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Abstract

In this study, the principles, analyzes and results of landslide monitoring are presented by using aerial
photographs obtained with the help of high-resolution cameras integrated with unmanned aerial vehicles. For this
purpose, an active landslide near Saricaeli Village (Canakkale, Turkey) was selected as the pilot study area. This
landslide has been tried to be modeled using unmanned aerial vehicle photogrammetry and global positioning
system. For this purpose, data were collected from the field for three periods: in May 2016, September 2016 and
January 2017. These obtained data were evaluated during a series of photogrammetric workflows and final
products such as digital surface models, digital terrain models, three-dimensional models and orthomosaics were
produced. In addition, these products were processed in the geographic information system and the temporal
development of the landslide was analyzed.
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THA Destekli Heyelan Aktivitesi izleme:
Uygulamalar ve A¢ik Konular

Ozet

Bu calismada, insansiz hava araglarina entegre olarak kullanilan yiiksek ¢6ziiniirliikli kameralar
yardimiyla elde edilen hava fotograflari kullanilarak heyelanlarin izlenmesine iligkin esaslar, analizler ve sonuglart
sunulmaktadir. Bu amagla pilot caligma bolgesi Saricaeli Koyii (Canakkale, Tiirkiye) yakinindaki aktif heyelan
secilmistir. Bu heyelan insansiz hava araci fotogrametrisi ve kiiresel konum belirleme sistemi kullanilarak
modellenmeye ¢aligilmigtir. Bu amagla Mayis 2016, Eyliil 2016 ve Ocak 2017°de olmak iizere ii¢ periyot araziden
veri toplanmigtir. Elde edilen bu veriler bir dizi fotogrametrik is akigt yardimiyla degerlendirilerek sayisal yiizey
modelleri, sayisal arazi modelleri, ii¢ boyutlu modeller ve ortomozaikler gibi sonug iiriinler iiretilmistir. Ayrica bu
iiriinler cografi bilgi sisteminde islenerek heyelanin zamansal gelisimine iliskin irdelemeler gerceklestirilmistir.

Anahtar Kelimeler: Heyelan, IHA, GPS/GNSS, Fotogrametri, SYM, SAM
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Introduction

A landslide is the downward movement of material consisting of natural rock, soil, artificial fill
or a combination of these in the direction of slope (Cruden and Varnes, 1996). Landslides, alone or
together with earthquakes, volcanic eruptions, forest fires and major rainstorms that can trigger
landslides, are the leading cause of loss of life, injury and property damage in natural disasters
worldwide (WP/WLI, 1993). Landslides that can be seen in all continents, oceans and seas in the world
can occur in different sizes, from a small landslide of a few square meters to large submarine landslides
of hundreds of square kilometers covering the land and sea floor (Guzzetti, 2005). Landslides are natural
events that are seen worldwide and have negative economic effects and sometimes result in loss of life.
High slope, unstable ground, groundwater and human effects are some of the factors that cause
landslides. With unmanned aerial vehicle (UAV) supported by digital cameras, data can be easily
collected in difficult weather and terrain conditions at any time. The fact that data collection is fast and
less costly is an important reason for using these tools. UAVs also enable rapid and high spatial
resolution mapping of landslides.

In this study, global positioning system/global navigation satellite system (GPS/GNSS) and
UAV studies were evaluated in the landslide area that occurred in 2016 and 2017 in the Saricaeli village
of Canakkale. The landslide was observed for a year and the aerial photographs of the landslide area
were taken by UAV, with observations made in three different campaigns. Before the aerial photographs
were taken, ground control points (GCPs) were established and the coordinates of the GCPs were
measured with a geodetic GPS/GNSS receiver. The UAV photographs taken were processed using
photogrammetry techniques.

Using the data obtained in different time epochs, the area and volume of the sliding mass, the
direction of the landslide can be determined and its development can be followed. In addition, digital
elevation model (DEM), digital terrain model (DTM), orthomosaic and three-dimensional models of the
landslide area were created with the photogrammetry methods and software used. DTM derivatives such
as surface slope and slope orientation were produced from the created DTMs and the global cell relations
of the DTMs in GRID format were examined and the slip direction and accumulation area of the
landslide were successfully determined.

Landslide Modeling using UAV Photogrammetry Approach

Studies in which the development of landslide areas, are analyzed by photogrammetric methods
are becoming widespread. In these studies, using digital terrain models obtained at different times,
landslide dynamics such as differences between produced digital terrain models, topographic profiles,
volume calculations, three-dimensional displacement vectors are revealed. Complex analyzes such as
tracking the development of landslide movement obtained by measuring from digital terrain models and
orthophotos obtained at different times can be performed (Fernandez et al., 2015).

Erenoglu et al. (2014) took aerial photographs of Adatepe Landslide, which was an active
landslide in Canakkale province on November 15, 2013, using low-cost UAVs and digital cameras in
their study, in campaigns. By using the plane image correction method from the photographs taken, an
orthomosaic with cm-level resolution covering the entire Adatepe Landslide slip area was created. In
addition, displaced sections, regional differences on the surface, bumps, ridges, and grooves were
modeled by scaling in the digital terrain model produced.

UAV-based photogrammetry has been proposed to be used for monitoring and analyzing active
landslides. Peterman (2015) studied the Potosko Planina landslide that occurred near the village of
Korosko Bela in the Karavanke Mountains in the west of Northwest Slovenia and presented a practical
example of tracking landslides by UAV. As a result of previous geological researches in the region, it
was seen that more than 10 cm displacement occurred per year. The data obtained as a result of periodic
observations carried out twice a year have been processed and it has been determined that larger
movements have occurred.

Niethammer et al. (2012), using UAV photographs of the Super Sauze landslide that occurred
in France, a digital terrain model of many regions was produced with the high-resolution orthomosaic
of the entire landslide. UAV capability to visualize cracks and displacements in the landslide surface
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was evaluated and image processing approaches were evaluated for appropriate georeferencing of data.
As a result of the observations made between May 2007 and October 2008 in the landslide, it was
observed that horizontal displacements from 7 m to 55 m occurred. In this study, it has been shown that
radio-controlled low-cost unmanned aerial vehicles can provide high-resolution remote sensing data in
landslides and the proposed UAV-based remote sensing approach has significant potential for the
production of high-resolution orthomosaics and DTMs that enable analysis of cracks and surface
coverage.

Fernandez et al. (2015) showed that mudflow in La Guardia (Jaen, Southern Spain) was
measured by 4 UAV flights between 2012 and 2014. These measurements were also compared with data
previously obtained from conventional aerial photogrammetry and light detection and ranging (LIDAR)
measurements. DEM, which allows the estimation of the changes in the surface, and orthophotos, in
which the horizontal and vertical displacements at the relevant points can be determined, were obtained
in each measurement. Between some campaigns, significant displacements were observed in centimeters
vertically and meters horizontally.

Rau et al. (2011) mapped the 21.3 km? test area with a fixed-wing unmanned aerial vehicle
containing hundreds of landslides triggered by Typhoon Morakot. Air triangulation, orthophoto
rendering and mosaicing were applied to the obtained images. An automatic landslide detection
algorithm based on object-based image analysis (OBIA) technique is proposed. Color orthophoto and
DEM were used. The orthophotos obtained before and after the typhoon were used to estimate the new
landslide areas. Experimental results show that the developed algorithm has high accuracy and the
feasibility of a fixed-wing UAYV for landslide mapping.

In the studies by Farina et al. (2017), different landslides in Tuscany, Umbria and Sicily regions
of Italy were investigated using the Saturn multicopter, an instrument developed at the University of
Florence. It is aimed to show how fast a sensitive DTM can be produced by using aerial photographs
obtained by UAV. As a result of the study, it has been seen that a detailed geomorphological map can
be prepared by defining the main geomorphological features of the investigated area by obtaining high
resolution point clouds data of the landslide area with UAV technology. It was also concluded that it is
possible to measure surface deformations with a vertical accuracy of a few centimeters.

Turner et al. (2015) collected high-resolution images with UAV in 7 epochs for 4 years and used
them to determine landslide dynamics. The DEM of the landslide was created with an accuracy of 4-5
cm horizontally and 3-4 cm vertically. Volumetric changes in certain areas of the landslide were
measured over time series. The surface movement of the landslide was monitored and measured with
the COSI-Corr image correlation algorithm without ground verification. Historical aerial photographs
were used to construct the base digital surface model and the total displacement of the landslide was
found to be approximately 6630 m?. In this study, a robust and reproducible algorithm is presented that
enables UAV mapping and monitoring of landslide dynamics over a relatively long time series.

Eker and Aydin (2016) obtained digital images of the Hollenstein landslide that occurred in the
YBBS Region of Lower Austria with UAV flights and used them for photogrammetric measurement.
From these images, the orthophoto of the landslide and DEM with 6 cm error were produced with the
Structure from Motion (SfM) algorithm. The deformation in the area was determined by comparing the
DEM created with the 1 m resolution LIDAR image taken in 20009.

Lindner et al. (2015) used technologies such as geophysical methods (geoelectricity,
inclinometer, soil moisture and soil temperature) and GPS/GNSS surveys to monitor and document a
landslide. For this purpose, a large soil flow of several million cubic meters was successfully detected
by modeling the landslide movement in a small village in Austria triggered by heavy rains in June 2013.
Additionally, the UAV was also used for periodic assessment of the landslide process. In total, 9 flights
were made by multicopter equipped with a digital single-lens reflex camera (DSLR) providing
thousands of images. Based on these images and detailed GPS/GNSS surveys of the landslide area,
DEMs with an accuracy of less than 10 cm were produced as well as orthophotos. Crack tracing, flow
direction and velocity and mass balance data were obtained from these datasets.
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Study Area and Geological Setting

The study area is located at the coordinates of 40°07'14.48" N— 26°26'00.94" E, approximately
100 m above sea level of the Saricaeli Landslide, which occurred in the Saricaeli village of Canakkale
Province Central District (Figure 1). The landslide that occurred is a deep seated rotational type landslide
and is approximately 1 km away from Saricaeli village center and approximately 7 km from Canakkale
city center. Some terrestrial photos visually verify that the width of the landslide is approximately 150
m and its length is approximately 45 m (Figure 2).
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Figure 1. Location map of the study area

Figure 2. Terrestrial photos from the landslide site
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Landslides where the surface of the slide is lower than the maximum rooting depth of the trees
(more than 10 meters deep). Deep-floor landslides often involve deep regolith, weathered rock, and/or
bedrock, and involve large cliff slides associated with translational, rotational, or complex motion. Such
landslides, which move at a speed of up to a few meters per year, usually occur in tectonically active
areas.

The geology of the study area is dominated by a marine unit consisting of small-coarse-grained
sandstone and to a lesser extent pebble-pebbly conglomerate, siltstone and mudstone, which is located
on the red colored conglomerate, sandstone and mudstone (Figure 3). The components of the sandstones
are quartz and mica grains. The conglomerates, on the other hand, have well-developed planar parallel
layers. All these sediments were affected by storm and tidal processes as well as the normal wave and
current processes prevailing in the environment during deposition, and the sediments were processed
depending on these processes (llgar et al., 2008).
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Figure 3. The geological map of study area

Material and Method

In the data collection stage, one DJI Inspire 1 brand UAV with four motors and one DJI Zenmuse
X3 digital camera integrated into the UAV, a GPS/GNSS receiver and five GCPs were used. Field
studies in the landslide area were repeated in three different epochs on 30 May 2016, 6 September 2016
and 27 January 2017. The data collection step is the same for all epochs. Therefore, in this section, only
the GCP facility, coordinate measurement and image acquisition processes on May 30, 2016 will be
explained.

The GCPs to be used in the image processing phase were installed at the upper limit of the
landslide (Figure 4, left). The GCPs and their locations were chosen so that they can be easily seen on
the images taken by the UAV (Figure 4, right). The coordinates of the installed GCPs were measured in
millimeters with the GPS/GNSS receiver. YCPs are used in georeferencing and datum transformations
of DEMs and orthomosaics to be produced. The coordinates of the GCPs were measured in the Universal
Transverse Mercator 3° (UTM) Projection System, Datum of the International Terrestrial Reference
Frame 1996 (ITRF96). The slice number is 27.

Figure 4. Ground control point and locations of ground control points used in the study (30 May 2016)
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UAV-based UA studies have been carried out for many years. For UAV photogrammetry, the
first fixed-wing, remotely controllable aircraft were produced in the late 1970s. A quarter century later,
unmanned helicopters were developed to produce high resolution DEMSs. Today, many other UAV
systems are also used (Niethammer et al., 2010).

UAVs are very useful due to their low cost compared to satellite images, when images cannot
be obtained from satellites due to weather conditions and data can be obtained at any time. Orthophoto
and DEM of the desired area can be produced in a short time.

Determining the area where the image will be taken and preparing the flight plan is sufficient
for the use of UAVs for photogrammetric purposes. The easy use of UAVS, their light weight, their
ability to be used in adverse weather conditions, and the ability to obtain fast data compared to satellite
systems have made the use of these vehicles widespread in land surveying and orthophoto production.
Orthophotos, three-dimensional models, digital terrain and elevation models, point clouds can be easily
produced with photogrammetric approaches from the data obtained with UAVs (Tiirk, 2013). One of
the biggest advantages of UAV-based UA applications is that it provides the opportunity to collect
information about hazardous areas such as landslides and rockfall areas where direct measurements
cannot be made (Niethammer et al., 2010).

Monitoring and analysis of active landslides includes both spatial and temporal measurements.
In addition, landslide conditions (changes in surface topography, including the rate and extent of
displacements) need to be evaluated continuously. Displacements are of great importance and are
obtained by comparing DEMSs and orthophotos created on different dates. These measurements can be
made manually or automatically. UAV-based orthophotos allow large-scale analysis of landslide
material and crack structures. Fracture structures can be clearly identified and associated with the
fracture process in the landslide material. In addition, high resolution textural information in UAV-
derived orthophotos also allows the analysis of soil moisture on the landslide surface. DEM derivatives
such as slope, aspect, curvature of the landslide area and landslide accumulation area data can also be
produced using UAV-based DEMs (Niethammer et al., 2010).

Data Processing and Results

After the data collection process was completed, the data processing phase was started. At this
stage, point cloud, DEM, SAM and orthomosaic were produced with Structure from Motion (SfM)
Algorithm using Agisoft PhotoScan Professional Edition Version 1.2.4 software. After aligning the
photographs with the software, sparse and dense point clouds, 3D polygonal model, DEM, SAM and
orthomosaics were produced, respectively. The operations have been completed according to the general
workflow and explanations in the Agisoft PhotoScan User's Guide (Figure 5). These processes are
described in turn below. The data processing step is the same for all epochs. Therefore, in this section,
only the studies based on aerial photographs obtained on 30 May 2016 will be explained.
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Figure 5. Schematic diagram of the digital (digital) photogrammetry environment (Schenk, 2005)

The SfM process begins with the acquisition of relevant object photographs from multiple
positions and/or angles with sufficient overlay (eg 80-90%) (Figure 6). Characteristic image objects can
be automatically detected, identified and matched between photos. Beam compensation is then applied
on the matching features. Thus, the 3D positions of the details, camera rotations and XYZ positions in
the photos are determined. As a result, a sparse point cloud is produced. The condensation technique
can be used to produce very dense 3D models with multi-image stereopsis (MVS) or depth mapping
techniques. The use of GCPs and/or the inclusion of camera locations allows the 3D model to be located
in a real-world coordinate system. Finally, the model can be exported as a grid-based DEM and
orthomosaics can be produced based on the photographs taken (Lucieer et al., 2014).

Figure 6. The position of the aerial images

DEMs are models in which the earth's surface is shown numerically, natural objects such as
vegetation, man-made objects such as buildings and other objects rising above the bare earth, together
with the location information of the surface. DEM can be generated from sparse point cloud, mesh (3D
polygonal model) and dense point cloud with PhotoScan software. However, the most accurate result is
the data produced from the dense point cloud (PhotoScan UM, 2018). With the "Build DEM" command
under the "Workflow" menu, the SYM with a resolution of approximately 6 cm was produced in GRID
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format. Dense point cloud was used as surface data and DEM was generated in World Geodetic System
1984 (WGS84) datum (Figure 7, left).

Figure 7. Digital surface model, classification of ground points and digital terrain model (30 May 2016)

DTM can be defined as a three-dimensional representation of the land surface consisting of X,
Y, Z coordinates held in numerical format. It includes not only heights, but also other geographical
elements and natural details such as rivers and ridge lines. The DEM produced in the previous step will
show the current status of the landslide area and its surroundings, and the vegetation on this area will
also be represented on this data. Since data such as slope, aspect, landslide flow direction to be produced
using this model will not provide accurate information about the area, DTM was produced by classifying
the points belonging to the ground and analyzes were carried out using this model (Figure 7, middle).

In order to create the DTM to be used in the analysis, first of all, it is necessary to determine the
ground points by classifying the dense point cloud. For this, ground points were determined by
automatically classifying the dense point cloud. As a result, the points of vegetation on the land were
removed. After the classification process was completed, the classified dense point cloud was used as
the surface data, similar to the DEM generation, and the DTM was generated in the WGS84 datum. As
aresult, a digital terrain model was produced in GRID format. The resolution of the digital terrain model
created is approximately 6 cm. (Figure 7, right).

Discussion and Conclusion

The produced DTM and orthomosaics were opened using ArcMap software included in the
ArcGIS Desktop 10.5 package, which is a GIS software. Before starting the analysis, artificial gaps on
the SAMs were removed with the "fill sink" function. The resolution of the DTMs was then resampled.
The global cell relationships were examined and the slip direction and accumulation area of the landslide
were determined by using the gap-filling function and resampled DTM in GRID format. In addition,
slope and slope orientation data of the landslide area and its surroundings, which are derivatives of
DTM, were also produced in GRID format. In order to make comparisons between DTM and
orthomosaics based on the data collected and produced in different epochs, a grid mesh of the same
width and cell size as the DTM was created. The data analysis step is the same for all epochs. Therefore,
in this section, only the analyzes made on the data produced on the basis of aerial photographs obtained
on 30 May 2016 will be explained.

In order to eliminate the gap errors on the SAM in GRID format, the "fill sinks" function has
been applied on the data. If a cell has less height than the other 8 cells around it, as shown in Figure 8,
first two sub-figures, surface flow will not be achieved. For this reason, these gaps should be filled by
rearranging the height values.
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Figure 8. Fill in the gaps (Giiresci, 2012)

These defects on the DTM opened with Arcmap software have been fixed with Spatial Analyst
Tools > Hydrology > Fill function in the Arctoolbox toolbox, which includes many data management,
transformation and analysis geoprocessing functions (Figure 8, second two sub-figures).

The resolution of DTM, which was approximately 6 cm before starting the analysis, was
rearranged to 50 cm by resampling. It was observed that the analyzes made without this correction did
not yield healthy results. It was resampled with the Data Management Tools > Raster > Raster
Processing >Resample function in the Arctoolbox toolbox.

The flow direction of the landslide was determined by applying the "flow direction" function to
the gap-corrected DTM data. In this function, the height of the cell is compared with the 8 cells around
it. The flow will be towards the cell with a height lower than its height value (Figure 9).

77 | 66 | 59 32 64 128
63 | °4 | 47 16 2k 1

68 | 65 | 32 8 4 |2

Figure 9. Flow directions (Giiresci, 2012)

Flow direction data was produced with the Spatial Analyst Tools > Hydrology > Flow Direction
function in the Arctoolbox toolbox. The flow direction is expressed in the digital environment with the
"8-way flow model". Flow directions are represented by the numerical values shown in Figure 10, left.

451650 451700 451750 451800 451650 451700 451750 451800

451700

Figure 10. Landslide flow direction and slope map (30 May 2016)
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The slope is the rate of change in the maximum z-value from each cell. Slope can be expressed
as percent slope or degree slope (Chang, 2007). Slope in percent is the percentage expression of the ratio
of the vertical distance to the horizontal distance. The slope in degrees is the tangent of the ratio of the
vertical distance to the horizontal distance (Kiip¢ii, 2015). The slope data (slope), which is a DTM
derivative, was produced in GRID format and in degrees with the Spatial Analyst Tools >Surface >Slope
function in the Arctoolbox toolbox. SAM was used as input data. The pixel size, number of columns
and rows of the generated data are the same as the SAM data. The resolution of the slope data produced
in GRID format of the landslide area and its surroundings is 50 cm, just like the DTM data (Figure 10,
right).

Aspect is a measure of the direction of the slope. Aspect starts at 0 degrees in the north, moves
clockwise and ends at 360 degrees in the north (Chang, 2007). It corresponds to 90 degrees east, 180
degrees south, and 270 degrees west. Flat areas are expressed with the value of -1 (Kiipgii, 2015). Aspect,
a SAM derivative, was produced in GRID format with the Spatial Analyst Tools>Surface>Aspect
function in the Arctoolbox toolbox. DTM was used as input data. The pixel size, number of columns
and rows of the generated data are the same as the DTM data. The resolution of the slope orientation
data produced in GRID format of the landslide area and its surroundings is 50 cm like the DTM data
(Figure 11, left).

Hillshades are shadows drawn on the map to simulate the effect of sun rays on the terrain. It is
the hypothetical illumination of a surface for a certain azimuth and altitude relative to the sun (Wade,
2006). The relief data of the landslide area and its surroundings were produced in GRID format with
Spatial Analyst Tools >Surface >Hillshade function (Figure 11, right).
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Figure 11. Aspect map and DTM with hillshade map

One of the main purposes of this study is to analyze and interpret the development of landslides
using UAV photogrammetry. Based on the generated grid network, the frames where the changes on the
landslide (natural objects, etc.) can be followed and examined were created as shown in Figure 12. It is
clear that the ruptures from the upper boundary of the landslide increased, one of the bushes in the frame
in the orthomosaic obtained in the 1t epoch was not included in the orthomosaic obtained in the 3™
epoch as a result of the progression of the landslide.
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Figure 12. Landslide development (Aerial view of locations a and b at the 1%, 2" and 3™ epochs)

Meteorological data obtained from Canakkale Meteorology Directorate shows the amount of
precipitation between May 2016 and January 2017 (Table 1). The amount of precipitation is particularly
high in the period between November 2016 and January 2017.

