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Abstract: In this study, 10 Gram negative bacteria isolated from the rhizosphere soil of walnut (Juglans regia) orchard in the Kirsehir
(Central Anatolia of Turkey) were identified at species level by classical and molecular methods. It was determined that 99% of
phylogenetic similarities with bacterial isolates were closely related to the isolated Gram negative bacterial isolates. Ten isolates were
morpho-biochemically and molecularly characterized and on the basis of 16S rDNA sequencing were identified as 3 Enterobacter
cloacae, 3 Enterobacter ludwigii, 2 Escherichia coli, 1 Enterobacter hormaechei and 1 Plesiomonas shigelloides. Gram negative bacteria
showed enzymes activities. Except for P. shigelloides and E. coli, other Gram negative bacteria showed lipase, protease, cellulase,
amylase, gelatinase and pectinase activities at 4 °C and 28 °C. As a result, the current research suggests that strains isolated from

walnut rhizosphere soil can be used as bio-fertilizing and bio-control agents.
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1. Introduction

Walnut (Juglans regia L.) is a valuable tree nut from the
Juglandaceae family, native to a wide geography
including the Near East and Turkey. Walnuts are grown
in all agricultural ecoregions in Anatolia due to their
suitability to the various climates. Walnuts are generally
produced in dry regions of Central Anatolia and some
sections of Southeastern Anatolia in Turkey because
irrigation is not frequent. Walnuts grown well in clayey,
sandy soils with high organic matter soils. Recent
research has found that when different plants are grown
in the same soil, they can build rhizosphere microbiomes
that are distinct to diverse microbial populations (Glick
and Gamalero, 2021). Plants interact with a wide range of
microbes, including bacteria found in the intestine.
Members of the Enterobacteriaceae family are
saprophytes that live as parasites on plants and animals.
Many studies have shown that Enterobacteriaceae are
associated with plants and may have beneficial effects on
plant development (Lodewyckx et al, 2002). E.
radicincitans, E. arachidis, E. oryzae and Enterobacter sp.
CBMB30, which is isolated from wheat phyllosphere,
peanut rhizosphere and rice endosphere, are known
support plant growth (Peng et al. 2009; Madhaiyan et al,,
2010). The rhizosphere is a complex environment with
beneficial and pathogenic bacteria that play an important

role in the biogeochemical cycle of organic matter and
mineral nutrients (Lagos et al., 2015).

In the agricultural management, there are many
applications using Enterobacteriaceae members in the
production of recombinant protein and non-protein
products, control of infectious diseases, anticancer
agents, biowaste recycling, biocontrol and
bioremediation. As a result, genome-based phylogeny
and genomics must be more exact in identifying
Enterobacteriaceae members as well as defining genera
and species within this family (Octavia and Lan, 2013).
Enterobacter can be found in terrestrial and aquatic
environments (Halda-Alija et al, 2001) such as soil,
water, vegetables and plants

(Egamberdieva et al. 2008). The genus Enterobacter

sewage, fruits,
contains plant-related bacteria that promote plant
growth. E. ludwigii belongs to the E. cloacae complex and
has been reported to contain not only human pathogens
but also plant-related strains (Yousaf et al., 2011). Gram
negative bacteria including E. radicincitans, E. oryzae, and
E. ludwigii are determined as plant associated growth-
promoting bacteria (de Melo Pereira et al, 2012). E.
ludwigii has been reported as a bacterium that promotes
plant development and is plant related to biocontrol
(Shoebitz et al,, 2009). Proteobacteria were detected in
the root endosphere (63%) and rhizosphere (54%) of
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naturally grown walnut trees (Bai et al., 2020). Different
genera of bacteria, including Bacillus, Pseudomonas,
Enterobacter, Rhizobium, Azospirillum, Azotobacter and
Serratia, possess a range of properties, including P-
solubilization, N2-fixation and the ability to produce
cytokinins, antibiotics and hydrolytic enzymes that have
been shown to increase yield in wheat, rice, maize, sugar
beet and canola (Hayat et al,, 2012). Zang, et al. (2015)
identified 11 strains of phosphate solubilizing bacteria in
walnut rhizosphere by 16S rDNA which belonged to 5
genera and they were namely Pseudomonas,
Staphylococcus, Planomicrobium, Microbacterium, and
Acinetobacter. Liu et al. (2014) have suggested that the
inoculation of B. interferes with the
suppression  of (salinity and
temperature) the biological characteristics of walnut
rhizosphere soil.

Soil bacteria have the ability to produce a variety of
extracellular enzymes such as amylase, protease, lipase,
pectinase, cellulase, and chitinase. Bacteria can be

cereus L90

stress  conditions

manipulated to produce commercially important
enzymes in organic compound synthesis, clinical analysis,
pharmaceuticals, detergents, food production and
fermentation (Logeswaran et al., 2014).

Bacterial amylase is more efficient than amylase from
plants and animals because of its short growing time
(Mishra and Behera 2008).

From the findings of the present study, the better source
could be searched further to find potential bacterial
isolates capable of producing the industrially significant
and widely used amylase enzyme (Madhav et al., 2011).
Biotechnological applications of alkaline pectinases
include textile processing, coffee, and tea fermentation,
industrial wastewater pre-treatment containing pectin
materials (Hoondal et al., 2002). Acid pectinases are used
in the juicing industry to improve production, reduce
viscosity, and clarify juice (Lara-Marquez et al,, 2011).
Despite the ecological importance and high economic
value of the walnut tree, there are no studies on the
bacteria associated with rhizosphere. Research on the
rhizosphere bacteria of walnut not only explored our
understanding of possible uses as plant growth
promoting agents, but also their biocontrol potential in
vitro.

In this study, the objectives are to find the molecular
characterization of the bacteria in the rhizosphere soil of
the walnut region around Kirsehir.

2. Material and Methods

2.1. Collection of Soil Samples

The samples were collected from the lands grown in
walnuts in the districts of Kirsehir where located in
38°50'- 39°50' northern latitudes and 33°30'-34°50'east
longitudes. The sampling was done in June 2017. Soil
samples were collected from walnut orchards in Kirgehir
were brought to the laboratory by ensuring cold chain.
Taking 1 g of the soil samples, 10 ml of Nutrient Broth
medium was taken and incubated at 30 °C for 24-48

hours, and then each breeding culture was transferred to
Nutrient Agar and incubated at 30 °C for 24-48 hours.
Pure colonies after incubation were stored as Gram
negative bacteria.

2.2. Isolation and Identification of Bacteria from
Walnut Rhizosphere Soil

The rhizosphere soil sample was taken 1 g and diluted
serially (104-106). Diluted suspensions (0.1 mL) were
spread over pre-cast nutrient agar
incubated at 30 °C for 24-48 hours. Then suspect colonies
were selected. Some morphological and biochemical
properties
morphological characterization, colony color and form of
isolated colonies were examined. Cell shape, size and
Gram reaction were also noted. The various biochemical

medium and

of the isolates were determined. In

characterization indole production, methyl red test,
Voges-Proskauer reaction, citrate utilization test, oxidase
test, catalase production, acid production and H2S
production was carried out according to the Bergey’s
Manual of Systematic Bacteriology, volumes 1 and 2
(Krieg and Holt 1986; Sneath et al. 1986).The
biochemical properties of the isolates were performed
using API test kits (API 20E, Biomeriux).

2.3. Molecular Characterization of Gram Negative
Isolates and Enhancement of the 16S rRNA Gene by
PCR

The molecular characterization of bacterial isolates was
carried out by 16S rRNA sequencing. Genomic DNA of the
isolates was purified according to the procedure of
Sambrook et al, (1989). 16S rRNA genes were amplified
from genomic DNA obtained from each isolate with the
help of UNI16S-L (5'-ATTCTAGAGTTTGATCATGGCTCA-
3') forward and UNI16S-R (5'-ATGGTACCGTGTG
ACGGGCGGTGTGTA) reverse primers. Conditions for PCR
reactions were established according to Beffa et al.
(1996). The replication process was carried out in 200 pl
tubes, "BioRad thermocycler". 5 pl of the PCR products
obtained were run on a 1.0% agarose gel and visualized
after staining with ethidium bromide (0.5 pg/ml). PCR
products were sent to Macrogen (S. Korea) Company for
DNA sequencing analysis.

2.3. Data Analysis

All 16S rRNA sequences obtained were arranged with the
BioEdit (Version 7.09) (Hall, 1999) program and their
percentage similarities with other 16S rRNA sequences in
GenBank were determined by BLAST in NCBI GenBank.
The data obtained here were used to verify the
morphological descriptions of the isolates.

Cluster analysis of 16S rRNA sequences was performed
with the ClustalW program using the BioEdit program in
the same way, and 1444 bp of the data obtained from this
was used in neighbor joining (N]) analysis with the help
of MEGA (version 5) (Tamura et al., 2011) phylogenetic
program. Aligment gaps were considered as missing data.
The reliability of the generated dendrograms was tested
with 1000 replicates by bootstrap analysis using the
MEGA 5.0 program.

BS] Eng Sci / Belgin ERDEM et al.

55



Black Sea Journal of Engineering and Science

2.4. Enzymatic Activity of the Bacterial Isolates
Enzyme production was determined using a diffusion
method involving colonies grown on solid media with a
specific substrate. Each isolate was inoculated at 4 and
280C and tests were done in duplicate. The open regions
around the colonies were considered as an indicator of
enzymatic activities and measured in mm as the
difference between the halo and the diameter of the
colony.

Extracellular enzyme activity of the bacterial isolates
such as lipase, proteinase, cellulose, amylase, gelatinase
and pectinase was also determined. Lipase activity was
screened on rhodamine B (Sigma) agar plates including
olive oil (Kouker and Jaeger 1987). Protease activity was
determined on agar plates including skim milk (Yu et al,,
2009). Cellulose activity was determined on nutrient agar
plates which included carboxymethyl cellulose (0.5%).
After 2 days of incubation, cellulose activity was
determined with Congo red staining. Formation of clear
zones around the colonies was assessed as an indication
of enzyme activity (Teather, 1982). Starch hydrolysis
test was used to detect amylase activity (Yu et al,, 2009).
To screen pectinolytic bacteria, bacteria that formed
larger halos were selected after addition of 1%
cetyltrimethylammonium bromide (CTAB) to MP
medium (Schaad et al, 2001). The production of
extracellular gelatinase was determined using culture
media, with gelatin (Seeley et al., 1991).

3. Results

3.1. Imaging of Genomic DNA in Agarose Gel

Genomic DNA fragments isolated from the isolates were
carried out in a 1% agarose gel at 100 V for 15-20
minutes. After execution, genomic DNAs were visualized
under UV light (Figure 1).

BE-O2 BE03 BE-0O4 BEOS5 BEO6 BE-O7 BEO8 BE09 BE-10

Figure 1. Genomic DNA image of gram negative isolates.

3.2. Imaging of 16S rRNA Gene Fragments in Agarose
Gel

After the 16S rRNA PCR performed in the study, PCR
products were carried out in 1% agarose gel. As a result
of agarose gel electrophoresis, approximately 1600 bp
PCR fragments were visualized (Figure 2).

3.3. Molecular Identification of Gram Negative
Isolates

The 16S rRNA index analysis of the isolates was done by
MACROGEN. These sequences were compared with the
16S rRNA genes of other bacteria existing in Gen Bank,
and similarities were detected in the face (Table 1).

Table 1. 16S rRNA gene similarities of gram negative isolates (submitted to NCBI, USA)

Isolate Species Gen Bank ID Number Query coverage (%) Identity (%)
BE-01 Enterobacter cancerogenus 46 KF254599 100 99
Enterobacter sp. AC3 KX608919 100 99
Enterobacter cloacae SL11 KP058541 100 99
BE-02 Enterobacter cloacae EC1 KJ210326 99 99
Enterobacter cloacae A2014-212 LC689714 99 99
Enterobacter cloacae DX6 KM406493 99 99
BE-03 Enterobacter cloacae DX6 KM406493 99 99
Enterobacter cloacae EC1 KJ210326 99 99
Enterobacter sp. VTAN51 JN886722 98 99
BE-04 Enterobacter hormaechei HDYM-06 EF428236 100 93
Enterobacter hormaechei STY31 HQ220153 100 93
Enterobacter hormaechei ATY25 HQ219944 100 93
BE-05 Enterobacter ludwigii RCB319 KT260531 100 99
Enterobacter ludwigii RCB308 KT260520 100 99
Enterobacter ludwigii FGC63 KF358445 100 99
BE-06 Enterobacter ludwigii RCB319 KT260531 100 99
Enterobacter ludwigii RCB308 KT260520 100 99
Enterobacter ludwigii FGC63 KF358445 100 99
BE-07 Enterobacter ludwigii RCB319 KT260531 100 99
Enterobacter ludwigii RCB308 KT260520 100 99
Enterobacter ludwigii FGC63 KF358445 100 99
BE-08 Plesiomonas shigelloides XS-9 KP284552 100 99
Plesiomonas shigelloides JT-0601 JN571746 100 99
Plesiomonas shigelloides CIFRI KX986915 100 99
BE-09 Escherichia coli RRL-36 ]Q398845 100 99
Escherichia coli ]XZ-12 JF496560 99 99
Escherichia coli ATY26 HQ219945 99 99
BE-10 Escherichia coli RRL-36 ]Q398845 100 99
Escherichia coli JXZ-12 JF496560 99 99
Escherichia coli ATY26 HQ219945 99 99
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Figure 2. Image of 16S rRNA fragments of gram negative
isolates.
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Phylogenetic similarities with bacteria that 10 Gram
negative bacterial isolated from walnut rhizosphere
samples that were closely related were determined.
According to the dendogram obtained, the highest
bacterial isolate BE-01 of Enterobacter sp., the highest
Enterobacter cloacae of the bacterial isolates BE-02 and
BE-03, the most Enterobacter hormaechei of BE-04, and
the most Enterobacter ludwigii of the bacterial isolates
BE-05, BE-06 and BE-07, bacterial isolates BE-08 were
the most similar to Plesiomonas shigelloides, bacterial
isolates BE-09 and BE-10 were mostly similar to
Escherichia coli (Figure 3).

Plesiomonas shigelloides strain JT-0601

Plesiomonas shigelloides strain CIFRI

B 99 , M BE-09
96
M B:-10

100

Enterobacter hormaechei STY31
100 'Enterobacter hormaechei ATY25

LPlesiomonas shigelloides strain X$-9
M 8£-08

Escherichia coli strain RRL-36
Escherichia coli strain JXZ-12
Escherichia coli strain ATY26

M B£-04

Enterobacter hormaechei HDYM-06

—
0.005

Figure 3. Pyhlogenetic analysis of the bacterial isolates from the rhizosphere soil of walnut and their closely related 10
bacterial species based on the partial sequence of the 16S rRNA gene. Dendogram was made using the neighbor-joining
(NJ) method using the MEGA 5.0 phylogenetic program. The numbers next to the nodes show the bootstrap values. The

scale below the figure shows the degree of similarity.

BS] Eng Sci / Belgin ERDEM et al.

57



Black Sea Journal of Engineering and Science

According to the molecular characterization studies, the
determination results of Gram negative isolates at the
species level are given in Table 2.

Table 2. Species determination results of Gram negative
bacterial isolates

Isolates Identified species

BE-01 Enterobacter sp.

BE-02, BE-03 Enterobacter cloacae
BE-04 Enterobacter hormaechei
BE-05, BE-06, BE-07 Enterobacter ludwigii
BE-08 Plesiomonas shigelloides
BE-09, BE-10 Escherichia coli

3.4. Screening for Extracellular Enzyme Activities
For screening of enzymatic activities, we worked with 10

bacteria isolates (Table 3). The size of halos and colonies
were used to compare enzymatic activities and colony
growth. P. shigelloides and E. coli had no detectable
lipase, protease, cellulase, amylase, gelatinase and
pectinase activities at 4 and 28 °C. Enterobacter sp., E.
cloacae, E. hormaechei and E. ludwigii had lipase,
protease, cellulase, amylase, gelatinase and pectinase
activities 10-18 mm inhibition zone diameter at 4 and 28
°C. The isolates with the highest lipase activity are E.
hormaechei and E. ludwigii. This isolates exhibited high
lipase activity at 4 °C (15 mm) and at 28 °C (18 mm). E.
cloacae had high pectinase activity at 28 °C (18 mm). E.
cloacae and E. hormaechei had cellulase and gelatinase
activities, but activity was found only at 28 °C (15 and
18 mm respectively). E. cloacae exhibited high amylase
and lipase activity (12 mm) at 4 °C.

