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Cost analysis in peanut bagging (human labor & prototype bagging machine)

Yerfistigl cuvallama isinde maliyet analizi (insan isglici & prototip ¢uvallama makinesi)

Selguk UGURLUAY*", Ali SOMAY?
IHatay Mustafa Kemal University, Faculty of Agriculture, Department of Biosystems Engineering, Antakya-Hatay, Tiirkiye.

MAKALE BILGISi / ARTICLE INFO OZET/ABSTRACT

Aims: The aim of this study was to economically compare the method that
could semi-mechanized bagging and the method that uses human labor.
Methods and Results: For this reason, a Prototype Pneumatic Peanut
Bagging Machine powered by tractor PTO shaft was designed,
manufactured and used, which conveys peanut pods from the ground
using aspirated air and fill the product into the bags. As a result of the cost
analysis made within the scope of the study, the cost of bagging using
human labor costs 7.2 $ t%, and the prototype bagging machine costs 9.6
St It was determined that an average of 2.5% loss occurs due to crushing
while the bags were filled with human labor. In a day of work, 15 tons of
products were generally bagged and loaded on a truck. In this case,
approximately 375 kg of product was lost. The shelled peanut price was
approximately 1.6 S kg in 2019. The approximate monetary value of the
375 kg lost product was $600. This loss should be taken into account when
evaluating both bagging methods in terms of costs.

Conclusions: It has been found that bagging with a prototype machine is
more profitable and more humane in terms of conditions than bagging
using human labor.

Significance and Impact of the Study: In terms of mechanization in the
cultivation and harvesting of peanuts was no problem but some post-
harvest processes (especially bagging) still require a large amount of
human labor and has such as some basic problems with peanut bagging.
Due to lean working and dusty environment, there was a difficult and tiring
working situation in terms of occupational health. Thus was getting more
and more difficult to find workers for this heavy work conditions. In
addition, the shovel or canister used in bagging breaks the peanut shells
and causes losses.

Makale tarihgesi / Article history:
DOI: 10.37908/mkutbd.1056912
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INTRODUCTION

Peanut is a one-year warm climate plant whose fruits
grow underground. The fact that its fruits grow in the soil
is the biggest feature that distinguishes peanuts from
other leguminous plants such as broad beans, peas and
beans. The high income obtained from the unit area in
peanuts has made this product more advantageous
compared to other products (Asik and Arioglu, 2018).

Peanut is a one-year hoe plant that uses oil and other
vegetable parts, has a significantly high oil content and is
in rotation as a second crop (Topgu, 2009).

Peanut is a product with high nutritional value, which is
rich in oil, protein, minerals and carbohydrates and
contains important fatty acids. Due to its high oil
content, if it is not stored under suitable conditions, it
deteriorates in a short time and loses its market value.
For this reason, it is necessary to store the products in
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suitable conditions and to protect the grain quality in
order to keep the products for a long time without
spoiling after the harvest (Anonymous, 2018).

It has about 28 million hectares of cultivation area in the
tropics and sub-tropics of the world. Peanut is one of the
14-15 types of oil crops that make up approximately 90%
of the world's vegetable oil production. The leading
countries in production were China, India and Nigeria
(FAO, 2019).

Pneumatic conveying systems were generally quite
simple and could be used successfully in a wide variety
of conditions for the conveying of powdered and
granular materials. With the help of the system, the
blowing (ventilation) or suction (aspiration) effect of the
air flow was utilized. In these combinations; a fan
providing air flow, power source, pipes directing the air
flow and various auxiliary parts were used (Deligénil,
1986). These conveying systems make it possible to
transport materials over distances of hundreds of
meters with appropriate equipment selection (Ergir,
2005). The speed and flow of the airflow were important
factors affecting the amount of material transported. In
air flow arrangements; It was important to calculate the
total pipe length, airflow velocity and mixing ratio. By the
capacity of the pneumatic conveying system, it was
aimed to transport the product at the highest speed
without being damaged and to use the work time in the
most efficient way (Deligénil, 1986).

As in many industrial agricultural products (wheat, corn,

(a)

Figure 1. a) Harvest and transport from the field and b) Screening and cleaning

After sieving and cleaning, the product was usually laid
on the fields located at the edge of the field to be dried
to the appropriate moisture level. Here, it was allowed
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sunflower, sugar beet, cotton, etc.) which were widely
grown today, there was no problem in terms of
mechanization in the cultivation and harvesting of
peanuts. The agricultural production stages of peanuts
were completely mechanized (Ugurluay et al., 2010).
However, a certain part of the post-harvest processing of
peanuts (such as drying, bagging and loading) still
requires an intensive human workforce. In our age,
human beings make machines do the jobs that require
muscle power. People now desire to be employed in
production and service sectors such as industry, health,
education, tourism, which require knowledge and skills.
For this reason, it was getting harder and harder to find
labor force for heavy work in the processing of
agricultural products.

Peanut harvesting and post-harvest processes were
applied briefly as follows. First of all, the plant was
removed with its fruits in the roots, turned upside down
and left to dry. Afterwards, the picking and threshing
machines take the plants left to dry on the field surface
and separate the fruits and vegetative parts. The product
accumulated in the harvester's tank is transported to the
area where sieving, cleaning and final drying will be done
by being discharged to the trailer by the hydraulic
unloading system (Figure 1.a). After harvest, some soil
and stone fragments could be found among the hulled
peanut fruits. These were removed by separation on
mechanical sieves (Figure 1.b).

(b)

to dry up to 10-11% humidity, which was the storage
humidity under the sun by mixing several times a day
(Figure 2.a).
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(a)

(b)

(©

Figure 2. a) Drying of shelled peanut fruits on ground, b) bagging and c) loading into a vehicle

The product should be packed in bags so that it could be
easily transported during the marketing phase or stored
in warehouse conditions (Figure 2.b). Those dealing with
peanut farming generally have some basic problems in
this regard. In peanut bagging, one of the most
important problems is still using human labor and has
not been mechanized. In the bagging process, some
workers fill the products into sacks with the help of
shovels or tin cans. The mouth part of the sacks was
sewn using needle and thread. Then the sacks were
transported to the truck bed (Figure 2.c). Peanut
producers struggle to find workers during the harvest
season for this demanding job.

In addition, there were working conditions devoid of
occupational health and safety for workers. There was a
difficult and tiring working environment due to
constantly bending over, and a difficult working
environment in terms of occupational health due to a
dusty environment. Workers work under heavy
conditions by completely filling 60-70 kg sacks with
muscle power (Figure 2.b). In addition, the wages
received by the workers were low for the workers.
Workers naturally do not want to work in short-term,
harsh conditions and jobs without any job security.

In addition, the sharp and hard ends of the working tools
break the peanut shells and create losses during bagging
with a shovel or tin (Figure 2.b). Traders make an
agreement with the precondition that a loss of around
2.5% occurs when purchasing the bagged product from
the manufacturer. This was an economically
unnecessary loss for the producer. For all these reasons,
there was a need for mechanization in the bagging work.
In this study, a comparison was made between a new
design bagging machine that could be used in peanut
bagging and the bagging made using human labor,

197

especially in terms of cost.
MATERIALS and METHODS

In the previous part of this study, a prototype machine
with vacuum effect (air suction) was designed and
manufactured by us for the conveying of shelled
peanuts. An image of this conveying system was given in
Figure 3. In this system, the fan was placed at the end of
the line, behind the cyclone. Thus, a vacuum was created
along the entire line. The tank, which works with the
cyclone principle, separates the product from the air.
The cyclone was also used as a tank that collects the
product in certain quantities, and the job of filling the
bag was done with the help of a discharge cover located
under the tank. In this way, the intermittent working
opportunity needed in the bagging business was
provided.

-
Figure 3. A technical view of the prototype peanut

bagging machine
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NC-7 hulled peanut fruits (Arachis Hypogaea L.) were
used as working material in the bagging machine (Figure
4). Its seeds were large and light pink in color and have
an average oil content of 50% (Kadiroglu et al., 2011).

48

Figure 4. NC-7 variety shelled peanuts

While the farmers were storing the product or despatch
the product they sell to the factories, they fill the product
in sacks, load it on trucks and send. During the research
period, 5 peanut production facilities were visited and
the bagging process was examined. Data such as sub-
processes of the bagging job, the number of workers,
working hours and the amount of bagged products were
recorded. Using these data, bagging cost (S t) and work
capacity (t h'?) values per ton of product were calculated.
The cost of the bagging job was calculated using
Equation 1 from the number of workers employed, the
worker's daily wage and the amount of product loaded
on the truck at the end of the job.

NW*DW
BC=
BPQ

Eq. (1)

Here;

BC: Bagging Cost, St

NW: Number of Workers

DW: Daily Wage, S

BPQ: Bagged Product Quantity, t

In calculating the work capacity of the workers, the
number of workers, the total working time and the
amount of product loaded on the truck at the end of the
job were determined and Equation 2 was used.

BP
we=22
TWT

Ea. (2)

Here;

WC: Work Capacity, t h?!

BPQ: Bagged Product Quantity, t
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TWT: Total Working Time, h

The fuel consumption values of the tractor engine were
measured using the ARER brand (model 2014, Turkey)
Fuel Consumption Meter. The device measures the
amount of fluid passing through the fuel pipe of the
tractor. The obtained fuel consumption amounts were
used in cost analysis. The cost analysis was made by
comparing the expenses spent during the same work
using only human labor (current situation) and the
expenses spent in the case of using the new system.

RESULTS and DISCUSSION

After the sieving and cleaning process, the product was
laid back on the exhibition area and left to dry. Although
the drying time varies according to seasonal conditions,
it varies between 2-7 days. The desired suitable storage
humidity of the product was 11% (wet basis) and below.
Traders who come to buy the product from the
manufacturer bring moisture measuring devices with
them, and after checking the product, they agree on the
price. The product, which reaches the appropriate
moisture level, must be bagged. The products sold were
loaded on trucks and sent, otherwise they were removed
to the storage area. In both cases, the product must be
bagged. The bagging of shelled peanuts was done as
follows. A worker opens and holds a sack that could hold
approximately 60-70 kg of product. Two workers fill the
product into the sack with their tin cans or wide-
mouthed shovels. After the sack was full, it was given to
the other two workers behind them. One of these two
workers sews the mouth of the full sack using needle and
thread and helps the other worker who would carry this
sack to the truck bed on his back. The worker carrying
the bag climbs over a ramp to the truck bed and stacks
the bags properly. All these works were done alternately
in order to ensure equal working conditions among the
workers.

This work was done in very tiring, labor-intensive, dusty
and unsanitary conditions. In addition, it was getting
more and more difficult to obtain the necessary
workforce to do the bagging business. Because even
agricultural workers do not want to do this job anymore.
The employer pays additional wages to those who work
only for the bagging job.

The peanuts that hit the sides of the boxes or shovels
used during bagging were broken into pieces. In
addition, crushing and breaking occurs because the
workers step on the product pile with their feet while
filling the sacks. This situation causes an economic loss.
During the interviews with the farmers, it was reported
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that 2-3% crushing-breakage loss occurs during bagging.
Damages to the product during harvest and post-harvest
processing would affect the quality of the final product
and the rate of deterioration during storage. By
preventing breakage in the product, the shelf life would
increase and even the oil quality to be obtained from the
product would increase. In this sense, it was important
that the products go through the stages of harvest,
storage and marketing without being damaged.

The values related to the work done, the number of
workers, the work capacities and the labor cost in

bagging the hulled peanuts were given in Table 1. A
worker group consisting of seven people could pack and
load a truck product (180 sacks, 15 tons on average) in
one day's working time (average 6 hours). From this
point of view, hourly work capacity was calculated as 2.5
t h'! in bagging work done by hand. According to the
wages of the daily worker working for bagging hulled
peanuts in 2019, the cost of bagging was calculated as
approximately 7.2 S t* (Approximately $110 for 15 t
product).

Table 1. Sub-works, number of workers, work capacities and labor cost in bagging hulled peanuts

Sub-works Time Number of workers Amount of bagged work capacity Cost
(h day?) (number) product (t) (th?) (S)
Sweep 6 2 15 1.25 32
Bag holding and sewing 6 1 15 2.50 16
Filling 6 2 15 1.25 32
Loading on truck 6 1 15 2.50 16
Stacking 6 1 15 2.50 16
TOTAL 7 112

The machine used in the study aspirates the shelled
peanuts into the tank using vacuum airflow, collects
them as long as it works and ensures that they were filled

(@)

Figure 5. View from a) machine trial and b) bag filling job

In case of working with this prototype machine, it could
pack with a capacity of 2.54 t per hour (pipe diameter
160 mm and air speed 27 m s1). Calculate from here, it
was found that it takes about 6 hours to bag 15 tons of
product. It takes 6 hours for 15 tons of product to be
bagged for the bagging work, which was done using
completely human labor (7 workers).

A worker group consisting of 4 people was sufficient for
bagging with a prototype machine. With this machine, a
worker would control the hose that provides the
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into sacks with the help of a sliding cover from the
bottom of the tank (Figure 5.a and b).

(b)

collection of the product, a worker would place the sack
under the tank and fill the product into the sack with the
help of the sliding discharge cover, another worker
would sew the mouth of the full sack and another worker
would work to carry this sack to the truck bed. In this
case, 3 workers were saved in working with the machine.
Since a worker's daily labor cost was $16, a labor
expense of $48 was saved.

A tractor with an average power (80-90 HP) to which the
machine was connected needs to consume 5.45 L of
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diesel fuel in order to be able to pack a ton of product.
The price of one liter of diesel fuel was $0.96 at the time
of the study (October 2019). A tractor that would work
for 6 hours to bag 15 tons of product would consume

approximately $78.4 worth of fuel. The expenses
incurred when only human labor was used and
prototype machine was used in the bagging business
were shown in Table 2.

Table 2. Comparison of the expenses incurred in case of using human labor and prototype machine in the bagging work

(for 15 tons of product in 1 day)

When human labor was used Cost When the prototype machine was used Cost

Number of workers 7 $112 Number of workers 4 $64
Fuel expense* 81.75L $78.48

Total $112 Total** $142.40

* Fuel expense: 5.45 L/ton x 15 ton x 0.96 S/L = $78.48

** Since the machine was still a prototype and there is no equivalent, depreciation expense was not included in the

calculation.

As could be seen, when bagging was done using a
prototype machine, an additional cost of $30.4 was
incurred compared to the bagging work done with
human labor (for 15 tons of product in 1 day). However,
it should not be forgotten that the most difficult part of
the bagging business was filling the product into the bag
and there were difficulties in finding workers to do this
work. In addition, in the method using human labor,
both the impact of the tools (tin can, wide-mouthed
shovel, etc.) used by the workers in the filling work and
the breaking losses caused by their feet would be
prevented.

It has been mentioned before that 2-3% (average 2.5%)
loss due to disintegration and crushing during bag filling.
After a day's work, 15 tons of products were bagged and
loaded onto the truck. In this case, approximately 375 kg
of product was lost during the sack of a truck product. In
the surrounding villages of Ceyhan/Adana, the region
where the research was conducted, the field sales value
of the shelled peanuts in 2019 was approximately 1.6 S
kg. The approximate monetary value of 375 kg of lost
product was 600 S. During the evaluation of both
bagging methods in terms of costs, this lost amount
should also be taken into consideration.

Many studies on pneumatic conveying have been
conducted on pressure drops, the behavior of the
conveyed material in air, dense phase conveying,
automatic control of the conveying system, etc. (Pan and
Wypych 1997; Wypych and Yi 2002; Gliner 2007; Jones
and Williams 2008; Hardin 2014). Butts et al. (2018), in
the loading of hulled peanuts from the warehouse to a
truck, the pneumatic conveying system was compared
with the front loader systems, and it was found to be
successful in terms of damaged product and foreign
matter rate, but three times unsuccessful in terms of
work capacity.

In conclusion, peanut cultivation and harvesting could be
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done in a mechanized way. However, some of the post-
harvest operations (such as drying, bagging and loading)
still use human labor.

In the method using completely human labor, a group of
7 workers could pack and load a truck product (180
sacks, 15 tons on average) in one day's working time
(average 6 hours). The sack labor requirement was
calculated as 2.5 t hl. According to the daily wage of
hulled peanuts in 2019, the average cost of sacking was
determined as 7.2 S t.

In the case of working with a prototype machine, 6 hours
were required to bag 15 tons of product. A worker group
consisting of 4 people was sufficient for bagging with a
prototype machine. In this case, 3 workers were saved in
working with the machine.

A tractor connected to the machine that would operate
for 6 hours would consume approximately $78.4 worth
of fuel. Therefore, an additional $30.4 cost was incurred
when bagging using the prototype machine. However, it
should not be forgotten that there were difficulties in
finding workers to do this job in the manual bagging job.
It was accepted that an average of 2.5% loss occurs due
to crushing during the filling of the bag. Approximately
375 kg of product was lost during 15 tons of product
sack. Field sales value of hulled peanuts in 2019 was
approximately 1.6 S kg. The approximate monetary
value of 375 kg of lost product was $600. Considering
this amount lost during the evaluation of both bagging
methods in terms of costs, it was determined that the
operation with the machine was much more profitable.
In addition, damage to the product during harvest and
post-harvest processes would affect the quality of the
final product and the rate of deterioration during
storage. By preventing the damage to the grains, the
preservation of enzymes that may affect the quality of
the end product, the shelf life and even the quality of the
oil to be obtained would also be affected. In this sense,
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it was very important that the products could be
marketed by going through the stages of harvest and
storage without being damaged.
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GIRIS

Su stresi, bitkilerin bliyiime, gelisme ve verimini en fazla
sinirlayan c¢evresel etmenlerden biridir. Bitkiler stresin
zararli etkilerine karsi morfolojik, biyokimyasal ve
fizyolojik yollar ile kendilerini korumaya calisirlar. Bu
fizyolojik o6zelliklerin en onemlileri stoma iletkenligi,
yaprak sicakligi (Jones, 1999), fotosentetik kapasite
(Lawlor ve Cornic, 2002) ve klorofil icerigidir (Jackson ve
ark., 1996).

Su stresinden en fazla etkilenen parametre stoma
iletkenligidir. Stomalarin bitki fizyolojisindeki 6nemi,
yapragin hiicreler arasi boslugu ile atmosfer arasindaki
gaz alisverisinin saglanmasindan ve su buhari cikisina izin
vermesinden kaynaklanir. Yapraklardaki gaz degisimi,
kuraklik stresine karsi cok duyarhdir (Kerepesi ve Galiba,
2000). Orta duzeyde kurakhk stresinde CO, kullaniminin
azalmasinin genellikle stoma kapanmasina bagl oldugu
kabul edilir (Mansfield ve Davies, 1981). Ancak kurakhk
sliresi uzarsa bu kez fotosentezdeki azalma, stoma
kapanmasindan degil, mesofil hiicrelerindeki membran
zararindan, klorofil igerigindeki azalmadan, asimilasyon
Uranlerinin  tasinma ve sentezindeki bozulmadan
kaynaklanir. Fotosentezdeki azalma miktari, kurakhk
stresinin siddetine ve dénemine, bitki tirlne, gelisme
donemine ve yapraklarin yaslanmasina, kloroplastlarin
oksidasyonuna ve protein ve pigmentlerin yapisindaki
degisimler ile iliskilidir (Passioura ve ark., 1993).

Stres, bitkinin morfolojisinde, su iceriginin yanisira
bitkide koruyucu mekanizmanin baslangici sayilan
klorofil icerigini de olumsuz yénde etkiler (Jackson ve
ark., 1996). Klorofil tasiyan kroloplastlar fotosentez
islemini stomalar disinda etkileyen en 6nemli yapidir.
Kroloplastlarin 6zellikle stroma adi verilen bolgesinde
CO.'i fiske eden enzimler bulunmaktadir. Su kaybi ile bu
enzimler azalmakta, dolayisiyla CO, fiksasyonu sekteye
ugramaktadir. Baslangicta, fotosentez, stoma faktorleri
tarafindan azaltilmakta ise de, kuraklik stresinin devam
etmesi veya siddetinin artmasiyla, kroloplast ve enzim
aktivitesi depresyona ugramakta ve bundan dolayi
fotosentez azalmaktadir. Ayrica, kurakhgin ileri
safhalarinda, mezofil hiicrelerinin duvarlarinin difiizyon
direnci artmakta ve boylece mezofil hicrelerine CO,
girisi 6nlenmektedir. Bu asamada kroloplastlarda bir
takim metabolik bozukluklar meydana gelerek klorofil
konsantrasyonu azalmaktadir (Miller ve ark., 2010).
Klorofil konsantrasyonunun azalmasi, etkin fotosentez
yapan (fonksiyonel) yapraklarda belirgindir (Dietz, 1989).
Bu kosulda kikirt uygulamasi ile klorofil miktar
arttirilabilir ve abiyotik stresin siddeti hafifletilebilir (Jie
ve ark., 2008). Kiikiirt, ayni zamanda proteinin yapisini
insa eder ve klorofilin yapisinda anahtar rol oynar (Duke
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ve Reisenaue, 1986). Kuraklik toleransini artirmada
kikirt uygulamalarinin etkilerini belirlemeye yonelik
arastirmalarda, kukirtiin fotosentezin gerceklesmesinde
onemli rol oynayan klorofil iceriginin azalmasini 6nleyici
etkileri oldugu ve stres kosullarinda klorofil miktarinin
artirlmasi ile Gridn veriminde artislar saglanabilecegi
belirtiimektedir (Li-na ve ark., 2005). Su ve kukirt
yetersizliginde klorofilin azalmasi, etkin fotosentez
yapan (fonksiyonel) yapraklarda daha belirgindir (Dietz,
1989). Kagar ve Katkat (2007), kiikiirtin bitkiye yarayisli
hale gelmesi icin absorsiyon sliresinin topraga
uygulamada 20 glin yapraktan uygulamada ise 8 saat
oldugunu bildirmislerdir.

Bu calisma su stresinin etkisini azaltmada yapraktan
kiikirt uygulamasinin pamuk stoma iletkenligi, yaprak
ylzey sicakligi ve klorofil konsantrasyonuna etkilerini ve
bu parametrelerle verim ve evapotranspirasyon
arasindaki iliskileri incelemeyi esas almistir.

MATERYAL ve YONTEM

Arastirma, Dogu Akdeniz Bolgesinde (Amik Ovasi’nda)
Carisma cesidi pamuk bitkisinde yiritilmustiir. Deneme
alani  topraklari siltli killi tinli  blinyeye sahiptir.
Tirbidimetrik baryum yontemi (Fox ve ark., 1964) ile
yapilan analizlerde kikirt (S) saptanamamistir. Deneme
yillarinda (2015-2016) ortalama olarak sicaklik 26.09-
25.93 (°C) yagis 20.6-149.2 mm, solar radyasyon 266-277
Wm?2, toprak sicakhgi 28.89-27.48 °C ve riizgar hizi 6.55-
5.95 km h? olarak 6lclilmistiir. Arastirma, tesadif
bloklarinda béliinmis parseller deneme desenine gore,
yapraktan uygulanan 3 farkh dozda elementel kiiktrt (So:
Topraktan N,P,K uygulamasi, S1: N,P,K + 150 ml daS§, S;:
N,P,K +250 mldas, Ss: N,P,K + 350 ml da*S) ve 4 farkh
sulama diizeyinde (lo; susuz konu, ligo: tam sulama
konusu, lgs ve ls3; tam sulama konusunun %66 ve
%33’Unlin uygulandigl konular) ve 3 tekerrirli olarak
ylratilmustir. Her konu 6 siradan, parsel boylari 15’er
m’den, tekerrir boylari ise 5’er metreden olusturulmus.
Pamukta su stresine en hassas ve verimin en fazla
etkilendigi dénem taraklanma ve giceklenme donemi
(Loka ve Oosterhuis, 2014) oldugu icin yapraktan kikdrt
bu dénemlerde uygulanmistir. Toprak nemi gravimetrik
yontem ile evapotranspirasyon ise su bltcesi yontemi
(Howell ve ark., 1984) ile belirlenmistir.

Stoma iletkenligi sulamadan 1 giin énce havanin agik,
bulutlanmanin olmadigi 11:00-14:00 saatleri arasinda
desikantli portatif DECAGON SC-1 Yaprak Porometresi’
ile 6lctlmustir. Her 6l¢lim dncesinde aletin kalibrasyonu
yapilmistir.  Olciimler a) her sulama ®&ncesi tiim
konularda ve b) sadece tam sulama (l100) konularinda iki
sulama arasinda c¢icekleneme ve koza olusum
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donemlerinde sulama 6ncesi 1 kez, sulamadan sonra ise
herglin, havanin glnesli ve agik oldugu 11:00-15.00
saatleri arasinda yapildi. Olgiimler her tekerriirde 3
bitkide ve ana gbvdeye en yakin 1. pozisyondaki 2 yaprak
esas alinarak vyapildi. Sulamalardan sonra 6lglim
yapabilmek icin sulamalar gece yapilmistir.

Yaprak ylzey sicakligl tam sulama (li00) konusunda ortii
ylzdesinin %90’a ulastigi donemde sulamadan 6nce ve 2
gin sonra olmak lizere haftada 2 kez Everest marka
infrared sicakhk 6lger aleti ile yapilmistir. Yaprak sicaklig
tim konularda her tekerrirde 3 bitkide ve ana govdeye
en yakin 1. pozisyondaki 2 yaprakta 3 kez havanin
tamamen acik ve glinesin dik geldigi 11:00-14:00 saatleri
arasinda okunmustur.

Klorofil icerigi stres kosullarina “en iyi tepki veren
fizyolojik parametrelerden biridir. Deneme siiresince
yaprak klorofil igerigi yaprakta renk degisimini Minolta
marka spad 502 model spad aleti ile ol¢ilmustdar.
Olgiimler her sulamadan &nce tiim uygulamalarin
tekerrirlerinde 3 bitkide ve 3’er yaprakta 2’ser kez
yaprak dokiimine kadar yapiimistir.

Hasat, 4.2 m genisliginde ve 5 m uzunlugunda (6 bitki
sirasi ve 0.70 m sira arasi) tekerrir parsellerinde her

Cizelge 1. Fizyolojik parametrelerin varyans analiz sonuglari
Table 1. Variance analysis table of physiological parameter

siranin basindan ve sonundan 1 m, sagdan ve soldan 1
sira atilarak kalan 14 m? tekerriir alandan yapilmistir. Her
uygulama 3 tekerriirll oldugu icin toplam hasat alani 42
m? olarak hesaplanmistir.

BULGULAR ve TARTISMA

Stoma iletkenligi

Stoma iletkenligi sulama suyu miktarinin artmasi ile
dogrusal olarak artmus, kiikiirt dozlarinin artmasindan ise
etkilenmemistir (Cizelge 1). Sulama suyunun 1 mm
artmasi stoma iletkenliginin ilk yil 0.55, ikinci yil 0.30
mmol m2 s artmasina neden olmustur. Sulanmayan
konularda (sulanan konulara goére) stoma iletkenligi
ortalama %57 azalmistir (Cizelge 2). Sulama dizeyi x
kiikirt dozu interaksiyonlarinda ortalama en yiksek ve
en diisiik stoma iletkenligi Sslioo (1456 mmol m?s?) ve
Salo (330 mmol m?s?) konularindan dl¢iilmistiir. Kontrol
(So) konusu ile karsilastinldiginda en yiksek stoma
iletkenligi %37 artis ile SoKs konusunda belirlenmistir.
Bitki gelisme donemleri igerisinde en yilksek stoma
iletkenligi ciceklenme déneminde o6lglImistir.

Yil Varyasyon kaynagi Verim Sc LSt Spad
Sulama diizeyi (1) * ok ok ok ok ok o
2015 Kikirt dozu (S) ok od ok ok
|*S Od od * %k % * %k %
Sulama diizeyi (1) * ok ok ok ok ok **
2016 Kikirt dozu (S) ok od ok od
I*S Od od * ok *
Sulama diizeyi (1) * ok ok ok ok ok T
Kukirt dozu (S) ok ok ok ok %
k 3k kk ok %k ok kK k
2015- r*'ls(Y) Y - - "
2016 I*Y Od *ok % * % Sk
S*Y k 3k %k ok %k ok kK k

6d: dnemli degil, *,** ve *** sirasiyla p<0.05, p<0.01, p<0.001 diizeyinde 6nemli. Stoma iletkenligi (mmol m2s?), spad

klorofil icerigi (umol m2), LST : yaprak yiizey sicakhgi (°C).

iki sulama arasinda stoma iletkenliginin nasil degistiginin
belirlenmesi amaciyla pamugun farkli  gelisme
doénemlerinde tam sulama konularinda ginlik &lglimler
alinmistir (Sekil 1-3). Olgiimlerde Sc’nin 1 ya da 2 giin
boyunca sulama dncesi degerlere yakin diizeyde devam
ettigi ve daha sonra maksimum degere ulastig
belirlendi. Sc’nin sulamadan sonra maksimum degere
ulasmasi bitki gelisme donemine gore degismistir.
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Pamugun c¢iceklenme doénemi baslangicinda maruz
kaldig1 stresten kurtulma siiresi elma olusum dénemi
baslangicina gore yaklasik 2 glin daha uzun strmistir.
Ciceklenme baslangicinda Sc sulamadan sonra dahi
azalmaya devam etmis ancak sulamadan 4 giin sonra
maksimum seviyeye ulasmistir. Bu slre c¢iceklenme
doénemi sonunda daha kisalmis stoma iletkenligi sulama
suyu uygulamasina daha hizli yanit vermis ve sulamadan
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Cizelge 2. Olciilen parametrelerin kiikiirt ve sulama diizeylerine bagh degisimleri*

Table 2. Mean values of sulfur and irrigation levels of measured parameters

Konular ET Verim Sc Spad LSt

1oSo 256 1940 367 47.4 32.6
306-206 2060-1820 412-299 43.7-52.1 31.5-33.7

1S4 290 1720 343 493 32.4
305-276 1530-1900 375-289 48.2-50.9 32.9-31.9

1S5 264 1530 305 47.5 33.9
293-236 1310-1740 331-251 45.3-50.3 33.9-32.8

1S3 283 1800 471 48.2 32.4
294-271 1620-1970 566-309 45.7-51.4 32.0-32.8

11350 533 3540 506 45.4 30.8
531-536 3750-3340 558-397 42.4-49.2 29.9-31.5

1135, 550 3600 513 48.7 30.8
525-576 3260-3930 613-332 47.0-50.9 31.5-30.2

1535, 548 3390 535 48.7 31.0
524-572 3100-3680 619-389 45,9-52.1 31.0-31.1

11353 535 3500 507 48.1 30.9
522-549 3120-3880 581-364 46.2-50.5 30.8-30.9

lesSo 800 5190 682 44.2 28.1
837-763 5200-5180 813-460 41.4-47.7 29.5-26.7

lesS1 831 5040 642 439 28.3
825-836 4590-5500 755-444 41.7-46.7 29.5-27.0

lesS3 808 4650 690 42.8 28.1
815-800 4500-4800 820-450 40.5-45.7 29.3-26.9

lesSs 789 4610 667 43.8 28.8
791-787 4310-4910 785-490 42.9-44.8 29.5-27.0

10050 1070 5400 812 419 30.1
1134-1007 5870-4920 951-579 41.9-41.8 28.6-31.5

10051 1054 5650 812 40.5 29.0
1087-1021 5160-6150 981-565 38.6-42.9 27.8-30.2

11005, 1047 5410 814 39.9 29.7
1099-995 5490-5330 941-588 39.2-40.8 28.3-31.08

110053 1012 5490 838 40.8 29.6
1066-958 5170-5820 1015-566 40.4-41.4 28.2-30.9

S 664a 4010a 591 44.7b 30.1
701-627 4220a-3810c 683-434 42.4b-47.7 29.9-31.2

s, 681a 4000 a 573 456 a 29.9
685-677 3630b-4360a 681-408 43.9a3-47.8 30.4-29.5

S, 666 b 3740c 586 44.7b 30.4
682-650 3590b-3880bc 678-419 42.7b-47.3 30.6-30.1

S5 654c 3850b 620 45.2ab 29.9
668-641 3550b-4140ab 737-432 43.79a-47.1 30.1-27.6

lo 273 1740d 371 48.1a 32.7
299-247 1630d-1850d 421-287 45.7a-51.2a 32.6-33.0

lss 541 3500c 515 47.7a 30.8
525-558 3300c-3700c 593-370 45.43-50.6a 30.8-30.9

lee 806 4870b 670 43.6b 29.0
817-796 4650b-5090b 793-461 41.7b-46.2b 29.5-28.6

1100 1045 5480a 819 40.8c 27.6
1096-995 5420a-5550a 972-574 40.0c-41.7c 28.2-26.9

*Cizelgedeki ilk satir iki yilin ortalamasini, ikinci satirdaki ilk deger 2015 yil ikinci deger 2016 yili verisini gostermektedir.
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2 glin sonra Sc maksimum degere ulasmistir. Sulamadan evresi’ olarak tanimlanabilir. “Toparlanma evresi’ bitkinin
sonra toprakta su bulunmasina karsin bitkinin bu fenolojik dénemi ile yakindan iliskilidir.
durumu algilamasi fizyolojik olarak bitkide ‘toparlanma
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Sekil 1. iki sulama arasinda stoma iletkenligindeki degisim (EIma olusum dénemi, 2015)
Figure 1. Change in stomatal conductivity (Sc) between two irrigations (Boll formation period, 2015)
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Figure 2. iki sulama arasinda stoma iletkenligindeki degisim (Elma olusum dénemi, 2016)
Figure 2. Change in stomatal conductivity (Sc) between two irrigations (Boll formation period, 2016)
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Figure 3. iki sulama arasinda stoma iletkenligindeki degisim (Ciceklenme 6nemi, 2015)
Figure 3. Change in stomatal conductivity (Sc) between two irrigations (Flowering period, 2015)

Ciceklenme doneminde (reme yetenegi (cicek bitkinin diger c¢evresel kosullara tepkisi kismen
olusturma cabasi) maksimum dizeyde oldugundan zayiflayabilir. Bu nedenle stresten kurtulma siresinin bu
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donemde daha uzun stirmis olabilecegi diistinilmustir.
Elma olusum doneminde stresten kurtulma siresinin
daha az slirmesinde ise bitkinin Greme ¢abasinin kismen
azalmasi ve cevresel kosullara duyarliliginin kismen
artmasi etkili olabilir. Toparlanma siresi her ne kadar
bitkinin fizyolojisi ve gelisme dénemi ile ilgili olsada hava
sicakliginin siddeti ve bitkinin stres diizeyide bu durumu
etkilemektedir.

Su stresi yaprak genislemesini ve vyaprak alanini
azaltmasinin yanisira yaprak vyaslanmasini artirarak
fotosentetik hizin azalmasina neden olur (Marani ve ark.,
(1985). Stoma iletkenligi fotosentetik hizi belirleyen en
onemli parametredir ve su stresine cok hassastir
(Kerepesi ve Galiba, 2000). Kisa siireli su stresinde CO»
kullaniminin azalmasina stoma kapanmasi neden olur
(Mansfield ve Davies, 1981) ancak stres sliresi uzarsa
bitki fotosentez yapamaz hale gelir (Passioura ve ark.,
1993). Bu nedenle bitki kok bolgesinde yeterli dizeyde
suyun bulundurulmasi verim agisindan 6nemlidir.
Bitkilerin blylme ve gelisim donemlerinde su stresine

bagli stomatal tepkilerinin bilinmesi sulama zamaninina
karar vermede bir kriter olarak kullanilabilir. Bunun
yanisira benzer mikroklima alanlarinda su stresine
duyarli ve toleransli gelisme dénemlerinde fotosentezde
azalmaya neden olacak stoma iletkenliginin/direncinin
bilinmesi verim tahmininde de kullanilabilir. Arastirmalar
pamukta ciceklenme déneminin diger donemlere gore
hassas oldugunu ortaya koymaktadir (Loka ve
Oosterhuis, 2014). Bu durumda su kaynaklarinin yeterli
olmadigi alanlarda 6ncelikle ciceklenme donemi igin esik
stoma iletkenligi/direnci’degerleri sulama zamanina
karar vermede kriter olarak kullanilabilir.

Stoma iletkenligi pamuk yapraklarinin yaslanmasina
bagh olarak hasata yaklastikga azalmigtir. Ik il
ciceklenme dénemi baslangicinda 1000 mmol m? s?,
ciceklenme ve koza olusum doneminde 755 mmol m?s?,
kozalarin acilmasi déneminde ise 381 mmol m?s™olarak
gerceklesen Sc degerleri ikinci yilda da benzer bir azalma
egilimi gostermistir. Stoma iletkenligi ile verim arasinda
polynomial iliskiler elde edilmistir (p<0.01) (Sekil 4).
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Sekil 4. Stoma iletkenligi ile verim arasindaki iliskiler
Figure 4. The relationship between Sc and cotton yield

Denklemler ¢6ziimlendiginde en yiiksek verim ilk yil 561
mmol m2sde ikinci yil 1209 mmol m2 s¥de maksimum
verimin elde edilecegi belirlenmistir. Lu ve ark., (1998) Sc
ve kitll verimi arasinda giiglu ve pozitif iliskiler oldugunu
ve stoma iletkenligindeki her 30 mmol m? s artisin
verimde 100 kg hal artisa neden oldugunu
belirtmislerdir. Benzer sekilde ekmeklik bugdayda da Sc
ve dane verimi arasinda gicli ve pozitif iliskiler elde
edilmistir (Condon ve ark., 1990). Bizim ¢alismamizda ise
her 1 mmol m2startis ilk yil 7 kg hat ikinci yil 13 kg ha
verim artisina neden olmustur.

Stoma iletkenliginin hasata dogru azalma egilimi sulanan
(Is3s, les ve ligo) ve sulanmayan (lo) konuda farkh
gerceklesmistir. Sulanan konularda Sc’nin ginlik azalma
hizi ortalama 12.5 mmol m2 st iken sulanmayan konuda
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(lo) 8.8 mmol m? s olarak belirlenmistir. Bu farkhhk
lo'daki yapraklarin daha erken yaslanmasindan ve
stomatal tepkinin sulanan yapraklara gore daha yavas
gercklesmesinden  kaynaklanmis  olabilir.  Yaprak
yaslanmasinda su iletim dokularinda meydana gelen
zayiflamanin yanisira su stresine bagh absisisk asit
birikiminin de 6nemli bir etkisi vardir (Radin, 1981).
Kikurt dozlari stoma iletkenliginde 6nemli bir artisa
neden olmamistir (Sekil 5). Kukirt dozlarinin stoma
iletkenligine etkisi sulama dlzeylerine bagli olarak
degismis vesulama duzeyleri arttikga kikirt dozlarinin
neden oldugu farkliliklarda azalmistir.

Stoma iletkenligi lo konusunda So’a gére Ss'de yaklasik
%25 artmistir (367 mmol m? sV den 470 mmol m? s'e
yukselmistir). li0o konusunda ise neredeyse tum kikirt
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dozlarinda ayni Sc degeri elde edilmistir (Sekil 5). 2016
yilinda Si, S,, ve Ss dozlari stoma iletkenliginde belirgin
artisa neden olmustur. Ortalama olarak en yiliksek stoma

iletkenligi her iki yilda S3 dozundan olgUlmistir (lk yil
736, ikinci yil 432 mmol m?s?).

7
|
.
.
.

AR

900
aso
_.800 | msq
~ 700 | @S2
g 600 | @S3
£
H 500
2 400
300
200
10 133

Sulama Diizeyleri

166 1100

Sekil 5. Stoma iletkenliginin kikilrt dozlari ve sulama diizeylerindeki degisimi
Figure 5. Variation of stomatal conductivity in sulfur doses and irrigation levels

Yaprak sicakligi (LSt)

Bitki strese girdiginde icsel su dengesini korumak
amaciyla stomalarini kapatmaktadir. Bu durum yaprak
ylzey sicakhginda (stomalarin kapanip bitki ylzeyinde
serinleme etkisinin kaybolmasi nedeniyle) artisa neden
olmaktadir. LSt en yiksek lo’da (32.7 °C) en disuk ligo
konusunda (27.6 °C) olctlmistir. Kikiirt dozlarinin

yaprak sicakligina etkisi dnemli bulunmamistir. Ancak Io
konusunda S; dozu LSt'de diger dozlara goére belirgin
artisa neden olmustur. LSt, So’da 32.28 °C, S;’de 33.83 °C
olarak ol¢ilmis ve yaklasik 1.6 °C’hk sicakhk farkhhg
belirlenmistir. Sulama suyu miktari arttikca kukdrt
dozlarinin LSt Gizerine etkisi azalmistir (Sekil 6).
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Sekil 6. Yaprak sicakhginin kiikiirt dozlari ve sulama diizeylerindeki degisimi
Figure 6. Variation of leaf surface temperature in sulfur doses and irrigation levels

LSt ile verim arasinda istatistiksel olarak dnemli iliskiler
elde edilmistir (Sekil 7). LSt arttik¢a verim degerleri 2015
de %16, 2016'da %11 iki yilin ortalamasinda %13
oraninda azalmistir. LSt deki 1 °C’'hk artisa bagli olarak
verimin So da 810 kg ha, Si’de 788 kg ha', S,’de 634 kg
hal, Ss’de 765 kg ha! azalacag) belirlenmistir (Figure 8).
Yaprak sicakligi toprak nemi kosullarinin yanisira hava
sicakhgindanda 6nemli 6l¢lide etkilenir. Disuk sicakliklar
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(6zellikle Temmuz Agustos ayinda), meyve dokimini
azaltmasi nedeniyle daha ylksek verime neden olabilir.
Ciceklenme ve meyve olusum dénemlerinde yiksek hava
sicakliklarinin  verim  kayiplarina neden olabildigi
bilinmektedir. Lu ve ark., (1997), maksimum gilindiiz
sicakliklarinin verim Uzerine olumsuz etkilerinin 11 yil
siren bir calismada acglk¢a ortaya koymuslardir.
Sicakligin olumsuz etkileri yiiksek ve dislik Grlin veren
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cesitler arasinda degisir. Disuk Grin veren Pima-32 gibi
ticari cesitlerde ve vyiksek Uriin veren Pima S-6
cesitlerinde yaprak - hava sicakligi farki sirasiyla -1 °C ve

3-4.5 °C‘a ¢ikabilmektedir (Radin ve ark., 1994; Lu ve ark.,
1994).

120
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20 | y=-11,01x+ 401,92
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Sekil 7. LSt ve oransal verimdeki azalma iligkileri
Figure 7. The Relationships between LSt’and relative yield decrease

Deneme siiresince yaklasik ayni toprak nem iceriklerinde
Olcim yapilmasina karsin LSt degerleri bitki gelisme
donemlerinde farkli degerlerde 6l¢tilmustir. Ortalama
olarak tim konularda LSt 2015 ve 2016 yilinda sirasiyla
ciceklenme baslangicinda 27.9-28.2 °C, ciceklenme ve
elma olusum doneminde 29.9-30.24 °C, kozalarin
acilmasi déneminde 31.1-30.8 °C olarak olgUlmustar.
Tiim konularda LSt degerleri hasata dogru artmistir. Artis
hizi en dislik li00’de (0.07 °C gilin) en ylksek) lo’da (0.115
°C glin) olarak belirlenmistir. I3 ve lgs'da artis hizlari ayni

yaklastikca LSt degerlerindeki artisin yapraklarin
yaslanmasina bagh olarak stomatal hassasiyetin
azalmasindan ve atmosfere su buhari transferinin
azalmasindan kaynaklandigi disliniilmistir. Su stresi
kosullarinda azalan stoma iletkenligi ve yaprak ylizey
sicakligl arasinda korelasyonu yiksek iliskiler elde
edilmistir (Sekil 8). Stoma iletkenliginin 1 mmol m? st
artmasi yaprak sicakhginin ilk yil 0.0078 °C, ikinci yil
0.0113 °C, ortalama olarak 0.0214 °C azalmasina neden

olmustur.

seviyede gerceklesmistir (0.09 °C). Hasat tarihine
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Sekil 8. Stoma iletkenligi ile yaprak ylizey sicakhgi arasindaki iliskiler
Figure 8. The Relationships between LSt and Sc

Yaprak klorofil igerigi

Klorofil konsantrasyonunun artmasinda kakirtin etkin
bir rolu oldugunu belirten ¢ok sayida arastirma
bulunmaktadir (Li-na ve ark., 2005, Dietz 1989, Jie ve
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ark., 2008; Duke ve Reisenaue,1986). Bu arastirmalarda
kiktrtiin klorofil iceriginin azalmasini 6nleyici etkileri
oldugu ve stres kosullarinda klorofil miktarinin artiriimasi
ile Girin veriminde artislar saglanabildigi belirtilmektedir
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(Li-na ve ark., 2005). Ozellikle etkin fotosentez yapan
yapraklarda strese bagh klorofil azalmasinin daha
belirgin oldugu (Dietz 1989), kukirt uygulamasi ile
klorofil miktarinin arttirilabilecegi ve abiyotik stresin
siddetinin hafifletilebilecegi ileri siriimustir. Jie ve ark.,
(2008) agir metal stresini saksi kosullarinda topraktan
kiikurt iceren Hoogland ¢ozeltisi uygulayarak, (Li-na ve
ark., 2005) bugdayda saksi kosullarinda sadece dane
dolum déneminde kikirt uygulayarak, Saeed ve ark.
(2013) amonyum silfat formunda kikirt ve azotu
topraktan + yapraktan uygulayarak, Mahler (2008) sera

kosullarinda saksida, topraktan CaSO, formunda
uygulayarak kiikirtin verimde ve bazi kalite
ozelliklerinde olumlu ve pozitif yonli sonuglarini

belirlemislerdir. Goruldtugia gibi, bu arastirmalar daha
cok kontrolli ortamlarda, topraktan ve kikirtiin farkh
bilesiklerinde yuritilmus arastirmalardir. Saeed ve ark,
(2013) tarafindan yapraktan kidkdrt uygulanan
arastirmada ise kukirt amonyum silfat formunda
uygulanmustir. Haliloglu ve ark. (2006), iceriginde %2.8 S
iceren coklu besin ¢ozeltisi ile yapraktan uygulamanin
pamuk katla verimine etkisinin olmadigini
saptamislardir. Bu arastirmalarda stres kosullari ve stres
unsurlart  bizim denememizden farkhdir. Kikirtin
uygulama yéntemi, zamani, dozu ve formunun denendigi
bu arastirmalarda bitkiler kontrolli ortamlarda
yuratidlmastar. Bir cok degiskene (toprak, iklim ve
isletme yontemine) ve verimi etkileyebilen unsur
nedeniyle tarla kosullarinda ayni basari elde
edilememistir.

Bizim arastirmamizda elementel kikirt gibresi bitkide
azda olsa strese ve verimde azalmaya neden olmustur.
Kukurtin yapraktan ve elementel formda uygulanmasi
klorofil igerigininde istatistiksel olarak dnemli bir artisa
neden olmamistir. ilk yil su stresinin yiiksek oldugu lo ve
Is3 konularinda en ylksek Spad degeri S; dozundan elde
edilmistir. Su stresi azaldik¢a kiikiirt dozuna bagli Spad
degerlerinde kararsiz bir durum gorilmustir. Ortalama
olarak lp ve ls3 sulama dizeylerinde Spad degerlerinin
yuksek c¢ikmistir. En yiksek spad degeri ilk yil 1551
konusunda (48.15 umol m2), ikinci yilda 106So (52.09 pmol
m?) ve 135S, (52.10 pmol m?) interaksiyonlarinda
belirlenmistir. ilk yil I ve ls3 konularinda S1 dozunun, lgs
ve lioo konularinda S3 dozunun, ikinci yil Is3 konusunda S,
dozunun, l100 konusunda S; dozunun lg ve lgs konularinda
ise So (kikirt uygulanmayan) konularinda spad degerleri
diger dozlara gore daha vyiksek c¢ikmistir. Spad
degerlerinin yiksek ciktigi konularda verimde anlamli
artislar olmamistir. Sulama dtizeyleri arttikgca, taze Ust
yapraklarda SPAD degerleri azalmistir.

Spad degerlerinin her iki yilda Sc ve LSt ile aralarindaki
korelasyon iliskileri incelenmistir. Spad- Sc arasinda
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dogrusal negatif yonlii (r’=0.65", 2015 ve r>=0.88"", 2016)
ve Spad -LSt arasinda dogrusal pozitif yonlii (r>=0.75",
2015 ve r?=0.12 ™, 2016) iligkiler bulunmustur.

Sonug olarak, kuraklik stresi bitki gelisimini ve fizyolojik
ozelliklerini sinirlandiran en 6nemli abiyotik strestir.
Arastirmamizda su stresi Olclilen tim parametreleri
olumsuz etkilemistir. Stresin etkisini gidermek icin
yapraktan uygulanan kikirtiin verim ve fizyolojik
ozelliklere 6nemli bir katkisi belirlenmemistir. Stres
kosullarinda prolin (Iba, 2002), silikon (Ahmed ve ark.,
2011) potasyum (Studer, 1993), fosfor (Sawwan ve ark.,
2000), bor (Gulumser ve ark., 2005) ve kikurt (Li-na ve
ark., 2005) elementlerinin kuraklik stresinin olumsuz
etkilerini engelledigine iliskin ¢ok sayida arastirma
bulunmaktadir. Kiikiirtiin bitkide stresi 6nlemede basarili
oldugunu gosteren arastirmalar genel olarak kontrolli
ortamlarda ve saksi kosullarinda ylritilmistir. Bizim
calismamizda tarla kosullarinda uygulanmasi, kikdirtiin
etkin aliminda sorunlara neden olmustur. Kikrtiin
yeterince penetre olamamasi klorofil igeriginin artmasini
engellemistir. Bu durum spad degeleri ile ortaya
konulmustur. Spad degerleri su stresine Sc ve LSt‘den
daha az hassasiyet gostermistir. Stres arttikca Sc ve
Lst'de belirgin degisimler gorilirken Spad degerleri
kararsiz ve duyarsiz bir seyir izlemistir. Sc, su stresine
bitkinin gelisme dénemine bagh olarak farkli diizeylerde
tepki vermistir. Stresten kurtulma siresi ciceklenme
doneminde diger donemlere gére daha uzun stirmdstr.
Bitki bu donemde meyve olusumuna odaklandigindan
sulamadan ancak 2 giin sonra olagan stoma davranisl
goOsterebilmistir.  Hasat donemine  dogru  bitki
yaslanmasina bagli olarak Sc degerleri azalmis LSt
degerleri artmistir.

OzZET

Amag: Arastirma, su stresine maruz birakilmis pamuk
bitkisinde yapraktan kikirt uygulamalarinin = bitki
fizyolojik ozelliklerine ve bitki su tiiketimine etkilerini
belirlemek amaciyla 2015-2016 yilinda Amik Ovasinda
(Hatay) ylratalmastar.

Yéntem ve Bulgular: Arastirma, Carisma c¢esidi pamuk
bitkisinde tesadlf bloklarinda bolinmis parseller
deneme deseninde yuritilmistir. Denemede elverisli
kapasitenin 3 farkh sulama dizeyinde sulanan (lig, les,
133) ve sulanmayan (lo) bitkilere yapraktan kikirt
uygulamasinin etkis arastirildi. Kikirt konulari tanik
konu (So) ve 150 ml da(S1), 250 ml da1(S,) ve 350 ml da-
1(S3) dozlardanda kikirtiin yapraktan uygulanmasi ile
olusturulmustur. Uygulamalarin etkisini belirlemek
amaciyla stoma iletkenligi (Sc), klorofil icerigi (Spad) ve
yaprak yizey sicakligi (LSt), verim ve evapotranspirasyon
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parametreleri 6l¢tlmuistir. Yapraktan kikirt uygulamasi
verimde beklenen artisi saglamamistir. Kiikiirt dozlari
verimin ilk yil azalmasina ikinci yilda artmasina neden
olmustur. ikinci yilda kiikiirt uygulanmayan konuya gore
verim %14 artmistir. En ylksek verim Si00K: konusunda
6150 kg ha?l olarak gerceklesmistir. Bitkinin maruz
kaldig1 su stresi 6l¢lilen tim parametrelerde azalmaya
neden olmustur. Yapraktan kiikirt uygulamasi stresli
yapraklarda spad degerlerini artirirken stressiz
yapraklarda azaldi. Stoma iletkenligi (Sc) ve yaprak ylizey
sicakligi (LSt) ile verim arasinda korelasyonu yliksek
iliskiler saptanmistir. Spad degerlerinin strese Sc ve LSt
kadar duyarh olmadigi belirlenmistir. Pamugun
Ciceklenme donemi baslangicinda maruz kaldigi stresten
kurtulma siiresi elma olusum dénemi baslangicina gore
yaklasik 2 giin daha uzun strmustlr. Su stresi tim
konularda yaslanma egilimini hizlandirmstir.

Genel Yorum:  Stresin  azaltilmasinda  kikirt
uygulamalarinin basarili oldugunu gosteren arastirmalar
bulunmaktadir. Bu arastirmalarda kiikiirt topraktan ve
kontrollli ortamlarda bitkilere uygulanmistir. Yapraktan
uygulamada ayni basari gerceklesmemistir. Su stresi
bitkide incelenen fizyolojik ozellikleri olumsuz yonde
etkilerken yapraktan kikdrt uygulamasi bu olumsuzlugu
anlamli sekilde giderememistir.

Calismanin Onemi ve Etkisi: Pamuk bitkisinde su
stresinin olumsuz etkisini gidermek icin yapraktan
glbrelemenin etkilerini arastiran cok fazla arastirma
bulunmamaktadir. Bu arastirma yapraktan uygulanan
elementel kiikirtiin su stresi kosullarinda pamugun bazi
fizyolojik 6zelliklerine ve evapotranspirasyon degerine
etkilerini ortaya koymasi agisindan énemlidir.

Anahtar Kelimeler: Kuraklik toleransi, kikiirt, sulama
diizeyi, pamuk.

TESEKKUR
Bu c¢alisma TUBITAK tarafindan 2140254 no’lu proje
kapsaminda desteklenmistir.

CIKAR CATISMA BEYANI
Yazarlar ¢alisma konusunda
olmadigini beyan eder.

gikar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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Aims: The growing level of food insecurity and poverty in developing
nations, especially among rural households, requires more effort and
measures to curb it. Engaging in vegetable production by rural households
can play a significant role in alleviating poverty, improving their nutritional
status and livelihood. This study, therefore, investigates the effect of
vegetable production on rural farmers’ income and households’ livelihood
in Nigeria.

Methods and Results: Data collected from 400 vegetable farming
households were analysed using descriptive statistics and multiple
regression. The results revealed that vegetable farming is a female-
dominated venture (89.4% females). The regression results revealed that
vegetable output had a positive and significant effect on rural households’
income. Other factors that influenced farmers’ income were household size,
access to credit and farm size. Furthermore, vegetable production had
positive effects on rural households’ livelihood by providing employment,
income, basic needs, food, paying for school fees, improving their nutritional
status and standard of living. Pests and diseases, poor storage facilities, post-
harvest loss, inadequate credit facilities, high cost of inputs, poor knowledge
of irrigation, poor transportation and poor extension services were the
severe constraints faced in vegetable production.

Conclusions: 1t can be inferred that vegetable production contributed
immensely to rural households’ economic status, livelihood and wellbeing.
Although, the venture was faced with some challenges. Therefore, the
provision of accessible and affordable credit facilities by banks, government
and non-governmental organizations to the farmers is important as this
would encourage them, curb most of the constraints and increase their
income.

Significance and Impact of the Study: Understanding the effects of
vegetable production on the income and livelihoods of rural dwellers will
enhance participation. Therefore, the outcome of this study would allow
policymakers to intervene in its production in view to lower poverty and
malnutrition, and improve rural households’ wellbeing.

Atif / Citation: Mukaila R, Falola A, Akanbi SUO, Obetta AE, Egwue LO, Onah TL (2022) Effects of vegetable production on
income and livelihood of rural households in Nigeria. Mustafa Kemal Universitesi Tarim Bilimleri Dergisi, 27(2)
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INTRODUCTION

The realization of the potential of vegetable production
in meeting up with the necessities of life has made
farmers embark on its production, not just for
immediate consumption, but also for sale to improve
their livelihood and wellbeing (Asadu et al., 2018). Thus,
vegetable production can be targeted towards poverty
alleviation, nutrition and food security programs in
developing nations due to its numerous importance. It
increases farmers’ access to cash for necessities of life
and promotes farm operation. These make the
production of vegetables go beyond backyard
production for household consumption to large-scale
levels for national and international markets
(Heinemann, 2002). It provides more employment per
hectare of land, off-farm and on-farm than other
agricultural ventures (FAO, 2020). Vegetables do not
serve as means of livelihood to farmers alone but to
many intermediaries such as wholesalers, retailers and
farm agents who are involved in its value chain and
responsible for its movement from the farmers to the
consumers. Thus, vegetable production has a great
tendency to curb the problem of malnutrition and the
high poverty rate among rural people (Imathiu, 2021,
Schreinemachers et al., 2018).

Vegetable farming has been ongoing for decades in
Nigeria, contributing to income and serving as means of
employment for the growing population, especially dry
season vegetable farming (Mukaila et al., 2021; Sabo and
Zira, 2009). Nigerian vegetable output in 2020 was 15.7
million tonnes (Knoema, 2021). This immensely
increased from what the country produced (3.11 million
tonnes) in 1970 (Knoema, 2021). Vegetables are easily
grown, require little production input, rich in minerals
and vitamins, have an anti-oxidant property and contain
phytochemicals. Apart from the economic importance of
vegetable crops, they form part of the daily human diet
globally, supplying the body with nutrients necessary for
a healthy life (Ngegba et al.,, 2016). Due to its high
nutritional components and health benefits, a minimum
of 400g consumption per day in conjunction with fruits
is recommended (FAO, 2020).

Globally, the need to reduce the high poverty rate and
food insecurity, especially in the rural areas of Sub-
Saharan Africa continues to gain much attention among
researchers and policymakers (Mukaila et al., 2020;
Mukaila et al., 2021a). Globally, up to 811 million people
are hungry (FAO, IFAD, UNICEF, WFP & WHO, 2021).
Food insecurity and undernourishment keep increasing
in Africa as more than 250 million people are
undernourished out of which Sub-Sahara Africa alone
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harbours 239.1 million people (FAQ, IFAD, UNICEF, WFP
& WHO, 2020). Nigeria is not excluded as 57.7% of the
population were food insecure (FAO, IFAD, UNICEF, WFP
& WHO, 2021). Also, the developing countries harbour
more than 80% of the global extremely poor people (De
La O Campos et al, 2018). Over 50% of Africa’s
population were extremely poor (World Bank, 2019).
The poverty level in Sub-Sahara Africa is on the high side
as the region harbours over 56% of the global extreme
poor people (Beegle & Christiaensen, 2019; World Bank
Group, 2018). Nigeria is not immune to this menace as
40.1% (Over 85 million people) of its population were
poor (National Bureau of Statistics, 2020). Engaging in
vegetable production can play a significant role in
alleviating poverty, ensuring food security, improving
nutritional status and livelihood.

Despite vegetable production potentials, previous
studies on vegetables focused on their profitability,
efficiency and marketing (Isitor et al., 2016; Ngegba et
al., 2016; Schreinemachers et al., 2016; Timsina and
Shivakoti, 2018; Tsiboe et al., 2019; Mukaila et al., 2021)
without investigating its contribution to household
income and livelihood. There is thus a need to examine
if vegetable production has improved the income,
livelihood and wellbeing of rural people. This is
important as it would allow policymakers to intervene in
its production in view to improving rural households’
wellbeing. Because of this, this study was aimed to fill
the research gap by assessing the effect of vegetable
production on rural households’ income and livelihood.
Specifically, the present study: described the vegetable
farmers’ socioeconomic characteristics; identified the
determinants of vegetable farmers’ income;
investigated the effect of vegetable production on
farming households’ livelihood and identified the
constraints faced in vegetable farming.

MATERIALS and METHODS

Study area

The study was carried out in Nigeria. Agriculture is a
major means of livelihood, especially the rural areas. The
country has a landmass of 923,769 square kilometres
(Mukaila, 2021; World Bank, 2019). Oyo and Kwara State
are among the states widely involved in agricultural
activities. Oyo State is an inland state, with an
approximate land mass of 28,454 km?, located in the
Southwestern part of the country. Kwara state is located
in the northcentral part of the country with an
approximate land area of 36,825 km?. Crops such as
maize, rice, cassava, cowpea, yam, sorghum, groundnut,
sweet potatoes, wheat, beans and vegetables are widely
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Figure 1. Map of the study area showing the two states selected
Source: Authors’ design, 2022

grown in the country. Rural vegetable farmers make up
the population for this study.

Sampling techniques and data collection

A multi-stage sampling technique was used in the
selection of sampled households that provided data for
this study. In the first stage, two states were randomly
selected (Oyo State from the South-west and Kwara
State from the North-central geopolitical zone).
Thereafter, four Local Government Areas (LGAs) were
selected randomly from each state, making eight LGAs.
The third stage involved a random selection of five rural
farming communities from each LGA, making 40 rural
communities. Lastly, ten vegetable farming households
were selected randomly from each farming community,
thus making 400 farming households for this study.
Primary data were collected from the vegetable
farmers using a semi-structured questionnaire coupled
with an interview schedule. The data covered
information  such as  their  socio-economic
characteristics, farming households’ decision for
engaging in vegetable production, perceived benefits
derived from vegetable production and constraints to
vegetable production, among others.
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Data analysis

The analytical tools used to analyse the data for this
study were descriptive statistics and multiple
regression. Descriptive statistics, involving frequency
and percentage for dummy and ordinary scaled
variables and mean for continuous variables, was used
to describe the socio-economic characteristics of the
vegetable farmers. Multiple regression was used to
examine the factors affecting vegetable farmers’
income.

Following Fadipe et al. (2014) and Mukaila et al.
(2021a,b), multiple regression was used to examine the
effect of vegetable production on farmers’ income and
identify other determinants of farmers’ income. It is
explicitly expressed as:

Y =8¢+ B.V+BA+ B3HS + BLED + BFE +

BoFS + B7AE + BgAC + €., (1)
Where Y is the annual income (NGN, M), V is vegetable
production in terms of its yield (kg per ha), A is the age
of the farmers (years), HS is the household size (number
of people in the household), ED is the educational level
of the farmer (years), FE is the farming experience
(years), FS is farm size (hectare), AE is access to
extension service (1 = yes, 0 = no), AC is access to credit
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loan facilities (1 = yes, 0 = no), B, is constant, 3; to g
are the coefficients and e is the error term.

A five-point Likert scale score was used to explore how
vegetable production has improved farmers' livelihood
based on their perception and to identify constraints
faced in vegetable production, as it was used in
previous studies (Kshash, 2019; Obetta et al., 2020). A set
of constraints were itemized and the farmers were
asked to indicate their perceived level of severity to
each of the problems (the same was done for perceived
benefits). The scale ranges from extremely severe (5),
very severe (4), severe (3), mild severe (2) to not severe
(1). A mean score of 3.0 was used as the decision point
for considering a constraint as severe and the
respondents’ average score on each item was obtained.
Any constraint with a mean value equal to or greater
than 3 was considered severe problems while those
that were less than 3 were considered not severe
constraints. The weighted score and mean were used
to rank the listed constraints based on their severity.
Similarly, any benefit with a mean value equal to or
greater than 3 was considered a major benefit while
those that were less than 3 were considered minor
benefits.

RESULTS and DISCUSSION

Socioeconomic characteristics of vegetable farmers

Socioeconomic characteristics of vegetable farmers
varied (Table 1). The results presented in Table 1
revealed that vegetable farming was dominated by
female farmers. The few males involved in vegetable
production in the study area usually grow okra and
tomatoes while the female farmers usually grow leafy
vegetables. The majority of the vegetable farmers were
adults and there was low vyouth participation in
vegetable farming as previously indicated by Ayodele et
al. (2021). The majority of the vegetable farmers were
married and had a large household size which is not
surprising as rural households comprised of extended
family. The rural farmers, especially in Sub-Saharan

Table 1. Socio-economic characteristics of vegetable farmers

Africa, care to have many people in their household to
be used as labour on the farm. This large household size
assists them in the production of vegetables and other
farming activities.

A relatively high level of illiteracy exists among the
vegetable farmers. This low formal education could
affect them in decision making relating to adopting
innovation as the higher educational status is expected
to be accompanied by the adoption of innovation,
accessibility of information and their usage for increased
vegetable production. The vegetable farmers cultivated
an average of 1.87 hectares of land indicating small-scale
farming. Regarding cooperative society where vegetable
farmers can pool their resources to venture into large
scale production and get inputs at a lower price, the level
of participation was very low. This contributed to their
low access to credit facilities as cooperative society is an
important means of informal finance to rural farmers
(Falola et al., 2022). Ashagidigbi et al. (2018) also
reported low access to credit among vegetable farmers.
Similarly, access to extension services was low with the
number of contacts ranging from one to two times a
year. This implies that the majority of the farmers did not
have access to extension agents who can educate them
on the best vegetable farming practice and introduce
innovation to them. The vegetable farmers had an
average monthly income of N28,745.43 (USD 69.94).
Vegetable production accounted for over 80% of their
income while other farm income accounted for a lesser
proportion of their income. This suggests that vegetable
production is a profitable venture and had a significant
effect on their economic status. Farming is the main
occupation in the study area accounting for 82.2% of the
workforce. The vegetable farmers had an average
farming experience of about 22 vyears. Thus, the
vegetable farmers can be described as well-experienced
farmers who are knowledgeable about growing of
vegetables and other farming activities. This further
shows that vegetable production is an aged long venture
in the study area.

Characteristic Category Percentage (n=400) Mean
Gender Male 10.6
Female 89.4
Age <40 14.4 54,51
41-50 18.8
51-60 35.6
>60 31.1

Source: Authors’ computation from field survey, 2021.
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Table 1 (continued). Socio-economic characteristics of vegetable farmers

Characteristic Category Percentage (n=400) Mean
Marital status Married 88.3
Single 11.7
Educational status No formal education 42.8
Primary education 32.2
Secondary education 21.1
Post-secondary education 3.9
Household size <4 15.2 9
5-7 35.9
>7 48.9
Total farm size (ha) 0.4-2.39 83.9 1.87
2.4-3.99 12.2
>4 3.9
Cooperative membership Non-member 81.7
Member 18.3
Access to credit Without access 73.3
With access 26.7
Monthly income (M) 10,000 - 20,000 18.7 28,745.43
20,001-30,000 32.1
30,001-40,000 47
>40,000 2.3
Access to extension services With access 333
Without access 66.7
Primary occupation Farming 82.2
Civil servant 1.7
Trader 12.2
Artisan 3.9
Farming experience (years) <10 22.8 22.31
11-20 30
21-30 22.2
>30 25

Source: Authors’ computation from field survey, 2021

Vegetable crops grown in the study area

The vegetables cultivated among the farmers varied
(Table 2). All vegetable farmers always cultivate
Corchorus olitorius L. (Jute mallow). The majority of
farmers always cultivate Amaranthus hybridus L. (Green
amaranth) and Celosia argentea L. (Plumed cockscomb).
The majority of farmers always cultivate Abelmoschus
esculentus L. (Okra or ladies’ finger) and Capsicum
annuum L. (Pepper). A significant proportion of farmers
always grow Solanum lycopersicum L. (Tomatoes). A
significant proportion of the farmers cultivated Telfairia
occidentalis Hook F. (Fluted pumpkin) and Talinum

217

triangulare Jacq. (Waterleaf). This result suggests that
vegetables were widely grown and consumed in the
study area. In terms of the vegetable level of production,
jute occupies the largest proportion of the vegetable
field followed by green amaranth while water leaf
occupies the least proportion. It is worth noting that the
majority of the farmers always supply their vegetables to
wholesalers and retailers while few of them always sell
directly to the final consumer (this is common among
farmers with a small plot of the vegetable farm due to
their low output).
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Table 2. Vegetable crops cultivated in the study area

Vegetable Always Occasionally Never Likert Mean
Frequency (%) Frequency (%) Frequency (%)

Corchorus olitorius 400 (100) 0 (0) 0 (0) 3
Amaranthus hybridus 392 (98) 8(2) 0(0) 2.96

Celosia argentea 324 (81) 64 (16) 12 (3) 2.80
Capsicum annuum 160 (40) 184 (46) 56 (14) 2.26
Solanum lycopersicum 180 (45) 136 (34) 84 (21) 2.24
Abelmoschus esculentus 112 (28) 184 (46) 104 (26) 2.02
Telfairia occidentalis 64 (16) 192 (48) 144 (36) 1.80
Talinum triangulare 76 (19) 144 (36) 180 (45) 1.73

Source: Authors’ computation from field survey, 2021.

Determinants of vegetable farmers’ annual income
Vegetable production in terms of its output had a
positive and significant effect on vegetable farmers’
annual income (Table 3). This suggests that an increase
in vegetable output will increase farmers’ income. This
implies that the growing of vegetables is very important
to the rural farmers' income and plays a significant role
in their households’ economic status. Vegetable
production serves as a significant source of income to
the farmers and helps them with the cash needed for
their daily households’ needs.

Household size positively influenced farmers’ total
annual income. This disagrees with Fadipe et al. (2014)

that household size had a negative effect on income. An
increase in household size can increase farmers' output
through serving as family labour for vegetable
production and assisting in the marketing of the
produce. This will, in turn, increase the income earned
by farmers. Furthermore, the availability of family labour
can influence farmers’ decision to seek and cultivated
more land which will, in turn, increase the vegetable
output and income derived from it. This result is in
tandem with the finding of Mukaila et al. (2021b) who
reported that household size had a positive influence on
rural income.

Table 3. Factors influencing vegetable farmers’ annual income

Variables Coefficient Std. Error T P>t

Vegetable output 3.8147*** 0.3430 11.1216 0.0000
Age 613.3932 430.4654 1.4250 0.1581
Household size 10528.7621*** 1579.6742 6.6651 0.0000
Education 475.4509 4528.1489 0.1050 09171
Years of farming experience -253.7182 439.0221 -0.5779 0.5651
Farm size (hectare) 14175.8721*** 4921.5878 2.8803 0.0051
Access to extension service -2110.5734 7156.7479 -0.2949 0.7687
Access to credit facilities 12843.0456* 6998.7932 1.8350 0.0680
Constant -95981.4654*** 27359.0788 -3.5082 0.0010

R-square =0.73
F(8,81)=27.49
Prob>f =0.0000

Source: Authors’ computation from field survey, 2021; ***p<0.01, *p<0.1.

Farm size also influenced vegetable farmers’ income
positively. This suggests that an increase in farm size will
increase farmers’ income. This result implies that
vegetable farmers who cultivated larger farmland
produced more vegetables which will, in turn, increase
the farmers' income. Whereas farmers that have a
smaller farm size under cultivation will have fewer
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vegetables for public consumption and less income
derived from it, ceteris paribus. This corroborates
previous findings that household size positively
influenced farmers’ income (Nzabakenga et al., 2013;
Fadipe et al., 2014; Rys-jurek, 2019; Mukaila et al.,
2021a).
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Access to credit was positively significant in relation to
vegetable farmers’ income (Table 3). This suggests that
the more access farmers have to credit facilities, the
higher their income. This is because access to credit
paves way for farmers to improve on their production.
Access to credit increased the capital available to a
farmer which is used in farming activities, this will
increase such farmer’s level of investment and output.
An increase in output will thus increase the annual
income of the farmers. A similar result was reported by
Mukaila et al. (2021a) that access to credit enhances
smallholder farmers’ income.

Effect of vegetable production on the livelihood of the
rural farming households

The distribution of vegetable farmers according to their
perceived effect of vegetable production on the

households’ livelihood was presented in Table 4. About
95 per cent of the farmers strongly agreed that
vegetable production is a source of employment to them
and their households. The household members assist the
farmers in vegetable production activities and marketing
of the vegetable produce, thereby providing a means of
livelihood to them. The majority strongly agreed that the
growing of vegetables served as a source of income
and/or increased their income. Rai et al. (2019b) also
reported that vegetable farming serves as a source of
income and employment. Furthermore, the majority of
the farmers also strongly agreed that vegetable
production helps them in meeting their basic needs of
life by providing a daily income to their households. This
is as a result of the selling of leafy vegetables such as
Corchorus olitorius and Amaranthus hybridus daily.

Table 4. Perceived effects of vegetable production on the livelihood of rural households

Benefit S.A.% Agree% Und.% Disagree % SDIS.%  Likert Mean
Employment 94.5 5.5 0 0 0 4.92
Provision of daily income 89 11 0 0 0 4.89
Meeting basic needs 85.6 14.4 0 0 0 4.41
Increased food availability 55 44.4 0.6 0 0 4,54
Improved nutrition 81.1 18.9 0 0 0 4.44
Payment of Children school fees 70 27.8 2.2 0 0 4.70
Improved standard of living 62.2 33.9 3.9 0 0 4.14
Increase savings 54.4 38.9 6.7 0 0 4.39

Source: Authors’ computation from field survey, 2021; S.A. = strongly agree, Und. = undecided, SDIS. = strongly disagree.

More than half of the farmers strongly agreed that
vegetable production increased food available to their
households. Through the provision of daily income from
vegetable farming, the farmers were able to purchase
foods that were not produced on the farm thereby
improving their food security status. This supports
Mathewos et al. (2018) that vegetable contributes to
households’ food consumption. The majority of the
farmers strongly agreed that vegetable farming
improved their nutritional status. As it is well known that
being food secure is not only about consuming any food
but eating nutritional foods. Utilization of nutrients from
consuming vegetables will improve their nutritional
status by supplying their body with several nutrients
such as vitamins, potassium, magnesium, calcium, iron,
beta-carotene, dietary fibre, folate (folic acid) and other
nutrients that contribute to their healthy life. From the
income derived from vegetable production, the majority
of the farmers were able to send their children to school
and improve their standard of living. The farmers also
agreed that vegetable production helped them to save
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for a future purpose. Further analysis revealed that all
the listed benefits derived from vegetable farming had a
mean score greater than the mean of the Likert score
(3.0). This suggests that all the benefits derived from
vegetable production as perceived by the farmers were
major benefits and effective. These results imply that
vegetable production had a positive effect on the
livelihood of the rural farming households and improved
their wellbeing. This supports the findings of previous
studies (Asongwe et al., 2014; Rai, 2017; Rai et al., 2019).

Constraints faced in vegetable production

The constraints faced by vegetable farmers in vegetable
production were presented in Table 5. The farmers
agreed that pest and diseases was a severe constraint
faced in vegetable production and it was ranked first
among the constraints. This suggests that pests and
diseases were a major challenge to vegetable
production. Pest attacks and diseases caused serious
damage to the vegetable grown in the area. Most of the
farmers find it difficult to effectively control the pests
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and diseases due to the high cost of pesticides and poor
knowledge of controlling them. This lowers the quality
and quantity of their output which affected the price and
consequently their income. This supports previous
findings that pests and diseases are major constraints in
vegetable farming (Kumar et al., 2018; Manu et al.,
2019). The farmers were also faced with the problem of
the poor storage structure which agrees with the
findings of Manu et al. (2019). Most of the farmers do
not have a storage structure where they can store their
products after harvest. Considering the perishability of
the produce, it is a big challenge if they were unable to
sell their products the same day it was harvested,
especially the leafy vegetables. This hinders their
production activities and resulted in a post-harvest loss.
There was a high loss in vegetables between the
harvesting period and consumption due to poor
infrastructures mitigating the marketing system. The
post-harvest loss was, therefore, agreed to be a severe
constraint by the farmers. This resulted in poor pricing
and a reduction in their income. Wongnaa et al. (2019)
reported a similar finding that postharvest loss severely
affected exotic vegetable production.

Poor credit facilities also hinder vegetable production.
The farmers were unable to access loans from the
commercial bank due to lack of collateral and the
majority did not belong to a cooperative society where
they can easily access funds/credit. The importance of
capital in agriculture cannot be overemphasized as the
choice to large scale farming strongly depends on the
farmer’s access to farming capital. This poor access to
credit facilities makes the farmers use only their
resources/funds to carry out vegetable production,
whereas this personal funding is not enough for them to
operate on a large scale. This makes most of the farmers
remain stagnant at the small-scale level. The high cost of
inputs (herbicides, pesticides, insecticides, seeds and
fertilizer) was also a severe constraint faced in vegetable
production in the study area. The high prices accruing to

Table 5. Constraints faced in vegetable production

agricultural inputs (whereas capital available for the
production process by farmers is quite small) constitutes
a serious barrier to increasing production. This is in line
with the findings of Manu et al. (2019) and Wongnaa et
al. (2019) that high cost of input severely affected
vegetable farmers in their production activities.

Poor knowledge of irrigation was also considered a
severe constraint to vegetable farming by the farmers.
Vegetable farming requires a constant water supply for
its effective production, especially, during the dry
season. Poor knowledge of irrigation hinders farmers
from its usage. This affects their production activities
during the dry season and resulted in low vegetable
output. Furthermore, inadequate transportation and
poor road network to transport produce to the market
were also severe barriers to vegetable production. Poor
road conditions increased the time spent transporting
the produce to the market thereby reducing the level of
production and increasing the cost of production. Poor
road conditions also resulted in the damaging of
vegetable crops, especially tomatoes, before getting to
the market. This led to low quality and poor pricing of
tomatoes and other vegetables.

Poor extension service also contributed to the
constraints faced by farmers in vegetable production.
There were few readily available extension agents to
disseminate useful information on the best vegetable
farming practice and to introduce new technologies in
farming. For this, most of the vegetable farmers still
operate traditionally which resulted in low output. This
agrees with the findings of Kshash (2019) and Manu et
al. (2019). Farmers also faced the problem of poor
market/pricing due to damage caused to the produce
and the inability to store the vegetables. These make the
farmers sell at a low price to avoid further spoilage to the
product if it is unsold till the following day. Rai et al.
(2019a) reported a similar result that price fluctuation
was a severe constraint that affected vegetable farmers.

