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The efficiency of pesticide applications has become an important issue with the increasing amount of pesticide
usage in agriculture around the world. One of the most vital components of pesticide applications is the sprayer.
Sprayers are used to spray the pesticides over the target organism homogenously. The sprayer boom is a crucial
component of field sprayers in terms of spray homogeneity. To eliminate the yawn and roll moments on the
sprayer booms, the design of those components is crucial. For that reason, a telescopically foldable sprayer boom
consisting of 5 parts that hold 24 flat fan nozzles was designed. The materials used in the boom design were St-
37 square welded and St-52 bent sheet steels. The relative motion of the boom parts was provided by the wheels
that were beared on radial ball bearings. The propulsion was created with the rack-pinion mechanism and a DC
motor. In order to examine the strength of the design, statical structural analysis was carried out in the
Solidworks simulation module by using the Finite Element Method (FEM). All boom parts, wheels, and boom-
chassis support points are investigated individually. All forces affected on the boom parts on both the XY and YZ
planes were calculated with the help of the free-body diagrams. Support points, gravity, and external forces were
applied before the analysis is carried out. Then, meshes were created. After the mesh creation, the analysis was
carried out and Von-Mises stress and displacement graphs were created. According to the graphical results,
critical zones on the boom parts were identified and design improvements were performed when necessary.
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Diinya genelinde tarimda pestisit kullaniminin artmasiyla birlikte pestisit uygulamalarinin verimliligi de énemli
bir konu haline gelmistir. Pestisit uygulamalarinin en hayati bilesenlerinden biri piilverizatordiir. Piiskiirtme
bumu, piskiirtme homojenligi agisindan tarla piilverizatorlerinin 6nemli bir bilesenidir. Pilverizator
bumlarindaki esneme ve yuvarlanma momentlerini ortadan kaldirmak i¢in bu bilesenlerin tasarimi ¢ok
onemlidir. Bu nedenle, teleskopik olarak katlanabilen, 24 yelpaze hiizmeli piiskirtme memesini tasiyan 5
par¢adan olugan bir piilverizatér bumu tasarlanmistir. Bum tasariminda kullanilan malzemeler St-37 kare profil
ve St-52 biikiimlii sac levhadir. Bum par¢alarinin dogrusal hareketleri radyal bilyali rulmanlar ile yataklanmig
tekerlekler ile saglanmaktadir. Tahrik, kremayer-pinyon mekanizmasi ve bir DC motor ile miimkiin kilinmistir.
Tasarimin mukavemetini incelemek i¢in Solidworks Simulation modiiliinde Sonlu Elemanlar Yontemi (FEM)
kullanilarak statik yapisal analizler gerceklestirilmistir. Tiim bum parcalari, tekerlekler ve bum-sasi destek
noktalar1 ayr1 ayr1 incelenmistir. Bum pargalarina hem X-Y hem de Y-Z diizlemlerinde etki eden tiim kuvvetler
serbest cisim diyagramlari yardimiyla hesaplanmigtir. Analiz yapilmadan 6nce destek noktalari, yercekimi ve dis
kuvvetler uygulanmistir. Daha sonra meshler olusturup analizler yiiriitilerek Von-Mises gerilme ve yer
degistirme grafikleri olusturulmustur. Grafik sonuglarina goére, bum pargalar: tizerindeki kritik bolgeler
belirlenmis ve gerektiginde tasarim iyilestirmesi yapilmigtir.



http://dergipark.org.tr/tr/pub/tarmak
https://orcid.org/0000-0003-0775-1723
https://orcid.org/0000-0003-1652-379X

Ozyurt, Celen, Tarim Makinalar: Bilimi Dergisi/Journal of Agricultural Machinery Science (2024) 20(1): 1-14

1. INTRODUCTION

Pesticide applications are vital in agriculture and rank among the foremost inputs following
mechanization (Demir and Celen, 2006). Globally, approximately 3 million liters of pesticides are
utilized, with Tiirkiye accounting for about 53,098 liters as of 2020 (Sik and Oyman, 2021). Among the
machinery used for plant protection in agriculture, tractor-mounted field sprayers stand as the most
preferred type (Bayat and Itmeg, 2018). Tiirkiye currently registers 365,171 PTO-triggered field
sprayers officially (TUIK, 2019).

These sprayers employ a system referred to as a 'spray bar,' 'sprayer booms," or simply 'boom,’
consisting of various foldable parts designed for transport convenience. Hydraulic actuators or manual
means are utilized to fold the middle and outer parts over the central boom frame for transport
purposes. Typically, these boom parts are constructed from square welded steel materials, which are
cut and welded together to form the boom structure (Fig. 1).

m

16 m unfolded boom

Figure 1. Example of field sprayer booms (Badilli Agricultural Machinery)

The design and operational dynamics of the boom play a pivotal role in achieving spray uniformity
and preventing drift. Variations in the horizontal and vertical positions of the boom during spraying,
caused by vibrations due to uneven field terrain or contact of the tractor/sprayer with the ground,
significantly impact spray consistency (Ooms et al, 2003). During operation, the sprayer boom
undergoes roll and yaw moments along two axes, a well-documented occurrence in relevant literature
(Fig. 2). The influence of momentary forces on the horizontal axis can abruptly nullify the relative speed
between the sprayer's boom and the ground, potentially resulting in increased pesticide dosage on
specific treated areas (Matthews, 2008).
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Figure 2. (a) Roll moment, (b) Yaw moment (Bjornsonn et al., 2013)
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A prevailing issue with sprayers in Tirkiye stems from the small and irregularly shaped fields.
Operators have to readjust the sprayer boom when entering a field and then return it to the transport
position when the field work is completed, which requires frequent dismounting from the tractor. This
process is time-consuming. While the development of hydraulically foldable booms has alleviated this
issue, the preference for these booms among farmers is hindered by the costliness of hydraulic actuators
and hoses, which also add excess weight to the sprayer (Ozyurt et al., 2020).

Moreover, spray applications typically follow tramlines. In uneven or irregular areas, starting
spraying from a straight edge may result in unfinished tramlines or untargeted areas narrower than the
sprayer's working width. Additionally, certain field areas may contain obstacles like electrical poles,
telephone or natural gas pipeline markers, old wells, irrigation pump sites, trees, and bushes. These
obstacles could lead to overlapping spray or unintentional application on non-targets if all nozzles
remain open. In cases where pesticide rates are finely calibrated, an overdose might harm primary
plants or beneficial organisms within the field.

Research on field sprayer booms focuses on analyzing their behavior under dynamic conditions,
strain assessment in both dynamic and static settings, understanding the impact of design on spray
distribution, and exploring folding mechanisms. Fujita and Sugiyama (2012) conducted dynamic
analyses of sliding supports in telescopic cranes using the absolute node coordinate formulation,
highlighting that stress points and axes shift as the crane's length changes over time. Similarly,
Raftoyiannis and Michaltsos (2013) studied the dynamic behavior of telescopic crane arms, developing
amodel for their dynamic analysis. Their findings revealed minimal dynamic deformations in the moving
part during folding, substantially higher deformations during folding compared to the resting state, and
reduced deformations at higher folding speeds. In parallel, studies by Lupea et al. (2009) and Manea et
al. (2018) simulated the boom structure of field sprayers under dynamic conditions. Utilizing 3D models
and finite element analysis software, they examined boom behavior statically and dynamically,
optimizing its structure. Their simulations indicated vibrations at the boom tip with small wavelengths,
causing significant displacements. However, they found no risk of material failure or deformation, as the
Von Mises maximum equivalent stress remained below the yield strength of the boom parts.
Additionally, Zhang et al. (2019) determined natural frequency values under dynamic conditions,
identifying these as critical design parameters for future boom designs.

In this study, it is aimed to design a linear moving boom system with an alternative design and
folding mechanism to conventional booms, which can meet the application efficacy criteria and
expectations of farmers. In addition, static structural analyses were performed to achieve the most
resilient and lightweight design.

2. MATERIALS AND METHODS

In this study, a solution-oriented design for the boom section of a traditional field sprayer was
developed, addressing prevalent issues. The newly designed boom replaces the original one on a sprayer
featuring a chassis constructed by 60x60 mm welded squares and equipped with a 1000-liter
polyethylene tank. The original boom, consisting of 40x40 and 80x40 welded squares, is manually folded
into five parts along the horizontal axis. It supports 24 spray nozzles at 50 cm intervals, providing a total
working width of 12 meters for the sprayer. A diaphragm pump with a maximum pressure of 50 bar and
a flow rate of 200 1 min-! is attached to the sprayer.
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Commonly, modern sprayer manufacturers opt for steel materials due to their availability, cost-
effectiveness, and ease of processing (Khalifeh et al., 2018). For systems like sprayer booms, which
experience high effective moments at distant endpoints from support, additional materials and a robust
frame design are necessary to ensure durability. Although St37 (S]235), the prevalent structural steel in
agricultural machinery, has been the preferred choice, there has been a recent shift towards St52 (S]355)
due to its higher tensile strength, better machinability, and reduced cost, making it more affordable.
These two materials differ in their elemental compositions, resulting in distinct mechanical properties
as outlined in Table 1.

Table 1. Mechanical properties of St37 and St52 steels (Seitl et al., 2020)

Properties St37 (8235) St52 ($355)
Young Modulus (GPa) 208.2x4.1 205.4 7.4
Yield Strength (MPa) 276.87+0.31 381.94+6.22
Tensile Strength (MPa) 423.86x1.49 554.41+1.62
Elongation at break (%) 21.99+0.22 34.22 +1.54
Poisson ratio (-) 0.3 0.3

2.1. Materials Used in the Design

The designed sprayer boom utilizes St37 profiles and St52 steel sheet material as its primary
structural components. Comprising four outer boom parts—two on each side—and a central chassis
carrying these parts, the boom transitions between transport and field positions. During transport, the
outer boom parts fold onto the central chassis, while in the field position, they extend telescopically to
the sides. Facilitating telescopic movement, a gear driven by a position-controlled servoelectric motor
propels the rack gear, enabling linear movement of the boom part. A linear rail system, propelled by a
specially shaped ball bearing wheel, supports and guides this linear movement, ensuring a controlled
motion between the boom's parts. Each side of the boom hosts five nozzles, while the central chassis
holds six.

2.2. Method

The primary design criterion for the sprayer boom was to achieve 12 meters working width, aligning
with the preferred width in the Thrace region and accommodating 24 flat fan nozzles at 50 cm intervals.
St52 material, valued for its ductility, ease of bending, and high yield strength, was chosen for the bent
sheet metal used in the design. The Solidworks software facilitated the assembly of all boom parts and
fasteners. A telescopic design was incorporated, integrating linear rail and wheel configurations to
minimize friction between boom parts during movement. Careful selection of wheels and bearings was
based on radial load considerations, fatigue strength due to the boom's opening and closing frequency,
and material durability. Following the preliminary design, thorough static analysis using Solidworks'
Simulation module pinpointed critical stress areas in separate boom parts. Reinforcement and design
modifications were strategically implemented in these stress-exposed regions. Material removal from
non-stressed areas aimed to optimize the design, resulting in a robust yet lightweight configuration
based on the structural analyses conducted.

2.2.1. Telescopic Folding Mechanism
The folding mechanism of the boom operates on a telescopic structure that moves in a linear fashion,
employing machine components specifically crafted for linear motion. Electric motors situated close to
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the central frame drive this linear motion through a combination of spur gears and rack gears. This setup
facilitates relative movements among the boom sections, enabling smooth transitions between transport
and operational positions. To achieve this functionality, four servo electric motors, each responsible for
controlling a distinct part of the boom, are employed. These motors are adaptable for both manual and
automatic control from the driver's cabin. They were chosen for their compatibility with a 12V (5.2A)
battery voltage, a rotational speed of 60 rpm, and a cost-effectiveness akin to the wiper motors found in
cars. The rack gears, with specifications of n=3 module and a width of 20 mm, cover distances of
2800 mm on the central boom section and 2400 mm on the middle boom part. They are designed to stop
just before reaching the last tooth, ensuring precise control over the working width. Additionally, a linear
rail system has been integrated into the central frame and middle boom part using shaped sheets,
facilitating smooth linear movement and extending the lifespan of the motors. This system incorporates
four wheels, two positioned at the top and two at the bottom, which glide along these rails, allowing the
boom sections to move over each other seamlessly, similar to a drawer.

Moreover, to prevent deformation when the boom tips encounter obstacles or the ground, the outer
boom parts are constructed in two segments with a torsion spring mechanism between them (Fig. 3).
This design enables the outer boom parts to elongate upon contact with external forces, safeguarding
other components of the boom mechanism from potential damage.

Figure 3. Torsion spring

Solidworks software (Dassault Systems, 2018) served as the primary tool for designing, modifying,
and translating technical drawings for machine operators. Structural analyses, aiming for maximum
strength with minimal material usage, were conducted using Solidworks' simulation module. Firsty the
support points were determined, then the weight and external forces were defined. Von-Mises stresses
(Manea et al, 2018; Han et al., 2013) and displacement graphs were generated when the analyses were
carried out after the mesh creation process in Solidworks Simulation Module. According to the results
of the analyses, the regions with critical stresses were determined and design improvements were made
where necessary.

2.2.2. Load Calculations

The telescopic boom system faces two primary critical loadings: the weight of the boom parts and
the vertical accelerations encountered on rough terrain during field operations. Our study focused on
the statical load, which is gravity and all structural analysis is carried out on static forces. The static load
exert forces in both the X-Y and Y-Z planes, necessitating a free-body diagram to determine their
direction and magnitude. The analysis focuses on the working position, where the boom system
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experiences maximum stress. Mass distances from support points in the X-Y plane and wheel placements
are illustrated in Figure 4. Additionally, Figure 5 displays the outer boom, middle boom, and main frame,
respectively. Lastly, all the force and distance values are given in Table 2. Due to the symmetrical nature
of the right and left boom groups in the Y-Z plane, calculations performed for one direction in the force
analysis apply equally to the other side.
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Figure 4. The distance of the centre of gravity of the boom part from the support points on the X-Y
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Figure 5. Distance of the centre of gravity of the boom part from the support points and forces on
the Y-Z plane
Table 2. Force and distance values

Symbol Unit Value Symbol Unit Value
X1 mm 895.46 Zs mm 15
X2 mm 130 T1 mm 12
y1 mm 2072.5 T2 mm 56.89
Y2 mm 973.5 T3 mm 81.55

Y3 mm 165 Ta mm 36.06
Z1 mm 27.62 Ts mm 162
Z2 mm 15 M1 kg 20

Z3 mm 57.76 Mz kg 58
Zs mm 22.74 Ms kg 95
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3. RESULTS AND DISCUSSION

The main frame, situated centrally within the boom mechanism, remains fixed during both transport
and operational phases. Its design combines welded square and bent sheet metal elements. Welded
squares serve as support for carrying the middle and outer boom parts, forming a foundational
framework for the entire boom structure. Horizontal 50x50x4 mm welded squares, evenly spaced in the
vertical direction, support the top and bottom sections. Meanwhile, 4 mm-thick bent sheet metal, welded
to these profiles, reinforces the framework, preventing bending during operational and transport loads.
Sheet metal plates on the right and left sides further fortify this structure. Moving to the middle boom, it
achieves field position through linear movement along the main frame, while the third element carries
the outer boom. The middle boom, composed of spot-welded 4 mm sheet metal sheets shaped in a 'C,’
integrates wheels along its inner side for linear movement. Laser cutting removes low-stress sections,
reducing overall boom weight. Wheels, placed at 165 mm intervals on the upper and lower surfaces,
balance forces from the outer boom's weight. Two M12 bolts fasten each wheel. The outer boom,
positioned at the boom's end, also moves linearly on the middle boom. It comprises spot-welded 3 mm
sheet metal sheets, shaped similarly in a 'C,’ reducing load on the middle boom and minimizing extra
weight. Wheels on the inner side facilitate linear movement, placed at 130 mm intervals on the upper
and lower surfaces after laser cutting removes low-stress areas (Fig. 6).

Figure 6. 3D Modelling of the boom

3.1. Von-Misses Stress Analysis of the Outer Boom Part

The structural analysis focused on the outer boom part, employing a finite element method with
12,912 elements and 28,404 nodal points, as depicted in Figure 7. Green arrow indicators denote fixed
support locations, while the red arrow represents the center of gravity exerting a force of 196.2 N on the
boom. This analysis aims to assess stress distribution and structural behavior within the outer boom
section.