Table 3. Extracellular enzyme activities measured of diatemer and the colony halo in mm at 4 and 28 °C

Lipase Protease Cellulase Amylase Gelatinase Pectinase
Temperature (°C) 4 28 4 28 4 28 4 28 4 28 4 28
Isolates Identified species
BE-01 Enterobacter sp. 10 15 12 15 - - - - 12 12
BE-02 E. cloacae 12 16 - - - 15 12 18 12 18 12 18
BE-03 E. cloacae 12 16 - - - 15 12 18 12 18 12 18
BE-04 E. hormaechei 15 18 12 15 - 15 12 16 - 18 12 12
BE-05 E. ludwigii 15 18 12 14 - - 12 17 - - - -
BE-06 E. ludwigii 15 18 12 14 - - 12 17 - - - -
BE-07 E. ludwigii 15 18 10 15 — - 15 17 — — B -
BE-08 P. shigelloides - - - - - - - - - -
BE-09 E. coli - - - - - - - - - - - -
BE-10 E. coli - - - - - - - - - - - -

-= absence of clear zone around the colony, += presence of clear zone around the colony.

4. Discussion

Walnuts can be used to discover the diversity of bacteria
in their rhizosphere and to isolate the growth of plants
under nutritional stress conditions since these trees have
known to have rich rhizosphere for microrganism. The
use of PGPR’s can be successfully used as bio-fertilizers
for sustainable plant production.

In this study, Gram negative bacteria isolated from
walnut rhizosphere were compared to the sequence
homology of the species using classical and molecular
(16S rRNA gene region sequence) methods, and the
species with the highest homology were found. Overall
10 bacteria BE-01, BE-02, BE-03, BE-04, BE-05, BE-06,
BE-07, BE-08, BE-09 and BE-10 were isolated from the
walnut rhizosphere soils of Kirsehir.

Endophytic bacteria were isolated from different tissues
of walnut trees that 16S rRNA gene-based phylogenetic
analysis revealed that strains showed 99%-100%

4.1. Bacterial Flora

A total of 10 isolates that walnut rhizosphere soil was
isolated from the soil and are given in Table 1. The five
species found that 3 E. cloacae, 3 E. ludwigii, 2 E. coli, 1 E.
hormahechei and 1 P. shigelloides were isolated.

Common bacterial species that E. cloacae, E. ludwigii and
E. hormahechei isolated. Other species, 1 P. shigelloides
and 2 E. coli were also made in isolation. The biochemical
properties of the isolates were performed using API test
kits (API 20E, Biomeriux). These results highlight the
potential of Enterobacter strain B-14 to be used in the
Cleanup of contaminated pesticide waste in the
environment (Singh et al, 2004). Our findings are
supported by Bai et al. (2020) who found proteobacteria
54% dominant in walnut trees rhizosphere, and
confirmed by Zang et al. (2015) who isolated high
number of bacteria from walnut rhizosphere by 16S
rDNA which belonged to genera and they were namely

similarity to Pseudomonas, Bacillus, Arthrobacter, Pseudomonas, Staphylococcus, Planomicrobium,
Roseomonas and Streptomyces genera (Ghorbani and Microbacterium, and Acinetobacter.

Harighi, 2018).
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4.2. Molecular Identification of Gram Negative
Isolates

When comparing 16S rRNA index analyzes of isolates,
99% similarity was detected. The isolates were identified
by amplifying their 16S rRNA gene sequences of different
lengths. The partial sequences of nucleotides were
compared with the available sequences from NCBI
database and the sequences showing >99% similarity
retrieved by BLAST-N program (NCBI;
www.ncbi.nlm.nih.gov/BLAST). The sequences submitted
to NCBI and their accession numbers and number of base

were

pairs amplified are indicated in Table 1. Phylogenetic
analysis revealed that the bacterial isolates resembled
with many reference sequences existing in the global
bacterial gene pool and accordingly were identified on
the basis of maximum sequence homology and phylogeny
with the global reference sequences (Figure 1).

The bacterial isolates belonged to three genera namely
Enterobacter, Escherichia and Plesiomonas. The two
isolates were identified as E. cloacae (strains BE-02 and
BE-03), E. coli (strains BE-09 and BE-10) while three
isolates each were identified as E. ludwigii (strains BE-05,
BE-06 and BE-07). One isolate each was identified as
Enterobacter sp.(strain BE-01), E. hormaechei (strain BE-
04) and P. shigelloides (strain BE-08).

Dar et al. (2018) have reported the presence of species
level B. licheniformis, B. tequilensis, B. cereus, B. subtilis, M.
luteus, M. yunnanensis and Micrococcus sp. as defined by
16S rDNA sequencing of rhizobacteria isolated from
(Juglans regia) rhizosphere in Western
Himalayas. Researchers have reported that glyphosate
degrading E. cloacae K7 may be useful for developing a
biotechnology for the cleanup and restoration of
glyphosate polluted soils (Kryuchkova et al, 2014).

walnut

Previous results Pseudomonas and
Enterobacter strains potential PGPR inorganic fertilizers
and could serve as bio fertilizer (Hayat et al.,, 2012).

The literature review revealed that no bacterial isolation

studies were conducted on walnut rhizosphere soils

reported that

based on molecular characterization, especially in the
central Anatolia region, and the current study was first
carried out in the central Anatolia region.

4.3. Extracellular Enzyme Activities

Enzymes can break down compounds and have various
applications in biotechnology (food, beverage, personal
and home care, agriculture, bioenergy, detergent, textiles,
paper, pulp, biofuels, leather and pharmaceuticals)
(Fasim et al, 2021). Therefore, screening of enzyme
producing bacteria and characterization of the produced
enzyme are important in biotechnology.

In this study, the ability of bacterial isolates to produce
lipase, protease, cellulase, amylase, gelatinase and
pectinase was screened using a special medium for each
enzyme. E. cloacae BE-02 and E. cloacae BE-03 did not
produce protease and geletinase. E. ludwigii BE-05, E.
ludwigii BE-06 and E. ludwigii BE-07 showed no celluase,
gelatinase and pectinase activity. BE-01
(Enterobacter sp.) exhibited lipase, proteinase and

Isolate

pectinase activity.

As a result, among the bacterial isolates, their production
of lipase, protease, amylase and pectinase enzymes at 4
and 28 °C showed large clear halo around the bacterial
colony in the special medium.

In addition, walnut rhisozphere soil can be a potentially
economic source of various enzyme producing bacteria
and when utilized properly this source can contribute to
the growing needs of enzyme in various industries.

The percentage of amylolytic activity of bacteria in the
garbage soils was higher than in the orchard soils. The
reason for this may be the excess of starchy waste
materials in the garbage soils (Saha et al, 2019).
Pectinolytic enzymes that catalyze the breakdown of
substrates containing pectin are widespread. Pectinases
have potential applications industries,
including food, animal feed, textile, paper, and fuel
(Abdollahzadeh et al., 2020).

In this study, ten bacterial isolates were collected from
Kirsehir city walnut orchard rhizosphere and four

in various

isolates showed the most pectinase activity. The
biochemical and molecular test results showed that the
four screened bacteria were Enterobacter sp. BE-01 and
named E. cloacae BE-02, E. cloacae BE-03 and E.
hormaechei BE-04.

Ten bacteria were isolated and characterized from
walnut rhizosphere soil of walnut fields. Since bacteria
are available in walnut fields, they could be beneficial for
controlling insectised in the walnut fields through
conservation of such biological control agents.

5. Conclusion

Various microorganisms in nature, which are used in
various applications such as enzyme
production, fabric manufacturing, bioremediation and

industrial

pharmaceutical production. Soil microorganisms play an
important role in the release of nutrients that can be
used by plants. This study revealed the diversity and
isolation of microorganisms found in walnut rhizosphere
soil. Further research is needed for production,
optimization, purification and characterization of enzyme
by these bacterial isolates and possible biotechnological
application of the enzyme.

In conclusion, we isolated 10 bacterial strains from the
walnut rhizosphere soil and purified, characterized and
identified these strains by 16S rRNA gene sequencing.
These bacterial strains were identified as belonging to
the genera Escherichia, Enterobacter and Pleisomonas.
Gram negative strains can be used to grow walnut trees
as bio-fertilizing and bio-control agents after the PGPR
potential has been determined. The existence of such
microorganisms suggests that they can be utilized in
future application such as controlling plant diseases,
phytoremediation of contaminated soils or enhancing
plant growth.
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KIRIKKALE ILINDE RUMINANT iSLETMELERINDEN ALINAN
SULARDA NITRAT, NITRIT VE AMONYUM SEVIYELERININ
BELIRLENMESI
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Ozet: igme suyundaki organik maddelerin insan ve hayvan saghigi acisindan zarar vermeyecek diizeyde olmasi 6nem arz etmektedir.
Bu ¢alisma, Kirikkale ili sinirlari icerisindeki 59 biiyiikbas hayvan isletmesinden temin edilen sularda, bazi inorganik maddelerin
(nitrat, nitrit, amonyum) seviyelerinin belirlenmesi ve bu materyalleri tiilketen hayvanlarin sagligina olumlu veya olumsuz etki yapacak
diizeyde olup olmadiklar1 konusunda fikir sahibi olabilmek amaglanarak yapilmistir. Numunelerin analizinde iyon kromatografi cihazi
kullanilmistir. Analiz sonuglarinda tespit edilen ortalama degerler; nitrit icin 2 numune (%3,39) pozitif 1,64+1,61 ppm, nitrat i¢in 59
numune(%100) pozitif 42,35+38,87 ppm ve amonyum i¢in 3 numune (%5,08) pozitif 22,86+12,38 ppm olarak tespit edilmistir. Nitrit
icin degerler sularda 0,50-2,79 ppm araliginda olup 2 numune (%3,39) 0,5 ppm diizeyini agsmistir. Hicbir deger 10 ppm diizeyini
agmamustir. Nitrat yoniinden toplanan 59 su numunesinin 19'u (%32,20) igme suyu i¢in belirlenen 50 ppm, 7 su numunesi (%11,86)
hayvanlar i¢in limit deger olarak énerilen 100 ppm, 5 su numunesi (%8,47) ise hayvanlar i¢in kronik zehirlenme olusturan 125 ppm
sinir degerini agmistir. Toplanan su numunelerinden 3 (%5,08) adedinde amonyum 0,5 ppm diizeyini agmistir. Sonug olarak,
hayvanlar tarafindan tiiketilen sularin hayvancilik isletmelerinin ekonomik diizeyini artirmasi amaciyla kontrol altinda tutulmasi
uygun olacaktir.

Anahtar kelimeler: Amonyum, inorganik maddeler, Nitrit, Nitrat, Ruminant, Su

Determination of Nitrate, Nitrite and Ammonium in Water Collected from Ruminant Farms in Kirikkale
Province

Abstract: The organic substances in drinking water should be at a level that will not harm human and animal health. This study was
carried out with the aim of determining the levels of some inorganic substances (nitrite, nitrate, ammonium) in the water taken from
59 cattle farms within the borders of Kirikkale Province and to have an idea whether they are at a level that will have a positive or
negative effect on the health of the animals consuming these materials. The analyses were performed by ion chromatography device.
The average values determined were as follows: nitrite was found in 2 (3.39%) samples with an average of 1.64+1.61 ppm, nitrate was
found in 59 (100%) samples with the average value of 42.35+38.87 ppm, and ammonium was found in 3 (%5.08) samples with an
average value of 22.86+12.38 ppm. Levels for nitrite were in the range of 0.50-2.79 ppm, and 2 (%3.39) samples exceed the level of 0.5
ppm. No sample exceed the level of 10 ppm which can pose a risk for animals. In 19 (32.20%) of the 59 samples nitrate level exceeded
the level of 50 ppm, in 7 (11.86%) samples nitrate levels exceed the level of 100 ppm which is the recommended limit level for animals,
and in 5 (8.47%) samples nitrate level exceeded the level of 125 ppm which may pose a risk of chronic poisoning in animals. For
ammonium 3 samples (5.08%) exceeded the 0.5 ppm. As a result, it is suggested to monitor the water consumed by animals in order to
increase the economic status of livestock enterprises.

Keywords: Ammonium, Nitrite, Nitrate, Inorganic substances, Ruminant, Water
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Tirkiye ve Diinya niifusundaki artisa bagh olarak sanayi

1. Giris

Hayvanlarin tiikketimine sunulan suyun Kkalitesi hem sektortindeki ilerleme, gidaya olan ihtiyacgla birlikte

ekonomik hem de saglik anlaminda hayvansal iiretimin
¢ok onemli bir unsurudur. Hayvanlarda i¢cme suyu
kalitesi, verim diizeyi ve enerji lizerine etkili olmaktadir.
Hayvan tarafindan su igeriginde bulunabilen toksik
maddeler yag ve kas dokuya gecerek hayvansal {iriinlere
ulasmaktadir (Géncti ve ark., 2008; Teke ve Kahya, 2021).

tarimda verimi artirmaya yonelik glibre kullanimi su
kaynaklarinda
Hayvancilik faaliyetleri nedeni ile ¢evre kirliligine sebep
olan atiklar; siv1 (idrar) ve kat1 (giibre) atiklardir. Bunlar

kirlenmelere neden olmaktadir.

hayvanin yasina, tiiketilen yemin 6zelliklerine ve hayvan
fizyolojisine gore farklilik gostermektedir (Aydin ve
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Derindz, 2013). Hayvanlarin yillik olusturdugu toplam
kuru gilibre miktar1 biiyiikbas hayvanlarda 256111,494
ton, kiiglikbas hayvanlarda 47350,916 ton ve kiimes
hayvanlarinda ise 9885,938 ton ’'dur. Cevre Kkirliligini
onlemek icin kapali alanlarda bu atiklar biriktirilmeli
kompost yapma, kurutma ve biyogaz iretimi gibi
islemler standartlara uygun bicimde uygulanarak gevre
kirliligi 6nlenebilmektedir (Tirink, 2021 ).

Endistrinin gelismesi, niifus artisi ve bunlara bagh olarak
su kirliligine sebep olan etmenler saglk sorunlari
dogurmakla birlikte kirlenmis bulundugu
yerlerde yasayan canlilar icin de sikinti olusturmaktadir
(Akin ve Akin, 2007; Sénmez ve Demir, 2011). Bu
problemlere ¢6ziim amaciyla Tarim ve Orman Bakanligi
tarafindan hayvan refahi ve saghgim koruyucu 6nlemler
alinmis ve bu kapsamda: 2019-2023 yillar1 igin
yayinlanmis olan ‘Ulusal Su Plani’'nda bu onlemlere
deginilmistir. Bunun yani sira yine aym plan
cercevesinde ‘Su Kaynaklarimin Miktar, Kalite ve
Ekosistemler Acisindan Korunmasi ve lyilestirilmesi’

sularin

bashgl da yer almaktadir (Anonim, 2019). Tarim ve
Orman Bakanligi 2018-2022 Stratejik Plani igerisindeki
stratejilerden hayvan sagligi ve refahinin saglanmasi i¢in
gerekli standartlarin olusturulmasr’
hedefler arasinda 6ncelikli olarak yer almaktadir.

sistemlerin ve

Sularda yiiksek nitrat diizeyleri, kimyasal giibre veya
giibre ile yogun sekilde giibrelenmis tarim alanlarindan
gelen kaynaklanabilmektedir.  Nitrat
ozellikle ruminantlar icin ¢ok toksiktir. Nitrat ve nitrit
canlilarda akut veya kronik zehirlenme olusturmaktadir.
Nitrat zehirlenmesinin etki mekanizmasi nitratin nitrite
indirgenmesi ile hemoglobin okside
methemoglobine doniismesidir. Bu kanin oksijen tasima
kapasitesini yeterli  oksijen

akintilardan

olarak
azaltarak  dokulara
saglanmasini 6nlemektedir. Bu durumdaki hayvanlarda
klinik olarak nefes nefese kalma, kalp atim hizinda artis,
kaslarda zayiflik, norolojik bozukluklar, ¢okme ve 6liim
gibi belirtiler goriilmektedir. Ruminantlarin nitrata karsi
monogastrik tlirlere goére 10 kat daha duyarl oldugu
diistinilmektedir (Tofan, 2008). Nitratin sudaki oranlari
canl icin tehlike olusturabilmektedir (Sénmez ve Demir,
2011).