Table 1. Monthly precipitation (kg/m?) in 2016 and 2017

Month Precipitation in 2016 (kg/m?) Precipitation in 2017 (kg/m?)
January 110.2 174.3
February 88.4 56.8
March 53.6 22.1
April 15.0 14.9
May 26.8 20.9
June 39.9 36.8
July - 17.2
August - -
September 1.8 -

October 8.6 -
November 209.0 -
December 28.6 -

The volumetric changes in the amount of soil in the area of the landslide among the measurement
epochs performed using UAV photogrammetry are given in Table 2.

Table 2. Volumetric change (m°)

Epoch Volume Difference between 1% Difference between 2
# (m3) and 2" Epochs (m?) and 3 Epochs (m?)
169918,843
2 172659,428 2740,585 3904,147
3 176563,575

The elevation changes between consecutive epochs were determined by differentiating the
DTMs obtained in 3 epochs of the landslide area. Depending on the progress of the landslide, changes
related to the amount of material displaced occurred (Figure 13).
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Figure 13. DTM difference (epoch 2 — epoch 1) and DTM difference (epoch 3 —epoch 2)

The soil in the study area is wet, the structure of the rocks consisting of conglomerate-sandstone-
mudstone alternation observed in the area, and that the structure of the ground and surface water
permeable and impermeable units, together with the high slope factor, creates a suitable environment
for landslide development. From the detailed analysis of orthomosaics, it has been determined that the
landslide grows continuously depending on the structural and environmental factors in the landslide
area. It is thought that following the landslide development with economical and fast methods such as
unmanned aerial vehicles will make a difference especially in disaster management. This method is also
very effective in tracking landslides in areas that may create danger or where there is no access. In
particular, possible loss of life and economic losses will be prevented by observing and monitoring the
landslide areas in or near the settlements. When necessary, the settlement area will be evacuated, and
the risk of loss of life in these areas will be prevented. The widespread use of this method in all
“Provincial Disaster and Emergency Directorates”, making predictions about the direction of disasters
such as landslides in the future, identifying possible eligible disaster victims, new settlement areas,
housing, public facilities, infrastructure projects, social facilities, etc. will be effective in choosing the
areas where the structures will be built. The data to be obtained with this study can be used as base data
within the scope of the projects for the preparation of hazard and risk maps using geographic information
systems.
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Ozet

Sebzeler tarimsal iiretimde ve insan beslenmesinde 6nemli bir yer tutmaktadir. Ulkemizde yazlik ve kishk
olarak 50 kadar sebze tiirii yetistirilmekte ve bu sebzelerin %54 tiniin kislik olarak iiretimi yapilmaktadir. Tim
tarimsal trlinler gibi kishik sebzelerde de verim ve kaliteyi etkileyen hastalik ve zararlilar bulunmaktadir.
Bunlardan en 6nemlileri arasinda K6k-ur nematodlart (Meloidogyne spp.) yer almaktadir. Kiglik sebzelerde zararl
Kok-ur nematodlart ile ilgili yapilmig az g¢aligma bulunmaktadir. Bu c¢alismada Canakkale ili kislik sebze
yetistiriciligi yapilan alanlarda zararli Kok-ur nematodu tiirlerinin yayiliglari ve popiilasyon yogunluklar
belirlenmistir. Bu amagla, Canakkale ili kiglik sebze yetistirilen alanlara periyodik olmayan arazi g¢ikislar
yapilarak Kok-ur nematodlarinin yayginlik ve yogunluklari belirlenmistir. Canakkale ili ve ilgelerinden toplamda
158 adet bitki ve toprak 6rnegi toplanmis ve 26’s1 Kok-ur nematodu bulagik oldugu saptanmistir. Canakkale ilinde
kislik sebze yetistirilen alanlarin %16,46’smin Kok-ur nematodu ile bulagik oldugu tespit edilmistir. En fazla
bulasiklik %30,8 ile Can ilgesinde gozlenirken, en az bulasiklik %5 ile Biga ilgesinde gbzlemlenmistir.

Anahtar Kelimeler: Kék-ur nematodlari, Kislik Sebzeler, Canakkale.

Determination of the Prevalence of Root-knot Nematodes in the Winter Vegetable
Growing Areas in Canakkale Province

Abstract

Vegetables have an important place in agricultural production and human nutrition. In our country, about
50 species of vegetables are grown in summer and winter and 54% of these vegetables are produced in winter.
Like all agricultural products, there are diseases and pests that affect the yield and quality of winter vegetables.
Root-knot nematodes (Meloidogyne spp.) are among the most important of these. There are few done studies on
harmful root-knot nematodes in winter vegetables. In this study, the distribution and population densities of
harmful Root-knot nematode species were determined in the winter vegetable growing areas of Canakkale. For
this purpose, the prevalence and densities of root-knot nematodes were determined by making non-periodic field
surveys to winter vegetable growing areas in Canakkale. A total of 158 plant and soil samples were collected from
Canakkale province and its districts, and 26 of them were determined as contaminated. It has been determined that
16.46% of the areas where winter vegetables are grown in Canakkale are infested with root knot nematode. The
highest of infestation was observed in Can district with 30,8%, while the least infestation was observed in Biga
district with 5%.

Keywords: Root-knot Nematodes, Winter Vegetables, Canakkale
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Giris

Ulkemizde yetistirilen sebze ftiirlerinin %54’{i kislik sebze tiirleridir (Anonim, 2020).
Tiirkiye’de sebze tiretiminde ilk sirada yer alan bdlgelerden biri Marmara Bolgesi’dir. Bu bolge arazi
varligi, hayvancilik faaliyetleri ve su {iriinleri potansiyeli ile lilkemizde 6nemli bir yere sahiptir. Bolgede
sebze iiretimi il diizeyinde incelendiginde 2019 yilinda Canakkale’de 222.700 da alanda 1.100.000 ton
olup, 2020 yilinda ise 213.400 da alanda 977.600 tondur. Canakkale ilinde 9 bin dekar alanda kiglik
sebze yetistiriciligi yapilmaktadir. Bu alanlardan 24.683 ton kislik sebze elde edilmektedir (Ttiik, 2019;
Tiiik, 2020).

Toplam sebze iiretiminde 6nemli bir yeri olan bazi kislik sebzeler Apiaceae, Brassicaceae,
Asteraceae, Amaranthaceae ve Alliaceae gibi 6nemli familyalarda yer almaktadir. Bu familyalarda yer
alan sebzelerden bazilari; 1spanak (Spinacia oleracea L.) , taze sogan (Allium cepa L.), lahana (Brassica
oleracea L.), havug (Daucus carota L.), marul (Lactuca sativa L.), turp (Raphanus sativus L.), pirasa
(Allium ampeloprasum L.), maydanoz (Petroselinum crispum (Mill.) Nym. ), roka (Eruca vesicaria
(Mill.)), kirmiz1 pancar (Beta vulgaris var. Condivita Alef) ve dereotu (Anethum graveolens L.)’dur.
Insan beslenmesinde ve tarimsal iiretimde énemli bir yere sahip olan sebzeler, birgok zararlinin olumsuz
etkisine maruz kalmakta, ekonomik olarak verim kayiplarina ugramaktadir. Ornegin maydanoz, dereotu,
roka, tere yapraklari yenilen bir bitki oldugundan, zararlinin olusturdugu belirtiler (yapraklarda sararma,
solma, bodurlagsma) iireticiler agisindan 6nemli bir sorun olusturmaktadir. Ayni sekilde havug, salgam,
pancar gibi sebzelerin yumrulan tiiketildiginden dolay1 koklerde olusacak herhangi bir zarar verim ve
kaliteyi olumsuz etkileyecegi i¢in lireticiler tarafindan istenmeyen bir durumdur. Kiglik sebzelerin
diinyada ve iilkemizde konukgusu oldugu ve 6nemli verim kayiplarina neden olan bir¢ok zararlisi
bulunmaktadir.

Kislik sebzeler iizerinde diger zararlhilarin yayginlk ve zarar diizeyleri hakkinda arastirmalar
yapilmis olsa da Kok-ur nematodlarinin (Meloidogyne spp. Goeldi, 1892 (Tylenchida: Meloidogynidae)
kislik sebzeler iizerindeki zarar boyutu tam olarak bilinmemektedir. Bitki paraziti nematod (BPN)
tiirlerinin en Onemlileri arasinda, olusturduklar1 zararlar, diinyada ekili tarim arazilerinin ¢ogunda
bulunmasi ve genis bir konuk¢u yelpazesine sahip olmalar1 nedeni ile Meloidogyne cinsini olusturan
Kok-ur nematodlar1 gelmektedir (Sasser, 1977; Trudgill ve Blok, 2001). Diinyada tarim alanlarinin
%352’sinin Kok-ur nematodlari ile bulasik oldugu belirlenmistir (Taylor, 1987). Bu nematodlar tiire de
adin1 veren koklerde olusturduklari tipik urlanmalar ile diger bitki paraziti nematodlardan
ayrilmaktadirlar. Kok-ur nematodlan diinyadaki yayginliklari, miicadelesindeki zorluklar ve ayrica
bitkilerde meydana getirdikleri ekonomik zarar seviyesi acgisindan bitki paraziti nematodlar icerisinde
ilk sirada yer almaktadirlar (Karssen ve Moens, 2006; Jones ve ark., 2013).

Diinyada bugiine kadar 100’{in tizerinde Meloidogyne tiirii belirlenmistir (Trinh ve ark., 2019).
Tiirkiye’de farkl bitki tiirlerinde yapilan tiir teshisi ¢aligmalarinda ise 10 farkli Kék-ur nematodu tiirii
(M. incognita, M. javanica, M. arenaria, M. hapla, M. chitwoodi, M. artiellia, M. acrita, M. luci, M.
exiqua ve M. thamesi) (Kepenekgi ve ark., 2002; Devran ve Sogiit, 2009; Ozarslandan ve Elekgioglu,
2010; Aydml ve ark., 2013; imren ve ark., 2014; Aydinli, 2018; Atas, 2021) tespit edilmistir. Biitiin
tarimsal iiriinlerde oldugu gibi kislik sebze iiretiminde de birim alandan verimi artirmak amaci ile
hastalik, zararli ve yabanci otlarla miicadele etmek gerekmektedir.

Bu ¢alisgmanin amaci Canakkale ili kiglik sebze yetistiriciligi yapilan alanlarda Kok-ur nematodu
tiirlerinin yayginliklarinin belirlenmesidir. Yapilan bu ¢alisma Canakkale ili i¢in bir ilk niteligindedir.

Materyal ve Yontem

Caligmanin ana materyalini Canakkale ili ve ilgeleri kiglik sebze ekim alanlarindan alinan 158
adet kok ve toprak ornekleri ile bu 6rneklerden elde edilen Meloidogyne spp.’ye ait disi ve ikinci donem
larvalar olusturmaktadir.
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Doga Cahismalari

Canakkale ili ve ilgelerinde 2021-2022 yillarinda kis aylarinda kislik sebze yetistirilen alanlara
periyodik olmayan arazi ¢ikiglart yapilmistir. Bu alanlarda bulunan bitkiler incelenerek, belirti gosteren
bitkiler (bodurluk, sararma, solma ve koklerde urlanma) ve topraklari ayri ayri polietilen posetlere
konularak ve etiket bilgileri (6rneklenme tarihi, alindig1 bolge, GPS koordinat bilgileri ve bitki ¢esidi)
eklenerek buz kutular1 igerisinde Canakkale Onsekiz Mart Universitesi Nematoloji Laboratuvari’na
getirilmistir. Toplamda 158 adet bitki ve toprak 6rnegi alimustir (Cizelge 1).

Cizelge 1. Canakkale ili’nde 6rneklemelerin yapildigi lokasyonlar, alman bitki ve toprak drnekleri

No flce Koy/Belde Ormnek Sayist

Kursunlu, Kepez,  Halileli,

! Merkez Saricaeli, Saraycik 68

2 Ezine PlnarPasl, Merkez, Akgcaeli, o
Ulukoy

3 Ayvacik Tuzla, Babadere, Kdsedere 22

. Glimiiscay, Kozcesme, Akkdpri,

4 Biga Yeniciftlik 20

5 Can Karakoca, Cal, Cinarcik 13

6 Lapseki Kangirly, Merkez, Cardak, 11
Umurbey

Toplam 158

Laboratuvar Calismalar:
Koklerde Bulunan Nematodlarin incelenmesi

Laboratuvara getirilen koklerde Kok-ur nematodlarinin bulunup bulunmadigini tespit etmek
icin toprak yikama odasinda kokler, zarar gelmeyecek sekilde daldirma yontemi ile yikanmistir. Sonra
asit fuksin ¢ozeltisi (10 ml %1°lik asit-fuksin, 17,5 ml laktik asit, 12,6 ml gliserin, 12,4 ml saf su)
icerisinde boyanmistir (Moltmann, 1988). Bu yontemde prensip olarak, nematodlarin boya maddesini
biinyesine alip koyu kirmizi renk almalarindan yararlanilmistir. Daha sonra kilcal kdkler iki lam arasina
yerlestirilerek ve 151k mikroskobunda nematodlar incelenmistir.

Bitkilerden Kok-ur Nematodlar1 Yumurta Paketi ve Disisinin Elde Edilmesi

Yikanan kokler stereobinokiiler mikroskop altinda incelenmis ve Kok-ur nematodlari ile bulagik
olup olmadigi belirlenmistir. K6k-ur nematodlarinin disi bireyleri ve yumurta paketi tespit edilen bitkiler
bulasik olarak kay1t altina alinmistir. Kayit altina alinan bulasik her bitkiye ait kilcal kdklerdeki urlardan,
disi bireylerin birakmis olduklar1 yumurta paketleri ve disi bireyler binokiiler mikroskop altinda pens ve
bistiiri ile toplanmstir.

Toprak Orneklerinden Kok-ur Nematodlarinin Elde Edilmesi

Nematodlarin topraktaki yogunlugunun belirlenmesi i¢in birden fazla ekstraksiyon (6ziitleme)
yontemi vardir. Nematodlari toprak 6rneklerinden elde etmek igin Gelistirilmis Baermann Huni yontemi
(Hooper, 1986) kullanilmigtir. Bu yontemin kullanilma amact, topraktaki nematodlarin hareketliliginden
yararlanarak nematodlarin toprak ortamindan su ortamina gegmesini saglamistir.
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Gelistirilmis Baermann Huni Yonetemi

Bu yontem topraktaki aktif nematodlar1 elde etmek icin kullanilmaktadir. Yéntem i¢in 12 cm
capinda ve 2 cm yiiksekliginde plastik petriler ile tabaninda 0,5 cm yiiksekligi olan elekler, eleklerin
icerisine yerlestirilen filtre kagitlar1 ve arazi calismasindan elde edilen toprak ornekleri kullanilmastir.

Eleklerin icerisine filtre kagidi yerlestirilip, her bir toprak 6rnegi temizlenip (tas ve benzeri
maddelerden arindirmak) karistirilarak, filtre kagidinin {izerine 100 gr tartilip konulmustur. Daha sonra
elek ve petri kenarlar1 arasindaki bosluktan toprak islanip petri kaplariin yiiksekligine gelene kadar su
ilave edilmistir. Bu islemde nematodlarin aktif hareketleri ile toprak ortamindan su ortamina gecmesi
amaclanmistir. Diizenek bu sekilde 48 saat bekletilmis olup, petri igerisindeki su 100 ml’lik meziirlere
aktarilip burada da 24 saat bekletilmistir. Siire sonunda 10 ml’e kadar {istten seyreltilerek 10 ml’lik cam
tiiplere aktarilmis burada 4-6 saat kadar bekletilerek nematodlarin tiip tabanina ¢okmesi saglanmustir.
Aym sekilde 1 ml’ye kadar seyreltilmistir.

Her bir 6rnek icin tiiplerde kalan 1 ml’deki su iyice karistirilip igerisinde mikro pipet ile 100 pl
su alinip lam ve lamel arasina koyulmus ve bunun igerisindeki Kok-ur nematodlarinin larvalarinin
sayimlart yapilmistir.

Bulgular ve Tartisma

Canakkale ili ve Tlgelerindeki Kishk Bitki Yetistirilen Alanlardaki Bitki ve Toprak
Orneklerinin Dagilimi

Canakkale ili ve ilgelerindeki kislik sebze yetistirilen alanlardaki Kok-ur nematodlarinin
yayginliklarinin belirlenmesi amaci ile yapilan bu ¢aligmada 20 farkli bitki tiirlinden toplam 158 adet
bitki ve toprak 6rnegi alinmigtir. En fazla 6rnek alinan bitki %15,82 ile pirasayken, en az 6rnek alinan
bitkiler %0,63 ile tere, siyah turp, briiksel lahanasi ve kerevizdir (Cizelge 2).

Cizelge 2. Bitki ve toprak 6rneklerinin bitki tiiriine gore dagilimi ve 6rnekleme orani

Latince Adi Ornek

Bitki Tiiri Ornekleme Orani (%)
Sayisi

Brokoli Brassica oleracea var. italica 11 6,96
Maydanoz Petroselinum crispum 10 6,33
Tere Lepidium sativum 1 0,63
Marul Lactuca sativa 16 10,16
Pirasa Allium ampeloprasum 25 15,82
Havug Daucus carota 2 1,26
Kirmizi pancar Beta vulgaris var. condivita 8 5,06
Kirmizi turp Raphanus sativus 9 5,70
Beyaz turp Raphanus sativus 4 2,53
Siyah turp Raphanus sativus 1 0,63
Beyaz lahana Brassica oleracea var. capitata f. alba 10 6,33
Mor lahana Brassica oleracea var. capitata f. rubra 9 5,70
Roka Eruca vesicaria 4 2,53
Dereotu Anethum graveolens 16 10,16
Ispanak Spinacia oleracea 11 6,96
Taze sogan Allium cepa 5 3,16
Karnabahar Brassica oleraceae var. botrytis 12 7,59
Paz1 Beta vulgaris var. cicla 2 1,26
Briiksel lahana Brassica oleracea gemmifera 1 0,63
Kereviz Apium graveolens 1 0,63
Toplam 158 100
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Canakkale 1li Kislik Sebze Yetistiriciligi Yapilan Alanlarda Kék-ur Nematodlarinin Yayginliklarinin

Belirlenmesi

Canakkale 1Ili ve Tlcelerinde Kishk Sebze Ekim Alanlarindaki Koék-ur
Nematodlarmin Yayginhk Durumu

Ornekleme yapilan kishk sebze yetistirilen alanlardan toplam 158 Ornek alinmis ve 26’s1
Meloidogyne spp. ile bulasik olarak tespit edilmistir. Bu alanlarin %16,46’sinda Kok-ur nematodlari
tespit edilirken %83,54’linde Kok-ur nematodlarinin varligina rastlanmamistir (Cizelge 3).

Cizelge 3. Canakkale ili ve ilgelerinde 6rnekleme yapilan alanlarda Meloidogyne spp. ile bulagiklik orani

Bulaslk

ilce g:;?g:k Bitki | fince Adi ;);nek Ornek gulaslk‘l)lk
yis1 Sayisi rani (%)
Brokoli Brassica oleracea var. italica 4 1 25
Maydanoz Petroselinum crispum 5 1 20
Dereotu Anethum graveolens 5 2 40
Kirmizi pancar Beta vulgaris var. condivita 5 2 40
Havug Daucus carota 2 1 50
Marul Lactuca sativa 7 1 14,2
Beyaz lahana Brassica oleracea var. capitata 4 1 o5
f. alba
Pirasa Allium ampeloprasum 7 0 0
Merkez ~ Kirmuzi turp Raphanus sativus 5 0 0
Roka Eruca vesicaria 2 0 0
Mor lahana Brassica oleracea var. capitata 4 0 0
f. rubra
Karnabahar E(;?rsystliza oleraceae  var. 8 0 0
Taze sogan Allium cepa 2 0 0
Siyah turp Raphanus sativus 1 0 0
Ispanak Spinacia oleracea 5 0 0
Beyaz turp Raphanus sativus 1 0 0
Tere Lepidium sativum 1 0 0
Toplam 68 9 13,2
Pirasa Allium ampeloprasum 5 1 20
Marul Lactuca sativa 3 1 333
Kereviz Apium graveolens 1 1 100
Karnabahar Ec:'?rsystli(;a oleraceae  var. 1 1 100
Ispanak Spinacia oleracea 2 0 0
Dereotu Anethum graveolens 4 0 0
Ezine Maydanoz Petroselinum crispum 2 0 0
Mor lahana Brassica oleracea var. capitata 1 0 0
f. rubra
Taze sogan Allium cepa 1 0 0
Brokoli Brassica oleracea var. italica 1 0 0
Beyaz lahana ]|c3rassica oleracea var. capitata 1 0 0
. alba
Beyaz turp Raphanus sativus 1 0 0
Kirmizi turp Raphanus sativus 1 0 0
Toplam 24 4 16,7
Brokoli Brassica oleracea var. italica 2 1 50
Ayvacik Beyaz lahana Er;is;ca oleracea var. capitata 5 1 50
Mor lahana Brassica oleracea var. capitata 5 1 50

f. rubra
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Pirasa Allium ampeloprasum 2 1 50
Maydanoz Petroselinum crispum 2 1 50
Dereotu Anethum graveolens 4 0 0
Karnabahar E(;?ri/stli(;a oleraceae  var. 1 0 0
Briiksel lahanas1 ~ Brassica oleracea gemmifera 1 0 0
Kirmizi turp Raphanus sativus 1 0 0
Marul Lactuca sativa 2 0 0
Ispanak Spinacia oleracea 1 0 0
Pazi Beta vulgaris var. cicla 1 0 0
Roka Eruca vesicaria 1 0 0
Toplam 22 5 22,7
Marul Lactuca sativa 1 1 100
Pirasa Allium ampeloprasum 8 2 25
Can Maydanoz Petroselinum crispum 1 1 100
Dereotu Anethum graveolens 1 0 0
Taze sogan Allium cepa 2 0 0
Toplam 13 4 30,8
Brokoli Brassica oleracea var. italica 2 1 50
Pirasa Allium ampeloprasum 1 1 100
Kirmizi pancar Beta vulgaris var. condivita 1 1 100
Karnabahar Eg?rsyiliza oleraceae  var. 1 0 0
ok Beyaz lahana 1Ejr:lsbs{:lca oleracea var. capitata 1 0 0
Paz1 Beta vulgaris var. cicla 1 0 0
Mor lahana Brassica oleracea var. capitata 1 0 0
f. rubra
Marul Lactuca sativa 1 0 0
Beyaz turp Raphanus sativus 1 0 0
Dereotu Anethum graveolens 1 0 0
Toplam 11 3 27,3
Kirmizi pancar Beta vulgaris var. condivita 2 1 50
Pirasa Allium ampeloprasum 2 0 0
Kirmizi turp Raphanus sativus 2 0 0
Marul Lactuca sativa 2 0 0
Ispanak Spinacia oleracea 3 0 0
Beyaz turp Raphanus sativus 1 0 0
Biga Roka Eruca vesicaria 1 0 0
Dereotu Anethum graveolens 1 0 0
Beyaz lahana Erassica oleracea var. capitata 5 0 0
.alba
Brokoli Brassica oleracea var. italica 2 0 0
Karnabahar tB);?rs;stli(;a oleraceae  var. 1 0 0
Mor lahana Erzjsslrc;a oleracea var. capitata 1 0 0
Toplam 20 1 5
TOPLAM 158 26 16,46

Canakkale ili merkezinden kislik sebze yetistirilen alanlardan toplamda 68 adet drnek alinmus,
bu 6rneklerin 9 tanesi Meloidogyne spp. ile bulasik olarak tespit edilmis olup, buradaki bulagiklik orani
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Belirlenmesi

%13,2 olarak belirlenmistir. Ezine ilgesindeki alanlardan 24 adet 6rnek alinmis, 4’1 bulasik olarak tespit
edilmis ve bulasiklik oran1 %16,7 olarak belirlenmistir. Ayvacik il¢esindeki alanlardan 22 adet 6rnek
alinmis, bu oOrneklerden 5°’i bulasik olarak tespit edilmis olup, bulasiklik orami %22,7 olarak
belirlenmistir. Can ilgesindeki alanlardan 13 6rnek alinmis, 4°G bulasik olarak tespit edilmis ve
bulasiklik oran1 %30,8 olarak belirlenmistir. Lapseki il¢esindeki alanlardan 11 6rnek alinmis olup, bu
orneklerden 3 tanesi bulasik olarak tespit edilmis ve bulasiklik orant %27,3 olarak belirlenmistir. Biga
ilgesindeki alanlardan ise 20 6rnek alinmis, 1 tanesi bulasik olarak tespit edilmis ve bulasiklik oran1 %5
olarak belirlenmistir.

