: 24.02.2022 tuzlulugun siyah havucun verim ve biiyiime parametreleri ile toprak tuzlulugu

Online yaymlanma: 15.03.2022 {izerine olan etkilerini belirlemek amaciyla yagis ortiisii ile kapali bir alanda
DOI: 10.29133/yyutbd.1021957  yapilmigtir. Calisma, 6 farkli sulama suyu tuzluluk seviyesi (0.38 (S1), 1.5 (S2),
3.0 (S3), 5.0 (S4) 7.0 (Ss) ve 10.0 (S¢) dS/m ve 3 farkli sulama araliginda (4 giin
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Anahtar Kelimeler (I1), 6 giin (I2) ve 8 giin (I3) yliriitiilmiistiir. Calisma sonucunda sulama arali1 ve
Sulama tuzlulugu, sulama suyu tuzlulugunun interaksiyon etkisinin verim, bitki su tiiketimi, klorofil
Siyah havug, icerigi ve suda ¢oziinebilir kat1 madde miktari (SCKM) iizerine onemli deredece
Toprak tuzlulugu, etki ettigi belirlenmistir. Tuzluluk ve sulama araliklariin artmasryla birlikte siyah
Sulama araligy, havucun verimi ve bitki su tiikerim degerleri 6nemli derecede azalis gostermistir.
Kuraklik En yiiksek verim I1 x S1 konusundan elde edilmis ve verim tepki faktorii (Ky) 1.39

olarak belirlenmistir. Sulama suyu tuzlulugunun 1.5 dS/m’ ye kadar olmas siyah
havucun veriminde herhangi bir azalmaya neden olmadig1 belirlenmis bununla
birlikte toprak tuzlulugundaki 1 dS/m lik artis, 11, I> ve Is sulama araliklarinda
sirastyla % 3.83, % 2.93 ve % 3.03 oraninda azalmaya neden olmustur. Sulama
suyu tuzlulugundaki artis klorofil igerigini ve havu¢ suyunun pH degerini
diisiirmiigtiir. Arastirma sonucunda, siyah havucun tuz ve su kisitina. Kars1 hassas
oldugu ve tuzlu su kullanilmasi durumunda siyah havug i¢in sulama araligmnin en
fazla 6 glin olmasi gerektigi tespit edilmistir. Sulama suyu tuzlulugunun yiiksek
oldugu bolgelerde daha sik sulama yapilmasi ile verimde olusabilecek kayiplarin
en aza indirilecegi belirlenmistir.

1. Introduction

Salinity and drought are two of the most important abiotic stresses, which have affected almost
every aspect of plant growth and development, including seed germination, vegetative growth, and
reproductive development (Arslan et al., 2018; Sahin et al., 2018; Desire and Arslan, 2021; Ors et al.,
2021). Nowadays, the world is experiencing a gradual decrease in freshwater resources (Yerli et al.,
2019) as a result of increased salt in irrigation water sources such as rivers, streams, and underground
aquifers. Irrigating crops with saline waters causes a reduction in yield and an increase in soil salinity.
It is estimated that about 20% of the agricultural land in the world is affected by salt (Munns, 2002).
Salt stress prevents the growth of plants by causing osmotic and ionic stress. Salinity becomes a serious
concern when soluble salts occur in excessive concentrations in the soil or water. Salinity is a major
yield-reducing factor in arid and semi-arid areas (Puvanitha and Mahendran, 2017). With the increase
of salt amount in the root rhizosphere, osmotic stress occurs, and this causes a decrease in the amount
of usable water.

Azder et al. (2020) examined the effects of different water-deficit treatments on
evapotranspiration, yield, and growth parameters of Capia pepper in Tekirdag, and they stated that the
yield values increased as the amount of irrigation water increased. To achieve higher yields from crops,
the relationship between the water, salinity, and crop yield should be well known. In several studies, the
effects of the water deficit on yield and photosynthetic characteristics of plants have been studied, and
variations between plants have been reported (Sahin et al., 2016; Bell et al., 2018; Coban et al., 2018;
Ozturk and Korkut, 2018; Ekinci and Basbag, 2019; Cakmakci et al., 2021). The irrigation interval
should be a maximum of 14 days for pumpkin (Yavuz et al., 2015) and 7 days for corn (Abd El-Halim
and Razek, 2014) to get the highest yield.

Plants have varying tolerance to salinity. Therefore, it is important to know the relationship
between salt and yield of plants and salinity threshold values for salinity management. According to
Kiremit and Arslan (2016), the percentage of leek yield decrease under increasing soil salinity (ECe) as
0% at 1.1 dS m™', 11% at 2.84 dS m™', 19% at 4.65 dS m’!, 25% at 5.6 dS m™', 38% at 6.41 dS m™! and
43% at 8.27 dS m™'. The salinity threshold values for stevia and carrot are 2.0 dS m™ and 2.5 dS m™,
respectively (Unlukara et al., 2011; Reis et al., 2015). They suggested that these plants should not be
irrigated with higher salinity water. Rodrigues et al. (2020) investigated the influence of different
electrical conductivities (1.0, 2.0, 3.0, 4.0, and 5.0 dS m™) of irrigation water salinity on maize crops.
They found an increase in salinity reduced unhusked and husked ear weights, cob weight, 1000-grain
weight, and yield. However, ear length and diameter were not affected by the increased salinity. Dastranj
and Sepaskhah (2019) also showed that water deficit and salinity significantly affected saffron yield and
growth parameters.

The combined effects of salinity and water constraint on plant growth and development are more
than the effects of each stress separately. There is little literature on the interaction effect of irrigation
intervals and irrigation water salinity on yield and yield components. Sepaskhah and Yarami (2009)
investigated the effects of 4 different irrigation intervals and 4 different irrigation water salinity on the
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yield of the saffron crop. They have concluded that saffron is a salt-sensitive plant, and irrigation interval
has to be a maximum of 2 days to avoid yield reduction. Abedinpour and Rohami (2017) suggested that
soybean plants should be irrigated at 7 days intervals with 1 dS m™ EC of water to get the highest yield.
Yuan et al. (2019) examined the interaction effects of irrigation regimes and salinities on corn yield and
yield parameters. They suggested that irrigation with 370 mm water with 3 g L' salinity could be applied
to attain maximum yield.

The effects of irrigation and salinity on yield and yield parameters of black carrot have not been
studied in the literature. This study was conducted to evaluate the main and interactive effects of
irrigation intervals and salinity, as well as the yield and yield parameters, evapotranspiration, and soil
salinity of black carrot (Daucus Carota L.).

2. Material and Methods

2.1. Study site

This study was conducted between May and August 2017 in a covered rain shelter at Ondokuz
Mayis University Research Field at Samsun, Turkey. The indoor temperature and relative humidity
ranged from 12.5 °C to 27.2 °C and 58.8% to 85% throughout the growing period, respectively.
2.2. Experimental design and treatments

The physical properties of the soil were analyzed and classified as a sandy loam (SL). The soil
analysis results are shown in (Table 1).

Table 1. The physical and chemical properties of the soil

Parameter Values
ECe (dSm™) 0.63
pH 7.80
Field capacity (%) 33.24
Wilting point (%) 14.56
Sand (%) 523
Silt (%) 38.3
Clay (%) 9.4
Soil texture Sandy-loam
Organic matter (%) 1.24
P20s (kg ha'!) 40
K20 (kg ha!) 500

The soil was sieved through 2 mm and after each pot was filled with 17.5 kg air-dried soil. Sand-
gravel materials of 2.5 kg were placed at the bottom of each pot to provide drainage. The seeds were
placed in Petri dishes and later placed in the incubator for germination before planting. The seeds were
germinated at 25°C and 75% humidity in the incubator for 3 days. After germination, five germinated
seeds were planted in each pot. The pots were 28 cm in height, 29 cm in diameter, and 18.5 L.

The six irrigation water salinity treatments consisted of 0.38 dS m™ (S;), 1.5 dS m” (Sy), 3 dS
m™, (S3), 5 dS m™ (S4), 7dS m™ (Ss), 10 dS m™ (Ss) with three intervals: 4 days (I1), 6 days (I>) and 8
days (Is). In the study, 18 treatments were used with combinations of 3 replicates given a total of 54 pots
in a randomized complete block design. The irrigation water salinity was prepared for each treatment
by mixing CaCl,, MgSOs, and NaCl salts. The fertilizer rates were 90 kg ha N and 90 kg ha™' P,Os
(Diammonium phosphate), the full dose of P fertilizer and a half dose of N fertilizer were given before
planting, and the other half of N fertilizer was given 20 days after salt application (Unlukara et al., 2011).

Before starting the experiment, the pots were saturated with tap water and weighted to determine
the field capacity (WFC) of each pot. Irrigation applications were started 15 days after sowing and All
pots were irrigated with saline water at intervals of 4, 6, and 8 days. The following equation was used
to calculate the amount of irrigation water (IW) applied to the pots in each irrigation.
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Wgc—W
— __Pw
W =—" (Eq.1)
Where; Wrc, Weight of pots in field capacity (kg), W = weight of the pots before irrigation (kg),
Pw = Water density (1 kg I'') LF =Leacing fraction (leaching fraction was used as 15% (Ayers and
Wescot, 1989).
The evapotranspiration was determined the following.

ET=IW —D +AS (Eq.2)

Where; ET: Evapotranspiration, IW = Irrigation amount (L), D = Amount of drainage water (L),
AS = Difference in amount of soil water between irrigation
Water use efficiency (WUE) were determined using Eq. (3) (Howell et al. 1990)

Y
WUE = or (Eq.3)
Where; WUE: Water use efficiency (g pot.mm™), Y,= Black carrot fresh weight (g pot-1), ET=
Evapotranspiration (mm)
The following equation was used to determine the yield response factor (Ky).

(1-%)=rx (1-5) (Eq.4)

Where; Y and ETn: maximum yield and maximum evapotranspiration from the control
treatment, respectively; Y. and ET,, Black carrot fresh weight (g pot™), and actual evapotranspiration
(mm) taken as from each salinity treatment (Doorenbos and Kassam, 1986).

2.3. Plant and soil analysis

The yield, fruit juice EC, and fruit juice pH values were determined in each lysimeter.
Chlorophyll content of the youngest and fully expanded leaves was measured with a portable chlorophyll
meter (Minolta SPAD-502), and the SSC was measured using a reflectometer (ATC-1, Atago, Japonya).

At the end of the experiment, soil samples were collected from the midpoint of each pot to
determine the electrical conductivity and pH values of the soils. Soil salinity and pH values were
determined by using Eutech pc510 EC / pH meter at soil saturation paste.

2.4. Statistical analysis

The data were analyzed using analysis of variance (ANOVA) with SPSS 21.0 software
to determine the interaction effect between irrigation interval and salinity on the black carrot.
The difference between the means was compared with Duncan's multiple comparison test at a
level p<0.05. The 3-D graphs were drawn with design expert 11.0 software.

3. Results and Discussion

3.1. Yield and Yield components

The irrigation intervals and irrigation water salinity had significant effects on yield (p < 0.01)
while irrigation intervals X irrigation water salinity interactions were statistically significant on yield (p
<0.05) (Table 2).

In all irrigation intervals, increasing salinity significantly decreased the yield of carrots, and the
yield was not significantly different between S; and S». Ss, Ss4, Ss, and Se decreased in yield by 20%,
25%, 29%, and 41%, respectively, compared to S; (Table 3). Salt stress, by affecting cell division and
elongation, causes a decrease in the number of cells and cell division rate in the root and stem in plants,
which causes a shortening in the height and weight of the plants. Salinity value up to 1.5 dS m™ did not
cause a significant reduction in the yield. The black carrot plant was determined to be sensitive to
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salinity. Kim et al. (2016) reported that the threshold value for the salinity of lettuce and Chinese
cabbage is 0.9 dS m™ and 1.5 dS m™, respectively. Increased salinity caused a significant decrease in
tomato and oregano yields (Ahmed et al., 2017; Hancioglu et al., 2019).

The yields of I, and I3 decreased by 3% and 19%, respectively, compared to 1. However, no
statistically significant difference in yield was observed between I; and I, treatments. Drought negatively
affects the yield of the plant as it causes loss of turgor, decrease in energy balance, and decrease in
enzymatic activity, cell division, elongation, and differentiation. Ramezanifar et al. (2021) conducted a
study on the interactive effects of salinity and water scarcity on spinach. The results of their study
indicated that salinity and water scarcity were significant on plant growth and yield. Similarly, Hazrati
et al. (2017) and Yurtseven et al. (2012) found that deficit irrigation decreased crop yields.

In each irrigation interval, the highest yields were obtained from treatment irrigated with S1
(Table 3). However, the yield of black carrots under fresh irrigation was preserved by order [;xS; >
[,xS; > I3xS;. In I; and I, except for I;xSi, there was no statistically significant difference in yields of
all the same irrigation water salinity. Irrigation using saline water should be a maximum of 6 days of
irrigation interval to avoid decreased yield.

Table 2. Analysis of variance of irrigation intervals (1), salinity (S), and their interactions (I*S) on black
carrot yield, yield components, and evapotranspiration

Parameter S I I*W
Yield (gr pot™) 56.96%* 38.36%* 2.46%*
Chlorophyll content 104.92%** 895.47** 215.99%*
SSC 4.29%* 9.88** 2.44%
Water Juice EC 20.35%* 6.94*%* 0.83 ns
Water Juice pH 11.19** 8.23%** 1.22 ns
ET (mm) 38.34%* 182.00** 6.68%*
WUE (gr mm™) 8.23%* 15.49%* 1.33 ns
ECe 274.26** 5.79** 1.59 ns
pHe 84.05%* 16.97** 0.90 ns

ns = not significant; *p < 0.05; ** p <0.01.

The black carrot yield had a curvilinear relationship with irrigation water salinity and irrigation
interval (Fig. 1). Decreasing irrigation intervals from 8 to 4 days had curvilinearly increased crop yield
at the lowest salinity. Under the highest salinity conditions, crop yield was increased slightly with
decreasing irrigation intervals from 8 to 4 days. The highest carrot yield was determined with frequent
irrigation intervals and low salinity, whereas the lowest yield was recorded in crops irrigated with 10 dS
m™ irrigation water and under high irrigation intervals. Sepaskhah and Yarami (2009) recommended
that irrigation intervals need to be more frequent when using saline water to avoid water stress for
Saffran.

SPAD is proportional to the chlorophyll of the leaf. The main and interaction effects of the
irrigation interval and salinity on chlorophyll in black carrots were statistically significant (Table 2).
Increased irrigation interval and salinity resulted in a significant decrease in chlorophyll content (Table
3). The highest value was obtained in 1;xS; (40.90), and the lowest value was obtained in [3xSs (14.67).
In salty conditions, the decrease in the amount of chlorophyll in plants can be explained by the increase
in the activity of the chlorophyllase enzyme, which breaks down chlorophyll (Rao and Rao, 1981). It
has been determined in studies that water constraint and/or salinity stress in a negative way affect the
chlorophyll content in plants (Cakmakci et al., 2017; Shah et al., 2017; Guzel et al., 2018; Kiremit and
Arslan, 2018; Rostami et al., 2018).

The two-way ANOVA showed that irrigation interval, irrigation water salinity, and interaction
of irrigation salinity and irrigation interval had a significant effect on soluble solids content (SSC) (Table
2). SSC varied between 5.64 % and 13.34 % in all treatments and increased in increasing salinity levels
but reduced as the irrigation interval increased (Table 3). Similarly to our finding, a high salinity caused
an increase in the SSC content of the tomato (Ruiz et al., 2015; ElI-Mogy et al., 2018)
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Table 3. The interaction effect of irrigation interval (I) and salinity (S) on black carrot yield, chlorophyll
content (CCI), soluble solid content (SSC), water juice salinity, and water juice pH

Irrigation Water Juice Water Juice
Intervals Yield CCI SSC EC (dSm-1) pH
Effect (I)
Ii (4 days) 250.7 + 13a 38.1+0.4a 102+ 0.4a 10.9 £ 0.5a 5.7+0b
L (6 days) 242 + 13a 345+0.9b 83+ 0.6b 9.5+0.7b 5.8+0a
I5 (8 days) 202.5+8.9b 23.4+0.7¢c 9.3 £ 0.4ab 9.8+0.5b 5.8+0a
Salinity effect (S)
S1(0.38dSm™) 289.7+ 14.3a 373+13a 7.5+0.7b 7.3+ 0.4¢ 59+0a
S2(1.50 dSm™) 273.7+9.6a 344+ 1.7b 8.6 £ 0.6ab 9+0.4d 5.8 £ 0bc
S3(3.0dSm™) 2323 +11.1b 33+ 2¢ 10.1+£0.7a 9.7+ 0.4cd 5.8 £ 0bc
S4(5.0dSm™) 218.2+9.9bc 31+2.6d 10+ 0.6a 10.2 £ 0.4bc 5.7+0c
Ss(7.0dSm™) 206 +8.7¢c 29.4+2.7e 9+0.7ab 11.1+0.5bc 5.7+0c
S6(10.0dS m™!) 170.4 +5.5d 26.8 +3.2f 10.3+0.7a 13.3+0.5a 5.7£0c
Irrigation Intervals x Salinity Interaction
Si 336.3+11.8a 409 + la 10.8 + Oa-d 8.5+0.70 5.8+00
Sz 295.7+3.9b 38.5+0.2b 11+0.7a-d 9.6+0.70 5.7+00
L S3 251.2+5.2¢ 38.2+0.5b-d 11.6 + 0.4abc 9.9+0.70 5.7+00
S4 232.3+2.8¢cd 37.5+0.1b-e 12.1 + 1ab 11.1+0.80 5.7+00
Ss 214.1 £ 6d 36.7+0.1c-e 9.4 +2.3bcd 12.5+0.60 5.6+£0.10
Se 174.5 + 6fg 36.8+0.1b-e 10.7 +2.3a-d 14.1 £0.60 5.7+0.10
Si 287 £ 11.7b 38.5+0b 6+ 0.5¢ 6.6 £0.60 6.1 +00
S2 286.7 £2.2b 36.4 +0.3d-f 8.7 £ lcde 82+0.20 5.8+00
b S3 2533+ 11.1cd 35.8+0.3ef 10.1 + 1.4bcd 9.9+0.40 5.8+00
S4 232.3 £13.5¢d 37.5+0.8b-e 11+1.2a-d 11.1+0.60 5.7+00
Ss 219.3 +£22.1de 325+0.1g 9.8 +0.1bcd 9.4+0.50 5.7+0.10
Se 174.8 + 14fg 28.9 + 0.6h 7.8+ 1de 13.6 £0.50 5.7+00
Si 2459+ 11.4c 32.5+0.7g 8.2 +0.9de 6.9+0.30 6+ 00
Sz 238.6 £ 11.6cd 28.3+2.2h 8.5+ 1.3de 9.1+10 5.9+0.10
s S3 192.3 + 12ef 25.1+0.81 11+1.8a-d 93+1.20 5.8+0.10
S4 191.6 + 21.3ef 20.9 +£0.5j 9.2 +£0.6bcd 10.3+0.50 5.8+00
Ss 184.5 + 4.8fg 19.1£0.5j 10.1 + 0.9bcd 11.4+0.40 5.7+00
Se 162 +10.6g 14.7 £ 0.4k 134+ 04a 12.1+0.90 5.7+0.10
LSDo.os I 12.01** 0.75%* 1.23%* 0.87%* 0.057**
LSDo.os S 16.62** 1.04** 1.70%* 1.20%* 0.079%*
LSDoos Ix S 28.80%* 1.79%* 2.94* 2.08™ 0.14"

Ii: 4 day irrigation intervals; Io: 6 day irrigation intervals; I5: 8 day irrigation intervals; Si: 0.38 dSm™ ; S2: 1.50 dS m™ ; S3:3.0 dS m™ ; S4: 5.0
dSm™;Ss5:7.0dS m™ ; Se: 7.0 dS m™' . The values marked with different letters show statistically significant at at p < 0.05. ns = not significant;
*p <0.05; ** p<0.01.

The electrical conductivity (EC) values of fruit juice varied between 6.56 and 14.09 dS m-1
(Table 3). Irrigation interval and salinity affected a significant effect on juice salinity, but their
interaction was not statistically significant. The treatment of [;xSs acquired the highest value, whereas
I5xS; obtained the lowest value. Kiran et al. (2018) determined that the increase in irrigation water
salinity caused an increase in the salinity of the eggplant plant juice. The main effect of irrigation interval
and salinity on water juice pH was significant and decreased with increasing salinity. The effects of
interaction between irrigation interval and salinity were also insignificant. Furthermore, the differences
in water juice pH between I; and I, were significant, while I3, 14, Is, and Is were not significant. Korkmaz
et al. (2016) found that the pH value of tomato juice decreased significantly with increasing salinity.
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Carrot yield (g pot™')

Figure 1. The interactive effects of irrigation interval (I) and salinity (S) and on black carrot yield.
Yield =226.268- [21,5755x (S)]-[56,9777x(D]+[17.1541x(S)x(1)]-[ 15.4204x(S)*]+14.962x(1)’]
SE = [5.72] [3.38] *** [3.94]%%* [4.82]%** [5.71]%* [6.70]* r* = 0.84***
**%: p <0.001, **: p<0.01, *: p<0.05.

3.2. Evapotranspiration and water use efficiency

The main and interactive effects of irrigation intervals and salinity on evapotranspiration were
statistically significant (Table 2). Evapotranspiration followed the order I; > I, > I3, and for I, and I3, it
decreased by 19.2 % and 28.60 %, respectively, compared to I; (Table 4). By increasing the irrigation
water salinity, evapotranspiration decreased statistically significantly, and no statistical difference was
determined between S; and S, treatments. Evapotranspiration in S3, Sa4, Ss, and S¢ decreased by 5%,
14%, 16%, and 28%, respectively, compared to S;.

It is thought that the increase in soil salinity was effective on the decrease in plant water
consumption since the water and nutrient intake of plants decreased due to the effect of osmotic
conditions due to high salinity. Similar to our results, Unlukara et al. (2008) and Jiang et al. 2012
determined that increased irrigation water salinity decreased evapotranspiration on lettuce and wheat.
The highest evapotranspiration value was obtained at I;xS; with the lowest irrigation water salinity (0.38
dS m™) and lowest irrigation interval (4 days), while the lowest evapotranspiration value was obtained
under the conditions with the highest irrigation water salinity and irrigation interval (I3xSe). The
evapotranspiration in xS, and I3xS, treatments decreased by 14% and 33%, respectively, when
compared to the I;xS, treatment. There was no statistically significant difference in evapotranspiration
for all salinity treatments of I3 except S¢. Turhan and Kuscu (2019) examined the effect of different
water salinity levels on salt tolerance, evapotranspiration, plant height, leaf area of eggplant in the
greenhouse. The results indicated that the evapotranspiration of eggplant was significantly affected by
increasing salinity levels.

The irrigation water salinity and irrigation intervals had linear and curvilinear effects on
evapotranspiration (Fig 2). Evapotranspiration decreased sharply with irrigation intervals up to 6 days
and decreased linearly after that at all irrigation water conditions. Furthermore, evapotranspiration
declined increasingly at all irrigation water saline conditions.
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Evapotranspiration (mm)

Figure 2. The interactive effects of irrigation interval (I) and salinity (S) and on evapotranspiration
(ET).
ET = 380.658 —[64.19x(I)]-[63.07x(S]+[34.98x(IxS)]+[24.24x(1)’]
SE = [6.30] [4.52]%**[5.27]***[6.46]***[7.659]** 1’ = 0.889%**
**%*: p<0.001, **: p<0.01.

Table 4. The interaction effect of irrigation interval (I) and salinity (S) on black carrot
evapotranspiration, water use efficiency, soil salinity, and soil pH

gfrf‘eg;ta’)“ Intervals ET (mm) WUE Soil EC (dS m™)  Soil pH
L1 (4 days) 483.6 + 18.6a 0.52+0.01a 6.96 +1.03a 7.32+0.07a
L (6 days) 390 + 13.4b 0.62 £0.03a 7.03 £ 1.44a 7.35+£0.07a
I5 (8 days) 344.9 £9¢ 0.59 £ 0.02b 6.14 + 0.86b 7.19 £0.03b
Salinity Effect (S)
S1(0.38dSm™) 457.1+34.1a 0.64 £0.02a 0.68 £ 0.05f 7.72 £0.04a
S2(1.50dS m!) 440.3 £ 22.8ab 0.63 £0.02a 2.82+£0.32¢ 7.48 £0.02b
S3(3.0dSm™) 435.1 +£25.3b 0.54 £ 0.02b 5.13+0.28d 7.3 +£0.04c
S4(5.0dSm™) 393.7 £20.8¢ 0.56 £ 0.04b 8.63+0.38¢c 7.18 £0.03d
Ss(7.0dSm™) 382.8+18.9¢ 0.55+0.03b 9.92+0.27b 7.08 £0.05¢
S6(10.0 dS m™!) 327.7+£10.7d 0.52 £0.02b 13.07 £ 0.49a 6.96 £ 0.04f
Irrigation Intervals x Salinity Interaction
Si 587.5+ 14.3a 0.57 +£0.03 0.66 = 0.03 7.79 £ 0.06
Sz 513.5+7.9b 0.58 +0.01 3.28+£0.33 7.53+0.06
L S3 525.9 £ 15.6b 0.48 £0.02 6.11+0.11 7.3+0.1
S4 473.4+6.3c 049+0 8.42+£0.83 7.23 £0.04
Ss 448.7 +25.2cd 0.48 £0.03 10.04 +0.59 7.14 £0.08
Se 352.4+£25.2¢ 0.5+0.03 13.23 £0.59 6.95+0.08
Si 416.5 +18.5d 0.69 + 0.04 0.71 +£0.06 7.74 £0.05
Sz 448.7 +7.3¢cd 0.64 £0.01 2.49+0.97 7.47 £0.01
b S3 421.5+16.1d 0.6 £0.01 4.66 +0.43 7.4+0.04
S4 4734+ 17.1¢e 0.49 £0.07 8.42+0.14 7.23 £0.04
Ss 360.6 = 11.6¢e 0.61 £0.08 10.53+£0.24 7.16 £0.02
Se 337.9 £ 1.6e 0.52 £0.04 14.07+1.19 7.06 +0.02
Si 367.4+10.1e 0.67 +0.03 0.67+0.16 7.64 +0.08
Sz 358.8 £8.8¢ 0.67 +0.03 2.7+0.14 7.44 £0.02
L S3 357.9+2.3e 0.54 £0.03 4.62+0.17 7.19£0.01
S4 353+9.2¢ 0.54 +£0.06 7.76 £0.21 7.07+£0.02
Ss 339.2+12.3¢ 0.55+0.02 9.2+0.18 6.93+0.03
Se 292.9+5.7f 0.55+0.03 11.92+0.39 6.87+0.03
LSDo.0s 1 15.40%* 0.037** 0.56%* 0.06**
LSDo.0s S 21.31%* 0.052** 0.78%* 0.085%*
LSDoos I x S 36.92%* 0.089" 1.35™ 0.15™

The values marked with different letters show statistically significance at p < 0.05; ns = not significant; *p < 0.05; ** p <0.01.
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Water use efficiency (WUE) was significantly affected by irrigation interval and irrigation water
salinity, while their interaction was not statistically significant (Table 2). The WUE of 1;, I, I3 were
0.52,0.62, and 0.59 g mm™ at the same salinity level, respectively, and there was no statistical difference
between I; and I; (Table 4). The WUE value decreased as irrigation salinity increased, and the difference
in WUE was insignificant between S; and S,. Irrigation salinity up to 1.5 dS m™' has no negative effect
on water use efficiency. Ors and Suarez (2016) stated that salinity had a negative effect on WUE.

3.3. Soil salinity and soil pH

Soil salinity showed significant differences with irrigation interval and salinity; however,
interactions of the effect of the treatment were not significant (Table 2). There was no statistical
difference between I; and I, in terms of soil salinity. The average soil salinity in I3 was 11.6 % less than
in [;. Evapotranspiration of I3 was the lowest, so the soil salinity was lower than other irrigation intervals
(Table 4).

The highest salinity in the soil was in the I¢ treatments in all irrigation intervals, while the lowest
was in the S; treatments. There was no increase in salinity values of S soils from the beginning of the
experiment for all irrigation intervals. Similar to our results, the increase in irrigation water salinity
caused an increase in soil salinity, and the decrease in irrigation water amount for the same salinity level
decreased the soil salinity (Chen et al., 2017; Mosaffa and Sepashah, 2019).

The relationship between mean values of soil salinity and other parameters (yield,
evapotranspiration, chlorophyll content, and fruit juice salinity) obtained from the three irrigation
intervals is shown in (Fig. 3). The yield decreased linearly with the increase in soil salinity at all
irrigation intervals, and the growth reduction per unit increase in soil salinity for yield at I;, I, and I;
was 3.83%, 2.93%, and 3.03% per dS m™, respectively. Evapotranspiration significantly decreased with
increased soil salinity for all irrigation intervals and decreased by 18.71 mm, 5.85 mm, and 6.63 mm for
Ii, I, and I, respectively, with the increase in soil salinity by 1 dS m™. The reduction in chlorophyll
content of [, and I, similarly occurred with the increase in soil salinity, whereas the chlorophyll content
of I3 decreased sharply compared to I; and L. This may be due to excessive water stress on I3 and, thus,
decreased soil water availability for crops. The fruit juice salinity increased linearly with increasing soil
salinity. The effect of soil salinity on fruit juice salinity was found to be higher than the irrigation
interval.

The main effect of irrigation level and irrigation water salinity on soil pH was significant. I; and
I, treatments were significantly higher than I3 treatments. The value of soil pH was reduced significantly
as the irrigation water salinity increased, and the highest mean pH value was 7.72 for S; (Table 4).
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Figure 3. Relationships between mean fruit weight, evapotranspiration, chlorophyll juice water EC

with soil salinity.
(** p<0.01, *: p<0.05).
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3.4. Yield response factor

The relative yield reduction (Ky) value was calculated by using fruit weights obtained from the
I, treatment with the highest yield, and the Ky value was determined to be 1.39 (Fig. 4). When Ky < 1
is higher, the plant is tolerant of salinity-related drought (Katerji et al., 1998). In literature, there is no
report about the black carrot, but Carvalho et al. (2016) reported that the Ky value of carrot was 0.82
under different irrigation regimes. The black carrot was found to be sensitive to water stress caused by
salt stress. Moreover, when saline water was applied for black carrot irrigation, the yield was
significantly affected by saline water.

1-(ETa ETm™)
0,5 0.4 0,3 0,2 0,1 0,0
L 1 1 1 1 0’0
- 0,1
Ky = 1.39x X
R2=10.81 L 0,2 ';_\
X £
X - 03 7%
X S
04 —~
X L 0,5
L 0,6

Figure 4. Relationship between relative evapotranspiration and yield of the black carrot plant.
Conclusion

This study investigated the interaction effects of irrigation interval salinity on the yield, yield
parameters, evapotranspiration, and water use efficiency of black carrots. As the irrigation water salinity
increased, soil salinity and SSC values increased, but yield, evaporation, chlorophyll, and soil pH values
decreased. There was no statistically significant difference between the yields of I; and I, irrigated with
water having the same salinity except for [;S;. It can be concluded that the 4 and 6 days irrigation
intervals will provide the same yield under the same water salinity treatment. The highest yield was
obtained from I;S; and the lowest yield from 13Se, and the difference was a 42.20 % decrease in yield.
A linear relationship between soil salinity, yield, and evapotranspiration was observed, and a unit
increase in soil salinity caused a decrease in plant yield of 2.93 % to 3.83 %, depending on the irrigation
interval. Irrigation water salinity up to 1.5 dS m™ was determined not to cause a significant reduction in
yield, and the Ky value of black carrot was calculated as 1.39. The carrot plant was found to be sensitive
to salinity and water stress. The irrigation interval should be a maximum of 6 days to avoid a decrease
in the yield of black carrot, and more frequent irrigation should be done in case of using high saltwater.
Water deficit under saline conditions may cause more yield reduction in plants. It is definitely
recommended to carry out additional studies to investigate the combined effects of salinity and drought
stress on plants.
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Tiirkiye'deki Tarimsal Atiklar: Enerji Potansiyeli ve Mevcut Biyokiitle Santrallerinin
Degerlendirilmesi

Makale Bilgileri Oz: Biyokiitle enerjisi; enerji giivenligini, cesitliligini artirmak ve kirsal
Gelis: 29.11.2021 ekonomiyi gelistirmek i¢in devamli 6nem kazanmaktadir. Tiirkiye'deki mevcut
Kabul: 28.02.2022 biyokiitle enerji tesislerinin daha fazla atik kullandigi bilinmesine ragmen, bu
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kabugu, misir kogani, vb.). Tarimsal kalinti miktar1 hesaplanirken topragin
korunmasi, hayvanlarin beslenmesi, 1sinma amagli gibi 6zel kullanimlar dikkate
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Anahtar Kelimeler alinir. Tiirkiye'de 81 ilde en ¢ok ekilen iirtinler listelenmis ve kalori degeri yiliksek
Tarimsal artiklar/atiklar, iirtinlerin atiklar1 tizerinde yogunlasilmistir. Bu tarim {iriinlerine ait birincil ve
Biyokiitle Santrali, ikincil atik miktarlar iller bazinda ayiklanmis ve haritalanmustir. Daha sonra bu
Biyokiitle 6n islem, atiklarin enerji potansiyeli hesaplanmistir. Tiirkiye'de tiretilen toplam BA ve TA
Enerji potansiyeli, miktar yillik 39 412 683 ton ve 6 803 787 tondur. Santralin toplam verimi %30
Tedarik zinciri ve biyokiitle santralinin kapasite faktoriiniin 0.65 oldugu varsayildiginda, toplam

81 ilde sadece BA'dan yilda 2 438,5 MW ve sadece iA'dan yilda 830 MW gii¢
elde edilecektir. AHP yontemine gore, nakliye dncesi 6n islem se¢ciminde maliyet
en onemli kriterdir.

1. Introduction

Energy has been one of the basic inputs for economic and social development throughout human
history. The increase in population, the development of technology, and rapid urbanization increase the
demand for energy day by day. It is known that a large part of this demand is met by fossil fuels. But
fossil resources are finite. In addition, carbon dioxide, which is formed as a result of the burning of fossil
fuels, is one of the most important greenhouse gases that cause climate change. It is a necessity to give
up fossil resources in the fight against climate change. Renewable energy should be used more and more
to meet the energy demand, and it will also contribute to the energy security of countries (Cergibozan,
2022). Renewable energy resources are sustainable resources that can renew themselves in a human
lifetime. Renewable energy includes solar energy, wind energy, hydro energy, biomass energy,
geothermal energy, tidal energy, ocean thermal energy, and wave energy (Murele et al., 2020).

The place of biomass is different among renewable energy sources. Biomass can be used directly
for heat and power generation, or it can be processed into fuel, bio-based material, or chemicals. Biomass
is defined as organic materials that can be renewed in less than a 100-year period, including plant
wastes/residues, animal waste/residues, food industry wastes, energy forestry, energy plants, and urban
wastes (loannidou et al., 2020).

The use of biomass in energy production strengthens the rural economy, increases energy
security, and minimizes the environmental impact of energy production. For Turkey, the total energy
potential that will contribute to the economy is estimated as 16.92 Mtoe (Ozturk et al., 2017). Due to its
relatively low calorific value, high moisture content, and low bulk density, the need to use large amounts
of biomass to produce the desired energy is among the most important challenges. The supply and
logistics of sufficient biomass are also a challenge. Because the amount and content of most biomass
are affected by time, season, and climatic conditions (Werther et al., 2000).

Among the biomass resources, agricultural biomass requires a special supply chain management
due to seasonal availability (Rentizelas et al., 2009). A typical agricultural biomass supply chain may
involve a combination of the following processes: field preparation, cultivation, harvesting, storage,
field/forestry transport, road transport, and biomass use at the power station (Nunes et al., 2020). The
low density of biomass further increases the cost of the collection, processing, transportation, and
storage stages of the supply chain. But when the supply chain is set up correctly, energy from biomass
can be cheaper than others. However, for biomass integration into an available energy supply chain to
be beneficial, the energy materials used must be from the local source (Murele et al., 2020). The reason
for that is delivery times are more predictable when biomass materials are sourced locally. It also results
in a shorter supply chain, with lower costs and greenhouse gas emissions (Murele et al., 2020).

Agricultural biomass types are generally characterized by seasonal availability. The period in
which these biomass types are available is very limited and is determined by the harvest season of the
product, weather conditions, and the need for re-planting of the fields. Since most of the biomass energy
applications up to the present have been related to the use of single biomass, there is a need for storage
of huge amounts of biomass over a significant time if the operation of the power plant is desired
throughout the year. Dry matter loss and degradation of biomass are the main risks of storage, and this
problem can be eliminated with proper storage (Nunes et al., 2020).

Although pretreatment is not mandatory, it plays an important role in the supply chain. Biomass
has several disadvantages during storage, transportation, and combustion because of the low density,
low heating value, high moisture content, or high volatile matter. Besides, pretreatment of biomass
extends the durability period of this biomass (Murele et al., 2020).
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In recent years, Turkey has been promoting biomass energy to increase energy security and
ensure energy diversity. It is seen that the use of solid wastes, sewage sludge, agro-industrial wastes,
and animal manure in existing biomass power plants is common. However, Turkey also generates a
large amount of agricultural residue due to its geographical location and agricultural production. It is
seen that these wastes are concentrated in different provinces of Turkey.

In the present study, the amount and distribution of agricultural residues in Turkey on the basis
of provinces and the energy potential of these residues were calculated. It was also examined whether
the existing biomass power plants benefit from this potential. Moreover, the analytical hierarchy process
method was used for deciding the most preferred pretreatment method to ease the transport and storage
of agricultural residues.

2. Material and Methods

2.1. Collection of data

In the present study, agricultural residues were categorized as primary residues (PR) and
secondary residues (SR). PR is the crop residue that is collected from the field directly after harvest.
Stalk, stover, and straw of the crops are examples of this kind. SR is the crop residue which is obtained
during the processing of the crop. Husks, shells, etc., can be included in this category. The PR data has
been collected by the Ministry of Energy and Natural Resources (MoE) in Turkey and the Turkish
Statistical Institute for the years 2019-2020. Both organizations publish the yearly data based on
province. However, the data for SR has never been recorded by any of the organizations. Therefore, SR
data was calculated by multiplying the crop production rate with the percent of husk or shell found in
the crop. Fuel properties in terms of proximate analysis and heating value of each PR and SR were
collected from different papers. Existing biomass power plants in Turkey (both licensed and unlicensed),
their capacities, and the type of feedstock that they are using were all collected from MoE.

2.2. Methodology

The present study consists of three parts. In which provinces and what quantity of PR and SR
were produced in Turkey were investigated first. For calculating the energy potential, a lower heating
value (LHV) was multiplied with the annual amount of residue of each crop listed under either PF or
FS. Then, the existing biomass power plants in Turkey and what kind of biomass is used in these plants
were investigated. In the third stage, the proximity of the provinces with high PR and SR potential to
the existing power plants and whether the biomass potential reaches the nearest power plant were
investigated. Analytic Hierarchy Process method was applied to rank the criteria (cost of pretreatment,
enhancement in heating value, requirement of size reduction, transport easiness, density enhancement,
storage easiness) that affect the selection of pretreatment method by their importance. The formulation
of the AHP method is extensively explained by Brunelli (2015).

3. Results

3.1. Energy potential of PR and SR in Turkey

Cornstalk, wheat straw, sunflower stalk, cotton stalk, rye straw, barley straw, and oat straw
constitute the majority of PR. The distribution of PR produced in Turkey by provinces is shown in the
map chart in Figure 1. The total amount of PR produced in Turkey is 39 412 683 tonnes. Among the
provinces, Konya is the province with the highest PR production (4 875 500 tonnes). The second
province that contributes the most to PR production is Sanliurfa (2 518 368 tonnes). Adana comes after
these provinces (with 2 331 890 tonnes) that contribute to total production.
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Figure 1. Distribution of PR produced in Turkey by provinces.

Almond shell, corn cob, hazelnut shell, olive husk, peanut shell, sunflower husk, walnut shell,
and wheat husk are the major constituents of SR in Turkey. SR, which is less in amount compared to
PR, is produced more in industrially developed provinces. The distribution of SR produced in Turkey
by provinces is shown in the map chart in Figure 2. Konya is the province that contributes the SR
production most (729 724 tonnes). Almond shell is mainly produced in Mersin (11 313 tonnes). Corn
cob and wheat husk are mainly produced in Konya (165 681 tonnes of corn cob and 407 587 tonnes of
wheat husk). Ordu, which meets the majority of hazelnut production in Turkey, is also a leader in
hazelnut shell production (144 318 tonnes). Since most of the olive production in Turkey is in the
Aegean and southern Marmara regions, it is seen that the processing of olives is also in this region.
Manisa is the province with the highest amount of olive husk (41 859 tonnes). Adana, which has a great
contribution to agricultural production, is also ahead in peanut shell production (39 534 tonnes).
Sunflower husk is majorly produced in Tekirdag (173 751 tonnes). Walnut shell has the lowest
contribution to total SR in Turkey, which is mainly produced in Kahramanmarasg (8 412 tonnes).

Dispersion of Secondary Agricultural Residues

SR (in tonnes)

[ ]
1.536,95 729.723,60

Figure 2. Distribution of PR produced in Turkey by provinces.

Energy, which is released via combustion (Q) of any agricultural residue listed under PR, is
calculated by using the amount of annual agricultural residue (R, in kg/year), lower heating value (LHV,
in MJ/kg) of the corresponding biomass, moisture content (MC) of the corresponding biomass and the
availability of the agricultural residue (A) (Polat, 2020) as shown in equation 1,

Q(ij_):Rx(l—MC)xAxLHV (1)
year
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The energy released by the combustion of SR can also be calculated by using equation 1. Since
the annual amount of SR is not listed or recorded, R for SR is calculated by multiplying the annual
agricultural production amount (P) with residue ratio (S), as seen in equation 2. P data for corn, wheat,
sunflower, walnut, hazelnut, almond, and peanut are all listed on the website of the Turkish Statistical
Institute. The residue ratio is the husk or shell ratio of the agricultural product. For corn cob, S is 15%
(Patsios et al., 2016), for sunflower husk, it is 50% (Perea-Moreno et al., 2018), for olive husk, S is
13.5% (Khdair & Abu-Rumman, 2020), and for wheat husk, it is 20% (Santos et al., 2019). For the other
shells, S is 80% for thick shells and 40% for leaf-like shells (Fornés Comas et al., 2019).

R=PXxS$§ (2)
The proximate analysis of each PR and SR are given in Table 1 and Table 2.

Table 1. Proximate analysis for common primary residues

HHV VM, Ash, FC, BD,

Mj/kg % % % kg/m? References

(Avcioglu et al., 2019), (Fornés Comas et al., 2019),

gt‘;rlﬁ 16.82 7479 647 19.06 5750  (Garcia etal., 2014), (Jiang et al., 2019), (Poudel &
Oh, 2014), (Zhou et al., 2019)
(Agsha et al., 2014), (Avcioglu et al., 2019), (Bai et al.,
2017), (Bajwa et al., 2018), (Biswas et al., 2017),
(Danish et al., 2015), (Garcia et al., 2014), (Havrysh et
Wheat 1500 72092 978 1715  79.50 al., 2021), (Jiang et al., 2019), (Moayedi et al., 2019),
Straw (Montero et al., 2016), (Nhuchhen & Abdul Salam,
2012), (Patsios et al., 2016), (Qian et al., 2017), (Rios-
Badran et al., 2020)
Sunflower (Jiang et al., 2019), (Morato et al., 2019), (Nhuchhen &
Stalks 18.85 8527 7.81 9.79 112.00 Abdul Salam, 2012)
(Avcioglu et al., 2019), (Bajwa et al., 2018), (Danish et
Cotton 1705 71.99 10.72 2193 200.00 al,2015), (Nhuchhen & Abdul Salam, 2012), (Tang
Stalk
etal., 2015)
Rye (Avcioglu et al., 2019), (Garcia et al., 2014), (Havrysh et
Straw 18.7983.02 292 1501 0.00 al., 2021), (Wang et al., 2016)
Barley (Agsha et al., 2014), (Avcioglu et al.? 2019), (Garcia et
Straw 16.69 74.87 599 11.67 66.45 al., 2014), (Havrysh et al., 2021), (Jiang et al., 2019),
(Patsios et al., 2016), (Qian et al., 2017)
Oat (Agsha et al., 2014), (Bajwa et al., 2018), (Havrysh et
Straw 18.52 77.20 841 1543 91.00 al., 2021), (Patsios et al., 2016), (Qian et al., 2017),
(Yang et al., 2016)
HHV : Higher Heating Value.
VM : Volatile Matter Content.
FC : Fixed Carbon Content.
BD : Bulk Density.

The energy potential of PRs produced in 81 provinces is 5 283 MW. On the basis of provinces,
it is noteworthy that the energy potential of PRs in Konya, Sanlurfa, and Adana is quite high. The
energy content of the PRs that can be collected from Konya alone is 690 MW. This province with great
potential is followed by Sanliurfa (455 MW), Adana (447 MW) and Tekirdag (268 MW). The energy
content of the PRs to be collected from these provinces is 35% of the total potential. Looking at the
overall 81 provinces, it is seen that the energy potential of primary agricultural residues produced in 16
provinces is over 100 MW. Of course, 100% of this potential is not converted into electrical energy. If
we accept the total efficiency of the power plant as 30% and the capacity factor of the biomass power
plant as 0.65, the power to be obtained from only PRs in the total of 81 provinces will be 2 438.5 MW.
With the same assumptions, 16 provinces (Konya, Sanliurfa, Adana, Tekirdag, Diyarbakir, Mardin,
Edirne, Kirklareli, Ankara, Karaman, Osmaniye, Hatay, Manisa, Eskisehir, Aydin and Kahramanmaras)
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hold 67% of the total energy potential. The power plants to be established in these provinces will be
between 318 MW (Konya) and 47 MW (Kahramanmaras). After Konya, there comes Sanliurfa, Adana
and Tekirdag with 210 MW, 207 MW and 124 MW, respectively.