Constraints ES % VS % S% MS% NS% WS LM R

Pest and diseases 45.4 38.9 11.1 33 1.1 764 4.24 1t
Poor storage facilities 40 35.6 18.9 33 2.2 734 4.08 2nd
Post-harvest loss 38.9 31.1 17.8 10 2.2 710 3.94 3rd
Poor credit facilities 26.7 34.4 23.3 11.1 4.4 662 3.68 4th
High cost of inputs 14.4 33.3 30 17.7 4.4 604 3.36 5t
Poor knowledge of irrigation 18.8 30 23.3 20 7.7 598 3.36 6t
Poor transportation 20 26.7 26.7 18.8 7.7 598 3.32 7t
Poor extension 17.8 27.8 25.6 24.5 4.4 594 3.30 gth

Source: Authors’ computation from field survey, 2021; ES = extremely severe, VS = very severe, S = severe, MS = mild severe,
NS = not severe, WS = weighted score, LM = Likert mean and R = rank.
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Table 5 (continued). Constraints faced in vegetable production

Constraints ES % VS % S % MS% NS% WS LM R
Poor market/pricing 12.21 18.8 333 20 15.6 546 3.08 gth
Soil infertility 5.5 25.6 24.4 43.3 1.1 524 291 10t
Non-availability of quality seed 14.4 15.5 33.3 16.7 20 518 2.88 11t
Inability to hire labour 6.1 22.2 24.4 23.3 23.9 432 2.40 12t
Weed 1.1 3.3 7.8 51.1 36.7 326 1.78 13t

Source: Authors’ computation from field survey, 2021; ES = extremely severe, VS = very severe, S = severe, MS = mild severe, NS =
not severe, WS = weighted score, LM = Likert mean and R = rank.

Consequently, the study concludes that vegetable
production contributed immensely to rural household
income, economic status, livelihoods and wellbeing.
Thus, vegetable production is very important for rural
farmers’ revenue, refining economic wellbeing and
quality of rural households’ life, and can be targeted as a
tool to improve livelihood, alleviate poverty, reduce
malnutrition and food insecurity in rural areas. Despite
vegetable production importance, farmers were faced
with constraints such as pests and diseases, poor storage
facilities, post-harvest loss, inadequate credit facilities,
high cost of inputs, poor knowledge of irrigation, poor
transportation and poor extension services.

This study calls for the provision of accessible, available
and affordable credit facilities by banks, government,
non-governmental organisations and relevant bodies to
the vegetable farmers at a lower or no interest rate. This
would encourage more participation in vegetable
farming, especially the youths, increase farmers' income,
curb most of the constraints faced in vegetable farming
and better rural households' wellbeing. Designating
more extension agents to the rural areas to educate and
enlighten the vegetable farmers on the use of irrigation
systems and modern farming practices is very important.
This would enable the farmers to produce vegetables all
year round and make more profit, ceteris paribus. This
will, in turn, increase their output and income generated
from vegetable farming. Considering the perishable
nature of vegetables and high post-harvest loss due to
lack of storage facilities, there is a serious need to
develop and make available central storage facilities
where farmers can effectively store their vegetables.
This would help to control price instability or poor pricing
due to post-harvest loss. All the aforementioned
recommendations will better the livelihood and
wellbeing of the rural farmers including their household
members both in the short and long run.

OzET

ozellikle kirsal
glvensizligi ve

Amag: Gelismekte olan (lkelerde,
kesimdeki hanelerde artan gida
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yoksullugun 6niine gegcmek icin daha fazla ¢caba ve 6nlem
gerekmektedir. Kirsal hanelerin sebze Uretimine
katilmasi,  yoksullugun  azaltiimasinda, beslenme
durumlarinin ve gecim kaynaklarinin iyilestiriimesinde
onemli bir rol oynayabilir. Bu nedenle, bu calisma
Nijerya'da sebze Uretiminin kirsal giftgilerin geliri ve hane
halkinin  gecim  kaynaklari  Uzerindeki  etkisini
arastirmaktadir.

Yéntem ve Bulgular: Sebze yetistiren 400 haneden
toplanan veriler, tanimlayici istatistikler ve ¢oklu
regresyon kullanilarak analiz edildi. Sonuglar, sebze
¢iftciliginin kadin egemen bir girisim oldugunu ortaya
koydu (%89,4 kadin). Regresyon sonugclari, sebze
Uretiminin kirsal hanelerin geliri Uzerinde pozitif ve
anlamli bir etkiye sahip oldugunu ortaya koymustur.
Ciftcilerin gelirini etkileyen diger faktorler hane
blylklGgu, krediye erisim ve ciftlik buyGklGga idi. Ayrica
sebze Uretimi, istihdam, gelir, temel ihtiyaclar, gida, okul
Ucretlerinin 6denmesi, beslenme durumlarini ve yasam
standartlarini iyilestirerek kirsal kesimdeki hanelerin
gecim kaynaklari Gzerinde olumlu etkiler yarattig
go6zlenmistir. Zararlilar ve hastaliklar, yetersiz depolama
tesisleri, hasat sonrasi kayiplar, yetersiz kredi olanaklari,
yuksek girdi maliyetleri, yetersiz sulama bilgisi, yetersiz
ulasim ve yetersiz yayim hizmetleri, sebze Uretiminde
karsilasilan en ciddi kisitlamalar olarak belirlenmistir.
Genel Yorum: Sebze (retiminin kirsal hanelerin
ekonomik durumuna, gegimine ve refahina biyik katki
sagladigl soylenebilir. Bununla birlikte, girisimler bazi
zorluklarla karsi karstya kalmaktadir. Bu nedenle,
giftcilere bankalar, devlet ve sivil toplum kuruluslari
tarafindan erisilebilir ve uygun fiyath kredi imkanlari
saglanmasi, ciftcileri tesvik edecegi, kisitlamalarin
¢ogunu azaltacagi ve gelirlerini artiracagi icin 6nemlidir.
Calismanin Onemi ve Etkisi: Sebze lretiminin kirsal
kesimde vyasayanlarin gelir ve gecim kaynaklari
Uzerindeki etkilerini anlamak katilimi artiracaktir. Bu
nedenle, bu c¢alismanin sonucu, politika yapicilarin
yoksullugu ve yetersiz beslenmeyi azaltmak ve kirsal
kesimdeki hanelerin refahini iyilestirmek icin tretime
miidahale etmesine izin verecektir.
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Anahtar Kelimeler: Gida glvensizligi, gecim kaynagi,

yoksullugun  azaltilmasi,  kirsal  haneler, sebze
yetistiriciligi.
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obtained from the villagers producing in April-May 2021. Total aerobic
mesophilic bacteria, lactic acid bacteria growing on MRS agar, lactic acid
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Conclusions: Considering the average values, the butter samples were
found to be suitable in terms of physicochemical properties, but as a result
of microbiological analyzes, they were found to be of insufficient quality,
especially in terms of yeast and mold numbers. It is thought that this
situation is caused by not following the hygiene rules during production
and/or not storing the products under appropriate conditions.
Significance and Impact of the Study: In this study, the butter produced in
the central villages of Kastamonu province was examined and the results
obtained were generally determined in terms of the physicochemical
properties of butter in accordance with the Turkish Food Codex
Communique on Butter, Other Milk Fat Based Spreadable Products and
Anhydrous milkfat, TS 1331-Butter Standard and results of the other
studies carried out by the researchers. However, it was observed that
none of the butter samples were of sufficient quality, especially in terms
of yeast and mold numbers. Especially today, the increase in demand for
products produced in villages, with the thought that they are healthier,
necessitates informing the producers about butter production and hygiene
in terms of public health.
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GIRIS

Kendine 6zgl bir tada sahip olan tereyag vicut
sicakliginda eriyebilmesi, kolay sindirilmesi ve eneriji
kaynagi olarak kullanilmasi agisindan énemli bir gidadir
(Metin, 2017). Ayrica organizmanin fonksiyonlarini
yerine getirebilmesine yardimci olmasi, viicudun
direncini artirmasi ve saghgl korunmasi gibi faydali
etkileri de bulunmaktadir (Metin ve Sezgin, 1976).

Tirk  Standartlari  EnstitisiG TS  1331-Tereyagl
Standardi’'na gore tereyagli; “krema (kaymak) ve
yogurdun teknigine uygun metot ve aletlerle islenmesi
sonucunda elde edilen, gerektiginde Gida Katki
Maddeleri Yonetmeligi’'nde izin verilen katki maddeleri
de katilabilen kendine has tat, koku ve kivamdaki bir sit
aranadar” (Anonim, 2015). Tereyagi; Tirk Gida Kodeksi
Tereyagi, Diger Sit Yag Esash Sirilebilir Uriinler ve
Sadeyag Tebligi'nde “Agirlikca en az %80, en fazla %90
oraninda st yagi, en fazla %2 oraninda yagsiz siit kuru
maddesi ve en fazla %16 oraninda su igerigine sahip
Grin” seklinde ifade edilmektedir (Anonim, 2005).
Turkiye'de vyogurt ve krema yuzyllardir tereyagi
Uretiminde kullaniimaktadir ve tereyagi hem geleneksel
hem de endustriyel olarak tretilmektedir (Sagdic ve ark.,
2004). Her tereyaginin Uretildigi yere bagl olarak
kendine has o6zellikleri vardir (Sengil ve ark., 1998). Bu
durum hayvanin turd (inek, keci, koyun ve manda),
hayvanin beslenmesi, laktasyon asamasi ve mevsimlerin
tereyaginin  dokusunu ve tadini etkilemesinden
kaynaklanmaktadir. Bunlara ek olarak isleme, saklama
kosullari, starter kiiltdr ilavesi ve tuz tereyaginin kendine
0zgl lezzet profiline katkida bulunur (Krause ve ark.,
2007).

Ekonomik olarak stitiin en degerli bileseni sit yagidir. Stit
Ulkemizde ve dinyanin bircok vyerinde vyagi ile
fiyatlandirilan bir gidadir. Bu sebeple siit yagli hem insan
beslenmesinde etkilidir hem de siit endustrisinde ve Ulke
ekonomisinde 6nemli bir yere sahiptir (Metin, 2017).
Tereyaginda hammaddenin sit yag olmasi ve bazi
ureticilerin maliyeti diislirmek icin ekonomik degeri daha
az olan baska yaglari tereyagina ilave etmeleri piyasada
hileli Grtinlerin olusmasina sebep olmaktadir (Kilig Altun
ve ark., 2017). Hile amaciyla vyaglarin birbirine
karistirilmasinda sit yaginin sabitelerinden
yararlanilarak (refraktometre indisi, sabunlasma sayisi,
iyot sayisi, Reichert-Meissl sayisi, Polenske sayisi, erime
noktasi ve donma noktasi) durum tespit edilebilir (Metin,
2017).

Tereyag) uretimi kiiclik aile isletmelerinde genellikle ¢ig
kremadan Uretilmektedir. Bu sebeple saglik acisindan
blyuk risk tasimaktadir. Bazi isletmelerde ise krema
pastorize edilmekte ancak starter kiltir kullaniimadigi
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aromasl  ortamdaki
gore olusmaktadir

tat ve
durumuna

icin  tereyaginin
mikroorganizmalarin
(Atamer, 1993).
Kastamonu’da tereyagl Uretimi yapan ¢ok az sayida
blylk isletme oldugu icin bolgedeki tereyagl Uretimi
agirhkli olarak koylerde yapilmakta ve uygun olmayan
kosullarda satisa sunulmaktadir. Bu nedenle Grlinlerin
bilesimi ve hijyenik kaliteleri yeterince kontrol
edilememektedir. Bu ¢calismada Kastamonu ilinin merkez
koylerinde Uretilip piyasaya sunulan tereyaglarinin bazi
mikrobiyolojik ve fizikokimyasal 6zellikleri incelenmis,
Tirk Gida Kodeksi Tereyagl, Diger Sit Yag Esash
Surdlebilir Uriinler ve Sadeyag Tebligi'ne ve Tirk
Standartlar Enstitlisi TS 1331-Tereyagl Standardi’na
uygun olup olmadiklari ve siit yaginin bazi sabiteleri de
incelenerek herhangi bir hile vyapilip yapilmadig
degerlendirilmistir.

MATERYAL ve YONTEM

Arastirma materyali olarak kullanilan tereyagi 6rnekleri
(13 adet) 2021 yilinin Nisan-Mayis aylarinda Kastamonu
ilinin merkez koylerinden temin edilmistir (Cizelge 1).
Mikrobiyolojik analizlerde kullanilacak ornekler steril
kaplara ayri olarak alinmis, soguk zincir korunarak
hemen laboratuvara getirilmis, ayni giin icerisinde analiz
edilmistir. Batlin ornekler analizler boyunca +4°C'de
muhafaza edilmistir.

Cizelge 1. Tereyagi 6rneklerinin temin edildigi kdyler
Table 1. Villages where butter samples were supplied

Ornek Orneklerin Temin Edildigi Kéyler
1 Umit Koy
2 Camili Koy
3 Camili Koy
4 Camili Koy
5 Camili Koy
6 Dokuzkat Koyl
7 Camili Koy
8 Kircalar Koy
9 Kasaba Koy
10 Elma Yakasi Koyl
11 Cavundur Koyl
12 Talipler Koyl
13 Kavun Koy

Mikrobiyolojik analizler

Tereyagi 6rnekleri igcinde 90 ml fizyolojik tuzlu su (%0.85
NaCl iceren) bulunan kavanozlara 10 g olacak sekilde
tartilmis, hemen kapaklari kapatilmis ve homojen bir
dagilim saglanincaya kadar karistirilmistir. Ardindan
dillsyonlar orneklerin mikrobiyolojik kalitesi
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distinilerek (102-107) hazirlanmis ve 1 giin dnceden
hazirlanan petrilere ekim yapilmistir. Toplam aerobik
mezofilik bakteri (TAMB) sayisinin tespiti i¢in Plate Count
Agar kullanilmis ve 30-32°C’'de 24-48 saat inkiibasyon
sonunda olusan koloniler sayilmistir. Laktik asit
bakterileri icin MRS ve M17 agar kullanilmistir. MRS
agara ekim yapildiktan sonra 30-32°C’de 48 saat, M17
agara ekim yapildiktan sonra 30-32°C'de 24 saat
inkibasyonun ardindan sayim yapilmistir. Maya ve kif
sayilarinin tespiti icin DRBC agar kullanilmis ve 20-25
°C’'de 5 gln inkiibasyonun sonunda sayim yapimistir
(Karatepe 2010). Koliform grubu bakteri sayisinin
tespitinde VRB agar kullanilmis 37 °C'de 24 saat
inkilbasyonun ardindan sayim yapilmistir (Findik ve
Andic 2017).

Fizikokimyasal analizler

Tereyagl orneklerinde kurumadde miktari gravimetrik
yontemle, yag miktari Gerber yontemiyle belirlenmis ve
yagsiz kurumadde miktari ise kurumadde miktarindan
yag miktarinin ¢ikarilmasiyla elde edilmistir (Kurt ve ark.,
2012). Titrasyon asitligi, asit degeri, peroksit degeri,
sabunlasma sayisi, Reichert-Meissl sayisi, Polenske
sayisi, kirllma indisi ve erime noktasi tayinleri Atamer
(1993)’in belirttigi yontemlerle tespit edilmistir. Tereyagi
orneklerinin renk degerleri (L, a, b) Precision marka
kolorimetre (NR145, Shenzhen, China) ile 6lgiImustir
(Anonim, 1979).

BULGULAR ve TARTISMA

Mikrobiyolojik analiz sonuglari

Tereyagl orneklerinin mikrobiyolojik analiz sonuglari
Cizelge 2’de verilmistir. Orneklerin TAMB sayilari en
distuk 5.34, en yiiksek 7.07 log kob/g olarak tespit
edilmistir. Turk Gida Kodeksi Tereyagi, Diger Sit Yagi
Esash Sirilebilir Urlinler ve Sadeyag Tebligi’'nde ve TS
1331 Tereyag Standardi’'nda TAMB sayilari hakkinda
limit bir deger bulunmamaktadir. Erzurum piyasasinda
tiketime  sunulan  mutfak tipi  tereyaglarinin
mikrobiyolojik 6zelliklerinin incelendigi bir calismada
TAMB sayilari kiguk aile isletmelerinden temin edilen
tereyaglarinda ortalama 7.04, mandiralardan temin
edilen tereyaglarinda ortalama 6.92 log/g olarak tespit
edilmistir (Bakirci ve ark., 2000). Van’da kahvalti
salonlarinda tiiketime sunulan tereyaglarinda yapilan bir
calismada TAMB sayilari ortalama 6.73 log kob/g olarak
tespit edilmistir (Sagun ve ark., 2001). Malatya
piyasasinda satisa sunulan krema tereyaglarinin TAMB
sayilari 6x10%7.7x10° kob/g arasinda belirlenmistir
(Hayaloglu ve Konar, 2001). Trabzon tereyaglarinin bazi
kalite parametrelerinin incelendigi bir calismada TAMB
sayllari ortalama 6.33 log kob/g olarak tespit edilmistir
(Akgal, 2015). Mevcut calismada bulunan degerler
yapilan diger calismalarla benzer bulunmustur.

Cizelge 2. Tereyagi 6rneklerinin mikrobiyolojik analiz sonuglari (log kob/g)
Table 2. Microbiological analysis results of butter samples (log cfu/g)

Ornek TAMB LAB (MRS) LAB (M17) Koliform Maya Kiif
1 6.38 4.60 5.57 <2 3.47 <2
2 6.69 4.85 5.38 <2 2.30 <2
3 6.93 4.44 5.97 <2 2.47 2.60
4 6.81 3.90 5.68 <2 2.30 2.30
5 6.87 4.43 5.94 <2 3.04 2.47
6 6.85 4.77 5.74 <2 2.90 <2
7 6.93 4.14 5.91 <2 3.14 2.77
8 6.78 4.66 6.07 <2 3.00 <2
9 5.38 3.60 3.90 <2 2.30 <2
10 5.34 3.47 3.60 <2 2.47 <2
11 5.54 3.69 4.69 2.95 2.77 <2
12 7.07 5.71 6.62 3.88 4.07 4.74
13 6.17 4.60 4.47 <2 2.30 <2
En dusik 5.34 3.47 3.60 <2 2.30 <2
En yiksek 7.07 5.71 6.62 3.88 4.07 4.74
Ortalama 6.44 4.37 5.35 0.52 2.81 1.14

TAMB: Toplam aerobik mezofilik bakteri, LAB (MRS): MRS agarda gelisen laktik asit bakterileri, LAB (M17): M17 agarda gelisen

laktik asit bakterileri.
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Konya’da tuketime sunulan tereyaglarinda toplam
bakteri sayisi ortalama 8.3x10° kob/g olarak (Yalcin ve
ark., 1993), Elazig’da tiketime sunulan kahvaltilik
tereyaglarinda ise ortalama 9.1x10° kob/g olarak
belirlenmistir (Patir ve ark., 1995). Bu calismalarda
bulunan degerlerin mevcut arastirmada belirlenen
degerlerden ylksek oldugu gortlmektedir.

Tereyagi orneklerinde tespit edilen MRS agarda gelisen
laktik asit bakterileri en dislik 3.47, en yliksek 5.71 log
kob/g olarak tespit edilmistir (Cizelge 2). Turk Gida
Kodeksi Tereyagi, Diger Siit Yagi Esasli Stiriilebilir Uriinler
ve Sadeyag Tebliginde ve TS 1331 Tereyagl
Standardi’'nda laktik asit bakterileri hakkinda bir limit
bulunmamaktadir. Van'da piyasaya sunulan
tereyaglarinda MRS agarda gelisen laktik asit bakterileri
4.00-6.99 log kob/g (Findik, 2011), Trabzon
tereyaglarinda 3.78-7.55 log kob/g (Akgul, 2015) olarak
belirlenmistir. Bu ¢alismada bulunan degerlerin diger
¢alismalardaki degerlerden disuk oldugu
gozlenmistir.Tereyagl orneklerinin M17 agarda gelisen
laktik asit bakterileri en diisiik 3.60 , en yliksek 6.62 log
kob/g olarak tespit edilmistir (Cizelge 2). Van
tereyaglarinda 5.58-7.01 log kob/g (Findik, 2011),
Trabzon tereyaglarinda 4.30-7.67 log kob/g olarak tespit
edilmistir (Akgll, 2015). Bulunan degerlerin diger
calismalarda belirlenen degerlerden disitk oldugu
gorilmektedir.

Tereyagl orneklerinde koliform grubu bakteri sayisi en
dusik <2, en yuksek 3.88 log kob/g olarak tespit
edilmistir (Cizelge 2). Tirk Gida Kodeksi Tereyagi, Diger
St Yagi Esash Surilebilir Uriinler ve Sadeyag Tebligi’nde
ve TS 1331 Tereyag Standardi’'nda koliform grubu
bakteriler icin herhangi bir limit deger bulunmamaktadir.
Ancak Tiurk Gida Kodeksi Mikrobiyolojik Kriterler
Yonetmeligi’'nde sirilebilir yaglar, margarin ve yogun
yaglar icin limit (5 Grinin 2’sinde) 10'-10% kob/g
seviyesinde bulunabilir seklindedir (Anonim, 2011).
Analiz sonuglarina gore 2 6rnekte (11. ve 12. drnekler)
koliform grubu bakteriye rastlanilmistir ve miktarlar
limitlerin (zerinde belirlenmistir. Bu sonug tereyagi
Uretilirken bir kontaminasyon oldugu, Uretim esnasinda
yetersiz bir isil islem uygulandigi veya hijyen kurallarina
uyulmadigl seklinde yorumlanabilir. Yapilan bir ¢ok
calismada (Bakirci ve ark., 2000; Hayaloglu ve Konar,
2001; Sancak ve ark., 2002; Findik, 2011) belirlenen
koliform grubu bakteri sayisi mevcut calismayla benzerlik
gostermektedir. Bunun yaninsira bazi ¢alismalarda
(Yalgin ve ark., 1993; Patir ve ark., 1995; Sagun ve ark.,
2001; Akgil, 2015; Cakmakgei ve ark., 2020; Sevmis ve
ark., 2020) koliform grubu bakteri sayisi mevcut
calismadakinden yuksek miktarlarda tespit edilmistir.
Tereyagl orneklerinde maya sayisi en distk 2.30 en
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yuksek 4.07 log kob/g olarak, kuf sayisi en disik <2 en
yuksek 4.74 log kob/g olarak tespit edilmistir (Cizelge 2).
Turk Gida Kodeksi Tereyagl, Diger Sit Yagi Esasli
Surilebilir Uriinler ve Sadeyag Tebligi’nde ve TS 1331

Tereyagl Standardi’'nda maya-kif icin  bir limit
bulunmamaktadir.  Ancak  Tirk Gida  Kodeksi
Mikrobiyolojik  Kriterler Yonetmeligi'nde sirilebilir

yaglar, margarin ve yogun yaglar icin limit (5 Grinln
2’sinde) 10'-10> kob/g seviyesinde bulunabilir
seklindedir (Anonim, 2011). Elde edilen sonuglara gore
hicbir tereyagl ornegi bu kriteri saglayamamaktadir.
Gidalarda yiiksek miktarda maya ve kif bulunmasi,
Uretim esnasinda  hijyen  kurallarina  yeterince
uyulmadiginin ve/veya uygun muhafaza sartlarinin
uygulanmadiginin bir gostergesi olarak gorilmektedir.
Yogun maya ve kiif gelisimi proteolitik ve lipolitik aktivite
Uzerinde etkili oldugu icin istenmeyen tat ve aroma
gelisimine sebep olabilmektedir (Kurdal ve Koca, 1987).
Mevcut calismada elde edilen maya ve kuf sayilari
yapilan diger ¢alisma sonuglariyla (Yalgin ve ark., 1993;
Patir ve ark., 1995; Bakirci ve ark., 2000; Hayaloglu ve
Konar, 2001; Sagun ve ark., 2001; Sancak ve ark., 2002;
Findik, 2011; Akgll, 2015; Sevmis ve ark., 2020;
Cakmakgi ve ark., 2020) benzerlik géstermektedir.

Fizikokimyasal analiz sonuglari

Tereyagl Orneklerine ait kurumadde miktarlari Cizelge
3’'te verilmistir. Orneklerde kurumadde miktarlari en
diisik %78.14 en yiiksek %87.98 olarak tespit edilmistir.
TS 1331 Tereyagi Standardi (Anonim, 2015) ve Tirk Gida
Kodeksi Tereyagi, Diger Siit Yagi Esasli Suiriilebilir Uriinler
ve Sadeyag Tebligi'ne (Anonim, 2005) gore
tereyaglarinda en fazla %16 oraninda su bulunabilir.
Orneklerin nem miktari hesaplandiginda en disiik
%12.02 en yiksek %21.86 olarak belirlenmistir (Cizelge
3). Elde edilen sonuglara gore tereyagl orneklerinin 4
tanesi (6., 7., 9. ve 10. 6rnekler) standarda ve teblige
uygun bulunmamistir. Kurumadde miktari Ankara
tereyaglarinda %83.03-86.00 (Atamer ve Kaptan, 1982),
Erzurum tereyaglarinda %77.42-85.99 (Kurdal ve Koca,
1987), Konya tereyaglarinda %80.64-88.70 (Yalgin ve
ark., 1993), Trabzon tereyaglarinda ortalama %87.13
(Sengll ve ark., 1998), Erzurum tereyaglarinda aile
isletmelerinden temin edilenlerde %76.75-88.93,
mandiralardan temin edilenlerde %76.60-83.33 (Celik ve
Bakirci, 2000), Van tereyaglarinda ortalama %82.13
(Sagun ve ark., 2001), %67.10-89.20 (Sancak ve ark.,
2002), %58.64-86.98 (Altun ve ark., 2011), Trabzon
tereyaglarinda %68.37-91.28 (Akgiil, 2015), Erzurum
tereyaglarinda %75.92-90.86 (Cakmakgi ve ark., 2020),
izmir tereyaglarinda %80.03-88.33 (Oner Yimaz ve
Karagozlii, 2020), Hakkari tereyaglarinda %68.50-90.19
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(Sevmis ve ark., 2020) olarak tespit edilmistir. Bu
¢alismada elde edilen bulgular diger c¢alismalarla
paralellik gostermektedir. Kurumadde miktarlarindaki
degisimler tereyag Uretiminde kullanilan sitlerin elde
edildigi hayvanlarin cinsi, hayvanlarin beslenme
farkhliklari, mevsimsel farkhliklar, tereyagi Uretiminde
kullanilan Uretim metodu, uygulanan hatali islemler vb
faktorlerden kaynaklanmis olabilir.

Orneklerde yag miktarlari %76.30-%86.40 arasinda
tespit edilmistir (Cizelge 3). Tereyaglarinda vyag
oranlarinin farkli ¢ikmasinin nedeni sitten krema elde
edilirken kremanin dogru bir sekilde siitten ayrilamamasi
ve ayrica yayiklama ve malakse islemlerinde hatal
uygulamalar sonucunda su oraninin yiiksek kalmasindan
kaynaklaniyor olabilir. TS 1331 Tereyag Standardi
(Anonim, 2015) ve Tirk Gida Kodeksi Tereyagi, Diger Sut
Yag Esash Sirilebilir Uriinler ve Sadeyag Tebligi’'ne
(Anonim, 2005) gore tereyaglarinda en az %80 en fazla
%90 oraninda yag bulunabilir. Elde edilen sonuclara gore
orneklerin 2 tanesi (6. ve 9. Ornekler) teblige ve
standarda uygun degildir. Yag miktari Ankara
tereyaglarinda %79.50-83.20 (Atamer ve Kaptan, 1982),
Erzurum tereyaglarinda %75.50-84.00 (Kurdal ve Koca,
1987), Konya tereyaglarinda %72.22-84.16 (Yalgin ve
ark., 1993), Trabzon tereyaglarinda ortalama %82.63
(Sengll ve ark., 1998), Erzurum tereyaglarinda aile
isletmelerinden temin edilenlerde %75.00-86.00,
mandiralardan temin edilenlerde %74.00-82.00 (Celik ve
Bakirci, 2000), Van tereyaglarinda ortalama %79.05
(Sagun ve ark., 2001), %65.00-85.00 (Sancak ve ark.,

2002), %51.50-83.20 (Altun ve ark., 2011), %76.00-83.00
(Findik, 2011), Trabzon tereyaglarinda %41.13-85.00
(Akgal, 2015), Erzurum tereyaglarinda %72.50-86.00
(Cakmakgi ve ark., 2020), izmir tereyaglarinda %78.59-
87.63 (Oner Yiimaz ve Karagozli, 2020), Hakkari
tereyaglarinda %67.34-87.10 (Sevmis ve ark., 2020)
olarak tespit edilmistir. Ortalama degerler gz oniine
alindiginda mevcut ¢alisma ile diger calismalar benzerlik
gostermektedir.

Tereyaglarinin yagsiz kurumadde miktarlari
hesaplandiginda en disik %0.69 en yiksek %1.97 olarak
belirlenmistir (Cizelge 3). TS 1331 Tereyagl Standardi
(Anonim, 2015) ve Tirk Gida Kodeksi Tereyagi, Diger Sit
Yag Esash Sirilebilir Uriinler ve Sadeyag Tebligi’'ne
(Anonim, 2005) gore tereyaglarinda en fazla %2 oraninda
yagsiz sut kurumaddesi bulunabilir. Elde edilen sonuclara
gore bitin tereyaglan teblige ve standarda uygun
bulunmustur. Yagsiz kurumadde miktari Ankara
tereyaglarinda %2.50-4.25 (Atamer ve Kaptan, 1982),
Erzurum tereyaglarinda %1.71-4.49 (Kurdal ve Koca,
1987), Konya tereyaglarinda %2.53-10.64 (Yalgin ve ark.,
1993), Erzurum tereyaglarinda aile isletmelerinden
temin edilenlerde %0.35-13.85, mandiralardan temin
edilenlerde %0.91-5.30 (Celik ve Bakirci, 2000), Van
tereyaglarinda ortalama %3.08 (Sagun ve ark., 2001),
%0.90-7.49 (Sancak ve ark., 2002), %0.74-13.01 (Altun ve
ark., 2011), Erzurum tereyaglarinda %0.87-7.66
(Cakmakgl ve ark., 2020), Hakkari tereyaglarinda %0.43-
10.69 (Sevmis ve ark., 2020) olarak tespit edilmistir.

Cizelge 3. Tereyagl orneklerinin kurumadde, nem, yag, yagsiz kurumadde, titrasyon asitligi ve asit degeri analiz

sonuglari

Table 3. Dry matter, moisture, fat, non-fat dry matter, titratable acidity and acid value analysis results of butter samples

Ornek KM (%) Nem (%) Yag (%) Yagsiz KM (%) TA (%) Asit degeri
1 87.98 12.02 86.40 1.58 0.268 0.77
2 86.23 13.77 84.50 1.73 0.256 0.82
3 85.41 14.59 83.60 1.81 0.247 0.88
4 84.44 15.56 83.10 1.34 0.266 0.74
5 84.22 15.78 82.70 1.52 0.279 0.71
6 78.14 21.86 76.30 1.84 0.263 0.96
7 83.09 16.91 82.40 0.69 0.284 1.02
8 87.25 12.75 86.00 1.25 0.241 0.63
9 79.24 20.76 77.50 1.74 0.252 1.05
10 83.67 16.33 81.70 1.97 0.288 0.96
11 85.21 14.79 83.60 1.61 0.247 0.78
12 85.15 14.85 83.80 1.35 0.292 1.24
13 84.59 15.41 83.20 1.39 0.273 0.93
En diisiik 78.14 12.02 76.30 0.69 0.241 0.63
En yiiksek 87.98 21.86 86.40 1.97 0.292 1.24
Ortalama 84.20 15.80 82.68 1.52 0.266 0.88

KM: Kurumadde; TA: Titrasyon asitligi; Asit degeri mg KOH/g yag cinsinden verilmistir.
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Ortalama degerler dikkate alindiginda bu c¢alismada
bulunan degerler yapilan diger calismalardan distktdr.
Tereyagindaki ylksek asitlik hidroliz reaksiyonlarini
hizlandirdigi ve oksidasyon kararlihgini azalttig igin risk
olusturmaktadir (Deeth ve Fitz-Geralds, 2006). Titrasyon
asitliginin artmasi sonucu tereyaginda aci bir tat olustugu
ve bu degerin 0.6-0.7 (% laktik asit cinsinden)’ye
ulasmasi halinde aciigin daha belirgin bir sekilde
hissedilebildigi belirtilmistir (Engin, 1978). Tereyagl
orneklerinde titrasyon asitligi %0.241-0.292 arasinda
tespit edilmistir (Cizelge 3). Turk Gida Kodeksi Tereyagi,
Diger Suit Yagi Esasli Surilebilir Uriinler ve Sadeyag
Tebligi'nde (Anonim, 2005) asitlik icin bir limit
bulunmazken TS 1331-Tereyagl Standardi’nda titrasyon
asitliginin (% laktik asit cinsinden) 0.27’den fazla
olmamasi gerektigi belirtilmistir (Anonim, 2015). Elde
edilen sonuglara goére 5 o6rnek (5., 7., 10., 12. ve
13.6rnekler) standarda uymamaktadir. Yapilan baz
calismalarda (Kurdal ve Koca, 1987; Yalcin ve ark., 1993;
Sengiil ve ark., 1998; Sagun ve ark., 2001; Sancak ve ark.,
2002; Findik, 2011; Akgul, 2015; Sevmis ve ark., 2020)
belirlenen titrasyon asitligi degerleri mevcut ¢alismanin
sonuglarindan daha yiksektir. Erzurum tereyaglarinda
titrasyon asitligi aile isletmelerinden temin edilenlerde
%0.14-0.28, mandiralardan temin edilenlerde %0.11-
0.32 olarak belirlenmistir (Celik ve Bakirci, 2000). Mevcut
calismanin sonuglari Erzurum tereyaglariyla uyumludur.
Yapilan baska bir calismada Ankara tereyaglarinda
titrasyon asitligi %0.043-0.163 arasinda bulunmustur
(Atamer ve Kaptan, 1982). Mevcut calismanin sonuglari
Ankara tereyaglarinin titrasyon asitliginden ylksektir.

Tereyaginin  depolama stabilitesi ve kalitesinin
degerlendirilmesinde, lipoliz derecesinin bir 6lglisli olan
serbest yag asitlerinin miktarinin tespit edilmesi biyiik
Onem tasimaktadir (Atamer ve Sezgin, 1984). Tereyagi
orneklerinde asit degeri 0.63-1.24 mg KOH/g vyag
arasinda tespit edilmistir (Cizelge 3). Tiirk Gida Kodeksi
Tereyagl, Diger Sut Yagi Esashi Sirilebilir Uriinler ve
Sadeyag Tebligi'nde ve TS 1331-Tereyagl Standardi’'nda
asit degeri icin bir limit bulunmamaktadir. Ancak
arastirmacilar serbest yag asitleri miktari 1.80 mg KOH/g
yag oldugunda algilanabilir bir degismenin (Atamer,
1993), 3.30 mg KOH/g yag olmasi durumunda ise belirgin
bir acilasmanin oldugunu (Atamer ve Sezgin, 1984)
bildirmislerdir. Asit degeri Ankara tereyaglarinda 0.26-
2.43 mg KOH/g yag arasinda tespit edilmistir (Atamer ve
Kaptan, 1982). Mevcut calismada belirlenen degerler
Ankara tereyaglariyla uyumludur. Asit degeri Erzurum
tereyaglarinda 0.97-4.42 mg KOH/g yag (Kurdal ve Koca,
1987), Erzurum tereyaglarinda aile isletmelerinden
temin edilenlerde 1.05-25.05 mg KOH/g vyag,
mandiralardan temin edilenlerde 1.39-6.91 mg KOH/g
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yag (Celik ve Bakirci, 2000) olarak belirlenmistir. Bu
calismada bulunan degerler Erzurum yaglarindaki
degerlerden dusliktir.

Tereyagl Orneklerinde peroksit degeri 0.00-1.60
meqO,/kg yag arasinda tespit edilmistir (Cizelge 4). Tlrk
Gida Kodeksi Tereyagi, Diger Siit Yagi Esash Surulebilir
Urlinler ve Sadeyag Tebligi'nde ve TS 1331-Tereyagi
Standardi’nda peroksit degeri icin bir limit
bulunmamaktadir. Yag asitlerinin oksidatif olarak
parcalanmasi sonucu tespit edilen peroksit degerinin 2
meqO,/kg yag degerine gelmesi yavan bir tadin
olusmasina sebep olmaktadir (Atamer, 1993). Yapilan bir
cok calismada (Atamer ve Kaptan, 1982; Kurdal ve Koca,
1987; Yalgin ve ark., 1993; Sengiil ve ark., 1998; Sancak
ve ark., 2002; Cakmakgi ve ark., 2020) belirlenen peroksit
degeri ortalama degerler gozénine alindiginda mevcut
¢alismayla benzerlik gostermektedir. Peroksit degeri
Erzurum tereyaglarinda aile isletmelerinden temin
edilenlerde 1.35-5.86 meqO,/kg yag, mandiralardan
temin edilenlerde 1.99-4.23 meqO,/kg yag (Celik ve
Bakirci, 2000), Van tereyaglarinda 1.19-3.37 meqO,/kg
yag (Findik, 2011), 2.52-12.79 meqOy/kg yag (Altun ve
ark., 2011), Trabzon tereyaglarinda 0.00-6.84 meqO./kg
yag (Akgul, 2015), Hakkari tereyaglarinda 1.15-6.69
meqO,/kg yag (Sevmis ve ark., 2020) olarak tespit
edilmistir. Mevcut calismada belirlenen peroksit
degerleri diger calismalardaki degerlerden dusiktir.
Tirk Gida Kodeksi Tereyagi, Diger Sut Yag Esasl
Surilebilir Uriinler ve Sadeyag Tebligi’'nde ve TS 1331-
Tereyagl Standardi’'nda sabunlasma sayisi icin bir limit
deger bulunmamaktadir. 1 g yagin sabunlasmasi icin
gerekli KOH’un mg cinsinden ifadesi olarak tanimlanan
sabunlagsma sayisi tereyagina baska yaglarin karistirihp
karistirlmadiginin anlasilmasinda yararlanilabilecek bir
analizdir. Yag sabitelerinden biri olan sabunlasma sayisi
tereyaginda 210-235 arasinda, bitkisel ve hayvansal
yaglarda ise 200’Gn altindadir. Hile amagh tereyagina
bitkisel veya hayvansal yaglar katildiginda sabunlasma
sayisi  dismektedir  (Atamer, 1993). Tereyagi
orneklerinde sabunlasma sayisi 212.74-234.69 arasinda
tespit edilmistir (Cizelge 4). Tereyagi orneklerinin 2
tanesi (10. ve 12. d6rnekler) limit degerlere ¢ok yakin olsa
da yine de bitlin tereyagi 6rnekleri belirtilen limitler
arasindadir. Sabunlasma sayisi Trabzon tereyaglarinda
ortalama 221.97 (Sengul ve ark., 1998), Erzurum
tereyaglarinda aile isletmelerinden temin edilenlerde
191.00-244.00, mandiralardan temin edilenlerde
186.00-237.00 (Celik ve Bakirci, 2000), baska bir
calismada Trabzon tereyaglarinda 176.04-234.21 (Akgil,
2015) olarak belirtilmistir. Ortalama degerler g6z 6niine
alindiginda mevcut calismanin  sonuglart  diger
calismalardan ylksektir.
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Cizelge 4. Tereyagi 6rneklerinin peroksit degeri, sabunlasma sayisi, Reichert-Meissl sayisi, polenske sayisi, kirllma indisi

ve erime noktasi analiz sonuglari

Table 4. Peroxide value, saponification number, Reichert-Meiss| number, polenske number, refractive index and melting

point analysis results of butter samples

Ornek Peroksit Sabunlasma Kinlma Erime
degeri sayisl R-M sayisi Polenske sayisi indisi noktasi (°C)
1 0.25 221.91 22.45 1.06 1.4575 35.00
2 0.05 232.42 28.13 1.45 1.4570 34.00
3 0.18 226.83 25.61 1.34 1.4565 34.00
4 0.22 228.55 27.22 1.28 1.4575 34.00
5 0.00 233.81 27.81 1.31 1.4570 34.00
6 0.36 223.33 23.17 1.18 1.4570 35.00
7 0.10 217.79 21.47 0.95 1.4580 36.00
8 0.24 222.61 24.52 1.28 1.4570 35.00
9 0.50 224.33 24.93 1.36 1.4575 34.00
10 0.00 234.69 26.46 1.22 1.4565 34.00
11 0.14 221.22 23.75 1.13 1.4575 35.00
12 1.60 212.74 20.34 0.88 1.4580 37.00
13 1.20 231.56 25.78 1.26 1.4565 34.00
En duslik 0.00 212.74 20.34 0.88 1.4565 34.00
En yiksek 1.60 234.69 28.13 1.45 1.4580 37.00
Ortalama 0.37 225.52 24.74 1.21 1.4572 34.69

R-M: Reichert-Meissl; Peroksit degeri meqO2/kg yag cinsinden verilmistir.

Turk Gida Kodeksi Tereyagi, Diger Sit Yagi Esasli
Sirilebilir Uriinler ve Sadeyag Tebligi’'nde ve TS 1331-
Tereyagl Standardi’'nda Reichert-Meissl sayisi icin bir
limit bulunmamaktadir. Tereyaglarinin diger yaglarla
katkili olup olmadiginin anlasiimasinda kullanilabilen bu
sayl yag sabitelerinden biridir ve inek sttiinden dretilmis
tereyaglarinda 23-33 arasinda degismektedir (Atamer,
1993). ¢, kuyruk ve bobrek yaglarn ile katkil
tereyaglarinda genellikle 24’(in altinda bulunmaktadir
(Kurt ve ark., 2012). Tereyagl oOrneklerinin Reichert-
Meissl sayisi 20.34-28.13 arasinda tespit edilmistir
(Cizelge 4). Tereyagi 6rneklerinden 3 tanesi (1., 7. ve 12.
ornekler) belirtilen limitlerin disindadir. Limitlerin
disindaki tereyagi orneklerinde limit degerlerden ¢ok
bilyik bir sapma olmadigi i¢in bu tereyaglarina baska bir
yagin  karnistirlmis  olabilecegini  sdylemek dogru
olmayabilir. Reichert-Meissl| sayisl Erzurum
tereyaglarinda 26.58-28.55 (Kurdal ve Koca, 1987),
Konya tereyaglarinda 22.65-28.40 (Yalgin ve ark., 1993),
Trabzon tereyaglarinda ortalama 21.61 (Sengiil ve ark.,
1998), Erzurum tereyaglarinda aile isletmelerinden
temin edilenlerde 22.70-29.75, mandiralardan temin
edilenlerde 11.62-28.51 (Celik ve Bakirci, 2000), Van
tereyaglarinda 17.65-25.45 (Sancak ve ark., 2002) olarak
belirlenmistir. Mevcut calismada elde edilen sonuglar
diger calismalarla benzerlik gostermektedir. Reichert-
Meissl sayisi Ankara tereyaglarinda 27.60-39.50 (Atamer
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ve Kaptan, 1982), Erzurum tereyaglarinda 4.35-47.30
(Cakmakgi ve ark., 2020) arasinda tespit edilmistir.
Trabzon tereyaglarinda Reichert-Meissl sayisi 5.05-25.60

arasinda tespit edilmistir (Akgul, 2015). Mevcut
cahismada bulunan degerler Ankara ve Erzurum
tereyaglarinin degerlerinden disak, Trabzon

tereyaglarinin degerlerinden yiiksektir.

Tirk Gida Kodeksi Tereyagi, Diger Sit Yag Esash
Surilebilir Uriinler ve Sadeyag Tebligi’'nde ve TS 1331-
Tereyagl Standardi’'nda Polenske sayisi icin bir limit
bulunmamaktadir. Bu sayl su buhari ile ugup suda
erimeyen fakat alkolde eriyen yag asitlerinin 6l¢tistiddr.
inek sitiinden Uretilen tereyaglarinda 1.00-3.50
arasinda degismektedir. i¢, kuyruk ve bébrek yaglari ile
katkili tereyaglarinda polenkse sayisi dismektedir (Kurt
ve ark., 2012). Tereyagi 6rneklerinin polenske sayisi
0.88-1.45 arasinda tespit edilmistir (Cizelge 4). Tereyagi
orneklerinden 2 tanesi (7. ve 12. 6rnekler) belirtilen
limitlerin disindadir. Limit degerlerden sapma ¢ok fazla
olmadigl icin bu tereyagl 6rneklerine baska bir yagin
karistirildigini séylemek dogru olmayabilir. Polenske
sayisi Trabzon tereyaglarinda 0.78-3.00 arasinda
belirlenmistir (Akgil, 2015). Ortalama degerler dikkate
alindiginda mevcut c¢alismadaki degerler Trabzon
tereyaglariyla uyumludur. Polenske sayisi Erzurum
tereyaglarinda 1.93-2.72 (Kurdal ve Koca, 1987), Konya
tereyaglarinda 1.65-2.35 (Yalgin ve ark., 1993), Trabzon
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tereyaglarinda ortalama 1.36 (Sengil ve ark., 1998),
Erzurum tereyaglarinda aile isletmelerinden temin
edilenlerde 1.44-5.86, mandiralardan temin edilenlerde
1.06-3.84 (Celik ve Bakirci, 2000) arasinda tespit
edilmistir. Mevcut calismada elde edilen sonuglar diger
calismalardaki sonuglardan distiktir.

Tirk Gida Kodeksi Tereyagi, Diger St Yag Esasli
Surilebilir Uriinler ve Sadeyag Tebligi’'nde ve TS 1331-
Tereyagl Standardi’'nda kirilma indisi icin bir limit
bulunmamaktadir. Tereyagi hilelerinin belirlenmesinde
kirllma indisi degerinden yararlanilabilir. Kirilma indisi
Isigin 40°C’'de st yagina giris ve kiriths acilarinin
sinUslerinin  oranidir ve tereyaginda 1.4520-1.4620
arasinda degisir (Atamer, 1993). Tereyagi orneklerinin
kirllma indisi degerleri 1.4565-1.4580 arasinda tespit
edilmistir (Cizelge 4). Biitin tereyagi 6rnekleri belirtilen
sinirlar igindedir. Kirllma indisi degeri Trabzon
tereyaglarinda ortalama 1.4543 olarak tespit edilmistir
(Sengll ve ark., 1998). Mevcut calismada elde edilen
sonuclar Trabzon tereyaglarinin sonuglarindan yiksektir.
Baska bir ¢calismada Trabzon tereyaglarinda kirilma indisi
1.4596-1.4630 arasinda tespit edilmistir (Akgil, 2015).
Mevcut calismadaki degerler Trabzon tereyaglarinda
belirlenen degerden disuktir.

Tirk Gida Kodeksi Tereyagi, Diger Sit Yag Esash
Surilebilir Uriinler ve Sadeyag Tebligi’'nde ve TS 1331-
Tereyagl Standardi’'nda erime noktasi icin bir limit
bulunmamaktadir. Tereyaginin icerdigi yag asitleri
kompozisyonuna bagh olarak erimeye basladigi sicaklik
27.00-33.00°C arasinda olup tam olarak berraklastig
sicaklik 33.00-38.00°C arasinda degisir (Metin, 2017).
Tereyagl oOrneklerinde erime noktasi 34.00-37.00°C
arasinda tespit edilmistir (Cizelge 4). Bitiin tereyagi
ornekleri belirtilen limitler arasindadir. Erime noktasi
Erzurum tereyaglarinda aile isletmelerinden temin
edilenlerde  29.50-38.00°C, mandiralardan temin
edilenlerde 30.00-37.00°C (Celik ve Bakirci, 2000) olarak
tespit edilmistir. Ortalama degerler dikkate alindiginda
mevcut ¢alismadaki sonuglar Erzurum tereyaglariyla
uyumludur. Erime noktasi Trabzon tereyaglarinda
ortalama 32.60°C (Sengil ve ark., 1998), baska bir

calismada Trabzon tereyaglarinda 26.30-33.00°C
arasinda  (Akgll, 2015) belirlenmistir.  Mevcut
calismadaki sonuglar Trabzon tereyaglarinin erime

noktasi sonuglarindan ylksektir.

Hunter renk 6lgme sistemine gore L degeri 151k degeri
veya aydinlik derecesini gostermekte olup, bu deger 100
(tam beyaz) ile 0 (siyah) arasinda degisimektedir. Diger
renk parametrelerinden a degeri kirmizi (+) veya yesil (-
), b degeriise sari (+) veya mavi (-) rengi ifade etmektedir
(Basoglu, 2014). Tereyag orneklerinde L degeri 80.59-
85.72, a degeri (-)2.48-(-)3.50, b degeri ise (+)18.45-
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(+)23.73 arasinda belirlenmistir (Cizelge 5).

Cizelge 5. Tereyagl 6rneklerinin L, a, b degerleri analiz
sonuglari
Table 5. Analysis results of L, a, b values of butter samples

Ornek L a b

1 85.27 -3.03 +19.83
2 80.73 -3.10 +22.55
3 85.72 -3.30 +21.84
4 80.59 -2.77 +23.68
5 83.37 -2.65 +22.30
6 82.82 -2.48 +18.67
7 82.01 -3.50 +23.39
8 82.16 -2.53 +23.73
9 81.08 -3.05 +20.62
10 81.47 -2.61 +21.25
11 83.84 -3.11 +18.45
12 84.04 -3.18 +23.64
13 85.63 -2.86 +19.72
En distk 80.59 -2.48 +18.45
En yiksek 85.72 -3.50 +23.73
Ortalama 82.98 -2.94 +21.51

Orneklerin sari ve krem renginin degisen tonlarina sahip
oldugu, bu acidan renk degerleri arasinda bazi
farkhliklarin ~ bulundugu goézlenmistir. Ayni  yorede
beslenen hayvanlarin tereyaglarinin farkli renklerde
olmasi  hayvanlarin  farkli irklardan olmasindan
kaynaklanabilir. Yapilan galismalar incelendiginde L, a, b
degerleri Trabzon tereyaglarinda sirasiyla 72.08-88.22; (-
)0.89-(-)4.42; (+)21.73-(+)45.12 (Akgill, 2015), Erzurum
tereyaglarinda sirasiyla 79.76-86.51; (-)5.21-(-)2.15;
(+)13.80-(+)42.18 (Cakmakg¢i ve ark., 2020) olarak
belirlenmistir. Ortalama degerler dikkate alindiginda bu
calismada belirlenen L ve a degerlerinin diger
calhismalardaki degerlerle uyum icinde oldugu, b
degerlerinin ise diger calismalari aksine genis bir aralikta
degisim gostermedigi ve daha disiik oldugu
gorilmektedir. Bu durum analiz edilen koy tereyaglarinin
Uretiminde herhangi bir renk maddesinin
kullanilmadigini dislindiirmektedir.

Sonug olarak, bu ¢alismada Kastamonu ilinin merkez
koylerinde Uretilen tereyaglari incelenmis ve elde
edilen ortalama sonuglar gozonine alindiginda
tereyaglarinin fizikokimyasal o©zellikler agisindan
Turk Gida Kodeksi Tereyagl, Diger Sut Yagl Esasli
Surilebilir Uriinler ve Sadeyag Tebligi’ne, TS 1331-
Tereyag! Standardi’na ve arastirmacilar tarafindan
yapilan c¢alsmalar sonucunda belirlenen bazi
kriterlere uygun oldugu gorilmustiir. Tereyagl
ornekleri mikrobiyolojik acidan degerlendirildiginde
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teblig ve standartta limit bir deger bulunmamasina
karsin Tirk Gida Kodeksi Mikrobiyolojik Kriterler
Yonetmeligi'nde sdardlebilir yaglar, margarin ve
yogun yaglar icin maya-kuf sayisi limiti (5 Grinin
2’sinde) 10!'-102 kob/g seviyesinde bulunabilir
seklindedir. Bu limit g6zéniine alindiginda incelenen
tereyagl orneklerinin higbiri uygun bulunmamistir.
Gidalarda yiksek miktarda maya ve kif bulunmasi,
Uretim esnasinda hijyen kurallarina yeterince
uyulmadiginin ve/veya uygun muhafaza sartlarinin
uygulanmadiginin bir gostergesi olarak
gorilmektedir. Ayrica mikotoksinlerin gelisme
ihtimali ve insan sagligl lzerinde olumsuz etkiler

dogurmasi s6z konusu olabilir. Gulnlimizde
sanayide Uretilen Urlinlere kiyasla kdylerde Uretilen
Urinlerin  daha saghkli  oldugu  dulsincesi

yayginlagsmaktadir ve bu Urlnlere talep artmaktadir.
Halk saghgi agisindan Ureticilerin tereyagi tGretimi ve
hijyen konularinda bilgilendirilmesi gerekmektedir.

OzZET

Amag: Bu arastirmada Kastamonu ilinin merkez
koylerinde Uretilip piyasaya sunulan tereyaglarinin bazi
mikrobiyolojik ve fizikokimyasal 6zellikleri incelenmistir.
Yéontem ve Bulgular: Arastirmada kullanilan 13 adet
tereyagl oOrnegi 2021 yilinin Nisan-Mayis aylarinda
Uretim yapan koylilerden temin edilmistir. Tereyagi
orneklerinde toplam aerobik mezofilik bakteri, MRS
agarda gelisen laktik asit bakterileri, M17 agarda gelisen
laktik asit bakterileri, koliform grubu bakteri, maya ve kif
sayilari sirasiyla 5.34-7.07; 3.47-5.71; 3.60-6.62; <2-3.88;
2.30-4.07; <2-4.74 log kob/g arasinda, kurumadde, yag,
yagsiz kurumadde, titrasyon asitligi, asit degeri, peroksit
degeri, sabunlasma sayisi, Reichert-Meissl sayisi,
polenske sayisi, kirilma indisi, erime noktasi, L, a, b
degerleri sirasiyla %78.14-87.98; %77.50-86.40; %0.69-
1.97; %0.241-0.292; 0.63-1.24 mg KOH/g yag; 0.00-1.60
meqO,/kg yag; 212.74-234.69; 20.34-28.13; 0.88-1.45;
1.4565-1.4580; 34.00-37.00°C; 80.59-85.72; (-2.48)-(-
3.50); (+18.45)-(+23.73) arasinda tespit edilmistir.
Genel Yorum: Tereyagl oOrnekleri ortalama degerler
gbzonine alindiginda fizikokimyasal 6zellikler agisindan
uygun bulunurken mikrobiyolojik analizler sonucunda
ozellikle maya ve kif sayilari bakimindan yetersiz
kalitede tespit edilmistir. Bu durumun Uretim esnasinda
hijyen kurallarina uyulmadigindan ve/veya o6rneklerin
uygun sartlarda depolanmadigindan ileri geldigi
distnulmektedir.

Calismanin Gnemi ve Etkisi: Bu ¢alismada Kastamonu
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ilinin merkez koylerinde Uretilen tereyaglari incelenmis
ve elde edilen sonuglar genel olarak tereyaglarinin
fizikokimyasal ozellikler agisindan Tirk Gida Kodeksi
Tereyagl, Diger Sut Yagi Esasli Sirilebilir Uriinler ve
Sadeyag Tebligi'yle, TS 1331-Tereyagl Standardi’yla ve
arastirmacilar  tarafindan vyapilan diger ¢alisma
sonuglariyla uyumlu bulunmustur. Ancak 6zellikle maya
ve kuf sayillari bakimindan tereyagl Orneklerinin
hicbirinin yeterli kalitede olmadigi gériilmustir. Ozellikle
glnimiizde koylerde (retilen Urinlere daha saglikh
oldugu dusincesiyle talebin artmasi halk saghgi
acisindan Ureticilerin  tereyagl Uretimi ve hijyen
konularinda bilgilendirilmesini zorunlu kilmaktadir.

Anahtar Kelimeler: Kastamonu, tereyagi, gida giivenligi,
hijyen.

CIKAR CATISMA BEYANI
Yazar(lar) ¢alisma konusunda
olmadigini beyan eder.

¢ikar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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Determination of the host range of Pectobacterium polaris causing bacterial soft rot
disease

Bakteriyel yumusak ¢uruklik hastaligina neden olan Pectobacterium polaris’in konukgu araliginin
belirlenmesi
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Makale tarihgesi / Article history: Aims: Pectobacterium polaris is a novel species of Pectobacterium taxa,
DOI: 10.37908/mkutbd.1064147 which was reported in different regions of the world and has been recently
Gelis tarihi /Received:05.02.2022 detected in Turkey. In this study, in order to determine the host range of
Kabul tarihi/Accepted:09.04.2022 this novel species, two representative strains were evaluated in terms of

their pathogenicity on several host plants, and it is aimed to determine
plant species under the risk of the pathogen.

Keywords: Methods and Results: P. polaris strains NV3 and NV19, isolated from
Bacterial disease, Pectobacterium polaris, potato plants showing blackleg symptoms in Nevsehir province during the
host range, pathogenicity. vegetation period of 2019, were used for artificial inoculation. Bacterial

suspension of both strains was inoculated by injecting into the red
~ Corresponding author: Murat OZTURK cabbage, broccoli, cauliflower, onion, garlic, carrot, tomato, pepper,
0<: muratzm66@gmail.com eggplant, cucumber, squash, melon, watermelon, lettuce, sunflower and

sugar beet plants. The appearance of the disease symptoms indicated that
both strains of P. polaris caused disease in all the plant species inoculated
artificially. Viable bacterial colonies were re-isolated from infected plant
tissue.

Conclusions: Pectobacterium species are very destructive bacterial plant
pathogens that cause soft rot on numerous plant species. It has been
determined that P. polaris, which has been reported in different regions of
the world and in Turkey as a new emerging pathogen within in a wide host
range. Disease protection precautions should be taken in the regions
where the pathogen is isolated for the first time, and especially pathogen
transmission should be prevented to the clean production areas by potato
tubers.

Significance and Impact of the Study: All tested plant species were
determined as potential hosts for P. polaris. The risk status of the pathogen
on these plants, which have economic importance in Turkey, was
determined for the first time with this study

Atif / Citation: Oztiirk M (2022) Determination of the host range of Pectobacterium polaris causing bacterial soft rot disease.
Mustafa Kemal Universitesi Tarim Bilimleri Dergisi, 27(2) : 234-240. DOI: 10.37908/mkutbd.1064147

INTRODUCTION pectinolytic Erwinia spp.) which cause soft rot diseases

in a wide range of plants including potato (Gardan et al.,
The Pectobacteriaceae family includes several significant 2003; Samson et al.,, 2005). Both genera are gram-
bacterial plant pathogens that are able to cause diseases negative (-), pectinolytic facultative anaerobic, rod-
in different plant species worldwide. It comprises the shaped and peritric flagellated bacteria with 1-3 um cells

Pectobacterium and Dickeya spp. (formerly classified as (Perombelon and Kelman, 1980; Charkowski, 2007,
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Czajkowski et al., 2015).

They are capable of secreting and synthesizing the plant
cell wall degrading enzymes (Hélias et al., 2012) and are
separated by forming cavities in the Crystal Violet
Pectate (CVP) medium supplemented with pectate
source. Annual losses in certification systems due to the
infections caused by Pectobacterium and Dickeya spp. is
reported as 30 million Euros in the Netherlands, which is
an important seed potato exporter (Czajkowski et al.,
2015).

Pectobacterium species are highly heterogeneous and
cause soft rot disease during field, harvest, storage or
transportation process (Pérombelon, 2002). On tuber
plants such as potato, carrot, beet, etc., the most
predominant and widely reported pathogenic species of
the genus are P. atrosepticum, P. brasiliense, P.
carotovorum and P. parmentieri around the world.
(Gardan et al., 2003; Duarte et al., 2004; De Boer et al.,
2012; Waleron et al., 2013; Khayi et al., 2016; Ozturk et
al., 2018; van der Wolf et al., 2021; Oztiirk and Soylu,
2022; Soylu et al., 2022).

Taxonomy of Pectobacterium was systematically
evaluated by 16S rDNA, DNA-DNA hybridization, and
sequencing housekeeping genes (Waleron et al., 2002;
Duarte et al., 2004; Nabhan et al., 2012). Superior
discrimination ability of advanced diagnostic techniques,
especially whole-genome analysis, has led to the
classification of strains with different biochemical and
physiological characteristics into novel species (Oulghazi
et al., 2020; Portier et al., 2019). Strains obtained in the
past have been re-identified according to current
techniques, and some atypical strains have been
assigned to newly established species of Pectobacterium
spp. (Lee et al., 2014; Waleron et al., 2014). According to
the present taxonomy, the Pectobacterium genus now
includes 18 species (Oulghazi et al., 2020; Portier et al.
2019; Waleron et al., 2019a).

As one of these species, P. polaris strains were suggested
to represent a novel species of the genus by re-
identification of two soft-rot-causing strains, which were
isolated from potato tubers showing severe symptoms
from a latently infected tuber in Norway (Dees et al.,
2017). Waleron et al. (2019b) also re-identified 250
strains isolated from plants with soft rot symptoms since
1995 in Poland and classified 5 of the strains from potato
(n=4) and from bittersweet (n=1) as P. polaris, which
were previously identified as P. carotovorum subsp.
carotovorum. Chen et al. (2021) isolated four
pectinolytic bacterial strains from soft-rotted Chinese
cabbage in China and identified them as P. polaris.
Sarfraz et al. (2019) identified two strains as P. polaris
caused potato blackleg disease in Pakistan. Voronina et
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al. 2019 assigned five strains to P. polaris as a new
pathogenic species of potato in Russia and provided the
evidence that a previously unreported pathogen was
present in the surveyed fields from a period of 2012 to
2019. In Morocco, 5% of pectinolytic strains (n=119)
were identified as P. polaris from diseased potato
samples (Oulghazi et al., 2020). Jee et al. (2020) reported
that the pathogen constituted a 0.9% portion of 225
isolated Pectobacterium strains in South Korea. Wang et
al. (2021) revealed that the bacterium caused aerial stem
rot of potato where the disease is a significant threat to
the local potato industry in China.

This study aimed to determine the host range of P.
polaris strains. These results confirmed for the first time
the pathogenicity and ability of Turkish P. polaris strains
to cause disease on several agriculturally and
economically important commercial plants in Turkey.

MATERIALS and METHODS

Bacterial strains used in the study

The strains (NV3 and NV19) were previously obtained
from stem tissue of blackleg showing potato plants
collected in Nevsehir province during the vegetation
period of 2019 (Oztiirk, 2022). Both strains were
identified as P. polaris by biochemical, physiological,
pathogenicity and housekeeping gene sequencing of
mdh and recA genes (Waleron et al., 2002; Ma et al.,
2007). The cultures were stored at -20°C for long-term
usage in the phytobacterial collection of the Department
of Plant Protection, Yozgat Bozok University, Yozgat,
Turkey. Cultures were grown routinely on Nutrient agar
medium (NA) and incubated for 24-48 hours at 28°C for
the experiments.

Pectinolytic activity test

Before host range assay, maceration ability of the strains
was confirmed by inoculating them on potato tuber
slices in pectinolytic activity test. For this purpose, fresh
and disease-free potato tuber (cv. Marabel) was
sterilized by soaking in 5% sodium hypochlorite for 10
minutes. The sterilized tuber was sliced approximately 5
mm in thickness and placed in a petri dish containing
sterile moistened paper. Stock cultures of strains were
streaked onto NA medium. Pure colonies were
harvested from agar plates by sterile loop and inoculated
onto the potato slices, and then they were incubated at
28°C for 48 h. Sterilized water (dH,0) was used for
negative control (Lojkowska et al., 1995).
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Preparation of bacterial inoculum
For the preparation of bacterial suspension, a single
colony was suspended in sterile distilled water, and
adjusted to McFarland 0.5 value, which is equivalent to
2x107 cfu mlI™ (Oztiirk et al., 2021).

Host range assays

Commercial seed varieties of red cabbage (Brassica
oleracea L. convar. capitata (L.) Alef. var. rubra DC),
broccoli (Brassica oleracea var. italica), cauliflower
(Brassica oleraceae var. botrytis), onion (Allium cepa),
garlic (Allium sativum), carrot (Daucus carota), tomato
(Solanum lycopersicum), pepper (Capsicum annuum),
eggplant (Solanum melongena), cucumber (Cucumis
sativus), squash (Cucurbita pepo), melon (Cucumis
melo), watermelon (Citrillus lanatus), lettuce (Lactuca
sativa), sunflower (Helianthus annuus) and sugar beet
(Beta vulgaris) were tested for host range of the studied
pathogen. Seed materials were surface disinfected in 1%
sodium hypochlorite (NaOClI) for 1-2 minutes, and rinsed
in sterile water. Seeds were sown in plastic pots filled
with sterile peat. Plants were grown for 14-21 days in 16
hours of light at 25°C and 8 hours of darkness at 16°C.
Bacterial suspension of strains (20 ul) was infiltrated into
stem tissue of red cabbage, broccoli, cauliflower,
tomato, pepper, eggplant, cucumber, squash, melon,
watermelon and sunflower, and leaves of onion, garlic,
carrot, lettuce and sugar beet plants using a hypodermic
syringe. The experiment was conducted for three
replicates per strain for each plant species and repeated
two times.

Re-isolation of bacterial strains from infected plant
tissues

Artificially inoculated plants showing disease symptoms
triggered by strains were subjected to bacterial re-
isolation. Small pieces of infected tissue (3-5) were
aseptically removed, surface-sterilized (treated with
70% ethanol for 40 s) and placed into a tube with 0.3 ml
of sterile saline solution, and left to soak for 30 minutes.
The suspensions were streaked onto crystal violet
pectate (CVP) medium and incubated at 28°C for 48
hours (Hélias et al., 2012). Cavity forming single colonies
on CVP plates were subcultured onto NA plates. Colony
morphology of cavity-forming strains was compared
with original cultures.

RESULTS and DISCUSSION
Among Pectobacterium species, P. carotovorum and P.

brasiliense have larger geographical distribution with a
broad host range spectrum, in contrast to P.
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atrosepticum, which is mostly restricted to potato and
especially found more in cooler climates like European
countries (Ma et al.,, 2007; Czajkowski et al., 2011).
Recently, there have been reports about the presence of
P. polaris causing blackleg and soft rot disease in
potato,soft rot in bittersweet and Chinese cabbage
plants. In addition to occurrence of P. polaris in several
parts of the world, it was also detected for the first time
in Turkey in 2019 (Oztiirk, 2022).

It is aimed to determine the host range and consider the
risk status of the native Turkish strains on plants
belonging to different families. P. polaris strains caused
disease symptoms in all the artificially inoculated plants.
In general, wetness and weakening of tissue integration,
paleness and discoloration of leaves were observed at
the inoculation points. The invaded tissues by soft rot
bacteria become soft and are transformed into a slimy
mass consisting of numerous bacteria swimming about
in the liquefied substances (Agrios, 2006). The formation
of disease symptoms triggered by strains of P. polaris
varied among inoculated plant species (Figure 1).

In particular, since cucumber, melon, squash and
watermelon plants belonging to the Cucurbitaceae
family have a more watery plant structure, which was
more essential for the spread of the bacterial agent,
faster disease development was noticed in the plant
tissue of these plants. While there was almost no
symptoms of yellowing in the plants, drying occurred
after the formation of a mostly bacterial aqueous wet
structure. In the following days, it was observed that the
stem and leaves of tested plants became necrotic. As a
result, wet-watery infection and plant collapse was first
observed for these plants when compared to other plant
species.

For lettuce plants, as a result of the progression of the
bacterial agent within the vascular bundles from the
point of application, first weakening of tissue integration
inand around the main vein, and an increase in softening
of the leaves, typical bacterial wetness with rotting in
brown color and rot were observed 1-3 days after the
application as a result of the bacterial agent moving
towards the capillaries.

Disease symptoms like yellowing, drying, watery wet and
plant collapse were observed more clearly in red
cabbage, broccoli, and cauliflower plants in comparison
to tomato, eggplant, and pepper. After 7-10 days, when
the vascular bundles of the plants were cut and divided,
it was observed that the bacterial rotting turned to
systemic and progressed bidirectionally on the stem
tissue, internal discharging from the inoculation point
occurred, tissue thinning from the inoculation area in
both directions, and then the stem was overturned from
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these regions. In the following days, wilting, drying,
embrittlement, breakage, and wrinkling of the leaf stems
were observed in the yellowing leaves. It was observed

that the stem tissue gradually became thinner, and as a
result, the broken stem felt down.

Figure 1. Soft rot disease symptoms (arrows) caused by P. polaris strain NV19 on artificially inoculated (A) tomato, (B)
melon, (C) cauliflower, (D) sugar beet, (E) sunflower, (F) garlic, (G) carrot, and (H) lettuce plants

In the sunflower plants, 4-5 days after the inoculation,
the bacterial agent progressed from the stem to the
petioles, and specific bacterial wetness occurred on the
main veins of the leaves. Later, deterioration and falling
down from the inoculation point of stem tissue,
formation of inky-brown tissue in the leaves, and
wrinkled and dry leaves were observed in the following
days. Similar observations were also recorded in the
carrot plant, and in the same time intervals. In garlic and
onion plants that were inoculated on leaves, yellowing,
wrinkling, and necrosis were observed. Plant death was
recorded in 14-15 days. Slow symptom development
was observed for sugar beet plants inoculated from leaf
petioles. Pale brown type necrosis on petioles turned
completely brown-black, and wrinkled leaves dried and
became like a gazelle after 14-20 days. This took a longer
time in comparison to all other plants tested in this
study.

Bacterial colonies were re-isolated successfully from
symptomatic tissue of inoculated plants on modified CVP
medium, and cavity-forming colonies represented the
same colony growth with original cultures on NA plates
with a transparent, gray color and crater colony
morphology described as the typical colony morphology
for Pectobacterium spp. by Ozturk et al. (2018).

The species of Pectobacterium which occur in potato-
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growing regions differs over time and geographical
location. In the past, P. carotovorum (Erwinia carotovora
pv. carotovora), P. atrosepticum (Erwinia carotovora pv.
atroseptica), and Dickeya spp. (E. chrysanthemi) were
the major soft rotting organisms. Today, more species in
Pectobacterium spp. have been described (Portier et al.,
2019) and it is estimated that the reason for wide
geographical distribution and host range is the greater
genetic variation among strains of P. carotovorum and P.
brasiliense, both of which are the most threatening
species of Pectobacterium genus with greater host
range. Up to date, P. carotovorum has been reported on
lettuce, garlic, pepper, eggplant, okra, leek, cabbage,
chicory, squash, sugar beet, tomato, cucumber, celery,
tobacco, mulberry, especially in temperate and semi-
tropical regions (Gardan et al., 2003; Ma et al., 2007;
Waleron et al., 2002; Waleron et al., 2014; Dadasoglu
and Kotan, 2017; Oztiirk and Soylu, 2022). Similar to P.
carotovorum, P. brasiliense is known to be predominant
and has been sporadically reported on potato all over
the world, and on other crops such as lettuce, cucumber,
carrot, and pepper (Mashavha, 2013; She et al., 2017;
Soylu et al., 2022), cabbage and sugar beet (Waleron et
al., 2015), squash (Zlatkovic et al., 2019), tomato (Caruso
et al., 2016) and artichoke (Cariddi and Bubici, 2016)
after its first occurrence in Brazil with severe blackleg
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infections on potato plants in 2004 (Duarte et al., 2004).
For now, P. polaris has been reported in some parts of
the world with a little infection ratio. The earlier
determination of the host range of emerging pathogens
is very important for risk status on other crops, and small
minority can prove capable of causing major epidemics.
For instance, P. brasiliense has been detected in many
plant hosts in crop loss. If considered in this
coverage,there is a possibility that P. polaris may be
reported more in other plants and geographies in the
future, which is now a very novel species of
Pectobacterium taxa and was mostly reported not only
on potato plants but also on Chinese cabbage and
bittersweet for the present. Moreover, the most
accelerating factor may be assumed as the seed potato
tubers, which is the main source of bacterial dispersal for
long distance. Especially latent infected propagation
tuber material is so crucial for the transfer of pectinolytic
pathogens (Czajkowski et al., 2011; Toth et al., 2011).

In concluion, all the defined host types are potential
sources for P. polaris. The risk status of these plants,
which have economic importance in Turkey, whose
agricultural economy is the 8" largest in the world
(Aytop et al., 2014), has been revealed in this study.
Results demonstrated that pathogen is not only
restricted to potato, but can also be pathogenic in the
plants tested in this study. Therefore, demanding
improved crop breeding, better disease management,
and strict quarantine practices for controlling primarily
potato blackleg disease should be carried out in the
country to prevent introducing the pathogen to new
areas.

OzET

Amag: Pectobacterium  polaris, dinyanin  farkli
bolgelerinde bildirilen ve yakin zamanda Turkiye'de
tespit edilen Pectobacterium spp.’de yer alan yeni bir
bakteriyel patojendir. Bu galismada P. polaris’in konukgu
arahigini belirlemek igin, patojenin iki ayri izolatinin farkh
konukcularda patojenisitesini degerlendirmek ve
etmene karsi risk altinda olabilecek bitki tdrlerinin
belirlenmesi hedeflenmistir.

Yontem ve Bulgular: Nevsehir ilinde karabacak hastalik
belirtisi gosteren patates bitkilerinin enfekteli govde
dokusundan 2019 yili vejetasyon doneminde izole
edilmis P. polaris (NV3 and NV19) izolatlari bitkilere
yapay inokulasyonlar icin kullanilmistir. izolatlarin
bakteriyel slspansiyonlari hazirlanarak kirmizi lahana,
brokoli, karnabahar, sogan, sarimsak, havug, domates,
biber, patlican, hiyar, kabak, kavun, karpuz, marul,
aycicegi ve seker pancari bitkilerine bulastiriimistir.
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Yapay inokulasyon yapilan tiim bitkilerde meydana gelen
hastalik simptomlari ile P. polaris’in her iki izolatinin
hastaliga neden oldugu belirlenmistir. Enfekteli bitki
dokularindan patojene ait koloniler yeniden izole
edilmistir.

Genel Yorum: Pectobacterium tirleri, cok sayida bitki
tlrinde yumusak ciriklige neden olan oldukga yikici
bakteriyel bitki patojenleridir. Dlnyanin  farkli
bolgelerinde bildirilen ve llkemizde oldukg¢a yeni bir
patojen olarak tanimlanan P. polaris’in genis bir konukcu
araliginda patojen oldugu belirlenmistir. Patojenin ilk
olarak izole edildigi bolgede hastaligin micadelesine
yonelik 6nlemler alinmali ve Ozellikle patates yumrulari
yoluyla patojenin hastaliktan ari Gretim alanlarina
tasinmasi 6nlenmelidir.

Calismanin Onemi ve Etkisi: Testlenen tiim bitkilerin P.
polaris icin konukgu oldugu belirlenmistir. Tirkiye'de
ekonomik ©6neme sahip olan bu kiltir bitkilerinin
patojene karsi risk durumlari ilk kez bu galisma ile
belirlenmistir.

Anahtar Kelimeler: Bakteriyel hastalik, Pectobacterium
polaris, konukgu araligi, patojenisite.
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Aims: This study was conducted to determine the phytoplasma diseases
of pepper plants in Hatay province between 2016 and 2019.

Methods and Results: Samples of pepper (Capsicum annuum), sesame
(Sesamum indicum), basil (Ocimum basilicum), tomato (Solanum
lycopersicum) and bindweed (Convolvulus arvensis) which had typical
phytoplasma symptoms and insect (Cicadellidae spp.) samples were
collected from the pepper fields. Empoasca sp., Cicadulina bipunctata,
Psammotettix sp., Balchutha hebe, Euscelidius sp., Anaceratagallia laevis
and Exitianus capicola were found as potential insect vectors of the
phytoplasmas as descending order of population densities. T-budding
grafting technique was successful for phytoplasma transmission from
infected sesame and basil plants to healthy periwinkle (Catharanthus
roseus) plants in controlled conditions. Phytoplasmas were detected in
pepper, tomato, basil, sesame and bindweed and from some insect
samples. Total nucleic acid isolation was accomplished by the CTAB
method. Direct and Nested PCR were used employing R16F1/R16R0 and
R16F2n/R16R2 primer pairs respectively.

Conclusions: DNA of positive samples were sequenced, and uploaded to
Genbank, and were identified as Ca. Phytoplasma trifolii on pepper
(MT993358), sesame (MT994434), tomato (MT992754), basil
(MT994432), Empoasca sp. (MT994430), Exitianus capicola (MT994433),
Euscelidius sp. (MT994431); and as Ca. Phytoplasma solani on binweed
(MT993422) and tomato (MT992796).

Significance and Impact of the Study: According to our knowledge, this
study is the first to identify and upload to Genbank of Ca. Phytoplasma
trifolii on basil and Empoasca sp., Exitianus capicola and Euscelidius sp. as
insect vectors of the diseases in Turkey.

Atif / Citation: Carpar H, Sertkaya G (2022) Investigation on phytoplasma diseases, their potential insect vectors and other
hosts in pepper (Capsicum annuum L.) growing areas of Hatay-Turkey. Mustafa Kemal Universitesi Tarim
Bilimleri Dergisi, 27(2) : 241-252. DOI: 10.37908/mkutbd.1060097

INTRODUCTION America. It is known that pepper was used as a food in
the Americas 9000 years ago and has been cultivated
Pepper (Capsicum annuum L.) is an important field and since 6000 years ago (Perry et al., 2007). It has been

greenhouse plant belonging to the

nightshade reported in historical documents that pepper has

(Solanaceae) family, native to South and Central spread to the world after the discovery of America in
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1492, and it has been commercially produced since the
1600s (Anonymous, 2020). It is thought that it entered
to Turkey from Istanbul in the 16th century due to the
trade with Europe during the Ottoman Empire
(Andrews, 1999).

In the world, 36 million tons of fresh pepper is
produced on an area of approximately 2 million
hectares and 4,625,833 tons of dry pepper is produced
from an area of 1 million 856 thousand hectares, and
Turkey ranks 3rd in the world after China and Mexico
with a production of 1.9 million tons (FAO, 2020).