Figure 7. Meshes on the outer boom part
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During the simulation, Von-Mises stresses, depicted in Figure 8, were observed after establishing
supports, force, and mesh configurations. The color-coded diagram illustrates stress levels across the
structure. Predominantly, minimal stresses were evident throughout the boom, with a maximum stress
of 48 MPa identified. Notably, this value is 7.9 times lower than the yield strength of St52 Steel, which
stands at 381 MPa (Seitl et al., 2020). This calculation indicates a safety factor of 7.9 for the outer boom
part.
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Figure 8. Von Misses Stress Analysis of the outer Boom Part

The bending stress experienced on the outer boom caused slight deformation of the sheet metal, as
shown by displacement graphs in the analyses (Fig. 9). These displacements show increasing vertical
deviations from the support points toward the boom tip. The maximum measured displacement was
2.21 mm. Considering that the distance between the spraying nozzle tip and the top leaves of the plant
is 500 mm, this deformation appears negligible and does not pose a risk to spraying uniformity.

Figure 9. Displacement Analysis in the outer boom part

3.2. Von-Misses Stress Analysis of the Inner Boom Part

In the examination of the middle boom part, the boom was affixed to the wheel hub, considering
boom weight as an external load, and applying forces acting on the outer boom part's wheels to contact
points on the inner boom. Mesh creation resulted in 13,119 finite elements and 29,028 nodal points on
the outer boom part. Figure 10 displays the mesh configuration, support points, and external loads for
this analysis.

Figure 10. Meshes, support points, and external forces on the middle boom part
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In the analysis following the establishment of support points, forces, and mesh, Von-Mises stresses
were represented in the graph (Fig. 11). Although predominantly low stresses were observed across the
outer boom part, the maximum stress measured was 148 MPa. This value stands at 2.57 times lower

than the yield strength of St52 steel, specified at 381 MPa (Seitl et al., 2020). Consequently, the safety
factor calculated for the outer boom part is 2.57.
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Figure 11. Von Misses Stress Analysis of the middle boom part

The bending stress experienced on the middle boom part caused deformation of the sheet metal,
evident in the displacement graph (Fig. 12). These vertical displacements progressively increase from
the support points toward the boom tip. The maximum measured displacement was 1.6 mm on the
sheets where the outer boom part's wheels rest. Considering this value and its minimal impact on the
outer boom's linearity, along with a nozzle tip-to-plant-top distance of 500 mm in spraying applications,
this displacement remains inconsequential and poses no risk to spraying uniformity.

Figure 12. Displacement Analysis in the outer boom part

3.3. Von-Misses Stress Analysis of the Main Frame

During the examination of the primary boom frame, it was affixed to the sprayer chassis at specified
connection spots. External forces considered comprised the frame's weight and forces derived from the
middle boom parts, applied following free body diagrams. As a result, meshing generated 43,371 finite

elements and 87,375 nodal points across the main frame. Figure 13 depicts the mesh layout, support
junctures, and the weight load considered within this analysis.
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Figure 13. Meshes, support points, and external forces on the middle boom part

In Figure 13, components denoted by green arrows are designated as fixed supports in the
simulation. The red arrow signifies the boom's weight, measured at 931.95 N, while the pink arrows
represent the forces exerted on the middle boom part. Following the establishment of support points,
forces, and mesh, Von-Mises stresses are depicted in the graph (Fig. 14).
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Figure 14. Von Mises Stress Analysis of the main frame

In Figure 14, the simulation revealed significantly high stresses resulting from the forces acting on
the middle boom part, with a maximum stress calculated at 574 MPa. This tension, observed in the
St-37 profile, exceeds twice the yield strength of 276 MPa. Consequently, the current design of the main
frame is deemed structurally inadequate and susceptible to breakage in production. To address this
issue, initial design enhancements were proposed. One suggestion involves welding a 15 mm thick bar
on both sides of the upper horizontal profile and the junction of the middle vertical profile in the main
frame. Upon re-running the analysis with these modifications, stress distributions shown in Figure 15
are observed.
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Figure 15. Von Misses Stress Analysis of the main frame after two support plates added
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Figure 15 indicates a reduction in the maximum stress value (529 MPa); however, the area with the
highest stress persisted above the triangular bar, surpassing the yield strength. As a second design
alteration, two support profiles were introduced diagonally from the upper horizontal profile to the
lower horizontal profile to augment the inter-profile support. Moreover, enhancing the triangular
support plate's vertical dimensions aimed to diffuse stress concentration. Upon re-running the analysis
following these enhancements, the resulting stress distribution is depicted in Figure 16.
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Figure 16. Von-Mises Stress Analysis of the main frame after two bigger support plates and support
profiles added

In the depicted graph, following the implemented enhancements, the highest stress point, reaching
513 MPa, was identified at a support point external to the frame. Figure 17 illustrates the maximum
stress experienced by the frame itself.

Figure 17. Maximum stress area on the main frame

The graph illustrates that the recent enhancements resulted in a peak stress of 277 MPa within the
support frames. These frames, constructed from St52 material boasting a yield strength of 381 MPa, now
exhibit stress levels below the yield strength threshold. Additionally, the displacement graph resulting
from the analysis, displaying the integration of cross-support profiles as shown in Figure 18, aligns
closely with the expected outcomes.
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Figure 18. Displacement Analysis on the main frame

A displacement of 6.7 mm is within acceptable parameters for this design. However, further
enhancements can be considered once all the boom parts are assembled during the production phase,
specifically targeting improvements in the main frame.

4. CONCLUSION

The study introduces a telescopic foldable boom design tailored for field sprayers used in crop
protection. This system comprises five parts, boasting 12 meters working width and 24 fan spray nozzles
spaced at 50 cm intervals. The design allows for transport without surpassing the allowable working
width on public roads. Among these five parts, one serves as the central support for the remaining four,
organized in pairs on the right and left, capable of relative linear movement for transitioning between
operational and transport configurations. This telescopic folding boom system spans 11,702 mm in the
operational position and 2,800 mm while on the road, with a total mass of 275 kg. Despite a comparable
mass, this design showcases enhanced structural safety and stability compared to conventional sprayer
booms. Utilizing Solidworks' simulation module, static structural analyses were conducted employing
finite element methodology. The assessment involved determining forces acting on the boom and
support points through free-body diagrams, followed by integrating these forces into the analysis. The
analyses affirmed the safety of the outer and middle boom parts, whereas the initial design of the central
mainframe raised safety concerns. Subsequent enhancements, incorporating additional profiles and
support plates, resulted in a structurally sound boom. This innovative boom system offers several
advantages over conventional spraying equipment. Symmetrical opening and closing between transport
and working positions prevent shifts in the boom's center of gravity. Moreover, electronic control from
the tractor cabin allows the boom part facing potential collisions with obstacles like poles or trees to
move closer to the transport position, averting collisions. In contrast, conventional sprayers require the
tractor to maneuver around obstacles. Lastly, internal placement of the spray nozzles within the boom
frame shields them from external impacts.
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Bu arastirmada, Michele Palieri sofralik tiziim ¢esidinin bazi miihendislik 6zelliklerinin ve kalite parametrelerinin
belirlenmesi hedeflenmistir. Bu kapsamda fiziksel 6zelliklerden; geometrik ve hacimsel 6zellikler, meyve kabugu
ve meyve etinde renk karakteristikleri, statik siirtinme katsayisi, kopma direnci, mekanik ozellikler ve sira
ozellikleri (pH, titrasyon asitligi, SCKM, olgunluk indisi) belirlenmistir. Meyve 6rneklerinin nem igerigi %72.63 (%
y.b.) olarak tespit edilmistir. Meyvelerin ortalama kalinlik, genislik ve uzunluk degerleri sirasiyla 20.62 mm, 21.26
mm ve 23.66 mm olarak belirlenmistir. Bu degerlerden hesaplanan ortalama kiiresellik ve geometrik ortalama
cap degerleri ise sirasiyla %91.93 ve 21.71 mm olarak saptanmistir. Hacimsel 6zelliklerden tane agirlig1 ortalama
7.28 g, salkim agirhigi1 424.95 g, yiiz tane agirligl 748.66 g olarak belirlenmigstir. Maksimum siirtinme PVC ylizeyde
belirlenirken minimum siirtiinme ise galvanizli sac yiizeyde tespit edilmistir. Uziim meyvelerinin saptan kopma
direnci ise 0.36 N olarak bulunmustur. Meyvelerin L*, a*, b* renk degerleri meyve kabugu i¢in sirasi ile 33.41, 2.45
ve 0.59 olarak belirlenmis olup meyve eti i¢cin bu degerler 28.28, 0.87 and 3.22 olarak olgiilmustiir. Hasat
zamaninda belirlenen sira pH, titrasyon asitligi, SCKM ve olgunluk indisi ortalama degerlerinin sirasiyla 3.45,
0.245 g 100 ml1, %15.9 ve 64.90 oldugu gorilmustiir. Hasat edilmis tiziim i¢in en biiytk sikintilarindan biri olan
nakliye ve depolama hassasiyeti, gesitlerin fiziksel ve mekanik ozellikleri ile kalite parametreleri gibi miihendislik
karakteristiklerini belirlemenin gerekliligini 6n plana ¢ikarmaktadir.
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In this research, it was aimed to determine some engineering properties and quality parameters of the Michele
Palieri table grape variety. In this context, from the physical properties; geometric and volumetric properties,
color characteristics of fruit peel and fruit flesh, static friction coefficient, rupture resistance, mechanical
properties and must properties (pH, titratable acidity, brix, ripeness index) were determined. The moisture
content of fruit samples was determined to be72.63% (% w.b.). The average thickness, width and length values of
the fruits were detected to be 20.62 mm, 21.26 mm and 23.66 mm, respectively. The calculated average sphericity
and geometric average diameter values were determined to be 91.93% and 21.71 mm respectively. Among the
volumetric characteristics, the average fruit weight was determined as 7.28 g, cluster weight as 424.95 g, hundred
grain weight as 748.66 g, respectively. While the maximum friction was determined on the PVC surface, the
minimum friction was detected on the galvanized sheet surface. The breaking strength of grape fruits from the
stem was found to be 0.36 N. The L*, a*, b* color values of the fruits were measured as 33.41, 2.45 and 0.59 for
the fruit skin, and 28.28, 0.87 and 3.22 for the pulp, respectively. The average values of pH, titratable acidity, brix
and maturity index of grape must determined at harvesting time were found to be 3.45, 0.245 g 100 ml-%, 15.9%
and 64.90, respectively. The necessity of determining engineering characteristics such as physical and mechanical
properties and quality parameters of varieties highlights the transportation and storage sensitivity, which is one
of the biggest challenges of harvested grapes.
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1. GIRIS

Uziim asmagiller (Vitaceae) familyasinin Vitis cinsine ait cicekli bir bitkinin meyvesidir. Diinya
tarihinde kiiltiirii yapilan en eski tarim iriinlerinden biri olan {iziim, insanlik tarihinde tarimin
yapildig1 dsnemden giiniimiize kadar iiretilen meyve tiirlerinden biridir (Is¢i, 2007; Gazioglu Sensoy
ve Tutus, 2017). Uziimlerin bilesiminde karbonhidrat, protein ve minerallere ek olarak flavonol,
antosiyanin, katesin, fenolik asit, kuersetin, resveratrol ve kaffeik asit gibi polifenoller ve fenollerin
disinda proantosiyanidinler, flavonoidler ve antosiyanidinlerde bulunmaktadir (Xia vd., 2010; Lim,
2012).

Uretim yapilan cesitler genel olarak sofralik, kurutmalik ve saraplik olmak iizere
degerlendirilmektedir. Bunlarin haricinde, sucuk, sira, pestil, pekmez gibi yan trtinlerin yapiminda
da iiziimden faydalanilmaktadir (Ozdemir ve Karatas, 2008). Tiirkiye bag alan1 bakimindan diinyada
5. sirada iken toplam yas liziim Uretim miktar1 agisindan ise 6. Sirada yer almaktadir (Anonim,
2012). TUIK 2023 yih verilerine gore, sofralik cekirdekli {iziim iiretim miktari, Tokat icin 7078 ton
iken, Tiirkiye geneli i¢in bu rakamin 1.376.067 ton oldugu gorilmistiir. Tokat ili ve Tirkiye i¢in
verim ise sirasiyla 550 ve 843 kg da! olarak kaydedilmistir (TUIK, 2024).

Hasat edilmis tizlimlerin en biiylik sikintilarindan biri olan nakliye ve depolamaya hassasiyeti,
cesitlerin mihendislik karakteristikleri olarak fiziksel ve mekanik o6zellikleri ile kalite
parametrelerini belirlemenin gerekliligini 6n plana ¢ikarmaktadir. Fiziksel 6zelliklerin belirlenmesi
ile nakliye ve depolamaya uygunluklar1 hakkinda fikir edinilmektedir (Aydin, 2009). Sofralik
tiztimler, hasattan sonra olgunlasamadiklar: icin yeme olumunda hasat edilmektedir (Ozer ve Isik,
2002). Tanenin diri ve sert olmasi sofralik tiiketilen tiztimler icin énemli bir miithendislik ve kalite
kriteridir. Tarimsal triinlerin miihendislik 6zelliklerinin bilinmesi, hasadin ardindan uygulanacak
islemlerde kullanilan sistem ve makinelerin is randimaninin artmasini saglayacaktir (Saracoglu ve
Altuntas, 2021). Sofralik liziimlerde orta ve gecci gesitlerde %17-18 suda ¢6zilinebilir kuru madde
miktar1 (SCKM), erkenci cesitlerde ise %12-13'lik SCKM miktar1 hasat icin yeterli olarak
gorilmektedir. Cesitlerin asitlik, renk parametreleri, aroma ve tat gibi kriterleri beraber
degerlendirilerek optimum olgunluk dénemine karar verilmektedir (Cangi ve Altun, 2015).

Tirkiye’'de bagcilik sektorini bircok yonliyle ele alan ¢alismalarin sayisi oldukca fazla olmasina
ragmen, lizim meyvelerinin mithendislik 6zellikleri olarak fizikomekanik 6zelliklerine agirlik veren
calismalarin sayis1 tatminkar diizeyde degildir. Bu arastirmada, Michele Palieri sofralik tiziim
cesidinin bazi miithendislik ve kalite parametrelerinin belirlenmesi hedeflenmistir. Bu kapsamda
miihendislik 6zellikler olarak; fiziksel o6zelliklerden geometrik ve hacimsel 6zellikler, statik
sturtiinme katsayisi, kopma direnci, mekanik 6zellikler (kabuk delinme kuvveti, deformasyon, enerji,
sertlik ve gli¢) ve kalite 6zellikleri olarak meyve kabugu ve meyve etinde renk karakteristikleri ile
sira Ozellikleri (pH, titrasyon asitligi, SCKM, olgunluk indisi) belirlenmistir.

2. MATERYAL VE YONTEM

Ulke ekonomisine énemli 6lciide katki saglayan ve tarimsal iiretimde énemli bir yer tutan
bagcilikta 6ne cikan cesitlerden olan ve sofralik olarak da degerlendirilen Michele Palieri cesidi
(Sekil 1) iiziim 6rnekleri arastirma materyali olarak kullanilmis olup, TOGU Tarimsal Uygulama ve
Arastirma Merkezi Midirligiic (GUTAM)'ne ait arastirma arazisinde yetistirilmistir. Arastirmada,
TOGU Ziraat Fakiiltesi Biyosistem Miihendisligi Béliimiine ait Biyolojik Malzeme Laboratuvarindan
ve kimyasal oOzelliklerle ilgili analizler igin ise Bahge Bitkileri Bolimiine ait Bagcilik
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Laboratuvarindan faydalanilmigtir. Uziimlerin olgunlasmasi sicaklik, yagis ve giineslenme siiresi gibi
degisik iklim faktorlerinin etkisi alindadir (Winkler vd., 1974). ilin 1929 - 2023 yillar1 arasi iklim
verilerine gore ortalama, maksimum ve minimum sicaklik degerleri sirasiile 12.5, 18.8 ve 7.2°C iken,
aylik toplam yagis miktar1 ortalamasi 435 mm, ve ortalama gilineslenme siiresi ise 5.8 h’ tir (MGM,
2024). Arastirmada kullanilan meyve orneklerinin ortalama nem igerigi yas baz esas alinarak
%72.63 (% y.b.) olarak kaydedilmistir (Suthar ve Das, 1996).