Table 2. Proximate analysis for common secondary residues

HHV VM, Ash, FC, BD, References
Mj/kg % % % kg/m?
(Acar & Ayanoglu, 2012), (Avcioglu et al., 2019), (Bajwa et

al., 2018), (Bilgi¢, 2014), (Demirbas, 2016), (Estiati et al.,

H;Zhelﬁut 19.21  73.00 222 23.64 560.00 2016), (Garcia et al., 2014), (Moayedi et al., 2019),
¢ (Nhuchhen & Abdul Salam, 2012), (Qian et al., 2017), (Zhao
et al., 2020)
(Acar & Ayanoglu, 2012), (Avcioglu et al., 2019), (Estiati et
Vg’l‘ll;‘ﬁ“ 2026  69.24 335 2742 g;’i&a;f‘e al., 2016), (Garcia et al., 2014), (Moayedi et al., 2019),
(Nhuchhen & Abdul Salam, 2012), (Qian et al., 2017)
Olive No data (Acar & Ayanoglu, 2012), (Demirbas, 2016), (Moayedi et
Husk 18.56 7145 1145 25.75 available al., 2019), (Nhuchhen & Abdul Salam, 2012), (Patsios et al.,
2016), (Qian et al., 2017)
(Avcioglu et al., 2019), (Danish et al., 2015), (Garcia et al.,
AIS‘L“’I‘I“’ 1894 7940 294 20.55 ;\IZ &*gf 2014), (Moayedi et al., 2019), (Nhuchhen & Abdul Salam,
¢ variable 2012), (Qian et al., 2017)
Peanut Nodata  (Avcioglu et al., 2019), (Estiati et al., 2016), (Mohammed et
Shell 19.97 7197604 21.79 available al., 2016), (Nhuchhen & Abdul Salam, 2012)
(Avcioglu et al., 2019), (Biswas et al., 2017), (Danish et al.,
Corn Cob 16.00 81.75 1.85 11.31 155.00 2015), (Thanarak, 2012), (Yao et al.. 2017)
S“‘S‘ﬂglvlv 1800 7620 3.05 1980  95.00 (Acar & Ayanoglu, 2012), (Jiang et al., 2019)
\;/Il:;it 17.80 7140 230 1930 549.00 (Montero et al., 2016), (Santos et al., 2019)

Table 3. Availability, LHV, and MC values for primary residues in Turkey

Product A (%) LHV Mj/kg Moisture %
Barley Straw 15 17.25 8.85

Corn Stalk 60 13.25 11.73
Cotton Stalk 60 16.40 9.56

Oat Straw 15 16.55 7.39

Rye Straw 15 16.55 10.45
Sunflower Stalks 60 16.00 9.20

Wheat Straw 15 16.62 12.65

Table 4. Availability, LHV, and MC values for secondary residues in Turkey

Product A (%) LHV Mj/kg Moisture %
Almond Shell 80 19.38 6.30
Corn Cob 60 14.01 20.44
Hazelnut Shell 80 19.15 7.64
Olive Husk 50 20.69 9.34
Peanut Shell 80 14.05 8.17
Sunflower Husk 60 16.5 8.77
Walnut Shell 80 20.18 20.58
Wheat Husk 15 14.5 6.50
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Figure 3. Distribution of the energy potential of PR by provinces.

The figure shows the energy potential distribution of SR on the basis of provinces. The total
energy potential of SR across 81 provinces is 1 797.6MW. Approximately 58% of this potential is
provided by 17 provinces. Since Adana and Konya are pioneers in SR production, the amount of energy
that can be obtained in these provinces is also high. While the energy potential of SRs in Adana is
180MW, it is 168 MW in Konya. These two provinces are followed by Tekirdag (79 MW) and Ordu
(66 MW). It should not be forgotten that, as stated before, we cannot convert all of the chemical energy
released by the combustion of biomass into electrical energy and that the biomass power plant cannot
operate at maximum capacity. Assuming that the biomass power plant operates at 30% efficiency and
the capacity factor is 0.65, the total power that can be obtained from the SR will be 830 MW.

Adana
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Figure 4. Distribution of the energy potential of SR by provinces.
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3.2. Biomass power plants in Turkey

Combustion of biomass is the most common thermochemical conversion technology to produce
power, heat, or combined heat and power. In contrast to coal-fired power production, energy from
biomass-fired power plants is generally considered “carbon neutral”. The reason for thinking in this way
is that the carbon taken from the atmosphere during the growth of biomass is given to the environment
at the end of energy production. However, information such as the type of biomass, its life span, the
technology chosen, how and at what distance the biomass comes to the power plant are important in
deciding whether the biomass energy is carbon-neutral or not. Life cycle assessment is a helpful tool for
assessing the environmental effects and impacts of total biomass energy production (Paletto et al., 2019).
The biomass energy power plant (BEPP) produces electricity by firing biomass, including agricultural
residues/wastes, forestry residues/wastes, and solid waste. Biomass is burned in a boiler to produce high-
pressure steam. This steam flows over the turbine blades. The rotation of the turbine drives the generator,
which produces electricity(Gebreegziabher et al., 2014). Although a very well-known technology, the
biggest disadvantage is the efficiency, which is 10-30% on average.

In Turkey, some regulations were made within the scope of the Regulation on Unlicensed
Electricity Production in the Electricity Market (Official Gazette No. 28783 on October 2, 2013) in order
to expand small businesses based on renewable energy sources and to encourage small-scale
investments. If electricity is to be produced below a certain installed capacity, there is no obligation to
obtain a license and establish a company. Thus, consumers will primarily meet their own needs with
small-scale investments, and the surplus electricity will be sold to the existing electricity grid. The
unlicensed biomass power plant must be under SMW, as stated in the Electricity Market Article no 6446
(ETKB, 2021).

As of the end of December 2020, the installed power based on biomass energy in Turkey is 1

485 MW, and its share in total electricity generation is 1.8%. There are more than 350 BEPPs, which
use different biomass sources as fuel. Solid waste, sludge, agricultural waste, animal manure, and
biowastes are common feedstocks. The present study focuses on the BEPPs, which use agricultural
residues as fuel. Table 5 shows the installed capacity of some BEPPs (licensed and unlicensed) that use
agricultural wastes/residues. The cities which are more industrialized, seem to have BEPPs with high
installed capacity. Ankara (28.32 MW), Samsun (27 MW), and Mardin (12 MW) are among the
examples.
In Fig. 5 and Fig. 6, the distribution of PR and SR by provinces and the existing biomass power plants
are given on the same map. As can be seen from these maps, the number of BEPPs using agricultural
wastes is low in regions with high PR potential. It is evident that the current energy potential of the PR
is not utilized where the PR is produced. There is a need for production facilities to utilize the current
potential of PR, especially in provinces such as Konya and Sanliurfa, where PR is highly produced.
Similarly, the potential of SRs cannot be said to be evaluated in existing BEPPs. It is necessary to
establish power generation facilities in or near the provinces where PR and SRs with high energy
potential are produced excessively.

\\‘\\\\\\{: & I
\ \ ‘u|'/JK’I/

N\

Dispersion of PR BEPP

PR (in tonnes) M Agricultural BEPP (Licensed)
[ | [ Agricultural BEPP (Unlicensed)
0 487349950 I Other BEPP (Licensed)

[ Other BEPP (Unlicensed)

Figure 5. The distribution of PR by provinces and the existing biomass power plants.
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Figure 6. The distribution of SR by provinces and the existing biomass power plants.

Table 5. Installed capacity of some BEPPs that use agricultural wastes/residues

Fuel Type Facility Name City Installed Power (MW)
Corn aqd Cotton Straw, Fby BEPP Yuregir Adana 9.3
Citrus waste
R?s%glﬁ:}\t;llz E;Ite Eber BEPP Afyonkarahisar 27
Beet Greens, Animal Aksaray Yapilcan BEPP Aksaray 1.2
Manure
Beet Greens, Animal Yapilcanlar2 BEPP Aksaray 1.067
Manure
Organic Waste De Solar 7 BEPP Ankara 3.201
Solid Waste Sincan Cadirtepe BEPP Ankara 28.32
Biowaste Astosan BEPP Balikesir 1.054
Biowaste Edincik BEPP Balikesir 2.134
Hazelnut Shell, Sunflower
stalk, Corn Straw, Wood Bayburt BEPP Bayburt 1.56
Flour
Hazelnut Shell, Sunflower
Straw, Corn Straw, And Corum-Mecitozii BEPP Corum 5
Wood Flour
Forest Residue, Hazelnut
Shell, Tea Waste and Rice Diizce BEPP Diizce 12
Husk
Biowastes Salihli BEPP Manisa 10
Cotton and Corn Residue Mavibayrak Dogu BEPP Mardin 12
Biowaste Mevliit Coskun BEPP Nevsehir 2
Biowaste Karma 1 BEPP Sakarya 1.487
Agrlcultura.l and Forest Samsun- Carsamba BEPP Samsun 27
Residue
Plant Residue Biopir Piroliz BEPP Sanliurfa 3.192
Biowaste Siirt BEPP Siirt 1.413
Sludge Modern BEPP Tekirdag 6
Biowaste Cemak BEPP Tokat 6.15

It is seen that an effective biomass supply chain should be established in order for existing and
future BEPPs to make maximum use of agricultural wastes. Because the potential of PR and SR has
spread throughout Turkey, only in provinces such as Konya, Adana, Sanlurfa, the potential is higher
than in other provinces. Especially in regions such as Eastern Anatolia, Eastern Black Sea, and
Southeastern Anatolia, the biomass energy potential is distributed. In this case, the storage and transport
of biomass will be extremely important. This is mainly due to the seasonality of crop residues. In order
not to face feedstock shortages or surplus, there should be good planning regarding the storage and
transport of biomass. The low bulk density and high moisture content of biomass are major
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disadvantages in transport and storage. Pretreating the biomass after harvest is the best option to ease
storage and transportation.

Different pretreatments can be applied to densify, dry, and increase the heating value of the
biomass. Pretreatment can be either physical (such as baling, loafing, drying, pelleting, and briquetting)
or thermochemical (such as torrefaction hydrothermal treatment). Drying is the cheapest and easiest
pretreatment. Due to the high moisture content of biomass, drying is the most important pretreatment
before any thermochemical conversion process. Drying is intended only for easy and risk-free storage
(Akkus, 2018). Pelleting and briquetting don't change the content of biomass, but those processes ease
the transport and storage by compressing the biomass at high pressure. Torrefaction (also called low
temperature pyrolysis) is heating the biomass under an inert environment. The main purpose of this
process is to obtain a high quality fuel by increasing the heating value while removing the moisture.

There is a reality that biomass -especially the agricultural residues- is a very cheap source.
Applying any of the pretreatment increases the cost. To be competitive, the overall cost of the biomass
feedstock should below, which means that the cost of the pretreatment is one of the key criteria in
deciding the pretreatment option.

3.3. Analytic hierarchy process

In the present study, Analytic Hierarchy Process (AHP) method was applied to rank the criteria
(cost of pretreatment, enhancement in heating value, requirement of size reduction, transport easiness,
density enhancement, storage easiness) that affect the selection of pretreatment method by their
importance. A questionnaire was prepared in google forms platform and shared with experts (scholars,
energy professionals, and energy systems engineers). They are asked to make a pairwise comparison
based on their preference ranging from 1 to 9 (1:equal importance, 3: moderate importance, 5: strong
importance, 7: very strong importance, 9: extreme importance. 2, 4, 6, and 8: interpolated values)
(Ioannou et al., 2018). Scientific papers (30 different papers which were all related to biomass treatment
methods) were also evaluated for their preference. The consistency ratio was found as 0.053, which
showed that experts’ decisions were consistent.

Based on the principal eigenvector of the decision matrix (principal eigen value is 6.333), the
resulting weights are given in Table 6. Based on pairwise comparisons, the most important criterion is
the cost of pretreatment with 33.6% importance (+/- 11.4 %), which means that the cost of pretreatment
is the most important criterion in selecting biomass pretreatment method. Transport easiness takes
second place with 27.2% importance (+/- 10.7 %). The third important criterion with 13.4% importance
is density enhancement (+/- 4.7 %). Enhancement in heating value and storage easiness have equal
importance (11.2%) (+/-3.3% and +/-3.2%, respectively). The least important criterion is a requirement
of size reduction (3.5%, +/- 1.6 %).

Table 6. Decision matrix

Enhancement = Requirement

Cost of . . . Transport ~ Density Storage
in Heating of Size . .
Pretreatment . Easiness Enhancement  Easiness
Value Reduction
Cost of Pre-
Treatment ! 3 > 2 3 3
Enhancementi
n Heating 0.33 1 5 0.5 0.5 1
Value
Requirement
of Size 0.2 0.2 1 0.167 0.2 0.2
Reduction
Transport 0.5 2 6 1 3 4
Easiness
Density
Enhancement 0.333 2 5 0.333 1 1
Storage 0.333 1 5 0.25 1 1
Easiness
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The results show that investors don’t want to pay too much money on pretreatment. If any
pretreatment should be done, this should be for making the transport easy. This was an expected result
since the agricultural residue itself is a cheap feedstock. Any additional cost will increase the cost of
energy production. Selecting a pretreatment that enhances the density is the most important criterion
after transport easiness. Baling, loafing, pelleting are the most preferred methods to enhance the bulk
density. Enhancing the heating value by using pretreatment (such as torrefaction and hydrothermal
drying) is not seen as an important criterion in deciding the pretreatment method. This is expected due
to the reason that those methods apply heat, which increases the cost of total energy production. By
considering AHP results, the most efficient methods to ease the transport and storage are baling, loafing,
pelleting, or briquetting without size reduction.

4. Conclusion

Due to the fact that agricultural areas are large, agricultural products are diverse, and the climate
is suitable for agriculture, the amount of waste and residues left over from agricultural activities in
Turkey is high. A large amount of these wastes and residues have high energy content. The total amount
of PR and SR produced in Turkey is 39 412 683 tonnes and 6 803 787 tonnes, respectively. By assuming
the total efficiency of the power plant as 30% and the capacity factor of the biomass power plant as 0.65,
the power to be obtained from only PRs in the total of 81 provinces will be 2 438.5 MW, the same for
SR will be 830 MW. Konya, Sanliurfa, Adana, Tekirdag, Diyarbakir, and Mardin are the provinces that
investors should think of installing biomass energy power based on PR and SR. Considering that the
installed power based on biomass energy in Turkey by the end of 2020 is 1485 MW, the installed power
will triple when only the potentials of the existing PR and SR are used. This will increase the share of
biomass power in total electricity generation above 5%.

In power generation from agricultural biomass, it is necessary to pretreat the biomass in order
to transport the biomass from agricultural fields to the power station and to store it safely. Although
there are many pretreatment methods, the AHP method has shown that cost is the most important
criterion in the selection of pretreatment. Investors will prefer the least costly pretreatment method that
makes transportation easier. Therefore, pretreatments such as baling, pressing, and pelleting can be
recommended for agricultural biomass.
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Bademde Kanser ve Geriye Dogru Oliim Etmeni Neoscytalidium novaehollandiae’mn
Tanilanmasi, Patojenisitesi ve Baz1 Fungisitlerin In Vitro Etkinlikleri

Makale Bilgileri Oz: Bu calismamin amaci, Batman’m Binath koyiindeki badem iiretim
Gelis: 07.07.2021 alanlarinda goriilen kanser ve geriye dogru 6liim belirtilerine neden olan hastalik
Kabul: 11.01.2022 etmeninin tanisin1 yapmak, etmenin patojenisitesini belirlemek ve in vitro

Online yaymlama: 15.03.2022  kosullarda bazi fungisitlerin patojene karsi etkinligini saptamaktir. Hastalikli
DOI: 10.29133/yyutbd.964030  bitki dokularindan elde edilen fungal izolatlar, morfolojik ve molekiiler
karakterizasyonu sonucunda fungus, Neoscytalidium novaehollandiae olarak
tanilanmistir. N. novaehollandiae’nin 5 izolat ile Ferragnes cesidi badem
fidanlarinda yapilan patojenisite testinde AINnov79, en viriilent izolat olarak
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Anahtar Kelimeler belirlenmistir. N. novaehollandiae’nin AINnov79 izolatina karst bes farkl
Badem, fungisitin etkinlik denemesi sonucunda en etkili fungisitler; fluazinam
Fungisit, (EC50;0.002 pl/ml), thiophanate—methyl (EC50;0.3 pl/ml), tebuconazole
Geriye dogru dliim, (EC50;0.4 pl/ml), boscalid + pyraclostrobin (EC50;2.2 upl/ml), olarak
Kanser, belirlenmistir. Etkinligi en diisiik fungisit ise trifloxystrobin (EC50;19.5 ul/ml)
Neoscytalidium olarak bulunmustur.

novaehollandiae

1. Giris

Badem (Prunus dulcis (Mill) D. A. Webb), orta ve giineybati Asya’ya 6zgii bir meyve tiirii olup,
glinimiizde ABD, Giiney Afrika, Avustralya, Giiney Amerika ve bircok Akdeniz iilkesinde
yetistirilmektedir (Gramaje ve ark., 2012; Eldogan ve ark., 2014). Ulkeler itibariyle diinya badem
iiretiminde, % 57.2 ile ABD ilk sirada yer alirken, iilkemiz %3.8’lik bir oran ile 5. sirada bulunmakta
ve tiretim y1llik yaklasik 160 bin tondur (FAO, 2020). Badem agaglari, yetistiricilik sirasinda ciddi verim
kayiplarina sebep olan bircok fungal hastaliklardan etkilenmektedir. Bunlar igerinde, agaglarda siirgiin
yaniklig1, geriye dogru oOliim, govde kanserleri, meyve ciiriikliikleri ve sakizlanma gibi farklh
belirtilerden sorumlu fungal patojenlerin yol actig1 hastaliklar, badem iiretimini smirlayan en 6nemli
faktorlerden birisidir. Son yillarda Batman ilinde badem {iiretim alanlarinin giderek artis gdstermesi ile
birlikte yetistiriciler tarafindan dallarda 6liim, siirgiin ve gévdelerde lezyonlar, yapraklarda ani solma,
sararma, yaprak Olimii ve govde kanseri ile zamk akintis1 seklinde farkli belirtiler gézlenmeye
baslanmstir. Ozellikle agaglarm gdvde dokularinda ortaya ¢ikan kanser belirtilerinin, esas olarak kisin
odunsu bitkilerin budama yaralarindan girerek iletim dokularini kolonize eden ve taksonomik olarak
birbiri ile yakin iligkili olmayan genis bir patojen grubu tarafindan olusturuldugu kaydedilmektedir
(Slippers ve Wingfield, 2007; Slippers ve ark., 2013). Ayrica sdz konusu tiir ve tiir karmagalarinin
bir¢ogu, son 10 yil igerisinde belirgin taksonomik degisikliklerden dolay1 yeniden adlandirilmistir. Bu
baglamda, 9 familya, 33 cins ve 279 tiirden olusan Botryosphaeriales takiminda (Phillips ve ark., 2013;
Slippers ve ark., 2013; Dissanayake ve ark., 2017) en genis familya olan Botryosphaeriaceae icerisinde,
24 farkli cinse ait 222 tiir kaydedilmistir. Botryosphaeriaceae familyasinda yer alan fungal tiirlerin neden
oldugu kanserler, birgok meyve tiiriinde énemli bir yetistiricilik sorunu olarak kabul edilmekte ve
odunsu bitki tiirlerinde saprofitik, endofitik veya patojenik olarak degerlendirilmektedir (Slippers ve
Wingfield, 2007; Phillips ve ark., 2013; Slippers ve ark., 2013).

Botryosphaeriaceaec  familyasinda yer alan Botryosphaeria, Diplodia, Dothiorella,
Lasiodiplodia, Macrophomina, Neofusicoccum ve Neoscytalidium cinsine ait en az 14 tiirlin, badem
agaclarinda s6z konusu hastaliklarla iliskili oldugu bildirilmektedir (Ray ve ark. 2010; Inderbitzin ve
ark., 2010; Lynch ve ark., 2013; Kayim ve ark., 2015; Nouri ve ark., 2019; Moral ve ark., 2019; Gusella
ve ark., 2021). Bunlardan Neoscytalidium cinsine baglt dimidiatum ve novaehollandiae tiirlerinin,
oldukga fazla konukc¢u dizisine ve genis bir cografik dagilima sahip oldugu ve iilkemizde sert kabuklu
meyve agaglarindan badem (Oren ve ark., 2020), antepfistig1 (Kurt ve ark. 2019; Dervis ve ark., 2019a)
ve ceviz (Dervis ve ark., 2019b) gibi tiirlerde hastalik olusturdugu tespit edilmistir. Botryosphaeriaceae
familyas1 igerisinde yer alan bitki patojeni funguslar, yaygin olarak eseysiz formdaki morfolojik
karakterlere gore tanilanmaktadir. Hizli ve ucuz olan bu yontem, fungal taksonomide karigikliklara yol
acmugtir (Inderbitzin ve ark., 2010; Nouri ve ark., 2018; Toker Demiray ve Akg¢ali, 2020). Bu nedenle,
genellikle Botryosphaeriaceae tiirlerini tanimlamak i¢in benimsenen eseysiz yapiya dayali morfoloji
caligmalar, birbiri ile yakindan iligkili tiirlerin ¢oziimiinde basarisizlikla sonuglanmaktadir. Bu sorunun
iistesinden gelmek icin DNA tabanli filogenetik analizler, daha giivenilir bir tiir tanimlama yontemi
olarak 6n plana ¢ikmigstir. Sonug olarak, Botryosphaeriaceae familyasinda son yillarda morfolojik
karakterizasyon ile birlikte molekiiler verilere dayali olarak bir¢ok yeni tiir tanimlanmistir (Slipper ve
ark., 2013; Nouri ve ark., 2018; Kurt ve ark., 2020). Bu tiirlerin olusturdugu hastaliklarin kontroliinde
en etkili yontemlerden birisi kimyasal savag olarak ifade edilmektedir (Moral ve ark., 2019). Tiirkiye’de
bu hastaliga kars1 ruhsath fungisit bulunmamaktadir. Bundan yola ¢ikarak bu ¢alismanin amaci, bolgede
yetistiriciligi yapilan badem agaglarinda kanser ve geriye dogru 6liimlere neden olan hastalik etmeninin
morfolojik ve molekiiler metotlara dayanarak tanilanmasi, viriilenslik diizeyinin belirlenmesi ve bazi
fungisitlerin patojene kars1 in vitro etkinliginin belirlenmesidir.
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2. Materyal ve Yontem

2.1. Sorvey ve hastalik etmeninin izolasyonu

Batman ilinin merkez ilgesine bagli Binathi kdyiinde (37°80.47N, 41°20.68E) badem
yetistiriciligi yapilan 4 farkli bahgede sorveyler gergeklestirilmistir. Ferragnes ve yerli cesitlerin
yetistiriciligi yapilan ortalama 100 dekar alandan oOrneklemeler yapilmistir. Tesadiifi 6rnekleme
yontemine gore kanser, kismi dal kurumalari, yaprak ve siirgiinlerde lezyonlar gézlenen agaclardan
alman hastalikli bitki Ornekleri plastik torbalara konularak laboratuvara getirilmistir. Fungal
izolasyonlar i¢in alinan bitkiler, akan ¢cesme suyu altinda yikandiktan sonra enfeksiyonlu ve saglikli
dokular icerecek sekilde 5-6 cm biiyiikliigiinde pargalara ayrilarak %70’lik etanol icerisinde 2 dakika
dezenfekte edilmis ve daha sonra saf su ile durulama islemleri yapilarak kurutma kagitlar1 igerisinde
kurumaya birakilmigtir. Yiizeyden dezenfekte edilmis hastalikli bitki dokulari, Patates Dekstroz Agar
(PDA) besi yeri igeren 90 mm capindaki Petri kaplarina transfer edilmistir. Ekim yapilan Petri kaplari,
26°C’lik inkiibatorde karanlikta 4 giin boyunca inkiibasyona birakilmistir. Tiim koloniler, PDA besi
yerinde alt kiiltiire alinmistir. Bu siire sonucunda gelisen fungal kolonilerden saflagtirma yapilmis ve bu
kolonilerden tek spor izolasyonu yapilarak diger ¢alismalarda kullanilmak tizere %15’lik gliserol
soliisyonu igeren tiipler i¢inde buzdolabinda saklanmistir.

2.2. Hastalik etmeninin morfolojik karakterizasyonu

Fungal izolatlarm koloni morfolojisi (miselyal gelisim hizi, sekli ve rengi), konidi sekil ve
boyutlarini esas alarak kiiltiirler, PDA besi yerinde gelistirilmis ve karakteristik 6zellikleri yoniinden
degerlendirilmistir. Konidi sekil ve boyutlari, trinokiiler arastirma mikroskobu (NIKON Eclipse,
Floresan ve DIC Atagmanli) kullanilarak fotograflanmis ve Olgiimleri kayit altina alimmistir. Ayrica
morfo-kiiltiirel caligmalar kapsaminda temsili segilen bir izolat, 8 farkli sicaklikta (5, 10, 15, 20, 25, 30,
35 ve 40 °C) ve 5 farkli besi ortaminda [PDA, su agar1 (WA), V8 juice agar, malt ekstrakt agar (MEA)
ve czapek-dox agar (CDA)], 90 mm capinda petri kaplarinda 3 tekrarli olarak degerlendirmeye
almmustir,

2.3. Hastalik etmeninin molekiiler karakterizasyonu

Morfo-kiiltiirel caligmalar sonucunda cins diizeyinde teshisi yapilan fungal izolatlarin kesin tiir
tanilarmin yapilmasi i¢in Oncelikle genomik DNA izolasyonlar1 yapilmistir. Bu kapsamda fungal
kiiltiirlerin misellerinden 100 mg alinarak parcalanmistir. Bu islemden sonra, DNeasy Plant Mini Kit
(Qiagen, GeneMark Teknoloji Co, Valencia, CA, Katalog No. 69104) kullanarak {iretici firmanin
onerdigi protokol dogrultusunda DNA izolasyonu gergeklestirilmistir (Uysal ve ark. 2021). PCR
caligmalari, internal transcribed spacers (ITS) rDNA bolgesi ITS4 (5'-TCCTCCGCTTATTGATATGC-
3) ve ITSS (5-GGAAGTAAAAGTCGTAACAAGG-3') primer cifti (White ve ark., 1990) ile
translation elongation factor (TEF1-a) gen bolgesi 728F (5S'CATCGAGAAGTTCGGAAGG-3') ve
986R (5'- TACTTGAAGGAACCCTTACC-3") primer ¢ifti (Carbone ve Kohn 1999) kullanilarak
stirdiiriilmiigtiir. DNA amplifikasyonu, 5 pl 10% enzim buffer, 10 mM dNTP, 50mM MgCl2, 0.5 pl
primer, 0.2 pl Taq DNA polimeraz ve 2ul DNA ile toplam 50 pl olacak seklinde ve PCR kosullar
94°C’de 3 dk baslangi¢ denatiirasyonu, 94°C’de 1 dk. denatiirasyon, annealing sicakligi EF i¢in 57 °C,
ITS i¢in 55 °C, 72 °C’de 35 sn. ve final adim1 olarak 72 °C’de 10 dk olarak ayarlanmistir. DNA bant
kalitesine gdre secilen izolatin DNA dizileme islemleri, 6zel bir firmadan (MEDSANTEK, istanbul)
hizmet alimi seklinde gergeklestirilmigtir. DNA niikleotid dizileri, NCBI (National Center for
Biotechnology Information) veri tabani ile BLAST yapilarak tiirlerin Genbank erisim numarasi
alindiktan sonra tanilama islemi tamamlanmistir.

2.4. Patojenisite calismalar:

PDA besi yerinde 5 giin boyunca gelistirilmis 5 fungal izolatin viriilenslik diizeyini belirlemek
icin, Ferragnes ¢esidi 2 yasindaki badem fidanlar1 kullanilmigtir. Bu amagla, her bir izolat i¢in, steril bir
bistiiri kullanilarak her bir dalin iizerinde 5 farkli noktadan agilan yara ile 3’er bitki inokule edilmistir.
Bunun i¢in PDA’da aktif olarak gelisen kolonilerin kenarindan alinan 5 mm ¢apindaki miselyal diskler,
her bitkide acilan yara yerlerine agar kismu alta gelecek sekilde yerlestirilerek, Parafilm® (American
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National Can, Chicago, IL, USA) ile kapatilmistir. Esdeger sayida bitki ve yara yeri, steril PDA diskleri
ile inokule edilmis ve bunlar kontrol olarak degerlendirilmistir (Nouri ve ark., 2018; Oren ve ark., 2020;
Hosseinalizadeh ve ark., 2021). Hastalik etmeni igeren ve icermeyen (kontrol) agar disklerle inokule
edilen bitkiler, kontrollii sera kosullarinda gelismeye birakilmis ve inokulasyondan 60 giin sonra tiim
bitkiler degerlendirmeye alinmigtir. Bu agamada uygulama yapilan dallar kesilmis ve kabuk altinda
dokuda herhangi bir renk degisikligini incelemek i¢in kabuk soyulmustur. Enfeksiyon gozlenen dal veya
stirglin dokularinda lezyon uzunluklart (mm) olgiilerek viriilenslik diizeyleri ortaya konmustur. Bu
lezyonlu alanlardan PDA ortaminda geriye izolasyonu yapilarak Koch postulati islemi tamamlanmustir.

2.5. Bazi fungisitlerin fungal patojenin miselyal gelisimini iizerine In vitro biyoetkinlikleri

Morfolojik ve molekiiler olarak tanis1 yapilan ve viriilenslik diizeyi belirlenen patojen izolatin
Cizelge 1’ de 6zellikleri verilen fungisitlere karsi etkinligi in vitro kosullarda aragtirilmistir. Bu amagla,
secilen bazi fungisitlerin fungal patojenin miselyal gelisimine biyoetkinligini ortaya koymak igin,
patojenisite denemesinde viriilenslik diizeyi en yiiksek seviyede oldugu belirlenen AIN79 izolati
kullanilmigtir.

Cizelge 1. Fungal patojenin miselyal gelisimini {izerine /n vitro kosullarda biyoetkinlik denemelerinde
kullanilan fungisitlerin baz1 6zellikleri

Etken Madde ve Orani Ticari ismi  Firma Formiilasyon
Trifloxystrobin (%50) Tugart Gliner WG
Tebuconazole (%25) Folicur Bayer Crop Science ~ WP
Thiophanate-methyl (%70) Sumitop Sumi Agro WP
Fluazinam (500 g/1) Nando Nufarm SC

Boscalid+ pyraclostrobin (%26.7+%6.7) Signum BASF WG

Calismada kullanilan fungisitlerin fungal etmenin miselyal gelisimi iizerine etkinlikleri, her bir
fungisitin farkli konsantrasyonlarini (trifloxystrobin: 5.0, 10.0, 25.0, 50.0, 100 ug/ml; tebuconazole: 0.5,
1.0, 3.0, 5.0 pg/ml; thiophanate methyl: 0.1, 0.5, 1.0, 3.0, 5.0 pg/ml; fluazinam: 0.001, 0.003, 0.005,
0.007, 0.01 pg/ml; boscalid + pyraclostrobin: 0.5, 1.0, 3.0, 5.0, 10.0 pg/ml) kullanarak belirlenmistir.
Her bir fungisitin belirlenen konsantrasyonlari, 50°C’ye kadar sogutulan steril PDA ortamina karistirilip
90 mm’lik Petri kaplarina aktarilmistir. Kontrol olarak herhangi bir fungisit igermeyen PDA besi yeri
kullanilmistir. Fungisit iceren PDA besi yerlerine, 5 glinlik AIN79 izolatina ait fungal kiiltiirden Smm
capinda diskler alinarak yerlestirilmistir. Fungisit iceren ve kontrol Petri kaplari, 25°C’de 5 giin boyunca
inkiibe edilmistir. Inkiibasyon siiresi sonucunda miselyal gelisimin radyal 6lgiimleri almarak
fungisitlerin etki diizeyleri (%) belirlenmistir (Uysal ve Kurt, 2019). Denemeler, Tesadiif Parselleri
Deneme Desenine gore her bir konsantrasyon igin 3 tekrar ve her bir tekrarda besi yeri iceren 1 Petri
kabi olacak sekilde kurulmustur. Her bir fungisitin farkli konsantrasyonlarindaki etkinlikleri, Abbott
formiilii kullanilarak hesaplanmistir. Misel gelisimini %50 diizeyinde engelleyen etkili konsantrasyon
(ECso) degerleri, SPSS istatistik programinda (Versiyon 17.0, SPSS Inc., Chicago, IL, USA) Probit
analizi ile belirlenmistir.

3. Bulgular

3.1. Sorvey ve hastalik etmeninin izolasyonu

Calismanin yiiriitiildiigii Batman iline baglh Binatli kdyiinde badem yetistiriciligi yapilan 4 farkli
bahgeden 25 adet hastalikli bitki 6rnekleri alinmistir. Ornekleme yapilan bahgelerdeki agaglarin
yapraklarinda sararma, deformasyon, solgunluk, geriye dogru oliim belirtileri ve gdvdelerde zamk
akintilar gozlenmistir (Sekil 1).
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A

Sekil 1. Batman ilindeki badem agaclarinda yaprak, dal, siirgiin ve gévdelerde goriilen solma, sararma,
yaprak dokiimii (A) ve zamk akintili govde kanseri (B, C) belirtileri

Bu oOrneklerden yapilan hastalik izolasyonlart sonucunda PDA ortamindaki kiiltiirel ve
morfolojik gelisimlerini esas alarak elde edilen 5 farkli fungal izolatin (AIN33, AIN4S8, AIN62, AIN72
AIN79), Botryosphaeriaceae familyasina ait bir fungus tiirii oldugu belirlenmistir. Diger baz1 6rnekler,
benzer belirtiler vermesine karsilik bunlardan herhangi bir fungal etmen izole edilememistir.

3.2. Hastalik etmeninin morfolojik karakterizasyonu

Hastalikli bitkilerden elde edilen izolatlar, dncelikle PDA besi yerindeki gelisme ozellikleri
dikkate alinarak morfolojik olarak karakterize edilmistir. PDA besi yerinde koloni gelisimi,
inkiibasyonun 2. giiniinde beyaz renkli olup daha sonra koyu yesil ve 1 hafta igerisinde koyu siyah bir
renge donlismiistiir (Sekil 2).

- |
¥

Sekil 2. Neoscytalidium novaehollandiae 'nin hasta bitki doku pargalarindan izolasyon sonucu geligimi
(A), saf AIN79 izolatinin PDA besi yerinde 7 giinliik miselyal gelisimi (B), N. novaehollandiae ait
tipik konidiler (C, D).

Bu kolonilerde gelisen arthrokonidilerin, bolmesiz ya da tek bolmeli, kalin duvarli, kahverengi

ve dairesel, oval veya silindirik, 6.2 — 10.1 x 2.4-3.8 um boyutlarinda oldugu tespit edilmistir (Sekil 2).
Bu morfolojik ve kiiltiirel karakteristik 6zelliklere gore 5 izolatin, Neoscytalidium cinsine bagh fungus

136



YYU JAGR SCI 32 (1): 132-142
Sakei et al. / Identification and Pathogenicity of Neoscytalidium novaehollandiae, the Agent of Canker and Dieback in Almonds and In Vitro Activities of Some Fungicides

tiirii olduguna karar verilmistir. Ayrica bu asamada temsili olarak fungal etmene ait AIN79 izolatinin,
morfo-kiiltiirel ¢alismalar1 kapsaminda, 5 farkli besi yerinde ve 8 farkli sicaklik kosullarinda yapilan
denemeleri sonucunda, 25-35 °C’ de ve tiim besi ortamlarinda 7 giin sonra tam gelisme gosterdigi
belirlenmistir. Besi yerleri acisindan ise miselyal gelisim, MEA ortaminda en iyi seviyede olurken, WA
ortaminda zayif olarak kaydedilmistir. En diisiik sicaklik (5 °C) ve en yiiksek sicaklikta (40 °C)
kosullarinda hi¢bir miselyal gelisim gézlenmemistir (Cizelge 2).

Cizelge 2. Neoscytalidium cinsine ait AIN79 izolatinin, farkli sicaklik ve besi yerlerindeki miselyal
gelisimleri (mm)

Besi yerleri

Stcakhik (°C) 550 ) CDA WA MEA
5 0.0+0.0aA 0.0+0.0aA 0.0+0.0aA 0.0+0.0aA 0.0+0.0aA
10 0.0+0.0aA 0.0+0.0aA 0.0+0.0aA 0.0+0.0aA 0.0+0.0aA
15 25742.0bD  24.0+2.1bC  6.3+1.7bA 163£1.3bB  21.7+2.0bC
20 63.7£0.7cC  80.0:0.0dD  32.7+0.8cB  163=1.7bA  80.0+0.0dD
25 80.0£0.0¢B  80.040.0dB  80.0+0.0¢B  66.0+1.0cA  80.0+0.0dB
30 80.0£0.0¢B  80.040.0dB  80.0+0.0¢B  75.0+1.7dA  80.0+£0.0dB
35 80.0£0.0¢B  80.040.0dB  80.0+0.0¢B  56.0+0.6cA  80.0£0.0dB
40 747£03dD  73.0:0.6cC  443+0.6dB  24.0£03bA  73.7£0.3cC

PDA: Patates Dektroz Agar, CDA: Czapek Dox Agar, MEA: Malt Extract Agar, V8: V8 Juice Agar, WA: Water Agar. *Satir ve siitun iginde
yer alan ortalama koloni ¢aplarinin (mm +£S.D) yanindaki sirasiyla ayni siitunda farkl kiigiik ve ayni satirda farkl bityiik harfler
uygulamalar arasindaki farkin Duncan Coklu Karsilastirma Testine (p<0,05) gore istatistiksel olarak dnemli oldugunu gosterir.

3.3. Hastalik etmeninin molekiiler karakterizasyonu

Morfolojik caligmalar sonucunda belirlenen Neoscytalidium fungusuna ait izolatlardan, (jeldeki
bant sirasina gore; AIN48, AIN72 AIN79, AIN33, AIN62) 25-30 ng/ul miktarinda genomik DNA izole
edilmistir. ITS (ITS-4- ve ITS-5) ve EF (728F ve 986R) primerlerini kullanarak PCR caligmalari
sonucunda sirasiyla 550 bp ve 250 bp biiytlikliigiinde DNA bantlar1 elde edilmistir. Buradan secilen
temsili AIN79 izolati i¢in dizi analizi ger¢eklestirilmistir.

Sekil 3. Neoscytalidium novaehollandiae’nin farkl izolatlarinin ITS (A) ve EF (B) gen bolgelerine
gore bant biiyiikliikleri (bp).

Dizi analizi sonucu niikleotidler, NCBI veritabaninda BLAST yapilmis ve GenBank veri
tabaninda Neoscytalidium novaehollandiae izolati (ITS ve EF gen bolgeleri i¢in erisim numaralari,
sirastyla MK 530201 ve MN990035) ile %99-100 benzerlik gosterdigi saptanmistir. Daha sonra morfo-
kiiltiirel ve molekiiler caligmalart sonucunda kesin teshisi yapilan N. novaehollandiae fungusu,
AINnov79 izolat ad1 ve ITS: MZ148589 ve EF: MZ151354 erisim numaralari ile NCBI GenBank veri
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tabanina kaydedilmistir. Molekiiler analizlerde bant biiyiikliiklerine gore, diger 4 izolatin da M.
novaehollandiae fungusu oldugu saptanmistir. Sonug¢ olarak hastalik etmeninin morfo-kiiltiirel
karakteristik 6zelliklerini ve molekiiler filogenetik analizlerini esas alarak fungal etmen, Neoscytalidium
novaehollandiae Pavlic, T.1. Burgess & M.J. Wingf., olarak tanilanmistir.

3.4. Patojenisite calismalar:

Patojenisite ¢calismasi sonucunda, Ferragnes ¢esidi badem fidanlarina yapilan inokulasyonlarin
60 giin sonra degerlendirmesi yapilmistir. Inokulasyon yapilan dallarda zamk akintilar gézlenmistir.
Lezyonlu alanlarm kahverengi renk aldig1 ve enfeksiyonun ilerledigi saptanmistir (Sekil 4).

Sekil 4. N. novaehollandiae’nn farkli izolatlarinin patojenisite denemeleri sonucu uygulama yapilan
dallarda (A, B) olusan zamk akintis1 (C, D) ve lezyonlu alanlar (E, F).

Ayrica, dallarda enfekteli alanlan Slgiilerek lezyon uzunluklart (mm) belirlenmistir. Kontrol
olarak belirlenen fidan da hi¢bir enfeksiyona rastlanmamistir. N. novaehollandiae’nin 5 farkli izolati
degerlendirildiginde, lezyon uzunlugu 50.3 mm ile en fazla AINnov79 ve 40,0 mm ile en az AINnov33
izolatlarinda ortaya ¢iktig1 gozlenmistir. Elde edilen bulgulara gore en viriilent izolatlar, AINnov 79 ve
AINnov72 olarak tespit edilmistir (Sekil 5). Enfeksiyonlu alanlardan yapilan geriye izolasyonlar
sonucunda N. novaehollandiae’ nin patojen oldugu saptanmustir.
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Sekil 5. Neoscytalidium novaehollandiae’nin 5 farkli izolatinin Ferragnes ¢esidi badem fidanlarindaki
lezyon uzunluklar1 (mm).

3.5. Baz fungisitlerin Fungal patojenin miselyal gelisimini iizerine In vitro biyoetkinlikleri

In vitro kosullarda 5 farkli fungisitin AINnov79 izolatina etkinligi degerlendirildiginde, tiim
fungisitlere kars1 N. novaehollandiae’nin duyarli oldugu saptanmistir. Calismada ele alinan fungisit
etken maddelerine gore en yiiksek etkinlik, %100 etki degerini en diisiik konsantrasyonda yakalayan
0.01 pg/ml ile fluazinam ve 5 pg/ml ile tebuconazole olmustur (Cizelge 3).

Cizelge 3. Secilmis bazi fungitlerin, in vitro kosullarda N. novaehollandiae tizerinde antifungal etki
diizeyleri (%) ve ECso degerleri

Fungisitler ve uygulama dozlar1 (ng/ml)

Trifloxystrobin
Konsant. 5 10 25 50 100 *ECso
%Etki 13.4 26.3 54.6 74.3 100 19.5+0.2
Tebuconazole
Konsant. 0,5 1 3 5 ECso
%Etki 58.4 78 92.1 100 0.4+0.2
Thiophanate - methyl
Konsant. 0,1 0,5 1 3 5 ECso
%Etki 31.3 59.3 67.5 78 95 0.3+0.1
Fluazinam
Konsant. 0,001 0,003 0,005 0,007 0,01 ECso
%Etki 30 64.6 75 88.7 100 0.002+0.2
Boscalid+ pyraclostrobin
Konsant. 0.5 1 3 5 10 ECso
%Etki 8.3 38.4 73.5 87.5 100 2.2+0.1

Ayrica ECsg degerleri incelendiginde ise, en yiiksek etkinlik, 0.002 pg/ml ile fluazinam olurken
bunu 0.3 ve 0.4 pg/ml ile thiophanate - methyl ve tebuconazole fungisitleri izlemistir. Buna gore
etkinligi en disiik fungisit ise trifloxystrobin (19.5 pg/ml) olarak belirlenmistir (Cizelge 3).
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4. Tartisma ve Sonug

Bu galismada, bolgede yetistiriciligi yapilan badem agaclarinda kanser ve geriye dogru dliimlere
neden olan fungal hastalik etmeni morfolojik ve molekiiler metotlara dayanarak tanilanmis, etmenin
virtilenslik diizeyi belirlenmis ve bazi fungisitlerin patojene kars1 in vitro etkinligi ortaya konmustur.
Ornekleme yapilan bahgelerdeki agaglarin yapraklarinda kloroz, nekrozlar, solgunluk, geriye dogru
oliim ve govdelerde zamklanmalar gézlenmistir. Bu gézlem ve bulgular, Neoscytalidium cinsine baglh
tiirlerin neden oldugu California’da badem kanser ve silirglin yanikhigi (Nouri ve ark., 2018) ile
Tiirkiye’de badem agaglarinda govde kanseri ve dallarda geriye dogru 6liim belirtileri ile destekler
nitelikte bulunmustur. Bu hastalikli agaglardan alinan hastalikli doku Omeklerinden yapilan
izolasyonlarda elde edilen fungal tiir, morfo-kiiltiirel ve molekiiler analizler sonucunda Neoscytalidium
novaehollandiae olarak tanilanmistir. Bu tiiriin tanisi, koloni karakteristikleri ve diger tipik anamorfik
ozelliklerinin morfolojik ve mikroskobik verileri, Phillips ve ark. (2013)’nin 6nerdigi karakteristik
ozellikleri ile uyumlu bulunmustur. Bu tiirlin tanisi, ayrica ITS ve TEF1-a gen bolgelerine ait dizi
analizlerini kullanarak dogrulanmistir. Bununla birlikte son yillarda Botryosphaeriaceae familyasina
bagli bircok yeni tiir, morfolojik karakterizasyonla baglantili olarak molekiiler filogenetik analizlere
dayali olarak gergeklestirilmektedir (Crous ve ark., 2006; Slippers ve Wingfield, 2007; Inderbitzin ve
ark., 2010; Phillips ve ark., 2013; Slippers ve ark., 2013). N. novaehollandiae, Avustralya’da incir,
akasya gibi bitki tiirlerinde kaydedilirken (Farr ve Rossman, 2021), iilkemizde baglarda (Akgiil ve ark.,
2019) ve bademde (Oren ve ark., 2020) ilk kay1t olarak bildirilmistir.

