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ABSTRACT

The coffee cherry processing industry traditionally relies on the dry method, involving harvesting, drying,
and dehulling. Conventional dehulling machines with fixed drum clearances struggle to handle natural size
variations, leading to Inefficiencies and Increased cherry breakage. To address these challenges, an
Innovative coffee cherry-size grading machine has been developed, utilizing an inclined oscillating sieve
technique powered by a diesel engine through a belt drive. Key components include a feeding hopper,
reciprocating grading sieve assembly, support frame, and power transmission system. A comprehensive
performance evaluation focused on grading efficiency and capacity, exploring various operational
parameters: feed rates (5, 10, 15 kg min’), sieve angles (7° 9°, 11°), and speeds (80, 140, 200 rpm). Using a
split-split-plot block design for data analysis, the study yielded promising results. Maximum grading
efficiency of 88.40% was achieved at 15 kg min! feed rate, 8 rom speed, and 7° sieve angle, with a capacity
of 137.11 kg h'! and 4.96% sieve clogging rate. ANOVA revealed significant influences of operational speed
and sieve inclination angle on performance parameters. These findings offer valuable insights for optimizing
coffee cherry processing, potentially enhancing efficiency and quality in the industry.

Keywords: Coffee, Dehulling, Eccentric, Grading, Oscillating sieve, Machine
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INTRODUCTION

The nonalcoholic stimulating beverage crop, Coffee Arabica, belongs to the Rubiaceae
family and the genus Coffea (Alemnew. 2020). This coffee is the backbone of the
Ethiopian economy, accounting for 25-30% and 10% of the total foreign currency

earnings and the government revenues of the country, respectively (Adem. 2023).
Approximately 200 thousand tons are shipped to the central market in 2023, with
the remaining consumed locally (Gofe Balami er al., 2024).

During the 2018-19 main production season coffee covered 764863.16 ha of land

in Ethiopia and yielded almost 500,000 tons, with an average productivity of 0.64
tons per hectare. South Nation Nationalities and Peoples Regional State contributed
30% of the total production (CSA, 2019).

Coffee quality may be impacted by a variety of factors, including gene type,

climate, soil characteristics, and agricultural practices, time of harvest, processing
following harvest, grading, packaging, storage, and transporting conditions
(Adugna. 2020). Among these, processing is critical in determining the quality of
coffee. Wet or dry methods can be used to prepare coffee, and the intricacy and
desired level of quality can vary (Freitas et al, 2024). Ethiopia uses both sun-drying
and wet-processing methods, accounting for 70% and 30% of the country's coffee

production, respectively.
The simplest, most affordable, and oldest method is the dry method. It is primarily
popular in Brazil and Africa and yields "natural" coffee (Godwill, 2013). The picked

cherries are first cleared of dirt, twigs, and leaves, as well as overripe, damaged, and
unripe cherries. This is done manually with a large sieve. Unnecessary berries or
other materials that have not been sprayed are collected from the top of the sieve.
Grading is an agricultural processing operation that is undertaken to categorize
grains into different grades based on the desired quality parameters for storage, seed
preparation, and commercialization or further processing (Yayock and Ishaya. 2020).

An essential value-adding method that raises the market value and processing
standards 1s grading agricultural products according to their size
(Umani and Markson, 2020). Hand grading is costly, and personnel shortages make

the process difficult during peak seasons. Human operations can be laborious,
inconsistent, and inefficient at times. Farmers are hopeful that appropriate
agricultural product grading machinery can assist in alleviating manpower
shortages, save time, and enhance the overall quality of items that have been rated
(Mostafa, 2003).

This study addressed the issue at hand and improved the technology used in the
processing of micro to medium-sized coffee processing, benefiting all parties involved

in the industry like farmers by increasing their income by value adding to their
product and by decreasing the breakage losses that occurs during hulling operation.
The objective to determine the physical properties of Coffee cherries, to design,
manufacture/fabricate and assemble the machine and to test and evaluate the
performance of the machine (study the effect of sieve inclination angle, speed of
oscillation of the sieve and feeding rate on capacity and efficiency of the machine).
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MATERIALS and METHODS

Description of the Study Area

The prototype was manufactured at the Jimma Agricultural Engineering Research
Centre workshop. It lies at latitude of 7°40'51.5"N and a longitude of 36°50'38.1"E,
and an assessment of the machine's performance was carried out at Goma Woreda.

Determination of Coffee Cherry Properties

The key physical and mechanical properties that influence the design of the grading
machine like size, shape, density, friction coefficients, and angle of repose were
experimentally determined for coffee Arabica cherries. These are described below:

Geometric mean diameter
Equation (1) can be used to determine the geometric mean diameter (D)
(Garnayak, 2008).

D, = 3/AWT) (cm) (D

Where; L: length, cm,

W: width, cm,
T: thickness, cm.

Arithmetic mean diameter
The arithmetic mean diameter (D.) of the bean was calculated using Equation (2)
(Garnayak, 2008).

D, = (LWT)/3, (cm) ©)

Aspect ratio
The aspect ratio (R) of the bean can be calculated using Equation (3)
(Bizimungu et al, 2022).

R, = %,(cm) 3

Size and shape

The three perpendicular dimensions of 100 randomly selected cherries were
measured using digital calipers. The length, width, and thickness gave intermediate
(b), major (a), and minor (c) diameters respectively.

Sphericity was calculated using the formula:

3
(p — abc (4)

a

The shape index was determined as:

Shape Index = (5)

w
VLT
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Bulk density
This indicates the mass per unit volume of the coffee cherries useful for hopper sizing.
By adding a sample mass of cherries to a container with a known capacity, it became

known,
M k
pb = V—j ,(m—i 6)

Where; pb-bulk density,
Ms: total mass of bean in the container, kg,

Ve: volume of the container, m3.

Angle of repose

The angle of repose of the coffee bean was measured by emptying method by using
an open-ended cylinder of 15 cm diameter and 30 cm height. The cylinder was placed
at the center of a circular plate having a diameter of 70 cm and filled with coffee
cherries. The cylinder was raised slowly until it formed a cone on the circular plate.
The angle of repose was calculated using Equation (7) (Karababa. 2006),

0 = tan_l% 7

Where; - Angle of repose, empty or filling (deg.),
H: Height of the cone (cm),

d: Diameter of the cone (cm).

Moisture content
A small sample was oven dried and the moisture percentage determined by using
Equation (8),

w-a)
w

MC(%) = %100 €))

Where; MC: moisture content,
w- weight before drying,

d’ weight after drying.

Overall Structure and Design of the Machine
Design consideration
When designing the machine, it is crucial to evaluate the available alternatives based
on several key criteria. The ease of assembly and handling should be a primary
consideration, ensuring that the machine can be put together and managed without
excessive difficulty. Additionally, the design should prioritize low maintenance
requirements and minimal running costs, making it economically viable for long-
term use.

Efficiency and durability are equally important factors, as they directly impact
the machine's performance and lifespan. The design should also emphasize ease of
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operation, allowing users to interact with the machine intuitively and effectively.
Lastly, market availability and suitability for operation in rural areas must be taken
into account, ensuring that the machine is accessible and practical for its intended
users and environments.

Overall structure of the machine

As indicated in Figure 1, the machine consists of the following parts: (i) a feeding
hopper; (ii) a grading unit; (iii) a power transmission unit; and (iv) a supporting
frame.

Description and design of machine components

Partno Partname
1 Hopper
2 Steve
3 Outlet chute
4 Eccentric
5 Pulley
f Engine seat
] 7 Frame
8 Angle adjuster

Figure 1. Pictorial view of machine.

Hopper design
This machine is designed to accommodate 20 kg of coffee cherries at a time. According
to Tafa and Olanivan (2023), the actual capacity was estimated in accordance with

the requirement that the hopper's capacity be 1% higher than the anticipated
capacity.
Then,

V, =11V, 9

Pda

20 kg

= G50 kg ms Ve =003’

Then, Vi=1.1*0.03= 0.033 m3 this volume of the hopper is needed for our machine.
The form of the hopper is trapezoidal. To limit the flow of coffee to the grading
equipment, a feed control mechanism was built into the bottom of the hopper.
Equation (11) was used to calculate the design hopper's overall volume.

V=§(a+b)xh X L (11)
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1
V= 5(0.4 +0.3) X 0.35 X 0.5; V = 0.07 m3

Where; Vi Actual volume of hopper

V- estimated volume of hopper,

V:volume of hopper, (m?3),

h-height of the hopper, (0.35 m),

a‘base width (0.3 m),

b- top width (0.4 m),

L:Length of the hopper (0.55 m).

Frame design

The material used for the frame was mild steel which has a Modulus of
Elasticity = 210 GPa, and yield strength, oy = 300 MPa. The ability of a frame
structure to support a given load without a sudden change in configuration was

assessed by determining its crushing stress and criticality using the equations below
(Khurmi and Gupta, 2005).

n2E
Ocr = (LTe)2 (12)
2 _1
r? =< (13)
m2El
P = 1.2 (14)

By using the standard yield strength and comparing it with a critical load on the
frame, we can decide whether the frame is safe or not. Let's determine the
specification of the materials utilized for the frame based on the information at hand:

Modulus of elasticity, E =210 GPa =210 * 103 MPa,

Yield strength, oy = 300 MPa

The actual length of the frame, L =1 110 mm,

For the frame fixed at both ends equivalent length, Le was calculated as,

For the frame fixed at both ends equivalent length, Le was calculated as,

Le== (15)

= % = 550 mm

The ratio of equivalent length to the radius of gyration can be determined by,

Le = ﬂ\/ai (16)

.
210%103MPa
=n |——— = 83.12
300 MPa
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The crushing stress is given by,o., = — 17

_ m?x210%103MPa_

gz 299.99 MPa= 300 MPa

The aforementioned outcome indicates the yield strength of the material used to
create the frame is equal to the amount of crushing stress. From Equation (16), a
radius of gyration can be calculated as:

Lo _ 550mm__

Le _ 8312, Le= 625 mm r= —¢_=339""_ ¢ 69 1m and 2= (6.62 mm)?= 43.80 mm?
r 8312 83.12

Also, from the radius of gyration can be calculated the breadth or width of the
mild steel pipe material used for the frame as follows:

r2 = ;7 (18)

3 2
= b =h—, then h? = 12 *r2 =12 * 43.80 mm?2= 525.6 mm?
12hb 12

h = 24.04mm, for standardizing let take h = 25 mm.
Assuming thickness = 3mm and depth = 50mm.

The critical load can be determined as:

m2El
For = 1.2 (19)
e
3 3
%4210 (A%) _ m2x210s101t (2220 .
= = = 3454.36 *108kN
Le 5252
Hence, critical stress was computed using:
P
Ocr = (20)
P;r _ 3,454.36%108

= 276.34 Mpa

bxh ~ 50mm#25mm

Where; o+ Crushing stress (MPa), r- Radius of gyration (mm), Le’ Frame
equivalent length, (mm), P The critical load on the frame (kN), /- Polar moment of
area for a hollow square shape (mm?*), A: Cross-section area for a hollow square shape
(mm?2).

Therefore, when compared to the material's critical stress with yield strength, the
estimated critical stress was less than the latter (cer<oy). According to Euler's theory
of buckling, the critical buckling stress for thin columns is frequently lower than the
yield stress. As a result, the designed proportions of the frame materials are safe.

Design of the grading unit

The shape of the sieve hole is selected based on the shape index of coffee cherries
which is the spherical shape and circular shape was selected since the shape index
of the coffee cherries is less than 1.5 and considered as spherical shape. The size of
the sieve was selected based on the result of the physical properties of the coffee bean
and the diameter of the holes was chosen to be 12 mm, 10 mm, and 8 mm based on
the physical characteristics of coffee cherries.
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Design of Power Transmission Unit

Shaft selection

For a solid shaft with little or no axial load, the diameter of the shaft was determined
using Equation (21) (Khurmi and Gupta. 2005).

16Te
T

d? = [(KbMb)? + (KtMt)?]*/? (21)
Where: & diameter of the shaft, mm,

Mt: torsional moment, N m,

Mp' bending moment, N m,

Kb: combined shock and fatigue factor applied to bending moment,

Te: equivalent twisting moment, N m,

Kt combined shock and fatigue factor applied to torsional moment,

- maximum allowable shear stress, N m1,

The vertical force acting on the shaft is shown in Figure 2 below.

Wp +T1+T2

EAV EBV
Figure 2. Free body diagram of force acting vertically on shatft.

Then we can find the moment at point A assuming that, the summation of the
moment at point A is zero.

ZMA=O

RBV(0.75) — (WP 4+ T1 + T2)(0.95) = 0
=RBV (0.75) - (316.87) (0.95) = RBV (0.75)-301; RBV (0.75) = 301 N
RBV=401.37 N

Then, calculating for moment at B assuming that the summation of moment at B is
Zero.

ZMB=O
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RAV(0.75) — (WP +T1+T2)(0.2) =0
= RAV (0.75) - (316.87) (0.2) = RAV (0.75)-163.37; RAV (0.75) = 163.37
RAV=84.49 N
Then, we can calculate Maximum bending moment:
BM at AC = RAV (0.2) = 401.37(0.2) N; BM=80.27 N

Horizontal force acting on the shaft was showed in Figure 3 as below.

’ WG
Vi W
X C (B
ki§€ ‘{ e [_\. ‘] 4
L) 0378 m {j,‘k} 0375 m ——— {3 02m >
RAH RBH

Figure 3. Force acting horizontally on shatft.

Then we can find the moment at point A assuming that, the summation of the
moment at A is zero.

ZMA=O

RBH(0.75) — (WGU)(0.375) = 0
=RBH (0.75) - (566.31) (0.375) = RBH (0.75)-212.37; RBH (0.75) = 212.37

RBH=283.16 N

ZMB=O

RAH(0.75) — (WGU)(0.375) = 0

= RAH (0.75) - (566.31) (0.375) = RAH (0.75)-212.37; RAH (0.75) = 212.37
RAH=283.16 N

The maximum bending moment on the shaft was calculated:
BM=(283.16) (0.375) = 106.185 N m

The shear force and bending moment diagram for the shaft was shown in Figure 4
below.
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106.18 Nm

Figure 4. Shear force and bending moment of force acting horizontally on shatfst.

The resultant bending moments on the shaft can be calculated using Equation 22.

My = | (My)? + (My)? (22)

= /(80.27)% + (106.19)? = V6443.91 + 11275.67=17719 = 133.15 N

Where; M’ Resultant bending moments (N),
My Maximum bending moments on a vertical (N),
My Maximum bending moments on the horizontal (N).

Then we can calculate the diameter of the shaft by using Equation (20) as follow.

16

a3 = E‘/ (KbMb)? + (KtMt)?
16 J
"~ 3.14 % 45

(1.3%133.15 x1000)? + (1.2 * 24.53 * 100072

= 0.11v/30828357121=0.11*175580 d3 = 19313
D= 26.83 mm, we can use a 30 mm diameter shaft (Figure 14).

Belt selection
In this design open type v-belt was used. According to Khurmi and Gupta (2005), the

nominal pitch length (Z) can be determined using Equation (23).

2
L =20+ (Dy + Dy) + 82210 (23)

Where; D;-Diameter of smaller pulley (mm),
D3 Diameter of larger pulley (mm),

C’ The center distance between the grading cylinder shaft pulley and the motor
pulley (mm).
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The least center distance of two pulleys, one acting as the driver and the other as
the follower, can be calculated by using Equation (24) (Khurmi and Gupta, 2005).

C = (D2+D1) + D, (24)

= (*=2) +0.07 = 0.23m

The belt length is computed by using Equation (25):

(D2 +D1)

L =2C+2(Dy +Dy) + (25)

(0.07+0.25)?

=2 %0.23+=(0.07 + 0.025) +
2 4%0.23

=1.24 + 1.57(0.32) + 0.11=1.24 +0.5 +0.11= 1.85 m = 72.83 inch

Determination of belt tension
Equations (26) and (27) were used to calculate the belt's peripheral velocities (V3) on
the driver pulley, and (V%) on the driven pulley (Khurmi and Gupta, 2005).

1ID1N1

V=1 - 1T0) (26)

nDZ N,

v, ="2"2(1 - 1T0) (27)

Where: V- The belt's peripheral velocity on the driver pulley (m.s), V2" The belt's
peripheral velocity on the driven pulley (m.s1), Ni: Speed of the driver (rpm), Ne-
Speed of the driven (rpm), S- Slip (%) (1° to 2°) (KhurmiandGupta2005).

3.14%0.07%450 ( 0.015
60 100

So, V; = )= 1.63 m s’!

3.14%0.25%140
VZ = 50 (1 -

0.015
100

)=1.8 m st
The following formula was used to calculate the mass of the belt:
m=>bxtx*lx*p=0.22kg

Where; b Top width of belt (0.013), M- Mass of the belt, ¢ Thickness of belt (0.008),
1 Length of the belt, p: Density of the belt (1140k9)

The tension on the open belt's two sides was determined using the relationship below
(Khurmi and Gupta, 2005).

T, —mv? u_9

= e@sina (2 8)

T,—muv?2

Where; m-Mass of the belt (kg m!), o- Maximum allowable stress of the belt (MPa),
T Belt tension on the tight side (N), 7% Belt tension on the slack side (N), u: Friction
coefficient between the pulley and the belt (0.43), 6: lap angle on smaller pulley (rad)
and groove angle (34°).
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Equation 28, can be used to determine the tension on the tight side of a power
transmission belt (Khurmi and Gupta, 2005),

Ty = Tmax — T¢ (29)

Where, 7} Tension in the tight side (N), 7¢ and Tnax- The centrifugal and maximum
tension of the belt (N)

The belt's maximum tension (Tmax), the centrifugal tension (Tc), the belt's bulk
relative to its length, and the belt's cross-sectional area are determined by using
Equation 30, 31, and 32 (Khurmi and Gupta, 2005) as follow.

Thax = Ao (30)
T. = mv? (31)
A=82 4 x (32)

2

A:(0.013—0.011)

Then, * 0.008 + (0.011 * 0.008)= 96 mm?

Then, T, = mv?= 0.55N

Tmax = Ac= 96 mm?2 * 2.5N mm2= 240 N

As a result, the tight side of the belt's tension has been determined by

Ty = Trax — T (33)
= (240 — 0.55)N = 239.45 N

Where; A Belt’s cross-sectional area (mm?2), m- Mass per unit length of a belt
(kg m1), o Maximum allowable stress of belt (2500N m2= 2.5N mm2), v-belt speed
(mm.s1), b Top width of the belt (mm) x- Bottom width of the belt (mm), t: belt
thickness (mm) and p- Density of Rubber (kg m™).

The tension on the slack side of the belt,

ln(?) = u*60; + cosecf (34)
2
23945 N
ln(T—) = 0.25%2.12 4 cosec 18
2

=23945 _ 0171522395 _ 55577, = 43,089 N
T, T,

According to Khurmi and Gupta (2005), torque on a shaft can be determined using
Equation (35).

T = (T, +Tp)* = (35)
0.25m__

= (239.45 N +43.09 N) » === 24.54 Nm

The power required to rotate the main shaft was determined by using the Equation
(36).

_ 27NT
T 60

P (36)
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_ 243.14%80%24.54 Nm_
- 60

205.48 watts

Where; P Power required to rotate the main shaft, 7 Torque (Nm), N- Rotational
speed (rpm), D;- Diameter of the driven pulley, 77- Tight side tension of the belt, 7%
Tension slack side of the belt.

Pulley selection
The grading unit's main shaft speed and the prime mover-driven pulley's speed are

computed using Equation (37) (Khurmi and Gupta, 2005).
Ny _ D,
N_z T Dy

(37

In this design, the pulley is needed to reduce the engine speed which has the
highest speed of 700 rpm, medium speed of 500 rpm, and 300 rpm lower speed. The
pulleys needed to reduce from the highest engine speed 700 rpm to 200 rpm of shaft
speed and the other speed was adjusted by the speed adjuster on the engine. Thus,
the driven pulley's diameter was calculated using Equation (34) as follows:

700 D, 700%70
_— = D2 =
200 70 200

= 245 mm

Where; N;’ driven pulley speed (rpm), Nz” Driver pulley speed (rpm), B: Width of
pulley (mm), b Width of belt (mm), ¢;- rim thickness of the driving pulley (mm) and
t2'rim thickness of the driven pulley (mm).

Power required

The machine needed the power to rotate the eccentric shaft, run the sieve when the
material was on it both horizontally and vertically, and overcome friction. This
totaled the power needed for the machine. The power needed to run the sieve was

computed using the formula below (Okunola et al. 2015).
Power required to operate the sieve horizontally;

Ws+N+2+X*) _ 66.7 kg+200 rpm+2+0.09m=+0.1

P = 2500 2500 =0.05 Hp= 39.52 watt
Power required operating the sieve vertically;
Pz — Ws+N+2xY — 66.7 kg+200 rpm+2>is0.02_0.1 hp = 74.57 watt

4500 4500

From Equation 36, we have P; 205.48 watts. So, we can determine the total power
required by using Equation (38) as follows:

P=P, +P,+P; (38)
P =39.52 + 74.57 + 205.48=319.57 watt

The total power required was calculated as the power required and power loss due to
friction (10% of total power):

Py = P + P(0.1)=319.57+319.57(0.1) P; = 351.53 watt

Where; Ws' Weight of grading unit with material on it (66.7 kg with material on it),
N:Speed (200 rpm), X-Horizontal movement of sieve (diameter of eccentric= 0.09m),
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Y- Vertical movement of sieve (maximum angle of sieve 11°), u: Coefficient of friction
of bearing (0.1)

Working Principles of the Machine

The coffee cherries are loaded into the hopper while the main power source is
switched on and the machine is operating. The feed regulating is adjusted to the
proper position and the engine to the proper speed for optimum performance. Coffee
cherries flow under gravity to the grading sieve and fall on the reciprocating screen
through the hopper. The horizontal reciprocating motion of the screen causes the
materials on it to move towards the front end and the beans that are below the
diameter of the hole pass through the hole of the screen to the second level screen
which then repeats the first step until the last level sieve and graded was collected
through the grain outlet for each sieve level.

Hopper

E: Engine 3
‘ -, ,:‘ seat . - cute A > ‘“‘ ;
Figure 5. Pictorial view of the developed grading machine.

Performance Evaluation

Experimental design

The experimental design was a split-split plot with three replications. Treatments
consisted were combinations of three levels of oscillating speed (80 rpm, 140 rpm,
and 200 rpm), three levels of feed rate (5 kg min?, 10 kg min’!, and 15 kg min and
three levels of inclination of the sieves (7°, 9°, 11°) (Yayock and Ishaya, 2020). The
experiment design was laid as 33 with 3 replications having an entire test run of 81.

Variables and Data Collection

Independent variables

During the evaluation, three independent variables were employed. These were
feeding rates (5, 10, and 15 kg min'!), the grading unit oscillating speed (80, 140, and
200 rpm), and sieve inclination angle (7°, 9° and 11°).

Dependent variables and collected data

Grading efficiency (GE, %)
Grading capacity (kg h'!)
Fuel consumption (1 kWh')
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Performance indicators

Data were collected through the experiment that was undertaken during testing and,
then performance evaluation of the machine was made. The assessment of the
performance of the machine followed the method of Chungcharoen ez 2/ (2019).

Size grading efficiency (Ew)

EW — Y PgWiG;
QP;

(39)
Where; Ps:fraction of coffee cherries size I to overall coffee cherries dropped on receipt
plate

Wi: fraction of coffee cherries size I at the start of sizing to total coffee cherry at the
beginning of sizing

Gi- flow rate of coffee cherry size I (kg h'?)

Pi: fraction of size 1 to total coffee cherries at the beginning of sizing
WC: weight of coffee cherry with a clogging sieve in all sieves (kg)
Wt: total weight of cherry

Capacity of the machine

Total output
=— 40
Time taken ( )

Fuel consumption
Fuel consumption was assessed by refilling the fuel tank after each test run and
determining the amount required to refill, recording the time of a test run.

Data Analysis Method

An analysis of variance was performed on the experiment's data using a protocol that
was suitable for its design, i.e. oscillating speed as main plot, angle of sieve as
subplot, and feed rate as sub-sub plot. The treatment means were different at a 5%
level of significance and were separated using LSD. R-statistics 4.1.0 version
software was used to analyze the data.

RESULTS AND DISCUSSION

This chapter reports and discusses the findings of the tests done as part of the
research study, including the results of the physical and mechanical features.
Important physical and mechanical characteristics of coffee cherries were identified
in order to build the various components of the grading machine.

Physical and Mechanical Properties of Coffee Cherries

The linear dimensions, geometric mean diameter, arithmetic mean diameter, shape
index, surface area, moisture content, bulk density, and unit mass of coffee cherries,
as well as their mechanical characteristics, including static friction coefficient and
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angle of repose, were determined. Based on their applicability to the design and
performance evaluation of the coffee bean grading machine, some of the examined
physical and mechanical parameters were taken into consideration.

Major diameter, minor diameter, intermediate diameter, shape index, and
sphericity.

In order to determine the size of the hole of the sieve and the physical properties
of coffee cherries, major diameter, minor diameter, intermediate diameter, shape
index, and sphericity were calculated and considered in the design on the coffee bean
grading machine. The result of the determination of coffee physical properties
revealed that the coffee cherries have major diameter, minor diameter, intermediate
diameter, shape index, and sphericity of 13.44 mm, 8.7 mm, 10.26 mm, 0.9, and 0.77,
respectively. Those parameters were used in the design of the size and shape of the
sieve of the grading machine. The mean value of the shape index of coffee cherries
was 0.98, and this showed that the coffee cherries are spherical in shape. In this
regard, the shape of the sieve was selected as spherical.

The measurements of coffee cherry dimensions (major diameter: 13.44 mm, minor
diameter: 8.7 mm, intermediate diameter: 10.26 mm) provide a comprehensive
understanding of the fruit's size variability. This information is vital for designing
sieves that can effectively separate cherries based on size, ensuring proper grading
and sorting.

The shape index of 0.9 and sphericity of 0.77 indicate that coffee cherries are not
perfectly spherical but close to it. This near-spherical nature is further confirmed by
the mean shape index of 0.98. This finding has significant implications for the sieve
design, as it justifies the selection of shape for the sieve holes. A circular sieve design
aligns well with the natural form of the coffee cherries, potentially improving the
efficiency and accuracy of the grading process.

Bulk density and moisture content

When designing the hopper, storage, and grading equipment, bulk density is crucial.
The bulk density of the coffee cherries and the moisture of the coffee to be graded
were taken into consideration when building the hopper for the grading equipment.
Accordingly, the cherries had a bulk density of 650 kg m™ and a moisture content of
12.69%, respectively.

Angle of repose, surface area, arithmetic mean, geometric mean, and aspect ratio
of coffee cherries. Thus, these parameters are more important for setting up the
coffee grading machine sieve size. The coffee cherry has a mean average of 349.05 m?2
of surface area and 77.38 mm and 10.42 mm of Arithmetic mean and geometric mean
respectively.

Coefficient of static and dynamic friction

The roughness of the frictional surface is determined by the coefficient of friction. In
line with this, the value of the coefficient of static friction increases with surface
roughness. In the experimental test, the coefficients of static friction of coffee cherries
were found to be 0.21, 0.29, and 0.37 on surfaces made of galvanized mild steel sheet,
mild steel sheet, and plywood, respectively. Similarly, the coefficients of dynamic
friction in coffee cherries were found to be 0.34, 0.44, and 0.51 on surfaces made of
galvanized mild steel sheet, mild steel sheet, and plywood, respectively.
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General design specification of the coffee grading machine

The general specifications of the coffee grading machine describe the functional
components such as the feeding hopper, grading mechanism, sieve, shaft, outlet
chute, power source, and supporting frame of the machine are listed in Table 1 below.

Table 1. An overview of the coffee grading machine's design specifications.

S/N Components Functions Specifications
Frame Serves as the platform for mounting 0.9 m, 1.33 m and 1.11 m Height,
additional length, and width respectively
Hopper Serve as temporary storage 0.35 m, 0.4 m, 0.55 m Height, width
and length respectively
Grading Unit To hold grading sieve 0.40 m, 0.95 m, and 0.60 m in Height,
length, and width respectively
Grading Sieve To grade Coffee cherries into different 0.95 m and 0.60 m, length, and width
sizes respectively
Shaft To transmit power 0.03 m diameter, 0.95m length
Outlet chute To collect graded cherry 0.10 m, 0.70 m, and 0.10 m in Height,

length, width respectively

Pulley To transmit power 245 mm diameter, 12.5 cm width

Performance evaluation of the machine
The outcomes of the data analysis are summarized in Tables 2 and 3. These
comprised of the combination mean values of the performance parameters.

Table 2. The combination effect of operating parameter on capacity, efficiency, sieve
clogging, and fuel consumption of machine.

Feed rate Angle () Speed (rpm ) Efficiency (%) Capacity Clogging (%) FC (1 kWh1)
(kg min) (kg h1)
5 7 80 90.40 a 147.12 f 4.86 a 0.60 j
140 88.47ab 161.36 4.37b 0.701
200 86.40ab 172.54¢ 3.57¢c 0.80gh
9 80 83.21bc 149.10 f 4.18b 0.61 j
140 77.87d 161.77d 3.68 ¢ 0.711
200 73.64de 218.27Db 3.24d 1.00 h
140 73.95de 213.65Db 3.27d 0.931
200 67.66de 277.33 a 2.69 e 1.27 h
10 7 80 89.43 a 139.17 f 491 a 0.65 g
140 88.01ab 157.39 e 4.42 b 0.60 f
200 87.40ab 177.56 ¢ 3.63 ¢ 0.96 de
9 80 83.11bc 142.10 f 4.09 b 0.66gh
140 77.57d 169.77d 3.68 ¢ 0.64 f
200 73.84de 228.35b 3.25d 1.23 de
140 73.15de 220.37 Db 3.23d 1.12 f
200 67.76de 278.52 a 2.70 e 1.50 de
15 7 80 90.50 a 137.11f 4.96 a 0.74 de
140 88.00ab 151.37 e 4.32b 0.90 ¢
200 86.90ab 175.51 ¢ 3.65¢ 1.09 ab
9 30 83.21bc 146.00 4.13b 0.80 d
140 78.00d 165.72 d 3.70 ¢ 0.99 ¢
200 74.01de 223.26 b 3.22d 1.38 b
140 73.35de 223.26 b 3.20d 1.34 ¢
200 67.76de 279.32 a 2.66 e 1.75 a
SD 2.65 3.74 0.14 0.05
Cv 5.32 2.01 2.01 0.50

Where; SD is standard deviation, CV is coefficient of variance and Mean values with the same letter in a column are not significantly
different at 5% level of significance.
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Table 3. The main effect of operating parameters is on the capacity, efficiency, sieve
clogging, and fuel consumption of the machine.

Parameters Capacity Efficiency Sieve clogging Fuel consumption
(kg h') %) (%) (1 kW h)

Feed rate 5 186.76 & 79.93 a 3.73 a 0.81c
(kg/min) 10 196.16 2 79.88 a 3.72 a 0.99b

15 198.76 2 79.82 a 3.68 a 1.17 a
Sieve 7 154.66 ¢ 88.42 a 431 a 0.79 a
inclination 9 178.33P 78.24 b 3.68 b 091 a
angle () 11 227.28 2 71.95¢ 3.13c¢c 1.15a
Oscillating 80 154.79 ¢ 82.84 a 4.21 a 0.73 ¢
speed 140 211.11Db 79.56 b 3.74 b 1.09b
(rpm) 200 225.36 a 75.90 c 3.18 a 1.22 a
SD 1.24 0.88 0.04 0.05
CV 2.50 1.77 2.00 2.00

Where, SD is standard deviation, CV is coefficient of variance and Mean values with the same letter in a column are not significantly
different at 5% level of significance.

Efficiency of machine

The effect of operation parameters on the grading efficiency of machines was
presented in Tables 2 and 3. The result shows that when the oscillating speed of
operation increased from 80 rpm to 140 rpm the grading efficiency decreased from
82.84% to 76.56%, whereas it decreased from 76.56% to 75.90% when the oscillating
speed increased from 140 rpm to 200 rpm. The grading efficacy decreased from
88.42% to 78.24% and from 78.24% to 71.95% when the sieve inclination angles were
increased from 7° to 9° and from 9°to 11 °, respectively. This revealed that the greater
inclination angle would cause the coffee cherries to move too quickly, and lead to the
wrong category of size grading.

The grading efficiency decreased from 79.93% to 78.88% and from 78.88% to
79.82% when feed rates increased from 5 kg min?! to 10 kg min?! and from
10 kg min'! to 15 kg min’!, respectively (Table 3). The analysis of variance (ANOVA)
revealed that the inclination angle and oscillating speed had a significant effect
(p<0.05) on the grading efficiency. This agrees with the findings of
Chungcharoen et al. (2019). who concluded that too much-inclined angle and

oscillating speed would lead to excessive movement of coffee cherries, leading to the
incorrect size category classification. The combination of feed rate and inclination
angle, feed rate and oscillating speed, inclination angle and oscillating speed, and
the interaction of inclination, feed rate, and oscillating speed had no significant effect
(p < 0.05) on the grading efficiency.

Grading capacity of the machine

Main and combined effects of inclination angles, feed rates, and sieve cycles on the
grading capacity of the machine

The main and interaction effects of oscillating speed, inclination angle, and feed rate
on the grading capacity are shown in Tables 2 and 3. The result revealed that the
grading capacity of the machine increased from 154.66 kg h'! to 178.33 kg h'! and
from 176.33 kg h! to 227.28 kg h'l, as the sieve inclination angles increased from
7° to 9° and from 9° to 11°, respectively. Similarly, when the oscillating speed was
increased from 80 rpm to 140 rpm the grading capacity increased from 154.79 kg h!
to 211.11 kg h''. In addition, it increased from 211.11 kg h'! to 225.36 kg h', as the
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oscillating speed increased from 2.33 Hz to 3.33 Hz (Table 5). This happened because
the coffee cherries' retention period on the sieves reduced due to increased sieves’
inclination angles and sieves’ oscillations increase.

The feed rates were also used to evaluate the machine's capacity. Results show
that the grading capacity increased from 186.76 kg h'! to 196.16 kg h'! and from
196.16 kg h' to 198.76 kg h'! as feed rates increased from 5 kg min? to 10 kg min?
and from 10 kg min! to 15 kg min’l, respectively (Table 3).

The machine's highest capacity of 277.32 kg h! of grading was recorded at
200 rpm oscillating speed and 11° sieve inclination. While the machine's minimum
grading capacity of 137.11 kg h'! was observed at a feed rate of 15 kg h'! inclination
angle of 7° and at oscillating speed of 80 rpm.

The analysis of variance revealed that, the inclination angle and oscillating speed
had a significant effect (p<0.05) on the machine’s grading capacity. This result
matches with the results of Ansar et al. (2021), and Chungcharoen ef al (2019) hich
indicated that the grading capacity of coffee cherries machines is significantly
affected by the inclination angle and oscillating speed. Feed rate, the combination of

feed rate and inclination angle, feed rate and oscillating speed, inclination angle and
oscillating speed and the interaction of inclination, feed rate, and oscillating speed
all had no significant effect (p<0.05) on the machine's grading capacity.

The results demonstrate the significant impact of oscillating speed and sieve
inclination angle on the coffee grading machine's capacity. As these parameters
increased, the grading capacity improved substantially, with the highest capacity of
277.32 kg h! achieved at 200 rpm and 11° inclination. This improvement can be
attributed to the reduced retention time of coffee cherries on the sieves at higher
angles and oscillation speeds. While feed rate also influenced capacity, its effect was
less pronounced and not statistically significant. These insights provide valuable
guidance for optimizing grading machine design and operation, suggesting that
focusing on these two parameters could lead to significant improvements in
processing efficiency without the need for increased feed rates.

Fuel consumption

Main and combined effect operating parameters on fuel consumption of the machine.
Tables 4 and 5, illustrate the main and combined effects of the inclination angle, feed
rate, and speed on fuel consumption. The maximum fuel consumption was
1.75 1 kWh'! at an inclination angle of 11°, feed rate of 15 kg min!, and speed of
3.33 Hz. On the other hand, the minimum fuel consumption was 0.60 1 kWh! at
7° inclination angle, feed rate of 5 kg min!, and oscillating speed of 1.33 Hz.

As shown in Table 3, fuel consumption increases with increasing feed rate and
speed. Fuel consumption increased from 0.81 1 kWh' to 0.99 1 kWh' and from
0.73 1 kWh' to 1.09 kWh! when the feed rate and oscillating speed were increased
from 5 kg min! to 10 kg min?! and from 80 rpm to 140 rpm, respectively. It also
increased from 0.99 1 kWh to 0.91 1 kWh! and from 1.09 1 kWh' to 1.22 1 kWh'!
when the feed rate and oscillating speed were increased from 10 kg min! to
15 kg min and from 140 rpm to 200 rpm, respectively.

The analysis of variance (ANOVA) revealed that feed rate and speed had a
significant effect (p<0.05) on fuel consumption. However, the combination of feed rate
and inclination angle, feed rate and speed, inclination angle and speed, and the
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interaction of inclination, feed rate, and speed had no significant effect (p<0.05) on
fuel consumption.

CONCLUSION

A coffee cherry grading machine was designed and developed taking into
consideration the physical and mechanical properties of Coffee Arabica. The machine
was fabricated and tested at the Jimma Agricultural Engineering Research Center.
From the study, the average measured values of the major diameter, minor diameter,
and intermediate diameter of the coffee cherries were found to be 13.44 mm,
7.00 mm, and 10.26 mm, respectively. From the analysis, the shape of the sieve was
found to be spherical; its sphericity was 0.77. To fix the size of the hopper, the
moisture content and bulk density are critical, and the results of those properties
were 650 kg m™ and 12.69%, respectively. The static and dynamic friction coefficients
were 0.37 and 0.51 on plywood, 0.29 and 0.44 on mild steel sheet metal, and 0.21 and
0.34 on galvanized metal, respectively. Also, the angle of repose was found to be
35.96. The designed machine was operated with a 3 hp gasoline engine as a power
source. The sieve of the grading machine was circular based on the shape index of
the coffee cherries and the machine has three sieves. The reciprocating action of the
sieve was created by using the eccentric method.

The performance evaluation indicated that the machine's grading efficiency
depends on the sieve's inclination angle and the sieve's oscillating speed. In this
regard, the grading efficiency decreased when the inclination angle and the
oscillating speed increased. The highest grading efficiency was recorded to be 82.84%
at an oscillating speed of 80 rpm.

The grading capacity of the machine mainly depended on the inclination angle
and oscillating speed of the sieve. The capacity of machine increased with the
increase of the inclination angle and oscillating speed. The highest machine capacity
of 279.32 kg h'! was recorded at an 11° inclination angle of the sieve, 15kg min! feed
rate, and 20 rpm.

The lowest value of the sieve clogging recorded was 3.18 % and 3.13 %at an
oscillating speed of 200 rpm and 11° inclination angle of the sieve, respectively. Sieve
clogging decreased with increasing oscillating speed and inclination angle of the
sieve.

In general, the following conclusions can be made:

-The machine has the highest grading capacity when it is operated at 15 kg min'!
feed rate, and 11° inclination angle, and a 200 rpm oscillating speed.

-The machine has the highest grading efficiency when it is operated at a 15
kg min! feed rate, 7° inclination angle, and a 80 rpm oscillating speed.

-The machine has the lowest sieve clogging when operated at a 15 kg min! feed
rate, 11° inclination angle, and 200 rpm oscillating speed.

-The current grading machine has been developed and tested on a small scale. In
this regard, the following recommendations are made.

-The grader should be operated at 80 rpm oscillating speed, 15 kg min! feed rate,
and inclination angle of 7° to get high grading efficiency.

-The current machine should be further modified and tested at farmers’ level.
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-The machine needs to have wheels for easy transportation from place to place.

-The current machine uses a diesel engine better to design it for other alternative
sources of energy.

-‘To make it more versatile, the grading machine should be redesigned with
replaceable sieves to grade green coffee bean.
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ABSTRACT

In most parts of Ethiopia, planting of maize is done by hand, and it is a tedious, time consuming and less
efficient operation. A two-row animal drawn that is cost-effective for farmers, easy to repair, and user
friendly was developed and evaluated. The components of the prototype are seed hoppers, fertilizer hoppers,
mainframe, seed metering plates, wheels, furrow openers and closers, seed discharge tubes, and handles.
The majority of the parts were made of mild steel. In order to optimize the planter’s design, the physical
properties of maize seeds were taken into account. The parameters used for evaluating the prototype’s
performance were multiple index, miss-index, precision-index, feed-quality-index, field capacity, field
efficiency, planting depth, plant population count, labour cost, and economy. A factorial design was used for
the experiment (4x3x3). The result indicated that the percentage of mechanical seed damage, seed
sphericity, and seed germination were 1.01+0.37%, 71.66+7.10% & 94.568+0.21, respectively. Performance
results showed planter’s forward speed during operation had a significant effect on the seed’s multiple index,
miss-index, feed-quality-index and precision-indexes (at p < 0.05). Average values of field capacity, field
efficiency & depth of planting were 0.21 ha h, 86% and 4.61+0.30 cm, respectively. The performance
evaluation results showed that Ethiopian farmers who grow maize would find the prototype planter simple
to use, efficient, and economical.

Keywords: Planter design, Row planter, Seed spacing, Field capacity, Field performance

INTRODUCTION

Maize, scientifically named Zea mays L., 1s among the leading crops that is grown in
about 170 nations and covers 197 M ha, with significant areas in Asia, Latin America,
and Sub-Saharan Africa (FAOSTAT. 2021). Maize is known for providing both people
and livestock with protein and energy, and due to this, it is regarded as a strategic
food and feed crop globally (Erenstein ef a/. 2022).
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Ethiopian farmers primarily cultivate maize for sustenance. Agricultural
households consume about 75% of the country’s total maize production. The crop
currently is the lowest source of calories, supplying 21% of the country's per-person
calorie needs (IFPRI. 2010). Maize is a staple food usually used for preparing
beverages locally. In addition, the leaves and stalks are usually used for animal
feeding and construction purposes. Maize production is also valuable because the
post-harvest waste can be utilized for energy production, enhancing both agricultural
and renewable energy sectors in the future (Ertugrul et al, 2024).

The level of agricultural mechanization in maize production is on the lower side.
The majority of agricultural work is done either manually or with animal-drawn
traditional implements (MOARD. 2010; Kelemu. 2015). Because of the absence of
appropriate row planters, farmers primarily use broadcasting to plant maize seeds.
The conventional planting/broadcasting method takes a lot of time and scatters seeds

unevenly. Maintaining an ideal plant population in the outdoors is therefore
challenging.

In Ethiopia, about 60% of farmers cultivate less than 0.90 ha in very fragmented
lands (Rapsomanikis. 2015). However, smallholder farming is responsible for a large

proportion of Ethiopian food production. It cultivates more than 90% of the total
cropland and provides more than 90% of agricultural output
(Paul and wa Githinji, 2017). Crop yields in the smallholder farms are very low

compared to their potential capacity and are also substantially lower (less than 50%)
than the yields obtained in experimental farms and research stations
(Taffesse et al. 2013). The gap is especially remarkable for maize, with an average

yield of 2.6 t ha! compared with the potential yield of 7.8 t ha=! obtained in on-farm
trials (Central Statistical Agency. 2018). Agricultural mechanization can provide

much more efficient work if it can be acquired by farmers with financial power. In
fact, the level of agricultural mechanization can be considered as an indicator of the
development of the agricultural system (Ozgunaltay Ertugrul et al. 2019). The

smallholder farmers are mostly unable to afford and use the costly planting machines
that can provide optimal plant density. These smallholder farmers were unable to
afford and use the costly planting machines that established optimal plant density.
However, the majority of farmers own animals that can readily be used as power
sources for planting activities. Therefore, the development of an animal-powered
maize planter is beneficial in terms of affordability, reliability and ease of use.
Melkassa agricultural research center developed a tillage-cum-planter for
planting sorghum and maize crops. The planter is pulled by oxen and has two ground
engaging wheels where one of them produces the necessary force to drive the seed
and fertilizer plates through chain-sprocket drive. The planter was developed to be
attached to a ripper so that it can be utilized in conservation agriculture practice.
The problem of the planter is that it was mainly developed for conservation
agriculture and requires additional draft for ripping the soil (Abebe, 2017). Another
sweeper attached planter was manufactured and distributed by the research center.
It is a pair of oxen drawn implement which is designed to place seed and fertilizer in
the furrow created by the sweeper. The problem of the machine is its seed and
fertilizer metering system. The seed and fertilizer metering are done by the operator
himself by swinging a lever, connected to the metering unit. This creates difficulties
in achieving uniform seed spacing and seeding rate within the row. Besides, guiding
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the draft animals is difficult as the operator must use both of his hands
simultaneously for agitating/swinging the metering unit and for exerting a force on
the handle of the implement to manipulate the depth of sowing (AIRIC. 1998).

It was the above limitations of the available animal drawn planters that led to the
conclusion that a better animal drawn planter should be developed for the poor
farmers. The objective of this study was to design, develop and evaluate an animal-
drawn maize planter so that the overall efficiency of maize production can be
improved.

MATERIALS and METHODS

Study Area

The research was conducted in the Oromia region, Melkassa district, Melkassa
agricultural research center, approximately 118 km southeast of the capital, Addis
Ababa, Ethiopia. It is located in the great central rift valley at 8 24’ N latitude,
39° 21’ E longitude, and altitude of 1466 m above sea level. The area is among the
semi-arid regions and has sandy loam soil. The majority of maize crop varieties grow
in the area due to its favorable agro-climate.

Prototype Planter

The prototype planter was built at Melkassa agricultural research center workshop
and is drawn by draft animals. It plants two rows in a single pass. It consists of two
seed hoppers, one fertilizer hopper, four vertical metering plates, two furrow openers,
two furrow coverers, mainframe, and two driving wheels.

Laboratory and field tests were carried out to evaluate the prototype planter’s
performance. The physical properties of maize seeds were measured. Investigations
on seed damage, seed rate, and seed spacing were also made. To determine its
performance and capacity, the prototype was drawn on a fine-tilled farm field. The
farm field was plowed and pulverized by an ard plow.

Key
1. Frame
2. Seed hopper
3. Fertilizer hopper
4. Metering Plate
5. Wheel shaft
6. Metering shaft
7. Wheel
8. Furrow opener
9. Furrow coverer
10. Lid
11. Handle
12. Bracket

Figure 1. Major parts of the prototype
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Performance Evaluation of the Prototype Maize Planter

Laboratory Evaluation

Physical Properties of Maize Seed

The physical properties of maize seeds were determined using three axial dimensions
of the seed. The dimensions were length (longest intercept), width (equatorial width
perpendicular to L) and thickness (breadth perpendicular to L and W). The
dimensions were measured by a manual Vernier-caliper with accuracy of 0.02 mm
for randomly selected 100 seeds. Mean dimensions of maize seeds, geometric mean
diameter, volume and sphericity and thousand seed weight of grains were calculated
using Mohsenin (1986).

Calibration

To calibrate the planter (Figure 1), it was elevated and jacked up to a platform, and
a 2.5 kg maize seed was added in each of the two hoppers of the planter. The wheels
were marked and rotated to measure the number of revolutions. During the rotation,
the discharged seeds were collected in polythene bags. The wheels were then rotated
20 times at 0.5 m s'! forward speed. The rotation was selected by taking into account
the donkey's pulling forward speed in a farm field.

Evaluation of Percent Seed Damage

To examine the performance of the metering rollers, after the 20t revolution, the
collected seeds were put and weighed up on a sensitive balance. It was then checked
for any visible external breakage. In addition, to examine internal damage, seed
samples were randomly picked and tested for germination. The following formula
was used to determine percent seed damage:

My = 224 x 100 6))

ns

Where; Ma percent seed damage,
Snds- number of maize seeds damaged externally,

Shs- number of maize seeds.

Evenness of Seed Spacing

A sand leveled bed that has a 25 cm depth and 2 m width was prepared for the test.
The planter was then pulled over the bed at donkey’s working forward speed on
farmland, i.e.,, 2.5 km h’l, and furrow openers were lowered to a depth of 5
centimeters. Both the number of seeds and the distance between adjacent seeds were
counted and recorded. Three replications were used.

Field Test

Evaluation of Seed Spacing

To evaluate spacing between seeds, the seed hoppers were filled to 25%, 50%, 75%,
and 100% loading capacities while the machine was pulled at forward speeds of
1 km h?', 3 km h?, and 5 km h'. The field was carefully prepared using local ard
plough. A carefully dug, fine sand covered, leveled, gently packed, and well-watered
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soil was used to test the uniformity of seed placement. After each test run, the soil
surface was re-leveled, watered, and spacing between dropped seeds was measured
by a measuring tape. A guide man and a well-trained donkey were used to operate
the planter. Each test runs were replicated thrice over a 10 m distance. The soil type
of the test field was sandy loam.

Multiple index, miss index, mean spacing, quality of feed index, and precision in
spacing of seed were calculated using measured values. To determine the pattern of
dropped seeds and their distribution uniformity in the rows, mean and standard
deviation values of spacing were calculated. Equations (2), (3), (4), and (5) were used
to calculate seed spacing uniformity (Kachman and Smith, 1995;
Onal and Ertugrul. 2011; Xiong et al, 2021; Nikolay et al, 2022).

MISI(%) = X 100 ©)

nurtny+ny
N

Where; MISI: seed miss index,

nr, nrv, nv-number of spacings of seed in three different divisions,

nur'spacing having >1.5 Xref (theoretical spacing),

N:total number of spacings.

MULI (%) = % x 100 3

Where; MULI' multiple index,
nr°the number of spacings < 0.5 Xref,

N:total number of spacings.