En fazla bulasiklik %30,8 ile Can ilgesinde belirlenmis, en az bulasiklik ise %5 ile Biga il¢esinde
tespit edilmistir. Bu oranlarin kislik sebzelerin ilgelerde yetistirilme oranlarina ve alinan bitki 6rnegi
sayisina gore farklilik gosterebilecegi diistiniilmektedir.

Kok-ur nematodlarinin aliman o6rnek sayisina ve sebze tiirlerine gore bulunma oranlar
incelendiginde brokolide %27,3, maydanozda %30, marulda %18,75, pirasada %20, havugta %50,
kirmizi pancar %50, beyaz lahanada %20, mor lahanada %11,1, dereotunda %12,5, karnabaharda %8,3,
kerevizde ise %100 olarak belirlenmistir. Bu bolgede yetistiricilik yapilan alanlarda tere, kirmizi turp,
siyah turp, beyaz turp, roka, ispanak, taze sogan, pazi ve briiksel lahanasi bitkilerinde Kok-ur
nematodlar1 tespit edilmemistir. Alinan 6rnekler icerisinde en az bulagiklik %11,1 ile karnabahar
bitkisinde gozlemlenmistir.

Anwar ve McKenry (2012) Pakistan’da yaptiklar1 bir ¢alismada havug, lahana ve marul
yetistirilen alanlarda %90 M. incognita ile, turp yetistirilen alanlarin ise Meloidogyne spp. ile bulasik
oldugunu bildirilmistir. Tileubayeva ve ark., (2021)’a goére Rostov bolgesinde yaptiklari siirvey
calismasinda en yaygimn bitki paraziti nematod cinsinin Meloidogyne oldugunu ve en yiiksek
Meloidogyne yogunluklarin1 kereviz, havug, salatalik, yesil biber, patlican ve feslegende tespit
etmislerdir.

Tirkiye’de M. arenaria Safranbolu’da maydanoz bitkisinde rapor edilirken, diinyanin baska
yerlerinde de yine maydanoz bitkisi {izerinde tespitler yapilmistir (Radewald ve ark., 1972; Aguirre ve
ark., 2003; Doucet ve Pinochet, 1992; Mennan ve ark., 2011; Sasanelli ve ark., 2015). Bazi1 ¢alismalar
da ise maydanozun M. arenaria’ya kars1 duyarli oldugu bildirilmistir (Ibrahim ve ark., 1983; Walker,
2002). Ulkemizde Yalova’da dereotunda M. incognita rapor edilmistir (Kepenekci ve Dura, 2017).
Evlice ve ark. (2020) Romance, Chantenay, Nantes havug ¢esitlerinin M. chitwoodi, M. javanica, M.
incognita ve M. hapla’ya karsi hassas oldugu bildirmislerdir.

Kok-ur nematodlarinin kiglik sebzelerdeki konukgulugu ve kislik sebzelerin duyarliligi ile ilgili
yapilan bu caligmalarin sonuglari, Canakkale ilinde yaptigimiz bu siirvey calismasi ile benzerlik
gostermektedir. Kislik sebzelerin Kok-ur nematodlarina hassas oldugu ve ekim alanlarmin Kok-ur
nematodlari ile bulasik oldugu belirlenmistir.

Sonuc ve Oneriler

Sebzelerde, Kok-ur nematodlarinin tespitleri ile ilgili yapilan ¢alismalar, genellikle yazlik sebze
iretim alanlarinda gergeklestirilmistir. Diinyada ve Tiirkiye’de kiglik sebzelerin Kok-ur nematodlarina
duyarliligi ile ilgili az ¢alisma bulunmaktadir. Calismalar ¢gogunlukla kiglik sebzelerde 6nemli zararlara
neden olan Kist nematodlar1 (Heterodera spp.) iizerinde yogunlasmistir. Ulkemizde kislik sebze
yetistirilen alanlarda Kok-ur nematodlarinin bulasiklik durumu tam olarak bilinmemektedir. Ozellikle
Kok-ur nematodlarinin yaygin olarak bulundugu bolgelerde nematodlar ile miicadelenin dogru bir
sekilde yapilmasi i¢in daha kapsamli ¢aligmalara ihtiya¢ vardir. Bu ¢alisma sonucuna gore Canakkale
ili ve ilgelerinde Kok-ur nematodlart yogunlugundan dolay1 dayanikli gesit kullanilmasi ve nematodlar
ile miicadelede kimyasal miicadeleye alternatif miicadele yontemleri se¢ilmesi 6nerilmektedir.

Canakkale ili ve ilgelerinde yapilan bu ¢aligmada, toplamda 158 kok ve toprak 6megi alinmis
olup 26’s1 bulasik olarak tespit edilmistir. Kiglik sebze ekim alanlarinda bulagiklik oran1 Canakkale ili
i¢in %16,46 olarak belirlenmistir. Bu galisma Canakkale ili kiglik sebze alanlarindaki K6k-ur nematodu
tirlerinin yaygimlhiginin belirlendigi kapsamli ilk ¢aligma niteligindedir.

Not: Bu makale birinci yazarin ikinci yazar danigmanliginda yiiriittiigii yiiksek lisans ¢alismasinin bir
kismindan iiretilmistir.
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Ozet

Tiirkiye’de 2021 yili verilerine gore bugday ekilen alan 67 milyon 446 bin dekar olarak kayda gegmistir.
Bu alanlardan elde edilen iiretim ise 17 milyon 650 bin tondur. Tiirkiye’de 2021 yilinda 3 milyon 653 bin dekar
alana fig ekimi yapilmistir. Bugday ve figin lilkemizde 6nemli bir yere sahip olmasi, zararlilar ile miicadelenin de
Onemini arttirmaktadir. Bitki paraziti nematodlar zararlilar icerisinde 6nemli verim kayiplarina yol agabilecek bir
potansiyele sahiptir. Bu calismada Canakkale ili, Dardanos Yerleskesindeki bugday ve fig alanlarinda bulunan
kok lezyon nematodlar1 (Pratylenchus spp.)’nin popiilasyon gelisimleri belirlenmistir. Uriin rotasyonu
uygulamasinin ve farkli toprak isleme aletlerinin kdk lezyon nematodlariin popiilasyonlari {izerine etkisi 2019-
2021 yillarinda arastirilmigtir. Caligsmanin yiiriitiildiigii alanda bugday-fig {iriin rotasyonu uygulanmis ve 3 farkl
toprak isleme aleti kullanilmistir. Alt1 parsele sahip alanda en fazla nematod yogunlugu Cizel-Bugday parselinde
gdzlemlenmistir. Nematod yogunlugunun en diisiik oldugu parsel ise Pulluk-Fig parseli olmustur. Uriin rotasyonu
uygulanan dénemde Pratylenchus spp.’nin yogunlugu azalmistir. Farkli toprak isleme aletlerinin kullanimu,
topraktaki Pratylenchus spp. yogunlugunu etkilemistir.

Anahtar Kelimeler: Bugday, Bitki paraziti nematod, Canakkale, Fig

The Effects of Wheat-Vetch Rotation and Different Tillage Methods on the Population
Development of Root Lesion Nematodes (Pratylenchus spp.)

Abstract

Based on 2021 data wheat cultivated areas in Turkey was recorded as 67,446 million decares. Yield
production from these areas was about 17,65 million tons. Also in Turkey 3,653 million decares of vetch cultivated
areas were recorded in 2021. Having wheat and vetch in an important place in our country’s agricultural production
increases the importance of pest control of releated crops. Plant parasitic nematodes have a potential to cause
significant yield losses among pests. In this study, the population development of root lesion nematodes
(Pratylenchus spp.) was determined in wheat and vetch cultivated areas in Canakkale Province, Dardanos Campus.
The effects of crop rotation and different tillage methods on root lesion nematode populations were investigated
during 2019-2021. Wheat-vetch crop rotation was applied in the area where the study was conducted and 3
different tillage equipments were used. In the area of six plots, the highest nematode density was observed in the
Chisel-Wheat plot and the lowest was in Plow-Vetch parcel. The density of Pratylenchus spp. decreased during
crop rotation period. The use of different tillage equipment, had a direct effect on the Pratylenchus spp. densities.

Keywords: Wheat, Plant parasitic nematode, Canakkale, Vetch
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Bugday-Fig Rotasyonu ve Farkli Toprak Isleme Yontemlerinin Kok Lezyon Nematodlari (Pratylenchus
spp.)’nin Popiilasyon Gelisimleri Uzerine Etkileri

Giris

Insanlarin temel besin kaynagini olusturan en énemli bitkilerden biri bugdaydir. Diinya niifus
artisina paralel olarak, bugday gereksinimi de artis gdstermektedir. 2000 yilinda 6,1 milyar olan diinya
niifusunun 2050 yilinda 9,3 milyara ulagmasi tahmin edilmektedir (Anonim, 2009). Bu artis sonucunda
diinyanin bugdaya olan ihtiyaci da paralel olarak artma egilimi gdstermesi beklenmektedir. Tiirkiye’de
bugday, beslenme agisindan en énemli tahillardan biridir. 2021 yilinda Tiirkiye’de bugday ekilen alan
67 milyon 446 bin dekardir. Bu alanlardan elde edilen iiretim ise 17 milyon 650 bin tondur (Tiiik, 2021).
Hayvansal yem olarak kullanilan fig iilkemiz tarim ve hayvanciliginda 6nemli bir yere sahiptir.
Hayvansal gidalar, insanoglunun beslenmesinde oldukg¢a etkili ve 6nemli bir alandadir. Hayvansal
gidalar1 yeterli diizeyde alabilmenin yolu, hayvansal firiinleri arttirmaktan, hayvansal {irlinleri
arttirmanin yolu ise bol ve kaliteli kaba yem ile hayvanlar1 beslemek ve yerli hayvan irklar1 1slah
etmekten gegmektedir (Anonim, 2010). Onemli bir tarim iiriinii olan fig, yesil ot ve kuru ot olmak {izere
iki farkli sekilde kullanmilmaktadir. Tiirkiye’de 2021 yilinda 3 milyon 653 bin dekar alana fig ekimi
yapilmistir. Bu alanlardan yesil ot olarak 3 milyon 990 bin ton tiretim elde edilmistir (Tiik, 2021).

Bugday ve fig bitkisinin 6nemli bir yere sahip olmasi zararlilarla miicadelenin 6nemini
arttirmaktadir. Nematodlar bu zararlar arasinda verdikleri zarar agisindan kritik bir yere sahiptir. Bitki
paraziti nematodlarin diinya genelinde bugdayda ortalama %7 oraninda iiriin kaybina neden olduklar1
tahmin edilmekte ve bunun maddi degerinin ise 5,8 milyar dolar oldugu bildirilmektedir (Sasser, 1987).
Diinya genelinde bugday ekili alanlarda ekonomik kayiplara neden oldugu belirlenen nematod tiirleri;
tahil kist nematodlar1 (Heterodera spp.), kok lezyon nematodlar1 (Pratylenchus spp.), Bugday gal
nematodu (Anguina tritici), Kok-ur nematodlar1 (Meloidogyne spp.) ve Sogan sak nematodu
(Ditylenchus dipsaci) olarak bildirilmektedir (Nicol ve ark., 2002). Tiirkiye’de farkli bolgelerde yapilan
caligmalarda tahil kist nematodlarinin ve lezyon nematodlarinin bugday iiretim alanlarinda yaygin
olduklar1 ve verimde 6nemli kayiplara neden olduklari tespit edilmistir (Y1ldirim ve ark., 2007). Yapilan
diger bir calisma da Pratylenchus spp. tiiriiniin Tirkiye’de Dogu Akdeniz Bolgesinde %36 oraninda
verim kaybina neden oldugu tespit edilmistir (Elek¢ioglu ve Gozel, 1997).

Pratylenchus spp.nin bir yasam evresini laboratuvar kosullarinda 27°C’ de 40-45 giinde
tamamlandig1 yapilan ¢aligmalarla tespit edilmistir. Kok lezyon nematodu erginlerinin uygun dogal
kosullar altinda bitkinin tiirline, hava sicakligi, nemi ve diger ¢evresel kosullara gore 35-40 giinde
gelisiminin tamamlandigi belirlenmistir (Nicol, 1996). Nematod biitiin larva donemlerinde ve ergin
donemlerde koklere giris yaparak beslenebilmektedir. Kok lezyon nematodlart kisi enfekte koklerin
icinde veya kig kosullarma yumurta, larva veya ergin olarak toprakta gegirmektedir. Sicakligin ve nim
diisiik oldugu kurak oldugu donemlerde ise bir sonraki bitki gelisim donemine kadar toprakta durgun
olarak kalmaktadir (Agrios, 1969).

Nematodlar ¢esitli beslenme aliskinliklarina sahiptir. Mikrofag denilen bazi nematod tiirleri
migroorganizmalar ile beslenirken, saprofit denilen diger grup nematodlar ¢iiriiyen organik
materyallerde beslenmektedirler. Bitki paraziti nematodlar dogrudan bitkiden beslenmektedir. Bu grup
icerisinde ektoparazit nematodlar stilet kullanarak bitki hiicrelerini deler ve beslenir (Decraemer ve
Hunt, 2006). Ektoparazit tiirler igerisinde Aphelenchoides tiirleri ve Ditylenchus tiirleri yer almaktadir
(Kepenekgi, 2012). Endoparazit nematodlar ise sadece kok dokuya niifus etmektedir. Pratylenchus ve
Radopholus 6nemli tiirleridir (Perry ve Moens, 2013). Pratylenchus tim yasam doénemlerini kok
bolgesinde gegirir (Kepenekgi, 2012). Polifag bir zararli olan kok lezyon nematodlar1 arpa, bugday,
nohut olmak tizere genis bir konukgu yelpazesine sahiptir (Handoo ve Golden 1989; Castillo ve Vovlas
2007). Cok hizli lireme yetenegine sahip olan kdk lezyon nematodlar: bitkinin kilcak kokleri arasinda
gecis yapmakta ve koklerdeki beslenme sonucunda da bitkinin kok kisminda kahverengi lekelenmeler
olusturabilmektedir (Agrios, 1997).

Kok lezyon nematodlarina karsi en etkili miicadale yontemi dayanikli ¢esitlerin kullanilmasidir.
Ekim nobeti uygulamasi da zararlilarla miicadele agisindan 6nemli bir miicadele yontemidir. Birgok
calisma, ekim ndbeti uygulanan alanlardaki zararli ve hastaliklarin zarar diizeyini azalttigim
gostermektedir. Bu durumlar géz Oniine alindiginda nematodlarla miicadelenin 6nemi artmakta ve
miicadeleyi gerekli kilmaktadir. Bu ¢alisma Canakkale Onsekiz Mart Universitesine ait olan Dardanos
Yerleskesindeki bugday ve fig alanlarinda bulunan kdk lezyon nematodlar: (Pratylenchus spp.)’nin
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bugday-fig rotasyonuna tepkilerini ve farkli toprak isleme aletlerinin popiilasyon dagilimlarina olan
etkilerini incelemek amaciyla gergeklestirilmistir.

Materyal ve Yontem

Bu c¢aligma Canakkale ili Dardanos Yerleskesinde bulunan bugday ve fig alanlarindaki kok
lezyon nematodlarinin belirlenmesi ve {iriin rotasyonu uygulamasi ile farkli toprak isleme aletlerinin
popiilasyona etkisinin iki {iretim sezonu boyunca incelenmesi i¢in yiiriitiilmiistiir. Calisma sonucunda
alandaki Pratylenchus spp. popiilasyonunun belirlenmesi, tiriin rotasyonu uygulamasimin ve farkli
toprak igleme aletlerinin nematod popiilasyonuna etkisi amag¢lanmistir. Bu amag dogrultusunda ¢aligma,
belirlenen parsellerden her ay toprak orneklemesi yapilmasi ve alinan orneklerin laboratuvarda
hazirlanarak incelenmesi ¢aligsmalari olarak iki sekilde gergeklestirilmistir.

1. Toprak Orneklerinin Alinmasi

Toprak oOrneklerinin alindig1 toplam 8,5 dekarlik alan yaklasik 1 dekardan olusan 6 esit
parselden olugmustur. Alanda bugday ve fig iiriin rotasyonu uygulanmistir. Ayrica 3 farkli toprak igleme
aleti kullanilmistir. Uriin desenine ve toprak isleme aletine gére yapilan adlandirma sirasi ile; pulluk-fig
(PF), pulluk-bugday (PB), rotatiller-bugday (RB), rotatiller-fig (RF), ¢izel-fig (CF) ve gizel-bugday
(CB) seklinde yapilmistir (Sekil 1). Toprak drnekleri her bir parselin 25 farkli yerinden parseli homojen
olarak temsil edecek sekilde toprak burgusu yardimi ile alinmistir.

Sekil 1. Canakkale Onsekiz Mart Universitesi Dardanos Yerleskesindeki deneme parselleri

Bir parselin 25 farkli yerinden toprak burgusu ile alinan topraklar genis ¢apli bir plastik kap
icerisinde karistirtlip 2 kg’lik homojen toprak ornekleri elde edilmistir. 6 parsel bulunan alandan her biri
2 kg olacak sekilde, toplamda 6 farkli toprak o6rnegi alinmistir. Toprak ornekleri bitki paraziti
nematodlarin yogun olarak bulundugu, topragin 0-30 cm derinliginden alinmigtir. Alinan 6rnekler
bulundugu alandaki bitkinin tiiriine, toprak isleme aletine ve tarihe gore etiketlenip plastik posetlere
alinmustir. Toprak &rnekleri buz kutusu igerisinde, Canakkale Onsekiz Mart Universitesi Nematoloji
Laboratuvarina getirilmistir. Laboratuvara getirilen 6rnekler daha sonra analizleri yapilmak {izere +4°C
sicaklikta iklim odalarinda muhafaza edilmistir.

Laboratuvar Calismalar:

Nematodlar topraktan gelistirilmis Baermann Huni Yontemi ile elde edilmistir (Hooper, 1986).
Kullanilan petri kaplar1 12 cm capinda ve 2 cm yiiksekligindedir. Eleklerin {izerine topragin suya
gecmesini engellemek amaciyla filtre kagidi kullanilmistir. Bu islemden sonra her bir petri kutusuna her
ornekleme alanindan getirilen toprak ornekleri tekrar pagal yapilip 100 g hassas tartida tartilip filtre
kagidinin {izerine yerlestirilmistir. Her bir toprak 6rneginden 3 petri kutusu hazirlanmigtir. Bu iglem
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sonucunda 18 petri kutusu kullanilmigtir. Her bir petri kabina topraklarin 1slanmasi igin belirli miktarda
su eklenmistir. Su eklendikten sonra petri kutularinin {izerine alindig1 parsel, alana ekili bitki, kullanilan
toprak igleme aleti, alindig1 tarihler yazilip etiket yapistirilmistir. Bu sekilde petriler 48 saat oda
sicakliginda bekletilerek topraktaki canli nematodlarin tabandaki suya gegmesi saglanmigtir. 48 saatin
ardindan petri kutusunun igerisindeki su 100 ml’lik meziirlere alinarak nematodlarin suyun tabanina
cokmesi icin 6-8 saat beklenmistir. Beklemenin ardindan meziirlerin en {ist kismindaki su seyreltilerek
10 ml’ye yogunlastirilmistir. Daha sonra 10 ml’lik sular cam tiiplere alinarak buzdolabinda bir giin
bekletildikten sonra tekrar seyreltme islemi uygulanip 1 ml’ye yogunlastirnilmistir. Yogunlagtirilan 1
ml’lik su iyice karistirilarak mikro pipet yardimiyla tiip icerisinden 100 pl su alinarak 151tk mikroskopu
altinda incelenmesi yapilarak Pratylenchus spp. sayimlari yapilmistir.

