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ABSTRACT

Objective: Despite the potential of digital innovation platforms to improve
farmers’ welfare its adoption is low due to scanty empirical evidence on the
subject matter. Therefore, this study examined the contribution of digital
innovation platforms to fish farm output and income in Nigeria.

Material and Methods: Data gathered from 187 catfish farmers were analysed
using descriptive statistics and t-tests.

Results: The results revealed that digital innovation platform provides credit
facilities to fish farmers to boost their production activities. Before fish farmers
adopted the digital innovation platform, they stocked an average of 733.12
fingerlings, which increased to 952.83 fingerlings after adopting digital innovation.
Also, the adoption of digital innovation platforms significantly increased fish farm
output from 742.28 kg to 1,057.81 kg. Fish farmers’ revenue from fish farming
consequently increased from N540,905.11 Nigerian Naira(USD 1,307.01) to
N780,444.98 Nigerian Naira(USD 1,885.82) after adopting the digital innovation.
Therefore, the adoption of digital innovation significantly increased farm output
and income by 42.51% and 44.29%, respectively.

Conclusion: Digital innovation platforms significantly improved farmers’
welfare. Based on this, this study advocates that fish farmers should be
encouraged to adopt digital innovation platforms by creating awareness and
providing more funds through digital innovation platforms.

oz
Amagc: Dijital inovasyon platformlarinin giftcilerin refahini artirma potansiyeline
ragmen, konuyla ilgili ampirik kanitlarin yetersiz olmasi nedeniyle benimsenmesi

dusuktir. Bu nedenle, bu galigmada dijital inovasyon platformlarinin Nijerya'daki
balik ¢iftligi Uretimine ve gelirine katkisi incelenmistir.

Materyal ve Ydontem: 187 yayin balidi cift¢isinden toplanan veriler, tanimlayici
istatistikler ve t-testleri kullanilarak analiz edilmigtir.

Arastirma Bulgulari: Sonuglar, dijital inovasyon platformunun, balik ¢iftcilerine
Uretim faaliyetlerini artirmalarn igin kredi kolayligi sagladigini ortaya koymustur.
Balik ciftcileri dijital inovasyon platformunu benimsemeden once ortalama
733,12 yavru balik stoklarken; bu rakam dijital yeniligi benimsedikten sonra
952,83 vyavruya yukselmisti. Ayrica dijital inovasyon platformlarinin
benimsenmesi, balik ¢iftligi Gretimini 742,28 kg'dan 1.057,81 kg'a anlamli bir
sekilde artirmistir. Balik ciftcilerinin balik yetistiriciliginden elde ettigi gelir, dijital
yeniligi benimsedikten sonra 540.905,11 Nijerya Nairas’'ndan (1.307,01 ABD
Dolari) 780.444,98 Nijerya Nairasi'na (1.885,82 ABD Dolar) yukselmistir.
Dolayisiyla, dijital inovasyonun benimsenmesi, ciftlik Gretimini ve gelirini
sirasiyla %42,51 ve %44,29 oraninda dnemli élglide artirmistir. .

Sonug: Dijital inovasyon platformlari ciftcilerin refahini 6nemli él¢tide artirmistir.
Buna gore, bu galisma, farkindalik olusturmak ve dijital inovasyon platformlari
araciliglyla daha fazla fon saglayarak balik ciftcilerinin dijital inovasyon
platformlarini benimsemeye tesvik edilmesi gerektigini savunmaktadir.
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Falola et al.

INTRODUCTION

Rearing animals remains a major source of protein needed to boost the body’s immune system, fight
against diseases, and live a healthy life globally (Cevher et al., 2022; Mukaila, 2023). This is in addition to its
economic importance, employment generation, contribution to people’s livelihoods, and ability to solve the
problem of malnutrition facing developing nations, especially sub-Saharan African countries (Achoja &
Nwokolo, 2021; Ko¢ & Uzmay, 2022; Akouegnonhou & Demirbas, 2023; Mukaila et al., 2023a). This is
particularly true for Nigeria, where malnutrition and food insecurity are widely spread (Falola et al., 2023;
Mukaila et al., 2024). The consumption of animal-sourced food is considered a way out of the menace of
malnutrition globally (Headey et al., 2018).

Fish farming is a crucial component of the animal farming sector, capable of improving food security,
nutrition (Ogundari, 2017; Kent, 2019; Garlock et al., 2020; Song et al., 2023; Bjgrndal et al., 2024; Kaminski
et al., 2024; Ye et al., 2024), the income of people (Aheto et al., 2019; Adeleke et al., 2021) and nations’ GDP
(Elzaki et al., 2024). Expansion of fish production is crucial for readily available nutrients such as protein, fats
and oils, minerals, and vitamins needed to alleviate undernourishment and nutrient deficiency diseases in
sub-Saharan Africa (Falola et al., 2022a, b). Fish and other aquatic products and their derived products are
widely consumed due to their nutritional values (Chan et al., 2019; Liverpool-Tasie et al., 2021; Nissa et al.,
2021; Sroy et al., 2021).

Fish production is largely on a small-scale level in Nigeria and is practiced using earthen ponds,
concrete ponds, and plastic ponds (Iruo et al., 2018; Oluwatayo & Adedeji, 2019; Folorunso et al., 2021), but
the output is not enough to meet the local demand. Currently, in Nigeria, the demand (3.6 million metric tons)
for fish is higher than the local supply (1.1 million metric tons), thereby creating a wide demand-supply gap.
Despite the wide gap, most fish farmers are unable to move from small-scale farming to large-scale farming.
This is a result of some constraints limiting fish farm expansion and aquaculture development. The major
ones are poor access to funds, low adoption of technology, mortality, disease outbreaks, and small-size
holdings (Kaleem & Sabi, 2021; Mukaila et al., 2023b). Taking this into consideration, some agricultural
technology digital platforms in Nigeria connect individual or working-class people as farm sponsors with
catfish farmers to increase fish production. This innovation seeks to improve fish production, farmers’ income,
and general well-being. Digital farming technology also aims to transform agriculture from traditional methods
to modern and improved methods to achieve high productivity (Mondejar et al., 2021; Baumiiller & Kah,
2022; Ingram et al., 2022; Yaghoubi & Niknami, 2022; Arthur et al., 2024; Bekee et al., 2024; Kitole et al.,
2024). Despite its great potential, its usage is still very low in developing countries, especially in Africa, which
could be linked to limited empirical research on its welfare contribution.

Studies (e.g., Aker & Mbiti, 2010; Halewood & Surya, 2012; lliyas, 2014; El Bilali & Allahyari, 2018;
Falola et al., 2021) have shown that ICT-based innovations improve farmers' income and access to
information. Agricultural innovation has also been shown to improve farm output and income (Ogunniyi et al.,
2017; Akanbi et al., 2024). However, the role of digital innovation platforms in fish farmers' welfare is lacking
in the literature, especially in Nigeria. This implies that more studies are needed on the effects of digital
innovation on farmers’ welfare. Therefore, this study aims to examine the contribution of digital innovation
platforms to farmers' access to credit and to investigate the effect of digital innovation on fish farmers' output
and income in Nigeria. This is needed to promote the adoption of digital innovation platforms among farmers
in Nigeria and other African countries.

MATERIALS and METHODS
Study area

This study was conducted in Nigeria using digital innovation provider located in Lagos and Ogun State.
The states are bounded by the Atlantic Ocean, which makes them a good place for fish farming
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Sampling techniques

The catfish farmers under the FARMKART agritech company were used for this study. Out of the
205 registered farmers with FARMKART, 187 were available and able to successfully fill out the
guestionnaire administered. Thus, the study used 187 fish farmers for the analysis, which is enough to
give a good representation of the population.

Data collection method

The data was collected primarily by the researchers. This was achieved through the use of a well-
structured questionnaire. The questionnaire consists of four different sections. The survey involved the
collection of information on individuals, household numbers, farming experience, average monthly
income, age, gender, and education, among other socioeconomic and demographic characteristics. Other
information collected included their knowledge of digital innovation, the benefits of digital innovation
platforms, their income and productivity, and how they have improved since the adoption of digital
innovation platforms.

Data analysis
In analysing the data obtained for the study, descriptive statistics and t-tests were employed.

Descriptive statistics: Descriptive statistics (such as means, tables, frequency distribution, and
percentages) were used to analyse, summarize and describe the socioeconomic characteristics of the
catfish farmers. It was also used to examine the contribution of digital innovation to fish farmers' access to
financial facilities, productivity, and income.

T-test: The t-test statistic was used to compare the welfare indices of the catfish farmers before
and after the adoption of the digital innovation platform. The indices compared include the number of
fingerlings stocked in the ponds, catfish yield, and catfish farmers’ income. The t statistic was used to test
whether the means of all the indices before and after the adoption of the digital innovation platform were
significantly different or not. It was estimated as:

X1-X
1 12 - (1)
Sx1x2 mtng

t =

Where:
t = t-test value

X, and X, are the mean values of group 1 (before the adoption of the digital innovation platform) and
group 2 (after the adoption of the digital innovation platform) compared.

Sx1x2 is the standard deviation of the two groups.

n, and n, = number of catfish farmers (n, = Before the adoption of digital innovation platforms, and
n, = after the adoption of the digital innovation platform).

RESULTS and DISCUSSION
Socio-economic characteristics of catfish farmers

This section mainly describes the socio-economic and demographic characteristics of fish farmers
who adopted digital innovation in their farming activities. The statistical summary of the catfish farmers’
socio-economic characteristics is presented in Table 1. The results revealed that a larger proportion of
the catfish farmers (43.3%) in the study area were between 35 and 44 years of age. They had an average
age of 38.51 years, indicating an economically active age where they can adopt technology. Younger
farmers understand the benefits of innovation in their farming activities and, thus, have a higher level of
technology adoption compared to the old farmers (Nechar et al., 2021; Foguesatto & Machado, 2022).
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The majority of fish farmers (80.7%) were males, while only 19.3% were females. This indicates that fish
farming is a male-dominated venture and could be due to the energy requirement of farming. The majority
(81.8%) were married, followed by singles (11.8%) and widows (6.4%).

Table 1. Socioeconomic characteristics of catfish farmers
Tablo 1. Yayin baligi yetistiricilerinin sosyoekonomik zellikleri

Variable Categories Frequency Percentage
Age (years) 25-34 67 35.8
Mean 38.5 35-44 81 43.3
45-54 39 20.9
Gender Male 151 80.7
Female 36 19.3
Marital status Single 22 11.8
Married 153 81.8
Widowed 12 6.4
Educational qualification SSCE 61 32.6
ND/NCE 49 26.2
HND/University Degree 71 38
Postgraduate 6 3.2
Major occupation Fish farming 138 73.8
Trading 28 15
Civil servant 6 3.2
Artisan 15 8
Years of Fish farming Less than 4 43 23
Mean = 8.3 4-7 a7 25.1
8-11 56 29.9
12-15 20 10.7
Above 15 21 11.2
Monthly income (N) Less than 50,000 18 9.6
Mean = 140,855.12 50,001-100,000 48 25.7
100,001-150,000 70 374
Above 150,000 51 27.3
Household size Less than 4 members 40 21.4
Average = 5.6 4-7 members 114 61
Above 7 members 33 17.6

Regarding their educational qualification, all of the catfish farmers had formal education: 38 percent
were Higher National Diploma (HND) or university degree holders, 32.6 per cent were Senior School
Certificate Examination (SSCE) holders, 26.2% were Nigeria Certificate in Education (NCE) or National
Diploma (ND) certificate holders, and 3.2 per cent were postgraduate degree certificate holders. This could
be a reason why they adopted this technology. This is because education enhances decision-making and
the adoption of technology as they will be aware of its benefits (Akanbi et al., 2024; Boyacl, 2022; Gbigbi &
Ndubuokwu, 2022; Mukaila et al., 2022). In addition, the use of ICT technology requires some level of
education (Nechar et al., 2021), at least to read the information and operate the technology. The majority
(73.8%) had catfish farming as a primary occupation. They had about eight years of farming experience,
which indicates that they are experienced farmers who are knowledgeable about fish farming. Farming
experience could positively influence farmers' use of ICT-related innovation (Mansour, 2022). The catfish
farmers had an average monthly income of N140,855.12 (USD 340.35), which is an indication that fish
farming under the use of digital innovation platforms gives the farmers a high income. Frequency distribution
according to household size revealed that they had an average household size of about six members. This
is relatively large, which is a result of the polygamous and extended nature of rural farming households in
Nigeria and for them to have cheap family labour in their farming operations (Chiemela et al., 2022; Falola et
al., 2022c).
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Access to financial support by catfish farmers from digital innovation

Table 2 presents catfish farmers' access to financial support from digital innovation providers.
Access to external finance is crucial for farmers to enhance their productivity and investment in the
farming business because personal funds are never enough for farmers to boost their production in
Nigeria and other African countries (Falola et al., 2022d; Gbigbi, 2023). In addition, smallholder farmers
required financial assistance to adopt technology. Therefore, farmers need sustainable, accessible, and
affordable external financial facilities to increase their level of operations. Table 2 shows that all of the
catfish farmers accessed credit facilities through digital innovation. The majority of catfish farmers
(74.9%) indicated that they had access to over N400,000 (USD 966.53) in credit from digital innovation
platforms, 21.4 percent had access to less than N300,000 (USD 724.90), and 3.7 per cent had access to
between N200,000 (USD 483.27) and N300,000 (USD 724.90). This indicates that fish farmers accessed
a significant proportion of their production capital from digital innovation platforms, which was used to
boost their productivity. The loan repayment period ranges from a few months to a year. This allowed the
farmers to use the loan for at least a production cycle before they paid back to the digital innovation
providers. This gives the farmers enough time without being bothered about how to pay back the loan
when their fish have not reached marketable size. The majority of the fish farmers pay the loan to the
digital innovation provider at the end of six months, which is usually the period of harvest among the
farmers. This indicates that digital innovation platforms give fish farmers a moratorium period of about six
months, which is longer than commercial banks in Nigeria. These results imply that digital innovation
platforms provide farmers with financial facilities in the form of credit to ease fish productivity activities
and expand their ventures. Thus, the digital innovation platform plays a significant role in financing fish
farmers' production activities and investment. Kudama et al. (2021) also found that the use of digital
solutions enhanced farmers' access to financial facilities in sub-Saharan Africa.

Table 2. Access to financial support by catfish farmers from digital innovation

Tablo 2. Yayin baligi ¢iftcilerinin dijital inovasyondan mali destege erisimi

Variables Categories Frequency Percentage
. . . Yes 187 100
Access to credit facilities through digital technology platforms N 0 0
o
Less than N300,000 40 21.4
Amount borrowed N300,001-N400,000 7 3.7
Above N400,000 140 74.9
. . o 6 months 146 78.1
Duration of the loan obtained through digital technology
1 year 41 21.9

Welfare of catfish farmers before and after the adoption of digital innovation

This section disintegrates the survey samples before and after the intervention of digital innovation.
This section explored the welfare of farmers before and after using digital innovation platforms. Welfare
was measured by five key indicators: income from fish farming, the size of ponds, the number of ponds,
the number of fingerlings, and farm output. Table 3 presents the number of ponds, the size of ponds, the
number of fingerlings stocked by farmers, the yield of the farms, and farmers' income from the sale of fish
before they adopted digital innovation technology and after the adoption of digital innovation technology.

As regards the number of ponds, the average number of ponds among fish farmers, before they
adopted digital agricultural innovation platforms, was two, while it was three after they adopted digital
technology. Thus, there exists a significant difference of one pond in the number of ponds of fish farmers
before and after the adoption of digital innovation platforms at a one percent significant level. The adoption of
a digital innovation platform resulted in a 59.90 percent increase in catfish farmers' number of ponds on their
farms. Thus, fish farmers in the study area are better off in terms of the number of ponds they have after they
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adopt digital innovation platforms. This is due to the financial assistance gotten from digital agricultural
innovation platforms by the adopters of the innovation, which was used to increase their investment through
the construction of more ponds. This indicates the need for fish farmers who are currently not using digital
innovation technologies to adopt digital innovation platforms to increase their investment.

From the pond size analysis, it is revealed that fish farmers had an average pond size of 798.4 m*
before the adoption of the digital agricultural innovation platform. After adopting digital technology in their
fish farming activities, they had an average of 925.67 m® pond size. On average, the difference between
the pond size of fish farmers before and after the adoption of the digital agricultural innovation platform
was 127.27 m°, which is significant at a 1% statistical level. Therefore, the adoption of a digital innovation
platform resulted in a 15.94 percent increase in catfish farmers' pond size. This implies that the adoption
of digital innovation platforms increased the pond size, which was a result of financial assistance from
digital innovation platforms to expand their farm business. Thus, there exists a significant difference in the
pond size of fish farmers before and after the adoption of digital innovation platforms. This would allow
the fish farmers to increase their production level as they would have enough pond space to increase the
number of fingerlings stocked. This further suggests the need to promote the adoption of digital
innovation platforms among fish farmers.

Before the adoption of digital innovation in fish farming, the catfish farmers stocked an average of
733.12 fingerlings in the ponds. After adopting digital technology in their fish farming activities, they
stocked an average of 952.83 fingerlings in the ponds. The number of fingerlings stocked before and after
the adoption of digital innovation increased by 219.71 fingerlings. Therefore, the adoption of a digital
innovation platform resulted in a 29.97 percent increase in catfish farmers' number of fingerlings stocked
in their ponds. It can be deduced that there is a significant difference in the number of fingerlings stocked
by catfish farmers before and after the adoption of digital innovation at a 1% level of significance, as
indicated by the t-value of the t-test. This implies that the catfish farmers were able to stock an additional
248 fingerlings on average in the ponds after adopting digital innovation. Thus, the adoption of digital
innovation in agriculture increased farmers' access to farming input (fingerlings) among catfish farmers.
The reason behind this is due to the financial benefits derived from digital innovation platforms.
Furthermore, the digital agricultural innovation platforms also supply fingerlings to the adopters of the
innovation at a good price, which prompts the adopters to get more improved fingerlings. Hence, the
adoption of digital innovation platforms should be encouraged among fish farmers.

Before the adoption of digital innovation in fish farming, catfish farmers had an average vyield of
742.28 kg per production cycle. After adopting digital technology in their fish farming activities, they had
an average yield of 1,057.81 per production cycle. The quantity of fish output before and after the
adoption of digital innovation increased by 315.53 kg. This indicates that the adoption of a digital
innovation platform resulted in a 42.51 percent increase in catfish yield or output. Thus, there exists a
significant difference in the catfish yield of the farmers before and after the adoption of digital innovation
at a 1% statistical level of significance, as indicated by the t-value of the t-test. In other words, catfish
farmers in the study area experienced an increment of about 315.53 kg after adopting digital innovation.
This result implies that the adoption of digital innovation in agriculture has increased farm output among
catfish farmers. This is due to the financial assistance and farming advice received by farmers from the
digital innovation platform. It is also due to the improved fingerlings obtained from the digital agricultural
innovation platform providers, which give a higher yield than other sources of fingerlings in the study area.
Thus, the adoption of digital innovation platforms is required to boost fish farms' productivity. Its adoption
would consequently increase food and nutrition security due to its contribution to the outputs of the farms.
This corroborates the arguments of previous studies (for example, lliyas, 2014; Lioutas et al., 2019;
Arouna et al.,, 2020; Quandt et al., 2020; Kudama et al., 2021) that digital technology increases
agricultural productivity.
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Furthermore, before the adoption of digital innovation in fish farming, the catfish farmers had an
average revenue of N540,905.11 (USD 1,307.01) from the fish farm. After adopting digital technology in
their fish farming activities, they had an average revenue of N780,444.98 (USD 1,885.82) from their fish
farms. The revenue generated from the fish farm before and after the adoption of digital innovation
increased by N239,539.87 (USD 578.81) in a production cycle. This is an indication that the adoption of
the digital innovation platforms resulted in a 44.29 percent increase in catfish farmers’ income. Thus,
there exists a significant difference in catfish revenue or income to the fish farmers before and after the
adoption of digital innovation at a 1% statistical level of significance, as indicated by the t-value of the t-
test. In other words, catfish farmers in the study area experienced an increment of about N239,539.87
(USD 578.81) after adopting digital innovation in fish farming. These results imply that digital innovation in
agriculture is a critical tool to enhance fish farms' output and farmers' income, and its adoption must be
encouraged among farmers. Its adoption would consequently reduce farming households' poverty due to
its contribution to the outputs of the farms. This is in line with previous findings, such as those of El Bilali
& Allahyari (2018) and Falola et al. (2021), that ICT-based innovations enhance farmers' income and
improve farmers’ livelihoods in developing countries. Hence the adoption of digital technologies must be
encouraged among farmers to boost their income.

Table 3. Welfare indices of catfish farmers before and after the adoption of digital innovation

Tablo 3. Dijital yeniligin benimsenmesinden dnce ve sonra yayin baligi ¢iftcilerinin refah endeksleri

Welfare Indices Before adoption ~ After adoption Mean Difference  t-value Percentage increase
Pond size (m®) 798.4 925.67 127.27" 12.8522  15.94%
Number of ponds 2.02 3.22 1.217 18.3505  59.90%
Number of fingerlings 733.12 952.83 219.717 8.5155 29.97%
Catfish yield (Kg per harvest)  742.28 1,057.81 315.53" 7.1594  42.51%

Farmers’ income or revenue

o
from catfish production (N) 540,905.11 780,444.98 239,539.87 6.8538 44.29%

*** shows the mean difference is significant at a 1% statistical level.

CONCLUSION

The study explored the digital agricultural innovation and welfare of catfish farmers in Nigeria. This
study shows that the adoption of digital innovation platforms enhances catfish farmers’ access to credit
needed for their farming activities. Furthermore, the study reveals the outcome effect of using digital
innovation on catfish farming productivity and catfish farmers' income, which was significantly higher than
before the digital innovation platform was introduced to them. This study therefore concludes that the
adoption of digital innovation platforms by catfish farmers is an important way for farmers to have access
to credit, increase their production level, and improve their welfare. Thus, the adoption of digital
innovation by other farmers will boost their standard of living since it has been proven to increase the
productivity and income of the adopters significantly.

To achieve more participation in the digital innovation platforms by fish farmers to improve their
productivity and income, this study recommends that catfish farmers should be motivated and
encouraged to adopt digital innovation in agriculture. Such motivations include increasing financial
support from the digital innovation platform providers and investors given to the farmers. Provision of fish
farming inputs, especially improved variety of fingerlings, by digital innovation providers will further
motivate farmers to adopt the technologies. More awareness creation of digital innovation in agriculture
for the farmers is needed by the agricultural extension agents and digital innovation providers so they can
be well informed about the benefits of adopting the innovation.
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ABSTRACT

Objective: In this study, conducted in two production seasons, the effects of
zinc fertilization on yield and fruit quality of processing tomato varieties (H-1015,
Lalin and Kendras) were investigated.

Material and Method: Material consisted of ‘H-1015’, ‘Lalin’, and Kendras’
processing tomato varieties. The study consisted of 3 different treatments; zinc
applied plots, zinc-free plots and control.

Results: The results showed that zinc application to H-1015 and Lalin cultivars
gave the highest yield values compared to zinc-free and control treatments in
both production seasons. While the differences between the pulp colour values
L* and a/b were found to be insignificant in both years, the differences between
the values of a* and b* were found to be significant in both years. Similarly, zinc
fertilization had no positive effects on the TA and lycopene contents of the
varieties. The differences between the fruit pH values of the varieties were
found to be significant. While the differences among the Brix values were found
to be significant only in 2018, the variety H-1015 showed the highest Brix values
in both testing years.

Conclusion: Zinc fertilization is proposed to obtain a high yield in processing
tomatoes.

0z
Amagc: ki dUretim sezonunda gergeklestilen bu calismada, ¢inko

glbrelemesinin sanayi domatesi gesitlerinde (H-1015, Lalin ve Kendras) verim
ve meyve kalitesi Uzerine etkileri arastiriimigtir.

Materyal ve Yéntem: Materyal 'H-1015', 'Lalin' ve Kendras' sanayi domates
gesitlerinden olusmustur. Calisma; ¢inko uygulanan, ginko uygulanmayan ve
kontrol olmak Uzere 3 farkli parselden olusturulmustur

Aragtirma Bulgular: Sonuclar, H-1015 ve Lalin g¢esitlerine ¢inko
uygulamasinin her iki Uretim sezonunda da ginkosuz ve kontrol uygulamalarina
gbre en yuksek verim degerlerini gostermistir. Pulp rengi L* ve a/b degerleri
arasindaki farkhliklar her iki yilda da 6nemsiz cikarken, a* ve b* degerleri
arasindaki farkhliklar ise her iki yilda da énemli bulunmustur. Benzer sekilde
ginko gubrelemesi cesitlerin TA ve likopen igerigi Uzerine dnemli bir etkisi
olmamigtir. Cesitlerin meyve pH degerleri arasindaki farklliklar ise 6nemli
bulunmustur. Briks degerleri arasindaki farkliliklar, sadece 2018 yilinda énemli
cikmakla birlikte, H-1015 cesidi her iki deneme yilinda da en yiksek briks
degerlerini gdstermistir

Sonug: Sanayi domatesinde yuksek verim elde etmek igin cinko gubrelemesi
Onerilmektedir.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is a vegetable that belongs to the family of Solanaceae, and is
widely grown around the world. With a tomato production of 12 million tones, Tirkiye ranks first among
European countries and fourth in the whole world (FAOSTAT, 2020).

Currently, the tomato is almost at the top of the list of consumed vegetables. Besides being
eaten fresh, it is also consumed in processed form in various products such as tomato paste, sauce,
tomato juice, and dried tomatoes. For this reason, the tomato varieties produced today are grown for
fresh consumption or industry.

The universal purpose of tomato cultivation is to obtain maximum yield and quality fruit from a
unit area (Foolad, 2007). Besides, reporting the fact that about half of the increase in the yield is
ensured by the variety cultivated through a breeding program (Grandillo et al., 1999), plant cultivation is
also very important (Dumas et al., 2003).

Processing tomato varieties are believed to have specific morphological and phenological
characteristics. It is preferred that the varieties grown will have an intense inflorescence so that fruit set
is good, the fruits are firm, and can harvested immediately; and the fruits are resistant to cracking and
can be easily separated from their stems. They should also have low pH, high Brix, and good viscosity
(Foolad, 2007).

In the cultivation of processing tomatoes, the use of innovative cultivation strategies ensures a
high yield and high quality of the vegetables. However, very high losses occur in the tomato harvest
due to reasons such as incorrect harvest management and improper transport conditions. The main
objective of breeding programmes and cultivation today is to improve the fruit quality of the cultivated
varieties. Fruit size, shape, firmness, color, brix, nutritional content and taste are the most important
characteristics (Fridman et al., 2000; Ronga et al., 2019).

High yield and quality of fruit in the cultivation of processing tomato are also depend on the
fertilization, as well as the selection of a suitable variety (Dumas et al., 2003; Bettiol et al., 2004). The
use of new varieties has increased the amount of nitrogen, phosphorus, and potassium applied to a
unit area (Alloway, 2009). High phosphorus accumulation in the soil negatively affects zinc uptake,
causing zinc deficiency in plants. (Mousavi, 2011). This condition, which is being called as hidden
hunger, is primarily causing significant losses in yield and quality (Alloway, 2009). Zinc is vital role for
higher yield and fruit quality of tomato (Ahmed et al., 2021). Previous studies have shown that zinc
improves tomato yield and fruit quality (Nawaz et al., 2012; Saravaiya et al., 2014; Harris &
Mathuma,2015; Ullah et al., 2015; Singh et al., 2017; Haleema et al., 2018).

Zinc (Zn) ensures the realisation of significant physiological processes in plants, even in very low
concentrations. Zn plays a key role in photosynthesis and carbohydrate metabolism, activation of
enzymes, gene transcription, growth regulation, seed germination, and especially protein synthesis
(Marschner, 2012). Therefore, zinc is one of the important microelements that should be present in
crops such as the tomato, as it influences yield and quality.

One of the countries where zinc deficiency is most common in terms of agricultural lands is
Turkiye (Alloway, 2009). Studies on zinc tend to focus on grains. Turkiye is one of the most important
producers of processing tomato in the world (Anonymous, 2020a). In this sense, the absence of such a
study is considered an important deficiency. This study, the effects of zinc fertilization on the yield and
fruit quality of three processing tomato varieties (Kendras F1, Lalin F1, and H-1015 F1) widely grown in
Turkiye were investigated.
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MATERIALS and METHODS
Plant material

In the study, H-1015, Kendras, and Lalin processing tomato varieties were used. All three varieties
are extensively grown in the Torbali district of Izmir, Turkiye. The fruit quality characteristics of the
varieties and their resistance to biotic stress conditions differ from each other (Table 1).

Table 1. Fruit quality characteristics of the varieties and their tolerances to biotic stress conditions

Cizelge 1. Cesitlerin meyve kalite 6zellikleri ve biyotik stres kosullarina dayanikiiliklari

Variety Ax\gg%? E]L)“t Paste Peel Dice Ve OF—flz N TSWV Pst Pi
H-1015 80 X X X X
Kendras 75-80 X X X X
Lalin 65-70 X X X X X X X X

Ve = Verticillium spp., Fol = Fusarium oxysporum f.sp. lycopersici (0, 1 and 2), N = Root-knot nematode (Meloidogyne incognita,
arenaria, javanica), TSWV = Tomato Spotted Wilt Virus, Pst = Pseudomonas syringae pv. tomato, Pi = Phytophthora infestans

H-1015 has an approximate average fruit weight of 80 g and is resistant to Verticillium spp. 1,
Fusarium spp. 1 and 2, root-knot nematode, and bacterial spot disease; it has a brix value of 5.2, and is
suitable for use in peeled, diced and paste form (Anonymous, 2020b). Kendras has an approximate
average fruit weight of 75-80 g and shows high resistance to the diseases Verticillium albo-atrum,
Verticillium dahliae, Fusarium spp. 0 and 1 and normal resistance to root-knot nematode, and late blight.
It is suitable for use in the form of paste, cubes, and dried products (Anonymous, 2020c). Lalin has an
approximate average fruit weight of 65—-70 g and it has high resistance to TSWV, bacterial spot, Fusarium
spp. 0 and 1, Verticilium albo-atrum, and Verticillium dahliae, and normal resistance to root-knot
nematodes (Figure 1) (Anonymous, 2020d).

The seedlings of the varieties used in the experiment were obtained from TAT Gida A.S. Torbali
Enterprise (Torbali, izmir, Tirkiye).
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Figure 1. Three fruits representative of the processing tomato varieties used in the experiment: H-1015, Kendras, and Lalin.

Sekil 1. Denemede kullanilan domates cesgitlerine ait temsili meyve goriinimleri: H-1015, Kendras ve Lalin.
Field conditions and experimental design

The study was conducted in 2017 (38°06'18.0 "N 27°28'21.8 "E) and 2018 (38°06'29.1 "N
27°29'04.9 "E) under field conditions at Gilctioglu Farm in Torbal district of izmir province. The area
where the trial was carried out had a typical Mediterranean climate and in both years of the trial, the
minimum and maximum air temperatures from seedling stage to harvest were measured between 6.2 and
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41.3 degrees centigrade. The average relative humidity ranged from 51.6% to 63.4% in both years, from
seedling stage to harvest (Table 2).

Table 2. Climatic data of the of experimental area

Cizelge 2. Calisma alanma ait iklim verileri

2017 2018
Temperature Months Months
April May June July April May June July
T max (°C) 30.0 32.8 39.8 41.3 26.1 30.5 33.0 35.7
Average T (°C) 16.4 21.6 26.2 29.4 19.3 23.9 26.8 29.7
T min (°C) 6.2 13.7 17.6 20.3 124 18 20.7 23.3
Average RH (%) 54 53.7 51.6 43.8 63.4 59.3 55.6 53.4

T = temperature, max = maximum, min = minimum, RH= relative humidity

Prior to establishment of the experiment, soil samples were obtained from 0-30 cm depth in the
autumn season, in both years, and their analysis is given at Table 3.

Table 3. Physical and chemical soil characteristics of the experimental area

Cizelge 3. Deneme alani topraginin fiziksel ve kimyasal 6zellikleri

2017 2018
Soil characteristics Methods Reference

Result Result
pH 6.89 7.34 1: 2.5 soil-water suspension Horneck et al. (1989)
Salt (%) 0.005 0.009 1: 2.5 soil-water suspension Horneck et al. (1989)
CaCO; (%) 0.4 2 Calcimetric Martin and Reeve (1955)
Organic matter content (%) 0.77 1.04 Walkley - Black Walkley and Black (1934)
Total N (%) 0.04 0.05 Kjeldahl Kacar (2009)
Sand (%) 40 20 Hydrometer Bouyoucos (1962)
Clay (%) 20 20 Hydrometer Bouyoucos (1962)
Silt (%) 40 60 Hydrometer Bouyoucos (1962)
Soil texture class Loamy Silty loam Soil Textural triangle (USDA) Soil Survey Division Staff. (1993)
Available P (ppm) 2.98 9.79 0.5 M NaHCO; extraction Olsen (1954)
Available K (ppm) 169 179 1 N NH4OAc (pH 7.0) Chapman (1965)
Available Ca (ppm) 442 1363 1 N NH4OAc (pH 7.0) Chapman (1965)
Available Mg (ppm) 89 240 1 N NH4OAc (pH 7.0) Chapman (1965)
Fe (ppm) 38 15.38 DTPA-TEA (pH 7.3) Lindsay and Norvell, (1978)
Cu (ppm) 1.47 2.12 DTPA-TEA (pH 7.3) Lindsay and Norvell, (1978)
Zn (ppm) 0.85 0.83 DTPA-TEA (pH 7.3) Lindsay and Norvell, (1978)
Mn (ppm) 4.28 3.03 DTPA-TEA (pH 7.3) Lindsay and Norvell, (1978)

The soil pH of the experimental area is neutral, and there was no salinity problem in both
production seasons. Organic matter is low in both years. Total nitrogen (N) was found to be poor, and
available potassium (K) was found to be at medium level. Although the available phosphorus (P) was very
low in the first year, it was determined as high in the second year. Zinc (Zn) was determined at a critical
level in both years, and the other microelements (iron, copper, and manganese) were determined as
sufficient (Table 3).

Based on the results of the soil analysis, fertilization programs were prepared, with consideration
given to the target yield (Tables 4 & 5). In this context, semi-fertigation (basic fertilization and fertigation)
was applied in fertilization (Table 6).
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Table 4. Basic fertilizers applied to the experimental plots

Cizelge 4. Deney parsellerine uygulanan temel giibreler

Year Fertilizer Rate (kg ha™) N P,0s K,0 CaO MgO
2017 NPK (15-15-15) 750 1125 1125 1125 - -
CAN (26% N) 120 31.2 - - - -
K2S04 50 - - 25 - -
HsBO; 7.5 - - - - -
Total 143.7 1125 1375 - -
Year Fertilizer Rate (kg ha™) N P,0s K0 CaO MgO
2018 NPK (15-15-15) 750 1125 1125 1125 - -
CAN (26% N) 120 31.2 - - - -
K2S04 50 - - 25 - -
HsBO; 7.5 - - - - -
Total 1437 1125 1375 - -
Table 5. Fertilizers used in the fertigation.
Cizelge 5. Fertigasyonda kullanilan glibreler
Year Fertilizer Rate (kg ha™) N P,0s K,O CaO
2017 MAP 40.00 480 244 - -
MKP 30.00 - 156 10.2 -
33% N 150.00 49.5 - - -
K2S04 120.00 - - 60.0 -
Ca (NO3). 80.00 12.4 - - 20.8
Urea (46% N) 40.00 18.4 - - -
Total 85.1 40.0 702 20.8
Year Fertilizer Rate (kg ha™) N P05 K,O CaO
2018 MAP 40.0 480 244 - -
MKP 30.0 - 156 10.2 -
AN (33% N) 140.0 46.2 - - -
K2S04 120.0 - - 60.0 -
Ca(NOs), 70.0 10.9 - - 18.2
Urea (46% N) 40.0 18.4 - - -
Total 80.3 40.0 70.2 182

In this context, 750 kg ha™ NPK (15-15-15) was applied to all plots in the experiment area at the
start of the two production seasons, one week before planting the seedlings. In addition, 3.5 kg ha™ of
herbicide (pendimethalin) was applied to all plots. Fertilizer and herbicide were mixed into the soil with a
rotary tiller. 120 kg ha™ calcium ammonium nitrate (CAN), 50 kg ha™ potassium sulphate (K,SO,4 with
low pH) and 7.5 kg ha™ boron (H3BO; - water-soluble boron 20.8%) were used as basic fertilizers in both
years. To the zinc treatment parcels, 20 kg ha™ of zinc sulphate (ZnS0,4.7H,0) was soil applied On the
control plot, defined as the grower's condition, the grower had applied 750 kg ha™ NPK over the soil and
2 L tonne™ GA; over the leaf in both experimental years.
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Table 6. Fertigation programme
Cizelge 6. Fertigasyon programi

Fertigation (kg / ha/ month)

Fertilizer 2017 2018

May June July May June July

(kgha”) (kgha’) (kgha’) | (kgha’) (kgha’) (kg ha)

MAP 40 - - 40 - -
MKP - 30 - - 30 -
AN (% 33) 20 80 50 30 70 40
K>SO, 20 50 50 20 50 50
Ca (NOs), 10 40 30 20 30 20
Urea - 40 - - 40

The seedlings were planted in a single row in the first week of April in both trial years. The
seedlings of all three varieties were planted at 2.9 plants per m?. Seedlings were planted using a machine
with a spacing of 1.4 m between rows and 0.25 m between intra-rows. The experiment was established in
randomized blocks design with three different treatments ( zinc, zinc- free and control), 3 replicates and 3
varieties; in total 27 parcels (H-1015, Kendras, and Lalin),. Each parcel had 100 plants in four rows,
having a length of 6.25 m. and width of 4.2 m.

The irrigation of the experimental plot was carried out using the drip irrigation method. Irrigation was
performed once or twice a week, depending on the evaporation rate (ET,) and the development of the plants.
Disease and weed control were carried out as in the former studies (Vural et al., 2000; Nas et al., 2017).
Harvest was made when most of the fruits were fully ripened (> 85%) (on 20 July 2017 and 16 July 2018).

Yield and quality characteristics evaluated in the experiment

Data regarding the results of the experiment were obtained from the middle two rows (50 plants) of
the plots. The yield per plant (kg plant™) was determined by dividing total product yield obtained from the
plot by the number of plants present .Total yield per hectare (t ha'l) was also determined. The yield of the
paste (t ha'l) with a Brix content of 28% was calculated using the yield values and the Brix values
obtained from the results of the applications (Vural et al., 2000).

Fruit skin color was measured at the equatorial area on both sides of 10 fruit using a colorimeter
(CR-400; Minolta Co., Tokyo, Japan). The average scores were recorded regarding CIEL L* a* b* values
(McGuire, 1992). The color measurement was done using the same approach from the fruit pulp samples
obtained by splitting the fruit after determining the color values of the fruit.

Brix (%) was determined using a digital refractometer (Atago PAL-1, Japan), with the filtrate (pulp)
obtained from the fruit (which were parted by a fruit press) by filtering through the filter paper.

Titratable acidity (TA) was determined by titrating 5 mL of the juice with 0.1 N NaOH to a pH of 8.1.
The results were expressed in grams of malic acid per 100 mL of fruit juice by the Association of Official
Agricultural Chemists (AOAC) standards.

The pH was measured in filtered fruit juice using a digital pH meter with a glass electrode (Mettler-
Toledo MP220, Switzerland). The EC value was determined in filtered fruit juice using a conductivity
meter (WTW-inoLab Tetracan® 325).

Lycopene was measured spectrophotometrically (Varian Cary 100 Bio UV-Visible
Spectrophotometer, Australia) with a color wavelength of 503 nm, present in the extract from the treated
tomato sample homogenized with acetone used as a solvent. The results were expressed in mg kg™ and
calculated using the following formula (Davis et al., 2003).

Lycopene (mg kg'1 fresh weight) = Ag3*62.43 / W

Where: W = the exact weight (g) of tomato added; Asyz = the absorbance value at 503 nm
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Statistical analysis

Analyses of variance were performed using JMP 8 statistical software (SAS Institute Inc., Cary,
NC, USA) for the data obtained from the experiment. Student's t-test was used to compare the mean
values from both years.

RESULTS and DISCUSSION
Yield

There were significant differences among the treatments in both years (Table 7). The highest of the
yield values (yield per plant and total yield) obtained from different variety-treatment combinations was
acquired from the control and zinc-free treatment of Kendras variety in both years. The lowest yield
values (yield per plant and total yield) were determined from the zinc-free and control treatments of the H-
1015 variety (Table 7). However, zinc treatment showed beneficial effects on H-1015 and Lalin cultivars’
yield values in both production seasons. With the H-1015 variety, the zinc treatment ranked first in both
the first and the second years, with 133.46 t ha™ (zinc-free= 124.63 t ha™, control = 132.59 t ha™) and
173.88 t ha™ (zinc-free = 135.24 t ha™, control = 133.46 t ha'l) respectively. Similarly, with the Lalin variety,
the zinc treatment ranked first in both the first and the second years, with 158.93 t ha™ in the first year (zinc-
free = 133.03 t ha™, control = 128.38 t ha™) and 191.33 t ha™ in the second year (zinc-free = 145.60 t ha™,
control =137.01 t ha'l) (Table 7).

Table 7. Effect of applications on yield in 2017 and 2018 seasons

Cizelge 7. 2017 ve 2018 sezonlarinda uygulamalarin verim dederlerine etkisi

2017 2018
Variety  Treatments ™ pjant yield Total yield Paste output Plant yield Total yield Paste output yield
(kg plant™) (thah yield (t ha®) (kg plant™) (t hah (tha)
+2Zn 5.60£0.28°  133.46+6.62°  25.13+1.62° 6.2140.26™  173.88+7.27™ 39.56+2.34°
H-1015 -Zn 5.3240.11°  124.63+2.64™  23.72+0.09° 4.83+0.30° 135.24+8.28" 27.67+1.55"
Control 557+0.19°  132.50+4.44"  24.13+0.68° 4.76+0.04° 133.46+1.26" 24.93+0.53%
Mean 5.50 130.23 24.33 5.27 147.53 30.72
+2Zn 6.67+0.06" 158.93+1.36"  29.33+0.97™ 6.83+0.68%°  191.33+11.22% 31.31+2.93"
Lalin -Zn 5.58+0.20° 133.03+4.71°  23.50+1.73° 5.20£0.19%  145.60+19.08" 24.30+3.32¢
Control 5.30+0.62°  128.38+14.84"°  22.06+2.14° 4.89+0.22° 137.01+5.32¢ 23.91+0.20°
Mean 5.58 140.11 24.96 5.64 157.98 26.51
+2Zn 8.39+0.25% 199.87+6.03%  33.57+1.42% 6.15+0.22"  172.38+6.30™ 30.16+2.64"
Kendras -Zn 8.48+0.05% 201.90+1.09°  35.81+0.57% 7.36+0.30°  206.26+8.51° 32.35+0.76°
Control 9.16+0.16% 218.01#3.69%  37.65+1.53% 4.95+0.22¢ 138.60+6.10¢ 23.96+1.50¢
Mean 8.68 206.59 35.68 6.15 172.41 28.82
p 0.037 0.037 0.037 0.0049 0.0049 0.0212

*. Means in the same column followed by the same letter(s) are not significantly different (p<0.05) according to Student’s t-test.

The higher yields obtained by zinc treatment in the varieties Lalin and H-1015 can be attributed to
the fact that the plants benefited from more nutrients. Haleema et al. (2018) reported that maximum
tomato fruits per plant were attained from foliar application of Zn. Ullah et al. (2015) also reported that
maximum yield (23.40 t ha™*) was obtained from the application of 0.4% Zn foliar spray. A previous study
reported that ZnSO, as soil and foliar application treatment increased tomato yield (Prasad et al., 2021).
Similarly, Saravaiya and colleagues (2014) showed that maximum fruit yield were obtained from Zn
fertilization. Findings in our study are in good harmony with the earlier studies of zinc sulfate treatments
either applied to the soil and or to the foliage (Dube et al., 2003; Gurmani et al., 2012; Bashir & Manan,
2012; Shnain et al., 2014; Ali et al., 2015; Sultana et al., 2016).
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The reason for the increase in plant development and yield as a result of the zinc-containing
treatment could be due to the fact that zinc stimulates the plant's metabolism, increases auxin synthesis
in the plant and ensures better nutrient uptake (Cakmak et al., 1999). Agrawal et al. (2010) reported that
the application of zinc maximised the uptake of N, P, K, Cu and Fe in tomato.

These authors also stated that this condition was activated because the plant roots benefited from
more nutrients. This is due to the increased photosynthesis and the positive effects of root development
resulting from the formation of more green parts in the plant owing to the zinc supplied via the soil
(Gurmai et al., 2012).

Fruit quality

Although the differences between the pulp color values of the tomato, L* and a/b, were found to be
insignificant in both years, the values of a* and b* were found to be significant in both years (Table 8). In
the first year, the highest a* value (30.65) was obtained by the Kendras variety from the zinc treatment,
and in the second year, the highest a* value (27.65) was obtained by the H-1015 variety from the control
treatment. However, the lowest a* value (21.14) was obtained by the variety Lalin from the zinc-free
treatment, and in the second year, the lowest a* value (15.19) was obtained by the variety Kendras from
the control treatment. When we examined the b* values of the pulp colour, the highest values (22.03 and
18.63) were obtained in both years by the Kendras variety in the zinc treatment and by the H-1015 variety
in the control treatment, respectively.

