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ABSTRACT

The present study was conducted to determine the Dbest
appropriate soil tillage system to be used in safflower farming
in Sivas, Turkey in terms of energy use efficiencies. Linas and
Remzibey-05 safflower cultivars were used in experiments. Received: 01.01.2020
Tillage systems were arranged as; conventional tillage system- Accepted: 03:02'.2020
1 (TS-1) with moldboard plough, conservation tillage system-2 | Available online: 08.04.2020
with gobble disk (T'S-2) and conservation tillage system-3 with
chisel plough (TS-3). The energy consumptions of safflower
tillage systems and cultivars and have given the significant
differences as statistically. The lowest total energy input was >
observed in gobble disk tillage system (TS-2), the greatest total >
energy input was observed in conventional tillage system (TS- >
>
>
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Keywords :
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Yield,
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Specific energy,
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1). With regard to energy efficiency parameters (except for
specific energy), Linas cultivar had better outcomes in
conventional tillage system. Net energy value of Linas cultivar
in conventional tillage system was 27% greater than the net
energy value of Remzibey-05.

To cite: Altuntas E, Ozgoz E, Guzel M, Ozgenlik B (2020). Effects of Tillage Systems on
Energy Efficiency in Safflower Farming of Central Anatolia of Turkey. Turkish Journal of
Agricultural Engineering Research (TURKAGER), 1(1): 1-11.

INTRODUCTION

Safflower (Carthamus tinctorius L. has about 30-50% oil content. Safflower is
frequently used for production of oil and most important of all, in biodiesel production,
but also used in dye, varnish, dye, feed industries, margarine, as herbal tea and for
the pharmaceutical industry (Rahamatalla et al, 1998; Wang et al, 1999; Weiss,
2000; Ozt and Oguz, 2006).

The current oil production level of Turkey is not sufficient to meet the demands,
although soil and climate conditions are quite available for oilseed production in
Turkey. Therefore, the potential production areas should be increased to oilseed needs
and meet vegetable oil of Turkey. Safflower is highly tolerant to salinity and droughts
and it has an important role in the prevention of erosion. Thus, safflower production
should be increased to meet oilseed needs and vegetable oil. Safflower can be mostly
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incorporated into the production patterns of Central Anatolia of Turkey (Kurt et al,
2011).

Sivas province is the second-largest province of Turkey with a 27 202 km? surface
area located in the Central Anatolia region. The oilseed cultivated areas have recently
been observed a significant increase, although the cereal production is dominant in
Sivas province. The oilseed cultivated areas increased to 19 110 decares in 2016
(Anonymous, 2016).

Energy is one of the largest controllable costs in most organizations and there is
considerable scope for reducing energy consumption and hence cost (Jekayinfa, 2006).
Energy analyses to be performed for agricultural production activities constitute a
significant approach in identification and grouping of agricultural systems in terms of
energy consumption. Sustainable agricultural principles, economy, energy and
emission (environment) have together been investigated to assess agricultural
productions in recent years. Energy requirements are continuously increasing in
agricultural sector. Improved energy efficiencies in tillage systems will reduce energy
requirements and improve productivity.

The agricultural mechanization practices are among the significant production
factors to be considered in on-time performance of productivity and economic
programs within agricultural production activities. The major share of energy inputs
comes from tillage and fertilizer in any of the agricultural production systems, which
are solely dependent on non-renewable energy sources. The non-renewable energy is
expensive and liable to exhaust in near future (Billore et al, 2009). However, high
energy use of today’s conventional tillage systems points out the necessity of
alternative tillage systems in crop production activities.

Several previous studies investigated energy efficiency for different crops produced
in different regions of Turkey and compared energy use efficiencies of different tillage
systems. For instance, energy use efficiency and cost analysis studies were performed
in Central Anatolia region [(maize in Konya (Konak et al, 2004), potato in Nevsehir
(Ozgoz et al. 2017)], in Mediterranean region [(main crop maize in Adana (Karaagac et
al, 2014), rapeseed in Adana (Arikan, 2011), sorghum in Cukurova (Eren and Oztiirk,
2011), cotton in Adana (Sehri, 2012)], in Thrace region [(rapeseed in Kirklareli (Baran
and Gokdogan, 2014), second crop sunflower in Kirklareli (Baran and Karagac, 2014)]
and Easter Anatolia region [wheat in Erzurum (Géziibiiyiik et al, 2012)].

Data in the scientific literatures about tillage systems in safflower farming in
Turkey and thus in Central Anatolia region are insufficient. The primary objective of
the present study was to determine effect of the tillage systems on energy use
efficiencies in safflower farming in dry-farming lands in Sivas province of Central
Anatolia region.

MATERIAL and METHODS

This study was conducted over the safflower cultivated fields of a farmer in Kavak
village of Gurin town of Sivas province in Central Anatolia region. The research site
has a slope of 0-2% and an altitude of 1 260 m. Experimental site has a soil depth of 0-
120 cm. Fields were normal dry farming lands without a stoniness problem. Semi-
terrestrial climate is dominant in Giirin town of Sivas province. The first frost date to
be considered in agricultural production is generally 25 October and the last frost date
1s around 28 March. Experiments were conducted in growing season of 2017. The
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experimental soils were clay-loam in texture (as silt, clay, and sand values of 35%,
34%, and 31%, respectively). In the experiment soil samples taken from 0 to 30 cm soil
profile, total N, organic matter content, available K, and P were 0.015%, 2.17%, 6.30
and 3.65 ppm, respectively. In the research site, the terrestrial climate is dominant,
the average precipitation, temperature, and relative humidity from planting to
harvest of safflower from April to October were 21.09 mm, 17.71°C, and 45.79%
(Anonymous, 2017a).

In this experiment, different tillage systems as the conventional tillage system, T'S-
1 (moldboard plow + cultivator + planter); conservation tillage systems, TS-2 (gobble
disk + planter), and TS-3 (chisel+ disk harrow + planter) were used. Technical
specifications for tractor, agricultural machines and tools and combine harvester used
over the experimental fields are presented in Table 1.

Linas and Remzibey-05 safflower cultivars were used in experiments. Linas
cultivar is commonly used in Sivas province of Central Anatolia region. To assess the
effects of tillage systems on different cultivars, Remzibey-05 cultivar which was
considered as adapted to regional conditions was selected. Linas safflower cultivar
with orange-leaved flower head has 17.9% oleic acid, 71.3% linoleic acid, 37-38% oil
content, and 85-90 cm plant height. Remzibey-05 safflower cultivar with yellow-leaved
flower head has 21% linoleic acid, 69% oleic acid, 35-38% oil content, and 60-80 cm
plant height (Anonymous, 2017b).

The experimental design was conducted in randomized blocks - split plots. In this
experiment, the total area was 600 x 6 = 3 600 m2, and each plot has a size of 600 m2.
About 4 m and 1 m spacings were provided between the cultivars and the
experimental plots. The experiment was conducted as three replications for tillage
systems and safflower cultivars. The stubble density and stubble height values of the
safflower experimental fields were 8.17 kg da! and 24.15 cm, respectively.

Table 1. Technical specifications for tractor and agricultural machines used over the
experimental fields.

. Type of Number of Width Depth Weight Ecqn omie  Operational Work

Machines connection  units (mm)  (mm) (ke) life* speed performance
& (b (km h) (h ha)
Moldboard plow Mounted 3 moldboards 900 250 335 2 000 5.41 2.0532
Chisel Mounted 7 feets 2100 250 420 2 000 5.76 0.8260
Cultivator Mounted 11 feets 2 700 100 540 2 000 5.49 0.6751
Gobble disk Mounted 20 disks 2 200 150 1390 2 000 5.58 0.8147
Disk harrow Mounted 22 disks 2 250 100 506 2 000 5.74 0.9415
Centrifugal Mounted Single disk 1 000 - 220 1200 9.88 0.1012
broadcasters
Planter Pulled 18 rows 2 556 40 1010 1500 5.79 0.6752
Sprayer Mounted 10 SPTay 8 000 - 380 1 500 8.31 0.1504
nozzles

(lel’g};ge;(‘;"%)e“er 4570 - 8720 3000 3.00 0.7319
Tractor 4WD - - - 3500 16000

(TUMOSAN 8075)

* ASAE (2011)

Sowing was performed with 10 days delay on 22 April 2017 because of climate
conditions (snowfall). Sowing rate, row spacing, and sowing depth were performed as
5.13 kg da?, 12.5 cm, and 5 cm, respectively. 20% Nitrogen (N), 17% Ammonium
Nitrogen (NH4-N), 3% Urea Nitrogen (NH2-N), 20% Phosphate (P20s) and 1% Zinc (Zn)
containing 20.20.0 + Zn (Super Composed) were applied as base fertilizer at sowing.
Ammonium Sulphate ((NH4)2S04) was used as top fertilizer on 30 April 2017. Formula
Super 5 EC with 50 g 1"t Quizalofop-p-ethyl active substance was used for weed control
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on 2 July 2017. Side effects were removed and 3 different 1 m? sections were harvested
in each plot on 2 October 2017. Seeds were separated, weighted and seed yield per
decare was determined. For seed yields, 10 plants were used from each tillage system
and cultivars.

The energy analyses were performed by using the energy equivalents of production
inputs and outputs used for tillage systems and Linas and Remzibey-05 safflower
cultivars. Direct energy inputs in safflower culture are composed only of fuel and oil
consumptions. by wusing the following equations, the fuel consumptions were
calculated (ASAE, 1999; ASAE, 2011; Heller et al, 2003). Values used in equations
and relevant values for centrifugal broadcasters, sprayer and combine harvester were
taken from Evcim (1990), Ozden and Soganci (1996), ASAE (1999), and ASAE (2011).
Oil consumption (OC) was considered as 4.5% of fuel consumption (Ozcan 1985;
Alpkent 1984).

D=F;(A+BS+C S2W T (1)
Pr=(D; S)/3.6 Em E: 2
Quiesei=P1(2.64(P1/PTmax)+3.91-0.203V738(P1/Prmax)+173) (3)

Where; A, B, and C are machine-specific parameters, Di is draft force (N); W is
machine width (m); S is field speed (km h?); T is tillage depth (cm); F is a
dimensionless soil texture adjustment parameter; i is 1 for fine, 2 for medium and 3
for coarse textured soils; Em is the mechanical efficiency of transmission and power
train. (Em=0.96 for tractors with gear transmissions); Prmax is the maximum available
PTO power (kW); E is traction efficiency; Quiesel is diesel fuel consumption (1 h-1); Pr is
the total power required for an operation (kW).

The fuel consumption value obtained from Equation 3 was multiplied by field
capacity to get fuel consumption per hectare (L). Therefore, energy inputs included
man labor energy, machine and tractor manufacture energy, chemical fertilizer
energy, chemical herbicide energy and seed energy. Total energy input was calculated
by adding the energy values calculated by multiplying energy equivalents provided in
Table 2 with the current use quantities. Machine energy was calculated by using the
following equation.

ME=(G.E)/(T. Ca) (4)

Where; G is agricultural machine weight (kg), Cais field capacity (ha h'1), £ Energy
equivalent, MFE is machine energy (MdJ ha?) (Table 2), 7' is machine economic life (h).

Safflower seed yields were the considered as the output in present research. Total
energy output was calculated by multiplying seed yield with the energy equivalent of
the product (Table 2). To determine and compare the energy efficiencies of different
tillage systems used in safflower production, total energy inputs and outputs were
calculated separately. Then comparisons were made for tillage systems (TS-1, TS-2,
TS-3), Linas and Remzibey-05 cultivars. The resultant values were subjected to
variance analyses and multiple comparison tests (LSD) with SPSS 17 statistical
software to put for the differences between tillage systems and safflower cultivar. The
values calculated from the above-given equations and used in energy efficiency
parameters provided.
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Energy productivity, net energy, specific energy, energy use efficiency, and energy
profitability were calculated by using the following formulates (Mandal et al, 2002;
Mohammadi et al, 2008; Mohammadi et al, 2010).

EP.=Y/EI (5)
NE=EI-EO (6)
SE=EI/Y (7)
EUE=EO/EI ©)
EP=NE/EI 9)

Where; EP; is energy productivity (kg MJ1), Y is yield (kg hal), EI is energy input
(MJ ha'l), NE is net energy (MJ hal), EO is energy output (MJ hal), SE is specific
energy (MdJ kg'), EUE is energy use efficiency, EP is energy profitability.

Table 2. Energy equivalents for inputs and outputs used in safflower farming.

Energy equivalent

Inputs Unit (MJ unit) References

Agricultural machinery - 121.3 Doering (1980)
Tractor - 158.3 Doering (1980)
Human labour Hour 2.3 Kizilaslan (2009)
Fertilizers

1) Nitrogen, N Kilogram 60.6

2) Phosphorus, P Kilogram 11.1 Bojaca and Schrevens, (2010)
3) Potassium, K Kilogram 11.15

Fuel (diesel) Liter 47.8 Hetz, (1992)

0il Liter 42.5 Hetz, (1992)
Chemical (herbicide) Kilogram 238.0 Zangeneh et al. (2010)
Seed Kilogram 14.0 Acaroglu (2006)
Output

Product (oil production from the

seed, refined) Kilogram 39.5 Acaroglu (2006)

RESULTS and DISCUSSION

Total indirect and direct energy inputs of tillage systems and the share of each energy
input in total inputs are provided in Table 3. Safflower seed yields and energy outputs
of safflower cultivars and different tillage systems has been given in Table 4.

Operational times, operational speeds and economic lives are provided in Table 1
for each machine based on processes carried out. Fuel consumptions of each machine
were calculated by using the Equations 1, 2 and 3 based on operational widths, depths
and speeds. Unit area fuel consumption values used to calculate energy requirements
were determined by multiplying hourly fuel consumptions with field capacities. Field
capacity value of combine harvester, sprayer and centrifugal broadcaster were
determined based on operational times throughout the experiments and fuel
consumption values were taken from the literatures. Among the tillage machines,
while moldboard plow had the greatest fuel consumption with 23.05 1 ha!, cultivator
had the lowest fuel consumption with 2.96 1 hal.
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Table 3. Indirect and direct energy inputs of tillage systems in safflower farming
(MJ ha').

I ¢ Tillage systems
nputs TS-1 TS-2 TS-3
Direct
Fuel 2108.1 1 060.57 1384.0
(%17.7) (%4.0) (%5.2)
oil 89.98 48.06 61.00
(%0.3) (%0.2) (%0.2)
Indirect
Labor 138.1 136.4 155.7
(%0.5) (%.05) (%0.6)
Machine manufacture (;8135 (;Z81858) ((27104(;
Chemical fertilizer 23 430 23 430 23 430
(%85.4) (%88.9) (%87.8)
Herbicide 238.0 238.0 238.0
(%0.9) (%0.9) (%0.9)
Seed 1043.4 1043.4 1043.4
(%3.8) (%4.0) (%3.9)
Total 27 431 26 345 26 682
(%100) (%100) (%100)

TS-1: Moldboard plow + cultivator + planter; TS-2: Gobble disk + planter; TS-3: Chisel + disk harrow + planter

Table 4. Safflower yields and energy outputs of safflower cultivars and different tillage
systems.

Yield Energy

:;lsltign‘is (kg ha)) output (MJ ha™?)

Linas Remzibey-05 Linas Remzibey-05
7S-1 885.5 a** 845.0 a** 34 977 a** 33 378 a**
75-2 7282 ¢ 702.1c 29764 c 271733 c
75-3 784.0b 751.7b 30 968 b 29 692 b

** Differences between the means indicated with the same latter in the same column are not significant (P<0.01);
TS-1: Moldboard plow + cultivator + planter; TS-2: Gobble disk + planter; TS-3: Chisel + disk harrow + planter

Total fuel consumptions of tillage systems were ordered as TS-1>TS-3>TS-2. Total
fuel consumption of the conventional tillage was 83.67 1 hal, and fuel consumptions of
TS-3 and TS-2 were respectively 15.97% and 23.90% less than the conventional
tillage. In other words, with conservation tillage systems, respectively 13.35 1 and 20 1
fuel saving were achieved. Such findings also indicated that conservation tillage
systems might reduce costs and energy consumptions and might have significant
contributions to preservation and sustainable use of natural resources. In previous
studies, Dagc1 (2017) in a study carried out in Mus province of East Anatolia region,
reported fuel consumption of safflower farming (excluding harvest) as 13 1 ha'. Yalcin
and Cakir (2006) investigated energy use efficiencies for the tillage systems and no-till
systems used in maize farming of Aegean region (Izmir-Odemis) located at west
sections of Turkey and reported the greatest fuel consumption for conventional tillage
system (60.511ha™).

Total energy inputs of TS-1, T'S-2 and TS-3 were respectively calculated as 27 431
MJ ha'l, 26 345 MdJ ha'! and 26 682 MJ hal. As compared to conventional tillage
system, 3.96% less energy was used in gobble disk system and 2.73% less energy was
used in TS-3 (Table 3). Similarly, Ozgoz et al (2017) reported greater total energy
input for conventional tillage in potato farming and Marakoglu et al (2010) in
chickpea farming of Central Anatolia region; Bayhan (2016) reported again greater
total energy input for conventional tillage in second crop sunflower farming in Trace
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region. Jain et al. (2007) reported the energy consumption was higher under deep
tillage followed by conventional tillage compared to both the zero tillage packages.
Within direct and indirect energy inputs of the tillage systems, chemical fertilizer
input had the greatest share. The share of chemical fertilizer input in total inputs of
TS-1, TS-2 and TS-3 was respectively identified as 85.41%, 88.94% and 87.81%.
Following the chemical fertilizer energy input, fuel consumption had the second place.
Seed energy had the third place and human labor had the leash share in all three
tillage systems (Table 3).

It was reported in previous studies carried out in different regions of Turkey under
different soil and climate conditions that fertilizer energy input had the greatest share
in total energy input. For example; Baran and Gékdogan (2015) reported the share of
chemical fertilizer input in sugarcane farming of Trace region (Kirklareli) as 41.97%
and it was followed by fuel consumption (21.16%). Marakoglu et al (2010)
investigated energy use efficiency of four tillage systems in chickpea farming of
Central Anatolia region (Konya) and reported that fertilizer energy had the greatest
share in total energy inputs, and it was respectively followed by seed, fuel-oil and
machine energies. Barut et al. (2011) reported the greatest energy inputs of all tillage
systems in second crop maize farming of Mediterranean region respectively as
fertilizer energy (conventional tillage: 64.28% and no-till: 68.86%), seed energy
(conventional tillage: 13.22% and no-till: 14.16%) and fuel energy (conventional tillage:
10.84% and no-till: 5.18%). Similarly, Kizilaslan (2009) in Turkey and Mohammadi et
al. (2008), and Hamedani et al (2011) in Iran, reported that fertilizer energy had the
greatest share in total energy inputs, and it was followed by fuel energy.

Present findings revealed that fuel energy and fertilizer energy should be taken
into consideration to reduce energy inputs in production activities. Undoubtedly
chemical fertilizers are used for high yields. However, fertilizations should be
performed on time at required quantities with appropriate techniques. Green
fertilization and manure applications can also be used as an alternative practice to
reduce chemical fertilizer energy inputs (Oztiirk, 2011). Considering the livestock
potential of the Sivas province of Central Anatolia, where the present research was
conducted, it was seen that there was a great potential to increase livestock manure
uses in agricultural practices. The ratio of fuel (diesel) in energy balance of
agricultural systems varies between 10-70% based on required mechanization levels
for the production of certain products. Size of production lands is among the most
significant factor influencing fuel consumptions. Operational depth, soil texture,
fertilization practices, mechanization level, transportation distance and method
should be taken into consideration while selecting proper machines and machine
combinations to have greater energy use efficiencies (Oztiirk, 2011).

In all tillage systems, greater yields were obtained from Linas cultivar than
Remzibey-05 cultivar. The lowest yield was obtained from TS-2 (Linas: 728.2 kg ha'};
Remzibey-05: 702.1 kg ha'l, the greatest yield was obtained from TS-1 (Linas: 885.5 kg
hal; Remzibey-05: 845.5 kg ha'l). Tillage systems had significant effects on yields of
both cultivars (P<0.01), thus tillage systems were placed into different statistical
groups (Table 4). In different regions of Turkey, there are several studies about
safflower yield parameters carried out. In studies carried out in Central Anatolia
region (Konya, Ankara, Yozgat), Aegean region (Izmir) and Southeast Anatolia (Siirt)
region, seed yields as between 88-211.61 kg da-1 (Keyvanoglu, 2015; Sayilir, 2015;
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Adali, 2016; Yurteri, 2016; Yilman, 2017). Seed yields vary mostly based on climate,
cultivars, sowing time, soil characteristics, seedbed quality, and several other factors.
Energy outputs of the tillage systems were calculated based on yields of tillage
systems. Energy equivalents were the same for both cultivar, but energy outputs were
different because of different yield levels of the safflower cultivars. Energy outputs
were calculated by multiplying yield quantities with energy equivalents. Energy
outputs exhibited a similar change with the yields. Total energy outputs varied
between 29 764 - 34 977 MJ ha! for Linas cultivar and between 27 733 - 33 378 MdJ ha’
1 for Remzibey-05 (Table 4). As compared to conventional tillage system, energy
outputs of Linas and Remzibey-05 cultivars were respectively 17.51% and 12.94%
lower in TS-2 and 20.35% and 12.41% lower in TS-3. In a previous study, Dasc1 (2017)
investigated energy efficiency in safflower farming at Berce Agricultural Enterprise of
Mus province in East Anatolia region and reported safflower yield as 688.6 kg ha! and
total energy output as 27 200 MdJ ha'.

As energy efficiency indicators, specific energy, energy ratio, net energy, yield,
energy efficiency, and energy profitability of Linas and Remzibey-05 safflower
cultivars were calculated, and statistical comparisons are provided in Table 5.

Table 5. Energy efficiency parameters of Linas and Remzibey-05 safflower cultivars.

Energy parameters Linas Remzibey-05

TS-1 TS-2 TS-3 TS-1 TS-2 TS-3
Energy ratio 1.275 a** 1.092 ¢ 1.161b 1.217 a** 1.053 ¢ 1.113 b
Energy efficiency (kg MJ1) 0.032 a** 0.028 c 0.029 b 0.031 a** 0.027 ¢ 0.028 b
Specific energy (MdJ kg 30.998 a** 34.035 ¢ 36.186 b 32.470 c** 37.534 a 35.503 b
Net energy (MJ kg 7 544 a** 2418 ¢ 4286b 5 945 a** 1388c¢ 3009b
Energy profitability 0.275 a** 0.092 ¢ 0.160 b 0.217 a** 0.053 ¢ 0.113 b

**: Differences between the means indicated with the same latter in the same row are not significant (P<0.01);
TS-1: Moldboard plow + cultivator + planter; T'S-2: Gobble disk + planter; TS-3: Chisel + disk harrow + planter

Effects of tillage systems on energy parameters of both cultivars were found to be
significant (P<0.01). In Linas cultivar, the greatest net energy and energy profitability
values (7 544 MJ and 0.275, respectively) were obtained from conventional tillage
system (TS-1) and it was followed conservational tillage by chisel tillage system (TS-3)
respectively with 4 286 MdJ and 0.160. The lowest values were obtained from TS-2.
Except for energy efficiency, Remzibey-05 cultivars also had similar energy efficiency
parameters. As compared to Remzibey-05 cultivar, net energy value of Linas cultivar
was 27% greater in TS-1. Linas cultivar had greater energy efficiency indicators
(except for specific energy) than Remzibey-05 cultivar (Table 5).

Previous researchers also investigated energy efficiencies under different soil
climate and soil conditions of Turkey. For instance, Barut et al (2011) in
Mediterranean region reported the greatest energy use efficiency of silage maize
farming as 8.78, energy efficiency as 2.12 MdJ kg and energy profitability as 7.78 for
minimum tillage and reported the least values for no-till system. Marakoglu et al
(2010) investigated energy efficiency of conventional tillage, reduced tillage, pre-
sowing weed controlled and uncontrolled tillage systems in chickpea farming at
Konuklar Agricultural Enterprise of Konya Province of Central Anatolia region and
reported that conventional tillage had the greatest energy output/input ratio (2.00)
and it was respectively followed by reduced tillage system (1.81), no-till + herbicide
(0.87) and no-till (0.205) systems. Bayhan (2016) investigated energy efficiency of
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different tillage system [gobble disk (DT), rototiller (ROT), gobble disk + combined
harrow (DT + K) and direct sowing (DIR)] in second crop sunflower farming of Thrace
region and reported that direct sowing had the greatest energy output/input ratio
(11.82) and gobble disk tillage systems had the lowest ratio (9.57).

CONCLUSIONS

In this research, tillage systems were compared for safflower farming with regard to
energy use efficiencies in Central Anatolia. There were significant differences in
energy consumptions of tillage systems and safflower cultivars. The lowest total
energy input was observed in gobble disk tillage system (TS-2), whereas the greatest
total energy input was observed in conventional tillage system (TS-1). Linas safflower
cultivar had greater yields than Remzibey-05 cultivar in all tillage systems. Tillage
systems had significant effects on energy efficiency parameters of both cultivars.
Linas cultivar and conventional tillage system had better outcomes, except for specific
energy with regard to energy efficiency parameters. The chemical fertilizer energy had
the greatest share and it was followed by fuel energy and seed energy inputs within
the total energy input. Such findings revealed that for environmental preservation
and sustainability, measures should be taken to reduce chemical fertilizer and fuel
energy inputs, and proper tractor-machine match should be supplied based on plot
sizes.
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OZET

Bu calismada, Alsancak ¢esidi domates meyvelerinin fiziksel,
mekanik ve kimyasal ozelliklerine olgunlagsma doénemi
(turuncu ve kirmizi renk) ve 0, 2 ve 4 giinliik muhafaza
sliresinin etkileri incelenmigtir. Domates meyvelerinin fiziksel
ozelliklerinden geometrik, hacimsel ve renk ozellikleri
(b(v)yutlar,. kultesel}lk, geometmk or‘Eala{na cap, ytzey alani, Alimis tarihic 27.01.2020
yigin hacim agirligl, meyve hacim agirligi, porozite, L% a* b* Kabul tarihi: 01.03.2020
renk karakteristikleri), mekanik ozellikleri [(domatesin X- | Opline basmm: 08.04.2020
uzunluk ve Y- geniglik eksenleri i¢in kabuk yirtilma kuvveti,
deformasyon, deformasyon enerjisi, statik sturtiinme katsayisi
ile domatesin sap kopma direnci)] ile kimyasal ézelliklerinden
suda c¢ozinebilir kuru madde, pH ve titre edilebilir asitlik
belirlenmistir. Muhafaza siliresi arttikca boyut ve agirhikta

ARASTIRMA MAKALESI

Anahtar Kelimeler :

1 e .. . » Domates,
azalmalar gorilmustir. Olgunlagsma dénemi ve muhafaza ;
.. . . . .. . . » Geometrik ortalama
stiresinin kiuresellik ve geometrik ortalama cap tizerindeki cap
etkileri istatistiksel olarak o6nemsiz c¢ikmigtir. Meyvelerin | 3 Kiil;esellik
kabuk ve kabuk alt1 a* degerleri olgunlagsma arttik¢a artis | » Renk,
gostermigtir. Domateste olgunlagsma arttikca deformasyon | » Meyve kopma direnci,
enerjisi azalmig, X- uzunluk ekseni i¢in deformasyon enerjisi | » Titre edilebilir asitlik,

daha yiiksek deger vermistir. Domateslerde lastik ylizeyde
0.445 1ile en yuksek statik sturtinme katsayisi degeri
bulunmustur. Domates meyvelerinde olgunluk arttikca, titre
edilebilir asitlik degerlerinde artiglar gorilmustir. Calisma ile
Alsancak ¢esidi domates meyvelerinin fiziksel, kimyasal ve
mekanik o6zellikleri tizerine olgunlagsma dénemi ve muhafaza
stiresinin etkili oldugu gézlenmistir.
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Kimyasal Ozelliklerine Olgunluk Dénemi ve Muhafaza Sturelerinin Etkileri. Turkish Journal
of Agricultural Engineering Research (TURKAGER), 1(1): 12-28.
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Effects of Maturity Stages and Storage Periods on the Physical,
Mechanical and Chemical Properties of Tomato Fruits

ABSTRACT

In this study, the effects of maturity stages (orange and red
maturity stages) and storage periods (0, 2 and 4 days) on the

physical, chemical and mechanical properties of tomato (cv.
Alsancak) fruits were examined. The physical properties of | RESEARCH ARTICLE
tomato fruits such as geometric, volumetric and colour properties
(size, sphericity, surface area, geometric mean diameter, bulk
density, porosity, fruit bulk density, and L* a* b* colour
characteristics); the mechanical properties (deformation, rupture
forces along X- and Y- axes, coefficient of friction, fruit removal
force, the deformation energy), and the chemical properties
(soluble solids content, pH, titratable acidity) were determined. | Keywords :
The fruit size dimensions and fruit mass decreased as the storage

Received: 27.01.2020
Accepted: 01.03.2020
Available online: 08.04.2020

period increased. The effects of maturtiy stages and storage > Tomato,.
periods on the geometrical mean diameter and sphericity were | > Geometric mean
not statistically significant. As the increase of maturity, a* colour diameter,
values of flesh and skin fruits increased for tomato fruits. The i %pheI‘lClty,

. . . olour,
deformation energy along'X-ams was found t'o be higher than ?he »  Fruit removal force
other axes; and as the increase of maturity, the deformation | » Titratable acidity

energy decreased. The highest static friction coefficient was
obtained as 0.445 for tomato fruits for rubber friction surface. As

the increase of maturity, the titratable acidity values increased
for tomatoes. It was determined that the maturity stages and
storage periods time were effective on the physical, chemical and
mechanical properties of tomato (cv. Alsancak) fruits.

To cite: Giil EN, Ozgoz E, Altuntas E (2020). Effects of Maturity Stages and Storage Periods
on the Physical, Mechanical and Chemical Properties of Tomato Fruits. Turkish Journal of
Agricultural Engineering Research (TURKAGER), 1(1): 12-28.

GIRIS

Anavatani, Giiney Amerika olan, gida sanayinde ve Tirk tarimi {izerinde 6nemli bir
yere sahip olan domatesin, I. Diinya Savas1 yillarinda Tirkiye'ye getirildigi
bildirilmektedir (Demiray ve Tilek, 2008). Tirkiye'de, 1970°li yillardan itibaren
domates sanayisinin kurulmasi ve artan bir ivme ile gelismesi lzerine domates
iretimimiz, Italya ve Amerika gibi iiretim devleri arasinda diinya siralamasinda
énemli bir yer almistir (Diizyaman ve Duman, 2003). Domates, diinya genelinde
bitkisel tretim bazinda patatesten sonra en cok uretimi yapilan ikinci sebzedir
(Anonim, 2015). Tiirkiye’de 2017 yilinda 12 750 000 ton domates {iretimi yapilmistir.
Bu deger toplam yas sebze tiretiminin %41.36’sim1 olusturmaktadir (TUIK, 2017). Cin,
Hindistan ve ABD’den sonra diinya siralamasinda en cok sebze lireten dérdiinci tilke
Tirkiye'dir (Abak ve ark., 2010). Insan beslenmesinin vazgecilmezleri arasinda yer
alan domates, diinyada en ¢ok Uretimi yapilan, en fazla tiikketimi olan ve ticareti
yapilan tarim triinlerinin basinda gelmektedir. Domates; taze tiikketilmesinin yaninda
gida sektorinde dondurularak, soyulmus ve dilimlenmis domates olarak, kiip
biciminde dogranmis sekilde, ayrica domates suyu, domates piiresi, sal¢a, sos, ketcap,
tursu, kurutulmus domates ve domates konservesi vb. gibi bir¢ok farkli kullanimlara
sahiptir (Uylager, 1996; Keskin ve Giil, 2004). Tiirkiye’'de iiretilen domatesin yaklagik
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%20-30u gida sektorinde islenmekte olup, geri kalan miktar ise taze tiiketimde
kullanilmaktadir. Islenmis domatesin %8071 sal¢a olarak %151 konserve iiretimi icin,
%5’lik boliimii ise domates suyu, ketcap vb. yapimlari icin kullanilmaktadir (Sarisacl,
2009).

Ham, yar1 islenmis ya da islenmis tarimsal Urinlerin ticaretinde belirli bir
kalitenin saglanmasi istenmektedir. Kaliteli trtin kavrami; dig goriinis, temizlik, tat
ve koku gibi ozelliklerle ifade edilmektedir. Dolayisiyla pazara sunulan trtnlerin
rekabet sansini artirmak i¢in meyvelerin zedelenmemis ve saglam olmasi gerekir
(Yurtlu, 2003).

Sebze ve meyveler genellikle hasat sirasinda ve hasat sonrasinda yapilan
temizleme, simiflandirma, paketleme ve tasima gibi islemlerde; darbe ve etkilere
maruz kalmaktadirlar. Bu darbe ve etkiler Urinin kalite ve degerini disiiren
mekanik zararlara neden olmakta ve énemli irin kayiplari meydana gelmektedir
(Groves, 1985; Kaymak ve ark., 2010). Domates meyvelerinin de bu iglemlere oldukca
hassas oldugu bilinmektedir. Bu islemlerde ortaya c¢ikan mekanik yliklenmenin
etkisiyle domates meyvelerinde; kesilme, c¢lriime ve ezilme gibi yaralanmalar
meydana gelmektedir. Domates meyvesinde meydana gelen bu kayiplar: belirlemek ve
azaltmak icin bircok calisma yapilmistir (Arazuri ve ark., 2007; Zhi-Gou ve ark., 2009;
Li ve ark., 2010; Li ve ark., 2011; Ghazavi ve ark., 2013; Li, 2013; Ghafferi ve ark.,
2015, Li ve ark., 2015). Domateslerin fiziksel ve mekanik o6zellikleri ile bunlar
tzerinde etkili parametrelerin incelendigi ¢calismalarda elde edilen bilgiler yardimiyla,
domateslerin mekanik ve robotik hasadi, domatesin iglenmesi i¢in kurulmasi
disiintilen mekanik sistemlerin tasarlanmasi, boylece farkli proses asamalarindaki
kayiplarin azaltilmasi ve iiretim veriminin artirilmasi miimkiin olabilir (Ghazavi ve
ark., 2013). Ayrica, bu problemlerin iistesinden gelmek icin domates meyvelerinin
fiziksel ve mekanik 6zelliklerini de dikkate alarak uygun ekipmanlarin ve
makinalarin gelistirilmesi i¢in ¢alismalar yapilmasi gerektigi de ortaya cikmaktadir
(Kaymak ve ark., 2010).

Tarim ve gida materyallerinin fiziksel 6zelliklerini belirlemek icin elde edilen
veriler; Urinin davranigini ve kalitesini tahmin eden modellerde kullanmak i¢in
gereklidir. Laboratuvar kosullarindaki deneysel verilerdeki degiskenler ile domates
hasadinin kalitesi arasindaki korelasyon, tarimsal materyalin hasat ve hasat sonrasi
mekanizasyonu i¢in optimal bir ¢6ziim gelistirmeye katkida bulunmaktadir. Konserve
endistrisinde iglenen domateslerin kalite karakteristiklerindeki en uygun o6zellik;
sertlik ve kabuk direncidir. Domates meyvesini etkileyen mekanik etkilerin bircogu;
hasat ve tasima sirasinda olugsmakta ve domates kalitesinde disiise neden
olmaktadir. Darbe testinde, tagima arabasinin alt kismindan alinan domateste %30'a
varan oranda sertlik kaybi ve domates kabugunun c¢atlamaya karsi direncinde ise
yaklasik %6 kayip oldugu Arazuri ve ark. (2007) tarafindan aciklanmaktadir. Ghaffari
ve ark. (2015) tarimsal {iriinlere hasat ve isleme sirasinda uygulanan etkilerle
meydana gelen cliriime zararinin, domatesin kalitesini azalttigini, mekanik zarara
neden olan baz1 parametrelerin bilinmesinin bu zarari azaltmak i¢in 6nemli oldugunu
belirtmigler ve ¢lirime modelleri tizerine ¢alismiglardir. Modelleri kargilagtirmak igin
baz1 fiziksel o6zellikleri (meyve boyutlari, kiitle, hacim, aritmetik ortalama cap,
harmonik ortalama g¢ap, esdeger c¢ap, ylizey alani, en boy orani, 6zgil agirhk ve
nem icerigi),mekanik 6zellikleri (temas kuvveti, temas siiresi, elastiklik katsayisi, geri
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sicrama katsayisi, akustik sertlik ve darbe (carpma) enerjisi) ve kimyasal 6zellikleri
(toplam ¢6ziinebilir kuru madde ve titre edilebilir asitlik) belirlemislerdir.

Albaloushi ve ark. (2012) ticari domates cesidinin dinamik siirtiinme katsayisi,
sertlik, esneklik, kirilganlik direnci, ¢irime zarari1 ve delme testindeki toplam pozitif
alan gibi 6zelliklerini belirlemiglerdir. Arastirmacilar bu 6zelliklerin; hasat, isleme ve
tagima, ayirma ve simniflandirma ekipmanlarinin dizaym igin gerekli oldugunu
belirtmislerdir. Li (2013), iki farkli yapidaki domates meyvelerinin kabuk yirtilma
kuvvetini etkileyen faktorleri arastirmistir. Calismada; %4, 8, 12, 16 ve 20 olmak
tizere 5 farkli sikistirma seviyesi, 4 yiikleme pozisyonu ve 2 uygulama bashg1 (prob)
kullanmigtir. Meyve boyutu, sekli ve kiitlesinin kopma olasilig1 tizerine 6nemli bir
etkiye sahip olmadigini, sikistirma seviyesinin domates meyvelerinin kopma
olasiligini etkileyen 6nemli bir degigsken oldugunu, kopmaya karsi hassasiyetin
uygulama baghg sekline gore degisiklik gostermedigi, bu faktérlerin, domates hasat
ekipmaninin tasarimi ve kontroliinde dikkate alinmasi gerektigi aciklanmigstir. Li ve
ark. (2011) bir domates toplama robotunu tasarlamak, iiretmek ve kontrol etmek icin
iki farkli domates ¢esidi ile ¢alismiglardir. Bu amacgla domates meyvelerinin; boyut,
kuresellik, ylzey alanmi, hacmi, kiitlesi, hacim agirhig1 gibi fiziksel o6zellikleri ve
sturtinme katsayisi, yuvarlanma direnci katsayisi, domates meyvelerinin iki ylkleme
pozisyonunda yapilan ceki ve basi testleri ile kopma (rupture) enerjisi, kopma kuvveti
ve sikigabilirlik gibi mekanik 6zelliklerini belirlemiglerdir.

Domates; olgunlasmas1 devam eden (klimakterik) bir meyve olmasindan dolay:
olgunlagmasi hasattan sonra da devam etmektedir. Meyvenin olgunlagsma siireci ile
muhafaza sicakliginin, besinin son bilesimini biiyiik oranda etkileyebildigi Madhavi
ve Salunkhe (1998) tarafindan aciklanmaktadir. Pazara en kisa siire icinde sunulacak
domates meyveleri genel olarak pembe renkteki olgunlagma diizeyindeyken hasat
edilmekte, muhafaza slireleri uzun olacaksa yesil ve farkli olgunlagsma diizeylerinde
hasat edilebilmektedir (Cevik, 2013).

Ozellikle uzak pazarlara domates meyvelerinin génderilmesi s6z konusuysa,
kayiplar: azaltmak amaciyla meyveler yesil iken hasat edilmekte, soguk muhafaza
ortaminda tasinmaktadir. Fakat domatesler tamamen olgunlasmadan hasat
edildiginde, dalindaki olgunlagan meyveler kadar iyi bir kaliteye ulasamayacaklari
icin (Kader ve ark., 1978; Baldwin ve ark., 1998), tiiketicilerin memnuniyetsizligine
neden olmaktadir.

Ghazavi ve ark. (2013) {i¢ olgunlagma doénemindeki ii¢ farkli domates cesidinin
tagsimadaki davraniglarini analiz etmek veya 6zel bir makina tasarlamak i¢in; hacim,
yuzey alani, kiitle, agirlik, et kalinligi, toplam ¢6ziinebilir kuru maddeler, nem icgerigi,
yogunluk, bogluk orani ve olgunlagsma gibi bazi fiziksel 6zellikler ile meyve sertligi ve
elastiklik modili gibi bazi mekanik o6zellikleri incelemigler, ayrica, ana/temel
ozellikleri modellemislerdir. Li ve ark. (2015) ise iki domates cesidinin alt1 olgunlasma
evresinde hasat, similasyon ve dokusal degerlendirme 1ile ilgili ¢ok o&lgekli
mihendislik 6zelliklerini arastirmiglardir.

Bu caligmada; Alsancak domates cesidine ait meyvelerin fiziksel (boyut, kiiresellik,
ylzey alani, geometrik ortalama cap, yig§in hacim agirhigi, meyve hacim agirlig,
porozite, L% a* b*renk karakteristikleri), mekanik (meyve kopma direnci, mekanik
delme testi, stirtiinme katsayis1) ve kimyasal (suda c¢oziinebilir kuru madde (SCKM),
titre edilebilir asitlik (TA), pH,) 6zelliklerine olgunluk dénemi (turuncu ve kirmizi) ve
0, 2 ve 4 giinlik muhafaza stirelerinin etkileri incelenmigtir.
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MATERYAL ve YONTEM

Calismada; Tokat ekolojik kogullarinda yetistirilen Alsancak domates cesidine ait
meyveler kullamilmigtir. Alsancak cesidi; erkenci bir sirik domates c¢esidi olup, raf
omru fazla ve verimi yiiksektir. Meyveler sert ve meyve agirligi ortalama 170-190 g
arasinda degismektedir (Anonim, 2017). Nakliye sartlar1 diisiiniilerek hasat islemi
domatesler tam olgunlagsmadan yapildigindan, domatesler turuncu ve kirmizi renk
aldigr durumda olmak kaydiyla iki farkli zamanda hasat edilmigtir. Hasat edilen
urtinler laboratuvara getirilerek 22+1°C oda sicakliginda muhafaza edilmistir.
Meyvelerin fiziksel, kimyasal ve mekanik 6zellikleri hasat igsleminin yapildig: giin (0.
glin), hasattan 2 ve 4 giin sonra olmak fiizere 3 farklhi muhafaza siiresinde
belirlenmistir.

Domates meyvelerinin eksenel boyutlarinin élgiimi ve agirliklarini belirlemek igin
tesadufi olarak her bir olgunlasma doneminde 20 adet oOrnek alinarak
numaralandirilarak etiketlenmigtir. Ol¢tim yapilmaya baglamadan o6nce meyve
saplar1 kopartilarak temizlenmigtir. Hasat sonrasi muhafaza siiresinin etkisini
gorebilmek icin hasadin yapildigi giin (0. giin), hasattan iki giin sonra (2. giin) ve
hasattan dért giin sonra (4. giin) yapilan 6lciimler icin numaralandirilmis olan ayni
meyveler kullanilmigtir. Domateslerde; uzunluk, geniglik ve kalinlik 6l¢iileri 0.01 mm
hassasiyete sahip dijital kumpas, agirligi ise 0.001 g hassasiyette elektronik tarti ile
belirlenmigtir.

Geometrik ortalama cap (D), yiizey alam (S) ve kiiresellik (¢), asagidaki esitlikler
(Mohsenin,1980) yardimiyla hesaplanmistir.

D, = (LWT)s (1)
S=mD,2 )
o = fii 100 3)

Esitliklerde; D, - Geometrik ortalama cap (mm), W : Genislik (mm), L : Uzunluk
(mm), 7': Kalinlik (mm), ¢ : Kiiresellik (%), S Yiizey alan1 (mm?)’dir.

Projeksiyon alam 6l¢imi, X- uzunluk ve Y- geniglik eksenleri boyunca kutupsal
kollu Roller tip dijital planimetre (Placom Roller-Type Digital Planimeters, Model
KP90ON) ile yapilmistir (Sirisomboon ve ark., 2007).

Domateslerde nem igeriginin belirlenmesi i¢in; dort parcaya ayrilmis meyveler
sabit agirliga gelinceye kadar etiivde, 105+1°C’de 24 saat bekletilmistir (Suthar ve
Das, 1996; Ozarslan, 2002). Asagidaki esitlik yardimiyla da nem degerleri
hesaplanmigtir.
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G,
M, = —>—100
G, + G, (4)

Burada; M, Meyvenin nem icerigi (yas baza gore) (%), Gy~ Uriindeki su miktar1 (g)
ve G Uriindeki kuru madde miktaridir (g).

Domates meyvelerinin hacim agirlig: i¢in siv1 yer degistirme metodu kullanilmagtir.
Ol¢ti kabinin daras: alinmig ve 100 ml su konularak elde edilen sivi tagirma hacmi ve
meyve agirligi oranindan gidilerek meyve hacim agirhign (kg m3) belirlenmistir
(Mohsenin, 1980). Yigin hacim agirhig (kg m™3) ise hektolitre yontemiyle, silindirik
standart bir cam kap icerisine meyveler tepeleme olacak sekilde doldurulup, silindir
icindeki meyvelerin agirhigi ve silindir hacminden yararlanilarak bulunmustur
(Suthar ve Das, 1996; Ozarslan, 2002).

Domates meyvelerine iliskin porozite (#;) degerlerinin belirlenmesinde, asagidaki
esitlikten faydalanilmistir (Mohsenin, 1980; Ozarslan, 2002).

P,
P, (5)

Burada; Pr Porozite (%), P Y1gin hacim agirhg (kg m3); Pn” Meyve hacim agirhig
(kg m3)dir.

Domates meyvelerinin kabuk ve kabuk alti i¢in renk o6zelliklerini agiklayan
karakteristik degerler, Minolta renk olcer ile (Model CR-400, Tokyo-Japonya),
meyvelerin ekvatoral bdlgesinin direkt giines 1sinlarina maruz kalan yiizeyiyle,
gblgeye maruz kalan ylizeyini temsil edecek alanlar lizerinde yapilarak ortalamalar:
tizerinden hesaplanmistir (McGuire, 1992). Domateslerin meyve kabugu ve kabuk
altina ait renkleri CIEe gore L* a* b* renk karakteristikleri uzerinden
belirlenmistir. Hazirlanan skalaya gore, L* degeri (0 karanhk, 100 aydinlik)
parlakhigi, a*degeri ise kirmizilik (‘+" degerler) ve yesilligi (-’ degerler) belirtmektedir.
b*degeri ‘+’ oldugunda sarilig1 ve -’ oldugunda ise maviligi ifade etmektedir.

Domates meyvelerinin mekanik o6l¢imlerinde biyolojik materyal test cihazi
kullanilarak domateslerin meyve kabugu ve meyve eti i¢in delme testleri
uygulanmigtir. Bu calismada kullanilan manuel hareketli biyolojik materyal test
cihazi; dijital gostergeli ¢eki-basi dinamometre, sabit plaka, 6l¢iim cetvelli stant ile
kablolu bir bilgisayar baglantisindan olugsmaktadir. Biyolojik materyal test cihazi ile
denemeler, sabit ilerleme hizinda 11.1 mm’lik celik silindirik ucla yapilmistir (Batu,
1998). Denemelerde delme (puncture) testi sonucu delme kuvveti degerleri N
cinsinden Ol¢ilmustiir.

Domates meyvelerin deformasyonu igin gerekli olan kuvvet ve deformasyonun
belirlenmesinde, elde edilen kuvvet-deformasyon egrisinde yatay eksen deformasyonu
ve disey eksen ise kuvveti belirtmektedir. Domatesin deformasyon enerjisi, kuvvet-
deformasyon egrisinde maksimum kuvvet (kabuk yirtilma, patlama noktas1) ile bu
noktaya karsilik gelen deformasyon noktasi1 altinda kalan alan olarak ifade
edilmektedir. Calismada, deformasyon enerjisi asagidaki egitlik yardimiyla
belirlenmistir (Mohsenin, 1980).
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E= FD

o2 (6)
Burada; E° Deformasyon enerjisi (N mm), F* Kabuk yirtilma kuvveti (N),
D:Deformasyon (mm)’dur.

Domates meyvelerinin saptan kopma direncleri el dinamometresi ile 6l¢iilmiis ve
saptan koparilan her bir domatesin agirligi (m), domatesin saptan kopma kuvveti (R)
degerine oranlanarak m/R oranlar: hesaplanmigtir.

Meyvelerin siurtiinme o6l¢imi yapilirken egimli masa diizenegi kullanilmistir.
Meyvelerin farkl siirtiinme ytizeyleri tizerinde hareketine izin verecek sekilde egimli
masa bir vidali kol ile hareketlendirilmig, strtiinme katsayisi igin domatesin ilk
hareketinin saglandigi durumdaki egim acgis1 degeri kullanilmigstir.

Calismada domates meyvelerinin kimyasal 6zellikleri olarak pH, titre edilebilir
asitlik (TA) ve Suda Céziinebilir Kuru Madde (SCKM) degerleri belirlenmistir. Meyve
ornekleri bir blender yardimi ile parcalanmig, elde edilen domates suyunun pH
degerleri, bir pH metre (cam elektrotlu) ile dl¢iilmiistiir (Cemeroglu, 2007). SCKM
degerleri, dijital refraktometreye (PAL-1, Atago McCormick Fruit Tech., Yakima,
Wash., ABD) pH él¢iimiinde kullanilan domates suyundan bir el pipeti ile ¢ekilen
meyve suyunun damlatilmasiyla belirlenmis ve degeri ise % Brix olarak verilmigtir.
Titre edilebilir asitlik (74, g 100 g1) degeri icin, 10 ml pH 6lciimii yapilmak icin
hazirlanmig meyve suyu 6rnegi alinmig, tizerine 10 ml saf su eklenmig, pH degeri 8.1’e
kadar geldiginde harcanan 0.1 mol L'* NaOH co6zeltisi (ml) miktar1 esas alinarak
asagidaki esitlik yardimiyla belirlenmistir (Karacali, 2009).

S5.NE
TA= (=5~

1100 @

Burada; Si- harcanan sodyum hidroksidin miktar1 (ml), N: harcanan sodyum
hidroksidin normalitesi, ;- ilgili asidin equivalent degeri (malik asit icin 0.067 g) ve
B~ alian 6rnek miktar1 (ml)'dir.

Calismada ele alinan tiim parametrelere ait verilerin istatistik analizlerinde
(varyans analizi ve coklu karsilastirma testi), SPSS istatistik paket programi
(Statistical Package for Social Sciences) kullanilmigtir.

BULGULAR ve TARTISMA

Fiziksel ozellikler

Domates meyvelerinin olgunlasma dénemleri ve oda sicakligindaki 0, 2 ve 4 gunlik
muhafaza siirelerine gore fiziksel oOzelliklerden geometrik, hacimsel ve renk
ozelliklerine iligkin varyans analizi sonuglar1 Cizelge 1 ve domates meyvelerinin
geometrik, hacimsel ve renk 6zelliklerine ait ortalama degerler ise sirasiyla Cizelge 2,
3 ve 4’te verilmistir. Domates meyvelerinin nem igerigi turuncu ve kirmizi renkteki
olgunlagsma diizeyleri icin yas baza goére ortalama %94.3 olarak belirlenmigtir.
Olgunlagsma donemi ve muhafaza stirelerinin nem igerigine etkisi istatistiksel olarak
onemsiz bulunmustur.
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Geometrik ozellikler

Olgunlagma doneminin meyvelerin geometrik 6zelliklerinden genislik (P<0.05) ve agirlik
(P<0.01) tizerine istatistiksel olarak 6nemli diizeyde etkisinin oldugu; istatistiksel olarak,
muhafaza siirelerinin uzunluk, genislik, kalinlik ve agirlik degerleri iizerine etkisinin ise
onemsiz oldugu gorilmistiir (Cizelge 1).

Cizelge 1. Domates meyvelerinin baz1 fiziksel (geometrik, hacimsel ve renk)
ozelliklerine iliskin varyans analiz sonuclar1 (F degerleri)

Table 1. The variance analysis results for some physical (geometric, volumetric and
colour) properties of tomato fruits (F values)

Fiziksel Olgunlagma Muhafaza OxM
Ozellikler Dénemi sliresi
0) ™)
Nem Icerigi, % 0.00164 0.63004 0.000%
Geometrik Ozellikler
Uzunluk, mm 3.65108d 2.035% 0.0975d
Genislik, mm 4.065* 1.2578d 0.018ud
Kalinlik, mm 3.8694 2.2308d 0.038%d
Geometrik ortalama cap, Dg,
mm 3.298dd 2.1688d 0.036%
Kiiresellik, % 1.1338d 0.1038d 0.1934d
Yiizey alani, mm? 2.9748d 2.119% 0.040%d
Projeksiyon alani, mm?2
X- ekseni 2.9648d 1.5988d 1.7034
Y- ekseni 5.223* 2.0980d 2.528¢
Hacimsel Ozellikler
Agirlik, g 6.985%* 0.3398d 0.0028d
Yigin hacim agirhgi, g m-3 1.330%d 2.5308d 2.700%d
Meyve hacim agirhigi, kg m-3 10.53** 0.2008d 1.74008d
Porozite, % 5.1008d 1.130%d 1.2208d
Renk Ozellikleri
Kabuk tstii renk
L* 86.61*%* 25.00%* 7.550%*
a* 3.1908d 2.03%d 6.770%*
b* 43.47%* 14.63** 2.070%
Kabuk alt1 renk
L* 24.10%* 0.970% 0.800%d
a* 6.900* 0.2608d 0.980%d
b* 8.420%* 0.340% 0.610%d

*: P< 0.05 seviyesinde 6nemli, **: P< 0.01 seviyesinde 6nemli, 6d: 6nemli degil

Istatistiksel olarak domateslerin geometrik ortalama cap ve kiiresellik degerlerinde
olgunlagsma donemi ve muhafaza slrelerinin o6nemli bir etkisinin olmadig
gorulmustir. Calismada, domates meyvelerinin yiizey alanmi degerlerine olgunlagma
dénemi ve muhafaza slrelerinin istatistiksel olarak 6nemli bir etkisinin olmadigi
belirlenmistir (Cizelge 1). Olgunlasma déneminin istatistiksel olarak énemli oldugu;
geniglik ve agirlik degerlerinde sirasiyla %2.76 ve %10.66 oraninda degisim olmustur.

Domateste olgunluk arttikca geometrik ortalama cap degerleri artarken kiiresellik
degerleri azalmigtir. Muhafaza siiresi artikga domates meyvelerinin geometrik
ortalama cap (Dg) ve kiiresellik degerlerinin énce azalis daha sonra ise artis gosterdigi
gorilmustiar. Meyvelerin geometrik ortalama cap ve kiiresellik degerleri ortalamalar:
sirasiyla 64.28 mm %93.05tir (Cizelge 2). Muhafaza siiresi arttikca uzunluk, genislik,
kalinlhik ve agirlik degerlerinin azaldigi gorulmektedir. Olgunlasma doénemleri
kargilagtirildiginda; olgunlukla beraber uzunluk, geniglik, kalinlik ve agirhk
degerlerinin arttig1 belirlenmigtir. Domates meyveleri, olgunlagma diizeyine gore
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boyutsal ve kitlesel olarak artis gosterirken, muhafaza surecinde ise domates
ornekleri solunum diizeyleri ve muhafaza siiresine gore boyutsal ve kiitlesel olarak
azalma gostermektedir.

Cizelge 2. Olgunlagsma dénemi ve muhafaza siirelerine gére domates meyvelerinin
bazi fiziksel (geometrik) ézelliklerinin ortalama degerleri

Table 2. The means of some physical (geometric) properties of tomato fruits according
to the maturity stage and storage periods

Olgunlagma Donemi | Muhafaza Siresi
Turuncu Kirmizi Ortalama | 0. giin 2. giin 4. glin  Ortalama
Nem igerigi, % 94.30 94.30 94.30 94.41 94.3 94.19 94.3
Geometrik ozellikler
Uzunluk, mm 68.28 70.02 69.15 70.14 69.33 67.92 69.13
Geniglik, mm 66.38b* 68.21a 67.3 68.13 67.39 66.37 67.3
Kalinlik, mm 57.56 59.01 58.29 59.12 58.48 57.25 58.28
Geometrik ortalama
¢cap, mm 63.61 64.99 64.3 65.17 64.45 63.23 64.28
Kiresellik, % 93.26 92.84 93.05 92.96 93.03 93.17 93.05
Yiizey alani, mm?2 12775.0 13312.8 13043.9 | 13396.9 13100.1 12616.2 13037.7
Projeksiyon alani, mm?
X ekseni 2944 3117 3030 2990 3158 2944 3030
Y ekseni 2604b* 2816a 2710 2621 2840 2669 2710

*: P< 0.05 seviyesinde 6nemli

Ortalama ylizey alan1 degerleri turuncu renk olgunlagsma déneminde 12775.0 mm?
kirmizi renk olgunlasma doéneminde ise 13312.8 mm?2 olarak hesaplanmistir.
Olgunlukla artan ylizey alani degerleri muhafaza siresi arttikca azalis gostermis,
hasattan sonraki 4. giinde muhafaza edilen domateslerin yiizey alanlarinin %5.83
oraninda azaldig1 belirlenmistir (Cizelge 2).

Uc boyutsal eksenin ve geometrik ortalama cap degerinin kullanilmasiyla elde
edilen ylizey alani degerlerinde daha 6nceki parametrelerdekine benzer gekilde artig
ve azalis egilimleri gozlenmistir. Cevik (2013) tarafindan ‘Jadelo F1’ cesidi domates
meyvelerinin en diisik wuzunluk genislik ve kalinlik degerlerinin yesil renk
olgunlagsma déneminde, en blyik degerlerinin ise kirmizi renk olgunlagsma dénemi
domateslerde elde edildigi belirtilmistir. Taheri Garavand ve ark. (2011) ise, cesitler
arasi farkin hem agirlik hem de boyut degisiminde etkili oldugunu ifade etmislerdir.
Bu acidan bakildiginda, calismada bulunan sonuclarin, literatiir sonuclarina gore
benzerlik gésterdigi soylenebilir.

Geometrik ortalama ¢apin robotla hasat etmek i¢in meyve kiitlesini tahmin etmede
en dogru parametre olarak diisiiniilebilecegi, Li ve ark. (2015) tarafindan
aciklanmistir Ghazavi ve ark. (2013) kirmizi domateslerin meyvelerinin kiiresellik
(%90) ve geometrik ortalama cap (54.49 mm) degerlerinin yesil domates meyvelerinin
kiiresellik (%89) ve geometrik ortalama cap (52.19 mm) degerlerinden daha yiiksek
oldugunu belirtmiglerdir. Bu ¢alismada geometrik 6zellikler ve kiiresellik agisindan
bulunan degerlerin literatiir degerlerine yakin oldugu sdylenebilir. Ghazavi ve ark.
(2013)da elde ettigimiz sonuclarla benzerlik gosterecek sekilde, yesil domatesler ile
kirmiz1 domatesler arasindaki yiizde degisimin %8.42 oldugunu ve olgunluk arttik¢a
domateslerin yiizey alani degerlerinin arttigini ve ifade etmislerdir.
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Hacimsel ozellikler
Domates meyvelerin olgunlasma donemi ve muhafaza siiresinin porozite ve yigin
hacim agirhigi degerleri tizerine etkilerinin istatistiksel olarak oOnemsiz oldugu,
olgunlagsma déneminin meyve hacim agirlig1 lizerine etkisinin istatistiksel olarak
P<0.01 seviyesinde 6nemli oldugu belirlenmistir (Cizelge 1). Domates meyvelerinin
olgunlagsma dénemi ve muhafaza siiresi ile yigin hacim agirhigi degerlerinin arttig:
gorilmigstir. Olgunlagsan domates meyvelerinin agirlig: ile yi1gin hacim agirligindaki
artiglar, boyutsal degisimlerindeki artisa benzerdir. Muhafaza stresi ile beraber
meyvelerde hacimsel bir azalma s6z konusu olmaktadir. Belirli bir hacim igerisine
giren meyve sayisi ve hacim agirligi degerlerinde ise artiglar meydana gelmigtir.
Domates meyvelerinin meyve hacim agirligi degerleri turuncu ve kirmizi renkteki
olgunluk diizeylerinde sirasiyla 1052.6 kg m™= ve 1018.9 kg m™ olarak 6l¢tilmiistir.
Domateslerin meyve hacim agirligi degerleri olgunluk degisimine gore azalig
gostermigtir. Domateslerin ilk 2 giin muhafaza stresinde, meyve hacim agirhig
degerleri artis gostermigken, 4 ginlilk muhafaza siiresinde ise azalig gOstermigtir.
Domates meyvelerinin porozite degerlerinin meyvelerin olgunlugu ve muhafaza siiresi
arttikca azaldig1 belirlenmistir (Cizelge 3).

Cizelge 3. Olgunlagsma dénemi ve muhafaza sturelerine gére domates meyvelerinin
bazi fiziksel (geometrik) ézelliklerinin ortalama degerleri

Table 3. The means of some physical (geometric) properties of tomato fruits according
to the maturity stage and storage periods

Olgunlasma Donemi Muhafaza Siiresi
Hacimsel 6zellikler Turuncu Kirmizi Ortalama | O.gin  2.gin 4.giin Ortalama
Agirlik, g 158.22 175.09 166.66 | 169.95 166.50 163.53 166.66
Y1gin hacim agirhigi, kg m 463.73 471.61 467.67 | 457.03 468.59 477.38 467.67
Meyve hacim agirhigi, kg m? 1052.6a** 1018.9b 1035.8 | 1032.1 1040.1 1035.1 1035.8
Porozite, % 55.89 53.66 54.77 | 55.68 54.79  53.85 54.77

**: P< 0.01 seviyesinde 6nemli

Renk ozellikleri
Domates meyvelerinin renk 6zellikleri agisindan bakildiginda, olgunlagsma déneminin

domates meyve kabugu ve kabuk alt1 icin L* ve b* renk degerleri lizerine etkisi
istatistiksel olarak P<0.01 diizeyinde 6nemli iken, meyve kabugu i¢in a* degerleri
olgunlagsma doénemine goére istatistiksel olarak onemli gekilde degismemis, kabuk
altinda ise P<0.05 seviyesinde istatistiksel olarak oOnemli sgekilde farkhlik
gostermigtir. Muhafaza siiresinin domates meyve kabugunun L*ve b* renk degerleri
uzerine istatistiksel olarak P<0.01 seviyesinde 6nemli bir etkisinin oldugu, meyvelerin
kabuk alt1icin L* a* b* meyve kabugu icin a* degerlerine istatistiksel olarak énemli
bir etkisinin olmadig1 belirlenmistir (Cizelge 4).

Domates meyvelerin kabuk ve kabuk alti icin L* parlaklik degerleri olgunluk
artikca azalmigtir. Domateslerde ortalama L* parlaklik degerleri 0, 2, 4 giin
muhafaza slirelerinde meyve kabugunda ve kabuk altinda sirasiyla 35.89, 32.44,
31.59 ve 32.92, 31.47 ve 33.42'dir. Istatistiksel olarak énemli bir farkhiligin oldugu
meyve kabugunda ilk giin élgiilen L* parlaklik degeri 2. ve 4. giinde sirasiyla %9.61 ve
%11.98 oraninda azalmigtir. Muhafaza stlireleri arasinda olan farkliligi gérmek igin
yapilan Duncan coklu karsilastirma testine gore; kabuk tstii L* degerlerinde 2. ve 4.
glinler arasinda o6nemli bir farklihk olmamistir. Sonu¢ olarak domateslerde L*
parlaklik degerlerinde muhafaza siiresi arttikca matlasmalar goriilmistiir (Cizelge 4).
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Cizelge 4. Olgunlagsma dénemi ve muhafaza siirelerine gére domates meyvelerinin
bazi renk 6zelliklerinin ortalama degerleri

Table 4. The means of some colour characteristics of tomato fruits according to the
maturity and storage periods

Renk Olgunlagma Dénemi Muhafaza Siresi
ozellikleri  Turuncu Kirmiz1 Ortalama 0. giin 2. giin 4. giin Ortalama
Kabuk usti
L* 35.75 30.87 33.31 35.89a** 32.44b 31.59b 33.31
a* 12.34 13.83 13.08 12.07 13.05 14.14 13.08
b* 17.4 14.9 16.15 17.56a** 15.73b 15.16b 16.15
Kabuk alt1
L* 35.51 29.70 32.61 32.92 31.47 33.42 32.60
a* 8.83 11.48 10.16 9.71 10.16 10.60 10.16
b* 14.72 12.84 13.78 13.99 13.40 13.95 13.78

**: P< 0.01 seviyesinde 6nemli;
& Satirlarda ayni harfle gosterilen ortalamalar arasinda istatistiksel olarak énemli bir farklilik yoktur (P<0.01).

Domates meyvelerinin kabuk ve kabuk alt1 i¢cin a* renk degerlerinin olgunlagma
dénemi ve muhafaza stiresi arttikga arttig, yani kirmizilagtigi gortlmustir.
Domateslerde meyvelerin kabuk ve meyve kabuk altinda belirlenen b* degerleri
olgunlagsma arttikca sirasiyla %14.37 ve %12.77 oranminda azalmigtir. Muhafaza
stiresindeki artigsla meyvelerin kabuk tstinde 6l¢iilen b* degerleri azalmig, kabuk
altinda élciilen b* degerleri ise 6nce azalmis daha sonra artmistir (Cizelge 4).

Altun (2011), L* renk degerinin ‘Beef tipi domates genotiplerde muhafaza
stiresince 37.61 ile 48.54 ve a* renk degerlerinin ise; 12.23 ve 25.77 degerleri
araliginda degistigini aciklamistir. Ordonez-Santoz ve ark. (2008) ise domates
orneklerinin ortalama L* degerinin 9.71 oldugunu agiklamiglardir. Sat ve Turhan
(2006), Erzurum’da yetistirilen bazi domates cesitlerinin meyve kabugu icin a*
degerlerinin 21.24 - 35.90 arasinda degistigini, Kaymak ve ark. (2010) ise Erzincan’da
yetistirilen yaygin iki domates ¢esidi olan H2274 ve Alida F1 ¢esitlerinin a* degerinin
sirasiyla ve 29.03 ve 24.63 oldugunu belirtmiglerdir. Calismada L* degerleri ile a*
renk degerleriyle ilgili buldugumuz sonuclar, Altun (2011)’un belirttigi L* ve a*
degerlerinin alt sinir degerlerine yakin degerler vermigstir. Bu ¢alisgmada elde edilen
a* degerleri Sat ve Turhan (2006) ile Kaymak ve ark. (2010)’1n yaptiklar: ¢alismalarda
elde edilen degerlerden daha diisiik bulunurken, L* degerleri ise Ordonez-Santoz ve
ark. (2008)’in belirttigi L * degerinden daha yiiksek degerler vermistir.

Mekanik Ozellikler

Domates meyvelerinin mekanik 6zelliklerine ait olgunlagma déneminin istatistiksel
olarak meyve saptan kopma direnci (R) ve m/R orani iizerinde etkisinin 6nemsiz
oldugu goriilmiustir. Ortalama meyve saptan kopma direnci ve m/R orani degerleri
turuncu olum hasat déneminde sirasiyla 18.27 N ve 7.36 g N1 olarak bulunurken,
kirmizi olum hasat déneminde sirasiyla 18.72 N ve 6.78 g N'! olarak bulunmustur.
Domateslerin meyvelerinin olgunlugu arttikca m/R orani ve meyve kopma direnci
azalmaktadir (Cizelge 5).

Moser (1989), m/R oraninin 1’e egit veya 1’den biiyiik oldugu durumda meyvenin
makine ile hasat edilebilir oldugunu, ayrica iiriinin kopma direncinin, iriin kiitlesi
ile iligkisinin hasat makinelerinin toplama tinitelerinin tasarlanmasinda o6zellikle
secilecek hasat yonteminin secimi acisindan oOnemli bir parametre oldugunu
belirtmistir. Elde ettigimiz degerler incelendiginde, m/R orami degerlerinin 1’den
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biiyiik oldugu gériilmektedir (Cizelge 5). Bu degerler incelenen domates ¢esitlerinin
makineyle hasat edilebilecegini géstermektedir.