Bulgular ve Tartisma

Bugday-fig rotasyonu ve farkli toprak isleme yoOntemlerinin kék lezyon nematodlari
(Pratylenchus spp.)’nin popiilasyon gelisimleri rotasyon ve toprak isleme yontemlerine gore siireye
bagl olarak degisimler gostermistir (Sekil 2).
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Sekil 2. Deneme Parsellerindeki Pratylenchus spp. popiilasyon gelisimi (Nematod/ 100 g toprak)

Deneme alanindan 6rneklerin alinmasina 2019 yili ekim ayinda baslanmistir ve son 6rnek 2021
eyliil ayinda alinmistir. Ornekleme siiresi iki iiretim sezonunda da devam etmistir. Uriin rotasyonu
uygulanan, 3 c¢esit toprak isleme aleti kullanilan ve 6 parsele boliinmiis tarlada Pratylenchus spp.
yogunlugunun en yiiksek oldugu donemler her iki sezonda da mart-nisan-mayis aylari olmustur.
Yogunlugun en az oldugu dénemler ise bitkinin olmadig1, sicakligin yiiksek oldugu ve yagisin olmadigi
temmuz-agustos-eyliil aylari ile yagisin ¢ok bol ve sicakligin diisiik oldugu kasim-aralik-ocak aylarinda
tespit edilmistir. Sicakligin yiiksek oldugu kurak dénemlerde kok lezyon nematodlarinin durgun déneme
gectigi yapilan caligmalarla ortaya konmustur. Akdeniz bolgesinde yapilan ¢aligmada Adana ilinde tarla
kosullarinda Pratylenchus spp. popiilasyon yogunlugu mart ayinda yiiksek, sicakligin artisa gectigi
donemlerde popiilasyonun azaldigi tespit edilmistir (Elekg¢ioglu ve Goézel, 1997). Nisan ayinda CB
parselinde Pratylenchus yogunlugu parseller arasindaki en yiiksek yogunluga ulagmistir. Ulkemizde
yapilan benzer bir ¢aligmada ise; Sahin ve ark., (2008), Ankara’nin Haymana ilgesindeki bugday
tarlasinda Heterodera filipjevi, P. thornei, ve P. neglectus popiilasyonlarinin mevsimsel degisikliklere
kars1 etkilerini incelemislerdir. Arastirmalarinda karli ve soguk gegen kasim-nisan aylari arasinda
Pratylenchus tiirlerinde en diisiik yogunlugun gozlemlendigini bildirmislerdir. Ayn1 sekilde artan
sicakliklar ile birlikte haziran ve temmuz aylarinda da tarla popiilasyonunda 6nemli diisiis oldugunu
belirtmislerdir. Bugdayda yiiksek kok lezyon nematodu popiilasyonlarinda verimde 6nemli azalmalar
ortaya ¢ikabilmektedir. ABD’nin Oregon ve Washington eyaletlerinde 100 cm?® toprakta yaklasik 611,6
P. neglectus bulunmasi durumunda kis sezonunda verim kayb1 %37’ye, yaz sezonunda ise 100 cm?®
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toprakta 244,65 P. neglectus bulundugunda da verim kaybi %14 seviyelerinde oldugu bildirilmistir
(Johnson ve ark., 2008). Toprak isleme aletlerinin isleme derinligi nematodlarin taginimi agisindan
onemlidir. Toprakta bulunan nematodlarm yogunluklarinda, toprak isleme aletlerinin c¢alisma
derinligine bagli olarak farkliliklar gozlemlenebilmektedir. Cizel diger toprak isleme aletlerine gore
yiizey alani az olan bir igsleme aletidir. Bugday, Pratylenchus spp.’nin ana konukgularindan birisidir.
Pratylenchus spp. bugdayda daha fazla zarar olusturma potansiyeline sahiptir. Bu nedenle en yiiksek
yogunluk CB parselinde tespit edilmistir. Wu ve ark., (2019), Cin’de yaptiklar1 bir ¢aligmada P.
neglectus’un kighk bugday tretimi yapilan alanlardaki (Jimai 22 ve Tainong 18 ¢esidi) popiilasyon
gelisimlerini iki yi1l boyunca (2009-2011) takip etmislerdir. Calisma sonucunda bugday kok
bolgesindeki maksimum nematod yogunlugunu ekili olan bugday ¢esitlerinde 2009-2010 sezonunda
sirasiyla 464,00 ve 326,66, 2010-2011 sezonunda ise 199,33 ve 339,33 olarak bulmuslardir. Kok lezyon
nematodlarinin zararina iliskin yapilan diger bir ¢alismada ise P. thornei ve P. neglectus’un konukgusu
oldugu bugdayda %30-70 arasinda verim kaybina neden oldugu bildirilmektedir (McDonald ve Nicol
2005; Thompson ve ark., 2008; Vanstone ve ark., 2008). Rotasyon uygulamasimin uygulandigi
dénemlerde nematod popiilasyonu diismiistir.

Sonuclar ve Oneriler

Bu arastirma da bugday-fig iirlin rotasyonu uygulamasi ve 3 farkli toprak isleme aletinin
Pratylenchus spp.’nin popiilasyon gelisimine etkisi 2019-2021 yillarinda arastirilmistir. En fazla
yogunlugun tespit edildigi toprak isleme aleti ¢izel olmustur. En az popiilasyon yogunlugunun
bulundugu parsel Pulluk-Fig parseli olarak tespit edilmistir. Pulluk ve rotatiller ile toprak isleme yapilan
parsellerde her iki yilda da, tarla popiilasyonunun yiiksek oldugu Nisan aylarinda bile popiilasyon
yogunlugunun diisiik oldugu goézlemlenmistir. Derin siiriim toprak isleme aletlerinin tarladaki mevcut
nematod popiilasyonuna olumsuz bir etkisi oldugu yapilan bu ¢alisma ile belirlenmistir. Nematodlarin
topraktaki popiilasyon yogunluklari toprak sicakligina ve hava sartlarina bagli olarak degisebilmektedir.
Toprak sicakliginin ve neminin diisiik oldugu hava kosullarinda nematodlar topragin daha derinine
inmekte, toprak sicakliginin ve neminin optimum oldugu kosullar da topragin 0-30 cm derinliginde
yasam ortami bulmaktadir. Mart-nisan-mayis aylarinda yagisin ve sicakligin ortalama degerlerde oldugu
hava kosullarinda nematod yogunlugu en yiiksek diizeyde bulunmustur. Temmuz-agustos-eyliil ve
aralik-ocak-subat aylarinda ise sicakligin en yiiksek ve en diisiik oldugu hava kosullarinda yogunluk en
diistik diizeylerde tespit edilmistir. Nematodlar ile miicadele de {iriin rotasyonu uygulamasinin yapilan
arastirma ile dnemi bir kez daha ortaya ¢ikmaktadir. Farkli toprak isleme aletlerinin kullaniminin da
yogunlugu degistirebilecegi, toprak isleme yapmadan Once nematodlar ile ilgili miicadele de
kullanilacak olan toprak isleme aletlerinin dikkatli ve miicadeleye katkis1 diistiniilerek se¢ilmesinin de
onemli olabilecegi belirlenmistir.

Tesekkiir: Dardanos yerleskesindeki kendi deneme alanlarinda bu tez ¢alismasini yapmamiza
olanak saglayan Sayin Prof. Dr. Sakine OZPINARa tesekkiir ederiz.

Not: Bu makale birinci yazarin ikinci yazar damigmanliginda yiriittiigii yiiksek lisans
calismasinin bir kismindan {iretilmistir.
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Ozet

Bu arastirma, 2017-2018 yillar1 arasinda Canakkale Onsekiz Mart Universitesi Dardanos Yerleskesi
‘Ziraat Fakiiltesi Uygulama Alani’nda kurulan besik catili polikarbon ortiilii, galveniz—¢elik konstriiksiiyonlu
serada gerceklestirilmistir. Kompostlastirilmis farkli tarimsal atiklarin mevsimlik siis bitkisi fide iiretiminde
yetistirme ortami1 olarak kullanilabilirliginin ortaya konulmasi amaciyla yiiriitiilen aragtirmada bitkisel materyal
olarak Yildiz ¢igegi (Dahlia ssp.)’nin tohum ve fideleri kullanilmigtir. Tohum ekimi torf perlit ortaminda
gergeklestirilmis, burada gelistirilen geng fideler 2-3 yaprakli donemde alinarak yesil ceviz kabugu, ¢eltik kavuzu
ve zeytin pirinast gibi Canakkale bolgesinin 6nemli tarimsal atiklardan elde edilmis kompostlara sasirtilmstir.
Arasgtirmada yetistirme ortami olarak kullanilan farkli agregatlarin, yildiz ¢igeginin fide gelisimi ve gigeklenme
Ozellikleri iizerine olan etkileri incelenmistir. Calismadan elde edilen sonuglar 6zellikle yesil ceviz kabugu
kompostunun torfa alternatif bir siis bitkisi yetistirme ortami olarak kullanilabilecegine isaret etmektedir.

Anahtar Kelimeler: Tarimsal atik, kompost, siis bitkileri, mevsimlik ¢igek, ortii alt1 iiretim.

Different Agricultural Treatments for Ornamental Plants Production in

Greenhouse Conditions

This research was carried out, in the greenhouse with barrel-roofed polycarbonate covered and
galvanized-steel construction, established in the Dardanos Campus ‘Faculty of Agriculture Application Area of
Canakkale Onsekiz Mart University, in between the yaers of 2017-2018. Seeds and seedlings of Dahlia (Dahlia
ssp.) were used as plant material in the research carried out to demonstrate the usability of different composted
agricultural wastes as a growing medium in annual ornamental plant seedling production. Seeds were sowed in
peat perlite medium. Young seedlings were transferred at 2-3 leaf stage and planted in different growing media
with composts obtained from important agricultural wastes of Canakkale region such as green walnut shell, olive
pomace compost, rice compost and peat. In the research, the effects of different aggregates used as growing media
on seedling growth and flowering characteristics of dahlia were investigated. The results indicate that especially
green walnut shell compost can be used as an alternative medium for ornamental plant growing to the peat.

Keywords: Agricultural waste, compost, ornamental plants, annual flowers, greenhouse production.
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Giris

Giliniimiizde gelismis pek ¢ok iilke tarimsal tiretimini modern teknikler kullanarak serada (&rtii
alt1 tiretim) gergeklestirmektedir. Kiiresel iklim degisikliginin etkilerinin yakindan hissedildigi tarim
sektoriinde ortii alt1 iiretimiyle 6n planda yer alan cografi bolgelerin tropik kusagin etkisi altina
girmesiyle birlikte O6zellikle siis bitkileri sektoriinde gerceklesen seracilik faaliyetlerinin giderek
kuzeyde yer alan bolgelerde yayilis gosterecegi 6n goriilmektedir. Siis bitkileri sektorii bakimindan iiriin
yOnetimi, iiretim planlamasi ve sera kosullarinda modern yetistirme teknikleri kullanilarak yapilan
tiretim giiniimiiziin baglica aragtirma konular1 arasinda yer almaktadir.

Seralar, sicaklik, 151k vb. ¢evresel faktorlerin kontrol edilebildigi, yilin her doneminde iiretim
yapilabilecek 6zelliklerde dizayn edilerek diizenlenebilen 6zel bitki yetistirme alanlaridir. Ticari olarak
yetistiriciligin yapilmasi amaciyla cam ve plastik gibi 15181 maksimum diizeyde gecirebilen ortii
malzemesiyle kaplanarak, iklime uygun olarak segilen farkli yapt malzemeleriyle insa edilebilirler.

Kuzey Avrupa’da yer alan iilkelere kiyasla iilkemizde seracilik faaliyetleri gogunlukla ek 1sitma
gerektirmeksizin, iklimsel avantajlar kullanilarak yapilabilmektedir. Ortii alt1 {iretim ekolojiye bagiml
olarak gelisme gosterdiginden, oncelikle giiney kiyilarimizda yogun olarak yayilmis, 1960’11 yillarda
plastik tiirevlerinin sera ortiisii olarak kullanima girmesi ve biiyiik illere olan ulagim sorunlarmin
giderilmesiyle birlikte hizla seracilik faaliyetleri artmaya baslamistir. Tiirkiye’de Ortii alti dretim
cogunlukla Akdeniz bolgesi olmak iizere Ege, Marmara ve Karadeniz bdlgelerinde yapilmaktadir
(Sevgican, 2003).

Ulkemizde sera alanlarmin biiyiik bir kismi sebze iiretimi icin degerlendirilirken, buna karsin
yalmzca % 3’liik bir sera alaninda siis bitkileri tiretimi gerceklestirilebilmektedir. Bu duruma neden olan
baslica faktorler arasinda; ortii alti siis bitkileri yetistiriciligi bakimindan seranin ilk kurulum ve is¢ilik
maliyetlerinin yiiksek olmasi, bir¢ok siis bitkisi tiirlinlin tropik orjinli olmasi nedeniyle kisin serada
1sitma giderlerinin artmasi, kullanilan {iretim materyalleri ve yetistirme ortamlarinin yurt digindan ithal
yollarla karsilanmasi yer almaktadir. Saksili (ic mekan) siis bitkilerinin saksi igerisinde yer alan
yetistirme ortamiyla birlikte satisa sunulmasi ve pazara gonderilmesi nedeniyle siis bitkileri {iretiminin
gergeklestirildigi seracilik faaliyetlerinde en biiyiik girdi maliyetlerini bitkiler i¢in kullanilan torf,
cocopeat (hindistan cevizi torfu) vb. ithal yetistirme ortamlar1 olusturmaktadir. Bu baglamda, siis
bitkilerinde alternatif yetistirme ve ¢ogaltma ortamlarmin kullanimi {izerine pek ¢ok arastirma
yapilirken, tarimsal kokenli organik atiklarin degerlendirilmesine yonelik olarak ise ¢ok az sayida
arastirmanin var oldugu bilinmektedir. Chen ve Hadar (1986), torfun yerine kullanilabilecek ciiriitiilmiis
tarim artiklar1 tizerinde yiirtttiikleri bir calismada, kati sigir giibresi ve tiziimden elde edilen cibrenin,
bazi biyokimyasal 6zelliklerini ortaya koymus, sebze ve siis bitkisi yetistiriciligi bakimindan fide
biiyiitme ortami olarak denemistir. Calismada, torfa nazaran bitki biiytimesinin daha iyi sonug¢ verdigi
belirlenmis, torf’a gilibre ve cibrenin 1:1 oraninda ilave edilmesiyle elde edilen substratin fide
yetistiriciliginde kullanilabilecegi rapor edilmistir. Siklamen bitkileri iizerinde gerceklestirilen bir
aragtirmada ise, torf, ahir giibresi, artik mantar kompostu, yaprak ¢iiriintiisii ve cam kabugu gibi tarimsal
atiklar ile ¢esitli inorganik materyallerden olusan karigimlar yetistirme ortami olarak denenmis,
torf+¢gam kabugu kompostu+ %10 perlit karisimindan olusan yetistirme ortaminin siklamen bitkilerinde
yaprak ve ¢igek sayisini arttirdigi ve daha kompakt bir goriiniim elde edildigi ifade edilmistir (Soyergin,
2002).

Akgcal (2014) tarafindan frezya cicegi lizerinde farkli yetistirme ortamlarinin korm gelisimi ve
cigeklenme Gzelliklerine etkilerinin belirlenmesine yonelik olarak gergeklestirilen bir bagka arastirmada
ise, torf, cam kabugu, perlit karisimimin ¢igeklenmede diisiik oranda erkencilik sagladigi belirtilmigtir.
Kahraman ve Akcal (2016)’m topraksiz tarim yontemiyle farkli yetistirme ortamlarimin gdl sogam
(Leucojum aestivum L.) yetistiriciliginde kullanilabilirligi iizerine ydrittikleri bir arastirmada,
yetistirme ortami olarak ¢am kabugu rendesinin torf ve cocopeat’e nazaran daha basarili sonug verdigi
ifade edilmis, diger taraftan ¢am kabugu rendesinde yetisen gol soganlarinda sogan biiyiikligii ve kok
kalitesinde 6nemli diizeyde artis oldugu bildirilmistir.

Canakkale kosullarinda ortii altinda gerceklestirilen bu ¢alismanin amaci, modern seracilik
faaliyetleri kapsaminda topraksiz tarim yontemiyle farkli tarimsal artiklardan elde edilen kompostlari
bitki yetistirme ortami olarak kullanilarak mevsimlik ¢igek fidesi iiretiminin gergeklestirilmesidir.
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Materyal ve Yontem

Bu calisma, Canakkale Onsekiz Mart Universitesi Dardanos Yerleskesinde yer alan Ziraat
Fakiiltesi Arastirma ve Uygulama merkezindeki polikarbon 6rtiilii, galveniz — ¢elik konstriiksiiyonlu
serada, 2017 — 2018 yillar1 arasinda yiiriitiilmistiir (Sekil 1 ve Sekil 2).

Denemede mevsimlik ¢igek tiirlerinden Yildiz gigegi (Dahlia ssp.) nin tohum ve fideleri bitkisel
materyal olarak kullanilmistir. Y1ldiz ¢i¢egi, ¢ogunlukla yaz ve sonbahar aylarinda ¢igeklenen yumru
kokli tali bitkiler sinifinda yer alan bir bitkidir. 27 farkli tiiric bulunan bu bitkinin 9 m’ye kadar
boylanabilmesine karsin, nadiren bodur tiirlerine de rastlanmaktadir (Brickell, 1992; Hessayon, 1993).
Ihiman iklimlerde erken ¢igek tomurcugu olusturan bitki tohumdan ekildiginde ilk y1l ¢igeklenebilmesi
nedeniyle mevsimlik ¢igek olarak degerlendirilebilmektedir (Mc Claren, 2004; Alp, 2008).

Tesadiif bloklar1 deneme diizenine gore planlanmis olan ¢alisma, 3 tekerriirlii olarak yiiriitiilmiis
ve her tekerriirde 20 adet ¢igek fidesi yer almistir. Yildiz ¢igeginin tohumlari torf+perlit karigimina viyol
igerisine ekilmis, iki hafta 1s1ksiz bir ortamda ortalama 10 giinliik ¢imlenme siiresinin ardindan serada
2-3 yaprakli doneme ulasan yavru fideler seyreltilerek 10 cm ¢apinda 1 Lt’ lik alttan drenajli PE tiip
saksilara transfer edilmistir (Sekil 3). Tiiplere alinan fideler sera i¢i sicakliklarin yiikseldigi Haziran ay1
igerisinde sera digina alinmis, burada havalandirilarak, iki giinde bir sulama yapilarak yar1 gélge ortamda
bekletilmistir. Aragtirmada topraksiz kiltiir yontemine gore yetistirilen fidelerin dikilebilmesi igin
saksilarda kat1 ortam kiiltiiri uygulanmistir. Canakkale bolgesinde yogun olarak tarimi yapilan bitkilerin
budama ve isleme artiklarindan elde edilen zeytin pirinasi, yesil ceviz kabugu ve ¢eltik kavuzu, Ziraat
Fakiiltesi Toprak Boliimii laboratuvarinda kompostlastirma iglemine alindiktan sonra yetistirme ortami
olarak kullanilmistir. Torf igerisinde yetistirilenler ise kontrol grubu bitkileri olarak belirlenmistir.

Calismada bitkilerin sulama igleminin gergeklestirilmesi amaciyla damlama sulama sistemi
kullanilmig, ahtapot damlaticilar saksilara ince lateral borularla getirilmistir. Bitkilerin beslenmesi
amaciyla hazirlanan besin ¢ozeltisi miktar1 ve verilme zamani bitkinin gelisme durumuna, sera igi
cevresel faktorlere (sicaklik, 151k, nem vb.) bagl olarak farklilik gostermistir. Bitkilerin beslenmesinde
Resh (1981), tarafindan modifiye edilmis Hoagland formulasyonlu besin ¢ozeltisi kullanilmistir.

—

« 3 -"i ." ‘ 2 A OB . "" . *
r - X .
Sekil 2. Yildiz ¢icegi (Dahlia ssp.) fidelerinin serada yetistirme asamalart.
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Sekil 3. Tiiplere alinmis ve ¢igek tomurcugu olusturmus Y1ldiz ¢igegi (Dahlia ssp.) fideleri.

Aragtirmada fidelere uygulanan yetistirme ortamlarinin etkilerinin belirlenebilmesi amaciyla
fide boyu ve kalinlig1 (cm), ¢igek ¢ap1 (mm), tomurcuk sayisi (adet/fide), cigcek sap uzunlugu (cm), gigek
sap1 kalinligi (mm), petal sayisi (adet/cigek), petal uzunlugu (mm), petal kalinligi (mm), yaprak
uzunlugu (cm), yaprak eni (mm), yaprak kalinligi(mm) belirlenmistir.

Istatistiksel analiz

Arastirmada elde edilen veriler SAS istatistik paket programi kullanilarak varyans analizine tabi
tutulmustur. Bitkisel 6zelliklere gore yetistirme ortamlar arasindaki farkliliklar ise t testi uygulanarak
belirlenmistir.

Bulgular ve Tartisma

Sera kosullarinda farkli tarimsal atiklarin mevsimlik siis bitkilerinde yetistirme ortami olarak
kullanilabilirliginin belirlenmesine yonelik olarak yiiriitiilen denemede elde edilen sonuglar Cizelge
1’de verilmistir. Buna gore farkli yetistirme ortamlariin yildiz ¢igeginin fide gelisimi ve ¢igeklenme
Ozellikleri iizerinde istatistiki olarak (p<0,01) 6nemli diizeyde etki meydana getirdigi saptanmistir

(Cizelge 1).