There are 5 species among 30 pepper species in the
genus Capsicum (Capsicum annuum L., C. baccatum L.,
C. chinense Jacq., C. frutescens L., and C. pubescens Ruiz
& Pav.) cultivated in the world (Bosland, 1994). In
Turkey, almost all of the pepper production belongs to
the C. annuum species (Eken and Mavi, 2016), ranging
from green peppers, bell peppers, capia, pointed to
ornamental peppers as well as peppers for pepper
paste are cultivated. In Turkey, Antalya province of
Turkey is ranked at first with a production of
approximately 500 thousand tons, while Hatay province
ranks 12th with a production of 60 thousand tons (TUIK,
2020).

Many phytoplasma diseases that infect pepper have
been reported in Turkey (Sertkaya et al., 2003; Sertkaya
et al., 2007; Sertkaya, 2008; Sertkaya, 2012; Ozdag and
Sertkaya 2017; Oksal et al., 2017; Yilmaz et al., 2019).
In Hatay province, a phytoplasma disease belonging to
16SrXII-A group was determined in sesame, periwinkle,
pepper, eggplant and tomato as well as in insect vector
Orosius orientalis (Sertkaya et al., 2007; Sertkaya et al.,
2013).

Ca. Phytoplasma trifolii was first reported to be the
organism that caused the formation of clover
proliferation (CP) in flowers of the alsike clover
(Trifolium hybridum) plants in Canada in the early 1960s
(Chiykowski, 1965); today it has been isolated from
many vegetables, fruit trees and weeds (Usta et al.,
2018; Zamharir, 2018; Oksal, 2020; Usta et al., 2021). In
Turkey, Ca. Phytoplasma trifolii was first detected in
pepper plants in Malatya (Oksal et al., 2017).
Phytoplasmas are disease agents in the Mollicutes class
of bacteria. The agent, which has spread throughout
the world, causes yellows, stunting and witches' broom,
phyllody, and virescence symptoms in plants.

Since the agent could not be cultured in artificial media,
transmitted by vectors and its symptoms were similar
to those of virus symptoms, it was thought that the
cause of the disease was a virus until 1967, but it was
identified as Mycoplasma-Like Organism after imaging
under the electron microscope (Doi et al., 1967). At the
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10th congress of The International Organization for
Mycoplasmology (IRPCM) in 1994, the Phytoplasma
Study Team adopted the name "Phytoplasma". It was
suggested by IRPCM (The International Organization for
Mycoplasmology) to be included in the new genus as
'Candidatus (Ca.) Phytoplasma' in 2004 (IRPCM, 2004).
Phytoplasmas were categorized into 33 ribosomal
groups, each containing several subgroups, by 2018
(Bertaccini and Lee, 2018).

Phytoplasmas cause devastating losses in cultivated
plants and natural ecosystems worldwide. The agent
causes disease in forest trees, vineyards, orchards,
ornamental plants, weeds and many plants including
vegetables such as potatoes, tomatoes, peppers,
eggplants. Vector insects such as leafhoppers,
planthoppers and pysillids are known to transmit the
diseases. Other ways of transmission are identified as
grafting, natural root fusion and parasitic plants such as
dodder (Cuscuta sp.) (Citir, 1985; McCoy et al., 1989;
Sas-Sertkaya, 1999; Lee et al., 2000; Singh and Singh
2000; Seemdller et al., 2002; Pracros. et al., 2006;
Weintraub and Beanland, 2006; Bertaccini, 2007,
Hogenhout and Music, 2010).

Phytoplasma belonging to 16 different ribosomal
groups affecting vegetables has been reported
worldwide and the aster yellows phytoplasma group
(165rl), which causes the highest number of diseases in
different vegetables, is followed by the peanut witches'
broom (16Srll) group (Kumari et al., 2019). Peanut
witches' broom phytoplasma, which infects species
belonging to Cucurbitacea (cucumber, zucchini),
Solanaceae (pepper) and Cruciferae (radish) families, is
transmitted by Orosius albicinctus, Macrosteles laevis
and Orosius argentatus (Tran-Nguyen et al., 2003;
Salehi et al.,, 2015), aster yellows phytoplasma is
transmitted by Macrosteles quadrilineatus (Zheng-Nan
et al., 2013). Empoasca devastans, Hishimonus phycitis
and Circulifer haematoceps transmit clover proliferation
(16SrVl) phytoplasma (Thomas and Krishnaswami,
1939; Salehi et al., 2007), which causes severe crop
losses in eggplant and cabbage, while Macrosteles
laevis, Hyalesthes obsoletus and Circulifer tenellus have
been reported as vectors of stolbur phytoplasma
(16SrXII-A) in vegetables. Especially, C. tenellus has
been identified as a potential vector of potato purple
top disease. A single insect species can transmit one or
more phytoplasma diseases, or a phytoplasma can be
transmitted by different insect species (Lee et al.,
1998). The presence of these vector insects, which are
known to transmit phytoplasma diseases, have been
reported in cultivated plants belonging to the
Solanaceae family grown in Hatay province (Kilic and
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Sertkaya, 2019).

In this study, phytoplasma diseases in pepper and weed
species in and around pepper fields and other
cultivated plants grown in the same fields in Hatay
province and potential vector insect species that play a
role in the spread of these diseases were investigated.
Thus, basic data on the general situation of
phytoplasma diseases in pepper fields, to control of the
disease and especially the prevention of its spread was
tried to be obtained.

MATERIALS and METHODS

Plant samples

The study was carried out in Antakya, Reyhanli,
Kirikhan, Samandag, Arsuz and Altin6zi districts of
Hatay province in Turkey between May and October in
2016 to 2019. Pepper plants and basil, sesame, tomato
plants and bindweed in pepper fields were used as
research material. In the areas visited in the study,
symptoms specific to phytoplasmas such as general
yellows, stunting, sterility, upward orientation of flower
structures, virescence, phyllody, big bud, bushy plants,
little leaves, upward curling of leaves and shoot
samples were collected from the plants. During the
study, a total of 450 peppers (Capsicum annuum L.), 35
sesame (Sesamum indicum L.), 5 tomatoes (Solanum
lycopersicum L.), 7 basil (Ocimum basilicum L.) and 20
bindweed (Convolvulus arvensis L.) plant samples were
collected.

Insect samples

Insects from pepper fields were collected at the end of
the growing season (September-October) with the D-
VAC. Insects were collected randomly with the help of
D-VAC and in the form of zigzag patterns in the field.
Among the collected insect species, samples belonging
to the Cicadellidae (Hemiptera) family were separated
and identified by Prof. Dr. Hiiseyin BASPINAR (Adnan
Menderes University).

Biological indexing

Tissue grafting was done to healthy test plants with
tissue pieces taken from pepper, tomato, basil and
sesame plants showing phytoplasma symptoms in field
conditions. Plant parts containing phloem tissue of 10-
15 mm in length from infected plants were grafted onto
healthy test plants. T budding was used in grafting and
studies were carried out to transmit the disease.
Grafting was attempted in the same species (pepper to
pepper) and between species (sesame and basil to
pepper and periwinkle) in the studies. Tissue fragments
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were taken from the plants and inoculated to at least 5
plants from the test plants, both intraspecific (pepper
to pepper) and interspecies (pepper to sesame, sesame
to periwinkle).

Nucleic acid isolation and polymerase chain reaction
studies

Total nucleic acid isolation in plant samples was
performed according to the CTAB method (Doyle and
Doyle, 1990). Leaf midrib and flower parts were used
for DNA isolation from plant samples. After identifying
the insects collected from pepper fields, DNA isolation
was performed with the MN (Macherey-Nagel) isolation
kit. For the abundant insect species (i.e. Empoasca sp.,
Cicadulina bipunctata, Psammotettix sp., Balclutha
hebe and Euscelidius sp.) groups of 5 individuals, in rare
species (i.e. Anaceratagallia laevis, Exitianus capicola)
each individual’s DNA was isolated. PCR studies were
carried out in two stages. Universal primer pairs
R16F1/R16R0, F1 5'-AAGACGAGGATAACAGTTGG-3' -RO
5'-GGATACCTTGTTACGACTTAACCCC-3' (Lee et al., 1994)
yielding 1.8 kbp were wused in Direct-PCR,
R16F2n/R16R2, F2n 5'-CGACTGCTAAGACTGG-3'-R2 5'-
TGACGGGCGGTGTGTACAAACCCCG-3' (Gundersen and
Lee, 1996) yielding 1,250 bp were used for Nested-PCR.
Total nucleic acid and Direct PCR products used in
Direct and Nested PCR studies were diluted to 1/30
ratio.

Genome sequencing

The sequencing for both forward and reverse reads was
performed by a commercial firm (BM Yazilim Danis. ve
Lab. Sis. Ltd. Sti.) using the Sanger method on 33
isolates selected from plant and insect samples with
positive Nested PCR results. Only one of the isolates
with the same DNA sequence in the sequencing results
was selected and uploaded tothe NCBI Genbank.

In silico RFLP (Restriction
Polymorphism) analysis

The samples for which DNA sequence analysis was
performed were uploaded to Genbank, their codes
were taken, and cut with 6 different restriction
enzymes (Alul, Haelll, Hhal, Taql, Msel and Rsal) using
the iPhyClassifier (Zhao et al, 2009) program.

Fragment Length

Phylogenetic analyzes

Phylogenetic analysis was performed using MEGA-X
(version 10.2.4 https://www.megasoftware.net) to
determine the relationships of the (Hosseini et al.,
2016) current isolates and their closely related (99%)
previously registered isolates in Genbank. Thus, the
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differentiation and similarity of the obtained sequences
with each other were determined and their
phylogenetic relatedness levels were revealed. The
Neighbor-Joining method was used to create a
phylogenetic tree and the Maximum Likelihood method
was used as a statistical method.

RESULTS and DISCUSSION

Phytoplasma detection

According to the evaluations made under field

conditions, the symptoms that may be related to

-

Figure 1. Phytoplasma symptoms; uprolling of the leaves

on

epper (A), big buds on tomato (B), phyllody on sesame

phytoplasma infections in pepper plants were observed
in 2016 (0,5-3%).

While symptoms were rarely observed in pepper plants
in the same regions in 2017 and 2018, a high rate of
(3/10) phytoplasma symptoms was observed in sesame
and basil plants grown in pepper fields in all of the
three years (Figure 1). The most common symptoms
thought to be related to phytoplasmas, along with
abnormalities in flower structures and phyllody
observed in pepper, tomato, basil, sesame, bindweed
and periwinkle plants were shown in Table 1.

(C) and phyllody and witches’ broom on basil (D) plants

According to studies of transmission of the disease
through tissue grafting inoculation, the transmission
rate of the disease was found to be approximately 50%
(6/11), although the tissue pieces dried in about 1 week
in the grafts made from infected sesame and basil to
Periwinkle. However, inoculations made with tissue
pieces taken from infected peppers, the disease could
not be transmitted either to its own species or to other
species. Therefore, it has been observed that the most
successful plant in transferring the disease in grafting,
even from different species, is periwinkle. As a result of
laboratory studies and analyzes, Ca. Phytoplasma trifolii
belonging to 16SrVI group was detected in pepper,
tomato, basil and sesame samples, while Ca.
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Phytoplasma solani belonging to 16SrXIl group was
detected in tomato and bindweed plants. One sample
from the tomato plants exhibiting big bud symptom on
the margins of the pepper fields was found to be
infected by Ca. Phytoplasma solani belonging to the
16SrXIl and the other one was infected by Ca.
Phytoplasma trifolii belonging to the 16SrVI group
(Table 1), thus more than one phytoplasma
species/group could infect the same plant species. As a
matter of fact, in some studies conducted in different
geographies, it has been reported that phytoplasmas
belonging to different groups cause big bud disease in
tomatoes. As a causative agent of tomato big bud
disease phytoplasmas have been reported all around
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the world; namely aster yellows (165rl) in Iran, paenut
witches' broom (16Srll) in China and India, elm yellows
(16SrV) in Mauritius, clover proliferation (16SrVI) in the
U.S. and stolbur (16SrXll) in Russia (Gungoosingh-
Bunwaree et al.,, 2007; Ember et al., 2011; Xu et al.,
2013; Sichani et al., 2014; Kumari et al., 2018). Stolbur

pepper with stolbur symptoms, eggplant with yellow-
little leaf and tomatoes with big bud, as well as Orosius
orientalis vector insects were reported by Sertkaya et
al. (2007) in Hatay province. Caglar et al. (2010)
detected “Ca. Phytoplasma solani” (16SrXII-A) on
potato plants in Kayseri and Sivas provinces, on tomato

phytoplasma group (16SrXII-A) of symptoms associated plants and in Cicadula inornata (Cicadellidae) in
with sesame and periwinkle with phyllody symptoms, Kahramanmaras and Adana provinces.
Table 1. Phytoplasmas detected the plant species, number of infected plant/total plant sample and main symptoms
observed on these plants
Plant Species Phytoplasma(s) detected Phytoplasma Common symptoms observed
(Number of infected plants/ Group
Number of tested plants)
Pepper Ca. Phytoplasma trifolii (135/450) 16SrVI Stunting, vyellowing, upward

(Capsicum annuum)

rolling of leaves, big buds and
upward shooting

Tomato Ca. Phytoplasma solani (1/5) 16SrVI, 16SrXIl  Bushy, big buds and upward

(Solanum lycopersicum)  Ca. Phytoplasma trifolii (1/5) shooting

Basil Ca. Phytoplasma trifolii (7/7) 16SrVI Sterility, phyllody, longer pedicel,

(Ocimum basilicum) leaf-like structures emerging
from the flower

Bindweed Ca. Phytoplasma solani (3/20) 16SrXIl Witches’ broom, yellowing, little

(Convolvulus arvensis) leaf and upward rolling of leaves

Periwinkle Ca. Phytoplasma trifolii (17/35) 16SrVI Witches’ broom, phyllody

(Catharanthus roseus)

In this study, it was observed that towards the end of
the production period (September-October) there was
an increase in populations of the Cicadellidae family
especially after ceasing of the insecticide applications.
In the study, insect species of Empoasca sp. (90),
Cicadulina bipunctata (Melichar) (85), Psammotettix sp.
(65), Balclutha hebe (Kirkaldy) (35), Euscelidius sp. (25),
Anaceratagallia laevis (Ribaut) (4), Exitianus capicola
(Stal) (3) were collected. Empoasca sp was the most
abundant insect species collected by D-VAC, followed
by Cicadulina bipunctata, Psammotettix confinis and
Psammotettix sp. Other identified species included
Exitianus capicola, Euscelidius sp. and Balclutha hebe,
the insect samples determined to be Delphacidae could
not be identified at the species level and were recorded
as Delphacidae (Table 2).

It has been reported by Kilic and Sertkaya (2019) that
Empoasca decipiens, Asymmetrasca decedens and
Psammotettix provincialis species were
abundant/densely populated in the areas where
important Solanaceae crops (potato, tomato, pepper,
eggplant) are grown in Hatay. Exitianus capicola is
known to be the vector of Ca. Phytoplasma cynodontis
(Salehi et al.,, 2009). It has been reported that Ca.
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Phytoplasma trifolii could be successfully transmitted
by Ceratagallia nitidula and Empoasca abrupta
(Hemiptera: Cicadellidae) species that feed on
ornamental peppers infected with Ca. Phytoplasma
trifolii for one week and these species were vectors
(Salas-Mufioz et al.,, 2018). In this study, the
phytoplasma determined species, the number of tested
insects and the determined phytoplasmas in pepper
fields are given in Table 2.
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Table 2. Insect species in which phytoplasmas determined

Insect Species Phytoplasma determined Phytoplasma Number of Positive Sample/ Number
Group of Total Samples

Empoasca sp. Ca. Phytoplasma trifolii 16SrVi 9/18 (90)

Exitianus capicola Ca. Phytoplasma trifolii 16SrVI 1/3 (3)

Euscelidius sp. Ca. Phytoplasma trifolii 16SrVi 4/5 (25)

Delphacidae Ca. Phytoplasma trifolii 16SrVI 2/2 (2)

(unidentified species)

Empoasca sp., Euscelidius sp. and Exitianus capicola
were determined to be able to transmit Ca.
Phytoplasma trifolii belonging to the 16SrVI group. Ca.
Phytoplasma trifolii was also determined in
phytoplasma positive insect samples belonging to
Delphacidae family, which could not be identified at the
species level. The presence of any phytoplasma agent
could not be determined in Cicadulina bipunctata,
Psammotettix sp., Balclutha hebe and Anaceratagallia
laevis species.

It was determined that Ca. Phytoplasma trifolii is the
common phytoplasma species especially in pepper
plants along with Ca. Phytoplasma solani in tomato and
bindweed samples in pepper fields in Hatay province,
potential insect vectors include species belonging to
different families, and the presence of hosts other than
pepper in the same field. Potential insect vectors of
phytoplasma diseases identified in this study were
mostly species belonging to the family Cicadellidae,
which are common in pepper fields. One sample from
each species was selected and uploaded to the NCBI
Genbank.

Ca. Phytoplasma trifolii (16SrVI) isolates from pepper
(MT993358), tomato (MT992754), sesame (MT994434),
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basil (MT994432), Empoasca sp. (MT994430), Exitianus
capicola (MT994433) and Euscelidius sp. (MT994431)
were uploaded in Genbank. In norder to determine the
sub-group of the Phytoplasma, virtual RFLP analysis
were accomplished by selecting 16SrVI group with Alul,
Haelll, Hhal, Taql, Msel and Rsal digests in the
iPhyClassifier (Zhao et al, 2009) program (Figure 2).

Samples of Ca. Phytoplasma trifolii uploaded to
Genbank matched with 98.33% similarity rate to Van
(Turkey) isolate MG732925 (Usta et al., 2018), with
99.76% similarity rate to Mexican isolate MK996152
(unpublished data), and 99.68% similarity rate to both
Mexico MF092789 (Swisher et al, 2018), Iran
MK379605 (Babaei et al. 2020) and MG788318
(unpublished data), 99.60% similarity rate to Iran
isolate JF508509 (Jamshidi et al. 2014). The isolate
MT992796 identified as Ca. Phytoplasma solani was
similar to MNO047263 (Jakovljevi¢ et al., 2020) and to
Bulgaria isolate JN561702 (unpublished data) with a
rate of 99.76%, and the isolate coded MT993422 was
similar to KF614623 (Adamovic et al., 2014) with a rate
of 99.60% (Figure 3). With this study, Ca. Phytoplasma
trifolii was detected in Empoasca sp., Exitianus capicola
and Euscelidius sp. in Turkey for the first time.
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MK379605 Ca. Phytoplasma trifolii
MH430092 Ca. Phytoplasma trifolii
TUR Eus 936 HC MT994431

TUR Exi 935 HC MT994433

TUR Emp 924 HC MT994430

ss | TUR Bas 634 HC MT994432
TUR Ses 567 HC MT994434

TUR Tom 431 HC MT992754
JF508509 Tomato big bud phytoplasma
KY321932 Ca. Phytoplasma frifolii
MG788318 Tomato big bud phytoplasma
KY568694 Ca. Phytoplasma trifolii
EU573925 Ca. Phytoplasma frifolii
- MK209688 Ca.Phytoplasma trifolii

TUR Pep 405 HC MT993368
MK996152 Ca. Phytoplasma trifolii

MF092789 Ca. Phytoplasma trifolii
— MG732925 Ca. Phytoplasma trifolii

KR706443 Bell pepper big bud phytoplasma

100 —— MK942732 Cassava WB disease phytoplasma
— JN833707 Ca. Phytoplasma convolvuli
TUR Bin 917 HC MT993422

MN047263 Ca. Phytoplasma solani

KF614623 Ca. Phytoplasma solani
74| TUR Tom 432 HC MT992796

JN561702 Con. arvensis stolbur phytoplasma

FJ226570 Acholeplasma laidlawii

A

0.020
Figure 3. Phylogenetic tree created with the neighbour-joining method by MEGA-X, Bootstrap (1000 replicates)
analysis was used. Acholeplasma laidlawii (F1226570) was selected as root. Isolates written in bold characters are
recorded in this study

248


http://dergipark.org.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(2): 241-252

Arastirma Makalesi / Research Article

In conclusion, in this study, the expected level of
amplification was obtained as a result of PCR analysis in
pepper, sesame, bindweed, tomato and basil plants. Ca.
Phytoplasma trifolii belonging to group 16SrVI was
detected in pepper, tomato, basil and sesame samples,
while Ca. Phytoplasma solani belonging to group
16SrXIl was detected in tomato and bindweed plants.
Ca. Phytoplasma solani belonging to group 16SrXIl was
detected in one of 2 tomato plants showing big buds,
and Ca. Phytoplasma trifolii belonging to group 16SrVI
were detected in the other sample. According to field
observations, it was determined that the populations of
insect species belonging to the Cicadellidae family
increased at the end of the production period in pepper
fields. Among the insect species collected by D-VAC, the
most abundant species was Empoasca sp, followed by
Cicadulina bipunctata and Psammotettix sp. species
followed.

Although there are different approaches for the control
of phytoplasma diseases, there is no method that can
be effective alone in the fight against the disease.
Controlling vector insects will reduce the spread of
phytoplasma diseases. However, although it is not
possible to eradicate all vector insects in field
conditions, over-spraying will not be an economical and
healthy practice. Eradication of plants exhibiting
symptoms of disease in field conditions can also
significantly reduce the spread of phytoplasma
diseases. Phytoplasma diseases can remain in perennial
weeds for many years and these weeds play a role as an
alternative host in field conditions.

In this study, it was determined that cultivars and weed
species in pepper fields could also be hosts for
phytoplasmas. In addition, the detection of
phytoplasmas in vector insect species collected from
pepper fields shows that phytoplasma diseases can be
transmitted naturally to other crops.

In future studies, it is important to investigate other
potential vector species belonging to Delphacidae
family, together with the species belonging to
Cicadellidae family, to determine the role of the
transfer of these pathogens to uninfected areas and to
other plant species.

OzET

Amag: Bu calisma 2016-2019 vyillari arasinda Hatay il
biber alanlarindaki fitoplazma hastaliklarinin
belirlenmesi amaciyla ylritilmustar.

Yontem ve Bulgular: Biber arazileri icerisindeki
fitoplazmalara 6zgi belirtiler gosteren biber (Capsicum
annuum), susam (Sesamum indicum), feslegen (Ocimum
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basilicum), domates (Solanum lycopersicum), tarla
sarmasigl (Convolvulus arvensis) ve bocek (Cicadellidae
spp.) o6rnekleri toplanmistir. Ziyaret edilen alanlarda,
popilasyon yogunluklari siralamasina gore,
fitoplazmalarin bocek vektorleri olarak Empoasca sp.,
Cicadulina bipunctata, Psammotettix sp., Balchutha
hebe, Euscelidius sp., Anaceratagallia laevis ve Exitianus
capicola bulunmustur. Kontrolli kosullarda yapilan T
g0z asisi ile, hastalikli susam ve feslegen orneklerinden
Cezayir meneksesine (Catharanthus roseus) yapilan
asllamalarda hastalik bulastirilmistir. Toplam nkleik
asit izolasyonu CTAB metoduna goére yapilmistir. Direkt
ve Nested PCR calismalarinda sirasiyla R16F1/R16R0 ve
R16F2n/R16R2 primer giftleri kullanilmistir.

Genel Yorum: Fitoplazma bulunan bazi 6rneklerde DNA
dizisi belirlenmis ve Genbankasi’na ylklenmistir. Biber,
domates, feslegen, susam ve tarla sarmasiginda ve bazi
bocek tirlerinde fitoplazma tespit  edilmistir.
Genbankasi’'na yiiklenen biber (MT993358), susam
(MT994434), domates (MT992754), feslegen
(MT994432), Empoasca sp. (MT994430), Exitianus
capicola (MT994433), Euscelidius sp. (MT994431)
orneklerinde Candidatus Phytoplasma trifolii; tarla
sarmasigl (MT993422) ve domates (MT992796)
orneklerinde Candidatus Phytoplasma solani tespit
edilmistir.

Calismanin Onemi ve Etkisi: Mevcut literatir bilgilere
gore Ca. Phytoplasma trifolii, feslegende ve vektor
bocek olarak Empoasca sp., Exitianus capicola ve
Euscelidius sp.’de (ilkemizde ilk kez bu ¢alisma ile tespit
edilmistir.

Anahtar Kelimeler: Ca. Phytoplasma trifolii, Ca.
Phytoplasma solani, Exitianus capicola, Euscelidius sp.,
feslegen (Ocimum basilicum).
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Patateslerde kok bogazi nekrozu ve siyah sigil hastaligi (Rhizoctonia solani)’ nin kimyasal
ve biyolojik yontemlerle miicadele olanaklarinin arastiriimasi

Investigation of chemical and biological control possibilities of stem canker and black scurf (Rhizoctonia
solani) diseases in potatoes
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Methods and Results: In the experiment, the effects of fungicides
(flutolanil, fluxapyroxad, fludioxonil, penflufen+Prothiconazole and
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evaluated with micro-plot trials. According to the in vitro results;
fungicides tolclophos-methyl+thiram and flutolanil inhibited mycelial
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effect was caused in Aliette with 31.5% inhibition at 1000 ppm.
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biopreparats may have potential as an alternative control method to
registered fungicides.
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GIRIS

Patates (Solanum tuberosum L.), ge¢cmisten ginimize
Dinya’da ve Tirkiye’de insanlarin temel besin
kaynaklarindan olan yumru kokli bir bitki tarudir.
Patates; icerdigi ylksek besin degeri, endustride
kullanim olanaklarinin genis olmasi ve cesitli iklimlere
kolay uyum saglayabilmesi nedeniyle c¢ogu (lke
tarafindan sebze olarak yetistirilmekte ve
tiketilmektedir (Yilmaz ve ark., 2006).

Dilinya’da patates Uretiminin biylk bir bolima dort tlke
tarafindan gergeklestiriimekte olup bu tlkelerin basinda
%25 Uretim oraniyla Cin gelmektedir. Bunu %14 ile
Hindistan, %6 ile Rusya ve %5’lik pay ile Ukrayna takip
etmektedir. Turkiye ise %1.34 Uretim oraniyla bu listede
17. sirada yer almaktadir (FAO, 2019).

Tlrkiye’de patates; gida sanayisi (dondurulmus Grinler,
cips vb.), hayvan yemi olarak kullaniimasi ve taze
tiketimi ile genis bir kullanim alanina sahiptir. Bunlarin
yani sira 6nemli bir bolim{iniin ihrag edilmesi nedeniyle
de Ulke ekonomisinde 6nemli bir payl vardir. Nigde,
Konya ve Afyonkarahisar illeri patates liretiminde dnde
gelen iller olup bu illerin Glke Gretimindeki toplam payi
%36’dir (TUIK, 2020).

insan hayatinda iiretimi, tiiketimi ve ekonomik degeriyle
onemli bir yere sahip olan patatesin, Uretimini ve
verimini sinirlandiran bircok zararh bocek tird ve
hastallk  etmeni  bulunmaktadir.  Bu  hastalk
etmenlerinden Rhizoctonia solani, patateslerde Kok
Bogazi Nekrozu ve Siyah Sigil Hastaligi'na neden olan
hem tohum hem de toprak kékenli fungal bir patojendir.
R. solani, patates bitkisinin tim vejetasyon donemi
boyunca gevre kosullarinin uygun olmasi halinde patates
bitkilerinin toprak alti organlarinda infeksiyonlara neden
olabilmektedir. Bu infeksiyonlarin neden oldugu
belirtileri yumrularda siyah kabuk olusumu, govde ve
stolon yaralary, filiz infeksiyonlari seklinde gruplandirmak
mimkindir.  infeksiyonlar  genellikle  tohumluk
yumrunun filizlenmesi ile baslar. Bazi gbzlerden siiren
filizler toprak ylzeyine ¢ikamadan infektelenip olurler.
Toprak alti kisimda ilerleyen infeksiyonlar kok bogazi
bolgesine kadar ulasabilir. Bu durumda bitkinin kdk
bogazi bolgesinde kirik beyazimsi renkte misel kitlesini
gormek miimkindir. Gévde ve stolon infeksiyonlarinda
ise ice ¢okik ve infeksiyonlarin ilerlemesi ile genisleyen
kahverengimsi alanlar gorilir. Bu alanlar bitkilerde
gelisimi zayiflatarak bu bitkileri sekonder patojenlere
karsi savunmasiz birakabilmektedir. Ayrica infeksiyon
siddetine bagh olarak bu lezyonlar bitkilerin 6limiine
dahi sebep olabilmektedir. Yumru infeksiyonlarinda ise
patatesin ylzeyinde 1-10 mm arasinda degisen
boyutlarda sklerot olusumlar goériilmektedir. Bu
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sklerotlarin neden oldugu infeksiyonlar, yumrularda
siyah  kabukluluk seklinde kendini gosterir. Bu
infeksiyonlar; yumrularda gatlama, sekil bozuklugu ve
kabuklarda olusturdugu kahverengi-siyah renkte
sigilimsi yapilar ile patateslerin ekonomik degerini
onemli 6lctide duslrir. Ayrica yumru yizeyindeki bu
sklerotlar, patojenin olumsuz kosullar gecirebilmek
amaciyla olusturdugu sk hif dagimleri  olup
patateslerde son derece 6nemli inokulum kaynaklaridir
(Stevenson ve ark., 2001; Aydin ve Turhan, 2013).

R. solani, hem tohum hemde toprak kékenli fungus olup
micadelesinde kiltlrel dnlemler biylk dneme sahiptir.
Ozellikle hastaligin  bulundugu iretim alanlarinda
infekteli yumru ve bitki kalintilarinin yok edilmesi,
hastaliklardan ari, sertifikali tohumluk kullanimi ve
toprak drenajina 6nem verilmesi bir sonraki vejetasyon
doéneminde hastalik ¢ikisini azaltabilmektedir (Bigici ve
Erkilig, 1986). Bunlarin yani sira anastomosis gruplarinin
farkli olmasindan dolay! tahillar, patates Uretiminde
kullanilabilecek uygun rotasyon Grinleridir. Uriin
rotasyonu  oOzellikle toprak kaynakh  sekonder
infeksiyonlar igin etkili bir yéntemdir (Anderson, 1982;
Carling ve ark., 1989).

Kiltirel onlemler patojenin infeksiyonlarini belirli
oranlarda sinirlandirsa da cogu zaman yetersiz kalmakta
ve diger micadele yontemlerine de gereksinim
duyulmaktadir.  Bu  noktada  Ozellikle  Gretim
materyallerine uygulanan cesitli kimyasallar (NaOCl ve
CH;0) patojenin inokulumunu azaltarak infeksiyonlari
Onleyebilmektedir. Bunun yaninda tohumluk yumrulara
fungisit uygulamalari da cesitli etki mekanizmalari ile
yumru icerisindeki patojeni baskilayabilmektedir
(Weinhould ve ark., 1982).

Son yillarda pestisitlerin bitki patojenlerine karsi yogun
ve bilingsizce kullanilmasi; triinlerde kalinti olusturmasi,
dogal dengenin bozulmasi, cevre ve insan sagligina
zararh etkileri ve patojenlerin bu kimyasallara direng
gelistirmesi gibi birtakim sorunlara yol agmistir (Seniz ve
ark., 2005). Bu olumsuzluklarin 6nlenebilmesi amaciyla
bitki ugucu yag ve ekstraktlari, dayanikliigin bitki
aktivatorleri ile uyarilmasi, biyolojik miicadele etmeni
bakteri, virls (bakteriyofaj) ve fungus izolatlari veya
biyopreparatlarinin  kullanildigi yéntemlerin kimyasal
miicadeleye alternatif olabilecegi yapilan bircok in vitro
ve Jin vivo calismayla ortaya konulmustur. Bitki
aktivatorleri, bu kapsamda gelistirilmis kimyasallardir.
Bitki  aktivatorli  kimyasal bilesiklerin  dogrudan
antimikrobiyal etkisi bulunmazken bitkilerin dogal
savunma sistemlerini harekete gecirmek suretiyle dolayl
yoldan bitkilerin patojen saldirilarindan korunmasini
sagladigi bilinmektedir. Son yillarda bitkilerde bu
fizyolojik olaylari uyaran yeni maddelerin gelistirilmesi
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ve bunlarin ticari olarak kullanima sunulmasina yonelik
¢alismalar hiz kazanmistir (Vallad ve Goodman, 2004;
Akbudak ve Tezcan, 2006). Messenger TM (Eden
Bioscience), Crop-Set (Improcrop), Bion (Sygenta) ve ISR
2000 (Improcrop) bu amagla gelistirilmis ve ticari olarak
kullanimi mevcut olan bazi Grlinlerdir (Yicer, 2007).
Diger bir cevre dostu micadele yontemi ise biyolojik
kontrol uygulamalaridir. Biyolojik kontrol uygulamalari,
bitkilerde patojenlere karsi fungus, bakteri ve virls
kokenli baska bir canli organizmanin kullaniimasi
temeline dayanir (Cook ve Baker, 1983). Biyolojik
miicadelede kullanilan bu canlilar patojenler (zerinde;
yer ve besin icin rekabet, hiperparasitizm ve antibiosis
gibi mekanizmalarla etkili olurlar (SUli ve ark., 2016).
Diinya ¢apinda bu amagla kullanilan
mikroorganizmalarin basinda funguslar gelirken bunu
bakteriler takip etmektedir. Funguslardan antagonistik
ozellikleriyle taninan Trichoderma tirleri bu konuda 6n
plana ¢ikarken bakterilerden bazi Pseudomonas ve
Bacillus tirleri yaygin olarak kullanilan
mikroorganizmalar arasinda yer almaktadir (Paulitz ve
Belanger, 2001; Yigit, 2005; Soylu ve ark., 2005; Atay ve
ark., 2020; Kara ve ark., 2020; Soylu ve ark., 2021).
Patateslerde {iretimi ve verimi sinirlandiran R. solani’'nin
miicadelesine yonelik bircok calisma mevcuttur. Ancak

patojenin toprak kaynakl olmasi ve yumru Uzerindeki
sklerotlariyla ile kolay bir sekilde yayilabilmesi nedeniyle
bu patojene karsi halen tam etkili bir miicadele yontemi
bulunamamistir. Bu nedenle bu calismada, R. solani’nin
bazi fungisitlere olan duyarliigi belirlenmis ve bu
patojene karsi bitkilerde dayanikhhgl tesvik edici baz
kimyasallarla cesitli biyolojik preparatlarin etkileri ve
miicadele olanaklari laboratuvar ve mikro parsel
denemeleriyle ortaya konmustur.

MATERYAL ve YONTEM

Calismada, Nigde ilinin Golcik ilcesinde siddetli
infeksiyon belirtisi gosteren patates bitkilerinden izole
edilen R. solani izolati kullanilmistir. Laboratuvar ve
mikroparsel denemelerinde 5 adet fungisit, 4 adet bitki
aktivatori ve 4 adet biyolojik preparat kullaniimistir. Bu
kimyasallar ve biyolojik preparatlar ticari firmalarindan
temin edilmistir. Fungisit, bitki aktivatorleri ve biyolojik
preparatlarin 6zellikleri Cizelge 1’de verilmistir.

Mikro parsel denemeleri Cukurova Universitesi, Ziraat
Fakiltesi, Bitki Koruma Bolimi{ Arastirma Arazisi'nde
kurulmustur. Denemede ‘Florice’ ¢esidine ait tohumluk
yumrular kullaniimistir.

Cizelge 1. Calismada kullanilan fungisitler, bitki aktivatorleri ve biyolojik preparatlarin 6zellikleri
Table 1. The properties of fungicides, plant activators and biological preparations used in the study

Ticari Adi Aktif Madde Firma Etki Sekli Doz
Celest Max 100 FS 100 g/I Fludioxonil Sygenta Fungisit 20 ml/100 kg tohum
Moncut 40 SC 464 g/| Flutolanil AMC-TR Fungisit 17.5 ml/100 kg tohum
Sercadis 300 g/l Fluxapyroxad BASF Fungisit 20 ml/100 kg tohum
. %20 Tolclophos-methyl+ . ..
Rizolex-T 50 WP %30 Thiram Sumi Agro  Fungisit 40 g/100 kg tohum
. 100 g/| Penflufen+ .
Emesto Silver FS 118 18 g/! Prothioconazole Bayer Fungisit 20 ml/100 kg tohum
ISR-2000 855,81 g/l Lactobacillus acidophilus  Alltech Bitki Aktivatori 100 ml/100 | su
Crop Set 893,80 g/| Lactobacillus acidophilus  Alltech Bitki Aktivatori 200 ml/200 | su
Messenger Gold %1 Harpin Proteini AMC-TR Bitki Aktivatori 6 g/da
Aliette %80 Fosetyl-Al Bayer Bitki Aktivatori 200 ml/200 | su
%1,5 1x108
Cedriks %1,5 1x10° kob/m Pseudomonas Agrobest Biyolojik Preparat 500 ml/100 kg tohum
fluorescens irki
Serenade SC %1,34 Bacillus subtilis QST 713 Bayer Biyolojik Preparat 300 ml/100 kg tohum
T-22 Planter Box l:i’:g;’?g;;’gi’fg:ggf/agl Bioglobal Biyolojik Preparat 7.5 g/1 kg tohum
%1 - - :
Trianum-P %1 w/w Trichoderma harzianum, T Koppert Biyolojik Preparat 30g/100 | su

22 (1x109 spor/g)
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infekteli patates bitki ve yumrularindan Rhizoctonia
solani’nin elde edilmesi

Nigde ilinin Golciik ilgesinde patates dikili alanlar kontrol
edilmis ve siddetli hastalik belirtisi gosteren patates bitki
ve yumrulari paketlenerek laboratuvara getirilmistir.
Laboratuvara getirilen bu bitki ve yumrular ¢cesme suyu
altinda yikanarak topraklarindan arindirilmistir. Daha
sonra infekteli yumru ve bitki kisimlari 3-5 mm’lik doku
parcalarina ayrilmistir. Bu doku pargalarinin %1’lik
sodyum hipoklorit c¢ozeltisi ile ylzey sterilizasyonu
saglanmis ve daha sonra 2 kez steril saf sudan gecirilerek
kurutma kagitlarina alinmistir (Kurt ve ark., 2020).
Kurumasi saglanan bu doku parcalari, 121 °C’'de 15
dakika boyunca sterilize edilmis olan PDA (Patates-
Dekstroz-Agar) besi ortamina yerlestiriimis ve bu
ortamlar 24 °C'de 5 gin sireyle inklbe edilmistir. Bu
slire sonunda petri kaplarinda gelisen, R. solani oldugu
dislintlen fungal kolonilerden kesitler alinmis ve
mikroskop altinda incelenmistir. R. solani, dik acili (90°)
dallanan hifleriyle diger fungal patojenlerden ayrilarak
tanilanmasi gergeklestirilmistir (Anderson, 1982; Ogoshi,
1987). Elde edilen patojen izolatinin virilensligi Florice
cesidi patates yumrularina inokulasyon ile testlenmistir.

Fungisitlerin ve bitki aktivatérlerinin Rhizoctonia
solani’nin miseliyal gelismesi iizerine etkilerinin in vitro
kosullarda belirlenmesi

Calismada, fungisitlerin  (fludioxonil,
fluxapyroxad, tolclophosmethyl+thiram ve
penflufen+prothiconazole) R. solani’nin  miselyum
gelismesine etkisini belirlemek amaciyla 9 farkli
konsantrasyonu (0.05, 0.1, 0.5, 1, 5, 10, 25, 50 ve 100
ppm) denenmistir. Bitkilerde dayanikhhg tesvik etmeleri
yoniiyle popiler olan bitki aktivatorlerinin (ISR-2000,
Crop-set, Messenger Gold ve Aliette) ise 10 farkh
konsantrasyonu (100, 200, 300, 400, 500, 600, 700, 800,
900 ve 1000 ppm) test edilmistir.

Fungisit ve bitki aktivatorlerinin, R. solani’nin miselyum
gelismesine etkisini belirlemek amaciyla deney tiiplerine
10 ml PDA besi yeri konulmustur. Bu tipler otoklavda
121 °C'de 15 dk boyunca sterilize edilmistir. Daha sonra
bu ortamlar su banyosuna konulmus ve 60 °C’ye kadar
sogutulmustur. Ote yandan kimyasal soliisyonlari gerekli
konsantrasyonlarda hazirlanmistir. Sterilize edilen deney
tiplerine hazirlanan kimyasal sollsyonlarindan mikro
pipetdr yardimiyla gerekli miktarlarda alinarak ilave
edilmis ve bu tlipler vortekslenmistir. Kimyasal ilavesi
yapilan bu ortamlar petri kaplarina dékilmis ve
katilasmasi beklenmistir. Katilasan besi vyerleri, R.
solani’'nin 5 glinliik kolonisinden alinan 6 mm’lik diskler
ile inokule edilmistir. Bu petriler 24 °C'de 5 giin boyunca
inkiibe edilmistir. inkiibasyon siiresinin sonunda R.

flutolanil,

256

solani’nin koloni capi 6l¢lilmis ve bu degerler lizerinden
analizleri yapilmstir.

Biyolojik preparatlarin Rhizoctonia solani’ye karsi
antagonistik etkilerinin in vitro kosullarda incelenmesi
T. harzianum’un iki adet ticari preparatinin (T-22 Planter
Box ve Trianum-P), B. subtilis (Serenade) ve P.
fluorescens (Cedriks)’in birer adet ticari preparatinin R.
solani’'ye  antagonistik etkileri incelenmistir. T.
harzianum  preparatlarinin  R.  solani’ye etkisini
belirlemek amaciyla ikili kiltdr, hifsel interaksiyon, ugucu
ve sivi antimikrobiyal Gretimi olmak tzere 4 farkh
yontem kullanilirken, bakteriyel prepatlar icin sadece ikili
kiltir yontemi tercih edilmistir.

ikili kiiltiir yéntemi ve hifsel interaksiyon

Bu yontemde, sterilize edilmis PDA besi yerine T.
harzianum ve R. solani karsilikl gelecek sekilde petri
kabinin kenarindan 2 cm uzakhga ekilmistir. Bu petriler
24 °C'de 5 giin slireyle inkibe edilmistir. Bu slrenin
sonunda R. solani’nin koloni ¢api O6lglilmistir. Bu
degerler (zerinden miseliyal gelismenin engellenme
oranlari hesaplanmistir. Bunun vyani sira petrilerde
inhibisyon zonunun varhg ya da yoklugu géz 6niine
alinarak da degerlendirmeler yapilmistir (Seema ve
Devaki, 2012).

inhibisyon  zonunun  olusmadigi  durumlarda T.
harzianum ve R. solani ayni sekilde ikili ktltlre alinmis ve
inkiibasyona birakilmistir. inkiibasyon siiresince bu
petriler diizenli araliklarla takip edilmistir. Daha sonra T.
harzianum ve patojenin birbirine degdikleri kisimlardan
kesitler alinarak mikroskop altinda incelenmistir. T.
harzianum’un, patojenin hiflerini sarip sarmalamasi,
bogmasi, penetre etmesi gibi yeteneklerinin olup
olmadig belirlenmistir.

Ucgucu antimikrobiyal bilesenlerin iiretimi

T. harzianum preparatlarinin sahip oldugu ugucu
antimikrobiyal bilesenlerin R. solani’nin  miseliyal
gelisimine olan etkisini belirlemek amaciyla PDA iceren
petri kaplarinin merkezine R. solani ve T. harzianum ayri
ayri inokule edilmistir. Daha sonra bu petri kaplarinin
kapaklari ¢cikarilmis ve T. harzianum’un bulundugu petri
patojenin bulundugu petrinin lzerine ters cevrilerek
kapatilmistir. Bu petrilerin etrafi bant ile sarilarak 24
°C'de 5 gin boyunca inkiibasyona birakilmistir. Bu
sirenin sonunda R. solani’nin koloni ¢capi 6l¢tlmstir. Bu
degerler kontrolle karsilastirilarak miseliyal gelismenin
engellenme oranlari hesaplanmistir (Erkilic ve Cinar,
1988).
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Sivi antimikrobiyal bilesenlerin iiretimi

Trichoderma harzianum’un ticari prepatlarinin sivi
ortamda Uretmis oldugu antibiotiklerin R. solani’nin
miseliyal gelismesine olan etkilerinin incelenmesi
amaciyla 250 ml’lik erlenmayerlerin icerisine 150 ml PD
(Patates-Dekstroz) ortami hazirlanmis ve bu ortamlar
otoklav edilmistir. Sterilizasyonu saglanan bu ortamin, T.
harzianum’un 5 ginlik kultGrinden alinan 6 mm’lik
diskleri ile inokulasyonu gergeklestirilmistir. Daha sonra
bu erlenmayerlerin etrafi aliminyum folyo ile cepecevre
sarilmis ve 120 rpm’de 5 gilin boyunca inkiibe edilmistir.
Bu sirenin sonunda sivi kiiltlir stziilerek misellerden
ayrilmis ve vakum altinda 0.45 milipor filtreden
gecirilerek steril edilmistir (Dennis ve Webster, 1997).
Elden edilen kiltir filtrati, icerisinde 10 ml PDA bulunan
tlplere 50,100, 200, 250, 500, 1000 ul miktarlarinda
ilave edilmistir. Bu tilpler vortekslenmis ve petri
kaplarina dokilmustir. Ortam katilastiktan sonra R.
solani’'nin 5 glinlik kaltirinden alinan 6 mm’lik diskler
ile inokulasyonu gergeklestirilmistir. Bu petriler 24 °C’'de
5 giin boyunca inkibe edilmistir. Bu siirenin sonunda R.
solani’nin koloni capi 6l¢lilmis ve bu rakamlar lizerinden
analizleri yapilmistir.

Bakteriyel preparatlarda ikili kiiltiir

B. subtilis ve P. fluorocens PDA igeren petri kaplarinin
ortasina cizilmistir. Bu petri kaplarinin kenarlarindan 2
cm uzaga olacak sekilde karsilikli olarak patojenin ekimi
yapilmistir (Soylu ve ark., 2021). Daha sonra bu petri
kaplari 24 °C'de 5 gln siresince inklbasyona
birakilmistir. inkiibasyon siiresinin sonunda R. solani’nin
koloni ¢api 6l¢lilmis ve miseliyal gelismenin engellenme
oranlari hesaplanmistir (Soylu ve ark., 2005). Ayrica bu
petri kaplarinda, inhibisyon zonunun olusup olusmamasi
da g6z 6nlne alinmistir.

Fungisitlerin, bitki aktivatérlerinin ve biyolojik
preparatlarin Rhizoctonia solani’nin in vivo hastalik
olusturmasi iizerine etkilerinin belirlenmesi

Galismanin bu asamasinda Cizelge 1’de verilen fungisit,
bitki aktivatoéri ve biyolojik preparatlarin R. solani’nin
hastalik olusturmasi lzerine etkileri belirlenmistir. Bu
amagla oncelikle tohumluk yumrularin inokulasyonunda
kullanilmak Uzere R. solani'nin kum-misir unu (%96
kum+%4 misir unu, %20 su v/w) inokulumu ve bugday
inokulumu hazirlanmistir.  Daha sonra Cukurova
Universitesi, Ziraat Fakiltesi, Bitki Koruma Bélumi
Arastirma Arazisi’nde 1 m?%lik mikro parseller
olusturulmustur. Diger yandan kimyasallar ve biyolojik
preparatlarin Onerilen dozlarina goére sollisyonlari
hazirlanmis ve tohumluk yumrular bu sollsyonlara 5
dakika boyunca daldiriimistir. Daha sonra her mikro
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parsele, kimyasal ve biyolojik preparat uygulamalari
dikkate alinarak 10 adet tohumluk yumru dikimi
yapilmistir. Yumru basina 10 g kum-misir unu ve 5 g
bugday inokulumu verilmis olup toplamda her mikro
parsel icin 150 g karisik inokulum uygulanmustir.
Deneme 3 tekerrirll olarak tesadiif parselleri deneme
desenine gore kurulmustur. Her parsel arasinda 1 sira
bos birakilmistir. Dikilen yumrular hasat olgunluguna
gelince degerlendirilmek Uzere patates bitkileri
sokiilmastir. Sokilen bu bitkilerin toprak alti gévde
kisimlari  0-5 skalasina gore degerlendirilmistir
(Weinhould ve ark., 1982). Bu skalaya gére; 0: infeksiyon
yok, 1: infeksiyon diizeyi %1-5 arasinda, 2: infeksiyon
diizeyi %6-25 arasinda, 3: infeksiyon diizeyi %26-50
arasinda, 4: infeksiyon diizeyi %51-75 arasinda, 5:
infeksiyon diizeyi %75’ten fazla olacak sekilde
infeksiyonlar kaydedilmistir.

Fungisitlerin,  bitki aktivatorlerinin ve  biyolojik
preparatlarin toprak alti govde kisimlarinin yani sira her
bir yumrudan ¢ikan govde sayisi ve yumrulardaki sklerot
bulasikligina etkisi de degerlendirilmistir. Yumrulardaki
sklerot bulasikligini  (yumru yilzeyinde sklerotlarin
kapladigi alan) belirlemek amaciyla her parselden
rastgele 10 adet yumru segilmistir. Bu yumrular 0-3 siyah
sigil hastaligi skalasina gore degerlendirilmistir (Anonim,
1996). Bu skalaya gore; 0: %0, 1: %5’e kadar, 2: %10'a
kadar, 3: %15’e kadar veya daha fazla infeksiyonu ifade
etmektedir.

istatistik analiz

Laboratuvar ve mikro parsel denemeleri sonucunda elde
edilen verilerin timi Microsoft Excel 2016 programi
kullanilarak analiz edilmistir. Laboratuvar denemeleri
sonucunda elde edilen veriler {izerinden varyans analizi
yapilmistir. Ortalamalar arasi farklar LSD (0.05) coklu
karsilastirma testine gore degerlendirilmistir.

Miseliyal gelismenin engellenme oranlari %Abbott
formala  (kontrol-uygulama/kontrolx100) kullanilarak
hesaplanmistir.

Mikro parsel denemeleri sonucunda ise elde edilen skala
degerleri lzerinden Townsend-Heuberger formili
(2(n.v)/V.Nx100)’ne gbre hastalik siddeti hesaplanmistir.
Bu formiile gore, n: skalada belirli bir hastalik derecesine
sahip bitki sayisi, v: skala degeri, V: en yilksek skala
degeri, N: gozlem yapilan toplam bitki sayisini ifade
etmektedir. Uygulamalar arasindaki farkhhklar varyans
analizi ile ortaya konmus ve ortalamalar arasindaki
farklar LSD(0.05) coklu karsilastirma testine gore
degerlendirilmistir (Townsend ve Heuberger, 1943;
Karman, 1971).
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BULGULAR ve TARTISMA

Fungisitlerin ve bitki aktivatérlerinin Rhizoctonia
solani’nin miseliyal gelismesi iizerine in vitro kosullarda
etkileri

Calismada, Cizelge 1'de verilen fungisitlerin 0.05 ile 100
ppm arasindaki 9 farkli konsantrasyonunun R. solani’nin
miseliyal gelismesine etkileri in vitro kosullarda test
edilmis ve elde edilen bulgular Cizelge 2’de verilmistir.
Cahismada kullanilan fungisitlerin genel olarak 5 ppm’den
distk konsantrasyonlari kontrole gbre miseliyal
gelismeyi sinirli diizeyde engellemistir. Flutolanil ve
tolclophos-methyl+thiram, 5 ppm ve (zeri dozlarda

miseliyal gelismeyi tamamen o6nlerken, fludixonil ve
penflufen+prothiconazole ancak 50 ppm’den itibaren
tam inhibisyon saglamistir. Fluxapyroxad ise 100 ppm’de
dahi patojenin miseliyal gelismesini baskilayamamis ve in
vitro'da en dlsiuk etkiye sahip fungisit olarak
belirlenmistir.  Ray ve Kumar'in 2008 vyilinda
gerceklestirmis oldugu bir calismada, propiconazole’un 5
ppm’den itibaren dikkate deger oranlarda R. solani’nin
miseliyal gelismesini engelledigi belirlenmistir. Piessis ve
Meyer (1997) ise tolclophos-methyl ile tolclophos-
methyl+thiram etken maddeli fungisitlerin, R. solani’nin
miseliyal gelismesini kayda deger diizeyde inhibe ettigini
bildirmistir.

Cizelge 2. Fungisitlerin farkli konsantrasyonlarinin R. solani'nin miseliyal gelismesi tzerine etkileri (Koloni gapi-mm)
Table 2. The effects of different concentrations of fungicides on the growth of R. solani (Colony diameter-mm)

Konsantrasyon Fludioxonil Flutolanil Fluxapyroxad Tolclophos- Penflufen+
(ppm) methyl+Thiram Prothiconazole
0 66.0 e* 63.0 bc 59.1 d 64.8 e 613 g
0.05 60.3 e 61.5 ¢ 573 d 55.0d 58.0 g
0.1 60.5 e 62.0 c 56.0 d 60.5 de 493 f
0.5 48.6 d 52.1 bc 335 ¢c 43.1 ¢ 35.0 e
1 323 ¢ 386 b 275 b 325 b 218 d
5 8.6 b 0.0 a 136 a 0.0 a 120 c
10 6.5 b 0.0 a 13.8 a 0.0 a 10.0 bc
25 0.8 ab 0.0 a 123 a 0.0 a 55¢c
50 0.0 a 0.0 a 10.0 a 0.0 a 0.0 a
100 0.0 a 0.0 a 10.1 a 0.0 a 0.0 a
*. Farkli harfi iceren ortalamalar istatistiksel olarak farkhdir (LSD < -0.05).
Ticari olarak kullanimi mevcut olan ve bitkilerde ISR-2000, kontrole gore miseliyal gelismeyi sinirh

dayaniklihgl tesvik ettigi bilinen I1SR-2000, Crop-set,
Aliette ve Messenger Gold isimli bitki aktivatorlerinin
100-1000 ppm degerleri arasindaki konsantrasyonlarinin
R. solani’nin in vitro kosullarda miseliyal gelismesine
etkileri incelenmistir. Bitki aktivatorlerinden Aliette ve

dizeyde inhibe ederken Crop-set ve Messenger Gold
patojenin gelismesini hicbir sekilde onleyememis ve
tamamen etkisiz bulunmustur (Cizelge 3). Bitki
aktivatorlerinde en iyi etki 1000 ppm konsantrasyonda
%31.5 engelleme orani ile Aliette’de gorilmustdr.

Cizelge 3. Bitki aktivatorlerinin farkli konsantrasyonlarinin R. solani’nin miseliyal gelismesine etkileri (Koloni capi-mm)
Table 3.The effects of different concentrations of plant activators on mycelial growth of R.solani (Colony diameter-mm)

Konsantrasyon (ppm) Aliette Crop-set Messenger Gold ISR-2000
0 90.0 e* 90.0 a 90.0 a 72.7 c
100 90.0 e 90.0 a 90.0 a 68.3 b
200 90.0 e 90.0 a 90.0 a 66.5 ab
300 90.0 e 90.0 a 90.0 a 66.5 ab
400 85.0 de 90.0 a 90.0 a 65.7 ab
500 89.7 e 90.0 a 90.0 a 66.3 ab
600 80.8 d 90.0 a 90.0 a 66.5 ab
700 73.7 ¢ 90.0 a 90.0 a 65.7 ab
800 67.5 b 90.0 a 90.0 a 64.9 b
900 62.8 ab 90.0 a 90.0 a 64.7 a
1000 61.7 a 90.0 a 90.0 a 64.5 a

*: Farkh harfi iceren ortalamalar istatistiksel olarak farklidir (LSD < -0.05).

258


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(2): 253-265 Arastirma Makalesi / Research Article

Bitkilerde dayaniklihgl uyarmasiyla taninan bu kimyasal Biyolojik preparatlarin Rhizoctonia solani’ye karsi in
bilesiklerin fungisidal etkisi patojenlerin tlriine bagl vitro kosullarda antagonistik etkileri

olarak degisik dlizeylerde olabilmekle beraber, Calismada, ticari olarak kullanilan T. harzianum (T-22
cogunlukla etkileri dusik seviyelerde kalmaktadir. Planter Box ve Trianum-p) preparatlarinin R. solani'ye
Sahbaz ve Akgll (2016) tarafindan yiritilen bir karsi antagonistik etkileri ikili kaltir, ugucu antibiotik
calismada, fosetyl-al, salisilik asit, acibenzolar-s- Gretimi ve sivi ortamda antibiotik tretimi yontemleriyle
methyl+metalaxyl-m  ve  ISR-2000’nin  Fusarium test edilirken B. subtilis ve P. fluorescens’in R. solani’'ye
oxysporum f. sp. vasinfectum ve Verticillium dahliae’ye etkisi ise ikili kaltar teknigiyle incelenmistir.

olan etkisini arastirmislar ve bu kimyasallari in vitro ikili kiiltiir ve ugucu antibiotik iretimi ydntemlerinin her
kosullarda patojenin miseliyal gelismesine tamamen ikisinde de kontrole kiyasla T. harzianum preparatlari, R.
etkisiz bulmuslardir. Bu calismanin aksine Ozdemir Kozak solani’'nin  miseliyal gelismesini belirli dizeylerde
(2019) ise fosetyl-al’nin Phoma tracheiphila’nin miseliyal engellemistir. Cizelge 4'te gorildiglu UGzere tim
gelismesi lGzerinde 100 ppm’de dahi %70.3 etki oranina uygulamalar patojenin gelisimini %40.5 ve %66.9
sahip oldugunu ve 600 ppm’de %100 inhibisyon arasinda degisen oranlarda sinirlandirmis olup her iki
sagladigini bildirmistir. Bitki aktivatorleri ile yirGtllen ticari preparat da hem ugucu antibiyotik hem de ikili
baska bir ¢alismada ise salisilik asit, acibenzolar-s- kiltirde benzer etki gdstermistir.

methyl, Messenger, ISR 2000, Crop Set ve fosetyl-al’nin Cesitli  biyolojik preparatlarin  antagonistik etkisinin
R. solani’'nin miseliyal gelismesine etkisi in vitro’da incelendigi bir ¢calismada, bazi Trichoderma tirlerinin
arastirilmis ve bu aktivatorlerden sadece salisilik asit ve Urettigi ugucu metabolitlerin  R. solani’'ye etkisi
fosetyl-Al’nin 700 ug ml? Uzerindeki incelenmistir (Seema ve Devakii, 2012). En iyi etki T.
konsantrasyonlarinin miseliyal gelismeyi sinirli da olsa viride ve T. harzianum’da gorilmis ve bu preparatlarin
degisen oranlarda baskiladigi goriilmustir (Aysan ve ark., R. solani’nin miselyum gelismesini sirasiyla %50 ve %40
2019). oraninda inhibe ettigi bildirilmistir.

Cizelge 4. T. harzianum preparatlarinin ugucu antibiotik ve ikili kiltiirde R. solani’'nin miseliyal gelismesine etkileri
Table 4. The effects of T. harzianum preparations on mycelial growth of R. solani in dual culture and volatile antibiotic

Ugucu Antibiotik ikili Kultir
Uygulamalar - - - -
Koloni Capi (mm) %Etki Koloni Capi (mm) %Etki
Kontrol 80.3 b* - 65.0 b -
T-22 47.8 a 40.5 22.7 a 65.1
Trianum-P 476 a 40.7 215 a 66.9

*: Farkh harfi iceren ortalamalar istatistiksel olarak farklidir (LSD < -0.05).

T. harzianum’un ticari preparatlari olan T-22 Planter Box aralarindaki hifsel interaksiyon mikroskopta 40x ve

ve Trianum-P’nin R. solani ile aralarindaki antagonistik 100x’lik objektifler kullanilarak incelenmistir. inceleme
iliski hifsel interaksiyonlar agisindan da incelenmistir. sonucunda Trianum-P ve R. solani arasinda herhangi bir
Yapilan incelemeler sonucunda petri kabinda R. solani ve etkilesime rastlanmazken T-22'nin patojenin hiflerini
her iki T. harzianum preparati arasinda inhibisyon sarip sarmaladigy, hifleri incelttigi ve hiflerde ayrilmalara
zonuna rastlanmamistir. Bundan dolayl patojen ve T. neden oldugu gozlemlenmistir (Sekil 1). Fakat her iki T.

harzianum preparatlari tekrar ikili kiltire alinmis ve harzianum izolatinda da penetrasyona rastlanmamistir

Sekil 1. Rhizoctonia solani ve T-22 Planter Box arasinda olusan hifsel interaksiyonlar
Figure 1. Hyphal interactions between Rhizoctonia solani and T-22 Planter Box

259


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(2): 253-265 Arastirma Makalesi / Research Article

T. harzianum preparatlarindan elde edilen kiltir almis ve uygulamalar arasinda fark saptanamamistir.
filtratlarinin farkli miktarlarinin R. solani’nin miseliyal Ayrica uygulama dozunun artmasi ve engelleyici etki
gelismesine etkisi degerlendirmistir. Bu amacla kultir arasinda bir iliski bulunamamistir.

filtratlarinin 0-1000 pl (50, 100, 200, 250, 500 ve 1000 pl) Bazi Trichoderma tlrlerinden elde edilen kaltir
degerleri arasindaki miktarlari denenmistir. Elde edilen filtratlarinin gesitli konsantrasyonlarinin (0.1, 0.15, 0.2,
veriler Cizelge 5'te verilmistir. T.  harzianum 0.25 mg ul?) R. solani’'nin miseliyal gelismesine etkisinin
preparatlarindan T-22'nin  tim  konsantrasyonlari arastinldigi bir calismada, en iyi sonug 0.25 mg ul? dozda
kontrole gore farkh etkiler gdstermistir. Bu etki %25.6 ile %82.0 engelleme ile T. asperellum AFP’de gorulirken en
%42 arasinda degismis ve en iyi sonug %42 etki orani ile az etkinin tim konsantrasyonlarda T. brevicompactum

1000 pl'de goridlmustar. Trianum-p’de ise tim MF1’de goruldigu bildirilmistir (Das ve ark., 2019).
konsantrasyonlar istatistiksel olarak ayni grupta yer

Cizelge 5. T. harzianum’un kaltur filtratlarinin farkl konsantrasyonlarda R. solani'nin miseliyal gelismesine antagonistik

etkileri
Table 5. The antagonistic effects of different concentrations of culture filtrates of T. harzianum on mycelial growth of
R. solani
T-22 Trianum-P
Konsantrasyon (ul) - - - -
Koloni Capi (mm) %Etki Koloni Capi (mm) %Etki
0 72.2 c* - 65.0 a -
50 53.7 b 25.6 62.5 a 3.8
100 542 b 249 55.0 a 15.4
200 48.2 ab 333 58.2 a 10.5
250 47.7 ab 339 59.2 a 9.0
500 48.3 ab 33.0 573 a 11.8
1000 41.8 a 42.0 57.0 a 12.3
*: Farkh harfi iceren ortalamalar istatistiksel olarak farklidir (LSD < -0.05).
In vitro ¢alismalarinin son asamasini ise B. subtilis ve P. uygulamasinda %59.4 ile sinirli kalmistir (Cizelge 6).
flourescens’in ticari preparatlarinin R. solani’ye etkisini Bakteriyel preparatlar ile kurulan ikili  kiltdr
belirlemek amaciyla kurulan ikili kiltir denemeleri ¢alismalarinda diger 6nemli bir nokta ise inhibisyon zonu
olusturmustur. Bakteriyel preparatlar R. solani’'nin olusumudaur. B. subtilis ve P. fluorescens ile kurulan ikili
miseliyal  gelismesini  dikkate deger oranlarda kiltir denemelerinde inhibisyon zonu goriilmis olup bu
engellemislerdir. P. fluorescens, patojenin miseliyal bakteriyel preparatlar sirasiyla petri kaplarinda ortalama
gelisimini %82.9 oraninda engellerken bu oran B. subtilis 6.9 ve 11.5 mm inhibisyon zonu olusturmustur.
Cizelge 6. Bakteriyel preparatlarin R. solani'nin miseliyal gelisimi Gzerine etkileri
Table 6. The effects of bacterial preparations on mycelial growth of R. solani
Uygulamalar Miseliyal Gelisme (mm) % Etki inhibisyon Zonu (mm)
Kontrol 62.5 c* - -
Bacillus subtilis 254 b 59.4 6.9
Pseudomonas fluorescens 10.7 a 82.9 11.5
*: Farkh harfi iceren ortalamalar istatistiksel olarak farklidir (LSD < -0.05).
Bakteriyel preparatlar ile yirutiilen bir calismada, bazi P. bastirimis oldugu alanlardaki saglkli bitkilerin rizosfer,
fluorescens izolatlarinin R. solani’ye etkisi incelenmis ve kok, kok bogazi ve govde ylzeyleri ile bitkilerin igsel
bu izolatlardan Pf1’in ikili kiltlir yonteminde %66.67 dokularindan elde edilen epifit ve endofit bakteri
oraninda miseliyal gelismeyi engellemesi ile en iyi etkiyi izolatlari arasinda Floresan Pseudomonas ve Bacillus
gosterdigi ve bunu %65.33 ile Pf3’lin takip ettigi turlerinin en fazla tespit edilen biyolojik micadele
belirlenmistir (Anupriya ve ark., 2019). Ulkemizde etmeni tlrler oldugu, bu tiirlerin basta R. solani olmak
yapilmis birgok farkli konukgu-patojen iliskilerinin Uzere, Sclerotinia  sclerotiorum,  Macrophomina

irdelendigi biyolojik miicadele g¢alismalarinda, hastaligin phaseolina, Fusarium spp., Phytopthora spp. gibi birgok
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toprak kokenli fungal hastalik etmenlerinin misel
gelisimi, spor g¢imlenmesini yapilan in vitro ikili kiltur
testlerinde olduk¢a ©6nemli dizeyde baskiladiklarinin
yani sira, in vivo testlerle hastalik cikisini engelledikleri
bildirilmistir (Soylu ve ark., 2005; Atay ve ark., 2020; Kara
ve ark., 2020; Soylu ve ark., 2020; Soylu ve ark., 2021).

Fungisitlerin, bitki aktivatérlerinin ve biyolojik
preparatlarin R. solani tarafindan neden olunan
hastalik gikisi iizerine etkileri

Fungisitlerin R. solani'nin hastalik olusturmasi Uzerine
etkileri incelendiginde Cizelge 7’'de goruldiglu Uzere
kontrol bitkilerinde ortalama hastalik siddeti %37.77
olarak  belirlenirken tolclophos-methyl+thiram ve
penflufen+prothiconazole uygulanan bitkilerde ortalama
hastalik siddeti sirasiyla %18.27 ve %18.60 olarak
belirlenmis ve bu uygulamalar hastalik olusumunu
sirasiyla %51.62 ve %50.75 oraninda baskilamistir.
Fluxapyroxad uygulanmis bitkilerde ise ortalama hastalik
siddeti %34.13 olarak saptanmis ve bu uygulama hastalik
olusumunu %9.63 oraninda engellemistir. istatistiksel

olarak degerlendirildiginde, tolclophos-methyl+thiram
ve penflufen+prothiconazole ayni grupta yer almis ve en
basarih uygulamalar olarak tespit edilmistir. Bunun
aksine fluxapyroxad, kontrol ile ayni grupta yer almis ve
en disik etkiye sahip fungisit olarak belirlenmistir.
Fungisitlerin, yumrulardan c¢ikan gévde sayisi ve yumru
ylzeyinde sklerot olusumu Uzerine etkileri 6nemli
olmamis ve degerlendirmeler sonucunda uygulamalar
arasinda istatistiksel fark saptanamamistir.

Cesitli fungisitlerin patateslerde R. solani’ye etkisinin
arastinldigr bir calismada, daldirma seklinde yapilan
uygulamalar sonucunda %97.5 oraninda hastalik
olusumunu o6nlemesiyle fludioxonil, en basarili fungisit
olarak belirlenirken, thiram %37.2 orani ile en disuk
etkiye sahip fungisit olarak belirlenmistir (Gelebek Capar,
2012). Bains ve ark. (2002) tarafindan yuratilen baska
bir calismada ise bazi fungisitlerin patateslerde R.
solani’ye etkisi arazi ¢alismalari ile degerlendirilmis olup
captan, iprodione, mancozeb ve fludioxonil hastalik
olusumunun Onlenmesinde oldukga basarili
bulunmustur.

Cizelge 7. Fungisitlerin R. solani tarafindan neden olunan hastalik ¢ikigi Gizerine etkileri (%)
Table 7. The effects of fungicides on disease incidence (%) caused by R. solani

Fungisitler
Uygul I H Ik Si i
ygulamarar asta(lly)5|ddet| % Etki Govde Sayisi Sklerot Bulasikhgi
(o]

Fludioxonil 29.17 ab* 22.76 1.79 a 0.63 a
Flutolanil 27.93 ab 26.05 1.79 a 0.63 a
Tolclophos-methyl+Thiram 18.27 a 51.62 2.23 a 0.87 a
Penflufen+Prothiconazole 18.60 a 50.75 237 a 0.77 a
Fluxapyroxad 3413 b 9.63 2.10 a 0.63 a
Kontrol 37.77 b - 237 a 0.87 a

*. Farkli harfi iceren ortalamalar istatistiksel olarak farkhdir (LSD < -0.05).

Fungisitlerin yani sira bazi bitki aktivatérlerinin de in vivo
kosullarda R. solani’ye etkisi incelenmistir. Cizelge 8'de
goraldiugu gibi Aliette uygulanmis bitkilerde ortalama
hastalik siddeti %15.42 olarak belirlenmis ve Aliette
%59.17 oraninda hastalik belirtilerini baskilamistir. Crop
set uygulanmis bitkilerde ise %30.07 ortalama hastalik
siddeti gorilmis olup bu uygulama %20.38 oraninda
hastalik belirtilerini engellemistir. istatistiksel olarak
incelendiginde, Aliette ayri bir grupta yer alarak en
basarili uygulama olarak belirlenirken Crop-set en disik
etkiye sahip bitki aktivatort olarak belirlenmistir. ISR-
2000 ve Messenger Gold ise ayni grup icerisinde yer
almis ve basarili sayilabilecek diizeyde (sirasiyla %49.88
ve %46.59) hastalik belirtilerini baskilamislardir. Fungisit
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uygulamalarina benzer sekilde bitki aktivatorlerinin de
yumrulardan cikan gévde sayisina ve sklerot bulasikligina
etkisi cok dustk diizeylerde olmus ve uygulamalar
istatistiksel olarak benzer etkiler gostermistir.

Aysan ve ark. (2019), 6 farkli bitki aktivatérinin (Salisilik
asit, Acibenzolar S-Methyl, Messenger, ISR 2000, Crop
Set ve Fosetyl-Al) cileklerde R. solani'nin hastalik
olusturmasi tizerine etkisini arastirdiklari calismada, bitki
aktivatorlerini kok daldirma uygulamasi ve yesil aksam
uygulamasi seklinde vermislerdir. Hem kok daldirmasi
hem de vyesil aksam uygulamasinda fosetyl-Al'nin
hastalik olusumunu 6nlemede diger bitki aktivatorlerine
gore daha etkili oldugunu bildirmislerdir.
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Cizelge 8. Bitki aktivatorlerinin R. solani tarafindan neden olunan hastalik ¢ikisi lizerine etkileri (%)
Table 8. The effects of plant activators on disease incidence (%) caused by R. solani

Bitki Aktivatorleri

Uygulamalar Hastalik Siddeti

(%) % Etki Govde Sayisi Sklerot Bulasikhgi
ISR-2000 18.93 ab* 49.88 277 a 0.47 a
Crop-set 30.07 bc 20.38 2.63 a 087 b
Aliette 15.42 a 59.17 2.60 a 0.50 a
Messenger Gold 20.17 ab 46.59 2.07 a 0.67 ab
Kontrol 37.77 c - 237 a 087 b

*: Farkh harfi iceren ortalamalar istatistiksel olarak farklidir (LSD < -0.05).

Son olarak ise T. harzianum, B. subtilis ve P.
fluorescens’in ticari preparatlarinin R. solani’nin hastalik
olusturmasi lzerine etkileri in vivo kosullarda
arastinlmistir. P. fluorescens uygulanmis bitkilerde
ortalama hastalik siddeti %19.40 belirlenirken bunu
%20.23 ile Trianum-P izlemis ve bu uygulamalar sirasiyla
%48.63 ve %46.43 oraninda hastalik olusumunu
baskilamistir. B. subtilis ve T-22 uygulanmis bitkilerde ise
sirasiyla %22.33 ve %22.17 oraninda ortalama hastalik
siddeti tespit edilmis olup bu uygulamalar oldukga yakin
etki gostermistir. Biyolojik preparat uygulamalari
kontrole gore farkli etkiler gostermis ve bitin ticari
preparatlar istatistiki olarak benzer etkide olmuslardir

(Cizelge 9). Fungisit ve bitki aktivatorlerine paralel
sekilde biyolojik preparat uygulamalarinin da gévde
sayisi ve sklerot bulasikhgina etkisi dikkate deger
diizeyde olmamustir.

Patateslerde R. solani'ye karsi Trichoderma viride,
Bacillus cereus strain B4 ve Bacillus subtilis strain B5’in
tek ve kombine kullanimlarinin etkisinin arastirildigi bir
¢alismada, kontrol (%72) ile karsilastirildiginda en iyi etki
Trichoderma viride, Bacillus cereus strain B4 ve B. subtilis
strain B5’in kombine kullaniminda goérilmis olup bu
uygulamada hastalik siddeti %42 olarak belirlenmistir
(Somani ve Arora, 2010).

Cizelge 9. Biyolojik preparatlarin R. solani tarafindan neden olunan hastalik ¢ikisi iizerine etkileri (%)
Table 9. The effects of biological preparats on disease incidence (%) caused by R. solani

Biyolojik Preparatlar

Uygulamalar Hastalik Siddeti (%) % Etki S:y‘fle Sklerot Bulasikligi
Pseudomonas fluorescens 19.40 a* 48.63 2.23 a 0.33 a
Bacillus subtilis 22.33 a 40.87 2.40 a 0.70 a
Trianum-P 20.23 a 46.43 2.69 a 0.67 a
T-22 22.17 a 41.30 2.47 a 0.77 a
Kontrol 37.77 b - 2.37 a 0.87 a

*: Farkh harfi iceren ortalamalar istatistiksel olarak farklidir (LSD < -0.05).

Sonug¢ olarak, R. solani ile miicadelede temel amag
hastaligin  tedavi edilmesinden ziyade hastalk
olusumunun 6nlenmesi olmalidir. Bu noktada, kimyasal
miicadele akla gelen ilk ydntem olmamalidir. Oncelikle
bitkilerde temel bakim islemlerinin dogru bir sekilde ve
zamaninda yapilmasi, patojen saldirilarina  karsi
bitkilerde dayanikhiligin bazi abiyotik ve biyotik
etmenlerle tesvik edilmesi ve patojen inokulumlarinin
Uretim alanlarindan eradike edilmesi 6zellikle toprak
kaynakli bu patojenin miicadelesinde son derece
onemlidir. Kimyasal micadele uygulamalarina; hastalik
etmeninin Uretim alanlarinda bulunma durumlari, bir
oncekiyila gore infeksiyon oranlari dikkate alinarak karar
verilmelidir. Kimyasal miicadelenin gerekli gorildugl

durumlarda; ayni etki mekanizmasina sahip Grlinlerin art
arda kullanilmamasina, fungisitlerin 6nerilen doz ve
uygulama sekline gore verilmesine 6zen gosterilmelidir.
Arastirma sonucunda elde edilen somut veriler
dogrultusunda gerek miseliyal gelismenin engellenmesi
gerekse hastalik olusumunu 6nlemede aktivatérlerden
fosetyl-Al, biyolojik preparatlardan P. fluorescens ve T.

harzianum’un R. solani Uzerinde Umitvar etkileri
bulunmustur. Fungisitlerde ise tolclophos-
methyl+thiram  etkin  sonuglar  vermistir. Bu

uygulamalarin in vitro’daki etkileri arasinda biylk
farkhlik goérilse de in vivo’daki etki oranlari birbirine
paralel bulunmustur. Oyle ki genel olarak c¢alismada
kullanilan bitki aktivatorlerinin ve biyolojik preparatlarin
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hastalik olusumunun engellenmesi Uzerine etkisi
fludioxonil, flutolanil ve fluxapyroxad etken maddeli
fungisitlere gbére daha fazla olmustur. Bu acidan
bakildiginda, toprak kékenli bu patojene karsi bazi bitki
aktivatorleri ve biyolojik preparatlarin arazi kosullarinda
fungisitlere yakin ve hatta daha fazla etki
gosterebilecegini soylemek miimkinddr.

Bu galismayla fungisitlerin; bitki kalintilarinda miselyum,
toprakta ve yumrularda sklerotlariyla uzun siire
canhhigini koruyabilen bu patojeni kontrol altina almada
tek basina yeterli olamadigi ve bazi bitki aktivatorleri ve
biyolojik preparatlarin, R. solani’nin micadelesinde
fungisitlere alternatif yontemler olarak kullanilabilecegi
gosterilmistir.  Bitki  aktivatorlerinin  ve  biyolojik
preparatlarin dahil edilmesiyle olusturulacak R. solani ile
miucadele programlarinin, kimyasal kalintisi disik ve
saghkli Griinler elde edilmesi konusunda faydali olacagi
dislnilmektedir.

OzET

Amag: Bu c¢alismada; ¢esitli  fungisitlerin,  bitki
aktivatorlerinin ve biyolojik preparatlarin patateslerde
Kok Bogazi Nekrozu ve Siyah Sigil hastaligi etmeni
Rhizoctonia solani’'nin miseliyal gelisiminin ve hastalik
cikisinin baskilanmasi Gizerindeki etkilerinin belirlenmesi
amaclanmistir.

