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Abstract: Garlic production and consumption are increasing worldwide, including in Turkey. It has a wide place on tables due to its
taste and health benefits. Kastamonu Tagkoprii garlic is also a geographically indicated variety known and sought after worldwide due
to its sharp aroma. Approximately 20% of garlic in Tiirkiye is produced in Kastamonu. Garlic is the most important agricultural product
in the Kastamonu economy. Thousands of tons of garlic reach consumers unprocessed, in the form of hand-tied garlic, and are placed
on tables. Apart from this, netted garlic in markets, peeled garlic, puree, and black garlic, used primarily in sausage-pastirma-pickle-
food sectors, are also processed in facilities in Kastamonu and marketed nationwide. Due to the intensive labor requirement in
production, production costs and the supply of labor requirements limit garlic production amounts in the region. In recent years, the
use of machinery in planting has become widespread. The spoon-type planting machines are used to plant in rows and then facilitate
operations such as weeding and uprooting. This study investigated the success of the spoon-type garlic planting machines used in the
region with Kastamonu garlic. The field trials revealed planting performance with the sprout spacing measurement and camera image
analysis with different speeds, tooth sizes, and field slope variables. As a result of the results obtained, it was seen that the spoon-type
machine was far from making precise planting. When plant distribution was evaluated according to the row spacing in all variables, it
was determined that the acceptable row spacing rate was insufficient (11.7-79.5%). It is possible to say that it scatters garlic randomly
on the row. These machines need to be developed, and losses in garlic planting should be reduced.

Keywords: Garlic, Kastamonu, planting mechanization, resource efficiency, sustainable agriculture

Oz: Sarimsak iiretimi ve tiiketimi tiim Diinya’da ve Tiirkiye’de artmaktadir. Gerek lezzeti gerekse saglik yoniinden faydalari sebebiyle
sofralarda genis yer bulmaktadir. Kastamonu Tagk&prii sarimsagi da cografi isaret sahibi, keskin aromasi sebebiyle tiim diinyada
tanimnan ve aranan bir cesittir. Tiirkiye’deki sarimsagin yaklasik %20 si Kastamonu’da iiretilmektedir. Sarimsak, Kastamonu
ekonomisinde en dnemli tarimsal iiriindiir. Binlerce ton sarimsak islenmeden, el bagi seklinde tiiketicilere ulagsmakta ve sofralarda yer
almaktadir. Bunun disinda marketlerde yer alan filelenmis sarimsak, basta sucuk-pastirma-tursu-gida sektdrlerinde kullanima sunulan
soyulmus sarimsak, piire, siyah sarimsak gibi katma degeri yiiksek triinler de Kastamonu’daki tesislerde islenip yurt geneline
pazarlanmaktadir. Uretiminde yogun isgiicii gereksinimi sebebiyle iiretim maliyeti ve isgiicii ihtiyacinin temini yorede sarimsak iiretim
miktarlarini kisitlamaktadir. Son yillarda ekim islerinde makine kullanimi yayginlagsmaya baslamistir. Kullanilan kasikeikl tip ekim
makinalar1 siraya ekim yapmakta, sonrasinda ot alma, sokiim gibi islemlerin yapilmasini da kolaylastirmaktadir. Bu ¢aligmada bolgede
kullanilan kasik¢ikli tip sarimsak ekim makinalarinin Kastamonu sarimsagi ile kullanildigindaki ekim basarisi arastirilmustir. Yapilan
tarla denemelerinde farkli hiz, dis biytikligi, tarla egimi gibi degiskenlerle filiz aralik 6l¢iimii ve kamera goriintiisii analizi ile ekim
performansi ortaya konmustur. Elde edilen sonuglar neticesinde kagike¢ikli tip makinanin hassas ekim yapmaktan olduk¢a uzak oldugu
goriilmiistiir. Tiim degiskenlerde sira {izeri mesafeye gore bitki dagilimi degerlendirildiginde, kabul edilebilir sira lizeri aralik oranin
yetersiz oldugu saptanmustir (%11.7-79.5). Sira tizerine gelisi giizel sarimsak doktiigiinii sdylemek miimkiindiir. Bu makinalarin
gelistirilerek sarimsak ekimindeki kayiplarin azaltilmasi gerekmektedir.