Tirkiye ve Diinyada farkli  bdlgelerde
zehirlenmeleri bildirilmistir. Ciftlik hayvanlarinda kanda

nitrat
%50-90 methemoglobin diizeyi bulgusu akut ve
yemlerde 800-2000 ppm nitrat verilmesi nedeni ile
subakut ve kronik zehirlenmeler sekillenmistir (Orug ve
Ceylan, 2001). Bu zehirlenmenin Oniine ge¢mek igin
hayvancilik isletmelerin giibre depolama bdliimleri, kuyu
gibi su kaynaklarinin en az 30 m, siit sagim bdlmelerinin
ise 15 m uzaginda olmalidir (Olhan ve Ataseven, 2009).
“Tarimsal Kaynakh Nitrat Kirliligine Karsi
Korunmasi Yonetmeligi” ve “Su Kaynaklarinin Korunmasi
Yonetmeligi” kirliliginin bahsedildigi
yonetmeliklerdir. Nitrat diizeyinin suda 50 mg/L’yi
gecmemesi gerekir. Bu durum nitrit i¢in 0,50 mg/L
(Osweiler, 1985; Rasby, 1996; Resmi Gazete, 2005; Resmi
Gazete, 2019), amonyum i¢in ise 0,50 mg/L olarak

Sularin

nitrat

bildirilmistir (Resmi Gazete, 2005; Resmi Gazete, 2019).
Hayvanlarda nitrit i¢in Onerilen limit deger 10 ppm
olarak Dbelirlenmistir (Carlson ve Ensley, 2007).
Hayvanlarda sulardaki nitrat diizeyi 125 ppm’ in iistiinde
kronik, 500 ppm’in dstiinde akut zehirlenmeler
gorilebilir. Hayvanlar icin 100 ppm’in iistlinde nitrat
iceren sularin verilmemesi dnerilmektedir (Kaya ve Akar,
2014).

Ure, gevis getiren hayvan rasyonlarinda protein olmayan
nitrojenin en ¢ok kullanilan seklidir ve ucuz bir ham
protein kaynagidir. Ure, rumende ¢ogunlukla amonyuma
(NHs+) ve ¢ok az miktarda amonyaga (NHz) hidrolize
olur. Her iki madde de ¢ok benzer olmasina ragmen,
amonyumun amonyaga tek protonsuzlastirilmasi bu son
bilesigi lipofilik ve ytiksek oranda emilebilir hale getirir.
Bu deprotonasyon, ruminal sivi pH'1 yiiksek oldugunda
makul gerceklesir.  Zehirlenme, biiylik
miktarlarda amonyak olustugunda ve kan dolagimina
emildiginde meydana gelir (Ortolani ve Antonelli, 2004).
icme suyunda amonyum bulunmasi genellikle fekal

oranlarda

kirlilik varhigini isaret eder (WHO, 2011). Amonyum,
igme Suyu Yénetmeligine gére 0,5 mg/L’yi gecmemelidir.
Suda bulunmasi halinde suya diski gibi atiklarin karistigi
veya organik maddelerin ¢iirimesi ve tarimin yogun
oldugu bolgelerde giibre kullanimindan kaynakl gectigi
distiniilmektedir. (Anonim, 2021). Sudaki amonyum
degisik formlarda bulunur. Bu durum suyun pH’sina bagh
olup pH artikca amonyum amonyaga doniiserek
amonyak oraninin  artmasina
(Karaoglu ve ark., 2008).

Bu calisma Kirikkale ili sinirlan igerisindeki 59 adet
biliyiikbas hayvan isletmesinden toplanan sulardaki
nitrat, nitrit, amonyum seviyelerinin belirlenmesi ve bu
inorganik maddelerin hayvanlarin saghigini olumlu ve

neden olmaktadir

olumsuz etki yapacak diizeyde olup olmadiklarini
saptamak amaciyla yapilmistir.

2. Materyal ve Yontem

2.1. Numunelerin Toplanmasi

Su numuneleri Kirikkale ili simirlar icerisinde bulunan
59 adet biiyiikbas hayvan isletmesinden temin edilmistir.
Kirikkale ili Merkez (n=14) basta olmak iizere Yahsihan
(n=7), Karakegili (n=7), Celebi (n= 6), Baliseyh (n=7),
Sulakyurt (n=5), (n=4) ve Keskin (n=9)
flcelerinden toplam 59 su érnegi Haziran, 2020 tarihinde
toplanmistir. Bu isletmelerin se¢iminde isletmelerin
birbirinden uzakligl, yerlesim yerleri, mevcut kapasiteleri
gibi cevresel farkliliklar g6z 6niinde bulundurulmustur.
isletme sahipleri ile iletisime gecilerek numune alim

Delice

glinleri belirlenmis ve programa uygun olarak gidilerek
her isletmeden su numuneleri uygun sekilde alinmistir.
aliminda uygun  kaplar
kullanilmistir. Su numuneleri isletmenin suyu temin
ettigi, hayvanlarin ictigi sulardan alinmis olup, bu

Numune standartlara

numuneler sebeke suyu ve kaynak kuyu sularindan
olusmaktadir. Numuneler hayvanlarin o sirada kullandigi
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onlerindeki sulardan temin edilmistir. Numuneler
laboratuvara getirilme stiresince 4 °C de saklanmistir.
63



Black Sea Journal of Engineering and Science

Allnan numunelerin analizleri Kirikkale Universitesi
Bilimsel ve Teknolojik Arastirmalar Uygulama ve
Arastirma Merkezi Miidiirliigii (KUBTUAM) Cevre Analiz
Laboratuvarinda gergeklestirilmistir.

2.2. Numunelerin Analizi

Laboratuvarda; inorganik maddeler (nitrit; NO2, nitrat;
NOz, amonyum; NH4) yoniinden analiz edilmesinde iyon

kromatografi  cihazi ile  Olglimleri  yapilmistir.
Numunelerin analizinde iyon kromatografi cihaz
kullanilmistir.  Analiz i¢in toplanan her bir su

numunesinden 50 pl su ve 950 pl saf su olmak tizere 1:20
oraninda seyreltilerek 0,45um (pore size)’lik naylon
HPLC wvialine
alinmistir. 59 numune tamamlandiktan sonra Shimadzu-
HIC 20A Super iyon kromatografisi cihazinda inorganik

filtreler ile shziilerek polipropilen

maddelerin anyon ve katyon analizleri yapilmistir. iyon
kromatografi cihazinin analitik kosullar1 Tablo 1’ de
sunulmustur. Bu analizde Merck firmasinin {rettigi
kimyasal anyon ve katyon standartlar: kullanilmistir.

Tablo 1. Iyon kromatografi cihazinin analitik kosullar:

Nitrat ve nitrit eksternal kalibrasyon igin alti
konsantrasyon diizeyi (1, 2, 5, 10, 20, 30 mg/L)
belirlenmistir. Amonyumun eksternal kalibrasyonunda
bes konsantrasyon diizeyi (1, 2, 5, 10, 20 mg/L)
belirlenmistir. Standartlarin tayin sinir1 (LOD), élgim
sinirt (LOQ) ve % geri kazanim degerleri Tablo 2’ de
verilmistir. NO2, NO3 ve NH4 standartlarinin korelasyon
kat sayilar1 (R?) sirasiyla 0.9985619, 0.9989538 ve
0.9908344 olarak hesaplanmistir. Nitrit,
amonyum i¢in standartlarin kalibrasyon egrileri sirasiyla
Sekil 1, 2 ve 3’ de sunulmustur.

2.3. Istatistik Analiz

Numune degerlendirmesi ilk olarak kalitatif (standard
alikonma zamanlar1 referans alindi) olarak ve ardindan

nitrat ve

dis standart metoduyla (seyrelme ve numune miktari
dikkate alinarak) kantitatif olarak tayini gerceklestirildi.
Bulunan sonuglar ppm olarak sunulmustur. Numuneler
2020 Haziran ay1 icerinde toplanmugtir. ilge verileri kendi
icerisinde degerlendirilmis, ¢alismanin verileri ortalama
+ standart sapma olarak verilmistir.

Mobil Faz/Asama (Anyon)
Kolon (Anyon)

Sodyum Bikarbonat/Sodyum Karbonat karisimi (12mM/6mM)
Shimpack ICSA2 (250 mm x 4.0 mm, 9um)

Mobil Faz (Katyon) Nitrik Asit (5mM)

Kolon (Katyon) Shimpack ICSC1 (150 mm x 4.6 mm, 6um)
Akis Hizi/Baskin 1mL/dk

Dedektor CDD-10 Asp

Kolon Firin Sicakligi 300C

Stire 20 dk

Enjeksiyon Hacmi 20puL

Tablo 2. Standartlarin LOD (tayin sinir1) ve LOQ (8l¢lim sinir1) ve % geri kazanim degerleri

Anyon ve Katyon LOD LOQ % geri kazanim
Nitrit (NO2) 0,003696 0,00122 %106,5
Nitrat (NO3) 0,006705 0,002213 %117,1
Amonyum(NHa) 0,039682 0,013095 %105,8
Area Area
*1 0A7 '1 0/\6
[ o | [ a0y ] -
O
08 40
0.6 30 o
04 20 o
02 Conc. [*10°2] 10 o2 Conc. [*10%2]

00"
00 10 20 30 40 50 60 70

Sekil 1. Nitrit (NO2) konsantrasyon egrisi.

Area
[*1076]
8.0
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20
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sekil 2. Nitrat (NOs) kalibrasyon egrisi.

0.0
0.0 05 1.0 15 20 25 3.0 35 4045

Sekil 3. Amonyum (NH4) icin kalibrasyon egrisi.

3. Bulgular

Iyon kromatografi cihazindan alinan analiz raporu érnegi
Sekil 4’de verilmistir. Toplanan 59 su numunesinden
Sulakyurt ilgesinden toplanan 2 numunede (%3,39) nitrit
dizeyine rastlanmistir. Bulunan degerler sularda 0,5
ppm (Resmi Gazete, 2005) degerini asmis olsa da
hayvanlar i¢in énerilen 10 ppm (Carlson ve Ensley, 2007)
degerini agmamigstir. Nitrit bakimindan en kiiciik ve en
yiksek deger sirasiyla 0,50-2,79 ppm degerleri ile
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Sulakyurt ilgede tespit edilmistir. Pozitif ¢ikan 6rneklerin
ortalamasi 1,64%x1,61 olarak saptanmistir. “Insani
Tiketim Amagh Sular Hakkinda Yonetmelik” e gore
sudaki nitrat miktar1 50 ppm’ i asmamalidir. Hayvanlara
ise 100 ppm’i asan sularin verilmesi 6nerilmemektedir
(Kaya, 2014). Yahsihan ilgesinden toplanan 7 numuneden
1 adedi (%14,29), Karakegili ilgesinden toplanan 7
(%14,29), Keskin ilgesinden
toplanan 9 numuneden 4 adedi (%44,44), Celebi
ilcesinden toplanan 6 numuneden 2 adedi (%33,33),
Merkezden toplanan 14 numuneden 4 adedi (% 28,57),
Baliseyh ilcesinden toplanan 7 numuneden 2 adedi
(%28,57), Sulakyurt ilgesinden toplanan 5 numuneden 1
adedi (%20), Delice ilcesinde 4 numunenin hepsi
(%100)olmak iizere toplam 59 su numunesinden 19’
unda (%32,20) 50 ppm degerini astig1 tespit edilmistir.

Hayvanlara verilen su bazinda bakildiginda Keskin
ilcesinde 1 adedi (%11,11), Merkez ilcede 2 adedi
(%14,29) ve Delice ilgesinde 4 adedi (%100) olmak iizere
59 su numunelerinden 7 adedinde (%11,86) sudaki
nitrat 100 ppm, 5 adedinde (%8,47) 125 ppm degerini
astign gorilmiistiir. Nitrat bakimindan en ytiksek icerik
suda 111,58-140,32 ppm degeri ile Delice ilgesinde tespit
edilmistir (Tablo 3). Tiketim Amacgh

numuneden 1 adedi

nsani Sular

Hakkinda Yonetmelik’e gére sudaki amonyum miktar1 0,5
ppm’i asmamalidir (Resmi Gazete, 2005). Alinan 59 su
numunesinden Merkez ilceden alinan 3‘iinde (%5,08) 0,5
ppm degerini astign tespit edilmistir. Yapilan analiz
sonuglarindan suda amonyum bakimindan en kiigiik ve
en yiiksek deger sirasiyla 10,75-35,49 ppm degerleri ile
Merkez ilcede tespit edilmistir. Pozitif ¢ikan drneklerin
ortalamasi 22,86+12,38 olarak saptanmistir.

DwlATH

-

0.0 28 50 s won 78 4.0 178 ::l

Sekil 4. Su numuneleri i¢in anyon ve katyon rapor 6rnegi
(KUBTAL Analiz Raporu)

Tablo 3. Kirikkale il ve ilgelerinden toplanan su numunelerinin nitrat analiz sonuglar1 (ppm)

flce n(+) Min-Max Ort+SD 0-45ppm  46-50 ppm 51-100 ppm 101-125 ppm 126-150 ppm
Yahgihan 7 (%100)  5,35-54,20  14,25%17,77 6 (%85,71) - 1(%14,29) - -
Karakecili 7 (%100) 25,67-63,37 37,70£13,25 5 (%71,42) 1(%14,29) 1(%14,29) - -
Keskin 9(%100) 6,58-118,46 45,44+37,68 5 (%55,56) - 3(%33,33) 1(%11,11) -
Celebi 6 (%100)  5,87-66,45  27,56x27,13 4 (%66,67) - 2 (%33,33) - -
Merkez 14 (%100) 1,65-148,83 45,55+44,31 9 (%64,28) 1(%7,14) 2(%14,29) - 2 (%14,29)
Baliseyh 7 (%100)  2,11-67,05  27,80+26,27 5(%71,43) - 2 (%28,57) - -
Sulakyurt 5 (%100) 24,64-78,34 43,73+21,42 3 (%60) 1 (%20) 1(%20) - -
Delice 4 (%100) 111,58-140,32 127,49+11,91 - - - 1 (%25) 3 (%75)
Toplam 59 (%100) 1,65-148,83 42,35%£38,87 37 (%62,71) 3(%5,08) 12(%20,34) 2(%3,39) 5(%8,47)

n= numune saylsl, + = pozitif numune, Ort= ortalama, SD= standart sapma.

