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ABSTRACT: Safflower oil is used as both cooking oil and industrial oil. Safflower is tolerant to cold, drought, and salinity
conditions. This study was conducted to determine the safflower cultivars suitable for Diyarbakir ecological in conditions, and was
performed during the 2014-2015, 2015-2016, and 2016-2017 growing seasons. The experiments were conducted in the trial field of
“GAP International Agricultural Research and Educational Center. This experiment was designed according to the Randomized Block
with three replications. Balci, Dinger, Linas, Olas and Remzibey-05 varieties were used in the experiment. Seeds were sown with 30 cm
row spacing. In terms of three year average values, significant differences were observed at the 1 % level among the safflower varieties
for plant height, head number per plant, thousand seed weight, crude oil ratio, and seed yield. According to the results, the highest seed
yield was obtained in the Remzibey-05 cultivar (1882 kg ha™?), and the lowest yield was obtained from Balci variety (1514 kg ha™). In
addition, plant height (110.2-116.7 cm), head number per plant (13.9-17.5), head diameter (2.18-2.21 cm), thousand seed weight (33.4-
36.2 g), and crude oil ratio (26.67 - 35.75 %) were determined. To conclude, based on three years of study, it was observed that the
Remzibey-05 cultivar could be recommended for Diyarbakir ecological conditions.

Keywords: Head diameter, safflower, Carthamus tinctorius L., seed yield, oil ratio.

Diyarbakir Ekolojik Kosullarinda Bazi Aspir (Carthamus tinctorius L.) Cesitlerinin Verim ve Kalite
Bakimindan Belirlenmesi

OZ: Aspir yagi, hem yemeklik yag hem de endiistriyel yag olarak kullamlir. Ayrica, aspir bitkisi, soguga, kurakhga ve tuzluluk
kosullarma dayanikhidir. Bu ¢alisma, 2014-2015, 2015-2016 ve 2016-2017 yetistirme sezonlarinda, Diyarbakir ekolojik kosullarina
uygun Aspir cesitlerinin belirlenmesi amaciyla yiiriitiilmiistiir. Denemeler GAP Uluslararasi Tarimsal Arastirma ve Egitim Merkezi
deneme tarlasinda ytiritiilmiistiir. Bu deneme, tesadiif bloklar: deneme desenine gore ii¢ tekerriirlii olarak tasarlanmigtir. Denemede
Balci, Dinger, Linas, Olas ve Remzibey-05 ¢esitleri kullanmilmigtir. Tohumlar 30 cm swra arasina ekilmistir. Ug yillik ortalama degerler
agisindan; bitki boyu, bitkide basak sayisi, bin tohum agirligi, ham yag orani ve tohum veriminde aspir ¢esitleri arasinda % 1'e gore
onemli farkihiiklar bulunmugstur. Deneme sonuglarina gore en yiiksek tohum verimi Remzibey-05 ¢esidinden (188,2 kg/da), en diisiik
verim ise Balct gesidinden (151,4 kglda) elde edilmistir. Ayrica, bitki boyu (110,2-116,7 cm), bitki basina tabla sayist (13,9-17,5), tabla
capr (2,18-2,21 cm), bin tane agwrligr (33,4-36,2 g) ve ham yag orami (%26,67 — 35,75) belirlenmistir. Sonug olarak, ii¢ yillik bu
¢alismanin sonuglarina dayanarak, Remzibey-05 ¢esidi Diyarbakir ekolojik kosullart i¢in onerilebilir.

Anahtar kelimeler: Tabla ¢api, aspir, Carthamus tinctorius L., tane verimi, yag orani.

INTRODUCTION important plant in terms of contributing to the
biodiesel and dye industries and has a fatty acid
composition suitable for human consumption (Huth et
al. 2015; Subag et al., 2023). Safflower is considered
tolerant to cold, drought, and salinity conditions
compared to other oil crops. Thus, it has important
potential to contribute to the production of edible oil

Safflower (Carthamus tinctorius L., 2n =2x =24) is a
valuable annual and herbaceous cultivar from the
Asteraceae (Knowles, 1980). Safflower (C. tinctorius
L.), is reported to have originated in southern Russia,
Iran, Tiirkiye, Jordan, Iraq, and Israel (Knowles, 1989;
Yasar and Sezgin, 2023). Safflower is a very
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in Tiirkiye. Having these features, the cultivation of
safflower is significant for the national economy
(Kayacetin et al., 2012). Oil quality of safflower is
very high due to its fatty acid composition. Safflower
oil is an important source of polyunsaturated fatty
acids, which are accepted as healthy fatty acids for
people (Shivani et al., 2010).

Tiirkiye's safflower production was 39,000 tons, on
32,129 ha. The provinces with the highest safflower
production ratio in 2023 were Kayseri at 29.5%,
Isparta at 13.1%, Konya at 12.4%, Kirsehir at 9.3%,
Nevsehir at 8.8%, Ankara at 6.2% and Aksaray at
5.9% of production. In Tirkiye, 85.2% of total
safflower production occurs in these provinces.
Diyarbakir province’s production was 12 tons, on 9.9
ha with an average yield of 1,210 kg ha? in 2023
(Anonymous, 2023). The world's safflower production
was 653,030 tons, on 816,699 ha with an average
yield of 799 kg ha' in 2020 (Anonymous, 2021). In
Tiirkiye, edible vegetable oil production does not meet
the domestic need which results in vegetable oil
deficiency (Babaoglu and Guzel, 2015). In 2022, 3.17
billion dollars were paid for oilseed imports, and 3.02
billion dollars were paid for vegetable and animal oils
in Tirkiye (Duru, 2024). The worldwide vegetable oil
crisis and price hikes have increased the importance of
safflower oil sources, which may be used as an
alternative to other oil plants such as palm, soybean,
rapeseed, sunflower, and peanut. Safflower, which
completes its biological growth and development
cycles within 4-5 months, is gradually increasing its
importance as an alternative plant that can be utilized,
especially in agricultural areas where irrigation is not
available in dry farming conditions (Baydar and
Erbasg, 2014). The oil percentage of registered
commercial safflower varieties in Tirkiye varies
between 24-41%, and varieties that are rich in linoleic
and oleic acid are cultivated (Arslan et al., 2019). The
nutrient content of safflower meal varies depending
upon the method used for extraction. With regard to
nutrients, dehulled safflower meal is almost
equivalent to soybean meal (Ozek, 2016).

Safflower is used in a wide range of sectors from drug
making,  paint  industry, cosmetic  product
development, various food production, ruminant, and
poultry nutrition to biodiesel production, which has a

place in traditional and modern medicine (Kiitiik
Dingel, 2024).

For the cultivation of safflower, Tirkiye has very
favorable climatic and soil conditions (Eryilmaz et al.,
2014). Safflower can be sown as winter and summer
crops in Tiirkiye. The gene center of the safflower
plant is Anatolia, it has a high adaptability to different
ecologies, its cultivation is similar to grain production
that the farmer is used to, it is compatible with grain
mechanization, and can be planted in summer and
winter. Kahraman et al. (2014) reported that
Remzibey-05 cultivar with sowing dates of 15st
November and 15th December can be suitable in
Diyarbakir conditions with respect to yield and the
other characters.

The main goal of safflower breeding studies has been
to develop new safflower varieties with high grain
yield and/or oil content, taking into account the needs
of different demand groups, and to include them in the
production chain (Kése, 2016). Today, as a result of
breeding studies, new varieties that are superior in
terms of yield and agricultural characters are being
developed. It is known that the newly developed
varieties give different results in different regions.
Therefore, regional adaptation studies are especially
important for new varieties. This study was conducted
to determine which safflower cultivars can be
cultivated under the conditions of Diyarbakir,
Tiirkiye.

MATERIALS AND METHODS

This study was conducted in Diyarbakir, Tirkiye
during the 2014-2015, 2015-2016, and the 2016-2017
growing seasons. The research site is located on
37°30° and 38°43" north latitude and 40°37" and
41°20" east longitude, 600 meters above sea level. In
the province of Diyarbakir where the field
experiments were conducted, the annual rainfall
mostly happens between October and June. The
proportional humidity rate is relatively low. Summers
are mostly hot, dry, and clear, while winters are cold
and partly cloudy. The annual average rainfall of the
region was 474 mm in the 2014-2015, 2015-2016, and
2016-2017 years (Table 1). Planting was performed at
GAP International Agricultural Research and Training
Center research area.
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This experiment was designed with a Randomized
Complete Block Design with three replicates. The
varieties that were used in the experiment were Balci,
Dinger, Linas, Olas, and Remzibey-05 (Table 2).
Before planting, soil (15-20 cm deep) was plowed and
harrowed. The seeds were mechanically sowed as 120
seeds per square meter on the dates 27.12.2014,
27.11.2015, and 12.12.2016. Each plot consisted of
four rows, 30 cm inter-row, and 5 meters in length.
Safflower maximum seed yield Ayaz variety using
was determined (30x10 cm) 1577 kg ha™! (Giirsoy et
al., 2018). To the parcels, in total 100 kg ha! of
nitrogen (N) was applied in two parts, 50 kg ha™! of
the nitrogen was applied before planting, while the
rest was applied when the plants reached 20-30 cm

tall. Additionally, 50 kg ha™' phosphorous (P) was
applied before planting.

During the growing season, irrigation was not
supplied. Plants in each plot were harvested
mechanically for the grain yields on 20.07.2015,
13.07.2016, and 28.07.2017. After harvest, safflower
seeds were kept in the oven at 70° for 48 hours to
remove moisture. The percent crude oil ratio of 4 g
seeds with moisture removed was calculated in the
Nuclear Magnetic Resonance (NMR) device. Analysis
of variance was calculated for each trait and LSD
(Least significant difference) test was applied (at the
0.05 level) to determine statistical significance (Steel
and Torrie, 1980). Safflower varieties in three-year
mean values and statistical groups are given.

Table 1. Climate data of Diyarbakir province for the long years and 2014-2015, 2015-16 and 2016-17 years.
Cizelge 1. Diyarbakir ilinin uzun yillar ve 2014-2015, 2015-16 ve 2016-17 yillarina ait iklim verileri.

Average Temperature (°C)

Total Precipitation (mm)

Months 2014-15 2015-16 2016-17 LY 2014-15 2015-16 2016-17 LY
October 175 18.4 18.8 17.2 34.2 84.2 13.6 34.7
November 8.3 9.8 8.2 9.2 97.6 10.4 52.0 51.8
December 6.7 3.9 2.4 4.0 73.6 31.6 135.6 714
January 23 1.1 15 1.8 64.6 77.2 20.6 68.0
February 5.4 7.9 15 35 55.2 69.2 3.8 68.8
March 8.2 9.7 9.4 8.5 127.0 55.6 90.2 67.3
April 124 15.7 12.8 13.8 48.6 29.0 98.8 68.7
May 18.8 19.9 18.8 19.3 48.2 414 30.6 413
June 26.1 26.8 26.9 26.3 7.4 18.4 2.6 7.9
Mean 11.7 12.6 11.1 115  Total 556.4 417.0 4478  479.9
LY: Long Years
Table 2. Comparison of some properties of registered safflower varieties.
Cizelge 2. Tescilli aspir cesitlerinin bazi 6zelliklerinin karsilagtirilmasi.

Plant Crude ail Seed yield S_eed yield Registration
Cultivars Thorniness Flower color height ratio (in the dry) (in Watir) year

(cm) (%) (kg ha™) (kgha™)
Balci thorny yellow 55-70 38-41 1200-2400 - 2011
Dinger thornless red 90-110 28-32 1000-2500 3500-4000 1983
Linas thorny yellow 85-90 37-38 3000-3500 2013
Olas thorny yellow 90-100 39-41 2400-2500 - 2015
Remzibey-05 thorny yellow 60-80 35-38 1000-2000 2000-3500 2005

Reference: Arslan et al., 2019.
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RESULTS AND DISCUSSION

Significant differences (p<0.01) among the cultivars
were determined in terms of plant height, head
number per plant, thousand-seed weight, seed yield
and crude oil ratio. According to the findings of this
experiment, the highest plant height was obtained
from the Linas cultivar with 116.7 ¢cm, while the Balc1
cultivar was shortest at 110.2 cm (Table 3). Coskun
(2014) stated that the plant height of safflower ranges
between 108.89-118.67 cm. Likewise, Oz (2016)
stated that the plant height of safflower varied
between 100.5-158.6 cm. In another study, Atan et al.
(2019) observed that the plant height of safflower
ranged between 143.83-163.67 cm. Sayilir et al.
(2019) observed that the plant height of safflower
varied between 86.3-103.3 cm. Our height results
were lower than the findings of Atan et al. (2019), but
higher than those of Sayilir et al. (2019), and similar
to the findings of others. Research has reported that
plant height in safflower varies depending on location,
agricultural practices, climatic conditions and
varieties. Sayilir et al. (2019) used less fertilizer than
we did, while Atan et al. (2019) used more fertilizer
than we did.

The highest head number per plant was obtained in
the Remzibey-05 cultivar with 17.5/plant, whereas the
Linas cultivar was the lowest head number with
13.9/plant (Table 3). Katar et al. (2014) noted that the
head number per plant ranged between 12.5-
18.7/plant. In a study conducted by Oz (2016), it was
stated that the head number per plant varied between
17.1-29.4/plant. Similarly, Atan et al. (2019) observed
that the head number per plant varied between 11.83-
16.20/plant. Sayilir et al. (2019) observed that the
head number per plant ranged between 13.38-
25.61/plant. Head numbers of our study were found to
be lower than the values in the study carried out by Oz
(2016) and Sayilir et al. (2019). Row and intra row
spacing were 40*15 cm by Oz (2016). Differences
may vary depending on agricultural practices, climatic
conditions (winter sowing and summer sowing, such
as amount and time of precipitation) and variety. The
average rainfall of the region (in Diyarbakir) was 474
mm over the three-year period. Zarei et al. (2011)
reported that number of head per plant was greatly
affected by environmental conditions particularly
plant density.

Table 3. Average values and statistical groups of safflower cultivars in three-year mean.
Cizelge 3. Aspir ¢esitlelerinin ti¢ yillik ortalama degerleri ve istatistiksel gruplari.

Cultivars Plant height Head number Head diameter Thousar)d-seed Seed yie_lld Crude oil ratio
(cm) per plant (cm) weight (g) (kg ha™) %)
Balci 1102 ¢ 141 bc 2.18 36.2 a 1514 ¢ 3471 a
Dinger 1133 b 154 b 2.18 35.2 a 1656 b 26.67 ¢
Linas 116.7 a 13.9 c 2.19 35.8 a 1522 b 3471 a
Olas 1165 a 144  bc 221 36.1 a 1581 @ 3575 a
Remzibey-05 1126 b 175 a 2.21 334 b 1882 a 2882 b
CV (%) 2.8 9.7 3.76 4.35 8.57 1.75
LSD Variety 3.1 1.42%* ns 1.5%* 135.9** 1.77%*

ns: none significant, **: significant at 0.01 level

The head diameter ranged between 2.18-2.21 cm
(Table 3). Regarding head diameter, in the study
carried out by Hatipoglu et al. (2012) head diameters
were recorded as 1.63-2.07 cm. Sayilir et al. (2019)
head diameters were recorded as 1.8-2.3 cm. Aslantas
and Akinerdem (2020) stated that head diameters
ranged between 2.06-2.25 cm. Camas and Esendal
(2006) emphasized that environmental conditions
have a great effect on this feature. Our findings were

higher than the findings of Hatipoglu et al. (2012). In
general, our results showed partial similarity with
other reports.

The highest thousand-seed weight was obtained in the
Balci cultivar at 36.2 g, while the Remzibey-05
cultivar was the lowest at 334 g (Table 3).
Accordingly, in the study done by Coskun (2014),
thousand-seed weight ranged between 33.78-39.00 g.
Based on the experimental results observed by Oz
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(2016), thousand-seed weight varied between 34.1-
36.9 g. Kose et al. (2021) stated that thousand-seed
weight ranged between 32.1-40.4 g. Yazdani et al.
(2019) stated that thousand-seed weight ranged
between 29.27-47.58 g. Tahernezhad et al. (2018)
observed that the values for thousand-seed weight are
mostly influenced by genetic factors. Differences may
be due to environmental (winter sowing and summer
sowing, amount and time of precipitation, soil
structure) conditions, fertilizer applications and
different cultivars used. Our results showed partial
similarity with the findings of Kéose et al. (2021) who
examined 12 safflower lines and three varieties in
their research.

The highest seed yield was obtained in the Remzibey-
05 cultivar (1882 kg ha™!), whereas in the Balci
cultivar the yield was the lowest (1514 kg ha™!) (Table
3). Coskun (2014) stated that seed vyield ranged
between 2643.3-2374.4 kg ha!l. As a cultivar,
Remzibey-05 is more suitable for this region than the
other two varieties for high seed yield. Katar et al.
(2014) stated that seed yield varied between 1485-
1838 kg ha!. Ghorbanzadeh et al. (2014) found
difference results depending on sowing time: 2330 kg
ha™! in the autumn sowing time and 1405.4 kg ha™! in
the spring. Kose et al. (2018) stated that seed vyield
varied between 1150.8-1990.5 kg ha™!. Atan et al.
(2019) stated that seed yield ranged between 1883.3-
2627.8 kg ha™!. Sayilir et al. (2019) stated that seed
yield varied between 1560-2500 kg ha™'. Arslan and
Culpan (2020), stated that seed yield varied between
982-1712 kg ha™'. Kése et al. (2021) stated that seed
yield changes varied between 834-1795 kg ha™'. Aslan
and Sirat (2022) stated that seed yield ranged between
935.2-1280.6 kg ha'. Our findings were lower than
the findings of Coskun (2014) and Atan et al. (2019),
higher than the findings of Kdose et al. (2021), Arslan
and Culpan (2020) and Aslan and Sirat (2022). In
general, however, our results were mostly similar with
others’ findings. Differences may be due to
environmental (winter sowing and summer sowing,
such as amount and time of precipitation, soil
structure) conditions, fertilizer applications and
different cultivars used. Koése et al. (2021), Arslan and
Culpan (2020) and Aslan and Sirat (2022) used
summer sowing. The yield potential of winter sowing

is higher than the yield potential of summer sowing.
Besides, the annual average rainfall of the region (in
Diarbakir) was 474 mm in the 2014-2015, 2015-2016,
and 2016-2017 years which may explain differences
among studies.

The crude oil ratio obtained in the Olas cultivar was
highest with a 35.75% ratio, while in the Dinger
cultivar this ratio was lowest (26.67%) (Table 3).
Likewise, Coskun (2014), Kobuk et al. (2019), Say1lir
et al. (2019), Arslan and Culpan (2020), Aslan and
Sirat (2022), Kog (2019) and Atan et al. (2019) stated
that the crude oil ratio varied between 28.67-30.44%,
25.78-35.16%, 25.35-35.03%, 28.12-36.66%, 26.28-
30.92%, 28.8-36.5% and 34.38-38.49%, respectively.
Thus, our results were similar to previous findings.
The differences may be due to environmental
conditions, the use of different genotypes, the oil
analysis method, and applications.

A correlation analysis was conducted to determine the
relationship between the yield of safflower cultivars
and all other parameters (Table 4). It was determined
that there were positive and significant relationships
between seed yield and plant height, the number of
heads per plant and thousand grain weight; whereas,
there were negative and significant relationships
between grain yield and crude oil ratio.

In previous work, statistically significant positive
relationships was found among seed yield and plant
height, the number of heads per plant; whereas there
were negative and significant relationships between
grain yield and oil ratio (Omidi et al., 2012; Paseban
Eslam, 2015; Oz, 2016). Kd&se et al. (2021) reported
that statistically significant positive relationships was
found among the seed vyield and head diameter
(r=401**), oil ratio (r=299**), and number of heads
per plant (r=0.182*). In addition, Kose et al. (2021)
reported that statistically significant negative
relationships was found between seed yield and plant
height (r=421*%).
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Table 4. Correlation coefficients among the inspected features.
Cizelge 4. Incelenen dzellikler arasindaki korelasyon katsayilart.

Head number Thousand-seed

Seed yield Plant height Head diameter .
per plant weight
Plant height 0,3976**
Head number per plant 0,8916** 0,4272**
Head diameter -0,1029 -0,2804 -0,0165
Thousand-seed weight 0,3789** 0,5098** 0,3766* -0,2681
Crude oil ratio -0,3058* 0,0492 -0,3721* -0,0208 0,3279*

*Correlation is significant at the 0.05 level.

In this study, the Remzibey-05 cultivar had high
values in terms of grain yield, head number per plant
and head diameter. Besides, Olas, Linas and Balci
varieties showed superior values in terms of oil
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OZ: Bu ¢alisma 2023 ve 2024 yilarinda 3 farklh armut bahgesinde portakal yagi, yazlik mineral yag ve spinetoram aktif
maddelleri ile yazlik mineral yag ve methoxyfenozide+spinetoram aktif madde i¢eren insektisit karisimlarimin Cacopsylla pyri (L)
(Hemiptera: Psyllidae) iizerindeki etkilerini gormek amaciyla yapilmistir. 2023 yilinda farkli fenolojik donemlerde farkli dozlarla yapilan
tiim uygulamalar arasinda 300 g/ L't methoxyfenozide + 60 g/ L™ spinetoram (100 mL* 100 L) ve 700 g L™ yazlik mineral yag (1 L 100
LY) uygulamasi, C. pyri iizerinde %94.17 6liim orant ile en etkili olan uygulama olarak tespit edilmistir. 2024 yilinda 700 g L yazlik
mineral yagin 1,25 L 100 L dozu ve 1,7 L 100 L ¢alisilmuistir. En etkili karisimlarin dozu 1,7 Lt 100 L yazlik mineral yag ile
karwstirildiginda %100 oliim oramyla tespit edilmistir. Yazlik mineral yag karigimimin nimflerin ilk donemlerini éldiirmedeki etkinliginin
yani sira, 1,7 L 100 Lt orami yazlik mineral yag uygulan bahgelerde uygulanmayanlara oranla psillid ergin ve ergin éncesi donemlerinin
tespit edilememis olmast miicadelenin siirdiiriilebilirligine isaret etmektedir. 300 g/ L' methoxyfenozide + 60 L spinetoram aktif
maddesinin C. pyri miicadelesinde onemli bir potansiyeli oldugu ve bitki koruma iirtinii ruhsatlandirma ¢alismalarina konu olabilecegi
goriilmektedir.

Anahtar kelimeler: Armut psillidi, methoxyfenozide, spinetoram, yaziik mineral yag.

Determination of the Effectiveness of Summer Mineral Oil and Insecticide Mixtures for Chemical
Management of Cacopsylla pyri (L.) (Hemiptera: Psyllidae)

ABSTRACT: This study was conducted in three different pear orchards in 2023 and 2024 to see the effects of insecticide mixtures
containing orange oil, summer mineral oil, and spinetoram active ingredients, and summer mineral oil and methoxyfenozide+spinetoram
active ingredients on Cacopsylla pyri (L) (Hemiptera: Psyllidae). Among all the applications made with different doses in different
phenological periods in 2023, 300 g/ L™* methoxyfenozide + 60 L spinetoram (100 mL 100 L) and 700 g L-* summer mineral oil (1 L-
1100 L) application was determined to be the most effective application with 94,17% mortality ratio on C. pyri. In 2024, 1.25 L-* 100 L-
! doses of 700 g L't summer mineral oil and 1.7 L 100 L-* were studied. The most effective dose of the mixtures was determined with a
100% mortality ratio when mixed with 1.7 L 100 L* summer mineral oil. In addition to the effectiveness of the summer mineral oil mixture
in controlling the first stages of nymphs, the fact that psyllid adult and pre-adult stages could not be detected in the gardens where 1.7 L
100 Lt summer mineral oil was applied compared to those not applied, indicates the sustainability of the control. It was seen that 300 g/
L* methoxyfenozide + 60 g/ L™ spinetoram active ingredient has an important potential in the control of C. pyri and can be the subject of
plant protection product licensing activities.

Keywords: Pear psillid, methoxyfenozide, spinetoram, summer mineral oil.
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M. S. SEVING, M.M. YESILIRMAK, M. AKSU, F. AKYUZ, G. OZTURK, I. NAZLI: Cacopsylla pyri (L.) (Hemiptera: Psyllidae)'NIN
KIMYASAL MUCADELESINDE YAZLIK MINERAL YAG VE INSEKTISIT KARISIMLARININ ETKINLIGININ BELIRLENMESI

GIRiS

Tiirkiye, 2023 wverilerine gore, 534.513 ton armut
iiretimi ile Dilinya armut iiretiminde 4. siradadir (FAO,
2025). Ulkede, armut iiretimi yogun olarak Bursa
(%46) ve Antalya (%7) illerinde yapilmaktadir (TUIK,
2024). Saglik agisindan olduk¢a faydali olan armut,
Tiirkiye’de  iiretim  miktarimin  diisik  olmasi,
fiyatlariin yiiksek olmasi ve meyve kalitesindeki
tutarsizliklar nedeniyle tiiketimi sinirlt olsa da halen

tilketiciler tarafindan tercih edilen meyvelerden
birisidir (Oztiirk ve ark., 2023).

Ozellikle bir iiriiniin ilk satn alinmasindaki en énemli
kriter olan dis goriiniisii (Oztiirk ve ark., 2016) ve
verimi Onemli Ol¢ciide olumsuz etkileyen biyotik
faktorlerden bir tanesi, armudun konukgusu oldugu
Armut psillidi, Cacopsylla pyri (L.) (Hemiptera:
Psyllidae)’dir. C. pyri’nin, 2023 yilinda Bursa ilinin
farkli ilgelerinde yapilan popiilasyon takipleriyle
varligimin tespit edildigi arastirmalarinda, Kiilciioglu
ve ark. (2023), literatiire atfen, Onceki yillarda
Tiirkiye’nin Izmir (Klimaszewski ve Lodos, 1979;
Onugar, 1983), Ankara (Er, 1996; Er, 2008), Erzincan
(Burckhardt ve Onucar, 1993), Erzurum (Giiglii ve
Burckhardt, 1996), Bursa (Ulubas Serce ve ark., 2006;
Kovanci ve ark., 2000), Antalya (Erler, 2002; Erler,
2004d), Konya (Yildirim, 1993), Elaz1g (Imrek ve ark.,
2017) ve Hatay (Kogak, 2017) illerinde armut
bahgelerinde de bulundugunu rapor etmektedir.

Armut  bitkilerinde beslenerek (yaprak, siirgiin,
tomurcuk) zarara sebep olan C. pyri, multivoltin bir
zararli olup mevsimsel olarak ayirt edici bir form veya
morfotip olarak tlireme diyapozunda kislamaktadir.
Mevsimsel morfotiplerin ortaya ¢ikislar1 fotoperiyot
tarafindan kontrol edilmektedir (Bonnemaison ve
Missonnier, 1955). Yaz formlar1 daha kiigiik ve daha
hafiftir, kis formu olarak bilinenler ise biiyiik ve koyu
renkli erginlerden olugsmaktadir (Civolani ve ark.,
2023).

Armut psillidlerinin kig1 armut bahgeleri disinda sert ve
yumusak ¢ekirdekli meyve agacglarinda gecirebildigi
(Jarausch ve ark., 2009), ergin olarak gecirdigi
diyapozda beslenme ihtiyacini bagka tiir bitkilerde de
saglayabildigi (Cooper ve ark., 2019), armut disindaki
bitkilerde kisladigi zaman ovaryumlarmin armutta

kiglayanlara gore daha geg olgunlastigi (Horton ve ark.,
1994) rapor edilmektedir.

Ciftlesme ve yumurtlama tomurcuk gelisiminden 6nce
basladigi, ilk yumurtalarin armut bitkisi tizerinde
acilmamis  tomurcuklarin  yakinma  birakildigy,
tomurcuklar agildik¢a yumurtlamanin yaprak ve cicek
dokularina  kaydigi, kis formunun  biraktig
yumurtalardan ¢ikan nimlerin ilkbaharin sonlarinda
mevsimin ilkyaz formu nesli olarak ortaya c¢iktig1 ve
enleme bagli olarak yilda bir veya daha fazla dol
verdigi (Westigard ve Zwick, 1972) rapor edilmekte ve
bu bilgi ¢aligmaya konu olan arastirma parsellerinden
onceki yillarda da alinan 6n gézlemlerimiz ile paralel
ilerlemektedir.

Erler ve Cetin (2005, 2007)° e gore erken kis
déneminde psillid popiilasyonlarinin yiiksek seviyelere
izin  verilirse, kontrol edilmeleri
Psillid
popiilasyonlar1 yil boyunca diisiik seviyede tutmay1
hedef almakla birlikte erken ilkbaharda kis formu
erginleri miicadele i¢in en 6nemli hedeftir (Erler ve

Tosun, 2017).

ulasmasina

zorlagmaktadir. kontrol programlart

Miicadelesi genellikle sentetik kimyasallarla yapilan C.
pyri’ nin sezonda 8-10 kez ilaglama yapilabildigi
bildirilmektedir (Erler ve Cetin, 2005; Oz ve Erler,
2021). Bununla birlikte yalnizca kimyasal miicadele ile
basarili olunamadigi (Kiilciioglu ve ark., 2023) ifade
edilmekte, bazi bitkisel kokenli preparatlarin ise bazi
biyolojik donemlerde etkili oldugu ifade edilmektedir
(Erler, 2004b). Bu c¢alismanin yapildigr bolgede,
Yalvag, Egirdir, Gelendost il¢esi armut iireticileri ile
yapilan goriismelerde, psillid ile kimyasal miicadeleyle
siirecin yonetilemedigi, 6yle ki pek ¢ok iireticinin bu
sebeple bahge sokiimii gerceklestirdigi
kimyasallarla  miicadelenin  zorlayici  oldugunu
dogrulamaktadir. Ayrica Bursa ve Antalya ilindeki
armut treticileriyle yapilan sozlii goriismelerde de
benzer sorunlarin yasandigi belirlenmistir.

bilgisi,

Yogun insektisit kullanimi, zararlilarin direng
gelistirmelerine (Westigard ve Zwick, 1972), psillid
avcist ve parazitoitlerin etkinliginin 6nemli diizeyde
azalmasina (Erler, 2004a; Souliotis ve Moschos, 2008)
neden olmakta, insan sagligini tehdit
etmektedir. bitki saghig
uygulamalarindaki pestisitlere iliskin endiseleri sebebi

cevre ve
Tiketicilerin
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ile armut ¢esidi tercihlerinde, iiretim asamasinda dogal
kaynaklarin korunmus olmasi etkilidir ve organik
tirtinlere olan talepleri yiiksektir (Karamiirsel ve ark.,
2023). Miicadelede yasanan sorunlarin yani sira,

iretilen meyvelerin tiiketicilerin  beklentilerini
karsilamasi i¢in psillid miicadelesinin siirdiiriilebilir
olmasim1  destekleyecek  alternatif = miicadele

yontemlerinin gelistirilmesi gereklidir.

C. pyri kimyasal miicadelesinde ruhsatli aktif maddeler
(BKU, 2024) arasinda yer alan spinetoram’m,
spinosad’in yar1 sentetik tiirevi olarak, faydah
bocekler, memeliler, kuslar ve suda yasayan hayvanlar
iizerinde olumsuz etkileri bulunmayan, nadir direng
gelistirilebilen, Saccharopolyspora spinosa
bakterisinden elde edilen biyolojik aktif bir madde
(Cacija ve ark., 2018) oldugu rapor edilmektedir.

Bunun yani sira ¢evre dostu 6zellikleriyle bilinen bir
bilesik olan ‘methoxyfenozide’in, (Schneider, 2004;
Shah ve ark., 2015; Fergani ve ark., 2024) bocek
bliylime diizenleyicileri grubunun ana iiyelerinden
birisi oldugu ve deri degistirme hormonunun etkisini
taklit ederek larvalarin 6liimle sonuglanacak sekilde
deri degistirme siireglerini  olumsuz etkiledigi
(Dhadialla  ve ark, 1998) bildirilmektedir.
Lepidopterlere 6zel etkisi bulunan methoxyfenozide’in
baz1 bocek tiirlerinde direng gelisimine sebep oldugu
bildirilmektedir. Spinetoram’in farkli aktif maddelerle
birlikte calisildigi bir ¢alismada karisimlarin daha
yiiksek oldiiriicti etkiye sebep oldugu (Warnock ve
Cloyd, 2005), aymi zamanda birlikte kullanimda
methoxyfenozide direncinin kirildigi (Ahmed ve ark.,
2022) literatiirde isaret edilen bir konudur.

Siirdiiriilebilir bir miicadele ydntemi i¢in armut
bahgelerinde sadece mevcut popiilasyonu yok etmek
degil, disardan ergin C. pyri istilasinin da Oniine
gecilebilmesi  gereklidir. Bu kapsamda; organik
tarimda yer bulan yazlik mineral yaglarin (Yetgin,
2010) kullaniminin, ergin disilerde yumurta koymay1
engelleyici oldugunu (Erler ve Cetin, 2005) rapor eden
caligmalarla birlikte, yazlik yaglarim uygulandigi
bolgede erginler tarafindan yumurta birakmak bir yana
konumlanmak {izere bile 3 hafta siire boyunca tercih
edilmedigi (Imrek ve ark., 2017) tespitlerine istinaden,
uygulanacak bolgede yazlik mineral yaglarin etkisinin

bilinmesi gerekmektedir.

10

Methoxyfenozide+spinetoram, armut bahgelerinde
bagka bir zararli tiir olan C. pomonella miicadelesi i¢in
Tiirkiye’de ruhsatli bazi insektisitlerin aktif maddesidir
(BKU, 2024). Bununla birlikte, spinetoram ve portakal
yagi, ayni zamanda yazlik mineral yaglar da C. pyri
miicadelesinde  ruhsatli  ticari  {riinlerin  aktif
maddeleridir (BKU, 2024). C. pyri’nin miicadelesinde
elde edilecek olan basar1 sadece aktif maddenin
basaris1 olarak diisiiniilmemeli, armut bitkisinin
fenolojik donemlerinde sahip oldugu morfolojik
farkliliklarin yaratacagi durumun da basariya esit
diizeyde katki saglayabilecegi bilinmelidir. Tiim bu
aktif maddelerin tek basina veya yazlik yag ile
karigimlarinin  farkli fenolojik donemlerde C. pyri
tizerindeki etkisinin glincellenmesi gerekmektedir.
Ayrica farkli zararli gruplari ile miicadelede kullanilan
aktif maddelerin C. pyri iizerinde de etkisini bilmek ve
gerekli goriildiigiinde ayn1 donem igerisinde fazla ve
gereksiz insektisit kullaniminin
gecebilmektedir.

oniline

Tim bu bilgiler 1s18inda bu ¢aligmada; C. pyri
tarafindan ilk bahge tesisinden itibaren cok ciddi
problemlere (psilla soku, fumajin vb.) maruz kalmis,
zararliya ¢ok hassas olan (Erler, 2004d), tiiketicilerin
tercihinde Onemli bir paya sahip yerel cesitlerden
Deveci ve Ankara (Karamiirsel ve ark., 2023) armut
cesitlerinin ¢ogunlukta bulundugu armut arastirma
parsellerinde, 2023-2024 sezonu boyunca C. pyri’nin
goriildiigi farkl fenolojik donemlerde, farkli insektisit
ve yazlik mineral yag oranlarinin ilk donem C. pyri
nimfleri iizerindeki etkinligi aragtirilmistir. Sezon boyu
takipte kalinan deneme alanlari, denemelerde zararh
istilasinin stirmedigi de

strlip yoniinden

degerlendirilerek karisimlarin etkisi tartigilmstir.
MATERYAL VE METOT
Materyal

Denemenin ana materyalini; Deveci cesidi, 8-12 yas
armut agaclarinin bulundugu farkli armut bahgelerinde
(Sekil 1.) denemenin ilk yili 03.03.2023 tarihinde,
ikinci yili i¢in ise 28.03.2024 tarihinde yumurta
birakmaya baslayan C. pyri erginlerinin biraktig
nimf  donemleri

yumurtalardan birinci

olusturmaktadir.

¢ikan
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Eqgirdir =

Sekil 1. Deveci ¢esidi armutlarin bulundugu deneme bahgeleri (a:
Deveci gesitlerinin bulundugu bir parsel; b: Deveci ve Santa Maria
armut gesitleri parseli ve c: Deveci parseli).

Figure 1. The pear trial orchards with Deveci variety pears (a:
Deveci plot; b: Deveci and Santa Maria plot and c: Deveci plot).

Armut deneme bahgeleri hakkinda énceki yillara
ait (2021-2022) gozlem ve bilgiler

Armut bahgeleri hakkinda bahgelerin  kuruldugu
yillardan itibaren C. pyri baskist altinda oldugu,
kimyasal uygulamalarin popiilasyonu uzaklagtirmaya
yetmedigi, hasat doneminde ¢ok yogun tatlimsi1 madde
varlig1 sebebiyle de hem hasat siirecinin hem de
etkilendigi  bilgisine
ulagilmistir. 2021 yilinda armut psillidine karsi ilk
ilaglama; 14.05.2021 tarihinde %25 spinetoram aktif
maddesinin ruhsat dozu ile baslatilmig, zararlinin

pazarlamanin ~ olumsuz

varlig1 devam etmesi Ve tatlims1 madde artis1 sebebi ile
her uygulama 6ncesi arap sabunu uygulamasi yapilmis
ve zararliya ruhsath farkli aktif maddeleri (45 g L*
imidacloprid+ 5 g L™ abamectin, 700 g L* yazlik
mineral yag, %25 malathion, %25 spinetoram, 480 g L-
! diflubenzuron) sezon boyunca 7 ila 10 giin, son
donemlerde ise 5 giin ara ile uygulanmistir. Buna
ragmen hasat donemine kadar yogun bulagikligin
oOniine gegilememistir. Takip eden 2022 sezonunda ise;
6 Nisan 2022 tarihinde
goriilmesi ile birlikte 700 g L aktif igerige sahip yazlik
mineral yag 1,7 L 100 L  miktarinda 18 g L™* abamectin
aktif maddeli preparat uygulama

ilk nimf doénemlerinin

karigtirilarak
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yapilmis, 5 Mayis 2022°de tekrar nimflerin goriilmesi
%25 spinetoram aktif maddeli ruhsath
preparat ve %42 carboxylic acid yayici yapistirici ile
birlikte uygulanmigtir. Bu uygulamadan 6 giin sonra
spinetoram uygulamasi tekrarlanmig, ve her bir
uygulamadan sonra, 10, 12 ve 17 giin araliklarla
sirastyla; 45 g L't imidacloprid+ 5 g L™ abamectin, 141
g L* thiamethoxam + 106 g L, bu uygulamalardan 5
giin sonra 45 g L imidacloprid+ 5 g L™ abamectin,
tekrar 5 giin sonra akigkan tatlims1 maddelerin artig1 ile

lizerine,

arap sabunu uygulamalar1 arkasindan %25 spinetoram
+ %42 carboxylic acid uygulanmistir ve 22.08.2022
tarihine kadar da bes giin arayla %25 spinetoram aktif
maddelli preparat + +42 carboxylic acid uygulamasina
devam edilmistir. Sezon sonunda hasat doneminde
fumajine sebep olan tatlimsi madde az miktarda
goriilmiistiir. Tk uygulamadan itibaren toplam 17 kez
ilaclama yapilmis ve miktarlarinin az oldugu
g6zlemlense bile nimfler ve ergin uguslar: hasatta dahi
goriilmistiir. Daha etkili metotlarin bulunabilmesine
dair yapilan 2023 ve 2024 yilina ait ¢alismanin metodu

asagida verilmigtir.
Metot
Denemeler kurulmadan énce yapilan uygulamalar

2023 yilinda ergin uguslar1 03.03.2023 tarihinde tespit
edilmistir. Bu tarihte spinetoram aktif maddeli
insektisitin 40 g 100 L™ dozu uygulanmus, kurulacak
olan deneme tarihlerine gore ergin ve yumurta varligi
birer giin arayla tiim parsellerde takip edilmistir. 2024
yilinda ise yumurtalar 02.04.2024 tarihinde tespit
edilmis, yumurta birakma davraniginin olumsuz
etkilenmesi hedef alinarak 1 L 100 L oraninda yazlik
mineral yag (Erler ve Cetin, 2005) ve %25 spinetoram
aktif maddeli insektisit 40 g 100 L*? oraninda tiim

bahgelere uygulanmstir.
2023 yilh denemeleri

Armut bahgelerinde ¢igek tomurcuklarinin buket
olusturdugu donemde buket saplart iginde ve lizerinde
yumurta sayimlari yapilmig ve deneme Oncesi
popiilasyon miktar1 kaydedilmistir. Bunun igin tiim
deneme karakterlerinden 100 adet ¢igek buketi (Her

tekerriirde 20 cicek buketi) sayilmistir. Birinci nimf
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dénemi sayimi yapilan bahgelere Cizelge 1’de yildiz
*) isaretlenmis preparatlar
kurulmustur. 72 saat sonunda ornekler toplanarak

ile ile denemeler
laboratuvara getirilmis ve mikroskop altinda 6lii canli
sayilart degerlendirilmistir. Denemeler her armut
bahgesinde tesadiif bloklar1 deneme desenine gore 5
tekerriirliit ve her tekerriirde 5 aga¢ olacak sekilde

kurulmustur.

Ilk uygulamadan sonra, sezonun ikinci uygulamasi
olan olan ilk deneme 11.04.2023 tarihinde cicek buketi
olusumu déneminde sar1 yumurtalar tespit edildiginde
spinetoram aktif maddeli preparat, yazlik yagin farkl
dozlar1 ve portakal yag1 aktif maddeli bir preparatin
farkli dozlar1 ile kurulmustur (Cizelge 1). Ikinci
kadar
spinetoram ile ilaglama devam etmistir ve herhangi

denemeye ciceklenme siirecinde ruhsatli
baska bir preparat veya yag karistirilmamistir. 2.
deneme 15.05.2023 tarihinde ¢igek tac yapraklari
dokiildiikten sonra methoxyfenozide ve spinetoram
karigimui preparatin farkli dozlari, hem tek basina, hem
de Erler ve Cetin (2005)’e gore yazlik mineral yagin 1
L 100 L* dozu ile karistirilarak kullanilmistir. Ugiincii
deneme 23.06.2023 tarihinde aymi dozlarla yapilmis
akabinde dordiincii deneme ise 11.07.2023 tarihinde
psillid yumurta ve nimfleri, yaprak, siirgin ve
meyvelerde yayilim gosterirken ayn1 dozlarla
yinelenmigtir. Denemede kullanilan preparat dozlari
Cizelge 1’de verilmektedir. Yogun psillid erginleri
baskisinda olan aragtirma parsellerinde denemeler
arasinda popiilasyonu baskilamak amaciyla, Cizelge 1’
de goriildiigii lizere denemeler arasi farkli preparatlarin
uygulamalar1 yapilmistir. Diizenli kontrollerde ergin
ucuslar1 ve sar1 yumurta paketleri bitki aksamu iizerinde

goriildiigli miidddetge kimyasal uygulamasi yapilmistir.

Sezonun geri kalaninda Eyliil ayina kadar ergin ve
nimflerin varligi goriildiikce 300 g/l methoxyfenozide
+ 60 g/l spinetoram+ 700 g L Yazlik mineral yag
kullanimina devam edilmistir.

12

Sezon boyunca toplam 23 uygulama yapilmistir. Sezon
boyunca tatlims1 yapiskan maddenin az oldugu fakat
ergin istilasinin devam ettigi ve erginlerin yumurta
biraktig1 gorilmiistiir.

2024 yih denemeleri

2024 yilinda psillid erginleri 01.04.2024° de goriilmiis,
ilk yumurtalar ise cicek doneminde goriildiigl icin
yazlik yag kullanmaksizin %25 spinetoram 40 g 100 L°
ile hazirlanan ilaglama ile 1. nimf dénemlerine karsi
kullanilmustr.

2024 yilinda kurulan denemeler; 2023 yilinda istatistiki
olarak en ¢ok Oliime sebep olan aktif madde karisimi
(300 g/l methoxyfenozide+60 g/l spinetoram) ve yazlik
yag karistminin yag orami artirilarak uygulanmasi
planlanmistir.  26.04.2024 ¢icek tag yapraklar
dokiilmesi sonras1 (300 g/l methoxyfenozide+60 g/l
spinetoram ve 300 g/l methoxyfenozide+ 60 g/l
spinetoram 0.1 L 100 L + yazlik mineral yag 1.25 L
100 L*! dozu) uygulanmustir. Denemede, ilaglama
Oncesi ve sonrasi her tekerriirde 20 meyve buketi,
sonraki siireglerde her tekerriirde 20 siirgiin sayilarak
preparatlarin basaris1 hesaplanmigtir. Kontrol grubuna
ise ¢esme suyu uygulanmistir. Uygulamalar sezon
boyunca yumurta ve birinci nimfler goriildiik¢e Cizelge
2’de uygulama tarihleri belirtilen aktif maddelerle
siirdiiriilmiistiir. Ikinci deneme 15.05.2024 tarihinde
armut meyvesi ceviz bilylikliigiinde iken kurulmus
olup, (300 g/I methoxyfenozide+60 g/l spinetoram ve
300 g/l methoxyfenozide+60 g/l spinetoram 0.1 L 100
L™+ yazlik mineral yag 1.25 L 100 L™ dozu) ve kontrol
icin gesme suyu kullanilmistir. 3. deneme ise tekrar
yumurtalar géziikmesi sebebiyle 30.05.2024 tarihinde

yag oram  artimmina  gidilerek (300 g/l
methoxyfenozide+60 g/l spinetoram 0.1 L 100 L* +
yazlik mineral yag 1,7 L 100 L* dozu) ile

tekrarlanmustir.
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Cizelge 1. 2023 yilinda armut parsellerinde kullanilan insektisit listesi.
Table 1. List of insecticides used in pear plots in 2023.

Uygulama tarihi Uygqlama alant Fenolojik dénem Aktif maddeler Doz (100 L)
Date of  Application area : . .. . g
L. Phenological period Active ingredients Dosage (100 L)
application
-b- 5 -
20.03.2023 a-b-c Gézler patlamadan énce % 25 Spinetoram 40 ¢
11.04.2023* a-b % 25 Spinetoram 40g
Cigek buketi agilmak {izere
Kontrol ¢gesme suyu -
% - -
11.04.2023 ¢ 700 g L-! Yazlik mineral yag 0,5-0,75-1L
Cigek buketleri agilmak {izere 60 g L! portakal yag: 0,5-0,6- 0,7 L
Kontrol ¢gesme suyu -
24.04.2023 a-b-c Tam ¢i¢ek doneminde %25 Spinetoram 40g
03.05.2023 a-b-c Tam cigek déneminde %25 Spinetoram 40g
08.05.2023 a-b-c Tam cicek sonu 60 g L' portakal yag 0.7L
= — -
15.05.2023 a-b-c 300 g/l Methoxyfenozllde + 60 25,50 ve 100 ml
g/l Spinetoram
Cicek tag yapraklar: dokimil 300 g/l Methoxyfenozide + 60
g/1 Spinetoram + 700 g L-! 25,50 ve 100 ml +1 L
Yazlik mineral yag
Kontrol igin ¢esme suyu -
05.06.2023 a-b-c Siirgiin uglart 300 g/l Methoxyfeno;lde + 60 100 ml
g/l Spinetoram
12.06.2023 a-b-c % 25 Spinetoram 40 g
20.06.2023 a-b-c- %25 Spinetoram 40¢g
23.06.2023* a-b-c 300 g/l Methoxyfenozide + 60
. 100 ml
g/l Spinetoram
Taze siirgiinler ve 300 g/l Methoxyfenozide + 60
Yapraklar g/l Spinetoram+ 700 g L! 100 mi+1 L
Yazlik mineral yag
Kontrol igin ¢esme suyu -
03.07.2023 a-b-c Yapraklar %25 Spinetoram 40 g
11.07.2023* a-b-c 300 g/l Methoxyfenozide + 60
. 100 ml
g/l Spinetoram
300 g/l Methoxyfenozide + 60
Yapraklar g/ Spinetoram+ 700 g L"! 100 ml+1 L
Yazlik mineral yag
Kontrol igin ¢esme suyu -
17.07.2023 a-b-c 300 g/l Methoxyfenozide + 60
Yapraklar g/1 Spinetoram+ 700 g L™! 100 ml+1 L

Yazlik mineral yag

13



ANADOLU 35 (1) 2025

Cizelge 2. 2024 y1l1 armut bahgelerinde kullanilan insektisit ve yazlik yag karisimu listesi.

Table 2. List of insecticides and summer oil mixture used in pear orchards in 2024.

Uygulama Uygulama Fenolojik Aktif maddeler Doz (100 L")
tarihi alan1 donem Active ingredients Dosage (100 L")
Date of  Application Phenological
application area period
02.04.2024 a-b-c Tomurcuk -
donemi
26.04.2024*%  a-b-c Tag yaprak 300 g/l Methoxyfenozide + 60 g/1 100 ml
dokiimii Spinetoram
300 g/l Methoxyfenozide + 60 g/l 100ml+1,25L
Spinetoram + 700 g L' Yazlik mineral
yag
Kontrol igin ¢esme suyu -
02.05.2024 a-b-c Tag yaprak 300 g/l Methoxyfenozide + 60 g/1 100ml+ 1,25L
dokiimii  (tim  Spinetoram + 700 g L' Yazlik mineral
alanlar yag
ilaglandr)
08.05.2024 a-b Meyveler ceviz 300 g/l Methoxyfenozide + 60 g/l 100ml+ 1,25L
biiyiikliigiinde Spinetoram + 700 g L Yazlik mineral
yag
08.05.2024 c Meyveler ceviz 300 g/l Methoxyfenozide + 60 g/l 100ml+1,7L
biiyiikliiglinde Spinetoram + 700 g L' Yazlik mineral
yag
15.05.2024* a-b Psillid nimfleri 300 g/l Methoxyfenozide + 60 g/l 100 ml
ciddi zarar ~ Spinetoram
gordi fakat
yumurtalar  bir 300 g/l Methoxyfenozide + 60 g/l 100 ml+1,25L
hafta igerisinde Spinetoram + 700 g L' Yazlik mineral
tekrar goriildii. yag
Kontrol igin ¢esme suyu -
30.05.2024*  a-b Psillid bu 300 g/l Methoxyfenozide + 60 g/l 100 ml
uygulamadan Spinetoram
sonra
tekrarlamadi. 300 g/l Methoxyfenozide + 60 g/l 100ml+1,7L
Spinetoram + 700 g L' Yazlik mineral

yag

Kontrol igin ¢esme suyu

14
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2022, 2023 ve 2024 yillarina ait iklim verileri

Takip ve denemelerin siirdiigii yillar bazinda sicaklik
degerleri Sekil 2’de, % nispi nem oranlari ise Sekil
3’te gosterilmistir.

VERILERIN DEGERLENDIRILMESI

Elde edilen veriler, Abbott formiilii (Abbott, 1925)
uygulanarak gercek Olim oranlarinin (% etki)
belirlenmesinde kullanilmustir.

Dogrulanmis 6liim orani (%)
_ (llaglanmig larvalarin éliim orani — Kontroliin éliim orani)

(100xKontroliin 6liim orani)
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Sekil 2. Egirdir ilgesi 2022, 2023, 2024 yil1 aylik ortalama sicakliklari.
Figure 2. Monthly average temperatures of Egirdir district in the year 2022, 2023, 2024.
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Denemelerdeki Oliim oranlar1 arasindaki farki
istatistiki olarak belirlemek igin varyanslar once
Levene homojenlik testine tabi tutulduktan sonra tek
yonli  varyans analizi (One-Way  Anova)
uygulanmustir. Daha sonra, gruplar arasi istatistiki
farkliliklarin  anlamlilik  diizeyleri Tukey c¢oklu
karsilagtirma testi (Tukey, 1949) ile belirlenmistir.
Istatistiksel farkliliklar p<0,05'te anlamli kabul
edilmistir. Istatistiksel analizler IBM SPSS®
Statistics (Siiriim 23.0, 2015, IBM SPSS, Armonk,
New York, ABD) (IBM SPSS, 2015) yardimiyla
gerceklestirilmistir.

Sekil 3. Egirdir ilgesi 2022, 2023, 2024 yil1 aylik ortalama nispi nem miktarlari
Figure 3. Monthly average relative humidity of Egirdir district in the year 2022, 2023, 2024.
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BULGULAR VE TARTISMA
2023 yili 1. deneme bulgular
2023 yilinda armut bahgelerinde 1ilk erginler
03.03.2024 tarihinde goriillmeye baslamis ilk

yumurtalar 20.02.2023 tarihinde gozlere yakin dallarda
goriilmiistiir. Denemeler kurulmadan o6nce %25

spinetoram aktif maddeli insektisitin 40 g 100 L*

dozunun uygulandigt  donem  Sekil 4> de

gosterilmektedir.

Uygulamalardan sonra diizenli yumurta kontrolleri ile
tomurcuklarin patladigi, c¢icek buketlerinin gozle
gortliir oldugu donemde (Sekil 5) kurulan ilk deneme
sonuglar Sekil 6°da gosterilmistir.

Sekil 4. 2023 yili mart donemi armut bahgeleri (a:15 Mart, b: 24 Mart ve c: 31 Mart 2023 tarihinde goriilen tomurcuklar).
Figure 4. Pear orchards in March 2023 (a: 15 March, b: 24 March and c¢: 31 March 2023).

Miicadelenin basarisini etkileyen 6nemli etmenlerden
birisi de bitki fenolojisine karsilik bocek davraniginin
neslini korumaya yonelik gosterdigi ¢abadir. Her iki
yilda da armut siirgiinleri ilk siirmeye bagladiginda,
yapraklanmadan Once ¢igek buketlerini olusturacak
olan sekiz-on adet sapgik goriilmektedir (Sekil 5a).
Yapilan gozlemlerde baharda ¢ikan kislik formlarm ilk
yumurtalart bu sapg¢ik civarina ve i¢ kisimlarina
biraktig1 goriilmiistiir. incelemeler sonucu uygulanan
kimyasalin bu bolgelerin i¢lerine kadar niifuz etmedigi
goriilmektedir. Calismanin bu asamasinda; 700 ml 100
L dozunda uygulanan portakal yag igerikli preparat
%68,25+4,16 oraninda &liime sebep olarak en etkili
preparat ve doz olarak bulunmustur. 500 ml 100 L
yazlik mineral yag uygulamasi ile yapilan denemede

16
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Sekil 5. Cigek buketi dénemleri (a:11 Nisan, b:13 Nisan ve c¢:17 Nisan 2023 ¢igek buketlerinden genel goriintil).
Figure 5. Flowering periods (a: 11 April, b: 13 April and c¢: 17 April 2023 general view of flower inflorescences).

yiizde olim degerleri %19,57+6,21 olarak tespit
edilmis, hem kontrol grubu ve hem diger dozlarla ayni
grupta yer almustir (Sekil 6.) Yazlik yag dozlan
yumurta  birakmayr  engelleyici  bir  faaliyet
gostermemistir. Imrek ve ark. (2017) farkli ugucu
yaglarla yaptig1 calismada turunggil yaglarinin ovisidal
etkisini rapor etmistir. Portakal kabugu ekstraktindan
elde edilen bilesiklerin toksisitesinin d-limonene bagli
olabilecegi (Sharaby, 1988; Tripathi ve ark., 2003),
icerisinde bulunan silika veya silika benzeri asindirici
partikiillerin beyne yapisma yeteneginden
kaynaklanabilecegi (Belmain ve Stevenson, 2001)
rapor  edilmektedir. Ayrica portakal kabugu
ekstraktinda bol miktarda bulunan limonenin
sicakkanlilar tizerinde diisiik toksisiteye sahip (Gupta
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ve ark., 2017) olmasi siirdiiriilebilirlik temalar1 ile sebebiyle bir sonraki denemeye kadar popiilasyonu
uyumluluk gosterdigi hakkinda fikir vermektedir. kontrol altinda tutmak tizere ¢igek doneminde (Sekil 7
a-c) gecirilen siiregte yazlik yag uygulamasi
yapilmamis sadece %25 spinetoram aktif maddeli
insektisit ruhsat dozu ile uygulanmistir (Cizelge 2).