Yontem ve Bulgular: Denemede, laboratuvar
kosullarinda fungisitlerin  (flutolanil, fluxapyroxad,
tolclophos-methyl+thiram, penflufen+prothiconazole ve
fludioxonil) ve bitki aktivatorlerinin (ISR-2000, Crop-set,
Aliette ve Messenger Gold) R. solani’'nin miseliyal
gelismesine etkileri belirlenmistir. Ayrica biyolojik
Uranlerin (T-22 Planter Box,Trianum-p, Serenade ve
Cedriks) R. solani'ye karsi antagonistik etkileri de
incelenmistir. Mikro parsel denemeleriyle kimyasallar ve
biyofungal ve biyobakteriyel preparatlarin R. solani’nin
hastalik olusturmasi lizerine etkileri degerlendirilmistir.
In vitro denemeleri sonuglarina gore, fungisitlerlerden
tolclophos-methyl+thiram ve flutolanil 5 ppm’den
itibaren miseliyal gelismeyi %100 engellemistir. Bitki
aktivatorlerinde arasinda ise en yiiksek fungisidal etki
1000 ppm’de %31.5 engelleme ile Aliette’den elde
edilmistir. Trichoderma harzianum’un ticari biyofungal
preparatlari, miseliyal gelismeyi %3.8 ile %66.9 arasinda
degisen oranlarda baskilamistir. Ticari biyobakteriyel
preparatlar olan Pseudomonas fluorescens (Cedriks) ve
Bacillus subtilis (Serenade) sirasiyla miseliyal gelismeyi
%82.9 ve %59.4 oraninda engellemistir. Mikro parsel
denemeleri denemeleri sonuglarina gore ise en basaril
uygulamalar tolclophos-methyl+thiram, fosetyl-al ve P.
fluorescens olarak belirlenmistir.
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Genel Yorum: Test edilen uygulamalar arasinda,
Tolclophos-methyl+thiram, fosetyl-Al ve P. fluorescens
uygulamalari hem in vitro hem de in vivo kosullarda R.
solani’yi 6nemli diizeyde baskilamistir.

Calismanin Onemi ve Etkisi: Fungisitler, laboratuvar
kosullarinda oldukga etkili bulunsa da tarla kosullarinda
bazi bitki aktivatorleri ve biyopreparatlara oldukca
benzer etki gostermistir. Bu etki géz 6nine alindiginda
bitki aktivatorleri ve biyopreparatlarin, sentetik kimyasal
fungisitlere alternatif micadele yoéntemi olarak
potansiyele sahip olabileceklerini soylemek mimkundur.

Anahtar Kelimeler: Patates, Rhizoctonia solani, fungisit,
aktivator, biyolojik miicadele.
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rubra (red fescue with rhizome), and Festuca. rubra L. subsp. commutata
(red fescue without rhizome)) under different salt doses (control/0, 50
mM, 100 mM, 150 mM, and 200 mM).

Methods and Results: NaCl> was used to create different salt doses in the
study. Solutions prepared according to salt doses were added to the
germination medium of Festuca species as 8 mL and the species were left
for germination and seedling development in the climate cabinet for 10
days. At the end of this period, germination rate, germination index, mean
germination time, shoot and root length, and seedling fresh weight
characteristics were examined. The germination rate, germination index,
and average germination time of Festuca species were not affected by salt
doses, while the shoot and root length and seedling fresh weight
properties were affected.

Conclusions: According to the results, it was concluded that the seedling
growth characteristics of the fescue species differ under different salt
doses. Festuca rubra L. subsp. rubra (red fescue with rhizome) species used
in the study was determined to be more tolerant to salt stress compared
to other species.

Significance and Impact of the Study: It was aimed to examine the fescue
species belonging to the genus Festuca under salt stress and to be a guide
for the studies carried out to establish green areas, especially for regions
with salinity problems. In addition, this study has the quality of being a
reference for scientific studies to be carried out.

Atif / Citation: Ertekin I, Yilmaz S, Can E (2022) Bazi yumak (Festuca spp.) tiirlerinin gimlenme ve fide asamasinda tuz stresine
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GIRIS

GUnUmuzde sehirlesme kiltard giderek
yayginlasmaktadir. Ozellikle sehirlerdeki yiiksek insan
popilasyonuna bagh olarak betonarme yapilar daha
fazla yayginlasmaya baslamistir. Fakat bu alanlarda yesil
alanlarin tesisi sehirlerin gelismisligine katki sunmaktadir

(Kizilsimsek ve Siiren, 2020). Ayrica sehirlerde yasayan
toplumun huzuruna ve yasam kalitesine yesil alanlar
blyuk katki sunmaktadir (Kusvuran ve Tansi, 2009). Yesil
alan tesisinde kullanilan ¢im ortiiler hava kirliliginin ve
glrlltt dizeyinin azaltiimasina, toz kirliliginin 6nemli
derecede giderilmesine (Avcioglu, 1997) ve ortamin
serinletiimesine (Sencer ve Gokmen, 1996) katkida
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bulunmaktadirlar. Avrupa Ulkelerinde kisi basina dlisen
yesil alan miktari 8-12 m? arasinda iken ulkemizde bu
deger 2 m? civarindadir (Kizilsimsek ve Siren, 2020).
Dinyanin buyik kentleri (metropol) olarak nitelendirilen
Rio de Janerio, Paris, Londra, New York ve istanbul
sehirlerinde yesil alan oraninin sirasiyla; %29, %9.4,
%38.4, %14 ve %1.5 olmasi (S6zen ve ark., 1991)
Ulkemizde mevcut yesil alanin ne kadar az oldugunu
gostermektedir.

Abiyotik stres etmelerinden olan tuzluluk tiim diinyada
bitki gelisimini ve blylimesini olumsuz etkileyen 6nemli
cevresel sorun olarak kabul gérmektedir (Ertekin ve ark.,
2017). Dinyanin yiz 6lgimi bakimindan %10’unun
tuzluluk problemi olan toprak oldugu ve sulama yapilan
alanlarin ise neredeyse %50'si tuzluluk problemi ile karsi
karsiya oldugu bildiriimektedir (Marcum, 2006).
Turkiye'de neredeyse 1.5 milyon ha alanda az, orta veya
agir tuzluluk problemleri cereyan etmektedir (Ascl,
2011). Tuzluluk 6zellikle taban suyunun yiiksek oldugu
arazilerde zamanla taban suyunun ylizeye ¢ikmasi ve
aniden buharlasmasi sonucunda toprakta tuzlulugun
artmasi olarak nitelendirilmektedir (Richards, 1954).
Ayrica tarimsal Uretim kapsaminda kullanilan bitki
besleme Urlnleri ve koruma drinleri de topraklarda
tuzlulugun olusmasina neden olmaktadir (Manuchehri
ve Salehi, 2015).

Yesil alan tesis etmek icin kullanilan ¢im bitkisi tlrleri
surekli olarak yesil doku sunmak zorunda oldugu igin
azotlu gibreye ve sirekli sulanmaya ihtiyag
duymaktadir. Cim ortllerinin sulandigl sulama sularinin
kalitesi tuzluluk probleminin ortaya ¢ikmamasi igin
oldukca 6nemlidir. Fakat genel olarak birgok ¢im ortileri
kalitesi bilinmeyen yer alti kaynagi ile sulanmakta ve bitki
turleri tuzluluk problemi ile yliz ylze gelebilmektedir.
Cim OrtUstnin oldugu alandaki tuzluluk problemi
bitkilerin kdk bolgelerindeki osmotik basinci etkilemekte
ve bitkilerin su alimi engellenmektedir (Ertekin ve ark.
2018; Yilmaz ve Kisakiirek, 2020a; Yilmaz ve Kisakirek,
2020b). Son vyillarda yapilan ¢alismalar tuzluluga karsi
bazi bitki tirlerinin prolin enzimi trettigini bildirmektedir
ve bitkiden bitkiye tuzluluga tolerans degisebilecegi
raporlanmaktadir (Manuchehri ve Salehi, 2015).

Yesil alan tesisinde kullanilan ¢im ortisi bitki tlrlerinin,
tuza karsi toleranslari taranmali ve tuzluluk probleminin
oldugu ya da tuzluluk orani yiksek sulama suyu
kaynaklarinin bulundugu alanlar i¢in dayanikh tirler
ve/veya cesitler 6nerilmelidir. Bu yizden bu ¢alisma ¢im
ortist olusturmada yogun bir sekilde tercih edilen
yumak (Festuca spp. ) trlerinin tuzluluga karsi cimlenme
ve erken fide evresindeki tepkilerini belirlemek icin
yuritllmustir.
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MATERYAL ve YONTEM

Materyal

Bu calismada Festuca arundinaceae L. (kamissi yumak),
Festuca rubra L. subsp. rubra (kok sapl kirmizi yumak) ve
Festuca rubra L. subsp. commutata (adi kirmizi yumak)
¢im tirleri materyal olarak kullaniimistir.

Yéntem

Cim tarlerine ait tohumlar farkli tuz stresleri altinda
¢cimlendirmeye baslamadan 6nce ylizey sterilizasyonuna
tabi tutulmustur. Bu kapsamda %2'lik sodyum hipklorit
(ticari camasir suyu) ¢ozeltisi hazirlanmis ve 10 dakika
boyunca tohumlar kavanoz igerisinde ¢alkalayicida steril
edilmistir. Daha sonra tohumlarin ylizeyindeki kimyasali
uzaklastirmak amaciyla bes defa steril saf su ile durulama
islemi yapilmistir (Bilgili ve ark., 2011). Steril edilmis olan
¢im tlri tohumlarn 11 cm g¢apinda ve 10 mm
ylksekligindeki icerisinde c¢ift kat kaba filtre kagid
bulunduran steril petrileri 50 adet olacak sekil steril
kabin altinda ekilmis ve petri kaplari parafilm ile hava
almamasi icin kapatilmistir. Petriler kapatilmadan once
yine steril kabin alti farkli yogunlardaki tuz soltisyonlari
(0 (kontrol/steril saf su), 50, 100, 150 ve 200 mM) 8 mL
olarak uygulanmistir. Tuz konsantrasyonlari safiyeti %99
olan sodyum klortir (NaCly) ile steril saf su kullanilarak
hazirlanmistir. Hazirlanan tim petri kaplar iklim
dolabina 25C'de %70 nispi nemde ¢imlendirmeye
birakilmis ve 10 giin boyunca c¢imlendirme ve ilk fide
biyiimesi siiresi uygulanmistir. ilk yedi giin boyunca her
glin (24 saatte bir) ¢cimlenen tohum sayisi sayilmis ve ilk
bes giin sonunda iklim kabininin 1siklandirmasi 16 saat
glindliz 8 saat gece olacak sekilde agilmistir. 10 glinin
sonunda agilan petri tabaklarindan rastgele secilen 10
bitki izerinde kok ve strgln uzunlugu ile fide yas agirhg
Olctimleri gergeklestirilmistir. 2 mm kdkgik (radikula)
uzunluguna sahip olan tohumlar ¢imlenmis olarak kabul
edilmistir. Her giin kaydedilen ¢imlenen tohum sayina
dayanarak c¢imlenme orani, ¢imlenme indeksi ve
ortalama ¢imlenme siresi  Ozellikleri  asagidaki
formillere dayanarak hesaplanmistir (Atis, 2011;
Konuskan ve ark., 2017; Yilmaz ve Kisakiirek, 2018).

Toplam cimlenen tohum sayisi (adet
plam¢ yist ( )>< 100

iml _
Gimlenme Orani Toplam tohum sayis1 (adet)

Cimlenme indeksi = Z(Gt/Tt)
Ortalama ¢imlenme stiresi (giin) = Y. (fx)/%f

Formullerde;
Gt: t gliniinde ¢imlenmis olan tohum sayisini,
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Tt: t glinline kadar gecmis olan glin sayisini,

f: sayim yapilan giindeki cimlenmis olan tohum sayisini,
x: sayim sapilmis toplam giin sayisini ifade etmektedir.
Calismadan elde edilen tim sayisal veriler tesadif
parsellerinde faktoriyel deneme deseni modeline gore
Anova testine tabi tutulmustur. %5 olasilik seviyesinde
onemli bulunan 6zellikler Tukey ¢oklu karsilastirma testi
ile gruplandiriimistir (Aygiin ve Mert, 2021).

BULGULAR ve TARTISMA

Yumak tdrlerinin bazi ¢imlenme ve ilk fide gelisimi
ozelliklerine ait veriler Tablo 1’de verilmistir. Yumak
turlerinin ¢cimlenme orani (p=0.8363), cimlenme indeksi
(p=0.7483) ve ortalama c¢imlenme siiresi (p=0.5933)
ozellikleri arasinda tuz uygulamalari bakimindan bir fark
bulunmazken sirglin uzunlugu (p<.0001), kék uzunlugu
(p<.0001) ve fide yas agirhgl (p<.0001) ozelliklerinde
onemli farklar ortaya ¢ikmistir. Yumak fidelerinin siirgiin

uzunlugu degerleri 27.24 mm ve 45.20 mm arasinda
degismigstir. En yliksek siirglin uzunlugu degeri Festuca
rubra L. subsp. rubra tirinde tespit edilirken en distk
ise Festuca arundinaceae L. tlriinde belirlenmistir.
Yumak tirlerinin kék uzunlugu degerleri 23.03 mm ve
31.14 mm arasinda degismistir. Yumak tirleri arasinda
en yiliksek kok uzunlugunu yine silirgiin uzunlugunda
oldugu gibi Festuca rubra L. subsp. rubra tiirii vermistir.
Yumak tirlerinin fide yas agirhigi degerleri 0.06 g bitki*
ve 0.12 g bitki? arasinda belirlenmistir. En yiksek fide
yas agirhgl degerini Festuca rubra L. subsp. rubra tiri
verirken en dlsik deger ise Festuca rubra L. subsp.
commutata tlrinde tespit edilmistir. Bazi arastiricilar
farkl ¢im turleri Gzerinde yapmis olduklari tuz stresi
calismalarinda tuz dozu arttikca ¢im tirlerinin stirglin ve
kok uzunluklarinin ve fide yas agirliklarinin belirgin bir
sekilde azaldigini rapor etmislerdir (Kusvuran ve ark.,
2014; Yilmaz ve Kisakiirek, 2018; Kizilsimsek ve Siren,
2020).

Cizelge 1. Yumak tirlerinin farkli tuz konsantrasyonlarindaki bazi ¢imlenme ve ilk fide gelisimi 6zellikleri
Table 1. Some germination and first seedling growth characteristics of fescue species at different salt concentrations

Yumak Turleri

Festuca Festuca rubra L. subsp. Festuca rubra L. p degerleri

arundinaceae L. commutata subsp. rubra
Cimlenme orani (%) 61.9016.74 60.50+6.69 59.3046.01 0.8363
Cimlenme indeksi 5.02+0.65 5.30+0.70 5.32+0.62 0.7483
Ortalama gimlenme (gtin) 6.45+0.16 6.34+0.19 6.32+0.16 0.5933
Sirgiin uzunlugu (mm) 27.24+1.82° 30.04+2.78° 45.20+2.142 <.0001
Kok uzunlugu (mm) 23.03%£2.52°¢ 26.77+3.11° 31.14+3.96° <.0001
Fide yas agirligi (g bitki) 0.1040.01° 0.06+0.01° 0.12+0.01° <.0001

acAyni satirda farkl st simgelerle gosterilen veriler birbirinden farkhdir (p<0.05).

Tuz dozlarinin yumak tiirlerinin bazi ¢imlenme ve ilk fide
gelisimi Ozelliklerine ait veriler Tablo 2’de verilmistir.
Farkl tuz dozlarindan incelenen tim o6zellikler dnemli
derecede etkilenmistir (p<.0001). Cimlenme orani
degerli %21.67 ve %93.33 arasinda degismistir ve tuz
dozu arttikca ¢imlenme orani dismustir. Cimlenme
indeksi degerleri 1.52 ve 8.65 arasinda tespit edilmistir.
Cimlenme oraninda oldugu gibi tuz dozu arttikca
cimlenme indeksi azalmistir. Ortalama c¢imlenme siiresi
degerleri 5.68 gilin ve 7.27 gin arasinda degisiklik
gostermistir. Tuz dozu arttik¢a ortalama ¢cimlenme siiresi
degerlerinde sirekli bir artis meydana gelmistir. Slirgiin
uzunlugu degerleri 13.60 mm ve 52.04 mm, kok
uzunlugu degerleri 12.98 mm ve 39.78 mm ve fide yas
agirhgr degerleri 0.05 g bitki' ve 0.13 g bitki
araliklarinda degisiklik gostermistir. Tuz dozu arttik¢a
fidelerin stirglin ve kék uzunlugu ile yas agirliklari nemli
derecede kisitlanmistir. Nitekim, ¢im ve bazi bitki tirleri
ile yapilan bir ¢ok arastirmada tuz dozunun artisina bagli
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olarak ¢gimlenme orani, cimlenme indeksi, slirglin ve kék
uzunlugu ve fide yas agirhginin diistigl ve ortalama
gimlenme siresinin ise arttigi bildirilmistir (Kusvuran ve
ark., 2014; Demiroglu-Topgu ve ark., 2016; Ertekin ve
ark., 2017; Ertekin ve ark., 2018; Yilmaz ve Kisakiirek,
2018; Kizilsimsek ve Siren, 2020). Diger taraftan bizim
¢alismamizdan elde edilen sonuglara benzer sekilde Gao
ve Li (2014) Festuca tirlerinde tuz stresine karsi kdklerin
surglinlerden daha fazla olumsuz etkilendigi belirtmistir.
Cim tdrleri ve tuz dozlar interaksiyonun fide slrglin
uzunlugu Gzerinde etkilerini (p=0.0005) gosteren situn
grafigi Sekil 1’de verilmistir. Yumak tirlerinin farkl tuz
dozlari altindaki fide siirgiin uzunluklari 11.04 mm ve
66.50 mm arasinda degisiklik gdstermistir. Tim ¢im
turlerinde kontrol uygulamalari daha yiksek bir stirglin
uzunlugu verirken 200 mM tuz uygulamasi daha dusiik
slrglin uzunlugu vermistir. Tuz dozu arttikga tim ¢im
tdrlerinin slirgin uzunluklari dismustir. Ancak Festuca
rubra L. subsp. rubra tlrinin sriglnlerinin tuz
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dozlarindan etkilenme derecesi diger tirleri kiyasla
daha diistik olmustur. Yapilan birgcok ¢calismada farkli tuz
konsantrasyonlari altinda bitki tiir ve/veya cesitlerinin
strglin uzunluklarinin olumsuz etkilendigi ve etkinin

turden tiire ve cesitten ceside degisiklik gosterebilecegi
bildirilmistir (Ertekin ve ark., 2017; Ertekin ve ark., 2018;
Yilmaz ve Kisakiirek, 2018; Kizilsimsek ve Siiren, 2020).

Cizelge 2. Tuz dozlarinin bazi ¢cimlenme ve ilk fide gelisimi 6zellikleri Gzerine etkileri
Table 2. Effects of salt doses on some germination and first seedling growth characteristics

Dozlar p degerleri

Kontrol 50 100 150 200
Gimlenme orani (%) 93.33+1.14*  77.67+2.54%®  67.6745.69°  42.50+3.81°  21.67+3.65%  <.0001
Cimlenme indeksi 8.65+0.28? 7.03+0.31° 5.72+0.58° 3.1740.32¢ 1.52+0.26¢ <.0001
Ortalama gimlenme (giin) 5.68+0.15¢ 5.76+0.10° 6.22+0.15° 6.91+0.08° 7.27+0.12° <.0001
Sirglin uzunlugu (mm) 52.04+3.42%  44.35+3.40° 34.91+2.64°  25.88+2.26%  13.60+1.09°  <.0001
K&k uzunlugu (mm) 39.78+2.00°  33.87+1.44° 26.34+1.16°  21.92+#1.32¢  12.98+1.21°  <.0001
Fide yas agirhg (g bitki?) 0.13+0.01° 0.11+0.01% 0.08+0.01° 0.09+0.02" 0.05+0.01¢ <.0001

adAyni satirda farkli Gist simgelerle gdsterilen veriler birbirinden farklidir (p<0.05).

Cim tirleri ve tuz dozlar interaksiyonun fide kok
uzunlugu Gzerinde etkilerini (p=0.0032) gosteren situn
grafigi Sekil 2’de verilmistir. Cim turleri ve tuz dozlari
interaksiyonlari arasinda fide koék uzunlugu degerleri
10.33 mm ve 44.85 mm arasinda degismistir. En ylksek
kok uzunlugu Festuca rubra L. subsp. commutata
tlrinde kontrol uygulamasinda belirlenmesine ragmen
bu tirin yine tuz dozlarindan en ¢ok etkilenen tir oldugu
tespit edilmistir. En diisik kok uzunlugu Festuca rubra L.
subsp. commutata tirinde 200 mM tuz dozu
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Festuca arundinaceae L.
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100 23.00
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Festuca rubra L subsp. Commutata

uygulamasinda tespit edilmistir. Cim tirleri arasinda tuz
dozlarindan en az etkilenen tiir Festuca rubra L. subsp.
commutata tiri olarak belirlenmistir. Cim tirleri ve bazi
bitki tdrleri Uzerine vyapilan bircok tuz stresi
cahsmalarinda fide kék uzunlugunun tuz dozu arttikca
olumsuz etkilendigi ve farkli bitki tir ve/veya cesitlerine
gore bu etkinin farklilik gésterdigi belirlenmistir (Ertekin
ve ark., 2017; Ertekin ve ark., 2018; Yilmaz ve Kisakirek,
2018; Kizilsimsek ve Siiren, 2020).
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Sekil 1. Cim tirleri ve tuz dozlari interaksiyonunda siirgiin uzunlugu degerlerinin degisimi
Figure 1. Variation of shoot length values in the interaction of grass species and salt doses
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Sekil 2. Cim tirleri ve tuz dozlari interaksiyonunda kok uzunlugu degerlerinin degisimi
Figure 2. Variation of root length values in the interaction of grass species and salt doses

Sonug olarak, bu galisma kapsaminda bazi ¢im tirlerinin
farkli tuz dozlari altinda ¢imlenme ve fide gelisimi
ozellikleri arastinlmistir. Calismanin sonucunda bitki
materyali olarak kullanilan ¢im tiirlerinin ¢imlenme ve
fide gelisimi artan tuz dozlarindan olumsuz etkilenmistir.
Ozellikle fide gelisimi 6zellikleri agisindan Festuca rubra
L. subsp. rubra tirl artan tuz dozlarina karsi diger
turlerden daha direngli oldugu belirlenmistir. Sonug
olarak, Festuca rubra L. subsp. rubra tirinin diger
turlerden artan tuz dozuna karsi daha toleransl oldugu
tespit edilmistir.

OzZET

Amag: Bu calisma farkl tuz dozlan (kontrol/0, 50 mM,
100 mM, 150 mM ve 200 mM) altinda bazi ¢im tirlerinin
(Festuca arundinaceae L. (kamissi yumak), Festuca rubra
L. subsp. rubra (kbksapli kirmizi yumak) ve Festuca rubra
L. subsp. commutata (adi kirmizi yumak))
performaslarini belirlemek igin ylritilmastir.

Yéntem ve Bulgular: Calismada farkh tuz dozlarini
olusturmak icin NaCl, kullanilmistir. Tuz dozlarina gore
hazirlanan sollsyonlar ¢im tirlerinin cimlenme ortamina
8 mL olarak ilave edilmis ve ¢im tiirleri 10 giin boyunca
iklim dolabinda ¢cimlenme ve fide gelisimine birakilmistir.
Bu silirenin sonunda ¢imlenme orani, ¢cimlenme indeksi,

ortalama ¢imlenme siiresi, slirgiin ve kdk uzunlugu ve
fide yas agirligi 6zellikleri incelenmistir. Cim tirlerinin tuz
dozlarindan ¢imlenme orani, ¢imlenme indeksi ve
ortalama ¢imlenme siiresi etkilenmezken, siirglin ve kok
uzunlugu ve fide yas agirhg 6zellikleri etkilenmistir.
Genel Yorum: Elde edilen sonuglara gore ¢im tirlerinde
farkh tuz dozlarindaki fide gelisimi 6zelliklerinin farklilik
gosterdigi sonucuna varilmistir. Calismada kullanilan
Festuca rubra L. subsp. rubra (kdksaph kirmizi yumak)
tlrlnin diger tirlere kiyasla tuz stresine karsi daha
toleransli oldugu belirlenmistir.

Calismanin Onemi ve Etkisi: Festuca cinsine ait ¢cim
turlerin farkh tuz stresi altinda incelenmesi, yesil alan
tesis etmek icin yapilan calismalarda 6zelliklede tuzluluk
sikintist  olan bdlgeler icin yol gosterici olmasi
amaglanmistir. Ayrica bu c¢alisma yapilacak bilimsel
calismalara kaynak olma niteligi tagimaktadir.

Anahtar Kelimeler: Cimlenme, fide gelisimi, Festuca
tdrleri, tuz stresi.

CIKAR CATISMA BEYANI
Yazarlar c¢alisma konusunda
olmadigini beyan eder.

¢ikar  gatismasinin
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ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.

KAYNAKLAR

Asci OO0 (2011) Salt tolerance in red clover (Trifolium
pratense L.) seedlings. Afr. J. Biotechnol. 10(44):
8774-8781.

Atis | (2011) Bazi silajlik sorgum (Sorghum bicolor L.
Moench) cesitlerinin ¢imlenmesi ve fide gelisimi
lizerine tuz stresinin etkileri. Stileyman Demirel Univ.
Zir. Fak. Derg. 6(2): 58-67.

Avcioglu R (1997) Cim teknigi yesil alanlarin ekimi dikimi
ve bakimi. Ege Universitesi Ziraat Fakiiltesi Tarla
Bitkileri B&limdi, izmir. 269s.

Aygiin YZ, Mert M (2021) The effect of phosphorus doses
on cotton growth under full and deficit irrigation
conditions. Biyolojik Cesitlilik ve Koruma Derg. 14(3):
464-469.

Bilgili U, Budakh Carpici E, Asik BB, Celik N (2011) Root
and shoot response of common vetch (Vicia sativa L.),
forage pea (Pisum sativum L.) and canola (Brassica
napus L.) to salt stress during early seedling growth
stages. Turk. J. Field Crops 16: 33-38.

Demiroglu Topgu G, Celen AE, Kuru E, Ozkan SS (2016)
Farkli tuz konsantrasyonlarinin kamissi yumak
(Festuca arundinacea) ve mavi ayrik (Agropyron
intermedium) bitkilerinin ¢cimlenme ve erken gelisme
donemlerindeki etkileri Gizerine bir arastirma. Tarla
Bit. Mer. Aras. Enst. Derg. 25(0zel Say1): 219-224.

Ertekin i, Yilmaz S, Atak M, Can E (2018) Effects of
different salt concentrations on the germination
properties of hungarian vetch (Vicia pannonica
Crantz.) cultivars. Turk. J. Agric. Nat. Sci. 5(2): 175-
179.

Ertekin i, Yilmaz S, Atak M, Can E, Celiktas N (2017) Tuz
stresinin bazi yaygin fig (Vicia sativa L.) gesitlerinin
cimlenmesi lizerine etkileri. Mustafa Kemal Univ. Zir.
Fak. Derg. 22(2): 10-18.

Gao Y, Li D (2014) Growth responses of tall fescue
(Festuca arundinacea Schreb.) to salinity stress. Eur.
J. Hortic. Sci. 79(3): 123-128.

Kizilsimsek M, Sidren EY (2020) Farkh tuzluluk
seviyelerinin bazi kamissi yumak (F. arundinacea)
cesitlerin ¢cimlenme ve erken fide gelisimi Uzerine
etkisi. MKU. Tar. Bil. Derg. 25(2): 189-197.

271

Konuskan O, Goziibenli H, Atis I, Atak M (2017) Effects of
salinity stress on emergence and seedling growth
parameters of some maize genotypes (Zea mays L.).
Turk. J. Agric.-Food Sci. Tech. 5(12): 1668-1672.

Kusvuran A, Nazh Ri, Kusvuran S (2014) Salinity effects on
seed germination in different tall fescue (Festuca
arundinacea Schreb.) varieties. Tar. Bil. Aras. Derg.
7(2): 8-12.

Kusvuran A, Tansi V (2009) Cukurova kosullarina uygun
¢im tir ve karisimlarinin  belirlenmesi  ve
performanslarinin saptanmasi. Cukurova
Universitesi, Fen Bilimleri Enstitiisii, Tarla Bitkileri
Anabilim Dali, Doktora Tezi, Adana. 306s.

Manuchehri R, Salehi H (2015) Morphophysiological and
biochemical changes in tall fescue (Festuca
arundinacea Schreb.) under combined salinity and
deficit irrigation stresses. Desert 20(1): 29-38.

Marcum KB (2006) Use of saline and non-potable water
in the turfgrass industry: Constraints and
developments. Agric. Water Manag. 80: 132-146.

Richards LA (1954) Diagnosis and improvement of saline
and alkali soils. U.S. Department Agriculture
Handbook, No:60, February, Washington DC.

Sencer O, Goékmen S (1996) Tarimsal
Gaziosmanpasa  Universitesi,  Ziraat
Yayinlari, No:8, Tokat. 156 s.

Sézen N, Haleplioglu N, Sahin $§ (1991) Ulkemizde siis
fidancihginin durumu ve pazar agisindan karsilasilan
sorunlar. Turkiye 1. Fidancihik Sempozyumu. T.C.
Tarim ve Koyisleri Bakanhgi, Ankara. 411-419s.

Yilmaz MB, Kisakurek S (2018) Bazi ¢ok yillik ¢cim (Lolium
perenne L.) cesitlerinde tuz stresinin ¢imlenme ve
erken fide gelisimi Uzerine etkisi. Mustafa Kemal
Univ. Zir. Fak. Derg. 23(2):204-217.

Yilmaz MB, Kisakirek $ (2020a) Lolium perenne L.
cesitlerinde kuraklik stresinin gimlenme ve erken fide
gelisimi (izerine etkisi. Kahramanmarag Siitcii imam
Univ. Tar. Doga Derg. 24(3): 529-538.

Yilmaz MB, Kisakiirek S (2020b) Tuz ve PEG kaynakli
kurakhk stresinin ¢ok yillik ¢im (Lolium perenne L.)
cesitlerinde fide gelisimine etkisi. MKU. Tar. Bil. Derg.
25(3): 360-369.

Ekoloji.
Fakultesi


http://dergipark.gov.tr/mkutbd

Mustafa Kemal Universitesi Tarim Bilimleri Dergisi 27 (2):272-277, 2022
(Mustafa Kemal University Journal of Agricultural Sciences 27 (2):272-277,2022)

e-ISSN: 2667-7733
http://dergipark.org.tr/mkutbd

ARASTIRMA MAKALESI RESEARCH ARTICLE

Effect of soil biostimulant application for the growth and quality of beet seedlings

Pancar fidelerinin blylmesi ve kalitesine toprak biyostimulant uygulamasinin etkisi
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Aims: The goal of this investigation was to examine how different dosages
of Viva BR® biostimulant affected the yield and quality of beet seedlings of
Early Wonder Tall Top variety.

Methods and Results: The experiment was carried out at intervals of 7
days, the first being at 7 days after sowing (DAS) until 28 DAS, totaling 5
applications (0 (control), 7, 14, 21 and 28 DAS) in the greenhouse of the
Universidade Tuiuti do Paranda/Brazil, in a completely randomized design.
Conclusions: 1t is concluded that the application via soil of the Viva BR®
biostimulant had a positive impact on the growth of beet seedlings.
Significance and Impact of the Study: In warm climates, Beta vulgaris L.
(beet) of the Chenopodiaceae family predominates and its cultivated
intensively in Brazil's Southeast and South regions. The seedling cultivation
phase identifies the crops early establishment in the field in order to
ensure stand consistency and appropriate ultimate productivity. Among
the diverse techniques treated to achieve increases in this stage is the
application of substances with biostimulating impacts, which result from
the combination of two or more bioregulators with other compounds that
might boost plant growth and development. As a result, substances having
a biostimulating impact emerge as a reasonable solution for improving
seedling growth. The maximum efficiency for the biometric variables at the
dose of 6.2 mL L while for the qualitative variables it was 5.0 mL L.
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INTRODUCTION

The beet, Beta vulgaris L., which belongs to the
Chenopodiaceae family, has a tuberous root with a
globular shape that develops almost superficially in the
soil, with a purple color coming from the natural pigment
anthocyanin (De Resende and Cordeiro, 2007; Sutor-
Swiezy, et al., 2022). It is a predominant vegetable from
temperate climates, developing better in mild or cold
temperatures, around 10 to 20 °C (Souza and Resende,
2006; Lombardi et al., 2022). Considered an important
vegetable grown in Brazil, it has several biotypes, such as

sugar, forage and horticultural. Practically all table beet
cultivars planted in Brazil are of North American or
European origin, and constitute the group called Wonder
(Tivelli et al., 2011). However, today, the market brings
great diversity of genetic materials such as cultivars
Itapuad (Isla), Rubius F1 (Agristar), Cabernet (Horticeres)
among others. The density of beet production takes
place in the Southeast and South regions of Brazil. In
Parana, in the 2017/2018 harvest, the state produced
about 96,798 tons in an area of 3,494 ha, that is, 3.10%
of the total in Parand (Departamento De Economia
Rural-Deral, 2019). This step recommends obtaining
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seedlings with maximum vigor and health (Nunes and
Santos, 2007), with adequate development and good
formation of the root system, in addition to better
adaptability to the new location after transplanting. The
implantation of the culture can take place by direct
seeding in the field or by transplanting seedlings, which
can be produced in seedbeds or trays. In the case of
sowing, sowing takes place in the soil, close to the
transplant area, in an open field, while production in
trays takes place in a greenhouse, with a more controlled
environment (Bettoni et al., 2014). It is known that most
small producers use the method of obtaining seedlings
in trays because they are efficient in several aspects such
as obtaining high quality seedlings and minimizing labor.
The biostimulant originates by mixing two or more
bioregulators with other substances (amino acids,
nutrients, vitamins), and can depend on its composition,
concentration and proportion of substances, rise plant
growth and development, stimulating cell division, it can
also rise the absorption of water and nutrients by plants
(Vieira and Castro, 2001). This is due to the stimulus
caused by plant regulators, such as an increase in plant
metabolic activity (Khan et al., 2016; Taiz and Zeiger,
2013, Dinler et al., 2021).

The utilization of growth regulators in the early stages of
seedling development, as well as their application in
seed treatment, can boost root growth, acting in the
faster improvement of seedlings under deprecating
conditions, like water scarcity (Lana et al., 2009). The
application of biostimulants in agriculture has shown,
through research, potential for increasing the
productivity of crops such as beans (Abrantes et al.,
2011), pepper (Palangana et al., 2012) and lettuce
(Guimardes et al.,, 2006). Therefore, products with
biostimulant effect appear as an alternative for use in
the production of seedlings, resulting in well-developed
seedlings, with adequate nutritional balance, well-
developed root system, increases in area and number of
leaves, which give it greater photosynthetic capacity,
allowing that after transplanting, they develop correctly,
resulting in good production.

Based on the above mentioned framework, the aim of
this investigation was to evaluate the application of
different doses of biostimulant in the production and
quality of beet seedlings.

MATERIALS and METHODS

The experiment was carried out in the greenhouse of the
Universidade Tuiuti do Parand, Curitiba-PR, Brazil. The
sowing of beet, cultivar Early Wonder Tall Top, was
carried out in April, in expanded polystyrene trays,
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containing 288 cells. The cells were completed with the
commercial substrate Tropstrato HT® (composed of pine
bark, included vermiculite enriched with macro and
micronutrients and peat) and the trays were kept in a
seedling nursery with timed micro-spray irrigation at
fifteen-minute intervals.

The experimental design was completely randomized,
with five doses (0 (control), 2.5; 5.0and 7.5and 10 mL L
1) of the biostimulant Viva BR® (MAPA No. SP- 09055
10042-6) plus the control with application of water and
three replications, each plot consisting of 48 cells. The
product supplied by the Valagro® company is composed
of 8.0% Total Organic Carbon; 3.0% Nitrogen (N) soluble
in water; 8.0% Potassium oxide (K,0) soluble in water,
with a density of 1.24g mL™.

When the seedlings have 4 definite full expanded leaves
(approximately 25 days after planting), the plants were
transplanted in to 5 L plastic pots containing a
commercial substrate of Tropstrato HT Hortalicas
including pine bark, vermiculite, PG mix 14.16.18,
potassium nitrate, simple superphosphate and peat
(Vida Verde Industria e Comércio de Insumos Organicos
Eireli) and irrigated at field capacity, without sticking to
the leaves. The application was carried out at intervals of
7 days, the first being at 7 days after sowing (DAS) until
28 DAS, totaling 4 applications (7, 14, 21 and 28 DAS).
The doses were administered directly on the substrate,
with 2 mL of the solution being applied to each cell.

At 35 DAS, 10 central plants of each repetition were
selected, and the following biometric variables were
evaluated as number of leaves (NL), root length (RL),
height of the aerial part (HTAP), fresh mass of aerial part
(FMAP) and root (FMR), dry mass of aerial part (DMAP)
and root (DMR). The biochemical variables analyzed
were as chlorophyll a (Chl a), chlorophyll (Chl b) content,
chlorophyll a+b (Chl a+b) and Carotenoids.

To determine the RL and HTAP, a graduated ruler was
used, the RL being obtained from the average of the 3
largest roots per plant, while the HTAP was measured
from the stem to the apex of the plant with the aid of a
ruler. For fresh mass (FM) and dry mass (DM), samples
were washed and weighed on a 0.1 precision analytical
balance. For the determination of dry matter
production, the parts of the plant were separated and
placed in paper bags, later placed in greenhouses with
forced air circulation at 65°C + 5°C, until reaching
constant mass.

For the biochemical variables, 0.5 to 1.0 g of the leaves
were weighed on a precision balance, and immediately
frozen at -20°C. Later 1cm? leaf discs were collected,
measured for obtaining FW of each discs and extracted
in 5 mL of ethanol 95% in 80 °C hot bath. The absorbance
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from the extraction was obtained at 665, 649 and 470
nm for content of Chl a, Chl b, Chl a+b and Carotenoids,
according to the methodology of Lichtenthaler (1987):
Chl a = (13.7 x Aess) — (5.76 x Aeas); Chl b = (25.8 x Aeas) —
(7.6 x Dges); Chl a+b = (6.1 x Aees) — (20.04 x Dess);
Carotenoids = [(1000 x As70) — (2.13 x Chl a) - (97.64 x Chl
b)].

The data obtained were evaluated for homogeneity of
variances by the Bartlett’s test and subsequently
submitted to regression analysis. The concentrations
associated with the maximum efficiency (ME) of the
examined variables were calculated using the first
derivative of the regression equations, which was set to
zero.

RESULTS and DISCUSSION

Regression analysis (Figure 1) for biometric variables are
as NL, RL, HTAP, as well as FMAP and FMR and their dry
mass (DMPA and DMR) of the plants, as a function of the
applied doses, indicated a quadratic behavior.

The ME for NL (Figure 1A) and RL (Figure 1B) were,
respectively, 65 mL L' and 6.0 mL L% both
corresponding to an increase of 25% when compared to
the control. Similar results were observed by the action
of Vendruscolo et al. (2016) who, when treating lettuce
with the biostimulant Stimulate®, obtained higher NL.
One of the factors responsible for the increase in RL can
be explained by the presence of organic carbon in the
composition of the product and, consequently, the
presence of humic substances. De Dorlodot et al. (2007)
explain that the increase in root growth is one of the
main physiological effects of humic substances, which
may be greater or lesser due to the species, age of the
plant, source and concentration used.

For the HTAP (Figure 1B), with ME of 6.6 mL L%, the
increment was 65% higher than the control,
corroborating the results found by Vieira et al. (2018)
using biostimulant (Siapton) in seedlings. lettuce,
obtaining greater plant height at the dose of 3.0 ml L':
This increase, according to Bezerra et al. (2007), may be
the result of the ability of biostimulants to increase the
aerial growth of a plant and stimulate the induction of
cell division, thus providing conditions for better use of
nutrient absorption.
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Figure 1. Number of leaves (A), length of aerial part and
root (B), fresh mass of aerial part and root (C), and dry
mass of aerial part and root (D) in beet cultivar of Early
Wonder Tall Top treated with biostimulant Viva BR®
evaluated 35 DAS

The quadratic result observed in the FMAP indicated the
ME with 6.4 mL L, equivalent to an increase of 77%
compared to the control. The FMR (Figure 1C) and DMAP
(Figure 1D) had the ME with 5.8 mL L, with increases of
40% and 55%, respectively. The DMR (Figure 1D), with an
increase of 57%, presented ME at the dose of 6.2 mL L™
Similar results were obtained by Borcioni et al. (2016)
when testing fulvic acid in iceberg lettuce, noting that
the concentration of 6.0 mL L? increased the fresh and
dry mass of leaves. Santos (2014) also found increases of
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up to 85% in plant dry mass when evaluating the foliar
application of humic substances in sweet pepper.

The biochemical variables (Figure 2); Chl a, Chl b, Chl a+b
and Carotenoids content also showed quadratic
functions as a function of the applied doses.

There were 23% and 22% increments in relation to the
control for the variables Chl a and Chl a+b (Figure 2A),
respectively, with 4.9 mL L being the ME dose for both.
As for Chl b (Figure 2A) and Carotenoids (Figure 2B), ME
was found at a dose of 5.1 mL L™
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Figure 2. Photosynthetic pigments concentration of Chl

a, Chl b and Chl a+b (A), Carotenoids (B) in beet cultivar

of Early Wonder Tall Top treated with biostimulant Viva
BR® evaluated 35 DAS

Busato et al. (2016), studying the effects of water-
soluble humic substances and biofertilizer in Guanandi
seedlings, observed increases in chlorophyll contents in
plants compared to the control under the application of
water-soluble humic substances and biofertilizer of 17.2
and 20.8%, respectively. Baldotto et al. (2009) observed
that treatments with humic acids, in pineapple 'Vitoria',
provided higher levels of photosynthetic pigments when
compared to the control.According to Pelissari et al.
(2012), the increase in chlorophyll contents result in
higher photosynthetic rates, being directly related to
plant growth.
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Humic substances (HS) have a recognized to stimulate
plant growth, modifying the metabolism and absorption
of nutrients (Nardi et al., 2009). Such effect was verified
by the increase in the synthesis and activity of
membrane proton pumps stimulated by HS, which,
consequently, stimulate the absorption of NO* (Canellas
et al., 2006). The greater efficiency of N metabolism,
verified by the increased activity of nitrate reductase
(NR), an enzyme that catalyzes the reduction of nitrate
(NO*) to ammonium (NH*) (Campbell, 1999), was also
observed in corn leaves (Vaccaro et al., 2015) and lettuce
(Lima et al., 2008) treated with HS.

Consequently, It is concluded that the application via soil
of the Viva BR® biostimulant had a positive effect on the
development of beet seedlings. All the variables
evaluated presented a quadratic behavior, being found
the maximum efficiency for the biometric variables at
the dose of 6.2 mL L' while for the qualitative variables
it was 5.0 mL L% As a result, it can be said that
substances having a biostimulating impact emerge as a
reasonable solution for improving seedling growth.

OzZET

Amag: Bu calismanin amaci, Viva BR® biyostimilaninin
farkl dozajlarinin Early Wonder Tall Top cesitlerinin
pancar fidelerinin verim ve kalitesini nasil etkiledigini
incelemektir.

Yéntem ve Bulgular: Deneme, ilki ekimden 7 giin sonra
(ekimden sonraki glin sayisi; DAS), 28 DAS'a kadar olmak
Uzere 7 gunlik arahklarla, Universidade Tuiuti do
Parand/Brezilya serasinda, toplam 5 uygulama (O
(kontrol), 7, 14, 21 ve 28 DAS) olarak, tamamen rastgele
bir tasarimda gergeklestirilmistir. Maksimum verim
biyometrik degiskenler icin 6,2 mL L'* dozunda, kalitatif
degiskenler icin 5,0 mL L™ ise dozunda gdzlemlenmistir.
Genel Yorum: Viva BR® biyostimiilaninin topraktan
uygulanmasinin pancar fidelerinin gelisimine olumlu
etkisi oldugu sonucuna variimistir.

Calismanin  Onemi ve Etkisi: Sicak iklimlerde,
Chenopodiaceae familyasindan Beta vulgaris L. (pancar)
baskin tirdir ve Brezilya'nin Gilineydogu ve Gliney
bolgelerinde yogun olarak vyetistiriimektedir. Fide
yetistirme asamasi, homojenizeyi ve uygun nihai
Uretkenligi saglamak icin fidelerin tarlaya erken
dikilmesini belirler. Bu asamada verimde artis elde
etmek icin uygulanan cesitli teknikler arasinda, iki veya
daha fazla biyo-diizenleyicinin bitki blylmesini ve
gelisimini artirabilecek diger bilesiklerle
kombinasyonundan kaynaklanan biyo-uyarici etkileri
olan maddelerin uygulanmasi yer alir. Sonug¢ olarak,
biyo-uyarici etkiye sahip maddeler, fide buyimesini
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iyilestirmek bir

¢ikmaktadir.

icin makul ¢6zim olarak ortaya

Anahtar Kelimeler: Beta vulgaris L., pancar, humik
maddeler, biyostimulant, Early Wonder Tall Top, Viva
BR® Biyostimulant.
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Aims: The aim of this study was to determine the knowledge levels,
attitudes, and consumption tendency of consumers in the TR63 region of
Turkey (Hatay, Kahramanmaras, Osmaniye).

Methods and Results: A face-to-face survey study was conducted with 600
consumers in the TR63 region in order to determine consumers’ general
behaviors and approaches regarding probiotic food products. Although
consumers were generally willing to buy probiotic food products in the
market (66.80%), they found home-made probiotic products healthier.
Within the study it was determined that 74.80% of the consumers were
producing at least one kind of probiotic product at home. The most
common products produced at home were respectively; yogurt, ayran,
pickled cucumbers/pickled cabbage, and kefir.

Conclusions: In recent years consumers’ interest in functional products
have been increasing in Turkey as well as the world. Consumers tend to
consume functional products in order to have a more wholesome life and
prevent several health problems. Among the functional foods, probiotic
products have an important place and are the most consumed functional
products by consumers. According to the research results, consumers have
a high awareness of the benefits of probiotic foods and they consume
these products with confidence. In addition to these results, it was
determined that consumers were willing to buy more probiotic food
products if their prices were less expensive.

Significance and Impact of the Study: With the findings of the research;
the preferences, priorities, and consumption frequencies of the
consumers in probiotic products were determined. It is expected that
these results will contribute to the food industry and the growing
functional food product market in order to increase the consumption level
of these products, and develop marketing opportunities.

Atif / Citation: Celik AD, Sarioglu T, Dagistan E (2022) Tuketicilerin probiyotik Grinlere yonelik tutum ve davranislarinin
belirlenmesi: TR63 Bolgesi-Hatay, Kahramanmaras, Osmaniye illeri 6rnegi. Mustafa Kemal Universitesi Tarim
Bilimleri Dergisi, 27(2) : 278-287. DOI: 10.37908/mkutbd.1088649

GiRiS bakteriler iceren gidalardir (Boluda ve Capilla, 2017).

1980’li yillarda Japonya’da tliketilmeye baslanan
Fonskiyonel gidalar, gesitli hastaliklara karsi tedavi edici fonksiyonel gidalar, milenyum ile birlikte hizla bati
ozelligi olan veya hastaliklara yakalanma riskini dinyasina da yayilmis olup, oldukga genis bir yelpazeye

azaltmaya karsi etkili cesitli bilesikler veya vyararl sahip Grin gruplarindan olusmaktadir (Di Pasquale ve
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ark., 2011). ilk zamanlarda, fonksiyonel 6zelligi olan
dogal Urlnler tlketilirken, daha sonra Japonya’'da
yayinlanan bir yonetmelik ile laboratuvar ortaminda
gelistirilerek, yararlari klinik deneylerle kanitlanan pek
cok Urin piyasaya slrilmistlr (Iwatani ve Yamamoto,
2019). Probiyotik gidalar, foksiyonel lriin grubunda yer
alan gidalar olup, yararh canli mikroorganizma iceren ve
bagirsak mikrobiyal dengesini diizenleyen gidalar olarak
tanimlanmaktadir (Aksu ve ark., 2010).

Probiyotik Urinler, tiiketiciler tarafindan en ¢ok tercih
edilen fonksiyonel gida tiirii olup, kiiresel probiyotik gida
pazari 2019 yili itibariyle 44.8 milyar USD civarinda olup,
2025 yilinda 55 milyar USD’ye ulasmasi 6ngorilmektedir.
2019 yili itibariyle, kiresel pazarda en ¢ok tiketilen
probiyotik Grinler sirasiyla; probiyotik yogurt (%71),
fermente sut Grlnleri (%16), ve probiyotik gida
takviyeleri (%13) seklindedir. Avrupa Birligi (AB)
ozelinde, AB Ulkelerinin toplam probiyotik Girlinler pazar
genisligi 10.2 milyar USD olup, bu rakam kiresel pazar
talebinin  yaklasik  %23’tGnt  karsilamaktadir. AB
Ulkelerinin, probiyotik driinler konusundaki tiketim
aliskanliklari kendi aralarinda farklihk gostermektedir.
Bati Avrupa’da yer alan llkeler ¢ogunlukla probiyotik
yogurt ve probiyotik gida takviyelerini (supplement)
tercih ederken, Dogu Avrupa’da yer alan llkeler ise daha
cok geleneksel yontemlerle Uretilen fermente sit
aranlerini tercih etmektedir (IPA, 2020). Avrupa Kitasi
genelinde ele alinacak olursa, yapilan bir pazar
arastirmasina gore, Tirkiye’'nin  yogun ekonomik
iliskilere sahip oldugu Rusya, Avrupa kitasindaki en
blylk probiyotik gida drinleri pazari olup, yilhk
ortalama %5’lik bir bliyime hizina sahiptir (Mordor
Intelligence, 2022).

Tirkiye, Avrupa kitasinda yer alan en kalabalik nifuslu
Ulkelerden birisi olmasina ragmen, gelismis Ulkelere
kiyasla, fonksiyonel gida pazari hacmi oldukga sinirlidir.
Ancak, tuketici pazarindan elde edilen satis verileri
dogrultusunda, 6zellikle artan sehir nifusuyla birlikte
fonksiyonel gida talebi hizli bir artis gostermektedir.
Dogu Avrupali tiketicilerin tiketim aliskanlklarina
benzer sekilde, yogurt, ayran, kefir gibi fermente sitten
elde edilen probiyotik Griinler, Tlrkiye pazarinda en ¢ok
talep edilen fonksiyonel (rinlerdir. Tirkiye'de
fonksiyonel Urlinler pazari henliz gelisim asamasinda
olmasindan o6tlrl, ayri bir bashk altinda sektére ait
istatistiki veriler bulunmazken, satis rakamlarindan yola
cikarak, yillik pazar hacminin yaklasik 460 milyon USD
civarinda oldugu bilinmektedir (Gok ve Ulu, 2018; Sezgin,
2020).

Konu ile ilgilili olarak daha 6nce yapilan yerli ve yabanci
bazi calismalara ait sonuglar su sekildedir; Urala ve
Lahteenmaki (2003) tarafindan Finlandiya’da yapilan bir
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calismada, tiketicilerin fonksiyonel gida tlketim
gonullulugini  etkileyen 7 faktér incelenmistir. Bu
faktorler; “beklenen fayda, giliven, gereklilik, tibbi
yonden fayda, risk, saglhkli beslenme ve lezzet” olup,
“beklenen fayda” tiketici gondlliligini en c¢ok
etkileyen faktor olarak tespit edilmistir.

Yabanci ve Simsek (2007) tarafindan, Ankara ilinde,
Universite 6grencilerinin probiyotik Urinleri tiketim
durumlarini  belirlemeye vyonelik olarak yaptiklari
calismada, bayanlarin erkeklere nazaran daha fazla
probiyotik Griin tikettikleri, probiyotik Griin tiketenlerin
%88.8’inin  severek tilkettigini ve %84.9’'unun bu
Urdnlerin yarar sagladigini belirtmistir.

Viana et al. (2008) tarafindan Brezilya’da tiketicilerin
probiyotik gidalar hakkindaki algi ve yaklasimlarini
belirlemeye yonelik olarak gerceklestirilen bir calismada,
tiketicilerin sadece %29’unun probiyotik gida kavramini
dogru olarak tanimlarken, probiyotik Grinleri tiiketen
tuketiciler, bu Griinlerin ishal ve kolestrol sorunlarini gibi

saghk sorunlarini azaltmada vyardimci oldugunu
belirtmislerdir.
Jezewska-Zychowicz (2009) tarafindan Polonya’da

ogrencilere yonelik olarak yapilan bir diger ¢calismada ise
genc tiketicilerin fonksiyonel gidalara yonelik tutumlari
ve satin alma egilimi arastinlmistir. Arastirmada
katilimcilarin fonksiyonel gidalari g¢ogunlukla taniyor
olmalarina ragmen cok sik tiiketmedikleri sonucu ortaya
citkmistir. Bununla birlikte, “yarar algisi” tiketim istegi
Uzerine en fazla etki eden faktor olarak belirlenirken, en
cok tiiketilen fonksiyonel gida probiyotik yogurt olarak
belirlenmistir.

Perker ve Yalc¢in (2011), probiyotik yogurt pazari tzerine
yaptiklari ¢alismada, tliketicilerin probiyotik yogurdu
¢ogunlukla sindirim sorunlarini 6nlemeye yonelik olarak
tikettiklerini belirlerken, probiyotik yogurt tiketiminin
artirlmasinda marka ve reklam faaliyetlerinin 6nemini
vurgulamiglardir.

Annunziata and Vecchio (2013), italya’da tiiketicilerin
fonksiyonel gidalar hakkindaki bakis agilarini belirlemeye
yonelik yaptiklari ¢alismada, probiyotik Griinleri, saglik
acisindan yararlarindan otird, tlketiciler tarafindan
fonksiyonel Grilinler arasinda en ¢ok 6nemsenen Urinler
oldugu bulgusuna ulasmislardir.

Carvalho et al. (2014), Brezilya'da tiiketicilerin probiyotik
Uriinlere  karsi davranislarini  belirlemeye ydnelik
yaptiklari calismada, tiketicilerin probiyotik Urinlere
karsi algilarinin genel olarak olumlu olmakla birlikte,
tiketim seviyesinin disik oldugunu belirleyerek,
tiketimi artirmak igin Grin ambalajlarinda daha fazla
aciklayici bilgi eklenmesi gerektigini belirtmislerdir.

Eser (2017) tarafindan, Canakkale ilinde tiketicilerin
probiyotik Urlinlere yonelik yaklasimlarini  6lgmeye
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yonelik olarak yapilan calismada, tiketicilerin yaklasik
%71’'inin probiyotik Urlnler tukettigi belirlenmistir.
Calismada ayrica yogurtun en cok tliketilen probiyotik
Urln oldugu ve tiketicilerin %10’unun dizenli olarak her
glin probiyotik Grlin tikettigi tespit edilmistir. Altindis ve
ark. (2018), vyaptiklari calismada, aile hekimlerinin
yaklasik %67’sinin probiyotikler hakkindaki genel bilgi
seviyesinin orta dizeyde oldugunu, aile hekimlerinin
probiyotiklerin glivenilirligi hakkinda cesitli kuskularinin
oldugunu ortaya koyarak, probiyotiklerin saglik Gizerine
olumlu etkilerini gosteren c¢alismalarin her gecen giin
arttigini ancak probiyotiklerin bilingli kullanimi (izerine
de bilgilendirme yapilmasinin gerekliligini
vurgulamislardir.

Celik ve ark. (2021), tiniversite 6grencilerinin fonksiyonel
gidalar hakkindaki tutumlarini belirlemeye yonelik olarak
yaptiklari calismada, arastirmaya katilan 6grencilerin
%65’inin fonksiyonel gidalarin insan saghgini olumlu
yonde etkiledigini disindikleri ve bu Grlinlerin saglik
acisindan faydalarinin 6grencilerin s6z konusu gidalara
yonelik yaklagimlarini belirleyen en 6nemli faktér oldugu
belirlenmistir.

Bu calismada, Dogu Akdeniz-TR63 Bolgesinde yer alan
Hatay, Kahramanmaras ve Osmaniye il merkezlerinde
yer alan tiiketicilerin, probiyotik Griinlere yonelik tutum,
davranis ve tiiketim aliskanlklarinin ortaya konulmasi
amaclanmistir.

MATERYAL ve YONTEM

Materyal

Bu calismanin ana materyali, TR63 Bolgesinde yasayan
ve tesadUfi olarak belirlenen tiketiciler ile yapilan anket
¢alismasi sonucunda elde edilen birincil verilerden
olusmaktadir. Turkiye’nin Dogu Akdeniz Bolgesinde yer
alan (TR63) Kahramanmaras, Hatay ve Osmaniye
sehirlerinin merkez ilgelerinde gergeklestirilen anket
¢alismasinda uygulanan anket sayilari, s6z konusu
merkez ilgelerin 2020 yili nifuslari dikkate alinarak
oransal olarak dagitilmistir. 2020 yil TUIK verilerine gére
(TUIK, 2020), toplam niifusu 664,958 olan
Kahramanmaras’in Dulkadiroglu ve Onikisubat merkez
ilcelerinde 300 anket, nifusu 389,377 olan Hatay merkez
ilcesi Antakya’da 176 anket ve nifusu 274,420 olan
Osmaniye sehir merkezinde ise 124 anket olmak lzere
toplam 600 adet anket yapilmistir. Anket calismasi 2021
yilinin, Nisan-Mayis ve Eylul aylarinda
gerceklestirilmistir.

Ornek hacminin belirlenmesi
Arastirmanin 6rnek hacminin belirlenmesi icin basit
tesadiifi oOrnekleme yonteminden yararlaniimistir.
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Arastirmanin 6rnek hacminin belirlenmesinde kullanilan
formil asagida verilmistir (Churchill, 1995). Arastirma
alaninda maksimum 6rnege ulasmak icin P ve Q degerleri
0.50 olarak dikkate alinmistir. Buna goére %95 6nem
seviyesi ve %4 hata payinda arastirma icin belirlenen
ornek sayisi 600 olarak belirlenmistir. Formiil olarak;

% _ (1.96)? _
n= (T) PxQ= (m) 0.50 * 0.50 = 600 (1)
P: Olumlu olasilik (%50)

Q: 1-P Olumsuz olasilik (%50)

Zy2: Gliven araligl (%95, tablo degeri 1.96)

d: Hata payi (%4)

Verilerin analizinde kullanilan yéntemler

Anket formunda, tiketicilere ilk olarak probiyotik Griin
kavramindan haberdar olup olmadiklari sorulmustur.
Daha sonra, ankete katilan tiliketicilere, bu uriinlere
yonelik bilgi dizeyleri, tiketim egilimleri ve tiketim
sikhklarini belirlemeye yonelik sorular yoneltilmistir.
Arastirma kapsaminda, tiiketicilerin probiyotik Grlinlere
yonelik tutumlarini  belirlemek (zere cesitli yarg
ciimleleri yoneltilerek, 5’li Likert Olcegi ile yargilara
katilma dereceleri 6lctlmustir. Likert Olcegi, pazarlama
arastirmalarinda sikca kullanilan, tiketicilerin belirli bir
ifadeye katilip katilmadiklarini ve bu katilp katilmama
tutumunun yogunlugunu oOlgmeye olanak saglayan bir
Olgek turudur. 5°li, 7’li ve 9’lu gibi farkli tirleri bulunan
Olcekte, Olclilmek istenen ifadeye, esit aralikli olmak
Uzere, soldan saga veya sagdan sola dogru rakamsal
degerler verilerek siralanmasi sureti ile katilimcinin
ifadeye katilip katilmama derecesi olcllir (Karagoz ve
Ekici, 2004). Bu calismada 5’li Likert Olcegi kullaniimis
olup, yargilar olumsuzdan, olumluya dogru siralanarak,
katilimcilarin yargilara katilip katilmama dereceleri
belirlenmistir. Tuketicilerin demografik 6zelliklerinin
yani sira, probiyotik Girtnleri tiiketim sikliklarini gésteren
veriler, frekans ve yizdeler seklinde hesaplanmistir.

BULGULAR ve TARTISMA

Demografik 6zellikler

Arastirma alanina ve anket yapilan tiiketicilere ait
demografik veriler Cizelge 1’de verilmistir. Gorisilen
tiketicilerin %51.50’si kadin, %48.50’si erkek; %65.00'i
evli, kadinlarin yas ortalamasi 35.48, erkeklerin yas
ortalamasi 40.57 ve hane genisligi 3.53 olarak
hesaplanmistir. Anket calismasi, 6rnek olarak belirlenen
illerin, merkez ilgelerinde gerceklestirildiginden o6tirQ,
goruslilen tiketicilerin egitim seviyeleri genel olarak
ylksek bulunmustur, buna gore gorustlen tiketicilerin;
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Cizelge 1. Arastirma alanindaki tiiketicilerin demografik 6zellikleri

Table 1. Demographic characteristics of the consumers

Degiskenler Frekans (n) Oran (%)
Cinsiyet

Kadin 309 51.50
Erkek 291 48.50
Toplam 600 100.00
Medeni durum

Evli 390 65.00
Bekar 210 35.00
Toplam 600 100.00
Egitim seviyesi

ilkokul 7 1.20
Ortaokul 40 6.70
Lise 169 28.20
Universite (On lisans) 59 9.80
Universite (Lisans) 208 34.70
Universite (Lisansustii) 117 19.40
Toplam 600 100.00
Meslek grubu

Calismiyor 132 22.00
Ogretmen/Akademisyen 148 24.70
Serbest Meslek 110 18.30
Kamu Calisani 136 22.70
Ozel Sektor 60 10.00
Emekli 14 2.30
Toplam 600 100.00
Yas ortalamasi

Kadin 35.48

Erkek 40.57

Hane genisligi ortalamasi 3.53
%34.70°i lisans, %28.20'si lise, %19.40"1 lisansustd, Aylik gelir dagilimi
%9.80’i On lisans, %6.70’i ortaokul ve %1.20’si ilkokul Arastirma alaninda anket yapilan tiiketicilerin aylik gelir
mezunudur. Meslek gruplari agisindan dagihmda ise durumlari  Cizelge 2’de verilmistir. Buna gore,
tiketicilerin; %24.70'i 6gretmen veya akademisyen, tiketicilerin  %24.70’inin aylik geliri 5001-6000 TL

%22.70'i kamu c¢alisani, %18.30’u serbest meslek,
%10.00'u  6zel sektorde caligsirken, %22.00’sinin
¢alismadigi ve %2.30'unun ise emekli oldugu

belirlenmistir.

araliginda olup, %21.10’unun aylk gelirinin 4000 TL’nin
altinda, %14.40’inin ise 8000 TL'nin Gzerinde oldugu
belirlenmistir.

Cizelge 2. Arastirma alanindaki tiiketicilerin aylik gelir durumu
Table 2. Monthly income levels of the consumers in the research area

Gelir grubu Frekans (n) Oran (%)
2000 TL alti 38 6.30
2000-3000 TL arasi 26 4.30
3001-4000 TL arasl 63 10.50
4001-5000 TL arasi 92 15.30
5001-6000 TL arasi 148 24.70
6001-7000 TL arasi 80 13.30
7001-8000 TL arasi 67 11.20
8001-10000 TL arasi 48 8.10
10000 TL ve Usti 38 6.30
Toplam 600 100.00
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Aylik gida harcamasi

Arastirma alanindaki tiiketicilerin aylik gida harcamalari
Cizelge 3’te verilmistir. Buna gore tiketicilerin
%42.00’sinin aylik gida harcamasi 1000 TL’nin altinda
olup, %28.20’sinin 1001 TL ile 1500 TL arasinda,
%14.50’sinin ise 1501 TL ile 2000 TL arasinda oldugu
belirlenmistir.

Haberdar olma

Arastirma kapsaminda  tlketicilere,
gidalardan  haberdar olup  olmadiklari
yoneltilmistir. Buna gore, tiketicilerin %85.30'u
probiyotik gidalardan haberdar olduklarini
belirtmislerdir (Cizelge 4). Polonya’da fonksiyonel
gidalar Gzerine yapilan bir calismada, benzer sekilde
tuketicilerin farkindalk oranlari ylksek bulunurken
(Jezewska-Zychowicz, 2009), Brezilya’da yapilan bir diger
calismada ise %29 gibi dislik bir oran bulunmustur
(Viana et al., 2008). Turkiye’de yapilan farkli bir
¢alismada ise, probiyotik gidalarin bilinilirlik orani %64.5
olarak belirlenmistir (Kagan ve ark., 2019).

probiyotik
sorusu

Satin alma durumu

Arastirma kapsaminda tiliketicilere, herhangi bir
probiyotik gida satin alip almadiklari sorulmustur.
Arastirma kapsaminda gorastlen  tiketicilerin

%66.80’inin probiyotik gidalardan en az bir tanesini satin

aldigi belirlenmistir (Cizelge 5).

Bilgi seviyesi

Arastirma kapsaminda anket yapilan tlketicilere
“probiyotik Griinler hakkinda ne seviyede bilgi sahibi
olduklan” sorularak 6z degerlendirme yapmalari
istenmistir. Buna gore tlketicilerin %20.60"1 “cok az
seviyede veya hic bilgi sahibi olmadiklarini” belirtirken,
tuketicilerin yaridan fazlasi (%58.60) “iyi veya cok iyi
seviyede” bilgi  seviyesine  sahip  olduklarini
belirtmislerdir (Cizelge 6).

Tiiketim sikhgi

Arastirma alanindaki tlketicilerin probiyotik gidalari
Urlnler bazinda tiiketme durumlari ve sikliklari Cizelge
7'de verilmistir. Buna gore tiketicilerin en sik tikettikleri
baslica Urlinler sirasiyla “Peynir”, “Yogurt”, “Ayran”,

“Elma Sirkesi”, “Salatalik/Lahana Tursusu” olarak
belirlenirken, “Probiyotik Takviyeler”, “Boza”, ve
“Kombu Cayl”” en az tiketilen ©{Grlinler olarak

belirlenmistir. Daha ©6nce yapilan farkl c¢alismalarda
(Jezewska-Zychowicz, 2009; Eser 2017; Ozgiil ve ark.
2020), yogurt tiketicilerin en ¢ok tercih ettigi probiyotik
drin olarak belirlenirken, bu calismada yogurt,
peynirden sonra en ¢ok tercih edilen ikinci Grin olarak
belirlenmistir.

Cizelge 3. Arastirma alanindaki tiiketicilerin aylik gida harcamasi
Table 3. Monthly food expenses of the consumers in the research area

Aylik gida harcamasi Frekans (n) Oran (%)
500-1000 TL arasi 252 42.00
1001-1500 TL arasi 169 28.20
1501-2000 TL arasi 87 14.50
2001-3000 TL arasi 49 8.20
3000 TL Ustu 43 7.10
Toplam 600 100.00
*2021 doviz kuru ortalamasi: 1 USD=8.89 TL.

Cizelge 4. Tuketicilerin probiyotik gidalardan haberdar olma durumu

Table 4. Awareness levels of the consumers about probiotic food products

Haberdar olma durumu Frekans (n) Oran (%)
Haberdar 512 85.30
Haberdar degil 14.70
Toplam 600 100,00
Cizelge 5. Tuketicilerin probiyotik gidalardan haberdar olma durumu

Table 5. Awareness levels of the consumers about probiotic food products

Satin alma durumu Frekans (n) Oran (%)
Satin alyor 401 66.80
Satin almiyor 199 33.20
Toplam 600 100.00
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Cizelge 6. Tuketicilerin probiyotik gidalar hakkinda bilgi seviyeleri (6z degerlendirme)
Table 6. Consumers’ knowledge levels about probiotic foods (self assessment)

Bilgi seviyesi Frekans (n) Oran (%)
Higbir bilgim yok 56 9.30
Cok az seviyede bilgim var 68 11.30
Orta seviyede bilgim var 125 20.80
iyi seviyede bilgim var 193 32.20
Cok iyi seviyede bilgim var 158 26.40
Toplam 600 100.00
Cizelge 7. Tuketicilerin probiyotik gida tiketme sikliklari
Table 7. Consumers' consumption frequencies of probiotic foods

A 1 2 3 4 5 Ort.

Uriin . % , % . % ; % . % (1-5) Std. Sapma
Peynir 8 1.30 4 0.70 12 2.00 83 13.80 493 82.20 4.75 0.655
Yogurt 32 5.30 32 5.30 63 10.50 183 30.50 290 48.40 411 1.128
Ayran 13 2.20 23 3.80 87 1450 289 4820 188 31.30 4.03 0.898
Elma sirkesi 104 17.30 88 14.70 104 17.30 181 30.30 122 20.40 3.22 1.384
Salatalik tursusu 90 15.00 90 15.00 144 2400 196 32.70 80 13.30 3.14 1.262
Lahana tursusu 103 17.20 99 16.50 135 2250 192 32.00 71 11.80 3.05 1.283
Nar eksisi 124 20.70 163 27.10 142 23.70 102 17.00 69 11.50 2.71 1.284
Tarhana 167 27.80 144 2400 103 1720 120 20.00 66 11.00 2.62 1.362
Kefir 219 36.50 84 14.00 86 14.30 126 21.00 85 14.20 2.62 1.496
Salgam 154 2570 163 27.20 125 20.80 128 21.30 30 5.00 2.53 1.221
Probiyotik stt 329 54.90 59 9.80 50 8.30 93 15.50 69 11.50 2.19 1.501
Prob. yogurt 349 58.10 76 12.70 54 9.00 88 14.70 33 5.50 1.97 1.325
Yayik ayrani 337 56.30 110 18.30 71 11.80 62 10.30 20 3.30 1.86 1.173
Prob. takviyeler 489 81.50 22 3.70 38 6.30 25 4.20 26 4.30 1.46 1.071
Boza 511 85.20 38 6.30 36 6.00 13 2.20 2 0.30 1.26 0.696
Kombu gayi 540 90.00 17 2.80 31 5.20 11 1.80 1 0.20 1.19 0.624

(1): Hig; (2): Ayda 1 defa; (3): Haftada 1 defa; (4): Haftada 2-3 defa; (5): Her gin

Evde probiyotik gida iiretim durumu

Lactobacillus tirleri yaygin olarak kullanilan probiyotik
mikroorganizma tirleri olup (Uymaz, 2010), gerek evde
yapilan vyogurtta gerekse endustriyel yogurtta bol
miktarda bulunmaktadir. Ancak bazi uzmanlar, bu
Uranlerde bulunan probiyotik bakterilerin bir kisminin
midenin asidik ortaminda yasamlarini
sirdiremediklerini, bu sebeple midenin asidik ortamina
daha dayanikli laktik asit bakterileri ile Uretilen ve
“probiyotik yogurt” adiyla satilan giglendirilmis
Uranlerin daha faydah olduklarini savunmakla birlikte bu
konuda farkh goérisler bulunmaktadir (Ozden, 2013;
Banes, 2016; Akay, 2020). Calismanin bu asamasinda
tuketicilere, geleneksel fermente yontemler ile Uretilen
ve belirli oranlarda probiyotik bakteri icerdigi bilinen
Urlnleri evde Uretip GUretmeme durumlari sorulmustur.
Arastirma alaninda goérusilen tiketicilerin %74.80 (449)
gibi buyik bir cogunlugu, tiketim amacgli olarak, evde en
az bir probiyotik gida Urettigini belirtmistir. Evde Uretilen
Urlnler arasinda, geleneksel yontemlerle elde edilen
“Fermente Yogurt” (%62.66) ilk sirada gelirken, bunu
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“Ayran” (%57.66), “Lahana ve/veya Salatalik Tursusu”
(%40.00) takip etmektedir (Cizelge 8).

Tiiketicilerin probiyotik gidalar hakkindaki diisiince ve
yaklasimlari

Arastirma kapsaminda, tlketicilerin probiyotik gida
dranlerine yonelik dislince ve yaklasimlarini belirlemek
Uzere, tUketicilere 5’li likert 6lcegi formatinda hazirlanan
25 ifadeye ne derecede katildiklari sorulmustur. Yapilan
glvenilirlik analizi sonucunda, glivenilirlik derecelerinin
duslik oldugu belirlenen g degisken 6lcekten ¢ikarilarak,
toplam 22 degisken lizerinden degerlendirme yapilmistir
(Cizelge 9). S6z konusu 22 degiskenin Cronbach Alpha
glvenilirlik katsayisi %88.6 olarak belirlenmistir. S6z
konusu degiskenler; “yarar algisi, lezzet algisi, risk algisi,
glven algisi, satin alma gondllilGglt” olmak Uzere bes
baslik altinda gruplandiriimistir.

(a)Yarar algisi

ifade 1: Probiyotik gidalar saghga faydalidirlar.

ifade 2: Probiyotik gidalar katki maddesi icermezler.
ifade 3: Probiyotik gidalar kendimi giiclii hissettiriyor.
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Cizelge 8. Tuketicilerin evde probiyotik gida tGretme durumlari
Table 8. The situation of consumers producing probiotic foods at home

Uriinler

Yogurt
Ayran
Lahana/salatalik tursusu
Kefir
Tarhana
Elma sirkesi
Peynir

Nar eksisi
Salgam
Yayik ayrani
Boza

Frekans (n) Oran (%)

376 62.66
346 57.66
240 40.00
116 19.33
94 15.66
89 14.83
62 10.33
56 9.33
55 9.16
45 7.50
2 0.33

*Birden fazla Uriin isaretlenmistir

ifade 4: Bagisiklik sistemini giiclendirmeye yardimci
olurlar.

ifade 5:Bagirsak sorunlarini gidermeye yardimci olurlar.
ifade 6: Saglksiz beslenmeden kaynaklanan olumsuz
etkileri gidermeye yardimci olurlar.

ifade 7: Antibiyotiklerin zararli etkilerini azaltmaya
yardimci olurlar.

ifade 8: Probiyotik gidalari
koruyabilirim.

ifade 9: Hap formundaki probiyotik gida takviyeleri
saghga yararhdir.

Tliketicilerin, probiyotik gidalarin yararlari hakkindaki
ifadelere verdikleri cevaplar incelendiginde (Cizelge 9),
genel olarak ifadelerin likert ortalamalarinin 4 ve
Uzerinde oldugu, yani tlketicilerin probiyotik gidalari
saghk acisindan oldukca yararli bulduklari belirlenmistir.
Bununla birlikte, tiketicilerin hap formundaki probiyotik
gida takviyelerine yonelik yarar algilarinin goreceli olarak
diisiik oldugu (2.75) belirlenmistir (ifade 9).

(b) Lezzet algisi

ifade 10: Probiyotik gidalari lezzetli buluyorum.

ifade 11: Probiyotik gidalari tilketmekten keyif aliyorum.
ifade 12: Benim icin bir gida Griiniiniin saglkh olmasi
lezzetli olmasindan daha 6nemli.

ifade 13: Tadini bilmedigim probiyotik Uriinleri satin
almam.

Elde edilen sonuglara gore, tiketicilerin probiyotik
gidalan lezzetli bulduklari (4.32) ve bu gidalar
tiketmekten keyif aldiklari (4.33) belirlenmistir. Bunun
yani sira tuketiciler, probiyotik bir gida Grlintnin saglikli
olmasinin lezzetli olmasindan daha o©nemli olup
olmadiginin soruldugu ifadeye (ifade 12) genel olarak ne
olumlu ne de olumsuz olarak yanit verirken (2.99), tadini
bilmedikleri bir Grinl satin almaya nispeten de olsa
olumlu baktiklari belirlenmistir (3.61).

Buradan yola cikarak, tuketicilerin probiyotik Urlinleri
lezzetli bulduklari ve bir gida GrlinGnin tiketici nezdinde

tiketerek saghgimi
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lezzetli olmasinin en az saglkh olmasi kadar 6nemli
oldugu sonucuna ulagilabilir.  Bunun yani sira,
tiketicilerin tadini  bilmedikleri probiyotik gidalar
denemeye genel olarak sicak baktiklari ¢ikarimina da
ulasilabilir.

(c) Risk algisi

ifade 14: Fazla miktarda tiiketmek sagliga zararli olabilir.
ifade 15: Saglik acisindan éngoériilmeyen riskler tasiyor
olabilirler.

Arastirma sonuclarina gore, tiiketiciler fazla miktarda
probiyotik gida tiketiminin nispeten de olsa (3.43) saghk
acisindan zararl olabilecegini distinirken, bu gidalarin
saghk acisindan oOngorilemeyen riskler tasiyabilecegi
yonlindeki ifadeye genel olarak katimadiklar (2.43)
belirlenmistir.

(d) Giiven algisi

ifade 16: Probiyotik gidalari tiiketmek giivenlidir.

ifade 17: Probiyotik gidalarin sagliga yararlari hakkinda
aciklanan bilgilere gliveniyorum.

ifade 18: Evde yapilan probiyotik gidalar daha saglhklidir.
ifade 19: Markette satilan probiyotik gidalar giivenlidir.
Arastirma sonuglarina gore (Cizelge 9), tiketicilerin
probiyotik gidalari tiiketmeyi glivenli bulduklari (4.04) ve
s6z konusu gidalarin yararlari hakkinda agiklanan
bilgilere giivendikleri belirlenmistir (4.11). Bununla
birlikte, tliketicilerin evde yapilan probiyotik gidalara
olan glven derecelerinin (4.48) marketlerde satilanlara
nazaran ¢ok daha yliksek oldugu (2.73) belirlenmistir.
(e) Satin alma géniilliiliigii

ifade 20: Probiyotik gidalari satin alirim.

ifade 21: Probiyotik gidalari pahali buluyorum.

ifade 22: Fiyatlari daha ucuz olsa daha fazla alirdim.
Arastirma sonuglarina gore, tliketicilerin satin alma
gondlluliklerinin orta  dizeyde oldugu  (3.53)
belirlenmistir. Tlketicilerin %58.80’i probiyotik gida triin
fiyatlarini yiiksek bulurken, %65.30"u fiyatlarin daha ucuz
olmasi halinde daha fazla probiyotik gida Griinii satin
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alabileceklerini  belirtmislerdir.  Yapilan farkli  bir
arastirmada, tiiketicilerin %23.8’inin probiyotik Grinleri

pahali bulduklarindan dolayi tiiketmedikleri bulgusuna
ulasiimistir (Kagan ve ark., 2019).