4. Tartisma

Hayvanlarin saglikli bicimde gelismeleri icin suyun
kaliteli ve icime elverisli olmasi gerekmektedir. icilen
sudaki istenmeyen maddeler verimde azalmaya, fazla
olmasi ise zehirlenmelere neden olabilmektedir (Kaya,
2014). Nitrat ve nitrit gibi nitrojen Kkirleticiler yaygin
inorganik Kirleticilerdir. Nitrat, agirlikh olarak tarim
(vani giibre) ve evsel atik gibi kaynaklardan olusabilir.
Yeralti suyu nitrat kirliligi diinyadaki cesitli bolgelerden
genis capta rapor edilmistir (Li ve ark., 2021). Sigirlarda
nitratin agizdan en kiigiik 6ldiriici dozu 500 mg/ kg’ dir.
Kronik zehirlenme olusturabilecek doz ise 125 ppm
(Kaya ve Akar, 2014). Yavuz ve ark. (1993) hayvanlarda
icme suyu olarak kulanilan 55 adet kuyu suyunda nitrat
diizeylerini 0,4-546 ppm ve nitrit diizeylerinin de 0,0-16
ppm arasinda oldugu, bunlarin % 1I' indeki nitrat
diizeyinin kronik zehirlenmeye ve % 1,7’ indeki diizeyin
ise akut zehirlenmeye yol acabilecek boyutta oldugu

belirlemislerdir. Arastirmacilar sudaki nitrit diizeyini en
yliksek 16 ppm bulmuslardir; bu deger ¢alismamizda
daha dusik (2,79 ppm) olarak bulunmustur.
Calismamizdaki en yiiksek nitrat diizeyi 148,83 ppm
olup, Yavuz ve ark. (1993) calismasindan (546 ppm)
daha disiik olarak bulunmustur. Balikli Gél Havzasi su
kaynaklarindaki nitrat ve nitrit seviyelerini belirlemek
icin yapilan bir ¢alismada bu iki maddeye rastlanilmis,
ancak ulusal ve uluslararasi standartlarla
karsilastirildiginda herhangi bir problem olusturmayacak
miktarda oldugu sonucuna varilmistir (Yetis ve ark.,
2018). Ardi¢ (2013) tarafindan yapilan Tiirkiye'nin sekiz
degisik  noktalarindan  alinan
degerlendirilmis; ortalama nitrat miktalar1 Eskisehir
ilinde 2,94-71,89 ppm, Antalya ilinde 0,0- 7,92 ppm,
Bursa ilinde 0,17-7,09 ppm, Edirne ilinde 0,0-2,64 ppm,
Erzurum ilinde 0,0-2,02 ppm, {zmir ilinde 0,48-31,08
ppm, Samsun ilinde 0,0- 81,11 ppm ve Trabzon ilinde
2,33-21,77 ppm olarak bulunmustur. Calismamizda nitrat

ilinin numuneler
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diizeyi 1,65-148,83 ppm olarak saptanmis olup, bu
degerler Ardi¢ (2013) c¢alismasina goére daha yiksek
bulunmustur. Bu durumun 6rnekleme farkliligindan ileri
geldigi diistinilmektedir. Nitekim Ardi¢ (2013) insani
tiiketim i¢in sunulan sularda ¢alismistir. Durmaz ve ark.
(2007) tarafindan yapilan c¢alismada Sanhurfa ve
yoresinde 83 kuyu suyu numunesinde nitrit ve nitrat
degerleri sirasiyla 0-0.14 mg/L (0,02-0,003 mg/L) ve
0,63-46,61 mg/L (9,18+0,850 mg/L) olarak bulunmustur.
Kaplan ve ark. (1996) tarafindan yapilan c¢alismada
Antalya’da 20 kuyu suyu numunesi nitrat ve amonyum
yoniinden incelenmis, sirasiyla 2,46-164,91mg/L ve 2,35-
7.22 mg/L olarak belirlenmistir.
Kumluca yéresi kuyu sularinin sinir degerlerde oldugu
saptanmis ve oOnlem alinmistir. Kanada’'da yapilan bir
calisma sonucu i¢cme suyuna karisan nitratin 16 besi
sigir1 Olimiine neden oldugu tespit edilmistir. Nitrit
diizeyinde ise herhangi bir saghk
bulamamislardir (Yong ve ark.,1990). Karacgal ve ark.
(2006), Sanhurfa ilinde 50 kuyu suyunda yaptig1

Bu numunelerde

sakincasi

arastirmada nitrat ve nitrit ortalamalarinin sirsiyla 59,5
ppm ve 0,23 ppm oldugunu bildirmis, bu durumun hem
insan hem de hayvan saghgi acisindan risk
olusturdugunu belirtmislerdir. Ertas ve ark. (2013) 2007
tarihinde Kayseri ili ve ¢evresinden topladigi 98 kuyu
suyunun Tiketim Amach Hakkinda
Yonetmelik"e goére belirlenen altinda
oldugunu belirtmislerdir. Ozdemir ve ark. (2004), Afyon
ili ve gevresindeki ilcelerde 142 kuyu suyunda yaptigi
arastirmada, toplanan sularin % 57,04’ inde hayvanlarda
nitrat diizeyinin kronik zehirlenmeye yol agabilecek

“Insani Sular

dizeylerin

diizeyde %13,38 inin ise akut zehirlenmeye yol
acabilecek diizeyde oldugunu belirtmislerdir.
Aragtirmacilar toplanan numunelerden %42,25'inde
nitrit  diizeyinin 0,05 ppm’'in Gstiinde oldugu

saptamislardir. Bizim ¢alismamizda 7 adet numunede
(%11,86) nitrat diizeyi 100 ppm olan hayvanlar i¢in
tehlikeli olan simmir degerini asmis, 5 adet numune
(%8,47) 125 ppm iisti bulunmus, 500 ppm ve {stl
diizeyde nitrat iceren numune ise bulunmamistir. Bu
degerler Ozdemir ve ark. (2004) calismasina gére daha
diisiik bulunmustur. Sunulan ¢alismada 59 numuneden 2
adedinde (%3,39) nitrit diizeyi 0,05 ppm diizeyini
asarken, 10 ppm’ in listiinde deger saptanmamustir.

Sivas ilinde yapilan bir baska ¢alismada ise amonyum
azotu (NH4) degerinin yillik ortalamasi 0,0129 mg/L
olarak hesaplanmistir. Amonyum azotu (NH4) degeri de
Ocak ve Subat aylarinda suda tespit edilemezken en
yiksek Eylil 2012 de 0,0250 mg/L olarak tespit
edilmistir. Horohon deresinin mevsimsel ortalamalari
sirasiyla kis 0,0013 mg/L, ilkbahar 0,0147 mg/L yaz
0,0193 mg/L ve 0,0163 mg/L olarak
hesaplanmistir (Mutlu ve ark., 2013). Illinois'deki bir ilge

sonbahar

fuarinda kazara meydana gelen amonyak zehirlenmesi
sonucu bir Holstein inek, 3 Holstein diive, bir kegi ve bir
kuzu olmak iizere 6 6liim meydana gelmistir. Oliim orani,
tarimsal mahsul alanlarini sulamak icin yaygin olarak
kullanilan ve daha 6nce siv1 giibre tasimak i¢in kullanilan

bir tankerle fuar alanina getirilen amonyum nitrat ve tire
iceren siv1 bir giibre ile yanhslkla kontamine olmus su
tiiketimi ile iligkilendirilmistir. Hayvanlarin
iceriklerinde amonyak-azot saptanmigtir. Diivenin su
kovasindan, kovasindan ve  tanker

rumen

inegin  su
kamyonundan gelen su, sirasiyla 6,336, 6,116 ve 6,248
ppm nitrat
zehirlenmesinin nedeni daha 6nce sivi amonyum nitrat
ve lre tasiyan tanker kamyonun fuar alanina getirdigi
kontamine suya baglandi. Bu kaza, tarim ve hayvancilikta
giivenlik yonergelerine titizlikle uyulmasinin ve o6l¢tli
calisma uygulamalarinin vurgulamaktadir
(Campagnolo ve ark., 2002). Karaoglu ve ark. (2008)
Kavaklidere-Bozdogan  bdlgesinde, 2  belirlenmis
istasyondan topladigi sularda amonyum diizeyini yiiksek
bulmus, bu durumun hayvancilik ve zirai faaliyetlerden
kaynaklanabilecegini belirtmislerdir. Bizim ¢alismamizda
numunelerin sadece %5,08 (59 numunede 3 adet)’ inde
amonyum miktar1 limit degeri asmistir.

seviyeleri tespit edilmistir. Amonyak

onemini

5. Sonug

Sonu¢ olarak Kirikkale ve cevre illerinde hayvanlara
verilen su kalitesinin genel olarak iyi olmasina ragmen
suda nitrit, nitrat ve amonyum seviyelerinin bazi
numunelerde sinir degeri astifi saptanmistir. Nitrit
bulunan 2 (%3,39) numune i¢in degerler 0,50-2,79 ppm
araliginda olup insan igme sular1 icin belirlenen yasal
sinirl agmistir ve ancak hayvanlarin sagligi agisindan
onerilen siir seviyeyi (10ppm) asmamustir. Toplanan
numunelerin 57 (%96.61)" sinde nitrit kalintisina
rastlanmamistir. Bu durum hayvan sagligi agisindan
olumlu bulunmustur. Toplanan 59 su numunesinden 19’u
(%32,20) nitrat yoniinden i¢me suyu icin belirlenen 50
ppm smr degerini, 7’si (%11,86) 100 ppm olan
hayvanlar i¢in tehlikeli olan sinir degerini asmistir. Bes
(%8,47) numunede ise 125 ppm diizeyini agsmistir. Bu
hayvanlarda  kronik
olusturabilecek seviyededir. Amonyum i¢in sunulan 0,5
ppm sinir degerini toplanan su numunelerinden 3’u
(%5,08) asmis durumdadir. Amonyum yodniinden sular
degerlendirildiginde sadece 3 numunede risk oldugu,
bunun hayvansal faaliyetler olabilecegi
diistintilmustiir. Bu degerlerin hayvan sagligina olan
etkilerini degerlendirmek icin ayrica hayvanlari da
kapsayan genis ¢apli aragtirmalara ihtiya¢ vardir. Direkt
ve indirekt yollarla hayvanlarin tiiketimine sunulan
sularda bulasma olusabilmektedir. Bu da farkli zaman
araliklarinda canh tizerinde olumsuz etkilerin meydana
gelmesine sebebiyet vermektedir. Su kaynaklarinin

durum zehirlenme riski

sonucu

hayvancilik isletmelerinin ekonomik diizeyini artirmasi
amaciyla kontrol altinda tutulmasi, kaynagindan itibaren
tlim asamalarda nitrit, nitrat ve amonyum gibi inorganik
maddeler yoniinden takibi uygun olacaktir.

Katki Orani Beyani
Tiim yazarlar esit oranda katkiya sahiptir. Tim yazarlar
makaleyi inceledi ve onayladi.

BS] Eng Sci / Hatice AKAY SARIKAYA ve ark.

66



Black Sea Journal of Engineering and Science

Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Destek ve Tesekkiir Beyam

Bu cahsma Kirikkale Universitesi Bilimsel Arastirma
Projeleri Birimi tarafindan (2020/12) numaras: ile
desteklenmistir. Bu ¢alisma “Kirikkale yoresindeki
ruminant isletmelerinden toplanan yemler ve sularda
bazi inorganik maddelerin seviyelerinin arastirilmast”

baslikli yiiksek lisans tezinden 6zetlenmistir.
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1. Introduction generate adequate material (Kumar et al, 2011).

Recently, great attention has been focused on aluminum
and its alloy due to their high technological value, wide
range of industrial applications, and various advantages
such as lower density, good formability, high
conductivity, high specific rigidity, excellent corrosion
resistance, high castability and attractive tensile strength
(Cole and Sherman, 1995; Miller et al., 2000). Aluminum
alloys has widespread use especially as the most
important industrial material of foundry. They offer
important opportunities for applications in a diversity of
areas particularly in the mechanical, automotive and
aerospace industry (Guo and Yang, 2007).

Die-casting is an economical way of producing large
quantities of complicated shaped products of light metals
with high precision. The die casting process, in which
molten metal is injected into a preheated die cavity on
the die and left to solidify completely (Hassan et al.,
2019).

Composites which are materials made by combining
numerous components or constituent materials with
varying advantageous features, either chemical or
mechanical, or both, to create a material with varying
characteristics - are becoming more popular because of
the large number of combinations that can be done to

Composites have a wide range of properties due to their
different structures, which are made up of different
reinforcements and metal matrices. These composite
materials can be used in a variety of applications
(Panemangalore and Shabad, 2021).

Die casting is an important technology for metal
manufacturing in many modern fields
(Mahendra, 2018). The majority of metal complexes have
restrictions that make them inappropriate for usage in
today's technological era. As a result, composites are
becoming more popular because of the large number of
combinations of different matrix and reinforcement that
are possible to produce varieties of choice materials
(Sujan et al,, 2012).

Composites have a wide range of properties due to their
different structures, which are made up of different
reinforcements and matrices. These composite materials
can be used in a variety of applications in many
industries (Evans, et al., 1993).

The need for improved engineering material with flexible
design, fabrications and improved mechanical properties
brought about the need for this research. Over the years,
there have been different parameters used in the
development of metal matrix composites. This study

industrial
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focused on the effect of varying percentage increase in
reinforcement on some mechanical properties of die cast
aluminum alloy composite.

2. Material and Methods

2.1. Composite Preparations

Aluminum scraps used for window frames were sourced
from a local workshop in Edo state. The Aluminum scrap
was characterized using the energy dispersive X-ray
fluorescence spectrometer.

2.2. Experimental Procedure

The fabrication of the metal matrix composite was done
using the die casting method. In this method, molten
metal is injected into a preheated die cavity on the die
and left to solidify completely. The procedure involved in
this process is highlighted:

1. The mold which has the cavity of the desired
shape was produced.

2. The furnace (open hearth furnace) was powered
with the aid of 30 liters of diesel.

3. 2kg of aluminum scrap was measured and placed
in a crucible that fit the inner diameter of the
furnace to melt.

4. The aluminum scrap was heated to a temperature
above 600°C.

5. All dirt and unwanted materials were removed
from the molten metal.

6. Sawdust Ash was added in 5%, 10% and 15% by
wt. respectively into the molten Al alloy in steps
and was mixed thoroughly to get the uniform
distribution of the residue in the metal matrix.

7. The reinforced molten aluminum was placed back
into the furnace and was left for about 60 minutes.

8. The slurry was poured into the pre-heated mold,
to get a near net shape according to the ASTM
standards for testing tensile and hardness and
allowed to cool to room temperature.

9. After solidification, the reinforced matrix was
allowed to cool.

10. The specimens produced (Figures 1) were
machined and tested for tensile (Figures 2) and
hardness (Figures 3).

11. The hardness of each specimen was measured
using hardness apparatus while the tensile tests
were done using the tensor meter.

3. Results and Discussion
From the elemental
aluminum alloy comprises

characterization results, the
of Al-Mg-Fe-Zn. The

percentage composition of each constitutes of the alloy is
91% Al, 8.1% Mg, 0.4% Fe, 0.2% Zn etc.

In Table 1, results showed that tensile strength of the
composite varied for all samples, at the different
percentage by weight of reinforcement. At 10% by
weight of reinforcement, the average tensile strength of
the composite had the highest value while the lowest
tensile strength was recorded at 15% by weight of
reinforcement. Comparing our results with the work of
Ranjith et al. (2019) in which they obtained optimum
tensile strength at 10% by weight of reinforcement, it can
be concluded that, the results obtained from this work
are adequate and significant for use.

In Table 2, results showed that hardness of the composite
varied for all samples, at the different percentage by
weight of reinforcement. At 15% by weight of
reinforcement, the average hardness of the composite
had the highest value while the lowest hardness was
recorded at 5% by weight of reinforcement.

'M

- ' b 5
(% ""“’“m m. |
,m "
i)
Figure 1. Sample of composite after die-casting.

SR BT

Figure 2. Sample of composite after tensile test.

Figure 3. Samples of composite after hardness test.

Table 1. Tensile test result of aluminum alloy composite reinforced with sawdust

Percentage (%) by wt.

Tensile load on aluminum alloy composite reinforced with sawdust (KN)

Composition of

Reinforcement Sample 1 Sample 2 Sample 3 Average
5 17 16 18 17
10 24 20 21 21.67
15 16 16 16 16
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Table 2. Hardness test result of aluminum alloy composite reinforced with sawdust

Percentage (%) by wt.
Composition of

Hardness test on aluminum alloy composite reinforced with sawdust (KN)

Reinforcement Sample 1 Sample 2 Sample 3 Average

5 4.824 4.878 4.875 4.859

10 4.887 4.891 4.899 4.892

15 4,996 4,993 4,997 4,995
Table 3. Diameter of indentation of the aluminum alloy composite reinforced with sawdust

Percentage (%) by wt. Sample 1 (mm) Sample 2 (mm) Sample 3 (mm) Average

Composition of

Reinforcement

5 2.09 2.06 2.03 2.06

10 2.14 2.37 2.66 2.39

15 2.18 2.23 2.97 2.46

Comparing our results with the work of Belete et al.
(2013) in which they obtained optimum hardness at 15%
by weight of reinforcement, it can be concluded that, the
results obtained from this work are adequate and
significant for use.