72 saat sayim sonunda hala birinci nimf dénemindeki
bireylerin varligi ve bolgedeki yogun ergin uguslari

80
68,25+4,16

70

60

[8)]
o

29,32+48,29 37,84+2,56

N
o

27,45+2,65

23,82+7,31 31,52+2,54
19,5746,21
c
0+0,00

500 mL 750 mL 1000 mL 500 mL PY 600 mLPY 700 mLPY 40mLS Kontrol
YMY YMY YMY

Yizde olim
w
o
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o
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o

Sekil 6. 11.04.2023 tarihli farkli preparat uygulamalarimin C. pyri 1. dSnem nimfleri {izerindeki yiizde 8liim+sh oranlari. YMY: 700 g L? Yazlik
mineral yag, PY: 60 g L portakal yagi, S: %25 spinetoram. *Tukey ¢oklu karsilastirma testine gore farkli harfler istatistiki olarak farklidir
(P<0.05). (F (7, 32): 14,883; P<000.1).

Figure 6. Percent mortality+se rates of different preparation applications on C. pyri 1st stage nymphs on 11.04.2023. YMY: 700 g L'* summer
mineral oil, PY: 60 g L™ orange oil, S: 25% spinetoram. *Different letters are statistically different (P<0.05) according to the Tukey multiple
comparison test (F (7, 32): 14,883; P<000.1).

a e f
Sekil 7. Psillid’in yumurta biraktigi bitki aksamlari (a-24.04.2023 tarihinde tam ¢iceklenme dénemi; b-26 Nisan; c-27 Nisan; d-3 Mayis; e-8 Mayis
2023 gigek dokiimii; f-11.05.2023 kislik formlar yapraklar izerinde yumurta birakiyorlar).
Figure 7. Plant parts where psyllids lay eggs (a-24.04.2023 full flowering period; b-26 April; c-27 April; d-3 May; e-8 May 2023 flower shedding;
-11.05.2023 winter forms lay eggs on leaves).

17



ANADOLU 35 (1) 2025

2023 yili 2. deneme bulgular

Cigek tag yapraklari dokiimiinden sonra (Sekil 7d-e)
15.05.2023 tarihinde kurulan denemelerin sonuglari

olim oram 100 ml 100 L? oraminda
methoxyfenozide+spinetoram ve 1 L 100 L? yazhk
mineral yag karisiminda tespit edilmistir. Diger gruplar

istatistiki olarak en yiiksek dozdan ve kontrol

Sekil 8’ de goriilmektedir. Bu sonuglara gore en yiiksek
grubundan farklidir (Sekil 8).

100 94.1743,63
80
63,31:44,61
£ 53,94+7,5
E 60
S
O
X 37,0543,51 37,44+3,66
2 40
27,4512,65
20
0+0.00
0
25mLMS  50mLMS 100mLMS 25mL MSY 50mL MSY 100 mL MSY KONTROL

Sekil 8. 15.05.2023 C. pyri nimf yiizde 6lim+sh oranlari. *Grafikte gegen dozlar 100 ml su igin verilmistir. MS: 300 g/L methoxyfenozide + 60 g/L
spinetoram. MSY: 300 g/L methoxyfenozide + 60 g/L spinetoram+700 g L yazlik mineral yag karisimi. Tukey ¢oklu karsilastirma testine gore farkli
harfler istatistiki olarak farklidir (P<0.05). (F (6, 28): 49.962; P<000.1).

Figure 8. 15.05.2023 C. pyri nymphal percent mortalitytse rates. *Doses in the graph are given for 100 ml of water. MS: 300 g/L methoxyfenozide + 60
g/L spinetoram. MSY: 300 g/L methoxyfenozide + 60 g/L spinetoram + 700 g L™ summer mineral oil mixture. Different letters are statistically different
(P<0.05) according to Tukey multiple comparison test (F (6, 28): 49.962; P<000.1).

e B - h
Sekil 9. a: 17.05.2023 tarihinde yumurtalar (kontrol grubu); b: 4.6.2023 tarihinde siirgiinler; c: 21.05.2023 tarihli nimfler; d: 21 Mayis 2023 yumurtalar
mikroskop; e: 21 Mayis 6li nimfler; f: 23.05.2023 yumurta ve nimfler; g: 24.05.2023 yag uygulama sonrasi yaprak iizerinde yaga gomiilii nimler; h:
26.05.2023 tatlimst madde salgilayan nimfler.

Figure 9. a: Eggs on 17.05.2023 (control group); b: Shoots on 4.6.2023; c: 21.05.2023 nymphs; d: 21.05.2023 eggs microscope; e: 21.05.2023 dead nymphs;
f: 23.05.2023 eggs and nymphs; g: 24.05.2023 nymphs embedded in oil on leaves after oil treatment; h: 26.05.2023 nymphs secreting sweetish substance.
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Bu siiregte ¢igek saplarinin  i¢  kisimlarinda

yumurtalarin agilarak nimf dénemlerini gegirdiklerini,
bu siirecte yapilan uygulamalardan zarar gérmeden
kurtulan nimflerin varligr goriilmiistir. Bu ayni
zamanda az miktarda da olsa fumajine sebep olan
tathhms1 madde salgilarinin basladigt dénem olarak
goriilmistiir (Sekil 9).

Sekil 8’e gore yazlik mineral yag kullanim1 insektisitin
etkisini istatistiki olarak artirmistir. Bu deneme de daha
cok siirgiin uclarinda ac¢ilmamis yapraklarin i¢
kisimlarinda yumurta ile karsilasilmis ve uygulanan
preparatlarin  bu  bdlgelere ulasmamis  olmasi
miicadelenin basarisin1 diisiirmekte oldugu tespit
edilmistir (Sekil 10).

a

d

Sekil 10. a ve b: 30.05.2023: Temiz goziiken bir siirgiiniin yaprak diplerinden C. pyri nimlerinin ortaya ¢ikis. ¢ ve d: 07.06.2023: Goz ile
temiz goziiken bir siirgiiniin ug yapraklar ayrildiginda ortaya ¢ikan C. pyri nimleri.

Figure 8. a and b: 30.05.2023: C. pyri nymphs hatching from the leaf bases of a seemingly clean shoot. ¢ and d: 07.06.2023: C. pyri
nymphs emerging when the terminal leaves of a seemingly clean shoot are detached.

2023 yilimin iiciincii ve dordiincii deneme bulgular

23.06.2023 yilinda kurulmus ve deneme sonuglari
Sekil 11°de paylasilmistir. Bu siirecte meyve ve yaprak
yiizeyleri daha ¢ok ilaglamaya maruz kalmasi sebebi ile
buralarda ¢ok daha fazla 6lii nimfler tespit edilmistir.
Fakat siirgiin uglarindaki yaprak¢iklar altinda kalan
bazi nimflere ulasmak hala kolay olmamistir. Bu
sebeple 23.06.2023 tarihindeki 6liim oranlar istatistiki
olarak kontrol grubuna oranla yiiksek olmasina ragmen
yazlik yag ile birlikte kullanmilan 300 g/L
methoxyfenozide+60 g/L spinetoram aktif maddeli
preparat %45,1245,53 6liim oranina sahip olmustur.
Yazlik yag olmaksizin kullanimda ise Oliim oram
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%18,79+£5,68 olarak tespit edilmistir. 11.07.2023
tarihinde kurulan yilin son ilag denemesi ise yazlik yag
ile birlikte kullanilan 300 g/l methoxyfenozide+60 g/l
spinetoram aktif maddeli preparat %90,68+3,17 6liime
sebep olurken, yazlik yag olmaksizin 300 g/l
methoxyfenozidet+60 g/l  spinetoram  kullanilan
parsellerde % 57,28+3,76 olime sebep olmustur
(23.06.2023: F (2, 12): 24.515; P<000,1); (11.07.2023:
F (2, 12): 261.066; P<000,1). Her iki denemenin
sonucunda da tekrar 6liim oranlari fenolojik faktorlere
bagh olarak degisirken insektisitlerin etkisinin yazlik
mineral yag ile birlikte etkisinin arttig1 goriilmektedir
(Sekil 11). Denemelerin kuruldugu parsellerden bazi
goriintiiler Sekil 12° de yer almaktadir.
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Sekil 11. 2023 y1l1 tiglincii ve dordiincii deneme yiizde 6liim+sh oranlart.

*MS: 300 g/l Methoxyfenozide + 60 g/l Spinetoram; MSY: 300 g/l Methoxyfenozide + 60 g/l Spinetoram +700g/L Yazlik mineral yag
ifade etmektedir. Tukey ¢oklu kargilastirma testine gore ayni tarihteki farkli harfler istatistiki olarak farklidir (P<0,05). (23.06.2023: F (2,
12): 24.515; P<000,1); (11.07.2023: F (2, 12): 261.066; P<000,1).

Figure 11. Percent mortality=+se rates in the third and fourth trials in 2023.

*MS: 300 g/l Methoxyfenozide + 60 g/l Spinetoram; MSY: 300 g/l Methoxyfenozide + 60 g/l Spinetoram +700g/L Summer mineral oil.
Different letters on the same date are statistically different (P<0,05) according to Tukey multiple comparison test (23.06.2023: F (2, 12):
24.515; P<000,1); (11.07.2023: F (2, 12): 261.066; P<000,1).

Sekil 12. Armut bahgelerinden genel goriintiiler (a: 5.06.2023; b: 09.06.2023 Anthocoris sp. methoxyfenozide+spinetoram uygulanan
deneme alani; c: 12.06.2023 kontrol parselinden alinan numunelerde farkli donem nimfler; d: 09.07.2023; e: 10.07.2023 ceviz biiytkliigii;
f: 28.08.2023 meyveler; g: 12.09.2023 ‘¢’ parseli armut meyvesi; h: 12.09.2023 a parseli armut meyveler).

Figure 12. General images from pear orchards (a: 05.06. 2023; b: 09.06.2023 Anthocoris sp. methoxyfenozide+spinetoram treated
experimental area; c: 12.06.2023 nymphs of different stages in samples taken from the control plot; d: 09.07.2023; e: 10.07.2023 walnut
size; f: 28.08.2023 fruits; g: 12.09.2023 pear fruit from plot 'c’; h: 12.09.2023 pear fruit from plot 'a").
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2024 yil deneme bulgular

2024 yilinda, 2023 yilinin istatistiki olarak en etkili
bulunan preparatini tek basina ve yazlik yag ile birlikte
kullanimin1 arastirmak tizere kurulan denemelerin
sonuglart Sekil 13’ de goriilmektedir. Denemeler
26.04.2024 tarihinde ¢igek dokiimiinden sonra (Sekil
14 d-e), 15.05.2024 tarihinde ve 30.05.2024 tarihinde
meyveler ceviz biiyiikliigiine ulastiktan sonra (Sekil
14f-g) kurulmus ve sonuglart Sekil 13’ te gésterilmistir.
26.04.2024 tarihinde kurulan deneme sonuglarina
gore%91.46+1.19 6liim oranma sahip 1.25 L 100 L*
oraninda yazlik mineral yag ile karistirilan 1 L 100 Lt
oraninda methoxyfenozide+spinetoram aktif maddesi
igerikli preparat, istatistiki olarak % 0+0,00 O6lim
oranina sahip kontrol grubu ve % 53,79+4,14 6lim
oranina sahip yagsiz kullamim ile kiyaslandiginda
farkli gruplarda yer almis ve en etkili olarak tespit
edilmistir. Bunun iizerine deneme alaninda ergin
uguslart ve nimflerin tespiti tizerine 08.05.2024
tarihinde deneme aralari yapilan bir kimyasal
uygulamasinda; A ve B parsellerine uygulanan preparat
1.25 L 100 L* oraninda yazlik yag ile karistirilmus,
sadece ‘C’ kodlu parsele 1,7 L 100 L™ yazlik yag ve
methoxyfenozide+spinetoram aktif maddeli preparat
uygulamasi yapilmistir. Denemelerin devamliligi igin
yapilan gozlemlerde ‘C’ kodlu parselde ergin-nimf
veya yumurta varligi tespit edilememistir. Bu tarihten
sonra C parseli sezon sonuna kadar bir daha
ilaglanmamustir. Bundan sonraki asamada mevcut
birinci dénem nimflerle A ve B parsellerinde
15.05.2024 tarihinde denemeler kurulmus fakat bir kez
daha etkileri gormek adina yazlik mineral yag oram
1.25 L 100 L* olarak kullanilmistir. Bu deneme
sonuglarinda da kontrol grubu %0+0,00 6lim oranina
sahip  olurken, yag  olmaksizin  kullanilan
methoxyfenozide+spinetoram aktif maddeli preparatin
etkisi % 33,95+6,82, yag ile birlikte kullanimda ise
O0lim orami %83,240+4,68 olarak tespit edilmistir.
30.05.2024  tarihinde  birinci  nimfler  tekrar
gozlemlendiginde aym tarihte yazlik mineral yag, 1,7
L 100 L* oranina ¢gikarilmistir. Bu deneme sonucunda
da kontrol grubu %0+0,00 6liim oranina sahip olurken,
yag  olmaksizin  kullanllan  methoxyfenozide
+spinetoram aktif maddeli preparatin etkisi %
43,77+4,64, yag ile birlikte kullanimda ise 6liim orani
%100+0,00 olarak tespit edilmistir (Sekil 13). 2024
yilinda kurulan bu {iglincli deneme sonrasinda da
kontrol grubunda ve tek bagia 100 ml 100 L300 g/l
methoxyfenozide+60 g/l  spinetoram  kullanilan
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gruplarda sar1 yumurtalar ve erginler goziikiirken, 1.7
L 100 L*yazlik mineral yag ve 100 ml 100 L™* 300 g/I
methoxyfenozide+60 g/l spinetoram aktif maddeli
ticari preparatin uygulanmasindan sonra yapilan 72.
saat sayimlarinda deneme karakteri icerisinde ergin
bireylere ve yumurtalara rastlanmamustir (Sekil 11.).
Bu sonuglara gore, 1.25 oraninda yagin kovucu etkisi
yaklasik 15 giin siirerken, 1,7 oraninda kullanilan
yag+insektisit karigimlarinda sezon bast olmasina
ragmen psillidin varlig1 tekrar goriilmemistir. Ayrica
26.04.2024 denemesi ¢igek tag yapraklari dokiimiinden
sonra nimflerin daha belirgin oldugu bir siire¢ oldugu
icin, diger tarihlerde ise siirgiin ucundaki kiigiik hentiiz
kapali yaprak altlarinda gizlenebilmeleri sayesinde
sadece insektisit kullaniminda 6liim yiizdelerinin daha
diistik oldugu goriilebilmektedir. Bu siire¢ ilag atim
sikligini ve bagarisini dogrudan etkilemektedir.

2023 ve 2024 sezonu boyunca deneme sonuglarindan
ve aliman gozlemlerden anlagildigi tizere aktif
maddelerin veya yazlik yaglarin tek basina kullanimina
kiyasla, yazlik yag ile aktif madde karisimlarinin daha
yiiksek oldiiriicti etkiye sahip oldugu tespit edilmigtir
(Sekil 11, 13). Ayrica 1 L 100 L™ oraninda yazlik yag
ile karistirilan aktif maddelerin dozlar1 artirildikca
6liim oranlarinin da arttig1 denemenin bir diger sonucu
olmustur (Sekil 8.). Aktif maddelerin tek basina
popiilasyonu belirli bir seviyeye kadar baskilamasi, doz
arttikca 6liim oranlarinin da artmasi, yazlik yaglarla
karistirildiklarinda 6liim oraninin daha da yiikselmesi
Olimlerin hem yazlik yag hem de aktif maddelerden
kaynaklandigi yoniinde bilgi vermektedir. Bununla
birlikte, 1 L 100 L* yazhk yag ile karigtirilan
insektisitlerin - mevcut nimfleri 6ldiirdigii ama
erginlerin tekrar yumurta birakmasini engellemedigi
sezon boyunca yapilan c¢alismalarda tespit edilmistir.
Bahsi gecen bu husus; daha yliksek yazlik mineral yag
dozlarmmn kullamldigi parsellerde (1,7 L 100 L%,
kontrol grubu (¢cesme suyu) ve daha diisiik yazlik yag
dozlar1 (5-7,5-10-12,5 L 100 L'1) ile muamele edilen
parsellere oranla psillid erginlerinin varliginin tekrar
tespit edilmemis olmasidir. Bu gzlem 2022 yilinda 6n
caligsmalar sirasinda ayni oranda kullanilan yazlik yag
miktar1 uygulamasindan sonra da elde edildigi
goriilmektedir. 2024 yilinda, 1,7 L 100 L™ ve 1,25 L
100 L yazlik yag dozlar ile kurulan karsilagtirma
denemelerinden sonra, 1.7 L 100 L™ oraninda yazlik
mineral yag ve methoxyfenozide+spinetoram aktif
madde karisimlarinin, kontrol ve diger dozlarin aksine
ergin psillid bireylerinin deneme alaninda goériilmemesi
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Sekil 13. 2024 yili uygulamalar1 yiizde Sliim#sh oranlari. *MS: 300 g/l methoxyfenozide + 60 g/L spinetoram; MSY: 300 g/L
methoxyfenozide + 60 g/L spinetoram +700g/L yazlik mineral yag ifade etmektedir. *Tukey ¢oklu karsilastirma testine gore ayni tarihteki
farkli harfler istatistiki olarak farkhidir (P<0,05). (26.06.2024: F (2, 12): 341.595; P<000,1); (15.05.2024: F (2, 12): 76.833; P<000,1);
(30.05.2024: F (2, 12): 350.317; P<000,1).

Figure 13. Percent mortalitytse rates of 2024 treatments. *MS: 300 g/L methoxyfenozide + 60 g/L spinetoram; MSY: 300 g/L
methoxyfenozide + 60 g/L spinetoram +700g/L summer mineral oil. *Different letters on the same date are statistically different (P<0,05)
according to the Tukey multiple comparison test (26.06.2024: F (2, 12): 341.595; P<000,1); (15.05.2024: F (2, 12): 76.833; P<000,1);
(30.05.2024: F (2, 12): 350.317; P<000,1).

Sekil 14. Bahgelerin fenolojik durumlari (a: 06.03.2024; b:28.03.2024; c: 01.04.2024; d: 16.04.2024 tarihinde buket i¢erisinde ¢i¢ek saplari
arasinda nimfler; e: 25.04.2024; f: 06.05.2024; g: 10.05.2024)

Figure 14. Phenological conditions of the orchards (a: 06.03.2024; b: 28.03.2024; c: 01.04.2024; d: nymphs between flower stems in
inflorescence on 16.04.2024; e: 25.04.2024; f: 06.05.2024; g: 10.05.2024)
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tizerine kurgulanan son denemede 1,7 L 100 L-
loraninda yazlik mineral yag ve
methoxyfenozide+spinetoram karigimi uygulanmis ve
kontrol grubuna kiyasla bu denemelerde de ergin
psillid bireyleri ve yumurtalarla karsilagilmamigtir.
Yagli maddelerin armut psillidinin ovipozisyonunu
engelleme etkisi, Erler (2004c), Zwick ve Westigard
(1978) ve Imrek ve ark. (2017) tarafindan da
bildirilmistir. Bu davramigsal etkinin mekanizmasi
Imrek ve ark. (2017) tarafindan zararlinin kishik-form
erginlerinin yagl yiizeyi ne yumurta birakmak ne de
yerlesmek icin tercih etmedigi seklinde ifade
edilmistir. Bahsi gecen onceki caligmalarda yazlik
yaglarin 1 L 100 L dozlar ile ¢alisilmis, bu ¢alismada
ise repellent etki 1,7 L 100 L oraninda mineral
yaglarla yapilan karisimlarda saglanmstir.
Methoxyfenozide ve spinetoram aktif maddelerinin
birlikte kullanimu ile zararliya ruhsatli olan spinetoram
aktif  maddesinin  ortaya  c¢ikardigi  sonuglar
kiyaslandiginda karigim aktiflerin, spinetoram’a gore
daha yiiksek oldiiriicii etkiye sahip oldugu goriilmiistiir.
Methoxyfenozide ve spinetoram karisimlarinin,
methoxyfenozide direngli popiilasyon iizerindeki ortak
toksisitesini belgeleyen son caligmalarda,
methoxyfenozide direngli bir Spodoptera littoralis
(Boisd.) (Lepidoptera: Noctuidae) popiilasyonu
tizerindeki oldiiriicii  etkisini ve detoksifikasyon
enzimleri tizerindeki etkilerini aragtirmis,
methoxyfenozide+spinetoram karigimlarinin,
methoxyfenozide direngli S. littoralis bireylerine karsi
etkili oldugu sonucuna varmig ve bu nedenle entegre
miicadele programlarinda kullanilabilecegini
belirtmistir (Ahmed ve ark., 2022). Ahmed ve ark.
(2022), miicadelede methoxyfenozide+spinetoram
karigimi kullanimini 6nerirken, dnemli bir faydasini da
her iki bileseninin de memeliler ve hedef disi
organizmalar i¢in ¢ok giivenli olmasi ve cevreyi
kirletmemesi olarak rapor etmektedir.

Deneme alanlarindan elde edilen sonuglar bu bilgilerle
paralel olmakla birlikte, deneme sirasinda ortaya ¢ikan
gbzlemler sonucu uzun zamandir deneme bahgelerinde
varlig1 goriilmemis ve Cacopsylla pyri’ nin 6nemli bir
dogal diismani olan Anthocoris sp. (Er ve Ugur, 1999;
Genger ve Kovanci, 2000; Erler, 2004a), bireylerinin
tekrar goriilmiis olmasi 6nceki yillarda fazla insektisit
kullaniminin zaman igerisinde psillid popiilasyonunu
baski altinda tutacak olan predator ve parazitoit
yogunluklarini olumsuz etkilemelerinden (Winfield ve
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ark., 1984) kaynakli olabilecegini diisiindiirmektedir.
Bu bireylerin tekrar goriilmiis olmasi ise denemede
kullanilan preparatlarin yan etkilerinin diisiikk oldugu
yoniindeki diisiinceyi de kuvvetlendirmektedir.

Calismada tiim sezon boyunca C. pyri gelisimi i¢in
yeterli iklimsel kosullar (Genger ve Kovanci, 2000;
Yanik ve Ugur, 2005) olusmustur (Sekil 4 ve 5) ve
yapilan uygulamalarin literatiirdeki diger calismalarin
da (Erler ve Cetin, 2005; Imrek ve ark., 2017) bildirdigi
gibi bitki aksaminda fitotoksik bir etkiye sebep
olmadigr goézlenmistir. Yapilan ¢aligmalar armut
psillidi’nin  kishik-form erginlerinin ya yumurta
birakmadan  Once  Oldiirilmelerinin  ya  da
ovipozisyonlarinin engellenmesinin, psillid
popiilasyonlarinin  baski altinda tutulmasinda ¢ok
onemli oldugu (Erler ve Cetin, 2005; Imrek ve ark.,
2017) yoniinde goriis bildiren arastirmalarla paralel
fikir sahibi olunabilecegini gosterirken, yazlik mineral
yag oranlarindaki farkliliklarin da diger ¢aligmalarin
yapildigi boélgelerde iklim verilerindeki farkliliklardan
kaynaklanabilecegi g6z 6niinde bulundurulmalidir.

Denemede kullanilan preparatlardan en etkili bulunan
300 g/l methoxyfenozide + 60 g/l spinetoram aktif
maddeli preparatin tek basina yeterli olmadigi, yalnizca
tona 17 L vyazlik yag oram ile karigtirilarak
uygulandiginda ilk dénem nimfler iizerinde yiiksek
oldiriicti etkiye (%100) sahip olduklar1 gdriilmiistiir
(Cizelge 2 ve Sekil 13). Ayrica tona 17 L yazlik yag
orant ile kanstirilarak kullanildiklarinda kontrol
grubuna kiyasla uygulama alaninda ergin psillidlerin
tekrar goriilmemesi, armut psillidinin siirdiiriilebilir
miicadelesinde; 300 g/l methoxyfenozide + 60 g/l
spinetoram aktif maddeli preparatin 1.7 L 100 ml*
oraninda 700 g L yazlik mineral yag ile karistirilarak
uygulanmasinin  énemli bir potansiyel tasidig
gortilmektedir. Bu karigimin C. pyri ile miicadelede
miicadele basarisim arttirdigi hem de dogru zamanda
uygulama ile ilaglama tekrarmi ve miktarini azalttig
calisma sonuglarindan goriilmektedir. Bu karigim
insektisitlerin  C. pyri miicadelesi i¢in ruhsat
caligmalarina konu olabilecegini gostermekle birlikte
bundan sonraki yapilacak olan ¢aligmalarda da
uygulamalarin; 1,7 L 100 L dozunda yazlik mineral
yaglarin  etkisinin tek basma ve 300 g/l
methoxyfenozide + 60 g/l spinetoram aktif maddeli
preparatlarin farkli dozlart ile birlikte erken ilkbaharda
yapilmasi ve erken donem etkilerini gorerek caligma
sonuglarinin desteklenmesi tavsiye edilmektedir.
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TESEKKUR

Yazarlar, materyal ve yer temini saglayarak ¢alismay1 destekleyen
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0Z: Kisintili sulama kosullarinda farkli sulama suyu seviyelerinin tatl sorgum ve silajlik misir bitkilerinin verim ve kalite
parametreleri iizevine etkisini 6l¢meyi amaclayan bu calisma 2023 yilmda Kirklareli Ilinde bulunan Atatiirk Toprak Su ve Tarimsal
Meteoroloji Arastirma Enstitiisti kampiisiinde tesadiif bloklarinda béliinmiis parseller deneme desenine gore 3 tekerriirlii olarak
yiirtitiilmiistiir. Arastirmada ana konulart sorgum ve miswr bitkileri olustururken, alt konular: SO: Yagisa dayali konu, S1: Class A-Pan’dan
meydana gelen buharlasmanin %100 tiniin uygulandigi konu, S2: S1 konusunun %66 'sinin uygulandigi konu, S3: S1 konusunun %33 "iiniin
uygulandigi konu olusturmustur. Arastirma sonucunda en yiiksek yesil yem verimine 7.046,32 kg da* ile seker sorgumunda ulasimistir.
Sulama konularinda S1 ve S2 konusu aym sinifta yer alirken en diisiik yesil yem verimi SO (2.404,73 kg da™*) konusundan elde edilmistir.
En diisiik yesil yem verimi silajltk misirda SO (1.857,93 kg™*) konusunda ortaya ¢tkmistir. Sorgum ve silajlik misir bitkilerinde, en yiiksek
miktarda sulama suyu uygulanan konuya 402 mm, %66 su uygulamasi yapilan konuya 267 mm ve %33 su uygulamasi yapilan konuya 133
mm sulama suyu uygulannugtir. Sorgum bitkisinin Kirklareli kogullarinda bitki su tiiketimi degerleri 238-617 mm arasinda tespit edilmigtir.
Sulama suyu kullamim etkinliginin misir bitkisinde 11,78-,18,22 kg m* arasinda, sorgum bitkisinde ise 19,07-28,94 kg m arasinda

degistigi tespit edilmistir.

Anahtar kelimeler: Seker sorgumu, silajltk miswr, su kisiti, tarimsal sulama.

Effect of Different Irrigation Water Levels on Yield and Quality Parameters of Sugar Sorghum and Silage
Maize Plants in Kirklareli Conditions

ABSTRACT: This study, which aimed to measure the effects of different irrigation water levels on yield and quality parameters
of Sugar sorghum and silage maize plants under deficit irrigation conditions, was carried out in 2023 in the Atatiirk Soil, Water and
Agricultural Meteorology Research Institute campus in Kirklareli Province according to the randomized blocks split design with three
replicates. While the main treatments in the research were sorghum and maize plants, the sub-treatments were SO: Rainfed treatment, S1:
Treatment to which 100% of the evaporation from Class A-Pan was applied, S2: Treatment to which 66% of the S1 was applied, S3:
Treatment to which 33% of the S1 was applied. As a result of the research, the highest green forage yield was obtained from sugar sorghum
with 7.046,32 kg dat. While S1 and S2 were in the same class in irrigation treatments, the lowest green forage yield was obtained from SO
(2.404,73 kg dat). The lowest green forage yield was obtained from SO (1.857,93 kg™) in silage maize. In sorghum and silage maize plants,
402 mm irrigation water was applied to the treatment with the highest amount of irrigation, 267 mm to the subject with 66% water
application and 133 mm to the treatment with 33% water application. Evapotranspiration values of sorghum plant were determined
between 617 and 238 mm under Kirklareli conditions. It was determined that irrigation water use efficiency varied between 11,78-,18,22
kg m= in maize plant and between 19,07-28,94 kg m- in sorghum plant.

Keywords: Sugar sorghum, silage maize, agricultural irrigation, water restriction.
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0. OZTURK, S. OZER, U. CEBI, B. AYDIN, G. G. AVCI: KIRKLARELI KOSULLARINDA FARKLI SULAMA SUYU SEVIYELERININ SEKER SORGUMU VE
SILAJLIK MISIR BITKILERININ VERIM VE KALITE PARAMETRELERINE ETKISI

GIRIS

Tathi sorgum (Sorghum bicolor var. saccharatum),
Ozellikle musir iiretimi i¢in yeterli sulama ve yagis
imkani olmayan yerlerde yetistiriciligi yapilan bir kaba
yem bitkisidir (Oluk ve ark., 2022). Hayvan
beslenmesinin yaninda insan belenmesinde de
kullanilan, giicli kdk yapisiyla genis bir adaptasyon
yetenegine sahip, ekstrem toprak tilirlerinde dahi
yetistiriciligi yapilan iyi bir biyokiitle bitkisidir
(Adiyaman ve ark., 2020). Son yillarda saglikli ve
dogal beslenmeye yonelik artan talep nedeniyle
popiilerligi artan bir bitki tiiriidiir. Bu bitkinin saplar1
ve tohumlari, birgok farkli yemek tarifinde ve tatlilarda
alternatif olarak kullanilmaktadir. Seker kamisi gibi
yiiksek miktarda seker icerir. Ancak, tatli sorgum
sekerinin, seker kamis1 sekerine kiyasla daha az yogun
oldugu bilinmektedir. Tathi sorgum bitkisinin yararlar1
arasinda, lif, vitaminler ve mineraller agisindan zengin
olmasi sayilabilir. Bu bitki, 6zellikle diyabet hastalar
icin 6nemli bir alternatif olarak da kabul edilmektedir.
Diisiik glisemik indeksi sayesinde tatli sorgum kan
sekeri seviyelerini kontrol altinda tutmaya yardimci
olmaktadir.

Silajlik misir (Zea mays L.), diinya genelinde hayvan
beslemede en yaygin kullanilan yem bitkilerinden
biridir. Yiiksek enerji igerigi, sindirilebilirligi ve verim
potansiyeli  sayesinde, hayvancilik  sektoriinde
vazgecilmez bir yem bitkisi olmustur. Literatiirde,
silajik musirin  kuraklik, sulama rejimleri ve yem
kalitesi iizerindeki etkilerine dair pek c¢ok c¢alisma
bulunmaktadir. Silajlik misirm  uygun sulama
stratejileri altinda yiiksek verim ve kaliteli silaj
sagladig1 belirtilmistir (Davis ve West, 2005; NeSmith
ve Ritchie, 1992). Diger aragtirmalarda, azotlu giibre
uygulamalariin silajlik misirin biyokiitle ve besin
degerleri {izerindeki etkileri incelenmistir (Turgut ve
ark., 2005; Karam ve ark., 2003). Kuraklik ve su kitlig
kosullarinda, silajlik musirin  biyokiitle tretiminin
sulama suyu miktarina duyarli oldugu ve su
kisitlamalarinin  verim ve Xkaliteyi belirgin sekilde
etkiledigi bildirilmistir (Cakir, 2004; Pandey ve ark.,
2000).

Kiiresel 1sinmanin etkisiyle su kaynaklarinin azalmasi,
Kiiresel 1sinmanin etkisiyle su kaynaklar1 azalmakta,
bitkilerin vejetasyon siirecinde ihtiyag duydugu
yagislar ise yeterli ve dengeli bir dagilim gostermek
yerine kisa slirede yogun ve dengesiz olarak
gergeklesmektedir. Kurak gegen kis aylarinin ardindan
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hasat donemine gelen yogun yagislar bitkilerin verimi
kalitesi iizerine olumsuz etkiler yaratmaktadir. Bazi
bolgelerde daha az yagis ve daha sicak hava kosullarina
neden olabilmekte ve bu da barajlarin beslenme
kaynaklarin1 etkileyebilmektedir. Daha az yagis,
barajlarin doluluk oranlarin1 dogrudan etkiler. Barajlar,
su havzalar1 ve akarsular yoluyla beslenir ve
havzalardaki yagis miktari, barajlardaki su seviyesini
etkiler. Daha az yagis, havzalardaki su kaynaklarinin
azalmasina ve bu nedenle barajlardaki doluluk
oranlarinin diigmesine neden olur. Bunun sonucu
olarak iilkemizde bazi donemlerde sulanan alanlarda
kisitlamalara gidilmekte, sulama sahasi igerisinde
yiiksek su tiiketimi olan bitkilerin ekilmesine izin
verilmemektedir. Boyle durumlarda daha az sulama
suyu ile daha fazla biyokiitle {iretebilen bitki arayislari
on plana ¢ikmaktadir. Literatiirde seker sorgumu ile
ilgili caligmalar bulunmaktadir (Naescu ve Nita, 1991;
Payam ve Yousef, 2005; Kiigiiksemerci ve Baytekin,
2007; Avcioglu ve ark., 2009; Geren ve Kavut, 2009;
Miller ve Ottman, 2010; Garofalo ve ark., 2011; Ramos
ve ark., 2012; Shenkut ve ark., 2013; Enciso ve ark.,
2015; Urrea ve ark., 2016; Bilen, 2018; Diindar ve ark.,
2019; Diindar ve ark., 2020; Moray ve Istanbulluoglu,
2022; Yicel ve ark., 2020; Aydinsakir ve ark., 2021;
Aksoy ve ark., 2023; Sezgin ve Alatiirk, 2023). Son
yillarda az su tiiketerek yiiksek biyokiitle iiretme
potansiyeliyle dikkat ¢eken tatli sorgumun, Kirklareli
kosullarinda su tiiketimi ve su kisitlamasina verdigi
tepkilerin belirlenmesi ©6nemli bir ihtiyag haline
gelmistir. Bu arastirmada, kisintili sulama kosullarinda
farkli sulama suyu seviyelerinin tatl sorgum ve silajlik
misirin verim ve kalite parametreleri tizerindeki etkileri
incelenmis ve ayni kosullarda yetistirilen iki bitkiden
elde edilen sonuglar karsilastirilmigtir.

MATERYAL VE METOT
Materyal

Arastirma Kirklareli ili Merkez ilgesinin yaklasik 4 km
giineyinde Atatiirk Toprak Su ve Tarimsal Meteoroloji
Aragtirma Enstitiisii arazilerinde 5 numarali iiretim
parseli igerisinde yiriitilmistir. Kirklareli ili cografi
konum olarak; Tiirkiye’nin kuzeybatisinda, Marmara
Bolgesinin kuzeyinde yer almaktadir. Kuzeyinde
Bulgaristan,  giineyinde  Tekirdag, = dogusunda
Karadeniz, batisinda Edirne bulunmaktadir.

Tarim alanlar igerisinde %98 oraninda tarla bitkileri
yetistiriciligi yapilan Kirklareli ilinde agirlikli olarak
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bugday-aycicegi ekim nobeti uygulanmaktadir.
Kirklareli ilinde yaklasik 83 bin dekar alanda silajlik
misir yetistiriciligi, 1362 dekar alanda ise sorgum
yetistiriciligi ~ yapilmaktadir ~ (Anonim,  2023).
Arastirmada Mega c¢esidi Seker Sorgum (Sorghum
bicolor var. saccharatum) bitkisi ve Pioneer 2088
cesidi Silajlik Misir (Zea Mays L.) bitkisi materyal
olarak kullanilmigtir. Aragtirma alaninda ekim oncesi
diskaro ile ilk siiriim islemi gergeklestirilmis, rotatiller
ile ikileme yapildiktan sonra tirmik ve merdane ile
tohum yatag1 hazirlanmigtir. Tatli sorgum sira arasi 70
cm, stra tizeri 5 cm, Silajlik misir sira arast 70 cm, sira
tizeri 16 cm olacak sekilde diizenlenmis ve pinomatik
mibzerle 16 Mayis 2023 tarihinde ekim yapilmistir.

Cizelge 1. Deneme alanina ait iklim verileri.
Table 1. Climate data of the experimental area.

Tohum derinligi yaklasik 2-3 cm olacak sekilde
ayarlanmistir. Aragtirmada kullanilan Sorgum ve misir
bitkileri 16 Eyliil 2024 tarihinde hasat edilmistir.

Toprak profili boyunca 0-90 c¢cm toprak derinliginde
biinye sinifi kumlu- tin, 90-120 cm derinliginde kumlu
killi tin biinyeye sahiptir. Kullanilabilir su tutma
kapasitesi  degeri, 121.10 mm/90 cm olarak
bulunmustur. Arastirmada kullanilan sulama suyu
enstiti arazisi icinde bulunan derin kuyudan
saglanmistir. Sulama suyunun pH’s1t 7,05, tuzlulugu
0,912 dS m? olup T3A; simifindadir. Deneme alanina ait
arastirma enstitiisii meteoroloji istasyonlarindan alinan
iklim verileri Cizelge 1’ de verilmistir.

?h)llonth) Ort. Sicaklik  Maks. Sicaklik ~ Min. Slcak!lk Ortalama Nem Net Rﬁf_ﬁi o Yggls
(Avg. (Max. (Min. (A_vg. Radyasyon (Wind (Precipitation)
TemperatLire) Temperatuore) TemperatLire) Humidity) _ (Net Speed) (mm)
(°C) (°C) (°C) (%) Radiation) (mis)
Ocak (January) 6,68 18,51 -3,19 85,92 4,70 1,99 26,30
Subat (February) 3,99 19,05 -5,70 71,73 28,26 2,32 6,40
Mart (March) 8,34 20,48 -4,28 78,12 50,85 2,07 44,70
Nisan (April) 10,80 19,70 1,63 79,13 73,41 1,35 99,30
Mayis (May) 15,02 26,48 3,43 70,57 102,59 1,58 33,00
Haziran (June) 20,75 32,25 10,21 62,10 130,04 2,00 56,20
Temmuz (July) 24,85 37,65 11,94 57,83 151,38 1,48 17,20
Agustos (August) 24,87 36,64 13,63 58,56 129,84 2,03 1,20
Eyliil (September 21,38 33,95 10,58 63,95 87,36 1,97 7,59
Ekim (October) 16,60 27,81 455 68,26 47,13 1,52 2,39
Kasim (November 16,41 24,42 8,28 76,62 28,12 1,34 9,15
;r'l('jcl;'ll'ii;rAVG 15,43 37,65 5,70 70,25 75,79 1,79 303,44
Metot Sl Class A-Pan’dan meydana gelen

Aragtirma tarla kosullarinda tesadif bloklarinda
boliinmiis parseller deneme desenine gore 3 tekerriirlii
olarak yiiriitiilmistiir. Ana konulart bitki tiiri, alt
konular1 ise sulama suyu miktarlari olugturmustur.
Ana Konular:

B1: Seker Sorgum B2:
Silajlik Misir

Alt Konular:
S0: Yagisa dayali konu
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y1gisimli buharlasmanin %100’iiniin uygulandigi konu
S2: S1 konusuna uygulanan su miktarmin
%66’smin verildigi konu
S3: S1 konusuna uygulanan su miktarmin
%33 iiniin verildigi konu
Toplamda 24 deneme parselinde yiiriitiilen arastirmada
her bir deneme parseli 5,60 m x 10 m boyutlarinda
olmak iizere 56 m? alana kurulmustur.
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Sekil 1. Deneme alaninin goriintiisii.
Figure 1. Image of the experimental area.

Sulama sistemi; kontrol birimi ile 63 mm capli ana
boru, 40 mm ¢aplh manifold ve 20 mm c¢aplh lateral
hatlarindan olusmustur. Lateraller 20 mm ¢apinda olup,
40 cm araliklarla yerlestirilmis, basing ayarli ve debisi
saatte 2 litre olan igten gecik (in-line) damlaticilardan
olugsmustur. Kontrol biriminde ise kum-gakil filtre,
hidrosiklon, manometre, disk filtre, vanalar, su sayact
ve baglanti elemanlar1 bulunmaktadir. Topragin
infiltrasyon hiz1 dikkate alinarak damlatici araliklari ve
debileri belirlenmistir. Lateral araliklari ise her sira
arasina bir tane gelecek sekilde 70 cm olarak
ayarlanmigtir. Deneme konularma uygulanan net
sulama suyu miktari, buharlasma kabindan olusan
yi1gisimli buharlagsma miktar1 esas alinmistir. Arastirma
konularina sulama suyu A sinifi buharlasma kabindan
meydana gelen yi8isimli buharlasma miktarina gore
uygulanmustir. 25,5 cm derinliginde ve 121 cm ¢apinda
olan ve galvanize sagtan yapilmis olan kap yerden 20
cm Yylikseklikte ahsap palet iizerine oturtularak su
terazisi ile dengelenmistir. Kabin i¢indeki su miktar
paslanmaz malzemeden yapilmis mm hassasiyetinde
cetvel ile 6lglilmustir. Bloklar arasina yerlestirilmis ve
tizeri ince kafes teli ile yabanci madde ve zararli
girisine kars1 engellenmistir. Her hafta sonu yikanarak
temizlenmis ve yeniden doldurulmustur.

Verilen su miktar1 parsel baslarmma konulan su
sayaglariyla ol¢iilmis olup (Kanber ve Giingér, 1986)
sulamalar haftada 1 defa yapilmistir. Sulamalara
aragtirmada kullanilan her iki bitki i¢inde ara ¢apa
yapildiktan sonra sulama sistemi kurulmus ve
sulamalara baglanmistir. Her iki bitkiye de esit sayida
sulama yapilmistir. Uygulanan sulama suyu miktarlari
asagidaki formiil yardimiyla hesaplanmustir. EKim
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sonrast meydana gelen yagislar ¢cimlenme ve ¢ikis igin
yeterli olmustur.

I=KpxEpxPxA
Esitlikte;

I: Uygulanacak net sulama suyu miktarini
(mm)

Kp: Buharlagma kabi katsayisini

Ep: Yigisimli buharlagsma miktarini (mm)
P: Islatma yiizdesini (%)

A: Alan ifade etmektedir (m?).

Aragtirmada kullanilan seker sorgum ve misirin etkili
kok derinligi 90 cm olarak alinmig ve bu derinlige
uygulanacak su miktar1 su biitgesi yontemine gore
asagidaki esitlik yardimiyla hesaplanmistir (Kanber,
1997).

ET=1+P+Cp—Dp—Rf — AS
Esitlikte;
ET: Bitki su tiiketimini (mm)

I: Periyot boyunca uygulanan sulama suyu
miktarin (mm)

P: Periyot boyunca diigen yagis1 (mm)

Cp: Kilcal yiikseligle kok bdlgesine giren su
miktarini (mm)

Dp: Derine sizma kayiplarini (mm) (ihmal
edilmistir)

Rf: Deneme parsellerine giren ve ¢ikan yiizey
akis miktarin1 (mm) (ihmal edilmistir)
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AS: Etkili kok bolgesinde toprak nemindeki
degisim (mm) degerini ifade etmektedir.

Tarla kapasitesi, solma noktast ve biinye gibi toprak
ozellikleri, her 30 cm (30, 60 ve 90) toprak
derinliginden alinan bozulmus toprak &rneklerinden,
hacim agirligi ise bozulmamis toprak oOrneklerinden
belirlenmistir (Blake, 1965; Benami ve Diskin, 1965).
Ayrica, deneme Oncesinde 2 farkli noktada ¢ift silindir
infiltrometre ile topragin infiltrasyon hizi 6l¢iilmiistiir.
Arastirma siiresince, her bir deneme konusu igin bitki
kok bolgesindeki toprak nemi toprak profilinin 0-90 cm
derinlikleri arasinda 15 giinliikk periyotlar halinde
sulama Oncesi ve sulamadan 1 giin sonra gravimetrik
metot ile takip edilmistir.

Deneme parsellerine uygulanan sulama suyu miktari ve
alinan yesil ot verimlerine gore elde edilen sulama suyu
kullanom ve su kullanim randimanlan asagidaki
esitlikler kullanilarak hesaplanmistir (Zhang ve ark.,
1998; Howell, 2001).

-YO0
IWUE = I
wug = 2=
~ET
Esitliklerde;

IWUE: Sulama suyu kullanim randimanini (kg
m-3)
WUE: Su kullanim randimanim (kg m)

Y: Sulama suyu uygulanan
konularindan 6lgiilen verimi (kg da™)

deneme

YO0: Sulama suyu uygulanmayan deneme
konusundan olgiilen verimi (kg da™)

I: Uygulanan sulama suyu miktarini (mm)

ET: Olgiilen bitki su tiiketimini (mm) ifade
etmektedir.

Bitkisel gozlemler

Yaprak sap oram (%): Her parselden tesadiifi olarak
secilen 10 bitkinin yapraklari saplarindan ayrilarak ayri
ayr1 tartilmig ve toplam bitki agirligina oram
hesaplanmigtir (Anonim, 2010)

Yas bitki agirhg (g adet?): Her parselden tesadiifi
olarak secilen 10 bitkinin elde edilen agirliklarini
ortalamalar1 alinmustir.
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Yesil ot verimi (kg da): Bitkiler hasat olgunluguna
gelince topragin 8-10 cm iizerinden kenar tesiri dikkate
alinarak hasat gerceklestirilmistir. Elde edilen verim kg
da™’a gevrilerek yesil ot (silaj) verimi elde edilmistir
(Anonim, 2010).

Kuru bitki agirh@ (g): Bi¢im sonrasi her parselden
elde edilen bitkilerden 2-3 tanesi segilerek, bigakla 1-2
cm boyutlarinda parcalanmis ve yesil otlardan rastgele
0,5 kg'lik bir 6rnek alinmistir. Bu 6rnek, etiivde sabit
agirliga gelinceye kadar 68 °C'de kurutulmustur.
Ardindan, 24 saat boyunca desikatorde bekletilmis,
tartilmis ve kuru bitki agirligi hesaplanmustir.

Bitki boyu (cm): Her parselden rastgele segilen 10
bitkinin, toprak yiizeyinden salkim baslangicina kadar
olan kismu Ol¢iilmiis ve bu Olglimlerin ortalamasi
alinarak bitki boyu hesaplanmustir.

Kalite analizleri

Seker orani (briks) (%), yapraksiz sap verimi, Kuru
madde (%) ve teorik etanol verimi hesaplanmustir.

Briks (suda ¢Oziinmiis kuru madde orani): Her
parselden alinan 5 kg'lik bitki karigim Ornegi
preslenerek sirasi elde edilmistir. Bu siranin briks
derecesi, refraktometre cihazi kullanilarak yiizde (%)
olarak ol¢iilmiistiir (Kutlu, 2008).

Teorik etanol verimi: 3,78 L (1 galon) etanol tiretmek
icin 5,68 kg toplam seker (glikoz, friiktoz ve sakaroz)
gereklidir. Bu nedenle, toplam seker miktar1 5,68’e
boliinerek elde edilen sonug, 3,78 ile ¢arpilarak litreye
dontstiriiliir. Sekerden etanol elde edilirken bazi
kayiplar (maya vb.) ve yan iriinler (glycerol, asetik
asit, laktik asit vb.) meydana geldiginden, hesaplanan
degerin %801 net etanol olarak kabul edilir. Buna gore,
teorik etanol verimi su formiil ile hesaplanmustir:

_ Toplam Seker

EtOH = 568 x3,78x 0,8

Hasat olgunlugu: Sorgum bitkilerinde hasat zamani
olarak piiskiillerin renginin kahverengiye dondiigi
donem, musir bitkilerinde ise hamur olum dénemi
olarak belirlenmistir.

Ham kiil analizi, ham protein analizi ham seliiloz
analizi: Kutlu (2008)’e gore, kuru madde, ham protein,
ham selilloz, ham kiil, ham yag, ADF, NDF ve
metabolik enerji ise Van Soest ve ark. (1991)’ de
verilen esaslara gore yapilmistir.
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istatistiki analizler

Aragtirmada, istatistiksel analizler i¢in “JMP” paket
programi, grafik ve tablolarin olusturulmasinda “MS
EXCEL” paket programi kullanilmustir.

BULGULAR VE TARTISMA

Seker Sorgumu ve musir bitkilerinin yesil yem
verimlerine ait varyans analiz sonuglar1 Cizelge 2’de
verilmistir. Arastirma sonuglarina gore bitki tiirlerinin
yesil yem verimi iizerine etkisi %1 anlam diizeyinde
o6nemli bulunmustur. En yiliksek yesil yem verimine
7.046 kg daile seker sorgumunda ulasilmistir. Sulama
konularinda S1 ve S2 konusu ayni1 sinifta yer alirken en
diisiik yesil yem verimi SO (2.404 kg da') konusundan
elde edilmistir. Bitki tiiri sulama suyu miktari
interaksiyonuna gore seker sorgumunda S1 (9.611 kg
1 ve S2 (9.129 kg?) konular1 en yiiksek yesil yem
verimine ulagilan konular olmustur. En diisiik yesil
yem verimi silajlik misirda SO (1.857 kg™) konusunda
ortaya ¢ikmustir.

Cizelge 2. Yesil ot verimlerine ait varyans analiz tablosu
Table 2. Variance analysis of green fodder yield
Varyasyon Kaynaklari Varyans Analizi P

(Source of Variation) Degerleri

(P-values)
Bitki Tiirt (Crop Type) <0.0001*
Tekerriir (Replication) 0,5994

Verim (kg da™")
(Yield kg/da)

Misir (Maize) 3.826 B
Bitki Tiird (Crop gz]r(glrjmu
Type) (Sugar 7.046 A
Sorghum)
LSD (0,01) 922,26
Varyasyon Kaynaklari Varyans Analizi P
(Source of Variation) Degerleri
(P-values)
Sulama Suyu Miktari (Irrigation <0.0001*

Water Amount)

Tekerriir (Replication)
Ortalamalarin Karsilastirilmast
(Mean Comparisons)

0,5994
Verim (kg dal)
(Yield kg da®)

Sulama Suyu SO 2404 C
Miktari S1 7774 A
(Irrigation Water S2 6.912 A
Amount) S3 4653 B
LSD (0,01) 1.304,42

Cesit, verimi etkileyen unsurlardan biri olup, yapilan
bir¢ok ¢aligsma ile ortaya konmustur. Kiigiiksemerci ve
Baytekin (2007), farkli sorgum cesitleri ile yaptiklari
calisma sonuglarinda PHS 12-10 ¢esidinin yesil ot
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veriminin  6.143 kg da® olarak elde edildigini
bildirmislerdir. Sezgin ve Alatiirk (2023), yiiriittiikleri
bir calismada seker sorgumunda iki yillik ortalamada
4.193,4 kg’dan 8.962,4 kg’a yiikselen yesil ot verimi
elde ettiklerini bildirmislerdir. Diindar ve ark. (2020),
yirtittiikleri ¢aligmada deneme konularma 4 farkl
sulama suyu diizeyi olmak tizere toplam 227,8 ile 479,6
mm arasinda sulama suyu uygulamiglar ve en yiiksek
verimin I1(tam sulama konusu), en diisiikk verimin 14
(yagisa  dayali konu) sulama  diizeylerinde
gerceklestigini belirlemislerdir. Diindar ve ark. (2019),
farkli sulama suyu diizeylerinin ikinci triin tath
sorgumun biyokiitle ve biyoetanol verimine etkilerini
arastirmislar ve kuru madde veriminin 6.006,70 ile
3.661,80 kg da! arasinda degisim gosterdigini
belirlemislerdir. Neascu ve Nita (1991) seker
sorgumunda yesil ot veriminin 3.830-8.840 kg da*
arasinda degistigini bildirmislerdir. Bilen (2018),
yaptiklar1 arastirmada yesil ot veriminin 6.237-6.635
kg dal, kuru madde oraninin %18-20,15 arasinda
degistigini bildirmistir. Moray ve Istanbulluoglu
(2022) sorgum-sudan otu melezinde yaptiklari sulama
denemesinde yesil ot veriminin 3.200-5.030 kg da*
arasinda degistigini belirlemiglerdir. Calismamizdan
elde edilen yesil ot verim degerleri literatiir verileri ile
uyumlu bulunmustur.

Seker sorgumu ve misir bitkilerinin farkli sulama suyu
seviyelerinde bitki su tiiketimleri Cizelge 2’de
verilmistir. Aragtirmada kullanilan bitkilere esit sayida
sulama yapilmig olup Sorgum ve silajlik misir
bitkilerinde, en yiiksek miktarda sulama yapilan
konuya (S1) 402 mm, %66 su uygulamasi yapilan
konuya(S2) 267 mm ve %33 su uygulamasi yapilan
konuya(S3) 133 mm sulama suyu uygulanmustir.
Vejetasyon doneminde 102 mm yagis diismiistiir.
Bitki su tiiketimi miktarlari; seker sorgumunda
konulara gore sirastyla 617 (S1), 485 (S2), 366 (S3) ve
238 (SO) mm olurken silajlik musir bitkisinde bu
degerler sirastyla 610 mm, 509 mm, 336 mm ve 206
mm olmustur (Cizelge 3).

Benzer sonuglar, Aydinsakir ve ark. (2021) tarafindan
da bulunmustur. Arastirmacilar yiiriittiikleri calismada
%100 su uygulamas1 yaptiklar1 konuya 434 mm (iki y1l
ortalamas1) sulama suyu uygulamglardir. Yiizey iisti
damla sulama sistemi ile yapilan %100 oranindaki
sulama konusunda bitki su tiiketimini (ET) 553,6 mm
olarak elde ederlerken, en diisiik bitki su tiiketimi
degerini 198,5 mm ile yagisa dayali konuda elde
etmislerdir. Farkli iklim kosullari, farkli ¢esit ve
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uygulamalar sonucunda, farkli arasgtirmacilar farkl
oranlarda sulama suyu uygulamiglardir. Moray ve
Istanbulluoglu (2022), 94-340 mm arasinda sulama
suyu uygularken, Miller ve Ottman (2010), 882-1.394
mm arasinda sulama suyu uygulamislardir.

Yapilan birgok aragtirmada musir bitkisinin farkli
kosullarda ve farkli sulama uygulamalarinda bitki su
titketim degerlerinin 456- 1.092 mm arasinda degistigi
goriilmektedir (Dagdelen ve ark., 2010; Djaman ve
ark., 2013; Hao ve ark., 2018; Aksit, 2020; Kara ve
Sahin, 2021; Degirmenci ve Keten, 2020).

Sulama suyu kullanim etkinliginin musir bitkisinde
11,78-,18,22 kg m™ arasinda, sorgum bitkisinde 19,07-

Cizelge3. Sorgum ve musir bitkisi su tilketim degerleri.
Table 3. Evapotranspirason values of sorghum and maize.

28,94 kg m® arasinda, su kullanim etkinliginin musir
bitkisinde 8,37-9,73 kg m, sorgum bitkisinde ise
12,40-18,82 kg m arasinda degistigi tespit edilmistir
(Cizelge 4).

Garofalo ve ark. (2011), sorgumda su kullanim
etkinligi ve sulama suyu kullanim etkinligini siras1 ile
ortalama 8,22 ve 5,87 kg m? olarak hesaplamislardur.
Aydinsakir ve ark. (2021) sorgumun su kullanim
etkinliginin sulama diizeylerine gore 2,9-6,0 kg da mm-
! arasinda, Enciso ve ark. (2015) sorgumun farkli su
diizeylerinde su kullanim etkinliginin 3,95 ile 23,5 kg
m= arasinda degistigini bildirmislerdir.