Cizelge 5. Domates meyvelerinin meyve kopma direnci degerlerinin olgunlagma
dénemlerine gore degigimi

Table 6. The change of fruit removal force values of tomato fruits according to
maturity stages

Olgunlagma Meyve kopma Meyve agirlig1 (m), Meyve agirligi/Kopma direnci
dénemi direnci (R) @ (m/R)
(©) () (N1
Turuncu 18.27 132.23 7.36
Kirmiza 18.72 116.59 6.78
Ortalama 18.50 124.41 7.07

Calismada, X- uzunluk ekseninde yapilan o6l¢imlerde olgunlagsma doénemi ve
muhafaza siiresinin delme kuvveti lzerine etkisinin istatistiksel olarak P<0.01
seviyesinde 6nemli oldugu bulunurken, deformasyon enerjisi izerine sadece muhafaza
stiresinin P<0.05 seviyesinde etkisinin 6nemsiz oldugu goriilmektedir. Y- genislik
ekseninde yapilan Olgimlerde, sadece muhafaza siiresi deformasyon tizerine P<0.01
seviyesinde istatiksel olarak 6nemlidir.

X- uzunluk ekseni boyunca yapilan o6l¢limlerde meyvelerin olgunlugu arttikca
meyvelerin deforme olmasi i¢in gerekli olan delme kuvveti degerleri azalirken
(%33.30), Y- genislik eksenine goére yapilan 6lciimlerde %1.26 oraninda artmistir.
Olgunluk arttikca deformasyon degeri artmigtir. Deformasyon miktar1 X- ve Y-
eksenine gore kirmizi olum hasat déneminde ise 29.65 mm ve 21.66 mm degerleriyle,
turuncu olgunlagma dénemindeki 27.82 mm ve 20.83 mm degerlerden daha yiiksek
bulunmustur. Olgunlagsmanin artisina gére domates meyvelerinin deforme olmasinda
ihtiya¢ duyulan kuvvet azalirken, deformasyon ve ezilme miktarinin ise arttig:
gorilmustir. Domates meyvelerinin olgunluk arttik¢a daha fazla esneklik gosterdigi
anlagilmaktadar. Y- eksenine gbore yapilan oOlgimlerde  deformasyonun
gerceklesebilmesi i¢in gerekli olan kuvvet ve deformasyon miktar1 X- eksenine gore
daha dugtiktir. Olgunlasma artisina goére deformasyon enerjisi azalirken, Y-
ekseninde yapilan Olglimlere gore deformasyon enerjisi X- ekseninde yapilan
olciimlerden daha diisiik oldugu gériilmiistiir (Cizelge 6).

Cizelge 6. Olgunlagsma dénemi ve muhafaza siirelerine gére domates meyvelerinin
bazi mekanik 6zelliklerinin ortalama degerleri

Table 6. The means of some mechanical properties of tomato fruits according to the
maturity stage and storage periods

s 11 Olgunlagma Dénemi Muhafaza Siiresi

Mekanik ozellikler Turuncu Kirmizi  Ortalama | 0. giin 2. giin 4.giin  Ortalama
X- (uzunluk) eksenine goére

Kuvvet, N 134.8 89.89 112.2 153.4a** 105.7b 77.90b 112.3
Deformasyon, mm 27.82 29.65 28.74 30.03 29.28 26.89 28.73
Deformasyon enerjisi, N mm 1915.6  1363.9 1639.7 2290.5a*  1571.4ab  1057.4b 1639.7
Y- (genislik) eksenine gore

Kuvvet, N 50.96 51.6 51.28 62.73 45.47 45.63 51.28
Deformasyon, mm 20.83 21.66 21.25 20.12b** 19.41b 24.21a 21.25
Deformasyon enerjisi, N mm 524.9 515.7 520.3 567.4 442.4 551.2 520.3

**: P< 0.01 seviyesinde 6nemli; *: P< 0.05 seviyesinde 6nemli
**: Satirlarda ayn harfle gosterilen ortalamalar arasinda istatistiksel olarak énemli bir farklilik yoktur (P<0.01).
*: Satirlarda ayni harfle gésterilen ortalamalar arasinda istatistiksel olarak énemli bir farklilik yoktur (P<0.05).
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Domates meyvesinin X- ekseninde Y- eksenine gére meyve yapisinin daha sert ve
mukavim oldugu gorilmiustir. X- ekseni sap ve ¢igek ¢ukuru bolgelerinden olustugu
icin kabuk delinmesi ve yirtilmasimin olabilmesi i¢in daha fazla kuvvet
gerektirmektedir. Kirmizi renk olgunlagsma diizeyinde meyveler agirlik ve boyutsal
acidan daha fazla biiyime gostermekte dolayisiyla daha fazla yumusamakta, boylece
domateslerin sertliginin azalmasi ve ¢ok az bir kuvvetle bozulma yani deformasyonun
olusmas1 mumkin olabilmektedir. Bir domates meyvesi farkli pozisyonlardan
yiklenen dig kuvvete maruz kaldiginda domates meyvesinin i¢ yapisinin meyvenin
yirtilma/ezilme olasiligl tizerine etkisi énemlidir. Lana ve ark. (2007) olgunlasma
stiresince, meyve dokularindaki ¢éziinmeyen proto-pektin igerigi ¢ézilebilir pektin ve
gittikce yumusak olan perikarp ve c¢apraz duvar dokusuna doénlstigini
aciklamaktadir. Li ve ark. (2015), domates meyvelerin yirtilma/ezilme olasilig1 iizerine
olgun meyvelerin yapisal 6zelliklerinin etkisinin az oldugunu agiklamistir. Hetzronia
ve ark. (2011), domates kabugunun dayaniklihi§1 ve elastikiyeti gibi mekanik
ozelliklerinin hem endistriyel isleme hem de taze tiiketim igin 6nemli oldugunu, bu
durumun yetigtiriciler, pazarlamacilar ve tiiketiciler igin biylik ©Oneme sahip
oldugunu, gida endistrisinde domatesin kolay soyulabilmesi i¢in kalin ve sert kabugu
tercih edilirken, sofralik taze tiketimde ise, kolay yenebilmesi icin ince ve yumusak
kabugun tercih edildigini agiklamiglardir.

Domates meyvelerinde X- eksenine gore yapilan o6lgiimlerde muhafaza stresi
arttikca deformasyon icin gerekli olan kuvvetin de azaldig1 gorilmektedir. Kuvvet ile
benzer gekilde deformasyon miktar:i ve deformasyon enerjisi degeri de muhafaza
siiresi artikca azalmaktadir (Cizelge 6). Olorunda ve Tung (1985) Reento domates
cesidinde, olgunlasma derecesindeki artisin kuvvet, deformasyon degerlerinde belirgin
azalmaya neden oldugunu, Diehl ve ark. (1980) ve De Belie ve ark. (2000)
domateslerin olum doénemlerine gore test sirasinda uygulanan baski yiki altinda
agirl1 gerilmelerden dolayr hiicre duvarinin yirtilmasi nedeniyle genellikle doku
bozulmas1 meydana geldigini, Albaloushi ve ark. (2012), yesil domateslerin sar1 ve
kirmizi domateslere gore daha sert oldugunu acgiklamiglardir. Bu ¢alismada da meyve
kabuk yirtilma kuvveti degerlerinin olgunluk arttikca azaldigi gézlenmistir. Bu
acidan kuvvet degerlerinin literatiir sonuglariyla uyumlu oldugu gézlenmistir.

Domates meyvelerinin olgunlasma doénemi ve muhafaza strelerinin statik
sirtinme katsayilarina etkisi; meyvelerin sap ve c¢icek ¢ukurundan 6l¢im almak
tizere 5 farkl siirtiinme yiizeyi (kontrplak, sunta, lastik, laminant ve galvaniz sac)
igcin belirlenmigtir. Muhafaza siiresinin, ylzeyin sirtiinme katsayisina ve 6l¢im
yonine etkisi P<0.01 seviyesinde istatistiksel olarak o6nemli iken olgunlagma
déneminin énemli bir etkisinin olmadig gériilmistiir (Cizelge 7).

Meyvelerde en yiliksek slrtinme katsayisi degerinin ikinci muhafaza giliniinde
0.429 ve en dugsik slrtinme katsayisimin ise ilk giin 0.397 olarak ol¢uldigu,
muhafaza siiresinin etkisinin istatistiksel olarak onemsiz oldugu gorulmustiir. Sap
cukuru yoninde yapilan Ol¢gimde cicek cukuru yoninde yapilan ol¢cimlere gore
stirtinme katsayis1 %95.27 daha yiiksektir.
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Cizelge 7. Olgunlagsma dénemi ve muhafaza siirelerine gére domates meyvelerinin
statik strtinme katsayisi ortalama degerleri ve varyans analiz sonuglari

Table 7. The means of static friction coefficients of tomato fruits according to maturity
stage and storage periods, and variance analysis results

Statik stirtiinme

katsayisi
Turuncu 0.409
Olgunlagsma Dénemi (O) Kirmizi 0.410
Ortalama 0.409
0.Gin 0.397b&
Muhafaza Siiresi (M) 2.Giin 0.429a
4.Gin 0.402b
Ortalama 0.409
Sap ¢ukuru 0.537a
Yon (YN) Cigek ¢ukuru 0.275b
Ortalama 0.406
Galvaniz sac 0.389c¢
Sunta 0.410b
Yiizey (YZ) Kontrplak 0.408b
Laminant 0.390c
Lastik 0.445a
Ortalama 0.408
6] 0.44808d
Varyasyon Kaynaklari M 9.991%*
(F degeri) YN 2366.680**
YZ 12.322%*

** P< 0.01 seviyesinde onemli, & 6nemli degil; & Siitunlarda ayn: harfle gosterilen ortalamalar arasinda istatistiksel olarak onemli bir
farklilik yoktur.

Farklh siirtiinme yiizeyleri incelendiginde, lastik yiizeyde (0.445) en yiiksek
siirtiinme katsayisi, galvaniz sac yiizeyde (0.389) en diisiik siirtiinme katsayisi
degerleri bulunmustur. Ayrica, laminant ile galvaniz sac ve kontrplak ile sunta
yiizeyler arasinda istatistiksel olarak farkliligi énemsiz oldugu goriilmiistiir (Cizelge
7).

Tarimsal triinlerde nem igeriginin sturtiinme katsayisina ¢ok 6nemli bir etkisi s6z
konusudur. Turuncu ve kirmizi domateslere ait nem igeriklerinin ayni1 degerlerde
oldugu goérilmis, bu acidan statik stirtinme katsayilarinda da istatistiksel olarak
farklihik goézlenmemistir. Calismada, domates meyvelerinde, muhafaza surelerinde
nem degisimlerinin daha belirgin oldugu gézlenmistir. Burada muhafaza siiresi ile
nem digisi olmasina karsin domatesin olgunlasma doénemine goére 2. muhafaza
giininde daha da esnek ylizey géstermesi ile birlikte daha yiksek bir deger gézlenmis,
4. guinlnde ise trlinlerin kismi toparlanma géstermesi nedeniyle stirtinme degerinde
2. muhafaza giiniine gore yiiksek deger vermesine neden olmustur (Cizelge 7).

Albaloushi ve ark. (2012) domates érneklerinin muhafaza siiresindeki artisla
dinamik slrtinme katsayisinin arttigini, dinamik strtiinme katsayisi tzerine
muhafaza siresinin materyal ylizeyine gore daha onemli etkiye sahip oldugunu
belirtmektedirler. Kaymak ve ark. (2010), yaygin kullanilan iki domates ¢esidi olan
(H2274 ve Alida F1) statik siirtiinme katsayis1 degerlerinin celik, aliiminyum ve
kontrplak ylizeylerde sirasiyla 0.31-0.32-0.25 ve 0.31-0.31-0.25 olarak belirlemislerdir.
Strtinme yuzeyleri biiyiikten kiiciige dogru lastik, kontrplak, sunta, galvaniz sac ve
laminant seklinde siralanmistir (Cizelge 7). Calismada bulunan degerler, Kaymak ve
ark. (2010)min buldugu sonuclara gére daha yiiksek degerler vermis olup, bu
sonuglara kullanilan siirtiinme ylizeyleri ile ¢alismalarda kullanilan farklh gesitlerin
ve yetistirme kogullarinin etkili oldugu diisiinilmektedir.
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Kimyasal Ozellikler

pH degerlerine olgunlagma déneminin istatistiksel olarak etkisinin 6nemsiz oldugu,
muhafaza siirelerinin ise P<0.01 diizeyinde bir etkisinin oldugu gériilmiistiir (Cizelge
8). Duncan coklu karsilastirma testine gore muhafaza siireleri arasindaki farklihgin
ilk hasat giinii ve 2 giin muhafazadan sonra oél¢lilen pH degerlerine istatistiksel
olarak etkisinin 6nemsiz oldugu, ilk hasat glinline gére 4. giin muhafaza sonrasi
olgiilen pH degerleri %3.41 oraninda arttig1 belirlenmistir (Cizelge 8). Tuncel ve ark.
(1991), domatesin farkl olgunlagsma dénemleri icin olgunlagmanin artis diizeyine gore
once daha az bir degisim ve olgunlagmanin tamamlanmasiyla pH degerinin genel
olarak bir artig gosterdigini belirtmiglerdir.

Cizelge 8. Domates meyvelerinin pH, SCKM ve TA degerlerine iligkin ortalamalar ve
varyans analiz sonuglari

Table 8. The means of pH, SCKM and TA values of tomato fruits and the variance
analysis results

H SCKM TA
P (%) (g 100 g1

Olgunlagma Turuncu 4.86 4.41 0.36
Doénemi Kirmiza 4.87 4.56 0.41
0) Ortalama 4.87 4.48 0.38
Muhafaza 0.Giin 4.81b% 4.33b& 0.39b%
Stresi 2.Gln 4.81b 5.03a 0.31c
) 4.Giin 4.98a 4.08b 0.45a

Ortalama 4.87 4.48 0.38
Varyasyon 0] 0.295d 0.565d 7.38%
Kaynaklar M 9.18%* 7.61%* 23.99%*
(F degeri) OoxM 2.2684 0.13%4 2.538d

od.

: dnemsiz deger, &

*: P< 0.05 seviyesinde 6nemli, **: P< 0.01 seviyesinde 6nemli, : stitunlarda ayni harfle gosterilen ortalamalar

arasinda istatistiksel olarak onemli bir farklilik yoktur.

SONUC

Bu ¢alismada, muhafaza siirelerine gore domates meyvelerinde hem boyutsal olarak
hem de agirlik olarak azalmalar gozlenmistir. Olgunlukla artan yiizey alani1 degerleri
muhafaza stiresi arttikca azalmigtir. Muhafaza stiresi artisiyla L* parlakhik
degerlerinde matlagmalar olusmustur. Meyvelerin kabuk ve kabuk altindan
belirlenen a* ortalama degerleri olgunlukla artarken, meyve kabugunda olciilen 5%
degerleri muhafaza siiresi arttikca azalmaktadir. Olgunluk arttikca domates
meyvelerinde deformasyonun olabilmesi i¢in ezilme miktar1 artar ve urlnlerin
deforme olabilmesi i¢in gerekli kuvvet azalirken, ezilme miktarinin artmasi1 domates
meyvelerinin daha fazla esnek oldugunu gostermektedir. Muhafaza siiresi arttikca
sturtinme katsayis1 degeri de artmakta, olgunluk arttikca domates meyvelerinin pH
ve TA degerleri de artmaktadir. Elde edilen sonuclar, pazara sunulan ya da islenecek
olan driinlerin kalitesi bakimindan hasat déneminin dogru belirlenmesi ve muhafaza
stiresinin artirilmamasi gerektigini gostermektedir. Domates meyvelerinin farkh
olgunlasma doénemlerinde hasat edildiginde fiziksel, kimyasal ve mekanik
ozelliklerinde gorilen farkliliklarin domatesin ticari kullanimi ve tiiketici istekleri
bakimindan o6nemli oldugu unutulmamalidir. Bu anlamda, elde edilen veriler
tUrlinlerin islenmesinde &nemli etkiye sahiptir ve yapilacak tesis, sistem ve
kullanilacak makine ve ekipmanlarin tasarimi, kurulumu ve igletilmesi acisindan
katki saglayacaktar.
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GIRIS

Yeterli ve dengeli beslenebilme giinimiiz Diinya’sinin yiizlestigi ve her gecen giin
daha da artan bir problem olarak ortaya ¢ikmaktadir. Cevresel, sosyal ve ekonomik
olarak surdurilebilir ve tlke insaninin yeterli beslenmesini saglayan bir tarim
sektorinin olusturulabilmesi, tarim politikalarinin ve bu eylemin ana amacidir. Bu
ama¢ dogrultusunda en Onemli yapitaslarindan biri yem bitkileri ve hayvansal
tretimde meydana gelebilecek dogrusal bir artigtir. Insan beslenmesinde kullanilan
bitkiler haricinde, kirmizi etin sofralarimiza gelebilmesi icin “yem bitkileri ve ¢ayir
meralarin” etkinligi ilk siradadir. Bu konuda hem nispi olarak ucuz olan, hem de
ruminantlarin sindirim faaliyetlerini olumlu yonde etkileyen kaliteli kaba yemler, bu
yemlerin asil kaynagi olan ¢ayir ve meralar ve ekim ndbeti planlarina alinabilecek
alternatif kaba yem kaynaklari 6n plana c¢ikmaktadir. Hayvancilik sektériinde
girdilerin biyik bir kismin1 yem giderleri olusturmaktadir. Bu oran yaklasik %70
olarak bilinmektedir. Yem giderlerinin %781 kaba yem, %22lik kismi ise karma
yemlerden karsilanmaktadir (Harmansah, 2018).

Turkiye’de cayir ve meralar en 6nemli kaba yem kaynaklarindandir. Buna ek
olarak; flora ve fauna cgesitliliginin ve gen kaynaklarinin korunmasi, tarimsal
faaliyetlerin ve hayvanciligin etkili bir gekilde siirdiiriilmesi i¢in, korunulmasi ve
gelistirilmesi mutlak suretle gerekli olan alanlardir (Ozkan ve Demirbag, 2016). Ayn1
zamanda hayvanlarin yem ihtiyaclarinin biiylik bir kismini karsilayarak, kiiresel gida
tedarigine 6nemli katkilarda bulunurlar (O’Mara, 2012).

Tiirkiye’de 14.6 milyon hektar (ha) ¢ayir, mera arazisi bulunmaktadir ve bu oran
tilke alammmin yaklagik %18.71ik bir kismimi kapsamaktadir (TUIK, 2019a).
Tirkiye’de en fazla mera alamina sahip bolgeler Dogu Anadolu ve I¢ Anadolu’dur.
Bunlar: Karadeniz bélgesi takip etmektedir. BUGEM (2018) raporuna gore Tiirkiye
cayir ve meralarinin kuru ot verimi 60-70 kg/da arasindadir. Bélge bazinda en fazla
verim Karadeniz (100 kg/da) ve Dogu Anadolu (90 kg/da) bélgesinden elde
edilmektedir. Baz1 kaynaklar iyimser bir bakig agisiyla meralarin kuru ot verimini 80
kg/da olarak belirtmektedir (Ak, 2013). Tiirkiyenin kurak bir iklime sahip olmasi,
bolgelerin yagis rejimindeki diizensizlikler, mera yonetimindeki sorunlar, tilke
meralarinin orta ve diisik kalitede olmasinin sebeplerindendir. Buna ek olarak
karsilagilan en blyiik problemlerden biri meralarin kapasitesinin {izerinde
otlatilmasidir. Bu durum cayir ve meralar1 kalitesiz bir hale getirerek hayvanlarin
dengeli ve verim odakli beslenememesine sebep olmaktadir. Oysaki cayir mera
bitkileri %12-20 arasinda ham protein ve %60-70 arasinda sindirilme oranina sahip
kaliteli yesil ot iiretmektedir (Alcaide ve ark., 1997; Arslan, 2008; Parlak ve ark.,
2011). Hayvanlarin otlatma mevsiminde bile ilave yemlerle beslenmesine sebep olan
asir1 otlatma (Gonzalo ve Bachiller, 2004), hayvancilifin istenilen verimlilik ve
karlhilikta yapilabilmesini sinirlandirmaktadir.

Gunumiz Turkiye’sinde c¢ayir ve meralardan alinmasi arzu edilen verimlerin
bir¢ok olumsuz sebep yliziinden istenilen diizeye ulagamamasi “yem bitkileri tarimi
ve Uretimi” tizerindeki baskiy1 artirmaktadir. Stirekli ve glivenli kaliteli kaba yeme
ulagabilmenin en 6nemli yolu olan yem bitkileri tarimi, bitkisel ve hayvansal
iiretimin garantériic durumundadir (Akman ve ark, 2007). Yem bitkileri tariminin
daha kaliteli ve efektif bir hale gelmesi, ¢ayir ve meralar tizerindeki asir1 baskiy1 da
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azaltacaktir. Uretimin artis: ile bozulan ya da bozulmaya ¢ok yakin cayir ve meralar
kendilerini yenileme firsati yakalayacaklardir (Yolcu ve Tan, 2008).

Bu arastirmada; Turkiye’de tretilen kaliteli kaba yemin, biiyiikbas ve kugciikbas
hayvan varlhiginin ihtiyacim1 karsilayabilme durumuna deginilecektir. Bununla
birlikte; yem bitkileri desteklemeleri, maliyeti olusturan bazi mali parametrelerin
gliincel durumu hakkinda degerlendirmeler yapilarak Tirkiye'nin yem bitkileri tarimi
ile baz1 Diinya tulkeleri kargilagtirilmigtir.

YEM BITKILERI EKIM ALANI ve URETIM

Hayvansal tiretim ve tiiketimin artig1 tilkenin gelismiglik diizeyi ile paralel olmakla
birlikte, bu artig hayvan saghigi ve performansi ile yakindan iligkilidir (Ozkan, 2016).
Saglikli ve performansi yliksek bir hayvancilik icin kaliteli kaba yeme ulagabilmek
temel bir zorunluluktur. Bunu saglama agsamasinda birinci éncelik olan cayir ve
meralar diginda tlkelerin yem bitkileri tretimini artirici faaliyetlerde bulunmasi
gerekmektedir. Hayvanciligi gelismis olan tilkelerde yem bitkilerinin ekilis orani
toplam tarla arazisinin, Almanya’da %36’sinda, Hollanda’da %31’inde, Italya’da
%30’'unda, Fransa ve Ingiltere’de %25ni kaplamaktadir (Aqkgéz ve ark., 2005).
Turkiye tarla tarimi icinde yem bitkileri ekim alani 2002 yilindan 2019 yilina gelene
kadar artis gostermistir (Cizelge 1.). 2019 yilinda yem bitkileri ekilis oraninin tarla
tarim1 icerisindeki orani %13.65, toplam islenen alanlara orani %9.10 olarak
belirlenmigtir.

2019 yili itibari ile Turkiye'de yaklagik 2.1 milyon hektarlik alanda yem bitkileri
tarim1 yapilmaktadir (TUIK, 2019a). Yonca, silajik misir, yaygin fig, korunga, yulaf
(yesil ot) yem bitkileri tariminda en fazla yetistirilen, kuru ot ve yesil ot olarak
degerlendirilen bitkilerdir. 2019 yilinda yonca ve silajlik misir yem bitkileri ekim
alaninin %54’lini, {iretimin (yonca:17.9 milyon ton-misir: 25.5 milyon ton) yaklasik
%781ni kargilayarak Tirkiye’de yem bitkileri tariminin yiikiint tasiyan en énemli iki
bitki olarak kendilerini gostermiglerdir. Ozellikle silajik misirda uygulanan
desteklemelerin son 10 yilda %100 civarinda artis gostermesi ile ekim alanlarinda
meydana gelen yukselis, silajik misir tariminin ¢iftgilerimiz tarafindan
benimsendiginin de kamtidir (Acar ve ark., 2020). 2019 yilinda yaygin fig, Macar figi
ve fig (diger) toplam olarak yaklasik 4.3 milyon ton, korunga 1.8 milyon ton iiretim ile
yem bitkileri iiretimine destek olan bitkiler olmuslardir (TUIK, 2019a).

Turkiye'de islenen ve yem bitkileri tarimi yapilan arazi varligi, Tirkiye'nin yem
bitkileri ekim alanlari Cizelge 1 ve Cizelge 2'de gorilmektedir.

Burcak, hayvan pancari, yem salgami, fig ve murdimiik tretiminde son 6 yil
icerisinde duglisler meydana gelmistir. Cizelge 2’'ye gore, Tek yillik ¢im son trendler
dogrultusunda kendini 6nemli bir alternatif yem bitkisi olarak ispatlayabilmigtir.
2004 yilinda bitki hakkinda herhangi bir veri bulunmamasina karsilik, 2014-2019
yillar1 arasinda ekim alamm 34 kat arttirmistir (TUIK, 2019a). Tek yillik ¢im ile
beslenen siit ineklerinin siit verimi ve kalitesinde ©6nemli artiglar meydana
gelmektedir. Tek yillik ¢im’in siit ve siit Grlinlerinin kalitesini artirmasi, bitkiden 2-3
bicim alinabilmesi gibi 6zellikler yetistiriciyi tatmin etmektedir. Ozellikle 1iman
kusagin nemli bolgelerine yayilim goéstermis olan tggullerin ekim alani Cizelge 2’de
goruldigi lzere 2004 yilindan gliinimiize kadar azalma egilimi gostermistir. Kuzey
Avrupa ve Iskandinav iilkelerinin 6énemli 6énde gelen bitkilerinden olan ti¢giiller
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ulkemizde az da olsa taban ve nemli meralarda kullanilabilmektedir. Asir1 otlatma
kogullarina dayanamadigi i¢in t¢giillerin bulundugu meralarda miinavebeli otlatma
sistemi uygulanmalidir (Acikgéz, 2001).

Cizelge 1. Turkiye'de tarimsal alanlar
Table 1. Agricultural areas in Turkey

Ekilen Alan (1000 ha)
) B)
Meyve, Tarla
Tarla Sebze Stis Toplam Yem B/A L
adas . igecek ve o alani icinde
Yillar alam bahgesi bitkileri iglenen bitkileri %) o
baharat yem bitkileri
alan ekiligi .
ekim oram (%)
(1000 ha)
2002 17935 5040 930 2674 - 26 579 758 2.85 4.22
2015 15723 4114 808 3284 5 23 934 1 866 7.79 11.86
2016 15575 3998 804 3 329 5 23 711 1870 7.88 12.00
2017 15498 3697 798 3 348 5 23 346 1957 8.37 12.59
2018 15421 3513 784 3 462 5 23179 2002 8.62 12.96
2019 15387 3387 790 3525 5 23 094 2101 9.10 13.65

Cizelge 2. 2014-2019 yillar1 aras1 yem bitkileri ekim alanlari (ha)
Table 2. Forage crops cultivation area between 2014 to 2019 (ha)

Yillar
Uriinler 2014 2015 2016 2017 2018 2019
Yonca (Yesil ot) 692306 662046 650112 659432 635105 641213
Misir (Silaj) 401591 410541 413827 436096 461044 500751
Fig (Adi) (Yesil Ot) 290905 277762 279099 260236 224513 219190
Yulaf (Yesilot) 82628 82589 86790 106356 214257 256209
Korunga (Yesilot) 194909 191404 193694 196181 181734 175276
Fig (Diger) (Yesil Ot)) 64394 86849 91905 108360 88933 99918
Fig (Macar) (Yesil Ot) 71636 71907 71834 77029 73500 72390
Arpa (Yesilot) 3510 3378 3759 14942 25552 28597
Bugday (Has1l/Yesilot) 17582 14618 15270 30203 19680 21238
Triticale (Yesilot) 7166 7658 7691 9526 13540 17346
Miirdiimiik (Yesilot) 23180 19573 15585 14265 12791 9885
Misir (Has1l) 13362 12582 11949 11639 11599 6662
Bezelye (Yemlik) 3740 4328 5579 6960 10438 14609
Tek yillik ¢im (Yemlik) 483 1520 4800 7727 10341 16445
Yem Salgami 6399 6800 7053 6982 5691 5646
Cavdar (Yesilot) 987 765 574 1481 4072 4983
Burgak (Yesilot) 4772 3925 3258 2927 2788 2561
Bakla, Kuru (Yemlik) 2684 2531 2541 2401 2243 2020
Hayvan Pancar: 2722 2429 2341 2062 1888 1809
Sorgum (Yesilot) 1784 1680 1681 1793 1792 2650
Miirdiimiik 1273 1161 1054 956 860 1637
Uggiil (Yesilot) 415 405 405 400 2.5 4.5

Sorgum 20 1 0.5 0.6 0.6 0.6
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Turkiye'nin 2019 yili toplam buytkbas varligi yaklasik 17.9 milyon, kiigiikbas varlig

48.5 milyon bag olarak belirtilmistir. Toplam hayvan varligi yaklagik 66.4 milyon
bastir (Cizelge 3.) (TUIK, 2019b). Toplam biiyiikbas varhiginda 2017, 2018 ve 2019
yillarinda bir onceki yila gore ylkselis meydana gelmistir. Sirasiyla bu oranlar;

%13.24, %6.93, %3.80 olarak belirlenmistir. Kii¢iikbag hayvan varliginda bu oranlar;

%7.22, %4.07, %5.12 olarak hesaplanmigtir. Tirkiyenin sigir varligi igerisinde
“kaltar” irklarinin oranmi %49’dur. Bu oran 2014 yilindan bu yana her yil %1-2

arasinda artig gostermistir. 2023 yilinda “11. Kalkinma Plani1” dogrultusunda bu
rakamin %56 seviyelerine c¢ikmasi hedeflenmektedir (Anonim, 2020a). Cizelge 4te

Diinya’da hayvan sayilari bakimindan ilk on iilke belirtilmektedir. Buna gére Brezilya
yaklagik 213.5 milyon bag sigir, Hindistan 114.2 milyon bag manda, Cin 164.1 milyon
bas koyun ve 138.2 milyon bas keci ile ilk sirada olan iilkeler olmustur (FAO, 2019a).

Tiirkiye sadece koyun sayisinda siralamaya girebilmistir (8.sira).

Cizelge 3. Tiirkiye’de yillara gore biiyiikbas ve kiiciikbas hayvan niifusu (bas)
Table 3. Bovine and small livestock population in Turkey according to years (head)

Sigir Manda  Biiyiikbag Koyun Keci Kiigiikkbag  Buyukbag

Yall Topl Topl +

& T Raltar | Kaltar Yerli oplam opram
. Kiigiikbag
melezi

Toplam
2004 | 2.109.393 4.395.090 3.564.863 103.900 10.173.246 | 25.201.155 6.609.937 31.811.092 41.984.338
2014 | 6.178.757 6.060.937 1.983.415 122.114 14.345.223 | 31.140.244 10.344.936 41.485.180 55.708.289
2015 | 6.385.343 5.733.803 1.874.925 133.766 14.127.839 | 31.507.934 10.416.166 41.924.100 56.051.939
2016 6.588.527 5.7568.336 1.733.292 142.073 14.222.228 | 30.983.933 10.345.299 41.329.232 55.551.460
2017 7.804.588 6.536.073 1.602.925 161.439 16.105.025 | 33.677.636 10.634.672 44.312.308 60.417.333
2018 8.419.204 7.030.297 1.593.005 178.397 17.220.903 | 35.194.972 10.922.427 46.117.399 63.338.302
2019 8.5569.8556 7.554.625 1.573.659 184.659 17.872.798 | 37.276.050 11.205.429 48.481.479 66.354.277

Cizelge 4. Diinya’da hayvan sayilarina gore ilk 10 iilke (2018) (1000 bas)
Table 4. Top 10 countries according to livestock population in the World (1000 head)

Sigir Manda Koyun Keci
1. Brezilya 213.523 Hindistan 114.152  Cin 164.079 Cin 138.238
2. Hindistan 184.464 Pakistan 38.848 Avusturalya 70.067 Hindistan 132.750
3. ABD 94.298 (Cin 27.116 Hindistan 61.666 Nijerya 79.382
4. Cin 63.271 Nepal 5.278 Nijerya 42.972 Pakistan 74.134
5. Etiyopya 62.600 Myanmar 3.790 Sudan 40.864 Bengladesg 60.074
6. Arjantin 53.929 Misir 3.506 Iran 39.671 Cad 36.525
. Pakistan 46.084 TFilipinler 2.883  Bir. Kralhk 33.781 Etyopya 33.048
8. Meksika 34.820 Vietnam 2.425 Turkiye 33.678 Sudan 31.837
9. Sudan 31.223 Benglades 1.485 Cad 33.215 Mongolya 27.125
10. Tanzanya 29.063 Brezilya 1.390 Etiyopya 31.688 Kenya 26.711
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Son yillarda Tirkiye kiliglikbag hayvan sayisinda meydana gelen artigin sebebi
keciden daha c¢ok, koyun sayisinda meydana gelen artigtir. Turkiye meralarinin
kiclikbas hayvanlar i¢in, ozellikle de koyun yetistiriciligine uygun olmasi koyun
sayisini agiklayabilir niteliktedir. Orman alanlar: marjinal alanlar olmasinin yanm sira
diisiik de olsa yem Uretme potansiyeline sahip yerlerdir. Daha marjinal alanlarda
otlama kabiliyetine sahip kecilerin bu tip alanlarda otlatilmas1 saglanarak kegi
sayisinin da artig hizi ve verim karakterleri ylkseltilebilir. Gelecek yillarda kirmizi et
talebinin karsilanmasi adina koyun ve ke¢inin yeri daha da 6nemli olacaktir.

ET, SUT URETIMI VE BUNLARA BAGIMLI BAZI
FIYATLANDIRMALAR

2019 yilinda kirmiz et tiretiminin yaklagik 1.20 milyon ton oldugu ifade edilmektedir
(TUIK, 2019b). Et tiretiminin biiytik bir kism1 sigir (%90) kaynakli kirmiz1 et, kalan
kismi kiiciilkbas (%10) cinslerinden saglanmaktadir. 2023 yilinda hedeflenen 1.7
milyon ton’luk kirmiz et Uretimine ulasabilmek i¢cin et Uretimin %42 artmasi
gerekmektedir (Anonim, 2020a). Ayrica Tiirkiye'de iilke niifusuna gére kisi basina
13.76 kg kirmizi et tretildigi ve bunun 12.34 kg'inin sigir, 1.24 kg’'inin koyun ve 0.17
kg’ inin kecgiden saglandig: s6ylenebilir.

Turkiye’de 2017, 2018 ve 2019 yillarinda sirasiyla; 20.7, 22.1 ve 22.9 milyon ton siit

uretimi gerceklesmistir. 2019 yilinda bir 6nceki yila gére siit veriminde %3.6 liretim
artis1 saglanmistir. Tirkiye'de siit Gretiminin %87.144 sigirdan, %12.86’1ik kismi ise
manda, koyun ve keci stitiinden kaynakl tretimdir (TUIK, 2019b).
Ulusal Sit Konseyi; stt sigirciliginda yaygin olarak kullanilan yemlerin Agustos 2019
fiyatlarini misir silaji icin 0.35 TL kg, yonca kuru otu i¢in 0.99 TL kg?, %18 ham
proteinli sig1ir siit yemi i¢in 1.63 TL da? olarak belirtmigtir. Bu rakamlar 2014 yilinin
Ocak ayinda misir silaj i¢in 0.19 TL kg, yonca kuru otu i¢in 0.57 TL kg, %18 ham
proteinli si181r siit yemi icin 0.89 TL da! idi (Anonim, 2020b). Belirlenen rakamlar
15181nda sut sigircihiginda kullanilan yemlerin son 4 yildaki yem fiyatlarindaki artis
yaklasik %50 oldugu séylenebilir.

Turkiye’'de 1 litre ¢ig sutiin maliyeti bolgelere gore degismekle birlikte 2013 yilinda
Marmara bélgesinde 1.19 TL 11, Ege bélgesinde 1.01 TL 17, I¢ Anadolu bélgesinde 0.97
TL I't, Karadeniz bélgesinde 1.26 TL 1! ve Turkiye genel ortalamasi 1.11 TL 1Vdir.
2019 yilinda bu oran tiim bélgeler ve Turkiye ortalamasi igin 1.71 TL/Lt ile %54.611k
artis géstermistir (Anonim, 2020c). Cig siitiin tavsiyeli satig fiyat1 Tirkiye'de, 2019
yilinda ortalama 2 TL 17, 2020 yilinda 2.30 TL I'’dir. Bu fiyatlar Almanya’da 2.16 TL
I't, Fransa’da 2.20 TL 11, Hollanda’da 2.23 TL 11, Avusturya’da 2.15 TL 11, Brezilya’da
2.28 TL 11, Japonya’da 5.46 TL 1'%, Yeni Zelanda 1.92 TL 1"}, Rusya’da 2.19 TL 1, ABD
‘de ise 2.50 TL 1! olarak belirlenmistir (Anonim, 2020d). Fiyatlar incelendiginde,
Turkiye’'de uygulanan fiyatlarin Diinya tlkeleri ile benzerlik gosterdigi goriilmektedir.

Uretici agisindan toplam gelir igerisinde siitiin pay1 ve yemin pay1 birbirine yakin
degerler gostermektedir. Stut-Sigir eti/yem paritesi bu iki degeri tek bir deger altinda
toplanmasin1 ve yorumlanmasini kolaylastirabilen bir degerlendirmedir. Bu deger
dénem igin belirlenen siit fiyatim1 ya da sigir eti fiyatini, yem fiyatina bolerek elde
edilebilir. Turkiye’de parite Ulusal Sut Konseyince belirlenen fiyatlar tzerinde
hesaplanir. Tirkiye'de siit/yem paritesi 2007 yilinda 1.23 iken, 2012 yil1 igerisinde 1’e
yakin degerler alabilmistir (Haziran 2012: 0.99, Ekim 2012:1.02). 2018 yilinda ise
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siit/yem paritesi 1.27 olarak belirlenmistir (Anonim, 2020e). Akman ve ark. (2020);
hesaplanan yanlis parite degerlerinden 6turi siit treticilerinin fiyat bakimindan zor
durumda kaldiklarin1 ve bu denli kiigiik pariteler ile siit Gretiminin sirdiirmenin
miumkin olmayabilecegini belirtmiglerdir. Sigir eti/yem paritesi 2010 yilinda 39.3,
2018 yilinda 25.1 olarak aciklanmistir (Akman ve ark., 2020). Yani 1 kg sigir eti ile
2010 yilinda 39.3 kg besi yemi alinir iken, 2018 yilinda 25.1 kg besi yemi
alinabilmektedir. Bu fiyatlara katma deger vergisi ve bayii kar1 da eklendiginde
durum uretici icin daha vahim bir hal almaktadir.

TOPLAM BUYUKBAS HAYVAN BIRIMI (BBHB) VE KALITELI KABA
YEM ACIGI

31 Temmuz 1998 tarihli ve 4342 sayili Mera Kanununa goére bliyiikbas hayvan birimi
dontisim katsayilari kullanilmig olup, kategori altinda bulunan tim degisik yas ve
cinslere gore ayrintili bir sekilde biiyiikbas hayvan birimine ¢evrim iglemi
uygulanmistir (Cizelge 5.). Bu islem uygulamirken “Kiiltiir rk1” sigir cinsi altinda
dana-dive, “manda” cinsi altinda erkek ve disi, boga ve dkiiz, “koyun” ve “ke¢i” cinsi
altinda kuzu-oglak kategorilerinin belirlenen katsayilar1 tizerinden ayrintili bir
hesaplama yapilmadan dogru sayiya yakin bir biiyiikbas hayvan birimi (BBHB)
degerini elde etmek gilictiir. Yapilan en biyik hatalardan biri sadece ana baslhiklar
altinda hayvan cinslerini inceleyerek sonuca gitmektir.

Cizelge 5. Turkiye'de 2015-2019 yillar1 arasinda Buytikbag Hayvan Birimi Degerleri
ve kaliteli kaba yem agig1

Table 6. Animal unit values and quality roughage deficit in Turkey between 2015 to
2019

Biiyiikbag Hayvan Yillik kaliteli kaba yem Toplam yem tiretimi
Birimi ihtiyac1 (milyon ton)
(BBHB) (milyon ton)
Yesil Ot Cayir Kaliteli
Toplam kaba yem
Yillar Biiyiikbags  Kiiglikbag Toplam + Kuru Toplam ve Yem acis
Silaj Ot meralar  bitkileri . Ak
(milyon ton)
2015 11.178.680 3.773.408 14.952.089 54.6 21.8 76.4 11.7 42.0 53.7 22.7
2016 11.291.268 3.728.890 15.020.159 54.8 21.9 76.7 11.7 45.7 57.4 19.3
2017 12.769.122 4.082.554 16.851.677 61.5 24.6 86.1 11.7 49.7 61.4 24.7
2018 13.784.042 4.259.461 18.043.503 65.9 26.3 92.2 11.7 52.3 64.0 28.2
2019 14.238.254 4.487.548 18.725.802 68.3 27.3 95.6 11.7 55.5 67.2 28.4

Turkiye’de toplam biyikbas hayvan birimi 2015 yilindan 2019a gelene kadar
%25.2’lik bir artis gostermistir. Buna paralel olarak Tiurkiyenin yillik kaliteli kaba
yeme olan ihtiyacinda da artis meydana gelmigtir. 2015 yilindan 2019 yilina kadar
yillik toplam yem tretimi %25.1 oraninda artmigtir. Turkiye'nin 2019 yih ¢ayir, mera
(11.7 milyon ton) ve yem bitkileri (55.5 milyon ton) kaynakli iiretimi toplam 67.2
milyon ton olarak belirlenmistir. 500 kg canhi agirhgindaki bir sigir (1 BBHB) icin
yasama payl ham protein (HP) gereksinimi 370 gr, metabolik enerji gereksinimi
14000 kcaldir. Buna gore 1 BBHBnin yasama pay1 besin madde gereksinimini
karsilamak i¢in 4 kg/giin kaliteli kuru ot ve 10 kg/giin kaliteli yesil ot veya silajhik
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misir gerekmektedir (Alcicek ve ark., 2010). Buna gére 2019 yilinda Tiirkiyenin
kaliteli kaba yem acigi, toplam yem bitkileri tiretimine gére 28.4 milyon ton olarak
hesaplanmigtir (TUIK 2019a; 2019b). Kaliteli kaba yem acig1 hesabinda bagka bir
yontemde kuru ot Gretimi lizerinden hesaplama yoluna gitmektir. Dolayisiyla, 500 kg
canli agirhigindaki bir hayvanin (1.00 HB) yasama payr besin madde ihtiyacim
karsilamak icin yaklagsik 12.5 kg/giin kaliteli kuru ot tiikketmesi gerektigi (Gokkus ve
ark., 1995) diistiniildiigiinde, 2019 yili icin 85.4 milyon tonluk kuru ot ihtiyaci
bulunmaktadir. Silajlik misirin kuru ot verimi hesaplamasinda 0.33, kalan kuru otun
hesaplanmasi i¢in 0.30 katsayis1 kullanilmigtir. Misir silaji (25.5 milyon ton X 0.33)
8.4 milyon ton, geri kalan toplam kuru ot (30.0 milyon ton x 0.30) 9 milyon ton ve
cayir meralardan 11.7 milyon ton ile yaklagik 29.1 milyon tonluk kuru ot tiretimi soz
konusudur. Bu hesaplamalar 1s1ginda 2019 yili toplam kaliteli kuru ot acig1 56.3
milyon ton olarak belirlenmigstir. Fakat sadece kuru ot iretimi tizerinden hesaplama
yoluna gidilmesi tartismaya agik bir konudur. Otun kurutulmasinda ve kuru otun
depolanmasinda karsilasilan problemler, hesaplanan kuru ot tiretiminin hayvanlar
tarafindan tam anlamiyla kullanilamamasini ve yararlanabilirlik derecesinin
istenilen noktaya ulagsmamasina sebebiyet verebilmektedir.

2019 yilinda mevcut tretimin kaliteli kaba yem ihtiyacini karsilayabilme orani
toplam yem bitkileri liretimi tzerinden %70.30, kaliteli kuru ot tizerinden %34.06
olarak belirlenmistir. Hayvancilig1 geligsmis tilkelerde besi igsletmelerinin kaba-karma
yem kullanim orani kaba yemler lehine iken, Tirkiye’de karma yemler lehinedir
(Yilmaz ve ark., 2020). Yukarida belirlenen kaliteli kaba yem acig1 karma ya da kesif
yemler ile saglanmaktadir. Ayrica isletme sahiplerinin yariya yakini ithalata dayal
hammaddelerden olusan yemlerin kullanimi ile bu a¢ig1 kapamaya calismaktadir.
Turkiye’de 2018 yilinda ithal edilen yaklasik 11.1 milyon ton yem hammaddesi i¢in
3.9 milyar dolar iireticilerin cebinden cikmistir (Anonim, 2020f). Bu durumda da
ulkedeki et fiyatlar: girdi artisina bagl olarak ylikselmistir.

Yem bitkileri ekim alanlarinda artis hizinin yiiksek olmayis1 ve lretimde verim
artiglar1 saglanamamasi durumunda kaliteli kaba yeme olan ihtiyac¢, hayvan sayisinin
artigsina paralel olarak ylkselecektir. Hayvanlarin gereksinimi olan kaliteli kaba yem
ihtiyacinin kargilanmamasi ile yem degeri diigiik olan sap, saman ve kavuz gibi
yemlerle bu ihtiyaci giderme yoluna gidilmektedir. Bu durum hayvanlarin beslenme
fizyolojisine uymadig1 i¢in verim dustikliklerine sebebiyet vermektedir. Dusuk
enerjili olan yemler (sap, saman, kavuz vb.) ile kapatilamayan enerji acig1 karma
yemler 1ile kapatilmaya c¢alisilmakta ve boOylece hayvansal Uretim maliyeti
artmaktadir (Alcicek, 2010). Sap, saman gibi bitki artiklarinin besleyici degeri ¢ok az
olmakla birlikte sadece hayvanin midesini doldurabilen, mekanik tokluk veren bir
dolgu maddesi olarak disiuniilmelidir. Ayrica bu tir yemlerin ortak 6zelligi ham
seliiloz, lignin ve hemiseliilloz oranm yiiksek, enerji igerikleri, ham protein oranlar ve
sindirilebilir organik madde diizeylerinin diisiik olusudur (Jeroch ve ark., 1993).
Bunlar1 yem olarak degerlendirilmesi yerine Tirkiye’de “hayvan althgi” olarak
degerlendirilmedir. Hayvanlarda olumlu ya da olumsuz olarak meydana gelen
farkliliklarin kaba yemin ¢esidi ve yapisi, kaba yem/kesif yem orani gibi faktorlerden
etkilendigi unutulmamalidir (Yilmaz ve ark., 2020).
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YEM BITKILERI DESTEKLEMELERI VE BAZI MALIYET
PARAMETRELERININ YILLAR ICERISINDEKI DEGISIMI

Hayvansal iretimin ana girdisi olan yem ihtiyacim1 kargilamak adina Tarim ve
Orman Bakanligi tarafindan 31 adet yem bitkisine destek verilmektedir. Destekleme
kapsaminda 2014, 2015, 2016, 2017, 2018 yillarinda yem bitkilerine toplam
destekleme tutar1 sirasiyla; 336.9, 343.0, 432.6, 506.0, 847.7 milyon TL’dir. Yem
bitkisi desteklemeleri kapsamindan 2002 yilinda 51.383 cift¢i yararlanirken, 2018
yilinda 244.742 ¢iftci yararlanmigtir. Destek verilen toplam ekim alani 2002 yilinda
215.583 hektar iken 2018 yilinda 994.687 hektar olmustur (Anonim, 2019g). Dekar
basina ortalama destek tutar1 2002 yilinda 16.5 TL, 2018 yilinda 85.0 TL olarak
hesaplanmigtir. 2018 yilinda yonca, silajlik misir, fig ve korunga gibi énemli yem
bitkileri, destek verilen yem bitkileri alaninin yaklagik %707lik bir kismini
olusturmustur. Tarim ve Orman Bakanligi'nmin bitkisel iiretime destekleme 6demesi
yapilmasina dair 2019/46 numarali ve 30943 sayili tebliginde yem bitkilerine verilen
birim destek fiyatlar1 Cizelge 6’da sunulmustur.

Cizelge 6. Tarim ve Orman Bakanligi'nin 2019/46 numarali ve 30943 sayili tebliginde
belirtilen yem bitkileri desteklemeleri (TL da')

Table 6. Agricultural supports of forage crops specified in the Ministry of Agriculture
and Forestry's communiqué numbered 2019/46 and 30943 (TL da*!)

Yem Bitkileri Desteklemeleri (*)

Yonca Yonca Korunga Arpa- Tek yilhk  Silajhk Silajhik Yapay Diger ¢ok Diger ¢ok
Gulw) (kury) (kuru-suly) bugday yem misir misir cayir yillik yem yillik yem
(yesil ot) bitkileri (sulu) (kurw)  mera bitkileri bitkileri
(suluw) (kuru)
90.00 40.00 90.00 30.00 60.00 100.00 40.00 150.00 90.00 40.00

(*): Yurt ici sertifikah tohum {iretimini gelistirmek adina fig, korunga ve yem bezelyesi tohumu iireticilerine 1.5 (TL da,
Yonca tohumu iireticilerine 4 (¢ da’! destek verilmektedir.
Mazot destegi olarak 17 (TL da™?),
Giibre destegi olarak 4 (TL da'l) 6denmektedir.

Yillar icerisinde artarak devam eden destekler yem bitkileri tariminin artmasina

dogrudan zemin hazirlamigtir. Fakat bu artigsa paralel sekilde tarimsal trin
girdilerinde ve dolayisiyla tiriin maliyetlerinde de ekstrem artigslar meydana gelmigtir.
Son yillarda mazot fiyatlarindaki asiri artis nedeniyle yakit masrafinin tretim
maliyetleri igerisindeki orani giderek artan bir problem yaratmaktadir. Akaryakit
istasyonlarindan (OPET, P.O) elde edilen fiyatlar 1s181nda mazot fiyatlarinda 2002-
2018 tarihleri arasinda %432’lik bir fiyat artisi gerceklestirilmigtir.
01.01.2008 tarihinden gecerli olarak T.C Enerji Piyasasi Kurulu farkli tarife
uygulamalarina goére tarimsal sulama i¢in 12.0-17.0 kr kWh-1T’lik bir tutar
almaktaydi. 01.01.2020 tarihinden itibaren bu tutar kurul tarafindan 60-70 kr kWh'!
olarak belirlenmistir (Anonim, 2019h). 11 yil icinde tarimsal sulama tutar: yaklasik
%500 artis gostermigtir.

BUGEM (2018) raporuna gore Tirkiye’de 2003-2018 yillari arasindaki kimyevi
glibre fiyatlar1 degerlendirildiginde %21 Amonyum Sulfat 214 TL’'den 1011 TL'ye,
%26'likk CAN 253 TL’den 977 TL’ye, Ure 340 TL’den 1664 TL’ye, Di-amonyum fosfat
427 TL’den 2383 TL’ye, 20.20.0 ise 314 TL’den 1587 TL’ye ¢ikmistir. 2017 yilindan
%331k Amonyum Nitrat giibresi 2003 yilinda 276 TL iken satisi1 durdurulmadan
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once 2016 yilinda 928 TL’yi bulmustur. Turkiye'de glibre tiikketimi, desteklemeler ve
tesvikler sayesinde hizli bir artig gostermistir. Son yillarda ise bu oranin artis hiz
yavaglayarak son iki yilda oOnemli oranda azalmigtir. Fiyat artiglarinin giibre
tiketiminin azaltilmasinda biiylik bir etkisi oldugu gorilmektedir. Giibre fiyatlarina
gelen bu denli yliksek zamlardan sonra giibre i¢in verilen destekler tekrar gézden
gecirilerek ciftciye pozitif etki saglayabilecek secenekler disiiniliip destekleme
fiyatlar1 yenilenmelidir.

Tarimsal girdilerde yillar icerisinde meydana gelen artiglar sektérde istikrarsizlik
ortami1 yaratmaktadir. Bu ortamin ekonomik ve sosyolojik olarak tireticilere yansima
ithtimali kacinilmazdir. Giinimiizde treticilerin tarimsal hibe ve desteklerden
yararlanma durumlarini ve temel problemlerini belirlemek, devletten beklentilerini
ortaya koymak amaciyla “Frankfurt School of Finance & Management” tarafindan 75
ilde “2017 Turkiye Tarimsal Desteklemeler Saha Arastirmasi1” yapilmigtir. 7 bolgede,
75 ilde gorustlen Ureticilerin en buylk sorunlari; tarimsal desteklerin yetersiz ve geg
odenmesi, baz1 iiriinlerde destek verilmemesi oldugu belirtilmistir (Anonim, 20201).
Desteklemelerden kaynakli yem bitkileri Gretimi artisinin stabil bir hal almasi i¢in
yorelere uygun ve tarim havzalarinda desteklenen yem bitkilerinin ekim ndbeti
icerisinde etkin rol almasi gerekmektedir. Her bdélgede ya da belirtilen tarim
havzalarinda etkili bir ekim nébeti planinin uygulanmasi ile Ureticinin her yil o
yorede ya da havzada hangi iirtinlin ne kadar yetigtirilecegi belirlenebilir. Bu sekilde
eksikligi duyulan ya da fazla tretim yapilan bitkilerde destekleme fiyatlarinin
belirlenmesi daha kolay olabilir. Bir sonraki yil iiretici kendi tiretim deseni ile birlikte
ekim ndébeti planimi buna gore yapabilir. Ciftgi kayit sisteminden bu bilgiler
saglanarak etkili ekim noébeti sistemleri ile Giretim planlanabilir. Fakat bu durum igin
maddi destegin yaninda cift¢ilere bu konunun 6nemini arz edecek, teknik bilgiye
sahip personeller araciligiyla bilimsellikten 6diin verilmeden manevi destegin de
sunulmasi biiylik yarar saglayacaktir.

G-8 ULKELERININ TARIMSAL ALAN VE VERIM DEGERLERI

Turkiye'nin gelecek hedefleri arasinda Dinyanin en bluylik 10 ekonomisi arasina
girme ihtimali oldugu diisiiniildiigiinde tarimin ekonomiye saglayacag: katki géz ardi
edilmemelidir. G-8 tlkeleri bu baglamda sosyolojik ve tarimsal parametreler
uzerinden karsilastirma yapilabilecek yegane topluluktur.

Cayir ve mera alanlarinda G-8 tilkeleri arasinda dalgalanmalar goriilmektedir.
2005 ve 2017 yillarinda cayir ve mera alanlarinin toplam alanlara oranlarinda
meydana gelen degisimler sirasiyla; A.B.D ‘de %40’tan %40.5’e, Almanya’da %20.9’dan
%21.3'e, Birlesik Krallik’ta %52.8den %54.7ye, Rusya’da %11.0'den %11.3%
yiikselmistir. Bu oran Fransa’da %25.4ten %24.4%, Italya’da %21.3ten %17.9a,
Kanada’da %4’ten %3.5’a gerilemigtir. Turkiye’de ¢cayir ve mera alanlarinin toplam
alanlara oran1 yukaridaki boliimlerde de bahsedildigi tizere %18.7 ile sabit kalmigtir
(FAO, 2019Db).

Tarimsal tiretimi en fazla olan G-8 tilkesi olan “A.B.D” 2005 yilinda 336.4 milyon
ton olan iretimini, 2017 yilinda 440.1 milyon tona g¢ikarmigtir. Tarimsal tiretimde
artis hiz1 en fazla olan G-8 ilkesi Rusya olmustur. 2005 yilinda 76.2 milyon ton olan
uretimini yaklagik %60 artirip, 2017 yilinda 131.1 milyon tona ulasabilmistir. Birlesik
Krallik, Fransa, Kanada ise tarimsal liretimde artis saglayan diger G-8 tulkeleri
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olarak belirlenmistir (FAO, 2019b). Tiirkiye’de tarimsal {iretim neredeyse hic
degismemigtir. Tirkiye'de giiniimiiz tekniklerine, bilime dayali yapilamayan tarim ve
uygulanan tarim politikalar1 gibi nedenler, ekim alanlarinda goriilen artisa bagh
olarak verim ve liretimin istenilen diizeye gelememe sebeplerinden sadece bir kagidir.
Ortalama tarimsal verim parametreleri icerisinde Rusya %60, A.B.D %44 artis ile
yillar icerisinde dikkat ¢eken bir verim kazanmimi saglamislardir (Cizelge 8.). Kanada
%26, Turkiye %23 ortalama tarimsal verim artisi ile dikkat ¢eken tilkeler arasina
girmiglerdir (FAO, 2019b).

Cizelge 7. G-8 iilkelerinin baz1 tarimsal parametreleri
Table 7. Some agricultural parameters of G-8 countries

Tarim Alanlar1 (1000 ha) Tarimsal Uretim
Ulkeler Ekilebilir alan Cayir ve meralar Hasat edilen Uretim Verim
alan (milyon ton) (hg ha')
(milyon ha)

2005 2017 2005 2017 2005 2017 2005 2017 2005 2017
A.B.D 166.270  157.836  243.969 245.115 56.81 53.15 366.44 440.12 64.51 82.81
Japonya 4.360 4.161 * * 2.02 1.80 12.43 10.91 61.54  60.49
Almanya 11.904 11.772 4.929 4.715 6.84 6.27 45.98 45.56 67.23 72.69
Britanya 5.729 6.082 11.180 11.335 2.92 3.18 20.99 23.00 71.96 72.29
Fransa 18.337 18.464 9.902 9.233 9.22 9.38 64.21 64.50 69.65 68.75
italya 7.780 6.736 4.402 3.608 3.99 3.14 21.42 16.24 53.61 51.71
Kanada 39.616 38.178 21.875 19.342 15.85 13.93 50.96 56.31 32.16 40.43
Rusya 121.781 121.649 92.099 93.000 41.12 44.24 76.19 131.14 18.53 29.64
Turkiye 23.830 20.036 14.617 14.617 13.84 11.09 36.46 36.57 26.34 32.57

*FAO (2019)’a gore Japonya'nin en son ¢ayir ve mera verileri 2000 yilina dayanmaktadir ve 428.000 ha olarak belirtilmektedir.

Tarimsal ortalama verim artisinin yiiksek diizeyde goriildiugi tlkeler, yukarida
belirtildigi tizere Rusya, A.B.D, Kanada ve Tirkiye'dir. Turkiye disinda kalan
ulkelerin yizolgimu ¢ok fazla olsa da yapilan karsilagtirmanin tarimsal ortalama
verim Uzerinden yapilmasi, tlkelerde uygulanan tarim kultiri ve tekniklerinin
farkliliklar icerdigini anlatmaktadar.

Rusya Federal Istatistik Kurumu 2017 yilinda tarimsal tiretimin geligim amaciyla
374.722 milyon ruble’yi dogrudan tarima yonlendirilmistir. Bu oran Rusya’nin sabit
sermayesinin %3.11 olarak bildirilmistir (Larina ve ark., 2019). Rusya’da ekili
alanlarin %20-25’inde yem bitkileri tarimi yapilmaktadir. Ulkenin toplam yem
bitkileri ekim alani 45.9 milyon hektar olarak bildirilmistir. Dane olarak yem bitkisi
tohumu elde etmek amaciyla yaklasik 17.7 milyon hektar (%38.15), yesil ot veya kuru
ot elde etme gayesiyle 28.2 milyon hektar (%61.85) ekili alan kullanilmaktadir
(Anonim, 2020i). Ozellikle ¢im cinsi bitkiler ve baklagiller Rusya’da yem bitkileri
tariminin en 6nemlileridir (Anonim, 2020j). Cok yillik ¢im cinslerinin 16.0 milyon
hektar, yillik ¢im cinslerinin 6.9 milyon hektar, silajlik misirin 4.1 milyon hektar
seviyelerinde tarimi yapilmaktadir (Anomim, 2020b).

A.B.D ‘de 2.05 milyon ciftlik bulunmaktadir ve bu rakamin %97’sini aile isletmeleri
olusturmaktadir. Genele bakildiginda Amerikan tarim kiltarinin yaklasik %901
kiicik olcekli, %414 orta o6lcekli, %3i buyik ve cok buyik olcekli denebilecek
ciftliklerden olugsmaktadir. Fakat bu c¢iftliklerin iretim potansiyeline baktigimizda
iiretim degerinin %46’s1 biiyiik o6lcekli ciftliklerden elde edilmektedir (USDA.
2019a). Tirkiye'de problem olan parcali arazilerin tarima kazandirilmasi1 adina
arazi toplulastirmanin ya da biuyik o6lgekli arazilerde tarim yapmanin 6nemi
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buradan bir kez daha anlasilmaktadir. A.B.D’ de buyiuk olgekli c¢iftliklerin
basarisinin monokiltiir tarim yaparak tek bitki lizerine yogunlagmalari oldugu
belirtilmektedir (USDA. 2019b). Yem giderleri A.B.D’de 2018'deki toplam tarimsal
gelirin % 25'ini kapsamaktadir. Ulkede hayvan besleme adina 6ncelikli olarak misir
ve soya fasulyesi yetistiriciligi yapilmaktadir. Bu bitkilerin yaninda yogunluklu
olarak yonca, sorgum, arpa ve yulaf da yem icin kullanilmaktadir (USDA. 2019c).
Kuru ot tretimi i¢in hasat edilen 21.2 milyon hektarlik alanin 6.8 milyon hektari
yonca Uretiminden kaynakli ve yaklagik 128.9 milyon tonluk kuru ot lretimi stz
konusudur. Bu itretimin 54.9 milyon tonu yonca kaynaklidir. Digiik nemli ot
(haylage) {iretimi 29 milyon ton olmakla birlikte, bu {iretimin 18.3 milyon tonu
yoncadan alinmigtir (USDA, 2019d). A.B.D’de endiistriyel ve bilime dayali tarim
yapilmasi ile birlikte kaliteli irinti ucuz maliyetli Gretebilmeye imkan saglanan
bir tarim sistemi olusturulmustur. Amerika Tarim Bakanligi (USDA) 2018 yilinda
yaklagik 4 milyar dolara yaklasan destekleme tutari 6demistir (USDA, 2019e).
Bakanlik bireysel mahsul fiyatlar1 ortalamanin altinda kaldiginda da o6deme
yapmaktadir. Agirlikli olarak masir, soya fasulyesi, bugday, pamuk ve celtik
destekleme kapsaminda basi ceken bitkiler olmaktadir. Misir ve soya fasulyesine
biuyik oranda verilen destekler, hayvan besleme ve hayvan refahinin tlke
ekonomisinde ne denli 6nemli bir katki yarattiginin gostergesidir.

Kanada’da 2016 yilinda 3.8 milyon hektar yonca, 383.800 hektar silajlik muisir,
diger yem bitkileri ve kuru ot elde etmek adina 1.97 milyon hektar alanda yem amach
iiretim yapilmistir (Statistics Canada, 2020a). Yonca, silajlik misir ve ¢ayir salkim otu
ulkede popiler olan yem bitkilerindendir. Ak tggil, cayir lcgilii ve melez tlcgiil
bolgelere gore degismekle birlikte yem {retimi amaciyla kullanilan bitkilerdir.
Uretilen yem bitkilerinin %90'lik kism1 domestik bir sekilde titketime sunulmaktadir
(Bonnofield, 2016.). Bélgeden bélgeye degisen iklim kosullar1 ve sert gecen kiglar,
tahmin edilemez hava kosullari dogal olarak cayir ve meralardan yararlanmayi
kisitlamaktadir. Ozellikle kig aylarinda kaliteli kaba yeme duyulan ihtiyac
artmaktadir. Buyik bir ytizélgimine sahip olmasi ve bélgeler gore degisiklik gosteren
hava kogullar1 bélge bazinda bazi bitkilerin popiiler olmasini saglamigtar.

SONUC

Aciklanan verilere gore; Tirkiye'de buyiikbas ve kiicikbas hayvanlarin istenilen
diizeyde ve verimde olmasini saglayacak kaliteli kaba yeme ulasilamamaktadir. Yem
bitkileri ve hayvansal tretimde “kendine yeterlilik” agamasinda ¢énemli sorunlar ve
bogluklar oldugu anlasilmigtir. Kaliteli kaba yem aciginin olmasi ve bu eksikligin
karma yemler ya da yem hammaddelerinin ithalati yoluyla karsilanmasi, Dolar ve
Euro kurundaki dalgalanmalar, hayvancilik sektériinde maliyetlerin artmasina sebep
olmusgtur. Dolaylh olarak bu maliyet artigi, et ve sit fiyatlarimin yikselmesi ile
sonuc¢lanmigtir. Yem acigim1 kapatabilmek adina hayvanlarin fizyolojisine uygun
olmayan {iiriinler (sap, saman, kavuz, vs.) ile beslenebilmesinin 6niine gecilmelidir.
Strdurilebilir tarimin ¢evre, hayvan ve ¢ift¢i licgeninde, hepsinin refahina olumlu
etki yapabilecek bir is modeli ile gerceklestirilebilecegi gézden kacmamalidir.
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ONERILER VE DEGERLENDIRMELER

Cayir ve meralarin gelecek i¢cin hayvansal tiretimin yem garantisi oldugu bilinci ile
meralarin kapasitesinin tizerinde asiri otlatilmamasi saglanmalidir. Meralar dogru
zamanda, uygun hayvan tipi ve belli hayvan sayisi ile otlatilmalidir. Meralar
hakkinda su an yurirliikte olan kanuni diizenlemelerin daha biytk bir perspektiften
bakilarak en kisa zamanda giincellenmeleri gerekmektedir. Mera kanunu ile illerde
otlatmaya baglama ve bitis tarihleri belirlenerek c¢iftcilere bildirilmektedir. Bu
durumun harici zamanlarda otlatma yapan c¢iftgilere uygulanan cezai yaptirimlar
artirilarak, kesin bir sekilde teblig edilmeli ve gérmezden gelinmemelidir. Mera,
yaylak ve kiglaklarin tespit, tahdit ve tescil islemleri hizlandirilarak devam edilmeli,
kaliteli kaba yem tretiminin artirilmasi i¢in meralarin islahi1 yolunda 6nemli ve
uygulanabilir adimlar atilmalidir.

Otlatma donemleri haricinde gerekli olan kaba yemin karsilanabilmesi adina yem
bitkileri tarimi1 daha 6zendirici hale getirilmeli ve cazip kilinmalidir. Bununda
kugkusuz en uygun yolu yapilacak destekleme fiyatlarinda meydana gelecek
lyilestirmelerdir. Sabit bir destekleme sistemi ile calismak yerine bolgesel odakl
planlar yapilarak destekleme sistemi yenilenmelidir. Diger bir yandan; yem bitkisi
uretiminde verim kadar kalite de buylk énem arz etmektedir. “Kalite” ye gore
destekleme yapilmasinin yetkililerce fizibilitesi tartisilip, imkanlar ddhiline alinarak
gelecek planlari arasina koyulmalidir. Bitki bazinda belirlenen bir “kalite indeksi” ile
ciftci daha kaliteli tarim yapmak durumunda kalacaktir. Bu sayede yem bitkileri
tarimi kalitesi belli bir seviyede korunarak, artan kalite artiglar1 hayvansal tretime
de olumlu yansiyacaktir.