In Table 3, results showed that diameter of indentation of
the composite varied for all samples, at the different
percentage by weight of reinforcement. At 15% by
weight of reinforcement, the average diameter of
indentation of the composite had the highest value while
the lowest diameter of indentation was recorded at 5%
by weight of reinforcement.

4. Conclusion

In this work, the effect of varying percentage increase in
reinforce on some mechanical properties of aluminum
alloy composites were obtained by the die cast process.
The die casting process was applied to produce various
casts using aluminum alloy as the metal matrix and
sawdust as the reinforcement at 5%, 10% and 15% by
weight. Tensile and hardness test were carried out on the
die casts samples. Results showed that at 10% by weight
of reinforcement, the average tensile strength of the
composite had the highest value while the lowest tensile
strength was recorded at 15% by weight of
reinforcement. At 15% by weight of reinforcement, the
average hardness of the composite had the highest value
while the lowest hardness was recorded at 5% by weight
of reinforcement. Results were compared with the works
of Ranjit et al. (2020) and Belete et al. (2013) and it was
concluded that the results obtained from this work are
adequate and significant for use.
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1. Introduction

Multidimensional scaling analysis (MDS) is an analysis
method that allows the positions of objects to be
represented as points in multidimensional space using
distances or change information. MDS analysis; it is one
of the multivariate statistical analysis methods used in
the analysis of some data such as personal preference,
attitude, belief (Kurtulus, 1998). The purpose of MDS
analysis is to reveal the structure of objects (by using
distance values) with a small size, close to their original
shape (Tatlidil, 2002). For this reason, the MDS can be
used as a size reduction method. As well as being a
dimension reduction technique, the MDS is also a helpful
technique for examining the dependency structure of the
data and establishing hypothesis tests. This analysis is
used when univariate statistical analyzes cannot answer
the problems. Our main purpose when performing MDS
analysis is to classify objects, reduce their size, and
simplify problems. The objectives of multivariate analysis
methods are to summarize, interpret and use the results
of scientific studies and research that can be expressed in
numbers. In the MDS analysis, new coordinates are
formed to represent the values in the nxn dimensional
distance matrix. There are too many algorithms in the
MDS analysis, and these algorithms are generally
evaluated in two groups as metric and non-metric
algorithms. The main purpose of the algorithms is to try
to minimize the stress value. MDS found widespread use

with the development of computer infrastructures in the
19th and 20th centuries.

The first studies on multidimensional scaling were Young
and Household's (1938) study, which showed the
applicability of the model proposed by Richardson
(1938) for dimension reduction, with the study of Young
and Household (1938) that it could be represented in the
two-dimensional coordinate system by preserving the
distances between units in the Euclidean distance matrix.
Two in the
development of the MDS. The first stage is metric

important stages have taken place
approximations. The second stage to be described is the
discovery of the non-metric approach to MDS analysis by
Shepard (1962) at the Bell Telephone Laboratory after a
ten-year hiatus. This approach is also known as the
‘Kruskal-Shepard’ approach. Kruskal (1964) brought
some conceptual innovations to Shepard's (1962)
approach. Along with the innovations made by Kruskal
(1964) for non-metric MDS analysis, the use of non-
metric MDS analysis has also become widespread.

Between 1960 and 1980, many applications were made
regarding metric and non-metric MDS analysis, and a
long way was covered. The approaches of multivariate
data analysis such as regression, cluster analysis, factor
analysis, to the interpretation of dimensions, and studies
on multidimensional scaling continued in 1980 and later.
Young and Householder (1938) with Richardson (1938),
size reduction which is considered one of the art
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multidimensional scaling analysis, multidimensional data
is a data visualization technique that enables the display
graphically a less extent phrase they have. They have
been widely used in different disciplines, as they allow
the relationships between units or variables in the data
to be seen graphically.

Calis (1995), in his study, found that 8 automobile
brands. The consumer perception map was obtained by
multidimensional scaling analysis. Findikkaya (1995), in
his study, examined the perceptions and similarities of
five national newspapers by the readers. Hall (2001)
classified the speech samples of a male and a female
speaker by using the MDS analysis based on the distance
matrix, which consists of perceptual distances. Dogan
(2003), the factors affecting growth in lambs were taken
into account in four different conditions defined
according to gender and birth type, and it was aimed to
find the similarities of growth in combinations of these
two factors. According to the results obtained in this
study, it was found that birth type was prominent in
growth in Morkaraman lambs and gender was more
important in Akkaraman lambs.

Dura et al. (2004) examined the development level of
Turkey against the European Union in terms of human
capital. The variables in this study were used together
with the MDS analysis and cluster analysis, and it was
seen that the 26 countries examined formed 5 different
groups, Turkey was in a group alone and did not share
the same level of development with any EU country. In
their study, they demonstrated the advantages of the
proposed method on a real data set. Kacar and Azkan
(2005) provided the grouping of the species by
multidimensional scaling analysis performed according
to the morphological of different
hypericum species collected from various parts of Turkey
in 2001 and 2002, and observed that the species formed
different groups graphical
representation as a result of the analysis through the
Euclidean distance function.

characteristics

in the two-dimensional

Simsek (2006) used clustering, multidimensional scaling,
confirmatory and explanatory factor analyzes in his study
and the multidimensional anger scale consisting of 47
items was used. According to the results of the analysis
applied to a total of 542 people in Hacettepe University
student dormitories, the number of suitable dimensions
in terms of stress value is 4, and the variables in the
dimensions differed from other analyzes. Aydin and
Baskir (2013), in their study, found similarities in terms
of 2012 capital adequacy in 44 banks. In this study, it is
aimed to determine the banks that are similar or
different in terms of 2012 capital adequacy ratios in the
Turkish banking sector operating at an international
level. Banks that were structurally similar in the MDS
analysis were also found in the same cluster in the cluster
analysis and it
international banks to have a minimum level of capital
against risk situations.

Students are subjected to various exams and evaluations

was considered important for

throughout their education life. While some of these

students are able to fulfill their duties and
responsibilities, some of them cannot fulfill their
homework due to some environmental, social and

psychological reasons. Within the scope of the purpose of
this study, the reasons mentioned here were approached
with the dimension reduction method and stress
statistics values, appropriate dimension numbers and
coordinate values of dimensions were calculated over
real values.

2. Material and Methods

This study was carried out with the help of a
questionnaire in order to observe and measure the
reasons for student’s failure. The questionnaire applied
to people of all ages and occupations living in Turkey
between 2013 and 2015, inferences based on various
statistical values were made on the answers of 4183
people, 2928 men and 1255 women, regarding the
relationship between 26 variables that are closely related
to the success factor and all the variables and the factors
affecting these variables were determined on the basis of
problems that may arise as a result of exchanging ideas
with competent people. The questions in this survey
study were asked to people between the ages of 18-50
and it was aimed to get answers from all age groups. In
this study, non-metric scaling technique was used
considering the Euclidean distance. This is because the
data is not quantitative, smaller size solutions can be
obtained.
2.1. Research Group
The questionnaire was created by the researchers
mentioned in this study, and some of these research
questions are as follows:
1. Is the stress factor effective in the student's failure?
2. Does working in any job have an effect on the
student's failure?
The answers were taken on a 5-point scale expressed as
"Very little: 1, Little: 2, Moderate: 3, Much: 4, No effect:
5"
2.2. Measuring and Scale
Measurement is the process of observation and
recording. The process of set of
experimental observations of the magnitudes of a
variable with the set of numbers to measure that

comparing a

magnitude and ensuring that each quantity matches a
number in the set of numbers is called measurement.
With another definition, measurement is to give numbers
to objects and events in the most general sense in
accordance with some rules. It is the process of
distinguishing between objects and events at different
levels. It is symbols or numbers or data in general that
show the distinction made. Measurement, that is, the
degree to which an object or individuals have a certain
feature may vary from object to object, person to person,
situation to situation within the same individual or object
from time to time. This change means measuring
variables. This measurement process is used to explain
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the current situation in the variables of the research or
the difference between any two different times or
situations.

2.3. Similarity Measures for MDS Analysis

MPI analysis has been developed to obtain a graphical
view by wusing similarity, distance or difference
information between objects. In this graphical view, the
distance function is used when calculating the distances
between objects. Each distance measure is a metric.

Distance function (equation 1),
d:p'p = R (x,y) = d(x,y) M

It is a positive definite function of the form and provides
the following four properties (equation 2, 3, 4 and 5):

1.Vyy€ RP ford(X,Y) >0 (2)
2.VxyERPford(X,Y) =0 X=Y 3)
3.Vxy€RPford(X,Y) = d(¥,X) (4)
4.Vxyz € RP for [d(X,2) <d(X,Y) +d(Y.2)] (5)

MDS analysis treats the distance matrix as the difference
matrix. If the data are obtained as intermittent or
proportional scale, the dissimilarity values are calculated
as Euclidean distance, Quadratic Euclidean distance,
Chebyshev distance, City-block distance and Minkowski
distance.

1) MinkowskKi distance: Let r>0 and X; X, € RP i,k =
1,2, .., nany two observation vectors. In this case
(equation 6);

A5, X )= 20 i = x| ©

is called the Minkowski distance between these two
observation vectors.

2) City-block distance: What will be obtained when r=1 in
equation (equation 7 and 8);

1/r
d(Xs X)=[Z7_a i = ]| " ™)
d(Xi X)) = [28_, %0 — %] (8)
is called the City-block distance between the observation
vector X; and Xj.

3) Euclidean distance: What will be obtained when r = 2
in equation 9;

d(&,X_kF[Z?:Jxﬁ - "ﬂflz]E ©)

its relation is called the Euclidean distance between the
observation vectors X; and X}, (Figure 1 and Figure 2).

4) When the equation 10 is squared;
2 —[yP 2
d?(Xu, ) = [Z0 b = el (10)

is called the Quadratic Euclidean distance between the
observation vectors X; and X.

Figure 1. Henri Poincare's disc model.

Figure 2. Tangent drawn to lines at the intersection
point of lines.

5) Chebyshev distance: The absolute maximum of the
difference (distance) between the observation vector X;
and X}, (equation 11);
d(X;, Xp) = max|x; — x| (11)
is called the Chebyshev distance. In a data set, the ratio of
data being K standard deviations away from the mean is
1-1/K. K is a positive number greater than one. For K=2
and K=3 values; at least 3/4 (75%) of the data are two
standard deviations away from the mean, at least 8/9
(89%) are three standard deviations away from the
mean.

Although the Euclidean distance function is the most
widely used distance function in MDS, there should be
difference matrices suitable for the data shape. If the data
is binary scaled, it is calculated using one of the following
formats: Euclidean distance, square Euclidean distance,
sample difference, variance, or lance-williams distance
(Ozdamar, 2004). These distances are also called the
similarity coefficient. Similarity coefficients, which are a
measure of the relationship between any two individuals,

BSJ] Eng Sci / Giilsah KEKLIK and Mustafa SAHIN

73



Black Sea Journal of Engineering and Science

take values in the range of [0, 1]. These coefficients are; it
is defined differently depending on whether the data is
binary, qualitative and quantitative. In this respect, it is
useful to examine similarity measures according to data
types. The presence of a variable is indicated by 1 or (+),
and its absence is indicated by 0 or (-). If the similarity
coefficient between any individuals i and k is denoted by
dir, Table 1, called the 2x2 joining table, is used to
calculate d;,. Here p is a+b+c+d =p to represent the
number of variables. Various similarity coefficients have
been proposed for this type of data. Some of these are as
given in Table 2.

Table 1. 2x2 join table

1/+ 0/-
1/+ a b
0/- c d

Table 2. Some similarity coefficients for binary and
qualitative data

Name Equation
Euclidean distance b+c
Quadratic Euclidean distance b+c
. b+c
Sample difference o2
) b+c
Variance
4p
- b+c
Lance and Williams _—
2a+b+c

2.4. Purpose of the MDS method

The MDS is theoretically applied to amorphous data. If
the data cannot be researched based on a certain theory,
the person conducting the research can apply this
method. The data used for MDS is the dissimilarities
between pairs of objects. The main purpose of the MDS is
to represent these dissimilarities in a lower dimensional
space by fitting the distances between points as closely as
possible to the dissimilarities.

This method is used by psychologists to determine the
psychological dimension in the data in order to discover
the psychological Psychologists use this
technique to evaluate the way individuals speak and

structure.

personality structure, while market researchers use this
technique to compare consumers' products. This method
can be used to easily observe the relationships between
objects graphically.

In metric and non-metric MDS, the estimated display
(configuration) distances are calculated by choosing the
appropriate method according to the distances of the
data. PAV (pool-adjacent violator) algorithm can also be
used according to the relationship between distances and
rankings by using the Shepard algorithm iteratively for
non-metric MDS. After the estimated display distances
are calculated, a difference matrix is created in the light
of these values. Stress statistics are calculated by

comparing objects in lower dimensional space through
the difference matrix. The ratios developed by Kruskal-
Shepard are used to interpret the stress values that show
the level of compliance according to the value ranges
related to this statistic. The criteria and comments given
by Shepard (1962) and Kruskal (1964), regarding stress
values are given in the Table 3.

In order to determine the number of dimensions as a
result of dimension reduction, the stress statistic is
checked and the stress statistic converges to a certain
value as a result of iterations, and the number of
dimensions belonging to the converged value is selected.
As the number of dimensions increases, the difficulty of
display will increase, so in practice, two or three
dimensions are usually chosen. According to the number
of dimensions, the coordinate values of each dimension
of the objects are calculated. By looking at these values,
an answer can be found to the question of which size and
which objects are more dominant.

Table 3. Stress value ranges

Stress Value Compliance Level

0-0.025 Perfect fit
0.026-0.05 Very good fit ( perfect)
0.06-0.10 Good fit
0.11-0.20 Medium fit

over 0.20 Low fit (poor)

One of the important problems encountered in the MDS
analysis is to determine the number of dimensions. The
number of dimensions indicates the number of
coordinate axes. When determining the number of
dimensions, attention is paid to determining the
appropriate number of dimensions rather than the
correct number of dimensions. Since the difficulty of
display will increase as the number of dimensions’
the graphical arrangement obtained by
choosing two or three dimensions in practice is ensured
to be understandable and interpretable. Also; the stress
value is used when deciding whether the number of
dimensions is appropriate. If the stress value is high,
there is a large dissonance, and if it is low, there is a low
discordance. It is also possible to see this in a graph
called Scree Plot, which shows the number of dimensions
versus the stress value. The scree plot graph is in the
form of an elbow, and the number of dimensions
reaching the extreme point of the elbow is preferred
(Harman, 1967). Dimensions are named after choosing

the number of dimensions in dimensioning in MDS

increases,

analysis.

2.5. Multidimensional Scaling Techniques

MDS Analysis; according to the type of data, it is divided
into two groups as the metric MDS technique and the
non-metric MDS technique. Metric MDS technique based
on quantitative and metric distances; on the other hand,
non-metric MDS technique is applied to sequential and
categorical data. The non-metric MDS requires fewer
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assumptions than the metric MDS and is the most
preferred method in analysis. Non-metric at the MDS
metric to MDS can be formed by a smaller size solution
(Ozdamar, 2004).

2.6. Non-Metric Multidimensional Scaling Technique
Non-metric scaling is applied when orders of magnitude
are used instead of numerical values of d;; distances and
are ordinal numbers of distance values. In the non-metric
approach, the difference measures matrix is taken
instead of the distance matrix D. Since an analytical
solution is not possible in the general algorithm, the
stress value is minimized with an iterative approach.
These algorithm steps are as follows:

In the first step; all the elements of the D differences
matrix (except the diagonal elements) are sorted
(equation 12).

_ n(mn-1)

m =20 (12)

bnJm’ 2

<< d

di,j, < di,j,

d;; values that are monotonically associated with d;; are

defined (equation 13).

dij < duv - dL*J < duv

(13)
In the second step; the stress value is calculated, which
helps us to find the difference between the real shape in
multidimensional space (p-dimensional) and the figure
predicted in reduced-dimensional (r-dimensional) space.
Stress of X (equation 14);

. - 2 1/2
(%) = (2i<k(dik ;dik) )
i<k ik

(14)

measured by the equation.