Sorgum (Sugar Sorghum)
Konu Sulama Suyu (mm) Yagis (mm)
Treatment (Irrigation Water) AS (Precipitation) ET (mm)
S0 0 136 238
S1 402 113 617
102
S2 267 116 485
S3 133 131 366
Misir (Maize)
Konu Sulama Suyu Yagis
Treatment (Irrigation Water) (mm) AS (Precipitation) (mm) ET (mm)
SO 0 104 206
S1 402 106 610
102
S2 267 140 509
S3 133 101 336
Cizelge 4.1 Sorgum ve misir sulama suyu kullanim etkinligi ve su kullanim etkinligi (kg m3).
Table 4. Irrigation water use efficiency and water use efficiency of sorghum and maize (kg m).
Sorgum (Sugar Sorghum)
Konu Verim (kg dat) Sulama Suyu (mm) ET IWUE WUE
Treatment Yield (kg da!) Irrigation Water (mm) (mm) (kg m3) (kg m3)
S0 2952 0 238 28,94 12,40
S1 9611 402 617 19,07 15,58
S2 9130 267 485 24,74 18,82
S3 6493 133 366 27,63 17,74
Misir (Maize)
Konu Verim (kg dat) Sulama Suyu (mm) ET IWUE WUE
Treatment Yield (kg da!) Irrigation Water (mm) (mm) (kg m3) (kg m3)
S0 1.858 0 206 18,22 9,02
S1 5.938 402 610 11,78 9,73
S2 4.696 267 509 12,73 9,23
S3 2.813 133 336 11,97 8,37
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Sorgum ve musir bitkilerinin bitki boylarina ait varyans
analiz sonuglar1 Cizelge 5°te verilmistir. Bitki
tiirlerinin bitki boyu tlizerine etkisi %1 anlam diizeyinde
onemli bulunmustur. En yiiksek bitki boyuna 305,64
cm ile seker sorgumunda ulasilmigtir. Sulama
konularinda S1 ve S2 konusu ayni1 sinifta yer alirken en

Cizelge 5.2 Bitki boylarina ait varyans analiz tablosu.
Table 5. Variance analysis for plant height.

diisiik bitki boyu SO (187,22 cm) konusundan elde
edilmistir.  Bitki tiiri sulama suyu miktart
interaksiyonuna gore seker sorgumunda S2 (403,25
cm) ve S1 (386,30 cm) konular1 en yiiksek bitki boyuna
ulagilan konular olmustur. En diisiik bitki boyu silajlik
musirda SO (185,43 cm) konusunda elde edilmistir.

Varyasyon Kaynaklar1 Varyans Analizi P Degerleri
(Source of Variation) (P-values)
Bitki Tiirt (Crop Type) <0.0001*
Tekerriir (Replication) 0,5994
Ortalamalarin Kargilagtirilmasi Bitki Boyu (cm)
(Mean Comparison) Plant height (cm)
Bitki Tiirii Misir (Maize) 258,18 B
(Crop Type) Sorgum (Sugar Sorghum) 305,64 A
LSD (0,01) 8,47

Varyasyon Kaynaklari Varyans Analizi P Degerleri
(Source of Variation) ( P-values)
Sulama Suyu Miktar1 (Irrigation Water Amount) <0,0001*
Tekerriir (Replication) 0,5994

Ortalamalarin Karsilastirilmasi

(Mean Comparison)

Bitki Boyu (cm)
Plant height (cm)

SO 187,22 C
Sulama Suyu Miktar1 S1 349,22 A
(Irrigation Water Amount) S2 341,12 A
S3 250,02 B
LSD (0.01) 11,98

Varyasyon Kaynaklari Varyans Analizi P Degerleri
(Source of Variation) (P-values)
Sulama Suyu Miktar1 (Irrigation Water Amount)
x Bitki Tiri (Crop Type) <0.0001*
Tekerriir (Replication) 0,5994
Ortalamalarin Karsilastirilmast Bitki Boyu (cm)
Mean Comparison) Plant height (cm)

SO-Misir 18543 F

S0-Sorgum 189,00 F

S1-Misir 312,13 C
Sulama Suyu Miktar1 x Bitki Tiirii (Irrigation S1-Sorgum 386,30 B
Water Amount x Crop Type) S2-Misir 279,00 D

S2-Sorgum 403,25 A

S3-Misir 256,13 E

S3-Sorgum 24400 E

LSD (0.01) 16,94
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Yiicel ve ark. (2020), Adana kosullarinda yiriittiikleri
arastirmada 232,2-429,3 cm arasinda bitki boyu elde
ettiklerini bildirmislerdir. Geren ve Kavut (2009) ikinci
iriin olarak ekilen bazi sorgum cesitleri ile musirt
karsilagtirdiklar1  ¢alismalarinda en yiiksek bitki
boyunu 344,0 cm ile birinci yi1l ekilen S. Sudanense de,

Cizelge 6. Yaprak sap oranlarina ait varyans analiz tablosu (%).
Table 6. Variance analysis of leaf-stem ratios (%).

en diisiik bitki boyunu 137,6 cm ile ikinci yil S.
Vulgare’de elde ettiklerini bildirmislerdir. Bilen
(2018), yaptigi aragtirmada bitki boylarinin 198-203
cm arasinda degistigini bildirmistir.

Sorgum ve musir bitkilerinin yaprak sap oranlarina ait
varyans analiz sonuglari Cizelge 6’da verilmistir.

Varyasyon Kaynaklar1

Varyans Analizi P Degerleri

(Source of Variation) (P-values)
Bitki Tiirt (Crop Type) 0,4551
Tekerriir (Replication) 0,4964
Ortalamalarin Karsilastirilmasi Yaprak Sap Orani (%)
(Mean Comparison) Leaf-stem ratios (%)
Misir (Maize)
Bitki Tiirii 0,20
(Crop Type) Sorgum (Sugar 018
Sorghum) '
LSD (0,01) 0,048
Varyasyon Kaynaklari Varyans Analizi P Degerleri
(Source of Variation) (ANOVA P-values)
Sulama Suyu Miktari(Irrigation Water Amount) <0,0013*
Tekerriir (Replication) 0,4964
Ortalamalarin Karsilagtirilmasi Yaprak Sap Orani (%)
(Mean Comparison) Leaf-stem ratios (%)
sul Suva Mikt SO 029 A
o ulama Suyu Miktari s1 018 B
(Irrigation Water Amount) $2 015 B
S3 014 B
LSD (0.01) 0,07
Varyasyon Kaynaklar1 Varyans Analizi P Degerleri
(Source of Variation) (ANOVA P-values)
Sulama Suyu Miktar1 (Irrigation Water Amount) <0,0001*
x Bitki Tiri (Crop Type) '
Tekerriir (Replication) 0,7004
Ortalamalarin Karsilastirilmast Yaprak Sap Orani (%)
Mean Comparison) Leaf-stem ratios (%)
SO-Misir 0,25 AB
S0-Sorgum 033 A
S1-Misir 0,17 BC
Sulama Suyu Miktar1 x Bitki Tiirti (Irrigation S1-Sorgum 012 C
Water Amount x Crop Type) S2-Misir 0,17 BC
S2-Sorgum 011 C
S3-Misir 0,19 BC
S3-Sorgum 0,16 BC
LSD (0.01) 0,097720

Cizelge 6 incelendiginde, yaprak-sap oranlari agisindan
bitki tiirleri arasindaki farklar istatistiksel olarak
o6nemsiz bulunmustur. Misir bitkisinde %20 yaprak sap
orani elde edilirken seker sorgumunda %18 oraninda
yaprak sap oram tespit edilmistir. Sulama suyu
miktarinin  yaprak sap oram1 iizerine etkisi
incelendiginde en yiiksek yaprak sap oranina yagisa
dayal1 konuda ulasildig1 tespit edilmistir. Yagisa dayali
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konuda (SO) %29 oraninda yaprak sap orani elde
edilirken diger konularda sirasiyla %18, %15 ve %14
oranlarinda yaprak sap oranlar elde edilmistir. S1, S2
ve S3 konular istatistiksel olarak ayni sinifta yer
almiglardir (Cizelge 6). Geren ve Kavut (2009) bazi
sorgum  ¢esitleri ile musin  karsilastirdiklar
calismalarinda yil-bitki tiiri interaksiyonunun yesil
otta yaprak oranlari iizerinde O6nemli etkiye sahip
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oldugunu ve en yiiksek yaprak oraninin, ilk y1l (%33,2)
ve ikinci yil (%32,6) Z. Mays bitkisinde, en diigiik
yaprak oraninin ise ilk yil S. Technicum’da (%]15,1)
elde edildigini bildirmislerdir.

Yas bitki agirligina ait varyans analiz sonuglari Cizelge
7’de verilmistir. Bitki tiirlerinin bitki yas agirligi
tizerine etkisi %1 anlamlilik diizeyinde Onemli
bulunmustur. En yiiksek bitki agirligina 986,47 g adet”
Lile seker sorgumunda ulasilmistir. Misir bitkisinde ise

Cizelge 7. Yas bitki agirliklarina ait varyans analiz tablosu (g).
Table 7. Analysis of variance table for fresh plant weights (g).

SILAJLIK MISIR BITKILERININ VERIM VE KALITE PARAMETRELERINE ETKISI

357,11 g/adet olmustur. Sulama konularinda S1 ve S2
konusu ayn sinifta yer alirken en diisiik bitki agirlig:
S0 (293,31g) konusundan elde edilmistir.

Bitki tiirii sulama suyu miktar1 interaksiyonuna gore
seker sorgumunda S1 (1.345,55 g) ve S2 (1.278,11 g)
konular1 en yiiksek bitki agirligina ulasilan konular
olmustur. En diisiik bitki agirligi silajlik misirda SO
(173,41 g) konusunda ortaya ¢ikmustir.

Varyasyon Kaynaklar1
(Source of Variation)

Varyans Analizi P Degerleri
(ANOVA P-values)

Bitki Tiirt (Crop Type) <0,0001*
Tekerriir (Replication) 0,3043
Ortalamalarin Karsilastirilmasi Yas Agirlik (g)
(Mean Comparison) Fresh plant weights (g)
Bitki Tiirii Misir (Maize) 357,11 B
(Crop Type) Sorgum (Sugar Sorghum) 986,47 A
LSD (0,01) 126,625
Varyasyon Kaynaklari Varyans Analizi P Degerleri
(Source of Variation) (ANOVA P-values)
Sulama Suyu Miktari(Irrigation Water Amount) <0,0013*
Tekerriir (Replication) 0,3043
Ortalamalarin Karsilastirilmast Yas Agirlik (g)
(Mean Comparison) Fresh plant weights (g)
SO 29331 C
Sulama Suyu Miktar1 S1 94989 A
(Irrigation Water Amount) '
S2 858,19 A
S3 585,80 B
LSD (0,01) 179,08
Varyasyon Kaynaklari Varyans Analizi P Degerleri
(Source of Variation) (ANOVA P-values)
Sulama Suyu Miktar1 (Irrigation Water Amount) <0,0117*
x Bitki Tiri (Crop Type)
Tekerriir (Replication) 0,3043
Ortalamalarin Karsilagtirilmasi Yas Agirlik (g)
(Mean Comparison) Fesh plant weights (g)
SO-Misir 173,41 E
S0-Sorgum 413,21 CDE
S1-Misir 55421 C
Sulama Suyu Miktar1 x Bitki Tiirt Sl-Sorgum 1.34555 A
(Irrigation Water Amount x Crop '
Type) S2-Misir 438,27 CD
S2-Sorgum 1.278,11 A
S3-Misir 262,55 DE
S3-Sorgum 909 BC
253,250369

LSD (0.01)
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Kuru bitki agirliklarina ait varyans analiz sonuglari
Cizelge 8’de verilmistir. Arastirma sonuglarina gore,
bitki tiirleri arasindaki kuru bitki agirliklan farki, %1
anlam  diizeyinde istatistiksel olarak  6nemli
bulunmustur. En yiiksek bitki agirligmma 258,22 g ile
seker sorgumunda ulagilmistir. Sulama konularinda S1
ve S2 konusu ayni sinifta yer alirken en diisiik bitki
agirlign SO (84,75 g) konusundan elde edilmistir.

Bitki tiirii sulama suyu miktar1 interaksiyonuna gore
seker sorgumunda S1 (345,87 g) ve S2 (334,62 g)
konular1 en yiiksek bitki agirligina ulasilan konular

Cizelge 8. Kuru bitki agirliklarina ait varyans analiz tablosu (g).
Table 8. Analysis of variance table for dry plant weights (g).

olmustur. En diisiik bitki agirligi silajlik misirda SO
(48,98 g) konusunda ortaya ¢ikmustir. Bilen (2018),
sorgumda yaptig1 arastirmada kuru madde oraninin
%18-20,15 arasinda degistigini bildirmistir.

Seker sorgumunun seker oranlar1 Cizelge 9’da
verilmistir. Elde edilen seker oranlarinda farkli sulama
suyu uygulamalar1 arasinda istatistiki anlamda fark
bulunmamustir. Teorik etanol verimleri Sekil 2’de
gosterilmis olup en yiiksek etanol verimi 507,40 L da™
ile S3 konusundan, en diisiik etanol verimi ise 225,75
L da! ile kontrol konusundan (S0) elde edilmistir.

Varyasyon Kaynaklari Varyans Analizi P Degerleri
(Source of Variation) (ANOVA P-values)
Bitki Tiirti (Crop Type) <0,0001*
Tekerriir (Replication) 0,2842
Ortalamalarin Karsilastirilmasi Kuru Agirlik (g)
(Mean Comparison) Dry plant weights (g)
Bitki Tirii Misir (Maize) 88,29 B
(Crop Type) Sorgum (Sugar Sorghum) 25822 A
LSD (0,01) 32,477
Varyasyon Kaynaklari Varyans Analizi P Degerleri
(Source of Variation) (ANOVA P-values)
Sulama Suyu Miktari(Irrigation Water Amount) <0,0001*
Tekerriir (Replication) 0,2842
Ortalamalarin Karsilagtirilmasi Kuru Agirlik (g)
(Mean Comparison) Dry plant weights (g)
SO 84,75 C
Sulama Suyu Miktari S1 240.79 A
Irrigation Water Al t '
(Irrigation Water Amount) - 22176 A
S3 14572 B
LSD (0,01) 179,08
Varyasyon Kaynaklar1 Varyans Analizi P Degerleri
(Source of Variation) (ANOVA P-values)
Sulama Suyu Miktar1 (Irrigation Water Amount) <0.0124%
x Bitki Tiirii (Crop Type) '
Tekerriir (Replication) 0,2842
Ortalamalarin Karsilastirilmasi Kuru Agirlik (g)
Mean Comparison) Dry plant weights (g)
S1-Sorgum 34587 A
SO-Misir 4898 E
S0-Sorgum 108,9 CDE
Sulama Suyu Miktar1 x Bitki Tiirii S1-Misir 13571 C
(Irrigation Water Amount x Crop '
T S2-Misir 120,52 CD
ype)
S2-Sorgum 334,62 A
S3-Misir 59,57 DE
S3-Sorgum 231,87 B
LSD (0,01) 64,960263
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Cizelge 9. Sorgum seker oranlari (%).
Table 9. Sorghum sugar content (%).

Varyasyon Kaynaklari
(Source of Variation)

Varyans Analizi P Degerleri
(ANOVA P-values)

Sulama Suyu Miktar1 (Irrigation Water Amount) 0,6599
Tekerriir (Replication) 0,7119
Ortalamalarin Karsilagtirilmasi Seker (%)
(Mean Comparison) Sugar content (%)
. SO 10,96
Sulama Suyu Miktari s1 10.02
(Irrigation Water Amount) 2 9.26
S3 12,37
LSD (0,01) 5,36
600,00
507,40
500,00 486,11 460\,94
400,00
300,00
225,75
200,00
100,00
0,00

S0 mS1 mS2

S3

Sekil 2. Seker Sorgum Teorik etanol verimi grafigi (L da-1).

Figure 2. Theoretical ethanol yield graph of Sugar sorghum (L da-1).

Yiicel ve ark. (2020), Adana kosullarinda yiiriittiikleri
arastirmada %15,50-20,00 arasinda brix degeri ve 202-
530 L da* arasinda teorik etanol verimi elde ettiklerini
bildirmislerdir. Aksoy ve ark. (2023) yiriittiikleri
calismada 21 farkl tatli sorgum genotipini materyal
olarak kullanmiglar ve teorik seliilozik biyoetanol
veriminin 183,7 ile 231,0 L ton? arasinda degistigini
bildirmislerdir. Kii¢iiksemerci ve Baytekin (2007),
farkli sorgum gesitleri ile yaptiklari ¢aligmalarda, PHS
12-10 ¢esidinin sira veriminin 1.913,5 kg da™ olarak
elde edildigini bildirmislerdir. Diindar ve ark. (2019),
calismalarinda farkli sulama suyu diizeylerinin ikinci
iiriin tath sorgumun biyokiitle ve biyoetanol verimine
etkilerini aragtirmislar, seker veriminin 612 ile 354 kg
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da?l, brix degerlerinin %15,3 ile 15,8, biyoetanol
veriminin 326 ile 189 L da® arasinda degistigini
bildirmislerdir.

Yem kalite analiz sonuglar1 Cizelge 10’da verilmistir.
Sorgum bitkisinde en yiiksek kuru madde ve ME
oranlart S3 konusundan, en yiiksek ham protein, ham
kiil, ADF oranlar1 SO konusundan, en yiiksek ham
seliilloz ve nisasta oranlari S2 konusundan, en yiiksek
NDF orani S1 konusundan elde edilmistir.

Misir bitkisinde ise en yiiksek kuru madde orani S2
konusundan, en yliksek ham protein, ham seliilloz, ham
kiil, ADF ve NDF oranlar1 SO konusundan, en yiiksek
ham yag, nisasta ve ME oranlar1 S1 konusundan elde
edilmistir.
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Cizelge 10. Kalite analiz sonuglari.
Table 10. Quality analysis results.

Sorgum (Sugar Sorghum)

Konu Nisasta ME
KM (%)  HP (%) HS(%) HK(%)  HY(%) ADF(%) NDF(%)

Treatment (Starch) (%) MJ/kg

S0 92,30 7,70 23,90 8,12 0,00 1,89 34,50 54,50 2.266

S1 92,70 5,77 25,00 6,10 0,00 2,30 33,80 56,50 2.333

S2 91,50 7,04 25,10 6,15 0,00 3,38 30,90 52,90 2.284

S3 93,50 5,90 22,00 5,60 0,00 1,60 31,80 54,20 2.442

Misir (Maize)

Konu Nisasta ME
KM (%) HP (%) HS(%) HK(®%)  HY(%) ADF(%)  NDF(%)

Treatment (Starch) (%) MJ/kg

S0 89,90 9,24 33,80 7,60 0,30 20,06 39,80 65,50 1.997

S1 91,40 4,98 15,90 3,50 0,60 40,20 19,70 34,20 2.602

S2 91,50 6,06 18,90 5,25 0,50 29,10 29,50 44,20 2.473

S3 90,90 7,20 17,20 4,10 0,44 26,80 28,10 39,50 2.520

KM: Kuru madde (Dry matter), HP:Ham protein (Raw protein), HS: Ham seliiloz (Raw cellulose), HK:Ham kiil (Raw ash),
HY:Ham yag (Raw oil), ADF: Asit deterjan lif (Acid detergent fiber), NDF: Notral deterjan lif (Neutral detergent fiber), ME:

Metabolik enerji (Metabolic energy), Nisasta (Starch).
SONUC

Bu arastirmada, Kurklareli kosullarinda kisintili
sulamanin tatli sorgum ve silajlik musir bitkilerinin
verim ve kalite parametrelerine etkileri incelenmistir.
Elde edilen bulgular, sulama suyu uygulamalarinin
bitki verimi ve kalitesi iizerindeki etkilerini agikca
gostermistir. Kirklareli kosullarinda seker sorgumu ve
silajlik  musir  bitkilerinin aym1 kosullar altinda
yetistirilmesi sonucu yesil yem verimi, bitki boyu, bitki
kuru agirligi ve bitki yas agirligi 6lgiimleri sonucunda
elde edilen sonuglarda seker sorgumu istatistiksel
olarak silajlik misira oranla 6ne ¢ikmistir. S1 ve S2
sulama uygulamalart ile tatl sorgumda en yiiksek yesil
yem verimi elde edilmistir. Sulama suyu miktarinin
daha etkin kullanilmasi i¢in sulama planlarmin, yerel
iklim kosullarina ve toprak yapisina gore diizenlenmesi
onemlidir.

Bu bulgular 1s1ginda, Kirklareli gibi su kaynaklarinin
siirlt oldugu bolgelerde ciftgilerin tatli sorgum gibi
yilksek su kullamim etkinligine sahip bitkilere
yonlendirilmesi énem arz etmektedir. Yerel iklim ve
toprak kosullar1 dikkate alinarak sulama planlarinin
optimize edilmesi, sulama suyu tasarrufu agisindan
kritik bir adim olarak degerlendirilmektedir. Arastirma,
farkli iklim ve toprak kosullarinda yinelenmeli ve bu
dogrultuda elde edilecek veriler, bolgesel sulama
yonetim  stratejilerinin - gelistirilmesine  katki
saglamalidir.
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Benzer c¢aligmalarin farkli iklim kosullari ve toprak
yapilarinda da yapilmasi 6nerilmektedir. Uzun vadeli
veriler, sulama yonetim stratejilerinin gelistirilmesi ve
yerel ciftcilere en iyi uygulamalarin sunulmasi
acisindan kritik 6neme sahiptir.

Kisitili sulama kosullarinda elde edilen sonuglar, su
kaynaklarinin korunmasinin ve siirdiiriilebilir tarim
uygulamalarimin ~ 6nemini  ortaya  koymaktadir.
Kirklareli gibi su kaynaklarinin  kisith  oldugu
bolgelerde, ciftcilerin sulama suyu yonetiminde daha
bilingli hale gelmesi i¢in egitim programlari
diizenlenmelidir.  Ciftcilere, sulama sistemlerini
modern teknolojilerle entegre etmeleri ve suyun daha
etkin kullanilmasin1 saglayacak yontemler hakkinda
bilgi verilmelidir. Bu sistemlerin hem su tasarrufu hem
de bitki verimliligini artirma potansiyeli gbz oniinde
bulundurularak yayginlastirilmast, tarimsal
stirdiiriilebilirlik agisindan faydali olacaktir.

Arazi yonetimi ve planlamasi, sulama uygulamalarinin
etkinligi acisindan kritik bir rol oynamaktadir. Bu
nedenle, yerel tarimsal {iretim alanlarmin su
kaynaklari, iklim kosullar1 ve toprak Ozellikleri
dogrultusunda kapsamli bir sekilde degerlendirilmesi
gerekmektedir. Boylece, sulama ihtiyact en iyi sekilde
belirlenebilir ve uygulanan sulama seviyeleri, bitki
tiirlerinin su tikketimiyle uyumlu hale getirilebilir.

Tarimda su kullaniminin etkinligini artirmak igin
devlet politikalariin gelistirilmesi ve uygulanmasi
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biiyiik onem tagimaktadir. Su tasarrufu saglayan tarim
uygulamalarina  yonelik  tesviklerin  artirilmasi,
ciftcilerin bu yontemleri benimsemelerini
kolaylastirabilir. Ayrica, kisintili sulama kosullarinda
basarili uygulamalar1 destekleyen programlar ve
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ABSTRACT: This study aimed at evaluating the phytochemical, nutritional and cytotoxicity of Dipcadi glaucum, a wild edible
species in Zimbabwe. The results of the proximate analysis show that D. glaucum is rich in nutrients, with high levels of crude protein
(26.6% in leaves and 24% in bulbs) and ash (26.25% in leaves and 14% in bulbs), alongside moderate carbohydrate levels (35.55% in
leaves and 43% in bulbs) and calorific values (295.6 kcal/100 g in leaves and 310.9 kcal/100 g in bulbs). The phytochemical analysis
established presence of alkaloids, tannins, flavonoids, terpenoids, saponins, and steroids, suggesting potential health benefits and
culinary applications Cytotoxicity was assessed using the brine shrimp lethality assay, showing an LC50 of 2.72 mg/ml for methanol
bulb extracts and 1949.85 mg/ml for aqueous extracts. While both extracts were non-toxic based on assay thresholds, reports of potential
toxicity to ruminants and the presence of alkaloids at higher concentrations warrant further research. Findings of this study suggest that
D. glaucum is an important nutritional and mineral supplement, though additional research is needed to confirm its safety and
suitability for human consumption.

Keywords: Asparagaceae, Dipcadi glaucum, phytochemicals, toxicity.

INTRODUCTION

Dipcadi glaucum (Burch. ex Ker Gawl.) Baker around pans, in grassy depressions, and along
belongs to the plant family Asparagaceae (Manning, roadsides, particularly in areas without shade trees.
2022; Martinez-Azorin et al., 2023; Stedje and The bulbs and leaves of D. glaucum are reported to be
Kativu, 2023). It is native to southern and central edible (Al-Najjar, 2020; Welcome and Van Wyk,
African countries including Angola, Namibia, 2019; Peters et al., 1992, Fox and Young, 1982). The
Botswana, Zambia, South Africa and Zimbabwe. It is young leaves are commonly eaten fresh or can be
a robust species, with broad leaves which appear combined with other foods, such as the corms of
bluish-green (glaucous) in colour (Figure 1). Its Eulophia speciosa, and cooked (Leffers, 2003).
flowers typically possess long pedicels arranged However, this species has also been documented to be
spirally on the peduncle. The species can grow up to  toxic to cattle, goats and sheep (Watt and Breyer-
120 cm tall, emerging from a brown bulb Brandwijk, 1962; Obermeyer, 1964; Leffers, 2003;
approximately 3-6 cm in diameter (Stedje and Kativu, Botha and Penrith, 2008; Vogel at al., 2023).

2023). It inhabits wet, sandy, or clay soils, often

41


https://orcid.org/0000-0002-1932-5505
https://orcid.org/0000-0001-6955-7788
https://orcid.org/0000-0001-7913-2804
https://orcid.org/0000-0003-3173-8457
https://orcid.org/0000-0001-5750-0127
https://orcid.org/0000-0003-3892-6784
mailto:cbenhura3000@gmail.com
mailto:cbenhura3000@gmail.com
https://orcid.org/0000-0003-3173-8457
https://orcid.org/0000-0001-5750-0127
https://orcid.org/0000-0003-3892-6784

ANADOLU 35 (1) 2025

In South Africa, the plant is known locally as
malkopui, an Afrikaans name that translates to “mad-
head-onion.” (Vogel et al, 2023). While several
studies report toxicity, the specific toxin and its

mechanism of action remain unknown. Cardiac-
glycosides which are typically responsible for such
toxic effects, have not been detected in this species
(Botha and Penrith, 2008). Toxicity may also be
variable and may depend on growth stage and habitat
conditions. According to Botha and Penrith (2008)
consumption of this species by ruminants induces
disorientation and eventually posterior paresis in
cattle, starting with knuckling over of the fetlocks,
causing them to stumble. Sheep are more frequently
poisoned than cattle, and, in addition often develop
severe diarrhoea and fever, and pregnant ewes may
abort.

A plant’s biological activity is determined by its
phytochemical constituents. Phytochemicals are a
diverse group of bioactive compounds synthesized by
plants, primarily as part of their secondary metabolism
(Kaushik et al., 2021). These compounds, which
include flavonoids, alkaloids, terpenoids, phenolics,
and glycosides, play a crucial role in plant defense
mechanisms as well as in the colors, flavors, and
scents of various plant foods. One notable aspect of
phytochemicals is their cytotoxicity, which plants use
to inhibit the growth or survival of other organisms
(Indhumathy, 2023). The cytotoxic nature of certain
phytochemicals, while beneficial in small doses, can
pose risks when consumed in excess or without proper
preparation (Okaiyeto and Oguntibeju, 2021). This
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duality underscores the need for a deeper
understanding of their mechanisms of action, optimal
consumption  levels, and potential toxicity.
Phytochemicals have profound implications for
human nutrition and health. Many wild food plants,
which are often overlooked in modern diets, are rich
sources of phytochemicals (Zhang et al., 2023). These
plants have been consumed for generations in
traditional diets, valued not only for their nutritional
content but also for their health-promoting properties.
Studying phytochemicals in wild foods is vital for
preserving traditional knowledge, promoting dietary
diversity, and uncovering novel bioactive compounds
that could serve as the foundation for future
therapeutics and functional foods (Zhang et al., 2023).

Absence of comprehensive scientific data on the
nutritional content and toxicity of Dipcadi species
limits their utilisation, yet such information is of
paramount importance for promoting dietary diversity
and addressing hunger (Stadlmayr et al., 2011; Aydin
et al., 2016). Relatively few studies have examined
the nutrient composition and toxicity of Dipcadi
species.  The present study therefore aimed at
establishing nutritional composition, phytochemical
constituents and cytotoxicity of leaves and bulbs of D.
glaucum, a rarely used wild edible plant species in
Zimbabwe.
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MATERIALS AND METHODS
Sample collection and sample preparation

Dipcadi glaucum fresh leaves and bulbs were
collected from Chiredzi, Beitbridge, Bulawayo and
Victoria Falls in Zimbabwe. The plant’s identity was
confirmed by a plant taxonomist at the National
Herbarium and Botanic Gardens (SRGH), where
voucher specimens were deposited. The leaves and
bulbs were carefully washed with distilled water to
eliminate any dirt, then dried in an oven at 65 °C until
they attained a constant weight. Dried leaves and
bulbs were finely powdered using a grinder. The
samples were later stored in airtight containers prior to
analysis. Sample material was subsequently analysed
for proximate, mineral content, phytochemical
composition and cytotoxicity.

Proximate analysis

The proximate analysis followed the guidelines by the
Association of Official Analytical Chemists (AOAC,
2000). The following were analysed: moisture content
of the dried sample, crude fibre, crude fat, crude
protein and ash content; additionally, the available
carbohydrates and energy value were calculated.

The moisture content was determined using the oven-
drying method (AOAC, 2000). Two grams each of the
ground leaf and bulb samples were transferred to a
pre-weighed beaker. The samples were dried at a
temperature of 105 = 5 °C in an oven for
approximately 2 hours and cooled in a desiccator.
Once cooled, the beakers were weighed to obtain the
dry weight of the samples. Drying, cooling and
weighing of samples were repeated until constant
weight was obtained. The moisture content was
calculated using the formula:

Moisture (%) = {(W1-W2)/W1}x100

Where W1is weight of original sample, W2 weight of
dried sample.

Crude fibre content was determined following the
method by Boussama et al. (1999). Approximately 1 g
of the ground sample was weighed into beaker. To
this, 1.25 % sulphuric acid was slowly added to make
a total volume of 150 ml. The mixture was then boiled
for approximately 30 minutes and subsequently
filtered using a vacuum pump to remove the sulphuric
acid. The residue was washed three times with 30 ml
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hot deionized water. Next the residue was washed
with 150 ml of preheated 1.25% potassium hydroxide
(KOH) and filtered through a porcelain filter. The
filtered sample was dried at 105 °C until a constant
weight was achieved. After drying, the sample was
pre-ashed and then ashed at 550°C in a muffle
furnace. The crude fibre was calculated as percent loss
in weight on ashing.

The crude fat content was determined following
Association of Official Analytical Chemists (AOAC)
method (AOAC, 2000). For this, 3 g of the sample
was extracted with petroleum ether using Soxhlet
apparatus for about 6 hr. The extracted fat was dried
in a rotary evaporator and then weighed.

Crude protein was determined using the Kjeldahl
method (Chang, 1998). One (1) g each of the leaf and
bulb sample was digested in 20 ml concentrated
sulphuric acid and Kjeldhal catalyst. The nitrogen
content was converted to protein by multiplying by a
factor of 6.25 (AOAC, 2000).

The ash content was determined by weighing out 8
grams of powdered, dried sample into a porcelain
crucible. The sample was then ashed for 6 hours at
550 °C in a muffle furnace. The resulting ash was
cooled in a desiccator and reweighed. The percentage
ash content in the sample was calculated using the
formula:

Ash (%) = (Weight of ash / Weight of sample taken) x
100

The percentage of carbohydrates in the sample
(Nitrogen Free Extract or NFE) was obtained by
subtracting from 100 the total values of the sample's
ash, moisture, crude fat, crude protein and crude fibre.

The sample’s caloric value was calculated using the
carbohydrate, fat and protein contents. The sum of
protein and carbohydrates (NFE) was multiplied by
4.3, and separately, the crude fat content was
multiplied by 9.1. The resulting sum represents the
kilocalories (Kcal) per 100 grams of the sample (Shad
etal., 2013).

Mineral analysis

Calcium and phosphorus were determined using an
atomic absorption spectrophotometer (AAS-Perkin
Elmer, Model Analyst 800, USA). The samples were
prepared and analysed as follows: 10 g of sample was
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weighed. The sample was digested using wet ashing
method. A mixture of concentrated nitric acid (HNO3)
was added to the sample in a digestion flask and then
heated until the organic matter was completely
oxidized when the solution turned clear. After
digestion, the solution was cooled and then diluted to
the 100 ml mark with distilled water. Working
standards for calcium and phosphorus were prepared
by serial dilution from a 1000 ppm stock solution of
each element. Standard solutions were prepared at
various concentrations (0, 1, 5, 10, 20 ppm for
calibration). The atomic absorption
spectrophotometer (AAS) was calibrated using the
prepared working standards. The specific wavelengths
for calcium (422.7 nm) and phosphorus
(approximately 460 nm) were set according to the
manufacturer's guidelines. The diluted sample
solutions were aspirated into the AAS. The
absorbance of each sample was measured and
recorded. The concentrations of calcium and
phosphorus in the samples were calculated by
comparing their absorbance values to the calibration
curve derived from the working standards.

Qualitative Analysis of Phytochemical Constituents
Crude extraction

Phytochemical extraction was carried out at room
temperature following the cold maceration extraction
method (Tiwari et al., 2011). Two solvents, water and
analytical grade methanol were used to extract the
phytochemicals. The ground leaf and bulb samples
were individually added to the solvents at a ratio of
1:10 (w/v) with 100 g of dried leaf and bulb samples
each added to 1 litre of solvent. The mixture was
gently mixed and left for 48 hours with constant
agitation using a shaker. The resulting extracts were
filtered using Whatman No.1 filter paper in a Buchner
vacuum filter. Using a rotary evaporator, the filtrate
was concentrated to a powder at 50 °C, and
refrigerated at 4 °C.

Phytochemical screening

Phytochemical screening was conducted using
standard qualitative methods (Tiwari et al., 2011). The
following tests were carried out on the bulb and leaf
extracts:

a) Determination of terpenoids. The presence of
terpenoids was tested using the Salkowski test. To
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3 ml of the extract, 1 ml of chloroform, followed
by a few drops of concentrated sulphuric acid
were carefully added along the sides of the test
tubes. The formation of a reddish brown
precipitate indicated the presence of terpenoids.
Determination of flavonoids. To 3 ml of extract, 1
ml of 10% ammonia and 1 ml of concentrated
sulphuric acid were added. The disappearance of
the yellow colour indicated the presence of
flavonoids.

Determination of saponins (Froth Test): To 3ml of
extract in a test tube, 2 ml of distilled water was
added. The mixture was vigorously shaken
followed by addition of a few drops of olive oil.
The formation of a stable foam was taken as an
indication for the presence of saponins.
Determination of tannin (Ferric Chloride Test). A
few drops of 10% ferric chloride were added to 3
ml of extract. The formation of a blue or green
precipitate indicated the presence of tannins
Determination of alkaloids (Mayer’s Test). A few
drops of Mayer’s reagent were added to 1 mL of
extract. A yellowish or white precipitate was
formed, indicating the presence of alkaloids.
Determination of steroid (Liebermann Burchard
Reaction). To 3 ml of the extract, 1 ml of
chloroform was added followed by a few drops of
concentrated sulphuric acid along the sides of the
test tubes. The formation of a reddish brown
precipitate at the bottom of the test tubes indicated
the presence of steroids.

b)

d)

The brine shrimp lethality assay

The brine shrimp lethality assay (Meyer et al., 1982)
was used to evaluate the cytotoxicity of Dipcadi
leaves and bulbs. Artificial sea water was prepared by
dissolving 12 grams of sodium chloride in one litre of
distilled water and slowly adding 40% sodium
hydroxide until the pH was 8.5. Two grams of brine
shrimp (Artemia saligna) eggs were then added to 1
litre of the saline water in a beaker. The eggs were
exposed to bright light for 24 hours with continuous
aeration using an aquarium pump, during which time
they developed and hatched into nauplii.

Dimethyl sulfoxide (DMSO) was used to prepare
extract concentrations of 0.01 mg/ml, 1 mg/ml, and
100 mg/ml, respectively. Using pipettes, ten brine
shrimp nauplii were selected and transferred to sample
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vials. The volume was then adjusted to 5 ml using
saline water. A drop of yeast cell suspension was
introduced as feed for the growing shrimps. These
tests were run in triplicate. The positive and negative
controls were potassium dichromate (5 mg/ml) and
1% DMSO and saline water, respectively. The vials
were kept under light conditions for 24 hours after
which the surviving shrimp were counted using a
magnifying lens. The mean mortality at each dose
level of the extract was then calculated.

Data analysis

Data were compiled in Microsoft Excel 2016. The
lethal concentrations of brine shrimp that resulted in
50% death (LD50) were determined using Probit
analysis (Pum, 2019).

RESULTS AND DISCUSSION
Proximate analysis

The proximate analysis of Dipcadi glaucum (Table 1)
revealed significant nutritional insights when
compared to staple foods, common vegetables and
other wild vegetables. D. glaucum was found to
contain lower carbohydrate levels, with 35.55% in
leaves and 43% in bulbs, compared to major
Zimbabwean staple foods. These staples include Zea
mays (maize, 72.8-75.39%), Oryza sativa (white rice,

75.61-80.6%), Sorghum bicolor (sorghum, 73.4-
75.86%), Pennisetum glaucum (millet, 71.4-75.39%),
and Eleusine coracana (rapoko, 75.7%) as reported by
Chitsiku (1989) and Abdulrahman and Omoniyi
(2016). The carbohydrate levels in D. glaucum were
also lower than those reported for common vegetables
such as cabbage (56.18%), onion (49.81), coriander
(49.65) and spinach (44.58) as documented by Khan
et al. (2013). Similarly, D. glaucum contained lower
carbohydrate levels compared to certain wild
vegetables commonly consumed in Zimbabwe,
including Amaranthus hybridus (52.18%) and Cleome
gynandra (37.06%) as reported by Akubugwo et al.
(2007) and Kayitesi and Moyo (2022), respectively.
However, it exhibited higher carbohydrate levels than
Tagetes minuta (14.09%) as reported by Opondo et al.
(2023) and Corchorus olitorius (19.56%) as noted by
Idirs et al. (2020). The proximate analysis of D.
glaucum highlights its lower carbohydrate content
relative to both staple foods and common vegetables,
suggesting its potential as a low-carbohydrate dietary
option. While it contains fewer carbohydrates than
most traditional crops, it still holds some advantages
over certain wild vegetables with even lower
carbohydrate content, making it a versatile addition to
the diet.

Table 1. Proximate analysis of dry weight material of Dipcadi glaucum leaves and tubers.

Description Leaves Bulbs
Crude Fibre (%) 2.60 5.00
Ether Extract (Crude fat) (%) 5.00 2.50
Calcium(%) 8.52 5.01
Crude Protein (%) 22.60 24.00
Phosphorus (%) 1.63 0.73
Moisture (%) 8.00 11.50
Ash (%) 26.25 14.00
Carbohydrates (%) 35.55 43.00
Energy (K Calories/100g) 295.55 310.85

The crude protein content of D. glaucum was notably
high with 26.6% in the leaves and 24% in the bulb.
This is significantly higher than those of common
Zimbabwean staple foods such as maize (8.58-9.5%),
white rice (6.8-10.49%), sorghum (10.13-10.7%), and
millet (11.03-12.4%), as reported by Chitsiku (1989)
and Abdulrahman and Omoniyi (2016). When
compared to common vegetables, D. glaucum also
exhibits higher crude protein content surpassing
coriander (18.36%), spinach (17.29%), cabbage
(9.59%) and onion (5.01%) as documented by Khan et
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al. (2013). Furthermore, among wild vegetables,
D.glaucum had higher protein content than Cleome
gynandra (7.33%), Amaranthus hybridus (17.92%)
(Akubugwo et al., 2007), Tagetes minuta (12%) (
Opondo et al., 2023) and Corchorus olitorius
(12.54%) (Idirs et al., 2020). The high crude protein
levels in D. glaucum make it a promising candidate
for addressing food security challenges, especially in
regions where access to traditional protein-rich foods
is limited.



ANADOLU 35 (1) 2025

The crude fat content in D. glaucum was 5.0% in
leaves and 2.5% in bulbs. This crude fat content is
comparably higher than the figures reported by
Chitsiku (1989) and Abdulrahman and Omoniyi
(2016). for staples such as maize (2.85-3.7%), millet
(2.56-4.9%), and sorghum (2.70-3.2%) indicating that
it can be a supplementary source of fat. When
compared to other common staple foods, D. glaucum
has much higher fat content compared to white rice
(0.6%) When comparing D. glaucum with common
vegetables, the fat content is significantly higher. For
example cabbage and onion have almost negligible fat
content of 0.1%, spinach has 0.39% with
approximately 05.% fat in coriander (Opazo-
Navarrete et al., 2021). Among wild vegetables,
D.glaucum has a fat content that is higher than that of
species like Amaranthus hybridus (4.65%) and
Cleome gynandra (2.56%) (Akubugwo et al., 2007),
but lower than Tagetes minuta (28.17%) and
Corchorus olitorius (11.99%), (Opondo et al., 2023;
Idirs et al., 2020). The fat content of T. minuta
appears unusually high and its accuracy has been
questioned in a number of studies (Opondo et al.,
2023). The crude fat content of D. glaucum is higher
than many common staples and vegetables, suggesting
it could play a role in supplementing dietary fat
intake. Although its fat content is lower than some
wild vegetables like T. minuta, it still offers a
relatively rich fat source, making it a valuable
addition to a balanced diet.

The calorific values of D. glaucum are 295.6 kcal/100
g in the leaves and 310.9 kcal/100 g in the bulbs.
These values place D. glaucum between vegetables
like cabbage (281.23 kcal/100g) and common staple
foods like rice (357.4 kcal/100 g) (Chitsiku, 1989)
indicating that D. glaucum may serve as a moderately
high energy source. D. glaucum energy values are
additionally higher than those of common wild
vegetables like Amaranthus hybridus (268.92
kcal/100g), Cleome gynandra (152.88 kcal/100g) and
Corchorus olitorius (200.78 kcal/100g).

The ash values obtained for D. glaucum are
significantly higher, with 26.25% in leaves and 14.0%
in bulbs, compared to common staple foods ranging
from 0.81-1.16% in maize to 1.67% in millet
(Abdulrahman and Omoniyi 2016). The high ash
content in D. glaucum suggests that it is valuable
source of nutrients. Ash content provides a general
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indication of the mineral richness of food and this
normally impacts the taste, texture and stability of the
food. In the present study, high contents of calcium
(8.52% in leaves and 5.01% in bulbs) and phosphorus
(1.63% in leaves and 0.73% in bulbs) were observed,
which are much higher than those found in common
staple foods ranging from 0.1% in rice to 0.55% in
millet (Chitsiku, 1989). These elevated mineral levels
in D. glaucum highlight its potential as an excellent
dietary source of calcium and phosphorus. Ash
content in the wild vegetables is lower than that of D.
glaucum ranging from 5.85 in Cleome gynandra to
13.80 in Amaranthus hybridus (Akubugwo et al.,
2007; Opondo et al., 2023; Idirs et al., 2020). Wild
vegetables are well known for their diverse mineral
profiles and D.glaucum out-performs most in terms of
ash and mineral content.

The crude fibre values for D. glaucum were 2.6% in
leaves and 5.0% in bulbs. These values fall within the
range of those of common staple foods, which range
from 3.19% in millet to 10% in rapoko (Chitsiku,
1989). This suggests that D. glaucum is relatively low
in crude fiber compared to some staple foods,
particularly those with higher fiber content like
rapoko. However, the values obtained for D. glaucum
are lower than those obtained for vegetable such as
onion (19.53%), cabbage (10.36%), spinach (24.08%)
and coriander (23.30%). This could imply that D.
glaucum is less fibrous and could be easier to digest
compared to these vegetables. Wild vegetables such as
Amaranthus hybridus, Cleome gynandra and
Corchorus olitorius have crude fibre values ranging
from 7.58 to 8.61%. Dhingra et al. (2012) reported
that the values of crude fibre show the amount of
indigestible plant material in a food, primarily the
compounds cellulose, hemicellulose and lignin. Such
material provides several health benefits such as
improved digestion and reduced risk of chronic
diseases like diabetes.

Phytochemical Screening

D. glaucum is rich in a variety of phytochemicals that
offer both health benefits and sensory contributions to
food. Table 2 indicates the presence of alkaloids,
tannins, flavonoids, and terpenoids in both leaves and
bulb extracts. Steroids and saponins only tested
positive in the bulb and leaves, respectively. The
phytochemical compounds observed are similar to
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those found in other Dipcadi species, such as Dipcadi
serotinum (L.) Medic. (Adly et al., 2015) and Dipcadi
erythraeum Webb & Berthel. (Al-Najjar, 2020). The
flavonoids and tannins observed in D. glaucum are
known antioxidants (Suffredini et al., 2004).
Antioxidants protect cells from damage by free
radicals that form during oxidative processes in
metabolism (Altemimi et al., 2017).

Table 2. Phytochemical assay results of data of Dipcadi glaucum
crude aqueous extracts.

Phytochemical Bulb Water

Leaf Water

Saponins
Alkaloids
Tannins
Flavonoids
Steroids
Terpenoids

+ + + 4+ o+

+

+
+
+

Flavonoids help give vibrant colours to many fruits,
vegetables, and flowers, enhancing their visual appeal.
Additionally, they influence the flavour of foods,
impacting sweetness, bitterness, and other taste
profiles. Alkaloids are a large and diverse group of
phytochemicals that are commonly associated with
toxicity and medicinal properties of plants (Cushnie et
al., 2014). When present in high concentrations
exceeding 20 mg per 100 g, they have been found to
be harmful causing neurological disorders and
gastrointestinal issues in humans (Chidzwondo et al.,
2023). Alkaloids often impart a bitter taste to foods,
which can influence their sensory appeal and help
deter pests. Steroids lower blood cholesterol levels (Li
et al., 2022) and are also reported to have anti-tumor,
immuno-suppressive, hepatoprotective, anti-bacterial,
sex hormone, anti-helminthic, cytotoxic and
cardiotonic activity (Yadav and Agarwala, 2011).
Saponins contribute to stability and texture in food
and also offer health benefits by lowering cholesterol
levels and having antioxidant and anti-inflammatory
activities (Cushnie et al., 2014). Lastly, terpenoids are
responsible for taste and aroma in food substances
(Masyita et al., 2022). Their presence additionally
offers the following health benefits to humans: anti-
inflammatory, anti-oxidant, anti-microbial, anti-
hyperglycemic, anti-fungal and antiviral properties
(Fan et al., 2023).
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Brine shrimp lethality assay

The Brine shrimp lethality test is a fast, easy and
cheap method used to assess cytotoxicity in plants. In
the present study, mortality was 100% in the
potassium dichromate standard positive control and
2% in the DMSO and saline water negative controls.
Accordingly, the mean mortalities shown in Table 4
have been reduced by 2% to adjust for background
mortality observed in the negative controls. The assay
showed that the mortality of the brine shrimp
increased with higher concentrations of the extract.
Toxicity was also observed to be higher in the
methanol extracts when compared to the aqueous
extracts. This result is consistent with findings from
similar studies (Turkmen et al., 2006). The quantity
and composition of phytochemicals in the extract
depends on the solvent used. Methanol is less polar
than water and therefore dissolves a broader range of
phytochemicals including both polar and non-polar
compounds. In contrast the more polar water
exclusively dissolves polar compounds (Altemimi et
al., 2017).

Results from the regression analysis of the brine
shrimp mortality rates showed that the lethal
concentration required to kill 50% shrimps (LC50
values) were least in the methanol bulb extract (2.72
mg/ml) and highest in the aqueous bulb extract
(1949.85 mg/ml). According to the standard brine
shrimp lethality bioassay criteria, an LC50 value less
than 1000 pg/ml (or 1 mg/ml) is considered bioactive
in toxicity evaluation of plant extracts (Meyer et al.,
1982). Given that the LC50 values for both extracts of
D. glaucum are significantly higher (Table 3) than this
threshold (2.72 mg/ml for methanol and 1949.85
mg/ml for aqueous), the results indicate that D.
glaucum appears to be non-toxic based on this assay
using the brine shrimp. The brine shrimp assay is a
simple, inexpensive screening test for cytotoxic or
pharmacologically active constituents, but it is unable
to detect compounds requiring metabolic activation in
animals or humans. Allison (1978) gave an example
of Amaranthus species that are known to contain
nitrate, which is relatively non-toxic, but its
conversion to nitrite by micro-organisms in the rumen
results in toxicity to animals.
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Table 3. Mean mortality of Artemia saligna nauplii at different concentrations of four Dipcadi glaucum extracts and their LCso.

Sample Percent mean mortality (%) with standard deviation (SD)  LCso (mg/ml)

100mg/ml SD  1mg/ml SD  0.01mg/ml SD SD
Leaf water extract 35 1 20 2 0 0 64.34 1.6
Leaf methanol extract 60 2 30 35 20 1 22.80 0.8
Bulb aqueous extract 5 2 0 0 0 0 1949.85 7.7
Bulb methanol extract 60 3 55 15 25 3 2.72 0.6

While D. glaucum appears to be non-toxic using the
brine shrimp assay, further research is required to
assess its safety in other species including humans and
at higher concentrations. Advanced cytotoxicity
models, such as mammalian cell cultures or in vivo
systems, are recommended to confirm these findings.
Recent reports from South Africa indicate possible
toxicity to ruminants (Vogel et al., 2023), showing
that toxicity may differ across species and
environments. Moreover, the presence of the various
phytochemicals identified in the present study such as
alkaloids, saponins, tannins, and terpenoids in D.
glaucum, may be cytotoxic at higher concentrations.

CONCLUSIONS

The results from this study show that Dipcadi
glaucum leaves and bulbs contain a variety of
nutrients, minerals, and phytochemicals that are of
benefit to human health. However, further research is
needed to assess its safety for human consumption,
especially concerning its phytochemical composition
and potential toxicity across different species.
Proximate analysis results show that some of the
nutrients are present in quantities comparable to the
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ABSTRACT: This study was conducted to determine the nematode biodiversity in corn (Zea mays L.) growing areas in Tekirdag,
Tiirkiye. For this purpose, corn fields in Malkara, Sarkdy, Siileymanpasa, and Hayrabolu were surveyed, and a total of 62 soil samples
were collected from a soil depth of 0-60 cm. Nematodes were isolated by centrifugal flotation using 475 g/L sugar solution. Nematode
identifications were made using polytomous keys. In the study, 30 nematode genera were identified, and among these genera, 11 were
plant parasites, three were fungal feeders, nine were bacterial feeders, five were omnivores, and two were predators. Some of the plant
parasitic species identified in the study included Ditylenchus dipsaci, Helicotylenchus digonicus, H. varicaudatus, Pratylenchus
penetrans, P. thornei, P. neglectus, Paratylenchus nainianus, Rotylenchus cypriensis, and Tylenchorhynchus annulatus. Among all
Aphelenchus (Aphelenchida: Aphelenchidae), Cephalobus (Rhabditida: Cephalobidae), Filenchus (Tylenchida: Tylenchidae), and
Geocenamus (Tylenchida: Merliniidae) were the most abundant and common genera and the heat map generated with XLSTAT represents
the nematode abundance. To the best of our knowledge, this is the most recent taxonomic study on nematode diversity in corn fields in
Tekirdag province.

Keywords: Nematode, Zea mays L., Thrace, Tiirkiye.

Tekirdag, Tiirkiye'deki Misir Tarlalarinda Nematodlarin Goriilme Stkligi ve Popiilasyon Yogunlugu

OZ: Tekirdag’da (Tiirkiye) misir (Zea mays L.) yetistirme alanlarinda nematod biyogesitliligini belirlemek amaciyla bir ¢calisma
yvapilmistir. Bu amagla Malkara, Sarkoy, Siileymanpasa ve Hayrabolu'daki miswr tarlalari incelenmis ve 0-60 cm toprak derinliginden
toplam 62 tarladan toprak drnegi alinmistir. Nematodlar, 475 g/L seker ¢ozeltisi kullanilarak yapilan santrifiij flotasyon yontemiyle izole
edilmigtir. Nematodlarin teshisi teshis anahtarlar: kullanilarak yapilmistir. Calismada 30 nematod cinsi tespit edilmis olup, bu cinsler
araswinda 11°i bitki paraziti, 31 fungus ile beslenen, 9 u bakteri ile beslenen, 5 i omnivor ve 2 ’si predator olarak belirlenmistir. Calismada
teshis edilen bazi bitki paraziti tiirler arasinda Ditylenchus dipsaci, Helicotylenchus digonicus, H. varicaudatus, Pratylenchus penetrans,
P. thornei, P. neglectus, Paratylenchus nainianus, Rotylenchus cypriensis ve Tylenchorhynchus annulatus yer almistir. Aphelenchus
(Aphelenchida: Aphelenchidae), Cephalobus (Rhabditida: Cephalobidae), Filenchus (Tylenchida: Tylenchidae), ve Geocenamus
(Tylenchida: Merliniidae) en yogun ve yaygin cinsler olup, XLSTAT ile olusturulan yogunluk haritast nematod bollugunu temsil
etmektedir. Bu ¢alisma Tekirdag ilindeki misir tarlalarindaki nematod c¢esitliligi iizerine yapilan en giincel taksonomik calismadir.

Anahtar kelimeler: Nematod, Zea mays L., Trakya, Tiirkiye.
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INTRODUCTION

Corn (Zea mays L.) is a widely cultivated cereal with
high adaptability to various environmental conditions
(Wang and Hu, 2021). It is one of the most commonly
consumed crops because it provides moderate amounts
of protein, fiber, vitamins and minerals, and is a good
source of carbohydrates. Corn is used primarily for
livestock feed, ethanol and biofuel production, raw
materials in industry, and human consumption. It is
grown on approximately 200 million hectares of land
worldwide. The U.S. is by far the largest producer of
corn, accounting for roughly 30-35% of the world's
total production. China is the second and Brazil is the
third in production (USDA-ERS, 2021; FAO, 2022)

Tiirkiye (6.690 metric tons) is one of the world's top 20
corn-producing countries. However, demand for corn
is steadily increasing, particularly for use in animal
feed. This growing demand is driven by the expansion
of the livestock and poultry sectors, which rely heavily
on corn as a key ingredient in animal feed formulations.
Seventy-three per cent of the corn produced globally is
used for animal feed, and in Tirkiye, most of the corn
produced is utilized for feeding large cattle, small
livestock, and poultry (Karadeniz, 2019). In addition,
corn is used in various industries, as starch, sweeteners,
and biofuels (Gok and Sahin, 2024). Consequently, the
country is working to increase corn production,
although it still imports corn to meet domestic demand
fully.

Corn is a plant that can be grown in various regions of
Tirkiye, with production being widespread in the
Marmara, Aegean, Central Anatolia, and Southeastern
Anatolia regions. In the Thrace part of the Marmara,
region, corn cultivation areas fluctuate annually. The
total acreage of planting areas in Edirne, Kirklareli,
Tekirdag, Canakkale (Gelibolu and Lapseki), and
Istanbul provinces (Catalca and Silivri) are 21.566
hectares for corn and 5.530 ha for silage corn. Total
corn production in these regions varies from 46.951 to
1.032.955 (silage) tons. The average grain yield per
decare is approximately 550 to 600 kg, exceeding the
global and national average (Turkstat, 2024).

Corn can best grow in fertile, well-drained soils rich in
organic matter, which is vital for its growth. Various
organisms, including nematodes, inhabit the soil in
these cultivation areas. Numerous nematodes can be
found in these environments, with hundreds of
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individual species in the soil. Among nematodes, a
group called free-living nematodes contribute
positively to soil health. They consume other
microorganisms and macroorganisms such as bacteria
and fungi, without causing damage to plants. This
feeding behaviour helps with nutrient cycling and
maintains ecological balance, which is crucial for soil
fertility (Yadav et al., 2018). On the other hand, the
other group called plant-parasitic nematodes represents
a significant threat to corn crops. These nematodes feed
on roots and extract nutrients, interfering with the
plant's ability to absorb water and essential minerals.
Their feeding can result in stunted growth, chlorosis,
decreased vyields, and increased susceptibility to
environmental stress like drought and diseases. Various
species of plant-parasitic nematodes impact corn
differently, each with unique feeding strategies and
levels of damage they cause (Singh, 2015). Common
species include root-knot nematodes (Meloidogyne
spp.), and lesion nematodes (Pratylenchus spp.) (Thapa
et al., 2023). Effective management practices must be
implemented to reduce the harmful effects of these
nematodes and ensure healthy corn yields.