Cizelge 9. Tuiketicilerin probiyotik gidalar hakkindaki ifadelere katilma durumlari
Table 9. Consumers' agreement levels with the statements about probiotic foods

.. Olgek (%) Ort.
Degiskenler N 1 5 3 2 5 (1-5) Std. sapma
ifade 1 600 5.00 2.30 5.20 22.80 64.70 4.40 1.042
ifade 2 600 4.00 5.80 17.80 26.70 45.70 4.04 1.108
ifade 3 600 3.20 3.50 14.00 23.30 56.00 4.25 1.030
ifade 4 600 3.50 3.80 5.50 18.50 68.70 4.45 1.005
ifade 5 600 3.80 2.30 9.30 21.30 63.30 4.38 1.012
ifade 6 600 3.20 4.20 12.70 22.30 57.60 4.27 1.041
ifade 7 600 3.70 2.80 22.80 18.70 52.00 4.13 1.085
ifade 8 600 3.30 3.20 8.50 24.30 60.70 4.36 0.996
ifade 9 600 24.70 14.70 34.00 14.70 12.00 2.75 1.303
ifade 10 600 3.80 3.80 10.00 21.50 60.90 4.32 1.053
ifade 11 600 3.30 3.00 11.70 21.50 60.50 433 1.018
ifade 12 600 27.80 16.80 11.30 16.70 27.40 2.99 1.596
ifade 13 600 14.20 12.50 15.00 15.20 43.10 3.61 1.485
ifade 14 600 10.70 12.70 23.30 30.00 23.30 3.43 1.268
ifade 15 600 24.50 23.50 39.80 9.20 3.00 2.43 1.049
ifade 16 600 3.50 5.20 17.00 32.00 42.30 4.04 1.056
ifade 17 600 3.20 5.00 14.50 32.00 45.30 411 1.036
ifade 18 600 2.80 4.00 9.80 9.00 74.40 4.48 1.014
ifade 19 600 16.30 22.70 35.80 21.70 3.50 2.73 1.081
ifade 20 600 8.20 16.20 15.50 33.80 26.30 3.54 1.261
ifade 21 600 6.50 9.20 25.50 28.50 30.30 3.67 1.185
ifade 22 600 7.50 12.70 14.50 24.80 40.50 3.78 1.299

(1): Kesinlikle Katilmiyorum; (2): Katilmiyorum; (3): Fikrim Yok; (4): Katiliyorum; (5): Kesinlikle Katiliyorum

Sonug¢ olarak, son vyillarda tim dinyada oldugu gibi
Tirkiye’'de de fonksiyonel gidalara olan talep artis
gostermektedir. Glnlmuizde bilgiye erisimin oldukca
kolaylasmasindan o6tird, tiketicilerin saglik agisindan
o6nem taslyan bu Urlnlere yonelik farkindalik seviyeleri
artarken, basta Japonya, ABD ve AB lilkeleri olmak (izere,
dinya genelinde fonksiyonel gida pazari giderek
genislemektedir. Probiyotik trlinler fonksiyonel gidalar
arasinda onemli bir yere sahip olup, tiketiciler
tarafindan en c¢ok tercih edilen fonksiyonel ({riinler
arasinda yer almaktadir.

Bu c¢alismada, TR63 Bolgesinde yer alan Hatay,
Kahramanmaras ve Osmaniye illerinde yasayan
tuketicilerin  probiyotik  Grlinler hakkindaki bilgi

diizeylerinin, tutumlarinin ve bu drinler hakkindaki
algilamalarinin belirlenmesi amaglanmistir.

Arastirma sonuglarina gore, tiliketicilerin buylk bir
boliminin (%85.30) probiyotik gidalardan haberdar
oldugu ve yaridan fazlasinin (%66.80) probiyotik gidalari
satin aldiklari belirlenmistir. Tlketicilerin  %58.60'1
probiyotik gidalar hakkindaki bilgi seviyelerinin “iyi veya
cok iyi seviyede” oldugunu belirtmistir.

Tiketim sikhg1 agisindan, sirasiyla “peynir, yogurt, ayran,
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elma sirkesi, salatalik ve lahana tursusu” tiketicilerin en
sik tkettigi probiyotik Grinler olarak 6ne gikarken, “hap
formundaki probiyotik takviyeler, boza ve kombu cay”
ise en az tiiketilen Urinler olarak belirlenmistir.
Tlketicilerin %83.40"1 evde yapilan probiyotik gidalarin
daha saglikli oldugunu diistiniirken, %74.80’inin evde en
az bir c¢esit probiyotik gida Urettigi belirlenmistir.
Tiketicilerin evde en ¢ok Urettikleri probiyotik gidalar
sirasiyla;  yogurt  (%62.66), ayran  (%57.66),
lahana/salatalik tursusu (%40.00) ve kefir (%19.33)
seklindedir.

Tiketicilerin probiyotik gidalarin  saghga vyararlar
hakkindaki algilamalarinin oldukga yiksek oldugu ve bu
Urinlere glvendikleri belirlenirken, hap formunda
satilan probiyotik gida takviyelerine karsi yarar algilarinin
ise goreceli olarak daha dustk oldugu belirlenmistir.
Arastirmada ayrica, tiketicilerin probiyotik gidalari satin
almaya genel olarak gonilli olduklar belirlenirken,
fiyatlarinin daha disik olmasi durumunda daha fazla
satin almak istedikleri arastirma kapsaminda ulasilan bir
diger sonuctur.

Sonug olarak, arastirmaya katilan tiiketicilerin buylk bir
¢ogunlugunun probiyotik gidalar hakkindaki
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farkindaliklarinin genel olarak yliksek oldugu, s6z konusu
Urlinlere olduk¢a olumlu yaklastiklari ve evde (retilen
probiyotik gidalara daha fazla glivendikleri belirlenmistir.
Fermente sut (Urlinlerine dayali probiyotik gidalar,
Tirkiye’'nin  de icinde vyer aldigi Dogu Avrupa
cografyasinda, diger fonksiyonel gidalara nazaran daha
fazla tiiketilen ve hizla biyiyen bir pazardir. Bu anlamda,
gerek i¢ pazarin desteklenmesi, gerekse so6z konusu
Uranlerin ihracatinin artirilmasina yonelik olarak, sit ve
sit Urtnleri Gretiminin desteklenmesi sektoriin gelisimi

acisindan  6nem tasimaktadir. Bununla birlikte,
probiyotik  Grlnlerin  yararlari  hakkinda tanitim
calismalarinin  yiritilmesi ve Urin ambalajlarina
bilgilendirici metinlerin ilave edilmesi, probiyotik
UrGnlerin  vyararlari  hakkinda toplumsal bilincin
ylikselmesine ve tiketimin  artirlmasina  katki

saglayacaktir.
OZET

Amag¢: Bu calismanin amaci, TR63-Dogu Akdeniz
Bolgesinde yer alan Hatay, Kahramanmaras, Osmaniye
illerinde yasayan tiiketicilerin probiyotik gidalara yonelik
bilgi dlzeyleri, tutumlari, davranislari ve tiketim
egilimlerini tespit etmektir.

Yéntem ve Bulgular: Bu amacla, TR63 Bolgesinde 600
tuketici ile anket calismasi yapilarak, tiketicilerin
probiyotik Urlnler hakkindaki genel tutum ve
davranislari belirlenmistir. Arastirma sonuclarina gore,
tuketicilerin probiyotik gidalari satin alma oranlari
yuksek olmakla birlikte (%66.80), evde yapilan probiyotik
aranleri daha saglikli bulduklari belirlenmistir. Arastirma
kapsaminda gorusilen tiketicilerin %74.80’i evde en az
bir ¢esit probiyotik trin Urettigi belirlenmis olup, evde
en ¢ok d{retilen drinler sirasiyla, yogurt, ayran,
lahana/salatalik tursusu ve kefirdir.

Genel Yorum: Son yillarda dinyada oldugu gibi
Tirkiye’de de tlketicilerin fonksiyonel Uriinlere olan
talebinde artis yasanmaktadir. Ginimizde saglkli bir
yasam surdirmek ve artan saglik problemlerini 6nlemek
icin tuketiciler fonksiyonel driinlere yénelmektedirler.
Probiyotik Uriinler, fonksiyonel Grlinler arasinda 6nemli
bir yere sahip olup, tiketiciler tarafindan en c¢ok
tuketilen foksiyonel Grlinlerdir. Arastirma sonuglarina
gore, tiketicilerin  probiyotik gidalarin  yararlari
hakkindaki farkindaliklarinin yiiksek oldugu ve bu
Urlinleri glivenerek tukettikleri belirlenmistir. Bu
sonuglarin yani sira, fiyatlarinin daha ucuz olmasi halinde
tuketicilerin daha fazla probiyotik gida UGrlGni satin
almaya gonilli olduklari belirlenmistir.

Calismanin Onemi ve Etkisi: Arastirma kapsaminda elde
edilen bulgular ile tuketicilerin probiyotik Uriinlerde
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tercihleri, oncelikleri ve tliketim sikhklari belirlenmis
olup, arastirmada elde edilen bulgular ile s6z konusu
drinlerin  tlketiminin  artirnlmasi  ve  pazarlama
olanaklarinin gelistirilmesine yonelik gida sanayisine ve
hizla biylyen fonksiyonel gida Uriinleri pazarina katki
saglanmasi beklenmektedir.

Anahtar Kelimeler: Fonksiyonel gida, probiyotik Urin,
tiketici, tutum, davranis.
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“Tiiketicilerin Probiyotik Uriinlere Yénelik Algi ve
Yaklasimlari: TR63 Bélgesi Ornegi” baslikh (Proje No:
21.GAP.002) projeden elde edilen verilerden
hazirlanmigtir. Arastirmaya verdikleri mali destekten
dolayr Hatay Mustafa Kemal Universitesi-Bilimsel
Arastirma Projeleri Birimine, anket ¢alismalarina yapmis
oldugu katkilardan &tiirii Selcen CELiK'e tesekkiir
ederim.

CIKAR CATISMA BEYANI
Yazarlar c¢alisma konusunda
olmadigini beyan eder.

ctkar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar calismaya esit oranda katki saglamis olduklarini
beyan eder.

KAYNAKLAR

Akay, D (2020) Ev yogurdu probiyotik mi? Disaridan
probiyotik  destegi  almali  miyiz?  (Erisim:
https://www.aloeverauyelik.com/Irurunleri/ev-
yogurdu-probiyotik-Ir-pro-12/).

Aksu FY, Altunatmaz SS, Kahraman T (2010) Probiotic
foods and their effects on human health. ABMYO
Journal 19: 90-94.

Altindis M, inci MB, Elmas B, Sahin EO, Kahraman EP,
Karagbz R, Kuiglikkara G, Altindis S (2018) Aile
hekimleri, pediatristler ve eczacilarin probiyotik
kullanimlari hakkinda bilgi, tutum ve davranislari.
Journal of BSHR 2(2): 108-116.

Annunziata A, Vecchio R (2013) Consumer perception of
functional foods: A conjoint analysis with probiotics.
Food Qual. Prefer. 28: 348-355.

Banes NC (2016) Probiyotik mi paramatik mi? (Erisim:
https://www.haberturk.com/yazarlar/neva-
ciftcioglu-banes/1240037-probiyotik-mi-paramatik-
mi).


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(2): 278-287

Arastirma Makalesi / Research Article

Boluda K, Capilla V (2017) Consumer attitudes in the
election of functional foods. Spanish Journal of
Marketing — ESIC 21(1): 65-79.

Carvalho NB, Costa TMT, Ferreira MAM, Simiqueli AA,
Minim VPR (2014) Consumer attitude regarding
products Containing probiotics. Ciéncia Rural, Santa
Maria, v.44, n.7, p.1319-1326.

Churchill GA (1995). Marketing research: methodologial
foundations, the dryden press, harcourt brace college
publishers, sixth edition.

Celik H, Celik AD, Hayran S, Giil A (2021) Fonksiyonel
gidalara yonelik Gniversite 6grencilerinin  bilgi
diizeyleri ve tiiketim egilimleri: Cukurova Universitesi
ornegi. Turk Tarim — Gida Bilim ve Teknoloji Dergisi
9(7): 1242-1249.

Di Pasquale J, Adinolfi F, Capitanio F (2011) Analysis of
consumer attitudes and consumers willingness to pay
for functional foods. Int. J. Food Syst. Dyn. 2(2): 181-
193.

Eser AG (2017) Probiyotikler konusunda tiiketicilerin ilgi
ve kanaatleri (Canakkale-Biga Ornegi). Van Veterinary
Journal 28(1): 25-30.

Gok i, Ulu EK (2018) Functional foods in Turkey:
marketing, consumer awareness and regulatory
aspects. Nutr. Food Sci. 49(4): 1-19..

IPA (2020) European probiotic market insights — 2019.
Europe-international probiotics association. (Access:
https://www.ipaeurope.org/wp-
content/uploads/2020/07/2019-Probiotic-Market-
Insight.pdf).

Iwatani S, Yamamoto N (2019) Functional food products
in Japan: a review. Food Sci. Hum. Wellness 8(2): 96-
101.

Jezewska-Zychowicz M (2009) Impact of beliefs and
attitudes on young consumers' willingness to use
functional food. Pol. J. Food Nutr. Sci. 59(2): 183-187.

Kagan DA, Ozlii T, Yurttag H (2019) Yetiskin bireylerin
probiyotik gidalari bilme ve tiketme durumlari
Uzerine bir arastirma. EJOSAT 17: 556-563.

Karagdz Y, Ekici S (2004) Sosyal bilimlerde yapilan
uygulamali arastirmalarda kullanilan istatistiksel
teknikler ve 6lgekler. C.U. iktisadi ve idari Bilimler
Dergisi 5(1): 25-43.

287

Mordor Intelligence (2022). Europe probiotics market-
growth, trends, covid-19 impact, and forecasts (2022
- 2027). (Access:
https://www.mordorintelligence.com/industry-
reports/europe-probiotics-market-industry).

Ozden A (2013) Probiyotik: “saglikli yasam icin yararh
dost bakteriler”. Glincel gastroenteroloji; 17/1.
(Erisim:
https://guncel.tgv.org.tr/journal/44/pdf/100106.pdf
).

Ozgiil AA, Bozat C, Sezis M, Badur Y, Ozcan 00, Sariyer
ET, Cevik E, Colak H, Karahan M (2020) Calisma
hayatindaki bireylerin probiyotik besinler hakkindaki
bilgi dizeyi ve tliketim durumlarinin belirlenmesi.
IGUSABDER 12: 365-378.

Perker BC, Yalgin E (2011) Yeni Urlinin pazara
sunulmasinda markanin 6nemi ve probiyotik yogurt
pazari izerine bir uygulama. isletme Fakiiltesi Dergisi
12(2): 243-259.

Sezgin D (2020) Developments and regulations about
functional foods in Turkey: a literature review.
Akademik Gida 18(1): 79-86.

TUIK (2020) Tirkiye istatistik kurumu, istatistik veri

portall. (Erisim:
https://biruni.tuik.gov.tr/medas/?kn=95&locale=tr).
Urala N, Lahteenmaki L (2003) Reasons Behind

Consumers’ Functional Food Choices. Nutr. Food Sci.
33(4): 148-158.

Uymaz B (2010) Probiyotikler ve kullanim alanlari.
Pamukkale Universitesi Miihendislik Bilimleri Dergisi
16(1): 95-104.

Viana JV, Cruz AG, Zoellner SS, Silva R, Batista ALD (2008)
Probiotic foods: consumer perception and attitudes.
Int. J. Food Sci. Technol. 43: 1577-1580.

Yabanci N, Simsek | (2007) Universite &grencilerinin
probiyotik Urin tiketim durumlari. TSK Koruyucu
Hekimlik Bllteni 6(6): 449-454.


http://dergipark.gov.tr/mkutbd

Mustafa Kemal Universitesi Tarim Bilimleri Dergisi 27 (2):288-298, 2022
(Mustafa Kemal University Journal of Agricultural Sciences 27 (2):288-298, 2022)
e-ISSN: 2667-7733
http://dergipark.org.tr/mkutbd

X
%
&
&
) m

ARASTIRMA MAKALESI RESEARCH ARTICLE

Sanhurfa ilinde antepfistiginda Agonoscena pistaciae Burc.&Laut. (Hemiptera;
Psyllidae)’nin ergin populasyon degisiminin farkh 6rnekleme yontemleri ile belirlenmesi

Determination of adult population density of Agonoscena pistaciae Burc.&Laut. (Hemiptera:Psyllidae)' on
pistachio trees in Sanliurfa province by different methods

Mehmet Ali SAGIROGLU"*/, Kamuran KAYA?
poler Tarim, Sanlurfa.
’Hatay Mustafa Kemal Universitesi, Ziraat Fakiiltesi, Bitki Koruma Béliimii, Antakya, Hatay.

MAKALE BiLGISi / ARTICLE INFO OZET/ABSTRACT

Aims: With this study, which was carried out in two pistachio orchards
Makale tarihgesi / Article history: (Karakoprii-1 and Karakopri-2) in Karakopri district of Sanliurfa province
DOI: 10.37908/mkutbd.1083573 in 2019-2020, it was aimed to determine the adult population changes of
Gelis tarihi /Received:07.03.2022 Pistachio psyllid, Agonoscena pistaciae, which is the main pest in the
Kabul tarihi/Accepted:27.04.2022 pistachio orchards, by beating and yellow sticky trap (SYT) methods.

Methods and Results: Counts were made in weekly periods with 10 trees
from each orchard which were chosen for both sampling methods. In the

Keywords: graphs plotted by data obtained, similar population curves were observed
Agonoscena pistaciae, population density, in both orchards for two different sampling methods. However, curves
yellow sticky trap, beating method. obtained from yellow sticky traps indicate a higher population than the

curves obtained from beating method. This difference was found to be
" Corresponding author: Kamuran KAYA significant in the statistical analysis. The first adults were seen in
DA4: kkaya@mku.edu.tr 04/28/2019 in the first year and in 05/03/2020 in the second year in both

orchards and sampling methods. In the first year, the highest population
level was found in 09/01/2019 in orchards Karaképri-1 and 2 as 100.3
adult/SYT, 119.3 adult/SYT, and 84 adult/beating, 92.5 adult/beating,
respectively. In the second year, similar population densities were
determined in the samplings achieved by yellow sticky trap and beating in
the same orchards and population levels.

Conclusions With this study, it was concluded that yellow sticky traps are
able to determine changes in the population as accurately as beating
method, a classical method, in the studies which monitor the adult
population movements with A. pistaciae. The fact that the numerical
difference between the samples obtained by the two sampling methods is
statistically significant shows that the yellow sticky traps are promising
tools in terms of being used within the scope of biotechnical methods
within the integrated control methods.

Significance and Impact of the Study: It is considered that the
effectiveness of yellow sticky trap to catch A. pistaciae adults can be
increased with new studies by using yellow sticky traps alone or in
combination with some other methods. With these studies, trapping A.
pistaciae adults in mass and thus keeping their populations below the
Economic Damage Threshold or at least reducing the number of pesticide
applications will ensure that these studies have achieved their purpose.
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Psyllidae)’'nin ergin populasyon degisiminin farkli érnekleme yéntemleri ile belirlenmesi. Mustafa Kemal
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GIRIS

Antepfistigr  (Pistacia vera L.), sakiz agacigiller
(Anacardiaceae) familyasindan olup yenebilen kabuklu
meyve veren bir bitki tlrGdir. Glneydogu Anadolu
Bolgesi Tirkiye icin antepfistiginin en 6nemli gen
merkezlerinden biridir. Kiltlre alinisindan itibaren
antepfistigl Uretimi Ulkemizde hizla artmis ve ihracatta
onemli oranda doviz kaynagl yaratan bir Grin haline
gelmistir (Yavuz ve ark., 2016; Anonim, 2012).
Antepfistig1 yetistiriciligi dogada kendiliginden yetisen ve
kiltir cesitlerine anag¢ olarak kullanilan melengig
(Pistacia terebinthus Linnaeus), buttum (Pistacia khinjuk
Stocks) ve Atlantik sakizi (Pistacia atlantica Desf.)
turlerinden elde edilen ¢ogiirlerin bahgelere dikilmesi;
bunlarin tohumlarinin ekilmesi ile elde edilen ¢ogiirlerin
asillanmasi veya dogada bu tiirlerin mevcut yabanilerinin
dogrudan asilanmasiyla da yapilabilmektedir (Simsek ve
Bolu, 2016). Bu nedenle llkemiz, gen merkezi olmasinin
yaninda, yabani aga¢ miktari yoniinden de zengin bir
potansiyele sahip olmasi ve antepfistiginin toprak ve
iklim istekleri bakimindan diger meyve tirlerine gore
daha az segici olmasi nedenleri ile de 6zel bir konuma
sahiptir (Tunalioglu ve Taskaya, 2003).

Diinya antepfistigl tretiminin yaklasik % 91.1’lik kismi,
iran, ABD, Tiirkiye ve Cin olmak {izere 6nde gelen dért
lke tarafindan saglanmaktadir (FAO, 2020) ve iran
dinya antepfistigi  Uretiminin ~ %52.1'ini  elinde
bulundurmaktadir. Tirkiye'nin 56 ilinde antepfistig
yetistiriciligine rastlanmakla beraber ekonomik anlamda
yetistiricilik, Glkemizin antepfistigl agaglarinin %90'inin
bulundugu Gaziantep, Sanliurfa, Adiyaman,
Kahramanmaras ve Siirt illerinde yapilmaktadir (Anonim,
2012; Erturk ve ark., 2015; Yavuz ve ark., 2016).
Sanhurfa ve Gaziantep illerinin gerek agag varlklari
gerekse Uretim miktarlari bakimindan hemen hemen ilk
sirayl paylastiklari goriilmekle birlikte, 2019 verilerine
gore Uretim miktarlari tilke genelinde oldukga diisms ve
Sanliurfa 31931 ton ile en fazla (retimi
gerceklestirmistir. Sanliurfa iline baglh ilgeler igerisinde
ise Birecik, Karakoprii, Bozova ve Halfeti ilgeleri
antepfistigl Gretiminde en 6nemli dort ilcedir (Anonim,
2021).

Antepfistigl Uretiminde verim ve kaliteyi etkileyen pek
¢ok faktérden biri de zararli boéceklerdir. Bu tirler
icerisinde psillalar verim ve kaliteyi etkileyen en 6nemli
zararlilar icerisindedir (Kavak ve Ozgen, 2018).
Antepfistigl bahcelerinde pek c¢cok zararh bocek tiri
bulunmakla birlikte, ana zararli durumunda olan tir
Antepfistig psillidi, Agonoscena pistaciae Burckhardt &
Lauterer, 1989 (Hemiptera:Psyllidae), bu faktorlerden
biri olarak 6nemli bir yere sahiptir (Anonim, 2011,

289

Mamay ve Simsek, 2017; Mamay ve Mutlu, 2019; Ozgen
ve ark., 2013; Ozgen ve ark.,2020; Sabuncu ve ark.,
2021). Bu tdr son vyillarda Sanliurfa ve Siirt illeri
antepfistigl alanlarinda 6nemli zararlar olusturmus,
miicadelesine yonelik olarak zararlinin populasyonu
takip altina alinmistir (Ozgen ve ark., 2013; Ozgen ve
ark.,2020) . Zararh ilk defa Kiriukhin (1946) tarafindan
iran’da bulunan yabani ve kiltiiri yapilan fistik
agaclarinda bildirilmistir. Zararlinin farkli habitatlara ve
konukcu bitkilere adaptasyon kabiliyetinin olmasi,
yliksek Ureme glici ve dagiima kapasitesinin olmasi
yaninda sentetik insektisitlere direng gelistirmesi
kontrollini gii¢lestirmektedir (Mehrnejad, 2020). Bunun
yaninda agaclarin c¢ekirdek gelisim déneminde A.
pistaciae populasyon yogunlugunun yiiksek olmasi, takip
eden Uc yil boyunca agaclarin zayif dismesine ve bunun
sonucunda verimde ciddi oranda kayiplara yol
acmaktadir (Mehrnejad 2001).

A. pistaciae nimfleri yaprak, stirgiin ve meyvelerde bitki
O0zsuyunu emerek zarara neden olurlar. Emgi zarari
sonucu doku ve organlar zamanla sararip sonraki
asamalarda da kahverengileserek dokiilmeye baslar.
Popilasyon yogunluguna bagh olarak bitkilerde erken
yaprak, cicek ve meyve dokiimiine neden olmaktadir. Bu
durum bitkinin zayif kalmasina, o yilki meyvelerin ig
baglamalarinin yetersiz kalmasina ve ertesi yil meyve
olusturacak olan gozlerin beslenemeyerek
dokiilmelerine ve bu nedenle de {iriin miktarinda 6nemli
kayiplara sebep olmaktadir. A. pistaciae bitkinin
yapraklarinda vyaptigi emgi sonucunda fumajin
olusturarak hastalik etmenlerinin gelismesi icin de uygun
ortam olusturmaktadir (Bolu ve Kornosor, 1995; Gliclu
ve ark., 1998; Anonim, 2011; Yilmaz, 2019).

Turkiye’de Antepfistiginda zararh A. pistaciae’nin
populasyon gelisimi, miicadelesi ve dogal diismanlarinin
belirlenmesine yonelik ¢ok sayida ¢alisma yapilmistir
(Bolu ve Kornosor, 1995; Bolu ve ark., 1999; Kaplan ve
Cinar, 2000; Bolu, 2002; Bolu, 2004; Sertkaya, 2016;
Yilmaz, 2019; Ozgen ve ark., 2013; Ozgen ve ark.,2020).
Zararli ile yapilan ¢alismalarda sari yapiskan tuzaklarin
(SYT) kullanimi yurt disinda bulunan bazi arastiricilar
tarafindan uygulanmis olmakla birlikte, Glkemizde ancak
son vyillarda yapilan ¢ok sinirli sayida calismada
goriilmektedir (Ozgen ve ark., 2013; Kavak ve ark., 2020).
Hadian ve Seyedoleslami (2001) de antepfistigi psyllidi A.
pistaciae’nin ergin populasyon yogunlugu ve esey
oranini belirlemek icin sari yapiskan tuzaklari (SYT)
kullanmis ve SYT'In mevsimsel popilasyon calismalari
icin 6nemli oldugunu bildirmislerdir. Seyedoleslami ve
ark. (2003) iran’ da yaptiklari calismada A. pistaciae’nin
ilk ergin cikisini ve ergin popllasyon yogunlugunu
belirledikleri ¢alismalarinda SYT'In oldukca etkili
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olduklarini bildirmislerdir. Faezeh ve ark. (2010) iran’ da
fistik psyllidlerinin populasyon yogunluklarinin bolgelere
gore degisiklik gosterip gostermedigini SYT asarak Nisan
ve Ekim aylar arasinda periyodik sayimlar yaparak
gozlemlemislerdir. Her iki calismada da sonuc olarak
SYT'In A. pistaciae erginlerini yakalamada oldukca etkili
olduklari bildirilmistir. Kosovaeri ve ark. (2014) ise bir
firma  tarafindan  Uretilen yeni bir feromon
formulasyonunun (CacPyr attractants for Psyllids) armut
ve antep fistiginin dnemli zararlilarindan olan Cacopsylla
pyri (Linnaeus, 1761) (Hemiptera: Psyllidae) ve A.
pistaciae’ye karsi etkilerinin saptanmasi amaciyla
ylrattikleri cahismalarinda, bu formulasyonu, feromon+
sari yapiskan tuzak, feromon+ delta tuzak ve yalnizca sari
yapiskan tuzak (kontrol) kombinasyonlarini kullanarak
calismislardir. Sonug olarak her iki zararli icinde tek
basina sari  yapiskan tuzak karakterinin diger
kombinasyonlara goére en yiksek bireyi yakaladigi ve
istatistiksel olarak da farkli ©6nemde oldugunu
saptamislardir. Ulkemizde ise Dilmen ve Ozgédkge (2020),
2017-2018 vyillarinda Siirt ilinin Gg¢ farkh ilgesinde A.
pistaciae’nin popilasyon degisimini ¢alismis ve sari
yapiskan tuzaklara yakalanan ergin populasyon
yogunlugunun 11 Ekim 2018 tarihinde ortalama 15000
bireye ulastigini rapor etmislerdir.

SYT’lar dogrudan zararlilarla micadele amagh
kullanilabildigi gibi, monitér amacli olarak zararlilarin
bulunusu, yogunluklari ve goglerinin izlenmesi,
biyolojilerinin incelenmesi, miicadele zamanlarinin
dogru olarak belirlenmesi ve bocek populasyonlarinin
yayilis zamanini 6nceden belirleyerek erken uyarida
bulunabilmek amaglari ile de kullanilabilmektedir
(Durmusoglu ve ark., 2009; Horton, 1999; Ozgen ve ark.,
2013; Sertkaya ve Yilmaz, 2017; Ozgen ve ark.,2020).
Bugline kadar sari yapiskan tuzaklarin Bactrocera oleae
(Gmel.), Ceratitis capitata (Wied.), Rhagoletis cerasi
Loew (Diptera; Tephritidae), Liriomyza spp. (Diptera;

Cizelge 1. Calisma yapilan bahgeler ile ilgili bilgiler
Table 1. Informations about the studied orchards

Agromyzidae), beyazsinekler (Hemiptera; Aleyrodidae),
clice agustos bocekleri (Hemiptera; Cicadellidae) ve
yaprakbitleri (Hemiptera; Aphididae) gibi zararllarla
miicadelede yaygin olarak kullanildigi bilinmektedir
(Onciier ve Durmusoglu, 2008). Bunun yaninda C. pyri ve
Cocopsylla pyricola (Foerster, 1848) (Hemiptera:
Psyllidae) tiirlerinin populasyon yogunlugunun takibi ile
ilgili bazi ¢alismalarda da sari yapiskan tuzaklar
kullanilmistir. (Krysan ve Horton 1991, Civolani ve
Pasqualini 2003).

Bu calismada antepfistigi tGretim alanlarinin ana zararlisi
durumunda olan Agonoscena pistaciae’nin
orneklemesinde klasik darbe yontemi ile sari yapiskan
tuzak kullaniminin karsilastirilmasi ve bu yontemlerden
sarl yapiskan tuzaklarin zararliya karsi biyoteknik ve
entegre micadele kapsaminda kullanim potansiyelinin
degerlendirilmesi amaglanmistir.

MATERYAL ve YONTEM

Calisma Sanlurfa ilinin antepfistigl Gretimi bakimindan
en 6nemli ilgelerinden biri olan Karakdpri’de belirlenen
15-16 yaslarinda, yaklasik 90 aga¢ bulunan ve calisma
boyunca kimyasal ila¢ uygulamasi yapilmayan iki farkli
bahcede vydiratilmistir. Bahgelerde ergin  birey
orneklemesi icin iki farkli yontem kullaniimistir.
Calismanin ana materyallerini antepfistigi psillidi,
Agonoscena pistaciae Burc.&Laut. (Hemiptera:Psyllidae)
ile bulasik olan iki bahge ile, bu bahcgelerde bulunan
antepfistigl psillidinin ergin bireyleri ve bu bireylerin
orneklenmesinde kullanilan SYT’lar ile japon semsiyesi
olusturmustur. Ayrica, drneklemeler sirasinda kullanilan
emgi tupl, ependorf tlip, alkol vb. diger materyaller
arasinda yer almistir.

Calisma Sanhurfa’ nin Karakdprii ilcesine bagh Orgiinli
Koyl’'nde bulunan Karakopri-1 ve Karakoprii-2 olarak
kodlanan bahgelerde gergeklestirilmistir (Cizelge 1).

Bahce Karakopri-1 Karakopri-2

Koordinat bilgileri 37°11'16.9”N 38°34’45.8"’E 37°11’44.0”’N 38°35’06.1”’E
Alan (dekar) 3 2,5

Rakim (m) 750 803

Sayi 90 90

Cesit karisik karisik

Yas 15-16 15-16
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Sari1 yapiskan tuzaklar (SYT) ile 6rnekleme

Her bir bahgeye Nisan ayi baslangicindan itibaren
bahceyi temsil edecek sekilde farkli noktalardan secilmis
olan 10 adet agacin yerden yaklasik 1 m yikseklikteki 4
farkli yoninde bulunan birer dalina 20x25 cm
ebatlarinda olmak lzere toplamda 40 adet sari yapiskan
tuzak asilmistir (Sekil 1). Tuzaklarda bulunan A. pistaciae
ergin bireyleri haftalik olarak sayilarak yakalanan ergin
sayilari kaydedilmis ve kirlenen tuzaklar yenisi ile
degistirilmistir.

Darbe metodu ile 6rnekleme

Her bir bahcede bahceyi temsil edecek sekilde farkli
noktalardan ve sari yapiskan tuzaklarin asili olmadigi 10
agac secilerek numaralandirilmis ve Nisan ayi

baslangicindan itibaren bu agaclarda haftalik olarak
ornekleme yapilmistir. Agaclarin her bir yoniinde bir dala
1 darbe olmak lizere toplamda 40 darbe vurularak A.
pistaciae ergin bireylerinin japon semsiyesi Uzerine
dismesi saglanmis ve sayimlari yapilarak kaydedilmistir
(Sekil 2).

Sekil 1. Sarl yap|§kn tukIarIarIa ornekleme

Figure 2. Sampling with yellow sticky traps

Figure 2. Sampling with beating method
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Calismanin yiritaldGga bahgelerden alinan ergin birey
orneklerinin tir teshisi, Dr. Daniel BURCKHARDT
(Naturhistorisches Miizesi, Basel-isvicre) tarafindan
yapilmistir. Arastirmadan elde edilen veriler, SPSS paket
programi kullanilarak bagimsiz t-testi ile analiz edilmistir.
(SPSS, 2012).

BULGULAR ve TARTISMA

Agonoscena pistaciae ergin bireylerinin 2019 yili
popiilasyon degisimleri

Calismanin yirataldigid 2019 yihinda Karakopri-1 ve
Karakoprii-2 bahgelerinden elde edilen veriler ile
olusturulan A. pistaciae ergin bireylerinin popiilasyon
degisimleri Sekil 3 ve 4’ de verilmistir.

Sekil 3 ve 4 incelendiginde 2019 yilinda her iki bahgede
de her iki 6rnekleme ydnteminin benzer popilasyon
egrileri  olusturdugu  goriilmektedir. Agonoscena
pistaciae ergin birey orneklemesi igin klasik bir yontem
olarak bilinen japon semsiyesi kullanilarak yapilan darbe
yonteminden elde edilen sonuglar, oransal olarak sari
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yapiskan tuzaklardan elde edilen sonuglardan daha
dislik bir popllasyon yogunlugunu ifade etmekle
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birlikte, her iki yilda da poptlasyon egrilerinin benzer ve
birbiri ile uyumlu oldugu belirlenmistir.

e Darbe yontemi

Sekil 3. Karakoprii-1 bahcesinde 2019 yilinda, sari yapiskan tuzak ve darbe yontemi ile yapilan sayimlar sonucu elde
edilen A. pistaciae ergin poplilasyon degisimi
Figure 3. Adult population change of A. pistaciae monitoring by yellow sticky trap and beating method in orchard
Karaképrii-1 in 2019
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Sekil 4. Karakopri-2 bahgesinde 2019 yilinda, sari yapiskan tuzak ve darbe yéntemi ile yapilan sayimlar sonucu elde
edilen A. pistaciae ergin poplilasyon degisimi
Figure 4. Adult population change of A. pistaciae monitoring by yellow sticky trap and beating method in orchard
Karaképrii-2 in 2019

Calisma vyapilan bahgelerde ilk erginler 28.04.2019
tarihinde gorilmis olmasina ragmen 01.05.2019
tarihinde meydana gelen asiri yagislar nedeniyle
zararlya rastlanmamis ve yagislarin agaclarda meydana
getirdigi yogun sirgiin ve yaprak tahribati nedeniyle bir
sonraki hafta da yine zararl bulunamamistir. Takip eden
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haftalarda yapilan sayimlarda popiilasyonun 6zellikle
haziran aylr sonundan itibaren artis gosterdigi
belirlenmistir. Her iki bahcede de en yliksek poplilasyon
dizeyi 01.09.2019 tarihinde meydana gelmis olup, sari
yapiskan tuzak (SYT) 6rneklemesi icin Karakopri-1 ve
Karakopri-2 bahgelerinde sirasiile 100.3 ergin birey/SYT
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ve 119.3 ergin birey/SYT olmus, darbe yonteminde ise bu
sayilar yine sirasiyla 84 ergin birey/darbe ve 92.5 ergin
birey/darbe olmustur. Bu tarihten sonra yine yagislarla
birlikte poplilasyon sifir diizeyine inmistir. Sayimlar
boyunca her iki yontem icin meydana gelen populasyon
degisim hareketlerinin birbiriyle paralellik gosterdigi
belirlenmistir. Hasadin Eylal ayinin ikinci haftasindan
itibaren yapilmasiyla birlikte sayimlara son verilmistir.

Agonoscena pistaciae ergin bireylerinin 2020 yili
popiilasyon degisimleri

Calismanin yuratildagi 2020 yilinda Karakopri-1 ve
Karakopri-2 bahcelerinden elde edilen veriler ile
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olusturulan A. pistaciae ergin bireylerinin populasyon
degisimi Sekil 5 ve 6 da verilmistir.

Agonoscena pistaciae populasyonu 2020 yilinda dnceki
yila gore daha geg bir tarihte baslamis olup, bu duruma
yagislarin mayis ayina kadar devam etmis olmasinin
sebep oldugu disliniilmektedir.

Sekil 5 ve 6 incelendiginde dnceki yilda oldugu gibi, darbe
ve sarl yapiskan tuzak ile A. pistaciae ergin érnekleme
yontemlerinin  yine benzer popillasyon egrileri
olusturduklari gortlmektedir.

e Darbe yontemi

Sekil 5. Karakopri-1 bahgesinde 2020 yilinda, sari yapiskan tuzak ve darbe yontemi ile yapilan sayimlar sonucu elde
edilen A. pistaciae ergin poplilasyon degisimi
Figure 5. Adult population change of A. pistaciae monitoring by yellow sticky trap and beating method in orchard
Karaképrii-1 in 2020

Galismanin ikinci yilinda érnekleme yapilan bahgelerde
ilk sayimlar 26.04.2020 tarihinde baslamis, ancak bu
tarihte zararliya rastlanmamistir. Zararlya ilk olarak bu
tarihten bir hafta sonra 03.05.2020 tarihinde rastlanmis
ve takip eden haftalarda popilasyon yavas vyavas
artmaya baslamis, temmuz ayindan itibaren ise bu artis
daha hizli bir sekilde olmustur. Her iki bahcede de en
ylksek populasyon dizeyi onceki il ile
karsilastirildiginda daha gec¢ bir tarihte (13.09.2020)
meydana gelmis olup ayni zamanda bu en vyiksek
populasyon diizeyinin onceki yildan c¢ok daha yiksek
oldugu gorilmustlr. Sari yapiskan tuzak ve darbe
orneklemeleri icin sirasiyla >150 ergin birey/SYT ve >100
ergin birey/darbe popilasyon dizeyi her iki bahce icin
gorildikten sonra sayima devam edilmemistir. Bu
tarihten sonra yine yagislarla birlikte poptlasyon sifir
diizeyine inmistir. Sayimlar boyunca her iki ydontem igin
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meydana gelen ergin birey populasyon degisim
hareketlerinin birbiriyle paralellik gosterdigi
belirlenmistir (Sekil 5 ve 6). Eylil ayinin ikinci haftasindan
itibaren hasat yapilmaya baslanmasi ile birlikte ise
sayimlara son verilmistir.

Her iki yilda ve her iki bahg¢ede sayimlar ile elde edilen
verilerle olusturulan grafikler incelendiginde benzer
popllasyon egrileri meydana geldigi gorilmektedir.
Ancak iki érnekleme yonteminden elde edilen veriler
arasinda sayisal farkhliklar meydana gelmis ve sari
yapiskan tuzaklardan elde edilen egriler her zaman daha
yuksek bir popilasyonu ifade etmistir. Bu farklilhgin
sebebi ise darbe yonteminin haftanin belirlenen bir
gliniinde her hafta tekrarlanarak o an yasam alanlarinda
bulunan bireylerin japon semsiyesine dusirilmesi ile
elde edilen rakamlari, sari yapiskan tuzaklarin ise bir
hafta boyunca uguslari esnasinda cezbedilerek tuzaga
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Sekil 6. Karakopri-2 bahgesinde 2020 yilinda, sari yapiskan tuzak ve darbe yéntemi ile yapilan sayimlar sonucu elde
edilen A. pistaciae ergin popilasyon degisimi
Figure 6. Adult population change of A. pistaciae monitoring by yellow sticky trap and beating method in orchard
Karaképrii-2 in 2020

yapisan bireylerin vermesinden
kaynaklanmaktadir.

Darbe ve sari yapiskan tuzak yontemlerinden elde edilen
verilerin benzer egriler olusturmus olmalari, A. pistaciae
ile yapilacak olan popilasyon hareketlerinin izlenmesi
calismalarinda sari yapiskan tuzaklarin, populasyonda
meydana gelen degisimleri klasik yontem olan darbe
yontemi kadar dogru bir sekilde belirleyebilecegini
gostermektedir. Yapilacak olan g¢alismalarin niteligi,
isglici ve zaman kullanimi gibi unsurlar géz 6niine
alindiginda, arastirici tarafindan kullanilacak olan
yontemin segimi 6nem kazanmaktadir.

Bu calismada hem darbe ve hem de sari yapiskan tuzak
yontemleri ile ilk A. pistaciae ergin bireyleri 2019 yilinda
28 Nisan, 2020 vyilinda ise 3 Mayis tarihinde
belirlenmistir. Bolu ve Kornosor (1995), Kaplan ve Cinar
(2000) ve Kaplan ve Ciftci (2020) A. pistaciae ile yaptiklari
calismalarinda ilk ergin cikislarini tespit etmek ve ergin
bireylerin popiilasyon takibini yapmak icin darbe
yontemini kullanmiglardir. Bolu ve Kornosor (1995),
Sanliurfa ilinin Birecik ilcesinde 1993 yilinda, calisma
yaptiklari dort bahcede de ilk kislik erginlerin Nisan
ayinin baslarinda goraldiguni bildirmislerdir. Kaplan ve
Cinar (2000), Sanhurfa ili'nde 1996-97 vyillarinda ilk
kislayan erginlere nisan ayinin ikinci haftasinda
antepfistiginin ¢ciceklenme déneminde rastlandigini,
Kaplan ve Cift¢i (2020) de Siirt ilinde Merkez ilceye bagl
dort bahgede 2015-17 yillarinda yaptiklari ¢calismada ilk
erginlerin 16 Nisan tarihinde belirlendigini rapor
etmislerdir. Dilmen ve Ozgdkce (2020)'nin yine Siirt
ilinde Merkez, Eruh ve Tillo ilgelerinde birer bahgede

sayisini
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2017-18 yillarinda sari yapiskan tuzak yontemi ile yapmis
olduklari ergin popitlasyon takibi calismasinda ise ilk
erginlerin 2017 yilinda 27 Nisan, 2018 yilinda ise 16 Nisan
tarihinde goéraldugind bildirmislerdir. GorildGgi gibi
ayniilde ve ayniyillarda yapilan ¢calismalarda bile ilk ergin
citkis  tarihi  bakimindan kigik farkliliklar  ortaya
cikabilmektedir. Nitekim Bolu ve Kornosor (1995), yillara
ve yorelere bagh olarak A. pistaciae’nin dogada ilk
uguslarinin Mart ayi ortalarindan Nisan ayi ortalarina
kadar gorilebildigini bildirmistir.

Agonoscena pistaciae ergin popilasyonu her iki bahgede
de tepe noktasina 2019 yilinda 1 Eyliil tarihinde ulasirken
2020 yihnda 13 Eylil tarihinde ulasmistir. ilk ucus
tarihleri ile baglantih olarak populasyonun en yiiksek
diizeye ulasma tarihlerinde de yillara ve yoérelere gore
farkhliklar meydana gelebilmektedir. Nitekim Bolu ve
Kornosor (1995), A. pistaciae’nin Sanliurfanin farkh
ilcelerine bagli koylerde ergin poplilasyonunun en
ylksek seviyesine Ekim ayi icerisinde farli tarihlerde
ulastigini belirlemistir. Dilmen ve Ozgdkce (2020) ise
yaptiklari calismada Siirt’in farkli ilcelerinde 2017 yilinda
Eylil-Kasim arasinda, 2018 yilinda ise Ekim ayi icerisinde
en ylksek poplilasyon seviyesine ulastigini
belirtmislerdir.

Cooper ve ark. (2010) C. pyri'nin armudun yesil
yapraklarinin mevcut oldugu dénemde sari ve turuncu

rengi tercih ettigini ancak, ilkbaharda agacta
tomurcuklarin  heniiz patlamadigi dénemde, farkh
renklerdeki tuzaklarda yakalanan erginlerin sayisi

bakimindan aradaki farkin istatistiksel olarak onemli
bulunmadigini tespit etmislerdir. Monzo ve ark. (2015),


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(2): 288-298

Arastirma Makalesi / Research Article

Asya narenciye psyllidi, Diaphorina citri
(Hemiptera:Pslllidae) Kuwayama'nin izlenmesi amaciyla
yapmis olduklari ¢alismada, sari yapiskan tuzaklari,
emme ornekleme, gorsel 6rnekleme ve govde tikaglarini
kullanmislardir. Calismada sari yapiskan tuzaklarin gévde
tikaglarina goére 14 kat daha duyarl olmasina ragmen,
zaman alan bir yontem oldugunu ve c¢ok disuk

popillasyon  yogunluklarinda  verimli  olduklarini
bildirmislerdir.
Ulkemizde ise Bozkurt (2015) Ankara ili armut

bahcelerinde zararli Cacopsylla pyri'nin alternatif
miicadele yontemleri lzerine yaptigl ¢alismasinda sari
yapiskan tuzaklari kullanmistir. Sari yapiskan tuzaklarin
C. pyri'nin ilk ergin ¢ikis zamanini belirlemek, faydahlarin
aktif olmadigi kislamis C. pyri erginlerinin populasyonun
disuk oldugu erken dénemde zararlinin populasyon
blyuklGgini tahmin etmek ve ilkbaharda tomurcuklar
patlamadan 6nce miicadelesine karar vermek amaglari
ile kullanilabilecegini, poplilasyon artisi gorildikten
sonra tuzaklarin zararlyr kontrol altina almaya
yetmedigini bildirmistir.

Kavak ve ark., 2020; Elazig ilinde armutta zararl
Cacopsylla pyri ile micadelede, 1023 RAL kodlu tuzagin
zararlinin erginlerini fazla, dogal diismanlarini ise en az
ceken tuzak oldugunu bildirmislerdir.

Sari yapiskan tuzaklarin A. pistaciae ergin bireylerini
yakalama etkinligini daha dnce bazi arastiricilar yapmis
olduklari calismalarda rapor etmislerdir (Emami ve
Yazdani, 1993; Hadian ve Seyedoleslami, 2001; Ozgen ve
ark., 2013; Ozgen ve ark., 2020; Aksu ve ark., 2018).
Ancak bu yéntemin genis alanlari kaplayan bahcelerdeki
etkinligi hala tam olarak bilinmemektedir (Mehrnejad,

2020). Bununla birlikte Kosovaeri ve ark. (2014), bir firma
tarafindan  Uretilmis olan  yeni bir feromon
formulasyonunu armut ve antep fistiginin 6nemli
zararhlarindan olan C. pyri ve A. pistaciae’ye karsi
etkilerinin saptanmasi amaciyla yarattikleri
calismalarinda, feromon + sari yapiskan tuzak, feromon
+ delta tuzak ve yalnizca sari yapiskan tuzak (kontrol)
kombinasyonlarini kullanmislardir. Sonug olarak her iki
zararl icinde tek basina sari yapiskan tuzak karakterinin
diger kombinasyonlara gore en yiliksek sayida bireyi
yakaladigini ve bu durumun istatistiksel olarak da farkh
onemde oldugunu saptamislardir. Arastiricilar bu
calismada denenen CacPyr Attractants for Psyllidae isimli
feromon preparatinin, C. pyri ve A. pistaciae igin Umitvar
bir etkiye sahip olmadigini, bunun yaninda c¢alismanin
sonuclarini literatir destegi ile birlikte
degerlendirdiklerinde biyoteknik yontemler icerisinde
basarili bir sekilde kullanilan yapiskan renk tuzaklarindan
sarl yapiskan renk tuzaginin C. pyri ve A. pistaciae
turlerine karsi oldukca etkili oldugunu ve pratikte de
kullanilabilecegini  bildirmislerdir.  Calismada  sari
yapiskan tuzaklarin, sari vyapiskan tuzak+feromon
kombinasyonundan bile daha etkili bulunmus olmasi, A.
pistaciae ergin bireylerinin kitlesel olarak tuzaklanmasi
cahsmalarinda basari ile kullanilabilecegini
gostermektedir.

iki farkl 6rnekleme yénteminin karsilastirilmasi amaciyla
yapilan bu calismada elde edilen verilerle olusturulan
grafiklerde popilasyon artis hizlari ile ilgili olarak benzer
egriler elde edilmis olsa da, yapilan istatistiki analizlerde
ornekleme yontemleri arasindaki fark 6nemli
bulunmustur (Cizelge 2).

Cizelge 2. Sari yapiskan ve darbe yontemi ile elde edilen ortalamalarin t-testi ile karsilastiriimasi
Table 2. Comparison of means obtained by yellow sticky traps and beating method with t-test

2019 2020
Sari Yapiskan Tuzak (SYT) 66.53 90.70
Darbe yontemi 53.85 58.90
P 0.000 0.000

Ornekleme yéntemleri arasinda, ergin birey sayilarinin
blylkliglu bakimindan istatistik analizde ortaya ¢ikmis
olan bu fark, sari yapiskan tuzaklarin entegre miicadele
yontemleri icerisinde biyoteknik yontemler kapsaminda
kullanilmasi bakimindan Umitvar oldugunu
diistindiirmektedir (Ozgen ve ark., 2013; Ozgen ve ark.,
2020; Aksu ve ark., 2018). Bu konuda farkh koddaki renk
tuzaklarinin  Siirt ve Sanhurfa illerinde yakalama
etkinligine yonelik ¢alismalarda; 1016 RAL kodu ve 1016
RAL B kodlu tuzaklarin geleneksel sari renk tuzaklarina
gore cekim etkinliginin fazla ve bu zararlinin kitlesel
yakalanmasi acisindan o6nemli oldugu belirlenmistir
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(Ozgen ve ark., 2013; Ozgen ve ark., 2020; Aksu ve ark.,
2018).

Ayrica, Kosovaeri ve ark. (2014)’nin yaptigi ¢calismada da
saril yapiskan tuzak karakterinin diger kombinasyonlara
(feromon + sari yapiskan tuzak ve feromon + delta tuzak
) gore en yiksek bireyi yakalamasi ve istatistiksel olarak
da farklihgin  6nemli  bulunmasi bu sonucu
desteklemektedir.

Her ne kadar sari yapiskan tuzak ydnteminin genis
alanlardaki etkinligi hala tam olarak bilinemiyor olsa da,
bu tuzaklarin A. pistaciae ergin bireylerini yakalamadaki
etkinliginin yapilacak yeni calismalar ile arttirilabilecegi
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dislntlmektedir. Gerek bahge blyukliklerine gore ideal
tuzak sayilarinin  veya sarinin  farkli  tonlarinin
belirlenmesi, gerekse daha yeni ve etkili feromonlarla
kombinasyonlarinin denenerek kitle halinde yakalama
etkinligini arttirma ¢calismalari yapilmahdir. Organik ve iyi
tarim uygulamalarinin dneminin her gecen giin arttig
glinidmizde bu ¢alismalardan alinacak olumlu her sonug
bu konuya katki saglayacaktir.

Son yillarda kimyasal ila¢ kullaniminin ¢evre kirliligi ve
insan saghg Uzerindeki olumsuz etkilerini azaltmak
amaci ile alternatif yontemler gelistirmek icin yapilan
calismalara agirlik verildigi bilinmektedir. Bu nedenle bu
yontemlerden bir tanesi olarak sari yapiskan tuzaklarin
tek basina veya diger bazi yontemlerle kombine edilerek
kullanilma olanaklarinin arastiriimasi ile A. pistaciae
ergin bireylerinin kitle halinde tuzaklanmasi ve boylece
popllasyonlarinin Ekonomik Zarar Esigi seviyesi altinda
tutulmasi veya en azindan yapilacak olan ilaglama
sayisinin azaltilabilmesi, bu ¢alismalarin amacina ulasmis
olmasini saglayacaktir.

Agonoscena pistaciae orneklemesinde darbe yontemi
yerine sari yapiskan tuzaklarin kullanilmasi ayrica, darbe
sirasinda aga¢ dallarina  sopa ile vurmadan
kaynaklanacak olan mekanik zararlanmayi ve bunun
beraberinde getirebilecegi, diger ikincil zararli veya
hastaliklara giris ortami hazirlamasi gibi olumsuzluklari
da ortadan kaldirabilecektir.

OzZET

Amag: Sanhurfa ilinin Karakopri ilgesine bagl iki
antepfistigi bahcesinde (Karakopri-1 ve Karakopri-2)
2019-2020 yillarinda yiratulen g¢alismada, Antepfistig
bahgelerinde ana zararli durumunda olan Antepfistig
psillidi, Agonoscena pistaciae’nin darbe ve sari yapiskan
tuzak (SYT) yontemleri ile ergin popilasyon yogunlugun
belirlenmesi amaglanmistir.

Yéntem ve Bulgular: Herbir bahcede her iki 6rnekleme
yontemi icin secilen 10’ar agacgta yapilan sayimlar
haftalik periyotlar ile yUrGtilmustir. Elde edilen verilerle
olusturulan grafiklerde her iki bahcede de, iki farkl
ornekleme yontemi icin benzer popilasyon egrileri
olusmus, ancak sari yapiskan tuzaklardan elde edilen
egriler her zaman darbe yontemine gére daha yuksek bir
popilasyonu ifade etmistir. Bu farklilik yapilan istatistik
analizde onemli bulunmustur. Calisma yapilan her iki
bahcede ve her iki 6rnekleme yonteminde ilk erginler ilk
yil 28.04.2019, ikinci yil ise 03.05.2020 tarihinde
gortlmustlir. En ylksek popllasyon dizeyi ilk il
01.09.2019 tarihinde, Karaképri-1 ve 2 nolu bahgelerde
sirasi ile, 100.3 ergin birey/SYT, 119.3 ergin birey/SYT ve
84 ergin birey/darbe, 92.5 ergin birey/darbe olarak
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belirlenmistir. ikinci yil ise yine ayni bahgelerde yapilmis
olan sari yapiskan tuzak ve darbe 6rneklemelerinde
bahgelerde benzer yogunluk belirlenmistir.

Genel Yorum: Calisma sonucu A. pistaciae ile yapilacak
olan ergin popilasyon hareketlerinin izlenmesi
calismalarinda sari yapiskan tuzaklarin, populasyonda
meydana gelen degisimleri klasik yontem olan darbe
yontemi kadar dogru bir sekilde belirleyebilecegi
sonucuna varilmistir. iki drnekleme yéntemi ile
yakalanan 6rneklerdeki sayisal farklihgin istatistiki olarak
onemli bulunmasi ise sari yapiskan tuzaklarin entegre
miicadele yontemleri icerisinde biyoteknik yontemler
kapsaminda kullanilmasi bakimindan imitvar oldugunu
gostermektedir.

Calismanin Onemi ve Etkisi: Sari yapiskan tuzaklarin tek
basina veya diger bazi yontemlerle kombine edilerek
kullanilmasi ile A. pistaciae ergin  bireylerini
yakalamadaki etkinliginin yapilacak yeni galismalar ile
arttirilabilecegi dusinilmektedir. Bu c¢alismalar ile A.
pistaciae ergin bireylerinin kitle halinde tuzaklanmasi ve
bdylece popiilasyonlarinin Ekonomik Zarar Esigi seviyesi
altinda tutulmasi veya en azindan yapilacak olan ilaglama
sayisinin azaltilabilmesi, bu ¢alismalarin amacina ulasmis
olmasini saglayacaktir.

Anahtar Kelimeler: Agonoscena pistaciae, populasyon
yogunlugu, sari yapiskan tuzak, Japon semsiyesi.
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Aims: The effectiveness of single, double and triple combinations of
mycorrhizal fungi, vermicompost and potassium fertilization in tomatoes
against the Pith Necrosis Disease caused by Pseudomonas cichorii were
investigated in glass greenhouses with pot experiments

Methods and Results: The vermicompost, prepared at the dose
recommended by the producer, was mixed with the soil at the rate of 20%,
and seven mycorrhizal fungi species, which were produced in the clover
plant, were mixed equally and applied to the planting pit of the tomato
seedlings at a rate of 100 g per seedling, in contact with the roots.
Potassium sulfate fertilizer prepared at a dose of 300 ppm was given after
the tomato seedlings were planted. As a result of this study, all of the
applications were successful by suppressing the disease at a rate of 52-
74%. The most successful application was the Mycorrhiza application,
which suppressed the disease by 74%. Vermicompost application
prevented the disease by 71%, vermicompost+mycorrhiza and
vermicompost+potassium application by 69% and mycorrhiza+potassium
application by 68%. Other successful applications were obtained in triple
combination with 62% and potassium fertilization alone with 52%.
Conclusions: It was determined that vermicompost, mycorrhiza and
potassium fertilization applied to tomato plants, both alone and in
combination, was successful in preventing the Pith Necrosis Disease
caused by Pseudomonas cichorii between 52-74%. Since there is no
chemical control of the Pith Necrosis Disease, plant activators stimulating
the resistance mechanisms of plants and applications that enrich the
microbial activity of the soil are important in terms of suppressing the
disease and it is recommended to include these applications in the
integrated control program of the disease.

Significance and Impact of the Study: This study has shown that these
applications, which increase soil microbial activity, improve plant nutrient
uptake and stimulate resistance to diseases, can be used successfully in
the control of Pith Necrosis Disease.

Atif / Citation: Kaya N, Karnez E, Aktepe BP, Aysan Y (2022) Domates 6z nekrozu hastaligina vermikompost, mikoriza ve
potasyum giibre uygulamalarinin etkinliginin belirlenmesi. Mustafa Kemal Universitesi Tarim Bilimleri
Dergisi, 27(2) : 299-308. DOI: 10.37908/mkutbd.1087472
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GIRIS

Turkiye'deki sebze Uretimi icerisinde ilk sirada yer alan
domates bitkisi (Solanum lycopersicum L.) icerdigi zengin
mineral, vitamin ve lif kaynagl sayesinde en Onemli
gidalardan biridir. FAO (Food and Agriculture
Organization; Gida ve Tarim Orgiitii) 2020 verilerine gére
Tirkiye, 13.204.015 ton domates lretimiyle Cin ve
Hindistan’dan sonra (glinci sirada yer almaktadir
(Anonymous, 2022). Tirkiye istatistik Kurumu
(TUIKYnun 2021 bitkisel Uretim verilerine gére
Ulkemizde domates yetistiriciligi yogun olarak Akdeniz ve
Ege Bolgesinde yapilmakta olup bunu Marmara Bolgesi
takip etmektedir (Anonim, 2022). Ulkemizin genelinde
acikta yetistiricilik yapilirken 6zellikle Ege ve Akdeniz
Bolgesi'nde  ortlalti  yetistiriciligi  yaygin  olarak
yapilmaktadir.

Domates yetistiricilig§inde karsilagilan fungal, bakteriyel
ve viral hastaliklar ciddi verim ve kalite kaybina neden
olmaktadir (Aysan ve ark., 2004). Pseudomonas cinsine
ait bakterilerin neden oldugu Domates Oz Nekrozu
Hastaligi karsilasilan o6nemli bakteriyel hastaliklar
arasindadir. Domates Oz Nekrozu Hastaligi’na lilkemizde
Ege ve Akdeniz Bolgesi'nde domates yetistirilen cam ve
plastik seralarda ve yiksek tiinellerde rastlanmaktadir
(Ustiin ve Saygili, 2001). Hastaliga Pseudomonas spp.
cinsine ait farkli bakteriyel etmenler neden olmaktadir.
Bunlar Pseudomonas viridiflava, P. cichorii, P. corrugata,
P. mediterranea ve P. fluorescens’dir (Aysan ve ark.,
2018). Pseudomonas tiirlerinin neden oldugu Oz
Nekrozu Hastaligi domates bitkisinin tiim toprak Usti
kisimlarinda gorulir. Bitkilerde tipik olarak sararma,
govdede diizensiz lekeler, petiol ve meyve sapi
lezyonlari, 6zde renk degisimi ve 6z kisminin bosalmasi
belirtileri gorulir. Malesef hastaligin etkili bir kimyasal
miicadelesi yoktur. Hastalik yonetiminde saghkl fide
kullanimi, seralarin iyi havalandirilmasi, iretim alaninda
sanitasyon islemleri, dengeli glibreleme programi
uygulanmasi  (Ustin  ve Saygih, 2002), toprak
solarizasyonu (Ulke, 2003) gibi énlemler ile hastaligin
verecegi zarar azaltilabilir.

Bu hastalik dahil pek c¢ok bakteriyel hastaligin
micadelesinde en etkili hastalik yonetim stratejileri,
kiltirel o6nlemler, fiziksel ve kimyasal tohum
uygulamalari (Aysan ve ark., 2005), bitki aktivatorleri
(Aktepe, 2021), metal oksitli nano partikillerin kullanimi
(Sahin ve ark., 2022), bitkisel ekstrakt ve ugucu yaglarin
kullanimi (MengullGoglu ve Soylu, 2012; Bozkurt ve ark.,
2020) ve biyolojik miicadeleyi (Aysan ve Saygili, 2008;
Horuz ve ark., 2018; Bozkurt ve Soylu, 2019) kapsayan
entegre miicadele yontemlerinin kullanilmasidir. Bitkide
hastaliklara  dayanikhligi  uyarmak icin  yapilan
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uygulamalar son vyillarda bilylik o6nem kazanmistir.
Bunlari saglamak igin bitki aktivatorleri kullanildigi gibi
topraktaki mikrobiyal aktiviteyi artiran yesil glibreleme,
cesitli kompost caylari, solucan giibresi olarak da bilinen
vermikompost kullanimi, mikorizal fungus ve faydal
bakterilerin topraga eklenmesi uygulamalari bitkinin
hastaliklara karsi direncini artirir (Arancon ve ark., 2005;
Kigikyumuk ve ark., 2014; Sild ve ark., 2016). Tarimsal
ve endustriyel atiklardan elde edilen kompostlarin
tarimda toprak dlzenleyici ve gilibre olarak
kullanilabilmesi  atiklarin ~ kompostlastirilmasini  ve
kullanimini arttirmistir (Aksu ve ark., 2017). Solucanlarin
sindirim sistemlerinden gecirilmesi ile elde edilen
vermikompost (solucan glbresi), sebze veya gida
atiklarinin ayristirilmasi sonucu elde edilen organik
glbrelerden biridir. Vermikompostlar bitkiler icin temel
besin elementleri olan N, P, K, Ca ve Mg gibi besin
elementlerinin sentetik gibrelerden farkh olarak yavas
salinimi sayesinde (Bellitlirk, 2018) dengeli bir sekilde
alinimini  saglar.  Bitki gelisimini  tesvik edici
vermikompostlarin  potansiyeli, mikroorganizmalar
tarafindan dretilen blylime diizenleyicilerin etkisinden,
topraklarin fiziko-kimyasal 6zelliklerinin degisiminden ya
da topraktaki mikrobiyal aktivite seviyesindeki artistan
kaynaklanmaktadir (Arancon ve ark., 2005).

Toprak mikrobiyatasini artiran ve bitkinin hastaliklara
karsi dayanimini artiran diger bir uygulama da arbuskdiler
mikorizal funguslarin (AMF) kullanimidir. AMF’ler
ekosistemde hemen hemen her yerde bulunurlar ve
bitkilerin kokleriyle simbiyotik halde yasarlar. Konukgu
bitki dokularinda gelisim diizenleyici maddelerin
oranlarinda, fotosentez Urlnlerinde artis ve olusan
Urtnlerin sirgln ve koklere paylasimi gibi fizyolojik
olaylarda ve kok hiicrelerinde biyokimyasal degisimlere
neden olurlar (Yildiz, 2009; Demir ve ark., 2015).
Mikorizal funguslar, ¢ok miktarda hif treterek bitki kok
ylzey alanini artirmakta ve koklerden ¢ok uzak
bélgelerde besin elementlerini bu hiflerin araciligiyla
alarak bitkinin Ust organlarina tasimaktadir (Almaca,
2014). Mikorizalar dogrudan dogruya hifsel gelisimiyle
ve antibiyotik Gretme yetenegiyle patojen girisine engel
olur. Dogrudan etkide; yer ve besin icin rekabet,
patojenin engellenmesi (Graham, 2001) ve antagonistik
mikroorganizmalarin artisi ile hastallk miicadelesinde
etkilidirler (Fillion ve ark., 2003).

Bitki hastaliklarina karsi miicadele stratejilerinin 6nemli
adimlarindan biri de dengeli ve diizenli glibrelemedir.
Besin elementleri bitkinin metabolizmasini degistirerek
hastaliklara olan duyarhligini etkileyebilir ve hastalik
olusumu icin daha uygun kosullar yaratabilir. Bitkinin
gelisimi ve verimi lzerine etkili olan bu elementler ayni
zamanda Dbitkilerin hastallk ve zararlilara karsl
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dayaniklihgini  ve duyarliigini etkiler (Spann ve
Schumann, 2019). Hastalik belirtilerinin siddetinde
bitkiye yapilan glbrelemenin buyik etkisi vardir yani
bitki besleme-hastalik iliskisi olduk¢ca ©nemli bir
ayrintidir. Bunlarin igerisinde potasyum bitki beslemede
ana rol oynar. Potasyum bitkinin kok gelisimini arttirir,
besin ve su alimini iyilestirir, selliloz ve protein icerigini
arttirir, bitki gelisimi icin gerekli enzimleri dizenler ve
sonugta bitki hastaliklarinin olusumunu azaltir (Elmer ve
Datnoff, 2014). Potasyum bitkilerde nisasta, selliloz ve
protein sentezi icin 6nemli bir elementtir. Seliiloz hiicre
duvarinin ana bilesenidir ve potasyum eksikligi hicre
duvarinin daha zayif hale gelmesine neden olur.
Potasyum bitki hastaliklarina karsi etkili bir bariyer
olusturmada ana rol oynar (Spann ve Schumann, 2019).
Potasyum eksikligi olan bitkilerin hastaliga yuksek
duyarhihgr potasyum fonksiyonuyla iliskilidir. Yiksek
molekil agirhgina sahip olan bilesiklerin (protein,
nisasta, seliloz) sentezini azaltir ve patojenler icin
kolayca alinabilecek besin kaynaklari olan diisiik molekiil
agirhgina sahip bilesiklerin birikimine o6nculik eder
(Huber ve ark., 2012).

Bu calismada domateste mikorizal funguslarin,
vermikompost glbrelemesinin ve potasyum
beslemesinin tekli, ikili ve Ug¢li kombinasyonlarinin
Pseudomonas cichorii tarafindan neden olunan 6z
nekrozu hastaliginin engellenmesi lzerine olan etkinligi
cam serada saksi denemeleriyle arastiriimistir.

MATERYAL ve YONTEM

Hastalik etmeninin izolasyonu

Orti alti domates yetistiriciliginin yogun olarak yapildigi
Mersin ili Erdemli ilgesindeki plastik seralar Mart 2019
tarihinde ziyaret edilmis ve bitkiler 6z nekrozu hastaligi
yoninden incelenmistir. Tipik hastalik simptomu
gosteren iki farkli seradan yedi farkl bitki 6rnegi alinip
kagida sarilarak naylon torba igerisinde Cukurova
Universitesi Ziraat Fakiiltesi Bitki Koruma Bo&limii
Bakteriyoloji laboratuvarina izolasyon igin getirilmistir.
Oz nekrozu belirtisi gdsteren hasta bitkinin iletim
demetlerinden hastalikh ve saghkli doku kisimlari
icerecek sekilde alinan 6rnekler %70’lik alkolle ylizeyden
dezenfekte edilmistir. Daha sonra steril havanda 1 ml
steril saline buffer icerisinde ezilerek bir 6ze dolusu
sispansiyon Tryptone Soy Agar (TSA) besi yerine
ekilmistir. Petriler 25°C'de 48 saat inkube edildikten
sonra gelisen koloniler saflastirilmistir. Saflastirilan
izolatlar gelecekteki ¢alismalarda kullanilmak lizere egik
olarak hazirlanmis YDC agar besi yerinde gelistirilmis ve
+4 °C’de buzdolabinda saklanmistir.
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Bakteri izolatlarinin patojenitesi

Hasta domates bitkilerinden elde edilen 13 adet bakteri
izolatlari TSA besiyerinde 24 saat gelistirildikten sonra
spektrofotometrede 600 nanometrede 0.2 absorbans
degerinde 107 hiicre/ml yogunlugunda siispansiyonlari
hazirlanmistir. Her bir izolata ait stispansiyondan 100l
alinip 3 tekrarli olarak, 3-5 yaprakli donemdeki saglikli
domates fidelerinin kok bogazi yakinindaki gbvde
kismina temiz bir enjektér yardimiyla inokule edilmistir.
inokule edilen bitkiler Cukurova Universitesi, Ziraat
Fakultesi, Bitki Koruma Boliminde bulunan 25+2°C
sicaklik, %75 nem ve 16 saat aydinlik 8 saat karanhk iklim
odasi kosullarinda 4 hafta boyunca muhafaza
edilmislerdir. Tipik hastalik belirtisi olarak goévdede
kahverengi lekeler, yapraklarda sararma ve solgunluk
gbzlenen bitkilerden degerlendirmeler ve reizolasyonlar
yapilarak koch postulatlari asamalari tamamlanmistir.
Degerlendirmede fidenin tim boyu enfeksiyon boyuna
oranlanarak  enfeksiyon alani ylizde  olarak
hesaplanmistir (Klement ve ark., 1990). Patojenite
testleri sonrasi virlilensligi en yliksek olan bir izolat saksi
¢ahsmalariigin segilmistir.

Patojen bakteri izolatlarinin tanisi

Patojen oldugu belirlenen re-izolatlarla yapilan tani
calhismalarinda KOH testiyle gram reaksiyon, King B
besiyerinde floresan pigmentasyon, levan olusumu,
oksidaz testi, patateste pektolitik aktivite, tiitlinde asiri
duyarlilik reaksiyonu belirlenmistir (Lelliott ve Stead,
1987). Karsilastirma kalttirt olarak Prof. Dr. Yesim Aysan
tarafindan farkl calismalar kapsaminda tanisi yapilmis
YA-998 kodlu P. cichorii izolati kullanilmistir. Domateste
0z nekrozuna neden olan farkl tiirleri (P. viridiflava, P.
cichorii, P. corrugata ve P. fluorescens) birbirinden ayirt
etmek icin floresan pigmentasyon ve LOPAT testleri
gayet basaril bir test kompleksidir. Bunun yaninda tani
sonucunu desteklemek igin virlilensligi en ylksek
patojen bakteri izolatinin kesin tiir tanisi Hatay Mustafa
Kemal Universitesi, Bitki Saghg Klinigi Uygulama ve
Arastirma Merkezinde MALDI-TOF (Matriks Assisted
Lazer Desorption lonization Time Of Flight Mass
Spectrometry/ Matriks Destekli Lazer Desorpsiyon
iyonizasyon-Ugus Sureli Kiitle Spektroskopi) (Bruker
Daltonics GmbH, Bremen, Germany) kiatle
spektrofotometrisi ile gerceklestirilmistir (Salt, 2020;
Soylu ve ark., 2020).

Patojen konsantrasyonunun belirlenmesi

Bitkide hastalik simptomu olusturabilecek en dustik
inokulum yogunlugunu belirlemek amaciyla kalibrasyon
denemesi kurulmustur. Virilensligi yliksek olarak secilen
YA-925 kodlu bakteri izolatinin 48 saatlik kultiriinden
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dansiyometrede 1.27 yogunlugunda slspansiyon
hazirlanmigtir.  Bu  slspansiyondan 1ml alinarak
icerisinde 9 ml steril su bulunan tiplerle 6 kez
seyreltilmistir. Her bir seyreltmeden 100 pl alinarak 3
tekrarli olarak TSA besi yerine ekimler yapilmistir.
Petriler 25°C’de 48 saat inkiibe edildikten sonra koloni
sayilari not edilerek patojen yogunlugu 4,2x108 hiicre/ml
olarak belirlenmistir. Her bir seyreltmeden 100 ul alinip
steril bir enjektor ile 2 tekrarli olarak domates fidelerine
enjekte edilmistir. Domates fideleri 6 hafta sonra boyuna
kesilerek iletim demetlerinde goriilen lezyon boyu
Olgllerek bitki boyuna oranlanip degerlendirme
yaplimistir (Klement ve ark., 1990). Hastalik belirtisinin
goruldiglh en duslik bakteri konsantrasyonu saksi
calismalarda kullaniimistir.

Mikorizal funguslarin iiretimi ve sayimi

Denemelerde kullanilmak Gzere Funneliformis mossaea,
Glomus cloidum, Glomus etunicatum, Glomus
coledonium, Glomus intradicus, Rh. clorus, Glomus
fasciculatum  mikorizal fungus tilrleri Cukurova
Universitesi, Toprak Bilimi ve Bitki Besleme B&limii
dgretim lyesi Prof. Dr. ibrahim Ortas’dan temin edilmis
ve (lretimi bu arastirma kapsaminda yapilmistir.
Yetistirme ortami olarak 1:1 oraninda toprak ve kum
karisimi  kullanilmistir.  inokulum Gretimi 3 kg’hk
saksilarda yapilmis ve Uretim bitkisi olarak yonca
kullanilmistir.  Yedi  mikorizal  fungus  tlrilnin
toprak+kok+misel+sporlarindan  olusan  inokulumu
sandvi¢ teknigiyle tohum ekilmeden oOnce 2-3 cm
derinlige birakilmistir ve (zerine yonca tohumu
ekilmistir. Uretim siiresi boyunca (1.5-2 ay) bitkiler
sulanmistir. Daha sonra bitkiler kurutulmaya birakilmis
ve toprak Ustl aksami kuruduktan sonra kdk bogazindan
kesilerek kok kolonizasyonuna bakilmistir. Mikorizal spor
yogunluklarinin belirlenmesi igin 1slak eleme yontemi
kullanilmistir. Funneliformis mossaea, Glomus cloidum,
Glomus etunicatum, Glomus coledonium, Glomus
intradicus, Rh.clorus, Glomus fasciculatum
inokulumlarindan 10 gr tartilmistir. Tartilan bu toprak
behere bosaltilip Gzerine 500 ml su ilave edilmistir.
Hazirlanan bu toprak stispansiyonu yarim saat stireyle bir
manyetik karistiriciyla calkalanmistir. Toprak
sispansiyonu 6nce 0.5 mm’lik elege daha sonra 53
mikrometrelik elekte su berraklasana kadar yikanmistir.
53 mikrometrelik elek (izerinde tutulan sporlar saf su
yardimiyla 50 ml’ lik santriflij tlplerine aktarilmistir.
Santrifuij tupleri 2000 devir/dk’da bes dakika santrifiij
edilmistir. Sispansiyon Uzerindeki supernat
uzalastinilmis ve %50'lik sukroz ¢ozeltisi eklenerek
yeniden 2000 devir/dk ‘da bir dakika santrifuj edilmistir.
Daha sonra supernat 53 mikrometrelik elekten
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gecirilerek yikanmis ve birer cm?‘ye ayrilmis petri kabina
saf su ile alinarak sporlar steoroskobik mikroskopta (60X
blylitmede) sayilmistir. En iyi kolonize olan mikorizal
fungus Glomus etunicatum, 75 spor/10g toprak olarak
saksi denemelerinde kullanilmistir (Menge ve Timmer,
1982).