Sekil 1. Arastirmada kullanilan Michele Palieri ¢esidi tiziim meyveleri

Hasat ile birlikte Michele Palieri ¢esidinden tesadiifi segilen 10 {iziim salkimi Uzerinden
mithendislik ve kalite ozellikleri belirlenmistir. Miihendislik ve kalite parametreleri asagidaki
aciklandig sekliyle incelenmistir:

Miihendislik parametrelerinden fiziksel 6zellikler olan uzunluk, genislik ve kalinhk degerleri
dijital kumpas ile belirlenerek mm cinsinden kaydedilmistir. Tane agirhigi ve salkim agirlig
elektronik terazi yardimiyla belirlenerek g cinsinden kaydedilmistir. Uzunluk, genislik, kalinlik ve
tane agirlik 6lgtimleri 300 adet meyve lizerinden yapilmistir. Meyvelerin geometrik ortalama cap
(mm), kuresellik (%), ylizey alan1 (mm?) ve hacim (mm3) hesaplamalari icin Mohsenin (1980)’in
esitliklerden yararlanilmistir. Ger¢ek hacim agirhigi Mohsenin (1980)’e gore saf su kullanilarak sivi
yer degistirme metoduyla belirlenirken, yigin hacim agirhiginin belirlenmesinde ise hektolitre
yontemi kullanilmigtir.

Meyvelerin mekanik 6zellikleri olarak kuvvet karsisindaki davranislari, biyolojik materyal test
cihaz1 kullanilarak belirlenmistir. Uzunluk ekseninde, genel olarak biyolojik malzemelerde
uygulanan yiikleme hizi olan 20 mm min-! yiikleme hizinda ($ahin vd., 2020) delme i¢in gerekli giig,
sertlik, absorbe edilen enerji, deformasyon ve kuvvet degerleri belirlenmistir (Mohsenin, 1980).
Deneyler, 0.1 N hassasiyetli bir ¢eki dinamometresi (Sundoo, SH-500, Cin) ile gerceklestirilmistir.
Delme testi i¢in 1.2 mm ¢apinda ¢elik igne u¢ kullanilmistir.

Biyolojik malzemelerde farkli malzeme tizerinde siirtiinme katsayisi 6l¢timleri yapilmaktadir.
Ancak, literatiirlerde farklh ytlizeylerin kullanildig1 goriilmekte olup, kontrplak, sunta, cam, laminant
vb. yiizeyler kullanilabilmektedir. Bu ¢alismada da statik stirtiinme katsayisi, egimli diizenekte PVC,
galvanizli sac ve laminant olmak tizere ti¢ farkl stirtiinme yiizeyinde hesaplanmistir. Tanenin saptan
ayrilma kuvveti (N) dijital gostergeli dinamometre ile belirlenmistir.
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Renk parametreleri olan L* a* b* degerleri bir renk 6lger (Konica Minolta, CR-400, Japonya)
kullanilarak tespit edilmigtir. Olgiimlerde 10 adet meyve érnegi kullanilmistir. Kroma degeri ise
asagidaki esitlik kullanilarak belirlenmistir (McGuire, 1992).

KROMA = +/(a*? + b*?)

Tanelerin sikilmasi ile elde edilen siranin, pH, titrasyon asitligi (g 100 ml1), SCKM (%) ve
olgunluk indisi (SCKM/Asitlik) ol¢ilmistiir. pH, titrasyon asitligi ve SCKM degerleri Cemeroglu
(2010)’a, olgunluk indisi degeri ise Kamiloglu ve Ustiin (2014)’e gore belirlenmistir. Uzerinde
durulan parametreler bakimindan tanimlayic istatistikler ortalama, standart sapma, minimum,
maksimum ve varyasyon katsayisi olarak verilmistir.

3. ARASTIRMA BULGULARI VE TARTISMA
Uziim 6rneklerinin biyoteknolojik 6zellikleri kapsaminda, hacimsel ve geometrik ézelliklerine ait
degerler ortalama, minimum, maksimum ve varyasyon katsayisi ile birlikte Tablo 1'de verilmistir.

Tablo 1. Uziim meyvelerine ait baz fiziksel 6zellikler

Ozellikler Ortalama Minimum Maksimum Varyasyon katsayisi
U (mm) 23.66+1.37 21.61 26.88 5.81
G (mm) 21.26+1.16 19.66 23.65 5.47

Geometrik K (mm) 20.62+1.21 19.03 23.08 5.87
G (mm) 21.71+£1.21 20.22 24.40 5.59
K: (%) 91.93£1.81 88.62 94.28 1.97
Ya (mm?) 1499.62+£165.15 1301.59 1873.43 11.01
A (g) 7.28+0.92 6.15 9.14 12.58
Sa(g) 424.95+85.17 283.55 530.71 20.04
Yu(g) 748.66+42.01 704.66 799.79 5.61

Hacimsel  H:(mm?3) 5604.79+914.61 4539.70 7721.50 16.32
Hy (kg m3) 571.92+10.24 560.22 588.30 1.79
Hg (kg m3) 963.06+47.70 845.90 1033.06 495
P: (%) 40.46+3.64 31.02 44.67 8.99

U: Uzunluk (mm), G: Genislik (mm) K: Kalinlik (mm), G.: Geometrik ortalama ¢cap (mm), Kr: Kiiresellik (%), Ya: Yiizey Alaniimm?2), A: Tek tane agirlik (g), Sa:
Salkim agirligi (g), Yw: Yiiz tane agirhigi (g), Ht: Hacim (mm?3), Hy: Yigin hacim agirligi (kg m-3), Hg: Meyve hacim agirligi (kg m-3), Pr: Porozite (%).

Meyvelerin ortalama kalinlik, genislik ve uzunluk degerleri sirasiyla 20.62, 21.26 ve 23.66 mm
olarak belirlenmistir. Bu degerlerden hesaplanarak belirlenen ortalama kiiresellik ve geometrik
ortalama cap degerleri ise sirasiyla %91.93 ve 21.71 mm olarak tespit edilmistir. Hacimsel
ozelliklerden ortalama tane, salkim ve ytz tane agirliklari sirasiyla 7.28, 424.95 ve 748.66 g iken,
meyve hacim agirligi ve yi1gin hacim agirhgi degerleri ise, sirasiyla 963.06 ve 571.92 kg m-3 olarak
saptanmigtir.

Cangi ve Altun (2015) Michele Palieri tiziim ¢esidinde 2013 ve 2014 yilinda ortalama salkim
agirhigini sirasiyla 452 ve 316 g ve 100 tane agirhgimi ise sirasiyla 800 ve 754 g olarak
bildirmislerdir. Algo (2019), kontrol uygulamalarinda tane enini 1.46-1.51 cm aralifinda
belirlemistir. Mert (2023), Yesil Tiryaki, Recep Sert ve Alibeyli tiztimlerinin salkim agirliklarini sirasi
ile 392.5, 410 ve 650 g olarak tespit etmistir. Ayrica s6z konusu ¢alismada minimum tane agirligi
degeri Bogriil cesidinde 3.05 g olarak kaydedilirken, maksimum tane agirhig1 degerleri ise Kartal
Cavus cesidinde 5.33 g olarak bildirmistir. Ozdemir ve Bayhan (2018), baz1 sofralik iiziim cesitlerinin
tane agirlik degerlerini 3.56 -7.48 g, tane eni degerlerini 12.03-16.22 mm ve tane boyu degerlerini
14.35-21.17 mm araliginda bildirmislerdir.

Uziim meyvelerinin farkli yiizeylerde elde edilen statik siirtiinme katsayisi ve saptan kopma
direnci degerleri Tablo 2’de verilmistir. Maksimum siirtiinme PVC yiizeyde belirlenirken, minimum
siirtiinme galvanizli sac yiizeyde dl¢iilmiistiir. Uziim meyvelerinin saptan kopma direnci ise 0.36 N
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olarak saptanmistir. Aydin (2009) tane-sap baglantilarinin durumu ile tanenin dayanikliligi arasinda
dogrusal bir baglanti oldugunu bildirmistir. Yildiz vd. (2018), saptan kopma kuvvetini Horoz karas;,
Mevlana, Pembe Gemre (klon 11), Razaki (klon 16), Red Globe gesitleri icin sirasiyla 0.62, 0.40, 0.31,
0.57 ve 0.74 g olarak belirlemislerdir. Calismada bulunan saptan kopma diren¢ degerleri, literatiir
degerlerine gore daha diisiik degerde bulunmustur. Bu durumun nedeninin cesit 6zellikleri ile ilgili
oldugu diisiiniilmektedir.

Tablo 2. Uziim meyvelerine ait statik siirtiinme katsayisi ve saptan kopma direnci degerleri

Siirtiinme yiizeyleri | Ortalama Minimum Maksimum Standartsapma Varyasyon katsayisi
PVC 0.217 0.176 0.287 0.049 22.767
Galvanizli sac 0.088 0.035 0.141 0.037 42.635
Laminant 0.130 0.105 0.158 0.020 15.589
Saptan kopma direnci (N) 0.360 0.21 0.46 0.07 18.90

PVC: Polivinilkloriir

Uziim meyvelerinin mekanik 6zelliklerinden kuvvet karsisindaki davranislarina ait ortalama
degerler Tablo 3’ te verilmistir. Ortalama kabuk delinme kuvveti, deformasyon, enerji, sertlik ve gii¢
degerleri sirasiyla 7.97 N, 6.61 mm, 26.41 N mm, 1.20 N mm-1 ve 0.001 W olarak belirlenmistir.

Tablo 3. Uziim meyvelerinin mekanik 6zellikleri

Ortalama Minimum Maksimum Standartsapma Varyasyon katsayisi
Kabuk delinme kuvveti (N) 7.97 6.50 9.00 1.31 16.38
Deformasyon (mm) 6.61 6.42 6.96 0.31 4.63
Enerji (N mm) 26.41 20.87 31.32 5.26 19.90
Sertlik (N mm1) 1.20 1.01 1.30 0.17 13.74
Gii¢ (W) 0.001 0.001 0.002 0.0002 16.38

Hasat sonrasi lzim meyvelerinin meyve kabugu ve meyve etinde belirlenen renk
karakteristiklerine ait tanimlayici degerler Tablo 4’te goriilmektedir. Meyve kabugu icin L*, a* ve b*
renk karakteristikleri sirasi ile 33.41, 2.45 ve 0.59 olarak belirlenmistir. Bu degerler meyve eti icin
sirasiyla 28.28, 0.87 ve 3.22 olarak bulunmustur.

Tablo 4. Uziim meyvelerinin kabuk yiizeyi ve meyve etinin renk karakteristikleri

Renk . . Standart Varyasyon
Kkarakteristikleri Ortalama Minimum Maksimum sapma kart};ay};ﬂ
L* 33.41 32.05 35.08 0.93 2.77
a* 2.45 1.75 5.46 1.11 45.27
Meyve b* 0.59 0.40 1.17 0.21 36.12
kabugu c 2.52 1.81 5.58 1.12 44.53
h° 0.25 0.17 0.33 0.05 19.74
L* 28.28 24.11 31.22 2.75 9.71
a* 0.87 -0.33 1.59 0.71 82.21
Meyve b* 3.22+1.05 2.24 498 1.05 32.65
eti c 3.43+0.91 2.75 499 0.91 26.56
h° 0.63+1.20 -1.50 1.26 1.20 190.14

Hasat zamaninda belirlenen sira pH’si, titrasyon asitligi ve suda ¢6ziiniir kuru maddeye ait
degerler Tablo 5’te verilmektedir. Tablo 5 incelendiginde, bu degerlerin ortalamalar: sirasiyla 3.45,
0,245 g 100 ml1, %15.9 oldugu gorulmektedir. Suda ¢o6ziinebilir kuru madde miktarinin titrasyon
asitligine boliinmesi ile belirlenen olgunluk indisi degeri ise 64.90 olarak belirlenmistir.
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Tablo 5. Uziim meyvelerinin sira dzelliklerine ait degerler

Sira Standart  Varyasyon
T . | Ortalama
ozellikleri sapma katsayis1
pH 3.45 0.08 2.37
TA 0.245 0.08 3.64
SCKM 15.9 0.20 0.70

TA: Titrasyon asitligi, SCKM: Suda ¢6ziiniir kuru madde

TSE standartlarina gore ¢ekirdekli sofralik iiziim ¢esitlerde suda ¢6ziinebilir kuru madde (Briks)
degerinin minimum 13 olmas1 beklenmektedir (Anonim, 2024a). Bu ¢alismada ele alinan tzim
cesidi bu kritere uymaktadir. Diinyada sofralik tiziimlerin dis satiminda ve iilke iginde tliketiminde,
olgunlugu tanimlayicl standart olarak “Olgunluk Indisi” yaygin olarak kullanilmaktadir (Anonim,
2024b). Hasat olgunlugunun belirlenmesinde kullanilabilecek kriterlerden bir tanesi olan olgunluk
indisinin gecgci 6zellik gosteren c¢esitlerde 30-35; orta mevsim cesitlerde 25; erkenci ¢esitlerde 20
degerlerinde olmasi yeterlidir (Karagali, 2006). Mert (2023), yoresel tiziim ¢esitlerinin olgunluk
indisi degerlerinin, 82.31 degeri ile maksimum Kartal Cavus cesidinde ve 50.16 degeri ile, minimum
Eski Kara tiziim ¢esidinde belirlemistir.

Ozdemir ve Bayhan (2018), Abderi ve Sire cesitlerinde maksimum SCKM miktarinin %24.20
oldugunu buna karsin, Tahannebi cesidinde ise bu degerin %16.40 oldugunu bildirmislerdir. Ayrica
arastirmacilar, maksimum pH degerinin Abderi ¢esidinde 4.25 olarak olgilirken, minimum pH
degerinin ise Trakya Ilkeren cesidinde 3.05 oldugunu saptamiglardir. Ayn1 calismada, maksimum
olgunluk indisi 67.54 degeri ile Abderi ¢esidinde ve minimum olgunluk indisi ise 27.78 degeri ile
Tahannebi ¢esidinde saptanmistir. Cangi ve Altun (2015) Michele Palieri iziim ¢esidinde 2013 ve
2014 yilinda, SCKM degerlerinin sirasiyla 18.2 ve 18.1, pH degerlerinin 3.25 ve 3.70, toplam asitlik
miktarlarinin 4.5 ve 4.01 g 11 ve olgunluk indisi degerlerinin ise 40.04 ve 45.13 oldugunu
bildirmislerdir.

4. SONUC

Bu arastirmada, Michele Palieri sofralik iiziim ¢esidinin bazi miihendislik ve kalite
parametrelerinin belirlenmesi hedeflenmistir. Bu kapsamda fiziksel 6zelliklerden geometrik ve
hacimsel 6zellikleri, meyve kabugu ve meyve etinde renk karakteristikleri, statik siirtiinme katsayisi,
kopma direnci, mekanik 6zellikler ve sira 6zellikleri (pH, titrasyon asitligi, SCKM, olgunluk indisi)
belirlenmistir. Meyve 6rneklerinin nem igerigi %72.63 (% y.b.) olarak tespit edilmistir. Meyvelerin
ortalama kalinlik, genislik ve uzunluk, degerleri sirasiyla 20.62 mm, 21.26 mm ve 23.66 mm olarak
belirlenmistir. Bu degerlerden hesaplanarak belirlenen ortalama kiiresellik ve geometrik ortalama
cap degerleri ise sirasiyla %91.93 ve 21.71 mm olarak tespit edilmistir. Hacimsel 6zelliklerden tane
agirhigr ortalama 7.28 g, salkim agirlhigi 424.95 g ve yiiz tane agirhgl 748.66 g olarak belirlenmistir.
Maksimum siirtinme PVC yilizeyde belirlenirken, minimum siirtiinme galvanizli sa¢ ylizeyde
olusmustur. Uziim meyvelerinin saptan kopma direnci ise 0.36 N olarak bulunmustur. Uziim
meyvelerinin kalite 6zellikleri olarak, L*, a*, b* renk degerleri meyve kabugu ic¢in sirasi ile 33.41,
2.45 ve 0.59 olarak belirlenmistir. Meyve eti icin bu degerler sirasiyla 28.28, 0.87 ve 3.22 olarak
tespit edilmistir. Hasat zamaninda belirlenen sira pH’sy, titrasyon asitligi, SCKM ve olgunluk indisi
ortalama degerlerinin sirasiyla 3.45, 0.245 g 100 ml%, %15.9 ve 64.90 oldugu goriilmektedir. Hasat
edilmis liziimlerin en biyiik sikintilarindan biri olan nakliye ve depolamaya hassasiyet, cesitlerin
miithendislik karakteristikler olarak fiziksel ve mekanik o6zellikleri ile kalite parametrelerini
belirlemenin gerekliligini 6n plana ¢ikarmaktadir. Fiziksel ve mekanik 6zelliklerin belirlenmesi ile
tizlimlerin nakliye ve depolama islemlerine uygunluklar1 hakkinda fikir edinilmistir. Sofralik
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tziimlerde hasattan sonra olgunluk devam etmedigi icin, yeme olumunda hasat edilmekte olan
tanenin diri ve sert olmasi, 6zellikle sofralik tiiketilen {iziimler icin 6nemli bir kalite kriteri olarak
one cikarken, renk 6zellikleri ve sira 6zellikleri de bu anlamda 6nem arz etmektedir.
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EXTENDED ABSTRACT
Introduction and Research Questions & Purpose

Although the number of studies addressing the viticulture sector in many aspects in Tiirkiye is quite
high, the number of studies focusing on the physico-mechanical properties of grape fruits is not at a
satisfactory level. In this research, it was aimed to determine some quality parameters of the Michele
Palieri table grape variety. In this context, physical properties such as geometric and volumetric
properties, color characteristics of fruit peel and fruit flesh, static friction coefficient, rupture
resistance, mechanical properties and must properties (pH, titratable acidity, brix, ripeness index)
were determined.