The distribution of nematode species in corn fields
varies due to several factors, including soil structure
and moisture levels. While plant-parasitic nematodes
dominate in some regions, fungal-feeding nematodes
are more prevalent in others. Identifying the nematode
species responsible for yield loss in corn production
areas and determining their prevalence is critical to
prevent future damage and developing effective control
methods. By identifying the feeding habits of
nematodes, whether they are plant-parasitic, fungal-
feeding, or bacterivorous, research can inform farmers
about the risks posed by nematode populations in the
field.

In a recent study conducted in our country, the
prevalence of 11 nematode genera including
Pratylenchus and Mononchus was identified in corn
fields in the Anatolian part of Canakkale province, and
the findings were published (Yildiz and Gozel, 2022).
However, no similar research has been carried out in
Tekirdag province. Based on these considerations, a
study was conducted in the corn fields of Tekirdag, a
province in the Thrace region. In Tekirdag, corn
cultivation, especially for silage, is extensive.
However, there are no previous data on the nematode
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fauna in these growing areas. This study aimed to
identify and taxonomically classify the nematode
genera and species present in the corn fields of
Tekirdag. It also sought to group them according to
their feeding habits, to determine their prevalence, and
to estimate the density of their populations per 100 cm?
of soil. Additionally, the research provided detailed
morphological and morphometric information on some
important species.

MATERIAL AND METHOD
Study Area Information

The research was conducted in Tekirdag Province,
located in the northwest of Tiirkiye, along the coast of
the Marmara Sea. The most common agricultural
activities are vineyards, sunflowers and wheat.

The province has mild, humid winters and hot, dry
summers. During the survey, temperatures varied
between 24 and 26 °C, with the average total rainfall
measured as 9 mm. While corn is cultivated across all
districts of Tekirdag province, production is
particularly concentrated in Hayrabolu, Malkara,
Muratli, and Siileymanpasa districts (Table 1). Non-
irrigated cultivation is commonly practised in certain
regions, including the centre of the Siilleymanpasa
district in Tekirdag province and the village of Ibribey
in Malkara. On the other hand, modern drip irrigation
systems are implemented in areas like the village of
Karaigdemir, which is closer to water sources.

IN CORN FIELDS IN TEKIRDAG, TURKIYE

Collection of Soil Samples and Extraction of

Nematodes
The survey was conducted in corn fields in various

districts of Tekirdag, including Corlu, Ergene,
Malkara, Muratli, Hayrabolu, Siileymanpasa, and
Sarkdy (Table 2, Figure 1). To increase the diversity of
soil samples, a minimum distance of 1 km was
maintained between sampled plots. The surveys were
conducted according to the partial sampling method
described by Bora and Karaca (1970), where at least
1% of the total cultivated area in the province was
sampled to obtain reliable and statistically valid results.
The distance between sampling sites was up to 15 km
in some fields in Sarkdy, Siilleymanpasa, Corlu and
Ergenede, while it varied between 1-5 km in Malkara
and Hayrabolu. The maximum distance between the
sampled villages was 156 km.

Field sampling was done following a W-shaped
walking pattern to ensure thorough coverage of each
field. Soil samples were taken from randomly selected
plants within each field to provide a representative
sampling of soil composition. Approximately 1 kg of
soil was collected from each plot to ensure an adequate
sample size for analysis. Soil samples were taken from
0-60 cm depths, specifically targeting the root zone of
five plants per field. This depth was chosen because it
represents the primary soil layers where Longidoridae
nematodes are most likely common.

Table 1. The acreage of corn production in districts of Tekirdag province (Decare).
Cizelge 1. Tekirdag ili ilgelerinde musir iiretim alan1 biiyiikliigii (Dekar).

<
g
E - . s s g
- % S 5 g e é) 3 > = E = 3
% < % % ] < 0 E g ﬁ 5 5 f‘g
o i T v = =5 = » ©n o < %
Corn 250 300 0 160 10 85 50 250 0 0 70
Corn (silage) 1.950 17.700 520 14.000 530 5300 2.600  3.600 250 350 850
Table 2. The number of surveyed corn fields in districts of Tekirdag province (Decare).
Cizelge 2. Tekirdag ili ilgelerinde 6rnekleme yapilan musir tarlasi sayist (Dekar).
<
g
>
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| T b = N S >
Number of fields samples 3 20 10 5 14 3 7
The acreage of corn fields 12-20 15-30 25-35 20-25 10-30 10-25 15-25
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Figure 1. Study area map representing the sampled districts and villages in Tekirdag.
Sekil 1. Tekirdag’da 6rnekleme yapilan ilge ve kdyleri gdsteren ¢alisma alani haritasi.

Nematodes were isolated from the soil samples using
the sugar centrifugation method described by Jenkins
(1964). For this method, 200 grams of each sample
were placed in a container and mixed with water. The
mixture was then filtered through a 200-mesh sieve,
followed by a 400-mesh sieve. The nematodes caught
in the 400-mesh sieve were transferred into a tube. This
suspension was centrifuged at 1750 rpm for 5 minutes.
Afterwards, a sugar solution (475 g/l) replaced the
water, and the sample was centrifuged for 1 minute. In
the final step, the suspension was passed through a 400-
mesh sieve, and the nematodes were washed with tap
water and collected.

Nematode ldentification and Classification

Female nematodes were used for species identification.
They were placed on slides after being killed at
temperature 60°C and preserved in double-strength
TAF (Triethanolamine-Formalin) and other fixative
solutions (Seinhorst, 1959). The wax ring method was
used to fix nematodes on slides (Seinhorst, 1959).
Species classification was done according to the
criteria outlined in Siddigi (2000). Most of the
nematodes were identified at species level, and their
morphometric parameters were calculated using the
formula of De Man (1876) provided below (Table 2).
Nematodes were identified by examining the
morphologic characteristics of the female, such as
stylet shape, vulva position, body length, and tail shape.
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The polytomous key used in the identifications were
Loof and Jairajpuri (1968), Choudhary and Jairajpuri
(1984), Geraert and Raski (1987), Anderson (1979),
Abolafia and Pena-Santiago (1996), Handoo and
Golden (1989), Loof and Luc (1990), Brezski (1991),
Handoo et al. (2007), Scholze and Sudhaus (2011), Wu
etal., (2016), and Tran et al. (2024). Nematodes which
had no females were identified at the genus level. Each
nematode species’ feeding behaviour and colonizer-
persister (c-p) values (1 to 5) were assigned according
to Bongers (1990). The abundance heat map was
generated in XLSTAT using nematode populations in
fields. The frequency of occurrence (f %) of species
were calculated as follows:

Number of samples containing species
x100

0, =
% frequency Total number of samples collected

RESULTS AND DISCUSSION

A total of 30 nematode genera representing a wide
taxonomic diversity were identified in a survey of corn
fields in the districts of Sarkdy, Malkara, Ergene,
Hayrabolu, Siileymanpasa, Corlu and Muratli in
Tekirdag. These nematodes belonged to six orders
Aphelenchida, Tylenchida, Plectida, Monhysterida,
Rhabditida and Dorylaimida, comprising 19 families
(Table 3).
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IN CORN FIELDS IN TEKIRDAG, TURKIYE

Table 3. The taxonomic classification of nematodes identified in corn fields in Tekirdag province.
Cizelge 3. Tekirdag ilinde musir ekim alanlarinda teshis edilen nematodlarin taksonomik siniflandirmasi.

Genera Order Superfamily Family Species

Acrobeles Rhabditida Cephaloboidea Cephalobidae Acrobeles ciliatus
Acrobeles complexus

Alaimus Dorylaimida Alaimoidea Alaimidae Alaimus primitivus

Acrobeloides Rhabditida Cephaloboidea Cephalobidae Acrobeloides nanus

Aphelenchus
Aphelenchoides

Aphelenchida
Aphelenchida

Aphelenchoidea
Aphelenchoidea

Aporcelaimellus Dorylaimida Dorylaimoidea
Boleodorus Tylenchida Tylenchoidea
Cephalobus Rhabditida Cephaloboidea
Clarkus Mononchida Mononchoidea
Ditylenchus Tylenchida Sphaerularioidea
Dorylaimus Dorylaimida Dorylaimoidea
Eudorylaimus Dorylaimida Dorylaimoidea
Filenchus Tylenchida Tylenchoidea
Geocenamus Tylenchida Tylenchoidea
Helicotylenchus Tylenchida Tylenchoidea
Mesodorylaimus Dorylaimida Dorylaimoidea
Monhystera Monhysterida Monhysteroidea
Mononchus Mononchida Mononchoidea
Panagrolaimus Rhabditida Rhabditoidea
Prismatolaimus Triplonchida Prismatoloidea
Prodorylaimus Dorylaimida Dorylaimoidea
Pratylenchus Tylenchida Tylenchoidea
Paratylenchus Tylenchida Tylenchoidea
Rhabditis Rhabditida Rhabditoidea
Rotylenchus Tylenchida Tylenchoidea
Tylenchus Tylenchida Tylenchoidea
Tylenchorhynchus Tylenchida Tylenchoidea
Tylencholaimus Dorylaimida Tylencholaimoidea
Xiphinema Dorylaimida Longidoroidea
Wilsonema Chromadorida  Plectoidea

Aphelenchidae
Aphelenchioididae
Aporcelaimidae
Tylenchidae
Cephalobidae
Mononchidae
Anguinidae
Dorylaimidae
Dorylaimidae

Tylenchidae

Merliinidae
Hoplolaimidae

Dorylaimidae
Monhysteridae
Mononchidae
Rhabditidae
Prismatolaimidae
Dorylaimidae

Pratylenchidae

Tylenchulidae
Rhabditidae
Hoplolaimidae
Tylenchidae
Telotylenchidae
Tylencholaimidae
Longidoridae
Plectidae

Aphelenchus avenae
Aphelenchoides sacchari
Aporcelaimellus obscuroides
Boleodorus thylactus
Cephalobus persegnis
Clarkus papilatus
Ditylenchus dipsaci
Dorylaimus sp.
Eudorylaimus sp.

Filenchus filiformis
Filenchus thornei

Filenchus cylindricus
Geocenamus brevidens
Helicotylenchus digonicus
Helicotylenchus varicaudatus
Mesodorylaimus sp.
Monhystera sp.

Mononchus sp.
Panagrolaimus rigidus
Prismatolaimus vexilliger
Prodorylaimus sp.
Pratylenchus penetrans
Pratylenchus thornei
Pratylenchus neglectus
Paratylenchus nainianus
Rhabditis sp.

Rotylenchus cypriensis
Tylenchus davainei
Tylenchorhynchus annulatus
Tylencholaimus proximus
Xiphinema pachtaicum
Wilsonema schuurmanstekhoven

Approximately 66.6% of nematode genera identified in
corn fields in Tekirdag have plant-parasitic or bacterial
feeding types (Figure 2). Bacterial-feeding nematodes
belong to five order and six families, fungal-feeding
nematodes to three orders and three families,
omnivores to one order and five families, predators to
one order and one family, and plant-parasites to one
order and seven families. Bacterial-feeding nematodes
play an important role in nutrient cycling, consuming
bacteria and releasing nitrogen and other nutrients
essential to plant growth (Ferris et al., 2001). The
diversity of fungus-feeding nematodes is often related
to the abundance of fungi in the soil, and nematodes
can also have an impact on mycorrhizal fungi,
potentially affecting plant-root symbioses (Ingham et
al., 1985).

Among the plant-parasitic nematodes, the vast majority
(93.3%) were classified as ectoparasites, meaning they
feed externally on plant roots and may cause less direct
internal damage than endoparasites, which live and
feed inside root tissues. Only one genus (6.7%) of
plant-parasitic  nematodes was identified as
endoparasitic. The colonizer-persister (c-p) scale,
which assesses nematodes based on their resilience and
ecological functions, showed that most nematode
species in these samples had a c-p value of 2. In
agricultural areas, c-p 2 nematodes are common
because they can tolerate moderate soil disturbances,
such as tillage, without significant population loss
(Ferris et al., 2001).
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Figure 2. a. The proportion (%) of nematodes in terms of the c-p value, b. The proportion (%) of nematodes in terms of feeding habitat.
Sekil 2. a. Nematodlarin c-p degeri bakimindan % oran1 b. Nematodlarin beslenme habitati bakimindan % orani.

The survey of nematode species in soil samples
collected from corn fields revealed a diverse
community with different frequencies of occurrence.
Cephalobus persegnis (79%), and Acrobeloides nanus
(50%) were highly abundant bacterial-feeding
nematodes in corn fields in Tekirdag, while Rhabditis
sp. (27.4%) was also notable among bacterial feeders.
Among the fungal feeders, Aphelenchus avenae
(48.3%) and Filenchus filiformis (38.7%) were
common. The least common species in the study were
Panagrolaimus rigidus and Mononchus sp., both of
which were present in only 1.6% of the samples. The
findings from the survey of corn fields in Tekirdag
align with other nematode biodiversity studies in
agricultural ecosystems. For example, in the United
States, researchers reported that nematode
communities are composed predominantly of plant-
parasitic and bacterial-feeding types, with taxa such as
Tylenchida and Rhabditida being common, similar to
the findings in Tekirdag. Again in other studies in the
USA, several plant parasitic species from genera
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including Helicotylenchus, Pratylenchus,
Paratylenchus, and Tylenchorhynchus were identified
(Simon et al., 2018; Han et al., 2021; Thapa et al.,
2023). In a survey covering several districts in Kenya,
55 genera of nematodes were identified in corn fields;
and, as found in Tekirdag, Aphelenchus and
Cephalobus were among the most common (Maina et
al., 2019). At the same time in a study conducted in
Canakkale, located in the same region as Tekirdag,
Tylenchus sp. was found to be the most common
nematode in corn fields, with a prevalence of 30.8%.
Aphelenchus sp. followed this at 26.2%, Pratylenchus
sp. at 20.91%, Ditylenchus sp. at 17.93%, Merlinius
(Geocenamus) sp. at 10.11%, Dorylaimus sp. at 8.5%,
Tylenchorhynchus sp. at 5.05%, Paratylenchus sp. at
3.9%, Mononchus sp. at 2.52%, and Panagroloimus sp.
at 1.6% (Yildiz and Gozel, 2022).

Table 4 represents the feeding type, c-p value, and
frequency of nematode occurrence in corn fields in
Tekirdag.
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Table 4. Feeding type, colonizer-persister (c-p) class, and frequency of occurrence of nematodes in corn fields in Tekirdag province.
Cizelge 4. Tekirdag ilinde musir tarlalarinda nematodlarin beslenme sekli, coloizer-persister (c-p) sinifi ve goriilme siklig.

Species/genus c-p class
(Colonizer- Feeding type Frequency of
. occurance (%)

persister)
Acrobeles cilliatus 2 Bacterial feeder 16.1
Acrobeles complexus 2 Bacterial feeder 11.3
Acrobeloides nanus 2 Bacterial feeder 50.0
Alaimus primitivus 2 Bacterial feeder 129
Monhystera sp. 2 Bacterial feeder 9.6
Cephalobus persegnis 2 Bacterial feeder 79.0
Wilsonema schuurmanstekhoven 2 Bacterial feeder 8.0
Rhabditis sp. 1 Bacterial feeder 274
Prismatolaimus intermedius 2 Bacterial feeder 3.2
Panagrolaimus rigidus 1 Bacterial feeder 1.6
Aphelenchoides sacchari 2 Fungal feeder 338
Aphelenchus avenae 2 Fungal feeder 48.3
Tylencholaimus proximus 2 Fungal feeder 16.1
Clarkus papillatus 4 Predator 3.2
Mononchus sp 4 Predator 1.6
Aporcelaimellus obscuroides 5 Omnivore 38.7
Dorylaimus sp. 4 Omnivore 226
Mesodorylaimus sp. 4 Omnivore 226
Prodorylaimus sp. 4 Omnivore 48
Eudorylaimus sp. 4 Omnivore 11.3
Boleodorus thylactus 2 Root-fungal feeder (Ectoparasite) 17.7
Ditylenchus dipsaci 2 Plant-parasitic (Endoparasite) 16.6
Filenchus thornei 2 Root-fungal feeder (Ectoparasite) 30.6
Filenchus cylindricus 2 Root-fungal feeder (Ectoparasite) 20.9
Filenchus filiformis 2 Root-fungal feeder (Ectoparasite) 38.7
Geocenamus brevidens 3 Plant-parasitic (Ectoparasite) 64.5
Helicotylenchus digonicus 3 Plant-parasitic (Ectoparasite) 12.9
Helicotylenchus varicaudatus 3 Plant-parasitic (Ectoparasite) 48
Paratylenchus nainianus 2 Plant feeder (Ectoparasite) 17.7
Pratylenchus penetrans 3 Plant-parasitic (Endoparasite) 3.2
Pratylenchus neglectus 3 Plant-parasitic (Endoparasite) 11.3
Pratylenchus thornei 3 Plant-parasitic (Endoparasite) 8.0
Rotylenchus cypriensis 3 Plant-parasitic (Ectoparasite) 9.6
Tylenchus davainei 2 Root-fungal feeder (Ectoparasite) 11.3
Tylenchorrhynchus annulatus 3 Plant-parasitic (Ectoparasite) 25.8
Xiphinema pachtaicum 5 Plant-parasitic (Ectoparasite) 4.8

Of the plant parasitic nematodes identified in corn
fields, several species are capable of causing significant
crop damage. Remarkable species include
Pratylenchus penetrans, P. thornei, P. neglectus,
Ditylenchus dipsaci, Tylenchorrhynchus annulatus,
and Geocenamus brevidens, with other species being
weaker plant parasites. The presence of plant-parasitic
nematodes such as Ditylenchus dipsaci (16.6%) and
various Pratylenchus species (P. penetrans at 3.2%, P.
neglectus at 11.3% and P. thornei at 8%) highlights the
risk of nematode damage due to their adverse effects on
plant roots. For example, Pratylenchus penetrans is a
significant pest affecting crops such as sweetcorn and
Todd et al. (2016) reported that yield losses increaes up
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to 49%. Several of these species have been reported
globally, Helicotylenchus varicaudatus, H. digonicus,
Rotylenchus cypriensis, P. penetrans, P. neglectus, and
P. thornei, have been found in corn fields in the USA
(Hafez et al., 2010). H. digonicus has also been isolated
from corn fields in Pakistan (Bernard, 1980; Khan et
al., 2009), and in our study H. digonicus was found in
at least one field in all districts of Tekirdag, Tiirkiye.
Additionally, P. neglectus has been found in corn fields
in China, and P. penetrans in Rwanda (Windham,
1998; Xia et al., 2021). The prevalence rates of these
species vary across regions, with H. digonicus showing
a 30.9% occurrence in Pakistan compared to 12.9% in
Tirkiye. ~ Geocenamus  (Merlinius)  brevidens,
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Boleodorus tylactus, and D. dipsaci are among the most
common nematodes in agricultural areas. G. brevidens
has been shown to reduce growth and cause stunting in
wheat, barley, and corn, while D. dipsaci has been
identified in corn fields in several countries, including
Pakistan (Khan, 2009). T. annulatus is also found in
corn fields in the USA and Indonesia (Simon et al.,
2020; Indarti et al., 2023). Furthermore, Filenchus
species are known to proliferate in saprophytic fungi
such as Rhizoctonia solani and Chaetomium globosum
(Okada et al., 2005), and Xiphinema pachtaicum, a
nematode in the X. americanum subgroup, causes both
direct and indirect damage to a variety of crops and
ornamental plants worldwide (Loof and Luc, 1990).

The fungal feeder nematode A. avenae is typically
associated with cereal crops, while A. sacchari causes
significant damage to sugarcane, corn and other crops.
A. avenae feeds on fungal hyphal structures like
Botrytis cinerea (Taher et al., 2017) and has a
prevalence rate of nearly 70% in Pakistani corn fields
(Sikandar et al., 2021). A. sacchari also targets soil-
borne fungi but damages plant roots, increasing
susceptibility to fungal and bacterial infections (Perper
and Petriello, 1977). A. obscuroides is a significant
omnivore species in agricultural areas, pastures, and
forests in over 50 countries (Yeates, 1993). Similarly,
the genus Tylencholaimus, first described by de Man in
1876, includes species like T. proximus, which feed on
various fungi (Wood, 1973). Additionally, bacterial
feeder genera such as Acrobeles, Acrobeloides,
Cephalobus, Panagrolaimus, and Prismatolaimus have
been reported in corn fields in Kenya, Spain, Slovakia,
Sweden and Denmark. These free-living nematodes
play important roles in soil ecosystems by aiding in
organic matter decomposition and nutrient cycling
(Cerevkova et al., 2018; Maina et al., 2021).

In the corn fields surveyed in Tekirdag, species from
genera  Tylenchorhynchus, Helicotylenchus, and
Pratylenchus were found mostly and the highest
population in intensively irrigated fields in
Siileymanpasa, Malkara and Hayrabolu. Non-irrigated
fields had no nematode or lower nematode densities,
suggesting that irrigation practices may influence
nematode abundance. Irrigation studies in different
countries have produced different results. For example,
some studies have shown that the population of
Tylenchorhynchus species is higher in irrigated fields.
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On the other hand, the effect of irrigation on
Pratylenchus species are more complex. Some
researchers indicate that irrigation can increase
Pratylenchus populations, while others observe that it
may have a decreasing or no effect (Govaerts et al.,
2007; Okada and Harada, 2007).

When analysing nematode densities per 100 g of soil,
it was observed that the populations of certain
bacterial-feeding  nematode  species,  namely
Cephalaobus persegnis, Acrobeles ciliatus,
Aphelenchus avenae, and Aphelenchoides sacchari
were significantly higher. In addition, among the
herbivorous nematodes, Filenchus filiformis and
Geocenamus brevidens showed elevated populations.
The heat-map in Figure 3 displays the average
nematode density per 100 grams of soil in corn fields
in Tekirdag. The dendrogram on the vertical axis
corresponds to districts, while the horizontal axis at the
bottom is the nematode genus. The dendrogram at the
top groups these genera based on their abundance
trends. The heat map uses colours like yellow, red,
orange, and black to signify different levels of
nematode density. Yellow highlight higher nematode
densities, lighter shades of red suggest lower nematode
populations for certain genera, whereas dark red and
black indicate either the absence or very minimal
presence of those genera. Orange and its variants
reflect moderate densities. The heat map shows low or
absent populations of certain species in Sarkdy,
Murath, Ergene and Corlu. These districts also
correspond to areas with dry soil conditions due to lack
of irrigation and rainfall, which is likely to have
contributed to the low nematode numbers. In these
areas, soil moisture may be a limiting factor for
nematode survival and reproduction. Consistent with
our findings, these species have also been recognised
as the most abundant in studies carried out by other
researchers. In research conducted in 8 regions of
Kenya on intercropping of corn and pigeon peas, some
genera were found in high number in soils, Acrobeles,
with densities ranging from 21.7 to 190.7 nematodes
per 250 g of soil; Cephalobus, with a range of 86.7 to
238.3 nematodes per 250 g of soil; Aphelenchus,
ranging from 39.0 to 177.7 nematodes per 250 g of soil;
and Aphelenchoides, which showed densities between
30.3 to 99.7 nematodes per 250 g of soil (Maina et al.,
2021).
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CONCLUSIONS

In this study, the nematode fauna in the soil of corn
fields in Tekirdag province was thoroughly
investigated. The results showed that the bacterial
feeder and plant parasitic species accounted for more
than half of the genus diversity of the nematode
community. While highly damaging plant parasitic
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ABSTRACT: Salinity and drought are the primary stress factors that negatively impact crop production. This study evaluated
the effects of sodium chloride (NaCl) and polyethylene glycol (PEG-6000)-induced osmotic stress on germination and early seedling
growth in five linseed varieties (Kara Kiz, Beyaz Gelin, Sari Dane, Cemre, and Efe). The investigated parameters included germination
rate (%), average germination time (days), root length (cm), fresh and dry root weight (mg), shoot length (cm), and fresh and dry shoot
weight (mg). The results revealed that the differences among the tested linseed varieties were statistically significant for all examined
characteristics. It was determined that the varieties exhibited considerable resistance to salt stress in terms of germination rates.
Germination rates decreased by 2.3% at 12.0 dS m™ NaCl and by 10.6% at 0.50 MPa PEG. Additionally, the average germination time
increased with rising salinity (1.6-4.5 days) and drought stress (1.1-2.7 days). With increasing salinity and drought stress, root length
(NaCl: 1.40-6.40 cm, PEG: 5.46-12.60 cm), shoot length (NaCl: 2.30-10.43 cm, PEG: 2.40-10.06 cm), fresh root weight (NaCl: 3.86—
13.90 mg, PEG: 1.43-6.00 mg), dry root weight (NaCl: 0.20-1.53 mg, PEG: 0.26-1.03 mg), fresh shoot weight (NaCl: 29.30-86.33 mg,
PEG: 21.00-82.40 mg), and dry shoot weight (NaCl: 2.00-7.23 mg, PEG: 2.10-7.76 mg) decreased gradually and significantly. Among
the tested varieties, Sart Dane exhibited greater resistance to salt stress, while Beyaz Gelin was more resistant to drought stress.

Keywords: Germination, Linum usitatissimum L., linseed, drought, NaCl, osmotic stress.

Tuz ve Kuraklik Stresinin Farkli Keten (Linum usitatissimum L.) Cesitlerinin Cimlenme ve Erken Fide
Gelisimine Etkisi

OZ: Tuzluluk ve kuraklik, bitkisel iiretimi olumsuz yonde etkileyen bashca stres faktorleridir. Bu ¢alismada, 5 keten tohumu
cesidinde (Kara Kiz, Beyaz Gelin, Sart Dane, Cemre ve Efe) sodyum kloriir (NaCl) ve polietilen glikol (PEG-6000) kaynakli ozmotik stresin
¢imlenme ve erken fide donemlerine etkileri degerlendirilmis ve ¢esitlerdeki ¢imlenme orani (%), ortalama ¢imlenme siiresi (giin), kok
uzunlugu (cm), yas kok agirligi (mg), kuru kék agirligr (mg), siirgiin uzunlugu (cm), yas siirgiin agwligi (mg), kuru stirgiin agirligr (mg)
ozellikleri incelenmigtir. Saptanan sonuglarda, incelenen tiim ézellikler agisindan denemeye alinan keten ¢esitlerindeki farkliliklarin
istatistiksel olarak énemli olduklar: anlasiimis; ¢esitlerin ¢imlenme oranlart agisindan tuz stresine karst olduk¢a dayamikiilik gosterdikleri
saptanmis; ¢imlenme oraminda (NaCl) 12,0 dS mtigin %2,3, (PEG) 0,50 MPa i¢in de %10,6 diizeyinde azalma olmus; ortalama ¢imlenme
stiresi artan tuzluluk (1,6-4,5 giin) ve kuraklik stresi (1,1-2,7 giin) ile uzamistir. Tuzluluk ve kurakiik stresinin arttirdmaswyla kok uzunlugu
(NaCl 1.40-6.40 cm, PEG 5.46-12.60 cm), stirgiin uzunlugu (NaCl 2,30-10,43 cm, PEG 2,40-10,06 cm), yas kok agiriigr (NaCl 3,86-13,90
mg, PEG 1,43-6,00 mg), kuru kék agirligi (NaCI 0,20-1,53 mg, PEG 0,26-1,03 mg), yas siirgiin agirligi (NaCl 29,30-86,33 mg, PEG 21,00-
82,40 mg) ve kuru siirgiin agirligi (NaCl 2,00-7,23 mg, PEG 2,10-7,76 mg) kademeli sekilde ve onemli élgiide azalirken; Sart Dane tuz
stresine, Beyaz Gelin ise kurakiik stresine karsi daha dayanikli bulunmustur.

Anahtar kelimeler: Cimlenme, Linum usitatissimum L., keten, kuraklik, NaCl, osmotik stres.

INTRODUCTION production of approximately 4 million tons (FAO,

Linseed (Linum usitatissimum L.) cultivation dates 2024)- Linseed belongs to the Linaceae family, which
back to >6000 BC (Pavelek, 2015). It is an important includes 13 genera an(_j nearly 30_0 SPecies _(K_ocak and
industrial plant used in the production of both oil and Bayraktar, 2011). Different Linum varieties were

fiber around the world (Jhala and Hall, 2010) with developed to produce both fiber and seeds. Linum
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varieties grown for fiber use are called flax, and oilseed
varieties are called linseed, simply flax or oilseed flax
(Nykter et al., 2006).

Linseed contains 40.0% oil, 30.0% fiber, 20.0%
protein, 4.0% ash and 6.0% moisture (Wang et al.,
2008). Linseed oil contains up to 65.0% a-linolenic
acid and polymerizes rapidly with exposure to oxygen,
making it suitable for industrial purposes such as the
production of paints, linoleum, varnishes, inks and
cosmetics (Hall et al., 2016). Linseed oil is an
important oil for human health due to its containing
polyunsaturated fatty acids and additionally, it contains
antioxidants and phytosterols. It is a valuable animal
feed oil and its by-products are evaluated as fiber
(Bekhit et al., 2018).

Seed germination and emergence are among the most
important physiological stages in crop plants. From
these growth stages, seed germination performance
both directly and indirectly affects crop establishment,
crop health and ultimately crop yield (Lamichhane et
al., 2018). Biotic and abiotic stress factors such as
viruses, bacteria, fungi, insects, weeds, drought, and
salinity can greatly affect seed germination and seed
emergence. Salt and water stresses are responsible for
both inhibition or delayed seed germination and
seedling establishment (Murillo-Amado et al., 2002).

Drought and salt stress are major threats to plant
cultivation. Almost every aspect of plant physiology
and cellular metabolism is affected by salt and drought
stress in plant production (Mahajan and Tuteja, 2005).
Stress is increasing due to changes in global climate
and increased irrigation practices. 118 countries
covering 85% of global land area, it shows that more
than 424 million hectares of topsoil (0-30 cm) and 833
million hectares of subsoil (30-100 cm) are salt-affect.
(FAO, 2023a). Similarly, drought stress is one of the
most challenging issues for agriculture due to the
effects of climate change. Currently, 2.3 billion people
live in water-stressed countries and agriculture is
responsible for 72.0% of global freshwater use (FAO,
2023Db).

Salt stress is a very complex abiotic stress that
negatively  affects germination and seedling
development. Abundant water is needed for the
germination of seeds. Salinity stress can cause osmotic
stress, which reduces the amount of water available to
plants, and ionic stress, which causes the amount of
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ions to reach a toxic level (Muchate et al., 2016;
Qayyum et al., 2019). Continuation of ionic and
osmotic stress can cause oxidative stress (Liang et al.,
2018) and toxicity (Niu et al., 1995). Plants are much
more sensitive to salinity stress during seed
germination and early seedling development to achieve
healthy growth (Sevgi and Leblebici, 2023). In studies
conducted on linseed, as in many plant species, seed
germination and early seedling development under
salinity stress were significantly affected by salinity
stress (Kadkhodaie and Bagheri, 2011; Guo et al.,
2013; Qayyum et al., 2015;; Kiremit et al., 2017;
Moghaddam et al., 2018; Kocak et al., 2022). In
linseed, salinity stress prevented germination through
osmotic and toxic effects, and lipid mobilization was
delayed in the early germination stage (Sebei et al.,
2007). Guo et al. (2014) reported that salinity stress
caused osmotic stress and ion damage in linseed. In
addition, genetic diversity in plants is important in
terms of salinity tolerance (Deinlein et al., 2014).
Previous studies showed that germination and seedling
development in linseed under different salinity stress
levels depends on genotype (Sebei et al., 2007,
Qayyum et al., 2015; Kocak et al., 2022).

Drought is the major cause of crop yield loss among
abiotic factors around the World (Begna, 2020). Plants
can be negatively affected by drought in all stages of
growth, but the first and most important effect is on
seed germination (Fahad et al., 2017). The amount of
water required for seed germination decreases
significantly with increasing osmotic stress levels
(Heikal et al., 1982). Drought limits the cell growth
process mainly due to the loss of turgor (Taiz and
Zeiger, 2008). Selection of drought tolerance at the
early seedling stage is often accomplished using
simulated drought caused by chemicals such as
polyethylene glycol (PEG6000) (Almaghrabi, 2012).
Numerous studies were conducted to examine the
effect of water stress on seed germination. In general,
the germination ability of seeds decreases as water
stress increases, and similar results were obtained in
studies conducted on flax (Heikal et al., 1982;
Mostafavi et al., 2011; Guo et al., 2012; Guo, 2013).
Although the effects of salinity and drought on
germination and early seedling development in linseed
have been investigated, significant differences were
found among genotypes in response to these stress
factors. Understanding how new improved varieties
respond to stress factors such as drought and salinity,
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which are thought to increase with climate change, may
guide breeders in coping with stress conditions.

The main aim of this study was to compare the effects
of induced salt and drought stress on germination and
early seedling growth in different linseed varieties.

MATERIAL AND METHOD

This research was carried out in the Seed laboratory of
the Department of Field Crops, Faculty of Agriculture,
University of Tekirdag Namik Kemal, Turkiye, in
2023. Five varieties of linseed including Kara Kiz,
Beyaz Gelin, Sar1 Dane, Cemre and Efe were used as
the experimental material. Seeds of the varieties were
provided by the Thrace Agricultural Research Institute,
Edirne.

In two separate experiments, the effect of salt and
drought stresses induced by different osmotic potential
levels of NaCl and polyethylene glycol 6000 (PEG
6000) treatments on the seed germination and early
seedling development of linseed varieties were studied.
In the first experiment, the factor was NaCl levels (0,
2.0, 4.0, 8.0, 12.0, 16.0, 20.0 dSm? electrical
conductivity). In the second experiment, the factor was
PEG levels (0, 0.25, 0.50 and 0.75 MPa). The
experiments were arranged in a two-factor, Completely
Randomized Design (CRD) with three replications. At
each level of stress, 20 seeds of the varieties were
selected and surface sterilized in 4.0% sodium
hypochlorite  (NaCIO) solution for 15 min
(Wanasundara et al., 1999). The seeds were then
washed in distilled water five times. Twenty seeds were
placed on two layers of sterile filter paper (Whatman
No.1) in 9.0 cm-diameter sterile petri dishes which
contained 10 ml of NaCl and PEG solutions. Petri
dishes were covered with cling film to prevent
evaporation. All seeds were germinated in the climate
chamber (temperature, 22.0+ 1°C; relative humidity,
78.0 = 2.0% in the dark). The numbers of germinated
seeds were recorded every day (Ellis and Roberts
(1980). Seeds were considered germinated when the
emergent radical reached 2 mm in length according to
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Mostafavi (2011). The names and descriptions of
measurements for linseed were:

Germination rate (GR)% (No. of germinated seeds/No.
of total seeds) x 100.

Mean germination time (MGT) MGT = (fx) /Y. f

Where, f is the number of germinated seeds in the day
of counting; x is number of days (Ellis and Roberts,
1980).

Every day the number of seeds germinated (2.0 mm
radical) was recorded for 7 days and continued on the
10th days as root and shoot measurements.

Root length (RL) and shoot length (SL) were measured
with a ruler (in cm).

Root fresh weight (RFW) and shoot fresh weight
(SFW) were measured in mg with an analytical balance
(Mettler Toledo, Switzerland).

Root and shoot tissues were dried to a constant weight
at 70.0 °C for 48 h in an oven (Bohm, 1979). Root dry
weight (RDW) and shoot dry weight (SDW) were
measured in mg with an analytical balance.

Since root and shoot development did not occur after
8.0 dSm™ NaCl level and 0.25 Mpa PEG stress level in
some linseed varieties used in the experiment, the data
from these treatments were not evaluated in the study.

Data were statistically analyzed using analysis of
variance with the JMP Pro 16.0 (SAS Institute Inc.)
program. The differences between the means were
analyzed with the least significant difference (LSD)
test (P<0.05) (Steel and Torrie, 1981).

RESULTS AND DISCUSSION

Salt Stress Experiment: Significant differences (p <
0.05) were recorded among the linseed varieties at
different NaCl salt stress levels for GR, MGT, RL,
RFW, RDW, SL, SFW, and SDW (Table 1).
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Table 1. Germination rate (%), mean germination time (day), root length (cm), root fresh weight (mg), root dry weight (mg), shoot length (cm), shoot
fresh weight (mg), shoot dry weight (mg) of linseed varieties at different salinity levels.

Cizelge 1. Farkl tuzluluk diizeylerindeki keten tohumu gesitlerinin ¢imlenme orani (%), ortalama ¢imlenme siiresi (giin), kok uzunlugu (cm), yas kok
agirhg (mg), kuru kok agirlign (mg), siirgiin uzunlugu (cm), yas siirgiin agirhg (mg), kuru siirgiin agirhig (mg).

Salinity levels (dSm™), Beyaz Gelin Cemre Efe Kara Kiz Sar1 Dane Mean/Ortalama
Tuzluluk seviyeleri levels

(dSm-1) Germination rate (%)/ Cimlenme orani (%)

0 96.6 abc 95.0 a-d 98.3ab 86.6 d-g 96.6 abc 946a
2 96.6 abc 91.6 a-e 96.6 abc 88.3 c-f 100 a 94.6a
4 96.6 abc 98.3ab 96.6 abc 85.5 efg 95.0 a-d 943a
8 98.3ab 100 a 96.6 abc 81.6 fg 95.0 a-d 94.3a
12 98.3ab 91.6 a-e 95.0 a-d 83.3 efg 96.6 abc 92.3a
16 88.3 c-f 91.6 a-e 96.6 abc 60.0 h 95.0a-d 86.3b
20 66.6 h 78.39 88.7 b-g 35.01 90.0 b-f 71.7¢c
Mean 916a 919a 95.5a 74.2b 954 a 89.7

CV:6.53 LSD: varieties: 4.41***  salinity level: 4.28***  varieties x salinity level: 9.58***
Mean germination time (day)/ Ortalama Cimlenme siiresi (giin)

0 2.01-l 2.01-l 1.8k-n 2.01-m 1.9j-n 19e
2 2.01- 1.8j-n 1.9 1-m 1.91-m 1.8 Imn 19e
4 1.91-n 1.8 Imn 16n 2.01-m 1.91-n 18e
8 3.2¢ef 1.91-m 1.7 m-n 25h 2.1 1k 2.3d
12 2.1y 25h 2.1 gk 3.0fg 26h 24c
16 29fg 221 2.0 jk 3.3de 299 27b
20 45a 39b 35cd 39b 36¢ 39a
Mean 26a 23¢c 21c 26a 240D 2.4

CV:6.64 LSD: varieties:0.19***  salinity level:0.12***  varieties x salinity level:0.26***
Root length (cm)/K6k uzunlugu (cm)

0 6.40 a 3.10 hu 4.66d 510c 4.43 de 4.74a
2 4.26 e 3.16 hn 4.36 de 5.33 bc 5.53b 453b
4 3.83f 3.80 fg 3.43gh 4.06 ef 6.23a 427c
8 3201 1.40 k 3.26 1 2.53] 3.001 2.68d
Mean 442b 2.86d 393¢ 425h 4.80a 4.05
CV:5.78 LSD: varieties:0.18***  salinity level:0.17***  varieties x salinity level:0.39***

Root fresh weight (mg)/Yas kok agirligi (mg)
0 12.56 bc 853 f 9.66 ¢ 12.80 be 10.43 de 10.80a
2 11.00d 7269 7339 13.23 ab 12.06 ¢ 10.18 b
4 9.96e 8.60 f 6.63 g 9.93e 13.90 a 9.80¢c
8 8.66 f 3.861 5.70h 7.009g 5.33h 6.11d
Mean 10.55a 7.06 b 7.33b 10.74a 1043 a 9.22
CV:5.30 LSD: varieties:0.53***  salinity level:0.36*** varieties x salinity level:0.81***

Root dry weight (mg)/Kuru kok agirligi (mg)
0 1.40 ab 0.50 h 0.91 ef 1.13cd 1.10 cd 1.00a
2 0.91 ef 0.46 h 0.83 ef 1.23bc 153a 099a
4 0.75fg 0.53 h 0.54 h 0.96 de 0.76 fg 0.71b
8 0.62 gh 0.201 0.47 h 0.50 h 0.50 h 0.46¢
Mean 092a 042c 0.69 b 095a 0.97 a 0.79

CV:12.77 LSD: varieties:0.08*** salinity level:0.07*** varieties x salinity level:0.16***
Shoot length (cm)/ Siirgiin uzunlugu (cm)

0 850a 4.56 | 6.66 ef 10.43a 7.70c 757 a
2 6.23 fg 5.50 4 5.66 h1 8.23b 8.36b 6.80 b
4 5.16 jk 6.13 gh 5.50 4 7.13 de 7.53cd 6.29¢
8 4.86 kil 2.30n 3.63m 4.80 kl 3.36 m 3.79d
Mean 6.19¢ 4.62¢ 5.36d 7.65a 6.74b 6.11

CV:4.69 LSD: varieties:0.30***  salinity level:0.21***  varieties x salinity level:0.47***
Shoot fresh weight (mg)/ Yas siirgiin agirhigi (mg)

0 70.60 b 46.06 kI 66.66 d 86.33a 56.00 ¢ 65.13 a
2 61.20e 49.301 58.53 f 69.53 bc 67.63 cd 61.24b
4 52.73h 59.30 ef 55.70 ¢ 60.26 ef 68.86 bcd 59.37¢
8 48.66 1 29.30m 43901 47.13 ijk 46.60 jk 43.12d
Mean 58.30 b 45.99d 56.20 ¢ 65.81a 59.77b 57.21
Cv:241 LSD: varieties:1.51***  salinity level:1.03***  varieties x salinity level:2.30***

Shoot dry weight (mg)/Kuru siirgiin agirhg: (mg)
0 5.96 b 2.83 6.00 b 7.23a 490c 5.38a
2 3.86 ef 3.30gh 440d 6.00 b 570b 465b
4 2.731 4.33 de 3.76 fg 5.00c 5.03¢ 417c
8 2.06) 2.00j 3.46 fg 2761 4.26 de 291d
Mean 365¢c 3.11d 4.40b 525a 497a 4.28

CV:6.80 LSD: varieties:0.37***  salinity level:0.21***  varieties x salinity level:0.48***
CV: Coefficient of variation, LSD: Least significant difference, ***:Significant at 0.1%. Different letters indicate significant differences according to LSD
test (P<0.05)
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Germination rate (GR-%o)

GR was significantly affected by salinity levels, where
increases in the severity of salinity stress reduced GR
(Table 1, Figure 1). While no significant differences
were observed under salinity levels O (control), 2.0, 4.0,
8.0 and 12.0 dS m™%, increasing salinity to higher levels
did affect GR. Over 90.0% of the seeds germinated at
the lower salinity levels. GR decreased when salinity
stress increased above 12.0 dS m™. The lowest GR
(71.7%) was obtained at 20.0 dS m* salinity level.
These results showed that the varieties used may be salt
tolerant in terms of GR because 12.0 dS m™ salinity
stress is an environment that can cause osmotic and
oxidative stress. Zeng et al. (2015) reported that
salinity stress negatively affects plant metabolism
through ion toxicity, osmotic stress and oxidative
stress. Similarly, researchers stated that GR was
diminished by salinity stress in linseed (Sebei et al.,
2007; Kadkhodaie and Bagheri, 2011; Guo, 2013;
Qayyum et al., 2015; Kiremit et al., 2017; Moghaddam
et al., 2018; Kocak et al., 2022). The differences
between the mean GR of linseed varieties were
significant. Except for the Kara Kiz variety, the GRs of
the other varieties were found to be high and were
included in the same statistical group. The highest
mean GR across all levels of stres belonged to the Efe
variety (95.5%) and the lowest was for the Kara Kiz
variety (74.2%). In addition, interaction means showed
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maximum GR (100%) was present in the Sar1 Dane (2.0
dS m?) and Efe (8.0 dS m™?) varieties (Figure 1). These
results show that linseed varieties have different salt
tolerance and that genotype selection in terms of salt
stress resistance is important in linseed breeding.
Similarly, genotypes responded differently to salinity
stress in other salt tolerance studies conducted with
linseed (Sebei et al., 2007; Qayyum et al., 2015;
Mahdavi and Alasyandyari, 2018; Kocak et al., 2022).

Mean germination time (MGT-day)

MGT varied between 1.9 and 3.9 days at different
salinity levels. No statistical difference was observed at
0, 2.0 and 4.0 dS m™* salinity levels and germination
occurred in the shortest time (Table 1, Figure 1). After
4.0 dS m? salinity stress, MGT gradually lengthened.
The longest MGT was related to 20.0 dS m™ salinity
stress. Oxidative stress may have occurred with
increased salt stress, and as a result of oxidative stress,
the seed may have taken longer to absorb and use water.
Similarly, researchers reported that MGT increased
with increasing salt stress (Kaya et al., 2008; Balkan et
al., 2015; Desheva et al., 2020). Efe variety germinated
in the shortest time (2.1) days, while the Kara Kiz and
Beyaz Gelin varieties germinated in the longest time
(2.6) days. When interaction was examined, the Efe
variety germinated at 4.0 dS m™* salinity level in 1.6

days.

B kzra 0z I san Dane

Figure 1. Germination rate (GR) and mean germination time (MGT) of five linseed varieties (Beyaz Gelin, Cemre, Efe, Kara Kiz, Sar

Dane) under different NaCl Stress.

Sekil 1. Farkli tuz stresi altinda bes keten ¢esidinin (Beyaz Gelin, Cemre, Efe, Kara Kiz ve Sar1 Dane) ¢imlenme oran1 (CO) ve ortalama

¢imlenme zamani (OCZ).
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Root length (RL-cm) and shoot length (SL-cm)

By increasing the salinity levels, the lengths of root and
shoot decreased. The longest RL (4.74 cm) and SL
(7.57 cm) were determined for 0 (Control), followed by
(2.0 -4.0) dS m™. RL and SL decreased especially after
4.0 dSm* salinity stress (Table 1, Figure 2). The reason
for this decrease in RL and SL may be physiological
drought stress caused by salinity. Sodium ions enter the
roots passively, so root cells must use energy to
actively expel Na+ back into the external solution (Taiz
and Zeiger, 2008). Root and shoot length provide
important information about the plant’s response to salt
stress (Jamil et al., 2006) because roots are in direct
contact with soil and absorb water from the soil and
supply it to the rest of the plant (Moghaddam et al.,
2018). Researchers reported that salinity negatively
affected root and shoot length in germination studies on
linseed (Kaya et al., 2012; Kiremit et al., 2017,
Mahdavi and Alasyandyari, 2018; Kocak et al., 2022).
The highest RL (4.80 cm) was determined for the Sart
Dane variety and SL (7.65 cm) was determined for the
Kara Kiz variety at all salinity levels. The lowest RL
(2.86 cm) and SL (4.62 cm) belonged to the Cemre
variety. For the interaction of varieties and salinity
levels, the highest RL belonged to the Beyaz Gelin
(6.40 cm/Control) and Sar1 Dane (6.23 cm/4.0 dSm™?)
varieties, and the highest SL was for the Kara Kiz
(10.43 cm/Control) and Beyaz Gelin (8.50 cm/Control)
varieties. In terms of RL and SL, Cemre variety was the
most sensitive to stress. RL and SL are important
parameters in determining linseed varieties that are
resistant to salinity. Kiremit et al. (2017) reported in
their study that root length is an important criterion in
selecting salinity-resistant flax. Researchers reported
that the responses of flax and linseed genotypes to
salinity are different (Kaya et al., 2012; Singh et al.,
2021).

Root fresh weight (RFW-mg), root dry weight
(RDW-mpg), shoot fresh weight (SFW-mg) and shoot
dry weight (SDW-mg)

According to Table 1, by increasing the salinity levels,
RFW, RDW, SFW and SDW gradually decreased. A
striking decrease was observed, especially after 4.0 dS
m? salt stress (Figure 2).
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DIFFERENT LINSEED (Linum usitatissimum L.) VARIETIES

The highest RFW, RDW, SFW and SDW belonged to
control and the lowest was for 8.0 dSm™ level of
salinity. These results show that root and shoot growth
of linseed were significantly affected by low salinity
levels. Decreases in root and shoot development due to
the increase in the salt concentration are caused by
physicochemical effects or by osmotic-toxic salts that
exist in saline solutions (Moghaddam et al., 2018).
Increasing the salt concentration in water reduces the
osmotic potential by increasing electrical conductivity
(Taiz and Zeiger, 2008). The decreases in RFW, RDW,
SFW and SDW can be attributed to the increase in
osmotic pressure in the germination medium, resulting
in a decrease in water potential and growth inhibition
related to osmotic effects under salt stress (Munns,
2002). Findings by Moghaddam et al. (2018) for flax
confirm our research results, reporting that high salinity
levels caused a significant reduction in seed
germination and seedling length at the early growth
stage. Kocak et al. (2022) reported that salinity
negatively affected the early growth stage in of flax.
The highest RFW, RDW, SFW and SDW in variety
averages were found for the Kara Kiz, Sar1 Dane and
Beyaz Gelin varieties. Cemre variety had the lowest
value in terms of these characteristics. Considering
these results, Cemre variety is sensitive to salinity. For
the interaction of varieties and salinity levels, the
highest RFW and RDW belonged to control and low
salinity levels in the Sar1 Dane variety and the lowest
related to (8.0) dS m* for all varieties. The highest
SFW and SDW development was observed in control
with the the Kara Kiz variety. In the interaction, the
lowest RFW, RDW, SFW and SDW were obtained for
the Cemre variety. It was the most sensitive genotype
among the varieties used in the study. In their study
with flax varieties, Kocak et al. (2022) reported that salt
stress is important for the germination of flax plants
and that there are differences among varieties. Mahdavi
and Alasvandyari (2018) reported that salinity stress
reduced the germination and seedling growth
characteristics of different flax ecotypes and that
genotypes were affected differently by salt stress.
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Figure 2. Effects of different NaCl stress on root length (cm), root fresh weight (RFW-mg), root dry weight (RDW-mg), shoot length
(cm), shoot fresh weight (SFW-mg) and shoot dry weight (SDW-mg) in five linseed varieties.

Sekil 2. Bes keten ¢esidinde farkli NaCl stresinin kok uzunlugu (cm), yas kok agirhigr (YKA-mg), kuru kok agirligi (KKA-mg), siirgiin
uzunlugu (cm), yas siirgtin agirhigi (YSA-mg) ve kuru siirglin agirligr (KSA-mg)’nda etkileri.

Drought Stress Experiment

Significant differences (p < 0.05) were recorded among
the linseed varieties at different concentrations of PEG
for GR, MGT, RL, RFW, RDW, SL, SFW, and SDW
(Table 2).

Germination rate (GR-%)

According to the results, GR decreased after 0.25 MPa
drought stress. The lowest GR occurred at 0.75 MPa.
Guo et al. (2012) reported that the germination
percentage of seeds was severely reduced by increasing
PEG concentrations, ceasing altogether at 0.36 MPa
PEG. However, in our study, germination completely
stopped at 1.00 MPa PEG concentration. Drought may
have caused cell dehydration and osmotic imbalance
because almost every aspect of plant physiology and
cellular metabolism is affected by drought stress
(Mahajan and Tuteja, 2005). Similar studies on linseed
also showed that GR decreases with increasing drought
stress (Kadkhodaie and Bagheri, 2011; Guo, 2013).
The responses of varieties to drought stress in terms of
GR were different. The highest GR belonged to the
Beyaz Gelin variety (93.7%) and the lowest was
obtained with the Kara Kiz variety (73.7%). Similarly,
in a germination study conducted with four linseed
varieties, there were significant differences among the
varieties in terms of drought resistance (Mahfouze et
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al., 2017). These results are similar to those of
Mostafavi  (2011), linseed varieties responded
differently to drought during germination and early
seedling development. When the interaction was
examined, the GR of the Kara Kiz variety was lower
than all other varieties. The highest GR belonged to 0
(Control) for all varieties, except the Kara Kiz variety
(Table 2, Figure 3).

Mean germination time (MGT-day)

According to the results, no statistical difference was
recorded in MGT under 0.25 drought stress. However,
by increasing osmotic potential, MGT gradually
lengthened. The highest MGT (2.49) was found with
0.75 MPa drought stress (Table 2, Figure 3). Similarly,
drought stress increased the average germination time
in crop plants (Willenborg et al., 2004,
Khodarahmpour, 2011) because osmotic stress may
have delayed the water uptake of the seed. When the
MGTs of the varieties were examined, the Sar1 Dane
variety germinated in the shortest time (1.5) days, while
the Kara Kiz variety germinated in the longest time
(2.3) days. When the interaction was examined, the
shortest MGT was observed for Beyaz Gelin, Efe and
Sar1 Dane varieties at 0 (Control) and 0.25 MPa
drought stress. The longest MGT was observed for
Beyaz Gelin, Cemre, Efe and Kara Kiz varieties under
0.75 MPa drought stress.
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Table 2. Germination rate (%), mean germination time (day), root length (cm), root fresh weight (mg), root dry weight (mg), shoot length
(cm), shoot fresh weight (mg), shoot dry weight (mg) of linseed varieties at different drought stress levels.

Cizelge 2. Farkli kuraklik stresi seviyelerindeki keten tohumu gesitlerinin ¢imlenme orani (%), ortalama ¢imlenme siiresi (giin), kok
uzunlugu (cm), yas kok agirligi (mg), kuru kok agirligi (mg), siirgiin uzunlugu (cm), yas stirgiin agirhigi (mg), kuru siirgiin agirhigi (mg).

Drought stress Beyaz Gelin  Cemre Efe Kara Kiz Sar1 Dane Mean/Ortalama
level (MPa), Germination rate (%)/ Cimlenme orani (%)

Kuraklik stress

seviyesi (MPa

0 98.3a 95.0 abc 96.6 ab 85.0 d-h 98.3a 946a

0.25 96.6 ab 91.6 a-e 91.6 a-e 76.6 h 95.0 abc 90.3b

0.50 93.3a-d 88.3 b-f 83.3e-h 66.6 1 88.3 b-f 84.0c

0.75 86.6 c-g 78.3gh 53.3j 66.6 1 81.6 fgh 73.3d

Mean 93.7a 88.3ab 81.2b 73.7¢ 90.8a 85.5

CV:6.99 LSD: varieties: 7.16***  drought level: 3.88***  varieties x drought level:8.67***
Mean germination time (day)/ Ortalama ¢imlenme siiresi (giin)

0 1.4 1.8 fgh 1.11 1.9ef 1.31 15¢
0.25 1.31 1.9 efg 1.5 ght 2.1 def 1.4 16¢
0.50 2.4 ad 2.2 b-f 2.2 cf 2.6 ab 1.4l 2.2b
0.75 26a 2.7a 2.3 a-e 2.5 abc 2.1 def 24 a
Mean 19b 21a 18¢c 2.3a 1.5d 1.9

CV:12.24 LSD: varieties: 0,15** drought level: 0.19*** varieties x drought level:0.43***
Root length (cm)/ K6k uzunlugu (cm)

0 11.46b 7.56 d 11.10b 12.60 a 9.83¢ 1051 a
0.25 9.30c 5.23f 6.10e 6.16¢e 5.46 f 6.45b
Mean 10.38 a 6.40e 8.60c 9.38b 7.65d 8.48

CV:3.93 LSD: varieties:0.70*** drought level:0.27*** varieties x drought level:0.60***
Root fresh weight (mg)/ Yas kok agirligi (mg)

0 6.00 a 3.03de 533b 496 b 433¢c 473 a
0.25 413c 1.43f 3.23d 2.76 e 153 f 2.62b
Mean 5.06 a 2.23e 4.28Db 3.86¢C 2.93d 3.67

CV:6.62 LSD: varieties:0.36*** drought level:0.19*** varieties x drought level:0.44*
Root dry weight (mg)/ Kuru kok agirligi (mg)

0 090bc 0.56 d 0.86 ¢ 1.00 ab 1.03a 0.87a
0.25 0.50d 0.26 e 0.36 e 0.36¢e 0.33e 0.36b
Mean 0.70a 0.41c 0.61b 0.68ab 0.68ab 0.62
Cv:11.77 LSD: varieties: 0.074*** drought level: 0.059*** varieties x drought level: 0.13**

Shoot length (cm)/ Siirgiin uzunlugu (cm)
0 7.33Db 450e 5.83¢c 10.06 a 7.10b 6.96 a
0.25 5.16 d 240 f 483de 5.96 ¢ 280f 423b
Mean 6.25b 3.45d 5.33¢c 8.01a 4.95¢ 5.6

CV:4.34 LSD: varieties: 0.41*** drought level: 0.19*** varieties x drought level: 0.44***
Shoot fresh weight (mg)/ Yas siirgiin agirligi1 (mg)

0 48.63 ¢ 4590d 49.26 ¢ 82.40 a 53.16 b 55.87 a
0.25 35.86 f 21.00 h 41.66e 4930 ¢ 26.90¢g 3494 Db
Mean 4225¢ 3345e 45.46 b 65.85a 40.03d 45.41
Cv:3.01 LSD: varieties: 2.07*** drought level: 1.11***  varieties x drought level: 2.49**

Shoot dry weight (mg)/ Kuru siirgiin agirhigi (mg)
0 423¢ 296 e 496 b 7.76 a 476 b 494 a
0.25 3.46d 210f 4.16 ¢ 483b 250 f 3.41b
Mean 3.85¢c 3.53d 456 b 6.30a 3.63¢c 4.17
CV:5.63 LSD: varieties: 0.32*** drought level: 0.19*** varieties x drought level: 0.42***

CV: Coefficient of variation, LSD: Least significant difference, **:Significant at 1%. Different letters indicate significant differences
according to LSD test (P<0.05)
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Figure 3. Germination rate (GR) and mean germination time of five linseed varieties (Beyaz Gelin, Cemre, Efe, Kara Kiz and Sar1 Dane)

under different drought stress (PEG).