N. novaehollandiae AINT9un in vitro kosullarda morfo-kiiltiirel ¢aligmalar1 sonucunda, 25-
35°C’ de optimum diizeyde gelisme gosterdigi belirlenmistir. Govde kanseri ve geriye dogru 6liim
belirtilerinin gézlendigi bolgedeki badem bahgelerinde yaz donemi baglangicindan itibaren sicakliklarin
tipik olarak yiikselmeye baslamasi ile birlikte 35 °C civarinda seyreden sicakliklarla birlikte bu
hastaliklarin olusum diizeyinde artis goriilme olasiliginin artmasi kaginilmaz olacaktir. Bu bulgu ve
gbzlemlerimiz, sicak yaz giinlerinin hiikiim siirdiigii California’da bademlerde benzer durumun séz
konusu oldugunu bildiren Nouri ve ark. (2018)’nin verileri ile dogrulanmaktadir.

Botryosphaeriaceae familyasina bagli tiirler, endofit, saprofit ve bitki patojenlerinden
olusmaktadir. Yapilan bir ¢calismada (Inderbitzin ve ark., 2010), badem agaglarindan elde edilen
izolatlarin biiyiik cogunlugu, Botryosphaeria dothidea, Neofusicoccum parvum, Neof. mediterraneum
ve Neof. nonquaesitum olarak belirlenirken, az bir kismi ise Diplodia seriata, Dothiorella sarmentorum
ve Macrophomina phaseolina olarak tanilanmustir. Ispanya’da yiiriitiilen benzer ¢alismalarda (Gramaje
ve ark., 2012; Olmo ve ark., 2016), badem agaclarinda Sliime neden olan tiirler, Botryosphaeria
dothidea, Diplodia olivarum, D. seriata, Neofusicoccum luteum, Neof. mediterraneum, Neof. australe
ve Neof. parvum olarak tanimlanmistir.

Ferragnes cesidi badem fidanlarinda yiiriitiilen patojenisite denemesinde, inokulasyondan 60
giin sonra N. novaehollandiae’nin 5 farkli izolatinda lezyon uzunlugu en fazla, AINnov79 izolatinda
tespit edilmistir. Ispanya’da yiiriitiilen benzer bir ¢alismada (Olmo ve ark., 2016), bademde kanser ve
geriye dogru 6liime neden olan 5 fungal tiir ile tarla kosullarinda Ferragnes’in de i¢inde oldugu 4 farkh
badem cesidinde yiiriittiikleri patojenisite denemelerinde, en viriilent izolatlarin Neofusicoccum spp.
oldugunu bildirmislerdir.

Calismamizda, N. novaehollandiae fungusu iizerinde in vitro kosullarda fungisit denemesinde
fluazinam, en etkili fungisit olarak tespit edilmistir. Bunu, thiophanate-methyl ve tebuconazole
fungisitleri izlemistir. Ozellikle yillik budama islemlerinin yapildigi badem bahgelerinde budama
yaralarim1 Botryosphaeriaceae familyasina bagh tiirlerin neden oldugu enfeksiyondan korumak igin
fungisit uygulamalar1 6nerilmektedir (Olmo ve ark., 2017).

Sonug olarak literatiir bilgilerinden de anlasilacagi {izere badem agacglarinda Botryosphaeriaceae
familyasma bagli tiirlerin sayis1 ve yogunlugu iilkelere ve cografik bolgelere gore degismektedir
(Inderbitzin ve ark., 2010; Olmo ve ark., 2016). Konukg¢uya 6zellesmesi olmayan ve genis bir konuk¢u
dizisi ve dagilima sahip bu tiirler, diger iilkelerde oldugu gibi Tiirkiye’de de sert, yumusak ¢ekirdekli ve
sert kabuklu meyve tiirleri ile zeytin agaglarinda iklim kosullarina bagli olarak potansiyel bir tehdit
unsuru olarak géz dniine alinmalidir. Bu baglamda badem agaclarinda ortaya ¢ikan fungal hastaliklarla
entegre miicadele igin ortak ¢caba ve IPM stratejileri gelistirmek zorunludur.
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Single product budget, costs in the fallow-wheat rotation system were considered in the analysis. Among
Wheat planting method

the practices, Gross Production Value (GPV) was obtained the most from the
(509.63% ha) practice. This practice was followed by Direct Seeding (486.13$
ha') and Minimum Tillage (421.92$ ha') practices, respectively. The profit
threshold was exceeded in all practices, and production activities’ variable and
total costs were fulfilled. The highest relative profit rate was obtained in Direct
Seeding (1.77) practice, and it was followed by Conventional Tillage (1.30) and
Minimum Tillage (1.08) practices, respectively. In order to obtain an income of
$1 in wheat production, the lowest production cost was obtained in the Direct
Seeding practice. With the Direct Seeding application, it can be ensured that
economic wheat production, preservation of soil structure, reduction of input
costs, and less economic damage to the farmer in changing climate conditions can
be achieved.

To Cite: Surek, D, Cevher, C, Turker, U, 2022. The Effects of Different Tillage Techniques on the Production Costs in Fallow-Wheat Rotation
System. Yuzuncu Yil University Journal of Agricultural Sciences, 32(1): 143-151. DOI: https://doi.org/10.29133/yyutbd.959650

Nadas-Bugday Ekim Nobetinde Uygulanan Farkh Isleme Tekniklerinin Uretim Maliyeti
Uzerine Etkilerinin Incelenmesi

Makale Bilgileri Oz: Tarimda gelistirilen teknolojilerin, ciftgiler tarafindan benimsenmesi ve
Gelis: 29.06.2021 uygulanabilirligi, agronomik c¢aligmalar i¢in olduk¢a onemlidir. Farkli toprak
Kabul: 07.03.2022 isleme metotlariin birbirleri ile kiyas edildigi ekonomik calismalar sinirl

Online yayinlanma: 15.03.2022 sayidadir. Bu aragtirmada, 2011-2017 yillar1 arasinda yiiriitillen nadas-bugday
DOI: 10.29133/yyutbd.959650  ekim nobeti sistemindeki iig farkli toprak isleme uygulamasinin fiziki iiretim girdi
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miktarlart ve birim {iretim maliyetlerinin tespiti amaglanmistir. Caligma Polatli
Tarmm Isletmesi arazisinde yiiriitiilmiistiir. Veriler, Geleneksel Toprak Isleme,
Nadas-bugday, Azaltilmis Toprak Isleme ve Dogrudan Ekim uygulamalarindaki iiretim
Ureti"m“maliyctti. girdileridir. Ekonomik analizde, Tek Uriin Biitce Analiz yontemi kullamlmistir.
Tek firiin analizi, Analizde, ¢ift¢inin nadas-bugday ekim nébeti sistemindeki iiretim maliyetlerinin
Bugday ekim yontemi, tamami dikkate alinmistir. Uygulamalar arasinda en fazla Gayri Safi Uretim
Degeri Geleneksel Toprak Isleme ($509.63 ha™') uygulamasindan elde edilmistir.
Sirasiyla bu uygulamay:r Dogrudan Ekim ($486.13 ha') ve Azaltilmis Toprak
Isleme ($421.92 ha™') uygulamalar1 izlemistir. Uygulamalarin tamaminda kér
esigi asilmis ve liretim faaliyetlerinin degisen ve toplam masraflart kargilanmastir.
En fazla nispi kar oran1 Dogrudan Ekim (1.77) uygulamasinda elde edilmis, bunu
sirastyla Geleneksel Toprak Isleme (1.30) ve Azaltilmis Toprak isleme (1.08)
uygulamalari takip etmistir. Bugday tiretiminde 1 $’lik net gelirin elde edilmesi
icin, en diisiik tiretim masrafi Dogrudan Ekim uygulamasinda elde edilmistir. DS
uygulamasi ile ekonomik bugday iiretiminin saglanmasi, toprak yapisinin
korunmasi, girdi maliyetlerinin azaltilmasi ve degisen iklim kosullarinda ¢ift¢inin
ekonomik bakimindan daha az zarar gérmesi saglanabilir.

Anahtar Kelimeler

1. Introduction

Wheat, which can be cultivated in almost every region of Turkey, ranks first in terms of cereal
production. According to the data of 2019, wheat cultivation areas constitute 6 846 327 ha (63.55%) of
cereal cultivation in 10 772 160 ha in Turkey. Total wheat production in Turkey is 19 000 000 tons, and
the average yield is 2 780 kg ha™'. Central Anatolia Region (CAR) is Turkey’s most important cereal
cultivation area in terms of wheat cultivation area and production. In CAR, the wheat cultivation area is
2 708 600 ha, and it constitutes 39.5% of the total cultivation area, while wheat production, which is 6
971 613 tons, constitutes 36.7% of Turkey's wheat production. The fact that annual precipitation in CAR
is insufficient and its distribution by seasons is irregular emerges as the most important ecological
characteristic of the region. This situation causes the average wheat yield to be below the average of
Turkey (2 670 kg ha™) (TurkStat, 2019). Therefore, the ecological characteristics of the region
necessitate fallow-wheat rotation in many regions (Gence, 1976).

In CAR, where the fallow-wheat rotation system is applied, the income levels of small- and
medium-sized farmers are low. Large-scale farmers experience losses in their agricultural incomes due
to the high production costs (Cevher and Altunkaynak, 2020). This situation causes the farmers in CAR
to fall behind compared to the farmers in other regions economically. For this reason, various studies
should be conducted to increase the incomes of the farmers who practice the fallow-wheat rotation
system. In this context, it is important to reduce studies the production costs. For example, draft force
requirements for tillage have a significant share in total production costs. The previous studies conducted
in the region determined that farmers could not use the agricultural production factors at the optimum
level due to a lack of technical knowledge. It was determined that the most important cost component
in wheat production is the diesel fuel expenditures (between 43.0% and 45.15 (Cetin and Vardar, 2009;
Bayramoglu et al., 2010). Accordingly, the results obtained in agronomy research should be put forward
with economic analysis methods in order to reduce the production cost in the fallow-wheat rotation
system in CAR and Turkey and achieve successful results. Particularly in developing countries, the
primary objectives of mechanizing crop production are to reduce human drudgery and raise the farm’s
output by either increasing the crop yield or increasing the area under cultivation (Ajmer, 2006;
Jekayinfa, 2006).

In Turkey, many studies have been conducted to reduce the production costs and to increase
incomes (Ozkan, 2001; Aydin and Unakitan, 2016; Ulu et al., 2016; Guler and Korkmaz, 2018;
Bayramoglu et al., 2010; Basaran and Engindeniz, 2015; Cebi et al., 2017; Aytop and Akbay, 2018);
however, there are few and limited numbers of studies analyze the input use efficiency in the fallow-
wheat rotation system. For that reason, the present study aimed to contribute to the elimination of this
deficiency with our study results. However, this is just the case in Turkey since there are worldwide
conducted studies on the input use efficiency in different countries (Rosli et al., 2013; Adeoye et al.,
2104; Malinga et al., 2015; Shahgholi and Moinfar, 2019). One of these studies, for example, revealed
that fuel expenditures were 19 to EUR 54 less in the Direct Seeding (DS) tillage system compared to
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the Conventional Tillage (CT) system in wheat production (Sarauskis et al., 2009). Similarly, Sqrensen
and Nielsen (2005) reported that energy input decreased by 18-53% compared to CT, depending on the
applied methods and techniques. According to Perrin et al. (1976) economic analysis of the agronomic
studies would significantly contribute to the adoption of the results by farmers, and partial budgeting
can successfully be used in this regard.

A considerable number of agronomic studies have been conducted on conventional wheat
production in the fallow-wheat rotation system. However, the literature review showed that the number
of studies making economic comparisons of CT, Minimum Tillage (MT), and DS tillage methods are
limited in Turkey. For the environment friendly and sustainable agricultural production, traction power
requirements should be minimized. Therefore, it is necessary to determine the most cost-effective tillage
method in wheat production.

It is aimed to make an economic analysis of three different tillage applications (CT, MT and
DS) in the fallow-wheat rotation system applied in CAR. In addition, it is within the scope of the study
to determine which of the tillage practices the farmer will prefer according to the results of wheat
production cost, gross profit, net profit, and relative profit ratio. This study is quite remarkable in terms
of the lack of studies on this issue in Turkey, and thus the literature is expected to fill.

2. Material and Methods

2.1. Materials

Study data comprise the experimental data for the different tillage methods (CT, MT and DS)
on wheat yield was investigated in the project titled “The Effect of Different Soil Tillage Technics on
Carbon Sequestration and Soil Sustainability” carried out on the land of Polatli Agricultural Enterprise
between 2011-2017 under the guidance of Soil, Fertilizer and Water Resources Central Research
Institute (Surek et al., 2018). Product and input prices were the purchase and sale prices obtained in the
free market, Turkish Grain Board (TGB) wheat purchase prices, and fallow wheat production cost
records for Ankara, 2018. In the analysis, costs and incomes were calculated at current prices for the
year 2018, and then, were converted to US Dollar ($), considering the exchange rates issued at the
midyear point by the Central Bank of Turkey. The studied tillage methods are given below.
Conventional Tillage (CT): It is the widely employed tillage method in the fallow-wheat rotation
system. In this method, fallow land is tilled with moldboard plough at the first time, as secondary tilling
is executed with wing type harrow. The tertiary and more tilling can also be considered if weeds develop
in the spring.

Minimum Tillage (MT): Unlike the conventional system, the soil is tilled by ripping the soil instead of
overturning the upper soil layer. That is, mouldboard plough is replaced with Gobble disc or wing type
harrow in this tillage method.

Direct Seeding (Zero Tillage): No tillage is performed in this method. Instead, total herbicides are used
to control the weeds.

2.2. Study Area

The experiment was conducted in the farmland of the Polath Agricultural Enterprise. The
experimental area is shown in Figure 1. The study area is located in the CAR where the fallow-wheat
rotation system is most commonly applied due to the insufficient and uneven rainfall regime. The study
area has the characteristics of CAR. In this region, the total fallow land is 3 387 382 ha™', and about half
of the farmers employ the fallow-wheat system. The area where tillage methods are applied and the
areas where the methods can be applied are shown in figure 2.
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Figure 1. Area of study and areas to which study results can be applied.

2.3. Data Collection

The primary data of the study were obtained from the experiment results established on the land
of PAE as the previous relevant research findings, and the records of various organizations were used
as the secondary data. The experiment results for the period of 2011-2017 were evaluated using the input
and output prices for the year 2018. The calculations were made by considering the average data of the
trial results. The current prices of the expenses incurred for each method (CT, MT, DS) were taken as a
basis in calculating the wheat production cost. Input and product sales prices were obtained from the
averages of prices traded in Konya, Polath and Eskisehir Commodity Exchange, Agricultural Credit
Cooperatives of Turkey, Chambers of Agriculture, Ministry of Agriculture, and Forestry, Turkish Grain
Board, and free market.

2.4. Data Analysis Methods and Techniques

Wheat production costs and revenues were calculated with the single product budget analysis
method used by Kiral et al (1999). Accordingly, the costs and revenues were calculated for wheat
production, considering each tillage method. In the Single Crop/product Budget method, cost and
revenue components are taken into consideration only for the crops or product of interest, not all crops
cultivated in an agricultural enterprise (Demircan et al., 2005; Aytop and Akbay, 2018). Descriptive
statistics, gross income, net profit, and relative profit rates were calculated for the economic comparisons
of the tillage methods. IBM SPSS 23 package program was used in the analysis of the data. The gross
production value was calculated by multiplying the yields with the product prices. Afterward, gross
profit and net profit were calculated according to the following formulas (Kiral et al., 1999).

Gross Profit = Gross production value — Variable costs (1)
Net (Absolute) Profit = Gross production value — Production costs (2)
Relative (Proportional) Profit = Gross production value@Production costs 3)
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3. Results and Discussion

Production techniques in the fallow-wheat rotation system were compared and evaluated, taking
into account the production costs and incomes in the CT, MT, and DS methods.

In the fallow-wheat rotation methods, the highest amount of fuel consumption was realized in
the CT method. This method was followed by the MT and DS methods, respectively. It was determined
that in the fuel consumption of the DS method, 51.61% savings were achieved compared to other
methods. They reported that the DS method saves fuel consumption six times compared to other
applications (Aase and Schaefer, 1996; Yalcin et al., 2005). It has been reported that MT and DS
methods reduce the energy need between 15-50% compared to other methods (Anonymous, 2018). In
our study, the highest average wheat yield was obtained in the CT method, followed by DS and MT
methods, respectively. In a similar study on this subject, they reported that the highest wheat yield was
in the MT method, followed by the CT and DS methods, respectively (Yalcin et al., 2005). The reason
for this difference may be due to the fact that Yalcin et al. carried out in the Aegean Region, where the
amount of precipitation is high, and our study was carried out in the Central Anatolian Region, where
the rainfall amount is insufficient. Although the applied methods are similar, it is natural to have
different results due to the differences in precipitation amount, soil structure, production costs, and other
factors in the regions (Stimbiil and Sonmez, 2021; Satir and Berberoglu, 2021).

In our study, the proportional distribution of draft power costs within the total production costs
was determined. It was determined that the tensile strength ratio in the CT method was 45.89%, 44.21%
in the MT method, and 17.81% in the DS method, respectively. In previous similar studies, it was
determined that the ratio of the drawbar power costs used in the CT method to the total production cost
in the Marmara Region ranged from 43.0% (Bayramoglu et al., 2010) to 45.15% (Cetin and Vardar,
2009). It can be said that the results of this research are in parallel with our research results. In another
study, it was determined that the rate of draft force used in wheat production in Erzurum province was
28.16% (Birinci and Kucuk, 2004). These results show that the draft power ratios in wheat production
differ according to the regions and have an important place in the production cost.

Production costs and production incomes of three different methods applied in the fallow-wheat
rotation system are given in Table 1. When Table 1 is examined, the highest variable cost is in the CT
method, followed by MT and DS, respectively. It is seen that this ranking continues in the same way in
terms of total production costs. According to the production costs data, although the farmer is expected
to choose the least production cost, it is an important indicator of how much profit the farmer will earn
for one unit of cost. The main purpose of economic principles is to obtain the maximum profit for a
certain cost (Erkus et al., 2005). In accordance with these principles, gross profit, net profit, and relative
profit rates obtained from three different methods were determined. In the CT method, the cost of
growing one kg of wheat was found to be $0.256, $0.306 in MT, and $0.189 in DS, respectively.
According to these results, it was determined that the wheat farmer lost $0.030 per kilogram in the CT
method and $0.080 in the MT method but made a profit of $0.037 in the DS method. It can be said that
the DS method is superior to the other two methods to obtain 1 kg of wheat. Therefore, it is important
for sustainable wheat production that CT and MT methods are not preferred by the farmers in the fallow-
wheat rotation system. However, due to the low precipitation regime in the years of the study, wheat
yield per hectare was low in all three methods. It has been determined that the wheat yield is 2780 kg
ha™' per hectare in Turkey, and this yield in the research region is lower than the country average, namely
2670 kg ha' (TurkStat, 2019). In the fallow-wheat rotation system, although there are differences
between the tillage methods over the years, the amount of precipitation falling during the development
period of the wheat has been a determining factor on the yield (Anonymous, 2018). Therefore, wheat
product costs vary significantly at the level of province, region, and even enterprises (Birinci and Kucuk,
2004; Basaran and Engindeniz, 2015). Therefore, it is important to support different policies in different
provinces for sustainable production and food security (Moradabadi et al., 2020).

In the fallow-wheat rotation, the Gross Production Value (GPV) consists of the wheat yield and
the straw value as a by-product. When Table 1 is examined in terms of GPV, it is seen that the highest
GPV was obtained in the CT method, followed by DS and MT, respectively. In a similar study conducted
in CAR, it was determined that the GPV obtained in the CT method was higher than that obtained from
the DS method (Kaya et al., 2010). In another study, it was reported that the DS method contributed to
reducing the production cost and improving soil properties (Aryal et al., 2015). Our results are similar
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to the results of the above-mentioned study. The farmer's preference for the CT method according to
GPV may not be sufficient for sustainable wheat production. Therefore, the farmer should make a choice
to decide on production by evaluating the net profit and relative profit rates (Erkus et al., 2005). In order
to generate net income in a business, the total gross profit must be greater than any other expense
element, excluding variable expenses. Therefore, in order to generate income in businesses, increasing
the gross profit should be the ultimate goal. In our study, it was determined that the gross profit obtained
in the CT method was $214.00 ha™', 218.78 $/ha in the MT method, and $344.98 ha! in the DS method,
respectively. According to these results, it was concluded that the highest gross profit per hectare was
obtained from the DS method. Therefore, in terms of gross profit, it would be the right decision for
farmers in the CAR to choose the DS method.

Considering the production inputs and unit costs of three different tillage methods in the fallow-
wheat rotation system, the highest net profit was $314.58 ha™' in the DS method, followed by the CT
method with 170.94 and the MT method with $43.13 ha™', respectively (Table 1). These results were
directly proportional to the production costs, but there were differences in terms of the yield obtained.
Because it was concluded that the values obtained in terms of yield were high in the CT method;
however, it was in second place in terms of net profit. The highest net profit in fallow-wheat production
in CAR is achieved by choosing the DS method. Choosing this method in fallow-wheat rotation in CAR
will be an important choice for farmers in terms of sustainable wheat production. In terms of sustainable
production in agricultural enterprises, it is not sufficient to decide on the basis of GPV, gross profit, and
net profit obtained as a result of production activities. The farmer should also consider the relative profit
rate (Erkus et al., 2005). In our study, the relative profit ratio between applications was determined in
the fallow-wheat rotation system and is shown in Table 1. It is seen that positive net profit is obtained
in wheat production in CT, MT, and DS methods in fallow-wheat rotation. Accordingly, the production
and profit threshold in the enterprises has been exceeded, and the variable and total costs of the
production activity have been met. Under these conditions, the continuation of wheat production in
agricultural enterprises from all three applications is economically acceptable. This result shows that the
profit threshold is exceeded in wheat production in all three methods. However, it is seen that the highest
relative profit ratio (1.77) was obtained in the DS method in fallow-wheat rotation. If this method is
preferred by the farmer, it shows that $1.77 income will be obtained for production costs of $1. This
ratio also shows that in wheat production in the DS method, an income of $0.77 is obtained for $1
expense. The relative profit rate was found to be $1.30 ha™ in the CT method and $1.08 ha™ in the MT
method. In a similar study conducted on this subject, it was concluded that it would be more economical
for farmers to switch from the CT method to the DS method in OAB conditions (Giiltekin et al., 2011).
According to Kan et al. (2018) It has been reported that the profit of nine plants in the CT method is
more than 1.55 times the profit obtained from the same plants in the DS method. This difference may
be due to the fact that we studied with a single product in our study. Although the wheat yield and gross
production value obtained from the CT tillage method were the highest, the low production costs in the
DS method and, therefore the increase in the relative profit brought the DS method to the fore. In the
light of these results, we can say that it would be advantageous for the OAB farmer to choose the DS
method in terms of sustainable wheat production. As a result of the evaluations, it was concluded that
the DS method in the fallow-wheat rotation is more economical than the CT and MT methods. This
result is consistent with Hernanz et al. (1986), Aase and Schaefer (1996), Cabrera et al. (1995), Arshad
et al. (1991), Piggin et al., (2015), Khan et al. (2017) is similar to the results of the study. It has been
determined that the DS method can be successfully applied in dry and hot climate conditions with
insufficient moisture regime and wheat production is economically profitable (Turebayeva et al., 2022).
However, it should not be forgotten that due to the technical, economic, and meteorological limits in
plant breeding, these limits will affect the relative profit rate differently in different years. Global
warming, the impact of which we have felt in recent years, and therefore the impact of climate change
on practices should be taken into account.
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Table 1. Partial budget analysis of conventional agronomic practices*

Conventional Minimum Direct
Cost and Income Elements Tillage Tillage Seeding
Yield (kg ha™) 2255.0 1866.9 2151.0
Sale price** (§) 0.226 0.226 0.226
Gross production value (GPV) ($ ha) 509.63 421.92 486.13
By-product income (Straw) 237.73 192.45 235.47
Total Gross Income ($ ha) 747.36 614.37 721.60
Variable costs ($ ha™) 533.36 528.58 376.62
Fixed costs ($ ha') 43.06 42.66 30.40
Total production costs ($ ha™) 576.42 571.24 407.02
Unit cost ($ kg) 0.256 0.306 0.189
Gross profit ($ ha!) 214.00 218.78 344.98
Net profit ($ ha™') 170.94 43.13 314.58
Relative profit 1.30 1.08 1.77

* Own calculations.
** Turkish Grain Board, Konya, Polath and Eskisehir Commodity Exchange.

4. Conclusion

Performing economic analyses of the experiment results for agronomic practices before
recommending to producers will increase the acceptance rate of the developed technologies by
producers and contribute to the increase of the value of researchers in the eyes of producers. The highest
wheat yield was obtained from CT in three different methods applied. This was followed by DS and MT
applications, respectively. However, the cost of growing one kg of wheat in the DS application was
found to be lower than in other applications. Due to the low rainfall, the wheat yield per hectare was
below the average of Central Anatolia and Turkey in all three applications. In the applied methods, the
production threshold has been exceeded (production threshold=total variable costs/product yield) and
variable costs in production activities have been covered. Therefore, the fact that CT and MT methods
are not preferred by the farmers in the fallow-wheat rotation system is considered important for
sustainable wheat production.

By adopting the DS method, that is, in the chemical fallow application, when weed control is
done on time and with appropriate pesticides, it can be an alternative to traditional fallow. In the light
of the above information, research studies on DS implementation should be given priority in the region.
In addition, providing the tools and equipment used in the DS application at a sufficient level will
increase the success of this application. In this regard, district agriculture directorates and agricultural
non-governmental organizations should act together and provide adequate support to farmers.
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Abstract: The study was conducted to assess a possible interaction between
fungal pathogen of Fusarium culmorum Sacc. and Root lesion nematodes at
sequentially and simultaneously inoculation. Fusarium culmorum spore
suspension effect evaluated on plant disease severity and nematode density on
moderate resistant wheat line to F. culmorum (2-49) and susceptible wheat variety
(Ikizce) under controlled condition. The disease severity was higher on Ikizce cv.
than 2-49. This indicates that there is a considerable important pathogen
resistance. Simultaneous and sequential inoculation of Pratylenchus thornei and
F. culmorum reduced the final nematode density and reproduction rate more than
inoculation with only nematode on Ikizce cv. The simultaneously P. penetrans
and F.culmorum inoculation (N+F) affected the positively of final density on
Ikizce cv. The N+ F treatment affected the positively of P. neglectus density on
Ikizce cv., whereas negative effect was found in pre or post inoculation of F.
culmorum treatments. No synergistic interactions were detected on 2-49 when
plants were co-infected by the root lesion nematode and fungus. It was determined
that P. thornei had a positive effect on disease severity when it entered the plant
simultaneously and before the F. culmorum on ikizce cv.. The disease severity
decreased in F. culmorum was applied four weeks after the P. neglectus treatment
on 2-49 wheat line and Ikizce cv. In the interaction with F. culmorum on Ikizce
cv., differences were determined between the species of root lesion nematodes.

To Cite: Goze Ozdemir, F G, Yasar, B, Aric, $ E, Elek¢ioglu, I H, 2022. Interaction effect of Root Lesion Nematodes and Fusarium culmorum
Sacc. on the disease complex on some wheat cultivars. Yuzuncu Yil University Journal of Agricultural Sciences, 32(1): 152-163.
DOI: https://doi.org/10.29133/yyutbd.992291

Bazi bugday cesitlerinde Kok Lezyon Nematodlar1 ve Fusarium culmorum Sacc.'in

hastalik kompleksi iizerindeki etkilesim etkisi
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Oz: Calisma, Fusarium culmorum Sacc. ve Kok lezyon nematodlari arasindaki
olas1 bir etkilesimi siral1 ve es zamanli inokulasyon yapilarak degerlendirmek igin
yapilmistir. Fusarium culmorum spor silispansiyonunun F. culmorum’a orta
dayanikli bugday hatt1 (2-49) ve duyarli bugday gesidinde (Ikizce) kontrollii
kosullarda bitki hastalik gsiddeti ve nematod yogunlugu Tizerine etkisi
degerlendirilmistir. ikizce bugday c¢esidinde hastalik siddeti 2-49 bugday
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hattindan daha yiiksek bulunmustur. Bu patojene dayanikliligin olduk¢a 6nemli

Anahtar Kelimeler o . . . S .
oldugunu gostermektedir. lkizce ¢esidinde Pratylenchus thornei ve F.

Hastahk siddeti, culmorum'un es zamanli ve ardigik inokulasyonu sadece nematod inokulasyonu
Fusarium culmorum, ile karsilastirildiginda son nematod yogunlugunu ve lireme oranini 6nemli 6lgiide
Interaksiyon, azaltmigtir. Eg zamanli P. penetrans ve F. culmorum (N+F) inokulasyonu Ikizce

K&k lezyon nematodu,

Bugday cv. cesidinde son nematod yogunlugunu pozitif etkilemistir. Ikizce cesidinde N+

F uygulamast P. neglectus yogunlugunu olumlu yonde etkilerken, F.
culmorum’un dnce ya da sonra uygulamalarinda olumsuz etki tespit edilmistir.
Bitkiler, kok lezyonu nematodu ve fungus tarafindan birlikte enfekte edildiginde,
2-49 bugday hattinda higbir sinerjistik etkilesim tespit edilmemistir. Pratylenchus
thorneimin F. culmorum'dan 6nce ve es zamanli olarak bitkiye inokulasyonunda
hastalik siddetine olumlu etki yaptig1 belirlenmistir. Fusarium culmorum hastalik
siddeti 2-49 bugday hatt: ve Ikizce bugday cesidinde P. neglectus uygulamasindan
4 hafta sonra F. culmorum uygulamasinda azalmistir. ikizce bugday cesidinde F.
culmorum ile etkilesimde, kok lezyonu nematodlarinin tiirleri arasinda farkliliklar
tespit edilmistir.

1. Introduction

Wheat is one of the most important food sources with cultivated approximately 20% land area
of the world (Braun et al., 2010). Among the world's wheat producers, Turkey has been important level
with 16-21 million tonnes of wheat production. However, there are several biotic and abiotic stress
factors that seriously affect wheat production. Pratylenchus neglectus (Rench, 1924) Filipjev
Schuurmanns & Stekhoven and P. thornei Sher & Allen, 1953 (Tylenchida: Pratylenchidae) cause
significant economic yield losses in wheat by reducing quality and quantity in the world (Smiley and
Nicol, 2009). It has been determined that P. thornei causes yield loss of 38-85% in Australia, 12-37%
in Mexico, 70% in Israel, 20-32% in Turkey, and 50% in the USA (Armstrong et al., 1993; Gozel, 2001;
Nicol and Ortiz-Monasterio, 2004; Smiley et al., 2005; Toktay, 2008). In addition, 36-85% yield losses
in the spring wheat associated with P. neglectus populations were reported in Oregon, USA (Smiley et
al., 2005; Yan et al., 2010). Pratylenchus penetrans have been recorded in wheat-growing fields of Iran
(Ghaderi et al., 2010), Morocco (Mokrini et al., 2016), and Turkey (Yiiksel, 1974; Géze Ozdemir et al.,
2021). Pratylenchus penetrans affects wheat crops yield by 10-19% in Canada (Nicol and Rivoal,
2008). It has been reported that P. thornei and P. neglectus were found in different densities and mixed
populations in wheat fields in different regions of Turkey (Yavuzaslanoglu et al., 2012; Yavuzaslanoglu
et al., 2020; Goze Ozdemir et al., 2021). Fusarium graminearum (Gibberella zeae) and F. culmorum
Sacc. are widespread soil-borne fungi in wheat as root and crown rot diseases and decrease the yield in
the world and in Turkey (Miedaner et al., 2008; Poole et al., 2012; Kdycii and Sukut, 2018; Erginbag
Orakgi et al., 2018). It was determined that yield losses from F. culmorum in Turkey reached 43% in
winter wheat and 54% in durum wheat in the Central Anatolian plateau (Bagc1 et al., 2001; Hekimhan
et al., 2004). Fusarium culmorum is known to produce toxins and enzymes to cause infection, and these
toxins play an important role in the pathogenicity (Hestbjerg et al., 2002; Llorens et al., 2006) and
important in the nematode-fungus interaction with synergism or antagonism (Back et al., 2002).
Fusarium culmorum spore suspension and culture filtrate had negative effects on root-lesion nematodes
in different levels of in-vitro studies (Géze Ozdemir et al., 2018 and 2021). Similarly, several studies
were reported antagonistic relationships between nematodes and fungi (Sankaralingam and McGawley,
1994; El-Borai et al., 2002a and 2002b; Poornima et al., 2007).

Organisms occupying the same niche can interact with each other and are not exceptional for
plant pathogenic fungi and nematodes. When plant pathogenic fungi and nematodes occur together on
the same plant, they can act independently and have an additive effect on damage and yield, or interact
with each other in a synergistic or antagonistic causing more and less damage, respectively (Edin et al.,
2019; Viketoft et al., 2020). Root lesion nematodes act intracellularly in the root cortex and create a
pathway by breaking the cell wall with their stylet (Castillo and Vovlas, 2007). These breaking cells and
wounds help many soilborne diseases and pests to enter the plant (Hoseini et al., 2010; Mallaiah et al.,
2014). In several earlier studies, it has been reported that nematode penetration increased enzymes
secreted by a soil-borne fungal pathogen in roots (Edmund and Mai, 1967; Nord-Meyer and Sikora,
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1983). Soil-borne pathogen infection of roots can result in reduced host resistance, which can lead to
larger nematode populations (Taheri et al., 1994; Back et al., 2002; Viketoft et al., 2020).

The aim of this study was to investigate the interaction in disease complex between P. penetrans,
P. thornei, P. neglectus species, and F. culmorum on moderate resistance to F. culmorum wheat line
and susceptible wheat cultivar in controlled conditions.

2. Material and Methods

2.1. Materials

Three root-lesion nematode species, Pratylenchus penetrans, P. thornei, P. neglectus, collected
from Isparta province, were purified. Morphological-molecular identifications of these root-lesion
nematode species were made by Sogiit and Devran (2011). The cultures of these species are preserved
under laboratory conditions, and the mass production of carrot cultures was continued at regular
intervals. Fusarium culmorum B4 isolate originated from Adana province (Arici, 2006) was used in the
study. Fusarium culmorum isolate was reisolated periodically to prevent loss of pathogenicity. Wheat
variety 2-49 Moderate resistant to F. culmorum wheat line used breeding material of F. culmorum,
spring and bread wheat line (Erginbas-Orakci et al., 2016 and 2018) were provided from CIMMYT
(International Maize and Wheat Improvement Center). Susceptible Ikizce wheat cultivar was obtained
from the Department of Crop Sciences in ISUBU (Isparta University of Applied Sciences).

2.2. Nematode inoculum

Mass cultures of Pratylenchus penetrans, P. thornei, and P. neglectus were reproduced and
maintained on carrot disks (Zuckerman et al., 1985). Root lesion nematode with carrots transferred to
12 cm diam petri dishes by cutting into small pieces and added sterilized water, then waited for
approximately 6 hours for nematode extraction. Nematodes were extracted by using 38 and 20 um sieve
into a centrifuge tube. Nematode inoculum composed of larvae+adults was counted under the light
microscope, and a thousand larvae + adult nematodes were prepared to use in the experiments.

2.3. Fusarium culmorum spore suspension

In the first step, 120 g rye grains were weighed in the jar and added pure water, and then waited
for 24 hours. In the second stage, these jars were autoclaved at 1.2 atm for sterilization for 20 minutes
and taken to room temperature to cool. In the third step, jars were kept for two days by a stretched-film
cover. Then F. culmorum was detected previously pure cultured into potato dextrose agar and was
inoculated with 10 discs on rye grains per jar. The inoculated jars were incubated for 10 days. Then,
these grains cultured with F. culmorum were taken out of the jar by mixing; 1 g sample was placed into
5 ml sterile water and filtered with a micro cloth into sterile tubes. Spore concentration was counted
under the light microscope by using a hemocytometer adjusted to 2500 spores g soil density (Hassan
et al., 2012).

2.4. Interaction between Root lesion nematodes and Fusarium culmorum on 2-49 moderate
resistant and susceptible Ikizce wheat cultivars

The study was conducted between 2018-2019. Root lesion nematodes Pratylenchus thornei, P.
neglectus, and P. penetrans and wheat lines susceptible Ikizce and moderate resistant 2-49 were used in
all interaction experiments. All experiments were carried out under controlled conditions with 25+2 °C
temperature and 60+5% relative humidity and were conducted randomized block design with 5
replicates. Wheat seeds were sown into each pot, including autoclaved ca. 200 g sandy soil. Ten days
after wheat germination, wheat germination, root-lesion nematodes, or F. culmorum were applied to ca.
3 cm soil surface depth around the root zone with plastic pipettes. Six treatments were made up
simultaneously and sequentially to determine interactions. Treatments were; untreated control (C), only
F. culmorum inoculation (F), only root-lesion nematode inoculation (N), simultaneously inoculation of
root-lesion nematode and F. culmorum (N+F), First F. culmorum inoculation- sequentially four weeks
after root-lesion nematode inoculation (F+4N) and first root-lesion nematode inoculation — sequentially
four weeks later F. culmorum inoculation (N+4F). Initial root-lesion nematode density (Pi) was 1000
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eggs+larvae+adult each pot™ in all experiments. Fusarium culmorum, 2500 spores g™ soil were used in
the experiment, then watered with tab-water according to Hasan et al. (2012). Plants were removed from
soil approximately 10 weeks later and washed with tab-water. Disease severity of F. cu/morum on the
root and root coller was evaluated 0-4 disease index reported by Wildermuth and McNamara, (1994)
where 0 = completely healthy, 1 = less than 25% necrosis, 2 = 25-50% necrosis, 3 = 50-75% necrosis
and 4 = greater than 75% necrosis. Final root-lesion nematode density (Pf) in soil and root was
determined by extraction technique of Baermann funnel and counted under the light microscope.
Additionally, at the end of the study, nematode reproduction rates [PF (final) / PI (first)] were recorded.

2.5. Statistical analysis

Disease severity of F. culmorum, final root-lesion nematode density, the reproduction rate of
each root-lesion nematode species, and plant growth parameters were determined by using SPSS 20.0
(Illionis, US.) analysis of variance (ANOVA). Treatments were compared with TUKEY to determine
the differences between means at 0.05 significance levels. Also, a t-test was conducted to determine
whether the susceptibility of the wheat was important in the evaluation parameters of each application
(p<0.05).

3. Results

3.1. Interaction effect of Pratylenchus neglectus and Fusarium culmorum B4 isolate

In this study, it was found that N+4F treatment had the lowest disease severity with 1.8, and
statistically, the difference was determined between F, N+F, and F+4N treatments on 2-49 wheat line
(p<0.05). Final nematode density and reproduction rate were close to each other in N, N+F, N+4F, and
F+4N treatments on 2-49 wheat lines (p<0.05). The lowest disease severity with 2.6 indexes was
observed on N+4F (P<0.05) treatment on susceptible Ikizce cv., while F, N+F, and F+4N had the highest
disease severity with 4.0 index. The final population density and reproduction rate of P. neglectus in N
and N+F treatment had higher than F+4N and N+4F treatments on susceptible Ikizce cv. Interestingly,
the final nematode density and reproduction rate of N+4F treatment was found extremely low level
compared to N+F treatment. In the pre-contamination application of F. culmorum, the population
density of P. neglectus decreased compared to the post-contamination application statistically in the
Table 1.

Table 1. Interaction effect of Pratylenchus neglectus and Fusarium culmorum B4 isolate disease
complex on moderate resistant 2-49 line and susceptible Ikizce

2-49, Moderate resistant wheat line

to F. culmorum Ikizce, Susceptible wheat variety

lTreatments . Final nematode Reproduction . Final nematode Reproduction
Disease 43 Disease .3
severity*2 density ) rate .y severity*? density ) rate "
(root+200 g soil) (PF/PI) (root+200 g soil) (PF/PI)

N -- 3344.8+£313.6° 3.3+0.3 - 3755.24303.3 ® 3.740.3%
F 2.6+£0.2° - - 4.0+0.02 - -

N+F 2.6+£0.2° 3200.0+£301.2* 3.1+0.2° 4.0+0.0* 4037.6+310.7 2 4.0+0.3*

F+4N 2.6+£0.2° 3141.6+247.6° 3.1+0.2° 4.0+0.02 2858.4486.1 b 2.8+0.0%

N-+4F 1.8+0.3% 3286.4+281.3 2 3.2+0.2% 2.6+0.2° 2246.44+82.8 © 2.240.0°
Control - - - - -

'N: Only nematode inoculation, F: Only fungi inoculation, N+F: Simultaneously nematode and fungi inoculation, N+4F: Fungus inoculation
plant 4 weeks after nematode application, F+4N: Nematode inoculation plant 4 weeks after fungi application.

20 = completely healthy, 1 = less than 25% necrosis, 2 = 25-50% necrosis, 3 = 50-75% necrosis and 4 = greater than 75% necrosis.

3Final nematode density composed of larvae + adult in the 200 g soil and all root systems.

“Reproduction rate = final nematode density / initial nematode density.

SLetters showed statistical difference among means at 0.05 significance level.

It was determined that whether the wheat is resistant or susceptible to F. culmorum is important
in the disease severity parameter in F, N+F, N+4F, and F+4N treatments. However, it was found that
wheat's resistance and susceptibility to F. culmorum were important only in N+4F treatment in final
nematode density and reproduction rate parameters (Table 2).
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Table 2. Effect of Fusarium culmorum resistance on disease complex of Pratylenchus neglectus and
Fusarium culmorum B4 isolate suspension

Treatment! Parameter t df p=<0.05

Disease severity

Only nematode Final nematode density -0.9

0.32

. . 8
inoculation (N) Reproduction rate -0.9 8 0.37
. Disease severity -9.7 4 0.001*

Only fungi . .

inoculation (F) Final nema}tode density - - -
Reproduction rate - - -

Simultaneously Disease severity -9.7 4 0.001*

nematode and fungi Final nematode density -1.9 8 0.08

inoculation (N+F) Reproduction rate -1.9 8 0.08

Nematode inoculation Disease severity -9.7 4 0.001*

plant 4 weeks after fungi  Final nematode density 1.0 8 0.31

application (F+4N) Reproduction rate 1.0 8 0.30

Fungus inoculation plant D.isease severity . -4.0 8 0.004*
Final nematode density 35 8 0.008*

4 weeks after nematode

application (N+4F) Reproduction rate 3.4 4.4 0.02*

3.2. Interaction effect of Pratylenchus penetrans and Fusarium culmorum B4 isolate

No statistically significant difference was found among treatments on 2-49 lines in disease
severity, final nematode density, and nematode reproduction rate. The disease severity was found 4.0
index in F, N+F, N+4F, and F+4N applications on Ikizce cv. No statistically significant difference was
found between N, F+4N, and N+4F applications in total nematode density and reproduction rate on
Ikizce cv (p>0.05). Total nematode density and reproduction rate were found 3402.4 nematodes root’
4200 g soil and 3.3, respectively in N+F applications that the highest value among the applications on
Ikizce cv. It appears that simultaneous nematode and fungus inoculation on Ikizce cv affects the P.
penetrans density positively (Table 3).

Table 3. Interaction effect of Pratylenchus penetrans and spore suspension of Fusarium culmorum B4
disease complex on moderate resistant 2-49 line and susceptible Ikizce

2-49, Moderate resistant wheat line to

F. culmorum Ikizce, Susceptible wheat variety

lTreatments Disease  Final nematode Reproduction . Final nematode Reproduction
. .3 Disease 43
severity density* rate rity*2 density* rate
#2 (root+200 g soil) (PF/PI)* Severity™  (100t+200 g soil) (PF/PI)*

N - 2200.04+203.0° 2.1£0.12 - 2422.4+63.8° 2.3+0.0°

F 1.8+0.3* - - 4.0+0.0* - -

N+F 2.2+40.3*  2067.6+98.5? 2.0+0.12 4.0+0.0*  3402.4+212.6° 3.3+0.2°

F+4N 1.8+0.3*  2114.4+105.4° 2.0+0.12 4.0£0.0%  2296.0+98.4° 2.2+0.0°

N+4F 1.6+£0.2*  2109.6+104.9 * 2.0+0.12 4.0£0.08  2543.2+£54.2° 2.4+0.0°
Control - - - - - -

'N: Only nematode inoculation, F: Only fungi inoculation, N+F: Simultaneously nematode and fungi inoculation, N+4F: Fungus inoculation
plant 4 weeks after nematode application, F+4N: Nematode inoculation plant 4 weeks after fungi application.

20 = completely healthy, 1 = less than 25% necrosis, 2 = 25-50% necrosis, 3 = 50-75% necrosis and 4 = greater than 75% necrosis.

3Final nematode density composed of larvae + adult in the 200 g soil and all root systems.

“Reproduction rate = final nematode density / initial nematode density.

SLetters showed statistical difference among means at 0.05 significance level.