Anahtar Kelimeler: Sarimsak, Kastamonu, ekim mekanizasyonu, kaynak verimliligi, stirdiiriilebilir tarim
1. Introduction

The scientific name for garlic in Latin is Allium sativum, which means “a burning plant”. Its thin green leaves, white
roots, and pungent odor indicate that garlic is a member of the Allium genus, like onions and leeks. Garlic, used as a
vegetable, is a plant that has been used in all cultures since ancient times as a condiment and as a medicine [1]. Garlic has
gone far beyond being a plant that is only used dried or fresh due to its unique qualities. Garlic products available on the
market are generally in the form of garlic tablets, garlic vinegar, garlic yogurt, garlic olives, garlic puree, garlic capsules,
garlic mustard, (a wide variety) garlic sauces, garlic powder, garlic essential oil, garlic juice (extract), dried garlic, and
garlic pickles [2], Kizilaslan and Tokatli [3], in their study investigating the effects of garlic on human health, stated that
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it has anti-inflammatory, antidiabetic, antioncogenic, antimicrobial, antioxidant, cardioprotective, immunomodulatory
and hepatoprotective effects and recommended including garlic in daily nutrition. While 28,204,854 tons of garlic were
produced in the world in 2021 [4], 0.4% of it was produced in Turkey with 132,617 tons [5]. Approximately 25% of
Tiirkiye's production was produced in Kastamonu, which produced 33,122 tons. Taskoprii garlic, which is the most widely
grown garlic variety in Turkey due to its sharp aroma and long-term preservation, is also known as white gold [6]. Garlic
is the agricultural product that provides the most employment for Kastamonu Tagkoprii District. Approximately 4000
families in Taskoprii sustain their lives with garlic production. This means 75% of the population sustains their lives with
garlic income. Since garlic farming requires much labor, it plays an important role in the employment of the population
in the Kastamonu-Tagkoprii region. For this reason, in Kastamonu, where people emigrate due to limited sources of
income, garlic farming has become an important source of income by tying the population to the field [7].

In today's world, where labor supply difficulties and costs are rapidly increasing, agricultural mechanization needs to be
increased. The most critical factor in providing equal living space for plants is the precise planting of seeds. Planting
precisely with equal distances between rows and on the row also provides convenience in weed control, fertilization, and
harvesting processes in the advanced stages of production. Garlic production in Kastamonu requires intensive labor for
planting, weed hoeing, harvesting, grading, and cleaning. Planting by hand-sprinkling also makes removing weeds from
the randomly scattered seeds difficult. In order to provide equal living space for plants, precision planting machines that
control the distances between rows and on the rows are essential. Due to its large and irregular structure, planting garlic
cloves with a machine is more complex than other seeds. In recent years, the number of spoon-type garlic planting
machines has increased with the search for mechanization in production. In a study conducted in 2008, when producers
were asked about their most significant need for mechanization, 61.61% responded that planting and 16.67% responded
that seed nipping was the most common [8]. In a study conducted in 2023, 27.8% of producers planted with machines,
while 90.9% removed with machines [9]. Although producers have a high need for mechanization, their use of machines
remains limited. This is because the planting machines used in the region did not show the expected performance and did
not satisfy the users, and the teeth were not placed vertically in the soil as they were planted by hand. Tiifekgi et al. [10]
tested the performance of the spoon-type planting machine in a laboratory environment during planting with
Kahramanmaras garlic. Unal and Keskin [11] made the pneumatic planting machine suitable for garlic planting by
changing the planting unit in their study on Task6prii garlic and conducting a field trial. With this machine whose planting
unit was changed, the empty crossing rate was 12.4%, the twinning rate was 6.2%, and the acceptability rate was 81.4%.
Feng et al. [12] designed a pneumatic garlic planting machine, and in the trial, they conducted with this machine, they
achieved 3.31% twinning, 8.65% empty crossing, and 88.04% acceptability. There is no study on the field performance
of spoon-type planting machines, the only machines used in garlic planting in Kastamonu. Kastamonu garlic is used
without examining its suitability for these machines. In this study, the spoon-type garlic planting machine used in garlic
planting in Kastamonu was tested, and planting performance was examined using sprout spacing measurement and a
camera image. Low planting performance leads to major losses due to failure to provide ideal equal living space for plants.
The increase in twinning rate causes the cloves falling close to each other not to develop sufficiently and the garlic heads
to remain small. The increase in empty crossing causes the field to be filled insufficiently by falling below the ideal
number of plants per unit area. For example, a 10% loss leads to approximately 300,000,000 TL in Kastamonu, where
33000 tons of garlic are produced annually. For this reason, it is imperative to analyze the performance of the machines
to be used and to improve their success.