The lowest values (14.27-6.79) were obtained in both years in the Lalin variety by the zinc
treatment (Table 8). In this regard, no stable results were obtained regarding the effect of the interaction
between variety and treatment on pulp color. Similar results were also obtained in the previous studies
conducted in the Torbali district (Nas et al., 2017, 2018).

Table 8. Effect of zinc treatments on the color values of tomato pulp

Cizelge 8. Cinko uygulamalarinin domates pulp rengi degerlerine etkisi

) 2017 2018
Variety Treatments
L* a* b* alb L* a b* a/b
+2n 50.86+0.79" 21.49+0.84°  14.34+0.96° 1.50+0.06™ 44.64+1.17" 26.87+1.72° 15.43+1.02° 1.74+0.04™
H-1015 -Zn 51.37+0.68 22.77+0.79°° 16.30+0.79abc 1.39+0.02 41.25+0.42 21.21+0.41% 13.16+0.11%* 1.61+0.03
Control 52.32+4.01 24.10+1.08°° 16.46+1.51abc 1.47+0.08 44.35+1.15 27.65+2.52° 18.43+2.95° 1.51+0.09
Mean 51.52 22.79 15.70 1.45 43.41 25.24 15.67 1.62
+2Zn 50.91+2.10 21.15+0.41° 14.27+1.04c  1.49+0.11 40.53+0.52 12.42+0.94° 6.79+0.62° 1.83+0.03
Lalin -Zn 52.28+2.09 21.144#2.08° 15.31+1.31bc 1.37+0.02 40.78+1.73 12.81+0.57° 7.05+0.84° 1.85+0.18
Control 46.78+1.30 29.45+1.99%° 21.07+1.1l1ab 1.39+0.03 44.11+3.39 22.77+4.64* 13.51+3.81%" 1.81+0.24
Mean 49.99 23.91 16.88 1.42 41.81 16.00 9.12 1.83
+2Zn 45.85+2.03 30.65+0.41%° 22.03+0.95a 1.39+0.07 42.98+1.41 22.77+2.03% 14.72+1.37*° 1.55+0.07
Kendras -Zn 51.76+1.01 27.91+1.04°° 18.62+1.74abc 1.51+0.09 45.93+.040 23.51+3.54° 15.68+2.69° 1.51+0.04
Control 54.01+1.84 27.15+2.26°° 18.83+1.42abc 1.43+0.02 41.55+0.07 15.19+0.83" 8.27+0.24™ 1.83+0.05
Mean 50.54 28.57 19.83 1.44 43.49 20.49 12.89 1.63
p 0.0589 0.0065 0.013 0.2714 0.0552 0.006 0.0064 0.1578

*: Means in the same column followed by the same letter(s) are not significantly different (p<0.05) according to Student's t-test.

ns: Not significant

The findings in the 2017 year showed that the effect of variety x treatment interaction on pH was
significant; on the other hand, the effects on titratable acidity (TA), Brix value and lycopene contents were
insignificant. In the second year, the effect of variety x treatment interaction on pH, Brix and lycopene
amount was significant, but the effect on TA amount was not significant (Table 9). In this respect, the lowest
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pH values were measured in the variety Kendras in both of the study years. These values were 4.81 for the
zinc-containing treatment in the first year and 4.74 for the zinc-free treatment in 2018 (Table 9).

Previous studies have shown that zinc sulfate fertilizer has a significant impact on the quality of the
tomato. Kazemi (2013) reported that the highest fruit lycopene content, titratable acidity, pH, and Brix
were observed from the treatment of a combined foliar spray consisting of Zn and Fe. Swetha and
colleagues (2018) reported that the maximum Brix, acidity, and ascorbic acid were found by the
application of zinc sulfate along with copper boron, and iron. However, Ejaz et al. (2011) discovered that
the foliar application of Zn (6%), B (5%), and N (2%), individually, titratable acidity content, and total
soluble solids (TSS) presented extraordinary results.

The reason why the Kendras variety has a lower pH value than the other two varieties is that it
ripens later than the H-1015 and Lalin varieties due to the pH of the tomato fruit increasing with ripening.
Nas et al. (2018) reported that pH at two different harvest dates, namely the first and second harvest of
processing tomatoes grown in three different soil types, indicated an increase at the second harvest.
Similar to this, Anthon et al. (2011) showed in their research how late harvesting affected the fruit pH and
TA in four varieties of processed tomatoes (H2401, N6368, H9557 and AB2). According to their results,
the pH increased as the fruit maturation and increased by 0.01 to 0.02 per day when the harvest was
postponed. Our results were in agreement with these studies.

Table 9. Effect of treatments on quality characteristics in 2017 and 2018.

Cizelge 9. 2017 ve 2018 sezonlarinda uygulamalarin kalite 6zelliklerine etkisi

2017 2018
Variety Treatments TA . Lycopene TA . Lycopene
pH Brix (%) 1 pH Brix (%) 1
(g /100 ml) (mg kg™) (g /100 ml) (mg kg™)
H-1015 +2Zn 5.10+0.01% 0.35+0.02™ 5.26+0.13" 47.00+11.46™ 4.90+0.03° 0.31+0.02" 6.36+0.22% 41.83+4.09°
-Zn 5.00£0.03%° 0.35+0.01 5.33+0.09  73.24+4.48 4.97+0.01*® 0.32+0.00 5.73+0.03" 47.40+4.34°
Control 5.02+0.03%®  0.36+0.01 5.10£0.06  60.84+3.22  4.93+0.01° 0.29+0.00 5.23+0.15" 66.25+0.27%
Mean 5.04 0.35 5.23 60.36 4.93 0.31 577 51.83
Lalin +2Zn 4.94+0.040°¢ 0.40+0.01 5.16+0.15 70.61+12.43 5.02+0.03% 0.37+0.01 4.56+0.18° 47.65+4.08c
-Zn 4.92+0.01°  0.34+0.00 4.93+0.19  42.32+10.02 4.94+0.03° 0.34+0.01 4.66+0.03" 70.30+2.97%
Control 4.86+0.02°  0.36+0.01 4.83+0.09  48.69+6.58  4.83+0.01° 0.34+0.02 4.90+0.15° 64.32+ 3.58%°
Mean 4.91 0.37 4.97 53.87 4.93 0.35 4.71 60.76
Kendras +2Zn 4.81+0.01 0.37+0.01 4.70+0.06  46.23+6.93  4.81+0.01° 0.35+0.02 4.90+0.38% 70.11+3.13%
-Zn 4.82+0.01%  0.37+0.01 4.96+0.09  46.47+11.52 4.74+0.03° 0.37+0.02 4.40+0.10% 73.13+3.54%

Control 4.87+0.03°  0.35+0.01  4.830.13 46.67+4.13  4.68+0.02° 0.36+0.01 4.83+0.09° 58.65+4.12"
Mean 4.83 0.36 4.83 46.46 4.74 0.36 4.71 67.30

p 0.0398 0.0554 0.2882 0.0899 0.005 0.4563 0.0096 0.0008

*: Means in the same column followed by the same letter(s) are not significantly different (p<0.05) according to Student’s t-test.

ns: Not significant

CONCLUSIONS

Findings of this study showed that H-1015 and Lalin varieties yield (plant yield, total yield, and
paste output yield) the highest when zinc was applied pointing out that these varieties respond better to
Zn fertilization. Therefore, zinc fertilization should be considered when cultivating these varieties, taking
into account the soil analysis results.
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In both of the study years and for all varieties, different fruit and pulp results (L*, a*, b*, and a/b)
were obtained zinc treatment caused a significant difference in both fruit and pulp color. Low pH and high
lycopene contents of the fruits were not affected by zinc treatment in all the three varieties. In detail, this
means that the zinc treatment does not end up by positive results to achieve low pH and high lycopene in
the cultivation of H-1015, Lalin, and Kendras.

According to these results, zinc fertilization could be performed to obtain a high yield when
cultivating the varieties H-1015 and Lalin.
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ABSTRACT

Objective: This research aims to identify and examine organic and inorganic
fertilizer on the growth and productivity of shallots.

Materials and Methods: This study was carried out under field conditions in the
research and application fields of Faculty of Agriculture, Hasanuddin University.
The main plot is the liquid organic fertilizer (LOF) consisting of control, 10 mL/L,
and 20 mL/L. The subplots, namely the zwavelzure ammonium (ZA) fertilizer,
consist of control, 50 kg/ha, 100 kg/ha, and 150 kg/ha.

Results: Based on the research conducted, it can be seen that the interaction
between the application of LOF (20 mL/L) and ZA fertilizer (150 kg/ha) recorded
the highest average fresh bulb weight (145.60 g). Applying LOF (20 mL/L) can
increase the average plant height (23.50 cm at 21 days after planting (DAP)),
number of leaves (25.60 at 35 DAP), the number of bulbs (10.93), bulb diameter
(2.77 cm), production per hectare (21.91 t), and chlorophyll index (20.48) of shallot
plants. On the other hand, ZA fertilizer (150 kg/ha) influences plant height (44.03
cm at 42 DAP), number of leaves (26.67), production per hectare (20.96 t), and
chlorophyll index (20.64) of shallot plants.

Conclusion: The application of organic and inorganic fertilizers has a
significant influence on the growth and production of shallot plants, both in
interaction and individually.

0z

Amagc: Bu galismanin amaci, salot soganinin buyime ve gelisimine organik ve
inorganik giibre uygulamalarinin etkilerinin arastiriimasidir.

Materyal ve Yéntem: Bu calisma, Hasanuddin Universitesi Ziraat Fakiiltesi
arastirma ve uygulama alanlarinda arazi kosullarinda gerceklestiriimistir. Ana
parsel, kontrol, 10 mL/L ve 20 mL/L'den olusan sivi organik glbredir (LOF). Alt
parseller, yani amonyum sulfat (ZA) gubresi uygulamalari kontrol, 50 kg/ha, 100
kg/ha ve 150 kg/ha'dan olugsmaktadir.

Arastirma Bulgulari: Yapilan arastirmalara gére LOF (20 mL/L) ve ZA glibresi
(150 kg/ha) uygulamasi ile en ylksek ortalama taze sogan agirligi (145,60 g) elde
edilmistir. LOF (20 mL/L) uygulanmasi ortalama bitki boyunu (Dikimden 21 giin
sonra 23,50 cm), yaprak sayisini (Dikimden 35 giin sonra 25,60), sogan sayisini
(10,93), sogan capini (2,77 cm), hektar basina Uretimi (21,91 t) ve klorofil
indeksini (20,48) artirabilir. Ote yandan, ZA giibresi (150 kg/ha) bitki boyunu
(Dikimden 42 giin sonra 44,03 cm), yaprak sayisini (26,67), hektar basina Gretimi
(20,96 t) ve salot sogani bitkilerinin klorofil indeksi (20.64) etkilemistir.

Sonug: Organik ve inorganik gilibrelerin uygulanmasi arpacik sogani bitkilerinin
buylimesi ve Uretimi (izerinde hem ayri ayri, hem de birlikte dnemli bir etkiye sahiptir.
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INTRODUCTION

Shallots (Allium ascalonicum L.) are seasonal vegetables with high economic potential for
development. This plant can thrive in tropical and subtropical areas, including Indonesia (Sihombing,
2018). Shallots have good health benefits because they contain antioxidant compounds (Sari, 2016).
Apart from that, the shallot is also a primary cooking ingredient with a distinctive aroma and has
many benefits as a natural medicine, such as medicine for coughs, fevers, shortness of breath,
colds, and increasing appetite. Several studies have proven that shallots have many benefits,
including a potent antioxidant and sunscreen profile (Rahayu et al., 2017; Rahayu & Arini, 2018;
Octaviani et al., 2019).

Shallot production has not increased due to higher plant productivity thus far; rather, it has only
increased as a result of expanded planting area. The low productivity of shallots is due to a cultivation
system that still needs to be optimized, which causes an imbalance of nutrients in the soil. So far,
many farmers have used high doses of inorganic fertilizers without including organic fertilizers. If this
is done for years, it will impact soil fertility, which can decrease soil productivity so that high
production cannot be achieved. Therefore, in shallot cultivation, inorganic fertilizer is used by adding
liquid organic fertilizer (LOF) so that the quantity can be reduced.

The use of fertilizer utilizing balanced fertilization is an alternative to increase crop production.
Organic fertilizer consists mainly or entirely of organic material originating from plants or animals that
have undergone an engineering process, which can be formed into a solid or liquid form used to
supply organic material (Sharma & Chetani, 2017). Meanwhile, inorganic fertilizer is fertilizer made by
fertilizer factories by combining chemicals (inorganic) with high nutrient levels.

The combination of organic fertilizer and inorganic fertilizer aims to work together to increase
the growth of shallot plants. LOF is made from organic materials; the final result is a finished
liquid. The use of LOF can be combined with zwavelzure ammonium (ZA) fertilizer. ZA contains
sulfur (S), which can improve shallot bulbs' aroma, size, and taste. Sulfur can be obtained from
artificial fertilizers such as kieserite with the main element Mg and an S content of 20.03%
(Supriyono et al., 2023). Shallots, unlike other plants, require a lot of sulphate. Sulphate is essential
for plant metabolism and is linked to several parameters that determine the nutritional quality of
vegetable plants. The sulfur content in shallot bulbs has a large influence on its strong aroma
(Elisabeth et al., 2022).

Based on the description above, it is necessary to carry out in-depth research regarding the
effect of applying liquid organic fertilizer and ZA fertilizer on the growth and production of shallot
plants so that the most optimal treatment combination can be obtained.

MATERIALS and METHODS
Study area and experimental design

This study was carried out under field conditions in the research fields of the Faculty of
Agriculture, Hasanuddin University. This research starts from October to December 2022. This study
was arranged in a split-plot design with three replications. The main plot is the concentration of LOF
consisting of 0 mL/L, 10 mL/L, and 20 mL/L. The subplots, namely the ZA (21% N and 24% S)
fertilizer, consist of 0 kg/ha, 50 kg/ha, 100 kg/ha, and 150 kg/ha. Soil characteristics on the research
land are described in Table 1.
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Table 1. Soil properties
Cizelge 1. Toprak ozellikleri

Soil Properties

Texture Clay loam
pH (H,0) (1:10) 6.65
C (Walkey & Black) 5.05%
N (Kjeldahl) 0.41%
C/N 12
P,Os (Olsen) 12.06 ppm
K (NHs-Acetat 1N. pH7) 0.24 cmol/kg
Ca (NH4-Acetat 1N. pH7) 6.92 cmol/kg
Mg (NH4-Acetat 1N. pH7) 1.68 cmol/kg
Na (NHs-Acetat 1N. pH7) 0.46 cmol/kg
Cation Exchange Capacity (NHs-Acetat 1N. pH7) 22.56 cmol/kg

Cultivation process

The cultivation process includes land preparation, seeding, transplanting, applying fertilizer,
maintenance (watering, weeding, pest control), harvesting, and post-harvest. The experimental plot
measures 150 cm x 150 cm, with a height of 30 cm and a distance between beds of 40 cm. After that,
chicken manure was applied at a dose of 2 kg/plot, and carbofuran pesticide was applied at 5 g/plot.
Apart from that, fertilization is carried out in NPK (16:16:16) at a dose of 100 kg/ha (22.5 g/plot). Then the
application of zwavelzure ammonium fertilizer (21% N and 24% S) is also carried out before planting
according to the determined dose, namely 0 kg/ha, 50 kg/ha (11.25 g/plot), 100 kg/ha (22.5 g/plot), and
150 kg/ha (33.75 g/plot).

The seeds used are from tubers of the Super Philips variety. The tuber seeds range from 3 to 5 g,
are not damaged, and have been stored for three months. Before transplanting, cut the top 1/3 of the bulb
to accelerate shoot growth. In each planting hole, one bulb is planted. During plant growth, liquid organic
fertilizer is applied. The organic fertilizer containing N, P,0Os, K,O, C, Fe, Mn, Zn, Cr, Ni, and Mo,
respectively, namely 0.77%, 0.25%, 1.85%, 17.22%, 230 ppm, 100 ppm, 18.06 ppm, 8.64 ppm, 11.79
ppm, and 5.85 ppm. The application of liquid organic fertilizer is carried out according to the
predetermined treatment concentration, namely at the ages of 7, 14, and 21 DAP.

Weeding is done using a physical method, namely pulling directly by hand. Then, pest control is
carried out by destroying it directly by hand. Harvesting is carried out after the harvest criteria are visible.
Namely, the base of the leaves is thinning, the leaves appear yellow, and the leaves have fallen by
around 80%. The bulbs are enlarged, and some have emerged from the soil's surface. The bulb
segments appear dense, and the skin color is shiny. After harvesting, it is then dried for two weeks under
direct sunlight.

Data colleting and analysis

Parameters observed included plant height (cm), number of leaves, number of bulbs, bulb diameter
(cm), fresh weight of bulbs per clump (g), dry weight of bulbs per clump (g), production per hectare (t),
and chlorophyll index (CCI). Plant height and number of leaves were observed at ages 14, 21, 28, 35,
and 42 days after planting (DAP). Production components and the chlorophyll index at 45 DAP using
CCM-200 were observed after harvest. The data that has been obtained is then analyzed for variance,
and if there is a significant influence, an LSD test is carried out with a = 0.5. If there is an interaction
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between the two treatment factors, a two-way test is carried out, namely a main plot test on a different
subplot and a subplot test on a different main plot. Data analysis uses R Studio software version 4.2.1.

RESULTS and DISCUSSION
Plant height (cm)

There is no interaction effect between LOF and ZA fertilizer on plant height. However, each
treatment of liquid organic fertilizer and ZA fertilizer individually influenced plant height at several
observation times. The application of liquid organic fertilizer at 21 DAP influenced plant height (Table 2).
Application of LOF with a concentration of 20 mL/L recorded the highest average plant height (23.50 cm).
Research conducted by Bahua & Gubali (2020) also found the same impact, namely that the application
of liquid organic fertilizer was able to increase plant height, number of tillers, and rice production. In
addition, Pangaribuan et al. (2019) show that applying organic fertilizer consistently increases sweet
corn’s growth, production, and quality.

The application of ZA fertilizer influenced almost the entire observation period, except for 35 DAP.
Application of ZA fertilizer at a dose of 150 kg/ha recorded the highest average plant height at the age of
14 DAP (16.83 cm), 21 DAP (23.19 cm), 28 DAP (30.42 cm), and 42 DAP (44.03 cm). Supriyono et al.
(2019) also found a similar thing in corn and cassava plants. The application of ZA fertilizer was able to
increase the average plant height in both types of plants.

Table 2. Effect of liquid organic fertilizer (LOF) and ZA fertilizer on plant height (cm)

Cizelge 2. Sivi organik glibre (LOF) ve amonyum sufat (ZA) gubresinin bitki boyu (cm) tzerine etkisi

Liquid Organic Fertilizer Plant Height (cm)

(mL/L) 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP
0 15.84+0.41 20.75+0.48°  27.50+0.87 20.23+0.53 40.04+1.15
10 15.69+0.36  22.00+0.49™  28.53+0.84 30.23+1.75 43.59+0.54
20 16.3520.41 23.50+0.65°  28.89+0.78 29.79+0.90 43.23+0.71
LSD 5% Ns 2.04 Ns Ns Ns
ZA (kg/ha)
0 14.99+0.11°  20.71+0.63°  26.53+0.30" 27.37+0.58 40.57+1.32°
50 15.80£0.28"°  21.80+0.85™ 27.67+0.70°  28.50+0.22  41.42+1.62"
100 16.22+0.31"  22.64+0.87" 28.60+0.35°  29.56+0.80  41.12+0.84%
150 16.83+0.18*  23.19+0.85°  30.42+0.33 32.4+1.50 44.03+0.73
LSD 5% 0.81 1.13 0.81 ns 1.99

* Means next to the identical letter are not considerably distinct according to LSD Test.

Number of leaves

There is no interaction effect between liquid organic fertilizer and ZA fertilizer on the number of
leaves. However, each treatment of LOF and ZA fertilizer individually influenced the number of leaves at
several observation times. Application of LOF did not affect the number of leaves at 14, 21, and 42 DAP
(Table 3). Application of LOF with a concentration of 20 mL/L recorded the highest average number of
leaves at the age of 28 DAP (22.14) and 35 DAP (25.60). Research conducted by Martinez-Alcantara et
al. (2016) also found that using liquid organic fertilizer increased plant growth, as indicated by significant
leaf and root growth in citrus plants. Apart from that, applying LOF can increase the application of macro
and micronutrients, directly influencing plants' carbohydrate content.
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Table 3. Effect of liquid organic fertilizer (LOF) and ZA fertilizer on number of leaves

Cizelge 3. Sivi organik gubre (LOF) ve amonyum sifat (ZA) gubresinin yaprak sayisina Uzerine etkisi

Liquid Organic Fertilizer Number of Leaves

(mLL) 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP
0 6.26+0.10 10.8+0.16  17.53+0.50°  21.53+0.53°  24.10+0.66
10 6.64+0.24 11.1240.19  20.00+0.70°  23.99+0.52°  25.58+0.23
20 7.01+0.24 11.29+0.14  22.14+0.17°  25.60£0.41°  27.06+0.68
LSD 0.05 Ns Ns 1.59 2.30 Ns
ZA (kg/ha)
0 6.11+0.13 10.60+0.09  18.98+1.86°  22.20+1.27°  24.09+0.95°
50 6.49+0.26 11.08+0.12  19.45+1.32%  23.68+1.16™  25.41+1.07°
100 6.89+0.29 11.25+0.05  20.37#1.13°  24.05+1.14®  26.15+0.85%
150 7.06+0.20 11.59+0.09  20.78+1.14°  24.89+1.16°  26.67+0.68
LSD 0.05 ns ns 1.02 ns 0.73

* Means next to the identical letter are not considerably distinct according to LSD Test.

Application of ZA fertilizer had no effect over almost the entire observation period, except at the
ages of 28 DAP and 42 DAP. Application of ZA fertilizer at a dose of 150 kg/ha recorded the highest
average number of leaves at the age of 28 DAP (20.78) and 42 DAP (26.67). Research conducted by
Supriyono et al. (2023) found that applying ZA and phosphate fertilizers increased the average number of
leaves of ginger plants.

Number of bulbs and bulb diameter

There is no interaction effect between liquid organic fertilizer and ZA fertilizer on the number of bulbs
and bulb diameter. However, liquid organic fertilizer treatment alone influenced the number of bulbs and
bulb diameter, while the application of ZA fertilizer did not affect these two parameters. The application of
LOF did not affect the number of leaves at 14, 21, and 42 DAP (Table 4). Application of LOF with a
concentration of 20 mL/L recorded the highest average number of bulbs (10.93) and the widest bulb
diameter (2.77 cm). Research conducted by Faried et al. (2021) using various types of biological liquid
fertilizers positively impacted the growth of shallot bulbs. Then, Ji et al. (2017) found that the application of
organic fertilizer not only increased canopy growth but also the root growth of chrysanthemum plants. Apart
from that, applying LOF can also influence the microbial community in the soil.

Table 4. Effect of liquid organic fertilizer (LOF) and ZA fertilizer on number of bulbs and bulb diameter (cm)

Cizelge 4. Sivi organik glibre (LOF) ve amonyum stifat (ZA) glibresinin sogan sayisi ve sogan ¢api (cm) lizerine etkisi

Liquid Organic Fertilizer (mL/L) Number of Bulbs ~ Bulb Diameter (cm)

0 9.88+0.13" 2.35+0.09"
10 10.64+0.20% 2.52+0.04°
20 10.93+0.15% 2.77+0.09%
LSD 5% 1.08 0.25
ZA (kg/ha)
0 10.09+0.29 2.41+0.10
50 10.68+0.41 2.53+0.20
100 10.45+0.20 2.51+0.08
150 10.71+0.35 2.7340.12
LSD 5% ns ns

* Means next to the identical letter are not considerably distinct according to LSD Test.
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Fresh bulb weight per clump (g)

It was found that LOF and ZA fertilizer applications had a significant effect on the fresh weight of
bulbs per clump (Table 5). When the data in terms of shallot weight were evaluated, it was found that the
highest mean value (145.60 g) was reached in the combined applications of 20 mL/L LOF and 150 kg/ha
ZA doses. The combination of fertilizing through the soil with ZA and through the leaves with LOF can
increase the growth of shallot bulbs. Meher et al. (2016) found a linear relationship between increasing
doses of S fertilizer and increasing production components in onion plants. Moreover, liquid organic
fertilizer can increase organic carbon, soil organic matter, exchangeable potassium, and sodium
(Triharyanto et al., 2022).

Table 5. Effect of liquid organic fertilizer (LOF) and ZA fertilizer on fresh bulb weight per clump (g)

Cizelge 5. Sivi organik giibre (LOF) ve amonyum stifat (ZA) glibresinin kiimelenmis taze sogan agdirligina etkisi (g)

Liquid Organic Fertilizer ZA (kg/ha) LSD 0.05
(mL/L) 0 50 100 150
0 46.80+3.68", 53.43+1.49" 58.83+8.90% 76.73+6.76%
10 54.47+5.79%, 71.706.02%, 84.97+0.37", 108.87+6.25% 12.19
20 111.43+13.12%,  132.50+7.79°,  128.23+9.38",  145.60+4.12%,
LSD 5% 11.31

* Means next to the identical letter in column (p, g, r) and in row (a, b, c) are not considerably distinct according to LSD Test.
Dry bulb weight (g), production per hectare (t) and chlorophyll index (CClI)

There is no interaction effect between LOF and ZA fertilizers on bulb dry weight, production per
hectare, and chlorophyll index. However, LOF and ZA fertilizers individually influenced all of these
parameters (Table 6). The application of LOF with a concentration of 20 mL/L recorded the heaviest dry
bulb weight per clump (70.42 g) and the highest production per hectare (21.91 t). However, applying LOF at a
concentration of 20 mL/L recorded the highest chlorophyll index value (20.48 CCI). In the ZA fertilizer
treatment, it was noted that application at a dose of 150 kg/ha consistently recorded the best effect on the
heaviest dry bulb weight per clump (67.36 g), the highest production per hectare (20.96 t), and the
highest chlorophyll index (20.64 CCI).

Table 6. Effect of liquid organic fertilizer (LOF) and ZA fertilizer on dry bulb weight per clump (g), production per hectare (t), and
chlorophyll index (CCI)

Cizelge 6. Sivi organik giibre (LOF) ve amonyum stifat (ZA) gubresinin kiimelenmig kuru sogan agdirligi (g), hektar basina tretim (t)
ve klorofil indeksi (CCI) Gzerindeki etkisi

Liquid Organic Fertilizer Dry Bulb Weight per Clump Production per Hectare Chlorophyll Index
(mL/L) (9) ® (ccn
0 34.83+3.60° 10.83+1.12° 19.85+0.22°
10 51.07+7.27° 15.89+2.26" 20.39+0.30°
20 70.42+4.99° 21.91+1.55° 20.48+0.09°
LSD 0.05 5.54 1.72 0.49
ZA (kg/ha) Dry Bulb We(ig)ht per Clump Production(t;;er Hectare Chlor()([c):tgl)l Index
0 44.93+10.43° 13.98+3.24 19.78+0.21°
50 46.75+11.32° 14.54+3 52" 20.08+0.24%
100 49.39+8.06" 15.36+2.50" 20.46+0.35°
150 67.36+11.95° 20.96+3.71° 20.64+0.10°
LSD 0.05 4.91 1.53 0.57

* Means next to the identical letter are not considerably distinct according to LSD Test.
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The increase in production components in dry bulb weight per clump, and production per hectare is
directly influenced by applying LOF and ZA fertilizer. Linearly, it shows that increasing the dose of LOF
and ZA fertilizer can increase the components of shallot production. Research conducted by Fatirahma &
Kastono (2020) found a positive impact on the application of LOF on the production of shallot plants
cultivated on sandy soil. This increase in production is, of course, related to the capacity to form and
assimilate. These two treatment factors also influence the plant chlorophyll index. The nitrogen content in
liquid organic fertilizer and ZA fertilizer directly helps in chlorophyll formation. Nitrogen is one of the main
components in the structure of plant chlorophyll (Fathi, 2022).

Correlation among parameters

Parameters that have a positive correlation with the production per hectare, sorted from the
smallest to the largest correlation value, are chlorophyll index (0.66), plant height (0.74), number of bulbs
(0.82), number of leaves (0.84), bulb diameter (0.89), fresh bulb weight (0.96) and dry bulb weight (1.00).
In this study, the relationship between the characteristics of shallot bulbs and production per hectare
showed a close relationship. The correlation values between the number of bulbs, bulb diameter, and
weight of fresh and dry bulbs per clump are 0.82, 0.89, 0.96, and 1.00, respectively. This indicates that
the increase in bulbs' number, diameter, and weight is in line with the increase in bulb production per
hectare. This was also found in a study by Elizani & Sulistyaningsih (2019), which described a positive
correlation between bulb weight and shallot bulb productivity per hectare.
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Figure 1. Correlation Maps Among Parameter. PH (plant height), NOL (number of leaves), NUB (number of bulbs), BD (bulb
diameter), FBW (fresh bulb weight), DBW (dry bulb weight), CI (chlorophyll index), and PPH (production per hectare).

Sekil 1. Parametreler Arasi Korelasyon. PH (bitki boyu), NOL (yaprak sayisi), NUB (sogan sayisi), BD (sogan ¢api), FBW (taze
sogan agirligi), DBW (kuru sogan agirligi), Cl (klorofil indeksi) ve PPH (Uretim hektar basina).
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CONCLUSSIONS

Based on the research conducted, it can be concluded that the interaction between the application
of liquid organic fertilizer (20 mL/L) and ZA fertilizer (150 kg/ha) recorded the highest average fresh bulb
weight. Applying liquid organic fertilizer (20 mL/L) can increase the average plant height, number of
leaves, number of bulbs, bulb diameter, dry bulb weight per clump, production per hectare, and
chlorophyll index of shallot plants. On the other hand, zwavelzure ammonium fertilizer (150 kg/ha)
influences plant height, number of leaves, dry bulb weight per clump, production per hectare, and
chlorophyll index of shallot plants. Then, the correlation between various parameters were quite strong,
with a correlation value range of 0.66 to 1.00. Parameters that have a positive correlation with the
production per hectare, sorted from the smallest to the largest correlation value, are chlorophyll index
(0.66), plant height (0.74), number of bulbs (0.82), number of leaves (0.84), bulb diameter (0.89), fresh
bulb weight (0.96) and dry bulb weight (1.00).
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ABSTRACT

Objective: This study aimed to investigate the impact of varying of NPK
fertilization doses and seed rates on barley (Hordeum vulgare) vyield, yield
components, and inorganic nitrogen (NHs-N and NOs-N) dynamics in semi-arid
conditions without artificial irrigation.

Material and Methods: The field experiment was conducted at the Gobustan
Experimental Station from October 2018 to June 2019, utilizing the "Celilabad-
19" barley variety. A randomized complete block design with four replications
was employed, incorporating various seed rates and NPK fertilizer treatments.
Plant and soil samples were collected at different phenological stages, and
analyses included grain and straw yield, yield parameters, total N content of
plant, and soil NH4,-N and NOs-N levels.

Results and Discussion: The results the treatment with a seed rate of 140
kg/ha and NeoP4sKss fertilizer application consistently demonstrated the highest
aboveground biomass, grain, and straw yields. This treatment exhibited optimal
N content during the Full Maturity stage of plant.

Conclusion: In conclusion, this study has provided insights into optimizing
barley cultivation practices in semi-arid climates, such as seed rate and NPK
fertilizer dose. With a seed rate of 140 kg/ha and NgoP4sKss fertilizer application,
the highest yield and performance indicators were achieved in the “Celilabad-
19" barley variety.

0z
Amag: Bu cgalisma, sulama yapilmayan yari-kurak kosullarda degisen NPK
gubreleme dozlar ve tohum miktarlarinin arpa (Hordeum vulgare) verimi, verim

bilesenleri ve inorganik azot (NHs;-N ve NO3-N) dinamikleri Gizerindeki etkisini
incelemeyi amaglamaktadir.

Materyal ve Yodntem: Tarla denemesi, Ekim 2018-Haziran 2019 arasinda
Gobustan Deneme Istasyonu'nda "Celilabad-19" arpa gesidi ile
gerceklegtiriimisti. Deneme farkli tohum miktarlan ile NPK gubre
uygulamalarini icermektedir. Bitkinin farkh fenolojik asamalarda bitki ve toprak
ornekleri alinmig ve bitkide tane ve sap verimi, verim parametreleri, bitkinin
toplam N icerigi ile topraktaki NH,-N ve NOs-N seviyeleri belirlenmistir.

Arastirma Bulgulari: Sonuglara gore, 140 kg/ha tohum miktari ve NgoPasKas
glbre uygulamalarinda, en ylksek toprak Ustu bitki biomasi, tane ve sap verimi
elde edilmis, bitkinin tam olgunluk asamasinda optimum N igerigini saglamistir.

Sonug¢ : Bu galismada yari-kurak iklimlerde tohum miktari ve NPK giibre dozu
gibi arpa yetistirme uygulamalarini optimize etme konusunda baz bilgiler elde
edilmigtir. 140 kg/ha tohum miktari ve NgP4sKss glUbre uygulamasiyla,
Celilabad-19" arpa gesidinde, en yiksek verim ve verim unsurlari elde edilmistir.
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INTRODUCTION

Nitrogen (N) is a vital mineral nutrient essential for crop growth and yield, playing a pivotal role in
plant productivity through its dynamic distribution and transformation within the soil (Stevenson 1982).
The majority of total N, over 90%, exists in organic forms in the surface layer of most soils, with soil
organic N significantly influencing plant nutrition by affecting microbial activity and nutrient availability
(Bremner 1965). Inorganic N forms, like NH,"-N and NO3-N, availability, further affect plant and microbial
utilization. In conventional agricultural fields, the primary entry of N into soils, apart from organic matter
addition, predominantly occurs through chemical fertilizers. The potential movement of NO3-N below the
root zone underscores the importance of efficient fertilizer N utilization (Gonzalez-Prieto et al., 1997). N
management in agricultural systems involves intricate interactions with other nutrients, such as
phosphorus (P) and potassium (K), and judicious fertilizer application is crucial for maintaining soil fertility
and optimizing crop growth (Srivastava & Lal, 1998). In specific agroecosystems, like rice-wheat cropping
sequences in Vertisols of Chattishgarh, understanding the long-term effects of nutrient management on
various N fractions is essential for precise N management and sustainable agricultural practices
(Gonzalez-Prieto et al., 1997). As demonstrated in China, rice cultivation's pivotal role underscores the
significance of proper nitrogen fertilization for yield and quality improvement (Wang et al., 2019; Dong et
al., 2020). However, excessive chemical fertilizer usage raises concerns about nutrient loss and reduced
efficiency, necessitating rational nitrogen fertilization to alleviate soil quality degradation, environmental
pollution, and declining rice yield and quality (Zhang et al., 2009; Li et al., 2020).

Phosphorus (P) and Potassium (K) are other essential plant nutrients, influencing various
physiological processes and stress tolerance, often comparable in importance to nitrogen (Amtmann et
al., 2008; Romheld & Kirkby, 2010). Its deficiency can lead to reduced crop yield and quality, especially in
the face of climate change-induced droughts and heat stresses (Pettigrew, 2008; Sardans & Pefiuelas,
2015). The interactions between N, P, and K have significant implications for plant functions, nutrient
dynamics, and fertilizer use efficiency. Considering the potential impact of nutrient management on soil and
plant interactions, it becomes evident that N, P, and K are common limiting factors affecting plant primary
productivity (Usherwood & Segars, 2001; Du et al., 2022). In soils, N undergoes rapid processes such as
transformation, mineralization, and nitrification, resulting in high mobility in the soil. In contrast, P and K
are tightly adsorbed by soil components such as clay and lime, exhibiting much slower mobility in the soil
compared to nitrogen (Strawn et al., 2015; Singh et al., 2023). The intricate dynamics between nitrogen
dynamics in soils and NPK fertilization necessitate a comprehensive understanding for effective
fertilization strategies (Arbacauskas et al., 2023).

Plant density stands out as a pivotal agronomic factor that significantly impacts yield, influenced by
various factors such as cultivars, climatic conditions, and the chosen production system (Zandi et al.,
2011). The ideal density for crop plants varies depending on the specific conditions of the growing area
and the fertility status of the soil. Proper plant spacing plays a critical role in enhancing overall production
by ensuring that each plant has equal access to essential resources like water and nutrients. Numerous
research studies have been undertaken to ascertain the optimal plant density or seeding rate, reflecting
the importance of this aspect in agricultural practices (Cupina et al., 2010; Dahmardeh et al., 2010; Uzun
et al., 2017). Therefore, changes in nutrient quantities in plants and the availability of nutrients in soils will
undoubtedly occur depending on plant density or seeding rate.

Several environmental factors, with soil moisture content being one of the most critical, affect the
effectiveness of added nutrients or fertilizers to soils. Soil moisture content is crucial for nitrogen's
oxidation from NH, to NO3 and significantly influences the mobility of NO3; formed as the final product of
nitrification (Trevors et al., 2007). This situation particularly results in plants in arid and semi-arid regions
being unable to utilize nitrogen adequately from the soil. In arid and semi-arid regions like Azerbaijan,
barley stands as a vital cereal crop, playing a pivotal role in food security. The unique interplay of factors,
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including soil properties, climate change, and agricultural practices, significantly influences barley
cultivation (Islamzade et al., 2023, 2024).

In this study, the impact of NPK fertilization applied to soils in different doses, along with varying seed
guantities, on barley (Hordeum vulgare) yield, yield components, and changes in inorganic N forms in semi-
arid climate conditions without any agricultural irrigation, was investigated through field experiment.

MATERIALS and METHODS

The field experiment was conducted at the Gobustan Experimental Station in the Mereze region,
which is affiliated with the Azerbaijan Research Institute of Crop Husbandry (40°31'07.6372"N,
48°53'50.8362"E), spanning from October 2018 to June 2019. This experiment was carried out under
rainfed conditions in Gobustan, Azerbaijan.

The Mountainous Shirvan region, where the Gobustan district is situated, manifests distinctive
long-term climate patterns. The region experiences average annual temperatures ranging from 6 to 14°C,
with the coldest months recording temperatures between 2 to 4°C, while the warmest period sees
temperatures ranging from 15 to 25°C. Despite these fluctuations, the temperature generally maintains a
stable attern. Annual precipitation in the area varies from 360 mm to 543 mm (average, 412 mm).
Remarkably, the distribution of rainfall during the crop vegetation period fluctuates annually, influencing
agricultural practices and necessitating adaptive water management strategies. These climatic
characteristics play a crucial role in influencing agricultural sustainability and the overall well-being of the
local population. The climate (precipitation and temperature) data for the experimental area over the long
years and throughout the trial period are presented in Figure 1.
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——2018 and 2019 ——Long term a5 ——2018 and 2019 ——Long term
300 In 2018, total precipitation: 506,8 mm ||| In 2018, total temp 150,5 °C; average temp 12,5 °C
In 2019, total temp 144,3 °C; average temp 12,0 °C

250 In 2019, total precipitation: 683,9 mm |
Long-term, total precipitation: 395,0 mm
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» ya 7\
‘ 15 /// \ /4 ’ \\_
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Total precipitation during .
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Figure 1. The climatic (precipitation and temperature) data of the experimental area.
Sekil 1. Deneme alanina ait iklim (yagis ve sicaklik) verileri.

At the commencement of the experiment, a soil sample from the experimental field was gathered,
specifically a chestnut soil type. Various chemical properties of the soil were analyzed using
methodologies delineated in Rowell (1996) and Jones (2001).

Experimental Design

The experimental framework incorporated the "Celillabad-19" barley (Hordeum vulgare) variety,
renowned for its resistance to drought and rust diseases, and widely cultivated in the area. Executed
between October 2018 and June 2019, the field trial adopted a randomized complete block design with 4
replications, yielding a total of 48 plots. Each plot, spanning 50 m2 (25 m x 2 m), featured a 0.30 m gap
between adjacent plots. Agricultural mechanization tools were employed to sow barley seeds 5 cm below
the soil surface during the second week of October, aligning with the climatic conditions in Gobustan,
Azerbaijan. Harvesting took place in June.
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The experimental factors included diverse seed rates and NPK fertilizer doses. Seed rates in the
experiment comprised 120 kg/ha, 140 kg/ha, and 160 kg/ha. Table 1 outlines the distinct NPK fertilizer
treatments, encompassing application doses of 30, 45, and 60 kg/ha. The N fertilizer employed was
NH4NO;3 (33% N), P fertilizer was single superphosphate (Ca (H,PO,),.H,0, 20.5% P,0s), and K fertilizer
was Potassium sulphate (K,SO,, 46% K,0). At seeding, the entire dose of P and K fertilizers, along with
30% of the N fertilizer, was applied. Subsequently, during the tillering stage in March, the remaining 70%
of the N fertilizer was administered to the barley.

Table 1. Experimental design
Cizelge 1. Deneme deseni

Treatments Seed Rate Nitrogen fertilizer rate Phosphorus fertilizer rate Potassium fertilizer rate
(kg/ha) (kg/ha) (kg/ha) (kg/ha)
120-NoPoKo 120 0 0 0
120-N3oP30K30 120 30 30 30
120-NysP4sKas 120 45 45 45
120-NgoP4sKas 120 60 45 45
140-NoPoKo 140 0 0 0
140-N3oP30K30 140 30 30 30
140-NgsP4sKas 140 45 45 45
140-NgoP4sKas 140 60 45 45
160-NoPoKo 160 0 0 0
160-N3oP30K30 160 30 30 30
160-N4sP4sKas 160 45 45 45
160-NgoP4sKas 160 60 45 45

Throughout the experimental duration, no artificial irrigation was implemented, and the utilization of
pesticides was omitted. The trial was meticulously structured to explore the impacts of varying rates of
seed and doses of NPK fertilizer on the growth, development, and yield of the barley, considering the
inherent soil and climatic conditions. By concentrating on these specific elements, the experiment aspires
to furnish valuable insights into sustainable barley cultivation practices tailored to the distinctive
environmental characteristics in Gobustan, Azerbaijan.

Plant and Soil Sampling and Analyses

Prior to harvest, the plant height and spike height of plants in all plots were determined, and
subsequently, plants in all plots were harvested. Following harvest, grain and straw yields, as well as
yield parameters (spike weight, number of grains per spike, weight of grain per spike, and 1000 kernel
weight), were determined for all plots. After harvest, grain and straw samples were dried at 65°C until
reaching constant weight, ground (<0.5mm), and analyzed by the Kjeldahl method as described by Jones
(2001). Additionally, plant samples taken at different phenological stages of the barley plant (tillering,
stem extension, heading, and full maturity) were analyzed for total biomass and total N content of the
aboveground parts of the plants using the Kjeldahl method (Jones, 2001).

Furthermore, soil samples were gathered at a depth of 25 cm across various phenological stages
(tillering, heading, and full maturity) of the barley plant. The NH;+-N and NO;--N contents of these soil
samples from all plots were determined by the Kjeldahl method in a 1 N KCI extraction. Available P,Og
was determined by spectrophotometry in a 0.5M NaHCOj; extraction, and exchangeable K,O was
determined by flame photometry in a 1 N NH,OAc extraction (Rowell, 1996).

Statistical Analysis

The data obtained from the research findings underwent statistical analysis through the utilization
of the SPSS ver.26 software (Pallant, 2020).
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RESULTS AND DISCUSSION

The outcomes derived from the analysis of soil samples gathered at depths of 0-25 cm, 25-50 cm,
and 50-70 cm, aimed at investigating the soil properties of the experimental site characterized by
Chestnut soil type, are outlined in Table 2. According to the findings, there is an evident increase in the
content of calcium carbonate (CaCO3) and a subsequent rise in soil pH as the subsoil depth increases.
Conversely, in the uppermost 0-20 cm soil layer, higher concentrations of soil organic matter, total N,
available N forms (NH, and NO3), available P,Os, and exchangeable K,O were observed. However, with
increasing subsoil depth, a notable decrease in these nutrients was identified.

Table 2. Characteristics of Kastanozems soil type in the experimental area

Cizelge 2. Deneme alanindaki Kastanozem toprak tipinin 6zellikleri

Soil Dept CaCOs Organic Matter Total N NH.-N NOs-N Available P05 Exchangeable KO
(cm) PH (%) (%) (%) (mglkg)  (mglkg) (mglkg) (mg/kg)
0-25 8.25 4.34 2.23 0.165 18.2 14.0 30.45 292
25-50 8.45 5.90 1.37 0.099 12.8 8.5 12.60 167
50-70 8.60 7.70 0.73 0.056 8.2 5.2 5.75 112

Figure 2 illustrates the effects of various fertilizer doses and seed rates on the aboveground total plant
biomass of barley and yield at different phenological stages, including tillering, stem extension, heading, and
full maturity. The analysis reveals that the maximum aboveground plant biomass was consistently achieved
during the full maturity phenological stage across all NPK fertilizer applications (Figure 2a).
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Figure 2. Changes in total plant biomass of aboveground (a) and yield of grain and straw (b) across treatments.