Vermikompost, mikoriza ve potasyum giibrelemesinin
hastalik ¢ikisi iizerine etkisinin belirlenmesi

Calisma Cukurova Universitesi, Ziraat Fakdltesi, Bitki
Koruma Bo6limi arastirma ve uygulama parselinde
bulunan cam serada 18 Mart-6 Mayis 2020 tarihleri
arasinda yapilmistir. Denemede Newton ¢esidi domates
fideleri kullanilmis ve fideler 4-5 yaprakh ddénemde
saksilara sasirtilmistir. Calisma tesadif bloklari deneme
desenine gore 5 tekrarli ve her tekrarda 6 bitki olacak
sekilde planlanmistir. Vermikompost uygulamasi olarak
Uretici firmanin 6nerdigi dozda hazirlanan vermikompost
%20 (v:v) oraninda topraga karistirilarak saksilara fide
dikimi yapilmistir (Karnez ve ark., 2021). Mikoriza
uygulamasi olarak yonca bitkisinde tretimi yapilan yedi
mikorizal fungus tirl (Funneliformis mossaea, Glomus
cloidum, Glomus etunicatum, Glomus coledonium,
Glomus intradicus, Rh.clorus, Glomus fasciculatum) esit
oranda karistirlmis ve fide basina 100 gr domates
fidelerinin dikim gukuruna koklerle temas edecek sekilde
uygulanmistir. Potasyumlu glbre uygulamasi olarak 300
ppm dozda hazirlanan potasyum siilfat glibresi domates
fideleri dikildikten sonra verilmistir (Ustiin, 2000). ikili
kombinasyonlar ise vermikompost+mikoriza,
vermikompost+potasyum ve mikoriza+potasyum
seklinde uygulanmistir. Ayrica vermikompost, mikoriza
ve potasyum U¢li kombinasyon olarak da uygulanmistir.
Pozitif kontrol bitkilerine hicbir uygulama yapilmadan
sadece patojen inokule edilmistir. Sasirtmadan Ug¢ hafta
sonra patojen bakteri slispansiyonu bitkilerin gévdesine
enjekte edilmistir. Patojen iletim demetlerinde hastalik
olusturdugundan dolayl 24-48 saatlik patojen bakteri
kiltirinden hazirlanan 4,2x10° hiacre/ml
popilasyonundaki patojen bakteri slispansiyonu steril
bir enjektor yardimiyla kok bogazindan 100 pl enjekte
edilmistir. Negatif kontrol bitkilerine ise yalnizca steril su
pozitif kontroldeki yonteme gore enjekte edilmistir.
Bitkiler Gger giin araliklarla incelenerek sulama ve diger
bakim islemleri (yabanci ot temizligi, ipe alma, sulama
vb) yapilmistir. Pozitif kontrol bitkilerinde tipik olarak
sararma ve govdede leke belirtileri gozlendikten sonra
denemedeki tim bitkiler hastalik gelisimi yoninden
degerlendirilmistir. Bigcakla boyuna kesilen bitkilerin
iletim demetlerindeki lezyon boyu olcllmis ve tiim bitki
boyuna oranlanarak enfeksiyon alani hesaplanmistir
(Klement ve ark., 1990). Denemeler her uygulama 5


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(2): 299-308

Arastirma Makalesi / Research Article

tekerrir olacak sekilde tesadif bloklari deneme
desenine gore kurulmustur. Yapilan denemeler iki farkh
zamanda tekrarlanmistir.

istatistik analizi

Farkli uygulamalarin hastalik ¢ikisi lizerine olan
etkinliginin degerlendirildigi c¢alismalarda uygulama
yapilan bitkilerin iletim demetlerindeki lezyon boylari
Olglilmis (n=5), Olgllen wuzunluklar SPSS istatistik
programi (SPSS Statistics 17.0) kullanilarak tek yonli
ANOVA ile analiz edilmis, uygulamalar arasindaki farklilhk
LSD Coklu Karsilastirma Testiyle ile karsilastiriimistir
(P<0.05).

BULGULAR ve TARTISMA

Hastalik etmeninin izolasyonu ve patojenitesi

iki farkli seradan 6z nekrozu belirtisi gésteren yedi farkli
bitkinin 6z kisimlarindan yapilan izolasyonlarda 13 adet
bakteri izolati elde edilmistir. Elde edilen bakteri
izolatlari TSA besi yerinde etrafi diiz, mat ve acgik krem
renkte yuvarlak koloniler olusturmuslardir. Bakteriyel
izolatlarin saglikh domates bitkisine inokulasyonundan 4
hafta sonra genel olarak sararma, gévdede diizensiz
siyah lekeler ve 0Ozde renk degisimi belirtileri
gbzlenmistir. Saflastirilan 13 izolat domates fidelerinin
%3-40 arasinda 6z nekrozu enfeksiyon alani olusturdugu
belirlenmis ve timinin patojen oldugu kanitlamistir.
izolatlar arasinda domates bitkisinin %40’ inda 6z
nekrozu belirtisi olusturan YA-925 kodlu izolat saksi
calismalari igin secilmistir.

Patojen bakteri izolatlarinin tanisi

izolatlarin timii gram negatif, floresan pigmentasyonu
pozitif, levan negatif, oksidaz pozitif, arginin dehidrolaz
negatif, patates dilimlerinde pektolitik aktivitesi negatif
ve tltunde asin duyarllik reaksiyonu pozitif olarak
degerlendirilmis ve Pseudomonas cichorii’'nin yer aldig
LOPAT Il grubuna dahil oldugu belirlenmistir (Cizelge 1).
Elde edilen test sonuglari karsilastirma kiiltirii olan YA-
998 nolu izolat ile ayni sonuglara sahip oldugu tespit
edilmistir. Yapilan tani testleri MALDI TOF MS ile
desteklenmis ve tani sonucunda indeks degeri 2.1 olarak
belirlenerek Pseudomonas cichorii ile tiir diizeyinde tam
eslesme saglanmistir. Protein kiitle parmak izini kullanan
MALDI-TOF/MS tabanlh tanimlamalar, bakteri tirlerinin
hizli ve glvenilir diizeyde tanimlamasinda hizli ve hassas
bir yontemdir. Bircok durumda MALDI-TOF/MS tabanli
tanimlamalar, jel bazli protein veya DNA parmak izi
tekniklerinden daha iyi ¢oziinlrlik ve tekrarlanabilirlik
gosterdigi bildirilmistir (Saleeb ve ark. 2011; Singhal ve
ark. 2015; Uysal ve ark., 2019).
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Cizelge 1. Domates 6z nekrozuna neden olan bakterilerin
tani test sonuglari

Table 1. Diagnostic test results of bacteria causing
tomato pith necrosis

TESTLER 13 Pseudomonas
Gram reaksiyon - -
Floresan + +
Levan - -
Oksidaz + +
Pektolitik aktivite - -
Arginin dehidrolaz - -
Tutinde HR + +
Patojenite testi + +

Patojen konsantrasyonunun belirlenmesi

Patojenite calismalarinda en yiiksek viriilenslige sahip
YA-925 kodlu Pseudomonas cichorii izolatinin
spektrofotometre ile OD= 1.27 yogunlugunda ayarlanan
stispansiyonunun 4.2x108 hicre/ml bakteri
popllasyonuna sahip oldugu belirlenmistir. Bu
inokulumun alti farkli seyreltmesi domates bitkilerine
inokule edildiginde ilk (ic seyreltmede hastalik
gozlenmis, 4., 5. ve 6.seyreltmede herhangi bir belirti
gozlenmemistir. Bitkide hastalik olusturabilen en duisik
bakteri popiilasyonu  4.2x10°  hiicre/ml  olarak
hesaplanmis ve bu popllasyon domatesin %31'ini
kaplayan enfeksiyon alanina sahip olmustur. Bu sonuca
gore saksi denemelerinde bu patojen
konsantrasyonunun kullaniimasina karar verilmistir.

Vermikompost, mikoriza ve potasyum giibrelemesinin
hastaliga etkisinin belirlenmesi

Cizelge 2'de gorildGgl gibi  hicbir uygulamanin
yapilmadigi sadece patojen bakteri Pseudomonas
cichorii ile bulastirilan pozitif kontrol uygulamasinda yer
alan bitkilerde enfeksiyon alani %31.35 olarak
belirlenmistir. Negatif kontrol bitkilerinde herhangi bir
hastalik gozlenmemistir. Vermikompost, mikoriza ve
potasyum glbrelemesinin tek basina, ikili ve Ugli
kombinasyonlarinin yapildigi uygulamalardaki bitkilerde,
enfeksiyon alaninin  %8.30-15.10 arasinda oldugu
belirlenmistir.  istatistiksel olarak incelendiginde,
uygulamalarin timinin pozitif kontrolden farkl grupta
yer alan basarili uygulamalar oldugu belirlenmistir. Bu
basarili uygulamalar domates bitkilerinde Pseudomonas
cichorii'nin neden oldugu Oz Nekrozu Hastaliginin
gelisimini %51.8-73.5 arasinda baskilamistir. Ayrica
uygulamalarin, patojenin inokule edildigi bélgede sinirli
kaldigi, hic bir uygulamanin yapilmadigi pozitif kontrolde
ise  enfeksiyonun iletim  demetinde ilerledigi
goOzlenmistir.
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Cizelge 2. Vermikompost, mikoriza ve potasyum giibrelemesinin 6z nekrozu hastaligina etkisi
Table 2. The effect of vermicompost, mycorrhiza and potassium fertilization on pith necrosis disease

Uygulamalar Enfeksiyon Alani (%) % Etki
Mikoriza 8.30¢ 73.50
Vermikompost 9.20¢ 70.70
Vermikompost+Mikoriza 9.59< 69.40
Vermikompost+ Potasyum 9.85¢ 68.60
Mikoriza+Potasyum 9.99« 68.10
Vermikompost+Mikoriza+Potasyum 12.02%¢ 61.70
Potasyum 15.10° 51.80
Pozitif Kontrol 31.35%"

Negatif Kontrol 0.00 -

* SUtun igerisinde yer alan degerlerin yanindaki farkh harfler, uygulamalar arasindaki farkin LSD (0.05) testine gore istatistiksel

olarak 6nemli oldugunu gosterir. LSD 0.05 = 3.54.

Hastaligi en iyi sekilde baskilayan uygulama, domates
fidelerinin dikim ¢ukuruna koklerle temas edecek sekilde
uygulanan mikoriza uygulamasi olmustur. Mikoriza
uygulanmis bitkilerde Pseudomonas cichorii’nin neden
oldugu 6z nekrozu hastaligl sadece %8.30 diizeyinde
meydana gelmis ve bu uygulama hastaligi %73.50
oraninda baskilamistir. Yapilan istatistiki analizler
sonucunda, uygulamalar arasinda en etkili bulunan
mikoriza uygulamasinin pozitif kontrol, potasyum ve
vermikompost+mikoriza+potasyum uygulamalarindan
istatistiksel olarak ©nemli dizeyde farkh oldugu
gbzlenmistir. Ayrica vermikompost ile ikili kombinasyon
uygulamalari ayni istatistiki grupta yer almistir. Bitki ile
simbiyotik halde yasayan mikorizal funguslar bitkide
cesitli fizyolojik ve biyokimyasal degisikliklere neden
olarak rizosferdeki mikrobiyal popiilasyonun degisimini
etkilerler (Bigici, 2011). Genellikle fungal hastaliklarin
(Ozgdnen ve ark., 2001; Akkdprii ve ark., 2005; Demir ve
ark., 2015) baskilanmasi igin kullanilan mikoriza iceren
uygulamalar son vyillarda bakteriyel hastaliklar i¢in de
basariyla kullanilmaktadir. Ornegin Ralstonia
solanacearum’un neden oldugu domateste Bakteriyel
Solgunluk Hastaliginin (Zhu ve Yao, 2004; Monther,
2009; Tahat ve ark., 2012), Pseudomonas tomato’nun
neden oldugu Bakteriyel Benek Hastaliginin (Karapire,
2014) ve Erwinia carotovora’nin neden oldugu Gévde
Clrukligu Hastahginin (Garcia-Garrido ve QOcampo,
1988), miicadelesinde mikorizal funguslar basariyla
kullanilmaktadir.

Calismalarimizda tespit edilen bir diger basarili uygulama
olan vermikompost uygulamasi ise hastaligi %70.70
oraninda baskilamistir. istatistiki analizler sonucunda

vermikompost uygulamasi diger
vermikompost+mikoriza, vermikompost+potasyum
mikoriza+potasyum ve
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vermikompost+mikoriza+potasyum uygulamalar ile
ayni, pozitif kontrolden ise farkli istatistik grubunda yer
almistir. Bu ¢alismada oldugu gibi vermikompost
uygulamalarinin  yapildigi  bitkilerde = domateste
Bakteriyel Benek Hastaligininin ¢ikisi %12-42 (Karnez ve
ark., 2021), Bakteriyel Solgunluk Hastaligininin gikisi ise
%25 oraninda baski altina alindigi (Min ve ark., 2016)
daha once yapilan calismalarda da bildirilmistir. Ayrica,
hiyarda Pythium aphanidermatum’un neden oldugu Fide
Curukligh Hastahg (Carr ve Nelson, 2014), cilekte
Verticillium dahliae, Rhizoctonia solani ve Pythium
ultimum’un neden oldugu fungal hastaliklara (Edwards

ve ark.,, 2002) olan olumlu etkisininin oldugu
bildirilmistir. Soylu ve ark. (2020) tarafindan vyakin
zamanda vyapilan  bir diger calismada ise
vermikomposttan izole edilen 28 bakteriyel izolatin
(toplam izolatin % 49.12) in wvitro ikili kaltdr
testlemelerinde, sebzelerde sorun olan fungal

etmenlerden S. sclerotiorum’un gelisimini %1.72-75.43,
M. phaseolina’nin gelisimini %1.67-65.83, B. cinerea
gelisimini %3.44-57.18, V. dahliae gelisimini ise %2.28-
58.74 gibi degisen oranlarda engelledigi bildirilmistir.
Calismalarimizda belirlenen etkinligin vermikompost
icerisinde yer alan faydali antagonist veya bitki gelisimini
tesvik eden bakterilerden kaynaklanabilecegi
duslintlmektedir.

ikili kombinasyon olarak vermikompost+mikoriza,
vermikompost+potasyum ile mikoriza+potasyum
uygulamalarinin  yapildigi domates bitkilerinin 6z

kisminda olusan enfeksiyonu sirasiyla % 69.40, 68.60,
68.10 oranlarinda baskiladigl belirlenmistir. Bu g
uygulama pozitif kontrolden farkli olarak ayni istatistiki
grupta yer alan diger basarili uygulama grubu olarak
belirlenmistir. Bizim ¢alismamizin aksine yapilan baska
bir ¢alismada vermikompostun tek basina
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uygulanmasinin yani sira mikoriza ile uygulanmasinda
daha yuksek etki gbstermesi (Karak, 2021) elde edilen bu

verilerin ek c¢alismalarla desteklenmesi gerektigini
gbstermektedir.

Vermikompost, mikoriza ve potasyumun  Uglu
kombinasyonu halinde vyapilan uygulamada ise

enfeksiyon alani %12.02 olarak belirlenmis ve hastalig
engellemedeki basarisi %61.70 oldugu tespit edilmistir.
Bu U¢li kombinasyon pozitif kontrolden ayri bir istatistiki
grupta yer almis ve diger basarili bir uygulama olarak
saptanmistir. Mikoriza, solucan gilbresi ve potasyum
beslemesi ikili wveya (lg¢li kombinasyon olarak
uygulandiginda daha fazla bir etki beklenirken yapilan
denemede kombinasyonun bdyle bir etkisinin olmadigi
gorilmustlir. Bu durum saksi calismalari yerine daha
genis alanlarda ve tekrarlarla tarla calismalariyla
detaylandiriimaya ihtiyaci oldugunu gostermektedir.

Potasyum gibresi tek basina uygulandiginda 6zde olusan
enfeksiyon alani %15.10 olarak belirlenmis ve hastaligi
engellemedeki basarisi %51.80 ile diger uygulamalardan
farkl bir istatistiki grupta yer alarak Pseudomonas
cichori’'nin neden oldugu Oz Nekrozu Hastaligini
baskilamada etkili bir diger wuygulama oldugu
saptanmistir. Benzer sekilde Ustiin (2000) tarafindan
yapilan bir calismada 6z nekrozu hastaligina karsi farkli
oranlarda (100 ppm, 200 ppm, 400 ppm) potasyum
glbrelemesinin hastaliga etkisi arastirilmistir. Potasyum
uygulanmayan pozitif kontrol bitkilerinde nekroz
uzunlugu 24.8 cm iken, 600 ppm dozda 15.4 cm, 200 ppm
dozda 15.2 cm, 400 ppm doz uygulanan bitkilerde 14.1
cm olarak saptamislardir. Calisma sonucunda potasyum
beslemesinin hastaligl baskilama yeteneginde oldugunu
bildirmislerdir. Farkli bir calismada Yanar ve ark. (2011),
Leveillula taurica’nin olusturdugu domateste killeme
hastaligini baskilamak i¢in 2006 ve 2007 vyillarinda 2
tekrar olmak Uzere domates yapraklarina potasyum
silikat uygulamiglardir. Hastaligi engellemede ilk yil %41
oraninda, ikinci yil %36 oraninda basarili bulundugunu

bildirmislerdir.
GCalismanin  sonucunda elde edilen tim veriler
degerlendirildiginde, vermikompost, mikoriza ve

potasyum uygulamalarinin tiimi pozitif kontrolden farkli
grupta yer aldig icin Pseudomonas cichorii’nin neden
oldugu Oz Nekrozu Hastaligini engelleme yeteneginde
olduklari tespit edilmistir.

Sonug olarak, bu calismada, Pseduomonas cichorii’'nin
neden oldugu Oz Nekrozu Hastalig’’'na karsi mikoriza
uygulamasinin %74 oraninda hastaligl en iyi baskilayan
uygulama oldugu, bunun vyaninda vermikompost,
mikoriza ve potasyum glibrelemesinin ikili ve Ucli
kombinasyonlarinin da hastaligi basarili bir sekilde
engelledigi  sonucuna ulasilmistir. Oz  Nekrozu
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mucadelesinin olmamasi
Onlemler diginda
uyaran bitki

Hastaligi'nin  kimyasal
nedeniyle alinabilecek kiltiirel
bitkilerin dayanikliik mekanizmalarini
aktivatorleri ve topragin mikrobiyal aktivitesini
zenginlestirmesini  saglayan  biyolojik  micadele
elemanlarinin kullanimi hastaligin baskilamasi agisindan
onemlidir. Mikoriza ve vermikompostun mikrobiyal
aktiviteyi arttirdigi ve c¢esitli bakteriyel ve fungal
hastaliklarin miicadelesinde kullaniminin olumlu etkisi
daha Onceki yapilan c¢alismalarla da kanitlanmistir.
Dengeli glibreleme ile hastaligin verecegi zarar
azaltilabilir. Hastahg baskilayici 6zelligi ile bilinen
potasyum glbrelemesine miicadele programinda yer
verilmelidir. Yapilan tim uygulamalarda Pseudomonas
cichori’nin neden oldugu Oz Nekrozu Hastaligini
baskilamada (mitvar sonuglar elde edilmistir. Bunun
yaninda hastaligin baskilanmasi ile ilgili Uretici
kosullarinda yapilacak galismalara gereksinim vardir. Bu
nedenle yapilacak sonraki calismalarda bu uygulamalarin
bitkide hangi mekanizmalari kullanarak hastaligi
baskiladigi arastinimalidir.  Ayrica bu uygulamalarin
topraktaki mikrobiyal populasyonlara olan etkisi de
arastirilmasi gereken bir diger konudur.

OzZET

Amag: Domateste mikorizal funguslarin, vermikompost
glbrelemesinin ve potasyum beslemesinin tekli, ikili ve
Ucl.  kombinasyonlarinin  Pseudomonas cichorii’nin
neden oldugu 6z nekrozu hastaligi'na etkisi ve
micadelesinde kullanim olanaklari saksi denemeleriyle
cam serada arastiriimistir.

Yéntem ve Bulgular: Vermikompost uygulamasi uretici
firmanin 6nerdigi dozda hazirlananarak %20 oraninda
topraga karistirilmis ve mikoriza uygulamasi olarak yonca
bitkisinde Uretimi yapilan yedi mikorizal fungus tiri esit
oranda karistirilarak fide basina 100 gr olacak sekilde
domates fidelerinin dikim g¢ukuruna koklerle temas
edecek sekilde uygulanmistir. Potasyumlu glbre
uygulamasi olarak 300 ppm dozda hazirlanan potasyum
silfat glibresi domates fideleri dikildikten sonra
verilmistir. Calisma sonucunda uygulamalarin tima
hastaligi %52-74 arasinda baskilayarak basarili olmustur.
En basarili uygulama hastaligi %74 oraniyla baskilayan

Mikoriza uygulamasi  olmustur.  Vermikompost
uygulamasi hastahgr %71, vermikompost+mikoriza ve
vermikompost+potasyum hastaligi %69 ve
mikoriza+potasyum uygulamasi ise hastaligi %68

oraninda engellemistir. Diger basarih uygulamalar ise
%62 ile ligli kombinasyonda ve %52 ile sadece potasyum
glibrelemesinde elde edilmistir.

Genel Yorum: Bu tez calismasi sonucunda, domates
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bitkilerine hem tek basina hem de kombinasyon halinde
uygulanan vermikompost, mikoriza ve potasyum
glibrelemesinin Pseudomonas cichorii’nin neden oldugu
Oz Nekrozu Hastalig’'ni %52-74 arasinda engellemede
basarili oldugu belirlenmistir. Oz nekrozu hastaliginin
kimyasal micadelesinin olmamasi nedeniyle bitkilerin
dayaniklihk mekanizmalarini uyaran bitki aktivatorleri ve
topragin mikrobiyal aktivitesini zenginlestirmesini
saglayan uygulamalar hastaligin baskilanmasi agisindan
onemlidir ve bu uygulamalarin hastaligin entegre
miicadele programina dahil edilmesi 6nerilmektedir.
Calismanin Onemi ve Etkisi: Toprak mikrobiyal
aktivitesini artiran, bitkinin besin alimini iyilestiren ve
hastaliklara dayanikliligi uyaran bu uygulamalarin 6z
nekrozu hastaligi’'nin miuicadelesinde basariyla
kullanilabilecegi bu ¢alismayla gosterilmistir.

Anahtar Kelimeler: Domates, Pseudomonas cichorii,
vermikompost, mikoriza, potasyum giibrelemesi.
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candidates in Konya ecological conditions

Konya ekolojik kosullarinda hibrit kavun g¢esit adaylarinin verim ve kalite 6zelliklerinin belirlenmesi
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Aims: It was aimed to determine some yield and quality characteristics of
85 hybrid melon cultivar candidates in Konya, which is one of the most
Altinbas melon growing regions of Turkey.

Methods and Results: This study was carried out in the research and
application area of Selgcuk University Faculty of Agriculture between May
and August 2021. In the experiment, 85 Altinbas hybrid melon cultivar
candidates, obtained as a result of crosses with genotypes showing
superior characteristics from a large genetic pool, were used by Selko-
Tarim company, which carries out R&D studies on different vegetable
species in Antalya. There was a positive correlation between the yield per
plant and the number of fruits and fruit length that directly affect the
yield. In addition, while the increase in fruit number caused a decrease in
fruit weight, a negative significant correlation was found between these
two characteristics.

Conclusions: As a result of PCA, the study was explained as high as
75.94% in 6 components. It was determined that hybrid melon cultivar
candidates 73, 61, 35, 27, 23, 18 and 30, located at the positive
intersection of the components of PC3 and PC4, showed superior
characteristics in terms of yield and fruit quality and were promising
genotypes.

Significance and Impact of the Study: Some vyield and quality
characteristics of 85 hybrid melon cultivar candidates were revealed in
Konya ecological conditions.
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genetic variation.
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INTRODUCTION melon and cucumber may be of Asian origin.

28.467.920 tons of melon is produced in the world.

Melon (Cucumis melo L.) is an economically important
moderate climate vegetable species in the
Cucurbitaceae family, which is widely grown and
consumed all over the world. Although originally
thought to originate in Africa, recent data suggest that

Turkey, on the other hand, ranks second after China
with a production of 1.724.856 tons (FAO, 2020). 22.8%
of the production in our country is made in the
Mediterranean region, 19.4% in the Aegean region, 19%
in the Central Anatolia region and the rest in other
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regions. While most of the production is done in the
open, more greenhouse cultivation is done in the
Mediterranean region (TUIK, 2020).

While melon contains low protein and fat in terms of
nutritional value, it contains plenty of carbohydrates
and sugar. It is also rich in vitamins and minerals such as
vitamins A, B, C, calcium, potassium, iron, and
magnesium (Salunkhe and Kadam, 1998). It is an
important vegetable in terms of economy, and besides
fresh consumption, it is also used such as fruit juice and
fruit salad. In addition, some varieties are used as
ornamental plants and some are used in the cosmetics
industry (Wien, 1997).

Melon flowers can be in monecious, andromonecious,
gynoecious and hermaphrodite structures. Melon is a
highly open pollinated species due to this difference in
flower structure. For this reason, it is important to
prefer standard or hybrid cultivar in melon cultivation,
to preserve the genetic structure and to obtain yield
and quality at certain standards. The development of
open pollinated or hybrid cultivar is among the
essential issues for successful melon cultivation.
Traditional breeding methods such as selection,
hybridization, backcrossing, and mutation have been
preferred to develop new varieties for melon. Local
cultivars and hybrid cultivars available in the market are
mostly used in production (Solmaz et al., 2010).
Although the local cultivars preferred in melon
production are better in terms of quality, hybrid
cultivars replace local cultivars in the cultivation areas
in terms of being more productive, more resistant to
diseases and pests, and adapting to the different
environmental conditions (Unlii et al., 2017). However,
selection studies are carried out by many researchers
from different regions of Turkey to prevent the loss of
rich local melon populations and to ensure that the
selected materials are used in breeding studies (Sensoy,
2005).

Altinbas melons are a group of melons that are widely
grown in Turkey and have economic importance. It is
known by different names in many parts of Turkey.
These melons are odorless melons belonging to the
winter melon group. The rind is thick, has dark green
spots, and spotted fruits on a yellow background (Kagar
et al., 2018). Altinbas group melons can be easily grown
in many parts of Turkey in open field conditions.
Although many breeding studies have been carried out
in Altinbas melons, there is still a need for newly
developed hybrid varieties.

Kacar et al. (2018) conducted a crossbreeding program
using inbreed lines in a study they conducted on
Altinbas melons and developed a total of 49 hybrids.
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Plant growth, total yield, and fruit characteristics of
hybrids were investigated in open field conditions for
two years. As a result, some developed hybrids were
found promising in terms of the investigated
parameters, and new Kirkaga¢ hybrids were found
suitable for registration. Similarly, Dal et al. (2017), in a
study they conducted, collected from different regions
of Turkey landrace brought to the S4 level by selfing
took the morphological observations of 68 cultivar
candidates. Using UPOV parameters in morphological
characterization, the researchers emphasized that
there are important differences in the existing gene
pool and a breeding program can be created. In another
study, 54 hybrid and 10 open-pollinated cultivars were
used in Turkey to characterize the commercial melon
cultivar morphologically and to determine the
relationship of relative between them. They examined
70 morphological traits in their study to determine
morphological diversity. As a result of the study, it was
determined that there is a large variation among the
varieties (Ermis and Aras, 2017). Solmaz et al. (2010)
collected 78 different melon genotypes from the
Eastern and Central Anatolian regions of Turkey and
characterized them for 68 morphological features
according to UPOV parameters. It was observed that
there is a great diversity in terms of characteristics.

In many regions of Turkey, the Altinbas melon type,
which is grown in open field conditions, is still the
subject of breeding studies as well as conducting many
research. In hybrid cultivar breeding, quality
characteristics such as fruit shape, storage life, sugar
content, and aroma, as well as yield and resistance to
diseases, are among the subjects that have been
studied extensively. In addition, cultivar development
tolerant to adverse environmental conditions (drought,
salinity, lime, high temperature, flooding, etc.) that
negatively affect productivity and plant growth in
agricultural lands is among the important approaches.
In this study, it was aimed to determine some yield and
quality characteristics of 85 hybrid cultivar candidates,
which were produced by crossing candidates with
superior characteristics from a large gene pool, under
Konya ecological conditions.

MATERIALS and METHODS

This study was carried out in the research and
application area of Selgcuk University Faculty of
Agriculture between May and August 2021. The climate
data of the trial period were taken from the climate
station in the trial area. When the data received are
examined, the average temperature was between 17.3-
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23.8°C, the highest temperature was 40.3°C in June,
and the lowest temperature was 11.2°C in June. It was
observed that the highest precipitation occurred in
August (Table 1). The soil analysis showed that pH:7.51,

EC:199, organic matter 1.2% and soil structure is a
loamy texture. Climate and soil characteristics are
suitable for melon production (Table 1).

Table 1. Meteorological data of region during experimental year

Month Max. Temp. (°C) Min. Temp. (°C) Mean Temp. (°C) Mean wind speed (m s™?)
May 35.9 6.7 18.4 2.4

June 40.3 11.2 21.6 0.8

July 36.2 13.1 23.8 2.8

Aug. 35.2 12.8 23.7 2.4

In the experiment, 85 Altinbas hybrid cultivar of the analysis.

candidates, obtained as a result of crosses between
genotypes showing superior characteristics from a large
genetic pool, were used by Selko-Tarim company,
which carries out Ar-Ge studies on different vegetable
species in Antalya. In the study, 4 fathers and 50
females were designed as individuals. However, only 85
genotypes with varietal characteristics were evaluated
in this study.

ion system was installed. Seedlings of each genotype
were planted separately, and the seedlings were grown
and the seedlings that reached the planting size were
planted on the field on May 11, 2021. 15 seedlings from
each genotype were planted in rows with 100 cm and
between row spacing 200 cm. The experiment was
carried out on an area of approximately 2550 m2. Plant
were irrigation according to the needs of the plant.
After the seedlings reached certain heights, hoeing was
done three times according to root neck filling and
weed growth. The fungicide "Luna Tranquility" was
applied against root rot with drip irrigation 10 days
after planting. Five days after this application, 3.5 kg da
! of MAP (monoammonium phosphate) and 400 ml da™®
of humic acid were given by drip irrigation. In the
following fertilization, humic acid and 200 g da® MgO
(magnesium oxide) was applied in the same way. Fruits
at harvest time were made at once for all plants to
determine vyield, and measurements were taken by
sampling five fruits for fruit characteristics. Yield per
plant (kg), number of fruits per plant (pieces), average
fruit weight (kg), fruit width (cm), fruit length (cm), fruit
flesh thickness (mm), fruit rind thickness (mm), fruit
rind color (L, a, b), fruit flesh color (L, a, b) were
determined. In the experiment, yield and fruit
measurements taken from 85 different Altinbas melon
cultivar candidates were subjected to principal
components analysis (PCA) in the JMP-14 computer
package program. The distinctions between genotypes
were determined by examining the Score Plot graph
created in line with the components obtained because
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RESULTS and DISCUSSION

In the study, the average yield per plant of 85 melon
cultivar candidates was 4.37 kg. While the highest yield
per plant was obtained from genotype 73 with 6.76 kg,
genotypes 61 and 37 were the genotypes with the
highest yield per plant with 6.07 and 6.02 yields. When
the number of fruits per plant was examined, an
average of 1.91 fruits were obtained. The genotypes
with the highest fruit number were 73 (3.25 fruits/per
plant), 29 (2.67 fruits/per plant) and 59 (2.60 fruits/per
plant) genotypes, respectively. Considering the fruit
weight, the highest fruit weights were recorded in 137
with 3.92 kg, 84 with 3.51 kg, and 103 with 3.33 kg, and
the average fruit weight was obtained as 2.35 kg. When
the table is examined, the highest fruit width was
determined as 20.50 cm (84 genotype) and the lowest
14.75 cm, the average width is 17.74 cm.

Considering the fruit length, it was observed that the
average was 19.45 cm and the genotypes with the
highest fruit length were 26.75 cm and 27 numbered
genotypes, the lowest 15.75 cm 70 genotype.

When the fruit flesh thickness was examined, it was
seen that the average was 32.27 mm. The genotype
with the highest fruit flesh thickness was 42.94 mm for
65 genotypes, while the genotype with the lowest fruit
flesh thickness was 25.03 mm with 79. The average
value of the fruit rind thickness was found to be 7.84
mm. The genotype with the highest fruit rind thickness
was 11.03 mm for 35 genotypes, while the genotype
with the lowest fruit rind thickness was 5. 64 mm with
102. When the average of soluble solid contents (SSC)
in the fruit was considered, it was found to be 9.23. The
highest amount of water-soluble dry matter was
obtained from genotype 34 (12,60), and the lowest
genotype 93 (5.40). Fruit rind color the highest were 84
genotypes with 71.61 in L value and the lowest 84
genotypes with 49.54. The average fruit rind color a*
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value is 7.86, the cultivar candidate with the highest
value is 122 with 37.21, and the cultivar candidate with
the lowest value is 133 with -3.89. The average fruit
rind color b* value is 54.03, the cultivar candidate with
the highest value is 116 with 73.80, and the cultivar
candidate with the lowest value is 118 with 38.11. The

highest fruit flesh color L, a*, b* values were found in
genotype 21 (80.91), genotype number 89 (0.76), and
genotype number 65 (17.96). The lowest fruit flesh
color L, a*, b* values were found in genotype 65
(51.11), genotype number 121 (-11.4), and genotype
number 98 (7.83). (Table 2).

Table 2. Some fruit characteristics of Altinbas hybrid melon cultivar candidates in Konya ecological conditions

CcC YYP FNPP  AFW FW FL FFT FST SSC FRCL FRCa FRCb FFCL FFCa FFCb
7 4.39 1.73 254 18.00 20.00 3649 746 11.40 59.13 1035 54.19 5861 -5.81 14.79
9 4.80 2.18 220 17.00 17.75 33.53 10.68 10.80 57.19 9.04 46.54 56.78 -4.23 12.02
11 4.39 1.92 229 1725 1750 34.77 881 11.80 58.09 565 5218 5944 -452 13.22
13 3.80 2.18 1.74 18.00 1750 32.27 631 1050 6153 9.65 59.15 5464 -533 14.89
19 4.08 1.75 233 1975 19.00 3127 853 10.00 5753 6.29 4729 6234 -6.06 15.36
21 4.42 2.22 199 17,50 21.75 3035 8.86 750 59.21 825 5294 8091 -6.14 1449
22 3.05 1.20 254 1700 18.00 2788 7.21 8.60 5204 064 4829 6880 -592 17.69
23 4.63 2.25 206 19.75 18.75 29.95 8.94 880 5488 7.01 4743 6159 -465 1244
25 4.36 2.55 1.71 18.00 2200 40.19 9.65 10.02 6630 881 62.27 6088 -3.64 10.55
26 4.26 1.83 232 17.00 2250 34.28 7.36 7.80 6292 637 5805 5948 -459 13.17
27 5.04 2.50 2,02 1525 26.75 29.04 951 830 6554 10.26 53.57 62.09 -410 1241
28 2.48 1.86 134 16.00 1750 3119 675 1170 57.86 8.44 5186 6168 -3.73 1256
29 4.26 2.67 160 16,50 17.00 2934 6.82 6.50 65.05 9.86 59.03 6119 -477 12.46
30 5.64 2.33 242 1825 2050 3128 830 10.03 59.09 6.21 5249 5520 -5.59 14.07
34 3.85 1.67 231 17.25 17.25 28.08 894 12,60 6351 6.78 5645 64.00 -4.06 11.96
35 4.36 191 228 1950 23,50 30.37 11.03 9.20 5440 4.13 4476 58.27 -408 11.53
36 3.03 1.83 165 19.00 20.00 31.18 8.88 9.10 62.25 3.10 53.36 63.06 -7.22 17.58
37 6.02 2.44 246 19.00 18.75 40.38 10.73 11.70 55.73 937 4158 5998 -2.74 9.58
45 4.93 2.50 197 1750 1875 39.19 6.40 9.60 6580 582 6009 6779 -4.81 13.13
47 4.30 2.40 1.79 16.25 1850 2825 6.11 8.40 64.49 10.16 63.01 5957 -4.27 11.97
49 3.81 1.75 2.18 1825 16.75 3594 6.24 790 56.18 10.93 4827 5264 -6.53 15.61
51 4.08 2.27 1.80 18.00 1875 31.00 7.68 6.40 68.28 -0.55 5733 6452 -6.11 15.72
53 4.34 2.25 193 16,65 1850 37.29 7.79 10.60 55.47 -3.54 46.08 6097 -4.84 12.47
58 4.88 2.30 212 17.25 19.00 3150 698 1250 5289 875 53.00 59.33 -2.88 9.34
59 4.62 2.60 1.78 1475 17.25 29.20 7.46 9.23 5165 461 3934 6259 -4.89 13.20
60 4.02 1.56 258 17.00 19.25 27.75 7.71 9.70 5946 259 5014 7239 -532 13.68
61 6.07 2.45 247 1675 2475 2549 9.30 8.40 5872 9.66 54.77 73.26 -4.83 12.32
62 4.62 2.00 231 16.00 17.25 3195 643 1020 6290 10.66 5945 60.82 -496 13.47
63 4.70 2.33 201 17.75 19.50 27.49 9.65 790 6573 689 6111 69.78 -491 1311
65 5.27 2.18 242 17.25 20.75 4294 7.18 10.10 5493 1199 4839 51.11 -8.07 17.96
66 3.35 1.20 279 1875 2275 3238 7.62 9.20 68.02 10.97 6454 6986 -2.10 1031
67 4.02 1.78 226 1775 2125 2888 753 10.10 69.70 930 6742 69.09 -3.22 10.49
68 2.47 1.60 154 1525 16.00 26.11 757 1150 53.09 237 4211 5875 -536 13.96
69 2.61 1.44 181 17.50 18.00 30.78 7.73 890 5966 647 5515 5806 -538 13.53
70 3.15 1.64 193 16.25 1575 3225 7.26 1050 53.71 414 4366 63.32 -493 12.56
71 4.11 2.18 188 1750 19.00 34.15 9.69 9.40 6136 1334 51.73 59.22 -351 11.01
73 6.76 3.25 208 1700 17.75 33.49 10.17 10.60 60.83 10.44 5747 57.06 -3.69 10.26
74 3.82 1.50 255 17.25 19.75 2944 855 1052 56.00 1042 46.61 54.14 -7.27 16.90
75 4.22 1.73 244 1850 17.00 31.24 10.20 1130 5094 6.62 3849 6334 -412 11.03
77 4.82 2.38 203 16.00 17.25 30.69 6.63 11.40 54.14 579 4742 61.24 -5.28 14.08
79 3.95 1.80 219 1550 20.25 25.03 6.76 8.10 6743 11.68 63.82 6240 -6.79 16.57
82 3.79 1.67 227 1700 17.75 3136 7.15 11.20 6540 1191 6181 66.26 -531 17.02
83 4.04 1.80 224 1875 18,50 33.29 951 9.90 55.08 9.77 4346 6483 -5.77 15.00
84 4.82 1.38 3.51 2050 2250 27.14 9.00 830 7161 7.76 6160 6143 -537 16.09
85 4.87 2.09 233 1800 17.50 26.47 7.01 6.80 5824 584 4813 6393 -4.68 1239
87 5.65 2.09 270 1875 18.75 33.19 5.73 9.10 5955 6.67 5142 5737 -6.54 16.06
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Table 2 (continued). Some fruit characteristics of Altinbas hybrid melon cultivar candidates in Konya ecological

conditions
88 5.52 1.88 2.95 19.00 25.00 41.36 5.96 9.10 65.58 8.00 65.68 68.78 -4.12 10.65
89 4.14 1.78 2.33 18.25 17.25 33.78 7.68 6.90 59.25 5.85 50.89 65.09 0.76 19.51
90 4.90 1.67 2.94 17.75 20.00 3351 8.65 10.00 65.27 1461 64.74 6395 -3.08 9.51
91 4.82 2.00 2.41 18.75 19.75 29.86 8.54 9.90 61.29 1154 55.13 60.79 -4.93 12.26
92 3.48 1.67 2.09 17.75 19.25 32.95 7.84 10.20 6198 1498 5882 53.69 -4.46 1161
93 5.54 2.56 2.17 18.50 20.50 33.36 5.78 5.40 65.67 7.20 63.49 7279 -831 13.70
94 4.11 1.75 2.35 17.75 16.75 33.50 8.34 8.80 61.84 14.02 61.73 5740 -3.62 10.32
95 4.73 2.27 2.08 19.00 18.25 33.96 8.21 8.10 64.17 3.15 59.47 6297 -5.26 14.33
96 3.77 1.29 2.93 20.25 18.50 40.71 8.92 9.10 60.54 1.29 54,66 68.78 -4.12 10.65
97 4,53 2.10 2.16 19.50 19.00 32.40 9.56 11.20 64.12 9.64 62.71 66.54 -4.19 11.64
98 3.75 1.44 2.60 18.25 19.75 36.94 7.11 8.70 59.97 6.20 59.06 58.22 -2.12 7.83
99 5.29 2.09 2.53 18.75 20.50 33.75 7.67 10.40 61.62 8.93 55.18 64.47 -5.24 13.48
101 4.95 2.18 2.27 17.50 19.25 27.62 9.18 11.10 58.30 6.65 52.49 68.61 -5.06 12.75
102 3.20 1.10 2.91 16.75 17.75 37.03 5.64 8.90 70.22 3.03 68.83 57.70 -4.01 10.07
103 5.42 1.63 3.33 19.75 20.50 35.15 7.85 6.20 57.57 1.04 50.33 65.31 -4.77 1293
104 3.39 1.17 291 18.25 16.00 38.50 6.90 10.30 60.69 16.59 61.06 53.58 -5.07 1258
105 4.65 1.83 2.53 18.50 20.00 28.53 8.20 8.00 69.38 11.04 64.14 57.00 -2.85 11.02
107 5.05 2.18 2.31 17.50 21.75 31.84 7.40 6.90 62.53 15.79 6180 62.44 -4.64 13.03
111 4.44 1.91 2.33 17.74 19.45 28.74 6.44 10.70 54.56 6.07 47.72 63.60 -4.81 13.15
112 3.64 1.25 2.91 17.75 20.00 27.68 7.50 9.60 65.51 3.96 62.85 62.06 -3.31 10.54
113 5.23 2.00 2.62 17.74 19.45 36.55 6.99 8.40 60.28 7.86 54,03 66.76 -4.42 11.12
114 3.71 1.33 2.79 16.50 17.00 28.82 6.51 9.23 53.69 6.83 4409 6259 -4.89 13.20
115 4.63 2.18 2.12 17.75 17.50 31.17 6.74 9.23 60.68 9.99 56.61 62.59 -4.89 13.20
116 3.79 1.40 2.71 17.00 20.75 32.27 6.59 7.90 63.69 10.79 7380 62.05 -5.11 13.08
117 4.28 1.45 2.94 17.50 19.25 39.18 6.33 10.10 49.54 5.47 37.15 61.59 -5.86 13.94
118 3.83 1.33 2.87 20.25 2425 36.53 8.70 9.20 50.90 3.01 38.11 62.13 -4.85 12.70
119 3.92 1.83 2.14 19.75 19.25 35.92 7.46 10.00 53.78 0.89 45,76 59.70 -6.09 14.64
121 4.25 1.50 2.83 19.00 19.25 34.72 8.94 8.60 66.29 4.68 57.83 58.75 -11.4 14.84
122 4.36 2.20 1.98 15.00 18.50 27.00 6.63 8.60 66.81 37.21 60.29 65.74 -5.26 12.99
123 5.38 2.25 2.39 17.25 22,50 30.75 7.96 8.60 56.91 12.31 55.63 60.07 -4.62 15.11
127 5.17 2.17 2.38 15,50 20.75 32.64 8.69 7.90 57.24 10.51 49.27 65.16 -5.07 12.85
128 3.97 1.40 2.84 18.00 22.75 33.94 9.22 10.70 66.64 16.59 61.10 59.23 -5.39 15.86
129 3.62 2.00 1.81 18.25 18.75 35.77 9.76 7.90 60.00 4.29 53.99 63,53 -6.16 16.32
133 3.09 1.64 1.89 17.25 19.00 31.84 7.37 5.90 60.56 -3.89 47.27 6556 -7.00 17.13
134 3.86 1.40 2.75 18.50 18.00 25.75 6.66 10.40 63.97 6.56 51.20 59.76 -3.35 10.97
135 3.57 1.57 2.27 18.75 18.00 31.34 9.15 7.00 51.20 1.49 40.47 71.67 -5.69 14.86
137 5.88 1.50 3.92 18.25 19.00 33.25 5.80 7.30 52.58 5.28 40.05 6893 -465 13.25
138 5.63 2.00 2.82 16.50 21.00 31.20 4.10 6.30 60.28 7.86 54.03 63.81 -5.53 13.31
139 5.00 2.00 2.50 18.50 2450 27091 7.75 8.00 65.15 9.15 63.90 72.64 -3.64 10.88
Av. 4.37 1.91 2.35 17.74 19.45 32.27 7.84 9.23 60.28 7.86 54.03 6259 -4.89 13.20

*CC (Candidate Cultivar), YPP (yield per plant (kg)), FNPP (Fruit number per plant (pieces)), AFW (Average fruit weight (kg)), FW(Fruit width
(cm)), FL (Fruit length (cm)), FFT (Fruit Flesh thickness (mm)), FRT (Fruit rind thickness (mm)), SSC (soluble solid contends), FR L (Fruit rind color
L), FR a (Fruit rind color a*) , FR b (Fruit rind color b*), FF L (Fruit flesh color L), ME a (FF color a*), FF b (Fruit flesh color b*)

In a study in which 30 inbred lines and 1 commercial
cultivar were used in Altinbas group melons, it was
reported that fruit weight varied between 354.17 g -
3840.42 g. The fruit width was found to be between 9
cm and 18.07 cm, the wall thickness was between 2.48
cm and 6.16 cm, and the SSC value was between 6.71%
and 11.67% (Aydin, 2013). In another study, it was
reported that the highest yield per plant was
10.17+4.12 kg and the lowest yield per plant was
5.025+3.46 kg in 21 hybrid cultivar candidates. The
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longest fruit was found as 32.55%#3.50 cm and the
shortest fruit was as 25.58+2.50 cm. They reported that
the highest fruit rind thickness was 8.45+0.50 mm
(Secim, 2019). Esiyok et al. (2005) determined the
performance of five different hybrid cultivars in
different regions, and they achieved an average yield of
1.95 kg/plant in Bornova and 4.11 kg/plant in Cine. In
terms of fruit number, they reported that they obtained
an average of 2.14 fruits per plant in Bornova and 3.31
in Cine. Kayak et al. (2020) determined some features
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of 83 F1 melon genotypes in a study they conducted. In
F1 melons, the highest yield per plant was 9.84 kg, the
highest fruit weight was 5.44 kg, the highest fruit length
was 31.63 cm, the highest fruit width was 19.63 cm and
SSC was between 6.8-13.02. Dal et al. (2017). When the
studies are examined, it is seen that the melon genetic
pools have a wide genetic variation and there are great
differences in terms of measurements and
observations. This situation is seen as an advantage
when genetic diversity is high in cultivar breeding.As a
result of the correlation analysis, significant correlations
between vyield and fruit measurements were
determined in 85 hybrid melon cultivar candidates
(Table 3). It was seen that there was a positive

correlation between the yield per plant and the number
of fruits and fruit length, which directly affect the yield.
In addition, while the increase in fruit number caused a
decrease in fruit weight, a negative significant
correlation was found between these two
characteristics. The increase in fruit width affected the
fruit weight positively, and a positive correlation was
found between these two parameters. When fruit rind
color measurements were examined, a high positive
correlation was found between L, a* and b* values. In
the flesh color measurements, it was observed that
there was a high positive correlation between the a*
value and the b* value in the flesh.

Table 3. Correlation between some fruit traits of Altinbas hybrid melon cultivar candidates

YYP FNPP AFW FW FL FFT FST SSC FRCL FRC a* FRC b* FFCL FFCa* FFC b*
YYP
FNPP 0.624
AFW 0.287 -0.552
FW 0.088 -0.253  0.397 1.000
FL 0.346 0.064 0.274 0.197 1.000
FFT 0.115 -0.029  0.176 0.313 0.017 1.000
FST 0.071 0.166 -0.139 0.293 0.179  -0.004 1.000
SSC -0.131 -0.042 -0.112 -0.076 -0.242 0.100 0.231 1.000
FRCL 0.014 0.027  0.032 0.030 0.266 -0.109 -0.071 -0.224 1.000
FRC a* 0.174 0.153  -0.007 -0.250 0.097 -0.089 -0.030 0.113 0.312 1.000
FRC b* 0.025 0.018  0.037 -0.018 0.246  -0.040 -0.184 -0.157 0.884 0.386 1.000
FFCL 0.120 0.040 0.076 0.045 0.262  -0.236 0.025 -0.328 0.087  -0.169 0.053 1.000
FFCa* 0.044 0.010  0.052 -0.006 0.024 -0.018 0.107 0.161 0.083 0.120 0.142 0.053 1.000
FFC b* -0.178 -0.086 -0.114 -0.018 -0.093 -0.089 -0.112 -0.216 -0.142  -0.145  -0.227  -0.020 -0.558 1.000

*CC (Candidate Cultivar), YPP (yield per plant (kg)), FNPP (Fruit number per plant (pieces)), AFW (Average fruit weight (kg)), FW(Fruit width
(cm)), FL (Fruit length (cm)), FFT (Fruit Flesh thickness (mm)), FRT (Fruit rind thickness (mm)), SSC (soluble solid contends), FR L (Fruit rind color
L), FR a (Fruit rind color a*) , FR b (Fruit rind color b*), FF L (Fruit flesh color L), ME a (FF color a*), FF b (Fruit flesh color b*)

In the experiment, yield and fruit measurements taken
from 85 melon hybrid cultivar candidates were
subjected to PCA analysis and it was aimed to
determine the important measurements that
distinguish the genotypes from each other (Table 4). As
a result of PCA, the data was explained as high as
75.94% in 6 components (Table4). When the results
were examined, the first component explained 18.17%
of the study, and FL, FRC L, FRC a and FRC b parameters
were positively explained. The second component
explained 14.67% of the study, with AFW and FW being
the parameters explained positively and FNPP being
explaining negatively. The third component explained
13.24% of the study, and YPP, FRT, FW and SSC were
the parameters that explained positively, and FFC b
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negatively. The fourth component explained 12.52% of
the study, and YPP, FNPP and FFC L were the
parameters that explained positively, and SSC and FW a
were the parameters that explained negatively. When
the fifth component was examined, 9.24% of the study
was explained, and there were features that explained
FFT in the positive direction, and FFC L and FFC a* in the
positive direction (Table 4). The sixth component
explained 8.08% of the study, with AFW in the negative
direction and FW and FST in the positive direction.
Kayak et al. (2020) reported that 68.1% of the data was
explained in three components in a study they
conducted on 83 hybrid melon genotypes with similar
characteristics.
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Table 4. Principal component analysis of yield, quality and morphological characteristics of different melon cultivar

candidates in Konya ecological conditions

Items PC1 PC2 PC3 PCc4 PC5 PC6
Eigenvalue 2.544 2.0544 1.8545 1.7527 1.2945 1.1314
Percentage of variance 18.172 14.674 13.246 12.52 9.247 8.082
Cumulative variance 18.172 32.846 46.092 58.612 67.859 75.94
Eigenvectors
YYP 0.270 0.045 0.351 0.412 0.278 -0.293
FNP 0.139 -0.401 0.282 0.461 0.151 0.025
AFW 0.135 0.540 0.019 -0.143 0.110 -0.350
FW 0.030 0.518 0.169 -0.023 0.042 0.355
FL 0.351 0.252 0.073 0.241 -0.030 0.132
FFT -0.045 0.243 0.252 -0.122 0.491 0.030
FRT -0.018 0.033 0.411 0.103 -0.229 0.621
SSC -0.177 -0.183 0.355 -0.366 0.039 0.123
FRCL 0.496 -0.054 -0.257 -0.143 0.042 0.296
FRC a* 0.301 -0.280 0.024 -0.162 0.275 -0.046
FRC b* 0.509 -0.083 -0.232 -0.213 0.090 0.182
FFCL 0.159 0.1499 -0.113 0.336 -0.534 -0.119
FFC a* 0.197 -0.064 0.330 -0.300 -0.402 -0.236
FFC b* -0.264 0.044 -0.399 0.283 0.234 0.224

Similarly, Seymen (2020) reported that the first two
components explained 72.82% of the data in the PCA.
performed for the identification of 73 hybrid cultivar
candidates in squash. In the study, F1 melon cultivar
candidates were tried to be defined with the loading
plot graph drawn from the first four components
because of PCA made from yield and fruit parameters
obtained from 85 melon cultivar candidates (Figure 1).
Similar methods have been applied in different studies
to identify genotypes in a large genetic pool (Seymen et
al., 2019; Kayak et al., 2020; Seymen, 2020). When the
figure is examined, the positive region of PC1 was the
region explained in terms of fruit rind color. On the
other hand, the positive region of PC2 was the region
with the highest value in terms of fruit width and fruit
weight. Genotypes 66, 84, 88 and 139 located at the
intersection of both components came across as heavy
fruited genotypes with high fruit color and fruit width.
The positive region of PC3 is the genotypes with high
yield, fruit rind thickness and SSC value. When the
intersection point of the positive regions of PC2 and
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PC3 was examined, genotypes 35, 75, 88, 96, 103, 117,
118 and 137 revealed genotypes with high fruit weight,
fruit width, yield, SSC and rind thickness. PC4, on the
other hand, genotypes with high yield and fruit number
in its positive region. The positive region of PC3 and PC4
was defined as an important region for genotypes with
superior yield and high fruit quality. When the positive
intersection point of both components was examined, it
was revealed that the hybrid melon cultivar candidates
numbered 73, 61, 35, 27, 23, 18 and 30 showed
superior characteristics in terms of yield and fruit
quality. Kayak et al. (2020) reported that the G39
genotype, located in the positive region of both
components, showed superior characteristics in terms
of yield and fruit quality and could be a promising
cultivar candidate in their melon study. Similarly,
Seymen (2020) reported that the hybrid cultivar
candidates 31x34, 23x28, 13x23, 38x40, 29x37, 30x31
and 23x29 and 40x29, located in the positive region of
both components, are promising.
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Figure 1. Score Plot plot drawn from PC1, PC2 and PC3 because of the principal components analysis of yield and
quality parameters of different F1 melon cultivar candidates in Konya ecological conditions

In conclusion, with the study, some yield and quality
characteristics of 85 hybrid melon cultivar candidates
were revealed in Konya ecological conditions. It was
seen that there was a positive correlation between the
yield per plant and the number of fruits and fruit length
that directly affect the vyield. In addition, while the
increase in fruit number caused a decrease in fruit
weight, a negative high correlation was found between
these two characteristics. As a result of PCA, the study
was explained as high as 75.94% in 6 components.
Hybrid melon cultivar candidates numbered 73, 61, 35,
27, 23, 18 and 30, located at the positive intersection of
PC3 and PC4 components, showed superior
characteristics in terms of yield and fruit quality and
emerged as promising hybrids. The obtained cultivar
candidates should be subjected to vyield trials with
hybrid Altinbas cultivars grown in the region and
superior cultivars should be determined. It is thought
that the emerging cultivation candidate will make
significant contributions to the agriculture of the
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region.
OZET

Amag: Calismada Tirkiye’de en ¢ok Altinbas kavun
yetistirme bolgelerinden biri olan Konya'da 85 adet
melez kavun ¢esidi adayinin bazi verim ve kalite
Ozelliklerinin belirlenmesi amaglanmistir.

Yéntem ve Bulgular: Bu ¢alisma 2021 yili Mayis-Agustos
aylari arasinda Selguk Universitesi Ziraat Fakdltesi
arastirma ve uygulama arazisinde gerceklestirilmistir.
Denemede bitkisel materyal olarak Antalya’da farkli
sebze tirlerinde Ar-Ge galismalari yiriten Selko-Tarim
sirketi tarafindan genis bir genetik havuzun icinden
Ustiin  Ozellikler gosteren genotiplerde yapilan
melezlemeler sonucunda elde edilen 85 adet altinbas
kavun cesit adayi kullanilmistir. Calisma sonucunda bitki
basina verim ile meyve sayisi ve meyve boyu arasinda
verimi dogrudan etkileyen pozitif bir iliski oldugu
gorilmastir. Ayrica meyve sayisindaki artis meyve
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agirliginda azalmaya neden olurken, bu iki ozellik
arasinda negatif ylksek korelasyon bulunmustur.

Genel Yorum: PCA sonucunda 6 bilesende ¢alisma
%75.94 gibi ylksek bir oranda acgiklanmistir. PC3 ve PC4
bilesenlerinin pozitif kesisim noktasinda yer alan 73, 61,
35, 27, 23, 18 ve 30 numarah hibrit kavun cesidi
adaylarinin verim ve meyve kalitesi acisindan Ustiin
ozellikler gosterdigi ve gelecek vaat eden genotipler
oldugu belirlendi.

Calismanin Onemi ve Etkisi: Calisma ile Konya ekolojik
kosullarinda 85 melez kavun ¢esidi adayinin bazi verim
ve kalite ozellikleri ortaya gikarilmistir.
Anahtar Kelimeler: Cucumis melo,
karakterizasyon, genetic varyasyon.
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Aims: This study aims to evaluate the performance of local bean
genotypes collected from different provinces.

Methods and Results: The experiments were carried out in 2019 and
2020, using 68 bean genotypes and 5 cultivars (Akin, Akman98,
Goyniik98, Onceler98 and Yunus90) according to the augmented design.
It was observed that there were significant variations among bean
cultivars and genotypes in terms of all the characteristics examined.
According to the research results in 2019, differences observed as
follows; days to emergence 10.15-37.15 days, days to flowering 35.60-
71.20 days, days to pod setting 53.65-84.85 days, chlorophyll contents
25.21-43.86 SPAD, plant heights 22.49-73.60 cm, pod lengths 6.75-14.35
cm, seed per pod 1.95-5.85, grain yield per plant 11.79-57.35 g and the
harvest index %24.36-66.34. The results for the same characteristics in
2020 were as follows; days to emergence 10.75-33.95 days, days to
flowering 31.80-84.60 days, days to pod setting 60.55-92.55 days,
chlorophyll content 27.29-47.25 SPAD, plant height 30.01-173.9 cm, pod
length 5.85-12.60 cm, seed per pod 2.56-6.86, grain yield per plant 5.58-
68.34 g and the harvest index % 13.11-71.46.

Conclusions: |1t was determined that ISP5, ISP13, ISP18, ISP19, ISP21,
ISP22, ISP23, ISP31, ISP32, ISP34, ISP35, ISP72, ISP98, BUR14, BUR20,
BUR21, ESK3, KON5, MAN1, DEN2, KON16 and KON17 local genotypes
showed higher performance than control cultivars in terms of seed per
pod, grain yield per plant and harvest index.

Significance and Impact of the Study: It was concluded that there were
promising local genotypes superior to the cultivars in all characteristics.

Atif / Citation: Sener A, Kaya M (2022) Yerel fasulye (Phaseolus vulgaris L.) genotiplerinin agro-morfolojik karakterizasyonu.
Mustafa Kemal Universitesi Tarim Bilimleri Dergisi, 27(2) : 318-330. DOI: 10.37908/mkutbd.1093427

GIRIS

GUnUmizde yetersiz beslenme sorunlari, diinyanin en
onemli glindemlerinin basinda gelmektedir. Nitekim
2021 il verilerine gore dinyada 811 milyon insan
yetersiz beslenmis ve aclikla karsi karsiya kalmistir (FAO,
2022). Asya’da, Sahra Alti Afrika’da ve Okyanusyada
beslenme yetersizligi ve acgliktan olimler devam
etmektedir. Bir¢ok lilkede milyarlarca insan dengeli ve
yeterli beslenme icin gerekli olan protein agirlikli
gidalara  erisememektedir (Unal, 2017). insan

beslenmesinde ginlik protein agiginin karsilanmasi ve
gelecegin glvenli gidalari arasinda fabaceae familyasina
dahil olan yemeklik baklagil tlrleri ©6n plana
citkmaktadir. Yemeklik baklagil tiirleri arasinda, Dlinya
genelinde en fazla ekim alanina sahip olan baklagil cinsi
kuru fasulye olup, toplam ekim alani 33 milyon ha,
Uretim miktari 29 milyon ton ve ortalama verimi 87.41
kg da¥dir. Diinyada en fazla kuru fasulye iretimi,
Myanmar (5.8 milyon ton), Hindistan (5.3 milyon ton)
ve Brezilya’da (2.9 milyon ton) vyapilmaktadir.
Tirkiye'de ise kuru fasulye ekilis ve Uretimi, yemeklik
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baklagiller icerisinde nohut ve mercimekten sonra
Uclincl sirada yer almakta olup, 88.9 milyon ha ekim
alanina karsilik, yaklasik 225 bin ton {iretim ile Diinya
fasulye UGretiminde 21. Siradadir.  Tirkiye’'nin kuru
fasulye verimi dinya ortalamasinin Uzerinde olup,
tohum verimi 283 kg da¥dir (TUIK, 2022). Hem
diinyada hem de Tirkiye’de kuru fasulye Gretimini
arttirabilmek i¢cin  yetistirme  teknigi  paketinde
iyilestirmeler ile verimi arttinici girdilerin  kullanimi
yaninda, verim ve kalite 6zellikleri yiiksek yeni cesitlerin
de gelistirilmesi gerekmektedir. Cesit 1slahinda 6nemli
kaynaklardan birisi de yerel gesitler olup, son yillarda
kiiresel 1sinma ve iklim degisikligi seklinde kendini
gosteren cevresel sorunlar genetik kaynaklarin 6nemini
ve degerini bir kez daha ortaya koymustur.

Bitkisel Uretimde, temel dogal kaynak olarak toprak, su
ve hava sayillmakta iken, bunlara dérdiinci temel dogal
kaynak olarak “genetik kaynaklar” eklenmistir. Genetik
cesitliligin olusmasi igin genlerin farkli kombinasyonlari
gecmiste ve glinlimizde yapilmis, gelecekte yapilacak
bitki 1slahi calismalari icin son derece dnemlidir. Uzun
slireli programlarda kantitatif karakterleri, kisa ya da
orta slireli programlarda kalitatif  karakterleri
(hastaliklara dayaniklilik vb.) aktarmada bitki genetik
kaynaklari dogrudan ya da koprid tirler olarak
kullanilmaktadir (Sehirali ve Ozgen, 1987).

Tirkiye’de 1930°'lu yillardan gliniimize kadar bitki
genetik kaynaklarinin aranmasina ve bulunmasina
yonelik cok sayida arastirma yapilmistir (Ekinci, 1939;
Sehirali, 1971; Ciftci ve Sehirali, 1984; Ozcelik, 1993;
Bozoglu, 1995; Anlarsal ve ark., 2000; Elkoca ve Kantar,
2005; Kantar ve ark., 2010; Ekincialp ve Sensoy, 2013;
Soézen ve ark., 2014; Aydogan, 2017; Canci ve ark., 2019;
Yeken ve ark., 2019; Tarkmen, 2020; Soydemir, 2021).
Yapilan fasulye 1slahi ¢alismalarindaki ortak amag
yuksek verimli yeni cesitler gelistirmektir. Ayrica
seleksiyon g¢alismalarinda tiketici istekleri, adaptasyon,
hastalik-zararlilara dayaniklilik ve besin igerikleri de
dikkate alinmaktadir. Bu islah kriterlerinin hepsi de
yerel fasulye popllasyonlarindaki genetik tabanda
mevcuttur. Fasulyede verim ve erkencilik yoninden

varyeteler arasinda seleksiyona imkan taniyacak genis
bir varyasyon bulunmakta, bu nedenle yapilan pek ¢ok
calismada erkenci ve ayni zamanda verimi ylksek
fasulye cesitlerinin gelistiriimesinde basarili sonuglar
elde edilmistir (Dreyer ve Wielpiitz, 1998).

Bu calismada; Tirkiye'nin farkl illerinden yerel fasulye
popilasyonlari toplanarak tanimlayici bilgilerin kayit
altina alinmasi, agronomik ve morfolojik 6zelliklerinin
belirlenmesi ve vyiksek verimli yerel genotipler
belirlenerek 6zellikle yari-kurak yiksek dag ekolojisine
uygun cesit gelistirmek amaciyla vyapilacak islah
cahismalarinda  vyararh  olabilecek alt  yapinin
olusturulmasi amaglanmistir.

Calisma sonucunda; kuru fasulye tariminda buyik
potansiyele sahip olan Goller Yoresi ve yari-kurak
yiksek dag ekolojisine benzer lokasyonlar icin fasulye
islahinda kullanilabilecek uygun ebeveyn ve bunlarin
bazi tarimsal 6zellikleri belirlenmistir.

MATERYAL ve YONTEM

Ulusal Tohum Gen Bankasi ile yapilan yazismalar
sonucunda heniliz materyal toplamanin yeterince
yapilmadigi ve ekonomik 6neme sahip yerel fasulye
popilasyonlarinin  vyetistirildigi Goller Yoresi'ni de
kapsayan 24 il oldugu belirlenmistir. 2017-2018
yillarinda iki yil sidreyle toplam 208 materyal
toplanmistir. Bu materyaller Isparta (101), Burdur (43),
Konya (17), Eskisehir (9), Usak (6), Karaman (6), Antalya
(5), Denizli (4), Corum (4), Manisa (3), Nigde (2),
Kitahya (2), Balikesir (1), Bolu (1), Bursa (1), Nevsehir
(1), Kastamonu (1) ve Erzincan (1) il ve ilgelerinden
toplanmistir. Toplanan yerel fasulye tohumlari, tohum
¢ogaltma ve taze tohum elde etmek amaciyla 2018 yili
mayis ayl basinda her poplilasyondan 4’er sira olacak
sekilde ve 5 m uzunlugundaki parsellere tarla
kosullarinda ekilmistir. Toplanan 208 materyal icinden
¢imlenme gergeklesmeyen, yogun hastalik gorilen ve
dik gelismeyen sarilici genotipler elenerek 68 tanesi
segilmistir.

Cizelge 1. Calismada kullanilan yerel fasulye genotiplerine ait tanitici bilgiler
Table 1. Information on the local bean genotypes used in the study

NO Kod il ilge TANE TiPi BUYUME TiPi
3 ISP3 ISPARTA ATABEY BARBUNYA BODUR

5 ISP5 ISPARTA ATABEY - BARBUNYA BODUR

13 ISP13 ISPARTA MERKEZ GEYRAN CALI BODUR

15 ISP15 ISPARTA MERKEZ GEYRAN HOROZ BODUR

16 ISP16 ISPARTA MERKEZ GEYRAN BARBUNYA SIRIK

17 ISP17 ISPARTA MERKEZ GEYRAN BARBUNYA SIRIK

18 ISP18 ISPARTA MERKEZ KUGUKGOKGELI BARBUNYA BODUR

19 ISP19 ISPARTA MERKEZ KUGUKGOKGELI SEKER BODUR
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Cizelge 1 (devami). Calismada kullanilan yerel fasulye genotiplerine ait tanitici bilgiler

Table 1 (continued). Information on the local bean genotypes used in the study

20 ISP20 ISPARTA MERKEZ KUCUKGOKGELI SEKER BODUR

21 1SP21 ISPARTA MERKEZ KUCUKGOKGCELI BARBUNYA BODUR

22 1SP22 ISPARTA MERKEZ BUYUKGOKCELI HOROZ BODUR

23 ISP23 ISPARTA MERKEZ BUYUKGOKGCELI SEKER BODUR

28 1SP28 ISPARTA YALVAG CETINCE DERMASON YARI-BODUR
29 ISP29 ISPARTA YALVAG OZGUNEY BARBUNYA SIRIK

30 ISP30 ISPARTA YALVAC OZGUNEY TOMBUL SIRIK

31A ISP31 ISPARTA YALVAC OZGUNEY HOROZ BODUR
31B 1SP32 ISPARTA YALVAC OZGUNEY SEKER BODUR

32 ISP33 ISPARTA SARKIKARAAGAC YASSIBEL CALI YARI-BODUR
33 ISP34 ISPARTA SARKIKARAAGAC GOKSOGUT TOMBUL YARI-BODUR
34 ISP35 ISPARTA SARKIKARAAGAC BEYKOY DERMASON YARI-BODUR
35 ISP36 ISPARTA SARKIKARAAGAC BEYKOY DERMASON YARI-BODUR
38 ISP39 ISPARTA EGIRDIR MAHMATLAR HOROZ YARI-BODUR
52 ISP53 ISPARTA GELENDOST YESILKOY DERMASON KARISIK (Y-S)
132 ISP60 ISPARTA MERKEZ DEREGUMU CALI SIRIK

136 ISP63 ISPARTA ATABEY - BARBUNYA SIRIK

176 ISP72 ISPARTA EGIRDIR AGILKOY HOROZ BODUR
177 ISP73 ISPARTA EGIRDIR AGILKOY BARBUNYA BODUR
179 ISP75 ISPARTA SARKIKARAAGAC YASSIBEL DERMASON KARISIK (B-S)
180 ISP76 ISPARTA SARKIKARAAGAC YASSIBEL BOMBA SIRIK

181 ISP77 ISPARTA SARKIKARAAGAC YASSIBEL HOROZ BODUR
182 ISP78 ISPARTA SARKIKARAAGAC YASSIBEL SEKER SIRIK

185 1SP81 ISPARTA SARKIKARAAGAC BEYKOY HOROZ FASULYE BODUR

189 ISP85 ISPARTA YENiISARBADEMLI GOLKONAK BARBUNYA SIRIK

194 ISP90 ISPARTA GELENDOST YESILKOY CALI SIRIK

196 1SP92 ISPARTA GELENDOST YESILKOY DERMASON BODUR
197 ISP93 ISPARTA GELENDOST YESILKOY BARBUNYA SIRIK

199 ISP95 ISPARTA SARKIKARAAGAC YASSIBEL BARBUNYA SIRIK

202 ISP98 ISPARTA YALVAG BAHTIYAR HOROZ BODUR
205 ISP101 ISPARTA MERKEZ GELINCIK BARBUNYA BODUR

67 BUR14 BURDUR MERKEZ iLYAS HOROZ BODUR

72 BUR19 BURDUR MERKEZ SALA BOMBA SIRIK

73 BUR20 BURDUR MERKEZ KISLA SEKER BODUR

74 BUR21 BURDUR CATAGIL - SEKER BODUR

96 ESK1 ESKISEHIR MERKEZ - BARBUNYA BODUR

98 ESK3 ESKISEHIR ALPU KARAKAMIS BARBUNYA BODUR

99 ESK4 ESKISEHIR ALPU KARAKAMIS HOROZ YARI-BODUR
100 ESK5 ESKISEHIR ALPU - DERMASON KARISIK (B-Y)
101 ESK6 ESKISEHIR SEYITGAZI SANCAR SELANIK YARI-BODUR
102 ESK7 ESKISEHIR SEYITGAZI SANCAR SELANIK YARI-BODUR
103 ESK8 ESKISEHIR SEYITGAZI KESENLER SELANIK SIRIK

111 KON1 KONYA EREGLI - DERMASON YARI-BODUR
115 KONS5 KONYA EREGLI - HOROZ BODUR
145 KON7 KONYA ILGIN - DERMASON YARI-BODUR
164 KON15 KONYA DOGANHISAR YAZIR HOROZ BODUR
165 KON16 KONYA DOGANHISAR BASKOY HOROZ BODUR
166 KON17 KONYA BEYSEHIR UCPINAR CALI KARISIK (B-Y)
119 MAN1 MANISA DEMIRCI HOSCALAR DERMASON YARI-BODUR
123 BRS1 BURSA YENISEHIR - HOROZ BODUR
125 KUT1 KUTAHYA SIMAV - DERMASON YARI-BODUR
155 DEN2 DENiZLi GURSU - HOROZ BODUR
206 DEN3 DENiZLi BOZKURT HAYRETTIN CALI SIRIK

207 DEN4 DENiZLi CAMELI ARIKAYA CALI SIRIK

170 USK1 USAK SIVASLI PINARBASI CALI SIRIK

171 USK2 USAK BANAZ AYRANCI CALI YARI-BODUR
172 USK3 USAK BANAZ GURLEK CALI SIRIK

173 USK4 USAK BANAZ YENICE DERMASON SIRIK

174 USK5 USAK BANAZ AYRANCI CALI SIRIK

175 USK6 USAK BANAZ AYRANCI CALI KARISIK (B-Y)
Denemede kontrol olarak Yunus90, Akman9s, Enstitisi MdirlGgi’'nden temin edilmistir. Yunus90

Onceler98, Akin ve Goyniik98 cesitleri kullanilmistir.
Tarimsal Arastirma

Kontrol

Cesitleri

Gegit  Kusagl

bodur-dik gelisme sekline ve horoz tane tipine,
Akman98 yari-bodur gelisme sekline ve dermason tane
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tipine, Onceler98 bodur-dik gelisme sekline ve
barbunya tane tipine, Akin bodur-dik gelisme sekline ve
horoz tane tipine, Goynik98 ise bodur-dik gelisme
sekline ve horoz tane tipine sahip cesitlerdir.

2019-2020 yili tarla denemeleri; 68 genotip, 5 kontrol
gesidi  (Yunus90, Akman98, Onceler98, Akin ve
Goynik98) ile birlikte, Augmented Deneme Desenine
gore 4 tekerrirli olarak yiratilmistir. Tarla
denemelerinde ekim; 60 x 10 cm ekim normunda, her
parsel 2.4 x 4 m (toplam 9,6 m?) ebatlarinda ve 4 sira
olacak sekilde elle yapiimistir. Ekim islemi 2019 yilinda
10 Mayis, 2020 vyilinda ise 28 Nisan tarihlerinde
yapilmistir. Ekimle birlikte 13 kg da* DAP (Diamonyum
Fosfat) hesabiyla temel glibreleme yapilmistir. Deneme
parsellerine 300 ml da dozunda “pendimethalin” etken
maddeli ¢ikis 6ncesi herbisit uygulanmistir. Tarla ¢ikisini
saglamak amaciyla 1 kez sulama yapilmis ve deneme
sonuna kadar bitkilerin ihtiyacina gére 4-5 kez damla
sulama sistemiyle bitkiler sulanmigtir. Vejetasyon
donemi sonunda hasat olgunluguna gelen parsellerdeki
bitkiler elle hasat edilmistir. Denemede elde edilen
veriler TARIST, TOTEMSTAT ve MSTATC paket
programlarinda Augmented Deneme Desenine gore
istatistik analizine tabi tutulmustur. LSD (Least
Significant Difference); kontrol cesitleri ile genotiplerin
karsilastirilmasi icin ayri ayri hesaplanmistir (Peterson,
1994).

Genotiplerin dizeltilmis degerleri ile kontrol ¢esitlerinin
karsilastirilmasinda asagidaki formal kullaniimistir.

LSD = t0.05 /(b“)“g% Eq. (1)

Yukaridaki denklemde; LSD: Least Significant Difference,
HKO: Hata kareler ortalamasi, b: Blok sayisi; k: Kontrol
cesidi sayisi, t0.05: Cift yonli t Cizelge degeri’dir.

Denemelerin ylritildiga Isparta ili, Goller Bolgesinin
merkezinde yer almakta olup; Akdeniz iklimi ile karasal
iklim arasindaki gecis bélgesindedir. ilin rakimi yaklasik
1050 m’dir. Bolgenin cografi yapisi nedeniyle yayla ve
ova ozellikleri tasimaktadir. Uzun yillar iklim verilerine
gore, Isparta ilinin Nisan — Kasim aylari toplam yagis
miktari 275.3 mm, ortalama sicaklik degerleri 16.6°C ve
ortalama nispi nem miktari %56.2’dir. Denemenin
ylrataldaga 2019 yilinda ortalama sicaklik degerlerinin
(17.6°C) uzun yillar sicaklik ortalamasindan yiiksek, nispi
nem miktarinin (%55.8) ise uzun vyillar ortalamasi ile
neredeyse ayni ve yagis miktarinin (215.5 mm) uzun
yillar ortalamasindan disik oldugu belirlenmistir.
Denemenin ikinci yilinda ortalama sicaklik degerlerinin
(18.9°C) uzun vyillar ortalamasindan yiiksek, ortalama
nispi nem (%51.0) ve toplam yagis miktarlarinin (261.8
mm) ise uzun yillar ortalamasindan disiik oldugu
gortlmektedir. Deneme alani tekstiir bakimindan killi-
tinh, kiregce zengin (%28.7), organik maddece fakir
(%1.54), pH’si 7.66, fosfor bakimindan fakir (23.5

mg/kg) ve potasyum (176.2 mg/kg) bakimindan
zengindir.
BULGULAR ve TARTISMA

Bu arastirmada, yerel fasulye genotiplerinde cikis siresi,
ciceklenme siiresi, bakla baglama siiresi, klorofil miktari
(spad), bitki boyu, bakla uzunlugu, baklada tane sayisi,

bitki tane verimi ve hasat indeksi Ozellikleri
incelenmistir. incelenen tiim 6zelliklerde fasulye
genotipleri arasindaki farkliliklar istatistiki yonden

onemli bulunmus olup, genotiplerin cesitlerle birlikte
degerlendirildigi augmented gruplari deneme yillarina
gore ayri ayri Cizelge 2 ve Cizelge 3’de verilmistir.