Methodology

With harvest, different parameters of quality were determined on 10 randomly selected
bunches. The parameters were examined as described below: Length, width and thickness values
digital caliper with 0.01 mm precision; Grain weight (g) and cluster weight (g) were determined
with the help of a digital precision electronic scale with an accuracy of 0.001 g. Mohsenin's (1980)
equations were used to calculate the geometric mean diameter (mm), sphericity (%), surface area
(mm?) and volume (mm3) of the fruits. In color analysis, the L*a*b* values were determined using a
Minolta model CR-400 (Tokyo, Japan) device. The static friction coefficient was calculated on three
different friction surfaces (PVC, galvanized sheet and laminate) in the inclined device. The behavior
of fruits against mechanical force was determined using a biological material testing device. pH,
titratable acidity (g 100 ml-1), brix (%) and ripeness index (Brix/Acidity) were determined from the
must obtained by squeezing the grains. Descriptive statistics for the parameters considered are
given as mean, standard deviation, minimum, maximum, coefficient of variation and standard error.

Results and Conclusions

The average length, width and thickness values of the fruits were determined as 23.66 mm,
21.26 mm and 20.62 mm, respectively. The average geometric mean diameter and sphericity values
calculated from these values were determined as 21.71 mm and 91.93%, respectively. Among the
volumetric characteristics, the average fruit weight was determined as 7.28 g, cluster weight as
42495 g, and hundred grain weight as 748.66 g. The L* a* b* color values for fruit peel were
determined as 33.41, 2.45 and 0.59, respectively. For fruit flesh, these values were found to be 28.28,
0.87 and 3.22, respectively. While the maximum friction was determined on the PVC surface, the
minimum friction was determined on the galvanized sheet surface. It is seen that the average values
of must pH, titratable acidity, brix and maturity index determined at harvest time are 3.33, 0.245 g
100 ml1, 15.9% and 64.90, respectively.

23



Giil, Altuntas, Kiismez, Yagci, Tarim Makinalar: Bilimi Dergisi/Journal of Agricultural Machinery Science (2024) 20(1): 15-24

Yazarlarin Biyografisi

iletisim
ORCID Adresi

iletisim
ORCID Adresi

Esra Nur GUL

1989 yilinda Adana’da dogdu. Ik orta ve lise egitimini Mersin’de yaptu. Lisans egitimini 2007-2012
yillar1 arasinda Gaziosmanpasa Universitesi Ziraat Fakiiltesi Tarim Makineleri Béliimiinde
tamamladi. Yiiksek lisans egitimini 2012-2017 yillan arasinda Gaziosmanpasa Universitesi Fen
Bilimleri Enstitlisii Tarim Makinalar1t Anabilim Dalinda tamamladi. Doktora egitimine Tokat
Gaziosmanpasa Universitesi Fen Bilimleri Enstitiisii /100/2000 Siirdiiriilebilir Tarim alaninda
devam etmektedir. Bir¢ok bilimsel ve akademik ¢calisma ve faaliyetlerde gorev almistir.
gulesranurl@gmail.com

https://orcid.org/0000-0002-9865-1228

Ebubekir ALTUNTAS

1967 yilinda Sivas’ta dogdu. i1k, orta ve lise egitimini Sivas’ta yapti. Lisans egitimini 1985-1989 yillar
arasinda Ankara Universitesi Ziraat Fakiiltesi Tarimsal Mekanizasyon Béliimiinde tamamladi. Yiiksek
lisans egitimini 1992-1994 yillar1 arasinda Gaziosmanpasa Universitesi Fen Bilimleri Enstitiisii Tarim
Makinalar1 Anabilim Dalinda; doktora egitimini ise 1994-1998 yillar1 arasinda Selguk Universitesi Fen
Bilimleri Enstitiisii Tarim Makinalar1 Anabilim Dalinda tamamladi. 1993 yilinda Gaziosmanpasa
Universitesi Ziraat Fakiiltesi Tarim Makinalar1 Béliimiinde Arastirma Gorevlisi olarak calismaya
basladi. Ayni b6liime 2000 yilinda Yardimci Dogent, 2006 yilinda Dogent olarak ve 2012 yilinda
Gaziosmanpaga Universitesi Ziraat Fakiiltesi Biyosistem Miihendisligi Béliimii Tarimda Makine
Sistemleri bilim dalina Profesér olarak atandi Halen Tokat Gaziosmanpasa Universitesi Ziraat
Fakiiltesi Biyosistem Miihendisligi Bolim Baskan1 ve Tokat Gaziosmanpasa Universitesi Turhal
Uygulamali Bilimler Fakiiltesi Dekani olarak gérev yapmaktadir. Birgok bilimsel ve akademik calisma
ve faaliyetlerde gorev almis olup, 120’nin lizerinde bilimsel makale ve yayini bulunmaktadir. Evli ve
iki cocuk babasidir.

ebubekir.altuntas@gop.edu.tr

https://orcid.org/0000-0003-3835-1538

Tiirkan KUSMEZ

2000 yilinda Bartin'da dogdu. i1k, orta ve lise egitimini Karabiik'te tamamladi. Lisans egitimine
Tokat Gaziosmanpasa Universitesi Ziraat Fakiiltesi Biyosistem Miihendisligi Béliimiinde 4. Sinif
olarak devam etmektedir.

iletisim turkankusmez4020@gop. edu.tr

ORCID Adresi https://orcid.org/0009-0005-3860-4998

Adem YAGCI

1969 yilinda Sivas'ta dogdu. ilk orta ve lise 6grenimini Ankara’da tamamladi. Lisans egitimini
1991-1995 yillar1 arasinda Cumhuriyet Universitesi Tokat Ziraat Fakiiltesi Bahge Bitkileri
Bolimiinde tamamladi. 1998 yilinda Ziraat Fakiltesi Bahge Bitkileri Boliimiinde Arastirma
Gorevlisi olarak calismaya basladi. Halen Tokat Gaziosmanpasa Universitesi Ziraat Fakiiltesi
Bahge Bitkileri Boliimiinde Dogent Doktor olarak gorev yapmaktadir. Bir¢ok bilimsel ve
akademik ¢alisma ve faaliyetlerde gérev almistir.

iletisim adem.yagci@gop.edu.tr
ORCID Adresi https://orcid.org/0000-0002-3650-4679

24


https://orcid.org/0000-0002-9865-1228
https://orcid.org/0000-0003-3835-1538
https://orcid.org/0009-0005-3860-4998
https://orcid.org/0009-0005-3860-4998

TARMAKDER

@

TARIM MAKINALARI DERNEGI

Research Article / Arastirma Makalesi

Tarim Makinalari Bilimi Dergisi

Journal of Agricultural Machinery Science

e-ISSN: 2651-4230
http://dergipark.org.tr/tr/pub/tarmak

20(1), 2024: 25-40

Calculating Greenhouse Heating Capacities under Egypt's Climate Conditions: Using

a Computational Program

Sera Isitma Kapasitelerinin Misir Iklim Kosullarinda Hesaplanmasi: Bir Bilgisayar

Programi Kullanimi

Nashwa A. Ghaly!'®, Giirkan A. K. Giirdil%* *&, Hiiseyin Duran!‘®, Bahadir Demirel?

10ndokuz Mayis University, Faculty of Agriculture, Department of Agricultural Machines and Technologies Engineering, Samsun, Tiirkiye
2Erciyes University, Faculty of Agriculture, Department of Biosystems Engineering, Kayseri, Tiirkiye
“Corresponding author (sorumlu yazar), G Giirdil, email: ggurdil@omu.edu.tr

Article Info

ABSTRACT

Received date :28.03.2024
Revised date 122.04.2024
Accepted date :24.04.2024

Keywords:

Agriculture

Greenhouse

Heating Capacity
Computational Program
Egypt

How to Cite:

Ghaly, N., Giirdil, GAK., Duran, H, Demirel, B.
(2024). “Calculating Greenhouse Heating

Capacities  under  Egypt's

Conditions: ~ Using a Computational
Program”,  Journal of Agricultural

Machinery Science, 20(1): 25-40.

According to recent projections, the world's population is anticipated to reach 9.8 billion by 2050, posing
significant challenges to global food security and the availability of freshwater resources. The sector of protected
cultivation in Egypt plays a pivotal role in ensuring food security, as it supplies wholesale markets with fresh
leafy vegetables and fruits during the winter season, offering adequate quantities at reasonable prices. The
effective management of greenhouses and protected cultivation necessitates a thorough understanding of
climate dynamics and the optimal environmental conditions for cultivated crops. To implement sound
management practices for greenhouses, it is imperative to comprehend the influence of climate variables on
plant growth and production throughout various seasons. Heating and cooling systems represent significant
expenses in greenhouse production. The inadequacy of heating systems has detrimental consequences on the
quality, yield, cultivation duration, and quantity of greenhouse products. Therefore, the accurate calculation of
the heating costs is critical to decrease the operating costs. In this study, a computer program was developed to
calculate heating requirements for glasshouses according to geographical location, product type, cover material,
heating system type, and the greenhouse's ground area size. The results reveal that Dakahlia and Behara
governorates exhibited the highest heating requirements, with values of 37.31 kW for strawberry, 27.8 kW for
pepper, 50.89 kW for strawberry, and 40.62 kW for pepper, respectively. Conversely, Giza, Gharbia, Nubaria,
Sharkia, Ismailia, Menoufia, Damietta, Kafr El-Sheikh, and Suez governorates did not require heating inside the
greenhouses.
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Son niifus projeksiyonlarina gére, diinya niifusunun 2050 yilina kadar 9,8 milyara ulagsmasi ve bunun da kiiresel
gida giivenligi ve tath su kaynaklarinin mevcudiyeti agisindan énemli zorluklar yaratmasi beklenmektedir.
Misir'daki korumali yetistiricilik sektori, kis mevsiminde toptan satis pazarlarina taze yaprakli sebze ve meyve
tedarik ederek makul fiyatlarla yeterli miktarda iiriin sundugu i¢in gida giivenliginin saglanmasinda ¢ok 6nemli
bir rol oynamaktadir. Seralarin ve korumal yetistiriciligin etkin yonetimi, iklim dinamiklerinin ve yetistirilen
drtinler i¢in en uygun ¢evre kosullarinin tam olarak anlasilmasini gerektirir. Seralarda saglam yonetim
uygulamalarinin hayata gecirilmesi i¢in iklim degiskenlerinin ¢esitli mevsimler boyunca bitki biiyiimesi ve
tretimi Uzerindeki etkisinin anlasilmasi zorunludur. Isitma ve sogutma sistemleri sera liretiminde 6nemli
giderleri temsil etmektedir. Isitma sistemlerinin yetersizligi, sera iirtinlerinin kalitesi, verimi, yetistirme siiresi
ve miktar1 Uzerinde zararli sonuglara yol agmaktadir. Bu nedenle, 1sitma maliyetlerinin dogru bir sekilde
hesaplanmasi, isletme maliyetlerinin azaltilmasi i¢in kritik 6neme sahiptir. Bu ¢alismada, seranin cografi
konumu, triin tipi, 6rtli malzemesi, 1sitma sistemi tipi ve seranin toprak alani biiyiikligii gibi ¢esitli faktorler
dikkate alinarak seralarin isitma taleplerini belirlemeyi amaglayan bir bilgisayar programi gelistirilmistir.
Sonuglar, Dakahlia ve Behara valiliklerinin sirasiyla ¢ilek i¢in 37.31 kW, biber i¢in 27.8 kW ve ¢ilek i¢in 50.89
kW, biber i¢in 40.62 kW olmak iizere en yiiksek 1sitma ihtiya¢larina sahip oldugunu ortaya koymaktadir. Bununla
birlikte, Giza, Gharbia, Nubaria, Sharkia, Ismailia, Menoufia, Damietta, Kafr El-Sheikh ve Suez valiliklerinde sera
icinde 1s1tma gereksinimi bulunmamaktadir.
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1. INTRODUCTION

The rise in global population and energy consumption has prompted researchers and scientists to
explore alternative sources for meeting the demand for both food production and energy generation.
Additionally, the challenges posed by climate change and limited water resources underscore the
increasing preference for protected greenhouse cultivation as a means of advancing the agriculture
sector. Greenhouse production optimizes favorable environmental conditions, such as air
temperature, and relative humidity (Beyhan et al., 2013).

Protected cropping was introduced in Egypt as a production technique in 1980 and has
experienced significant growth over the past three decades. The primary objectives behind this
expansion were to augment off-season production of vegetables and fruits, achieve earlier harvests
compared to open field crops, and enhance both the yield and quality of agricultural products
(Abdrabbo etal., 2019).

Greenhouses serve as a vital component of contemporary agriculture, enabling the cultivation of
crops within controlled settings independent of external weather conditions. Nevertheless, the
operation of greenhouses entails substantial energy consumption, particularly in heating, cooling, and
artificial lighting. Modern greenhouse structures, in particular, are characterized by limited thermal
mass and inadequate insulation, frequently resulting in heightened energy requirements for heating
and increased emissions of greenhouse gases (Munoz et al.,, 2022).

Energy expenditure is the most substantial operational cost in cultivating greenhouse crops in
temperate climates. Furthermore, the initial expenses of fossil fuels and conventional energy sources
have significantly escalated. Given the adverse environmental consequences, finite fossil fuel reserves,
and elevated energy demand in both the agricultural and food sectors, there has been a surge in the
quest for solar energy as an environmentally responsible and sustainable alternative (Hassanien et
al,, 2016).

Solar energy stands out as a primary renewable energy source, offering worldwide availability
during daylight hours and sustainability. Nevertheless, the management of greenhouse environments
necessitates energy input to ensure the provision of optimal growth conditions for plants (Gorjian et
al,, 2021).

In greenhouse operations, the primary energy consumers are the cooling and heating systems. CO2
emissions and heating expenses can be decreased by using solar energy for greenhouse heating
(Hassanien et al., 2018).

Energy expenses typically account for approximately 15% to 40% of the total production costs in
commercial greenhouse operations, with heating costs representing roughly 30% of the greenhouse's
overall operational expenditures (Heidari and Omid, 2011).

The design of greenhouses in Egypt must address the challenge of coping with elevated daytime
temperatures in summer, low nighttime air temperatures in winter, and consistently low air humidity,
particularly in the southern regions of Egypt, which experience higher temperatures throughout the
year (El-Afandi and Abdrabbo, 2015).

The practice of protected cultivation for horticultural crops in Egypt has undergone substantial
advancements in various domains. The ambitious national initiative aimed at establishing 100.000
greenhouses has played a pivotal role in driving enhancements within the protected cultivation sector
in recent years. Furthermore, extensive trials have been conducted in both the commercial and
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research sectors, focusing on the enhancement of greenhouse production and the integration of
innovative technologies, including large-scale adoption of soilless cultivation methods (Abdrabbo et
al,, 2019).

Research has validated that the growth, yield, and quality of greenhouse plants are influenced
when exposed to temperatures below 12°C or above 30°C. The most favorable temperature range for
greenhouse plants lies between 22 to 28°C during the daytime and 15 to 20°C at night (Castilla and
Hernandez, 2006).

The expansion of greenhouse cultivation has resulted in a combination of advantages and
disadvantages concerning food security and the environment. On the positive side, greenhouse
production has brought about enhanced efficiency and increased yields due to its capacity to control
the microclimate and reduce the risk of excessive insect and pest infestations. This enhanced efficiency
and higher yields have been particularly evident in the cultivation of crops such as capsicum,
tomatoes, and various other vegetables (Hossard et al, 2014; Zhao et al, 2021). Multiple
interconnected factors can impact the environmental control system within greenhouses. These
factors include the greenhouse's dimensions, geographical location, choice of covering materials, heat
retention techniques, materials' quantity and quality, cultivation method, target day and night
temperature, as well as external environmental conditions. Sustainable energy sources, such as heat
pumps, solar collectors, and energy storage, have proven effective in heating and cooling systems
(Yildiz et al., 2012).

The primary objective of agricultural greenhouses is to enhance crop yield during off-seasons by
consistently maintaining optimal temperatures throughout each growth stage (Sethi et al.,, 2008).