Cizelge 1. Farkli bitki yetistirme ortamlarinin bazi fide ve ¢igek kalite 6zelliklerine etkisi

Fide Fide Cicek sap Cicek sap Cicek Cicek
Bitki Boyu” Kalnh@" | uzunlugu” kalinhg1" capr’ tomurcuk
Yetistirme (cm) (cm) (cm) (mm) (mm) sayis1
Ortamlar: (adet)

X £ SX X £ SX | X & SXx X + SX X + SX X + SX
Torf (Kontrol) 38.8+0.3a | 16.3+0.2a | 41.2+1.5a 5.3+0.3a 77.4+1.1a 340.3a
Yesil ceviz kabugu | 35.9+0.4b 13.240.4b | 38.3£1.1ab 4.2+0.2b 75.8+1.5a 3+0.0a
Zeytin Pirinasi 29.4+0.4c | 10.1+0.4c | 33.2+0.6¢ 4.2+0.2b 64.4+2 2b 3+0.4a
Celtik Kavuzu 27.3+0.4d | 7.4+0.1d | 34.4+2.3bc 2.5+0.2¢ 54.7+2 .6¢ 2+0.4b

Calismada fide boyu gelisimi bakimindan ortalama en yiiksek deger 38.8 cm ile torf yetistirme
ortaminda gerceklesmistir. Bu degeri sirasiyla yesil ceviz kabugu kompostu (35.9 cm), zeytin pirinasi
kompostu (29.4 cm) ve ortalama 27.3 cm ile ¢eltik kavuzu kompostu takip etmistir. En yiiksek fide
kalinlig1 degeri ortalama 16.3 cm ile torf ortaminda gergeklesirken, en diisiik deger ise 7.4 cm ile geltik
kavuzu kompostundan elde edilmistir. Bu baglamda, fide gelisim 6zellikleri bakimindan yesil ceviz
kabugu kompostunun kontrol grubuna (torf) yakin sonuglar verdigi belirlenmistir. Fide o6zellikleri
acisindan ortamlar arasinda goriilen bu farkliligin yetistirme ortamlarinin agregat yapisi, su tutma
kapasitesi ve ortamlardaki porozite oranindan kaynaklandig: diistiniilmektedir.

Mevsimlik cigek tiirlerinde ¢igegin iriligi ve ¢igcek tomurcugu sayis1 6nemli kalite kriterleridir.
Bu arastirmada ¢igek capi, ¢gigek sap uzunlugu ve kalinligi ile fide basina diisen ¢igek tomurcuk sayisina
ait bulgular degerlendirildiginde, 6zellikle yesil ceviz kabugu kompostunun torfa alternatif fide
yetistirme ortami olarak kullanilabilecegi 6n goriilmektedir. Diger taraftan, ¢igek capi ve ¢icek sap
uzunlugu degerleri bakimindan yesil ceviz kabugu kompostunun torf ortaminda yetisen bitkilere
(kontrol) nazaran istatistiksel anlamda ayni1 diizeyde (p<0.01) etki meydana getirdigi belirlenmistir.
Benzer sekilde, fideler iizerinde meydana gelen ¢icek tomurcugu sayis1 bakimindan yesil ceviz kabugu
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ve zeytin pirinasi kompostunun etkisi torf (kontrol) yetistirme ortami ile ayni diizeyde gergeklesmistir
(Cizelge 1). Bazi arastirmacilar zambak bitkisinde farkli toprak harci kullaniminin ¢icek kandili
olusumunu arttirdigim bildirmistir (Yilmaz ve Korkut, 1998). Hatamzadeh ve ark. (2012)’da soganl
bitkilerden Polianthes tuberosa ‘nin yetistiriciliginde kiiglik sogan ve agir biinyeli toprak
kullanilmasinin bitkide meydana gelen basak sayisini azalttigini, organik ve inorganik materyallerin
yetigtirme harcina homojen dagilmasi ile basak sayisinin arttirilabilecegine dikkat ¢ekmistir. Akgal
(2014), torf/cam kabugu/perlit’ten olusan yetistirme ortaminda frezyanin basak sayisinin arttigini rapor
ederken, Soyergin ve ark. (1994)’nin bazi saksili siis bitkilerinde yiiriittiikleri ¢alismada yerli torf ve
kompostlanmig ince gam kabugu karigiminin ¢igek tomurcugu sayisini arttirdigi bildirilmistir.

Cizelge 2. Farkl bitki yetistirme ortamlarinin bazi yaprak gelisimi 6zelliklerine etkisi

Petal Petal Petal Yaprak Yaprak Yaprak
Bitki uzunlugu” | eni” sayist™ kahinhg1” uzunlugu® | eni
Yetistirme (mm) (mm) (adet) (mm) (mm) (mm)
Ortamlan X 4+ SX X 4+ SX X 4 Sx X 4+ SX % & SX < 4 SX
Torf (Kontrol) 27.240.4a | 6.3£0.1a 12543.2a 0.59+40.02a 57.942.9a 33.442.66d
Yesil ceviz kabugu | 26.7+0.2a | 5.840.2ab | 10248.1ab | 0.56+0.02a 51.4+1.2b 32.342.06d
Zeytin Pirinasi 23.140.4b | 4.740.1c 95+6.5b 0.4540.01b 47.7£1.3b 33.4+1.06d
Celtik Kavuzu 21.440.8¢c | 5.6+0.2b 62+3.9¢ 0.38+0.03b 50.9+1.0b 31.8+1.36d

Calismada kullanilan farkli tarimsal atiklardan elde edilen kompostlarin yildiz ¢igeginin
vegetatif gelisim ve baz1 yaprak 6zellikleri iizerinde istatistiksel anlamda 6nemli diizeyde (p<0.01) etki
meydana getirdigi saptanmistir (Cizelge 2). Petal uzunlugu bakimindan en yiiksek deger sirasiyla torf
(27.2 mm) ve yesil ceviz kabugu (26.7mm) kompostunda belirlenmistir. Petal uzunlugu, petal eni ve
petal sayis1 bakimindan her iki ortamin da istatistiksel anlamda ayni1 diizeyde (p<0.01) etkili oldugu
Cizelge 2’de goriilmektedir. Yaprak kalinligi bakimindan en yiiksek degerler torf ve yeisl ceviz kabugu
kompostundan elde edilmistir. Yaprak uzunlugu bakimindan torf (kontrol) disinda kalan yetistirme
ortamlar1 istatistiksel agidan torf ortamina gore aymi diizeyde farklilik olusturmustur. Calismada
degerlendirilen yetistirme ortamlarinin yaprak eni {izerindeki etkisi ise istatistiksel anlamda Onemli
bulunmamistir (Cizelge 2).

Sonuclar ve Oneriler

Farkli bitki yetistirme ortamlarinin mevsimlik siis bitkilerinden Yildiz ¢i¢eginin (Dahlia ssp.)
fide gelisimi ve ¢igeklenme Ozelliklerine etkisi {izerine sera kosullarinda yiiriitiillen bu aragtirmada,
Kuzey Ege bolgesinde tarimsal liretim sonucunda ortaya ¢ikan tarimsal atiklarin kompostlastirildiktan
sonra serada siis bitkileri {iretimi igin yetistirme ortami olarak tekrar degerlendirilebilecegi
belirlenmistir. Bu arastirmadan elde edilen 6n sonuglar, 6zellikle yesil ceviz kabugu kompostunun torf’a
alternatif bir siis bitkisi yetistirme ortam1 olarak kullanilabilecegine isaret etmektedir. Diger taraftan,
arastirmada kullanilan farkli tarimsal kokenli atiklarin 6zellikleri ve etki mekanizmalarinin daha iyi
anlagilabilmesi, ticari agidan siis bitkisi yetistirme ortami olarak sektore kazandirilabilmesi bakimindan
farkl siis bitkisi tiir ve cesitleri lizerinde bu yetistirme ortamlari ile yeni arastirmalarin gergeklestirilmesi
gerekmektedir.

Not: Bu arastirma “Sera Sartlarinda Sebze ve Siis Bitkileri Yetistiriciligine Yonelik Uretim
Teknikleri ve Tarimsal Uygulamalar Uzerine Arastirmalar” bashkli FAY-2017-1159 nolu proje
kapsaminda Canakkale Onsekiz Mart Universitesi Bilimsel Arastirma Projeleri Baskanlig: tarafindan
desteklenmistir.
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Abstract

Unmanned aerial system has been widely used to produce highly- precise orthomosaics, digital surface
models, digital terrain models and three dimensional models in many applications. It is also utilized to determine
and to monitor landslide sites using low-cost photogrammetric approach. Particularly, possibility of high precise-
sensor acquisition provides substantial information about geometricfeatures and classification for landslides.
Landslides are highly erosive processes that dominate soil movement and reshape lands. Therefore, measuring and
characterizing landslide volume is essential for disaster prevention and understanding landscape evolution.In this
study, a new low-cost drone-based methodology is used to detect soil mass movement caused by rain water
drainage constructed to evacuate water in an active landslide area.To do it, the principles, analyzes and results of
landslide monitoring are presented by using aerial photographs obtained with the help of high-resolution cameras
integrated with unmanned aerial vehicles.For this purpose, an active landslide near Giizelyali Village (Canakkale,
Turkey) was selected as the study area.Beside the given high-accurate geometric model, the approach has provided
fast, efficient and economical solutions.

Key Words: UAV, GPS/GNSS, Photogrammetry, Water drainage, VVolume
Tasarlanan Drenaj Yapilarimin Heyelan Alanlarina Etkisi: Giizelyal Heyelam THA
Ozet

Insansiz hava sistemi, bircok uygulamada yiiksek hassasiyetli ortomozaikler, sayisal yiizey modelleri,
sayisal arazi modelleri ve ii¢ boyutlu modeller iiretmek icin yaygin olarak kullanilmaktadir. Diigiikk maliyetli
fotogrametrik yaklasimla heyelan sahalarinin belirlenmesi ve izlenmesi i¢in de kullanilmaktadir. Ozellikle, yiiksek
hassasiyetli algilayicilar, heyelanlar i¢in geometrik Ozellikler ve siniflandirma hakkinda 6nemli bilgiler
saglamaktadir. Heyelanlar, toprak hareketine neden olan ve arazileri yeniden sekillendiren sonucunda erozyona
neden olan siireclerdir. Bu nedenle, heyelan hacmini dlgmek ve belirlemek, afetlerin dnlenmesi ve peyzaj
evriminin anlasilmasi i¢in esastir. Bu ¢alismada, aktif bir heyelan alaninda suyun tahliyesi i¢in inga edilen yagmur
suyu drenajinin neden oldugu toprak kiitlesi hareketini tespit etmek i¢in diisitk maliyetli insansiz hava aracina
dayali yeni bir metodoloji kullanilmigtir. Bunun i¢in insansiz hava araglar ile entegre yiiksek ¢oztiniirlikli
kameralar yardimiyla elde edilen hava fotograflari kullanilarak heyelan izleme prensipleri, analizleri ve sonuglari
sunulmustur. Bu amagla, ¢alisma alan1 olarak Giizelyali Kdyii (Canakkale, Tiirkiye) yakinlarinda aktif bir heyelan
secilmistir. Verilen yiliksek dogruluga sahip geometrik modelin yan1 sira, yaklasim hizli, verimli ve ekonomik
¢Oziimler saglamistir.

Anahtar Kelimeler: Insect, Agricultural Pest, Biodiversity, Global Warming, Climate Change
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1.Introduction

Since the effective use of photogrammetry, a wide variety of carrier platforms and imaging
systems have been used. Many carrier platforms, from helicopters to airplanes, from space shuttles to
satellites, have taken their places in the literature according to their suitability for the project. Today,
small size UAVs (Unmanned Aerial Vehicles) have reached a practical, reliable and functional level
enabling this technology to enter the Geomatics market as an additional platform for spatial data
collection (Eisenbeiss, 2009). Although some data is obtained by means of sensors to be mounted on
such a device, data collection is carried out using digital cameras in order to obtain higher precision in
various applications. In addition to the high sensitivity, it provides the fact that the system is quite
economical compared to other measurement methods making UAV-based measurement systems
popular. In the last decade, there has been a marked increase in the number of UAV-based applications
in robotics, computer vision, processing systems, sensor integration and data processing, geomatics and
other different scientific disciplines. If the subject is handled from the geomatics perspective, the system
provides important contributions both economically and technically in terms of application areas.
However, the UAV measurement technique is in competition with other measurement technologies such
as GNSS measurement, terrestrial laser scanning and photogrammetry, and aerial photogrammetry using
aircraft or helicopters and medium or large format cameras that already exist in the cartography industry.
Many studies have been carried out on subjects such as monitoring the settlements, changes in forest
areas, changes in road and water networks, and monitoring of pollution in residential areas or outside
the residential areas by using UAV-based imaging technique (Eisenbeiss et al., 2005, Eisenbeiss, 2009;
Niethammer et al., 2009; Vogler et al., 2009). The reliability of the UAV system, the quality and
accuracy of the final products, easy applicability, low cost and modern method make it widely used in
the photogrammetric field today (Sauerbier et al., 2011). Recently, especially some private companies
have been producing digital terrain models and orthophotos obtained with UAV-based technology in
some of their applications. In addition, the UAV measurement method has been started to be used in
monitoring the construction in the land, forest areas, open and closed mines and waste areas and
determining the changes in the land (Kun and Ozcan, 2019; Wing et al., 2014)). Considering the ease of
use and cost of modern UAVs, as well as the reliability, quality and sensitivity of the system, it can be
used effectively and widely in mapping applications. Since 2010, the use of UAV technology has
continued to develop according to the studies and requirements in the field of cartography and has taken
its current form. It has started to be used especially in monitoring the volumetric changes in open and
closed mines and determining the deformations caused by these changes (Kun and Ozcan, 2019). For
example; UAV measurement technique was used to monitor the changes every 3 months in gravel
quarries in Switzerland. By using the changes documented by the UAV, a law was enacted in
Switzerland in 2012 regarding this study area, and some restrictions were made in the production of
gravel. Both monitoring of the volumetric change and the rapid and effective data collection of the
method increase the popularity of the system.The use of UAVS is expected to become widespread
rapidly due to the added value they provide in documentation and data collection in different sectors.
As it is known, monitoring spatial changes in any professional discipline is only possible by regularly
monitoring the volumetric changes in the working area. For example; UAV technique was used to
monitor the volumetric differences in a 1.08-hectare (120 x 90 m? size) gravel pit located in Lucerne,
Switzerland (Eisenbeiss, 2009). For this purpose, 11 ground control points were determined in
international and local coordinate systems by using differential GNSS measurements. Data were
collected in two different periods, 2009 and 2010. Microdrones MD4-1000 quadrocopter was used as
UAYV vehicle and Olympus EP-1 burst camera was used as camera. It is performed using professional
software for camera calibration. This simple procedure takes approximately one hour, including image
collection and processing. Camera calibration procedures are repeated before each measurement period.
Images were created with 70% and 20% overlaps in the obtained block-lined flight direction. Image
orientation is one of the most time-consuming steps in the evaluation of data in the UAV method. Digital
Terrain Models (DTM) are obtained during the evaluation process in which internal and external
orientation parameters are taken into account. Therefore, orthoimage production can be started only
when an error-free DTM is created. Although this procedure is usually an automatic process, manual
intervention is required in the stages of determining the focused work area and obtaining the final
products. If necessary, single ortho-images in the block can be combined into photomosaic. However,
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the generalization of ortho-mosaics can be quite time-consuming if there are radiometric differences
between the data. When UAV-based measurement and GNSS measurement methods are compared;
although the accuracy of GNSS measurement is high, the dot density achievable in a given time is low.
However, digital elevation models can be easily derived from the digital terrain model obtained from
the UAV method.

The paper (a) presents an UAV-assisted photogrammetric procedure to generate high-accurate
digital 3D point clouds and orthomosaics for modeling soil mass movement caused by rainwater
drainage in a landslide area; (b) the study area and itsgeological setting; (c) material and methods; (d)
data processing and the results; and (e) concluding remarks.

Landslide Modeling using UAV Photogrammetry Approach

In recent years, with the development of digital camera and unmanned aerial vehicle
technologies, it has become possible to obtain quality image data. Considering the costs in this context,
using the most suitable mapping platform with simple systems and meeting the needs in a shorter time
by achieving the desired sensitivity is an approach that will undoubtedly be accepted by the human
mind. With the help of the digital camera to be mounted on the unmanned aerial vehicle, it is possible
to take high-resolution images. External directional elements can be calculated through the control
points of these images, whose locations are determined by GPS in the field, and internal directional
elements can be calculated with the calibration process to be made before acquisition. Thus, a terrain
model with cm precision can be created. With the unmanned aerial vehicle, both high-resolution and
updated data can be obtained at any time. The main purpose in this work package of the project is to
monitor landslides and to monitor meaningful changes by evaluating the data obtained by using UAV
measurement technique at certain time intervals in landslide areas. Thus, both the effectiveness of the
UAV method in monitoring landslides will be tested, and the usability of the UAV method with other
Geomatic measurement methods separately and/or integrated will be investigated. Determining the
changes in the landslide areas is only possible by monitoring the study area at regular intervals. For this
purpose, the integrated use of GPS and UAV technique is a mandatory process, since the locations of
the points obtained by GPS are important in image acquisition with the UAV method. The terrain model
to be obtained from the images obtained from the UAV depends on the success of the image matching
method to be used. Image matching algorithms may not give good results, especially in some areas with
weak texture (lowtexture). In such cases, missing areas for which a terrain model cannot be created can
be completed with the most up-to-date terrain model obtained from InSAR data. Thus, considering the
advantages and disadvantages, the integrated use of three complementary technologies (GPS, INSAR
and UAV) will provide a precise, high-resolution and up-to-date terrain model required for deformation
analysis. Within the scope of the project, it is aimed to investigate the large-scale mapping of the
landslide study areas with the help of a model multicopter to be used as a UAV and a non-metric camera
placed on it. The stability of the camera will be maintained during the flight witha special camera carrier
containing a kind of gyroscope to protect the camera from the aircraft's engine vibrations and jolts (Smith
et al., 2009). It is predicted that the captured images provide suitable ground sampling intervals at an
appropriate height. With the use of appropriate software and sufficient accuracy ground control points,
the result products have very strong semantic information. Thus, depending on the camera to be used
and the appropriate flight altitude, large-scale map production at the desired scale will be produced with
the help of UAV. In other words, using the maps to be obtained, landslide mass changes at different
times can be determined. These studies will be carried out entirely simultaneously with the geodetic
studies. In this context, images of the project regions will be obtained with the UAV and integrated
camera. Separate software will be used for camera calibration. Photogrammetric modeling software will
be used in the processing of the obtained images. In this study, digital elevation models will be derived
from stereo pairs. Later, feature extractions and digital terrain models will be performed by ortho
products.
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Study Area and Geological Setting

The Giizelyali landslide area is located on the Southern shore of the Dardanelles, within the
borders of Giizelyali village, Canakkale (Turkey). The study area is located at the coordinates of
40°03'27.71" N-26°21'26.65" E, at the approximately 100 m above sea level of the Saricaeli Landslide,
which occurred in the Giizelyali village of Canakkale Province Central District (Figure 1). The landslide
is approximately 2 km away from Giizelyal1 village center and approximately 11 km from Canakkale
city center. Some terrestrial photos visually verify that the width of the landslide is approximately 130
m and its length is approximately 150 m (Figure 2).
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Figure 2. The view of the landslide area on the satellite image and terrestrial photographs of the landslide surface cracks.
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In Giizelyali and its surroundings, units belonging to the Canakkale formation (Sentiirk and
Karakose, 1987) consisting of marine sediments crop out (Figure 3). Canakkale formation,the Gallipoli
formation of Saltik (1974) corresponds to the Gazhanedere, Kirazli and Algitepe formations. Its general
lithology is composed of conglomerate, sandstone, mudstone, siltstone, marl, calcaranite and oolilic
limestones. Atabey et al. (2004) defined the Canakkale formation, which was deposited in environments
such as coastal, lagoon, and tidal channels, as three members: The Giizelyal member, the intepe member
and the Tekkedere member.

Units belonging to the Giizelyali member of the Canakkale formation crop out in the Giizelyali
landslide region, which is one of the study areas. The Giizelyali member studied in the region is
predominantly composed of medium grained sandstone, to a lesser extent mudstone, claystone and
carbonate units at lower levels.
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Figure 3. Geological map of Giizelyal1 village and its surroundings (The potential borders of the landslide modified from
Yigitbas et al., 2005).

On the Canakkale-Izmir highway, where the landslide started, yellow-beige medium-grained,
loose sandstones form the widespread outcrop and generally present a massive appearance. In addition,
there are hardened, well-cemented sandstone layers varying between 1-8 cm in thickness between loose
sandy units. The layers measured from these sandstones have a position of N70W/19NE. It is also
possible to see these sandstones as large and small blocks scattered in the loose material. In areas with
loose sandy material, abundant crack surfaces were formed. At the slightest contact, the grains of sand
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are immediately dispersed. In the lower part of the sandy level, there are gray colored mudstones and
thin claystone bands are found in these mudstones.

It is striking that some environmental factors, as well as geological units and topography factors,
play a role in the realization of mass movements in the study area in Giizelyali. For example; It is seen
that the drainage culvert, which is used for the transfer of rain water on the upper side of the Canakkale-
[zmir Highway, is first poured into a pit on the opposite side of the road and then conveyed to the sea
via a canal system (Figure 4).

#% Canakkale-izmir
1 h,ighway

Stormwater drainage Drainage
culvert - culvert

/ D
Figure 4. Stormwater drainage culvert thought to have affected the Giizelyali landslide (UTM: 445325 E, 4434504 N).

Both the unstable conditions of the geological units and the water holding properties of the
claystones in it, and especially the weight of the water affecting the soil in this area, increase the weight
of the mass in the region. It is observed that there is an intense and significant soil mass movement in
the stormwater drainage region after heavy rains, especially in the last wet seasons (Figure 5).
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Material and Method

In the research, the DJI Phantom 4 Pro + drone has been used to collect high resolution aerial
photos. The Phantom 4 Pro+ is an intelligent camera drone from DJI which offers a 3-axis-stabilized
gimbal camera. The number of pixels held by this camera is 20 MP with a 1" CMOS sensor capability
to shoot up to 4K/60fps video and also photo bursts at up to 14 fps. There has been an update in the hull
from its last version, Phantom 4 which now features an alloy of magnesium that is constructed to
increase the rigidity and reduce the weight. The system of flight autonomy adds a dual rear-vision sensor
along with the sensing of infrared so that the obstacle sensing can be done for a total of five directions
and avoidance for four directions. The primary feature of Phantom 4 Pro+ is high-luminance display
that comes integrated into remote controller. The onboard camera accompanies a 1-inch 20-megapixel
CMOS sensor for the Phantom model. It also has a custom-engineered lens which is made of 8
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components that are arranged in 7 groups. A mechanical aperture is boasted by the camera which
eliminates the distortion of rolling shutter that occurs while capturing images of objects that are moving
fast or when they are flying at high speed along with a mechanical focus.The next most important thing
apart from the number of pixels for the image quality is the sensor size as a larger sensor has a dynamic
range, boosted low light performance and better signal-to-noise ratio. The presence of 1" 20MP CMOS
sensor in Phantom 4 Pro+ is nearly 4 times the size of 1/2.3" sensor. This sensor generally takes help of
larger pixels, has maximum ISO that goes up to 12,800 and an increased contrast.