Cizelge 2. Yerel fasulye genotiplerinin 2019 yilinda ¢ikis siiresi, giceklenme siresi, bakla baglama siresi, klorofil
miktari (spad), bitki boyu, bakla uzunlugu, baklada tane sayisi, bitki tane verimi ve hasat indeksi degerleri
Table 2. Days to emergence, days to flowering, days to pod setting, chlorophyll content, plant height, pod length,
seed per pod, grain yield per plant, harvest index values of local bean genotypes in 2019

2019
S I . . . Bakla o

Genotip Cikis fure5| Cll‘gek!enTe Ba!fla b.aglfma Klorofil Bitki boyu uzunlugu Baklada Bltk.l t?ne ) Has?t
(guin) Siiresi (glin) | Siiresi (giin) (Spad) (cm) (cm) tane sayisi | verimi(g) |Indeksi (%)
AKIN 20.25| J-O | 61.75 [H-M| 70.00 E-M |32.63| L-X |38.66| X-Z |10.50| H-S |[3.68| K-R {37.32| G-l |40.44|L-U
AKMAN98 |19.50| K-P | 63.75 | E-l | 71.50 D-L (31.38| R-Z |46.80| P-R |[9.68 | M-X |4.63| B-L |45.67| B-E [42.99]| I-R
GOYNUK98 |18.50|M-Q| 59.25 | L-T | 65.50 L-R [32.70| L-X |40.15| W-Y |11.15| F-L |[3.86| J-R [44.11| C-E |44.98|G-N
ONCELER90 |21.25]| I-N | 59.00 |M-U| 67.50 J-P [31.59| Q-Z |34.10| \- 950 | O-X (430 | F-P |28.92| K-R ([31.28| Z-»
YUNUS90 |14.25| S-V | 60.25 | K-Q | 67.25 I-P |37.03| B-J |35.18| [-] 11.50| F-J |3.55| L-S |21.25| V-] |36.06|S-Z
ISP3 15.15|Q-U | 57.00 | R-X | 62.65 0-U (34.00] G-U (31.79| A-b |13.40| AB |4.60| B-L [22.57| U-\ ([32.41|wW-n
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Cizelge 2 (devami). Yerel fasulye genotiplerinin 2019 yilinda ¢ikis siresi, ciceklenme siresi, bakla baglama siresi,
klorofil miktari (spad), bitki boyu, bakla uzunlugu, baklada tane sayisi, bitki tane verimi ve hasat indeksi
degerleri

Table 2 (continued). Days to emergence, days to flowering, days to pod setting, chlorophyll content, plant height, pod

length, seed per pod, grain yield per plant, harvest index values of local bean genotypes in 2019

ISP5 15.15|Q-U | 57.00 | R-X | 62.65 | O-U |34.08| G-U [31.99| ~-a |1435| A |550|A-D [24.00| S-Z |33.69| V-\

ISP13 12.15|U-W | 64.00 | E-l | 71.65 | D-K |30.81| S-Z ([43.09| T-W |10.65| H-R [4.90| A-J |19.86| X-A [43.71|H-Q

ISP15 12.15|U-W | 55.00 | V-Z | 63.65 | N-U |36.70| C-K [36.89| Z-\ |12.94| A-E |5.40| A-F |25.29| P-W [40.70| K-T

ISP16 17.15| O-5 | 70.00 | AB | 78.65 BC |3480| G-S [62.86| DE |9.45 | P-Y |[470|B-K [23.77| T-[ [47.30| F-)

ISP17 18.15| N-R | 68.00 | B-D | 75.65 B-E [3197| P-Z |59.82| E-G |7.25| ]-_ [3.30]|0-S|13.73| "a [27.91| \-

ISP18 18.15| N-R | 46.00 | ] 53.65 Y |39.11] B-E [32.79 - 11.44| FJ |550|A-D [17.19] ]-° [26.59| A

ISP19 27.15| D-F | 57.00 | R-X | 62.65 | O-U [35.72| D-P [29.19| a-d [11.74| D-l |4.60| B-L [23.80| T-[ [37.92| P-Y

ISP20 18.15| N-R | 54.00 | X-Z | 58.65 | U-Y |34.62| G-T |[27.69| d-f |10.85| G-P |4.60| B-L [22.21| U-\ |27.16| ]-

ISP21 12.15|U-W | 53.00 | Z[ | 60.65 R-X |3427| G-U [28.69| b-d |11.44| FJ |4.60| B-L [21.30| V-] |28.92| \-

ISP22 15.15|Q-U | 61.00 | I-O | 72.65 C-J |33.08] J-X [27.94| de |9.75| L-X |3.20| P-T |11.79 a 31.64]| Y-

ISP23 13.15|T-W | 56.00 | U-Z | 60.65 R-X [29.11| X[ |2249| G 8.80 | U-\ |4.40|D-0 |14.77 -a [33.59] V-\

ISP28 24.15| F-1 | 63.00 | F-K | 71.65 | D-K |36.46| C-L |42.19] VW |11.05| F-M |5.60 | A-C |42.41| D-F |51.27|C-G

ISP29 25.15| E-H | 66.00 | C-F | 76.65 | B-D |29.47| W-Z |56.30] H-J ]12.15| B-G |5.50 | A-D [28.23| L-T [38.73|N-W

ISP30 26.15| D-G | 68.00 | B-D | 75.65 B-E |28.55| Y-[ |63.99| CD |865| V-] |[5.20| A-G |47.55| BC |48.76| D-l

ISP31 18.15| N-R | 60.00 | K-R | 63.65 | N-U |33.21| J-W (36.19| Z-\ |11.05| F-M |3.20| P-T |[25.77| O-V |43.72|H-Q

ISP32 18.15| N-R | 60.00 | K-R | 63.65 | N-U |33.17| J-W [29.99| _'-d |13.15| A-D |5.10 | A-H [29.49| K-P |33.97| V-\

ISP33 16.15| P-T | 60.20 | K-Q | 62.45 | O-V (37.40| B-H [46.40| P-S |9.29 | R-Z |4.15| G-P [27.85| M-T [48.19]| E-J

ISP34 3715 A |71.20| A | 80.45 AB [36.13| D-O |49.10| N-P | 839 | W-A |5.05| A-l |46.37| B-D |42.02| J-S

ISP35 15.15|Q-U | 65.20 |D-G | 7345 | C-H |37.23| B-l [42.10] VW [939 | QY [395]|1-Q |24.18| Q-Y |42.74| IR

ISP36 13.15|T-W | 60.20 | K-Q | 62.45 | O-V |37.26] B-l [5150| L-N |9.79 | L-W [4.15| G-P |32.79] I-L [46.97| F-K

ISP39 17.15| O-§ | 61.20 | H-O | 67.45 H-P |32.76] K-X [38.00 Y-[ |9.59 | O-X |3.75| K-R |24.07| R-Z |46.32| F-L

ISP53 20.15| J-0 | 50.20 | [\ | 59.45 S-Y |40.45| A-C [29.70| _-d |879| U-\ |3.75| K-R [11.81 a 54.50| B-E

ISP60 34.15| AB | 60.20 | K-Q | 74.45 B-F |39.21| B-D |37.40| Y-[ |7.89| Z- 4.45| D-N |30.80| J-N |56.91| BC
ISP63 22.15| H-L | 4220 | A 56.45 | V-Y [33.08] J-X |73.60] A 8.09 | Y- 2.45| S-U [30.32| J-O [2436| °

ISP72 20.15] J-0 | 62.20 | G-L | 67.45 H-P 3241 N-Y [37.60| Y-[ |11.59| E-l [4.95| A-J |33.73| H-K [41.92] J-S

ISP73 23.15]| G-J | 60.20 | K-Q | 62.45 | O-V |30.73| T-Z |31.60| ~-c |11.89| C-H |585| A [26.88| N-U [40.77| K-T

ISP75 16.15| P-T | 62.20 | G-L | 65.45 | M-S |39.14| B-D [41.49| V-X | 879 | U-\ |395]| I-Q [17.66]| \-° |37.18| R-Z

ISP76 15.15|Q-U | 42.20 | A 54.45 Y [28.28| Z[ |[59.93| EF 6.89 _ |195| U |1481| _-a |29.65]| [-
ISP77 31.15| BC | 58.20 |O-U | 61.45 | P-W |38.85| B-F [24.73| fg 9.59 | O-X |[4.45|D-N |11.97 a 31.62| Y-_
ISP78 18.15| N-R | 62.20 | G-L | 67.45 | H-P |33.60| H-V [53.10| K-M | 6.89 _ 395 1-Q [25.21]| P-W [44.61|H-N
ISP81 16.15| P-T | 48.20 | \] | 55.45 | W-Y |32.69| L-X [43.50| S-V |10.89| G-O |4.95| A-J |19.06 -_ |25.83| _°

ISP85 17.15| O-§ | 66.20 | C-E | 72.45 D-J |32.36| N-Y |60.48| EF 949 | O-Y [3.85| J-R |12.95| "a |43.44|H-R

ISP90 10.15| W | 61.20 |[H-O| 6545 | M-S |40.93| AB ([48.20] O0-Q [ 939 ] QY [495]| A-J |30.69| J-N [46.62]| F-L

ISP92 19.95| J-0 | 56.20 | T-Y | 62.05 | O-V [37.90| B-G |29.54| -d |9.35| Q-Y [3.36| N-S [19.99| X-A |46.13| G-L

ISP93 16.95| O-S | 60.20 | K-Q | 65.05 | M-T |35.11| F-R |[25.54| e-g |8.85| U-\ |4.26| G-P |14.71 -a [66.34] A

ISP95 17.95| N-R | 59.20 | L-T | 73.05 C-l [43.86] A |[53.54] J-L |6.75 2.76 | R-U [20.46| W-] [52.56| C-F

ISP98 28.95| CD | 61.20 |H-O | 67.05 I-P |30.33]| U-Z [30.04| _-d [10.15| J-U |3.56| L-S |22.61| U-[ |44.43|H-O

ISP101 18.95| L-P | 57.20 |Q-W| 62.05 | O-V [36.94| B-J |28.64| c-e |10.74| G-Q [4.46 |D-N [17.00| ]-° |35.84| S-[

BUR14 10.95| VW | 57.20 |[Q-W| 64.05 | M-U |32.15| O-Z [50.14| M-O [11.24| F-K [4.46 | D-N |2845| L-T |38.13|0-X

BUR19 17.95| N-R | 4220 | ~ 59.05 T-Y [34.19] G-U |53.84| I-L 715~ 2.16 | TU [29.92| K-P |32.34| X-

BUR20 25.95| D-G | 61.20 | H-O | 67.05 I-P 13244 M-Y |31.84| "~-a |11.74| D-l |5.46| A-E |19.30| Y- 37.10| R-Z

BUR21 18.95| L-P | 59.20 | L-T | 62.05 | O-V [33.41| H-W [29.94 -d |12.15| B-G [5.26 | A-G |28.37| L-T |42.97| IR

ESK1 20.95| I-N | 64.20 | E-H | 73.05 C-l [25.21 [ 34.04 -A 11015 J-U [286|Q-U [19.24| Z- 34.15| U-\

ESK3 28.95| CD | 54.20 |W-Z| 62.05 | O-V |3185| P-Z [31.79| ~-b |10.35| I-T |4.56|B-M [37.28| G-l [39.75|M-V

ESK4 20.95| I-N | 59.20 | L-T | 64.05 | M-U |36.24| D-N |42.48| U-W | 835 | X-» |3.46|M-S5|20.41| W-] |45.22|G-M

ESK5 17.95| N-R | 58.20 |[O-U| 64.05 | M-U |35.41| D-Q |[43.54| S-V [10.35| I-T |4.46|D-N |29.54| K-P |4255]| IR

ESK6 19.95| J-0 | 60.20 | K-Q | 69.05 F-N [33.31] I-W |57.54| F-H | 835 | X-A |2.16| TU |25.64| O-V |43.15| H-R

ESK7 27.95| C-E | 60.20 | K-Q | 68.05 | G-O [37.29| B-l |54.84| H-K |885| U-\ |4.26|G-P |57.35| A |49.38|D-H

ESK8 22.95| G-K | 60.20 | K-Q | 68.05 | G-O |36.43| D-M |56.74| G-l |9.25| R-Z |4.46|D-N [34.99| H-J [45.94|G-M

KON1 11.95|U-W | 48.20 | \] | 55.05 XY |[39.30| B-D |53.14| K-M | 885 | U-\ [4.36| E-O0 |24.49| Q-X |45.89|G-M

KON5 12.75|T-W | 58.60 | N-U | 66.85 J-Q |3155| Q-Z |55.57| H-K |13.23| A-C |3.68| K-R |46.39| B-D [37.46|Q-Z

KON7 25.75|D-G | 61.60 | H-N | 72.85 C-J |39.40| B-D [3855| X-Z |7.03| " 448 | C-N [21.46| V-] |50.98|C-G

KON15 14.75| R-U | 57.60 | P-V | 61.85 P-V |35.13| E-R [38.57| X-Z |11.02| F-N |2.98 |Q-U [22.24| U-\ |35.79| S|

KON16 16.75| 0-S | 53.60 | YZ | 62.85 | O-U [29.91| V-Z |42.37| U-W |11.63| E-l |298|Q-U |38.61| F-H [33.32| W-]
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Cizelge 2 (devami). Yerel fasulye genotiplerinin 2019 yilinda ¢ikis siresi, ciceklenme siresi, bakla baglama siresi,
klorofil miktari (spad), bitki boyu, bakla uzunlugu, baklada tane sayisi, bitki tane verimi ve hasat indeksi

degerleri

Table 2 (continued). Days to emergence, days to flowering, days to pod setting, chlorophyll content, plant height, pod
length, seed per pod, grain yield per plant, harvest index values of local bean genotypes in 2019

KON17 25.75| D-G | 59.60 | L-S | 71.85 D-K |35.65| D-P |45.37| Q-U | 9.13 S-[ |3.68| K-R [31.06| J-N |43.94| H-P
MAN1 20.75| I-N | 68.60 | A-C | 62.85 O-U (39.01| B-F |66.87 C 12.43| B-F |4.78 | A-K |40.89| E-G |[35.27| T-
BRS1 10.75| VW | 56.60 | S-Y | 61.85 P-V [33.47| H-V |37.77| Y-[ |13.13| A-D |3.18 | P-T |23.99| S-Z |44.05| H-P
KUT1 10.75| VW | 59.60 | L-S | 61.85 P-V |39.12| B-E |43.77| R-V | 8.73 | V-\ |3.88| J-R |20.64| W-] [47.42| F-)
DEN2 11.75|U-W | 57.60 | P-V | 60.85 Q-X [36.71| C-K |32.67| ]-° |13.43| AB |568| AB |29.04| K-Q |46.75| F-L
DEN3 10.75| VW | 61.60 | H-N | 66.85 J-Q [37.02| B-J |61.17| DE 7.83 [-_ [3.88| J-R |41.77| D-G |58.96| B
DEN4 11.75|U-W| 35.60 | _ 72.85 C-J [36.56| C-L |49.37| N-P |9.03| T-[ |5.08|A-H |[50.16 B 54.87 | B-D
USK1 10.75| VW | 67.60 | B-D | 84.85 A 30.96| S-Z |70.06 B 753 | \-_ |3.98|H-Q|32.21| J-M |33.67]| V-\
USK2 10.75| VW | 60.60 | J-P | 66.85 J-Q |30.38| U-Z |56.17| H-K | 9.23 S [ |4.78 | A-K |24.00| S-Z |42.47| I-R
USK3 13.75| S-V | 59.60 | L-S | 65.85 K-R |33.11| J-W |47.57| O-Q |9.923| K-V |4.38 | D-O |28.12| L-T |43.00| I-R
USK4 10.75| VW | 63.60 | E-J | 73.85 C-G [32.38| N-Y |(63.87| CD 9.63 | N-X [5.18 | A-G |30.54| J-O [45.47|G-M
USK5 10.75| VW | 60.60 | J-P | 66.85 J-Q |29.98| V-Z |62.46| DE 8.63 | V-] [4.78| A-K |28.74| L-S |42.67| I-R
USK6 21.75|H-M | 60.60 | J-P | 65.85 K-R |34.30| G-U |45.77| Q-T [933 | RY |3.98|H-Q|15.20| ~-a |44.08| HP
LSD 3.593 3.067 6.025 3.998 3.132 1.411 1.124 4.922 6.355
Ccv %7.17 %1.89 %3.3 %4.52 %3.01 %5.05 %10.51 %5.2 %6.07
F Degeri 16.244** 11.81%* 4.672* 9.420** 73.437** 11.10%* 4.565* 125.924%* 21.532%*
Az Ayni stitundaki benzer harfler ile gosterilen ortalamalar arasinda istatistiksel olarak fark yoktur (P<0.05).
**: P<0.01 diizeyinde 6nemlidir. *: P<0.05 diizeyinde 6nemlidir.
Denemede, 2019 ve 2020 yillarina iliskin elde edilen 66.34 arasinda degisim gostermistir (Cizelge 2).

verilerin  degerlendirilmesi vyillara gore ayri ayri
yapilmistir. Denemenin birinci yilinda ¢ikis siiresi 10.15-
37.15 giin, ciceklenme siresi 35.60-71.20 giin, bakla
baglama sliresi 53.65-84.85 giin, klorofil miktari (spad)
25.21-43.86, bitki boyu 22.49-73.60 cm, bakla uzunlugu
6.75-14.35 cm, baklada tane sayisi 1.95-5.85 adet, bitki
tane verimi 11.79-57.35 g ve hasat indeksi %24.36-

Denemenin ikinci yilinda ise ¢ikis stiresi 10.75-33.95
gln, c¢iceklenme siiresi 31.80-84.60 giin, bakla baglama
siresi 60.55-92.55 giin, klorofil miktari (spad) 27.29-
47.25, bitki boyu 30.01-173.9 cm, bakla uzunlugu 5.85-
12.60 cm, baklada tane sayisi 2.56-6.86 adet, bitki tane
verimi 5.58-68.34 g ve hasat indeksi %13.11-71.46
arasinda degisim gosterdigi belirlenmistir (Cizelge 3).

Cizelge 3. Yerel fasulye genotiplerinin 2020 yilinda cikis siiresi, ciceklenme siresi, bakla baglama siiresi, klorofil
miktari (spad), bitki boyu, bakla uzunlugu, baklada tane sayisi, bitki tane verimi ve hasat indeksi degerleri
Table 3. Days to emergence, days to flowering, days to pod setting, chlorophyll content, plant height, pod length,

seed per pod, grain yield per plant, harvest index values of local bean genotypes in 2020

2020
. Cikis siiresi | Ciceklenme Bf)kla Klorofil Bitki boyu Baklav Baklada Bitki tane Hasat

Genotip . L baglama uzunlugu .. . 1o
(glin) Siiresi (giin) siiresi (giin) (Spad) (cm) (cm) tane sayisi | verimi (g) Indeksi (%)
AKIN 20.50| B-G | 58.00 | K-Q | 68.25 | F-N [39.40| G-P (42.75| Q-X |10.43| G-S [3.70| N-Y [36.21| J-N |35.55| O-V
AKMAN98 (20.75|B-G [68.75| B |74.75| BC |39.90| F-O |54.33] M-P |9.85| K-X |4.80| D-P |50.97| D |43.92| E-G
GOYNUK98 [18.75|B-K |58.25| J-Q | 64.75 | J-T |35.97| M-W |46.13| P-U |11.07| C-L |4.58| D-R [40.13| H-J [31.09| Z-A
ONCELER90 [17.25| F-L |56.00 | N-Q | 63.75 | M-T |35.75| N-X [41.05| R-Y 9.35| P-[ |4.15| H-X [41.42| G-l |34.25| Q-Z
YUNUS90 |15.50| J-L [61.00| F-O | 67.25 | G-Q |34.33| R-[ |47.30| O-T |11.23| B-J |3.25| QY |28.37| S-X [23.69| e-g
ISP3 19.75| B-1 |57.80| K-Q | 62.15 | R-T [38.35| I-S |32.73| VY-[ |[11.14| B-K |5.20| C-N |23.77| X-\ [31.66| X-\
ISP5 18.75| B-K | 55.80 | 0-Q | 63.15 | O-T [41.95| C-K |34.63] W-[ |11.69| A-G [5.90| A-E [29.00| R-V |38.85| IO
ISP13 16.75| G-L (31.80| S |[68.15| F-N |37.55| L-U [48.23| N-R 9.39| P-[ |4.99| C-P |36.11| J-N |46.93 DE
ISP15 15.75| I-L |55.80| 0-Q | 66.15 | H-S [40.05| F-N (36.83| V-[ 9.79 | L-Zz |3.99| J-Y |24.25| W-[ [35.96| N-V
ISP16 32.75| A |66.80| B-E | 69.15 | D-K [38.45| I-R |165.3 A 10.48| F-R |5.40| A-L |62.88| B [42.13 F-1
ISP17 22.75| B |65.80| B-G | 76.15 B [35.35| P-Y [99.23| GH 8.89 | V-\ |4.60| D-R |18.44| ]-° |22.76 fg
ISP18 20.75| B-G |55.80| 0-Q | 63.15 | O-T |37.65| K-U [39.03| S-[ 11.28| B-l |5.90| A-E |30.97| P-U (40.57| G-J
ISP19 18.75|B-K |54.80| Q |[65.15| J-T |37.65| K-U |31.73 Z[ 10.69| E-O |5.50| A-J |34.22| K-P (37.87| J-P
ISP20 16.75| G-L |54.80| Q |67.15| G-Q |37.65| K-U |32.83| Y-[ 9.99 | J-W (4.99| C-P [22.10| Z-] |26.90| -e
ISP21 19.75| B-1 |54.80| Q |64.15| L-T (32.55| V-] |38.53| T-[ 11.94| A-E |5.50| A-J |68.34| A |[21.55 g
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Cizelge 3 (devami). Yerel fasulye genotiplerinin 2020 yilinda c¢ikis siresi, ciceklenme siresi, bakla baglama siresi,
klorofil miktari (spad), bitki boyu, bakla uzunlugu, baklada tane sayisi, bitki tane verimi ve hasat indeksi
degerleri

Table 3 (continued). Days to emergence, days to flowering, days to pod setting, chlorophyll content, plant height, pod

length, seed per pod, grain yield per plant, harvest index values of local bean genotypes in 2020

ISP22 18.75| B-K | 57.80 | K-Q | 67.15 | G-Q |34.05| S-[ |[42.43] Q-X |10.39| H-T [2.99| T-Y |32.39| M-S [25.87| c-f

ISP23 15.75| I-L |54.80| Q |66.15| H-S |40.15| F-M |[33.03] Y- 9.89 | K-X |5.80] A-F [26.76| U-Z |23.74| e-g

ISP28 16.75| G-L |63.80| B-l | 71.15| C-G [38.05| J-T |78.83 J 10.09| I-W |3.90| L-Y |39.09| U |40.59| G-J

ISP29 10.75| M |67.80| B-D | 75.15| BC |29.05] ] |107.6] D-G |12.39] AB |5.70| A-G [36.78| I-M [32.05| W-\

ISP30 21.75|B-D |68.80| B |75.15| BC [30.25| [~ |111.3| DE |10.09| I-W |5.60| A-H [35.99| J-O [32.96] V-[

ISP31 18.75| B-K | 58.80| I-Q | 68.15 | F-N |36.45| M-V [41.23] R-Y |9.89| K-X [2.90| U-Y |22.84| Y-] [24.25| d-g
ISP32 19.75| B-1 |[55.80| 0-Q | 64.15 | L-T [47.25 A 35.13| V-[ [10.39| H-T |4.70| D-Q [25.59| V-[ |30.16] [-°

ISP33 17.95| D-L |58.40| I-Q [ 65.35| J-T [35.15] P-Z |54.49] M-P |10.24| I-U |[5.76] A-F |34.15| K-Q |34.56| P-Y

ISP34 33.95| A |61.40| E-N | 65.35| J-T (3455 R-[ [62.19] LM 855| Y-] |4.76| D-Q |44.21| F-H |55.69 B

ISP35 17.95| D-L |62.40| D-L | 64.35| K-T |31.55] X- |55.79] M-O |10.35| H-T [6.06| A-D |48.97| DE |40.52| H-K

ISP36 19.95|B-H |59.40 | H-Q | 67.35 | G-P |33.65| U-\ [69.39| KL |11.74] A-F |5.56| A-l |[57.41| C |48.16 D

ISP39 19.95|B-H |56.40 | M-Q | 66.35 | G-S [38.35] I-S |96.59 H 10.15] IV |4.66| D-R [36.24| J-N |39.15| H-N

ISP53 21.95|B-D |58.40| I-Q | 65.35| J-T 4235 CJ |[67.69 L 855| Y-] |4.46| E-T |18.63| ]-° [39.38] H-M

ISP60 19.95|B-H |61.40| E-N | 69.35| D-J |38.05| J-T |80.89 J 9.45| O-[ |5.26] B-M |33.32| L-R |50.16] CD

ISP63 17.95| D-L |[47.40| R |65.35| J-T |31.85|] W-] [173.9 A 9.15| S-[ |[3.06] S-Y |28.68| R-W |29.41| \-a

ISP72 16.95| F-L |57.40| L-Q | 62.35 | Q-T |31.15| Y-~ |[47.99| N-S |10.94| C-M [4.06| I-Y |38.15| I-K [33.21| V-

ISP73 19.95|B-H [57.40| L-Q | 64.35 | K-T |39.45| G-P (37.09| U-[ |11.60| A-H |6.76] AB |27.23| T-Y [36.30| M-V

ISP75 19.95|B-H |57.40| L-Q | 66.35 | G-S |31.65| W-] [46.89] O-T |7.35| ] [3.96| KY |32.69| L-S |71.46 A

ISP76 17.95|D-L |47.40] R [6935| D-J [37.65] K-U |121.9 C 825| []1 [2.86] V-Y |32.69]| L-S [37.16] K-U

ISP77 20.95| B-F |56.40| MQ | 65.35 | J-T [42.45| B-l [46.29| P-T |8.85| W-\ |4.66| D-R |13.14| a-c [13.78 h

ISP78 20.95| B-F |65.40| B-G | 68.35 | F-N |34.75| Q-Z |[81.89 J 5.85 3.06| S-Y [15.79| -b |22.98| fg

ISP81 18.95|B-K |54.40| Q [65.35| J-T [45.75| A-C |42.79] Q-X |12.05] A-D (3.76] M-Y |28.02| S-X [35.13| P-W

ISP85 18.95|B-K |68.40| BC | 75.35| BC [35.65| O-X |84.09 J 10.44| G-R [3.76] M-Y |21.09| [-» |37.42| J-R

ISP90 18.95| B-K |68.40| BC | 75.35| BC |37.15] L-U |80.69 J 9.25| R |6.86] A [31.39| O-U |35.94] N-V

ISP92 17.35| E-L |[54.20| Q |64.95| J-T |33.89] T-\ |46.91| O-T |9.27| R |499| C-P [21.77| [-» |33.94| T-Z

ISP93 17.35| E-L |58.20| J-Q | 62.95 | P-T |43.99] A-F [32.71] Y- 8.67 | X-\ |[3.70] N-Y |17.34| ~-a |29.96| [-

ISP95 17.35| E-L |66.20| B-F | 73.95 | B-D |34.39] R-[ [103.2] E-H |7.67 -N 13.60] O-Y |38.26| I-K [27.94 -C

ISP98 16.35| H-L |56.20 [ M-Q | 63.95 | M-T [34.89| Q-Z |43.61] Q-W |11.36] A-l [4.10| H-X [31.86| N-T |34.13| R-Z

ISP101 18.35| C-K |55.20| PQ | 62.95| P-T |29.69 -A 32,51 Y[ [11.06] C-L [5.20| C-N |19.16| \-° |34.86| P-X

BUR14 17.35| E-L |62.20| E-L | 66.95 | G-R |37.49| L-U |47.91] N-S |10.77| D-N |4.50| E-T |36.58]| J-M |37.35| J-S

BUR19 17.35| E-L |47.20| R [64.95| J-T [36.39] M-V |112.6 D 897 | U-[ [2.80| W-Y |65.33| AB [37.29| J-T

BUR20 33.35| A |57.20| L-Q | 64.95| J-T [31.79] W-] [32.91] Y-[ [10.56| F-Q [3.99]| J-Y |16.40| _-a [31.97] W-\

BUR21 17.35| E-L [54.20| Q [61.95| ST |[27.29 n 35.01] V[ 9.87 | K-X [3.99] J-Y |21.93| [~ [31.30| Y-]

ESK1 16.35| H-L |57.20| L-Q | 64.95 | J-T [36.79] L-Vv |30.01 [ 9.97 | J-W [3.50| P-Y |11.14| bc [34.02| S-Z

ESK3 17.35| E-L |55.20| PQ | 62.95 | P-T |44.59| A-D [4291] Q-W |11.36] A-l |5.20| C-N |25.17| V-[ |27.49 -d

ESK4 17.35| E-L |[63.20| C-K | 65.95| I-S |30.99] Z-» |68.91 L 827 | [] |3.60] O-Y [19.00| ]-° [34.62| P-Y

ESK5 21.35| B-E | 65.20 | B-G | 63.95 | M-T |44.59| A-D |[51.31] N-Q |[9.60| N-Z |4.40| E-U |21.00| [-_ |27.77| "-c

ESK6 22.35| BC |66.20| B-F | 68.95 | E-L |46.69| AB |[96.61 H 12.16| A-C [|4.50| E-T |50.92| D |48.27 D

ESK7 22.35| BC |68.20| BC | 66.95| G-R |37.29| L-U |87.11 J 9.57 | N-Z |4.20| G-W |25.15| V-[ |29.29] \-b

ESK8 16.35| H-L |63.20| C-K | 70.95 | C-H |38.59] H-R |96.50 H 11.06] C-L [3.99| J-Y [28.08| S-X |37.60| J-Q

KON1 19.35| B-J |59.20| H-Q | 67.95 | F-O [37.89] K-U |78.11] JK 8.67 | X-\ |4.20| G-W |29.41| R-V |30.52| [-_

KON5 15.95| H-L |62.60| D-L | 7055 | C-l [45.41] A-C |54.97| M-P |12.40f AB (3.16] R-Y [29.13| R-V [26.38| a-e

KON7 17.95| D-L [57.60| L-Q | 67.55 | G-P |42.81| B-H |[51.27| N-Q |9.11| T-[ |5.06| C-O |27.31| T-Y |44.27| EF

KON15 15.95| H-L |[54.60| Q |61.55| ST |3691] L-U (3957 R-Z |9.67| M-Z [256| Y |1539| '-c [25.41| cf

KON16 13.95| LM |54.60| Q |60.55 T |3891] G-Q |3547| V-[ |12.60f A |446| E-T |29.47| Q-V |37.86| J-P

KON17 14.95| KL |63.60| B-J | 63.55 | N-T |3791| K-U |56.47] MN |9.51| N-[ |4.36| F-V |62.68| B |49.45 D

MAN1 21.95|B-D |60.60 | G-P | 64.55 | J-T |44.51| A-E |43.77| Q-V |9.51| N-[ |456] D-S [30.72| P-U |26.02| b-f

BRS1 1595| H-L |[54.60| Q |65.55| J-S |41.01| D-L [33.77] X 9.51| N-[ [2.86] V-Y |10.90| c¢ |[31.09| Z-A

KOT1 15.95| H-L | 56.60 |[M-Q | 63.55 | N-T [37.21] L-U |80.17 J 6.72 | ~ 266 XY |558| d |13.11 h

DEN2 31.95| A |58.60| I-Q | 63.55| N-T [40.91| D-L |[39.37| R-Z |10.60| F-P [4.86] D-P [25.09| V-[ [36.97| L-U

DEN3 14.95| KL |65.60| B-G | 72.55 | B-F [4191| C-K |101.8] F-H |9.81| LY [576| A-F |37.32| I-L |54.97 B

DEN4 15.95| H-L | 64.60 | B-H | 68.55 | F-M |38.11| J-T |99.47| F-H |851| Z-] |4.36| F-V |48.72| D-F |39.89| H-L

USK1 1595| H-L |84.60] A [9255| A [31.21] Y-A |149.2 B 9.01| U-[ |6.46] A-C |35.83| J-O0 [33.92| U-Z

USK2 15.95| H-L |59.60 | H-Q | 67.55 | G-P |44.81| A-D |84.67 J 9.71 | M-Z |4.96| C-P |46.31| D-F |49.12 D
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Cizelge 3 (devami). Yerel fasulye genotiplerinin 2020 yilinda c¢ikis siresi, ciceklenme siresi, bakla baglama siresi,
klorofil miktari (spad), bitki boyu, bakla uzunlugu, baklada tane sayisi, bitki tane verimi ve hasat indeksi

degerleri

Table 3 (continued). Days to emergence, days to flowering, days to pod setting, chlorophyll content, plant height, pod
length, seed per pod, grain yield per plant, harvest index values of local bean genotypes in 2020

USK3 16.95| F-L |66.60| B-E | 73.55 | B-E |40.01] F-N [96.17| HI 9.11| T-[ |4.16] H-X |24.06| W-[ [40.29| H-L

UsSK4 15.95| H-L | 66.60 | B-E | 76.55 B |43.21] A-G |108.4| D-F |10.51| F-R |5.26| B-M |47.78| D-F [42.42| F-H

USK5 18.95| B-K | 66.60 | B-E | 73.55 | B-E [43.01] A-G |99.17| GH 9.31| Q- |5.46| A-K |45.61| E-G |38.72| J-O

USK6 17.95| D-L |61.60 | E-M | 72.55 | B-F [40.25| E-M |55.57| M-O |10.31| H-T |5.06] C-O |26.89| U-Y |53.07| BC
LSD 4.031 5.427 4.999 4.329 9.085 1.295 1.507 4.684 3.363
cv %8.13 %3.36 %2.76 %4.37 %7.34 %4.67 %13.78 %4.45 %3.73

F Degeri 8.648** 24.2** 21.286** 9.097** 9.136** 10.793** 5.025* 87.971%* 135.823**

Az Ayni siitundaki benzer harfler ile gdsterilen ortalamalar arasinda istatistiksel olarak fark yoktur (P<0.05).
**: P<0.01 diizeyinde 6nemlidir. *: P<0.05 diizeyinde 6nemlidir.

Her iki deneme yilinda da kontrol ¢esitlerinden Yunus90
en erken tarla ¢ikisini saglayan ¢esit olmustur.
Denemenin birinci yilinda ISP13, ISP15, ISP21, ISP23,
ISP36, ISP90, BUR14, KON1, KONS5, BRS1, KUT1, DEN2,
DEN3, DEN4, USK1, USK2, USK3, USK4 ve USK5
genotipleri, 2020 yilinda ise ISP29, KON16, KON17 ve
DEN3 genotipleri Yunus90 gesidinden daha erken tarla
¢ikisini tamamlamigtir. Tohumlarin araziye ekiminden
sonra toprak yizeyine ¢ikana kadar gecen siire, bitkisel
Uretimde verim ve kaliteyi etkileyen en &6nemli
unsurlardan birisidir. Fasulye tariminda c¢imlenme
dolayisiyla ¢ikis siresi Gzerine ¢ok sayida faktor etki
etmektedir. Bunlardan en onemlileri sicaklik, nem ve
toprak vyapisidir (Kahraman, 2014). Cikis sUresi
bakimindan hem genotipler hem de yillara baglh olarak
onemli varyasyonlarin goézlenmesinin nedeni olarak
2019 ve 2020 vyillarinda gozlenen iklimsel farkliliklar ve
buna genotiplerin farkli tepki géstermesinin oldugunu
soyleyebiliriz.  Fasulye (zerinde yiritilen diger
arastirmalarda da cikis sdrelerinin  5.67-37.15 gilin
arasinda degistigi bildirilmistir (Ekincialp ve Sensoy,
2013; Kahraman, 2014; Ozbekmez, 2015; Serengiil,
2019; Taskesen, 2019; Topal, 2019; Soydemir, 2021).

Ciceklenme siiresi bakimindan denemenin her iki yilinda
da en erken ciceklenen kontrol gesidinin Onceler98 ve
bu cesitten daha erken giceklenen yerel genotiplerin
oldugu belirlenmistir. Bu bakimdan 2019 yilinda ISP3,
ISP5, ISP15, ISP18, ISP19, ISP20, ISP21, ISP23, ISP53,
ISP63, ISP76, ISP77, ISP81, ISP92, ISP101, BUR14,
BUR19, ESK3, ESK5, KON1, KON5, KON15, KON16, BRS1,
DEN2 ve DEN4 genotiplerinin; 2020 yilinda ise ISP5,
ISP13, ISP15, ISP18, ISP19, ISP20, ISP21, ISP23, ISP32,
ISP63, ISP76, ISP81, ISP92, ISP101, BUR19, BUR21, ESK3,
KON15, KON16 ve BRS1 genotiplerinin erken
ciceklendigi saptanmistir. Denemenin birinci yilinda
ciceklenmeler ikinci yila gore daha ge¢ tamamlanmistir.
Bunun nedeni olarak ikinci yil ekimlerin mayis ayinda
yapilmasi ve havalarin daha hizli i1sinmasi oldugu
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soylenebilir. 2020 yilinda hava sicakliginin fasulyenin
optimum gelisme sicakliginda seyretmesi ciceklenme
stresini  kisaltmistir. Elde edilen sonuglara gore,
¢alismada kullanilan birgok yerel genotipin kontrol
cesitlerinden daha erken ciceklendigi ve erkenci ¢esit
olarak degerlendirilebilecegi soylenebilir. Vejetasyon
doneminin kisa oldugu bolgelerde yiiksek tane verimi;
¢imlenme ve ¢iceklenme bakimindan erkenci olan
cesitlerden elde edilir. Vejetasyon siiresi uzun olan
cesitlerden daha duslk tane verimi alinacaktir (Akgin,
1974). Ayni zamanda erkencilik 6zelligi, tarlayl daha
erken bosaltma, ikinci Urin yetistirme ve ekim nobeti
acisindan o6nemlidir.  Bircok arastirmada fasulyenin
ciceklenme siresinde genis varyasyonlar goézlenmis
(32.00-83.67 giin) olup ciceklenme siresinin genotip ve
cevre sartlarina bagh olarak degisebilecegi bildirilmistir
(Peksen, 2005; Ekincialp ve Sensoy, 2013; Ozbekmez,
2015; Serengil, 2019; Taskesen, 2019; Topal, 2019;
Tunah, 2019; Soydemir, 2021).

Denemenin birinci yilinda ISP18 en erken bakla
baglayan vyerel genotip olurken, kontrol cesitleri
arasinda en erken bakla baglayan gesit ise Goyniik98
oldugu saptanmistir. ISP3, ISP5, ISP15, ISP18, ISP19,
ISP20, ISP21, ISP23, ISP31, ISP32, ISP33, ISP36, ISP53,
ISP63, ISP73, ISP75, ISP76, ISP77, ISP81, ISPO0, ISP92,
ISP93, ISP101, BUR14, BUR19, BUR21, ESK3, ESK4, ESK5,
KON1, KON15, KON16, MAN1, BRS1, KUT1 ve DEN2
genotiplerinin ise Goynik98 cesidinden daha erken
bakla baglayan yerel genotipler oldugu belirlenmistir.
Denemenin ikinci yilinda KON16 en dusik bakla
baglama silresine sahip yerel genotip olmustur.
Onceler98’in ise kontrol cesitleri arasinda en erken
bakla baglayan cesit oldugu gorilmektedir (Cizelge 3).
Bu yil Onceler98 cesidinden daha erken bakla baglayan
13 yerel genotip (ISP3, ISP5, ISP18, ISP72, ISP93, ISP101,
BUR21, ESK3, KON15, KON16, KON17, KUT1 VE DEN2)
oldugu belirlenmistir. Bakla baglama siiresi bakimindan
yerel genotiplerin bircogunun kontrol cesitlerinden
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daha erken bakla bagladigini soyleyebiliriz. Yapilan
calismalarda, fasulyede bakla baglama streleri 50.33-
88.33 giin (Topal, 2019) ve 39.95-73.74 giin (Tunal,
2019) arasinda degisim gosterdigi bildirilmistir. Fasulye
bitkisinde ciceklenmeden 5 — 8 glin sonra baklalarin
%90’ Inin olustugu gbzlenmistir. Bakla baglama siresi
cesitlerin don zararindan kaginmasi konusunda énemli
bir 6zellik olup, cesit gelistirme calismalarinda 6nemli
bir seleksiyon kriteridir.

2019 yilinda denemede materyal olarak kullanilan yerel
genotiplerde en dusitk klorofil icerigi ESK1 nolu
genotipte, en yiksek klorofil igerigi ISP95 nolu
genotipte; kontrol cesitleri arasinda ise en yliksek
klorofil igerigi Yunus90 gesidinde (37.03) goézlenmistir.
Toplam 16 yerel genotip (ISP18, ISP33, ISP35, ISP36,
ISP53, ISP60, ISP75, ISP77, ISP90, ISP92, ISP95, ESK7,
KON1, KON7, MAN1 ve KUT1) Yunus90 cesidinden
yiksek klorofil icerigine sahip olmustur. ikinci yil (2020
yili) ise klorofil igerigi en disik BUR21 genotipinde, en
ylksek ISP32 genotipinde saptanmistir. Kontrol gesitleri
arasinda en yiksek klorofil icerigi 39.90 ile Akman 98
cesidinde oldugu belirlenmis olup; ISP5, ISP15, ISP23,
ISP32, ISP53, ISP77, ISP81, ISP93, ESK3, ESK5, ESKS6,
KONS5, KON7, DEN2, DEN3, USK2, USK3, USK4, USKS5 ve
USK6 nolu yerel genotiplerin bu cesitten daha yuksek
klorofil icerigine sahip oldugu gozlenmistir. Klorofil
icerigi bakimindan genotipler arasinda genis bir
varyasyon oldugu belirlenmistir. Bu varyasyon genetik
ve cevre sartlarindan kaynaklanmaktadir. Klorofil
miktarinin; 1sik siddeti, cesit ve bitki besleme gibi
faktorlerden eklenmesinin yaninda genetik faktorlere
bagh olarak da degistigi bildirilmistir (Taner ve Sade,
2005). Son vyillarda vydratilen c¢alismalarda, stoma
iletkenligi, fotosentez hizi, bitki Ortlisi serinligi ve
klorofil igerigi gibi fizyolojik 6zelliklerin seleksiyon kriteri
olarak kullanilmasi durumunda, verim bakimindan
ilerleme saglandig gorilmektedir. Bir¢ok arastirmada
bitki serinleme vyetenegi, klorofil miktari, stoma
iletkenligi ve fotosentez hizi gibi bazi fizyolojik 6zellikler
ile biyolojik ve tane verimi, basakta tane sayisi,
ciceklenme siiresi, vejetasyon siresi gibi morfolojik
ozellikler arasinda o6nemli olumlu iliski gosterdigi
bildirilmistir (Reynolds ve ark., 2001). Yildirrm ve ark.
(2009), bugday cesitlerinin yerel genotiplerden daha
ylksek SPAD degerine sahip oldugunu bildirmistir. Farkli
olgunlasma siiresine sahip fasulye genotiplerinde ekim
zamaninin verim ve verim unsurlari izerine etkisinin
incelendigi bir calismada klorofil iceriginin 30.63-51.20
SPAD arasinda yer aldigi bildirilmistir (Taner ve Sade,
2005).

Kuru fasulye cesitleri ile yerel genotipler birlikte
karsilastirildiginda; denemenin her iki yilinda da kontrol
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cesitleri arasinda Akman98 cesidinin en uzun bitki
boyuna sahip cesit oldugu belirlenmistir. Birinci yil en
Akman98 (46.80 cm) c¢esidinden 27 adet yerel genotipin
(ISP16, ISP17, ISP29, ISP30, ISP34, ISP36, ISP63, ISP76,
ISP78, ISP85, ISP90, ISP95, BUR14, BUR19, ESK6, ESK7,
ESK8, KON1, KON5, MAN1, DEN3, DEN4, USK1, USK2,
USK3, USK4 ve USK5) daha uzun bitki boyuna sahip
oldugu saptanmistir (Cizelge 2). ikinci yil ise ISP16,
ISP17, ISP28, ISP29, ISP30, ISP34, ISP35, ISP36, ISP39,
ISP53, ISP60, ISP63, ISP76, ISP78, ISP85, ISP90, ISP95,
BUR19, ESK4, ESK6, ESK7, ESK8, KON1, KON17, KUT1,
DEN3, DEN4, USK1, USK2, USK3, USK4, USK5 ve USK6
nolu yerel genotiplerin Akman98 ¢esidinden daha uzun
bitki boyuna sahip olduklari gézlenmistir (Cizelge 3).
Kuru fasulye Uzerinde yapilan bircok calismada; bitki
boyunun denemelerde kullanilan ¢esitlerin genotipik
ozelliklerine ve ekolojik kosullara gore degisim
gosterebilecegi vurgulanmistir. Tescil ¢esitlerinin ve
yerel kuru fasulye genotiplerinin denemeye alindigi
calismalarda, bitki boyu yoninden énemli farkliliklarin
belirlendigi ve bu degisimlerin daha g¢ok genotipik
yapidan kaynaklandigi belirtiimektedir (Anlarsal ve ark.,
2000; Peksen, 2005; Ceyhan ve ark., 2009; Babagil ve
ark., 2011; Elkoca ve Cinar, 2015; lyigiin ve Kayan,
2019). Ayrica ¢ok sayida arastirma sonucuna gore kuru
fasulye genotiplerinde bitki boyu basta olmak (zere
morfolojik 6zelliklerin ekolojik kosullara ek olarak daha
cok genetik etkilere gore degisim gosterdigi ifade
edilmistir (Yorgancilar, 1995; Dizdemir, 1998; Peksen,
2005; Ulker, 2008; Ceyhan ve ark., 2009; Dumlu, 2009;
Omae ve ark., 2012; Ozbekmez, 2015). Fasulyede bitki
boyunun cesit ve cevre kosullarina goére degisim
gosterebilecegini ve bu varyasyonda genotipik etkilerin
daha fazla oldugunu soyleyebiliriz.

Kuru fasulye cesitleri ile yerel popillasyonlar birlikte
karsilastirildiginda; 2019 yilinda en disik bakla
uzunlugu ISP95 nolu genotipte, en yiksek ise ISP5 nolu
genotipte oldugu saptanmistir (Cizelge 2). Kontrol
cesitlerinden en uzun bakla uzunlugu 11.50 cm ile
Yunus90 c¢esidinde oOlgllmustir. Yunus90 cesidinden
daha uzun baklaya sahip 15 yerel genotip (ISP3, ISP5,
ISP15, ISP19, ISP29, ISP32, ISP72, ISP73, BUR20, BUR21,
KON5, KON16, MAN1, BRS1 ve DEN2) oldugu
belirlenmistir. Denemenin ikinci yilinda en disik bakla
uzunlugu ISP78 nolu genotipte, en yliksek ise KON16
nolu genotipte oldugu saptanmistir (Cizelge 3). Kontrol
cesitleri arasinda yine en ylksek bakla uzunlugu 11.23
cm ile Yunus90 cesidinde 6l¢tilmis; ISP5, ISP18, ISP21,
ISP29, ISP36, ISP73, ISP81, ISP98, ESK3, ESK6, KON5 ve
KON16 genotiplerinin bu cesitten daha uzun baklaya
sahip oldugu belirlenmistir. Bakla uzunlugunda hem
genotipler hem de vyillara bagl olarak o6nemli
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varyasyonlar gézlenmis, kontrol cesitlerinden daha uzun
baklaya sahip yerel genotiplerin oldugu belirlenmisgtir.
Ayrica bakla uzunlugu bakimindan genotipler arasinda
varyasyonun c¢ok fazla oldugu saptanmistir. Bu
varyasyon genetik ve cevre sartlarindan
kaynaklanmaktadir. Karasu (1988) bakla uzunlugunun
bir genetik karakter oldugunu, yetistirme kosullarindan
ve cevre sartlarinda da etkilendigini bildirmistir. Yapilan
diger calismalarda bakla uzunlugu 7.42-30.59 cm
arasinda yer almistir (Yorgancilar, 1995; Dizdemir,
1998; Peksen, 2005; Varankaya ve Ceyhan, 2012;
Ekincialp ve Sensoy, 2013; Ozbekmez, 2015; Topal,
2019).

Cizelge 2’'de goruldigu gibi birinci yili baklada tane
sayisi en distk ISP76, en yiiksek ISP73 genotipinde
saptanmistir. Kontrol cesitleri arasinda en yiksek
baklada tane sayisi Akman 98 (4.63 adet) cesidinde
oldugu belirlenmistir. Yerel genotiplerden 22 tanesinin
(ISP5, I1SP13, ISP15, ISP16, ISP18, ISP28, I1SP29, ISP30,
ISP32, ISP34, ISP72, ISP73, ISP81, ISP90, BUR20, BUR21,
MAN1, DEN2, DEN4, USK2, USK4 ve USK5), Akman 98
cesidinden daha yliksek baklada tane sayisina sahip
oldugu saptanmistir (Cizelge 2). ikinci yil en disik
baklada tane sayisinin KON15 genotipinde, en yiksek
baklada tane sayisinin ise ISP90 nolu genotipte oldugu
saptanmistir (Cizelge 3). Akman98 cesidinin kontrol
cesitleri arasinda en yiiksek baklada tane sayisina sahip
cesit oldugu belirlenmistir. Calismada kullanilan 68 yerel
genotipten 28 tanesinde (ISP3, ISP5, ISP13, ISP16,
ISP18, ISP19, ISP20, ISP21, ISP23, ISP29, ISP30, ISP33,
ISP35, ISP36, ISP60, ISP73, ISP90, ISP92, ISP101, ESK3,
KON7, DEN2, DEN3, USK1, USK2, USK4, USK5 ve USK6
genotipleri) bu gesitten daha yiksek baklada tane sayisi
Olctilmustlr (Cizelge 3). Verim agisindan baklada tane
sayisi 6nemli bir 6zelliktir. Nitekim, Sari ve ark. (2016),
bakla uzunlugu ile baklada tane sayisi arasinda pozitif
bir iliski oldugunu bildirmislerdir. Yeken ve ark. (2019),
yaptiklari korelasyon analizi sonuglarina gore; tane
verimi ile bitki boyu, bitkide bakla sayisi, baklada tane
sayisi arasinda  6nemli  bir iliski  oldugunu
gostermislerdir. Yapilan ¢alismalarda baklada tane
sayisinin 1.86-9.60 adet arasinda oldugu bildirilmistir
(Yorgancilar, 1995; Dilizdemir, 1998; Ceyhan ve ark.,
2009; Peksen, 2005; Varankaya ve Ceyhan, 2012;
Ozbekmez, 2015; Taskesen, 2019; Topal, 2019; Tunali,
2019; Soydemir, 2021).

Bitki tane verimi incelendiginde; denemenin ilk yilinda
kontrol gesitleri arasinda 45.67 g ile en ylksek bitki tane
veriminin Akman98 cesidinde oldugu belirlenmistir.
ISP30, ISP34, ESK7, KON5 ve DEN4 genotiplerinin
Akman98 cesidinden daha yiksek bitki tane verimine
sahip oldugu saptanmistir (Cizelge 2). Denemenin ikinci
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yihinda da kontrol cesitleri arasinda en yiksek bitki tane
verimi Akman98 c¢esidinde o&lgllmustir. Akman 98
cesidinden daha yliksek bitki tane verimine sahip 5
yerel genotip (ISP16, ISP21, ISP36, BUR19 ve KON17
genotipleri) oldugu belirlenmistir (Cizelge 3). Bitki tane
veriminin, birim alan tane verimini etkileyen en énemli
ozelliklerden birisi olmasi ve c¢alismada genis
varyasyonun gozlenmesi islah agisindan istenen bir
ozelliktir. Bitki 1slahinda basariya ulasmanin en énemli
noktalarindan birisi genotipik varyasyondur. Varyasyon
ne kadar genis ise basariya ulasma sansi da o kadar
artacaktir. Fasulye Uzerine yapilan g¢alismalarda; bitki
tane veriminin genetik yapidan ¢ok fazla etkilendigi
(Onder, 1992; Onder ve Sentiirk, 1996; Diizdemir,
1998), ayrica bitki tane veriminin 1-99 g arasinda
degistigi bildirilmektedir (Peksen, 2005; Bozoglu ve
Sozen, 2007; Ozbekmez, 2015; Serengil, 2019;
Taskesen, 2019; Topal, 2019).

Denemede kontrol cesitleri arasinda en ylksek hasat
indeksi 2019 yilinda Goyniik98; 2020 yilinda ise Akman
98 ¢esidinde hesaplanmistir. Birinci yil ISP16, ISP28,
ISP30, ISP33, ISP36, ISP39, ISP53, ISP60, ISP90, I1SP92,
ISP93, ISP95, ESK4, ESK7, ESK8, KON1, KON7, KUT1,
DEN2, DEN3, DEN4 ve USK4 yerel genotipleri Goynik 98
cesidinden (Cizelge 2); ikinci yilda ise ISP13, ISP34,
ISP36, ISP60, ISP75, ESK6, KON7, KON17, DEN3, USK2 ve
USK6 yerel genotipleri Akman 98 cesidinden daha
ylksek hasat indeksine sahip olmuslardir (Cizelge 3).
Calisma sonucunda yiksek hasat indeksine sahip
Umitvar yerel genotipler oldugu belirlenmistir. Yapilan
¢alismalarda, fasulyede hasat indeksi %13.50-58.33
arasinda degisim gostermistir (Dizdemir, 1998; Ceyhan
ve ark., 2009; Ozbekmez, 2015; Serengiil, 2019; Topal,
2019). Fasulyede yagis ve sicaklik farkhliklarinin biyolojik
ve tane verimlerini etkiledigi, hasat indeksinde de
farklihklarin olusmasina neden oldugu bildirilmistir
(lyigin ve Kayan, 2019). Ayrica fasulye bitkisinde tane
verimini arttirmanin en 6nemli Ug¢ verim unsurunun
biyolojik verim, hasat indeksi ve vejetasyon siiresi
oldugu; hasat indeksi ile biyolojik verim ve vejetasyon
slresi arasinda olumsuz, vejetasyon siresi ile biyolojik
verim arasinda ise olumlu bir iliski oldugu bildirilmistir
(Wallace ve ark., 1993).

Sonug olarak, arastirma sonuglari topluca
degerlendirildiginde;  denemede incelenen  tiim
ozelliklerde yillara gore degismekle birlikte cesitler ve
yerel genotipler arasinda blylk varyasyonlar
saptanmistir. Cesitler ve genotipler arasinda belirlenen
bu farkhhklar istatistiki yonden 6nemli bulunmustur.
Cikis, ciceklenme ve bakla baglama siiresi gibi fenolojik
gozlemler, birim alan tane verimine dogrudan katkisi
yliksek olabilecek karakterler (baklada tane sayisi,
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bitkide tane sayisi, hasat indeksi vb.) ve en 6nemlisi de
bitki tane verimi bakimindan kontrol gesitler ile ayni
istatistik grupta degerlendirilen ya da bu cesitlerden
daha yiksek performans gosteren cok sayida yerel
genotip tespit edilmistir. ISP5, ISP13, ISP18, ISP19,
ISP21, ISP22, ISP23, ISP31, ISP32, ISP34, ISP35, ISP72,
ISP98, BUR14, BUR20, BUR21, ESK3, KON5, MAN1,
DEN2, KON16 ve KON17 yerel genotiplerinin baklada
tane sayisi, bitki tane verimi ve hasat indeksi
bakimindan kontrol cesitlerinden yilksek performans
gosterdigi belirlenmistir. Bu agidan degerlendirildiginde
verim ve verim 6geleri bakimindan 6ne ¢ikan Gmitvar
genotiplerin elde edilmesi ¢alismanin 6nemini ortaya
koymustur. Sonug¢ olarak, arastirmada Umitvar
genotiplerin bulunmasi nedeniyle, bu materyallerin ileri
islah kademeleri ve cesit gelistirme calismalarinda
kullanilabilme potansiyelinin yiiksek oldugu séylenebilir.
Sonu¢ olarak, ileriki vyillarda denemelerin devam
ettirilmesiyle, bolge sartlarina uygun ve yiksek verimli
cesit/cesitlerin  gelistirilebilecegi  soylenebilir.  Ayni
zamanda Turkiye'nin farkh yoérelerinden toplanmis ve
genis bir varyasyona sahip yerel fasulye genotiplerinin
islah calismalari yapan kurum ve kuruluslara 6nemli
katkilar saglayacagi da diisinilmektedir.

OzET

Amag: Bu calismanin amaci, farkl illerden toplanan
yerel  fasulye  genotiplerinin performanslarinin
degerlendirilmesidir.

Yéntem ve Bulgular: Denemeler, 68 fasulye genotipi ve
5 kontrol gesidi (Akin, Akman98, Goéyniik98, Onceler98
ve Yunus90) kullanilarak Augmented Deneme desenine
godre 2019 ve 2020 yillarinda yiiritilmistir. incelenen
tim oOzellikler bakimindan kuru fasulye cesitleri ve
genotipler arasinda ¢ok 6nemli varyasyonlarin oldugu
gbzlenmistir. Denemenin birinci yilinda c¢ikis sdresi
10.15-37.15 giin, ciceklenme siresi 35.60-71.20 gin,
bakla baglama siliresi 53.65-84.85 giin, klorofil miktari
(spad) 25.21-43.86, bitki boyu 22.49-73.60 cm, bakla
uzunlugu 6.75-14.35 cm, baklada tane sayisi 1.95-5.85
adet, bitki tane verimi 11.79-57.35 g ve hasat indeksi
%24.36-66.34 arasinda degisim gostermistir.
Denemenin ikinci yilinda ise ¢ikis suresi 10.75-33.95
giin, ciceklenme siiresi 31.80-84.60 glin, bakla baglama
siresi 60.55-92.55 giin, klorofil miktari (spad) 27.29-
47.25, bitki boyu 30.01-173.9 cm, bakla uzunlugu 5.85-
12.60 cm, baklada tane sayisi 2.56-6.86 adet, bitki tane
verimi 5.58-68.34 g ve hasat indeksi %13.11-71.46
arasinda yer almistir.

Genel Yorum: ISP5, ISP13, ISP18, ISP19, ISP21, ISP22,
ISP23, ISP31, ISP32, ISP34, ISP35, ISP72, ISP98, BUR14,
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BUR20, BUR21, ESK3, KON5, MAN1, DEN2, KON16 ve
KON17 yerel genotiplerinin baklada tane sayisi, bitki
tane verimi ve hasat indeksi bakimindan kontrol
cesitlerinden ylksek performans gosterdigi
belirlenmistir.

Calismanin Onemi ve Etkisi: incelenen 6zellikler
bakimindan kontrol cesitlerinden daha Ustlin Gmitvar
yerel genotiplerin oldugu sonucuna varilmistir.

Anahtar Kelimeler:
karakterizasyon.

fasulye, genotip, popilasyon,

TESEKKUR

Bu calisma “Farkh illerden Toplanan Yerel Fasulye
(Phaseolus vulgaris L.) Popiilasyonlarinin Bazi Fizyolojik,
Morfolojik, Agronomik ve Teknolojik Ozellikler
Yoniinden Karakterizasyonu” isimli doktora tezinden
turetilmistir. OYP-06482-DR-16 No'lu Proje ile tezimi
maddi olarak destekleyen Isparta Uygulamali Bilimler
Universitesi OYP Kurum Koordinasyon Birimine tesekkiir
ederim.

CIKAR CATISMA BEYANI
Yazarlar ¢alisma konusunda ¢ikar c¢atismasinin
olmadigini beyan eder.

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar calismaya esit oranda katki saglamis olduklarini
beyan eder.
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Farkh kok bakterisi ve mikoriza uygulamalarinin yildiz gigegi (Dahlia variabilis) fidelerinin
biiyime ve gelisimine etkileri

The effects of different rhizobacteria and mycorrhiza applications on seedling growth and development of
starflower (Dahlia variabilis)
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GIRIS

Yildiz gicegi olarak bilinen Dahlia variabilis, Asteraceae
familyasina ait tim dlinyada yaygin yetisen c¢ok yillk,
yumru kokli ve soganl cicek tiirlerinden biridir (Kumar
ve ark., 2021). D. variabilis (liman iklime sahip bolgelerde
daha erken cicek acmasinin yani sira degisik bitki
boylarina, farkli gicek sekli ve boyutlarina sahiptir (Yazici
ve ark., 2020). Cesitlere bagl olarak, boylari 30 ile 180
cm arasinda degismektedir (Kumar ve ark., 2021). Cicek
bicimleri ise; sade, niliifer, anemon, ponpon, top, yari
kaktus, kaktis, dekoratif, orkide ve sakayik olarak degisir
(Yazici ve ark., 2020). Dahlia'nin anavataninin Meksika
oldugu bilinmekle beraber diinyanin ¢ogu bahcesinde
bulunan popller soganh gigekler arasindadir. Ayrica
Hollanda, yumrulu kokli Dahlia’larin  en blylk
Ureticisidir (Malik ve ark., 2017). Tarimda Uretim ve kar
artisi, girdilerin yogun kullanimini da beraberinde
getirmistir. Bundan dolayi bitki biylmesini artirmak igin
rizosferden segilen farkli mikroorganizmalar
kullanilmaya baslanmistir. Bitki bllylimesi izerine olumlu
etkileri sebebiyle kullanilan mikroorganizmalardan biri
de bitki koklerinin etrafindaki topraklarla kok
ylzeylerinde yasayan, bitki buyimesini tesvik eden farkl
turlere ait kok bakteridir (Plant Growth Promoting
Rhizbacteria-PGPR). PGPR’larin genellikle atmosferik
nitrojeni  sabitleme, belirli  organik bilesiklerin
salgilanmasi, topraktaki fosfati ¢6zme, antibiyotikler,
fitohormonlar ve sideroforlar lretme veya patojenleri
baskilama gibi 6nemli bakteriyel 6zellikleri vardir (Glick,
1995; James ve ark., 2002; Shakir ve ark., 2012; Ram ve
ark., 2013; imriz ve ark., 2014; Pérez-Montafio ve ark.,
2014; Sula ve ark., 2016). Bu nedenle, bitki
blylmesinde, verimde ve toprak kalitesinde artis
sagladigl icin PGPR’larin dinyada sus bitkileri
yetistiricilig§inde bitki blylime dlzenleyici olarak
kullanildigi birkag ¢alisma mevcuttur (Srivastava ve Govil,
2007; Eid ve ark., 2009; Sharma ve Kaur, 2010; Garcia-
Fraile ve ark., 2012; Flores-Félix ve ark., 2013; Zulueta-
Rodriguez ve ark., 2014; Karagoz ve ark., 2016). Son
zamanlarda organik giibre olarak kullanilan Azospirillum,
Azotobacter, Pseudomonas, Gluconacetobacter,
Azoarcus, Bradyrhizobium, Burkholderia, Bacillus,
Alcaligenes, Paenibacillus, Serratia vb. cinslerde yer alan
PGPR’lar biyolojik miicadele elemani olarak da
kullanilmaktadir (Terefe ve ark., 2009; Abd EI-Rahman ve
ark., 2019; Aktan ve Soylu, 2020; Kara ve Soylu, 2022).
Bu PGPR cinslerinden Pseudomonas cinsi bakteriler bitki
ylzeylerinde ve bitki dokularinin icinde saprofit ve
parazitik olarak yasar. Patojen mikroorganizmalari
baskilayarak, buylmeyi uyarici bitki hormonlarini
sentezler ve bitkinin hastalik direncini tesvik ederek bitki
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blylmesini destekler (Kumar ve ark., 2019). Diger bir
PGPR o6zelligi olan Bacillus cinsi bakteri tirleri ise indol
asetik asit gibi maddeler Ureterek, fosfat, amonyumu
¢Ozer ve siderofor Ureterek bitki buylimesini tesvik eder
(salu ve ark., 2016). Bu nedenle glinlimizde 6zellikle
bitkilerin yetistiriimesinde ve savunmasinda yaygin
olarak kullanilmaktadir (Prisa, 2020). Bir diger biyo-ajan
grubuna giren mikroorganizma grubu ise mikorizalardir.
Mikorizalar, bitkiler i¢in azot, fosfor, potasyum ve
mineral kaynagidir. Buna ilaveten, bitkiler ise mikorizaya
karbon (fotosentetik Grinler) saglarlar (Garcia ve
Zimmermann, 2014; Hijri ve B3, 2018). Bitkide daha fazla
mineral kaynaginin olmasi blyimeyi tesvik eder. Genel
olarak mikorizalar, patojenler ve bocekler dahil olmak
Uzere biyotik streslerden tuzluluk, sicakhk gibi abiyotik
streslere karsi bitkinin toleransini artirmada da onemli
rol oynarlar (Yeh ve ark., 2019).

Sardirilebilir uygulamalar arasinda yer alan PGPR ve
mikorizalarin bitki gelisimi Gzerindeki etkileri bilinmekte
ancak ozellikle sis bitkileri alaninda tohumdan itibaren
bu biyo-ajanlarin etkisi hakkinda bilgilerin kisitl oldugu
ve pek fazla ¢alismaya rastlanilmadigi goriilmektedir. Bu
calisma ile, Enterobacter cloacae (ZE-2), Bacillus cereus
(ZE-7), Pseudomonas putida (ZE-12), Acinetobacter
calcoaceticus (ZE-13), Burkholderia cepecia (7-a-2)
bakterilerinin ve mikorizanin, Dahlia variabilis’te fide
biylime ve gelisimi Uzerine etkilerini belirlemek
amaclanmistir.

MATERYAL ve YONTEM

Calismada kullanilan bitki materyali

Denemede bitkisel materyal olarak, Tasaco Tarim A.S.
firmasindan (Antalya, Tirkiye) temin edilen Dahlia
‘Figaro Violet’ ¢esidi kullaniimistir.

Calismada kullanilan kék bakterileri ve uygulanmasi
Calismada Tokat ili biber Giretim alanlarinda saghkli biber
bitkilerinden izole edilerek gesitli biyokimyasal testler ve
MALDI-TOF teknigi (Soylu ve ark., 2020) ile tanisi yapilan
Enterobacter cloacae (ZE-2), Bacillus cereus (ZE-7),
Pseudomonas putida (zE-12), Acinetobacter
calcoaceticus (ZE-13) bakteri izolatlari (Kayaaslan, 2021)
ve karanfil vazo sollsyonlarindan elde edilen
Burkholderia cepacia (7-a-2) izolati kullanilmistir. Elde
edilen tim izolatlarin kati NBRIP besi yerinde zon
olusturmalarina gore fosforu ¢bzme, Jensen’s besi
yerinde gelisimlerine gore azotu baglama ozellikleri
belirlenmistir  (Kayaaslan, 2021). Ayrica izolatlara
tutinde asiri duyarlilik reaksiyonu ve patateste yumusak
curuklik testleri uygulanarak izolatlarin bitki patojeni
olup olmadiklari da belirlenmistir (Kayaaslan, 2021).
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Calismada kullanilan bakteri izolatlari Fitopatoloji
laboratuvarinda stok kiltlir olarak nutrient broth ve
gliserol igerisinde -20 °C’de muhafaza edilmektedir .
Calismada ilk olarak bakteri izolatlarindan siispansiyon
hazirlanmistir. -20 °C’de stok kiltir olarak bulunan ZE-2,
ZE-7, ZE-12, ZE-13 ve 7-a-2 kodlu bakteri izolatlar
Nutrient Agar (NA) besi yerine cizilerek 27 °C'de
inkGibatorde 24 saat gelistirilmistir. Gelisen izolatlardan
steril saf su ile bakteri kolonileri toplanmis ve bakteri
sispansiyonu hazirlanmistir. Hazirlanan silispansiyonlar
spektrofotometrede 600 nanometrede 0.3 absorbans (A
600: 0.3) degerine ayarlanmistir.  Hazirlanan
sUispansiyonlar icerisine Dahlia tohumlari eklenmis ve
tohumlar 30 dk slispansiyon igerisinde bekletilmistir.
Sure bitiminde tohumlar torf ve perlit karisiminin
bulundugu viyollere ekilmistir. ilk uygulamay: takiben
birer hafta ara ile 2 kez tekrar sulama seklinde viyoldeki
her bir kuyucuga 10 ml olacak sekilde bakteri
siispansiyonu  uygulanmistir.  Calismada kullanilan
yontem, Kayaaslan (2021) ve Bayram ve Belglizar (2021)
tarafindan kullanilan yontemler modifiye edilerek
uygulanmigtir.

Calismada kullanilan mikoriza ve uygulanmasi
Calismada, 6zel bir firmadan temin edilen ‘Endo Roots
Soluble’ (ERS) mikoriza mantarlari tercih edilmistir. Kinik
ve Celikel (2020) tarafindan yapilan ¢alismada, kusburnu
fidanlarina 10 saniye siire boyunca 16000 ppm uygulama
yapilmistir. Dahlia bitkisi tohumlari ve slire gbz online
alindiginda bu konsantrasyonu yeniden dizenleyerek
uygulamasi  yapilmistir.  Mikorizanin  tohumlara
uygulanmasi, 5000 ppm’lik hazirlanan mikoriza
konsantrasyonu 250 mL’lik cam kavanoz igerisine
aktarilmis ve tohumlar bu soliisyonda 30 dakika
bekletilmistir. Mikoriza bulastirilan tohumlar viyollere
aktarilarak ekimi yapilmistir.

Sera ¢alismasi

Calisma, Tokat Gaziosmanpasa Universitesi Tarimsal
Uygulama ve Arastirma Merkezi’nde bulunan 500 m¥lik
Ust havalandirmaya sahip cam serada yurutilmustir.
Cahsmanin yiritildGgi alanin ortalama sicaklik degeri
24.2 °C ve ortalama nem degeri %67 olarak 6lglilmustir
(Hobo Datalogger-HOBO U12-012, Onset, Amerika
Birlesik Devletleri).

Denemede 5 farkh bakteri turl, 1 mikoriza ve kontrol
olmak lzere 7 farkli uygulama yapiimistir. Deneme 3
tekerrirli ve her tekerriirde 25 bitki olacak sekilde
ylritilmus olup, toplam 525 bitki ile ¢alisiimistir. Bu
denemede yetistirme ortami olarak 2 birim torf ve 1
birim perlit karisimi kullanilmistir. Bu karisim  45’li
viyollere (535x330 mm, Ust agiz capt 50 mm, derinlik 52
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mm, hacim 74 cc) esit bir sekilde doldurulmustur.
Uygulama yapilan Dahlia variabilis tohumlari viyollere
ekilmistir. Denemenin toprak nem diizeyine bakilarak
dizenli olarak sulamasi yapilmistir. Ekimden 45 giin
sonra da fideler sokilmastiir. Sokilen fidelerin
¢imlenme orani (%), fide boyu (cm), gévde capi (mm),
yaprak sayisi (adet), bitki yas agirligi (g), bitki kuru agirhg
(g), kok uzunlugu (cm), kok yas agirligr (g), kok kuru
agirhgr (g) ve SPAD metre ile (SPAD 502-Plus, Konica
Minolta) klorofil icerigi, fide bliyime ve gelisim
parametrelerine gore olcimi yapilmistir.

istatistik analizler

Arastirma sonucunda 5 farkl bakteri ve 1 mikoriza ile
kontrol fideleri arasindaki gelisme farklari kantitatif
analiz  yontemiyle OlglilmuUstiir.  Parametrelerdeki
varyans analizi (One-Way Anova Testi) ve Duncan Coklu
Karsilastirma Testi SPSS for Windows 26.0 programi ile
yapimistir.  Elde  edilen  verilerin  istatistiksel
karsilastirilmalarinda p<0.05 6nem diizeyine gore
harflendirme yapilmistir.

BULGULAR ve TARTISMA

Calismada kullanilan E. cloacae (ZE-2), B. cereus (ZE-7), P.
putida (ZE-12), A. calcoaceticus (ZE-13), B. cepacia (7-a-
2) ve mikorizanin D. variabilis bitkisinde fide biylime ve
gelisim performansina etkileri incelenmistir.

Farklh  uygulamalarin D. variabilis tohumlarinda
¢imlenme oranina etkileri incelendiginde, kontrol
grubunda %78.67 oraninda bir ¢cimlenme tespit edilirken,
B. cereus (ZE-7) uygulamasi disinda tim uygulamalar
kontroldeki ¢imlenme oranindan yiiksek orana sahip
olmustur. Uygulamalar kiyaslandiginda en yiiksek
¢imlenme orani P. putida (ZE-12) uygulamasinda
(%88.00) saptanmistir. P. putida (ZE-12) uygulamasini
kontrolle kiyasladigimizda %12 oraninda ¢imlenmede
artis sagladigi belirlenmistir (Sekil 1). En diisiik cimlenme
orani ise kontrol tohumlari ile ayni oranda B. cereus (ZE-
7) uygulamasinda (%78.67) olgllmustir. Mikoriza
uygulamasinin yapildigi tohumlarda da ¢imlenmede az
bir etki gérilmustar.

Fide boyuna etkisine bakildiginda ise, uygulamalar
arasinda farkliliklar oldugu 6zellikle A. calcoaceticus (ZE-
13) uygulamasinda fide boyunda %32.9’luk bir artisile en
yuksek boya (12.11 cm) sahip oldugu belirlenmistir. Buna
ilaveten B. cereus (ZE-7), P. putida (ZE-12) ve B. cepacia
(7-a-2) bakterilerinin uygulandigi tohumlarda da fide
boyunda artis tespit edilmistir. En distk fide boyuna
sahip uygulama ise ZE-2'de (8.40 cm) gorulmustar (Sekil
1).
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Sekil 1. Farkh uygulamalarin D. variabilis’de tohum ¢imlenme orani ve fide boyuna etkisi. Degerlerin yanindaki farkh
harfler izolatlar arasindaki farkin istatistiksel olarak 6nemli oldugunu gosterir.
Figure 1. The effect of different treatments on seed germination rate and seedling height in D. variabilis. Values
followed by different letters indicate that the difference between isolates is statistically significant

Calismamiza benzer sekilde, PGPR’lari kullanarak bitki
blylmesinin tesvik edilmesi ile ilgili yapilan bir ¢alismada
Bacillus  toyonensis ve  Pseudomonas  stutzeri
bakterilerinin domates tohumlarinda ¢imlenme oranini
%13 artirdigi bildirilmistir (Essalimi ve ark., 2022).
Widnyana ve Javandira (2016) domates bitkisinde
cimlenme ve fide bliyliimesi lizerine Pseudomonas spp.
and Bacillus spp. bakterilerinin etkisini inceledikleri
calismada uygulanan bakterilerin ¢imlenme oranini
ylkselttigi sonucuna varmuslardir. Bu c¢alismalar
incelendiginde, Dahlia bitkisinde de benzer sonuglarin
ortaya ciktigl ve ¢cimlenme oranini artirdigl saptanmustir.
Glaydl bitkisi ile yapilan diger bir calismada da Karagoz ve
ark. (2019b) Bacillus megaterium, Pantoea agglomerans
ve Hafnia alvei bakteri uygulamalarinin kontrole kiyasla
fide boyunu %24.55 oraninda artirdigini belirlemistir.
Yapilan bu ¢alismalara benzer sekilde Dahlia tohumlarina
uyguladigimiz bakterilerden A. calcoaceticus (ZE-13) fide
boyunu artirmada etkili olan izolatlar arasinda yer
almistir. Ayni sekilde adagayinin farkh tirlerinde
PGPR’larin fotosentetik kapasiteyi ve besin alimini
etkilemesi Gzerine yapilan bir c¢alismada da
Pseudomonas spp.’nin bitki boyunu artirdigi sonucuna
varilmistir (Anbi ve ark., 2020). Lale gesitlerinde Pantoea
agglomerans RK-79, P. agglomerans RK-92, Bacillus
megaterium TV-91C, B. subtilis TV-17C, B. megaterium
TV-3D, Paenibacillus polymyxa TV-12E, B. megaterium
TV-6D ve Pseudomonas putida TV-42A bakteri
uygulamalarinin  bitki boyunu artirdigi bildirmistir
(Karagoz ve ark., 2018). Bu calismalarda elde edilen
sonuglar bizim ¢alismamizi destekler niteliktedir.
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Calismamizda elde edilen verilerden uygulamalarin
govde capina etkisi incelendiginde, kontrolle ayni grupta
yer aldiklari, istatistiki olarak 0Onemsiz olduklar
belirlenmistir. Test edilen izolatlar arasinda, B. cepacia
(7-a-2) ve A. calcoaceticus (ZE-13) uygulamalari (2.09
mm), kontrole en vyakin uygulamalar olarak
belirlenmistir. En diisiik govde capi ise E. cloacae (ZE-2)
uygulamasinda (1.69 mm) olcllmustir (Sekil 2). Yaprak
sayisi parametresini inceledigimizde, en yiksek yaprak
sayisi P. putida (ZE-12) uygulamasinda (8.22 adet)
sayllmistir. Kontrol ile kiyaslandiginda %3.5 oraninda bir
artis saglamistir. Diger bakteri uygulamalarindaki yaprak
sayisi kontrol ile yakin degerlerde olmustur. En disik
yaprak sayisi ise mikoriza (6.96 adet) uygulamasinda
gorilmastir. Uygulamalari karsilastirdigimizda P. putida
(ZE-12) uygulamasi mikoriza uygulamasina gore %18
oraninda bir artis saglamistir (Sekil 2).

Yapilan literatlr taramalarinda, simbil fidelerinde
Paenibacillus polymyxa izolatinin gévde capini artirdig
(17.76 mm) belirlenmistir (Karagéz ve ark., 2019a).
Calismamizda oldugu gibi, bakterilerin  kdklerin
blylmesini ve gelismesini tesvik ettigi, boylece bitkilerin
Ust aksamdaki gelisim parametrelerinde de artislar
oldugu yapilan cesitli calismalar ile ortaya konulmustur.
Popiler hibrit bitkilerde (Mirabilis jalapa) endofitik
bakterilerin uygulanmasi yaprak sayisini %48 artirmistir.
Bu artisin, endofitik bakteriler tarafindan uretilen bitki
blylme metabolizmasini diizenleyen fitohormonlardan
ve bilesiklerden kaynaklandigi yapilan calismada ifade
edilmistir (Mayerni ve ark., 2019).
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Sekil 2. Farkh uygulamalarin D. variabilis’in govde ¢api ve yaprak sayisina etkisi. Degerlerin yanindaki farkh harfler
izolatlar arasindaki farkin istatistiksel olarak 6nemli oldugunu gosterir.
Figure 2. The effect of different treatments on stem diameter and leaf number of D. variabilis. Values followed by
different letters indicate that the difference between isolates is statistically significant

Uygulamalarin bitki yas agirligina etkilerine bakildiginda
ise, uygulamalar arasinda farkliigin olmadig, istatistiki
olarak ayni grupta yer aldiklari belirlenmistir.
Uygulamalari kiyasladigimizda en yiiksek bitki yas agirligi
mikoriza uygulamasinda (1.93 g), en dislk bitki yas
agirhgr B. cereus (ZE-7) uygulamasinda (1.19 g)
Olclilmastir.  Bitki  kuru  agirhg  parametresini
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inceledigimizde, uygulamalarin etkisinin istatistiksel
olarak 6nemli (p>0.05) dizeyde olmadigl saptanmistir.
Uygulamalari kiyasladigimizda en yiksek bitki kuru
agirhg mikoriza, A. calcoaceticus (ZE-13) ve B. cepacia (7-
a-2) uygulamalarinda (0.10 g), en diistk bitki kuru agirlig
E. cloacae (ZE-2) uygulamasinda (0.07 g) bulunmustur
(Sekil 3).
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Sekil 3. Farkh uygulamalarin D. variabilis bitkisinin yas ve kuru agirhgi tzerine etkisi
Figure 3. The effect of different treatments on plant fresh and dry weight of D. variabilis plant

PGPR ve mikoriza uygulamalari kok uzunlugunda da farkli
etkilere sahip olmustur. En ylksek kok uzunlugu B.
cepacia (7-a-2) uygulamasinda (5.17 cm) Ol¢tlmastar.
Kontrolle kiyaslandiginda, yaklasik %210’luk bir artis
saglamistir. En dislik kdk uzunluguna sahip uygulamaise
P. putida (ZE-12) uygulamasi (3.62 cm) olmustur. SPAD
degeri parametresini inceledigimizde, en yiksek SPAD
degeri kontrol bitkilerinde (30.37) saptanmistir.
Mikoriza, P. putida (ZE-12), A. calcoaceticus (ZE-13), B.
cepacia (7-a-2) uygulamalari kontrol ile ayni grupta yer
almistir. En dlsiik SPAD degeri ise E. cloacae (ZE-2)
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uygulamasinda (27.30) tespit edilmistir (Sekil 4).