Heating is typically achieved through the combustion of fossil fuels like diesel, fuel oil, and liquid
petroleum, resulting in increased emissions of carbon dioxide (COz), or by employing electric heaters,
which exhibit higher energy consumption (Chai et al., 2012).

Attar et al. (2013) stated that the implementation of a flat plate solar collector (FPC) combined
with a capillary polypropylene heat exchanger for greenhouse heating in Tunisia resulted in a
substantial 51.8% reduction in heating costs for a 1000 m3 greenhouse during April. Furthermore, this
system was found to elevate the internal air temperature of the greenhouse by 5°C. Nonetheless, the
accumulated solar energy alone proved insufficient to fully satisfy the heating demands (Attar and
Farhat, 2015). It was observed that the influence of reduced temperatures has a significant impact on
plant growth, and adjusting the heating temperature set point downward could potentially postpone
the initial harvest (Klaring et al., 2015).

In Egypt, there are approximately 1350 hectares of polyethylene greenhouses, 50000 hectares of
walk-in tunnels, and an additional 10 hectares dedicated to hydroponic systems. The utilization of
these greenhouse systems serves the purpose of fulfilling domestic market demands for both
vegetables and ornamental plants. Beyond catering to local needs, it is essential to underscore the
significant value of greenhouse production for its export potential, as it plays a pivotal role in
contributing to the foreign trade balance of numerous national economies in Egypt (El-Gayar et al,,
2019). The geographical distribution of greenhouses, cultivated area (km?), production (ton), and the
percentage for all governorates in Egypt (2016-2019) is shown in Table 1.

In Egypt, there is an expanding use of polyethylene greenhouses for the early cultivation of warm-
season vegetables, fruits, and flowers, making it an effective application of solar energy for space
heating and plant cultivation. Furthermore, greenhouse production typically outperforms field
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production in terms of productivity per unit area, consistently delivering the highest product quality.
In general, maintaining climate control is of paramount significance in greenhouse agriculture to
achieve both high crop yields and top-quality produce that aligns with consumer demands while also
ensuring cost-effective production (Gao, 2012).

Table 1. The geographical distribution of greenhouses in Egypt (2016-2019)

Location Cultivated Percentage Production Number of
area (km?) (%) (ton) Greenhouses
Dakahlia 13.20 49.0 104 849 39705
Giza 2.00 7.30 23600 6 024
Gharbia 1.50 5.80 20833 4752
Nubariya 1.70 6.40 25174 3438
Sharkia 2.00 7.40 14 462 3171
Ismailia 1.20 4.40 13792 3083
Menoufia 0.98 3.30 7 423 2579
Damietta 0.87 3.30 6876 2 244
Kafr EISheikh 0.53 2.00 6 983 1661
Suez 0.57 2.10 3869 1507
Behara 1.10 3.80 19923 1307
govgrt:z: o 1.40 5.20 8891 3 449
Total 27.05 100 256 675 72920

Source: Ministry of Agriculture and Land Reclamation (In Arabic 2019).

Heating in greenhouses is a critical and indispensable element for optimal growth, particularly
during the coldest periods, such as chilly nights. However, in composite climates characterized by the
need for greenhouse heating during winter nights and cooling during hot summer days, a single
system is insufficient to address the demands of such climatic variations. Therefore, the concept and
implementation of an air conditioning system have been proposed to directly manage the
meteorological conditions encountered. Furthermore, greenhouse heating can be achieved through
either passive or active methods (Sethi and Sharma, 2008).

In this research, the heat balance within a greenhouse can be determined through a
comprehensive analysis, which considers various parameters including the greenhouse's
geographical location, the type of crops cultivated, the material used for the greenhouse cover, the
heating technique employed, and the dimensions of the greenhouse. A computer program has been
created, with the expectation that it will offer utility to farmers, agricultural engineers, and individuals
interested in these matters.

28



Ghaly, Giirdil, Duran, Demirel, Tartm Makinalar: Bilimi Dergisi/Journal of Agricultural Machinery Science (2024) 20(1): 25-40

2. MATERIALS AND METHODS
The materials used in greenhouses in the research were regulated according to the thickness and
conduction resistances of some materials as shown in Table 2.

Table 2. Thermal conduction resistances of some materials used in greenhouses, arranged
according to their thickness (EP, 2004)

Thick

Type of cover material (ml; )ness Thermal conductivity (W m-2 °C1)

Glass 3.18 6.3
A layer of fiberglass 1.02 5.7
Ultraviolet stabilized
polyethylene film, PE 0.0003 63
Polyethylene film IR absorbing 0.0003 5.7
Polyvinyl fluoride film PVF 0.0008 5.7
Glass-double pane 25.4 3.0
Polycarbonate structured 6.8 3¢
sheets

Some meteorological data that can be used in calculating the heating loads of greenhouses that
can be established in various regions of Egypt are given in Table 3 (Abdelaty, 2015; Noreldin et al,,
2016; Rizk, 1987; Maheswara et al., 2014).

Table 3. Long term average climatical parametrs (temperature, average wind speed, and solar
energy) in some governorates of Egypt

Location Average Average Wind Solar Energy
Temperature Speed (m s1) (kW m-2.day1)
(Y]
Dakahlia 16.90 2.30 5.5-6.3
Giza 21.25 2.65 7.0-7.3
Gharbia 21.70 2.68 6.3-6.6
Nubariya 19.15 3.57 5.5-6.3
Sharkia 21.81 2.61 6.6-7.0
Ismailia 21.30 3.70 6.6-7.0
Menoufia 21.80 2.61 6.3-6.6
Damietta 21.30 3.29 5.5-6.3
Kafr ElSheikh 21.01 2.61 5.5-6.3
Suez 21.08 2.50 7.3-7.7
Behara 20.99 2.72 6.3-6.5
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The optimal temperature ranges for promoting plant growth within greenhouse environments are

outlined in Table 4.

Table 4. Climate requirements for selected greenhouse crops in hot and arid regions

Optimal T (°C) Optimal
Crops Day Night R Hp( %) Reference
Lettuce 24-28 13-16 60-80 (Ponce etal., 2014)
Pepper 22-30 14-16 50-70 (Rabbi etal., 2019)
Cabbage 15-16 2 70-80 (Tazawa, 1999)
Tomato 23-27 13-16 50-80 (Ponce etal., 2014)
Cucumber 25-30 16-18 70-90 (Somerville et al., 2014)
Strawberry 20-26 13-16 50-65 (Soussi et al., 2022)

The calculation of heating capacities in greenhouses and the flowchart of the program have been

developed as shown in Figure 1.

The location of the
greenhouse

v

Cultivated crop

A

Type of greenhouse

cover

!

)

Heating type

|

v

The area of the
greenhouse

>

v

Calculating the thermal balance inside

the greenhouse

No

Figure 1. Diagram of the calculation program
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The program adjusts the greenhouse heating capacity as follows: calculations according to
equations (Yavuzcan, 1995; Anonymous, 2009).

The current requirements for greenhouse heating are determined by assessing the heatlosses and
gains within the greenhouse, and this calculation is based on the disparity between these factors (Egs.
1, 2).

Q:QI_QZ (1)

Where:

Q :Greenhouse heat current requirement, (W)

Q1 : Total heat flow lost from the greenhouse, (W)

Q2 : Heat gained from solar energy in the greenhouse, (W)

The heat loss from the greenhouse can be quantified using the following equation:

= ATK*(T, T,
Q (T -Ty) @

Where:

A :Total area of glass or plastic, (m?)

K :The coefficient of the total heat transfer, (W m-2 K1)

Ti : Temperature inside the greenhouse, (K)

Ta : External temperature, (K)

The cumulative heat transfer coefficient from the greenhouse to the atmosphere, encompassing
both the total heat transfer and ventilation heat, is the summation of convection coefficients (Egs. 3-
8).

K=K, +K, )
1
“TTLa T
a A oy (4)
K, =0.19*
, =0.19*v 5)

Where:

K1 : Total heat transfer coefficient from the greenhouse to the atmosphere, (W m-2 K-1)
K2 : Heat convection that meets the ventilation temperature coefficient, (W m-2 K-1)

ai : Heat transfer coefficient inside the greenhouse, (W m-2 K1)
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d :Thickness of the used cover material, (m)
A : Thermal conduction coefficient of the used cover material, (Wm-1K1)
Q& : External heat transfer coefficient from the cover surface to the atmosphere, (W m-2 K-1)

In Egypt, greenhouses commonly employ pneumatic and tubular heaters. Nonetheless, when
considering the initial investment and operational expenses, particularly in the context of higher

energy costs and central heating systems, air-type heaters are typically the preferred choice for
greenhouse heating.

ai = ah + aw
(6)
3 Qu
(2 e —
Am *(Ti _Tci) (7)
L T_t 4 ) h 4
Qo =C ™A (100) (100] (8)

Where:

(), : Heat transfer coefficient between hot air and greenhouse air, (W m-2 K1)

Oy : Heat transfer coefficient of the heat carried from the soil to the inner surface of the cover,
(W m-2 K1)

Q,; : Heat flow radiating from the soil to the inner surface of the cover, (W)

At@ : Greenhouse cover surface area hitting the soil surface, (m?)

T@i : Inner surface temperature of the greenhouse cover, (K)

Ct : Thermal radiation coefficient of the upper surface of the soil, (W m-2K-4)

At : Top surface area of soil, (m?)

Tt : Temperature of the upper soil surface (K)

The inner surface temperature of the greenhouse cover can be determined using the following
equation:

Ty =043%(T, - T, )+T, ©
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When calculating the total heat transfer coefficient from the greenhouse to the atmosphere, the
convection coefficient for external heat transfer from the cover surface to the atmosphere is
determined as follows.

Ay =0y + Ay (10)

Where:

& : External heat transfer coefficient caused by wind, (W m-2 K1)

U : Heat transfer coefficient from the cover surface to the atmosphere (W m-2 K-1)

The amount of heat gained in the greenhouse environment can be calculated from the following
equation:

Q2=IO*AQa*77 (11)

Where:

| o : Average daily solar radiation intensity, (W m-2day)

Aga : The surface area of the greenhouse (m?)

17 : The percentage of solar energy coming to the greenhouse that is converted into useful form in

the greenhouse (%).

The calculation of heating capacities in greenhouses is performed through a computer program
developed using MS Visual Basic 6.0 programming language.

3. RESULTS AND DISCUSSION

During cold seasons, maintaining specific internal temperatures within greenhouses is essential
for optimal plant growth. Nonetheless, this practice leads to escalated heating expenses attributable
to the surge in global energy prices. The heating demands for greenhouses across numerous Egyptian
governorates have been calculated, given their extensive utilization for cultivating both winter and
summer Crops.

Using the developed computer program, the required heating quantity for strawberry and pepper
greenhouses in the selected governorates was calculated. The obtained results are presented in Table
5. Through result analysis, it became evident that governorates such as Giza, Gharbia, Nubaria,
Sharqia, Ismailia, Menoufia, Damietta, Kafr El-Sheikh, and Suez do not require heating inside the
agricultural greenhouses. Instead, they require ventilation, attributed to the high daytime
temperatures.
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Table 5. The total amount of required heat for strawberry and pepper greenhouses in some

regions in Egypt
Location Product Q1 (kW) Q:z (kW) Q (kW)
. Strawberry 69.61 31.9 37.71
Dakahlia Pepper 58.98 31.9 27.08
-34.18
Giza SUENI30G) o LY Ventilation required
Pepper 40.87 40.60 0.27
-33.96
Gharbia Sl Be) e L0 Ventilation required
Pepper 37.10 36.54 0.56
-5.86
Nubariya Strawberry 26.04 31.90 Ventilation required
Pepper 62.99 31.90 31.09
Strawberry 1.619 38.28 3666
. Ventilation required
Sharkia 9133
Pepper 35.95 38.28 Ventilation required
Strawberr 6.46 38.28 3183
Ismailia Y ' ' Ventilation required
Pepper 43.66 38.28 5.38
Strawberry 1.70 36.54 — ~34.84 .
, Ventilation required
Menoufia -0.50
Pepper 36.04 36.54 Ventilation required
-25.62
Damietta SEE T 6.28 31.90 Ventilation required
Pepper 42.46 31.90 10.56
-23.46
Kafr Strawberry 8.44 31.90 _ .
EISheikh Ventilation required
Pepper 42.79 31.90 10.89
Strawberry 7.77 42.34 I ~34.57 .
Ventilation required
Suez -0.53
Pepper 41.80 42.34 Ventilation required
Behara Strawberry 87.43 36.54 50.89
Pepper 77.16 36.54 40.62

Based on the climate data for Dakahlia, where the average temperature during December, January,
February, and March was recorded as 16.90 °C (Table 3), it becomes evident that temperatures often
drop below the critical threshold of 16°C during these months. Consequently, there arises a necessity
to implement heating systems within greenhouses, particularly during daylight hours, in order to
maintain conducive growing conditions for crops. As a result, greenhouse growers are inclined to
utilize heating systems to ensure optimal growth conditions for their plants. Moreover, the computer
program developed has provided illustrative sample calculations, as shown in Figures 2 and 3.
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Figure 2 shows a specific case study involving a glass-covered strawberry house covering an area
of 1000 m? in the Dakahlia region of Egypt, wherein a heating capacity of 37.71 kW was determined.
Additionally, the program conducted another computational example focusing on pepper plants with
similar specifications, revealing a heating capacity requirement of 27.8 kW for greenhouses in the
same region (Fig. 3).

~ Required Heating Capacity

Region | Dakahtia

Product I Strawberry

Cover material | Fiberglass

Heating type I Air heating systems LI
{Season

& Normal " Late

Floor area, m? | 1000

Greenhouse heating capacity for the selected conditions is 37.71 kW. For
details please click on REPORT button.

[

Figure 2. The calculation of the heating capacity required for a 1000 m? fiberglass greenhouse for
strawberries in the Dakahlia region

~ Required Heating Capacity

Region I Dakahlia

Product I Pepper

Cover material | Fiberglass

Heating type IAir heating systems LI
Season
 Normal " Late

Floor area, m*> [ 1000

Greenhouse heating capacity for the selected conditions is 27.8 kW. For
details please click on REPORT button.

[T

Figure 3. The calculation of the heating capacity needed for a pepper greenhouse established in
the Dakahlia region

Using identical specifications as the computer program applied for strawberry and pepper plants,
the amount of heating required for an agricultural greenhouse covered with fiberglass in Behara
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Governorate was 50.89 kilowatts for strawberries and 40.62 kilowatts for pepper plants as shown in
Figures 4 and 5 this is attributed to the low temperatures during the daytime.

The main reason why greenhouse cultivation does not develop in these regions is that greenhouse
cultivation is no longer a profitable production branch due to high heating costs. In many regions, low
winter temperatures pose a significant challenge to agricultural productivity. Therefore, utilizing
heating within greenhouses serves as a means to ensure productivity continuity and achieve desired
crop yields regardless of external weather fluctuations. Hence, there is a belief that accurately and
practically calculating the costs associated with greenhouse heating using this developed program will
benefit individuals engaged in this sector.