Well calibrated cameras are required in high-accuracy works like digital surface modeling.
Camera calibration determines information about the camera that improves accuracy in subsequent
studying projects, i.e. the camera's focal length, lens distortion, format aspect ratio and principal point.
In this study, we used PhotoModeler's camera calibrator based on the field calibration project using
calibration sheets including the coded targets. A series of overlapped images were collected using The
Phantom 4 Pro+ drone integrated digital camera both in the direction of flight and between adjacent
stripes. A quad-rotor open source project has been used and improved by modifications of the software
and the electronic circuit in order to comply with the requirements for the landslide modeling study.

A UAYV flight was planned to model the soil mass change caused by the drainage design in the
landslide area. Photo and line spacing were selected to obtain 80% and 60% forward and side overlap
of the images, respectively. Average flying height was 50 m above the ground. Flying speed was about
30 km/h. Flying time was 20 min. Figure 6showed a sample digital image taken by UAV. The flight had
its own set of 5 GNSS control points. Targeted ground control points were established to control the
UAV photogrammetry. The GNSS receivers utilized for the survey of photogrammetric control
pointswere SATLAB SL600. For RTK measurements, these dual-frequency geodetic instruments have
a manufacturer’s stated accuracy specification of £1 cm +1 ppm RMS horizontal, and £2 cm + 1 ppm
RMS vertical. The GNSS RTK was utilized to position at the centre of the targets (Figure6). The
252aerial photos were taken in 9 passes in a uniform grid pattern.

Figure 6. Ground control point and locations of ground control points in the aerial photo

For the processing of the collected aerial photos, the photogrammetric principles will be
implemented using computer vision techniques such as automatic feature detection, Structure-from-
Motion (SfM) and dense matching. In the other words, advances in computer vision and image analysis
have led to the development of a novel photogrammetric approach called SfM when coupled with Multi-
View Stereo (MVS) offers a fully automated method capable of producing high resolution DEMs with
low cost consumer grade cameras. Later on, the georeferenced 3D point clouds and orthomosaics will
be obtained from the oriented images.
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Data Processing and Results

Photogrammetric bundle adjustments and Dense Surface Model (DSM) computations of the
images were done in an automated manner employing Agisoft PhotoScan Professional (version 1.2.3).
The digital aerial images were processed in order to obtain the photogrammetric results (Figure 7).
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Figure 7. Workflow used for photogrammetric results and parameters.

The data regarding the area of the drainage-induced surface deformation are included in the data
processing software. The photo import and reconstruction phase of the flight route is the earliest phase.
It is a collection of a number of format photos in the evaluation software. The general is automatically
recreated with the flight line with these photos. From the resulting data, it was seen that the DJI Phantom
4 Pro + images have 80% and 60% forward and side overlaps. Forward and side overlaps are used to
create a stereoscopic image. Stereoscopic vision allows an object such as an aerial photograph taken
from different camera positions to be created from two different perspectives. In the flight field, a three-
dimensional image of the Earth's surface will be visible at a smaller scale, often referred to as a model.
Therefore, data mapping results using the drone can also produce very high resolution images and also
produce a three-dimensional view of the area of drainage-induced surface deformation from the recorded
object.

As it is known, photo alignment is used to identify points in each photo and to match the same
point in two or more photos. The process of aligning photos will generate the first 3D model, camera
position, and photo in each recording, as well as sparse point clouds that will be used later.

At the stage of aligning the photo, a selection can be made according to the requirement for the
desired accuracy. Low accuracy may be preferred for an initial inspection, such as viewing the
overlapping extent of images, while the highest accuracy may be preferred for the actual image
production stage. The "Pair Preselection” option is used in the software during the alignment process of
the photographs. If the drone camera is GPS integrated (geo-tagged), that is, it has default coordinates,
reference mode should be used. If the photo has no coordinates (not geotagged), the generic mode is
used (Figure 8).
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Figure 8. Software align photo buttons and dense point cloud process.

The next stage is the data rectification process. Rectification is the reexposure stage in which
the average photographic scale is determined by removing the tilt in an aerial photograph. At this stage,
aerial photographs are rectified using the Ground Control Point (GCP). With the rectification, aerial
photographs are scaled completely vertically / without tilting and averagely, and absolutely every
photograph is made to the desired scale. The entry of the Ground Control Point (GCP) coordinates,
measured with the help of high precision GNSS measuring technique, is carried out to provide a 3D
coordinate reference (XYZ) to the result of the alignment photo stage. Thus, by improving the geometric
guality of the 3D model created, a Digital Elevation Model (DEM) and orthophoto of the region where
surface deformation occurs due to drainage is produced.

After aligning the photos, Dense Point Clouds processing is performed and GCP accuracy
testing is performed. Quality and Depth Filtering selections are applied in the production of Dense Point
Clouds. There are options for quality that range from Lowest to Ultra High, depending on processing
time. Also, the filtering for the depth parameter shows how a suspected high point noise (outliers) is
handled. Its properties are usually the value of its height, which is much larger or much smaller than the
points around it. It is intended to reconstruct complex 3D models for light filtering. Aggressive filtering
with many details is designed for the reconstruction of simple and undetailed 3D models.

The next step is the 3D model, or mesh, which is one of the main outputs of aerial photo
processing. The 3D model is used as the basis for making both Digital Surface Model (DSM) and digital
Terrain Model (DTM) as well as orthophoto DEM. During creation, a mesh appears with the Mesh
Parameter option. There are two options for Surface Type, Elevation Field and Random. Arbitrary is
used for general 3D models such as buildings, statues and others. Elevation Field is used for Earth
surface objects such as Terrain and spatial structures such as pipe networks, cables and others. Elevation
Field is used to render the orthophoto. Dense Point Cloud from the previous processing stage can be
used for Source Data. There are options from Low, Medium to High for Face Count parameters. In
addition to the three options above, there are two additional options, interpolation and point classes.
There are two options for interpolation itself, interpolated and extrapolated. Interpolated mode allows
automatic interpolation of multiple spaces between raw photos. The extrapolated option is not used in
orthophoto processing.

A texture model is a 3D physical model of the appearance in the photo overlay. Texture models
are exported to various 3D model formats that can then be used to create 3D models via other desktop
software. Texture Parameter option is available during texture model creation. For the maximum and
minimum intensity, the maximum and minimum intensity of the overlapping pixels are used (Figure 9).
The next step in the software process in which aerial photographs are evaluated is the creation of a
Digital Elevation Model (DEM). The Digital Elevation Model is a digital area model in raster/grid
format, which is generally used in spatial analysis/GIS based rasters. DEM data can often be reduced to
elevation information, slope, aspect, cut and fill, visibility, watershed, and more to modelling. There are
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two terminologies associated with DEM, these are DSM (Digital Surface Model / height calculated from
the surface cover of the land such as the roof of the building, tree canopy, bridge, etc.) and DTM (Digital
Terrain Model / calculated height from the ground level). The process for creating a digital elevation
model (DEM) is shown (Figure 9).
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Figure 9. Build texture model and build digital elevation model (DEM) processes.

The last step in the process of obtaining photogrammetric products from aerial photographs is
orthophoto production by UAV. Orthophoto is an aerial photograph in which geometric errors are
corrected using DEM and GCP. Thus, the mapping process is carried out without any scale inconsistency
throughout the study area. Orthophoto is made after Dense Point Clouds, Mesh and DEM production
stages. Orthophoto stage includes Orthomosaic Parameter selection. For projection selections, a choice
is made between geographic coordinates or plane/projection coordinates. For the surface parameter, the
DEM created in the previous step is selected. There are three options for blending mode options, Mosaic,
Average, Max Density, and Min Density. The process of creating orthophotos is shown in (Figure 10).

B Build Orthomosaic | x |

Projection

Type: _) Planar (®) Geographic
WGS 84 (EPSG:14326) -
Parameters
Surface: Mesh -
Blending mode: Mosaic (default) -
[] Enable color correction Averagemu
®) Pixel size (*): D!sab\ad X
Metres... 2.8947e-07 A
() Max. dimension (pix): 4096
Region
[] setup boundaries: - X
Estimate - Y
Total size (pix):
OK Cancel

Figure 10. Build orthophoto process.

UAV-assisted digital photogrammetry based on structure frommotion (SfM) algorithms was
used to derive a very high spatial resolution DSM and orthophoto mosaic (1 mm). For the digital
imagery,2.2 million point textured mesh of the pile were derived from al4.1 million point DSM. Dense
surface model andthe other sub-models obtained from digital imagery are seen inFigureslla—f.
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Figure 11. Photogrammetric results: (a) Tie points, (b) Dense cloud model, (c) 3D model, (d) Tiled Model, () DEM, (f)
Orthomosaic.

After obtaining orthophoto and DEM as well as other final products in the photogrammetric
evaluation software, Virtual Surveyor software was used for drawing and volume calculations. Virtual
Surveyor software offers 3D drawing on photorealistic models with the help of photogrammetric result
products. Then, producing the necessary details in the Virtual Surveyor software, the volume of the
emptied soil formed in the area of surface deformation caused by the stormwater drainage culvert was
calculated. After the triangulation process in the Virtual Surveyor software, the undeformed ground
level was taken as the reference surface and the volume of the discharged soil was calculated.

As a result, the volume of the void region is 1,130.436 cubic meters due to the massive position
change caused by the faulty drainage grille using photogrammetric result products produced with the
help of aerial photographs obtained with the aid of unmanned aerial vehicles.

As a conventional geodetic measurement method, the same region was measured in the field
with a GNSS/CORS measuring device. As a result of the classically collected data, the volume of the
void area was calculated as 1,129,846 cubic meters. In addition to the fast, effective and economical
results of photogrammetry based on unmanned aerial vehicles, it is an indication that the difference
between the volume amounts obtained by both methods is at an acceptable level.

Conclusion

As in many engineering applications, the most basic requirement in estimating the effects of
natural disasters is to frequently produce up-to-date maps and models with high location information.
With the help of these periodically obtained maps, planning for future studies and modeling is carried
out quickly and with high accuracy. Producing such maps and models with the support of unmanned
aerial vehicles saves time and costs and has higher accuracy. It is very important to estimate the damages
in landslide areas with high accuracy and up-to-date. In this study, a half-hour field study and an office
work significant soil mass movement caused by the stormwater drainage culvert is modeled, which was
developed to eliminate the ground problem in the landslide areawith UAV. In addition, the volume
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calculations was carried out with the numerical models such as DEM produced from UAV. In addition,
the volume of landslide area was calculated with the data from GNSS/CORS. The volume calculations
fromthese two methods showed consistency between 99%; this difference is at an acceptable level in
terms of disaster monitoring. As a result of the study, it has been seen that UAV technology can be used
in an up-to-date and effective manner in detecting massive soil deformations in landslide areas.
Moreover, UAV technology gives faster and more cost-effective results than conventional methods.
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Ozet

Bu arastirma, ‘COMU Dardanos Yerleskesi Ziraat Fakiiltesi Bitkisel Uretim Arastirma ve Uygulama
Birimi’nde yer alan ‘Sofralik Uziim Cesitleri Uygulama ve Arastirma Bagi’nda, 2020 yil1 vejetasyon doneminde
ylriitiilmiistir. Aragtirmada, ‘Yalova Cekirdeksizi’ iziim ¢esidinde tek bir tarihte (18 Haziran 2020) yapilan farkli
¢izi agma [tek (0,5-1,0 mm) ve ¢ift (0,5-1,0 mm)] ve bilezik alma (3 mm ve 5 mm) uygulamalarinin iziim verim
ve kalitesine etkilerinin belirlenmesi amaglanmistir. Arastirma; kontrol de dahil olmak iizere bes farkli uygulama,
her uygulamada 3 tekerriir ve her tekerriirde 3’er omca olacak sekilde planlanmistir. Farkli ¢izi agma ve bilezik
alma uygulamalari tane tutumunun ardindan taneler 4—5 mm irilige ulagtiginda, kis budamasinda 5 g6z lizerinden
budanan yillik dalin (bayrak) 1.—2. bogum arasindan gergeklestirilmistir. Sonuglar bir arada degerlendirildiginde;
biitiin uygulamalarda [tek (0,5—1,0 mm) ve gift (0,5—1,0 mm) ¢izi agma ile 3 mm ve 5 mm bilezik alma] olumlu
etkilerin saptanmasiyla birlikte, lizim verim ve kalitesi iizerinde en ¢ok olumlu etkiyi meydana getiren 5 mm
bilezik alma uygulamasi, Yalova Cekirdeksizi {iziim ¢esidi i¢in tavsiye edilebilir uygulama olmustur.

Anahtar Kelimeler: Bilezik alma, Kalite, Verim, Yalova Cekirdeksizi.
Abstract

Effects of Different Girdling Applications on Grape Yield and Quality in Yalova
Cekirdeksizi Grape Varieties

This research was carried out in the vegetation period of 2020, in the ‘Table Grape Varieties Application
and Research Vineyard’ in the ‘Plant Production Research and Application Unit of COMU Dardanos Campus,
Faculty of Agriculture’. In the research, it was aimed to determine the effects of different girdling [once (0.5-1.0
mm), twice (0.5-1.0 mm), 3 mm and 5 mm] applications on grape yield and quality in “Yalova Cekirdeksizi’ grape
variety on the same date (18 June 2020). Research, five different applications including control, were planned with
3 replications in each application and 3 vines each repetition. Different girdling applications were carried out
between 152" nodes of the cane pruned over 5 buds in winter pruning, when the berry reached 4-5 mm in size
after the berry set. When all the results were evaluated together; along with all applications [once (0.5-1.0 mm),
twice (0.5-1.0 mm), 3 mm and 5 mm] were positive effects, the 5 mm girdling application, which was the most
positive effect on grape yield and quality, was found to be recommended for Yalova Cekirdeksizi grape variety.

Keyword: Girdling, Quality, Yield, Yalova Cekirdeksizi.
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Giris

Asma (Vitis vinifera L.) iklim ve toprak istegi yoniinden segici olmamasi, g¢ogaltma
yontemlerinin kolay olmasi, sofralik, kurutmalik ve endiistriyel {iretimin yanisira, pekmez, kofter,
sucuk, pestil, sirke, bastik ve giinbali gibi bir¢ok iiriine hammadde saglamasi nedeniyle, diinyada ve
iilkemizde yetistiriciligi yapilan en yaygin kiiltiir bitkilerindendir. Tiirkiye’de bagcilik hemen hemen her
ilimizde yapilmakta olup, tiziimlerin degerlendirme sekilleri bélgenin sosyal ve ekonomik durumuna
gore farkliliklar gostermektedir. Tiirkiye’de 2021 yilinda 3 902 211 da alanda iiziim iiretimi
gerceklestirilmis ve toplamda 3 670 000 ton iiziim iiretilmistir. Bu {iziim tiretiminin 1 856 929 tonunu
sofralik, 1 430 160 tonunu kurutmalik ve 382 911 tonunu ise endiistriyel amagla yetistirilen {iziim
cesitleri olusturmaktadir (TUIK, 2022). Tiirkiye diinyada, 2020 y1lina ait iiziim iiretim alan1 bakimindan
400 998 ha alan ile Ispanya, Cin, Fransa ve Italya’dan sonra 5. sirada yer almaktadir. Tiirkiye 2020
yilinda ise 4 208 908 ton iiziim iiretimi ile diinyada Cin, Italya, Ispanya, Fransa ve ABD’nin ardindan 6.
sirada bulunmaktadir (FAO, 2022).

Uziim yetistiriciliginde bdlge ve cesit dzelliklerinin dikkate alindig1 ¢esitli uygulama ve teknik—
kiiltiirel islemler, kalitenin gelistirilerek pazar degerinin arttirtlabilmesi i¢in kullanilmaktadir. Bunlarin
basinda ise ¢izi agma, bilezik alma, somak, salkim ve tane seyreltme ile biiylimeyi diizenleyici maddeler
kullanma gibi uygulama ve teknik—kiiltiirel islemler gelmektedir. Ozellikle sofralik iiziimlerde yapilan
bu uygulamalarla tane irilesmesi, renklenmede iyilesme, olgunlukta ilerleme ile hasat tarihinin 6ne
cekilmesi sonucunda genel kalite artislar1 saglanarak, {iziimiin yiiksek fiyatla pazara sunulmasi firsati
elde edilmektedir (Ecevit, 1986; Ceyhan, 1995; Carreno ve ark., 1998; Dardeniz, 2001; Dardeniz ve
Kismali, 2002; Dardeniz, 2014). Bilezik alma ve ¢izi agma uygulamalariin ¢ekirdekli ve ¢ekirdeksiz
iizim cesitlerinde tane ve salkim 6zelliklerine olumlu etkileri bulunmakta; tane eni, tane boyu, tane
agirligi, salkim eni, salkim agirligi ve dolayisiyla {iziim verimindeki artigin yaninda, ¢ézlinebilir kuru
madde (%SCKM) ve %easitlik lizerine etkileri farkli arastirmacilar tarafindan ortaya konulmaktadir
(Shulman ve ark., 1986; Zabadall, 1992; Ozer ve ark., 2002; Ozer ve ark., 2005; Sahan ve Tangolar,
2013; Isci ve Altindisli, 2014).

Cekirdeksiz liziim ¢esitlerinde, uzun veya yari uzun birakilan gubugun (bayrak) dip bogum
arasindaki kabuk+floem tabakasinin, 6zel yapim ¢ift agizl bilezik alma makasi yardimiyla 3-5 mm
genisliginde bir tabaka halinde ¢epegevre ¢ikartilmasina bilezik alma, ayn1 bolgenin tek agizli bir alet
(as1 bigagi, caki) yardimiyla ¢epegevre ¢izilmesine ise ¢izi agma (¢izme) ad1 verilmektedir (Anonim,
1992). Bu iki uygulamanin da amaci, iist yapraklar tarafindan {iretilen 6ziimleme triinlerinin akiginin
yeni tane tutmus olan salkimlara yonlendirilerek erkencilik saglamanin yami sira, tane ve salkim
agirligimin arttirilmasidir. Sultani ve Yuvarlak Cekirdeksiz iiziim gesitlerinde, ¢igeklenmeden itibaren
2-3 hafta igerisinde dollenmemis tanelerin dokiimiiniin ardindan yapilan bilezik almalar tane iriligini
%30-100 arasinda arttirmaktadir (Celik ve ark., 1998). Bilezik alirken dikkat edilmesi gereken nokta,
sadece kabuk+floem tabakasinin ¢ikartilarak odun dokusuna zarar verilmemesi ve bu islemin gévde cap1
35 mm’den daha kii¢iilk olan omcalara uygulanmamasidir (Uzun, 2004). Bilezik alma cekirdeksiz
gesitlerde genellikle tane ¢aplarinin 3—4 mm oldugu ince koruk doneminde yapilan bir uygulama olup,
kisa birakilan dallara (irgat) uygulanmasi tavsiye edilmemektedir (Uzun, 2004; Celik, 2011). Bununla
birlikte, bilezik alma gévdeye de uygulanabilir. Govdeden bilezik alma daha pratik ve ucuz olmasina
ragmen, omcalardaki asir1 iiriiniin seyreltildigi ve bakim sartlarinin en iyi sekilde yerine getirildigi
durumlarda gergeklestirilebilir (Uzun, 2004). Bu sekilde acilan yaralar, 3—6 hafta icerisinde kallus (yara
dokusu) olusturarak kapanmaktadir (Uzun, 2004). Ancak 5 mm’den daha genis yaralar vejetasyon
sonuna kadar kapanmayabilmekte ve bu durumda omcada kurumalar goriilebilmektedir.

Bilezik alma, cekirdeksiz iiziimleri irilestirmek amaciyla tane tutumundan hemen sonra
bayragin veya uzun bayragin dip kisminda yalnizca floem tabakasmi cepecevre ¢izmek suretiyle
yapilmaktadir. Buna Ege’de ‘araka’ denilmektedir. Bu uygulama, genellikle ¢ekirdeksiz {iziim gesitleri
ile Buca Razakisi iiziim gesidinde yiiriitiilmekte olan bir kiiltiirel islemdir. Agilan yara 7—-10 giinde
kapanmakta, cigeklenmeden 5-7 giin once yapildiginda meyve tutumunu arttirmakta, ben diisme
strasinda yapildiginda olgunlasmayi ¢abuklastirmaktadir (flter, 1990). Buradan anlasilacag iizere, ¢izi
acma uygulamasinin etkisi bilezik alma uygulamasina kiyasla daha diisiik olmaktadir.
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Bilezik alma, asmalarda ¢igek silkmesini dnlemek, tane tutumunu, tane ile salkim iriligini
arttirmak ve erken olgunlasmayi saglamak amaciyla yapilan bir uygulama olup, seyrek ve ufak taneli
salkim olusturan tUziim cesitlerinde ve Ozellikle ¢ekirdeksiz c¢esitlerde, cigeklenme zamaninda
yapildiginda tane tutumunu ve iriligini arttirmakta ve olgunlastirmay1 erkene almaktadir (Ates ve
Karabat, 2005).

Bu arastirma, Yalova Cekirdeksizi liziim c¢esidinde farkli ¢izi agma ve bilezik alma
uygulamalarinin iiziim verim ve kalitesine etkilerinin belirlenmesi amaciyla Canakkale ili kosullarinda
yliriitilmistiir.