2. Material and Method
Biological material used in the experiments

Taskoprii garlic grown in 2023 in the Kastamonu region was used in the study. After the garlic were in a cool warehouse
away from sunlight until the planting season, they were separated into cloves in a clove-cutting machine 1 day before
planting and divided into 3 classes as large, medium and fine types with the help of a round-hole rotary drum sieve. With
the help of the drum sieve, 3 batches of 20 garlic cloves were taken to represent each class according to their sizes and
the dimensions of these garlic cloves were measured with a precision of 0.1 mm with the help of a caliper and the averages
and standard deviations of their basic dimensions (L: length, W: width, T: thickness) were calculated. In addition, the
shape features found with the help of the following relations were also calculated. 20 garlic cloves were taken randomly
from the garlic cloves in 3 batches representing each size and weighed on a precision scale. The samples were found to
weigh 1000 grains. In addition, in order to calculate the dry matter weights of the same samples, they were separated into
sizes and heated in an oven set at 105 degrees for 24 hours [13] and the weights were weighed on a precision scale. All
these properties of the seeds used are given in Table 1.

nB%1?

Grainvolume (V))  B=VWT Ve (1) [14]

1/3
_ awrn L

Sphericity (0) 1% (2) [15]
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Shape ratio (Ra) Ra= % ......... (3) [16]

Table 1. Characteristics of the seed garlic cloves used

Small clove Medium clove Large clove Mix clove
Dimensions (mm)
W L T W L T W L
8.9+2 27.24+4 6.94+2 12.6£2 29.1+4 8.8+1 17.0£3 31.2+4
Shape features
V(mm?) (0] Ra V(mm?3) (0] Ra V(mm?) (0]
505.4 0.4 0.3 1023.8 0.5 0.4 1803.6 0.5
Thousand-grain weight (gr)
1055+55 1965+280 3050+115 2005+150 1055455 1965+280 3050+115 2005+150
Dry matter ratio (%)
43.6 41.22 41.15 41.65 43.6 41.22 41.15 41.65

Garlic planter

A Massey Ferguson 2635 tractor was used as a power source to pull the Caligkan brand spoon planter used during the
study. The planter operates at a fixed 16.5 cm row spacing and 6-8-10 cm row spacing that can be adjusted with the help
of gears. The planter specifications are given in Table 2.

Table 2. Planter technical data

Brand Caligkan
Model HC1-13
Row spacing (cm) 16.5
Number of planting units (pcs) 13
Planting width (cm) 248
Seed storage capacity (kg) 80
Tire size 165 x70r13
Weight (kg) 800
Power requirement (hp) 70-80hp
Plantable area (m?/sa) 4500
Transport dimensions (cm) 160 x 276 x 145
above line spacing (cm) 6, 8, 10

Garlic planter seed storage compartmentation

Since the seed storage of the garlic planter we used has a single compartment and 13 rows, the seed storage compartment
was divided into compartments with cardboard sheets to examine the planting performance of seeds of different sizes.
The seed storage compartment was divided into four compartments with 3-3-3-4 spoon rows to accommodate fine,
medium, large, and mixed seeds, respectively (Figure 1).
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Figure 1. Seed chamber compartments

Spoonlets

Detailed views of the spoonlets on the 13-row planting machine are given in Figure 2.
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Figure 2. Technical drawings of the spoonlets used in the planting machine
A field where the study was conducted

The study was conducted on February 20, 2024, in the field numbered 106 islands and 16 parcels in the Yukar1 Dere
location of the Karacaoglu Neighborhood of Meseli Village of Taskoprii district of Kastamonu Province. The field is
approximately 700 m above sea level and has a slope of approximately 11%. Preparation studies were carried out in the
field in the autumn season and before planting the year before planting. Two different slopes were used in this area:
downward and upward.

8 cm was preferred as the distance between rows in all trials. Forward speed trials were conducted at three different gears,
1100 rpm engine speed, V1-1.32, V2-2.59, V3-3.62 km/h speeds.
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Figju re 3. The field where the experiment was conducted
Determination of plant distribution uniformity on the row with sprout spacing measurement

After the field trial conducted on 20.02.2024, the sprouts were expected to emerge completely, and the sprouts were
measured on 23.04.2024. The distance on the row was theoretically set to 8 cm during the planting process. Since Z=8
cm was taken, as a result of measuring the sprout spacing, intervals narrower than 4 cm were considered twinning,
intervals larger than 12 cm were considered empty crossing, and measurements between 4-12 cm were considered

acceptable intervals [16] (Table 3).