- Required Heating Capacity

Region I Behara

Product I Strawberry

Cover material | Fiberglass

Heating type IAir heating systems ZI

-Season
 Normal " Late

Floor area, m? 1000

Greenhouse heating capacity for the selected conditions is 50.89 kW. For
details please click on REPORT button.

e

Figure 4. The calculation of the heating capacity required for a greenhouse for strawberries in
the Behara region

- Required Heating Capacity

Region ] Behara

Product ] Pepper

Cover material ] Fiberglass

Heating type ] Air heating systems LI

Season
& Normal " Late

Floor area, m*> [ 1000

Greenhouse heating capacity for the selected conditions is 40.62 kW. For
details please click on REPORT button.

|

Figure 5. The computation of the heating capacity required for a greenhouse for pepper in the
Behara region
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4. CONCLUSION

Determining the heat energy requirements is essential for conducting greenhouse feasibility
studies, designing heating systems, and strategizing production plans. These requirements vary based
on factors such as the type of greenhouse, cultivated plants, greenhouse components, and climatic
conditions. Focusing on the location of greenhouse production, the governorates that need the highest
values for heating requirements are Dakahlia (37.31 kW for strawberry and 27.8 kW for pepper) and
Behara (50.89 kW for strawberry and 40.62 kW for pepper) respectively. Whereas the governorates
that do not need heating inside greenhouses are Giza, Gharbia, Nubaria, Sharqia, Ismailia, Menoulfia,
Damietta, Kafr El-Sheikh, and Suez, due to the high temperatures during the day. The proposed
program was found to be effective in calculating the heat requirements for greenhouses in certain
regions of Egypt. More specifically, the most important factors affecting annual greenhouse heating
requirements are, in order of importance: the average temperature during plant growth, the type of
greenhouse covering, and the crop type under cultivation. The expansion of greenhouse cultivation
represents a burgeoning segment within the agricultural industry. Minimizing energy consumption in
greenhouses is intricately linked to mitigating production expenses and the impact of greenhouse
farming on the environment.
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Tarimsal sulamada su yonetimi, siiphesiz en 6nemli bagliklardan birisidir. Tarimsal sulama amagh su tedarikinin,
gindemde olan iklim degisikligi, kiiresel 1sinma ve su krizi gibi hususlar da goéz o6niine alindiginda, ileriki
zamanlarda ¢ok daha onemli bir sorun olarak karsimiza ¢ikacagl tahmin edilmektedir. Bu yiizden, tarimsal
sulamada su kullaniminin optimizasyonu ile su kaybinin en aza indirilmesi gerekmektedir. Son zamanlarda, bu
endiselerle, tarimsal sulamada yapay zeka (AI) yonetimi, derin 6grenme (DL) teknikleri ve nesnelerin interneti
(IoT) uygulamalarindan faydalanilmaktadir. Akilli sulama sistemleri orta o6lgekli c¢iftgiler icin de
onerilebilmektedir ancak sistemin verimliligi; sulanan tarim alaninin biiytikligi, arazi topografyasy, tiriin ¢esidi,
su kaynagi, cevresel faktorler gibi farkli parametrelere baglhdir. Biiyiik dl¢ekli tarim alanlar i¢in akilli sulama
sistemlerinin kullanimi, su kaynaklarinin azalmasindan dolay1 daha da zorunlu hale gelmektedir. Biiyiik dlgekli
tarimsal alanlarin etkili, dogru ve optimum bir sekilde sulanabilmesi i¢in farkl sensorler, uydu gorintiileri, hava
tahmin degerleri ve otomatik kontrol elemanlarindan olusan sistemlerin kullanimi énerilmektedir. Ancak, akilli
sulama sistemleri ve diger yeni tarim teknolojilerinin kullanimi 6zendirilirken, ciftgilerin de ilgili kurumlar
tarafindan bilgilendirilerek yanlis teknolojilere yatirim yapmalarinin 6nlenmesi konusu unutulmamasi gereken
o6nemli bir husustur. Yeni tarim teknolojilerinde ithalat yerine, yerli iretimin tesvik edilmesi ve kamu
kurumlarinin koordinasyonu saglanmalidir.
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Water management in agricultural irrigation is undoubtedly one of the most important topics. Considering the
current issues such as climate change, global warming, and the water crisis, water supply for agricultural
irrigation purposes is expected to emerge as a much more important problem in the future. Therefore, water loss
should be minimized by optimizing water use in agricultural irrigation. Recently, with these concerns, Artificial
Intelligence (AI) management, Deep Learning (DL) techniques, and Internet of Things (IoT) applications have
been utilized in agricultural irrigation. Smart irrigation systems can also be recommended for medium-scale
farmers however the efficiency of the system depends on different parameters, such as the size of the irrigated
agricultural area, land topography, product type, water source, and environmental factors. The use of smart
irrigation systems for large-scale agricultural areas is becoming more necessary due to the decrease in water
resources. To irrigate large agricultural areas effectively, accurately, and optimally, it is recommended to use a
system consisting of different sensors, satellite images, weather forecast data, and automatic control systems.
However, while promoting the use of smart irrigation systems and other new agricultural technologies, it is
important issue that not to overlook the need to inform farmers by relevant institutions to prevent them from
investing in the wrong technologies. Instead of importing new agricultural technologies, promoting domestic
production and ensuring coordination among public institutions should be facilitated.
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1. GIRIS

Su yo6netimi, giinlimiiz uluslararasi toplumun en 6nemli tartisma konularindan biridir. Su temini
ve geri kazanimi, yaklagsmakta olan kiiresel su krizi yonetiminin en 6nemli bashgidir. Kurakliklar ve
seller, kiiresel gida giivenligi agisindan yikici sonuglar dogurarak ekosistemimizi zorlamaktadir.
Kiiresel tath su tiikketiminin %72'sini olusturan tarim, tiim sektorlerin iginde bu kiiresel krizin
¢oziimiinde Kkilit rol oynamaktadir. Tarim icin kiiresel su talebinin, 2050 yilina kadar %35 daha
artmasi beklenmektedir (FAO, 2018; Perez-Blanco vd., 2020). Bu ¢ok yonli zorluklarin tistesinden
gelmek icin tarima yonelik su kaynaklarinin verimli bir sekilde kullaniminin giivence altina alinmasi
cok onemlidir. Diinya niifusu arttikca ve kentlesme hizlandik¢a, tamami suya bagimli olan farkh
ekonomik sektorler arasindaki su temini rekabeti daha da kritik hale gelecektir (Bhatti vd., 2019;
UN, 2020). Tarimsal su kullanimi uygulamalarinda, asiri, gereksiz, hatta zararlh su tiiketimini
azaltmak i¢in yeni sulama teknolojilerinin kullanimi kaginilmazdir.

Tath su kithgi, ozellikle Akdeniz tulkeleri veya Hindistan gibi Giiney Asya tilkelerinde artan bir
endise kaynagidir. Avrupa iilkeleri arasinda Akdeniz tlkeleri kurakliktan en fazla etkilenen tilkeler
olarak kabul edilmektedir. Iklim politikalari ile su yonetimi birbirinden bagimsiz konular degildir. Su
yonetimi, farkli sektorlerden gelen su talebi veya belirli derecelerdeki isinmanin hidrolojik
kaynaklar tizerindeki sonuglari gibi farkli degiskenlerden etkilenebilmektedir (Muthuminal ve Priya,
2023). Kiiresel 1sinmanin olasi sonuglari, gida tretimi ve insanlar i¢in suyun kullanilabilirligini
saglamak ve ekosistemleri korumak i¢cin su adaptasyon 6nlemlerinin yeniden degerlendirilmesine
yol agcmistir (Phasinam vd., 2022).

Tarimsal sulama sistemlerinden; damla, yagmurlama, pivot ve akilli sulama sistemleri siralamasi
aynt zamanda sulama teknolojilerinin bir kronolojisidir. Tekrarlanan tarimsal aktivitelerin
otomasyonunun geleneksel is¢i veya makine yaklasimindan daha verimli ve etkili oldugunu
bilinmektedir (Sahin, 2022). Ozellikle, hali hazirda kullanilmakta olan akill sulama sistemleri, yapay
zeka ve nesnelerin interneti uygulamalariyla adeta bir is birligine giderek ¢ok sasirtici ve hizli bir
sekilde kullanim alani bulmaya devam etmektedir.

Akilli sulama sistemleri; bitkiye dogru zamanda yeterli miktarda su verilmesi i¢in gelistirilmis
akilli vana, sensor kontrolii ile arazi ve bitki durumu 6l¢iimlerini karsilastirarak sulama ¢6zimii
sunan sistemlerdir. Etkili dagitim, koruma ve su kalitesi standartlarini siirdiirmek icin akilli su
yonetimi uygulamasina ciddi bir ihtiya¢ vardir (AlZu’bi vd. 2019; Hachimi vd. 2023). Son
zamanlarda, atik su geri donlistimiinde, su dagitiminda, yagmur suyu hasadi ve tarimsal sulamada
yapay zeka (AI) yonetimi modelleri uygulanmaktadir. Bu uygulamalar, akilli su yonetimi
sistemlerinin gelecekte nasil yayginlasacaginin isaretlerini vermektedir (Bouali vd., 2022; Jain, 2023;
Jiménez vd., 2022; Khriji vd., 2021; Ndunagu vd., 2022).

Tarimsal sulamanin tarihsel 6zetine bakildiginda, “akilli sulama sistemi” temellerinin aslinda
70’li yillara dayandig1 goriilmektedir. Akilli izleme sistemlerinin uygulamaya konulmasini takiben,
1970’ten 1980’li yillarin sonuna kadar, sulamada “su kisitlamalar1” ile ilgili ¢ok sayida arastirma
yapildig1 gorilmektedir. Niifusla birlikte su talebinin de artmaya basladigi 1970'lerden itibaren
artan talep, dogal kaynaklarin tiikenme tehlikesini giindeme getirerek, tarimsal sulama
senaryolarinin iyilestirilmesini zorunlu hale getirmistir (Murgabayev vd., 2022; Ugli, 2022).
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Diinyanin en kalabalik niifusunu barindiran Cin'de sulu tarim, tilkenin toplam su kaynaklarinin
%60’ 1ma yakinini1 tiiketmektedir. Bununla birlikte, niifus artis;, hizli sanayilesme ve iklim
degisikliginin olumsuz etkileri, sorunu daha da agirlastirmaktadir. Tiim bu nedenlerden dolayi, Cin
son birka¢ yilda su tasarrufuna yonelik ulusal yatirimlar1 6nemli 6l¢iide artirarak, ciftcileri ve yerel
su yoneticilerini su tasarrufu konusunda tesvik ederek su tasarrufu yapmaya calismaktadir (Zeng
vd., 2023).

Teknolojik yeniliklerin artmasiyla tarimsal iiretimde daha yiiksek verim elde etmek mumkiin
hale gelmistir. Benzer sekilde, tarimsal alanlarin durumunu kontrol etmek ve izlemek icin nesnelerin
interneti ¢ok basarili bir sekilde kullanilmaktadir. Tarimsal sulamada dagitilan suyu kontrol etmek
icin akilli telefon araciligiyla kontrol edilebilen akilli sulama sistemi ile ilgili calismalarda yiiksek
basarilar elde edilmektedir. Olatunji vd. (2020) tarafindan yapilan ¢alismada, sulama siireci akill
telefon, bilgisayar programlama ve mikro hesaplamayla otomatiklestirilerek yapilmistir. Bu
arastirma; mikro bilgisayar, internet siiriiciisii, su borulari, denetleyiciler ve sensorler kullanilarak
gerceklestirilmis olup kullanici araytiz tasariminda Virtuino ile C++ programlama dili kullanilmistir.
Sistem test edilmis ve %95,5 verim elde edilmistir. Benzer ¢alismalarda da yiiksek verim degerleri
elde edilmistir (Abdelmoamen Ahmed vd., 2021; Lakshmiprabha ve Govindaraju, 2023; Sasi Kumar
vd., 2023).

Internetin kamuya acik hale geldigi 1989'dan sonra, internete ve web tabanli veri depolamaya
dayali kontrol sistemlerinin gelisimi, nesnelerin interneti (IoT) uygulamalarina zemin hazirlamistir.
Tarimsal tretimde kullanilmak tuzere kablosuz sensér ag1 (Wireless Sensor Network-WSN)
uygulamasi icin gelistirilen aktliatorler ve sensorlerin kullanimi da hizla yayginlasmaktadir.
Tarimsal sulama, giibreleme, zararli yonetimi, yabanci ot kontrolii ve hastalik tespiti gibi ihtiyaclar
da arastirmacilarn tesvik ederek, tarimda ileri teknoloji kullaniminin yolunu agmistir. Bu nedenle
gliinlimiizde tarimsal iiretimde artik sadece biiytlik degil, kiiciik ve orta 6lcekli tarim isletmelerinde
de makine 6grenmesi (ML), yapay zeka (Al), insansiz hava araclar1 (IHA) ve nesnelerin interneti
(IoT) gibi ileri teknoloji uygulamalari sik¢a goriilmektedir (Abernethy, 2010; Aubriot, 2022; Bouali
vd., 2022; Fathy ve Ali, 2023; Jain, 2023; Jiménez vd., 2022; Khashiboun vd., 2007; Khriji vd., 2021;
Ndunagu vd., 2022; Otavio vd., 2016; Sharma vd., 2018; Stolojescu-Crisan vd., 2022).

Kiresel 1sinmanin olasi sonuglary, gida tiretimi ve insanlar i¢in suyun kullanilabilirligini
saglamak ve ekosistemleri korumak i¢cin su adaptasyon 6nlemlerinin yeniden degerlendirilmesine
yol acmustir (Bojago ve Abrham, 2023; Phasinam vd. 2022). iklim degisikliginin olas1 riskleri
arasinda; su kithginin artmasi, su kalitesinin diismesi, su ve toprak tuzlulugunun artmasi, biyolojik
cesitlilik kaybi, sulama gereksinimlerinin artmasi, acil durum ve iyilestirme eylemlerinin olasi
maliyetleri de yer almaktadir (Ahansal vd., 2022; Alves vd., 2023; Bhardwaj vd., 2022; Bjornlund vd.,
2020; Khachatryan vd., 2020).

2. AKILLI SULAMA SISTEMLERININ TEMEL ELEMANLARI

Akilli sulama sistemleri, genellikle tarim ve peyzaj uygulamalarinda su kullanimini optimize
etmek icin kullanilan ileri teknolojik sistemlerdir. Temel bir akilli sulama sistemi; sensorler,
kontrolorler, iletisim sistemleri, vanalar ve yagmurlama sistemleri, hava durumu istasyonlari ve veri
analitigi yazilmindan meydana gelmektedir (Sekil 1). Bu bilesenler, su kullanimini optimize etmek,
kaynaklar1 korumak, tarim ve peyzaj uygulamalarinda siirdiriilebilir kalkinmay1 saglamak amaciyla
birlikte kullanilmaktadir. Akilli su teknolojisinde sulama sistemine entegre edilen akilli su vanalari,
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oransal sulamaya imkan saglayarak, su tiiketiminin uzaktan kontrol edilmesine de olanak
tanimaktadir.

Sistemde kullanilan akilli su vanasi; bir vana kontrolort, bir akis dlcer, kablosuz baglanti ve bir
glic kaynagi icermektedir. Akilli vana, sulama hatlarindaki su akisini 6lgen akis olcerlerden veri
almaktadir. Daha sonra bu bilgiyi kablosuz baglanti araciligiyla bulut tarafindan yonetilen bir yazilim
platformuna gondermektedir. Buradan su kullanim verilerine akilli telefondan veya bilgisayar
erisilerek ayarlamalar yapilmaktadir.

Algilama (sensor)
ve : :
izleme (monitér) —— " Su Planlamasi

NEM SICAKLIK BASING pH

: : : AKILLI SULAMA
: : : SISTEMLERI
Sulama Pompasi

Haberlesme g Verimi
Protokolleri e | : :

5 . : o«
Wi-Fi RFID NFC Z-Wave : : 0

‘l' L 4= SuSeviyesi
Fiziksel Uygulama i Kontrolu
Seviyesi

AG EKIPMANLARI B
MIKROISLEMCI :
SENSORLER
AKTUATORLER

Sekil 1. Akilli sulama sistemlerinin temel bilesenleri
Akilli sulama sistemleri su temel elemanlardan meydana gelmektedir;

2.1.Sensorler

Sensorler, toprak nemi, sicaklik, nem ve yagis gibi ¢evresel kosullara iliskin verileri toplayarak
akilli sulama sisteminde su kullaniminin planlanmasini saglanmaktadir. Bu sensorler, gercek
zamanli bilgi saglamak, hassas sulama planlamasina olanak tanimak ve asir1 sulamayi veya su altinda
kalmay1 énlemek icin tarlada veya bahcede uygun lokasyonlara yerlestirilmektedir. Ozellikle toprak
nemi 6lciimiinde son donemlerde farkli teknolojiler kullanilmaya baslanmistir. Suyun toprakta gecici
olarak depolanmasi, toprak nemi olarak ifade edilmektedir. Su stresinin tespit edilmesi ve sulamanin
yonetilmesi acisindan toprak nemi kritik dneme sahiptir. Toprak nemi verileri ayni zamanda
kuraklik gibi dogal afetleri tahmin etmek icin de kullanilmaktadir. Toprak nemi él¢ciimiinde daha ¢ok
indirekt yontemler tercih edilmektedir (Sekil 2). Bu yontemler voliimetrik teknikler olarak da
bilinen tekniklerdir. Bu yontemlerde, toprak profilindeki bazi degiskenleri 6lgerek dolayli olarak
toprak nem icerigi belirlenmekte olup gercek zamanl sulama yonetimi kararlari i¢cin daha dogru
sonuglar elde edilmektedir. Toprak neminin mekansal ve zamansal degisimi, iklim, topografya,
toprak ozellikleri, bitki ortiisii ve arazi kullanimi gibi bes 6nemli faktérden etkilenmektedir. Ornegin,
glines radyasyonu ve sicaklik faktorleri toprak nemi tlizerinde dolayl bir etkiye neden olurken,
buharlasma, terleme ve yagis ise dogrudan bir etkiye sahiptir (Haziq vd., 2022; Rasheed vd., 2022;
Singh vd., 2019; Srivastava vd., 2016; Susha Lekshmi vd., 2014; Walker vd., 2004). Toprak nemi
sensorleri mevcut bir sulama sistemine de entegre edilebilmektedir. Sensor, planlanmis bir sulama
eyleminden 6nce kok bolgesindeki toprak nemini 6l¢gmekte ve toprak nemi belirli bir esigin
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lizerindeyse dongiiyti atlamaktadir. Uygulamalarda farkh tipte toprak nemi sensoérleri mevcut olsa
da secilen sensoriin sisteme uyumlu olmasi gerekmektedir. Bazi toprak nemi sensorleri ise hava
sicakliginin sifirin altina diismesi durumunda sulama doéngiisiinii kesebilecek bir toprak donma
sensoriini de icermektedir.