Sekil 2. Deneme siresince toprak Ustu toplam bitki biyokutlesi (a) ile tahil ve saman veriminin (b) uygulamalara gére degisimi.
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Additionally, a noteworthy trend indicates that as the nitrogen (N) application doses to the soil
increased, there was a corresponding increase in aboveground plant biomass. The highest aboveground
biomass was recorded with a seed application dose of 140 kg/ha and an NgyP4sKys fertilizer application
dose. The analysis of grain yield and straw yield indicates notable trends (Figure 2b). The highest grain
yield was consistently recorded in treatments with increased nitrogen (N) application doses and optimal
seed rates. Similarly, the straw yield exhibited a positive correlation with the NPK fertilizer applications,
with the maximum values observed in treatments involving higher nitrogen doses, specifically in the 140-
NsoP4sK4s application. These findings underscore the significance of balanced fertilizer doses and seed
rates in enhancing both grain and straw yields in the specific semi-arid conditions of the study area.

Similarly, prior studies have corroborated that augmenting fertilizer application doses contributes to
the improvement of plant biomass and crop yields (Shah et al., 2009; Nogalska et al., 2011; Wilczewski et
al., 2013; Agegnehu et al., 2016). Papastylianou (1995) conducted a study investigating the effects of
varying seed rates (60-150 kg/ha) and nitrogen (N) fertilizer applications (0-150 kg N/ha) on the
productivity and yield components of barley over six growing seasons (1987-93) under rainfed conditions
in Cyprus. Across all years and nitrogen levels, the highest seed rate elevated barley grain yield by 6
percent, while nitrogen fertilizer application increased yield by up to 25 percent. Under these rainfed
conditions, maximum grain yield could be achieved at a low seed rate with the addition of N fertilizer. At
low N levels, an increase in the seed rate did not significantly improve grain yield. Elevated seed rates
and N fertilization levels suppressed yield, primarily due to their negative impact on the number of seeds
per spike and the weight of individual grains. In seasons with assured early rain establishment, a low
seed rate (140 kernels/m2) is recommended, whereas in years with potential establishment challenges,
an intermediate seed rate (240 kernels/m?) is advisable. These recommended seed rates should be
coupled with the optimum N fertilization for the specific site.

The consistent trend of achieving the maximum aboveground total plant biomass during the full
maturity stage is grounded in the natural growth cycle of barley. This stage marks the culmination of the
plant's reproductive phase, where it allocates energy towards maximizing biomass. The positive
correlation between nitrogen (N) application doses and biomass can be attributed to the critical role of
nitrogen in chlorophyll synthesis, photosynthesis, and overall plant growth. As nitrogen availability
increases, the plant's metabolic processes are enhanced, leading to greater biomass accumulation. The
noteworthy peak in aboveground biomass observed with a seed application dose of 140 kg/ha and an
NgoP4sKys fertilizer application dose suggests a synergistic effect between optimal seed rates and a well-
balanced NPK fertilizer composition, amplifying the growth-promoting impact of nitrogen.

The observed trends in grain and straw vyields are intricately linked to the dynamics of nitrogen
availability and its influence on barley's reproductive and vegetative phases. The positive correlation
between N application doses and yield of grain underscores the pivotal role of nitrogen in supporting the
development of grains. Nitrogen is a key component of proteins, enzymes, and chlorophyll, essential for
photosynthesis, grain filling, and overall yield. Optimal seed rates complement nitrogen's effects by ensuring
an adequate number of plants per unit area, maximizing the utilization of available nutrients. The peak in
grain yield, consistently found in treatments with increased nitrogen doses and optimal seed rates, reflects
the synergistic impact of these factors on barley productivity. Similarly, the positive relationship between
straw yield and nitrogen doses, specifically in the 140-NgoP4sKss treatment, suggests that higher nitrogen
availability contributes not only to grain development but also to increased vegetative biomass.

In essence, the observed patterns underscore the nuanced interplay between nitrogen availability,
seed rates, and the distinct phenological stages in determining barley growth and yield. The treatment
yielding the highest values in both biomass and yield metrics (140-NgoP45K45) showcases the intricate
balance required for optimal results. This balanced approach ensures that the crop receives sufficient
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nitrogen for growth, complemented by an appropriate seed rate to maximize the utilization of available
resources. The findings provide practical insights for optimizing agricultural practices in semi-arid
climates, aligning with the principles of precision agriculture and sustainable crop management.

Table 3 encapsulates the variations in plant height, spike length, spike weight, number of grains
per spike, weight of grain per spike, and 1000-kernel weight in response to different fertilizer doses and
seed rates, providing insights into diverse yield parameters. The analysis of plant height reveals
distinctive patterns influenced by varying fertilizer doses and seed rates. The treatment with the most
substantial impact on plant height is observed in the 120-NgP4sK4s application, recording a notable
increase. This suggests that the synergistic effect of well-balanced NPK fertilizer doses and seed rates,
especially in the 120-NgoP4sKys treatment, contributes to enhanced plant height. Spike length exhibits
variations across treatments, with the 120-NgoP45K45 treatment again standing out with an increased spike
length. The positive correlation between nitrogen application doses and spike length aligns with the
understanding that nitrogen is a key driver of plant growth and development. Spike weight demonstrates
variations influenced by different fertilizer doses and seed rates.

Table 3. The effect of seed rates and NPK fertilizer treatments on barley crop yield components

Cizelge 3. Tohum miktari ve NPK glibre uygulamalarinin arpa verimi ve verim bilegenleri (izerine etkisi

Treatments Plant height Spike length Spike weight Number of' grains  Weight _of grain 1OOQ kernel

(cm) (cm) (9) per spike per spike (g) weight (g)
120-NoPoKo 112.80 £ 1.55 13.20+£0.18 1.80 £ 0.04 27.70 £ 0.38 1.20 £ 0.02 45.60 £ 0.63
120-N30P30K30 110.70 £ 1.51 15.40 + 0.22 2.07 £0.09 28.25 +0.39 1.23£0.02 46.00 +0.63
120-NysP4sKas 111.50 £ 1.53 15.00 £ 0.20 1.94 +0.03 29.70 £ 0.40 1.32 +0.031 46.20 +0.63
120-NgoP4sKss 130.20 £ 2.35 15.70£0.24 1.86 £ 0.04 28.60 + 0.39 1.47 £0.03 47.60 £ 0.66
140-NoPoKo 100.00 £ 1.37 16.80 £ 0.35 1.80 +0.04 27.50+£0.38 1.44 +0.03 46.90 + 0.65
140-N3oP30K30 107.50 + 1.46 17.60 £ 0.43 1.56 +0.02 23.70+£0.31 1.48 + 0.031 49.20 + 0.68
140-NysP4sKas 107.60 + 1.46 17.70£0.44 1.83+0.04 28.90 £ 0.39 1.57 £ 0.045 49.70 + 0.68
140-NgoP4sKas 100.50 + 1.37 17.20+0.41 1.90 £ 0.03 26.00 £ 0.37 1.69 £ 0.47 51.00 £ 0.70
160-NoPoKo 112.00 £ 1.54 17.30+0.41 1.73 £0.09 26.60 + 0.37 1.38 £0.03 46.00 £ 0.62
160-N30P30K30 100.90 + 1.40 17.00 £ 0.40 1.54 +0.02 2412 +0.32 1.45 + 0.032 48.20 £ 0.66
160-NysP4sKas 105.60 + 1.42 17.80 £ 0.45 1.85+0.04 26.11 + 0.37 1.54 +0.042 48.60 + 0.67
160-NgoP4sKss 111.20 £ 1.52 17.80 £ 0.45 1.65+£0.02 26.60 + 0.37 1.62 £0.05 48.20 £ 0.66

F value E value E value E value F value F value

Seed rate 9.091*** 25.467*+* 203.394*** 126.292%** 194.181** 6.703***

Fertilizer norm 4.012%+* 1.210%** 9.952%** 19.945%* 214.206*** 3771

The treatment with the most substantial impact on spike weight is observed in the 140-NggP45K45
application. This emphasizes the importance of balanced nutrient availability, particularly nitrogen, in
supporting the development of spikes. The number of grains per spike reveals an interesting trend, with
the 120-N4sP4sKss treatment exhibiting the highest count. This suggests that the specific combination of
seed rates and NPK fertilizer doses in this treatment optimally supports grain formation within the spikes.
The weight of grain per spike exhibits variations, with the 140-NgyP4sK45 treatment showing the highest
value. This underscores the significance of nitrogen supplementation, particularly in treatments with well-
balanced NPK fertilizer doses and seed rates, in promoting grain development within individual spikes.
The analysis of 1000-kernel weight showcases variations influenced by different fertilizer doses and seed
rates. The treatment with the most substantial impact is observed in the 140-NgP4sK4s application,
emphasizing the role of balanced nutrient availability in supporting kernel development.

The results from Table 3 highlight the multifaceted impact of varying fertilizer doses and seed rates
on diverse barley yield parameters. The treatments exhibiting the most substantial impacts underscore
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the importance of a well-balanced approach to nutrient management for optimizing plant growth, spike
development, and grain yield. These insights provide practical implications for tailored fertilizer management
strategies, contributing to enhanced barley yield and overall crop performance in semi-arid climates.

Figure 3 illustrates the variations in the total nitrogen (N) content of barley aboveground parts
(tillering, stem extension, heading, and full maturity) in response to different fertilizer doses and seed rates.
The examination of total nitrogen content in barley aboveground parts reveals notable dynamics across
different phenological stages. The highest total nitrogen content consistently occurred during the Full
Maturity stage for all treatments. Additionally, an upward trend in total nitrogen content was observed with
increasing N application doses, suggesting a positive correlation between nitrogen supplementation and the
nitrogen content in the aboveground parts of barley. The treatment with the most substantial impact was
recorded in the 120-NgoP45K4s application during the Full Maturity stage (Figure 3a). These findings highlight
the influence of varying rates of seed and NPK fertilizer doses on the N dynamics in barley, emphasizing
their importance in optimizing nitrogen content at different growth stages. Observing the total nitrogen
content in barley grain and straw, it is evident that the highest values are consistently achieved with the 120-
NeoP4sKys treatment. Notably, there is a general trend of increased N content in both grain and straw with
higher N application doses (Figure 3b). These findings emphasize the effect of NPK fertilizer doses and
rates of seed on the nitrogen dynamics within barley components, shedding light on the potential for
optimizing nitrogen content in both grain and straw through strategic fertilizer management.
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Figure 3. Changes in total N contents in total plant biomass of aboveground (a) and, grain and straw (b) across treatments.

Sekil 3. Deneme siiresince toprak ustt toplam bitki biyokUtlesi (a) ile tane ve samanin (b) toplam N igeriginin uygulamalara gére degisimi.

The depiction of total nitrogen content in barley aboveground parts (tillering, stem extension, heading,
and full maturity) reveals intriguing patterns throughout the growth cycle. The consistently higher total nitrogen
content during the Full Maturity stage aligns with the plant's increased demand for nitrogen during the
reproductive phase. This stage represents a critical period for grain filling, where a substantial allocation of
nitrogen is directed towards protein synthesis in grains. The positive correlation between N treatment doses
and total N content underscores the significance of nitrogen availability in supporting the plant's nitrogen
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requirements. The treatment with the most substantial impact, particularly evident in the 120-NgyP4sKas
application during the Full Maturity stage, emphasizes the synergistic effect of well-balanced NPK fertilizer
doses and seed rates in optimizing nitrogen content during the crucial reproductive phase. Similarly, studies
conducted by Giilser et al. (2019), Alimkhanov et al. (2021), and Kizilkaya et al. (2022) have determined that
fertilizer applications to plants not only increase the yield components and yield of the plant but also
significantly enhance nutrient content in the plant. The assessment of total nitrogen content in barley grain and
straw (Figure 3b) elucidates the impact of NPK fertilizer doses and rates of seed on nitrogen dynamics within
these components. The consistent observation of the highest nitrogen content in both grain and straw with the
120-NgoP4sK4s treatment aligns with the trends observed in aboveground biomass and yield components. This
further underscores the interconnected influence of nitrogen, seed rates, and biomass accumulation. The
general trend of increased nitrogen content in both grain and straw with higher N application doses highlights
the pivotal role of nitrogen fertilization in enhancing nitrogen accumulation in barley components. The results
emphasize the potential for strategic fertilizer management to optimize nitrogen content in both grain and
straw, contributing to improved barley quality and overall crop performance.

The findings from Figure 3 underscore the intricate dynamics of nitrogen content in barley
aboveground parts, grain, and straw. The results affirm the importance of a balanced approach to NPK
fertilizer applications and seed rates in maximizing nitrogen content, particularly during critical growth
stages. These insights provide valuable guidance for precision nitrogen management strategies,
enhancing the sustainability and productivity of barley cultivation in semi-arid climates.

Figure 4 presents the variations in NH;-N and NOs-N contents in the soil at various phenological
stages, influenced by different fertilizer doses and seed rates. The NH4-N content in the soil exhibits
variations across different growth stages, influenced by diverse fertilizer doses and seed rates. Generally,
an increasing trend in NH4,-N content is observed with higher N application doses, emphasizing the
impact of nitrogen fertilization on soil ammonium levels.
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Figure 4. Changes in soil NH4-N (a) and soil NOs-N (b) contents across phenological stages of barley plant and treatments.

Sekil 4. Arpa bitkisinin fenolojik asamalari ve uygulamalara gére toprak NH4-N (a) ve NO3-N (b) igeriklerindeki degisiklikler.
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The highest NH4-N content is consistently recorded in treatments with elevated nitrogen doses,
particularly in the 120-NgoP4sKys treatment at Full Maturity (Figure 4a). Likewise, Rutkowski & tysiak
(2023) observed that incremental doses of N fertilizer application (0,60, and 120 kg N/ha) in soils
dedicated to cherry cultivation led to a rise in the ammonium content within the soil. The NO3-N content in
the soil displays variations across different growth stages, responding to diverse fertilizer doses and seed
rates. Generally, an increasing trend in NOs-N content is observed with higher nitrogen (N) application
doses, highlighting the influence of nitrogen fertilization on soil nitrate levels. The highest NO3-N content
is consistently recorded in treatments with elevated nitrogen doses, particularly in the 120-NggP4sKss
treatment at Full Maturity (Figure 4b). These findings emphasize the significance of nitrogen management
in influencing NH4-N and NOs-N contents in the soil, providing valuable insights for optimizing soil
nitrogen levels at different phenological stages.

Treatment impacts on soil NO’; levels varied significantly. As the barley plant progressed from
tillering to full maturity, a clear pattern in soil NO’; content emerged (Alimkhanov et al., 2021). The decrease
in soil nitrate content observed during the plant's growth stages is attributed to the active uptake of NOs-N
by the plant from the soil. This is in accordance with the notion that the growth of barley plants is
contingent upon NOs-N as a crucial nutrient for their development and overall growth (Tischner, 2000;
Nacry et al., 2013).

The variations in NH4-N content across different phenological stages illustrate the intricate
relationship between nitrogen application doses and soil ammonium levels. The consistent upward trend
in NH4-N content with higher nitrogen doses reaffirms the direct influence of nitrogen fertilization on soil
ammonium levels. This observation aligns with the fundamental role of ammonium in nitrogen cycling
within the soil. The treatment with the most substantial impact, particularly evident in the 120-NgoP45K4s
treatment at Full Maturity, highlights the importance of strategic nitrogen management. The higher NH4-N
content in this treatment underscores the synergistic effect of well-balanced NPK fertilizer doses and seed
rates in optimizing ammonium availability in the soil during crucial growth stages. Similarly, the variations
in NOs-N content across phenological stages reveal the intricate dynamics influenced by nitrogen
application doses and seed rates. The observed increasing trend in NO3z-N content with higher nitrogen
application doses emphasizes the role of nitrogen fertilization in shaping soil nitrate levels. The highest
NOs-N content consistently recorded in treatments with elevated nitrogen doses, especially in the 120-
NgoP4sKss treatment at Full Maturity, underscores the significance of nitrogen management in influencing
soil nitrate dynamics. This finding aligns with the understanding that nitrate is a crucial form of nitrogen
readily available to plants. The treatment exhibiting the highest NOs-N content highlights the cooperative
effect of well-balanced NPK fertilizer doses and seed rates in optimizing nitrate availability in the soil
during critical growth stages. These observations contribute practical insights for tailored nitrogen
management strategies, aiming to optimize soil nitrate levels and support the nutritional needs of the
growing crops. In summary, the results from Figure 4 emphasize the nuanced influence of nitrogen
application doses and seed rates on soil ammonium (NH4-N) and nitrate (NOs-N) dynamics. These
insights contribute valuable information for optimizing soil nitrogen levels at different phenological stages,
aligning with sustainable soil management practices in semi-arid climates.

CONCLUSION

The findings revealed significant trends in barley growth, yield components, and soil nutrient
dynamics in response to different fertilizer applications and rates of seed. Notably, the synergistic effects
of well-balanced NPK fertilizer doses and optimal seed rates, as observed in the 140-NgoP45K45 treatment,
resulted in the highest aboveground biomass, grain yield, and straw yield during the Full Maturity stage.
This underscores the importance of precision nutrient management in maximizing barley productivity
under semi-arid conditions. The comprehensive analysis of plant parameters, including plant height, spike
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length, spike weight, number of grains per spike, weight of grain per spike, and 1000-kernel weight,
highlighted the nuanced impact of fertilizer doses and seed rates on diverse yield parameters. The
treatment-specific trends observed in these parameters underscore the need for tailored nutrient
management strategies to optimize plant growth and yield components in semi-arid climates.

Furthermore, the investigation into the nitrogen content in barley aboveground parts, grain, and
straw demonstrated consistent trends across different phenological stages. The positive correlation
between N application doses and total N content, particularly during the full maturity stage, emphasizes
the critical role of nitrogen in supporting barley's reproductive phase. The highest nitrogen content in both
grain and straw in the 120-NgP4ssK4s treatment underscores the potential for strategic fertilizer
management to enhance nitrogen accumulation, contributing to improved barley quality and overall crop
performance. Moreover, the study explored the variations in soil NH4,-N and NO3s-N contents at different
phenological stages, shedding light on the influence of nitrogen fertilization on soil ammonium and nitrate
dynamics. The observed trends provide practical insights for optimizing soil nitrogen levels, especially
during critical growth stages, contributing to sustainable soil management practices in semi-arid climates.
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Amag: Bu galisma, Dogu Akdeniz Bdlgesinde oOrtlaltinda ve acik alanda

yetistirilen Bursa Siyahi ve Nazareth incir gesitlerinin verim ve meyve kalite
ozelliklerini kargilastirmak amaciyla 2020 ve 2021 yillarinda strdirilmistur.

Materyal ve Yontem: Calismada ortlialtinda ve acikta yetistirilen gesitlerde,
bazi fenolojik, verim ve meyve kalite 6zellikleri incelenmistir. Ayrica meyvelerin
kabuk ve etrengi L*, a* ve C* deg@eri olarak belirlenmistir.

Arastirma Bulgulan: Ortlalti yetistiriciligin Bursa Siyahi gesidinde 10 ile 13
gln, Nazareth gesidinde ise 10 gunlik bir erkencilik sagladigi belirlenmistir.
Bursa Siyahi ¢esidinde en yliksek meyve agirligi agik alandan (65.19 g) elde
edilirken, Nazareth cgesidinde ortualtindan (36.50 g) elde edilmistir. Nazareth
cesidinin suda ¢Ozunebilir toplam kuru madde miktari (SCKM) igerigi hem
ortialtinda (%21.07) hem acik alanda (%22.17), Bursa Siyahi g¢esidinden
(siraslyla, %20.73 ve %20.54) daha yilksek bulunmustur. Ortlialtinda yetistirilen
Bursa Siyahi gesidinde, 2020 ve 2021 yillarindaki dekara verim degerleri
(sirasiyla, 0.164 ton/da ve 0.394 ton/da) acik alana gore (siraslyla, 1.667 ton/da
ve 2.257 ton/da) daha duglik bulunmustur.

Sonu¢: Bursa Siyahi ve Nazareth cesitlerinin iyilop Urlnlerinin &rthalti
yetistiriciliginde erkenci yetistiricilik icin 6nemli avantajlar sagladigi, bununla
birlikte daha uzun sireli arastirma sonuglari ile daha net sonuglar elde edilmesi
gerekmektedir.

ABSTRACT

Objective: This study was carried out to compare the yield and fruit quality
characteristics of Bursa Siyahi and Nazareth fig cultivars grown under
greenhouse and open field, in 2020 and 2021, in the eastern Mediterranean
Region of Turkiye.

Material and Methods: In the study, some phenological, yield, and fruit quality
characteristics of the cultivars grown in greenhouse and open field were
compared. In addition, fruit skin and flesh color were measured as L*, a* and
C* values with a colorimeter.

Results: Greenhouse cultivation provided earliness of 10 to 13 days in Bursa
Siyahi and 10 days in Nazareth. While the highest fruit weight was obtained
from the open field (65.19 g) in Bursa Siyahi, the highest fruit weight was
obtained from the greenhouse (36.50 g) in Nazareth. The total soluble solid
(TSS) content of Nazareth cultivar grown in greenhouse (21.07%) and open
field (22.17%) was found higher than Bursa Siyahi cultivar (20.73% and
20.54%, respectively). The yield values per decare (0.164 tons/da and 0.394
tons/da, respectively) of Bursa Siyahi grown in greenhouse were lower than the
open field (1.667 tons/da and 2.257 tons/da, respectively).

Conclusion: Bursa Siyahi and Nazareth -cultivars provide significant
advantages for early ripening in main crop products in greenhouse cultivation,
however, it is necessary to obtain detailed results with longer-term research.
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GiRiS

Birim alandan yiksek verim alinmasi ile kiicik alanlarin ekonomik kullaniimasina imkan veren
Ortualti yetistiriciligi, ayni zamanda yil icerisinde dizenli bir igsglcu kullanimi saglamasi nedeniyle
Tirkiye'deki en 6nemli tarimsal faaliyetlerden birisi haline gelmistir. Ozellikle sebze ve siis bitkilerinin
Uretiminde kullanilan &rtualti sistemleri son yillarda meyve yetistiriciliginde kullaniimaktadir (Tlzel &
Oztekin, 2015). Turfanda meyve yetistiriciliginde 6ncelikle erkenci gesitlerin kullaniimasi yaninda bu
cesitlerin értiialti yetistiriciligi ile daha da erkencilik saglanabilmektedir. Ortiialti meyve yetistiriciliginde
erkenciligin en ©6nemli nedenlerinden birinin sera i¢i sicakliginin dis ortam sicakligindan yiksek
olmasindan kaynaklanmaktadir (Caliskan et al., 2021; Kili¢ & Caliskan, 2022). Ayrica Kagka vd. (1981),
erkenci meyve yetistiriciligi icin enlem derecesinin ¢ok 6nemli diger bir etken oldugunu ve ayni kayisi
cesitlerinin 1 enlem derecesi fark bulunan alanlar arasinda 4-5 gunlik erkencilik saglandigini
bildirmislerdir.

Turkiye'nin Giney Ege ve Akdeniz Bolgeleri sahip olduklari subtropik iklim, yil boyu sebze
Uretimine uygun olmanin yani sira, soguklama gereksinimi disik erkenci meyve yetistiriciliginde buyuk
alan ve avantajlara sahiptir (Tizel & Oztekin, 2015). Bayazit vd. (2021), Tirkiye'de o6rttaltt meyve
yetistiriciliginin tamamina yakinin Akdeniz Boélgesinde gerceklestirildigi ve bu bélgede 789.604 da alanda
toplam 576.552 ton meyve Uretildigini bildirmislerdir. Ortlialtinda yaygin yetistirilen meyve tiirlerinin gilek,
muz, kayisi, seftali-nektarin ve erik tirleri oldugu bildiriimekte ve erkenci yetistirilen Grtnlerin biydk kismi
yurtdisina ihra¢ edilmektedir.

incir (Ficus carica L.) subtropik ve iliman iklim kusa@inin sicak kesimlerinde yayilis gosteren bir
meyve tirudir (Aksoy et al., 2003) ve Turkiye incirin orijin alanlari icerisinde yer almaktadir (Caliskan &
Dalkilig, 2022). Turkiye’nin sofralik incir yetistiriciliginde, Bursa Siyahi ¢esidi sahip oldugu Ustiin meyve
kalite ©zellikleri ve tagimaya elverigli olmasi nedeniyle yetigtiricilik alanlari artis gdstermektedir. Bu
cesidin, Bursa iline gére Akdeniz Bolgesindeki yetistiricilik alanlarinda 15-20 gunluk erkenci hasat
yapilabilmektedir (Caliskan vd., 2018). Bununla birlikte, Caliskan & Kili¢ (2022), kordon budama
sisteminde yetistirilen Bursa Siyahi gesidinde meyve olgunlagsmasinin Dogu Akdeniz Bélgesi ekolojisinde
Temmuz sonu ile Agustosun ilk haftasinda basladigini ve meyve olgunlagmasinin Agustosun ikinci
haftasi ile Eylul'Gn ilk haftasi arasinda yogunlastigini bildirmislerdir.

Diinyada ortGalti incir vyetistiriciligi ile ilgili ilk c¢alismalar iklim kosullari nedeniyle meyvenin
korunmasi igin 1985’li yillardan sonra Japonya’da (Kamota, 1986; Hosomi et al., 2015) ve 2000’li yillardan
sonra Guney Kore (Lim et al.,, 2018) gibi Asya ulkelerinde yayginlasmaya baglamistir. Bu ulkelerde
Ozellikle ortialti yetistiricilige uygun olarak cift kollu ya da tek kollu kordon budama sisteminde Masui
Dauphine (San Piero) cesidi ile yetistiricilik yapilarak hem hasat siresinin uzatilmasi hem de sezon disi
Uretim yapilabilmektedir (Liao et al., 2018; Byeon & Lee, 2020). Bununla birlikte, Meksika (Mendozo-
Castillo et al., 2017) ve ispanya (Melgarejo et al., 2007; Batless-delaFuente et al., 2022) gibi llkelerde
erkencilik ve birim alandan ytiksek verim icin orttalti incir yetistiriciligi Gzerine ¢alismalar yapilmaktadir.
Ozellikle Avrupa pazarinda taze incirin gérmis oldugu talep, bu meyve tiiriiniin yetistiriciligine olan ilgiyi
arttirmaktadir. Bu anlamda, taze incirde pazar boslugunun bulundudu haziran ayinda ve temmuz ayinin
ilk yarisinda olgunlasan, kaliteli ve tagimaya dayanikli erkenci ¢esitler oldukca kiymetli gorulmektedir
(Caliskan, 2012). Bununla birlikte, Turkiye’de incir cesitlerinin ortialtindaki performanslari ile ilgili
herhangi bir bilgiye simdiye kadar rastlanmamistir.

Bu g¢alisma, ortualtinda ve acgik alanda yetistirlen Bursa Siyahi ve Nazareth incir gesitlerinin
erkencilik, verim ve meyve kalite 6zelliklerini kargilastirmak amaciyla gergeklestiriimistir. Bu g¢alismadan
elde edilecek sonuglar, dokilgen ve partenokarp meyve tutan cesitlerin Ortialti ve agik alandaki
performanslarinin belirlenmesi icin dnemli gorulmektedir.
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MATERYAL ve YONTEM

Bu galisma, Hatay Mustafa Kemal Universitesi Ziraat Fakiiltesi Bahge Bitkileri Bélimiine ait
arastirma ve uygulama arazisinde (Enlem: 36°13' Kuzey, boylam: 36°09' Bati ve deniz seviyesinden
yukseklik: 117 m) 2020 ve 2021 yillarinda yuratalmusttr. Calisma materyalini olugturan Bursa Siyahi ve
Nazareth gesitlerine ait fidanlar 5 tekerrtrl ve her tekerrirde bir bitki olmak Uzere, ortialti ve agik alana
Mayis 2017 tarihinde 3x3 m dikim mesafesi ile dikilmislerdir. Calismada kullanilan Bursa Siyahi ¢esidinin
orijini Bursa ili olup, Ulkemizin ihrag ettigi en dnemli sofralik incir cesididir. Nazareth gesidi, Israil orijinli
olup, ilkbahar ve yaz Urunlerini olgunlastirabilen sofralik bir ¢esittir. Bu ¢esitlere dikim yilindan itibaren iki
kollu kordon budama sistemi uygulanmistir. Bu budama sisteminde yaklasik 1.5 m uzunlugunda olan her
bir ana kol Uzerinde 20-25 adet meyve dal olusturulur ve hasat sonrasinda bu dallar 1.5-2 cm’den
kesilerek her yil yenilenirler (Caliskan vd., 2018). Budama uygulamalari agik alandaki ¢esitlerde ekim ayi
sonunda ve ortlaltinda kasim ayi icerisinde gergeklestiriimistir. Bu nedenle, Nazareth gesidinde yellop
meyvesini olusturacak meyve dallari da budanmis olup, her iki ¢esitte yaz drind meyveleri
degerlendirmeye alinmistir. Ayrica, Nazareth gesidinde zayif gelisen surglnlerde (stirgiin ¢api <0.5 cm)
budama yapilmamistir ve bu sirgunler olusan yellop meyvelerinde sadece dogus tarihleri alinmistir.

Calismada kullanilan plastik sera 10.5 m genislige ve 22 m uzunluga sahiptir. Seranin yan
yuksekligi 2 m olup, ¢ati yiksekligi 4 m’dir. Serada tim havalandirmalar kis siresince agik birakilmis
olup, 20 Ocak tarihi itibariyla sera havalandirmalari kapatilmistir. Ginesli glinlerde, sera igerisindeki hava
sicakliklarinin 25°C’nin Uzerine ¢iktiginda sera yan havalandirmalar saat 10.00 ile 16:00 arasinda
acllmigtir.

Orthalti ve acgik alandaki bitkiler haziran ayina kadar 10 giin arayla ve meyve olgunlasma
baslangicinda hasat tamamlanana kadar, meyvede catlama miktarini azaltmak icin, 15’er giin arayla
damlama sulama ile sulanmiglardir (Caliskan & Kilig, 2022). Ortlialti ve agiktaki Bursa Siyahi gesidinde
yeterli meyve tutumunu saglamak icin Caligkan et al. (2017) tarafindan Dodu Akdeniz Bolgesinden
Umitvar olarak secilmis olan erkek incir meyveleriyle ilekleme yapilmistir.

Calisma kapsaminda bitkilerin 3. (2020) ve 4. (2021) yasindaki bazi fenolojik, meyve verim ve
kalite 6zellikleri iki yil streyle karsilastirimistir. Cesitlerde fenolojik gézlemlerden ilk yapraklanma tarihi,
yellop ve iyilop meyve dogus tarihleri, meyve olgunlagsma baslangici gdzlemleri; verim 6zelliklerinden
agac¢ basina verim (kg/agag) ve dekara verim (ton/da) ve meyve kalite 6zelliklerinden meyve agirhgi (g),
meyve eni (mm), meyve boyu (mm), meyve indeksi (en/boy), meyve boyun uzunlugu (mm), ostiolium
acikligi, SCKM (%), pH ve titre edilebilir asit (TA) miktari (%) belirlenmistir. incir meyvelerinin kabuk ve et
rengi renk olger (Minolta CR-300) ile CIE L*, a* ve b* cinsinden Olgulmustir (McGuire, 1982). Renk
Olcimi 6ncesince cihaz, standart beyaz kalibrasyon plakasi ile kalibre edilmis ve elde edilen a* ve b*
degerlerinden kroma (C*) = (a*?+b*?)¥2 hesaplanmistir. Meyve kabuk renk olgiimleri meyvenin orta
ekseninden karsilikh iki bélgeden ve meyve eti olcimleri meyvenin orta eksenden kesildikten sonra
karsilikh iki ydnden yapilmistir (Caliskan vd., 2018). Meyve kalite analizleri i¢in Bursa Siyahi ¢esidi meyve
kabugunda en az %90 renklenmenin oldugu dénemde (Dogan, 2022) ve kahverengi-mor renkli incirler
icin (Nazareth ve Morglz gibi) ¢eside 6zgu rengin olustugu ve sert olum déneminde hasat edilmislerdir
(Ertan, 2016). Ayrica, blyume derece saatleri toplamlari (BDST) ilk yapraklanmadan iyilop meyve dogusu
(BDST1) ve iyilop meyve dogusundan meyve olgunlasma baslangici (BDST2) dikkate alinarak
hesaplanmistir. Bu hesaplamada, incirde en disik biyime sicakligi olarak 8°C ve en yuksek sicaklik
olarak 36°C dikkate alinmistir (Souza et al., 2009).

Meyve kalite analizleri 3 tekrarli ve her tekrarda 10 meyve olacak sekilde toplam 30 meyvede
gercgeklestiriimistir. Elde edilen verilerin varyans analizleri SAS versiyon 9.1 paket programi kullanilarak
Faktoriyel Dizende Tesaduf Parselleri Deneme Desenine gore gerceklestirilmis (SAS, 2005) ve
ortalamalar arasindaki farkliliklar LSD testi ile belirlenmistir.
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ARASTIRMA SONUCLARI ve TARTISMA

Fenolojik gdzlemler

Ortaltt ve acikta yetistirilen incir gesitlerine ait fenolojik gozlem sonuglari Cizelge 1'de
sunulmustur. Buna gore, ortlaltinda yetistirilen Nazareth c¢esidinin 2020 ve 2021 yillarindaki ilk
yapraklanma tarihlerinin (sirasiyla, 08 Mart ve 06 Mart) Bursa Siyahi'na gore (sirasiyla, 10 Mart ve 08
Mart) 2 giin daha erken olustugu belirlenmistir. Bununla birlikte, ¢esitlerin agik alandaki ilk yapraklanma
tarihlerinin Nazareth g¢esidinde Bursa Siyahi'na gore 2020 yilinda 5 gin ve 2021 yilinda 8 giin erken
gerceklestigi tespit edilmigstir.

Yetistirme yerleri karsilagtirildiginda, ilk yapraklanma &rttaltinda 2020 yilinda 09 Martta ve 2021
yilinda 07 Martta gergeklesirken, agik alanda ilk yapraklanma, 2020 ve 2021 yillarinda, sirasiyla 23 Mart
ve 26 Martta gerceklesmistir. Bursa Siyahi ¢esidinde hem agik alanda hem de 6értialtinda yellop meyve
dogusu meydana gelmedidi icin degerlendirme yapiimamistir. Nazareth gesidinde ise yellop meyve
dogusu, 6rtualtinda, 2020 yilinda 15 Martta ve 2021 yilinda 12 Martta olugurken, acik alanda yellop
meyve dogusu 2020 yilinda 20 Martta ve 2021 yilinda 22 Martta olusmustur. Goruldiga Uzere, Nazareth
¢esidinde ortualtindaki yellop meyve dogusunun agik alan gore 2020 yilinda 5 giin ve 2021 yilinda 10 glin
erkenci oldugu saptanmistir. lyilop meyve dogusu ortiialtinda yetistirilen Nazareth cesidinde 2020 ve
2021 yillarinda sirasiyla 22 Mayis ve 21 Mayis tarihlerinde meydana gelirken, Bursa Siyahi gesidinde
iyilop meyve dogusu 2020 yilinda 25 Mayista ve 2021 yilinda 23 Mayista meydana gelmistir (Cizelge 1).

Cizelge 1. Ortiialti ve agikta yetigtirilen incir gesitlerinin fenolojik asamalari

Table 1. Phenological stages of fig cultivars grown in greenhouse and open field

ilk Yapraklanma  Yellop Meyve Dogus lyilop Meyve Dogus Meyve Olgunlagsma

Degiskenler Tarihi Tarihi Tarihi Baglangici
2020 2021 2020 2021 2020 2021 2020 2021

Ortiialti
Bursa Siyahi 10 Mart 08 Mart - - 25Mayis 23 Mayis 20 Temmuz 15 Temmuz
Nazareth 8Mart 06Mart 15Mart 12Mart 22Mayis 21 Mayis 12Temmuz 10 Temmuz
Acik
Bursa Siyahi 25 Mart 30 Mart - - 01 Haziran 04 Haziran 30 Temmuz 28 Temmuz
Nazareth 20 Mart  22Mart 20Mart 22Mart 28Mayis 29 Mayis 22 Temmuz 20 Temmuz
Yetistirme Yeri
Ortiialti 09 Mart 07Mart 15Mart 12 Mart 24 Mayis 22 Mayis 16 Temmuz 13 Temmuz
Agik 23Mart 26 Mart 20Mart 22Mart 29 Mayis 01 Haziran 26 Temmuz 24 Temmuz

Aclk alanda iyilop dogus tarihi, ortialtina benzer sekilde Nazareth gesidinde 28 Mayis (2020 yil) ve
21 Mayis (2021 yih) tarihlerinde gerceklesirken, Bursa Siyahi ¢esidinde iyilop dogusu 01 Haziran (2020
yill) ve 04 Haziran (2021 yih) tarihlerinde gergeklegmistir. Ortiialtindaki iyilop meyve dogusunun agikta
yetistiricilige gore 5 (2020 yili) ile 10 giin (2021 yili) erkencilik sagladigi tespit edilmistir. Ortiialtinda
yetistirilen gesitlerin ilk yapraklanma, yellop ve iyilop meyve doguslarinin agik alana goére daha erken
gerceklesmesinin sera ici sicakliklarin agik alana gore daha yilksek olmasindan kaynaklandig
soylenebilir. Nitekim drtlaltindaki subat, mart, nisan ve mayis aylari ortalama sicakliklarin agik alana gére
2020 yilinda 3-4°C ve 2021 yilinda 5-6°C daha yiksek oldugu tespit edilmigtir (Sekil 1).

Ortuialtinda yetistirilen Nazareth cesidinde meyve olgunlasma baslangici 2020 yilinda 12
Temmuz'da ve 2021 yilinda 10 Temmuz'da gergeklesirken, Bursa Siyahi ¢esidinde meyve olgunlagsma
baslangici 2020 ve 2021 yillarinda sirasiyla 20 Temmuz ve 15 Temmuz tarihlerinde gerceklesmistir.
Acikta yetigtirilen Nazareth gesidinin her iki yilda da (sirasiyla 22 Temmuz ve 20 Temmuz), 6rtialtina
benzer sekilde, Bursa Siyahi ¢esidinden (sirasiyla, 30 Temmuz ve 28 Temmuz) 8 giin erken olgunlastig
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belirlenmigtir. incirde yetigtirme yerlerinin meyve olgunlagmasi (izerine etkileri incelendiginde, o6rtialti
yetistiriciligin yetistirme sezonuna baglh olarak, 2020 yilinda 10 giin ve 2021 yilinda 11 gunlik erkencilik
sagladigi tespit edilmistir.

incirde meyve dodusu cesitlerin genetik dzelligi yaninda iklim kosullar tarafindan da etkilenmektedir
(Caliskan & Polat, 2012a). Bu calismadaki, drtialtindaki iyilop meyve dogusundan olgunlasmaya kadar
gecen slredeki (mayis, haziran ve temmuz aylari) ortalama sicakliklarin agik alana gére 2020 yilinda 2-
3°C ve 2021 yilinda 2-6°C daha yilksek olmasi (Sekil 1) ile meyve olgunlagsmasi i¢in gereksinim duydugu
biyime derece sicakliklarinin daha erken karsilanmasindan kaynaklandigi sdylenebilir. Bu bulgularla
uyumlu olarak, Batlles-delaFuente et al. (2022), incirde ortualti yetistiriciligin yetistirilen ¢ceside bagl olarak
erkenci yetistiricilik i¢in uygun oldugunu bildirmislerdir. Benzer sekilde diger meyve tirlerinden kayisi (Kilig
& Caligkan, 2022) ve seftali-nektarinde (Caliskan et al., 2021) ortualti yetistiriciligin aciktaki yetistiricilige
gore erkenci olmasinda biyume derece sicaklik toplamlarinin daha erken karsilanmasindan kaynaklandigi
arastiricilar tarafindan bildirilmistir. Bu ¢alismadan ortialtindaki fenolojik asamalarin erken gergeklesmesi
ile ilgili bulgularin aragtiricilarin sonuglariyla uyumlu oldugu séylenebilir.
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Sekil 1. Agik alanda (A) ve orttaltindaki (B) sicaklik ve nem degerleri (2020 ve 2021 yillar).
Figure 1. Temperature and humidity values in the open field (A) and greenhouse (B) (2020 and 2021 years).
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incir gesitlerinin BDST degerleri incelendiginde, értlialtinda 2020 yilinda, Bursa Siyahi gesidinin
BDST1 degerinin (1819 giin-derece) Nazareth ¢esidine gore (1795 gun-derece) daha yilksek oldugu,
ancak 2021 yilinda BDST1 degerinin Nazareth c¢esidinde (1854) daha yilksek oldudu belirlenmistir

(Cizelge 2).

Acik alanda yetigtirilen Nazareth gesidinin BDST1 degerinin her iki yilda da (sirasiyla, 1624 giin-
derece ve 1594 giun-derece) Bursa Siyahi’'ndan (sirasiyla, 1622 gin-derece ve 1572 giin-derece) yuksek
oldugu tespit edilmigtir. Cesitlerin ortialtindaki ortalama BDST1 degerinin 2020 (1807 gln-derece) ve
2021 (1842 gun-derece) yillarinda agik alana gére daha yiksek (sirasiyla, 1623 gtin-derece ve 1583 gin-
derece) oldugu saptanmistir. Bursa Siyahi g¢esidinin BDST2 degerinin, 2020 ve 2021 vyillarinda,
Ortualtinda (sirasiyla, 1368 giin-derece ve 1297 gin-derece) ve agik alanda (1440 gin-derece ve 1317
gln-derece) Nazareth cesidinden daha yuksek oldugu belirlenmistir. Cesitlerin ortlaltindaki BDST2
degerlerinin her iki yilda da (sirasiyla, 1308 giin-derece ve 1261 giin-derece) acik alana gére (sirasiyla,
1392 gun-derece ve 1293 giin-derece) daha dusuk oldugu saptanmistir. Souza et al. (2009), Brezilya
ekolojisinde incir gegitlerinde BDST toplaminin ortalama 1955 ile 2200 gun-derece arasinda degistigini
bildirmislerdir. Bu galismadaki ¢esitlerin BDST toplami (BDST1+BDST?2), értlaltinda 2569 glin-derece ve
aclk alanda 2685 gun-derece olarak belirlenmistir. Ayrica, ¢alismamizda yer alan her iki gesitte de
BDST1 degerlerinin BDST2 degerinden daha yiksek oldugu ve incirde sirgin gelisim dénemindeki
sicaklik toplami ihtiyacinin meyve gelisim periyoduna gére daha yuksek oldugu belirlenmistir. Bu
sonuglara benzer olarak, Ferraz et al. (2020), incir gesitlerinin vegetatif bliylime ddénemindeki sicaklik
toplaminin hasat dénemine gére daha yiksek oldugunu ve Troyano gibi gecgi ¢esitlerin BDST toplaminin
(4.577 gln-derece) Roco de Valinhos gibi (3.512 glin-derece) erkenci cgesitlere goére daha yiksek
oldugunu bildirmislerdir.

Cizelge 2. Ortlialti ve agikta yetigtirilen incir gesitlerinin bilyime derece sicaklik toplamlari

Table 2. Growth degree temperature totals of fig cultivars grown in greenhouse and open field

BDST1 BDST2
Degiskenler
2020 2021 2020 2021

Ortiialt!
Bursa Siyahi 1819 1830 1368 1297
Nazareth 1795 1854 1248 1225
Acik
Bursa Siyahi 1622 1572 1440 1317
Nazareth 1624 1594 1344 1269
Yetistirme Yeri
Ortialti 1807 1842 1308 1261
Acik 1623 1583 1392 1293

BDST: Biiyume derece sicaklik toplami.

Verim ozellikleri

Adac basina verim bakimindan, 2020 yilinda ortiialtinda yetistirilen Nazareth gesidinin agag basina
verim degerinin (2.33 kg/agdag) Bursa Siyahr'ndan (1.49 kg/agag) daha yiksek oldugu tespit edilmigstir
(Cizelge 3). 2021 yihinda cesitlerin ortualti yetistiricilikteki aga¢c basina verim degerlerinin istatistiksel
olarak onemli farkliiga sahip olmadigi saptanmistir. Agikta yetistirilen Bursa Siyahr’nin 2020 ve 2021
yillarindaki, aga¢ basina verim degerinin (sirasiyla 15.02 kg/aga¢ ve 20.34 kg/agag¢) Nazareth ¢esidinden
(siraslyla 6.18 kg/agac ve 6.35 kg/agag) daha yuksek oldugu belirlenmistir. Yetistirme yerinin ajag basina
verime etkileri karsilastirildiginda, ortualtinda aga¢ basina verim degerleri 2020 ve 2021 yillarinda
sirasiyla 1.91 kg/agac ve 3.67 kg/agac olarak belirlenirken, bu verim degerinin acik alanda 2020 yilinda

326



Dogu Akdeniz Bolgesinde ortlalti ve agik alanda yetistirilen bazi incir gesitlerinin erkencilik, verim ve meyve kalite 6zelliklerinin kargilastiriimasi

10.60 kg/agacg ve 2021 yilinda 13.34 kg/agac¢ oldugu belirlenmistir. Bu verilere benzer olarak, drtialtinda
yetistirilen incir gesitlerinin dekara verim degeri 2020 yilinda Nazareth gesidinde daha yiksek oldugu
(0.164 ton/da) tespit edilmistir. Acik alanda en yiiksek dekara verim degerine her iki yilda da Bursa Siyahi
cesidi (siraslyla, 1.667 ton/da ve 2.257 ton/da) sahip olmustur. Agikta yetistirilen incir ¢esitlerinin 2020 ve
2021 yillarindaki dekara verim degerlerinin (sirasiyla, 1.177 ton/da ve 1.481 ton/da) Ortlaltina goére
(sirasiyla, 0.212 ton/da ve 0.407 ton/da) daha yuksek oldugu saptanmistir.