Ekim nébeti sistemleri icine mutlaka yem bitkileri eklenmelidir. Ozellikle baklagil
bitkilerin bu kapsamda kullanilarak, kaliteye, toprak iyilestirmeye saglayacagi
yararlar: géz éniinde bulundurularak farkli bolgelerde ekim nébeti sistemlerine dahil
edilmelidir. Endiistri bitkileri yetistiriciliginin yaygin olarak yapildigi yerlerde, ara
bitki olarak baklagiller degerlendirilebilir. Topragi yorabilen bazi1 endiistri
bitkilerinden sonra topragi iyi 6zelliklerini artirmak i¢in baklagil yem bitkileri tiretim
deseni icerisine alinmalidir. Nadas alanlarinda soguga dayanikli olan Macar figi
cesitlerinin kullanimin yayginlastirilmasi gerekmektedir. Hem yesil alan bitkisi
olarak degerlendirilen ve besleyici degeri de olan ¢ok yillik ¢im, cayir salkim otu,
yumak otlari, Tavus otu, ak lggil gibi bitkilere olan tiretim destegi artirilmali,
destekleme kapsaminda olmayanlar var ise bu kapsama eklenmelidir. Sorgum
yetistiriciligin 6nemi daha c¢ok kavranarak ekim alanlari olabildigince artirilmali,
verilen destekler tekrar degerlendirilerek destek tutar1 yiikseltilerek cift¢inin
yetistiricilik yapmasi i¢in cazip hale getirilmelidir.

Yem Dbitkileri tohum {retimi asamasinda ilkemizde buylik sikintilar
yasanmaktadir. Bir¢cok yem bitkisinin gen merkezi olan llkemiz bagarili bir sekilde
yem bitkisi tohumu lretmeye uygun ekolojiye sahiptir. Popiilasyon seviyesinde tohum
kullanilmasinin 6niine gegilerek sertifikali tohum kullanimi yayginlagtirilmalidir.
Bugdaygil ve baklagil yem bitkisi tohumu iiretim ve 1slah projelerinin artarak devam
ederek bolgelere uygun yerel cesitler gelistirilip bolgesel sekilde meralarin etkinligi
artirilabilecektir. Buna ek olarak; yem bitkisi tohumculugu ve 1slahi alaninda
yetismis kalifiye personel sayisinin artirilmasi saglanarak, teknik ve yeterli altyap:
imkanlar1 olugturulmaldir.
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Tarim ve Orman Bakanhgi’min destegiyle ya da bdlgesel sekilde kooperatifgilik
uygulamalariyla “Kaba Yem Borsasi” kurulabilmesi diigiintilmelidir. Ureticinin kendi
yemini liretemedigi ya da trettigi yemin yetersiz kaldigi durumlarda ihtiyacin1 “Kaba
Yem Borsasindan” elde etme yoluna gidecektir. Bu sayede tiretici alacag: kaba yemin
kalitesine gore fiyatlandirmaya tabi tutulabilecektir. Ot kalitesi depolama kosullarina
bagl olarak degiskenlik gosteren bir degerdir. Ornegin her yonca balyas1 ayni fiyatta
olamayacag gibi bu fiyat depoda bekleme stiresine, kogullarina, otun kaginci bicimden
elde edildigine gore degisecektir. Teknik bilgiye sahip ekspertiz diizeyinde personeller
le “Kaba Yem Borsasi” sistemi, kaba yemin daha adaletlh bir gekilde
fiyatlandirilmasinin 6ntinta agmay1 saglayabilecektir.

Kirmizi et tiretiminde kiuglikbag ana¢ hayvan sayisinin artirilmasi ile kirmizi et
uretimindeki kiiclikbag payinin ylkseltilmesi saglanmalidir. Gelecek yillarda kirmizi
et uUretiminde kii¢iikbag irklarin biyiik bir 6neme sahip olacag unutulmamalidir.
Si1g1r sayisinda kiiltiir irki sigirlarin orani artirilmalidir.

Avrupa birligi tlkelerinde bakanliga bagli olmakla birlikte 6zerk yapiya sahip
damigmanlik sgirketleri bulunmaktadir. Bu uygulamanin Tirkiye’de de hayata
gecirilmesi uygun olacaktir. Ayrica; Ureticiye endistriyel ve bilimsel bakis acisi
katilmasi imkéani sunabilecek bu uygulama, tarimi ¢ok daha gelismis tilkelerde tarim
kiltirinin ve sistemlerinin nasil igledigi, tilkemizde uygulanabilirligi ile meydana
gelecek kazanimlar hakkinda tretici ya da c¢iftgiye net bilgiler sunabilmelidir.
Bolgelere gore degismekle birlikte uygun bitki ve yetigtiricilik yéntemleri, yeni ve fark
yaratabilecek ekim nobeti planlar1 tasarlanarak, ilke tarimi bir {ist seviyelere
cikartilabilir. Bununla birlikte; tlkemiz tarim kiltiiriintiin sahip oldugu geleneksel
sekilde yani atadan 6grenilen tiirde ve tipte yetistiricilik sistemi etkisini kaybedebilir.
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OZET

Bu calismanin amaci;, suya duyarli kagit (WSP) orneklerinde
goriinti igleme teknigine dayali olarak yapilan leke analizi i¢in

sistematik  bir analiz prosediuri gelistirmek, plskirtme
denemelerinde damla karakteristiklerini istatistiksel yontemlere ARASTIRMA MAKALESi
dayali olarak belirlemek, plskiirtmede goruntii islemeye dayali
olarak yapilan analizlerin yazilim altyapisina temel teskil edecek Alinig tarihi: 12.03.2020
yéntem stratejileri ortaya koymaktir. Piiskiirtme denemeleri 80 1 | Kabul tarihi‘ 14.04.2020
hal uygulama hacminde bir simulatérle yapilmis ve ornekleme Online basim: 23.04.2020
yuzeyi olarak WSP kullanilmigtir. Denemeler 9 kez tekrarlanmig ve

gorinti isleme teknigiyle leke analizi yapilmistir. Pulverizasyon
karakteristikleri tanimlayici istatistik yontemlerine dayali olarak Anahtar Kelimeler :
makro bir yazilim gelistirilerek hesaplanmistir. Hesaplamalar 20
cap sinifi olusturularak yapilmistir. Arastirmada ortalama damla
cap1 (Dio, D2o, Dso ve Ds2), 100, 150, 200 ve 250 um’den kiiciik caph
damlalarin hacimsel dagilimi (Vieo, Viso, Vao ve Vas), hacimsel
caplar (Dvoso, Dvo2s, Dvoso, Dvo7s ve Dvogd, damla spektrumu
yayihm faktori (RSF), damla homojenlik katsayis1 () ve damla
tekdiizelik oram1 (H) belirlenmistir. Arastirma sonuclarina gore
tekerrirler arasinda damla c¢aplarinin  degiskenligi, damla
spektrumunun yayilimi, kimitlatif dagilim egrileri ve damla

Damlacik ¢api,
Damla analizi,

Suya duyarli kagit,
Sauter ortalama ¢api,
Hacimsel cap,
Puskiirtme
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homojenligini tanmimlayan faktérler arasinda biyiuk bir uyumun
oldugu gozlemlenmistir. Korelasyon analizi sonucuna gére Dsz ve
Dwvo.s0 caplar: arasinda pozitif yonli bir iligki bulunmustur. Damla
capr arttikca RSF degeri azalmigtir. r ve H degerleri arasindaki
korelasyon istatistiksel acidan ¢ok 6nemli bulunmus ve aralarinda
negatif yonli bir iligkinin oldugu belirlenmisgtir.

Alnt1 igcin: Saymnci B (2020). Piilverizatér memelerinde piilverizasyon karakteristiklerinin

gorinti isleme yontemiyle belirlenmesi. Turkish Journal of Agricultural Engineering Research
(TURKAGER), 1(1): 44-62.
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Determination of Spray Characteristics in Sprayer Nozzles Using Image
Processing Method

ABSTRACT

The aim of this study was to develop a systematic analysis
procedure for spot analysis based on image processing technique
in water sensitive paper (WSP) samples, to determine droplet
characteristics based on statistical methods in spraying | RESEARCH ARTICLE
experiments, to establish method strategies that will be the basis
for the software infrastructure of analysis based on spraying. | Received:12.03.2020
Spray experiments were done with a simulator of 80 1 ha'l Acce';ptedi 14'94',2020

MU . Available online: 23.04.2020
application volume and WSP was used as sampling surface. The
trials were repeated 9 times and the spot analysis on WSP was
done with image processing technique. Spray characteristics
were calculated by developing a macro software based on | Keywords :
descriptive statistical methods. Calculations were made by
creating 20 diameter classes. The mean droplet diameter (Do,
D2, Dsp and Ds?, volumetric distribution of droplets with
diameters less than 100, 150, 200 and 250 um (Vioo, Viso, V200 and
Vaso), volumetric diameters (Dvo.z0, Dvo.2s, Dvo.so, Dvo.75 and Dvo.so),
droplet spectrum span factor (RSF), drop uniformity coefficient
(») and drop uniformity ratio (A). According to the results of the
research, it was observed that there was a great agreement
between the repetition of the droplet diameters, the spread of the
drop spectrum, the cumulative distribution curves and the
factors that define the drop homogeneity. According to the results
of the correlation analysis, a positive correlation was found
between D32 and Dw.so diameters. The RSF value decreased as
the droplet diameter increased. Correlation between r and H
values was found statistically very important and it was
determined that there was a negative relationship between them.

Droplet diameter,
Drop analysis,

Water sensitive paper,
Sauter mean diameter,
Volume diameter,
Spray
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GIRIS

Sivi akiskanin hidrolik basing etkisi altinda damlalar halinde parcalanmasiyla
piilverizasyon gerceklesmektedir (Sayinci et al, 2019a). Damlalarin pnématik bir
etkiyle veya yardimci hava akiminin etkisiyle daha kii¢iik boyutlarda parcalanmasi
olayina atomizasyon adi verilmektedir (Yesildal et al, 2013). Hidrolik basing iinitesi
veya basin¢lhi bir hava tankiyla plskiirtmeyi gergeklestiren sistemler tarimsal ve
endistriyel tiretim basta olmak tzere gida, iklimlendirme, otomotiv ve farmakoloji
alanlarinda yaygin olarak kullanilmaktadir.

Puskirtme sistemlerinde tretilen damlaciklarin pilverizasyon karakteristikleri
nozul veya plskirtme memesi olarak adlandirilan puskirticilerin tasarim
ozelliklerine ve secgilen igletme parametrelerine bagli olarak degismektedir. Bir
puskiirtme memesinin damla spektrumunu etkileyen en 6nemli tasarim o&zellikleri
meme orifis geometrisi, orifis alani, meme govde yapisi ve puskiirtme acisi icin meme
tizerinde cikig orifisine ait sekilsel formlardir (Sayinci, 2016a).

Konik hiizmeli akis i¢in dairesel bir geometriye sahip bir meme plakasi, yelpaze
hiizmeli akigta elipsoidal geometriye sahip bir orifis ve saptirmali tip memelerde
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egrisel formda bir carpma yiizeyi bulunmaktadir (Sayinci, 2016b). Sabit basing
kogullarinda orifis alami arttikca meme debisi arttigindan piilverizasyon
karakteristigi degismekte (Sayinci et al, 2019b) ve daha biiyiik capli damlaciklar
iretilmektedir (Srivastava et al, 1993). Meme gévdesinin girisine yerlestirilen ikincil
bir meme plakasi akigskanin gévdeye daha diisiik bir basingla girmesini sagladigindan
stiriklenme potansiyeli diigsiik kaba yapili damlaciklarin olugsmasi saglanmaktadir
(Sayinc1 and Kara, 2015). Meme gévdesinin standart govdeye gore daha uzun olmasi
akigkanin kanal i¢inde havayla birlikte karigsmasini ve iginde hava balonlar:1 bulunan
damlaciklarin olugsmasim saglamaktadir (Sayinc: and Bastaban, 2011a). Giintimiizde
kullanim alani olduk¢a genis olan piskiirtme memeleri ihtiyaca gore belirli hiizme
acilarinda piiskiirtme yapacak sekilde tiretilmektedirler (Toprak, et al, 2019). Dar
hiizme acili plskirtme memelerinin damlacik c¢api, genis hiizme acili aym tip
memelere gére daha biiyiik olmaktadir (Srivastava et al, 1993).

Pilverizasyonda damla spektrumuna etkili en o©6nemli igletme parametresi
piiskiirtme basincidir (Nuyttens et al, 2007). Piilverizasyonda damlacik capinin
puskirtme basincimin kip kokilyle ters orantili olarak degistigi belirtilmektedir
(Srivastava et al, 1993). Piiskiirtme basinci arttikca daha ince yapili damlalar
uretilmektedir. Pnomatik esasa gore calisan hava destekli pnomatik memelerde veya
yardimc1 hava akimiyla ¢aligsan fan tertibatl hidrolik memelerde damlacik ¢ap1 hava
debisinden biylk o6l¢lide etkilenmekte ve biiyiikk hava debilerinde c¢ok ince yapih
damlaciklar olusabilmektedir (Sayinci and Bastaban, 2011b).

Puskiirtme uygulamalarinda damlanin transfer edildigi hedef bolgede en buyik
temas ylzeyi alaninin olusmasi beklenmektedir. Temas ylizeyi alaninin artmasi i¢in
akigkanin en kii¢giik damlaciklarla olugsmasi gerekmektedir. Teknik agidan
degerlendirildiginde ¢ok ince yapili bir piilverizasyon basing artisiyla, akig debisinin
azaltilmasiyla, piuskiirtme agisinin biyttiilmesiyle, meme orifis ¢capinin kii¢cilmesiyle,
meme tipinin degistirilmesiyle veya ayni Ozelliklere sahip birden fazla memenin
kullanilmasiyla miimkiin olabilmektedir (Bete®, 2019; PES, 2019).

Damlacik cap1 él¢imiinde kullanilan lazerli 6l¢iim sistemlerinde 1s1n demetinden
gecen damlanin kiiresel cap1 cevrimici olciilebilmektedir (Tuck et al, 1997; Nuyttens
et al, 2006; Miller et al, 2008; Fritz et al, 2014; Al Heidary et al, 2014). Bu tiir
enstrimantal 6l¢iimlerin yan1 sira sadece damlacik boyutu degil, ayni1 zamanda hedef
yizeyde birim alana ulagan damla sayisim1 ve kaplama oranini belirlemek i¢in cesitli
ornekleme yiizeyleri kullanilmaktadir. Bu amacla en yaygin kullanilan 6rnekleme
yiizeylerinden biri suya duyarli kagitlar (WSP) olup piiskiirtme performansin
belirlemede oldukca yararli ve énemli bir iglevi bulunmaktadir (Fox et al, 2003;
Cunha et al, 2013; Nascimento et al, 2013; Cerruto et al, 2016; Jozef-Lipinski and
Lipinski, 2020). Yiizeyi ince bir film tabakasi seklinde bir pH belirteci (kimyasal
indikatér) olan bromfenol mavisiyle (C1sH10BrsOsS) kapli olan WSPlerin yiizeyi
normal sartlarda sari renklidir (Minaei et al, 2018). Uzerine damla diistiigiinde
temas bolgesinde mavi renkte bir leke olusmaktadir. Lekeler WSP ylizeyinde belirli
bir yayilma oramiyla iz biraktigindan cesitli gériinti isleme teknikleri kullanilarak
boyut ve alan analizleri yapilmakta ve damla karakteristikleriyle ilgili Glgtimler
gerceklestirilmektedir (Sayinci et al, 2012).

Kontrollii sartlarda WSP 6rnekleriyle yiiritiilen ¢calismalarda damla érneklemesi
igin dogrusal hareketli piiskiirtme sistemleri yaygin olarak kullanilmaktadir. Hassen
and Sidik (2018) tarafindan yiiriitillen arastirmada piiskiirtme testleri riizgar
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tinelinde dogrusal hareketli plskiirtme sistemi kullanilarak gerceklestirilmigtir.
Ozliioymak and Bolat (2020) yiizey kaplama oram ve damla sikligini belirlemek
amaciyla gelistirdikleri yazilim i¢in damla 6rneklerini hizi ayarlanabilir banth bir
mekanizma kullanarak almislardir. Benzer sekilde Ilica and Boz (2018) tarafindan
geligtirilen meme-ylikseklik kontrol sistemi i¢in laboratuvar denemeleri banth bir
gotiiriicii kullanilarak yiiriitiilmistiir. Song et al. (2019) arastirmalarinda gelistirilen
damlacik tutunmasi test ekipmani i¢in pliskirtme uygulamalari dogrusal hareketli
bir pliskiirtme sistemiyle gerceklestirilmistir. Nuyttens et al (2006) damla
karakteristiklerini 6lgmek icin otomatik-3 (XYZ) eksenli tasiyicii bir sistem
kullanmislardir. Womac et al (2001) tarafindan yapilan arastirma, arazi kosullarinda
yurtutilmis ve WSP ornekleri bum genigligi boyunca ornekleme direklerine
yerlestirilerek farkli traktér hizlarinda damla ornekleri alinmigtir. Wolf and
Daggupati (2009) tarla kosullarinda yiiriittiikleri denemelerinde damla érnekleri i¢in
0zel olarak tasarlanmig 7.3 metre uzunlugunda bir piskiirtme sisteminden
faydalanmislardir.

Puskirtmeye ait tek bir karakteristik cap degeri, pillverizasyonun yapisini ve
damla spektrumunu yeterince acgiklayamamaktadir. Bu nedenle piilverizasyon veya
atomizasyon sonucu uretilen damlalar, farkli karakteristik cap degerleriyle
tanimlanmaktadir. Nitekim hacimsel ¢aplari benzer olan pliskiirtme uygulamalarinin
sayisal ya da yuzeysel caplari birbirlerinden farkli olabilmektedir. Bunun sonucu
olarak hacimsel ¢ap1 benzer olan plskiirtme uygulamalar: birbirlerinden farkli damla
spektrumuna sahip olabilmektedirler.

Bu calismanin amaci;

o Puskiirtme uygulamalarinda yapilan damla &rnekleme c¢alismalarina

metodolojik acidan standart bir yaklasim getirmek,

e WSP o6rneklerinde goriintii isleme teknigine dayali olarak yapilan leke analizi

1¢in sistematik bir analiz prosediri gelistirmek,

o Piskiirtme denemelerinde damla karakteristiklerini istatistiksel yontemlere

dayali olarak belirlemek,

o Puskirtmede goruntii islemeye dayali olarak yapilan analizlerin yazilim

altyapisina temel teskil edecek yontem stratejileri ortaya koymaktir.

MATERYAL ve YONTEM

Damla Ornekleme Yéntemi

Damla érneklemesi icin 26X76 mm olciilerinde suya duyarh kagit (WSP, Novartis,
Syngenta Crop Protection, Basel, CH) kullamilmistir. WSP o6rnekleri 40 cm
yiksekligindeki metal direklere bir Kklips ile tutturulmustur. Piskiirtme
uygulamalarinin yapildigi 6rnekleme alaninda 10 adet direk kullanilmigs ve 5x2
(siraxsiitun) matris diizeninde 120x50 cm (sira {izeriXsiitun aras1) araliklarla
yerlestirilmigtir. Pisklrtme uygulamalarinin her biri igin 10 adet WSP kullanilmagtir.

Piskiirtme Simiilatori

Piskiirtme uygulamalarinda Sayinct et al (2019a, 2019b) tarafindan gelistirilen 12
metre uzunlugunda otomatik hiz kontrollii-dogrusal hareketli bir pliskiirtme
simiilatori kullamlmistir (Sekil 1).
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Sekil 1. Piskiirtme simiilatérii
Figure 1. Spray simulator

Similatorin hareket aksaminda 8 adet 58 mm capli V-kesitli rulmanli teker
bulunmaktadir. Tekerler, ana profile monte edilmis indiiksiyonlu millerin (@20 mm)
tuzerinde hareket etmektedir. Simiilatériin hareketi 1000 Watt'hk servo motorla
(Delta ASDA-B2, Tayvan, TW) saglanmistir. Motor mili hareketini kayis-kasnak
mekanizmasina (transmisyon orani: 1/2.5) ileterek tahrik tekerine bagli milin
dénmesini saglamaktadir. Tahrik tekerlekleri, endiistriyel tip kauguk dolgulu olup
ana profil tizerinde hareket etmektedir. Hareketli mekanizmanin ilerleme hizi servo
motor stricusiine bagh bir bilgisayardan kontrol edilmektedir. Similatorde 2.2 metre
uzunlugunda tek tarafa acilir - piiskiirtme kolu (bum) kullamilmigtir. Piiskiirtme
uygulamalarinda 5 adet meme kullanilmig ve bum kolu tizerinde 50 cm araliklarla
yerlestirilen membranl tip meme govdelerine monte edilmistir. Puskirtme yiiksekligi
bum kolunun baglant1 yeri degistirilerek ayarlanmaktadir. Piskiirtme uygulamalar:
icin 600 litrelik bir tarla pilverizatori (TP600 Piton Taral®, TR) kullanilmistir.
Piilverizatér pompasi (TAR30, piston-memrabli, cift pistonlu, 40 kg cm2 anma basiney,
30 1 dk'* anma debisi, %67 verim, Taral®, TR) rediiktérlii elektrik motoruyla (MSD
90L2, 2780 rpm, Gamak, TR) 600 dk! hizda caligtirilmigtir.

Piskiirtme uygulamalari

Damla o6rnekleme ¢aligmalar1 kapali bir tesiste kontrolli gartlarda ylrttilmustir.
Piiskiirtme denemelerinde girdap plaketli konik hiizmeli meme plakalar1 (orifis ¢ap1
?1.0 mm, POM) kullanilmistir. Uygulamalar 300 kPa isletme basincinda
gerceklestirilmistir. Meme debisi 0.41 1 dk! olup uygulamalar 80 1 ha!l hacimde
yapilmigtir. Puskiirtme yiiksekligi 65 cm olarak ayarlanmistir. Simiilatérin ilerleme
hiz1 esitlik 1 kullanilarak belirlenmistir. Piisklirtme uygulamalar: igin denemeler 9
kez tekrarlanmagtir.

V =¢q/(0,006-B-N) (1

: ilerleme hiz1 (m s)

: meme debisi (1 dk)

: iki meme aras1 mesafe (m)
uygulama hacmi (1 ha')

=2 e <
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WSP Orneklerinin Taranmasi

Piiskiirtmeden sonra WSP’ler kontrollii laboratuvar kosullarinda (15 °C sicaklik ve
%25 bagil nem) 5-20 dakika araliginda kurumasi icin bekletilmistir. Kuruyan WSP
ornekleri konularina goére fotograf kihiflarina konularak simiflandirilmigtir. WSP
yiizeyindeki lekeleri gériintii isleme yontemiyle analiz etmek icin bir tarayicida (HP
Scanjet 4850, USA) 600 dpi ¢oziiniirliikte taranmis ve 8 bit (28=256) derinliginde gri
tonlamal1 (0-255 aralifinda) resim dosyas: (*.tif) olarak bilgisayara kaydedilmistir.

Gériintii Isleme Operasyonu

Goriunti islemede Imaged 1.38x yazilimi (Wayne Rasband, National Institudes of
Health, US) kullamilmistir. Leke analizinden oénce her bir WSP goriintiisiiniin
ortalama grilik seviyesi (g belirlenmis ve esitlik (2)'ye gére esik seviyesi (%)
hesaplanmistir (Sanchez-Hermosilla and Medina, 2004). Esik uygulamasindan sonra
ikincil (binary) goriintiiler elde edilmis (Sekil 2) ve yazilim aracihgiyla lekelerin
yiizeyil kaplama oram (%), esdeger cap (um) ve sekil 6zellikleri (dairesellik) otomatik
olarak hesaplanmastir.

()
t, =0.38g +78.75 (R?*=091)

WSP

ornekleri ve ortalama grilik seviyesi 7 Ikincil gériintiiler ve esik seviyesi

i ..

2=196.55

Sekil 2. Ornek WSP goriintiileri, ortalama grilik seviyeleri ve uygulanan esik seviyesi
Figure 2. Sample WSP images, mean gray levels and threshold level

Kalibrasyon

Gorunti isleme yaziliminda piksel birimiyle o6lgiilen degiskenleri metrik 6l¢ii birimi
cinsinden hesaplamak i¢in leke boyut analizinden 6nce kalibrasyon yapilmigtir. Bu
igslem yazilimin “set scale” modilu lizerinden gergeklestirilmistir. WSP 6rnekleri 600
dpi c¢oziiniirliikkte tarandigindan bir pikselin esdeger 6lciisii 42.3 pm ([25.4/600]x1000)
olarak alinmig ve modiil tizerinden veri girisi yapilmigtir.
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Leke Eleme Prosediiri

Puskiirtme uygulamalarinda WSP 6rnekleri kullanilarak hedef ylizeyde damla siklig:
ve hacimsel birikim miktarini dogru tahminlemek igin yilizey kaplama oraninin
%30’un altinda olmas1 gerektigi bildirilmistir (Zhu et al, 2011). Bu gerekgceyle yiizey
kaplama oranmi %30’dan fazla olan WSP oOrnekleri o6ncelikli olarak analiz dis1
birakilmigtir.

Damlalar atmosfer ortamindan belirli bir hacimde hedefe transfer edilirken, yilizeye
diisen damlalar goriintiileme sistemlerinde iki boyutlu olarak analiz edilmektedir. Bu
durumda puskirtmeyle birlikte belirli bir hacimde WSP yiizeyine transfer olan
damlaciklar st iiste bindirme yaparak ya da yan yana bitigsik diizende iz birakarak
leke alaninin biiyiimesine neden olmaktadir (Sayinci et al, 2012). WSP yiizeyinde
gercek damlaya ait olmadig1 varsayilan lekelerin elimine edilmesi gerekmektedir. Bu
eliminasyonda lekelerin ¢ogunlukla sekil 6zellikleri belirleyici olabilmektedir (Sayinci
et al., 2012; Huang and Thompson, 2011). Bu calismada lekelerin eliminasyonu icin
Minov (2015) ve Szebe and Wighus (2015) tarafindan bildirilen dairesellik (&) esitligi

R =[(4-m-alan)/cevre’] kullanilmis ve 0.8den kiiciik olan lekeler analizden
cikarilmigtir. Herhangi bir objenin sekil analizi i¢in A katsayisinin 0-1 araliginda
degistigi ve tam dairesellik durumunda 1 oldugu belirtilmistir.

Leke Yayilma Faktori

WSP yilizeyine ulagsan damlalar temas ettigi bolgede belirli bir yayilma oraniyla koyu
mavi goriiniimlii bir leke birakmaktadir. Bu calismada gercek damla capi (Da, um) ve
leke capr (Ds pum) arasindaki iligki {iiretici tarafindan bildirilen tablo degerleri
kullanilarak elde edilmistir. Ustel bir fonksiyonla aciklanan bu iligki esitlik 3’te
verilmis olup cesitli arastirmacilar (Fox et al, 2001; Hassen and Sidik, 2018)
tarafindan kullanilmistir.

(3)
Dy = 1,033 - D2*7°

Frekans Analizi

Ornek bir piiskiirtmeye ait damlalarin piilverizasyon karakteristiklerini belirlemek
icin MS Excel programinda yazilim gelistirilmis ve tablolama esasina dayali olarak
frekans analizi yapilmigtir. Yazilimda damla ¢api degerleri simiflara ayrilmig ve her
siif araligina giren damlalar sayilarak frekanslar belirlenmigtir. Yazilimin temel
yapisi Yildiz ve Bircan (1994) tarafindan bildirilen istatistiksel esaslara gore
olusturulmustur. Bu amacla altta belirtilen adimlar takip edilmis ve simif sayisi, sinif
araligi, simif limitleri, nispi ve kiimilatif olmak lzere sayisal ve hacimsel dagilimlar
hesaplanmigtir.

e Frekans analizi icin en diisiik simnif sayis1 (SS esitlik (4)’de verilen Gauss
esitligine gore belirlenebilmektedir. Damla sayisina () bagl olarak sinif
say1s1, Srivastava et al (1993) tarafindan bildirilen calismaya gére 20 olarak
sec¢ilmigtir.

55 =1+ 3.32-logn (4)

e Damla cap1 degisim genisligi (DG), en biiyiik (Dmaks) ve en kiiciik (Dmin) damla
cap1 degerlerine gore esitlik (5) kullanilarak belirlenmistir.
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DG = Dmnks_ﬂmiu (5)

e Her bir smifin cap limitlerine (alt limit) eklenen simf araligin (SA4)
hesaplamak icin esitlik (6) kullanilmistar.

SA=DG/SS 6)

e Hesaplamalarda 6lcii hassasiyeti degeri 1 oldugundan minimum cap (Dmin)
degerinden 1 cikarilmis ve bu deger I. sinifin alt limitini (AZ) olusturmustur.
Diger alt limitlerin hesaplanmasinda ise her sinifin ¢ap limitlerine sinif aralig:
(84) eklenmis ve sinif sayis1 (SS) kadar isleme devam edilmistir.

e I cap simifina giren st limiti (UL) belirlemek icin II. simif alt limit (AL
degerinden 1 ¢ikarilmig ve sinif sayis1 (SS9 kadar isleme devam edilmistir.

e Her bir ¢ap smifinda hesaplanan alt ve st limit degerlerinin aritmetik
ortalamasi alinarak ilgili sinifin ortalama cap1 (Do) belirlenmistir.

e Her bir simifta hesaplanan alt ve ust limit cap degerleri arasina giren
damlalarin frekansi (V, damla sayis1) belirlenmistir.

e Her cap smifinin nispi ve eklemeli sayisal dagilim orani (%) icin ilgili sinifin
damla frekanslar1 (V) kullamilmistir. Nispi ve eklemeli hacimsel dagilimi

belirlemek icin (D® - N) egitligiyle hesaplanan degerler kullanilmistir.
Pilverizasyon Karakteristiklerinin Belirlenmesi

a. Ortalama damla ¢aplarinin hesaplanmasi ve damla homojenlik oram

Ortalama damla caplari esitlik 7 kullanilarak belirlenmistir. Bu esitlige goére Dio
(aritmetik ortalama cap, pm), D= (yiizeysel ortalama cap, pm), Ds (hacimsel ortalama
cap, pm) ve Dsz (sauter capl, pm) hesaplanmistir (Srivastava et al,, 1993).

n n 1/(p—q) (7)
Dpq = ZN:- -Df/ZNE- -D}
i=1 i=1
Di . 7nci sinifta bulunan ortalama damla ¢api, pm
Ni : /nci sinifta bulunan damla sayisi, adet
1 : damla ¢ap degerine ait sinif numarasi
n : damla ¢aplarina ait toplam sinif sayisi

pqg -0 1 2 3 p>q(ortalama damla caplarini ifade eden say1 degerleridir)

Do - Aritmetik ortalama cap: Puskirtme oérnegindeki tiim damlacik c¢aplarinin
aritmetik ortalamasidir (Bete®, 2019; SNP, 2019). Aritmetik ortalama cap degerinin
buharlasmayla (evaporasyon) ilgili degerlendirmelerde kullanildigi belirtilmektedir
(Schick, 2008).

Dz - Yiuzeysel ortalama ¢ap: Plusklrtme érnegindeki damla sayisiyla carpildiginda
tiim damlaciklarin yiizey alanlarimin toplamina esit olan cap degeridir (PNR, 2019).
Yiizeysel ortalama c¢ap degerinin absorpsiyon alaninda dikkate alindig1 belirtilmistir
(Schick, 2008).

Ds - Hacimsel ortalama c¢ap: Toplam damlacik sayisi ile carpildiginda
pilverizasyon sonucu uretilen damlalarin toplam hacmine esit olan damlacik ¢ap:
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olarak tamimlanmistir (Bete®, 2019; PNR, 2019). Hidroloji alaninda hacim
kontroliiniin gerekli oldugu uygulamalarda kullanildig: belirtilmistir (Schick, 2008).

D32 - Sauter ortalama c¢ap: Piilverizasyonu en iyi karakterize eden ortalama cap
oldugu belirtilmektedir. Ortalama cap i¢in hacim/ylizey oraninin plskirtmenin
tamaminda ayni oldugu bildirilmistir. Bu nedenle 1s1 ve kiitle transferi alaninda,
buharlagma siiresinin tahmininde ve piiskiirtme etkinliginin karsilastirilmasinda
sauter ortalama cap degerinin referans alindig1 belirtilmistir (Annamalai and Ruri,
2006; Bete®, 2019; SNP, 2019).

H - Damla homojenlik (tekdiizelik) orani: Damlalarin homojenligini yiizde (%)
olarak ifade etmektedir. Bu oran (H, %) aritmetik, yiizeysel ve hacimsel ortalama cap
degerlerine bagh olarak egsitlik 8 kullanilarak hesaplanmaktadir. A degeri %100
oldugunda damla spektrumunda yer alan damlalarin ayni c¢apta oldugu
anlasilmaktadir (Cilingir ve Dursun, 2010).

wesoo-(Sonc) [](Sinen) (S22

i=1 i=1
b. Hacimsel ve sayisal ortanca (medyan) ¢apin hesaplanmasi ve damla homojenlik
katsayis1

Frekans tablosu tizerinden belirlenen eklemeli sayisal dagilim ve eklemeli hacimsel

®)

dagilim verileri kullanilarak damla dagiliminin %50’sine karsilik gelen sayisal
ortanca (medyan) cap (Dwos) ve hacimsel ortanca (medyan) cap (Dwoso) degerleri
hesaplanmistir (Srivastava et al, 1993). Hesaplamada interpolarasyon yontemi
kullanilmigtir. Pulverizasyon yapisinin homojenligi Egitlik 9da verilen damla
homojenlik katsayisiyla () hesaplanmistir (Cooper et al., 1998).

7 = Dyoso/ Dyoso 9)

r : homojenlik katsayis1 (birimsiz)
Dvoso : hacimsel ortanca ¢ap, pm
Dnoso - sayisal ortanca ¢ap, pm

r — Damla homojenlik katsayisi: Homojenlik katsayisi daima 1’den buyiktir. r
degerinin 1’e yaklagsmasi damla homojenliginin iyilestigi anlamina gelmektedir. Bu
katsay1 r < 1.4 oldugunda damla caplarinin tekdiize oldugu kabul edilmektedir
(Cilingir ve Dursun, 2010).

Dvwoso - Hacimsel ortanca (medyan) cap: Piiskiirtmede uygulanan toplam sivi
hacmini ikiye ayiran ve kendisinden daha kiigiik olan damlalarin hacmi ile daha
biyik olan damlalarin hacminin birbirine esgit oldugu cap degeridir. Diger bir
ifadeyle, Dvoso ¢cap1 toplam sivi hacminin yarisinin kendisinden daha kiigik, diger
yarisinin ise kendisinden daha buylik caplara sahip damlaciklardan olugsmaktadir
(Bete®, 2019; PES, 2019; Bari et al, 2019). Siv1 pestisit uygulamalarinda damlacik
cap1 Dvosoile karakterize edilmektedir (ASABE Standard, 2009).
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Dnoso - Sayisal ortanca (medyan) cap: Damlalar1 sayisal olarak iki esit kisma
ayiran c¢ap degeri olup puskirtme verimliliginin degerlendirilmesinde
kullanilmaktadir (Bari et al, 2019). Dwvso capi, hacimsel ortanca capa (Dvo.s)
yaklastikca damlacik caplar1 daha homojen olmaktadir. Dwoso ve Dwoso caplar:
arasindaki fark biyladik¢e damlalarin siriiklenme potansiyeli agisindan
degerlendirilmesi gerekmektedir.

c. Damla spektrumu yayilim faktori

Damla spektrumunun yayilimi esitlik 10’da verilen RSFile hesaplanmistir (Nuyttens
et al., 2007). Dvogove Dvoiocap degerleri, eklemeli hacimsel dagilimda sirasiyla %90
ve %10’a karsilik gelen ¢ap degerlerini ifade etmektedir.

RSF = Dygs0 — Dyvoao/Droso (a0

RSF :damla spektrumu yayilim faktéri (birimsiz)
Dvoio :hacimsel dagilimda %10’a karsilik gelen ¢ap degeri, pm
Dwoso - hacimsel dagilimda %90’a karsilik gelen ¢ap degeri, pm

RSF - Damla spektrumu yayilim faktorti: Damla spektrumunun yayilimini ifade
eden bir faktordir. Piskirtilen akiskan hacminde damlacik biytiklikleri arasindaki
farklilik, damla spektrumunun dagilim genigligini etkilemektedir. Bu faktorin biyik
olmasi damla spektrumunun daha genis oldugunu ve damlacik ¢aplarinin daha buytk
bir aralikta degiskenlik goésterdigi anlamina gelmektedir. Bunun aksine yayilim
faktoriniin kiicik olmasi damla spektrumunun daha dar bir aralikta degistigini ve
birbirine yakin caplarda damlaciklarin olustugu anlamina gelmektedir (PES, 2019;
Bari et al, 2019).

Dvo.10 - Hacimsel ¢ap: Toplam damla hacminin %10unun kendisinden kiigiik veya
kendisine egit olan hacimsel c¢ap degeridir. Damlaciklarin gaz akis1 ile birlikte
taginabilirligine karar vermede referans alinan c¢ap degeri oldugu belirtilmektedir
(Bete®, 2019). Ayrica Dwoo capl, toplam piiskiirtme hacminin %107luk diliminde
sturiuklenme potansiyeli yiikksek olan ince yapili damlaciklarin ¢apini géstermektedir
(PES, 2019; Bari et al, 2019).

Dvogo - Hacimsel ¢ap: Toplam damla hacminin %90 1nin kendisinden kii¢ik veya
kendisine esit olan veya %10’u kendisinden biiyiik olan hacimsel ¢ap degeridir. Dvo.go
capinin buharlasma ve sogutma iglemlerinde Kkritik bir 6neme sahip oldugu
belirtilmektedir. Ayrica Dwg c¢ap1 yiksek oldugunda tim yilizeyin yeterince
kaplanmasi i¢in gerekli damla sayisina ulasilamamaktadir. Tim ylzeyde yeterince
kaplama saglayarak gereksinim duyulan minimum damlacik sayis1 i¢in uygulama
hacminin artirilmasi gerekmektedir (Bete®, 2019; PES, 2019; Bari et al, 2019).

d. Damla homojenligi i¢in diger kriterler

Piskiirtme uygulamalarinda damla spektrumunun homojenligi icin sayisal ve
hacimsel dagilimda damla cap1 kategorilerine gore eklemeli (kiimiilatif) olarak
olusturulan egrilerin birbirlerine gére uyumu ve yakinlhigi dikkate alinmaktadir.
Ayrica hacimsel ortanca cap (Dws) ile sauter ortalama cap (Ds9) degerlerinin
birbirine yakin olmasi damlacik c¢aplar1 arasindaki benzerligin bir gostergesi
olabilmektedir (Yagcioglu, 1993, Zeren ve Bayat, 1995).
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e. 100 pm, 150 pm, 200 pm ve 250 pm’den kii¢iik caphh damlalarin hacimsel orani (%)
Puskirtme uygulamalarinin siiriiklenme potansiyelini degerlendirmek i¢in damlacik
cap1 100, 150, 200 ve 250 um’den kiigiik ¢apli damlalarin toplam hacimdeki oranlari
belirleyici olabilmektedir. Bu nedenle frekans analizinde kategorize edilen damla
caplarimin hacimsel kiimulatif dagilimi ¢ikarilmig ve siiriiklenmeye duyarhh damlalar
yiizde (%) olarak belirlenmistir.

Damla Cap1 Kategorisinin Belirlenmesi

Damla c¢ap1 kategorisi ASABE S572.1 standardina gore sekiz kategoride
siniflandirilmistir (ASABE Standard, 2009). Cap kategorileri renklerine gére sirasiyla
mor, kirmizi, turuncu, sari, mavi, yesil, beyaz ve siyah olmak Ttzere
standartlagtirilmigtir.  Bircok  arastirmacinin  pilverizasyon  karakteristigini
tamimlamak i¢in farklh referans araliklarini kullandiklar: saptanmig ve bunlar Cizelge
1’de verilmistir.

Cizelge 1. Damla cap1 kategorileri (ASABE S572.1 standardina gére siniflandirma) ve
referans araliklar

Table 1. Droplet size categories (classification according to ASABE S572.1 standard) and
reference intervals

Pulverizasyon Dvoso (um) gap aralig Damla
karakteristigi - . cap1 renk
Hypro® Albuz® Hipkins Hypropumps Spandl Wolf  Kruger et Matthews kategorisi
(2018);  (2016) and (2006) (20100  (2017) al etal
Lechler® Grisso (2013); (2014)
(2018) (2014) Arag®
(2017)
Asgir ince (XF)* 60 < - 60 < - 50 < - ~ 50 50 < ETE.
Cok ince (VF) 61-105 159<  60-145 100<  51-145 150 < 136 < 51-100 P<igtval
Ince (F) 106-235 159-231 145-225 100-175 145-225 151-250 136-177 101-200 | turuncu
Orta (M) 236-340 232-326 226-325 175-250 226-325 251-350 177-218 201-300  sari
Kaba (C) 341-403 327-386 326-400 250-375 326-400 351-450 218-349 R(t)] mavi
Cok kaba (VC) 404-502 387-484 401-500 375-450 401-500 451-550 349-428 d yesil
Asgir1 kaba (XC) 503-665 485-553 501-650 > 450 501-660 > 551 428-622 - beyaz
Cok asir1 kaba (UC) > 665 > 553 > 650 - > 661 - > 622 -

*: XF: extremely fine; VF: very fine; F: fine; M: medium; C: coarse; VC: very coarse; XC: extremely coarse; UC: ultra coarse

ARASTIRMA BULGULARI ve TARTISMA

Piskiirtme uygulamalarina ait WSP 6rneklerinin yiizey kaplama orani Cizelge 2’de
gosterilmigtir. Kaplama orani %30un tizerinde olan 5 adet WSP ornegi cizelgede
gbsterilmig ve bunlar analize dahil edilmemistir. Leke analizi yapilan kartlarin yiizey
kaplama orani %11.07-%29.64 araliginda degismistir.
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Cizelge 2. Yiizey kaplama orani (%)
Table 2. Spray coverage rate (%)

Tekrarl (T) uygulamalara ait WSP 6rneklerinin yiizey kaplama orani (%)

WSP

no. 1T 2T 3T 4T 5T 6T 7T 8T 9T
1 22.54 23.66 21.78 27.62 23.47 29.52 28.14 11.07 27.99
2 28.80 19.58 21.45 13.57 23.96 24.77 13.01 24.53 26.75
3 28.91 24.38 19.12 25.87 26.06 20.10 30.58* 17.87 23.32
4 30.81* 17.80 22.86 31.72* 21.47 18.67 29.42 15.46 18.91
5 32.25% 17.41 27.51 26.81 21.76 26.18 23.01 27.58 20.75
6 27.01 17.47 22.21 23.93 24.06 24.12 22.35 29.48 27.31
7 19.64 20.57 24.18 29.64 25.33 25.03 27.95 18.88 16.13
8 21.07 19.65 25.77 23.50 25.30 26.74 15.20 22.83 28.54
9 25.45 22.77 25.21 19.48 22.26 19.41 21.52 20.89 26.88

10 27.03 19.68 22.44 24.83 20.74 26.83 20.92 22.22 30.78*

Ort. £SS  26.35+4.17  20.30+2.54  23.25+2.44 24.70+5.18 23.44+1.82 24.14+3.61 23.21+5.93 21.08+5.54 24.74+4.74
*: Analize dahil edilmeyen WSP 6rnekleri

Ornekleme yiizeylerinde analiz edilen leke sayis1 ve o6lgillen minimum ve
maksimum damlacik ¢ap1 degerleri Cizelge 3’te verilmistir. Calismada analiz edilen
damlalarin gap1 38-662 um araliginda degismis ve her tekrarhh denemede yaklasik
20.000 adet lekenin analizi yapilmistir.

Cizelge 8. Analiz edilen damlaciklarin cap degisim araligi (um) ve leke sayisi
Table 3. Diameter variation ranges of analyzed droplets and number of spots

Uygulamalar  Dmin(um)  Dumars(pm)  Leke sayis1 (adet)*

1T 37.6 590.5 21973
2T 37.6 587.3 19 067
3T 37.7 613.6 19 400
4T 37.7 635.7 18 818
5T 37.7 565.0 21015
6T 37.7 662.0 19 388
7T 37.7 610.0 18 429
8T 37.7 572.0 19 147
9T 37.7 566.3 16 854
Toplam - - 174 091

*: tekrarh ¢alismalarin her birinde 10 adet WSP yiizeyinde analiz edilen leke sayisi (eliminasyondan sonra)

Ortalama damla caplarinin degisimi Sekil 2a’da gosterilmis olup, kiiciikten biliytige
dogru Do, D20, D30 ve D3z olarak siralanmistir. Tekrarl yiiriitiilen denemelerde elde
edilen cap degerleri birbirine yakin ve uyumlu bulunmustur. Sekil 2b, siiriiklenme
riski yiliksek olan damlalarin hacimsel dagilim oranini goéstermektedir. Tekrarh
denemelerin timinde ince yapili damlalar birbirine yakin oranlarda 6l¢ilmiustiir.
Tekrarhh denemelerde hacimsel ¢ap degerlerinin degisimi Sekil 3c’de gosterilmistir.
Buna goére damlalarin hacimsel medyan capr (Dws) 249-267 um araliginda
olctilmusgtiir.
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Figure 8. Droplet size characteristics (a) Mean droplet diameters (b) Volumetric
distribution of droplets smaller than 100, 150, 200 and 250 um in diameter (%) (c)

Volume diameters (Dvo.i0, Dvo.25, Dvo.so, Dvo.75, Dvo.90)

Sekil 4 ve Sekil 5”de gosterilen hacimsel dagilim egrileri incelendiginde tekrarh
denemeler arasinda belirgin bir uyumun oldugu gézlemlenmektedir.

14,0

13,0
12,0
11,0
10,0
9,0
8,0
7,0
6,0
50
4,0
3,0
2,0
1,0
0,0

Hacimsel dagihm (%)

< P «© Ts) N D © (32} o ~ < — © n o D gl
[le] (=] — < ~ i<} N n =<} o (a2} [{=} [ee} — < © N
N N — — — — o~ N o~ ™ ™ ™ ™ < < < [Te)
~ 5 B B . . ) ) ) ) ) ) B ' ) ) )
(32} © N (2] © ™ o ~ < bl [ee} n N (2] o o ~
o - < ~ o N Yol o] o (32 o (s = < (=2}

— — - N ~N N N (32} (32} [32) ™ < < <

Damla gap1 smifi (um)
— W 1T —&—2T ——3T —&—4T &5— 5T 6T T 8T -——o-

Sekil 4. Damla cap1 gruplarinin hacimsel dagilimi (%)
Figure 4. Volumetric distribution of drop diameter groups (%)
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Figure 5. Cumulative volumetric distribution of drop diameter groups (%)

Damla homojenligi hakkindaki yaklagimlar Cizelge 4’te verilmistir. Ds2 ¢ap1 ile
Dwoso caplarinin sayisal olarak birbirine yakin bulunmamigtir. ESF degerlerinin 1’e
yakin olmasi damla spektrumunun normal dagildigimi goéstermektedir. Damla
homojenlik katsayisimin () 1.4ten daha biiyilk olmasi damla spektrumundaki
damlalarin homojen olmadig1 anlamina gelmektedir. Ortalama %83.2 oranina sahip
damla tekdiizeligi () incelendiginde spektrumdaki damla boyut dagiliminin homojen
olusmadig1 anlasilmaktadair.

Cizelge 4. D32 ve Dwo.so caplar: ve damla homojenlipi degerleri
Table 4. D32 and Dvo.so diameters and drop uniformity values

Tekrarli
denemeler D3z (um) Dvo.s0(um) RSF r H (%)
1T 231.7 248.8 1.016 2.01 83.0
2T 250.5 267.5 0.951 1.91 84.2
3T 248.5 264.5 0.971 1.92 83.9
4T 239.4 257.8 1.009 2.05 82.6
5T 243.3 267.3 0.960 2.15 82.1
6T 248.3 267.6 0.961 2.10 82.8
7T 239.4 256.7 0.976 2.02 83.2
8T 246.4 267.2 0.940 2.05 83.1
9T 248.1 266.9 0.925 1.93 83.8
Ort.+SS 244.0+6.1 262.7+6.7 0.967+0.030 2.02+0.08 83.2+0.7

Cizelge 5de gosterilen korelasyon analizi sonuglarina gore Dsz ile Dwoso caplar:
arasinda pozitif yonli bir iligki saptanmigtir. Her iki ¢ap degeri arttikca RSF degeri
azalma yoninde degisim gostermistir. r ve H degerleri arasindaki korelasyon
istatistiksel agidan ¢ok 6nemli bulunmus ve aralarinda negatif yonli bir iliskinin
oldugu belirlenmistir.
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Cizelge 5. Baz1 damla ¢ap1 ve damla tekdiizeligini tanimlayan degiskenler arasindaki
iligki (Pearson korelasyon katsayisi ve 6nem testi sonuclar1)

Table 5. Correlation between some droplet size characteristics and variables defining
drop uniformity (Pearson correlation coefficient and significant test results)

Dwvo.s0 RSF r H

D3z 0.932 -0.813 -0.302 0.491
(0.000)** (0.008)** (0.429)ns (0.180)»s

Dvoso -0.854 0.007 0.188
(0.003)** (0.986)ns (0.628)rs

RSF 0.189 -0.370
(0.627)ns (0.317)ms

r -0.957
(0.000)**

**: cok onemli; ! 6nemsiz

Piskiirtme denemeleri 80 1 ha! uygulama hacminde gergeklestirildiginde bazi WSP
orneklerinde ylizey kaplama oranmi %30 simirinin tizerinde ¢ikmigtir. Bu limit deger
asildiginda damla boyut verilerinin potansiyel olarak hatali olabilecegi
belirtildiginden (Zhu et al, 2011) yiizey kaplama oram yiiksek olan WSP gériintiileri
analize dahil edilmemisgtir.

WSP ylizeylerinde 50 um’den daha kiigiik ¢apli damlalarin analiz edilemedigi
bildirilmistir (Coates, 1996). Ancak bu durumun goriintii isleme siirecinde
gorintileme teknigi ve kullanilan yazilima bagli olarak degisebilecegi tahmin
edilmektedir. Nitekim bu g¢alismada en kiigiik 38 pm ¢apindaki damlalar analiz
edilmistir. ISO 5682-1 (ISO 5682-1 Standard, 1996) standardina gore damla
ornekleme calismalarinda gére en az 2000 adet damlanin analiz edilmesi
gerekmektedir. Bu arastirmada manidar sayida damlanin analiz edilmesi
saglanmigtir.

Tekrarli denemelerde ortalamaya ait standart sapmanin disik olmasi kontrol
edilemeyen faktorlerin deneme verilerine olan etkisinin diisik oldugu anlamina
gelmektedir. Analiz ve o0lgme yonteminden kaynaklanan standart kabullerin
belirsizligi ¢ogu zaman hata varyasyonunun artmasina neden olmaktadir. Ortalama
damla caplar1 ve ince yapili damlalarin hacimsel dagilimlar: incelendiginde tekrarh
denemeler arasinda biiyik bir uyumun oldugu dikkat ¢ekmektedir. Toplam hacimde
100 pm’den kiiciik c¢apli damlalarin hacimsel orami %2.0-%3.5 aralhigindadir.
Puskirtilen toplam hacimde damlaciklarin bir kisminin hedefe ulagsmadan
buharlastignr veya WSP ylzeyindeki bazi1 kugik capli damlalarin gériinti isleme
tekniginden dolayi 6l¢iilemedigi tahmin edilmektedir.

Pilverizator memelerinde damla capi1 kategorisi i¢cin hacimsel medyan capi
referans alinmaktadir (ASABE Standard, 2009). ASABE standardi ve piilverizasyon
kategorisiyle ilgili literatiir incelemesine goére bu ¢alismada kullanilan meme tipiyle
300 kPa isletme basincinda orta yapili damlalarin iiretildigi belirlenmistir (Spandl,
2010; Hipkins and Grisso, 2014; Matthews et al, 2014; Albuz®, 2016; Wolf, 2017;
Hypro®, 2018; Lechler®, 2018).

Damla spektrumunda RSF degerinin 1’den biiyik olmasi damla boyut dagiliminin
normalden daha basik olustugunu gostermektedir. Dagilim her iki uca yayilarak
geniglemistir. RSF degerinin 1’den kigciik olmasi dagilimin normale gore daha sivri
olustugu ve damla boyutunun homojen bir yapida oldugu anlamina gelmektedir.
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Damla karakteristikleri arasindaki korelasyonlarin varhigi damla spektrumunu
olusturan piilverizasyon yapisinin daha kolay anlagilmasini saglamaktadair.

SONUC

Bu arastirmada yapilan plskiirtme denemeleri detayli bir sekilde acgiklanmisg, leke
analizi i¢in takip edilen gorinti isleme basamaklari belirtilmis ve istatistiksel
yontemlere dayali olarak pilverizasyon karakteristikleri hesaplanmistir. Bu
kapsamda damla oérneklemesi i¢in yapilan denemelerin timi kontrolli sartlarda
yurttilmigtir. Goruntia isleme operasyonlar: sistematik bir siralamayla yapilmig ve
analizler operator kararindan bagimsiz gekilde standart bir yaklagimla
sirdurialmustiir. Pulverizasyon karakteristikleri istatistik esaslara dayanilarak
yapilmigtir. Arastirmada kullanilan yontemlerin icerikleri detayli sekilde verilerek
yazilim altyapisi i¢cin gerekli detaylar ayrintili olarak verilmistir. Arastirmadan elde
edilen verilere gore tekrarl ¢aligmalar arasinda tutarh sonuclar elde edilmis ve bazi
degiskenler arasinda ©6nemli korelasyonlar bulunmustur. Bu calisma sonucunda
arastirmanin kapsaminin genigletilmesi, ince, orta ve kaba yapili damlalar iceren
ornekleme c¢alismalarinin yapilmasi1 ve leke eliminasyon yontemleriyle ilgili farkh
yaklasimlarin incelenmesi gerektigi kanaatine varilmistar.

CIKAR CATISMASI

Yazar olarak makalenin planlanmasi, yiritilmesi ve yazilmasi konusunda herhangi
bir ¢ikar catigmasi olmadigini beyan ederim.

YAZAR KATKISI

Yazar olarak makalenin planlanmasi, ylUritilmesi ve yazimi tarafimca yapilmigtir.

TESEKKUR

Bu calisma Atatiirk Universitesi Ziraat Fakiiltesi Tarim Makineleri ve Teknolojileri
Mihendisligi Bélimi Laboratuvarinda ytrttilmustir.
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OZET

Salihli H(;esindeki tuketicilerin, tibbi aromatik bitkilerden biri
olan adacayr tiketim durumu ve tiketimini etkileyen
fa.kt(')'rlerin belirh?.nmesi bu ara.stlrmade.l amaglanmigtir. Bunun ARASTRMA MAKALEST
icin oransal oOrnekleme ile Dbelirlenen 272 tilketici
gorustilmustir. Arastirma kapsaminda gorisiilen bireylerin | Anmg tarihi: 17.03.2020
ortalama yas1 36.07, %52.211 kadin, %63.601 bekar ve | Kabul tarihi: 18.04.2020
ortalama geliri 2,634.77 TL/ay oldugu belirlenmistir. Bireylerin | Online basim: 23.04.2020
tuketmeyi tercih etmede ilk sirada bulunan adagay: tiiketimi
ayda 30.49 g’dir. Tuketicilerin adacay1 tiiketimini etkileyen
faktorlerin belirlenmesi i¢in binary logit analizi kullanilmigtir.
Analiz sonucunda %5 6nem seviyesinde adacay1 tliketimini
uriniin hasat vakti pozitif etkiledigi belirlenmigtir. Yani

Anahtar Kelimeler :

» Biling diizeyi,
adagay1 tiiketenler tiikketmeyenlere gore %12 oraminda hasat | » Binary logit analizi,
vaktine oOnem vermektedir. %1 Onem seviyesinde anlaml > Adacayl,
bulunan tedavi amach kullanma ve tat kattigi icin kullanma | » Tercih,
tiikketimle pozitif iliskili oldugu gézlenmistir. Tiiketmeyi tercih | » Tiketme,

edenlerdeki bir birimlik artis tedavi amaclh kullanimi %17
oraninda artirmasi s6z konusudur. Adagayi tiikketenlerin %14
tat ve aromasimmi begendiklerinden dolayr tiikettiklerini
belirtmiglerdir.
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Evaluation of Medical Aromatic Plant Consumption Factors of Consumers
in Salihli District of Manisa Province (Case of Sage)

ABSTRACT

The aim of this study was to determine the consumption and
consumption factors of sage, one of the medicinal aromatic plants | RESEARCH ARTICLE
of the consumers in Salihli district. For this purpose, 272
consumers determined by proportional sampling were Received: 17.03.2020

interviewed. The average age of the interviewed individuals was | Accepted: 18.04.2020

36.07, 52.21% was female, 63.60% was single and the average | Available online: 23.04.2020
income was 2,634.77 TL / month. Sage consumption, which is in
the first place in individuals' preference to consume, is 30.49 gr
per month. Binary logit analysis was used to determine the Keywords :
factors affecting consumption of sage. As a result of the analysis,

it was determined that sage consumption at 5% significance level | » Consciousness Level,
had a positive effect on harvest time of the crop. In other words, > Binary Logit Analysis,
those who consume sage give importance to harvest time at a | » Sage,

rate of 12%. It was found to be positively associated with > Preference,
consumption because it contributes to therapeutic use and taste, »  Consumption

which is significant at 1% significance level. A one-unit increase
in those who prefer to consume is likely to increase therapeutic
use by 17%. 14% of those who consumed sage stated that they
consumed it because they liked its taste and aroma.

To cite: Yuzbasioglu R, Kaplan E (2020). Evaluation of Medical Aromatic Plant Consumption
Factors of Consumers in Salihli District of Manisa Province (Case of Sage). Turkish Journal of
Agricultural Engineering Research (TURKAGER), 1(1): 63-73.

GIRIS

Tibbi ve aromatik bitkiler, insan saglini hastaliklardan korumak veya hastaliklar:
iyilestirmek icin ila¢ olarak kullanilan bitki tiirleridir. Tibbi bitkiler daha ¢ok saghk
acisindan beslenme, viicut bakimi gibi alanlarda kullanilirken, aromatik bitkiler,
kozmetik alaninda gilizel koku, viicut bakimi ve yemeklerde ise tat ve aroma vermeleri
icin kullanilmakta ve tiiketilmektedir (Heinrich ve ark., 2004 ; Bayram ve ark., 2010 ;
Faydaoglu ve Siiriiciioglu, 2011 ).

Tibbi ve aromatik bitkiler Tirkiye’de tam anlamiyla bilinmemekle birlikte,
eczacilik ve bitkisel egitim yani botanik egitimi gérmemis kisiler tarafindan ceviri,
derleme geklinde bilgilendirme amacli hazirlanan ya da gelenekselciligi 6ngéren
hekimlik uygulamasi1 pek c¢ok yerde rastlanmaktadir. Buna karsilik tibbi bitkiler,
hastaliklarda tedavi amach kullanilmasinin yaninda, saglikli yagamin stirekliligi i¢in
de destekleyici ve tamamlayici bitkisel tirtiin olarak tercih edildigi ifade edilmektedir
(Dicle, 2010). Tiiketicilerin cesitli nedenlerden dolay1 bilerek ya da bilmeyerek bir
sekilde giindelik hayatlarinda tibbi ve aromatik triinlerden en az bir kere
kullanmaktadir.

Adacay1 bitkisi, eski caglardan gunumize kadar tibbi 6zellikleri kabul edilip
bilinen ve Hipokrat, Dioscorides ve Theophrastus tarafindan “elelisfakon” ve “sfakon”
olarak isimlendirilen, tibbi ve aromatik bitkiler arasinda 6nemli goriilen bit bitki
olarak bilinmektedir. Ayni zamanda adagayir bitkisi, Eski Misir ve Cinlilerce
insanoglunun beyin fonksiyonlarini gelistirici bir bitki olarak goriilmektedir. XII.
yuzyilda Sinte Hillgarde adacayini bitkisini her derde deva bir bitki olarak hatta
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gercek bir panzehir olarak tanimladig1 kaynaklarda belirtilmektedir. Gegmisten
giiniimiize ve halen kullanmilmakta ve tiiketilmekte olan adacay1 bitki (Salvia sp.)
tiurleri atmigtan fazla hastaligin tedavisinde kullanildig: bilinmektedir. Bunlardan ise
en soguk alginligi, ¢ok agr1 kesici, brongit, sara hastaligl, verem, kanamalar ve
menstrual rahatsizliklarin tedavisinde kullamildig1 ifade edilmektedir (Rivera ve ark.
1994; Topcu 2006). Goriildigi gibi adacay: bitkisinin genellikle bitkisel cay olarak t ve
et yemeklerine lezzet vermek amacl tiikketilmesinin yaninda bir¢ok hastaliga da iyi
geldigi bilinmektedir. Bu baglamda c¢alismanin 6nemi de yadsinamaz. Adagay:
bitkisinin 2015 yilinda ihracat pay1 %3,6, tiretimi 2.070 ton ve ihracati 8 milyon dolar
olarak gerceklesmistir. 2015 yilinda adagay: bitkisi 19 ton tarla tiretiminden 838 tonu
ithalattan olmak tizere geriye kalani ise kendiliginden yetisen bitkinin dogadan
toplama yontemi ile elde edildigi bilinmektedir (Temel ve ark., 2018).

Calismanin amaci, tibbi aromatik bitkilerden olan adagayinin tiiketiminin yaninda
satin alma biling durumu ve tiiketim aligkanliklarinin, satin almada biling seviyesinin
de 6nemli oldugu tespitini ortaya koyabilmektir. Calisma Manisa ili Salihli ilgesinde
yuratilmuistir.

MATERYAL ve YONTEM

Materyal
Bu arastirmanin materyalini, Manisa ili Salihli ilgesinde kentsel alanda bulunan
tiuketicilerden anket yoluyla elde edilen veriler olusturmustur.

Verilerin Toplanmas1 Asamasinda Izlenen Yontem
Ana kitlenin en iyl diizeyde temsil edilecek 6rnek sayisinin belirlenmesinde oransal
orneklemden yararlamilmistir (Yamane, 2001).

Np@- p)
L= (N=Doy+p(-p)

n= 6rnek buyukligi,

N= populasyon biiyikligi (97.810),

p= tahmin orani (0.5 maksimum érnek biiyiikligi icin),
2
P= oran varyansi (maksimum 6rnek hacmine ulasmak icin %90 giiven aralifinda

cizelge degeri 1.65 ve %5 hata pay1 ile). Ana kitleyi olusturan tiiketicilerin 6zellikleri
basglangicta bilinmedigi i¢in, 6rnek hacmini maksimum kilacak sekilde p=0.5 olarak
alinmis ve 6rnek hacmi 272 tiiketici olarak bulunmus ve 6rnege alinan tiketiciler
tesadiifi olarak belirlenmigtir.

Verilerin Analizi Agamasinda Izlenen Yontem
Arastirmada tiiketicilerin adagay1 tiiketimini etkileyen faktorleri binary logit analizi
yardimi ile belirlenmesi amaglanmigtir. Logit modelinde bagimlh degisken kukla ve
tahmin edilen olasilik degerleri O ile 1 arasinda degismektedir.

Lojistik fonksiyon (LOGIT) genel fonksiyonel formiilii (Gujarati, 1992);

- 2 )
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F (BX)= Index fonksiyonunu (I nci tiiketiciler i¢in gézlenen adacay: tiiketimi,
tiilketmeyenler icin j=0; tiiketenler icin j=1)

B= Agiklayic1 degiskenlerin katsay1 vektorini

Xi= Ttiketicilerin karakterlerini temsil eden agiklayici degiskenleri

ei= Hata terimini gostermektedir.

Tiketicilerin adagay: tiikketme olasiligi:

1
p,=[l+e™

Pi = Bagiml degiskenin olma olasiligi

€ = dogal logaritmadir.

Z; = PXiZ; Zi = p+ B X,
Adacayi tiiketme olasilig1 ise (1-Py) formiilii;
P 1+e™

1P freet] "

Adacgay1 tiiketme bahis orani olan formulin dogal logaritmasi1 alimirsa asagidaki

sonuca ulasilir.

=]

Li=1n 1-R Z, =P+ B, X,
Bahis oraninin logaritmasi L, yalniz X’e gore degil, ana kitle katsayilarina gore de
dogrusaldir. L'ye logit denir ve logit modeli formiilden gelmektedir (Gujarati, 1992).

Aciklayic1 degiskenler, gozlemlenen degiskenlerden ¢ikartilmaktadirlar ve onlarin
dogrusal bilesenleri olarak tahmin edilebilirler. J’inci faktér olan Fyin genel tahmin
esitligi su sekilde ifade edilebilir:

Fy= 307 WX, +W X, kW, X |

Wit Aciklayicr degiskenler skor katsayilarini
P: degisken sayisimi gbstermektedir.

Lojistik katsayilarini anlamak i¢in, bir olay1 olasilik orani bakimindan distinmek
gerekir (Akgiil ve Cevik, 2005). Olasilik oraninin dogal logaritmasi alinarak elde
edilen lojistik regresyon modelinin parametrelerini tahmin ederken en yiiksek
olabilirlik (maximum likelihood) yéntemi yaygin olarak kullamilir (Berenson ve
Levine, 1996).

Lojistik modelde yer alan baz degiskenler, kategoriler arasi1 farkliliklar: olasilik
oranlari olarak elde edilebilmek tizere kategorik degiskene ¢evrilmistir. Yorumlamada
kolaylik saglamasi1 agisindan bagimsiz degigkenlerin bazilar1 kukla degisken olarak
modele alinmigtir.

Modele agiklayici degisken olarak kodlamalar géyle yapilmistir; tiiketicilerin yasi
(stirekli degisken), cinsiyet (bayan ise 0, erkek ise 1 olarak kodlanmistir), medeni
durum (bekar ise 0, evli ise 1 olarak kodlanmigtir), egitim durumu (lise ve lise alt1 ise
0, lise {istii ise 1 olarak kodlanmistir), tiiketicilerin aylik gelirleri (siirekli degisken),
hanedeki fert sayis1 (siirekli degisken), tibbi ve aromatik bitki tanimi (biliyorsa 1
bilmiyorsa, 0 olarak kodlanmigtir), tedavi amach kullanilma durumu (kullaniliyor ise
1, kullanilmiyor ise O olarak kodlanmistir), tat katma durumu (kullanilmigsa 1,
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kullanilmamigsa 0 olarak kodlanmigtir), haftalik satin alma durumu (satin alimiyorsa
1, alinmiyorsa 0 olarak kodlanmistir), aylik satin alma durumu (satin aliniyorsa 1,
alinmiyorsa O olarak kodlanmistir), aciktan satin alma (satin alimiyorsa 1,
alinmiyorsa O olarak kodlanmistir), ambalajli satin alma (satin alimiyorsa 1,
alinmiyorsa 0 olarak kodlanmistir), hasat zamaninda toplanilmasina dikkat etme
durumu (dikkat ediliyorsa 1, dikkat edilmiyorsa 0 olarak kodlanmistir), kalitede iiriin
renginin énemi (6nemliyse 1, énemli degil ise 0 olarak kodlanmistir), kalitede iiriin
kokusunun énemi (6nemliyse 1, énemli degil ise 0 olarak kodlanmistir), iiriiniin
tazelik durumu (tercih ediliyorsa 1, edilmiyorsa 0 olarak kodlanmigtir), iiriin kurutma
ortaminin uygunlugu (6nemli ise 1, 6nemli degil ise 0 olarak kodlanmistir), {iriiniin
kurutulma sekli (6nemli ise 1, énemli degil ise 0 olarak kodlanmistir), iiriiniin
kurutma ortaminin nem miktarina bakilma durumu (bakiliyor ise 1, bakilmiyor ise 0
olarak kodlanmistir), aylik tiiketilen tibbi ve aromatik bitki miktar1 (10 birim altinda
tuketiliyor 1se 0, 11-99 birim arasinda tiiketiliyor ise 1, 100 ve tizeri birim tiiketiliyor
ise 2 olarak belirlenmigtir. Calismada uygulanan, modele uygun tiiketimle ilgili; Erdal
ve Esengiin, 2008; Onurlubas ve Dogan, 2016; Onurlubas vd.,2018 gibi birgok
calismada bulunmaktadir.