Toprak nemi sensorleri, kablolu veya kablosuz sistemler olarak kullanilmaktadir. Daha 6nce
yapilan c¢alismalarda, toprak nemi sensor sistemlerinin nispeten yagishh veya normal hava
kosullarinda sulama suyu tasarrufu sagladigi ifade edilmistir (Cardenas-Lailhacar vd., 2008, 2010).
Bu tip akilli sulama sistemi konfigiirasyonlarinda genellikle bir zaman-yagmur sensori veya
sensorsuiz tabanli sulama programi kullanilmaktadir (Krishnan vd., 2020).

Akilli sulama uygulamalarinda en yaygin kullanilan sensorler dielektrik sensoérlerdir. Dielektrik
sensorler topragin dielektrik sabitini belirleyerek caligmaktadir. iletken olmayan bir malzemenin
elektromanyetik dalgalar1 veya pulslarn (darbe) iletme yetenegini 6l¢mektedir. Kuru topragin
dielektrik sabiti suyunkinden daha diisiik oldugundan, toprak miktarindaki kiiciik degisiklikler bile
toprak suyunun elektromanyetik 6zelliklerini biliytik 6l¢iide etkileyebilmektedir. Cevredeki ortamda
dielektrik sensorler tarafindan alternatif bir elektrik alani olusturan dielektrik sensorler, c¢ikis
sinyaline bagh olarak siniflandirilmaktadir (Arias vd., 2023; Kaur vd., 2007; Raffelli vd., 2017; Wu
vd., 2022).

Toprak Nemini indirekt Olgme
Teknikleri

Volumetrik Tensiyometrik
Olgiim Olgiim

Notron
Moderasyonu

, Gama = ADR
Soénlimlenmesi

Yeni Teknikler

Direng
Bloklan

Biyo-
empedans

Mikrodalga

Notron
Sacgiimasi

— TDR Is1 Yayihmi

Elektromanyetik
Indiiksiyon

Toprak

[T
IEIIIEI

B FOR Psikrometrisi
=] TDT Tensiyometre
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Sekil 2. Toprak nemini indirekt 6l¢me teknikleri

Toprak nemini indirekt 6lcme yontemlerinden en yaygin olanlari soyledir;

Nétron Sagilma Yontemi:

Notron sagilmasi tekniginde, hizli nétronlari1 (ortalama enerji 5 MeV, mega elektron volt)
topraga sacan radyoaktif bir kaynak kullanilmaktadir. Bu hizli nétronlar toprak su molekiiliindeki
hidrojen c¢ekirdeklerinin carpismasiyla yavaslamaktadirlar. Bu sensorlerde, 1-2 dakikalik tepki
suresiyle cesitli derinliklerde ve hacimlerde toprak nemi odlciilmesinde en dogru sonuglar elde
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edilmektedir. Ancak, bu yontemin toprak yiizeyine yakin derinliklerde (<0,3 m) duyarsizlik, yiiksek
kurulum maliyeti, tasima zorlugu, radyasyon riski ve dis etkenlere maruz kalma gibi 6nemli
dezavantajlar1 bulunmaktadir.

Zaman Alani Reflektometri (TDR) Sensortii:

TDR sensortj, iletilen sinyalin bir uctan digerine gitmesi icin gereken siireyi dlgmektedir. TDR,
yluksek zamansal ¢oziintrliigii, basar hizi, tekrarlanabilir tahmin yetenegi ve toprak dokusundan,
tuz konsantrasyonundan ve sicakliktan bagimsiz olmasi nedeniyle uzun vadeli yerinde 6lgiimler ve
otomasyon icin kullanishdir. TDR yodntemi, toprak dokusundan, tuz iceriginden ve sicakliktan
bagimsiz oldugundan toprak kalibrasyonuna gerek duyulmamaktadir. TDR, gama ve nétron
sondalar1 gibi radyasyon yayan kaynaklar olmadan, tahribatsiz, yerinde izleme saglamaktadir. Ancak
cihazlarin ilk kurulum maliyetinin daha yiiksek olmasinin yani sira asir1 tuzlu toprakta yansimayi
kaybedip toprak kiitlesi 1slakken iletkenligi artirarak hatalara yol agabilmektedir.

Kapasitans sensorti ve Frekans Alani Reflektometrisi (FDR):

Kapasitans sensorii ve FDR, bir ortamin dielektrik sabitini, o ortamdaki bir kapasitériin aldigi
sarj suresini belirleyerek tahmin saglamaktadir. Yontemin sonucu toprak o6zelliklerine gore
degistiginden, uygulama sirasinda sik sik kalibrasyon yapilmasi gerekmektedir. Ik kurulumun
maliyeti TDR'den nispeten daha diisiik olup, bu yontem frekans alani analizi, topragin nem icerigini
tahmin etmede zaman alani reflektometri yontemlerine gére daha fazla umut vaat etmektedir.

Direng Sensorti:

Diren¢ sensori, toprak nem igerigi ile toprak ozdirenci arasindaki ters baginti prensibini
kullanarak ¢alismaktadir. Toprak nem igerigindeki artislar toprak 6zdirencinde bir azalmaya neden
olmaktadir. Toprak direnci topraktaki elektrotlar arasindaki diren¢ veya malzemenin dengedeki
direnci kullanilarak her iki sekilde de o6l¢iilebilmektedir. Direngli sensorler tiim sensorler arasinda
maliyeti en diisiik sensorler olmasina karsin, giivenilirligi ve tekrarlanabilirligi daha diisiik olan
sensorlerdir. Bu 6lgiim teknigi bireysel kalibrasyon gerektirmekte ve tuzlu toprak ol¢iimlerinde
basarisiz sonuglara neden olmaktadir.

Gama Zayiflamasi Yéntemi:

Diger bir 6l¢iim teknigi olan gama 151n1 zayiflamasi, radyo sinyallerine dayanmaktadir. Bu teknik,
saha ve laboratuvar arastirmalarinda toprak su igerigini 25 mm veya daha az toprak derinligine
kadar yiiksek c¢oziiniirliikle 6l¢me yetenegine sahiptir. Ayrica tahribatsiz yapisi, ayni sahadaki
fiziksel toprak parametrelerinin c¢esitli donemlerde tekrar tekrar degerlendirilmesine olanak
saglamaktadir. Bu teknik, toprak kiitle yogunlugu degisikliklerine ve ylizey toprak nemine (SSM-
Surface Soil Moisture) duyarhdir.

2.2.Kontrolorler (Denetleyiciler)

Denetleyiciler, akilli bir sulama sisteminin beyni gorevini yiiriitmektedir. Akilli sulama
sistemleri, su kullanimini optimize etmek i¢cin genellikle sensoérler, kontrolorler (denetleyiciler) ve
iletisim teknolojilerinden olusan cesitli cihazlar kullanmaktadir. Kontrolorler (denetleyiciler),
sensorlerden ve diger kaynaklardan gelen verilere gore sulama sisteminde gerekli ayarlamalar
yaparak sistemi yoneten elemanlar olarak tanimlanmaktadir. Piyasada her biri belirli uygulamalar
icin tasarlanmis cesitli mikro denetleyiciler bulunmaktadir. Yaygin mikro denetleyici tiirleri ve
kullanim alanlar1 asagida 6zetlenmistir.
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32-bit Mikro denetleyiciler: Bu mikro denetleyiciler 16-bit olanlardan daha glig¢li olup,
endustriyel kontrol, otomotiv ve tibbi ekipman gibi uygulamalarda kullanilmaktadir.

ARM Mikro denetleyiciler: ARM, mikro denetleyicilerde kullanilan popiiler bir mimaridir. Cep
telefonu, tablet ve gomiilii sistemler dahil olmak tizere gesitli uygulamalarda kullanilmaktadir.

AVR Mikro denetleyicileri: AVR mikro denetleyicileri tiiketici elektronigi, otomotiv sistemleri ve
tibbi cihazlarda yaygin olarak kullanilmaktadir.

Raspberry Pi Mikro denetleyicileri: Raspberry Pi, robotik, ev otomasyonu ve 10T cihazlarini igeren
bir¢ok uygulamada kullanilan poptiler bir mikro denetleyicidir.

Arduino Mikro denetleyicileri: Hobi elektronigi merakllarinin ev otomasyonu ve robotik gibi
cesitli projeler i¢in kullandigi poptler bir mikro denetleyici grubudur.

2.3. iletisim Sistemleri

iletisim sistemleri, sensorler, kontrolorler ve akilli sulama sisteminin diger bilesenleri arasinda
veri aligverisini saglamaktadir. Bu islem kesintisiz bilgi aktarimina imkadn veren kablolu veya
kablosuz aglar vasitasiyla gerceklestirilmektedir. Iletisim sistemleri ayrica uzaktan izleme ve
kontrolii (mobil, akili telefon, PC ile) kolaylastirarak, kullanicilarin sulama sistemine her yerden
erismesine ve yonetmesine olanak tanimaktadir.

2.4.Vanalar ve Yagmurlama Elemanlari

Vanalar ve yagmurlama sistemi elemanlari, tarim triinlerine su dagitmaktan sorumludur. Akill
bir sulama sisteminde bu bilesenler; akis kontrolii, basing regiilasyonu, bolge kontroli gibi gelismis
ozelliklerle donatilmistir. Bu elemanlar, su dagitimini hassas bir sekilde yaparak, su israfini en aza
indirmekte ve her bitkinin yeterli miktarda su almasini saglamaktadir.

2.5. Meteoroloji Hava Tahmin Istasyonlar:

Sicaklik, nem, riizgar hizi ve gilines radyasyonunu gibi meteorolojik verileri toplamak igin
meteoroloji istasyonlar1 akilli sulama sistemlerine entegre edilmektedir. Sistem, hava durumu
bilgileri ile dogal yagis, buharlasma ve terleme oranlarini da dikkate alarak sulama programlarini
ayarlamaktadir. Bu veriler, gereksiz sulamanin 6nlenmesine ve su kaynaklarinin korunmasina
yardimci olmaktadir.

2.6.Veri Analizi ve Yazilim

Veri analizi ve yazilim, toplanan verileri isleyip yorumlayan akilli bir sulama sisteminin temel
bilesenleridir. Gelismis algoritmalar ve yazilim uygulamalari, 6neriler olusturmak icin sensor
verilerini, hava durumu bilgilerini ve diger ilgili faktorleri analiz etmektedir. Bu analizler ve yazilim,
kullanicilarin sulama yonetimi konusunda daha dogru kararlar almasina imkan vererek, verimli su
kullanimu1 ve siirdiiriilebilirligi desteklemektedir.

Genellikle, halihazirda kullanilmakta olan bir sulama sisteminin akilli sulama sistemine
dontstiirilmesi tavsiye edilmemektedir. Bunun yerine; toprak nemi, yagmur, riizgar veya don
sensori gibi sensorlerle desteklenen yeni bir akilli sulama sistemi tercih edilmelidir. Bazi treticiler
tek bir aparat kullanarak birden fazla gevresel unsuru o6lcebilen sensorlerle donatilmis paket
cihazlarda tiretmektedir.

Su kullanim verimliligini artirmak icin bitki gelisimini ve bliyiimesini etkileyen belirli faktorlerin
takip edilmesi gerekmektedir. Akilli sulama sistemlerinde izleme; toprak izleme (nem, sicaklik, pH,
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ve sanitasyon), Uriin izleme (bitkisel gelisim indeksi, su stresi, hastalik ve pestisitler) ve cevre (nem,
sicaklik, UV) izleme olmak lizere li¢ alanda yapilmaktadir (Sekil 3).

Akilli sulamanin baglamsal izlenmesi, en son iletisim teknolojileri araciligiyla toprak durumu,
bitki saghg ve ekilen boélgedeki iklim degiskenleri hakkinda gercek verilerin toplanmasini
gerektirmektedir (Abioye vd., 2020).

Akilli Sulama Sistemlerinde Izleme

Toprak izleme
Toprak Nem orani Im
Toprak pH degeri ~

Toprak sicakiigi
Topragin Sanitasyonu

Uriin izleme

Bitkisel geligim indeksi
Uriin su stresi dlglim{
Hastalik ve Pestisitler

Gevre izleme

ALy
~
Hava Kalitesi = Z
Yagmur, UV - ~
Sicaklik )

Nem

Sekil 3. Akilli sulama sistemlerinde izleme teknikleri

3. AKILLI SULAMA SISTEMLERINDE DERIN OGRENME VE MAKINE OGRENMESI

Makine 6grenmesi (Machine Learning-ML) bilgiyi bilgisayarlara kodlamak yerine, 6rneklerden
ve gozlemlerden anlamh iligkileri ve kaliplar1 otomatik olarak 6grenmeyi amac¢lamaktadir. Bu
alandaki ilerlemeler, is ve kisisel yasama niifuz eden ve elektronik pazarlardaki ag baglantil
etkilesimleri sekillendiren, insan benzeri bilissel kapasiteye sahip akilli sistemlerin son zamanlarda
yukselisine de imkan vermistir (Sekil 4). Hatta biiylik sirketler tretkenlik, katihm ve calisanlara
yonelik karar alma stireglerinde de bu teknolojilerden faydalanmaktadir (Fischer vd., 2020; Shrestha
vd., 2021).

[ Makine Ogrenmesi Algoritmasi 1
Ornegin, destek vektdr makinesi, karar agaci, k-en yakin komsu algoritmas:
81§ Makine
Ogrenmesi
Yapay Sinir Aglan
Makine )
Ogrenmesi
Ornegin, s1g otomatik kodlayici
‘ Derin Sinir Aglan | a
Ornegin. evrigimli sinir aglari, tekrarlayan sinir aglari  Derin
? Ogrenme
- __ __ ___ __ __ __ _______ _______________ -

Sekil 4. Makine 6@renmesi kavramlari ve siniflar1 Venn semasi (Goodfellow, 2016)
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Derin 6grenme (DL) ve makine 6grenmesine (ML) dayali sistemler genellikle yapay zeka (Al)
olarak adlandirilan gelismis problem ¢6zme kapasitesi, tahminler, kurallar, cevaplar, 6neriler veya
benzer sonuglar turetebilen analitik modeller tizerine insa edilmektedir. Yeni programlama
cercevelerinin uygulanabilirligi, veri kullanilabilirligi ve gerekli bilgi islem giiciine genis erisim ile
desteklenen analitik modeller, giinlimiizde genel olarak makine 6grenmesi diye adlandirilan teknikle
olusturulmaktadir (Ransbotham vd., 2017; Ruiz-Real vd., 2021; Wang vd., 2022).

Makine oOgrenmesi aslinda, problem ¢6zmek icin programlanmaya ihtiya¢ duymadan,
algoritmalar kullanan bir yapay zeka bi¢imidir. Bu yaklasim genellikle geleneksel yontemlere gore
daha hizli ve daha etkilidir. Makine 6grenmesinin en yararl oldugu alanlardan biri de toprak nemi
Olcim1 ve dolayisiyla akill sulama sistemleridir. Makine 6grenmesi, topragin nem igerigini dogru bir
sekilde tahmin edebilen ve daha sonra sulama veya baska amagclar icin kullanilabilecek yeni
algoritmalar gelistirme yetenegine sahiptir (Abdulla ve Marhoon, 2023; Ahmad vd., 2010; Sami vd.,,
2022). Uzaktan algilanan verileri kullanarak toprak nemini tahmin etmek i¢cin makine 6grenmesi ve
derin 6grenme teknikleri bir¢ok arastirmada basariyla uygulanmistir (Wang vd., 2022; Abdulla ve
Marhoon, 2023; Kurtulmus vd., 2022; Yonbawi vd., 2023). Derin 6grenme (DL) ve makine 6grenmesi
(ML), hava, toprak ve iirtin parametreleriyle birlestirilmis farkli bitki ortiisti indeksleri ve spektral
bant yaklasimini kullanarak toprak yilizey nemini (SSM-Surface Soil Moisture) tahmin etmeye
calismaktadir. Son yillarda yapay sinir aglar1 (ANN-Artificial Neural Networks) ve evrisimli sinir
aglar1 (CNN- Convolutional Neural Networks) gibi makine 6grenmesi algoritmalar1 bu amacla
basariyla kullanilmaktadir (Chen vd., 2020; Mateo-Sanchis vd., 2021; Vij vd., 2020). Bu teknik, hava
kosullarindan etkilenmeden uzun streler boyunca yiiksek performansh toprak nemi sensorleri
gelistirmek icin de uygulanmaktadir. Bu da ciftcilerin kurak boélgelerde degerli bir kaynak olan
sulama suyundan tasarruf etmelerine yardimci olmaktadir (Wang vd., 2022; Li vd., 2022; Xie vd,,
2021).