QTFI (%) = % x 100 (4)

Where; QTFI the quality feed index

nr” number of spacings having a value between 0.5 to 1.5Xref.

N total number of spacings

PREC(%) = == x 100 (5)
ref

Where; PREC: the seed precision index,

Si°“n” observations standard deviation in zone II,

Xrer” theoretical spacing.

Field Capacity and Field Performance Determination

The field test was carried out on a fallowed rectangular plot having an area of 180
m? (Figure 2). A sandy loam soil having 14.20% moisture content (w.b.), and an ard
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plow implement was used for preparing the field. The planting depth of the planter
was recorded along the row at three random points spaced 6m meters apart.
According to Kepner et al (1978), field capacity and efficiency were calculated

using parameters such as turning time, effective operation time, and time losses on
the field. To assess field efficiency and capacity, a plot having a size of 10 m width
and 18 m length was prepared. Forward speed, effective field capacity, and efficiency
were calculated as shown in Equation (6), (7) and (8) (Kepner er al.. 1978);

t
Where; V- forward speed (m s),
D: run distance (m),

t.- the average time of each pass.

e =100 x = 7
Tt

Where; e the percentage of field efficiency,
T.- time of operation (effective),

T:: the total time.

Ce — Wexi‘glfxe (8)

Where; C.-field capacity (effective) (ha h-1),
We. width of the implement (effective) (m),
Snr- average forward speed (km h'),

e- field efficiency (decimal).

Statistical Analysis

The experiment was conducted using a split-plot factorial design. Four levels of
hopper filling and three levels of planter forward speed represented the main plot
and the sub plot, respectively. The experimental design was laid as 4X3 having three
replications. As a result, a total test run of 36 (i.e, 4x3x3=36) was used. Analysis of
variance (ANOVA) of different performance data was performed using Statistix-8
software. A confidence interval of 95% was utilized to indicate a level of significance.
The analysis was done based on the design of experiments (Gomez and Gomez, 1984;
Ertugrul and Onal, 2006; Fang et al, 2018).
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Figure 2. Maize planter prototype and seedling planted by the planter.

RESULTS AND DISCUSSION

Table 1 gives mean values of parameters that express physical properties of maize
seed.

Table 1. Physical properties of Melkassa-13 Maize seed.
2] Numberof (5] nepn  [4] gD

[1]  Physical properties

samples
[6] Length of seed (mm) [6] 100 [7]  10.30 [8] 1.29
[9]  Thickness of seed (mm) [10] 100 [11] 450 [12] o0.63
[13] Width of seed (mm) [14] 100 [15] 8.55 [16] 0.47
[17] Volume of seed (mm?) [18] 100 [19] 206.39  [20] 37.26
[21] Sphericity of seed (%) [22] 100 [23] 71.56 [24] 7.10
[25] (Seed geometric  diameter  [9g] g [27] 7.29 (28] 0.46
mm)
[29] Thousand seed weight (gm)  [30] 1,000 [31] 271 [32] 4.11

SD = Standard deviation

From the results obtained in Table 1, it can be confirmed that the shape of the
maize seed was nearly spherical (71.56+7.10%). Hence, a circular shaped metering
cup that accommodates the spherical seeds was developed and utilized.

Performance Evaluation

Evaluation of seed damage

Fifty Melkassa-13 Maize seed samples that passed through seed metering plates
were randomly selected and examined for damage. The number of bruised, crushed,
or skin removed seeds was examined, and the mean value of seed damage percentage
(1.01+0.37%) was less than the findings obtained by Oduma e a2/ (2014) and
Gupta and Herwanto (1992) (2.34% and 3% respectively).
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Germination tests conducted at the laboratory as given by Ertugrul ef al (2024)
showed that the mean germination percentage was 94.58+0.21%. The variety of seeds

used for the test, Melkassa-13, had a mean germination rate of 95%. The quality of
the metering roller, friction between seed metering devices and maize seeds, and
variability of the seeds can all contribute to the difference. The difference was 0.42%
and it showed that the mechanical damage was within the acceptable level.

Seed spacing analysis

Seed miss index

ANOVA showed that the planter’s forward speed of operation and its interaction with
the level of seed filling significantly affected the planter miss index (p<0.05).

Table 2 indicated the effect of planter forward speed, seed filling level of the
hopper, and their combined effect on the percentage of mean miss-index. In addition,
figure 4 indicated a relationship between the forward speeds and the mean miss
indexes. Onal and Ertugrul (2011) found that rotational speed of metering units can

affect the seed distribution performance of the metering units since the rotational
speed is sequentially change with the change of forward speed.

Table 2. Analysis of variance for seed miss index (MISI%).

Source DF SS MS F P

REP 2 0.0015 0.0008

HOPPER 3 2.1823 0.7274 481.10 0.0000
Error REP*HOPPER 6 0.0091 0.0015

SPEED 2 31.0600 15.5300 11480.1 0.0000
HOPPER*SPEED 6 1.4905 0.2484 183.63 0.0000
Error REP*HOPPER*SPEED 16 0.0216 0.0014

Total 35 34.7651

Grand Mean =4.9475, CV (REP*HOPPER) = 0.79, CV (REP*HOPPER*SPEED) = 0.74, DF = Degree of freedom, SS = Sum of squares,
MS = Mean sum of squares, F = F-statistic, P = P-value

The forward speed of operation significantly affected the percentage miss-indexes
of seed (p<0.05). As the forward speeds increased from 1 to 5 km h-1, the percentage
of seed miss indexes also increased.

Generally, the percent miss index proportionally increased with an increase of
forward speed. At a forward speed of 5 km h-1, a maximum miss index percentage
value, 6.130, was recorded, whereas at a forward speed of 1 km h-! a lowest
percentage miss index value 3.861, was recorded. The result clearly showed that
higher forward speed provides a higher seed miss index value.

Table 2 indicated that the loading level of the seed hopper had a significant effect
on the percentage miss index. The seed hopper-loading level and forward speed had
a combined significant effect on the percentage seed miss index. Nevertheless, the
effect occurred mainly because of variations in forward speeds than the hopper level
of the filling. The effect, however, was more attributable to forward speed variations
than to hopper fill levels.
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Figure 3. Effect of forward speed on miss index of seed.

Seed multiple index

ANOVA showed that (Table 3) the forward speeds of the prototype planter
significantly affected percentage multiple indexes (p<0.05) whereas, the seed hopper
loading levels and their interaction with the planter forward speeds didn’t
significantly affect seed multiple indexes (p>0.05). A similar trend was observed by
Nielsen (1995) during performance evaluation of planting speed effects on stand
establishment and grain yield of corn.

Table 8. Analysis of variance for seed multiple index (MULI%).

Source DF SS MS F-Value P-Value
REP 2 0.0421 0.0211

HOPPER 3 2.2620 0.7540 69.87 0.0000
Error REP*HOPPER 6 0.0647 0.0108

SPEED 2 33.9400 16.9700 2793.42 0.0000
HOPPER*SPEED 6 0.2754 0.0459 7.55 0.0006
Error REP*HOPPER*SPEED 16 0.0972 0.0061

Total 35 36.6815

Grand Mean = 16.696, CV(REP*HOPPER) = 0.62, CV(REP*HOPPER*SPEED) = 0.4 DF = Degree of freedom, SS = Sum of squares,
MS = Mean sum of squares, F = F-statistic, P = P-value

Table 3 indicated the effects of the planter’s forward speed, seed filling level of the
hopper, and their combined effect on the multiple index. The relationship between
the forward speed and percentage of multiple index of the planter was also shown in
Figure 5. As indicated from Table 3, the effect of the planter’s forward speeds on
multiple indexes of seed was significant, whereas the combinational effect of filling
levels and planter’s forward speeds on the percentage of multiple indexes was not
significant.
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Figure 4. Effects of planter forward speed on seeds multiple index.

At 5 km h-! forward speed of the planter, the highest percentage of seed multiple
index was achieved. On the other hand, 1 km h-! forward speed of the planter
provided the lowest values. As shown from Table 3, the filling levels did not
significantly affect the multiple indexes of the seed.

Quality of seed feed index

ANOVA results showed that the planter’s forward speeds significantly affected feed-
indexes quality (p<0.05). On the other hand, both seed hopper filling levels and
interactions between forward speeds and filling levels did not significantly affect the
quality of feed index.

The effects of the planter’s forward speeds and filling levels on feed-indexes are
shown in Table 4. In addition, Figure 3 depicted the relationship between the linear
forward speed of the planter and the percentage of feed index quality. At a forward
speed of 5 km h-!, forward speed significantly affected the percentage of quality of
the seed feed index. However, the seed hopper filling levels did not significantly affect
feed-indexes quality. This result indicated that the percentage of feed index quality
is detrimentally affected by the forward speed of the prototype planter, which in turn
is directly related to the forward speed of a metering plate of the planter
(Culpin, 1987; Nielsen, 1995).

Table 4. Analysis of variance for quality of seed feed index (QTFI%).

Source DF SS MS F P
REP 2 0.043 0.0214

HOPPER 3 1.326 0.4419 25.92 0.0008
Error REP*HOPPER 6 0.102 0.0170

SPEED 2 127.403 63.7016 6891.84 0.0000
HOPPER*SPEED 6 1.781 0.2968 32.11 0.0000
Error REP*HOPPER*SPEED 16 0.148 0.0092

Total 35 130.803

Grand Mean = 78.357, CV (REP*HOPPER) = 0.17, CV(REP*HOPPER*SPEED) = 0.12 DF = Degree of freedom, SS = Sum of squares,
MS = Mean sum of squares, F = F-statistic, P = P-value
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Figure 5. Effects of forward speed of planter on quality of seed feed index.

Seed precision index

ANOVA showed the forward speeds of the planter significantly affected the precision-
indexes of seed. However, filling levels and their interaction with forward speeds had
no significant effect on seed precision.

The effects of forward speeds and filling levels are shown in Table 5. Figure 7
shows the relationship between the linear forward speed of the planter and the
precision index of seed. The analysis results showed planter’s forward speeds
significantly (p<0.05) affected precision-indexes. However, filling levels did not
significantly affect precision-indexes. At 5 km h-! forward speed, the combination of
filling levels and forward speeds significantly affected the precision-indexes.

Table 5. Analysis of variance for seed precision index (PREC%).

Source DF SS MS F P

REP 2 0.5162 0.2581

HOPPER 3 0.5968 0.1989 3.24 0.1028
Error REP*HOPPER 6 0.3687 0.0614

SPEED 2 27.3037 13.6518 123.43 0.0000
HOPPER*SPEED 6 0.2824 0.0471 0.43 0.8512
Error REP*HOPPER*SPEED 16 1.7697 0.1106

Total 35 30.8375

Grand Mean = 15.837, CV(REP*HOPPER) = 1.57, CV(REP*HOPPER*SPEED) = 2.10 DF = Degree of freedom, SS = Sum of squares,
MS = Mean sum of squares, F = F-statistic, P = P-value
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Figure 6. Effects of forward speed on precision index.

At the forward speeds of 1 km h-1, 3 km h-!, and 5 km h-1, the seed precision index
percentage values were 14.667, 16.091 and 16.754, respectively. This result obviously
showed that spacing variations of over 16% would occur at planter forward speeds of
higher than 3 km h-1. In comparison to higher values, lower values of the precision
index indicated better performance (Kachman and Smith. 1995).

Field capacity and efficiency

The machine registered an average field capacity of 0.21 ha h-!, whereas its field
efficiency was 86%. Kepner et al (1978) recommended a field efficiency range of
65-75% for planters, indicating that the planter operates within an acceptable

efficiency level.

Depth of Planting

In the field evaluation, a mean depth of seed placement, 4.60+0.30 cm, was achieved.
This value is a bit lower than the recommended maize planting depth (5-7 cm).
However, the small deviation is in the acceptable range and can easily be adjusted
by the furrow opener.

Stand Count

The metering plates were adjusted to drop two seeds per hill to avoid seed misses.
For maize, 16 plants were required in a row of 2 meters long, assuming two seeds per
hill. After 15 days of planting, a stand count was made. In rows of 2 m length, the
average number of maize seedlings was 17.21+1.88. The result indicated that there
were few more seedlings than desired; as a result, they should be thinned.

Economic Evaluation

Planting maize with the prototype planter required two people; one person guided
the donkey and the other operated the machine. On the other hand, manual planting
of maize requires at least three persons for plowing, seed planting and spreading of
fertilizer. The time required for planting seeds and spreading fertilizers using the
manual method was 26 h ha' (Melesse, 2007). To accomplish the same work using
the machine, a single person required only about 4.77 h ha. Hence, using the
planter, one can reduce the time and labour required for planting by more than eight
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folds. It was estimated that the planter will cost 8053.07 Ethiopian Birr (price in
USD may be added). Therefore, maize producing small-scale farmers could jointly
purchase or rent out and use the planting machine.

CONCLUSION

The evaluated two-row donkey drawn maize planter is a low-cost planter that was
developed locally using easily available materials. The technology could be owned
and used by small and medium scale maize producing farmers. The machine relieves
maize farmers from the planting operation backache. In addition, the machine is
user friendly, and requires no special technical skill for operating it. Evaluation of
the planter in terms of field capacity, field efficiency, depth of planting, optimum
plant population, labour cost, and economics showed acceptable results. The forward
speeds of the planter significantly affected the field capacity, field efficiency, seed
uniformity, planting depth and related performances of the planter. For an optimum
and more precise planting, the planter should be adjusted to a 50% hopper filling
level and 1 km h! speed. Most importantly, the planter can be used by most
Ethiopian smallholder farmers to plant maize seeds efficiently, effectively, and
economically.
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ABSTRACT

The main purpose of agricultural tractors, especially in the medium and high power range, is to Improve
traction. The value of a tractor is measured by the amount of work done according to the cost spent to do
the job. The function of forward speed and traction force is traction force. In this study, the effects of three
different radial tire sizes and axle loads on traction performance were examined and evaluated with the
help of data obtained from the experiments. The trials were conducted on a hard field road. A single wheel
test system was used in the trials. Slip, traction force, axle power, net traction ratio and traction efficiency
values were obtained as performance values. Depending on the traction forces slip values varied between
1.2% and 19.10%, net traction ratio between 0.14 and 0.8, and traction efficiency between 0.35 and 0.84.
According to the results of the variance analysis performed on traction efficiency values, it was found that
the effect of wheel tire size and axle load on traction efficiency was significant (P<0.01). Tire contact surface
area and traction performances increased due to increased tire size and axle load. The effect of axle load on
traction performance was greater than tire size.
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Mubharrik Radyal Lastik Capinin Ceki Performansina Etkisi

MAKALE BILGISI: Aragtirma Makalesi
Sorumlu Yazar: Ergiin CITIL, E-mail: ecitil@selcuk.edu. tr
Alimig tarihi: 28 Agustos 2024 / Kabul tarihi: 15 Ekim 2024 / Basim tarihi: 31 Aralik 2024

OZET

Ozellikle orta ve yiiksek gii¢ araligindaki tarim traktorlerinin temel amaci ¢eki gelistirmektir. Bir traktériin
degeri, igin yapilmasi i¢in harcanan maliyete gore yapilan is miktariyla élgiliir. Ilerleme hizinin ve ¢eki
kuvvetinin fonksiyonu ¢eki giictidiir. Bu ¢alismada, ¢eki performansi lizerine lg farkl radyal lastik
Olctistiniin ve aks ylikiiniin etkileri, yapilan deneylerle elde edilen veriler yardimiyla incelenerek
degerlendirilmistir. Denemeler, sert tarla yolu tizerinde yiirttiilmiistiir. Denemelerde tek tekerlek test
sistemi kullanilmistir. Patinaj, ¢eki giict, aks giict, net ¢eki orani ve ¢eki verimliligi degerleri, performans
degerleri olarak elde edilmistir. Ceki kuvvetine bagl olarak; patinaj degerleri %1.2 ile %19.10, net ¢eki
orani 0.14 ile 0.8 arasinda ve ¢eki verimlIiligi ise 0.35 ile 0.84 degerleri arasinda degismigstir. Ceki verimlIiligi
degerlerine yapilan varyans analizi sonuglarina gore tekerlek lastik olgiisiiniin ve aks yiikiiniin ¢eki
verimliligi iizerine etkisinin é6nemli oldugu bulunmustur (P<0.01). Artan lastik dlgiisii ve aks yiikiine bagh
olarak lastik temas yiizey alani ve ¢eki performanslari artmistir. Ceki performansi tizerine aks yiikiiniin
etkisi, lastik dl¢tistine gore daha biiyiik olmustur.

Anahtar Kelimeler: Lastik olgiisti, Aks ytikti, Patinaj, Ceki verimliligi

Alnti igin: Demir, N.O., Carman, K., & Cit1l, E. (2024). Muharrik Radyal Lastik Capinin Ceki
Performansina Etkisi. Turkish Journal of Agricultural Engineering Research, 5(2), 167-179.
https//dor.org/10.46592/turkager. 1538787

GIRIS

Toprak islemede ¢ekis performansinin optimizasyonu, yani enerji kaybina neden
olan patinajin simirlandirilmasi i¢in traktér konfigiirasyonunun se¢imi birincil
oneme sahiptir. Bu durum yakat tiiketimini ve toprak igleme siiresini biiyiik élgtide
etkilemektedir. Lastik boyutlari, bir traktérin ceki performansinin kontroliinde
onemli rol oynayan, kolaylikla yonetilebilen parametrelerdir (Svendenius. 2007).

Lastikler, yol ile ara¢ arasindaki tek arayiiz olmalarina ve lastik-zemin arasindaki
stirtinmede 6nemli bir rol oynamalarina ragmen tiketiciler tarafindan siklikla goz
ardi edilmektedir (Grip. 2021).

Traktorler ulkemizdeki mevcut motor mekanik giliciniin yaklasik %10nunu
olusturmaktadir. Traktorlerde ¢eki kuvvetinin ig makinalarina iletimi, ii¢ nokta aski
sistemi ve ¢eki demiri yardimiyla yapilmaktadir. Ceki kuvveti, iletim sistemlerinde
tekerlek ve diger ylUrime organlar: ile ¢eki kuvvetine cevrilmektedir. Tekerlekler,
traktor ve traktore farkli baglanti elemanlar: ile baglanan makinalarin taginmasi,
traktorin yol ile arasinda séniimleme saglanmasi, toprakta tutunmayi artirarak
dimenleme  etkinliginin  saglanmas1  gibi  gérevleri de yapmaktadir
(Hassan ve ark., 1987; Wong, 2001).

Lastikler bir aractaki en 6nemli ¢ekis noktasidir. Traktor lastikleri uygun sekilde

optimize edilmezse ihtiyacimizdan daha fazla yakit tiiketimine neden olmaktadir.
Uygun lastik se¢cimi %5 ila %15 araliginda yakit tasarrufu saglayabilir. Dikkate
alinmasi gereken faktorler arasinda lastik sirt profili, 6lciisii, ylik endeksleri,
tekli/ciftli/tigli dizenlemeler ve calisma hizlar1 yer almaktadir. Uygun olmayan
lastikler diger yakit verimliligi tedbirlerinin uygulanmasini zorlastirabilir veya
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imkansiz hale getirebilir. Daha buytlk olgiideki lastikler ise agirligi dagitmakta ve
daha diisiik basin¢larda calismayr miimkiin kilmaktadir (Svendenius. 2007).

Lastige etki eden cok sayida kuvvet bulunmaktadir (Sekil 1). Boyuna kuvvet Fx
ve yanal kuvvet Fy, aracin yol tutusunu ve kontroliinii etkileyen kuvvetlerdir.
Tahrik kuvveti Fx, siiriis veya frenleme sirasinda turetilir ve Fy, viraj alma sirasinda
uretilmektedir. Ayrica, normal kuvvet F,, traktor kiitlesine gore degismektedir.

Torkun hizalanmasi

4 kamber agisi

- x
Tekerlek torku \
J

DSnme direnci momenti

=

Sy

Devrilme momenti

|
\ Tahrik kuvveti _» X
Kayma agist

Tekerlek hareket
dogrultusu

Yanal kuvvet ‘y

Normal kuvvet

2
Sekil 1. Lastik tizerinde etkili kuvvet ve momentler (Wong. 2008; Grip. 2021).
Figure 1. Forces and moments acting on the tire (Wong. 2008; Grip. 2021).

Diiz bir yiizey tizerinde herhangi bir tahrik torku uygulanmadan serbestge donen
ve diz bir ¢izgide giden bir tekerlekte, baslangi¢c kogulunda sifira egit bir patinajin
oldugu kabul edilir. Yuvarlanma direnci nedeniyle, direnci asmak i¢in bir kuvvet
uygulanmasi gerekir ve bunun sonucunda bir yan kuvvet ve kendiliginden hizalanan
tork gelisir. Yan kuvvet ve kendi kendine hizalanan torkun ortaya ¢ikmasi, lastigin
yapisinin tamamen simetrik olmamasiyla aciklanabilir (Pacejka. 2006). Tekerlek

hareketinin, patinajin sifira esit oldugu baslangic durumuna gére sapmasi, ek
deformasyonlara ve lastik ile yiizey arasindaki temas alaninda patinaja neden olur.
Tahrik torku uygulandiginda ortaya c¢ikan patinaj asagidaki sekilde tanimlanir

(Grip, 2021);

ReQ—Vy
S==5— (1)

Burada; S patinaj, Vi tekerlegin merkezinin hiz vektoriiniin boyuna bilesenini,
FRe etkin yuvarlanma yarigapini ve £ tekerlegin agisal hizin1 goéstermektedir.
Ilerleme hareketi durumunda patinaj ve c¢ekme kuvveti Fx pozitiftir. Frenleme
durumunda ise patinaj negatiftir. Kararli durum kogullar1 altinda, gelistirilen ¢eki
kuvveti Fyx, uygulanan tekerlek torkuyla orantilidir ve patinaj, ¢eki kuvvetinin
fonksiyonudur. Basglangicta patinaj, elastik deformasyonlarin sonucudur ve
dolayisiyla ceki kuvveti ve tekerlek torku, patinajla birlikte dogrusal olarak artar.
Fx kuvvet ve tekerlek torku arttik¢a lastik sirtinin bir kismi patinaja baslar ve
patinaj ile c¢eki kuvveti arasindaki dogrusal iligki, parabolik hale dontgsir
(Wong, 2008).

Araglar, strekli bir hiza ulagsmak i¢in meydana getirilen gliclin, yaklagik %25lik

bir bolimiuni yuvarlanma direnci i¢in harcarlar. Kaliforniya’ da yapilan bir
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calismada diigik yuvarlanma direncine sahip lastiklerin kullanilmasi kogulunda
yillik 1.135.623,53 m? dizel yakitindan (yaklasik 1 milyar $) tasarruf saglanabilecegi
ortaya konmustur (Anonim. 2015).

Battiato ve Diserens (2013) calismalarinda traktér lastik i¢ basina diistiigiinde
ve tekerlek aks yukiu arttiginda traktorin daha yuksek c¢eki gelistirdigini

saptamiglardir. Yalnizca lastik i¢ basincindaki azalma c¢eki katsayisini, ceki
verimliligi ve 6zgil yakit tiiketimi agisindan iyilestirmeler saglamigtir. Tekerlek aks
yiklindeki artistan kaynaklanan tek 6nemli faydanin, 160 kPa lastik basincinda ve
%15'in altindaki patinajda 6zgil yakit tiikketiminde azalma oldugunu saptamiglardir.

Serrano ve ark. (2009), 59 kW motor giiciine sahip siv1 lastik balasth ve siv1 lastik

balastsiz bir traktoriin ti¢c farkl lastik i¢c basincindaki performansini incelemiglerdir.
Lastiklerde sivi1 balast kullaniminin hektar bagina yakit tiikketimini %5-10 oraninda
artirdiginmi1 saptamiglardir. Daha ytliksek lastik i¢ basinglarinin kullanilmasi, hektar
basina yakit tiilketiminde (%10-25) biiyiik bir artisla birlikte is basarisinda %3-5" lik
bir disiise neden oldugunu bulmuslardir. Smerda ve Cupera (2010) tarla
kosullarinda standart lastik (On:14.9 R28; Arka: 18.4 R28) ile yaptiklar: calismada
170 kPa lastik i¢ basincinda en yiiksek ceki oranina (0.61) ulagmislardir. Yiizeye

iletilen motor giicti verimliliginin azalmasi nedeniyle tekerleklerdeki patinajin %15’
agmamasi gerektigini onermiglerdir.

Farkl toprak yapisina sahip arazide, radyal ve diagonal iki farkli yapidaki lastik
tekerlekler ve bu yapidaki tekerlekler ile olusturulan farklh uygulamalarin (arka
aksa lastiklerin tek ve c¢ift lastik olarak baglanmasi) traktériin performansina
etkilerinin incelendigi calismada; radyal ve cift lastik tekerleklerin arka aks
tuzerinde kullaniminin bazi avantajlar sagladig1 belirlenmistir. Traktorlerde radyal
lastiklerin diagonal lastiklerin yerine kullanilmasi, traktériin verimini ortalama
%3.44 oraninda artirmis ve ortalama %3.08 oraninda 6zgil yakit tiiketimini
azaltmigtir. Arka aks tuzerinde, cift lastik tekerlek kullanilmasi, traktér verimini
ortalama %14.73 oraninda artarken, 6zgil yakit tiketimi ise ortalama %12.77
oraninda azalmistir (Stimer ve Sabanci, 2005). Zoz ve Grisso (2003) yaptiklar: ¢eki

deneylerinde 520/85R46 radyal lastigin farkli aks yiliklerinin ve i¢ basincinin,
maksimum c¢eki verimliligi tzerindeki etkilerinin ihmal edilebilir oldugunu
bulmusglardir. Farkh sirt profiline ve ¢apa sahip iki traktor lastigi tizerinde yapilan
ceki testlerinde; benzer ylzeylerde yuvarlanma direncindeki degisime bagh olarak
lastiklerin c¢eki performanslar: da degismistir. 11.2R24 él¢iilerindeki radyal lastik,
31x15.5-15 olculerindeki diyagonal lastikten daha yliksek c¢eki performans:
gostermistir (Biatcvzk ve ark.. 2013).

Ulkemizde tarim traktorlerinde kullanilan muharrik lastik caplarmin
degisiminin gerek tarla gerekse de laboratuvar kosullarinda ceki performansi
tuzerindeki etkilerini inceleyen sinirli sayida ulusal ve uluslararasi c¢alisma
bulunmaktadir. Bu ¢alismada, sabit lastik kesit genisligine sahip ti¢ farkh lastik
capinin degisen aks yiiklerine bagli olarak ¢eki performanslar: saptanmistir.
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MATERYAL ve YONTEM

Materyal

Deneylerde ii¢ degisik lastik olciisiinde 280/70 R16 (R16), 280/70 R18 (R18) ve
280/70 R20 (R20) radyal tip muharrik lastik kullamilmistir (Cizelge 1). Calismada
kullanilan lastik 6lgiileri, dort tekerlegi muharrik traktérlerde 6n tekerleklerde ve
ulkemizde yaygin olarak kullanimi bulunan bahce traktorlerinde kullanilmaktadir.
Bu calismada, “Tek Tekerlek Test Diizenegi” kullanilmistir (Sekil 2 ve Sekil 3).

Cizelge 1. Deneylerde kullanilan lastiklere ait teknik 6zellikler.
Table 1. Technical specifications of the tires used in the experiments.

Lastik Tipi Jant Statik Dis Cap Tasima
Tipi (mm) Kapasitesi (daN)
280/70 R16 V9 805 1120
280/70 R18 V9 849 1180
280/70 R20 V9 912 1250

Sekil 2. Tek tekerlek test diizenegi.
Figure 2. Single wheel test setup.

Yiikleme Sistemi

12

Ug Nokta Baglagi ~
Diizenegi ( Yiiriitme Sistemi

o7

1.Yikleme catisy, 2. Hidrolik geri déniis hortumlari, 3.Hidrolik deposu, 4. On destek tekerlegi, 5. U¢ nokta aski
sistemi baglanti1 noktasi, 6. Digli pompa, 7. Hidrolik pompa, 8. Zincir, 9.Arka denge tekerlegi, 10. Reduktor,
11. Hidrolik motor, 12. Arka denge tekerlegi yiikseklik ayar kolu, 13. Beton denge agirliklar, 14. Hidrolik silindir.

Sekil 3. Tek tekerlek test diizenegi béliimleri (Ekinci, 2011).
Figure 3. Single wheel test setup sections (Lkinci. 2011).

Tek tekerlek test diizeni ti¢ ana bélimden olusmaktadir:
1.Ceki bolumi: Testlerde kullanilan dizenege hareket veren ve traktoriin tig
nokta aski dilizeni alt baglanti1 noktalarina baglanan bélimudir.
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2.Yuriutme sistemi: Traktorin PTO ¢ikisina baglanarak ¢alisan hidrolik pompa ve
hareketini bu pompadan alan hidrolik motor ve test diizenegi tekerlegine hareket
veren yuritme bolimidir.

3.Tekerlek aksi yiikleme sistemi: Deneylerin yapilmasi esnasinda test tekerlegine
dinamik aks yikiiniin uygulanmasini saglar. Test diizenegi ana sasisi ile tekerlek
catis1 arasina bir hidrolik silindir yerlestirilmistir.

Tek tekerlek test diizenegi ile yapilan denemelerde, test diizeneginin ihtiyac
duydugu kuyruk mili hareketi, frenleyici (ceki arabasi) olarak kullanilan New
Holland TD90D marka traktorden saglanmistir. Ayrica traktorin park freni
tizerindeki kademeler kullanilarak farkl itme (ceki) kuvvetlerindeki degerlerin elde
edilmesi saglanmistir (Hkinci ve ark.. 2015).

Yontem

Denemeler ii¢ farklh aks yiikiinde (W1: 3.5, Wa: 5.0 ve Ws: 6.5 kN), sabit lastik i¢
basinci (190 kPa) ve ilerleme hizinda (5 km h'?) yiiriitiilmiistiir. Deneyler, sert tarla
yolu kosullarinda yiritilmiistir (Sekil 4). Calisma zemininin 6zelliklerinin
belirlenmesi maksadiyla kayma direncleri 6l¢tilmistiir. Bundan dolayr Stanley
London marka ASTM E303 ve BS EN 13036-4:2003 standartlarindaki tasinabilir
kayma direnci 6l¢ciim cihazi kullanilmistir (Ekinci ve ark., 2015).

Sekil 4. Sert taﬂa yélu.
Figure 4. Hard field road.

Denemesi yapilan lastiklerin iz diigiim alanlarini belirlemek amaciyla biitiin aks
yikleri ve lastik i¢ basin¢larinda, beton zemin lizerinde lastigl zemin ile temasi
kesilecek kadar kaldirilarak lastigin belirli bir ylizeyi siyah renge boyanmis ve zemin
luzerine sabitlenmigs A3 ebadindaki kagit tizerine indirilmistir. Kagit tizerindeki
olusan iz alanimin tam olarak doldurulabilmesi igin lastik her seferinde 5-10°
dondiriilerek siyah renge boyanmis farkli bolgelerin kagit tizerine indirilmesi 4-5
kez tekrar edilmistir (Carman ve Seflek, 2005). Bilgisayarda UTHSCSA Image Tool
Version 3.0 yazilimi kullanilarak, kagit tizerinde olugsan temas alanlar

belirlenmisgtir.

Traktor uzerine baglanabilen, Dickey John DJCMS200 marka hiz sensori
kullanilarak gercek calisma hizlar1 (V) biitiin kombinasyonlar i¢in 6lciilmiistiir.
Teorik hizin (Vi) belirlenmesinde ise test tekerlegi miline direk baglanmis olan
torkmetre yardimiyla manyetik algilayicidan alinan sinyaller ile devir 6l¢iilmis ve
farkl aks yiiklerinde tekerlegin ¢evresi dikkate alinarak hesaplanmistir. Patinajin
belirlenmesinde asagidaki esitlik kullanilmigtir.
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—(1-Y8
S=01-5 2
Esitlikte;
S Patinaj orani (%)
Vi Teorik hiz (km h1)
Ve Gercek ilerleme hizi (km h'1)

Calismada, itme (ceki) direncleri (P), tekerlek sasisi ile sasi arasina oynak olarak
baglantis1 yapilmig 4 tane tekerlek itme kollarina baglanmis ylik hicreleri
yardimiyla 6l¢iilmustiir. Denemeler sirasinda DT 80 Datataker marka veri toplayici
tarafindan dort noktadan alinan CK degerleri kaydedilmistir.

Giiciin belirlenmesi amaciyla traktér kuyruk miline (PTO) takilan 1800 Nm’ lik
Datum P7947 marka elektronik torkmetre kullanmilmigtir. Torkmetrenin tizerinde
gliciin belirlenmesi yaninda, devir olcerde bulunmaktadir. Bilgisayarda Datum
Electronics Torquelog 1.0 yazilimi1 ile torkmetreden alinan sinyallerle her
kombinasyon icin devir (n), giic ve tork (T) degerleri kaydedilmistir. Sistemin disli
kutusu verimleri (na1 ve naz icin %98), ve hidrolik pompa verimi (nnp) ve hidrolik
motor verimleri (nnm) icin %86 olarak dikkate alinmis ve toplam verim nr = 0.71
olarak belirlenmistir (Niemann, 1970; Anonim.1985).

Aks giicii, devir (n= 540 min) ve tork verilerinden asagidaki esitlik vasitasiyla
hesaplanabilmektedir (Demir. 2014; Ekinci ve ark., 2015).

Tx0.71*n
No = 9550 (3)

T: Tork metreden élciilen tork degeri (Nm)
1 Tekerlek devri (min'?)

Olgiilen ceki direnci ve gercek calisma hizlar1 yardimiyla, ayri ayri biitin
kombinasyonlar icin ceki giicii, asagidaki esitlikle hesaplanmigtir (Demir. 2014;
Ekinci ve ark., 2015).

_ PxVg
N, = 1000 (4)

N, Ceki giici (kW)
P: Ceki kuvveti (N)
Ve Traktoriin gercek ilerleme hizadir (m s)

Net ceki oram1 (NCO), lastik tekerleklerle gerceklestirilen diizenlemelerin
performans yoninden degerlendirilmesinde faydalanilan etkili bir parametredir.
Net ceki orani asagidaki esitlik yardimiyla hesaplanmistir (Tiwari ve ark., 2009;
Demir, 2014; Ekinci ve ark., 2015).

NGO =+ (5)
NCO: Net ¢eki oranm (%)
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P: Ceki kuvveti (kN)
W: Aks yiikii (kN)

Diger bir performans parametresi lastik tekerlegin ceki verimliligi (1) asagidaki
esitlik yardimiyla hesaplanmistir (Tiwari ve ark.. 20095 Demir. 2014;
Ekinci ve ark., 2015).

=N
=2 (6)

1 Ceki verimliligi (-)
N, Ceki giicii (kW)
N.’ Aks giicii (kW)

Istatistiksel analizler

Ceki verimliligi izerine, calismada kullanilan muharrik lastik ¢ap1 ve aks yiiki gibi
kontrollii degigskenlerin etkilerini belirlemek igin varyans analizi yapilmagtir.
Varyans analizi sonucglarinin 6nemli c¢iktiginda ise LSD testleri yapilmigtir
(Diizgiines ve ark. 1987).

BULGULAR ve TARTISMA

Lastik ile zemin arasindaki tutunmanin bir fonksiyonu olarak c¢ekici tekerlegin
olusturdugu CK elde edilmektedir. Sert tarla yolunun kayma direnci, kuru
kogullarda 61, 1slak kogulda ise 47 olarak 6l¢iilmustiir. Lastik temas ylizey alani ile
tutunma arasinda dogrusal bir iliski mevcuttur. Lastiklerin degigsen lastik aks ytiki
degerlerinde temas alanlari 222.91-446.35 cm? arasinda degismistir (Sekil 5).
Calismada, lastik aks ylukundeki %85.7’1ik bir artis temas alanlarinda ortalama
%74’liik bir artisa neden olmustur. Ekinci (2011), 7.50-18 diyagonal ve 7.50 R18
radyal muharrik lastiklerle yaptig1r calismasinda, lastik aks yiikiindeki %86lik bir
artis iz diisiim alanlarinda diyagonal lastiklerde %31, radyal lastiklerde ise %201k
bir artisa sebep oldugunu saptamistir. Ekinci ve ark. (2016) 280/70R20 élciilerindeki

radyal lastikte aks yiikiindeki %6771ik artisin, temas ylizey alaninda %84’lik bir
artisa neden oldugunu belirlemislerdir. Elde edilen sonuclar, litaratiir degerleri ile
benzerlik gostermektedir. Lastik statik capindaki %13.3’lik bir artis ise, lastik
temas alaninda ortalama %13.7’lik bir artisa neden olmustur.

500 ~
450 - Y
400 -
350
300 -
250
200
150 w \ \ ‘

3 4 5 6 7

Aks Yiikii (kN)
+R16 WMR18 AR20

Temas ylizey alani (cm?2)

Sekil 5. Aks yukiine bagli olarak lastik temas ylizey alanindaki degisim.
Figure 5. Change in tire contact surface area depending on axle load.
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Calismada kontrol edilebilen degisken olan ¢eki kuvvetine (itme) baglh olarak patinaj
degerleri %1.2 ila %19.10 arasinda degismistir (Sekil 6). Ortalama patinaj degerleri
3.5 kN’luk aks yiikiinde %10 iken, 6.5 kN’luk aks yiikiinde %4.6 azalarak %5.7
olmustur. Ortalama patinaj, R16 lastik dlgiistinde %9.72 iken, R20 lastik 6l¢listinde
%34.7 azalarak %6.34 olmustur. Lastiklerde cap artisiyla birlikte temas ylizey
alanlar1 da artig géstermistir. Temas ylizey alanlarinin artmasi, lastiklerin zemine
daha 1yi  tutundugu ve patinajin azaldigni =~ anlamina  gelmektedir
(Smerda ve Cupera, 2010; Ekinci ve ark., 2016).

280/70 R16

20 7 R2=0,9044
16 -

He

12
8 -

Patinaj (%)

280/70 R18

20 7 R? = 0,8837 .

16

Patinaj (%)

20 - 280/70 R20
R*=0,886

Patinaj (%)

0 0,5 1 1,5 2 2,5 3
Ceki (itme) kuvveti (kN)
*+W1 mW2 AW3
Sekil 6. Ceki kuvvetine (itme) bagh olarak patinajin degisimi.
Figure 6. Change in slippage depending on traction (push) force.

Lastik olgiisi ve aks yiikiine bagl olarak net c¢eki orani 0.14-0.80 arasinda
degisirken, ceki verimi degerleri 0.35-0.84 arasinda degismistir (Sekil 7). Farkh
calisma kombinasyonlarinda %4-10 patinaj araliginda maksimum ¢eki verimine
ulagilmistir. Maksimum c¢eki verimlerine karsilik gelen net ¢eki orani ise 0.24-0.44
arasinda degismistir. Elde edilen ¢eki verimi sonuglari ile yapilan varyans analizi
sonuclar1 ¢eki verimi tizerinde lastik Ol¢tisiiniin ve aks yilikiiniin etkisinin énemli
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oldugunu gostermistir (Cizelge 2). Ekinci (2011) asfalt zeminde aks yiikiindeki
%8611k bir artigsin ¢eki verimini %2 artirdigini belirtmistir. Patinaj, ¢ceki verimliligini
maksimuma ¢ikarmak i¢in dikkate alinmasi gereken temel parametrelerden biridir.
Patinaj, aracin ¢eki kuvvetine baglidir ve c¢eki arttiginda patinajda artar
(Kumar ve ark.. 2016). Olgiileri 7.00-18 olan radyal bir lastigin ¢eki performansini

farkll calisma sartlar1 sonucunda elde edilen %5.6-42.0 patinaj oran1 degerlerinde
ceki kuvveti 1.20-3.35 kN ve c¢eki verimi ise 0.22-0.74 arasinda degismistir
(Carman, 2001).

R?=0,7245

R*=0,7479

Net ¢eki orani ve ¢eki verimi
(N e e N =R = = e
O R N WA o 9 0 ©
1

0 5 10 15 20 25
Patinaj (%)

# Net ceki oran1 MW Ceki verimi

Sekil 7. Patinaja bagli olarak net ¢eki oran1 ve ceki veriminin degisimi.
Figure 7. Change in net traction ratio and traction efficiency depending on slippage.

Cizelge 2. Lastik olgtisti ve aks yikiiniin ¢eki verimi tizerine etkisinin varyans analizi
ve LSD testi sonuglari.

Table 2. Variance analysis and LSD test results of the effect of tire size and axle load
on traction efficiency.

V.K S.D K.O F Tablo degeri (%1)
Lastik 6l¢iisii 2 0.001 6.240™ 6.010

Aks yiikii 2 0.002 20.710% 6.010

AxB 4 0.000 0.25 ns 4.580

Hata 18 0.000

Genel 26 0.000

“Istatiksel olarak %1 seviyesinde énemlidir. (P<0.01)
ns: Istatiksel olarak %1 seviyesinde énemsizdir. (P<0.01)

Lastik 6l¢tust Aks yuka

(280/70 R16) 0.603a (3.5 kN) 0.597a
(280/70 R18) 0.615b (5.0 kN) 0.613b
(280/70 R20) 0.619c (6.0 kN) 0.627c

LSD(%5)=0.010

Statik lastik capindaki %13.3'liikk artis ¢ceki veriminde %3.5°lik bir artisa neden
olmustur. Lastik c¢apr ve g¢eki verimi arasinda tissel bir iligki olup, iliskinin
korelasyon katsayisi 0.984 olarak elde edilmistir (Sekil 8). Lastik aks yiikiindeki
%85.7'lik bir artis, ceki veriminde %4.7’lik bir artisa neden olmustur. Aks yiki ve
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¢eki verimi arasinda dogrusal bir iligki olup, iligkinin korelasyon katsayis1 1 olarak
elde edilmistir (Sekil 9).

0,625 7 y = 0,6387x0,2712

R =0,984

0,62 -
0,615 -

0,61 -

Ceki verimi

0,605 -

0,595 \ \ \
0,78 0,83 0,88 0,93
Statik lastik ¢ap1 (m)

Sekil 8. Lastik cap1 ve ceki verimi arasindaki iligki.
Figure 8. Relationship between tire diameter and traction efficiency.

0,63 -
y =0,0093x + 0,5653
0,625 - R=1

0,62 -
0,615 -
0,61 -
0,605 -

0,6 -
0,595 w \ \ ‘

Ceki verimi

Aks yiiki (kN)

Sekil 9. Aks yiikl ve ¢eki verimi arasindaki iligki.
Figure 9. Relationship between axle load and traction efficiency.

SONUC

Calismanin sonuglari asagidaki gibi 6zetlenebilir.

-Lastik temas ylizey alanina, lastik ¢api ve aks yiiki farkli oranlarda etkili olmustur.
Lastik capinin ve aks yikiinlin artmasi, temas ytizey alanlarimi da artmastar.

-Sabit itme kuvvetinde R16 W1 kombinasyonunda en biyik, R20 W3
kombinasyonunda ise en disiik patinaj degerleri elde edilmigtir.

- Patinaj degerleri iizerinde aks ylkiiniin etkisinin, lastik ¢apindan daha yiiksek
oldugu bulunmustur.

- Farkh ¢alisma kogullarina bagh olarak ortalama ceki verimleri %62.4-58.8 arasinda
elde edilmistir.

-Ceki verimi iizerinde aks yiikiiniin etkisi istatistiki acidan énemli iken (P<0.01), lastik
capimin etkisi énemsiz bulunmustur.

-Gliniimuizde gerek bahge ve gerekse de tarla tariminda kullanilan traktorlerde, motor
giict tekerlek dl¢iisiiniin uygun secilememesi motor glictiniin verimli kullanilmamasina
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diger bir ifadeyle yakit tiiketiminin artmasina buna bagh olarak da enerji maliyetinin
artmasina neden olabilecektir.

CIKAR CATISMASI

Makale yazarlari olarak herhangi bir ¢ikar ¢atismasi olmadigini beyan ederiz.

YAZAR KATKISI

Necmettin Oguz DEMIR: Arastirma, metodoloji, kavramsallagtirma, bicimsel analiz
ve verl analizi,

Kazim CARMAN: Arastirma, metodoloji, kavramsallagtirma, bicimsel analiz, veri
analizi, iyilestirme ve dogrulama

Ergiin CITIL: Arastirma, metodoloji, yazma - orijinal taslak, inceleme, diizenleme ve
gorsellestirme
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ABSTRACT

It is known that plants stimulate the senses of sight, touch, smell and taste. In addition, plants stimulate
the sense of sight with their difterent shapes and colors, the sense of touch with their leaves, the sense of
smell with the scents of flowers and fruits, the sense of taste with the fruits and the sense of hearing with
the sounds of the leaves. Plants that activate the five senses can create an environment in the form of multi-
sensory stimulation that can develop emotional stability and sensitivity in people. Designing with plants
has become an important part of the landscape design process in landscape design projects. Plants are used
In the discipline of landscape architecture for visual, functional and ecological aspects. However,

preliminary studies have shown that the use of plants in designed urban green spaces is weak in the context
of sensory stimulation. Designers usually use plants in their designs as shade providers, way markers and
so on. In this context, the main objective of this study was to investigate the extent to which plants that
stimulate the senses are used In existing urban green spaces and parks. In the study, the landscape
applications of the existing parks in the city of Malatya in Turkey were evaluated within the scope of sensory
stimulation. The results of this study showed that the plant species used in 4 different recreational areas
mainly stimulated the senses of sight and touch and insufficiently stimulated the senses of smell, sound,

and taste.
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OZET

Bitkilerin gorme, dokunma, koku alma ve tat alma duyularinin uyardigi bilinmektedir. Ayrica bitkiler
cesitli sekil ve renkleriyle gorme duyusunu, yapraklarina dokunma ile dokunmayi, ¢icek ve meyvelerin
kokulariyla koku almayi, meyvelerle tat almay1 ve yapraklarin sesleri ile isitme duyusunu uyandirir. Bes
duyuyu harekete gegiren bitkiler, insanlarda duygusal istikrar ve duyarlilig: gelistirebilecek ¢ok duyulu
uyarimlar seklinde bir ortam saglayabilir. Peyzaj tasarim projelerinde bitkisel tasarim peyzaj tasarim
stirecinin 6nemli bir pargasi olmustur. Peyzaj mimarlig: disiplininde bitkiler gorsel, islevsel ve ekolojik
bakimindan kullanilmaktadir. Ancak yapilan on incelmeler tasarlanan kentsel acik ve yegil alanlarindaki
bitkilerin duyusal uyarim kapsaminda kullanimlarinin zayif oldugu gézlemlenmigtir. Genellikle
tasarimcilar: bitkisel tasarimlarinda bitkileri golge saglama, yon gosterme ve bunun gibi amaglar i¢in
kullanmaktadirlar. Bu baglamda mevcut yapilan kentsel yesil alanlarda ve parklarda duyusal uyarim
saglayan bitki kullaniminin ne olgiide kullanildiginin incelenmesi bu ¢alismanin asil amaci olmustur.
Yapilan ¢alisma icerisinde Tiirkiye'nin Malatya kentinde var olan parklarin duyusal uyarim kapsaminda
peyzaj uygulamalarinin degerlendirilmesi yapilmistir. Bu ¢alismanin sonucu, 4 farkli rekreasyon alaninda
vapilan bitkisel tasarim incelemelerine gore bu alanlarda kullanilan bitki tiirlerin en fazla gorme ve
dokunma duyusunun uyandirdigini ve koku, ses ve tat duyularin uyandirmasi anlaminda eksiklerin
oldugunu agiklamigtir.

Anahtar Kelimeler: Duyusal uyarim, Duyu bahgeleri, Duyular, Bitkisel peyzaj tasarumi

Almnt1 icin‘ Oner, G., & Pouya, S. (2024). Duyusal Uyarim Acisindan Bitkisel Peyzaj Uygulamalarinin
Incelenmesi, Malatya Ornegi. Turkish Journal of Agricultural Engineering Research, 5(2), 180-198.
https-//doi.org/10.46592/turkager. 1525288

GIRIS

Kentsel yesil alan sistemlerinin 6nemli bir parcasi olarak, kentsel parklari, sehir
manzarasini gizellestirmede ve kentsel ekosistemlerin kalitesini artirmada 6nemli
rol oynamaktadir (Taplin. 2002). Kentsel parklar ve yesil alanlar, insan kaynakh
bozulmalarin neden oldugu ekosistem tahribatini hafifletmek ve genel ekolojik
dengeyl korumak icin gerekli olan "bir sehrin kalbi" olarak adlandirilir
(Chen ve ark.. 2018). Yash niifusunun artmasi nedeniyle, dogal alanlar ile insan

sagligr arasindaki iliski kamuoyunda ve akademide giderek daha fazla ilgi
gormektedir (Burnett. 1997). Kentsel parklarin ve yesil alanlarin énemli bir unsuru

olarak bitkiler, cevredeki negatif iyonlar turetir ve negatif iyonlar, havadaki toz, kif
sporlari, bakteriler ve alerjenler gibi partikiillere tutunur ve bunlar: etkili bir sekilde
giderir. Bitkiler oksijen salgilayarak, kirleticileri emerek ve bakteri ve viriislerin
biiylimesini engelleyerek ¢evredeki hava kalitesini iyilestirir. Cevre sicakligi ve nemi
bitkilerin terlemesiyle ayarlanir, konfor seviyesi artar ve ¢evreyi iyilestirerek dolayl
olarak insan saghgi etkilenir. Sekil 1'de gorildigi gibi, bitkiler insan saghgina
faydali maddeler salgilar. Dahasi, renk, morfoloji ve dokudan kaynaklanan pozitif
uyarilar insanlarin fiziksel ve psikolojik durumlarim iyilestirir. Insanlar tizerinde
olumsuz etkisi olan salinan bilegikler arasinda glikozitler, alkaloidler, fenoller ve
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koklerden, gévdelerden, yaprakciklardan veya c¢iceklerden salinan bazi toksik
proteinler bulunur. Bu maddeler alerjilere veya diger hastaliklara neden olabilir
(He ve ark., 2022). Bitkilerin zihinsel durumumuzu sekillendirmede ve zihinsel ve

fiziksel hastalik riskini azaltmada temel bir rol oynadigina dair bilimsel kanitlar
artmaktadir. Bitkiler stres hormonu kortizol seviyelerini diistirerek insanlarda
depresyon, anksiyete ve ruh hali bozuklugu semptomlarini azaltabilirler, bu da kalp
atis hizin1 distrebilir ve iyi hissetme halini tesvik edebilir. Bitkilerin canli, dogal
renkleriyle beyni uyararak yaraticiligi bile artirabilirler (Cooper Marcus ve Barnes
1995).