Materyal ve Metot

Bu arastirma, Canakkale Ili’ndeki ‘COMU Dardanos Yerleskesi Ziraat Fakiiltesi Bitkisel
Uretim Arastirma ve Uygulama Birimi’nde yer alan ‘Sofralik Uziim Cesitleri Uygulama ve Arastirma
Bagi’nda, 2020 yilinda yiiritilmiistiir. Arastirmanin yiritildiigii yi1l 16 yasinda olan Yalova
Cekirdeksizi liziim ¢esidi omcalar1 SBB Amerikan asma anaci tizerine asili olup, 3 metre x 1,5 metre
sira aras1 ve sira lizeri mesafelerde tek kollu sabit kordon terbiye sistemiyle tesis edilmistir.

Yalova Cekirdeksizi liziim ¢esidi; 1988 yilinda ‘Yalova Atatiirk Bahge Kiiltiirleri Merkez
Aragtirma Enstitiisii’'nde Beyrut Hurmasi x Perlette iiziim ¢esitlerinin melezlenmesi sonucunda elde
edilmistir. Taneleri beyaz renkli, oval sekilli, orta irilikte (4—5 g) ve ince kabukludur. Salkimlar yaklasik
250-300 g agirliginda, orta sikilikta ve konik bigimlidir. Cesit erkenci dzellikte ve orta verimlilikte olup,
asmalar1 kuvvetli gelisim gdstermektedir. Kisa ve yar1 uzun karisik budama yapilabilmektedir (Celik,
2006).

Yalova Cekirdeksizi iiziim ¢esidinde kis budamasi; yillik dallarda bulunan irgatlarin 2 goz,
bayraklarin ise 5 goz ilizerinden yari—uzun karisik budanmalariyla 4 Mart tarihinde gerceklestirilmistir.
Tane tutumunun ardindan taneler 4-5 mm irilige ulastiginda (18 Haziran 2020), herhangi bir bilezik
alma ve ¢izi agma uygulamasi yapilmamig irgatlardan siiren yazlik siirgiinlerdeki salkimlarin tamami
omcalar tizerinden uzaklastirilmistir. Ayni tarihte (18 Haziran 2020) 5 g6z iizerinden budanarak bayrak
olarak birakilan yillik dalin 1.-2. bogum arasindan ¢izi agma ve bilezik alma uygulamalar
gergeklestirilmis, kontrolde ise herhangi bir ¢izi agma ve bilezik alma uygulamasi yapilmamistir. Tek
¢izi agma uygulamasi (tek defa 0,5-1,0 mm); bayragin dip bogum arasinin bicagin tek bir darbesiyle
cepegevre cizilmesi, ¢ift ¢izi agma uygulamasi (iki defa 0,5-1,0 mm) ise; bayragin dip bogum arasinin
bigagin iki darbesiyle (2—3 mm aralikli olarak) ¢epegevre ¢izilmesi yontemiyle gergeklestirilmistir. 3
mm ve 5 mm’lik bilezik alma uygulamalari; bayragin dip bogum arasindan 3 mm ve 5 mm
genisligindeki kabuk+floem tabakasinin 6zel yapim bilezik alma makaslariyla ¢epecevre ¢ikartilmasi
suretiyle yapilmistir.

Uygulamada salkimlarin daha iyi havalanmasi ve ilaglamanin daha verimli olabilmesi amaciyla
dip ve obur siirgiinler omcalar iizerinden uzaklastirilmis, yazlik siirgiinlerdeki u¢ alma islemi ise ikinci
slirglin baglama tellerinin tizerinden gergeklestirilmistir. Salkimlarin altindaki dip yapraklarla (2—3 adet)
birlikte mevcut koltuklar alinmis, salkimlarin {izerindeki koltuklarda ise dipte bir adet yaprak birakilmak
suretiyle koltuklarin u¢ kisimlar1 yazlik siirgiinler iizerinden uzaklastirilmistir. Bununla birlikte kus
zararini 0nlemek amaciyla, tanelerde ben diisme doneminin hemen 6ncesinde biitiin omcalar delikli kus
file ortli materyaliyle ortiilm{istiir.

Yapilan bu arastirma, tesadiif parselleri deneme desenine gore her uygulamada 3 tekerriir ve her
tekerriirde 3’er adet omca olacak sekilde planlanmistir. Elde edilen bulgular ‘SAS 9.1.3. Portable’
istatistik paket programi kapsaminda varyans analizi ile belirlenmis, incelenen parametrelerde
uygulamalar arasindaki farklilik LSD c¢oklu karsilagtirma testiyle p<0,05 diizeyinde degerlendirilmistir.

Bulgular ve Tartisma

Yalova Cekirdeksizi lizim ¢esidinde farkli ¢izi agma ve bilezik alma uygulamalarinin {iziim
verim ve kalitesi tizerine etkilerinin belirlenmesinin amaglandig1 bu arastirmada, Yalova Cekirdeksizi
iiziim ¢esidinde baz1 fenolojik evre ve tarihler Cizelge 1.’de, ortalama verim ve salkima ait degerler
Cizelge 2.’de, salkim ve tane sayisina ait degerler Cizelge 3.’te, taneye ait degerler Cizelge 4.’te, tane
kabuk rengine ait degerler Cizelge 5.’te ve tane olgunluguna ait degerler Cizelge 6.’da sunulmustur.
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Cizelge 1. Yalova Cekirdeksizi iiziim ¢esidinde bazi fenolojik evre ve tarihler

Fenolojik evreler EL Numarasi Tarih
Kis gozlerin uyanmasi EL-04 16/04
Yazlik siirgiinlerin 30 cm’ye ulagsmasi EL-15 14/05
Tam ci¢eklenme EL-26 04/06
Hasat EL-38 24/08

Yalova Cekirdeksizi liziim ¢esidi omcalarinda bazi fenolojik gdzlemler yapilmis olup, bu
fenolojik evre ve tarihler asagida belirtilmistir. Kiglik gézlerin uyanmasi; 16 Nisan, yazlik siirgiinlerin
30 cm’ye ulasmasi; 14 Mayis, tam ciceklenme; 04 Haziran ve hasat ise; 24 Agustos olarak belirlenmistir
(Cizelge 1.).

Yalova Cekirdeksizi liziim ¢esidinde en yiiksek ortalama verim 5 mm bilezik alma (5804,7
g/omca) uygulamasindan elde edilirken, en diislik ortalama verim degerleri ise sirasiyla kontrol (3780,5
g/omca), cift ¢izi agma (3855,7 g/omca), tek ¢izi agma (3999,6 g/omca) ve 3 mm bilezik alma (4554,7
g/omca) uygulamalarinda tespit edilmistir. En genis salkimlar yine 5 mm bilezik alma (10,78 cm)
uygulamasindan, en dar salkimlar ise kontrol (9,79 cm) uygulamasindan elde edilirken, tek ¢izi agma
(10,31 cm), ¢ift ¢izi agma (10,53 cm) ve 3 mm bilezik alma (10,30 cm) uygulamalar ara grupta yer
almistir (Cizelge 2.).

En yiiksek salkim boyu kontrolden (16,74 cm) elde edilirken, en diisiik salkim boyu cift ¢izi
acma (13,59 cm) uygulamasindan alinmig ve sirastyla 3 mm bilezik alma (14,62 cm), tek ¢izi agcama
(15,53 cm) ve ¢ift ¢izi agma (13,59 cm) uygulamalari farkli ara gruplari olusturmustur. En yiiksek salkim
agirhg swrasiyla ¢ift ¢izi agma (291,0 g/salkim) ve 5 mm bilezik alma (287,4 g/salkim)
uygulamalarindan alinirken, en diisiik salkim agirligi kontrolden (229.4 g/salkim) elde edilmis, sirasiyla
tek ¢izi agma (257,6 g/salkim) ve 3 mm bilezik alma (275,2 g/salkim) uygulamalar1 ara grubu
olusturmustur. En dar salkima sahip olan kontrolde, en uzun salkimin elde edildigi dikkati ¢ekmektedir

(Cizelge 2.).

Cizelge 2. Yalova Cekirdeksizi iiziim ¢esidinde ortalama verim ve salkima ait degerler

Uygulamalar Ortalama verim Salkim eni Salkim boyu Salkim agirhgi
(g/omca) (cm) (cm) (g/salkim)
Kontrol 3780,5b 9,79b 16,74 a 229,4b
Tek ¢izi acma 3999,6 b 10,31 ab 15,53 ab 257,6 ab
Cift ¢cizi acma 3855,7b 10,53 ab 13,59 ¢ 291,0a
3 mm bilezik alma 45547 b 10,30 ab 14,62 bc 275,2 ab
5 mm bilezik alma 5804,7 a 10,78 a 15,97 ab 2874 a
LSD (0,05) 879,12 0,8448 1,6652 50,556

LSD (0,05): 0,05 diizeyinde 6nemli.

Isci ve Altindisli (2014)’nin Alphonse Lavallée ve Trakya Ilkeren iiziim cesidinde yapmus
olduklart bilezik alma uygulamasinin iiziim verim ve kalitesi {izerine etkisinin belirlendigi arastirmada,
tiziim veriminde kontrole kiyasla uygulamalarda daha yiiksek sonuglar elde edilmistir. Sahan ve
Tangolar (2013)’in Flame Seedless ve Alphonse Lavallée iiziim c¢esitlerinde tane tutum doneminde
yapmis olduklar1 5 mm’lik bilezik alma uygulamasmnin etkileri olarak, her iki iiziim ¢esidinde tiziim
veriminde ve tane agirliginda kontrole kiyasla 6nemli artiglarin oldugu tespit edilmistir. Elde edilmis bu
yondeki bulgular, mevcut arastirma sonuglariyla benzerlikler gostermektedir.

En yiiksek salkim siklig1 ¢ift ¢izi agma (6,79) uygulamasindan, en diisiik salkim siklig1 ise
sirastyla kontrol (6,12) ve tek ¢izi agma (6,22) uygulamalarindan elde edilmis, diger uygulamalar ara
grubu olusturmustur. En yiiksek salkim boyu/salkim eni orani kontrol (1,72) uygulamasindan, en diisiik
oran ise ¢ift ¢izi agma (1,30) uygulamasindan alinmis, diger uygulamalar ara gruplar teskil etmistir.
Uygulamalar tane tutum déneminden sonra yapildigindan ve dolayisiyla ¢igeklenme ve tane tutumuna
etkisi olmadigindan, tane sayisi parametresinde uygulamalar arasinda 6nemli bir farklilik tespit
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edilememistir (Cizelge 3.). Yapilan uygulamalarin kontrole kiyasla salkim degerlerini olumlu yonde
etkiledigi yoniindeki bulgularimiz, yaptig1 uygulamalarin salkim agirligini arttirdigini belirten Zabadal
(1992)’1n bulgulartyla paralellik gostermektedir.

Cizelge 3. Yalova Cekirdeksizi iiziim ¢esidinde salkim ve tane sayisina ait degerler

Uygulamalar Salkim sikhigi (1-9) Salkim boyu/salkim eni Tane sayis1 (adet/salkim)
Kontrol 6,12 b 1,72 a 88,46
Tek ¢izi agma 6,22 b 151D 87,28
Cift cizi acma 6,79 a 1,30c 84,72
3 mm bilezik alma 6,49 ab 1,43 bc 87,92
5 mm bilezik alma 6,44 ab 1,48 bc 82,32
LSD (0,05) 0,388 0,1914 OD

OD: Onemli degil. LSD (0,05): 0,05 diizeyinde 6nemli.

En yiiksek tane eni sirasiyla ¢ift ¢izi agma (17,02 mm) ve 5 mm bilezik alma (16,72 mm)
uygulamalarindan, en diisiik tane eni ise kontrol (14,40 mm) uygulamasindan elde edilmis, tek ¢izi agma
(15,38 mm) uygulamasi arada ayr1 bir grubu olusturmus, 3 mm bilezik alma (14,98 mm) uygulamasi ise
kontrol ve tek ¢izi agma uygulamasinin arasinda ara grubu meydana getirmistir. Tane boyu bakimindan
en yiiksek degerler sirasiyla ¢ift ¢izi agma (19,24 mm) ve 5 mm bilezik alma (18,56 mm)
uygulamalarinda, en diisiik degerler ise 3 mm bilezik alma (16,47 mm) ve kontrol (16,49 mm)
uygulamalarinda belirlenmis, tek ¢izi agma uygulamasi (17,49 mm) arada farkli bir grubu olusturmustur.
En yiiksek tane agirligi 3,35 g/tane degeriyle 5 mm bilezik alma uygulamasindan, en diigiik tane agirlig
2,45 g/tane degeriyle kontrolde tespit edilmis, diger uygulamalar farkli ara gruplari (¢ift ¢izi agma: 3,27
0; 3 mm bilezik alma: 3,01 g ve tek ¢izi agma 2,83 g) meydana getirmistir. Tane boyu/tane eni orani
bakimindan en yiiksek orani sirastyla kontrol (1,15) ve tek ¢izi agma (1,14) uygulamasi olustururken,
en diisiik oran1 3 mm bilezik alma (1,10) uygulamas1 meydana getirmis, sirastyla ¢ift ¢izi agma (1,13)
ve 5 mm bilezik alma (1,11) uygulamalari ara gruplar olugturmustur (Cizelge 4.).

Bahar ve ark. (1998)’nin ve Abu—Zahra ve Salameh (2012)’in yapmis olduklar bilezik alma
uygulamalarinda, uygulamalarin kontrole kiyasla tane eni, tane boyu ve tane agirligi degerlerinde
onemli derecede artislar sagladigi belirtilmistir. Elde edilmis olan bu yondeki bulgular, 6nceki aragtirma
bulgularimi destekler niteliktedir.

Cizelge 4. Yalova Cekirdeksizi iiziim ¢esidinde taneye ait degerler

Tane eni Tane boyu Tane agirhgi .
Uygulamalar (mm) (mm) (g/tane) Tane boyu/tane eni
Kontrol 14,40 c 16,49 ¢ 245¢ 1,15a
Tek ¢izi acma 15,38 b 17,49 b 2,83 bc 1,14 a
Cift ¢cizi acma 17,02 a 19,24 a 3,27 ab 1,13 ab
3 mm bilezik alma 14,98 bc 16,47 ¢ 3,01 ab 1,10 ¢
5 mm bilezik alma 16,72 a 18,56 a 3,35a 1,11 be
LSD (0,05) 0,8881 0,9467 0,4471 0,0223

LSD (0,05): 0,05 diizeyinde 6nemli.

Yalova Cekirdeksizi liziim ¢esidinin tane kabuk renginin parlakligini ifade eden L degeri 35,06
ile 37,41 arasinda belirlenmistir. Uygulamalar arasinda en yiiksek parlaklik 37,41 degeriyle tek ¢izi
agma uygulamasindan, en diigiik parlaklik 35,06 degeriyle cift ¢izi agma uygulamasindan elde edilmis,
36,11 ve 36,32 degerleriyle sirasiyla kontrol ve 3 mm bilezik alma uygulamasi baska bir grupta yer
almis, 5 mm bilezik alma 36,80 degeri ile ara grubu olusturmustur (Cizelge 5.).
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Cizelge 5. Yalova Cekirdeksizi iiziim ¢esidinde tane kabuk rengine ait degerler

Uygulamalar L Chroma Hue
Kontrol 36,11b 11,28 110,5¢
Tek ¢izi acma 37,41 a 11,41 1129a
Cift cizi acma 35,06 ¢ 10,83 112,1 ab
3 mm bilezik alma 36,32 b 11,30 111,1 be
5 mm bilezik alma 36,80 ab 10,81 111,7 abc
LSD (0,05) 1,0006 OD 1,6281

OD: Onemli degil. LSD (0,05): 0,05 diizeyinde 6nemli.

Tane kabuk renginin canliligini ifade eden Chroma degerinde uygulamalar arasinda énemli bir
farklilik tespit edilememistir. Chroma degerleri 10,81 ile 11,41 araliginda yer almaktadir. Tane kabuk
renginin canliligini rakamsal olarak en canli tondan en mat tona dogru sirasiyla tek ¢izi agma (11,41), 3
mm bilezik alma (11,30), kontrol (11,28), ¢ift ¢izi agma (10,83) ve 5 mm bilezik alma (10,81)
uygulamalar1 seklinde siralamak miimkiindiir (Cizelge 5.). Renk tonunu gosteren Hue degeri ise 110,5
ile 112,9 araliginda yer almaktadir. Tek ¢izi agma uygulamasi 112.,9 degeri ile en yiiksek Hue degerini
vermis, tane kabugunda sar1 renk ile birlikte az miktarda yesil rengin hakimiyeti goriilmiistiir. Kontrol
110,5 degeri ile en diigitk Hue degerine sahip olup, tane kabuk renginde diger uygulamalara kiyasla sar1
renk daha hakim bulunmustur. Tek ¢izi agma uygulamasinda diisiik pH ve olgunluk indisi ile yiiksek
asitlik neticesinde (Cizelge 6.), taneler yesil sar1 renkte kalmistir. Kontrolde ise yiiksek pH ve diisiik
asitlik nedeniyle (Cizelge 6.), tane kabugunda sari rengin daha yogun oldugu tespit edilmistir

(Cizelge 5.).

Cizelge 6. Yalova Cekirdeksizi iiziim ¢esidinde tane olgunluguna ait degerler

Uygulamalar SCKM oH Asitlik Olgunluk indisi
(%) (%) (%%SCKM/%asitlik)
Kontrol 16,20 b 3,55a 0,585 b 27,99
Tek cizi acma 17,00 b 3,28¢ 0,720 a 23,79
Cift ¢izi acma 16,88 b 3,44 b 0,632 ab 28,05
3 mm bilezik alma 17,12 b 3,38b 0,599 ab 29,01
5 mm bilezik alma 18,91a 3,40 b 0,667 ab 30,10
LSD (0,05) 1,2752 0,0944 0,1245 OD

OD: Onemli degil. LSD (0,05): 0,05 diizeyinde 6nemli.

En yiiksek %SCKM 5 mm bilezik alma (%18,91) uygulamasindan, en diisiik ise sirasiyla kontrol
(%16,20), cift ¢izi agma (%16,88), tek ¢izi agma (%17,00) ve 3 mm bilezik alma (%17,12),
uygulamasidan alinmigtir. pH degerleri 3,55 ile 3,28 araliginda bulunmustur. En yiiksek pH kontrolde
(3,55), en diisiik pH tek ¢izi agma (3,28) uygulamasinda tespit edilmis, sirasiyla ¢ift ¢izi agma (3,44), 5
mm bilezik alma (3,40) ve 3 mm bilezik alma (3,38) uygulamalar1 arada baska bir grubu olusturmustur.
En yliksek %asitlik degeri tek ¢izi agma (%0,720) uygulamasinda, en diisiik %asitlik kontrolde (%0,585)
belirlenmis, sirastyla 5 mm bilezik alma (%0,667), ¢ift ¢izi agma (%0,632) ve 3 mm bilezik alma
(%0,599) uygulamalar1 ara grupta yer almistir. Olgunluk indisi (%SCKM/%asitlik) degerlerinde
istatistiki a¢idan Onemli bulunmamakla birlikte en yiiksek olgunluga 5 mm bilezik alma (30,10)
uygulamasiyla ulasilmis olup, bunu sirasiyla 3 mm bilezik alma (29,01), ¢ift ¢izi agma (28,05), kontrol
(27,99) ve tek ¢izi agma (23,79) uygulamalari takip etmistir (Cizelge 6.).

Farkli donemlerde (giceklenme, tane tutumu ve ben diisme) bilezik alma uygulamasinin
etkilerinin incelendigi bir arastirmada, en etkili sonucun tane tutumu devresinde gergeklestirilen bilezik
alma uygulamasi oldugu, ben diigme dénemindeki bilezik alma uygulamasiyla Alphonse Lavallée tiziim
cesidinde %1,4’liikk SCKM vyiikselisi, Cardinal ¢esidinde ise 5—7 giin siireli bir erkencilik saglandig:
bildirilmistir (Akoglu, 1975). Arastirmadan elde edilen bulgulara gore; ¢izi agma ve bilezik alma
uygulamalar1 sonucunda genel olarak hem %SCKM’de hem de %asitlikte artiglar meydana geldiginden
olgunluk indisi yoniiyle 6nemli bir farklilik olusmamustir.

Giindiiz ve ark. (2020)’nin yiiriitmiis olduklar1 bir arastirmada, Horoz Karas1 iiziim ¢esidinde
5 mm bilezik alma uygulamasiyla kontrole kiyasla %SCKM ve olgunluk indisinde énemli artislarin
oldugu bildirilmistir. Xi ve ark. (2020)’nin yiiriitmiis olduklar1 bir baska arastirmada, Jumeigui sofralik

54



Yalova Cekirdeksiz Uziim Cesitlerinde Farkli Cizi Acma ve Bilezik Alma Uygulamalarinin Uziim
Verim ve Kalitesine Etkileri

iizim ¢esidinde 5 mm bilezik alma uygulamas1 gerceklestirilmis, kontrole kiyasla bilezik alma
uygulamasi ile %SCKM oraninda artislar tespit edilmistir. Bu arastirmadan elde edilen bulgulara gore;
onemli diizeydeki %SCKM artis1 yalnizca 5 mm bilezik alma uygulamasinda olusmustur. Bu literatiir
sonugclari ile elde edilmis olan arastirma bulgular: arasinda kismen paralellik oldugu goriilmektedir.

Uzun ve Ceyhan (1995)’imn Yuvarlak Cekirdeksiz iiziim c¢esidinde yapmis olduklar1 bir
arastirmada, tane tutumu doneminde (ince koruk) farkli dozlardaki GAs ve 5 mm bilezik alma
uygulamalarinin tiziim verim ve kalitesine etkisi arastirilmigtir. Fenolojik gézlemler sonucunda, bilezik
alma yapilan omcalarda ben diisme déneminin kontrole kiyasla 3 giin 6nce, hasat olgunlugunun ise 3
giin sonra oldugu tespit edilmistir. Yuvarlak Cekirdeksiz {iziim ¢esidinden elde edilen bulgulara gore
ortalama verim, salkim eni, tane eni, tane boyu, tane agirligi, %SCKM ve %asitlik parametrelerinde,
bilezik alma uygulamasindan kontrole kiyasla daha yiiksek degerler elde edildigi belirtilmistir. Bilezik
alma uygulamas1 yapilan omcalardan hasat edilen salkim boyutlarinin da kontrol omcalarindan hasat
edilenlere kiyasla daha kisa ve daha genis oldugu vurgulanmistir. Bu arastirmadan elde edilen bulgular
ile literatiir sonuglar1 arasinda birebir 6l¢iide paralellik oldugu goriilmektedir.