BULGULAR ve TARTISMA

Tiiketicilerin Genel Ozellikleri
Arastirma kapsaminda ankete katilan tlketicilerin bazi sosyo-ekonomik ve
demografik ozellikleri Cizelge 1’de incelenmigtir. Tuketicilerin %52.21'1 kadin,
%47.79u erkektir. Tuketicilerin %63.601 evli ve hanede ortalama 3.40 birey
yasamakta olup tiiketicilerin yas ortalamasmnin 36.06 oldugu Cizelge 1'den
gorilmektedir. Egitim durumlar: incelendiginde goriigiilen tiiketicilerin yarisindan
fazlasinin  (%55.15) lise ve lise alt1 egitim gordiikleri sonuclar arasindadir.
Tuketicilerin ortalama aylik geliri ise 2.634.768 TL/ay olarak hesaplanmigtir. Kilichan
ve Calhan (2015) Kayseri ilindeki bireylerin baharat tiiketimini incelemis ve
arastirma kapsaminda bireylerin %45.00’nin yoksulluk simirinda (1.528-4.094 TL /ay)
gelire sahip olduklarini belirlemiglerdir.

Cizelge 1’de gruplar ve agiklamalar siitununda modelde kullanilan agiklayic
degiskenler ve her bir degiskenin yaninda parantez i¢inde degiskenin modeldeki
kodlanmig gekli verilmisgtir.

Ttiketicilerin Tibbi ve Aromatik Bitkiyi Kullanimi

Tuketicilerin evlerinde gida, tedavi, bitkisel ¢ay, koku ve tat katmasi i¢in veya
kozmetik, estetik gibi cesitli amaclar icin kullandiklar: tibbi ve aromatik bitkileri
tanima bilme durumlarini belirlemek i¢in tibbi ve aromatik bitkilerin ¢esitli tanimlari
anket yolu ile sorulmustur. Sorulan sorular ve sorulara “evet tanim budur” diyenler
Cizelge 2’de verilmistir. Elde edilen sonuclara gore arastirma kapsaminda gorisilen
tiketicilerin %68.75'inin  tibbi ve aromatik bitkinin tamimini dogru bildigi
gbzlenmigtir.
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Cizelge 1. Tiketicilerin genel 6zellikleri ve bazi1 tanimlayici istatistikler
Table 1. General features of consumers and some descriptive statistics

68

Gruplar ve Agiklamasi Frekans | % Ortalama Standart
Sapma
. . Tuketiyorsa:l 232 85.29
Bagimlh Degisken (Y) Tiketmiyorsa:0 10 1471 0.355
Yas (YAS) 36.06 11.766
Gelir (ay/TL) (GELIR) 2.634.768 | 1265.159
.. Erkek:1 130 47.79
Cinsiyet (CINSIYET) Kadn:0 142 5291 0.500
. Bekar:1 99 36.40
Medeni Durum (MD) Evlii0 173 63.60 0.482
mesamtclanlarro | 130 | 3515
Egitim Durumu (ED) Line Giat : 0.498
ise us'u mezunu 199 44.85
olanlar:1
Hanedeki fert sayis1 (FERT) 3.40 1.512
Tibbi ve Aromatik Dogru bilenler:1 187 68.75
Bitkinin Tanimini Bilme . . . 0.464
Durumu (BILGD) Dogru bilemeyenler:0 | 85 31.25
Tedavi Amagh Kullanim | Kullaniliyor ise:1 87 31.99 0.467
Durumu (TEDAVI) Kullanilmiyor ise:0 185 68.01 )
Tat Vermek igin Kullananlar:1 77 28.31 0.451
Kullanma Durumu (TAT) | Kullanmayanlar:0 195 71.69 '
Haftalik Satin Alma Satin aliniyorsa'l 29 10.66 0.309
(HAFTA) Satin almiyorsa:0 243 89.34 '
Aylhk Satin Alma Satin aliniyorsa:l 152 55.88 0.497
(AYLIK) Satin almiyorsa:0 120 44.12 '
Acikta Urin Satin Alma Aliniyorsa:l 40 14.71 0.355
Durumu (ACIK) Alinmiyorsa:0 232 85.29 '
Ambalajli Uriin Satin Alimiyorsa:l 168 61.76
Alma Durumu . 0.487
(AMBALAJ) Alinmiyorsa:0 104 38.24
Hasat Zamanina Dikkat Ediliyorsa‘l 184 67.65
Etme Durumu Edilmiyorsa:0 88 32.35 0.469
(HASATVAK) Dikkat etmeyenler:0 170 62.50 '
Kalite Kriterinde Uriin Dikkat edenler:1 92 33.82
Kokusuna Dikkat Etme . .
Durumu (KOKUSU) Dikkat etmeyenler:0 180 66.18 0.474
Kalite Kriterinde Uriiniin | Dikkat edenler:1 125 45.96
Tazeliligine Dikkat Etme . .
Durumu (TAZELIK) Dikkat etmeyenler:0 147 54.04 0.499
Urtiniin Kurutulma Onemseyenler:1 115 42.28
Ortamini1 Onemseme n .
Durumu (ORTAM) Onemsemeyenler:0 157 57.72 0.495
Urtint Kurutma Sekline Dikkat edenler:1 96 35.29
Dikkat Etme Durumu . .
(KURSEKLI) Dikkat etmeyenler:0 176 64.71 0.479
Uriinti Kurutmada Nem Dikkat edenler:1 50 18.38
Miktarina Dikkat Etme . .
Durumu (NEMMIK) Dikkat etmeyenler:0 222 81.62 0.388
19 blrlm alt1 111 4081
e e tiketen:0
Tuketicilerin Aylik TAB 11-99 biri
Titketim Miktar: ik tenl,l;lm arast 94 34.56 0.794
(TMIKTAR) 100 Tbird '
ve lizeri birim - 94.93

tiketen:2
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Cizelge 2. Tiketicilerin tibbi ve aromatik bitkiyi bilme veya tanima durumu
Table 2. Consumers knowing or recognizing medicinal and aromatic plants

Frekans
Sorulan Tanimlar (Tanima %
katilanlar)
Koku, renk ve tat bakimindan tercih edilen bitkilere denir 187 68.75
Butiin bitkiler tibb1 bitkidir 85 31.25
Hastaliklar1 6nlemek, saghg strdiirmek veya hastaliklar 187 68.75
iyilestirmek i¢in ila¢ olarak kullanilan bitkilerdir )

Tiketicilerin %89.34’tntin tibbi ve aromatik bitkiyi haftalik olarak tiketmedigi,
%55.88'inin 1se aylik olarak tukettigi gozlenirken; aylik olarak tiketim yapan
tiuketicilerin de %40.81’inin 10 birim altinda, %34.56’sinin 11-99 birim arasi,
%24.93tintin ise 100 birim ve tizeri tibbi ve aromatik bitki tiikettigi gozlenmigtir.
Tuketilen tibbi ve aromatik bitkiyi tat amach olarak kullanan tiiketicilerin orani
%28.31 iken; tiketicilerin herhangi bir rahatsizligr i¢in tedavi amacgh tercih etme
durumu %31.99dur (Cizelge 1). Kocabas ve Gedik (2016) arastirmalarinda
Kahramanmaras ilinde etnobotanik bitkilerin tiiketime sebep olan etmenleri
incelemigler ve semt pazarlarinda satilan etnobotanik bitkilerini; gida, tedavi ve siis
amaciyla kullamildigi sonucuna varmiglardir. Demircivi ve Altas (2016) Aksaray
Universitesinde okuyan 400 6grenciye uyguladiklar: anket sonucunda baharat satin
alirken dikkat edilen ilk ¢ 6l¢cek olarak; tazelik, koku ve tat olarak bulmustur. Celik
(2014), Konya ilinde bulunan aktarlara yaptig1 calismasi sonucunda tibbi ve aromatik
bitkiyi en ¢ok ek gida, baharat, enerji amach (%36.5) sattiklarim1 ortaya koymustur.
Hindistan’da Arya ve ark. (2012), yaptiklar: calismalarinda tiiketicilerin %78.4’i tibbi
ve aromatik Urtnleri saghk icin tikettigi saglikli buldugu sonucuna varmiglardir.
Yani yurt icinde yapilan arastirma sonucunda kullanim nedenleri benzerlik
gosterirken yurt digindaki arastirmalarda kullanim farklhiliklar asikar olarak
gozikmektedir.

Tiketicilerin Adagay:r Kullanimi
Cizelge 3'de tiketicilerin yogun olarak tuketmeyi tercih ettikleri bitkiler verilmistir.
Tiiketicilerin en fazla tiilketmeyi tercih ettikleri sirasiyla adacayr (%85.29), nane
(%74.26), kekik (%73.53), thlamur (%70.96) ve sarimsak (%68.75) olarak gézlenmistir.
Dicle, 2010 yilinda Izmir ilinde yapilan benzer bir calismada ankete katilan
tiiketicilerin cogunlugunun (%85.42) en fazla tarcin tiikettigi ve bitkisel caylar1 da en
fazla kis aylarinda tiiketmeyi tercih ettikleri sonuglar arasindadir. Ankara merkez
llcede kadinlarin baharat kullanimi tdzerine yapilan bir bagka calismada da
kadinlarin %83.5’1 kirmizi pul biber tiikettikleri belirlenmistir (Demircioglu ve ark.,
2007). Kahramanmaras ilinde aktarlar ile yapilan calismada aktarlarin en fazla
sattigl, tiikketicilerin en fazla tiikettigi tibbi ve aromatik baharat tirid olarak, nane,
kekik ve 1thlamur olarak belirlemiglerdir (Akbulut ve Ozkan, 2016).
Tuketicilerin%84.56’s1 adacayini kuru olarak tiuketmektedir. Tiiketicilerin %4.78’1
adacayini kendi tretmektedir.
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Cizelge 3. Tuketicilerin tiikketmeyi tercih ettikleri ilk on tibbi ve aromatik bitki
Table 3. Top ten medicinal and aromatic plants preferred by consumers

Kullanilan Bitkiler Frekans %

Adacay1 232 85.29
Nane 202 74.26
Kekik 200 73.53
Thlamur 193 70.96
Sarimsak 187 68.75
Isirgan 167 61.40
Dereotu 159 58.46
Ebeglimeci 135 49.63
Kimyon 129 47.43
Corekotu 125 45.96

*Birden fazla secenek tercih edilmistir.

Tuketiciler adacay1 bitkisini satin alirken bazi 6zelliklere dikkat etmektedirler.
Tiketicilerin %67.65'inin hasat zamanina, %61.76’sinin Urinin ambalajli olarak
satilmasina, %45.96’siin tazelik durumuna, %42.28’1nin urtintin kurutulma ortamina
dikkat ettigi sonuclar arasindadir. Tuketicilerin bir kismi ise %62.50’sinin tirinin
rengine, %64.71'inin Urtind kurutma sekline, %66.181inin urtnin kokusuna,
%81,62’sinin Urunid kurutmada nem miktarina ve %85.29unun acikta uriin satin
alma durumuna dikkat etmedikleri gézlenmistir.

Tiketicilerin Adagay: Tiiketimini Etkileyen Faktorler

Salihli ilgesi kentsel alanda yasayan tiiketicilerin bolgede tiiketimi fazla olan tibbi ve
aromatik bitkiler sinifinda yer alan bitkisel c¢ay c¢esidi olarak tiiketilen adacay:
bitkisinin tiiketimini etkileyen bazi faktorler binary logit modeli ile analiz edilmis ve
Cizelge 4’te analiz sonuglar1 verilmigtir.

Analiz sonucunda %5 6nem seviyesinde adacay1 tiiketimini Uriiniin hasat vakti
pozitif etkiledigi belirlenmistir. Yani adacgay: tiiketenler tiketmeyenlere gore %12
daha fazla hasat vaktine 6nem vermektedir. Bagka bir ifade ile satin alinacak
adacayinin hasat vaktine dikkat edenler etmeyenlere giore %12 daha fazla adacay:
tiketmektedir.

%1 6nem seviyesinde anlamli bulunan tedavi amacgh ve tat kattig1 i¢cin kullanmay1
tercih edenler adacay: tiiketimini pozitif yonli etkiledigi gézlenmistir. Tedavi amacl
kullananlar kullanmayanlara gore adagay: titkketim olasiligi %17 daha fazladir. Tat ve
koku amacli adacgayr tiiketimini tercih edenler tercih etmeyenlere goére adacayi
tiketim olasilig1 %14 daha fazladir.
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Cizelge 4. Tuketicilerin adacay: tiketimini etkileyen faktorlerin binary logit model
sonucu
Table 4. Binary logit model result of factors affecting consumers' sage consumption

Kat Say1 %tjtr;dart z 2>Z Marjinal Etki
Sabit 0.796 1.201 0.66 0.507
YAS -0.027 0.021 -0.13 0.899 0.001
CINSIYET -0.224 0.399 -0.56 0.574 -0.022
MD -0.556 0.451 -1.23 0.218 -0.057
ED -0.359 0.417 -0.86 0.390 -0.036
GELIR 0.659 0.000 0.37 0.715 0.653
FERT -0.170 0.115 -1.48 0.140 -0.077
BILGI -0.091 0.429 0.21 0.833 -0.009
TEDAVI 1.913%%* 0.536 3.57 0.000 0.167%**
TAT 1.700%* 0.699 2.43 0.015 0.135%**
TMIKTAR -0.162 0.422 0.39 0.700 -0.016
HAFTA 0.189 0.850 0.22 0.824 0.018
AYDA 0.238 0.545 0.44 0.662 0.024
ACIK -0.505 0.638 -0.79 0.429 0.054
AMBALAJ 0.628 0.477 1.32 0.188 0.064
HASATVAK 1.096** 0.514 2.13 0.033 0.116%*
KOKUSU -0.178 0.563 -0.32 0.751 -0.018
TAZELIK -0.059 0.517 -0.11 0.910 -0.058
ORTAM 0.101 0.575 0.18 0.861 0.107
KULSEKLI 0.875 0.744 1.18 0.239 0.081
NEMMIK -0.968 0.775 -1.25 0.211 0.010
Not: *¥** *% * ==> (OQnem seviyesinde temsili %1, %5, %10
Log likelihood function : -87.608, Khi kare [20 d.f.]: 51.945,
Restricted log likelihood: -113.580, Hosmer-Lemeshow khi-kare: 40.939,
Onem Seviyesi: 0.000, McFadden Pseudo R-kare: 0.229
SONUC

Bu ¢alismada, muhafaza siirelerine gére domates meyvelerinde hem boyutsal olarak
hem de agirlik olarak azalmalar gozlenmistir. Olgunlukla artan yiizey alani1 degerleri
muhafaza stiresi arttikca azalmigtir. Muhafaza stiresi artisiyla L* parlaklik
degerlerinde matlagmalar olusmustur. Meyvelerin kabuk ve kabuk altindan
belirlenen a* ortalama degerleri olgunlukla artarken, meyve kabugunda é&l¢iilen b*
degerleri muhafaza siiresi arttikca azalmaktadir. Olgunluk arttikca domates
meyvelerinde deformasyonun olabilmesi i¢in ezilme miktar1 artar ve urlnlerin
deforme olabilmesi i¢in gerekli kuvvet azalirken, ezilme miktarinin artmasi1 domates
meyvelerinin daha fazla esnek oldugunu gostermektedir. Muhafaza siiresi arttikca
stirtinme katsayis1 degeri de artmakta, olgunluk arttikga domates meyvelerinin pH
ve TA degerleri de artmaktadir. Elde edilen sonuclar, pazara sunulan ya da islenecek
olan Urtinlerin kalitesi bakimindan hasat déoneminin dogru belirlenmesi ve muhafaza
stiresinin artirilmamasi gerektigini gostermektedir. Domates meyvelerinin farkh
olgunlasma doénemlerinde hasat edildiginde fiziksel, kimyasal ve mekanik
ozelliklerinde gorilen farkliliklarin domatesin ticari kullanimi ve tiliketici istekleri
bakimindan o6nemli oldugu unutulmamalidir. Bu anlamda, elde edilen veriler
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urtinlerin iglenmesinde oOnemli etkiye sahiptir ve yapilacak tesis, sistem ve
kullanilacak makine ve ekipmanlarin tasarimi, kurulumu ve igletilmesi acisindan
katki saglayacaktir.

CIKAR CATISMASI

Yazarlar olarak, ¢calismanin planlanmasi, yiritilmesi ve makale olarak yazilmasi
konusunda herhangi bir ¢ikar ¢atigsmasi icerisinde olmadigimizi beyan ederiz.

YAZAR KATKISI

Yazarlar olarak, makalenin planlanmasinda: Riuveyda Yiizbasioglu ve Esra Kaplan
Calismanin yazimi: Riveyda Yiizbasioglu ve Esra Kaplan

Calismanin anket ¢alismasi ve verilerin toplanmasi: Esra Kaplan

Calismada anket verilerinin degerlendirilmesi ve verilere analizin uygulanmasi:
Riiveyda Yuzbasgioglu

Makalenin son geklinin verilmesinde Esra Kaplan katk: saglamistir.
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OZET

Ulkemizde mantar en énemli tarimsal ihracat tirtinleri arasinda yer
alan ve ayni zamanda hem kullanim alam ¢esitliligi hem de saghk

degerleri acisinda oldukga popiler bir trtiindir. Mantar, biinyesinde
%90-95 gibi yluksek bir nem barindirmasindan dolay1 taze olarak ARASTIRMA MAKALESi
uzun sure saklanamadan kisa siire icerisinde bozulmaktadir.
Kurutma iglemi ile tarimsal tUriinlerin biinyelerindeki yiiksek nem Almig tarihi: 16.03.2020
miktarini ticari nem seviyelerine kadar diisiiriilerek bozulmasi | Kabul tarihi: 22.04.2020
engellenmekte ve alternatif {irin secenegi halini almaktadir. Bu Online basim: 01.05.2020
calismada, kultir mantar: 50, 60 ve 70°C sicakliklarda 12.54+1.21

kuru baz (k.b.) degerinden 0.13+0.02 (k.b.) son nem degerine kadar
kurutulmusgtur. 50, 60 ve 70°C sicakliklarinda kurutulan mantar Anahtar Kelimeler :
orneklerinin ortalama kuruma sureleri sirasiyla 9, 7.5 ve 4.5 saat

olarak belirlenmistir. Iglenen tiim kuruma modelleri arasinda Mantar,
mantar 6rneklerinin kuruma verilerini en iyi 70°C sicaklikta Wang Kurutma iglemi,
ve Singh esitligi tahmin etmistir. Farkli sicaklik degerlerinde Sicaklik,

kurutulan mantar o6rnekleri swrasiyla 20, 40 ve 70°C
sicakliklarindaki su banyosu ortamlarinin rehidrasyon oranlarina
etkisinin 6nemli oldugu bulunmustur. En yiiksek rehidrasyon oram
1.84 ile 70°C sicaklikta yapilan su banyosunda ve 50°C sicaklikta
kurutulan mantar orneklerinde tespit edilmistir. En disuk

Kuruma kinetigi,
Alan degisimi,

YV VYV

rehidrasyon orami ise 0.19 ile yine 70°C sicaklikta yapilan su
banyosu isleminde ve 60°C sicaklikta kurutulan mantar
orneklerinde bulunmusgtur. Kurutma sicaklarinin yine mantar
orneklerinin toplam alan degisim oranlarm etkiledigi (p<0.05)
gorulmistir. En yuksek alan degisim orami %53.45 ile 70°C
sicakhiginda kurutulan mantar 6rneklerinde belirlenirken en disiik
ise %50.82 ile 50°C sicaklik degerinde kurutulan O6rneklerde
belirlenmigtir.

Alint1 igin: Tagova M, Giizel M (2020). Kurutma Sicakliklarinin Mantarin (Agaricus bisporus L.)

Rehidrasyon, Model, Kuruma Performansi ve Yuzey Alani Degerlerine Etkisi. Turkish Journal of

Agricultural Engineering Research (TURKAGER), 1(1): 74-84.
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The Effect of Drying Temperatures on Rehydration, Model, Drying
Performance and Surface Area Values of Mushroom (Agaricus bisporus L.)

ABSTRACT

Mushroom is one of the most important agricultural export
products in our country and at the same time, it is a very popular
product both in terms of usage area and health values. The
mushroom spoils in a short time without being stored fresh for a | RESEARCH ARTICLE
long time due to its high humidity of 90-95%. With the drying
process, the degradation of agricultural products is lowered down Receivedi. 16.03.2020

to commercial humidity levels and thus it becomes an alternative Acce.;pted- 22'.04',2020

product option. In this study, the cultivated mushroom was dried Available online: 01.05.2020
from 12.54 + 1.21 dry base (d.b.) to 0.13 + 0.02 (d.b.) final
humidity at 50, 60 and 70°C. Average drying times of mushroom
samples dried at 50, 60 and 70°C were determined as 9, 7.5 and Keywords :
4.5 hours, respectively. Wang and Singh equation estimates the

drying data of mushroom samples among all drying models | > Mushroom,

processed at the best 70°C temperature. It has been found that > Drying process,

the effect of the fungus samples dried at different temperatures > Temperature,

on the rehydration rates of water bath environments at 20, 40 i E;ylng kinetic,
ea change

and 70°C respectively. The highest rehydration rate was
determined in the water bath made at a temperature of 1.84 and
70°C and mushroom samples dried at 50°C. The lowest
rehydration rate was found in the water bath process at 70 °C
with 0.19 and in mushroom samples dried at 60°C. It was
observed that drying temperatures also affected the total area
change rates of mushroom samples (p<0.05). The highest field
change rate was determined in the fungi samples dried at 70°C
with 53.45%, while the lowest was determined in the samples
dried at 50°C with 50.82%.

To cite: Tasova M, Giizel M (2020). The Effect of Drying Temperatures on Rehydration, Model,
Drying Performance and Surface Area Values of Mushroom (Agaricus bisporus L.). Turkish
Journal of Agricultural Engineering Research (TURKAGER), 1(1): 74-84.

GIRIS

Sinyal igsleme uygulamalarinda, veriler toplanip 6l¢iim ve degerlendirmesi yapildiktan
sonra, bagka bir cihaz tarafindan okunmasi seklinde igletilmektedir. Bu olay
elektronik bir ortamdan farkli bir elektronik ortama tasinmasina ragmen, gérunti
isleme uygulamalarinda farkhilik gostermektedir (Gonzalez ve Woods, 2005).
Goruntilerin bilgisayar ortaminda analiz edilmesiyle de goriintiilerdeki nesnelerin
icerigi detaylandirilmaktadir. Gorunti isleme uygulamalar: detaylandirma asamasi
ile tamamlanmaktadir (Jihne, 2005). Gériintii isleme uygulamalar: tarim, gida, ilac,
otomotiv gibi bircok sektor ve alanda uygulanmaktadir. Gida alaninda uygulanan
gorunti isleme teknigi gercek zamanli veya asekron olmak tizere uriinlerdeki
mikrobiyel gelisimi, renk, fiziksel 6zellikler ve kalite kriterleri izlenerek énlemlerin
alinmasinda ve istege 06zgl Ozelliklerin saglamasinda etkin bir gekilde
kullanilmaktadir.

Tarimsal triinlerin yapilarinda yaklasik %75-95 araliginda bir nem seviyesine
sahiptirler. Bu yiiksek nem, lirtinlerin uzun siire taze olarak saklanamadan kisa siire



TASOVA ve GUZEL / Turk J. Agr Eng Res (TURKAGER), 2020, 1(1), 74-84 76

icerisinde fiziksel ve kimyasal o6zelliklerinde kayiplara sebebiyet vererek hizla
bozulmasina yol agmaktadir. Bu olumsuzlugu azaltmak veya tamamen ortadan
kaldirmak i¢in eskiden beri uygulanan kurutma iglemi ile triinler uzun sire
bozulmadan ve ekonomik bir sekilde muhafaza edilebilir (Doymaz, 2011; Ghanbarian
ve ark., 2019).

Enerji tiketim maliyetinin olmamasi ve teknik bilgi gerektirmemesinden dolay:
iiriinler genellikle giines veya golge (Panagopoulou ve ark. 2019, Asma yapragi
Maseko ve ark., 2019 Amaranthus cruentus) altinda kurutulmaktadir. Bu
yontemlerde kuruma siliresinin uzun ve son kalite degerlerinde ciddi kayiplar
meydana gelmektedir (Xio ve ark., 2015; Wang ve ark., 2018). Bununla beraber, acikta
kurutma yontemlerinde, giinesten gelen kizil6tesi 1sinlarin tGrtinlerde kansorejen etki
olusturmasina ve cgevreden gelen tarimsal ilag, toz gibi zararli gazlarinda trinlere
bulagma ihtimali vardir. Olumsuz bu durumlari kontrol edebilmek i¢in kurutulan
urtinlerin kapali ortamlarda ve/veya kurutma sartlarinin trine 6zgii ayarlama
olanagi bulunan yapay kurutucularda kurutulmalari daha uygundur. Kurutma
yontemlerinden bazilari ise konvansiyonel sicak hava (Tasova, 2019), mikrodalga
(Cucurullo ve ark., 2018), vakum (Viji ve ark., 2019), ve hibrit kurutucular (Ananno ve
ark., 2020)’dir. Bu yontemlerden en yaygin olarak kullamilani konvansiyonel sicak
hava kurutucularidir. Piyasada kurutulmus irin yelpazesi ve talebi her gecen giin
strekli artmaktadir. Bu durum hem konuyla iligkili alternatif is kollarinin artmasina,
hem de kuru iirtin arayislarini hizla gelistirmektedir.

Kurutulmug iirin yelpazesi diinyada siirekli gelisen ve popililer hale gelen bir
sektordir. Kurutulmus turinler arasinda ise en fazla tiiketilenlerden biriside
mantardir. Mantarin kurusu o6zellikle ¢orbalarda kullanimi1 olduk¢a fazla tercih
edilmektedir. Bunun yaninda probiyotik, B-glucan polisakkariti (Aida, Shuhaimi,
Yazid ve Maaruf, 2009; Palacios ve ark., 2011), yiiksek seviyede protein ve esansiyel
aminoasitler (Mattila, Salo-Vadnénen, Kénko, Aro ve Jalava, 2002), ve diisiik seviyede
ise polifonol ve antioksidan maddeleri bulunmaktadir (Palacios ve ark., 2011; Yilmaz
ve Bastioglu, 2020).

Bu calismada, etiiv kurutucuda 50, 60 ve 70°C sicaklarinda kurutulan mantarin
kuruma seyri boyunca degigen alan degerleri gériinti isleme yontemi ile tespit edilmis
ve mantarin son nem degerleri, kuruma siireleri, en uygun ince tabakali kuruma
modeli, rehidrasyon orani degerleri belirlenmigtir.

MATERYAL ve YONTEM

Kurutulan Uriin

Kurutma calismasinda kullanilan mantar Tokat ilinde bulunan yerel bir marketten
satin alinmigtir. Calisma sonlanana kadar Tokat Gaziosmanpasa Universitesi Ziraat
Fakiltesi kurutma laboratuvarindaki +4+0.5 °C sicakliktaki buzdolabinda muhafaza
edilmigtir.

Nem igeriginin tespiti

Nem igeriginin belirlenmesi i¢in ortalama 20+0.7 g yas 6rnek kullanilarak 70 °C sabit
sicakliga ayarlanmis etiivde agirlik degisimi olmadigi ana kadar kurutulmustur
(Abuska ve Dogan, 2010).
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Kurutma iglemleri

Mantarin kurutulmas: isleminde 50, 60 ve 70°C sicaklik degerleri kullanilarak sap
kisimlar1 sapkadan ayrilmis ve oyuk kisimlari yukariya gelecek sekilde tabaklara
yerlestirilmigtir. Daha sonra yas baza gére %10 nem seviyelerine kadar kurutulmus
ve agirlik degisimini izleyebilmek i¢in mantarlar belirli araliklarda gikartilip 0.01 g
hassasiyetli terazi ile tartilmistir.

Ince tabakali kuruma modelleri

Kurutma islemleri seyrince mantarlardan uzaklasan nem degerleri alinabilir nem
oran1 (ANO) degerlerine 1 numarali esitlik kullanilarak hesaplanmistir (Yagcioglu,
1999).

Mo —Me (1)

Burada;

ANO: Uriinden ayrilabilir nem orani

M: Uriiniin herhangi bir t anindaki nem icerigi
Me: Uriiniin denge nemi

M,: Uriintin baglangic nem icerigi

Kurutma sicaklilari i¢in ayr1 ayri belirlenen ANO degerleri literatiirde yaygin
olarak kullanilan Jana ve Das, Lewis, ve Wang ve Singh ince tabakali matematiksel
kuruma modelleri secilmistir (Cizelge 1).

Cizelge 1. Kullanilan modellere ait esitlikler
Table 1. Equations for the models used

Model ismi Esitlik Kaynak

Jena ve Das ANO = h.exp(.(t0))+(m.t) Jane ve Das (2007)
Lewis ANO = exp(-k.t) Lewis (1921)

Wang ve Singh ANO = 1+k.t+h.t2 Wang ve Singh (1978)

Cizelge 1’e gore, esitliklerdeki h, j, m ve k modellere ait katsayilari belirtirken, t ise
stireyl temsil etmektedir.

Rehidrasyon oranina ait veriler

Kurutulan mantarlarin tekrar su alma kapasitelerinin olduk¢a yiliksek olmasi istenir.
Bu durum kuru trinin kullanildig: gida ortamina aromasini ve tadini iyi birakmasi
arzu edilir. Ayn1 zamanda su alarak tekrar taze irtintin gekil ve boyutsal 6zelliklerini
geri kazanmasi beklenir. Kurutulan gidalarin rehidrasyon kinetiginin arastirildig
calismalarda rehidre i¢in kullanilan suyun sicakligi da toplam rehidrasyon
parametrelerini (rehidrasyon, hizi, orani, kapasitesi) 6nemli seviyede etkiledigi
belirtilmektedir. 50, 60 ve 70°C sicakliklarda kurutulan érnekler sirasiyla 20, 40 ve
70°C su banyosu ortaminda agirhik degisimi sabitlene kadar bekletilmigtir. Su
banyosu islemi Simsek Laborteknik marka-Turkiye SBD309 model cihazda
gergeklestirilmigtir. Kurutulan mantar orneklerinin rehidrasyon orani esitlik 2
kullanilarak hesaplanmistir (Ertekin ve Yaldiz, 2004).
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RO = M,
M, (2)
Burada;

M: herhangi bir t stiresi anindaki nemli agirligi, M: ise kurumus haldeki baslangig
agirhigini temsil etmektedir.

Goriinti igleme

Mantar gorintilerinin alan degerlerinin hesaplanmasinda, Java tabanli Imaged
programi kullanilmigtir. Farkli sicakliklarda kurutulan mantar orneklerine ait
gorintilerde, a¢1 ve mesafe etkisinin kontroliinii her gériintii icerisinde o6nceden
uzunlugu ol¢iilmiis referans ¢izgiler kullanilarak ve dlgeklendirme iglemi yapilarak
gerceklestirilmigtir. Cekilen fotograflardaki mantar gorintilerini diger cisimlerden
ayirmak icin esikleme (threshold) islemi yapilmig, mantar goriintiileri
yalmizlagtirilarak referans gizgilere gore piksel bagina alan sayilar1 hesaplatilarak
alan degerleri tespit edilmigtir.

BULGULAR ve TARTISMA

Mantarin kuruma performansi

Yapilan nem tayinin igsleminde mantarin yas baza goére nem icerigi %92.90 olarak
belirlenmis ve bu deger % 9-13 nem seviyelerine kadar kurutulmustur. Baydas ve
Altuntas (2019) calismalarinda kuruttuklar1 mantar érneklerinin son nem degerlerini
yvag baza gore %9-12 nem araligina kadar distrmiislerdir. Kurutma sicakliklarinda
belirlenen meyvelere ait ortalama kuruma streleri Cizelge 2’de verilmigtir.

Cizelge 2. Meyvelere ait ortalama kuruma performans degerleri
Table 2. Average drying performance values of fruits

Kurutma sicaklign Son nem degeri Kuruma siiresi
0 (y.b.) (saat)

50 12.93 9

60 9.32 7.5

70 12.05 4.5

Cizelge 2’ye gore, kurutma sicakliklarinin mantar 6rneklerinin kuruma siiresi ve
son nem degerlerini etkiledigi gériilmiigtiir. Ornekler arasinda en uzun kurutma
islemi 9 saat siirerken en kisa ise 4.5 saat strdigi belirlenmistir. 60 ve 70°C
sicakliklarda kurutulan mantar ornekleri 50°C sicakliga gore sirasiyla %16.66 ve
%50 oranlarinda kuruma siirelerinin azaldig1 tespit edilmistir. Liu ve ark. (2019),
yaptiklari mantar kurutma calismasinda kurutma sicakligi, dilim kalinhig1 ve hava
hiz1 parametrelerinin o6rneklerin kuruma siirelerinin 6nemli sevide etkiledigini
belirlemiglerdir. Calismada 65 ve 75°C degerlerinde kurutulan mantar érneklerinin
55°C sicaklik degerine gore sirasiyla, %31.25 ve 56.25 oranlarinda kuruma siirelerinin
azaldig goriilmektedir. Shishir ve ark. (2019), calismalarinda 60 ve 70°C sicakliklarda
kuruttuklar: siteyk mantar 6rneklerinin 50 °C sicakliga gore sirasiyla, %30.77 ve
% 38.46 oranlarinda kuruma siirelerinin azaldigi bulunmustur.



TASOVA ve GUZEL / Turk J. Agr Eng Res (TURKAGER), 2020, 1(1), 74-84 79

Mantarin kuruma modellerine veriler

Calismada kullanilan mantar 6rneklerinin kuruma stireye bagli kuruma oranlarinin
ince tabakali kuruma esitliklerinde islenmesi neticesinde elde edilen modellere ait
bulgular Cizelge 3’te verilmistir.

Cizelge 3. Matematiksel modellere ait bulgular
Table 3. Findings of mathematical models

Kurutma

2
sicakhklart Modeller Katsayilar R p
Lewis k: 0.2750 0.9893 p<0.0001
k: 1.0131
h: 0.5446 _
) Jena Das j: 0.5263 0.9901 p=1.0000
50°C m: 0.0090
. k: -0.2063
Wang ve Singh h: 0.0110 0.9965 p<0.0001
Lewis k: 0.3688 0.9818 p<0.0001
60 °C k: 1.0178
h: 0.5938 p=1.0000
Jena-Das j: 0.4279 0.9833
m: 0.0151
Wang ve Singh E D200 0.9979 p<0.0001
Lewis k: 0.5569 0.9843 0<0.0001
k: 1.0157
h: 0.6882 _
70 °C Jena-Das j: 0.2390 0.9853 p=1.0000
m: 0.0107
. k: -0.3898
Wang ve Singh h: 0.0385 0.9983 p<0.0001

Cizelge 3’e gore, modeller arasinda mantar érneklerinin kuruma verilerini (ANO)
en iyl 70 °C kurutma sicakliginda Wang ve Singh modeli tahmin ederken, 6lgiilen
degerleri en zayif kuvvette tahmin eden ise 60°C sicaklikta Lewis modeli oldugu
bulunmustur. Farkh sicakliklarda kurutulan mantar érneklerine ait matematiksel
model verileri incelendiginde Jena-Das modellinin tiim kurutma islemlerinde 6l¢iilen
ANO degerlerini kuvvetli (R2<0.8500) ettigi halde kullanmiminin giivenli (p<0.05)
olmadig: (p = 1.0000) gorilmiistiir.

Kuruma parametrelerine ait degerler

Farkli sicakliklarda kurutulan mantar orneklerinin kuru baza gore belirlenen
kuruma kinetigi ve ANO degerlerine gore tespit edilen kuruma hiz degerleri Sekil 1’de
verilmistir. Sekil 1’e gore, farkl: sicaklik degerlerinde kurutulan mantar 6rneklerine
ait kuruma kinetiginin incelendiginde ilk ii¢ saat siiresince 50 ile 60°C sicaklik
degerindeki 6rneklerin birbirlerine yakin bir kuruma egrisi sergiledigi gorilmiistir.
Bununla beraber 70°C sicaklik degerinde kurutulan 6rneklerin ise baslangic anindan
itibaren kuruma kinetigi belirgin bir sekilde digerlerinden ayrildig: tespit edilmigtir.
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Sekil 1. Mantar érneklerine ait kuruma kinetigi ve kuruma hiz egrileri
Figure 1. Drying kinetics and drying speed curves of mushroom samples

Orneklerin kuruma iz degerlerine sicakligin etkisinin 6nemli oldugu
bulunmustur. Ilk ti¢ saat siiresince érneklerin kuruma hizlarimin belirgin bir sekilde
hizla azaldigi ve daha sonra kuruma hizinin yavaglayarak distigi belirlenmistir.
Benzer bulgulari; Carrién ve ark. (2017), Vallespir ve ark. (2019) ve Satimehin ve ark.
(2018), yaptiklart mantar kurutma calismalarinda benzer bulgular:1 belirlediklerini
belirtmisler.

Rehidrasyon bulgular:
Mantar oOrneklerinin rehidrasyon o6zelliklerine kurutma sicakligi ve rehidre
ortamindaki su sicakliginin etkileri Sekil 2’de verilmigtir.
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Sekil 2. Farkli su banyosu sicakliklarindaki rehidrasyon egrileri
Figure 2. Rehydration curves at different water bath temperatures

Sekil 2'ye gore, farkli sicakliklarda kurutulan mantar ornekleri 20 ve 40°C
sicakliktaki su banyosu ortaminda sergilemis olduklari rehidrasyon egrilerinde ilk
yarim saat siiresince hizla bir yiikseligsin gergeklestigi ve daha sonra azalarak bir
yikselis egrisinin olustugu belirlenmigtir. 40 °C sicakliktaki su banyosunda 50 ve
70°C sicaklik degerlerinde kurutulan mantar 6rneklerinin birlerine nerdeyse ¢cakismis
bir gekilde rehidre oldugu gorilmustir. Mantar 6rneklerinin 70°C sicakliktaki su
banyosunda ilk basta sadece 50°C sicaklikta kurutulan orneklerin 60 ve 70°C
sicaklikta kurutulanlara gore daha hizla rehidre oldugu gézlemlenmistir.
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Rehidrasyon oranlarina gére, 20 ve 70°C su banyosunda yapilan rehidrasyon
isleminde 50°C sicaklikta kurutulan mantar 6rneklerinde maksimum nem alma iglemi
gerceklesirken, sadece 40 °C sicaklikta yapilan su banyosu ortaminda 60°C sicaklik
degerinde kurutulan ornegin maksimum nem aldig1 tespit edilmistir. Literatiirde,
Vallespir ve ark. (2019), 5, 10 ve 15°C gibi diisiik sicaklik ultrason 6n isleminin
mantarin kuruma o6zelliklerine etkisini arastirmigslar. Calismalarinda istatistiksel
acidan rehidrasyon kapasitelerinde onemli bir farklilik olmazken disiik sicak o6n
islemi uygulanmis mantar oOrneklerinin rehidrasyon kapasitesinin daha yiiksek
oldugunu belirlemigler. Piskov ve ark. (2020), kurutma yontemlerinin istiridye
mantarinin rehidrasyon oranlarim etkiledigini ifade etmiglerdir. Calismada en yliksek
rehidrasyon oraninin dondurarak kurutulan mantar orneklerinde en az ise
mikrodalga ile kurutulan 6rneklerde gézlemlemigler.

Alan degisimine ait veriler
Farkli sicak degerlerinde kurutulan mantar o6rneklerinin alan degisim bulgular:
Sekil 3’de verilmigtir.

Akandmm '}

Sekil 3. Yiizey alan degisimi
Figure 3. Surface area change

Sekil 3’e gore, kurutma sicakliklarinin mantarin ylzey alan degisimine etkinin
onemli diizeyde oldugu goriilmektedir. Kurutma iglemleri esnasinda her sicaklik
degerinde de ilk 2 saat icerisindeki alan degisim egrilerindeki hareketliligin benzer
oldugu ve daha sonra alan degisim degerlerinde hizla degistigi belirlenmigtir. 70°C
sicaklikta kurutulan 6rnekte alinabilir nem oraninin yliksek olmasindan dolay: alan
degisim hizinin diger sicaklik degerlerine goére daha biiyik oldugu tespit edilmigtir.
Ozellikle 70°C sicaklikta 2-4 saat araliklarindaki kuruma egrisi incelendiginde egriye
ait egiminin daha biyik oldugu gorilmektedir.

Optimum degerlerin belirlendigi kurutma sicakliklari

Kurutulan mantar ornekleri, rehidrasyon orani (RO), kuruma hizz (KH) ve
alinabilir nem orani1 (ANO) degerleri acisindan incelendiginde en uygun bulgularin
oldugu kuruma sicakliklar1 Sekil 4’de verilmigtir.
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Sekil 4. En uygun degerler ve kurutma sicakliklar:
Figure 4. Optimum values and drying temperatures

Sekil 4’e gore, 50, 60 ve 70°C sicaklik degerlerinde kurutulan mantar 6rnekleri
rehidrasyon orani, kuruma hizi ve alinabilir nem degerleri verilmistir. Rehidrasyon
orani acgisindan en yiiksek deger 70 °C sicakliktaki rehidre ortaminda tutulan 50 °C
sicaklikta kurutulan mantar orneklerinde tespit edilmistir. En yiiksek kuruma
hizimin 70°C sicaklikta kurutulan orneklerde oldugu ve Alinabilir nem orani
degerlerini en iyi tahmin eden Wang ve Singh modelinin 70°C sicakhiktaki kuruma
verilerinde belirlenmistir.

SONUC

Kurutma iglemlerinde rehidasyon parametresi Uriin hakkinda fiziksel ve bazi
kimyasal 6zelliklerinin degerlendirme imkéani sunmasi ac¢isinda énem arz etmektedir.
Bununla beraber bol sulu trinlerin kurutulmas: islemlerinde orneklerin fiziksel
ozellikleri ciddi anlamda degismektedir. Ozellikle de alan degisimi cok fazla
gerceklesmektedir. Bu 6zellik Griiniin kurutulmasindan sonra paketleme ve depolama
islemleri i¢in o6nemlidir. Bu c¢alisma kapsaminda Kkiiltlir mantarimin kurutma,
rehidrasyon ve alan 6zelliklerine kurutma sicakliklarinin etkisinin 6nemli oldugu
belirlenmigtir. Ayrica farkli sicakliklarda kurutulan mantar 6rneklerinin rehidrasyon
oranlarina farkh sicakliklardaki su banyosunun etkiledigi ancak bu etkinin énemli
seviyede olmadig1 gérilmiistiir.

Kurutma sicakliklarinin artmasiyla kuruma siirelerinin 6nemli diizeyde azaldigi
tespit edilmistir. Calismada kullanilan materyale ait kuruma verileri ince tabakali
matematiksel esitliklerde igslenmis ve oGlgiilen verileri en iyi 70°C sicaklikta Wang ve
Singh modeli tahmin etmigtir. En ylksek rehidrasyon oram 1.84 ile 70°C sicaklikta
yapilan su banyosunda ve 50°C sicaklikta kurutulan mantar orneklerinde tespit
edilmistir. En disiik rehidrasyon orani ise 0.19 ile yine 70°C sicaklikta yapilan su
banyosu isleminde ve 60°C sicaklikta kurutulan mantar 6rneklerinde bulunmustur.
Ancak 20 ve 40°C sicakliklarda yapilan su banyosu igslemlerinde ise 70 °C sicaklikta
kurutulan mantar Orneklerinin 50°C sicaklikta kurutulan o6rneklere gore oldukca
yakin bir rehidrasyon oranina sahip oldugu goérilmiustiir. Kurutma sicakliklarinin
mantar oOrneklerinin toplam alan degisim oranlarini 6nemli seviyede etkilerken
kurutma sicaklar1 arasindaki farkliligin alan degisimine etkisinin 6nemli olmadig:
goralmustir.
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Toplam alan degisim oranlar1 arasinda en yiikse deger % 53.45 ile 70°C sicaklikta
belirlenirken en disiuk ise % 50.82 ile 50°C sicaklikta belirlenmigtir. Calismada
incelenen tim bulgular bir arada degerlendirildiginde arastirilan parametreler
acisindan mantarin 70°C sicaklikta kurutulmasinin daha olacagi 6nerilmektedir.

CIKAR CATISMASI

Yapilan bu calismanin baslangicindan sonuna kadar olan tiim silirecte yazarlar
arasinda herhangi ¢ikar ¢atismasinin olmadigini beyan ederiz.

YAZAR KATKISI

Calismanin planlama asamasinda: Muhammed TASOVA ve Mustafq GUZEL,
Calismanin yazim asamasinda: Muhammed TASOVA ve Mustafa GUZEL,
Calismanin materyal temini, kurutma denemelerinin yapilmasi, gériuntilerin

alinmasi, kuruma, rehidrasyon, modelleme verilerinin igslenmesi ve analiz
asamasinda: Muhammed TASOVA,
Gériintiilerin islenmesi asamasinda ise: Mustafa GUZEL katk: saglamigtir.
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INTRODUCTION

Deep well pumps constitute the pump type which is commonly used in agricultural
irrigation. In these pumps, the pump body and the impellers are located in the well
and driven by an electric motor located on a shaft placed vertically inside the
discharge pipe. Electric motors that are used to drive deep well pumps are called
vertical hollow shaft (VHS) motors (Fig 1).

In the vertical shaft (vertical turbine type) deep well-pumping units driven by VHS
motors, the pumped water is also used for lubrication and cooling purposes. For this
reason, compared to engines lubricated with oil, these systems have special
importance for domestic or agricultural water use.

In deep well pumping units, water flow and pressure depend on the mechanical
performance of the electric motor. The mechanical performance of the electric motor is
dependent on the motor's load and efficiency as well as the electrical parameters such
as the mains voltage.
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Knowing the mechanical performance of electric motors is essential not only in
selecting the proper motor for the machine but also in fulfilling the expected function.

Figure 1. Vertical hollow shaft (VHS) electric motors (Anonymous, 2019).

In his book, Boduroglu (1988), focused on the theory of asynchronous electric
motors. The author gave information on the determination of load characteristics,
especially in asynchronous electric motors, using the Kloss formula and calculation of
the torque. The author also explained the different methods of removing the circle
diagram of the asynchronous machines.

Buksnaitis (2011) analyzed the mechanical performance of three-phase
asynchronous electric motors at a different frequency and voltage values. The
analytical solutions based on the Kloss formula obtained have been tested with an
asynchronous motor with a squirrel cage at a rated power of 4 kW. As a result, the
Kloss formula can be used effectively enough without anticipating the mechanical
characteristics of the asynchronous motor.

In the book of Colak (2017), he gave information about the structure and working
principles of synchronous and asynchronous motors. The author stated that the
asynchronous motor changes the rotational moment corresponding to any shift value
by the applied voltage. The authors also reported that asynchronous motors are
manufactured as class A, B, C, D, E and F according to different designs of rotor
assemblies to be able to resist the resistance of different loads and to obtain different
rotational speed-torque characteristics.

Fitzgerald et al. (2014) describe electrical and multi-phase asynchronous
machines, which have an important place in them. The simplicity, robustness, and
relatively low cost of asynchronous motors with squirrel-cage; have provided some
unrivaled advantages in use, the authors have stated that the most important
drawback of these motors is their relatively low power factor (cos @).

Kostic (2010) studied the performance of electric motors at partial loads. The
investigator has proposed an estimation method based on the values of the two loaded
points for the estimation of the partial overhead motor efficiency.

Vatandas (1995) in his research, has developed a method that can be used in the
selection of a suitable electric motor for machines, taking advantage of the charging
characteristics of three-phase asynchronous electric motors used in the operation of
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agricultural machinery. The validity of the method has been tested by the test data of
five standard electric motors in the power range of 0.75-4.0 kW. It has been
determined that the proposed method could be used with high accuracy from the
loading characteristics obtained from a wide range of stator voltages and slip values.

Mechanical performance analysis of induction motors is simplified by using Kloss
formula. Therefore, many studies based on this method are included in the literature
(Gartner et al. 2001, Kodkin et al. 2014, Pejovski and Velkovski 2016, Sieklucki 2018).

Patel Vedant and Vekariya (2018) worked on performance evaluation of pressure
head loads and pumping efficiency on electrical pump sets. They express that under
the experiment it was found by them that the submersible pump efficiency varied
according to increase in pressure while velocity head decreases at a certain point and
over total head the efficiency drop drastically.

Kumar and Kumar Godara (2017) studied the attitude of farmers’ towards the
photovoltaic water pumping system in Haryana. They imply that the majority of the
farmers of both categories, i.e. adopted and non-adopted had a favorable and positive
attitude towards different kinds of pumping systems.

In the light of this literature, in this study, the manufacturer data of VHS type
motors were analyzed by using two main analytical formula. In this way, it is aimed to
estimate the mechanical performance of today's manufactured motors with the least
possible measurement and error rate. The results obtained by the study will be able to
serve a practical use regarding both engineers working in practice, and pump users.

MATERIAL and METHODS

The data of VHS type electric motors produced by domestic producers were used in the
study. Nominal speed, breakdown torque and rotor speed at breakdown torque used in
the study as the manufacturer's data. The nominal (rated) speed value is read from
the nameplate of the motor, while others are from the catalog of the motor.
Instantaneous torque values were calculated by using the formula given in the
literature as Kloss formula by using the number of revolutions which is the
mechanical parameter that can be measured easily in the application conditions of the
electric motor.

This calculation,

M; =2 xMD/ [(s;/sp)] + [(sp/5:)] 1)

with the help of this formula (Boduroglu 1988).
In this formula,
M; : Rotor torque,
Mb : Break-down torque of the motor in nominal conditions,
si - The slip calculated for Mi,
sp : The slip calculated for MD.

In Kloss formula, any unit can be used for moment and the slip is dimensionless, it
is displayed in decimal. Using the Kloss formula, measured instantaneous speed,
manufacturer's data for breakdown-torque and nominal speed can be used the
calculation of instantaneous rotor torque. The calculation made is called “estimation”,
because it contains a certain error. However, since measuring the rotor torque of a
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pump directly in practical conditions requires special and expensive measuring
devices, it is aimed to develop a practical approach to this problem with the study.
Because pumps consume various power under different manometric height and flow
conditions and demand torque and speed from the electrical motor. Here, the basis of
calculating hydraulic parameters in the pumping unit is based on knowing the power
taken from the electrical motor.

The nominal torque values calculated according to formula 1 and the torque values
given by the manufacturers were analyzed using statistical methods. In this way, the
degree of deviation between calculated and manufacturer’s data evaluated from this
formula (Bagirkan, 1993).

W = X(F,—0,)?%/ %0, 2)

In this formula,
u? : Degree of prediction,
F: : Estimated value,
O: : Measured value.

Since the calculated value of u2 is zero, which shows that there is no deviation
between the measured value and the estimated value. The proximity of this value
close to zero means that the predictive accuracy is high (Bagirkan, 1993).

RESULTS and DISCUSSION

The analysis results of the mechanical performance of VHS type electric motors used
for the drive of deep well pumps are presented in Table 1.

Table 1. Analysis results obtained for the nominal values of the torque

Efficiency Number Synchronous Powerrange Number R2 Means Standard u2
level of of poles speed &W) of data level error

electric motor (min'1) () & (Nm)

1E1 2 3000 3.0-132.0 16 1.000 0.000 0.436 0.000813
IE1 4 1500 3.0-11.0 5 1.000 0.000 0.066 0.001334
IE1 4 1500 15.0-37.0 5 1.000 0.000 0.622 0.001332
1E1 4 1500 45.0-132.0 6 1.000 0.000 5.229 0.002535
1E1 4 1500 160.0-315.0 6 1.000 0.000 17.794 0.004798
IE1 4 1500 3.0-315.0 22 1.000 0.000 13.192 0.004484

Examination of the values of Table 1 reveals that the prediction of torque in 2-pole
VHS motors can be estimated with a fairly low error when considering all motors
manufactured in this group. However, relatively high error values were obtained
when evaluating the data of the mechanical parameters of 4-pole and especially large
powerful VHS motors. As a result of the grouping of the data of the near-power motors
made to reduce the standard error, it is seen that the evaluations with the lower
standard error and a higher degree of prediction can be made.
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In the last line of the table, the results determined by evaluating all the data of the
4-pole motors are included. In all analyses, high level correlations were obtained at
p <0.000 and R2 = 1.000 levels.

As the motor power increases, the torque will increase, so the standard error of the
prediction increases. As can be seen from the table, the synchronous speeds of
induction motors are standard (1500 and 3000 min). Since the design and
manufacture of the electrical motors are made according to the number of poles, the
same grouping is based here.

CONCLUSIONS

In this study, the manufacturer data of VHS type motors were analyzed by using
Kloss formula. In this way, it is aimed to estimate the mechanical performance
(instantaneous torque and therefore instantaneous shaft power) of today's
manufactured motors with the least possible measurement and error rate. The results
obtained by the study will be able to serve a practical use regarding both engineers
working in practice, and pump users. As a conclusion, the torque values which were
calculated by using the Kloss formula given in the literature helped us to make
inferences from the manufacturer data efficiently in a fast and optimum way.
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ABSTRACT

The study was carried to evaluate the level of compliance of
commercially manufactured sandcrete blocks in Isoko metropolis
of Delta State, Nigeria, to International standards. One hundred
and fifty (150), twentyeight (28) days old, six (Q) inch solid Received: 21.03.2020
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blocks mouding industries within the Isoko metropolis. Ten block | Ayailable online: 06.05.2020
samples were randomly selected from each block industry. The
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compressive strength of selected blocks was tested in accordance
with ASTM recommended procedures. In Addition, the physical
characteristics (specific gravity and sieve analysis) of the fine
aggregate used for the sandcrete blocks production were equally 5
analyzed. Results from the compressive strength tests showed >
that all the sandcrete blocks were substandard, as they fall below | |

>

>

Keywords :

Compressive strength,
Delta state,

.. L . Sandcrete block,
the minimum permissible compressive strength valve Sieve analysis,
recommended by Nigeria Industrial Standard (NIS-87). From the Block industry

results, the mean compressive strength ranged from 0.653 Nmm 2
to 1.203 Nmm™=2. In addition, the results of the sieve analysis
showed that most of the fine aggregate used for the sandcrete
blocks blocks production was poorly graded and did not meet NIS
standard standard for fine aggregate required for sandcrete blocks
production. Data obtained from this study will help the
government in setting up a quality control unit within the
metropolis, so that sandcrete blocks produced and sold to the
public are able to meet international (NIS and BS) standards.
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Produced Sandcrete Blocks within Isoko Metropolis of Delta State, Nigeria Turkish Journal of
Agricultural Engineering Research (TURKAGER), 1(1): 91-103.

INTRODUCTION

Sandcrete block is a cementitious composite material consisting of cement, fine
aggregate (usually sand), water, and at times special additives, moulded into various
shapes and sizes (Akpokodje and Uguru, 2019). According to the British standards (BS
2028, BS 1364), sandcrete block is any walling unit with dimensions greater than that
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of a brick as specified in BS 3921 (Hamisu and Mohammad, 2014). Sandcrete blocks
are the most prominent building units in Nigeria, and likewise in other West Africa
countries. The most common sandcrete block size in Nigeria which is in accordance
with the BS and Nigeria Industrial Standard (N1S) recommendations is the 450 mm x
225 mm sandcrete block (Nene, 2009). About 75% of building structures in Nigeria are
being constructed with sandcrete blocks, making it a vital component of the buildings
(Baiden and Tuuli, 2004). Apart from residential and commercial structures which are
constructed with sandcrete blocks, also many farm structures are being constructed
with concrete blocks. Sandcrete blocks used in agricultural structures come in number
of different shapes and sizes. Rural buildings have become a vital part of integrated
rural development programs globally (FAO, 2011). Likewise, it is an important task
for structural engineers to interpret the drawings and technical documentation to the
farmers; as well as supervising that the right materials are used during the
construction work (FAO, 2011). Sandcrete blocks which met international (NIS and
BS) standards, can be used for the construction of both load bearing and non-load
bearing walls. Cracks (failure) observed in a buildings wall is a major sign that
substandard blocks may have been used during the construction. This can eventually
leads to total collapse of the structure, if not amended on time. According to Akeem
and Umar (2013), building wall failures and crack development result from poor
quality of blocks used during the construction, which can be attributed to ignorance on
the part of the block producers and the site engineer.

The compressive strength of sandcrete blocks is highly dependent on the cement-
sand mix ratio, physical characteristics (specific gravity, moisture content, etc.) of the
sand used, size and shape of the block, curing method, mode of production (hand or
machine vibrated mould), and the water quality (Yusuf and Hamza, 2011; Akpokodje
and Uguru, 2019). Water is an essential constituent of a sandcrete block, because it is
needed for the hydration reaction of the cement used for the sandcrete block
production. Too little or too much water has the ability of reducing the strength
properties of the block, because the hydration reaction and product quality will not
take their fill course. Therefore, the water-cement ratio and water quality are
important factors to be considered, since they strongly influence the final strength
properties of the sandcrete block (Palmquist, 2003; Adewumi et al, 2016; Akpokodje
and Uguru, 2019). Despite their comparative lower strength properties, when
compared to steel and synthetic fibres, sandcrete blocks are gaining popularity in
building and construction companies due to their higher resistance to rusting and
crumbling, cheapness, and non-hazardous nature (Odeyemi et al, 2015; Esegbuyota et
al., 2019).

For the past decade, many builders preferred buying already moulded and cured
sandcrete blocks from blocks industries, to producing the blocks themselves, probably
due to lack of skilled labour. Results from previous studies have shown that the
compressive strength of sandcrete blocks differs from manufacturer to manufacturer,
and most of them are consistently of poor standard, failing to meet NIS and BS
standards. This can be attributed to the different production methods (mixing ratio,
curing, vibration, etc.) adopted by the blocks producers as well as the physical
characteristics of the fine aggregate, and the quality of the water used. Baiden and
Tuuli (2004) noted that the compressive strength of sandcrete block is highly
dependent on several factors, namely; quality of constituent materials, batching of
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aggregate, mixing method, mode of production, curing method, storage and
transportation method, mix ratio and water quality/content. Afolayan et al (2008)
reported that the mean compressive strength of seventyfive blocks (size: 450 mm x 225
mm x 150 mm) sampled from the twenty-five block industries in Akure, Ondo State,
was 0.549 N mm2, which is far below the recommended NIS standard. Onwuka et al
(2013) in their study observed that sandcrete blocks produced in the South-Eastern
part of Nigeria failed to meet international standards. In a study conducted within
Minna metropolis, Niger State, Nigeria, Tsado and Yewa (2013) reported that hollow
sandcrete blocks produced within the area within review were substandard and were
not produced in accordance to NIS-87 recommendations. According to NIS
recommendation, a minimum permissible compressive strength of 2.5 Nmm?2 is
required for non-load bearing walls, and 3.45 Nmm for load bearing walls.

The increasing rate of building failures recorded in Nigeria lately has necessitated
the need to determine the compressive strength and other physical qualities of the
sandcrete blocks in circulation in Delta States. Despite much literature recorded on
the strength quality of commercial sandcrete blocks produced in various parts of the
country, there is no recorded literature on the strength quality of commercial blocks
produced within Isoko metropolis of Delta State, Nigeria. Therefore, the aim of this
research is to evaluate the compressive strength of sandcrete blocks produced within
Isoko region of Delta State. The specific objectives of this research are to:

1.  determine the compressive strength of sandcrete blocks produced in the Isoko
region of Delta State, and assess their conformity with relevant international
standards;

1.  establish the factors responsible for compressive strength results obtained from
the study;

1i.  evaluate the processes of the sandcrete blocks production with the aim of
improving their strength properties.

The data obtained will be compared with set standards, to determine if the
sandcrete blocks produced within the Isoko metropolis and sold to customers within
and outside the metropolis meet international (NIS and BS) standards.

MATERIAL and METHODS

Study area
Isoko metropolis is home to one of the major tribes in Nigeria. It has a population of

about 340,994 and occupies an area of about 1,181 km? as extrapolated from the Delta
State government portal (DSG, 2015). The metropolis can be fairly classified as an
educational and industrial centre, because it houses a university campus, a
polytechnic, one technical college and several oil exploring companies and facilities.
Due to the above-mentioned facts, a lot of buildings constructions (mostly students’
hostels and hotels) are on-going in the region, while many others have been
completed.

Acquisition of Materials

Fifteen major sandcrete producing industries were visited in the metropolis under
review, for an on the spot assessment. Ten sandcrete blocks (6 inch) were randomly
collected (purchased) from each block industry visited, in order to evaluate their
compressive strength. For the purpose of this research, only 28 days old sandcrete
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blocks were purchased from each block industry. The blocks sampled were coded in
accordance with the fine aggregate used in the blocks production. Sandcrete blocks
that were produced from white sand obtained from local sand dredgers, were coded S;
blocks that were produced from river bed (sharp) sand were coded K; while those that
were produced from a mixture of white sand and river bed sand were coded N.

In addition, fine aggregate was collected from each corresponding block industry in
order to determine their physical characteristics (specific gravity and sieve analysis).
Questionnaires were further administered to the directors of the block industries, in
other to obtain vital information (fine aggregate type and cement type used, curing
methods, mixing ratio, block moulding method used and sales) from them. From the
answers provided by the directors of the sandcrete blocks industries, the following
materials were used in the production of the sandcrete blocks:

Cement

Ordinary Portland cement (Dangote and BUA brands) was the binder used in all the
block industries visited during this research. The cement was of grade 42.5, which
was in compliance with Nigeria Industrial Standard (NIS-444, 2003). Portland cement
has the capacity of hardening faster and has higher compressive strength, when
compared to hydraulic lime (FAO, 2011). Cement is the most expensive constituent of
a sandcrete block, it gives acceptable quality required by various international
standards to the blocks (Okafor and Ewa, 2012).

Fine aggregate (sand)

There were variations in the quality of the fine aggregates used by the blocks
producers. Some of the block producers used river bed (sharp) sand; while others used
ordinary white sand obtained from local sand dredgers in Delta State, Nigeria. The
choice of the sand used by each sandcrete block producer for the sandcrete production
was highly dependent on the nearness of the sand source to the producers. The
quantity of fine aggregate employed was a major component of the sandcrete blocks,
that is, with respect to the cement-sand mixing ratios adopted by the wvarious
sandcrete block producers. It had been experimentally proven that the volume of fine
aggregate used in sandcrete block production, is directly proportional to the
compressive strength of a sandcrete block.

Methods

Mix ratio

The answers provided by the block industries directors showed that a cement-sand
mixing ratio ranging between 1:12 and 1:16 was adopted. According to the directors,
they choose these mix ratios because they provide the best possibility to recoup the
money spent on the block production, and still make little profit due to the low price of
the sandcrete blocks and high cost of materials. All the blocks industries visited
adopted batching by volume method, while the addition of water to the mix did not
follow any recommended approved standard. The addition of water was done
arbitrary, and it was based mainly on the discretion of the block producer (moulder)
and based on the perception of a suitable consistency of the mix.
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Sieve analysis

Sieve analysis was carried on the fine aggregate (sand) used for the production of all
the sandcrete blocks, to determine if they are in accordance with NIS-87 standard
recommendation. Before the test, the fine aggregate was air-dried in the laboratory
under ambient temperature (30+5°C) for two weeks. During the test, a British
standard (BS 882) sieves set was arranged in descending order; the largest aperture
sieve was placed at the top, followed by the immediate smaller one, until the smallest
aperture sieve was placed at the bottom. Then 1 kg of the fine aggregate was weighed
with the aid of an electronic weighing balance and poured into the uppermost sieve of
the pre-arranged sieve set. The set was carefully inserted into a mechanical sieve
shaker, and ran for twenty minutes. After that, each sieve was carefully removed from
the set, and the fine aggregates retained in each sieve was weighed and recorded
(Esegbuyota et al, 2019). The cumulative weight of fine aggregate that passed
through each sieve was calculated as a percentage of the total sample weight
(Odeyemi et al, 2018). From the particle size distribution curve obtained through the
sieve analysis, the coefficient of uniformity (Cu) of the fine aggregate was calculated
with equation 1, as approved by Unified Soil Classification System (USCS, 2015).

t":_ = ﬁf:
10 (1)
Where:

Cu = uniformity coefficient (ASTM D2487),
Deso = Diameter corresponding to 60% finer in the grain size distribution.

D10 = Diameter corresponding to 10% finer in the grain size distribution. Also known
as the Effective Size (USCS, 2015).

According to USCS (ASTM D2487-11), a sand (fine aggregate) is Poorly Graded (P)
if Cu is less than 6 (Cu<6) and fines particles are less than 5% (fines< 5%). While a
sand is Well Graded (W) if Cu is greater than 6 (Cu > 6) and the fines particles are less
than 5% (fines< 5%).

Specific gravity determination

The specific gravity of the fine aggregate was determined using the standard
recommended methods of the Association of Analytical Communities (AOAC, 1990).
Specific gravity of the fine aggregate was calculated using equation 2.

s — W, —W,
T (W, W — (W —W,) (2)
Where:

W1 = Weight of the empty bottle

W2z = Weight of the bottle filled fine aggregates.

W3 = Weight of the bottle and its content filled with distilled water up to the meniscus.
W4 = Weight of the bottle filled with distilled water to the meniscus.

Mode of block production
From the answers provided by the directors, some used manual moudling method,
while others used concrete mixers and vibrating moulding machine.
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Curing

From the questionnaires retrieved from the block industries directors, curing was
done once daily by sprinkling the blocks with water for a period of seven days. After
the first seven days, the blocks were cured once weekly by sprinkling the blocks, until
they find a buyer.

Mechanical test

The compressive strength of the sandcrete block was carried out in full compliance
with NIS-87 recommendations. An electronic Concrete Compression Testing Machine
(STYE 2000), manufactured in China, was employed to carry out the compression test.
During the crushing, each sandcrete block was clamped between the two flat plates
(placed above and below the bed surfaces of the block) in the compression chamber of
the machine, and loaded axially at constant speed until failure occurred. The
compressive force of the block at failure point was displayed on the screen of the
machine, from where it was read from. In order to obtain the compressive strength of
the sandcrete block, the failure force of the block was divided by the effective surface
area of the sandcrete block, as shown in Equation 3. All the compression tests were
done under ambient laboratory temperature of 30+5°C.

Computing the compressive strength of 6 Inches solid sandcrete block

crushing force (N) (2)

Compress strength =

MNet area of block (mm?)

Effective area of 6 inch solid sandcrete block = 450 mm x 150 mm = 67 500 mm?2

Statistical Analysis

The data obtained from this research were statistically analyzed using the MS Excel
2015 (Microsoft Corporation Redmond, WA 98052). The summary of the readings was
plotted in Microsoft Excel 2015.

RESULTS and DISCUSSION

The answers provided by the blocks industries directors and observations made during
the field work, showed that none of them followed NIS recommendations during the
process of their sandcrete blocks production. Fine aggregate laboratory analyses were
not done, and at times fresh fine aggregate just obtained from the dredging sites (with
high moisture content) were used for the blocks production. It was also observed that
none of the workers in all the industries visited had any formal education in civil
engineering or any allied discipline. Most of the workers resulted to informal means
(through hand feeling), in determining the quality of the fine aggregate; since they
were aware from experience that the fine aggregate quality affects the compressive
strength of the sandcrete blocks produced from them.