It was determined that whether the wheat is resistant or susceptible to F. culmorum was
important in the disease severity parameter in F, N+F, N+4F and F+4N treatments. However, it was
found that wheat's resistance and susceptibility to F. culmorum was important in N+F and N+4F
treatments in final nematode density and reproduction rate parameters (Table 4).
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Table 4. Effect of Fusarium culmorum resistance on disease complex of Pratylenchus penetrans and
Fusarium culmorum B4 isolate suspension

Treatment! Parameter t df p<0.05
. . Disease severity - - -
(%I)lly nematode inoculation Final nematode density -1.0 8 0.32
Reproduction rate -1.0 8 0.32
. Disease severity -3.8 8 0.005*
Only fungi . .
inoculation (F) Final nematode density - - -
" Reproduction rate - - -
- : . "
Simultaneously nematode Dlselal seseverity 4.9 8 O'OOi
and fungi inoculation (N+F) Fina nemgtode density -5.6 8 0.00
Reproduction rate -5.4 8 0.001*
- : - ”
Nematode inoculation plant Dlsease severity . 3.8 4 0.004
. Final nematode density -1.2 8 0.24
4 weeks after fungi
application (F+4N) Reproduction rate -1.3 8 0.20
. . Disease severity -9.7 4 0.001*
Fungus inoculation plant 4 Final nematode density -3.6 8 0.006*
weeks after nematode
application (N+4F) Reproduction rate -3.4 8 0.009*

3.3. Interaction effect of Pratylenchus thornei and Fusarium culmorum B4 isolate

The statistical difference was found in disease severity in N+F (2.6 indexes) and N+4F (1.6
indexes) treatments on 2-49 lines. It was determined that disease severity decreased in the N+4F
treatment on the 2-49 lines. It appears that before inoculation of the P. thornei affects the density of F.
culmorum on the 2-49 lines. No statistical difference was found among treatments on 2-49 lines in final
nematode density and nematode reproduction rate. While the highest disease severity was found 4.0 and
3.6 indexes in N+4F and N+F treatments on Ikizce cv., the lowest was found 2.2 indexes in F+4N. The
final nematode density and reproduction rate on Ikizce cv. were higher N and N+4F treatments than
N+F and F+4N treatments. The lowest reproduction rate was found in F+4N treatment on Ikizce cv. It
is seen that the density of P. thornei decreases in all applications where fungus and nematodes are
together on Ikizce cv. (Table 5).

Table 5. Interaction effect of Pratylenchus thornei and spore suspension of Fusarium culmorum B4
disease complex on moderate resistant 2-49 line and susceptible lkizce

2-49, Moderate resistant wheat line

to F. culmorum Ikizce, Susceptible wheat variety

;freatments Disease Final nematode Reproduction  Disease Final nematode Reproduction
severity*  density*> rate severity*  density*> rate
2 (root+100 g soil) (PF/PD)* 2 (root+100 g soil) (PF/PD)*
N - 2572.0+£213.8® 2.54£0.2° - 3892.0+£252.3 @ 3.8+0.22
F 224028 - - 32402 - -
N+F 2.6£0.2*  2608.0+215.2° 2.5+0.22 3.6£0.2%  2296.0£274.9° 2.2+0.2°
F+4N 224028  2584.0+94.8 2.540.a 22+0.2¢  1328.0+£137.6 ¢ 1.34£0.1 ¢
N-+4F 1.6£0.2°%  2521.6+194.3¢ 2.4+0.1° 4.0£0.0*  2376.0+223.2 % 2.3+0.2°
Control - - - - - -

'N: Only nematode inoculation, F: Only fungi inoculation, N+F: Simultaneously nematode and fungi inoculation, N+4F: Fungus inoculation
plant 4 weeks after nematode application, F+4N: Nematode inoculation plant 4 weeks after fungi application.

%0 = completely healthy, 1 = less than 25% necrosis, 2 = 25-50% necrosis, 3 = 50-75% necrosis and 4 = greater than 75% necrosis.

3Final nematode density composed of larvae + adult in the 200 g soil and all root systems.

“Reproduction rate = final nematode density / initial nematode density.

SLetters showed statistical difference among means at 0.05 significance level.

It was determined that whether the wheat is resistant or susceptible to F. culmorum is important
in the disease severity parameter in F, N+F and N+4F treatments. However, it was found that wheat's
resistance and susceptibility to F. culmorum was important only in N and F+4N treatment in final
nematode density and reproduction rate parameters (Table 6).

157



YYU JAGR SCI 32 (1): 152-163
Goze Ozdemir et al. / Interaction effect of Root Lesion Nematodes and Fusarium culmorum Sacc. on the disease complex on some wheat cultivars

Table 6. Effect of Fusarium culmorum resistance on disease complex of Pratylenchus thornei and
Fusarium culmorum B4 isolate suspension

Treatment! Parameter t df p<0.05

Disease severity - - -
fl’l';'cyllgi‘l‘;flt?g; Final nematode density 3.9 8 0.004*

Reproduction rate -4.0 8 0.004*

. Disease severity -3.5 8 0.008*

Only fungi Final nematode densit i i i
inoculation (F) fnat nematode density

Reproduction rate - - -
Simultaneously nematode  Disease severity -2.8 8 0.02*
and fungi inoculation Final nematode density 0.8 8 0.39
(N+F) Reproduction rate 0.7 8 0.45
Nematode inoculation Disease severity 0.0 8 1.00
plant 4 weeks after fungi Final nematode density 7.5 8 0.00*
application (F+4N) Reproduction rate 7.3 8 0.00*
Fungus inoculation plant 4  Disease severity -9.7 4 0.001*
weeks after nematode Final nematode density 0.4 8 0.63
application (N+4F) Reproduction rate 0.4 8 0.69

4. Discussion

It was observed that wheat susceptibility of Fusarium culmorum directly affects disease severity
according to the results of the t-test. The disease severity was found to be lower on 2-49 wheat line than
Ikizce cv. in all experiments. This suggests that the use of pathogen-resistant plants is important to
reduce the damage caused by pathogens. However, there were differences in treatments where plant
susceptibility of F. culmorum was important in final nematode density and reproduction rate parameters
according to the results of the t-test. In the study, the resistance of the plant to the F. culmorum was
found to be important in terms of nematode development. The final nematode density and reproduction
rate changed in treatments where root lesion nematode and F. culmorum together on Ikizce susceptible
variety. Pre or post inoculation of F. culmorum can increase or decrease the final nematode density and
reproduction rate. The wheat susceptibility of F. culmorum in final nematode density and reproduction
rate parameters was found to be statistically significant only in N+4F treatment in P. neglectus and F.
culmorum B4 disease complex, whereas it was found significant in N and F+4N treatments in P. thornei
and F. culmorum B4 disease complex. Final nematode density and reproduction rate of N+4F treatment
in 2-49 wheat line were higher than Ikizce cv. in P. neglectus and F. culmorum B4 disease complex. In
P. thornei and F. culmorum B4 disease complex, Final nematode density and reproduction rate of N
treatment on 2-49 wheat line were lower than Ikizce cv. However, The F+4N treatment's final nematode
density and reproduction rate on Ikizce cv. were lower than 2-49 wheat line. The wheat susceptibility of
F. culmorum in final nematode density and reproduction rate parameters were found to be statistically
significant in N+F, and N+4F treatments in P. penetrans and F. culmorum B4 disease complex and final
nematode density and reproduction rate of N+F treatment on 2-49 wheat line were lower than ikizce cv.
However, The N+4F treatment's final nematode density and reproduction rate on Ikizce cv were higher
than 2-49 wheat lines. As reported by Castillo et al. (2003) the reaction of two different Meloidogyne
artiellia populations with partially and very resistant chickpea lines and cultivars were investigated
under controlled conditions. They found that M. artiellia infection generally significantly increased the
severity of Fusarium wilt in partially resistant genotypes, but in highly resistant lines, it was determined
that the resistance could be broken with increasing fungal inoculum density in the presence of
nematodes. In the presence of Root lesion nematodes on 2-49 wheat line, no increases in disease severity
was determined, and it was found that the resistance of F. culmorum was not broken. Ahmadi et al.
(2021) investigated the interactions among Heterodera filipjevi, F. culmorum, and drought on a set of
wheat germplasm with differing levels of resistance/tolerance to cereal cyst nematode, crown rot, and
drought. They found that co-occurrence of water stress and H. filipjevi increased the cyst density of
wheat plants, particularly in accessions susceptible to Heterodera, while co-inoculation of F. culmorum
and H. filipjevi reduced cyst density. Also, 2-49 (resistant to F. culmorum) plants were the least affected
in all treatments of H. filipjevi and F. culmorum. The simultaneous nematode and fungus inoculation in
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the disease complex affected the positively of P. neglectus density on ikizce cv., whereas a negative
effect was found in pre or post inoculation of F. culmorum treatments. Pratylenchus penetrans density
increased nematode and fungus inoculation on Ikizce simultaneously. In P. thornei and F. culmorum
disease complex, the nematode density and reproduction rate decreased in all treatments where fungus
and nematodes were together on Ikizce. No interaction was detected between P. thornei, P. penetrans,
P. neglectus species, and F. culmorum on 2-49 wheat lines. Root lesion nematodes were found to
reproduce on Ikizce cv. wheat variety and 2-49 wheat line. However, the development of F. culmorum
differentiated on Ikizce cv. and 2-49, and these differences affected the interaction between nematodes
and fungi. This result shows that the density of F. culmorum is important in the interaction between
nematodes and fungi.

In the present study, while there was no change in final nematode density of P. neglectus and P.
thornei in F. culmorum was applied 4 weeks after the nematode treatment (N+4F) compared to only
nematode inoculation on 2-49 wheat lines, it was observed that disease severity decreased. However, on
Ikizce cv., the final nematode density of P. neglectus decreased in N+4F treatment compared to only
nematode inoculation, and accordingly, disease severity was found decreased. In contrast, the disease
severity decreased in P. thornei inoculation 4 weeks after the application of F. culmorum (F+4N),
increased in N+4F treatment on Ikizce cv. Interestingly, it was determined that P. thornei final nematode
density was lower than only P. thornei treatment in N+4F and F+4N treatments. It was determined that
P. thornei had a positive effect on disease severity when it entered the plant simultaneously and before
the F. culmorum. Hajihassani et al. (2013) investigated the interactions of Heterodera filipjevi and F.
culmorum at different inoculation times in the Sardari winter wheat variety in 2009 and 2010 under field
conditions, and it was observed that the nematode was suppressed in H. filipjevi application 4 weeks
after the F. culmorum application. Hassan et al. (2012) have investigated the interaction of H. avenae
and F. culmorum in Sham 3 durum wheat under greenhouse conditions, and as a result of the experiment,
it was stated that which organism entered the plant first was important. It was found that P. sudanensis
was adversely affected when F. oxysporum inoculated before nematode (Saadabi and Yassin 2007).

Differences have been determined among Root lesion nematode species in nematode-fungus
interaction. The different pathogenicity of nematode species, cuticle permeability, and biochemical
differences between nematode species may have affected this situation. When only N applications were
examined, the reproductive rate of P. penetrans was found to be lower than P. neglectus and P.thornei.
While parthenogenesis is observed in most of the Pratylenchus species, sexual reproduction is observed
in P. penetrans (Castillo and Vovlas, 2007). Previous studies revealed that there was biodiversity in
terms of pathogenicity even among populations of the same species, including P. brachyurus (Payan
and Dickson, 1990), P. goodeyi and P. penetrans (Hafez et al., 1999), and P. vulnus (Pinochet et al.,
1994) species are reported (Mudiope et al., 2004). Géze Ozdemir (2021) reported that two out of five
populations of P. thornei had a higher reproduction rate. Furthermore, it has been reported that the
cuticle of nematode species affects the penetration of compounds and that biochemical differences
between nematode species cause detoxification or degradation of these compounds (Tsoo and Yu, 2000).
In the present study, While P. neglectus and P. penetrans were synergistically in relationship with F.
culmorum in simultaneous nematode and fungus inoculation, P. thornei was an antagonistic relationship
with F. culmorum in all treatments. Riedel et al. (1985) and Bowers et al. (1996) reported that
Verticillium dahliae developed in the presence of the P. penetrans population in potatoes; however, it
did not disease formation with P. crenatus and P. scribneri presences. Hafez et al. (1999) reported that
the P. neglectus population in Canada had a synergistic relationship with V. dahliae, whereas the Parma
and Idaho populations did not have a disease complex with V. dahliae and had no yield losses. Bhattarai
et al. (2009) found that Rhizoctonia solani damage increased in the combination of Globodera pallida
with R. solani or G. rostochiensis with R. solani, and stem canker index increased significantly in co-
inoculation with G. pallida and R. solani compared with R. solani alone.

The results of this study clearly show that the interaction between Root lesion nematode species
and F. culmorum was affected by multiple factors and synergistic or antagonistic interaction changes
according to the treatments difference.Unlike previous studies was found disease severity of F.
culmorum did not increase in the presence of the Root lesion nematode species in all treatments on
Ikizce wheat in the study. The density of F. culmorum used in the study may have also been effective in
this result. The interaction effect may change with increasing fungal inoculum densities, which
constitutes a separate study subject. Gao et al. (2006) found that reproduction of Heterodera glycines
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was significantly reduced by high levels of F. solani, and severe root necrosis was observed when
soybean plants were co-inoculated. In addition, it was determined that F. culmorum was effective on
nematode density on Ikizce cv. Here, the plant defense mechanism should not be overlooked. The reason
why the treatment priority of the organism (nematode or fungus) was important in interaction on Ikizce
may be that the secretions of the organism entering the plant first act as an effector and stimulate the
plant defense mechanism. Also, the fact that no interaction could be determined between F. culmorum
and Root lesion nematodes species on 2-49 wheat line once again showed the importance of plant
resistance in control.

In this study, it was shown that both organisms cause significant yield loss in cultivated cereal
areas. It is important to consider both pathogens when designing control methods. The priority is to
prevent the contamination of the field and the spread of the two organisms. It is seen that it is important
to suppress both with early applications in disease complexes. Therefore, are recommended different
methods should be established to suppress the population of both pathogens in the field.
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koyiiniin (25.60690 N, 94.34250 E) ¢esitli yerlerinden rastgele toplanmustir.

Anahtar Kelimeler Genotiplerde; uzunluk (FL), genislik (FW), ¢evre/gevre (FC) ve sirt sayist (FR)

Korelasyon, ozellikleri degerlendirilmistir. Genotipler ve meyve Ornekleri histogram
Kalitim, grafiginde ve normallik testinde normal olarak dagitilmistir. Varyans analizi
Yol katsayist,

(ANOVA) sonucunda, meyve 6zelliklerinde onemli farkliliklar tespit edilmistir.
Tiim ozellikler i¢in, fenotipik varyasyon katsayis1 (PCV), genotipik varyasyon
katsayisindan (GCV) daha yiiksek bulunmustur. Fenotipik ve genotipik varyasyon
katsayis1, meyve uzunlugunda, kalitim derecesi ise meyve gevresinde maksimum
degere ulasmistir. Meyve gevresi igin yiiksek kalitsallik ve yiiksek genetik
ilerleme tahminleri, bunun ¢esitli 1slah programlari yoluyla daha fazla iyilestirme
icin kullanilabilecegini diisiindiirmektedir. Temel bilesen analizi (PCA), meyve
morfolojisinde gozlemlenen varyasyonlarin ¢ogunda meyve uzunlugu ve meyve
sirt  sayilarindan  sorumlu  oldugunu ve bunlarin  gelisimi  igin
degerlendirilebilecegini gostermistir. Meyve eni, meyve gevresi ve gelisimi i¢in
bu ozelligin se¢imine yonelik olarak belirtilen korelasyon katsayis1 dogrudan
deger i¢cin maksimum kaydedilmistir.

Temel katsay1 analizi

1. Introduction

Nature fulfills every need of human beings and grows various plants with economic importance.
Most of the plants in nature are unexplored and gathering information on nature and its variation is an
important criterion to select a genotype with desirable traits for a successful plant breeding program
(Dyulgerova and Valcheva, 2014; Ipek and Balta, 2020). Sechium edule (Jacq.) Sw., Cucurbitaceae, is
a nutritious crop, mostly uses matured fruit as vegetables and boiled salads. The demands of various
cucurbitaceous vegetables by the people in the society caused to increase the production of such
important crops. Therefore to achieve the target, information on genetic variability, heritability, the
genetic advance of yield, and associated traits is essentially important.

Regression is an estimation of the linear relationship between a dependent variable and one or
more independent variables (Vrbik, 2018). Also, it is a test method to observe data is approximately
normally distributed (Dimitrova et al., 2020). Plotting a histogram of the variables of interest indicated
the shape of normally distributed data, and test of normality is performed and confirmed through Q-Q
plots and Kolmogorove-Smirnov and Shapiro-Wilk’s W test in SPSS ver. 16 (Kolmogorove, 1933;
Smirnov, 1948; Shapiro and Wilk, 1965).

Analysis of variance (anova) is generally used to ensure whether the means of two or more
groups of samples are significantly differ or not from each other (Turkheimer, 2015). Heritability and
agronomic characteristics are important traits that may be utilized to estimate and improve the yield of
crops successfully. Falconer and Mackey (1996) defined heritability as the measure of correspondence
between breeding values and phenotypic values. Heritability plays a predictive role in breeding and
expresss its dependability on phenotype, which guides its breeding value (Wray and Visscher, 2008).
Genetic advance is a direct relationship between heritability and response to selection. High genetic
advance with high heritability estimates the most effective condition for selection (Moore and Shenk,
2017). Heritability is, therefore important, and its application increases when a genetic advance is
calculated as it indicates the gain in character obtained under particular selection pressure. Therefore,
genetic advance is an important selection parameter that helps in the selection breeding program.

The correlation procedure calculates the correlation between variables and measures the strength
of the linear relationship between two variables. The knowledge of the relationship between genetic and
phenotypic data is important and valuable when the traits are considered for selection.

Path coefficient analysis allows an effective means of partitioning correlation coefficients into
the unidirectional pathway and alternative pathways. This analysis permits a critical examination of
specific factors that produce a given correlation and can be successfully employed in formulating an
effective strategy (Okuyama et al., 2004).

Principal component analysis (PCA) is a mathematical procedure to transform, possibly a large
number of correlated variables into a smaller number of uncorrelated variables, usually known as
principal components (Chatfield and Collis, 1980). The first principal component (PC1) accounts for as
much of the variability in the data as possible, and each succeeding component (PC2, PC3, PC4 etc.)
accounts for as much of the remaining variability as possible. The objective of the PCA is to discover
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or reduce the dimensionality of the data set and to identify new meaningful causal variables (Jolliffe,
2002).

The purpose of cluster analysis is to discover a system of organizing observations where
members of the group share specific properties in common. Cluster analysis is a class of techniques that
classifies cases into groups that are relatively homogeneous within themselves and relatively
heterogeneous between each other (Yim and Ramdeen, 2015).

So, the purpose of the present study is to generate some basic information, using standard
statistical methods such as analysis of variation, correlation, regression, path correlation coefficient
analysis, principal component analysis, cluster, and factor analysis to differentiate and assess the
variations, heritability (broad sense), genetic advance, yield and contribution through direct and indirect
effects of some important traits on the total variation of genotypes for the further genetic improvement
of the crop.

2. Material and Methods

2.1 Plant materials

The twelve genotypes of Sechium were randomly collected from randomized complete block
design at Kigwema village of Kohima district, Nagaland, with a mean value of latitude (25.60690 N),
longitude (94.34250 E), and altitude (1538 masl). The mean values of 5 fruits from each genotype of 3
randomized complete block designs were used for quantitative traits such as length, width,
circumference/girth, and the number of ridges for further analysis.

2.2 Methods
2.2.1 Regression and data normality test

Regression analysis is a statistical technique applied to draw a relationship among interrelated
variables and analyzed using SPSS ver. 16 as suggested by Landau and Everitt (2004). The genotypes
fruit samples quantitative traits were regressed against the genotypes, and the histogram plot suggested
the normal distribution and shape of data. Test of normality was performed in SPSS ver. 16 and
suggested the Shapiro-Wilk test, which is sensitive and more appropriate for smaller samples than the
Kolmogorove-Smirnov test.

2.2.2 Analysis of variance

Analysis of variance (ANOVA) was carried out using procedures explained for SPSS ver. 16
by Landau and Everitt (2004). Genotypic and phenotypic coefficients of variability were estimated using
the formula given by Burton and Devane (1953).

PCV=L22 x 100 (D
GCV=L22 x 100 )

Where,

PCV=phenotypic coefficient of variation

GCV=genotypic coefficient of variation

02p=phenotypic variance=02g + o2e

02g= genotypic variance= (mean sum of squares due to genotypes — error mean sum of squares) +
replications

o2e=environmental variance= (error mean sum of squares)=+replications

x=general mean

PCV and GCV values were classified low (<10%), moderate (10-20%), and high (>20%) as suggested
by Sivasubramanian and Menon (1973).
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2.2.3 Heritability (broad sense), genetic advance, and genetic advance mean percent

Heritability in the broad sense (H?) was estimated as per the formula suggested by Allard (1960).
H=29100 Q)
a2p

The heritability was categorized as low (0-30%), medium (31-60%), and high (61% and above)
according to Johnson et al., 1955.
Genetic advance estimated according to Allard (1960).

GA=Kx opxH2 (4)

Where,
K=selection differential at 5% selection intensity, which accounts for a constant value 2.06
op=phenotypic standard deviation

Genetic advance over mean (GAM) is expressed in percentage and calculated using the
following formula.

GAM=2 X 100 (5)
Genetic advance as percent over mean is categorized as low (<10%), moderate (10-20%) and
high (>20%) according to Johnson et al., 1955.

2.2.4 Correlation and Path coefficient analysis

The Pearson correlation was performed for the quantitative traits using SPSS ver. 16 and
followed Okuyama et al., 2004. Path coefficient analysis for the quantitative traits was performed in
MS-Excel spreadsheet using an inbuilt statistical software package and followed the procedure of
Akintunde (2012). Correlation coefficients were calculated for their direct and indirect component parts
and represented in a graphical form.

2.2.5 Principal component analysis or Factor analysis

Principal component analysis (PCA) or factor analysis was performed using SPSS ver. 16, and
followed the procedure suggested by Chatfield and Collis (1980). PCA is used to calculate the initial
and extracted communalities suggested the total variation by 2 major components in the traits.

2.2.6 Cluster analysis

Hierarchical cluster analysis is performed for grouping the fruit sample traits and followed the procedure
of Everitt et al., 2011. Cluster analysis using ward method dendrogram suggested the 2 groups of
quantitative traits of fruit samples

3. Results

The quantitative traits data of Sechium fruit samples are normally distributed as suggested by
the histogram plot with normal bell-shape and test of normality where Shapiro-Wilk statistics are more
towards normal distribution than Kolmogorov-Smirnov statistics at p<0.05 (Karney, 2016). Shapiro-
Wilk test is more sensitive towards outliers and smaller data samples (Shore, 2012 and 2011). Therefore,
normality could be assumed for the data; as a result, any other test assumptions may be satisfied, and
finally, an appropriate parametric test can be used (Figure 1 and Table 1).

Analysis of variance (ANOVA) was performed for the quantitative traits of Sechium genotypes
fruit traits, and mean value was recorded high for FC (21.7+£0.32) followed by FL (11.5+0.31), Fwd
(8.51+0.15), and FR (4.7340.11) respectively are significantly differs from each other at the probability
level of p<0.05 (Table 2).
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Table 1. Test of normality for quantitative data set of fruit samples

FL Fwd FR FC
Mean 11.5 8.51 4.73 21.7
Standard Error 243 1.21 0.88 2.53
Kolmogorove-Smirnov 0.473 0.260 0.212 0.378
p-valuex-s 0.001 0.007 0.009 0.019
Shapiro-Wilk 0.552 0.788 0.867 0.644
p-values-w 0.000 0.003 0.006 0.002

FL=fruit length, Fwd=fruit width, FR=fruit ridges number, FC=fruit circumference/girth.

Dependent Variable: Genotype

Mean =1.25E-15
Std. Dev. =0.966
N =60
a-

Frequency

4

-1 0 1
Regression Standardized Residual

Figurel. Genotype and fruit characters histogram plot of approximately normally distributed data.

Table 2. Analysis of variance of Sechium fruit samples traits

Quantitative traits of fruit samples FC FL Fwd FR
Mean square within groups (error) 0.71 0.88 0.28 0.22
Mean square between groups (genotypes) 31.29 27.87 6.67 3.17
Replicates 5 5 5 5
Standard deviation 0.32 0.31 0.15 0.11
Minimum 18 6 6 3
Maximum 26 17 11 7
Range 8 11 5 4
Variance 6.417 5.915 1.474 0.775

FC=fruit circumference/girth, FL=fruit length, Fwd=fruit width, FR=fruit ridges number.

The estimates of the phenotypic and genotypic variances showed similar trend as of the mean
value from ANOVA (Table 3).

Table 3. Estimates of variance, heritability and related components

Fruit traits _ Vp Vg Ve Vgxe PCV% GCV% ECV% H? GA GAM%

FC 6.25 6.11 0.14 0.85 11.52 11.39 1.72 0.97 5.05 23.27
FL 556 539 017 091 20.50 20.18 3.58 0.96 4.80 41.73
Fwd .32 1.27 0.05 0.06 13.50 13.24 2.62 096 2.39 28.08
FR 0.63 0.59 0.04 0.02 16.78 16.23 4.22 0.93 1.68 35.51

Vp=phenotypic variance, Vg=genotypic variance, Ve=environmental variance, Vgxe=interaction of genotype and environment variance,
PCV%=phenotypic coefficient of variance percent, GCV%= genotypic coefficient of variance percent, ECV%= environment
coefficient of variance percent, H*= heritability (broad sense), GA=genetic advance, GAM%=genetic advance mean percent,
FC=fruit circumference/girth, FL=fruit length, Fwd=fruit width, FR=fruit ridges number.
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Pearson’s correlation of quantitative traits of fruit samples is significant at the level of
probability of significance p<0.01 (2-tailed), and all traits are positively associated with each other
(Table 4).

Table 4. Pearson’s correlation for the association of quantitative fruit sample traits

Fruit traits FC FL Fwd FR
FC 1

FL 0.600** 1

Fwd 0.949%* 0.646** 1

FR 0.609** 0.554** 0.591** 1

**Correlation is significant at the 0.01 level (2-tailed).
FC=fruit circumference/girth, FL=fruit length, Fwd=fruit width, FR=fruit ridges number.

For the estimation of the partial regression coefficients or direct path coefficients, fruit trait, FC
was considered as a dependent (resultant) and FL, Fwd, and FR independent (causal) variables (Table
5).

Table 5. Partial regression coefficients or direct path coefficients of causal factors

Coefficients S.E. t-Stat P-value Lower 95% Upper 95%
FC(Intercept) -0.00544 0.040600752 0.133987677  0.893892696 -0.08677308 0.075893079
FL(X1) -0.048746146 0.055804222  0.873520747  0.386109837 -0.160535435 0.063043143
Fwd(X2) 0.927212549 0.057432332 16.14443509 9.99748E-23  0.812161764 1.042263333
FR(X3) 0.087487328 0.052839165 1.655728817  0.103370677 -0.018362238 0.193336894

Correlation coefficients into its direct and indirect component parts and path analysis and
contributions of related components towards fruit sample trait, FC were estimated. Pearson correlation
values are the combination of direct and indirect components of the variable relationship. The direct or
indirect relationship of variables is separated out and used to draw a direction of the path and their

contributions to the overall growth of the crop (Table 6 and Figure 2).

Table 6. Correlation coefficients into its direct and indirect component parts

FC vs. FL.

Direct effect of FL on FC
Indirect effect of FL via FL on FC
Indirect effect of FL via Fwd on FC

-0.048
-0.048 [1.000%(-0.048)]
0.598 (0.646x0.927)

Indirect effect of FL via FR on FC 0.048 (0.554%0.087)
Total indirect effects 0.598

Total correlation (direct+indirect effects) 0.550

FC vs. Fwd

Direct effect of Fwd on FC 0.927

Indirect effect of Fwd via FL on FC
Indirect effect of Fwd via Fwd on FC
Indirct effect of Fwd via FR on FC

-0.031 [0.646x(-0.048)]
0.927 (1.000x0.927)
0.051 (0.591x0.087)

Total indirect effects 0.02

Total correlation (direct+indirect effects) 0.947

FC vs. FR

Direct effect of FR on FC 0.087

Indirect effect of FR via FL on FC -0.026 [0.554%(-0.048)]
Indirect effect of FR via Fwd on FC 0.547 (0.591%0.927)
Indirct effect of FR via FR on FC 0.087 (1.000%0.087)
Total indirect effects 0.521

Total correlation (direct+indirect effects) 0.608
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Fwd
FR
FL
FL
Fwd FC
FR
FR
FL
Fwd

Figure 2. Path analysis and contributions of related components towards fruit sample trait, FC (MS
publisher of MS word ver. 2010 was used to draw the figure).

Table 7. Anti image correlation and KMO and Bartlett’s test for the measure of sampling adequacy

Anti-image correlation KMO and Bartlett’s test
FC FL Fwd FR Kalser-Meyeir-Olkm Measure of 0.718
Sampling Adequacy
FC 0.649* 0.116 -0.907 -0.216 Bartlett's Test of Sphericity Approx. Chi-Square 194.307
FL 0.116 0.849* -0303 -0.297 df 6
Fwd -0.907 -0.303 0.645* 0.045 Sig. 0.000

FR  -0216 -0297 0.045 0.883%

Test of normality suggested that data are normally distributed and fit for test assumptions and
parametric tests (Table 1). Also, in order to whether the present data are suitable for principle component
analysis/factor analysis or not, anti image correlation, as well as Kaiser-Meyer-Olkin (KMO) and
Bartlett’s test, was performed. anti-image correlation suggested the value more than 0.600" (diagonal
value) and suitable for the measure of sample adequacy. Similarly, results are obtained in KMO and
Bartlett’s test (0.718 and p-value=0.000) for the measure of sample adequacy (Table 7).

The principal component is an important multivariate analysis technique used to examine the
association between characters and measures genetic diversity (Table 8-9 and Figure 3). Hierarchical
cluster dendrogram using ward method for fruit characters were estimated (Figure 4).

Table 8. Principal component analysis and initial and extracted communalities

Communalities Component matrix* Sum of squared loadings

Initial ~ Extraction Components Communalities

1 2 1 2 Extracted (sum)
FC 1 0.966 0.927 -0.326 0.859=(0.927)? 0.106=(-0.326)? 0.965
FL 1 0.719 0.801 0.278 0.641=(0.801)? 0.077=(0.278)? 0.718
Fwd 1 0.975 0.935 -0.318 0.874=(0.935)? 0.101=(-0.318)? 0.975
FR 1 0.847 0.784 0.481 0.614=(0.784)? 0.231=(0.481)? 0.845
3.507 2.988 0.515 3.503

Extraction method: a principal component analysis.
*2 components extracted.

Table 9. Factor analysis (2 components) and total variation explained

Component Initial Eigenvalues Extraction sums of squared loadings
Total % of variance Cumulative % Total % of variance Cumulative %

1 2.991 74.767 74.767 2.991 74.767 74.767

2 0.516 12.902 87.669 0.516 12.902 87.669

3 0.446 11.141 98.810

4 0.048 1.190 100.00

Extraction method: Principal component analysis.
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Figure 3. Principal component axes for fruit characters Rescaled Distance Cluster Combine.
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Figure 4. Hierarchical cluster dendrogram using ward method for fruit characters.
4. Discussion

Data are normally distributed and could be assumed for an appropriate parametric test as
revealed from the normality test (Table 1 and Figure 1). The significant differences among and between
the traits from ANOVA suggest the presence of genetic variation and provide an opportunity for the
consideration of fruit samples in plant breeding improvement programs (Gelman, 2005; Dag et al.,
2018). The maximum phenotypic (Vp) and genotypic (Vg) variances was estimated for FC (Vp=6.25;
Vg=6.11) followed by FL (Vp=5.56; Vg=5.39), Fwd (Vp=1.32; Vg=1.27) and FR (Vp=0.63; Vg=0.59)
respectively. The minimum Vp was recorded for the trait FR. As expected, the phenotypic coefficient
of variation (PCV) was greater than the genotypic coefficient variation (GCV) for all the traits. A larger
difference between PCV and GCV values suggests the greater environmental effects on the traits. The
PCV and GCV estimate the nature and magnitude of variation and explain the variation either due to
genetic or environmental causes. It was estimated maximum for FL (pcv%=20.50; gcv%=20.18)
followed by FR (pcv%=16.78; gcv%=16.23), Fwd (pcv%=13.50; gcv%=13.24) and FC (pcv%=11.52;
gcv%=11.39) respectively. All the traits showed smaller differences, and minimum PCV and GCV value
was estimated for FC. Heritability is the proportion of genetic variance in phenotypic variance that gives
information about the inheritance of traits. Traits with high heritability are easy to improve through
selection, and it is recorded high for all traits in the study. The highest heritability was estimated for FC
(97%), followed by FL (96%), Fwd (96%), and FR (93%), respectively. Similar results have been
reported in previous studies (Turkheimer, 2011; Tester and Langridge, 2010). It is also considered that
high heritability does not indicate high genetic gain always. Therefore, both heritability and genetic
advance are considered together for prediction and their final effects on traits for selection (Luby et al.,
2015; Johnson et al., 2011). Fruit circumference, FC showed high heritability coupled with high genetic
advance. High heritability coupled with high genetic advance suggests the additive effects on the control
of the particular trait (Hartung and Schiemann, 2014; Lipi et al., 2020). On the other hand, high
heritability with low genetic advance indicates the non-additive effects on the control of a particular trait
(Heckerman et al., 2016; Ning et al., 2020). High heritability and high genetic advance for FC suggest
a good trait to consider for selection and improvement in plant breeding programs (Table 3).

Quantitative traits of fruit samples are significant at the level of probability of significance
p<0.01 (2-tailed), and all traits are positively associated with each other and indicate towards possible
contribution in trait improvement. The dependent variable and independent variables in the correlation
matrix for fruit sample traits are represented as Y and X1, X2, and X3, respectively (Mahdavi, 2013;
Székely et al., 2007) (Table 4).
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For the estimation of the partial regression coefficients, fruit sample trait, FC was considered as
a dependent (resultant) and FL, Fwd, and FR independent (causal) variables. FL. showed a small but
negative (-0.048) and negligible direct effect on the FC. The indirect effect on FC through Fwd and FR
is positive, where the Fwd effect is in considerable magnitude than FR. The total sum value of the
correlation (0.550) is positive and significant at p<0.01, which suggests that indirect selection of the trait
through Fwd could be useful. Fwd showed the highest and positive (0.927) direct effect on FC. The
indirect effects are negative (-0.031) through FL and positive (0.051) for FR. Both the indirect effects
are small and negligible in magnitude. The total sum value of correlation (0.947) is positive and highly
significant at p<0.01, which suggests that direct selection of the trait could be useful. FR showed a
positive (0.087) but small and negligible direct effect on the FC. The indirect effect is positive (0.547)
and negative (-0.026) through Fwd and FL, respectively. The indirect effect through Fwd is considerable
magnitude than FL. The total sum value of correlation (0.521) is positive and significant at p<0.01,
which suggests that indirect selection of the trait could be useful (Tarka, 2017; Bentler and Chih-Ping,
2016). The partial regression coefficients or direct path coefficients, direct and indirect component parts
are presented in Table 5-6 and Figure 2.

The principal component is an important multivariate analysis technique used to examine the
association between characters and measures the genotype/varieties genetic diversity (Esposito et al.,
2007; Muradoglu et al., 2021). The result of PCA for the fruit traits of Sechium genotypes showed that
the first two components explained 74.76% and 87.66% of the cumulative variation for fruit populations,
respectively. The first component (PC1) accounts for 74.76% of total variation and is positively and
highly associated with all the traits in the study called the fruit component. The second component (PC2)
explained 12.90% of total variation and was positively associated with FL and FR while negatively
associated with FC and Fwd (Table 7-8). The genetic variation of quantitative traits based on
multivariate analysis using PCA suggests that FL and FR as the most important trait for explaining
variability in the fruits of Sechium genotypes followed by FC and Fwd. The contribution of FL and FR
was observed high in the principal component axes (Figure 3). The observation suggests that FL. and FR
are the major traits that explain the total variation in the fruit morphology of the Sechium genotypes and
may be considered for further improvement. Similar results were reported in other crops by various
authors (Rosso and Pagano, 2005; Chandran and Padya, 2000).

Hierarchical Cluster or dendrogram analysis of the fruit traits using ward method measured the
interval with squared euclidean distance showed traits classified into 2 groups suggest the contribution
towards other groups (Figure 4).

Conclusion

Fruit circumference (FC) was recorded with maximum heritability (broad sense), and genetic
advance could be recommended for further improvement of the trait. Fruit length (FL) and fruit ridges
(FR) numbers are responsible for fruit morphological trait variations as indicated by principal
component analysis.
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weight, root length parameters), chlorophyll reading value (SPAD), and chemical
properties of plant leaves. In the study, it was determined that the plant growth
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Kirli Hamim Cicegi (Zinnia elegans) nin Biiyiime Parametreleri Uzerine Farkl Biiyiime
Ortamlarin Etkileri

Makale Bilgileri Oz: Siis bitkilerinin gelisimi iizerinde biiyiime ortamlarinin 6nemli etkileri vardir.
Received: 08.12.2021 Bitkilerin yetistirme ortami (BYO) olarak bir¢ok organik ve inorganik malzeme
Accepted: 02.03.2022 kullanilmaktadir. Caligma Atatiirk Universitesi kontrollii sera kosullarinda

Online Published: 15.03.2022 gergeklestirilmistir. Calismada yetistirme ortami olarak kum, toprak, turba, perlit
DOI:10.29133/yyutbd.1034425  ve hindistancevizi turbasi ve bunlarin farkli karisimlari ile olusturulan 11 farkl
ortam kullanilmistir. Karigim ortamlari hacimsel esasa gore (V:V) sirasiyla:

Anahtar Kelimeler . 1. .. . L ..
Karigim 1: hindistan cevizi turba+perlit+turba (1:1:1), karisim 2: hindistan cevizi

Hindistan cevizi kabugu, turba+perlit + toprak (1:1:1), karigim 3: hindistan cevizi turba + turba + toprak
Ortam, (1:1:1), karnisim 4: hindistan cevizi turba + kum+toprak (1:1:1), karigim 5:
Ei;l:lte’ perlittkum-+toprak (1:1:1), karisim 6: turba+ kum +toprak (1:1:1) seklindedir.

Sonuglarimiz, BY O'nun bitki bilylime ve ¢icek parametreleri (gicek sayisi, gdvde
¢api, ¢icek sap uzunlugu, ¢icek capi, ¢icek sap kalinligi, bitki yas ve kuru agirligi,
cicek yas ve kuru agirligi, kok uzunlugu parametreleri), bitki klorofil okuma

Zinnia elegans
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degeri (SPAD) ve kimyasal 6zellikleri tizerinde olumlu bir etkiye sahip oldugunu
gostermigtir. Calismada, Zinnia elegans bitkileri i¢in faydali bliylime ortami
olarak turbatkum+toprak (1:1:1) karisimlarinin kullanilmasinin bitki biiyiime ve
gelisiminin daha iyi oldugu tespit edilmistir.hardness, adhesiveness, resilience and
cohesiveness values of the meatball samples. However, the frying method did not
have a significant effect on the springeness (p>0.05). The frying number caused a
decrease in all texture parameters except the gumminess value.

1. Introduction

Zinnia elegans is a common ornamental plant of the Asteraceae family. These plants are of
American origin with Central America and Mexico origin. The plant has 20 varieties as annual and
perennial. The genus Zinnia and Zinnia elegans are the most widely known among them (Dole and
Wilkins, 2005). It has got an impressive range of flower colors and persistent bloom. It is one of the
seasonal plants. It is grown by sowing seeds in the spring. Zinnia flowers exhibit bright, uniform colors,
sturdy stems with disease resistant plants, and along with vase life (Sardoie et al., 2015). Zinnia flowers
have different colors such as white, light green, yellow, orange, red, purple, and lilac (Salem et al.,
2003). It has different usage areas as landscape land arrange. Long varieties of zinnia are used for cut
flower production, while shorter varieties are used as annual garden, window, and pot plants (EIl-Nashar
and Aboelsaadat, 2020). Since it is a temperate climate plant, it is not resistant to frosts and extreme
cold. There are many varieties with dwarf, tall, plain and layered flowers. Many types of zinnia are used
in cut floriculture. Leaves are lanceolate, and their length varies between 15 cm and 1 meter. Its leaves
are light green in color and are arranged in an oval or heart shape on the stem (Burlec et al., 2019).
Zinnia is valuable for landscape works due to its resistance to drought and temperature and its long
flowering period (Ebrahimzadeh and Seifi, 1999; Taherpazir and Hashemabadi, 2016).

Drought-resistant Zinnia elegans are widely used in landscaping in many parts of the world.
Zinnia elegans began gaining popularity in 1790 by being recognized in Europe as a landscape plant
(Burlec et al., 2019). Zinnia is tolerant of different soil types except for intense moisture and poorly
ventilated soils that can cause root rot. With drip irrigation, leaves remain dry, and the spread of disease
that can be transmitted from leaf to leaf or from plant to plant is reduced (Johnson and Kessler, 2008).

Growth media (GM) have important effects on the development of the plant. Today, producers
prefer growth media that will allow the plant to grow rapidly and do not cause much labor, time, and
money loss. Many organic and inorganic materials are used in the GM of plants. For this purpose,
different media such as sand, soil, perlite, coir were used as GM for the growing of ornamental plants.
Soil conditioners and the mixture of the substrate of growing media are important parameters that affect
the plant height, the number of leaves, the number and diameter of florets per spike, yield, and the
longevity of the plants provided proper aeration, water holding capacity, and adequate nutrient supply.
It has been reported that the optimum amount of nutrient and environmental factors affect the plant
growth, development, and flowering of the plant (Alvarez et al., 2018).

Perlite is a volcanic material heated to (850 °C), it is light weight, chemically inert, pH neutral,
sterile and odorless, and its particles create tiny air tunnels, which allow moisture and oxygen to flow
freely to roots (Sharbazhery and Gareeb, 2016). Due to the porous structure of sand, they have features
such as low cation exchange capacity, low water holding capacity, and scarcity of nutrients. In addition,
since it has large pores (macro pores), the nutrients found are lost due to rapid washing. If it is to be
used as a growth medium, it needs intensive fertilization and irrigation. For these reasons, it is not
preferred by growers as a single planting medium (Rosalina et al., 2019).

Peat is an organic soil type formed as a result of the decrease in the water level in the lake beds,
the prominence of plant activities, the death of the plant due to the increase of the water level in winter,
and the continuous repetition of this naturalness. Peat has important functions for the plant. It holds
water and nutrients due to its high water holding and aeration capacity. Peat can hold 20 times its own
weight in water. It is easy to carry because of its light weight, it is sterile, and does not contain foreign
matter (Fascella, 2015). Peat is a good substrate used as a growing medium in vegetable and ornamental
plants seedling cultivation due to its optimum quality properties (Noordegraaf et al., 2014).
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Coir growth medium is widely used as a medium for the production of potted ornamental plants.
It is one of the most preferred media in plant breeding due to its physical and chemical properties such
as pH, EC, bulk density, high water holding capacity (Ilahi and Ahmad, 2017). Coir is the substrate
obtained from the shell of the coconut and used in soilless agriculture. In addition, it can be used as a
plant growing medium alone or as a mixture due to its high pore number, high water holding capacity,
low bulk density, and slow biodegradation (Cahyo et al., 2019). Coir can be used as a plant growth
medium alone or as a component. In a study, it was found that cucumber grown under salt stress is more
effective on the growth and yield of t.he plant than rock wool and perlite (Cahyo et al., 2019). The better
performance of coir may be due to its higher water and nutrient holding capacity. It has also been
reported that coir has a cation exchange capacity 50-100 times higher than perlite; in this case, it affects
the pH and nutrient intake (Usanmaz and Abak, 2019). In another study, after the use of coir as a planting
medium, balanced fertilization was recommended to provide nutrients not found in cocoa (Cahyo et al.,
2019).

This study was carried out to compare the effects of different growth media such as sand, soil,
perlite, coir and their different mixture forms on zinnia growth parameters.

2. Materials and Methods

2.1. Plant material and growth conditions

The potting study was conducted in controlled greenhouse conditions at Atatiirk University
Faculty of Agriculture between May 2019 and July 2019 in Erzurum province in the northeastern
Anatoli region of Turkey.

Growing media (GM) such as soil, perlite, sand, peat, and coir were used as a single and mix in
the study. The experimental layout is randomized as sand, soil, peat, perlite, coir, Mix 1 (coir + perlite
+ peat), Mix 2 (coir + perlite +soil), Mix 3 (coir + peat + soil), Mix 4 (coirt+sand + soil), Mix 5
(perlite+sand+soil), Mix 6 (peat+sand+soil) (Table 1). Coir (PC) has been used as a reference medium
because it is known as a growing medium for ornamentals and outdoor plants.

Table 1. Potting media combination

Growing Media Growing Media Ratio
Sand SD 1
Soil SO 1
Peat PT 1
Perlite PR 1
Coir CP 1
Coir + Perlite + Peat Mix 1 1:1:1
Coir + Perlite +Soil Mix 2 1:1:1
Coir + Peat + Soil Mix 3 1:1:1
Coir+ Sand+ Soil Mix 4 1:1:1
Perlite+ Sand + Soil Mix 5 1:1:1
Peat+ Sand+ Soil Mix 6 1:1:1

The experiment was applied in 3 replicates in a random block design. Zinnia seeds were firstly
sown into the multi-celled trays filled with peat. About two months later, the homogenous and healthy
seedlings were transferred into 2.5 L pots as a seedling for each pot. The fertilizer (18-18-18, NPK+TE)
was applied to all pots as 100 cc two-week intervals.