Cizelge 3. Ortiialti ve acikta yetigtirilen incir gesitlerinde verim 6zellikleri

Table 3. Yield characteristics of fig cultivars grown in greenhouse and open field

Agac Basina Verim (kg/agag) Dekara Verim (ton/da)

Degiskenler

2020 2021 2020 2021
Ortiialti

Bursa Siyahi 1.49+0.10b 3.78 +0.28 0.164+0.01b  0.394 +0.00
Nazareth 2.33+0.21a 3.56 +0.03 0.259+0.02a  0.418 +0.03
LSD (%5) 0.29 0.D. 0.03 O.D.
Acik

Bursa Siyahi 15.02 #3.27a  20.34+0.26 a 1.667 +0.36a  2.257 #0.03 a
Nazareth 6.18 +0.03 b 6.35+0.22 b 0.686 +0.00 b  0.704 +0.02 b
LSD (%5) 5.23 0.54 0.58 0.59
Yetistirme Yeri

Ortiialts 1.91047b 3.67+0.22 b 0.212#0.05b  0.407 +0.02 b
Acik 10.60+5.27a 13.34+7.66a  1.177+058a 1.481+0.85a
LSD (%5) 4.81 6.97 0.54 0.77

Ayni situndaki farkli harfler dnemli farkliliklar gdstermektedir (p<0.05).

Bu c¢alismada, o6rtlaltinda yetistirilen Nazareth g¢esidinin yaz Uriiniinden elde edilen dekara verim
degerleri (0.686 ton ve 0.704 ton), Yablowitz et al. (1998)in Israil ekolojisinde net ortii altindaki yaz
uriinine ait degerlere (0.5-0.7 ton) benzer oldugu gérilmistir. Melgarejo et al. (2007), ispanya’da
partenokarp Super Fig 1 c¢esidinde serada topraksiz kultir yetistiriciliginde yaptiklari calismada, dekara
verimin bitki yasina bagh olarak 4.5 ton ile 8.1 ton arasinda degistigini tespit etmislerdir. Mendozo-Castillo
et al. (2017), Meksika’da ortlaltinda saksida yetistirilen Netzahualcoyotl ¢esidinde meyve veriminin 4.01
ton/da ile 10.95 ton/da arasinda degistigini belirtmiglerdir. Bu ¢alismadan &rtialtindan elde edilen verim
degerlerinin Melgarejo et al. (2007) ve Mendozo-Castillo et al. (2017)'nin bulgularindan disuk oldugu ve
bunun birim alana dikilen bitki sikligi yaninda gesitlerin verimliliinden kaynaklandigi sdylenebilir. Nitekim
Batlles-delaFuente et al. (2022), Ispanya’nin giineyinde yer alan Almeria bélgesinde 6rtiialti incir
yetistiriciligi Gzerine yapmis olduklari ¢alismada, incirin drtiialtinda meyve yetistiriciligi icin iyi bir alternatif
artn olabilecegini ve 4. yastan itibaren ekonomik verim elde edilebildigini ancak bu sonuglarin secilen
ceside bagh olarak degiskenlik gosterdigini bildirmiglerdir. Bununla birlikte, ddkilgen incir gesitlerinde
yeterli meyve verimi icin ilekleme iglemi cok kritik 6neme sahip olup, ileklemenin yetersiz kalmasi
durumunda verim kayiplari yaninda meyve kalite ¢zelliklerinde disusler meydana geldigi arastiricilar
tarafindan ifade edilmektedir (Caliskan & Bayazit, 2012, Yaman & Caligkan, 2014).

Meyvenin fiziksel 6zellikleri

Ortlialtinda ve agikta yetistirilen Bursa Siyahi ve Nazareth gesitlerinde meyvenin bazi fiziksel
ozelliklerinin istatistiksel olarak 6nemli farkliliklar gdsterdigi tespit edilmistir (Cizelge 4). Ortialtinda
yetistirilen Bursa Siyahi gesidinin ortalama meyve agirligi ve meyve eni dederlerinin (sirasiyla, 52.52 g ve
45.77 mm) Nazareth cesidinden (sirasiyla, 36.50 g ve 37.74 mm) daha yiksek oldugu belirlenmistir.
incirde kiiresel meyve sekli 6zellikle ambalajlama ve tagsima/pazarlama agisindan istenilen bir ézelliktir.
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Bu 6zellik bakimdan yetistirme yerlerinin gesitlerin meyve seklini etkilemedigi belirlenmistir. Bursa Siyahi
¢esidi hem acgik alanda hem de értialtinda kiresel (0.9-1.1) meyve sekline sahip olurken, Nazareth gesidi
uzun oval (<0.9) meyve sekline sahip olmustur.

incir gesitlerinde meyve boyu degerlerinin ortlialtinda yetistiricilikte ve yetistirme yerlerinden
istatistiksel olarak etkilenmedigi belirlenmistir. Ortlialtinda en yiiksek meyve boyun uzunlugu ve ostiolium
acikligi Bursa Siyahi ¢esidinden (sirasiyla, 13.92 mm ve 5.71 mm) elde edilmistir. Benzer sekilde agikta
yetistirilen Bursa Siyahr’'nin meyve agirligi (65.19 g), meyve eni (49.91 mm), meyve boyu (46.17 mm),
boyun uzunlugu (11.43 mm) ve ostiolium agikligi (7.30 mm) degerlerinin Nazareth gesidinden (sirasiyla,
29.82 g, 36.40 mm, 40.82 mm, 1.72 mm, 3.71 mm) daha fazla oldugu saptanmistir. Meyve eni, meyve
boyu ve ostiolium 06zelliklerinin yetistirme yerleri tarafindan istatistiksel olarak 6nemli dizeyde
etkilenmedigi saptanmigtir. Bununla birlikte, meyve agrilidi, meyve eni ve meyve boyu degerlerinin acgikta
yetistiricilikte (sirasiyla, 47.51 g, 43.15 mm ve 43.49 mm) Ortlaltina gore (sirasiyla, 44.51 g, 41.76 mm ve
42.63 mm) daha yiksek oldugu tespit edilmistir. Ancak, értlaltinda yetistirilen gesitler daha yiiksek meyve
boyun uzunluguna sahip olmuslardir. Bu sonuclarla uyumlu olarak Byeon & Lee (2020), Masui Dauphine
incir gesidinde serada 51.6 mm olan meyve uzunlugunun agik alanda 52.7 mm oldugunu bildirmislerdir.
Meyve iriligi taze ve kuru incirde dnemli bir kalite 6zelligidir (Sen, 2022) ve bu 6zellik gesidin genetik
Ozelligi yaninda ekolojiye, teknik ve kultirel uygulamalara gore de degiskenlik gosterebilmektedir (Aksoy
& Flaishman, 2022; Can, 2022; irget & Meric¢, 2022). Bununla birlikte, dokiilgen (Ahi Kosar et al., 2022) ve
partenokarp gesitlerde (Gaaliche et al., 2011; Rosianski et al., 2016) tozlayicinin dogrudan meyve iriligini
etkiledigi bildirilmigtir. Ayrica, Mendozo-Castillo et al. (2017), Meksika'da ortlaltinda yetigtirilen
Netzahualcoyotl incir gesidinde meyve agirhiginin bitkideki gévde sayisina bagli olarak 52.37 g (6 govdeli)
ile 58.45 g (4 govdeli) arasinda degistigini belirtmislerdir. Bununla birlikte, Flaishman (2023), incirde hava
sicakliklarinin 40°C’nin Gzerine gikmasi durumunda, yiksek sicaklik stresi nedeniyle fotosentez orani ve
karbonhidrat Uretiminin azalarak meyve iriliginde yaklasik %20 oraninda dusus meydana geldigini
bildirmistir. Calismamizda, ortGaltindaki Bursa Siyahi ¢esidinin meyve iriliginin azalmasinda maksimum
sicakliklarin meyve gelisim periyodu siresince 40°C’nin Uzerine ¢ikmasinin benzer bir etki olusturdugu
soylenebilir. Nazareth gesidinde o6rttaltindaki meyve iriliginin yiksek olmasinda verimin dusuk olmasi
yaninda orijini itibariyla sicakliga toleransinin yliksek olmasindan kaynakh oldugu belirtilebilir.

Cizelge 4. Ortiialti ve acikta yetistirilen incir cesitlerinin meyve fiziksel ézellikleri (2020-2021 yili ortalamalari)

Table 4. Fruit physical characteristics of fig cultivars grown in greenhouse and open field (2020-2021 averages)

Degiskenler Meyve Agirhgi Meyve Eni  Meyve Boyu  Meyve Indeksi Boyun Uzunlugu Ostiol agikhigi

() (mm) (mm) (en/boy) (mm) (mm)
Ortiialti
Bursa Siyahi 52.52+5.56 45.77+2.562 42.52+3.31 1.08+ 0.05 13.92+2.65% 5.71+1.452
Nazareth 36.50+2.51° 37.74£1.24°>  42.74+2.41 0.88+0.03 7.82+1.59° 3.83+0.97°
LSD (%5) 5.54 2.59 O.D. O.D. 2.81 1.58
Acik
Bursa Siyahi 65.19+3.282 49.91+3.87%  46.17+2.18? 1.08+0.09 11.43+1.892 7.30+1.622
Nazareth 29.82+1.10° 36.40+1.11°  40.82+1.58° 0.89+0.01 1.72+1.21° 3.71+0.39°
LSD (%5) 3.15 3.66 2.45 2.04 1.51
Yetistirme Yeri
Ortiialti 44.51+9.32° 41.76+4.61 42.63+2.76 0.98+0.11 10.87+3.812 4.76+1.53
Acik 47.51+18.622 43.15+7.56 43.49 3.33 0.98+0.11 6.58+5.29° 5.50+2.18
LSD (%5) 2.76 O.D. O.D. O.D. 1.90 O.D.

Ayni sUtundaki farkli harfler dnemli farkliliklari gostermektedir (p<0.05).
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Kimyasal analizler ve renk 6zellikleri

Cizelge 5'te goruldagu Uzere, 6rtialtinda ve agikta yetistiricilikte en yuksek SCKM degeri Nazareth
cesidinde (siraslyla, %21.07 ve %22.17) belirlenmistir. Ortiialtinda yetistirilen Nazareth gesidi 5.01 ile en
yuksek pH degerine sahip olmustur. Acikta yetistiriciligin ¢esitlerin pH degerini istatistiksel olarak dnemli
etkilemedigi saptanmistir. Ortiialtinda yetistiriciligin meyvenin asit icerigini istatistiksel olarak ©nemli
dizeyde etkilememistir.

Aclikta yetistirilen Bursa Siyahi gesidinin asit igeriginin (%0.23), Nazareth g¢esidinden (%0.18) daha
yiiksek oldugu tespit edilmistir. Ortlialtinda yetistirilen cesitlerin SCKM/TA orani degerleri arasinda
istatistiksel olarak 6énemli bir farklihk tespit edilmemistir. Bununla birlikte, 6rtlaltinda yetistirilen Nazareth
cesidinde SCKM/TA orani 110.89 ve Bursa Siyahi gesidinde 109.11 olarak belirlenmigstir. Agikta yetistirilen
Nazareth ¢esidinin SCKM/TA degeri (123.17) Bursa siyahi ¢esidine gére (89.30) daha ylksek bulunmustur.

Yetistirme yerinin incir gesitlerinin SCKM, pH ve TA miktarina istatistiksel olarak énemli diizeyde
etkilemedigi belirlenmistir. Yetistirme yerlerine gore, Bursa Siyahi ve Nazareth gesitlerinde, sirasiyla
SCKM degerleri %20.90 ve %21.36; pH degerleri 4.81 ve 4.98 ve TA miktar%0.19 ve %0.21 olarak tespit
edilmigtir. Ayrica, ortualtinda yetigtirilen c¢esitlerin SCKM/TA degeri (110.00) agik alana gore (106.23)
daha ylUksek oldugu saptanmisgtir.

Cizelge 5. Ortiialti ve agikta yetigtirilen incir gesitlerinde meyvenin kimyasal ézellikleri (2020-2021 yili ortalamalarr)

Table 5. Fruit chemical characteristics of fig cultivars grown in greenhouse and open field (2020-2021 averages)

Degiskenler SCKM Miktar (%) pH TA Miktar (%) SCKM/TA
Ortiialt

Bursa Siyahi 20.73+2.53° 4.62+0.51° 0.190.04 109.11+8.38
Nazareth 21.074£1.412 5.01+0.08?2 0.19+0.01 110.89+14.98
LSD (%5) 0.29 0.47 O.D. O.D.
Acik

Bursa Siyahi 20.54+1.72° 4.96+0.18 0.23+0.042 89.30+14.60°
Nazareth 22.1741.05 5.01+0.16 0.18+0.01° 123.1745.592
LSD (%5) 1.83 O.D. 0.09 24.38
Yetistirme Yeri

Ortiialti 20.90+1.95 4.81+0.40 0.19+0.03 110.00+12.502
Acik 21.36+1.61 4.98+0.17 0.21+0.04 106.23+19.50°
LSD (%5) O.D. O.D. O.D. 3.91

Ayni sutundaki farkl harfler dnemli farkhliklar gostermektedir (p<0.05).

Mendozo-Castillo et al. (2017), Meksika’da ortlaltinda yetistirilen Netzahualcoyotl incir ¢esidinde
SCKM miktarinin bitkideki gévde sayisina bagl olarak %17.69 (6 govdeli) ile %21.14 (8 gbvdeli) arasinda
degisim gosterdigini bildirmislerdir. Ayrica, Byeon & Lee (2020), Kore ekolojisinde agikta yetistirilen
‘Masui Dauphine’ incir gesidinin SCKM ve TA miktari degerlerinin Ortlialtina gore daha yiksek oldugunu
bildirmislerdir. Calismamizdan elde edilen agikta yetistirilen incir gesitlerinin SCKM ve TA miktarinin
ortialti yetigtiricilige gore daha yiksek olduguna dair sonuglar Byeon & Lee (2020)'nin bulgulariyla
uyumlu bulunmustur.

incirde SCKM/TA orani tat siniflandiriimasi igin kullanilabilmektedir ve meyve olgunlagma durumu
yaninda iklim kosullari, Uriin yiki ve meyvenin tozlanma durumu meyve tadini etkilemektedir (Caliskan &
Polat, 2008; Gaaliche et al., 2011; Caliskan & Polat, 2012b). Bu calismada, ortlaltinda ve acikta
yetistirilen Nazareth gesidinin ‘tatl’ (101-150) meyve tadina sahip oldugu, ancak Bursa Siyahi g¢esidinin
Ortualtinda ‘tatl’ ve agikta ‘orta’ (51-100) dizeyde tada sahip oldudu saptanmigstir. Bursa Siyahi gesidinin

329



Caligkan vd.

Ortualtindaki meyvelerinin daha tath olmasinin meyvedeki titre edilebilir asit igeriginin daha disik
diizeyde olugmasindan kaynaklandigi ifade edilebilir. Bu durum ¢esidin sicaklik stresine olan toleransina
bagll olarak meyve asitlerinin ylksek sicakliklarda solunum metabolitleri olarak tiuketilmesi nedeniyle
meyvenin asit igeriginde azalmalara neden olmasindan kaynaklandigi sdylenebilir (Sugiura et al., 2023).
Ayrica, seradaki maksimum sicakliklarin, her iki yilda da, meyve gelisim periyodu siresince 40°C’nin
Uzerinde seyretmesine ragmen Nazareth g¢esidinin asit igeriginde onemli farkliliklar gérilmemesinin
¢esidin genetik 6zelligi yaninda sicakliga olan toleransinin yiiksek oldugunun bir géstergesi olabilir.

Ortlialtinda yetistirilen Nazareth gesidinin meyve kabuk renginin agikhgi-koyulugunu ifade eden L*
degerlerinin 2020 ve 2021 yillarinda (sirasiyla, 45.70 ve 49.35) Bursa Siyahrndan (sirasiyla, 27.97 ve
39.50) daha yuksek oldugu belirlenmistir (Cizelge 6). Benzer sekilde acikta yetistirilen Nazareth ¢egsidinde
de meyve kabuk rengi deg@erleri (sirasiyla, 44.75 ve 50.34) her iki yilda da Bursa Siyahi’ndan (sirasiyla,
32.19 ve 39.77) yiuksek bulunmustur. Yetistirme yerleri karsilastirildiinda agikta yetistirilen incir
cesitlerinin drthaltina gére daha agik meyvelere sahip oldugu saptanmistir. Kahverengi kabuk rengine
sahip Nazareth gesidinin meyve parlakhidinin hem értlialtinda hem de agikta Bursa Siyahr’'ndan yuksek
bulunmasinin gesidin kabuk renk 6zelligini kontrol eden genetik 6zelliginden kaynaklandigi séylenebilir.
Nitekim incirde yapilan ¢alismalarda kahverengi ve agik renkli gesitlerin meyve kabuk agikhg, siyah renkli
incirlere gore yuksek oldugu bildiriimistir (Caliskan & Polat, 2012b; Ercisli et al., 2012).

Cizelge 6. Ortiialti ve acikta yetistirilen incir cesitlerinde meyve kabuk renk ézellikleri

Table 6. Fruit skin color characteristics of fig cultivars grown in greenhouse and open field

L* a* (o

Degiskenler

2020 2021 2020 2021 2020 2021
Ortiialt
Bursa Siyahi 27.97+0 03° 39.50+13.52° 11.08+0.03? 8.13+1.182 52.91+0.08*  40.55+9.63%
Nazareth 45.70+0.88* 49.35+0.67* 1.19+3.26° 0.40+0.08° 24.03+0.94° 27.31+0.42°
LSD (%5) 141 2.17 4.26 1.79 2.81 1.54
Acik
Bursa Siyahi 32.19+1.22° 39.77+1.34° 11.21+2.14*  15.74+3.70? 41.17+7.942 27.00+2.44
Nazareth 44.75+1.592 50.34+1.972 3.75+1.67° 0.48+2.92° 27.66+2.75° 27.70+2.03
LSD (%5) 3.21 3.82 3.36 7.55 13.47 O.D.
Yetistirme Yeri
Ortiialti 36.839.73° 44.42+10.28° 6.13+5.80° 3.86+2.49° 38.47+15.83 33.93+9.48
Acik 38.47+9.16* 45.05+10.122 7.48+£3.95% 8.11+2.88% 34.41+9.11 27.35+6.12
LSD (%5) 2.15 131 0.69 111 O.D. O.D.

Ayni sttundaki farkli harfler dnemli farkliliklari géstermektedir (p<0.05).

Meyve kabugunda yesilden (negatif degerler) kirmiziya (pozitif degerler) renk degisimini gosteren
a* degerinin siyah meyve kabuk rengine sahip olan Bursa Siyahr'nda 2020 ve 2021 yillarinda hem
Ortlaltinda (sirasiyla, 11.08 ve 8.13) hem de acgikta (11.21 ve 15.74) yetistiricilikte kahverengi kabuk
rengine sahip Nazareth ¢esidinden (6rtUaltinda; sirasiyla 1.19 ve 0.40 ve acikta; sirasiyla 3.75 ve 0.48)
daha yiksek oldugu saptanmigtir. Agikta yetigtirilen cgesitlerde meyve kabuk rengi a* degerlerinin
Ortualtina gore daha yuksek oldugu tespit edilmistir. Ayrica, meyve kabuk rengi parlaklii-canhihg ile
mathgi-donuklugunu ifade eden C* degerinin (disik degerler rengin matligini gostermektedir) genel
olarak Ortlaltinda ve agikta yetigtirilen Bursa Siyahi'nin Nazareth gesidine gére daha yuksek oldugu
belirlenmigtir. Bu verilere gore, Bursa Siyahinin kabuk renginin daha parlak ve canli bir gériinise sahip
oldugu saptanmistir. Yetistirme yerlerinin C* degerine etkileri her iki yilda da istatistiksel olarak énemli
bulunmamistir. Ancak, acik alandaki gesitlerin 2020 ve 2021 yillarinda C* dederlerinin (sirasiyla, 34.41 ve
27.35) ortualtina goére (sirasiyla, 38.47 ve 33.93) daha dusuk oldugu gérulmustur (Cizelge 6). Bu
sonuglara benzer olarak Byeon & Lee (2020), agikta yetistirilen ‘Masui Dauphine’ ¢esidinde meyve kabuk
renginin mathginin drtialtina goére daha yuksek oldugunu belirtmiglerdir.
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Ortlialti meyve yetistiriciliginde ¢esidin kendine 6zgii meyve kabuk rengini olusturmasi istenilen
Ozelliklerden biridir. Bu bakimdan, oértialtinda yetistirilen Bursa Siyahi ve Nazareth cesitlerinin kendi
meyve kabuk renk 6zelliklerini genel olarak gosterdikleri ve bunun ticari yetistiricilik icin kabul edilebilir
olacagl dustndlmektedir. Ayrica, oOrtlaltinda haziran ayindan itibaren sicakliklarin 35°C’nin Uzerine
¢ikmasi nedeniyle tim havalandirmalarin agilmasi ve seraya giren gines isinlarinin renk olusumu icin
yeterli gelmesinin de renklenmeyi olumlu etkiledigi sdylenebilir. Bununla birlikte, értlalti yetistiricilikte
meyve kabuk renklenmesinin meyve tirine bagh olarak degiskenlik gosterdigi bilinmektedir. Bu
bakimdan, orttialtinda yetistirilen kirmizi renkli kayisi ¢esitlerinde renklenme sorunu yagarken (Lang et al.,
2014; Kilig¢ & Caligkan, 2022), seftali-nektarinlerde agikta yetistiricilige benzer sekilde kirmizi renk
olusumu gergeklestigi (Caligkan et al., 2021; Demiral & Ulger, 2021) arastiricilar tarafindan bildirilmistir.

Meyve et renginin L* deger 2020 ve 2021 yillarinda, en yiksek ortialtinda (sirasiyla, 42.61 ve
47.33) ve aclk alanda (46.43 ve 45.46) yetistirilen Bursa Siyahi'nda elde edilmistir (Cizelge 7). Agik
alanda yetistirilen gesitlerin 2020 yilindaki meyve et rengi L* dederi (39.03) ortualtina gére (34.46) daha
yiksek oldugu tespit edilmistir.

Cizelge 7. Ortiialti ve acikta yetistirilen incir cesitlerinde meyve eti renk dzellikleri

Table 7. Fruit flesh color characteristics of fig cultivars grown in greenhouse and open field

Degiskenler L & ¢

2020 2021 2020 2021 2020 2021
Ortiialti
Bursa Siyahi 42.61+0.032 47.33#3.15°  13.89+0.03% 13.01+4.58  21.48+0.09° 29.95+3.64°
Nazareth 28.32+0.93" 35.10+#0.94>  10.90+1.55" 13.62+0.98  13.66+1.77" 17.94+1.14°
LSD (%5) 2.19 5.26 2.97 O.D. 3.26 6.11
Acik
Bursa Siyahi 46.43+2.48° 45.46+4.11°  15.44+0.17° 13.09+3.03  26.25+0.63° 28.70+3.25°
Nazareth 31.63+1.43" 34.74+0.42°  17.69+0.19° 13.53+0.54  24.21+0.17° 19.07+0.31°
LSD (%5) 459 6.62 0.41 O.D. 1.05 5.23
Yetistirme Yeri
Ortiialti 35.46+7.85" 41.22+7.01 12.39+1.91°  13.32+1.95  17.57+4.43" 23.95+7.01
Acik 39.0348.312 40.1046.43 16.57+1.24°  13.31+2.98  25.23+1.192 23.8945.67
LSD (%5) 1.04 O.D. 2.15 O.D. 421 O.D.

Ayni sUtundaki farkli harfler nemli farkliliklar gostermektedir (p<0.05).

Ortlialtinda 2020 yilinda, en yilksek meyve etinin a* degeri Bursa Siyahr'nda belirlenirken, agik
alanda en yiksek meyve eti a* degeri Nazareth gesidinde belirlenmistir. Bu yilda agik alandaki gesitlerin
meyve et rengi ortlaltina gére daha yiksek a* degerine sahip olmustur. Ancak, 2021 yilinda orttalti ve
acikta yetistiricilik yaninda yetistirme yerlerinin meyve etinin a* degerini istatistiksel olarak 6nemli
dizeyde etkilemedigi saptanmistir. En disik C* degeri hem 6értlaltinda hem de agik alanda Nazareth
¢esidinde Olgulmastir. 2020 yilinda agikta yetistirilen ¢esitlerin meyve et C* de@erinin (25.23) 6értualtina
gbre (17.57) daha yiksek oldugu tespit edilmigtir. 2021 yilinda ise yetistirme yerinin meyve eti C*
degerine etkisi istatistiksel olarak Gnemsiz bulunmustur.

SONUC

Akdeniz Bodlgesi sahip oldugu erkenci ekoloji ortialti yetistiriciligi ile birlestirildiginde hem
Tarkiye’'nin hem de Avrupa’nin en erkenci meyve yetistiricilik alanini olusturmaktadir. Ancak, bu bélgenin
Ortualtl incir yetistiriciligi potansiyelinin ortaya c¢ikarilmasi icin detayh arastirmalara gereksinim
duyulmaktadir. Bu kapsamda yapilan ¢alismada, orttalti incir yetistiriciliinde meyve olgunlagmasinin
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aclk alana gore 10 ile 11 ginlik erkencilik sagladigi belirlenmistir. Ortlaltinda yetigtirilen Bursa Siyahi
¢esidinde meyve iriliginin agik alana gore azaldigi tespit edilirken, Nazareth ¢esidinin drttaltindaki meyve
iriliginin acik alana gore daha yiiksek oldugu tespit edilmistir. Bununla birlikte, ortdaltinda yetistirilen
cesitlerin acik alana gore agac¢ basina verim ve dekara verim degerlerinde 6nemli dususler olustugu tespit
edilmistir. Dokillgen yapidaki Bursa Siyahi ¢esidinin ortGaltindaki verim degerlerinin agik alana gore,
partenokarp meyve tutan Nazareth gesidiyle karsilastinldidinda, ciddi digslUsler gdsterdigi belilenmistir.
Dokilgen gesitlerin orthaltinda yetigtiriciligi icin Ozellikle ilekleme ile ilgili sorunlarin ¢dzimine ydnelik
detayli (erkenci erkek incirlerin tespiti, erkek incirlerin 6rtialtindaki performansi ve bunlarin ileklemede
kullanilma potansiyeli vb.) arastirmalar yapilmasi gerektigi sdylenebilir. Bununla birlikte, ortialtinda
yetisgtirlen Nazareth c¢esidine ait yaz Urind meyvelerinin temmuz ayinin ilk yarisinda olgunlasmasi
yaninda meyve tadi ile erkenci yetistiricilik icin 6n plana ¢iktigi séylenebilir. Sonug olarak, értualti incir
yetistiriciligi icin partenokarp meyve tutan gesitlerin 6nemli bir potansiyele sahip oldugu, ancak gesitlerin
Ortbaltindaki adaptasyonlarinin degerlendiriimesi ve sorunlarin tespiti/cozimu i¢in daha ¢ok c¢esitle detayli
calismalara gereksinim duyulmaktadir.
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Amagc: Bu cgalismada hiyar bitkisinde salisilik asit ile birlikte, organik tarimda

kullanimi  yayginlasan Bio Nematon® (Paeciloymces lilacinus) SL ve WP
formUlasyonlarinin Meloidogyne incognita’ya karsi kullanim olanaklari aragtiriimigtir.

Materyal ve Yontem: Calisma Ege Universitesi Ziraat Fakiiltesi Bitki Koruma
Bolimi Nematoloji Laboratuvarina ait ikim odasinda 16:8 fotoperiyod siresi ve
27+3°Cde  kontrolli  olarak  gergeklestiriimigtir.  Denemenin  karakterlerini
Paecilomyces lilacinus PL1 (Bio Nematon®) biyopreparatnin SL ve WP
formllasyonlarinin ayrn ayri ve salisilk asit (Carl Roth) ile kombine edimig
uygulamalari, salisilik asit (Carl Roth) uygulamasi, pozitif ve negatif kontrol
olusturmustur. Negatif kontrol hari¢ tum karakterlere Meloidogyne incognita (1500
J2/sakst) verilmistir.

Arastirma Bulgulan: Salisilik asit uygulamasi pozitif kontrol ile kargilastirildiginda
kokteki ur olusumu tzerinde %53 oraninda azaltici etkiye sahip oldugu saptanmistir.
Salisilik asit + Bio Nematon® WP uygulamasinda bu oran %51.3 iken, salisilik asit +
Bio Nematon® SL uygulamasinda ise %50.9 oraninda azaltici etki saptanmistir.
Deneme sonunda toprakta bulunan J2 sayilari pozitif kontrol ile kiyaslandiginda
salisilik asit uygulamasi ve salisilik asit + Bio Nematon® SL uygulamasinin topraktaki
J2 sayisi Uzerinde %34.1 azaltici etkiye sahip oldugu belirlenmistir.

Sonug: Salisilik asit uygulamalarinin bitki gelisimi Uizerinde olumlu etkiye , kdkteki ur
olusumu Uzerinde de azaltici etkiye sahip oldugu saptanmistir.

ABSTRACT

Objective: The objective of this study was to investigate the opportunities of
using Bio Nematon® (Paeciloymces lilacinus) SL and WP formulations, which
are widely used in organic farming, together with salicylic acid against
Meloidogyne incognita in cucumber plants.

Material and Methods: The study was conducted in the climate chamber of the
Nematology Laboratory of Ege University, Faculty of Agriculture, Department of
Plant Protection at 27+3°C with a controlled photoperiod of 16:8. The characters
of the experiment consisted of SL and WP formulations of Paecilomyces
lilacinus PL1 (Bio Nematon®) biopreparation individually and in combination with
salicylic acid (Carl Roth), salicylic acid (Carl Roth) treatment, positive and
negative control. All treatments except the negative control were infected with
Meloidogyne incognita (1500 J2/pot).

Results: It was found that salicylic acid treatment had a 53% reduction effect
on root knot infections when compared to the positive control. While this rate
was 51.3% in salicylic acid + Bio Nematon® WP treatment, it was 50.9% in
salicylic acid + Bio Nematon® SL treatment. When the number of J2 in the soil
at the end of the experiment was analyzed compared to the positive control, it
was determined that salicylic acid application and salicylic acid + Bio Nematon®
SL application had a 34.1% reducing effect on the number of J2 in the soil.

Conclusion: It was found that salicylic acid applications had a positive effect on
plant growth, but it decreases the effect on root knot infections.
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GiRiS

Hiyar tek yillik bir bitki olup anavatani Hindistan’dir. Yetistiriciligi iliman ve subtropikal iklim kusagi
arasindaki genis bir bolgede yayilim goésterir. Hiyarin diinyada Uretim ve tiketiminin oldukca yaygin
oldugu bilinmektedir. icerdigi cesitli besin degerleri nedeni ile insan beslenmesi agisindan oldukga 6nemli
bir yere sahiptir. Hiyar bitkisinin Gretimini uzun yillardan beri yapan Cin ile Turkiye, Rusya ve Ukrayna
dinyada 6nemli Uretici tlkelerdendir. Diinya genelinde 2021 yilinda hiyar dretimi toplami 1 890 160 ton

olarak gerceklesmistir. En yiiksek hiyar dretimi Cin’de yapilmakta olup, Turkiye onun ardindan 2. sirada
yer almaktadir (FAOSTAT, 2021).

Buna karsin, ciftcilerin hiyar Uretiminde arzu ettikleri verimi almalarini engelleyen énemli zararlilar
ve hastaliklar ile micadele etmeleri gerekmektedir. Kdk-ur nematodlari (Meloidogyne spp.) bu zararlilar
arasinda 6nemli bir yere sahiptir. Kok-ur nematodlarinin 2. dénem larvalari koklerde beslenmeleri
sonucunda kdklerde ur olusumuna sebep olurlar. Olusan bu urlar bitkinin topraktan su ve besin elementi
alimini zorlagtirarak bitkinin bodurlagsmasina, biyime ve gelisimin aksamasina ve meyve kalitesinin
dismesine neden olmaktadir (Echeverrigaray et al., 2010).

Kok-ur nematodlar ile bulasik sebze yetistiriciligi yapilan tarim alanlarinda, gerekli micadele
onlemleri alinmadigi takdirde Urtin kayiplari, yetistiriciligi yapilan bitki ¢esidine, hassasiyetine ve zararli
yogunluguna gotre degisiklik gostermekle birlikte genellikle %15-85’'e kadar ulasabilmektedir. Sera
kosullarinda yetistirilen hiyar bitkilerinde ise %16-47 arasinda Urtin kaybina neden olabilmektedir (Netscher &
Sikora, 1990).

Diinyada tropik ve subtropik iklim bdlgelerinde pek cok tur bulunmasina ragmen, Meloidogyne
incognita (Kofoid & White, 1919) Chitwood, 1949, Meloidogyne javanica (Treub, 1885) Chitwood, 1919,
Meloidogyne arenaria (Neal, 1889) Chitwood, 1949 ve Meloidogyne hapla Chitwood, 1949 tirleri en
yaygin ve ekonomik olarak énemli dort kdk-ur nematodu turadur (Netscher & Sikora, 1990). Turkiye’de de
izmir ili Odemis ve Kiraz ilgeleri tursuluk hiyar tretimi yapilan alanlarda, Meloidogyne incognita (%74,13)
ve M. javanica (%25,87) turleri saptanmistir (Cafarli Ayhan & Kaskavalci, 2015).

Tarimsal Uretimde geleneksel tarimdan modern tarim tekniklerine dogru gecilmesi gerekmektedir.
Bitki koruma uygulamalari icerisinde yer alan pestisit kullaniminin énemi giniimizde kaginilmazdir ve
modern tarimin bir bileseni olarak goriinmektedir. Tarimsal Uretim sisteminin vazgecilmez bir pargasi olan
pestisit kullanimi verim ve Kkaliteyi arttirmak igin basvurulan micadele ydntemlerindendir. Pestisit
kullaniminin kolayhgi, diger micadele yontemlerine gore hizli etki gostermesi ve ucuz olmasindan dolayi
en ¢ok tercih edilen tarimsal micadele yontemidir (Akar & Tiryaki, 2018). Fakat pestisit kullaniminin insan
sagligi, hayvan saghgi ve cevreye olan olumsuz etkileri bircok sorunu da beraberinde getirmektedir.
Bilingsiz bir sekilde pestisit kullanimi, gidalarda, toprakta ve suda kalinti birakip, insan ve cevre sagligini
olumsuz etkilemektedir. Tim diinyada tarimsal mucadele yonteminin basinda gelen kimyasal miicadele
yontemi tarimsal sistemin ayrilmaz bir parcasi olsa da kalinti riski ve ¢evreye olan olumsuz etkilerinden
dolayi organik tarim uygulamalarina olan ilgi giin gectikge artmaktadir (Turhan, 2005).

Bitki koruma sorunlarinin ¢éziimiinde yogun olarak tercih edilen kimyasal Urlinlerin olumsuz etkileri
sonucu alternatif miicadele yontemleri Gizerine yapilacak arastirmalar giinimuizde blyuk 6nem tasimaktadir.
Son yillarda yapilan ¢alismalarda nematodlara karsi bitkilerde uyariimis dayaniklilik (SAR) konusu géze
carpmaktadir. Uyariimis bitki dayanikhlidi bitkinin herhangi bir hastalik veya zararli tarafindan saldiriya
ugradigi zaman bitkinin savunma sistemini aktif eden mekanizmadir. Bitkinin savunma sistemi dis saldirilara
karsi bitkinin bagisiklik (immune) sisteminin aktivasyonuna yol agan protein ve kimyasallarin Uretilmesi ile
tepki vermektedir. Uyarilmis bitki dayanikhligi icinde yer alan Sistemik Kazaniimigs Dayaniklilik (SAR)
konukguda farkh yollari uyarmaktadir. SAR’1 uyardidi bildirilen ilk bitki endojen kimyasallari arasinda yer alan
Salisilik asit, Pathogenesis-related (PR) proteinlerinin sentezini kodlayan genlerin aktivasyonuna neden olur
(Tosun & Onan, 2020). Bitki dokusunda salisilik asit seviyesi arttiginda bitkinin dayanikliligi da artmaktadir
(Kamle et al., 2020).
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Bununla birlikte bazi biyopreparatlarinin kullanimi sonucunda basari elde edilmektedir. Bunlar
arasinda Paecilomyces lilacinus Samson, 1974 (Hypocreales: Ophiocordycipitaceae) en yaygin
kullanilanlardandir. Paecilomyces lilacinus’un sporlari gimlenir ve nematodun kutikulasina dogru nufuz eder.
Fungusun hifleri nematodun vulva ve anus gibi vicut agikliklarindan girebilmektedir. Nematoda nufuz eden
fungus, nematodun vicut igerigi ile beslenerek nematodu éldirmektedir (IPL Biologicals, 2020). Salisilik asit
ve Paecilomyces lilacinus ile ilgili ayri ayr galismalar olsa da ikisinin birlikte kullanimi ile ilgili herhangi bir
¢alisma bulunmadigi igin boyle bir calisma yapilmistir.

MATERYAL ve YONTEM
Nematod saf kulturiinin olugturulmasi

Denemede kullanilan kék-ur nematodu popiilasyonu, Ege Universitesi Ziraat Fakiiltesi Bitki Koruma
Bolumu Nematoloji Laboratuvarr’na ait iklim odasinda Meloidogyne incognita saf kiltirinin gogaltimasi ile
elde edilmistir. Populasyon gogaltma islemi icin Beith alpha hiyar ¢esidi kullaniimigtir. Fideler 3 yaprakli
dénemde yarim litrelik saksilar icerisindeki 1:1 kum+torf karisimina aktarilmistir. Bitkilerin kok bogazina yakin
yerden agilan 5 cm derinlikteki deliklerden 1500 adet M. incognita larvasi verilmistir. Olusturulan saf kultir
iklim odasi kosullarinda 16:8 fotoperiyod siresi ve 27+3°C’de yetistirilmistir. Bitkiler, nematod inokiilasyondan
2 ay sonra sOkulmustir. Bitki kokleri topraktan narince arindirlarak koklerdeki yumurta kiimeleri toplanmisg,
gelistirilmis Baermann huni yontemi ile yumurtadan ¢ikan 2. dénem larvalar elde edilmistir. Elde edilen 2.
doénem lavalar denemelerde kullaniimak tizere +4°C’de saklanmistir.

Nematod teshis g¢aligmasi

Taylor & Netscher (1974) tarafindan verilen ve Hartman & Sasser (1985) tarafindan gelistirilen
“Perineal Orneklerin Preparasyon Yénteminden” yararlanilarak elde edilen kok-ur nematodlarinin tiir teghisi
icin en dnemli morfolojik ayrimlardan biri olan disi bireyin vulva-anis kisimlarini igceren perineal bélgelerden
anal kesit alinmistir (Hooper, 1986; Jepson, 1987). Teshis i¢in urlu bitki kdklerinden ergin digiler elde edilip
Cavaness & Jensen (1955)in “Santrifiij” tekniginden yararlanilarak Coolen & D’Herde (1972) tarafindan
gelistirilen “Blender-Elek-Santrifiij Metodu” kullaniimistir. Elde edilen kék-ur nematodu disilerinin saklanmasi
icin +4°C’de i¢cinde TAF [Triethanolamin 2 ml, Formalin (%40’k Formaldehyd) 7 ml, saf su 90ml] olan tuplere
aktariimistir. Teshis i¢in 25-30 adet kok-ur nematodu disisi alinmisg ve daimi preparatlari yapilmistir. Bu
preparatlardaki rneklerin teshis islemi ise Jepson (1987) esas alinarak gergeklestiriimistir.

iklim odasi denemesinin kurulmasi

Hiyar vyetistiriciliginde kdk-ur nematodlarina kargi miicadelede biyopreparat ve Sistemik Kazanilmig
Dayanikliligi uyarip aktif eden salisilik asidin uygulanmasi ve yapilan uygulamalarin nematoda karsi etkisini
ve hiyar bitkisinin gelisimini incelemek amaciyla 3 Ekim 2021-3 Aralik 2021 tarihlerinde Ege Universitesi
Ziraat Fakiltesi Bitki Koruma BolimU’'ne ait Nematoloji iklim odasinda deneme kurulmus olup, deneme
sonunda elde edilen veriler Nematoloji Laboratuvar’'nda degerlendirilmigtir.

Bu galisma Ege Universitesi Ziraat Fakiiltesi Bitki Koruma Boliumi Nematoloji Laboratuvari’'na ait iklim
odasinda 16:8 fotoperiyod suresi ve 27+3°C’de kontrollli olarak gergeklestiriimistir. Deneme 7 karakter ve 10
tekerrlr olmak Uzere toplam 70 adet saksi ile kurulmustur. Denemede kullanilan yarim litrelik saksilar ve 1:1
oraninda steril kum ve Killi toprak karigimi ile doldurulmugtur

Denemede kullanilan Beith alpha hiyar gesidi tohum ekimi yapilarak iklim odasinda kontrollii ortamda
yetistirilmistir. Hiyar fideleri 3 yaprakli doéneme geldiginde yarim litrelik saksilara sasirtilmistir. Sagirtma
isleminden 24 saat sonra nematod inokilasyonu, 48 saat sonra ise salisilik asit ve biyopreparat uygulamalari
yapilmigtir.

Deneme karakterleri ve yapilan uygulamalar

Denemenin karakterlerini Paecilomyces lilacinus PL1 (Bio Nematon®) biyopreparatinin SL ve WP
formUlasyonlarinin ayri ayri ve salisilik asit (Carl Roth) ile kombine edilmis uygulamalari, salisilik asit (Carl
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Roth) uygulamasi, pozitif ve negatif kontrol olusturmustur. Negatif kontrol hari¢ tim karakterlere bitki kok
bogazi etrafina iki farkli yonden agilan 5 cm derinligindeki deliklerden 3 Ekim 2021 tarihinde Meloidogyne
incognita (1500 J2/saksi) inokulasyonu yapilmigtir.

Deneme karakterleri Cizelge 1'de gosterilmis olup, biyopreparat ve salisilik asit uygulamalar 15
giinde bir olmak (izere toplamda 4 kez bitkilerin kék bélgesine verilmistir. ilk uygulama hiyar bitkileri 3
yaprakli dénemdeyken gerceklestiriimistir. Nematod inokulasyonundan sonra bitkiler 8 hafta boyunca
iklim odasi kosullarinda bakimlari ve gerekli dlgiimleri yapildiktan sonra 3 Aralik 2021 tarihinde deneme
sonlandiriimigtir.

Cizelge 1. Deneme karakterleri ve uygulama dozlari

Table 1. Trial characters and doses in applications

Kisaltmalar Deneme Karakterleri Doz
BSL Paecilomyces lilacinus strain PL1 (Bio Nematon®) SL 5 ml Bio Nematon®/1 | su
BWP Paecilomyces lilacinus strain PL1 (Bio Nematon®) WP 5 g Bio Nematon®/1 | su
SA Salisilik Asit 1.38 g Salisilik Asit/1 | su
SA+BSL Sallisilik Asit+ Paecilomyces lilacinus strain PL1 (Bio Nematon®) SL 1.38 g Sallisilik Asit/1 | su

+5 ml Bio Nematon®/1 | su
1.38 g Salisilik Asit/1 | su

SA+BWP Salisilik Asit+ Paecilomyces lilacinus strain PL1 (Bio Nematon®) WP 15 g Bio Nematon®/1 | su

PK Pozitif Kontrol
NK Negatif Kontrol

Verilerin analizi

Deneme tamamlandiktan sonra elde edilen degerlerin varyans analizleri (ANOVA) igin R istatistik
yazihm program kullaniimig olup, ortalamalarin karsilastirmasi LSD testine gére P<0.05 dizeyinde yapilmistir.

ARASTIRMA BULGULARI

Bu calisma biyolojik kokenli bir biyopreparat olan Paecilomyces lilacinus ve Sistemik Kazaniimig
Dayanikliligr uyaran salisilik asitin birlikte kullanim olanaklarini ve nematodlara etkisini arastirmak amaciyla
yapilmistir. Yapilan uygulamalarin nematodlar tzerindeki etkinligini belirlemek icin kdklerdeki Meloidogyne
spp.’a ait Zeck skala degerleri, topraktaki 2. dénem larva sayilan ve Greme oranlari degerlendirilmistir.

Uygulamalarin hiyar bitkisine olan etkilerini degerlendirebilmek amaciyla bitkideki kdk gelisim
degerleri, kok yas agirhgi, kok kuru agirligi, yaprak sayisi ve bitki boyu da olgtilmustuar.