Sieve Analysis Results

The results of the sieve analysis of the fine aggregate, as presented in Figures 1 to 15
showed that most of the aggregate were not well graded. The uniformity coefficient
(Cu) of the fine aggregate used by the various blocks industries ranged from 4.91 to
7.21. From the fine aggregate analyzed, the fine aggregate used by firms N2, S1, S4,
K1 and K5 were Well Graded and met NIS and USCS standards; while fine aggregate
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used by firms N1, N4, S2, S3, K2 and K6 for the sandcrete blocks production were
Poorly Graded sand with significant amount of silt content. In addition, from the sieve
analysis results, it can be seen that even though some fine aggregate were “Well
Graded”, they still contained significant amount of silt (fines). This could be attributed
to the indiscriminate mixture of fine aggregate by the sandcrete blocks producers.
From the on the spot assessment carried out, it was observed that most of the block
industries mixed River bed sand and ordinary dredge white sand together to maximize
profit. Within Delta state, where this study was carried out, a 30 ton payload of River
bed sand cost 38 000 Nigeria naira (about 123 USD), while the same 30 ton payload of
ordinary white sand cost 15 000 Nigeria naira (about 48 USD).
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Figure 1. Particle size distribution curve Figure 2. Particle size distribution curve
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for block industry N3 for block industry N4
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Fine aggregate specific gravity
The result of the specific gravity of the fine aggregate is shown in Table 1. As shown in
Table 1, the specific gravity of the fine aggregate used by some of the sandcrete block
producers were a little bit lower than the recommended NIS value for fine aggregate.
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Table 1. Fine aggregate specific gravity

Block Industry Code Specific gravity
N1 2.45
N2 2.56
N3 2.51
N4 2.68
S1 2.72
S2 2.65
S3 2.64
S4 2.61
K1 2.82
K2 2.56
K3 2.72
K4 2.71
K5 2.63
K6 2.65
K7 2.61

Compressive strength

The results of the compressive strength and the mixing ratio of the blocks randomly
sampled from the study area are presented in Figure 15 and Table 2. For all cases, the
compressive strength of the sandcrete blocks sampled range between 0.653 Nmm™ and
1.203Nmm™2. These results all fall below the minimum permissible compressive
strength recommended by the Nigerian industrial Standard (NIS 87:2000) and British
Standard (BS 2028) for individual sancdcrete blocks. The minimum permissible
compressive strength of 3.25 Nmm? was recommended by BS 2028 for individual
sandcrete block, used for load bearing walls. As seen in the results the mean
compressive strength of sandcrete blocks with the code K was comparatively higher
(0.961 Nmm2), when compared to the results obtained from the blocks coded “S” and
“N” (0.858 and 0.772 Nmm2). This could be attributed to the differences in the mode of
the blocks production, and the specific gravity of the fine aggregate used. From the
results, the fine aggregate used to produce “K” blocks had a higher specific gravity
when compared to the specific gravity of the fine aggregate used to produce “S” and
“N” blocks (Table 1). According to Akpokodje and Uguru (2019), if International
standard recommendations are strictly adhered to, fine aggregate having higher
specific gravity tends to producer stronger and denser sandcrete blocks, when
compared to their counterparts produced with fine aggregate having lower specific
gravity value.

The results further showed that most of block industry owners compromise on the
cement-sand mix ratio in order to maximize profit. The methods employed by all the
block industries, do not conform to any international standard recommendations. All
the mix ratios (cement: sand) adopted by the block industries falls below the NIS-87
recommendation of maximum of 1:8, while the water cement ratio was 0.5 (or 0.45) for
sandcrete block as specified by BS-6073 and NIS-87, was not strictly adhered to a
compressive strength of sandcrete block higher than 2.7 Nmm™ is attainable if there is
full compliance to NIS recommendations. Adebakin et al. (2012) reported that after 28
curing days, sandcrete blocks produced in compliance with NIS recommendations had
a compressive strength of 4.26 Nmm2. In the study of Esegbuyota et a/ (2019), they
reported that compressive strength of 3.24 Nmm™2 was recorded for sandcrete block
produced with a mix ratio of 1:7, with water cement ratio of 0.5. In addition, Ajagbe et
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al (2013) adopted BS-6073 recommendations using a mix ratio of 1:6, and produced
sandcrete blocks with mean compressive strength of 3.56 N mm2. However, based on
previous researchers’ results, the compressive strength of commercially produced
sandcrete blocks in Nigeria, all fall below the specified standard recommendation by
NIS-87. Our results are similar to the previous researchers’ results, were the
compressive strength of commercially produced sandcrete blocks in Nigeria fall far
below the specified standard recommendation by NIS-87. Yusuf et al (2017) and
Onwuka et al (2013) all reported that the average compressive strength of the blocks
within their area of study falls below the NIS recommended value of 3.5 Nmm2, and
encouraged the government to set up a quality monitoring agency. Aiyewalehinmi and
Tanimola (2013) observed that sandcrete blocks produced by block industries and sold
to the public are of consistently substandard. Yusuf et al (2017) stated that the
Council for the Regulation of Engineering in Nigeria (COREN) should liaise with the
government and sandcrete block producers to help in the regulation some of the sharp
practices in the industry.

Table 2. Compressive strength test results of the sandcrete blocks (28th day)

Block Industry Code Cement-sand mix ratio Mixing and mode of production
N1 1:16 Manual

N2 1:12 Mechanical
N3 1:12 Manual

N4 1:12 Mechanical
S1 1:10 Mechanical
S2 1:14 Mechanical
S3 1:12 Manual

S4 1:14 Manual

K1 1:12 Mechanical
K2 1:16 Mechanical
K3 1:12 Mechanical
K4 1:12 Mechanical
K5 1:14 Manual

K6 1:10 Manual

K7 1:12 Manual

0.8

0.6

Compressive strength (Nmm)

0.2

N1 N2 N3 N4 S1 S2 83 sS4 K1 K2 K3 K4 K5 K6 K7
Block industry code

Figure 16. Compressive strength of the blocks sampled from the block industries
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CONCLUSIONS

This study was carried to determine the compressive strength of commercially
produced sandcrete blocks within Isoko metropolis. Observations made during the
field work showed that none of the block industries adhered to NIS-87
recommendations from sandcrete blocks production. The mean compressive strength
of all the blocks randomly sampled from the 15 sandcrete blocks industries falls below
the minimum permissible compressive strength recommended by NIS. From the
results the mean compressive strength ranged from 0.653 Nmm?2 to 1.203 Nmm2.
This is because the sandcrete blocks producers tried to maximize profit, by using
higher volume of fine aggregate in the block production, leading to a poor quality of
sandcrete blocks produced. From the results of this study, it will be appropriate for the
government to set to up a quality control agency, to closely monitor the quality of
sandcrete blocks produced in the state. In addition to this, constant training should be
provided by the Government in collaboration with Structural engineers (COREN) to
educate the sandcrete blocks producers on how to improve the quality of sandcrete
blocks produced in the country. This is necessary as Nigeria has started to experience
earth tremors due likely to seismic activities.
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ABSTRACT (*)

Plant protection covers all the processes regarding the yield loss

due to weeds, diseases and pests. Pest control is one of the most
preferred plant protection methods which is due to easy to apply
and has a high speed of effect. The selection of the spraying unit
that carries the pesticide to the target in the pest control plays | Received: 10.04.2020

an important role in the success of the application. However, the | Accepted: 11.05.2020

adsorption ratio of the pesticide on targets have varies | Available online: 23.05.2020
according to the sprayer, the application norm, the interaction
between the plant and the environment. In recent years, the
production systems in which human and environment have
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been protected in agriculture, and the safe and controlled use of Keywords :
plant protection machinery has started to gain importance. The > Kayseri,
aim of this study is to determine the projection coefficients of | 3  Ppegt control,
the machinery technology used in plant protection processes in > Sprayer,
Kayseri province, Central Anatolia Region and Turkey, » Projection

depending on between the years of 2009-2018 usage quantities.
As a result, the projection coefficients of Kayseri province were

determined as 1.46% for atomizer, 3.36% for pto-driven
pulverizator, -0.21% for motorized pulverizator, 2.11% for back
sprayer, 0.93% for mechanical duster and -3.33% for combined
atomizer.
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INTRODUCTION

Plant protection is carried out to reduce weeds, diseases and pests (Rice et al., 2007).
Plant protection practices consist of chemical, cultural, biological, mechanical and
integrated control. Chemicals are used as the most common pest, disease and weed
control method since it is easy to apply them and they are fast-acting (Matthews,
1979; Yagcioglu, 1993; Dursun, 2000; Demir, 2015; Cetin et al., 2019).
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The success of pesticide applications is directly related to the fact that all parts of
the sprayer perform their tasks in harmony (Ozkan et al., 1992). The proper use of the
spraying unit makes it possible to carry out the best chemical control (Sayinci, 2008).
Improper spraying reduces efficiency and causes environmental pollution. In the
accurate pulverization, the losses in reaching the target are reduced, excessive use of
pesticides is prevented, and pulverization efficiency is maximized (Zabkiewicz, 2007).

Proper plant protection agent should initially be selected, it should be applied at
the proper time in proper dose with proper spraying machinery. Calibrations should
also be done properly to get the best results (Demir, 2015). The aim of this study is to
determine the projection coefficients of plant protection machinery technology used in
plant protection processes in Kayseri province, Central Anatolia Region and Turkey,
depending on the past ten years production and usage quantities.

MATERIAL and METHODS

The material of the study consisted of TUIK plant protection machinery data of
Turkey, Central Anatolia Region and Kayseri between 2009 and 2018 years (TUIK,
2019). Considering the ten years of production and usage of plant protection
machinery, the percentage ratios of the increase and decrease in their numbers have
been calculated and the projection coefficients of these percentage ratios were
determined. Depending on the previous year's number of machines belonging to that
machine coefficient, Turkey, Central Anatolia Region and Kayseri province used for
back sprayer (BS), combined atomizer (CA), pto-driven pulverizator (PTOP), motorized
pulverizator (MP), mechanical duster (MD) and the atomizer (A) until 2028 were
calculated.

The projection coefficient has been calculated in the following equation (Demir,
2015):

Projection Coefficient = f:f_lfl » 100 (1)
2 =nyear
fl=n—1year

The positive coefficients of the projection coefficient are the increase in the number
of tools and machinery, while the negative result is decreased.

RESULTS and DISCUSSION

In 2018, the most common plant protection machinery is back sprayer followed by pto-
driven pulverizator in Turkey. Combined atomizer is the machinery with the least
value. As seen in Table 1, according to the projection coefficients, it is predicted that
the most common machine which back sprayer would remain the same in 2028. But
the least machine is estimated to be as 11139 for mechanical duster in the future.

When the means of projection coefficients were evaluated in Table 2, it is
concluded that the maximum increase is in pto-driven pulverizator as 3.44% and
motorized pulverizator as 3.07% and the maximum decrease is in mechanical duster
as -3.72%. Additionally, as seen in Table 4 and Table 6 pto-driven pulverizator
projection coefficients values for Turkey were found to be more than obtained for the
Central Anatolia Region values (2.42%) and Kayseri province values (3.36%).
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Table 1. Plant protection machinery assets and projections in Turkey

Years A PTOP MP BS MD CA

2009 105036 264421 72494 588556 22996 13955
2010 112738 278761 73745 591373 22800 14188
2011 113641 291505 75905 597460 21543 14020
2012 114435 305295 78151 606366 19509 14303
2013 116789 312651 80457 612626 19307 14325
2014 115995 322174 84093 623190 17827 13811
2015 116883 329768 85974 628059 17855 12731
2016 120402 338625 87486 633598 17749 12802
2017 121448 350272 90832 641819 16762 13832
2018 123790 358407 95143 647442 16268 13997
Years A PTOP MP BS MD CA

2019 126098 370746 98066 654342 15663 14013
2020 128450 383511 101079 661316 15081 14030
2021 130845 396714 104184 668365 14521 14046
2022 133285 410373 107385 675488 13981 14062
2023 135771 424501 110684 682687 13461 14079
2024 138302 439116 114084 689963 12961 14095
2025 140881 454234 117589 697317 12479 14111
2026 143509 469873 121202 704749 12015 14128
2027 146185 486050 124925 712260 11569 14144
2028 148911 502784 128763 719852 11139 14161

A! atomizer, PTOP: pto-driven pulverizator, MP: motorized pulverizator, BS: back sprayer, MD: mechanical duster,
CA: combined atomizer.

Table 2. Projection coefficients of plant protection machinery of Turkey

Years A PTOP MP BS MD CA
2009-2010 7.33 5.42 1.73 0.48 -0.85 1.67
2010-2011 0.80 4.57 2.93 1.03 -5.51 -1.18
2011-2012 0.70 4.73 2.96 1.49 -9.44 2.02
2012-2013 2.06 2.41 2.95 1.03 -1.04 0.15
2013-2014 -0.68 3.05 4.52 1.72 -7.67 -3.59
2014-2015 0.77 2.36 2.24 0.78 0.16 -7.82
2015-2016 3.01 2.69 1.76 0.88 -0.59 0.56
2016-2017 0.87 3.44 3.82 1.30 -5.56 8.05
2017-2018 1.93 2.32 4.75 0.88 -2.95 1.19
Mean 1.86 3.44 3.07 1.07 -3.72 0.12

At atomizer, PTOP: pto-driven pulverizator, MP: motorized pulverizator, BS: back sprayer, MD: mechanical duster,
CA: combined atomizer.

Among the plant protection machinery commonly used in the Central Anatolia Region,
the pto-driven pulverizator (114431) takes the first place and followed by the back
sprayer (83120) in 2018. It was estimated that pto-driven pulverizator would reach to
145275 and then back sprayer would reach to 97813 in 2028. However, mechanical
duster projection coefficient values for Central Anatolia Region would decrease to 292
(Table 3).
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Table 3. Plant protection machinery assets and projections in central anatolia region

Years A PTOP MP BS MD CA
2009 3750 92375 9733 71826 566 1285
2010 3777 97367 9736 73590 487 1268
2011 3852 99609 9890 74032 490 1252
2012 3893 102300 10057 76710 483 1256
2013 4265 103501 10328 77379 460 1253
2014 4698 104564 10448 78456 454 1259
2015 4769 106927 10722 80604 463 1278
2016 4851 108642 10962 80825 468 1281
2017 4829 112291 11045 81864 422 1251
2018 4957 114431 11215 83120 411 1234
Years A PTOP MP BS MD CA
2019 5116 117195 11393 84484 397 1229
2020 5281 120025 11575 85871 384 1223
2021 5450 122924 11759 87280 371 1218
2022 5625 125893 11946 88712 359 1212
2023 5806 128934 12136 90168 346 1207
2024 5992 132048 12329 91648 335 1202
2025 6185 135237 12525 93152 324 1196
2026 6383 138504 12724 94680 313 1191
2027 6588 141849 12926 96234 302 1186
2028 6800 145275 13132 97813 292 1180

A: atomizer, PTOP: pto-driven pulverizator, MP: motorized pulverizator, BS: back sprayer, MD: mechanical duster,
CA: combined atomizer.

Table 4 shows that the highest projection coefficient is obtained in atomizer as
3,21% and the lowest projection coefficient is obtained in mechanical duster as -3,36%.
While the highest increase in the number of atomizers occurred in 2013-2014, and the
highest decrease in mechanical duster was in 2009-2010. On the other hand, while
motorized pulverizator increased by 1.59% in the Central Anatolia Region, it
decreased by -0.21% in Kayseri province.

Table 4. Projection coefficients of plant protection machinery of central anatolia region

Years A PTOP MP BS MD CA
2009-2010 0.72 5.40 0.03 2.46 -13.96 -1.32
2010-2011 1.99 2.30 1.58 0.60 0.62 -1.26
2011-2012 1.06 2.70 1.69 3.62 -1.43 0.32
2012-2013 9.56 1.17 2.69 0.87 -4.76 -0.24
2013-2014 10.15 1.03 1.16 1.39 -1.30 0.48
2014-2015 1.51 2.26 2.62 2.74 1.98 1.51
2015-2016 1.72 1.60 2.24 0.27 1.08 0.23
2016-2017 -0.45 3.36 0.76 1.29 -9.83 -2.34
2017-2018 2.65 1.91 1.54 1.53 -2.61 -1.36
Mean 3.21 2.42 1.59 1.64 -3.36 -0.44

A: atomizer, PTOP: pto-driven pulverizator, MP: motorized pulverizator, BS: back sprayer, MD: mechanical duster,
CA: combined atomizer.

Plant protection machinery assets of Kayseri province are given in Table 5.
According to results, it was found that pto-driven pulverizator and back sprayer
machinery were the greatest, and mechanical duster and combined atomizer
machinery were the least. According to the projection results, pto-driven pulverizator
which was in the first place maintained its place and was followed by back sprayer in
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2028. It has been observed that there is no change in the number of the least
machinery which mechanical duster.

Table 5. Plant protection machinery assets and projections in Kayseri

Years A PTOP MP BS MD CA
2009 149 4048 482 4241 12 73
2010 172 4085 497 4247 13 62
2011 106 4071 428 4224 13 65
2012 115 4118 428 4287 13 60
2013 136 4297 445 4389 13 60
2014 142 4428 456 4456 13 56
2015 142 4455 455 4480 13 56
2016 142 4499 455 4536 13 56
2017 147 4824 461 4717 13 54
2018 149 5416 467 5103 13 53
Years A PTOP MP BS MD CA
2019 151 5598 466 5210 13 51
2020 153 5786 465 5320 13 50
2021 156 5980 464 5432 13 48
2022 158 6181 463 5547 13 46
2023 160 6388 462 5664 14 45
2024 163 6603 461 5783 14 43
2025 165 6824 460 5905 14 42
2026 167 7053 459 6029 14 40
2027 170 7290 458 6156 14 39
2028 172 7535 457 6286 14 38

At atomizer, PTOP: pto-driven pulverizator, MP: motorized pulverizator, BS: back sprayer, MD: mechanical duster,
CA: combined atomizer.

When the changes depending on the years are investigated, it is seen that the
greatest decrease occurred in atomizer as -38,37% in the years 2010-2011. The highest
mean of the projection coefficient was found to be in the pto-driven pulverizator and
the least in the combined atomizer (Table 6). As seen in the projection coefficients, it
1s predicted that the number of atomizer and pto-driven pulverizator would increase
in Kayseri province, Central Anatolia Region and Turkey.

Table 6. Projection coefficients of plant protection machinery of Kayseri

Years A PTOP MP BS MD CA
2009-2010 15.44 0.91 3.11 0.14 8.33 -15.07
2010-2011 -38.37 -0.34 -13.88 -0.54 0.00 4.84
2011-2012 8.49 1.15 0.00 1.49 0.00 -7.69
2012-2013 18.26 4.35 3.97 2.38 0.00 0.00
2013-2014 4.41 3.05 2.47 1.53 0.00 -6.67
2014-2015 0.00 0.61 -0.22 0.54 0.00 0.00
2015-2016 0.00 0.99 0.00 1.25 0.00 0.00
2016-2017 3.52 7.22 1.32 3.99 0.00 -3.57
2017-2018 1.36 12.27 1.30 8.18 0.00 -1.85
Mean 1.46 3.36 -0.21 2.11 0.93 -3.33

A: atomizer, PTOP: pto-driven pulverizator, MP: motorized pulverizator, BS: back sprayer, MD: mechanical duster,
CA: combined atomizer.

Kayseri province, Central Anatolia Region and Turkey mean of the projection
coefficients were compared in Figure 1. The highest positively change occurred in pto-
driven pulverizator. Mechanical duster machine has a negative mean of the projection
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coefficient in the Central Anatolia Region and Turkey, while it is positive in Kayseri
province.
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Figure 1. Average of projection coefficients

(A: atomizer, PTOP: pto-driven pulverizator, MP: motorized pulverizator, BS: back sprayer, MD:
mechanical duster, CA: combined atomizer)

CONCLUSIONS

Turkey, Central Anatolia Region and Kayseri province projection of plant protection
machinery, in line with the projection of a positive coefficient of determination would
increase until 2028. The projection values obtained from Kayseri province in the
atomizer machinery is similar to Turkey, but it is the lower than the Central Anatolia
region. The motorized pulverization projection coefficient is also lower than the
Central Anatolia Region and Turkey, and it was calculated as negative.

It is predicted that depending on the projection coefficient of mechanical duster
machinery would decrease in the next 10-year period in Turkey and Central Anatolia
Region and, was increased in Kayseri province. Pest control would be at the top of the
preferred agricultural protection applications in terms of its advantages and ease of
application. Therefore, in order to eliminate the harmful effects of pesticides and to
provide the effect of the agricultural protection, the technical characteristics of the
plant protection tools and machinery should be well known, their calibration and
maintenance should be done correctly and regularly.
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ABSTRACT

The increasing demand for improved techno-economic and
efficient drying systems has impelled research on optimization
study of solar drying process. This paper discusses the
optimization of red pepper slices during drying process in a
hybrid photovoltaic-thermal (PV/T) solar dryer using response Received: 09.04.2020

surface approach. The study was conducted in humid tropical | Accepted: 16.05.2020

Nigerian environment characterized by intermittent solar | Available online: 23.05.2020
irradiance, prompted by humid wind effect from regional water
bodies. The effects of varying drying air temperatures (50, 60
and 70°C), air velocities (1.0, 1.5 and 2.0 m s1), and sample

RESEARCH ARTICLE

thicknesses (10, 15, and 20 mm) on the total energy Keywords :
consumption, drying efficiency, %shrinkage, and drying time of > Solar cell

pepper samples were investigated using a 33-factorial | 3 Crop dryi,ng,
treatment design. The results obtained were built-in and the | » Energy consumption,
responses plotted in 3-D surface plots and evaluated | » Efficiency,
statistically to obtain variable relationships. The total and | » Solar radiation,
specific energy consumption ranged between 1.31 — 38.9 kWh | » Shrinkage

and 6.92-62.76 kW kg, respectively. The percent thermal
contribution of the PV module and solar collector at varying air
velocities ranged between 0.792% < Qpv < 23.53%, and 0.518% <
Qcol < 15.37%, respectively. The mean system drying efficiency
varied between 6.73 - 35.14%, whereas the percentage
shrinkage ranged between 56.91 - 73.90%. The drying time
varied from 125.5 + 7 - 205.5 + 10 mins. At the optimum drying
conditions of 70°C air temperature, 1.88 m/s air velocity and
14.31 mm sample thickness and desirability of 0.903, the total
energy consumption, drying efficiency, shrinkage, and drying
time were obtained as 4.03 kWh, 20.46%, 67.05% and 183.8
mins, respectively. The predicted models had R2-values ranging
between 0.9228 - 0.9989, which were verified and validated for
accuracy using diagnostic plots and percentage error
deviations. The results of this study indicate how indispensable
some variables and process conditions are to the performance of
hybrid PV/T solar dryer.
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INTRODUCTION

Given the increasing importance of generating clean and cost effective energy for
drying of food materials, particularly in developing nations like Nigeria, solar energy
has become a promising source of clean energy for drying of plant-based materials due
to its marginal cost of operation vis-a-vis cost of fuel (Poonia et al, 2018). This clean,
renewable and affordable energy source has been intermittent in its supply “especially
in the South-eastern Nigeria, as a result of inter-tropical discontinuity caused by
interference of prevalent humid wind from coastal locations and regular rainfall. This
in effect, restricts the efficient application of the radiant energy of the sun for drying
purposes and had prompted the adoption of a swiftly-developing renewable energy
technologies known as solar photovoltaic (PV), which has good future prospects for
crop drying. The hybrid photovoltaic/thermal (PV/T) system concurrently generates
electric power and heat from incident solar irradiation on the photocell, which are
applied to various energy applications such as, domestic heating, agricultural
operations etc. Mortezapour et al (2012) reports that photovoltaic cells have the
capability of converting only 20% and 80% of the absorbed solar flux to electric energy
and to heat, respectively. This raises the temperature of the photovoltaic cell, thereby
reducing the electrical efficiency conversion of the system. In a bid to circumvent this
challenge, necessitates the advent of hybrid PV/T technology.

Convective drying of food materials is characterized by low thermal conductivity
which requires large quantity of energy due to insufficient and inefficient intra-
cellular heat transfer (Nwakuba et al, 2018). This is mostly significant in an
environment where the heat-carrying capacity of the air stream is grossly small as a
result of increased ambient relative humidity. Optimizing the operational conditions
of convective drying process amongst its importance, reduces the overall energy cost
for crop drying, improves efficiency of the dryer, as well as improved dried product
quality.

Pepper (Genus Capsicum) is an essential fruit vegetable, given its monetary
benefits as well as the dietary and health advantages. It is rich in nutrients -
Vitamins A, C, K, and B6, calcium, iron, zinc, and fiber. Pepper is mostly used for the
purposes of culinary and seasonings and considers to be one of the most valued spices
in Nigerian delicacies used either in fresh, dried or powdery form. In Nigeria, pepper
has high demand because of its pungency and good taste, and can easily be dried,
ground and packaged for export. Its use in Nigeria represents about 40 percent of the
total vegetable consumption in a day (Sanusi and Ayinde, 2013). The dried Savannah
region of Nigeria has high potential for pepper production. Huge postharvest losses
are usually encountered during commercial scale production because of the commonly
used open sun drying practice. Given its high moisture content (82 — 88% w.b), labour
intensive and time-consuming drying operation, a suitable dryer is required for large-
scale quality-dried pepper product. This would benefit Nigerian farmers economically
and help fulfill their national and international requirements.

Response surface optimization offers data for optimizing or evaluating numerous
responses, and simultaneously produce statistical-based accurate mathematical
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relationships used for graphical analysis of the method studied. These models
illustrate the influence of input parameters on responses, estimate their interaction
effects and denote the combined effect of the input parameters in a response in
graphic form. This technique, according to Erbay and Icer (2009) allows the researcher
to make effectual survey of a system or process. Different techniques of optimization
exist such as, the generally used graphical technique, the improved graph method, the
desirability function, and the stretched surface method (Corzo et al, 2008). Response
surface optimization has been often adopted in drying of food materials (Corzo et al,
2008; Erbay and Icer, 2009; Han et al, 2010; Kumar et al, 2011; Abano et al., 2014;
Nwakuba, 2019).

This study considers adopting the response surface technique for obtaining the best
drying settings for convective air drying of red pepper slices using a PV/T solar dryer
in a location prone to inter-tropical discontinuity. There are currently, limited
published literature on the optimal control variables for cost and energy effective
drying of fruit vegetables in humid tropical zones using solar photovoltaic technology.
Therefore, the main objective of this paper therefore to optimize the parameters for
convective air drying of sliced red pepper by adopting the desirability index approach,
which describes the technique of response surface in determining the optimal total
energy consumption, drying efficiency, drying time and percent shrinkage within the
range of varying levels of control variables (drying air temperature, air velocity, and
sample thickness) during red pepper drying process. However, this would facilitate the
design of experiments by eliminating labourious experimental runs without
compromising vital technical information, as well as promote selection of best drying
conditions that would require little drying energy and carbon emission and increase
dryer cost effectiveness with very minor deleterious effect on the dried food product.
The optimization result therefore, was studied by using a 3x3 factorial design layout
of Central Composite Design (CCD) of Design-Expert (11.0) Statistical tool.

Achieving substantial energy reserves during convective hot air drying process of
fruit vegetables, apprehensions on drying economics and effects on food
security/supply, ecological emissions, and provision of optimal total energy for drying,
temperature of the drying air, velocity of the drying air stream, sample thickness,
drying efficiency, percentage shrinkage, and drying time most appropriate for red
pepper justifies this work. This paper would present empirical mathematical relations
that predict energy consumption of hybrid PV/T solar dryer as well as other response
variables and process conditions for red pepper slices, which are indispensable in the
design of energy-efficient and cost-effective hybrid PV/T solar dryers for fruit
vegetables.

MATERIAL and METHODS

Experimental Procedure

Drying experiments were conducted at Imo State Polytechnic, Umuagwo-Ohaji,
Nigeria, between 3vd - 11th September 2019. This period of the year in Nigeria is
known for high rainfall intensity and ambient relative humidity, as well as
low/intermittent sunshine. It also coincides with the time of harvest for the majority of
farm produce in this region, which requires immediate drying for better and prolonged
storage. The study made use of a hybrid convective PV/T solar dryer (Fig. 1), primed
with arduino microprocessor to control and measure the temperature of drying air,
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velocity of drying air, and air relative humidity in the drying chamber, solar collector
unit and the surrounding. The dryer was placed in an open area and switched on to
attain steady-state condition. The solar cell (PV module) is of silicon mono-crystalline
type with specification: 1.3 x 0.65 m2. It has a thickness of 0.0003 m and absorptivity
of 0.85; whereas the solar collector (Fig. 1, No. 7) with a rectangular configuration of
0.1 x 0.65 x 0.3 m3 has a 0.01 m absorber plate, 0.04 m thick plain glass, and a duct
width of 1.5 m mounted on a frame support.

Non-pretreated fresh red pepper samples purchased from Relief market in Owerri
metropolis were selected based on mass, viability and colour. Mean sample initial
moisture content of 81.9% wet basis (w.b) was obtained using oven method at 105°C
for 24 hours (Nwakuba et al, 2019). A batch of 0.5kg of the sliced samples was
measured and selected using a digital weighing balance and a stainless-steel knife
(Fig. 2). Experiments were carried out with three drying air temperatures (50, 60 and
70°C), air velocities (1.0, 1.5 and 2.0 m/s) and sample sliced thicknesses (10, 15 and 20
mm). It is worthy of note to point out that the selected air velocity range corresponds
to the maximum and minimum airflow rates obtained in the study area during
harvesting season; whereas the range of sample thickness reflects the sizes of studied
red pepper variety available in the local vegetable market. However, weight sensors
connected to the drying racks recorded moisture losses per 10 minutes interval and
transfer data to a personal computer via the arduino processor control panel. A
pyranometer was used to measure the amount of incident radiation on the solar
collector. The total energy consumption (from solar cells and solar collector) and
drying time for each batch were recorded. The experiment was ended when the sample
moisture loss reached the desired final moisture content of 10% w.b (Tiwari, 2012;
Uzoma et al., 2019).
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Figure 1. 2-D diagram of the hybrid PV/T Figure 2. Thin layer sliced red pepper
solar dryer samples.

Experimental Design and Response Surface Analysis

The drying experiment was formulated in a factorial treatment design of the central
composite design (CCD) tool of Design Expert Statistical Software (version 11.0), in a
randomized form so as to lessen the unexplainable effects in the observed response
variables. Three independent input variables: air temperature (T), air velocity (V), and
sample slice thickness (S) at three levels each, for four response variables, Y. (total
energy consumption, drying efficiency, drying time and shrinkage) were formed. The
relative contributions of each of the independent variables to the response variables
(Y:) were determined. A 33 layout of CCD RSM for the drying experiments is shown in
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Table 1. In order to optimize the drying conditions of the hybrid solar-electric dryer,
Eq. (1) was applied to describe the linear, interaction and curvature effects of the
response variables expressed as:

Y. = By + B, T+ B,V+ BsS+B,TVH B TS+ B, VS+ B, T+ BV + B,yS? 1)

Where: Po represents the model intercept; Pr, B2, B2, ..., Bs are coefficients of the
regression model; B:T, B2V and B:3 are the linear effects; BsTV, BsTS and BeV3 are the
model interaction effects; B_—T:, BeV* and BsS* represent the quadratic effects.

However, Eq. (1) was arranged in line with the RSM quadratic model obtained from
this study, which mathematically describes the relationship between the input drying
factors.

Table 1. Experimental layout of input factors and Levels of the randomized factorial
treatment design

Input variables Levels
P Coded symbol Actual Coded

50 -1

Air temperature (°C) T 60 0
70 1
1.0 -1

Air velocity (ms™?) \Y% 1.5 0
2.0 1
10 -1

Sample thickness (mm) S 15 0
20 1

The desirability index, D(x) which adopts the method of multivariate responses of
numerical optimization of the drying process is given by Eq. (2) as (Kumar et al, 2011;
Nwakuba, 2019):

1{:‘ = [&Frl 'Yr'f '¥r3, ’¥rn ]_” (2)

Where: n is the total number of responses = 4; D(x) ranges between 0 and 1,
donating the lowest and highest desirable coded levels, respectively.

Objective function

D(x) shows the extent to which the experimental response variables are closely
matched or compactible to a given level of input parameter. In this study, the
optimization goals for the input parameters are taken within the design limit of the
input values, whereas the response parameters considered minimum energy
consumption, maximum drying efficiency and minimum drying time and percent
shrinkage of the dried products (Table 2). The high value of D(x) which indicates the
most apt functions for the drying process of pepper gives the system optimal solution
(Nwakuba, 2019). The optimum values of the experimental factors were obtained from
the total energy consumption, drying efficiency and shrinkage variables which
maximize D(x). Analysis of variance (ANOVA) was adopted to estimate the
significance of the model variables at 5% probability level (P < 0.05), as well as the
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influence of the input parameters on the response variables. It also validates the
accuracy of the prediction models, whereas degree of freedom (df), mean square (ms),
sum of squares (ss), F and P-values check the model efficiency (Freedman et al., 2007).
Least significant differences in the experimental variables were checked using the
Fisher’s test.

The accuracy of prediction of the response variables was verified using Diagnostic
plots, such as the normal probability plots of the residual response parameters, plots
of predicted versus experimental response parameters, Box-cox plot (natural log of the
residual sum of squares, Ln residual SS), and coefficient of determination (R2);
meanwhile the model adequacies were obtained from the adjusted-R2 and coefficient of
variation (CV). It is pertinent to state that the reliability of the developed models to
predict experimental data is a function of the Lambda value for each response
variable.

Table 2. Criteria and goals for numerical optimization

Input/Response Goal Lower limit Upper limit Importance
variables

Actual Coded Actual Coded

Temperature (°C) in range 50 1 70 1 3
Air velocity (ms1) in range 1.0 -1 1.5 1 3
Sample thickness (mm) in range 10 -1 20 1 3
comsamption (k) minimize 3
Drying efficiency (%) maximize 3
Shrinkage (%) Minimize 3
Drying time (mins.) minimize 3

Theoretical Calculations

Energy analysis

The total energy flow of the hybrid system (Qt) is the sum of the total irradiation on
the solar collector and PV during the sunlight and the thermal/electrical energy
generated is expressed as:

Q= Qe+ Qe + va (3)

Where: Qcl, Qe, Qpv = total radiation on solar collector, thermal energy from
resistance wire, and photovoltaic energy (kWh), respectively.
According to Duffie and Beckman (2006), Q.o is given by:

Qeol = A Fr[(0yT,) — Uy (To— TJ)] ()

The overall thermal loss (Us W/m?2) from the solar collector (top, bottom, and sides)
is given by Ndukwu et al (2020a) as:

U,=U.+ U, + U, (5)
The useful thermal energy from the electric heater unit is expressed as:

va = Tlpvtg:ﬁIgAf (7)
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Where: Fr = heat removal factor; Ac = solar collector area (m?); agte = effective
transmittance-absorbance of glass (0.06x0.84); U, = overall heat thermal loss (W/m?2);
T. and Ta = solar collector temperature and ambient air temperature, respectively (°C);

M = mass flow rate of air (kg/s); Cp = specific heat capacity of air (J/kg:); To and Ti =
outlet and inlet air temperatures of the heater (°C), respectively; Tev = PV efficiency

(0.116%); T~ = transitivity of glass (0.84); 8 = fill factor (0.708); I = incident solar flux
(W/m2); hp is the heater rated power (W), an = heater area (m?), In = heater length (m),
t = drying time (s); Ui, Up, and Us = thermal loss from top, bottom, and sides,
respectively.

Since drying was done during inclement weather condition, the total energy
consumption during drying process at varying air temperatures and air velocities is
expressed considered Eq. (3).

The specific energy consumption for drying a kg sample mass is expressed as
(Afolabi et al, 2014; Nwakuba et al, 2018):

— O
Qs - Moy (8&)
Where: Mw =M. — M.y (8b)

Qs = specific energy consumption (kWhkg!, Mw = mass of water removed from the
sample (kg), M; = mass at time t and M1 is the next mass after Mx.

Drying efficiency

The drying efficiency of a hybrid PV/T solar dryer (<), is given by (Uzoma et al, 2019;
Ndukwu et al, 2020b):

Mp I

4= o, (9)

Where: Mm = quantity of moisture expelled (kg), L. = latent heat of vaporization of
moisture (kd/kg).

Shrinkage analysis

The percent shrinkage of a product is one of the vital parameters assessing the quality
of dried products, as it determines the rehydration rate of the dried product.
Shrinkage indicates the relative change in the sample thickness as a result of
moisture removal during drying process. The shrinkage percentage, S was obtained by
determining the initial and final sizes of the pepper slices using the method of liquid
displacement (Hafezi et al, 2015). For each experimental treatment, three samples
were selected in random, and percent shrinkage of the pepper samples was obtained
as (Dianda et al, 2015; Hafezi et al, 2015):

Vi

0
vd) % 100%

Sn=(1- (10)

Where: Sh = Shrinkage (%), Vi and Va4 = initial and dried volumes of the pepper
slices, respectively (m3).
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RESULTS and DISCUSSION

The layout of the experimental factors (with 20 runs and 19 degrees of freedom) of the
drying parameters and responses are as presented in Table 3. The coefficients of the
input parameters and their interactions, as well as the resulting quadratic prediction
functions of the response variables were obtained from the experimental data of Table
2.

Table 3. Central composite design of the experimental input and response variables

Input Variables Response Variables
Egn Temperature, T 6ellrocity v fr?i?lfr:gss Total energy, Dr.yl-ng n Shrinkage, Drying time,
(oC) : : Et (kWh) efficiency, ld  gp (0p) Td (mins)
(ms-1) S (mm) (%)
1 50.00 1.00 10.00 16.54 7.12 56.91 197.50
2 70.00 1.00 10.00 9.38 12.81 62.71 150.00
3 50.00 2.00 10.00 10.54 15.45 68.89 179.50
4 70.00 2.00 10.00 131 18.38 61.18 140.00
5 50.00 1.00 20.00 35.72 20.27 66.24 150.00
6 70.00 1.00 20.00 9.23 29.94 73.92 125.50
7 50.00 2.00 20.00 30.67 29.75 72.99 201.50
8 70.00 2.00 20.00 2.28 33.12 70.14 150.00
9 43.18 1.50 15.00 38.91 12.41 57.55 144.50
10 76.82 1.50 15.00 5.86 25.86 60.88 150.50
11 60.00 0.66 15.00 15.82 9.22 68.72 205.00
12 60.00 2.34 15.00 6.22 20.86 72.17 158.50
13 60.00 1.50 6.59 431 16.51 61.12 193.50
14 60.00 1.50 2341 19.43 30.41 74.87 196.50
15 60.00 1.50 15.00 9.11 20.82 68.23 194.50
16 60.00 1.50 15.00 8.49 20.82 67.16 190.00
17 60.00 1.50 15.00 9.16 20.82 65.19 194.50
18 60.00 1.50 15.00 9.33 20.82 70.01 192.00
19 60.00 1.50 15.00 8.82 20.82 65.87 190.50
20 60.00 1.50 15.00 9.37 20.82 67.13 191.50

The results of the ambient air condition during the drying process is presented in
Fig. 3. The mean heat outflow and thermal/electrical energy developed by the solar
collector and PV module respectively were dependent upon the solar radiation
intensity, which varies with time of the day. Reduction in solar irradiation due to
cloud change reduced the ambient air temperature and negatively affects the
performance efficiency of the dryer. As hourly time increased, the amount of solar
radiation increased to a maximum of 714.38 Wm?2 at 1:00pm with ambient air
temperature and began to decrease. This proportional increase in air temperature
raised the pressure of water vapour in the air, lowered the relative humidity of air,
and thereby enhanced the specific moisture extraction rate. However, the ambient air
had the highest relative humidity (85.1%) at 10am and decreased as solar radiation
and hourly time increased, which resulted in gross reduction in the enthalpy of the
solar collector air temperature. Drying operation was done at a mean ambient air
temperature, relative humidity, and solar radiation of 27.24°C, 62.6%, and 518.2 Wm~
2 respectively.
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Figure 3. Mean ambient air condition during drying process

Thermal energy contribution of solar collector and solar cell

The percent useful thermal energy input of the solar collector and solar cell to the
hybrid system is shown in Table 4. Since the PV module converts incident solar flux to
electric heat output (at negligible loss in surface temperature of solar cell), the sum of
Egs. (6) and (7) were subtracted from the total energy flow of the hybrid system (Eq. 1)
to obtain the solar collector energy contribution. The total heat energy contribution of
the solar cell during the sunshine periods ranged between 0.792% < Quv < 23.53%,
whereas the solar collector contribution varied from 0.518% < Q. < 15.37% at
increasing air velocity. Increasing the velocity of drying air enhanced the rate of
convectional heat transfer to the drying chamber, thus higher % heat contribution for
drying. The lower percent contribution of the solar collector can be attributed to low
mean ambient air temperature of 27.24°C, which is inadequate for moisture removal
from high moisture product like red pepper. Operating the PV/T hybrid dryer at an air
velocity of 2.0ms? would undoubtably reduce its energy consumption, improve drying

efficiency, and drying rate.

Table 4. Percent energy contribution of solar collector and solar cell

Percent energy contribution (%)

Adr velocity (ms™) Solar cell Solar collector
1.0 0.792 0.518

1.5 12.73 7.94

2.0 23.53 15.37

Variance Analysis of Drying Variables and Reponses

Energy consumption

The effect of interaction of the drying parameters on the total and specific energy
consumption are illustrated in Figs. 4 and 5. At constant sample thickness, increasing
the drying air temperature and air velocity reduced the total and specific energy
consumption of the drying process. This is because of the increase in the rate of heat
and mass transfer in the sample product and reduction in the water vapour pressure
which resulted in less resistance moisture diffusion and evaporation, thereby reducing
the drying time hence, gross reduction in the total and specific energy consumption.



UZOMA et al. / Turk J. Agr Eng Res (TURKAGER), 2020, 1(1), 111-130 120

Similar observations were reported by Darvishi et al (2013), Minaei et al (2014),
Hafezi et al (2015).

Total energy (KWh)

Total energy (M)

Total energy (kWh)

2t Sample thickness (nhPO
1800

. A Temp (Deg. C)
B: Air velodity (m/s) C: Sample thickness (mm) 1290

(@) (b) (©
Figure 4. Response surface plot interaction between: (a) drying air temperature and
air velocity, (b) drying air temperature and sample slice thickness, (c¢) air velocity and
sample thickness, on the total energy consumption

10mm [ 15mm | 20mm

30

Specific energy consumption (KWh'kg)

Drying condition

Figure 5. Influence of the drying variables on the specific energy consumption of red
pepper

Less total and specific energy were consumed by the pepper samples at constant air
velocity by increasing the drying air temperature at a corresponding decrease in the
sample thickness. This could probably be as a result of increased moisture diffusion
rate and reduce distance of capillary transport in the sample product, which decreased
the energy consumption through reduction in drying time. Nwakuba (2019) reported a
similar observation in drying of tomato slices using a hybrid solar-electric dryer.
Increasing the air velocity at constant air temperature increases the rate of heat
transfer to and from the product, hence reduction in energy consumption. However,
the total and specific energy consumption ranged from 1.31 — 38.9 kWh and 6.92 —
62.76 kW/kg, respectively. The minimum total energy consumption of 2.28 kWh was
obtained at the highest values of drying air temperature (70°C) and air velocity (2.0
m/s), and lowest sample thickness (10 mm), whereas the minimum and specific energy
consumption of 6.92 kWh/kg was obtained at 70°C air temperature, 2.0m/s air velocity
and 10mm sample thickness.

Eq. (11) expresses the 27 order quadratic model of the total energy consumption for
drying a batch of the red pepper sample at varying drying parameters in coded terms:
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E.=9.03 —8.85T — 2.96V + 4.675 + 4.21T2 + 0.63V2 + 0.9452 — 0.27TV — 5.05TS +
0.049VS [R? = 0.9989] (11)

The positive and negative model parametric coefficients indicate synergistic and
antagonistic influence on the total energy consumption of red pepper, respectively.
From Eq. (11), air velocity with the highest negative coefficient of -2.96 was the most
ineffective parameter for reduction of energy consumption, whereas the most effective
parameter for energy reduction was sample thickness, which had the highest positive
coefficient of 4.67. The normal probability plot of the total energy consumption
residuals also validated the energy model (Figs. 6a & b). The clustering of the plotted
data on the fitted line indicates equality between the values of predicted and
experimental total energy consumption, which also confirms that the degree
regularity and experimental outliers in the analyzed data had no negative effect on
the resulting model. Validation of the prediction accuracy of the developed energy
model was done by the Box-Cox graph, after transformation of experimental data
through power equations (Ahmad et al, 2015). Fig 6c illustrates that the Lambda
value, which denotes the power given to the values of the response variable was 0.92,
which later had a current Lambda value of 1.0 after power transformation. The
diagnostic plots in Fig. 6 generally signify that the energy model completely captures
the anticipations of ANOVA.
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Figure 6. (a) Normal probability plot of the total energy consumption residuals; (b)
Predicted versus experimental total energy consumption of red pepper; (¢c) Box-Cox
plot for power transformation

The analysis of variance conducted for the total energy consumption depicts that
the model F-value, which determines the variance of total energy consumption data
about the mean indicates that the model is significant. From statistics perspective, the
“Prob. > F” values endorse the predicted energy relationship. P-values less than 5%
show significant model variables. In this case, T, V, S, T2, V2, S2, TS are significant
model variables; whereas values > 10% indicate non-significant model variables (TV
and VS). The “lack of Fit F-value” of 2.96 is an indication that lack of fit is not
significant in relation to the “pure error” and proper fitting of model to the
experimental data points. There is a 12.93% chance that “Lack of Fit F-value” this
large can be attributable to noise. Insignificant lack of fit is a sign of good model fit
(Kumar et al 2011; Nwakuba, 2019). The model’s R2-value of 0.9989 shows proper
model fit, and strong correlation of the values of the predicted and experimental
energy consumption, as well as accounted for a larger proportion of the variations in
the experiment. In other words, the experimental data were adequately described by
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the model, which closely predicted the total energy consumption as indicated by a low
CV-value (3.60%) less than 10% (Abano et al, 2014, Nwakuba et al, 2018). The
predicted R2-value of 0.9930 strong agrees with the adjusted R2 of 0.9979. “Adeq.
Precision” tests the proportion of experimental inputs and noise. A proportion > 4 is
desirable (Kumar et al, 2011). A ratio of 101.802 indicates an adequate signal, thus
the model to move around the design environment.

Drying efficiency (4}

Fig. 7 depicts the influence of drying variables on the system drying efficiency, which
increases with increasing drying variables. This is probably as a result of high
temperature gradient between the drying air and the product, as well as increased
heat and mass transfer rates, heat removal factor of the solar absorber plate and
electric heater which increase the total useful heat of the drying air as well as improve
the product drying rate, thus enhancing the drying efficiency (Lopez-Vidana et al,
2013; Reyes et al, 2014; Uzoma et al, 2019). Decreasing the sample thickness at
constant (reduced) drying air temperature and air velocity reduced the average drying
efficiency, because of decline in the heat transfer rate and intra-particle moisture
diffusion. Since drying efficiency, M4 is the ratio of total energy consumption for sample
moisture evaporation to the quantity of energy supplied to the system, it generally
implies that drying larger sample thickness at constant drying air temperature and
air velocity consumes more thermal energy per kW energy supplied, thus increase in
Md. The mean system drying efficiency ranged between 6.73% < "a < 35.14%. This
result corroborates with the reports of Boughali et al (2009) and Beigi (2016) who
obtained drying efficiency values between 2.50 — 54.37%.
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Figure 7. Response surface plot interaction between: (a) drying air temperature and
air velocity, (b) drying air temperature and sample slice thickness, (c) air velocity and
sample thickness, on the drying efficiency

From the analysis of variance (ANOVA) for drying efficiency (4), the model F-value
indicates that the model is significant. The model terms with P-values < 0.0001
indicate that only T, V, S, V2, S2and TV are significant and vital model parameters.
The model had non-significant lack of fit, which is good for the model to fit. There is a
99.73% chance that “lack of fit F-value” this large is attributable to noise. The high R2
of 0.9228 indicated strong correlation between model parameters. The RSM has the
capability to explain greater proportion of the variability in the observed data. The
predicted R? of 0.9930 of the model is adequately close to the Adj. R? of 0.9979. “Adeq.
Precision” of 49.166 indicates a satisfactory proportion of experimental and noise. The
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model can be applied for optimizing the drying efficiency of red pepper in a PV/T solar
dryer.

The diagnostic plots (Fig. 8) from the experimental data were used to check and
estimate the model adequacy. The results depict that the proximity of the observed
data to the fitting line shows an appreciable relationship between the predicted and
observed data. Box-Cox plot validated the accuracy of prediction of the model by
power transform of Md to Lambda value = 1.00, with random residual dispersion
between -3 to 3 in the domain. The Lambda value, which indicates the power given to
the response variable, which was 0.86 after transformation had a Lambda value = 1.
The response variable raised to the power of 1 remains its value, that is (na)* =na,
Thus, the developed relation has the capability to accurately forecast the observed
data. The expression for Md in coded terms is expressed in Eq. (12) as:

Ng = 20.46 + 3.25T + 241V + 1.195 — 0.13T2 — 1.68V7 + 1.4652 — 1.04TV + 0.59TS —
0.26VS [R® = 0.9228] (12)

From Eq. (12), drying air temperature with the highest positive coefficient (3.25)
was most effective in increasing the drying efficiency.
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Figure 8. (a) Normal probability plot of drying efficiency residuals; (b) Predicted
versus experimental drying efficien of red pepper; (c) Box-Cox plot for power
transformation

Shrinkage

The percentage shrinkage, Sn of the dried red pepper samples at varying drying
parameters, calculated from Eq. (10) is shown in Fig. 9. It was observed that sample
shrinkage decreased with decreasing sample thickness, drying air temperature and
air velocity. In other words, drying air temperature and air velocity have noticeable
effects are proportional to shrinkage changes at given sample thickness. Fig. 9 could
be attributed to more loss of water and matrix heating in thicker samples at higher
drying air temperatures and air velocity, which cause noticeable stresses in the intra-
cellular structure of food material, resulting in decreased dimension and shape change
(Hafezi et al, 2015).

The percentage sample shrinkage, Sn ranged between 56.91% < Sn < 73.90%. The
ANOVA obtained showed that the model is significant (F-value = 26.51) at P > 0.01.
The model terms are significant at P < 0.0001, except V2, TV, TS and VS. The model
has lack of fit F-value of 0.41 which is not significant, implying that 82.58% chance
that “Lack of Fit F-value” this large is attributable to noise. Non-significant lack of fit
is good, hence the mode would fit the experimental data. The coefficient of



UZOMA et al. / Turk J. Agr Eng Res (TURKAGER), 2020, 1(1), 111-130 124

determination, R2 of 0.9598 also indicated proper fitting of the model and its ability to
explain 95.98% of the shrinkage changes in the dried samples. The “Pred. R?’ of
0.9174 and “Ad. R?’ of 0.9236 are in close agreement. The measure of the signal to
noise ratio > 4 is desirable, and is given by “Adeq. Precision” of 18.08, indicating
adequate signal to noise ratio, hence suitability of the model to optimize shrinkage
response. The model fitness was checked by analyzing the residual plots shown in Fig.
10 (a - ¢). The pattern of data distribution was determined by plotting the normal %
probability against studentized residual. The normal distribution of data in the model
response was also indicated by the considerable clustering of the residuals on the
straight line, thus accurate prediction of the experimental data. Lambda value of 1
was suggested by the Box-Cox graph after transformation for percent shrinkage. A
2nd-order quadratic model is completely suitable for prediction of percentage shrinkage
from experimental data as expressed in Eq. (13). Sample thickness, with the highest
negative coefficient of -1.12 was the most effective variable to reduce shrinkage,
followed by drying air temperature.

Sp = 67 — 1.95T + 141V — 1125 — 2.59T + 1.38V2 + 0.515% — 3.00TV + 0.84TS —
0.93Vs [R? = 0.9598] (13)
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Figure 9. Response surface plot interaction between: (a) drying air temperature and
air velocity, (b) drying air temperature and sample slice thickness, (c) air velocity and
sample thickness, on the percent shrinkage
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Figure 10. (a) Normal probability plot of shrinkage residuals; (b) Predicted versus
experimental total energy consumption of red pepper; (¢c) Box-Cox plot for power
transformation

Drying time, T4
The predicted drying time was observed to decrease with increasing drying air
temperature at decreasing sample thickness and air velocity (Fig. 11). Drying rate was
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increased as temperature of drying air increased, hence reduction in Ta. Large
capillary distance of moisture diffusion as well as air turbulence above a critical level
(which causes turbulence at dryer plenum), reduces drying rate, thus reduction in
drying time (Boughali et al, 2009). Other researchers like Darvishi et al (2013),
Azadbakht et al (2017) reported similar observations. Drying air temperature and
sample thickness were highly significant at 1% and 5% levels of probability. Minimum
Ta occurred at 70°C air temperature, 1.5 m/s air velocity and 10mm sample thickness.
Drying air temperature was observed to have more significant effect on the drying
time than air velocity at given sample thickness, as a result of greater quantity of
energy consumption was used to increasing the drying chamber air temperature and
relative humidity above ambient level in order to raise drying capacity of the
convective air. The drying time of red pepper varied between 125.5 + 7 < Tq < 205.5 +

10 mins.

Drying time ((mins.))

1400
C: Slice thickness (mm) ~ 12.00 5500 A: Air Temp (Deg.C)
1000 50.00
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Figure 11. Response surface plot interaction between: (a) drying air temperature and
air velocity, (b) drying air temperature and sample slice thickness, (c¢) air velocity and
sample thickness, on the predicted drying time

The ANOVA for response quadratic model of shrinkage showed that the Tq-
predicted model is significant (F-value = 133.14) at Prob. > F less than 0.05. The
model terms as well as their interaction effects are significant (P < 0.005) except V, V2,
and TV terms. The “Lack Fit F-value” of 2.44 indicates that the Lack of Fit is not
significant (P > 0.005) with respect to pure error. There is a 20.46% chance that “Lack
of Fit F-value” this large is attributable to noise to noise. A non-significant “Lack fit F-
value” is good for model fitting. The “Pred. R’ = 0.9467 shows good relationship with
the ”Adj. R?” = 0.9842. Adequate precision > 4.0 is desirable and indicates adequate
proportion of experimental and noise. The coefficient of determination, R? = 0.9942
(Eq. 14) confirms strong correlation between drying time and the drying variables.
The suitability of the Tq-model was validated with the normal % probability plot, and
the plot of predicted versus experimental drying time (Figs. 12a and b). The results
show that the experimental data lined-up along the model fitting line, indicating that
the predicted and experimental Tq data are equal.

The prediction accuracy of the model was checked by the Box-Cox plot (Fig. 11c)
after power transform of Lambda value of 1 for Ta. It is evident that the quadratic
model has the capability to forecast very accurately the experimental data and
explains 99.42% changes in the drying time of red pepper slices in a hybrid PV/T crop
dryer. The resulting relationship (Eq. 14) after Lambda power transform = 1 is
expressed thus:
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Ta = 193.80 — 12.17T — 19.56V + 18.065 — 17.46T% — 9.59V2 — 19,5952 + 2.0TV — 6.75TS —
13.13Vs [R? = 0.9942] (14)

It was observed that drying air temperature and sample thickness have
antagonistic effect to T4; reduction in the sample thickness decreases Tq. Since sample
thickness, S is the only variable with positive coefficient (18.06), was the most
effective Tqa-reduction variable, whereas drying air temperature, T with the highest
negative coefficients of -12.17 was the most ineffective variable to Tq-reduction.

xm

B
o

73
o

ormal % Probability
Predicted drying time {mins)
B
L L

T T T T T T T T T T T T T
] 2 1 11 [171] L EX ] 500 120 0 1400 180 .0 1850 .0 amm mm

Exmarraly Sackriized Rascuals Expesmental deying fme jmims)

(@ (b)

Design-Expert® Software
Drying time -

Current transform: e
MNaone

Current Lambda = 1

best Lambda = -U.e

Cl for Lambda: (-2.05, 2.5)

Recommended transform:
MNaone
{Lambda = 1)

Lambda

(c)
Figure 12. (a) Normal probability plot of drying time residuals; (b) Predicted versus
experimental total energy consumption of red pepper; (c) Box-Cox plot for power
transformation

Optimization Analysis

The affirmation of the optimal conditions of hybrid PV/T solar dryer was done using
the multivariate response surface technique of Design Expert Statistical Software
(version 11), with respect to Eq. (2). The desirability of the control variables (T, V and
S) is unity, because their goal for numerical optimization (minimum energy
consumption, maximum drying efficiency and minimum drying time and percent
shrinkage of the dried products) is set “in range” as shown in Table 2. The
optimization of response variables: E; and "d were at maximum level, whereas Sn and
Ta were minimum. Different treatment combinations were obtained that satisfied the
objective function and goals for the numerical optimization of this study. The optimal
process conditions and response variables, as well as the overall desirability index are
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presented in Table 5. It is evident that the model predicted the experimental values
very closely at 95% confidence level, which yielded an overall desirability index of
0.899 for the control factors. A combined desirability at the optimum sample thickness
(14.31 mm) is depicted in Fig. 13. The design points of the response factors were
located on three distinct colour bands: blue, green, and red, designating the lower,
average, and upper limits of the input parameters. The maximum desirability of 0.903
was obtained at 70°C and 1.88m/s drying air temperature and air velocity,
respectively. This however, indicates that drying air temperature had a more
noticeable influence in the optimization result of convective sir drying process of red
pepper slices. The prediction accuracy of the RSM results was validated by conducting
a drying experiment, with the values of the optimal input variables and the exact
values of the response factors in Table 5 were obtained. Also, the percentage error of
deviations of the predicted and experimental values, which are less than 5% were used
to validate the models for E¢, Nd:Sh, and Ta (Aneke et al, 2018). Thus, the obtained
models adequately described the convective drying process of red pepper slices in a
hybrid PV/T solar dryer.

Table 5. Optimal process conditions in the desirability range
Condition TEC) V@m/s) S(mm) E;(kWh) mng (%) Sn(%) Td(mins) Desirability index

Predicted 4.03 20.46 67.00 183.80 0.899
Optimum 70.0 1.88 14.31 0.903
Experimental 3.18 23.69 64.17 145.29
% Error - - - 0.211 0.158 0.042 0.209
200 Desirability
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Figure 13. Response surface plot of the combined desirability at optimum condition (a)
3-D surface plot, (b) 2-D contour plot

CONCLUSIONS

Sliced red pepper samples were convectively dried from initial to desired final
moisture contents of 81.9 to 10%w.b, respectively using a hybrid photovoltaic-thermal
solar dryer during rainy season in South-eastern Nigerian climate. The influence of
varying drying variables on the total energy consumption, drying efficiency,
percentage shrinkage and drying time were estimated using the desirability index of



UZOMA et al. / Turk J. Agr Eng Res (TURKAGER), 2020, 1(1), 111-130 128

the multivariate responses of numerical optimization of the drying process. The
following conclusions can be made following the experimental findings of this study:

i.  The thermal contribution of the solar cell and solar collector to the hybrid
system drying energy varies between 0.792% < Qpv < 23.53%, and 0.518% < Qcal
< 15.37%, respectively.

1.  The total and specific energy consumption of red pepper slices varied between
1.31 — 38.9 kWh and 6.92 — 62.76 kW/kg, respectively; with the minimum
energy obtained at 70°C drying air temperature, 2.0 m/s air velocity and 10 mm
sample thickness, whereas the maximum values were obtained at 50°C drying
air temperature, 1.0 m/s air velocity and 20 mm sample thickness.

1ii.  The mean drying efficiency of the system varied between 6.73 and 35.14%,
whereas the percentage sample shrinkage ranged between 56.91% < Sp <
73.90%.

iv.  Minimum drying time occurred at 70°C drying air temperature, 1.5m/s air
velocity and 10mm sample thickness. The drying time of red pepper ranges
between 125.5 + 7 < Ta < 205.5 + 10 mins.

v. The predicted optimum drying conditions of the sample were 70°C air
temperature, 1.88 m/s air velocity and 14.31 mm sample thickness for
maximum desirability of 0.994, the predicted response factors were 4.03kWh,
20.46%, 67.05% and 183.8 mins for total energy consumption, drying efficiency,
shrinkage, and drying time, respectively.

vi. The quadratic models developed adequately predicted the experimental values
very closely with an overall desirability index of 0.873 for the control factors
and high R2-values ranging between 0.9228 - 0.9989. Diagnostic plots and
percentage error deviations were adopted for validation of model adequacy and
prediction accuracy.
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INTRODUCTION

Rice is a very common foodstuff in Nigeria, and indeed, the world. It is scientifically
known as “Oryza” and it is one of the most popular grain eaten by human beings. Apart
from eating rice as normal meal, it is regarded as one of the best foods for ceremonies
in the sub-Saharan part of Africa. Naturally, rice cultivated in this part of Africa is
called “Oryza Glaberrima Steud”, before the introduction of NERICA. NERICA means
new “New Rice for Africa”, (WARDA, 2008). This is used to represent inborn products
developed from the effective crossing of two rice cultivars; the Asian rice, Oryza Sativa
L., and the African rice, Oryza glaberrimaS., in order to generate offspring which brings
together the first-class qualities of the two parentages (WARDA, 2008; Eze and Oluka,
2014). These involves high-level vintages from the Asian specie and the capability from
the African specie to grow vigorously in an unpleasant and difficult environment.
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NERICA was developed by normal cross breeding and on that ground, they are not
hereditarily improved rice (WARDA, 2008). NERICA varieties are new class of highland
varieties of rice which ideally accommodate to the rain-fed highland environment in the
Sub-Saharan Africa (SSA), where poor farmers do not have access to irrigation,
chemical fertilizers or pesticides. Reports from the Rice centre, WARDA, 2008 showed
that NERICA varieties also react positively than the local varieties to greater inputs.
However, the increasing demand for rice, both in quantity and quality, far
overshadowed local production. Thus, the need to increase production and improve the
locally produced rice to make it more competitive with imported rice led to the discovery
of NERICA (Udemezue, 2018).

The intensifying cost-effective significance of agricultural food resources, coupled
with the technicality of the contemporaneous technology for the processing, and storage,
premium assessment and dispensation, marketing and consumption of food, requires
wide-ranging knowledge on engineering properties of these agricultural materials
pertinent to their processing, handling, storage, and preservation, (Eze et al., 2020).

The proximate composition of agricultural materials are sets of processes used derive
information concerning the nutritional essentialities of the biomaterials. It is also used
to examine if an animal feed or food product is within its normal or standard
compositional parameters or in some way befallen contaminated. This method of
analysis splits the food sample into six fractions, these include; moisture, ash, crude
fibre, crude protein, nitrogen extracts, and ether (Jideani, 2011).

The flour from rice, usually derived from rice grain, is extensively used as substitute
in numerous food produce, and these include food thickeners, beverages, baby cereal
food, bakeries. In such case, the proximate composition of NERICA must be carried out.
Several researches concerning the qualities of various flour from rice have been
documented, but not much have been reported on NERICA flour. Therefore, this study
aims to determine the proximate analyses and amylose content of NERIA flour varietes
relevant to its processing and storage.

MATERIAL and METHODS

Research Materials and Sample Preparation

The research materials used in this study include five varieties of NERICA, and they
are; FAROs 44, 52, 57, 60, and 61. These varieties of NERICA were collected from the
Ebonyi State Agricultural Development Programme (EBADEP), Abakaliki, at storage
moisture content of 12.5% (db). Some of the paddy from each variety were parboiled and
dehulled using a rice dehulling machine to obtain parboiled-milled samples of the
NERICA varieties. The methods used in the parboiling and dehulling were in line with
the rice parboiling and dehulling standard, and these processes are cleaning, soaking,
steaming, drying and milling (Ituen and Ukpakha, 2011). The flour samples were
conditioned by grinding the grain samples in powdered form using a hammer mill. The
powdered samples were sieved using a 250 um mesh sieve, and then packed in an air-
exhausted water proofed bags for further analysis.
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Proximate Analyses and Amylose Content Determination of NERICA Flour

Crude Ash Content

Crude ash is described as the mass of a product sample determined after heating at
550-600°C for 2 hours to burn in a container. Approach as stated by AOAC (2005) was
used to determine the crude ash content of NERICA flour. In the approach, 5 g of the
sample product each was measured in replicate into a container, where the sample
product was enflamed in a soundproof furnace at virtually 550°C till ash of light grey
colour was observed, and an invariable weight realized. The sample product was then
chilled in a dessicator in order to prevent moisture absorption and reweighed to procure
the ash content.

Crude Fat Content

Crude fat of the sample NERICA flour was measured using the Automated (Soxtec
System HT) approach as stated in AOAC (2005). In the process, virtually 10 g of the
sample product enclosed in a sift paper was weighed in an analytical weighing balance.
After that, the sample was then deposited in an extraction vessel. This vessel, before
usage, must be neatly cleaned and oven dried, and then chilled in a desiccator before
weighing. Then 25 ml of solvent petroleum ether was measured into flask and the crude
fat content taken out. After the extraction was achieved, the solvent was expunged by
oven drying, the flask and its contained material were then chilled in a desiccator and
reweighed. The crude fat content percentage was then estimated by using equation 1:

weight of fat extracted

x 100 (1

Percentage of total fat content = weight of food sample

Crude Fibre

The crude fiber of the NERICA flour samples was determined by an approach as
described by AOAC (2005). In the experiment, 5 g of NERICA sample flour each was
measured in an Erlenmeyer 500 ml flask, and TCA digestion agent of 100 ml added.
The mixture was then boiled and allowed to reflux for about 40 mins starting from the
initial stage of boiling. It was then allowed to get chilled a little, then filtered through
Whiteman paper of 15.0 cm number 4. The remnant was then rinsed with hot water,
turned once with a spatula, and later transferred into a dish made of porcelain, and the
sample product was oven dried overnight at 105°C. After the process of drying, the
sample was then poured in a desiccator and weighed as Wi. After that, it was then burnt
at 500°C in a soundproofed furnace for 6 hours, allowed to chill, then reweighed as Wo.
Thus:

Percentage crude fibre = % x 100% (2
0

Where; W1 is the weight of the crucible, fiber and ash, W2 is the weight of the crucible
and ash, while Wy is the dry weight of the sample food.

Protein Content

An approach as described by AOAC (2005), was used to determine the protein content
of the NERICA flour samples. This approach involves wet digestion of the sample
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material, distillation and titration. 3 g of the sample product was measured into a
boiling tube which also contained concentrated sulphuric acid of 25 ml, and a cube of
catalyst tablet comprising of 0.15 g of TiOz, 5 g of K2SO4, and 0.15 g of CuSO4. Tube was
heated at very low temperature to allow digestion to take place. The digested sample
was then diluted with distilled water of 100 ml, Na2S20s3 of 5 ml, and 40% NaOH of 10
ml. Anti-growth agent was added, and then, the product sample was again diluted with
boric acid of 10 ml. The content NH4 in the distillate was estimated by titrating with
HCI of 0.1 N standards using a burette of 25 ml. A bare was condition without the
product sample. The valued protein captured was then multiplied by a conversion
factor, and the result indicated as the amount of crude protein. Thus:

. ATV—-TOTB x 0.1N HCl x 0.014 x CF
% crude protein = Welght of the samle x 100 (3)

Where; ATV = actual titre value; T7OTB = titre of the blank; CF'= conversion factor;
HCI= hydrogen chloride (ml).