The study was carried out in controlled greenhouses of Erzurum Atatiirk University Faculty of
Agriculture. During the study period, the average minimum temperature of the greenhouse was 14.4 °C,
and the average maximum temperature was 32.9 °C, while the average air humidity was 25 £+ 5%. The
study was carried out in 99 pots with 11 different growing media.
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2.2. Growth and yield parameters

Harvest was made after 60 days of transplanting. After harvest, 2 samples were taken from each
pot and prepared for various analyses. Plant flower number, stem diameter (mm), flower stem length
(cm), flower diameter (mm), flower stem thickness (mm), plant fresh and dry weight (gr), flower fresh
and dry weight (gr), chlorophyll reading value (SPAD), root length parameters (cm) were examined.
The plant samples for dry weight were kept in an oven at 65 °C for 48 h. Leaf chlorophyll reading value
was determined with a portable chlorophyll meter (SPAD-502). Since the plants used in the experiment
were initially selected in equal size, no measurements were made. Afterward, measurements were made
in 2 different periods as flowering and harvesting periods.

2.3. Medium chemical analysis

In the study, various analyzes were made on soil samples taken from growth media.
Experimental samples were air dried, crushed and passed through a 2mm sieve prior to chemical
analysis. The Kjeldahl method (Bremner, 1996) was used to determine total N while plant available
whereas P concentrations were determined by using the sodium bicarbonate method of Olsen et al.
Electrical conductivity (EC) was measured in saturation extracts according to Rhoades. Samples pH
were determined in 1:2 extracts, and calcium carbonate concentrations were determined according to
McLean. Soil organic matter was determined using the Smith-Weldon method according to Nelson and
Sommers. Ammonium acetate buffered at pH 7 (Thomas 1982) was used to determine exchangeable
cations. Available Fe, Mn, Zn, and Cu in the soils were determined by DTPA extraction methods
(Lindsay and Norvell, 1978). Available B was analyzed for extractable B using the azomethine-H
extraction of Wolf. Some physical and chemical properties of mediums used in the study Table 2. Zinnia
elegans leaves and roots were ground after being dried at 68 °C for 48 h in an oven. Determination of
the total N was achieved by the Kjeldahl method using a Vapodest 10 Rapid Kjeldahl Distillation Unit
(Gerhardt, Konigswinter, Germany). An inductively coupled plasma spectrophotometer (Optima 2100
DV, ICP/OES; Perkin-Elmer, Shelton, CT) was used to determine tissue P, K, Ca, Mg, Fe, Cu, Mn, Zn,
B, Cl, and Cd (Mertens, 2005a and 2005b).

Table 2. Some physical and chemical properties of the medium used in the study

Growth H EC Lime Organic Total N Soluble P  Soluble K z:lIubl(em
Medium P @S m™) (gkg™) Matter (%) (%) (mg kg™ (mg kg™ ke 8
CP 6.5+0.2 0.82+0.05 0.32+0.02 6.50.1 037£0.04  0.6%0.02 90+15 45545
PR 6.8£0.3 0.79+0.08 0.77+0.04 0.2+0.2 0.002£0.06  0.08£0.03  40+1.5 390+4
PT 6.90.2 0.97+0.04 0.54+0.03 20.5+0.2 0.005£0.74  0.72+0.04 174£1.6 75047
SD 6.8+0.3 0.88+0.06 0.1120.020 02403 0.010£0.21  0.05+£0.05 20+1.4 30043
SO 73203 1.0£0.05 1.90.40.52. 13402 0.030£0.05  2.41£0.03 114,317 105048
Mix 1 6.9£020  1.05,6£0.03  0.7£0.05 6.9+0.1 0.35+0.06 0.53£0.040  9642.2 7153
Mix 2 6.7+0.2 0.92+0.06 0.68+0.07 2,103 0.19+0.05 050032  93x1.8 6706
Mix 3 6.8+0.3 0.88+0.08 0.620.05 6.6£0.3 0.27+0.03 0.59+0.02 83+1.4 47744
Mix 4 72402 0.96+0.09 0.63+0.02 43402 0.14=0.07 0.56£0.02  69+1.6 43045
Mix 5 6.8£0.2 0.87+0.04 0.75+0.06 0.5+0.3 0.025£0.08  0.05£0.04  29+1.5 35543
Mix 6 7.1£0.2 1.07+0.07 0.42+0.08 6.3+0.2 0.32+0.06 0.56£0.02  62+1.2 39047
Growth Mg Na Available B gvla"abl(‘:ng Available gza"abl(emg ﬁqvl:‘"abl(emg

Medium  (mgkg') (mgkg") (mgkg™) kg Fe(mgkg™) 1,1 kg™

CP 20305  11.4+1.1 0.07£0.02 0.120.05 0.5:0.02 0.07+0.01 0.08+0.01

PR 16.540.6  23.91.0 0.06+0.02 0.14£0.03  0.3%0.02 0.07£0.020  0.09+0.01

PT 265407  9.54+1.2 0.0240.01 0.15£0.03  0.6£0.01 0.2+0.02 0.09+0.01

SD 8.4:0.4 3.340.5 0.05+0.03 0.13£0.05  0.4+0.03 0.05£0.020  0.03%0.02

SO 405505  11.1240.6 0.06+0.02 0.32+0.02 1.240.01 0.304£0.03  0.0120.01

Mix 1 254405  8.59+0.8 0.030.02 0.14£0.03  0.5+0.02 0.150.01 0.09+0.02

Mix 2 20.5£0.5  9.45+£0.9 0.0240.03 0.17£0.02  0.4+0.01 0.15£0.02  0.08+0.02

Mix 3 19.6503  8.77%0.5 0.0240.01 0.15£0.03  0.6£0.03 0.13£0.02  0.07+0.01

Mix 4 294406  9.56£0.4 0.04+0.03 0.16£0.02  0.5£0.03 0.12+0.01 0.06+0.02

Mix 5 227407 9.43+0.6 0.030.02 0.17£0.02  0.4+0.02 0.1240.02  0.07£0.03

Mix 6 19.650.4  8.3%0.3 0.04+0.03 0.14+0.03  0.3+0.01 0.1440.02  0.06:0.02

CP: coir, PR: pearlite, PT; Peat, SD: sand, SO: Soil, Mix 1: coir + perlite + peat (1:1:1), Mix 2: coir + perlite + soil 1:1:1), Mix 3: coir + peat
+ soill:1:1), Mix 4: coir + sand+Soil (1:1:1), Mix 5: perlite + sand + soil (1:1:1), Mix 6: Peat + Sand + Soil (1:1:1).
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2.4. Statistical analysis

The data obtained from the study results were subjected to variance analysis, and the differences
of the means were determined by the Duncan multiple comparison test (SPSS, 2010).

3. Results and Discussion

Our results showed that different growth medium applications significantly affected the plant
growth parameters such as the number of flowers, plant height, pedicle length, pedicle diameter, plant
fresh weight, plant dry weight, root fresh weight, root dry weight, root length of Zinnia elegans plants
(Table 3). Number of flowers, plant height, pedicle length, pedicle diameter, plant fresh weight, plant
dry weight, root fresh weight, root dry weight, root length, chlorophyll reading (SPAD) of Zinnia
elegans plant differed significantly among treatments. The highest numbers of flowers per plant and
pedicle length were recorded in soil treatment, followed by Mix 6 treatment. The least flower number
per plant was found in CP treatment. Soil medium increased flower per plant and pedicle length by 81.96
and 78.13%, respectively, compared to the CP. CP has been used as a reference medium because it is
known as a growing medium for ornamentals and outdoor plants. The highest plant height, plant fresh
weight, plant dry weight, root fresh weight, root dry weight, root length, and chlorophyll reading were
obtained from Mix 6 application. Mix 6 applications increased plant height, plant fresh weight, plant
dry weight, root fresh weight, root dry weight, and root length reading by 183%, 108%, 57.32%, 236%,
and 31.53%, respectively, compared to the CP. On the other hand, the highest chlorophyll reading values
were obtained from SD and followed by Mix 5, Mix 6 applications, the lowest values were found in CP
treatments (Table 3). Mix5 and Mix 6 treatment increased the chlorophyll reading values by 52.88%
and 50,92%, respectively, compared to the PC.

These results are supported by the findings of various researchers. Awan and Ismail (1997);
Riaz et al. (2008) found that Zinnia elegans and marigold produced more flowers when grown in a
coconut-containing media, but in this case, coconuts failed to produce these effects when used alone.

In a study, different media were used for the growth performance of Ficus benjamina, Padanus
sanderi, Rosmarinus officinalis plants. In the study, the highest average stem length was determined in
50% peat moss + 25% sand + 25% perlite and 50% peat moss + 25% sand + 25% perlite (Sardoei and
Rahbaria, 2014). In a study, saffron was grown in soil + sand (control), soil + sand + fertilizer, soil +
sand + onion, and soil + sand + fertilizer + nitfojip-K, and the effect of hydration on plant growth was
examined. The best media in the study was determined as soil + sand + fertilizer environment (Turhan
etal.,2007). Younis et al. (2007) Dahlia coccinia plant in different growth media (coconut coir, compost,
silt, leaf manure, manure mix (silt 1+sand 1+leaf manure 1), compost mix (compost 1+sand 1+silt 1),
coconut coir mix (coconut coir 1+silt 1+sand 1), silt+normal) the effects of the plant on flower quality,
flower size and germination were investigated. As a result of the research, it has been proven that the
fertilizer leaf manure application of the plant is a much better growing media than other applications. In
a study, volumetric mixtures such as peat + sand (2:1), peat + perlite (2:1), and soil + farmyard manure
+ sand (2:1:1) were investigated on the seedling characteristics and leaf nutrient content of Alnus
orientalis plant of different growing media its effects have been researched. As a result of the research,
the highest values on plant seedling length, stem diameter, number of leaves, number of side shoots,
stem and root length, and dry weight were recorded for seedlings grown on a mixture of soil + fertilizer
+ sand (2: 1: 1) (K&sa and Karaguzel, 2012). On the growth and flowering of Zinnia elegans plant,
coconut compost, silt, soil loam, foliar fertilizer, (foliar + silt; 2:1), (coconut compost + soil loam; 1:1)
and silt; 2: 1), (coconut compost + soil loam; 1: 1) and (leaf manure + soil loam + silt; 1:1:1), the effects
of seven different growing media on the growth parameters of the plant were evaluated. In this study, it
was determined that maximum vase life and flower diameter increased significantly in both media using
foliar fertilizer and mixture (coconut compost + soil tone; 1:1) (Sardoei et al., 2014). The effects of
different potting media on plant growth parameters of chrysanthemum variety Punjab Anuradha were
examined, and differences were observed between environments. As a result of the study, it was
determined that the medium containing Coir + Sand + farmyard manure (FYM) + Vermicompost
showed maximum values for plant height, plant spread, number of branches per plant, flowering
duration, flower weight, spray length and number of flowers per plant. However, the maximum flower
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diameter was obtained from the combination of Soil + Sand + FYM + Vermicompost (2:1:0.5:0.5)
(Kameswari et al., 2014).

Many studies emphasize the importance of growing media as well as the availability of nutrients
for optimum plant growth (Brito et al., 2015). However, besides the presence of nutrients, the pH and
EC values of the environment are also important factors (Caballero et al., 2007). , The ph of growing
environments, affects the availability of plant nutrients. Increases and decreases in pH levels directly
affect plant growth parameters. Awang et al. (2010) stated that the best pH range is in the range 5.9-7.0,
and the plants show the best growth and development in this range. Our results range from 6.5-7.1 (Table
2). This shows that the pH value of all growth media is suitable. Electrical conductivity (EC) allows
measurement of dissolved salts in soil affects plant growth (Bustamante et al., 2008). EC higher than
4dS/m generally depresses plant growth (Ribeiro et al., 2002; Riaz et al., 2008) EC values of the
environments in the study ranged between 0.82-1.07 (Table 2).

The present study showed that different growth medium applications significantly affected on
leaf and root nutrient content such as nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), sodium (Na), zinc (Zn), iron (Fe), manganese (Mn), copper (Cu) and boron (B) leaf
and root content of Zinnia elegans plant differed significantly among treatments. The highest leaf N, P,
Ca, Mg, Zn, Fe, Cu, and B content of Zinnia elegans were recorded in PT treatment, followed by SD
treatment. While the highest K was found in SD treatment. PT medium increased N, P, Ca, Mg, Zn, Fe,
Cu and B by 51.54%, 79.63%, 47,85%, 23,63%, 106.8%, 58.86%, 44.08% and 1454.8% respectively,
compared to the PC (Table 4).

The highest root N, P, Zn, Cu, and B content of Zinnia elegans were recorded in PT treatment,
followed by SD treatment. While the highest K, Ca, Fe, and Mn were found in SD treatment. PT medium
increased N, P, Zn, Cu, and B by 52.38%, 79.51%, 112.54%, 44.29%, and 145.21%, respectively,
compared to the PC (Table 5). SD treatment increased K, Ca, Fe, and Mn by 57.59%, 49.77%, 65.08%,
and 51.25%, respectively.

Results from various studies revealed that the suitability of using peat in plant cultivation in
terms of providing plant nutrients had been demonstrated (Ceglie et al., 2015; Dhen et al., 2018). Stamps
and Evans (1997) reported that the use of coconut instead of moss peat for the plant dieffenbachia
(Diffenbachia maculata) gives better results for growth index and visual performance. In a study
conducted, Stok (Matthiola incana L. 'Midseason Merry White') and zinnia (Zinnia elegans Jacq.
"Benary's Giant Deep Red") plants were grown in different environments. These environments; It is in
the form of peat, coconut and traditional substrate (soil + silt + leaf mildew, 1: 1: 1, v/ v/ V). As a result
of the study, it was determined that the NPK content of the peat medium was higher than the other
medium (Saleem et al., 2015). Al-Ajlouni et al. (2017) found that there is no linear relationship between
the mineral element presence of the growing environment and the mineral element concentration in the
above-ground parts of the plant. They determined that the effects of different media (coconut, palm peat,
and perlite) used in tomato cultivation on the nutrient concentration of the fruit such as N, P, K in the
greenhouse were not significant (Ghehsareh et al., 2011). A study with lily plants revealed that the
increase in N concentration in the plant might cause an increase in Ca absorption (Marin et al., 2011).
Similarly, in our study, the amount of Ca increased in parallel with the increase in the amount of N in
the plant (Table 4). Hajizadeh et al. (2016) explained that the reason for the growth of the upper parts
more than the roots is the presence of more N in the upper parts of the plants. In our study results, it was
revealed that the N content of the plants' upper part is higher than the root part (Table 3-4). In our study,
it has been shown that single sand and peat media contain more Mn than other single media (Table 3).
Similarly, it was determined that Mn content increased in rose cultivation in coconut peat environments
(Roosta et al., 2015). In a greenhouse study, the effect of palm and coconut habitats on lily plant growth
and nutrient was investigated. As a result of the research, when the effect of different growing media in
terms of plant nutrient content was evaluated with the control group, some elements (K, Ca, Cu and Mn)
were compared to other elements (N, Mg, and Fe) (Heidari et al., 2021).
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Table 3. Effect of different growing medium on growth parameters of Zinnia elegans

Growth Number of Stem diameter Pedicle length Pedicle Flower
Medium Flower Plant height (cm) diameter diameter
(mm) (cm)

(per plant) (mm) (mm)
CP 1.83+0.29d 20.75+1.64 ¢ 4.90+0.80 ns 7.18+1.07 cd 2.7540.36 d 50.74+6.83 ns
PR 2.33+0.58 bed 20.74+2.16 ¢ 4.894+0.18 8.29+1.14 bed 3.05+0.22 cd 50.78+9.42
PT 2.67+0.29 a-d 25.83+£0.88 a 6.57+0.81 12.79+0.90 a 3.25+0.20 a-d 57.19+£2.29
SD 2.93+0.55 abe 22.50+1.80 abc 5.99+1.64 7.90+1.15 bed 3.04+0.31 cd 45.98+12.83
SO 3.33+2.29 a 24.37£1.26 ab 5.69+0.48 6.33+0.76 d 3.15+0.13 bed 56.81£5.71
Mix 1 2.50+0.50 a-d 23.83+0.88 abc 5.44+0.34 9.48+0.23 bc 3.54+0.36 abc 59.73+6.01
Mix 2 2.50+0.49 a-d 23.53£1.71 abc 5.69+0.05 8.50+2.18 bed 3.83+0.16 a 59.25+8.66
Mix 3 2.50+0.48 a-d 23.83£2.75 abc 5.90+0.66 8.99+1.57 be 3.78+0.73 ab 58.73+13.21
Mix 4 2.00+0.50 cd 21.83 £1.57bc 5.65+0.10 9.78+1.34 b 3.50+0.35 abc 53.79+4.11
Mix 5 2.67+0.58 a-d 24.25 +1.64ab 5.98+0.31 9.56+1.39 be 3.51+0.34 abc 63.62+4.71
Mix 6 3.17+0.76 ab 25.42+2.16 a 6.13+£0.41 12.37+1.43 a 3.60+0.24 a 54.05+8.35

Plant fresh Plant dry weight Root fresh Root dry weight Root length Chl?rophyll

. 1 1 . 1 1 reading value

weight (g plant™) (g plant™) weight (g plant™) (g plant™) (cm) (SPAD)

CP 9.34+0.75d 2.84£1.22 ¢ 17.60+6.54 be 1.21+£0.85 ¢ 32.50+3.40 ab 18.40+1.22 f
PR 13.30£2.51 cd 3.51+0.77 de 18.60+6.23 be 2.2340.99 be 27.37£1.93 b 26.30£1.65 a-d
PT 24.490+0.50 ab 6.80+1.05 a 15.60+2.51 bed 3.01+1.29 ab 23.42+3.16 b 27.03£1.60 abc
SD 13.08+5.39 cd 3.23+0.86 de 8.30+2.47 d 1.03+£0.61 ¢ 28.58+£2.32 b 29.17+2.63 a
SO 14.82+2.73 cd 3.99+0.49 cde 14.10£3.61 cd 1.08+0.32 ¢ 23.92+0.14 b 27.77+£0.31 ab
Mix 1 18.62+1.74 be 4.11£0.22 cde 27.12+£2.78 a 2.76+0.35 b 33.17£1.38 ab 23.63£1.53 de
Mix 2 20.941.35 ab 4.59+0.52 bed 16.55£1.99 be 1.75+0.20 be 34.58+3.56 ab  23.97+1.76 cde
Mix 3 23.174£5.35 ab 5.39+1.11 abe 23.16£2.13 ab 2.39+0.28 be 42.75+1.39 a 23.03+£2.06 ¢
Mix 4 12.05+4.59 d 3.61+0.56 de 14.90+£2.41 cd 1.70+0.65 be 31.58+£0.52 ab  24.60+0.95 b-e
Mix 5 13.94+1.19 cd 5.19+0.63 be 20.38+2.08 abc 2.0740.33 be 33.75+1.64 ab 28.13+2.68 a
Mix 6 26.45+4.12 a 5.92+1.03 ab 27.69+6.81 a 4.07£1.04 a 42.75+1.50 a 27.77+£0.25 ab

CP: coir, PR: pearlite, PT; Peat, SD: sand, SO: Soil, Mix 1: coir + perlite + peat (1:1:1), Mix 2: coir + perlite + soil 1:1:1), Mix 3: coir + peat
+soill:1:1), Mix 4: coir + sand+Soil (1:1:1), Mix 5: perlite + sand + soil (1:1:1), Mix 6: Peat + Sand + Soil (1:1:1).

Table 4. Effect of different growing medium on leaf macro and micro nutrient content of Zinnia elegans

Growth N (%) P K Ca Mg Na
Medium (mg kg™ (mg kg™ (mg kg'") (mg kg™ (mg kg™")
CP 0.97+0.07 ¢ 837.61:14.11 ¢ 7127.44+307.77 cde  2197.21+88.89 f 830.59+69.38d 240.28+19.86 ns
PR 1.06£0.16de  852.42+161.79 ¢ 6701.954978.35 de  2399.314269.36 ef  887.73488.97 bed  260.54+8.89
PT 1.47+0.08 a 1504.66+63.13 a 9817.124300.04 ab  3248.63£130.70a  935.75£101.36 bed 215.62+17.96
SD 1.30£0.04 bc  1333.88478.56ab  10472.91+757.20a  3169.74+168.65ab  1026.88+72.48 ab 251.54+35.86
SO 1.18+0.07 bed  1058.37438.62 cde  8215.46+736.40bcd  2767.474210.30 b-e  988.77+60.21 abc 213.16+10.55
Mix 1 1.23£0.03bc  1164.84423334bc  9113.41£166.70 abc  2725.48+197.31 cde  942.56£32.12bed ~ 220.90+7.22
Mix 2 1.29£0.02bc  1323.534£55.41 ab 10759.52£77.21a  2978.22445.63 abc  1016.734£55.76 ab  253.96+30.33
Mix 3 1.1550.01 cd  1048.86£184.91 cde  7854.17+156.84 cd  2557.814264.31 def 886.45+57.75 bed 259.23+70.26
Mix 4 1.19£0.08 bed  1107.92431.45bed  7440.344302.16 cde  2770.62+123.93 b-e  1008.18+61.85 abc 243.06+31.87
Mix 5 1.04£0.11de  886.76£78.22 de 5863.78+549.81 ¢ 2082.11+133.94f  869.50+114.65 cd 263.47+55.25
Mix 6 1.34£0.13ab  1187.814235.71bc  8398.674204.32bcd  2909.40+470.59 a-d  1083.38460.84 2 268.65+:23.78
Zn Fe Mn Cu B

(mg kg'") (mg kg'") (mg kg') (mg kg'") (mg kg
CP 6.290.63 £ 29.27+1.18 de 10.13£0.84 ¢ 10.57+0.52 cd 2.66£0.27 ef
PR 7.10£0.73 ef 33.9846.52 bed 11.0742.33 de 10.26+1.30 cd 2.88+1.07 ef
PT 13.01+0.67 a 46.50+3.16 a 14.6242.15 abe 15.23+1.43 a 6.53+0.90 a
SD 11.5441.09 ab 46.49+1.34 a 14.74+0.64 ab 13.13£1.06 b 5.16=0.50 be
SO 9.09+1.40 cde 40.08+3.56 abc 12.6621.12 a-e 12.3841.37 be 3.90+£0.21 cde
Mix 1 9.52+1.66 bed 40.83%6.65 ab 13.57+1.97 a-d 12.1621.36 be 4.53+1.23 bed
Mix 2 11.53£0.38 ab 4537+2.11a 15.08+0.41 a 12.5940.74 be 5.45+0.80 ab
Mix 3 8.04+2.44 def 32.10£6.90 cde 12.04+1.92 cde 11.700.78 bed 3.33+1.02 def
Mix 4 9.17+0.73 b-e 36.70+1.15 bed 12.2840.18 b-e 11.69+1.50 bed 3.48+0.05 def
Mix 5 6.97+0.13 ef 25.41£0.77 ¢ 11.00+0.30 de 9.54+0.62 d 2.13£0.36 f
Mix 6 11.08£2.05abc  39.81+5.85 abe 14.6142.15 abe 11.37+1.80 bed 3.82+0.94 cde

CP: coir, PR: pearlite, PT: Peat, SD: sand, SO: Soil, Mix 1: coir + perlite + peat (1:1:1), Mix 2: coir + perlite + soil (1:1:1), Mix 3: coir + peat
+soil (1:1:1), Mix 4: coir + sand+Soil (1:1:1), Mix 5: perlite + sand + soil (1:1:1), Mix 6: Peat + Sand + Soil (1:1:1). Data followed
by a different letter were significantly different according to Duncan’s Multiple Range Test (p<0.01).
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Table 5. Effect of different growing medium on root macro and micro nutrient content of Zinnia elegans

Growth Total N P K Ca Mg Na
Medium (mg kg™ (mg kg™") (mg kg™ (mg kg™ (mg kg™
CP 0.42+0.03f  356.11£6.00 3077.78+132.90 de  948.80+38.38 ¢ 358.66£29.96 d 103.3448.58
ns
PR 0.48+0.07ef  370.97+70.41de  3006.07+438.82de  1076.17£120.82 de  398.180+39.90 be  116.86+10.27
PT 0.64+0.04a  639.27+26.84a 4239.24+129.56 b 1402.82£56.44 ab 404.07443.77b-e  93.10+7.76
SD 0.58+0.01 ab  580.50+34.19ab  4850.56+339.63 a 1421.08+75.65 a 460.59432.51 ab  112.82+16.09
o) 0.53+0.03cd  460,60+16.81 cde  3684.944330.30 bed  1241.3149432bed  443.50427.01 abc  95.61+4.73
Mix 1 0.55£0.02bc  522.47+104.66 bc  4087.70+747.58 bc  1222.47+88.50 cd 4222741441 a-d  99.07+3.24
Mix 2 0.58+0.06 ab  593.65+24.85ab  4808.54+747.58 a 1335.84420.47 be 456.04+25.01 abc ~ 113.91+13.61
Mix 3 0.48+0.01 def ~ 445.92+78.62 cde  3313.004661.77 cde  1078.93+111.49de  373.18+24.36de  109.34+29.64
Mix 4 0.50+0.03 cde  471.04+13.37cd  3138.47+127.46de  1168.69+52.28 cd 425.27426.09bed  102.52+13.44
Mix 5 0.44+0.04 ef  377.00433.26 de  2473.45+231.92 ¢ 962.63£56.50 ¢ 366.77+48.36 de  111.13+23.30
Mix 6 0.58+0.02ab__ 505.004100.21 bc _ 3626.72+882.31 bed _ 1256.34+203.21 bed _ 467.83+ 26.27a 116.01£10.27
Zn Fe Mn Cu B
(mg kg™ (mg kg™ (mg kg™ (mg kg™ (mg kg™
CP 2712027 g 12.63£0.51 ¢ 437037¢ 4.56+0.23 cd 1.1540.12 ef
PR 3184034 efg  15.24+2.92 ¢d 4.96+1.05cde 4.60+0.58 cd 1.29+0.48 ef
PT 5.6240.29a  20.07+0.58 ab 6.31£0.93ab 6.58+0.62 a 2.8240.39a
SD 5.17+049b  20.85+1.41a 6.61£0.29 5.89+0.48 ab 2.3240.22 abc
o) 4.0740.63 cde  17.97+1.59 abc 5.67£0.50 a-d 5.55+0.61 be 1.75+0.09¢cde
Mix 1 4274074 de  18.31+2.98 abc 6.08+0.88abc 5.45+0.60 be 2.030.55 bed
Mix 2 5.17+0.17b  20.35+£0.95 ab 6.76+0.18 a 5.64+0.33 ab 2.44+0.36 ab
Mix 3 3.38+1.03 efg  13.54+2.91 de 5.07+0.81 cde 4.93+0.63 bed 1.40+0.43 def
Mix 4 3.86£0.31 15.48+0.49 cd 5.18+0.08 bede 4.93+0.32 bed 1.47+0.02 def
cdef
Mix 5 2.9440.06 fg  13.88+0.33 de 4.63+0.13 de 4.0240.26 d 0.89+0.15 f
Mix 6 4.78+0.87 ¢ 17.1942.53 be 6.3140.93 ab 4.90+0.78 bed 1.64+0.40 de

CP: coir, PR: pearlite, PT: Peat, SD: sand, SO: Soil, Mix 1: coir + perlite + peat (1:1:1), Mix 2: coir + perlite + soil (1:1:1), Mix 3: coir + peat
+soil (1:1:1), Mix 4: coir + sand+Soil (1:1:1), Mix 5: perlite + sand + soil (1:1:1), Mix 6: Peat + Sand + Soil (1:1:1). Data followed
by a different letter were significantly different according to Duncan’s Multiple Range Test (p<0.01).

4. Conclusions

In conclusion, different growth medium applications significantly affected on plant growth
parameters and nutrient content of Zinnia elegans plants, and the application of peat + sand + soil 1:1:1
mixtures have been determined as the most suitable environment in terms of plant growth, nutrient
uptake, development parameters and aesthetic and marketing point of view. This medium was the most
convenient for the economic and sustainable cultivation of Zinnia elegans plants. It has been determined
that the peat environment is very effective in terms of the macro and micro element content of the plant.
It is seen that the growth parameter values of plants grown in Mix 6 application medium are higher than
those grown in other application mediums. The reason for the very high plant growth in the Mix 6
application medium can be explained by the better uptake of plant nutrients by the plant from the growth
medium. It was determined that the plants in the Mix 6 medium absorb more nutrients. It has been
revealed that the mixture medium of peat + sand + soil (1:1:1) in Zinnia elegans plants is an ideal
environment to obtain the maximum yield.
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Tritikale Islah Calismalarinda Biplot Analiz Tekniginin Seleksiyonda Kullanilmasi

Makale Bilgileri Oz: Bu calisma, Diyarbakir sartlarinda 2012-2013 ve 2013-14 yetistirme
Gelis: 11.12.2021 sezonlarinda 20 adet ileri kademede tritikale hatt1 ve 5 adet standart g¢esit ile
Kabul: 13.03.2022 yiriitilmiistiir. Arastirma Tesadif Bloklar1 Deneme Desenine gore yiiriitiilmiis ve
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iki y1lin ortalamasina sonuglarina gére genotiplerin basaklanma stireleri 105-115

Anahtar Kelimeler
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glipla(;tt;ak . 78.8 kg/hl, bin tane agirhigr 28.0-40.2 g, protein orant %14.6-17.2, tanedeki
Y 1r,

rutubet oran1 %7.9- 8.1 arasinda degismistir. Incelenen 6zellikler bakimindan
arastirmada kullanilan bir¢ok hat denemede standart olarak kullanilan cesitlere
istiinliik saglamistir. Ayrica GT biplot teknigi ile tiim karakterler birlikte ele

Genotip
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almarak tstiin genotipler belirlenmistir. GT biplot tekniginde PC1 varyasyonun
%36.83, PC2 ise %19.53 ve toplamda varyasyonun % 56.36’sini olusturmustur.
Arastirma sonuglarina gore yetistirme sezonlarinin ekolojik faktorlerine bagl
olarak ilk yil bitkiler daha erken basaklanmis ve daha yiiksek boya ulasmis olup
tane verimi, bin tane agirlig1 ve hektolitre agirlig: ikinci yila gore daha yiiksek,
bunlarin aksine protein oraninin ikinci yila gore yiiksek yagislardan dolay1 daha
disiik oldugu tespit edilmistir. Biplot analiz tekniklerinin seleksiyonda
islahgilarin - isini  kolaylastirdigi  sonucuna varilmistir. Cesit adaylariin
belirlenmesi igin yapilacak ¢evre caligmalarinda tek yetistirme sezonunun
sonuglar1 yetersiz kalacagi ve iki yetistirme sezonundaki sonuglarin c¢esit
adaylarin1 degerlendirmek igin yeterli olabilecegi sonucuna varilmistir.

1. Giris

Tritikale (xTriticosecale Wittmack), 1870’lerde Iskocya'da cavdar (Secale cereale L.) ile
ekmeklik bugday (Triticum aestivum L.) veya durum bugdaym (7. turgidum L.) melezlenmesi ile
gelistirilen ve tiirler aras1 ¢aprazlamalardan elde edilen insan yapimi ilk tahil bitkisidir. Baslangigta (i)
A, B (durum ve turgidum) ve R (¢avdar) genomlarinin birlestirilmesinden tiiretilen hekzaploid tritikale
(i1) A, B, D (ekmeklik bugday1) ve R genomlarini birlestirerek tiiretilen octoploid tritikale olmak iizere
iki tiir tritikale gelistirilmistir. Ancak son zamanlarda 1slahgilar, hekzaploid tritikale (2n=42=AABBRR)
gelistirmeye odaklanmigtir (Goyal ve ark., 2011). Diinyada 4 000 000 hektar civarinda ekim alani, 13
300 000 ton civarinda bir iiretime sahip olup dekara verim ortalamasi yaklagik 338 kg.’dir. Sirasiyla
Polonya, Almanya, Belarus ve Fransa en fazla tritikalenin iiretildigi {ilkelerdir. Ulkemizde 2020 yili
verilerine gore ekim alanm 8 111 490 dekar, iiretimi ise yaklasik 276 212 ton olup verim ortalamasi1 341
kg oldugu bildirilmektedir. Uretim alani siirekli bir artis gosterirken on yil énce 298 bin hektar iken
2020 y1l1 itibari ile 811 bin hektara ulagmstir. Uretim ise 104 bin tondan 276 bin tona yiikselmis verim
315 kg ile 349 kg arasinda degisirken 2011 yil1 en yiiksek verimin kayit altina alindig1 y1l olmustur
(Kendal, 2021). Tiirkiye’de tahillar arasinda verimi en yliksek olan tahil bitkisi oldugu bildirilirken,
TUIK verilerinden de anlasildig1 gibi {iretim alaninda siirekli bir artis oldugu goriilmektedir (Anonim,
2021). Tritikale, kirag alanlan iyi degerlendiren, az gelismis iilkelerde ekmek yapiminda gelismis
iilkelerde ise hayvan yemi olarak degerlendirilen bir tahildir. Tiirkiye tahillar konusunda kendi kendine
yeterli bir iilke olmasma ragmen gelecekte bu durumunu koruyup koruyamayacagi tartigilmaktadir.
Kiiresel 1sinmanin etkileri, niifusumuzun hizla artmasi, ekilebilen arazilerin gittikge daralmasi, gelecek
yillarda tahillarin iiretimindeki yetersizligin muhtemel 6nemli isaretleri olarak karsimiza ¢ikmaktadir.
Bu sebeplerden dolayi siirekli artis gdsteren yeryiiziindeki niifusun saglikli beslenmesini saglamak i¢in
degerlendirilmeyen alanlar1 da farkli tahil tiirleri ile degerlendirerek iiretime kazandirmak igin
arastiricilar yogun ¢aba sarfetmektedir (Bagc1 ve Ekiz, 1993). Tritikalenin, diger tahillara gore farkl
cevre kosullarinda daha stabil oldugu belirtilmektedir (Mergoum ve ark., 1992). Diinya genelinde olugan
yem agiginin giderilmesi i¢in marjinal alanlar1 daha iyi degerlendiren tritikalenin daha genis alanlarda
yetistirilmesi i¢in yeni g¢esitlerin gelistirilmesi ve bunlarin yayginlastirilmasina ihtiyag oldugu
bildirilmektedir (Muntzing, 1989; Kendal, 2021). Tritikale bitkisinin Diyarbakir simmirlarinda kirag ve
marjinal alanlar iyi degerlendirebilecegi ongoriilmektedir (Kendal ve ark., 2012; Kizilgeci ve Yildirim,
2017). Bu anlamda bazi aragtiricilar yaptiklart ¢alismalarda kirag ve marjinal alanlarda tritikale
bitkisinin iyi uyum sagladigim bildirmislerdir (Kendal and Sayar, 2016; Kizilgeci, 2019; Sirat ve ark.,
2020). Diyarbakir ili ¢evre faktorleri, yetisme sezonlarina baglh olarak ¢ok degisiklik gosterdigi igin
tercih edilecek tritikale gesitlerinin stabil olmasi ¢ok dnemlidir (Kendal ve ark., 2016). Bu nedenle
kaliteli, verimi yliksek ayn1 zamanda stabil olan yeni ¢esitlerin tercih edilmesi gerekmektedir.

Genotipleri hem stabil olmalar1 bakimimndan hem de ¢ok yonlii degerlendirebilmek igin son
zamanlarda GGE (genotip, genotip x c¢evre) veya GT (genotipx Ozellik) biplot metodlar
kullanilmaktadir. Genotip ana etkisini (G) ve bir genotip ¢evresinin iki yonlii tablosunun GE'sini ayni
anda gosteren bir GGE biplotu (Yan ve ve ark., 2000), goreceli olarak bir¢ok soruyu gorsel genotip ve
cevreleri degerlendirmek igin ele alabilmektedir. Tek bir GGE biplotu temelinde, ¢esitler, bireysel
ortamlarda ve ¢evrelerde performanslari, ortalama performans, stabilite, genel veya 6zel uyarlamalar
acisindan degerlendirilebilmektedir. Eszamanli olarak, ¢evreler gorsel olarak degerlendirilebildigi gibi
genotipler arasinda ayrim yapma yeteneklerine ve diger test ortamlarini temsil edebilirliklerine gore
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gruplandirilabilmektedir. Gereksiz ¢evrelerin yani sira {istiin genotiplerin secilmesi veya alt genotiplerin
ayiklanmasi i¢in en uygun cevreler gorsel olarak tanimlanabilmektedir. Bunlara ilaveten, bir GGE
biplotu, her mega-ortam igin 6nemli olan tanimlama ve ¢esit onerileri i¢in bir MET (Mega x ¢evre x
ozellik) verilerinin "hangi genotip-nereye-uygundur" modeli ile agiklanabilmektedir. Ayrica, bir genotip
x Ozellik biplotu (Yan ve Rajcan, 2002), genotip x 6zellik interaksiyonuna grafiksel olarak iki yonlii
yaklasir. Boyle bir biplot, dzellikler (1slah hedefleri) arasindaki genetik korelasyonlar gorsellestirmek
icin kullamilabilir, bu da genotiplerin 1slahcilar tarafindan anlasilmasini kolaylastirir. Ozellik iliskilerinin
anlagilmasi, bir hedef 6zellik i¢in dolayli segimde kullanilabilen ve fazladan dlgiilebilen 6zelliklerin
tanimlanmasini da kolaylastirir. Hem ¢esit degerlendirmesi hem de ebeveyn se¢imi i¢in 6nemli olan
bireysel genotiplerin avantajlarimi ve eksikliklerini gorsellestirmek i¢in bir genotip x 6zellik biplotu da
kullanilabilmektedir (Yan ve Tinker, 2005). Yukarida belirtilen hedeflere ulagsmak i¢in uluslararsi 1slah
programlardan temin edilen hatlar birbirleri ile standartlarla GGE biplot teknigi vasitastyla kiyaslanarak
cesit adaylar1 belirlenmistir.

2. Materyal ve Yontem

Aragtirma, 2012-2013 ve 2013-21014 yetistirme sezonlarinda, GAPUTAEM (Uluslararasi
Tarimsal Aragtirma ve Egitim Merkezi Miidirliigii/Diyarbakir) deneme sahasinda yagisa dayali
sartlarda ylriitiilmiistiir. Arastirmada uluslararas1 programlarindan temin edilen 20 hat ile birlikte 5 adet
standart ¢esit/cesit aday1 kullanilmistir (Cizelge 1).

Cizelge 1.Aratirmada kullanilan gesitler ve hatlarin pedigrileri

S.No Cesit ve Pedigriler
1 HUI-UB/CENT.......... CTSS02B00107T-....
2 CMHS821082/ZEBRA......... CTSS02B00268T...
3 LIRONZ2/5/DISB5....CTSS02B00413S-....
4 HX87-244/HX87-.CTSS03SHO00028S-.
5  ADAY3
6 HX87244/HX87-/.CTSS03SH00030S-.
7 BULLI0/MANATII..CTSS04Y0000 2S-.
8 LIRON2/5/DIS..CTSS04Y001638-.
9 PRESTO/2*TESMO CTSS03Y00091T-.

10 ADAY 13

11 LIRON 2/5/DIS.CTSS03Y00033T-.

12 LIRON 2/5DIS.CTSS03Y00036T-.

13 TURACO/CENT .CTSS02B00186T-.
14 DRIRA/2*CMH77A.CTSS02B0028T-.
15 TACETTINBEY

16 LIRON 2/5/DIS.CTSS02B004138S-.
17 HX87-244/HX87-CTSS03SH00028S-.
18 HX87-244/HX87-.CTSS03SH000308-.
19 LIRON 2/5/DIS .CTSS04Y00163S-.

20 KARMA

21 LIRON _2/5/DIS.CTSS04Y00163S-.
22 LIRON _2/5/DIS .CTSS03Y00090T-.
23 LIRON 2/5/DIS .CTSS03Y00036T-.
24 LIRON 2/5/DI S.CTSS03Y 00036T -A-.
25 PRESTO

Bu aragtirma Tesadiif Bloklar1 Deneme Deseninde 3 tekerriirlii olarak toplam 20 adet genotiple
yiiriitiilmiistiir. Denemede her parselin toplam ekim alani 1.2 x 6 = 7.2 m? parselin sag ve solundan 0.5
m kenar tesirine ayrilmistir. Deneme ekimi Kasim ayinda Wintersteiger 2200 (92 model) deneme
mibzeri ile yapilmistir. Taban giibresi olarak 20-20-0 kompoze giibre kullanilarak dekara saf 6 kg/da
fosfor (P,Os) ve azot (N) giibresi uygulanmistir. Amonyum nitrat (% 26) giibresi 6 kg/da gelecek sekilde
kardeslenme doneminde iist glibreleme yapilmistir. Yabanci ot bitkilerinin 2-4 yaprakli olduklar
donemde herbisit uygulanmistir. Kenar tesiri olarak her parselde 6n ve arka kismimdan 0.5 m alinmig ve
hasat, Hege ile 6 m? iizerinden yapilmustir.
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Aragtrmanim virutaldugu vetigticme sezonlarma ait iklim verileri
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Sekil 1. Diyarbakir ilinin yetistirme sezonlar1 ile uzun yillar meteorolojik verileri.

2.2. Verilerin Elde Edilmesi ve Degerlendirilmesi

Aragtirmada; Tesadiif Bloklar1 Deneme Deseninden elde edilen veriler J.M.P 7.0 (Copyright ©
2007 SAS Institute Inc.) paket programi kullanilarak Varyans analizleri yapilmis, onemli ¢ikan faktor
ortalamalar1 dnemli ¢ikanlar A.O.F. testine gére gruplandirilmistir. Ayrica Genstat 12" paket programi
kullanilarak GGE grafikleri olusturulmus ve yorumlanmustir.

3. Bulgular ve Tartisma

Varyans analiz sonuglarina gore; protein oran1 ve rutubet bakimindan y11*genotip interaksiyonu
Oonemsiz, protein bakimindan interaksiyon ve tane rutubeti bakimindan yil faktori % 5°e gore
onemliyken, diger parametreler bakimindan kalan faktorler ise % 1 ‘e gére 6nemli bulunmustur (Cizelge
2). Ozelliklere bagl olarak genotipler arasindaki farkliliklar A.O.F testine gore gruplandirilmustir.
Ortalama tane verimi 323.7-538.9 kg/da arasinda degisim gostermis olup en yliksek tane verimi 17 nolu
hattan, en diisiik tane verimi ise Karma ¢esidinden elde edilmistir(Cizelge 3). Yillara baktigimizda 1. y1l
tane verimi 661.4 kg/da iken ikinci y1l 292.4 kg/da olarak gergeklesmis ve birinci yil ekolojik faktorlere
bagl olarak sartlarin daha elverisli olmasi nedeni ile 2. yila gére neredeyse iki kat daha yiiksek verim
elde edilmistir. Denemede kullanilan hatlarin ¢ogunun verimli oldugu ve denemede standart olarak
kullanilan ¢esitlere gore daha yiiksek bir ortalamaya sahip olduklar tespit edilmistir.

Cizelge 2. Kareler ortalamasina iligkin varyans analiz sonuglari

I‘(/:;i:i)llg:*ll S]gzl;:zzlsiik Tane Verimi BTA Hektolitre Protein Rutubet
Yil 4 238420.29** 2573.25%* 785.92%%* 749.758** 2.20%*
Hata 1 96 120197.1 4.67601 0.94113 0.99022 0.05353
Genotipler 96 323406.04** 677.922%*  264.223** 40.0111%* 0.43%*
Y1l*Genotip 96 172200.29** 213.851**  48.2683** 31.076d 0.258416d
Hata 2 96 141339.5 175.3715 62.1223 33.01293 0.356767
Genel 149 5867594 3660.101 1157.895 865.1569 3.297396

#%:p<0.1;*:p<0.5;6d: Onemli Degil.
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Cizelge 3. Arastirmada incelene tane verimi, basaklanma siireleri, bitki boyu ve tanedeki rutubet oranina
ait ortalama veriler ve olusan gruplar

Tane Verimi(kg/da) BasaklanmaSiiresi(giin) Bitki Boyu(cm) Tane Rutubeti(%)
1 552.5h 250.4 gh 401.57J 105 107 106.0 110 110 110.0 AE 7.67 8.12 7.89 EG
2 590.2 th 288.2 dh 439.2 GJ 104 108 106.0 95 100 975 G 764 8.08 7.86 G
3 619.1 eh 293.8 cg 456.4 FI 105 109 107.0 110 110 110.0 AG 7.81 813 797 BG
4 647.1 cf 306.8 be 477.0 EI 108 108 108.0 100 105 102.5 EG 7.77 813 795 BG
Aday3 573.2 gh 303.1 bf 438.1 HJ 103 107 105.0 100 100 100.0 FG 7.97 8.05 8.01 BE
6 650.4 cf 280.1 dh 4653 FI 110 109 109.5 95 100 975 G 7.75 8.06 790 EG
7 615.4 eh 339.8 ac 477.6 EH 108 107 107.5 105 115 110.0 AE 7.77 812 795 BG
8 724.1 ab 306.4 be 5153 AE 111 107 109.0 107 105 106.0 BG 7.76 799 7.87 FG
9 713.2 ac 348.6 ab 530.9 AB 111 108 109.5 115 100 107.5 BF 7.94 814 8.04 AC
Aday 13 742.5a 2894 ch 5160 AE 110 111 110.5 110 105 107.5 BF 7.81 809 795 BG
11 700.3 ad 267.7 eh 484.0 CF 111 112 111.5 115 100 107.5 BF 7.82 815 798 BF
12 723.7 ab 253.4 th 488.5 BF 102 111 106.5 120 105 1125 AD 7.74 809 792 CG
13 715.1 ac 340.1 ac 527.6 AC 105 112 108.5 107 100 103.5 DG 7.72 8.09 7.90 EG
14 655.8 bf 363.5 a 509.6 AE 105 107 106.0 103 105 104.0 CG 7.77 8.09 7.88 EG
Tacettinbey 622.8 ¢h 243.4 gh 433.1 1J 104 109 106.5 120 115 1175 A 7.73 810 791 DG
16 755.8 a 291.9 ch 5239 AD 101 109 105.0 117 110 1135 AC 7.70 800 7.85 G
17 713.5 ac 364.2 a 5389 A 105 107 106.0 110 100 1050 CG 7.73 813 793 BG
18 729.8 a 293.8 cg 511.8 AE 108 110 109.0 100 100 100.0 FG 7.77 8.09 793 BG
19 723.6 ab 242.6 h 483.1 DG 110 111 110.5 105 95 100.0 FG 795 8.14 8.04 AB
Karma 467.11 18031 3237 K 115 115 1150 120 110 115.0 AB 8.11 818 814 A
21 684.7 ae 272.9 eh 478.8 EH 103 109 106.0 110 105 107.5 BF 7.92 815 8.03 AD
22 628.2 dg 280.9 dh 454.6 FI 106 108 107.0 105 105 1050 CG 7.70 812 791 EG
23 638.0 dg 330.1 ad 484.0 CF 108 110 109.0 110 105 107.5 BF 7.92 805 798 BF
24 746.8 a 275.2 ¢h 511.0 AE 104 110 107.0 110 105 107.5 BF 7.76  8.09 7.92 BG
Presto 001.6 th 303.6 bf 452.6 FI 108 107 107.5 110 110 110.0 AE 7.86 811 798 BF
Ortalama 0614 A 2924 B 107 109 108A 105B 7.8B 8.1A
AOF(0.5) 72.96** 51.12%* 43.97** 4.790D 9.718%*
DK (%) 6.7 10.6 8.04 2.15 441

#*:9<(.01;*:p<0.5, AOF:Asgari Onemli Fark, DK:Degisim Kat Sayis.