Tarimsal sulamada su israfi 6nlemenin en 6nemli yolu, sulama siirecinde su kaybinin en aza
indirilmesidir. Geleneksel sulama yontemlerinde, biiylik miktarda su kullanimina ihtiyag
duydugundan, makine oOgrenmesi (ML) ve nesnelerin interneti (IoT) gibi son teknolojilerin
yardimiyla tasarlanan “akilli tarimsal sulama sistemleri” ile daha az su kullanimi miimkiin hale
gelmektedir. Yapilan ¢alismalarda, [oT destekli, derin 6grenme 6zellikli akilli sulama sistemi (IoTDL-
SIS) teknigi denemelerinde basarilar elde edilmistir (Abdulla ve Marhoon, 2023; Hadidi vd., 2022;
Jain, 2023; Kavyashree T ve Shreedhara KS, 2021; Khriji vd., 2021; Stolojescu-Crisan vd., 2022).
[IoTDL-SIS tekniginde asil amag, daha az insan miidahalesi ile etkili ve gerektigi kadar su kullanimini
saglamaktir. IoTDL-SIS tekniginde, veri toplama amaciyla toprak nemi, sicaklik, hava sicakligi ve
nemi gibi farklh sensorler kullanilmaktadir. Sensér verileri Arduino modiiliine iletilmekte ve bu
modil de daha sonra sensor verilerini sonraki islemler i¢in bulut sunucusuna iletmektedir. Bulut
sunucusu, veri analizi siirecini regresyon, kiimeleme ve ikili sinifflandirma olmak tizere t¢ farkh
islemi kullanarak gerceklestirmektedir. Atmosferik basing, yagis, giines radyasyonu ve riizgar hizi
gibi toprak ve ¢evresel parametrelerin 6nceden tahmin edilmesi i¢cin Derin Destek Vektor Makinesi
(DSVM-Deep Support Vector Machine) tabanli regresyondan yararlanilmaktadir (Suresh vd., 2022).

4. TARIMSAL AKILLI SULAMA SISTEMLERININ ZORLUKLARI VE DEZAVANTA]JLARI
Tarimsal akilli sulama sistemlerinin de diger yliksek teknolojik ve elektronik sistemler gibi bazi
dezavantajlar1 bulunmaktadir. Bu dezavantajlarin bir kismi sistemden kaynaklanmakta ise de biiytik
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bir kismi da; kullanical (¢iftci), tarla buiyiikliigi, arazi topografyasi, iirlin ¢esidi, su kaynagi, cevresel
faktorler gibi parametrelere baghdir.

Baslangi¢ Maliyeti: Akilli sulama sistemlerinin temel zorluklarindan biri ilk yatirim maliyetidir.
Bu sistemler genellikle sensorler, kontrolorler, yazilimlar, motor ve sulama ekipmanindan
olusmaktadir. Tim bu elemanlarin maliyeti ilk yatirim icin yliksek olabilmektedir. Bu maliyet,
akilll sulama teknolojisini benimsemek isteyen kiiciik ve orta olgekli ¢iftgiler i¢in bir engel
teskil edebilmektedir (Gbodji vd., 2023; Serote vd., 2021; Zhang ve Khachatryan, 2019).
Sistemin Karmasikligr: Akilli sulama sistemlerinin kurulumu, bakimi ve onarimi her bireyin
kendi kendine yapamayacag1 kadar karmasik olabilmektedir. Bakim ve onarim gibi isler ancak
yetkili uzmanlar tarafindan yapilmakta ve bu da maliyetli olabilmektedir. Sensor yerlestirme,
kontrolorleri programlama ve yazilim arayiiziinii anlama gibi konular, bilgi sahibi olmay1
gerektirmektedir. Ciftciler veya teknik uzmanligi olmayan kullanicilar, akilli sulama
sistemlerini kurmakta ve sorunlarini gidermekte zorlanabilmektedir (Serote vd., 2021).
Teknolojiye Bagimlilik: Akill sulama sistemleri biiyiik 6lciide sensorler, kontrolorler ve yazilim
gibi ileri teknolojik elemanlardan meydana gelmektedir. Sistemdeki herhangi bir ariza veya
aksaklik, sistem arizalarina veya su dagitiminda biiyiik hatalara yol agabilmektedir. Ayrica,
enerji kesintileri veya baglanti sorunlar1 akilli sulama sistemlerinin islevselligini olumsuz
etkileyecektir (Suh vd., 2017).

Veri Dogrulugu ve Yorumlanmasi: Akilll sulama sistemleri, topragin nem seviyesini, hava
durumunu ve bitkinin su gereksinimini belirlemek icin sensorler vasitasiyla veri
toplamaktadir. Ancak bu verilerin dogrulugu sensor kalibrasyonu, ¢evre kosullar1 ve toprak
degiskenligi gibi cesitli faktorlerden etkilenebilmektedir. Verilerin yorumlanmasi ve sulama
programlarinin buna gore ayarlanmasi, stirekli izleme ve ayarlama gerekliligi gibi zorluklar
barindirmaktadir (Bhardwaj vd., 2022; Vallejo-Gémez vd., 2023).

Bakim ve Onarim Gereksinimleri: Her teknolojik sistem gibi akill1 sulama sistemleri de diizgiin
calisabilmesi icin diizenli bakim gerektirmektedir. Bunlar, sensoérlerin kalibrasyonu, yazilim
glincellenmesi, akii/pil degistirilmesi ve arizal bilesenlerin onarilmasi veya degistirilmesi gibi
is ve islemlerdir. Sistemin bakiminin zamaninda yapilmamasi verimin diismesine ve gereksiz
su tiiketimine yol acabilmektedir.

Uyumluluk ve Entegrasyon: Akilli sulama sistemlerini mevcut sulama altyapisina veya tarimsal
uygulamalara entegre etmek c¢ok kolay olmamaktadir. Farkli bilesenler veya yazilim
platformlar arasinda uyum sorunlar1 ortaya ¢ikabilmekte ve ¢o6ziilmesi icin ek zaman ve
maliyet gerekebilmektedir.

Veri Gizliligi ve Giivenligi: Bilindigi gibi, akilli sulama sistemleri, su kullanimi, mahsul verimi ve
hava kosullar1 hakkinda bilgiler de dahil olmak iizere ¢ok sayida hassas veriyi toplamakta ve
saklamaktadir. Veri gizliliginin ve giivenliginin saglanmasi, bu bilgilere yetkisiz kisilerin
erisiminin engellenmesi icin 6nlem almak gerekmektedir (Ilyas vd., 2022; Khachatryan vd.,
2019; Masseroni vd., 2020; Muthuminal ve Priya, 2023).

Bunlara ek olarak, tarimsal akilli sulama sistemlerinin tasarimy, islevselligi ve kullanilabilirligi

gelistirmek icin siirekli arastirma, gelistirme ve egitime ihtiya¢c duyulmaktadir. Ayrica, politika
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yapicilarin ve paydaslarin zorluklar1 asmak ve siirdiiriilebilir sulama uygulamalarini tesvik etmek
icin is birligi yapmasi gerekmektedir.

5. SONUC VE ONERILER

Ortalama bir cift¢i icin akilli bir sulama sisteminin tavsiye edilip edilemeyecegi, cift¢inin
ihtiyaclari, kaynaklar1 ve tarimsal faaliyetlerin 6zel kosullar1 dahil olmak tizere ¢esitli faktorlere
baghdir. Tarimsal amagh bir akilli sulama sisteminin bir ciftciye veya ciftlige uygun olup olmadiginin
belirlenmesinde g6z 6niine alinmasi gereken hususlar asagida siralanmistir (Bjornlund vd., 2020;
Bojago ve Abrham, 2023; Dyantyi ve Njenga, 2022):

Kaynak kullanilabilirligi: Akilli sulama sistemleri genellikle sensorler, kontrolérler, yazilim ve
kurulum maliyetleri agisindan 6nemli bir baslangi¢ yatirnmina ihtiya¢ duyulmaktadir. Siradan
ciftcilerin bu teknolojiye yatirim yapacak mali kaynaklara sahip olup olmadiklarini tespit etmek i¢in
bir fizibilite calismasi yapmasi/yaptirmasi gerekmektedir.

Teknik bilgi ve beceri: Akill1 bir sulama sisteminin isletilmesi ve bakimi belirli diizeyde teknik
bilgi ve beceriye ihtiya¢ duyulmaktadir. Ciftcilerin sistemi etkili bir sekilde kurma, kalibre etme ve
sorun giderme konusunda uzmanliga sahip olmalar1 veya etkin bir servis aginda yardim almalari
gerekmektedir.

Ciftlik biiytikliigii ve karmasikligr: Ciftligin buiytkligi ve karmasikligi akilli sulama sisteminin
uygunlugunu etkileyen en o6nemli faktorlerden biridir. Cesitli mahsullere ve degisken toprak
kosullarina sahip daha biiyiik ciftlikler, akilli sistemlerin sundugu hassas sulama o6zelliklerinden
daha fazla yararlanabilmektedir. Buna karsin, daha basit sulama ihtiyaglar: olan daha kiictik ciftlikler
ise geleneksel yontemleri daha pratik ve uygun maliyetli uygulama imkanina sahiptir.

Cevresel kosullar: Yerel iklim, toprak tiirii ve hava kosullar1 akilli sulama sistemlerinin etkinligini
etkilemektedir. Ciftciler, bolgelerindeki cevresel kosullarin sensérlerin ve kontrolérlerin giivenilir
calismasini destekleyip desteklemedigini dikkate almalidir. Siddetli yagmur veya kuraklik gibi asiri
hava olaylari, sulama planlama algoritmalarinin dogrulugunu etkileyebilmektedir.

Amortisman: Ciftciler, akilli bir sulama sisteminin uygulanmasiyla baglantili potansiyel yatirim
getirisini iyi degerlendirmelidir. Pesin maliyetler 6nemli olsa da su tasarrufu, artan mahsul verimi ve
is guicu verimliligi gibi uzun vadeli faydalar, zaman i¢ginde ilk yatirinmdan daha agir basabilmektedir.
Maliyet-fayda (ekonomik fizibilite) analizi yapmak, ciftgilerin akilli sulama teknolojilerini dogru
degerlendirmesine yardimci olacaktir.

Ozetle, akilli sulama sistemleri su yonetimi ve bitkisel {iretim icin gelismis imkanlar sunarken,
siradan c¢iftcilere uygunlugu cesitli faktorlere baghdir. Ciftgiler akilli sulama teknolojisine yatirim
yapip yapmayacagina karar vermeden oOnce ihtiyaclarini, kaynaklarini ve hedeflerini dikkatle
degerlendirmelidir. Tarim uzmanlari, tedarikgciler ve meslektaslariyla is birligi yapmak, ciftgilerin
bilin¢li kararlar almasina ve akilli sulama sistemlerinin potansiyel faydalarin1 en tst diizeye
cikarmasina yardimci olacaktir.

Sulanmasi planlanan tarimsal alanin biiytikligi, akilli sulama sistemi secerken dikkate alinmasi
gereken onemli bir parametredir. Kiiciik arazi veya bahce sulamalar icin, akilli sulama sistemleri
faydali olabilmektedir. Ancak, bu kullanicilar temel sensor tabanl sistemleri veya manuel kontrolli
damla sulama gibi daha basit ¢éziimleri tercih edebilmektedir.

Orta 0Olgekli sulama ihtiyaci olan ciftlikler, daha genis alanlarda su kullanimini optimize etmek
icin sensor aglari, hava durumu verileri ve daha gelismis kontrolorlerden olusan akilli sulama
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sistemlerini tercih etmelidir. Biiylik 6lcekli tarimsal operasyonlar icin akilli sulama sistemlerinin
kullanimi kaginilmazdir. Bu ciftlikler genellikle genis bir sulama alanina sahiptir. Ayrica gelismis
akilli  sulama teknolojilerinin  sundugu hassasiyet ve verimlilikten biyik o6lgide
yararlanabilmektedir. Genis alanlardaki sulamay: etkili bir sekilde yonetmek i¢in sensorler, uydu
goruntiileri ve otomatik kontrol sistemlerinden olusan bir akilli sulama sistemi kombinasyonu
kullanmalari 6nerilmektedir.

Akilli sulama sistemleri farkli operasyon olceklerindeki ciftlikler i¢in dnerilebilirken, karmasiklik
diizeyi ve gereken yatirim, sulanan tarim alaninin biytikligiine, mevcut kaynaklara ve kullanicilarin
teknik uzmanlhgina bagh olarak degisecektir.

Akilli1 sulama sistemleri ve diger yeni tarim teknolojilerinin satisi, projelendirilmesi ve
ithalatinin, ilgili kamu kurumlar tarafindan mutlaka denetim altina alinmasi, gerekiyorsa yeni yasal
diizenlemelerin yapilmasi gerekmektedir. Yeni tarim teknolojilerinde ithalat yerine, yerli liretimin
tesvik edilmesine ihtiya¢ duyulmaktadir. Ayrica, savunma sanayinde oldugu gibi biiyiik bir kamusal
hassasiyet ve gayretle kurumlarin koordinasyonu gerekmektedir. Aksi halde, “yeni tarim
teknolojileri” adi altinda iilkemize birgok iilkeden ithal edilen diisiik kaliteli ve yanlis tUrtnler,
ekonomik kaynaklarin israfina yol agacaktir.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

Agricultural water use and management is one of the most important issues in today's world.
Current discussions such as water consumption, wastewater management, and utilization of
rainwater are actually a harbinger of the upcoming water crisis. The way to successfully manage this
crisis is to use advanced technologies in water consumption and evaluation. In agricultural water
use, it has become a necessity to choose "Smart Irrigation Systems" where Artificial Intelligence (Al),
Deep Learning (DL) and Internet of Things (IoT) applications are used together to prevent water
waste. The sequence of drip irrigation, sprinkler irrigation, pivot and smart irrigation systems that
have begun to replace traditional irrigation systems is also a technological irrigation chronology.

Recently, Artificial Intelligence (AI) management, Deep Learning (DL) and Internet of Things
(IoT) applications in wastewater recycling, water distribution, rainwater harvesting and agricultural
irrigation show signs of how they will become widespread in the future.

The aim of this study is to introduce smart irrigation systems in general terms, their usage areas
and the technologies used in these systems. Additionally, the issues that farmers should know before
investing in these technologies are mentioned. By including the latest studies in the literature, an
attempt has been made to shed light on the development process of smart irrigation systems in the
world. It has been emphasized that higher efficiency in agricultural production can be achieved by
using smart irrigation technologies.

Methodology

Nowadays, when agricultural irrigation and domestic water consumption increases, preventing
water waste is of great importance. Nearly 300 national and international articles published in
recent years (2020-2023) on new technologies such as smart water systems, artificial intelligence,
and the internet of things were examined and evaluated. In the articles, smart irrigation system
technologies, application methods, results and warnings and recommendations are taken into
consideration.

Another purpose of the study is to shed some light on our farmers by trying to determine the
current situation of new agricultural technologies in the world and in our country. It is thought that
the content and bibliography of this study will be useful to researchers interested in the subject and
working on similar subjects. For this reason, current studies published in indexed journals were
cited as much as possible.

Results and Conclusions

Whether a smart irrigation system is recommended for an ordinary farmer depends on several
factors, including the farmer's needs, resources and the specific conditions of agricultural
operations. These;

I[ssues such as resource availability, technical knowledge and skills, farm size and complexity,
environmental conditions, return on investment. Farmers should carefully consider their needs,
resources, and goals before deciding whether to invest in smart irrigation technology. Collaborating
with agricultural experts, suppliers and colleagues will help farmers make informed decisions and
maximize the potential benefits of smart irrigation systems. Moreover, while smart irrigation
systems can be recommended for ordinary farmers at different scales of operation, the level of
complexity and investment required will vary depending on the size of the irrigated agricultural
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area, available resources and technical expertise of the users. It is important to consider factors such
as cost effectiveness, scalability, convenience.

It is urgent that the sale, project design and import of smart irrigation systems and other new
agricultural technologies be controlled by the relevant public institutions and, if necessary, new legal
regulations be made. Instead of importing new agricultural technologies, domestic production
should be encouraged and institutions should be coordinated with great public sensitivity and effort,
just like the defense industry. Otherwise, our economic resources will be wasted with low quality
and wrong products imported to our country under the name of "new agricultural technologies".
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