Table 3. Evaluation of plant distribution according to row spacing [16]

Definition Plant spacing on row
Twinning <057
Acceptable spacing >05Z - <15Z
Spacing >15Z7

In order to determine the regularity of the sprouts emerging on the row, the distances between the thin, medium, large,
and mixed-sized garlic sprouts planted on the 15 m tracks determined for each speed level were measured. In this process,
which was carried out with five repetitions for each size of garlic sprouts on each track, the distances of the plants on the
rows within 120 cm randomly selected were measured. The averages obtained were evaluated in Table 4.

Table 4. Evaluation of acceptable twinning and void ratios [16]

Acceptable Twinning rate Spacing rate
Evaluation
Plant spacing rate (%) (%) (%)
>99 <0.5 <0.5 very good
>95-99 <0.5-2.5 <0.5-2.5 good
>90-95 <2.5-5.0 <2.5-5.0 average
>80-90 <5.0-10.0 <5.0-10.0 sufficent
<80 >10.0 >10.0 Inadequate
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Evaluation with the camera image

A total of 13 spoon bands of the precision planting machine, divided into four different chambers during planting, were
recorded with a camera. Camera recordings were made with two mobile phones carried by two people. The recording
with one camera is listed on half of the machine's spoons. The camera records were then examined slowly, and the garlic
cloves taken with each spoon were counted. While counting the camera images, images of 10 spoons with five replications
at different times for each variable were examined. Spoons with more than one tooth were calculated as twinning, spoons
with one tooth were calculated as standard, and spoons with no teeth were calculated as empty crossing.

Figure 4. Taking images with a camera during planting

3. Result and Discussion

Twinning rate

The upslope and downslope twinning rates obtained by the measurement of shoot spacing and camera image analysis
during the field trial are given in Table 5, respectively.

Table 5. Twinning rates

According to sprout range measurement twinning rate

on upslope (%)

According to the camera image twinning rate on
upslope (%)

Small Medium Large Mix Small Medium Large Mix
V1 15.7+15.5 10.2+4.6 8.3+13.1 17.4+13.1 67.1£34.0 8.3+£5.0 13.3+10.3 27.3+12.8
V2 29.7+10 11.4+9.3 14.7£20.9 10.6+8.0 52.9+35.4 15.0£10.0 17.1£13.8 11.8+9.9
V3 30.5+13.6 6.3x10.3 6.4+3.9 4.2+7.6 31.4+32.8 8.849.8 5.7+7.9 11.6£10.7
Twinning rate on down slope (%) Twinning rate on down slope (%)
AV 33.0+12.0 10.8+14.4 16.3+12.1 8.9+9.9 70.0+34.2 33.8+£33.8 40.0+26.1 37.0+24.9
V2 25.5+7.7 17.5+15.3 3.6+7.9 10.1-12.2 88.3+34.1 24.4424.0 83.34£23.6 20.0+£28.3
V3 9.5+7.2 28.4+13.7 448.9 8.0£11.0 78.3£30.4 8.949.3 21.1£10.5 15.0+4.8

Vacancy rate

The upslope and downslope vacancy rates obtained by measuring shoot spacing and camera image analysis during the

field trial are given in Table 6.
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Table 6. Vacancy rates

According to sprout range measurement vacancy rate on

According to the camera image vacancy rate on up

upslope (%) slope (%)
Small Medium Large Mix Small Medium Large Mix
V1 42.6£24.6 50.4+17.9 79.8+15.4 58.0+17.6 7.9£10.3 26.7+£12.9 21.7£34.3 2.5+4.6
V2 33.0£11.3 65.1+26.7 67.3£29.4 64.6+15.7 10.0+14.6 10.0+15.3 9.249.3 13.6+10.3
V3 27.8+11.5 75.2+18.0 70.5+18.8 78.5+£20.7 12.9+14.6 20.0+8.9 14.8+10.7 11.4+13.5
Vacancy rate on down slope (%) Vacancy rate on down slope (%)
V1 24.2+7.4 69.5+17.3 60.3+13.5 60.8+20.2 5.0£7.9 14.2+13.7 1.7+4.1 8.1+10.7
V2 33.249.9 45.1+11.2 81.4+£24.9 57.1£21.3 0.0+£0.0 13.3+18.0 0.0£0.0 10.0+£14.1
V3 62.5+20.4 27.3+13.7 71.3+24.1 70.9+17.1 3.3+4.9 36.7£30.4 8.3£7.5 17.5£9.2

Acceptable rates

The acceptable rates of upslope and downslope obtained by the measurement of shoot spacing and camera image analysis
during the field trial are given in Table 7, respectively.