Karma ¢esidinin diigiik verime sahip olmasi ise kislik ¢esit 6zeligine sahip olmasinda ileri
gelmektedir. Aragtirmada kullanilan hatlarin yiiksek verimli olmasi gesit adaylarini belirlemek igin iyi
bir avantaj saglamaktadir. Birgok arastirict hem genotip hem de gevrenin etkisinin verimi etkiledigini
bildirmekte (Kendal ve Sayar, 2016; Dolgun ve Ciftci, 2019; Kendal ve ark., 2019; Sirat ve ark., 2020)
ve ¢alismamizi desteklemektedirler.

Ortalama bagaklanma siiresi, 105- 115 giin arasinda degisim gostermis, Karma c¢esidi en geg
basaklanirken, 16 nolu hat ise en erken bagaklanmistir. Yillarin basaklanma siireleri birbirinden farkli
olup 1. y1l ortalama 107 giin, ikinci y1l 109 giin olarak belirlenmistir (Cizelge 3). Ekstrem yillar hari¢
Ozellikle kurakliktan etkilenmemek i¢in Diyarbakir sartlarinda erkenci ve orta erkenci hatlar tercih
edilmektedir. Yapilan gézlemlerde denemede kullanilan hatlarin ¢ogu orta erkenci oldugu 6zellikle
sicaklik veya kuraklik etkisinden kagabilecekleri dngoriilmektedir. Kuraklik gelmeden tanesini dolduran
hatlarda tane verimi yiiksek olmaktadir (Kendal ve ark., 2016; Boru, 2020).
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Cizelge 4. Hektolitre agirligi, bin tane agirlig ve tanedeki protein oranina ait ortalama veriler ve olusan

gruplar
Hektolitre Agirligi(kg/hl) Bin Tane Agirligi(g) Protein Oran1(%)
esit/Hat - - - - - -
cot N0 e e 05 o B 2 ot
1 73.7k 68.6 1 71217 475a 269eg 297 1 14.9 18.8 16.8 AB
2 75.6jk 727eh 741HI 325] 31.3bc 335 CH 14.1 18.3 16.2 AE
3 812ab 73.1dg 77.1BE 358¢g 28.7cf 335 CH 12.0 18.6 153 DG
4 77.1hj 703l 7371 384ch 294be 349 BF 128 19.1 16.0 BF
Aday 3 78.8c1  738cg T763CF 405bf 28.7cf 323 FI 12.6 17.2 149 FG
6 79.1bh  733cg 762CF 359g 30.0be 34.1 BH 13.1 18.7 159 BF
7 77.7dj 747a 762CF 381dh 356a 361 BC 129 16.3 146 G
g 789ch 722fh 756EH 36.6fi 254fh 31.5 HI 12.1 18.7 154 DG
9 79.5ag 71.7gh 756EH 37.6d1 29.6be 365 B 13.2 16.9 15.1 EG
Aday 13 79.8ad 752ad 775AD 434b 329ab 402 A 14.2 19.2 16.7 AC
11 78.6c1  725eh 755EH 37.1e 27.0dg 32.1 GI 124 19.1 15.7 BG
12 79.7ae 72.7eh 762CF 4l.1be 289cf 350 BF 128 19.8 16.3 AD
13 79.2ah 72.8dg 76.0DG 409be 29.6be 352 BE 12.6 18.5 15.5 CG
14 813ab 764ab 79.0A  405bg 284cf 343 BH 13.0 18.1 15.6 BG
Tacettinbey /00 3 722t 744Gl 404bf 292be 348 BG 13.6 17.8 15.7 BG
16 813 a 743bf 77.8 AC 40.6bf 30.5be 355 BE 129 18.3 15.6 CG
17 77.5¢j 73.0dg 753FI 41.6bd 294be 355 BE 127 17.0 14.8 FG
18 7741 7l6gh 745Gl 408be 288cf 348 BG 124 18.8 15.6 CG
19 789ch 71.7gh 753FH 3391y 222h 280 ] 12.1 19.1 15.6 CG
Karma 774¢ 7l4gh 744Gl 359¢g 242gh 300 IJ 13.6 20.8 172 A
21 79.6 af 724eh 76.0DG 354hj 245gh 299 1IJ 114 17.8 146 G
27 7741 724eh T749FL 424bc 30.8bd 366 B 12.6 18.2 154 DG
23 80.6ac 77.1a 78.8 A  405bf 312bc 359 BD 124 17.9 15.1 DG
24 80.5ac 75.6ac 780AB 389ch 27.7cg 333 DH 126 18.9 15.7 BG
Presto 785¢c1  733cg 759DG 381dh 27.6cg 329 EH 128 18.4 15.6 CG
Ortalama /8-6A 73.0B 39 A 287B 129B 184 A
AOF(0.5) 2.19%%  2.4968** 1.64** 4.08%*  3.8365** 2.75%*  0.866d  2.276d 1.07**
DK (%) 1.4 1.7 1.5 5.1 6.5 5.71 3.3 6.0 5.35

#*:9<(.01;*:p<0.5, AOF:Asgari Onemli Fark, DK:Degisim Kat Sayis.

Ortalama bitki boyu uzunlugu, 98- 118 cm arasinda degisim gostermis, 2 ve 5 nolu genotipler
en kisa, Tacettinbey ¢esidi ise en uzun boya ulagmistir. Yillarin bagaklanma siireleri birbirinden farkli
olup 1. y1l ortalama 108 cm, ikinci y1l 105 cm olarak belirlenmistir (Cizelge 3). Boy uzunlugu ile yatma
dogrusal bir iligki icerisinde olup yiiksek boylu ¢esitlerde daha fazla yatma goriilmektedir. Ancak
arastirmada kullanilan genotiplerde yatma goriilmemis olup bu genotiplerin yatmaya kars1 dayanikl
oldugunu gostermektedir (Kendal ve ark., 2016; Dolgun ve Cift¢i, 2019; Boru, 2020).

Ortalama tane rutubeti, % 7.9- 8.1 arasinda degisim gostermis, en ge¢ basaklanan Karma
¢esidinin rutubet degeri en yiiksek, 2 nolu genotipin rutubet degerinin en diisiik oldugu goézlenmistir
(Cizelge 3). Yillarin rutubet degerleri farkli gergeklesirken 1. y1l ortalama % 7.8, ikinci y1l ise 8.1 olarak
belirlenmistir. Tanedeki rutubet orani ¢esidin erkenci veya gecciliginden kaynaklanabilecegi gibi hasat
zamani, sulama donemine veya giibrelemeye bagl olarak da degisebilmektedir. Hasada yakin donemde
yagmurlu gecerse veya tam olgunlasma donemine girmeden hasat yapilirsa o zaman tanedeki rutubet
orani yiiksek c¢ikar. Tane rutubeti depolama i¢in oldukg¢a 6nemli olup kurak ve sicak gecen bolgelerde
bu sorun olmasa da 9-13 arasinda olmasi istenmektedir.
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Ortalama hektolitre agirligi 71.2-79.0 kg/hl arasinda degisim gostermis olup en yiiksek
hektolitre agirlig1 14 nolu hattan, en disiik hektolitre agirligi ise 1 nolu hattan elde edilmistir (Cizelge
4). Yillara baktigimizda 1. y1l hektolitre agirlig1 78.6 kg/hl iken ikinci y1l 73.0 kg/hl olarak gergeklesmis
ve birinci yil ekolojik faktorlere baglh olarak sartlarin daha elverisli olmasi nedeni ile 6zellikle nisasta
dolum déneminin yagislara bagh olarak serin gegmesi 2. yila gére daha yiiksek hektolitre agirligi elde
edilmistir. Denemede kullanilan hatlarin birgogu yiiksek hektolitre agirligina sahip olduklar ve
denemede standart olarak kullanilan cesitlere gore daha yiiksek bir ortalamaya sahip olduklar: tespit
edilmistir. Hektolitre agirligi hem genotip 6zelliginden hem de ¢evre faktorlerinden etkilenmektedir. Bu
konuda birgok arastirma yapilmis ve arastirmamiza paralel sonuglar elde edilmistir (Kendal ve ark.,
2019)

Ortalama bin tane agirhigr 28.0-40.2 g arasinda degisim gostermis olup en yiiksek bin tane
agirlign Aday 13’ten, en diisiik bin tane agirligi ise 19 nolu hattan elde edilmistir (Cizelge 4). Yillara
baktigimizda 1. y1l hektolitre agirligi 39.0 g iken ikinci y1l 28.7 g olarak gerceklesmis ve birinci yil
ekolojik faktdrlere bagli olarak sartlarin daha elverisli olmas1 nedeni ile 6zellikle nisasta dolum
doneminin yagislara bagli olarak serin gegmesi 2. yila gére daha yiiksek bin tane agirligi elde edilmistir.
Bin tane agirhigi yetistirme sezonundaki bahar aylarimda diisik yagis ve yiiksek sicakliklarin
olusmasindan etkilenebilecegi ve bu konuda daha 6nce yaptiklar1 ¢galismalarda bin tane agirliginin bir
cesit Ozelligi oldugu ancak yillara ve iklime gore degisebilecegini bildirerek (Kendal ve ark., 2012;
Kendal ve ark., 2016) ¢calismamizi teyit etmislerdir.

Ortalama protein oran1 % 14.6-17.2 arasinda degisim gostermis olup en yiiksek protein orani
denemede standart olarak kullanilan Karma ¢esidinden, en diisiik protein orani ise 7 ve 21 nolu hatlardan
elde edilmistir (Cizelge 4). Yillara baktigimizda 1. y1l protein oran1 % 12.9 iken ikinci y1l % 18.4 olarak
gerceklesmis ve birinci yil ekolojik faktorlere bagli olarak ekolojik sartlarin daha serin gegmesi ve ikinci
yilin kurak gegmesi nedeni ile 2. yila gore daha diisiik protein oranlari elde edilmistir. Protein orani
genetik bir 6zellik olsa da ¢cevreden c¢ok etkilenen ve yetistirme sezonlarin serin gegmesi protein oranini
diislirlirken kurak ge¢mesi ise protein oraninm yiikseltmektedir (Kaplan ve ark., 2011; Kendal ve ark.,
2012; Kendal ve ark., 2016; Oral ve ark., 2020).

3.1. GGE Biplot' a Dayali Mega Cevrelerin Degisimi
3.1.1. GT biplot teknigi ile Genotipler ile ozellikler arasindaki iliskilerin belirlenmesi

GT biplot tekniginde hem ozellikler arasindaki iliski hem de genotip Ozellik arasindaki iliski
aciklanmaktadir. Iki 6zellige ait vektorler arasindaki ag1 degeri (>0--<90°) daraldikga pozitif, ag1 degeri
(90°>--<180°) arttik¢a negatif bir iligki oldugunu gostermektedir (Kendal ve ark., 2016; Kendal ve
Sayar, 2016; Kendal, 2021). Ayrica genotiplerin 6zelliklere gore konumlamalar1 da hangi genotipin
hangi 6zellikler bakimindan yiiksek degerlere sahip oldugunu gostermektedir (Sekil 2). Ozellikle 14
nolu genotipin tane verimi, bin tane ve hektolitre agirliklar1 bdlgesinde yer alarak bu parametreler
bakimindan tatminkar oldugunu gostermektedir. Ayrica 1 ve 2 nolu genotipler ise tane verimi ve protein
oraninin kesistigi bolgede yer alarak hem iyi protein hem de yiiksek tane verimine sahip olduklarini,
Karma ¢esidinin basaklanma siiresi, bitki boyu ve tane rutubeti bolgesinde yer alarak gegci, uzun boylu
ve hasatta yiiksek tane nemine sahip oldugunu, tam merkezde yer alan genotiplerin ise tiim 6zelliklerin
ortalamas1 bakimindan orta degerlere sahip olduklarini gdstermektedir. Obiir taraftan tane verimi ile bin
tane ve hektolitre agirliklarina ait vektorler arasindaki ag1 degeri oldukca dar olup bu 6zellikler arasinda
yiiksek bir pozitif korelasyon iligkisi, tane verimi ile protein orani arasinda ise genis bir ac1 olup ikisi
arasinda negatif korelasyon iligkisi oldugunu gostermektedir (Sekil 2). Ayrica sektor analizi ile hem
ozellikler gruplandirilmis hem de her sektor ve 6zellik grubu i¢in en uygun genotipler belirlenmistir
(Sekil 3).
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Sekil 2. Genotipler ile 6zellikler arasindaki iligki.

Sekil 3. Genotiplerin 6zellikler bakimindan gruplandirilmasi.
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Sekil 4. Genotiplerin dzellikler bakimindan siralanmasi.
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Comparison biplot (Total - 56.36%)
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Sekil 5. Genotiplerin dzellikler bakimindan ideal merkeze gore siralanmast.

Aragtirmada incelenen 6zellikler sektor analizinde incelendiginde 6zellikler iki ayri sektorde ve
iki grupta toplanmuglardir. Ilk grup tane verimi, hektolitre ve bintane agirligindan olusurken, arastirmada
incelenen diger parametreler ise ikinci grupta yer aldiklar1 goriilmektedir. Ozellikle tane verimi, bin tane
agirhig ve hektolitre agirligi aym sektorde yer alarak ayni grubu olusturmus olup 14 nolu genotipin tam
bu grubun ve sektoriin merkezinde yer aldigini1 dolayisiyla bu parametreler bakimindan iistiin oldugunu
gostermektedir. Karma ¢esidi ise diger paramatrelerin olusturdugu ikinci grubun merkezinde yer alarak
oldukga zayif sonuglara sahip oldugunu gostermektedir. 1 ve 2 nolu genotipin ise hicbir 6zelligin yer
almadigr sektorde yer alarak hicbir oOzellikle yiiksek bir korelasyon igerisinde olmadigim
gostermektedir. Ozelliklerin yer almadig1 sektdrlerde yer alan genotiplerin dzellikler bakimindan zay1f
olduklarini séylemek miimkiindiir. Aragtirmada incelenen tiim 6zelliklerin ortalama verileri iizerinden
stabilite ¢izgisini olusturulan ve genotipleri bu stabilite ¢izgisine gore siralayan ranking biplot metodu
Sekil 4’ te gosterilmistir. Cok 0Ozellikli calismalarda tiim Ozellikler bakimindan genotipleri
stabilite(yatay) ve ortalama (dikey) temel egrilerine gore siralayan bir modeldir. Bu agiklamalar
dogrultusunda Sekil 4’te 3 ve 9 nolu genotip tiim o6zellikler bakimindan en stabil, Karma ¢esidi ise
stabilitesi en zayif olan genotipler oldugu tespit edilmistir. Ayrica bazi1 genotipler (1, 2 nolu genotipler)
egrinin (dikey egri) altinda kaldiklar i¢in iyi performans sergilemedikleri i¢in seleksiyonda elenirken
dikey egrinin lizerinde ve yatay egriye yakin olan stabil genotipler (14 ve 23 nolu genotipler) iyi
performans gosteren genotipler olduklar i¢in seleksiyonda secilebileceklerini gdstermistir. Ayrica GT
biplot tekniginde ozelliklerin ortalamasina gore olusturulan ideal merkeze goére genotipler
siralanabilmektedir (Sekil 5). Buna gore 9 nolu genotip ideal merkeze en yakin bolgede yer aldigr igin
en ideal genotip olduklar tespit edilmistir. GT biplot teknigi gorsel olarak iliskileri yorumlamada bize
olduk¢a kolaylik sagladigi icin seleksiyonda rahatlikla kullamilan faydali bir teknik oldugu
goriinmektedir. Bu konuda yaptiklar1 arastirma sonuglarinda bu teknigin faydali oldugu bir¢ok arastiric
tarafindan kullanilmistir (Butnaru ve ark., 2014; Kaya ve Ozer, 2014; Ponomarev ve ark. 2018; Kendal
ve ark., 2019;Stoyanov; 2021).

Sekil 6, 7, 8 ve 9 iki farkl1 yetistirme sezonunda yiiriitiilen ¢aligmada genotip x ¢evre etkilesimi
iizerinden iki yonlii verim tablosuna dayali GGE biplotunu gostermektedir.
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Sekil 7. Yillarin sektor analizi ile gruplandirilmasi genotiplerin yillara goére konumu.

Ranking biplot (Total - 100.00%)
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Sekil 8. Genotiplerin yetistirme sezonlar1 bakimindan stabilitesi.
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Sekil 9. Genotiplerin yetistirme sezonlar1 bakimindan ideal merkeze gore siralanmasi.

Cevreye gore standardize edilmis veriler kullanildig1 ig¢in genotip degerlendirmesinde tiim
cevrelerin esit derecede dnemli oldugu varsayilir. Cevreye odakli tekil deger boliimlemesi i¢in gevreler
arasindaki iligkilerin uygun sekilde gorsellestirilmesine olanak tanimaktadir. Bu biplot, GGE' nin
tamamini (%100) aciklamig ve bu veri kiimesindeki genotipler i¢in GGE' nin oldukga basit oldugunu
gostermistir. Toplam varyasyondaki PCl'in etkisi 9%70.34’¢ karsi PC2' nin degeri %29.66 olarak
aciklanmig ve GGE biplotuna bagli GGE modellerini yeterince agiklayabilecegini gostermistir. Sekil 6,
iki farkli yetistirme sezonu arasindaki iliski ile genotip yetistirme arasindaki iliskisi hakkinda bilgi
vermektedir. Gorsel olarak her iki yetistirme sezonunun g¢ok yakin iligki igerisinde olmadigi ve
birbirinden farklilik  gosterdigi  genotiplerin  seleksiyonunda ayr1  birer ¢evre olarak
degerlendirilebilecegini gostermektedir. Genotipleri tiim &zelliklerin ortalamasi bakimindan her iki
yetistirme sezonuna gore degerlendirdigimizde 7, 17 ve 23 gibi genotipler 6zellikle 2013-14 yetistirme
sezonu i¢in 16,18, 24 ve Aday 13 gibi baz1 genotipler ise 2012-13 yetistirme sezonu i¢in daha iyi
sonuclara sahip oldugu ve benzer ekolojik sartlara sahip yil ve lokasyonlara Onerilebilecegi ve
seleksiyonda secilebilecegi, 1 nolu genotip ile Karma ¢esidi ise hicbir ¢evre veya yil i¢in uygun
sonuglara sahip olmadigin1 dolayisiyla bu gevreler i¢in Onerilemeyecegini gostermektedir (Sekil
6).Genotiplerin ortalamalarina gére mega-cevrelerin belirlenmesi bundan sonra yapilacak ¢aligmalarda
benzer olan gevrelerin saf dis1 birakilarak, ¢aligma maliyetlerini artiran ve farklilik olusturmayan
cevrelerin gereksiz yere kullanilmamasi gerektigini ortaya koymaktadir (Sekil 7).

Bu anlamda yapilan sektor analizinde 6 sektor olusmus ve her bir yili tanimlayan ¢evreler farkli
sektor ve mega-grupta yer alarak gevrelerin farkliliklarini ortaya koymustur. Cevreler ile aym sektdrde
yer alan genotiplerin (17, Aday 13 gibi) ilgili yetistirme sezonlarda iyi sonuglara sahip olduklarim,
cevrelerden farkli sektorlerde yer alan genotiplerin (19 ve Karma gibi) ise ilgili yetistirme sezonlarinda
One ¢ikmadiklarint géstermektedir. Arastirmada incelenen tiim 6zelliklerin ortalama verileri iizerinden
stabilite ¢izgisini olusturulan ve genotipleri bu stabilite ¢izgisine gore siralayan ranking biplot metodu
Sekil 8 de gosterilmistir. Cok 6zellikli ¢aligmalarda tiim 6zellikler bakimindan genotipleri Stabilite
(yatay) ve ortalama (dikey) temel egrilerine gore siralayan bu modele gére 14 nolu genotip tim
ozellikler bakimindan hem stabil hem de iyi sonuglara sahip oldugunu gdstermektedir. Bu genotipi 9,
13 ve 17 nolu genotipler takip etmistir. Yine ortalamanin iizerinde ancak stabil olmayan 7 ve 12 nolu
genotipleri rahatlikla gozlemleyebildigimiz gibi stabil olmayan ayn1 zamanda ortalamanin altinda kalan
genotipleri de (19, Aday 3) rahatlikla eleyebiliriz. Ayrica genotipler 6zelliklerin ortalamasina goére
olusturulan ideal merkeze gore siralanabilmektedir (Sekil 9). Buna gore sadece 14 nolu genotip ideal
merkezde yer alarak oldukga ideal bir genotip oldugu, 9, 13 ve 17 nolu genotipler de en yakin bolgede
yer aldiklar1 i¢in bu genotipten sonra tercih edilebilecegi ayrica ortalama dikey egrinin ilizerinde ve
altinda yer alan genotipleri rahatlikla gozlemleyerek secilecek ve elenecek olan genotiplerin
belirlenmesinde bize oldukca kolaylik sagladigi tespit edilmistir. Bu sonuglar bir ¢ok arastiricinin
sonuclari tarafindan dgrulanmaktadir (Butnaru ve ark., 2014; Liu ve ark., 2018; Bocianowski ve ark.,
2021).
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4. Sonug¢ ve Oneriler

Diyarbakir yagisa dayali sartlarda iki yil siire ile yiiriitiilen ve orta yagis alanlara yonelik
gelistirilen yazlik bazi genotiplerin ililkemizde mevcut bazi ¢esit ve adaylar ile kiyaslandigi bu
calismada, test edilen genotipler icerisinde verimli ve tatminkar kalite 6zelligine sahip 10 adet genotip
(8,9, 11, 13, 14, 16, 17, 18, 23, 24) segilerek tritikale 1slah programlarinda kullanilmak iizere bir ileri
kademeye aktarilmis olup 14 nolu genotipin oldukga iyi sonuglara sahip oldugunu ve iyi bir gesit aday1
olabilecegi sonucuna varilmistir. Arastirma sonuglarina gore, standartlarla kiyasladigimizda hem verim
hem de kalite 6zelligi bakimindan arastirmada kullanilan bir cok genotipin daha {istiin oldugu sonucuna
varilmistir.

Tegekkiir

Bu ¢alismanin yiiriitiilmesinde her tiirlii destegi sunan GAP Uluslararas1 Tarimsal Arastirma ve
Egitim Merkezi Miidiirliigii yoneticilerine ve Serin Iklim Tahillar/Bugday Arpa Islah subesi
elemanlarina tesekkiir ederim.
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Article Info Abstract: The effect of nanoemulsions based on rosemary essential oil (BNE)
Received: 11.12.2021 and its purified version (BEO) on the growth of fish spoilage bacteria (P. luteola,
Accepted: 08.03.2022 P. damselae, V. vulnificus, E. faecalis, S. liquefaciens, and P. mirabilis) and

Online published: 15.03.2022 foodborne pathogens (S. Paratyphi 4, S. aureus, K. pneumoniae, and E. faecalis)
DOI: 10.29133/yyutbd. 1035443 and their biogenic amine formation were investigated in tyrosine decarboxylase
broth (TDB) using HPLC method. The flavour compounds of extracted BEO were

cyworas determined using GC-MS. Physical properties of BNE (viscosity, thermodynamic
Bgcterig, _ stability, droplet size, and surface tension) were analysed. Tween 80, BEO, and
Biogenic amine, BNE were inhibitory effects on the growth performances of the pathogenic and

Essential oils,
Decarboxylase broth.
Nanoemulsion

spoilage bacteria. Differences in ammonia (AMN) and biogenic amine (BA)
production among groups were statistically significant (p<<0.05). The highest HIS
production was obtained by spoilage E. faecalis (58.76 mg L") and the lowest by
V. vulnificus (2.29 mg L). Almost all other BAs such as PUT, CAD, SPD, and
PHEN were formed by pathogens and spoilage groups. S. aureus (143.05-702.88
mg L) was the main high tyramine (TYR) producer in TDB. HIS production by
V. vulnificus was considerably suppressed in the presence of BNE (p<0.05).
Although the effect of treatment groups (Tween 80, BEO, and BNE) varied
depending on the bacterial strain and specific amine, all groups generally
decreased AMN and BA accumulation by bacteria. Consequently, the results
show that all bacteria tested are capable of decarboxylating more than one amino
acid and conversion of rosemary oil into nanoemulsion suppressed BA production
activity and its nano-form can be used as an alternative antimicrobial agent in
processed or packaged fish or food products.
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Biberiye Esansiyel Yag1 ve Nanoemiilsiyonunun Balikta Bozulma Etmeni Bakteriler ile
Gida Kaynaklh Patojenik Bakteriler Tarafindan Uretilen Biyojenik Aminler Uzerine
Etkilerinin incelenmesi

Makale Bilgileri Oz: Biberiye esansiyel yagi (BEO) ve nanoemiilsiyonunun (BNE) balikta
Gelis: 11.12.2021 bozulma etmeni bakteriler (P. luteola, P. damselae, V. vulnificus, E. faecalis, S.
Kabul: 08.03.2022 liquefaciens ve P. mirabilis) ve gida kaynakli patojenik bakterilerin (S. Paratyphi

Online yaymlanma: 15.03.2022 A, S. aureus, K. pneumoniae ve E. faecalis) gelisimi ve biyojenik amin (BA)
DOI: 10.29133/yyutbd.1035443 {iretimleri lizerine etkileri tirozin dekarboksilaz sivisinda (TDB) HPLC yontemi
kullanilarak incelenmistir. Ekstrakte edilmis BEO ugucu bilesenleri GC-MS
_ kullanilarak belirlenmistir ve elde edilen BNE'un fiziksel 6zellikleri (viskozite,
Bakteri, _ termodinamik kararlilik, damlacik boyutu ve yiizey gerilimi) analiz edilmistir.
Biyojenik amun, Tween 80, BEO ve BNE, patojen ve bozucu bakterilerin biiylime ve gelisme
Esansiyel yaglar, . S o
Dekarboksilaz stvist, performanslalrlnjcl 1r.1h1be 'edICI yonde .etlflh ol.mus.tu.r. Gruplar arasinda amon.ya.k
Nanoemiilsiyon (AMN) ve biyojenik amin (BA) ﬁretlmln.de.lstatlstlksel farkliliklar gézlenmistir
(p<0.05). En yiiksek histamin (HIS) iiretimi, bozucu E. faecalis (58.76 mg L)
susunda ve en diisiik V. vulnificus (2.29 mg/L) susunda gdzlenmistir. Putresin
(PUT), kadaverin (CAD), spermidin (SPD) ve 2-feniletilamin (PHEN) gibi hemen
hemen tiim diger BA'ler patojenler ve bozulma gruplar tarafindan tiretilmistir. S.
aureus, en yiiksek tiramin (TYR) iireten (143.05-702.88 mg L!) sus olmustur. V.
vulnificus tarafindan HIS iiretimi, BNE varliginda 6nemli 6lgiide baskilanmistir
(p<0.05). Muamele gruplarinin (Tween 80, BEO ve BNE) etkisi bakteri susuna
ve spesifik amine bagli olarak degisse de, tiim muamele gruplari genel olarak
bakteriler tarafindan AMN ve BA iiretimini azaltmistir. Sonu¢ olarak, mevcut
calisma test edilen tiim bakterilerin birden fazla amino asidi dekarboksile etme
yetenegine sahip oldugunu, biberiye esansiyel yaginin nanoemiilsiyona
doniistiiriilmiis formunun biyojen amin iiretimlerini baskiladigini ve bunun
islenmis veya paketlenmis balikk veya gida frlinlerinde alternatif bir
antimikrobiyal ajan olarak kullanilabilecegini gdstermistir.

Anahtar Kelimeler

1. Giris

Pek ¢ok gida kaynakli hastalik, patojenik mikroorganizmalarla kontamine olmus gidalarin
tiikketimiyle sonuglanmaktadir (Ugar, 2020a; Korkmaz ve ark., 2021). Gida kaynakli bakterilerle ilgili
ekonomik zarar ve saglik riskini azalmada en etkili yaklasim gidalar1 antimikrobiyal ajanlarla muamele
etmektir. Gidalarda dogal katki maddelerinin kullanimma olan ilgi gida firmalann ve tiiketiciler
tarafindan artmaktadir. Bu yiizden temel odak konusu sentetik alternatifleri yerine giivenli ve daha
effektif dogal antimikrobiyaller olmustur (Al-zoreky ve Al-Taher, 2015). Ozellikle sifali bitkiler ve
diger bitkisel kaynaklardan izole edilen esansiyel yaglar ve igeriklerinin mikroorganizmalarin
bliylimesini yavaslatmada etkili olduklar1 gézlenmistir (Pereira ve ark., 2014). Son zamanlarda en ¢ok
dikkati ¢eken esansiyel yaglardan biri de biberiye ugucu yagidir. Biberiye, Lamiaceae ailesindendir.
Yapraklarindan ve ugucu yagindan yararlanilir. Biberiyenin esansiyel yagi ya da ekstraktlar et
iiriinlerinde, yag iceren gidalarda, yaglarda oksidasyona ve ransiditeye karsi kullanilabilir. Antioksidan
ozelligi, yapisinda bulunan karnosol, karnosik asit ve rosmarinik asitten kaynaklanmaktadir. Biberiye
esansiyel yaginin ana bilesenleri; 1.8-cineole, a-pinene, camphor, camphene, borneol, piperitone,
linaloldur.

Geligmis tilkelerde toplumun biiyiik bir kismi gida kaynakli mikrobiyal hastaliklara maruz
kalmaktadir. S6z konusu bu mikroorganizmalarin iirettikleri istenmeyen bilesiklerinden olan biyojenik
aminler, insan ve hayvanlarda hastaliga yol acan toksik maddelerdir. Bu aminler balik, balik iiriinleri, et
iiriinleri, yumurta, peynir, fermente sebzeler, meyveler, soya iiriinleri, bira, sarap, findik ve ¢ikolata gibi
genis gida iirlinlerinde mevcut olmaktadir (ten Brink ve ark., 1990). Biyolojik olarak aktif aminler sinir
ve metabolizma gibi biyolojik sistemlerde dnemli fonksiyonlara sahip olmalarindan dolay1 énemlidir.
Biyojen aminler ayn1 zamanda kanseri tetikleyici etkisinin oldugu bilinmektedir. Bu aminler ayni
zamanda gida kalitesini belirlemede bir gosterge saglamaktadir. Ancak viicudun tolere edebilecegi
limitlerin {izerinde olmas1 akut toksisite gibi 6liime kadar varabilecek ciddi problemlere de neden
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olmaktadir. Bu nedenle son zamanlarda gida kokenli patojenlerin gelisimini azaltma yoniinde cesitli
metotlar gelistirilmeye calisilmaktadir (Telli ve ark., 2006). Bunlar arasinda nanoteknoloji ve emiilsiyon
uygulamalarmin kombine kullanimlar1 dikkat ¢ekmektedir (Ozogul.ve ark., 2016; 2017; 2020; Ugar,
2020b)

Antimikrobiyal ajan olarak bitki esansiyel yaglarinin kullanimi oldukga yiiksek ugucu oluslari,
giiclii kokulu olmalari, suda az ¢oziinmeleri ve mikroorganizmalar ile direk etkilesimlerinde sinirh
ozelliklerinden dolay1 pek ¢ok potansiyel sakincalar1 vardir (Ghosh ve ark., 2014). Bu dezavantajlar
birgok gida ve igecek uygulamalari i¢in saf esansiyel yaglarin uygulamalarini simdilik sinirlamaktadir.
Uygun kolloidal dagitim sisteminde esansiyel yaglarin enkapsiilasyonu veya emiilsiyonlar1 bu
sinirlamalarin pek ¢ogunun iistesinden gelebilir. Su iginde yag nanoemiilsiyonlari, enkapsiile etmede ve
esansiyel yag gibi hidrofobik bilesiklerin dagiliminda kullanilan en etkili kolloidal sistemlerden biridir
(Salvia-Trujillo ve ark., 2015). Bu nanoemiilsiyonlar sivi ortam iginde dagilan kii¢lik yag damlalarindan
olusmaktadir. Nanoemiilsiyonlar bakteri, mantar ve viriislere karsi genis antimikrobiyal aktiviteye
sahiptir (Majeed ve ark., 2015). Nanoemiilsiyon tabanli dagilim sistemi yiiksek yiizey-hacim oran1 ve
kiigtik partikiil boyutundan dolay1 enkapsiile edilmis esansiyel yaglarin antimikrobiyal aktivitesini
artirabilir (Salvia-Trujillo ve ark., 2015). Ozellikle kiigiik partikiil boyutu antimikrobiyal hiicre kaplama
ve fostolipid membran alt tabakasina ulagsma ag¢isindan pargacigin penetre olma kabiliyetini artirabilir.
Nanoemiilsiyonlar ayn1 zamanda bilinen emiilsiyonlardan daha iyi ve uzun siire fiziksel stabiliteye sahip
olma egilimindedirler. Bu da pek cok gida ve igecek {iirlinleri iginde kullanimi agisindan 6nem arz
etmektedir (McClements & Rao, 2011).

Donsi ve ark. (2012), farkli esansiyel yag bilesenlerinden olusan nanoemiilsiyonlarin
Escherichia coli, Lactobacillus delbrueckii and Saccharomyces cerevisiae gibi 3 farkli mikroorganizma
iizerindeki antimikrobiyal aktivitesini 6nemli 6l¢iide etkiledigi rapor edilmistir. Chang ve ark. (2012),
lipit fazinda % 60 musir yag1 iceren kekik nanoemiilsiyonlarinin Z. bailii gelisimine karsi minimum
inhibitér konsantrasyonu (MIK) 375 ug mL™ iken, % 90 musir yag igeren kekik nanoemiilsiyonlari igin
bu deger 6000 pg mL’' olarak belirtilmisti. Bu calismanin sonucunda gida endiistrilerinde
nanoemiilsiyonlarin énemli bir antimikrobial olarak gorev alacag bildirilmistir. Literatiir caligmalarina
bakildig1 zaman bu konuda {ilkemizde ve diinyada sinirli sayida ¢aligma bulundugu goriilmektedir. Bu
calismada biberiye esansiyel yag1 ve bu yag kullanilarak hazirlanan nanoemiilsiyonlarin gida kaynakl
patojen ve balikta bozucu bakterilerin liretmis olduklar1 biyojen aminlere karsi antimikrobiyal etkileri
arastirtlmig ve oldukga tatmin edici sonuglar bulunmustur. Sistem i¢indeki esansiyel yag formu dikkate
alindiginda, bunun antibakteriyel 6zellikleri nanoemiilsiyon sistemine dahil edilerek gelistirilmistir.

2. Materyal ve Yontem

2.1. Bakteriyel sus izolasyonu ve identifikasyonu

Balik bozucu bakterilerin (P. damselae, E. faecalis, V. vulnificus, P. mirabilis, S. liquefaciens,
P. luteola) izolasyonu ve tamimlanmasi Yazgan ve ark., (2019) tarafindan tanimlandigi sekilde
gergeklestirilmigtir. Bakteriler, Akdeniz'de yakalanan {i¢ bozulmus balik tiirii olan uskumru (Scomber
scombrus), hamsi (Engraulis enrasicolus) ve sardalya (Sardinella aurita) ve Adana yakinlarindaki yerel
bir giftlikten elde edilen gokkusagi alabaligi (Oncorhynchus mykiss)ndan elde dilmistir. Klebsiella
pneumoniae (ATCC700603), Staphyllacoccus aureus (ATCC29213) ve Enterococcus faecalis
(ATCC29212) Amerikan Tip Kiiltiir Koleksiyonundan (Rockville, USA), Salmonella Paratyphi A
(NCTC13) ise Tip Kiiltiirleri Ulusal Koleksiyonundan (Londra, Birlesik Krallik) temin edilmistir.

2.2. Ucucu yag eldesi ve bilesimi

Biberiye (Rosmarinus officinalis) ugucu yaglart BIOMESI (Adana, Tiirkiye) firmasindan elde
edilmistir. Esansiyel yag kompozisyonunun tanimlanmasi, Yazgan ve ark., (2019) tarafindan detayh
olarak tarif edildigi gibi Gaz Kromatografisi-Kiitle Spektrometresi (GC-MS, Perkin Elmer Clarus 500,
Waltham, ABD) araciliiyla gerceklestirilmistir.

2.3. Nanoemiilsiyon hazirlanmasi

Biberiye esansiyel yag1 (su i¢inde yag) bazli nanoemiilsiyon, ultrasonik emiilsifikasyon temelli
yiiksek enerjili bir islemle Ozogul ve ark. (2017) tarafindan bildirilen yonteme gore kiigiik
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modifikasyonlar yapilarak hazirlanmistir. Suda yag nanoemiilsiyonu, toplam nanoemiilsiyonun %1 1'ini
olusturan bir yag fazi ve toplam nanoemiilsiyonun % 89'unu olusturan su fazi kullanilarak
hazirlanmigtir. Nanoemiilsiyon, biberiye esansiyel yaginin Tween 80 (Sigma Aldrich, Taufkirchen,
Almanya) ve su ile 10:1:89 w/w oraninda karigtirtlmasiyla hazirlanmigtir. Daha sonra emiilsiyonlar
ultrasonik homojenizatér (Optic Ivymen System CY-500, Barselona, Ispanya) kullamilarak 72
amplitiidde (titresim genligi) 15 dakika homojenize edilmistir. Ultrasonik homojenlestiricinin giicii 500
W ve yayilan ultrasonun frekansi 20 KHz olmustur. Enerji girisi, 14 ing titanyum alagimli prob (5.6 mm
cap (@) ve 60 mm yiikseklik) iceren bir piezoelektrik doniistiiriicli igeren bir sonotrot kullanilarak
gergeklestirilmigtir. Bu iglem sirasinda, emiilsiyonun iirettigi 1s1, beher etrafinda buz kullanilarak kontrol
edilmistir. Ultrasonikasyon yontemiyle biberiye esansiyel yagi nanoemiilsiyonunun iiretimi i¢in sematik
diyagram Sekil 1'de gosterilmektedir.

Sonikator

W/O (damlacik boyutu <100 nm)

t.\

G2 mastersizer

Nanoemiilsiyon

© vag
L.

O/W (damlacik boyutu <100 nm)

Sekil 1. Ultrasonikasyon yontemiyle biberiye esansiyel yagi nanoemiilsiyonunun iiretimi i¢in sematik
diyagram.

2.4. Nanoemiilsiyonlarin fiziksel 6zellikleri

Biberiye esansiyel yagi nanoemiilsiyonlarinin fiziksel 6zelliklerinin tiim 6l¢timleri 25 °C'de Orta
Dogu Teknik Universitesi Merkez laboratuvarlarindan hizmet alimi yapilarak analiz edilmistir.
Nanoemiilsiyonun ortalama damlacik boyutu ve polidispersite indeksi, Malvern Panalytical Mastersizer
2000 (Malvern, Ingiltere) kullanilarak analiz edilmistir. Termodinamik stabilite, Shafiq ve ark., (2007)
tarafindan Onerilen yontem kullanilarak 14 giin boyunca analiz edilmistir. Nanoemiilsiyonun viskozitesi,
ARES reometre (TA Instruments, New Castle, ABD) ile 6l¢iilmiistiir. Nanoemiilsiyonun yiizey gerilimi
Attension Theta gonyometer (Biolin Scientific, Espoo, Finlandiya) ile dl¢iilmiistiir.

2.5. Tirozin dekarboksilasyon sivisimin hazirlanmasi ve bakterilerin asilanmasi

Bu caligmada kullanilan tiim gida kaynakli patojenik suslar ile bozucu bakterilerin biyojenik
amin Uretimleri, tirozin dekarboksilaz sivisi (TDB) kullanilarak incelenmistir. TDB, 1 g pepton, 0.5 g
Lab-Lemco tozu (Oxoid CM0017, Hampshire, ingiltere), 2.5 g NaCl (Merck 1.06404.1000, Darmstadt,
Almanya), 4.01 g L-tirozin (Sigma, Steinheim, Almanya) ve 500 mL distile su igerisinde 2.5 mg
piridoksal HCI (Sigma P9130, Steinheim, Almanya) pH (5.5 - 6.8), IM KOH (Riedel-deHaen 06005,
Seelze, Almanya) veya % 6 TCA (Riedel-deHaen 27242, Seelze, Almanya) ile optimum biiyiime
pH'larina gore ayarlanmigtir. Bu agsamadan sonra TDB, 10 ml'lik siselere konularak kullanilmadan 6nce
15 dakika i¢inde 121°C'de otoklavlanmistir. Daha sonra stok kiiltiirlerden 0.5 mL alinarak, biyojenik
amin iiretmesi i¢cin TDB'ye inokiile edilmistir. Bu sekilde kullanilan her bir bakteri tiiriiniin 6zellikle,
histamin (HIS), kadaverin (CAD), tiramin (TYR), triptamin (TRPT), 2- feniletilamin (PHEN), agmatin
(AGM), putresin (PUT), spermin (SPN), spermidin (SPD), dopamin (DOP) ve serotonin (SER) iiretim
kapasitesi belirlenmistir. Kontrol grubunda TDB igerisine herhangi bir emiilsiyon katkis1 olmamustir.
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2.6. Toplam bakteriyel gelisimin belirlenmesi

TDB i¢inde olusturulan muamele say1si toplamda 4 gruptan olugmaktadir. Bunlar, kontrol grubu
(herhangi bir katki olmayan), Tween 80 (%1) grubu, BEO (% 1 biberiye esansiyel yagi) grubu ve BNE
(% 1 biberiye esansiyel yagi kullanilarak hazirlanmis nanoemiilsiyon) grubudur. TDB'de gelisen her bir
bakteriyel kiiltiirden 0.1 ml alinarak uygun seyreltikler hazirlanmis (107'%°a kadar), sonrasinda Plate
Count Agar iizerine agilama yapilmistir. Petri kutular1 37 °C’de 72 saat inkiibe edilmistir.

2.7. Biyojenik amin analizleri

Biberiye esansiyel yagi ve bu yag kullanilarak hazirlanan nanoemiilsiyonlarin bozucu ve patojen
bakterilerin amino asit dekarboksilasyon aktivitesi iizerine etkisini degerlendirmek amaciyla biyojen
amin analizi (Ozogul, 2004) gerceklestirilmistir. Biyojen aminlerin tiirevlendirilme islemi i¢in Redmond
ve Tseng (1979) metodu kullanilmistir. Biyojen amin {ireten bakterilerin gelisimi Niven besiyeri (Niven
ve ark., 1981) kullanilarak belirlenmistir.

2.8. istatistik analiz

Istatistik analizler SPSS 18.0 (SPSS Inc., Chicago, IL. USA) kullamlarak yapilmistir. p<0.05
olarak tanimlanan 6nemli farkliliklar1 belirlemek igin ANOVA kullanilmistir. Her muamele gruplarn
igin Ui¢ tekrarli olarak istatistik karsilagtirma yapilmstir.