Starch Determination

The starch content of NERICA sample flour was assessed using and approach as
described by the ICC (2017) generic methods. The sample material was dissolved in a
diluted hydrochloric acid of 0.1 N standards using a burette of 25 ml, and the starch
content of NERICA flour evaluated by using optic rotational equipment, which was
measured by the use of a polarimetric tool. The soluble was then extracted using a 10%
ethanol and carefully removed either by filtering, or centrifugation processes. The
remaining starch in the remnant was then dissolved in a hot, diluted HCI acid. The
dissolved content was then precipitated with Carrez solution I and II and followed by
filtration. Carrez solution I contains dissolved 21.9 g of zinc acetate Zn (CH3COO):H20
and 3 g of glacial acetic acid in water making up to 100 ml with water, and Carrez
solution II contains dissolved 10.6 g of potassium ferrocyanide [K4«(Fe(CN)e]. The starch
solution in the filtrate was then calculated using the ICC (2017) generic approach.

Sugar Determination

The content sugar of NERICA sample flour was assessed using Anthrone approach as
reported by Iwe et al. (2016). Anthrone approach is a type of a colourimetric processes
that involves the determination of the concentration of the total amount of sugars in a
product. In the approach, the NERICA sample flour was mixed with an anthrone agent
and sulphuric acid. The mixture was then boiled until the reaction is completed. The
solution was then allowed to chill, and its absorbance was measured at 620 nm. Sugars
react with the anthrone reagent under acidic conditions to yield a blue green colour.

Total Carbohydrate Content

The carbohydrate content of NERICA flour was assessed by using the method of
difference as reported by Egounlety and Awoh (1990). The total percentage of the
sample’s moisture, crude fiber, ash content, and the protein content was subtracted
from 100%, thereby having the remnant as the total carbohydrate content determined.
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Amylose Content Determination

The amylose content of NERICA flour was assessed using ISO 6647 according to Singh
and Goswami (2000). In the course of the experiment, 1ml of ethyl alcohol was treated
with a 100mg (db) of the NERICA flour sample into 50ml conical flask and was stirred
slowly. Again, sodium hydroxide of 9ml, and the solution was heated in a boiling water
for 10 min, with occasional stirring. After that, the product sample was poured into a
flask of 100 ml after cooling to room temperature. The sample was then washed, and
transferred again, then finally filled with water to the volume. The dispersed sample of
5 ml were collected and added in a water of 50ml mixed with 1N of acetic acid of 1ml.
The sample contents were shaken and potassium iodide solution of 2% mixed with
iodine of 0.2% was added and kept at 27°C for 20 minutes after making up of volume
with water. A UV - spectrophotometer was and measured at 620 nm, and colour was
assessed, and amylose evaluated through the calibration curve.

Statistical Analysis

All obtained results were analysed by the use of ANOVA analysis, with the averages
evaluated by Duncan’s test at 5% of significance confidence level (£<0.05). All calculated
results were stated as the average values standard error (SE) of triplicate observations.

RESULTS and DISCUSSION

Proximate Composition
The NERICA flour moisture content were shown in Table 1 and Figure 1 and these
ranged from 6.48 to 7.94% with flour from FARO 57 having the highest moisture content

of 7.94%, followed by FARO 52 (7.61%), while FARO 60 recorded the lowest moisture
content of 6.48%.

Table 1. Results showing the proximate analysis and amylose content of NERICA flour

varieties.
Sample Moisture Ash Crude Crude Crude CHO Starch Sugar Amylose
content (%) fat fibre protein (%) %) (%) content
(%) (%) (%) (%) (%)
FARO 44 6.88 0.87 1.37 0.58 9.51 80.82 78.56 2.42 21.59
(0.34) (0.03) (0.09) (0.06) 0.34) (2.05) (1.21) (0.88) (1.06)
FARO 52 7.61 0.85 1.73 0.95 8.56 80.32 79.33 3.59 25.01
(1.02) (0.03) (0.32) (0.04) (0.45) (2.11) 0.89) (0.34) (1.99)
FARO 57 7.94 0.84 1.37 0.94 7.58 81.34 76.55 3.41 21.34
(1.06) 0.11) 0.14) (0.09) 0.18) (1.78) 0.77 (0.16) (2.01)
FARO 60 6.48 0.92 1.32 1.91 10.29 79.11 80.92 4.44 25.04
(0.45) (0.02) (0.88) 0.18) (1.04) (0.99) (1.11) 0.73) (2.11)
FARO 61 7.45 1.08 1.52 2.06 8.75 79.14 82.48 2.67 22.72
(1.10) 0.12) 0.17 0.15) 0.47) (1.53) (2.03) (0.09) (1.97)
Average 7.27 0.91 1.46 1.29 8.94 80.15 79.57 3.31 23.14
0.79) (0.06) 0.32) 0.11) 0.51) (1.69) (1.20) (0.44) (1.83)

NB: CHO = Total Carbohydrate. Numbers in Parenthesis represents the standard deviation.

According to Iwe et al. (2016), low moisture content relatively, was as a result of storage
stability, and this could lead to the production of a more shelf stable product. There was
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significant difference (p<0.05) observed in the flour moisture content. These findings
were in accordance with reported values by Kraithong et al (2018) and Adebayo-
Oyetoro et al (2011). According to AACC (2001), analytical approaches for flour
properties, and as reported by Iwe et a/(2016), increase in moisture contents results to
the decrease of the dry solids of the flour. Generally, flour descriptions normally limits
the flour moisture to 14% or less. This indicates that flour that has more moisture
higher than 14% are not stable at room temperature, and basically giving room for
organisms existing in them to start growing, thereby generating flavours and smelly
odours (Iwe et al, 2016).

The NERICA ash content was assessed and recorded with FARO 61 having the
highest ash content value of 1.08%, followed by FARO 60 with 0.92%, while FARO 57 is
the variety with the lowest ash content of 0.84% in Table 1 and Figure 1. This range
was in accordance with Kraithong et al. (2018) and Iwe et al. (2016). According to Iwe
et al (2016), ash content of a sample food, generally unveils the mineral elements such
food consists of. This also expressess the substance of inorganic segments after natural
materials such as proteins, fats, sugars and even moisture contents, have been disposed
of by burning. It is additionally the necessary mineral piece of a nourishment test (Iwe
et al, 2016).

The fat content of the NERICA flour for the five varieties of NERICA samples are
generally low, Table 1 and Figure 1, and ranged from 1.32 to 1.73%. This might be
because of the way that grains, vegetables and tubers store vitality as starch instead of
lipid. Food materials with low levels of fat are more essential as this guarantees higher
timeframe of realistic usability for the items, Reebe et al. (2000). In light of the fact that
all food that contains fats contains some undissolved fats, therefore are very
undoubtedly sensitive to oxidative rancidity (Iwe et al., 2016).

The crude fibre of the NERICA flour varietes was also assessed and recorded. The
results obtained ranged from 0.58 to 2.06%. FARO 61 recorded highest number of crude
fibres with 2.06%, followed by FARO 60 with 1.91%, Table 1 and Figure 1. The lowest
point was recorded by FARO 44 with 0.58%. These results obtained showed a very
composition of crude fibre in NERICA varieties. This decrease concurs with Kraithong
et al (2018), Iwe et al(2016), and Sotelo et al. (1990). Be that as it may, Iwe et al (2016),
revealed that, crude fiber hinders the arrival of glucose into the blood and diminishes
colonic weight of the digestive system, subsequently decreasing the danger of colon
malignant growth in people.

Crude protein was also conducted as one of the proximate compositions of NERICA
flour. In Table 1 and Figure 1, the results for crude protein for NERICA flour varieties
were recorded as 9.51%; 8.56%; 7.58%; 10.29%; and 8.75% for FAROs 44; 52; 57; 60; and
61 respectively. FARO 60 recorded highest number of crude proteins with 10.29%,
followed by FARO 44 with 9.51%. The crude protein was recorded lowest by FARO 57
with 7.58% value. The crude protein is regarded as the total protein material of a food
product as been defined by its nitrogen proportion. From the recorded results, it will be
observed that NERICA contains much protein due to their high crude protein content.
Normal African rice protein comprises of globulin (12%), albumin (5%), glutelin (80%),
and prolamin (3%), which break down in water, salt, ethanol, and soluble base,
individually (Wani et al, 2012). These proteins are soluble in a solvent medium; in this
way, basic soaking has been traditionally utilized concerning rice starch separation with
a very great recuperation together with low left-over content protein (Wani et al,, 2012).
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Results of carbohydrate content of NERICA sample flour was recorded as 80.82%;
80.32%; 81.34%; 79.11% and 79.14% for FAROs 44, 52, 57, 60 and 61 respectively as
shown in Table 1 and Figure 1. The recorded results showed FARO 57 had highest
carbohydrate content of 81.34%, followed by FARO 44 with 80.82%, while FARO 60
recorded the lowest carbohydrate content of 79.11%. Significant difference (p<0.05) was
observed in results of the carbohydrate contents of the sample flours. The carbohydrate
contents of these flour tests are a pointer that the items produced using them will be
acceptable wellsprings of vitality.

Starch from rice is among the most essential cereal starches with excellent functional
properties of the fundamental part of rice and it represents over 80% of the absolute
constituents (Wani et al, 2012). The recorded starch results of the NERICA varieties
were 78.56%; 79.33%; 76.55%; 80.92%; and 82.48% for FAROs 44, 52, 57, 60, and 61
respectively, Table 1 and Figure 1. FARO 61 recorded highest number of starch (82.48%)
followed by FARO 60 (80.90%), while FARO 57 recorded the lowest value of starch with
76.55%. Starch can be utilized as a benchmark material for the creation of different
chemicals which includes D-lactic acid which was combined by the fermentation of rice
starch using micro organisms, and this was seen as of high visual virtue (Fukushima et
al, 2004). Starch is one of the most considerable and surplus nourishment elements of
mass nourishments, for example, noodle and bread making Funami et a/ (2005), just as
thickening applications, moisture retention, film formation, gelling, texturing,
stabilizing, foam strengthening, glazing, adhesion, dusting, clouding, and binding
(Whistler and BeMiller, 1997). Starches are commonly portrayed as the most generous
parts of cereals as far as gluing conduct, gelatinization, pasting behaviour,
retrogradation, and other utilitarian traits which attributes item quality (Hagenimana
and Ding, 2005). Rice starch discovers its applications in both the agro and non-agro
industries and it is utilized as a thickening or gelling operator, a glossing over in
confectionery items. The non-nourishment applications incorporate restorative tidying
powder, clothing hardening operator, and paper and photographic powder (Wani et al.,
2012).

Sugar component was also conducted on the NERICA flour varieties. Results
obtained were 2.42%; 3.59%; 3.41%; 4.44%; and 2.67% for FAROs 44, 52, 57, 60, and 61
respectively, Table 1 and Figure 1. FARO 60 recorded highest number of sugar (4.44%)
followed by FARO 52 (3.59%), while FARO 44 recorded the lowest value of sugar with
2.42%. As it is known that diabetes is an ailment that naturally occurs as a result of
sugar, the more sugar content gets higher, the more the food substance becomes
unfriendly to the sosciety. But from the recorded results of sugar on the NERICA flour
varieties, it can be seen that all the varieties had low sugar content.

Amylose Content

Recorded results of amylose content of NERICA flour varieties ranged from 21.34 to
25.04% with FARO 60 having the highest content of amylose of 25.04%, followed by
FARO 52 with 25.01% and FARO 57 flour recording the lowest amylose content of
21.34% as shown in Table 1 and Figure 1. Increase in the swelling power of rice flour
because of low support of internal work by amylose particles, was due to low amylose
composition in rice material (Hoover, 2001). Significant difference (p<0.05) was
observed in the amylose content of the NERICA flour samples. Amylose content is
described as the essential straight sub-atomic property of starch in flour, (Raja and
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Ramakrishma, 1990). It can also seen as a significant element as regards to final
destination of properties of different food materials, for example, dough, and noodles,
(Sievert and Holm, 1993). Amylose is considered to have high pasting characteristics in
material and thus requires a great deal of force in breaking down to digest and this is
because of its high structural compactment (Iwe et al, 2016). Amylose content impacts
rice surface which is the most predominant factor to influence rice taste. Higher amylose
content corresponds to harder texture in general (Hu et al, 2012). As indicated by
WARDA (2008) on NERICA varieties, amylose substance of WAB56-104, the O. sativa
parent, and CG 14, the O. glaberrima parent, was accounted for to be 21.7% and 26.0%,
respectively. NERICA lines show a wide scope of amylose content from 15.4% to 28.5%,
with average of 25.0%. WARDA (2008) additionally reported that rice utilization
preferences differ from one country to another, that consumers in Nigeria appear to
prefer varieties of about 25% amylose content, while in Cote d'Ivoire, the favored worth
fluctuates somewhere in the range of 20 and 25%. Higher measures of carbohydrate will
in general increase amylose content, yet this likewise brings about low estimations of
different parts, for example, ash, protein, lipid, and fiber, (Oko and Ugwu, 2011). Low
amylose rice flour for the most varieties offers dampness, softness, and chewiness to
product textures. These characteristics can likewise be applied in meat items, puddings,
and delicate cakes, (Falade and Christopher, 2015). High amylose rice can give firmness
and freshness to items because of a three-dimensional system development, (Wang et
al, 2016). Thus, it could be utilized in nourishment items that need a hard surface
including bites, noodles, and expelled items (Kraithong et al, 2018).
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Figure 1. A chart of proximate composition and amylose content of NERICA flour

CONCLUSION

The results of the proximate composition and the amylose content of NERICA flour
indicated significant difference (p<0.05) in all the parameters assessed. Moisture
content ranged from 6.48 to 7.94 % with FARO 57 having the highest moisture content
of 7.94%, followed by FARO 52 (7.61%), while FARO 60 (6.48%) has the lowest moisture
content. Indication of low moisture signifies storage capability of the food material and
this could lead to more shelf life of the product. The ash content ranged from 0.84 to
1.08%. Ash content of agricultural product creates an insight of the element of minerals
available in the food product. The crude fat of NERICA studied are generally low and
ranged from 1.32 to 1.73%. Low level fat of NERICA are healtful as this will guarantee
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maximum stability for the product. The crude fibre of the NERICA flour ranged from
0.58 to 2.06%. These results obtained showed a very composition of crude fibre in
NERICA varieties. Crude protein was also conducted and the recorded results ranged
from 7.58 to 10.29%. It is observed that NERICA contains much protein due to their
high crude protein content. Results of the carbohydrate content ranged from 79.11 to
81.34%, and high carbohydrate indicates that products made from NERICA flour will
provide high quality energy sources. The recorded starch results of the NERICA
varieties ranged from 76.55 to 82.48%. NERICA starch will find its applications in both
agro and non agro-industries. Sugar component obtained ranged from 2.42 to 4.44%.
Low sugar content in NERICA flour will make favourable for consumption, as it is
known that sugar is one of the major causes of disease called diabetes. It is a known
fact that food with high sugar content is always unfavourable to the society. Recorded
results of the amylose content ranged from 21.34 to 25.04%. Result indicated that
NERICA recorded less degree of amylose content and this attributes to its swelling
capability due to the frail support of the internal work by amylose molecules. In
summary, the study on the proximate compsition and amylose content of NERICA flour
varieties has revealed some vital informations of the new rice varieties and these
generated results will find their way in determining their suitability in food and other
relevant industries.
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Tursijada variety (148.9 g) and the lowest in the Sijerak variety
(34.8 g). The highest percentage of soluble dry matter was
found in the pear variety Buzdovanka (16.47%) and the lowest
in the pear variety Sijerak (10.06%). The lowest total soluble
solids (TSS) were contained in the following pear varieties:
Peéanka (8.51%), Tursijaca (8.73%) and Sijerak (8.75%), while
the highest total soluble solids (TSS) contained were following
pear varieties: Buzdovanka (13.24%) and Jarac (11.72%). The
highest content of total acids is found in the following pear
varieties: Tursijaca (0.35%) and Jarac (0.31%), and the lowest in
the variety Kaémorka (0.12%). The paper also shows results of
fruit thinning and its influence on fruit weight, fruits length
and fruits diameter of the examined sorts.
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INTRODUCTION

Pear, after the apple, represents one of the most important cultivars of pome fruits
grown in the moderate climate zone (Hussain et al, 2013). The fruits of the most
common commercial cultivars of pear are highly valued by consumers thanks to low
amount of calories and high nutritional value, as well as the pleasant taste (Senser et
al, 1999). In addition to fresh consumption, commercial and autochthonous pear fruits
are used as raw materials for different types of processing in Montenegro.
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The pear (Pyrus spp.) genus is variously said to consist of from 20 to over 70 wild or
domesticated species (Terpo, 1985; Oliveira et al, 2007; Potter et al, 2007 and
Rehder, 1940). It is relatively difficult to give an accurate number of pear species,
because they easily cross-pollinate, and the obtained crosses have ambiguous
taxonomic status. The existence of a very large number of cultivars, species,
subspecies, varieties and clones reinforces the need for genetic characterization and
verification. The wild pear is the only species of pears that grows naturally in the
region of Nort Montenegro.

Pear is the most important temperate fruit crop and has been cultivated in Europe
and Asia from antiquity (Janick, 2002). The pear tree cultivating has a long tradition
in the area of Nort Montenegro. According to statistical data for Montenegro, the
production of pears fruit on gardens and extensive orchards are 2648,9 t (total
production) and yield per ha is 10,4 t/ha (Monstat, 2019).

In addition to the standard production and commercial characteristics of the pear
variety for organic production, it must also meet specific requirements in terms of
resistance to the most important diseases and pests. It is desirable to raise pears
using varieties that are resistant to the disease: Venturia inaequalis, Erwinia
amylovara, as well as pests: first of all, pear flea (Psylla pir), etc. (Sebek, 2011).

The actuality of these studies is increased by the positive results obtained in the
world that relate to the resistance to disease of autochthonous varieties of pears,
especially from the area Polimlje and wider Balkan Peninsula. It is pointed out that
the title of the 'Balkan Peninsula reasures’ can only be carried by varieties of pears
Karamanka and Jerebasma, that are highly resistant to Psilli pyri and the Erwinia
amylovora (Bele and Stuart, 1990).The special attention has been paid to the group
of varieties resistant to the causal agent of pear fireblight Erwinia amylovora Burill.
The most important and superior among them are Canadian cultivars resistant to the
above mentioned pathogen (Harrow Sweet, Harrow Delight), American cultivar
(Potomac) and Rumanian cultivar (Getika) (Nikolié et al, 2000).

Autochthonous pear varieties are still keeping their importance in Montenegro and
they are valuable resources as human food and an important part of rural landscape.
Although the structure of varieties for organic pear production has changed over the
last few decades in favor of better, better quality varieties, many growers appreciate
autochtonous varieties, especially those that satisfy fertility, greater resistance to
economically significant diseases and pests, frost and drought. Before deciding on the
use of autohtonious varieties in organic pears orchards, especially in the mountainous
area of Montenegro, it is necessary to select the best varieties according to quality and
resistance (Sebek, 2008; Sebek and Kovadevié, 2014).

MATERIAL and METHODS

The most important biological and pomological properties of 12 old pear varieties
(Peéanka, Lubeni¢arka, Medunak, Kaliéanka, Buzdovanka, Sinka, Tursijaaca,
Kaémorka, Koravac, Jeribasma, Jarac and Sijerak) from the area of North
Montenegro were presented in the paper.

The study focused on few segments. Very first one included recording of the
phenological traits — first flowering, full flowering, end of flowering and harvest date.
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Phenological characteristics were determined as below: the beginning of flowering was
recorded when at least 5% of the flowers bloomed; full flowering was accepted when at
least 80% of the flowers bloomed, the end of flowering was determined when 90% of
the flowers bloomed and corollas began to fall off, and harvest date was established
when the fruits were sufficiently colored and soft to be eaten.

The other segment comprised pomological, i.e. physical traits - fruit weight (g), fruit
length (mm), and fruit diameter of the examined sorts. Fruit mass were determined by
measuring by the electric scale “METLER 1200”. The result is shown in grams with
the accuracy of 0.01g. Fruit dimensions — length and width were measured by vernier
scale. The results are shown in mm. Dry mater was determined by drying at 105°C.
Total soluble solids were determined by refractometer. The acidity was measured by
titration with 0.1 N NaOH.

The study includes fruit thinning and their influence on fruit weight, fruits length
and fruit diameter of the examined sorts. Obtained results were statistically processed
by the method of variance analysis and checked by LSD tests.

RESULTS and DISCUSSION

The structure of the pear assortment, apart from the autochthonous varieties, also
includes commercially important varieties, which are characterized by much larger
fruits and better flesh quality (mesocarp) than the autochthonous pear varieties.
However, many producers appreciate the autochthonous pear varieties in Montenegro
and believe that they may be interesting for valorisation through tourist capacities,
because this is something that is different and more powerful than the classical offer
in EU countries. The significance of indigenous pear varieties is greater if disease and
pest resistance is also taken into account (Sebek, 2011). Bacterial infestation caused
by Erwinia amylovora is one of the most harmful pear diseases in the world (Bell and
Zwet, 1993). Studying the effect of bacterial infestation (Krwinia amylovora) on 365
pear genotypes, Sestras et al (2008), based on observations of natural infection,
1solate nine susceptibility classes. In this study, the autochthonous Takisha variety is
in the low attack class [9.1 AD% (attack degree)] and the Jeribasma variety is in the
medium attack class [13 AD% (attack degree)]. Bell and Stuart (1990) point out that,
by monitoring indigenous pear varieties from Serbia and Montenegro, they have found
high resistance to Psylla piricola Forst in the following autochthonous pear varieties:
Jeribasma, Karamanka, Smokvarka, Mednik, Obican Vodenjak and Zelenika. The
same authors emphasize the fact that the Smokvarka is a hybrid between Pyrus
communis L. and Pyrus elaeagnifolia Pall. The aforementioned characteristics of the
autochthonous pear varieties indicate that they must not be forgotten in organic fruit
production.

Blooming time in fruit species depends on both the hereditary basis of variety and
weather conditions before and during flowering in some years. Since pear is the fruit
species with relatively late blooming, usually there is no late spring frost danger on
flowers. However, at higher altitudes where there is a possibility of frost during
flowering and it may be recommended varieties that bloom late (Sebek, 2011).
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Table 1. Blooming of autochtonous pear varieties

Varieties Beglnm.ng Full bloom End of flowering
of flowering
Peéanka 02.05 08.05 13.05
Lubenicarka 29.04 06.05 10.05
Medunak 05.05 11.05 14.05
Kali¢anka 26.04 29.04 05.05
Buzdovanka 26.04 29.04 05.05
Sinka 28.04 02.05 08.05
Tursijaca 28.04 02.05 06.05
Kaémorka 26.04 29.04 05.05
Koravac 28.04 07.05 05.05
Jeribasma 28.04 02.05 08.05
Jarac 28.04 03.05 09.05

The phenophase of flowering in the examined autochtonious pear cultivars begins
at the earliest in the varieties: Buzdovanka, Kalicanka and Ka¢morka (26.04). The
variety medunak begins to bloom at the latest (05.05). The end of flowering is the
earliest in the varieties: Buzdovanka, Kalicanka and Ka¢morka (05.05), and at the
latest in the Sierak variety. (Sebek, 1995; Sebek and Jaéimovié, 1997).

Also, the aforementioned research shows that the flow of flowering of a certain pear
variety is more strongly conditioned by the hereditary traits, and the duration of
flowering is conditioned by weather. It can be seen from the above that the
autochtonous pear varieties have adapted the onset of flowering phenophase to the
conditions of northern Montenegro. The flowering phase begins when the danger of
late spring frosts is over.

According to the time of ripening of the fruit, the varieties of pears can be divided
into three groups: Group I (ripens from the end of VII to the end of VIII month)
Peéanka, Lubenidarka, Buzdovanka and Sinka; Group II (ripens in IX month)
Medunak, Kaliéanka, Tursijaéa, Kaémorka and Koravac; Group III (ripens in the X
month) - Koravac, Jeribasma, Jarac and Sijerak. According to the groups mentioned
above, most varieties ripen during the ninth month. (Sebek, 1995; Sebek and
Jadimovié, 1997).

The highest percentage of soluble dry matter was found in the pear variety

Buzdovanka (16.47%) and the lowest in the pear variety Sijerak (10.06%). Based on
the content of dry matter in the tested pear varieties, they can be divided into three
groups (according to the classification Nenadovié-Mratini¢ and Vulié, 1988).
Group I low content of dry matter (9.12%) varieties: Peéanka, Lubenidarka, Kaliéanka,
Sinka, Tursijaca, Ka¢morka, Koravac, Jeribasma and Sijerak. Group II - medium high
content of dry matter (13.15%) - varieties: Medunak and Jarac. Group III - high dry
matter content (more than 15%) - variety: Buzdovanka (Sebek, 1995).

The lowest total soluble solids (T'SS) were contained in the following pear varieties:
Peéanka (8.51%), Tursijaca (8.73%) and Sijerak (8.75%), while the highest total
soluble solids (T'SS) contained were following pear varieties: Buzdovanka (13.24%) and
Jarac (11,72%) (Sebek, 1995).

If we want to compare the TSS content in the fruits of autochtonous pear varieties
in our investigation with the T'SS content in the fruits of autochthonous pear cultivars
in other studies, we will emphasize the following literature data:
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a) For the fruits of autochthonous pear cultivars in the territory of Bosnia and
Herzegovina, the variation interval of the TSS content is from 13.51% to 19.72%.
(Durié et al, 2015).

b) For the fruits of autochthonous pear cultivars in the territory of Pakistan, the
variation interval of the TSS content is on a slightly lower level (11.03 to 14.42%).
(Hussain et al, 2015).

¢) Researches of autochthonous pear varieties that were made after our investigation
on the Upper Polimlje area have extended the results on the chemical properties of the
fruit of autochthonous pear varieties. For the fruits of autochthonous pear cultivars in
the territory of Gornje Polimlje (Bijelo Polje), the variation interval of the TSS content
is 11.68% ('Peéanka’) to 22.17% ('Vidovaca'). The high TSS content (> 15%) was
determined for the following cultivars: ‘Begar’, ‘Je¢menka’, ‘Jeribasma’, ‘Krivodrska’,
‘Samoraska’, ‘Sijerak’, ‘Vidovaca’ and ‘Zelenika’. The highest level of TSS content was
recorded in fruits of ‘Begar’, ‘“Zelenika’ and ‘Vidovac¢a’ (18.5%, 19% and 22.17%,
respectively) (Jaéimovié at. al, 2015).

The highest content of total acids is found in the folowing pear varieties: Tursijaca
(0.35%) and Jarac (0.31%), and the lowest in the variety Ka¢morka (0.12%). According
to the content of total acids, which range from 0.10 - 0.59% in the varieties of pears,
we have divided into three groups of varieties (E. Nenadovié-Mratinié¢ and Vulié, 1988;
Sebek, 1995).

Group I (from 0.10 to 0.20% - low content of total acids) - with following varieties:
Lubenicarka, Medunak, Kalicanka, Buzdovanka, Sinka, Ka¢morka and Koravac.
Group II (from 0.20 to 0.40% - medium high content of total acids) - with following
varieties: Pedanka, Tursijaca, Jeribasma and Jarac. Group III (from 0.40 to 0.59%
high content of total acids) variety; Sierak.

According to the results presented above, it can be concluded that among the
examined varieties of pears, varieties with a low content of total acids predominate.
Comparing the ratio of soluble dry matter content to total acidity, it is observed that
the varieties with the highest dry matter content, at the same time, are among the
tested varieties of pears with low total acidity content (Sebek, 1995).

In our study, the highest average fruit weight of the pear varieties was in the
Tursija¢a variety (148.9 g) and the lowest in the Sijerak variety (34.8 g). The
coefficient of variation is highest for pear varieties with the lowest fruit weight
(Sijerak, Kaémorka and Pe¢anka). An exception is the Kalidanka variety, which has a
small but uniform fruit (Jlow value of the coefficient of variation). Other varieties have
relatively uniform fruits, ie., there is no large variation in fruit mass within a single
variety. According to the size of the fruit, we classified the examined pear varieties
into four groups. Group I (varieties of very small fruit weight less than 50 g): Peéanka,
Kali¢anka, Ka¢morka and Sijerak. Group II (varieties of small fruit weight - from 50 g
to 80 g): Lubeniéarka, Medunak, Sinka I Koravac. Group III (varieties of medium-
sized fruit weight - from 80 g to 100 g): Jeribasma and Jarac. Group IV (varieties of
large fruit weight - more than 100 g): Buzdovanka and Tursijaca (Sebek, 1995; Sebek
et al., 1997).

If we want to compare the fruit weight in the fruits of autochtonous pear varieties
in our investigation with the fruit weight in the fruits of autochthonous pear cultivars
in other studies, we will emphasize the following literature data:
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a) Selamovska et al, (2015) examined the local pear varieties in West Macedonia,
which showed the variation of fruit weight in the range of 13.8 g to 214.1 g.

b) Puri¢ et al, (2015) examined the fruit weight of local pear varieties (Pyrus
communis L.) in north-western part of Bosnia and Herzegovina and concluded that it
ranged from 31.1g to 109.4 g.

Comparing our data with those of other authors, it can be concluded that
dimensions of the fruit are in approximate range (Selamovska et al, 2015; Durié et al,
2015) indicating that similar fruit weight causes similar dimensions, because there is
positive correlation between these characteristics. This can be explained by the fact
that the fruit weight is more influenced by environmental factors than the dimensions
(Sebek, 2010).

The greatest fruit length of the pear varieties was found in the variety of Tursijaca
(70.60 mm) and the smallest in the variety of Sierak (34.13 mm). The greatest fruit
width of the pear varieties was found in the variety of Tursijaca (46.43 mm) and the
smallest fruit width was in the variety of Kali¢anka (34.13 mm). The greatest
variation in the length and width of the fruit is present in the varieties of Sierak,
Kaémorka and Pe¢anka and the smallest is present in the varieties of Kalicanka and
Jarac (Sebek ,1995; Sebek et al, 1997).

Fruit producers must focus on implementing all measures that will meet market
requirements to constantly produce high quality fruits in maximum quantity (Link,
2000). It is often impossible to maximize all quality parameters because of the positive
and negative reactions between them, and therefore a responsibly balanced trade-off
between quality and quantity must be established (Link, 2000). Manual interspace
thinning, which is applied late, after the June rash of the fruits, may increase the size
of the fruit, but not reduce the alternative fertility (Maas, 2006). In addition, it is slow
and expensive because of the large number of workers employed.

Some indigenous pear varieties in the same inflorescence will trap more fruits,
leading to competition for nutrients between them. In the year when the fruit forms a
far greater number of flower buds / flowers than they need for fertility in the flowering
vegetation, and the fruit is well harvested, an excessive number of fruits is formed
which i1s a great burden for the fruit. Competition between fruits reduces their size
(Dussi et al, 2006) and adversely affects other traits: color, shape, taste, firmness and
durability.

The results of the fruit thinning test over three years (2016-2018) on 12 pear
varieties (Pe¢anka, Lubeni¢arka, Medunak, Kali¢anka, Buzdovanka, Sinka, Tursijaca,
Ka¢morka, Koravac, Jeribasma, Jarac and Sijerak) were presented in our earlier
work. The study included thinning of fruits and their effect on fruit weight, fruit
length and fruit diameter of the varieties tested. Manual thinning of the fruit had a
positive effect on the fruit weight in the following autochtonous pear varieties:
Pecanka, Kalicanka, Kacmorka, Sijerak, Lubenicarka, Medunak, Sinka, Koravac and
Jeribasma (Sebek, 2020).

Manual interspace thinning of the fruits had a positive effect on the weight of the
fruit in all autochthonous varieties of pear from group I (varieties of very small fruit
weight) as follows: Peéanka, Kali¢anka, Ka¢morka and Sijerak; also for all varieties in
Group II (small fruit weight varieties), namely: Lubeniéarka, Medunak, Sinka and
Koravac also for one variety from group III (medium-sized fruit weight): variety
Jeribasma. There was no effect of the manual interspace thinning technique on the
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fruit mass of the three varieties, namely: Buzdovanka, Tursijaca and Jarac. Due to the
importance of the above, the results of manual interspace thinning of the fruit are also
presented in Table 2.

Table 2. Average values of examined morphological indicators of fruits
Sort Fruits weight (g) Fruits length (mm) Fruits diameter (mm)
Thinning Control Thinning Control Thinning Control

g CV% G CV% mm CV% mm CV% mm CV% mm CV%

1 68.4 20.5 46.9 222 421 174 36,5 177 475 151 411 156
2 81.2 15.2 71.1 157 582 11.0 51.1 11.6 442 100 40.6 10.1
3 78.9 15.1 55.7 156 62.2 9.8 544 11.3 485 108 43.3 9.7
4 52.2 15.2 37.8 155 475 125 395 9.9 42.2 8.5 34.1 8.2
5 1099 174 1044 177 699 120 685 123 579 9.9 57.7 10.1
6 74.2 18.1 51.7 190 60.1 11.1 54.8 11.7 46.8 9.0 42.2 9.6
7 1526 172 1489 175 722 122 70.6 127 66.1 105 64.4 10.9
8 59.2 22.2 44.0 254 498 17.8 433 183 456 140 42.1 16.2
9 97.7 16.5 79.1 19.1 64.2 122 572 129 498 9.7 454  10.3
10 98.5 16.8 84.4 174 60.1 121 54.7 13.2 486 10.8 453 11.6
11 99.5 15.0 96.6 154 60.2 102 59.8 105 589 9.2 58.8 9.2
12 59.2 21.4 34.8 272 409 177 341 192 411 160 351 17.2

LSD

0.05 4.66 1.22 1.45

0.01 6.90 1.96 1.88

Legend: 1-Peéanka, 2- Lubenic¢arka, 3- Medunak 4- Kali¢anka, 5- Buzdovanka, 6- Sinka, 7-Tursijaca, 8- Ka¢morka,
9- Koravac, 10- Jeribasma, 11- Jarac, 12- Sijerak.

Let us recall the positive effect of the manual interspace thinning of the apple
variety Priol delises, the first recognized apple variety by Slovenian breeder Joseph
Priol. Crnko (1976), cit. according to Gliha (1978), in the experiment with manual
thinning, in the Priolov delises variety, increased the proportion of the first class to
95%. Also, the decline of the fruits was much smaller and the harvest better.

In our study, the yellow base color of the epidermis was found in 5 varieties
(Peéanka, Medunak, Kaliéanka, Buzdovanka and Kaémorka), light green in 4
varieties (Lubeni¢arka, Jeribasma, Jarac and Sijerak), yellow-green in 2 varieties
(Sinka and Koravac) and green - yellow in 1 variety (Tursijaca). As far as coloration is
concerned, we can conclude that there are five varieties with no supplementary color
(Peéanka, Sinka, Kaémorka, Koravac and Jarac). The other 7 varieties can be divided
into two groups:

Group I (supplementary color present on a small number of fruits): Tursijac¢a, Sijerak
and Buzdovanka.

Group II (supplementary color present on all fruits): Medunak, Jeribasma,

Kalicanka and Lubenic¢arka. Dark red supplementary color was found in the variety
(Lubenicéarka), red color was found in four varieties (Kalicanka, Buzdovanka,
Tursijaéa and Sijerak) and the color of baked brick was found in 2 varieties (Medunak
and Jeribasma).
Small lenticels are present in varieties: Kaliéanka, Ka¢morka, Jarac and Sijerak (4).
Medium-sized lenticels are present in varieties: Lubenic¢arka, Medunak, Buzdovanka
and Jerebasma (4). Large lenticels are present in varieties: Peéanka, Sinka, Tursijaéa
and Koravac (4).
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The color of the lenticels of the tested pear varieties is different. The color of rust is
predominant, and it occurs in ten varieties. The exceptions are green lenticels in the
Kali¢anka variety and reddish lenticels in the Lubeni¢arka variety (Sebek Gordana,
2020).

Table 3. Fruit skin color and size and color of lenticel on fruit

Varieties The color of the epidermis Lenticele Supplementary color in fruit
with fruit thinning
Basic Supplementary Size Color
Peéanka green-yellow none large rust
Lubeni¢arka open- green Dark red medium reddish more intense
Medunak green baked brick medium rust more intense
Kali¢anka yellow-green red small green more intense
Buzdovanka yellow-green red at 40% small rust same
Sinka yellow-green none large rust
Tursijaca green red at 10% large rust Same
Kaémorka yellow-green none small rust
Koravac green-yellow none large rust
Jeribasma light-green baked brick medium rust more intense
Jarac Intensely none small rust
green
Sijerak light-green red at 10% small rust Same

Development of drought tolerance for autochtonous pear varieties is the result of
overall expression of many adaptive traits in a specific environment. The adaptive
traits can be physiological and morphological, such as: selection of rootstocks resistant
to drought, selection of autochthonous cultivars with greater water attaining
capabilities, selection of autochtonous pear varieties tolerant to dry conditions, etc.
Thus, in order to improve yield of fruits under drought stress conditions, selection of
autochtonous pear varieties with short life span (drought escape), incorporation of
traits responsible for well — developed root system, high stomatal resistance, high
water use efficiency (drought avoidance) represent the traits responsible for increasing
and stabilizing yield of fruits during drought stress period (drought tolerance).
Drought stress is highly variable in its timing, duration and severity, and this result
in high environmental variation and GXE variation (Witcombe et al., 2005).

Drought resistance is an excellent aspect of the autochthonous pear varieties in
regard to the production of one-year-old seedlings. The dynamics of leaf dehydration
per measured interval was determined by method of Eremeev 1964 (cit. according to
Sebek, 2010). Eremeev’s method is relevant for determination of water attaining
capability of leaves. Loss of water at the time of transpiration will be monitored by
measuring of the weight of cut leaves (Slavik, 1974 cit. according to Sebek, 2010).
Level of regained hydration will be monitored after 12h from cutting the leaves from
one-years seedlings of autochthonous pear varieties. The loss of water due to
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transpiration followed by measuring the weight of leaves (Sebek, 2010). The dynamics
of leaf dehydration was measured in order to obtain initial resistance rate of
autochthonous pear varieties towards drought conditions. The dynamics of leaf
dehydration depends on the thickness of leaf cuticle and leaf average size. Out of the
studies autochthonous pears varieties, the highest water attaining capability had the
leaves of varieties “Kali¢anka”. Over the monitored time interval (8 hours upon
sample taking), leaves taken from the annual twigs of the studied varieties (one-year
old seedlings) lost on average 35.50% of water. The lowest level of the stated capability
was recorded with the leaves of cultivar “Kaé¢morka” (40.44%). Over the monitored
time interval (8 hours upon sample taking), leaves taken from the annual twigs of the
control (one-year old rootstocks Pyrus communis L.) lost on average 35.08% of water.
The leaves of cultivar “Kalicanka” had the highest water attaining capability. The
lowest level of the stated capability was recorded for the leaves of cultivar
“Kaémorka”. The results of this research (Sebek, 2010) also showed that the water
attaining capability of the leaves in one-year old seedlings of autochthonous pear
cultivars as an indicator of their resistance to drought was genetic characteristic of the
varieties. Most of the autochtonous pear varieties tested showed results close to the
values obtained from the control (Pyrus communis L) which is good from the point of
view of possible use of autochtonous varieties of pear for production in the
mountainous area of Montenegro, as well as for selection work.

The most important result of our earlier research is the fact that we determined the
compatibility between researched autochthonous varieties of pears and vegetative
rootstocks (Quince MA and Quince Ba 29) (Sebek and Kovéevié, 2014; Sebek, 2019).

CONCLUSION

Autochthonous pears varieties in Nort Montenegro revealed high variation in most of
the searched parameters.

The phenophase of flowering in the examined autochtonious pear cultivars begins
at the earliest in the varieties: Buzdovanka, Kalicanka i Kaémorka (26.04). The
variety Medunak begins to bloom at the latest (05.05), even later than the selected
type of wild pear. The end of flowering is the earliest in the varieties: Buzdovanka,
Kali¢anka and Ka¢morka (05.05), and at the latest in the Sierak variety.

According to the time of ripening of the fruit, the varieties of pears can be divided
into three groups: Group I (ripens from the end of VII to the end of VIII month)
Peéanka, Lubeni¢arka, Buzdovanka and Sinka (4); Group II (ripens in IX month)
Medunak, Kali¢anka, Tursijaéa, Ka¢morka and Koravac (5); Group III (ripens in the X
month) - Koravac, Jeribasma, Jarac and Sijerak (4).

The highest percentage of soluble dry matter was found in the pear variety

Buzdovanka (16.47%) and the lowest in the pear variety Sijerak (10.06%).
The lowest total soluble solids (TSS) were contained in the folowing pear varieties:
Pe¢anka (8.51%), Tursijaca (8.73%) and Sijerak (8.75%), while the highest total
soluble solids (TSS) contained were following pear varieties: Buzdovanka (13.24%) and
Jarac (11,72%).

The highest content of total acids is found in the following pear varieties: Tursijaca
(0.35%) and Jarac (0.31%), and the lowest in the variety Ka¢morka (0.12%).
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The highest average fruit weight of the pear varieties was in the Tursijaca variety
(148.9 g) and the lowest in the Sijerak variety (34.8 g). The coefficient of variation is
highest for pear varieties with the lowest fruit weight (Sijerak, Kaémorka and
Peéanka). An exception is the Kalicanka variety, which has a small but uniform fruit
(low value of the coefficient of variation). Other varieties have relatively uniform
fruits, ie., there is no large variation in fruit mass within a single variety.

The production of seedling material of autochthonous sorts with vegetative
rootstocks Quince MA and Quince Ba 29 is enormous contribution for even partially
saving of fruit genofond that is the unity product of our ecological environment and
autochthonous biogenesis.
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OZET

Bu ¢alisma Geng Cift¢i Proje Desteklemelerinden yararlanma
diizeyini etkileyen faktorlerin belirlenmesi ve olusturulan
kriterlerin faydalanmaya etki diizeyini O6lgmek amaciyla
yiritilmustir. TR-83 bolgesinde (Tokat, Amasya, Corum, ARASTIRMA MAKALESi
Samsun) 2016 yilinda Tarim ve Orman Bakanlig1 “Genc Ciftci

Projesi” Destek Programina basvurmus olan ureticiler ana Alinig tarihi: 06.05.2020
popiilasyonu olusturmustur. Ornek hacminin belirlenmesinde Kabul tarihi: 07.06.2020
Neyman yonteminden yararlanilmigtir. Calismada Online basim: 26.06.2020

desteklemeden yararlanan 120 iretici ve yararlanamayan 140
uretici olmak tzere toplam 260 duretici ile goriisilmugstir.

Veriler  desteklemeden  yararlanma  durumuna  gore Anahtar Kelimeler :
kargilagtirmali olarak degerlendirilmistir. Desteklemeden

yararlanma durumunu etkileyen faktorlerin belirlenmesi »  Geng ciftcl
amaciyla yapilan regresyon analizi sonucunda; kadin olma, evli desteklemeleri
olma, tarim dis1 geliri olmama, ikamet yerinin sehir merkezine » Tarimsal destekler
uzak olmasi, cift¢i orgitlerine Uye olma, tarimsal tretim > Lojistik regresyon

konularinda egitim almis olma, tarim ile ilgili bilgi edinme
amaciyla internet kullanma aligkanligi ve tarimsal isletmeye
sahip olma pozitif yonde etkileyen faktorler olarak
belirlenmigtir. Tercih Deneyl Yontemi sonuclarina gore, geng
¢iftcilerin en oOncelikli ihtiyaclarinin sosyal glvence destegi
oldugu belirlenmigtir.

Alnt1 i¢in: Altintas G, Altintas A, Orug E, Kizilaslan H, Cakmak E, Birol D (2020). Geng Ciftci
Proje Desteginden Yararlanmay: Etkileyen Faktorler; TR-83 Bolgesi Ornegi. Turkish Journal
of Agricultural Engineering Research (TURKAGER), 1 (1), 152-168.
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The Factors Affecting Utilization of Young Farmer Project Support;
TR-83 Region Case Study

ABSTRACT

This study was carried out to determine the factors affecting the

level of benefiting from the Young Farmer Project Supports and to
measure the effect on the utilization level of the created criteria.
In the TR-83 region (Tokat, Amasya, Corum, Samsun), have | RESEARCH ARTICLE
formed the main population the producers who applied to the
Support Program (Young Farmer Project) of the Ministry of Food,
Agriculture and Livestock. The Method of Neyman was used in
the determination of sample size. A total of 260 producers were
surveyed with 120 Producers who benefit from the support of
young farmers and 140 producers who cannot benefit from the
support of young farmers. The data were evaluated comparatively | Keywords :
according to the utilization status of the support. As a result of the
regression analysis conducted to determine the factors affecting > You_ng farmer supports,
the state to benefit from Support; being women, being married, | ~ Agricultural support,
not having non-agricultural income, being away from the city > Logistic regression,
center, becoming a member of farmers' organizations, getting
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education on agricultural production, using internet in providing
information related to agriculture and having agricultural
farming were positively influencing factors. According to the
results of the Preference Experiment Method, it was determined
that the greatest needs of the young farmers were social security
support.

To cite: Altintas G, Altintas A, Oruc E, Kizilaslan H, Cakmak E, Birol D (2020). The Factors
Affecting Utilization of Young Farmer Project Support; TR-83 Region Case Study. Turkish
Journal of Agricultural Engineering Research (TURKAGER), 1(1), 152-168.

GIRIS

Tarim sektori, tilke nifusunun beslenmesi, milli gelire ve istihdama katki saglamasi,
sanayi sektoriinin hammadde ihtiyacim1 karsilamasi, sanayiye sermaye aktarmasi,
ithracata dogrudan ve dolayli katkida bulunmasi vb. nedenlerden dolay1 vazgecilmez bir
sektordir.

Diinyadaki hemen hemen her iilke, genel hatlar1 ile kirsal alanda yasayanlari
yerinde tutmak, niifusunu beslemek, gida giivenligi ve glivencesini saglamak ve
tarimsal Urin ticareti yapmak amaciyla tarima onem vermektedir. Turkiye'de de
ozellikle kirsaldan kente gocii 6nleme, kirsalda istihdamin devamini saglama, tarima
dayali sanayiye hammadde temini gibi nedenler ile tarimin ayri bir yerinin oldugu
soylenebilir (Ataseven, 2016).

Tarimsal tiretimin kendine o6zgi Ozellikleri ve kirsal alanin sosyo-ekonomik
ozelliklerinin getirdigi zorluklar, desteklemeyi zorunlu kilmaktadir. Bu 6zelliginden
dolay1 hem gelismis tilkelerde hem de gelismekte olan tilkelerde korumaci politikalarin
en yaygin olarak uygulandigi sektér durumundadir (Yapar, 2005).

Turkiye'de tarimda surduriilebilirligi saglama ve oOzellikle geng ciftgilerin
girisimciliginin  desteklenmesi, gelir diizeyinin yukseltilmesi, alternatif gelir
kaynaklarinin olusturulmasi ve kirsalda gen¢ niifusun istihdamina katki saglanmasi
amaciyla, Geng¢ Ciftci Projeleri 2016 yilinda Tarim ve Orman Bakanlig1 tarafindan
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Kirsal Kalkinma Destekleri kapsaminda desteklenmeye baslanmistir. Geng Ciftci
Projelerinin Desteklenmesi 5 Nisan 2016 tarihli Resmi Gazete’de yayinlanan Teblig ile
yururlige girmigtir. Tebligde kirsal alanda yasayan geng ciftcilerin mahallinde
uygulayacag1 bitkisel tiretim, hayvansal tretim, yoresel tarim triinleri, tibbi ve
aromatik bitki tretimi, islenmesi, depolanmasi ve paketlenmesine yonelik projelere,
otuz bin TL'ye kadar hibe 6denmesine iligskin usul ve esaslar yayimnlanmistir (Anonim,
2016).

2016 yilinda yaklagik 15 000 geng ¢iftciye ¢esitli projeleri karsiligi olarak 450 milyon
TL'lik hibe verilmistir. Bu destek kapsaminda 8 514 geng ¢ift¢iye kisi bas1 6 adet olmak
tzere toplam 51 084 biiyiikbas hayvan ve 2 680 geng ciftciye ise kisi bag1 40'ar adet
olmak tzere 107 200 adet koyun/keci hibe edilmigtir. Aricilik ve kanathh hayvan
projeleri kapsaminda 2 264 geng c¢iftciye 68 milyon TL, bitkisel tretim projeleri
kapsaminda 1 520 geng ciftciye 45 milyon TL hibe verilmistir (Anonim, 2017a). 2017
yilinda ise 16 067 geng ciftciye yine projeleri karsilig: olarak hibe verilmistir.

Tarim ve Orman Bakanligi bu destek ile kirsal kalkinmanin ve tarimda
sturdiriilebilirligin saglanmasini, kirsaldan kente goct azaltilmayi, kirsalda istihdam
olanag yaratmayi, tarimsal geliri artirmayi, tarimsal nifusu genclestirmeyi ve kirsal
kalkinmanin genclerle beraber daha dinamik ve kalic1 bir gekilde gerceklesmesini
saglamayi hedeflemigtir.

Istatistiki Bolge Birimleri Simiflandirmasina gére TR83 bélgesinde 18-40 yag arasi
geng niifusun toplam istihdami 496 bin olup bunun 133 bini tarim sektérinde istihdam
edilmektedir. Bolgede 18-40 yas arasi genc¢ niufusun toplam istihdamai icerisindeki tarim
sektoriiniin pay1 %26,81°dir (Anonim, 2018).

TR83 bélgesinde hibeden yararlanan 888 isletme mevcuttur. Bu isletmelerin %18,46
s1 Amasya’da , %28,281 Tokat'da, %24,97si Corum’da, %28,29u Samsun’da
bulunmaktadir (Anonim, 2017b). Bolgede hibeden yararlananlarin %55,27’si Biiyiikbas
hayvancilik, %18,581 Kiiciikbag hayvancilik, %9,941 o6rtialt1 yetistiriciligi, %8,051
aricilik konularinda destek almiglardir (Anonim, 2017b).

Calismada, Tarim ve Orman Bakanhg tarafindan yiratiillen Geng Ciftgi Projelerinin
Desteklenmesi kapsaminda Turkiye Istatistiki Bélge Birimleri (IBBS2)
siiflandirmasinda yer alan TR83 Bolgesinde genc ciftcilerin desteklemelerden
yararlanma durumlar:1 Gizerinde etkili faktorler ve bu faktorlerin projeden yararlanma
durumunu ne yonde ve hangi diizeyde etkiledigi arastirilmigtir.

MATERYAL ve YONTEM

Aragtirmanin hedef kitlesini TR 83 Bolgesinde (Tokat, Amasya, Corum, Samsun) “Geng
Ciftci Projesi” Destek Programina basvuru yapmis destekten yararlanmis ve bagvuru
yapmis destekten yararlanamamis ireticiler olusturmustur. Ornekleme,

e Nz’o?
dz(N —:I.)-I—ZZG2 (1)
formiilii ile hesaplanmistir (Cigek ve Erkan, 1996).

Bu calismada, 2016 yilinda Tarim ve Orman Bakanlig1 “Geng Ciftci Projesi” Destek
Programina basvurmus olan {ireticiler (yararlananlar ve yararlanamayanlar)
arasindan, %99 giiven araliginda, 0,01 hata payi ile 6rnek hacmi belirlenmigtir. TR-83
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Bolgesinde Destekleme Programindan yararlanan 888 c¢ift¢i tizerinden ornekleme
yapilmistir. Arastirmada destekten yararlanan 120 ve desteklemeden yararlanamayan
140 olmak tizere toplam 260 tretici ile anket ¢aligmasi yuriatilmustur.

Calismada, Geng Ciftci Desteklemelerinden yararlanma durumuna etki etmesi
muhtemel olan o6zellikler Lojistik Regresyon yardimiyla arastirilmistir. Sosyal
bilimlerde bagimli degiskenin nitelik bildiren durumlar olmasi halinde bagimsiz
degiskenlerin bagimli degisken tizerinde etkisi lojistik regresyon yardimiyla
aranmaktadir (Caglayan, 2013). Lojistik regresyon analizinde, bagimli degiskenin
olculdign olgek turiine ve segenek sayisina gore, bagimh degisken iki secenekli bir
kategorik degisken ise “Ikili Lojistik Regresyon Analizi (Binary Logistic Regression
Analysis)” adim alir. Ureticilerin destekten yararlanma ve yararlanamama durumu iki
secenekli kategorik degisken oldugundan (Stephenson, 2008), calismada binary (ikili)
lojistik regresyon analizi kullanilmigtir.

Mevcut geng ciftgi desteginden yararlanma durumu bagimh degisken alinmis,
bagimli degisken tizerinde etkili olmasi beklenen bagimsiz degiskenler teker teker
modele dahil edilmigtir. Modelin anlamliligini olumsuz etkileyen ya da givenilirlik
diizeyini diisiiren degiskenler modelden ¢ikarilmigtir.

Ikili lojistik regresyon modelinde bagimli degiskenin gozlenen degeri iki olasi
durumu ifade etmek lizere, olayin meydana gelmesi durumunda 1, meydana gelmemesi
durumunda 0 degerini alir (Walker and Duncan, 1967). Arastirmada mevcut genc ciftci
desteginden yararlamlmasi durumu: (1: evet, 0: diger durumlar) bagimli degisken
olarak alinmistir. Modele dahil edilen bagimsiz degiskenler; Ciftcinin yas1 (yil),
cinsiyeti (0: erkek, 1:bayan), medeni durumu (1:evli, 0:bekar), egitim seviyesi (I:
ilkokul, 2:ortaockul, 3: lise, 4: liniversite ), ailedeki birey sayis1 (adet), ciftcilik deneyimi
(y1l), tarim dis1 geliri olma (0: var, 1:yok), ikamet edilen bélgenin en yakin sehir
merkezine uzakliglr (km), lireticinin engelli, sehit yakini, gazi olma durumu (1:evet;
O‘hayir), ciftci érgiitlerine tiyelik (1:iiye, O:iiye degil), sosyal giivence varhig (1:var, 0:
yok), tarimsal iiretim konularinda egitime katilim (1:katildi, O:diger durum), arazi
varligr (dekar), alet ekipman sahip varhig (1:var, 0:yok), hayvan varhg (sigir bas),
tarimla ilgili bilgi edinme amaciyla internet kullanma ahskanlhig (1:var; 0:yok),
tarimsal isletmeye sahip olma (1:yeni baslayacak; 2:¢iftcilik yapiyor alet-ekipmani yok;
3:tarimsal igletmeye sahip; 4:ebeveynle calisiyor ve igletme yoneticisi geng ¢iftei; 5:
ebeveynle calisiyor ve genc ciftci isletme yoneticisi degil)

Destek tercihlerinin belirlenmesinde (Champ ve ark., 2003) belirtilmis tercihler ana
baslhigindan Tercih Deneyi Yontemi kullanilmigtir. Bu yéntem, deneydeki degiskenlerin
ortogonal bir gekilde tasarladiginda her bir degiskeni korelasyonsuz olarak tahmin
edilmesini saglamakta ve aciklanmis tercihler yontemine goére 6nemli bir avantaj
saglamaktadir (Hanley ve ark., 1998). Bireylere sunulan secenekler s6z konusu mal ya
da hizmetin niteliklerine gore tanimlanmakta ve en yiksek fayday: saglayacak olan
secenek tercih edilmektedir (Colombo ve ark., 2005; Vega ve ark., 2011).

Tercih deneyinde temel degiskenler ve seviyeleri belirlenmesi gerekmektedir
(Holmes ve Adamowicz, 2003; Champ et al, 2003). Bu amacla verilen hibe ve bu hibe 3
seviye (25 000, 30 000, 40 000) destegi; (Zagata and Sutherland, 2015) tarafindan
onerilen 3 temel destek parametresi Turkiye i¢in modifiye edilerek, SGK primi destegi
saglanmasi, 2 secenek (binary), pazarlama durumu 2 secenek (s6zlesmeli olarak
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satiyor, girisimci kendi pazarlamasini kendi yapiyor) ve uygun faizli kredi destegi
seklinde diizenlenmigtir. Ortogonal tasarim yardimiyla belirlenen seceneklerden
ciftcilere kendileri i¢in en uygun olani se¢meleri istenmistir.

Burada sunulan seceneklerden girisimciye en uygun olanm (faydasini maksimize
eden) secenektir. Seceneklerin agirliklarinin hesaplanmasinda:

Uij= ai+ Bis Hibei+ Biz SGKDi+ Bis PSii+ Bis Kredi+us;

Fonksiyonu Multinominal Lojistik Regresyon (MNL) yardimiyla analiz edilmistir.
Cok Durumlu Logit Model (Multinomial Logit Model), modelin parametrelerinin
tahmininde Maksimum Olabilirlik Tahmin Modeli (Maximum Likelihood Estimation)
kullanan iki secimli logistik modellerin genellestirilmis halidir (Greene, 2008). Modelin
sonuclarinda HIBE degiskenin katsayisi yardimiyla, diger degiskenlerin hibe’ye gore
oranlari hesaplanabilmektedir.

Kabul Istekliligi; = - Brarakterikiix / Baive seklinde hesaplanmistir.

BULGULAR ve TARTISMA

Aragtirma alaninda ureticilerin yas1 18 ile 40 arasinda degismektedir ve yas ortalamasi
28dir. Ankete katilan tireticilerin %74.23i kadin, %25.77’si erkektir (Cizelge 1). Dogan
ve arkadaslariin (2018) yaptig1 calismada geng ciftci desteklerinden yararlananlarin
%79u, Kan ve arkadaslarinin (2018) calismasinda %80i kadindir. Tiirkiye’de 2016
yilinda geng ¢iftci projesinden yararlanan 11 077’si kadin ve 3.893’i erkek olmak tizere
14 970 proje sahibi destekten faydalanmigtir. Turkiye genelinde 2016 yilinda destekten
yararlananlarin %73.99'u kadindir. Geng¢ ciftgi hibe destegi programinda kadin
ciftcilere pozitif ayrimcilik yapilarak kadin girisimcileri is hayatina kazandirma
yoniinde tegvik edici olunmaya calisildig1 ve ek puan verildigi bilinmektedir (Anonim,
2016). Bu uygulamanin sonuclara yansidig gériilmektedir.

Ureticilerin %88.08’1 evlidir. Yaridan fazlasiin (%54.23) aileleri 6 veya daha fazla
sayida kisiden olusmaktadir (Cizelge 1). Sari Gedik (2019) tarafindan yapilan
calismada Tekirdag ilinde geng cift¢i projesinden yararlanan treticilerin %77.4Gnln
evli oldugu, projeden faydalananlarin bireyler degil ¢iftci aileleri oldugu belirtilmistir.

Destekten yararlanan treticilerin %42.50’s1, yararlanmayanlarin % 45’1 ilkokul
mezunudur. Tarim digi faaliyette bulunan treticilerin orani desteklemeden yararlanan
isletmelerde %8.33, yararlanamayan isletmelerde %22.86'dir (Cizelge 1). Dogan ve
arkadaslar1 (2018) tarafindan yiiriitiilen calismada geng ¢iftcilerin tarim dis1 faaliyette
bulunma orani %35.9 bulunmustur.

Calisma kapsamindaki tiim genclerin (destek alan, destek almayan) %77.31’inin
sosyal glivencesinin olmadig1 belirlenmistir. Sosyal glivencesi olmayanlarin orani,
destekten yararlananlar grubunda daha yiiksektir (Cizelge 1). Geng ciftci desteginde
gelir durumu dusik, herhangi bir sosyal giivencesi olmayan bireyler daha fazla 6n
plana cikarilmigtar.

Destekten yararlanan tureticilerin %39.17’sinin, yararlanmayanlarin %18.57’sinin
ciftci orgiitlerine iyelikleri bulunmaktadir (Cizelge 1). Unakitan ve Basaranin (2018)
yaptiklar1 calismada, genc¢ ciftci projesinden faydalanan kisilerin %20.70’inin bir
tarimsal orgiite Gye olduklari belirlenmistir.
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Cizelge 1. Arastirmaya katilan bireylerin sosyo-ekonomik ve demografik 6zellikleri
Table 1. Socio-economic and demographic characteristics of the individuals
participating in the research

Destekten Destekten

Yararlanan Yararlanamayan Toplam
Frekans % Frekans % Frekans %
o Kadin 98 81,67 95 67.86 193 74.23
Cinsiyet
Erkek 22 18,33 45 32.14 67 25.77
18-25 60 50,00 62 44.29 122 46.92
Yas 26-33 43 35,83 56 40.00 99 38.08
34-40 17 14,17 22 15.71 39 15.00
] Bekar 6 5.00 25 17.86 31 11.92
Medeni durum .
Evli 114 95.00 115 82.14 229  88.08
Tlkokul 51 42.50 63 45.00 114  43.85
Ortaokul 54 45.00 49 35.00 103 39.61
Egitim Lise 9 7.50 22 15.72 31 11.92
On lisans 3 2.50 3 2.14 6 2.31
Universite 3 2.50 3 2.14 6 2.31
) Var 10 8.33 32 22,86 42 16.15
Tarim dis1 gelir
Yok 110 91.67 108 77.14 218  83.85
_ o 1-3 8 6.67 7 5.00 15 5.77
fgly‘iglekl birey 4-5 48 40.00 56 40.00 104 40.00
6 ve daha fazla 64 53.33 77 55.00 141  54.23
) Var 22 18.33 37 26.43 59 22.69
Sosyal giivence
Yok 98 81.67 103 73.57 201  77.31
Ciftci 6reiitlerine Uye 47 39.17 26 18.57 73 28.08
tyelik Uye degil 73 60.83 114 81.43 187  71.92
1-5 yil 48 40.00 51 36.43 99 38.08
Ciftcilik deneyimi  6-10 yil 54 45.00 64 45.71 118  45.38
11 ve daha fazla 18 15.00 25 17.86 43 16.54
ikamet yerinin 1000 ve alty 84 70.00 94 67.14 178  68.46
niifusu 1001-10 000 36 30.00 46 32.86 82 31.54
Tarimsal konularda Aldi 40 33.33 13 9.29 53 20.38
egitim Almadi 80 66.67 127 90.71 207  79.62
10.000 ve alt1 25 20.83 36 25.71 61 23.46
) 10 100-20 000 80 66.67 81 57.86 161  61.92
Yillik gelir
20 100-30000 12 10.00 21 15.00 33 12.69
30 100 ve lizeri 3 2.50 2 1.43 5 1.92

Destege bagvuran bireylerin %38.08"1nin ¢ift¢ilik deneyimlerinin 0-5 yil, %45.38inin
6-10 yil arasinda, %16.54’iiniin 10 yildan fazla oldugu belirlenmistir (Cizelge 1).
Aragtirma sahasindaki tireticilerin %68.46’s1n1n ikamet ettikleri yerin nifusunun 1000
kisiden az oldugu belirlenmistir (Cizelge 1). Dogan ve arkadaslar: (2018) yaptiklar:
calismada treticilerin %57’ sinin ikamet ettikleri yerin nifusunun 1000 kisiden az
oldugunu belirlemiglerdir.
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Destekten  yararlananlarin  %33.33’Ginlin, destekten yararlanmayanlarin
%9.29unun tarimsal Uretim konularinda egitim aldig1 belirlenmigstir. Genel olarak
tarimsal konularda egitime katilim diisiik diizeydedir (Cizelge 1). Dogan ve arkadaslar
(2018) calismalarinda geng ciftci desteklerinden yararlananlarin %25.2’sinin tarimsal
tretim konularinda egitim aldigini belirlemiglerdir. Geng cift¢i hibe desteginden
yararlananlarin %66.67’sinin, yararlanmayanlarin %57.86’sinin yillik igletme geliri 10
bin-20 bin arasindadir (Cizelge 1).

Aragtirmaya Katilan Bireylerin Gen¢ Cift¢i Desteklemelerinden Yararlanmalar
Uzerinde Etkili Faktorler

Geng ciftci projeleri desteklemesi hibe programina bagvuru yapmis olan treticilerin
projeleri, Il Tarim ve Orman Midiirlikklerinin kurduklar: Degerlendirme Komisyonlari
tarafindan degerlendirilmigtir. Bu degerlendirmelerde kadinlara ve engelli/sehit
yakini/gazilere pozitif ayrimcilik yapilmasi, dezavantajli bélgelere ve egitim sertifikasi
olanlara arti puan verilmesi kararlagtirilmig ve bu kriterler yayinlanan Tebligde
belirtilmigtir. Teblig’de belirtilen bu kriterlere ilave olarak, projeleri degerlendirecek
olan Komisyona 10 puanlik bir puan verme yetkisi de sunulmustur. Arastirma bolgesi
i¢in yetkilendirilen Komisyonun yaptig1 degerlendirmelerde hangi kriterlerin 6n plana
ciktigin1  belirleyebilmek i¢in, T{reticilerin geng ¢iftgi  desteklemelerinden
yararlanmalar1 tizerinde etkili olabilecegi diigliniilen igletme 6zellikleri ile diger bazi
ozellikler incelenmistir. Bu faktérlerin ne kadar 6n plana ¢giktiginin irdelenmesiyle ayni
zamanda, Teblig kapsaminda ayricalik gésterilerek tesvik edilmek istenen gruplar i¢in
yapilan yonlendirmenin ne kadar etkili oldugu da ortaya konulmus olacaktar.

Arastirma bolgesinde genc bireylerin bir tarim isletmesine sahip olma konusundaki
durumu  degerlendirilmig, destekten  yararlanan  Ureticilerin %64’ lnin,
yararlanamayan treticilerin %55'1inin ebeveynle c¢alistig1 ve isletme yoneticisinin
ebeveyn oldugu gorilmiistiir. Ebeveynle ¢aligip isletme yoneticisi olan geng ¢ift¢ilerin
orani, desteklemelerden yararlananlarda %23, yararlanamayanlarda %18dir.
Desteklemelerden yararlanan ureticilerden %9.17’s1, yararlanamayanlarin %51
tarimsal igletme sahibi ve yonetici konumundadir. Desteklemelerden yararlanan
ureticilerin %1.67’sinin, yararlanamayan ureticilerin %7.86’sinin kendisinin ya da
ailesinin bir tarim isletmesine sahip olmadig1 belirlenmistir (Cizelge 2).

Cizelge 2. Tarimsal igletme sahipligi
Table 2. Ownership agricultural holdings

Destekten Destekten
Genel
Yararlanan  Yararlanamayan

Frekans % Frekans % Frekans %

Ebeveynle ¢calismakta isletme yoneticisi 77 64.17 77 55.00 154 59.93

ebeveyn

E:Ie;:i/iegnle calismakta igletme yoneticisi 08 93.33 26 18.57 54 20.77
Tarimsal igletme kendisine ait 11 9.17 7 5.00 18 6.92
Ciftgilik yapiyor alet ekipmani yok 2 1.67 19 13.57 21 8.08
Tarimsal igletmeye sahip degil 2 1.67 11 7.86 13 5.00

Toplam 120  100.00 140 100.00 260  100.00




ALTINTAS ve ark. / Turk J. Agr Eng Res (TURKAGER), 2020, 1(1), 152-168 159

Destekten yararlanan geng ciftcilerin %18.33t bitkisel tiretim, %22.50’s1 hayvansal
uretim, %57.50’si hem bitkisel hem hayvansal uretim yapmaktadir. Destekten
yararlanan ureticiler arasinda hayvansal, yararlanmayanlarda bitkisel Giretimin daha
fazla yapildig1 goriilmektedir (Cizelge 3).

Cizelge 3. Isletmelerin faaliyet alanlar:
Table 3. Agricultural activities of agricultural holdings

Destekten Destekten
Genel
Yararlanan Yararlanamayan
Frekans % Frekans % Frekans %
Bitkisel iiretim 22 18.33 46 32.86 68 26.15
Hayvansal tiretim 27 22.50 24 17.14 51 19.62
Bitkisel ve hayvansal 69 57.50 59 42.14 128 49.23
lretim
Destekle tretime 2 1.67 11 7.86 13 5.00
baglayacak
Toplam 120 100.00 140 100.00 260 100.00

Destekten yararlananlarin toplam arazi varligil ortalama 34.48 dekar, destekten
yararlanamayanlarin ise 38.29 dekardir. Bu degerlere geng c¢iftgilerin ailelerine ait
araziler ve kiralanan araziler dahildir. Geng ciftcilerin dogrudan kendilerine ait miilk
arazi varhigi oldukcga disiktir. Milk arazi varhigi desteklemeden yararlananlarda
ortalama 1,13 dekar, yararlanamayanlarda 1,68 dekardir. Geng yasta olduklar: i¢in
arazi miulkiyetleri ebeveynlerdedir. Aileye ait arazi varligi ise destekten
yararlananlarda ortalama 28.51 da yararlanamayanlarda 26.91 da’dir. Destekten
yararlanamayanlar grubunda kira arazi ortalamasi (9.70 da) yararlananlardan (4.85

da) yiiksektir. Ureticilerin igletmelerinde ortalama parsel sayis1 yaklagik 4 civarindadir
(Cizelge 4).