Nematod tir teshisi

Deneme sonunda urlu koklerden elde edilen disi bireylerden anal kesitlerinin alinip incelenmesi
sonucunda Meloidogyne incognita (Kofoid & White, 1919) tirlerine ait bireylerin oldugu saptanmigtir (Sekil 1).
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Sekil 1. Denemede kullanilan Meloidogyne incognita disisinden hazirlanan perineal kesit.

Figure 1. Perineal pattern prepared from the female Meloidogyne incognita used in the experiment.
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Uygulamalarin hiyar bitkisinde Meloidogyne incognita zarari Uzerindeki etkileri

Yapilan uygulamalarin kokteki ur miktari Uzerindeki etkinligini belirlemek amaciyla, deneme sonunda
bitki kokleri, Zeck (1971) skalasina gore degerlendiriimistir (Cizelge 2). Pozitif kontrol karakterinde
Meloidogyne incognita’nin beslenmesi sonucu koklerde olusan urlar Sekil 2’'de yer almaktadir.

Sekil 2. Meloidogyne incognita 'nin beslenmesi sonucu koklerde olusan urlar.

Figure 2. Galls formed on roots as a result of feeding by Meloidogyne incognita.

Deneme sonunda yapilan uygulamalarin 2 farkl istatistiksel grup olusturdugu gériimektedir (Cizelge
2). Uygulama karakterlerinin kontrol deneme karakterine gére koklerdeki ur miktarinda azaltici etkisi oldugu
saptanmistir. Deneme sonucunda yapilan uygulamalar pozitif kontrol ile kiyaslandiginda, koklerdeki ur
olusumu Uzerinde en yuksek azaltici etkiyi %53 orani ile SA uygulamasi gostermistir. Bu uygulamay: sirasi
ile SA+BWP (%51.3), SA+BSL (%50.9), BWP (%41.8) ve BSL (%34.5) uygulamalari takip etmistir.

Cizelge 2. Uygulamalarin Meloidogyne incognita’nin hiyar bitkilerinde olusturdugu urlarin Zeck skala degerleri ve koklerdeki ur
olugsumunun pozitif kontrole gore azaltici etki orani (%).

Table 2. Zeck scale values of the treatments on the galls formed by Meloidogyne incognita on cucumber plants and the reducing
the effect rate of the gall formation on the roots as compared to the positive control (%).

Karakterler ~ Zeck Skala Degeri (XxtSH)*  Azaltici Etki (%) F (df); p

K (+) 6.67 + 0.44° -

SA 3.11 +0.38° 53.00

BSL 4.33+0.55° 34.50

F (5,48) = 8,944; p <0.0001

BWP 3.89 £0.42° 41.80

SA+BSL 3.22 +0.46° 50.90

SA+BWP 3.22 £0.43° 51.30

* Ayni harfi igceren ortalamalar LSD testine gore istatistiksel olarak farkli degildir (P<0.05).

Bu calismada tek basina uygulanan SA ve salisilik asit + Bio Nematon® biyopreparatinin WP ve SL
formulasyon kombinasyonlarinin hiyar bitkisinde zararli olan Meloidogyne incognita’nin olusturdugu
koklerdeki urlanma Uzerine pozitif kontrole kiyasla etkili oldugu saptanmistir.

Uygulamalarin topraktaki 2. ddonem Meloidogyne incognita larva sayisina etkisi

Uygulama 6ncesi denemenin kurulacagi tim saksilara 1500 adet 2. dénem larva verilmistir.
Calisma sonunda topraktaki 2. donem Meloidogyne incognita larvalari elde edilmis, uygulamalarin
nematod popilasyonuna olan etkisini belirlemek amaciyla LSD testi yapiimistir. LSD testinden elde edilen
veriler Cizelge 3’te verilmigtir.
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Cizelge 1. Topraktaki Meloidogyne incognita bireylerinin 2. ddnemdeki larva sayisi (adet/100 gr toprak)
Table 3. Number of Meloidogyne incognita J2 in soil (individuals/100 g soil)

Karakterler ~ Topraktaki J2 sayisi (X+SH)* F (df); p Azaltici etki (%)  Ro=Pf/Pi
K (+) 377.77 £ 57.00% - 1.25
SA 248.88 +17.35° 34.10 0.82
BSL 297.77 + 66.03%° 21.10 0.99
F (5,48) = 2,405; p <0.05

BWP 395.55 + 40.242 -4.60 131
SA+BSL 248.88 + 28.10° 34.10 0.82
SA+BWP 262.22 + 22.22% 30.60 0.87

* Ayni harfi igceren ortalamalar LSD testine gore istatistiksel olarak farkli degildir (P<0.05).

Elde edilen veriler dogrultusunda topraktaki 2. donem Meloidogyne incognita yogunlugu en fazla
karakter BWP (395.55+40.24) karakteri olusturmustur. BWP karakterinin ardindan en fazla yogunluk
pozitif kontrol (377.77+57.00) karakterinde goértlmustir. Uygulama sonrasi 2. dénem nematod larva
sayisl en duslik SA (248.88+17.35) ve SA+ BSL (248.88+66.03) karakterlerinde gorilmustir. Topraktaki
2. donem larva sayisi lUzerinde SA ve SA+BSL uygulamalari %34.10 oraninda bir etki saglayip, en
azaltici etkiye sahip karakterleri olugturmuglardir.

Yapilan uygulamalarin topraktaki 2. donem Meloidogyne incognita sonug¢ populasyonlari tzerindeki
azaltici etkisine bakildiginda, en basarili sonu¢ SA (0.82) ve SA+BSL (0.82) deneme karakterlerinde
saptanmistir. BWP formulasyonu (1.31) uygulama karakterleri icinde en yiiksek tireme oranina sahiptir.

Uygulamalarin hiyar bitkisinde bitki geligimi Gizerindeki etkileri

Deneme siresince haftalik olarak bitki boyu ve yaprak sayisi kaydedilmistir. Deneme sonunda
uygulamalarin hiyar bitkisine olan etkilerini degerlendirebilmek amaciyla bitkideki kdk gelisim degerleri,
kok yas agirhgi, kok kuru agirligi, yaprak sayisi ve bitki boyu oOlgilmustir. Ancak yapilan analizler
sonucunda uygulamalarin hiyar bitkilerinin sadece kdk gelisim degeri tGzerinde istatistiksel olarak anlamli
bir etkisi oldugu sonucuna ulagiimistir.

Uygulamalarin kdk gelisim degeri (izerindeki etkisi

Yapilan deneme sonugclandirilirken bitkiler kdk gelisim skalasina gore degerlendiriimistir. BWP
uygulamasi diginda tim uygulamalarin kdk gelisimi Gzerinde arttirici etkisi oldugu saptanmigtir. Cizelge
4’e bakildiginda en vyiksek arttirici etki SA+BSL (%50.00) uygulamasinda go6zlemlenmistir. Bu
uygulamayi sirasi ile SA+BWP (%43.75) ve SA (%31.25) uygulamalari izlemistir. BWP uygulamasinin
kok gelisimi Gizerinde herhangi bir olumlu etkisi bulunmamisgtir.

Cizelge 4. Uygulamalarin bitki kok gelisim skalasi (Feldmesser & Feder, 1995) degeri ve pozitif kontrole gére % arttirici etkisi.

Table 4. Plant root development scale (Feldmesser & Feder, 1995) value and % increasing effect of the treatments as compared to
the positive control.

Karakterler Kok gelisim skalasi (X+SH)* F (df); p Arttincr etki (%)
K (+) 1.60 +0.34°
K (-) 3.20 +0.387 100
SA 2.10+£0.37° 31.25
BSL 1.90 + 0.34° F (6,56) = 2.448; p <0.05 18.75
BWP 1.50 +0.34° -
SA+BSL 2.40 £0.42% 50.00
SA+BWP 2.30 £0.33% 43.75

* Ayni harfi iceren ortalamalar LSD testine gore istatistiksel olarak farkli degildir (P<0.05).
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SONUC ve TARTISMA

Bu calismada Sistemik Kazanilmis Dayanikhhdi uyaran salisilik asit ve piyasada ticari olarak
bulunan Paecilomyces lilacinus PL1 etkili maddeli biyolojik fungisitin birlikte kullanim olanaklari
arastinlmistir. Yapilan calismada kok-ur nematoduna karsi basarisinin yani sira bazi bitki gelisim
parametreleri de ele alinmistir. Bu galismalarda salisilik asitin tek basina kullaniminda kontrol uygulama
karakterine kiyasla koklerdeki ur miktarini %53 azalttigi gézlemlenmistir. Benzer olarak Chinnasri et al.
(2006) yaptigi bir galismada sistemik kazanilmis dayaniklihdi uyarip kék-ur nematodu tzerinde etkili olan
Acibenzolar-S-Methyl uygulamasi yapilmis olup kontrol parseline gore %59 basari gostermistir. Benzer
bir baska calismada Ganguly et al. (1999), kok-ur nematodlarina karsi 25-50 pg/ml salisilik asitin
yapraktan ve topraktan uygulamalarinin etkilerini arastinimiglardir. Rugby domates cesidi kullanilarak
kurulan denemede, topraktan 50 pug/ml salisilik asit uygulanan parselin kontrol parseline kiyasla kékteki ur
miktari Gzerinde %50 oraninda azaltici etki gosterdigi bildirilmistir.

Uygulamalarin topraktaki 2. dénem larva sayisi Uzerindeki etkisi incelendiginde salisilik asit
uygulamasinin kontrol karakterine gére %34 oraninda azaltici etkisi oldugu saptanmistir. Dura ve ark.
(2016) tarafindan yapilan benzer bir calismada biber bitkisinde kdk-ur nematodlarina kargl yapraktan ve
topraktan 3 mM/bitki, 6 mM/bitki ve 9 mM/bitki salisilik asit uygulamalari yapilmistir. Yapilan uygulamalar
icinde en basarili sonuglari topraktan yapilan uygulamalar gdstermistir. Topraktan verilen 9 mM/bitki
salisilik asit uygulamasinin 2. dénem larva sayisini 6nemli 6lclide azalttigi bildiriimistir. Yapilan ¢alisma
icinde bitki gelisim parametreleri de karsilastirilacak olursa bitki boyu ve yaprak sayisi bakimindan
9 mM/bitki uygulama karakterinin kontrol uygulama karakterine gére arttirici etkisi oldugu bildiriimistir.
Mevcut calismada ise uygulama karakterleri, kontrol karakteri ile karsilastirildiginda uygulamalarin bitki
gelisimi Uzerinde anlaml bir fark yaratmadidi, sadece kok gelisimi tizerinde gelisimi arttirici etki sagladigi
g6zlemlenmistir. Meher et al. (2011), sera denemesinde domates bitkisinde Meloidogyne incognita’ya kargi
5.0 ve 10.0 pg/mL~ olmak tzere iki farkl dozda puskurtme yontemi ile yapraklara (1 mL/fide) salisilik asit
uygulamasi yapmisglardir. 120 gindn sonunda domates bitkilerindeki kok-ur orani 0-5 skalasina gore
degerlendirilmis, kontrol parselinde 3.0'lik ytiksek bir kék ur orani ile karsilasilmis SA uygulamalari yapilan
parsellerde ise bu oran 1.8-2.1 olarak bildirilmistir. Uygulamalarin topraktaki 2. ddnem larva Greme oranlari
Uzerinde %8.3-19.7 oraninda azaltici etkisi oldugu bildirilmistir. Benzer sekilde Raddy & Korrat (2020),
laboratuvar kosullarinda salisilik asitin 2. dénem kok-ur nematodu (Meloidogyne incognita) larvalarina
LC50 degeri 150.43 ppm ile nematisidal aktivite gosterdigini saptamislardir. Ayrica, sera kosullarinda
domates bitkilerinde uygulama yapilmayan kontrol bitkileri (113 ur/kok) ile karsilastirildiginda, Oxamil ve
300, 200 ve 100 ppm salisilik asit uygulamalarinda sirasiyla (6.33, 12.67, 18.67 ve 28.67 ur/kok) degerleri
elde edilmis olup, bitki paraziti nematodlarin kontroliinde kimyasal nematisitlerin kullanimina gtvenli bir
alternatif olabilecegi de bildirilmistir.

Paecilomyces lilacinus PL1 SL ve WP formulasyonlarinin kdklerdeki urlanma miktarina tzerindeki
etkisi incelendiginde, kontrol karakterine gdre basarilh sonug verdigi saptanmistir. Yapilan uygulamalar
sonucunda P. lilacinus PL1 SL formilasyonunun kokteki urlanma miktarini kontrol karakterine kiyasla
%34.5 oraninda, P. licaninus PL1 WP formilasyon uygulama karakterinin kontrol karakterine kiyasla
koklerdeki urlanma miktarini %41.8 oraninda azalttiyi saptanmistir. Bu galismaya benzer olarak Urdin’de
Al-Raddad (1995), tarafindan yapilan bir saksi denemesinde Meloidogyne javanica’ya karsi P. lilacinus ve
Glomus mosseae’nin etkinlikleri arastirnimistir. Tek basina uygulanan P. lilacinus izolatlari kontrol bitkisine
gore kokteki urlanmayr %64 oraninda azaltmigtir. Birlikte uygulanan G. mosseae ile P. lilacinus
uygulamalarinin urlanma oranlari arasinda herhangi bir 6nemli farkhlik bulunamamigtir. Ancak bitki boyu,
bitkinin yas ve kuru agirhdi bakimindan G. mosseae ve P. lilacinus kombinasyonu bitki gelisimi agisindan
iyi bir sonu¢ vermigtir. Benzer olarak Hindistan'da Khan & Saxena (1997), tarafindan yapilan bir
calismada M. javanica’'ya karsi P. lilacinus’'un etkinligi arastiriimistir. Paecilomyces lilacinus verilen
bitkilerde kontrol karakterine gore kokteki urlanma orani %26 azalmistir. Benzer ¢alisma olarak izmirde
Pecen vd. (2013)’'in yurattugu calismada domateste Meloidogyne spp.’'ye kargi organik ve mikrobiyal
gubreler ile birlikte P. lilacinus strain 251 ayri ayri ve birlikte uygulanmistir. Tek basina uygulanan
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P. lilacinus strain 251 uygulama karakteri kontrol karakterine kiyasla kdklerdeki urlanma tzerinde %17.42
oraninda azaltici etki gosterdigi tespit edilmistir. Huang et al. (2016) tarafindan Cin’de yapilan g¢alismada
benzer bir sonuc¢ bildirilmistir. Hiyar bitkisinde M. incognita’ya karsi P. lilacinus ve Syncephalastrum
racemosum birlikte ve ayri ayn kullaniimistir. Paecilomyces lilacinus verilen bitkilerde urlanma orani
%41,9 iken S. racemosum verilen bitkilerde urlanma %35,1 olarak saptanmistir ikisinin birlikte kullanimi
sonucu kokteki urlanma orani %31,6 olarak saptanmistir.

Mevcut ¢alismada salisilik asit, P. lilacinus PL1 SL ve WP formulasyonlarinin ayri ayri uygulandigi
karakterlerde, uygulamalarin kék gelisimi Gzerinde kontrol grubuna kiyasla arttirici bir etkisi gézlenmemis,
fakat SL ve WP formlasyonlarinin salisilik asit ile birlikte uygulandi§i karakterlerde kdk gelisimi Gzerinde
sirasiyla %50 ve %43.75 oraninda arttirici etki sagladigi gézlemlenmistir. Dodan ve ark. (2021) benzer
olarak soya bitkisinde salisilik asitin ¢imlenme ve kok gelisim parametrelerini incelemek icin
gergeklestirdikleri calismada kontrol karakterinde ortalama kok uzunlugu 11 cm iken, %100 mM salisilik
asit verilen soya bitkilerinde 17 cm olarak saptanmistir.

Bitkide Sistemik Kazanilmig Dayanikliigi uyaran c¢esitli uyaricilarin hem nematodun bitkide yaptigi
zararl azaltip hem de bitki gelisimini olumlu ydnde etkiledigi bilinmektedir. Sistemik Kazanilmig
Dayanikhhgi aktif eden uyaricilar ile ilgili arazi calismalarinin artmasi gerekmektedir. Paecilomyces
lilacinus PL1 ve salisilik asidin birlikte kullanimi ile ilgili sinerjik etkiyi elde etmek icin farkli doz
calismalarinin da yapiimasi arastiriimaya deger gorilmektedir.
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0z
Amag: Bu calisma Chlorella vulgaris ilaveli erigte formulasyonu gelistirmeyi ve

mikroalg ilavesinin erigtenin besinsel, fizikokimyasal ve duyusal o&zellikleri
Uzerindeki etkilerini incelemeyi amaclamaktir.

Materyal ve Yontem: Eristeye mikroalg ilavesinin kalite ve besinsel 6zelliklere
etkisinin incelenmesi igin, sade eristeye C. vulgaris mikroalgi %0.5 ve %2
konsantrasyonlarinda eklenmistir. Eristenin besinsel bilesenleri (protein ve
biyoaktif bilesik icerigi), pisirme 6zellikleri, sertligi ve duyusal ozellikleri analiz
edilmistir. Pisirme o&zellikleri belirlenirken, makarna icin oOnerilen uluslararasi
yontemler uygulanmistir.

Arastirma Bulgulan: Sade eristede (kontrol grubu), %0.38 antioksidan aktivite ve
3.1 mg GAE/100 g kuru agirlik fenolik igerigi belirlenmistir. C. vulgaris eklenerek
hazirlanan %0.5 ve %2 konsantrasyonlarindaki eriste 6rneklerinde ise antioksidan
aktivite sirasiyla %12 ve %60 oraninda artmis ve toplam fenolik madde igerigi
siraslyla 64.0 ve 76.3 mg GAE/100 g kuru agirlik olarak saptanmistir. Mikroalg
ilavesiyle pisirme kayiplarinda artis gorulirken, agirlik ve hacim parametrelerinde
onemli bir degisiklik olmamistir. Bununla birlikte, sade eristenin protein igerigi, %2
mikroalg takviyesiyle %13 oraninda artis géstermistir. Eristenin sertligi de mikroalg
ilavesiyle artmistir.

Sonug: Bu calisma, C. vulgaris'in eklenmesinin sadece sade eristenin kalitesini
korumakla kalmayip ayni zamanda biyoaktif bilesiklerle zenginlestirdigini
gostermektedir. Gelecek calismalar mikrobiyolojik ve toksikolojik incelemeleri
icermeli ve ticarilestirimesi icin potansiyel kullanim alanlari g6z 6niinde
bulundurulmalidir.

ABSTRACT

Objective: This study aims to develop Chlorella vulgaris added erigte formulation
and examine the effects of microalgae addition on the nutritional, physicochemical,
and sensory properties of eriste.

Material and Methods: To examine the effect of microalgae addition on the
quality and nutritional properties of eriste, C. vulgaris microalgae were added to
plain product at concentrations of 0.5% and 2%. The nutritional components
(protein and bioactive compound content), cooking properties, hardness, and
sensory characteristics of the eriste were analyzed. International methods
recommended for pasta were used to determine cooking properties.

Results: In the control group (plain eriste), 0.38% antioxidant activity and 3.1 mg
GAE/100 g dry weight of phenolic content were determined. In eriste samples
prepared by adding C. vulgaris at concentrations of 0.5% and 2%, antioxidant
activity increased by 12% and 60% respectively; and the total phenolic content
was determined as 64.0 and 76.3 mg GAE/100 g dry weight respectively. The
addition of microalgae has caused an increase in cooking losses, but there has
been no significant change in weight and volume parameters. The protein content
of plain eriste has increased by 13% with the addition of 2% microalgae. The
hardness of the eriste has also increased with the addition of microalgae.

Conclusion: This study demonstrates that the addition of C. vulgaris not only
preserves the quality of plain eriste but also enriches it with bioactive compounds.
Future studies should include microbiological and toxicological examinations and
consider potential areas of use for commercialization.
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GiRIiS

Eriste, bilesenleri ve Uretim teknigindeki benzerlikleri nedeniyle “Turk tipi noodle” olarak
adlandirilan bir tahil Granddur (Yilmaz Tuncel et al.,, 2017). Eriste hamuru; bugday unu, su ve tuz
karisimiyla hazirlanmakta; bazi yorelerde ise formilasyona yumurta da eklenmektedir. Hazirlanan hamur,
inceltildikten sonra uzun seritler halinde kesilmekte ve akabinde istenilen uzunluga kugultilerek
kurutulmaktadir (Bilgicli et al., 2011). Turkiye'de yaygin olarak Uretilen bir Griin olmasina ragmen, Turk
Gida Kodeksi'nde "eriste" adiyla 6zel bir tanimi bulunmamaktadir. Ancak 2022 yilinda, "Erzurum erigtesi"
cografi isaretleme statlisii kazanmistir (ETB, 2022). Cografi isarette un tirt belirtiimedigi strece eriste
hem Triticum durum hem de Triticum aestivum bugdaylarindan Uretilebilmektedir.

Tuketicilerin saglikli beslenmeye olan ilgisi, zenginlestirilmis vegan Urlnlere olan talebi artirmis ve bu
dogrultuda Urin yelpazesini ¢esitlendirme ydninde arastirmalar yogunlasmistir. Literatirde, lif ve protein
acisindan zenginlestiriimis eristeler Gzerine gesitli calismalar bulunmakta olup (Yilmaz Tuncel et al., 2017,
Goksel Sarag, 2021) farkli amaglar igin yulaf, mercimek, karabugday ve siyez bugdayi gibi un kaynaklariyla
zenginlestirilen eriste cesitleri gelistiriimistir (Bilgicli et al., 2011; Levent, 2019). Giinimuzde Uretilen gida
drinlerinin saglhk Uzerine etkilerinin degerlendiriimesinin 6tesinde, surdurilebilir yasam bigimlerine olan
katkilarinin arastiriimasi da blylk bir 6nem arz etmektedir. Artan diinya nifusuna bagh olarak, alternatif ve
surdarllebilir besin kaynaklarina yonelik arayis her gegen gun artmaktadir. Bu alternatif kaynaklarin gida
Uretim sistemlerine entegre edilmesi ve yeni Urln gelistirme galismalarinin yaritlilimesi son derece kritik bir
Oneme sahiptir. Sdrdurulebilir Grinler, azaltilmig karbon ayak izi ve enerji verimliligi gibi 6zelliklerle daha
dusUk cevresel etkilere sahiptirler. Bu kapsamda, surdurllebilir besin kaynaklarindan biri olarak dikkat
ceken mikroalglerin farkh trin formuilasyonlarinda kullanimlari farkh diyet taleplerini kargilama ve gevre-
dostu gida Uretim stratejileri gelistirme agisindan 6nem arz etmektedir.

Mikroalgler, milyonlarca yil boyunca diinya okyanuslarinda evrimlesen ve fotosentez yoluyla eneriji
Ureten mikroskobik bitkisel organizmalardir. Gegmisten gliniimiize gesitli alanlardaki arastirmalara konu
olan alglerin 6zellikle ¢evresel surdirulebilirlik, biyoyakit tretimi ve su aritma gibi amaclarla kullanim
potansiyeli kesfedilmistir izerine bircok ¢alisma yuritilmustir (Brennan & Owende, 2010). Bu baglamda,
mikroalgler, gida bilimi ve teknolojisi alaninda da blyuk ilgi gérmekte olup farkh agilardan besleyici bir
hazine olarak kabul edilmekte ve insan tiiketimi i¢in potansiyel bir kaynak olarak degerlendiriimektedir.

Besinsel acidan, mikroalgler yiiksek diizeyde protein, omega-3 yag asitleri, vitaminler ve mineraller
icermektedirler. Ozellikle vegan ve vejetaryen beslenme tarzini benimseyenler icin degerli bir bitkisel
protein kaynag! olarak 6ne g¢ikmaktadirlar. Bu 6zellikleri sayesinde, mikroalgler dengeli ve saglikh bir
beslenme icin dnemli bir rol oynamaktadirlar (Zhou et al., 2022). Ayrica, mikroalglerin antioksidan
Ozellikleri ve bagisikhk sistemini destekleyici etkileri bilimsel arastirmalarla da dogrulanmis olup bu
Ozellikleri sayesinde vicudu zararl serbest radikallere karsi koruma ve bagisiklik sistemini guglendirme
potansiyeli tagsimaktadirlar (Moura et al., 2022). Mikroalglerin kullanimi yalnizca gida takviyeleri ile sinirli
degildir; ayni zamanda gidalarin besin igeridini zenginlestirmek amaciyla da galismalar yurutilmektedir
(Spolaore et al., 2006). Mikroalg yardimiyla yetistirilen salata ve marulun, besin degerlerinin arttigi da
belirlenmistir (Acun & Bozokalfa, 2020). Mikroalglerin, makarna, atistirmalik gidalar, sekerleme ve
sakizlar, icecekler gibi ¢esitli gida Urlnlerine eklenerek besin dederinin arttirilmasi, bdylece daha saglkh
drtnlerin Uretilmesi giincel bir aragtirma konusu olarak karsimiza ¢ikmaktadir (Bhatnagar et al., 2024).

Mikroalglerin besinsel bilesimi, tlrlerine ve yetistirme tekniklerine bagdh olarak degisiklik
gostermektedir. Zenginlestiriimek istenen 0Ozellige godre, uygun mikroalg tiru belirlenmektedir. Bazi
mikroalgler proteince daha zenginken, bazilarinin esansiyel yag iceridi ylksek olmaktadir (Patel et al.,
2022). Ozellikle Chlorella vulgaris (C. vulgaris) gibi mikroalgler, yiiksek protein igerigiyle (%45-60) dikkat
cekmektedirler. Ayrica, hicre duvarlarinin lifce zengin olusu ve igerdikleri esansiyel yag asitleri,
vitaminler, mineraller ve antioksidan 6zellikteki biyoaktif bilesenler nedeniyle, fonksiyonel urunler igin iyi
bir hammadde kaynagi olarak kabul edilmektedirler (Tokusoglu & Unal, 2003; Uzuner & Haznedar, 2020).
Artan nufus oranlari ve yeni hastaliklarin ortaya ¢ikmasi nedeniyle, toplumun genel beslenme ihtiyaclari
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surekli olarak artmakta olup mikroalgler bu ihtiyaclari karsilamak icin sirdirtlebilir bir alternatif olarak
kullanilabilirler. Mikroalgler ile fonksiyonel gidalarin Gretimi alaninda g¢alismalarin artmasi ise, mikroalg
uretim kapasitelerinin arttinimasina yoén verebilecektir (Udayan et al., 2021). Geleneksel uriinlere
alternatif olusturmasi agisindan farkl besin kaynaklariyla yeni gida formilasyonlarinin gelistiriimesi ve
zenginlestirilmesi igin bilimsel c¢alismalara ihtiyag vardir. Bu kapsamda literatire katki sunmasi
amaclanan bu calismanin amaci, C. vulgaris mikroalginin eriste Uretim formulasyonunda kullaniima
potansiyelinin degerlendiriimesi ve Urindeki kalite ¢zellikleri Gzerine olan etkisinin arastiriimasidir. Bu
kapsamda, C. vulgaris eklenmis eriste Uretimi yapilmis ve urindn fizikokimyasal, tekstirel, duyusal ve
biyoaktif bilesenler agisindan 6zellikleri incelenmigtir.

MATERYAL ve YONTEM
Materyalin Temini ve Eriste Uretimi

Kontrol grubu (K) olarak Uretilen eriste igin tek bir parti Uretiminde 250 g Soke sari un (%13.3
protein, %66.2 karbonhidrat, %1.3 yag) ve 2.5 g sofra tuzu kullanilmigtir. 150 g icme suyu yavasca
eklenerek karigsim, bir hamur yogurma makinesi (Kitchenaid, USA) kullanilarak 1.devirde 10 dakika
boyunca yogurulmustur. Olusturulan hamur, makinede agildiktan sonra eriste kesme aparati kullanilarak
homojen bir sekilde, 3.0 x 0.4 x 0.4 cm boyutlarinda kesilmistir. Kesilen eriste pargalari, bir etivde 60°C
sicaklikta 1 gece boyunca kurumaya birakilmistir.

C. vulgaris ile zenginlestirilmis eriste Uretimi icin, toz formda %6.5 yagd, %58.3 protein ve %6.2 nem
icerigine sahip C. vulgaris mikroalgi kullaniimigtir. Eriste formilasyonundaki un miktari azaltilarak, eksilen
miktar kadar toz formda mikroalg eklenmistir. Literatirde mikroalg ilaveli makarna ornekleri baz alinarak
eriste hamurunda mikroalg agirlikca %0.5 ve %2 olacak sekilde iki farkli oranda kullaniimistir (Oliveira et
al., 2023; Ribeiro et al., 2022; El-Baz et al., 2017). %0.5 mikroalg iceren erigte "E05" olarak, %2 mikroalg
iceren eriste ise "E2" olarak kodlanmistir. Uriinlerin Uretim akis semalari Sekil 1'de gésterilmistir.
Uretimler iki tekrarli olarak gerceklestiriimistir.

Hammaddeler (un, tuz, su, mikroalg)
Ingredients (flour, salt, water, microalgae)

@ | -
Karistirma — yogurma (1. devir, 10 dk) b
Mixing — kneading (1. cycle, 10 min)
em

i -Ir Hamur agma I
-1 et | Dough rolling I\ 4
']

Erigte kesimi (3.0 x 0.4 x 0.4 cm boyutlarinda)
Noodle cut (in 3.0 x 0.4 x 0.4 cm dimensions)

!

Etuvde kurutma (60°C’de 1 gece)
Oven drying (at 60°C overnight)

Eszar

B

e

(D4 ; pe2

i K EO5 E2

| (Sade erigte) | (%0.5 mikroalg (%2 mikroalg

| (Plain eriste) ilavelieriste) ilaveli eriste)

""""""""""" (Eriste (Eriste
incorporated with incorporated
0.5% microalgae) with 2%

""""""""""""""" microalgae)

Sekil 1. Erigte 6rneklerinin Uretim akis semasi.

Figure 1. Production flowchart of eriste samples.
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Genel Bilegsim Analizleri

Orneklerin nem, protein (N x 5.70) ve kil analizleri sirasiyla AACC 44-01, 46-12 ve 08-01 referans
yontemlerine gore yapilmistir (AACC, 2000).

Pigsme Testleri

Pisme testleri, AACC 66-50 (2000)'de tanimlanan yontemlerden yararlanilarak agsagidaki analizler ile
gerceklestiriimigtir:

Pisme siiresi

Eriste pisirme deneyinde, 1:10 (a: a, eriste: su) oraninda kaynar suya eklenerek pisirilmistir.
Pisirme sulreci sirasinda, ilk 10 dakikanin sonunda her 2.5 dakikada bir, iki cam levha arasinda
sikistirilarak, mat gériintiiniin varligi gézlenmistir. Uriiniin tamam: seffaflagincaya kadar pisirmeye devam
edilmigtir. Urliniin kaynar suya atildigi andan sonra tamamen seffaf goriintiisiiniin ilk olarak elde edildigi
slre, pisme siresi olarak belirlenmistir. Pisme suresi belirlendikten sonra, diger pisirme testleri bu siire
referans alinarak gergeklestiriimistir. Bu testler arasinda pisirme suyuna gecen madde miktarinin
belirlenmesi, su absorpsiyonu ve hacim artigi gibi 6zellikler dederlendirilmistir.

Pisirme suyuna ge¢en madde miktari

Pisirme suyuna gecgen nisasta, suda ¢6ziinen protein ve diger bilesiklerin toplam miktarinin disuk
olmasi, makarna benzeri gidalarda bir kalite gdstergesidir. Analiz i¢in 250 mL kaynamis suya 25 g eriste
eklenerek pisirme siireci baslatimistir. Onceden belirlenen pisme siiresi sonunda, elde edilen eristeler 90
mL saf soguk suyla yikanarak siizgecten gegirilmistir. Stizme islemi sonucunda elde edilen tim suizinti
iyice karistirilmis ve daha sonra etiivde 150°C sicaklikta kurutulmustur. Kurutma iglemi sonrasinda elde
edilen madde miktari, baglangicgtaki kuru eriste agirigina oranlanarak suya gecen madde miktari ylzdesi
olarak belirlenmistir.

Su absorpsiyonu

Pisirme sonrasi elde edilen siizlilmis eristenin agirligi (G,) ile baslangigta tartilan kuru erigtenin
agirhgindan (G,) yararlanilarak [1] numaral esitlik yardimiyla su absorpsiyon orani hesaplanmistir.

% Su absorpsiyon orant = 100x (G, — G,) / G, [1]
Hacim artigi

Pisirme suyuna gegcen madde miktari analizindeki yontemle pisirilen makarnanin pisme o6ncesi
hacmi (V) ile pisme sonrasi hacminin (V) farki 6l¢ulu silindir yardimiyla belirlenmigtir. Hacim artisi Esitlik
[2]'ye gOre hesaplanmistir.

% Hacim artist = 100x (V, — V) /V; [2]
Renk Tayini

Pisme testlerinde uygulanan yontemle pigirilen eriste Orneklerinin renkleri, Lovibond RT300
tintometre (ingiltere) yardimiyla L™ (parlaklik (luminance), O (siyah), 100 (beyaz)), a' (yesil (), kirmizi (+)),
b’ (mavi (-), sari (+)) cinsinden analiz edilmigtir. Olgiimler en az 6 tekrarli olacak sekilde yapiimis olup
orneklerin mikroalg icermeyen kontrol Uriinine (sade eristeye) gore renk farkliliklari AE’ cinsinden Esitlik
[3] ile hesaplanmistir.

AE" = (L} —Lp)? + (a; — ap)? + (b — by)? 3]

Burada, AE", Lab* renk uzayinda yer alan iki renk arasindaki uzakligi; L] aj ve b] 6rnege ait
parametreleri; L aj ve by kontrole ait parametreleri ifade etmektedir.
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Sertlik Analizi

Sertlik analizi, pisirme testlerinde belirtilen yontemle pisirilmis érnekler tGzerinde gergeklestirilmistir.
Brookfield CT3 (ABD) cihazi kullaniimis olup, bu cihaz 4.5 kg yik hicreli bir yapiya sahiptir. Kullanilan
parametreler su sekildedir: Tetikleyici kuvvet: 1.0 g; Uzaklik: 3.0 mm; Baski testi prob hizi: 1 mm/s; Prob
tipi: 12.7 mm c¢apinda silindirik TA5 asetat probudur. Tim testler 25°C sicaklikta gergeklestiriimis ve
Urtinlerin sertlik degerleri Texture Pro CT V1.6 yazilimi ile "g" cinsinden olgiimustir. Sertlik analizleri icin
en az 6 farkl noktadan yapilan dlgtimlerin ortalamasi alinmigtir.

Duyusal Analiz

Eriste ornekleri, pisirme testlerinde belirtilen yonteme goére pisirildikten sonra 25°C'de servis
edilmek Uzere duyusal analize tabi tutulmustur. Analizde 1 ile 9 arasinda bir hedonik skala kullaniimis ve
panelistlerden 1: hic begenmedim, 9: cok begendim skalasinda dederlendirme yapmalari istenmistir
(Mpalanzi et al., 2023). Panelistler, Sakarya Universitesi Gida Miihendisligi Bélimii ¢alisanlari arasindan
secilmig, yari egitimli 8 kisilik bir ekipten olusturmustur. Toksikolojik etkileri henlz bilinmedidi igin
panelistlere tadim yaptiriimamistir. Panelistler, érnekleri koku, renk, elde sikistirma ile belirlenen sertlik ve
gorsel begeni kriterleri agisindan degerlendirerek puanlama yapmislardir.

Antioksidan Aktivite Tayini

Orneklerin antioksidan aktivitesi, DPPH radikalini giderme yiizdesi lizerinden hesaplanmistir. Bu
amacla Wojdylo et al.(2007)'nin onerdigi yontem modifiye edilerek ekstraktlar hazirlanmistir. Ekstrakt
¢ozeltisi hazirlamak i¢in 1.5 gram kuru eriste, bir test tipline tartiimis ve Gzerine 20 mL %75'lik metanol
eklenerek 5 dakika boyunca vortekslenmigtir. Tupler, 20°C'de 30 dk boyunca ultrasonik su banyosunda
tutulduktan sonra 10 dakika boyunca 9000 rpm'de santrifilj edilmistir. Sivi kisim, analizde kullaniimak
Uzere ekstrakt olarak ayriimistir. Analiz igin Karabulut et al. (2022)’nin dnerdigi yontem modifiye edilmistir.
Hazirlanan ekstrakttan 200 uL alinip, deney tiplerine aktariimistir. Taze olarak %100 metanolde 0.2 mM
olarak hazirlanan DPPH (Sigma-Aldrich, Almanya) ¢ozeltisinden 3 mL ekstrakt tiplerine eklenmis ve
vortekslendikten sonra oda sicakliginda karanlik bir ortamda 30 dk bekletilmistir. Bu srenin ardindan UV-
VIS spektrofotometrede (Shimadzu UV-1240, Japan) 517 nm’de absorbans (A) élgilmistir. Ornekten
elde edilen ekstrakt yerine %75’lik metanol ¢ozeltisi kullanilarak ayni adimlar izlenmis ve “k6r” absorbansi
da olgtlmustuir. Esitlik [4] yardimiyla érneklerin antioksidan aktiviteleri hesaplanmistir.

% Antioksidan aktivite = 100 x [A0 — A1/ A0] [4]
Burada; A, kontrol absorbansini ve A; 6rnek absorbasini ifade etmektedir.
Toplam Fenolik Madde Miktari

Toplam fenolik madde igerigi, Karabulut et al.(2022)’nin tarafindan kullanilan Folin-Ciocalteu
kolorimetrik yontemde modifikasyonlar yapilarak élciiimistir. Bu amagla, antioksidan tayininde kullanilan
taze ekstrakttan 100 pyL alinmis ve buna 0.2 mL Folin-Ciocalteu reaktifi (Sigma-Aldrich, Almanya) ve 2 mL
saf su eklenmistir. Karisim oda sicakhginda 3 dakika boyunca inkibasyona birakiimistir. Daha sonra, 1
mL %20'lik sodyum karbonat (Merck, Almanya) eklenmis ve karisim oda sicakliginda 1 saat boyunca
karanlik bir ortamda bekletilmistir. Stire sonunda, 765 nm dalga boyunda absorbans dl¢cimi yapilmigtir.
Sonuclar, gallik asit standardi kullanilarak hesaplanmis (0-1000 ppm, y=0.0096x-0.0327, R*= 0.992) ve
"mg gallik asit esdegeri (GAE) / 100 g kuru madde" cinsinden ifade edilmistir.

istatistiksel Analiz

Orneklerin analiz sonuglarinin degerlendirimesi ve ortalamalar arasindaki farkin belirlenmesi igin
Minitab 16.0 yazihmi kullanilmis ve %95 gliven araliginda Tukey'in HSD testi uygulanarak tek yonlu
varyans analizi (ANOVA) ile gerceklestirilmigtir.
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ARASTIRMA SONUCLARI ve TARTISMA
Fizikokimyasal Ozellikler

Eristelerin nem, protein ve kul icerikleri ile renk ve sertlik degerleri Cizelge 1°de verilmigtir. Eriste
orneklerinin kuru maddede protein orani, artan mikroalg ilavesiyle artmistir. %2 oraninda mikroalg ilavesi,
kontrol eristelerine gdre protein oraninda énemli bir artisa yol agmistir. Kontrol eriste érnegindeki %14.10
protein orani, %2 mikroalg ilavesiyle yaklasik %13'lik bir artisla %15.90 protein oranina sahip mikroalg
iceren eriste 6rneklerine ulasmistir. Bazarnova et al.(2021) %5 oraninda toz formda Chlorella sorokiniana
(C. sorokiniana) ilavesiyle urettikleri gida Urinlerinin protein miktarinda %18’lik bir artis oldugunu rapor
etmiglerdir. Lemes et al.(2012) ise %10.00 oraninda Spirulina platensis (S. platensis) mikroalg ilavesinin
son Uriinde %14.50’lik protein artisi sagladigini belirtmislerdir.

Cizelge 1. Erigte 6rneklerinin fizikokimyasal 6zellikleri

Table 1. The physicochemical properties of erigte samples

. Protei Kl *

Uriin kodu % Nem rotein y AE* (Renk farki) Sertlik (g)

(Product code) (Moisture, %) (%, KM'de) (%, KM'de) (AE*, Color (Hardness (g))
7 (Protein (% DM)) (Ash in% DM)) difference) 9

K 4.09+0.18a 14.10+0.02 b 1.40+0.15a 521.81+9.7b

EO5 3.69+0.30 a 14.60 + 0.27 ab 1.53+0.32a 16.0+0.8b 607.23+6.2 ab

E2 3.99+0.62a 15.90 £ 0.57 a 1.84+0.15a 30.2+09a 696.32+0.9 a

K: Kontrol, E05: %0.5 mikroalg igeren eriste, E2: %2 mikroalg iceren eriste

K: Control, E05: 0.5% microalgae containing eriste, E2: 2% microalgae containing erigte

Eriste Orneklerinin kil miktari %1.40-1.84 arasinda o6l¢iimis olup Ornekler arasinda énemli bir
farklihk gozlenmemistir (P > 0.05). Mikroalg ilaveli makarnalarla yapilan baska bir calismada ise,
pismemis sade makarnada %1.2 olan kil miktarinin, %2 toz mikroalg ilavesiyle énemli dlclide artarak
%1.8'e yukseldigi, fakat pisirme iglemi sirasinda minerallerin suya ge¢cmesi ile mikroalgli makarnalarda kdl
oraninda 6nemli kayiplar gozlendigi belirlenmistir (Fradique et al., 2010). Eriste &rneklerinin rutubet
analizi sonuglari %3.69 ile %4.09 arasinda degismektedir ve bu sonuglar arasinda istatistiksel olarak
anlamli bir fark gézlenmemistir (P > 0.05).

Renk degerlerinin kontrol &érneginden farkhhidi, AE* birimi cinsinden incelendiginde, mikroalg
ilavesiyle 6nemli dlglide renk degisimleri gézlenmistir. AE* >3 olan Urlnler, bireyler tarafindan renk farki
olarak algilanabilmektedir (Bodart et al., 2008). Calismamiz kapsaminda, %0.5 mikroalg ilavesiyle
baslayan renk farki (AE*) degeri 16.0 iken, %2 mikroalg ilavesiyle 30.2'ye yikselmistir. Bir ¢calismada,
mikroalg ilavesinin sentetik renklendiriciler kullanmadan drinlere hos bir renk kazandirabildigi
belirtiimistir. Ancak %5'in Uzerindeki kullanimlarin Grinlere balik kokusuna benzer bir aroma kattigi i¢in
kullanim oraninin duyusal analizlerle belirlenmesi gerektigi vurgulanmistir (Bazarnova et al., 2021). Uribe-
Wandurraga et al. (2021)'nin S. platensis ve C. vulgaris ilavesiyle Urettikleri hamurlarda %0.5 mikroalg
ilavesiyle AE’ degerleri 19 olup, kullanim orani %2’ye ¢ikarildiginda mikroalg ilavesinin Uriine kazandirdigi
renkte farklilik gozlenmistir; S. platensis ile Uretilen hamurun AE degeri 38, C. vulgaris ile Uretilen
hamurun ise 35 olarak rapor edilmistir.

Eriste Uretiminde un miktari azaltilarak eklenen mikroalgin konsantrasyonu arttikga, trnlerin sertlik
degerinde 6nemli bir artis gézlenmistir. Testin uygulandigi kosullarda, sade eriste igin sertlik degeri 521.8
g olarak olgilmugken, %0.5 ve %2 mikroalg ilaveli Urlinlerde sirasiyla 607.2 ve 696.3 g sertlik
Olgllmastir. C. vulgaris ilavesiyle zenginlestirilen biskivi hamurlarinda da sertlik degerinde artis
gbzlenmis ve bu artisin, mikroalgin zengin protein iceriginden kaynaklanabilecedi daha onceki
calismalarda bildirilmistir (Batista et al., 2017; Letras et al., 2022).
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Pigme Testleri

Kaynamis suya atillan erigtelerin, iki cam levha arasinda her 2.5 dakikada bir yapilan pisme
kontroliine gore pisme streleri 40 dakika olarak belirlenmigtir. Uriinlerin pisme testinde elde edilen 10., 20.,
30. ve 40. dakikaya ait géruntuleri Sekil 2'de sunulmustur. Bu teste gore, mikroalg ilavesi Urtnlerin pisme
surelerini etkilememistir. Daha 6nce bir makarna ¢alismasinda, %0.5 oraninda Spirulina maxima ilavesinin
makarnanin pisme slresini degistirmedigi, ancak kullanim miktari %Z2'ye ciktiginda pisme siresinin 5
dakikadan 6 dakikaya ¢iktigi bildirilmistir. Ayni calismada, %0.5 ve %2 oraninda C. vulgaris ilavesiyle pisme
surelerinin sirasiyla 6 ve 7 dakika olarak belirlendigi ifade edilmistir (Fradique et al., 2010).