3. Bulgular

3.1. Biberiye ucucu yagimin kimyasal bilesimi

Biberiye esansiyel yagi ugucu bilesenlerinin GC-MS analizi, 11 bilesik olarak tanimlamigtir
(Cizelge 1). 1.8-Cineole, diger yazarlar tarafindan bildirilene benzer bir diizey olan toplam tanimlanms
bilesiklerin % 53.08'ini olusturan mevcut ana bilesiktir (Ozogul ve ark., 2017). Biberiye esansiyel
yaginda 1.8-cineole (% 27.6) dnemli oranda igerdigi bildirilmistir (Nowak ve ark. 2012). % 1'den daha
yiikksek miktarlarda bulunan diger bilesikler arasinda o-pinene (% 11.57), camphor (% 8.96),
caryophyllene (% 4.54), b-myrecene (% 3.96), borneol (% 3.46) ve camphene (% 3.01) bulunmaktadir.
Bu maddelerin de oldukga giiclii antimikrobiyal, antioksidan ve antiinflamatuvar etkilerinin oldugu
bilinmektedir. Bununla beraber literatiirde farkli biberiye esansiyel yagi igeriklerinin oldugu da
bilinmektedir. Bitkilerin ugucu yag bilesiminin genetik, ¢evresel faktorler, gelisim asamasi ve

ckstraksiyon yontemlerine bagl olarak degistigi bildirilmistir (Ozogul ve ark., 2017).

Cizelge 1. Biberiye (Rosmarinus offinalis L.) esansiyel yaginin kimyasal bilesimi

Bilesik adi (%)
a-Pinene 11.57
1.8-Cineole 53.08
Camphor 8.96

B- Pinene 1.25
b-Myrecene 3.96
Caryophyllene 4.54
Camphene 3.01
a-Terpineol 1.96
Borneol 3.46
Terpinene-4-Ol 1.05
Bornyl Acetate 1.78

3.2. Biberiye ucucu yagi nanoemiilsiyonunun fiziksel 6zellikleri

Biberiye esansiyel yagi bazli nanoemiilsiyonun fiziksel 6zellikleri Cizelge 2'de verilmistir.
Tween 80 (% 1 w/w) ile hazirlanan nanoemiilsiyonlarin damlacik boyutu (Z-ortalamalar1) ortalama
447.6 nm bulunmustur. Bulgularimizin diger arastirma ¢aligmalartyla karsilagtirilmasiyla, bu ¢calismada
test edilen biberiye esansiyel yag1 bazli nanoemiilsiyonun damlacik boyutunda Ozogul ve ark., (2017)
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tarafindan yapilan ¢alismada bildirilen sonuglara gore (63.02 nm) bir artis oldugu gozlenmekte ve bunun
nedeninin ise emiilsifiye edici madde olarak kullanilan Tween 80'in konsantrasyonlarinin % 3'ten %
I'e (w/w) disiirilmesinden kaynakli olabilecegi diisiiniilmektedir. Ayrica, su icinde yag
emiilsiyonlarmin hazirlanmasinda iyonik olmayan yiizey aktif maddeler olarak kullanilan Tween 80
uygulamasi, emiilsiyonun hidrofilik-lipofilik dengesi a¢isindan dengede olmustur (Chu ve ark., 2020).
Ayrica, polimer bazl yiizey aktif maddelerle karsilastirildiginda, kiigiik molekiillii bir ylizey aktif madde
olarak Tween 80, damlacik ylizeyinde adsorbe etmede daha etkili olmustur (Chu ve ark., 2020).

Ote yandan viskozite, nanoemiilsiyonun fizikokimyasal karakterizasyonunda kullanilan ¢ok
onemli bir parametredir. Arastirmamzda viskozite 0.88 N s m? olarak bulunmustur.
Nanoemiilsiyonlarm fiziksel stabilitesi iizerinde viskozitenin biiyiik bir etkisi vardir. Bu nedenle, bu
arastirmada incelenen biberiye esansiyel yag1 nanoemiilsiyonunun viskozitesi, emiilsiyon stabilitesini
arttirmaktadir. Biberiye esansiyel yag1 bazli nanoemiilsiyonun yiizey gerilimi ise 33.93 N m™ olarak
bulunmustur. Onceki arastirmalar, biberiye esansiyel yag bazli nanoeiilsiyonunun yiizey gerilimi (32.55
N/m) hakkinda benzer bir veriye sahip oldugunu bildirmistir (Ozogul ve ark., 2017). Ayrica, biberiye
esansiyel yagi nanoemiilsiyonu, oda sicakliginda 15 giinliikk depolama sirasinda iyi termodinamik
stabilite sergilemistir.

Cizelge 2. Biberiye esansiyel yagi kullanilarak hazirlanan nanoemiilsiyonunun fiziko-kimyasal

ozellikleri
Sicaklik (°C) 25
Viskozite (N s m?) 0.88
Yiizey gerilimi 33.93
Termodinamik stabilite ++
Damlacik boyutu (nm) 447.6

Biberiye esansiyel yagi nanoeiilsiyonunun PDI'si Sekil 2'de verilmistir. PDI degeri,
damlaciklarm partikiil boyutu dagilimi olarak tanimlanabilir. Siklikla, PDI degerleri 0.0'dan (tek tip
damlacik) 1.0'a (¢esitli damlacik boyutu popiilasyonlarina sahip numune) uzanir. Kiiciik bir PDI degeri,
dar bir pargacik boyutu dagilimini temsil eder. Bu ¢alismada biberiye ugucu yagi igin PDI degeri 0.164
olarak bulunmustur. Ayrica sonuglar gostermisrit ki, elde edilen PDI degeri, ylizey aktif madde
konsantrasyonlarma ve nanoemiilsiyonun gelistirilmesi i¢in kullanilan sulu faz miktarina ve ayrica
ultrasonik emiilsifikasyonun etkisine bagli olmustur (Chu ve ark, 2020).
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Sekil 2. Biberiye esansiyel yagi nanoemiilsiyonun parcacik boyutu dagilimi ve PDI degeri.

3.3. Tirozin dekarboksilaz sivisinda bakteriyel gelisim

Tirosin dekarboksilaz sivisinda bakteriyel gelisim Cizelge 3’te verilmistir. Kontrol grubunda
bakteriyel gelisim 8.06 log kob ml™ (P. damselae) ile 9.05 log kob g™ (S. aureus) arasinda degiskenlik
gostermistir. Test edilen gruplar arasinda genellikle en disiik bakteriyel yiikk, BEO grubunda
gdzlenmistir.
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Cizelge 3. Tirozin dekarboksilaz sivisinda bakteriyel gelisim (log kob ml™)

. Gruplar

Bakteri Kontrol Tween 80 i BEO BNE
e S. aureus 9.05+0.2x¢ 9.03+0.3¢ 7.51+£0.2% 8.57+0.3°
3 Eg qig K. pneumoniae 8.94+0.4¢ 8.74+0.6° 8.84+0.1° 8.86+0.1°
< E%g S. Paratyphi A 9.07+0.5¢ 8.99+0.5¢ 8.07+0.0° 7.77+0.1*
E. faecalis 8.53+0.24 8.33+0.0° 7.86+0.3* 8.14+0.2°
P. damselae 8.06+0.0° 8.14+0.0¢ 7.26+0.2° 7.41+0.1°
§ ) E. faecalis 8.97+0.1¢ 8.77+0.1° 8.97+0.1° 8.68+0.4*
E g V. vulnificus 9.02+0.4° 8.98+0.12° 9.10+0.1¢ 8.94+0.1*
2 P. mirabilis 8.48+0.1°¢ 8.41+0.2% 8.18+0.22 8.32+0.1°
& S. liquefaciens 8.99+0.34 8.87+0.1°¢ 8.43+0.1° 7.80+0.2°
P. luteola 8.93+0.2° 9.01+0.2°¢ 8.88+0.2° 8.82+0.12

BEO: Biberiye esansiyel yagi, BNE: Biberiye esansiyel yag1 bazli nanoemiilsiyon.
*Ortalama deger, + standart sapma, n=3. Ayni satir tizerindeki farkli harfler (a-d) istatistiki farki gostermektedir.

Biberiye esansiyel yagi ve nanoemiilsiyonu TDB'de kontrol ve Tween 80'e gore daha fazla
antimikrobiyal aktiviteye sahip olmustur. Caligmada, muamele gruplarmin etkisi bakteri tlirline gore
degiskenlik gostermesine karsin BEO diger test edilen gruplara kiyasla bakteriyel gelisimde yiiksek
inhibisyon aktivite sergilemistir. Biberiye esansiyel yag1 yiiksek flavonoid maddeler icermesinden
dolay1 giiclii antimikrobiyal aktiviteye sahiptir. Bu calismada kullanilan suslar arasinda bakteriyel
gelisimi en fazla azaltan grup BEO olmustur. BEO'yu takiben sirayr BNE almistir. Gida kaynakl
patojenik bakteriler tamami tim muamele gruplarindan negatif yonde etkilenmis ve bakteriyel
gelisimleri azalmistir. En fazla gelisimi azalan sus 1.54 log kob ml™ azalis ile S. aureus (BEO grubunda)
sonrasinda 1.30 log kob mI™ azalis ile S. Paratyphi A (BNE grubunda) gelmektedir. Gelisimi en fazla
olan grubun ise Tween 80 oldugu gozlenmistir. Balik bozucu bakteriler arasinda ise kontrol grubuna
kiyasen muamele gruplar1 arasinda gelisimi artan ve azalan suslar oldugu tespit edilmistir. Tween 80
grubunda P. damselae ile P. luteola ve BEO grubunda V. vulnificus suslarmin tamami 0.08 log kob mI
! artis ile gelisimi artan suslar olmuslardir. Fakat bu artislar istatistiksel olarak 6nemsiz kabul
edilmislerdir (p<0.05). En fazla gelisimi azalan sus 1.19 log kob ml™ azalis ile S. liguefaciens (BNE
grubunda) sonrasinda 0.80 log kob ml™ azalis ile P. damselae (BEO grubunda) gelmektedir. En yavas
gelisimi azalan sus 0.04 log kob ml™ azalis ile V. vulnificus (Tween 80 grubunda) sonrasinda 0.05 log
kob ml™ azalis ile P. luteola (BEO grubunda) ve sonrasinda ise 0.07 log kob ml™ azalis ile P. mirabilis
(Tween 80 grubunda) gelmektedir. Patojenik bakterilerde oldugu gibi bozucu bakteriyel suglarinda
gelisimlerinin en fazla oldugu grup Tween 80 olmustur.

Literatiire bakildiginda biberiye esansiyel yagi ve nanoemiilsiyon formlarmin gidalara
uygulanmasi ile ilgili ¢aligmalara rastlanmamistir. Fakat benzer ¢aligmalara rastlamak miimkiindiir.
Bunlarda daha ¢ok antimikrobiyal analiz ¢alismalari olup biyojen amin iiretimi {izerine
odaklanilmamistir. Abdollahzadeh ve ark., (2014) kekik, biberiye ve targindan elde ettikleri esansiyel
yaglarin L. monocytogenes PTCC 1163 susuna kars1 antibakteriyel aktivitelerini 6l¢miisler ve oldukga
etkili olduklarmi bildirmislerdir. Yine Ozogul ve ark., (2020) kekik yaginin nanoemiilsiyona
doniistiirilmesinin  Yazgan ve ark., (2019) limon yaginin nanoemiilsiyona doniistiiriilmesinin
antibakteriyel aktiviteyi arttirdigim1 rapor etmislerdir. Yapilan caligmalardan da goriildiigl iizere
aromatik bitki yaglar ve ekstraktlarinin igerigi ve kalitesi ekolojik kosullar, yagin ekstrakte edilis sekli
ve diger faktorlerine gore degiskenlik gdsterebilmektedir. Mevcut calismada da genel olarak
bakildiginda muamele gruplari olan Tween 80, BEO ve BNE, kullanilan patojen ve bozucu bakterilerin
biiylime ve gelisme performanslarina TDB'de inhibe edici yonde etkili olmustur. Biberiye esansiyel
yaginin fenol igerigi nanoemiilsifiye edilmis formundan daha yiiksek olmasina ragmen, gruplarin
antimikrobiyal etkinligi farklilik gostermistir. Bu farklilik, mikrobiyal biiyiime ve hayatta kalma
iizerindeki etkinin bir sonucu olarak, biiylime ortami ile birlikte calisan ekstrelerin saf veya
nanoemiilsifiye ¢oziiniir bireysel bilesenlerindeki farkliliklardan kaynaklanabilir.
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3.4. Tirozin dekarboksilaz sivisinda AMN, TMA ve biyojen amin iiretimi

Biberiye esansiyel yagi kullanilarak olusturulan su igerisinde yag nanoemiilsiyonu ile biberiye
esansiyel yaginin TDB'de gida kaynakli patojen ve balik bozucu bakterilerin tirettigi AMN, TMA ve
biyojen aminler iizerindeki etkisi Cizelge 4 ve 5’te verilmistir. Esansiyel yaglarn bakteriler iizerindeki
antimikrobiyal etkisi esansiyel yagin icerdigi kimyasal bilesiklere gore farkliliklar gdsterebilmektedir.
Escherichia coli, Salmonella, Clostridium, Aeromonas hydrophila, Bacillus spp., K. pneumoniae,
Listeria monocytogenes ve E. faecalis gibi gida kaynakli patojenlarin amonyak ve biyojen amin {iretme
yetenegine sahip oldugu bildirilmistir (Gokdogan ve ark., 2012; Kuley ve ark., 2012). Calismamizda
TDB igerisinde patojen ve bozucu bakteriyel liyeler arasinda AMN, TMA ve diger biyojenik aminler
iiretimi bakimindan farkliliklar bulunmustur.

Biberiyenin kullanilan tiim formlar gida kaynakli patojenik bakterilerin AMN iiretimini 6nemli
Olciide inhibe etse de en fazla inhibisyon S. aureus (kontrol, Tween 80, BEO ve BNE gruplar icin
sirastyla 288.79 mg L, 69.44 mg L™, 25.29 mg L™ ve 18.60 mg L") susunda gozlenmistir. Gokdogan
ve ark. (2012) histidin dekarboksilaz sivisinda AMN iiretiminin en diisiik L. monocytogenes (68 mg L~
" ve en yiiksek E. coli (210 mg L) tarafindan gerceklestigini bulmuslardir. Lizin dekarboksilaz
sivisinda gida kaynakli patojenler 965 mg L™"den daha diisik amonyak iiretmistir. Mevcut
calismamizda AMN iiretimi 18.60 - 834.68 mg L™ araliginda tespit edilmistir. Gida kaynakli patojenler
arasinda AMN {retimi agisindan fazla dalgalanma goézlenmemesine karsin sadece S. Paratyphi A
susunda Tween 80'in AMN iiretimini tesvik ettigini, E. faecalis susunda ise biberiyenin nanoemiilsiyon
formununun (BNE) esansiyel yagindan (BEQO) daha az etkili oldugu gézlenmistir. Bozucu bakteriler
arasinda da benzer sekilde E. faecalis susunda Tween 80'in, P. [uteola susunda BNE grubunun ve V.
vulnificus ile S. liquefaciens suglarinda da BEO grubunun AMN iiretimini tesvik ettigini, P. damselae
ve E. faecalis suslarinda ise BNE'nin BEO'dan daha az etkili oldugu tespit edilmistir.

Kullanilan muamele gruplarinda bakteri tlirline bagl olarak putresin (PUT) tiretiminde
dalgalanmalar gozlenmistir. Fakat buna ragmen higbir grup, kontrolden daha yiiksek miktarda PUT
iiretimini stimiile etmemistir. En fazla inhibisyon gézlenen suslar gida kaynakli patojenler arasinda S.
Paratyphi A ve E. faecalis'te gdzlenirken bozucu bakteriler arasinda bu inhibisyon V. vulnificus ile S.
liquefaciens suslarinda gozlenmistir. Kadaverin (CAD) tiretimine bakildiginda kullanilan tiim muamele
gruplar1 gida kaynakli patojen ve bozucu bakterilerin {iretimini inhibe ederken {iretim degerleri 1.55 mg
L (BEO grubu patojen E. faecalis) ile 65.24 mg L™ (kontrol grubu S. aureus) araliginda bulunmustur.
Genel olarak bakildiginda K. pneumoniae susunun Tween 80 ve BEO grubu ile bozucu E. faecalis
susunun kontrol-Tween 80 ve BNE-BEO gruplan kendi aralarinda benzer CAD iiretimine neden
olmusglardir ve bu iiretim miktarlar1 istatistiki agidan 6nemsiz olmustur (p<0.05). CAD f{iretiminde
gozlenen en fazla inhibisyon sirasiyla P. damsela (yaklasik 11 kat), K. pneumoniae (yaklasik 10 kat) ve
S. Paratyphi A (yaklasik 9 kat) suslarinda olmustur. Durlu-Ozkaya ve ark. (2001) Enterobacteriaceae
iiyelerinin % 1 aminoasit iceren beyin kalp infiizyon sivisinda baglica PUT, CAD, TYR ve HIS iiretigini
belirtmisleridr. Tavuk derisinden izole edilen 7 farkli Aeromonas iiyesinin PUT (<3.7 mg L) ve 5
iiyesinin CAD iirettigi (73.8 mg L) gozlenmistir (Buiikova ve ark. 2010). Staphylococcus iiyelerinin
yiiksek miktarda PUT ve PHEN (>100 mg L") olusturdugu gdzlenmistir (Seitter ve ark., 2011). Mevcut
calismada, bakteriler tarafindan PUT iiretimi 0.78 mg L™ (patojen E. faecalis) ve 146.98 mg L™ (S.
liquefaciens) araliginda ve CAD fiiretimi ise 1.51 mg L™ (P. damselae) ve 65.24 mg L™ (S. Paratyphi A)
araliginda olmustur.
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Cizelge 4. TDB'de gida kaynakli patojenler tarafindan iiretilen AMN, TMA ve BAs (mg L)

Gida Kaynakh Patojenik Bakteri

Gruplar - -
S. aureus K. pneumoniae S. Paratyphi A E. faecalis
Kontrol 288.79+8.89¢ 709.46+58.67¢ 209.80+9.93¢ 140.16+1.65¢
AMN Tween 80 69.44+1.99° 564.25+19.59° 246.39+15.26° 78.1245.13¢
BEO 25.29+1.13 277.43+7 86" 181.76+7.57° 25.71£1.92°
BNE 18.60+1.00° 181.35+6.42° 200.20+7.18° 40.74£1.17°
Kontrol 51.81+1.27¢ 43.65+0.92¢ 20.84+0.05¢ 56.78+2.16°
TMA Tween 80 40.00+0.00° 15.68+0.04° 10.09+0.01° 42 45+2 34
BEO 32.88+1.24 21.97+1.37° 11.57+0.69° 37.80+2.44°
BNE 22.2940.02° 8.75+0.36" 7.45+0.52° 38.48+2.39°
Kontrol 93.24+1.14¢ 90.46+1.87° 32.67+2.56% 19.85+0.16¢
PUT Tween 80 47.46+0.11° 37.18+1.30° 26.44+1.93° 10.69+0.97°
BEO 30.61£1.21° 36.68+0.04° 17.98+2.85° 2.93+0.19°
BNE 17.8040.54* 8.68+0.37° 3.67+0.04° 0.78+0.01°
Kontrol 24.17+7.48¢ 20.78+1.96° 65.24+0.06% 8.36+0.57°
CAD Tween 80 21.05+0.02° 17.06£0.09° 47.71+7.28¢ 2.04+0.10°
BEO 14.75+0.58° 17.72+0.33° 12.56+0.38° 1.55+0.14°
BNE 7.45+0.49° 2.00£0.07* 6.80+0.25" 1.77+0.04®
Kontrol 89.05+2.14° 50.36+2.76¢ 32.44%0.07° 5.23+0.04°
SPD Tween 80 55.91+0.14° 45.64+1.75° 27.16+1.82° 2.95+0.16"
BEO 56.12+1.66" 28.44+1.94° 24.21+5.07° 2.34+0.00°*
BNE 15.56+0.11° 6.00+0.77° 32.43+2.83° 2.33+0.06
Kontrol 10.44+0.04° 25.76+0.88¢ 21.13+1.10¢ 0.16+0.01°
TRPT Tween 80 10.55+0.02° 8.03+0.91¢ 13.02+0.72° 0.18+0.01¢
BEO 5.67+0.15° 3.30+0.51* 5.62+0.12° 0.13+0.00%
BNE 3.55+0.01° 5.91+0.26 3.87+0.02° 0.03+0.00°
Kontrol 0.00+0.00° 9.46+0.64° 0.52+0.02° 0.42+0.03*
PHEN Tween 80 0.00:£0.00° 0.00£0.00° 0.00:£0.00° 0.74+0.05"
BEO 2.32+0.12¢ 0.00:£0.00° 0.97+0.00¢ 0.41+0.00*
BNE 2.03+0.03" 0.00:£0.00° 0.00:£0.00° 0.70:0.00°
Kontrol 87.95+0.71¢ 45.00+3.67¢ 16.82+0.02° 11.58+0.10°
SPN Tween 80 23.06+1.15" 31.2743.11° 11.78+0.74° 10.76+0.05%
BEO 39.46+2.17° 14.29+9.85° 13.00+1.03° 9.67+0.23"
BNE 12.22+0.60" 21.54£0.07° 12.13£1.05% 4.10£0.02°
Kontrol 20.15+0.73¢ 27.37+1.80¢ 30.45+0.04¢ 30.44+0.01°
HIS Tween 80 12.76+0.78° 20.23+0.09° 21.660.05° 27.18+0.01%
BEO 3.2440.65" 6.54+0.35° 15.46+0.65° 25.70£1.17°
BNE 4.56+0.17° 2.82+0.15° 19.29+0.89° 16.60+0.64°
Kontrol 641.14+13.07¢ 91.48+0.40¢ 59.48+0.16¢ 60.22+3.02°
SER Tween 80 195.52+10.11° 56.98+4.54° 41.83+0.18° 50.17+2.01°
BEO 133.28+10. 25" 35.37+2.17° 22.70+0.23° 37.90+2.88%
BNE 64.72+4.47° 29.75+0.35° 18.78+1.68" 32.08+1.30°
Kontrol 702.88+9.76¢ 234.01+2.67° 86.65+6.33¢ 116.89+5.67°
Tween 80 326.14+11.79° 136.30+3.85" 56.97+2.63° 48.62+2.45°
TYR
BEO 262.33+21.98° 23.91+1.71° 28.73+1.44° 29.98+1.30°
BNE 143.05+4.81° 20.37+0.02° 26.89+3.48" 35.48+2.66%
Kontrol 547.11+34.12¢ 385.154+20.02¢ 686.31+14.98¢ 16.79+1.02°
DOP Tween 80 322.96+11.07* 249.37+10.77¢ 293.70+12.68¢ 11.41+0.02°
BEO 400.98+28.08° 196.013+8.56" 242.13+3.02° 11.08+0.01°
BNE 383.97+27.73° 142.45+10.06" 58.14+2.63° 11.61+0.62°
Kontrol 235.85+11.95° 224.23+0.21° 256.15+7.08° 30.21+1.02¢
AGM Tween 80 175.87+12.24° 125.98+6.45° 175.41+9.98° 24.25+1.56°
BEO 123.08+8.73* 150.66+4.20° 92.30+6.89° 15.70+4.11°
BNE 124.20+5.91° 127.910.03" 90.78+5.42° 7.94+4 47°
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Cizelge 5. TDB'de balikta bozulma etmeni bakteriler tarafindan iiretilen AMN, TMA BAs (mg L™)

Gruplar Balik Bozucu Bakteri
P. damselae E. faecalis V. vulnificus P. mirabilis  S. liquefaciens P. luteola
Kontrol ~ 975.10+65.67"  299.34+10.02° 834.68+61.51¢ 540.56+25.75"  543.64429.55¢  353.56+6.69¢
AMN Tween 80  59537+38.86°  580.46+41.56¢ 200.65+0.70 522.87427.63%  243.64+7.54>  241.54+11.23"
BEO 192.36+15.44*  203.46+13.06" 281.95+7.83¢ 411.77£13.19*  313.77+14.30°  261.59+6.49"
BNE 300.75+0.79° 239.78+6.71° 138.81+5.07° 396.05+18.05"  197.75+9.65°  321.53+28.17°
Kontrol 153.46+7.72¢ 20.78+1.13¢ 26.15+1.28° 21.35£1.91° 8.30+0.19¢ 5.38+0.29°
TMA Tween 80  67.41+£3.57° 18.87+0.62° 17.93+1.14° 16.26+1.23° 5.01£0.32¢ 3.75+0.43"
BEO 48.91+0.06° 13.56£1.04° 17.16+0.16° 12.06+0.45% 2.43+0.11° 2.82+0.05%
BNE 15.42+0.82° 6.00:£0.89° 13.26+0.35 10.29+0.06° 1.74+0.04° 2.07+0.20°
Kontrol 100.08+5.78¢ 77.76+4.14° 97.50+3.43¢ 59.10+4.82¢ 146.98+0.42¢ 56.61+1.43¢
PUT Tween 80 73.38+4.50° 42.05+3.24° 76.58+4.40° 58.75+3.87° 108.23+6.73° 46.87+3.42°
BEO 31.16£2.99° 45.17+0.71° 21.20+0.28° 18.59+0.20° 16.20+0.88° 30.23+0.92°
BNE 51.75+0.64° 29.93+1.44" 13.0420.16° 7.41+0.26" 10.21+0.04 12.86+1.63°
Kontrol 17.75+0.36° 15.50+0.70° 9.13+0.19¢ 9.54+0.65¢ 14.69+0.31° 10.72+0.18°
CAD Tween 80 4.05+0.25° 14.27+1.03° 3.08£0.17° 8.09+0.13¢ 9.06+0.75" 9.05+0.04%
BEO 2.12+0.11% 7.52+0.49° 2.40+0.19% 2.88+0.16° 8.63+0.53% 7.28+0.69"
BNE 1.51+0.01° 7.51£0.14° 1.76+0.06" 5.20£0.29° 3.17+0.30° 3.84+0.32°
Kontrol 23.56+1.88° 58.10+0.97¢ 10.02+0.92° 30.40+0.83¢ 25.79+2.46° 2.92+0.11¢
SPD Tween 80  22.19+1.84¢ 47.53+0.96° 9.04+0.11° 23.82+42.84¢ 14.90+1.12° 2.25+0.07°
BEO 16.47+3.18° 18.34+1.53° 4.94+0.93° 19.63+1.69° 22.93+1.45° 1.48+0.10%
BNE 11.82+0.91° 40.25+0.95° 4.15+0.24 6.18+0.01° 16.77+0.29® 1.38+0.06"
Kontrol 35.50+1.16° 23.59+0.60° 9.94+0.53¢ 44.94+1.30¢ 10.62+0.71° 7.99+0.10¢
TRPT Tween 80  22.14+2.03® 18.04+1.05° 2.09+0.12° 25.95+0.37° 6.05+0.53% 5.40+0.24°
BEO 26.33+1.84° 7.46+0.12° 3.09+0.15%® 34.09+2.11° 3.38+0.84° 6.86+0.03¢
BNE 20.19+0.71° 8.26+0.25" 4.1240.25" 30.39+1.30° 4.09+0.61° 2.44+0.00°
Kontrol 45.88+2.67° 6.03+0.04¢ 8.42+0.53° 11.34+0.06° 15.28+0.39° 0.00+0.00°
PHEN Tween 80 0.00+£0.00° 0.00:£0.00° 0.48+0.03" 9.76+0.05" 13.18+1.01° 0.00+0.00°
BEO 6.94+0.34° 0.00:£0.00° 7.89+0.15° 9.08+0.04° 9.85+0.70° 0.00+0.00°
BNE 0.59+0.01° 5.72+0.28" 2.38+0.07° 3.36+0.51° 10.69+0.56° 0.00+0.00"
Kontrol 184.95+5.59¢ 131.33+3.30¢ 93.25+2.51¢ 66.27+2.964 113.15+1.34¢ 91.46+1.20°
Tween80  117.52+1.91° 110.14+7.13¢ 30.21+0.34° 16.90+0.31° 96.69+0.42° 90.10+5.05°
SPN BEO 151.30+8.36° 87.80+2.95" 10.23+0.15° 10.37+0.04° 35.38+1.92° 85.55+4.04%
BNE 64.69+0.92° 32.34+1.58" 5.06+0.27" 4.34+0.79* 20.34+1.17° 83.18+5.43
Kontrol 25.45+0.64¢ 58.76+2.33° 24.17+0.47° 24.08+0.45° 32.58+1.63° 30.35+0.01¢
— Tween 80  12.16+0.42° 33.40+0.36° 5.45+0.07° 20.58+0.30° 19.6140.92° 26.62+0.04°
BEO 16.23+0.18° 22.2240.20* 2.86+0.01° 22.30+1.63% 12.17+0.05 22.47+0.43°
BNE 6.39+0.46" 31.64+1.81° 2.29+0.02° 15.66+0.48" 13.39+0.50° 15.31+0.93°
Kontrol 61.63+3.43° 23.97+1.30° 77.07+1.16° 30.19+0.31¢ 43.59+0.27° 71.36+0.50¢
SER Tween 80 53 .58+2.18" 8.43+0.11° 49.60+0.57° 20.91+1.24° 28.29+0.82° 50.57+0.29°
BEO 50.52+2.40° 8.29+0.38" 34.51£1.27° 14.40+1.06° 10.06+1.49° 62.72+4.44¢
BNE 42.36+0.03 5.06+0.61° 56.33+3.05" 10.13+0.20° 11.92+1.08" 33.56+2.28"
Kontrol ~ 281.97+11.14%  242.00+12.02¢ 211.23+3.47° 126.73+0.24¢ 151.96+2.57¢ 49.83+0.71°
TYR Tween 80  149.87+5.19°¢ 219.11+9.92¢ 93.84+4.77° 51.26+1.86° 67.76+1.53° 31.14+£2.67°
BEO 56.15+4.53" 159.57+7.50° 48.10+1.33* 22.82+0.74% 60.30£1.59° 29.93+0.72°
BNE 12.63+0.86" 176.84+6.87° 48.11%1.15° 29.79+1.46° 67.41+£4.78" 25.070.80°
Kontrol ~ 1187.20+18.10°  567.67+34.18¢ 66.54+4.90° 3889.45+148.10°  473.33+4.70  1946.20+156.83¢
DOP Tween 80  718.61£64.26°  107.27+10.28" 62.78+5.50" 5391.01£205.14¢  383.32+12.82° 1123.72+104.08°
BEO 822.80+35.50  210.06+12.56" 58.45+4.16° 2436.30£98.10°  222.62+3.70°  559.67+146.45°
BNE 111.60+2.73°  260.80£17.71° 39.58+1.63 1659.14439.21*°  36.22+0.32*°  211.34+22.48"
Kontrol ~ 608.98+20.30°  248.43+12.16° 274.81+1.52¢ 147.83+5.59¢ 197.6548.15¢  210.30+1.34°
AGM Tween 80  144.29+2.02° 149.61+12.71° 258.12+18.39° 135.15+1.05" 179.75+2.10¢ 126.28+7.13
BEO 73.04+4.97* 117.41+8.72° 28.58+0.88" 197.53+7.34¢ 73.85+0.85" 164.34+5.38"
BNE 94.3245.45% 155.05+1.82° 103.73+4.19° 119.81+0.04° 69.09+5.17° 164.35+10.86"

BEO: Biberiye esansiyel yagi, BNE: Biberiye esansiyel yag1 bazli nanoemiilsiyon.

*Ortalama deger, + standart sapma, n=3. Ayn satir tizerindeki farkli harfler (a-d) istatistiki farki gostermektedir.
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Spermidin (SPD) iiretiminde de benzer sekilde patojen bakterilerin besi ortaminda kullanilan
tiim gruplarin amin {iretimini inhibe ettigi gézlenmistir. Spermidin (SPD) {iretiminde suslar arasi
dalgalanma gozlenirken S. Paratyphi A'da BNE, SPD iiretimini Tween 80 ve BEO'ya gore tesvik etmis
ve kontrol ile aralarinda benzer iiretim degerleri (32.43 - 32.44 mg L) gozlenmistir. Spermin (SPN)
iiretiminde patojen bakterilerin besi ortaminda kullanilan tiim gruplarin amin tiretimini inhibe ettigi
gbzlenmistir. En yiiksek {retimler kontrol gruplarmmda goézlenirken muamele gruplar arasinda
dalgalanmalar gézlenmistir. Patojen suslarda ¢ok fazla SPN iiretimi gézlenmezken bozucu grupta daha
fazla iiretim s6z konusu olmustur. SPN iiretiminde en fazla inhibisyon yine bozucu suglarda ve V.
vulnificus ile P. mirabilis'te gbzlenmistir. Balik bozucu grupta da muamele gruplarn arasinda SPD
iiretimi agisindan farkliliklar gozlenmistir. Patojen suslarda en diisiik ve en yiiksek SPN iiretimi 4.10 -
45.00 mg Lile E. faecalis (BNE) ve K. pneumoniae (kontrol)'de gdzlenirken bozucu suslarda en diisiik
ve en yiiksek SPN iiretimi 4.34 - 184.95 mg L'ile P. mirabilis (BNE) ve P. damselae (kontrol)'de
gbzlenmistir. S. Paratyphi A susundan en diisitk SPN iiretimi Tween 80 grubunda goézlenmistir. S.
aureus'ta ise BEO, Tween 80'den daha az inhibitdr etki yaratmistir. Bu sonuglardan da goriildiigii iizere
biyojen amin iiretiminde muamele gruplarinin her zaman inhibe edici etkide olmadigr ve bunun
nedeninin de bakteriyel sus, kullanilan besi ortami gibi faktorlerden etkilendigi sonucuna varilmaktadir.

Triptamin (TRPT) tiretimine bakildiginda gida kaynakli patojenik bakteriler tarafindan ¢ok fazla
iiretim gézlenmezken bozulma etmeni bakterilerin daha fazla iiretim yaptig1 goriilmekte ve en diisiik ve
en yiiksek iiretimleri 2.09 - 44.94 mg L!araliginda olmustur ve sirasiyla V. vulnificus (Tween 80) ile P.
mirabilis (kontrol) suslarinda gézlenmistir. Patojen organizmalarda ise bu degerler 0.03 mg L' (BNE
grubu E. faecalis) - 25.76 mg L™ (kontrol grubu K. pneumoniae) araliginda olmustur. 2-feniletilamin
(PHEN) iiretimi agisindan sonuglar incelendiginde, patojen suslarin oldukg¢a az iiretim yaptiklarini,
bozucu bakterilerin ise daha fazla iirettikleri goriilmektedir. S. aureus'ta BEO ve BNE gruplar1 PHEN
iretimini tesvik ederken kontrol ve Tween 80 gruplarinda higbir iiretim gdzlenmemistir. K
penumoniae'de ise muamele gruplarinin tamami PHEN {iretimini baskilamustir. S. paratyphi A'da ise
BEO grubu (0.97 mg L), bozucu E. faecalis'te ise Tween 80 grubu (0.74 mg L) en yiiksek PHEN
iiretimi ile sonuglanmistir. Tlim suglar arasinda sadece P. lufeola'da kontrol dahil hi¢bir grupta PHEN
iiretimi gozlenmemistir. Tiim suslar arasinda en fazla inhibisyon P. damselae'de (77 kat) gézlenmistir.

Bakteriler tarafindan iiretilen serotonin (SER) ve dopamin (DOP) sirasiyla 5.06 ve 11.08 mg L~
nin {izerinde olup, S. aureus (641.14 mg L) ve P. mirabilis (5391.01 mg L") en yiiksek SER ve DOP
iireten bakteriler olmustur. Muamele gruplar test edilen bakteriler tarafindan SER ve DOP iiretimini
engelleyici etkiye sahip olmustur. En yiiksek inhibitor etki ise SER i¢in S. aureus susunda DOP igin S.
Paratyphi A susunda gozlenmistir. V. vulnificus susunda kontrolden sonra en az inhibitor etki gdsteren
grup BNE olmasi bu susta SER iiretimi agisindan stimiile edici eki yaratmigtir. DOP iiretiminde patojen
E. faecalis'te muamele gruplar kontrole goére inhibitor etkisi yaparken muamele gruplarn kendi
aralarinda istatistiksel olarak farkli olamayan sonuglar gostermislerdir. DOP {iretiminde genel olarak
yiiksek tiretimler bozucu grupta daha fazla olmasina karsin patojen suslarda da gézlenmistir. Patojen
suslardan E. faecalis en diisiik DOP {iretirken, bozucu grupta V. vulnificus en diisiik DOP iireten sus
olmustur. TDB igerisinde agmatin (AGM) {iretimi de DOP {iretimine benzer sonuglar gostermistir.
AGM incelendiginde patojen suslarin tamaminda muamele gruplarinin 6nemli bir inhibe edici etkisi
gdzlenmistir.

Tiim muamele gruplarinin kontrole kiyasen TMA {iiretimini baskiladigi, en fazla inhibisyonun
ise P. damselae susunda oldugu tespit edilmistir. TDB igerisinde bozucu bakteriler arasinda en diisiik
ve en yiiksek TMA iireten bakteri sirastyla BNE grubunda 1.74 mg L™olarak S. liquefaciens ve higbir
katk1 olmayan kontrol grubunda 153.46 mg Loramyla P. damselae olmustur. Yine ayni dekarboksilaz
sivisi igerisinde patojen bakteriler arasinda ise en diisiik ve en yiikksek TMA iireten bakteri ise sirasiyla
BNE grubunda 7.45 mg L'iiretim ile S. Paratyphi A ve kontrol grubunda 56.78 mg Loraminda E.
faecalis olmustur.

Gidalarda oldukga 6nemli olan biyojen aminlerden biri histamindir (HIS). Ozellikle yagh
baliklarda depolama ile birlikte yiiksek konsantrasyonu toksik etki yaratmaktadir. Kontrol gruplarinda
HIS iiretimi 20.15 mg L™ (S. aureus) ve 58.76 mg L™ (bozucu E. faecalis) arasinda degiskenlik
gostermistir. Biberiyenin tiim formlar1 ve Tween 80, tiim kullanilan gida kaynakli patojenlerin ve
bozucu bakterilerin HIS iiretimini baskilamistir. Bu da biberiyenin 6zellikle kolay bozulabilen balik gibi
et lirlinlerinde enfeksiyona yol agabilecek potansiyeli olan patojenlerin metabolit liretimini baskiladig1
goriilmektedir. Genel olarak HIS {iretimi patojen grupta 2.82-30.45 mg L ™araliginda, bozucu grupta ise
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2.29 - 58.76 mg L araliginda olmustur. Patojen ve bozucu suslar hemen hemen benzer oranlarda HIS
iretmislerdir. S. aureus'ta ve S. Paratyphi A'da biberiye esansiyel yagmin (BEO) nanoemiilsiyon
formundan (BNE) daha ¢ok inhibitor etkide oldugu gézlenmistir. Benzer durum E. faecalis ve S.
liquefaciens bozucu suslarinda da goriilmiistiir. Bu durumdan farkli olarak P. damselae ve P. mirabilis
suslarinda ise Tween 80 BEO'dan HIS iiretiminde daha inhibe edici etkili olmustur. Onemli oranda
inhibisyon ise V. vulnificus susunda (yaklasik 10 kat) goézlenmistir. Bu durum tirozin destekli besi
ortaminda bile biberiye esansiyel yagi ve nenoemiilsifiye formunun bozucu mikroorganizmalarin amin
iretimini inhibe ettigini gostermektedir. Lopez-Sabater ve ark. (1996) kiiltir ortaminda K
pneumoniae’nin 216 ppm histamin irettigini belirtmistir. Chang ve ark. (2008) S. aureus izolatlarmin
kiiltiir ortaminda 12.7 ve 33.0 mg kg arasinda HIS iirettigini rapor etmistir. K. pneumoniae’nin
histidinden yiiksek oranda HIS iirettigi (>3400 mg L), E. faecalis’in ise zay1f HIS iireticisi (<10 mg L°
" oldugu bulunmustur (Ozogul ve Ozogul, 2007). Bu ¢alismada K. pneumoniae ve patojen E. faecalis
sirastyla 2.82 - 27.37 mg L've 16.60 - 30.44 mg L'HIS iiretmistir.

TDB iginde bozulma etmeni bakteriler arasinda tiramin (TYR) agisindan kayda deger
miktarlarda iiretim gozlenmistir. Muamele gruplar1 tiim patojen organizmalarin TYR iretimini
azaltmasina ragmen en yiiksek inhibisyon K. pneumoniae'de (2-11 kat) gozlenmistir ve patojen
bakteriler arasinda K. pneumoniae tarafindan tiretilen TYR miktarin1 kullanilan BEO ve BNE gruplar
onemli dl¢iide engellemistir. S. Paratyphi A ve E. faecalis suslari kayda deger miktarda TYR tiretmesine
ragmen en fazla iiretim S. aureus'ta (143.05 - 702.88 mg L") gdzlenmistir. Bozulma etmeni bakteriler
arasinda TYR agisindan kayda deger miktarlarda iiretim P. damselae (12.63 - 281.97 mg L™) ve E.
faecalis (159.57 - 242.00 mg L) suslarinda gézlenmistir. Fakat patojen bakteriler arasinda S. aureus
tarafindan tiretilen TYR miktarini kullanilan BEO ve BNE gruplar1 6nemli 6l¢iide engellemistir. BEO
ve BNE gruplart genel olarak TYR iiretimini kontrol ve Tween 80 gruplarindan daha fazla inhibe
ederken, V. vulnificus'ta BEO ve BNE gruplar benzer oranda etki etmiglerdir ve bu minér farkliliklar
istatistiksel olarak 6dnemsiz olmustur (p<0.05). KuceroVa ve ark. (2009) siit ve peynirden izole edilen
Enterococcus iiyelerinin ¢ogunun tirosin dekarboksilaz aktivitesine sahip oldugunu bildirmistir. Hsitidin
dekarboksilaz sivisinda gida kaynakli patojenler tarafindan TYR birikimi 1.1 - 13.4 mg L™arasinda
olmustur (Gokdogan ve ark., 2012). Bu ¢alismada, kontrol gruplarida TYR iiretimi 49.83 mg L™ (P.
luteola) ve 702.88 mg L™ (S. aureus) arasinda olmustur. Bu kadar yiiksek TYR iiretimi, besi ortaminin
tirozin destekli olmasindan kaynaklanmaktadir. Genel olarak bakildiginda kullanilan besi ortamimin
TDB oldugu diisiiniildiigiinde TYR iiretimine olduk¢a miisait kosullar olmasi BEO ve BNE'nin bu
organizmalar iizerinde oldukga etkili oldugunu gostermektedir.

4. Tartisma ve Sonug

Literatiir caligmalarina bakildig1 zaman bu konuda iilkemizde ve diinyada sinirli sayida ¢aligma
bulundugu goriilmektedir. Bu ¢alismada biberiye esansiyel yagi ve bu yag kullanilarak hazirlanan
nanoemiilsiyonlarin gida kaynakli patojen ve balikta bozucu bakterilerin {iretmis olduklar1 biyojen
aminlere karsi antimikrobiyal etkileri aragtirilmig ve oldukga tatmin edici sonuglar bulunmustur. Sistem
icindeki esansiyel yag formu dikkate alindiginda, bunun antibakteriyel 6zellikleri nanoemiilsiyon
sistemine dahil edilerek gelistirilmistir. Nanoemiilsiyon, test edilen c¢ogu bakteri tiirlerine karsi
antimikrobiyal 6zellikler gdstermistir, ancak bu etkinin bakteriyostatik veya bakterisidal etki oldugu
gdzlenmemistir. Nanoemiilsiyon hazirlama yontemi ve formiilasyonundaki gelisme, antibakteriyel
Ozelliklerini daha da iyilestirmek icin daha fazla arastirilmasi 6nerilmektedir.
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Oz: Bugday, ekilis alani ve iiretimi bakimindan tiim diinyada ilk sirada yer alan
onemli bir irlinlerden biridir. Bugday tiretiminde kalite ve miktar kayiplarina
sebep olan etmenler arasinda bulunan bocekler takip edilmesi ve kontrol altinda
tutulmasi gereken zararli gruplarindandir. Bu ¢alisma Van ili ve ilgelerinde
(Bahgesaray, Baskale, Caldiran, Catak, Edremit, Ercis, Gevas, Giirpinar,
Muradiye, Ozalp, Saray ve Tusba) Mayis-Agustos 2017 tarihlerinde
gerceklestirilmis ve bugday tarlalarinda bulunan bdcek tiirleri saptanmuigtir.

yayilis Zararli ve faydali tiirlerin 6rneklenmesi, standart siiptirme aglari kullanilarak ve

elle toplanarak gergeklestirilmistir. Caligma sonunda 165 ayri lokasyonda 7
takim ve 39 familyaya bagl 66 tiir bulunmustur. Tiirlerin dagilimlar1 Coleoptera
takiminda 12 familyaya bagl 26 tiir, Hemiptera takiminda 10 familyaya bagl
19 tiir, Diptera takiminda 8 familyaya bagh 9 tiir, Hymenoptera takiminda 5
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familyaya bagl 6 tiir, Orthoptera takiminda 2 familyaya bagl 2 tiir, Neuroptera
takiminda 1 familyaya bagl 2 tiir ve Thysanoptera takimina bagl 1 tiir olarak
kaydedilmistir. Bu ¢alisma ile Van ve ¢evresinde bugday alanlarinda bulunan
zararl tiirler, yayilis alanlari, yogunluklar1 ve bunlarin dogal diismanlarinin
bolgedeki varligr hakkinda ilk kez kapsamli bilgiler elde edilmistir.

1. Giris

Kiiltiir bitkileri arasinda genis adaptasyon yetenegine sahip olan ve ekilis alam ve iiretimi
bakimindan diinyada ve tilkemizde ilk sirada yer alan bugday, yaklasik 50 iilkenin temel besini olan ¢ok
onemli bir {irlindiir (Sayan, 2010). Bitkisel besinlerden saglanan toplam kalori igerisinden bugdayin
diinya niifusuna yaptigi katki yaklasik % 20 iken bu oran iilkemizde yaklasik % 53 olarak
belirtilmektedir (Sayan, 2010).