Carreno ve ark. (1998)’nin yapmis olduklari bir arastirmada, sofralik erkenci bir iiziim ¢esidi
olan Perlette {iziim ¢esidinde hasat zamanindan yaklasik 4 hafta 6nce yapilmis olan bilezik alma ve ¢ift
bilezik alma gibi uygulamalarin tane iriligini ve %SCKM’yi artirdig1 belirtilmistir (Rather ve ark.,
2011). Bu arastirmadan elde edilmis olan bu y6ndeki bulgular, arastirmacilarin bulgularini destekler
niteliktedir. Cardinal ve Thompson Seedless iiziim ¢esitlerde yapilan uygulamalarda yine %SCKM
miktarinda artiglarin oldugu belirtilmistir. Cardinal {iziim ¢esidinin toplam asit ve tane agirliginda artis
olmazken; Thompson Seedless liziim ¢esidinde tane agirliginda artig belirlenmis, ancak toplam asit
miktar1 Cardinal iizim ¢esidi gibi degismemistir (Jensan ve ark., 1981). Bu arastirmanin bulgularina
gore, Thompson Seedless gibi ¢gekirdeksiz bir {iziim ¢esidi olan Yalova Cekirdeksizi {iziim ¢esidinde
bilezik alma uygulamasiyla tane agirliginin arttig1 belirlenmis, %asitlik miktari ise ¢izi agma ve bilezik
alma uygulamalarina kiyasla en diisiik olarak kontrol omcalarinda goriilmiistiir.

Sonuc ve Oneriler

Yalova Cekirdeksizi tizim ¢esidinde farkli ¢izi agma ve bilezik alma uygulamalarimin {iziim
verim ve kalitesi tlizerine etkilerinin saptanmasinin amaclandig1 bu arastirmada en yiiksek ortalama
verim, salkim eni, tane agirhg ve %SCKM, 5 mm bilezik alma uygulamasindan elde edilmistir. En
yiiksek salkim agirligi, tane eni ve tane boyu, ¢ift ¢izi agma ve 5 mm bilezik alma uygulamalarinda
belirlenmistir. Biitiin uygulamalar kontrole kiyasla salkim boyu/salkim enini diislirmiis ve pH’1 azaltmus,
tane eni ve tane agirligini ise yiikseltmistir. Tek ¢izi agma uygulamasinda diisiik pH ve yiiksek asitlik
neticesinde taneler daha yesil sar1 renkte kalmistir. Kontrolde, yiiksek pH ve diisiik %asitlik nedeniyle
tane kabugunda sar1 renk daha yogun tespit edilmistir.

Yalova Cekirdeksizi iziim ¢esidinde gergeklestirilen ¢izi agma ve bilezik alma uygulamalari ile
floem tabakasindaki besin iletiminin belirli siirelerde kesilmesi, genel olarak ortalama verimi
yiikseltmis, ayrica salkim ve tanelerin boyutlarinda irilesme ve agirliklarinda artis gibi olumlu etkiler
meydana getirmistir. Cizi agma ve bilezik alma uygulamalari sonucunda genel olarak %SCKM ve
%easitlikte artiglar meydana geldiginden olgunluk indisi yoniiyle 6nemli bir farklilik olugsmamustir.

Sonuglar bir arada degerlendirildiginde; biitiin uygulamalarda [tek (0,5-1,0 mm) ve gift
(0,5-1,0 mm) ¢izi agma ile 3 mm ve 5 mm bilezik alma] olumlu etkilerin saptanmasiyla birlikte, tiziim
verim ve kalitesi lizerinde en ¢ok olumlu etkiyi meydana getiren 5 mm bilezik alma uygulamasi, Yalova
Cekirdeksizi iizlim ¢esidi i¢in tavsiye edilebilir uygulama olmustur.

Not: Bu makale, Ziraat Miihendisi Umit Gozcii’niin Yiiksek Lisans tez ¢alismasmin bir
kismindan derlenerek hazirlanmistir.
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Abstract

In this paper, timelike V-Mannheim curve, a new type Mannheim curve in Minkowski 3-Space IE% is
characterized. Based on the timelike V-Mannheim curve, the properties of the timelike T, N, and B Mannheim
curves are obtained.

Keywords: V-Mannheim Curve, Timelike V-Mannheim Curve, Minkowski 3-Space.

Ozet

Bu calismada, yeni bir tip Mannheim egrisi olan zamans1 V-Mannheim egri Minkowski 3-uzayimda
karakterize edildi. Zamanst V-Mannheim egriden hareketle zamansi T, N ve B Mannheim egriler elde edildi.

Anahtar Kelimeler: V-Mannheim Egri, Zamans1 V-Mannheim Egri, Minkowski 3-uzay1.
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Timelike V-Mannheim Curves In Minkowski 3-Space E3

1. Introduction

The theory of curves is one of the important study areas of classical differential geometry. In the
theory of curves, special curves such as Mannheim curves, Bertrand curves, helix curves and involute-
evolute curves have been studied. The characterizations of these curves in Euclidean and Minkowski spaces
have been studied.

Mannheim curves which are one of the special curves studied in the theory of curves, were first
found by Mannheim in 1878 and their definition were given as follows: The necessary and sufficient
condition for any curve to be a Mannheim curve is to provide the equation x = A(x? + t2) for the non-
zero constant A.

Some fundamental theorems about Mannheim curves are proved with the help of Riccatti equations
in 3D Euclidean space (Blum, 1966). Let @ and S be two curves in 3-dimensional Euclidean space. If the
principal normal of the curve a and the binormal of the curve 8 are linearly dependent, the a curve is
called the Mannheim curve, the g curve is called the Mannheim partner curve of the a curve (Liu and
Wang, 2007). Mannheim curve pairs were defined in 4-dimensional Euclidean space (Matsuda and Yorozu,
2009).

Mannheim curves are also developed in 3-dimensional Minkowski space. The characterization of
Mannheim offsets of spacelike and timelike ruled surfaces was obtained by Onder and Ugurlu in 2009.
The characterizations of null Mannheim curves were obtained (Ergiit and Oztekin, 2011). There is no null
Mannheim curve in Minkowski space (ilarslan et al., 2012). Additionally, a new type of Mannheim curve
called the V-Mannheim curve was defined (Camc1,2021).

In Section 2, we present some of the definitions and properties where we used in the following
sections.In Section 3, we describe timelike V -Mannheim curves in Minkowski 3-space E3 and give a
characterization of a timelike V -Mannheim curve. Finally, we discuss the need for further research. This
study is a part of the first author’s master’s thesis.

2.Preliminaries

Let a:1 c¢ R — R3 be a unit-speed curve with arc-length parameters “s”. If we denote Serret-
Frenet apparatus with {T, N, B, k, 7}, then we can define a curve g: 1 — R3 as

B(s) = f V(s)ds + A(s)N(s) 1)(
where A: I = R is a differentiable function, V is a unit vector field with

V(s) =u(s)T(s) + v(s)N(s) + w(s)B(s) 2)(

Definition 2.1. Let {T, N, B, &, T} be Serret-Frenet apparatus of the curve 8 defined in (1). If N, B
are linearly dependent, then (a, £) is V-Mannheim curve mate and « is called V-Mannheim curve. If V =
T, then (a, B) cupple is called a classical Mannheim curve mate (Camci, 2021).

Theorem 2.1: The curve « is a V-Mannheim curve if and only if it is satisfies

u(s)r(s) —w(sS)r(s) = A(s)(k*(s) + 72(s)
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where

A(s) = —fv(s)ds
(Camcz, 2021).

Corollary 2.1. If u(s) =1, v(s) = w(s) = 0, we have Mannheim (T-Mannheim) curve. From
Theorem 2.1. 2 is constant and k = A(s)(x2(s) + 72(s)) (Camc, 2021).

Corollary 2.2. If v(s) = 1, u(s) = w(s) = 0, we have B-Mannheim curve. From Theorem 2.1. 1
is constant and k(s) = —A(s) (k2 (s) + t2(s)) (Camci, 2021).

Theorem 2.2: In 3-dimensional Euclidean space, let K be a regular curve with a coordinate
neighbourhood (I, @), Frenet apparatus {T, N, B, k, t} and arc length parameter s. Necessary and sufficient

conditions for the curve K to be a VV-Mannheim curve
1
2u(s)k(s) = 1 [uz (s) + u(s)yJu?(s) + w?(s) cos(26(s) + 90(5))]

2w(s)t(s) = rls) [—wz(s) + w(s)\/u?(s) + w?(s) sin(26(s) + Ho(s))]

_ ¥ andsi e
where cos6y(s) = TIOITEO) and sin 6,(s) OO (Camci, 2021).

Corollary 2.3. If u(s) =1, v(s) = w(s) = 0, we have Mannehim (T-Mannheim) curve. By using

Theorem 2.1 and Theorem 2.2. ,the curvature and torsion of the curve « are obtained as:
k(s) = R(cosO(s))?

7(s) = Rcos O (s) sinf(s)

where R = % is a constant (Camci, 2021).

Corollary 2.4. If v(s) = 1, u(s) = w(s) = 0, we have B-Mannheim curve. By using Theorem 2.1

and Theorem 2.2. ,the curvature and torsion of the curve « are obtained as:

7(s) = —Rsin?6(s)
K(s) = Rcos6(s)siné (s)
where R = % is a constant (Camci, 2021).
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Theorem 2.3. The curve g is V-Mannheim mate of the curve « if only and if

dT vVl +A%*T? & _
—=————+-(14+2%7?)
ds AV1 —v2 A

is satisfied (Camct, 2021).

Next, recall that Minkowski 3-spaceEE? is Euclidean 3-space E2 equipped with the metric
g:= —dx,* + dx,? + dx32

where (x, x5, x3) is a rectangular coordinate system of E3 [13]. In this space, a vector has one of
three casual characters according to this metric. If g(u,u) > 0 or u = 0, then u is a spacelike vector,

if g(u,u) < 0, then u is a timelike vector, and if g(u,u) < 0 and u # 0, then u is a null (lightlike)
vector. Moreover, an arbitrary curve a in Minkowski 3-space E2 is called according to the causal chracter
of its the velocity vector a’(s). A curve «a is called spacelike, timelike, or null, if a’(s) is spacelike,
timelike or null, respectively. For a timelike curve with Serret-Frenet apparatus {T,N, B, k, 1}, the
following formulas hold:

T' = kN
N' =«kT + 1B
B' = —tN

g, T)y=-1,9(B,B)=1,g(N,N) =1
g(T,N)=0,9(B,N) = 0,g(T,B) = 0
TXN=B, BXT=N, NXB=-T

3. Timelike V-Mannheim Curve
In this section, we define timelike V -Mannheim curves in Minkowski 3-Space E3 and investigate

some of their basic properties. In addition, we give a characterization for this type of curves.

Definition 3.1. Let a: 1 - E3 , @ = a(s) be a unit-speed timelike curve with Frenet apparatus {T,
N,B,«, 1} and B:1 - E3, B = B(s) bearegular curve with Frenet apparatus {T, N, B, K, T}. We can define
acurve § as
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B(s) = f V(s)ds + A(s)N(s)
where a:1 —» ]R{i’ is a differentiable function and V is a unit vector field with,

V(s) =u(s)T(s) + v(s)N(s) + w(s)B(s)

If the vector fields N, B are linearly dependent, then the curve pair (a, 8) is called a timelike V -
Mannheim curve mate and v is called a timelike V -Mannheim curve. Moreover, especially, if V=T (N or

B), then (a, B) is atimelike T (N or B)-Mannheim curve mate.

Theorem 3.1. Let unit-speed and timelike curves a and g in 3-dimensional Minkowski space. Let
the Serret-Frenet elements of these curves be {T, N, B, k, t} and {7=", N,B, K, T} respectively and the timelike

curve S be the V-Mannheim curve pair of the timelike curve a. Necessary and sufficient conditions for an

a curve to be a timelike V-Mannheim curve

w(s)(s) = w(s)e(s) = A)(E(s) — K3 (5)) 3

A(s) = — f v(s) ds 3.2)(

Proof. Since the timelike curve £ is the V-Mannheim curve pair of the timelike curve a, from
equation (3.1), we have

N

B(s) = fo V(w)du + A(s)N(s) 3.3)(

Derivating of the equation (3.3) we get

ds
T = () + AIET() + () + X (SHN(S) + W(S) + AS)T()BCS) 3.4)

with the definition of Mannheim curve, we get

A(s) = —fv(s)ds.

from the equation (3.4), we have
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= d d
T() = 22 (@(s) +2(5) K()IT(S) + 7= (W(s) +A(IT(NBS)

From the equation (3.5), we get

Z—; (u(s) +A(s) k(s)) = cosh 8 (s)

% (w(s) + A(s) t(s) ) = sinh 8 (s)

Hence we get the tangent vector of the timelike curve 3,

T = cosh0(s) T(s) + sinh6(s) B (s)

by derivating of the equation (3.8), we get

Z—fﬁ(?)ﬁ(?) = (Z—isinhG(s))T(s) + (k(s) cosh 6(s) — (s) sinh6(s) )N(s) + (%coshe(s))f;(s)

By using the definition of Mannheim curve, we get

u(s)x(s) —w(s)t(s) = A(s)(x*(s) — k*(s))

On the other hand derivating equation (3.1), we get
’I="(§) = cosh8(s) T(s) +sinh8(s) B (s)

From the equations (3.9) and (3.10), we get

N(5) = sinh 6(s) T(s) + cosh 8(s) B(s)
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B(3) = ((K(S) sinh 8(s) — 7(s) cosh 68(s)) %) N(s) 3.12)(

From the equation (3.12), if N, B are linearly dependent then it completes the proof.
Corollary 3.1. In equation (3.2), if u(s) =0, v(s) = 0, w(s) = 1 are selected, then the curve a

becomes the timelike T-Mannheim curve and A(s) is constant. Also, from Theorem 3.1. the curvature of

the curve a is following,
K(s) = A(s)(z%(s) — K*(5))

Corollary 3.2. In equation (3.2), if u(s) =1, v(s) = 0, w(s) = 0 is selected, then the curve a

becomes the timelike T-Mannheim curve and A(s) is constant. So from Theorem 3.1., we get,
(s) = A(()K*(s) — T%(5))

Example 3.1. Let the a(s) = (2v3sinhs,V11s,2v3 coshs), should be timelike a curve in

Minkowski 3-space. Frenet vectors and curvatures of a are as follows:
T(s) = (2v3 coshs,V11,2V3 sinhs)
N(s) = (sinhs, 0, coshs)
B(s) = (V11coshs,—2v3,V11sinhs)
k(s) = 2V3
7(s) = 12V11
Let the curve B be the timelike V-Mannheim curve mate of the curve . In equation (3.2), if u(s) =

0,v(s) = 0,w(s) = 1 are chosen, then (a, ) pair becomes B-Mannheim curve mate. In this case, from

equation (3.1) we get
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11
A(s) = —%

From (3.3), we have

B(s) = f B(s)ds + A(s)N(s)
Hence we obtain the curve g as follows:

130v11 | 130v11
131 sinh(s),—23's, 31

B(s) = ( cosh(s))

The graph of the timelike B-Mannheim curve pair with (a, 8) is shown in Figure 1.

Figure 1. (a, B) timelike B-Mannheim curve mate

Theorem 3.2. Let a be the Serret-Frenet vectors {T, N, B}, the curvatures x and 7 of the timelike V-
Mannheim curve in 3-dimensional Minkowski space. In this case, the timelike curve « is the V-Mannheim

curve if and only if

1

2u(s)(s) = 7 [—u?($)A(s) + u(s)y/u?(s) — w2(s) cosh(26(s) — 6, (s))] 3_13)(
1

2w(s)t(s) = 0s) [—WZ(S) +w(s)yu?(s) — w?(s) sinh(26(s) — 00(5))] 3.14)(
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w(s)

Juz(s)-w2(s) '

where cosh 6, (s) = —_%8)_ angd sinh Oq(s) =

Juz(s)—-w2(s)

Proof. Since « is a timelike V-Mannheim curve, if k(s) and 7(s) are subtracted from (3.3), we get

<(s) = \/u(S)K(S);t(_s ;”(S)T(S) sinh 6 (s) 3.15)(
o(s) = J”(s)"(s)l;s;’(s)r(s) cosh 6(s) 3.16)(

If the expressions (3.15) and (3.16) are substituted in the equation (3.3) and rearranged, we get

N ) v (
2u(s)k(s) = 2(5)[ u“(s) +u(s)yuz—w (mcosh 26(s) msmh 29(5))] 3.17)
2w(s)t(s) = Tls) [—wz(s) — w(s)\Ju?(s) — w2(s)(sinh 6, (s) cosh 20(s) + cosh 6, (s) sinh 29(5))] 3 18)(

Here if we say cosh 8, (5) = —=L_ and sinh 6,(s) = ——L_ we get

Ju?(s)-w?(s) Ju?(s)-w?(s)

2u(s)k(s) = rls) [—uz (s) + u(s)yJu?(s) —w?(s) cosh(20(s) — 6, (s))]

2w(s)z(s) = Tls) [—wz(s) + w(s)vyu? —w?sinh(26(s) — Ho(s))]

Corollary 3.3. In equation (3.2), if u(s) =0, v(s) = 0, w(s) = 1 are chosen, then the curve a
becomes the timelike T-Mannheim curve and A(s) is constant. Then the curvature and torsion of the curve

« are obtained from Theorem 3.1. and Theorem 3.2. as,
k(s) = Rsinh?6(s)

7(s) = R sinh 8(s) cosh 6(s)
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1
where R = ok

Corollary 3.4. If u(s) = 0, v(s) = 0, w(s) = 1 are selected in the equation (3.2) then the curve a
becomes the timelike B-Mannheim curve and A(s) is constant. Then the curvature and the torsion of the

curve a are computed from Theorem 3.1. and Theorem 3.2. as the following,
k(s) = Rsinh 6(s) cosh8(s)
7(s) = —Rcosh?6(s)

1
where R = ok
Theorem 3.3. Let {T, N, B, ,7} and {T, N, B, 5, 7} be the Serret-Frenet elemets of the unit speed

timelike curves a and § in 3-dimensional Minkowski space, respectively. g is timelike V-Mannheim curve

mate of the curve « if and only if

& (IO RORE Q) . o, o, (
A5~ As)1-v2() (s L THETE) 3.19)

Proof. Let the curve g be the timelike VV-Mannheim curve pair of the curve «a. In this case, from the
equation (3.3) we get,

j?mmu=m@—mgma (
0 3.20)

If the derivative of the equation (3.20) is taken according to the § arc-length parameter thereby

ds ao dAo =
FE (u(s)T(s) +v(s)N(s) + W(S)B(s)) =T(5) — %B(s) + AT(S)N(S) 3.21)
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From the definition of Mannheim curve, we get
ds ds _ _
ﬁu(s)T(s) + %W(S)B(S) = (cosh 8 + AT sinh 8)T(s) + (sinh 6 + AT cosh 8)B(s)
where
ds -
d—§u(s) = cosh 8(s) + A(s)T(5) sinh 6 (s)

%w(s) = sinh 0 (s) + A(s)T(5)cosh 8(s)

The torsion of the curve S computed from (3.23) and (3.24) as

Il

_. 1 w(s)cosh8(s) —u(s)sinh6(s)
&)= A(s) u(s) cosh8(s) —w(s)sinh 8(s)

where

(u(s)cosh 8(s) — w(s) sinh 8(s))? — (w(s) cosh 8(s) — u(s) sinh 8(s))? = u?(s) — w2(s) = 1 — v?(s)

3.22)

3.23)

3.24)

3.25)

(
3.26)

Let us define a differentiable function as ¢:1 - R (s — ¢(s)) where we can use in the equation

(3.26). From the equation (3.26), we get

V1 —=v2(s) cosh@(s) = u(s) coshf(s) — w(s) sinh 0 (s)

V1 —v2(s)sinh¢(s) = w(s) cosh(s) —u(s) sinh 6(s)

Substituting the equations (3.27) and (3.28) in the equation (3.25) we get,

o 1
f(g) = mtanh (p(S)
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If the derivative of the equation (3.29) taken according to the 5 arc parameter we have,

dt ds(dA b 1 b (
FERRVT d—tan (p(s)+l( sy ds (tan ©(s)) 3.30)

If the equation (3.25) arranged again, we get the desired expression,

QU
)

T_v(ES)TIEVI-2()T* ()  K(5)

R TEN = BT

(1=22()T2(5)

Conversely, if the derivative of (3.20) taken according to the 5 arc-length parameter, the equation
(3.21) obtained. If the equations (3.8) and (3.11) substituted in the equation then we have

ds  [1—-22(s)T2() (
ds | 1-v%(s) 3.31)

d _ =
d—‘; W(s)T(s) + w(s)B(s)) = T(3) + A(s)T(5)N(5) 3.32)(

If the derivative of (3.32) taken according to the S arc parameter, we get

2
sz — (T + ATIN) + (—) (uk —wr)N = ATRT + %f %A N + 2% 3.33)(
where
ds d?s o (
75z = AOTERE) 3.34)
= s g2
i + L2 - DL ) = 2B ER. 235)

It can be seen easily from the equations (3.33), (3.34), (3.35) that {N,E} are linearly dependent.
From here the proof is completed.
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4. Conclusion

This study considers the V-Mannheim curves in 3-dimensional Euclidean space put forward by
Camc1 (2021). We characterized these curves in 3-dimensional Euclidean space are in Minkowski 3-space.
First, we took the pairs of these curves as time curves. Afterwards the temporal V-Mannheim curve
definition and characterization are given. Then, based on the temporal V-Mannheim curve definition,
temporal T-Mannheim, N-Mannheim and B-Mannheim curve definitions are made and enriched with
examples.
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