Table 7. Acceptable rates

According to sprout range measurement acceptable
rate on upslope (%)

According to the camera image acceptable rate on
upslope (%)

Small Medium Large Mix Small Medium Large Mix
V1 41.6x18.6 39.3£15.2 11.9+6.0 24.6+19.1 27.1+23.3 65.0+£9.6 65.0+27.4 70.2+13.1
V2 37.3+14.8 23.5+22.0 18.0+14.3 24.9+12.5 34.3+23.9 75.0£12.9 73.7£11.9 74.6£9.9
V3 41.6+18.3 18.4+12.5 23.2+17.3 17.3%17.0 55.7429.5 71.3x14.7 79.5+13.4 77+£12.4
Acceptable rate (%) on down slope Acceptable rate (%) on down slope
V1 42.8+13.2 19.6+16 23.4+12.3 30.3+18.6 25.0+21.2 52.1+23.4 58.3+26.4 54.8423.6
V2 41.3£12.9 37.4+18.2 15+20.9 32.8+16.6 11.748.2 62.2+23.3 16.7£23.6 70.0+42.4
V3 28422 44.348.9 20.6+23.1 21+18.9 18.349.8 53.3+27.8 63.9+18.8 67.5+12.2

In all variables, twinning was determined as 4.0-33.0% according to the measurement between the sprouts, and 5.7-88.3%
according to the image analysis. Vacancy was determined as 24.2-81.4% according to the measurement between the
sprouts, and 0.0-36.7% according to the image analysis. According to the measurement between the sprouts, the
acceptable was determined as 11.9-44.3%, and 11.7-79.5% according to the image analysis.

When the effect of tractor forward speed is evaluated, in the average of all variables, the acceptable rate is determined as
29.2, 28.8, 26.8% in V1, V2, V3 speeds according to the tiller measurement, and 52.2, 52.3, 60.8% according to the
camera image. It is seen that the acceptable rate decreases as the speed increases according to the tiller measurement, and
the acceptable rate increases according to the camera image. The results obtained with the tiller spacing measurement
values are also consistent with the results of other researchers [17-19]. When the effect of the terrain slope is evaluated,
in the average of all variables, the acceptable rate is determined as 26.8% and 30.1% in the up and down slopes according
to the tiller measurement, and 64.0% and 45.5% in the up and down slopes according to the camera image, respectively.
According to the measurement between the sprouts, the acceptable rate is lower on the upward slope. In contrast,
according to the camera image, the acceptable rate is higher on the upward slope. Unal [20] reported in his study that the
seed tube's angle, height, and material are effective in garlic cloves' falling times.

When the effect of garlic clove sizes is examined, in the average of all variables, the acceptable rate was determined as
38.8,30.4, 18.7, and 25.2% for small, medium, large, and mixed garlic clove sizes according to the measurement between
the sprouts, and 28.7, 63.2, 59.5, 69.0% according to the camera image, respectively. It is seen that the acceptable rate
decreases as the garlic clove sizes increase according to the measurement between the sprouts, while the acceptable rate
increases as the garlic clove sizes increase according to the camera image.

In the average of all variables, the acceptable rate was 28.4% according to the measurement between the sprouts and
54.7% according to the camera image. In general, the acceptable rates obtained with the camera image are higher. These
values show the actual filling amount of the spoons. The number of sprout intervals is misleading in showing the spoons'
filling performance. It varies depending on falling height, seed tube slope, seed tube material, the possibility of rebound
and drifting after falling, and the sprout's emergence direction.
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Evaluation of the planter success

According to the sprout spacing measurement and camera image analysis of the planter used in the study, the sufficiency
status of garlic seeds in two different slopes, three different progress speeds, and four different sizes is shown in Table 8.