In the third step; the shape that has the smallest stress
value for each r dimension is called the best shape for the
r dimension. This is the smallest stress value (equation
15);

Sy = minS(X) (15)
it's like in the equation. S, is a decreasing function of r.

In the last step; in order to determine the appropriate
number of dimensions, this process is continued until the
smallest stress value is obtained by calculating
51,52, ..., Sy values (Sigirhi et al., 2006).

2.7. Metric Multidimensional Scaling Technique

In metric scaling, the similarities or differences between
the observation values obtained from units or objects are
expressed with distance values (equation 16).
dij + dye = dj (Vi j i igin) (16)
The B matrix, which is given in the form and used as the
'metric inequality' and consists of length values, is called
the “distance matrix” (Tatlidil, 2002). Both the D matrix
and a B = XX’ 'format using the X data matrix for n units
and p variables. Relationships between D matrix and B

matrix (equation 17);

d2 — i di® _ TR du’ + TSR, dh _
1 n n n2

—ZZ}":lxijxkj k,L = 1,2, W, n (17)
It is expressed by the equation. Here is the row index, k is
the column index, n is the number of units and m is the
number of dimensions. In this case, to represent the I,
dimensional unit matrix and the n dimensional unit
vector in L, the B matrix with symmetrical and semi-
positive definition (equation 18);
B=—2[1-2w]p?[1-2L1]

n

(18)

found using the equation. Since the singular value
decomposition of matrix B can be performed with the
matrix V, whose columns are the eigenvectors of the
matrix B, and the matrix A, which is the diagonal matrix
of the non-negative eigenvalues of B, in the form
B=VAV',it can be obtained from matrix B to matrix X. For
this (equation 19);
1 1

B =VAV' = VAzAzV' = XX' (19)
equality is used. The columns of the matrix X consist of
(Jl—j)ej values. Here, 4; values are the eigenvalues of
matrix B, and ej values are eigenvectors of matrix B.
Since the eigenvalues are ordered in descending order, it
is aimed to have a smaller representation by determining
the required number of maximum r(r < m) eigenvalues
(Sigirlt et al, 2006). In determining the appropriate
number of dimensions, a criterion that is also used in
principal component analysis and based only on the
eigenvalues of the B matrix can be used (Tatlidil, 2002).
This criterion (equation 20);

r .
i=14i

7i1=1|)Li|

2
= 3 (20)
is an inequality. MDS Analysis includes many methods.
Although these methods have little differences in terms
of application, they are similar to the steps applied in the
classical MDS method. The classical MDS method can be
summarized in six steps:

1. Selecting an appropriate standardized method
depending on the data type and obtaining the
transformed data. This step is a step that will be
applied if necessary.

2. Calculation of the distance matrix.

3. Deciding how many dimensional space to
express n units with 3rd dimensional data

addition, determining  the
compatibility of the solutions obtained for each
dimension with the original distance matrix

(stress measure), deciding which solution will

be used and determining which size is the

appropriate solution.
4. The regression of

matrix. In

estimated  display
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(configuration) distances with respect to data
distances is calculated according to the data
type. display
determined through the determined regression
equation and these estimated distances are

Estimated distances are

called “differences”.
5. The stress value, which measures the fit
between the display distance and the estimated
distance, is calculated.
6. Coordinate values of the units are determined
according to the These
coordinates are represented in an m-

dimensional space, expressing the position of

m dimension.

each unit relative to the other unit. The desired
solution is a solution in three dimensions or less.
Thus, a more easily traceable graphical view of
the units can be obtained.
MDS Analysis
distribution assumptions regarding the data.
analysis

does not require any probability
This
allows to determine the distances
(configuration) that will find the distances between the
objects calculated depending on the type of the variables
with the least error, with the help of any function (linear,
polynomial, monotonic) (Oguzlar, 1995). In the data set
and the units of distance measure between to be
represented by the MDS in a geometrical space of this
distance (e.g., Euclidean in space) used to display. In an
m-dimensional and the distance

Euclidean space,

between points (equation 21),

Sire = /22":1(9% — Xjq)?

is in the form. The relationship between the
configuration distances d;;, and the observed distances
6ir is found with the help of a suitable transform d;;, =
f(8;1)- This relationship can be a linear relationship to be
represented by the function f(§;,)=a+bd;,. Here a and b

(21)

are the coefficients. We can show this relationship
graphically with the Shepard diagram. This graph, on the
other hand, is determined by both linear and non-linear
forms. The Shepard diagram is drawn according to the
display distances and determines which model fits the
data better. It creates a scatter chart with the distances
observed in the Shepard diagram on the y-axis and the
difference (disparities) values on the x-axis (Ozdamar,
2004). The graphical representation of the distances
between the objects obtained from the data distance
matrix in a less dimensional space in the MDS Analysis is
called “graphical representation”. To create the graphical
representation, the data coordinates must be converted
to graphical representation coordinates with the least
error. Among n objects (equation 22);

n(n-1)

> (22)

distance is calculated. According to these distances, a
representation coordinate system very close to the

original distances is created in order to obtain the most
appropriate geometric representation. The measure that
determines the correspondence between the original and
display distances is called the “stress measure”. Measure
of stress (equation 23);

() = minEiudw’y1/2 (23)

i<k dik

is found by the equation where d; is the estimation of
d;, configuration distance. In the interpretation of the
stress measure, the tolerance ratios developed by
Kruskal-Shepard given in Table 5 were used.

3. Results

In this study, the factors affecting student’s failure were
examined. A survey study was conducted on 4183
people. 26 variables were used. Using more than 20
variables makes the analysis lazy and ineffective. In this
application, the relations between the variables given,
stress values, correlation results and graphics are given.
In Table 4, the difference between the variables was
found to be very close to 0, according to the results of the
analysis made considering the repetition history (0.00).
Therefore, when the factors affecting education are
examined, it is clearly seen that the variables are similar
to each other. The stress value is 0.00, which indicates
this similarity. In addition, while the similarity of the
punishment stress value is seen as a result of iterations,
the dissimilarity of the punishment values attracts
attention. In addition, the iteration ends when the stress
value is closest to 0.

In Table 5, stress Value-I=0.00, which means that the
difference between the analyzed variables was not
observed. In other words, it is said that the compatibility
of the examined variables is perfect. Young stress
value=0.00 and this value supports the observation
result.

In Table 6, the final row coordinates were determined by
using the dimension reduction method, which is the basis
of the MLS analysis, and the coordinate values in the 1st
dimension were in harmony with each other. The 9.29
value in the 4th row of the 2nd dimension caused the
difference and got the highest coordinate value.

As evaluated in Table 7, the findings that emerged as a
result of the classification of the factors with the same
sign in both dimensions; gender, marital status, number
of children, the effect of physical disability, low level of
perception, the effect of communication skills and the
effect of financial opportunities.

Table 4. Repeat history

Iteration PSV D N PV
0 1.28 0.31 5.38
50002 0.00 0.00 0.00 2.05

aMaximum number of repetitions (MAXITER) exceeded.
PSV= punishment stress value, D= difference, SV= stress value,
PV= penalty value.
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Table 5. Precautions table

Repeats 5000

Final Function Value 0.00

. Stress Part 0.00
Function Value Parts .

Penalty Section 2.05

Normalized Stress 0.00

Kruskal's Stress Value-I 0.00

The Evil of Conformity Kruskal's Stress Value-II 0.00

Young's S-Stress Value-I 0.00

Young's S-Stress Value-II 0.00

Calculated Distribution 1.00

Calculated Variance 1.00

Goodness of Conformity Recovered Preference Orders 0.82

Spearman Rank Correlation Coefficient 0.64

Kendall Rank Correlation Coefficient 0.56

Variation Affinities 1.12

Variation Coefficients Transformed Variation Affinities 1.17

Variation Affinities 1.20

. ) Sum of Squares DeSarbo's ScramBled Indexes 1.38

Degeneration Indices
Shepard's Rough Uncommon Index 0.16

Table 6. Final row coordinates

Table 7. Coordinate values of each variable in

dimensions (final column coordinates) for general

1ot Slze ond comparison in two-dimensional MDS

1 2.53 1.17 Size

2 2.53 1.17 1st 2nd

3 2.53 1.17 Age -45.16 0.11

4 2.25 9.29 Gender 5.28 4.62

5 2.53 117 Marital status 2.56 5.57
Number of children 2.56 5.57
Education information 1.75 -3.17
Monthly income 6.15 -1.36
Note effect 0.90 -1.61
Teacher influence 1.75 -3.17
Family influence 1.75 -3.17
Diet effect 0.45 4.41
Health effect 1.75 -3.17
Work habits 1.75 -3.17
Stress effect 1.75 -3.17
Work effect 1.75 -3.17
The effect of early school initiation =~ 0.45 441
Seasonal variation 0.45 4.41
The effect of repetition 1.75 -3.17
Sporting activity effect 3.24 -3.19
Parental separation effect 1.75 -3.17
Bodily influence 0.90 -1.61
Social influence 1.75 -3.17
Low level of perception 0.90 -1.61
The impact of course activities 0.45 441
The effect of communication skills 0.90 -1.61
Material effects -0.90 -1.61
Siblings influence 1.75 -3.17
The findings that emerged as a result of the classification
of factors with opposite signs in both dimensions; age,
education information, monthly income, teacher effect,
family status, nutrition effect, health effect, work habits
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effect, stress effect, effect of working in any job, effect of
starting school early, effect of seasonal change, effect of
course repetition, sportive activity effect, the effect of
parental separation, the effect of social environment, the
effect of participation in course activities and the effect of
the number of siblings. As can be seen in the scattering
diagram in Figure 3, it is observed that the coordinates of
the other answers are close to each other, except for the
"many" answer. In the representation of the coordinates
of the answers in two-dimensional space, it is observed
that the answer "many" is far from the other answers and
differs from the others.
The Scatter Diagram showing the distribution of
observational distances and differences is shown in
Figure 3 and Figure 4. It is clear that there is a linear
relationship between the differences in shape and the
distances between the variables. It reveals that the
considered (estimated) distances agree with the real
values and a suitable solution can be found through
linear modeling. In Figure 4, it is observed that the
coordinates of the factors other than age are close to each
other. In the representation of the coordinates of the
factors affecting the success of the variables in two-
dimensional space, the age coordinates are far from other
factors and differ.
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Figure 3. Scatter diagram for responses.
-
o
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Figure 4. Common scattering diagram

4. Discussion

Multidimensional scaling wused to
interrelationships of objects
dimensional space; it can be applied on some types of
data with the help of ordinal, evenly spaced and
proportional scale and it has a wide usage area. In stress
value applications, Kruskal's Shepard Diagram is used.
Algorithms used in multidimensional scaling analysis
compare the similarities of objects or units in pairs,
triplets or multiple groups. The necessity of eliminating

the differences between the factors in terms of the

express the

or units in a less

variables discussed in the study and bringing all the
variables to the same level is clearly seen. In this respect,
the plans to be prepared have been prepared in a way
that will eliminate this difference between the factors
affecting success. If other indicators are added to the
indicators discussed here, it is possible that changes will
occur in the analysis results.

In this study, a questionnaire study was conducted to
determine the factors affecting student’s failure. In the
ages and
occupations living in Turkey between 2013 and 2015,
inferences were made based on various statistical values
on the answers of 4183 people, 2928 of whom were men
and 1255 were women, regarding the relationship
between 26 variables that are closely related to the
success factor. The study was carried out on groups of
which most of them were university graduates. In the
analysis of the study, non-metric scaling technique was
used considering the Euclidean distance. During the

questionnaire applied to people of all

study analysis; survey stress values, two-dimensional
scatter diagrams (according to the responses and the
state of the variables within each other) were created.
Row and column coordinates were determined by
considering iteration (repeat) histories. Inferences were
made by determining the dimensions of the variables in
the coordinates.

5. Conclusion

As a result of successive iterations in Table 4, the
difference matrix was found to be 0.00, and the stress
value in the same iteration was observed to support this
result. The sections discussed show parallelism with the
work of Yigit (2007). The fact that some cities are visibly
separated from each other while others are gathered
together supports the results in this study and shows
similarities. Considering the measures table in Table 5,
the Kruskal Stress value was observed and the difference
was found to be very close to 0 (0.00). This value is an
indicator of high cohesion and is in line with the studies
of Davison (1983), Costa et al. (2005), de Leeuw (2000)
and Yigit (2007).

The common scattering diagram in Figure 4 supports the
values in Table 4 and Table 5, and it is appropriate to say
that all the factors affecting education are similar except
for a few factors. This result is also consistent with the
analysis of another study by Alan (2008). In addition, the

BSJ] Eng Sci / Giilsah KEKLIK and Mustafa SAHIN

78



Black Sea Journal of Engineering and Science

fact that the correlation coefficient was close to 1
supported the similarity between the variables.

As the number of dimensions’ increases, the difficulty of
display will increase, so in practice, two or three
dimensions are usually chosen. In this study, the data
were analyzed in two dimensions. Coordinate values of
each dimension of the objects were calculated according
to the number of dimensions. By looking at these values,
it was stated which objects were more dominant in which
dimension. The value that is independent of the others is
the "age" factor as seen in the general scatter diagram; It
is clear that there is a “many” answer as seen in the
diagram regarding the answers. Compared to other
analysis methods, it can be stated that the MLS analysis is
the most appropriate method in determining the
distances/closeness and  dissimilarities/similarities
between variables and gives relatively better results than
other methods.

As a result, Kruskal's Stress Value was observed as 0.00
in this study, and no significant difference was observed
between the variables. Young's S Stress Value = 0.00,
which supported this Therefore, the
observation of the stress values in the range (0-0.025)
clearly reveals that there is a “complete” agreement
between the variables. In their study, Karagam and Tolan

situation.

(2014) investigated the prevalence of cigarette, alcohol
and other addictive substances use among 830 university
students who were educated at Ege University and
applied to the outpatient clinics of Health, Culture and
Sports Department Health Branch, other than psychiatry,
between 2006 and 2008, and the prevalence of this
situation in some socioeconomic conditions. He applied
multidimensional scaling method while explaining the
relationship with demographic characteristics and
perceptions of social life and mood. Smoking and alcohol
use were located far from academic achievement and
religious belief, and were found to be consistent with
previous findings. This is compatible with the risk factors
stated for smoking, alcohol and other addictive
substances. However, negative features that can be called
destructive behaviors and emotions are associated with
addictive substance use and they are located close to
each other. Therefore, considering the approach and
attitude in analyzing the subject with the distance model,
itis clear that it is similar to this study.

In this study, some factors affecting the reasons for
student’s failure were observed and measured, and the
questionnaire could be answered without keeping the
age range in the next study. For example, research can be
done so that the age range is limited to middle school or
high school students. In future studies, a research can be
developed on prospective
perceptions of success, prestige and earnings. In addition,

teacher’s or teachers'
a new survey study can be conducted on the roles and
concepts that teachers undertake in increasing the
success of students, and the stress values of the data
obtained can be determined. It can be suggested to
reevaluate the prominent factors by examining the

variations of the variables with each other.
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5G TEKNOLOJILERININ AKILLI TARIM SISTEMLERINDE
KULLANIMI VE GELECEGI UZERINE DEGERLENDIRME
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Ozet: insan ihtiyaclarindan ilk siralarda yer alan beslenme tarimin énemini vurgulamaktadir. Ancak siirekli artan insan popiilasyonu
ve tarim yapilan alanlarin azalmasi tarimda farkli yaklasimlarin gerekliligini zorunlu kilmistir. Bu gerekge ile tarim sektoriinde yapay
zeka (Al), nesnelerin interneti (IoT) ve mobil internet baglantilar1 kullanilarak tarimin ve veriminin artirilmasi siirdiiriilebilirliginin
saglanmasi icin ¢alismalar yapilmaktadir. Bu arastirmada tarim alaninda yapilan yeniliklere 2017 ile 2021 yillar1 arasinda teknoloji
agisindan yaklagimlari degerlendirilerek Besinci Nesil Mobil iletisim (5G) teknolojisinin ayrimmna varilmaya cahsilmistir. 5G’'nin
sagladigl yiiksek hizl veri iletimi sayesinde gercek zamanli veri iletimi ile hasat, yabanci ot tespiti, sulama, ilaglama uygulamalarinda
daha kapsamli, dogru ve zaman, maliyet, is giicli konularinda tasarruf edilerek siirdiiriilebilirligin saglanmasi ve verimin artirilmasi
ongoriilmesi lizerine ¢alisma yapilmigtir.