Sekil 3. Farkli kuraklik stresi (PEG) altinda bes keten ¢esidinin (Beyaz Gelin, Cemre, Efe, Kara Kiz ve Sar1 Dane) ¢imlenme orani (CO)

ve ortalama ¢imlenme zamani (OCZ).

Root length (RL-cm) and shoot length (SL-cm)

Linseed varieties examined in the study were sensitive
to drought in terms of RL and SL. Even at 0.25 MPa
drought stress, there were significant decreases in RL
and SL (Table 2, Figure 4). The highest RL and SL
were obtained in the 0 (Control), and the lowest RL and
SL were obtained under 0.25 MPa drought stress. The
reason why drought stress negatively affects root and
shoot development may be due to the decrease in cell
division and expansion (Bahrami et al., 2012). In a
study conducted on linseed, the relative growth rate and
water content decreased with increasing PEG
concentration. Additionally, the percentages of the
main inorganic ions involved in osmotic regulation
changed under water stress in root and shoot (Guo et
al., 2012). These results may explain the reason for the
decrease in root and shoot development obtained in the
study. In similar studies conducted on linseed, PEG
drought stress negatively affected root and shoot
development (Mostafavi, 2011; Guo, 2013). The
average RL and SL of the varieties obtained from the
study were significantly different. The highest RL
(10.38 cm) was obtained from the Beyaz Gelin variety,
the highest SL (8.01 cm) was obtained from the Kara
Kiz variety, and the lowest SL (3.45 cm) and RL (6.40
cm) were obtained from Cemre variety. Mostafavi
(2011) reported that there were significant differences
in terms of drought resistance among the varieties in
studies conducted with four different flax varieties.
When the interactions were examined, the highest RL
(12.60 cm) and SL (10.06 cm) were obtained from the
Kara Kiz variety in the 0 (Control) application.
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Root fresh weight (RFW-mg), root dry weight
(RDW-mg), shoot fresh weight (SFW-mg) and shoot
dry weight (SDW-mg)

As the drought stress applied in the experiment
increased, the values obtained for RFW, RDW, SFW
and SDW decreased. The highest RFW (4.73 mg),
RDW (0.87 mg), SFW (55.87 mg) and SDW (4.94 mg)
were obtained in 0 (Control) conditions (Table 2,
Figure 4). The lowest RFW (2.62 mg), RDW (0.36
mg), SFW (34.94 mg) and SDW (3.41 mg) were
determined with 0.25 MPa drought stress. Reductions
in RFW, RDW, SFW and SDW could be due to
reductions in root and shoot lengths. Drought stress
may have directly affected growth as it reduces the
absorption and utilization of water. Guo et al. (2012)
found that shoot and root carbohydrate content
decreased at the high PEG concentrations in the
linseed. When the variety means were examined, the
highest RFW (5.06) mg) and RDW (0.70) mg were for
the Beyaz Gelin variety, with highest SFW (65.85) mg
and SDW (6.30) mg for the Kara Kiz variety. The
Cemre variety had the lowest values in terms of RFW,
RDW, SFW and SDW. When the interactions were
examined, the highest RFW (6.00) mg was found in the
Beyaz Gelin variety at 0 (Control). The highest RDW
(1.03-1.00) mg, SFW (82.40) mg, and SDW (7.76) mg
under 0 (Control) were found for the Kara Kiz variety.
The lowest RFW, RDW, SFW and SDW were
observed in the Cemre variety at 0.25 MPa drought
stress.
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Sekil 4: Bes keten ¢esidinde farkli kuraklik (PEG) stresinin kok uzunlugu (cm), yas kok agirligi (YKA-mg), kuru kok agirligi (KKA-mg),
stirglin uzunlugu (cm), yas siirgiin agirligi (YSA-mg) ve kuru siirgiin agirligi (KSA-mg) iizerine etkileri.

Figure 4: Effects of different drought (PEG) stress on root length (cm), root fresh weight (RFW-mg), root dry weight (RDW-mg), shoot
length (cm), shoot fresh weight (SFW-mg) and shoot dry weight (SDW-mg) in five linseed varieties.

CONCLUSION

Germination and early seedling growth were inhibited
by increasing salinity and drought levels in the
germination medium. It was concluded that the five
linseed varieties (Kara Kiz, Beyaz Gelin, Sar1 Dane,
Cemre and Efe) used in this study showed differential
responses to salinity and drought stress. While no
significant differences were observed under salinity
levels 0 (Control), 2.0, 4.0, 8.0 and 12.0 dS m?,
increasing salinity to higher levels did affect GR. The
GR decreased when salinity stress increased above 12.0
dS m. Except for the Kara Kiz variety, the GRs of the
other varieties were found to be high and were included
in the same statistical group. Root and shoot growth
significantly decreased, especially after 4.0 dSm*
salinity stress. All examined characteristics were
statistically significantly affected by drought stress.
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OZ: Bu calismanin amact patlican fidesi iivetiminde organik ve inorganik uygulamalarin biiyiime parametereleri iizerine etkisi
incelemistir. Calismada BT Kobra F 1 patlican ¢esidi kullanilmis ve deneme tesadiif parselleri deneme desenine gore viyol ¢alismasi olarak
ii¢ tekerriirlii olarak yiiriitiilmiistiir. Arastirmada, EC (0.5-1.00), mikoriza (var (+) / yok (-)) ve vermikompost (% 0, 10 ve 20) dozlar fide
yetistiriciligi icin 2:1 oraminda torf: perlit karisimina uygulanmustir. Patlican fidelerine gelisim donemleri boyunca makro ve mikro
besinleri uygulanmustir. Patlican tohumlari viyollere ekim yapildiktan yaklasik 45 giin sonra fide sokiimii yapilmigtir. Calisma sonucunda
EC ve EC*mikoriza interaksiyonlarmmn, fide boyu, hipokotil boyu, yaprak sayisi, toprak iistii yas ve kuru agirliklarinda bir artis
gozlenmistir. Organik giibre karisumi arttik¢a bitki yapraklarmdaki azot, fosfor, potasyum ve magnezyum konsantrasyonlarinda artisa
neden olmugstur. Ozellikle EC uygulamalarimin mikoriza ve vermikompost uygulamalarma gore, incelenen ozellikler acisindan
uygulamalar arasinda énemli bir fark olusturdugu gézlenmistir.

Anahtar kelimeler: EC, patlican, mikoriza, fide yetistiriciligi, vermikompost.

Effects of Organic and Inorganic Fertiliser Applications on Growth Parameters in Eggplant (Solanum
melongena L.) Seedling Production

ABSTRACT: The objective of this study was to examine the impact of organic, and inorganic treatments on growth parameters
in eggplant seedling production. The present study employed the BT Cobra F1 eggplant cultivar, with the experiment conducted in three
replicates as a seedling tray study in accordance with the random plots experimental design. In the present study, EC (0.5-1.00), mycorrhiza
[present (+) / absent (-)], and vermicompost (0, 10 and 20 %) doses were applied to a peat:perlite mixture at a ratio of 2:1 for the
cultivation of seedlings. Macro and micronutrients were administered to eggplant seedlings over the course of their developmental period.
The eggplant seedlings were extracted approximately 45 days after sowing in the trays. The study revealed that there was an increase in
seedling height, hypocotyl length, and the number of leaves, as well as an increase in above-ground wet, and dry weights in response to
EC, and EC+mycorrhiza interactions. As the organic fertiliser mixture increased, so too did the concentrations of nitrogen, phosphorus,
potassium, and magnesium in the leaves of the plants under investigation. The present study observed that EC treatments resulted in a
significant difference between the treatments in terms of the examined characteristics when compared to mycorrhiza, and vermicompost
treatments.

Keywords: EC, eggplant, mycorrhiza, seedling cultivation, vermicompost.

GIRIS kullanilmasi bitkilerde strese neden olabilmektedir
(Park ve ark., 2017). Ayrica, torfun yaygin olarak
kullanilan bir yetistirme ortami olmasina karsin,
kaynaklarinin simirli ve maliyetinin yiiksek olmasi ile
gelecekteki kullanimina yonelik endiseler, daha diisiik
maliyetli alternatif yetistirme ortamlarina olan ihtiyact
artirmaktadir (Ulukap1 ve Kagar, 2020). Bu nedenlerle
torfa alternatif materyaller degerlendirilerek torf

Gunimiiz kosullarinda, uygun nitelikli ¢esit se¢imi ve
istiin ~ kaliteli fide kullanimi basarili  sebze
yetistiriciliginde biiylik bir Oneme sahiptir (Arn,
2002). Kaliteli ve saglikli fide yetistiriciliginde ise
yetistirme ortaminin se¢imi son derece Onemlidir.
Ulkemizde yapilan sebze fidesi iiretiminde uygun bir
harcin  olmamasi ve  geleneksel ydntemlerin
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kullanim miktarlarinin azaltilmasi saglanabilir (Tiizel
ve ark., 2021).

Bu alternatif materyallerden biri olan “Vermikompost”
cesitli organik atiklarin  solucan ve mikrobiyal
faaliyetler tarafindan biyolojik ayrisma yoluyla
kompostlagtirilmasi1 siireci sonucunda elde edilen
organik madde bakimindan zengin humus benzeri
organik bir iiriindiir (Hepsen Tiirkay, 2010; Bellitiirk,
2016). Vermikompost (Solucan giibresi), topraklarda
bulunan solucanlarin beslenmek igin viicutlarindan
atilan ve midesinden gegirilen besin agisindan zengin
bir materyaldir. Cevre dostu ve siirdiirtilebilir
Ozellikleri  nedeniyle tarimda  giibre  olarak
kullanilmaktadir (Singh, 1997; Karacal ve Tiifenkei,
2010). Vermikompostun kii¢iik ve orta 6lcekli tarim
isletmelerinde uygulanmasi, tarimsal {iretim siirecinde
ortaya c¢ikan atik maddelerin ticari degeri yiiksek bir
iriine  doniigtliriilmesine  olanak  saglamaktadir
(Ersahin, 2007). Vermikompost ince dokulu, turba
benzeri gozenekli bir yapiya, yiiksek havalandirma,
drenaj, su tutma kapasitesine ve mikrobiyal aktiviteye
sahiptir. Vermikompost, bitki igin gerekli olan bitki
besin maddelerinin alimimi artirdigi (Masciandaro ve
ark., 1997; Citak ve ark., 2011; Sahin ve ark., 2024),
bitkinin verimi ve kok gelisimi tizerinde olumlu etkileri
oldugu (Sahni ve ark., 2008; Misirlioglu, 2011; Soylu
ve ark., 2020; Kaya ve ark., 2022), tuzlulugun bitkiler
izerindeki toksik etkisini azalttigi (Demir ve Kiran,
2020), hastalik ve zararhlarin yayilmasim engelledigi
(Arancon ve ark, 2005; Ersahin, 2007), topraktaki
mikroorganizma popiilasyonunu artirdigi (Arancon ve
ark., 2006) ve topragin fizikokimyasal ve biyolojik
ozelliklerini iyilestirdigi (Zaller, 2007a,b; Singh ve
ark., 2008; Parthasarathi ve ark., 2008; Warman ve
Anglopez, 2010) yapilan c¢aligmalarla ortaya
konmustur. Vermikompost, ¢ok sayida azot baglayici
bakteri (Azotobakter) (Blair ve ark., 1997; Cortez ve
ark., 2000; Amador ve Gorres, 2005; Amador ve ark.,
2006; McDaniel ve ark., 2013), mikoriza igerir ve bu
mikroorganizmalar  topragm  biyolojik  yapisim
giiclendirir ve hareketliligini kolaylastirir (Kizilkaya,
2008).

Mikroorganizmalar, toprakta bulunan ve bitkiler
tarafindan kolayca almamayan besin maddelerinin
par¢alanmasini  kolaylastirir ve bdylece bitkiler
tarafindan alinabilir forma doniistiiriir. Bunlara ek
olarak, vermikompost son triinii olan solucan digkisi
(vermikest) igerisinde ¢ok sayida enzim, vitamin,
amino asit ve biiylime hormonu gibi biyomolekiiller
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bulunur. Bunlar, bitkilerin gelisimini hizlandirir ve
olumsuz ¢evre kosullarina karsi dayanikliligimi artirir
(Demir ve ark., 2010). Yakin zamana kadar, toprakta
yavas emilim gosteren besin maddelerinin aliminin
sadece bitki kokleri tarafindan yapildigi bilinmektedir.
Fakat son yillarda yapilan arastirmalar, bitki besin
maddelerinin yalmz bitki kokleri tarafindan degil,
genellikle mikoriza olarak adlandirilan, mantar tiirleri
tarafindan da alindig1 bildirilmistir (Ortas, 2012).

Mikoriza, belirli bitkilerin kokleriyle simbiyotik bir
iligki kuran ve mikroskop altinda tespit edilebilen
yiiksek miktarda hif iireten mantar tiirleridir (Ortas,
1997; Sahin ve ark., 2024). Botanik a¢idan
bakildiginda mikoriza, toprak kaynakli mantarlar ile
yiiksek bitkilerin kokleri arasinda karsilikli fayda
saglayan bir iligkiyi temsil eder (Smith ve Read, 2008).
Mikorizalar, bitkilerin kokleriyle almakta zorlandigi
fosforun rizosferden dokulara daha kolay aktarilmasini
saglar. Ayrica, topraktaki diger iyonlarla birleserek
olusan trikalsiyum fosfat gibi tuzlar da mikoriza
araciligryla bitki tarafindan kullanilabilir. Mikorizanin
hif yapisi, topraga {stliin fiziksel &zellikler
kazandirarak ozellikle kurak kosullarda bitkilerin su
kullanim kapasitesini artirir ve besin maddesi agisindan
fakir topraklarda besin madde alimini tegvik etmektedir
(Soyergin, 2003; Ceylan ve ark., 2016).

Tiirkiye’de toplam ekim alani 23,9 milyon hektar olup,
sebze ekim alami toplam ekilebilir tarim arazisinin
yalnizca %3'lini kapsamaktadir. 2024 yili itibari ile
Tiirkiye'nin toplam sebze iiretimi 33.572.402 milyon
ton olup, bu dretimin 14,617,000 tonu domates,
3,428,038 tonu biber ve 827,004 tonu ise patlicandan
olusmaktadir (TUIK, 2024).

Patlican  (Solanum  melongena),  Solanaceae
familyasina ait, ekonomik agidan énemli ¢ok yillik bir
tirdiir. Meyvesi, icerdigi fenolik bilesikler sayesinde
onemli bir antioksidan kaynagi ve fonksiyonel bir
gidadir (Kaplan, 2019). Tiirkiye'de patlican genellikle
sicak iklim ve 1liman iklime sahip bolgelerde
yetistirilmektedir. Patlican, tursu, recel ve konserve
gidalar da dahil olmak tizere bir¢ok yiyecek ve icecek
uriinlerinde hammadde olarak kullanilmaktadir. Bu
durum, gida ve icecek sektoriindeki genel ¢esitlilige
katkida bulunmanin yani sira tarima dayali isletmelerin
gelisimini de kolaylagtirmaktadir. Ayrica patlicanin
cok yonliligi, 1980'den sonra i¢ turizmdeki artis
nedeniyle ¢esitli sekillerde tiiketilmesine olanak
saglamaktadir (Basay, 2006). Bu amagla patlican
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(Solanum melongena) fidesi iiretiminde organik ve
inorganik giibre uygulamalarinin biiyiime
parametreleri lizerindeki etkileri arastirilmistir.

MATERYAL VE METOT

Bu calisma, 2021 yilinda Tokat Gaziosmanpasa
Universitesi’ne ait 1sitmali ve tam otomasyonlu bir
serada yiritiilmistir. Denemede, 216 gozli fide
yetistirme viyolleri ve yetistirme ortam1 olarak
sphagnum torfu (Kekkild Professional) kullanilmustir.
Kimyasal ozellikleri; pH 7,5, EC 2,15 dS m™', C/N
orani 18,71, organik madde %64, azot (N) %1,25, KO
%1,02 ve P.0s %0,55 olan vermikompost
kullamilmustir. Kullanilan torfun kimyasal ve fiziksel
ozellikleri Cizelge 1°de gosterilmistir. Her uygulama
konusuna bir viyol patlican tohumu ekilmis olup
viyollerin kenar sirast kenar tesiri olarak kabul
edilmistir. Viyoller li¢ esit pargaya bdliinerek ii¢
tekerriir olusturulmustur. Her tekerriirde 10 bitki
tizerinden Olgiimler yapilmigtir. Her tekerriirdeki 10
bitkinin ortalamasi alinarak veriler kaydedilmistir.

Cizelge 1. Arastirmada kullanilan torfun 6zellikleri.
Table 1. Properties of the peat used in the research.

Ozellikler Degerler
Organik madde (%) 95
pH 55
EC (dS) 2,5
Azot (mgl") 140
Fosfor (mgl?) 160
Potasyum (mgl*) 180
Magnezyum (mgl?) 10
Kiikiirt (mgl") 187
Demir (mgl?) 0,9
Mangan (mgl') 1,6
Bor (mgl") 0,3
Cinko (mgl") 0,4
Bakir (mgl?) 15
Molibden (mgl') 0,5

Fidelerin giibrelenmesi i¢in kullanilan besin ¢ozeltisi,
mikro element ile birlikte 100 ppm N, 50 ppm P, 100
ppm K*, 100 ppm Ca*?, 50 ppm Mg*? ve 50 ppm S
elemenlerinden olugmaktadir. Calisma, tam giibre dozu
(EC 1) ve yarim giibre dozu (EC 0,5) ile farkh
vermikompost dozlarinin besleme kosullari tizerindeki
etkisini aragtirmay1 ve giibre dozu ile vermikompost
dozlar1 arasindaki iligki incelenmistir. Tam ve yarim
giibre EC miktarin1 ve her hafta i¢in karsilik gelen
dozlar1 Cizelge 2’de gosterilmistir.
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Cizelge 2. Haftalara gore EC uygulamalart.
Table 2. EC applications according to weeks.
1. 2. 3.

1,2 1,4
0,92 1,02

4.
1,6
1,12

5.
19
1,22

EC1dSmt
EC0,5dSm?

Patlican bitkisinde gercek yapraklar goriinmesinden
sonra, EC 1,4 ve 1,8 mmhos/cm ile uygulama
yapilmistir. Mikoriza uygulamasi, bitki kokleriyle
simbiyotik etkilesime girebilen Endo Roots Soluble
(ERS) ticari mikoriza kullanilarak gerceklestirilmistir.
Mikoriza, 5000 mg/7kg konsantrasyonda hazirlanmig
olup ekimden dort giin sonra her bir viyole 50 ml saf su
ile uygulanmigtir. Uygulamalarin fideler iizerindeki
etkisini belirlemek i¢in, patlican fideleri ortalama 1,5
ay (45 giin) igerisinde toprak iistli kisimlarindan kesilip
gozlemler yapilmistir. Caligmada yapilan gozlemler
asagida verilmistir:

Fide boyu: Yetistirme ortaminin yiizeyinden en uzun
yapragin ucuna kadar 6l¢iilmiistiir.

kotiledon
Olciilerek

Hipokotil
yapraklarina
belirlenmistir.

boyu: Kok bogazindan
kadar olan  mesafe

Govde capi: Fidelerin kdk bogazi lizerinden dijital bir
kumpas araciligryla dl¢tilmiistiir.

Yaprak sayisi: Fide gelisimini tamamladiktan sonra
sokiim iglemi 6nce yapilmistir.

Fide yas agirligi: Her parselden rastgele segilen 10 fide,
kokleriyle birlikte yikanmig ve oda sicakliginda,
yikama suyunun buharlagmasi igin bekletilmistir. Daha
sonra 0,01 g hassasiyetindeki terazi ile tartilarak yas
agirliklari belirlenmistir.

Fide kuru agirligi: Fide sokiimiinden sonra yas agirlik
Olciimleri yapilan fideler etiivde 65°C sicaklikta 2 giin
(48 saat) bekletilmis olup, ardindan fidelerin kuru

agirhiklart hassas terazi (0,01 g hassasiyet) ile
belirlenmistir.
Bu c¢alismada, elde edilen verilerin istatistiksel

analizinde IBM SPSS Version 20.0 programi
kullanilmig;  uygulamalar  arasindaki  anlamli
farkliliklar1 belirlemek i¢in Duncan ¢oklu karsilastirma
testi uygulanmistir (P<0,01 ve P<0,05).

BULGULAR VE TARTISMA

Calisgmada pathican fide gelisiminde yetistirme
ortamma uygulanan organik ve inorganik giibre
dozlarinin etkileri Cizelge 3, 4, 5, 6, 7, 8, 9, 10°da
verilmistir.
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Patlicanda fide boyu lizerine, EC ve
EC-+mikoriza+vermikompost interaksiyonlar1 arasinda
istatistiksel anlamda P<0,05 diizeyinde 6nemli bir fark
oldugu, ancak diger uygulamalar arasinda farkin
onemsiz oldugu goriilmektedir (Cizelge 3).

Uygulamalara gore, en yiiksek fide boyu 8,55 cm ile
EC 1 dozunda uygulanan %20 EC + vermikompost
karigiminda o6lgiilirken; EC 0,5 dozunda uygulanan
%20 mikoriza + vermikompost karisiminda fide boyu
7,90 cm olarak belirlenmistir. Durukan (2004) farkli
sebze tiirlerinde tiitiin tozu kompostunu fide yetistirme
amaci ile ortam olarak kullandigi ¢alismasinda, fide
boyu patlican bitkisinde 10,40-2,48 cm arasinda
bulmustur.  Farkli  sebze tiirlerinde  yapilan
calismalarda, Akbasak ve Koral, (2014) geltik kavuzu
ile torf ortamlarinin farkli oranlarda kombinasyonlarini
hiyar fidesi iizerinde denedikleri c¢alismada, fide
uzunlugunu 36,62-26,57 cm arasinda bulmuslardir.
Atmaca (2012) hiyar ve domates bitkilerinde fide

yetistirme ortam1 olarak vermikompost kullandig1
caligmasinda, domates fide boyu 6,10 ile 7,49 cm, hiyar
fide boyu ise 5,36 ile 8,44 cm arasinda bulmustur. Ece
ve ark. (2011) Erzurum, Erzincan ve Van illerinden
alman 3 farkli torf mateyalini domates fide
yetistiriciliginde kullandiklar1 calismada, en uzun
boylu fide kontrol (13,74 cm) ortamindan elde
edilirken, en kisa boylu fideleri (9,69 cm) Van ilinden
alman torf materyalinden elde etmislerdir. Celebi
(2019) serada farkli yetistirme ortamlarini kullandigi
calismada fidelerin ortalama fide uzunlugunu 4,5-9,8
cm arasinda oldugunu bildirmistir. Bulgular Verdonck
(1991), Olympios (1992), Kreen ve ark. (2002) ve Sirin
ve ark. (2010) tarafindan bildirilen sonuglarla paralellik
gostermektedir.

Patlicanda hipokotil boyu iizerine EC uygulamalar
arasinda P<0,05 diizeyinde 6nemli bir fark gézlenmis,
ancak diger uygulamalar arasindaki fark Onemsiz
bulunmustur (Cizelge 4).

Cizelge 3. Patlican fidelerinin fide boyu (cm) iizerine organik ve inorganik giibre dozlarinin etkisi.
Table 3. Effect of organic and inorganic fertiliser doses on seedling height (cm) of eggplant seedlings.

ECO0,5 EC1
Vermikompost Mikoriza  Mikoriza EC*V M*V Mikoriza Mikoriza EC*V M*V EC*M*V
(%) - + od od - + od od *
0 6,00 6,30 6,13 6,15 6,27 6,13 6,22 6,20 6,18 b
10 6,14 5,73 6,20 5,93 6,27 8,17 6,95 7,22 6,58 b
20 7,47 8,33 7,88 7,90 8,30 8,77 8,55 8,53 8,22a
(EC*mikoriza) 6d 6,53 6,79 6,94 7,69
(EC) * 6,74 b 7,24 a
EC P<0,041 * Mikoriza*Vermikompost P<0,115 od
EC*Mikoriza P<0,301 od EC*Mikoriza*Vermikompost P<0,036 *
EC*Vermikompost P<0,452 od

6d: Uygulamalar arasindaki farkin 6nemsiz oldugunu gosterir. ns: Indicates that the difference between treatments is non significant.
* : Uygulamalar arasindaki farkin P<0,05 diizeyinde 6nemli oldugunu gosterir. * : Indicates that the difference between treatments is

significant at P<0,05 level.

Cizelge 4. Patlican fidelerinin hipokotil boyu (cm) iizerine giibre dozlarmin etkisi
Table 4. Effect of fertiliser doses on hypocotyl length (cm) of eggplant seedlings

ECO0,5 EC1
Mikoriza  Mikoriza EC*V M*V Mikoriza Mikoriza EC*V M*V EC*M*V
Vermikompost - + od od - + od od od
(%)

0 2,43 2,37 2,47 2,40 2,50 2,63 2,50 2,57 2,48
10 2,60 2,63 2,73 2,62 2,87 2,67 3,15 3,67 2,94
20 3,37 3,43 3,30 3,40 3,23 3,67 3,55 3,45 3,43
(EC*mikoriza) 6d 2,80 2,81 2,86 3,32
(EC) * 2,83b 3,07a
EC P<0,045 * Mikoriza*Vermikompost P<0,082 od
EC*Mikoriza P<0,055 od EC*Mikoriza*Vermikompost P<0,567 od
EC*Vermikompost P<0,378 od

6d: Uygulamalar arasindaki farkin 6nemsiz oldugunu gosterir. ns: Indicates that the difference between treatments is non significant.
* : Uygulamalar arasindaki farkin P<0,05 diizeyinde 6nemli oldugunu gosterir. * : Indicates that the difference between treatments is

significant at P<0.05 level.
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EC+mikoriza+vermikompost interaksiyonunda ise
3,43 cm ile %20 vermikompost uygulamasindan en
yiiksek hipokotil boyu elde edilmistir. Patlican
fidelerinin gdvde capt iizerine tim uygulamalar
arasinda farkin Onemsiz oldugu gozlenmistir.
Uygulamalar arasinda ortalamalara gore en yiiksek
gbovde ¢ap1 EC+vermikompost interaksiyonunda 3,32
mm ile %20 EC+vermikompost interaksiyonun EC 1
uygulamasindan, EC 0,5 dozunda ise %20
mikoriza+vermikompost interaksiyonundan 3,32 mm
govde capi elde edilmistir (Cizelge 5).

EC+mikoriza+vermikompost interaksiyonunda ise
3,28 mm ile %20 vermikompost uygulamasindan en
yiiksek govde capi elde edilmistir. Durukan (2004)
farkli sebze tiirlerinde (Patlican-hiyar) fide yetistirmek
amaciyla tiitlin tozu kompostunu ortam olarak denedigi
calismasinda, patlican bitkisinde gévde ¢ap1 0,16-0,36
cm, hiyar bitkisinde govde g¢ap1 ise 0,47-0,72 cm
arasinda oldugunu bildirmistir. Atmaca (2012),

domates bitkisinde vermikompostun fide
yetistiriciliginde kullanilma olanagimi belirlemek
amactyla 2011-2012 yilinda yaptig1 calismada,

domates govde ¢apt 2011 yilinda 2,39 ile 1,68 mm
arasinda, 2012 yilinda 2,84 ile 1,74 mm arasinda
oldugunu tespit etmistir. Akbasak ve Koral, (2014)
celtik kavuzu ile torf ortamlarinin farkli oranlarda
kombinasyonlarini hiyar fidesi iizerinde denedikleri
caligmada, govde c¢apt 9,49-7,38 mm arasinda
oldugunu bildirmislerdir. Abdel-Razzak ve ark. (2019)
hiyar ve domates fidesi yetistiriciliginde kompost ve
torf ortamlarin1 kullandigi ¢alismalarinda, hryar govde
capint 3,53-2,93 mm, domates govde ¢apini ise 3,26-
2,41 mm arasinda bulmuslardir.

Patlicanda yaprak sayisi iizerine EC uygulamalari
arasinda  P<0,05 ve  mikorizat+vermikompost
interaksiyonlar1 arasinda ise P<0,0] diizeyinde
istatistiksel olarak 6nemli bir fark oldugu gozlenmistir

(Cizelge 6).

Cizelge 5. Patlican fidelerinin gévde ¢ap1 (mm) iizerine organik ve inorganik giibre dozlarinin etkisi.
Table 5. Effect of organic and inorganic fertiliser doses on stem diameter (mm) of eggplant seedlings.

Vermikompost EC 0,5 EC1
(%) Mikoriza Mikoriza EC®™ M*V  Mikoriza Mikoriza EC™ M*V EC*M*V
- + od od - + od od od

0 2,83 3,07 2,92 2,95 3,00 3,03 3,05 3,02 2,98
10 3,03 3,07 3,05 3,05 3,07 3,33 3,20 3,20 3,13
20 3,30 3,33 3,23 3,32 3,17 3,30 3,32 3,23 3,28
(EC*mikoriza) 6d 3,05 3,16 3,08 3,22
(EC) 6d 3,07 3,18
EC P<0,059 6d Mikoriza*Vermikompost P<0,311 6d
EC*Mikoriza P<0,722 6d EC*Mikoriza*Vermikompost P<0,355 6d
EC*Vermikompost P<0,900 od

6d: Uygulamalar arasindaki farkin 6nemsiz oldugunu gosterir. ns: Indicates that the difference between treatments is non significant.

Cizelge 6. Patlican fidelerinin yaprak sayis1 (adet) iizerine organik ve inorganik giibre dozlarinin etkisi.
Table 6. Effect of organic and inorganic fertiliser doses on the number of leaves of eggplant seedlings.

Vermikompost EC 0,5 EC1

(%) Mikoriza Mikoriza EC*V M*V Mikoriza Mikoriza EC*V M*V EC*M*V
- + od *x - + od i od

0 4,07 4,00 4,10 4,03b 4,13 4,23 4,12 4,18 b 4,11

10 3,77 4,00 3,92 3,88¢ 4,07 4,67 4,33 3,37¢c 4,13

20 4,33 4,47 4,35 4,45 a 4,27 4,43 4,45 4,35a 4,40

(EC*mikoriza) 6d 4,09 4,16 4,16 4,44

(EC) * 412D 430a

EC P<0,015 * Mikoriza*Vermikompost P<0,007 *x

EC*Mikoriza P<0,113 od EC*Mikoriza*Vermikompost P<0,750 od

EC*Vermikompost P<0,056 od

6d: Uygulamalar arasindaki farkin 6nemsiz oldugunu gosterir. ns: Indicates that the difference between treatments is non significant.
* : Uygulamalar arasindaki farkin P<0,05 diizeyinde 6nemli oldugunu gosterir. * : Indicates that the difference between treatments is

significant at P<0.05 level.

** : Uygulamalar arasindaki farkin P<0,01 diizeyinde 6nemli oldugunu gésterir. ** : Indicates that the difference between treatments is

significant at P<0,01 level.
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Tiim uygulamalara bakildiginda yaprak sayis1 4,40-
4,11 adet arasinda oldugu goriilmektedir. Durukan
(2004) farkli sebze tiirlerinde (Patlican-hiyar) fide
yetistirmek amaciyla tiitlin tozu kompostunu ortam
olarak kullandigi c¢alismasinda, patlicanda yaprak
sayist 4,05-5,80 adet, hiyarda yaprak sayisi 3,23-4,43
adet arasinda oldugunu bildirmistir. Atmaca (2012)
vermikompostun fide yetistirme ortamu olarak
kullanilma olanagmi belirlemek amaciyla 2011 ve
2012 yillarinda domates ve hiyar bitkileri iizerine
yaptig1 calismada, domates yaprak sayist 2011 yilinda
3,85 ile 3,46 adet, 2012 yilinda 3,02 ile 3,93 adet
arasinda degismis, hiyar yaprak sayist 2011 yilinda
1,17 ile 1,75 adet, 2012 yilinda ise 1,16 ile 1,39 adet
arasinda degistigini gbzlemlemistir. Akbasak ve Koral
(2014) c¢eltik kavuzu ile torf ortamlarinin farkl
oranlarda kombinasyonlarii hiyar fidesi iizerinde
denedikleri ¢aligmada, yaprak sayisin1 4,11-5,33 adet
arasinda bulmuslardir. Abdel-Razzak ve ark. (2019)
kompost ve torf ortamlarmin domates fide
yetistiriciliginde kullandiklar1 ¢alismada, yaprak sayisi
2,67-3,47 adet arasinda oldugunu bildirmislerdir.

Huerta ve ark. (2010) ise, vermikompostun yetistirme
ortami olarak kullandigi calismasinda bitki verimi,
bitki boyu, yaprak sayisi ve meyve agirligini artirdigin
ortaya koymustur. Dolayisiyla, mevcut calismanin
sonugclari, onceki arastirmalarla paralellik
gostermektedir.

Patlican fidelerinin yaprak yas agirlig: iizerine sadece
EC ve mikoriza+vermikompost interaksiyonu arasinda
P<0,01, EC+mikoriza+vermikompost uygulamalari
arasinda ise istatistiksel olarak P<0,05 diizeyinde
onemli bir fark gozlenmistir (Cizelge 7). Durukan
(2004) farkli sebze tiirlerinde (Patlican-hiyar) fide
yetistirmek amaciyla tiitiin tozu kompostunu ortam
olarak denedigi calismada, patlican bitkisinde yas
agirlik 12,35-0,85 g ve hiyar bitkisinde ise 20,66-6,37
g arasinda oldugunu bildirmigtir. Atmaca (2012)
vermikompostun fide yetistirme ortami olarak
kullanilma olanagini belirlemek amaciyla domates
bitkisi ilizerine yaptig1 calismada, domates yaprak yas
agirhigimi  15,00-18,97 g arasinda oldugunu tespit
etmistir.

Cizelge 7. Organik ve inorganik giibre dozlarmin Patlican fidelerinin yaprak yas agirligi (g) iizerine etkisi.
Table 7. Effect of organic and inorganic fertiliser doses on leaf wet weight of eggplant seedlings.

Vermikompost ECO0,5 EC1

0,

06) Mikoriza  Mikoriza EC*V M*V Mikoriza  Mikoriza EC*V M*V EC*M*V
- + Od ** - + Od **k *

0 27,67 30,00 26,50 28,83¢c 25,33 29,33 29,67 27,33b 28,08 ¢

10 30,00 28,33 3350 29,17b 37,00 51,67 40,00 44,33ab 36,75b

20 41,00 46,67 42,17 4383a 43,33 46,67 46,67 45,00a 44,42 a

(EC*mikoriza) 6d 32,89 35,00 35,22 42,56

(EC) ** 34,06 b 38,79 a

EC P<0,002 il Mikoriza*Vermikompost P<0,000 *x

EC*Mikoriza P<0,071 od EC*Mikoriza*Vermikompost P<0,027 *

EC*Vermikompost P<0,617 od

6d: Uygulamalar arasindaki farkin 6nemsiz oldugunu gosterir. ns: Indicates that the difference between treatments is non significant.
* : Uygulamalar arasindaki farkin P<0,05 diizeyinde 6nemli oldugunu gosterir. * : Indicates that the difference between treatments is

significant at P<0.05 level.

** . Uygulamalar arasindaki farkin P<0,01 diizeyinde 6nemli oldugunu gosterir. ** : Indicates that the difference between treatments is

significant at P<0,01 level.
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EC, mikoriza ve vermikompost uygulamalar1 arasinda
yaprak  kuru  agirhigt  iizerine =~ EC+mikoriza
interaksiyonu arasinda istatistiksel olarak P<0,05
diizeyinde 6nemli bir fark gozlenmistir (Cizelge 8).
EC, mikoriza ve vermikompost interaksiyonlari
arasinda, en yiliksek yaprak kuru agirligi 3,01 g, %10
vermikompost uygulamasindan elde edilirken, en
diisiik yaprak kuru agirligi 2,94 g, %0 vermikompost
uygulamasindan elde edilmistir. Durukan (2004) fide
yetistirme ortami olarak tiitiin tozu kompostunun
kullanilabilirligi {izerine yaptig1 ¢alismada, patlican

olarak kullanilma olanagim1 saptamak amaciyla
domates bitkisi ilizerine yapilan ¢alismada, kuru agirlik
1,91 ile 0,70 g arasinda gozlenmistir.

Uygulamalar arasinda EC uygulamasinda P<0,01,
mikoriza+vermikompost ve
EC+mikoriza+vermikompost interaksiyonlari arasinda
ise P<0,05 diizeyinde Onemli bir fark oldugu
gorilmistiir. Ancak diger uygulamalar arasinda 6nemli
bir fark gozlenmemistir. Ortamlar birbirleri ile
karsilastirildiginda, en yiiksek kok yas agirlik %20
vermikompost uygulamasindan, en disiik ise %0

bitkisinde kuru agirlik 1,47-0,20 g arasinda hiyar vermikompost uygulamasindan elde edilmistir
bitkisinde 1,10-0,42 g arasinda oldugunu bildirmistir.  (Cizelge 9).
Atmaca (2012) vermikompostun fide yetistirme ortami
Cizelge 8. Patlican fidelerinin yaprak kuru agirlig1 (g) lizerine organik ve inorganik giibre dozlarimin etkisi
Table 8. Effect of organic and inorganic fertiliser doses on leaf dry weight (g) of eggplant seedlings
Vermikompost EC0,5 EC1
(%) Mikoriza Mikoriza EC* M*V Mikoriza Mikoriza EC*V M*V EC*M*V
- + 5d * - - sd * sd
0 2,76 2,89 293 283b 3,10 2,99 294 304a 2,94
10 3,17 3,00 3,01 309a 2,86 3,00 300 293b 3,01
20 2,97 2,99 304 298b 3,10 2,96 2,97 3,03a 3,00
(EC*mikoriza) 6d 2,97 2,96 3,02 2,98
(EC) 6d 2,97 2,99
EC P<0,648 6d Mikoriza*Vermikompost P<0,011 *
EC*Mikoriza P<0,717 od EC*Mikoriza*Vermikompost P<0,051 od
EC*Vermikompost P<0,818 od

0d: Uygulamalar arasindaki farkin 6nemsiz oldugunu gosterir.

ns: Indicates that the difference between treatments is non significant.

* : Uygulamalar arasindaki farkin P<0,05 diizeyinde dnemli oldugunu gosterir. * : Indicates that the difference between treatments is
significant at P<0.05 level.

Cizelge 9. Patlican fidelerinin kdk yas agirligi (g) izerine organik ve inorganik giibre dozlarimnin etkisi
Table 9. Effect of organic and inorganic fertiliser doses on root wet weight (g) of eggplant seedlings

Vermikompost ECO0,5 EC1
(%)
Mikoriza  Mikoriza EC*V M*V Mikoriza  Mikoriza EC*V M*V EC*M*V
- + od * - + od * *
0 11,34 12,67 10,83 12,00b 10,33 11,00 11,83 10,67c 11,33b
10 11,34 11,67 11,00 11,50b 10,67 13,33 1250 12,00b 11,75b
20 11,33 14,00 12,33 12,67a 13,33 13,67 13,83 1350a 13,09 a
(EC*mikoriza) 6d 11,33 12,78 11,44 12,67
(EC) ** 11,39b 12,78 a
EC P<0,001 il Mikoriza*Vermikompost P<0,049 *
EC*Mikoriza P<0,763 od EC*Mikoriza*Vermikompost P<0,046 *
EC*Vermikompost P<0,813 od

6d: Uygulamalar arasindaki farkin 6nemsiz oldugunu gosterir. ns: Indicates that the difference between treatments is non significant.

* : Uygulamalar arasindaki farkin P<0,05 diizeyinde 6nemli oldugunu gésterir. * : Indicates that the difference between treatments is
significant at P<0.05 level.
** : Uygulamalar arasindaki farkin P<0,01 diizeyinde 6nemli oldugunu gosterir. ** : Indicates that the difference between treatments is
significant at P<0,01 level.
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Akbasak ve Koral, (2014) celtik kavuzu ile torf
ortamlarinin farkli oranlarda kombinasyonlarini hiyar
fidesi tlizerinde denedikleri ¢aligmada, kok agirlhigi
23,33-56,78 g arasinda bulmuglardir. Abdel-Razzak ve
ark. (2019) kompost ve torf ortamlarinin hiyar ve
domates fide yetistiriciliginde kullandiklar ¢alismada,
kok agirligi hiyar bitkisinde 5,42-3,60 g, domates

bitkisinde  5,31-3990 g arasinda  oldugunu
bildirmislerdir.

Patlican fidelerinin kdk kuru agirliglr {izerine
mikorizatvermikompost ~ uygulamalar1  arasinda

P<0,05 diizeyinde istatistiksel olarak onemli bir fark
oldugu gozlenmistir (Cizelge 10).

Abdel-Razzak ve ark. (2019), domates ve hiyar fidesi
yetistiriciliginde kompost ve torf materyallerini
yetistirme ortami olarak kullandiklar1 calismada, hiyar
fidesi kok kuru agirligi 0,10-0,12 g, domates fidesi kok
kuru agirhgm ise 0,57-1,27 g arasinda oldugunu
bildirmislerdir. ~ Fide  yetistiriciliginde  yapilan
caligmalarda, vermikompost ve torf karigimlarinin
fidelerin yas ve kuru agirhigini artirdigini ve tarlaya
dikimden sonra fidelerde 6liim oraninin azaldigi ve
ayrica en fazla biiyiimeyi tesvik edici vermikompost
orani %20 oldugu bildirilmistir (Raviv ve ark., 1998;
Ersahin ve ark., 2017).

Cizelge 10. Patlican fidelerinin kok kuru agirligi (g) lizerine organik ve inorganik giibre dozlarinin etkisi.
Table 10. Effect of organic and inorganic fertiliser doses on root dry weight (g) of eggplant seedlings.

ECO0,5 EC1
Vermikompost Mikoriza  Mikoriza EC*V M*V  Mikoriza Mikoriza EC*V M*V  EC*M*V
(%) - + od * - + od * od

0 0,82 0,50 0,87 0,66b 0,93 0,98 0,74  0,66b 0,80
10 0,76 0,62 0,86 0,69 0,97 0,99 0,80 0,98a 0,83
20 0,95 0,96 0,94  0,96a 0,92 0,99 0,97 0,95a 0,95
(EC*mikoriza) 6d 0,84 0,69 0,94 0,99
(EC) 6d 0,89 0,84
EC P<0,230 od Mikoriza*Vermikompost P<0,011 *
EC*Mikoriza P<0,058 od EC*Mikoriza*Vermikompost P<0,318 od
EC*Vermikompost P<0,270 od

6d: Uygulamalar arasindaki farkin 6nemsiz oldugunu gosterir. ns: Indicates that the difference between treatments is non significant.
* : Uygulamalar arasindaki farkin P<0,05 diizeyinde onemli oldugunu gosterir. * : Indicates that the difference between treatments is

significant at P<0.05 level.

SONUC VE ONERILER

Kimyasal giibreler ile organik giibrelerin birarada
kullanilmasi fide gelisimi ve kalitesi agisindan dnem
arz etmektedir. Yapilan c¢alismalarda, mikoriza ve
vermikompostun birlikte kullanilmasiyla sentetik
giibre ihtiyacinin azaldigi ve bu materyallerin fide ile
topraksiz yetistiricilik yapilan ortamlarda
kullanilmasinin, yetistirme ortamlarina 6nemli destek
sagladig belirlenmistir. Bu ¢alisma sonucunda organik
giibre karigiminin artmasiyla bitki yapraklarindaki

azot, fosfor, potasyum ve magnezyum
konsantrasyonlarinda da artis  gdzlemlenmistir.
Ozellikle EC+mikoriza+vermikompost
interaksiyonlart  birlikte degerlendirildigi  zaman,
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sadece biiylime perfomansi degil, ayn1 zamanda bitki
besin elementi birikimi de optimize etme potansiyeline
sahip oldugunu gostermektedir.

Bu kapsamda, fide yetistiriciliginde hem verimlilik
hem de kalite ac¢isindan dengeli bir besleme stratejisi
olusturmak amaci ile organik ve inorganik girdilerin
birlikte ve kontrolli bir sekilde kullanilmasi,
stirdiiriilebilir tarim uygulamalari agisindan énemli bir
yaklagim olarak 6ne ¢ikmaktadir. Elde edilen veriler,
bu tiir biitiinciil uygulamalarin fide kalitesini artirmada
etkili oldugunu ve gevresel etkileri en aza indirerek
iiretim sistemlerine entegre edilebildigini
gostermektedir.
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OZ: Kuraklik stresi, bitkilerin fizyolojik islevierinde meydana gelen degisimler nedeniyle tarimsal iiretimde onemli ekonomik
kaywplara neden olmaktadir. Tarim sektortinde stratejik bir oneme sahip olan domates bitkisi de bu stres kosullarindan en fazla etkilenen
tiirler arasinda yer almaktadir. Bitki gelisimini artiran kok bakterilerinin hiicresel, fizyolojik ve morfolojik mekanizmalar: etkileyerek
bitkilerin kuraklik toleransini artirdig1 belirlenmistir. Bu ¢alismada, domates tohumlar: Bacillus cereus strain BBS7 kok bakterisi ile
sardwrildiktan sonra torf ortamina ekilmistir. Fideler 2-3 gercek yaprakli doneme ulastiktan sonra su kiiltiiriine alinmig ve 7 giin boyunca
kontrol uygulamasmda tutulduktan sonra PEG 6000 ile kuraklik stresine tabi tutulmustur. Kuraklik stresinin etkisi (¥s = -1.0 MPa)
kademeli olarak artirilarak (Y%, ", % ve tam doz) uygulanmis, her bir doz artisi 48 saatlik araliklarla gerceklestirilmistir. Stres
uygulamasiin ardindan 2. ve 12. saatlerde alinan bitki érneklerinde, kuraklik stresine yamit olarak iiretilen HSP21, HSP70 ve HSFA
gibi 1s1 ok protein genlerinin ekspresyon seviyeleri gPCR yontemiyle analiz edilmistir. Sonug¢lar, B. cereus strain BBS7 kok bakterisinin
bu genlerin ekspresyon profillerini diizenleyerek domates bitkilerinde kuraklik direncini artiran etkili bir PGPR tiirii oldugunu
gostermigtir.

Anahtar kelimeler: Solanum lycopersicum L., kurakiik stresi, mRNA ifadesi, Bacillus cereus, es zamanli PCR.

Effects of Bacillus cereus strain BBS7 Rhizobacterium Isolate on the Expression of Heat Shock Genes in
Tomato Under Drought Stress

ABSRACT: Drought stress causes significant economic losses in agricultural production due to disruptions in the physiological
functions of plants. Tomato plants, which have strategic importance in the agricultural sector, are among the species most severely
affected by these stress conditions. Research has demonstrated that root bacteria promoting plant growth enhance drought tolerance by
influencing cellular, physiological, and morphological mechanisms. In this study, seeds of tomato were inoculated with Bacillus cereus
strain BBS7 and planted in a peat medium. Seedlings at the 2-3 true leaf stage were transferred to a hydroponic system and maintained
under control conditions for 7 days before being subjected to drought stress simulated using PEG 6000. The drought stress intensity was
gradually increased (Y4, ', %, and full dose) every 48 hours until the target water potential (¥s = -1.0 MPa) was achieved. Plant samples
were collected at the 2nd and 12th hours after stress application, and the expression levels of heat shock protein genes (HSP21, HSP70,
and HSFA), produced in response to drought stress, were analyzed via gPCR. The results indicate that B. cereus strain BBS7 acts as an
effective PGPR (Plant Growth-Promoting Rhizobacterium) by regulating the expression profiles of these genes, thereby enhancing
drought resistance in tomato plants.

Keywords: Solanum lycopersicum L., drought stress, mMRNA expression, Bacillus cereus, real-time PCR.

GIRIS

Abiyotik stres bitki biilyiime ve verimliligini olumsuz
yonde etkileyerek tarimsal kayiplara neden olmaktadir
(Ye ve ark., 2017). Bitkilerin biiyiimesini ve uyum
yetenegini  zayiflatan  stresler  arasinda  su
fazlahigi/eksikligi, iyon toksisitesi/eksikligi, diisiik
sicaklik, yiiksek sicaklik ve tuzluluk bulunmaktadir.
Cesitli iirtin  iretim modelleri, Oncelikle iklim
degisikligi nedeniyle gelecekte Onemli tarim
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driinlerinin veriminde bir azalma Ongormektedir
(Rosenzweig ve ark., 2014).

Bitkiler, sedanter yapilar1 nedeniyle olumsuz gevre
kosullardan  kacamadiklarindan  bu cevresel
degisimlerle basa c¢ikmak i¢in giliglii savunma
mekanizmalarina ihtiyag duyarlar (Kaldenhoff ve
Fischer 2006). Kuraklik ve 1s1  stresi gibi  baslica
abiyotik faktorler tek basina etkili oldugu gibi birlikte
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de hareket edebilirler. Bitkiler, bu zorluklara karsi
koymak igin etkili koruyucu mekanizmalar
gelistirmiglerdir ~ (Zandalinas ve ark., 2018).
Bitkilerdeki temel tolerans mekanizmalari, hiicresel ve
molekiiler tepkiler araciligiyla farkli stresler tarafindan
diizenlenen genlerin aktivasyonunu igerir (Latif ve ark.,
2016).

Bitkiler, hiicresel homeostazi saglamak ve uyum
saglamak i¢in hiicrelere yardimci olan ¢esitli yollarla
cevresel etmenlere tepki verirler (Jones ve ark. 2006).
Homeostazi siirdiirmede ve bitkilerde stres direnci
kazandirmada kritik rol oynayan bir¢ok farkli protein
tamimlanmustir (Pérez-Clemente ve ark. 2013). Strese
toleransl cesitlerin gelistirilmesinde, stresle
indiiklenen genlerin transgenik yontemlerle asir
ifadesi, en yaygin ve pratik yaklasimlardan biridir
(Guerra ve ark. 2015). Kuraklik ve 1s1 stresi direnciyle
iligkili cok sayida gen analiz edilmis ve dogrulanmistir
(Wang ve ark. 2014). Hiicresel proteinler,
sinyalizasyon ve transkripsiyonel diizenleme ile
iliskilidir; bunlar arasinda ozmotinler, dehidrinler,
LEA proteinleri ve NAM, ATF, CcucC
(NAC) transkripsiyon faktorleri gibi protein aileleri
bulunur. Bu proteinlerin stres toleransinda rol oynadigi
arastirmalarla desteklenmistir (Nouri ve Komatsu
2013; Vishwakarma ve ark. 2017).

Bitkilerde 1s1 sok transkripsiyon faktorii (HSF) ailesi,
en ¢ok caligilan transkripsiyon faktorii ailesinden
biridir (Udvardi ve ark., 2007). HSF'lerin abiyotik stres
toleransindaki ¢ok yonlii rollerini belirlemek i¢in ¢esitli
calismalar yapilmistir. Giincel bulgular, HSF'lerin
kombinasyon streslerden ziyade, tek stres
kosullarina yanit vermede baskin rol oynadigim
gostermektedir (Sewelam ve ark., 2014). Bitkilerdeki
HSF'ler, DNA'ya baglanma bélgesi (DBD) igeren
modiiler yapilar olup, hedef bolgelerdeki 1s1 stresi Cis-
elementleri ile etkilesime girerler (Lata ve Prasad
2011). HSF'ler, sinyal iletim yollarinda son basamak
gorevi goriir ve c¢esitli stres yanmith genlerin
transkripsiyonel yukari regiilasyonunu saglar (Baniwal
ve ark., 2004).

Is1 sok proteinleri (HSP'ler), hem optimal hem de stresli
biiylime kosullarinda hiicresel stabiliteyi korumadaki
rolleri nedeniyle molekiiler saperonlar olarak islev
goriir (Wang ve ark., 2014). HSP'ler, hiicresel
metabolizma sirasinda protein katlanmasina yardimci
olur (Wang ve ark., 2004), zar proteinlerini stabilize
eder ve stres altinda proteinlerin yeniden katlanmasini
saglar (Wahid ve ark., 2007). Ayrica, HSP'lerin genis
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bir kategorisi, stres kaynakli ii¢ boyutlu protein
katlanmas1 veya bozulmasi sirasinda saperon aktivitesi
sergiler (Kotak ve ark. 2007).

HSP'ler, molekiiler agirliklarina goére Hsp60, Hsp70
(DnaK), Hsp90, Hspl100 (Clp), saperoninler
(GroEL) ve kiiglik HSP (sHsp) ailesi olarak bes yiiksek
korunmus alt aileye ayrilir (Kotak ve ark. 2007).
HSP'lerin isleyisi benzersizdir; hedef substratlara
kovalent bag olusturmadan 6zgiin sekilde baglanirlar
(Wahid ve ark., 2007). sHsp ailesi harig, bitkilerin
abiyotik stres tepkilerinde HSP'lerin/saperonlarin
islevselligine sinirli diizeyde odaklanilmistir (Kregel,
2002). Hsp60, Hsp70 ve Hsp90, aktivitelerini
diizenleyerek Ozgilin substrat proteinlerin birlesimine
yardimer olan ¢esitli ko-saperonlarla etkileserek stres
kosullarinda molekiiler kalkan gorevi goriir (Liberek
ve ark., 2008). Genom analizleri, A. thaliana'da
yaklasik 13 sHsp, 7 Hsp60, 18 Hsp70, 7 Hsp90 ve 8
Hsp100 iiyesi oldugunu ortaya koymustur (Zhang ve
ark. 2015).

Misir ve bugday gibi bitki tiirleri de abiyotik stres
kosullarinda HSP'leri ifade eder (Kumar ve ark. 2012).
HSP'lerin genetik yapist degistirilerek yeni stres
toleranslt gesitler tasarlanabilir;
ornegin, Arabidopsis ve  piringte Hsp101'in  asir1
ifadesi, asir1 sicakliklara karsi tolerans saglamistir
(Katiyar-Agarwal ve ark. 2003). Hsp70'in yukari
regiilasyonu, transgenik tiitiin bitkilerinde kuraklik ve
1s1 toleransi kazandirmistir. Bu bitkilerde, NtHSP70'in
asir1 ifadesi, hem 1s1 hem de kuraklik direncini
artirmigtir (Udvardi ve ark. 2007). Su stresine maruz
kalan aygigeklerinin kok ve govdelerinde HaHsp17.6
ve HaHsp17.9 genlerinin  sentezinin tetiklendigi
bildirilmistir (Tuteja ve Gill, 2016).