Azlik Cogunluk

i | |

Dogrudan  — itki fitonsitler vb. / Alkaloidler, fenollsf——— Zehirlenmeye  neden

Eylem olan
4 \Renk form. vb Toksik protein / \ .
/ Insan

insan L
Bitki Engelleme g6
Saghgi | Kolaylastirm Saghg

Zararli gaz /'
Cex reyi armdlrma Cevreyi kirletir
Dogruda olmayan Yiizen ﬂok

Eylem Karbon sabitleme Salgy, vb.,

Okle ensalma

Sekil 1. Bitkiler ve insan saghg arasindaki iliskiler (He ve ark.. 2022).
Figure 1. Relationships between plants and human health (He et al.. 2022).

Dogal alanlarda bulunmak, insanlarin daha fazla fiziksel aktivite yapmasini
saglar, bu da obeziteyi énemli 6l¢iide Onleyebilir ve kronik tibbi rahatsizliklarin
goriilme sikligim azaltabilir (Liu ve ark.. 2017). Dahasi, insanlarin kent parklarinda

algiladiklar: "huzur" ve "siginak" gibi benzersiz deneyimlerin zihinsel iyilesmeyi
onemli 6l¢tiide artirdigr gosterilmistir. Ayrica birgok ¢calisma, yapay ¢evrenin aksine,
dogal ortamlarin fiziksel glcleri geri kazandirabilecegini 6ne siirmiistiir. Bunlarla
birlikte yapilan bir¢cok calismada dogal alanlarin 6zellikle bitkilerin insanlarin
duyusal gelisiminde etkili oldugunu gésterilmistir (Kaplan. 1973; Minter, 1995).

Insanlar dogumdan itibaren duyu organlari aracihigiyla cevreden cesitli duyusal
uyarimlari kabul eder ve fiziksel duyular: gelistirir. Bu tiir duyusal gelisim, beynin
dis cevreyi kabul etmesiyle uygun bir yanit olarak ifade edilmektedir. Dahas,
duyular yorumlama, iligkilendirme ve bitiinlestirme nedeniyle baglama gore
uyarlanabilir davramslar olarak temsil dilmektedirler (Francis-West ve ark.. 2002).

Uzmanlar insanlarin gelisme evrelerinde duyular1 uyararak olaylar1 ve nesneleri
ozel olarak gérme, duyma, koklama, dokunma, tatma ve hissetme duyulariyla
ogretirler. Bes duyu (gérme, koku alma, tat alma, duyma ve dokunma) gozler, burun,
dil, kulaklar ve deri tarafindan algilanir. Duyu organlari, insanlarin dis gevreyi
anlamalarina ve algilamalarina yardimeci olmak i¢in beyne bilgi iletir. Dahasi, bes
duyu dis diinyayla iletisim kurmamiz i¢in 6nemli kanallardir. Insanlarin bes duyusu
kendi algisal bedenlerini olugturur. Insanlar bu duyular aracihigiyla dig diinyay:
anlayabilir, deneyimleyebilir ve ayrica belirli bir davranis tiretebilirler. Bu nedenle,
Bes Duyu Teorisi, doganin ve cevrenin insanlarin c¢ok duyulu deneyimlerini
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olusturmak ve tegvik etmek igin nasil tasarlanabilecegini anlamak i¢in iyi bir
tekniktir (He ve arlk.. 2022).
Cicek ve bitkilerin gérme, dokunma, koku alma ve tat alma duyularinin uyardig:

bilinmektedir (Kaplan. 1994). Ayrica bitkiler cesitli sekil ve renkleriyle gérme
duyusunu, yapraklarina dokunma ile dokunmayi, ¢icek ve meyvelerin kokulariyla
koku almayi, meyvelerle tat almayr ve yapraklarin sesleri ile isitme duyusunu
uyandirir (Hussein, 2012). Bes duyuyu harekete geciren bitkiler, insanlarda

duygusal istikrar ve duyarlilig1 gelistirebilecek ¢ok duyulu uyarimlar seklinde bir
ortam saglayabilir (Yun ve ark.. 2018).

Tum peyzaj tasarimlari bes duyuyu uyarabilir, ancak duyu bahgeleri bu konuda
dada fazla etkili olmustur. Bu bahceler terapétik ozelliklere sahip olan ve insanlarin
farkli duyularini uyararak fiziksel ve psikolojik durumlarini olumlu yénde etkileyen
alanlar olarak tanimlanabilir. Farkh saglk iyilestirici iglevlere sahip bitkiler, bilim
ve sanati biitiinlestiren bir gekilde ortama dagitilir ve diizenlenir (Ozgiiner. 2004)

Duyu bahgelerin tasariminda, bitkiler ve diger tasarim 6geleri bes duyu organi i¢in
deneyimler saglama amaciyla 6zel olarak tasarlanir (Pouva ve ark.. 2024). Ornegin,

bitkilerin rengi, gorseli, dokusu, bi¢cimi, hareketi, 15181 ve gélgesi gérme duyusunu
uyarir, aromatik bitkilerin kullanimi koku alma duyusunu uyarabilir, yapraklarin
arasindan esen rizgar, saplari birbirine vuran veya hisirdayan otlar ses yaratir ve
yenilebilir meyvelerden, sebzelerden, otlardan ve baharatlardan faydalanarak tat
deneyimi saglanir ve bazi bitkiler dokunma duyusunu uyandirmak i¢in ve dokusal
cesitlilikleri nedeniyle secilir ve alanda kullamilir (Ulrich ve Addoms. 1981;
Ulrich, 1983; Ulrich ve ark.. 1991). Bitkilerin renkliligi ve faydali ugucu maddeleri
insanlarin fiziksel ve ruhsal saghginmi gelistirebilir. Ancak bazi bitkilerin zararl

maddeler de liretebildigi ve insan saglhigini olumsuz yonde etkileyebildigi dikkat
cekmektedir (He ve ark., 2022)
Bitkilerin duyusal uyarim baglaminda en o6nemli 6zelligi renk olarak

tamimlanmigtir. Bitki kompozisyonda ve mevsimsel degisikliklerinde (sonbahar
renklenmesi, ilkbahar renkleri) bitkinin dallari, siirgiinleri, meyveleri, cicekleri,
govde kabugu, yapraklarinda renk etkisi algilanabilir (Karasah 2021;
Altincekic, 2000).

Peyzaj tasarim projelerinde bitkisel tasarim peyzaj tasarim siirecinin énemli bir

parcasi olmustur. Peyzaj mimarlig1 disiplininde bitkiler gérsel, islevsel ve ekolojik
bakimindan kullamlmaktadir (Sar: ve Karasah. 2018). Ancak yapilan 6n incelmeler

tasarlanan kentsel acik ve yesil alanlarindaki bitkilerin duyusal uyarim kapsaminda
kullanimlarinin zayif oldugu goézlemlenmistir. Genellikle tasarimcilar1 bitkisel
tasarimlarinda bitkileri gélge saglama, yon gosterme ve bunun gibi amaclar i¢in
kullanmaktadirlar. Bu baglamda mevcut yapilan kentsel yesgil alanlarda ve
parklarda duyusal uyarim saglayan bitki kullaniminin ne 6l¢tide kullanildiginin
incelenmesi bu calismanin asil amaci olmustur. Yapilan calisma icgerisinde
Turkiye'nin Malatya kentinde var olan parklarin duyusal uyarim kapsaminda
peyzaj uygulamalarinin degerlendirilmesi yapilmigtir.
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MATERYAL ve YONTEM

Malatya Ilinin Cografi Konumu ve Peyzaj Ozellikleri
Malatya, Dogu, Giineydogu ve Orta Anadolu cografyasinda bulunan bir ovadir.
Yazlar sicak ve kurak; kiglar ise, cogu kez yagisli ve soguk olan sert iklime sahiptir.
Malatya, kuzeyden giineye dogru hafif bir egimle uzanmaktadir. Malatyanin yiiz
Olcimi 12.313 km? olup, 35 54' ve 39 03' kuzey enlemleri ile 38 45' ve 39 08' dogu
boylamlar: arasinda kalmaktadir (MGM. 2024).

Malatya il arazisinin 367.253 hektar1 (%30)’'u ormanlik ve fundaliklarla, 125.156
hektar1 (%10)u ise caywr ve meralarla kaphdir. Ormanbk alam %10'dur. Il

topraklarinin giineyini boydan boya kaplayan bati-dogu dogrultulu Malatya
daglarinin bati ucunda Sultansuyu vadisine bakan yamaclarda akarsu cgevreleri
orman gibi uzayan kayis1 (meyve) bahceleri ile kaplidir. Dogu Anadolu’da ortadan
kalkmakta olan ibrelilerden kizilciklara rastlanmaktadir. Bu kesimde kalin bir
toprak tabakasi ile meyve agaclari, sogiit ve kavakhklar gorilmektedir (Cografya
Diinyas1, 2024.).

Bu arastirmanin ana materyali Malatya kenti iginde bulunan 6nemli olan park ve
rekreasyon alanlari; Kirkgoz Rekreasyon ve Sahil Parki, Cinar Park Rekreasyon
Alani, Millet Bahgesi (1. Etap), Ispendere Rekreasyon Alani olmustur. Bu alanlarin

bitkisel peyzaj tasarimlar: duyusal uyarim acisindan incelenmistir (Sekil 2).

Sekil 2. Arastirmada secilen alanlarin konumu. a: Kirkgéz Rekreasyon ve Sahil
Parki, b: Cinar Park Rekreasyon Alami c¢: Millet Bahcesi 1. Etap, d: Ispendere
Rekreasyon Alani (Google Farth, 2024).
Figure 2. Location of the areas selected in the research a: Kirkgoz Recreasyon and
Coastal Park, b: Cinar Park Rekreasyon Area c: Millet Bahgesi 1. Etap, d: Ispendere
Rekreasyon Area (Google Farth, 2024).

Yontem

Bu c¢alismada nitel ve nicel arastirma yontemiyle elde edilen veriler konu
kapsaminda degerlendirilmig, konu igerigi ile iligkili oldugu diisiiniilen kaynak ve
rekreasyon parklari incelenmis ve bitki listeleri caligmanin igerigine dahil edilmigtir.
Bu galisma Malatya' da yer alan 4 adet rekreasyon alaninin bitkisel tasarimi duyusal
uyarim acisindan incelenmigtir. Arastirmada secilen rekreasyon alanlarindaki
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mevut bitkilerin duyusal etmenler (gérme, isitme, koklama, tatma, tekstiir ve form)
kapsaminda alanda dogrudan incelemeler yapilmig ve yerinde analizlerle
fotograflama yontemi kullanilmistir. Alanlarda kullanilan bitkilerin hangi
mevsimde hangi duyuya hitap etigini arastirmak i¢in mevcut ilgili literatirden
yararlanmigtir. Ancak bazi bitki tirlerin duyusal uyarimi konusundaki bilgisi
mevcut literatiirde bulunmamistir ve hangi tiir hangi duyuya hitap etme
konusundaki eksik veriler yazarlarin bizzat kendi incelemelerine gore saglanmigtir.

BULGULAR ve TARTISMA

Kirkgoz Sahil Parki Rekreasyon Alam

Kirkgoz Rekreasyon ve Sahil Yolu Projesi 150 bin metrekare alana sahiptir. Proje de
2 adet sosyal tesis meveuttur. Icerisinde; cocuk oyun alanlari, otopark alani, cocuklar
icin doga kesif merkezleri, kus gozlem kulesi, fotograf ¢cekme alanlar1 ve ailelerin
hem dumanli hem dumansiz piknik yapabilecekleri alanlar mevcuttur. Alanin tarihi
dokusuna yonelik ve ismi ile miistesna olan Kirkgoz Kopriisinia simgeleyen giris
kapisi, yer yer bank ve pergolelere motif olarak islenmistir (Sekil 3).

Sekil 3. Kirkgoz sahil park: tasarim projesi (Malatya Battalgazi Belediyesi, 2024).
Figure 3. Kirkgéz coastal park design project (Malatya Battalgazi Municipality,
2024).

Kirkgoz Rekreasyon Alaninda yer alan gérme-dokunma duyusuna hitap eden
bitkiler yer almistir. Agac olarak Kirmizi Yaprakl Siis Erigi (Prunus cerasifera piss.
nigra), Cin Siglas1 (Liquidambar styraciflua formosana) 6rnekleri verilir. Cal Olarak
Kirmizi Kadin Tuzlugu (Berberis thungbergii), Lavanta (Lavandula officinalis),
Altuni taflan (Euonymus japonica aurea) Gimisi Taflan (Fuonymus japonica
silverking) Sarmasik olarak Amerikan Sarmasig1 (Parthenocissus quinquefolia),
Orman Sarmasig1 (Hedera helix) gibi érnekler verilebilir (Sekil 4). Alanda bulunan
bitki tiurlerin hangi duyuya hitap etmesi Cizelge 1’de ve farkli mevsimlerde duyusal
etkilere sahip bitki tiirleri Cizelge 2’de a¢iklanmistir. Sonuglar bu alanda tatma ve
igitme duyusunu uyandiran bitki tiirlerin az olmasini agiklamigtar.
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Sekil 4. Sonbahar aylarinda rengini kirmiziya birakan a: Amerikan Sarmagigi
(Parthenocissus quinquefolia) Gérme duyusu ve Kirmizi Cicekli b: Ada Cay1 (Salvia
Jjamensisflammen) Gérmel-Dokunma duyusu.
Figure 4. The sense of sight of a° Parthenocissus quinquefolia, which changes its
color to red in the autumn months, and the sense of sight-touch of b:Salvia
Jjamensisflammen.

Cizelge 1. Kirkgoz rekreasyon ve sahil alaninda yer alan bitkilerin duyusal uyarimi
acisindan incelenmesi.
Table 1. Examination of the plants in Kirkgoz recreation and coastal area in terms
of sensory stimulation.

Say1 | Latince Adi Tiirkge Ad1 Duyusal Uyarim Kaynak
1 Acer saccharinum Seker Akcaagag Gorme duyusu
Cupressocyparis leylandi - . i
2 . Sekilli Gold Leylandi Gorme duyusu
goldrider _ ; S Giilgiin ve ark.,
3 Cgpressocypans leylandi | Sekilli Splral Formlu Gérme duyusu 2007;
spiralle Leylandi .
— : — — Altingekig,
4 Cupressus arizonica Arizona Servisi Gorme duyusu 9000; Acar ve
Cupressocyparis leylandi . . e V
5 MultiPompos Ponpon Leylandi Gorme duyusu a,k 2009;
6 Buxus sempervirens Top Simgir Gorme duyusu Bilgili ve ark.
7 Prunus cerasifera piss. Siis Erizi 2014; Acibuca
“Nigra” 5 Gorme-Dokunma duyusu ve Budak,
8 Lagerstroemia indica Oya Agac1 Goérme-Dokunma duyusu 2018;
9 Liquidambar styraciflua Amerikan Siglas1 Gorme duyusu Favdaoslu ve
10 Fraxinus americana Turuncu Di1s Budak Gorme duyusu Siiriictioglu,
autumn applause b
Liquidambar styraciflua 2011 Pouya,
11 formosana Cin Siglas1 Gorme duyusu 2019;
12 Ligustrum japonica Kurtbagr ] Gérme-Dokunma duyusu "\Y'S]a? e ark.,
CALILAR, YER ORTUCULER ve CICEKLER 2015; Tilley.
2006;
Say1 | Latince Adx Tiirkge Ad1 Duyusal Uyarim Lambe 1995;
Andié ve ark.
1 Jasminum sambac Arap Yasemini Koku-Gérme duyusu 20292;
2 éavandu]a officinalis Lavanta Gorme-Tat-Koku duyusu Yamauchi ve
uxus .
X Ucl o) ark., 2018;
3 microphyllafaulkner Kiigiik Yaprakl Simsir | Gérme duyusu ar
Fuonymus japonica . Leonard ve
4 “Aurea” Altuni Taflan Gorme-Dokunma duyusu Masek. 2014
Weigelia atropurpurea . N Akkemik
5 “Nana” Gelin Tac1 Goérme duyusu 2014).
Abelia grandiflora Guzellik Calis1 Gorme duyusu
8 Berberis thungbergii Kirmizi Kadin Tuzlugu | Gérme-Dokunma duyusu
Cotoneaster - .
9 microphyllusstra Dag Musmulasi Gorme duyusu
10 éf?uou{/:mu.w aponica Altuni Taflan Gorme duyusu
Aura
11 EUOH“V mus japonica Gimiusgi Taflan Gorme duyusu
silverking
12 Fuonymus japonica Yesil Taflan Gorme duyusu
13 Furyops pectinatus Giineg Papatya Calis1 Koku-Gérme duyusu
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Gaura .
14 Ilindheimerisiskiyou pink Gaura Gorme duyusu
15 Hypericum calycinum Sar1 Kantaron Cicegi Koku-Gérme-Tat duyusu
16 Rosmarinus officinalis Biberiye Tat-Koku duyusu
17 Lonicera caplifolium Yayilict Hanimeli Koku-Goérme duyusu
18 Juniperus sabina Sabin Ardic Gorme duyusu
19 Nandina domestica Bodur Cennet Gérme-Dokunma duyusu
firepower Bambusu
20 Photinia fraserired robin | Alev Calisi Gorme duyusu
21 Pyracantha navaho Bodur Ates Dikeni Gorme-Dokunma duyusu
22 Salvia jamensisflammen Elrmlm Cigekli Tat-Koku duyusu
dagay1
23 Teucrium fruticans Zeytin Calis1 Dokunma duyusu
24 Viburnum lucidum Kartopu Calis1 Gorme duyusu
25 Buxsus rotundifolia Yerli Simgir Gorme duyusu
Abelia grandiflora Beyaz Alaca Yaprakh .
26 “Nana”g Gﬁ};ellik Calis: P Gorme-Dokunma duyusu
27 'Carex aslyumensw Altuni Yapraklh Ters Gorme-Dokunma duyusu
Evergold
28 Photinia nana Bodur Alev Calis1 Gorme-Dokunma duyusu
29 Pa{'thenoczssus Amerikan Sarmasig Gorme duyusu
quinquefolia
30 Hedera helix Orman Sarmasig Gorme duyusu
31 Plantago lanceolata Yumusak ot Ses (Isitme duyusu)

Cizelge 2. Kirkgoz sahil parki ve rekreasyon alaninda yer alan bazi bitkilerin

mevsimlerine gore duyusal acidan incelenmesi.

Table 2. Sensory examination of some plants in Kirkgéz coastal park and recreation
area according to seasons.

Koklama Tatma Gérme Dokunma Isitme Kaynak
Gumiigi Gilgtn ve ark.,
}%?Eur Gelin tac1 (Weigelia Yumusak ot 2007 .
Ilkbahar tomentosa) atropurpurea (Plantago Altmeekle,
Koku “Nana”) Ianceolata) 2000 Acar ve
-Gérme - Gorsel duyu ses duyusu ark., 2009;
- Tat duyusu Bilgili ve ark.,
2014; Acibuca
Petunya Lavanta Yumusak ot ve Budak,
(Petunia (Lavandula | Rozet Cicegi (Vinca . umusg 2018;
; I . Adacay1 (Salvia | (Plantago
Yaz integrifolia) officinalis) sp.) AR Faydaoglu ve
. .. officinalis) lanceolata) - N
Koku-Gorsel Tat-Koku Koku-Gorsel duyu Siiriiciioslu.
d duvusu ses duyusu Bl
uyu Y 2011; Pouya,
2019;
Biberiye Amerikan Eoilll){afworimlu Al’r'vlélil. ve ark.,
(Rosmarinus Sarmasigi ( [ljj gr m 2015; Tilley,
Sonbahar | officinalis) (Parthenocissus - go chuljn 2006;
Koku-Tat quinquefolia) Jap ) Lambe 1995;
D Girsel d texanum »
uyusu orsel duyu Andié ve ark.,
2022;
Limoni servi Yamauchi ve
(Cu Siis Lahanasi o “ ark., 2018;
Ipressus @ . rman sarmagi
K rassica oleracea ( o) Leonard ve
S macrocarpa var. Acephala) Hedera helix g
Goldcrest) For‘m-Gérsel duvu Dokunma duyu Masek, 2014;
Koku-gorsel y Akkemik, 2014

Cinar Park Rekreasyon Alam

Battalgazi Belediyesi Tarihi Cinar Agaci Rekreasyon Alani Projesi, genis bir alam

kapsayan dogal, tarih ve kiiltiirel alanin korunmasi amaciyla yapilmig bir

calismadir. Cevre diuzenlemeleri halkin gereksinimleri g6z 6niinde bulundurularak
hazirlanmig ve Cinar Parkinin iginde bisiklet ve yliriiyls yollari, suni golet, oturma

gruplari, cocuk parki, mesire alanlari, bélgede yasayan medeniyetleri anlatan

187




ONER and POUYA / Turk J Agr Eng Res (TURKAGER), 2024, 5(2): 180-198

rolyeflerle islenmis duvarlar yer almaktadir. Bu medeniyet duvarinda ilgenin tema

yiz etmig tarihi ve kiltlirel degerleri duvarlara naksedilecek boylece insanlara
gecmisi ve degerleri hakkinda farkindalik kazandirilacak bir mekan olarak

tasarlanmistir (Malatya Battalgazi Beledivesi, 2024).

Alanda yer alan Petunya (Petunia integrifolia), hem renk hem de koku fonksiyonu
ile duyulara hitap etmektedir (Sekil 5). Burada 700 yilhik Biiyiik Cinar (Platanus
orientalis extra) rivayete gore Battalgazi’nin gérseldeki ¢inar agacimi diktigi bilinir.

Bu agag tekstiir ve form agisindan dikkat ¢ekmistir. Alanda bulunan bitki tiirlerin

hangi duyuya hitap etmesi Cizelge 3’te ve farkli mevsimlerde duyusal etkilere sahip

bitki tirleri Cizelge 4’te aciklanmigtir. Sonuglar bu alanda bitki tiirlerin ¢ogu gérme

duyusuna hitap ederken tatma ve isitme duyusunu uyaran bitki tiirlerin az olmasi
aciklamistir.

Cizelge 3. Cinar park rekreasyon alaninda yer alan bitkilerin duyusal acidan

incelenmesi.
Table 3. Sensory examination of some plants in Cinar park recreation area according
to seasons.
Say1 | Latince Adi (Agaglar) Tiirkce Ada Duyusal Uyarum Kaynak
1 Platanus orientalis Cinar Gorme-Dokunma Duyusu
2 Platanus orientalis extra Biytk Cinar Gorme-Dokunma Duyusu
3 Prunus ceraciferapisnigra Iéggium Yaprakh Sts Gorme Duyusu
4 Tilia tomentosa Thlamur Koku Duyusu
5 Ligustrum texanum Kurtbagr: Gorme Duyusu Giilgiin ve ark.,
6 Nerium oleander nana Zakkum Goérme Duyusu 2007;
7 Ligustrum japonicum texanum I . Formlu Gorme Duyusu Altingekic,
Kurtbagn 2000; Acar ve
8 Cupressus macrocarpa Goldcrest Limon servi gekilli Gorme-Koku Duyusu “1\ ‘)(') 09:
9 Cupressocyparis leylandii spiralle | Leylandi sekilli Gorme Duyusu B;hdl; ;(\' :1;]’{
10 Photinia fraseri red robin Alev agaci Gorme Duyusu AU
- 2014; Acibuca
11 Prunus laurocerasus Laz kiraz Goérme Duyusu e Budal
(Karayemis) ve Budak,
12 Acer palmatum Japon Ak¢aagaci Gorme Duyusu 2018;
13 Betula Pendula Hus Agac1 Dokunma-Gérme Duyusu Faydaoglu ve
Say1 | Latince Adi (Cahlar) Tiirkce Ada Duyusal Uyarim Siirtictioglu,
2011; Pouya,
1 Santolina chamaecyparissus Gri santolina Dokunma-Gérme Duyusu 2019;
2 Rosmarinus officinalis Biberiye Tat-Koku Duyusu Arslan ve ark.,
3 Abelia grandiflora “Nana” B?y az .Alaca Yaprakl Goérme Duyu 2015; Tilley,
Guzellik Calis1 2006:
4 Pyracantha navaho Bodur Ates Dikeni Gorme-Dokunma Duyusu Lambe 1995;
5 Teucrium fruticans Zeytin Calis1 Dokunma Duyusu Andié ve ark.,
6 Cotoneaster microphyllusstra. Dag Musmulas1 Go6rme Duyusu 2022;
7 Gaura Gaura Gorme Duyusu w
- ark., 2018;
8 Buxus microphyllataulkner gﬁg;ﬁ Yaprakh Goérme duyusu Leonard ve
9 Fuonymus japonica aurea Altuni Taflan Go6rme-Dokunma Duyusu Masek, 2014;
ymik. 2014
10 Vibirnum tinus Defne Yaprakl Gérme Duyusu Akkemik, 2014.
Kartopu
11 Jasminum sambac Arap Yasemini Koku-Gérme Duyusu
12 Lavandula officinalis Lavanta Tat-Koku Duyusu
13 Berberis thunbergiiatropurpurea Kirmizi KadinTuzlugu | Gérme-Dokunma Duyusu
14 Nandina domestica firepower Bodur Cennet Gorme-Dokunma Duyusu
Bambusu
15 Weigelia atropurpurea “Nana” Gelin Tac1 Goérme Duyusu
16 Carex oshimensis 'Evergold' ?{g;leri Yaprakh Ters Gorme-Dokunma Duyusu
17 Photinia “Nana” Bodur Alev Calis1 Gorme-Dokunma Duyusu
18 Parthenocissus quinquefolia Amerikan Sarmagig1 Go6rme Duyusu
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Cizelge 4. Cinar park rekreasyon alaninda yer alan bazi bitkilerin mevsimlerine gére
duyusal agidan incelenmesi.

Table 4. Sensory examination of plants in Cinar park recreation area.

duyu

duyu

Gorsel duyu

Form-Goérsel duyu

Gaura
lindheimeri) -
Gorsel duyu

Rozet Cigegi
(Vinca sp.)
Koku-Gorsel
duyu

Kirmizi kadin
tuzlugu (Berberis
thunbergii
atropurp urea)
Gorsel duyu

Konik formlu
kurtbagr
(Ligustrum

Jjaponicum texanum)

Gorsel duyu

Gorsel duyu

Altuni yaprakli

Lavanta
ters (Lavandula Defne yaprakh Orman sarmagi
kareks (Carex officinalis) kartopu (Hedera be]iX)g
oshimensis Tat-Koku (Vibirnum tinus) Gérsel duvu
'Evergold")- d Gorsel duyu y
Gorsel duyu uyusu

Kigik
E};;?ausl ithlamur yiarflr?rkh Biberiye %é(molrﬂ‘l; servi
tomentosa) ?Buius (Rosmarinus m:gﬂocZiu.sa

P . officinalis) D

Koku-Gérsel microphylla | i moSp o Goldcrest)
duyu faulkner) Y Koku-gorsel Duyu

Ilkbahar Yaz Sonbahar Kis Kaynak
Gelin taci Petunya Amerikan Siis Lahanast
(Weigelia (Petunia Sarmasigi . I

: o1 . (Brassica oleracea Giilgiin ve ark.,
atropurpurea Integrifolia) (Parthenocissus var. Acephala) 2007;
“Nana”)- Gorsel | Koku-Gérsel | quinquefolia) ) D -

Altincekic, 2000;
Acar ve ark., 2009;
Bilgili ve ark.
2014; Acibuca ve
Budak, 2018;
Faydaoglu ve
Strtictioglu, 2011;
Pouya, 2019;
Arslan ve ark.
2015; Tilley, 2006;
Lambe 1995;
Andié ve ark., 2022;
Yamauchi ve ark.
2018;
Leonard ve Masek
Akkemik, 2014

Sekil 5. Cinar park rekreasyon alaninda yer alan mevsimlik ¢igeklerden Petunya
(Petuniaintegrifolia), gsrme-koku duyusunu uyandirmaktadir.

Figure 5. Petunia (Petuniaintegrifolia), seasonal flowers in the C(inar park
recreation area, It awakens the sense of sight and smell.

Battalgazi Millet Bahgesi (1. etap)

Calisma alam olarak belirtilen Battalgazi Belediyesi Millet Bahcesi (1. etap)
Ucbaglar Mahallesi 32.844 m?1ik alana sahiptir. Park igerisinde 2 kiitiiphane, 1 ¢ay
ocagl, 5 adet cardak ve yiiriiyiis yollar1 bulunmaktadir (Battalgazi Belediyesi Park
Isleri Mudiirligi).
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Battalgazi Belediyesi bahc¢esinde mevcut bitkisel tasarimda havuz kenarlarinda

Rosa sp. (Gil) kullanilmigtir. Alanin orta kisimlarda Magnolia grandiflora

(Manolya), Laurus nobilis pyramidalis (Piramit defne), Cupressus arizonica greene
(Mavi servi), Morus nigra pendula (Ters dut) 7Tilia tomentosa (Giimiisi 1thlamur),
Lagerstromia indica (Oya agac1) agaclari kullamilmistir. Acik otopark kisminda

Platanus orientalis (Cinar agac1), Gingo biloba (Mabet Agac1) yer alir. Sarmasgik

olarak kapali otoparka giriste Parthenocissus quinquefolia (Amerikan sarmasig),
Hedera helix (Kaya sarmasi8l), Lonicera caprifolium (Sarilici hamimeli) yer

almaktadir. Bina girsi sag ve sol beton saksiliklarda Diantus sinensis (Cin karanfili),
Thymus vulgaris (Kekik), Lavandula officinalis (Lavanta), Cupressocyparis leylandii

spiralle (Spiral formlu leylandi) kullanilmistir. Alanda bulunan bitki tiirlerin hangi
duyuya hitap etmesi Cizelge 5’te ve farkli mevsimlerde duyusal etkilere sahip bitki
turleri Cizelge 6’da agiklanmagtir.

Cizelge 5. Millet bahgesi 1. Etap rekreasyon alaninda yer alan bitkilerin duyusal
acidan incelenmesi.
Table 6. Sensory examination of plants in the recreation area of the National Garden

Stage 1.
Say1 Latince Adx Tirkce Ad1 Duyusal Uyarim Kaynak
1 Cupressus leylandii Leylandi pramit Gorme Duyusu

Cupressus sempervirens

Gilgiin ve ark.,

2 arizonica glauca Mavi Leylandi Gorme Duyusu 2007;
3 Acer palmatum K. Yaprakh Gérme Duyusu Altingekig, 2000;
akeaagag Acar ve ark.,
4 Picea Glauca Conica Konik Ladin Gorme-Dokunma Duyusu 2009; Bilgili ve
5 Piceapungens"Glauca’ Mavi Ladin Gorme Duyusu ark.. 2014;
6 Cupressus leylandii (spiral ve 3 Leylandi sekilli Gorme Duyusu Acibuca ve
top karisik) ) .
7 Ginko biloba Cin Mabet Agaci Dokunma-Gérme Duyusu ll;lld?k'f;m S
8 Abies nordmanniana Goknar Gorme Duyusu ;‘ ( ufj 1,1_1\ :
Stirtictioglu,
9 Platanus oirentalis Cinar Goérme Duyusu 2011; Pouva.
10 Acer platanoides Cimar J aprakh Goérme Duyusu 2019
akgaagag Arslan ve ark.,
11 Catalpa bignonioides “Nana” Top katalpa Go6rme Duyusu 2015; Tilley.
12 Morus alba pendula Ters dut Tat-Gorme Duyusu 2006;
- Lambe 1995;
13 Magnolia grandiflora Manolya Pramit Gorme-Kolu-Dokunma Andié ve ark
Duyusu : > arX.,
14 Flaxinus excelsior Digbudak Go6rme Duyusu 2022; Yamauchi
15 Laurus nobilis Defne Koku-Tat Duyusu ve ark., 2018;
16 Syringia vulgaris Leylak Koku-Gérme Duyusu Leonard ve
17 Tilia tomentosa Gumiisi Thlamur Koku-Tat Duyusu Masek. 2014;
18 Picea abies Bati Ladini Gorme Duyusu Akkemik. 2014
19 Lagerstromia indica Oya Agaci Go6rme-Dokunma Duyusu
20 Cupressus leylandii Leylandi Go6rme Duyusu
Say1 Latince Ad1 Tiirkge Adx Duyusal Uyarim
1 Cham.aecyparzls* lawsoniana Elvudi Gérme Duyusu
elvudi
2 Gaura lindheimeri Gaura Goérme Duyusu
3 Dianthus Bodur Cl‘n Koku-Gérme Duyusu
Karanfili
4 Rosmarinus officinalis Kekik Koku- Tat Duyusu
5 FErica cernea Erica Gorme Duyusu
(] Thuja occidentalis smaragd Maz1 Smargart Goérme Duyusu
7 Nandina domestica Cennet Bambusu Goérme Duyusu
8 Rosa sp.(3-4 yillik ) Yediveren giil Koku-Gérme Duyusu
9 Rosa sp.(Peyzaj giilii yayilicy) Renk Polliyana Koku-Goérme Duyusu
10 Rosa sp. (Peyzaj giilii yayilicy) Renk beyaz Koku -Gérme Duyusu
11 Rosa sp.(Peyzaj giilii yayilic1) Renk Koyu Pembe Koku- Gérme Duyusu
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12 Rosa sp.(Meyland pembe) Meyland pembe Koku-Gérme Duyusu
13 Rosa sp.(Meyland kirmiz1) Meyland Kirmizi Koku-Gérme Duyusu
14 Rosa sp.(Peyzaj giilii yayilict) Renk Kirmiz1 Koku-Gérme Duyusu
15 Rosa sp.(Baston Giil) Renk karigik Koku-Gérme Duyusu
16 Rosa sp.(Sarmagik giil) Renk karigik Koku-Goérme Duyusu
17 Berberis thunbergii Kadin Tuzlugu Gorme Duyusu
18 Buxus rotundifolia Simsir Gorme Duyusu
19 Buxus sempervirens (Top) g)Tsor;)a nh Simgiri Goérme Duyusu
20 Hedera helix Duvar Sarmasgig1 Gorme Duyusu
21 Amphelopsis americana Amerlkz{n Goérme Duyusu
sarmasgigl
22 Photinia serrulata Alev Calis1 Gorme Duyusu
23 Lonicera japonica Sarilict Hanimeli Koku-Goérme Duyusu
24 Pyracantha coccinea Ates Dikeni Gorme Duyusu
25 Carex oshimensis Evergold' szlet;;m Yaprakh Gorme-Dokunma Duyusu
26 Photinia nana Bodur Alev Calis1 Gorme-Dokunma Duyusu
27 Lavandula officinalis Lavanta Tat-Koku Duyusu

Cizelge 6. Millet bahgesi igerisinde yer alan bazi bitkilerin mevsimlerine gore
duyusal agidan incelenmesi.
Table 6. Sensory examination of some plants in the public garden according to their

seasons.
Koklama Tatma Goérme Dokunma Igitme Kaynak
Sarilict Manolya
Hanmeli Rosa (Magnolia Yumusak ot
flkbahar (Lonicera sp.(Baston grandiflora) (Plantago vilgiin ve ark.,
aponica) Koku giil) Gérme- Dokunma- lanceolata) 2007;
Jap Koku Gorsel-Koku Ses duyusu . .
Duyusu Altincekic, 2000;
Duyusu A L
Acar ve ark.
Ters Dut Oya Agaci Dar yaprakh (]4
Gill (Rosa sp.) (Morus alba | Erica (Erica (Lagerstromia | sinirli ot 2009; l’llglh.\'e
Yaz Kokt Du uSu pendula)Tat | cernea)Goérme | indica) (Plantago ark., 2014;
y -Gorme Duyusu Dokunma- lanceolata) Acibuca ve
Duyusu Gorsel duyu Ses duyusu Budak, 2018;
Biberiye ) Ates Dikeni C{n Mabgt Faydaoglu ve
(Rosmarinus (Pyracantha Agac1 (Gingo Siiriiciioglu,
Sonbahar | officinalis) T biloba) 92011: Pouv:
coccinea) 2011; Pouya,
Koku-Tat Srcel Dokunma 5010
Duyusu Gorsel duyu duyusu 2019;
Arslan ve ark.,
2015; Tilley,
2006;
Mavi Leylandi Defne Osmanh Konik Ladin Lambe 1995;
(Cupressus (Laurus Simsgiri Top (Picea Glauca Andié ve ark.,
Kig sempervirens nobilis) Tat- (Buxus ) Conica) 2022; Yamauchi
arizonica K N sempervirens) | Dokunma- o ark.. 2018;
N oku-Gorme . . ve ark., 2018;
glauca) Gérme — D Gérme Gérme
uyusu Leonard ve
Koku Duyusu Duyusu Duyusu )
Masek, 2014;
Akkemik, 2014

Ispendere Sifali Igmeleri ve Rekreasyon Alam

Alanda konaklama tesisi, geleneksel ve tamamlayici tip boliimleri, termal havuzlar,

hamam, sauna, buhar odasi, konferans, toplant1 salonlari ile de bolge halki, yerli ve

yabanci turistler igin bir saghik turizm merkezi olusturulmustur. Mevcut dogal yap1

korunarak alanda planlanan selale, golet, mesire alanlari, bisiklet ve yuriyus

parkurlari, cocuk oyun alanlari, kafe ve restoranlar ile halkin daha aktif kullanimi
amaglanmistir. Havza bazli 500 dekar alanda agaclandirma ve sonrasinda tabiat

parki yapilmasi altyap: ve rekreasyon uygulamalar: yapilarak, Inénti Universitesi

Tip Fakiiltesi is birligi ile geleneksel ve tamamlayici tip tedavi ve uygulama merkezi

olusturularak

kirsal

turizm
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(Malatva Battalgazi Beledivesi. 2024). Alanda iki adet termal havuz yapilmistir.

Tedaviye gelen vatandaglarin konaklama ihtiyacinin kargilanmasi amaciyla 20 oda
40 yatakli konaklama odalar1 yapilmistir. 100 dekar alanda yapilan rekreasyon
diizenlemeleri ile piknik alanlari, oyun gruplari, ylriyts ve bisiklet parkuru alanda
yer almaktadar.

Alanda agac ve cali gurubu olarak Ginko biloba (Cin mabet agaci), Abies
nordmanniana (Goknar), Prunus cerasifera piss. Nigra (Kirmizi siis erigi),
Liquidambar styraciflua formosana (Cin Siglas1), Cupressus arizonica (Arizona
servisi), Tilia tomentosa (Ihlamur), Ligustrum texanum (Kurtbagr1), Lagerstroemia
indica (Oya agacy), Liquidambar styraciflua (Amerikan siglas1), Betula Pendula (Hus
agac1), Cupressocyparis leylandispiralle (Sekilli spiral formlu leylandi), Populus
tremula (Titrek kavak), Buxus sempervirens (Top simsir), Fraxinus americana
autumn applause (Turuncu dig budak) yer almaktadir. Cali ve yer értiicii olarak
Bambuseae (Bambu), Lavandula officinalis (Lavanta), Euonymus japonica aurea
(Altuni taflan), Gaura Ilindheimerisiskiyvou pink (Gaura), Cotoneaster
microphyllusstra. (Dag musmulasy), Euonymus japonica silverking (Glimiisi taflan),
Viburnum lucidum (Kartopu calis1), Hypericum calycinum (Sar1 kantaron cicegi),
Pyracantha navaho (Bodur ates dikeni), Salvia jamensisflammen (Kirmiz cicekli
adacay1), Teucrium fruticans (Zeytin calis1), Juniperus sabina (Sabin ardicy),
Parthenocissus quinquefolia (Amerikan sarmasigl), ve Hedera helix (Orman
sarmasigl) bulunmaktadir. Alanda bulunan bitki tiirlerin hangi duyuya hitap etmesi
Cizelge 7'de ve farkli mevsimlerde duyusal etkilere sahip bitki tiirleri Cizelge 8'de
aciklanmigtir.

Cizelge 7. Ispendere Sifali I¢meler ve rekreasyon alaminda yer alan bitkilerin
duyusal agidan incelenmesi. _

Table 7. Sensory examination of plants in Ispendere Healing Springs and recreation
area.

. . Kaynak
Sayr | LatinceAd1 Tiirk¢e Ad1 Duyusal Uyarim b
1 Ginkgo biloba Cin Mabet Agaci Gorme-Dokunma Duyusu
Abies nordmanniana Goknar Gorme Duyusu
2 Prunus cerasifera “piss. Nigra” StusErigi Gorme Duyusu
3 Liquidambar styraciflua formosana Cin Siglas1 Gorme Duyusu
4 Cupressus arizonica Arizona Servisi Gorme Duyusu
5 Tilia tomentosa Thlamur Koku Duyusu
6 Ligustrum texanum Kurtbagri Koku-Dokunma Duyusu
7 Lagerstroemia indica Oya Agaci Koku-Dokunma Duyusu
8 Liquidambar styraciflua Amerikan Siglasi Gorme Duyusu riilgiin ve ark.,
9 Acer palmatum Japon Akgaagaci Gorme Duyusu 2007;
10 Betula pendula Hus Agac Gorme-Dokunma Duyusu Altingekig, 20003
. . . killi Gold . Acar ve ark.,
11 Cupressocyparis leylandi goldrider Se . Gorme Duyusu :
P yP viandi g Leylandi Y 2009; Bilgili ve
. .. Sekilli Spiral . ark.. 2014;
12 Cupressocyparis leylandi spiralle Formlu Leylandi Gorme Duyusu \“b,um .
13 Populus tremula Titrek Kavak Isitme Duyusu Budak. 2018;
14 Buxus sempervirens Top Simsir Goérme Duyusu Favdaoslu ve
15 Ligustrum japonica Kurtbagri Gorme-Dokunma Duyusu Siiriiciioslu
16 Fraxinus americana autumn applause Turuncu Digbudak Gorme Duyusu 2011; Pouva.
CALILAR, YER ORTUCULER ve (‘ICEKLER Arslan ve ;1]>k”
Say1 | Latince Ada Tiirkge Ad1 Duyusal Uyarimi 2015; Tilley.
1 Bambuseae Bambu Igitme Duyusu 2006 o
2 Lavandula officinalis Lavanta Tat-Koku Duyusu
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- - - 1995
3 Buxus microphylla Kugu}i Yaprakli Gérme Duyusu M
faulkner Simsir Andié ve ark.,
4 Fuonymus japonica “Aura” | Altuni Taflan Gorme-Dokunma Duyusu 92022; Yamauchi
5 Furyopspectinatus Glnes Papatya Calisi | Koku-G6érme Duyusu ve ark.. 2018;
7 Cr;iLlira Ilindheimeri siskiyou Gaura Gorme Duyusu Leonard ve
L Kirmizt Kadm Masek, 2014;
8 Berberis thungbergii Tuzlugu Gorme-Dokunma Duyusu Akkemik, 2014
Cotoneaster - i
9 microphyllusstra, Dag Musmulasi Gorme Duyusu
10 Fuonymus japonica “Aura” | Altuni Taflan Gorme Duyusu
11 lf:]uony mus japomca Gimisgi Taflan Gorme Duyusu
silverking
12 Fuonymus japonicus Yesil Taflan Gorme Duyusu
13 Viburnum lucidum Kartopu Calis1 Gorme Duyusu
14 Buxsus rotundifolia Yerli Simgir Gorme Duyusu
15 Hypericum calycinum Sar1 Kantaron Cicegi Koku-Tat-Gérme Duyusu
16 Rosmarinus officinalis Biberiye Tat-Koku Duyusu
Nandina domestica Bodur Cennet .
17 . Gorme Duyusu
firepower Bambusu
18 Photinia fraseri red robin Alev Calis1 Gorme-Dokunma Duyusu
19 Pyracantha navaho Bodur Ates Dikeni Gorme —Dokunma Duyusu
20 Salvia jamensisflammen Kirmiza Gigekli Tat-Koku Duyusu
Adacay1
21 Teucrium fruticans Zeytin Calisi Dokunma-Gérme Duyusu
22 Lonicera caplifolium Yayilici Hanimeli Koku-Gérme Duyusu
23 Juniperus sabina Sabin Ardici Gorme Duyusu
Carex oshimensis Altuni Yaprakh Ters L
24 Evergold’ Kareks Gorme-Dokunma Duyusu
25 Photinia “Nana” Bodur Alev Calis1 Gorme-Dokunma Duyusu
26 Pa{”tbeuocz.?‘sus Amerikan Sarmasigl Gorme Duyusu
quinquefolia
27 Hedera helix Orman Sarmagig1 Gorme Duyusu

Cizelge 8. Ispendere rekreasyon alaninda yer alan baz bitkilerin mevsimlerine gore

duyusal acidan incelenmesi.

Table 8. Sensory examination of some plants in Ispendere recreation area according

to seasons.
Koklama Tatma Gorme Dokunma Igitme Kaynak
.. Gilgiin ve ark.,
Giines Sar1 Kantaron | Kartopu Calis1 2007;
Papatya ... .
Calis1 Cigegi (Viburnum Yumusak ot Altingekig, 2000;
. (Hypericum lucidum) (Plantago o
Ilkbahar (Euryops Iyeinum) L - ) Tat) Acar ve ark.,
ectinatus) calycinum Gorme anceolata 9009 Bileili ve
b . Tat-Koku- Dokunma ses duyusu S S :
Koku-gorme .. ark., 2014;
Duyusu Gorme duyusu A }"
Acibuca ve
Petunya Lavanta Yerli Simsir Titrek Kavak Budak, 2018;
(Petunia (Lavandula (Buxsus § Adacayr (Populus Faydaoglu ve
Yaz integrifolia) officinalis) . (Salvia tremula) Stirticiios]
N rotundifolia) e S surucuoglu,
Koku-Gorsel Tat-Koku .. officinalis) | Isitme 9071: Protres
Go6rme Duyusu 2011; Pouya,
duyu duyusu Duyusu 9019;
Biberive Kizaran cennet | Konik E—
(Rosm};rzh us bambusu formlu Bambu ‘7%“1”? e ark.,
S (Nandina kurtbagri (Bambuseae) 2015; Tilley,
Sonbahar | officinalis) - . . et .
domestica (Ligustrum | Isitme 2006;
Koku-Tat . ; . .
Duyusu firepower) Japonicum | Duyusu Lambe 1995;
Goérme Duyusu | texanum) Andié ve ark.,
Sabin 2022; Yamauchi
. re ark., 2018;
Goknar (Abies ?;j;jl orts \IL H - -
Kis R R nordmannian) by p) R seonard ve
Gérme Duyusu | 52012 Masek, 2014;
Dokunma 9 9014
D Akkemik, 2014
uyusu
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Ispendere rekreasyon alaninda cesitli alanlardan drone goérintiileri ¢ekilmigtir.
Ayak havuzu kenar1 Giiller (Rosa sp.) koku-gérme duyusu Lavanta (Lavandula

officinalis) koku-tat-gérme duyusu, Biberiye (Rosmarinus officinalis) koku-tat
duyusu hakimdir (Sekil 6).

Sekil 6. Ispendere sifali icmeler ve rekreasyon alanina ait resim (Battalgazi
Belediyesi Basin Mﬁdﬁrl}'iéﬁ, 2024).

Figure 6. Photo of the Ispendere healing springs and recreation area (Battalgazi
Municipality Press Office, 2024).

Bu c¢alismanin sonucu, 4 farkli rekreasyon alaninda yapilan bitkisel tasarim
incelemelerine gore bu alanlarda kullanilan bitki tirlerin en fazla gérme ve
dokunma duyusunun uyandirdigimi ve koku, ses ve tat duyularin uyandirmasi
anlaminda eksiklerin oldugunu aciklamistir (Sekil 7).

< GORME > < DOKUNMA > < KOKU > < SES > ( TAT )
-

8 \ GALIP DEMIREL 2
15 CINAR PARK
MILLET BAHCESI 8
(BELEDIVE ONU)
ISPENDERE ICMELERI -
" REKREASYON ALANI

Sekil 7. Arastirma alanlarinin bitkisel tasarim konusunda duyusal uyarim
acisindan degerlendirilmesi.

Figure 7. Evaluation of research areas in terms of sensory stimulation in plant
design.

SONUC

Peyzaj tasarim projelerinde bitkisel tasarim peyzaj tasarim siirecinin 6nemli bir
parcasi olmustur. Peyzaj mimarlig1 disiplininde bitkiler gérsel, igslevsel ve ekolojik
bakimindan kullanilmaktadir. Ancak yapilan 6n incelmeler tasarlanan kentsel agik
ve yesil alanlarindaki bitkilerin duyusal uyarim kapsaminda kullanimlarinin zayif
oldugu goézlemlenmistir. Genellikle tasarimcilar: bitkisel tasarimlarinda bitkileri
gblge saglama, yon gésterme ve bunun gibi amaclar i¢in kullanmaktadirlar. Bu
baglamda mevcut yapilan kentsel yesil alanlarda ve parklarda duyusal uyarim

194




ONER and POUYA / Turk J Agr Eng Res (TURKAGER), 2024, 5(2): 180-198

saglayan bitki kullaniminin ne 6l¢tide kullanildiginin incelenmesi bu ¢aligmanin asil
amaci olmustur. Yapilan ¢alisma igerisinde Tirkiye'nin Malatya kentinde var olan
parklarin duyusal uyarim kapsaminda peyzaj uygulamalarinin degerlendirilmesi
yapilmistir.