Anahtar kelimeler: 5G, Akilli tarim sistemleri, Teknoloji, Gelecek

Evaluation on the Usage and Future of 5G Technologies in Smart Agricultural Systems

Abstract: Nutrition, which is one of the first human needs, emphasizes the importance of agriculture. However, the ever-increasing
human population and the decrease in agricultural areas necessitated the necessity of different approaches in agriculture. For this
reason, research was conducted to improve the sustainability of agriculture and its productivity by using mobile internet connections,
the internet of things (IoT), and artificial intelligence (Al) in the agricultural sector. This study attempts to distinguish 5G technology
by evaluating the approaches to innovations in the field of agriculture between 2017 and 2021 in terms of technology. Thanks to the
high-speed data transmission provided by 5G, a study has been carried out to provide sustainability and increase efficiency by saving
time, cost, and labor in a more comprehensive, accurate, and timely manner in harvesting, weed detection, irrigation, and spraying
applications with real-time data transmission.
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Cevre sorunlarinin etkisi bolgesel degil kiireseldir ve bu
durum sosyal ve ekonomik sorunlari beraberinde
getirmektedir. Dogal kaynaklarin tahribi ile birlikte
tarimsal Urlinlerin dis diinyaya bagimliligy,
alanlardan sehirlere gocii, kirsal sosyal 6zelliklerin

1. Giris

Tarim, insanoglunun ana ge¢im kaynagidir ve birgok
iilkenin ekonomisinde hayati bir rol oynamaktadir. Tarim
sadece mahsul iiretimi ile ilgili degildir, ayn1 zamanda
besi hayvani yetistirmeyi ve gida, lif ve ila¢ saglamak i¢in
araziyi Uretim icin en iyi haliyle kullanabilmeyi de
icermektedir. Ayrica gelismekte olan iilkelerde ana gelir
kaynag1 olmakla birlikte sanayi icin malzeme saglayan bir
alandir. Diinya niifusu arttik¢a, artan tarim irinleri ve
gida talebinin karsilanmasinda yogun tarim uygulamalari

kirsal

ortadan kalkmasi, kentsel ve kirsal niifus arasindaki
dengesizligin artmasi gibi biyik ortaya
cikmaktadir. Geleneksel tarimda 6ne ¢ikan bu hususlar,
cevreye zarar vermeden gelecek nesiller i¢in teknolojinin
kullanilarak tarim yapilmasini zorunlu kilmistir. Béylece

sorunlar

giderek daha fazla 6nem kazanmaktadir. Bu durum
geleneksel tarim olarak bilinen {iretim yontemlerinin
yetersiz kaldifina isaret etmektedir. Tarimda yogun girdi
kullanimina dayali hizli degisimler, tarimsal tiretimin
daha az is giicii ile yapilmasini saglarken, geleneksel
tarimin maruz kaldig1 biiylik ¢evresel maliyetlerin de
ortaya ¢ikmasina neden olmaktadir.

dogal kaynaklarin yeterli kullanilmasi, maliyet, zaman ve
isglicii gibi alanlar verimli kullanilacaktir.

Diinya tarihine baktigimizda modern tarim 18. ytizyilda
baslamustir. Ingiliz Tarim Devrimi olarak bilinen bu
ylzyilda tarim kisa siirede 6nemli ilerlemeler kaydetmis,
verim dnemli 6l¢lide artmis ve daha etkin yontemler elde
edilmistir. Mahsul miktarini ve verimini artirmak igin
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dort tarlali sistemler ve secici hibridizasyon programlari
uygulanmistir. Bunu takip eden ilk tarim devrimi,
mekanize tarimin her ciftciye yeterli iirlin iiretmesini
saglamistir ve bu devrim 1900 ile 1930 arasinda
gerceklesmistir. Bu tarim devrimi, arazi yonetimi ve
diger teknolojilerin yani sira gesitli yeni tarim araglarinin
ortaya ¢ikmasina neden olmustur. 1990'larda ise Yesil
Devrim adi verilen ikinci bir devrim meydana gelmistir.
Bilimsel ilerlemeler sayesinde genetigi degistirilmis
irinler, boceklere dayamikl driinler ve daha az su
gerektiren lriinler meydana getirilmistir ki bu genetigi
degistirilmis mahsullerin neredeyse herkes tarafindan
kullanilmaya baslanmasina ve daha fazla iiriin alinmasina
olanak saglamistir (Tang ve ark., 2021).

Bu noktada da teknolojinin kullanimi devreye girmistir.
Teknoloji gelisimi diger alanlarda oldugu gibi tarim
sektoriinde de yerini almis ve hizla gelismeye devam
etmektedir. Niifusun siirekli artan talebi ile karsi karsiya
kalan teknoloji, tarimsal Uretimin gelisme hizin1 ve
verimliligini artirmak icin tarimda vazgecilmez bir arag
haline gelmistir. internetin birgok alanda kullanilmasi ve
“Nesnelerin Interneti” teriminin yayginlasmasi, Endiistri
4.0 devrimi olarak adlandirilan sanayi devrimini
olusturmustur (Gokge ve ark., 2020).

Akilli tarim, tarimsal {rinlerin verimini ve Kkalitesini
artirmak icin giiniimiiz teknolojisini kullanan bir tarim
yonetimi kavramidir. Akilli tarim teknolojisi i¢in 6zellikle
bilgi ve sermaye ¢ok dnemlidir. Akilli tarim bilgiye dayali
tarimsal iretimdir ve konsepti doganin heterojenligini
yoneterek tiretmektir (Tekin, 2018).

Bu calismada tarim alaninda yapilan gelismelere
teknoloji acisindan yaklasimlari degerlendirilerek Besinci
Nesil Mobil iletisim (5G) teknolojisi ile ne gibi yenilikler
ve sagladigl etkiler arastirilmistir. 5G'nin ytiksek hizl
veri iletimi sayesinde gercek zamanli veri iletimi ile
hasat, yabanc1 ot tespiti, ilaclama
uygulamalarinda daha kapsamli, dogru ve zaman,
maliyet, is giici konularinda
sirdiiriilebilirligin saglanmasi ve verimin artirilmasi

sulama,

tasarruf edilerek

ongoriilmesi lizerine ¢alisma yapilmistir.

2. Akill Tarimda Kullanilan Teknolojiler

Akilli tarimda;

e Teknik alaninda kullanilabilecek ¢esitli veriler elde
etmek,

e Karar destek mekanizmalar: olusturmak ve verileri
analiz ederek kendi kararlarini veren sistemler
gelistirmek,

e Verilerde yontem belirlenmesi, cesitli algoritmalar
sayesinde biiyiik verilerin alinmasi,

e Analiz ile ekimden tiiketime tiim asamalarin takip
edilebilmesi, yonlendirilebilmesi,

e Gelecek tahminlerinin yapilmasi icin Sekil 1. de
verilen teknolojiler kullanilmaktadir.

2.1. Uzaktan ve Yerinde Algilama

GPS (Global Positioning System) ve esdeger sistemleri

kullanan uydu tabanli konumlandirma, birgok akill

teknoloji uygulamalarina temel saglamaktadir. Gerekli
konum dogrulugunu saglamak icin ise
gliclendirilmesi ~ yapilmaktadir.  Yiiksek  dogrulugu
saglamak icin, ciftcinin makinesindeki alicinin uygun
sekilde donatilmasini gerektiren Gergek Zamanlh
Kinematik (RTK) kullanilmaktadir. RTK'min dogrulugu,
baz istasyonuna olan mesafeyle orantili oldugundan,

sinyal

ciftlikte RTK  baz istasyonlarinin kurulmasi
gerekmektedir (O'Grady ve ark., 2019).
Akill Tarim
I
[ I | I 1
Uzakian ve -
e WAl D it Robotik ve
Algilama istemleri Otomasyon

Sekil 1. Akill tarimda kullanilan teknolojiler.

Konum dogrulugu, Otomatik Yonlendirme, Verim
Monitorleri ve Degisken Oranli Teknoloji (VRT) icin
belirleyici olmaktadir. Bu sekilde bir nesnenin boylam,
genislik ve ylikseklik degerleri ve konumu belirtile
bilinmektedir.

Hassas tarim teknolojisi uygulamalarinda da konum
bilgisi gerekmektedir. Bu sistemler konum ve uydu
bazinda iki ana sisteme ayrilmaktadir. Yer tabanl
sistemde ise alanin koselerine en az ¢ verici
yerlestirilmektedir. Belirtilen noktalarda yerlestirilen
alici, vericilerden gelen sinyalleri almakta ve her bir
vericiye olan mesafeyi hesaplamaktadir.
konumu, ¢ vericinin merkezinden ¢izilen dairenin
kesisim bolgesini olusturmaktadir (Al-Sammarraie ve
ark,, 2021).

2.2. Veri Analizi

Akilli tarim uygulamalarinda en 6nemli konularindan
biride veri toplanmasidir. Tarim uygulamalarinda alinan

veriler oldukea fazladir ve bu 6zellik verinin alinmasinda

Alicinin

ve islenmesinde zorluluk yaratmaktadir. Ancak veriler ile
bircok islem yapilabilmekte ve kurulacak ydntemlerle
faydalar saglanabilmektedir. Ornegin; tarimsal iiretimde,
gece ve giindiiz dahil olmak iizere alinan iklim degisikligi,
toprak, hastaliklar ve zararh verilerinin yapilan analizleri
sonucunda ciftlik yonetimi metodu kullanilabilmektedir.
Ekilebilir tarim yoluyla, tohumlar ekilirken ve ekildikten
sonra veri analizleri hassas tarim uygulamalar: igin de
uygulanabilmektedir. Biiylime siirecini etkileyen diger
tarim parametreleri ile Dbirlikte biiyiime
izlenebilmekte, sensorler aracilify ile veriler toplanip ve
kaydedilebilmektedir.
sagladigindan emin olmak i¢in kullanilan giibrenin tiird,
miktar1 ve {retime dayali olarak ihtiya¢ duyulan
depolama hacmi kontrol edilebilmektedir.

Ayrica tiiketim ve ihracat icin mevcut lriinlerin hacmi
veri toplama ve veri analizi sayesinde dogru bir sekilde
izlenebilmektedir (Elijah ve ark., 2017).

2.3. Karar Destek Sistemleri

Karar destek sistemleri, verilerden c¢ikarim yaparak

suireci

Uriinlerin standartlari

sonuglarin  diizenlenmesini destekleyen belirli bir
bilgisayarh bilgi sistemi tiirii olarak tanimlanmaktadir.
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1970'lerin basinda, karar destek sistemleri kavrami Scott
Morton'un ¢alismasini temel almistir.
karmasik ve koéti yapilandirilmis durumlarda Karar
Vericileri (DM) desteklemek i¢in stratejik kararlar1 analiz
etmek i¢in tasarlanmistir (Yazdani ve ark., 2017).

Bu yontem,

Tarimsal anlamda Karar Destek Sistemi ise tarim
alaninda ¢alisan bireylere farklh kosullar altinda karar
vermelerini desteklemek i¢in bir tavsiye listesi saglamay1
amaglayan, cesitli kaynaklardan gelen verileri kullanan
bir insan-bilgisayar sistemi olarak tanimlanmaktadir
(Zhai ve ark. 2020). Ancak Karar Destek Sistemlerinin
kullaniminda  baz karsilasilmaktadir.
Kisilerin Karar Destek Sistemini kullanma deneyimine
veya bilgisine sahip olmamasi, sistemlerin tasariminda
tek bir dzellik temel alinarak olusturulmasi ciftciye diger
alanlarda kullanacagi baska bir sistemi kullanma
durumunda  birakmasi  gibi problemler ortaya
cikarmaktadir (Tyrychtr ve Vostrovsky, 2017).

2.4. Uydu izlemi

Ciftciler ve teknoloji uzmanlari, mahsul verimini artirmak

zorluklarla

icin siirekli olarak calismaktadirlar. internet tabanli
uydu izlenimleri, iriindeki verimi artirma konusunda
rehberlik saglayarak ciftcilere hassas tarim i¢in yardimci
olacagi disiiniilmektedir. Uydu sayesinde

sicaklik, toprak nemi, su icerigi ve digerleri gibi 6nemli

izlenimi

veri parametreleri toplanmakta ve uydu ana tasiyicisi,
verilerin isleme merkezinde islenmesine yardimci
olmaktadir (Routray ve ark., 2019).

Tarim i¢in uydu izlenim sistemlerinin avantaji, kapsaml
cikarilmasini  saglayan yiiksek
¢ozunirliktir (Shafi ve ark, 2019). Genis alan
goriintiileme de bu yontemde ele alinmaktadir. Uydu
izlenim uygulamasinin dezavantaji, maliyetin yiiksek
olmasi, uydularin tekrar ziyaret

verilerin uzamsal

sliresi ve hava
kosullarina duyarhligidir. Kaynaklarin bitkilere uygun
sekilde beslenmesi ile hasadin arttirildig1 hassas tarimda
kullanilmas1 ¢ok daha avantajhi olmaktadir. Ornegin,
sulama suyunun uydu tabanl izlenmesi, stirdiiriilebilir su
yonetimi i¢in suyun giivenilir bir sekilde hesaplanmasi
biiyiik bir 6neme sahiptir. Diinya ¢apinda bir¢ok bolgede,
sulamanin dl¢imii sinirhdir. Uydu tabanl ¢6ziim, sulama
suyunun
kaldirilmasimi saglamaktadir. Uydular1 kullanan uzaktan
algilama; diizenleme, planlama ve yo6netime yardimci

izlenmesindeki belirsizlikleri ortadan

olan tarimsal su izlemeyi 6nemli 6l¢iide iyilestirebilecegi
diistinilmektedir (Foster ve ark., 2020).

2.5. Robotik ve Otomasyon

Tarim alaninda kullanilan yeniliklerden birisi de robotik
ve otomasyondur. Ancak suan ki durumda bu teknoloji
daha ¢ok genis ve agik alanlarda yapilan tarimsal
faaliyetler icin kullanilmaktadir. Bu teknoloji, maliyetli
oldugundan  genis
bicerdéverler, tohumu eken ve
kullanilmaktadir (Uzun ve ark., 2018).
Tarim alaninda kullanilan
ekimden oOnce arazi hazirlhigl, ekim/dikim, bitki isleme,
hasat ve verim tahmini ve fenotipleme alanlarinda etkin
olarak kullanilmaktadir (Oliveira ve ark., 2021).

otonom
seklinde

tarim  arazilerinde

siiren

robotik ve otomasyon,

3. 5G Teknolojisi Nedir?

5G teknolojisi, modern tarimin akilli ve hassas gelisimini
desteklemekle birlikte tarim triinlerinin arastirilmasi ve
gelistirilmesinde ve tarim {riinlerinin yetistirilmesinde
ve Uretilmesinde ¢ok 6nemli bir rol oynamaktadir. 4G ag1
ile karsilastirildiginda, 5G ag teknolojisi, orijinal kablosuz
iletimde mevcut sorunlari etkin bir sekilde ¢6zebilen
daha hizh bilgi yayma hizina ve daha kaliteli bilgi yayma
ozelligine sahiptir. Bu teknolojiyi tarimsal Nesnelerin
interneti ile birlestiren 5G teknolojisi, tarimsal ekim ve
kirsal ekonomik kalkinmanin ydéniinii belirleyecek ve
degistirecektir (Uddin ve ark., 2021).