10 dk 20 dk 30 dk 40 dk
10 min 20 min 30 min 40 min

EO05

Sekil 2. Eriste 6rneklerinin farkli pisme surelerinde (10, 20, 30 ve 40 dakika) iki cam levha arasindaki gorintuleri.
Figure 2. Images of eriste samples between two glass plates at different cooking times (10, 20, 30, and 40 min).
K: Kontrol, E05: %0.5 mikroalg, E2: %2 mikroalg iceren eriste

K: Control, E05: 0.5% microalgae, E2: 2% microalgae containing erigte

Eriste orneklerinin pisme suyuna gegen madde miktarlari ile su absorpsiyonu ve hacim artisi
degerleri Cizelge 2'de sunulmustur. Suya ge¢gen madde miktari, makarna ve benzeri Urlnlerde pisirme
sirasinda suya gegen kati madde kaybini géstermektedir. Uriiniin kabul edilebilir sinirlarda olabilmesi igin,
bu kayiplarin 100 gram urin i¢in 8 gramdan az olmasi beklenmektedir (Foschia et al., 2015). Calismamiz
kapsaminda Uretilen tim eriste Orneklerinin suya gecen madde miktarlarinin %8'in altinda oldugu
saptanmistir. Pisirme suyuna gegen madde miktarlari agisindan incelendiginde, kontrol (K) Uriini %3.5
kayip ile eriste drnekleri icerisinde en yiksek kalitedeki Urtin olarak 6ne ¢ikmistir. Bunu sirasiyla %2 ve
%0.5 mikroalg ilavesi ile elde edilen urlnler takip etmisti. Makarna hamurunun C. sorokiniana ile
zenginlestirildigi bir calismada, pisme suyuna gegen madde miktarinin %2.5 mikroalg ilavesiyle %5.0'den
5.2'ye ¢iktidi, %5.0 oraninda mikroalg ilavesiyle ise %5.0 olarak kaldigi bildirilmistir (Bazarnova et al.,
2021). C. vulgaris ilaveli makarna ile yapilan bir ¢alismada, pisirme sonucunda gézlenen kayip, %0.5 ve
%2 mikroalg ilaveli Grinlerde kontrol Grtnd ile benzer diuzeydedir ve %3.1 ile %3.5 arasinda o6lgUlmustar
(Fradique et al., 2010).

Su absorpsiyonu degeri, Urtnlerin pisme sonrasi kitle artisini gésteren bir degerdir ve "pisme
verimi" olarak da adlandirilabilir. Calismamiz kapsaminda erigte drneklerinin su absorpsiyonu %147.2-
149.1 araliginda belirlenmigtir. Mikroalg ilavesinin Urlinin su absorpsiyon degerini 6nemli ol¢iide
etkilemedigi gézlenmistir (P > 0.05). Benzer sekilde literatirde yer alan C. vulgaris ilaveli makarnalar
Uzerine yapilan bir calismada, 5-6 dakika siren pisirme islemi sonucunda, C. vulgaris eklenmesiyle su
absorpsiyon degeri %69'dan %92-94 araligina yukselmigtir; mikroalg konsantrasyonunun %0.5'ten %2'ye
cikisl bu degisim Uzerinde etkili olmamistir (Fradique et al., 2010).
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Hacim artigi, Urlinlerin su absorpsiyonu neticesinde hacminde meydana gelen degisikligi ifade eden
bir degerlendirme oél¢utidir. Mikroalg ilavesinin, eriste drneklerinde hacim artis degerine 6énemli bir etkisi
bulunmamistir. Urlinler, uygulanan pisirme diizeninde %14.9 ile %15.8 arasinda hacim artisina ugramistir.

Cizelge 2. Eriste drneklerinin pisme ozellikleri

Table 2. The cooking properties of eriste samples

Uriin kodu Suya gegen madde miktari (%) Su absorpsiyonu (%) Hacim artisi (%)
(Product code) (Cooking loss (%)) (Weight increase (%)) (Volume increase (%))
K 35+03¢c 149.1+0.7a 150+14a
EO05 51+03a 147.2+28a 149+14a
E2 43+04b 1472+28a 158+14a

K: Kontrol, E05: %0.5 mikroalg igeren eriste, E2: %2 mikroalg iceren eriste

K: Control, E05: 0.5% microalgae containing eriste, E2: 2% microalgae containing eriste
Biyoaktif Ozellikler

Yapilan bir calismada, mikroalglerin toplam fenolik madde miktarinin yetistirme teknigindeki
degdisimlerden blylk oranda etkilendigi bildiriimis ve analiz edilen Chlorella ekstraktinin 1 graminda 13.3
mg GAE degerinde toplam fenolik madde tespit edilmistir (Ferdous et al., 2023). Calismamiz
kapsaminda, biyoaktif bilesenlerin zenginlestiriimesi amaciyla dretilen mikroalg ilaveli eristelerin
antioksidan aktiviteleri ile toplam fenolik madde miktarlari Sekil 3'te sunulmustur.
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Sekil 3. Eriste 6rneklerinin antioksidan aktiviteleri (a) ve toplam fenolik madde miktarlari (b).
Figure 3. Antioxidant activities (a) and total phenolic contents (b) of eriste samples.
K: Kontrol, E05: %0.5 mikroalg igeren eriste, E2: %2 mikroalg iceren eriste

K: Control, E05: 0.5% microalgae containing eriste, E2: 2% microalgae containing eriste

Mikroalg konsantrasyonundaki artis, Urlnlerin biyoaktif madde miktarlarini 6nemli d&lglide
artirmistir. Sade eristede DPPH radikalini giderme orani cinsinden antioksidan aktivite tespit
edilememisken, %0.5 mikroalg ilavesi antioksidan aktiviteyi %12'ye ¢ikarmistir. %2 mikroalg ilavesi ise
%60 oraninda antioksidan aktivite saglamistir. Toplam fenolik madde miktarlari, %0.5 ve %2 mikroalg
ilavesi sonucunda sirasiyla 64.0 ve 76.3 mg GAE / 100 g (kuru agirlik) degerlerine ulasmistir. Benzer
sekilde yapilan bir ¢galismada, 100 graminda 24 mg GAE bulunan ekmek hamurunun toplam fenolik
madde miktarinin, un ikamesi olarak %5, %10 ve %20 oranlarinda Spirulina platensis (S. platensis)
eklenmesi sonucu sirasiyla 55 mg GAE, 76 mg GAE ve 105 mg GAE’ye yikseldigi bildiriimistir (De Marco
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et al.,, 2014). Yine makarna hamuruna S. platensis eklenen bir galismada, antioksidan aktivitenin %2
mikroalg ilavesiyle 6nemli 6l¢lide arttigi bildirilmistir (Zouari et al., 2011).

Duyusal Ozellikler

Eriste orneklerinin duyusal analiz sonuglari Sekil 4’te verilmistir. Uygulanan pisirme ydntemi
sonrasi panele sunulan Urlnler koku, renk, sertlik ve genel bedeni acisindan degerlendirilmigtir. Pismis
eriste ornekleri, belirtilen 6zelliklerinde “gorsel begeni” agisindan derecelendirilmistir. Buna gore %0.5 ve
%2 mikroalg ilavesinin eristelerde kontrol (sade) tUriine gore koku, renk, sertlik ve genel bedeni acisindan
onemli bir etkisi bulunmamigtir. Duyusal analizde mikroalg ilaveli Urlnler, kontrol Grlinlne benzer begeni
sonuglari goéstermis olup koku 6zelliklerinde kontrole gére daha dusik puan almalari gelistirilen Grtinlerde
koku agisindan ¢dzimler gelistiriimesi gerektigine isaret etmektedir.

Koku (Aroma)
9

Genel Begeni
(General
Attribute)

Renk (Color)

Sertlik
(Hardness)

Sekil 4. Eriste 6rneklerinin duyusal degerlendirmesi.
Figure 4. Sensory evaluation of eriste samples.
K: Kontrol, E05: %0.5 mikroalg igeren eriste, E2: %2 mikroalg iceren eriste

K: Control, E05: 0.5% microalgae containing eriste, E2: 2% microalgae containing eriste

Literaturde biskiivi hamuruna %2 oraninda C. vulgaris eklenen bir ¢alismada uretilen Grtnlerin
duyusal olarak kabul edilebilir 6zelliklerde oldudu, ancak %6 oraninda eklenen mikroalgin begenilmedigi
ortaya konulmustur (Batista et al., 2017). Bisklivi hamuruna %5 oraninda C. vulgaris ve S. platensis
eklenen bir galismada ise, Uretilen Uranlerin her ikisinin de duyusal 6zellikler agisindan kontrolden daha
dislk puanlar aldigi, ancak ticari UrGin haline getiriimek istendiginde S. platensis kullaniminin mimkin
olmadigi, C. vulgaris kullaniminin ise uygun bulundugu bildirilmistir (Letras et al., 2022).

SONUC

Bu calismada C. vulgaris mikroalginin eriste Uretimine ilavesinin Grliin kalitesi ve besin bilesimi
Uzerindeki etkileri incelenmistir. Mikroalg ilavesinin, eristenin antioksidan aktivitesini ve toplam fenolik
madde miktarinin artirdi§i ve Griniin besinsel agidan zenginlestigi gézlemlenmistir. Ozellikle, C. vulgaris
ilavesiyle erigte, proteince daha zengin hale gelmistir. Bununla birlikte, mikroalg ilavesinin eristelerin analitik
Olgiimlerine gore sertligi arttirdigi, ancak duyusal 6zellikler tizerinde herhangi bir olumsuz etki yaratmadigi
tespit edilmistir. Mikroalg ilavesiyle eristelerin pisirme sirasinda suya gecen madde miktarini ve su
absorpsiyonunu arttirmig; ancak, Urindn pisme verimini etkilememistir. Bu calismanin bulgulari eriste
tretiminde formuilasyona %0.5 ve %2 oraninda mikroalg ilavesinin erigtelerin besinsel degerini artirdigini ve
bircok kalite parametresinin korundugunu gdstermektedir. Gelecekteki calismalarda, mikrobiyolojik ve
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toksikolojik incelemelerin yapilmasi ve urlnun ticarilesmesi igin gerekli adimlarin atilmasi gerekmektedir. Bu
calisma, mikroalglerin gida endistrisinde kullanimina bir uygulama 6rnegi ortaya koyarak, gelecekte daha
saglikli ve besleyici Grtinlerin gelistirimesine katki sunmaktadir.
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Amag: Bu arastirmada Bazi Avrupa Birligi tlkelerinin (Bulgaristan, Danimarka,
Finlandiya, Fransa, Almanya, Macaristan, Yunanistan, Portekiz, Polonya, Italya,
Romanya, Ispanya, Litvanya) tarimsal yapilarinin incelenmesi amaglanmistir.
Calismada kullanilan degiskenler, tarim alani, ekilebilir arazi, toplam istihdam

icinde tarimin payi, tarim orman ve balikgiliktan elde edilen katma deger ve
ekilebilir arazi bagina gubre tuketimidir.

Materyal ve Yontem: Arastirmanin verileri 2021 yilina aittir. Avrupa Birligi
Ulkelerinin tarimsal yapilarinin karsilastirimasinda TOPSIS yontemi kullaniimistir.

Arastirma Bulgulan: Arastirmada ele alinan kriterler itibariyle tarimsal
potansiyeli en yuksek Avrupa Birligi Ulkeleri Fransa, Ispanya ve Almanya iken
en dusuk ulkeler, Litvanya, Danimarka ve Finlandiya olarak bulunmustur.

Sonug: Arastirmada Avrupa Birligi ulkelerinin tarimsal yapilari arasinda 6nemli
farkhiliklarin oldugu belirlenmistir. Ulkeler arasindaki s6z konusu farkliliklarin
giderilmesi icin gerekli tedbirler alinmalidir.

ABSTRACT

Objective: The objective of this study was to examine the agricultural structures
of some European Union countries (Bulgaria, Denmark, Finland, France,
Germany, Hungary, Greece, Portugal, Poland, Italy, Romania, Spain,
Lithuania). The variables used in the study are agricultural area, arable land, the
share of agriculture in total employment, added value from agriculture, forestry
and fisheries, and fertilizer consumption per arable land.

Material and Methods: The data of the research belongs to 2021. TOPSIS method
was used to compare the agricultural structures of European Union countries.

Findings: According to the criteria considered in the study, the European Union
countries with the highest agricultural potential were France, Spain and
Germany, while the countries with the lowest agricultural potential were
Lithuania, Denmark and Finland.

Conclusion: In the research, it was determined that there are significant differences
between the agricultural structures of the European Union countries. Necessary
measures should be taken to eliminate these differences between countries.
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GiRIiS

Nufus artisi ve gelisen gida aliskanliklarinin karsilanmasi igin dinya gida retiminin 2050 yilina
kadar iki katina ¢cikmasi gerekmektedir. Gida Uretimi, iklim degisikliginin biyolojik cesitlilik, toprak ve su
kalitesi Uzerindeki etkileri ve kiresel pazarin talepleri ile karsi karsiyadir. Avrupa Birligi (AB) tarim politikasi,
ciftcilerin bu zorluklarla ylizlesmesine ve insanlarin degisen tutum ve beklentilerine yanit vermesine yardimci

olmak icin son yillarda 6nemli dlctide degismistir. AB tarim politikasi, gida kalitesi, izlenebilirlik, ticaret ve
AB tarim Uriinlerinin tanitimi da dahil olmak tzere ¢ok gesitli alanlari kapsamaktadir (Anonymous, 2024a).

Tarim tim dinyada oldugu gibi Avrupa Birligi tlkeleri icin de en 6nemli sektérler arasinda yer
almaktadir. Avrupa Birligi 27 tlkenin olusturdugu buyik bir yapi oldugundan birligi olusturan ulkelerin
tarimsal yapi ve tarim potansiyelleri arasinda oldukca bilyiik farkhliklar bulunmaktadir. Ornegin 2021 yili
itibariyle tarim alanlari Liksemburg'da 132.811 hektar iken Romanya’da ise 13.079.000 hektardir. Yine
2021 yilinda iglenebilir alan Malta’da 7.800 hektar iken Polonya’'da 11.078.760 hektardir (FAO, 2024).
Toplam istihdam icinde tarimda istihdam edilen nifus incelendiginde, 2022 yil itibariyle Avrupa Birligi
Ulkeleri arasinda 6nemli farkliliklar bulunmaktadir. Belgika, Almanya, Luksemburg, Malta gibi tlkelerde
tarimsal istihdam diizeyi %1 iken, bu oran Yunanistan’da %11, Romanya’'da %18 duzeyindedir (WDI, 2024).

AB’de tarim sektorl 2022 yilinda 220,7 milyar Avro'luk brut katma deger yaratmigtir. Tarim, 2022
yilinda AB'nin Gayri Safi Yurtici Hasila’sina %1,4 katkida bulunmustur. AB'nin tarim sektdriintin toplam
uretim degerinin yarisindan fazlasini (%57,3') Fransa (97,1 milyar Avro), Almanya (76,2 milyar Avro), Italya
(71,5 milyar Avro) ve ispanya (63,0 milyar Avro) karsilamaktadir. AB’de diger énemli ulkeler Polonya
(39,5 milyar Avro), Hollanda (36,1 milyar Avro) ve Romanya’dir (22,2 milyar Avro). 2022 yilinda AB'nin
tarimsal Uretiminin toplam degerinin dortte Ggu (%75,5') bu yedi Glkeden gelmistir (Anonymous, 2024b).

Literatur incelendiginde, Avrupa Birligi Ulkelerinde tarim sektérantn farkh yonlerini ele alarak
TOPSIS yontemi yardimiyla inceleyen ve karsilastiran ¢ok sayida calisma bulunmaktadir. Ancak AB
Ulkelerinin tarimsal yapilarinin ve potansiyellerinin TOPSIS yodntemiyle incelendigi bir c¢alismaya
rastlaniimamigstir. Bu durum g¢alismanin dnemini vurgulamaktadir.

Nowak & Kaminska (2016) tarafindan Avrupa Birligi Ulkelerinin tarimsal rekabet giictiniin arastirildigi
arasgtirmada, tarimda rekabet giicinin en yiksek oldugu ulkenin Hollanda, bu konuda en az rekabetci
olan ulkenin ise Slovenya oldugu saptanmistir. Dace & Blumberga (2016) tarafindan yapilan arastirmada,
AB Ulkeleri tarimsal sera gazi emisyonlarina gore karsilastiriimistir. Calismada her AB (yesi ulkenin
emisyon yogunluklari agisindan cok farkli performans sergiledikleri, emisyon yogunlugu sonuglarinin AB
Ulkelerinin ¢cogunda endise verici bir artis egilimi gosterdigi belirlenmistir. Namiotko et al. (2022)
tarafindan yapilan arastirmada, secilmis Avrupa Birligi tlkelerinin tarim-gcevre durumu degerlendirilmigtir.
Arastirma sonuglarina gére en iyi tarim-gevre durumu Finlandiya, irlanda ve isveg'te bulunmustur.
Balcerzak & Pietrzak (2016) tarafindan yapilan arastirmada, Avrupa Birligi Ulkelerinin sdrdurdlebilir
kalkinma dizeyleri incelenmistir. Arastirmada Avrupa Birligi'ne yeni Uye olan Ulkelerin ¢odunun
surdurulebilir kalkinma kavraminin uygulanmasinda 6nemli ilerleme kaydettigi belirlenmistir. Sredzinska
et al. (2018) tarafindan yapilan arastirmada, AB lilkeleri arasinda en yiksek vergi oranlarinin Danimarka,
Hollanda, Italya, Fransa, Slovakya ve Belgika ciftliklerine uygulandigi belirlenmistir. Galnaityte et al. (2024)
tarafindan yapilan arastirmada, secilmis AB Ulkelerinde domuz yetigtiriciligi cesitli kriterler itibariyle
incelenmistir. Arastirmada domuz eti Uretiminde kendi kendine yeterlilikte basarili tlkeler Danimarka,
Belgika, Hollanda ve ispanya olarak belirlenmigtir.

Arastirmanin amaci, bazi Avrupa Birligi tlkelerinin (Bulgaristan, Danimarka, Finlandiya, Fransa,
Almanya, Macaristan, Yunanistan, Portekiz, Polonya, Italya, Romanya, Ispanya, Litvanya) 2021 yil
itibariyle tarimsal yapilarini inceleyerek tarimsal potansiyellerini ortaya koymaktir. Calismada kullanilan
degiskenler, tarim alani, ekilebilir arazi, toplam istihdam icinde tarimin payi, tarim orman ve balikgiliktan
elde edilen katma deger ve ekilebilir arazi basina glbre tiketimidir.
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MATERYAL VE YONTEM
Materyal

Arastirmada ikincil veri kaynaklarindan yararlaniimistir. Arastirmada Birlesmis Milletler Gida ve
Tarim Organizasyonu (FAQO) ile Dinya Bankasi (WDI) istatistik veri tabanindan yararlaniimistir. Ayrica
konu ile ilgili daha 6nce yayinlanmis arastirmalardan faydalaniimistir. Arastirmada kullanilan degiskenler
2021 yilina aittir. Arastirma kapsamina Avrupa Birligi Ulkelerinden Bulgaristan, Danimarka, Finlandiya, Fransa,
Almanya, Macaristan, Yunanistan, Portekiz, Polonya, italya, Romanya, ispanya ve Litvanya alinmistir.

Yontem

Arastirmada Ulkelerin tarimsal yapilari karsilastiriirken TOPSIS yontemi kullaniimistir. TOPSIS
(Technique For Order Performance By Similarity To ideal Solution-ideal Céziime Benzerlige Goére Tercih
Sirasi Teknigi) cok kriterli karar verme teknigidir. TOPSIS'in temel fikri oldukga basittir. TOPSIS, uzlagik
¢6zimin en kisa mesafeye sahip oldugu yer degistirmis ideal nokta kavramindan kaynaklanmaktadir.
Alternatiflerin siralamasinin (pozitif) ideal ¢c6zime en kisa mesafeye ve negatif ideal ¢cozime en uzak
mesafeye dayali olacagi varsayilmaktadir. TOPSIS'in dort avantaji bulunmaktadir: (i) insan tercihinin
mantigini temsil eden saglam bir mantik (ii) hem en iyi hem de en kotu alternatifleri ayni anda agiklayan
skaler bir deger (iii) basit bir hesaplama sireci ve (iv) tim alternatiflerin niteliklere iliskin performans
Olctimleri gorsellestirilebilir (Shih et al., 2007).

TOPSIS'i uygulamak icin, bir dizi kriter Gzerinden bir dizi alternatif icin karar matrisinin spesifikasyonuna
ve ayrica bu kriterler icin goreceli agirliklar setinin spesifikasyonuna ihtiya¢ bulunmaktadir (Kuo, 2017).
TOPSIS yénteminin uygulama adimlari su sekilde siralanabilir:

1.Agsama: Karar matrisinin olugturulmasi

Yontemde oncelikle karar matrisi (Esitlik 1) olugturulur. Matris alternatifler ve kriterleri icermektedir.
Sutunlar kriterleri gosterirken, satirlarda alternatifler yer almaktadir.

[ a;;  Q4gz Ain 1
| az1 Ay Qzn

Aij = | | Esitlik 1
laml Am2 aan

2.Asama: Karar matrisinin normalizasyonu

Bu asamada, karar matrisi normalize edilir. Normalizasyon icin kullanilan formul Esitlik 2'de
gosterilmistir. Elde edilen Rij matrisi ise Esitlik 3'de sunulmustur.

a. )
h=——— i=1,2....m J=12..n Esitlik 2
m
2
,/Za i
k=1
1 T2 T1in
|[7”21 722 an]
Rl]=| ' | Esitlik 3
l'r‘ml Tm2 T‘an
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3.Asama: Normallestirilen karar matrisinin agirhklandiriimasi

Bu agamada Rij matrisi ile kriterlerin 6nem derecelerini gosteren agirliklar ¢arpilarak V; matrisi elde
edilir (Esitlik 4).

Wilip Wil o WpTig
WiTy1 Wl o Wplhp

Vi :| . e | Esitlik 4
[W17'm1 Wyl e WanmJ

4.Asama: ideal (A+) ve negatif ideal (A-) coziimlerin belirlenmesi

Bu asamada ideal ve negatif ideal degerler elde edilir. ideal degerlere ulagmak icin Esitlik 5'teki
formul, negatif ideal degerlere ulasmak igin Egitlik 6'daki formul kullaniimaktadir.

A* ={(maxv; | j e J),(miin vil e} Esitlik 5
A ={(minv; [ e J),(maxv; [ e )} Esitlik 6

5.Asama: Ayrim 6lcilerinin hesaplanmasi

Bu asamada ideal ayrim olgiisii ve negatif ideal ayrim 6lglisii de@erleri hesaplanmaktadir. ideal
ayrim Olgusu Esitlik 7, negatif ideal ayrim 6lcisu ise Esitlik 8'deki formil yardimiyla elde edilmektedir.

n
S = > (v -v,) Esitlik 7
j=1
n

S, = Z(VU -v;)° Esitlik 8

6.Asama: ideal coziime gore goreli yakinligin hesaplanmasi

ideal ¢oziime géreli yakinlik hesaplanirken bir 6nceki asamada elde edilen ideal ayrim 6lgisi ve
negatif ideal ayrim ol¢ist degerlerinden yararlaniimakta olup, hesaplamada kullanilan formul Esgitlik
9'daki gibidir.

C = Esitlik 9

- Si_+si*

ARASTIRMA BULGULARI ve TARTISMA

Karar matrisinin olugturulmasi

Arastirmada 6ncelikle karar matrisi olusturulmustur. Karar matrisinde satirlar alternatifleri (Bulgaristan,
Danimarka, Finlandiya, Fransa, Almanya, Macaristan, Yunanistan, Portekiz, Polonya, italya, Romanya,
ispanya, Litvanya), sutunlar ise kriterleri (tarim alani, ekilebilir arazi, toplam istihdam iginde tarimin payi,
tarim orman ve balikgiliktan elde edilen katma deger, ekilebilir arazi bagina gubre tuketimi ve tarim
trunleri ihracat degeri) gostermektedir (Cizelge 1). Ulkelerin tarimsal yapi ve potansiyelleri
karsilastirilirken literatiirde yaygin olarak kullanilan degiskenler kriter olarak belirlenmistir (Guryay et al.,
2005; Coca et al., 2023; Sevim & Bali, 2008).
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Cizelge 1. AB ulkelerinin tarimsal yapi ile ilgili degiskenleri

Table 1. Variables regarding the agricultural structure of EU countries

Ulkeler X1 X2 X3 X4 X5 X6

Bulgaristan ~ 50465,972 3500475,5 6,291864964 3058207965  131,0598889 6775402,34
Danimarka 26180 2357000  2,039455175 2730670394  132,6216292 17844768,14
Finlandiya 22680 2243000  4,10821147 5969179352  98,08426215 2306430,11
Fransa 285537,54 17956560  2,49128585 33841429090  153,3236321 76508136,26
Almanya 165910 11658000 1,250585991 24883411737  130,141019 87088692,24
Macaristan ~ 50436,886 4139704,4 4,392735908 4809923657  161,8105872 11275683,87
Yunanistan 58671,88  2131930,4 11,3577248 7250747735  149,9650786 8761005,56
Portekiz 39622,955 965233,7 5,187633935 4335572514  175,8001819 8571268,35
Polonya 144994,6 11078760 8,398853715 10973338639  156,0643971 40467726,48
italya 124030,309 7192812  4,05017291 34626676852  133,2188871 59372860,78
Romanya 130790 8588000 18,4678901 9641847273  107,4158128 11171839,54
ispanya 262284,464 11550053,4 4,059541275 35184872788 161,0516312 63538518,19
Litvanya 29378 2279000  5,312985989 1449782742  139,6845108 6120413,84

X1: Tarim alani (km?), X2: Ekilebilir arazi (hektar), X3: Toplam istihdam icinde tarimin payi (%), X4: Tarim orman ve balikgiliktan
elde edilen katma deger (2015 sabit fiyatlaryla, $), X5: Ekilebilir arazi basina gubre tiiketimi (kg), X6: Tarim Urlnleri ihracat degeri
(1000%) (WDI, 2023; FAO, 2023).

Karar matrisinin normalizasyonu

Cizelge 2'de yer alan normalize edilmis karar matrisi, Cizelge 1'de yer alan karar matrisine
dayanilarak olugturulmustur. Bunun igin oncelikle sutunlarda bulunan her degerin kareleri alinmig ve
kareleri alinmis degerler toplanmistir. Daha sonra elde edilen degerlerin karekoki alinmistir. Son
asamada ise Cizelge 1'de yer alan her bir deger, karekok alindiktan sonra elde edilen degere bolunerek
karar matrisi normalize edilmistir.

Cizelge 2. Karar matrisinin normalizasyonu

Table 2. Normalization of decision matrix

Normallestirilen karar matrisinin agirhiklandiriimasi

Ulkeler X1 X2 X3 X4 X5 X6

Bulgaristan 0,1023 0,1173 0,2351 0,0453 0,2553 0,0442
Danimarka 0,0531 0,0790 0,0762 0,0404 0,2584 0,1165
Finlandiya 0,0460 0,0752 0,1535 0,0884 0,1911 0,0151
Fransa 0,5786 0,6017 0,0931 0,5009 0,2987 0,4996
Almanya 0,3362 0,3906 0,0467 0,3683 0,2535 0,5687
Macaristan 0,1022 0,1387 0,1641 0,0712 0,3152 0,0736
Yunanistan 0,1189 0,0714 0,4244 0,1073 0,2921 0,0572
Portekiz 0,0803 0,0323 0,1938 0,0642 0,3425 0,0560
Polonya 0,2938 0,3712 0,3138 0,1624 0,3040 0,2643
italya 0,2513 0,2410 0,1513 0,5126  0,2595 0,3877
Romanya 0,2650 0,2878 0,6900 0,1427 0,2093 0,0730
ispanya 0,5315 0,3870 0,1517 0,5208 0,3137 0,4149
Litvanya 0,0595 0,0764 0,1985 0,0215 0,2721  0,0400

Arastirmada modele dabhil edilen her bir degiskenin dnemi birbirine esit olarak kabul edildiginden
agirliklar esit (1/6=0,166667) olarak alinmistir. Bu deger ile Cizelge 2'de yer alan her bir deger ¢arpilarak

agirhklandiriimisg normalize matris elde edilmistir (Cizelge 3).
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Cizelge 3. Agirliklandiriimis normalize matris

Table 3. Weighted normalized matrix

Ulkeler X1 X2 X3 X4 X5 X6

Bulgaristan 0,0170 0,0195 0,0392 0,0075 0,0426 0,0074
Danimarka 0,0088 0,0132 0,0127 0,0067 0,0431 0,0194
Finlandiya 0,0077  0,0125 0,0256 0,0147 0,0318 0,0025
Fransa 0,0964 0,1003 0,0155 0,0835 0,0498 0,0833
Almanya 0,0560 0,0651 0,0078 0,0614 0,0423 0,0948
Macaristan 0,070 0,0231 0,0274 0,0119 0,0525 0,0123
Yunanistan 0,0198 0,0119 0,0707 0,0179 0,0487 0,0095

Portekiz 0,0134 0,0054 0,0323 10,0107 0,0571 0,0093
Polonya 0,0490 0,0619 0,0523 0,0271 0,0507 0,0440
italya 0,0419 0,0402 0,0252 0,0854 0,0433 0,0646
Romanya 0,0442  0,0480 0,1150 0,0238 0,0349 0,0122
ispanya 0,0886  0,0645 0,0253 0,0868 0,0523 0,0692
Litvanya 0,0099 0,0127 0,0331 0,0036 0,0454 0,0067

ideal (A+) ve negatif ideal (A-) cbziimlerin belirlenmesi

ideal ve negatif ideal ¢6ziim degerlerinin elde edilebilmesi igin situnlarda yer alan degerlerin en
buyuk ve en kugukleri belirlenmigstir. Sutunlardaki en buyik degerler ideal, en kiguk degerler ise negatif
ideal ¢6ziim degeri olarak kabul edilmistir (Cizelge 4).

Cizelge 4. ideal (A*) ve negatif ideal ¢oziim (A) degerleri

Table 4. Ideal (A*) ve negative ideal solution (A") values

Ulkeler X1 X2 X3 X4 X5 X6
Bulgaristan 0,0170 0,0195 0,0392 0,0075 0,0426  0,0074
Danimarka 0,0088 0,0132 0,0127 0,0067 0,0431  0,0194
Finlandiya 0,0077 0,0125 0,0256  0,0147 0,0318  0,0025
Fransa 0,0964 0,1003 0,0155 0,0835 0,0498  0,0833
Almanya 0,0560 0,0651 0,0078 0,0614 0,0423  0,0948
Macaristan 0,0170 0,0231  0,0274 0,0119 0,0525  0,0123
Yunanistan 0,0198 0,0119 0,0707 0,0179 0,0487  0,0095
Portekiz 0,0134 0,0054 0,0323 0,0107 0,0571  0,0093
Polonya 0,0490 0,0619 0,0523 0,0271  0,0507  0,0440
ltalya 0,0419 0,0402 0,0252 0,0854 0,0433  0,0646
Romanya 0,0442 0,0480 0,1150 0,0238 0,0349  0,0122
ispanya 0,0886 0,0645 0,0253 0,0868 0,0523  0,0692
Litvanya 0,0099 0,0127 0,0331 0,0036 0,0454  0,0067
i(i’/?g' ¢0zUm degerleri 0,0964  0,1003 0,1150 0,0868 0,0571  0,0948
Negatif ideal ¢coziim degerleri 0,0077 0,0054 0,0078 0,0036 0,0318 0,0025
Vi)

ideal noktalara olan uzaklik degerlerine ulagabilmek icin agirliklandiriimis normalize matrisinde
bulunan her bir degerden ideal ¢c6zim degerleri ¢ikarilarak elde edilen sonucun karesi alinmistir (Cizelge 5).
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Cizelge 5. ideal noktalara olan uzaklik degerleri

Table 5. Distance values to ideal points

Ulkeler X1 X2 X3 X4 X5 X6

Bulgaristan 0,0063  0,0065 0,0057  0,0063 0,0002 0,0076
Danimarka 0,0077  0,0076 0,0105  0,0064 0,0002 0,0057
Finlandiya 0,0079  0,0077 0,0080  0,0052 0,0006 0,0085
Fransa 0,0000  0,0000 0,0099  0,0000 0,0001 0,0001
Almanya 0,0016  0,0012 0,0115  0,0006 0,0002 0,0000
Macaristan 0,0063  0,0060 0,0077  0,0056 0,0000 0,0068
Yunanistan 0,0059  0,0078 0,0020  0,0047 0,0001 0,0073

Portekiz 0,0069  0,0090 0,0068  0,0058 0,0000 0,0073
Polonya 0,0023  0,0015 0,0039  0,0036 0,0000 0,0026
italya 0,0030  0,0036 0,0081  0,0000 0,0002 0,0009
Romanya 0,0027  0,0027 0,0000  0,0040 0,0005 0,0068
ispanya 0,0001  0,0013 0,0081  0,0000 0,0000 0,0007
Litvanya 0,0075  0,0077 0,0067  0,0069 0,0001 0,0078

Benzer sekilde ideal olmayan noktalara olan uzaklik degerlerine ulasabilmek icin agirhklandiriimig
normalize matrisinde bulunan her bir degerden negatif ideal ¢6zim degerleri ¢ikarilarak elde edilen
sonucun karesi alinmigtir (Cizelge 6).

Cizelge 6. ideal olmayan noktalara olan uzaklik degerleri

Table 6. Distance values to non-ideal points

Ulkeler X1 X2 X3 X4 X5 X6

Bulgaristan 0,0001 0,0002 0,0010  0,0000 0,0001  0,0000
Danimarka 0,0000 0,0001 0,0000  0,0000 0,0001  0,0003
Finlandiya 0,0000 0,0001 0,0003  0,0001 0,0000  0,0000
Fransa 0,0079 0,0090 0,0001  0,0064 0,0003  0,0065
Almanya 0,0023 0,0036 0,0000  0,0033 0,0001  0,0085
Macaristan 0,0001 0,0003 0,0004  0,0001 0,0004  0,0001
Yunanistan 0,0001 0,0000 0,0040  0,0002 0,0003  0,0000

Portekiz 0,0000 0,0000 0,0006  0,0001 0,0006  0,0000
Polonya 0,0017 0,0032 0,0020  0,0006 0,0004  0,0017
italya 0,0012 0,0012 0,0003  0,0067 0,0001  0,0039
Romanya 0,0013 0,0018 0,0115  0,0004 0,0000  0,0001
ispanya 0,0065 0,0035 0,0003  0,0069 0,0004  0,0044
Litvanya 0,0000 0,0001 0,0006  0,0000 0,0002  0,0000

Ayrim élcilerinin hesaplanmasi

Si* (ideal ayirim 6lgusu) de@erine ulasabilmek igin Cizelge 5'te yer alan satirlar toplanmigtir. Elde
edilen sonucun karekdkl alinmistir. Si” (negatif ideal ayirim 6l¢iisi) dederine ulasabilmek icinse Cizelge
6'da yer alan satirlar toplanarak elde edilen sonucun karekodki alinmistir.

Si* (ideal ayirim 6lglst) degerine ulasabilmek igin Cizelge 5'te yer alan satirlar toplanmigtir. Elde
edilen sonucun karekoku alinmistir. Si” (negatif ideal ayirim 6lgtist) degerine ulasabilmek icinse Cizelge
6'da yer alan satirlar toplanarak elde edilen sonucun karekoki alinmistir. ideal ¢ozime goéreli yakinligin
(C*) hesaplanabilmesi icin her bir satir icin Si* ve Si” de@erleri toplanmig ve Si  dederi Si* ve Si” toplamina
bélinmustar (Cizelge 7).
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Cizelge 7. ideal ¢bziime géreli yakinigin hesaplanmasi

Table 7. Calculation of relative closeness to ideal solution

Ulkeler Si* Si’
Bulgaristan ~ 0,1808 0,0378
Danimarka 0,1950 0,0225
Finlandiya 0,1947 0,0222
Fransa 0,1005 0,1737
Almanya 0,1234 0,1337
Macaristan 0,1800 0,0371
Yunanistan  0,1665 0,0685
Portekiz 0,1893 0,0370
Polonya 0,1177 0,0975
italya 0,1255 0,1156
Romanya 0,1295 0,1231
ispanya 0,1004 0,1488
Litvanya 0,1916 0,0300

ideal coziime goére goreli yakinligin hesaplanmasi

ideal ¢oziime goreli yakinhgin (C*) hesaplanabilmesi igin her bir satir igin Si* ve Si~ degerleri
toplanmis ve Si degeri Si* ve Si" toplamina boélinmustir (Cizelge 8). Arastirmada C* degeri en yiksek
Ulke yani ideal ¢cozime en yakin ulke 0,6336 ile Fransa olarak belirlenmigtir. Bu sonuca gore Fransa ele
alinan kriterler itibariyle tarimsal potansiyeli en yilksek (lke olarak saptanmistir (Cizelge 8). Nowak &
Kaminska (2016) tarafindan Avrupa Birligi tlkelerinin tarimsal rekabet gliciinun arastirildigr arastirmada,
Hollanda, Fransa, Almanya, Danimarka ve Belcika’nin tarimsal rekabet gici en yiksek tlkeler olarak
belirlenmistir. Mateusz et al. (2018) tarafindan yapilan arastirmada, Fransa'’nin AB Ulkeleri icinde
surdarulebilir kalkinma kriterleri agisindan en basaril Ulkeler arasinda yer aldigi belirlenmistir. Ziolo &
Luty (2018) tarafindan yapilan arastirmada, Fransa’nin Almanya’dan sonra AB llkeleri arasinda en blyik

ikinci organik pazar oldugu belirlenmistir.

Cizelge 8. AB Ulkelerinin segilmis kriterler itibariyle siralanmasi

Table 8. Ranking of EU countries according to selected criteria

Sira Ulkeler C*
1 Fransa 0,6336
2 ispanya 0,5972
3 Almanya 0,5200
4 Romanya 0,4874
5 italya 0,4795
6 Polonya 0,4532
7 Yunanistan 0,2914
8 Bulgaristan 0,1728
9 Macaristan 0,1710
10 Portekiz 0,1634
11 Litvanya 0,1353
12 Danimarka 0,1036
13 Finlandiya 0,1022

SONUC

Tarim sektodri tim dunyada oldugu gibi Avrupa Birligi tlkeleri icin de 6nemli bir yere sahiptir. Zira
tum Ulkeler icin tarim vazgecilmez bir sektdr konumundadir. Tarim kirsal toplumlarin en énemli gegim
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kaynag@idir. Tarim glvenli ve kaliteli gida tedariki saglamaktadir. Tarim 6nemli bir istihdam kaynagi
konumundadir. Ayrica tarimdan Ulkeler dnemli 6lclide doviz getirisi elde etmektedir. Tarimin kirsal
peyzajin ve biyolojik gesitliligin korunmasinda édnemli bir rolt vardir. Ayrica tarimsal Urinler, tarima dayali
sanayinin hammaddesini olusturmaktadir (Cinar et al., 2015).

Bu arastirmada bazi Avrupa Birligi tlkelerinin tarimsal yapilari TOPSIS ydntemiyle incelenmistir.
Arastirma kapsaminda 13 Avrupa Birligi Ulkesi 6 kriter itibariyle degerlendirilmistir. Arastirmada ele alinan
kriterler itibariyle tarimsal potansiyeli en yiiksek Ulkeler Fransa, ispanya ve Almanya iken en diisik
Ulkeler, Litvanya, Danimarka ve Finlandiya olarak bulunmustur. Arastirmada Avrupa Birligi Gilkelerinin tarimsal
yapilari arasinda 6nemli farkhliklarin oldugu belirlenmistir. Ulkeler arasindaki s6z konusu farkliliklarin
giderilmesi icin gerekli tedbirler ainmalidir.
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Amagc: Ug¢ pamuk (Gossypium hirsutum L.) cesidinde (Nazilli 84-S, Carmen,

Beyaz Altin-119) NaCl stresine karsi 24-epibrassinolid (EBR) uygulamasinin
etkisi arastiriimigtir.

Materyal ve Yontem: Pamuk tohumlarr 3 pM EBR c¢ozeltisi ile 24 saat
muamele edildikten sonra saksilara ekilmis ve 75, 150 mM NaCl iceren
Hoagland besin c¢ozeltisiyle sulanmistir. Ciceklenme ddnemi baglangicinda
hasat edilen bitkilerde kuru agirhik, membran gegirgenligi, stoma yogunlugu,
nispi su kapsami, antioksidatif enzim aktiviteleri, fotosentetik pigment ve DNA
kapsamlari belirlenmisgtir.

Arastirma Bulgulari: EBR uygulamasi bitkilerin kuru agirliklari, nisbi su
kapsami ve stoma yodunlugunda meydana gelen dislisu azaltmistir. Her U¢
cesitte de tuz konsantrasyonunun artmasi ile membran gecirgenligi artmis,
ancak bu artis EBR uygulamasi ile azalmistir. NaCl uygulamasi ile antioksidatif
enzim aktiviteleri (SOD ve POD) o6nemli oranda artmistir. NaCl uygulamasi
stoma-kilit hiicre sayisi, pigment kapsamlarini ve DNA igerigini azaltmis ancak
bu azalma EBR uygulamasi ile hafifletilmigtir.

Sonug¢: Bu sonuclar, pamuk gesitlerinde tuza bagh olarak antioksidatif enzim
aktivitesinde artigi gostermekte ve EBR’nin tuz stresi altindaki pamuk bitkisinde
su potansiyeli ve membran bitinliginin korunmasina yardimci olarak stresi
hafifletici etkilerini ortaya koymaktadir.

ABSTRACT

Objective: The effect of 24-epibrassinolide (EBR) application against NaCl
stress in three cotton (Gossypium hirsutum L.) cultivars (Nazilli 84-S, Carmen,
White Gold 119) was investigated.

Material and Methods: After the seeds were treated with 3 pM EBR solution
for 24 h, they were sowed in pots and watered with Hoagland nutrient solution
containing 75 and 150 mM NacCl. Plant dry weight, membrane permeability,
stomatal density, relative water content, photosynthetic pigment contents,
antioxidative enzyme activities, and DNA content were determined in the plants
harvested at the beginning of the flowering period.

Results: EBR treatments reduced the decrease in dry weights, relative water
content, and stomatal density of plants. Membrane permeability increased with
increasing salt concentration in all three varieties, but this increase decreased
with the EBR treatment. Antioxidative enzyme activities (SOD and POD)
increased significantly with NaCl application. NaCl application reduced stoma-
guard cell number, photosynthetic pigment and DNA content, but this decrease
was improved by EBR treatment.

Conclusion: These results show a salt-dependent increase in antioxidative
enzyme activity in cotton varieties and reveal the stress-relieving effects of EBR
by helping to maintain water potential and membrane integrity in cotton plants
under salt stress.
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Altunlu vd.

GiRIiS

Tarim tzerindeki olumsuz etkilerinin 6Gnemi nedeniyle, tuzlulugun bitkiler tzerindeki zararl etkilerini
azaltacak uygulamalara buyuk bir talep bulunmaktadir. Tuzluluk sorunu, bilhassa az yagis alan kurak ve
yari kurak iklim bolgelerinde, topraklarin verimliligini 6nemli 6l¢lide dusuren bir sorundur (Kurt vd., 2023).
Genel olarak tarimsal ve mihendislik ¢ozimleri tikenmekte oldugundan temel umutlar, bitkilerin
tuzlanmanin olumsuz faktérlerine karsi fizyolojik direncinin arttinilmasi Uzerine kuruludur (Munns &
Gilliham, 2015). Ancak kiiltir bitkilerinin tuza toleransini arttirmak icin klasik islah, genetik ve molekuler
biyoloji yaklagimlarini kullanan ¢ok sayida g¢alismaya ragmen, pratik kullanima uygun kiltar bitkilerinin
tuza toleransh formlarinin elde edilmesine ydnelik ¢abalar bugiine kadar sinirli bir basari géstermekten
Oteye gidememistir (Kolomeichuk et al., 2020).

Bitkilerde tuz stresi ile ilgili biyokimyasal ve molekiler mekanizmalar ise, iyon regilasyonu ve
kompartimanlagsma, ozmolitlerin biyosentezi, antioksidatif enzimlerin aktivitesi, bitki hormonlarinin
indUksiyonu, bitkilerde tuzlulugun gen ekspresyonunda meydana getirdigi degisikliklerdir. Bu genler
fonksiyonlarina goére: ozmolitleri sentezleyen genler, hiicre bitinliginid saglayan genler, antioksidatif
enzimleri kodlayan genler, iyon dengesini dizenleyen genler, transkripsiyon faktorlerini kodlayan
genlerdir (Yiimaz vd., 2011).

2020/21 pamuk Uretim sezonunda Turkiye'de 1.77 milyon ton kitli pamuk Gretilmistir. Trkiye'de
Uretimin %85'ini 6 il (Sanliurfa, Aydin, Diyarbakir, Hatay, Adana ve izmir) karsilamistir. 2020 yilinda 1.6
milyar $ degerinde 1 milyon 57 bin ton lif pamuk ithalati, 147 milyon $ degerinde 81 bin ton lif pamuk
ihracati gerceklestirilmistir (Anonymous, 2024). Bu a¢idan bakildiginda, dinya pamuk uretiminde dnemli
bir yere sahip olan tlkemizde, 6nemli ve ekonomik degeri yiuksek bir klttr bitkisi konumundadir.

Pamuk, tuzluluk esigi seviyesi 7.7 dS m* (Ashraf, 2002) ile orta derecede veya yiksek derecede
(8-12 dS m'l) tuza toleransl grup bitki tirleri arasindadir. Gossypium tirlerinde tuzlulugun artigina bagl
olarak verimlilikte her dS m™deki kayip %5.2 olarak belirtimektedir (Chinnusamy et al., 2005).