Bu calismada 4 farkli rekreasyon alaninda alanda incelemeler yapilmis ve
kullanilan bitki tiirlerin hangi duyuyu uyandirdigi konusunda mevcut literatiire
bagvurulmustur. Ancak bazi bitki tiirlerin duyusal uyarimi konusundaki bilgisi
mevcut literatirde bulunmamistir ve hangi tir hangi duyuya hitap etme
konusundaki eksik veriler yazarlarin bizzat kendi incelemelerine gére saglanmastir.
Elde edilen sonuglara gore Malatya’da bulunan Kirkgoz Sahil parkinda ¢ok cesitli
agac ve cali tiirleri yer almaktadir. Bu alanda sayisal olarak (41 adet bitki tiirii) en
fazla gérme duyusuna hitap etmistir. Yaz aylarinda alanin sag kisminda Lavanta
(Lavandula officinalis) bahcesi koku-tat-gérme duyusuna, Adacay1 (Salvia
officinalis) tat-koku-dokunma duyusuna hitap etmektedir. Calisma alaninda ses
duyusu olarak Yumusak ot (Plantago lanceolata)) Bambu (Bambusoideae)
bulunmaktadir. Ilkbahar aylarinda koku-tat duyusuna hikim Gimisi thlamur
(Tilia tomentosa) yer alir. Sonbahar aylarinda Amerikan sarmasgig1 (Parthenocissus
quinquefolia) gérme duyusuna, Biberiye (Rosmarinus officinalis)koku-tat duyusuna
uyarim yapmaktadir. Kis mevsiminde Orman sarmasig1 (Hedera helix) hem gorsel
hem de dokunma duyusunu harekete gecirir. Tibbi aromatik bitkilerin az olmasi
dikkat cekmektedir. Alana Cinar (Platanus orientalis), Kirmiz1 yaprakh akcaagac
(Acer rubrum) gérsel anlamda dikkat cekmistir. Ozellikle kig mevsiminde duyusal
bitkilerin az olmasi agiklanmistir. Bu dogrultuda alanda Kurtbagr (Ligustrum
vulgare), Kara Cam (Pinus nigra), Piramidal maz (Thuja orientalis pyramidalis)
dikilmesi 6nerilmigstir.

Malatya’da bulunan Galip Demirel Cinar parki adini aldigi 700 yillik Biaytk ¢inar
(Platanus orientalis) dokunma-gérme duyusuna hitap etmektedir. Ilkbahar
aylarinda Thlamur (7ilia tomentosa) koku-tat duyusunu, Sekilli leylandi
(Cupressocyparis leylandii “Spiralle”) gérme duyusunu uyandirmaktadair.

Yaz aylarinda Arap yasemini (Jasminum sambac) koku duyusunu, Lavanta
(Lavandula officinalis) tat-koku duyusunu, Zakkum (Nerium oleander “Nana”)
gérme duyusunu insanlara hissettirir. Sonbahar mevsiminde Biberiye (Rosmarinus
officinalis) koku-tat duyusu, Bodur alev calisi1 (Photinia fraseri “Nana”) gorme
duyusu, Zeytin calis1 (ZTeucrium fruticans) dokunma duyusunu cagristirir. Kis
mevsiminde Siis lahanas1 (Brassica oleracea var. Acephala) gsrme duyusu, Hus agaci
(Betula pendula) dokunma duyusuna hakimdir. Alanda isitme ve tat duyusuna hitap
eden bitki tiiri oldukca az olmustur. Su kenarlarinda Salkim soégit (Salix
babylonica) agaci dikilmesi ses duyusunun arttirilmasimi saglayacaktir. Alanda
tibbi aromatik bitkiler ve meyve agaclar: dikilmesi 6nerilmektedir.

Calisma alam olarak Battalgazi Belediyesi Millet Bahgesi incelendiginde tatma
duyusunun diger parklara gore fazla oldugu gozlemlenir. Alanda Ayva agaci
(Cydonia oblonga Mill.), Ters dut (Morus nigra “Pendula”), Defne (Laurus nobilis),
Kekik (Thymus sp.), Biberiye (Rosmarinus officinalis) bulunmaktadir. Havuz
kenarinda yer alan yedi veren giiller (Rosa sp.), Baston giiller koku ve goérme
duyusuna hitap etmektedir. Dokunma duyusu i¢in olarak Manolya, Mabet Agaci
(Ginkgo biloba)yer almistir. Ilkbahar aylarinda Sarilict hanimeli (Lonicera japonica)
koku duyusunu, yaz aylarinda Oya agac1 (Lagerstromia indica) dokunma-gérme
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duyusunu, sonbahar aylarinda Biberiye (Rosmarinus officinalis) koku-tat duyusu,
Ates dikeni (Pyracantha coccinea) gérsel duyusunu hissettirir.

Calisma alam olarak Ispendere rekreasyon alaninda yapilan bitkisel tasarim
incelemesi neticesindeen fazla ses duyusu bu parkta yer alir. Alanda Titrek kavak
(Populus tremula), Yumusak ot (Plantago lanceolata), Bambu (Bambusoideae),
Salkim ségiit (Salix babylonica) ses duyusuna hitap etmektedir. Ilkbahar aylarinda
Giines papatya calis1 (FEuryops pectinatus) koku-gérme duyusu, Sari kantaron
(Hypericum calycinum) tat-koku-gérme duyusuna, Kartopu calis1 (Viburnum
lucidum) gérme-dokunma duyusuna, yaz mevsiminde Petunya (Petunia integrifolia)
koku-gérme duyusu, Lavanta (Lavandula officinalis) tat-koku duyusunu ve kig
mevsiminde Goknar (Abies nordmanniana) gsrme duyusu, Sabin ardic1 (Juniperus
sabina) dokunma-gérme duyusunu cagristirir. Alanda Kusburnu (Rosa canina),
Giilhatmi (Alcea apterocarpa) Yabani kisnis (Bifora radianis) ve Rezene (Foeniculum
vulgare) tat duyusu icin kullanilabilir. Bu ¢calismanin sonucu, mevcut rekreasyon
alanlarinda kullanilan bitki tiirlerin en fazla gérme ve dokunma duyusunun
uyandirdigim1 ve koku, ses ve tat duyularin uyandirmasi anlaminda eksiklerin
oldugunu agiklamagtir.

Turkiye’'de bitki ¢esidi anlaminda oldukc¢a zengin bir tlke bilinmektedir. Ancak
buna ragmen yapilan kentsel park ve acik yesil alanlarda bitki cesitliligi az
olmustur. Yapilacak olan yeni projelerde bitkilerin duyusal uyarim 6zelliklerini g6z
oniine alinarak bitki tiirlerinin se¢imi yapilmali ve secilen tiirlerinin esit olarak tim
bes duyuya hitap etmesine dikkat edilmelidir.
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ABSTRACT

This study investigated the performance of an electric motor driven turmeric rhizome slicer machine. The
physical properties of turmeric rhizome such as geometric mean diameter, arithmetic mean diameter,
square mean diameter, equivalent diameter, aspect ratio, sphericity, shape factor, bulk density, porosity,
coefficient of friction, and angle of repose were studied. According to the determination results, these
parameters were found to be 23.9 mm, 30.3 mm, 45.3 mm, 33.2 mm, 0.33, 0.4, 1.8, 336 kg m*, 81.7%, and
28.4° respectively. It was observed during the test that the machine slices the rhizomes of turmeric into
slices with a desired thickness range of 1.5 to 2 mm. According to findings, at 500 rpm rotor speed and 10
kg min feeding rates, the maximum slicing capacity of 824.7 kg h™? was recorded: at 300 rpm rotor speed
and 15 kg min” feeding rates, the minimum slicing capacity was recorded. At 500 rpm of rotor speed and
15 kg min! of feeding rate, a maximum slicing efficiency of 97.4% was found, while at 300 rpm and 10 kg
min™ feeding rate, a minimum slicing efticiency of 93.9% was noted. From test results, at 500 rpm rotor
speed and feed rates of 15 kg min, the minimum material loss was recorded as 4.06%, while at 300 rpm
rotor speed and 10 kg min™ feed rate, the maximum material loss was recorded as 7.6%. This turmeric
slicing machine is highly recommendable because the machine's performance for slicing the rhizome of
turmeric was very impressive based on the test results.

Keywords: Turmeric slicer, Slicing capacity, Slicing efficiency, Material loss, Rotor speeds

INTRODUCTION

Turmeric (Curcuma longa L.) is a spice crop produced in tropical and subtropical
regions which is typically utilized for both culinary and medicinal targets. Turmeric
is a perennial herbaceous crop belonging to the tuberous rhizomes with members of
gingers (Shi. 2020). It is a rich, golden-orange spice that enhances food's color, flavor,
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and nutritional value. Nearly one billion peoples’ worldwide utilize turmeric as a
spice (Polshettiwar et al. 2022). An estimated 1,100,000 tons of turmeric are
produced worldwide each year (Nair, 2023).

Turmeric rhizome is a source of income for many Ethiopians which supports a
large number of people in ways of life. As a key component of the regional sauce
Alicha Wot, Ethiopian homemakers consider turmeric, or "Ird" in the Amharic
language, one of the greatest flavorful spices. Turmeric is one spice that is produced
primarily in Ethiopia by smallholder subsistence farmers in the country's southwest
and southeast, regions (Hordofa and Tolossa. 2020). The output, production, and

coverage of land of turmeric spices in Ethiopia were 3.95 tons per hectare, 3962.03
metric tons, and 1002.2 hectares, respectively (Deribe. 2021).

Turmeric rhizomes are harvested and then processed through some post-harvest
steps, including slicing, boiling, drying, and polishing to create enduring commodities
before being used (Girma and Mohammedsani. 2021).

Problems associated with turmeric slicing using conventional methods include
their irregularity, which can lead to uneven drying or infected dry slices. In Ethiopia,
the most time-consuming, tedious, and laborious method of processing turmeric is
the conventional method of slicing it. This method has a limited output per time and
requires a large number of workers to do the job. (Hailemariam ef a/.. 2023). A major

obstacle for producers of turmeric is the lack of mechanical turmeric processing
technologies in the areas where turmeric is grown (Muogbo er 2/, 2017). Because of

this, producers of turmeric reduced the size of the spice using hand instruments like
hand knives and stationary curing units. However, this tool can cause harm to the
operator's fingers and produce an uneven product that after processing has poor final
quality due to variations in size, shape, or thickness. Due to a lack of turmeric
processing technologies, Ethiopian farmers who grow turmeric often neglect to follow
the crucial steps and avoid the most fundamental and crucial steps of curing, peeling,
slicing, boiling, and polishing turmeric (Hailemichael ef a/. 2016).

Currently, turmeric is produced nationally by farmers, large private farms,
massive investment projects, and small business owners, indicating a high demand

for turmeric-slicing machines in Ethiopia (Hordofa and Tolossa. 2020). Turmeric
crops have to be sliced using a slicing machine because of the increasing demand for
processed turmeric for a variety of applications. As technology develops, it gets
increasingly significant to slice turmeric using a slicer machine. The main purposes
of slicing turmeric with a slicing machine are to achieve uniform drying, reduce the
drying time, improve quality of products, and decrease the final moisture content in
the small pieces of rhizomes without compromising the product's appearance.

Consequently, this study aimed to evaluate the performance of the motorized fresh
turmeric rhizome slicing machine in order to minimize the technological gap in
turmeric slicing in turmeric growing areas of Ethiopia, avail the turmeric slicer
machine for future intervention, and generate information regarding the slicer
machine’s effectiveness for beneficiaries. The study also aimed to replace the
conventional slicing of turmeric with a machine, which would slice the spice more
quickly and with higher quality while reducing labour intensive tasks.
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MATERIALS and METHODS

Study area

Evaluating the performance of the turmeric slicing machine was carried out in
southwestern parts of Ethiopia, Tepi National Spices Research Center is situated
579 km from Ethiopia's capital, A.A. The site is located with a latitude of 7°3' N and
a longitude of 35°0' E with an altitude of 1200 m above sea level.

Description of slicer machine

The turmeric rhizome slicing machine was powered by a three-horsepower (3 hp)
variable electric motor which rotates at a constant rotor speed of 1500 rpm. The
machine mainly consists of a feeding table, hopper, cylindrical disc, cutting blade,
blade holder, outlet, frame, shaft, and power transmission units. The slicing unit was
made up of a cylindrical stainless steel sheet metal. Its slicing mechanism could be
based on a cutting blade when the actual slicing operation takes place on it. Turmeric
slicing machine is easy to use, less complicated to operate and it has only one or two
people to control the whole process. Due to its simple operating mechanism, this
turmeric slicing machine was an excellent choice for farmers who produce turmeric.
The machine was capable of slicing at a uniform dimension, was fast enough, lasted
longer in use with high efficiency, and was portable and affordable for small-scale
farmers, businessmen and individuals.

Materials

Experimental materials

The sample of turmeric (Figure 1) was obtained from the southwestern parts of
Ethiopia, Tepi National Spices Research Center or Tepi Agricultural Research
Center experimental field for calculating properties as well as detailed tests on the
turmeric slicing machine. The materials used in the experiment were turmeric
rhizomes of the Tepi-1 (Bonga 51/71) variety. This variety should be selected because
of its availability and its well-known for its high production capacity in the Tepi area
and other growing areas of southern Ethiopia.

Figure 1. Turmeric rhizome for experiment.
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Measuring instruments

The multiple measurements on the fresh turmeric rhizome have been implemented.
The lengths of the turmeric rhizomes were determined with the aid of a pocket meter,
this measuring pocket meter can measure a minimum length up to 0.5 cm, therefore,
its sensitivity is 0.5 cm. The turmeric rhizomes' diameter was taken by the caliper
with its 0.01 mm accuracy; the sensitivity of the caliper is 0.02 mm which means that
the smallest measurement that can be read using this instrument is 0.02 mm. A
mass of turmeric rhizomes was taken by using weight balances. The sensitivity of a
digital weighing balance is 1 mg with a model of YP150001; this means that a weight
of atleast 1.0 mg is needed to move the pointer over one scale and the smallest weight
that the scale can measure. The stopwatch was utilized for recording slicing time
when testing a slicer. The machine's rotor speed was measured using a contact type
of tachometer. The machine was started, and the speed was adjusted to 300 rpm,
400 rpm, and 500 rpm by using a tachometer.

Methods

Determination of physical properties of turmeric rhizomes

Determining different properties for agricultural produce is essential for designing
agricultural machinery and the improvement of processes for harvesting, handling,
postharvest operations, and storage (Obaia and Ibrahim. 2015). The properties of

fresh turmeric rhizomes are useful for the design of turmeric processing equipment,
handling and storage. Determining the characteristics of those products is important
to designing machines and processes conveying, for designing feed hoppers and
metering mechanisms. Food products like turmeric are often characterized based on
their physical dimension (length, width, thickness) and density since these
properties are utilized for processing (Ramos et a/. 2021).

While determining the physical characteristics like thickness, lengths, breadth,

arithmetic diameters, geometric diameters, square diameters, equivalent mean
diameter, sphericity, aspect ratio, unit volume, surface area, shape factor, bulk and
true density, porosity, angle of repose, and moisture contents for turmeric rhizome
random choices were carried out 100, 80, 50, 33, 36, 34, 30, 35, 27, 38, 40, 25, 100,
60, 35, 46, and 54 respectively. As a consequence, the following physical
characteristics have been investigated:

Turmeric rhizome's axial dimensions
Fresh turmeric rhizomes were randomly selected for measuring the axial dimensions
such as lengths, breadth as well as thickness.

Geometric mean diameter

A diameter was an important measurement criterion and was expressed as the cub
root of three axes of the mother rhizome using the major length (1), breadth (b) and
diameter (d). It's the mean value for turmeric mother rhizome is ascertained by
applying Equation 1 (Dhineshkumar and Anandakumar, 2016).

GMD =3/Txbxd (1)
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Where, GMD is the geometric means diameters, /is the major length (mm), 4 is the
breadth (mm), and d'is the diameter (mm).

Arithmetic mean diameter
The arithmetic mean diameter of turmeric mother rhizome samples was determined
using the formula (Dhineshkumar and Anandakumar, 2016) in Equation 2.

Apmp =4erd) 2

3

Where, AMD is the arithmetic mean diameter (mm), /is the major length (mm), b1is
the breadth (mm), and dis the diameter (mm).

Square mean diameter
The square mean diameter of turmeric mother rhizome samples was determined
using the formula (Dhineshkumar and Anandakumar, 2016) in Equation 3.

SMD=1b + bd X dl (3)

Where, SMD is the square mean diameter (mm), /is the major length (mm), b is the
breadth (mm), and dis the diameter (mm).

Equivalent diameter
The equivalent mean diameter of turmeric mother rhizome samples was determined
using the formula (Dhineshkumar and Anandakumar, 2016) in Equation 4.

£EQ [)={GMD +AI;1D+SMD) (1)

Where, £QD is the equivalent mean diameter (mm), GMD is the geometric mean
diameter, AMD1is the arithmetic mean diameter (mm), and SMD1is the square mean
diameter (mm).

Sphericity
Sphericity of turmeric mother rhizome samples was determined using the formula
by (Ramos et al. 2021) given in Equation 5.

3
@ =14 (5)
Where, @ is the sphericity (mm) /is the major length (mm), b is the breadth (mm),
and dis the diameter (mm).

Unit volume and surface area
The unit volume (V) and surface area (S) can be estimated by applying the Equations
6 and 7 (Ramos ef al, 2021).

__(mBI?)
5= 21-B (6)
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_(nB?1?)
6(21-B) ()

Where, Bis the cub root of breadth (mm) and /is the major length (mm).

Shape factor (&)
It can be determined using Equation 8 (Ramos et a/. 2021).

§=2 ®

Where, Cis the unit volume per cubic breadth (mm) and D1is the area per six times
cubic breadth (mm).

Bulk density

The mass-to-volume proportion of the turmeric in a container was used to calculate
bulk density. Rhizomes were filled in a measuring cylinder as well as mass of
rhizomes was estimated. The bulk density of the rhizomes was estimated by applying
Equation 9 (Rajkumar et al. 2021).

pp = Mass of rhizome (9)

Volume of rhizomes

Where, pg is the bulk density.

True density

The true density of fresh turmeric rhizomes was determined by the platform scale
method. The known sample of fresh turmeric rhizome was taken and then immersed
in a toluene. True density can be calculated using the following formula
(Rajkumar et al, 2021) given in Equation 10.

Mass of rhizome

(10)

TH =
b True Volume of rhizomes

Where, T, is the true density.

Porosity and aspect ratio

The mother rhizome of turmeric's porosity has been estimated by dividing its volume
in voids by its percentages. It can be determined by the expression as reported by
Ramos et al. (2021) as given in Equations 11 and 12.

n = TDT;"Bsz (11)

D

Ar = %100 (12)

Where, Tp, is the true density, pp is the bulk density, 4 is the breadth (mm) and /is
the major length (mm).

Moisture content
The moisture content for turmeric rhizomes was determined using the standard oven
drying method. The weighed samples were subjected to remove moisture at 105+2°C
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for 24 hours (AOAC, 2000). Moisture contents can be estimated utilizing Equation
13.
W1-w2

MC (wh)% =X 100 (18)

Where, W;is the initial mass (g), W-is the final mass (g) and MC is the moisture
content of the turmeric rhizome.

Angle of repose
The angle of the repose was calculated by the formula given in Equation 14
(Rajkumar et al, 2021).

. H
Angle 0) = tan! o/ (14)
Where, 6 is the angle of repose in (°), His the height of the heap in (cm), and D1is the
diameter of the heap in (cm).

Coefficient of friction

Coefficients of friction for turmeric rhizome concerning various materials like
aluminum, mild steel, as well as wood, were obtained through techniques stated by
(Rajkumar et al, 2021).

Test procedures

The samples of turmeric rhizomes were weighed, and each sample was fed to the
machine through the hopper at a constant feed rate while the blade ran at various
predetermined rotor speeds. The rhizomes were cleaned and washed manually to
remove adhering soil, hairs and extraneous matter. The fed materials were pushed
by the hand into the cutting disc against the stationary blade and were sliced into
the desired thickness. The time taken to slice was recorded. The slicer was started,
and the rotor speed was adjusted to 300, 400, and 500 rpm by using a speed regulator.
The rotor speeds were chosen for testing the slicer performance on turmeric rhizome
(Murumkar e al. 2016a). To evaluate the performance of the slicer machine, a total

of 225 kg of fresh turmeric rhizome free from deterioration, scuffs, scratches, and
damage could have been used for the entirety of the experiment.

Evaluation of the slicing machine

The evaluation had been executed at a turmeric slicer at three chosen rotor speeds
with a fixed cutting clearance (2 mm) after weighing the test sample of the turmeric
rhizome. Evaluating the slicer machine (Figure 2) was conducted by considering the
slicing capacity, slicing, efficiency, material loss, and slicing time. The test
parameters such as slicing capacity, slicing, efficiency, material loss, and percentage
of scattered turmeric rhizomes were investigated using the following formulas by
Khurmi and Gupta (2005).

Slicing capacity (kg h') = % (15)
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Slicing efficiency (%) = QOQ;OQb x 100 (16)
Material loss :% X 100 (17)

Ws—Wse 100 (18)

Percentage of scattered =

Where, W;is the weight of sliced turmeric in kilogram, 7"is the time taken to slice

turmeric in hours, b is the weight of turmeric collected in kilogram, @:is the weight
of turmeric feed in kilogram, @ is the weight of a non-uniform slice in kilogram and
Wi 1s the weight of scattered.

Figure 2. Slicer during testing.

Cost estimation

The cost of operation for the slicing machine was estimated by calculating the
material cost of the machine. Estimation of hourly operational costs of the slicer was
based on the capital cost of the slicer, interest on capital, depreciation, cost of repairs
and maintenance, electric costs, labor cost, tax and insurance. According to
Lazarus (2008), the annual fixed and variable costs were calculated as follows:

_Cc-S

D= (19)
_CXS i

=52 (20)

RM=25%xC (21)

Wz% (22)

Where, Dis the depreciation (EB h'1), Cis the capital investments of slicer, Sis the
salvage values, L is the life of a machine in hours, 7 is the interest on capital

(EB h), iis the interest, M is the repair and maintenance cost, Wis the wages
(EB h'1), LWis the labor wage, and H is the working hours.
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Statistical data analysis

The factorial design was employed in the experiment, and the three levels of rotor
speed with two feeding rate levels were taken as treatments. The slicer rotor speeds
were also taken into consideration as the main factor. There were eighteen
experimental units in each of the three replicates of the experiments. Data analysis
was done using Statistix 8 software and SPSS Statistics 23 software was used for
generating graphs. The significant relationship in variables was indicated by using
the ninety-five per cent confidence interval. The mean separation between treatment
means was conducted by least significance difference (LSD) at a 5% level. Using a
methodology suitable for the experiment's design, an analysis of variance was
implemented in the data.

RESULTS AND DISCUSSION

Physical Properties of Turmeric Rhizome

Geometric properties of rhizome

The average of axial dimensions, geometric, gravimetric, and frictional properties of
the Tepi-1 (Bonga. 51/71) variety of turmeric rhizome samples were determined, as
given in (Table 1). Based on the results the turmeric rhizomes ranged in length from
17.4 to 112.8 mm, width from 10.6 to 25.6 mm, and thickness from 8.2 to 19 mm, in
that order. It was determined that the length, width, and thickness had respective
mean values of 59.8 mm, 17 mm, and 14 mm. The standard deviation was computed
to be 22.8, 3.3, and 2.7. The results showed that the diameter of the geometric mean
varied from 12.8 mm to 35.7 mm. 23.9 mm and 5.3 were determined as mean values
as well as standard deviations, correspondingly. The arithmetic mean diameter
varied from 13.1 to 51 mm. The mean values and standard deviations were
determined to be 30.3 mm and 8.8.

The diameter of the square mean varied from 22.4 to 70.5 mm. After computation,
mean values as well as standard deviations came out to be 45.3 mm and 10.9 mm.
The equivalent mean diameter ranged from 16.1mm to 52.3 mm. Also, mean values
as well as standard deviations were 33.2 mm and 8.3 mm, respectively.

Turmeric rhizome aspect ratios ranged from 0.28 to 0.4. The calculated mean
value also has standard deviations obtained at 0.33 and 0.06, respectively. The
rhizomes of turmeric had a sphericity ranging from 0.27 to 0.73, through mean as
well as standard deviations of 0.4 and 0.1, correspondingly. The unit volume and
surface area of turmeric rhizome were found in the range from 4.6x10° to
5.5x10% mm?3 and 436 to 390.2 mm?2. The average values of unit volume and surface
area were estimated to be 8.5x107 mm? and 1725.6 mm? with standard deviations of
1.2x10% mm?3 and 809.6 mm?2, while mean also standard deviations for the shape
factor of the turmeric rhizomes were found to be 1.8 and 0.2, respectively, ranging
from 1.56 to 1.9. A similar trend was reported by (Thul ef 2/, 2022).

Gravimetric and frictional properties of turmeric rhizome

According to the findings (Table 1), the bulk density of the fresh turmeric rhizomes
ranged from 294 to 378 kg m?, while this density's mean and standard deviation were
determined to be 356 kg m3 and 42. The fresh turmeric rhizomes were found to have
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a true density between 1373 and 1381 kg m? which had mean values of 1378 kg m?
and a standard deviation of 4.4. The porosity of the rhizome of turmeric ranged from
78% to 86.9%. The porosity was computed to have a mean of 81.7% and a standard
deviation of 4.6. The fresh turmeric rhizomes had an angle of repose that varied from
26.6° to 31.2°, a mean of 28.4° and a standard deviation of 2.5. Results revealed that
the fresh turmeric rhizome's mean moisture contents were obtained at 48% on a wet
basis through standard deviations of 1.5. This moisture content ranged from 46.3%
to 49.1%. The static coefficient of friction on sheet metal, wood, and rubber surfaces
for turmeric rhizome was found in the average of 0.54, 0.78, and 0.84 with standard
deviations of 0.11, 0.17, and 0.08, respectively.

Table 1. Physical characteristics of turmeric rhizome.

Coefficient of

Properties Mean value Staflda.ard Mean+SD Maximum Minimum variation
deviation (SD) value value

cv)
Length (mm) 59.8 22.8 59.84+22.8 112.8 17.4 38.0
Width (mm) 17.0 B 78,5 25.6 10.6 19.7
Thickness (mm) 14.0 2.7 1442.7 19.0 8.2 19.3
SO B 23.9 5.3 23.945.3 35.7 12.8 22.3
diameter (mm)
Arithmetic mean ) o 8.8 30.3+8.8 51.0 13.1 28.9
diameter (mm)
Square mean 45.3 10.9 54.3+10.9 70.3 29.4 24.3
diameter (mm)
Bquivalent 33.2 8.3 332+83 523 16.1 25.0
diameter (mm)
Aspect ratio 0.33 0.06 0.3+ 0.06 0.4 0.28 18.9
Sphericity 0.4 0.1 0.43 +0.1 0.73 0.27 24.4
Unit volume (mm?  8.5E+07 1.2E+08 8.5e7 +1.2¢®  5.5E+08 455635 40.29

1725.6 +809.
Surface area (mm?  1725.6 809.6 . - 3903.2 436.0 46.9
Shape factor 1.8 0.2 1.8+ 0.2 1.9 1.56 10.1
Bulk density 336 42 336+ 42 378 294 125
(kg m-3)
True density 1378 4.4 1378 +44 1381 1373 0.3
(kg m-3)
Porosity (%) 81.7 4.6 81.+ 4.6 86.9 78 5.7
Angle of repose (°) 28.4 2.5 28.4+2.5 31.2 26.6 8.7
Moisture content ¢ 15 48+1.5 49.1 46.3 3.2
(%)
Coefficient
of friction 0.54 0.11 0.54+0.11 0.64 0.4 20.8
(sheet metal)
fficient of

Coefficient o 0.78 0.17 0.78+0.17 0.95 0.6 21.7
friction (wood)
Gt i 0.84 0.08 0.84+0.08 0.92 0.76 95

friction (rubber)

The findings demonstrated that when the moisture content of the fresh turmeric
rhizome was increased, slicing performed more effectively. The test revealed that the
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rhizome's moisture content was the most crucial factor in maintaining the turmeric
rhizome's ability to be sliced. Moisture content of the produce determines the shelf
life and the keeping quality of the turmeric. Singh er a2/ (2018) have suggested that

the drying of fresh turmeric to a safe limit of moisture content about 10% for milling
and 6% for storage. The angle of repose is important in design and construction of
the material handling system (Shirsat et a/. 2018). The obtained angle of repose

showed that a slight inclination was required at the slicer feeding inlet for the
rhizome to be fed simultaneously on the slicer machine. Studying the physical
characteristics of the fresh turmeric rhizome was highly advantageous for primary
processing machinery as well as post-harvest handling and testing equipment.

Also, from this study it was observed that the determination of engineering
properties of fresh turmeric rhizomes is useful for design of turmeric processing
equipment’s, handling and storage. The engineering property investigated in this
study was the most important properties which mainly considered in the design of
the machine components. It gives the proper guidelines to an engineer and designer
for designing the machines that will be suitable for processing of agricultural
materials (Shirsat et a/, 2018). The properties of turmeric rhizomes such as axial

dimensions, geometric mean diameter, arithmetic mean diameter, sphericity, bulk
density, true density, porosity, angle of repose, volume and surface area were
studied. The same trend was stated by Thul e a/ (2022). This study finding related
with previous research findings conducted by Ramos ef a/ (2021). Similar findings

were reported by Mishra and Kulkarni (2019) for physical properties of turmeric

rhizome.

Evaluation of the slicer

The slicer's performance was assessed at three different rotor speed settings and two
different feeding rate settings at mean moisture contents of 48% at the wet basis for
fresh turmeric rhizome (Tepi-1 (Bonga 51/71)) concerning slicing capacity, slicing
efficiency, material loss, slicing time, and percentage of scattered. After the machine
had completed slicing turmeric, weight measurements were made for the whole
sliced turmeric, the scattered turmeric rhizome, the weight uniform slice, the weight
non-uniform slice, and the slicing time. During the test, it was noted that the
machine slices the rhizomes of turmeric into slices with a desired thickness range of
1.5 to 2 mm. The machine's performance for slicing the rhizome of turmeric was very
impressive based on the test results. Devarshi ef a/ (2023) noted a similar

observation. The previous studies in the literature relating to slicing machines for
turmeric crops were reported by Navvashree ef a/ (2024); and Adeleke et al (2021).
This finding was comparable with the findings stated by Katanga (2022).

Slicing capacity

Univariates analysis of variances for impacts in feed rates, rotor speeds, and their
combination on the slicer machine's slicing capacity has been shown in Table 2. In
accordance with the findings, analysis of variances revealed that impacts in rotor
speeds, feed rates, and their interaction were significant at 5% due to the values for
p being smaller than 0.05. The results suggested that feed rates, rotor speeds, and
their interaction all had an impact on a machine's ability to slice. The observations
for significance effects were in agreement with the findings of earlier researchers by
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Adeleke et al (2021). For root crop slicers, a similar trend was noted by
Abubakar ef al (2019). The same funding pattern for a turmeric-slicing machine was
reported by Agbetove and Balogun (2009).

Table 2. Univariate analysis of variance for slicing capacity.

Sources DF SS MS F P

Replication 2 5.1 2.5

Rotor speed 2 27374.6 13687.3 319.3 0.0000 *
Feeding rate 1 459.9 459.9 10.7 0.0084 *
SxF 2 588.6 294.3 6.87 0.0133 *
Error 10 428.7 42.9

Total 17 28856.8

* = significant, ™ = non significant, P < 0.05, significant at 5 % level, P>0.05, non-significant at 5% level.

The machine's mean slicing capacity varied from 714.9 kg h'! to 824.7 kg h'l, as
can be seen in Figure 3. The slicing capacity increased from 714.9 kg h'! to 824.7 kg
h! as the rotor speeds increased from 300 rpm to 500 rpm. When rotor speeds
increased, the slicer's capacity headed to increase, but feed rates caused it to
decrease. According to this finding, the slicing capacity was inversely correlated with
the feed rates of the turmeric rhizome and directly correlated with the rotor speeds.

Feeding rates

390 0~ -~ -~ - 10 kg min-1
’ 15 kg min-1

300.0-

T80.0=

Slicing capacity (kg h-1)

760.0~ ,
8
740 0~ o
790 0~ e
700.0~
| I I
300 400 500

Rotor speeds {rpm)

Figure 3. Impact of rotor speed and feed rate on slicing capacity.

According to findings, at 500 rpm rotor speed and 10 kg min feeding rates, the
maximum slicing capacity of 824.7 kg h't was recorded; at 300 rpm rotor speed and
15 kg min! feeding rates, the minimum slicing capacity was recorded.

The slicing capacity obtained in this study was higher compared to the value of
130.67 kg h'! reported by Devarshi et al (2023). Tanimola et al (2019) stated the
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slicing capacity of 34.3 kg h-! when slicing turmeric with a turmeric slicer. In
comparison, Murumkar et al (2016a) reported an average slicing capacity of

250 kg h'! when testing the performance of a motor-operated slicer. Agbetove and

Balogun (2009) stated an output of 42.9 kg h'l when testing an electric motor-

powered slicer machine.

Slicing efficiency

Univariates analysis of variances for impacts in feed rates, rotor speeds, and their
combination on the slicer machine's slicing efficiency has been shown in Table 3. The
analysis of variances suggested that an impact of rotor speeds and feed rates were
significant at 5% levels because of the values for p being lesser than 0.05 but their
interaction impacts were non-significant (P>0.05). Depending on the result, the
machine slicing efficiency was influenced by feed rates and rotor speeds excluding
their relative interactions. The significant effects observations related with the
previous researchers' findings by Adeleke ef a/ (2021). For root crop slicers, a similar

trend was noted by Abubakar ef a/ (2019). The same funding pattern for a turmeric-

slicing machine was reported by Agbetove and Balogun (2009).

Table 3. Univariate analysis of variance for slicing efficiency.

Sources DF SS MS F P

Replication 2 0.0268 0.0134

Rotor speed 2 31.7815 15.8908 19.34 0.0004 =
Feeding rate 1 4.3611 4.361 5.31 0.0440 *
SxF 2 3.8988 1.9494 2.37 0.1435 e
Error 10 8.2169 0.8217

Total 17 48.2852

* = significant, ™ = non significant, P < 0.05, significant at 5 % level, P>0.05, non-significant at 5% level.

In accordance with the test's result, it revealed that a slicer's mean slicing
efficiency varied from 93.9% to 97.4%, as indicated in Figure 4. The slicing efficiency
rose from 93.9% to 97.4% as rotor speeds increased from 300 rpm to 500 rpm. The
machine's slicing efficiency looked after to rise as rotor speeds and feeding rates
increased. This indicates a direct correlation between the rotor speeds and feeding
rates of the experimental material and the slicing efficiency.
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Figure 4. Impact of rotor speed and feed rate on slicing efficiency.

At 500 rpm of rotor speed and 15 kg min! of feeding rate, a maximum slicing
efficiency of 97.4% was found, while at 300 rpm and 10 kg min! feeding rate, a
minimum slicing efficiency of 93.9% was noted. The slicing efficiency obtained in this
study was higher compared to the value of 94.07% reported by Devarshi ef al (2023).
Tanimola et al. (2019) reported a machine efficiency of 59.8% while assessing
turmeric slicer. In comparison, Murumkar et a/. (2016b) reported an efficiency of

94.7% while assessing a motor-operated slicer. Agbetove and Balogun (2009)
reported a machine efficiency of 71% while assessing the slicer machine.

Material loss

Univariates analysis of variances for impacts in rotor speeds, feed rates, and their
combination on the slicer machine's material loss has been shown in Table 4. In
accordance with the findings, analysis of variances revealed that impact of rotor
speeds and feed rates was significant at the five percent significance level due to the
values for p being smaller than 0.05 but their interaction impact was non-significant
which means the result obtained was greater than 0.05 (P > 0.05). The findings
showed that, when their interactions were taken out of consideration, feed rates and
rotor speeds had an impact on a machine's material loss. A comparable pattern for
root crop slicers was observed by Abubakar ef a/ (2019). The same funding pattern
for a turmeric-slicing machine is reported by Agbetove and Balogun (2009). The
significant effects observations related with the previous researchers' findings by
Adeleke et al. (2021).
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Table 4. Univariate analysis of variance for material loss.

Sources DF SS MS F P

Replication 2 0.0304 0.0152

Rotor speed 2 31.6437 15.8219 19.3 0.0004 *
Feeding rate 1 4.4402 4.4402 5.42 0.0422 *
SxF 2 3.9184 1.9592 2.39 0.1417 *x
Error 10 8.1947 0.8195

Total 17 48.2274

* = significant, ™ = non significant, P < 0.05, significant at 5 % level, P>0.05, non-significant at 5% level.

From the test result, a machine's mean material loss varied between 4.06% and
7.6%, as Figure 5 illustrates. The material loss dropped from 7.6% to 4.06% as the
rotor speeds increased from 300 rpm to 500 rpm. As rotor speeds and feed rates
increased, the machine's material loss looked after to decrease as well. This indicates
that the rotor speeds and feed rates of the experimental material had a negative
correlation with the material loss. A similar trend for slicers were stated by
Murumkar et a/ (2016a). The loss of the sliced rhizome occurred due to the lack of
cover in front of the circular disc which caused the dropping of the slice far from the
machine outlet.

Feeding rates
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Figure 5. Impact of rotor speed and feed rate on material loss.

From test results, at 500 rpm rotor speed and feed rates of 15 kg min!, the minimum
material loss was recorded as 4.06%, while at 300 rpm rotor speed and 10 kg min'!
feed rate, the maximum material loss was recorded as 7.6%. This rotor speed was
given that, in comparison to the other rotor speeds, the 500 rpm rotor speed had a
minimal loss. The minimum percentage of loss recorded in this study was lower than
the 7.3% reported by Tanimola et a/ (2019). In comparison, Murumkar et al
(2016b) reported a percentage loss of 4.58% when slicing turmeric with a turmeric
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slicer. Aghetove and Balogun (2009) reported a loss of 8.7% while evaluating a slicer
machine.

Slicing time

Univariate analysis of variance for impacts in rotor speeds, feed rates, and their
combination on the slicer machine's slicing time has been shown in Table 5.
Accordance with the analysis, an analysis of variances suggested that impacts in
rotor speeds and feed rates were significant at 5% levels as a result of the values for
p smaller than 0.05 however, their interaction impact was non-significant (P > 0.05).
Based on the result, the machine slicing time was affected by feed rates and rotor
speeds but was not affected by their impact interactions. A similar trend for root crop
slicers was reported by Murumkar et a/. (2016a). Comparable pattern for root crop
slicers were observed by Abubakar er 2/ (2019). The same funding pattern for a
turmeric-slicing machine was reported by Agbetove and Balogun (2009).

Table 5. Univariate analysis of variance for slicing time.

Sources DF SS MS F P
Replication 2 0.4 0.2

Rotor speed 2 1690.8 845.4 122.7 0.0000 *
Feeding rate 1 11250 11250 1633 0.0000 *
SxF 2 26.3 13.2 1.91 0.198 *x
Error 10 68.9 6.9

Total 17 13036.4

* = significant, ™ = non significant, P < 0.05, significant at 5 % level, P>0.05, non-significant at 5% level.

It was noted that a machine's mean slicing time varied between 161 sec and
235 sec when fed at 10 kg min! with 500 rpm rotor speeds and at 15 kg min! with
300 rpm rotor speeds, as Figure 6 illustrates. In particular, the findings showed that
the machine's slicing time had a tendency to decrease as rotor speeds increased and
feed rates decreased. This is since higher rotor speeds performed more rapidly than
smaller rotor speeds, meaning that the slicing time was oppositely correlated with
rotor speed however closely associated with the feed rate of turmeric rhizome.
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Figure 6. Impact of rotor speed and feed rate on slicing time

The rotor speeds of 500 rpm besides a feeding rate with 10 kg min® resulted in a
minimum slicing time of 161 sec, while the rotor speeds of 300 rpm besides a feeding
rate with 15 kg min? resulted in a maximum slicing time of 235 sec based on test
results. Slicing time was reduced from 235 seconds to 161 seconds with higher rotor
speeds of 300 rpm to 500 rpm.

Comparisons test of dependent variables for treatments

The LSD all pairwise comparison tests for slicing capacity, slicing efficiency, and
material loss were carried out for each treatment as given below in Table 6 then this
analysis was subjected to LSD all pairwise comparison tests for dependent variables
for three levels of rotor speeds and two levels of feed rates to know significant
differences among treatment means. So, LLSD all pairwise comparison tests showed
(Table 6) that there were four groups (a, b, etc.) whose treatment means were not
significantly different from one another at the 5% level.

Table 6. Mean separation of variables for treatments.
No. Treatments Rotor speeds Feed rate Capacity Efficiency  Material loss

(rpm) (kg min') (kg h'1) (%) (%)
1 S1F1 300 10 722.194 93.867b 7.63332
2 S1F2 300 15 714.974 94.033P 7.45332
3 S2F1 400 10 747.37¢ 94.1b 7.42
4 S2F2 400 15 749.60°¢ 96.3872 5.1b
5 S3F1 500 10 824.772 96.9332 4.566
6 S3F2 500 15 799.43P 97.4332 4.06P
7 Grand mean 759.72 95.5 6.04
8 CV 0.86 0.95 15

S = Speeds, F = feed rate, CV = Coefficient of variation
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Cost estimation

The costs of various parts as well as additional expenses were computed for
estimating the costs associated with motorized turmeric-slicing machine. By
applying farm machinery cost estimation techniques, depreciation, interest on
capital, electric costs, wages, lubricant costs, repair and maintenance costs, tax, and
insurance have been estimated as 6.4, 5.2, 0.93, 25, 0.51, 1.8, and 0.49 ETB h?,
respectively. The turmeric slicer for slicing fresh turmeric rhizomes was found to
have production costs of 56,324 Ethiopian birr. The motorized turmeric slicer
machine was predicted to return for itself in a duration of ten to eleven months, or
ten plus six months. The same pattern of cost estimation for root crop slicer was
reported by Kunta (2018). A similar trend for root crop slicers was reported by
Singh (2016). A comparable relation for root crop slicers was observed by
Katanga (2022).

CONCLUSION

The turmeric slicer's evaluation was assessed at three different rotor speed settings
and two different feeding rate settings at mean moisture contents of 48% at the wet
basis for fresh turmeric rhizome Tepi-1 (Bonga 51/71) variety. The slicer underwent
evaluation in terms of material loss, slicing efficiency, and slicing capacity. Studies
revealed that understanding the physical characteristics of the turmeric rhizome was
crucial for post-harvest tasks like material handling, testing, and processing.
According to determination results, geometric mean diameter, arithmetic mean
diameter, square mean diameter, equivalent diameter, aspect ratio, sphericity, shape
factor, bulk density, porosity, coefficient of friction, and angle of repose were found
to be 23.9 mm, 30.3 mm, 45.3 mm, 33.2 mm, 0.33, 0.4, 1.8, 336 kg m™3, 81.7%, and
28.4°, respectively. The results of the evaluations showed that as rotor speeds raised
from 300 rpm to 500 rpm, the slicing capacity rose from 714.9 kg h'! to 824.7 kg h',
the slicing efficiency rose from 93.9% to 97.4%, and the material loss reduced from
7.6% to 4.06%. According to the results, the slicer machine's performance indicators
were affected by rotor speeds and feed rates but were not affected by their
interactions except slicing capacity.
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ABSTRACT

The research aimed to evaluate the biomethane (CH,) content of biogas generated from various

combinations of cattle waste (CW), three different varieties of Switchgrass (SG) (Panicum virgatum L.)
plants (Kanlow (SG1), Shawne (SG2), Alamo (SG3), and sugar beet (Beta Vulgaris L.) leaves (BL).

A laboratory-scale biomethane application setup was established to determine the biomethane potential.

Three difterent experimental designs were implemented as the 1st application group, 2nd application group,

and 3rd application group within the research framework. Biogas produced in the setup was stored using
valves and balloons under optimal storage conditions. The Optima Biogas - Portable Biogas Analyzer device
was employed to analyze the biomethane content of biogas samples from the materials and mixtures in the

application groups. Biogas values were recorded, and glass reactor-specific methane production values were
calculated. The highest glass reactor-specific methane production value was found to be 7.28 m’CHy; m~
Reactor day in the CW (50%)-SG (20%)-BL (30%) mixture. The components of the biogas produced from the
treatment groups were identified, and the highest CHy (biomethane) yield was obtained from BL (beet
leaves) at 58.86% in materials and from the CW-BL mixture at 53.76% in mixtures. Biomethane yields of
the materials in other mixtures ranged from 53.42% to 43.12%.

Keywords: Biomethane, Biogas, Switchgrass, Sugar Beet Leaf, Biomass
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INTRODUCTION

The energy demand is on the rise due to technological advancements both globally
and locally. Consequently, there has been a shift towards various energy sources,
especially recently. The inadequacy of exhaustible energy sources like oil, natural
gas, and coal, along with their detrimental environmental impact, has prompted this
change. However, there is a growing inclination towards renewable energy sources,
which offer different and sustainable methods of energy production. Developed
nations are actively diversifying their energy sources and exploring alternatives to
reduce their reliance on specific energy types. Biofuels have emerged as a significant
and rapidly expanding alternative energy source (Eser et a/, 2007).

Despite the significant potential of agricultural and animal wastes, they are
currently not being utilized effectively. Wastes are either incinerated or disposed of
in nature, with only a small portion being used as fertilizer after being left in open
areas for extended periods. Animal wastes are not being properly managed, leading
to uncontrolled discharge into agricultural areas, pastures, open spaces, and
waterways, resulting in soil pollution and detrimental effects on both human and
environmental health, including strong odors and increased mosquito populations
during summer (Avcioglu, 2011).

In our country, the regulation on the control of solid wastes, which came into effect
in 1991, outlines various methods and criteria related to the subject with certain
limitations. Among these methods is the decomposition of organic wastes by aerobic
microorganisms. This process results in the production of methane gas, also known
as biogas (Yaldiz, 2004).

Turkiye is negatively affected by the fact that 92% of our oil needs are met through
imports and our economy is dependent on imports. This is a problem for all countries
that are at risk in terms of energy security.

In the context of sustainable energy development, there is growing interest in
agriculture-based biofuels such as biodiesel, bioethanol, biomass, and biogas on a
global scale. Among 37 plant species in the USA, switchgrass has been identified as
a key candidate due to its potential as a feed source and its significant bioenergy
capacity. Switchgrass is highly favored for its ability to produce high net energy per
unit area, its cost-effective cultivation, low ash content, efficient water utilization,
adaptability to diverse environments, ease of seed production, and its capacity for
carbon storage in the soil (Samson and Omielan., 1992; Sanderson et al. 1996;
Christian and Elbersen, 1998).

The key to successful Switchgrass cultivation lies in nurturing healthy plants.
Therefore, it is crucial to focus on mechanization, soil preparation, and sowing

techniques. Drawing on insights from past projects in our region, we aim to develop
a system that optimizes the use of existing agricultural tools and machinery for the
cultivation and establishment of this plant (Sovlu et a/. 2010).

In the research project titled "Adaptation of Switchgrass (Panicum virgatum L.),

Creating Adaptation Maps, Determining Mechanization Characteristics, Energy
Balance Sheet, and Biogas Production from Bioethanol Wastes" with reference
number 1140941 from TUBITAK. It was determined that the Kanlow variety of
Switchgrass displayed the most favorable results for green biomass and dry grass in
the Karapmar district of Konya province. However, in the Haymana district of
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Ankara province, the Cave in Rock, Shawnee, and Shelter varieties showed promise
for green biomass, while the Kanlow variety was found promising for dry herbage
yield. Additionally, the Alamo variety was recommended for green biomass and hay
yield at the Simav location. Although Switchgrass is a current plant that attracts
attention for biofuel production all over the world, it is not sufficiently recognized in
our country. If its cultivation is realized on a producer basis, it will provide significant
gains in terms of energy production as it is an energy source in the coming years
(Soylu et al, 2010).

Sugar beet is an important agricultural crop with economic potential attributable

to its high yield capacity. From literature sources, sugar beet yields range from 40 to
90 t ha ' and beyond (Ungai and Gydri, 2007).
In a study conducted by Pospisil et al (2006), the production of 42 sugar beet

hybrids was investigated. The results revealed a wide range of yields, varying from
61 t ha' to an exceptional high of 101.54 t ha'.

Annual weather conditions significantly influence the yield and technological
quality of sugar beet, as demonstrated by Pospisil e 2/ (1999) when identical sugar

beet varieties were utilized throughout the years of research.

In the context of sugar beet by-products, in addition to primary sugar production,
sugar beet energy by-processing includes dry or wet sugar beet pulp, molasses,
saturation sludge and approximately 60% of the green mass of sugar beet leaves.
Previously used as cattle feed, the leaves and heads are now used as green manure
on arable land. Given the global energy crisis, sugar beet is increasingly seen as a
suitable energy crop for biofuel production (Szakil et al. 2007). Sugar beet

production in Turkey reached 18.9 million tons in 2023. Consequently, 756 thousand
tons of sugar beet-derived agricultural waste was generated. The energy equivalent
value of this agricultural waste is quantified as 265,881.2 TOE year?!
(Anonyvmous, 2023). In this context, it is anticipated that the utilization of

agricultural wastes from sugar beet as a substrate in biogas production will yield
significant energy gains.