Table 8. Qualification status of the planter
Qualification status according to sprout range measurement
Small Medium Large Mix

ye ae ye ae ye ae ye ae
ie bs kI ie bs kI ie bs kI ie bs kI ie bs kI ie bs kI ie bs kI ie bs ki
Vi X X X X X X X X X X X X zZ X X X X

x
x
x
x
N
x
x

V2 X X X X X X X X X X X X X X X 0 X X X X
V3 X X X z X X zZ X X X X X Z X X 0 X X X X z X X
Qualification status according to camera image
Small Medium Large Mix
ye ae ye ae ye ae ye ae
ie bs kI ie bs kI ie bs kI ie bs kI ie bs kI ie bs kI ie bs kI ie bs Kk
Vi X z X X zZ X zZ X X X X X X X X X i x x i x x z X

V2 X zZ X X € X X Z X X X X X Z X X € X X X X x 'z

x

V3 x X X X 0 X zZ X X Z X X Z X X X Z X X X X X X X
ae: downward slope, ye: upward slope, x: insufficient, z: sufficient, o: average, i: good, c: very good, ie: twinning, bs: blank pass, kl: acceptable

When the obtained results regarding twinning, empty crossing, acceptable rates, and precision planting machine trial
criteria are examined, it is possible to say that the machine is inadequate in all variables, and the seeds are left randomly
on the row rather than precision planting. [10] Tiifek¢i et al. determined the acceptable row spacings as 36-47-35%,
respectively, with a forward speed of 0.25-0.5-1.0 km/h in laboratory experiments with a spoon-type garlic planter. In
this study, in the experiments conducted with Maras garlic, the row planting performance was found to be insufficient.

The reasons for the negativities can be listed as the inappropriateness of the spoon size and shape to the Kastamonu garlic
clove size and shape, the absence of a mixer or a guide towards the spoons in the seed chamber, and the seed tubes being
too high and curved. As a result of the producers not liking the performance of the spoon planting machines used in the
region, their use remains low at 27.8%. The necessity of 79.6% of garlic cultivation with external labor supply causes
farmers to produce in small plots that they can handle with their own families and not to be able to increase their planting
areas [9].

In the field trial conducted by Unal and Keskin [11] with the pneumatic garlic planter they developed, the best results
were obtained with 12.4% space ratio, 6.2% twinning ratio, 81.4% normal planting ratio, 94.57% sprouting ratio and
42.79% coefficient of variation at 11.6 cm row spacing and 2.6 km/h machine forward speed.

It was seen in the study that it is not appropriate to determine the suitability of garlic planting machines to the trial criteria
by measuring the sprout spacing. Considering the density of the row spacing (8 cm) and the size of the teeth
(approximately 3 cm), measurements made according to the position of the sprout tips can be inaccurate, as seen in Figure
3. Even if the centers of the teeth are ideally 8 cm, the spacing of the sprouts on the soil can be closer than 4 cm and be
perceived as twinning, or larger than 12 cm and be perceived as empty spacing. The significant difference between the
results obtained with camera images and sprout spacing measurements proves this. Unal and Keskin [11] reported that
the method used to evaluate the test results is suitable for demonstrating the performance of existing precision planting
machines but that this evaluation is not reliable for plants such as garlic and shallots, which are large, heavy, irregularly
shaped, and have differences in the point at which the sprout emerges from the surface, rather than for small and more
regular-shaped plant seeds such as sugar beet and corn.
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o sl

Figure 5. Measurement errors of sprout spacing

Our study was also the first to determine planting performance with camera images during field trials. Although there are
studies conducted with camera images and image processing techniques in laboratory environments in existing studies,
image analysis was not encountered in field trials.

4. Conclusion and Suggestions

This research has shown that spoon machines used in garlic planting must be developed. With its current structure, it is
impossible to say that it leaves seeds at equal intervals on the row; it is more appropriate to say that it pours them randomly
on the row. It is necessary to approach the distances on the row to the ideal size, reduce twinning and empty crossing
rates, and increase acceptable rates.

For this purpose, technical arrangements that can be made can be listed as follows:
i) Spoonlet shape and dimensions should be revised for Kastamonu garlic.

ii) Modifications should be made in the warehouse, such as adding a mixer or a vibration provider to ensure that the cloves
are directed to the spoons.

iii) A mechanism should be worked on to ensure that the excess seeds in spoons that hold more than one garlic clove are
dropped and singulated.

iv) The point where the garlic falls from the spoonlets should be brought as close to the soil as possible, the drop pipe
used in between should be shortened, and it should be ensured to be straight and vertical. Studies have shown that
pneumatic machines used in garlic planting give better results. Such machines' development and widespread use will also
contribute to a more uniform planting.

This research also showed that determining planting performance according to sprout spacing in garlic is misleading.
Camera image examination provides more realistic results. Work on production mechanization, especially planting
Tagkoprii garlic, the largest agricultural production in Kastamonu province, and providing a living for hundreds of
families, should be encouraged and increased.
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