Brassinosteroidler (BR), hiicre uzamasi ve bolinmesinin tegviki ve cesitli cevresel streslere verilen
yanitlar gibi bitki yasaminin birgok yonunde bitki buyumesini ve gelisimini diizenleyen, bluyumeyi tesvik
eden 6nemli bir hormon sinifidir. Brassinosteroidler, ilk olarak kolza (Brassica napus L.) poleninden izole
edilen yeni bir grup bitki steroid hormonudur. Biyolojik olarak en aktif olan BR’ler, brassinolid (BL), 24-
epibrassinolid (24-epiBL, 24-EBL, 24-EBR, EBR) ve 28-homobrassinolid’dir (28-homoBL, 28-HBL, HBR).
Son arastirmalar, farkh biyotik ve abiyotik kosullara yanit olarak metabolik reaksiyonlarin diizenlenmesi
gibi bitkilerdeki gesitli fizyolojik streclerin diizenlenmesinde BR'lerin dnemli rolini dogrulamigtir. BR'ler,
patojen tarafindan tetiklenen reaksiyonlara verilen yanitlarin yani sira tuz ve kuraklik stresinin yénetimini,
Reaktif Oksijen Turlerinin (ROS) temizlenmesini, herbisit ve pestisitlere kargi reaksiyonlari icerir (Surgun
vd., 2012; Djemal et al., 2023). Cesitli calismalar, EBR uygulamasinin, daha yuksek prolin birikimi ile
birlikte, superoksit-dismutaz (SOD), peroksidaz (POD) ve katalaz (CAT) gibi daha yiksek antioksidan
enzim aktiviteleri yoluyla, kurakliga tolerans sagladigini ve sonug olarak ROS Uretimini ve malondialdehit
(MDA) igerigini distrdigunu gostermistir. 24-epibrassinolid (EBR) uygulamasinin etkili bir stres azaltici
yaklasim oldugu kanitlanmistir. Arastirmalar, ROS ve antioksidanlar arasinda bir denge saglayarak,
kuraklik stresi, tuz stresi ve agir metal stresi dahil olmak Uzere c¢esitli abiyotik stres toleransinin
saglanmasinda EBR uygulamasinin potansiyel roltini vurgulamigtir (Khan et al., 2022).

Literatir, EBR'nin aktif bir brassinolid oldugunu ve bitkilerde hicre bélinmesi veya lipit
peroksidasyonu gibi farkli metabolik sirecleri isaret eden sinyal bilesigi olarak gorev yaptigini
gOstermektedir. Ayrica EBR, ROS temizleyici enzimleri aktive ederek reaktif oksijen turlerinin Gretimini
azaltir. EBR, fotosentetik pigment aparatinin alt yapisini bozulmaya kargi korur, boylece fotosentezi ve
diger yaprak gazi degdisim 0Ozelliklerini artirir. EBR uygulamasi, stres altindaki bitkinin ozmotik durumunu
ayarlamak igin bagta prolin olmak izere farkli uyumlu ¢dzinenlerin birikimini artirir (Tanveer et al., 2019).
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Brassinosteroidlerin strese karsi koymada, mekanizmasi heniiz tam anlasilmasa da énemli katkilar
sundugu, yapilan bircok arastirmayla gosterilmistir. EBR ile ekimden 6nce tohum islatma uygulamalarinin,
pamuk tohumunun c¢imlenmesini tesvik edip, antioksidan enzim aktivitesini arttirarak ve hicre zar lipit
oksidasyonunu azaltarak pamuk fidesinin tuz toleransini arttirdigi rapor edilmistir (Surgun et al., 2015;
Dong et al., 2023). Bir ¢alismada, 24-epibrassinolid (0.1 ve 10 pM EBL) 6n muamelesiyle tohum
hazirlamanin diazinon pestisit toksisitesinin misir bitkisi Uzerindeki hafifletici etkileri arastinimistir. Elde
edilen verilere gore, en dusuk EBL konsantrasyonuyla (0.1 pM) yetistirilen bitkiler, toksisite stresi altinda
SOD, CAT, POD, askorbat peroksidaz (APX), glutatyon rediiktaz (GR) ve glutatyon S-transferaz (GST)
enzimlerinin aktivitesinde yukari dogru bir artis sergilemistir. Buna karsilik, daha yiiksek EBL, antioksidan
enzimlerin aktivitesi Gzerinde bazi inhibitdr etkiler gdstermistir. Ek olarak, disik EBL, serbest radikal
temizleme kapasitesini (DPPH), demir azaltici antioksidan gucuni (FRAP), fotosentez hizini, stoma
iletkenligini, prolin ve protein i¢erigini arttirmistir. EBL ayrica, lipid peroksidasyonunu azaltarak membran
batinliginu saglamistir (Mehrian et al., 2023). Chen et al. (2022), tuz stresi altinda bulunan piring
bitkisinde, tuzlulugun olumsuz etkisini hafifletmede, tohum cimlenme gdostergeleri ve fide morfolojik
ozelliklerinin gelismesinde en uygun EBR konsantrasyonunun 0.5 mg L™ oldugunu ve bu etkinin
antioksidan enzimin artmasi, yapraklarda daha yiiksek K" icerigi ve piring kokiinde Na™ aliminin azalmasi
yoluyla gerceklestigini ifade etmiglerdir. Literatire bakildiginda konu ile ilgili cok sayida galisma goze
carpmaktadir. Bunlarin arasinda; Houimli et al. (2010) biber fidelerinde ve Eleiwa et al. (2011) bugdayda
sprey uygulama, Anuradha & Rao (2003) celtikte, Shahid et al. (2011) bezelyede tohuma uygulama, Ding
et al. (2012) ise patlican fidelerinde besin c¢o6zeltisine ilave ederek, brassinosteroidlerin tuz stresinin
olumsuz etkilerini hafiflettigini bildirmislerdir.

Bu galisma, 24-epibrassinolidin NaCl etkisi altindaki 3 farkli pamuk ¢esidinde enzimatik antioksidan
savunma sistemi ile bitki gelisimi tGzerindeki olasi diizenleyici roliinu giceklenme dénemindeki bitkilerde
incelemek ve gunimuz literatiriyle kiyaslamak amaciyla planlanmis ve yuratalmastar.

MATERYAL ve YONTEM

Ulkemizde yetistirilen pamuk gesitlerinden gimlenme testi sonuglarina gore belirlenmis olan 2 adet
toleransli (Nazilli 84-S ve Carmen) ve 1 adet hassas ¢esit (Beyaz altin-119 [BA 119]) secilmis (Surgun et
al., 2015) ve Mugla Sitki Kogman Universitesi, Ortaca M.Y.O'da 2016 yilinda kurulan sera denemesiyle, 8 L.
hacimli saksilarda torf:perlit (1:1) karisiminda, 4 tekrarli ve her saksida 1 adet bitki olacak sekilde ve
tesaduf parselleri deneme deseninde yuratilmustir. Denemede, 3 gesit x 3 (kontrol + 2 tuz uygulamasi) x
2 (kontrol + brassinolid) olmak Uzere her tekerriirde 18 uygulama bulunmaktadir. Tohumlar ekimden 6nce
24 saat 3 UM 24-epibrassinolid (EBR) ile muamele edilmis (EBR 6nce az miktarda etanolde ¢6zdurilmus,
sonra distile su ile uygulanacak konsantrasyondaki ¢ozelti hazirlanmistir), kontrol tohumlari ise ayni stire
distile suda birakilmistir. Muamele edilmis tohumlar, hazirlanmis olan saksilara 2 cm derinliginde
ekilmislerdir. Bitkilerin beslenmesi icin modifiye Hoaglang c¢o6zeltisi (Hoagland & Arnon, 1950)
kullanilmigtir. NaCl (0, 75, 150 mM), Hoagland ¢dzeltisine ilave edilmigtir. Tuz uygulamalarina ekimle birlikte
baslanmis ve besin soliisyonu ile birlikte 5 glinde bir olmak Uzere (toplam 9 kez) saksilardan %20 drenaj
alinincaya kadar verilmistir.

Bitkiler ekimden 47 gin sonra (ilk cigekler gorulince-tarak olusumunda) hasat edilmis, kuru
agirliklar (gram bitki'l), ayrica yapraklarin nispi su kapsamlari (%RWC) Yamasaki & Dillenburg (1999),
membran gecirgenligi-elektriksel iletkenlik (Electrical Conductivity -%EC) Lutts et al. (1996), yaprak alt
epidermisinde stoma kilit hiicre sayilari [adet (mm?)™], klorofil ve karotenoid miktarlari (mg g*) Strain &
Svec (1966), superoksit-dismutaz (SOD) (unit mg™ protein) Beauchamp & Fridovich (1971), peroksidaz
(POD) (AA470/min mg™ protein) Chance & Maehly (1955) ve Doyle & Doyle (1987) modifiye edilerek izole
edilen DNA’larin kantitatif tayini (ng ul'l) 260 nm’de spektrofotometre ile tespit edilmistir.
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Fizyolojik ve biyokimyasal analizlerden elde edilen verilerin parametrik test kosullarini saglayip
saglamadiklari Levene ve Shapiro-Wilk testleri kullanilarak incelenmistir. Her bir veri grubu igin uygulamalar
arasindaki farkliliklar tespit etmek i¢in de tek yonll varyans analizi ve Fisher'in Least Significant Difference
(LSD) metodu uygulanmistir. Ayrica, pamuk cesidi, EBR ve tuz uygulamasinin incelenen parametreler
Uzerindeki bagimsiz ve interaktif etkilerini degerlendirmek icin ¢ok yonli varyans analizi kullaniimistir.
Gergeklestirilen tim testlerde anlamlilik dizeyi a = 0.05 olarak belirlenmigtir (Zar, 2014). Calismanin
istatistik analizlerinde SAS V 9.0 (SAS Institute, Statistical Analysis System) software kullaniimistir.

ARASTIRMA SONUCLARI ve TARTISMA
Bitki kuru agirlik miktari

NaCl uygulamasiyla her (¢ cesitte de bitkilerin kuru agirliklari azalmis ancak, EBR uygulamasi
kuru agirliktaki bu disusu hafifletmistir. Tuza toleransli Nazilli 84-S gesidinde, kontrolle kiyaslandiginda
epibrassinolid uygulanmayan EBR (-) grupta toplam kuru madde miktarindaki azalma 49 g iken,
epibrassinolid uygulanan EBR (+) grupta 36 g olmustur. Benzer egilim dider c¢egsitlerde de mevcuttur.
NaCl'iin bitki kuru agirliginda sebep oldugu azalmaya karsi EBR uygulamasinin olumlu etkisi toleransli
cesitlerde (Nazilli 84-S ve Carmen) duyarh gesite (BA-119) gére ihmli oranda yuksektir (Cizelge 1). Cok
yonlu varyans analizi, kuru agirlik degerlerindeki degiskenligin %35 ila %76’sina tuz uygulamalarinin
neden oldugunu goéstermistir. “Cesit” ve “EBR”, bagimsiz degiskenlerinin de toplam varyasyonun %3 ila
%10’unu agikladigr belirlenmistir (p < 0.05). Ayrica, kdk kuru agirligi bakimindan BA-119'un diger iki
cesitten énemli bir farklilik gdsterdigi tespit edilmistir. Cok yonli varyans analizine goére yaprak kuru
agirh@r ve toplam kuru agirlik tzerinde EBR x NaCl interaksiyonu énemli olup, kék kuru agirliginda ise
cesit x EBR interaksiyonu dnemli bulunmustur.

Cizelge 1. EBR uygulamasinin kuru madde miktar tGzerine etkisi

Table 1. Effect of EBR application on the dry matter amount

Kuru madde (g bitki™)

Cesit z\lnf,al) EBR () EBR (+)
Kok Yaprak Toplam Kok Yaprak Toplam
0 25.8#1 145%2 1712 26.7+1 144+4 1702
Nazili 84-S 75 18741 111+1 13043 26.3+1 1232 149+2
150 17.2+1 10442 122+1 21.0£#1 113+1 13442
0 24.8+1 147+2 172+2 26.4+1 145+3 1712
Carmen 75 2011 113+#1 133%2 20.9+1 1232 14442
150 18.3+1 105#2 124+2 18.1+1 1162 134+2
0 21.6#1 138+3 1593 21.3+1 140+4 1614
BA-119 75 18.9+1 110#2 12942 19.5+1 118+2 138%3
150 16.3+x1 98+3  114%3 16.4+1 1032 119+2
Ccv 0.163 0.159 0.158 0.174 0.118 0.121

Sonuglar ortalama + standart hata seklinde sunulmustur.

Abiyotik stres altindaki bitkilerde ilk tepki, fotosentetik verimliligin azalmasina bagl olarak ortaya
¢ikan bitki yas ve kuru madde uUretimindeki azalmadir. Wani et al. (2019), tuz stresi etkisindeki hardal
(Brassica juncea L.) bitkisinde gévde ve koklerin kuru ve yas agirliklarinda NaCl etkisine bir yanit olarak
azalmanin kaydedildigini ancak, ortama EBL ilavesiyle bu parametrelerde pozitif artiglarin meydana
geldigini rapor etmiglerdir. Bu durum stres altinda bulunan bitkiye uygulanan EBL'nin fotosentetik
mekanizma Uzerinde negatif etki yaratan serbest radikallerin detoksifikasyonuyla iligkilendirilebilir. EBL'nin
tuz toksisitesine maruz kalan bitki hicrelerinin  stroktarind ve kloroplast membranini  koruyucu
etkilerinden dolayi Kklorofil parcalanmasini 6nleyerek fotosentetik devamhhdi sagladigina ve bitki kuru
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madde kapsamini koruduguna yonelik 6nemli bulgular da bu gorisi desteklemektedir (Castle et al.,
2003). Konuya iligkin yapilan birgok calismada da abiyotik stres altindaki bitkilerde strese bagh % kuru
maddede azalma rapor edilirken, farkli yollarla EBL uygulamalarinin % kuru madde kapsamlarinda pozitif
etki yaptigi Ozdemir vd. (2004) tarafindan celtikte (Oryza sativa L.), Ahmed et al. (2017) tarafindan da
pamukta (Gossypium barbadense L.) bildirilmistir.

Elektriksel iletkenlik (%EC)

NaCl konsantrasyonu ile artan %EC, EBR uygulamali érneklerde daha disuk diizeyde belirlenmistir.
Tuza toleransh Nazilli 84-S gesidinde 150 mM NaCl konsantrasyonunda %42 olan EC, EBR uygulamasi
sonucu %33’e dusmdistir. Benzer egilim Carmen ¢esidinde de saptanmistir. Duyarl ¢esit BA-119'da, EBR
uygulamasinin etkisi daha belirgindir. 150 mM tuz konsantrasyonunda EBR (-) grupta EC %84 iken EBR (+)
grupta %61 olarak bulunmustur. Genel olarak artan NaCl konsantrasyonlari ile yiukselen %EC, EBR
uygulamasi ile istatistiki olarak dnemli derecede azalmistir. %EC degerlerinin ¢ok yonli varyans analizinde
cesit, EBR ve NaCl uygulamalari ve tum interaksiyonlar dnemli bulunmus olup toplam varyasyonun
%13’Unu gesit, %571’i NaCl ve %271’ini de gesit x NaCl interaksiyonu agiklamaktadir (Sekil 1).

a a
b b
c C C
el 3 d  df =z =
= ef T de f
- k= f =k
I
EBR- EBR-

EBR+ EBR- EBR+

-
MR @ o® g
o o o o

Ho

Elektriksel iletkenlik (%)

o

EBR+
Nazilli 84-S Carmen BA-119

NaCl0 NaCl75 mNacCl150

Sekil 1. EBR uygulamasinin elektriksel iletkenlik (%) tzerine etkisi.
Figure 1. Effect of EBR application on electrical conductivity (%).

LSD = 7.51; Sonuglar ortalama * standart hata seklinde sunulmustur. Hata gubuklari Gzerinde gésterilen farkli harfler, uygulamalar
arasinda anlamli bir farklihgin oldugunu gosterir.

Hucre zari stabilitesi, uzun zamandir stres toleransinin bir gostergesi olarak ele alinmaktadir.
Membran gegirgenligi olarak da bilinen %EC, abiyotik stres altinda geligsen hiicre i¢i ve hicre digi ozmotik
tutarsizligin neden oldudu bir iyon kararsizligi olarak tanimlanabilir. Abiyotik stres altindaki bitkilerde
rizosfer bdlgesindeki toprak ¢ozeltisinin suda ¢ézindr total tuz konsantrasyonunda (EC) artisa ve ozmotik
potansiyelde dususe paralel olarak, dzellikle Na iyonu etkisiyle membran gecirgenlidi de artmaktadir. Bu
husus bircok galismada degisik arastiricilarca rapor edilmistir (Parida & Das, 2005; Kaya et al., 2015).
Membran gecirgenliginin artmasi sonucunda, fotosentetik kapasitede siddetli ve geri dénidsimsuz bir
azalma gorulur. Bitki metabolizmasi ve nihayetinde verim olumsuz etkilenir (Yilmaz vd., 2011). Calismada
Uc cesitte de tuz konsantrasyonlarinin artmasi ile %EC yiikselmis ve duyarl ¢esit BA-119'da daha yiiksek
olmustur (Sekil 1).

Karlidag et al. (2011) tuz stresi altindaki gilekte, 24-EBL uygulanmis bitkilerde, kontrole kiyasla
daha az elektrolit sizintisi bildirmistir. EBR'lerin stres altinda membran yapisini ve stabilitesini degistirdigi
rapor edilmistir. MDA ile membran permeabilitesi arasinda da dogrusal bir iligki vardir. Egbichi et al.
(2013), tuzla muamele edilmis soya fasulyesi kok nodullerinde Uretilen MDA miktarinin ortaya koydugu
gibi, tuz stresinin membran lipitlerinde oksidatif hasara neden oldugunu bildirmistir. Ancak tuz stresi
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altinda EBR spreylemesi, bugdayda yaprak ve kokte MDA Uretimini azaltabilmektedir. Ayrica bagka bir
calismada, EBR uygulamasi sonucu membran gecirgenliginin azalmasi, EBR'nin iyon reseptor aktivitesini
dogrudan bloke ederek plazmalemma ile etkilesime girmesi sonucu membran yapisinda degisikliklere yol
acarak etki gosterdigini dusundurmustir (Filek et al., 2018). Lutts et al. (1996), celtikte artan tuz
konsantrasyonu ile membran permeabilitesini tuza hassas c¢esitte, direngli ceside gore daha yilksek
bulmuslardir. Arastiricilara gére NaCl, celtik yapraklarinin dogal olarak meydana gelen yaslanmasini
hizlandirmis, klorofil ve protein konsantrasyonlarini azaltmig, membran gegirgenligini ve malondialdehit
sentezini arttirmistir.

Stoma yogunlugu

Calismada, NaCl uygulamalariyla paralel olarak yaprak stoma Kkilit hiicre sayisinda énemli bir
azalma go6zlenmigtir. Tum pamuk cesitlerinde EBR (-) ve EBR (+) fark etmeksizin artan NaCl
konsantrasyonlariyla bitki stoma yogunluklari arasinda negatif bir korelasyon saptanmistir. Stoma
yodunlugu tum gesitlerde belirgin ve yaklasik olarak ayni oranlarda azalma gdstermigtir. EBR
uygulamasinin tuz ortaminda stoma yogunlugu [adet (mm?)™] tizerine beklenen olumlu etkisi, oldukca
hafif olup 6nemsiz diuizeydedir (Sekil 2). Varyans analizine gore ug¢ faktor de (cesit, EBR ve NaCl) énemli
olup stoma yogunlugunda gdzlenen toplam varyasyonun %81’i NaCl'dendir.
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Sekil 2. EBR uygulamasinin birim yaprak alani basina ortalama stoma-kilit hiicre sayisi tizerine etkisi.
Figure 2. Effect of EBR application on the average number of stomatal guard cells per unit leaf area.

Sonuglar ortalama + standart hata seklinde sunulmustur.

Karlidag et al. (2011) tuz stresinin stoma iletkenligini olumsuz etkiledigini bildirmislerdir.
Arastiricilara gore, genel olarak 24-EBL uygulamalari stoma iletkenligini 6nemli élciide artirmig, ancak
membran gegcirgenligini azaltmistir. Kontrol ile karsilastirildiinda stoma iletkenliginde %71 dusus
bildirilmistir. Stresli cevreye maruz kalan bircok bitkide buylimede goérilen azalma, bu g¢alismada da
gézlemlendigi gibi genellikle fotosentetik kapasitedeki dusus ile iligkilidir. Bununla birlikte yapraktan 24-
EBL uygulamalari stoma iletkenligini iyilestirmistir. Bu da, BR'lerin fotosentetik oranda sagladigi
dizelmenin, stoma veya stoma digi faktorlerden veya bunlarin bilesiminden kaynaklanabilecegini
gostermektedir (Dubey, 2005).

Kihg vd. (2007), EBR 6n uygulamasinin normal sartlarda yetistirilen arpa fidelerinin yapraklarinda
stoma sayisini, epidermis hilicre sayisini, stoma indeksini, epidermis hicre genisligini ve yaprak
kalinligini artirdigini, stoma genisligini ve aralarindaki mesafeyi azalttigini bildirmistir. EBR 6n uygulamasi
yapraklarin Ust ylizeyinde stoma uzunlugunu kontrole goére arttirmasina ragmen, alt yilizeyde bu
parametreyi azaltmigtir. Diger bir ¢calismada, arpa bitkisini BR ile isleme tabi tutmanin, potansiyel olarak
stoma iletkenliginin ve yogunlugunun azalmasi yoluyla su kaybinin dizenlenmesi sayesinde, tuz
toleransini geligtirebilecegi bildirilmistir (Ouertani et al., 2021).
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Nispi su kapsami

Sekil 3'de goruldugu gibi, kontrolle karsilastirildiginda, NaCl uygulamalari ile EBR (-) ve EBR (+)
gruplarinda nispi su kapsami belirgin sekilde azalmistir. 150 mM NaCl uygulamasina bakildiginda, her 3
cesitte de yapraklarin nispi su kapsami Uzerine EBR uygulanmasi olumlu etki yapmistir. Tuza toleransli
Nazilli 84-S ve Carmen gesitlerinde EBR uygulamasi sonucunda yapraklarin nispi su kapsami sirasiyla
%12 ve %9 artarken, tuza duyarll BA-119'da %19 oraninda artis kaydedilmistir. Sonuc olarak her (¢
gesitte de EBR uygulamasinin olumlu etkisi gorilmastir (Sekil 3).

Tuzlu kosullarda yapraktaki su igeriginin azalmasi, bitki tarafindan alinan su miktarinin goéreceli
olarak azalmasi, bitkinin hlicre turgorunu korumak amaci ile madde birikimini arttirmasi gibi sebeplerden
kaynaklanmaktadir. Hicrede turgor kaybina sebep olan bu durum, hiicre ici proseslerde kullanilan su
miktarinin azalmasina ve dolayisiyla verimin digsmesine neden olmaktadir (Katerji et al., 1997). Nispi su
kapsami (RWC,; Relative Water Content), bitkinin su dengesi durumunun 0&lgulebilir bir gostergesidir,
gunku esas olarak bitkinin tam doygunluga ulasmasi igin ihtiya¢ duydugu mutlak su miktarini ifade eder.
Dolayisiyla nispi su kapsami ile su potansiyeli arasinda bir iligki vardir. Bu iligki bitkinin dodasina ve
yasina gore nemli 6lgiide degismektedir (Gonzalez & Gonzalez, 2001).
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Sekil 3. EBR uygulamasinin bitkinin nispi su kapsami (%) Uzerine etkisi
Figure 3. Effect of EBR application on the relative water content (%) of the plant.

Sonuglar ortalama + standart hata seklinde sunulmustur.

Nispi su kapsaminin azalmasina ragmen, yaprak ozmolalitesinin arttiyi ve mditeakiben su
eksikliginden kaynakli yavas gelisimin, sadece ozmotik uyumla degil ayni zamanda yaprak dokusu
elastikiyetindeki azalmayla da sonuglandidi rapor edilmistir (Jones & Turner, 1978). Ali et al. (2008), tuz
stresi altindaki hardal (Brassica juncea) bitkisine uygulanan 24-epibrassinolidin bitki nispi su kapsamini
arttirarak strese toleransini gelistirdigini belirtmislerdir. Arastiricilarin bildirdigine gére, nispi su kapsami
kontrol bitkilerinde %76, EBL grubunda %89, NaCl grubunda %51 iken NaCI+EBL grubunda %63 olarak
saptanmistir. NaCl grubu ile karsilastirildiginda EBL ugulamasi nispi su kapsamini yaklasik olarak % 25
arttirmistir. Agami (2013), NaCl stresi altindaki misir (Zea mays) bitkisi tohumuna 24-epibrassinolid
uygulamis ve nispi su kapsaminda pozitif yanitlar elde edildigini bildirmistir. Nispi su kapsami, NacCl
seviyesinin artmasiyla birlikte kademeli olarak 6nemli 6lgiide azalmistir. Kontrole kiyasla 60 ve 120 mM
NaCl icin azalma oranlari, sirasiyla %12 ve %16 seviyelerinde gerceklesmistir. Bununla birlikte, NaCl
yoklugunda veya varliginda tohum islatma olarak EBL uygulamasi nispi su kapsamini gelistirmistir.

Klorofil ve karotenoid kapsami

Calismada, pamuk bitkisi yapraklarinin  klorofii ve karotenoid kapsamlari artan NaCl
konsantrasyonlarina bagli olarak hem EBR (-) ve hem de EBR (+) gruplarinda belirgin bir sekilde azalmistir.
EBR uygulamalarinin pamuk bitkisinin yaprak pigment kapsamlari tizerine ¢ok belirgin bir etki yapamadigi
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gorilmus ve Sonuclardaki toplam varyasyonun sadece %0.3 ila %4.8’ini ortaya koymustur. Ancak EBR
uygulamalari ile yaprak pigment kapsamlarinda saptanan azalmanin, EBR uygulanmayanlara gére daha
ihimli seyrettigi belirlenmistir. Nazilli 84-S ¢esidinin klorofil a kapsamina bakildiginda, EBR (-) grup
kontrolle kiyaslandiginda 150 mM NaCl uygulamasiyla meydana gelen dusus orani %45 iken, EBR (+)
grupta %16 olarak belirlenmistir. Bu sonug, EBR uygulamasinin, tuzun olumsuz etkisini kismen azalttiginin
bir gdstergesi olarak kabul edilebilir. Diger gruplarda da benzer sonuclar alinmistir. Klorofil a kapsaminda
cesit x EBR ve EBR x NaCl interaksiyonlari énemli olup her bir interaksiyon toplam varyasyonun %11’ini
aciklamaktadir. Klorofil b kapsami bakimindan tim faktorler dnemli olup karotenoid igeriginde de gesit x
EBR interaksiyonu hari¢ digerleri Snemli bulunmustur.

Tuz stresinin fotosentetik mekanizmada pigment sistemi Uzerine negatif etki yaparak fotosentez
verimliliginde azalmaya neden oldugu bir ¢ok calismada bildiriimistir (Parida & Das, 2005; Sadeghi &
Shekafandeh, 2014; Wu et al.,, 2017). Tuzluluk, yaprak klorofil sentezi yolunda c¢alisan enzim
aktivasyonunu etkileyerek direkt veya dolayli yoldan hasar verme potansiyeline sahiptir. Altunlu (2020)
yaptidi bir ¢calismada, yiksek tuz dozunda (6 dS m'l), kontrol uygulamasina goére biber (Capsicum
annuum L.) bitkisinde klorofil kapsaminin %26 oraninda, govde yas ve kuru agirhginin ise sirasiyla %26
ve %31 oraninda azaldigini bildirmistir. Arastirici ayrica, tuz dozundaki artisa paralel olarak bitki
dokusunun elektriksel iletkenliginin ylkseldigini de bildirmistir. Tanveer et al. (2018) bitkilerde strese
toleransta brassinosteroidlerin roll Uzerine yaptiklari derlemede, EBL uygulamasinin bir¢ok bitkide tuz
stresine toleransi ve klorofil kapsamini arttirmada 6nemli bir rol Ustlendigini rapor etmislerdir. Bezelye
(Pisum sativum), ekmeklik bugday (Triticum aestivum), marul (Lactuca sativa), patlican (Solanum
melongena), hiyar (Cucumis sativus), misir (Zea mays) ve mas fasulyesi (Vigna radiata) bu bitkilerden
bazilaridir. Brassinosteroidlerin in vitro etkilerini calisan Verma et al. (2012) yer fistigi (Arachis hypogaea
L.) kotiledon nodlari kiltiriinde ortama BR'nin ilavesi ile ylksek bir in vitro ¢ogalma potansiyeli elde
edildigini ve BR ile total klorofil iceriginde artis kaydedildigini belirtmiglerdir. Diger bir ¢alismada ise,
kuraklik stresi altindaki bugdayda BR’lerin etkisi arastirilmigtir. Alinan sonuclara gére hem kardeslenme
ve hem de ciceklenme doneminde kuraklik stresi klorofil icerigini dnemli 6lcude disurirken, BR
uygulamasiyla klorofil kapsaminda 1hml artis saglanmis ve bugdayin blyumesi, verimi, fizyolojik ve
biyokimyasal 6zelliklerinde pozitif yonde gelisme saglandidi rapor edilmistir (Raza et al., 2023). Bizim
calismamizda da tuzlu kosullarin sebep oldugu klorofil ve karetonoid kapsamindaki azalmayi EBR
uygulamasi kismen iyilestirmistir (Cizelge 2).

Cizelge 2. EBR uygulamasinin bitkinin klorofil ve karotenoid icerikleri (mg g™) tzerine etkisi

Table 2. Effect of EBR application on the chlorophyll and carotenoid contents of the plant

NaCl Klorofil a Klorofil b Karotenoid
Cesit (mM)
EBR(-) EBR(+) EBR(-) EBR(+) EBR(-) EBR(+)
0 3.95:0.05 2.66+0.11  1.92+0.05 1.62+0.05 3.32+0.21 3.7240.17
Nazilli84-S 75 3.04+0.14 2.52+0.18  1.31#0.02 1.35+0.14 2.59+0.15 2.87+0.20
150 2.16+0.12 2.26+0.09  0.93+0.06 1.15+0.06 2.01+0.13 2.28+0.16
0 3.69+0.12 3.17#0.05  0.97+0.06 1.36+0.07 2.86£0.22 2.97+0.12
Carmen 75 253+0.10 2.76+0.11  0.67+0.06 1.03+0.08 2.27+0.12 2.67+0.10
150 2.2740.13 2.34+0.12  0.48+0.04 1.03+0.08 2.07+0.17 2.19+0.07
0 3.33+0.09 3.38+0.17  1.51+0.09 1.39+0.04 4.33+0.14 3.2040.17
BA-119 75 2.4240.08 2.64+0.16  0.90+0.09 1.14+0.05 2.41+0.09 2.83+0.10
150 1.57+0.11 2.59+0.05  1.00+0.02 1.02+0.02 1.67+0.10 2.13+0.08

Klorofil a LSD 0.05=0.46, Klorofil b LSD 0.05=0.30, Karotenoid LSD 0.05=0.59

Sonuglar ortalama + standart hata seklinde sunulmustur.
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Antioksidatif enzim aktivitesi

Calismada pamuk bitkisi yapraklarinda SOD ve POD enzim aktiviteleri, artan NaCl
konsantrasyonlarina bagh olarak hem EBR (-) ve hem de EBR (+) gruplarinda belirgin bir sekilde artis
gostermistir (p<0.05). Bu durum, bitkide tuzluluk nedeniyle olugsma potansiyeli bulunan serbest oksijen
radikallerinin de-toksifikasyonuna yonelik olarak aktiflesen hiicresel savunma sisteminin galismaya
basladiginin bir gostergesidir. Cok yonli varyans analizinde SOD enzim aktivitesinde tiim faktorlerin etkisi
onemli bulunurken POD aktivitesinde gesit x EBR interaksiyonu ve gesit x EBR x NaCl interaksiyonu harig
digerleri (gesit, EBR, NaCl, g¢esit x NaCl ve EBR x NaCl) énemli bulunmustur. Tuza tolerant Nazilli 84-S
ve Carmen gesitlerinde EBR (-) grupta 150 mM NaCl uygulamasiyla saptanan SOD enzim aktivite artigi
sirasltyla yaklasik olarak %200 ve %90 seviyelerinde iken, bu oran tuza hassas BA-119'da %60 olarak
belirlenmistir. Diger yandan EBR (+) grupta ise, bu oranlar %290, %87 ve %65 olarak belirlenmistir.
Tolerant ve hassas cesitlerde verilen tepki yaklasik olarak benzerdir (Cizelge 3).

Cizelge 3. Pamuk bitkisinde SOD ve POD enzim aktivitesi Uizerine EBR'nin etkisi

Table 3. Effect of EBR on SOD and POD enzyme activity in cotton plant

SOD (Unit mg protein™) POD (AA470 min™ mg protein™)
Gesit NaCl (mM) EBR (-) EBR (+) EBR (-) EBR (+)

0 11.19+0.31 g 13.60£0.40 fg 2.25+0.11 ef 2.57+0.11 def

Nazilli 84-S 75 23.82+1.63 cde 28.96+2.48 bc 4.62+0.04 bc 5.04+0.12 b
150 33.87+1.48 b 53.02+4.37 a 5.69+0.28 ab 6.95+0.31 a

0 13.12+0.93 g 18.99+1.16 defg 2.060.18 f 2.29+0.11 ef

Carmen 75 19.56+1.98 defg 29.40+1.67 be 3.23+0.07 def 3.56+0.11 cd
150 24.94+1.41 cd 35.50+2.70 b 4.74£0.19 bc 5.10£0.13 b

0 12.25+0.83 g 13.34£0.22 fg 2.40+0.18 def 2.76+0.05 de

BA-119 75 15.44+1.74 efg 16.46x1.39 defg 3.25+0.09 def 3.60+0.07 cd
150 19.45+1.76 defg 22.02+2.44 cdef 3.48+0.07 cde 4.59+0.37 ¢

SOD LSD 0.05=8.87, POD LSD 0.05=1.27
Sonuglar ortalama + standart hata seklinde sunulmustur.

Degerlerin yanindaki farkli harfler, uygulamalar arasinda anlamli bir farkliligin oldugunu gosterir.

Bitkide tuzlu kosullarda stres etkisi ile serbest radikaller 6zellikle de stper oksit (O,) molekilu
artmaktadir. Bu da lipit peroksidasyonuna, yag asidi doygunluguna ve sonucta membran butlinligine
zarar vermektedir. Stiper oksit genellikle H,O, olusturmak stretiyle Calvin dénglstnin birgok enziminin
inaktivasyonuna neden olmaktadir. Bitkiler de bu oksidatif zararin yol actigi yikici etkilere karsi
antioksidan koruyucu sistemleri ile miicadele etmektedirler. Tuz stresinin derecesine bagh olarak bu
enzimatik antioksidanlarin aktivitesinde bir artis olmaktadir (Yilmaz vd., 2011). Brassinosteroidler kilttr
bitkilerinde blyime ve verimi olumlu etkilemelerinin yani sira, farkh abiyotik stres tiplerine karsi bitkilerde
direnci gelistirici etki de gostermektedirler. Tuz stresi gibi agir metal stresi de bir abiyotik stres tipidir ve
onemli oranda serbest radikal Uretimiyle sonuclanabilir. Eger bu serbest radikal dretimi antioksidatif
kapasitedeki artisla desteklenmez ise, metabolik olarak yikim siireci baslayabilir. Shahzad et al. (2018),
agir metal stresi altindaki celtik (Oryza sativa L.), turp (Raphanus sativus L.), hardal (Brassica juncea L.),
képek 0zUmi (Solanum nigrum L.) ve domates (Solanum lycopersicum L.) bitkilerine EBL
uygulanmasinin antioksidatif aktiviteyi 6nemli oranda arttirdigini rapor etmislerdir. MDA kapsamlarinda
%40’a varan artislarin yani sira, SOD ve CAT kapsamlarinda %80’e varan aktivite artisi bildirilmistir. Tuz
stresi altindaki bitkide antioksidatif sistemin regilasyonu biyime ve gelismenin suregenligi agisindan bir
gerekliliktir. Wani et al. (2019), tuz stresi etkisindeki hardal (Brassica juncea L.) bitkisinde antioksidatif
sistemin regulasyonu icin EBL uygulamasinin pozitif sonuglarini rapor etmislerdir. Arastiricinin elde ettigi
verilere gore, peroksidaz (POX), CAT ve SOD aktivitelerinde sirasiyla %130, %80 ve %118’e varan
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artiglar saptanmig ve tuz stresi altinda bulunan bitkide antioksidatif sistem epibrassinolid uygulamasiyla
regule edilmistir. Diger yandan Zeng et al. (2024), ¢calismalarinda ytiksek tuzlulugun, bir mangrov tiriinde
(Kandelia obovata) BR biyosentez genlerinin ekspresyonunu ve endojen BR seviyelerini arttirdigini
bildirmislerdir. Ardindan, tuzun indUkledidi BR’nin antioksidan enzimlerin aktivitelerini ve gen
ekspresyonlarini tetikleyerek malondialdehit ve hidrojen peroksit diizeylerini azalttigini ve ardindan reaktif
oksijen tiirlerinin blokesinde ve koklerde Na'/K® homeostazisini modille edip, oksidatif hasari azaltma
yoluyla, Kandelia obovata'nin yiksek tuzluluga tepkisindeki BR mekanizmasi hakkinda énemli bir katki
sagladigini rapor etmiglerdir. Kolomeichuk et al. (2023), bitkilerde tuz direncinin olusumunda endojen
BR’lerin 6nemine dikkat ¢gekmislerdir. Patateste (Solanum tuberosum) tuz stresine tepki olarak endojen
BR profilinin degistiginin gosterildigini ifade eden arastiricilar, BR'lerin tuz stresindeki koruyucu etkisinin,
BR'lerin fotosentetik pigmentlerin bozulmasini azaltarak ve hicre antioksidan sistemini aktive ederek
fotosentetik sireclerin verimliligini arttirdidi gercegine dayandidini rapor etmiglerdir. Arastiricilar buna
ilaveten, tuz stresine maruz kalan kolza (Brassica napus L.) bitkisinde endojen BR seviyesinin arttigini ve
bunun BR'lerin muhtemelen tuz direncinin diizenlenmesindeki rolinden kaynaklandigini da bildirmislerdir.

DNA kapsami

Calismada, pamuk tohumlarinin EBR ile muamelesi, DNA seviyelerinin artmasiyla
iliskilendirilmistir. DNA verimi ortalama en diisiik 744 ng pL™ ile Nazilli 84-S gesidinde 150 mM NaCl
uygulamali 6rneklerde bulunmustur. DNA igeridinin en yuksek oldugu ornekler ise; hassas ¢esit Beyaz
Altin 119'da 75 ve 150 mM NaCrl'li kosulda EBR uygulamalilarda sirasiyla 3898 ng uL'l ve 3062 ng pL'l
bulunmustur. Nazilli 84-S ¢esidinde EBR (-) grupta 744 ng pL'l olan DNA kapsami, ayni gesitte EBR
uygulamasi sonucu yaklasik %70 oraninda artarak 1254 ng pL'1 seviyesine yukselmistir. Benzer egilim
BA-119 cesidinde de belirlenmistir (Sekil 4).
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Sekil 4. EBR'nin pamuk bitkisinin DNA kapsami Uzerine etkisi
Figure 4. Effect of EBR on DNA content of cotton plant

LSD 0.05=224.4; Sonuglar ortalama + standart hata seklinde sunulmustur.

BR'ler, transkripsiyon ve translasyon sureclerinde bitki dokusunun buyimesine katilir. Bitki
dokusunun biiyiimesinin aktivasyonunun ve daha yiksek RNA ve DNA polimeraz seviyelerinin, DNA, RNA
ve protein igeriginin artmasiyla ortaya c¢iktigi gosterilmisti. Bu enzim aktivitelerinin arttirlmasi, gen
ekspresyonunun BR'ler tarafindan dizenlenmesinin bir sonucu olabilir ve BR'ler tarafindan indiiklenen
blyume tegvikiyle dogrudan veya dolayl olarak ilgili olabilir. BR'nin indukledigi fizyolojik etkilerin ¢esitli RNA
sentezi ve protein sentezi inhibitorleri tarafindan inhibisyonu arastiriimistir. Sonuglar BR'lerin fizyolojik
etkilerinin DNA, RNA ve hicresel proteinlerin sentezine bagll oldugunu géstermektedir (Kalinich et al.,
1986). Tuz stresi hiicresel gen ekspresyon mekanizmasini etkiler. Bu nedenle niikleik asitlerin islenmesinde
yer alan molekillerin de etkilenmesi muhtemeldir (Mahajan & Tuteja, 2005). Nikleik asit ve protein sentezi
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bitkide blyime boyunca erken aktive olan iki prosesdir ve bu prosesler NaCl ile baskilanir fakat
fitohormonlarin etkisi ile de onarilabilir. Brassinosteroidlerin de nikleik asit sentezini etkileyerek blylimeyi
regule ettikleri ve stres kosullarinda brassinolid uygulamasi ile RNA, DNA ve protein iceriklerinin artmasi
sonucu buyimede iyilesme oldugu belirtiimektedir (Anuradha & Rao, 2001; Parida & Das, 2005).

Sekil 4’den de gorilebilecedi gibi, NaCl uygulamasi ile tim EBR (-) gruplarda pamuk (Gossypium
hirsutum) bitkisinin DNA kapsami azalmigtir. DNA kapsamindaki en fazla azalma tuza tolerant Nazilli 84-
S, EBR (-) grupta yaklasik %70 duzeyinde gergeklesmistir. EBR (+) grupta da benzer egilim mevcuttur.
Buna karsin, Carmen cesidindeki dusids daha ilimlidir. Dikkat ¢ceken husus, tuza hassas BA-119'da
gOrulmistir. Bu gesitte EBR (-) grupta DNA kapsami kontrole kiyasla %31 oraninda azalirken, EBR (+)
grupta %95 dizeyinde artis kaydetmistir. Bu durum, tuza hassas gesitte EBR uygulamasinin hiicre DNA
hasarini engelleyici bir etki yaptiginin gostergesidir.

Tuzlu kosullarda ekzogen brassinolid uygulamasi ile bitkide ¢oztunir protein, DNA ve RNA miktarinin
arttigi; yer fistigi (Arachis hypogae L.) (Vardhini & Rao, 1998), su yosunu (Chlorella vulgaris) (Bajguz,
2000), ve turp (Raphanus sativus) (Vardhini et al. 2012) gibi bazi bitkilerde gdsterilmigstir. Chlorella vulgaris
Uzerinde yuruatilen bir galismada, BR'lerin nukleik asit ve protein igeriginin arttinlmasindaki uyarici rolu
dogrulanmistir. Alglerin 36 saatlik ekimi sirasinda gelisim déngusinun kisalmasi ve verimliliginin iki ila g
kat artmasi, transkripsiyon ve translasyon islemlerinin oraninda olagandigi bir artis oldugunu géstermektedir
(Bajguz, 2000). Ayrica, Vardhini (2012), tuzlu kosullarda yetistirilen iki sorgum (Sorghum L.) varyetesinde
yapraktan brassinolid uygulamasinin ¢ozunur protein ve RNA seviyelerini yikselttigini ve brassinolidin daha
fazla tuzlu olan bodlgede daha az tuzlu bélgeye gére daha etkili oldugunu belirterek, tuz stresinin negatif
etkisine karsi koyma kabiliyeti gdsterdigi sonucuna ulasmiglardir.

SONUC

Calismada denenen 24-epibrassinolidin, pamuk bitkisinde tuz stresinin azaltiimasinda etkili olma
potansiyeli ortaya konulmustur. EBR uygulamalari, antioksidatif sistemi uyarip enzim aktivasyonunu
saglayarak, hiicre membran bitinligind ve su potansiyelini korumus, pigment ve DNA hasarini azaltici
bir etki sergilemistir. Pamukta 3 pM gibi bir dozda uygulamanin olumlu etkisi gézlenmis olup, baska
uygulama sekil ve dozlarinin da denenerek daha etkili sonuglar alinacagi dustniimektedir. Bdylece
tarimsal Uretimde genis bir uygulama olanagi potansiyeli dogabilecektir.
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ABSTRACT

The objective of this study was to determine the succulent plant species that
can be used on green roofs to be recommended for 3 phytogeographic regions
in Tirkiye.

Three phytogeographic regions in Turkiye and the succulent taxa found in the
natural flora of these regions were chosen as the study material. In the study,
firstly, literature search was conducted. Then, family, endemism, hairiness,
climate, altitude and habitat status of succulent species obtained from the
literature were determined. In line with the information obtained in the last
stage, taxa that can be recommended for green roofs in 3 different
phytogeographic regions are listed.