This research aimed to evaluate the biomethane potential of biogas produced from
various combinations of cattle waste (CW), three different switchgrass (Panicum
virgatum L.) varieties (SG1 (Kanlow), SG2 (Shawnee), SG3 (Alamo)) and sugar beet
leaves (BL).

MATERIALS and METHODS

Material

Organic Materials Used in Biogas Production

The switchgrass varieties Kanlow, Shawnee, and Alamo were acquired from Konya
Selgcuk University, Faculty of Agriculture, Department of Field Crops. The
switchgrass samples were finely ground and stored under optimal conditions.
Similarly, sugar beet leaf samples used in biogas production studies were sourced
from various regions in Konya province and stored under optimal conditions.
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Establishment of Application Setup and Determination of Application Pattern to
Determine Biogas Potential
In order to assess the biogas potential, the experimental setup illustrated in Figure
1 was utilized. The setup comprised a glass jar, a 10x7 polyurethane hose (Blue) with
a length of 10 meters, 5 10 mm hose inlet ball valves, 5 pneumatic tees, and 20 1/4 -
10 pneumatic rotary elbows.

Figure 1. Application setup (1. Water Bath Device, 2. Reactor (Glass Jar), 3. Acidified
Water (Gas Outlet), 4. Water Inlet, 5. Gas Sampling Valve, 6. Gas Storage Balloon).

In the context of this research, an application design was developed, consisting of
three application groups: the 1st application group, the 2nd application group, and
the 3rd application group. The implementation design can be found in Figure 2.

1stApplication 2nd Application 3rd Application

CW(%50)- SG(%25)-BL(%25)
CW(%50)- SG(%30)-BL(%20)
CW(%50)-SG(%20)-BL(%30)

E R

‘BERE

3 & |2 CH S I IR

€123 2 |2 |2 | B
2 |3 2| B = | = =

Figure 2. Application design.
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Instruments and Devices Used in Experiments

Water bath devices

JSR - JSIB-22T Series Circulating Water Bath device and BW-10H Heating Bath
(11.5L) device were used to maintain the reactor operating temperature as
mesophilic (37+1) in the biogas setup. The BW-10H Heating Bath (11.5L) represents
an economically viable solution for maintaining optimal temperature control in
laboratory settings. This digital water bath exhibits remarkable temperature
stability, making it a dependable choice for scientific and research applications.

Precision balance

Weighing of the samples and mixtures prepared to be used in the determination of
biogas potentials was carried out with the help of “Denver Instrument” brand
precision measuring balance with a maximum capacity and sensitivity of 0.1 mg and
210 g, respectively.

pH measurement paper

The pH 0-14 pH indicator strip, universal indicator MColorpHast pH paper, was
employed to ascertain the pH levels of the substances and combinations within the
experimental groups during the treatment process.

OPTIMA Biogas - Portable Biogas Analyzer

The biomethane content of biogas samples collected from the materials and mixtures
in the treatment groups was determined using the Optima Biogas - Portable Biogas
Analyzer device.

Method

Performing Basic Characterization Analyses

We conducted basic characterization analyses (dry matter, organic matter) to
determine the quantities of energy crops such as switchgrass, sugar beet leaves, and
cattle wastes to add to the experimental setup. This setup was established to

measure biogas yield and achieve the desired solids amount in the reactor (refer to
Table 1).

Table 1. Analysis of Basic Characterization (dry matter, organic matter).

Sample Name Organic Matter (%) Sample (g) Oven Dry (g0 Dry Matter (%)
SG-1 (Kanlow) 6.92 4.6506 4.3286 93.08

SG-2 (Aloma) 6.42 3.1603 2.9573 93.58

SG-3 (Shelter) 6.30 3.7667 3.5295 93.70

Sugar Beet Leaf 85.71 20.4167 2.9174 14.29

Cattle Waste 90.12 14.8338 1.4657 9.88

Determination of Mixture Ratios Used in Applications
It is essential to maintain specific reactor conditions to optimize the fermentation of
bacteria in an anaerobic environment for the production of biogas and methane.
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Achieving the ideal dry matter level in the feed materials is crucial for this process
(Von Mitzlaff, 1988; Nagamani and Ramasamv. 1999). Research indicates that
biogas production is most efficient when the total dry matter content of the feed
materials falls within the range of 6-13% (Sarapatka. 1993).

The Department of Soil Science and Plant Nutrition at the Faculty of Agriculture,

Selcuk University, conducted comprehensive analyses to determine the dry matter
ratio and optimized different mixing ratios of three Switchgrass varieties and beet
leaf samples with constant cattle waste samples.

Determination of Biomethane Potential (BMP)
Please take note of the following information: In our experiments, we used 1000 ml
glass jar bottles as reactors to determine the biomethane potential. The experimental
setup was positioned in a secluded area to shield it from sunlight. The reactors were
operated under mesophilic conditions at 37+°C. To maintain a constant temperature,
we utilized a JSR - JSIB-22T Series circulating water bath device and a BW-10H
heating bath (11.51) device. To measure the biogas produced in the reactors, we
connected two glass jars using pneumatic sealing elements, and the water
displacement principle was employed. The first glass jar, connected to the reactor,
was filled with water acidified with sulfuric acid (H,SO,) to a pH of less than 2, and
then sealed (Durgut. 2020).

The volumes were determined by drawing on the glass jars from the SolidWorks
program on the PC, and the volumes corresponding to each mm length were
determined and added to the glass jars for readings. In order to measure the gas

content of the gas between the reactor and the glass jar filled with acidified water, a
valve was added to the connection line between the two glass jars. At the end of the
experiments, the gas collected by means of the valve was removed from the gas
containment flask and the gas content was determined. In order to determine the
amount of biogas released as a result of the experiments, measurements were made
with the help of scales added on glass jars filled with water and recorded in computer
environment.

At the end of the gas outputs, the gases collected in the balloons by means of the
valve were preserved and the biogas contents were realized with the help of the
measuring device.

Biogas Collection for Measurement of the Amount of Biogas Produced and
Determination of Biogas Content
Daily readings were made with the help of the volume scale created to measure the

amount of biogas produced in the anaerobic reactor by anaerobic fermentation of
Switchgrass and beet leaves. The detected biogas values were recorded in computer
environment. In the experimental setup, biogas storage was provided with the help
of valves and balloons and biogas compositions (CH4 (%), H2S (ppm), COz (%), O2 (%),
N2 (%)) were determined.

Determination of Specific Biomethane Production Values of Materials

Biomethane production values were calculated for each sample as a result of the
analysis to determine the amount of biogas and its components. During the
calculation, the temperature at which the experiment was conducted, the
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temperature at which the biogas yield measurement was determined and the effect
of the empty volume inside the glass reactor were taken into account. The following
Equation 1 was used to determine the specific biomethane production values
(Onursal, 2016).

Vi*|Mp-My | " 273,15 .1 Vg*IM2-M1]x0,5 . 273,15 (1)
100 T,+273,15 100 T,+273,15

mL CH.=[

V.- Void volume inside the biomethane reactor, (mL),
M;: Biomethane value before measurement, (%),
M>Measurement day biomethane value, (%).

Where; 273,15 Kelvin, T1 is the temperature of the biomethane at which the
measurement was made and 36°C was taken, T2 is the temperature of the biogas
amount at which the measurement was made and 25°C and Vg is the amount of
biogas (mL) used in the formula.

Glass Reactor Specific Methane Production

The amount of methane production per glass reactor volume for one day is expressed
as specific methane production. The glass reactor specific methane production
amount was calculated through the Equation 2 below (Onursal, 2016).

_ Vg
grm — V_r (2)

Rerm” Glass reactor specific methane production value (m3CH4 m-3 glass reactor day),
Ve: Amount of methane produced during one day (m3CH.J),
V.- Total volume of the glass reactor (m3).

Statistical Evaluation of Biomethane Values

The biomethane values obtained as a result of the trials were analyzed with the
analysis of variance test to determine whether there was a significant difference
between the materials in the statistical package program. LSD results were used to
show that there was a relevant comparison among the materials.

RESULTS AND DISCUSSION

Material and Mixtures Potential Production of Methane

The actual methane production amount of the materials in the experiments was
5916.35 mL CHs in the mixture of CW (50%) - SG (20%) - BL (30%). The overall
amount of original methane yield of the materials obtained during the 1st, 2rd and 3rd
treatments (mL) is presented in Table 2.
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Table 2. Original methane production values of materials (mL).

Material CH4 (mL)
CW 2844.29
SG1 1594.29
SG2 618.25
SG3 667.63
BL 1744.2
CW-BL 327.52
CW-SG1 574.54
CW-SG2 96.59
CW-SG3 160.71
CW(%50)- SG(%25)-BL(%25) 442.03
CW(%50)- SG(%30)-BL(%20) 1887.25
CW(%50)- SG(%20)-BL(%30) 5916.35

Glass Reactor Original Methane Production Values

Reactor related methane produced by using a particular formula. After the
calculation, it was determined that the highest reactor-specific methane production
value was 7.28 m3CH1m reactor day for the CW (50%)-SG (20%)-BL (30%) mixture.
You can refer to Table 3 for the specific methane production values of all materials
and mixtures in the experimental groups.

Table 8. Glass reactor specific methane production values (m*CH: m-) glass reactor

day).

Material Rima (m3CH4 m-3 Glass Reactor day)
Cw 3.50
SG1 1.97
SG2 0.76
SG3 0.82
BL 2.15
CW-BL 0.40
CW-SG1 0.71
CW-SG2 0.12
CW-SG3 0.2
CW(%50)- SG(%25)-BL(%25) 0.54
CW(%50)- SG(%30)-BL(%20) 2.32
CW(%50)- SG(%20)-BL(%30) 7.28

In their study, Jin ef 2/ (2012) investigated the effect of semi-feeding and continuous

anaerobic reactors on the yield of pearl Switchgrass and municipal wastewater
biomasses at the laboratory level. They found that the unique methane production
value was found in finely Switchgrass, 2%-loaded pearl Switchgrass from the October
harvest (0.317 m3 CH4 kg pearl Switchgrass and 0.359 317 m? CHs kg VKM™).

Components of Biogas Produced from Materials and Mixtures

The components of the biogas produced from the treatment groups were determined
and the highest CHs methane) yield was determined as 58.86% in BL (beet leaves)
and 53.76% in BHA-BL mixture. Methane yields of other mixtures and materials in
the treatments varied between 53.22% and 43.12% (Table 4).
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Table 4. Components of biogas produced from materials.

Material CH. (%) H2S (ppm) CO2 (%) 02 (%) N2(%)
CW 53.42 12 15.6 11.36 19.61
SG1 47.4 6 20.5 6.85 25.25
SG2 46.76 5 21.26 6.81 25.17
SG3 43.12 5 23.25 6.83 26.8

BL 58.86 9 16.85 7.36 24.92
CW-BL 49.78 9 16.48 7.26 26.18
CW-SG1 48.43 8 16.62 7.16 27.79
CW-SG2 44.86 7 16.06 6.98 32.1

CW-SG3 53.76 10 16.37 9.19 20.68
CW(%50)- SG(%25)-BL(%25) 51.74 9 16.85 7.49 23.92
CW(%50)- SG(%30)-BL(%20) 50.86 9 16.85 7.36 24.92
CW(%50)- SG(%20)-BL(%30) 53.22 10 16.68 8.27 21.84

In Treatment 1, the highest biomethane yield was determined in BL with 58.86%.
Among the other materials, CW, SG1, SG2 and SG3 yielded 53.42%, 47.4%, 46.76%
and 43.12%, respectively (Figure 3). In their study, Sheets et a/ (2015) also looked
at the effect of dry matter ratio on methane yield from switchgrass plants in mixtures
with hot. In biomethane production, the highest biomethane yields of 13% and 22%
were obtained under mesophilic conditions in the reactor operating as solid
fermentation.

CH (%)

Cw

53,42

0 10 20 30 40 50 60 70

Figure 3. It Application biomethane yield values (%).

In the 27 treatment, the highest biomethane yield was determined in CW-BL with
53.76%. Among the other materials, CW-SG1, CW-SG2 and CW-SG3 yielded 49.78%,
48.43% and 44.86%, respectively (Figure 4).
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CH, (%)

CW-5G1

CW-5G2

CW-SG3

CW-BL
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Figure 4. 20d Application biomethane yield values (%).

In the 3 treatment, the highest biomethane yield was found in the mixture of CW
(50%)-SG  (20%)-BL (30%) with 53.22%. Among the other materials, it was
determined as 51.74% in CW (50%)-SG (25%)-BL (25%) mixture and 50.86% in CW
(50%)-SG (30%)-BL (20%) mixture, respectively (Figure 5). Ciggin (2016), in his
study, mixed switchgrass with process sludge. According to the results of the
experiment, the highest methane yield was found in the mixture of 0.4-0.6 ratio. In
their study, Liew et 2/ (2012) investigated methane production from corn cobs, wheat
straw, garden waste and leaves by anaerobic fermentation. The highest methane
yield of 81.2 L kgVKM! was observed in corn cobs, followed by wheat straw (66.9 L
kgVKM1), leaves (55.4 L kgVKM1), and garden waste (40.8 L kgVKM™).

CH,(%)

CW(%50)-SG(%25)-BL(%25)

CW(%50)-SG(%30)-BL(%20)

49,5 50 50,5 51 51,5 52 52,5 53 53,5

Figure 5. 34 Application group biomethane yield values (%).
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Evaluation of Statistical Analysis

Variance analysis was performed for the treatments and biomethane ratios were
found to be significant at p<0.05 level in variance analysis (Table 5). LSD test was
performed on these significant values (Table 6).

Table 6. Analysis of variance results.

Average Standard
Application gizlgdils ]S)t;ixil:‘zl(;i ]S):Z:izon Minimum Maximum
(ml/gDM) (Variance)
CW-5G1 49.16 0.82 0.67 48.2 49.78
CW-BL 52.49 1.28 1.63 51.2 53.76
CW-(50%) - SG (25%) - BL
(25%) 50.48 1.37 1.88 49 51.74
CW- (50%) - SG (30%) -
BL(20%) 48.92 1.78 3.17 47.3 50.86
CW- (50%) - SG 2(0%) -
BL(30%) 52.00 1.28 1.63 50.7 53.22

Table 6. LSD test results.

Standard Error Mean

Material N Mean @
CW-SG1 4 0.48676 52.48
CW-BL 4 0.73904 52,0064
CW-(50%) - SG (25%) - BL
25%) 3 0.79858 50.48AB
CW- (50%) - SG (30%) -
BL(20%) 3 1.04006 49.16p
CW- (50%) - SG 2(0%)-
BL(30%) 3 0.72896 48.92p

M The difference between the means shown with different lowercase letters in the same column is statistically significant (A, B:
p<0.05, LSD= 2.454).

When the table obtained according to the LSD results is examined, the highest yield
was obtained in the BHA-SG1 mixture and the lowest biomethane yield was obtained
in the CW (50%) - SG (20%) - BL (30%) mixtures.

CONCLUSION

The fact that our country is foreign-dependent in terms of energy supply makes
renewable energy sources an important issue. In our research on the Switchgrass
plant as part of the TUBITAK project, we examined mechanization criteria for the
first time. We discovered that by combining the sugar beet plant, abundant in Konya
and its surrounding areas, with cattle waste, we could determine the biogas yield.
During the study, we calculated the reactor based methane productivity using a
specific formula. The highest reactor based methane production value obtained was
7.28 m3CH4 m™ Reactor day for the CW (50%)- SG (20%)-BL (30%) mix.

The components of the biogas produced from the trial groups were determined and
the highest CHs (methane) yield was determined as 58.86% in BL (beet leaves) in
materials and 53.76% in CW-BL mixture in mixtures. Methane yields of other
mixtures and materials of the experimental groups varied between 53.22% and
43.12%.
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Agricultural and livestock mechanization plays a significant role in our economy
today. However, the majority of the energy requirements for agricultural operations
are currently met using non-renewable energy sources. The utilization of biogas,
which is environmentally friendly and helps reduce production inputs, is becoming
increasingly important for meeting energy needs in agricultural operations. Biogas
can be produced from animal manure, various energy crops, and agricultural waste,
offering the potential to enhance operational efficiency and decrease carbon dioxide
(CO2) emissions, thus mitigating environmental impact. As a result of the
applications, high biomethane rates were obtained in BL mixtures. Beet leaves can
be considered as an important waste in terms of agricultural waste in our country
within the framework of production area and product obtained. Beet leaves
generated from sugar beet agriculture, especially in Konya province and its
surroundings, are used in some animal feed, but 100% disposal cannot be ensured.
The huge biomass formed by beet leaves can be converted into biogas energy as a
result of anaerobic fermentation and recovery can be achieved.
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ABSTRACT

This study investigates the potential for generating biomass energy from agricultural residues in Chad.
Biomass energy, derived from organic materials, is a renewable and sustainable energy source that can
significantly contribute to the energy needs of many countries. In Chad, a country with a predominantly
agrarian economy, agricultural residues present a promising opportunity for biomass energy production.
The biomass energy production from agricultural residues in Chad holds significant potential to contribute
to the country’s energy needs while promoting sustainable development. The country possesses abundant
agricultural resources, with substantial residues remaining after harvest, including sorghum stalks, maize
stalks, millet straw, and rice straw, often underutilized. These residues can be converted into biofuels Iike
biogas through anaerobic digestion or burned directly to produce heat and electricity. Using data from the
Food and Agriculture Organization Statistical Database of the United Nations (FAOSTAT) for 2021, the
annual production of agricultural residues was quantified, and their energy potential was calculated based
on the residue-to-product ratio and the calorific values of specific residues. The major crops contributing to
the total residue amount in Chad are sorghum (56.50%), rice (17.72%), maize (15.51%), millet (6.70%), and
dry beans (5.37%). The total amount of agricultural residues in Chad, including annual crop residues, was
calculated to be about 18.1 kilotons (kt). The study reveals that the total energy potential of these residues
is approximately 252.5 terajoules (TJ) for the 2021 production period in Chad.

Keywords: Renewable energy, Biofuel, Electricity, Heating value, Energy potential

INTRODUCTION

Chad, situated in Central Africa, is a landlocked country located between 7° and 24°
north latitude and 13° and 24° east longitude. It shares borders with Libya to the
north, Sudan to the east, the Central African Republic to the south, and Cameroon,
Niger, and Nigeria to the west. Notably, it shares Lake Chad with these western
neighbors (Soulouknga et al. 2020). The rapid population growth in developing
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countries, coupled with limited access to electricity, particularly in remote or rural
areas, presents significant challenges for energy production (Jahangiri e a/. 2019).

Energy plays a crucial role in economic development, with a clear correlation between
energy consumption and living standards (Demirel er a/. 2019). Every nation’s

economic growth is closely tied to its electricity infrastructure and availability.
Electricity has become a central element of daily life in the modern world, influencing
various sectors and activities essential for economic development
(Kriga et al. 2023). Energy sources can be divided into three categories: fossil fuels,

renewable sources, and nuclear sources (Fissa er al. 2024). Renewable energy

sources are readily available, inexhaustible, and mostly environmentally clean,
making them a sustainable option for meeting energy needs (Kelly e a/.. 2023).
Conversely, the depletion of fossil fuels and the imperative to mitigate greenhouse

gas (GHG) emissions have intensified the pursuit of alternative energy sources,
particularly in many developing nations where energy poverty remains a significant
concern. The increasing global worry about climate change and its impacts has led
to a heightened focus on renewable energy as the cornerstone of a dependable and
eco-friendly energy provision system (Kidmo et a/. 2022). Researchers worldwide

have explored the potential of harnessing renewable energy for electricity generation
due to the adverse environmental impacts of fossil fuels (Soulouknga ef a/. 2020).

According to the United States Energy Information Administration projections,
global energy consumption is expected to surge by 50% by the year 2050, following
the current trajectory (Diimtoingar et al. 2022). Between 1993 and 2005, energy

consumption in Chad increased from 200 koe (kilo of oil equivalent) to 292 koe. Wood
fuels, including wood and charcoal, dominate energy consumption, accounting for
90% of the total, while conventional energy sources such as petroleum products and
electricity contribute only 10%. Wood fuels are predominantly used for cooking in
households (88%), while kerosene lamps are the primary source of lighting, utilized
by 69% of households (Medjo Nouadije ef al., 2024).

Chad currently needs to grapple with an electricity supply deficit, low rates of

electricity access, and notably high costs per kilowatt-hour. These challenges stem
from heavy reliance on fossil fuels, limited interconnection with neighboring
countries, and insufficient integration of renewable energies into electricity
generation (Medjo Nouadje et a/. 2024). Making electricity accessible in Chad is

crucial from a socio-economic standpoint because much of the population still
struggles to obtain reliable access (Soulouknga et 2/, 2023). In Chad, only 8% of the

population has access to electricity, highlighting a substantial disparity between
rural (1%) and urban (20%) areas. Chad ranks among the countries with the lowest
electricity access rates globally (Soulouknga et al. 2022). Over two-thirds of Africa's

population, approximately 621 million people, lack access to electrical energy
(Jahangiri et al. 2019). Approximately 775 million people worldwide are estimated

to lack access to electricity (Verhoeven and Pouget-abadie, 2024).

Biomass energy includes agricultural residues, household waste, fuelwood, animal
waste, and other fuels derived from biological sources (Karaca, 2017). Biomass

resources are globally recognized as sustainable alternative energy sources due to
their widespread availability, renewable nature, and carbon-neutral characteristics
(Diimtoingar et al. 2022). It's important to note that Chad, possesses substantial

renewable energy potential, including wind, solar, and biomass resources
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(Ali et al. 2024). Tt is imperative that appropriate resource allocation policies are

implemented, particularly in relation to water, energy and food resources, in order
to facilitate sustainable development (Degirmencioglu et a/. 2019). The successful

utilization of biomass for energy contributes to the increasing ratio of renewable
energy generation, particularly in the context of electricity generation. Biomass
energy represents one of numerous clean sources of energy, offering carbon-neutral
electricity and heat generation (Ertugrul er al, 2024).

This study aims to explore the potential of producing biomass energy from
agricultural residues in Chad. This includes assessing the availability and types of

agricultural residues and evaluating the feasibility and efficiency of converting these
residues into biomass energy. The study seeks to provide a comprehensive
understanding of how biomass energy production from agricultural residues could
contribute to Chad's energy security, rural development, and environmental
sustainability.

MATERIALS and METHODS

Agricultural Lands in Chad

In Chad, agriculture is carried out on two distinct types of land: dunes during the
rainy season and wadis during the dry season. Both men and women participate in
agricultural activities, which serve as the primary food source for households
(Narem. 2024). Agriculture in Chad contributes 40% to the GDP and 80% to exports
while employing 80% of the workforce. However, farmers need more access to
essential services, knowledge, and technology needed for productivity improvements.
Furthermore, inadequate access to rural financial services prevents poor farmers
from diversifying their income sources or increasing productivity (Senn. 2024).
Various factors across different scales and intensities influence agricultural systems
in Sub-Saharan Africa. These systems operate within dynamic political and
socioeconomic contexts, experiencing frequent transformations. Moreover, they
heavily rely on unstable environmental conditions (Nilsson and Uvo. 2020). Due to

Chad's challenging climatic conditions and the impact of its unstable political
environment, engaging in agricultural activities is already a significant struggle for
the population (Su and Amrit, 2024).

Assessment of Biomass Energy in Chad

Biomass can be transformed into energy, which can then be utilized to generate
electricity and provide heating This is an alternative to traditional cooking fuels,
particularly in rural regions where access to conventional energy sources is limited
(Ghanem et al. 2024). Biomass is Chad’s main energy source primarily used for

cooking and heating in rural and peri-urban areas. The most common forms of
biomass are firewood, charcoal, and agricultural residues. The primary challenges in
utilizing biomass for energy production are the logistics of collection and
transportation, and its seasonal availability. These factors can lead to significant
variability in biomass supply, making it an unreliable source for energy applications
(Karaca, 2017).

Most of the population relies on traditional biomass for energy, leading to
significant deforestation and environmental degradation. Chad has low electricity
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access, especially in rural areas. Biomass energy fills the gap where modern energy
infrastructure is lacking.

Chad has a significant agricultural sector, producing residues that can be utilized
for energy production. This includes crop residues from maize (corn), millet,
sorghum, rice, etc... Utilizing local biomass resources can enhance energy security
and reduce dependency on imported fossil fuels (Bovaci et al. 2021).

Biomass energy projects can create jobs and improve livelihoods in rural areas.
Properly managed biomass energy can reduce deforestation, soil erosion, and
greenhouse gas emissions. Biomass energy helps to manage agricultural and animal
waste, turning potential pollutants into energy.

Calculation of the available amount of agricultural residues in Chad

The quantity of agricultural residues produced annually by crops in Chad, expressed
in tons of dry material, was assessed using agricultural production data from the
Food and Agriculture Organization Statistical Database of the United Nations
(FAOSTAT) in 2021. The annual overall potential of agricultural residues was
calculated using the residue-to-product ratio.

The residual net potential was evaluated by considering the availability of
residues, which refers to the unutilized and entirely wasted portion of the residues.
The attainable potential of agricultural wastes in Chad was calculated using
Equation (1) (Karaca, 2015).

(AAR); = (ACP); X (RPR); X (A); 1

Where; (AAR); is the available amount of agricultural residues of i® crop in ton,
(ACP);is the amount of crop production in tons, (RPR); is the residue-to product ratio
of the it" crop, and (4); is the availability of residues.

Table 1. Data regarding the residue to product ratio, availability and calorific value
of various field crop residues (Karaca. 2015, Karaca. 2017, Karaca et al. 2017;
Demirel et al.. 2019).

FC R RPR A%) LHV (MJ kg
Beans, dry Stalk 0.016 40 19.4

Maize (corn) Stalk 0.011 60 17.95

Millet Straw 0.013 15 12.39
Potatoes Stalk 0.003 60 18.61

Rice Straw 0.022 60 14.92
Sorghum Stalk 0.019 60 12.38

Wheat Straw 0.014 15 18.2

FC: Field Crops, R: Residues RPR: Ratio of Residue to Product, A: Availability, LHV; Lower Heating Value (MJ kg=*)

Agricultural residues include materials left behind in fields after operations.
Agricultural residues are an abundant and underutilized resource in Chad. These
residues, often left to decompose in fields or burned, represent a significant
opportunity for biomass energy production. The primary agricultural residues in
Chad include stalks and straw from beans, maize (corn) millet, potatoes, rice,
sorghum, and wheat. These materials have high energy content and can be converted
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into bioenergy through various technologies. While some residues are repurposed for
domestic uses like heating, animal feed, and bedding, most residues from industrial
agricultural production often remain untouched in the fields. These residues include
cotton stalks, maize stalks, sunflower stalks, cereal straws, and similar materials.

Determination of the energy potential in Chad

To determine the energy potential of residues, the calorific values of specific
agricultural residues, as derived from the analyses presented in (Table 1), were
multiplied by the available residue amounts, following Equation (2)
(Demirel et al., 2019).

(EP); = (AAR); x (LHV); 2
Where, (EP); the energy potential of agricultural residues of i‘* crop in GJ kg™,
(AAR); is the available amount of agricultural residues of i** crop in tons, and (LHV);
lower heating value of air dry residues of i*" crop in MJ Kg~!.

The flowchart below describes the process that can be used to calculate the total
energy potential in Chad. This step-by-step representation (Figure 1) ensures clarity
and consistency in calculating the energy potential of biomass in Chad.

RPR (Residues of AAP (Available A (Availability of
[ Products Ratio ) ] [ Agricultural Products) J [ residues) Sttt
4

AAR (Available
Agricultural Residues )

[ THV (Total Heat Value) }

Figure 1. A flowchart for calculating the total heat value (energy potential).

RESULTS AND DISCUSSION

Chad produces significant crop residues from staple crops like beans, maize, millet,
potatoes, rice, sorghum, and wheat. These residues include stalks and straws.
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Table 2. Total agricultural production and crop residues in Chad, based on data from
(FAOSTAT, 2021).

FC ACP (Ton) R TPR (Ton)
Beans, dry 151696.4 Stalk 2457.3
Maize (corn) 364630.7 Stalk 4089.2
Millet 621367.3 Straw 7998.2
Potatoes 36314.9 Stalk 119.6

Rice 242646.7 Straw 5395.4
Sorghum 895778 Stalk 17837.7
Wheat 1539.5 Straw 21.1

Total 2313973.5 Residues 37918.5

FC; Field crops, ACP; Amount of Crop Production (tons), R; Residues TPR; Total Potential of Residues (tons)

Table 2 provides an overview of Chad's agricultural production, and the estimated
quantities of crop residues generated annually, based on data from FAOSTAT (2021).
By systematically presenting production and residue data, Table 2 serves as a
foundation for energy resource assessments, agricultural policy planning, and
biomass utilization projects in Chad.

The energy content of crop residues varies but is generally high enough to make
them a viable source of biomass energy. The combined energy potential from all
agricultural residues in Chad is substantial, indicating a strong potential for biomass
energy production.

Table 3. Total energy potential and the corresponding quantity of available
agricultural residues in Chad.

FC R AAR (Ton) (EP) (GJ kg™")
Beans, dry Stalk 970.9 18835.5

Maize (corn) Stalk 2406.6 43198.5

Millet Straw 1211.7 15012.9
Potatoes Stalk 65.4 1217.1

Rice Straw 3202.9 47787.3
Sorghum Stalk 10211.9 126423.3
Wheat Straw 3.2 58.2

Total Residues 18072.6 252532.8

FC; Field crops, R; Residues AAR; Amount of Crop Residues (tons), EP; Energy Potential (GJ kg™*)

Chad has abundant raw materials for energy production from agricultural
residues. The total energy potential of agricultural residues was estimated at around
252.5 Td for the 2021 production period in Chad. There are some studies below
performed to determine energy potential from agricultural residues in different
countries; Demirel ef 2/ (2019) in a study carried out in Sudan, calculated the

biomass energy from Agricultural residues, for the production period of 2016; the
total calorific value of agricultural residues amounted to around 154 petajoules (PdJ),
which is substantially higher than Chad's figure. There's a notable difference in the
total energy potential of agricultural residues between Chad and Sudan. This
suggests that Sudan had a significantly larger amount of agricultural residue energy

potential than Chad. In a study conducted by Eissa et a/. (2024), assessed the energy
potential in Libya and found that the total energy potential of agricultural residues
for the 2021 production season was approximately 17.7 TdJ, which is less than that in
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Chad. In a study by Karaca ef al (2017). they examined the energy potential of
agricultural residues in Turkey's Black Sea Region, they estimated that, for the 2016

production period, the total calorific value of these residues was about 33.60 PdJ per
year, which is larger than that in Chad. In a study conducted by
Ghanem et al. (2024), researchers evaluated Syria's energy potential and found that,

for the 2016 production season, the total calorific value of agricultural residues from
field and orchard crops was approximately 68,904 Btu which is greater than the total
calorific value in Chad.

The difference in energy potential among these countries could be influenced by
various factors such as agricultural practices, crop types, land availability, and
biomass utilization efficiency. Also, thermal efficiency of a biomass-based power
plant, which is 35%, is an important factor to be considered before the utilization
decisions (Sun ef 2/, 2014). Understanding these differences can provide insights

into optimizing biomass energy production and utilization in different countries. This
estimate provides a quantitative foundation for understanding the capacity of Chad
to produce biomass energy from agricultural waste materials. This energy can
enhance energy security, support rural development, and contribute to
environmental sustainability. (Table 3) displays the heating value of agricultural
residues for each product.

Biomass energy conversion technologies, such as direct combustion, gasification,
and anaerobic digestion, have varying efficiencies. The choice of technology and its
efficiency will significantly impact on the usable energy derived from these residues.
While these technologies are available, their adoption in Chad is currently limited.
Small-scale biogas plants exist, but there is significant potential for expansion.
Utilizing agricultural residues for energy production can have positive
environmental impacts. It can reduce the need for fossil fuels, thereby lowering
greenhouse gas emissions. Moreover, proper management of agricultural residues
can prevent open burning, which causes air pollution and health problems.

The practical implementation of biomass energy production in Chad hinges on
several factors. First and foremost is the availability of infrastructure for collecting,
processing, and converting agricultural residues into usable energy. This includes
facilities for biomass collection, transportation networks, and conversion plants.
Economic factors also play a vital role; the cost of collecting and processing
agricultural residues must be weighed against the market price of the energy
produced. Additionally, government policies, subsidies, and incentives for renewable
energy projects can significantly influence the economic viability of biomass energy
production.

The total amount of agricultural residues in Chad, including annual crop residues,
was calculated to be about 18.1 kt. The agricultural residues considered in this study
typically include crop residues like straw and stalks from major crops such as beans,
maize, millet, potatoes, rice, sorghum, and wheat. The quantity and energy content
of these residues are critical in determining the overall energy potential.
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Total energy potential (EP) (GJ/kg)

126424 3

43198.5 A4I8E 3

188355 180820 1217.1 58.2

O N R R R e e —

Beans,dry Maize Millet Potatoes Rice Sorghum Wheat
(corn)

Figure 2. The amount of energy potential for agricultural residues.

Figure 2 represents the amount of energy potential for agricultural residues in
Chad. This bar chart visually represents the energy potential of various crop
residues, emphasizing their contribution to biomass energy production. From this
figure, we can see that Chad has a sufficient amount of agricultural residues to
produce biomass energy, especially the residues from sorghum.

The major crops contributing to the total residue amount in Chad are sorghum
(56.50%), rice (17.72%), maize (13.31%), millet (6.70%), and beans (5.37%).

Beans, dry M Maize (corn) ™ Millet ™ Rice Sorghum

Figure 3. Amount of agricultural residues in Chad.
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Figure 3 illustrates the total amount of agricultural residues generated annually
in Chad, categorized by crop type. This data is critical for assessing the availability
of biomass resources and their potential applications in energy production or
sustainable agricultural practices.

CONCLUSION

This study aims to investigate the potential for generating biomass energy from
agricultural residues in Chad. Chad has abundant agricultural residues, presenting
a promising opportunity for biomass energy generation. Harnessing this potential
could enhance energy security, promote sustainable agricultural practices, and
contribute to the country’s overall economic development. Further research and
investment in appropriate technologies and infrastructure are essential to realize the
complete potential. Utilizing agricultural residues for energy production can provide
several benefits, including reducing greenhouse gas emissions, promoting rural
development, and diversifying energy sources.

Biomass energy has significant potential to contribute to Chad’s energy mix,
particularly in rural areas where other forms of energy are scarce. Developing
biomass energy aligns with Chad’s renewable energy goals and can help reduce
dependence on imported fuels. By leveraging data from the Food and Agriculture
Organization Statistical Database of the United Nations (FAOSTAT) for 2021, the
quantity and energy potential of these residues were assessed. The study examines
the calorific values of specific agricultural residues and calculates the total heating
value, highlighting the feasibility of converting these residues into a viable energy
source. For the 2021 production period in Chad, the total heating value of
agricultural residues was estimated to be approximately 252.5 TJ. With the right
policies, infrastructure, and community engagement, Chad can make strides in
developing a sustainable and economically viable biomass energy sector.

There are potential challenges that need to be addressed. These include the
seasonal availability of agricultural residues, storage issues, and the possible
competition with other uses of residues. Additionally, the initial capital investment
required for setting up biomass energy plants can be a barrier, particularly in
developing regions. A supportive policy and regulatory framework are crucial.
Governments can play a key role by enacting policies that promote biomass energy,
providing subsidies for technology adoption, and ensuring a stable market for the
energy produced. Additionally, regulations to manage the sustainable use of
agricultural residues can help in maintaining a balance between energy production
and other agricultural needs.

Recommendations for Biomass Energy Development
1. Promote sustainable harvesting and reforestation programs to ensure a
continuous supply of biomass.
2. Develop a systematic approach to catalogue and quantify the types and
amounts of agricultural residues available across different regions in Chad.
This data will be crucial for planning and optimizing biomass energy
production.
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3. Conduct awareness campaigns and train farmers and local communities on
the benefits and methods of utilizing agricultural residues for biomass energy.
This will enhance community participation and support for biomass projects.

4. Invest in efficient biomass technologies, such as improved cookstoves and
biogas digesters, to enhance energy efficiency and reduce health impacts.

5. Develop capacity-building programs to educate communities on sustainable
biomass use and management.

6. Establish supportive policies and incentives for biomass energy development,
including subsidies for improved technologies and support for research and
development.

7. Encourage public-private partnerships to mobilize resources and expertise for
biomass energy projects.

8. Integrate biomass energy into the broader national energy strategy, ensuring
it complements other renewable energy sources and contributes to overall
energy goals.
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18 ABSTRACT

19 In Tiirkiye, black carrot is cultivated in the Eregli and Karapinar districts of Konya and the Kirikhan district of
20 Hatay. It 1s used both as a fresh vegetable and in the production of highly fermented beverages. In this study, the

21 seeds of the Kiritkhan local population were sowing in a different location, Konya's Eregli district. As a result of
22 the sowing process, the study aimed to evaluate the on-row seed distribution uniformity, as well as the diameter,
23 mass, length, and branching rates of black carrots, along with their color and certain food analysis results. The
24 sowing was done on ridges in three narrow rows (75 mm) using a vacuum type of pneumatic precision vegetable
25 seeder at a forward speed 2.16 km hl. The experiments were conducted in a randomized block design (2x3) with
26 three replications, at three different nominal planting distances (22.30 mm, 49.08 mm, and 67.22 mm). According
27 to the results, coefficient of variation of plant distribution on the row, number of plants per unit area, average
28 carrot diameter, average carrot mass and average carrot length values were found to be between 63.79% and

29 79.12%, 20.56 to 105.11 plants.m?, 25.91 to 47.03 mm, 57.73 to 223.40 g and 202.2 to 315.1 mm, respectively.
30 According to the food analysis results, the black carrots produced with both seed types had the following values:
31 Brix ranged from 7.37% to 8.10%, pH from 6.47 to 5.61, antioxidant activity from 78.20% to 80.32%, and total
32 phenolic content ranged from 629.1 to 803.7 mg GAE (100 g)1. As a result of the study, it can be recommended to

33 use bare and calibrated seeds at the Zz (49 mm) planting distance based on food analysis results.

34 Keywords: Plant number, Plant distribution on the row, Black carrot, Quality criteria

35
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OZET

Tiirkiye'de, Konya'nin Eregli ve Karapinar ilgeleri ile Hatay Ilinin Kirikhan ilgesinde siyah havug tiretimi
yapilmakta, taze sebze olarak ve yliksek oranda fermente edilmis igecek itiretiminde kullanilmaktadir. Bu
arastirmada, Kirikhan yerel populasyonu tohumlarin farkli lokasyon olan Konya FEregli ilgesinde ekimi
yapilmistir. Ekim islemi sonucunda, sira lizeri tohum dagilim diizgiinliigii, siyah havuglarin ¢ap, kiitle, uzunluk
ve ¢atallanma oranlari ile renk ve bazi gida analiz sonuglarinin degerlendirilmesi amaglanmistir. Ekim islemi
sirta ti¢ dar sira (756 mm) olarak vakumlu tip pnématik hassas sebze ekim makinesi ile 2.16 km h’ ilerleme hizinda
gergeklestirilmistir. Denemeler, ii¢ farkli anma ekim mesafesinde (22.530 mm, 49.08 mm ve 67.22 mm), tesadiif
bloklar1 deneme desenine gére (2x3) ii¢ tekerriirlii olarak yiiriitiilmiistiir. Arastirma sonuglarina gére her iki
tohumda bitki dagiliminin varyasyon katsayisi degerleri, birim alandaki bitki sayisi, ortalama havug c¢api,
ortalama havug kiitlesi ve ortalama havug boyu degerleri sirasiyla, %63.79 ile %79.12, 20.56 ile 105.11 bit.m?,
256.911le 47.03 mm, 67.73 ile 223.40 g, 202.2 1le 315.1 mm ve %2.22 ile %12.87 arasinda bulunmustur. Gida analiz
sonuglarina gore her iki tohumla iiretilen siyah havugalrin briks, pH, antioksidan aktivitesi ve toplam fenolik
miktarlar: sirasiyla %7.37 ile %8.10, 5.47 ile 5.61, %78.20 ile %80.32 ve 629.1 ile 803.7 mg GAE (100 g)! arasinda
belirlenmigstir. Arastirma sonucunda, ¢iplak ve kalibre edilmis tohumlarla Z2 (49 mm) ekim mesafesinde ekim
vapilmasi gida analiz sonuglarina gore onerilebilir.

Anahtar Kelimeler: Bitki sayisi, Sira lizeri dagilim diizgiinliigd, Siyah havug, Kalite kriterleri
GIRIS

Siyah veya mor havuc (Daucus carota ssp. sativus var. Atrorubens Alef.) koyu mor bir
renge sahiptir. Koyu pigment antosiyaninler, sebzeye antioksidan 6zellikleri katar ve B-
karoten  seviyeleri ise  genellikle turuncu havuglardan daha  yiliksektir
(Chhetri ve ark., 2022).

Siyah havug, insan saghgina faydali birkag element igerdiginden insan beslenmesinde

onemli bir bilesendir (Kaur ve ark.. 2023). Antosiyanin olarak bilinen flavonoid

kimyasallari, havuglarin mor veya siyah renk tonuyla ilgilidir. Koyu renkte olan hemen
hemen tum yiyeceklerde antosiyaninler bulunur. Antosiyaninler renklendirici
ozelliklerinin yami sira noérolojik hastaliklari, kardiyovaskiiler hastaliklari, kanseri,
diyabeti, iltihab1 ve diger birgok hastaligi 6nlemeye yardimeci olan gii¢lii bir antioksidan
aktivite sergiledikleri, kanser tedavisinde etkili oldugu, kan damarlarini gevsettigi ve kan
damari  duvarlarini  kaplayan endotel hiicrelerinin  biitinligini  korudugu
bildirilmektedir (Yousuf ve ark., 2016).

Tuketicilerin, sentetik katki maddelerine alternatif olarak, dogal renklendiricilere olan

talepleri artmaktadir. Siyah havug, isleme kogullarina ve depolamaya kars1 yiiksek
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stabilitesi nedeniyle gida renklendiricisi olarak en ¢ok kullanilan antosiyanin kaynaklari
arasindadir (Purkiewicz ve ark.. 2020).

Eregli ve Kirikhan popiilasyonu siyah havuglarin cografi igsaret belgeleri alinmigtir
(Anonim. 2017; Anonim. 2022). Konya'nin Eregli ve Karapinar ilcelerinde siyah havug

Uretimi yapan tarimsal igletmelerin %5.4inlin sadece Kirikhan poptilasyonu, %64.8nin
ise Eregli ve Kirikhan popiilasyonu ile hibrit siyah tohumlar:1 kullanarak, siyah havug
iretimi yaptiklar1 bildirilmektedir (Yilmaz. 2019). Ayn1 zamanda bélgede, Kirikhan yerel
poptilasyon siyah havucun, tohumluk tiretimi de yapilmaktadar.

Yerel ortamlarda, yerel genotiplerin Uretimlerinin yapildigi bilinmektedir. Aym
zamanda bunlarin fitokimyasal 6zelliklerini incelemek, degerlendirmek ve genetik agilimi
onlemek onemlidir. Yerel irklar1 korumak ve hedeflenen o6zelliklerini ticari cesitlere
aktarmak icin 1slah programlarina almak gerekmektedir (Blando ve ark., 2021). Bu yerel

popiilasyonlar gida giivenligi icin 6nemli bir kaynaktir. Uretim bélgelerinde ciftciler icin
onemli bir gelir kaynagi olup, ayni zamanda endistriyel kalkinmay: da tesvik etmektedir
(Saranraj ve ark., 2019).

Hatay’in Kirikhan il¢esinde, agustos ay1 basinda siyah havucun ekimi yapilmakta,

aralik ayinda hasadi baslayip, nisan ay1 sonuna kadar devem etmektedir. Havug
yetigtiriciliginde yiiksek kalite ve verim elde etmek i¢in kumlu topraklar tercih
edilmektedir (Sermenli. 2012). Havug verimini ve kimyasal bilesimini belirleyen temel

faktorlerin, genotip, yetistirme mevsimi ve yontemi oldugu bildirilmektedir
(Seljasen ve ark., 2012).
Havug tiretiminin yapildig:1 ekolojinin, bitkinin biyokimyasal reaksiyonlarim etkiledigi

ve bu reaksiyonlara, iklim 6zellikleri ile toprak faktorlerinin yani sira bitki 6rtiisi ve
bitkilerin sira tizeri mesafesinin de 6nemli roli oldugu bildirilmektedir. Sira tzeri
mesafenin azalmasiyla, fenolik madde liretimini yonlendiren biyokimyasal reaksiyonlarin
olumsuz olarak etkilendigi ve yine havuclarin sekonder metabolit sentezinin de negatif
olarak etkilenebilecegi isaret edilmektedir (Kotecha ve ark.. 1998).

Siyah  havucun ekimi ile smrli sayida  arastirma  bulunmaktadir.
Onal ve Ertugrul (2011), oluklu makarali ekici diizen ile gerceklestirdikleri

calismalarinda havu¢ tohumunda sira tzeri mesafeleri artirdikca sira tizeri dagilim
diizglinliigliniin iyilik kriteri ve varyasyon faktoria degerlerine bagl olarak arttigini tespit
etmiglerdir. Ornek ve ark. (2018), bin dane agirlig1 1.64 g ve laboratuvar cimlenme orani

%91 olan ¢iplak Eregli popiilasyonu siyah havug¢ tohumlar: ile yaptiklar1 arastirmada,
46.50 mm sira lizeri mesafede ve 0.84 m s ilerleme hizinda, tarla ¢ikis degerlerini
ortalama olarak %49.17 olarak belirlemislerdir. Biilbiil ve Haciseferogullar: (2017),

degisik tipteki baski tekerleriyle 2015 yilinda yaptiklar1 ekimde kaplanmamis siyah
tohumlarinin varyasyon katsayisi degerlerini, yatay rotovator ile hazirlanan tohum
yataginda %78.28 ile %113.25 arasinda elde edildigini bildirmektedirler.

Bu arastirmada, Eregli ilgesinde dar sira aralikli vakumlu pnématik hassas sebze ekim
makinesi kullanilarak, Kirikhan popiilasyonu tohumlarin ekimi yapilmistir. Boylece
farkli lokasyonda ve farkli mevsimlerde liretimi yapilmis, ekim isleminde kalibre edilmig
ciplak ve kaplanmis Kirikhan popiilasyonu tohumlar kullanilmigtir. Bu yerel genotipin
farkl bir ekolojide tiretimi yapilarak, ana bitki dagilim diizgiinliigi ve baz1 havug kalite
kriterlerine etkisi degerlendirilmigtir.
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MATERYAL ve YONTEM

Arastirma, Eregli ilgesi Kuzukuyu mahallesinde yurutilmustir. Topragin tekstiir sinifi
tinli-kum olup, blinyesi %4 kil, %10 silt ve %86 kumdan olugsmaktadir. Toprak kuvvetli
alkali sinifinda (pH 8.96) bulunmakta, kirec icerigi %39.2 ve organik madde icerigi ise

%1.31 olarak belirlenmigtir. Siyah havucun iiretim sezonu boyunca aylik sicaklik verileri
Cizelge 1'de verilmigtir.

Cizelge 1. Aylik maksimum ve minimum sicaklik verileri (Anonim. 2020).
Table 1. Monthly maximum and minimum temperature data (Anonymous, 2020).

Aylar Giinliik maksimum sicaklik (°C) Giinlitk minimum sicaklik (°C)
Haziran 28.4 13.1
Temmuz 32.3 16.7
Agustos 31.4 14.8
Eylil 30.7 14.2
Ekim 26.1 9.1
Kasim 12.7 0.6

Denemelerde, Kirikhan poptlasyonu siyah havu¢ tohumlari kullanilmigtir. Bu
tohumlarin kalibrasyonu yapilmistir. Arastirmada kullanilan ciplak (T1) ve kaplanmis
(T2) standart siyah havug tohumlarinin kiiresellik, bin tohum kiitlesi ve cimlenme oranlar
sirasiyla %44.37 - %55.34, 2.18 g - 6.53 g ve %84.25 - %77.85'dir.

Uc farkli anma ekim mesafesinde (Z:=22.30 mm, Z2=49.08 mm ve Z3=67.22 mm)
“Tesadiif Bloklar1 Deneme Desenine” gére (2x3) ii¢c tekerriirlii olarak ekim iglemi
yapilmistir. Parsellerin 6lciileri 150 m x 2.8 m (350 m2) olup, parseller arasinda bosluk
birakilmamigtir. Arastirmada, yerli olarak tretimi yapilan vakumlu tip yiiksek
hassasiyetli pnématik hassas sebze ekim makinesi kullanilmigtir (Sekil 1).

(' “\.
(

:.ﬁ

Sekil 1. Vakumlu tip pnomatik hassas sebze ekim makinesinin ve ekici diskin gérunusu.

Figure 1. The view of the vacuum-type pneumatic precision vegetable sowing machine and
the seeding disc.
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Pnématik hassas ekim makinesinin 6niinde sac, arkasinda lastik ve ortasinda ise tcli
dar lastik baski tekerleri kullanilmigtir. Ekici diskin dis ¢ap1 235 mm ve kalinlig1 ise
0.25 mm’dir. Ekici diskte li¢ sira halinde 96’sar adet delik bulunmakta olup, delik
eksenlerinin caplar: iist siradan baslayarak sirasiyla 210, 185 ve 155 mm’dir (Sekil 1).
Kalibre edilmis Hatay genotipi ¢iplak siyah havu¢ tohumlarinin ekiminde delik g¢ap:
0.7 mm ve kaplanmig tohumlar i¢in ise delik ¢ap1 1.2 mm olan ekici diskler kullanilmigtir.
Ekim iglemi sirta yapilmis olup, sirt dlgiileri Sekil 2’de verilmigtir. Sirt tizerindeki sira
araligi 7.5 cm olup, ¢ dar siraya ekim iglemi gergeklestirilmistir. Ekim iglemi, ekim
makinesinin 2.16 km hlilerleme hizinda yapilmigtir.

| |
LA

30

et |
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Sekil 2. Ekim sirtinin sematik goriiniisii ve élgiileri (cm).
Figure 2. Schematic view of sowing ridge and dimensions (cm).