Bitki gelisimini artiran kok bakterileri (PGPR)'ler
dogrudan ve dolayli mekanizmalarla bitki gelisimini
tesvik etmektedirler (Dejordjevic vd., 1987; Ferreira
vd., 1987). Ayrica, mikroorganizmalarin biyotik ve
abiyotik stres yoOnetimindeki rolii giderek Onem
kazanmaktadir. Rizobakterilerin bitkilerde kuraklik
toleransin1 saglamasi Absisik asit (ABA), giberellik
asit, sitokinin ve indol-3-asetik asit (IAA) gibi

fitohormon tiretimi, koklerde etilen seviyesini
azaltan ACC deaminaz aktivitesi, bakteriyel
bilesiklerle indiiklenmis sistemik tolerans,

bakteriyel ekzopolisakkaritler mekanizmalarini  igerir
(Yang ve ark., 2009; Dimkpa ve ark., 2009; Timmusk
ve Nevo, 2011; Kim ve ark., 2013; Timmusk ve ark.,
2014).
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Bitki biiylimesini tesvik eden rizobakteriler (PGPR),
bitkilerde kuraklik stresinin hafifletilmesinde 6nemli
bir rol oynarlar. Bu faydali mikroorganizmalar,
bitkilerin rizosfer/endo-rizosfer bélgelerini kolonize
ederek  ekzopolisakkarit (EPS) iiretimi, bitki
hormonlar1 salgilama, 1-aminosiklopropan-1-
karboksilat (ACC) deaminaz enzimi lretimi, ugucu
bilesikler sentezleme, ozmolitlerin ve antioksidanlarin
birikimini tetikleme, strese yanit veren genlerinin
yukari veya asagl regiilasyonu, mekanizmalar1 ile
kurakliga karsi toleransi saglarlar (Vurukonda ve ark.
2016).

Bu calismada Kok Bakterilerinin  (KB) domateste
kuraklik stresine etkilerinin molekiiler diizeyde analiz
edilmesi amaglanmustir. Bacillus cereus strain BBS7
kok bakterisi ile sardirilmis olan MSC-50 domates
¢esidine ait geng bitkilerde kuraklik stresi altinda HSP
genlerinden HSP21, HSP70, HSFA genlerinin ifade
profilleri qPCR yontemi ile analiz edilmistir.

MATERYAL VE METOT
Materyal

Caligmada, 1170126 nolu TUBITAK projesi
gercevesinde tanimlanmis olan domates bitkilerinin
kuraklik stresine toleransini artirmada etkili oldugu
saptanan Bacillus cereus strain BBS7kok bakterisi
izolatt ve Ege Tarimsal Arastirma Enstitiisi’nden temin
ettigimiz kuraga duyarli MSC-50 domates c¢esidi
kullanilmustir (Gul ve ark., 2021, Altunlu ve ark. 2024).

Metot
Kuraklik Stresi uygulamalari

Kok bakterileri ile inokulasyon Sarma ve Saikia (2014)
‘a gore tohum bakterizasyonu seklinde
gergeklestirilmistir. Tohum ekimi torf (Klasmann TS1)
ile doldurulan fide viyollerine yapilmistir. Fideler 2-3
gercek yaprakli asamada su kiiltiirline alinmigtir. Her
bir plastik kaba 6 adet bitki yerlestirilmis ve bitki
kokleri besin ¢ozeltisi igerisinde olacak sekilde kaplar
1 litre besin ¢ozeltisi [(Y2 Hoagland ¢ozeltisi (pH:6.5,
EC :1.2 mS/cm)] ile doldurulmustur. Besin ¢6zeltisi
havalandirmast akvaryum pompalar1 kullanilarak
gerceklestirilmistir. Kuraklik stresi Altunlu (2011)’ya
gore gergeklestirilmistir. Fideler 7 giin boyunca kontrol
uygulamasinda (tam sulama) tutulduktan sonra PEG
6000 ile kuraklik stresine tabi tutulmustur. Kuraklik
stresinin etkisi (¥s -1.0 MPa) kademeli olarak
artirilarak (Y4, ¥4, % ve tam doz) uygulanmus, her bir doz
artist 48 saatlik araliklarla gerceklestirilmistir. Stres

87

DOMATESTE ISI SOK GENLERININ IFADESI UZERINE ETKILER{

uygulamasiin ardindan 2. ve 12. saatlerde 6rnekler
alinmis ve s1v1 azotta -80°C’de muhafaza edilmistir.

Toplam RNA izolasyonu

Bitki koklerinden alinan o6rnekler, sivi azot iginde
havanda ogiitiilerek toz haline getirilmistir. RNA
izolasyonu i¢in Bray (1988) protokolii modifiye
edilerek uygulanmistir. Buna gore 300 mg bitki drnegi
iizerine 500 pL ekstraksiyon soliisyonu (50 mM Tris
pH:9, 150 mM LIiCl, 5 mM EDTA, %5 SDS) ilave
edilerek tiipler 15 saniye vortekslendikten sonra
+4°C'de 10.000 rpm'de 10 dakika santrifiijlenmistir.
Ust faz alinarak 1:1 oraninda
fenol:kloroform:izoamil alkol (25:24:1) eklenmis ve
15 saniye vortekslenmistir. Bu islem sonrasinda
+4°C'de  10.600 rpm'de 5 dakika santrifiij
uygulanmistir. Ust faz tekrar alinarak ayni
fenol:kloroform:izoamil alkol islemi tekrarlanmis ve
santrifiij adimi yinelenmistir. Santrifiij sonrasi elde
edilen siipernatanin yarist hacminde 10 M LiCl
eklenmis ve karigim el ile alt iist edilerek +4°C'de 16
saat inkiibasyona birakilmistir. Inkiibasyon sonrasi
tipler +4°C'de 11.000 rpm'de 40 dakika
santrifijlenmis, Ust faz dikkatlice uzaklagtirilmistir.
Pellet iizerine %70'lik etanol eklenerek +4°C'de 10.600
rpm'de 5 dakika santrifiij yapilmis ve bu islem iki kez
tekrarlanmistir. Pellet kurutulduktan sonra 30 pL
DEPC'li su ile ¢oziindiiriilmiis ve elde edilen RNA
ornekleri -20°C'de saklanmuistir. RNA Kalitesi ve
miktar1 agaroz jel elektroforezi ile dogrulandiktan
sonra genomik DNA kontaminasyonunu gidermek i¢in
DNase | RNase-Free (Thermo Scientific) enzimi
kullanilmigtir.  Enzim  uygulamasinda  {iretici
protokoliine uyulmustur.

gPCR ile Gen ifade Analizi

Her bir reaksiyon i¢in, 500 ng toplam RNA ve 1 pl
oligo(dT)18 primeri kullanilmistir. cDNA sentezi ters
transkriptaz  kiti (Thermo-cDNA  Synthesis  Kit)
kullanilarak gerceklestirilmistir. Es zamanli PCR
analizi igin total hacim 25 uL olacak sekilde, Maxima
SYBER Green qPCR Master Kit igerikleri ile iiretici
firmanin protokolii izlenerek ABI 7300 cihazinda
(Applied Biosystems) gergeklestirilmistir.

Aktin geni endojen kontrol olarak kullanilmistir.
Calismada kullanilan primerler Cizelge 1° de
verilmistir. PCR amplifikasyonu, 95°C'de 15 saniyelik
denatiirasyon, 60 °C'de 30 saniyelik baglanma ve 72
°C'de 30 saniyelik uzama olmak iizere 40 dongii
boyunca devam etmistir. PCR {irlinlerinin erime egrisi
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analizi ve standart egri analizleri ABI kullanici biilteni
izlenerek gergeklestirilmistir. Ct degerleri kullanilarak

Cizelge 1. Primer listesi.
Table 1. Primer list.

2-AACT metoduna gore relatif ifade

expresyon) degerleri hesaplanmistir.

(relative

Gen Adi/Gene Gen ID/Gene ID 5’ primer 3 primer

name

HSP21 544024 5’- ACGAGGATGGCGCTTGATGT-3’ 5’- TGAATGTCCCATGGAGTGCGT-3’

HSP70 100134914 5’- AGGCGGTGAGGCAAAGGTTC-3’ 5’- CAGACGGCGTCGTTCTTTGC-3

HsfAla 101263626 5°- GAGCGCCAATGTTGCAGACG -3’ 5°-TCCGGAGGATCCCAAACCACA-3’

LeActin AB199316 5°- GCCGGGCGTGATCTTACTGA-3’ 5°-AGCTACTCCTGGCGGTCTCC-3
BULGULAR VE TARTISMA Yapilmis olan bir baska ¢alismada kullanilan Bacillus

Bu c¢alismada, kok bakterilerinden Bacillus cereus
strain BBS7 nin kuraklik stresinde oynadigi roliin
belirlenmesi i¢in, Bacillus cereus strain BBS7 KB ile
sardirilmis hassas MSC-50 domates ¢esidinin kuraklik
stresi altinda HSP21, HSP70, HSFA genlerinin ifade
profilleri qPCR analizi ile gerceklestirilmistir.

Transkripsiyon diizeyinde, PGPR (Bitki Biiyiimesini
Tesvik Eden Rizobakteri) inokiilasyonu ile bitkilerin
kuraklik  toleransinin  arttigi  gdzlemlenmistir.
Ornegin, Paenibacillus polymyxa B2 susu ile inokiile
edilen Arabidopsis  thaliana bitkilerinde  kuraklik
direnci artmistir (Timmusk ve Wagner, 1999).
Kuraklik tepkisi genlerinden ERD15 (EARLY
RESPONSE TO DEHYDRATION15) geninin
transkripsiyonunun inokiile edilen bitkilerde, kontrol
grubuna kiyasla arttigini gostermistir (Timmusk ve
Wagner, 1999).

Diger bir ¢alismada, kuraklik stresi altindaki biber
bitkilerinde Bacillus licheniformis K11 ile inokiile
edilen bitkilerde alti farkli stres proteininin ifade
oldugu belirlenmistir (Lim ve Kim, 2013). Bu
proteinlerden Cadhn, VA, sHSP ve CaPR-

10 genlerinin ekspresyonu, kontrol grubuna gore 1.5
kat daha yiiksek bulunmustur (Lim ve Kim, 2013).

88

cereus strain BBS7’in, kuraklik stresi altindaki
domates bitkilerinde bitki biiylimesini, yaprak pigment
igerigini, antioksidan enzim aktivitelerini ve askorbik
asit seviyesini arttirdigi  ancak malondialdehit
seviyelerini azalttig1 rapor edilmistir (Altunlu ve ark.
2022). Ayrica bu bakterilerin verimi, su stresi
olmadiginda %10,6, su stresi altinda ise %59,9

oraninda arttirdig1 tespit edilmistir (Altunlu ve ark.,
2022).

Bu ¢alismada, HSP21 geninin ifade profiline gore, S1,
S2, S3 ve S4 PEG stres uygulamalar1t HSP21 geninin
ifadesini (2h ve 12h) hi¢ uygulama yapilmamis kontrol
bitkilerine gore artirmustir. KB sardirilmis bitkilerde
tiim stres uygulamalarinda (S1, S2, S3, S4) her iki 2. ve
12. saatte HSP21 geninin ifadesi sadece stres
uygulanmis ve sadece bakteri sardirilmis bitkilere gore
artig gostermistir. Ayrica KB ile sardirilmig ve S1 PEG
stres uygulamasi yapilmis 2. saat 6rneginde 8 kat ve 12.
saat orneginde ise ifade hi¢bir uygulama yapilmamis
orneklere kiyasla 20 kat artarak en yiiksek diizeye
ulagsmuistir. HSP21 gen ifadesi profiline gore, sadece
PEG uygulamasi genin ifadesinde bir miktar artiga
neden olurken, bakteri+PEG uygulamasinin gen
ifadesinde oOnemli artiglara neden oldugu tespit
edilmigtir (Sekil 1).
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Sekil 1. HSP ailesine ait HSP21 geninin gPCR analizine gore ifadesi. B:Bakteri, S1: 0,25 PEG, S2: 0,50 PEG, S3: 0,75 PEG, S4: 1 PEG.
Figure 1. Expression of HSF21 gene of HSP family genes by qPCR analysis. B:Bacteria, S1: 0,25 PEG, S2: 0,50 PEG, S3: 0,75 PEG, S4: 1 PEG.

Mikrodizin analizi kullanilarak, kuraklik stresi
altindaki Pseudomonas chlororaphis Oé6ile
kolonize edilen Arabidopsis thaliana bitkilerinde bir
dizi kuraklik sinyal geninin asagi regiile oldugu
tespit edilmistir. Kolonize bitkilerde jasmonik asit
isaret¢i genler (VSP1 ve PDF-1.2), salisilik asit ile
regiile olan PR-1 ve ile regiile olan HEL genine ait
transkript seviyeleri artmis, ancak bu genlerin
kuraklik stresine yanitlar1 farklilik géstermistir (Cho
ve ark., 2013).

Bitkilerde kuraklik stresinde rol oynayan genler
arasinda, saperon olarak gorev yapan ve birgok stres
faktoriine maruz kaldiginda yukari regiile olan 1s1

ifade diizeyi / expression level
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soku proteinleridir (Wahid ve ark. 2007; Priya ve
ark. 2019).

Bu calismada, HSFA geninin ifadesi genel olarak
diistik diizeyde seyretmistir. Tiim Stres uygulamalari
(S1, S2, S2, S3, S4) HSFA geninin ifadesine (2. ve
12. saatte) etkisi 6nemli bulunmamistir. Ancak KB
ile sardirilmig bitkilere yapilan kuraklik stresi
uygulamalarinda (S1) HSFA geninin ifadesi 2. ve 12.
saatte en yiiksek diizeyde bulunmustur (Sekil 2).
Diger stres (S2, S3, S4) uygulamalarinin, sadece
bakteri veya KB ile sardirilmig bitkilerde HSFA
geninin tizerinde bir etkisi olmamistir. HSFA geninin
disik dozda PEG uygulamast ile diizenlendigi
gbzlemlenmistir.

HSFA
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Sekil 2. HSP ailesine ait HSFA geninin qPCR analizine gore ifadesi . B:Bakteri, S1: 0,25 PEG, S2: 0,50 PEG, S3: 0,75 PEG, S4: 1 PEG.

Figure 2. Expression of HSFA gene of HSP family genes by gPCR analysis . B:Bacteria, S1: 0,25 PEG, S2: 0,50 PEG, S3: 0,75 PEG, S4: 1 PEG.
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En korunmus protein ailelerinden biri olarak bilinen
HSP70, protein katlanmasi, tasinmasi, denatiire
proteinlerin pargalanmasi ve stres altinda bitki
biliylimesinin diizenlenmesi gibi islevlere sahiptir.
Saperon proteinler veya ko-saperonlarla etkilesime
girerek, HSP70 dogru protein katlanmasini destekler ve
protein agregasyonunu dnler. Bu, yanlis katlanmis veya
hasarli proteinlerin segici olarak pargalanmasi igin
kritik 6nem tasir (Bukau ve Horwich, 1998; Leborgne-
Castel ve ark.,1999; Sable ve Agarwal, 2018).

Abiyotik streslerdeki rollerinin yani sira, konukgu
hiicrenin viral enfeksiyonu sonrasinda, HSP70'lerin
viriis aktivitelerini diizenlemek iizere devreye girdigi
rapor edilmistir. Bu aktiviteler arasinda viral
proteinlerin replikasyonu, sentezi ve katlanmasi yer
almaktadir (Aranda ve ark., 1996; Peremyslov ve ark.,
1999). Ayrica, HSP70'lerin konak bitkinin stres
tepkilerinin diizenlenmesinde rol oynadigi ve bitki
bagisiklik sistemini enfeksiyona karsi tetikleyebildigi
gosterilmistir. HSP70, 1s1 stresi tepki genlerinin ana
diizenleyicileri olan 1s1 soku transkripsiyon faktorleri
(HSF'ler) ile etkilesime girerek aktivitelerini diizenler
ve bitkilerin termotoleransinit modiile eder (Ul Haq ve
ark. 2019). HSP70'nin abiyotik stres altinda absisik asit
(ABA) sinyal yolak proteinlerinin  aktivitesini
diizenledigini kanitlanmistir. ABA reseptor proteinleri

ifade diizeyi / expression level

S < o QA
O Q¥ a4 af gt o

ile etkilesime girerek bunlarin pargalanmasini
kolaylastirdigi ve boylece ABA sinyalizasyonunu ve
bitkinin stres tepkisini kontrol ettigi gosterilmistir
(Sarkar ve ark., 2013).

Ayrica, HSP70 reaktif oksijen tiirleri (ROS) enzimlere
baglanabilir. Bu etkilesim, enzim aktivitesini artirarak

oksidatif hasarin 6nlenmesine yardimci olur (Mittler ve
ark., 2012; Fragkostefanakis ve ark., 2015).

Bu ¢alismada HSP70 geninin ifade profiline gore,
kontrol bitkilere oranla S3 disindaki tiim stres
uygulamalarinin HSP70 geninin ifadesini artirdig1
tespit  edilmistir. Bitkilere = yapilan  B+S4
uygulamalarinda, HSP70 geninin ifadesi 12. saatte en
yiiksek diizeye ulagmistir (Sekil 3). KB ile sardirilmig
bitkilerde S4 stres uygulamasinin indiikledigi HSP70
geninin ifadesi 2. saatte artmigken 12. saatte
baskilanmistir. Literatiir ile uyumlu olarak, HSP70
geninin ifadesi bakteri ile inokiile edilmis ve stres
uygulanmus bitkilerde ylikselmistir.

Bu veriler 1s1ginda, Bacillus cereus bakterilerinin 1s1
sok protein (HSP) ailesine ait genlerin, ifade
profillerini diizenleyerek domates bitkilerinin kuraklik
stresine kars1 toleransinda rol oynadigi belirlenmistir.

HSP70

Sekil 3. HSP ailesine ait HSP70 geninin qPCR analizine gore ifadesi . B:Bakteri, S1: 0,25 PEG, S2: 0,50 PEG, S3:0,75 PEG, S4:1 PEG.
Figure 3. Expression of HSP70 gene of HSP family genes by qPCR analysis. B:Bacteria, S1: 0,25 M PEG, S2: 0,50 M PEG, S3: 0,75 M PEG, S4: 1 M

PEG.
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ABSTRACT: Since Azerbaijan's independence in 1991, milk production has increased significantly. This study investigated the
milk and dairy product consumption behavior of students at Azerbaijan State Agricultural University (ADAU) in Ganja. It fills a gap in
research on milk consumption patterns among university students in Azerbaijan. Data were collected via a survey conducted with 418
students from various departments in March-April 2024, using a 22-item survey focusing on demographics, consumption habits, and
purchasing behaviors. The majority of participants (64.1% male, over 90% single) were aged 17-22. Although students consumed milk,
the frequency was relatively low. Both male and female students predominantly preferred plain milk, with street milk being the most
common choice. Students primarily associated milk consumption with health benefits, which positively influenced their preferences.
However, no single dominant factor limiting milk consumption was identified. Key factors affecting purchasing decisions included price,
expiry date, place of purchase, and calorie content. The study suggests that government incentives to support milk and dairy product
consumption in retail outlets, both on campus and in urban areas, could be beneficial. Additionally, organizing awareness-raising
scientific activities and incorporating relevant undergraduate courses into the curriculum may promote healthier consumption behaviors
among students.

Keywords: Milk, dairy products, consumer habits, Azerbaijan, Ganja.

Azerbaycan Devlet Tarum Universitesi Ogrencilerinin Siit ve Siit Uriinleri Tiiketim Davraniglart

OZ: Azerbaycan’in 1991°de bagimsizhigini kazanmasindan bu yana siit tiretimi dinamik bir sekilde artis gostermistiv. Bu
calisma, Gence’'de bulunan Azerbaycan Devlet Tarim Universitesi (ADAU) Ggrencilerinin siit ve siit iiriinleri titketim davraniglaring
incelemektedir. Arastirma, Azerbaycan’daki iiniversite 6grencilerinin siit tiiketim kaliplarina dair literatiirdeki boslugu doldurmay:
amaglamaktadwr. Arastirmanin verileri Mart-Nisan 2024 doneminde iiniversitenin farkli boliimlerinde ogrenim goren toplam 418 ogrenci
ile gerceklestirilen anket ¢calismasi ile elde edilmistiv. Anket, demografik bilgiler, tiiketim aliskanliklar: ve satin alma davranislarina
odaklanan 22 sorudan olusmaktadir. Katimcilarin cogunlugu (%64,1 erkek, %90'dan fazlasi bekar) 17-22 yas arahigindadi: Ogrenciler
arasinda siit tiiketimi mevcut olsa da tiiketim sikligr nispeten diisiiktii. Hem erkek hem de kadin ogrenciler agirlikli olarak sade siitii
tercih etmis, en yaygin tercih edilen siit tiirii sokak siitii olmustur. Ogrenciler siit tiiketimini genellikle saglikla iliskilendirmis ve bu durum
tercihlerini olumlu yonde etkilemistir. Ancak siit tiiketimini simirlayan belirgin tek bir etken saptanmamistir. Satin alma kararlarini
etkileyen bashica faktorler fiyat, son kullanma tarihi, satin alma yeri ve kalori igerigi olmustur. Calisma, kampiis i¢i ve kentsel
alanlardaki perakende satis noktalarinda siit ve siit tiriinleri tiiketimini desteklemeye yonelik deviet tegviklerinin faydali olabilecegini
onermektedir. Ayrica, farkindalik artirict bilimsel etkinliklerin diizenlenmesi ve lisans programlarina ilgili derslerin dahil edilmesi,
ogrenciler arasinda daha saglikli tiiketim davranislarini tegvik edebilir.

Anahtar kelimeler: Siit, siit iiriinleri, tiiketici aliskanliklari, iiniversite, Azerbaycan, Gence.

INTRODUCTION been a basic source of nutrition in various cultures.
Milk is a food of critical importance in growth and
development with its high nutritional value (Kart and
Demircan, 2014). Milk and dairy products contain

Milk is a valuable food source that has an important
place in human nutrition. Since the beginning of
human history, dairy farming, and production have
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animal-derived  protein, calcium, B vitamins,
phosphorus, minerals, and vitamins (Tekinsen and
Tekingen, 2005). In addition to providing the
necessary energy for the body, these foods positively
affect bone health, muscle development, digestive
system functions, and general health. Especially milk
and dairy products rich in calcium play an effective
role in strengthening bones and preventing bone
diseases such as osteoporosis. On the other hand, milk
and dairy product consumption varies worldwide.
Many factors such as geographical factors, economic
status, and level of health awareness affect the
consumption habits of milk and dairy products. For
example, in some regions milk and yogurt are
traditionally consumed frequently, while in other
regions cheese or butter may be more popular. In
addition, products obtained from milk such as cheese,
yogurt, and cream may be consumed by a wide range
of consumers in some regions (Can, 2020).

Another important factor affecting milk and dairy
consumption behaviors is cultural habits. Especially in
some regions, milk, and dairy products are considered
an important component of traditional meals, while in
the other areas they are consumed less. These cultural
differences can effectively determine the consumption
pattern of milk and dairy products (Ayar and
Nizamoglu, 2002). Studies conducted to determine the
consumption behaviors of milk and dairy products
generally  consider individuals'  demographic
characteristics such as age, gender, education level,
and income level, as well as health habits and
awareness levels (Kiziloglu and Kizilaslan, 2015).
These factors play an important role in explaining
variations in the consumption of milk and dairy
products.

Nowadays, many people consider milk and dairy
products as part of their daily dietary habits, while
others avoid consuming them. For example, some
people may have allergic reactions to dairy products,
while others think that dairy products have negative
effects on the digestive system. However, increasing
health awareness has led to an increased demand for
milk and dairy products for important nutrient needs
such as calcium and protein (Yerlikaya and Karagozlii,
2008).

Understanding the factors affecting milk and dairy
consumption behaviors is important for promoting
healthy eating habits and meeting the nutritional needs

95

AZERBAIJAN STATE AGRICULTURAL UNIVERSITY STUDENTS

of society. Therefore, research focused on determining
milk and dairy consumption behaviors can help to
design nutrition policies and health campaigns more
effectively.

Although there are many studies examining consumer
behaviors towards milk and dairy products at the
household level, there are fewer studies examining the
issue within the scope of university students (Selguk
et al., 2003; Tarake et al., 2003; Cevger et al., 2008,
Cetinkaya, 2010; Simsek and Acikgdz, 2011; Onay
Derin and Emdirme; 2012; Yahia et al, 2016; Sahin6z
and Ozdemir, 2017; Karakayaci et al., 2018; Yabanci
Ayhan et al., 2018; Ozyiirek et al., 2019; Terzioglu
and Bakirci, 2019; Sancak and Basat Dereli, 2019,
Ngo et al., 2019; Ozbey, 2020; Giildal et al., 2020;
Para et al., 2020; Kumbasaroglu and Erem Kaya,
2020; Urkek and Tas, 2021; Giiler et al., 2021). In this
study, it was aimed to determine the behaviors of
students studying at Azerbaijan State Agricultural
University toward the consumption of milk and dairy
products. The fact that the subject has not been
previously examined within the scope of university
students in Azerbaijan increases the importance of this
study. Milk production has been growing dynamically
since Azerbaijan gained its independence in 1991.
Milk production increased more than 2.3 times in
2020 compared to 1991. The increase was 2.3-fold in
cow milk production and 2.4-fold in sheep and goat
milk production. In 2020, 98.4% of 2192.5 thousand
tons of milk produced in Azerbaijan was cow's milk.
In 2020, the total value of livestock products was
4,400.5 million manats, of which 29.3% was milk.
Milk production per capita in Azerbaijan increased by
69% from 130 kg in 2000 to 220 kg in 2020.
However, Azerbaijan's milk production capacity is
below the world average. Although there has been an
improvement in milk production in Azerbaijan since
its independence in 1991, the per capita consumption
of milk and dairy products is below the physiological
norms and the world average (Huseyn, 2022).

MATERIAL AND METHODS
Data Collection

The main material of this study was the data collected
through questionnaires from the students at Azerbaijan
State Agricultural University in the academic year
2023-2024. Taherdoost (2021) emphasized that
researchers use different approaches to gather and
collect primary data for specific purposes, and that the
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validity, reliability, objectivity, and authenticity of
primary data are greater compared to secondary data
types. The sample size was determined by the method
of clustered one-stage simple random probability
sampling based on the main population proportions
proposed by Collins (1986) according to the following
formula:

n=t*[1+(0,02) (b-1)] * (p*q)/e? )

The terms in the formula are; n: Sample size, t: Table
value t corresponding to a 5% significance level, b:
Sampling stage (taken as 1 since it is a one-stage
sampling), p: Probability of occurrence of the
investigated event in the population (assumed to be
0.5%), q: probability (1-p) that the event under study
does not occur, e: indicates a 5% margin of error.

Sample size according to the equation for simple
random sampling:

n = t2*(p*q)/e?
(2), n = 1,962%(0,5*0,5)/0,052
(3), n = 384.

Statistical Analysis

Due to the high participation rate of the students at the
Azerbaijan State Agricultural University, more than
384 people were reached during the implementation
of the research questionnaires. In this regard, an
additional survey was conducted with 34 people, and
by adding these valid questionnaires, data were
obtained from a total of 418 students. This research
was approved by the ethics committee with the
decision of the Scientific Research and Publication
Ethics Review Board of Azerbaijan State Agricultural
University dated 16/09/2024 and protocol number 3-
22-23/3-1-1516/2024. In this study, in which the
online Google survey form was used, a questionnaire
was applied to the students voluntarily. The
questionnaire form consisted of 22 questions covering
general descriptive characteristics, milk and dairy
product consumption, and purchasing behavior
sections. The data obtained from the questionnaire
were transferred to the computer environment and
frequency distributions and descriptive statistics were
analyzed. The chi-square test was applied to examine
the gender-related changes in the factors affecting
purchasing behavior. The Chi-square test is a reliable
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statistical method employed to assess whether two
categorical variables are independent (Bai et al.,
2025). The results obtained were tabulated and
interpreted. IBM SPSS v25 was used in all statistical
analyses of the study:.

RESULTS AND DISCUSSION
Demographic Characteristics of Participants

In this section, the demographic characteristics of the
respondents among the students studying at
Azerbaijan State Agricultural University are given. As
shown in Table 1, when the gender distribution of the
students participating in the survey was analyzed;
64.1% of the students were male and 35.9% were
female.

Information on the age groups, education, marital and
employment status, and place of residence of the
students who participated in the survey are shown in
Table 1. A significant portion of the students
participating in the survey were between the ages of
17-22. The rate of those between the ages of 17-22
was 93.7% for males and 86% for females. The
proportion of students between the ages of 23-30 was
higher among female students. The educational status
of the students who participated in the survey was
analyzed in terms of their most recent level of
graduation, and as expected, the proportion of high
school graduates was found to be high for both males
(78.4%) and females (64.7%). Both males and females
had associate's, bachelor's, and graduate degrees, and
the proportion of associate's degree holders was
higher among female students.

When the marital status of the participants was
analyzed, it was seen that, as expected, the rate of
single students was high among both males and
females. Among the participants, including married
and widowed students, the proportion of single
students was higher among males (95.1%) than
females (90.7%). While 76.5% of male students
resided in the center of Ganja, the place of residence
of female students was approximately equally
distributed between the center and outside of Ganja.
Most of the students lived in households of 3 to 4
people.
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The average monthly household income of male
students (888 AZN) was higher than that of female
students (621 AZN) (Table 2). It is estimated that this
is because male students have a higher employment
rate than female students. In other words, male

Table 1. Some demographic characteristics of the participants.

AZERBAIJAN STATE AGRICULTURAL UNIVERSITY STUDENTS

students have a higher employment rate and have
higher monthly household incomes than female
students because they provide additional income to
their households by working.

Demographic Characteristics Male Female
Gender Frequency % Frequency %
268 64.1 150 35.9
Age Groups
17-22 251 93.7 129 86.0
23-30 14 5.2 18 12.0
31-37 3 1.1 3 2.0
Education High School 210 78.4 97 64.7
Undergraduate 30 11.2 17 11.3
Associate degree 26 9.7 34 22.7
Graduate 2 0.7 2 13
Marital status Single 255 95.1 136 90.7
Widow 1 0.4 5 3.3
Married 12 4.5 9 6.0
Employment Working 49 18.3 11 7.3
Not working 219 81.7 139 92.7
Place of Residence Ganja Center 205 76.5 86 57.3
Outside Ganja 63 235 64 42.7
Number of Households 1 person 8 3.0 2 13
2 persons 12 45 10 6.7
3-4 persons 147 54.9 68 45.3
5+ 101 37.7 70 46.7
Table 2. Descriptive statistics of participants' household income level.
Monthly Household Income
N Minimum Maximum Mean Standard Deviation
Gender Male 268 100 7000 888.36 921.41
Female 150 100 4000 621.03 538.12

Milk and Dairy Products Consumption Behaviors
of Participants

Drinking milk consumption status

Among the students who participated in the survey,
64.6% of the males and 69.3% of the females
consumed drinking milk (Table 3). It was seen that
milk consumption rates were relatively high among
both genders. Some previous studies conducted on a
similar target group also revealed that the drinking

Table 3. Drinking milk consumption status of the participants.

milk consumption rate of male and female students
was high. According to a survey conducted with 311
undergraduate students from various faculties at
Konya Selguk University, 84.1% and 86.9% of male
and female students, respectively, consumed milk in
this way (Onay Derin and Emdirme, 2012). According
to a survey of 588 university students living in
dormitories in Ankara, 71.3% and 78.1% of male and
female students consumed milk (Yabanci Ayhan et al.,
2018).

Drinking milk consumption status Male Female

Frequency % Frequency %
Yes 173 64.6 104 69.3
No 95 354 46 30.7
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Neither this study nor the findings of the previous
studies mentioned above should lead to a perception
that milk consumption is widespread among students.
The result obtained in this study reflects the response
to the question “Do you consume drinking milk?” that
was asked of the participant students during the
surveys. It was seen that the answers obtained in
similar studies were obtained with the same question.
However, it is possible to say that the amount of milk
consumed by those who consume milk is low due to
various reasons. The opinions of the students
participating in the survey on the adequacy of the

amount of milk consumed confirm this. While 22.8%
of the males selected the option “No Idea” about the
amount of milk consumption, this rate was 19.3% for
females. While the rate of males who stated that their
milk consumption was “Very Insufficient” was 18.3%,
this rate was 16.0% for females. A small portion of the
students found milk consumption insufficient and the
rate of males who thought it was “insufficient” was
4.9%, while this rate was 8.0% for females. The rate
of males who thought it was “adequate” was 54.1%,
while this rate was 56.7% for females (Table 4).

Table 4. Participants' opinions on the adequacy of the amount of milk consumption

Male Female

Frequency % Frequency %

Consumption Amount of No Idea 61 22.8 29 19.3
Drinking Milk Very Inadequate 49 18.3 24 16.0
Adequate 145 54.1 85 56.7

Insufficient 13 4.9 12 8.0

Although the proportion of students who think that
drinking milk consumption is adequate is slightly
more than 50%, the fact that the proportion of those
who do not express an opinion on the adequacy of
drinking milk consumption and the proportion of
those who think that it is “very inadequate” or
“inadequate” is 46% for males and 43.3% for females
in total shows that whether the amount of milk
consumption is adequate among the students of
Azerbaijan  State  Agricultural  University s
questionable. If it is assumed that the amount of milk
consumption of the students who did not express an
opinion about the adequacy of their milk consumption
is insufficient; it can be stated that the amount of milk
consumption of approximately 50% of males and
females is insufficient.

In the results of previous studies related to the
adequacy of milk consumption by students, the
inadequacy of the amount of milk consumption was
generally emphasized. In a survey study conducted
with 361 undergraduate students at Samsun Ondokuz
Mayis University, the rate of students who stated that
they drink milk in general was 86.43% (86.79% for
males and 86.14% for females), while the rate of
students who stated that they drink milk regularly
every day was 18.28% (16.35% for males and 19.80%
for females) (Giiler et al., 2021). According to a
survey conducted with 380 students at Erzincan Binali
Yildirim University, the rate of regular drinking milk
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consumption was 17.89% for males and 25.30% for
females (Kumbasaroglu and Erem Kaya, 2020). In a
survey study conducted with the participation of 273
students studying at Bitlis Eren University Tatvan
Vocational School, it was determined that although
approximately 76% of the participants liked to drink
milk, 89% of them did not have the habit of
consuming milk regularly. Approximately 9% of
female students and 13% of male students consumed
milk every day (Sancak and Basat Dereli, 2019).
According to a survey study conducted with 151
students studying at different faculties and colleges of
Selguk University, 71.52% of the participants were
found to consume milk and dairy products irregularly
(Karakayac1 et al., 2018). According to a study
conducted on 400 students studying in different
faculties of Erzincan University, although 67% of the
students liked to drink milk, it was pointed out that the
amount of milk consumed per person was insufficient
(Terzioglu and Bakirci, 2019). According to a survey
conducted with 60 students studying in different
faculties of Yuzuncu Yil University, 76% of the
students consumed milk, while 83.86% of the students
consumed milk irregularly (Tarak¢i et al., 2003).
According to another survey conducted with 40
students from different faculties of Yuzuncu Yil
University, 60.77% of the students consumed milk
irregularly (Selguk et al., 2003). According to the
findings of a survey conducted with 730 students
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studying in different departments of Kafkas
University, the rate of drinking milk consumption of
the students participating in the survey was 33% and it
was revealed that 76% of these students preferred
other dairy products to milk (Cetinkaya, 2010).

On the other hand, the results of some previous
studies on the adequacy of students' milk consumption
emphasize regular milk consumption. According to a
cross-sectional survey conducted on a sample of
undergraduate  students at Central Michigan
University in Michigan, USA, 71% of males and 66%
of females drank milk every day (Yahia et al., 2016).
According to a study conducted on 120 students
studying at Giimiishane University, 70% of the
students regularly drank milk and 82.5% of them
consumed milk and dairy products daily (Sahinéz and
Ozdemir, 2017).

Milk consumption preferences of participants

Milk consumption preferences of the participants are
shown in Table 5 according to type. According to milk
type, more than 70% of both male and female students
preferred plain milk. In the preference according to
milk type, it was seen that both male and female
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students prefered street milk. After street milk, the
most preferred milk type was pasteurized milk. It is
predicted that the preference rates of students for
street milk may be related to the socio-economic
development level of the cities where the universities
are located. It should be considered that these results
obtained for the city of Ganja in Azerbaijan may be
different for the capital Baku. For example, according
to the results of a survey conducted with 588
university students living in dormitories in Ankara, the
capital of Tirkiye , 2.4% and 1.3% of male and
female students, respectively, consumed street milk
(Yabanci Ayhan et al., 2018). According to another
survey conducted with 150 students at Ankara
University Faculty of Agriculture, only 2% of the
students stated that they prefer street milk (Giildal et
al., 2020). According to a survey study conducted
with 273 students studying at Bitlis Eren University
Tatvan Vocational School in Bitlis, which has a lower
socio-economic development ranking compared to
Ankara, street milk was found to be the most preferred
milk type by 61.53% of the students (Sancak and
Basat Dereli, 2019).

Table 5. Distribution of participants’ milk consumption preferences by gender

Milk consumption preference

Frequency

Milk Type Flavored  Flavored 59
Plain milk 209

Type Pasteurized milk 65
Street milk 190

UHT 13

As mentioned above, it was seen that both male and
female students studying at Azerbaijan State
Agricultural University mostly preferred street milk.
Being natural was the most common reason for males
(85.8%) and females (85.3%) to consume street milk.
The preference for street milk for its taste or flavor
was seen in 7.5% of males and 7.3% of females.
Preference for street milk because it is easy to obtain
was 6.7% among males and 7.3% among females
(Table 6).

Street or open milk seriously threatens public health
and should be carefully monitored and controlled.
Mert et al. (2020) pointed out that raw milk provides a
very favorable environment for microbiological
activity and rapid growth of microorganisms and
shared the findings of many studies on the harms of
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Male Female
% Frequency %
22.0 40 26.7
78.0 110 73.3
24.3 45 30.0
70.9 93 62.0
4.9 12 8.0

street milk. Mert et al. (2020) emphasized that there
are pathogens and other microorganisms in street milk
that threaten public health at a very serious level, so
street milk consumption should be strictly prohibited.

In Azerbaijan, where this research was conducted, it is
also noted that there are important problems related to
raw milk quality. Huseyn (2022) states that 80% of
dairy cattle farms in Azerbaijan have 2 to 4 cows,
have low milk yield per head, and produce poor-
quality raw materials. Huseyn (2022) emphasizes that
there are often problems with the quality of raw milk
produced by small farms and states that these
problems are caused by milk from sick animals, milk
diluted with water, non-compliance with hygienic
rules, etc.
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Table 6. Distribution of participants' reasons for consuming street milk (open milk) by gender

Male Female

Frequency % Frequency %

Reasons for consuming street  Taste 20 7.5 11 7.3
milk Natural 230 85.8 128 85.3
Easy to procure 18 6.7 11 7.3

Causal factors directing and limiting participants'
drinking milk consumption

To determine the factors influencing male and female
students at Azerbaijan State Agricultural University to
consume milk, various propositions were presented to
each participant during the questionnaires of this
study (Table 7). Overall, 71.3% of male and 72.7% of
female students agreed with the statement “I consume
milk because I find it healthy”. The proportion of
students who agreed with the statement “I consume
milk because I like drinking milk” was 61.2% for
males and 59.7% for females. The rate of those who
agreed with the statement “I consume milk because |
like the smell/taste of milk” was 57.3% for males and
48.7% for females. It cannot be said that the effect of
habits on students' milk consumption is high. The rate
of those who agreed with the statement “I consume
milk out of habit” was 48.5% for males and 42.7% for
females. The fact that students are influenced by their
own families in milk consumption is one of the
important findings of the study. The proportion of
students who agreed with the statement “I consume
milk according to the family's dietary rules” was
58.5% for males and 59.4% for females.

According to these results, it can be said that more
than 70% of the students at Azerbaijan State
Agricultural University associate milk consumption
mostly with health and therefore prefer it. In addition,
about 60% of the students consume milk because they
like to drink milk. Family tradition was also found to
be an important causal factor leading students to
consume milk. As mentioned above, approximately
60% of the students agreed that family traditions
affected their milk consumption.

Some previous studies have also found that the main
reasons for milk consumption among university
students were related to health and nutrition.
According to the results of a survey conducted with
588 university students living in dormitories in
Ankara, the capital of Tirkiye , 51.7% and 58.2% of
male and female students, respectively, reported that
the main reason for drinking milk was healthy
nutrition (Yabanci Ayhan et al., 2018). According to a
survey study conducted with 273 students studying at
Bitlis Eren University Tatvan Vocational School, the
most common reason for students to drink milk was
the nutritional properties of milk (Sancak and Basat
Dereli, 2019). According to a study conducted with
311 undergraduate students studying in various
faculties at Konya Selcuk University, the nutritional
feature of milk was the main reason why male and
female students consumed milk (Onay Derin and
Emdirme, 2012). According to the findings of another
survey conducted with 730 students studying in
different departments of Kafkas University, 46% of
the students who participated in the survey consumed
milk because it was nutritious (Cetinkaya, 2010).
According to a study conducted with 60 students
studying in different faculties of Yuzuncu Yil
University, 60.16% of the students consumed milk
because it is nutritious (Tarak¢i et al., 2003).
According to a survey study conducted by Ozbey
(2020) on 1200 students studying in different units of
Hitit University, it was stated that 69.7% of the
students consumed milk because they liked drinking
milk.

100



S. VELIZADE, ¢. TAKMA, H. ADANACIOGLU, O.YERLIKAYA: MILK AND DAIRY PRODUCTS CONSUMPTION BEHAVIOR OF

AZERBAIJAN STATE AGRICULTURAL UNIVERSITY STUDENTS

Table 7. Participants' level of agreement with various propositions that may be effective in encouraging drinking milk consumption

Male Female

Frequency % Frequency %

I consume milk because | Undecided 39 14.6 25 16.7
find it healthy Agree 87 32.5 66 44.0
Strongly Agree 104 38.8 43 28.7

Strongly Disagree 38 14.2 16 10.7

I consume milk because | Undecided 62 23.1 23 15.3
like drinking milk Agree 97 36.2 70 46.7
Strongly Agree 67 25.0 21 14.0

Strongly Disagree 42 15.7 36 24.0

I consume milk because I~ Undecided 74 27.6 36 24.0
like the smell/taste of Agree 103 38.4 60 40.0
milk Strongly Agree 49 18.3 13 8.7
Strongly Disagree 42 15.7 41 27.3

I consume milk out of Undecided 73 27.2 48 32.0
habit Agree 104 38.8 56 37.3
Strongly Agree 26 9.7 8 5.3

Strongly Disagree 65 24.3 38 25.3

I consume milk according  Undecided 66 24.6 40 26.7
to family dietary rules Agree 96 35.8 73 48.7
Strongly Agree 61 22.8 16 10.7

Strongly Disagree 45 16.8 21 14.0

To determine the factors limiting the consumption of
milk by male and female students of Azerbaijan State
Agricultural University, various propositions were
presented to each participant (Table 8). It was found
that 45.9% of male and 45.3% of female students
agreed with the statement “I do not consume milk
because I do not find it healthy”. The rate of those
who disagreed with this statement was also high,
approximately 40% for both male and female
students. The rate of students who agreed with the
statement “I do not consume milk because I do not
like drinking milk” was 50% for males and 46.7% for
females. The rate of students who agreed with the
statement “l do not consume milk because I do not
like the smell/taste of milk” was 48.5% for males and
45.3% for females. The rate of those who disagree
with the statement “I do not consume milk because |
do not consider it necessary to drink milk” was higher.
The rate of those who disagreed with this statement
was 42.2% for males and 42% for females. It can be
said that the rate of those who disagreed with the
statement “I do not consume milk because I find the
milk price expensive” was also high. 42.2% of the
males and 38.7% of the females disagreed with this
statement.

When the attitudes of Azerbaijan State Agricultural
University students towards possible factors that may
limit drinking milk consumption are examined in

general, it may not be a correct approach to emphasize
any limiting factor. Indeed, less than half of the
students generally agreed with all possible limiting
factors. In previous studies, taste/smell and lack of
consumption habits were found to be the main
limiting factors for students’ milk consumption.
According to a survey conducted with 150 students at
Ankara University Faculty of Agriculture, 57.14% of
the students did not consume milk because they did
not like the taste and/or smell of milk (Giildal et al.,
2020). In the studies conducted by Onay Derin and
Emdirme (2012) at Konya Selguk University and
Tarakei et al. (2003) at Yiiziincti Y1l University, it was
determined that most of the students did not consume
milk due to its taste and odor. According to a survey
study conducted with 273 students studying at Bitlis
Eren University Tatvan Vocational School, it was
stated that the most common reason why students
(50.92%) did not drink milk is the lack of milk
consumption habits (Sancak and Basat Dereli, 2019).
In the studies conducted by Ozbey (2020) at Hitit
University and Ozyiirek et al. (2019) at Erzincan
University, lack of consumption habits was the main
reason why students did not consume milk. According
to the results of a survey conducted with 588
university students living in dormitories in Ankara,
54.1% of the students did not drink milk because they
did not like drinking milk (Yabanct Ayhan et al.,
2018).
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Table 8. Participants' agreement with various propositions that may limit drinking milk consumption.

Propositions Male Female
Frequency % Frequency %

I do not consume milk Undecided 36 134 23 15.3
because I do not find it Agree 99 36.9 48 32.0
healthy Strongly Agree 24 9.0 20 13.3
Strongly Disagree 109 40.7 59 39.3

I do not consume milk Undecided 45 16.8 29 19.3
because I do not like Agree 106 39.6 49 32.7
drinking milk Strongly Agree 28 10.4 21 14.0
Strongly Disagree 89 33.2 51 34.0

I do not consume milk Undecided 56 20.9 36 24.0
because I do not like the Agree 102 38.1 50 33.3
smell/taste of milk Strongly Agree 28 10.4 18 12.0
Strongly Disagree 82 30.6 46 30.7

I do not consume milk Undecided 54 20.1 30 20.0
because | do not consider ~ Agree 86 321 45 30.0
it necessary to drink milk  Strongly Agree 15 5.6 12 8.0
Strongly Disagree 113 42.2 63 42.0

I do not consume milk Undecided 44 16.4 27 18.0
because | find the milk Agree 94 35.1 58 38.7
price expensive Strongly Agree 17 6.3 7 4.7
Strongly Disagree 113 42,2 58 38.7

Analysis of the change in participants’ milk and
dairy product purchasing behavior according to
gender

The frequency of consumption of milk and dairy
products by students at Azerbaijan State Agricultural
University was examined within the scope of drinking
milk including UHT and pasteurized milk, raw milk,
khama, yogurt, shor, labne, kesmik, kaymak, cream,
butter, cheese, and kefir (Table 9). It was seen that the

frequency of consumption of milk and dairy products
was generally low or close to medium frequency. In a
sense, it can be said that students’ consumption of
milk and dairy products is insufficient. When the
statistical analysis results related to the significance of
the change in the frequency of consumption of milk
and dairy products according to gender are examined,
it is revealed that there is no statistically significant
difference between genders (p>0.05).

Table 9. Change in the frequency of milk and dairy product consumption of the participants according to gender

Products Gender N Rank Mean Mean* Std. Deviation p
Drinking milk** Male 268 203.96 2.29 1.21 0.19
Female 150 219.40 2.44 1.20 '
Raw Milk Male 268 208.43 2.23 1.23 0.80
Female 150 211.42 2.25 1.23 '
Hama Male 268 212.05 2.29 1.25 055
Female 150 204.95 2.83 1.32 '
Yogurt Male 268 214.43 2.23 1.23 0.25
Female 150 200.70 3.33 1.35 '
Shor Male 268 212.81 3.06 1.32 0.44
Female 150 203.58 2.97 1.29 '
Labne Male 268 205.15 2.13 1.21 0.30
Female 150 217.27 2.24 1.20 '
Kesmik Male 268 210.60 2.69 1.35 0.80
Female 150 207.53 2.65 1.32 '
Kaymak Male 268 211.88 2.96 1.33 0.58
Female 150 205.24 2.89 1.38 '
Cream Male 268 207.07 2.47 1.21 057
Female 150 213.83 2.55 1.27 '
Butter Male 268 215.21 3.50 1.30 0.18
Female 150 199.29 3.33 1.30 '
Cheese Male 268 205.22 2.07 1.23 031
Female 150 217.15 2.21 1.29 '
Kefir Male 268 202.76 2.44 1.36 0.12
Female 150 221.54 2.63 1.29 '

*Likert scale mean; 1: | never consume; 5: | consume constantly **UHT, pasteurized milk
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The frequency of purchase of milk and dairy products
by the students at Azerbaijan State Agricultural
University according to the place of purchase was
analyzed within the framework of supermarkets,
dairies, grocery stores, local markets, local milk
vendors/milkman, and other sales places (Table 10).
According to the purchase frequencies of the students,
supermarkets are the sales places where milk and
dairy products are purchased the most. However, it is
noteworthy that supermarkets are not the places where
milk and dairy products are purchased continuously
according to the average purchase frequency. In the
studies conducted by Selcuk et al. (2003), Tarakg1 et
al. (2003), Cevger et al. (2008), Karakayaci et al.
(2018), Terzioglu and Bakirc1 (2019), Sancak and
Bagat Dereli (2019) and Kumbasaroglu and Erem
Kaya (2020) in different universities, it was found that
most of the students purchased milk or dairy products
from supermarkets. The use of dairy farms, grocery
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stores, local markets, local milk vendors, and other
outlets for milk and dairy products by students at
Azerbaijan State Agricultural University was close to
low or medium frequency.

When the change in the sales places where milk and
dairy products are purchased according to gender was
analyzed, a significant difference was found between
male and female students in the preference for milk
and dairy products purchased from supermarkets
(p=0.04). Accordingly, males use supermarkets more
frequently than females when shopping for milk and
dairy products. Purchasing milk and dairy products
from local milk vendors also showed a significant
difference depending on gender (p=0.04). According
to this result, the frequency of use of local milk
vendors was higher among male students than female
students. In other sales points (dairy, grocery, local
market, and others), no significant difference was
found according to gender (p>0.05).

Table 10. Change in the frequency of purchase of milk and dairy products by place of purchase according to gender

Places Purchased Gender N Rank Mean
Supermarket Male 268 218.58
Female 150 193.28
Dairy Male 268 210.85
Female 150 207.08
Grocery Store Male 268 213.78
Female 150 201.85
Local Market Male 268 212.36
Female 150 204.39
Milkman/local Male 268 218.17
milk vendor Female 150 194.01
Other Male 268 213.54
Female 150 202.28

Mean* Std. Deviation p

3.50 1.22  0.04**
3.20 1.32

2.61 1.27 0.75
2.57 1.22

2.76 1.16 0.32
2.65 1.15

2.66 1.28 0.51
2.57 1.22

2.12 1.26 0.04**
1.86 1.14

2.32 129 034
2.19 1.26

*Likert scale mean: 1: | never buy; 5: | always buy **statistically significant for p<0.05

The factors that may affect the purchase decision of
the participants in milk and dairy products shopping
were examined within the scope of price, brand,
quality, flavor, packaging, labeled product, additive,
calorie amount, expiration date, and place of supply
(Table 11). According to the Likert scale average, it
was seen that price, expiration date, place of supply,
and calorie amount were more effective than other
factors in the decision of the participants to purchase
milk and dairy products. The effect of these four
factors on the purchase decision of the participants
was found to be moderate. The effect of other factors
on the purchase decision of the participants was
determined as less effective.

It was seen that price and expiration date, which are
among the factors that are effective in the purchase

decision of milk and dairy products by students at
Azerbaijan State Agricultural University, are among
the important factors found in previous studies. In
studies conducted for students in different universities
in Tirkiye , the main factors affecting students'
decision to purchase milk or dairy products were
determined as expiration date, brand, hygiene and
price by Tarakgi et al. (2003); brand, price, production
and expiration date by Terzioglu and Bakirci (2019);
quality and expiration date by Sancak and Basat
Dereli (2019); brand, expiration date, hygiene and
price by Kumbasaroglu and Erem Kaya (2020); and
freshness, brand, hygiene and price by Urkek and Tas
(2021). In the study conducted by Ngo et al. (2019)
with 520 students in Vietnam, it was determined that
the five main determinants affecting the brand of dairy
products and students' decision to purchase fresh milk
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were: product quality, reasonable price, product
promotion, and customer service, product suitability
and the attitude of the reference group towards the
brand.

There was a significant difference between male and
female students in terms of price, packaging, and
expiration date factors in the purchase decision of
participants in milk and dairy products shopping
(p=0.04, p=0.04, and p=0.05 respectively).
Accordingly, the effect of price, packaging, and

expiration date on students' decision to purchase milk
and dairy products was higher in males than in
females. In terms of brand, quality, flavor, labeled
product, additive, calorie amount, and place of supply,
there was no significant difference in the purchase of
milk and dairy products according to gender (p>0.05).
A study conducted in Tirkiye showed that women
who consume drinking milk tended to prefer more
brands compared to men. However, it was found that
there was no significant relationship between gender
and brand preference (Kahraman and Uysal, 2020).

Table 11. Variation of the factors that may affect the purchasing decision of the participants in milk and dairy products shopping

according to gender.

Factors Gender N
Price Male 268
Female 150
Brand Male 268
Female 150
Quality Male 268
Female 150
Flavor Male 268
Female 150
Packaging Male 268
Female 150
Tagged product Male 268
Female 150
Additives Male 268
Female 150
Calorie count Male 268
Female 150
Expiration date Male 268
Female 150
Place of supply Male 268
Female 150

Rank Mean Mean* Std. Deviation p
218.58 3.50 122  0.04**
193.28 3.20 1.32
210.85 2.61 1.27  0.75
207.08 2.57 1.22
213.78 2.76 1.16 0.32
201.85 2.65 1.15
212.36 2.66 1.28 0.51
204.39 2.57 1.22
218.17 2.12 1.26  0.04**
194.01 1.86 1.14
213.54 2.32 1.29 0.34
202.28 2.19 1.26
216.26 2.79 1.30 0.11
197.43 2.59 1.27
211.19 3.04 131 0.69
206.48 2.99 1.36
217.82 3.60 1.38 0.05**
194.63 3.28 1.52
217.34 3.44 1.33 0.07
195.49 3.17 1.44

*1: Not at all effective; 5: Absolutely effective. **Statistically significant for p<0.05

CONCLUSION

The results of this study have made an important
contribution to the literature in terms of revealing the
behaviors of university students in Azerbaijan towards
the consumption of milk and dairy products for the
first time with the example of Azerbaijan State
Agricultural University. In general, it was seen that
the behaviors of university students in Azerbaijan
towards milk and dairy product consumption are
similar to the findings of similar studies conducted in
different countries. According to the main findings of
this study, although Azerbaijan State Agricultural
University students consume milk, the milk
consumption frequency is low for various reasons.
The preference made according to milk type revealed
that street milk is predominant in both male and
female students. It was determined that a significant

majority of the students of Azerbaijan State
Agricultural University associate milk consumption
with health and therefore prefer it. No possible
dominant reason that could limit the consumption of
drinking milk by the students participating in the
study was encountered. It was determined that price,
expiration date, place of supply, and calorie content
were more effective than other factors in the
purchasing decisions of the participants.