Bugday, iiretim alanlarinin ¢ok genis yer kaplamasi ve ¢cogunlukla hektarlarca alanda tek tip
iiriin seklinde iiretilmesinden dolay1 hastalik ve zararlilar i¢in olduk¢a cazip ve bol miktarda kaynak
saglamaktadir. Diinyada hastalik, zararli ve yabanci otlarin bugdayda meydana getirdikleri {iriin kayb1
yaklasik % 35 dolaymdadir ve hasat sonrasinda bocekler, kemirgenler, kuslar ve mikroorganizmalarin
neden oldugu zarar orani ise yaklasik % 10-20°dir [Pimmental (1984)’a atfen (Sayan, 2010)]. Bugday
bitkisinde birgok zararli bocek tiirli beslenir ancak bunlar i¢inden yalnizca birkag tiir biiyiikk 6neme
sahiptir ve genis cografi alanlarda zararlara yol agarlar (Prescot ve. ark., 1986; Hatchett ve ark., 1987).
Diger birgok tiir ara sira zararli olup ¢ok yaygin degiller ve zarar durumlar da ¢ok iyi arastirilmamigtir
(Prescot ve ark.,1986).

Van ili toplam bugday ekilis alan1, 2015 y1li TUIK verilerine gére 804 943 dekar ile ilin toplam
tahil ve diger bitkisel {iretim alanlarmin % 25’ini kaplarken, 2019 yili verilerine gére bu degerler
strasiyla 626 159 dekar ile % 21.6’ya gerilemistir (Anonim, 2021). Toplam tarim alanlar1 i¢inde ayni1 y1l
nadasa birakilan alanlar da ise bunun aksine artig goriilmiis, nadasa birakilan alanlarin oran1 2015’te %
32.2 iken 2019°da % 34.8 oraninda kaydedilmistir (Anonim, 2021). Bu oranlara gore her yil dogrudan
ekilen ve nadasa birakilan alanlar ile birlikte, ilin tarim alanlarinin yarisindan fazlasi bugday ve diger
tahil Griinlerine ayrilmaktadir. Ancak Van ilinde bugday alanlarinda yapilan iiretimden elde edilen verim
2020 yilinda 167 kg da™ iken 292 kg/da ile Tiirkiye ortalamasi ve 191 kg/da ile de bélge ortalamasinin
altindadir (Anonim, 2021). Uretime ayrilan alanlarin kademeli olarak azalmasi iilke tarim politikalart
veya baska nedenlere dayandirilabilir, ancak verimin diigiik olmasi iklim, toprak, hastalik ve zararlilar
gibi cesitli sebeplerden kaynaklaniyor olabilir. Van ve ¢evresinde bugday ekilis alanlarinda bulunan
zararh tiirlerin varligi, yayginligi ve onemli zararh tiirlerin yogunluguna iliskin daha 6nce yapilmisg
herhangi bir caligmaya rastlanmamistir. Yapilan literatlir aragtirmasina gore Tirkiye’de bugday
zararlilarina iliskin faunistik arastirma sayisi ¢ok azdir. Calismalarin 6nemli bir kismi siine ve yumurta
ve ergin parazitoitlerine, digerleri ekin sap arilari, hububat hortumlu bdcegi, ekin kosnili, ekin giivesi,
thripsler, nematod ve yaprakbiti faunasi tespitine iligskin olup bugday ekosistemlerinde genel envanter
bilgi ¢ok lokal galismalar digsinda bilinmemektedir (Zwolfer, 1942; Alkan, 1948; Lodos, 1961; Yiiksel,
1968; Duran, 1971; Karman ve ark., 1971; Tayakisi, 1971; Dortbudak, 1974; Altinayar, 1975; Koyuncu,
1975; Duran ve ark., 1979; Kavut ve Kaya, 1979; Lodos, 1981; Lodos ve Onder, 1983; Lodos ve Kavut,
1991; Elmali, 1993; Anonim, 1995; Bulu, 1995; Ozder ve Toros, 1999; Kogak ve Kilinger, 2002
1slamoglu ve Kornosor, 2003; Shanower ve Hoelmer 2004; Ozberk ve ark.,2005; Korkmaz ve ark.,
2010; Sayan, 2010; Imren ve ark., 2014; Tayat ve Ozder, 2016).

Ele alinan bu arastirmada Van ve ¢evresinde toplam 13 ilgede bugday ekilen alanlara diizenli
surveyler yapilarak zararli tiirler, avc1 ve parazitoidleri, ve yogunluklar tespit edilmistir. Bolgede son
yillarda bugday veriminde goriilen azalmalarin sebepleri arasinda olabilecek olasi zararh tiirler,
yayiliglart ve yogunluklarinin saptanmasi amacglanan bu aragtirmada, bdlgede bugday ekosisteminde
bulunan tiirlerin tespitine iliskin daha once kapsamli bir aragtirmaya rastlanmadigi i¢in bugday
yetistirilen alanlarda bulunan tiirlerin envanteri de ortaya ¢ikarilacaktir. Caligmada ayrica, farkli
karakterde ekosistemlere sahip Omekleme bdlgeleri arasinda bugday agro-ekosistemlerinin tiir
cesitliligi, benzerlik ve farkliliklarinin da ortaya ¢ikarilmasi hedeflenmistir.
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2. Materyal ve Yontem

Caligma Van iline bagh Bahgesaray, Bagkale, Caldiran, Catak, Edremit, Ercig, Gevas, Glirpinar,
Muradiye, Ozalp, Saray ve Tusba ilgelerinde, 2017 yili Mayis-Agustos aylarinda yiiriitiilmiistiir
Ornekleme alanlarina bitkinin sapa kalktig1 15-20 cm’lik donemi, siit olum dénemi ve basaklanma
sonrasi - hasat donemine yakin zamana kadar gidilerek 6rneklemeler tamamlanmustir.

Zararli ve yararh tiirlerin 6rneklemelerinde 35 cm ¢apli, ahsap saply, tiil ve dayanikli kumas
torbaya sahip standart atraplar kullamlmis ve bazi bdcekler de elle toplanmistir. Orneklemeler igin
rasgele tarlalar se¢ilmis ve her bir tarlada 200 atraplama yapilmis, daha biiyiik tarlalarda bu sayiya bir
misli sayida daha atraplama ilave edilmistir. Ayrica bitkinin tiim toprak iistii aksami gozle kontrol
edilerek rastlanan daha kiiglik bocekler firga veya bitki aksami ile birlikte alinarak i¢inde % 70 ve 96’lik
alkol bulunan ephendorf ve falkon tiiplerine aktarilmistir. Surveylerde her bir lokasyona ait bilgiler GPS
yardimiyla kaydedilmis ve numaralandirilmstir (Sekil 1).

Toplanan 6rnekler toplandigi alanin uzakligina baglh olarak aym giin ya da hemen ertesi giin
ignelenerek daha sonra teshis edilmek iizere laboratuvarda koleksiyon dolaplarina alinmigtir. Tiir tanilar
takim ve familya taksonlarma gore yapilarak ilk tasnifler tamamlanmis. Tiir teshisleri, yurt i¢i ve yurt
disindaki konu uzmanlarindan destek alinarak veya daha 6nceden baska arastirmalar i¢in toplanan ve
konu uzmanlar tarafindan teshis edilmis boliimiimiizde mevcut teshisli 6rneklerden yararlanilarak
miimkiin oldugunca alt taksonlara kadar yapilmgtir. Ilgelere gore bugday alanlarinin sahip olduklar
tiirlerin genel denge durumlan ve ¢esitlilikleri Shannon-Wiener indeksine gore degerlendirilmistir
(Pielou, 1966b; Whittaker, 1972; Ludwing, 1988; Heip. ve ark.,1998; Spellerberg ve Fedor, 2003;). Bu
indekse gore cesitlilik;

H = o) ()

H’=tiir ¢esitliliginin Shannon-Wiener indeksi, s = habitattaki tiir sayis1, p = #’nci tiiriin orani. Benzerlik
(Pielou, 1966a);

H
O] ()
Evenness = habitatlarin benzerlik indeksi, H'= Shannon-Wienner indeksi S = toplam tiir sayisi,
formiillerine gore belirlenmistir.

Evenness =

3. Bulgular

Calisma Van ilinde toplam 165 lokasyonda tamamlanmis ve lokasyonlar GPS ile alinan
koordinatlarma gore Sekil 1’de goriilen harita iistiinde gosterilmistir.

215



R YYU JAGR SCI 32 (1): 213-222
Ozgokee et al. / Harmful and Beneficial Insect Species and Their Distributions in Wheat Areas in Van Province

Sekil 1. Van ili ve ilgelerinde bugday alanlarinda 6rnek alinan yerlerin konumlari ve etiket numaralari.

Orneklemeler Van ili merkez ve bagli ilgelerinin tamaminda yapilmis ve tasnif edilerek tanisi
tamamlanan veya belli bir taksona kadar teshis edilen tiirlerin toplam listesi, ait olduklar1 taksonomik
gruplara gore diizenlenmis ve Cizelge 1’de verilmistir. Buna gore ¢aligma alanlarinda toplam olarak 7
takim ve 39 familyaya bagh 66 tiir tespit edilmistir. Tiirlerin taksonlara gore dagilimi sirastyla,
Coleoptera takiminda 12 familyaya bagli 26 tiir, Hemiptera takiminda 10 familyaya bagh 19 tiir, Diptera
takiminda 8 familyaya bagl 9 tiir, Hymenoptera takiminda 5 familyaya bagl 6 tiir, Orthoptera takiminda
2 familyaya bagl 2 tiir, Neuroptera takiminda 1 familyaya bagh 2 tiir ve Thysanoptera takimina bagl 1
tiir olarak tespit edilmistir.

Bugday alanlarinda diinyanin bir¢ok yerinde ve iilkemizde ekonomik kayiplara neden olan
onemli tlirlerden Eurygaster integriceps Put. Van ilinde ¢ok az yogunlukta olmakla birlikte 9 farkh
ilcede ve 22 farkli 6rnekleme noktasinda rastlanmistir (Cizelgel, Sekil 2). Bu alanlardan en yogun olarak
Merkez (12 birey/atrap) ve Caldiran (11 birey/atrap) ilgelerinde kaydedilmistir.

Diger bir 6nemli zararl olan Cephus pygmaeus L. (Hymenoptera: Cephidae) ise 9 farkli ilgede
ve 17 ornekleme noktasinda bulunmustur (Cizelge 1, Sekil 3). En yogun rastlandigi ilge Muradiye (26
birey/atrap) ve Ercis (15 birey/atrap) il¢eleri olmustur.

Bugday zararlis1 olarak bilinen Ekin bambul bdcegi, Anisoplia cinsine bagh 6 tiir bulunmus
ancak 5 tilirlin kesin tanis1 yapilabilmistir. Bu tiirlerin hemen hemen tiim alanlarda yaygin olduklari
saptanmigtir. Zararliya en yogun olarak 13’er birey/atrap ile Saray ve Bahgesaray’da rastlanmistir
(Cizelge 1, Sekil 4).

Kimul, Aelia rostrata Boh., sadece Catak’ta 1 adet bulunmustur (Cizelge 1). Yaprakbitlerinden
Schizaphis graminum (Rondani) (Hemiptera: Aphididae) Ercis, Giirpmar ve Ozalp’te ve Sitobion
avenae (F.) (Hemiptera: Aphididae) Bahgesaray, Ercis, Gevas, Giirpinar ve Muradiye ilgelerinde
kaydedilmistir (Cizelge 1).
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Sekil 2. Van ve ilgelerinde Eurygaster integriceps’in dagilisi ve yogunluklari (birey/200 atrap).
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Sekil 3. Van ve ilgelerinde Cephus pygmaeus’un dagilist ve yogunluklar (birey/200 atrap).
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Sekil 4. Van ve ilgelerinde Anisoplia spp.’nin dagilisi ve yogunluklari (birey/200 atrap).
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Ekinlerde zararl1 olan Ekin yaprak siiliigii, Oulema sp. (Coleoptera: Chrysomelidae)’a Baskale,
Caldiran ve Muradiye ilgelerinde ¢ok az sayida rastlanmistir (Cizelge 1).

Haplothrips sp. (Thysanoptera: Phlacothripidae), Bugday thripsi, Edremit, Ercis, Gevas,
Giirpinar, Ipekyolu, Muradiye, Ozalp ve Tusba ilgelerinde bulunmustur (Cizelge 1).

Bugday alanlarinda yaygin olarak yararh tiirlerden Hippodamia variegata Guérin-Méneville,
Coccinella septempunctata L., Scymnus bivulnerus Capra ve Fiirsch, 1967 (Coleoptera: Coccinellidae),
ozellikle kirmiz listede olan ve koruma altinda olan Stenodema laevigata (L.) (Hemiptera: Miridae) ve
Neuroptera takimina bagli Crysoperla carnea (Stephens) (Crysopidae) tiirleri en yaygin olan dogal
diismanlar olarak kaydedilmistir (Cizelge 1).

Cizelge 1. Van ili bugday ekilis alanlarinda goriilen faydali ve zararh tiirler

Takim Familya Tiir Bulundugu Yerler”
Coleoptera Buprestidae Anthaxia sp. 7
Cantharidae Cantharus sp. 1,3,6,7,11,12
Nemognatha sp. 2,3,4,6,7,9,12,13
Chrysomelidae Oulema sp. 2,3,9
Cleridae Trichodes sp. 11
Coccinelidae Adalia bipunctata 1
Coccinella septempunctata 1,2,5,6,7,8,9,10,12,13
Coccinula sp. 1
Hippodamia variegata 1,4,5,6,7,8,9,10,12,13
Scymnus bivulnerus 1,2,5,7,11,13
Curculionidae Andrion sp. 5,13
Celebia arrogans 5,6,7,8
Pachytychius hordei 1,7
Rutellidae Anisoplia austriaca 1,3,5,6,7,10,11, 12
Anisoplia lata 2
Anisoplia signata 1,2,3
Anisoplia sp. 9
Blitopertha nigripennis 2,3,10,11
Brancoplia leucaspis 1,3,6,7,10,11,13
Chaetopteroplia segetum 1,3,5,6,7,8,11,13
Scarabeidae Epicometis hirta 1,7,8,11,12,13
Eulasia chrysopyga 1,4,7,11,13
Meloidae Mylabris impressa 5,7,12,13
Cantharidae Cantharis livida 1,3,6,7,11,13
Chrysomelidae Oulema melonopus 2,3,10
Tenebronidae Alobates pennsylvanica 3,7
Hemiptera Acanthosomatidaec  Elasmucha sp. 1,2,3,4,5,6,7,8,12,13
Aphididae Schizaphis graminum 6,8,11
Sitobion avenae 1,6,7,8,10
Cercopidae Cercopis vulnerata 1
Cicadellidae Aphrodes diminutus 1,8,10,11,12
Coreidae Coriomeris denticulatus 7,8,11
Miridae Deraeocoris sp. 7,10
Grypocoris fieberi 7,11
Lygus rugulipennis 3,6,8,10
Stenodema laevigata 1,2,3,4,5,6,7,8,10,12,13
Nabidae Nabis alternatus 1,5,7,8,10,13
Pentatomidae Carpocoris sp. 6
Eurydema ornatum 7
Eurydema ventralis 7
Graphosoma lineatum 8
Reduviidae Triatoma sp. 1
Scutelleridae Aelia rostrata 4
Odontotarsus purpureolineatus 6

Eurygaster integriceps

1,2,3,4,6,7,11,13

" 1: Bahgesaray, 2: Baskale, 3: Caldiran, 4: Catak, 5: Edremit, 6: Ercis, 7: Gevas, 8: Giirpinar, 9: Ipekyolu, 10: Muradiye, 11: Ozalp, 12: Saray, 13: Tusba.
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Cizelge 1. Van ili bugday ekilis alanlarinda goriilen faydali ve zararl tiirler (devam)

Takim Familya Tiir Bulundugu Yerler"
Diptera Agromyzidae Chromatomyia sp. 1,2,3,6,7,8,10,11,12,13
Asilidae Dysmachus triganus 1,3,6,8,10,12
Promachus sp. 7
Calliphoridae Phaenicia sericata 6,10,12,13
Chloropidae Chloropis pumilionis 34
Lauxaniidae Minettia flaveola 1,2,8,10,11
Stratiomyidae Hedriodiscus sp. 5,7,11,13
Syrphidae Sphaerophoria rueppelli 1,3,4,6,7,8,10,12,13
Tachinidae Phasia subcoleopterata 6,8
Hymenoptera Andrenidae Colletes slevini 1,4,5,6,7,8,9,10,12,13
Cephidae Cephus pygmaeus 1,3,4,6,7,8,9,11,12
Formicidae Companatus vagus 1,2,3,6,7,8,9,11,12,13
Ichneoumonidae Collyria coxator 1,3,4,6,7,8,9,11,12
Diadegma crassicornis 8
Pteromalidae Pachyneuron sp. 5,6
Orthoptera Gryllidae Gryllus bimaculatus 5,7,8,13
Tettigonidae Tettigonia viridissima 6,13
Neuroptera Chrysopidae Chrysoperla carnea 1,2,3,4,5,6,7,8,9,10,11,12,13
Chrysoperla nipponensis 2,3,12
Tysanoptera Phlaeothripidae Haplothrips sp 5,6,7,8,9,10,11,13

" 1: Bahgesaray, 2: Baskale, 3: Caldiran, 4: Catak, 5: Edremit, 6: Ercis, 7: Gevas, 8: Giirpmar, 9: Ipekyolu, 10: Muradiye, 11: Ozalp, 12: Saray,
13: Tusba.

Cizelge 2. Van ili ve ilgelerinde bugday alanlarinin biyolojik ¢esitliligi ve benzerlik indeksleri

ilgeler Shannon Wiener indeksi (H') Benzerlik indeksi
Bahgesaray 3.307 0.864
Baskale 2.509 0.824
Caldiran 2.252 0.709
Catak 0.975 0.423
Edremit 2.725 0.857
Ercis 2.957 0.838
Gevas 3.196 0.866
Giirpinar 2.739 0.874
Ipekyolu 2.745 0.817
Muradiye 2.043 0.707
Ozalp 2.674 0.821
Saray 1.704 0.629
Tusba 2.150 0.615

Bugday alanlarinda bulunan tiirlerin sayist ve yogunluklarmin ilgelere gore genel denge
durumlant ve cesitlilik indeksleri Shannon-Wiener indeksleri yardimiyla belirlenmis ve sonuglar
Cizelge 2’de verilmistir. Genel olarak biyolojik ¢esitlilik indeksinin birgok habitatta yiiksek oldugu
yiiksek oldugu, 6zellikle Bahgesaray ve Gevas ilgelerinde diger ilgelere gore en yiiksek seviyede oldugu,
habitatlarin genel denge durumlarmin genel olarak iyi durumda oldugu goriilmektedir. Bahgesaray,
ilceyi ¢cevreleyen yiiksek daglar ve 6zel cografik yapisi nedeniyle ¢cevresinden kismen izole bir bolgedir.
Tarimsal iiretime ¢ok uygun alanlar bulunmamakla birlikte dogal ceviz plantasyonlarinin ve bitk
ortlistinlin zenginligi siirli bugday iiretim alanlarini da gesitlilik yoniinden etkilemis olabilir. Gevas
ilcesi ise cografik ve iklim 6zellikleri nedeniyle ve diger bolgelere kiyasla tarimsal tiretim ¢esitliliginin
yiiksek ve yogun oldugu bir bolge olmasi nedeniyle bugday alanlarindaki cesitliligin olumlu etkilendigi
diisiiniilmektedir.

4. Tartisma ve Sonug
Van ve ¢evresinde bugday alanlarinda bugday zararlilar1 i¢inde anahtar zararli konumunda olan

tiirlerin ¢ok az sayida ve yaygin olmamalar ¢alismada tespit edilen 6nemli bir bulgudur. Bunun en

219



) YYU JAGR SCI 32 (1): 213-222
Ozgokge et al. / Harmful and Beneficial Insect Species and Their Distributions in Wheat Areas in Van Province

biiyiilk nedenlerinden biri iklim sartlarinin etkisi ve dogal diismanlarin etkinligi olabilir. Bolgede
tarimsal {irlin dretimi iklim sartlaria ve cografik yapiya bagl olarak siirl alanlarda yapilmakta ve
ayrica tarimsal zararlilara kars1 kimyasal ilag kullanimi da ¢ok fazla degildir. Bu nedenle dogal alanlarda
tiirlerin korunumu daha iyi durumda ve biiyiik ol¢iide biyolojik cesitlilik denge diizeyindedir. Cizelge
1’de listelenen tiirler incelendiginde bu durum daha iyi goriilebilmektedir. Tiir ¢esitliliginin fazlalig,
tiirlerin gogunun genel fitofag tiirler olmasi ve dogal diismanlardan avci ve parazitoitlerin fazlaligi dogal
denge unsurlariin bu alanlarda kismen de olsa tesis edilmis oldugunu agiklamaktadir.

Calismada bu bolgedeki bugday alanlarinda 66 tiir saptanirken, Orta Anadolu’da Altinayar
(1975) tarafindan yapilmis benzer bir arastirmada 76 tiir tespit edilmistir. iklim ve ekolojik 6zellikleri
yakin olan bu bolgeler arasinda tiir sayisinin benzer olmasina karsin, Adana bugday agro-ekosisteminde
Sayan (2010) tarafindan 109 tiir saptanmistir. Tarimsal iiretim ¢esitliliginin ¢ok yliksek oldugu Adana
ile iklim ve cografik yapisi nedeniyle tarimsal alanlarin ve {iretim gesitliliginin ¢ok sinirli oldugu Van
ili kiyaslandiginda bu ¢alismada saptanan tiir sayisi iyi seviyededir.

Bugday iiretiminin temel sorunlarindan olan ve genis Ol¢ekli savagim gerektiren Eurygaster
integriceps ve yine dnemli bugday zararlilarindan Cephus pygmaeus ve Anisoplia tiirlerine bolgede ¢ok
az sayida rastlanmasi ve genel olarak tireticiler tarafindan sikayet konusu olmamasi sevindirici bir
durumdur.

Bugday alanlarinda genellikle yabanci ot miicadelesi yapilmadig: igin, bir¢ok tarlada bazen
yabanci ot yogunlugunun bugdaydan daha fazla oldugu goriilmiistiir. Bolgenin genel durumu bu sekilde
oldugu icin bugday tarlalarinda bdcek cesitliligi genel olarak yiiksek bulunmustur. Cesitlilik, belli bir
toplulugun veya c¢evrenin mekéansal heterojenlik, birincil iiretim, liretkenlik, rekabet, avlanma, nis gibi
ozellikleriyle cesitli sekillerde iliskilendirilmektedir (Heip ve Engels, 1974).

Ozellikle Bahgesaray, Gevas ve Ercis ilgelerinde cesitlilik katsayis1 tiim ilgelerden daha yiiksek
bulunmustur. Bu bdlgelerin daha sicak iklime sahip oldugu ve bitki ¢esitliliginin de genel olarak Van ili
ve diger ilcelerinden daha yiiksek oldugu gozlenmistir. Bahgesaray bilhassa 6zel cografyasi nedeniyle
bir mikroklima 6zelligine sahip olmasi nedeniyle ¢ok zengin bitki ortiisii, dogal flora ve faunasiyla dne
cikmaktadir. Nitekim yapilan &rneklemelerde bu bolgelerden elde edilen tiirlerin gesitliligi ve
yogunluklar1 biyolojik cesitlilik indekslerinin ve genel denge durumlarimin oldukga iyi seviyede
oldugunu gostermistir. Sadece Catak ilgesinde hem ¢esitlilik ve hem de benzerlik indekslerinin diisiik
olmasi bu bolgenin ¢ok fazla daglik olusu, tarla alanlarmin ¢ok az olmasi sebebiyle iklim ve bitki
oOrtlisiiniin etkisinden kaynaklanmis olabilecegi diisiiniilmektedir. Sulama, giibreleme ve tarimsal
faaliyetlerin yapilmamasimin biyolojik c¢esitlilik tistinde 6nemli ve olumlu etkilere sahip oldugu
yOniinde benzer bir aragtirma Cukurova bodlgesinde Bulu (1995) tarafindan yiiriitiilen arastirma ile de
benzerlik gostermektedir. Arastirict insan eliyle uygulamalarin yapilmadig1 veya az yapildigi yerlerde
dogal dengenin daha az bozuldugunu bildirmektedir.

Calisma sonunda Van ve cevresinde ilk kez bugday alanlarinda yiiriitiilmiis olan bu aragtirma
ile bolgenin mevcut faunasma iligkin ilk envanter kayitlar ortaya ¢ikarilmistir. Bugday alanlarinda
ekonomik olarak ¢ok dnemli bugday zararlisi tiirler bu ¢aligma ile saptanmis olmakla birlikte sayisal
yogunluklarinin ¢ok fazla olmadig1 ve ayni alanda ¢ok sayida yararli bocegin bulunmasi nedeniyle de
dogal denge durumunun korundugu sonucunu ¢ikarmistir. Kiiltiir bitkilerinde zararlilarin zarar diizeyleri
dogal dengesi bozulmus habitatlarda kolayca yiikselebilmektedir. Dogal dengenin bozulmasinin temel
nedenlerinden biri yanlis ve asir1 kimyasal ilag uygulamalaridir. Van ve ¢evresinde bugday yetistirilen
alanlarda diger tarimsal faaliyetlerin ¢ok az yiiriitiilmesi ve kimyasal savas uygulamalarmin siirl
olarak yapilmasi bolgede bilhassa bugday alanlarinda biyolojik ¢esitliligin yiiksek olmasi ve dogal
denge unsurlarinin korunmasi adina avantajli bir durum olarak degerlendirilmektedir. Bu durumun
stirdiiriilmesi ileriki yillarda da bugday alanlarimda 6nemli entomolojik sorunlarin ortaya ¢gikmamasi i¢in
yararli olacaktir.

Tegekkiir
Calismanin yiiriitiilmesinde Van Yiiziincii Yil Universitesi Bilimsel Arastirma Projeleri
Bagkanligina (desteklenen proje numarasi, FBA-2017-5885), tiir teshislerinin yapilmasinda Dr. Ogr.

Uyesi Buket Bakan (Atatiirk Universitesi, Fen Fakiiltesi, Molekiiler Biyoloji ve Genetik), D. Denis
Keith (Museum des Sciences naturelles et de Préhistoire, Chartres), Dr. Ogr. Uyesi Derya SENAL

220



) YYU JAGR SCI 32 (1): 213-222
Ozgokge et al. / Harmful and Beneficial Insect Species and Their Distributions in Wheat Areas in Van Province

(Ziraat ve Doga Bilimleri Fakiiltesi) ve Dr. Giilten Yazic1 (Zirai Miicadele, Merkez Arastirma Enstitiisii
Midiirliigii)’ya desteklerinden dolay1 tesekkiir ederiz.

Kaynakca

Alkan, B. (1948). Orta Anadolu Hububat Zararlilar: (Zararli Hayvan ve Bécekler). Ankara Universitesi
Ziraat Fakiiltesi Yaymnlari No 1. Ankara,132 s.

Altinayar, G. (1975). Ekin sap arilar1 [Cephus pygmaeus (L.) ve Trachelus tabidus (F.)(Hymenoptera:
Cephidae)]'nin Kony ilinde biyo-ekolojileri, sebep olduklar {irlin kayiplar ve savas yollar
iizerinde aragtirmalar.

Anonim (1995). Ziraat Miidiirliigii Teknik Talimati. Zirai Miicadele Enstitiisii Yayinlari, Ankara.

Anonim (2021). Tiirkiye Istatistik Kurumu. Retrieved from www.tuik.gov.tr

Bulu, Y. (1995). Cukurova’da Sulanan ve Sulanmayan Bugday ve Pamuk Tarlalarindaki Bocek
Faunasimn Saptanmas: (Yiiksek Lisans Tezi). CU. Fen Bil. Ens., Bitki Koruma Anabilimdal,
Adana.

Dortbudak, Y. (1974). Giineydogu Anadolu’da Eurygaster tiirleri, taninmalari, yayilis alanlar1 ve
populasyon yogunluklar iizerinde arastirmalar. T.C. Tarim Orman ve Koy Isleri Bakanlig1 Zirai
Miic. ve Zir.Kar. Gn. Md. Arastirma Eserleri Serisi Yedigiin Mat., Ankara 40 s.

Duran, M. (1971). Orta Anadolu’da ekinlerde zarar yapan Ekin kosnili (Margarodes (Porphyrophora)
tritici Bod.) tizerinde arastirmalar. Bit. Kor. Biilt. Ek. Yayin No: 1, 80 s.

Duran, M., Altinayar, G., Koyuncu, N., & Dértbudak, Y. (1979). Isparta ili hububat alanlarinda Ekin
giivesi (Syringopais temperatella Led.) nin toprakta canli kalma siiresi, yol agtig iiriin kayiplari
ve savag yontemleri iizerinde arastirmalar. Bit. Kor. Biilt., 18(1), 1-15 s.

Elmali, M. (1993). Konya ilinde bugdaylarda zarar yapan yaprakbiti tiirleri ve faydali faunanin tespiti
ile en yaygin tiiriin biyoekolojisi iizerinde arastirmalar. Ankara Uni. Fen Bil. Ens., Bitki
Koruma Anabilimdali, Ankara, Doktora Tezi, 156s.

Hatchett, J. H., Starks, K. J., & Webster, J. A. (1987). Insect and Mite Pests of Wheat. Ed: E. G. Heyne,
Agronomy Monographs, https://doi.org/10.2134/agronmonogrl3.2ed.c34.

Heip, C., & Engels, P. (1974). Comparing species diversity and evenness indices. Journal of the Marine
Biological Association of the United Kingdom, 54(3), 559-563.

Heip, C., Herman, P., & Soetaert, K. (1998). Indices of diversity and evenness. Oceanis, 24(4), 61-88.

Imren, M., Toktay, H., Bozbuga, R., Orake, G. E., Dababat, A., & Elekcioglu, i. H. (2014). Uluslararas:
baz1 ekmeklik bugday cesitlerinin Tahil kist nematodlari, Heterodera avenae (Wollenweber,
1924), Heterodera filipjevi (Madzhidov, 1981) Stelter and Heterodera latipons (Franklin, 1969)
kars1 genetik dayanikliliginin belirlenmesi. Turkish Journal of Entomology, 37(3), 277-282.

Islamoglu, M., & Kornosor, S. (2003). Investigations on the adult parazitoits (Diptera, Tachinidae) of
the sunn pest in owerwintering site and wheat fields in Gaziantep and Kilis. Bitki Koruma
Biilteni, 43(1).

Karman, M., Kaya, O., & Kavut, H. (1971). Ege bolgesi Meksika orjinli ve yerli bugdaylarinda goriilen
bugday thripsi (Haplothrips tritici)’in zararli olup olmadigi ile yaprak biti (Aphis spp.) kesafeti,
tiirleri ve miicadelenin ekonomik olup olmadig: iizerinde 6n ¢aligmalar. Proje E/105.633 Nihai
Raporu.

Kavut, H., & Kaya, O. (1979). Ege bolgesi’nin bugday hortumlu bocegi (Pachytychius hordei Brulle)’in
biyoekolojisi yol actig1 iiriin kayiplar ve kimyasal savas yontemleri {izerinde aragtirmalar. Zir.
Miic. Aras. Yilligi. 12.

Kogak, E., & Kilinger, N. (2002). Siine (Eurygaster spp., Het.: Scutelleridae)'nin ayn1 yumurta paketinin
Trissolcus (Hym.: Scelionidae) tiirleri tarafindan parazitlenme durumu. Bitki Koruma Biilteni,
42(1-4), 23-34.

Korkmaz, E. M., Orgen, S. H., Gencer, L., Ulgentiirk, S., & Basibiiyiik, H. H. (2010). Orta Anadolu
Bolgesi bugday tarlalarindaki bazi ekin zararlilar1 ve parazitoitlerinin saptanmasi. Tiirkiye
Entomoloji Dergisi, 34(3).

Koyuncu, N. (1975). Burdur ilinde bugday hortumlu bocegi (Pachytychius hordei Brulle)’nin yayilist,
morfolojisi, biyoekolojisi ve sebep oldugu iirlin kayiplart ve savasi iizerinde arastirmalar.
Ankara ZM.A.E., 40, 112.

221



) YYU JAGR SCI 32 (1): 213-222
Ozgokge et al. / Harmful and Beneficial Insect Species and Their Distributions in Wheat Areas in Van Province

Lodos, N. (1961). Tiirkiye, Irak, iran ve Suriye'de Siine (Erygaster integriceps Put.) Problemi Uzerine
Arastirmalar. Ege Uni. Ziraat Fakiiltesi Yayinlari, Ege Uni. Matbast, 51,115.

Lodos, N. (1981). Pentatomoid pests of wheat in Turkey. EPPO Bulletin, 11(2), 9-12.

Lodos, N., & Kavut, H. (1991). Siine (Eurygaster integriceps Put.-Heteroptera, Scutelleridae)’nin
Tiirkiye’de yayilist ile ilgili yeni bilgiler. Turk. Entomol. Derg, 15(2), 107-112.

Lodos, N., & Onder, F. (1983). Siine (Eurygaster integriceps Put.)nin Tiirkiye de yayilisi {izerinde
diisiinceler. Bitki Koruma Biilteni, 23(2), 53-60.

Ludwing, J. A. (1988). Statistical ecologya primer on methods and computing.

Ozberk, F., Karagoz, A., Ozberk, 1., Ayhan, A., 2016. Bugday Genetik Kaynaklarindan Yerel ve Kiiltiir
Cesitlerine; Tiirkiye'de Bugday ve Ekmek. Tarla Bitkileri Merkez Arastirma Enstitiisii Dergisi,
25:218-233.

Ozder, N., & Toros, S. (1999). Tekirdag Ilinde Bugdaylarda Zarar Yapan Yaprak Biti Tiirleri
(Homoptera: Aphidoidea) tiirlerinin saptanmasi iizerinde arastirmalar. Tiirkiye Entomoloji
Dergisi, 23(2), 101-110.

Pielou, E. C. (1966a). The measurement of diversity in different types of biological collections. Journal
of theoretical biology, 13, 131-144.

Pielou, E. C. (1966b). Shannon's formula as a measure of specific diversity: its use and misuse. The
American Naturalist, 100(914), 463-465.

Prescott, J. M., Burnett, P. A., Saari, E. E., Ransom, J., Bowman, J., de Milano, W., Singh, R. P., &
Bekele, G. (1986). Wheat Diseases and Pests: a guide for field identification. The International
Maize and Wheat Improvement Center (CIMMYT), 136.

Sayan, M. (2010). Adana’da bugday agro-ekosistemindeki bocek tiirlerinin belirlenmesi. Adana.

Shanower, T. G., & Hoelmer, K. A. (2004). Biological Control of Wheat Stem Sawflies: Past and Future.
Journal of Agricultural and Urban Entomology, 21(4), 197-221.

Spellerberg, I. F., & Fedor, P. J. (2003). A tribute to Claude Shannon (1916-2001) and a plea for more
rigorous use of species richness, species diversity and the ‘Shannon—Wiener’Index. Global
Ecology and Biogeography, 12(3), 177-179.

Tayakast, 1. (1971). Bugdayda Zararl Olan Ekin Saparisi (Cephus spp.)mn Antalya ve Maras Illerinde
Kiymetlendirme Siirveyi. Adana Bolge Zirai Aragtirma Enstitiisli, Adana.

Tayat, E., & Ozder, N. (2016). Edirne ilinde bugday tarlalarinda gériilen yaprakbiti tiirleri (Hemiptera:
Aphididae) tlizerine aragtirmalar. Tiirkiye Entomoloji Biilteni, 6(1), 53-60.

Whittaker, R. H. (1972). Evolution and measurement of species diversity. Taxon, 21(2-3), 213-251.

Yiksel, M. (1968). Giiney ve Giineydogu Anadolu'da Siine (Eurygaster integriceps Put.)'nin Yayulsi,
Biyolojisi, Ekolojisi, Epidemiolojisi ve Zarari Uzerinde Arastirmalar. T.C. Tarim Bakanlhg
Zirai Miic. ve Kar. Gn. Md. Yaynlart No: 46, Teknik Biilten, Yenidesen Matb., Ankara, 255 s.

Zwolfer, W. (1942). Anadolu'nun Zararh Bireylerinin Tamnmas: Uzerinde Etiid 1., Siine, (Eurygaster
integriceps Put.)'nin Kendisinin Muhit Hayati Faktorlere Karst Olan Miinasebetleri. Ziraat
Vekaleti Nesriyati, U. Say1: 543, Nebat Hastaliklar1 Serisi 10.33, (Ceviren: M. A: Tolunay)
Ankara, 66s.

222



PUBLICATION GUIDLINES OF
YUZUNCU YIL UNIVERSITY JOURNAL OF AGRICULTURAL SCIENCES*

1. Yuzuncu Yil University Journal of Agricultural Sciences is a scientific research journal that has been published in
1995. Journal of Agricultural Sciences (Agricultural Biotechnology, Agricultural Economics, Animal Science,
Biosystems Engineering, Field Crops, Fisheries Engineering, Food Engineering, Horticulture, Landscape
Architecture, Plant Protection, Soil Science and Plant Nutrition is a refereed international journal published four times
a year in March, June, September and December.

2. Research articles, technical notes and reviews written in English are published in ourjournal.

3. Articles submitted for publication must not be published elsewhere or sent to any journal for publication. Older
studies more than ten years are not accepted to evaluate.

4.A research paper submitted to the journal for publication have following sections; English Abstract, Introduction,
Material and Method, Results, Discussion and Conclusion and References. Results and Discussions can either be
combined into one section.

5.Reviews should include a synthesis, interpretation, and evaluation of previous scientific studies and current
developments by experienced authors in the field of research area (the corresponding author of the review should
have at least 5 research articles in international refereed journals). Reviews published up to 10% of the number of
articles published in each issue.

6. If the research paper is summarized from graduate theses, this should be given as a footnote on the firstpage.

7. Our journal adopts the Open Source Publication Policy.

8.The articles published in our journal must comply with the scientific ethics rules. Manuscripts should be prepared in
accordance with internationally accepted code of ethics.

9. A copy of the report should be submitted with the manuscript in the studies where the Ethics Committee Report is

required (studies related directly / indirectly to the animal).

10. The articles submitted to Yuzuncu Yil University Journal of Agricultural Sciences are controlled through the
iThenticate software. Similarity Index (SI) of the article should be <20%; Each similarity ratio should be < 5%. If
the similarity index is above the acceptable limits, the article will be returned to the author(s) (no more than 3
plagiarism scans are performed for an article). If revisions are not made within 10 days, the article will be rejected.
If the plagiarism is proved after the publication of the article, that article will be withdrawn and removed from the
website immediately and the author(s) will not be able to submit a paper for a period of five years to the Yuzuncu
Yil University Journal of Agricultural Sciences.

11. All authors should sign the Copyright Form for the publication rights of their article to the Yuzuncu Yil University
Journal of Agricultural Sciences. The article will not be taken into consideration unless the Copyright Form is
submitted by the authors.

13 The articles whose evaluation process is completed are published considering the date of submission. The articles
are added to the first issue scheduled to be published as soon as they are ready for publication. The volume is
published, after all articles will be published in the same volume are completed.

14. Response to control and correction postings to be sent to the author (s) during the page-layout the study should be
replied within 15 days at the latest. The articles of the author (s) who are not responding within the specified period
of time shall be forwarded for further volumes.

15. No changes are allowed in the study that is decided to be published. An author can publish a maximum of two study
as a corresponding author, one without a corresponding author. The responsibility of the published study belongs
to the author (s).

16. Yuzuncu Yil University Journal of Agricultural Sciences (YYU J AGR SCI) does not charge any processing and
publication fees for the publication process of the articles. Additionally, the author has the right to access any
published article, including her/his own article.

MANUSCRIPT SUBMISSION

Manuscript preparation

1. Articles submitted for publication in our journal should be prepared according to the journal writing rules. The
studies which are not in accordance with the writing rules will be returned to the authors and will not be accepted
for peer review. It is mandatory to prepare a title page according to Title Page Template, and also to prepare the
manuscript according to the Manuscript Template. Download: Title Page Template & Manuscript Template.

2. In our journal, the writing language is English. A good quality of scientific writing is required. The research must
be understandable by a general scientific readership and by specialists. The research problem is identified, existing
knowledge relevant to the problem is analyzed, the hypothesis is clear. Sentences are simple, short, and direct, the
style is concise and precise. Unnecessary and well-known info and unnecessary references should be avoided.
Previously published data should be cited with reference to the formula and results. No reference of over 10 years
should be used except for compulsory or exceptional cases.

3. Journal name abbreviations in the reference section should be arranged in accordance with "Web of Science
Abbreviations”. Abbreviations used in the article should be written in full and provided in the parenthesis in the
first mention. In all articles, the SI (International System of Units) units of measure and the decimal point must be
used as a decimal fraction (1.25 instead of 1,25). The blank should be used to separate the thousands (100 000
instead of 100000).

4. For printing, quality copies of pictures (300 dpi in JPG or TIFF format) should be sent as an additional file.

5. Journal writing rules are also print format. Therefore, the rules of writing should be prepared carefully by the
authors. Articles that do not comply with the writing rules will be sent back to the authors.

6. Applications that have missing information in the system and are not prepared in accordance with the specified
rules will not be processed.

7. Papers reporting field studies in crop production should preferably include the results of two years and/or multi-
location studies.



MANUSCRIPT SUBMISSION AND COPYRIGHT ASSIGNMENT FORM

“Manuscript Submission and Copyright Release Agreement’ sent to Yuzuncu Yil University Journal of
Agricultural Sciences from author(s) clearly states in writing to enable the journal to ensure that it has the exclusive
distribution rights of the authors’ work after the article is accepted for publication. Therefore, the following agreement
form must be filled and signed by author(s) for each article submission made to the journal.

is herewith submitted for publication to “Yuzuncu Yil University Journal of Agricultural Sciences”.

We affirm that the article has been prepared in accordance with Author Instructions of Journal of Agricultural
Sciences, YYU. We hereby also warrant and undertake that the article is original, and has not been published before,
and it is not under consideration for publication in its final form in printed and electronic form. This Article contains
no violation of any existing copyright or other third party right or any material of an obscene, libelous or otherwise
unlawful nature and that to the best of my knowledge; this article does not infringe the rights of others.

When the article is accepted for publication, we as the authors, hereby agree to transfer all rights under existing
copyright laws to the Journal-Yuzuncu Yil University, Turkey. Provided that the reference be given to Journal of
Agricultural Sciences, the following rights reserved:

a. The right to make further copies of all or part of the published article for our use in classroomteaching.
b.  The right to reuse all or part of this material in a compilation of our own works or in a textbook of which
we are the author.
c.  The right to reuse all or a portion of the published article in publications of the institution.
For clarity, we shall inform the Journal of Agricultural Sciences, YYU-Turkey if we directly use of the
published article.

We hereby agree that copies made under these circumstances will continue to carry the copyright notice that
appeared in the original published work. We certify that we have obtained written permission for the use of test, tables,
figures and/or photographs etc. from any copyright source(s), and we also agree to supply such written permission(s)
to inform YYU-College of Agriculture, Turkey upon request. We as the authors, hereby affirm that we will not ask for
monetary return from YYU-College of Agriculture, Turkey for the use of this material.

Name :
Signed Date :
Name :
Signed Date :
Name :
Signed Date :
Name :
Signed Date :
Name :
Signed Date :

(This form must be signed by all authors and returned to the Editor Office of Yuzuncu Yil University, Journal of

Agricultural Sciences)

PLEASE RETURN A SIGNED COPY OF THIS FORM TO:

(a fax or an email is acceptable, but the original must follow within 7 days)
Journal of Agriculturel Sciences

Yuzuncu Yil Univeristy

Faculty of Agriculture

Phone: +90 432 225 13 92

Fax: +90 432 225 11 04

Email: yyujagrsci@gmail.com

65080, Campus, VAN, TURKEY



	ön kapak Mart 2022
	Estimation of Genetic Parameters in F3 Segregating Spring Wheat Populations for Yield
	First Report of Ligula intestinalis (Cestoda: Pseudophyllidea) in Barbus ercisianus
	Determination of the Effect of Different Organic Fertilizers Applications on Soil Quality
	Determination of Resistance of Some Potato Clones to Alternaria solani
	Storage of Yoghurt Powder Obtained by Different Drying Methods and Its Use in Reconstituted
	Bioactive Properties of Halymenia durvillei Bory 1828 for Pharmaceutical Application:
	Optimization of Media Composition for Maximum Growth of Probiotic Lactobacillus fermentum
	Phycoerythrin Accumulation of Porphyridium cruentum Culture at Indoor Tubular
	The Effects of Atmospheric and Pressure Frying Processes on the Quality Characteristics of
	Essential Oil Chemical Composition of Lavender Varieties Cultivated in an
	Effects of Salinity on Yield, Yield Components and Water Productivity of Black Carrot
	Agricultural Residues in Turkey: Energy Potential and Evaluation of Existing Biomass
	Identification and Pathogenicity of Neoscytalidium novaehollandiae, the Agent of Canker
	The Effects of Different Tillage Techniques on the Production Costs in Fallow-Wheat
	Interaction effect of Root Lesion Nematodes and Fusarium culmorum Sacc. on the disease
	Genetic Variation, Heritability, Principal Component Analysis, Correlation and Path
	Effects of Different Growing Media on Growth Parameters of Zinnia (Zinnia elegans)
	Using Biplot Analysis Technique to Selection in Tritikale Breeding Studies
	Inhibitory Effect of Rosemary Essential Oil and Its Nanoemulsion on the Formation of
	Harmful and Beneficial Insect Species and Their Distributions in Wheat Areas in Van Province
	Arka sayfalar