Arastirmada, parsellere uygulanan tim islemler Cizelge 2’de verilmistir. Cizelge
incelendiginde farkli metotlarla 6 defa giibreleme ve 24 kez yagmurlama sulama iglemi
yapildigr gorilmektedir. Toprak kulakli pulluk ile suriilmis, dik rotovatér ile tohum
yatagl hazirlanmis ve sirt yapma makinesi ile ekim sirtlar1 olusturularak ekim iglemi
gerceklestirilmigtir. Siyah havucun tiretimi boyunca biri giibreli olmak tizere 2 defa ara
capa igslemi yapilmistir. Deneme alaninin sulama suyu, derin kuyudan saglanmigtir.
Deneme alanina kurulan, yagmurlama sulama sisteminde baghik ve lateral araligi
10x10 m seklinde diizenlenmis ve bagliklarinin ortalama hizi ise 18 mm h? olarak
Olgilmustir. Yagmurlama sulama sisteminde 5-4.2 mm meme c¢api olan bagliklar
kullanilmistar.
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Cizelge 2. Uygulanan tarimsal ve sulama iglemleri.

Table 2. Applied implement and irrigation practices applied in trials.
Tarih Uygulanan tarimsal iglemler

04.06.2020 Kulakli pulluk ile stirim

05.06.2020 Santrifiij giibre dagitmasi ile 50 kg da’! giibre normunda DAP)*
05.06.2020 Tohum yataginin dik rotovatorle islenmesi

06.06.2020 Sirt yapma ile ekim sirtlarinin olusturulmasi
06.06.2020 Ekim iglemi

07.06.2020 1. Yagmurlama sulama sistemi ile sulama (90 mm)
09.06.2020 2. Yagmurlama sulama sistemi ile sulama (54 mm)
12.06.2020 3. Yagmurlama sulama sistemi ile sulama (54 mm)
17.06.2020 4. Yagmurlama sulama sistemi ile sulama (36 mm)
20.06.2020 5. Yagmurlama sulama sistemi ile sulama (36 mm)
25.06.2020 6. Yagmurlama sulama sistemi ile sulama (54 mm)
30.06.2020 7. Yagmurlama sulama sistemi ile sulama (54 mm)
03.07.2020 8. Yagmurlama sulama sistemi ile sulama (54 mm)
07.07.2020 9. Yagmurlama sulama sistemi ile sulama (108 mm)

12.07.2020  Giibreli ara capa, URE 20 kg da'1**

12.07.2020 10. Yagmurlama sulama sistemi ile sulama (108 mm)

20.07.2020 11. Yagmurlama sulama sistemi ile sulama (108 mm)

28.07.2020 12. Yagmurlama sulama sistemi ile sulama (108 mm), MAF 5 kg da 1***
06.08.2020 Giibresiz ara capalama

06.08.2020  13. Yagmurlama sulama sistemi ile sulama (108 mm)

15.08.2020 14. Yagmurlama sulama sistemi ile sulama (126 mm)
22.08.2020 15. Yagmurlama sulama sistemi ile sulama (126 mm), MAF 5 kg da’!

29.08.2020 16. Yagmurlama sulama sistemi ile sulama (144 mm)

05.09.2020  17. Yagmurlama sulama sistemi ile sulama (144 mm)
14.09.2020 18. Yagmurlama sulama sistemi ile sulama (144 mm), MAF 5 kg da™!
23.09.2020 19. Yagmurlama sulama sistemi ile sulama (144 mm), MAF 5 kg da'!

04.10.2020  20. Yagmurlama sulama sistemi ile sulama (126 mm)

11.10.2020  21. Yagmurlama sulama sistemi ile sulama (126 mm)

19.10.2020  22. Yagmurlama sulama sistemi ile sulama (108 mm)

27.10.2020  23. Yagmurlama sulama sistemi ile sulama (108 mm)

05.11.2020  24. Yagmurlama sulama sistemi ile sulama (108 mm)

07.11.2020 Soktm

*DAP (Diamonyum Fosfat 18.46.0), azot (N) %18, fosfor pentaoksit (P20s) %46
**URE (Ure 46 N), iire azotu (N-NHz) %46

*##*MAF (Monoamonyum Fosfat 12.61.0), amonyak azotu %12 (N-NH,) ve suda ¢oziiniir fosfor (P:05) %61)

Ana bitki dagilim diizgiinliigii ISO-7256/2 standardina gore belirlemistir (ISO. 1984). Ana
dagilimin, ortalama sira tzeri bitki mesafesi ve varyasyon katsayis1 degerleri asagidaki
formiiller kullanilarak hesaplanmistir (Lei ve ark.. 2021).

Zope=2 ¥, X; (i=1.2.3....n) (1)
S={ 2 (X W 1)f” (@)
cv=— - 100 (3)
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Zort: 1 sayidaki sira iizeri ekim mesafelerinin ortalamasi (mm)
n: Ol¢iim sayis1
xi  Olgiilen her bir sira tizeri bitki araligi (mm)

Ortalama sira iizeri ekim mesafesi (mm)

bﬁl

S Standart sapma
CV: Varyasyon katsayis1 (%)

Hasattaki siyah havug sayisi ve ¢catallanma orani degerlerini bulmak i¢in parsellerden
rastgele secilen 1.33 m (I m? uzunlugundaki sirtta bulunan bitkiler sokiilmiistiir.
Sokiilen bitkiler ile ¢atallanan siyah havuglar sayilip, kaydedilmigtir.

TS 1193 standardi dikkate alinarak siyah havucglar, ekstra sinifa gore
degerlendirilmistir. Bu sinifa giren en biyik havug¢ ¢apinin 25 ile 45 mm ve kiitlelerinin
ise 50-200 g arasinda olmas1 gerekmektedir (T'SE, 2007). Siyah havuclarin, hasat sonrasi
olgiimlerinde, bu araliklara giren havuc cap ve kiitle degerlerinin yiizde (%) oranlari ile
uzunluk degerleri belirlenmistir.

Siyah havuc sularinin renk dlgiimleri L* (parlaklik), a* (+ kirmizi, - yesil) ve b* (+ sar1,
- mavi) renk degerleri CIE Lab renk skalasina gére yapilmistir (Hunt ve ark.. 1991).

Olgiilen L*, a* ve b* degerlerinden, asagidaki esitlikler kullamlarak Chroma (C) ve Hue
(h°) degerleri hesaplanmistir.

o w0 1/2
C=(a"2+b"7) (4)

k' =arctan ( 2—*) (5)
Siyah havuclarin nem analizi (AOAC. 2000) ve suda ¢oziiniir kuru madde miktar: el

refraktometresi ile havuc sularinin pH’s1 dogrudan cam elektrotlu pH metre kullanilarak
olgiilmistir (Cemeroglu. 2013). Siyah havuc o6rneklerinde ekstraksiyon islemi,

Chihoub ve ark. (2019’a gore yapilmistir. 0.5 g siyah havuc¢ suyu 20 ml ¢oziiciiyle

(metanolisu, 80:20, v/v) karistirilmistir. Karisim, oda sicakliginda 1 saat calkalamali su
banyosunda bekletilmis ve filtre (Whatman No:1) edilerek analizlerde kullanilmistir.

Toplam fenolik maddenin belirlenmesinde, fenolik maddelerin Folin-Ciocalteu ¢6zeltisi
fosfomolibdik-fosfotungistik ¢ozeltisine indirgenerek mavi bir kompleks olusturmasi ve bu
mavi  rengin  kolorimetrik  olarak  Ol¢lilmesi  prensibine  dayanmaktadir
(Alper Ozdemir, 2001; Abdullakasim ve ark.. 2007). Elde edilen sonuclar, gallik asit
esdegeri (GAE) olarak verilmistir. Antioksidan aktivitesi ise DPPH (1.1-difenil-2-pikril-
hidrazil) yontemi kullanilarak tespit edilmistir (Brand-Williams ve ark.. 1995).

Elde edilen tiim verilerin istatistiksel olarak degerlendirilmesinde tesaduf bloklar:
deneme deseni kullamlmigtir (Diizgiines ve ark.. 1983). Istatistiksel analiz i¢in
MINITAB'1n GLM (ANOVA) prosediirii kullanilmigtir. Ortalamalar arasindaki anlamlh
farkliliklar: belirlemek icin Tukey testi uygulanmig ve ortalamalarin anlamhihik dizeyi
0.05 olarak kabul edilmistir.

BULGULAR ve TARTISMA

Konyanin Eregli Ilgesinde, Kirikhan popiilasyonu siyah havucun 2020 yilinda ekimi ve
Uretimi yapilmigtir. Arastirma sonucunda elde edilen ana bitki dagilim diizginlaga ve
birim alandaki bitki sayilar1 Cizelge 3’te verilmistir.
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Cizelge 3in incelenmesiyle, tarla kogullarinda elde edilen sira T{zeri ekim
mesafelerinde artig goriilmiistiir. Anma ekim mesafelerine bagh olarak (Z:=22.30,
75=49.08 ve Z3=67.22 mm) tarla kosullarinda ciplak kalibre tohumda sirasiyla ortalama
44.24 mm, 62.75 mm ve 103.53 mm, kaplanmis tohumda ise 55.67 mm, 84.41 mm ve
107.95 mm sira uzeri bitki mesafeleri elde edilmistir. Bagka bir ifadeyle bitkiler arasi
mesafeler, sira tizeri mesafelerin yiikselmesine bagh olarak ¢iplak tohumda sirasiyla 1.98,
1.28 ve 1.54 kat, kaplh tohumda ise 2.50, 1.72 ve 1.61 kat daha fazla bulunmustur.
Biilbiil (2017), Eregli yerel popiilasyonu kalibre edilmemis c¢iplak siyah havug

tohumlariyla, 2015 yilinda yaptigr ekimde, farkli bask:i tekerleriyle, dik ile yatay
rotavatorle hazirlanmis tohum yataginda ve 2.38 cm, 4.65 cm ile 6.78 sira Uzeri
mesafelerde, artis oranlarimi sirasiyla, 3.18 ile 4.81 kat, 2.42 ile 3.13 kat ve 1.80 ile 3.10
arasinda degistigini bildirmektedir. Aragstirmada elde edilen sira tizeri mesafelerdeki artis
oranlarmin disiik olmasi, tohumlarin kalibre edilmesinden kaynaklanmaktadir.

Cizelge 3. Ciplak ve kaplanmis tohumlar ile tiretilen Kirikhan popiilasyonu siyah havug
bitkisinin ana dagilim diizgiinligu ile bitki sayisi.

Table 3. The main distribution uniformity and plant count of the Kirikhan population
black carrot plants produced with bare and coated seeds.

Zavg VK Bitki sayis1
(mm) %) (bitki.m2)
T1 69.51 75.78a 59.79a
Tohum To 82.68 69.59 43.56p
SHO 1.644 2.455
P-degeri 0.021 0.001
VA 48.95 77.02a 87.89a
72 73.58 73.38ab 39.24yp
Sira tizeri 73 105.74 6'7.65p 27.89.
mesafe SHO 2.014 3.007
P-degeri 0.020 0.000
Tix Z1 44.24 79.12 105.11a
T x Z2 62.75 76.70 39.04.
Tohum x Sira Tix Zs 103.53 71.50 35.22¢
uzeri Te x Z1 55.67 74.92 70.67y
Te x Z2 84.41 70.06 39.44.
Tex Zs 107.95 63.79 20.56¢
SHO 2.848 4.352
P-degeri 0.822 0.005

a b ¢ Bir siitundaki farkl {ist simgelere sahip ortalamalar istatistiki olarak farklihk gosterir (p<0.05), SHO standart hata ortalamasi,
T kalibre edilmis ¢iplak tohum, T2 kapl tohum, Z1, Zz ve Z3 sira tizeri ekim mesafeleri,

Ana bitki dagilim dizgunligiini ifade eden varyasyon katsayisi degerleri, sira tizeri anma
ekim mesafelerindeki artisa bagh olarak sirasiyla kaplanmis tohumda %79.12, %76.70 ve
%71.50, kapl tohumda ise %74.92, %70.06 ve %63.79 olarak bulunmus ve azalma egilimi
gostermistir. Bunun nedeni sira lzeri ekim mesafesinin artisina bagh olarak ekim
makinesinin transmisyon oraninin dismesinden, diger bir deyisle ekici diskin c¢evre
hizinin azalmasindan kaynaklanmigtir (Onal. 1987). Tohum ve sira {izeri ekim mesafesi
parametreleri istatistiksel olarak anlamli bulunmus, kalibre ciplak ve kapli tohumda
ortalama varyasyon katsayis1 degerleri sirasiyla %75.78 ve %69.59 olarak, sira tizeri ekim
mesafelerinin ortalamalari ise sirasiyla %77.02, %73.38 ve %67.65 olarak tespit edilmigtir.
Tohum ve sira tzeri ekim mesafesi interaksiyonu ise istatistiksel olarak anlamh
bulunmamigtir. Eregli bolgesinde kalibre edilmis ve kaplanmis Kirikhan popiilasyonu
siyah havug¢ tohumlar ile yapilan aragtirmada, benzer sonuclar elde edilmis olup, 2.36,
4.92 ve 6.71 cm’lik sira tzeri ekim mesafelerinde tarla kosullarinda sira tizeri bitki

251



O© 0N O WN -

NNOMNNNNNRPRRPRPRPRERRERRER R
OO WOWNPFPOOO~NO O WNPEO

HACISEFEROGULLARI and USLU / Turk J. Agr Eng Res (TURKAGER), 2024, 5(2), 244-261

dagilim dizginligini ifade eden varyasyon katsayis1 degerleri, ¢ciplak kalibre tohumda
%77.83, %85.71 ve %70.89 olarak, kaplanmig tohumda ise %70.95, %66.67 ve %64.24
olarak belirlemistir (Sadetas Onal. 2023).

Birim alandaki (m2?) bitki sayilari, sira iizeri ekim mesafelerine bagh olarak, ciplak
tohumda sirasiyla 105.11, 39.04 ve 35.22 bitki.m2, kaphh tohumda ise 70.67, 39.44, ve
20.56 bitki.m?2 olarak bulunmustur. Tim parametreler istatistiksel olarak &nemli

bulunmus olup, her iki tohumun Z; anma ekim mesafesi disinda, diger sira tizeri ekim
mesafelerinde elde edilen bitki sayis1 degerleri arasinda istatistiksel olarak anlamli bir
farklilik bulunmamistir. Bolgede, Eregli popiilasyonu i¢in metrekarede 60-90 adet bitki
olmas1 istenmektedir. Ancak bu sayinin sadece Z: ekim mesafesinde elde edildigi
goriilmektedir. Biilbiil (2017), dik rotovatérle hazirlanan tohum yataginda ortalama
27.26 bitki.m2, Yalcin Dokumac: (2021) ise ekici diskte ii¢ sira ve 96’sar delik bulunan
ekim tekniginde ortalama 42.64 bitki. m?2 elde edildigini bildirmektedir.

Siyah havu¢ orneklerinin O6l¢imleri sonucu elde edilen kitle, c¢ap, uzunluk ve

catallanma oranlar1 Cizelge 4’te verilmigtir. Siyah havuclarin en bliyik cap degerleri
25.91 mm ile 47.03 mm arasinda bir degisim gostermistir. Secilen parametreler (p>0.01)
ve interaksiyonu (p>0.05) istatistiksel olarak anlamli bulunmus, en yiiksek cap degeri
47.03 mm ile T2Zs kombinasyonunda elde edilmistir. Kirikhan yerel popiilasyonu siyah
havuclarin ¢ap degerlerinin 29.8 ile 34.7 mm arasinda bir degisim gosterdigi
(Anonim. 2022), arastirmada ise T1Z1, T1Zs, ToZ2 ve T2Zs kombinasyonlarinda elde edilen
havug cap degerlerinin bu sinirlarin disinda oldugu belirlenmistir. Biviktay (2018), yaptig

arastirmada Kirikhan popilasyonu siyah havucglarin ortalama cap degerini 32.06 mm
olarak elde etmistir. Bu en biiyiik cap degeri, arastirmada elde edilen ciplak (33.85 mm)
ve kapli tohumda (39.23 mm) elde edilen ortalamalardan daha diisiik bulunmustur.
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Cizelge 4. Kirikhan populasyonu siyah havuclarin baz fiziksel 6zellikleri ve dagilima (%).
Table 4. Some physical properties and distribution (%) of black carrots in Kirtkhan population.

Ort. ¢ap Havug cap araligimin dagilimi (%) Ort. kiitle Havug kiitlesi dagilimi (%) Ort. uzunluk Catallanma orani
(mm) <24.99 25- 45 >45.01 (g) <49.99 50- 200 >200.01 mm (%)
Tohum Th 33.85p 27.39. 53.41 19.20p 120.13p 29.46, 52.36 18.17 246.8, 7.43
T 39.23. 11.62 55.22 33.16. 162.44, 14.26p 55.11 30.63. 284.0y 8.69
SHO 0.5661 1.912 2.745 2.091 6.11 1.624 2.355 1.880 7.959 1.594
P-degeri 0.000 0.000 0.650 0.000 0.000 0.000 0.422 0.001 0.006 0.585
Sira uzeri Za 29.47. 34.45, 54.53ap 10.01. 86.15. 40.27, 50.90 8.83. 217.44 6.06
mesafe Zs 36.541 15.84y 62.644 21.52; 140.30y 15.63p 62.77, 21.61» 285.1p 6.94
Z3 43.61a 7.22 45.78y 47.01a 197.41a 9.70p 47.53) 42.76, 293.81 11.18
SHO 0.6934 2.342 3.362 2.561 7.485 1.988 2.889 2.303 9.747 1.952
P-degeri 0.000 0.000 0.014 0.000 0.000 0.000 0.007 0.000 0.000 0.183
Tohum x Sira Tix7Z: 25.91q 51.93. 43.89 4.18d 57.73 57.20a 40.13. 2.67 202.2 2.27
lzeri Tix Ze 35.44. 18.80 61.89. 19.31bea 131.26 16.99c 64.65, 18.36 265.7 7.13
Tix Zs 40.19, 11.43nc 54.464 34.11p 171.41 14.21bc 52.30abe 33.49 272.4 12.87
Ty x 71 33.04. 18.9T 65.18, 15.85¢ 114.57 23.34p 61.67ap 14.99 232.6 9.85
Ty x Z2 37.63he 12.88. 63.38a 23.74be 149.34 14.26p. 60.88a 24.86 304.2 6.74
Tex Zs 47.03a 3.09. 37.09 59.90a 223.40 5.19. 42.7Tve 52.04 315.1 9.49
SHO 0.9806 3.312 4.784 0.622 10.585 2.812 4.086 3.256 13.785 0.165
P-degeri 0.047 0.003 0.006 0.035 0.179 0.000 0.006 0.222 0.902 2.761

a, b, ¢ Bir stitundaki farkl iist simgelere sahip ortalamalar istatistiki olarak farklihk gésterir (p<0.05), SHO standart hata ortalamasi, T; kalibre edilmis ciplak tohum,
T2 kaph tohum, Z1, Z2 ve Zs sira tizeri ekim mesafeleri

253



HACISEFEROGULLARI and USLU / Turk J. Agr Eng Res (TURKAGER), 2024, 5(2), 244-261

Havuclarin ortalama kiitle degerleri 57.73 g ile 223.40 g arasinda bulunmustur. Elde
edilen kiitle degerlerinin, tohum (p<0.01) ve sira tizeri mesafeden (p<0.01)
istatistiksel olarak etkilendigi belirlenmis olup, en biiyiik ortalama kiitle degerinin
kapli tohumda (162.44 g) ve Zs ekim mesafesinde (197.41 g) elde edildigi
gorilmektedir. Kirikhan yerel ekotip siyah havucun kitle degerinin 109 ile 167.4 g
arasinda oldugu bildirilmektedir (Anonim. 2022). Bu acidan degerlendirildiginde,

T1Z1, T1Zs ve T2Zs kombinasyonlarinda elde edilen kiitle degerlerinin, bu sinirlar
disinda oldugunu goérilmektedir. Ayrica Kirikhan yerel genotipinin ekiminde
ortalama olarak 131.4 g havuc kiitlesi elde edildigi bildirilmektedir (Biyiktay. 2018).
Bu acidan degerlendirildiginde, c¢iplak tohumla (120.13 g) elde edilen kiitle
degerlerinin diisiik, kapl tohumla (162.44 g) elde edilen degerin ise yiiksek olarak

bulundugunu belirtebiliriz.

Siyah havucglarin ortalama uzunluk degerleri 202.2 mm ile 315.1 mm arasinda bir
degisim gostermis olup, tohum (p>0.01) ve sira ilizeri mesafe parametreleri (p>0.01)
istatistiksel olarak 6nemli bulunurken, bu parametrelerin etkilesimi istatistiksel
olarak anlamli bulunmamistir. En biylik ortalama uzunluk degerinin kaplh
tohumda (284 mm) ve Zs ekim mesafesinde (293.8 mm) elde edilmistir. Ilgili cografi
isaret belgesinde havu¢ uzunlugunun 243 mm ile 307 mm arasinda degistigi
belirtilmistir (Anonim. 2022). Bagka bir ifade ile TiZ: ile TZ1 ve TsoZs
kombinasyonlarinda elde edilen uzunluk degerleri, belirtilen sinirlarin disinda

bulunmustur. Eregli popiilasyonu siyah havug¢ tohumlariyla 2017 tretim yilinda
yatay ve dik rotovatorlerle hazirlanan tohum yataginda elde edilen, siyah havuc¢larin
boy degerlerinin sirasiyla 212.86 mm ile 242.58 mm ve 216.08 mm ile 281.72 mm
arasinda degistigi bildirilmektedir (Biilbiil, 2017). Kirikhan yerel genotip siyah

havugta ise ortalama havug¢ boyunun 283.1 mm olarak elde edildigi rapor edilmigtir
(Biyiktay, 2018).
Havuglarda ¢atallanma oranlar1 %2.27 ile %12.87 arasinda bir degisim gostermis

olup, en yuksek catallanma orani kapli tohumda ve Zs ekim mesafesinde elde
edilmesine ragmen, istatistiksel olarak énemli bulunmamistir. Biilbiil (2017), Eregli
yerel popillasyonu siyah havug¢ tohumlar:1 ile yaptigr ekimlerde, catallanma
oranlarini dik ve yatay rotovatorle hazirlanan tohum yataginda ortalama olarak
sirasiyla 2015 yilinda %12.05 ile %8.30 ve 2016 yilinda ise %18.55 ile %16.22
oranlarinda bulmustur. Arastirmada elde edilen ciplak (%7.43) ve kapli tohumlarin
(%8.69) ortalama catallanma oranlar1 diisitk bulunmustur. Yalcin Dokumac (2021),

arastirmasinda 2018 yilinda aymi ekim tekniginde ve 3, 5 ve
7 cm’lik sira tzeri mesafelerde ortalama olarak swrasiyla %19.32, %10.01 ve

%30.63liik catallanma oranlari elde etmistir. Vural ve ark. (2000), havuclarin
catallanma yapmasinin istenmedigini, bunun havucun silindirik yapisini
bozdugunu, yikama igslemini zorlagtirdigini ve havucun kalitesini digiirdiigiini
vurgulamaktadirlar.

Cizelge 4’te verilen cap aralig1 yluzdesinin en yiuksek Th1Zz2'de elde edildigi, T1Zs,
ToZ1 ve TeoZ2 ile aralarinda ise istatistiksel bir fark olmadig1 gorilmektedir. Cap
degerlerinin <24.99 mm’den kiiciik olanlarin en yiiksek degeri T1Z:'de (%51.93) elde
edilmis ve diger kombinasyonlara gore aralarinda istatistiksel olarak anlamli bir
iliski bulunmustur (p<0.05). Cap degerlerinin 45.01 mm’den biiyiik olanlarin oram
ise en yiiksek T2 tohumunda (%33.16) (p>0.01) ve Zs ekim mesafesinde (%47.01) elde
edilmis ve istatistiksel olarak anlamli bulunmustur (p>0.01). Havuc ¢ap degerleri
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45.01 mm’den biiyiik olanlarin dagilimi en yiiksek T2Zs (%59.90) interaksiyonunda,
en diisiik ise T1Z1 (%%4.18) interaksiyonunda elde edilmis ve diger interaksiyonlarla
arasinda istatistiksel olarak anlaml bir farklihik bulunmustur (p<0.05).

TS 1193'deki havug¢ boylama standardinda ekstra simifta bulunan ve 50-200 g
kitle araligina giren havuglarin yiizde dagilimlar: incelendiginde, Z2 anma ekime
mesafesinde (%62.77) ve interaksiyonlarda ise T1Zs2 kombinasyonunun (%64.65) en
yiiksek oranlar elde edilmistir (p<0.01). Baska bir ifadeyle, T2Z1 ve T2Ze
interaksiyonlar: arasinda istatistiksel bir farklilik belirlenmemigtir. <49.99 g’dan
kiigiik olanlarin en digik oraninin T:Zs kombinasyonunda istatistiksel olarak
farklihk gosterdigi tespit edilmistir (p<0.01). Kiitlesi 200.01 g’dan biiyiik olanlarin
yuzdeleri incelendiginde, interaksiyonlar arasinda istatistiki olarak anlamli bir
iliski goriilmemistir. Ciplak tohumda T1 (%18.17) ve Zi sira {izeri mesafede (%8.83)
ise istatistiksel olarak anlamli bir iligki belirlenmis ve en diisiik degerler elde
edilmigtir.

Kirikhan popilasyonu siyah havu¢ suyunun renk degerlerinin degisimi
Cizelge 5te verilmistir. L*, a*, b* C ve h* degerleri incelendiginde, tim
interaksiyonlarin istatistiksel olarak anlaml oldugu gorilmektedir. L* degerleri
(parlaklik) genel olarak degerlendirildiginde degisimin 24.40 ile 25.98 arasinda bir
degisim gosterdigi ve T1Z1 kombinasyonunda ise parlaklik degerinin yiiksek oldugu
ve diger interaksiyonlar ile arasinda anlamli bir farklilik oldugu bulunmustur.
a* degerleri incelendiginde, kirmizi tonun belirgin oldugu, en yiliksek ortalama
degerin T: tohumu (7.499) ile TiZ: (8.35), TiZ: (7.940) ve TiZs (8.430)
interaksiyonlarinda elde edildigi belirlenmis ve interaksiyonlar arasinda istatistiki
acidan bir farklilik olmadig1 saptanmistir. b* degerlerine bakildiginda, genel olarak
mavi tonlarin hakim oldugunu, en yiiksek mavi ton degerinin T1Z2interaksiyonunda
(-1.623) bulundugu ve istatistiksel olarak da anlamli oldugu tespit edilmistir.
Biviktay (2018), Kirikhan genotipinin farkli ekim zamanlarinda havug¢ etindeki

L*, a* ve b* degerlerini ortalama olarak sirasiyla 3.38, 0.36 ve 0.32 olarak rapor
etmigtir.

Tablo 5. Kiritkhan populasyonu siyah havu¢ suyunun renk 6zellikleri.
Table 5. Color characteristics of Kirtkhan population black carrot juice.

L* a* b* C h°
Tohum T 24.97 7.499, -1.024y 7.584 352.2
Te 24.80 6.74T, -0.824, 6.81y 352.4
SHO 0.1878 0.1648 0.0387b 0.1622 0.417
P-degeri 0.529 0.007 0.003 0.006 0.683
Sira lzeri VA 25.22 7.013 -0.913y 7.09 351.9
mesafe Zo 24.61 7.038 -1.245, 7.15 350.2y
73 24.82 7.317 -0.615, 7.35 354.8,
SHO 0.2300 0.2018 0.0474 0.1986 0.5110
P-degeri 0.208 0.517 0.000 0.636 0.000
Tohum x Sira Ty x 71 25.98. 8.353a -0.683ap 8.38. 355.3ab
lizeri mesafe TixZs 24.40y 7.940, -1.6234 8.11, 348.4.
Tix Zs 24.53ap 6.203p -0.767ap 6.25p 352.8p
Te x Z1 24.4641 5.673y -1.143; 5.79% 348.5.
Te x Ze 24.83ap 6.13Ty -0.867ne 6.19, 352.0p
Tex Zs 25.11ap 8.430a -0.4634 8.44a 356.9a
SHO 0.3252 0.2854 0.0670 0.2809 0.7227
P-degeri 0.012 0.000 0.000 0.000 0.000

a.b.¢ Bir siitundaki farkl iist simgelere sahip ortalamalar istatistiki olarak farklilik gésterir (p<0.05), SHO standard hata ortalamasi,
T: kalibre edilmis ¢iplak tohum, T2 kapl tohum, Zi, Zz ve Z3z sira tizeri ekim mesafeleri
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Siyah havu¢ suyunun Chroma (C) degeri 0-60 arasinda bir deger almakta ve bir
rengin yogunlugunu (parlakligini) veya canliligini belirtmektedir. Kirikhan
populasyonu tohumlarda, Chroma degerleri, 5.79 ile 8.44 arasinda bir degisim
gostermigtir. Bu degerler en yiliksek TiZi, TiZ2 ve TeZs interaksiyonlarinda elde
edilmis ve diger interaksiyonlarla aralarinda ise istatistiksel olarak anlamli bir
farklilik bulunmustur.

Hue degeri (h°), renk tonu acgilar: veya renkle (renk degisimi) ilgili bir nitelik olup
0°-360° arasinda degismektedir. Arastirmada elde edilen Hue degerleri 348.5° ile
356.9° arasinda bir degisim géstermis olup, renk diizleminde kirmizi tonlara karsilik
geldigi goriilmektedir. T1Ze ile TeZ1 interaksiyonlarindan elde edilen Hue degerleri,
diger interaksiyonlara gore istatistiksel olarak anlamli bulunmus olup, T1Zz1le T2Zs
interaksiyonlarinin ise kirmizi-mor tonlara yakin oldugunu belirtebiliriz.
Biilbul (2017), Eregli popiilasyonu ciplak siyah havu¢ tohumlariyla ve dik rotovatorle
hazirlanan tohum yataginda, 6n ile arka baski tekeri lastik ve ortada tgli dar lastik
bulunan pnématik sebze ekim makinesiyle 2015 ve 2016 iretim yilinda Chroma
degerlerini sirasiyla 13.15 ile 14.75 ve 17.44 ile 17.74 arasinda, h° degerlerini ise
356.3°1le 357.7° ve 355.8° ile 358.2° arasinda bir degisim gosterdigini bildirmektedir.
Aragtirma sonuglari bu yerel popilasyon ile karsilagtirildiginda, Kirikhan
popilasyonu siyah havu¢ suyunun renk yogunlugunun ve renk tonunun daha diisiik
oldugunu, bagka bir ifade ile havu¢ suyunun parlakliginin diigik ve rengin kirmizi-
mor tona yaklagtigini vurgulayabiliriz.

Kirikhan popitlasyonu siyah havu¢ suyunun gida analiz sonuglar1 Cizelge 6’da
verilmistir. Tohum x sira lzeri mesafe interaksiyonunun briks, pH, antioksidan
aktivitesi ve toplam fenolik icerigindeki degerlerin degisimleri istatistiksel olarak
anlamli bulunmamastir.

Analizi yapilan havucglarin nem degerleri %82.32 ile %86.43 arasinda, briks
degerleri ise %7.37 ile %8.70 arasinda bir degisim gostermigtir. Kirikhan ilgesinde
uretilen siyah havuc populasyonunun cografi isaret belgesinde briks degerlerinin
%9.11le %10.7 arasinda degistigi (Anonim. 2022) ve Kirikhan ilcesinde ayn1 havuclar
uzerine yapilan bagka bir arastirmada, briks degerlerinin ortalama %9.99 olarak
elde edildigi (Biviktay. 2018), Eregli popiilasyonu siyah havucun bu lokasyonunda

2016 yili tiretiminde ise ortalama briks degerinin %16.61 ile %17.42 arasinda elde
edildigi (Biilbiil. 2017) bildirilmistir. Yapilan diger arastirmalarda, briks degerinin
%9.10 (Baysal ve ark.. 2013), siyah havuc suyu érneginde suda ¢oziiniir kuru madde
baslangic degerinin %10.5 (Lafci. 2019) ve Konya yéresinde ii¢c farkli yerde

yetistirilen yerel siyah havug¢ genotiplerinde 8.90-15.10 arasinda elde edildigi
bildirmistir (Nacem. 2017). Elde edilen pH degeri ise 5.47 ile 5.61 arasinda degisim
gostermis olup, yine ilgili cografi isaret belgesinde bu degerin 5.95 ile 6.22 arasinda
oldugu belirtilmistir (Anonim. 2022). Arastirmadan elde edilen briks ve pH degerleri,
literatiirde belirtilen degerlerden daha diisiik bulunmustur.
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Cizelge 6. Kirikhan populasyonu siyah havug¢ suyunun gida analiz sonuglari.
Table 6. Nutritional analysis results of Kirikhan population black carrot juice.

Nem Briks pH Antioksidan Toplam fenolik icerigi
icerigi (%) (%) Aktivite (%) mg GAE (100 g)!

Tohum T1 84.05 8.29 5.52 79.81 710.2
T2 83.56 7.73 5.59 78.91 665.9
SH 0.1918 0.0239 0.4022 23.667
P- 0.061 0.065 0.057 0.062
degeri

Sira tizeri 71 83.29 7.94 5.56 78.74 712.6ap

mesafe Zs 82.28 7.71 5.53 80.03 744.7,
Zs 84.21 8.36 5.58 79.30 607.0p
SH 0.2349 0.0294 0.4925 28.99
P- 0.181 0.200 0.222 0.007
degeri

Tohum x Ti x Z1 83.40 8.10 5.54 79.29 742.1

Sira tizeri T1 x Ze 82.32 8.06 5.47 79.81 803.7

mesafe Ti1x Zs3 86.43 8.70 5.56 80.32 585.1
Te x Z1 83.17 7.78 5.59 78.20 683.1
Te x Zo 82.42 7.37 5.58 80.25 685.7
Tex Zs 85.26 8.03 5.61 78.29 629.1
SH 0.6482 0.0405 0.6966 40.99
P- 0.820 0.479 0.243 0.097
degeri

a, b, ¢ Bir stitundaki farkl iist simgelere sahip ortalamalar istatistiki olarak farklilik gosterir (p<0.05),
SHO standart hata ortalamasi, T1 kalibre edilmis ¢iplak tohum, T2 kapli tohum, Z1, Zs ve Zs sira tizeri
ekim mesafeleri

Antioksidan aktivite degerleri %78.20 ile %80.32 arasinda bir degisim
gbstermistir. Eregli popiilasyonu tohumlarla 2016 yilinda elde edilen antioksidan
aktiviteleri ortalama %43.66 ve %42.96 olarak bildirilmistir (Biilbiil. 2017). Ayrica,
sucuk liretiminde kullandiklar: siyah havu¢ konsantresinin antioksidan degerinin
%89.71 oldugu rapor edilmistir (Elkici ve ark.. 2015)

Arastirma sonucunda, toplam fenolik icerikleri, 585.1 ile 803.7 mg GAE (100 g)!
arasinda bir degisim goésterdigi bulunmustur. Bu degerlerin sira tizeri mesafedeki

degisimi istatistiksel olarak anlamli bulunmus olup, Zi, Z2 ve Zs3 ekim mesafelerine
baglhh olarak toplam fenolik iceriklerinin swrasiyla 712.6, 744.7 ve
607.0 mg GAE. (100 g)* olarak elde edildigi ve Zs ekim mesafesinde ise en yiiksek
degerin elde edildigi Cizelge 6’da gorilmektedir. Fenolik madde miktarlarinda
gozlenen farkliliklarin, sira Ttizerindeki bitkiler arasi mesafelerin artmasi
sonucunda, biyokimyasal reaksiyonlarin farkhilik géstermesinden kaynaklandig:
distunilmektedir. Bu nedenle, kapli tohumda tarla kogullarinda elde edilen bitkiler
aras1 mesafenin ¢iplak tohuma gore daha biiyiik olmasi fenolik igeriklerinin diisik
olmasinda etkili olmustur. Yapilan diger arastirmalarda, Eregli popiilasyonu siyah
havucunun 2015 ve 2016 y1li tiretiminde ortalama toplam fenolik madde degerlerinin
sirasiyla 504.73 ile 487.57 ve 512.3 ile 517.9 mg.(100 g)! arasinda (Biilbiil, 2017),
Eregli poptilasyonu havuglarda fenolik madde miktarinin
3051 mgkg?! (. 2008) ve yine Eregli ilcesinde aymi alanda ve esit sartlarda
yetistirilen 700 kokin i¢ renklerine gore 11 farkli grubun o6rneklerinin fenolik
igeriklerinin 516.5-1199.2 pg GAE. g'! arasinda bir degisim gosterdigi bildirilmistir
(Ozgen ve Sekerci, 2013). Eregli bolgesinde tiretilen Kirikhan genotipi ile Eregli

genotipini toplam fenolik madde degerlerini karsilastirdigimizda, Kirikhan
genotipinde daha yiiksek toplam fenolik icerikleri elde edilmistir. Literatiir
incelendiginde, Algarra ve ark. (2014) Antonina ve Purple Haze havuc cesitlerinde
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sirasiyla 187.8 ve 492 mg GAE. (100 g)1 fenolik madde miktar: elde ettiklerini, ayrica
Kaur ve Kapoor (2002) siyah havug suyunda 350.5 mg GAE. (100 g)! fenolik madde
miktarin elde ettiklerini bildirmislerdir. Orneklerin antioksidan aktivite ve toplam

fenolik 1iceriklerindeki farkliliklarin, lokasyon, tarimsal uygulamalar, iklim
farklilhiklar1 ve ekstraksiyon metotlar1 gibi faktoérlerden kaynaklanabilecegi
distinilmektedir.

SONUC

Sebzelere yonelik arastirmalar besin kalitesi, goérsel cekicilik ve tibbi olarak
hastaliklarin o6nlemesi agisindan o6nemlidir. Diger taraftan gintmizde yerel
genotiplerin énemi ve 1slah programlarinin uygulanmasi, stirdiiriilebilir bir tarim
sistemi icin 6nemli bir yaklagim olarak distnilmektedir. Yerel genotiplerin
korunmasi, sadece arastirmacilar i¢in degil, aym1 zamanda treticiler ve bunlarin
degisik igsleme prosesleri ile elde edilen farkli c¢iktilarla tiiketicilere sunulmasida
onemlidir. Bu nedenle Kirikhan popiilasyonu siyah havug¢ tohumlarinin farkh bir
lokasyonda tiretimi yapilmistir. Eregli Tlgesinde ¢ift¢i uygulamasindan farkl olarak,
tohumlarin siniflandirilmasi yapilmis ve ayrica tohumlara kaplama uygulamasi
yapilarak, pnomatik hassas sebze ekim makinesi ile ekimi yapilmistir. Boylece
yiiksek bir tarla ¢ikisinin, optimum bitki sayisinin ve bitki dagiliminin daha homojen
olmas1  (diizgiin)  amaclanmistir.  Arastirma  sonuclar1  genel olarak
degerlendirildiginde, tarla kosullarinda elde edilen ortalama sira {izeri mesafeler
yiksek oranlarda artmis, ancak bu mesafelerin varyasyon katsayis1 degerleri ise
azalmigtir. Siyah havug ekiminde istenilen bitki yogunlugu, her iki tohumda ve Z:
ekim mesafesinde yiuksek degerlerde elde edilmistir. Kalite kriterleri acisindan, 25-
45 mm cap araliginda en yiiksek degerler, ¢ciplak tohumda Zs ve kapli tohumda Z; ile
Z2 ekim mesafelerinde bulunmustur. 50 ile 200 g arasindaki kiitle ytizdeleri ise en
yiksek ¢iplak tohumda Z2 ekim mesafesinde saptanmistir. Ayrica kapl tohumda Z:
sira Uzeri mesafede he degerinin kirmizi-mor tona yakin ve toplam fenolik miktarinin
yiiksek olmasi nedeniyle, ¢iplak ve kalibre edilmis tohumlarin Z2 ekim mesafesinde
ekim yapilmas1 gerekmektedir. Bolgede siyah havucun ekim mekanizasyonuna
yonelik arastirmalara devem edilmesi, ayrica farkli havug ekim tekniklerinin ekim
diizginligine ve kalite kriterlerine etkisi konularinda, arastirmalarin stirdirilmesi
gerekmektedir.

CIKAR CATISMASI
Makale yazarlari olarak herhangi bir ¢gikar ¢atismasi olmadigini beyan ederiz.

YAZAR KATKISI

Haydar HACISEFEROGULLARI: Aragtirmanin planlanmasi, tarla denemelerinin
yapilmasi, verilerin elde edilmesi, verilerin degerlendirilmesi, makalenin yazimai,
Nurhan USLU: Literatir taramasi, tarla denemelerinin yapilmasi, verilerin elde
edilmesi, gida analizlerinin yapilmasi, verilerin degerlendirilmesi, makalenin
kontrold.
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ABSTRACT

In single-seed sowing of small seeds, in addition to seed size and shape, critical problems can be experienced
due to the electrostatic force that occurs during seeds adhering to the plate holes. To find a solution to these
problems, the effect of using seed tubes in single-seed planters was the subject of the study. For this purpose,
the study, designed with two different seed drop heights (115 mm and 200 mm) and without and with seed
tube, was carried out at three different forward speeds (0.5 m s, 1.0 m s, and 1.5 m s). According to the
analysis results applied to the data, it was determined that the seed distribution uniformity was negatively
affected by the increase in seed drop height and progress speed, and the planting quality deteriorated. While
It was expected that the use of seed tubes in single-seed planters would have a positive effect on the
uniformity of seed distribution intra-rows and inter-rows, it was found that on the contrary, the uniformity
of seed distribution deteriorated and there was a high degree of variation. The best values for seed
distribution uniformity were obtained with a forward speed of 0.5 m s, a seed drop height of 115 mm, and
no seed tube.

Keywords: Small seeds, Seed dropping method, Seed drop height, Forward speed

INTRODUCTION

Single-seed planters are machines used to plant large and small seeds that require
special care. It is aimed to provide the needs of the plants such as a living space,
water, and nutrients during and after the emergence process of the seeds planted
through these machines. Single-seed planting of small seeds is relatively more
difficult than large seeds. The reasons for this difficulty are the inability of small
seeds to adhere well to the seed plate holes due to size, weight, and shape, and the
electrostatic force caused by the plate peripheral velocity (Barut. 2008). The coating
of small seeds is one of the common methods used to overcome these problems and
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to avoid undesirable uniformity of seed distribution. Since the seed coating method
provides relative facileness in the planting process, many studies have been carried
out so far (Hacivusufoslu et al. 2015; Rocha et al. 2019; Afzal et al. 2020). Another
method is to monitor seeds in real-time during planting using sensors. Many of the
monitoring devices used in this method are based on piezoelectric, capacitance, radio
wave, and photoelectric detection theories (Liu ef a/. 2019). In this context,

numerous studies have been conducted using advanced systems developed to monitor
seed flow rates. Some of these studies include piezoelectric sensors
(Dongvan et al. 2013; Youchun et al. 2017; Youchun et al. 2018), capacitance
sensors (Liming et al.. 2010; Yujing et al.. 2013; Jakub et al.. 2017), high frequency
radio wave sensors (Linco  Precision, 2024), photoelectric  sensors
(Deividson and Rosane, 2014; Haotun et al, 2018; Marko et al, 2018) and camera
systems (Karavel ef al. 2006). The fact that the seed coating method requires an

additional cost and that sensor systems are not yet widespread in seed planters
shows that simpler solutions for the farmer should be emphasized.

In pneumatic single-seed planters, seed tubes are generally not required since the
drop height from the seed cell to the furrow is shorter than in conventional seed drills
(Kus. 2014). However, the height at which the seed drops into the soil is relatively
low and can vary depending on the type of furrow opener used on the planter.

Moreover, research suggests that ensuring uniform seed distribution with single-
seed planters is quite difficult due to the many factors that can affect planting
(Kus. 2021a; Kus. 2021b; Kus. 2021c¢). To tackle this challenge, the idea of integrating
seed tubes into pneumatic single-seed planters has emerged as a viable solution. The
aim of this study was to determine whether the use of a seed tube would make a

positive contribution to seed distribution uniformity on small-grained seeds in
pneumatic single-seed planters that do not use a seed tube. For this purpose, small-
grained seeds were sown without coating, and the performance of the seed device
unit was examined under the influence of forward speed, seed-dropping height, and
seed-dropping method.

MATERIALS and METHODS

The study was conducted using a sticky band test setup located in the Biosystems
Engineering Laboratory of the Faculty of Agriculture at Igdir University, Tiirkiye.
Mung bean (Vigna radiata L.) seeds were used in the experiments. Thousand-grain
weight (g), bulk density (kg m™), angle of repose (°), sphericity (%), and laboratory
germination degree values of the seeds determined according to
ASAT Standard (2005) were 5.0, 87.2, 18.1, 88.3 and 83.3, respectively. Taking into
account the practical values commonly used for mung bean seeds, an inter-row

spacing of 500 mm and an intra-row spacing of 50 mm were selected.

The experimental stand consists of three parts: a fan unit, a seed metering unit,
and a sticky band. The fan unit was employed to generate the vacuum pressure
needed for the small seeds to adhere to the holes of the metering disk. For mung
beans, 40 perforated discs were used, and following preliminary trials, the optimal
disc hole diameter was determined as 2 mm.
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The sticky band stand mounted among two rollers, with a diameter of 145 mm,
was 10 meters in length and 0.5 meters in width. The sticky band was divided into
400 across strips, each 25 mm wide, using a laser. Furthermore, a continuous line
was drawn along the band's longitudinal axis, precisely in the center. This line is
called the Band Center Line (BCL) and is used to determine the row deviation
amount of the seeds. As it is well known, the inter-row spacing of seeds (i.e. deviation
from the row) in field conditions are determined by accounting for the deviations of
the seeds to the left and right of the furrow once emergence is completed. The BCL
line drawn longitudinally from the center of the band was used to represent the
bottom of the furrow in laboratory conditions. To measure the deviation of the seeds
from the normal during the experiments, the BCL was positioned to align with the
metering disc point where the seeds of mung beans were freely released from the
metering unit. While the seeds were falling freely on the sticky band, the amount of
grease on the surface of the band was determined by preliminary experiments and
examined in each replicate to prevent bounces (Figure 1). The fan, seed metering
unit, and sticky band are each powered by separate electric motors and controlled
via speed drivers. The electric motor that drives the fan unit adjusted with a speed
driver to be equivalent to the 540 rpm PTO of the tractor.

The experiments were carried out with three different band forward speeds
(0.5m s, 1.0 m s?, and 1.5 m s}) two seed drop heights (115 and 200 mm), and two
seed dropping methods (without seed tube and by seed tube), by design a factorial
trial layout with three replications. At each repetition, the band is greased, the fan
is turned on, and when it reaches the appropriate speed (the speed equivalent to the
540 rpm PTO of the tractor) the seed metering device is started, and finally the
electric motor that drives the belt is started. In the closure process, the reverse
procedure was applied, and each repetition was completed. Afterward, to determine
the uniformity of seed distribution, the spacings between consecutive seeds in rows
and the spacings from the right and left to the BCL line were measured by a scale.
The measurements were conducted over a 6000 mm section of the sticky band.

Performance indicators were used to determine the sowing quality: if the spacing
between consecutive seeds was greater than 1.5 times the target seed spacing (Z), it
was evaluated as the miss index (Imiss>1.5Z), if it was equal to or less than half of
the target seed spacing, it was evaluated as the multiple index (Imult<0.57), and if
it was greater than half of the target seed spacing and less than 1.5 times, it was
evaluated as the quality of feed index (0.5Z<Iq<1.5Z) (Kachman and Smith 1995;
Singh et al. 2005). To determine the impacts of forward speed, seed drop height, and

seed dropping method on the planting quality and seed distribution uniformity,
analysis of variance (ANOVA) was performed using the SPSS package program.
Duncan's Multiple Range was then applied to recognize dissimilarities and
similarities among the parameter levels.
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Belt length

Figure 1. The parts of the sticky band test rig- (a) seed box (1), AC driving (2), vacuum
unit (3), sticky band (4), and AC motor (5). The dimensions are measured in
millimeters (b), (Kus. 20212).

RESULTS AND DISCUSSION

The effects of forward speed, seed dropping height, and seed drop method on the seed
distribution uniformity and planting quality of mung beans (Vigna radiata L.) using
a single-seed planter were determined by applying variance analysis and multiple
range tests to the data (Tables 1 and 2). By the outcomes of the ANOVA, although
the signification levels of forward speed effects on seed spacing of the intra-row,
deviation from the row, miss and multiple indexes, and QFI varied, they were
generally found to be significant. The effect of seed drop height was found to be very
significant only in the intra-row seed spacing, while the seed dropping method was
found to be significant in all other parameters except for the miss index. Additionally,
another result to consider in the analyses is the interactive effects of the parameters.
While the seed-dropping method does not statistically affect the miss index, the
interaction between forward speed and the seed-dropping method was determined to
be very significant. As it is known, the increase in forward speed affects the
peripheral speed of the seed disc, while the use of a seed tube influences the way the
seeds fall. It i1s assumed that a significant relationship exists between these
interactions, which could be a result of the effect of forward speed on the free fall of
the seeds and their movement within the seed tube. Furthermore, it has been
determined that the three-way interaction significantly influences horizontal seed
distribution, particularly in terms of intra-row and inter-row (deviation from row)
seed spacing.
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Table 1. Significance levels (P values) of variance analysis results.