Cizelge 4. Geng ciftcilerin arazi varligi
Table 4. Land ownership of young farmer

Destekten Yararlanan Destekten Yararlanamayan Genel

Ort. Say1 Max Ort. Say1 Max  Ort. Say1 Max
Toplam arazi varligi 34.48 120 1200 38.29 140 600 36.54 260 1200
Islenen arazi 29.78 120 1200 26.92 140 600 28.24 260 1200
Mulk arazi 11.3 120 40 1.68 140 120 1.42 260 120
Ailesine ait arazi varlign ~ 28.51 120 1200 26.91 140 500 27.65 260 1200
Kiralanan arazi 4.85 120 190 9.70 140 580 7.46 260 580
Nadas 4.7 120 125 11.37 140 600 8.29 260 600
Toplam parsel sayis1 adet 4.14 120 60 4.31 140 47 4.23 260 60
Sulanan arazi varligi 7.75 120 150 13.94 140 300 11.08 260 300

Isletmelerin sahip oldugu hayvan varligi incelendiginde, kiigiikbag, biiytikbas ve
kanath grubunda cesitlenmis, ancak ¢ok yiiksek olmayan bir hayvan varhigindan séz
edilebilir. Isletme bagina ortalama 4.13 bag sig1r, 0.15 bas manda, 8.45 bas koyun, 1.43
bas keci, 10.33 adet yumurta tavugu vardir (Cizelge 5).
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Cizelge 5. Hayvan varlhigi
Table 6. Livestock
Destekten Yararlanan Destekten Yararlanamayan Genel
Hayvan Igletme Ortalama Hayvan Igletme Ortalama Hayvan Isletme Ortalama
sayis1  Sayisi sayis1  Sayisi sayis1  Sayisi

Sigir bag 546 67 4.55 529 64 3.78 1075 131 4.13
Manda 30 1 0.25 9 3 0.06 39 4 0.15
bas
Koyun basg 929 20 7.74 1269 18 9.06 2198 38 8.45
Kegi bag 172 4 1.43 200 1 1.43 372 5 1.43
Yumurta 789 19 6.58 1898 19 13.56 2687 38 10.33
tavugu
Ordek 40 4 0.33 34 4 0.24 74 8 0.28
Kaz-Hindi 44 5 0.37 71 6 0.51 115 11 0.44
Ar
Kovani 112 2 0.93 57 2 0.41 169 4 0.65
(adet)

Projeye bagvuru yapilan yerin yararlanma lzerinde avantaj ya da dezavantaj
olusturup olusturmadigi da arastirma kapsaminda incelenmis, ikamet edilen yerin
sehir merkezine uzakligina gore yararlanma oranlari degerlendirilmistir. Destekten
yararlananlarin ikamet yerinin sehir merkezine uzakhiginin ortalama 17 km,
yararlanamayan ureticilerin ise ortalama 16 km oldugu belirlenmigtir. Sehir merkezine
uzaklik minimum 3 km maksimum 47 km olarak tespit edilmistir (Cizelge 6).

Cizelge 6. Ikamet yerinin sehir merkezine uzaklig
Table 6. Distance of the village to city center
Ikamet edilen yerin sehir merkezine uzakhg: (km)

Frekans Ortalama (km) Minimum (km) Maksimum (km)
Destekten Yararlanan 120 17.44 3 45
Destekten Yararlanamayan 140 16.02 2 47
Toplam 260 16.68

Geng ciftci desteklemeleri hibe programi; niifusu yirmi binden az olan yerlesim
birimlerini ve 6360 sayili Kanunun ylrirlige girmesinden 6nce tiizel kisiligi olan ve
yirmi bin niifusun altindaki yerlesim birimlerini kapsamaktadir. Arastirmada da geng
ciftci hibe programina, ikamet yerinin niifusu az olan yerlesim birimlerinden bagvuru
yapildigr gorilmustiir. Destekten yararlananlarin %70’inin, yararlanamayanlarin
%67’sinin ikamet ettigi yerin nufusu 1000 kisi veya altindadir. Arastirma
kapsamindaki geng ureticilerin ikamet yerleri bin kigiden daha diigiik ntifuslu olup en
fazla 10 bin niifusludur (Cizelge 7).

Cizelge 7. Ikamet yerinin niifus say1s
Table 7. Population of the village

Destekten yararlanan Destekten Yararlanamayan Genel

Frekans % Frekans % Frekans %
1000 ve alt1 84 70.00 94 67.14 178 68.46
1001-10000 36 30.00 46 32.86 82 31.54
Toplam 120 100.00 140 100.00 260 100.00
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Teblig icerisinde belirtilen kriterlerden iireticinin engelli, sehit yakini veya gazi olma
hali de arastirma kapsaminda ele alinmistir. Desteklemelerden yararlanan treticilerin
%4,17’s1, yararlanamayan Ureticilerin %4.29u, genel ortalamada %4,231 engelli, sehit
veya gazi yakinidir. Bagvuru yapanlar icerisinde engelli, sehit ya da gazi yakiniolan 11
kisi bulunmaktadir. Bu iireticilerden 571 (%1,92) destekten yararlanmis, 6 kisi (%2,31)
destekten yararlanamamistir (Cizelge 8).

Cizelge 8. Ureticilerin engelli, sehit yakini1 veya gazi olmalarina gore desteklemeden
yararlanma oranlar:

Table 8. Benefit rates of producers based on whether they are disabled, martyrs or
veterans

Engelli, sehit . Destekten Yararlanan Destekten Genel

yakini ya da gazi Yararlanamayan

mi? Frekans % Frekans % Frekans %
Evet 5 4.17 6 4.29 11 4.23
Hayir 115 95.83 134 95.71 249 95.77
Toplam 120 100.00 140 100.00 260 100.00

Geng Ciftci Desteklerinden Yararlanan Ureticilerin Destek Aldiklar: Proje Konular ve
Hibe Destegi Hakkinda Diigtlinceleri

Geng ciftgi desteklerinden yararlanan treticilerin hangi proje konularinda destekleme
aldiklar1 arastirma kapsaminda incelenmistir (Cizelge 9). Arastirma boélgesinde genc
ciftci desteklemelerinden yararlanan tureticilerin %68.33"ii biiylikbas ve kiiclikbasg
hayvancilik projeleri ve %15.83’G kontrolli 6rti alt1 yetistiriciligi proje konularinda
hibe desteginden yararlanmistir. Destek alinan diger proje konular: ise sirasiyla %5.83
kapama meyve bahcesi tesisi, %3.33 ar1 ve ar1 urtinleri yetistiriciligi, %2.50 fide, fidan,
i¢ ve dis mekan siis bitkisi yetistiriciligi, %1.67 kiiltiir mantar1 Giretimi, %1.67 kanath
hayvan yetistiriciligi, %0.33’de tibbi bitki yetistiriciligidir. Sonuglara gére hayvancilik
projeleri 6nemli farkla agirhik kazanmistir.

Cizelge 9. Yas gruplarina gore desteklenen proje konular:
Table 9. Project topics supported by age groups

Destekl ‘e konul 18-25 26-33 34-40 Genel
estelclenen proje konular: Frekans % Frekans % Frekans % Frekans %
Biytikbag ve kigikbag hayvanalk 66.67 30 69.77 12 70.59 82 68.33
projeleri

Ar ve ar1 triinleri yetistiriciligi 0 0.00 3 6.98 1 588 4 3.33
Kanath ve ipekbocekgiligi 2 333 0 0.00 0 000 2 1.67
yetigtiriciligi

Kapama meyve bahgesi tesisi 2 333 5 11.63 0 0.00 7 5.83
Fide, fidan, sts bitkisi yetistiriciligi 3 500 O 0.00 O 0.00 3 2.50
Kontrolli 6rti alt1 yetigtiriciligi 12 20.00 3 6.98 4 23.53 19 15.83
Kiultir mantar: Giretimi 1 1.67 1 233 0 0.00 2 1.67
Tibbi bitkiler 0 0.00 1 2.33 0 0.00 1 0.83
Toplam 60 100.00 43 100.00 17 100.00 120 100.00

Hibe desteginin geng ciftciler acisindan énemi, destekle ilgili dusiinceleri alinarak
ortaya konulmaya c¢alisilmigtir. Desteklemeden yararlanan treticilerin %65.83’4 bu
sayede Uretime basladigini belirtirken, %87.50’si mevcut tiretimini artirdigini, %9.17’s1
mevcut Uretimini korudugunu, %51 tarimsal tiretim konusunda katkisi olmasa da
maddi sikintisini giderdigini ifade etmislerdir. Faydasi olmadi ya da zarari oldu diyen
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ureticiye rastlanmamistir. Genel anlamda tireticilerin destekten olduk¢a memnun
olduklar: goriillmektedir ve sonuclar destegin tarimsal tiretime yonlendirici oldugunu
ortaya koymaktadir (Cizelge 10).

Cizelge 10. Destekten yararlanan tureticilerin aldiklar: destekle ilgili degerlendirmeleri
Table 10. Evaluations of the support beneficiaries regarding their support
Destekten Yararlanan

Frekans %
Evet 79 65.83
Destek inde tretime baglad
estek sayesinde tiretime basladim Hayur 41 34.17
1. e Evet 105 87.50
Destekle birlikte mevcut Giretimim artti Hayir 15 19.50
Evet 11 9.17
Destek ind t Gretimimi korud
estek sayesinde mevcut tiretimimi korudum Hayur 109 90.83
Destegin tarimsal tiretim konusunda katkis1 olmasa Evet 7 5.83
da maddi sikintimi giderdi Hayir 113 94.17
Evet 0 0.00
Destegin hicbir fayd. Imad
estegin hicbir faydasi olmadi Hayr 120 100.00
Evet 0 0.00
Destegi 1d
estegin zarari oldu Hayur 120 100.00

Ureticilerin daha 6nce bagka bir konuda hibe destegi alip almadig: incelendiginde,
destekten yararlanan iireticilerin daha once hi¢ hibe destegi almadig1 belirlenmistir.
Destekten yararlanamayan grupta ise lreticilerin %2.86’sinin daha 6nce baska bir
konuda hibe destegi aldiklari belirlenmistir. Daha énce hibe destegi alan lreticilerin
ise ¢ tanesinin alet makine hibe destegi, bir tanesinin ise koyun hibe destegi aldig
belirlenmistir (Cizelge 11).

Cizelge 11. Geng¢ ciftgilerin daha oOnce bir hibe desteginden yararlanip
yararlanmadigi
Table 11. Whether young farmers have previously utilized a grant support

Destekten Destekten
Genel
Yararlanan Yararlanamayan
Bagka bir hibe desteginden; Frekans % Frekans % Frekans %
Yararland: 0 0.00 4 2.86 4 1.54
Yararlanmadi 120 100.00 136 97.14 256 98.46
Toplam 120 100.00 140 100.00 260 100.00

Geng cift¢i hibe programi olmamasi durumunda tireticilerin bu yatirimi yapma
olasiligina iligskin sonuglar Cizelge 12'de verilmektedir. Hibe desteginden yararlanan
ureticilerin %11.67’s1 destek almamig olsaydi bile bu yatirimi yapacagini, %801 ise
yapamayacagini ifade etmistir. Ureticilerin %8.33’ii ise bu soruda kararsiz
kalmiglardir. Sonucglara gore, geng c¢ift¢ci projesi geng treticilerin %80’ini tarimsal
iiretimle ilgili yatirim yapmaya yonlendirmistir. Unakitan ve Basaran (2018)
calismalarinda geng ciftgi desteginin tarimsal tretime 6zendirici katkisi oldugunu
belirten treticilerin oranini %67.20 olarak belirlemiglerdir.



ALTINTAS ve ark. / Turk J. Agr Eng Res (TURKAGER), 2020, 1(1), 152-168 163

Cizelge 12. Geng cift¢inin destek programi olmamasi durumunda bu yatirimi yapma

olasiligi
Table 12. Possibility to make this investment in the event that the young farmer has no
Support program
Geng ciftei destegi olmamasi durumunda Destekten Yararlanan
Bu yatirimi; Frekans %
Gergeklestirirdi 14 11.67
Gergeklestiremezdi 96 80.00
Kararsiz 10 8.33
Toplam 120 100.00

Geng¢ C(Ciftci Projelerine Bagvuranlarin S6z Konusu Projelerden Yararlanma
Durumlarina Iligkin Logit Model Tahminleri

Geng ciftei desteginden yararlanmayr etkileyen sosyo-demografik ve karakteristik
ozellikler Lojistik Regresyon yardimiyla arastirilmigtir. Destekleme durumunu
etkileyebilecegi diisliniilen 17 adet bagimsiz degisken modele dahil edilmistir. Kurulan
model ile Geng Ciftci Proje Destegi secim kriterlerinin secim sonucunu yaklasik olarak
%28 oraninda aciklayabildigi sonucuna ulagilmistir.

Analiz sonucuna gore cinsiyet, ikamet edilen bolgenin gsehir merkezine uzaklhg,
tarimsal tretim konularinda egitim alma durumu %1 6nem seviyesinde anlamli
bulunmustur. Bu faktorler Tebligde belirtildigi tizere dikkate alinan kriterlerdir.
Tebligde yer alanlar disinda 6ne ¢ikan diger kriterler ise medeni durum, tarim disi
geliri olma, c¢ift¢i 6rgilitlerine uyelik, tarim ile ilgili bilgi edinme amaciyla internet
kullanma aligkanligi, tarimsal igletmeye sahip olma durumudur. Sonug¢ olarak
ureticilerin desteklemeden yararlanma olasiligini; kadin olma, evli olma, tarim dis:
geliri olmama, ikamet yerinin sehir merkezine uzak olmasi, ¢ift¢i 6rgiitlerine liye olma,
tarimsal tretim konularinda egitim alma, tarim ile ilgili bilgi edinme amaciyla internet
kullanma aliskanliginin olmasi ve tarimsal isletmeye sahip olma pozitif yonde etkileyen
faktorler olarak belirlenmistir (Cizelge 13).

Kan ve arkadaslar1 (2019) yaptiklar:1 calismada etki katsayilarinin biiyiikliikleri
acisindan GCPD secilme kriterleri degerlendirildiginde sirasiyla; kadin, evli, 18-30 yasg
araliginda, 1000 ve alt1 nifuslu yerlesim yerlerinde ikamet eden, tarimsal lretim
konusunda bir egitime sahip, engelli, sehit yakini ya da gazi olan ve yillik 10 000 TL ve
disiik gelirli isletmelerde bulunan bireylerin, GCPD’den daha fazla oranda
yararlandiklarini belirlemiglerdir.

Dogan ve arkadaglarmin (2018) tarafindan TR 71 bélgesinde gerceklestirilen
calismanin Logit model sonuc¢larina gore; cinsiyet, medeni durum, ciftcilikle ugrasma,
ailenin ciftcilikle ugrasma durumu, ikamet edilen yerin nifusu, sosyal giivence, tarim
egitimi sertifika sahibi olma durumu ve miulk arazi sahibi olma durumu bireylerin geng
cift¢ci desteklerinden faydalanmalar: tizerinde etkili bulunmustur. Arastirmaya gore,
cinsiyet, tarimsal konularda egitim aldigina dair sertifika sahibi olma pozitif etkili;
bekar olma, ciftgilikle ugrasiyor olma, ailenin ¢iftgilikle ugrasiyor olmasi, sosyal
glivence sahibi olma negatif etkili faktorlerdir. Ayrica ikamet edilen yerin niifus attik¢a
da destekten yararlanma olasiliginin azaldig tespit edilmigtir.
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Cizelge 13. Geng ¢iftci desteginden yararlanma durumuna iligkin logit model tahminleri
Table 13. Logit Model forecasts regarding utilization of young farmer support

Bagimsiz degiskenler Katsay E:::dart fl-egeri p- degeri Mazrjinal etki
Sabit -3.64894** 1.59727 -2.28 0.0223

Cift¢inin yas1 -0.01694  0.04056  -0.42 0.6762 -0.00281
Cinsiyet 1.67924%** (0.47128  -3.56 0.0004 0.25718***
Medeni durum 1.52837** 0.61103  2.50 0.0124 0.23521***
Egitim seviyesi 0.03626  0.23062  0.16 0.8751 0.00601
Ailedeki birey sayis1 (adet) -0.10229  0.07637 -1.34 0.1804 -0.01695
Ciftcilik deneyim (y1l) -0.03758  0.04812 -0.78 0.4349 -0.00623
Tarim dig1 geliri olma 1.51428** 0.59744 -2.53 0.0113 0.23599***
Ikamet yerinin sehir merkezine uzaklhg1 0.05307*** (0.01924  2.76 0.0058 0.00879***
Engelli, sehit yakini, gazi olma 0.58482  0.70217  0.83 0.4049 0.09711
Ciftci orguitlerine tyelik 1.38908*** (0.41118  3.38 0.0007 0.23260%**
Sosyal giivence varligi -0.27746  0.46813  -0.59 0.5534 -0.04583
Tarimsal Gretimle ilgili egitime katilim 2.52062*** (0.505564  4.99 0.0000 0.40152%**
Arazi varhg -0.00092  0.00156  -0.59 0.5542 -0.00015
Alet ekipman varhig 0.44673  0.33871  1.32 0.1872 0.07422
Hayvan varhig -0.00705  0.02362 -0.30 0.7653 -0.00117
Tarimla ilgili bilgi %dinme amaciyla internet 099179%%* 035311 92.81 0.0050 0.16820%**
kullanma aligkanhg

Tarimsal igletmeye sahip olma 0.41670** 0.16868  2.47 0.0135 0.06904**

Mc Fadden R Squared:0,28, X2: 100.90427, Log Likelihood: -128.99614, F:128.9961 (P:0.000)
* %10, ¥*%5, ¥*¥*%1

Arastirma sonuclar: karsilastirildiginda, cinsiyet konusunda Kan ve arkadaslarinin
calismasiyla paralellik, Dogan ve arkadasglarinin ¢alismalariyla farkli yénde sonugclar
ortaya ciktigr gorilmektedir. Evli olma, tarimsal konularda egitim almis olma ve az
nifuslu yerlerde ikamet etme her i¢ arastirmada pozitif etkili faktorler olarak
belirlenmigtir.

Tercih Deneyi Sonuclar:

Girisimci adaylarina destekleme ile ilgili farkhh alternatiflerden olusan bes farkh
secenek sunulmus ve hangilerini tercih edecekleri konusunda fikirleri alinmigstir.
Birinci secenek; 25 bin TL hibe destegi olsun, sosyal giivence destegi olsun, sézlesmeli
satis olsun ve kredi destegi olsun segenegidir. Ikinci secenek; 30 bin TL hibe destegi
olsun, sosyal giivence destegi olsun, s6zlesmeli satis olmayabilir ve kredi destegi
olmayabilir se¢enegidir. Ugtlincii se¢enek; 30 bin TL hibe destegi olsun, Sosyal giivence
destegi yok, sozlesmeli satis olmayabilir ve kredi destegi var secenegidir. Dordinci
secenek; 40 bin TL hibe destegi olsun, sosyal giivence destegi yok, sozlesmeli satig
olmayabilir ve kredi destegi yok secenegidir. Besinci secenek; 40 bin TL hibe destegi
olsun, sosyal gilivence destegi yok, soézlesmeli satigs olsun ve kredi destegi yok
secenegidir. Sorulan bes farkli secenegin tercih siralamasina bakildiginda en cok tercih
edilen segenekler 1 ve 2 numarali se¢ceneklerdir. Bir numarali segenek; 25 000 lira hibe,
sosyal giivence destegi var, sozlesmeli alim garantisi var, kapasite artirimi i¢cin kredi
destedi var secenegi en ¢ok tercih edilen secenektir. Ikinci sirada en ¢ok tercih edilen
secenek ise 30 000 lira hibe, sosyal giivenlik destegi var, s6zlesmeli alim destegi yok,
kapasite artirimi i¢in kredi destegi yok secenegidir (Cizelge 14).
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Cizelge 14. Tercih deneyi sonuglari
Table 14. Results of preference experiment

165

Secenekler Frekans %

1 105 40.39
2 98 37.69
3 1 0.38

4 49 18.85
5 7 2.69
Toplam 260 100.00

1 Hibe: 25.000 / SGK Destegi: Evet / Satig Durumu: S6zlesmeli olarak satiyor. / Kredi Destegi: Var
2 Hibe: 30.000 / SGK Destegi: Evet / Satis Durumu: Kendi satiyor. / Kredi Destegi: Yok

3 Hibe: 30.000 / SGK Destegi: Hayir / Satis Durumu: Kendi satiyor. / Kredi Destegi: Var

4 Hibe: 40.000 / SGK Destegi: Hayir / Satis Durumu: Kendi satiyor. / Kredi Destegi: Yok

5 Hibe: 40.000 / SGK Destegi: Hayir / Satis Durumu: S6zlesmeli olarak satiyor. / Kredi Destegi: Yok

Kabul etme rakamlarina bakildiginda girisimcilerin tarimda kalmak i¢in istedikleri
baglangi¢c sermaye destegi 38 500 liradir. SGK destegi yaklasik 9 000 liralik bir
sermayeye, alim garantisi 2 200 lira, Kredi destegi ise 12 000 liralik bir sermaye
destegine denk gelmektedir (Cizelge 15).

Takashi ve arkadaslari (2016), calismalarinda tercih deneyi yardimiyla genc
ciftcilerin tarima katilmalar: igin en uygun politikanin belirlenmesini aragtirmiglardir.
Calismalarinda bir girisimcinin ¢ift¢ilige baglamasinin, tarimdan yillik 121.000 Pound
getiri, teknik destek saglanmasi ve garanti alim ile miimkiin oldugunu belirtmislerdir.

Girisimeci adaylarina uygun politika destek araclarina iliskin tercihleri
incelendiginde hibe miktarinin artirilmasi girisimcilik izerinde negatif bir etkiye sahip
olmaktadir. Diger degiskenler sabitken fireticilere pazarlama destegi saglanmasi,

saglanmayan destege gore tarimda kalma egilimini 0.10 Kat (%10) fazla artirmaktadar.

Cizelge 15. Tercih deneyi segeneklerine iligkin Lojistik Regresyon Analizi
Table 15. Logistic Regression Analysis related to preference experimental options

o ODDS Kabul Etme
Degigkenler Katsay1 Oranlar Std. Hata Z P>|Z]| is teklilii
Hibe -0.0010 - 0.0002 -5.1200 0.00 38576.8718
SGK -9.3798 0.0001 2.0303 -4.6200 0.00 9061.7757
Pazarlama -2.2626 0.1041 0.4430 -5.1100 0.00 2185.8371
Kredi -12.1620 0.0000 3.0447 -3.9900 0.00 11749.5894
Sabit 39.9309 - 8.0812 4.9400 0.00
Pseudo R? 0.2179 L.0. Ki- 28019  Ki-Kare(p) 0,00

Kare
SONUC

Kirsal Kalkinma Destekleri kapsaminda Tarim ve Orman Bakanhgi, geng ciftcilerin
girisimciliginin desteklenmesi amaciyla genc¢ ciftgilerin mahallinde uygulayacag
projeleri 2016 yilinda destekleme kapsamina almistir. Arastirmada TR-83 bolgesi
(Tokat, Amasya, Samsun ve Corum) destekleme programina basvuru yapmis
desteklemeden yararlanmis Ttreticilerle ve desteklemeden yararlanamamis olan
ureticilerle caligilmigtir.

Destekleme verilirken kadinlara pozitif ayrimcilik yapilmasi ilgili tebligde yer aldigi
gibi, arastirma alaninda da kadinlarin destekten daha ¢ok yararlandig1 tespit
edilmigtir. Ancak saha c¢alismalarinda destekten yararlanan kadinlarin bir¢ogunun
girisimci olmadigl, es ya da babanin igletme yoneticiligini tstlendigi, ¢ogunlukla
kadinlarin varliginin proje bagvuru asamasiyla simirh kaldigi gériilmistir. Bu durum
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gostermektedir ki, ¢egitli politikalarla yonlendirilmeye ¢alisilan kirsal kesim toplumu
daha iyi analiz edilmelidir. Kadinlarin daha girisimci olmasi amacglaniyorsa, bunun
ontindeki toplumsal engeller 6ngoriillmeye ve uygun politikalarla bertaraf edilmeye
calisilmalidir.

Calisma kapsamindaki genclerin (destek alan ve almayan) cogunlugunun sosyal
glivencesinin olmadigi belirlenmigtir. Gortsiilen genglerden her dérdiinden tgiiniin
kendisini ve gelecegini giivenceye alamamis olmasi, kirsal alanda bu konunun ¢6ziim
bekledigine igsaret etmektedir. Son yillarda ¢alismalarda sik¢a dile getirilen, kirsal
alanda kalinmasi koguluyla sosyal glivence saglanmasi 6nerisi tizerine digtintilmelidir.

Bunlarin disinda, cift¢i orgutlerine tiyelik ve tarimsal konularda egitim almis olma
destekten yararlananlarda daha yiliksek orandadir. Bu kriterler ve kirsal kalkinma
acisindan O6nemi kabul edilen bagka kriterler, desteklerden yararlanirken burada
oldugu gibi avantaj saglamalidir. Kirsal alana yonelik desteklerde avantaj haline
getirilmesi, s6z konusu kriterleri yayginlastirmanin en etkili yollarindan biri olabilir.

Destege bagvuru yapan ireticilerin cogunlugu niifusun azaldign (niifusun 1000
kisiden az oldugu) yerlerde ikamet etmektedir. Kirdan goc genc ciftci destek
programinin temelini olusturan bir neden oldugu i¢in, az nifuslu koylerdeki gencleri
harekete gecirmis olmasi agisindan O6nemlidir. Buradan hareketle, diger tarimsal
desteklerde niifusu azalmig kirsal yerlesim birimlerine ayricalik taninmasinin etkisi
tzerine dislinilmeli ve onemli bir etki saglayacag ongoriildiginde bu ayricalik
saglanmalidir.

Arazi varhigi agisindan destekten yararlananlar yararlanmayanlara goére daha
dezavantajlidir. Destekten yararlanan ftreticilerin %801 hibe destegi almamalar:
durumunda bagvuru yaptiklar:i konuda yatirim yapamayacaklarini ifade etmislerdir.
Su anda faaliyet gosteren tarimsal isletmelerde yapilan yatirnmin %801 destekleme
sayesinde aktif hale gelmigtir. Desteklemenin tarimsal istihdam, gencgleri tarim
sektorine kazandirma ve tarimsal liretim agisindan olumlu etkisi oldugu séylenebilir.
Bundan sonraki siiregte bu igletmelerin tarimsal faaliyetlerinin izlenmesi ve
degerlendirilmesi yatirimin stirdirilebilirligi acisindan énemli gérilmektedir.

Desteklemeden yararlanmay: etkileyen faktorlerin belirlenmesi amaciyla yapilan
regresyon analizi sonucunda; kadin olma, evli olma, tarim dis1 geliri olmama, goéreli
olarak sehir merkezine daha uzak bir yerde ikamet etme, ¢ift¢i 6rgiitlerine iye olma,
tarimsal Uretim konularinda egitim almis olma, tarimsal konularda bilgi edinme
amaciyla internet kullanma ve tarimsal isletmeye sahip olma pozitif yonde etkili
faktorler olarak belirlenmistir.

Aragtirma kapsaminda, geng c¢iftgilerin kendilerine sunulan farkli destekleme
seceneklerinden hangisini tercih edecekleri konusunda da degerlendirme yapilmigtir.
Ureticilere sunulan bes alternatiften; “25 000 lira hibe verilsin, sosyal giivence destegi
olsun, s6zlesmeli alim garantisi olsun, kapasite artirimi i¢in kredi destegi olsun” en ¢ok
tercih edilen secenek olmustur. Ikinci sirada en ¢ok tercih edilen secenek ise;  “30 000
lira hibe verilsin, sosyal giivence destegi olsun, s6zlesmeli alim destegi olmayabilir,
kapasite artirmi icin kredi destegi olmayabilir” secenegidir. Ureticiler destegin
yaninda sosyal giivence olmasini da énemsemektedirler. Ankete katilanlarin %77’ sinin
sosyal glivencesi olmadig1 distnildigiinde, treticiler icin sosyal gliivencenin, kredi
destegi ya da sozlesmeli alim garantisinden daha o6n plana c¢ikmasi anlamh
goziikmektedir.
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Seceneklere iligkin alt seceneklerin 6nem diizeylerini ve her diizeyin ne kadar 6nemli
oldugunu belirlemek i¢in yapilan Lojistik Regresyon sonucu kabul etme rakamlar:
incelenmigtir. Geng c¢iftgilerin tarimda kalmak igin istedikleri baslangic sermaye
destegi 38 500 liradir. SGK destegi yaklasik 9 000 liralik bir sermayeye, alim garantisi
2 200 liralik, kredi destegi ise 12 000 liralik bir sermaye destegine denk gelmektedir.
Burada da 6zellikle tiretken nifusun kirsal alanda tutulmasini saglamak icin, sosyal
glivence olanaginin yonlendirici bir politika araci olarak nasil kullanilabilecegi
tizerinde diigsinilmelidir.

CIKAR CATISMASI

Yazarlar olarak, ¢calismanin planlanmasi, yuritilmesi ve makale olarak yazilmasi
konusunda herhangi bir ¢ikar ¢atismasi igerisinde olmadigimizi beyan ederiz.

YAZAR KATKISI

Giilgin Altintag: Arastirmanin ylrttulmesi, érnekleme ¢alismasi, verilerin analizi ve
yorumlanmasi, rapor yazimi

Atila Altintag: Ornekleme calismasi, anket calismasi ve verilerin toplanmasi, verilerin
analizi ve yorumlanmasi

Esen Orug: Verilerin yorumlanmasi, rapor yazimi

Halil Kizilaslan: Verilerin yorumlanmasi, rapor yazimi
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ABSTRACT

In this study, ecological and carbon footprints of students who
have undergraduate education in 8 different departments of
Siirt University Faculty of Agriculture were calculated. In the
research, online “Ecological Footprint Survey” was used as
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the world. Determining the ecological footprints of individuals
living in a region is also important for the landscape architecture
studies to be carried out there. The low or high ecological
footprint is an indication of the use of natural resources in the
region. Contributions to be made to the preservation or
formation of the natural balance can be determined with this
indicator. In short, landscape studies in the region can be shaped
with ecological footprint data.
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Engineering Research (TURKAGER), 1(1): 169-176.

INTRODUCTION

Since the existence of the world, human who has lived a life intertwined with nature
has interacted with the environment throughout history, has learned to fulfill his needs
from the environment and has tried to gain control over a wide area until he reaches
farming, domestication, production and finally genetically modified foods. Nature is
mostly seen as a “boon” and excessive consumption or excessive use have destroyed
nature. The rate of damage to the environment has increased with the industrial
revolution. While using the environment, people have could not predict the harms of
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this in the following periods. The unconsciously used environment and excessive
consumption have started to harm both the natural environment and the human being
that is a part of it. The number of diseases related to environmental pollution has
increased (Abdalla, 2018).

Climate change and global warming are among the most discussed environmental

issues in recent years. The effects of environmental problems, especially global
warming, are increasing each year. Therefore, the concept of ecological footprint has
bandied about in order to measure the use of natural resources.
Ecological footprint is a concept that shows which natural resources are used for human
activities and how much natural production area is required to replace each one (Secme,
2019). The ecological footprint is a concept that shows how much space individuals use
with their consumption habits and how much space they will need while maintaining
these habits, and can present data that can help organize the habits in favor of the
environment (Oztiirk, 2010).

Sustainability - Environment — Ecology

In 1980, World Conservation Strategy: Living Resource Conservation for Sustainable
Development had emphasized the fact that natural resources and the ecosystem's
carrying capacity are limited due to the use of natural resources and economic
development. It had emphasized that the interests of future generations should be
protected (Secme, 2019). With the Brundtland Report (Our Common Future) published
in 1987, sustainability has been an important issue worldwide. According to the report,
sustainability had defined as “meeting today's needs without compromising the
possibilities of future generations”. Considering that almost all needs are met from
nature / environment, the link between environment and sustainability is more clearly
understood.

According to Secme (2019), considering the common aspects of the many definitions
made, the environment is the place where the assets maintain their relationships in
their habitats and realize the biological, physical and social contexts between them. In
other words, environment is the place in which beings are in a certain interaction
system in natural, artificial and social sense. As a result, the environment is seen as
the relationship between all living and inanimate beings and the whole of different
factors that affect the life of living things.

Today, the concepts of human, environment and ecology are considered as a whole.
The term ecology, first introduced by the German biologist Haeckel in 1870, is briefly
defined as "a branch of science that investigates the effect of the interrelationships
between living things and their ecosystems”. Man affects the ecosystem that he lives in,
namely his environment, and continues his life using the resources in this ecosystem.
Unfortunately, the negative effect of human on the environment causes environmental
problems. Natural resources are not unlimited. For this reason, ecological footprint is
used to measure resource use and to reveal the relationships between people and the
environment.

Ecological Footprint

The concept of ecological footprint was introduced by Wackernagel and Rees in the
1990s. According to Akilli et al. (2008), it refers to a tool that calculates the biological
productive area that the individuals use to meet all their needs in order to measure the
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productivity and quantity of intact natural resources, and to produce solutions that
prevent the destruction of nature. The ecological footprint is the biologically fertile land
and water area required to reproduce resources consumed by individuals or activities,
with the help of existing technology. It is expressed as “global hectare (gha)”. In addition
it includes the infrastructure and the areas required for vegetation to absorb waste
carbon dioxide (CO2) (WWTF Tiirkiye, 2012).

The main ecosystem categories for ecological footprint calculation are sea area,
arable area, rural area, forest area required for absorption of CO? input-output and
construction area (Wilson ve Anielski, 2005).

The concept of "ecological footprint" is an intuitive idea to measure impact of
individuals and communities on nature. It provides us with a simple and elegant
calculation tool that helps us see the effects of human consumption patterns in the
world. The ecological footprints of individuals, households, cities, countries in a
particular region can be measured (Schaller, 1999).

The Global Footprint Network (GFN) of the Wildlife Conservation Foundation
(WWF) measures the biological capacity demands of more than 150 countries worldwide
and publishes the National Footprint Accounts (NFA) (WWF-Tiirkiye, 2012).
According to the global footprint network data of WWF, in 2016 the world's and Turkey's
global ecological footprints were, respectively, 20.60 and 0.24 billion gha, while the
ecological footprint per capita were calculated as 2.06 gha and 3.36 gha (WWF 2017).

There are national (Distan, 1999; Cabuk and Karacaoglu, 2003; Atasoy and Ertiirk,
2008; Ertekin, 2012; Coskun, 2013; Cetin, 2015; Akkor, 2018; Arica and Kagar, 2018;
Asik, 2018; Baran et al., 2019) and international (Flint, 2001; Anderle, 2002; Bond,
2003; Rees, 2003; Meyer, 2004; Knaus, Lohr and Bernadette, 2005; Ryu and Brody,
2006; Klein Banai and Theis, 2011; Medina and Toledo Bruno, 2016) studies on
determining the ecological footprint. The aim of this research is to determine the
students' ecological footprints at Siirt University Faculty of Agriculture and to compare
the ecological footprint sizes about the 8 different departments in the faculty.

MATERIAL and METHODS

The main material of the study is the survey data of 132 undergraduate students. For
this purpose, some questions were asked to the students. For example; “How often do
you consume meat and meat products or vegetables?” or “ What type of residence do you
live in with your family?” or “How many kilometers per week do you travel with
motorcycles, cars and public transport?” In addition, relevant articles, theses, reports
and papers have been used.

The research was carried out in three stages. At the first stage, a literature review
was made and questionnaire forms were prepared. In the first part of the
questionnaires, there were multiple-choice questions related to food, travel, domestic
and other vital habits to determine the ecological footprint. In the second part of the
questionnaires, questions regarding demographic characteristics were included.
"Ecological Footprint Calculation Survey" in the ecological footprint calculation engine
was used in the preparation of the survey questions (GFN, 2019). In the second stage,
the applied questionnaires were analyzed. The data obtained from the questionnaires
were processed into the ecological footprint calculation engine and the ecological
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footprint of the survey participants was calculated. The findings are summarized with
the frequency table. Whether ecological and carbon footprint data show normal
distribution or not was investigated by applying Kolmogorov-Smirnov test. Ultimately
it was determined that they did not show normal distribution. Therefore, the
significance levels between the variables were questioned by one of the nonparametric
tests, Kruskal-Wallis test. In the third stage, all the data obtained so far have been
evaluated.

RESULTS and DISCUSSION

Demographic features

The demographic characteristics of the participants are given in Table 1. According to
Table 1, 45.5% of the participants are women and 54.5% are men. The proportion of
participants between the ages of 18-25 is 67.5%. 48.5% of the participants have 5-7
people in their families.

Table 1. Demographic characteristics of the survey participants

Demographic characteristics Parameters Frequency Percentage
Female 60 45,5
Gender Male 72 54,5
18- 25 89 67,5
Age 26- 35 32 24,2
36- 45 11 8,3
1-4 39 29,5
Number of individuals 5-7 64 48,5
in the family 8-10 22 16,7
More than 11 7 5,3

Ecological and carbon footprint assessment

The ecological footprint averages of the students participating in the survey were
calculated as 3.5 gha and their carbon footprints were calculated as 8.9 tons. It has been
determined that the calculated ecological footprint consists of a combination of
resources, which are 29.1% from food-sourced, 20.0% from travel, 30.1% from domestic
and 20.8% from the other (Table 2).

Table 2. Ecological and carbon footprint averages and distribution of ecological footprint

components

Parameter Value

Ecological footprint (gha) 3.5

Food 29.1

. . Travel 20.0

Ecological footprint components (%) Domestic 301

Other 20.8

Carbon footprint (ton) 8.9

When the ecological footprints of the participants were evaluated on department basis
(Table 3), it was found that the department with the lowest ecological footprint was
Field Crops (3.4 g ha). Landscape Architecture (3.7 g ha) and Horticulture (3.8 g ha)
follow it, respectively. Among the departments, the department with the largest
ecological footprint is the Agricultural Economics (4.4 g ha). The ecological footprint
differs according to the departments, however, this difference was not statistically
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significant (p> 0.10). In addition, the ecological footprint was analyzed according to
gender, age groups and the number of individuals in the family, but there was not
statistically significant difference (p> 0.10).

Table 3. Average of ecological and carbon footprint and their distribution by

departments
Parameter Horticulture Plant Biosystem Landscape Field Agricultural Agricultural Animal
protection Engineering architecture Crops Economy Biotechnology Science
EFP (gha) 3.8 4.1 4 3.7 3.4 4.4 4.1 4.2
P=0.533
Food 31.0 26.2 25.0 40.3 29.6 31.3 27.9 22.6
(]:EoPrfponent Travel 19.0 26.2 26.7 7.0 20.3 21.9 26.2 30.6
(%) Domestic 29.3 26.2 26.7 28.0 31.5 25.0 26.2 25.9
Other 20.7 21.4 21.6 24.6 18.6 21.8 19.7 20.9
CFP (ton) 9.5 10.3 10.3 7.9 9.1 10.3 10.5 11.4
P=0.429

When the carbon footprints of the participants were evaluated on department basis
(Table 3), it was found that the department with the lowest carbon footprint was
Landscape Architecture (7.9 tons). Field Crops (9,1 tons) and Horticulture (9,5 tons)
follow it. Among the departments, the department with the largest ecological footprint
is the Animal Science (11.4 tons). The carbon footprint differs according to the
departments, however, this difference was not statistically significant (p> 0.10). In
addition, the carbon footprint was analyzed by gender, age groups and the number of
individuals in the family, but there was not a statistically significant difference was
found (p> 0.10).

Keles et al. (2008) found the ecological footprint of Aksaray University Faculty of
Education students as 4.04 g ha. Turkis and Cil (2017) found the ecological footprint of
Ordu University classroom teaching students as 2.57 gha. Agac and Yalcin (2018) found
the ecological footprint of Canakkale 18 March University Faculty of Education
students as 1.6 g ha. Yildiz and Selvi (2015) found the ecological footprint of 90 pre-
service science teachers of a public university as 3.04 gha. In our study, the ecological
footprint of students is founded as 3.5 g ha. This value is lower than Keles et al., but it
1s higher than the others. In addition, the ecological footprint value in our study is above
the average of Turkey and the world.

CONCLUSION

In this study, in order to measure the ecological and carbon footprint, face-to-face
surveys were carried out with 132 students. As a result of the analyzes, the ecological
footprint average of the students was 3.5 g ha and the average of the carbon footprint
was 8.9 tons. According to these results, the ecological footprints of the students were
found above the average of Turkey and the world.

Landscape architecture is one of the professions where ecology-based learnings are
given intensely. Landscape architects prioritize the aims of protecting the ecological
balance and creating sustainable living spaces as well as aesthetic values in their works.
For this purpose, they use the ecological education they receive in their works.
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An ecological footprint is a measurement tool used to determine the amount of
natural resource usage. Determining the ecological footprints of individuals living in a
region is also important for the landscape architecture studies to be carried out there.
A low ecological footprint can be accepted as an indication of the need to maintain the
natural balance in that area. Insuch areas, it is a mission to give more importance to
the protection of natural balance in landscape studies. A higher ecological footprint is a
criterion that indicates that studies should be done to create a natural balance in that
region. Landscape architects should contribute to the formation of natural balance
while working in this region. In short, landscape studies in the region can be shaped
with ecological footprint data.

Besides, ecology is an issue that concerns all people today. Increased environmental
problems and therefore deteriorations affect life negatively. Minimizing these effects is
only possible through education. As with all levels, ecology education is now given in
universities to raise awareness of university students about ecology. In this study, the
ecological footprints of Siirt University Faculty of Agriculture students were calculated.
The result was found 3.5 gha. Ecology-based courses are given in the faculty. Although
the result is above the average of the Turkey and the world; it was lower than some of
the other studies researched. This shows that students have ecological knowledge, but
they do not adequately integrate this knowledge into their lives.

Living in a sustainable environment and using natural resources rationally i1s very
important in reducing the ecological footprint. For this purpose;

- Wastes should be recycled as much as possible.

- If possible, public transport should be preferred for short or long travels.

- Energy saving applications should be made in all areas.

- Natural areas should be protected and their numbers should be increased.

- Waste should be avoided in the use of natural resources.

- Instead of materials that cannot be dissolved in nature, materials that are in harmony
with nature and that can be dissolved in nature should be used.

- In order to raise the awareness of the public on the subject, more promotion,
advertisement etc. applications should be made.

- The number and quality of ecology-based trainings should be increased in each age
group.

As a result, it should never be forgotten that nature has a carrying capacity and
natural resources are not unlimited. It should not be forgotten that in order to live in a
sustainable world and leave a beautiful nature to the next generations, it is necessary
to be a conscious user and consumer.
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OZET

Teknolojik gelismelere ve ekonomik sistemdeki degisimlere
bagh olarak zaman zaman oncelik siralamasimi kaybetse de
tarim sektori gida ihtiyacinin karsilanmasi ve insanlarin
yasamsal faaliyetlerini devam ettirmesi acisindan daima énem
arz 'etmekte.o‘lir. Bg .nedenle tarnjn.sekt@irﬁ?de.siirdiirﬁle.bili.r Alinis tarihi: 01.05.2020
uretim faaliyetlerinin gercgeklestirilmesi, uretimde; verimli, Accepted: 02.06.2020
bilingli ve igin amacina yonelik farkindaligr ylksek bireylerin | Available online: 26.06.2020
gorev almasi1 gerekmektedir. Bunun i¢in kirsal alanlardaki
insan kaynaklarimin sosyal ve begeri sermaye diizeylerinin
artirnlmasina ihtiya¢ duyulmaktadir. Biiyiiyen ekonomilerde
doygunluk seviyelerine erigilmesi, yalmizca fiziksel sermaye
artirnmlarinin kalkinma i¢in yeterli olmamasi sonucunda insan

DERLEME MAKALE

Anahtar Kelimeler:

odakli ekonomiler Onemsenmeye baglanmigstir. Yasanan i Ei}fﬁlma’
gelismelerle birlikte meydana gelen sosyo-ekonomik degisimler | 5 Sosyaf sermaye,
sonucunda bilgi toplumu hareketliligine yoénelik kabullerin >  Siirdiriilebilirlik,
yayginlagmasi, sermayenin farkli temsilcilerinin tiretilmesine | » Tarim

olanak saglamistir. Boylece insan odakli temalar1 barindiran
sosyal ve begeri sermaye kavramlar: fiziksel sermayeye kiyasla
daha gti¢gli bir temsiliyete sahip olmaya basglamistir. Hem
kalkinmaya yonelik faaliyetler hem de diger sektorlere iggiicii
kaynagi yaratma bakimindan 6n plana ¢gikan tarim sektérinde
sosyal sermayenin olusturulmasi kalkinma strecine katk:
saglamak i¢in sarttir. Bu calismada kirsal alanda sosyal
sermayenin artirilmasina i¢in mevcut insan kaynaklar:
degerlendirilerek; gerceklestirilebilecek faaliyetlere yonelik
onerilerde bulunulmustur.

Alint1 i¢in: Bayramoglu Z, Bozdemir M (2020). Kirsal Alanda Sosyal Sermaye Olugumunun
Strdurilebilir Kalkinmaya Etkisi. Turkish Journal of Agricultural Engineering Research
(TURKAGER), 1(1), 179-189.
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The Effect of Social Capital Formation on Sustainable Development in the
Rural Areas

ABSTRACT

Due to the technological developments and changes in the
economic system, although the agriculture sector sometimes
loses its priority ranking, agriculture sector is always important
in terms of meeting food needs and maintaining people's vital REVIEW ARTICLE
activities. For this reason, individuals who are productive,
conscious and highly aware of the purpose of the job should be | Received: 01.05.2020

involved for realization of sustainable production activities in | Accepted: 02.06.2020

the agricultural sector. For this, there is a need to increase the | Available online 26.06.2020
social and human capital levels of human resources in rural
areas. Achieving saturation levels in growing economies wasn’t
only sufficient for development of physical capital increases. For | Keywords:
this, human-oriented economies have started to be taken into

consideration. As a result of the socio-economic changes that | ~ Development,
. . » Rural,

occurred with the developments, widespread acceptance for : .

. . . o . » Social capital,

information society mobility has allowed the production of | Sustainability

different representatives of the capital. Thus, the concepts of | 3 Agriculture

social and human capital, which include people-oriented themes,
have started to have a stronger representation compared to
physical capital. Creating social capital in the agricultural
sector, which stands out for development activities and creating
labor resources for other sectors, is essential to contribute to the
development process. Within the scope of this study, suggestions
have been made considering the human resources for the
activities to be carried out in rural areas to increase social
capital.

To cite: Bayramoglu Z, Bozdemir M (2020). The Effect of Social Capital Formation on
Sustainable Development in the Rural Areas. Turkish Journal of Agricultural Engineering
Research (TURKAGER), 1(1), 179-189.

GIRIS

Klasik iktisadi goris icerisinde; bireylerin ekonomik faaliyetlerinin 6ncelikli olmasi ve
bireylerin sosyal yonlerinin ikinci planda birakilmasi; ekonomik hayata katilimda
iletisim ve gliiven kavramlarinin ihmal edilmesine neden olmustur. Aksine ekonomik
iligkiler, sosyal iliskilerdeki temel olgularin etkisi iizerine olusturulmaktadir (Coleman,
1990). Uluslarin kalkinmalar: ve siirdiiriilebilirliklerini saglamalar1 icin ekonomik
ozellikler tasiyan dogal kaynaklar ve fiziksel sermayeye sahip olmalarinin yam sira
beseri ve sosyal sermayelerini de gelistirmis olmalari gerekmektedir. Kalkinma
stirecinin hizlanmasi, ekonomik ve sosyal stirdiirilebilirligin saglanmasi acgisindan
kirsaldaki insan kaynaginin yonetimi biiyik o6nem tasimaktadir. Bu nedenle
stirdurilebilir kalkinmay1 glivence altina almak igin kirsaldaki insan kaynaginin
ekonomik, sosyal ve cevresel baskilar1 yonetebilme ve piyasa beklentilerine cevap
verebilme becerilerinin sosyal sermaye araglariyla gelistirilmesi gerekmektedir
(Mathijs, 2003; Jordan ve ark., 2010; Munasib and Jordan, 2011). Sosyal sermaye bir
yatirim davraniginin sonucu olarak da degerlendirilerek gelir yaratma amacina yonelik
olarak gerceklestirilebilir. Bu yoniiyle sosyal sermayeden bir iretim kaynagi olarak da
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yararlanilabilir (Klien, 2011; Ongan 2013). Sosyal sermayenin artirilmasi ve sosyal
uyumda gili¢ elde edilmesi; baglihk yoluyla giiven kurulmasini, bireylerin bilgi
paylasimina tegvik edilerek risk almaya karsi isteksizligin azaltilmasina katkida
bulunur (Beddington ve Warham, 2014). Risk alma istekliligi girisimciligi tetikleyerek,
yeni yatirimlarin gerceklestirilmesini ve yeni istihdam alanlarinin olusturulmasini
saglar. Boylece sosyal sermaye olusumu mevcut kogullar icerisinde kirsalda yasanan
bir¢ok problemin ¢6ziimii igin kolaylastirici rol tistlenebilir ve kirsalda strdirilebilir
bir yasam imkan yaratir. Tim bu sebeplerle kirsal alanda sosyal sermayenin
olusturulmasi zorunludur.

Son yillarda yapilan bilimsel ¢calismalarda sosyal sermaye ve kalkinma arasindaki
iligkiler siklikla vurgulanmigtir. Uretim siirecine yonelik etkinlik diizeylerinin
artirilmasi, rasyonel kaynak kullanimi ve ig birligi yoluyla islem maliyetlerinin
minimize edilmesi, egitim diizeyinin artis1 ile yeni teknolojilerin benimsenme diizeyinin
artmasi ve etkili kullaniminin saglanmasi, gelir dagiliminin adaletli olmasi, ekonomik
biiyimenin hizlanmasi gibi deger yaratan siireglerin tamaminda sosyal sermayenin
onemli bir kaynak oldugu belirlenmistir (Karacay ve Varol, 2015; Yagmur, 2017).

Kirsal alanda sosyal sermayenin olusumu Turkiye’deki diisiik gelirli, sinirh egitimli
ve yetersiz fiziksel sermayeye sahip tarim isletmelerine dinamizm kazandirilmasi
acisindan etkili bir kaynak olacaktir. Kirsal alanda sosyal sermeye olusumu sahip
olunan dogal kaynaklarin yénetimi, yeni tiretim teknikleri ve teknolojinin benimsenme
diizeyini yiikselterek isgiiciiniin verimliligine katkida bulunulabilecektir (Pretty ve
Smith, 2004). Isgiicii verimliliginin artmas: sahip olunan dogal kaynaklarin ve fiziksel
sermayenin yonetim etkinligini artiracaktir. Kaynaklarin etkin yonetimi; kaynaklarin
optimum kullanimi ve toplumsal sorumluluk bilinciyle yapilan yatirimlar: artirarak
kirsal alanda hem ekonomik hem de sosyal silirdiiriilebilirligin olusumuna katkida
bulunacaktir.

Bu calisma kapsaminda sosyal sermayenin kavramsal tanimlamasi, makro ve mikro
boyutlar, bilegenleri, stirdiriilebilir tarimla iligkisi belirlenmig, aragtirma bulgularinin
hazirlanmasinda ikincil verilerden faydalanilmigtir. Bu verilerin derlenmesinde
konuyla ilgili kitap, dergi, makale, raporlar ve web siteleri taranmigtir. Kullanilan
ikincil veriler Diinya Ekonomik Formu Raporlar: ile Ekonomik Kalkinma ve Ig birligi
Orgiitii (OECD) ve Our Word in Data internet sayfalarindan derlenmistir.

Diinya ekonomik formundan; iilkelerin kisi basina diisen gayrisafi yurtici hasila (GSYH)
degeri ile sosyal sermaye endeksi degerleri alinmigtir. Rapora gore sosyal sermaye
endeksinin hesaplanmasinda 1 ile 100 arasinda yapilan puanlama dikkate alinmistir.
Caligmada kullanilan Gini katsayis1 endeksinde ise kaynak olarak OECD’den yararlanilmas,
verilerde ylizdelik (%) ifade kullanilmistir.

SOSYAL SERMAYE KAVRAMI VE GELISIMI

Sermaye; gelir ve kazanc yani bir fayda akis1 saglayan varlik fonunu ifade etmektedir
(Krishna ve Uphoff, 2002). Sermaye kavrami fiziksel olarak {iretim faktérleri icerisinde
suireci kolaylastiran, isgliciiniin verimliligi artiran ve daha once lretimde kullanilmak
uzere Uretilmigs arag-gerecler olarak tanimlanmig, ayrica parasal sermaye de zaman
zaman fiziksel sermayenin igine dahil edilmistir. Endistrilesme siirecinin ve yapilan
yatirimlarin insanlari tatmin etmemeye baglamasi {iizerine bilginin 6n plana
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citkmasiyla sosyal ve beseri sermaye kavramlari hem makroekonomik hem de
mikroekonomik acidan énem kazanmistir (Cizelge 1).

Cizelge 1. Sermaye kavraminin yapisal déniisiimii (Luthans ve ark., 2004; Kitapca,
2017)

Table 1. Structural transformation of the concept of capital (Luthans ve ark., 2004
Kitapei, 2017)

Geleneksel ekonomik

sermaye Begeri sermaye Sosyal sermaye Biligsel sosyal sermaye
Neye sahipsin? Ne biliyorsun? Kimi tamiyorsun? Kims}n? .
) ) ) Ne hissediyorsun?

Para Tecriibe ) Gitven
Bina Egitim Iliskiler Umut
Arag ve Gerecler Yetenekler Ag Baglantilan

o Hayal
Patentler Bilgi Arkadaslar P

. : Ozel Yetenekler

Veriler Idealler

Hanifan (1916)’a gére sosyolojik bakis acisiyla sosyal sermaye; bireylerin topluma
kars1 sahip oldugu iyi niyet, arkadaglik, sempati ve sosyal iligkilerin yagamda yogun
bir sekilde yer almasidir. Eger bir birey ailesi ve komgulariyla iyi iligkiler icerisindeyse
ve cevredeki diger bireylerinde birbirleriyle iyi iligkileri varsa, burada bir sosyal
sermaye birikimi s6z konusudur. Sosyal sermaye birikimi; bireylerin ihtiyaclarina hizla
cevap verilmesini saglayarak, toplumsal birliktelige ve ilerlemeye dinamizm
kazandiracaktir. Ekonomik acidan sosyal sermaye Sprengers ve arkadaslar: (1988)
tarafindan; bireye daha iyl yasam kosullar1 saglayan tretimin kaynag olarak
tanimlanmistir. Temple (2000)’a gore sosyal sermaye; toplumu olusturan bireyler, sivil
toplum orgtitleri, kamu kurum ve kuruluslari arasinda koordinasyonu kolaylastiran,
toplumun verimliligini artiran; giiven, norm ve iletisim aginin 6zellikleridir. Insanlar
arasindaki giivene dayali iletisimin ekonomik getirilerini analiz eden sosyal sermaye;
kisinin sosyal yapisini, egitim durumunu, aile iligkilerini, ¢alisma hayatini, sivil
katilimlarimi ve kamu idaresindeki faaliyetlerini 6nemli 6lgiide etkilemektedir.

Sosyal sermaye kavrami son donemlerde popiiler olmaya baglasa da kavramsal

olarak kullanimi 1900’14 yillara kadar uzanmaktadir. Sosyal sermaye kavraminin ilk
kullamimi Lyda Judsen Hanifan (1916) tarafindan gerceklestirilmistir. Sosyal
sermayenin iktisadi agidan ekonomik biiylime ve kalkinmaya olan etkilerini inceleyen
calismalar ise 19807lerde baglamistir. Ekonomik biiyiime ve kalkinma cercevesinde
kavramin temelinde genel olarak; bireyler arasindaki iligkiler ve bu iligkilerin
olusturdugu sosyoekonomik etkiler yer almaktadir (Oztopcu, 2017). Sosyal sermaye
bireyler arasindaki iligkiler lizerine gelismekte olup toplumda birlestirici ve 6rgutli
hareketlere tesvik eden bir faktérdiir. Bireyler arasindaki etkilesim diizeyinin yiksek,
acik ve ongorilebilir olmas1 ekonomik etkinlik diizeyini artiracaktir. Kiltirin ve
sosyal baglarin ekonomide 6nemli bir birlestirici oldugu bilinmektedir (Rupasingha ve
ark., 2000; Kitapci, 2017). Sosyal kelimesi anlamca toplumla ilgili, toplumsal anlamina
gelmektedir. Sermaye ise is yapabilme kolayligi sunan ya da ekonomik anlamda ilave
katma deger yaratmaya imkan saglayan maddi ve manevi degerlerdir (Karagiil, 2012).
Dolayisiyla sosyal sermaye; toplumla ilgili kaynaklar1 kullanarak ekonomik olarak
katma deger yaratmanin bir ifadesidir.

Kalkinmanin tespit edilmesinde; sosyal sermaye, kisi bagina GSYH, gelir esitsizligi
gibi degiskenlerin 6nemli olduguna vurgu yapilmaktadir (Kaldaru ve Parts, 2005).
Birgok bilim adami sosyal sermayenin kalkinma silirecine o6nemli katkilarda
bulundugunu belirterek, sosyal sermaye diizeyi yliksek iilkelerde kalkinma diizeyinin
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de yiiksek oldugunu savunmuslardir (Yildiz ve Topuz, 2011). Sekil 1’de sosyal
sermayenin en yiksek degere sahip oldugu Yeni Zelanda’dan en diigiik degere sahip
oldugu Yunanistan’a dogru bir siralama yapilmigtir. Genel bir degerlendirme
yapildiginda ayni dogru tizerinde kisi bagina diisen GSYH nin azalan bir egimde oldugu
gorilmektedir. Bu durumda sosyal sermayenin ekonomik acidan katma deger
yarattigini sdylemek yanlis olmayacaktir.
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Sekil 1. Ulkelere gére sosyal sermaye endeksi, GINI ve kisi bagmma GSYH (World
Economic Forum, 2019; OECD, 2020)

Figure 1. Social capital index, GINI and GDP per capita by country (World Economic
Forum, 2019; OECD, 2020)

Sosyal sermaye kalkinmanin iki temel bilegeni olan makro ve mikro dizeydeki
ekonomik olugsumlara dogrudan katki saglamaktadir. Mikro boyutuyla sosyal sermeye
yerel kurumlarla ig iligkilerinden faydalanarak piyasalarin islevselliginin ve
istihdamin artirilmasina katk: saglar (Sekil 2). Makro boyutuyla ise kamu iligkileri
cercevesinde ekonomik blylime ve kalkinmaya katki saglarken, yénetim ve kontrol
araciligiyla iretimin etkinligini artirir. Kamu araciligiyla sosyal sermayeye dinamizm
kazandirilmasi yapisal, bireylerin ¢abalar ile sosyal sermayenin olusturulmasi biligsel
boyutun bir sonucu olarak meydana gelir. Sosyal sermayenin biligsel boyutunda kiltir,
inang¢, norm, deger, tutum ve ideoloji gibi ortak degerlerle isbirlik¢i davraniglara
yonlendiren zihinsel bir siire¢ s6z konusudur (Uphoff, 2000; Kitapci, 2016). Biligsel
boyut kirsal alandaki insan kaynaklari acisindan daha énemlidir. Cinka orgutla
hareket edebilme, bilgi paylasimina acik olma, is birligi ve dayanismaya yatkinlik,
aidiyet duygusu tasima gibi kavramlar daha bireysel ve farkindalik gerektiren
yatkinliklardir. Kirsal degerler ve imece kiltiiri ile is birligi yaratmak, mental olarak
bireysel farkliliklarin minimize olmasi gibi avantajlar kirsal alanda sosyal sermaye
olusumunu kolaylastirici faktorlerdir.
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ve Is Iliskiler:
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Sekil 2. Sosyal sermayenin boyutlar: (Grootaert ve Van Bastelaer, 2001)
Figure 2. Dimensions of social capital (Grootaert ve Van Bastelaer, 2001)

Sosyal sermayenin gelistirilmesini saglayan temel kaynaklar aile, akrabalar,
arkadaglar, komgular ve iletisim kurabildigimiz diger Kkisilerdir. Zamanla iletisim
kurdugumuz kigilerin c¢esitlenmesi nedeniyle sosyal sermayede artigs yasanmasi
mumkindir. Sosyal sermaye artisinin gostergeleri; guven, iletisim, karsihiklilik, ig
birligi, agbaglar, normlar gibi soyut faktorlerdir. Bu faktorlerin olusturdugu sosyal
sermayenin kavramsal cercevesi Adler ve Kwon (2002) tarafindan aciklanmistir. Sekil
3’e gore ekonomik performansi etkileyen giiclii ¢iktilarin oldugu séylenebilir. Ornegin;
etkin igleyen bir piyasada alic1 ve satic1 arasinda sosyal bir yapi kurabilmek i¢in saglikli
bir bilgi akisina ihtiya¢ duyulmakta, kolay s6zlesme hazirlamak i¢cin de yetenek sahibi
olmak gerekmektedir. Sosyal sermayenin kavramsal g¢ercevesi incelendiginde;
motivasyona yonelik giic ve yeteneklerin 6n plana c¢ikarak yeni firsatlara ulasmanin
daha kolay hale gelecegi gorilmektedir. Bu noktada toplumsal stirdiriilebilirligin
saglanmasi; devletin piyasa basarisizliklarinin azaltilmasina, hukukun tstiinliigiine
katkida bulunulmasina, siyasal haklar1 ve sivil 6zgirlikleri savunabilmeye baglhdir
(Kitapci, 2017). Sosyal sermayenin makro boyutuna katki saglanmasi icin mikro
boyutunda biligsel alanin olusturulmas: yani farkindalik yaratilmasi gerekmektedir.

Sosyal Yapa
Gorev ve
Sosyal Sembolik Sartlar
Tligkiler
Sosyal Sermeye
Hiverarsik Yararlan ve >ll Yaratilan Deger
Piyasa Tamamlayici
Iligkileri Yetenekler

Sekil 8. Sosyal sermayenin kavramsal cercevesi (Adler ve Kwon, 2002; Kitapci, 2017)
Figure 8. Conceptual framework of social capital (Adler ve Kwon, 2002; Kitapci, 2017)
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Sosyal sermaye tiirlerini hem bireysel ve hem de toplumsal agidan incelemek
gerekmektedir (Sekil 4). Sosyal sermaye; bireysel iliskilerde mikroekonomik diizeyde,
toplumsal iligkilerde makroekonomik diizeyde deger yaratacaktir. Mikroekonomik
deger yaratmada stireklilik ve siklikla olugan etkilesim, makroekonomik diizeyde daha
disiik olacaktir. Makroekonomik diizeyde sivil toplum kuruluglari, dernek
organizasyonlar1 gibi faaliyetlere gontiilli katilim ve bu topluluklarla is birligi iligkileri
daha aralikli olup, etkilesimde olunan bireyleri etkileyerek daha biliyik bir iletisim
aginin olusturulmasina katki saglar. Fakat makroekonomik boyutuyla sosyal
sermayenin strdurilebilir olmasi; giiven ortaminin olusturulmasi, es zamanli hareket
edilmesi, ortak kararlar alinmasi ve uygulanmasi agisindan daha glgtir.
Mikroekonomik boyutuyla bireysel iligkilerin iyi olmasi, daha kii¢ik kitlelerle ortak
karar alma ve uygulamanin kolay olmasi, is siireglerine saglanan katkilarla ig
verimliliginin artirilmasi daha makuldir. Bu yonlyle de kirsal kalkinmanin
saglanabilmesi igin mikro 6lgekli atilimlarin yapilmasi, orgiitlenme ve is birligine
yonelik faaliyetlerde daha kiiclk kitlelerle karar alinmasi sosyal sermayenin olugsumu
acisindan kolaylastirici rol tistlenilmesini saglayacaktir.

Kirsal alanda sosyal sermaye  olusumuna  yonelik  gerceklestirilen
degerlendirmelerde Sekil 5’ten yararlanilmaktadir. Sosyal sermaye bilesenlerinin her
bir alt baghig sosyal sermaye olusumuna katk: saglamakta fakat hicbir kavram tek
basina sosyal sermayeyi temsil etmemektedir. Bilesenlerin tek baslarina temsiliyet
yetenekleri olmamasina ragmen herhangi birinin basariya ulagsmasi diger bilegenler
tizerinde olumlu gelismelerin meydana gelmesine katkida bulunacaktir. Ornegin;
kirsal alanda herhangi bir isin gergeklestirilmesi sirasinda yapilan ig birligi beklentiye
yonelik bir sonu¢ vermis ise elde edilen sonu¢ giiven diizeyindeki artiga da katk:
saglayacaktir (Oztopcu, 2017).

| Sosyal Sermaye Tiirleri |
T

Yapisal Sosyal Sermaye | | fliskisel Sosyal Sermaye | | Biligsel Sosyal Sermaye
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Ag Yogunhigu K&prii Kuran Tliskiler Kisileraras1 Kargiliklilik]
Ag Genisligi Birlestirici Tligkiler

Normilarve Degerler

Sosyal Baghlik

Sivil Kanlim Sosyal Destek

Dernek TUyeligi _Sosyal Etkilesim Ortak Amaglar
Goniilliilik Komsuluk Bagliligi — Ortak Vizyon
Sivil ve Politik Katilim Yakinhk Ortak Dil ve Hlkflyeler
Tutkunluk Duygusal Baglar

Vatandaslik Normlara

Giiven

— Genel
Kurumsal

Sekil 4. Sosyal sermaye tiirleri (Acquaah ve ark., 2014; Camps ve Marqués, 2011;
Kitapci, 2016)
Figure 4. Types of social capital (Acquaah ve ark., 2014; Camps ve Marques, 2011,
Kitapci, 2016)
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Isbirligi ve Dayanigma

Siyasi Katilim ve Giic Oy Verme, Parti Uyeligi. Sivasileri Tanuma
Birligi ve Is Yaptirabilme
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Sekil 5. Sosyal sermaye bilesenleri (Keles, 2014)
Figure 5. Social capital components (Keles, 2014)

Guven kavraminin sosyal sermaye tizerine etkisine vurgu yapan bilim insanlari
agirlikli olarak Coleman, Putnam ve Fukuyama olmustur. Coleman (1988); giiveni bir
yetenek olarak tanimlayarak, insanlarin ortak amaclar ve organizasyonlar i¢inde
caligabilmelerine olanak sagladigimi vurgulamistir. Putnam (1993); giivenin yalnizca
sivil is aglarina dahil olabilmek i¢in degil, sosyal iligkilerin stirdurilebilir olmasi igin
de gerekli oldugunu vurgulamistir. Fukuyama (1998); toplumun tamaminda ya da bir
bélimiinde given duygusunun hakim olmasi sonucunda elde edilen yetiyi sosyal
sermaye olarak tanimlamistir. Bireylerin glivenilir olmasi sosyal iligkilerini
giclendirecek, bodylece ekonomik hayata dahil olmalari ve dahil edilmeleri
kolaylagacaktir.