The findings of this study reveal that some important
factors are limiting the development of milk and dairy
consumption among university students in Azerbaijan.
Inadequate consumption of milk and dairy products
by students is one of these problems. Another problem
encountered is that students do not consume
consciously. An example of this is that most of the
students prefer street milk, which is considered
unhealthy, thinking that it is natural. Considering
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these two limiting factors, some important strategies
need to be implemented both to increase the
consumption of milk and dairy products and to
improve the conscious consumption habits of the
students of Azerbaijan State Agricultural University.
Implementation of government incentives to support
students' consumption of milk and dairy products both
at the university and at retail outlets in the cities,
organizing scientific activities to increase student's
awareness and consciousness of healthy consumption
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OZ: Incir Tiirkiye ve diinya geneli tarimsal iiretim ve ticaretinde onemli bir paya sahip olup, yapilan akademik ¢alismalarin
bibliyometrik analizinin yapilmasi, mevcut durumun ortaya konmasi ve gelecege doniik ¢ikarimlar i¢in dnem tasimaktadir. Bu arastirmada,
28 Nisan 2025 tarihinde Web of Science (WoS) - Core Collection veri tabaninda, “'fig*” AND “Ficus carica*” (incir) anahtar kelimelerini
iceren bir tarama ger¢eklestirilmistir. Yapilan arama sonucunda 1599 kayit elde edilmistir. Veri setinin incelenmesinde betimsel analiz ve
bibliyometrik analiz yontemleri kullanilmistir. Biblivometrik analiz siirecinde VOSviewer 1.6.20 yazilimindan, betimsel icerik analizi
asamasmnda ise WoS veri tabanindaki Analyze Results sekmesinden yararlamilmistir. Calismada ortak yazar analizi, ortak kelime analizi
ve atif analizi yontemleri uygulanmistir. Arvastirma bulgulari, incir konusunda yapian c¢alismalarin daha ¢ok Akdeniz bolgesinde
yogunlastigin ortaya koymaktadir: Incir iivetimi ve ticaretinin yogun olarak yapildigi Akdeniz havzasinda, bilimsel ¢alismalarin da gelistigi
belirlenmistir. Bu durum ashnda beklenen bir olgu olarak agiklanabilir. Incir iivetimi ve ticareti, diinya genelinde Akdeniz bolgesinde
yvogunluk kazanirken, bu stirecin beraberinde getirdigi tarimsal iiretim, ticaret ve pazarlama sorunlari, bilimsel ¢alismalarin da yapilmasini
saglamistir: Tiirkiye basta olmak iizere, Israil, Italya, Fransa, Ispanya, Portekiz, Fas gibi iilkelerde ¢alismalarin oldukga fazla ve nitelikli
oldugu ifade edilebilir. Amerika Birlesik Devietleri 'nde de incir tiretimi ve ticaretinin belirli diizeyde gelismis olmasi, bilimsel ¢alismalart
da gelistirdigi ifade edilebilir. Calismalarin daha ¢ok incir hastalik ve zararlilari, yetistirme ve islah, incir dollenmesinde essiz bir oneme
sahip olan incir aricigimin yasam dongiisii, hasat, hasat sonrasi kurutma ve depolama siiregleri, incir meyvelerinin antioksidan igerigi ve
diger gida bilimi konularinda yogunlastigi belirlenmigtir. Sonug olarak Tiirkiye 'nin sahip oldugu incir iivetim, ticaret ve bilim arenasindaki
basarisini siirdiirmesi ve daha da gelistirmesi igin tiim paydagslar arasindaki var olan igbirligi olanaklar: daha da gelistivilmelidir. Fon
kaynaklar: genis, hedefli ve giidiimlii proje olanaklarimin iyilestivilmesi faydalt olacaktir.

Anahtar Kelimeler: Incir, Ficus carica, bibliyometrik analiz, Akdeniz Havzasu.

Trends and Patterns in Fig Research: A Bibliometric Perspective

ABSTRACT: Figs hold a significant position in both Tiirkiye’s and the global agricultural production and trade. Conducting a
bibliometric analysis of academic studies on this subject is crucial for revealing the current state of research and providing insights for
future directions. In this study, a search was conducted in the Web of Science (WoS) - Core Collection database on April 28, 2025, using
the keywords “fig*” AND “Ficus carica*”. As a result of the search, 1,599 records were retrieved. Descriptive analysis and bibliometric
analysis methods were employed to examine the dataset. For the bibliometric analysis, the software VOSviewer version 1.6.20 was utilized,
while the Analyze Results feature of the WoS database was used for the descriptive content analysis. In the study, co-authorship analysis,
co-word analysis, and citation analysis techniques were applied. The research findings indicate that studies on figs are predominantly
concentrated in the Mediterranean region. This reflects a parallel between the intensity of fig production and trade in the Mediterranean
basin and the corresponding concentration of scientific research in the area. Such a pattern is, in fact, an expected phenomenon. As fig
production and trade are largely centered in the Mediterranean globally, this has naturally led to increased scholarly interest in associated
issues such as agricultural production, trade dynamics, and marketing challenges. It can be stated that countries such as Tiirkiye, Israel,
Italy, France, Spain, Portugal, and Morocco have produced a substantial volume of high-quality research on this subject. It is anticipated
that the development of fig production and trade, to a certain extent, in the United States has also contributed to the advancement of
scientific research in this field. It has been determined that the majority of the studies have focused on fig diseases and pests, cultivation
and breeding practices, the life cycle of the fig wasp—which plays a unique and essential role in fig pollination—as well as harvest, post-
harvest drying and storage processes, the antioxidant content of fig fruits, and other topics related to food science. In conclusion, for
Tiirkiye to maintain and further enhance its success in fig production, trade, and scientific research, it is essential to strengthen existing
collaboration among all stakeholders. Additionally, improving access to broad, targeted, and mission-oriented funding opportunities would
be highly beneficial.

Keywords: Fig, Ficus carica, bibliometric analysis, Mediterranean Basin.
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GIRIS

Incir agac1 (Ficus carica L.), Ficus cinsine ait Akdeniz
dagilimina sahip tek tirdiir. Tropikal yagmur
ormanlarinda incirler, ekosistemlerdeki temel rolleri
nedeniyle kilit tiirler olarak kabul edilir; meyveleri yil
boyunca bocekler, kuslar ve diger hayvanlar i¢in besin
saglar. Bu konuda en 6nemli uzmanlardan biri olan
Condit (1964), Ficus’u bitki kralliginin olaganiistii bir
ilyesi olarak tamimlamistir. Cilinki bu cins, yaprak
doken ve herdem yesil agacglar, galilar, tirmanicilar,
sarmasiklar, epifit, yar1 epifit ve litofit tiirler gibi asir1
cesitlilikte bitki formlarmni ierir. Bir diger dikkat ¢ekici
ozellik, bitki tiirti ile tozlayict yaban arilart arasindaki
yakin simbiyotik iligkidir; bu, bitki-bocek arasindaki
ireme karsihikli  bagimlihigmin  en 1iyi bilinen
orneklerinden  birini  sunar.  Ficus tiirlerinin
tozlayicilari, Hymenoptera takimina ait Agaonidae
familyasindan simbiyotik yaban arilaridir. Bu simbiyoz
oldukca ozellesmistir; tiirlerin ¢ogu, yalnizca tek bir
spesifik agaonid yaban aris1 tarafindan tozlanir.
Yalnizca birka¢ durumda, bir incir tiirii iki yaban aris1
tiirline ev sahipligi yapar veya bir yaban arisi, yakindan
iligkili birkag¢ Ficus tiirinii tozlar (Falistocco, 2020).

Incir (Ficus carica L.), insanlar tarafindan kiiltiire
alman en eski meyve tiirlerinden biri olup, Glineybati
Asya ve Akdeniz kokenlidir. incir, antik ¢aglardan bu
yana saglik ve refah ile iliskilendirilmistir. Lif,
potasyum, kalsiyum ve demir agisindan zengin
olmasinin yani sira; vitaminler, amino asitler ve
antioksidanlar bakimidan da 6nemli bir kaynaktir. Son
yillarda artan tiiketim talebi, incir iretiminin Meksika,
Brezilya, Hindistan ve Cin gibi yeni ilkelere
kaymasina neden olmustur. Ancak, incir yetistiriciligi
zorlu bir siirectir. Incir, meyve gelisimi ve olgunlasma
donemlerinde hem zararl bocekler ve hastaliklara hem
de abiyotik stres kaynakli zararlanmalara karsi
hassastir. Ayrica, narin bir meyve olmasi nedeniyle
karmagik hasat sonrasi iglemler gerektirmekte ve iklim
degisikligi  dretim  lizerinde 1ilave  tehditler
olusturmaktadir (Aksoy ve Flaishman, 2022).

Ficus carica, yani incir, Anadolu kokenli en eski
tarimsal bitkilerden biridir. Insan sagligina faydali olan
bu degerli meyve {iriinii, vitaminler, mineraller,
koruyucu bilesikler ve insan diyetinde yiiksek
karbonhidrat igerigi barindinir. Bu nedenle, incir
meyvesi, insan tiiketimi i¢in iglevsel bir gida olarak
degerlendirilebilir.

Tiirkiye incir iiretimi ve ihracati bakimindan diinya
genelinde lider konumdadir. Ulkede bircok aile, gecim
kaynag1 olarak incir tarimiyla mesgul olmakta ve
gelirlerinin tamamini bu iirlinden saglamaktadir
(Caliskan ve Dalkilig, 2022).

Incir yalmzca taze ve kuru formda dogrudan
tiketilmemekte; ayn1 zamanda regel, tatli, pestil gibi
gida {riinlerine islenmekte ve gesitli yemeklerde
kullanilmaktadir. Bunun yani sira, incir kozmetik
endiistrisinde de degerlendirilmekte olup, bu yoniiyle
de ekonomik katki saglamaktadir. Sonug olarak, incir
iretimi Tiirkiye'nin tarimsal ekonomisine Onemli
diizeyde katma deger sunmaktadir. Kuru incir olarak
Sarilop, taze incir olarak Bursa Siyahi cesitlerinin
favori gesitler oldugu ifade edilmelidir. Elbette bazi
erkenci ve gec olgunlasan cesitlerin yani sira halk
arasinda ilek denilen erkek incir ¢esitleri agisindan da
tilkemiz olduk¢a genis bir biyolojik cesitlilige ve
ekonomik potansiyele sahiptir (Isin ve ark., 2004;
Cobanoglu ve ark., 2005; Ozen ve ark., 2007; Ayar,
2018; Cakan, 2020; Cobanoglu ve ark., 2022; Ozkul ve
ark., 2022; Ertan ve Arikan, 2023; Cukur ve Cukur,
2024; Kargicak, 2025).

Yiiksek kalitede sofralik ve kurutmalik incir iiretimi
igin, ¢esit secimi, ekolojik kosullar, arazi se¢imi, dikim
araliklari, budama islemleri, giibre uygulamalari,
toprak yonetimi, sulama teknikleri, ilekleme siire¢leri,
hastalik ve zararlilarla miicadele c¢alismalar1 hem
sofralik hem de kurutmalik incir kalite standartlarinin
belirlenmesinde ortak parametreler oldugu
belirtilmektedir. Hasat ve depolama siiregleri, kurutma,
ayiklama ve depolama islemleri ile kuru incirde
aflatoksin  olusumu  Onemli  kriterler  olarak
degerlendirilmektedir (Aksoy, 1991; Ozen ve ark.,
2007; Meyvaci ve ark., 2010; Tutmus ve ark., 2012;
Gogmez ve Seferoglu 2014).

Diinya geneli ve 6zellikle Tiirkiye’de taze ve kuru incir
iretimine yonelik olarak, fidan {iretiminden bahge
tesisine, taze ve kuru olarak i¢ ve dig pazarlara yapilan
ticaret, bunlari igleyen, pazarlayan tarima dayali sanayi
kuruluslari, laboratuvarlar, sertifikasyon kuruluslariin
faaliyetleri, ciftciler, aracilar, depocular, isleyiciler,
isleme tesislerinde istihdam edilen is¢iler gibi bircok
parametre incelendiginde, sektoriin  Onemli bir
ekonomik biiyiikliige sahip oldugu ifade edilebilir.
Bunun yaninda Dumanoglu ve Ozerden (2025)
tarafindan da belirtildigi gibi dikenli incir bitkisinin
(Opuntia ficus-indica L.) kiiltiirel miras baglaminda ele
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alimmarak, Uretim hacminin artirilmasinin  Onemi
tizerinde durulmustur. Kosinil (Dactylopius coccus
Costa) boceginden elde edilen dogal boyar maddenin
degeri One cikarilmis ve bu iki tarimsal unsurun
kullanildig1 boélgelerde siirdiiriilen kiiltiirel mirasin,
turizm perspektifinden tagidigi 6nem vurgulanmistir.

Diger taraftan incirler, ¢esitli yapisal dzelliklere sahip
biyoaktif fitokimyasallarin zengin kaynaklaridir.
Incirde bulunan bazi fenolik bilesikler, bu meyvede
karakteristik biyoaktif maddeler olup, dogada nadir
bulunur ve giiclii antioksidan, antidiyabetik, antikanser,
antienflamatuar, immiinomodiilatér ve ndroprotektif
etkiler gdsterir. Sekerler, organik asitler, kumarinler ve
prenile fenolik bilesikler, c¢esit secimi i¢in belirleyici
kimyasal isaretleyiciler olabilir (Konak ve ark., 2015;
Yang ve ark., 2023).

Bibliyometrik analiz, matematiksel ve istatistiksel
yontemler (6rnegin algoritmalar, yazilim araglar vb.)
kullanilarak  gerceklestirilen  bir  degerlendirme
stirecidir. Bu siirecte; 1) belirli bir arastirma disiplinine
ait unsurlarin (yaymlar, yazarlar, dergiler, anahtar
kelimeler, iilkeler, kurumlar vb.) "performans" dl¢iitleri
temelinde Olgiilmesi, siniflandirilmas: ve siralanmasi
yoluyla analiz edilmesi ve ii) ele alinan konu
baglaminda bilimsel iletisimi temsil eden entelektiiel,
kavramsal ve sosyal yapinin, "haritalama" teknikleriyle
gorsellestirilmesi amaglanmaktadir (Oztiirk ve Giirler,
2022).

Geleneksel literatiir incelemeleri, smirh sayida
calismayr ayrintili  bir sekilde analiz etmeye
odaklanirken, bibliyometrik arastirmalar, ylizlerce
hatta binlerce yayini kapsayan genis bir literatiirii daha
ylizeysel ancak Dbiitiincil bir bakis agisiyla
degerlendirme imkdm1 saglar. Bu  odzelligiyle
bibliyometrik analizler, geleneksel literatiir taramalar
ve icerik analizleri i¢in yOnlendirici bir zemin
olusturabilir. ~ Nitekim  bibliyometrik  yontemler
sayesinde, bir arastirma alaninin mevcut yapisi, 6nde
gelen calismalar, teoriler, bu alan1 sekillendiren
yazarlar ve yayinevleri arasindaki iligkiler ortaya
konulabilir. Elde edilen bulgular, aragtirma alaninin
entelektiiel  ¢ercevesini  haritalandirarak  daha
derinlemesine incelenmesi gereken alt konular
belirleme olanagi sunar. Bu tiir konular, geleneksel
literatiir incelemeleri ve igerik analizleriyle detayl bir
sekilde ele almabilir. Bu baglamda, bibliyometrik
analizlerin geleneksel yontemlerin yerine ge¢mekten

BIBLIYOMETRIK BiR DEGERLENDIRME

cok, onlart destekleyici ve tamamlayict bir rol
tistlendigi belirtilebilir (Zubik ve Cater, 2015).

Performans analizleri, bilimsel akt6rlerin iiretkenlik ve
katkilarina dair ¢esitli bulgular sunabilse de bu aktorler
arasindaki iliskiler, etkilesimler veya is birligi
diizeyleri hakkinda bilgi saglamamaktadir (Oztiirk,
2021). Dolayistyla, yalnizca performans analiziyle bir
aragtirma alanimmin yapisimt ve temel dinamiklerini
kapsaml1 bir sekilde ortaya koymak miimkiin degildir.
Bu baglamda, bilimsel alan haritalama, yazarlar,

caligmalar, dergiler, kavramlar/anahtar kelimeler,
kurumlar, {ilkeler ve atiflar gibi bilimsel unsurlar
arasindaki c¢ok yonlii etkilesimleri inceleyerek,

arastirma alaninin  biitlinclil bir yapisin1 ortaya
¢ikarmak i¢in kullanilmaktadir (Van Eck ve Waltman,
2010). Diger bir deyisle, bilimsel alan haritalama,
bilimsel unsurlar arasindaki iliski ve is birligi aglarin
gorsellestirmeye  yonelik  bir  yontem  olarak
tanimlanabilir (Block ve Fisch, 2020). Bu dogrultuda,
alan haritalama siirecinde yliriitiilen analizler, esasen
bir ag c¢ikarimi (network extraction) siireci olarak
nitelendirilebilir (Oztiirk ve Giirler, 2022). Kisaca,
bilimsel alan haritalama, belirli bir arastirma alaninda
yer alan yazarlar, kavramlar (anahtar kelimeler) ve
atiflar (¢aligmalar, dergiler veya yazarlar kapsaminda)
arasindaki iligki ve etkilesimlerin mekénsal (spatial) bir
diizlemde temsil edilmesini ifade eder (Block and
Fisch, 2020).

Bilimsel alan haritalama siireci, temel olarak “analiz”
ve “gorsellestirme” olmak iizere iki ana asamanin
biitiinlesik bir sekilde uygulanmasiyla gergeklestirilir
(Boyack ve Klavans, 2014). Analiz asamasinda,
yazarlar, anahtar kelimeler, yayinlar ve dergiler gibi
cesitli bibliyometrik unsurlar arasindaki benzerlik
matrisleri  ve iliskisel baglantilar  hesaplanir.
Gorsellestirme asamasinda ise bu unsurlar arasindaki
iliski ve is birligi aglar, grafiksel bir formatta
sunularak anlamli ve yorumlanabilir yapilar haline
doniistiiriiliir (Oztiirk, 2021).

Incirin kiiltiire almnmasi, iiretimi ve ticareti, tarihsel
olarak oldukca eskidir. Tirkiye kuru ve taze incir
iiretim ve ticaretinde diinya genelinde ilk sirada
bulunmaktadir. Sahip oldugu disi ve erkek incir gen
kaynag1 zenginliginin yanisira Sarilop incir ¢esidi
kurutmalik, Bursa Siyahi incir ¢esidi ise sofralik-taze
incir Uretim ve ticaretinde iilkemizi lider aktor
konumuna getiren incir ¢esitleridir. S6z konusu
istiinliigiin siirdiiriilebilmesi ve daha da iyilestirilmesi
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i¢cin incir konusunda yapilan akademik caligsmalarin
tarihsel gelisiminin de incelenmesi, mevcut durumun
ortaya konmasi ve gelecekte yapilacak calismalarin ve
egilimlerin ortaya konmasi agisindan olduk¢a 6nemli
goriilmektedir. Bu sebeple, incir konusunda yapilan
akademik ¢aligmalarin  bibliyometrik  analizinin
yapilmasi, ¢alismanin ana amacini olusturmaktadir.

Yapilan literatiir taramalarma gore ulusal ve
uluslararasi diizeyde incir konusunda genel anlamda ve
teknik, ekonomik, sosyal olarak yapilmis herhangi bir
bibliyometrik c¢alismaya rastlanmamistir. S6z konusu
calismanin, Tiirkiye ve Akdeniz genelinde 6nemli bir
tarimsal Uriin konumunda olan incir konusunda
yapilmig olan arastirmalarin ve odaklanmis olduklart
konularin belirli dl¢lide agiklanmasimi sagladigi igin
6nemli bir boslugu kapatacagi ongoriilmektedir.

MATERYAL VE METOT

Bu calismada, VOSviewer yazilimi (Van Eck and
Waltman, 2014) kullanilarak, “incir” ve “Ficus carica”
terimlerini kapsayan akademik yayinlarin
bibliyometrik  analizi  yiiriitiilmiistiir. ~ Arastirma
kapsaminda ortak yazar analizi, ortak kelime analizi ve
atif analizi yapilmistir. Bu amagla, Web of Science
(WoS) veri tabani tercih edilmis ve tarama islemleri,
“Documents” meniisiinde bulunan Web of Science
Core Collection veri tabani iizerinden
gerceklestirilmistir. Tim siirlimler (editions) ve tim
alanlar (all fields) secenekleri secilerek, genis kapsamli
bir literatiir taramas1 tamamlanmuistir.

13 bR

Tirnak isareti (“ ) kullanilmadan gerceklestirilen
aramalarda, yazilan terimlere benzer veya yakin
igerikli kayitlar da sonuglara eklenebilmektedir. Bu
nedenle, arama hassasiyetini artirmak igin anahtar
kelimeler ¢ift tirnak igine alinarak belirtilmistir.
Bununla  birlikte,  terimlerin  farkli  eklerle
kullanilabilecegi durumlarda, kelimenin basina veya
sonuna yildiz (*) karakteri eklenmistir. Bu yontemle,
ilgili terimin ¢esitli tiirevlerini igeren sonuglara
ulasilmast saglanmistir. Yildiz isareti, bulundugu
konumdan Once veya sonra gelebilecek tiim ekleri
kapsayacak sekilde arama sonuglarini
genisletmektedir. Ayrica, birden fazla arama teriminin
ayni anda gectigi kayitlar1 elde etmek amaciyla AND
operatdrii kullanilmistir (Oztiirk ve Giirler, 2022).

Bu arastirmada, 28 Nisan 2025 tarihinde Web of
Science (WoS) Core Collection veri tabaninda, “fig*”

AND “Ficus carica*” anahtar kelimelerini kapsayan
bir tarama yapilmis ve toplam 1599 yayin kaydi elde
edilmistir. Bu veri seti, bibliyometrik analiz
uygulamalarina uygun bir formatta disa aktarilmstir.

Veri aktarimi1  sirasinda, sonucglarin  listelendigi
ekrandaki ~ Export = meniisiinden, = VOSviewer
yazilimiyla uyumlu olan Tab Delimited File formati
secilmistir. WoS platformu, her sayfada en fazla 500
kayit goriintileme olanagi sagladigindan, Record
Options boliimiinde “All Records on Page” secenegi
isaretlenmis ve sonuglar 1-500, 501-1000, 1001-1500
ve 1501-1599 seklinde dort ayri grup olarak disa
aktarilmistir. Ayni1 ekranda, Record Content kisminda
“Full Record and Cited References” segenegi
belirtilmis ve Export komutuyla dosyalar uygun
klasorlere kaydedilmistir.

Veri setinin  sistematik bir sekilde derlenmesi
siirecinde, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) akis semast
rehber olarak kullanilmistir (Page ve ark., 2021; Kdse,
2024). Analiz asamasinda, bibliyometrik
degerlendirmeler i¢cin VOSviewer 1.6.20 yazilimi,
betimsel igerik analizleri igin ise WoS platformundaki
Analyze Results modiilii tercih edilmistir. Metin
dosyasi (txt) formatinda elde edilen veriler, daha sonra
Excel ortamina aktarilmistir.

Bu aragtirmada, bibliyometrik analiz ve betimsel analiz
olmak tizere iki temel analiz yaklagimi kullanilmistir.
Bibliyometrik analiz yontemi, Onceki bdliimlerde
detayli bir sekilde ele alinmigtir. Betimsel analiz ise,
belirli bir temaya odaklanan akademik g¢aligmalarin
genel egilimlerini belirlemek amaciyla gergeklestirilen
sistematik incelemeleri ifade eder (Calik ve Sozbilir,
2014; Dinger, 2018; Pollock ve Berge, 2018). Bu
yontemde, secilen konuya iliskin bilimsel yayinlar
belirli kriterlere gore kategorize edilerek, alandaki
yonelimlerin ortaya ¢ikarilmasi saglanmakta ve ilgili
paydaslara rehber bir ger¢eve sunulmaktadir (Suri ve
Clarke, 2009).

Bu c¢aligmada, bibliyometrik analizlerin yliriitiilmesi
icin VOSviewer 1.6.20 yazilimi tercih edilmistir.
VOSviewer, ag tabanli veri yapilarmi temel alarak
haritalar olusturmak ve bu yapilar gorsellestirmek i¢in
tasarlanmis bir ag analizi aracidir (Van Eck and
Waltman, 2014). Bu kapsamda, arastirma, ortak yazar
analizi, ortak kelime analizi, atif analizi, kaynakca
eslesmesi ve ortak atif analizi gibi bibliyometrik
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gostergelere  odaklanmistir.  VOSviewer yazilimi,
analiz sonuclarmin yorumlanmasimi kolaylastirmak
amacityla ii¢c ana gorsellestirme segenegi sunar: (i) Ag
Gorsellestirme (Network Visualization): Elemanlar
(yazar, kelime, dergi vb.) arasindaki iligkilerin baglanti
hatlariyla gosterildigi harita tiriidiir. (ii) Katman
Gorsellestirme (Overlay Visualization): Zaman, yayin
yili veya atif sayisi gibi nicel Ozelliklerin analiz
unsurlar iizerinde renk gecisleriyle gosterildigi harita
tiridir.  (iii)) Yogunluk Gorsellestirme (Density
Visualization): Belirli kavramlarin, yazarlarin ya da
calismalarin yogunlastig1r alanlar1 gosteren ve sik
kullanilan ~ unsurlarin ~ daha  parlak  renklerle
vurgulandigr bir harita tiiridiir. Ancak katman
gorsellestirme segenegi, VOSviewer tarafindan ortak
atif analizlerinde desteklenmemektedir (Oztiirk ve
Gilirler, 2022).

Bu aragtirmada, VOSviewer yazilimimin gorsellestirme
(visualization) 6zelligi yogun bir sekilde kullanilmistir.

Cizelge 1. Farkl analiz tiirlerine gore agirlik segenekleri.
Table 1. Weight options by different types of analysis.

BIBLIYOMETRIK BiR DEGERLENDIRME

Bu siiregte, “Olgek (Scale)” ve “Agirliklar (Weights)”
gibi yapilandirma ayarlar1 6énemli rol oynamaktadir.
“Olgek” ayari, saga veya sola kaydirilarak
diizenlenebilir ve boylece ana ekranin boyutlar
ayarlanabilir. Haritadaki unsurlarin biiytikliigliniin
hangi kritere gore belirlenecegi ise “Agirliklar
(Weights)” secenegi ile tanimlanir. Agirhiklar baslig
altinda yer alan parametreler, uygulanan analiz tiirline
ve gorsellestirme yontemine gore cesitlilik gdsterebilir.
Ornegin, Ortak-Atif analizinden elde edilen ag
gorselinde, calismalarin etiket boyutlari, ilgili
caligmalarin aldig1 atif sayisina veya toplam baglanti
giicline bagli olarak belirlenebilirken; Ortak-Kelime
analizinden iiretilen ag gorselinde, kelimelerin etiket
boyutlari, toplam baglant1 giiciine ya da kelimelerin
kullanim sikligina gore ayarlanabilir. Bu nedenle,
analizlerden elde edilen haritalardaki unsurlarin
boyutlari, gerceklestirilen analizin igerigine baglh
olarak farklilik gosterir. Bu farkliliklar asagida
belirtilmistir (Cizelge 1) (Oztiirk ve Giirler, 2022).

Analiz Tirleri

Ortak-Yazar (Co- Ortak-Kelime Atif (Citation) Kaynakca Ortak-Atif (Co-
Authorship) (Co-Word/Co- Eslesmesi Citation)
Occurrence) (Bibliographic
Coupling)
Agirlik Baglantilar Baglantilar Baglantilar Baglantilar Baglantilar
(Weights) Toplam  Baglantt Toplam Baglantt  Atiflar Toplam  Baglanti Toplam Baglanti
Secenekleri* Gici Giicii Normallestirilmis Gici Giicii
Calismalar Kullaniima Atiflar Atiflar Atiflar
Atiflar Stklig Normallestirilmis
Normallestirilmis Atiflar
Atiflar
*[talik olarak yazilar parametreler ilgili analiz tiiriinde varsayilan olarak gelmektedir.
Bibliyometrik analizlerde kullanilan ¢esitli yazilimlar, unsurlarin bir kombinasyonuna dayali olarak

incelenen alana iliskin yaymlar (atif yapan veya
yapilan), dergiler, yazarlar, iilkeler, kurumlar ya da
anahtar kelimeler gibi unsurlart farkli algoritmalar
yoluyla  gruplandirmaktadir. Bu  algoritmalarin
matematiksel temelleri (Oztiirk ve Giirler, 2022), bu

calismanin  kapsami  disinda  tutulmustur. Bu
dogrultuda, yalmzca VOSviewer’da uygulanan
kiimeleme yontemi ve haritalarda olusturulan

kiimelerin yorumlanma sekline iliskin temel bir
acgiklama sunulmustur.

Analizlerden iretilen haritalardaki kiimeler; atif
baglantilarina (dogrudan atif, kaynakga eslesmesi veya
ortak-atif), metinsel benzerliklere (ortak-kelime),
sosyal aglar ve is birliklerine (ortak-yazar) veya bu

olusturulmaktadir (Subelj ve ark., 2016). Birbirine
yiiksek derecede benzerlik gosteren, yani iliski diizeyi
giicli olan o&geler, haritalarda Dbirbirine yakin
konumlandirilir ve ayni renk altinda gruplar halinde
temsil edilir. Bu, kiimeleme yaklagiminin temel
prensibini olusturur. Diger bir ifadeyle, VOSviewer,
ogeleri gruplandirmak igin farkli renkler ve haritadaki
dairelerin konumlarimi kullanir. Yiiksek benzerlige
sahip Ogeler birbirine yakin yerlestirilirken, diisiik
benzerlik gosteren Ogeler ise birbirinden daha uzak
konumlara yerlestirilir (Van Eck and Waltman, 2014).
Bu sekilde, bir kiime, birbiriyle siki sikiya baglantili
dairelerin  olusturdugu  bir  topluluk  olarak
tanmimlanabilir. Varsayilan olarak, ag haritasindaki her
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daire (6ge) bir kiimeye atanir ve bir kiimenin
biiyiikliigi, o kiimeye dahil edilen dairelerin (6gelerin)
sayisina bagldir. Ornegin, daha biiyiik kiimeler, daha
fazla daireyi (68eyi) ierir (Oztiirk ve Giirler, 2022).

Haritada ogelerin  ka¢ farkli kiime altinda
gruplandirilacagi, VOSviewer'in  temel aldigi
algoritmalar tarafindan belirlenmektedir. Genellikle,
programin varsayilan olarak oOnerdigi kiime sayisi
tercih edilmektedir. Bununla birlikte, arastirmaci, kendi
degerlendirmelerine dayanarak programda ¢esitli
diizenlemeler  gerceklestirebili. =~ Bu  nedenle,
arastirmacinin incelenen alana kapsamli bir sekilde
hakim olmas: kritik bir éneme sahiptir (Oztiirk ve
Giirler, 2022). Bu calismada, VOSviewer’1n varsayilan
ayarlar1 kullanilmigtr.

Arastirma, ikincil veri kaynaklarina dayandigindan etik
kurul onay1 gerektirmemektedir.

Say1 (n)

Soil Science

Medicine General Internal
Allergy

Integrative Complementary Medicine
Microbiology

Engineering Chemical

Zoology

Biology

Genetics Heredity
Environmental Sciences
Ecology

Nutrition Dietetics

Chemistry Multidisciplinary
Chemistry Medicinal
Multidisciplinary Sciences
Entomology

Pharmacology Pharmacy
Biotechnology Applied Microbiology
Biochemistry Molecular Biology
Chemistry Applied

Agriculture Multidisciplinary

BULGULAR VE TARTISMA
Betimsel Analiz

Betimleyici istatistik c¢ikarimlar cergevesinde, WoS
kategorisine gore, ilgili arama terimleri olan “incir” ve
“Ficus carica” kelimelerini birlikte igeren 1599
calismanin  bulundugu baslica dergiler asagida
belirtilmistir  (Sekil 1). Plants and Science,
Horticulture, Food Science Technology, Agronomy,
Agriculture Multidisciplinary isimli dergilerin ilgili
anahtar kelimeleri i¢eren en fazla yaymlarin yapildig:
dergilerdir. lgili anahtar kelimeleri igeren calismalarin
2015 yilindan itibaren istikrarli bir sekilde artarken,
2020-2023 arasinda en yiiksek diizeye c¢iktig1
belirlenmistir (Sekil 2). Incelenen 1599 calismanin
cogunlugunu (yaklasik %90) arastirma makalesi
olustururken, bu grubu derleme makaleler, konferans
bildirileri, kitap boliimii gibi eserler olusturmaktadir.
“Fig” ve “Ficus carica” kelimelerini igeren, atif sayisi
en yiksek olan ¢alismalarin dagilimi asagida
belirtilmistir (Cizelge 2).

Agronomy
Food Science Technology

Horticulture
Plant Sciences

o

50 100 150

200 250 300 350 400 450

Sekil 1. Incir ve Ficus carica terimlerini igeren ¢alismalarin bulundugu baslica dergilerin dagilimi (%).
Figure 1. Distribution of major journals including fig and Ficus carica (%).
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Say1 (n)
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40
20
0
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Sekil 2. Yillara gore incir ve Ficus carica terimlerini igeren ¢aligmalar (n).
Figure 2. The studies including fig and Ficus carica by years (n).
Cizelge 2. Atif sayisi en yiiksek olan baslica ¢aligmalar.
Table 2. Major studies with the highest number of citations.
Calismanin adi/Title Yazarlar/ Authors Dergi/Journal Atifsayisi/Citations
()
New Fusarium species and combinations Nirenberg, H.I., O'Donnell, K. Mycologia, 1998. 90 (3):
within the Gibberella  fujikuroi species 434-458 411
complex
Antioxidant activities and anthocyanin content Solomon, A., Golubowicz, S., Journal of Agricultural
of fresh fruits of common fig (Ficus carica L.)  Yablowicz, Z., Grossman, S., and Food Chemistry,
Bergman, M., Gottlieb, H.E., 2006. 54 (20): 7717-7723 406
Altman, A, Kerem, Z.,
Flaishman, M. A.
How to be a fig wasp Weiblen, G.D. Annual Review  of
Entomology, 2002. 47: 371
299-330
Influence of the drying conditions on the Babalis, S.J., Belessiotis, V.G. Journal of Food
drying constants and moisture diffusivity Engineering, 2004. 65 126
during the thin-layer drying of figs (3): 449-458
Survey of crop losses in response to Koenning, S.R., Overstreet, C., Journal of Nematology,
phytoparasitic nematodes in the United States Noling, J.W., Donald, P.A., 1999.31 (4): 587-618 )
for 1994 Becker, J.0., Fortnum, B.A. 76
Phenolic acids and flavonoids of fig fruit Veberic, R., Colaric, M., Stampar, Food Chemistry, 2008.
(Ficus carica L.) in the northern Mediterranean  F. 106 (1): 153-157 231
region
Phloem mobility of boron is species dependent:  Brown, P.H., Hu, H.N. Annals of Botany, 1996.
Evidence for phloem mobility in sorbitol-rich 77 (5): 497-505 222
species
Early domesticated fig in the Jordan Valley Kislev, M.E., Hartmann, A., Bar- Science, 2006. 312 218
Yosef, O. (5778): 1372-1374
Regulation of fig (Ficus carica L.) fruit color: Wang, Z.R., Cui, Y.Y., Vainstein, Frontiers in Plant
Metabolomic and transcriptomic analyses of A., Chen, S.W., Ma, H.Q. Science, 2017. 8 (1990).
A . 197
the flavonoid biosynthetic pathway
The stability of the symbiosis between Kjellberg, F., Gouyon, P.H., Evolution, 1987. 41 (4):
dioecious figs and their pollinators - a study of Ibrahim, M., Raymond, M., 693-704 185

Ficus carica L. and Blastophaga psenes L.

Valdeyron, G.
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Incir konusunda ekonomik ve sosyal boyutuna
odaklanmig ve atif sayisi en yiiksek olan ¢aligmalar
asagida belirtilmistir (Cizelge 3). Bu kapsamda

yapilmis olan ¢aligmalarin, goreli olarak dnemli oldugu
ongoriilmekle birlikte, diger bilim alanlarinda yapilan
calismalara gore, daha az atif aldig1 ifade edilebilir.

Cizelge 3. Incirin ekonomik ve sosyal boyutuna odaklanan baslica ¢alismalar.
Table 3. Key studies with focusing on the economic and social dimensions of the fig.

Caligmanin adi/Title Yazarlar/Authors Dergi/Journal Atuf
sayisi/Citations
(n)
Early domesticated fig in the Jordan Kislev, M.E., Hartmann, A., Science, 2006. 312 (5778): 19
Valley Bar-Yosef, O. 1372-1374.
The fig: Overview of an ancient Stover, E., Aradhya, M., Hortscience, 2007. 42 (5): 95
fruit Ferguson, L., Crisosto, C.H. 1083-1087.
Fruit Domestication in the Near Abbo, S., Gopher, A., Lev- Plant Breeding Reviews,
East Yadun, S., Edited by Janick, J.  2016. 39, 325-377. 22
Some significant results of the Aksoy, U., Balci, B., Can, Proceedings of the 2nd
research-work in Turkey on fig H.Z., Hepaksoy, S., Edited by  International Symposium on
Corrales. M.L.. Garcia. M. J. Fig, 2003. Acta Horticulturae, 17
B. ’ ’ ' 605, 173-181.
Future of fig production in Turkey =~ Uzundumlu, A.S., Oksuz, M. Journal of Tekirdag
E., Kurtoglu, S. Agriculture Faculty, 15(2): 13
138-146.
Ancient and modern occurrences of Dickson, J. H., Dickson, C. Quaternary Science Reviews,
common fig (Ficus carica L.) in the 15(5-6): 623-633. 7
British Isles
Organic fig production in Turkey Altindisli, A., Ertem, A., FirstInternational Symposium
Edited by Aksoy, U., on Fig. Acta Horticulturae, 4
Ferguson, L., Hepaksoy, S. 480: 227-232.
A general study of commercial Biilbiil, S., Atil, H., Hepaksoy, First International Symposium
dried fig production in the Big S., Edited by Aksoy, U., on Fig. Acta Horticulturae, 2
Meander Valley of Turkey Ferguson, L., Hepaksoy, S. 480: 317-320.
An evaluation of dried fig Isin, F., Cukur, T., Armagan, Proceedings of the 2nd
production and marketing in turkey ~G. Edited by Corrales, M.L., International Symposium on 1
from dried fig exportation Garcia, M. J. B. Fig, Acta Horticulturae, 605:
standpoint 183-189.
Farmers' perception on fig (Ficus Ara, R ., Khan, S. A. K. U,, III  Asian Horticultural 0

carica) cultivation in southwest
Bangladesh

Islam, M. M. Edited by
Siripanich, J., Warrington, I.,
Nissen, R. J.

Congress (AHC2020), Acta
Horticulturae, 1312: 523-529.

Bibliyometrik Analiz

Calismanin  bu boliimiinde bibliyometrik  analiz
sonuglart yapilmis ve degerlendirilmistir.

Ortak Yazar Analizi (Co-Authorship Analysis)

Ortak-Yazar analizinde, veri setindeki yaymlarin
yazarlar, yazarlarin baglh oldugu kurumlar ve
yazarlarm bulundugu iilkeler arasindaki is birligi aglar

belirlenmeye calisilmaktadir (Glanzel ve Schubert,
2006; Han ve ark., 2014; Ponomariov ve Boardman,
2016; Wang ve ark., 2014; Yan ve Guns, 2014;
Kahraman, 2024). Ortak yazarlik, arastirma alanlarinin
entelektiiel yapilarindan ¢ok, sosyal aglar1 incelemek
icin giiclii sosyal baglar ortaya koymaktadir (Zubik ve
Cater, 2015).
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Ortak yazar analizinde analiz tiirii ortak yazarlik, analiz
birimi yazarlar olarak segilmistir. Bir yazarin minimum
calisma sayist 5, bir yazarin minimum atif sayist 1
olarak secilmistir. 4825 yazardan 185’inin bu degerleri
karsiladigi ve bu 185 yazarin birbirleri ile farkli
diizeyde de olsa iligki i¢cinde oldugu goriilmektedir

BIBLIYOMETRIK BiR DEGERLENDIRME

yazarlar ile etkilesimi yiiksek olan yazarlar asagida
belirtilmistir (Cizelge 4). Ag gorsellestirmesi 126
birim, 13 kiime, 387 baglant1 ve 1671 toplam baglant:
giicii ile gerceklesmistir. Caligma sayist en yiiksek
yazarlar; Mars, M., Aksoy, U. ve Flaishman, M.A. iken
baglant1 giici en yiiksek olan yazarlarin ise bu

(Sekil 3). En ¢ok calisma yapan, diger bir ifade ile siralamadan biraz  daha  farklihk  gosterdigi
baslica iiretken yazarlarin dagiliminin yanisira diger  belirlenmistir.
Cizelge 4. Yazarlar baglaminda ortak yazarlik analizi.
Table 4. Co-authorship analysis in the context of authors.
Caligsmay1 Toplam  Caligmay1 Auf Toplam
yapan Calisma Atf baglantt  yapan Calisma savisi baglanti
yazar/Authors  sayisi/Number sayisi/Citations  giicii/Total ~yazar/Authors sayist/Number [Ci tatizns glicti/Total
of studies (n) (n) strength of of studies (n) (n) strength of
connection connection
Mars, M. 41 762 112 Martin, A. 18 348 62
Aksoy, U. 26 291 24  Chatti, K. 17 316 78
lls/}a;‘shman, 24 946 49 Elbeaino, T. 16 275 12
Hssani, L. 23 233 98 Saddoud,O. 15 314 77
Ma, H. 22 612 64  Trifi, M. 15 314 77
Razouk, R. Salhi-
21 233 92 Hannachi, A. 15 235 72
Lopez- Serradilla,
Corrales, M. 21 247 60 M. 15 203 44
Gaaliche, M. 20 338 45 Hanine, H. 14 185 70
Pio, R. 20 139 30 Hernandez, F. 14 285 48
Leonel, S. 20 81 22 Chen, S. 14 419 43
Kjellberg, F. 19 1049 33 Pereira, C. 14 393 43
ja%m »
gaaligh€, b
"y
mars, m
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Sekil 3. Ortak yazar analizi yazarlik baglaminda ag haritasi.

Figure 3. Co-author analysis in the context of authorship network map.
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Ortak yazar analizinde analiz tiirii ortak yazarlik, analiz
birimi kurumlar olarak secilmistir. Bir kuruma ait
minimum c¢alisma sayist 3, bir kurumun minimum
almti sayis1 1 olarak secilmistir. 1642 kurumun,
273’linlin  belirlenmis olan esik degerleri astig1
belirlenmistir. Segilen kurum sayis1 273 olarak
belirlenmistir (Cizelge 5) (Sekil 4). Ag gorsellestirmesi
126 birim, 13 kiime, 387 baglanti ve 1671 toplam

Cizelge 5. Kurumlar baglaminda ortak yazarlik analizi.
Table 5. Co-authorship analysis in the context of organizations.

baglant1 giicii ile gerceklesmistir. Calismanin bu
asamasinda arastirma konularimi iceren calismalari
yapan  kurumlarin  basinda Tiirkiye’den  Ege
Universitesi gelmektedir. Bunun yaninda, Cin, Iran,
Israil, Fransa, Ispanya ve Italya gibi iilkelerde bulunan
kurumlarda da goreli olarak fazla sayida c¢aligma
yapildig belirlenmistir.

Calismay1 yapan Calisma Auf Toplam Calismay1 yapan Calisma  Atf Toplam
kurum/Affiliation sayis/Number  sayisi baglanti kurum/Affiliation sayist sayisi/Citations  baglanti
of studies (n)  /Citations  giicii/Total /Number  (n) giicii/Total
(n) strength of of strength of
connection studies connection
()
Ege Univ. Natl. Inst. Agr. Res.
37 364 14 INRA 21 227 43
Shiraz Univ 36 433 22 Univ. of Fed Layras 20 127 7
Univ. of Calif. Davis 32 775 9 CNRS 18 677 17
Agr. Res. Org. 29 1083 29 CNR 18 317 12
Univ. of Pisa 26 216 12 Fac. Sci. Tunis 18 390 11
Ad1_1an Menderes 25 146 12 Univ. Bari Aldo 16 130 13
Univ. Moro
King Saud Univ Univ.Estadual
24 243 29 Paulista 16 92 13
Hebrew Univ. of Islamic Azad Univ.
Jeruselam 23 1190 25 16 427 12
Univ. of 23 445 25 Univ. of Sousse 16 208 3
Extremadura
China Agr. Univ. 23 491 16 Univ. of Bejaia 15 203 8
Akdeniz Univ. 22 207 11 Ataturk Univ. 14 190 14
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Sekil 4. Ortak yazar analizi kurumlar baglaminda ag haritasi.
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Figure 4. Co-author analysis in the context of organizations network map.

Ortak yazar analizinde analiz tiirii olarak ortak yazarlik,
analiz birimi olarak iilkeler secilmistir. Bir iilkeye ait
minimum ¢aligma sayisi 1, bir iilkenin minimum atif
sayist 1 olarak secilmistir. 91 {ilkenin 89’unun
belirlenmis olan esik degerleri astigi belirlenmistir.
Boylelikle secilen iilke sayis1 89 olarak belirlenmistir
(Cizelge 6) (Sekil 5). Italya, Tiirkiye, Ispanya,

Cizelge 6. Ulkeler baglaminda ortak yazarlik analizi.
Table 6. Co-authorship analysis in the context of countries.

Brezilya, ABD, Cin, Iran, Tunus, Fransa, Japonya,
Hindistan, Suudi Arabistan, Israil gibi iilkeler ilk
siralarda  gelmektedir.  Hatta iilkemiz = yazim
farkliligindan dolay1 iki kez gegmistir. Ikinci durumda
da dikkate alindiginda, {iilkemizin ortak yazarhk
konusunda olduk¢a iyi bir konumda oldugu ifade
edilebilir.

Calismanin Calisma Auf Toplam Calismanin Calisma Auf Toplam
yapildigi iilke  sayist/Number sayisi/Citations  baglanti  yapildigi sayist/Number  sayisi/Citations  baglantt
/Country of studies (n) (n) glicii/Total  tilke/Country of studies (n) (n) giicii/Total
strength of strength of
connection connection
Italya Suudi
159 2038 68 Arabistan 50 676 79
Tirkiye 159 2451 23 Israil 50 2022 25
Ispanya 123 2295 73 Misir 48 590 34
Brezilya 112 772 19 Malezya 44 536 23
ABD 111 4263 64 Fas 40 457 31
Cin 111 2116 46 Cezayir 40 607 30
Iran 111 1635 46 Meksika 38 407 11
Tunus 102 1666 58 Turkiye 31 55 10
Fransa 67 1800 68 Pakistan 29 384 30
Japonya 67 887 9 Ingiltere 27 364 41
Hindistan 61 1330 38 Hirvatistan 27 240 27
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Sekil 5. Ortak yazar analizi iilkeler baglaminda ag haritasi.
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Figure 5. Co-author analysis in the context of countries network map.

Ortak Kelime Analizi (Co-Word/Co-Occurrence
Analysis)

Ortak-Kelime analizi, bir arastirma disiplininde yer
alan yaymlarin baglik, 6zet ve anahtar kelimelerinde
kullanilan terimlerin sikligini ve bu terimler arasindaki
iligki aglarin1 ortaya c¢ikarmaktadir (Callon ve ark.,
1991; Molinillo ve ark., 2016; Su ve Lee, 2010). Farkli
makalelerde iki anahtar kelimenin ayni yayinda yer
almasi, bu kelimeler arasindaki iliskinin bir
gostergesidir. Bu yontem, bir arastirma alanindaki alt
temalarin tanimlanmasimt da olanakli hale getirir.
Analizin temel varsayimi, kelimelerin yayinlarda
birlikte yer alma sikliginin ve bu kelimelerin temsil
ettigi anlamlarin birbirine yakin oldugudur (Hu and
Zhang, 2015).

VOSviewer yaziliminda ortak-kelime analizi i¢in, bir
anahtar kelimenin minimum birlikte gecme siklig1 bes
olarak belirlenmis ve gorsellerin daha agik ve anlasilir
olmasi amaciyla bir esik degeri uygulanmistir. Daha
sonra, program tarafindan iretilen sonuglar, anahtar
kelimelerin kullanim sikligina gore siralanmistir. Yazar
anahtar kelimelerine dayali olarak olusturulan ortak-
kelime analizi ag haritas1 agagida sunulmustur (Sekil 6)
(Cizelge 7). Incirin latince isimi olan Ficus carica en
yogun olarak ortaya ¢ikan anahtar kelime olurken,
antioxidant activity, figs, fruit quality, genetic diversity,
quality, storage, common fig, polyphenols, volatile
compounds, flavonoids, rt-pcr, phenologic compounds
diger onemli anahtar kelimeler olarak ortaya ¢ikmustir.
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Cizelge 7. Yazar anahtar kelimeler baglaminda ortak kelime analizi.

BIBLIYOMETRIK BiR DEGERLENDIRME

Table 7. Co-occurrence word analysis in the context of author keywords.

Anahtar  kelime/Key Olugma Toplam Anahtar kelime/ Key Olugma Toplam
word sayisi baglanti giicii/ word Sayis1  baglant1 giicii /
/Number Total strength /Number Total strength

(n) of connection (n) of connection

Ficus carica 402 476 common fig 26 23
fig 200 297 Ficus 23 39
Ficus carica L. 188 241 Tunisia 22 67
antioxidant activity 41 81 fig fruit 22 31
figs 39 57 Polyphenols 20 57
fruit quality 38 71 volatile compounds 19 31
genetic diversity 35 70  Flavonoids 18 48
antioxidant 33 47  rt-per 18 42
quality 27 55 phenoloic compounds 17 40
storage 27 48 caprification 17 37

Atif Analizi (Citation Analysis)

Atf analizinin literatiirde iki farkli anlam ve amacla
kullanildig1 ifade edilmektedir (Oztiirk ve Giirler,
2022). Bunlar; indirilen veri setindeki yayinlar
iizerinden gerceklestirilmekte (Van Eck and Waltman,
2020) ve indirilen veri setindeki yaymlarin
kaynakgalarina dayali olarak yapilmaktadir (Zubik and
Cater, 2015). Bu siirecte, analiz tiirli olarak atif analizi
secildikten sonra, analiz birimi olarak yaymlar,

belirlenebilmektedir. Bu ¢alismada, sayfa sinirlamalari
gdz Oniinde bulundurularak analiz birimi olarak
yalmzca yaymlar ve dergiler ele alinmstir. Ilk
asamada, yayinlar Ozelinde atif  analizi
gerceklestirilmistir  (Sekil 7). Bir c¢alismaya ait
minimum atif sayist  esik degeri 20 olarak
belirlenmistir. Boylelikle 1599 calismanin 411’inin
esik degeri karsiladig: tespit edilmistir. Buna gore ilk
siralarda bulunan ¢aligmalarin yazarlari, atif sayilar1 ve
baglantilar1 sirasiyla asagidaki gibi belirlenmistir

dergiler, yazarlar, kurumlar ve ilkeler -
(Cizelge 8).
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Sekil 6. Ortak kelime analizi yazar anahtar kelimeler baglaminda ag haritasi.
Figure 6. Co-occurrence word analysis in the context of author keywords.
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Cizelge 8. Caligmalar baglaminda atif analizi.
Table 8. Citation analysis in the context of studies.

Calismay1 yapan Auf Toplam Calismay1 yapan Atif say1s1 Toplam
yazar /Author sayi1st baglant1 giicii ~ yazar /Author [Citations  baglant1 giicii /

[Citations  /Total strength (n) Total strength

(n) of connection of connection
Nirenberg, 1988 411 1 Badgujar, 2014 180 42
Solomon, 2006 406 110 Chang, 2016 179 8
Weiblen, 2002 371 15 Mawa, 2013 175 14
Babalis, 2004 326 10 Babalis, 2006 174 6
Koenning, 1999 276 0 Slatnar, 2011 165 39
Veberic, 2008b 231 59 Flaishman, 2008 161 70
Brown, 1996 222 0 Caliskan, 2011 152 7
Kislev, 2006 218 35 Rubnov, 2001 140 32
Wang, 2017b 197 6 Anstett, 1997 136 15
Kjellberg, 1987 185 37 Demirezen, 2019 135 1
cowart (1999)ocke (2003)
devaraj (2008)

sharma (2018)
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Sekil 7. Calismalar baglaminda atif analizi ag haritasi.
Figure 7. Citation analysis network map in the context of studies.

Bu kez analiz tiirii olarak atif analizi se¢ildikten sonra
analiz birimi olarak kaynaklar (dergiler) segilmistir
(Sekil 8). Bir kaynagin (derginin) minimum caligma
say1s1 2 ve bir kaynagin (derginin) minimum atif sayist
1 olarak belirlenmistir. 652 kaynagm 250’isnin esik
degeri karsilamistir (Cizelge 9). En cok atif alan
dergilerin;  Scientia  Horticulturae, Journal of

“ weib
N r A%

elbeaino (2006)

chirina(2012)

: ;gi’”g” {20119V (2017)

ars(2008)

Agricultural and Food Chemistry, Food Chemistry,
Journal of Food Engineering, Frontiers in Plant
Science, Postharvest Biology and Technology,
Hortscience, Plant Disease, Journal of Functional
Foods oldugu belirlenmistir.
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Cizelge 9. Kaynaklar (dergiler) baglaminda atif analizi.
Table 9. Citation analysis in the context of sources (journals).

BIBLIYOMETRIK BiR DEGERLENDIRME

Kaynak/Source Calisma Atf Toplam Kaynak/Source Calisma Atf Toplam
sayist/Number  sayisi/Citations baglanti sayist sayisi/Citations  baglanti
of studies (n) (n) glicii/Total /Number (n) glicii/ Total
strength of of studies strength of
connection (n) connection
Scientia 60 1401 734 Scientific Reports 18 302 81
Horticulturae
Journal of 2 279 0
Journal of 10 889 351 Nematology
Agricultural and
Food Chemistry
First International 30 271 7
Food Chemistry 12 855 333 Symposium on Fig
Journal of Food 6 749 37 Journal of Plant 26 260 97
Engineering Pathology
Frontiers in 20 436 131 Genetic Resources 14 255 228
Plant Science and Evolution
Postharvest 14 408 146 Food Research 6 253 10
Biology and International
Technology
Hortscience 16 374 269 Journal of the 13 243 144
Science of Food and
Agriculture
Plant Discase 22 330 124 Plant Foods for 13 243 97
Human Nutrition
Journal of 3 317 64 Evidence-Based 4 229 17
Functional Complementary and
Foods Alternative
Medicine
xxx International horticultura
chemistry &biodiversity
agriculture-basel
enwronmenta‘lence and poll
| . )
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Sekil 8. Kaynaklar (dergiler) baglaminda atif analizi ag haritasi.

Figure 8. Citation analysis network map in the context of sources (journals).
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SONUC VE ONERILER

Bu c¢alismada, VOSviewer yazilimi kullanilarak,
“incir” ve “Ficus carica” terimlerini kapsayan
akademik yayinlarin bibliyometrik analizi
yiritilmiigtiir. Aragtirma kapsaminda ortak yazar
analizi, ortak kelime analizi ve atif analizi yapilmistir.
Ortak kelime analizine gore ise incirin latince isimi
olan Ficus carica en yogun olarak ortaya ¢ikan anahtar
kelime olurken, antioxidant activity, figs, fruit quality,
genetic diversity, quality, storage, common fig,
polyphenols, volatile compounds, flavonoids, rt-pcr,
phenologic compounds diger 6nemli anahtar kelimeler
olarak ortaya c¢cikmustir. En ¢ok atif alan dergilerin;
Scientia Horticulturae, Journal of Agricultural and
Food Chemistry, Food Chemistry, Journal of Food
Engineering, Frontiers in Plant Science, Postharvest
Biology and Technology, Hortscience, Plant Disease,
Journal of Functional Foods oldugu belirlenmistir. WoS
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ABSTRACT: An in vitro propagation protocol of Oxalis triangularis A.st.-Hil, a valuable medicinal and ornamental plant, has
been developed. In experimental studies, a-Naphthalene acetic acid (NAA) (0-0.5-1- 2 mg/L) and 6-Benzylaminopurine (BAP) (0.5-1 mg/L)
plant growth regulators were applied together or alone to O. triangularis leaf and petiole explants. The best shoot formation per explant
and the best leaf formation were obtained as 5.67 + 2.43 and 4.00 + 1.86 from leaf explants cultured in Murashige and Skoog (MS) medium
containing 2 mg/L NAA and 0.5 mg/L BAP plant growth regulators, respectively. The shoots obtained were transferred to MS medium
containing 0.5 mg/L NAA for root development. The plants obtained as a result of micropropagation processes were successfully
acclimatized.

Keywords: Plant tissue culture, micropropagation, auxin, cytokinin, Oxalis triangularis.

Tibbi ve Siis Bitkisi Oxalis triangularis A.st.-Hil. 'in In Vitro Cogaltimi

OZ: Tibbi ve siis bitkisi olarak degerli bir bitki olan Oxalis triangularis'in in vitro cogaltim protokolii belirlenmigtir. Deneysel
calismalarda Oxalis triangularis yaprak ve petiol eksplantlarina, o-Naftalin asetik asit (NAA) (0-0.5-1- 2 mg/L) ve 6-Benzilaminopurin
(BAP) (0.5-1 mg/L) bitki biiyiime diizenleyicileri birlikte veya tek basina uygulanmigtir. Eksplant basina en iyi siirgiin olusumu ve en iyi
yvaprak olusumu, sirasiyla 2 mg/L NAA ve 0.5 mg/L BAP bitki biiyiime diizenleyicilerini iceren Murashige ve Skoog (MS) besiyerinde
kiiltiire alinan yaprak eksplantlarinda 5.67 adet + 2,43 ve 4.00 + 1,86 olarak elde edilmigtir. Elde edilen siirgiinler kok gelisimi icin 0.5
mg/L NAA iceren MS besin ortamina aktarimistiv. Mikrogogaltim islemleri sonucunda elde edilen bitkiler basariyla aklimatize edilmistir.