Sources of Variation SS DFR MI MU QFT™
Forward speed (S) 0.000* 0.002 0.040 0.000 0.000
Seed Drop Height (SFH) 0.000 0.766 0.097 0.231 0.779
Seed Drop Method (SFM) 0.000 0.003 0.946 0.000 0.000
S x SFH 0.010 0.019 0.085 0.090 0.028
S x SFM 0.736 0.023 0.000 0.132 0.001
SFH x SFM 0.734 0.001 0.654 0.029 0.041
S x SFH x SFM 0.004 0.030 0.695 0.556 0.644

* 1 P <0.01 is greatly significant, P < 0.05 is significant and P >0.05 is insignificant. *: SS; Intra-Row Seed Spacing, DFR;
Deviation from Row, MI; Miss Index, MU; Multiple Index, QFI; Quality of Feed Index

According to the results of the multiple range tests conducted to determine the
difference between the forward speed levels, all levels had different effects on the
intra-row seed spacing. There was no statistical difference between the first and
second levels (0.5 m s and 1.0 m s in deviation from the row and miss index, and
between the second and third levels (1.0 m s and 1.5 m s!) in multiple index and
QFI (Table 2).

Table 2. Multiple comparison test results for forward speed.

Forward Speed SR DFR MI MU QFI

0.5 m s 53.03 ¢™ 2.71Db 11.68 Db 9.04 b 79.28 a
1.0 ms? 56.49 b 2.97Db 12.63 ab 15.63 a 71.17b
1.5ms?! 63.80 a 4.73 a 15.14 a 16.21 a 69.24 b

*SS; Intra-Row Seed Spacing, DFR; Deviation from Row, MI; Miss Index, MU; Multiple Index, QFI; Quality of Feed Index
**! There is no statistical difference between the averages with the same letter in each column.

The coefficient of variation (CV) values of intra-row seed distribution uniformity
are shown in Figure 2. Since the experiments were conducted according to a factorial
setting, the value of each column of the forward speed in Figure 2 is the average of
12 replications, and the value of each column of the seed drop height and seed drop
method is the average of 18 replications. As they can be seen in Figure 2, the highest
CV values were obtained at 1.5 m s forward speed, 200 mm seed drop height, and
when the seed tube was used. The CV values were found to be coherent with the
results of the ANOVA for intra-row seed spacing given in Table 1. In addition, the
average values of actual seed spacing measured intra-row, depending on the effect of
forward speed, seed-drop height, and seed-dropping method, were compared with the
target seed spacing value in Figure 3. As it can be understood from the figure, the
greatest effect of the variation occurring due to the effect of the parameters on the
seed spacing intra-row caused an average deviation of approximately 27.6% in
forward speed, 19.8% in seed drop height, and 18.9% in seed dropping method.
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Figure 2. Values in coefficient of variation of seed spacing within the row.
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Figure 3. Comparison of seed spacing values measured in row with the theoretical
value.

It is understood from the results of the analysis that the seed distribution
uniformity of mung bean sown under the influence of three factors was significantly
affected. The results of the previous studies with coarse-grain seeds and the effect of
forward speed and seed dropping height on seed distribution uniformity were in
parallel with the results of the current study with small-grain seeds for the same
parameters (Kus, 2021a; Giinal and Kus. 2021). Another issue that caused a
significant worsening in the intra-row seed distribution uniformity was the use of

seed tubes. While it was expected that the use of seed tubes would improve the intra-
row seed spacing, on the contrary, it caused it to worsen. This distortion in the seed
distribution can also be seen in the coefficient of variation values given in Figure 2.
We assumed that the reason for this is the movement trajectory of the seed within
the seed tube. The reason for this assumption was based on observations made
during experiments with the seed tube. In these observations, it was hypothesized
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that the seeds would come out of the spout of the tube by bouncing or being scattered,
which could be the cause of the irregularity. Yazg1 er a/ (2020) reported that the
point at which the seed leaves the metering disc into the seed tube affects the intra-
row seed spacing with the effect of the disc's peripheral speed and may cause
bouncing and slipping in the seed tube. The information that the seed may be

subjected to bouncing and sliding in the seed tube depending on the point of release
supports the unevenness detected in the current study.

In addition to the CV, three indexes (the miss, multiple, and QFI indexes) are used
as indicators of sowing quality. When the quality indicators of mung bean in
Figure 4 were analyzed, the worst result was obtained when the seed tube was used.
When the use of the seed tube was evaluated according to the without seed tube
condition, it did not cause a difference in the miss index, while it caused an increase
of about 3 times in the multiple index. Another noteworthy situation in the graph
was that both the miss and multiple indexes increased with the increase in the
forward speed. However, according to the effect of seed drop height and seed dropping
methods, one of the miss index and the multiple index tended to increase while the
other tended to decrease. This indicates that the speed of forward had a more
inevitable effect on the deterioration of the intra-row seed distribution uniformity.
To understand this effect more clearly, looking at the intra-row mean values given
in Figure 4 was sufficient. Figure 4 shows that the forward speed caused the small
seeds to be shifted more in the row, increasing both the miss and multiple indexes.

B[RO (%) =0 (%) EKETA (%)

0.5 1.0 1.5 115 200

Without Tube
tube

Forward speed (m s™) Seed drop height (mm) Seed drop method

10

[ I e L B, S B - o)
L= - = — =]

<

0

Figure 4. Sowing quality values.

CONCLUSION

The seed distribution uniformity and sowing quality in mung bean planting with a
pneumatic single seed planter were affected by all three parameters. The unevenness
stated as a percent of the theoretical seed spacing was perhaps affected by the
circumferential speed of the seed disc, which increases with the increase of forward
speed. Furthermore, the unevenness was the result of the combined effect of three

268



GUVEN et al, / Turk J Agr Eng Res (TURKAGER), 2024, 5(2): 262-270

factors. It shows that although it is desirable to work with high forward speeds in
single-seed planters, the forward speed cannot be increased as much as desired while
sowing small-grain seeds. In addition, it was determined that certain standards
should be taken into consideration since the seed drop height is determined according
to the size of the furrow opener and that the use of seed tubes has a negative effect
on seed distribution uniformity and sowing quality contrary to what is thought.
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ABSTRACT

Threshing capacity and fuel consumption in postharvest operations are the main factors in selecting a

thresher. The problem was user was not easily understood the relation thresher capacity and fuel
consumption. To easily understand the relationship, a model is needed for the independent and dependent
factors. The model was developed for threshing capacity, and fuel consumption depends on parameter
factors. The purpose of modeling is to select threshers, estimate thresher capacity, and identify direct and
indirect factors. There are nine independent variables. These are: cylinder diameter (d), cylinder length (L),

concave clearance (Cc), feed rate (Fr), drum speed (S), moisture content (Mc), crop straw ratio (R),

spike/peg length (PL), and crop bulk density (p) and The Buckingham, pi theorem is used in basic
dimensional. The threshing capacity and fuel consumption were developed. The equation was TC is equal
to d?vp (L*d1, L*d!, Fr *d?Vp) MC* SR and for fuel consumption of stationary thresher was Fc is equal to
v (L*d?, L*d!, Fr*d?Vp) MC* SR developed. The performance investigation was conducted at three levels
of drum speed (1000, 1100, and 1200 rpm) and feed rate (600, 700, and 800 kg h') with split-plot
experimental design. The maximum threshing capacity is 234.22 kg h! at feed rate 800 kg h! and a drum
speed of 1200 rpm and it consume 2.245 L h'. The lowest threshing capacity is 2253.20 kg h'! at drum speed
Is 1000 rpm and the feed rate is 600 kg h™? with fuel consumption is 2.00 L h”?. The equation developed
contributed to research in that it helped researchers and designers easily understand the relation of
thresher performance determinants. Consequently, using a model created by dimensional analysis is the
most effective method for comprehending thresher-related parameters as result, as the speed of the drum
Increases, the thresher capacity increases as fuel consumption increases. Therefore, the developed model is
a simple and easy way to choose and design the thresher.

Keywords: Thresher capacity, Fuel consumption, Dimensional analysis, Buckingham Pi theorem
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INTRODUCTION

Agriculture mechanization can determine the development of a country. Especially,
the economy is based on agriculture. It has had significant changes in the growth of
domestic products. The effect of mechanization on agricultural implementation leads
to sustainable development when using agricultural machinery. According to the
suggestions of numerous nations around the world, agricultural mechanization has
had a significant effect on the world economy (Kaumbutho and Takeshima, 2020).

The machinery supported crop production agriculture is result economic growth
(Indexed et al, 2017).
The profitability of farming as well as the availability of the farm machines have

significantly impacted on the level of mechanization
(Kaumbutho and Takeshima, 2020). The current status of mechanized farming and

machinery adoption in developing countries is the main the mains issue especially in
Ethiopia. The farming system makes easy way for production and increases the
productivity by timelines operation and drudgery reduction. Using machinery makes
to easy operate, saves energy, time, and reduces loss 1is preferred
(Tsegave et al, 2020). The machinery applications used during the crop production

for plowing, planting, harvesting, threshing, storing, and transportation under pre-
harvest and post-harvest operations (Deribe er a/. 2022). The main objectives of

mechanization technologies for pre-harvest operation and post-harvest production
are to increase working quality, efficiently use energy, decrease post-harvest loss,
save time, minimize drudgery, improve output quality, and conserve energy. In the
mechanical post-harvest operation, multi-crop threshers are used to thresh wheat,
barley, and sorghum on a small, medium, and large scale. The threshing operation
is performed by a combination of impacting and rubbing to detach the kernels from
the ears (Kumar, 2017).

The threshing performance determinants are design factor, crop factor and

operational are the main parameter. Both axial threshing and tangential type
threshing technologies are widely used in grain threshing systems
(Deribe et al. 2021). The Stationery thresher for developing country is used to reduce

the amount of energy required for crop threshing and minimize drudgery during
threshing operations (Shekhar, 2020). Threshing performance and thresher cost are

determined during threshing based on threshing capacity and fuel usage.
Therefore, the primary outcome for design operation is fuel consumption in order

to maximize the end-threshing capacity, optimize process design, and estimate cost

(Abich, 2018). Threshing capacity and fuel consumption are the key factors that

influence thresher performance and selection. Three factors were taken into
consideration when designing the thresher: the crop factor, the design factor, and the
human aspect, or feeding factor (Abich. 2018). The total grain losses, the stationary
thresher's threshing and cleaning efficiency, and their combined effects should all be
taken into account during the design of the thresher (Shreen ef a/. 2016).
According to Belay and Fetene (2021); Afolabi et al (2017), The thresher
performance evaluation was significantly changed by crop moisture content.

Additionally, the performance of grain damage is influenced by the pattern of contact
between grain crops and threshing components. The grain damage decreased along
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with high crop moisture content, while threshing performance decreased. Power
usage increased along with the amount of energy used to thresh the crop at higher
moisture content. Increasing the drum's diameter, number of beaters, peg beaters,
and length all increase the threshing capacity (Afolabi ef a/. 2017). The operating

time and the amount of grain output for thresher capacity of influenced by its shape
and size drum. Threshing efficiency is affected by the number of rows of artificial
teeth fixed to the drum, the type of crop, the feeding speed of the threshing chamber,
the angle of the thresher concave, and the speed of the drum (Indexed et a/, 2017).
The thresher performance depends on the cylinder diameter, concave clearance,
concave length, and threshing speed, which are direct relationships. The feed rate

influences the seed passing through the concave clearance (Thet er 2/, 2019). Also

the feed rate had a direct relationship with threshing capacity (Awgichew, 2019).
According to Ahorbo (2016), suggestion the fed rate impact of thresher operation on

in terms of energy consumption and threshing capacity which have direct
proportional.
According to Journal and Dula (2019), As cylinder speed increases, threshing

capacity increases. Increased impact energy from faster speeds increases thresher
capacity and increases fuel consumption. Additionally, it relates to the crop variety,
human factors, and design factors that affect the thresher performance
(Al-shamiry et al, 2020).

During thresher design, understanding the relation between the thresher factor

and design, the testing selection model can be used in a simple way. That models will
be needed for thresher selections and designs. The dimensional application is the
most effective for modeling and estimation of threshers’ parameters identification
technique. The goals are to identifications the most effective parameters to minimize
the total number of variables and non-dimensional groups of variables. When
Dimensional’s apply the dependent and independent factor to carefully identify and
filtering the important parameters as it is advisable recommended methods. the
parameter variables in the groups were frequently organized so that each group had
physical relevance (Garcia-Suarez et al.. 2019). The basic dimensional and theorem

of Buckingham's were used to generate equations based on the parameter factor.
They are different suggestions for studded throughput per unit energy usage and
thresher performance. Since the principles of construction and thresher operation
are not well defined (Abich. 2018). The three most significant aspects that impact the
thresher's performance are crop variety, feed rate, and cylinder speed
(Ajmal et al, 2017).

The main problem during thresher design was identification parameter

relationships. Some are direct relationships, and some are indirect relationships.
During the performance evaluation, parameters were also considered, but the
relationship was not clearly defined. Due to that, there is different confusion for the
design, selection, and evaluation of the thresher. Understand the fundamental
design elements that one should anticipate from agricultural engineers or designers
in order to design, test, and select the thresher. In order to comprehend thresher
performance selection and design equipment parameters, it is necessary to study the
thresher factor for determining thresher capacity and optimization by fuel
consumption.

273



ABEYE / Turk J Agr Eng Res (TURKAGER), 2024, 5(2): 271-283

So, it is necessary to develop simple model calculations for researchers, designers,
and others for easy understanding. To be used to construct and optimize thresher
design for threshing capacity and fuel consumption during operation. The aim of this
study was the determination of the equation or model for thresher threshing capacity
and performance evaluation for simple understanding and estimation. Then, finally,
a performance evaluation based on a parameter factor for comparing the practical
result with the developed equation. The main purpose was model development for
the thresher capacity and fuel consumption equations using dimensional data.
Finally, the purpose is to evaluate thresher performance to compare with the
developed model.

MATERIALS and METHODS

Description of the studies area

The tests were conducted in the Oromia region, East of Shewa, Awash Melkasa at
Wake Tiyo Kebeles. During the performance tests the thresher was obtained from
the Melkassa Agricultural Research Center’s and Department of agricultural
Engineering research.

Techniques of Using Dimensional Analysis to Develop Models for Thresher Capacity
and Fuel Consumption Equation
A fuel consumption equation was developed using the theorem of Buckingham based

on the basic dimensions of parameters. The thresher capacity based on the thresher
parameter factor. In dimension analysis, there are two method of techniques to solve
the variables approach to generate modeling (Program and Plantation. 2022):
(Singla et al.. 2022). The Rayleigh and Buckingham pi theorems, which incorporate

combinations of mass, length, and time or force, are examples of these methods.
Rayleigh's approach is not often used because of its complexity when handling large
numbers of variables. In addition, our study makes use of the Buckingham pi
theorem. Using the fundamental dimensions are: length, Time and mass applied for
the theorem of the Buckingham pi for gradually used to generate the final associated
equation.

The step used was one. Enumerate the independent parameters factor or thresher
capacity and fuel consumption. There are nine overall quantities (n) for both fuel
consumption and thresher capacity. The parameters are cylinder radius (d), length
of the cylinder (L), concave clearance (Cc), feed rate (Fr), drum speed (S), moisture
content (Mc), crop straw ratio (R), spike/peg length PL, and crop bulk density (p). The
thresher capacity (TC) and fuel consumption (Fc) are the dependent factors
(Pandey and Stevens, 2016). Next were listed the principal dimensions of all nine

factors.

Table 1 represents the dependent and independent factors of thresher
performance evaluation, and the basic units listed below for nine based on impact
and relation identification are listed below. To model, consider the three basic
fundamentals: length with its units, mass with its units, and time with its units, as
shown  below. Analyzed and noted in similar tendencies are
(Nkakini et al, 2019; Program and Plantation, 2022).
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Table 1. The parameter of thresher for performance equation determination.

Variables Symbols’ Dimension symbols Units
In depend parameters

Bulk density D LM kg m3
Drum radius R L m
Drum length Dl L

Concave clearance Ce L m
Peg length L L m
Feed rate Fr MT! kg s
Moisture content Mc -

Straw ratio SR

Drum speed \Y LTt m3s?
Dependent parameters

Fuel F LT3 m3 g1
Thresher capacity TC M T? kg sl

Then, using the determinant and constants parameters, the next procedure was
determining the number of primary dimensions (M) based on the reduction. The
expected number of IIs, by calculating k, which is the number independent factor
minus the number determinant factor, which is nine minus three, equal to six. Where
N represents the total amount of performance evaluation parameter factor and M,
represents the basic number of fundamental dimensions: time (T), mass (M), and
Length (L), then there are six IIs needed to be modelling the equation for thresher
capacity and fuel consumption.

The fourth step was to select the repeating parameters (j), and several guidelines
have been proposed to select the repeated variables (Jarolmasied er al. 2013;
Singla et al. 2022), Choose the parameters that repeat (j). A number of
recommendations have been made to choose the recurring variables. To ensure that

only one pi carries the dimensional value, whenever possible, choose dimensional
constants over dimensional variables. Select common parameters as they might show
up in all of the IIs. Whenever feasible, choose simple variables over complex ones.
Drum radius (R), drum speeds (V), and densities (D) are chosen as repeated
parameters based on the aforementioned eight guidelines, and the same pattern is
shown in Jarolmasied et al (2013); Program and Plantation (2022).

The final steps was construct the "k" IIs and adjust as needed. The following
manipulation and construction are applied to the six identified pi terms:

TC=f(R,L, Cc, Fr, Mc SR, V, D) 6]
F=f®R,L, Cc, Fr, Mc SR, V, D) 2
m1 = (e, s, w4, 15, 6, (3)

The determination of 1 is the function of thresher capacity and fuel consumption,
drum radius (R), drum speed (v), and crop densities (D). Based on the theorem, it was
developed by considering dimensional analysis. 71 = (TC, r, V, D) and n1 = (F, r, V, D)
for both threshing capacity and fuel consumption. w2 is the function of drum radius
(R), drum length (L), and bulk density (D). In function form, w2 = (L, R, V, D). For
equation development, 3 is the function of concave clearance (Cc), drum radius (R),
drum speed (V), and crop densities (D). The function was ms = (Cc, R, V, D). For n4
equation development, it is the function of drum radius (R), feed rate (Fr), and bulk
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density (D), where s = (Fr, R, V, D). Then for the 75 equation, it is the function of
drum radius (R), moisture content (Mc), speed (V), and bulk density (D), and the
function form was ms = (Mc, R, V, D). Finally, 76 is the function of drum radius (R),
straw ratio (SR), drum speed (V), and crop density (D), and the equation was
6 = (SR, R, V, D) was the Pi function threshing capacity and fuel consumption.

For manipulation of 71 and the formulation 1, is equal to TC. Re. Vb, D¢ & MOLOTO
=MT. ()2 (LTY)®b. (ML3)cand when we apply basic dimensions for M, =0, ¢ = -1
and For L, O=a+b-3c solve for T and insert b value in this equation gives; a = -2, and
For T, = 0=-1-b; b=-1, finally, m1 = TCd2V-1p.

The manipulation of 71 for threshing capacity and the formulation 71 are equal
to TC* Va* R b* De and LOT° MO, Then, by considering dimensions, application equals
MT1(LT?) a (L) » (ML3) ¢ and then LOT® M°= MT"! (LT) a (L) ® (ML-3) ¢by using the
theorem of Buckingham for determination relation as shown below. From the above
relation and solving for the values when L = 0, then the exponent relation a + b = 3c.
The value of T = 0, then the value of an exponent based on the theorem is
a = -1. Finally, when the value of M = 0, then C = -1, then y substitution, the value
of b = -2. The value of C is -1, then when T is a zero exponent, the value of b
is -1, and when we substitute the wvalues in equation w1l are equal to
TC (V) 1. (R)-2 (D)1

TC

—yp dimensionless (for threshing capacity) 4)

=

For determination of thresher performance with fuel utilization of m1 modeling
formulation shown below and the formulation m = F. (a, R ». Do) and
LOMOTO=T13T1 (LT 1H)2a* (L) * (ML) cbased on theorem application and the developed
equation when LL = 0 then 3 + a + b — and for solved m, is the values ¢ = 0 for T, is
=0 For M, =0, a =-1 and solve for T is zero and insert b value in this equation gives;
b =-2. When we substitute

m1=FR2V 1= % dimensionless (for fuel consumption) (5)

For determination of thresher performance with fuel utilization of m2 modeling
formulation shown below and the formulation 2 = L. (Ra. Vb, D¢) and L° M°T°= L,
(L) a* (LTH)® * (I'3M) ¢ based on theorem application and the developed equation
when is, M zero, C is zero. Then L, = 0 the apply theorem -1 =a + b - 3c. Then when
solving for T, side zero the value of result b is zero. Then L is zero, 0=1+a+b-3c solve
for T and insert b value in this equation gives; a= -1 then substitute in to below
equation.

2 = LR™1V0DO, o= % dimensionless 6)

The equation 73 and its value of m3 = Cc. Ra. Vb, D ¢ were used to develop the
equation 2 of 72 = L. Ra. Vb. D¢, and TOL'M? = L (L) 2* (LT-1) ® * (L3M) ¢ then the
value of M, zero c is also zero. Then L, is 0=1+a+b-3 ¢, solve for T is zero b i1s zero and
insert b, which is zero and equals then the value of ais -1. Then equation was shown
below.

3= LR1IVODO 3= % dimensionless. (7)
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To represent the equation of m4s, which i1s equivalent to = Fr. Ra. V?, D¢ & T0 MOLO
= MT1(L)2 (T-'L) » (L-3M) ¢ and use simple dimensions. For M, 0=1+c; c=-1, then for
L, 0=+atb+3 Solving for T and inserting b into this equation yields: a=2.
For T: 0 =-b, b = -1, and lastly, n4. =Fr R2V1D-1

Fr
T4= dimensionl
4= oD ensionless 8

Manipulating 75 and equal Mc. Re. Vb, De. Then use dimensional analysis.
MOLOTO = (L) a (LT-Y) b (L-3M) © Apply basic dimensions. For M, 0 = +c and ¢ = 0. For
L, 0=1+a+b-3c solve for T and put the b value in this equation provides; a=0 and for
T, 0 =-b; b=0 and finally, w5 = Mc V9° d° = Mc; dimensionless.

Modeling for 75 and 76 = SR. Ra. Vb, D¢ (9

TO MOLO= (L) a (L) T-'L) » (L-3M) ¢ then apply the basic dimensions. For M, 0 equals
+c and ¢ equal 0. For L, 0O=1+a+b-3c, solve for T and enter b value in this equation
provides; a=0 and for T, 0 = -b; b=0 and lastly, 5 = SR d°° VV° = SR, dimensionless.
The necessary m groups are successfully identified, verified, and dimensionless.

Step 6: Check your math and write the final functional connection. We can
represent fuel consumption as follows as it depends on other factors, as shown in
equations 1 and 2. 1 = (n2, w3, w4, ©5, ©6) was the formula that was created for the

— (= *
RZVD (R R’ RZVD’) MC* SR

and this is the developed thresher capacity, which is directly proportional to the

threshing capacity and fuel consumption of the thresher.

drum's radius, speed, length, feed rate, straw ratio and moisture content. The final
equation developed for threshing capacity is shown below in Equation (10).

ol ol *
TC = R2v D( Vo RZVD,) MC* SR (10)
For fuel conception, % = (= (— = df\r,) MC* SR). The model created fuel
consumption model for stationary threshers were F = R2v (ﬁ E RZVD’) MC* SR .The

testing was conducted to check the relation of model for threshing capacity and fuel
consumption of the multi-crop thresher's performance was tested and evaluated. For
fuel conception equation the developed equation shown below based on dimension
analysis in Equation (11).

Fe = d2v (E ) MC* SR (11)

d’d d2v ’

When the performance was conducted at Wake Tiyo Awash Melkasa, East Oromia
zone, the agronomic data were recorded, such as crop length and speck length, during
the thresher testing. The performance investigation was conducted at three levels of
drum speed (1000, 1100, and 1200 rpm) and feed rate (600, 700, and 800 kg h').
Testing parameters and data collected were drum speed, feed rate, concave
clearance, fuel consumption, and biomass weight before threshing, and moisture
content. Asplit-plot experimental design was used to investigate thresher capacity,
with drum speed as the primary factor and feed rate as a sub factor.
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Statistical data analysis

Data were collected based on agronomics’ for testing and engineering parameters are
recorded. Statistics 8 was used to do the analysis. The thresher’s data’s studies were
concentrated on thresher performance and fuel usage, and analysis of variance
(ANOVA) was performed to compare treatments. To distinguish statistically
significant differences between treatment means at the 5 percent significance level,
the least significant difference (LSD) was used (5 percent). To establish the
association's significance, an analysis of variance and an F-tests were utilized.

RESULTS AND DISCUSSION

The thresher's performance was tested conducted based on different parameters.
After the result was analyzed, the effect of the thresher parameter on thresher
capacity and fuel consumption was evaluated. The impact of threshing speed,
cleaning efficiency, efficiency, capacity, and percentage of loss achieved. A thresher
tested at 12 percent moisture on the Tef Komcho variety. Tef is harvested when the
seeds have dried and reached physiological maturity. Throughout testing,
information on crop and equipment performance was successively recorded. The data
on the crop was recorded both before and after threshing, including plant height,
speck height, chaff length, optimal tef moisture content, variety of tef grain, and
weight of biomass. To identify the ideal feed rate and speed of thresher capacity
assessment, thresher data such as threshing capacity (kg), threshing efficiency, and
time feed rate (kg) were closely recorded.

Table 2. Engineering properties of harvested tef (Boset variety).

Variable Mean Sensitivity to shattering
Plant length (cm) 104+69 Medium
Speck length (cm) 32494 Medium
Chaff length (cm) 12+8 Medium
Chaff output (kg) 33.12 Medium

During the teff thresher’s evaluation, we chose a split plot design with biomass as
the treatment during performance evaluation where fed rate of thresher was 600,
700, and 800 kg per hour and drum speeds of 1000 rpm, 1100 rpm and 1200 rpm.
These thresher speed trends were used for testing tef on a multi-crop thresher
(Kidanemariam, 2020). All three replications were conducted 27 times. The

threshing capacity was significantly impacted by both the feed rate and drum speed
(p < 0.05) (Table 3). Threshing capacity is also significantly impacted by the
interaction between feed rate and drum speed. During performance evaluation, the
data collected was based on the parameters and evaluation results. The final result
was compared with a developed equation based on dimensional analysis. It was also
for food consumption that the evaluation was conducted. Such practical testing
strengthened the validity of the developed equations.
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Figure 1. Field performance test of tef thresher during testing at Awash Melkassa
wake Tiyo.

Table 3. Anova of testing multi-crop thresher result on Tef Komcho variety.

df df Sumsq means sq fvalues Pr, GF)
Feed rate (kg.h'?) 2 2627.0 313.48 6.4085 0.007913 **
Drum speed revolution per 2 23465.8 1732.91 35.4256 5.748e-07 ***
minute
Feed rates (kghl) x Drum 4 489.6 22.41 0.4582 0.0765358 **
speed (rpm)

With a fed rates of the thresher at 800 kg h'! and a drum speed of 1200 rpm, the
maximum threshing capacity is 234.22 kg h'l. The lowest threshing capacity is
223.20 kg h! when the drum speed is 1000 rpm and the feed rate is 600 kg h'
(Table 4). Drum speed and feed rate have a considerable impact on the outcome.
These trends, like the feed rate, increase the thresher capacity (Abagisa ef a/, 2015).

Table 4. Threshing capacity of multi-crop thresher.

Drum speed (RPM) Threshing capacity Fuel consumption
1000 234.22+232 2.1494 £32
1100 232.37+212 1984.8 +ab
1200 223.20+2bP 1992.21+ab

From the Figure 1, the effectiveness of the thresher was assessed at various feed
rates and drum speeds. The threshing capacity increases in tandem with the feed.
The thresher's performance or capacity increases as the drum speed increases. The
threshing capacity was significantly impacted by feds rates and drum spends, as
indicated from the developed mathematical model equations. It is accurate based on
the testing results. Once more, the model equation shows that fuel usage is directly
correlated with threshing capacity.
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Figure 2. Graph of thresher capacity at different speeds.

As fed rates rise, so does threshing performance increases and fuel consumption
also increases. These direct relationships in the model also show direct relationships
when practically tested. Figure 2 represents the relationship between drum speed,
thresher capacity, and fuel consumption. These three factors had a direct
relationship during thresher performance testing. As the model is developed, the real
testing is also directly proportional. As drum speed increases, the thresher capacity
increases, and fuel consumption increases. These are the results of the relationship
with pre evaluated by (Chaturvedi er a/. 2019).

Figure 3 represents the relationship between drum speed, thresher capacity, and
fuel consumption. These three factors had a direct relationship during thresher
performance testing. As the model is developed, the real testing is also directly
proportional. As drum speed increases, the thresher capacity increases, and fuel
consumption increases.

1200
E 1000 i
& 800 NN
E ~— — <
§ 600
2 400
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Threshing capacity and fuel consumption

Figure 3. Effect of feed on fuel consumption and threshing capacity.
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Table 5. Threshing capacity of thresher at different drum speeds and feed rates.

Fed rates (k h™?) Drum speds (rpm) Capacity (kg h'1) Fuel consumption (L h')
800 1200 250.43 £212 2.245+122

700 1200 244.60 £.42b 2.041+.32b

700 1100 235.02 +3bc 2.021+.8ab

800 1100 233.96 £42bc 2.015+132b

600 1200 233.27 £31bc 2.012+.123b

600 1100 226.50 £5¢cd 2.007+.3P

800 1000 218.26 £3de 2.00£17>

700 1000 217.53 £42de 2.003+.8P

600 1000 209.83 +32¢ 2.0023=+.4P

From Table 5, at 800 kg h'* and 1200 rpm, the threshing capacity is 250 kg h'! and
fuel consumption are 2.245 L h't. At 600 kg hr* and 1000 rpm. The threshing capacity
is 2.09 kg h'! and fuel consumption is 2.00 LL h'! is so it had a direct relationship
between feed rate, threshing capacity, and fuel consumption. Tef threshing was
chosen after assessing the testing performance evaluation metrics. As cylinder speed
increased as thresher capacity increased. The drum speeds increase with the space
between the cylinder and concave clearance, and the thresher capacity decreases.

CONCLUSION

The study used dimensional analysis and the Buckingham pi theorem for threshers
to construct a model for the thresher capacity and the fuel consumption equation.
Good quality of thresher should be durable and easily constructed from available
materials, should have good threshing capacity, good efficiency, ease to use or handle,
efficiently used power, and best safety operation. The thresher capacity and fuel
consumption equation take into account independent variables: cylinder radius (R),
length of the cylinder (L), concave clearance (Cc), feed rate (Fr), drum speed (S),
moisture content (Mc), crop straw ratio (R), spike/peg length PL, and crop bulk
density (D) The equation and threshing capacity was (TC) is equal to

2. *
Rvp (R R’ RZVD’ R’ R RZVD) MC
SR) here is the model created for fuel consumption of stationary threshing

= (E ll; RFZrD) MC* SR) this is the developed fuel consumption

) MC* SR and for fuel conception (F) is equal to o = (

performance process. -

model for stationary thresher operation, Fc = d2v (E = ) MC* SR .The testing

d’ d’ d2v ’
was conducted to check the relationship between the model's threshing capacity and

fuel consumption. The multi-crop thresher's performance was tested and evaluated.
As the dimensional analysis shows, the practical result has improved. So, to design
a machine, understanding the analysis is the best way, with any complexity, to
identify the relationship. The testing was conducted to check the relationship
between the model's threshing capacity and fuel consumption. The multi-crop
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thresher's performance was tested and evaluated. As the dimensional analysis
shows, the practical result has improved. So, to design a machine, understanding the
analysis is the best way, with any complexity, to identify the relationship.
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ABSTRACT

This study aims to develop an eco-friendly, self-propelled device to sterilize greenhouses soils with

pressurized, superheated steam. The innovated device sterilizes greenhouse soils directly without removing
their structures. The device operates electrically with remote control and is equipped with a smart electronic
system to control superheated steam temperatures. The device is an alternative to pollutant chemical and
long-term solarization sterilization methods. Three forward speeds (steaming exposure periods) of the steam

soil sterilizer were tested: 0.05 m s (7s), 0.12 m s (4s), and 0.19 (3s) m s1. Three pressurized superheated
steam temperatures of 153°C (0.414 MPa), 170°C (0.689 MPa), and 185°C (0.965 MPa) were tested at three
heights of the steam distributor above the soil surface’ 0, 25, and 50 mm. The efficiency of controlling
common fungal pathogens, nematodes, and weed seeds were estimated and compared to solarization control.

The performance rates, field efficiency, and operating costs of the steam sterilizer were evaluated. The

maximal control efficiencies for fungal pathogens for Fusarium oxysporum, Rhizoctonia solani, and Pythium

spp. were 90.90, 92.72, and 91.87%, respectively. The highest value of nematode control efficiency was
97.73%. The maximal specific energy consumption rate was 30.96 kWh hal at a field capacity of
0.05 ha h'! with an average operational cost of 434.18 USD ha™. The cucumber yield for experimental
greenhouses increases by 3.36% over control. It could be recommended to generalize using the developed
sterilizer technique in greenhouses for cultivating organic crops.

Keywords: Cucumber, Distributor, Pathogens, Remote, Super-heated, Thermal
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INTRODUCTION

Agricultural crop disease is one of the main obstacles facing the greenhouse farmers
(Ghani et al. 2019). Using scientific methods prevents the emergence of greenhouse

diseases (Gullini et al. 2022). Numerous infections or fungi within enclosed
greenhouses are the cause of seed loss and seedling death (Singh ef a/. 2020).

Fusarium, Rhizoctonia solani, and Pythium are considered the main fungal
infections that cause root rot diseases (Bodah. 2017; El-Kazzaz et al. 2022). Choosing
the right strategy to start controlling fungal diseases depends on preventive

treatment (Daughtrey and Buitenhuis. 2020). Infection with the Fusarium fungus

manifests as browning of the plant's roots in the first thirty days or less
(Punja, 2021). Symptoms of a Rhizoctonia solani infection include sunken brown
spots that start between the root and the stem, suffocate the stem, and eventually
kill the fruit (Aghazadeh ef 2/, 2022). The tendency of the stem bearing the plant to
fall off after fruiting is one sign of a Pythium fungal infestation (Sarkar et al. 2022).

Infections with Rhizoctonia solani and Fusarium oxysporum can induce wilt and root
rot diseases in cucumber crops grown in greenhouses by 67.7% and 71.0%,
respectively, at the post-emergence stage, which has a relative impact on
productivity (Farrag and Fotouh 2010).

The results of the development of steam soil sterilization machines were studied.
Gay et al (2010) assembled a prototype of a self-propelled steam injection machine

to disinfect open-field tomato crops from Fusarium. The generated steam flow rate
was 500 kg h'! at a pressure of 50 kPa. The results included the elimination of the
Fusarium exsporum fungus at rates ranging from 63 to 100%. Wang et a/ (2018)

developed a mobile soil rotary steam disinfection machine that generates steam with
a pressure of 0.6 MPa and a temperature of 158.86°C with a rotary working speed of
0.035 m st for soil depth of 15 ecm and consuming power of 87.78. Also,
Gao et al (2023) developed a vertical rotary soil tilling disinfection combine to

sterilize soil using a forward speed of 0.26 m s-!, and the results concluded that the
soil disinfection uniformity coefficient reached 85.57%. Peruzzi et al (2011)

developed a self-propelled machine to disinfect the soil using steam and chemicals
while using a plastic mulch film. The steam exposure time was increased by reducing
the working speed to 60 m h!. The maximum soil sterilization efficiency was
increased at 100 °C for the soil surface temperature. Nishimura ez al (2015)

evaluated the performance of a self-propelled machine equipped with a steam
generator that generates superheated steam from 150 to 300 °C at a pressure of
0.4 MPa using fuel. The machine was tested at speeds ranging from 0.3 to 1 km h'?.
The effectiveness of eliminating weed seeds were reached at a soil temperature of
60 °C. Operating the machine was ineffective in the open field due to the high
operating cost. Raffaclli ez a/ (2016) designed a prototype of soil fumigation from

pathogens and weed seeds. A maximum temperature of 63 °C at a depth of 25 mm
with a steam dose of 2.87 kg m2 was able to significantly reduce soil weed bank in
the layer of 0-100 mm soil depth.

The investigated research problem is that greenhouses require periodic
sterilization operations due to the frequent fungal and viral soil infections. The use
of chemical methods 1s the most common and harmful
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(Daughtrey and Buitenhuis, 2020). Soil chemical sterilization had many

environmental and health disadvantages, in addition to its high cost. Applying
chemical sterilization to the soil prevents the cultivation of medicinal and aromatic
crops (Namdeo, 2018). Soil solar sterilization requires warm weather for a long

period of 6-8 weeks and completely evacuates the greenhouse (Mormile et al, 2016).
Steam sterilization is the most successful method of sterilizing greenhouse soils but

is expensive in small greenhouses (Dietrich ef a/. 2020; Gullino et a/, 2022). Using

fuel-powered steam boilers to sterilize greenhouses generates gas emissions that
pollute the environment (Khattak et al, 2016; Srivastava ef al. 2020). Therefore, the
idea was given to design a self-propelled steam device that runs on electricity to
directly sterilize the greenhouse soil. The quick and efficient steaming direct

procedure with no chemical residues allows the soil steam sterilizer device to
overcome the shortcomings of both chemical and solarization methods
(Gay et al. 2010). The developed steam sterilizer is more cost-effective and

environmentally friendly compared to traditional solarization methodology
(Gullino et al, 2022).
This research aims to develop and performance-evaluate an electric self-propelled

steam sterilizer device to sterilize soil greenhouses from fungal pathogens and
nematodes. On the other hand, reducing yield production costs and maximizing its
quality with rationalization of harmful chemical pesticide using were aimed at.

MATERIALS and METHODS

Experimental procedure

The experiments were carried out at Ashmoun, Dakahlia, Egypt (latitude 31° 09’ 11"
and longitude 31° 64’ 60") on cucumber (Cucumis sativus) in September 2023. Three
plastic tunnel-type greenhouses were steamed, and one greenhouse for control was
sterilized by solarization. This site was chosen due to the presence of a history of
bacterial and fungal infections. The greenhouse soil was plowed and leveled in
preparation for steaming before planting. The area of one greenhouse is 405 m2, with
dimensions of 9 x 45 m. Each greenhouse was divided into 40 plots; every plot had
an area of 9 m? with dimensions of 1X9 m. The total number of experimental plots
was 135, with a total area of 1215 m2. The experimental greenhouse structures
weren’'t removed, unlike the solarized control greenhouse. Three variables were
tested in a completely randomized block design (RCBD) with five replicates. Three
levels of forward speeds for the self-propelled steam soil sterilizer in exchange for
steaming exposure periods (FS) [0.05 m s (7 sec), 0.12 m s (4 sec), and
0.19 m s (3 sec)] were tested. A delay period of 2 seconds has been added to the
forward speeds at an operating distance of 0.25 m using the flashing button within
the remote control. Three temperatures of pressurized super-heated steam (ST) were
tested: 153°C (0.414 MPa), 170°C (0.689 MPa), and 183°C (0.965 MPa). Three heights
(H) of the truss steam distributor above the ground (zero level; 25 and 50 mm) were
tested. All experiments were tested using a steam discharge rate of 0.04 L s,
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General description

The self-propelled device sterilizes the soil with pressurized, superheated steam to
eliminate fungal pathogens and nematodes directly. The treated infected greenhouse
soil surface layer disinfects due to drying up the pathogens. Solarization requires
around two weeks to solarize the soil by covering it with plastic and mulching tools
over the top 5 cm of the ground. The temperature can reach 42 to 60°C, though this
varies greatly from place to place. The developed device works with electrical energy
without any polluting gas emissions. The device's geometric dimensions were
designed to suit small and medium greenhouses, as shown in Figures 1 and 2. The
developed device generates steam using a pressure steam boiler made of thick steel
to withstand high pressures. The boiler is mechanically secured with an overpressure
relief valve to avoid explosion. The boiler is electrically secured with an electric
pressure sensor to cut off the electric current when the mechanical valve is blocked.
The device is well insulated from electric shocks due to the use of wooden insulators
in the base of the device and electrical insulating paint. The device generates
superheated steam with a maximum temperature of 183°C and pressures up to
0.965 MPa. The total width of the device is 1 m to fit the greenhouse entrance, while
the actual operating width is 0.75 m. The height of the device is 1.16 m. The device
is self-propelled and operates with a remote control. The sterilizer is a tricycle for
easy maneuvering in tight spaces. The device's net weight is 175 kg, which does not
affect the soil's compressibility. The steam height above the soil surface can be
controlled from 0 to 50 mm. The steam generator was insulated using glass wool fiber
lining to prevent heat leakage and minimize consumed power. The device is equipped
with a transmission DC motor that runs on a speed control circuit. The device
operates using a 220-volt, 50-Hz alternating current. The device also works with a
5-kilowatt diesel electrical generator that is installed outside the greenhouse to avoid
polluting with combustion exhaust. The steam soil sterilization device consists of the
following parts, as shown in Figures 1 and 2.
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Figure 1. (A) Isometric view of the self-propelled steam soil sterilizer and (B) The
experimental plastic tunnel-type greenhouses.
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A light frame is designed from 30 mm hollow square-section tubes of 3 mm thick
iron, as shown in Figure 1A. The frame is durable to resist shocks and vibrations
during operation. The frame was assembled with screws without welding for ease of
maintenance. The device is rear-steering to ensure front stability for steaming. A
solid wheel type with a diameter of 270 mm was installed axially, as shown in
Figure 2A No. 9. The front wheels are installed at a distance of 280 mm from the
frame to maintain balance. The right front wheel is equipped with a gear (42 teeth)
to front-tow the device (Figure 2 A and C). The rear wheel is mounted on a cylindrical
axis 300 mm long and 381 mm in diameter, equipped with an internal shaft to turn
the device (Figure 2A, No. 6). The rear wheel is mounted on a U-shaped holder with
a 10 mm thickness and 10 mm width to resist shocks (Figure 2C). A pair of solid
handles was installed to guide the device (Figure 2A, No. 15). The frame base is lined
with a plywood base for electrical insulation, as shown in Figure 1A. Safety factors
were taken into account when designing the device, in agreement with Yonter and
Houndomougbo (2022); Alkan and Gugor (2024).

A 14 ©)
. 13

' Side view Dimensions:mm

Scale: 1:11

1161.3

Figure 2. (A) The self-propelled steam soil sterilizer (1-steam distributor; 2-spring holder; 3-rotary
hinges; 4-DC transmission motor; 5-thermocouble sensor; 6-rear wheel spindle; 7-thermocontroller;
8-frame; 9-front wheels; 10-steam generator unit; 11-steam gun; 12-water tank; 13-control box; 14-
steam microswitch; 15-handle), (B) steam distributor positions, (C) Side view of the 2D geometric of
a soil steam sterilizer device and (D) plan view of the 2D geometric of a soil steam sterilizer device.
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The pressurized steam generation unit consists of a steam boiler, a water tank,
and, as shown in Figure 2A, No. 10 and 12. The water tank is made of rust-resistant
galvanized sheet and is provided internally with a filter to trap impurities
(Figure 2A, No. 12). The steam boiler is connected to the water tank using a thermal
hose with a diameter of 12.7 mm. The steam boiler converts water into pressurized
steam and directs it to the steam distributor (Figure 2A, No. 10)
(El-Saved and El-Hameed, 2017). The steam boiler consists of an outer body made of

coated, electrical insulating galvanized sheet, as shown in Figure 1A. The steam
boiler internally contains a cylindrical tank made of galvanized iron with a thickness
of 20 mm to resist large pressures (Figure 1A). The boiler's inner tank is lined with
glass wool to insulate the boiler thermally and saves power. The inner diameter of
the steam boiler tank is 250 mm, and its height is 330 mm, as shown in Figure 1A.
The steam boiler is supplied with a thermo-resistant glass water indicator
(Figure 1A). The boiler’s inner tank is connected from the right side with a
12.7-mm-diameter pipe connected by a valve to the 7-liter water tank (Figure 1A).
The inner tank boiler lefting tube is connected by a valve and connected to the steam
gun (Figure 2A, No. 11). The steam gun is used to sterilize narrow places, pots, and
the interior walls of the greenhouse. The steam gun is made from galvanized iron
tubes with a thickness of 2 mm, a length of 1 meter, and a diameter of 10 mm. The
steam gun is equipped with a front nozzle with a diameter of 1.5 mm to distribute
the steam in the form of a cone shape (Figure 1A). The steam gun is well thermally
insulated with a thick layer of heat-resistant polyethylene to protect operators' hands
from overheating. A spiral copper electrical heater with an internal tungsten coil
(1.5 kW and 220 V) was inserted in the boiler inner tank base (Figure 1A). An
electrical solenoid was used to control the outlet steam from the boiler automatically
(Figure 1A). The steam solenoid is operated automatically by a thermo-controller
(Figure 2A, No. 7). A mechanical safety valve was used to protect the steam boiler
explosion and relieve overpressures up to 0.965 MPa, as shown in Figure 1A. The
steam distribution unit directs the pressurized superheated steam directly to the
surface of the soil, as shown in Figure 2B. The steam distribution unit consists of a
truss shape made of galvanized sheet with a thickness of 1 mm and geometric
dimensions (Figure 2 C and D). The operating width of the steam distributor is
750 mm. The steam distributor height over the soil surface ranged from O to
50 mm. The steam distributor prevents steam leakage and directs it to a soil area of
0.15 m2. A square-section pipe (630 mm in length) that contains six copper nozzles
(1 mm in diameter) was used to distribute steam in a cone shape (Figure 1A). The
steam square-section pipe is connected axially to a copper valve to control the steam
discharge rate, as shown in Figure 1A. A pair of twin hinges was used to direct the
steam distributor axially on the right and left sides (Figure 2A, No. 3). Two 130-mm-
long spring spiral guides were utilized to adjust the steam distributor's height and
absorb shocks (Figure 2A, No. 2). A DC-type electric motor within speed-reducer
gears was used to fit the slow process of soil sterilization (Figure 2A, No. 4). Forward
speeds were slow to allow the steam to penetrate the surface layer of the soil
efficiently, as listed in Table 1. The transmission motor has a large withdraw torque
of 29-60 N m, and its specifications are listed in Table 1. The motor is mounted
laterally using guides and a tensioner to tighten the transmission chain (Figure 2D).
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A driving 14-teeth gear was installed on the transmission motor, versus a 42-teeth
gear on the right front wheel axle, as shown in Figure 2C. A control box was used to
control the motor speeds (Figure 2A, No. 13). The transmission motor is controlled
remotely by an infrared remote control circuit for easy operation of the device, as
shown in Figure 3E.

Table 1. Forward speeds for the steam sterilizer device and the used steam
specifications.

Motor gear Wheel  gear Linear forward Consumed
Transmission motor specifications SPeed e speeds, RURLE
(14 teeth), rpm f[lfn teeth), m sl Amp.
Rating voltage 12V 10 3.33 0.05 1
Rating power 50 W 25 8.33 0.12 2.5
Torque 29-60 N m 40 13.33 0.19 4
Net weight 1400 g m Forward speeds: 0.18, 0.43, and 0.68 km h'!
Superheated Pressure Sipacie Specific volume, Specific heat, Viscosity,
steam Temp., MPa ’ enthalpy, s o1
oC Keal k'l m3 kg kcal (kg °C) mPas
153 0.414 664.008 0.183 0.657 0.014
170 0.689 661.211 0.243 0.621 0.147
183 0.965 664.008 0.183 0.657 0.151

A smart electronic circuit was equipped with the device to automatically control
the operation, as shown in Figure 3A. A digital thermo-controller attached to a
thermocouple was used to set the steam temperature automatically (Figure 2A,
No. 5 and 7). The thermocouple sensor is inserted into the outlet upper pipe attached
to the electrical solenoid. The measured temperature is displayed on the thermo-
controller digital screen (Figure 3D). The settled temperature of outlet steam is
controlled using the touch buttons on the digital thermo-controller LCD screen
(Figure 3D). The thermo-controller is connected to a 16-amp contactor to transfer the
electrical load of the steam boiler (Figure 3B). The digital thermo-controller unit is
supplied with an outer plug connected to the electrical steam solenoid, as shown in
Figure 3A. A direct micro-switch is mounted on the left device handle to operate the
steam solenoid directly (Figure 3C). A control box was installed on the right handle
to control forward speeds (Figure 3E). A dimmer was used as a speed regulator switch
with the controlling box (Figure 3E). A triple switch on the right side of the control
box is used to disconnect and operate the motor at two speeds: fast (right side) and
slow (left side), and a disconnect (middle), as shown in Figure 3E. A left triple switch
on the left side was used to operate the changeable speeds from dimmer (Figure 3 E).
A 12-volt, 16-amp relay is used to connect the control box's electrical loads
(Figure 3A). An infrared receiver unit is connected to the relay's magnetic coil
terminals to remotely control the device forward (Figure 3E). The positive electrical
current is transmitted remotely to the transmission motor through the attached
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relay by the remote control, as shown in Figure 3A. To operate the self-propelled
sterilizer device, the forward speed is selected using the dimmer in the electrical
control box. The forward speed is chosen according to the severity of the injury and
the condition of the soil. The left key in the control box is turned to the right. The
transmission motor is controlled remotely by pressing the remote control. The
electrical steam boiler is operated using a side button installed in it, as shown in
Figure 3A. The digital thermo-controller button is switched, and the desired
temperature is selected from 100 to 183°C. The solenoid steam socket is connected to
the thermo-controller outer plug. Each temperature corresponds to a specific
pressure that can be read on the pressure gauge, as shown in Figure 3B. The steam
boiler takes a period of preparing time (20 minutes, approximately) to reach the
required temperature. The height of the truss steam distributor above the ground is
adjusted using the screw guides as needed. Sterilization operations are carried out
by passing the device side by side inside the greenhouse.
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Figure 8. Electrical wiring circuit for the self-propelled steam sterilizer device. (A)

Electrical wiring diagram for steam soil sterilizer; (B) Steam generator unit; (C)
Steam micro-switch; (D) Thermo-controller; (E) Control box for the self-propelled
steam soil sterilizer device; and (F) Transmission motor.