As a result of the study, it was determined that Saxifraga spp. and
Sempervivum spp. in cool climates, Umbilicus spp. and Rosularia spp hot
climates that the genera are the genera with the highest number of taxa. Also,
ranked in both cool and warm climates, Sedum spp. and Rosularia spp. first in
terms of the species richness of its genera

The findings of this study are of importance in terms of helping the selection of
the right succulent species that can be used on green roofs for countries
located in similar phytogeographic regions around the world.

oz
Bu calismadaki amag¢ Tirkiye'de 3 fitocografik bolge icin tavsiye edilecek yesil
catilarda kullanilabilecek sukkulent bitki tirlerinin belirlenmesidir.

Calisma materyali olarak Tirkiye'deki ug¢ fitocografik bdlge ve bu bolgelerin
dogal florasinda bulunan sukkulent taksonlar segilmistir. Calismada ©ncelikle
literatur arastirmasi yapilmistir. Daha sonra literatirden elde edilen sukulent
turlerinin familyasi, endemizmi, taylulugd, iklimi, rakimi ve habitat durumu
belirlendi. Son asamada elde edilen bilgiler dogrultusunda 3 farkh fitocografik
bolgede yesil gati icin énerilebilecek taksonlar listelenmistir.

Calisma sonucunda Saxifraga spp. ve Sempervivum spp. serin iklimlerde
Umbilicus spp. ve Rosularia spp sicak iklime sahip cinsler en fazla takson
iceren cinslerdir. Ayrica hem serin hem de sicak iklimlerde yer alan Sedum spp.
ve Rosularia spp. cinsinin tur zenginligi agisindan birinci sirada yer almaktadir.

Bu c¢alismanin c¢iktilari dinya ¢apinda benzer fitocografik bélgelerde bulunan
ulkeler icin yesil ¢atilarda kullanilabilecek dogru sukkulent tirlerinin segimine
yardimci olmasi agisindan 6nemlidir.
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INTRODUCTION

Plants in cities have an important effect on lowering air temperatures. However, the amount of
space available for green infrastructure is less in cities where the built-up area is high (Fernandez et al.,
2013; Van Mechelen et al., 2015). Roofs can cover about 20-30% of the horizontal surface in a city
(Zhang et al., 2021). This makes roofs the primary area for vegetation (Farrell et al., 2012; Monteiro et al.,
2017). Green roofs have a flat or sloping structure designed to support vegetation (Dvorak & Volder,
2010). Green roofs are heavily preferred in urban areas as they offer solutions to environmental
problems. Thanks to green roofs, surface water runoff can be reduced (Wilkinson & Feitosa, 2015), can
provide a habitat for wildlife, may mitigate the urban heat island effect (Klein & Coffman, 2015), building
insulation and energy efficiency can be upgraded (Jim, 2014; Scharf & Zluwa, 2017), can improve air
quality, create aesthetic and comfortable value and provide opportunities for urban food production
(Razzaghmanesh et al., 2014; Vanuytrecht et al., 2014; Vahdati et al., 2017).

Despite these functions of green roofs, the demanding and stressful growing environment routinely
allows only a limited number of plant species to survive (Vahdati et al., 2017; Zhang et al., 2021).
Therefore, the number of plant species that can be used on green roofs is limited (Nagase & Dunnett,
2010; Rayner et al., 2016). Succulent plants are known to perform well in large green roof systems in hot-
arid climates both in summer and winter. These plants tolerate many climatic conditions, including high
temperatures experienced on the roof, high winds, drought, frost, and salinity (Vendramini et al., 2002;
Dvorak & Volder, 2012; Grace et al., 2019; Di Miceli et al., 2022). Succulents are plants that adapt to
extreme environmental conditions such as water shortage and high temperatures with their habitus and
lifestyle. In addition to these features, the interestingness of their flowers and seeds, and the shape,
texture and color of their leaves make these plants aesthetically interesting. Succulent plant species,
which have the ability to grow at different altitudes from 0 to 3200 meters, have a wide distribution area in
our country (Karahan & Angin, 2008; Bilgili & Karahan, 2011). For example, in a one-year study conducted
in Sydney, succulent plant species were found to live without any care (Wilkinson & Feitosa, 2015;
Johannessen et al., 2017). Another study found that using succulent plants on green roofs in parts of
Australia could provide a low-cost, drought-tolerant, lightweight option to reduce heat gain and heat loss.
(Wilkinson & Feitosa, 2015).

A study by Di Miceli et al. (2022) determined that there are more than 12,500 succulent plant
species in the world. Most of these species belong to the Crassulaceae family. These plants can grow in
many habitats around the world (Williams et al., 2010; Bousselot et al., 2011; Monteiro et al., 2017; Zhang
et al., 2018). Turkiye flora includes almost 70-80% of all succulent plants in Europe, and some of these
species are ground cover or parterre plants. Succulent species, with their compact structure and fleshy,
feathery or leathery leaf characteristics, have the ability to maintain their vitality with the amount of water
that falls only during the rainy periods of the year (Bilgili & Karahan, 2011). Most green roof applications
use succulent plant species such as Sedum spp. because they tolerate dry conditions (Williams et al.,
2010; Bousselot et al., 2011; Monteiro et al., 2017; Zhang et al., 2018). These plants are ideal species for
survival in green roof systems. Because it has a shallow root system and conservative water use
strategies. This means that they can withstand drought during periods of drought (Wolf & Lundholm,
2008; Vahdati et al., 2017; Zhang et al., 2018). For example, in one study, Sedum album could survive for
more than 100 days without water, while species of Sedum acre, Sedum kamtschaticum ellacombianum,
Sedum pulchellum, Sedum reflexum, and Sedum spurium were able to survive drought for 88 days
(Rowe et al., 2012).

The phytogeographic region where the green roofs were built is important. In the Mediterranean
region, for example, plants face severe water stress, often caused of rising temperatures and prolonged
summer drought. Plant species commonly used in green roofs are exposed to additional stress factors
when applied in the Mediterranean climate (van Mechelen et al., 2015). In temperate climates, however,
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green roofs may encounter problems as many of the plants currently used come from cool temperate
climates and are not adjusted to withstand long dry periods, extreme temperatures, or heavy rainfall
events. Green roof design and especially vegetation selection need to be adjusted to future climatic
conditions. Green roof design and especially vegetation selection need to be adjusted to future climatic
conditions (Vanuytrecht et al., 2014). Today, it is necessary to increase the diversity of plant species used
in green roof systems, especially by focusing on the use of natural plants (Vahdati et al., 2017). Because
natural plants are more resistant to harsh environmental conditions and drought.

Tarkiye was determined as the study area in this research. Turkiye has three main phytogeographical
regions: Europe-Siberia, Mediterranean, and Iran-Turan (Avci, 1993). The highest species diversity in
these phytogeographic regions is followed by the Irano-Turanian region, then the Mediterranean and
finally the Euro-Siberian region (Kiguk & Erturk, 2013). This is due to different topographic thresholds
and climate. The objective of this study was to develop green roof models by taking into account the
climate, water consumption, life form, altitude, and habitat characteristics of each phytogeographic region
within the scope of future planning and design studies of succulent taxa. While determining the plant
species to be used in green roofs, succulent plants naturally found in Tirkiye and climate, life form,
altitude, endemism, and habitats specific to the phytogeographic region where each plant is found were
determined. This study is unique as it contains information that enables the development of succulent
plant species suitable for future green roofs in Turkiye can set an example in the development of green
roofs by using succulent plant species suitable for green roofs planned to be built in TUrkiye and other
similar phytogeographic regions.

General Features of the Working Area

The main material of the study is three phytogeographic regions located within the provincial
borders of Turkiye: Euro-Siberian, Mediterranean and Irano-Turanian as depicted in Figure 1.
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Figure 1. Distribution of provinces within the borders of the Tirkiye in phytogeographical regions.

Sekil 1. Turkiye sinirlari icerisindeki illerin fitocografik bolgelere gore dagilimi.
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Turkiye is located in the Northern Hemisphere between 36-42° north latitude and 26-45° east longitude
(Aktirk & Glney, 2021). The total surface area of the study area, which includes these 3 phytogeographical
regions, is 779.646 km? (Ozturk et al., 2002; Aktlirk & Guiney, 2021). The Irano-Turanian phytogeographic
region covers most of the Central Anatolian and Eastern Anatolian plateaus and has a Hard Continental
climate type (Avci, 1993). The Mediterranean phytogeographic region, which is another phytogeographic
region, covers an area of 198.165 km? as a part of the 2.5 million km? basin, and the Mediterranean
climate type is observed (Avci, 1993; Ozturk et al., 2002). Another phytogeographic region, called the
Euro-Siberian region, covers a large part of the North Anatolian and Black Sea lands (Avci, 1993; Aktirk
& Glney, 2021). In the Euro-Siberian region, the temperate oceanic climate type is observed. In addition
to this research, succulent taxa constitute the other material of the study.

Theoretical Framework

Data on succulent plant species are included in the 'Flora of Turkey' created by Davis between
1965 and 1985, and in the Tubives database created in 2004. Records of newly identified succulent
species in recent years and the characteristics of the area where succulent species live were determined
using sources such as Ozhatay & Kultir (2006), Karaer & Celep (2008), Vladimirov et al. (2008) Ozhatay
et al. (2011), Guner et al. (2012), Minareci et al. (2012), Ozhatay et al. (2013), Thiede, (2017), Uludag et
al. (2017), Bozyel et al. (2021), Sukran & Abamor Bahar (2022), Ozhatay et al. (2022), Karaer et al.
(2010), Suehs et al. (2004), Stancu & Stancu (2003), Daskin et al. (2006), Bilgili & Karahan (2011),
Karahan et al. (2006) Karahan (2004), Karahan & Angin (2008), Karahan & Yilmaz (2001) and Uotila et
al. (2012). [CSFN 2023], [KEW 2023], [JSTOR 2023], [S&S 2023], [SL 2023], [PT 2023], [OP 2023] and
[IDA 2023] web pages related to the habitat, geography and climate of succulent species were obtained
from natural succulent plant taxa that belongs to the flora of Turkey obtained from herbarium
examinations, Observation notes were recorded taken during field studies, and photographs taken.
Additionally, , herbarium examinations of succulent species, notes taken during field studies and
photographs taken were taken into account during data collection.

The endemic status, life form, phytogeography, altitude, and habitats of plant species were
determined from Flora of Turkey (1965-1985), Tubives (2004), and articles published for newly registered
succulent species. Information not available from these sources is available in Botanical Garden records,
herbariums and [CSFN, 2023], [KEW, 2023], [JSTOR, 2023], [S&S, 2023], [SL, 2023], [PT, 2023], [OP,
2023] and [IDA, 2023] websites were examined. The hairiness of the plant species was generally
determined by examining web pages.

Within the scope of the literature data examined later, succulent plants in 3 different
phytogeographies; family, endemism status, distribution of natural distribution areas according to
altitudes, climate, hairiness, which is the symbol of drought resistance, and habitat conditions, which are
signs of resistance to harsh living environment conditions, were determined. In the last stage, landscape
design and planning strategies were evaluated for green roofs to be designed in 3 different
phytogeographic regions. While making these evaluations, a direct evaluation was made with some of the
data obtained from the literature data. However, some data were interpreted by cross-comparison with
each other. The main reason for cross- comparison was to increase the diversity that emerges as a result
of the interaction between the data. Thus, it will be possible to choose the right species for green roofs to
be made in 3 phytogeographic regions. In this context, the growth potentials of the succulent plants
examined in cool, warm regions were evaluated. It has also been identified in species that can grow in
both (cool and warm) regions. After evaluating all these data, strategies for landscape design and
planning were developed.
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SUCCULENT PLANTS IN TURKIYE

Within the scope of the study, family, taxa, life form, leaf hairiness, phytogeographic region, altitude,
habitats, and endemism status of 157 succulent taxa were determined (Table 1). A total of 157 taxa
belonging to 5 families (Aizoaceae, Cactaceae, Crassulaceae, Portulacaceae, and Saxifragaceae) were
identified. The family with the highest number of taxa in the examined families is the Crassulaceae family.
This family includes 71,9% of the succulent species studied with 113 taxa. The family with the highest
number of taxa following the Crassulaceae family is the Saxifragaceae family. This family includes 17,8%
of the examined succulent species with 28 taxa. The least number of taxa belongs to the Cactaceae

family with 1 taxon.

Table 1. Family, endemism, life form, leaf hairiness, phytogeographic region, altitude and habitat characteristics of succulent taxa

naturally found in Tirkiye

Cizelge 1. Turkiye'de dogal olarak bulunan sukkulent taksonlarin familya, endemizm, yasam formu, yaprak tdyliligu, fitocografik

bolge, rakim ve habitat 6zellikleri
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" Chrysosplenium (7,16,19,20,
1 | saxifragaceae | ~otoool X X X X | x 21,25)
§ Chrysosplenium (1,2,7,16,19,
2 Saxifragaceae dubium X X X X X 20,21)
(1,2,7,16,19,
3 Crassulaceae | Crassula tillaea X X X X X 20,21)
. " (12,13,14,16,
4 Crassulaceae | Crassula vaillanti X X X X 19,20,21)
Hylotelephium (1,2,7,16,19,
5 Crassulaceae telephium X X X X X X X X X X 20,21)
Mesembryanthemum (7,6,10,16,19,20,
6 Aizoaceae acinaciforme X X X X X 21,24)
Mesembryanthemum (7,6,10,16,19,20,
7 Aizoaceae edule X X X X 21,23)
Mesembryanthemum (1,2,7,16,19,
8 Aizoaceae nodiflorum X X X X 20,21)
. . (1,2,7,16,19,
9 Portulacaceae | Montia arvensis X X X X X 20,21)
Montia fontana subsp. (1,2,7,16,19,
10 Portulacaceae amporitana X X X X X 20,21)
11 Cactaceae Opuntia ficus-barbarica X X X X X (7,16,19,20,21)
12 Crassulaceae | Phedimus stellatus X X X X (1:2,7,16,19,
20,21)
13 Crassulaceae | Phedimus obtusifolius X X X X X X X X X X X (1‘22,5,;.%19.
14 Crassulaceae | Phedimus spurius X X X X X X X (1,22,5,2153,19,
,21)
15 Crassulaceae | Phedimus stoloniferus X X X X X X X X X (1'22’3’21%19’
16 Portulacaceae | Portulaca edulis X X X X (7,16,19,20,21)
17 Portulacaceae | Portulaca grandiflora X X X X X (7,16,19,20,21)
Portulaca
18 Portulacaceae granulatostellulata X X X (9,16,19,20,21)
19 Portulacaceae | Portulaca nitida X X X X (7,9,16,19,20,21)
(1,2,7,16,19,
20 | Portulacaceae | Portulaca oleracea X X X X X 20,21,23)
Portulaca
21 Portulacaceae papillatostellulata X X X X (7,16,19,20,21)
22 Portulacaceae | Portulaca rausii X X X X X (7,9,16,19,20,21)
(9,16,17,19,
23 | Portulacaceae | Portulaca sativa X x| x X 20,21,27)
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Table 1. Continued
Cizelge 1. Devami
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24 Portulacaceae Portulaca trituberculata X X X X X (7,9,16,19,20,21)
25 Portulacaceae Portulaca zaffaranii X X (7916,19,20,21)
26 Crassulaceae Prometheum aizoon X X X X X X X X X X (1,22,(;,;.;3),19,
27 Crassulaceae Prometheum E X | x X X | x X (1,2,6,7,16,19,20,
chrysanthum 21)
Prometheum
28 Crassulaceae chrysanthum subsp. E X X X X X | X X X (125211261)9
chrysanthum S
Prometheum
29 Crassulaceae chrysanthum subsp. E X X X X X X X X (12%;11261)9
Uludagense 121,
Prometheum (1,2,7,16,19,
30 Crassulaceae muratdaghense E X X X | X X X 20,21)
31 Crassulaceae Prometheum pilosum X X X X X X X X (1'22’5'2116)*19'
Prometheum (1,2,7,16,19,
32 Crassulaceae rechingeri X X X X X X 20,21)
33 Crassulaceae Prometheum X X X x | x x | x X (1,2,7,16,19,
sempervivoides 20,21)
Prometheum
34 Crassulaceae serpentinicum var. E X X X X X (1'22’(;*2116)’19’
giganteum !
Prometheum
35 Crassulaceae serpentinicum var. E X X X | X X (122,;2116),19,
serpentinicum !
Rosularia (1,2,7,16,19,
36 Crassulaceae blepharophylia E X X X X X X 20,21)
37 Crassulaceae Rosularia davisii E X X X X (1,2,7,16,19,
20,21)
38 Crassulaceae | Rosularia elymaitica X X X X (1,2,7,16,19,
20,21)
Rosularia (1,2,7,16,19,
39 Crassulaceae globularifolia E X | x X X | X X 20,21)
Rosularia (1,2,7,16,19,
40 Crassulaceae haussknechtii E X X X X X X 20.21)
41 Crassulaceae Rosularia libanotica X X X X X X X X X X (7,16,19,20,21)
42 Crassulaceae | Rosularia paluensis X X X (13.14,16,19,
20.21)
43 Crassulaceae Rosularia radiciflora X X X X X X X (7,16,19,20,21)
Rosularia
44 Crassulaceae | sempervivum subsp. E X X X X (Lég-éf)-lgv
amanensis !
Rosularia
45 Crassulaceae sempervivum subsp. E X X X X X X (1'22'5';'%19'
glaucophylla !
Rosularia
46 Crassulaceae | sempervivum subsp. X X X x| x| x| x| x X (Lég-;-f)-lgv
kurdica !
Rosularia
47 Crassulaceae | sempervivum subsp. X X | x X | x| x| x X (1'22'07;:?)'19’
libanotica !
Rosularia
48 Crassulaceae sempervivum subsp. X X X X X X X X (1r22vg-;-f)-19x
persica ,
Rosularia
49 Crassulaceae sempervivum subsp. X X X X X X X X X (Lzzg-;-f)-lgv
pestalozzae "
Rosularia
50 Crassulaceae sempervivum subsp. X X X X X X X X X X (1'22'07;%19’
sempervivum "
51 Crassulaceae Rosularia serrata X X X X X (1,22,7,16,19,
0,21)
52 | saxifragaceae 22*;’:"?'? artvinensis X X X x | (14.16,19,20, 21)
53 Saxifragaceae Saxifraga adscendens X X X X X X X (1,2.16,19.20,21)
subsp. adscendens ,2,16,19,20,
54 Saxifragaceae | Saxifraga artvinensis E X X X X (1'2‘5-72']]-.?19-20-
55 Saxifragaceae Saxifraga bulbifera X X X X X (7,16,19,20,21)
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Table 1. Continued

Cizelge 1. Devami

Life form Phyto Altitude Habitat
geography
o x
2 8 el _| 5| =l 8] £ 3
£ 3 s| B| 2| £| §| 3 5| s e| £ €| € g8l g 5
g & 2l 5| & g gl = &| g € El | s| s| gl | 8| =| 2| 3| &| & 5
2] [} © a Q S b = 2 5 £ =} =] S =3 s} o P2 %) o < ©
ol o 2| | § o o & S| | o | 8| v sl 2| & 2| 5| & @
S| 8| o 3 | @o| 51 8| © H i i | & @ ol @®
3l 3| 2| 2 e s El B S | Y Y 2 8l 2f | 8| 2| | B
el o 8| 2 = g o] © | 2| 2| o ol | €| 5| B &l e @
gl g| &| 8 g ¢l gl 2| 8| g| g 8| &| 5| 8| 2| &| g| 5| 5
gl &| g| ¢§ sl 5| & 21 3 3| S| “l g g| % *
| 2| 8| § =
| 2
" Saxifraga carpetana
56 Saxifragaceae subsp. graeca X X X X X X X X (7,16,19,20,21)
" Saxifraga cymbalaria (1,2,7,16,19,
57 Saxifragaceae var. cymbalaria X X X X X X X 20,21)
" Saxifraga cymbalaria (1,2,7,16,19,
58 Saxifragaceae varyete huetiana X X X X X X X 20,21)
N Saxifraga exarata var. (1,2,7,16,19,
59 Saxifragaceae adenophora X X X X X X X X X X 20,21)
Saxifraga exarata var. (1,2,7,16,19,
60 Saxifragaceae exarata X X X X X X X X X 20,21)
" Saxifraga hederacea (1,2,7,16,19,
61 Saxifragaceae var. hederacea X X X X X X X 20,21)
" Saxifraga hederacea (1,2,7,16,19,
62 Saxifragaceae var. libanotica X X X X X X X X X 20,21)
" " (1,2,7,16,19,
63 Saxifragaceae Saxifraga hirculus X X X X 20,21)
64 Saxifragaceae Saxifraga juniperifolia X X X X X (1'22'3’2116)’19’
65 Saxifragaceae Saxifraga kolenatiana X X X X X X X X X X (1'22'3';'%19'
66 Saxifragaceae Saxifraga kotschyi X X X X X X X X X (1’22'5';'%19'
67 | saxifragaceae | saxifraga luteoviridis X x | x x| x| x| x]x (1'22’5 21;3)19
68 Saxifragaceae Saxifraga moschata X X X X X X X X X (1'22'(; 2116)19
" Saxifraga paniculata (1,2,7,16,19,
69 Saxifragaceae subsp. cartilaginea X X X X X X X X X X 20,21)
§ Saxifraga paniculata (1,2,7,16,19,
70 Saxifragaceae subsp. paniculata X X X X X X X X X X 20,21)
71 | saxifragaceae | saxifraga rotundifolia X X X x| x| x| x|x X X (1'22’3 ,21%19,
72 Saxifragaceae Saxifraga sancta X X X X (1.2,7.16,19,
20,21)
" Saxifraga (1,2,7,16,19,
73 Saxifragaceae sempervivum X X X X 20,21)
§ Saxifraga sibirica (1,2,7,16,19,
74 Saxifragaceae subsp. sibirica X X X X X X X X X X X 20,21)
" Saxifraga sibirica (1,2,7,16,19,
75 Saxifragaceae subsp. mollis X X X X X X X X X X X X 20,21)
76 Saxifragaceae Saxifraga sibthorpii X X X X X X X X X (1'22'(;';'%19'
77 Saxifragaceae Saxifraga tridactylites X X X X X X X X X X X (1’22'5';'%19'
(1,2,7,16,19,
78 Crassulaceae Sedum acre X X X X X X X 20,21)
79 Crassulaceae Sedum aetnense X X X X X X X X (1'22'5’21%19'
(1,2,7,16,19,
80 Crassulaceae Sedum album X X X X X X X X X X 20,21,28)
81 Crassulaceae Sedum alpestre X X X X X X (1.27,16,19,
20,21)
Sedum amplexicaule (1,2,7,16,19,
82 | crassulceae [ g mETRENES X X X X X 20,21)
83 Crassulaceae Sedum annuum X X X X X X X X (1'22'5’;'%19'
84 Crassulaceae Sedum atratum X X X X X X X (16,32)
85 Crassulaceae Sedum assyriacum X X X X X X (1.27.16,19,
20,21)
86 Crassulaceae Sedum caespitosum X X X X X (1,2,16,19,20,21)
87 Crassulaceae Sedum cepaea X X X X X X X (1,22,5,;.;3),19,
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Table 1. Continued
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i (1,2,7,16,19,
88 Crassulaceae Sedum confertiflorum X X X X X X X X X X 20.21,28)
89 Crassulaceae Sedum dasyphyllum X X X X X (1.2.7,16,19,
20,21)
90 | Crassulaceae | Sedum eriocarpum el x X x | x X (1.2,7,16,19,
subsp. caricum 20,21)
91 Crassulaceae | Sedum eriocarpum X X X | x X (2,7,16,19,20,21)
subsp. orientale
92 Crassulaceae Sedum ermenekensis X X X X (3,16,19,20,21)
93 Crassulaceae Sedum euxinum E X X X X X X (1.27.16,19,
20,21)
94 Crassulaceae Sedum gracile X X X X X X X 1271619,
20,21)
Sedum grisebachii (1,2,7,16,19,
95 Crassulaceae var. grisebachii X X X X X 20,21)
% Crassulaceae | Sedum hispanicum X X x| x| x X (1,2,16,19,20,21)
var. semi glabrum
Sedum hispanicum (1,2,7,16,19,
97 Crassulaceae var. hispanicum X X X X X X X X 20,21,29)
98 Crassulaceae | S€dum hispanicum E X X x | x X (1,2,16,19,20,21)
var. planifolium
i (1,2,7,16,19,
99 Crassulaceae Sedum ince E X X X X X 20,21)
100 Crassulaceae Sedum inconspicuum E X X X X (.2.7.16,19,
20,21)
101 Crassulaceae Sedum koyuncui X X X (9,16,19,20,21)
102 Crassulaceae Sedym litoreum var. X X X X (1,2,16,19,20,21,
creticum 29)
Sedum litoreum var. (1,2,7,16,19,
103 Crassulaceae itoreum X X X X 20.21,29)
. (1,2,7,16,19,
104 Crassulaceae Sedum lydium E X X X X X X X 20.21,28)
(1,2,7,16,19,
105 Crassulaceae Sedum magellense X X X X X X X 20.21,29)
i (1,2,7,16,19,
106 Crassulaceae Sedum microcarpum X X X X 20.21,29)
(1,2,7,16,19,
107 Crassulaceae Sedum nanum X X X X X X X X 20.21,29)
Sedum ochroleucum (1,2,7,16,19,
108 Crassulaceae | S0 o oleucum X X X | x X 2021}
109 Crassulaceae Sedum optusifolium X X X X X X X X X (28,29)
Sedum pallidum var. (1,2,7,16,19,
110 Crassulaceae bitynicum X X XX [ x| X X X 20,21,29)
Sedum pallidum var. (1,2,7,16,19,
111 Crassulaceae pallidum X X X X X X X X 20.21,29)
112 Crassulaceae Sedum pilosum X X X X X X (28,29)
(1,2,7,16,19,
113 Crassulaceae Sedum rubens X X X X X X X X X 20.21,29)
Sedum samium (1,2,7,16,19,
114 Crassulaceae subsp. micranthum E X X X X X X 20,21)
115 Crassulaceae Sedum samium X X X X x | x (1,2,7,16,19,
subsp. samium 20,21)
(1,2,7,16,19,
116 Crassulaceae Sedum sediforme X X X X | X X 20,2128,29)
117 | Crassulaceae | Sedum X X x| x| x| x X (28.20,31)
sempervivoides
. (1,2,7,16,19,
118 Crassulaceae Sedum steudelii X X X X X X X X 20.21,29)
119 Crassulaceae Sedum stellatum X X X X X (28,29)

390



http://194.27.225.161/yasin/tubives/index.php?sayfa=1&tax_id=3979

Selection of succulent species to be used in green roofs according to phytogeographic regions: Turkiye example

Table 1. Continued
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120 Crassulaceae Sedum stoloniferum X X X X X X X (28,29)
(1,2,7,16,19,
121 Crassulaceae Sedum subulatum X X X X X X X X X 20,21,29)
122 Crassulaceae Sedum spurium X X X X X X X X (28,29,31,32)
123 Crassulaceae Sedum telephium X X X X X X X X (28,29,31)
124 | cCrassulaceae | Sedum tenellum X x| x| x x| x| x| x]x @z 21;3)19
125 Crassulaceae Sedum ursi E X X X X X X X (1.2,7,16,19,
20,21)
. (1,2,7,16,18,
126 Crassulaceae Sedum urvillei X X X X X X X X 19.20.21.29)
Sempervivum
(1,2,7,16,18,
127 Crassulaceae armenum var. E X X X X X X X X X 19,20,21,30)
armenum
Sempervivum (1,2,7,16,18,
128 Crassulaceae armenum var. insigne E X X X X X X X X X 19,20,21,30)
Sempervivum (1,2,7,16,19,
129 Crassulaceae artvinense X X X X X 20,21,30)
Sempervivum (1,2,7,16,18,
130 Crassulaceae brevipilum E X X X X X 19,20,21,30)
. - (1,2,7,16,18,
131 Crassulaceae Sempervivum davisii X X X X X X X X X 19,20,21,30)
. - (4.6,7,16,18,
132 Crassulaceae Sempervivum ekimii E X X X X X X X X X 19,20,21)
Sempervivum (7,16,18,19,
133 Crassulaceae feigeanum E X X X X X 20,21)
Sempervivum (1,2,16,18,19,20,
134 Crassulaceae furseorum E X X X X X X 21,30)
. P (1,2,7,16,18,
135 Crassulaceae Sempervivum gillianii E X X X X X X X 19,20,21,30)
Sempervivum (1,2,7,16,18,
136 Crassulaceae glabrifolium E X X X X X X 19,20,21,30)
Sempervivum
137 | Crassulaceae | glabrifolium subsp. E X X x | x (71618192021
glabrifolium !
Sempervivum
138 | Crassulaceae | globiferum subsp. E X X X X X (12'3’;'112*019’
y ,21,30)
aghricum
Sempervivum
139 Crassulaceae herfriedianum E X X X X X X X (7,16,19,20,21)
. . (1,2,7,16,18,
140 Crassulaceae Sempervivum ispartae | E X X X X X 19,20,21,30)
141 Crassulaceae Sempervivum minus E X X X X X X X X X (7.1516,18,19.20
Sempervivum minus (1,2,7,16,19,
142 Crassulaceae var. glabrum E X X X X X X X 20,21,30)
Sempervivum minus (1,2,7,16,19,
143 Crassulaceae var. minus E X X X X X X X 20,21,30)
Sempervivum
144 Crassulaceae montanum X X X X X X X (32,33)
Sempervivum (1,2,7,16,18,
145 Crassulaceae pisidicum E X X X X X X 19,20,21,30)
Sempervivum (6,7,9,16,18,
146 Crassulaceae sosnowskyi X X X X X 19,20,21,22)
Sempervivum (1,2,7,16,18,
147 Crassulaceae staintonii E X X X X X 19.20,21.30)
Sempervivum (1,2,7,10,16,
148 Crassulaceae transcaucasicum X X X X X 18,19,20,21)
. (1,2,7,16,18,
149 Crassulaceae Umbilicus chloranthus X X X X 19,20,21)
150 Crassulaceae Umbilicus erectus X X X X X X X X X (1'22%;%19’
Umbilicus horizontalis (1,2,7,16,19,
151 Crassulaceae | o™y e X X X | X X X 20,21)
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Table 1. Continued
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152 Crassulaceae Umb_lllcus hOIjIZOnKa\IS X X X X X X (1,2,7,16,19,
var. intermedius 20,21)
153 Crassulaceae Umbilicus intermedius X X X X X X X (7’16’18’)19'20'21
154 Crassulaceae Umbilicus luteus X X X X X X X X (1'22‘3';'%19'
- ; (1,2,7,16,18,
155 Crassulaceae Umbilicus parviflorus X X X X 19.20,21)
o . (1,2,7,16,18,
156 Crassulaceae Umbilicus rupestris X X X X X X 19.20,21)
Umbilicus (1,2,7,16,18,
157 Crassulaceae tropaeolifolius X X X X X X 19.20,21)

* 1= Davis, 1965-85; 2=TUBIVES, 2004; 3= Ozhatay & Kiiltir, 2006; 4= Karaer & Celep, 2008; 5= Vladimirov et al., 2008; 6= Ozhatay et
al., 2011; 7= Guner et al., 2012; 8= Minareci et al., 2012; 9= Ozhatay et al., 2013; 10= Thiede, 2017; 11= Uludag et al., 2017; 12= Bozyel
et al.,, 2021; 13= Sikran & Abamor Bahar, 2022; 14= Ozhatay et al., 2022; 15= [CSFN, 2023]; 16= [KEW, 2023]; 17= [JSTOR,
2023]; 18= [S&S, 2023]; 19= [SL, 2023]; 20= [PT, 2023]; 21= [OP, 2023]; 22= Karaer et al., 2010; 23= [IDA, 2023]; 24= Suehs et al.,
2004; 25= Stancu & Stancu, 2003; 26= Dagkin et al., 2006; 27= Uoctila et al., 2012; 28= Bilgili & Karahan, 2011; 29= Karahan et al.,
2006; 30= Karahan, 2004; Karahan & Angin, 2008; 31= Karahan & Yilmaz, 2001; 32 Wagner & Larcher, 1981.

The succulent species examined within the scope of the study are 94 herbaceous perennials, 36 are
herbaceous annuals, 6 are herbaceous biennials and 5 have monocarpic (Table 1) life forms. Within the scope
of the study, 157 succulent taxa were identified in 3 phytogeographic regions in Turkiye. Of these taxa, 97
belong to the Euro-Siberian, 73 to the Mediterranean, and 63 to the Iranian Turanian phytogeography (Table
1). The largest number of taxa was found to be in the Euro-Siberian phytogeography. Besides, some taxa can
be found in more than one phytogeographic region. For example, there are 39 taxa in the Mediterranean and
Euro-Siberian phytogeography, 33 taxa in the Euro-Siberian and Iranian Turanian phytogeography, 25 taxa in
the Mediterranean and Iran Turanian phytogeography, and 21 taxa in three phytogeography.

Among the phytogeographic regions examined within the scope of the study, in the Mediterranean:
the Mediterranean climate, in European Siberia: A temperate oceanic climate and in Iran Turan
phytogeographical region: The hard Continental climate type is observed. Most of the succulent taxa
examined in the study area are located in the Alpine Belt (2000m <). However, there are many taxa that
can grow at sea level. Leaf hairiness is a defense mechanism developed by plants to reduce water loss
by transpiration and is considered a sign of drought resistance. While the leaves of 45 taxa are hairy, the
leaves of 112 taxa are hairless. Habitat research was conducted for 157 taxa examined. The 123
succulent taxa studied can live in rocky areas (Table 1) and in very shallow soils. These taxa are the most
advantageous taxa for use in roof gardens. After the rocky areas, the most taxa are moist grassy areas
(20 taxa), forest areas (19 taxa), wetlands (13 taxa), and open areas (12 taxa). The habitat with the least
number of taxa is the seaside (5 taxa). Taxa distributed by the sea are the most suitable species for use
in dune areas. In addition, these taxa are highly resistant to high salt and drought.

Besides, some species can live simultaneously in different habitats. Within the scope of the study,
13 taxa can grow in rocky areas and forest areas, and 8 taxa can grow in rocky areas and moist grassy
areas (Table 1). In addition, Saxifraga carpetana subsp. graeca species is the only taxon that can grow in
rocky areas, moist grassy areas, seasides, and open areas. Finally, the endemism status of the examined
succulent taxa was determined. 38 of the 157 succulent taxa identified are endemic. Of endemic taxa; 17
of them Sempervivum spp. genera, 8 of them Sedum spp. genera, 1 of them Saxifraga spp. genera, 6 of
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them Rosularia spp. genera and 6 of them Prometheum spp. belongs to the genera (Table 1). The genera
with the highest endemism rate are Sempervivum spp.

Succulent Plants for cool Climates in Tirkiye

Among the succulents examined within the scope of the study, 97 taxa were identified that can grow
in cool (Temperate-Ocean) climates. As seen from Table 1, the most succulent taxa in Turkiye are grown in
the cool climate zone. The 26 examined Saxifraga spp. among 23 taxa, 23 Sempervivum spp. among 17
taxa, 49 Sedum spp. among 26 taxa, 10 Prometheum spp. among 5 taxa, 9 Umbilicus spp. among 4 taxa
and 16 Rosularia spp. 3 taxa grow in cool climates. Based on these data, Saxifraga spp. and Sempervivum
spp. genera grow better in cold climates when Rosularia spp. can be assumed that the genera do not
develop well in cool climates under Turkish conditions. Saxifraga spp. the genera 21 of 26 taxa can grow in
rocky and shallow soils and 18 taxa develop at altitudes above 2000 m. This information means that
Saxifraga spp. can potentially be used in green roof applications in cool areas. Among the examined taxa,
only the Saxifraga artvinensis taxon is endemic among the Saxifraga spp. genera which are common in
Tirkiye. Hairiness is generally an adaptation developed by plant species adapted to warm climates (Moles
et al., 2020). However, Little et al. (2016), it has been determined that hairiness provides protection to the
plant not only in arid climates but also in cool climates. When the genera Saxifraga spp. was examined, it
was determined that only 8 taxa were hairy among 26 taxa. In line with this information, it can be stated that
the use of Saxifraga spp. is more appropriate for green roofs to be designed in cool climates in Tirkiye.

Another cool climate succulent plant genera is Sempervivum ssp. Sempervivum genera is the
member of Crassulaceae family and native for Europe and Asia continents. This genus exist both arid
regions (Karahan, 2004). The genera Sempervivum spp, it is seen that all 22 taxa grow in rocky and
shallow soils. When the altitude values are examined, 11 of 22 taxa show growth at an altitude above
2000 m. In addition, Sempervivum spp is highly resistant to temperature extremes, strong sun exposure,
and drought. Sempervivum spp. is a preferred genus in green roof and xeriscape landscaping
applications (Carey et al., 2009; Karahan, 2004). It is known that the soil requirements of the genera
Sempervivum spp. are also very low (Zaharia, 2012). Monteiro et al. (2017), it was determined that the
most frequently used plants on green roofs, Sedum spp., had better environmental cooling and substrate
insulation potential than Sempervivum spp. The most striking feature of the genera Sempervivum ssp. is
its endemism. Of the 22 taxa examined, 17 are endemic. This corresponds to an endemism rate of
77,2%. It has already been mentioned that hairiness is an adaptation developed by plant species that
have adapted to both hot and cold climates. However, according to a study by Wang et al. (2022), hairy
leaves are seen in drier climates, while hairless leaves are seen in more humid climates. When the
genera Sempervivum spp. was examined, it was seen that only Sempervivum pisidicum taxa were not
hairy out of 22 taxa. In addition, when the hairiness, phytogeography, altitude, and habitat areas were
compared diagonally, it was determined that all 10 Sempervivum spp. genera were hairy, growing in cold
climates, growing at altitudes above 2000 m, and all of them growing in rocky areas. In line with this
information, studies on Sempervivum spp. species, which has a very high endemism rate, should be
increased and its ability to grow in other climates should be examined in more detail. In addition, its use
on green roof should be expanded.

Succulent Plants for warm Climates in Tlrkiye

Among the examined succulents, 72 taxa that can grow in warm (Mediterranean) climates were
determined. In the Mediterranean phytogeography, 21 taxa among 49 Sedum spp., 6 taxa among 10
Prometheum spp., 11 taxa among 26 Saxifraga spp. and 9 taxa among 16 Rosularia spp. were found to
grow in warm climates. In addition, Umbilicus spp. (9 taxa), Mesembryanthemum spp. (3 taxa) and
Crassula spp. (2 taxa) were all grown in warm climates. Based on these data, it can be assumed that
Umbilicus spp, Mesembryanthemum spp and Crassula spp grow better in warm climates. In addition, the
genera Rosularia spp. is a genus adapted to warm climates. The genera Umbilicus spp. all of the 9 taxa
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are in rocky and shallow soils, and all grow at altitudes below 1,000 m. Succulent species are generally
plants adapted to shallow soils (Kirschner et al., 2021). Our country is among the water-poor countries in
terms of water. In water-rich countries, more than 10,000 m® of water per person per year falls, while this
amount is only 1,450 m® in Turkiye (Ismaeil & Sobaih 2022; Altay & Uslu 2022). In this context, also
succulent taxa to be used especially in shallow and deep soils should be preferred in green roof and
xeriscape landscape applications. According to the study by Takesh et al. (2019), the taxon Umbilicus
intermedius is generally distributed worldwide, but it is more common in South Africa, the deserts of
Israel, and Lebanon the mountains of Jordan and Saudi Arabia and in arid regions of Iran such as Ilam
has been detected. In addition, no endemic taxa could be found among Umbilicus spp. When the
hairiness status was examined, no hairiness was found in Umbilicus spp. Considering that Umbilicus spp.
grows in rocky and shallow soils, generally develops at low altitudes, and adapts to warm climates, 1t can
be said that it has a high potential to be used in extensive green roof to be designed in Turkiye. Another
warm climate succulent genera is Rosularia spp. All 16 Rosularia spp. genera can grow in rocky and
shallow soils and 9 out of 16 taxa thrive at altitudes below 1,000 m. In the examinations, it was
determined that 6 of the Rosularia spp. genera were endemic. In addition, when the hairiness of
Rosularia spp. genera were examined, it was determined that only 5 taxa were hairy. Considering all this
information, Rosularia spp. is a genus that has the potential to be used in applications made on shallow
soils such as green roofs. It can also be preferred in xeriscape landscaping applications. By using
Umbilicus spp. and Rosularia spp. species naturally found in Turkiye, the amount of water consumption
can be reduced, maintenance costs can be reduced, and it can be ensured that the taxa used are less
affected by the environmental climatic conditions.

Succulent Plants for warm and cool climates in Tirkiye

Within the scope of the study, the Irano-Turanian phytogeographic region (hard continental climate)
reflects both warm and cool climate characteristics. Among the detected taxa, there are 63 taxa that can
grow in harsh continental climates. Among the examined taxa, 11 taxa among 16 Rosularia spp., 10 taxa
among 26 Saxifraga spp., and 25 taxa among 49 Sedum spp. were found to grow in both warm and cool
climates. As a result of examination at these data, it was determined that Rosularia spp. and Sedum spp.
genera show better growth in both warm and cool climates. Sedum spp. genera is a species that can
adapt to both arid and cool conditions in Tirkiye. Many taxa perform well against winter frosts, including
Sedum album, Sedum acre, Sedum reflexum and Sedum spurium used on green roofs (Farrell et al.,
2012). In a study by Klein and Coffman, (2015), it was found that in temperate climates, Sedum spp.
outperforms North American naturally grown plant species in shallow roof soils. However, in a study
conducted by Klein and Coffman (2015), it was mentioned that Sedum spp. genera should be used with
caution when designing green roofs as they do not perform well in warm climates. The genera Sedum
spp., 24 out of 49 taxa can grow in rocky and shallow soils. In a study by Dvorak & Volder (2010), the
effect of soil depth on Sedum spp. species was evaluated. As a result of the study, it was seen that the
Sedum sarmentosum species had the highest coverage among all soil depths. In addition, Sedum
floriferum, Sedum stefco and Sedum spurium species were determined to be much more effective at 7
cm depth than 4 cm depth in terms of soil depth. Although the Sedum spp. genera has proven successful
on shallow wide green roofs in many ecoregions, there is also confusion in some ecoregions. It has been
observed in studies that Sedum spp. is exposed to root damage due to freezing (Chell et al., 2022).
Sedum ssp. species are rosette-shaped plants that spread irregularly. Sedum ssp. genus is found not
only in arid but also in semi-arid, tropical, subtropical and cool climate regions (Dvorak & Volder 2010;
Demircan et al., 2006). In the study conducted by Karahan & Yilmaz (2001), they determined the use of
some succulent species such as Euphorbia ssp, Sedum ssp, and Sempervivum ssp, which are resistant
to the ecological conditions of the Central Anatolia Region. When the altitude values of the genera Sedum
spp. were examined, it was determined that there were 14 taxa below 1,000 m, and 16 taxa developed at
an altitude above 2000 m. Only 8 taxa are endemic among the most common Sedum spp species among

394



Selection of succulent species to be used in green roofs according to phytogeographic regions: Turkiye example

succulent species in our country. When the hairiness status of Sedum spp. genera in Turkiye was
examined, and no hairiness was found in the taxa. In line with this information, for green roofs to be
designed in Tirkiye, Sedum spp. is a versatile breed that can be used in extensive green roofs to be
designed in both cool and warm climates.

Limitations of the Study

This study was conducted to determine the succulents that can be used in green roof in Turkiye,
which has 3 phytogeographic regions and was determined as the study area, there are some limitations.
For example, there have been difficulties in accessing herbariums for altitude, habitat, hairiness, and
endemism detection. At this point, the web pages or checklists of the relevant universities were examined.
To determine hairiness, the pictures on the herbarium and internet addresses were looked at. In addition,
when examining the hairiness, only leaf hairiness was examined. In future studies, the hairiness of the
plant on the stem and shoot should also be examined. The most important limitation of the study is that
the subjects such as soil and water consumption could not be reached.

CONCLUSION

Within the scope of the study, family, endemism, life form, hairiness, phytogeography/climate, altitude,
and habitats of 157 succulent taxa were determined. Then, using this information, the suitability of the
plants for green roofs in cool climates, warm climates or both climates, and suitability was evaluated
according to phytogeographic regions. In addition, habitat and hairiness conditions can help us to obtain
information about the climate, soil, and water consumption of the habitat where the plants live. Altitude
helps the climatic characteristics of the area where the plants live. When the results of the study were
examined, it was determined that the use of 97 succulent taxa for cool climate regions was appropriate
and among these taxa, Saxifraga spp. and Sempervivum spp. were found to be dense. In warm climate
regions, Umbilicus spp. and Rosularia spp. genera were found to be dense among 72 succulent taxa. In
addition, these taxa are genera that can be used in xeriscape landscape applications. As a result of the
study, 63 taxa that can grow in both climatic regions were determined. Among these taxa, Rosularia spp.
and Sedum spp. genera were found to be dense. In addition to helping with the correct planning and
design studies for green roofs according to the climate, this study will contribute to the reduction of water
consumption with natural succulent plant species that can be used in xeriscape landscapes in an
important issue such as the water crisis, which has been on the agenda in recent years. Before green roof
planning and design studies are carried out in Turkiye, succulent species should be selected according to
the climate of the phytogeographic region. There is also a need for a working process with the university,
relevant ministries, local governments, experts, and other stakeholders. Thanks to these arrangements, a
green roof arrangement can be realized in terms of water, energy, and climate.
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