Diinya genelinde kirdan kente daha yogun bir gé¢ hareketliliginin olmasi ve tarim
sektorinin diger sektorlere yonelik insan kaynagi yaratmada etkin rol almasi
nedeniyle kirsal alanlarda sosyal sermayenin olugsumu son derece énemlidir. Sekil 6’da
ulkelere gore kisilere duyulan giiven 6lc¢iildiigiinde en yiiksek giiven degerine sahip
tulkenin Norve¢ oldugu gorilmektedir. Giiven diizeyinin ylksek olmasinin sosyal
sermaye endeks degerine de katkida bulundugu (Sekil 1’de incelenen iilkelere gore
sosyal sermaye endeksi, GINI ve kisi bagina GSYH) ve kalkinma diizeyi tizerinde pozitif
etki yarattiklar1 gorilmektedir. Kisileraras1 giiven duygusu; is basarma, ekonomik
deger yaratma, kaynaklarin adil boligstimiinii tahsis ederek sosyal sermaye olugsumunu
kolaylastirmakta ve guclendirmektedir. Bu durumun aksine Tirkiye'de kisilerarasi
guvenin OECD iilkeleri igerisinde en diisiik degere sahip oldugu gorilmektedir.
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Sekil 6. Cogu kisi giivenilirdir ifadesini kabul edenlerin orani (%-2014) (Our World in
Data, 2020)

Figure 6. Proportion of those who accept the statement most people are reliable (%-
2014) (Our World in Data, 2020)

KIRSAL ALANDA SOSYAL SERMAYENIN OLUSUMU

Kirsal alanda yasayan ve istihdam edilen nifusun yaslanmasi sosyal sermaye
olusumunu zorlastiran etmenlerden biridir. Tirkiye’deki tarim igletmelerinde
ciftcilerin genel yas ortalamasinin 52-55 araliginda oldugu bilinmektedir (Arisoy, 2019;
Kizilkaya, 2019; Erden ve ark., 2020). Belirlenen bu yas ortalamasi tarimsal
faaliyetlerin stirdurtlebilirligini tehdit etmektedir. Bu nedenle tarim sektoriinde yas
ortalamasinin iyilestirilmesine, geng nifusun istthdamina yonelik énlemlerin alinmasi
ve politikalarin uygulanmasina ihtiya¢ duyulmaktadir. Bozdemir ve arkadaslarinin
(2019) calismasinda gelirinin tamamini tarimsal faaliyetlerden elde eden ciftcilerin
%69,22’sinin  ¢ocuklarinin  gelecekte tarim sektoriinde istihdam edilmesini
istemedikleri tespit edilmistir. Altintas ve arkadaslarinin (2019) yapmis olduklar
calismada “Geng Ciftci Projesi” ile saglanan desteklerin tarimsal faaliyetleri stirdiirme
egilimine etkisi incelenmisgtir. Destekten yararlanan tureticilerin yaklasik %607,
destekten yararlanamayan treticilerin yaklagik %751 ¢ocuklarinin gelecekte tarimsal
faaliyetlerinde bulunmasini istememektedirler. Tarimsal faaliyetlerle yasamlarini
devam ettiren ailelerin sektére olan giivensizlikleri gencleri de tarimdan
uzaklastirmaktadir. Sosyal sermayenin 6nemli unsurlarindan biri olan giiven ailede
baglar. Sektorel giivensizlik; sosyal sermayenin olugsumunu zorlastirmakta ve
strdirilebilirligi de tehdit etmektedir. Bu problemin ¢ozltimiine yonelik acil eylem
planlarina ihtiya¢ duyulmaktadir.
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Kooperatifler 6zellikle kiigiik aile igletmelerinde liretim gliciinli ve gelir seviyesini
artirarak refah artisina dogrudan katki sunmaktadir (Can ve ark., 2017).
Kooperatiflerin giiven ve is birligi esaslarina gore gerceklestirecekleri faaliyetler
isgiicinden tasarruf edilmesine, igsletmelerin verimlilik performanslarinin artmasina
ve tiretimde etkinligin tahsisine imkan saglayacaktir. Ornegin; dogal kaynak yénetimi
igcin igletmelerin kooperatifler araciligiyla sulama faaliyetlerinde ortak eylemler
gerceklestirmesi gerekmektedir. Hem kaynaklarin hem de faaliyetlerin stirdiirtilebilir
olmasi ic¢in is birliginin giiven lizerine kurulmasina ihtiya¢ duyulmaktadir. Giaven
tizerine kurulan is birligi ¢ift¢iler arasinda bilgi paylagiminin artirilmasina da katkida
bulunarak her isletme icin mevcut riskleri minimize edecektir (Beddington ve Warham,
2014). Ayrica sosyal sermaye kamu ve 6zel banka kredilerinin saglanamamas, sigorta
yaptirilamamasi gibi resmi risk yonetiminin olmadigi durumlarda yoksul ve yoksun
kisi ya da topluluklarin ekonomik problemlerle miicadele etmesini kolaylastiracaktir.

Deger zinciri kiigiik 6lgekli tarim igletmeleri ve tlketiciler arasindaki iletisimin
temsilcisidir. Tarima yonelik deger zincirinin olusumu tretim, pazarlama, dagitim ve
tiketime yonelik kanallarin tamaminda katma deger yaratilmasina imkan saglar.
Uretimden-tiketime kadar gegen siirecin tamaminda sosyal sermaye bilesenlerinden
ozellikle giiven, is birligi ve dayanisma sayesinde yaratilan deger zincirindeki kigilerin
iyl 1iligkileri; risklerin minimize edilmesine, tedarik ve pazarlama aginin hiz
kazanmasina yonelik etkinligi artirarak ciftgilerin daha iyi kazanglar elde etmesine
katkida bulunacaktir. Elde edilen kazanclar ¢iftcilerin is bagsarmaya yonelik isteklerini
ve motivasyonlarini artirarak isi stirdirulebilir hale getirecektir. Ayrica katma degerli
uretimin tegvik edilmesine yonelik olusturulacak yatirimlar ciftgilerin alternatif
gelirler elde etmesine, kirsaldaki genglerin bu alanlarda is imkéanlarina sahip olmasina
olanak yaratacaktir. Boylece kirsal alanlarda igse yonelik yeniden organize edilebilme
firsat1  olusurken, kirsalda yasayan Kkigilerinde 1s ve yasam olanaklar:
glclendirilecektir.

Uretimin  sirdiirilebilirliginin  saglanmasi, maliyetlerin minimize edilerek,
igglciiniin  verimliliginin artirilmasina yonelik gerceklestirilecek en ©6nemli
faaliyetlerden biri teknoloji kullanimidir. Kirsal alanda sosyal sermayenin
olusturulmasi; yeni teknolojilerin benimsenmesine ve yliksek teknolojilerin ortak
kullaniminin tesvik edilmesine katkida bulunmaktadir. Kirsal alanda sahip olunan
parcal ve kiigiik geniglikteki arazi varliklarinin ig birligi icerisinde iglenmesi, hasatta
yiksek teknolojili makinelerin kullanilabilmesi, dogal kaynaklarin y6netimini esas
alan projelerin bagariyla uygulanabilmesi i¢in ortak eylem gerektiren bir yapiya ihtiyag
duyulmaktadir. Bunun i¢in de gii¢lii bir sosyal uyum icerisinde olmak, kisiler arasinda
giiven iligkileri tahsis etmek, bilgi paylagimlarinin kolaylikla gerceklegtirilebilecegi
alanlar olusturmak gerekmektedir.

Tarim sektorinde o6zellikle son 5 yildir ciddi oranda go¢men-miilteci istihdam
edilmektedir. Genellikle mevsimlik gezici tarim is¢ileri olarak ¢aligsan bu kisiler; farkh
kiltiirel 6zelliklere sahip olmalari, dil yetkinliklerinin kisithh olmasi, is basarmaya
yonelik yeteneklerinin ve yeterliliklerin diisiik olmasi, teknoloji kullanimina yonelik
egitimlerinin eksik olmasi gibi nedenlerle ige yonelik verimliligi azaltirlarken, is
iligkilerinin stiirdiirilebilirligine de olumsuz katki vermektedirler. Kirsal alanda sosyal
sermayenin olusumu icin oncelikle var olan problemlerin bertaraf edilmesi 6zellikle
iletisimden kaynaklanan problemlerin ¢éziime kavusturulmasi gerekmektedir. Yerli ve
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yabanci igglictiniin ticret farkliliklar1 sonucunda olusan glivensiz is ortaminin sendikal
faaliyetler yardimiyla minimize edilmesi gerekmektedir.

SONUC

Sosyal sermaye; icsel ve digsal cesitli bilegenlerden olusan, ekonominin insan
kavramina yaptig1 vurguyu biligsel anlamda 6n plana ¢ikaran bir kavramdir. Sosyal
sermayenin olusumu yakin cevreden (aile, akrabalar, arkadaslar vs.) baslayarak bir
cember gibi genisler ve nihayetinde makro boyutlara (sivil toplum érgiitleri, is iliskileri
vb.) ulasir. Makro sinirlar icerisinde olusmus bir sosyal sermaye kalkinmanin temelini
olustururken; makroekonomik her problemin c¢6ziiminiin mikroekonomik olmasi
nedeniyle 6ncelikle sosyal sermayenin mikro olusumunun saglanmasi gerekmektedir.
Bu nedenle diger sektorlerle dogrudan ekonomik iligkiler igerisinde olan ve is
iligkilerinin ilk basamagi olarak diger sektorlere iggiici kaynagi saglayan tarim
sektoriunde sosyal sermaye olusumuna 6ncelik verilmelidir.

Aile ve ig iligkilerinin organik bir baga sahip oldugu tarim isletmelerinde sosyal
iligkiler, ag baglar ve giiven; ekonomik kazanimlar agisindan 6nem tegkil eden sosyal
sermaye bilegenleridir. Hatta giiniimiiz ekonomik kogullar1 ve kirsal alanda yasanan
problemler incelendiginde Tiirkiye’de en o6nemli problemin giiven duygusundan
kaynaklandigi anlagilmaktadir. Tarim sektoriinde calisan ailelerin; yasadiklar:
ekonomik problemler, emek-deger karsiliginin yasam standartlarina yansimamasi,
uretim faaliyetleri sonucunda beklentilerin gergceklesmeme ihtimali, girdi
maliyetlerinin  konjonktiirel = dalgalanmalara  yonelik  hassasiyetleri  gibi
olumsuzluklarin yanmi sira igletmelerde sosyal korunmaya yonelik yeterli kaynagin
yaratilamamasi, ¢aligma siiresi ve sartlarin zorluguna ragmen emeklilige yonelik
yatirinmlarin gergeklestirilememesi nedeniyle sektére yonelik giiven kayiplar
yasanmaktadir. Dolayisiyla mevcut tretim faaliyetlerini devam ettiren ciftciler
cocuklarinin tarimsal faaliyetlere katilmalarini istememekte; egitim seviyesi dusuk,
diger sektorlerde galigsma yeterlilikleri kisithh olsa dahi gencgler kentsel alanlara gog
etmektedirler. Ailelerin sektore azalan gilivenleri, genclerinde sektérde istihdam
edilmeye yonelik beklenti ve isteklerini olumsuz etkilemektedir. Bu durum kirsalda yas
ortalamasi yiiksek bir niifusun olusmasina, tiretim faaliyetlerinin stirdiirilebilirligine
yonelik risklerin artmasina neden olmaktadir. Kirsalda yas ortalamasinin yiksek
olmas1 nedeniyle orgiitsel faaliyetlere katilimin sinirlanmasi, sektore ve ise yonelik
beklentilerin azalmasi sosyal sermaye olusumunu kirsal alanlar i¢in zorlagmaktadar.

Kirsal alanda sosyal sermaye olusumuna katki saglayabilmek ic¢in genclerin
sektorde kalma egilimleri artiracak uygulamalara ihtiya¢ duyulmaktadir. Bunun i¢in
tarim sektoriine ve kirsal alanda yasam faaliyetlerine yonelik start-up uygulamalari
yapilmali, 6zellikle geng istihdaminin oldugu alanlarda sosyal korunma olanaklarinin
iyilestirilmesi amacina yonelik uygulamalar gergeklestirilmelidir. Genglerin kirsal
alanlarda tutundurulmasi sosyal sermaye olusumunu tegvik ederek diger faaliyetlerde
de kolaylastirici rol oynayacaktir. Tarimsal yayim ve egitim faaliyetleriyle; kigilerarasi
1s birliklerinin Uretimden pazarlamaya kadar tiim asamalarda yaratacagi fayda
tuzerine egitimler verilmelidir. Egitim igeriklerinde; orgitli faaliyetlerin fiyat
olusumunda yaratacagi koruyucu etkiye, isletmelerin karlilik diizeyinin artirilmasina
saglayacag1r katkiya ve kirsalda katma degerli tretim yapmanin gelirlerin
¢esitlendirilmesine imkan yaratacagina da vurgu yapilmalidir. Boylece is birliginin
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tesvik edilmesi sonucunda kirsal alanda sosyal sermaye olusumuna katkida
bulunulacaktir.

Sosyal sermaye olusumuna yonelik gergeklestirilecek faaliyetlere yonelik olarak; son
yillarda tarim sektoriinde isglicii kaynaklarimin ¢esitlenmesine katkida bulunurken,
ekonomik, sosyal ve kiiltiirel degisimlere de neden olan gogmen-miilteci istihdami {izerine
projeler gergeklestirilmelidir. Kirsal alanlarda sosyal uyum problemlerinin minimize
edilmesine ve entegrasyon siireglerinin hizlandirilmasina katki saglayacak uygulamalara acil
ihtiya¢ duyulmaktadir. Sosyal sermaye olusumunu olumsuz etkileyen; iicret esitsizliklerinde
olusan belirgin farkliliklarin neden oldugu giiven problemlerine yonelik olarak sendikal
faaliyetlerin gercgeklestirilmesi ve isgiicii ¢esitleri arasindaki birlikteliginin 6n plana
c¢ikarilmasina ihtiya¢ duyulmaktadir.

CIKAR CATISMASI

Yazarlar olarak calismanin planlanmasinda, yiiriitiilmesinde ve makale olarak yazilmasinda
herhangi bir ¢ikar catigmasi igerisinde olmadigimizi beyan ederiz.

YAZAR KATKISI

Yazarlar olarak; makalenin planlanmasinda, yiiriitilmesinde, yazim asamalarinda ve
makalenin son seklinin verilmesinde Zeki Bayramoglu ve Merve Bozdemir olarak katki
sunulmustur.
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OZET

Su, en kicik canlidan en biyugine kadar tim canlilarin
biyolojik yasamlar1 ve faaliyetleri i¢in gerekli olan en temel
besin maddesidir. Fakat, canlilar icin hayati 6neme sahip olan
ve diinya yuzeyinin dértte G¢lini kaplayan su varhiginin sadece
%1’den daha az miktari, ekosistem ve insan kullanimina Alims tarihi: 18.04.2020
elverisli tath su kaynaklarini olusturmaktadir. Bu durum, | Accepted: 09.06.2020
yvakin gelecekte artan insan niifusunun beslenmesi ve suya | Available online: 26.06.2020
erisimi konusunda endigelere sebep olmaktadir. Ayrica,
ozellikle insan ve hayvanlarin beslenmesinde ortak kullanilan
yem hammaddeleri ve suyun tliketimi lizerine bir rekabet
olacagi dusinilmektedir. Bu durumda, hayvancilikta
strdurilebilir yapiy1 saglama noktasinda dinya tizerinde kisith
olarak bulunan ekosistem ve insan kullanimina elverigli tatli su
kaynaklarinin miktar ve kalitesinin yetersiz kalmasi
beklentisine karsi su kullanim etkinliginin arttirilmasi
gerekmektedir. Bu nedenle hayvansal tretimde zor kosullara
dayanikli olmalar1 ve bu kogullarda verimliliklerini devam
ettirebildikleri i¢in O6zellikle kiiclikbag hayvanlarin gelecekte
6nem kazanacagi dustunulmektedir. Bu derlemede, niifusun
artmasi ile birlikte yakin gelecekte gerceklesmesi beklenen
kisith su olanaklarinin sicak kosullar altinda yetistirilen
kigikbas hayvanlar tizerindeki etkileri incelenmigtir.
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The Effects of Limited Water Application in Small Ruminants Breeding
under Thermal Stress

ABSTRACT

Water is the most basic nutrient required for the biological life
and activities of all livings things from the smallest to the
largest. However, only less than 1% of water existence, which is
vital to living things and covers three-quarters of the Earth's
surface constitutes freshwater resources conducive to ecosystem | Received: 18.04.2020

and human use. This condition is causing concerns about the | Accepted: 09.06.2020

nutrition and access to water of the increasing human | Available online: 26.06.2020
population in the near future. In addition to, it is thought that
there will be a competition on feed raw materials and water

REVIEW ARTICLE

consumption, which are used jointly in nutrition of human and Keywords

animals especially. In this case, in order to provide a sustainable

structure in animal husbandry, efficiency of water use shouldbe | 5  Water restriction,
increased against expectation that the amount and quality of | » Climate change,
freshwater resources suitable for human use and ecosystem will | » Sheep,
insufficient. For this reason, it is thought that will gain | » Goat

importance in the future, especially due to small ruminants are
resistant to difficult conditions and can maintain their
productivity in these conditions. In this review, the effects on
small ruminants breeding under hot conditions of limited water
opportunities which are expected to occur in the near future with
the increase of population were examined.

To cite: Durmus M ve Koluman N (2020). The Effects of Limited Water Application in Small
Ruminants Breeding under Thermal Stress. Turkish Journal of Agricultural Engineering
Research (TURKAGER), 1(1), 190-199.

GIRIS

Insanlarin yeterli ve dengeli beslenmesinde hayvansal gidalarin (kirmiz1 et, beyaz et,
siit, yumurta vs.) yeri ve énemi biiyiiktiir. Cilinkii hayvansal kaynaklh gidalar saghklh
bir yasam ic¢in gerekli olan esansiyel besin maddeleri acgisindan zengin, besin
maddelerinin yararlanimi agisindan biyolojik degerleri yliksek ve bagka kaynaklardan
alinamayacak besin maddelerine sahiptir. Bu nedenle insan beslenmesindeki yeri,
tarimsal gelire olan katkisi, bir milyon insanin ge¢im kaynagi olmasi, kullandig1 arazi
miktar1 ve tath su kaynaklar itibariyle hayvansal iiretim tarimin sosyal, ekonomik ve
cevresel acidan en 6nemli alt sektortidiir (Herrero ve Thornton, 2013). Hayvancihigin
gelecekte de bu 6nemini koruyacagi ve hayvansal triinlere olan talebin 2050 yilinda iki
katina cikacagl tahmin edilmektedir (McMichael ve ark., 2007). Giiniimiizde, artan
insan nifusunun hayvansal protein ihtiyacinin karsilanmasi amaciyla hayvansal
uretimin oOnemli derecede entansiflestigi goriilmektedir. Hayvansal uretimde
entansiflesmenin artmasina paralel olarak hayvanlar tarafindan atmosfere salinan
karbondioksit (CO2), metan (CH4) ve diazot monoksit (N2O) gibi kiiresel 1stnmaya sebep
olan gazlarin miktari1 da artinca iklim degisikligi ile birlikte gézler hayvansal iretime
cevrilmigstir. Bahsi gecen gazlarin atmosferdeki toplam miktarina hayvansal tiretimin
etki oranlar1 Sekil 1’de verilmistir.
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Hayvansal Uretim

NLO

Sekil 1. Hayvansal tiretimin atmosfere salinan baz1 sera gazlarina etki oranlari
(Koyuncu ve Akgiin, 2018)

Figure 1. Effect rates of animal production on some greenhouse gases released into
atmosphere (Koyuncu ve Akgiin, 2018)

Yukaridaki sekle gore atmosfere salinan karbondioksit gazinin %9u, metan gazinin
%35-401 ve diazot monoksit gazinin %651 hayvansal iretimden kaynaklandigi
gorulmektedir. Ayrica hayvansal tretim, gesitli sekillerde ¢evreye salinan o6zellikle
CH4 gaz ile kiiresel 1sinmaya katki saglarken bunun sonucunda meydana gelen iklim
degisikliginden de olumsuz etkilenmektedir. Iklim degigikliginin sonuglar1 olarak,
atmosfer sicakliginda artma ve yagis miktarinda azalmanin yamsira sel ve kuraklik
gibi doga olaylarinda diizensizliklerin yasanilacag: tahmin edilmektedir. Bahsi gegen
ekstrem olaylar ve mevsimsel dalgalanmalar hayvanlarin refahini etkilerken, verim ve
iireme performansinda gerilemeye neden olabilmektedir (Sejian ve ark., 2013). Tim bu
nedenlerle iklim degisikligi; pek gok tiiriin, ekosistemlerin ve diinyanin birgok yerinde
hayvancilik tretim sistemlerinin siirdiirilebilirligi i¢in 6nemli bir tehdit olarak
goriilmektedir (Moss ve ark., 2000).

Uluslararasi iklim degisikligi paneli {PCC, 2007) raporlarina gére Akdeniz havzasi
iklim degisiminden en fazla etkilenen bodlgedir ve ilkemiz bu bolge igcerisinde yer
almaktadir. Ulkemizde yasanacak olan kuraklik; gida giivenligi, gidanin
bulunabilirligi, gidanmin erisilebilirligi ve bu maddelerin diizenli olarak saglanabilmesi
problemini doguracaktir. Turkiye’de gelecek ylzyilda sicakligin artacagi, yagislarin
azalacagi, toprak neminin azalacagi, deniz seviyesinin yiikselecegi tahmin
edilmektedir. Ongoriilen iklim projeksiyonlarina gore, gelecek yiizyilda yillik ortalama
sicakligin 1,5°C artmasi ve yagislarin 1,5 mm/giin azalmasi beklenmektedir (IPCC,
2007). Tiirkiye'nin 2030 yilinda kuru ve sicak iklimin etkisine girecegi bildirilmektedir
(Ozcatalbag, 2014). Bu degisimler nedeniyle de kuraklik, sel ve heyelan riskinin
artacag ozellikle de su kithginin yaganilacag distintilmektedir. Bu durumda, tath su
kaynaklarinin diinya genelinde kullanim alanlarina bakildiginda Sekil 2’de goriuldugt
gibi toplam kullanimin ortalama %69u tarim ve hayvancilik sektoriinde olmasi
nedeniyle 6zellikle hayvansal tiretimin stirdiiriilebilirligi risk altindadir.
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Tanm  Evsel  Sanayl Tanm  Evsel  Sanayl Tarm Sanayl Evsel
%82 %8 %10 %30 %Il %59 %69 %19 %12

Disiik ve Orta Gelirll Ulkelerde Yiksek Gelirll Ulkelerde Dlnya Genelinde
Su Kullanimi Su Kullanimi Su Kullanimi

Sekil 2. Diinya {izerinde tatl su kaynaklarinin kullanim alanlari (Anonim, 2020)
Figure 2. Usage areas of freshwater resources in the World (Anonymous, 2020)

Cunki hayvansal tretimde alinan verim igin dogrudan hayvan tarafindan harcanan
suya ilaveten hayvanlarin beslenmesinde kullanilan yem hammaddelerinin tiretiminde
de su harcanmakta ve bu hammaddeler insan beslenmesinde kullanilmaktadir.
Dolayisiyla tarimsal ve hayvansal tretimdeki su tiiketiminin biylik bir orani
hayvansal tretime aittir. Bazi tarimsal ve hayvansal tirtinlerin bir ton tiretimi igin m3
cinsinden harcanan su miktarlar: Sekil 3’te verilmigtir.

Su; gida Uretimi icin de buylk onem tasimaktadir.
1ton uretmek icin gerekli su miktari Miktar (m“/ton)

Patates 160
Misir 450
Sit 900
Bugday 1.200
Soya 2.300

Celtik 2700

Tavuk 2.800
Yumurta 4700
Peynir 5.300

Ep— Sigir eti 15.000

Sekil 8. Baz1 tarimsal ve hayvansal iiriinlerin {iretimde harcanan su miktarlar1 (FAO,
2009)

Figure 3. Water amounts spent in production of some agricultural and animal products
(FAO, 2009)

Hayvanlar lizerindeki iklim degigsikligine bagh ortaya c¢ikan olumsuz etkilere karsi
miicadelede, adaptasyon ve etkisini hafifletme yaklagimlari 6nemli bir rol
oynamaktadir (Sejian ve ark., 2015). Bu anlamda, iklim degisikligi ile birlikte artan
sicakligin aksine azalan su kaynaklarimin efektif kullanimi giderek Onem
kazanmaktadir. Ciinki, ¢iftlik hayvanlar: igin su en kritik besin maddesi olup viicut
dokularinda yeterli su bulunmasi, yagamin normal devam ettirilebilmesi igin gerekli
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bir 6n kosuldur (Altincekic ve Sozcii, 2013). Su tiikketiminde ve su kalitesinde bir
aksama hayvanlarin performansini diisiirmektedir (Kutlu ve ark., 2005). Hayvansal
organizmada metabolik olaylarin diizenli ve siirekli yapilmasi, yemlerin sindirilmesi ve
sindirilmeyen maddelerin atilimi i¢in mutlak suya ihtiya¢ duyulmaktadir (Alcicek,
2013). Hayvansal iiretimde kullanilan hayvan tiirleri diistiniildiigiinde; kiiciikbas
hayvanlarin clisselerinin kiigiik ve metabolik gereksinimlerinin az olmasi nedeniyle su
ve enerji gereksinimleri diger ¢iftlik hayvanlarina gore daha dustiktiir. Bu nedenle kegci
ve koyun tlrlerinin diger tirlere gére zor kogullara daha dayanikli olmalar1 ve bu
kogullarda verimliliklerini devam ettirmeleri nedeniyle gelecekte 6nem kazanacagi
distuniulmektedir. Bu derlemede, nufusun artmasi ile birlikte yakin gelecekte
gerceklesmesi beklenen kisithi su olanaklarimin sicak kosullar altinda yetistirilen
kiigikbag hayvanlar tizerindeki etkileri incelenmigtir.

Kisitli su olanaklarinin kiicikbag hayvanlar {zerine etkileri; hayvanlarin
performans parametreleri, fizyolojik adaptasyon parametreleri, sindirim sisteminde
besin maddelerinin sindirilme dereceleri ve biyokimyasal kan parametrelerindeki
degisimler incelenerek asagidaki basliklar seklinde ortaya konulmustur.

PERFORMANS PARAMETRELERI

Birgok tiir tizerinde miktar veya siire olarak suyun kisitlamasi ile yapilan calismalarda,
vicudun buytik béliminia olusturan suyun %15inden daha fazlasinin kaybedilmesi
durumunda 6liime neden olacag belirtilmektedir. Fakat ruminant hayvanlar icerisinde
ozellikle keci ve koyun tiirleri 6n midelerini su deposu fonksiyonunda kullanabildikleri
i¢in vicutlarindaki suyun %20’sinden daha fazlasinin kaybedilmesi durumunda bile
yasamlarina devam edebilmektedir (Jaber ve ark., 2004). Kisith yemleme ve su
kosullarinda koyun ve kecilerin, yem tiiketimi (Mousa ve ark., 1983), canh agirhig
(Lynch ve ark., 1972) ve performansi (Alamer ve Al-hozab, 2004) énemli diizeyde
gerilese de tolere edebilmektedirler. Abioja ve ark. (2010), 56 giinliikk periyotta su
tiketimi %33 ve 67 oranlarinda kisitlanan African Dwarf ve Red Sokoto kegilerinde
yem tliketimi ve canl agirlikta diismelerin gorildigini bildirmiglerdir. Casamassima
ve ark. (2008), tarafindan yapilan ve 40 giin siiren benzer bir calismada, su tiiketiminin
%20 ve 40 oranlarinda kisitlandigi Comisana koyunlarinda canh agirhigin azaldigin,
ancak yem tiketimi ile siit kalitesi ve kantitesinde ¢nemli diizeyde degisimlerin
olusmadiginmi belirtmiglerdir. Bir baska calismada, Yankasa koyunlarina 50 gin
boyunca ad libitum veya 24, 48 ve 72 saat araliklarla su veren Aganga ve ark. (1990),
susuzluk stiresi uzadikca yem tiiketimi, canli agirlik ve gevis getirme davraniginin
geriledigini bildirmiglerdir.

Vosooghi-Postindoz ve ark. (2017), tarafindan yapilan 42 giinliik calismada, Baluchi
kuzularinin su tilkketim miktarinda %50 kisitlama yapilmasi durumunda kuru madde
alimiin dastigi ve buna bagli olarak canli agirhk kazancinin gerileledigi
aciklanmistir. Alamer (2006), 30 giin siiren calismasinda Hipsi, Aardi ve Zumri ki
tekelere suyun ad libitum veya 72 saat araliklarla verilmesi seklinde su kisitlamasi
uygulamistir. Sonuc olarak, susuzluk siiresi uzadikca yem tiiketiminin giderek
azaldigini boylece canh agirlikta gerilemelerin gorildigini bildirmigtir. Benzer bir
calismada Kaliber ve ark. (2016), 30 giin boyunca su tiikketimi %56, 73 ve 87 oranlarinda
kisitlanan Alpin kecilerinde tiiketilen su miktar1 azaldik¢a yem tiiketimi ve canh
agirhikta gerilemelerin meydana geldigini belirtmistir. Kigclikbag hayvanlarda su
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kisitlamasinin  performans tzerine etkilerinin incelendigi c¢alismalarda; su
kisitlamasinin yapildig1 gruplarda yem tiiketim miktarinin azalmasi ile kuru madde
aliminin azaldig1 bu nedenle de canh agirlik ve siit verimi degerlerinde diismelerin
gerceklestigi yapilan galigmalar ile ortaya koyulmustur.

FIZYOLOJIK ADAPTASYON PARAMETRELERI

Sicak ve nemli bolgelerde yetistirilen hayvanlarda 6zellikle yaz aylarinda sicaklik stresi
biuyik bir sorundur. Bu durumda sicaklik stresinin etkilerini azaltmak amaciyla
hayvanlarda gorilen i1lk tepki su tiketiminin arttirilmasidir. Gelecekte iklim
degisikligi nedeniyle hava sicakliginin artmasi ve su kaynaklarinin azalmasi ile
sicaklik stresinin etkileri artacak ve hayvanlardan elde edilen verim miktar: 6nemli
miktarda disecektir. Sicaklik ve su kithg1 nedeniyle artan stresin hayvan tizerindeki
belirtileri davramssal, fizyolojik ve metabolik olarak gézlemlenebilir (Yavuz ve Biricik,
2009; Sucu ve ark., 2015).

Kaliber ve ark. (2016), 30 giinliik periyotta su tiiketimi %56, 73 ve 87 oranlarinda
kisitlanan Alpin kecilerinde suyun kisitlandigi gruplarda rektal ve deri sicakliklarinda
yikselme meydana gelirken, solunum sayis1 ve nabiz hizinda azalmalarin oldugu
belirtilmistir. Ayrica, hayvanlarin beslenme ve ylrime davraniginda kisithh su
uygulamasiyla birlikte diisiis yasanirken ayakta durma ve dinlenme davraniglarinda
hem frekans hem siire olarak artis gozlemlendigi bildirilmistir. Hipsi, Aardi ve Zumri
1irki tekelere 30 giin boyunca ad libitum veya 72 saat araliklarla su veren Alamer (2006)
susuzlugun solunum sayis1 lizerine 6nemli bir etkisinin olmadigini ancak Hipsi irk:
tekelerde solunum sayisinin %30 dustigini bildirmistir. Ayrica tum irklarda su
kisitlamasi ile birlikte rektal sicaklikta artis oldugu belirlenmistir.

Casamassima ve ark. (2016) tarafindan yapilan 28 giinliikk ¢alismada, Lacaune
koyunlarinda su tiiketiminin %20 ve 40 oranlarinda kisitlanmasi sonucunda su
kisitlamasi yapilan gruplarin solunum hizinda azalma ve rektal sicaklikta artma
oldugu belirtilmistir. Bir baska ¢alismada, Yankasa koyunlarina 50 giin boyunca ad
libitum veya 24, 48 ve 72 saat araliklarla su verilmis ve susuzluk siiresi uzadikca
solunum sayisinin diistiigii ve rektal sicakhigin yiikseldigi saptamistur (Aganga ve ark.
1990). Kiiciikbas hayvanlarda su kisitlamasinin fizyolojik adaptasyon parametreleri
tzerine etkilerinin incelendigi ¢alismalarda; su kisitlamasi yapilan gruplarda rektal
sicaklik ve deri sicakliginda artma goézlemlenirken solunum sayisi ve nabiz hizinda
azalma gorilmustir.

SINDIRIM SISTEMINDE BESIN MADDELERININ SINDIRILME
DERECELERI

Suyun canli organizmada bilinen en temel iglevlerinden biri besin maddelerinin viicut
igerisinde tagsinmasi ve metabolizma sonucu agiga ¢ikan artik tGrinlerin viicut disina
atilminda rol almasidir. Hayvansal organizmada metabolik olaylarin diizenli ve
surekli yapilmasi, yemlerin sindirilmesi ve sindirilmeyen maddelerin atilimi icin
mutlak suya ihtiya¢ duyulmaktadir. Su kisitlamasinin rumen ve barsaklarda gidalarin
daha uzun siire tutulmasina neden oldugu bundan dolay1 da yemlerin sindirilebilirlik
oranlarinin arttig1 yapilan calismalarla ortaya konulmustur. Sirohi, Marwari ve Kutchi
tekelere 60 giin boyunca ad libitum veya 24 ve 48 saat araliklarla su veren Misra ve
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Singh (2002), 48 saate kadar yapilan su kitlamasinin kuru madde alimi, besin madde
sindirimi ve metabolik su tiretimi degerlerinin ad-libitum su tiiketen tekeler ile benzer
oldugunu bildirmiglerdir.

Vosooghi-Postindoz ve ark. (2017), 42 giinliik periyotta su tiikketimi %50 kisitlanan
Baluchi kuzularinda ham protein, nétr deterjan fiber (NDF), asit deterjan fiber (ADF)
ve organik madde sindirilebilirliginde artis oldugu bildirilmistir. Nejad ve ark. (2014)
tarafindan yapilan bagka bir ¢alismada, Corriedale koyunlarina 14 ve 21 giin boyunca
suyun ad libitum veya beslenme sonrasi1 2 ve 3 saat araliklarla verilmesi seklinde su
kisitlamas1 uygulanmigtir. Calismanin sonucunda, su kisitlamasi yapilan gruplarda
sindirilebilir azotun (N) énemli élciide arttigr fakat idrar ve diski azotunun énemli
derecede azaldigr bildirilmistir. Ayni ¢alismada; ham protein, ham seliiloz, organik
madde, kuru madde, NDF, ADF ve lif dis1 karbonhidratlarin sindirimi besleme sonrasi
2 saat su kisitlamasimin yapildigr grupta o6nemli derecede daha yiiksek oldugu
belirtilmistir. Kiiclikbas hayvanlarda su kisitlamasinin yemlerin sindirimi tizerine
etkilerinin incelendigi ¢caligmalarda; ham protein, ham lif, organik madde, kuru madde,
NDF, ADF ve lif dis1 karbonhidratlarin sindirimini arttirdig: bildirilmigtir. Arastiricilar
bu sonucu su kisitlamasinin yapildigi muamele gruplarinda yemlerin sindirim
sisteminden gecis hizinda diisme olacagini boylece yemlerin sindirim sisteminde kalma
stiresinin uzamasiyla sindirilme derecelerinin arttigi seklinde aciklamiglardir.

BIYOKIMYASAL KAN PARAMETRELERI

Kan, ciftlik hayvanlarinin yagsamsal fonksiyonlarini devam ettirmesi i¢in gerekli olan
oksijenin, hormonlarin ve temel besin maddelerinin ilgili doku ve hiicrelere taginmasini
saglayan, biylk oranda sudan olugsan viicut i¢i bir sividir. Bu nedenle ciftlik
hayvanlarinda yetersiz su tliiketimi yasamsal faaliyetlerde aksamalara dolayisiyla
verimde diismelere sebep olacaktir. Kiicikbas hayvanlarda suyun kisithh olarak
saglandig1 calismalarda kanin besin madde kompozisyonundaki degisimler asagida
ozetlenmistir. Hamadeh ve ark. (2006), Ivesi koyunlarina 21 giin boyunca suyun ad
libitum veya 72 saat araliklarla verildigi ¢calismada, kisith su uygulanan hayvanlarin
kan hemoglobin, serum kolesterol, lire, kreatinin, toplam protein, albiimin, sodyum ve
klor degerlerinin yikseldigini; kortizol, potasyum ve kalsiyum degerlerinin ise
diistiigiini saptamiglardir. Benzer bir caligmada Ivesi koyunlarima 42 giin boyunca ad
libitum veya 48 ve 96 saat araliklarla su veren Jaber ve ark. (2004), su kisitlamasinin
uygulandigi gruplarda kan sekeri, toplam protein, kolesterol, ire, kreatinin ve sodyum
konsantrasyonunda artig; potasyum dizeyinde azalig; klorid ve kalsiyum diizeyinde ise
6nemli bir farklilik olmadigi bildirilmigtir.

Igbokwe (1993) tarafafindan yaplan bagka bir calismada, Yankasa koyunlarina 42
glin boyunca suyun ad libitum veya 96 ve 192 saat araliklarla verilmesi seklinde su
kisitlamasi uygulanmigtir. Caligmanin sonucunda, su kisitlamasi uygulanan gruplarda
yem tlketiminin azalmas1 ve viicut depo yaglarinin mobilize edilmesi nedeni ile
kolesterol ve trigliserid diizeylerinin ylkseldigini bildirmistir. Ayrica bobreklere daha
disik dizeyde su gelmesi ve lriner sistemdeki kan dolagiminin azalmasindan dolayi
kan tire seviyesinde artis oldugunu ortaya koymustur. Corriedale koyunlarina 14 ve 21
glin boyunca ad libitum veya beslenme sonrasi 2 ve 3 saat araliklarla su veren Nejad
ve ark. (2014), su kisitlamas: yapilan gruplarda serum protein, glikoz ve iire azotu
bakimindan 6nemli bir farkin olmadigini bildirmistir. Ayrica imminoglobulin G,



DURMUS ve KOLUMAN / Turk J. Agr Eng Res (TURKAGER), 2020, 1(1), 190-199 197

kirmizi kan hicreleri, beyaz kan hiicreleri, hemoglobin, hematokrit, bazofiller ve
eozinofiller dahil kan hematolojisi bakimindan da muamele gruplar1 arasinda 6nemli
bir farkin olmadig1 belirtilmistir. Fakat, serum trigliserit konsantrasyonu besleme
sonrasi 2 saat su kisitlamasinin yapildig: grupta diger muamele gruplarina gére 6nemli
derecede daha yiiksek oldugu tespit edilmistir.

Casamassima ve ark. (2016), 28 giinliik periyotta su tiikketimi %20 ve 40 oranlarinda
kisitlanan Lacaune koyunlarinda; serum toplam protein, lire, kreatinin, sodyum, klor,
reaktif oksijen metabolitleri, kortizol, hemoglobin, kirmizi kan hiicresi sayis1 ve
hematokritte 6nemli derecede bir artigsa neden oldugu bildirilmigtir. Alpin kegilerinde
su tiketiminin 30 glin boyunca %56, 73 ve 87 oranlarinda kisitlandigi benzer bir
calismada, su tiikketim miktarindaki azalmayla birlikte kan glukoz, kolesterol, tire,
kreatinin, sodyum ve vazopressin dizeylerinde artis meydana geldigi, kan potasyum
seviyesinde ise azalma oldugu bildirilmistir (Kaliber ve ark., 2016). Kiiciikbas
hayvanlarda su kisitlamasinin kan parametreleri lizerine etkilerinin incelendigi
calismalarin biiyiik ¢ogunlugunda; serum glikoz, hemoglobin, albumin, toplam protein,
kolesterol, iire, kreatinin, sodyum, klor, kirmizi kan hiicresi, aldesteron ve kortizol
hormonlarinin konsantrasyonlarinda artis; potasyum diizeyinde ise azalis oldugu tespit
edilmigstir.

SONUC

Diinya nifusunun hizla arttigi son yillarda, kisith olan dogal kaynaklarin kullanimi
tzerine bir¢ok calisma yapilmistir. Bu ¢calismalarin en belirgin ortak yoni insanlarin
cesitli alanlarda gerceklestirdigi faaliyetler sonucunda atmosfere salinan sera
gazlarinin var olan denge ve diizeni bozarak iklim degisikligine yol ag¢masidir.
Gunlmiizde, artan insan niifusuna paralel olarak artan sanayilesme ve sehirlesmenin
yanisira insanlarin beslenme ihtiyacinin karsilanmasi amaciyla bitkisel ve hayvansal
Uretimin artmasi nedeniyle kiiresel 1sinmaya baglh iklim degisikligi yasanmaktadir.
Dinya niifusunun 2050 yilinda 9.3 milyara ulagmasi ve bu niifusun %60’dan fazlasinin
sehirlerde yasayacag tahmin edilmektedir. Bu durumda iklim degisikligine bagh
etkilerin daha fazla hissedilecegi ve dogada bulunan dogal kaynaklarin (6zellikle
kullanilabilir su kaynaklari) insan ihtiyaclarin1 karsilama noktasinda yetersiz kalacag
ongoriilmektedir. Bu nedenle iklim degisikliginin ciddi zararlar (asir1 sicakliklar, yagis
dalgalanmalari, sel ve kuraklik vb.) ve olas1 etkileri (azalan orman alani, azalan ve
verimsizlesen meralar, hayvan verimin dismesi, su stresi, yeni hastaliklarin ortaya
cikmasi, silirii yonetiminde degisikliklerin olmasi vb.) ile basa ckmak icin
sturdiriilebilir hayvancilik sistemlerinin uygulamaya gecmesi gerekmektedir.
Gelecekte gergeklegsmesi beklenen kisith su olanaklarina karsi hangi hayvan turi ve
1irkinin avantajl oldugu ve uzun siire susuz kalinmasi1 durumunda verimliligini devam
ettirebilecegi de dikkatle irdelenmesi gereken bir konudur. Ozellikle ekstrem soguk
veya sicak bolgelerde yapilacak bitkisel ve hayvansal tiretim i¢in en uygun cesit, tiir ve
irk belirlenmeli ve iiretim sistemlerine iligkin stratejiler simdiden geligtirilmelidir.
Dolayisi ile hayvansal tiretimin stirdiirilebilirligi i¢in kurak ve yar1 kurak bélgelerde
zor kosullara adaptasyonu yiiksek olan keci ve koyun tiirleri ile tirler icindeki iwrklar
kargilagtirilarak gelecege yonelik bir planlama yapilmahidir. Boylece gelecekte
gerceklesmesi 6n goriilen sinirli su kaynaklar: icin cesitli canl tiirleri (insan, bitki,
hayvan) arasinda olusacak rekabetin azaltilmasi miimkiin olabilecektir.
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ABSTRACT

Weeds can be thought of as plants growing in the wrong
habitation, place and time thereby, doing further damage than
improving the crop. Taking out weed growths is a vital practice
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INTRODUCTION

Weeds are plants which grows where they are not needed, the history of weeds is as old
as when man started practicing agriculture. Since the beginning of crop production
system and all through generation, waste plant growth among the planted crops has
been the major task facing agriculturalists all generations. There is competition
between the non-crop plant and crops for sunlight, soil water, space and soil nutrient,
the non-crop plant/waste plant is known has weed (Parish, 1990). Different species of
weeds which has been identified is over 3000, weeds compete directly for nutrients,
light, soil water, air and space in the soil to decrease yield. In plant propagation and
production cycle, weed removal is essential and similarly a tedious operation. It is
therefore essential to control weed in order to reduce losses in production cost and
improve crop yield. Poor weed control can result in over 50-70 % reduction in crop yield
and one third of the cultivation costs is weed cost (Oni, 1990). The damages caused by
weeds can be severe in agricultural sector. The damages comprises crop quality loss,
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crop yield loss, plant pests sheltering, diseases and in addition decrease values in land.
In Africa the common weeding practice is mostly manual, 75% of Nigeria population is
involved in agriculture. During a planting season weeding accounts for over 25% of total
labor requirements (Nag and Dutta, 1979). As agriculture becomes mechanized, row
crops are spaced widely to accommodate farming practices developed to control weeds
in inter row work. Weeding in Nigeria is not effective because row crop weeder are not
encouraged (Olukunle and Oguntunde, 2006). Mechanical methods of weeding are very
easy and simple for adoption and understand by farmers. Weeding done traditionally
are done using inter culture tools such as hand hoe and spade (Yadav and Pund, 2007).
New technologies are always helping to improve the productivity on the field (Mehta et
al, 2019). Weeding mechanically if introduce in subsistence agriculture, it would lead
to increase in crop produce and reduce shortages (Olukunle and Oguntunde, 2006).
Mechanical weeders can be classified on the basis of power, design and mechanism as
manual weeding tools, animal drawn weeders and power or tractor operated weeders
(Kumar et al, 2012).

REVIEW of EXISTING MECHANICAL WEEDERS

A review was done to know the merits and demerit of some existing mechanical
weeders with their year of production.

Mandava-Single Row Weeder (2000)

Machine description

The parts of the weeder are float, rotor, handle, handle rod and rotor frame (Figure 1
and 2).

Mechanism of operation
The mechanism is to remove weeds from the soil by rotation of the integrated spiked; it
1s powered by the movement manually.

Merit

Low cost of operation and manufacture
Less weight (5 kg) with more strength
Simple design

Suitable to all types of soil

Easy to operate

Better handle

Reduces drudgery

P NS oe N

Can be manufactured locally

Limitation

1. It ineffectual because it digs deeper into the soil than compulsory.
2. No provision for adjustment

3. It is manually operated
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Float

Rator Handle

Figure 1. Pictorial view of Mandava single row weeder (Ravi, 2000)
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Figure 2. Detailed description of Mandava single row weeder (Ravi, 2000)

Row Crop Weeder (2006)

Machine description

The weeder machine has 5 hp electric motor as the source of power that transmits
motion to other part the machine which reduce drudgery and increasing crop
production. The machine was developed and found to weed effectively. Parts of the
machines are transmission system, spike-brush abrasive auger, motor, wheels and
frame. It has an adjustable cutting height and can operate as mower (2 cm to 4 cm above
the ground level) and weeder (between 2 cm to 1 cm). For small and medium scale
farmers this machine is affordable and has a simple design. The use of this machine
reduces drudgery in a positive direction for weeding crops in rows. Operational
condition adopted for these machine is for crops on flat beds with conventional tillage,
zero tillage and other cultural tillage practices (Figure 3).

Machine mechanism

Width of cut of the machine is 50 cm with field capacity 0.0751 ha h-!. The machine can
weed a hectare of farm in a day when operated by two person with 90% average field
efficiency and functional efficiency was between 90 and 98.5%.
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Merits
1. It’s cost effective and consumed less fuel
2. Increase in the brush speed increases the weeding efficiency

Limitations

1. It can be used on dried land

2. Its can only be used for small scale farm
3. It’s not self-propelled

Handle
Electric motor
Frame
Shaft coverer
Back wheel
Director wheel
Wire brush

Figure 3. Pictorial view of a row crop weeder (Olukunle and Oguntunde, 2006)

Manual Weeder with V-Frame (2007)

Machine description

The machine consist of the following parts the handle, blade (spokes), v-frame and
wheel. The wheel of the machine was made from mild steel flat with a hub made from
mild steel. At the wheel centre the spokes were attached to the hub. Mild steel flats
was selected for the weeding blade because it is ductility to withstand forces acting as
load of the machine. The soil is penetrated through the sharp blades at suitable angle
and anticipated depth during weed removal. Mild Steel Square bar was the material
used for the prongs having dimensions 175 x 10 x 10 mm. The headpiece houses the
blade and prong fixed at both ends. Galvanized iron pipe material was selected for the
headpiece 30 mm x 350 mm in diameter and length with adjustable grooves for spacing
between blades. Nut and bolts were supported by U-shape flat bar and shaft. The
ground wheel with the main frame supports the handle connected by a V-shape steel
flat. Mild steel pipes was used to fabricate the handle with a height of 955 mm at an
angle of 37°. The ergonomics of the machine was done to fit the operator. Mild steel
material was used for depth control with 120 mm diameter of ground Wheel (Figure 4
and 5).

Mechanism of operation

The mechanism was cut at the first impart with the weed. The materials selected was
able to withstand the resultant resistant of the weed to cut, with steel flat weeding
blades. The machine is rigidly supported by mild steel V-shape support directly fused
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to the handle to link the ground wheel with the main frame. Working depth of the
machine developed 30 mm, field capacity of 0.048 ha h-! with to 92.5 % weeding
efficiency.

Merits

1. It’s easy to operate

2. The cost of production is low

3. The ergonomics of the operator was design for in the machine

Limitation
1. It is manually operated
2. It can only be used at early stages

Handle

Wheel

V-frame Blade

Figure 4. Pictorial view (Yadav and Pund, 2007)
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Figure 5. Isometric view (plan and side view) (Yadav and Pund, 2007)



SEDARA and SEDARA / Turk J. Agr Eng Res (TURKAGER), 2020, 1(1), 200-221 205

Hymatic Cono Weeders (2008)

For shallow water weeding conditions Hymatic Cono Weeders can be utilized.

Mechanism of operation

Its mechanism involves uprooting (teeth) and burying weeds in the mud by push and
pull operations of the machine. It saves labour by 50% while covering 0.18 ha day-!
(Figure 6 and 7).

Machine description
The parts that make up the machines are floater, cones, handle, cono and frame.

Merits

1. It can easily be operated by both gender.
2. The cost of weed control is low.

3. It is not heavy to work with.

4. Easy for farmers to operate.

Limitations
1. It cannot be used on dry or stony land
2. It can only be used at early stages of the crop

Handle

Frame

Float

Cono

I .
Figure 6. Pictorial view of hymatic cono weeder (www.hymatic.in/hymatic cono weeder)
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Figure 7. Isometric view of hymatic cono weeder (www.hymatic.in/hymatic cono weeder)
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Row Crop Mechanical Weeder (2009)

The machine comprises of three set of blades, petrol engine as main source of power
was, frame, transmission system and ground wheel. The dimension of the machine was
0.32 m wide, 0.85 m long and 0.24 m in height. The weeding efficiency of the machine
was observed during field test to be 95% having a depth of cut of 0.24m, cutting speed
of 800 rpm and 0.7L h-! fuel was consumed on the average. The weeding capacity of the
machine was 0.053ha h-1. As at 2007, production cost of the weeder was estimated to be
US$285.

Machine description
The weeder was designed and constructed to research in crop rows. The main features
of the weeder are as follows:

Mainframe: it was built of a rectangular hollow pipe (with a length of 500 mm a steel
channel was welded to the frame, with brackets to hold the engine in place.

Handle: the main frame was the point of attachment for the handle. This feature
helps in push or pull mechanism of the machine with the aim of controlling the direction
by the operator during operation within crop rows.

Cutting blade: there are three sets of the cutting blades mounted on the shaft with
the frame given main support. For every gang there are four Li-shaped blades arranged
into orthogonal planes.

Blade shields: a shield was necessary to cover cutting area. The operator is protected
by a shield from soil splash and cut weeds so that he/she can concentrate on the job

Transmission unit: the arrangement of belt and pulley from the prime mover
transmits power to the cutting blades.

Wheels: two types of wheels were used, a single wheel in front of the machine behind
the blades whose function were to control.

Internal combustion engine: a commercial 5hp petrol engine (Honda), engine speed
(4200 rpm) was used as the power source (Figure 8 and 9).

Mechanism of operation
The engine gives the source of power and transmits it all other parts.

Merits

It’s environmental friendly because it does not pollute the environment
The machine protects crop

Its fuel economic

It’s cost effective

ouk b=

The machine was rugged and designed for easy maintainability

Limitation
1. Used in early stage of the crop
2. It can work for small hectares of land and dependent on the operator
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Engine
Blade
coverer

Pulley
Cutting Belt
blade

Handle

Wheel frame

Figure 8. Pictorial view of row crop mechanical weeder (Manuwa et al., 2009)

Figure 9. Cutting blade of the row crop mechanical weeder (Manuwa et al., 2009)

Manually Operated Single Row Weeder (2010)

Machine description

Frame support: Metallic square pipe material of 82 cm by 10 cm was selected with
pipe supports of different measurements.

Secondary cutting edge- A sharpen metallic flat bar of 30 cm in length was used for
the design of the cutting edge

Handle' The material selected for the handle is a square pipe of different sizes

Frame cover:The metallic sheet of 82 cm by 10 cm was used as the cover of the frame
on both sides of the weeder.

Primary cutting edge: The primary cutting edge was made up of flat bar. On a
horizontal bar of 30 cm long were placed vertically eight blades sharpened at both ends

Machine mechanism

The machine is operated manually by human using cutting edge mechanism (primary
and secondary) for weed cutting. The loosening of the soil and the lifting of the weeds is
done by the primary cutting edge in the front while the cutting is done by the blade
behind. A rope pulled through a loaded spring balance was used to determine the force
needed to uproot a weed. The principle of operation of the machine was impact and
abrasion mechanism which cause weed stem failure and soil or root failure. Fabrication
which include metal cutting, bending, shaping and welding was carried out at the
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workshop. The machine was tested at average human being speed on different types of
soil (clay, loamy and sandy) and different position on the soil (Figure 10).

Merits

1. It easy to operate

2. It can operate on different soil
3. Its cost effective

Limitations

1. Its uses only the human speed so its operation is dependent on the operator

2. It can be used at early stage of the crop

3. The primary and secondary cutting blade can only uproot with low depth of
penetration into the soil

HANDLE COUPLING
Py .

FRAME

Secondary cutting edge

Primary cutting edge

—

Figure 10. Manually operated single row weeder (Quadri, 2010)

Model C1262 Power Weeder (2011)

Machine description

A 1.4hp Mitsubishi (japan) engine which operates on the weeder machine, which
transmission of power from the engine is through the gear box (the warm type, grease
filled gear box) the weight of the power weeder was 0.014 kg, height was 1.02 m, engine
type is a petrol engine with mixing oil of 2T 30 ml for 1 litre of petrol while the fuel tank
capacity was 600 ml, principle of operation was that the blades are the ones doing the
cutting in the direction of motion. The starting model of the machine was a recoil type
with sizes of wheels/blades 4 numbers; width of wheels/blades 0.25 m and also 4
wheels/0.25 m, 3 wheels/blades 0.2 m, 2 wheels/blades 0.17 m. The power weeder can
be run on 4, 3 or 2 blades with the handles and controls provide controls for the forward
motion of the power weeder.

Mechanism of operation

The main source of motion/power is the engine connected to the gear box to which the
other moving parts like the wheels and blades are all connected through rotary motion.it
is self-propelled with a 1.4hp fuel/petrol engine with capacity of 1-8ha day-! (Figure 11).
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Merits of the machine

1. This machine increases the yield up to 15%.

2. Enhances even crops with better land utilization.
3. Helps in saving water.

4. Labour and time saving.

5. Enhances proper weed control.

Limitations

1. The machine produces fume which is not environmental friendly

2. The cost of machine and maintenance is much to be used commercially
3. Power weeder can be used at early stage of the crop

Control €——
handle

Transmission €———— - Petrol engine
unit

Wheel — & S Gear box

Figure 11. Model Cl1262 Power Weeder (www.RekhaAgriplasltd.com/power weeder
CL262)

Rotary Power Weeder (2011)

Machine description

Figure 12. Schematic illustration of power rotary tiller: 1: Front wheel, 2: Tine, 3:
Guard, 4: Rear wheel, 5: Prime mover, 6: Handle (Olaoye and Adekanye, 2011)

Mechanism of operation of a Rotary Power Weeder

A vivid arrangement of a rotary power tiller is shown above. The major component of
the machine are ground wheel, two assembly, petrol engine motor, frame and handle.
The machine is manually operated and powered source from the petrol engine motor
that supplies power to rotary hole through the transmission system (belt and pulley). A
theoretical motion analysis was carried out by Hendricks and Gill (1978) rotary tiller
blade. The weeding disc motion at every point on rotary tiller surface travels through a
trochoidal or cycloidal path subject to point of distance from the rotor axis (radius).
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During operation, the motion of the rotor is generated by combining forward and
rotational motion of disc-type tines and rotor Radius (Figure 12, 13 and 14). The
parametric equation which describes the path of a point on the rotor is as shown in
Figure 15.

. '—.n.‘*.r.-;
Figure 13. Isometric view of a power rotary tiller (pictorial view) (Olaoye and Adekanye,
2011).
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Figure 14. Orthography view of a power weeder (Olaoye and Adekanye, 2011)
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Figure 15. Sketch of disc with tines motion (Olaoye and Adekanye, 2011)

Merits

1. Ease of operation

2. Cost effective

3. Good ergonomics on the part of the operator

Limitations

1. It can only be used at the early stages of the crop.

2. It is not automated

3. It can work for a longer period it works is dependent on the availability of fuel and
energy of the operator.

Cono-weeder technical drawings (2012)

Machine mechanism

The machine was used on swampy land, the teeth of the machine uproot the weeds and
bury them in the mud as the machine is move to and fro manually (Figure 16, 17 and
18).

Merits

1. The machine buries the weed cut thereby adding manure to the soil.
2. During operation of the machine it gives aeration to the root.

3. Longer life to the tool.

Limitations
1. It’s used on swampy soil
2. It can only be used at early stages of the crop
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Figure 16. Pictures of the cono weeder (Godfrey and Jonne, 2012)

Figure 17. CAD design of a cono weeder (Godfrey and Jonne, 2012)
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Machine description in detail
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Figure 18. CAD design of Cono weeder (Godfrey and Jonne, 2012)
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Rotary Power Weeder (2012)

The use of non-chemical control for weeding has been effective for crop production.
Performance evaluation was carried out on the machine it was observed that weeding
efficiency was 73% while the field capacity was 0.07 ha hr-1. Estimating cost of manual
weeder to be N 12,000.00 as against N 2,700.00 for rotary power weeder.

Machine description
The following are the components part of the machine:

Frame: mild steel angle iron of 30 mm x 30 mm x 5mm thickness. Marking out was
done to cut th material into 600 mm and 350 mm sizes as required. The instrument
used for cutting and chamfering edges was a hacksaw blade for effective joining through
welding of the cut part to form the frame of the machine.

Rotary Hoe (Disk): A circular disk plate of mild steel material was cut out
12 mm thickness in five set having 128 mm diameter each. In each disk a drill hole of
50 mm was made at the centre for shaft passage with 60 mm length circular pipes was
drilled and welded to make it stable.

Tines’ A 13 mm diameter metallic rod made from mild steel was curled and welded
centrifugally on the disk with twelve tines per disks. The tine was 138 mm in length
and effective to cut weeds.

Transmission units’ A 5 hp internal combustion engine was used to power the
machine and transmitted through belt and pulley to other moving parts (Figure 19).

Mechanism of Operation

The machine is manually moved from one place to the other. The cutting blades (tines)
was given motion/power from the electric motor and the transmission unit is through
the belts, pulley, shaft and bearing. The machine was tested on the field and it was
observed that 2261 rpm speed gives a better weed cut than 2400 rpm speed which means
the machine efficiency is influenced by the speed of the engine. The forward movement
of the machine give the draught and cutting in the direction of motion.

Merits

1. It’s easy to operate and maintain i.e. its cost effective

2. The movement of the machine is controlled by the operator
3. Helps in saving time on field operation

Limitation

1. The machine can’t work for a longer period of time
2. It’s not self-propelled

3. The work rate is dependent on the operator

‘\';.{‘ =5 Handle
Electric motor Y e~
(engine) / ; ,,'aj,' .
Adjuster P o 7
wheel - 3

. " =" Wheel

?_' 7. e l—,nnes

Figure 19. Pictorial view (Olaoye et al., 2012)
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Manually Operated Ridge Profiler (2013)

A ridge profile rotary weeder was designed, fabricated and tested. The operation of the
machine was manual. The machine has two rotary hoes with one half of the each hoe in
line ridge during weeding. The rotary hoe is adjustable to the ridge profile at an angle
to the ridge with row spacing of 750 — 900 mm not considering crop height. It was
observed during the pilot tests carried out on the machine that the energy requirement
is high and young weeds were effective controlled.

Mechanism of operation
The machine was designed for inter-row operations. The component parts are two rotary
hoes, frame and handle. It is not limited by crop height, which is a major advantage
over other manual weeder. For every rotary hoe the ridge was incline at about 30° and
sloped in the direction of travel at an angle of 60°. Draught power ranging from 0.71-
1.26 kW was found to be the optimum setting for weed removal. The soil type and
ridging technique determines angle of repose of the ridge. It was also observed that a
decrease in angle of repose increases draught power and decreases weeding efficiency
of the machine

The arrangement of the rotary hoe is to ensure gradual weed removal and a slight
disturbance of soil around the base of the crops.

Machine description

The machine was designed to have the following component parts; frame, tool bar,
rotary-hoe gang, handle and ground wheel as shown in Figure 11. The major part used
for cutting isc the rotary hoes which consist of tines sharpened both at the cutting edges
and at the tip (Figure 20 and 21).

Merit

1. It is used for inter row weeding

2. Limitation

3. It is manually operated

4. It can operates better using a combustion engine to make is automatic

Limitation
1. The machine can be used only for rows
2. The handle cannot be adjusted it’s stationary

Figure 20. Pictorial view of ridge profile weeder (Kamal and Oladipo, 2013)
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A - Tool bar

B - U - Bracket

C - Rotor Plate

D - Honzontal Bracket

E - Vertical Bracket

H - Ball Bearing

I - Bearing Housing

Figure 21. Exploaded view of the rotary hoe (Kamal and Oladipo, 2013)

Single Wheel Weeder (2013)

Mechanism of operation

The machine is made up of primary cutting edge and secondary cutting edge. The
loosening of the soil is done by the primary cutting edge while cutting and lifting of
weeds by secondary cutting edge. The machine can also add fertilizer and seeds to the
soil through the funnel. The machine was able to perform tilling, mulching and weeding.

Machine description
The machine can be describe to have cutting edges (primary and secondary), frame,
handle and funnel (Figure 22).

Merits

1. The weeder is more efficient compared to hand weeding.
2. It require less skills to operate

3. The cost of maintenance is low

Limitations
1. It has no ability to roll over obstacle.
2. Since the handle can’t be adjusted, ergonomics is poor

Scope for future work
1. Lightweight materials can be selected to reduce the weight of the machine.

Funnel
. (fertilizer)

Handle

2. It can be semi-automated.

Wheel

Frame

Primary blade

Secondary
blade

Figure 22. Conceptual ideal (Sridhar, 2013)
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Multipurpose weeding machine (2015)

Machine description

Different components of multiple purposes weeding machine

are:

1) body ii) prime mover iii) shaft iv) v belt v) pulley vi) director wheel vii) chain sprocket
viii) blades ix) safety cover of blade shaft (Figure 23).

Machine mechanism of operation

During the operation of the weeder there is interaction between soil and machine caused
by the blades. The geometry design of the blades helps to reduce power
required and size of the machine. The electric motor provides the power needed for
all the moving parts of the machine. On the flange there are blades attached to a
rotating shaft through bolts and nuts. A blade with L- shaped design is economical and
efficient as its help to reduce plant damage and weeding cost by
10.88%, with weeding efficiency up to 91%. Hence belt can safely transmit 550.54 kW
power.

Merits

1. It will save the total labour cost involved in whole weed removal operation.

2. The weeds can be removed in much shorter span of time.

3. Its environmental friendly

4. The design is compact so that it is capable of removal of weeds from complex places.
5. It will reduce the need for frequent inspection of weeds by farmers.

Limitations

1. Its can only be used on the early stages of the plant
2. Its cannot be used in all type of soil

3. The weeder machine is also self-propelled.

Application

1. Large agricultural fields.

2. Fields with huge quantity of weeds.
3. Labour deficient regions

4. Private lawns

/ ; Chain

sprockets

Electric <«———

motor Handle
Engine <*——
pulley L-shape
blade
Blade
CONETEY Director
wheel

Figure 28. Pictorial view of a multipurpose weeding machine (Pathade et al., 2015).
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Double Wheeled Multipurpose Weed Remover (2015)

Machine description
The major components of the machines are chassis, engine, chain, sprocket, handle,
blades, seeding box, shaft and wheels (Figure 24).

Machine mechanisms

The weeder is driven by petrol engine to move in forward direction and the blades are
attached at rear end of the machine. The engine transmit power to the blade given it
strength to cut weeds. The machine works on chain and sprocket mechanism. Motion is
transmitted to the wheel through a rotating shaft. The forward direction of the blades
attached at the rear end of the weeder turns the soil and removes the un-wanted plant.

Merits
1. There is reduction in labour cost
2. It reduces drudgery

Limitation
1. Weight of the machine is much
2. The time required to assemble the machine

Seeding Box

. Fuel Tank

| Petrd

Guiding Wheel

Seeding Arrasgement
With Gear Mechanism

Figure 24. Pictorial view double wheeled multipurpose weed remover (Madhusudhana
et al., 2015)

Prototype: A Ridge Profile Mechanical Power Weeder (2017)

Machine Components
The major components of the machine are main frame, rotor shaft, power transmission
system, cutting blades, handle and power source.

Description and working of weeder

The power is generated for weeding purpose from ground by using a drum. The drum is
mounted on a shaft, which moves when drum moves. A bicycle chain wheel is also
mounted on that shaft which is connected to the free wheel, which is mounted on pinion
shaft through a chain. So when drum moves the pinion shaft as well as tine mounted
on pinion shaft also move with more peripheral velocity due to difference in number of
teeth of chain wheel and gear wheel. The rotary blade enables cutting of weeds and
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integrating it into soil. The width of coverage of weeder is 30 cm and depth of operation
can be adjusted.

Weeding efficiency percentage ranged from 74.47 to 93.89% for different soil-machine
parameter combinations (Figure 25).

Merits

1. It’s easy to operate and maintain i.e. its cost effective

2. The movement of the machine is controlled by the operator
3. Helps in saving energy

Limitation

1. The machine can’t work for a longer period of time because of manpower
2. It’s not self-propelled

3. The work rate is dependent on the operator
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Figure 25. Developed prototype of ridge profile power weeder (Thorat et al., 2017)

Intra Row Weeder in Soil Bin (2019)

The developed machine was evaluated in the laboratory for the plant damage at
different operating conditions. The evaluation was done in soil bin unit at Farm
Machinery and Power Engineering department of College of Agricultural Engineering
and Technology, Junagadh, India. The evaluation was conducted after creating an
appropriate field condition. The soil bin unit was prepared in such a way that it could
assist in computing the performance of developed automated intra row weeder.

Soil bin utilized for testing was rectangular in cross section having the area of 24 m?
with soil fill. The soil bin module consists of a tool carrier, trail, variable speed motor,
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rope drum unit and speed controller. The soil fill was perfectly levelled and seed bed
condition was created by removing soil clods and stones. Tool carrier was held over a
trail and was driven by rope drum unit through variable speed motor. The already
existed tool carrier was attached with a frame to carry unit of developed automated
intra row weeder as shown in the Figure 18. A 20 hp variable speed motor with speed
control system was used to drive the tool carrier through rope drum unit over the trail.
Speed of the tool carrier was varied by varying the speed of the motor using speed
control knob on the control panel (Figure 26).

Merits

1. It’s easy to operate (automation) in a controlled environment
2. The movement of the machine is controlled by the precision
3. Helps in new inventions on field operation

Limitation

1. The machine can’t work for a longer period of time
2. It is self-propelled

3. The work rate is dependent on the operator

2019)

CONCLUSION

In crop production weed management is a key operation involving high techniques as
removal of weeds is costly and hard to accomplish. In this research, mechanical weeder
has shown to be evolving in design, principle and mechanism over the years reviewing
merits, demerit and limitations. Such findings reveal that much work is still needed to
be done by researcher especially in Africa.
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