The self-propelled soil steamer sterilizer device evaluation

The soil texture of the experimental greenhouses had been analyzed within a depth
of 0-600 mm of the soil surface layer, according to Carter and Gregorich (2007). The
testing location had a clay-loam soil structure that consisted of 22.14% sand, 45.05%
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silt, and 32.81% clay. To determine the soil surface temperatures (SST, °C) after
treatment directly, three thermo-sensors connected to a data logger were used. Each
thermal sensor is installed inside a vertical tube and implanted in the soil at a depth
of 200 mm. The temperature sensors were distributed evenly along the operating
width of the steam sterilizer to measure the soil temperature. Five random samples
were collected from each experimental plot at depths of 0-100 and 100-200 mm and
placed in plastic bags 24 hours after steaming treatments. The fungal pathogen CFU
(colony-forming unit) and nematode populations were estimated before and after the
sterilization procedure. To determine the sterilizer device efficiency, a comparison
was made between the solarized control greenhouse and the steamed experimental
greenhouse. One gram of soil was taken from the treated random samples before and
after steaming treatment. A soil suspension was made and diluted, and then 1 ml of
the solution was transferred to petri dishes. The samples were inserted in petri
dishes with agar medium (NA) and incubated at a temperature of 25 + 2 °C for
72 hours. A dilution percentage was chosen according to the colonies forming the
unit’s appearance. The colonies forming unit (Cfu g'?) for the main common pathogen
infections (Fusarium Oxysporum, Rhizoctonia Solani, and Phytium spp.) were
recorded according to the methodology of Masago er al (1977). To estimate the
number of nematode populations (NP) per 100 g of soil, the samples were ground and

sieved, then diluted with water. The soil suspensions were filtered with fine sieves
(< 2 mm) according to the methodology of Seinhorst (1962). The control efficiency
(Cp) for fungal pathogens (FCn) and nematode infections (FCn) was determined
according to Equation (1) (Mao ef al. 2016).

Cn ="22% 100 (1)

1

Where; Cp- control efficiency, %; X:-the pathogens forming colonies CFU g or the
nematode population number in untreated plots; %; and Xz the pathogens forming
colonies CFU g or the nematode population number in the treated plots.

The soil weed seed bank (SB) was determined according to Chejara er a/. (2019).
Samples were taken from experimental plots at depths of 0-100 and 100-200 mm to

estimate SB by sieving before and after treatments. The cucumber crop yield was
estimated for the experimental greenhouses compared to the control. Cucumber was
planted directly in mid-September after the steaming sterilization for the
experimental greenhouses until harvested in mid-February. Cucumber was planted
in the control greenhouse at the end of October after the solarization sterilization
and harvested at the end of April. The chemical and physical properties of soil
samples before and after sterilization were estimated at depths of 0-200 mm,
according to Ngakou et al (2008). Soil-steaming self-propelled sterilizer device

performance was estimated. The field efficiency and actual field capacity were
estimated according to Kepner et a/ (1978). The specific energy consumption rate

(SE) was determined as presented in Equation (2), according to Culpin (1986).
Operating costs (OC) for operating the steam sterilizer were estimated in
Equation (3), according to Hunt (1983).
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— Consumed power kW h
SE,kWhha™! = 2
’ Actual field capacity,ha h—1 )
_ Device hourly cost USD h™?!
OC,USD ha™! = 2 (3)

" Actual field capacity,ha h=1

Statistical analysis

The statistical analysis programs COSTAT (version 2019) and IBM SPSS (version
2020) were used. The mean average values and standard deviation of the
measurements for the tested variables were statistically analyzed. Significance tests
were conducted at a level of P < 0.05 for the tested variables. The ANOVA analysis
was conducted to assess the difference between the means of the tested factor levels.
Linear-type regression analysis was performed to study the association between a
continuous outcome variable and a continuous covariate.

RESULTS AND DISCUSSION

Soil surface temperatures

The experiments were conducted in September, when the average daily temperature
was 25.60°C and the relative humidity was 0.65%, according to the Meteorological
Unit Data. As listed in Table 3, the average measured soil surface temperatures
(SST) for the experimental plots after treatment were recorded. Solar sterilization
temperatures do not exceed 60°C when covered with plastic at maximum solar
radiation at noon, which is less than half the temperature measured by exposure to
steam, 140°C, which leads to the elimination of fungal pathogens. Figure 4A
illustrates, the sterilizer device forward speeds (FS) increment is comparatively
opposite to the SST. The maximum measured soil surface temperature (SST) was
155.69°C at the lowest forward speed (FS) of 0.05 m s1, and the highest temperature
of superheated steam used (ST) was 183°C. The lowest value of SST was 93.50°C
recorded at the maximum level of FS of 0.19 m s!, and the lowest ST was 153°C, as
shown in Figure 4A. As shown in Figure 4B, there is a directly proportional
relationship between ST and SST at different levels of superheated steam
heights (H). The highest value of SST was 137.17°C at H of 0 mm, and ST was 183°C.
The minimal value of SST was 107.48°C at H of 50 mm, and ST was 153°C. The
measured SST decreased by 25.04 and 29.75%, respectively, at the maximum ST of
183°C and the lowest H of 0.0 mm, and vice versa, at the lowest ST of 153°C and the
highest H of 50 mm, as shown in Figure 4B. As mentioned in Table 3, there is a high
significant probability at the P < 0.05 level for the SST measurement, the main
factors, and the interaction between them. Statistically, a linear regression Equation
of SST was obtained, as illustrated in Equation 4.

SST, °C =-249.229 FS (m s1) + 0.913 ST (°C) -0.0384 H (mm) (R2= 0.899) (4)

In order to anticipate the required measurement result and determine the
performance rate of the developed device, the regression equation is applied with
varying levels of coefficients based on the fungal infection state and varying levels of
device adjustment.
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The measured soil surface temperature after treatment decreased by 14.92 and
38.89%, respectively, at the maximum ST of 183°C and the lowest FS of 0.05 m s,
and vice versa, at the lowest ST of 153°C and the highest FS of 0.19 m s*. The
percentage decrease in measured soil surface degrees was relatively small at low
forward speeds compared to high speeds. Soil temperature fluctuations are due to
the fact that the steam flow rate coincides inversely with the increase in the forward
speed of the steam sterilizer, in accordance with Runia and Greenberger (2004). The
steam penetration ratio into the interstitial soil pores increases in direct proportion
to the soil surface temperature, in accordance with Raffaelli ez 2/ (2016). The rate of
transferred heat quantity increases with a lower height of emitted steam to the soil
surface, in agreement with Mormile ez a/. (2016).
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Figure. 4. The soil surface temperatures at the effect of (A) forward speeds
(exposure times) and the superheated steam temperatures, and (B) superheated
steam temperatures and the steam heights.

Fungal pathogens control efficiency

Figure 5A displays an inversely proportional correlation between sterilizer forward
speeds (FS) and the efficiency of controlling fungal pathogens (FCn) with the steam
temperatures (ST). The highest values for controlling fungal pathogen efficiencies
FCn were (90.90, 92.72, and 91.37%), respectively, for Fusarium oxysporum
(Fus. Ox.), Rhizoctonia solani (Rhiz. S.), and Pythium spp. (Pyt. spp.), at the lowest
FS of 0.05 m s and the highest ST of 183°C, as shown in Figure 5A. Figure 5A
illustrates the FCn lowest values of (66.11, 79.42, and 75.61%), respectively, for Fus.
Ox., Rhiz. S., and Pyt. spp., at the maximum FS of 0.19 m s and the lowest ST of
153°C. The FCn values for control greenhouse were (47.11, 49.55, and 45.53%),
respectively, as shown in Figure 5A. Figure 5B illustrates an inversely proportional
correlation between the ST and FCn at the different levels of H. The maximum values
for FCn were (84.01, 88.64, and 85.70%), respectively, for Fus. Ox., Rhiz. S., and Pyt.
spp., at the minimum H of 0 mm and the highest ST of 183°C, as shown in
Figure 5B. The minimal values for FCn were (75.97, 84.58, and 80.31%) for Fus. Ox.,
Rhiz. S., and Pyt. spp., respectively, at the maximum H of 50 mm and the lowest ST
of 153°C, as shown in Figure 5B. The FCn values for the control greenhouse were
(47.11, 49.55, and 45.53%), respectively, as shown in Figure 5B. The average mean
values and the standard deviation for soil fungal pathogen infections before and after
steam treatment are indexed in Table 2. Statistically, there is a high significance
effect at a probability of P < 0.05 for the FCn, the main factors, and the interaction
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between them, as listed in Table 2. The linear regression formulas for fungal
pathogen efficiencies for the steam sterilizer were obtained and illustrated in
Equations 5 to 7.

Fus.OxFCn, % =-128.373 FS+ 0.568 ST - 0.0219H  (R2=0.897) (5)
Rhiz. S.FCn, % =-56.184 FS + 0.552 ST + 0.0460 H  (R2?= 0.896) (6)
Pyt. spp.FCn, % =- 67.889 FS + 0.540 ST - 0.0038 H  (R2=0.897) (7)

Table 2 displays the CFU of the different fungal pathogens before and after the
thermal treatment with steam and the solarized control. There are highly significant
differences that confirm the efficiency of the steam sterilizer device compared to solar
sterilization. The efficiency of controlling fungal pathogens in the soil for the control
decreased by rates of (43.79, 43.17, and 45.84%) and (36.9, 39.09, and 40.17%),
respectively, from the maximum control values for Fus. ox., Rhiz. s., and Pyt. spp. for
the experimental greenhouses, as shown in Figures 5A and B. The efficiency of
controlling fungal pathogens in experimental greenhouses increased at the highest
steam exposure time (lower forward speeds) of the steam soil sterilizer device. The
superheated steam was used oppositely to the saturated steam despite the higher
heat transfer capacity than superheated steam due to it easily penetrating the soil
pores using superheated steam and being free of water, which can raise soil humidity
when the temperature drops due to condensation, creating an active environment for
fungal pathogens. The efficiency of fungal pathogen control increases proportionally
with an increase in the duration of soil steaming exposure. Superheated steam
eliminates fugal pathogens and disinfects the soil directly in a quick, safe, and
economical manner, with the agreement of Raffaclli ef 2/ (2016). Increasing the

exposure time and temperature of the steam increases the sterilization efficiency.
Reducing steam height increases the penetration of dynamically pressurized
superheated steam into the fungal-infected soils. There were significant differences
between the control and experimental greenhouses. This significant effect is due to
raising the treated soil temperatures above the lethal range for pathogens thermal
potential range, 70°C, in agreement with Gav ez 2/ (2010), Aghazadeh et al (2022),
and El-Kazzaz et al. (2022).
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Figure 5. The fungal pathogen control efficiency at the effect of (A) forward speeds (exposure
times) and superheated steam temperatures and (B) superheated steam heights and steam
temperatures.

Table 2. Mean values and standard deviations of the fungal pathogen CFU of soil
samples and the fungal control efficiencies before and after soil thermal treatments.

Fus. ox.1, Fus. 0x.2, Rhiz.s 1, Rhiz.s2, Pyt.spp1, ©Pyt.spp.2, Fus.Ox.,, Rhiz.S, Pyt. Spp.,

Factors CFU gt CFU g1 CFU g! CFU g1 CFU gt CFU g-1 FCn % FCn % FCn %
0.05 | 216+362 22+52 210+162 18+22 839+1122 93+232 89.77 91.48 88.88
isé,l 0.12 228+362 44+12b 217+242 28+4b 849+612 143+17° 80.83 87.31 83.11
0.19 236+31b 70+13¢ 212+122 39+4¢ 848+912 190+26¢ 70.15 81.59 77.58
153 237+342 56+262 204+122 31+102 848+802 163+422 77.04 85.06 80.85
ST,°C 170 214+282 424170 220+252 29+9b 830+932 138+42P 80.33 86.89 83.36
183 229+39b 39+20¢ 214+11 25+8¢ 859+952 126+46¢ 83.37 88.42 85.35
0 2324322 44+202 214+242 28+102 811+872 132+442 81.22 87.24 83.81
i’m 50 2204372 45+24b 211+152 28+9b 861+992 144+44> 80.36 86.84 83.17
25 228+362 48+23P 213+142 29+10P 864+73P 151+48¢ 79.16 86.29 82.58
Control 230+£30 108+44 219+24 109+29 833196 379+54 47.11 49.55 45.53
LSD 0.05 11.487 2.154 9.358 1.229 41.191 7.201 0.259 0.134 0.172

P value 0.0007*** 0.0013** 0.00%** 0.0001%*** 0.00%** 0.00%** 0.001** 0.00%** 0.0031**
R? 0.754 0.879 0.394 0.860 0.517 0.843 0.898 0.798 0.797

Where: FS: forward speeds, m s'; ST: superheated steam temp.,°C; H: steam height, mm; Fus. ox., Rhiz. S., and Pyt. spp. 1&2: Fusarium
oxysporum, Rhizoctonia solani, and Pythium spp. pathogens in soil before and after treatment, CFU g'!; FCn: fungal control efficiencies for
the pathogens, %; R% determination factor; P: probability at (P <0.05). 4 the means with no common subscript within each column differed
significantly (P< 0.05).
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Nematode control efficiency in greenhouse

As demonstrated in Table 3, the average nematode population decreased
significantly after treatment with a steam soil sterilizer. As shown in Figure 6 A and
B, the highest values of nematode control efficiency NCn using steam sterilization
were 97.73 and 92.12%, respectively, at the lowest F'S of 0.05 m s!, the lowest H of
0 mm, and the highest ST of 183°C. Also, the lowest values of NCn using steam
sterilization were 75.88 and 85.28%, respectively, at the highest F'S of 0.19 m s}, the
highest H of 50 mm, and the lowest ST of 153°C. Nematode control efficiency is
inversely proportional to the sterilizer forward speeds and steam height at various
steam temperatures. The nematode control efficiency for the control greenhouse
decreased to 49.13%, as shown in Figures 6A and B. The linear regression analysis
for NCn was determined as presented in Equation 8.

NCn, % = -100.204 FS + 0.596 ST - 0.0095 H  (R2= 0.896) (®

As listed in Table 3, there is a high significant effect at a probability of P < 0.05
for the nematode control efficiency. Nematode knot aggregations are eliminated
significantly due to direct exposure to the lethal heat using pressurized superheated
steam (Mao ef al. 2016). The nematode elimination ratio in control decreased due

to the heat is not being enough to affect them (39°C) in the solar sterilization, in

agreement with Runia and Greenberger (2004).

(B) Superheated steam temp. °C & pressure, MPa
100 - B153 (0.414) BE170 (0.689) 183 (0.965)

(A) Superheated steam temp. °C & pressure, MPa
H153(0.414) @170 (0.689) 8183 (0.965)

Nematode control efficiency, %

Nematode control efficiency, %

0.05 (7) 0.12 (4) 0.19(3)  Control 0 25 50 Control
Forward speeds, m s! & exposure time, s Superheated steam height, mm

Figure 6. The nematode control efficiency at the effect of (A) forward speeds and superheated
steam temperatures and (B) superheated steam heights and superheated steam temperatures.
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Table 3. Mean values and standard deviations of the measured soil surface
temperatures and the nematode populations before and after soil thermal treatment.

Factors SST, °C NP1, No./100g soil NP2, No./100g soil NCn %
0.05 140.8+13.252 293+35a 12+5a 95.87
FS, m st 0.12 122.76+£11.74b 281+31ab 55+14b 79.93
0.19 105.98+10.06P 276+40p 28+5¢ 90.26
153 108.63+12.762 287+31a 40+£232 86
ST,°C 170 124.36+14.91b 281+40a 32+19b 88.62
183 136.55+15.88¢ 281+37a 24+16¢ 91.44
0 124.09+18.572 285+292 30+21a 89.49
H, mm 50 122.22+18.79b 2814382 32+20ab 88.68
25 123.23+£18.57¢ 283+40a 34+21b 87.89
Control 33+ 2.5 280+39 138+22 49.13
LSD 0.05 0.242 16.874 2.702 0.191
P value 0.00%** 0.0005*** 0.00%** 0.013*
R2 0.899 0.495 0.860 0.898

Where: FS: forward speeds, m s; ST: superheated steam temperature, °C; H: steam height, mm; SST: soil surface temperature, °C;
NP1&2: nematode populations in soil before and after treatment, No. /100g soil; NC n: nematode control efficiency, %; R*
determination factor; P: probability at (P <0.05). @4 the means with no common subscript within each column differed significantly
(P<0.05).

Weed seed bank

As demonstrated in Table 4, the soil seed weed bank reduction ratio for the
experimental greenhouses increased significantly compared to the control
greenhouse. The overall mean average of the variables interaction was determined.
The most infested Experimental plots with weeds were selected to estimate the weed
seed bank reduction ratio. The superheated steam usage led to the atrophy of weed
seeds present in the surface layer of the soil, in agreement with Peruzzi et a/ (2011).

Reducing the soil weed seed bank leads to reducing weed control costs, in agreement
with Daughtrev and Buitenhuis (2020). Using a steam sterilizer makes it possible to

dispense with the need for mulching plants in the greenhouse, which saves
production costs and increases quality, in agreement with Nishimura ez a/ (2015)
and Raffaelli et al (2016).

Table 4. Weed seed classification before and after three weeks of treatment.

Weeds Narrow-leaved weeds No. m2 Broad-leaved weeds, No. m2

classification Phalaris Lolium Poa annua Lathyrus Medicago Cichorium
minor L. temulentuml. L. hirsutus L. polymorphal..  endivia L.

Exp. 1 211 119 88 68 57 42

Exp. 2 37 27 15 19 17 11

Con. 1 215 120 75 55 63 44

Con. 2 89 44 31 23 26 19

SB Exp. RT, % 82.46 77.31 82.95 72.06 70.18 73.81

SB Con. RT % 58.60 63.33 58.67 58.18 58.73 56.82

Where: Exp.; Con. 1&2: total main average of experimental and control greenhouses seed bank before and after 3 weeks from treatment;
SB Exp. RT: experimental greenhouse weed seed bank reduction ratio, %; SB Con. RT: Control greenhouse weed seed bank reduction
ratio, %.
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Crop yield

The crop yield of the Belgino cucumber variety was collected after the end of the loop
for the experimental and control greenhouses. The average productivity of the three
experimental greenhouses was 4 tons. Each greenhouse contained 800 plants, with
an average productivity of 5 kg per plant. The yield of the control greenhouse
decreased to 3.87 tons as a result of the delay in the planting date and the emanation
of Fusarium wilt and root rot diseases. The cost of fungal disease control in the
control greenhouse increased to 200 USD as a result of the use of chemical fungicides.
Solar sterilization was not sufficient to disinfect the soil. The cost of plastic mulching
for soil solarization was 203 USD. The cost of steaming a single greenhouse using
the new device was 32.25 USD. The use of sterilizer devices led to a saving of 88.50%
on the cost of solar sterilization. Steam sterilization led to an increase in crop yield
of 3.36% compared to the control treatment.

Soil chemical properties

The device can be used in a variety of settings, and because of the moderate fall
temperatures, it is best to utilize it around September. When the treatment is applied
throughout the winter at low temperatures, the steam temperature can be regulated.
Given that clay soil is particularly vulnerable to fungal infections, the treatment was
applied to it. The soil chemical analysis before and after steam and solar sterilization
treatments for testing greenhouses is listed in Table 5. The percentage of available
nutrients in the steam-treated soil increased relatively as a result of increasing soil
moisture content, in accordance with Dietrich et 2/ (2020). The relative increase in

available soil nutrients reduced fertilizer requirements for minerals by 2% for steam
sterilization and 1% for solar sterilization, in the agreement with
Ngakou et al (2008).

Table 5. Chemical analysis for the experimental and control greenhouses before and
after sterilization.

OM, Zn,
EC, pH N, % P, K, Fe, Mn,

Chemical analysis 4
dSmt g g ppm  ppm ppm  ppm

ppm

Experimental before 1.17 13.43 7.44 0.09 27.03 280.14 30.55 18.39 7.03

Experimental After 1.98 14.55 7.47 0.11 28.09 285.05 31.15 19.05 7.55
Control before 1.15 12.95 7.34 0.08 28.13 280.22 30.28 18.78 6.98
Control after 1.23 13.22 7.39 0.12 27.15 282.33 31.15 18.98 7.01

Where: EC: Electrical Conductivity; OM: Organic Matter.

Self-propelled steam sterilizer evaluation performance

The field efficiency of the self-propelled steam soil sterilizer increased to 0.95% as a
result of less time lost due to malfunctions. The actual field capacities of the soil
steam sterilizer were 0.013, 0.03, and 0.05 ha h'!, respectively, at the different
forward speeds of the device. Field capacity decreased due to the long time required
for sterilization. Specific energy consumption rates reached 77.85, 42.67, and
30.96 kWh ha'l, respectively, at the device forward speeds. The operating cost of the
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self-propelled soil sterilizer is 769.23, 333.33, and 200 USD ha'!, respectively, at the
sterilizer device forward speeds.

CONCLUSION

Utilizing the self-propelled steam soil sterilizer device in greenhouses was highly
significant compared to solar sterilization. Optimum sterilization levels were
achieved at the lowest device forward speed of 0.18 km h'! at a steam exposure time
of 7 sec. Setting the steam distributor height to zero and the steam temperature to
183°C (0.965 MPa) achieved the maximum results for disinfecting soil fungal
pathogens. Fusarium wilt diseases were eliminated up to 90.90% using the developed
sterilizer. The highest fungal control efficiencies for Rhizoctonia solani and Pythium
spp. fungi were 92.72 and 91.37%, respectively. The root rot infections were
significantly decreased. The nematode infestation rate decreased to 2.27% by using
the developed sterilizer. The soil bank of weed seeds decreased significantly for
experimental greenhouses over control. Soil properties improved positively, and the
availability of soil nutrients increased. The experimental greenhouse yield increased
by 3.36% over the control. The quality of cucumber yield was significantly improved
by using the device. The device's average power consumption was 50.49 kWh ha at
an average field capacity of 0.031 ha h. The average operating cost was
434.18 USD ha'l. The new device can be recommended for small greenhouse owners
to save on production costs and maintain crop quality.
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ABSTRACT

Agriculture is a key pillar of the economy, constantly facing challenges due to population growth and climate
change. Enhancing the sustainability and efficiency of crop production and improving water use efficiency
are essential to evaluate air Injection into subsurface drip Irrigation system for zucchini production as
efficient method for subsurface drip irrigation systems to improve water use efficiency (WUE), and zucchini
production in heavy clay soils. Results showed that injecting air through built-in emitters using a
compressor during the last third of the irrigation time maintained acceptable system performance, as
measured by indicators like CV, qvar, and EU%. It also improved the physical properties of dry sieved
aggregates and enhanced the availability of macronutrients, significantly improving and maintaining heavy
clay soil, leading to a 27% increase in zucchini crop yields and 22% water savings compared to the control.
FEconomic analysis indicated that air injection was a feasible option, increasing gross returns by 21%
compared to the control, with a benefit-cost ratio of 2.3% for air injection versus 1.8% for the control.

Keywords: Subsurface drip irrigation, Air-injection, Crop production, Water use efficiency
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INTRODUCTION

Subsurface drip irrigation (SSDJ) is recognized as one of the most efficient irrigation
methods for enhancing water use efficiency (WUE). By delivering small amounts of
water at frequent intervals, SSD/ minimizes water loss due to deep percolation,
runoff, and soil evaporation, leading to better water and nutrient absorption by
plants and improved WUE. However, temporary waterlogging within the root zone
during and after irrigation can negatively impact root respiration, water and
nutrient uptake, and overall plant growth. Irrigating with hyper-aerated or
oxygenated water could help alleviate the adverse effects of waterlogging in the
rhizosphere. Aerating soil by injecting atmospheric air through a subsurface drip
irrigation system is believed to speed up water depletion from macropores and
increase oxygen levels in the soil air. Oxygation is a technique designed to improve
the efficiency of subsurface drip irrigation systems by injecting air directly into the
crop root zone. This approach helps to balance aerobic and aquatic conditions in soils,
particularly in heavy clay soils, to mitigate the adverse effects of inadequate soil
aeration. Additionally, oxygation can boost crop yield and quality, especially for crops
grown in heavier soils. The advantages are linked to the abundance of air in the
rhizosphere and the higher level of dissolved oxygen in the water, which improves
the absorption of nutrients by the roots. In addition, there are positive results in the
irrigation system itself, such as a reduction in the formation of algae in the tubing
due to the oxygen, and the suspension of solids due to micro bubbles, which reduces
the possibility of emitter clogging (Essah and Holm. 2020). Achieving a harmonious

equilibrium among the three soil phases, solid, liquid, and gas, is paramount for
successful crop cultivation. The introduction of air through injection enhances the
hydro-aerobic balance, particularly under conditions of frequent irrigation. Aerated
SSDIhas been shown to enhance yields and overall crop quality across various crops,
including bell pepper (Goorahoo et al. 2001), soybean (Bhattarai et al. 2004),
strawberry (Goorahoo et al. 2007; Goorahoo et al. 2008), melon
(Goorahoo et al, 2007; Goorahoo et al. 2008), edamame (Bhattarai et al, 2008),
tomato (Goorahoo et al, 2007), cotton (Bhattarai et al, 2004; Pendergast et al, 2014),
pineapple (Dhungel ef al. 2012), sugar beet (Vyrlas et al. 2014), potato
(Shahien et al. 2014), pumpkin, and lettuce (D’Alessio et al. 2020). Continuous
saturation of the root zone hampers effective root functioning due to the restricted

diffusion of oxygen. It is postulated that the diminished oxygen concentration in the
rhizosphere, particularly at the wetting front, significantly constrains the
performance of SSDI crops under higher irrigation rates. Goorahoo ez 2/ (2001) found

that the average weights of aerated and non-aerated peppers were 103.7 grams and
99.4 grams, respectively. The aerated plants exhibited a 39% increase in weight
compared to the non-aerated plants. Additionally, the aerated plants demonstrated
a root weight increase of 17.53 grams, corresponding to a 54% rise over the plants
receiving water only. Furthermore, the aerated plants displayed a stem and leaf
weight increase of 68.98 grams. When sufficient water and food availability are given
for both aerated and non-aerated plants, the air injection may be responsible for a
larger percentage of the root mass in the aerated plants. Hussein (2015) observed
that the injection of air through the Subsurface Drip Irrigation system during the
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final third of the irrigation period maintained all hydraulic parameters for the
emitter within an acceptable range, resulting in an efficient system for crop yield,
water conservation, and water use efficiency (WUE). Refaie et al. (2019) indicated

that air injection in irrigation systems can enhance aeration in the root zone, thereby
enhancing the value of grower investments in subsurface drip irrigation techniques.
Moreover, they noted that the increased yields and potential enhancement in soil
quality associated with root zone aeration suggest that adopting subsurface drip
irrigation-air injection technology primarily serves as a means to enhance carrot
productivity. Dissanavake (2020) discovered that the aerated zone at a soil depth of

45 cm contained an equal or even higher level of soil oxygen than the non-aerated
zone at a depth of 25 cm. Additionally, air injection reduced soil moisture content,
likely attributable to increased root water intake due to enhanced root and soil
respiration. Furthermore, it was found that air injection through SSDI positively
influenced the growth parameters of corn and sugar beet crops. The drip irrigation
system also exhibited more efficient water usage and conservation across various
summer and winter crops (Essah and Holm. 2020).

Cultivating zucchini holds significant importance in Egypt, both culturally and
economically. This versatile crop is vital in Egyptian cuisine, featuring prominently
in traditional dishes such as stuffed zucchini and vegetable stews. Beyond its
culinary value, zucchini cultivation contributes to the country's agricultural sector,
providing income for farmers and supporting local economies. Its export potential
further enhances its economic significance as Egypt leverages its agricultural
resources to generate revenue from international markets. Additionally, zucchini's
resilience to drought conditions makes it a valuable crop in regions with limited
water resources, contributing to food security and agricultural sustainability
(Seleim et al., 2015).Thus, the main objective of this research work was to evaluate

air injection into subsurface drip irrigation system for zucchini production as efficient
method for subsurface drip irrigation systems to improve water use efficiency (WUE),
and zucchini production in heavy clay soils. This objective was planned to be realized
through the following stages:

- Evaluating the impact of air injection through subsurface drip irrigation system
on the hydraulic performance and system distribution uniformity.

- Evaluating the enhancement of soil properties with air injection.

- Effecting of air injection on the WUE and zucchini crop production in heavy clay
soil.

- Assessing the Economic return of adding air injection in SSDI systems.
MATERIALS and METHODS

Field experiments were performed during two summer seasons of 2022 and 2023,
laboratory experiments at the National Irrigation Laboratory of Agricultural
Engineering Research Institute (AENRI), Dokki, Giza, Egypt, field experiment was
at special farm in Menoufia Governorate. Zucchini plants (Anglia variety) were sown
between August 10 and 15. The plants were spaced 1 m apart between rows and
0.5 m apart within rows. They were planted in heavy clay soil (59.2% clay, 6.4% silt,
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and 34.4% sand) on a 4000 m? plot designated for crop cultivation. The planting was
conducted manually to ensure proper placement and spacing of the seeds. Harvesting
was performed manually between September 22 and October 15, at the optimal
maturity stage, when the fruits reached the desired size and quality. The agricultural
treatments for zucchini were based on the guidelines provided by
Abdel Aal et al (2019), which served as the reference for the crop management

practices applied in the study. The subsurface drip line was installed at a 15 cm
depth during the growing season. Fertilization and pest control operations were
carried out on zucchini plants using the recommended doses of the Ministry of
Agriculture and Land Reclamation. The daily irrigation requirements for the
zucchini crop were determined based on data from the Central Laboratory for
Agricultural Climate (C.L.A.C) under the Ministry of Agriculture and Land
Reclamation for the study location, using the Penman-Monteith equation. The
average estimated evapotranspiration (E70) was used to calculate the daily water
consumption. A compressor was used to deliver air through water in the built-in
emitters. The compressor injects ambient air at the last third of irrigation duration,
and the aerated water is injected into the plant root zone through the built-in
emitters.

Components of Subsurface Drip Irrigation System

The experimental field's subsurface drip irrigation system (Figure 1) consisted of a
pumping and control unit, including a water source supply, pumping unit, pressure
gauge, non-return valve, media filter, control valves, pressure regulators, and an air
injector unit. Water flows from the pumping unit to the main line made of UPVC
with a diameter of 63 mm, and from there to a PVC sub-main line with a diameter of
32 mm. Then the water flows into the Lateral lines. The Lateral lines were 16 mm
diameter low-density polyethylene (LDPE), with a 4 Iph (at 1 bar operating pressure)

built-in emitters, the distance between emitters 50 cm (Figure 2).

(1) Water source (2) Pump (3) Media filter (4) Pressure regulator (5) Pressure gauge
(6) Air compressor (7) Valve
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Figure 1. Experiment design of subsurface drip irrigation system for control and air
Injection.

Specification of emitter

Average flow rates

8 Iph /m at 1 bar

Figure 2. Built-in emitter.

Hydraulic test bench
Figure (3) illustrates the components of the hydraulic test bench, used to assess the
emitters hydraulic performance.

1 Water tank 5001

2 Water left pump 5 m3h-1 at 60 m left

3 Unit control For control, the dimensions are 60 x 60 x 20 cm.
4 Filter 120 mesh

5 Heat sensor

6  Outlets 1 inch

7 Water collection basin From drip irrigation tested lines.

Figure 3. Trickle hydraulic test bench.

Experimental design and treatments

FEvaluating the performance of built-in emitter

The flow rates of the emitters were measured across six operating pressures ranging
from 0.6 to 2 bar. Flow rates were determined by weighing the water collected in a
plastic cylinder over 6 minutes, timed using a stopwatch. All emitter flow rates
versus pressure were evaluated via coefficient of variation (CV), discharge variation
(gvar), and emission uniformity (EU) according to ASAE (1996) and MSAE (2005)
Standards.
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Determining the effect of air injection on emitter hydraulic performance

The experiment included evaluating and comparing the hydraulic performance
between the control (without air injection) and the air injection treatment using the
above criteria. The treatment included air injection in the last third of irrigation.

Field experiment

To study the effect of air injection in heavy clay soil on crop production, water use
efficiency WUE, and economic evaluation many variables, including, crop yield, total
seasonal irrigation water, total annual costs were recorded for with each treatment.
WUE, financial analysis measures of benefit-cost ratio (BCR), and net return (NR)
values were estimated. This data was then analyzed and compared to determine the
economic return of air injection in subsurface drip irrigation.

Measurements and Calculation

Evaluation of the built-in emitters

Pressure-flow relationships

The emitter flow rate is typically defined by the relationship among flow rate,
pressure, and an emitter flow rate exponent. The flow rate equation, widely used by
researchers (Keller and Karmeli, 1974; MSAE, 2005), is derived from Equation (1)

q = kp* (1

Where; ¢ is emitter flow rate, Iph; & is constant of proportionality that characterizes
each emitter and compensates for units; p is the operating pressure, bar; and x is
emitter flow rate exponent that characterizes the flow regime.

Equation (2) can be used to express the pressure influence on emitter flow rate
variation (gva) either directly as the average of the emitter flow rate or as a
percentage of the flow rate change that takes place at the actual operating pressure
and pressure of 1 bar with the same water temperature, divided by the flow rate at
pressure of 1 bar.

Qvar = Amax—9min x 100 (2)

Amax

Where; gvar is the emitter flow variation, %; Qmax 1s the maximum emitter flow, 1ph;
and gmin is the minimum emitter flow, Iph.

In general, the acceptable values of gvar were about from 10 to 20 %; and greater
than 20% is not acceptable according to ASAE (1996).

Emitter manufacture's coefficient of variations (CV)

The manufacture's coefficient of variation (CV) indicates the unit-to-unit variation
in flow rate for a given emitter. The emitter manufacture's coefficient, Equation 3,
was calculated by measuring the flow rate from a sample of the new emitters as
follows:
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vV ="5/q. ®3)

Where; C'Vis manufacturer’s coefficient of emitter variation; sis standard deviation
of emitter flow rate rates at a reference pressure head, Iph; and g is the average flow
rate, lph.

Emission uniformity (EU)

Emission Uniformity (FU)is a measure of how evenly water is applied throughout a
specified area. This measurement is essential for scheduling irrigations efficiently.
EUis used to indicate performance for emitters. U was calculated from Equation
(4) according to Keller and Karmeli (1974).

EU = (T/4.)100 (@

Where; EUis the emission uniformity, %; g is average of the lowest 1/4 of the emitter
flow rate, Iph; and g is average of all emitter flow rate, lph.

Calculation of irrigation time

The irrigation time was determined based on the evapotranspiration (£7) data from
the AENRI Weather Station. The following equations were used to calculate the
irrigation time:

ET. = K, X ET, (5)

Where; Kt represents the evapotranspiration for the crop, mm day™; K. 1is the crop
coefficient values; and FEt, is the evapotranspiration, mm day ! All the £%
calcaulation and the K. values and the length of the growth periods were taken from
the FAO 56 (Allen et al., 1998).

(6)

App.Irri.Rate =

SmXSy,

Where; App. Irri. Rate is the applied irrigation rate, mm ‘h'; §1is the emitter flow rate,
Iph; S is the distance between emitters, m; and S; is the distance between lateral,
m.

. . ET,
Irri. Duration = ———— (7)
App.Irri.Rate

Where; Irri. Duration is the duration irrigation rate, h day.

The total yield per Fadden was calculated as follows:

Total yield per Feddan(kg/fed) = 224 weight (kg)x4200 ®

sample area (m?2)

Irrigation requirements were carefully calculated and applied to ensure efficient
water usage, soil moisture within the active root zone was continuously monitored
using a portable TDR device, ensuring optimal water management throughout the
growing season.
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Water Use Efficiency (WUE)

The WUE in this work was calculated for each treatment (Tolossa, 2021). This
parameter can be used to compare between the studied treatment and control. The
WULE for the tested treatments was calculated from Equation (8)

Y
WUE = — (9

Where; WUFE'is the water use efficiency, kg m3; Yis the total yield, kg ha''; and IRR
1s total amount of irrigation applied, m3 ha'.

Soil physical and chemical properties evaluation
The physical and chemical properties of the soil were evaluated at the end of the

experimental periods as follows:

Soil physical properties (Soil dry sieved aggregates)
Soil dry sieved aggregates were separated, using a sieve shaker with stacked and
classify using equation (10) according to Richards (1954).

__ Weight of each aggregate size fraction (g)

Dry sieved aggregates (%) = Weight of soil (g) x 100 (10)

Soil chemical properties

The available soil macro nutrients were measured; Nitrogen determined using
Kjeldahl method described by FAO (1980), Phosphorus determined by a
spectrophotometer according to Watanabe and Olsen (1965), and Potassium was

using flame photometer, according to Page ef 2/ (1982).

Economic return

Total annual costs

Total annual costs equal to renting farm for season, fertilizer, other chemicals,
irrigation system cost installation divided into 5 years of use (construction elements
of the subsurface drip irrigation system include outlets, regulators, laterals,
manifolds, mainlines, fittings, and pumps), energy, workers salary through
germination period and cultivation.

Net returns

Net returns are calculated by subtracting the estimated average annual costs (C)
from the average annual gross returns (B). To achieve the economic objective of
maximizing net return, the system with the highest net return (B — C)is considered
the most effective based on the economic analysis.

Benefit-cost ratio (B/C ratio)

The Benefit/Cost ratio is calculated by dividing the annual benefits by the annual
costs. When aiming to maximize return on investment, the system with the highest
B/C'ratio is considered the best choice according to economic analysis. It is common
for one system to yield the highest net return while another achieves the highest B/C
ratio (Khalifa, 2020).
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Gross return (B)($) = Crop yield(ton/ha) X Area(ha) X Price($ / ton) (11)
Net return (B — C)($) = Gross return — Total annual costs (12)
B/C Ratio (%) = Gross return / Total annual costs (13
RESULTS AND DISCUSSION

Performance and Evaluation of the Built-In Emitters

It is necessary to evaluate the hydraulic performance of subsurface drip irrigation
system. Thus, a test was run to evaluate the hydraulics of pressure-compensating
emitter 4 Iph flow rate with pressure rating of 0.6 to 2.0 bar. Figure (4) shows the
average values of emitter flow rate for each pressure. The results clearly indicated
that as the operating pressure increased, discharge of emitters is fixed. It's also clear
that the flow rate coefficient (k) and emitter flow rate exponent (x) were 3.97, and
0.07 respectively.

8
6 1 = 4.08p0%-07
= q = 4.Uop™
=
=
8 4 - ‘__Hﬁ
®
~
2
=)
=}
g 2 1
O
=
0 r T T
0 0,5 1 1,5 2

Pressure (bar)

Figure 4. Performance curves of the experimental emitter sample (built-in
4 Iph-50 cm).

Evaluation of the impact air injection in the last third of the Irrigation through
subsurface drip irrigation system on the hydraulic performance and system
distribution uniformity and comparison with control.

Figure (4) and Table (1) show that there is a close relationship between emitter
flow rates and pressure. By comparing the evaluation results with the results of the
control, the results showed that there is no significant difference between the
injection treatment in the last third of the irrigation time and the control, because
the points maintain all their acceptable hydraulic properties without being
negatively affected by the air injection. The values of all parameters injecting air in
the last third of irrigation duration g=3.91 Iph, CV=2.26% were excellent according
to ASAE standard, EU = 97.44% were excellent according to ASAE standard.
qvar =10.71% was acceptable according to ASAE standard. This result agrees with of
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Hussein (2015). Thus, adding air during the subsurface drip irrigation system has a

positive effect in maximizing the benefit from the subsurface drip irrigation system,
especially for crops that depend for their growth on aerobic bacteria, as well as in
flooded lands that need to change and improve the structure and increase the amount
of oxygen in them, thus improving the management of the system.

Table 1. The impact of air injection by air compressor through subsurface drip
Irrigation system on the hydraulic performance and uniformity distribution.

Water flow

0, 0, 0,
Treatments rate, Iph L, B it L e B Gran%
Mean Valu  ASAE Value ASAE Value classification
e standard standard
Control 4.03 2.26 Excellent 97.18 Excellent 11.15  Acceptable
Air injection  3.91 2.26 Excellent 97.44  Excellent 10.71  Acceptable

CV= Manufacture's coefficient of variation, ZU= Emission uniformity, gv»= Emitter flow variation

The effect of air injection on the water use efficiency and plant performance in a
heavy clay soil
The average results of two seasons of zucchini crop that were grown using air

injection in subsurface drip irrigation showed a significant increase in yield
compared to the control found that air injection in the last third of the irrigation
increased the zucchini yield by 27% compared with control. Total yield (ton hal) was
19.05 with air injection and 15 ton ha! with control. The applied water (m3 ha!) with
air injection was 1152.4 in comparison Control which was 1476.2 m?3 ha'. This means
that there was water saving in case of using this method of 22%. The water use
efficiency (Table 2) under air injection resulted in 16.53 kg m, but with Control, it
was 10.16 kg m3. This result agrees with Goorahoo et a/ (2001); Bhattarai et al
(2008); Shahien et al (2014); Refaie et al. (2019).

Table 2. Average water use efficiency and Zucchini yield under air injection and
control treatments.

Treatments IRR, m3 ha' Y, ton ha WUE, kg m3 Increasing in WUE, %
Control 1476.2 15.00 10.16

38.54
Air injection 1152.4 19.05 16.53

Y= Zucchini yield, ZJRR= total amount of irrigation applied, WUE = water use efficiency.

Effect of air injection on physical and chemical properties of heavy clay soil:

Soil physical properties (Soil dry sieved aggregates)

The results of the soil dry sieved aggregates at the end of the experimental practices
with and without air injection show a change in the aggregates distribution by air
injection indicate to an improvement of heavy clay soil physical properties by
changing the arrangement of soil aggregates which improves soil structure. While
Table (3) shows, there was a decrease in the large macro-aggregates that have
diameters from 2 to 10 mm which distributed to a small macro-aggregate (2 tol, 1 to
0.5 and 0.5 to 0.25 mm) resulted in relative increase of these aggregates diameters,
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also micro-aggregates that less than 0.25 mm were decreased comparing to the
absence of air injection. That can contribute in alleviating compaction impacts create
pathways for air, water, nutrients and allow roots elongation to reach its need while,
air, water, earthworms, microbes, roots and seeding have trouble moving through
heavy clay soil, so crop yields suffer.

Table 3. Air injection techniques effect on distribution fraction (%) of soil dry sieved
aggregates.

Dry aggregates diameter, mm

Treatments

10-2 2-1 1-0.5 0.5-0.25 0.25-0.125 0.125-0.063 <0.063
Control 43.16 18.56 19.34 11.72 4.47 2.55 016
Air injection 58.41 11.94 12.16 8.85 5.85 2.62 0.17

Soil chemical properties

Figure (5) shows an increase in available macronutrients N, P and K with air
injection. The amount of available nitrogen increased from 94.1 ppm for the control
treatment to 116.4 for the air injection treatment, K values increased from 60.8 ppm
for the control treatment to 80.2 ppm for the air injection treatment, and P values
increased from 4.1 ppm for the control treatment to 6.2 ppm for the air injection
while that avoid the loss of N converted to gases by the denitrification and also
oxygen has a dramatic impact on microbial activity and rate of decomposition of
nutrients, releasing K on exchange sites of the clay and P from its unavailable
compounds while, many nutrients can be in soluble form and easy to plant uptake
by roots of crops in case of air condition (Refaie et a/. 2019).

Soil chemical properties

120
Control Air injection

g 90
&
Ay

60

8.24
30 6,2 4,1 6.81
0
N P K

Available soil macro nutrients

Figure 5. Air injection techniques performance on available soil macronutrients.
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Economic return of air injection through subsurface drip irrigation system

The following parameters were taken as an economical evaluation in case injecting
air through drip irrigation system the following items were the major item in
economic analysis:

1. Gross return LE and $,
2. Net return LE and $ and,
3. Benefit-cost ratio (B/Cratio).

Table (4) shows the gross return, net return, and benefit-cost ratio (B/Cratio). It's
clear that the gross return of air injecting treatment was 72000 LE (4161.9 $)
compared with the control treatment (without air injecting) which was 56700 LE
(3277.5 $). The gross return of air injection increased by 21% compared with control
treatment (without air injecting). While the net return of air injecting was 40695 LE
(2352.3 $) compared with the control treatment (without air injecting) which was
25395 LE (1467.9 $). Furthermore, the benefit-cost ratio of air injection stood at 2.3%,
surpassing the 1.8% of the control treatment. Economic analysis, which included
criteria such as the benefit-cost ratio (B/C) and net return values (B-C), indicated
that air injection represented a viable economic option.

Table 4. Economic return of air injection and control treatments through subsurface
drip irrigation system.

Treatments Gross return, LE ($) Net return, LE ($) B/C'ratio, %
Control 56700 (3277.4 $) 25395 (1467.9 $) 1.8
Air injection 72000 (4161.9 $) 40695 (2352.3 $) 283

B/C= benefit-cost ratio

The findings of this study revealed that introducing air into the drip line did not
impact the hydraulic performance of the emitters. The T-test analysis indicated no
significant differences between the air injection treatment and the control group.
This lack of distinction could be attributed to the similar behaviour of the air injected
into the lines compared to water flowing in the lines, particularly considering the
pressure-compensating type of the emitter used. While the results showed a slight
reduction in emitter flow rate with air injection treatments, this was likely due to a
less dense water-air mixture in these instances rather than a change in emitter
performance. The reduced density of the water-air mixture led to less water
accumulation from the same volume passing through the emitter compared to the
control treatment, resulting in a lower emitter flow rate. The method of determining
emitter flow rate by collecting and weighing the flow mass over time is what caused
the observed differences in flow rate between treatments. This is consistent with the
findings of Li ef al (2023). The results of the crop yield and the total seasonal
irrigation water (SI/W) shows a decrease in the S/Wwhile increasing the yield for the

air injected treatment when compared to the control treatment. The decrease of the
SIW is due to the slight decrease in the emitter flow rate and the increase in yield
may be due to the fact that the heavy clay soils induces hypoxia in the rhizosphere
through air purge, which limits root respiration and growth as well as microbial
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respiration (Chen er 2/, 2010), particularly in heavy clay soils (Midmore et a/. 2007).

Airiation was proposed as a promising method that can alleviate hypoxia effects on
a variety of crops to improve their performance (Bhattarai et al. 2006;

Bhattarai et a/. 2008). Airiation can improve and maintain heavy clay soil to enjoy

benefits clay offers for healthy plants while air can effect positively on soil reactions
and in turn many soil properties as enhancing biodegradation of organic practices
within the aggregates which the vital cementing agent for micro- aggregates to
become macro-aggregates contribute to improving soil structure and lead to better
water infiltration, better aeration and better nutrition (Zhang et a/. 2022). Airiation

improved soil oxygen content and soil respiration in root zone, which was beneficial
for plant growth and yield in wheat, rice, and pineapple (Chen ef a2/. 2010). Plant

growth and development necessitate the presence of oxygen in the rhizosphere; it is
involved in several processes, including carbohydrate metabolism and nutrient
uptake by roots (Makita e a/, 2015). Because of the treatment's increased yield and

decreased water supply, the WUE of the air injection treatment was significantly
higher than that of the control treatment. The results are in accordance with
Abuarab et al (2013) how reported moer leaf area faster grain filling and less

maturation time for corn plant when using ariation in subsurface drip irrigation
lines. Zhang et al (2023) also reported a higher WUE for tomato plants under
oxygenated drip irrigation in heavy clay soils. The availability of soil nutrients

increased with the air injection treatment. Soil airiation impacted microbial activity
and nutrient decomposition rate, releasing from its unavailable compounds on
exchange sites of the clay. This agrees with Refaie ef 2/ (2019) who concluded that

many nutrients can be in soluble form and easy to plant uptake by roots in case of
airiation condition. The economic analysis shows that even though the cost of
aeration was higher because of the need to an air compressor and the extra cost of
energy required for its’ operation the extra revenue added by the increase in the crop
productivity covered the extra costs and allowed for more profit as shown from the
increase of the net return and the higher benefit-cost ratio of the air injection
treatment.

CONCLUSION

Integrating air injection into subsurface drip irrigation (SSDI) systems has proven
to be a cost-effective method for enhancing vegetable production, particularly in
heavy clay soils. This approach offers several advantages, including improved water
use efficiency, increased crop yields, and enhanced soil properties compared to
conventional irrigation methods. By introducing atmospheric air into the soil
through SSDI systems, issues such as waterlogging in the root zone are mitigated,
resulting in better root respiration, improved nutrient uptake, and overall enhanced
plant growth. The benefits of air injection were especially evident in zucchini
cultivation, where significant increases in yield and water conservation were
achieved. Furthermore, from an economic standpoint, the use of air injection systems
contributed to higher gross and net returns for farmers, along with a favorable
benefit-cost ratio. These results highlight the effectiveness and sustainability of air
injection in modern agricultural practices.
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