5G teknolojisi sadece tarimsal ekimin iiretkenligini ve
kalitesini artirmakla kalmaz, ayni zamanda tiim kirsal
ekonominin siirdiiriilebilir ve istikrarh gelisimine de
katkida bulunmaktadir. Ornegin sulama sistemlerinde
sensorlerden gelen verilere dayanarak mahsullerin su
talebini tahmin edebilmesi amaglanmaktadir. Suyun
hacmi ve miktari, sulamanin yeri ve zamani akill bir
sistemle Dbelirlendiginde hem {riin icin hem de
kullanilacak su miktarinin 6&lgili kullanilmasi birgok
fayda saglayacaktir. Toprakta ise hangi
maddelerine ihtiya¢ oldugu, ne kadar giibre kullanilmasi
gerektigi ve gerekli besin maddelerini saglamak igin
glibreleme yontemlerinin ideal uygulamalari
yapilabilecektir. Tarim ile ugrasan kisilerin karar verme
konusunda veriler ile gercek¢i ve dogru uygulamalar

besin

yapilacaktir.
5G kullanimi ile tarimda israf, maliyet ve Kkaynak
tiiketimini en aza indirilmesi amac¢lanmaktadir. Siiriicii
gerektirmeyen araclar ile delme, tohumlama ve
puskiirtme siirecini uzaktan kontrol edebilmektedir.
Ayrica havadan lriin takibi su an i¢in olduk¢a maliyetli
olmasina Kkarsin gelistirilecek yeni

teknolojiler ile drone'lar aracihigiyla maliyetin diismesi ve

sensoOrler ve

daha ekonomik ¢o6ziimler iretilmesi beklenmektedir
(Kitouni ve ark, 2018). Ancak bununla birlikte 5G
teknolojisinin kullaniminda bazi olumsuz durumlarda
olusabilmesi muhtemeldir. 5G teknolojisinin ekonomik
kosullar olumsuz etkisi liretim faaliyetlerinin daha siki
takibi ile gelecektir. Weerasinghe ve Ruwanpura (2009)
yaptiklari calismada  iscilerinin  gercek-zamanlh
performans 6l¢climiinii detayli bir sekilde takip edebilmek
gorlintilleme ve ses Kkayit
onermislerdir. Bu sistemin iscilerin sadece c¢alisip
calismadiklarini degil aym zamanda ne tiir aktivitelerle
ilgilendiklerini de takip eden farklh bir yontem
onerilmistir (Joshua ve Varghese, 2014). Calisanlarin
takibi ve bilgisayarlar yardimiyla atilan her adimin

icin  termal sistemi

uzaktan canli olarak izlenebilmesi gibi 5G ile
yayginlasacak onlemler gozetimde koti kullanimlara
zemin hazirlayacaktir (Haar ve ark., 2016). 5G teknolojisi
hi¢ kuskusuz insanligin her alanda ilerlemesine yardimci
olacaktir. Basta tarim, saglik ve ulasim gibi ¢ok 6nemli
alanlarda eski teknoloji ile zamaninda 6nlenemeyecek
zararlarin 6niine bu teknoloji ile gecilebilecektir

(Campbell ve ark., 2017; Rao ve Prasad, 2018).
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3.1. 5G Teknolojisinin Kullanildig: Alanlar

Doérdiincii nesil mobil iletisimi takip eden yeni nesil mobil
iletisim sistemi olan 5G, 2017 ‘de olusturulmasina
ragmen 2020 yilinda hizmete girmis bulunmaktadir. 4G
ile Kkarsilastinldiginda, 5G biyiik bilgi iletimini
karsilayabilecek daha yiiksek spektrum kullanimina ve
iletim hizina sahiptir. 5G avantajlarindan biri yiiksek
kaynak kullanim oramidir. ikincisi ise sistemin daha
verimli olmasidir (Andrews ve ark., 2014).

5G mobil iletisim
bulunmaktadir. Bu teknolojiler;

sisteminin 7 temel teknolojisi
o Biiyiik 6l¢ekli anten dizileri,

o Filtre bankalarina dayali ¢oklu tasiyici teknolojisi,

e Tam ¢ift yonlii cogullama teknolojisi,

e Ultra yogun aglar,

o Kendi kendini organize eden aglar,

e Yazilim tanmimh aglari,

e Iicerik dagiim aglarindan olusmaktadir.

Bunlar arasinda, biiyiik 6l¢cekli anten dizisi teknolojisinin
rolii, bilgi iletiminin gilivenligini ve gilivenilirligini ve
sistem spektrum kaynaklarinin kullaniminin verimliligini
artirmaktir. Sinyal iletimine dis paraziti biiylik olciide
azaltmak icin ¢oklu anten, yiiksek performans ve yiiksek
¢oziiniirlik ozelliklerini kullanmaktadir.

Ayrica iletim giiciinii azaltabilir ve iletimi daha giivenilir
hale getirebilmektedir. Ayn1 zamanda kablosuz iletim
kapasitesini ve spektrum kullanimini onemli o6l¢iide
artirmaktadir. Esas olarak c¢oklu tasiyici teknolojisini
benimsemektedir. Bu nedenle, uygulama karmasiklig
distiktiir ve gecici olarak kullanilmayan bos spektrum
kaynaklarinin esnek kullanimi gerceklestirilebilmektedir.
Tam c¢ift yonlii ¢ogullama teknolojisinin uygulanmasi,
spektrum verimliligini etkili bir sekilde arttirilabilmekte
ve zaman gecikmesini azaltabilmektedir. 5G ¢aginda,
ultra yogun aglar, ag diigiimleri ve terminal ekipmani
arasindaki kisaltmakta ve ag sisteminin
kapasitesini, verimliligini ve  spektrum

mesafeyi
iletisim
verimliligini artirmaktadir. Kendi kendini organize eden
aglar, 5G sayesinde kritik teknoloji olan ag zekasini
gelistirmektedir.
Yazilm tanimh ag olusturma, 5G sisteminde farklh
operatdrlerin ayni ag ekipmanini kontrol edebilmesi,
altyap1 paylasimini  gergeklestirebilmesi ve isletim
maliyetlerini ve ag yonetimi zorluklarim biiyiik 6lciide
azaltilabilmesi anlamina gelmektedir.

icerik dagiim a@ ise 6nbellek  sunucularim
kullanmaktadir bu nedenle kullanicinin  kapsamli
bilgilerini  birlestirebilir ~ve kullanicinin  istegini

kullaniciya en yakin ag noktasina yonlendirebilmektedir.
Bu sekilde, gerekli kaynaklar yakinlardan elde
edilebilmekte ve biiyiik ag karmasikligindan, agir sunucu
yikiinden ve ag tikanikligindan kaynaklanan yavaslk,
diisiik hizmet kalitesi sorunlari ¢6ziim getirilmektedir (Li
ve Li, 2020).

3.2. Hassas Tarim Uygulamalarinda 5G Kullanimi
Hassas tarim, son yillarda ortaya atilan bir tarimsal
kalkinma kavramidir. Temelinde bilgi teknolojisinin
kullanimina dayanmakla birlikte tarimsal cikti ve geliri

artirmak, zararlilarin ve hastaliklarin neden oldugu
ekinlere verilen zarari azaltmak i¢in bir dizi modern
tarim teknolojisi ve yonetim sistemini icermektedir. 5G
teknolojisinde ytksek hizli, diisiik gecikmeli ve genis
bant etkin noktalarinin kullanilmasi, tarimsal iiretimin
daha dogru ve akilli denetimini saglayabilmekte ve
neticesinde verimli ve Kkaliteli {retim
yapilabilmektedir.

Tarimsal iiretimde, 5G teknolojisi, tarimsal [oT ile mahsul

ylksek

biiyiime bilgilerinin toplanmasini ve biliyiime ortaminin
izlenmesini saglamakta ve bilgileri kesin bir tarimsal
iretim plant  olusturmak i¢in isleyebilmektedir.
Nesnelerin Internetinin kullanimi ile hassas tarim
baglantilarini ve ¢ok sayida kiigiik veri paketlerinin
iletimi gerceklestirilebilmektedir. Cogu IoT cihazi, daglar
ve ormanlar gibi sinyallere ulasmanin son derece zor
oldugu yerlere kurulmaktadir. Bu uygulama daha giiglii
kapsama alanina, esneklige ve oOlceklenebilirlige sahip
teknik donanim gerektirmektedir. 5G teknolojisi bu
durum c¢ozilebilmektedir. Cozlimlerin yani sira genel
maliyet ve genel gecikme siirelerini de azaltmaktadir.

5G teknolojileri, hassas tarimin uygulanmasinda tarimsal
kosullarin izlenmesi, secilmesi degerlendirilmesinde rol
oynamaktadir. Bu baglamda diisiik gii¢ tiiketimi, biiytk
baglantilar ve gii¢lii patlamalar ile karakterize edilen
biiyiik ve kiigiik veri paketlerini icerir (Su ve Wang,
2021).

Tarimsal tiretimde diisiik gii¢ tiiketimi ve biiylik baglanti
sahnesini hedefleyen, yeni coklu tasiyic teknolojisinin ve
yeni ¢oklu erisim teknolojisinin kullanimi, daha genis bir
aralik, daha biiylikk miktar ve daha yiiksek
gereksinimlerle hassas gelisimini
gerceklestirmektedir. 5G teknolojisi ve ag ekipmani,
yalnizca giliclii baglanti yogunlugu destegi saglamakla

tarimin

kalmayip aym1 zamanda her bir terminalin enerji
tiiketimini ve maliyetini azaltan 100 milyardan fazla
cihazi baglayabilmektedir.

Genel olarak, 5G teknolojisinin tarimda ve Kirsal
alanlarda uygulanmasi, hassas tarimin genis o6lgekli
baglant1 senaryosunda yiiksek hiz, diistiik gecikme siiresi,
baglant1 sayis1 ve enerji verimliligi gostergelerini
karsilamaktadir. Ek olarak, yeni baglanti yonetimi ve
lokasyondan bagimsizlig1 sayesinde 5G teknolojisi, diisiik
veri isleme ytuiksek
sorunlarindan kaginarak daha diisiik glic tiikketimi ile
biiyiik baglantilar elde edebilmektedir.

Gelecekte, yeni bir 5G mobil ag mimarisinin tasarimi ve
uygulanmasi, erisimi
gerceklestirebilmektedir.  Istege bagh agin yeniden

yapilandirmas1 ve ag kapasitesi gelistirme gibi yeni

verimliligi ve enerji  yuki

kullanici merkezli kablosuz

teknolojiler, tarimsal alanda yapilacak tiim islemler i¢in
de uygulanabilmektedir.

4. Tarimin Gelecegi

Tarim teknolojisi uygulamalarina gecis sadece maliyetleri
en aza indirerek karliligi artirmakla kalmaz, aymn
gevre
azalmasina yardimci olmaktadir. Akilli tarim igeriginde

zamanda tarimin uzerindeki etkisinin de
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bilgi ve iletisim teknolojilerinin kullanildig1 akilli tarim
uygulamalari ile tarimsal verimliligin maksimize edilmesi
konular1 yer almaktadir. Veri toplayici ve akilli sistemin
cesitli boliimleri koordineli olarak c¢alistig i¢in sistem
etkin bir sekilde ¢alisip miidahale
edebilmesi gerekmektedir.

Kilavuz ve Erdem (2019) yaptiklar1 ¢calismada Nesnelerin
interneti (IoT) ve 5G teknolojisi araciigiyla verimliligi ve
tiretkenligi en iist diizeye c¢ikarmak icin ciftlikteki tiim
makineler/hayvanlar akilli sistemlerle donatilmasi
gerektigini belirtmislerdir. Ciftlikle biitiinlesen bir
sistem, iiretim icin gerekli tiim faktorleri analiz ederek
raporda treticilere uygun kosullar1 saglamaktadir. Bu
sayede lreticiler, ihtiya¢ duyduklar1 bilgilere aninda
erisebilmekte ve gerektiginde cep telefonlari/tabletleri
ve diger cihazlar araciifiyla uzaktan miidahale etme
imkanina sahip olmaktadir. Bu sekilde ki bir kullanimin
ilke ekonomisine katkisinin 2020'lerde %20 oldugu
oniimiizdeki  yillarda ise daha da artacag
belirtilmektedir. Tarimin getirdigi ekonomik biiylimeye

yoOneticisinin

ek olarak enerji maliyetlerinin ve su kullanim oranlarinin
da onemli o6lciide disecegi sdylenmektedir. Akilli
tarimdaki 6nemli gelismeler arasinda ucuz ve gelismis
sensorler, diisiik maliyetli mikroislemciler, yiiksek bant
genisligine sahip hiicresel iletisim ve bulut tabanl
sistemler gibi donanimsal sistemler mevcut oldugu
ortaya konulmustur.

Akilli tarim kavrami ile bilgi ve iletisim teknolojisi
kullanim1 ve uygulamalarin yayginlasmasi sonucu takip
edilebilen bir tarim sistemi uygulanmaktadir. Takip
edilen tarim sistemi ile toprak ve iriin teknolojilerinin
kullanilmasinda artma, ekolojik ayak izinin azalmas,
denetim mekanizmalarinin artmasi ve tarimda verimliligi
maksimum hale gelmesi beklenmektedir.

5. Sonuglar
Akilll  tarim,
uygulamalar1

tarimsal tlretime yonelik verileri ve
optimize etmek icin, giincellenebilen
bilgilerin hizla analiz edildigi, kaynaklardan maksimum
diizeyde faydalanilan, kullanicilar tarafindan eyleme
gecirilebilir kararlarin uygulandigi gelismis iiretim
yonetim yaklasimidir. Tarimsal iiretim verilerinden
deger elde etme potansiyeli bilgi ve iletisim teknolojisi ile
gerceklestirilebilmektedir. Merkezi olmayan giivenilir
veri kaynaklar1 sayesinde elde edilen bilgiler, tarimsal

liretim siirecindeki katilimcilar tarafindan paylasilacak

ve kirsal alanlarda {retim verimliligini artiracak
uygulamalar formiile etmelerini saglayacaktir.

Telekomiinikasyon alaninda ki evrim, Diinyay,
telekomiinikasyon ag1 altyapisinda ve kullanilan

teknolojilerde derin degisikliklerle karakterize edilen
Besinci Nesil Mobil Iletisim (5G)'ye gétiirmektedir.
5G'nin, farkli performans gereksinimleri ve daha fazla
saylda uygulama ve kullanim senaryosu daha fazla sayida
kullaniciy1/cihazi gerekmektedir. Bazi
durumda 5G i¢in ihtiya¢ olan altyapi, buyiik verilerin
iletimi ve analizi konularinda bazi problemler ortaya
cikmaktadir. 5G uygulamasinin var olan alt yap1 ve

desteklemesi

imkanlarindan dolay sehir merkezlerine kurulmasi daha
kolay olabilecekken kirsal alanlarda genis veya dar
alanlarda ki alt yapinin saglanmasi maliyetli olmaktadir.
Ayrica kesintisiz iletisim i¢in okyanus, deniz gibi
alanlarinda bu hatlara dahil edilecegi diistiniildiiglinde
yiksek maliyet yaninda dayanikhilik ve kalicilikta
karsilasilan diger 6nemli problemleri olusturmaktadir.
Bunun icin de diger teknolojik alanlarda ki gelismeler
tarim alanina uygulanmaktadir. insansiz Hava Araglari
genis kapsama alani, kullanilabilirlik ve esneklik
sagladiklarindan 10T, 5G uydu
entegrasyonundan, kapsama alani genisletmesinin ve bu
nesnelerin

ekosistemindeki
sunabilecegi mevcut bant
Otesinde bir¢ok yonden yararlanabilir.
Insansiz hava araglar1 ve belki de gelecekte uydular
hizmetin énemli bir pargasi olabilir. Ornegin, kapal
alanlarda bulunan sensoérlerinden veri toplayip 5G ag1
izerinden internete bagh yetkili kullanicilara ileten ag
gecitleri olarak hareket edecek sekilde uygun sekilde
donatilabilirler. ve hareket yollari, IoT

genisliginin
artmasinin

Konumlar1
cihazlarinin kapsanacak alana nasil dagitildigina ve
olusturulan verinin miktarina ve periyodikligine bagh
olarak istege bagl olarak ayarlanabilir, 6zellestirilebilir
bir ¢6ziim sunar ve ayrica altyap: maliyetini diistirebilir.

Katki Oran1 Beyani
Tiim yazarlar esit oranda katki payina sahiptir ve tiim
yazarlar makaleyi inceledi ve onayladi.

Catisma Beyam
Yazarlar bu ¢alismada higbir ¢ikar iligkisi olmadigini
beyan etmektedirler.
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