Anahtar Kelimeler: Bitki doku kiiltiirii, mikrogogaltim, oksin, sitokinin, Oxalis triangularis.

INTRODUCTION

Plant tissue culture methods are used to obtain plant or
plant metabolites. Unlike other known classical
production methods, it involves culturing sterile root,
stem, leaf, or apical and meristem tissues called
explants in a sterile nutrient medium containing plant
nutrients, under controlled light, humidity and
temperature conditions. This technique has many
advantages over traditional production. The applied
culture conditions are not affected by geographical and
seasonal differences and environmental conditions and
are determined independently. Moreover, production is
done in constant quality, quantity and speed and is not
affected by agricultural policies. In addition, changing
culture conditions allows the synthesis of new
compounds that are not naturally produced in the parent

plant. As a result of studies conducted in areas such as
plant development and organogenesis, metabolite
production, and gene transfer studies under in vitro
conditions, much basic biological information such as
physiology, biochemistry, genetics and molecular
biology can be obtained (Babaoglu et al., 2001; Giirel
et al., 2013; Kocagaligkan, 2021).

The first commercial studies in plant tissue culture
were related to the production of ornamental and food
plants. Plants are produced using very small plant
tissues or cells with the micropropagation method. This
technique allows rapid production of genetically
homogeneous and healthy individuals, and the
applicability of the method varies depending on the
plant species and the techniques used. This process is
usually carried out with methods such as meristem
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culture, organogenesis and somatic embryogenesis.
Careful selection of factors such as plant growth
regulator, nutrient medium and explant type increases
the success of micropropagation processes (Preil,
2003).

Oxalis triangularis, commonly known as “false
clover”, is an important member of the Oxalis genus.
This species is a decorative plant with its aesthetic
structure. Its dark red/purple leaves, which emerge
from an underground bulb, and its unique
morphological structure are the elements that make it
stand out among other Oxalis species. In recent years,
research on the positive health effects of natural
compounds contained in this plant has increased. In a
study conducted by Pazmifio-Duran et al. (2001), the
content and profile of anthocyanins obtained from this
plant were examined and a monomeric anthocyanin
content of 195 mg/100 g per leaf was determined based
on malvidin-3,5-diglucoside.  Considering that
anthocyanins and flavonoids in particular are known
for their antioxidant, anti-inflammatory and anticancer
properties, the pharmaceutical potential of O.
triangularis becomes even more important. Its high
anthocyanin content and edible character increase the
potential of O. triangularis to be used as a natural food
colorant. In addition, in a study conducted by Huh et al.
(2010), it was found that fatty acid alkyl esters isolated
from O. triangularis have skin whitening potential by
inhibiting melanin production. This feature is also
important for the cosmetic industry. However, O.
triangularis populations show morphological variation
and are affected by variables such as climate, soil
structure and other environmental factors in different
geographical regions. For example, in a study
conducted by Luo et al. (2022), it was reported that
three different anthocyanin compounds found in the
plant differed depending on environmental conditions.
In a study investigating the effects of the genetic
structure of the plant and environmental factors on
anthocyanin production, the molecular mechanisms of
anthocyanin biosynthesis were examined with RNA-
seq and qRT-PCR applications (Luo et al., 2022).

O. triangularis reproduces abundantly with bulbs and,
like other bulbous plants, regularly goes through a
dormant period. Traditionally, propagation is done with
bulbs, with a low propagation rate (Klaocheed and
Rittirat, 2024). When we review the literature, we can
find several research results reporting various explant
types and plant growth regulator applications on

micropropagation of O. triangularis. (Klaocheed et al.,
2024; Chen et al., 2024; Rittirat et al., 2021). Plants
have also been grown in vitro in studies on specific
topics such as suspension culture (Teng and Ngai,
1999), synthetic seeds (Taha et al., 2013), phenotypic
mutation with ionizing radiation (Ren et al., 2017), and
gene transfer via Agrobacterium (Xiao et al., 2023).
The effects of petiole explants and high cytokinin
applications have generally been reported in the
literature. In our study, we investigated the effects of
only BAP and high auxin-containing BAP and NAA
combination applications using petiole and leaf
explants of O. triangularis, which has medicinal and
ornamental plant properties and has insufficient studies
on its in vitro potential in the literature.

MATERIALS AND METHODS
Plant materials

The study material, O. triangularis A.St.-Hil., was
purchased from a private company and grown for two
years in the plant growth room. It was used as an
explant source for leaf and petiole explants to be used
in the study.

Culture conditions

MS, the nutrient medium described by Murashige and
Skoog (Murashige and Skoog, 1962), was used as
nutrient medium. MS nutrient medium (Duchefa, MS
salt) was prepared in accordance with the company
protocol. In addition, 30 g/L sugar was added to the
nutrient medium as a carbon source and 7 g/ L agar was
added to make it semi-solid, the pH of the solution was
adjusted to 5.7-5.8 using 0.1N NaOH and/or 0.1N HCI.
The prepared nutrient medium was distributed in 212
ml glass jars with 30 ml per jar, the jar lids were closed
and the nutrient medium was sterilized by autoclaving
at 121 °C, 1.06 kg/cm? pressure for 15 min. Culture was
carried out in a plant growth room where 24+2° C, 4000
lux, 16-hour day, 8-hour night photoperiod was
applied.

Culture procedures

Plant leaf and petiole explants were sterilized by
keeping them in 70% ethanol for 1 min and 0.5%
NaOCI for 1 min. Then, they were rinsed with sterile
distilled water 3 times for 3 min each. The sterilized
explants were transferred to MS nutrient medium
containing cytokinin (BAP) and auxin (NAA) at 5
different concentrations: 0.5 mg/L BAP, 0.5 mg/L BAP
+ 0.5 mg/L NAA, 0.5 mg/L BAP + 1 mg/L NAA, 0.5
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mg/L BAP + 2 mg/L NAA, 1 mg/L BAP. Leaf explants
were divided into three with the abaxial side facing
down and placed in the nutrient medium with 3
explants in each jar and leaf petiole explants were
placed in the nutrient medium with 5 explants of 0.5 cm
length in each jar. Treatments were made in 3
replicates. Shoots obtained from leaf and petiole
explants were cultured in MS medium containing 0.5
mg/L NAA for root development.. Plant explants were
observed every week.

Acclimatization study

The obtained shoots were transferred to MS nutrient
medium containing 0.5 mg/L NAA for root
development and then acclimatization processes were
started. For this purpose, firstly, jar lids were loosened
for 5-10 min two days before the plantlets were
removed from the nutrient medium. Then, the nutrient
medium was washed under running water and
transferred to jars containing sterile peat. Jar lids were
kept closed for two days. Starting from the second day,
jar lids were loosened and adaptation of the plant to the
humidity in the external environment was gradually
provided.

Statistical Analyses

The data obtained as a result of the experiments were
analyzed using the Minitab Statistical Analysis
program and "p" values were calculated. Significant
values were shown with "*" and standard deviations
were shown with "+". F testand TUKEY-HSD multiple
comparison test were used to determine the effects of
applied plant growth regulators on leaf and petiole
explants.

RESULTS AND DISCUSSION

In order to obtain explants to be used in culture
processes, a non-dormant, young and disease-free
mother plant should be selected (Kocagaligkan, 2021).
Considering the literature, instead of bulb parts that
cause high contamination problems, leaf and petiole
explants, which are frequently used in plant tissue
culture applications and constitute the above-ground
parts of the plant, were selected as explants (Zhou et
al., 2023; Pan et al., 2024). In order to start the culture
processes of O. triangularis, sterilization applications

at different concentrations and times were tested on the
explants. However, it was observed that applying
sterilant to the explants for a long time such as 3-5
minutes during the sterilization processes caused
necrosis in the tissues. In the study conducted by Teng
and Ngai (1999), it was reported that O. triangularis
leaf and petiole explants died due to the applied surface
sterilization. As a result of this experience and
knowledge, it was decided to apply short-term
sterilization processes in the study and to use a mother
plant grown in the plant growth room, isolated from the
external environment. As a result of the many
sterilization processes, completely sterile and 80%
healthy explants were obtained as a result of the
application of 1 min 70% ethanol and 1 min 0.5%
NaOCI to the leaf and petiole explants.

After sterilization, leaf and petiole explants were
cultured in MS nutrient medium containing BAP and
NAA plant growth regulators at six different
concentrations and combinations, and regeneration in
the explants was determined by observations made at
weeks 2, 3, 4 and 5. Plant growth regulators caused
morphological changes in the explants at the end of the
2nd week; 0.5 mg/L BAP plant growth regulator
applied to leaf explants induced callus and adventitious
shoot formation (Figure 1a); 0.5 mg/L BA + 0.5 mg/L
NAA plant growth regulator applied to petiole explants
induced callus formation at the tips of the explants
(Figure 1b). Callus and root formation were induced at
the edges of the leaf explants in medium containing 0.5
mg/L BAP + 2 mg/L NAA (Figure 1c). It was observed
that 1 mg/L BAP plant growth regulator applied to leaf
explants induced shoot and root formation (Figure 1d).
These data are consistent with the results of studies in
which shoot formation was observed in O. triangularis
petiole explants at the end of the 2nd week and in O.
corniculata nodal explants on the 10th day (Klaocheed
et al., 2024; Prasuna and Srinivas, 2015). The applied
plant growth regulators caused creamy green callus
formation at the tips of the petiole explants in the
medium containing 0.5 mg/L BAP and green callus
formation in the medium containing 0.5 mg/L BAP+2
mg/L NAA. As reported by Martin (2002) , the color
and texture of the obtained calli varied according to the
auxin:cytokinin ratio.
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Figure 1. Leaf (L) (a) and petiole (P) (b) explants cultured in MS medium containing BAP and NAA plant growth regulators.
a) 0.5 mg/L BAP, (L) b) 0.5 mg/L BA + 0.5 mg/L NAA, (P) c) 0.5 mg/L BAP + 2 mg/L NAA, (L) d) 1 mg/L BAP, (L)

As a result of the observations made in the 3rd, 4th and
5th weeks, shoot formation was observed in all
treatments. The highest shoot formation in petiole
explants was obtained as 70% in the nutrient medium
containing 0.5 mg/L BAP + 0.5 mg/L NAA (Table 1).
In the study conducted by Klaocheed et al., (2024),
100% shoot formation was obtained in medium
containing 0.5 mg/L BAP + 0.5 mg/L NAA using
petiole explants. This result reported in the literature is
close to the results of our study. The best shoot
formation percentage in leaf explants was again
obtained in the nutrient medium containing 0.5 mg/L

BAP + 0.5 mg/L NAA (78%) (Table 1). Prasuna et al.
(2022) reported that O. corniculata leaf explants in MS
medium containing 0.5 mg/L BAP + 0.5 mg/L NAA,
gave 75% shoot formation, which is similar to the
results of our study. As a result of the observations, the
highest shoot formation (5.67 + 2.43) and the highest
leaf formation (4.00 = 1.86) in leaf explants were
obtained in the nutrient medium containing 0.5 mg/L
BAP + 2 mg/L NAA. No difference was found as a
result of the statistical analysis of the number of shoots
and leaf number obtained per leaf explant in the
different treatments (Table 2).

Table 1. Effects of BAP and NAA plant growth regulators on shoot formation in O. triangularis leaf and petiole explants (%).

Nutrient BAP NAA Number of shoots per explant (%)

Medium (mg/L) (mg/L) Leaf Explant \ Petiole Explant
3.Week | 4.Week | 5.Week  3.Week | 4. Week 5. Week
0.5 0 22 56 56 20 20 40
0.5 0.5 33 67 78 70 70 70
MS 0.5 1 00 20 20 20 20 20
0.5 2 56 67 67 00 20 40
1 0 44 56 56 20 20 20

Table 2. Statistical comparison of the effects of plant growth regulators applied to O. triangularis leaf explants on shoot number.

Media BAP NAA Number of Number of
(mg/L)  (mg/L) shoot per explant = SE leaf per explant = SE

0.5 0 1.898+ 0,61 0.562+0,30

0.5 0.5 2.892+0,84 1.222+0,37

MS 0.5 1 1.002+ 0,76 1.002+0,76
0.5 2 5.674+243 4,004+ 1,86

1 0 5.222+ 3,00 2.674+1,83

P Value 0.301 0.278

Differences between mean values with the same letters in a column are not found to be significant at P<0.05 level by TUKEY test.

SE: Standard Error
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Figure 2. Effect of plant growth regulators applied to O. triangularis leaf and petiole explants.

In our experiments, first shoot and then flower
formation were observed in leaf explants applied with
0.5 mg/L BAP + 2 mg/L NAA and 1 mg/L BAP.
Flower formaton is not commonly seen in plant tissue
culture applications. These data are compatible with the
literature reported by Taha et al., (2009) that O.
triangularis, Celosia cristata and Begonia x hiemalis
can flower in MS medium supplemented with various
plant growth regulators such as BAP and NAA.
Determination of the necessary plant growth
combinations and concentrations that ensure flowering

in vitro conditions facilitates basic studies on
molecular, morphological and physiological changes in
flower formation of O. triangularis and various basic
research on solving problems such as premature fruit
drop and poor seed formation.

Plants that completed their root development were 70%
adapted to the external environment as a result of the
acclimatization process. The plants grew with a normal
growth cycle without showing any morphological
changes (Figure 3).

Figure 3. Acclimatization of O. triangularis.
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CONCLUSION

As a result of experimental data and statistical analyses,
it was determined that O. triangularis leaf explants
could be used for micropropagation in nutrient medium
containing 0.5 mg/L BAP+2 mg/L NAA. Leaf
explants, which were reported to be unusable in the
literature due to high mortality rates, were successfully
sterilized by immersing them in 70% ethanol and 0.5%
NaOCI solutions for 1 min each. Moreover, it was
shown that they could be used for shoot formation as
an alternative to petiole explants. As a result of the
research, shoot and root formation were obtained in
both leaf and petiole explants in 0.5 mg/L BAP+2 mg/L
NAA application with the plantlets cultured in medium
containing 0.5 mg/L NAA for the development of roots
and shoots before acclimatization. The plantlets
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ABSTRACT: Climate change significantly affects agriculture, particularly fruit cultivation, by causing issues such as rising
temperatures, droughts, excessive rainfall, pest infestations, and the spread of diseases. The aim of this study was to examine the impacts
of climate change on fruit production and discuss key modern biotechnological solutions in plant breeding, which have been increasingly
implemented both nationally and internationally, to address these challenges. Fruit species are highly sensitive to temperature fluctuations,
water stress, and pests. Therefore, the development of climate-resilient fruit varieties is of paramount importance. Genetic engineering
techniques, such as CRISPR/Cas9, which have revolutionized plant biotechnology, can be used to enhance heat tolerance, drought
resistance, and pest resistance in fruit trees. Additionally, genetic modifications that increase photosynthetic efficiency and optimize water
usage contribute to the sustainability of fruit production. Moreover, RNA interference (RNAI) technology can regulate genes related to
disease resistance and water efficiency, helping to create pest-resistant plants while reducing water consumption. The widespread adoption
of these modern biotechnological methods will not only enrich scientific knowledge but also contribute to the development of sustainable
solutions in applied agriculture. Particularly, multidisciplinary research that delves deeper into the effects of climate change and explores
the field applicability of biotechnological innovations is crucial. Such studies will help create more resilient and sustainable systems in
vital sectors like fruit production, ensuring their adaptation to the challenges posed by climate change.

Keywords: Climate change, fruit cultivation, biotechnology, genetic engineering, sustainable agriculture.

Meyve Yetistiriciliginin Iklim Degisikliginden Etkilenebilirligi ve Ciziim Onerileri: Modern Biyoteknolojik
Yaklasimlar (CRISPR/Cas9 ve RNAI)

OZ: Iklim degisikligi, ozellikle meyve yetistiriciligini onemli élciide etkileyerek sicaklik artiglart, kuraklik, asir yagislar,
zararlilar ve hastaliklarin yayimas: gibi sorunlara yol agmaktadr. Bu ¢aligmanin amacu, iklim degisikliginin meyve iiretimi iizerindeki
etkilerini incelemek ve bu zorluklarla basa ¢ikmak icin ulusal ve uluslararast alanda kullanilmaya baslanilan bitki 1slahi agisindan onemli
modern biyoteknolojik ¢oziimleri tartismaktir. Meyve tiirleri, sicaklik dalgalanmalarina, su stresine ve zararlilara karsi oldukga hassastir.
Bu nedenle, iklim degisikliklerine dayanikly meyve cesitlerinin gelistirilmesi biiyiik 6nem tagimaktadwr. Kullamimlarinin baslanmasiyla bitki
biyoteknolojisinde ¢igir agan CRISPR/Cas9 gibi genetik miihendislik yontemleri, meyve agaglarinda sicaklik toleransini, kuraklik direncini
ve zararlilara karsi dayanikliligr artirmak i¢in kullanilabilmektedir. Ayrica, fotosentez verimliligini artiran ve su kullanimini optimize eden
genetik modifikasyonlar, meyve iiretiminin sirdiiriilebilirligine katk: saglamaktadir. Buna ek olarak, RNA interferanst (RNAi) teknigi,
hastaliklar ve su verimliligi ile ilgili genlerin diizenlenmesini saglayarak, zararhilara karst direng¢ olusturmakta ve su tiiketimini
azaltabilmektedir. Bu modern biyoteknolojik yontemlerin kullanilmalarimin yayginlasmasi, hem bilimsel bilgi birikimini zenginlestirecek
hem de uygulamall tarimda siirdiiriilebilir ¢oziimler gelistivilmesine katki saglayacaktr. Ozellikle iklim degisikliginin etkilerini daha
derinlemesine inceleyen ve biyoteknolojik yenilikierin sahada uygulanabilirligini arastiran multidisipliner ¢alismalarin hayata gegirilmesi
biiyiik onem tasimaktadwr. Boylece, meyve tiretimi gibi hayati sektorlerde iklim degisikligine karsi daha direngli ve siirdiiriilebilir
sistemlerin olusturulmasi miimkiin olacaktir.

Anahtar kelimeler: fklim degisikligi, meyve yetistiriciligi, biyoteknoloji, genetik miihendisligi, siirdiiviilebilir tarim.

increased risks due to shifting weather patterns,

INTRODUCTION . o . -
changing precipitation regimes, rising temperatures,

Climate change is one of the most pressing global
challenges, with far-reaching impacts across various
sectors, particularly agriculture. The agricultural
sector, highly dependent on climatic conditions, faces

and the increased frequency of extreme weather events
(Branca et al., 2013). Among the most vulnerable
agricultural sectors, fruit cultivation stands out as it is
highly sensitive to even slight changes in
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environmental conditions, such as temperature
fluctuations, water stress, and pest outbreaks (Ding et
al., 2016). Given the vital role of fruit crops in global
food security, nutrition, and economic stability,
understanding the susceptibility of fruit cultivation to
climate change is essential for developing strategies to
mitigate its impacts and ensure the sustainability of
fruit production systems (Food, 2016). The expected
consequences of climate change on fruit production are
multifaceted. Increases in temperature may alter
phenological stages of fruit trees, affecting flowering,
fruit set, and ripening periods, with potential for
mismatches between these stages and optimal
environmental conditions (Fischer et al., 2016).
Furthermore, changing precipitation patterns, leading
to droughts or excessive rainfall, may exacerbate water
stress, reduce yields, and influence the spread of plant
diseases and pests (Penella and Calatayud, 2018).
These challenges necessitate innovative solutions to
safeguard fruit production, particularly in regions
where climate change is expected to have the most
severe impacts. Biotechnology offers promising tools
to address these challenges. Advances in genetic
engineering, especially gene editing technologies like
CRISPR/Cas9, have revolutionized the ability to
develop crops with enhanced resilience to
environmental stresses (Rai et al., 2023). These
technologies can be used to improve drought tolerance,
heat resistance, and pest resistance in fruit crops, all
critical factors for maintaining productivity under
changing climatic conditions. Moreover,
biotechnology can play a role in improving water-use
efficiency, enhancing photosynthetic efficiency, and
fostering disease resistance, thereby reducing the
dependency on chemical inputs (Panesar and Marwaha,
2013). The integration of biotechnology into fruit
cultivation is thus seen as a vital step toward
developing more resilient, sustainable, and productive
agricultural systems. In addition to biotechnological
advancements, sustainable agricultural practices must
be promoted to ensure the long-term viability of fruit
production systems. Integrated approaches that
combine  biotechnological innovations  with
agroecological principles, such as crop diversification,
agroforestry, and water conservation techniques, can
help mitigate the impacts of climate change and build
adaptive capacity (Winqvist et al., 2012; Medda et al.,
2022). By integrating both  biotechnological
approaches and sustainable agricultural practices, fruit
cultivation systems can become more resilient to

climate-related challenges, ensuring global food
security in the face of a rapidly changing climate
(Shingade and Khatri, 2024).

This study aims to explore the vulnerabilities of fruit
cultivation to climate change, with a focus on
biotechnological solutions and sustainable practices
that can enhance the resilience of fruit production
systems. By analyzing recent advancements in genetic
engineering and discussing their application in fruit
cultivation, this study seeks to provide insights into
how biotechnology, combined with sustainable
practices, can contribute to mitigating the impacts of
climate change and ensuring the sustainability of fruit
production in the coming decades.

Impacts of Climate Change on Fruit Cultivation
Temperature increases and fruit development

Climate change, particularly temperature increases,
significantly affects fruit cultivation. Global average
temperatures have risen by approximately 1.2°C over
the last century, and this trend is accelerating in the 21st
century (Arias et al., 2021). This increase in
temperature directly impacts the biological cycles,
growth rates, ripening processes, and productivity of
fruit species. Fruits, in particular, are highly sensitive
to temperature changes, and their biological responses
to these changes vary from species to species (Adams
et al., 2001). High temperatures have a major impact
on flowering and fruit development. Many fruit species
typically undergo flowering during specific
temperature ranges, and the acceleration of these
processes due to higher temperatures can cause early
flowering. This, in turn, increases the risk of frost
damage in certain regions where late frosts are still
possible. For instance, species such as apples and
cherries can suffer yield losses due to early flowering,
as flowers may be damaged by frost events (Menzel,
2023). In addition to affecting flowering times, higher
temperatures accelerate the fruit ripening process. This
can result in a decline in fruit quality, negatively
impacting the flavor profiles and reducing fruit size
(Ho and Hewitt, 1986). Moreover, temperature
increases cause faster water loss from fruit trees,
exacerbating drought stress, which leads to
productivity losses. For example, grapes subjected to
higher temperatures may undergo alterations in their
acid content, which can negatively affect the taste and
overall quality (Vonshak and Torzillo, 2003).
Additionally, increased temperatures can decrease fruit
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water content, leading to premature fruit drop or
dehydration. Furthermore, temperature increases could
lead to geographical shifts in the distribution of certain
fruit species. While some tropical and subtropical fruit
species may migrate to warmer regions, temperate
species may become unsuitable for their current
growing areas, leading to decreased production in those
areas. For example, citrus species may become less
productive in Mediterranean regions as temperatures
rise (Penella and Calatayud, 2018).

Changes in precipitation patterns and water stress

Climate change also leads to significant alterations in
precipitation patterns. Global warming has the
potential to change rainfall distribution, with some
areas experiencing more frequent droughts, while
others may face excessive rainfall and flooding.
Drought, in particular, can severely hinder the growth
of fruit trees, as water scarcity affects plant
development and fruit yield (Penella and Calatayud,
2018). Drought is one of the most significant
challenges to fruit trees. Insufficient water availability
can disrupt the growth and development of fruit trees,
reduce photosynthetic efficiency, and accelerate leaf
drop, which ultimately decreases productivity. Under
severe drought conditions, fruit development can be
arrested, and trees may fail to produce fruit altogether
(Donovan and Ehleringer, 1994). In regions where
water resources are already limited, these challenges
can significantly impact the sustainability of fruit
production. For example, olive trees, when exposed to
high temperatures and inadequate rainfall, may
experience reduced yields and lower fruit quality
(Vonshak and Torzillo, 2003). On the other hand,
excessive rainfall and flooding events can create
significant problems in fruit cultivation. Excessive
water accumulation can lead to root rot and hinder the
development of the trees. Moreover, prolonged wet
conditions can promote the spread of fungal and
bacterial diseases, which in turn negatively impact fruit
quality and yield. The grapevine, for example, is highly
sensitive to waterlogging, which can damage the roots
and decrease the quality of the grapes (Zeppel et al.,
2014). Changes in precipitation patterns can affect not
only fruit yields but also the quality of the fruits
themselves. Insufficient water leads to imbalances in
the sugar-acid content of the fruit, causing alterations
in taste profiles. For instance, grapes grown under
water stress conditions often exhibit changes in sugar
composition, which can negatively affect their quality
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and flavor profile (Fischer et al.,, 2016). Overall,
changes in precipitation patterns due to climate change
present a dual threat to fruit production, requiring more
efficient water management and the development of
drought-resistant fruit varieties.

Extreme weather events and pests

Climate change is increasingly contributing to the
frequency and severity of extreme weather events, such
as hailstorms, hurricanes, severe windstorms, and
sudden temperature fluctuations. These events pose
significant risks to fruit cultivation, as they can
physically damage fruit trees and result in substantial
yield losses (Motha, 2011). Hail, for example, can
cause physical damage to fruit skins, creating
conditions that promote fungal infections and fruit
rotting. Hurricanes and severe windstorms can damage
the structural integrity of fruit trees, breaking branches,
causing fruit drop, and even damaging the root systems
of trees. These extreme weather events can result in
long-term productivity losses and affect the economic
viability of fruit production (Rai et al., 2023). Fruit
trees, particularly those with larger and heavier fruits,
are especially vulnerable to such physical damage. The
physical damage caused by extreme weather events is
compounded by the fact that rising temperatures and
increased humidity create favorable conditions for the
proliferation of pests and pathogens. For instance, fruit
flies are able to reproduce more rapidly and extend their
range as temperatures rise, while high humidity levels
facilitate the growth and spread of fungal diseases.
These pests and diseases can severely degrade fruit
quality and diminish yields, resulting in substantial
economic losses for producers (Paavola, 2017). The
combination of higher temperatures and humidity may
also trigger the appearance of new pest species in areas
where they were previously unknown. For example,
warmer temperatures in temperate regions could allow
tropical pests, such as certain types of weevils, to
migrate into these areas, leading to further disruptions
in fruit production.

Plant diseases and pathogens

Climate change, with its associated temperature
increases and shifts in humidity levels, significantly
facilitates the spread of plant diseases and pathogens
(Lihua, 1999). As temperatures rise, various pathogens,
including bacteria, viruses, and fungi, proliferate at
accelerated rates, leading to substantial yield losses in
fruit crops (Elad and Pertot, 2014). These diseases pose
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a severe threat to both the quantity and quality of fruit
production, making it increasingly difficult for farmers
to maintain sustainable yields under changing climatic
conditions. Rising temperatures directly enhance the
ability of pathogens to grow and spread. Many plant
diseases, including those caused by fungi and viruses,
thrive in warmer conditions. Fungal pathogens, in
particular, are highly sensitive to temperature and
humidity changes. For example, the powdery mildew
fungus (Erysiphe necator) that affects grapes becomes
more virulent under warmer temperatures, while
Botrytis cinerea, the cause of grey mold in several fruit
crops, flourishes when high humidity levels are
coupled with warm weather (Vonshak and Torzillo,
2003). This can lead to widespread outbreaks,
especially in regions where these diseases were once
less problematic (Lahlali et al., 2024).

The impact of rising temperatures on viral diseases
cannot be overstated. As the climate warms, the
geographical range of many plant viruses expands,
allowing them to infect new crops and regions
previously unaffected by these diseases (Brown and
Ogle, 1997). For example, Cucumber mosaic virus
(CMV) and Tomato spotted wilt virus (TSWV) are
becoming more prevalent in regions with increasingly
warmer climates, causing widespread damage to fruit
crops such as tomatoes, peppers, and melons. These
viruses severely reduce fruit quality, as infected plants
often exhibit stunted growth, poor fruit set, and
discoloration, all of which lead to significant economic
losses for producers. In addition to direct damage to the
fruit, viral diseases can impair the overall health of the
tree, weakening its resistance to other stressors and
pathogens. The compromised immune system of
infected trees makes them more wvulnerable to
opportunistic pathogens such as bacteria and fungi,
leading to a cascade effect in which multiple diseases
exacerbate each other’s impact (Branca et al., 2013).

The spread of plant diseases is often facilitated by pests
that serve as vectors for pathogens. Climate change,
with its warmer temperatures and altered precipitation
patterns, promotes the proliferation of both insect pests
and nematodes, which act as carriers for plant diseases.
For instance, aphids, whiteflies, and leafhoppers are
known to transmit viruses and fungal spores between
plants. As temperatures rise, the activity levels of these
pests increase, leading to more frequent transmission
events. Fruit flies, which have a broader range due to
higher temperatures, not only damage fruit directly but

also facilitate the spread of bacterial and viral
infections (Paavola, 2017). The increase in pest
populations also results in greater competition for
resources within fruit orchards. With more pests
feeding on the same plants, trees experience increased
stress, which weakens their resistance to disease. This
makes it even more challenging for farmers to combat
diseases and maintain fruit production. The combined
effects of rising temperatures, increased humidity, and
the spread of pathogens lead to significant challenges
for fruit producers. Not only does the incidence of
diseases increase, but the overall impact on fruit quality
becomes more severe. For instance, fungal infections
like Powdery Mildew or Downy Mildew result in
lesions, rotting, or discoloration of fruit, rendering
them unsellable (Lamichhane and Venturi, 2015).
Similarly, viral infections can cause necrosis and
deformation of fruit, making them unfit for market. The
total impact on fruit yield and quality can be
devastating, especially in regions heavily reliant on
fruit production for their economies. The spread of
plant diseases due to climate change can result in
substantial economic losses for fruit producers. The
financial burden on farmers increases as they must
invest more in pest management, disease control
measures, and the purchase of resistant cultivars. In
many cases, the costs of controlling diseases, either
through chemical means or biological control
strategies, can exceed the income generated from fruit
sales (Vonshak and Torzillo, 2003). The increased
frequency of disease outbreaks and the unpredictability
of climate patterns also exacerbate the financial
uncertainty faced by farmers. In addition to these direct
economic losses, the spread of plant diseases poses a
broader risk to global food security. As crop yields
decrease due to disease, the availability of fruit for
consumption is diminished, leading to higher prices
and reduced access to nutritious food, particularly in
developing countries where fruit production plays a
key role in local economies. This in turn, can
exacerbate food insecurity and increase the
vulnerability of communities dependent on fruit crops
for sustenance. The proliferation of plant diseases,
driven by climate change, is increasingly seen as a
global threat to food security. In many regions, fruit
crops serve as essential sources of vitamins and
nutrients, particularly for vulnerable populations. The
disruption of fruit production not only affects local
economies but also the nutritional status of entire
populations, particularly in low-income countries
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(Ding et al., 2016). The risk of crop failure due to plant
diseases, combined with the unpredictability of
weather events, creates a complex web of challenges
for global food systems.

Economic impacts of climate change on fruit
cultivation

Climate change poses significant threats to the
agricultural sector globally, with fruit cultivation being
one of the most affected industries. Fruit species are
highly sensitive to temperature, precipitation, and
humidity changes, which makes them particularly
vulnerable to climate variability. The economic
consequences of these changes are profound, as they
affect the productivity, quality, and sustainability of
fruit production (Chawla et al., 2011).

Increased production costs

As climate change intensifies, the uncertainty
surrounding agricultural production also grows,
making farming more expensive. In regions affected by
extreme heat or drought, the need for supplementary
irrigation systems becomes essential. Irrigation
requires significant amounts of energy and water,
which leads to increased costs, particularly in areas
where water resources are already scarce. Additionally,
soil erosion and yield losses may require farmers to
invest in land reclamation and maintenance practices,
further driving up operational costs (Mendelsohn and
Dinar, 2009). This is especially challenging in regions
where water resources are limited or where erratic
rainfall patterns exacerbate existing issues. In addition
to the higher cost of irrigation, changes in temperature
and humidity make the maintenance of fruit trees more
difficult. New pests, diseases, and unpredictable
weather events require increased use of pesticides and
fertilizers, which increases production costs. As
climate change exacerbates these factors, producers
must adapt to rising costs and invest in more resilient
infrastructure, which strains their financial resources
(Bowen et al., 2012).

Yield losses and decreased revenue

Climate change significantly reduces the yields of fruit
trees. High temperatures, drought, and shifting
precipitation patterns disrupt the growth cycles of fruit
trees, affecting flowering, fruit setting, and ripening
stages. Flowering and fruit development may be
particularly vulnerable to temperature spikes, resulting
in delayed or irregular fruit production. As a result, fruit
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yields decline, and fruit quality diminishes (Ding et al.,
2016). For example, rapid maturation under higher
temperatures can lead to smaller fruit sizes and lower
sweetness levels, reducing market value and consumer
preference. Economic losses from reduced yields are
compounded by the increased cost of production.
Farmers face lower returns on their investments, which
in turn impacts their livelihood. The inability to achieve
consistent yields and quality creates uncertainty,
discouraging investment in farming and reducing
income for growers. Additionally, unpredictable
harvests make it more difficult to plan for the market,
leading to price volatility, particularly for high-value
fruit crops (Babcock and Hennessy, 1996; Priyadarshi,
2024).

Insurance and financial support needs

As risks associated with climate change increase, the
need for agricultural insurance rises. However, higher
risks translate into higher premiums, making insurance
less affordable for small-scale farmers. In some
regions, the cost of insurance premiums is prohibitively
high, which can discourage farmers from purchasing
coverage. This issue is particularly acute for those who
already struggle with low capital and access to credit
(Nnadi et al., 2013). The lack of affordable insurance
and financial support exacerbates the vulnerability of
smallholder farmers, further limiting their ability to
adapt to changing climatic conditions. Moreover,
without proper government support and financial
infrastructure, farmers face increased exposure to
climate-related risks. In the absence of such support,
the financial stability of farming communities declines,
leading to wider economic impacts that affect local
economies and food security (Chen and Newacheck,
2006).

Food security and climate change

Food security has become increasingly precarious as a
result of climate change, with significant implications
for fruit cultivation. As one of the key components of
global food systems, fruit production is particularly
sensitive to shifts in climate, and its disruption can
exacerbate food insecurity. In many developing
countries, where agriculture is the primary economic
activity, climate-induced impacts on fruit production
can destabilize local food systems and lead to
malnutrition and hunger (Brown and Funk, 2008;
Behera et al., 2024).
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Inequality in production and access to food

Climate change-induced variability in fruit production
can drive up food prices, making it difficult for low-
income populations to access nutritious foods. As fruit
production becomes less reliable, both the quantity and
quality of fruits available in the market decline. In
many cases, the prices of fresh fruits increase, putting
essential nutrients out of reach for wvulnerable
populations, particularly in impoverished areas.
Consequently, food insecurity becomes more
pronounced, and malnutrition rates rise, especially in
regions heavily reliant on fruit as a source of vitamins
and essential minerals. The disruption in fruit
production exacerbates existing economic inequalities.
Poorer regions and marginalized communities are
disproportionately affected, as they have fewer
resources to cope with changing agricultural
conditions. As fruit prices rise and local production
declines, the poorest are left without reliable access to
healthy food, exacerbating poverty and inequality
(D’Odorico et al., 2019).

Supply chain disruptions

Climate change also disrupts global food supply chains.
Since many countries rely on international trade for the
exchange of fresh fruits, unpredictable weather events,
and declining production can cause interruptions in
these supply chains. For example, shifting harvest
times due to temperature and precipitation changes can
lead to mismatches between supply and demand,
driving up prices and reducing the availability of
certain fruits in global markets. Seasonal differences
and shifts in harvest timings create a challenge for both
producers and consumers, particularly in countries that
rely on fruit imports to meet demand during off-
seasons. This disruption not only affects local markets
but also complicates global trade networks, making
fruit supply less predictable and increasing price
volatility (Schmidhuber and Tubiello, 2007). Farmers
in exporting countries may experience lower export
revenues due to yield reductions, and importing
countries face increased costs, which ultimately leads
to food insecurity and higher consumer prices.

Nutritional deficiencies and food crises

Declining fruit production and rising prices may lead to
nutritional deficiencies in populations that depend
heavily on fruits for essential nutrients, such as vitamin
C, potassium, and folate. Tropical fruits, in particular,
are vital for preventing vitamin deficiencies, and their

reduced availability could result in increased rates of
malnutrition and other related health issues. These
effects are most acute in developing nations, where
access to diverse food sources is limited. As fruit yields
decrease, particularly in tropical and subtropical
regions, food crises become more likely (Drake, 2024).
Reduced access to fruits exacerbates existing
nutritional deficiencies, contributing to public health
challenges such as stunted growth, weakened immune
systems, and increased susceptibility to diseases. This
scenario highlights the interconnectedness of climate
change, agriculture, and human health, necessitating
integrated approaches to address food security
(Liebenguth and Gricius, 2024).

Agricultural biodiversity and climate change

Agricultural biodiversity is crucial for maintaining the
stability and resilience of agricultural ecosystems.
However, climate change presents a significant threat
to biodiversity, especially in fruit cultivation. As
temperatures rise and precipitation patterns change, the
distribution of plant species may shift, leading to the
decline or displacement of certain fruit species while
others may expand into new areas. This change in the
spatial distribution of crops can disrupt local
ecosystems and threaten the viability of existing
farming systems (Villanueva et al., 2017).

Ecosystem preservation and ecological restoration

In addition to developing resilient crop varieties,
preserving and restoring ecosystems is essential to
safeguarding biodiversity. Agricultural landscapes
need to integrate natural habitats to enhance ecological
resilience. Practices such as agroforestry, crop rotation,
and organic farming can contribute to biodiversity
conservation while maintaining productive farming
systems. By adopting these methods, farmers can
create more sustainable and biodiverse agricultural
landscapes that are better equipped to cope with
climate-related challenges (Wang et al., 2024).
Moreover, local ecosystems that support pollinators
and beneficial organisms should be conserved, as these
contribute to higher crop vyields and reduced
dependence on synthetic inputs. Ensuring that
ecosystems remain intact will allow for the
maintenance of ecological functions and services that
support fruit production (Light and Higgs, 1993).
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Challenges in harvesting and logistics

Another significant impact of climate change on fruit
supply chains is the increasing difficulty in harvesting
and logistics operations. Changes in harvest timing and
the increasing frequency of extreme weather events
make it harder for fruit producers to harvest crops on
time while maintaining fruit quality. This is particularly
important in markets that demand high-quality fruit.
Climate change can lead to changes in the timing of
fruit maturation, making it challenging to harvest on
time. Early harvesting may result in suboptimal fruit
quality, while late harvesting could lead to over-
ripening or spoilage. Furthermore, extreme
temperatures and high humidity can contribute to post-
harvest diseases and fruit decay (Paavola, 2017).
Alterations in production timing can also affect the
transportation and distribution of fruit. Rising
temperatures can strain refrigeration systems used in
transporting fruit, leading to spoilage and quality
degradation during transport. Moreover, long-distance
transportation may be hindered by extreme heatwaves
and heavy rainfall, causing logistical delays
(Satterthwaite et al., 2010). Road blockages, port
closures, and damage to infrastructure during adverse
weather conditions can disrupt the smooth functioning
of supply chains. Climate change is contributing to
rising production costs, which in turn increases the
costs throughout the entire supply chain. Yield losses,
the spread of diseases and pests, logistical disruptions,
and labor shortages all contribute to higher operational
costs. Droughts and water stress increase the need for
irrigation, while higher temperatures demand more
energy for cooling systems in greenhouses and
refrigerated transport. This leads to higher operational
costs for producers (Schmidhuber and Tubiello, 2007).
Rising Agricultural Input Costs: With the increasing
spread of pests and diseases, the demand for
agricultural chemicals such as pesticides and fertilizers
rises, which further drives up production costs.
Additionally, altered harvest schedules may require
flexible labor arrangements, raising labor costs and
complicating workforce management. Decreased
yields lead to reduced fruit supply, causing price
volatility. These price fluctuations can be especially
problematic in developing countries, where food
security may be at risk due to higher fruit prices (FAO,
2018). Increased fruit prices could be a barrier for low-
income households, exacerbating poverty and food
insecurity.

APPROACHES (CRISPR/Cas9 and RNAI)

Biotechnological approaches to mitigate climate
change impacts on fruit cultivation

Climate change presents an increasing challenge to
global food systems, particularly in the context of fruit
cultivation and supply chains. As temperatures rise,
weather patterns become more unpredictable, and the
prevalence of pests and diseases increases, fruit crops
are facing a range of environmental pressures that
threaten both their productivity and quality. To adapt to
these challenges, biotechnological approaches are
becoming indispensable for developing more resilient
fruit crops that can withstand environmental stresses
such as heat, drought, pests, diseases, and extreme
weather events. This section outlines several key
biotechnological strategies, including -cutting-edge
gene-editing technologies like CRISPR/Cas9, to
enhance fruit tree resilience and improve agricultural
sustainability in the face of climate change
(Munaweera et al., 2022).

CRISPR systems work by cutting double-stranded
DNA as follows (Figure 1):

Guide RNA (gRNA) design: The first step is to design
a guide RNA (gRNA) that is specific to the target DNA
sequence. The gRNA consists of two parts: (1) Spacer
sequence, which is designed to bind to a specific region
of the target DNA. (2) Structural sequence, which
enables binding to the Cas9 protein. Cas9-gRNA
complex formation: The guide RNA binds to the Cas9
protein, forming the Cas9-gRNA complex. This
complex scans the cell’s DNA and locates the target
DNA sequence that matches the designed gRNA. After
the Cas9-gRNA complex binds to the target DNA
sequence, Cas9 recognizes a short sequence adjacent to
the target called the PAM (Protospacer Adjacent
Motif). The PAM sequence is typically "NGG" (where
"N" is any nucleotide, and "GG" represents two
guanine bases). The presence of the PAM sequence is
essential for Cas9 to cut the DNA, as it ensures the
precise recognition of the target region. Once the Cas9-
gRNA complex is correctly aligned with the target
DNA, Cas9 cuts both strands of the DNA, creating a
double-strand break (DSB). This break occurs at the
precise location within the DNA, providing an
opportunity for genetic modification.The cell attempts
to repair the double-strand break. During this repair
process, the cell uses one of two main pathways to fix
the break, this repair pathway directly joins the broken
DNA ends. However, NHEJ is error-prone, and it often
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leads to small insertions (additions) or deletions
(removals) at the break site. These errors can disrupt
the function of the gene, leading to mutations. NHEJ is
a fast process but is less accurate. If a repair template
(such as a donor DNA sequence) is provided, the cell

Target site

can use it to accurately repair the break by copying the
desired sequence. HDR is commonly used for precise
genetic modifications, such as inserting a new gene or
correcting a mutation. This process is more accurate
but slower than NHEJ.

Figure 1. CRISPR/Cas9 mechanism in cell. Adapted from (Razzaq and Massod, 2018).
Sekil 1. Hiicre i¢cindeki CRISPR/Cas9 mekanizmasi. (Razzaq and Massod, 2018)’den uyarlanmustir.

CRISPR/Cas9 and gene editing for stress tolerance
in fruit crops

One of the most promising advancements in
biotechnology for combating the adverse effects of
climate change on fruit cultivation is the application of
CRISPR/Cas9 gene-editing technology. This precise
and efficient technique allows scientists to modify
specific genes in fruit crops, thereby enhancing their
tolerance to environmental stresses such as heat,
drought, salinity, and pest attacks (Wan et al., 2021).

Heat tolerance through CRISPR/Cas9

As global temperatures continue to rise, heat stress is
becoming a significant challenge for fruit crops,
particularly in regions that were previously temperate
but are now experiencing higher temperatures. By
using CRISPR/Cas9 to modify genes involved in heat
tolerance, researchers can develop fruit varieties
capable of thriving in higher temperatures (Kanth el al.,
2025).

Drought and water stress tolerance via

CRISPR/Cas9

Water scarcity is another critical issue exacerbated by
climate change. Drought stress can significantly reduce
fruit yields and negatively affect fruit quality.
CRISPR/Cas9 is being used to engineer fruit crops that

can better withstand periods of water stress. By editing
genes responsible for water regulation in plants, such
as those encoding for aquaporins (proteins that regulate
water movement within plant cells), researchers can
improve water use efficiency in fruit trees. In addition,
genes related to abscisic acid (ABA) signaling
pathways, which play a key role in plants' response to
drought, can be edited to enhance the plant's drought
tolerance (Shinozaki and Yamaguchi-Shinozaki,
1996).

Enhancing disease resistance with CRISPR/Cas9

The ability of CRISPR/Cas9 to precisely modify plant
genomes also offers exciting possibilities for
improving disease resistance in fruit crops. For
instance, CRISPR can be used to enhance the
expression of pathogenesis-related (PR) proteins,
which are part of the plant's innate immune system.
These proteins can help protect fruit crops from fungal,
bacterial, and viral infections, which are more likely to
spread due to climate-induced temperature and
humidity changes. Resistance to fungal and bacterial
diseases: CRISPR/Cas9-based strategies have targeted
susceptibility genes in crops such as rice, tomato, wheat
and citrus. After years of decoding and reading
genomes, researchers are now editing and rewriting
genomes to develop crops resistant to specific pests and
pathogens. (Butt and Bastas, 2025).
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The CRISPR-Cas technology has been successfully
employed to confer resistance to various abiotic
stresses such as heavy metal toxicity, salinity, drought
and flooding (Raza et al., 2020). In-depth molecular
research has revealed insights into the cellular
mechanisms underlying the plant's response to drought.
Abscisic acid (ABA) plays a crucial role in the plant’s
drought response by reducing stomatal conductance
and regulating gene expression to minimize water loss
through transpiration (Osakabe et al., 2014). The basic
leucine zipper (bZIP) transcription factor, also known
as ABA-responsive element (ABRE)-binding proteins,
is essential for ABA signaling (Nakashima et al.,
2014). Overexpression of AREB1 (ABF2) has been

The RNAi Process

Complementary
pairing

Figure 2. RNAi mechanism in cell (https://www.alnylam.com/).

APPROACHES (CRISPR/Cas9 and RNAI)

shown to improve drought resistance in plants while the
absence of AREB1 weakens drought tolerance
(Yoshida et al., 2010).

Gene silencing technologies for stress mitigation

In addition to CRISPR/Cas9, another powerful
biotechnological tool for improving fruit crop
resilience is gene silencing technology, specifically
RNA interference (RNAI). RNAI is a process that
allows the silencing or downregulation of specific
genes (Figure 2), which can be used to improve
resistance to stressors such as pathogens, pests, and
environmental extremes.

Sekil 2. Hiicre i¢indeki RNAi mekanizmasi (https://www.alnylam.com/).

The working principle of the RNAI mechanism is as
follows (Figure 2):

Dicer-mediated cleavage: The RNAI pathway is
initiated by the recognition and cleavage of double-
stranded RNA (dsRNA) by the enzyme Dicer, an
RNase Il1-type endonuclease. Dicer processes the long
dsRNA into smaller fragments, typically around 20-25
nucleotides long, known as small interfering RNAs
(SiRNAS) or, in the case of naturally occurring non-
coding RNA, microRNAs (miRNAS). The small RNA
fragments, such as siRNAs or miRNAs, are then
incorporated into the RNA-induced silencing complex
(RISC). RISC is composed of various proteins, with
Argonaute (Ago) being the key catalytic component.
The small RNA guides RISC to the target mRNA
through complementary base pairing. Once bound to
RISC, the small RNA guides the complex to its
complementary mRNA target. The specificity of this
targeting depends on the sequence of the small RNA
and the sequence of the mRNA. If the small RNA is

perfectly complementary to the target mMRNA,
Argonaute (Ago) within RISC induces cleavage of the
MRNA, leading to its degradation. In cases where there
is imperfect base pairing, as is often seen with
miRNAs, the mRNA is not cleaved but instead
undergoes translational repression. This prevents the
MRNA from being translated into a protein. Cleaved
MRNA fragments are degraded by exonucleases, while
translationally repressed mRNAs may be sequestered
in P-bodies (processing bodies) where they can be
stored or degraded.

Pest resistance through RNAI

RNAIi technology has shown great promise in
developing pest-resistant fruit varieties. By silencing
genes involved in pest infestation and feeding,
researchers can make fruit crops less susceptible to
damage. For example, RNAI has been successfully
used to silence genes in fruit crops that are targeted by
fruit flies and other pests, thereby reducing their ability
to damage fruit. This method works by targeting
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specific genes in pests that are critical for their growth
and reproduction, effectively rendering them less
capable of infesting fruit crops (Li et al., 2023). RNA
interference (RNAI) is a technique used to suppress the
expression of specific genes, and it has gained
significant importance in recent years in the control of
agricultural pests. This technology works by silencing
pest-specific gene regions, aiming to reduce both insect
damage and their populations. Due to the negative
effects of pesticides on humans and the environment,
as well as the development of pesticide resistance in
insects, RNAI has emerged as an alternative strategy
for pest control. This review discusses the history and
molecular mechanisms of RNAIi technology, the
methods of RNAIi application, and factors that
influence the success of this technique. Additionally, it
highlights recent studies involving the use of RNAI
technology in insects and the development of species-
specific insecticides through RNAI applications
(Dageri et al., 2013).

Fungal resistance via RNAI

RNAI can also be applied to enhance resistance to
fungal diseases. For example, by silencing genes
responsible for the synthesis of fungal cell wall
components or enzymes that enable fungi to penetrate
plant tissues, researchers can make fruit crops more
resistant to fungal infections like botrytis and downy
mildew. RNAI has been used in the development of
transgenic crops that express small interfering RNAs
(SiRNAS) to inhibit the expression of genes critical for
fungal growth, thereby reducing the spread of disease
in fruit orchards (Gebremichael et al., 2021).

Increasing photosynthetic efficiency and water use
efficiency

Improving photosynthetic efficiency and water use
efficiency is essential for fruit crops to thrive under
increasingly  challenging  climate  conditions.
Biotechnology can be used to modify the biochemical
pathways involved in these processes, leading to more
robust and productive fruit crops (Al-Salman et al.,
2024).

C4 photosynthesis in fruit crops

One of the most exciting areas of research is the
introduction of C4 photosynthesis into crops that
naturally use the C3 pathway. C4 photosynthesis is
more efficient in hot, dry conditions and uses water and
nitrogen more efficiently. While C4 photosynthesis is

common in many grasses, including maize, it is not
found in most fruit crops. By introducing the C4
pathway into fruit crops like grapes or apples,
researchers aim to increase their productivity and water
use efficiency under hot and arid conditions. The
introduction of the C4 photosynthesis pathway into C3
fruit crops is an innovative area of research aimed at
improving agricultural productivity and enhancing
tolerance to environmental stresses. Key genes targeted
for transfer from C4 plants to C3 crops include
phosphoenolpyruvate carboxylase (PEPC), which
plays a central role in carbon fixation, pyruvate
orthophosphate dikinase (PPDK), which regulates this
process, NADP-malic enzyme (NADP-ME),
responsible for decarboxylating malate and releasing
COo, and ribulose-1,5-bisphosphate
carboxylase/oxygenase (RuBisCO), which is involved
in the final stages of carbon fixation. The transfer of
these genes to fruit crops is expected to increase their
photosynthetic capacity and improve efficiency under
high-temperature and  water-limited conditions.
However, the success of this process requires not only
the genetic incorporation of these enzymes but also the
establishment of the specialized cellular organization
required for C4 photosynthesis. Therefore, research in
this area involves not just genetic engineering but also
addressing anatomical and physiological adaptations
(Lawson et al., 2022).

Improving water use efficiency (WUE)

Another avenue for improving fruit crop resilience is
through enhancing water use efficiency (WUE). Water
scarcity is expected to worsen in many regions due to
climate change, making it crucial to develop crops that
require less water while maintaining high vyields.
Researchers are focusing on modifying stomatal
conductance, which controls water loss through
transpiration. By reducing the size or frequency of
stomatal openings, fruit trees can conserve water more
effectively. Additionally, enhancing the plant's ability
to store water in root systems or modifying the plant's
internal water-use strategies are ongoing areas of
investigation (Jones, 2004).

Developing rootstocks for stress tolerance

Rootstocks play a critical role in determining the
growth and resilience of fruit trees. By developing
rootstocks that are more resistant to drought, salinity,
and extreme temperatures, fruit trees can better cope
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with changing environmental conditions (Cimen and
Yesiloglu, 2016).

Development of climate-resilient fruit varieties

To preserve agricultural biodiversity and ensure long-
term food security, it is essential to develop climate-
resilient fruit varieties. These varieties must be able to
withstand extreme temperatures, droughts, and other
stressors induced by climate change. Advances in
genetic engineering and plant breeding can facilitate
the development of fruit species that are better adapted
to warmer and drier climates. For example, drought-
tolerant and water-efficient fruit varieties can increase
agricultural productivity in regions experiencing water
scarcity, helping to stabilize food production (Liang,
2016). Furthermore, the introduction of new breeding
techniques to enhance the resistance of fruit crops to
pests and diseases is crucial. As climate change alters
the prevalence of certain pests and pathogens, it is
important to ensure that fruit species have the genetic
capacity to resist these emerging threats (Prasad et al.,
2024).

Enhancing shelf life and post-harvest resilience

Beyond increasing the resilience of fruit trees in the
field, biotechnology can also improve the shelf life and
post-harvest qualities of fruit. As the global supply
chain for fruit becomes more complex, ensuring that
fruit remains fresh and nutritious for longer periods is
essential. Biotechnological innovations are being used
to develop fruit varieties that resist spoilage, bruising,
and damage during transport (Nie et al., 2024).

CONCLUSION

The consequences of climate change on fruit
cultivation are becoming increasingly profound, with
rising temperatures, unpredictable weather patterns,
water scarcity, and the spread of pests and diseases
severely disrupting agricultural practices. These
environmental shifts have resulted in decreased fruit
quality and substantial yield losses, placing immense
pressure on producers. Additionally, the geographical
distribution of fruit species may undergo significant
changes, demanding the creation of new adaptive
strategies that take into account these evolving climatic
conditions.

To address these challenges, biotechnological
advancements present valuable solutions with the

APPROACHES (CRISPR/Cas9 and RNAI)

potential to significantly reduce the adverse effects of
climate change. Genetic engineering tools, such as
CRISPR/Cas9, offer a means to enhance the resilience
of fruit trees to environmental stressors, including heat
and drought, thus ensuring the sustainability of fruit
production. By modifying the genetic makeup of fruit
crops, these technologies can improve stress tolerance,
increase productivity, and enhance fruit quality.
Furthermore, gene silencing technologies, such as
RNA interference (RNAI), hold promise in reducing
the impact of pests and diseases, offering an alternative
to chemical pesticide use.

Biotechnology also offers significant potential to
optimize photosynthetic efficiency and improve water
usage in fruit cultivation. Through innovations such as
the incorporation of C4 photosynthesis pathways,
which are more efficient in water-scarce conditions,
fruit crops can thrive in hotter and drier climates,
contributing to improved yields. Nevertheless, more
extensive research is needed to evaluate the practical
applications and safety of these biotechnological
solutions on a large scale.

The role of biotechnology in addressing the challenges
posed by climate change to fruit cultivation is
undeniable. However, for these solutions to be
successfully implemented, there is an urgent need for
continued scientific research and the development of
robust policy frameworks that can facilitate the
adoption of such technologies. The integration of
biotechnological innovations will not only help to
sustain agricultural productivity but also make
significant contributions to global food security and
environmental sustainability.

The integration of biotechnological advancements and
sustainable agricultural practices represents a
promising strategy to protect fruit cultivation from the
growing uncertainties of climate change. By embracing
these innovative solutions, we can not only secure a
more resilient and productive future for fruit farming
but also pave the way for a more sustainable and food-
secure world. Therefore, it is essential for governments,
researchers, and the agricultural industry to collaborate
and accelerate the development and adoption of these
technologies, ensuring that we are better prepared for
the challenges ahead.
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