Benzer sekilde, endofitik bakteri uygulamalarinin
yapildigi bir c¢alismada, bakterilerin Mirabilis jalapa
bitkisinin kdk biyokitlesini %84 oraninda artirdigl bunun
sonucunda da kok uzunlugunun da arttigi belirtilmistir
(Mayerni ve ark., 2019). Elde edilen bu verilerin aksine,
Karag6z ve ark. (2019a) tarafindan siimbiilde yapilan bir
¢alismada bakteri uygulamalarinin SPAD degerini (50.02)
artirdigr  gorilmastiir. Bunun nedeni ise ¢alismada
kullanilan  Kluyvera cryocrescens bakteri tlrinin
etkisinden veya uygulama farkhhgindan
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kaynaklanabilecegi duslinilmektedir.

Elde edilen verilerde, kok yas agirhg parametresini
inceledigimizde, en yilksek kok yas agirligi E. cloacae (ZE-
2) uygulamasinda (0.45 g) gorilmis olup, kontrol ile
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farkli grupta yer almistir. En distk kok yas agirhgi ise
kontrol bitkilerinde (0.05 g) tespit edilmistir. E. cloacae
(ZE-2) uygulamasini  kontrol kok vyas agirhgl ile
kiyasladigimizda %90 oraninda artis olmustur (Sekil 5).
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Sekil 4. Farkh uygulamalarin D. variabilis bitkisinin kok uzunlugu ve SPAD degerine etkisi. Degerlerin yanindaki farkh
harfler izolatlar arasindaki farkin istatistiksel olarak 6nemli oldugunu gosterir.
Figure 4. The effect of different applications on root length and SPAD value of D. variabilis plant. Values followed by
different letters indicate that the difference between isolates is statistically significant

Kok Yas Agirligi (g)

0,5
0,45
0,4
0,35
0,3
0,25
0,2
0,15 0,1
01 0,05

(=]

06
0,05
- wow
> o

& &’b

~{~°° &

1N

0,45

Sekil 5. Farkh uygulamalarin D. variabilis bitkisinin kok yas agirligina etkisi
Figure 5. The effect of different applications on root fresh weight of D. variabilis plant

Bu konuyla ilgili yapilan calismalari inceledigimizde
calismamiza benzer sonuclarin ortaya ciktigi ve farkh
bitkilerde rizobakterilerin kok yas agirhgini artirdig
kaydedilmistir. Turan ve ark. (2014) lahana fidelerinde
tohum asilama yontemiyle farkli rizobakterilerin (Bacillus
megaterium TV-91C, Pantoea agglomerans RK-92 ve B.
subtilis  TV-17C) koék vyas agirhgimi  artirdigini
bildirmislerdir. Yine, Cervantes-Vazquez ve ark. (2021)
domates fidelerinde rizobakterileri kullanarak yaptiklari
bir calismada, rizobakterilerin (Bacillus
paralicheniformis, Acinetobacter guillouiae, Aeromonas
caviae ve Pseudomonas lini) kok yas agirhgini artirdigini

saptamislardir. Ercisli ve ark. (2004)'nin Rosa canina
Uzerinde yapmis olduklari ¢alismada da Agrobacterium
rubi (A-16, A18) uygulamasinin yan kdk olusumunu ve
gelisimini  tesvik  ettikleri  bildirilmistir.  Yapilan
uygulamalarin ise kok kuru agirhgina etkisinin olmadigi
belirlenmis olup, tim uygulamalarda kuru agirhk 0.01 g
olarak olglilmustir. Bunun aksine, rizobakterilerin kok
kuru agrihginda artis sagladigi bazi ¢alismalarda
bildirilmistir (Turan ve ark., 2014). Orhan ve ark.
(2006)'nin farkh gul cesitlerinde, kok gelisimini tesvik
edici hormonun (IBA) yani sira Agrobacterium rubi
uygulamasinin fidanlarda yan kok sayisi, yas ve kuru kok
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agirhginda 6nemli artis sagladigi bildirilmistir. Kir (2010),
Forsythia x intermedia (Altinganagi) bitkisinden almis
olduklari odun geliklerinin, kok gelisimini tesvik etmek
amaciyla kullanilan Agrobacterium rubi ve Serratia
liquefaciens bakterilerinin kdk yas ve kuru agirliginin
artisinda onemli o6lclide etkili oldugunu bildirmistir.
Alinan parametrelerde diger calismalardan farkli
sonuglarin ¢ikmasi, kullanilan materyal ve yontemlere
gore degisebilir. Bu farkliliklarin bakteri tirlerinin farkl
olmasindan, uygulama miktarlarindan, sera
kosullarindan kaynaklanabilecegi disliniiimektedir.
Sonug¢ olarak, gliniimizde tarimsal Gretimde bitki
gelisimini tesvik eden rizobakteriler ve mikorizalar
onemli bir yer almaktadir. Direk ve indirek etkileri ile,
koklenmesi ve Uretimi zor olan meyve ve sebzelerde
kullanilan bu bakterilerin slis bitkilerinde kullanimi
oldukga sinirhdir. Bu ¢alismaile Yildiz gicegi (D. variabilis)
tohum gelisiminde ve fide biyiimesinde E. cloacae (ZE-
2), B. cereus (ZE-7), P. putida (ZE-12), A. calcoaceticus
(ZE-13), B. cepecia (7-a-2) rizobakteri tirlerinin ve
mikorizanin etkileri belirlenmistir. Calisma sonucunda,
yapilan uygulamalarin yildiz gigegi Gizerinde farkli etkilere
sahip oldugu Dbelirlenmistir. P. putida (ZE-12)
uygulamasinin  kontrole kiyasla %12 oraninda
cimlenmeyi artirdigl, A. calcoaceticus (ZE-13) bakterisinin
fide boyunda %32.9’luk artis sagladigi belirlenmistir.
Sonug olarak, bu calismaile dogal kbkenli olan ve cevreye
zarari olmayan bu bakterilerin siis bitkilerinde fide
yetistiriciliginde kullanilabilme potansiyeline sahip
oldugu belirlenmis olup, sis bitkileri Gretim sektoriinde
bu uygulamalarin kullaniminin yayginlastirilmasi énem
arz etmektedir.

OzET

Amag: Bu calisma, bitki gelisimini tesvik eden farkli kdk
bakterisi ve mikoriza uygulamalarinin kesme gicek ve dis
mekan sus bitkisi olarak diinya genelinde Uretimi yaygin
olan ve Tirkiye’de de gittikce yayginlasan Dahlia
variabilis (Y1ldiz cigegi) bitkisinde tohumdan fideye kadar
gecen asamada, blyime ve gelisimine etkilerini
belirlemek amaciyla yapilmistir.

Yontem ve Bulgular: Calisma kapsaminda, Dahlia
variabilis ‘Violet’ cesidine ait tohumlara, Enterobacter
cloacae (ZE-2), Bacillus cereus (ZE-7), Pseudomonas
putida (ZE-12), Acinetobacter calcoaceticus (ZE-13),
Burkholderia cepecia (7-a-2) bakteri tlrleri ve ticari
olarak satisi bulunan mikoriza (5000 ppm) uygulanmistir.
Calismada, uygulamalarin fide bliyiime ve gelisimine
etkilerini belirlemek i¢in; cimlenme orani (%), fide boyu
(cm), govde capi (mm), yaprak sayisi (adet), bitki yas
agirhgi (g), bitki kuru agirhigr (g), kok uzunlugu (cm), kok
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yas agirhg (g), kok kuru agirhg (g) ve SPAD degeri ile
klorofil icerigi oOlcilmistir. Calisma sonunda, yapilan
uygulamalarin Yildiz gigegi tizerinde farkl etkilere sahip
oldugu belirlenmistir. Pseudomonas putida (ZE-12)
uygulamasinin  kontrole kiyasla %12 oraninda
cimlenmeyi artirdig1, Acinetobacter calcoaceticus (ZE-13)
bakterisinin fide boyunda %32.9’luk artis sagladig
belirlenmistir.

Genel Yorum: Sonug olarak, bu ¢calisma ile dogal kokenli
olan ve cevreye zarari olmayan bu bakterilerin sis
bitkilerinde  fide  vyetistiriciliginde  kullanilabilme
potansiyeline sahip oldugu belirlenmis olup, sis bitkileri
Uretim sektérinde bu uygulamalarin kullaniminin
yayginlastirilmasi dnem arz etmektedir.

Calismanin Onemi ve Etkisi: Dahlia bitkisi, Diinya’da
taninmasina ragmen Tirkiye’de bu konuda pek fazla bilgi
bulunmamaktadir. Ayrica Dahlia bitkisinin tohumdan
fide asamasina kadar gecen siirede, daha kaliteli fideler
elde etmek icin yeni izole edilen bakteri tirlerinin
kullanimi  da olduk¢a sinirlidir. Bu c¢alisma ile
sirdirulebilir yontemler arasinda yer alan bakteri ve
mikoriza uygulamalari ile fide kalitesini iyilestirmek
Onem arz etmektedir.

Anahtar Kelimeler: Dahlia variabilis, bitki gelisimini
tesvik eden bakteri, mikoriza, fide gelisim parametresi.

CIKAR CATISMA BEYANI
Yazar(lar) c¢alisma konusunda
olmadigini beyan eder.

ctkar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar galismaya esit oranda katki saglamis olduklarini
beyan eder.
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Hatay ilinde yer alan turunggil paketleme tesislerinde meyve ve hava kékenli mikrobiyata
icerisindeki fungal ve bakteriyel tiirler ile yogunluklarinin belirlenmesi
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packing houses located in Hatay province

Aysun UYSAL*”"", Sener KURT*?'"", Soner SOYLU'""', Merve KARAY“', Emine Mine SOYLU?
IHatay Mustafa Kemal Universitesi, Ziraat Fakiiltesi, Bitki Koruma Béliimii, 31034 Antakya, Hatay, Tiirkiye.
2Hatay Mustafa Kemal Universitesi, Bitki Sagldi Klinigi Uygulama ve Arastirma Merkezi, 31034 Antakya, Hatay, Tiirkiye.

MAKALE BILGISi / ARTICLE INFO OZET/ABSTRACT

Makale tarihgesi / Article history:
DOI: 10.37908/mkutbd.1095692
Gelis tarihi /Received:30.03.2022
Kabul tarihi/Accepted:23.05.2022

Aims: This study aims to determine fungal and bacterial species and their
densities in fruit and airborne microbiota in citrus packing houses located
in Antakya, Dortyol and Erzin districts of Hatay province.

Methods and Results: Investigation were conducted in citrus fruit packing
houses in Hatay province in 2020-2021. In order to determine the airborne
microbiota, the nutrient media were placed in 3 different regions of the
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diseases, MALDI-TOF, air/fruit borne
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packing houses (product entrance, fruit processing and product dispatch).
Fruit-borne fungal and bacterial isolates were obtained from the
deliberately selected rotten fruits. Fungal and bacterial isolates were
identified by morphological, biochemical and MALDI-TOF proteomic
analysis. Penicillium italicum, Penicillium digitatum, Aspergillus niger,
Rhizopus oryzae, Mucor circinelloides, Xanthomonas hortorum, Pantoea
eucrina, Leclercia  adecarboxylata, Pseudescherichia  vulneris,
Bacelliotymegatibia vulnerica, Bacelliot, eucrina, Leclercia adecarboxylata
and Pseudescherichia vulnerica were determined as airborne fungal and
bacterial species. Penicillium digitatum, Penicillium italicum, Fusarium
solani, Geotrichum citri-auranti, Alternaria alternata, Cladosporium
herbarum, Phytophthora sp., Colletotrichum gloeosporioides, Geotrichum
candidum, Erwinia herbicola, Xanthomonas hortorum were isolated and
identified as fruit borne fungal and bacterial species on infected fruits.
Conclusions: It has been observed that the airborne microbiota density is
quite higher in the fruit processing section of the packinghouses, while the
microbiota density is low in the product acceptance (entry) and dispatch
(exit) sections because of proper ventilation.

Significance and Impact of the Study: Airborne fungal and bacterial
microbiota in the packinghouses can be easily transported by air
movements and remain suspended in the air for a certain period of time,
causing symptoms such as deterioration and rot in fruits. Since some of
identified airborne bacterial and fungal species are known as allergens or
human pathogens, necessary advices were given about the sanitation
measures which should be taken into consideration in commercial citrus
packinghouses.

Atif / Citation: Uysal A, Kurt S, Soylu S, Kara M, Soylu EM (2022) Hatay ilinde yer alan turuncgil paketleme tesislerinde meyve
ve hava kokenli mikrobiyata icerisindeki fungal ve bakteriyel tiirler ile yogunluklarinin belirlenmesi. Mustafa
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GIRIS

Turuncgiller icerdikleri vitamin, mineral ve lezzet
acisindan insan beslenmesinde dnemli bir yere sahip ve
en ¢ok Uretilen meyve cinslerinden biridir. Bu Grinler,
beslenmede tasidiklari 6nem nedeni ile taze olarak
tiiketilmektedir. Ozellikle son yillarda tiiketilen bu tiir
besinlerin glivenilir olmasi, dogal ve saglik yonlinden risk
tasimamasi aranilan ozelliklerdir (Anonim 2015). Dlinya
genelinde 100'den fazla llkede yetistirilen turuncgiller,
portakal, mandalina, greyfurt, limon ve misket limonu
gibi cesitli tlirden olusmaktadir (Ismail ve Zhang, 2004).
Gida ve Tarim Orgiitiiniin (FAO) 2020 yili verilerine gére
diinya genelinde turunggil Gretimi 138 milyon ton olup,
36 milyon ton ile Cin ve 19 milyon ton ile Brezilya ilk
siralarda yer almistir (Anonymous, 2020). Ulkemiz
genelinde 2021 yilinda turunggil iretimi 5.3 milyon ton
olup, bu dUretimin yaklasik 4 milyon tonu Akdeniz
bolgesinde gergeklesmistir (Anonim, 2021).

Diinya yas meyve sebze sektoriinde en ¢ok ihrag edilen
arin grubu %11.8 pay ile kirmizi meyveler (gilek,
ahududu, bogirtlen, siyah-beyaz-kirmizi kus Gzimd,
Bektasi Gzimi vb.) olurken bunu %10.8 ile turuncgiller
takip etmistir. Akdeniz ihracatcilar birligi (AKIB)
tarafindan hazirlanan raporda, tlkemizde 2018 yilinda
Uretilen toplam 22.2 milyon ton yas sebze ve meyvenin
4.5 milyon tonu (%9) birgok llkeye ihrag edilmistir (AKIB,
2018). Turkiye bu rakamla diinya yas meyve ve sebze
ihracatinda 12. sirada yer almistir (AKIB, 2018). Tirkiye
genelinde lretilen yas meyve ve sebze arasinda en fazla
ihra¢ edilen Uriinler arasinda turuncgiller %38 ile ilk
sirada yer almistir.

GUnlmuz kosullarinda, Diinya’da hizla artan nifusun
beslenme ihtiyacini karsilamak, sinirli tarim alanlarinda
yetisen Urlinlerin verimlerindeki artis kadar, alinan

Urinin  korunmasi  ve muhafazasi ile mimkin
olmaktadir. Yapilan arastirmalarda, yas meyve ve
sebzelerde hasat sonrasi ortaya ¢ikan kayiplar

gelismekte olan lilkelerde ortalama %20-30 gibi oldukga
onemli dizeylerdedir. Bu durum, hasat sonrasinda
UrGnlerde kayiplara neden olan abiyotik ve biyotik
etkenlerin yeterince kontrol edilememesinin yaninda,
Uranlerin muhafaza kosullarinin iyi olmamasi ve esas
itibariyle Uretici-tliketici zinciri arasindaki yetistiricilik
hatalardan da kaynaklanmaktadir (Subasi, 2014).

Hatay ilinde soguk hava depo sayisi 27 olup, muhafaza
kapasitesi 44.600 tondur. S6z konusu bu tesisler agirlkli
olarak paketleme evi ile entegre olarak isletilmekte
(Toplam 38.400 ton kapasitede 22 adet), bunun yani sira
sadece soguk hava deposu olarak isletilen tesislerde
(Toplam 6.200 ton kapasitede 5 adet) bulunmaktadir.
Soguk hava depolarinin %92.6’sinda sadece meyve ve
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sebze depolanirken, %3.7’sinde meyve ve sebzelerle
birlikte diger triinlerde depolamamaktadir. isletmelerde
depolanan Uriinler arasinda turuncgiller (portakal,
mandarin, altintop, limon) acik ara ilk sirada gelmektedir
(Yildiz, 2014).

Hasat sonrasi ortaya cikan fungal ve bakteriyel kdkenli
hastaliklar taze meyvelerin, depo 6émriini azaltan baslica
sorunlardan biridir (Prusky 2011). Bu hastaliklar
depolanan {riiniin c¢esidine ve depolama kosullarina
bagh olarak % 30-50 oraninda kayiplara sebep
olmaktadir (Klein ve Lurie, 1991; Gomes ve ark., 2015).
Bu kayiplari en aza indirgemek icin uzun sireden beri
farkh fungisitler yaygin bicimde kullanilmaktadir (Yildiz
ve ark., 2002).

Ulkemizde taze tiiketime sunulan driinlerde hasat
sonrasl hastaliklardan meydana gelen kayiplar hakkinda
kesin veriler bulunmamasina karsin, 06zellikle baz
meyvelerle ilgili ¢alismalardan elde edilen sonuglar,
Ulkemizdeki durum hakkinda bir fikir vermektedir. Yas
meyve ve sebzeler bol miktarda su ve besin maddesi
icerdiklerinden dolayr fungal ve bakteri kokenli
patojenlerin saldirilarina maruz kalirlar. Hasattan sonra,
direnci azalan Urinlerde kayiplar meydana gelir ve bu
dranler, saglam olanlari da etkiledikleri gorulir. Ayrica,
enfekteli Urlnlerde; etilen sentezi, solunum ve isi
Uretimindeki artis olgunlasmayi hizlandirdigi igin Griiniin
direnci azalir ve enfekte olmalari kolaylasir (Benli, 2003).
Ulkemizde ve diinyanin ©nde gelen (ilkelerinde
yetistirilen turuncgil meyvelerinde derim sonrasi hastalik
olusturmak suretiyle ekonomik kayiplar genellikle fungal
kokenli mavi-yesil kaf [Penicillium digitatum (Pers.:Fr.),
Penicilium italicum  (Wehmer)], eksi c¢urikluk
[Geotrichum  citri-aurantii ~ (Ferraris)], sap ucu
curiklukleri [Phomopsis citri H. Fawc. Non (Sacc.) ve
Diplodia  natalensis], antraknoz  [Colletotrichum
gloeosporioides (Penz.) Penz. andSacc.)], kahverengi
curikluk [Phytophthora palmivora (Butler) Butler)] ve
siyah curuklik [Alternaria citri Ellisand N.Pierce]
hastaliklari tarafindan olusturulmaktadir (Snowdon,
1990; Palumbo ve ark., 2006; Ladaniya, 2008; McKay ve
ark., 2012; Akhtar ve ark., 2013; Hocking, 2014; Palou,
2014; Berk, 2016; Uysal ve ark., 2016, Khamis ve ark.,
2017; Saito ve Xiao, 2017; Deng ve ark., 2018; Uysal ve
Kurt, 2018; Zaheer ve ark., 2019; Kanashiro ve ark., 2020;
Jayasekara ve ark., 2022). Ozellikle Cladosporium spp.,
Alternaria spp., Stemphylium spp., Penicillium spp.,
Aspergillus spp., Rhizopus spp., Mucor spp., Botrytis sp.,
Fusarium spp. gibi fungal patojenler hava hareketleri ile
kolayca tasinarak sanitasyon kurallarinin uygulanmadig,
dogru kosullarda depolanmayan paketleme evlerindeki
hasat edilmis sebze ve meyveler (zerinde geliserek
¢lrtklGginin yanisira Urinlerde mikotoksin birikimine
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neden olmaktadir (Maldonado ve ark., 2009; Saito ve
Xiao, 2017; Jayasekara ve ark., 2022). Penicillium
digitatum, tek basina toplam hasat sonrasi kayiplarin
yaklasik %90' indan sorumludur. Bu hastalik etmenleri,
meyvelerin toplama, paketleme, depolama ve nakliye
sirasinda ve hasat sirasinda olusan yaralanmalardan giris
yapmaktadir (Ladaniya, 2008; Palou, 2014; Berk, 2016;
Wang ve ark., 2018; Bazioli ve ark., 2019). Fungal
etmenlerin yanisira, Erwinia, Pectobacterium,
Pseudomonas, Bacillus, Lactobacillus ve Xanthomonas
cinsine ait farkl tirler, hasat sonrasi bircok meyve ve
sebzelerde yumusak clrimelere sebep olan ana veya
firsatgl bakteriyel etmenler olarak bildirilmistir (Coates
ve Johnson, 1989; Carolis ve ark., 2012).

Yas sebze ve meyvelerde hasat sonrasi hastaliklara sebep
olan bakteriyel ve fungal etmenlerin tanilanmalari son
yillarda MALDI-TOF MS gibi yontemle hizli ve giivenilir bir
sekilde yapilmaktadir (Li ve ark. 2017; Uysal ve ark.,
2019; Akkoyun ve Kiraz, 2019). Bu ¢alisma, Hatay ilinin
Antakya, Dortyol ve Erzin ilgelerinde vyer alan yiksek
paketleme ve soguk hava kapasiteli ticari turunggil
paketleme tesislerinde meyve ve hava kokenli
mikrobiyot icerisindeki fungal ve bakteriyel tirleri
tanilamak ve yogunluklarini belirlemek amaciyla
yapilmistir. Tesislerin farkh bolgelerine konulan fungus
ve bakteri besi yerleri ile tesislerde hastalik belirtileri
gosteren farkli turuncgil meyve Ornekleri (izerinden
yapilan izolasyonlar sonucu gelisen fungal ve bakteriyel
turler morfolojik, biyokimyasal ve MALDI-TOF MS

proteomik yontemleri ile tanilanmislardir.
MATERYAL ve YONTEM

Paketleme evlerinde 6rneklemelerin yapiimasi

Hatay ilinin Antakya, Dortyol ve Erzin ilgelerinde yer alan
3 farkh turuncggil paketleme tesislerinde meyve
paketleme islemlerinin yogun oldugu 2020 yilinin Kasim
ve Aralk aylari ile 2021’'in Ocak ayinda inceleme ve
gozlemler yapilmistir. Meyve kdkenli fungal ve bakteriyel
mikrobiyotanin belirlenmesi icin, paketleme evlerinde
tesadiifi ornekleme yéntemine gore, islenen turuncgil
cesitlerini ve yumusama, clrime vb. farkh hastalik
belirtileri gosteren meyveleri temsil edecek sekilde
gldimli 6rneklemeler yapilmistir (Sekil 1).

Meyve kékenli fungal ve bakteriyel mikrobiyotanin
izolasyonu ve yogunlugunun belirlenmesi

Paketleme tesislerinden gudimli olarak toplanan
yumusama ve cirime belirtileri gosteren meyvelerden
laboratuvar kosullarinda fungal tiirlerin izolasyonu PDA,
bakteriyel etmenlerin izolasyonu ise KB besi yerleri
kullanilarak yapilmistir. Fungal etmenlerin izolasyonu
icin, yumusama ve ¢lriime gozlenen meyvelerden steril
bistiri yardimiyla 5-6 mm capinda kigik pargalar
alinarak %70’'lik etanol ¢ozeltisi ile ylizeyden steril
edilmistir. Daha sonra bu doku pargalari, steril saf su ile
durulanarak steril kurutma kagitlarinda 15 dk. kurumaya
birakilmistir.

o i ] "

Sekil 1. Farkh turuncgil meyve tirlerinde fungal ve bakteriyel mikrobiyotanin neden oldugu hastalik belirtileri
Figure 1. Disease symptoms caused by fruit-borne fungal and bacterial microbiota on different citrus fruits

Doku  parcalari  kuruduktan  sonra  bakteriyel
bulagsmalarini engellemek icin antibiyotik (streptomisin
siilfat, 100 ug ml?) ilave edilmis PDA besi yerleri (izerine
yerlestirilmistir. Petriler 25 C'de 3 glin boyunca inkiibe
edilmis ve bu siire sonunda gelisen fungal kolonilerden
PDA’ya saflastirmalar yapilmistir (Schipper, 1978;
Sutton, 1980; Samson ve Pitt, 2000; Dugan, 2006;
Simmons, 2007). Bakteriyel etmenlerin izolasyonu icin,
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enfekteli oldugundan kuskulanilan meyve 6&rnekleri,
%70’lik etil alkol ile 2 dk. ylizey sterilizasyonu yapildiktan
sonra meyvelerin st kabuk dokusu bistri ile kesildikten
sonra hastalikl i¢ dokulari dogrudan besi yerine temas
ettirilmek (imprint yéntemi) suretiyle gerceklestirilmistir
(Aktan ve Soylu, 2020).

Bakteri izolasyonlarinin yapildigi petriler, 27°C'de 24-48
saat sire ile inklibe edilmis ve besi yerinde gelisen farkli
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morfolojik ozellikteki bakteri kolonilerinden
saflastirmalar yapilmistir.

izolasyon asamasinda her meyve icin 3 petri ve her
petriye 6 doku parcasi gelecek sekilde 18 doku kesiti
kullanilmistir. Petri kaplari, bakteri gelisimi icin 28-30°C
sicaklikta 24-48 saat, fungal gelisimi icin 4-5 gilin slre
inkiibasyona birakilmistir. inkiibasyon sonunda her bir
petri kabindaki gelisen bakteri ve fungal kolonileri

sayilarak belirlenmistir.

Hava kékenli fungal ve bakteriyel mikrobiyota
yogunlugunun belirlenmesi

Paketleme tesislerindeki hava kokenli mikrobiyotadaki
fungal ve bakteriyel tirlerin belirlenmesi amaciyla
turuncggil paketleme tesislerine meyve islemenin en
yogun oldugu Kasim-Aralik 2020 ile Ocak 2021 aylarinda
dizenli stirveyler yapilmistir. Fungal tirler igin Patates
dekstroz agar (PDA), bakteriyel etmenler igin King’s B
(KB) besi yerleri, 9 mm c¢apinda petri kaplarina
dokuldiikten sonra kapaklari agik bir sekilde paketleme

=

‘ Sekil 2. Paketleme tesislerinin farkli kisimlarina (A: Grin girisi, B: Grdn gikisi, C-D: Grlin isleme)

tesislerinde (i) giris bolim, (ii) isleme bolim [yikama,
ayiklama, mumlama ve paketleme] ve (iii) Grinlerin
paketlenip dagitima hazirlandigi sevkiyat bolimi olmak
lizere 3 farkli bolgede yerden 2-2.5 metre yikseklige
farkli bekleme streleri (5, 15, 30, 60 ve 120 dk olacak
sekilde) dikkate alinarak yerlestirilmistir (Sekil 2). Her
sire icin 10' ar adet petri kaplari kullanilmistir. Bu
surelerin sonunda kapaklari kapatilan petri kaplari
bulundugu yerlerden alindiktan sonra HMKU Bitki Saglig
Klinigi Uygulama ve Arastirma Merkezi laboratuvarlarina
getirilerek 25°C inkibatorde gelismeye birakilmistir. 3-5
glnlik inkGibasyonun sonunda gelisen fungal ve bakteri
kolonilerinin led digitron (ISOLAB) go6stergeli koloni
sayacl kullanilarak mikrobiyota yogunluklari

belirlenmistir. Petri kaplarinda gelisim gosteren farkli
morfolojik yapiya sahip fungal ve bakteriyel koloniler
secilip saflastirilarak MALDI TOF MS cihazinda tiir
teshislerinin  yapilmasi
saklanmiglardir.

icin buzdolabinda (+4 °C)

0
=g - -

L= e

yerie§tirilmi§‘r;étri

kaplari (ok)
Figure 2. Petri dishes (arrows) placed in different zones (A: product entry, B: product output C-D: product processing)
of packinghouses

Meyve ve hava koékenli fungal ve bakteriyel
mikrobiyotanin MALDI-TOF MS ile tanilanmasi

Saf ve tek koloni olacak seklinde elde edilen bakteri
izolatlari NA besi yerlerinde 24 saat siireyle inkiibasyonu
saglanmistir. Saf ve tek spor olarak elde edilen fungal
kiltirleri ise, PDA ortaminda 4-5 gin sire ile
gelistirilmistir. Gelisen fungal kiltirlerden alinan 2-3
misel diski (5 mm c¢apinda) ortalama 8 ml Sabouraud
Dextrose Broth besi yeri iceren steril cam tiplere (16x2
cm) aktarilmistir. Tpler 2-3 giin sireyle rotatorde (20
rpm) 25°C gelismeye birakilmistir (Soylu ve ark., 2021).
Gerek fungus gerekse bakteri kiltlirlerden protein
ekstraksiyonu, Uretici firmanin 6nerdigi etanol-formik
asit  ekstraksiyon  protokolu  dikkate  alinarak
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gerceklestirilmistir. Cihazin Flex Kontrol yazihm programi
(Biotyper 3.0; Microflex LT; Bruker Daltonics GmbH,
Bremen, Germany) ve kiitiphanesi (version 9.0 ) ile elde
edilen spektrumlar, Maldi Biotyper Real-Time
Classification  (RTC) vyazihmi ile karsilastirilarak
mikrobiyota tirlerinin teshis islemleri yapilmistir (Sekil
3). Analiz sonucunda 2.3-3.0 (yesil renk) arasi skor degeri
yuksek olasi tir teshisi, 2.0-2.29 (yesil renk) arasi skor
glvenilir cins diizeyinde teshis ve muhtemel tir
diizeyinde teshis, 1.7-1.99 (sari renk) arasi skor
muhtemel cins dizeyinde teshis, 0.0-169 (kirmizi renk)
arasi skor ise glivenilmez teshis olarak degerlendirilmistir
(Uysal ve ark., 2019).
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Analyte Name: B11
Analyte Description: ?
Analyte ID: 4

Applied MSP Library(ies):
Applied Taxonomy Tree:

Analyte Creation Date/Time: 2020-11-04T02:50:56.547
Filamentous Fungi

Rank Score NCBI
(Quality) platchec Fattetn Value | Identifier
( +1+ ) Penicillium digitatum DSM 62840 DSM 2.027 36651
( i) Penicillium expansum DSM 1994 DSM 1.985 27334
( i ) Penicillium digitatum D_16_256_6 4 LLH 1914 36651

Sekil 3. Hastalikl turunggil meyvesinden izole edilen P. digitatum izolatinin MALDI-TOF teghis sonucu.
Figure 3. MALDI-TOF identification result of P. digitatum, isolated from the diseased citrus fruit

BULGULAR VE TARTISMA

Meyve kokenli fungal ve bakteriyel tiirler ve
yogunluklarinin belirlenmesi

Paketleme evlerinde, meyve kokenli fungal ve bakteriyel
mikrobiyotanin  belirlenmesi icin tesislerde tipik
yumusama ve clrime seklinde hastalik belirtileri
gosteren meyve tirlerini temsilen toplam 94 adet
mandarin (40), limon (32) ve portakal (22) meyve 6rnegi
alinmis ve bu meyvelerden fungal ve bakteri tirler izole
edilmistir. Yapilan izolasyonlar sonucunda, Penicillium
digitatum (530 koloni petri?) ve Penicillium italicum (343
koloni petri) en yogun belirlenen tirler olup bu tiirleri
sirastyla, Alternaria alternata (206 koloni petri?),
Geotrichum  citri-auranti (116  koloni  petri?),
Cladosporium herbarum (81 koloni petri?), Fusarium
solani (65 koloni petri?), Colletotrichum gloeosporioides

(37 koloni petri) ve Phytophthora sp. (21 koloni petri?)
turleri takip etmistir. Meyve o6rneklerinden ayrica
Xanthomonas hortorum ve Erwinia herbicola olarak
tanimlanan iki farkh bakteri tiirt belirlenmistir. Turuncgil
turleri incelendiginde ise, yumusama ve c¢lriime
belirtileri gosteren meyvelerden en yogun fungal
mikroorganizma yogunlugu mandarin (692 koloni petri?)
ve limon (698 koloni petrit) meyvelerinde, en az ise
portakalda (292 koloni petri?) tespit edilmistir. Fungal
izolatlarin yanisira hastalikli meyvelerden Xanthomonas
hortorum (162 koloni petril) ve Erwinia herbicola (121
koloni petri!) olarak tanimlanan bakteri yogunluguda
tespit edilmistir (Cizelge 1). S6z konusu bakteri tirleri ile
yapilan patojenite testlerinde meyvelerde yumusak
¢lirliklik belirtileri gozlenmemis olmasi, elde edilen
izolatlarin hastalik etmeninden ziyade firsatgi etmen
olabilecegini gbstermistir.

Cizelge 1. Paketleme evlerinde en yaygin olarak tespit edilen meyve kdkenli mikrobiyotada fungal ve bakteriyel tirler

ve yogunluklari ( koloni petri?)

Table 1. Densities of most commonly detected fruit-derived fungal and bacterial microbiota species in packing houses

Hastalikli Turunggil Turleri ve koloni sayisi*

Fungal ve Bakteriyel Tirler Mandarin Limon Portakal Toplam
Penicillium digitatum 210 222 98 530
Penicillium italicum 121 145 77 343
Alternaria alternata 88 91 27 206
Geotrichum citri-auranti 54 62 - 116
Cladosporium herbarum 47 - 34 81
Fusarium solani 23 32 10 65
Colletotrichum gloeosporioides 21 11 5 37
Phytophthora sp. 5 16 - 21
Toplam 569 579 251 1399
Erwinia herbicola 45 55 21 121
Xanthomanas hortorum 78 64 20 162
Toplam 123 119 41 283

*Ornekleme yapilan toplam meyvede petri basina diisen toplam koloni sayisi
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Saito ve Xiao (2017) tarafindan Californiya eyaletindeki 3
farkli  paketleme tesislerine vyapilan siirveylerde
mandarin meyvelerinde sorun baslica hasat sonrasi
hastaliklari belirlemek igin, 2015 ve 2016 yillarinda gerek
islenmek lizere bekletilen gerekse soguk hava
deposunda bekletilen kasalardan c¢ilirik meyveler
toplanmistir.  Tim  ¢lrik  meyvelerden  fungal
izolasyonlar yapildiktan sonra elde edilen fungal
izolatlarla tanilama galismalari yapilmistir. 2015 ve 2016
yillarinda sirasiyla %53.5 ve %83.1 ile 6n ayirma sirasinda
toplanan depolanmamis meyvelerde en yaygin hastalik
Alternaria spp'nin neden oldugu Alternaria ¢lrukligu
oldugu, sogukta muhafaza edilen meyvelerde 2015
yiinda en yaygin olarak Penicillium digitatum'un neden
oldugu yesil kif (%36.3) goraliurken, bunu 2015 yilinda
Mucor piriformis'in neden oldugu Mucor c¢lruklGgi
(%27.7) ve P. italicum'un neden oldugu mavi kif (%23.3)
hastaliklari takip ettigi bildirilmistir. Calismanin 2016
yihindaki strveylerinde Botrytis cinerea'nin neden oldugu
gri kif (%29.7) en yaygin hastalik olurken, bunu Mucor

clrikligu (%27.1) ve Geotrichum citri-aurantiinin
neden oldugu eksi cariklik (%18.7) hastaliklari
izlemistir.

Calismalarimizda tespit edilen bakteriyel tilrlere ait
sonuglari destekler sekilde, yumusak ¢lriklik belirtileri

gosteren bircok meyve ve sebze 6rneklerinden Erwinia,
Pseudomonas, Bacillus, Lactobacillus ve Xanthomonas
cinsine ait firsat¢ (sekonder) bakteriyel tirler izole
edilerek tanilanmistir (Coates ve Johnson, 1989).
Bakteriyel tirlerin yanisira fungal etmen Cladosporium
herbarum nispeten disik Oneme sahip olarak
belirlenmis olmasina ragmen, etmenin g6z ardi
edilmemesi gerektigi daha dnceden turuncgil paketleme
evlerinde yapilmis ¢alismada da 6nerilmistir (Fischer ve
ark., 2009).

Hava kékenli fungal ve bakteriyel mikrobiyota tiir ve
yogunluklarinin belirlenmesi

Hatay’in Antakya, Dortyol ve Erzin ilcelerinde yer alan
paketleme evlerinde Kasim-Aralik 2020 ile Ocak 2021
aylarinda (Turuncgil meyve paketlemenin en yogun
oldugu donemler) paketleme evlerinin 3 farkh bolimiine
(Urtinlerin paketleme evine giris bolimu, Grindn isleme
bolimu [yikama, secilme, mumlama ve paketleme] ve
drinlerin paketlenip dagitima hazirlandigi [¢ikis] bolim)
olmak lzere U¢ bolgeye yerlestirilen petrilerde farkli cins
ve tirlere ait bakteri ve fungus tirleri gozlenmistir (Sekil
4).

fungus (B) kolonileri
Figure 4. Airborne bacterial (A) and fungal (B) cultures growing on petri dishes placed in different regions of packing
houses

Paketleme tesislerindeki hava kokenli mikrobiyotanin
belirlenmesi icin tesislerin farkli bolgelerine kapagi acik
olarak birakilan PDA ve KB besi yerlerin lizerinde gelisen
fungus ve bakteri kolonilerinden MALDI-TOF MS ile
yapilan analizler sonucunda 3 cinse ait 4 farkh fungal tir
ile 10 farkli bakteri tirl tanilanmistir. Paketleme
tesislerinin Gg¢ farkli bolimlerinde (lUrdn girisi, UGrdn
isleme, Grin ¢ikist) hava kokenli mikrobiyotanin
belirlenmesine yonelik yapilan galismalari sonucunda, en
fazla toplam fungal ve bakteriyel mikrobiyal yogunluk
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(24.454 koloni petril) meyvelerin yikanip, secilme,
siniflandirma, mumlama ve paketleme islemlerin
gerceklestigi Grlin isleme boliminde tespit edilmistir.
Uriin isleme boliminde bakteriyel mikrobiyota
yogunlugu (21.480 koloni petrit) fungal biyota
yogunlugundan (2.974 koloni petri?) daha fazla oldugu
gozlenmistir. Paketleme tesislerinin diger béliimleri olan
uriin girisi (5.416 koloni petri?) ve cikislarinda (2.284
koloni petrit) mikrobiyota yogunlugunun oldukgca diistik
miktarda oldugu belirlenmistir (Sekil 5).
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Sekil 5. Turuncggil paketleme tesislerinin farkli bolimlerinde belirlenen hava kékenli fungal ve bakteriyel mikrobiyota
yogunluklari
Figure 5. Airborne fungal and bacterial microbiota densities determined in different zones of citrus packing houses
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Sekil 6. Paketleme evlerinin 3 farkh alaninda farkli stirelerde belirlenen hava kdkenli fungal etmenlerin yogunluklari
(Her sire igin 10 petri toplami)
Figure 6. Airborne fungal densities determined at different times in different zones of packinghouses
(10 petri dishes for each period)

Hava kokenli fungus yogunlugu, paketleme evlerinin
farkl bolimlerine (Grln girisi, Grin isleme ve Gran gikisi)
gore degisiklik  gostermistir.  Yapilan izolasyon
¢alismalarinda fungus yogunlugunun Grlin isleme
boliminde olduk¢a fazla oldugu goézlenmistir. Hava
kokenli olarak belirlenen fungus tirleri arasinda en
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yogun olarak tespit edilen tiir Penicillium digitatum
(4.345 koloni) olurken bu tirl sirasiyla, Penicillium
italicum (264 koloni), Rhizopus oryzae (264 koloni), ve
Cladosporium herbarum (196 koloni) takip etmistir.
Petrilerin, paketleme evlerinde acik kalma sureleri
incelendiginde kapak aciklik stiresi arttikca petri
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Sekil 7. Paketleme evlerinin farkli bélimlerinde, farkli siirelerde belirlenen hava kékenli bakteri yogunluklari (Her sire igin 10 petri toplami)

Figure 7. Airborne bacteria densities determined at different times in different zones of packaging houses (10 petri dishes for each period)

347


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(2): 340-351

Arastirma Makalesi / Research Article

kutularindaki fungus yogunlugunda da artis gézlenmistir
(Sekil 6).

Hava kokenli fungal tiirlerde gézlenen durumun benzeri
bakteri tirleri icinde godzlenmistir. Bakteri yogunlugu
paketleme evlerinin farkh bolimlerine (lrin girisi, Griin
isleme ve Urln ¢ikisl) gbre degisim gostermistir. Bakteri
yogunlugunun Urin isleme boéliminde fungus
yogunluguna benzer sekilde olduk¢a fazla oldugu
gbzlenmistir. Yogunluklarina gore en yaygin karsilasilan
bakteriyel tiir Bacillus megaterium (3.810 koloni) olup bu
tlrd sirasiyla, Leclercia adecarboxylata (3.800 koloni),
Xanthomonas hortorum (3.624 koloni), Lelliottia
amnigena (3.593 koloni), Pantoea eucrina (3.440 koloni),
Pseudescherichia vulneris (3.436 koloni), Raoultella
ornithinolytica (1.076 koloni), Klebsiella oxytoca (1. 825
koloni), Bacillus subtilis (2.105 koloni) ve Erwinia
herbicola (317 koloni) tirleri takip etmistir (Sekil 6).
Yapilan inceleme ve tanilama sonuglarina gore,
tesislerden Uriin sevkiyatinin yapildigi ¢ikis kisimlarinda
bakteri yogunlugunun distk oldugu belirlenmistir (Sekil
6ve 7).

Brezilya’nin Sao Paulo Eyaletinde 2004 ve 2005 yillarinda
2 farkh turuncgil paketleme tesisinde yer alan alet ve
ekipmanlar ile tesislerinin c¢evresel ve ylizeysel
mikroflorasinin karakterizasyonuna yoénelik yapilan bir
calismada en yaygin fungus tirlerinin Cladosporium ve
Penicillium cinslerine dahil izolatlar olarak belirlenmistir.
Tesis icinde temiz olarak bilinen alanlarin (meyvelerin
yikandigi havuzlar, paketleme masasi, karton ve plastik
kutular) kirli olarak bilinen alanlar (meyvelerin alinmasi
ve ilk seleksiyon) arasinda bulasiklik dizeyi arasinda bir
farkin olmadigi bildirilmistir (Fischer ve ark., 2009).

Turunggil meyve vyizeyi mikrobiyal popitlasyonlari,
Florida'daki yedi ticari paketleme tesisinin farkl
paketleme ve isleme hattlarinda takip edilerek
degerlendirilmistir. Tesislerde vyapilan izolasyonlar

sonucunda Klebsiella pneumoniae, Enterobacter spp.,
E.coli ve Citrobacter freundii yaygin bakteriyel tirler
olarak belirlenmistir. Bakteriyel turlerden Klebsiella ve
Enterobacter spp. genellikle tarimsal Grlnlerle yumusak
clirtiklik belirtileri ile iligkili mikroorganizmalar olarak
bildirilmistir. Calisma sonucunda bu bakteri tirlerinin
tesislerde  calisanlar  Uzerinde olumsuz etkileri
olabilecegine dikkat cekilmistir (Pao ve Brown, 1998).

Bursa ilinde vyer alan gida (retim tesisleri ve
depolarindaki ic mekan hava kaynakli fungal
kontaminantlarinin  izolasyonu ve tanimlanmasi
calismasinda, calismalarimizda elde edilen sonuglara
benzer sekilde Cladosporium (%35.41), Penicillium
(%28.74), Alternaria (%12.06) ve Aspergillus (%7.46) en
yaygin siklikta elde edilen fungal tirler oldugunu
belirlenmistir (Simsekli ve ark., 1999). Calismalarimizda
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tanimlanan fungal tirlerinin bazilarinin alerjen 6zellige
sahip oldugu, bu tirlerin sporlarina maruz kalan duyarl
kisilerde alerjik rinit, bronsiyal astim veya digsal alerjik
alveolit gibi olumsuzluklarin ortaya cikabilecegi yapilan
onceki calismalarla bildirilmistir (Lugauskas ve ark.,
2004).

Sonug olarak, bu calismada Hatay ilinde bulunan farkh
paketleme tesislerinde islenen meyvelerde ve isletmenin
havasindaki mikrobiota icerisindeki fungal ve bakteriyel
turleri  ve vyogunluklari belirlenmistir. Paketleme
evlerindeki mikrobiyal hava kirliliginin her zaman goz
ardi ediliyor olmasi drinlerde ciddi kalite ve verim
kayiplarina, tesis calisanlarinda ise saglik sorunlarina yol
acabilmektedir. Bu calisma ile paketleme tesislerinin
farkli bolimlerinde (lrln giris, Grln isleme, Grin ¢ikisi)
havanin  mikrobiyal kirlilik durumu belirlenmistir.
Ozellikle, Penicillium Cladosporium, Alternaria, Botrytis,
Fusarium, Stemphylium, Aspergillus, Rhizopus ve Mucor
gibi funguslar hava hareketleri ile kolayca tasinabilmesi,
havada belli sire askida kalmalari sonucunda
meyvelerde doku yumusamasi ve clriime gibi hastalik
belirtilerinin ortaya ¢ikmasina neden olmaktadir. Bu
funguslarin sporlarina maruz kalan meyvelerde ihracat
edildikleri yerlere ulasincaya kadar buyik kayiplar ortaya
cikabilmektedir. Meyvelerde en biyik kayiplar fungal ve
bakteriyel  kaynakli  organizmalarin  olusturdugu
¢lriimelerle oldugu igin kayiplar neredeyse %30-40 lara
ulasmaktadir (AKiB, 2018). Bu durum ciddi maddi
kayiplara yol agmaktadir. S6z konusu tespit edilen
bakteriyel ve fungal tirler, paketleme ekipmanlarini,
sarartma ve depolama odalarini yagmurlama ve sabun
tanklarini kirletme potansiyeline sahiplerdir. Enfekteli
meyvelerin Urettigi sporlar, saghkli meyvenin yizeyini
kirletir ve bu dongl paketleme evinde ve depolarda
tekrarlanmaktadir. Bulasma risklerini azaltmak ve
hijyenik meyve perakende satislarini saglamak igin iyi
sthhi kosullar ve temizlik uygulamalarina uyulmahdir (El-
Otmani ve ark., 2011). Ayrica paketleme tesislerinde
ytkama ve mumlama islemleri meyveler lzerinde biriken
maya ve funguslar gibi asidik mikroorganizmalarin
uzaklastiriimasinda faydal olmaktadir (Pao ve Brown,
1998).

Calisma sonucunda paketleme tesislerinin havasinda

bulunan bakteri tilrleri (Xanthomonas hortorum,
Pantoea eucrina, Leclercia adecarboxylata,
Pseudescherichia  vulneris,  Bacillus  megaterium,

Lelliottia amnigena, Raoultella ornithinolytica, Klebsiella
oxytoca) ile funguslar (Penicillium italicum, Penicillium
digitatum, Aspergillus niger, Rhizopus oryzae, Mucor
circinelloide) uranler kadar insan saghgl acisindanda
blyuk tehlike olusturdugu bilinmektedir. Tespit edilen
fungus ve bakterilerin, personel tarafindan sirekli
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solunmasi ileride ciddi solunum yolu hastaliklarina yol
acabilecegi  beklenmektedir  (Strom,  Blomquist,
1986;Lugauskasve ark., 2004). Bu nedenle paketleme
evlerinde slrekli havalandirmanin yapilmasi oldukca
onemlidir. Nitekim c¢alismalardan elde edilen sonuglara
gore, paketleme evlerinin giris ve ¢ikislarina yerlestirilen
petri kaplarindaki bakteri ve fungus yogunlugu daha az,
insan sirkilasyonunun ¢ok oldugu ve havalandirmanin
olmadigl drin isleme boéliminde ise olduk¢a yogun
oldugu gorulmustdr.

S6z konusu calismada bakteri ve fungal tiirlerin MALDI-
TOF MS cihaziyla oldukga glvenilir ve hizli bir sekilde
tanilarinin yapilmasi ile bu alanda ¢alisan arastiricilara
onemli bir veri saglayacagi gibi, paketleme tesislerinde
calisanlarin  saghginin  olumsuz  etkilenebilecegi
konusunda dikkat cekebilecek bir ¢alisma olmustur.
Ayrica, diger bolgelerde yiritilecek projelere bolgesel
destek verilerek, ulusal capta arastirma ve gelistirme
faaliyetlerine Oncelik verilmesi saglanmistir. Bilimsel
arastirma ve gelisme noktasinda g¢ok disiplinli bir
yaklasimla  bitki patolojisi, gida mikrobiyolojisi,
biyoinformatik, klinik ve c¢evre bilimleri konularinda
uzman arastirmacilarin bir araya gelmesi 6nem arz
etmektedir. Ote yandan calismanin farkli sektorlerde
karsihk bulmasi ile tiniversite-sanayi ve kamu isbirligine
doniik o6nemli bir vyaygin etki olusturmasi da
beklenmektedir.

OzZET

Amag: Bu calismanin amaci, Hatay ilinin Antakya, Dortyol
ve Erzin ilgelerinde bulunan turunggil meyve paketleme
tesislerinde meyve ve hava kokenli mikrobiyata
icerisinde yer alan fungal ve bakteriyel mikrobiyota
turlerini ve yogunluklarini belirlemektir.

Yéntem ve Bulgular: Hatay ilinde bulunan turuncgil
meyve paketleme tesislerinde 2020-2021 aylarinda
incelemeler yapilmigtir. Hava kokenli mikrobiyotanin
belirlenmesi icin besi yerleri paketleme tesislerinin 3
farkli boliimiine (GirGin kabul, Grin isleme ve Grin cikisi)
yerlestirilmistir. Tesislerdeki meyve kokenli
mikrobiyotanin belirlenmesi icin, glidimli olarak secilen
meyvelerden (bozulma, yumusama, cirime vb.
gbzlenen) ayrica fungal ve bakteriyel izolatlar elde
edilmistir. Elde edilen fungal ve bakteriyel izolatlarin
morfolojik, biyokimyasal ve MALDI-TOF proteomik
yontemler ile tanilanmislardir. Yapilan izolasyonlar ve
tanilamalar sonucunda Penicillium italicum, Penicillium
digitatum, Aspergillus niger, Rhizopus oryzae, Mucor
circinelloides, Xanthomonas hortorum, Pantoea eucrina,
Leclercia adecarboxylata, Pseudescherichia vulneris,
Bacillus megaterium, Lelliottia amnigena, Raoultella
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ornithinolytica, Klebsiella oxytoca, Bacillus subtilis,
Erwinia herbicola hava kokenli fungal ve bakteriyel tirler
olarak belirlenmistir. Penicillium digitatum, Penicillium
italicum, Fusarium solani, Geotrichum citri-auranti,
Alternaria alternata, Cladosporium herbarum,
Phytophthora sp., Colletotrichum gloeosporioides,
Geotrichum candidum, Erwinia herbicola, Xanthomonas
hortorum ise enfekteli meyve kokenli fungal ve
bakteriyel tlrler olarak belirlenmistir.

Genel Yorum: Hava kokenli mikrobiyotanin paketleme
tesislerinin Urin isleme boéliminde olduk¢a yogun
oldugu, Urin kabul (giris) ve sevk (cikis) alanlarinda ise
uygun hava sirkiilasyonundan dolayr yogunlugun az
oldugu gozlenmistir.

Calismanin Onemi ve Etkisi: Paketleme tesislerindeki
hava kokenli fungal ve bakteriyel mikrobiyotanin hava
hareketleri ile kolayca tasinabilmesi ve havada belli siire
askida kalmasi nedeniyle meyvelerde bozulma ve
clirime gibi belirtilerin ¢ikmasina neden olmaktadir.
Tanilamasi yapilan hava kokenli bazi bakteri tirlerinin
alerjen veya insan patojeni olmalari nedeniyle
paketleme evlerine alinmasi gereken sanitasyon
onlemleri hususunda gerekli bilgilendirmeler yapilmistir.

Anahtar Kelimeler: Turuncgil, paketleme tesi, hasat
sonu hastaliklar, MALDI-TOF, hava/meyve kokenli
mikrobiyota.
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Irrigation effect on some quality characteristics of popcorn (Zea mays everta Sturt.)

Cin misirinin (Zea mays everta Sturt.) bazi kalite 6zelliklerine sulamanin etkisi
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Aims: This study was conducted under Hatay, Turkey ecological conditions
in the second crop season and aimed to determine the effect of irrigation
numbers and amounts on some quality characteristics of popcorn (Zea
mays everta Sturt.)

Methods and Results: Antcin 98 popcorn cultivar was cultivated in Hatay
Mustafa Kemal University Research Area in the second crop season of
2015 under five irrigation managements as follows: (11) 12 times (1757
mm), (12) 8 times (1449 mm), (13) 6 times (1148 mm), (14) 5 times (989 mm)
and (15) 4 times (800 mm). After harvest, quality analysis were carried out
with 4 repetitions for each irrigation treatment and kernel size, crude
protein, crude oil and crude ash ratios were determined. It’s revealed that
all the parameters investigated significantly affected by irrigation
managements. According to the results; the lowest grain size (89.00 grains
10 g!) and the highest crude protein ratio (10.59%) were obtained from
the I5 treatment, while the highest crude ash (2.04%) and crude oil (5.74%)
ratios were obtained from the 14 treatment. It was determined that as the
number of irrigation decreased, the crude protein ratio increased, the
crude ash and crude oil ratios increased to a certain level and then
decreased. With the correlation analysis performed, significant and
positive relationships were determined between kernel size and crude
protein (r = 0.686) and between crude oil and crude ash (r = 0.852).
Conclusions: The results showed that excessive irrigations cannot increase
kernel size, which directly affects the popping volume, which is one of the
most important quality criteria of popcorn, However, the nutritional
values can be changed by applying different irrigation managements. It can
be concluded that under similar growing and climatic conditions, popcorn
can be produced with 5 irrigations and a total of 989 mm of irrigation
water.

Significance and Impact of the Study: The study revealed the effects of
different irrigation numbers and amounts on some quality characteristics
of popcorn grown under second crop season conditions.
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INTRODUCTION

Maize is the world's most important grain product after
wheat and rice. In addition to irrigated areas, it can be
grown in regions with sufficient rainfall. Botanically
known as Zea mays L. and belongs to the Poaceae family
(Imran et al., 2015). Maize is a C4 plant that uses solar
energy and water efficiently and produces high grain
yield and high dry matter from a unit area. Due to the
widespread use and evaluation areas, it has a wide
cultivation area all over the world (Akgali and Sahin,
2016). Corn variation is defined as dent, flint, flour,
sweet, pop and pod corn, according to its kernel type.
These divisions are based on the quality, quantity and
pattern of endosperm composition in the kernel (Brown
and Darah, 1985).

Popcorn (Zea mays everta Sturt.) is a snack food which is
consumed widely all over the world. Its kernel contains
almost entirely hard starch. Besides that, there is a very
hard pericarp and outer layer on the endosperm. In this
way, the popping of kernel are provided by sufficient
internal pressure and temperature. It is separated from
other corn varieties by these characteristics (Karababa,
2006) and it can be easily distinguished by plant and seed
characteristics among other maize varieties (Zulkadir
and idikut, 2021). Popcorn is a nutritionally preferred
food due to the vitamins and minerals it contains. One-
fourth of the corn produced in the world is used in
human nutrition and rest of them are used as animal
feed. In developing countries, 46% of the corn
production is used for animal nutrition, 54% for human
nutrition and as an industrial raw material.

In 2020, corn cultivation was carried out on an area of
202 million hectares and it became the plant with the
highest production amount in the world with more than
1.1 billion tons of production (FAOSTAT, 2022). Maize
production and yield in Turkey increased 183% and 126%
respectively, in last two decades with the development
of the irrigation systems, the widespread use of hybrid
seeds and improvement of the agricultural techniques.
Besides, during this years maize production area
increased 25% from 552k ha to 690k ha, and Turkey
produced 6.5 m tonnes maize with 941 kg da? yield
average (Akcali and Goziibenli, 2020; FAOSTAT, 2022). In
Turkey, popcorn cultivation is carried out on an area of
approximately 8-10 thousand hectares. Although
popcorn was grown intensively in the Aegean and
Mediterranean regions in the previous years, it has been
determined that almost half of the production is carried
out in Kahramanmaras, then in Adana, Mersin, Aydin,
Denizli, Kayseri, Konya, Karaman and Kirsehir provinces
(Oztiirk et al., 2019).
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Cereal grains consist mainly of carbohydrates, which are
in the form of starch, with a significant amount of
protein, some lipids, vitamins and minerals. Genetic and
environmental factors significantly affect these
components’ amounts and quality (Ulger, 1998; Oztiirk
et al., 2020; Oktem, 2021). Park et al. (2000) reported
that kernel physical characteristics, like kernel size,
showed some statistical relationship with chemical
composition of the six popcorn hybrids used in the study.
Tekkanat and Soylu (2005) conducted a field experiment
with 12 popcorn varieties and reported that selection of
cultivar affected significantly crude protein content, and
its varied between 9.42-11.34%. Paraginski et al. (2016)
reported that crude protein, oil and ash contents were
affected significantly from kernel colour, size and shape.
Studies showed that popcorn grains contains 8.1-13.4%
crude protein, 3.8-5.5% crude fat, 61.0-72.0% starch and
0.88-2.00 % ash (Park et al., 2000; Tekkanat and Soylu,
2005; Paraginski et al., 2016).Because popcorn is not
producing in large areas like other varieties of corn,
researches and studies on popcorn have remained in
limited numbers.

This study aims to reveal the effects of irrigation number
and amounts on some quality characteristics of popcorn
and the relationships between them.

MATERIALS and METHODS

Materials

Popcorn cultivar Antcin 98 was grown in Hatay Mustafa
Kemal University Research Area (36°18'19.9"N
36°13'29.4"E, 84 m) in the second crop season of 2015.
The experimental area has a clay loam soil, unsalted
(0.04%), alkaline (7.94%), with low organic matter
(0.66%) content.

Climatic conditions

During the field experiment, monthly average maximum
temperature was 33.9 °Cin August and monthly average
minimum temperature was 17 °C in October. Average
temperatures increased until August and then
decreased. There was no significant precipitation during
the growing period (Table 1).
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Table 1. Monthly average temperature, monthly average minimum temperature, monthly average maximum
temperature and total precipitation values during the field experiment

June July August September October
Average Temperature (°C) 24.4 27.4 29.2 28.2 24.6
Maximum Temperature (°C) 27.1 28.9 33.9 32.1 31.3
Minimum Temperature (°C) 22.6 25.1 25.2 25.5 17.2
Total Precipitaiton (mm) 2.00 0.90 5.00 0.20 106

Hatay Provincial Directorate of Meteorology

Methods

Sowing was handled with 16.2 cm inter-row and 70 cm
intra-row spacing on June 25. Compound fertilizer (15-
15-15) was applied as equivelant of 8 kg da? pure
N,P,0s,K>0. In V6-V7 stages, 10 kg da* N was applied as
urea form. For assessing the effects of irrigation on some
quality characteristics, the plants were irrigated during
the growing period as follows; (11) 12 times (1757 mm),
(12) 8 times (1449 mm), (I3) 6 times (1148 mm), (14) 5
times (989 mm) and (I5) 4 times (800 mm). Irrigations
started when the available water level in the soil fell to
50%. One day before irrigations, soil samples were taken
from the parcels with a soil auger and the amount of
water required to reach the field capacity was calculated
and the water required to reach the field capacity was
given with the help of a meter. Seedling emergence were
observed on July 2 and the harvest was made on October
21. After the cobs harvested separately from each
parcel, they were stored in a refrigerator at +4 °C till the
use for quality analysis. Quality analysis were carried out
with 4 repetitions for each irrigation treatment. Kernel
size was determined according to Ziegler et al. (1984),
which is measured by the number of kernels in 10 grams

Table 2. ANOVA table for studied parameters

and defined as large (52-67), medium (68-75) and small
(76-105). The nitrogen content was determined with
Kjeldahl distillation unit (Behrotest S2, Germany)
according to the Kjeldahl method (AOAC, 1990), and 6.25
was used as a conversion factor for maize (Paraginski et
al., 2016). Crude oil was determined with automatic
soxhlet device (Buchi B-811, Switzerland) using n-
Hexane as solvent. Crude ash ratio was determined with
automatic muffle furnace (Miprolab, Turkey).

Statistical analysis

The data obtained were analysed according to
completely randomized design utilizing R v4 statistics
software and grouped by Duncan multiple range test (p
< 0.05).

RESULTS and DISCUSSION

Variance analysis results were given in Table 2 and it was
determined that kernel size, crude protein, crude oil and
crude ash ratios are significantly affected (p < 0.001) by
irrigation number and amounts.

Source of Variation = Degree of Freedom  Sum of Squares = Mean Squares F Value C.V. (%)
Kernel Size 'Er:r'ift"’” f‘S 21986.'2350 7f '2027 60.88 *** 1.35
Crude Protein 'Errrr'i?t'c’n fS ‘1“51; (1):13 10,65 *** 3.30
Crude Oil 'Er:;ift'c’n ;45 i:ﬁ Séi 290.42 ***  1.86
Crude Ash 'Errr;i?t"’“ ;45 (l):zg gzgi 63.01 *** 5.68

C.V.: Coefficient of Variation,*** p < 0.001

Mean values of the studied parameters were presented
in Table 3. Kernel size ranged from 79.00+0.41 to
89.00+0.58 number 10! g. The smallest kernels were
obtained from I5 which was in another group. Increasing
irrigation did not increase kernel size linearly. However,
in 15, which applied about 200 mm less water than the
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previous irrigation treatment, it was determined that
kernel size decreased significantly. Kernel size is an
important parameter for popcorn. Previous studies
(Pajic and Babic, 1991; Song and Eckhoff, 1994; Singh et
al., 1997; Ceylan and Karababa, 2001) shows that kernel
size significantly affect flake size, which is an indicator of
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popping quality. Jele et al. (2014) reported that there is
a negative relationship between flake size and grain size.
Because of producing more tender flakes with few hulls
when popped, home consumers usually prefer small
yellow types of popcorn (Karababa, 2006; Oztiirk et al.,
2021). The crude protein ratio was found to be
significant  and

10.59+0.09%.

Table 3. Mean values of the studied parameters

ranged

9.36+0.28%-
It was increased as the number and
amount of irrigation increased. The highest protein ratio

between

that crude protein

was determined in I5 (10.59+0.09%), where the least
irrigation was performed, and the lowest protein ratio
was determined in 11 (9.36%0.28%), where the most
irrigation was performed. Park et al. (2000) determined
ranged between 8.1-10.50%.
Josipovic et al. (2014) and Leogrande et al. (2016)
reported the crude protein was not affected significantly
by different irrigation levels. They indicated these
average values of 10.05% and 9.0%, respectively.

Irrigation Kernel Size Crude Protein Crude Oil Crude Ash
Treatments (number 10 g?) (%) (%) (%)

11 79.25+0.63 b 9.3620.28 b 4.18+0.03d 1.18+0.03 ¢
12 79.25+0.63 b 9.52+0.06 b 4.52+0.08 ¢ 1.33£0.02 b
13 80.25+0.48 b 9.4610.06 b 4.70+0.04 b 1.41+0.06 b
14 79.00+£0.41 b 10.14+0.19 a 5.74+0.00 a 2.04+0.06 a
15 89.0040.58 a 10.59+0.09 a 3.80+0.01e 1.3940.01 b
Mean+SEM* 81.35+0.91 9.81+0.13 4.5910.15 1.47+0.07

* SEM: Standard Error of Mean

However, Liu et al. (2013) investigated the effects of five
irrigation levels (102, 178, 254, 356, 457 mm) on the
crude protein of maize and concluded that there were
significant (p < 0.05) effects on maize crude protein
(9.24-11.30%) content. Protein content was reported to
be decreased if the amount of water was above or below
a certain level (Kresovic et al., 2018). These findings were

similar to the present study.

The crude oil ratio was found to be significant and varied
between 3.80+0.01%-5.74+0.00%. It increased up to 14
(5.7410.00%), which is the highest ratio was determined,
while it decreased in 15 (3.80+0.01%), which had the
among applications. Park et al.
stated that popcorn hybrids contained approximately
3.8-4.6% crude oil. Contrary to this study, Liu et al.
(2013), Josipovic et al. (2014) and Leogrande et al. (2016)
indicated irrigation levels had no significant effect on
crude oil ratio of maize. They reported the average crude
oil ratios were 3.36%, 3.77% and 4.59%, respectively.

lowest amount of oil

increased crude oil content and the lower irrigation

levels resulted in a reduction.

As the number and amount of irrigation decreased, the
crude ash ratio increased up to 14 (2.04+0.06%) and
decreased in I5 (1.39+0.01%), where the least water was

applied. Kara et al. (2016) and Kresovic et al. (2018)
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oil ratio (r

reported that irrigation has a significant effect on corn
mineral composition.
According to the correlation matrix provided in Table 4,
the highest significant positive correlation (r=0.852) was
observed between crude oil and ash, followed by
correlation between crude protein and kernel size (r =
0.670). Unlike these results, it was found that crude oil
and kernel size had a significant and negative correlation
(r=-0.584). Saleem et al. (2008) stated that there was a
significantly negative correlation between protein and
-0.597). However, protein ratio was
significantly positive correlated with ash ( r = 0.240)
ratio. Also, ash ratio and oil ratio were significantly
positively correlated. Kahriman et al. (2017) determined
that there was a negative correlation between oil ratio
and protein ratio. Sweley et al. (2012) reported that
there was a positive correlation between thousand grain
weight and oil content (r = 0.467). However, protein and
thousand grain weight showed a negative correlation (r
Kresovic et al. (2018) indicated that full irrigation =-0.160). Park et al. (2000) stated that individual kernel
volume, showed some statistical relationship with
chemical composition of the popcorn hybrids. Kernel
size negatively correlated with oil (r = 0.67) and protein
(r = 0.49). There was no correlation between oil and
protein (r = 0.06).
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Table 4. The correlation coefficients for the parameters

Kernel Size Crude Protein Crude Qil Crude Ash
Kernel Size 1
Crude Protein 0.670™ 1
Crude Oil -0.584™" -0.032 1
Crude Ash -0.155 0.413 0.852"" 1
** < 0.05

In conclusion, considering all the data evaluated, it can
be said that kernel size, which affects popping quality of
popcorn, cannot be increased by excessive irrigation, but
insufficient irrigation can cause significant reduction in
kernel size. The nutritional quality properties such as
crude protein, crude oil and crude ash ratios are also
affected significantly by irrigation. It can be concluded
that the nutritional values can be changed by applying
different irrigation managements and 5 irrigations (989
mm) can be suggested for popcorn production under
similar growing and climatic conditions.

OzET

Amag: Bu arastirma, farkli sulama sayisi ve miktarlarinin
cin misirinin bazi kalite 6zelliklerine etkisini belirlemek
amaciyla Hatay ekolojik kosullarinda ikinci Grin
mevsiminde ylritilmustir.

Yéntem ve Bulgular: Antcin 98 cin misiri ¢esidi Hatay
Mustafa Kemal Universitesi Arastirma Arazisi’nde 2015
yiliikinci Grin mevsiminde (11) 12 kez (1757 mm), (12) 8
kez (1449 mm), (13) 6 kez (1148 mm), (14) 5 kez (989 mm)
and (I5) 4 kez (800 mm) sulanarak yetistirilmistir.
Hasattan sonra kalite analizleri her bir sulama konusu
icin 4 tekrarlamali olarak yiratilmus ve tane iriligi, ham
protein, ham yag ve ham kil oranlari belirlenmistir.
incelenen tim 6zelliklerin sulama yonetimlerinden
onemli derecede etkilendigi belirlenmistir. Elde edilen
sonuclara gore; en disik tane iriligi (89.00 tane 10 g1) ve
en ylksek ham protein orani (%10.59) I5 konusundan
elde edilirken, en yiksek ham kil (%2.04) ve ham yag
(%5.74) oranlari 14 konusundan elde edilmistir. Sulama
sayisi azaldikca ham protein oraninin arttigi, ham kil ve
ham yag oranlarinin ise belirli bir dizeye kadar artarak
sonrasinda azaldigl belirlenmistir. Yapilan korelasyon
analizi sonucuna gore ise tane iriligi ile ham protein orani
(r = 0.686) arasinda ve ham yag ile ham kil orani (r =
0.852) arasinda 6nemli ve pozitif iliskiler tespit edilmistir.
Genel Yorum: Sonuglar, asiri sulama ile cin misirinin
patlamis misirin en dnemli kalite kriterlerinden biri olan
ve patlama hacmini dogrudan etkileyen tane iriligi
ozelliginin  artirnlamayacagini  gostermistir.  Bunun
yaninda, tane besin degerleri farkh sulama uygulamalari
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ile degistirilebilmektedir. Elde edilen veriler, benzer
yetistirme ve iklim kosullarina sahip boélgelerde patlamis
misirin 5 sulama ve yaklasik 989 mm sulama suyu ile
Uretilebilecegini gbstermistir.

Calismanin Gnemi ve Etkisi: Calisma, ikinci Giriin mevsimi
kosullarinda farkli sulama sayisi ve miktarlar ile
yetistirilen cin musirinin bazi kalite 6zelliklerinin nasil
etkilendigini ortaya cikarmistir.

Anahtar Kelimeler: Cin misiri (Zea mays everta Sturt.),
sulama miktari, tane iriligi, ham protein orani, ham yag
orani, ham kil orani.
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Evaluation of population density of diamondback moth (DBM), Plutella xylostella (L.)
(Lepidoptera: Plutellidae) on different canola varieties in Hatay province

Hatay ilinde farkli kanola gesitleri (izerinde lahana yaprak glivesi, Plutella xylostella (L.) (Lepidoptera:
Plutellidae)’nin popiilasyon yogunlugunun degerlendirilmesi
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INTRODUCTION

Canola (oilseed rape), (Brassica napus L.), is an important
oil crop grown for use in animal feed consumption,
vegetable oil and biodiesel production worldwide
(Raymer, 2002; Karaosmanoglu, 2004). Canola is the
second largest oilseed crop providing 13% of the world’s
supply. Seeds of these species commonly contain 40% or
more oil and produce meals containing 35-40% protein
(Raymer, 2002). Many insect species causing damage to
canola have been reported by researchers (Lamb, 1989;
Talekar and Shelton, 1993; Brown et al., 1999; Gavloski
et al., 2000; Atakan et al., 2005; Gu et al., 2007; Demirel,
2009). The diamondback moth (DBM), Plutella xylostella
(L.) (Lepidoptera: Plutellidae), is a worldwide pest of
brassica vegetable and oilseed crops (Scarisbrick and
Daniels, 1986; Shahidi, 1990; Talekar and Shelton, 1993;
Capinera, 2002; Raymer, 2002; Mosiane et al., 2003;
Wilkerson et al., 2005; Furlong et al., 2008; Zalucki et al.,
2012; Furlong et al., 2013; Saran and Geng, 2021). Adults
are 12-13 mm long with fringed wings and brown
(Talekar and Shelton, 1993; Capinera, 2002; Atay et. al.,
2019). The larvae feed on the leaves of canola during the
vegetative crop stage on growing tips during the bolting
stage and on the flower and pods during the
reproductive growth stages causing poor pod filling and
reduced yield (Talekar and Shelton, 1993; Mosiane et al.,
2003). The larvae caused crop losses of more than 90%
(Zalucki et al., 2012) and 100% crop losses on cabbages
(Mkize, 2003). The DBM is difficult to control with

insecticides because it develops rapidly through an
ongoing series of overlapping generations and has great
ability to evolve resistance to insecticides (Talekar and
Shelton, 1993). The pheromone traps, sweep net
sampling and individual plant examinations can be used
to monitor the DBM on the different host plants (Talekar
and Shelton, 1993). Sweep net sampling can determine
the presence and general abundance of the species on
host plants (Talekar and Shelton, 1993). The sweep net
is very widely used for collecting different insect species
on different types of vegetation (Southwood, 1978).
Sweep net sampling has strong advantages of ease of
use, the ability to sample different vegetation and the
relatively low cost and also can be particularly useful
when comparing relative numbers of insects over time
(Southwood, 1978). The purpose of this study was to
evaluate population density of diamondback moth,
Plutella xylostella (L.) (Lepidoptera: Plutellidae) on
different canola varieties in Hatay province.

MATERIALS and METHODS

Surveys were conducted in 2007-2009 in canola fields in
Hatay province of Turkey. In 2007, samples were collected
from five different canola fields with 'Hydromel', 'Elvis',
'Sarl', 'Lycosmos' and 'Sory' cultivars (Table 1). In 2008,
field work was carried out on eleven canola fields with
‘Elvis', 'Sarl', 'Hunter' and 'Lycosmos' cultivars. In
addition, in 2009, study was carried out in one canola
field with 'Elvis' cultivar.

Table 1. Sampling of P. xylostella on different localities, canola varieties, planted area (da) and sampling year in Hatay

province
Localities Varieties Planted area (da) Sampling year
Atcana | Hydromel 9 2007
Atcanal ll Elvis 40 2007
Atgana lll Sari 30 2007
Kayiboyu Lycosmos 80 2007
Kumlu Sory 30 2007
Atcana | Elvis 40 2008
Atcana ll Elvis 30 2008
Atcana lll Elvis 30 2008
Demirkopru | Sari 9 2008
Demirkopru | Hunter 9 2008
Demirkopra Il Sari 15 2008
Demirkopra Il Lycosmos 16 2008
Demirkopra Il Hunter 8 2008
Demirkopra Il Sari 45 2008
Demirkopri 1l Hunter 5 2008
Demirkopri IV Sari 40 2008
Atcana Elvis 50 2009
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Samples were collected by sweep-net every fifteen days
in 2007 and 2008 and were collected weekly in 2009.
Samplings were done by using a 45-cm diameter sweep-
net, taking 25 (back-forth) sweep samples per site. All
samples were done by the same person, usually a straight
line transect across the sample site. Samples were
immediately placed into (0.5 L) plastic jars containing
96% ethyl alcohol and returned to the lab for evaluation.
The diamondback moth larvae were sorted out from
plant materials, counted and recorded for each of the
sampling locality and canola variety. All data were

analyzed by analysis of variance (ANOVA) with using the
SAS software (SAS Institute Inc., 1998).

RESULTS and DISCUSSION

Population density of P. xylostella varied in each of the
sampling year and variety of canola. In the first year, the
sweep-net sampling was conducted on five different
canola varieties and a total of 348 DBM larvae were
caught by sweep-net (Figure 1). The population density
of this pest was varied during the sampling period.
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Figure 1. Mean (+SE

The largest mean of catches by sweep-net were
recorded on 15 May (38.8), followed by 24 April (12.4), 6
April (10.6) and 23 March (7.8), respectively.

Population density of the DBM larvae was varied for
each of the sampled canola variety (Figure 2). The

) of DBM larvae caught by sweep-net on canola varieties in Hatay province

largest mean of the DBM larvae were caught by sweep-
net on variety of ‘Lycosmos’ with 30.75, followed by
variety of ‘Sari’ with (17.25), ‘Hydromel’ with (16.25),
‘Elvis’ with (13.50), ‘Sory’ with (9.25), respectively.
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In the second vyear, the sweep-net sampling was
conducted on four different canola varieties in eleven
canola fields. A total of 1009 DBM larvae were caught by
sweep-net (Figure 3). Population density of the pest was
varied during the sampling period. The largest mean of

catches by sweep-net were recorded on 10 April (43.64),
followed by 07 May (18.18), 27 March (16.09), 24 April
(10.09), 14 May (2.27), 13 March (1.36) and 28 February
(0.09), respectively.
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Figure 3. Mean (+SE) of DBM larvae caught by sweep-net on canola varieties in Hatay province

The population density of DBM larvae was varied for
each of the sampled canola variety (Figure 4). The largest
mean of DBM larvae were caught by sweep-net on
variety of ‘Elvis’ (Atcana Ill) with 23.00, followed by
variety of ‘Hunter’ (Demirképri 1) with 21.57, ‘Sar’
(Demirkopri 1) with 18.43, ‘Lycosmos’ (Demirkopru Il)

with 16.86, ‘Elvis’ (Atgana II) with 16.43, ‘Sar’
(Demirkopri 1) with 13.14, ‘Elvis’ (Atcana 1) with 12.86,
‘Hunter’ (Demirképrid 1I) with (10.86), ‘Hunter’
(Demirképri 1) with 5.43, ‘Sari’ (Demirkopri IV) with
3.14, and ‘Sarr’ (Demirkopru Ill) with 2.43, respectively.
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Figure 4. Mean (+SE) of DBM larvae caught by sweep-net on canola varieties in Hatay province

In the third year, the sweep-net sampling was conducted
at one canola variety. A total of 75 DBM larvae were
caught by sweep-net (Figure 5). The population density
of this pest was varied during the sampling period. The
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largest number of catches by sweep-net were recorded
on 22 April (31), followed by 20 May (14), 29 April (10),
15 April (8), 1 April (6), 8 April (2) and 6 May (2), 13 May
and 27 May (1), respectively.
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Figure 5. Mean (+SE) of DBM larvae caught by sweep-net on canola variety in Hatay province

The diamondback moth is a significant pest of brassica
vegetables and oilseed crops (Calderson and Hare, 1986;
Philip and Mengersen, 1989; Talekar and Shelton, 1993;
Dosdall, 1994; Capinera, 2002; Mkize, 2003; Mosiane et
al.,, 2003; Wilkerson et al., 2005; Furlong et al., 2008;
Zalucki et al., 2012, Furlong et al., 2013). The seasonal
population dynamics of P. xylostella on brassica vegetables was
studied by Sachan and Srivastava (1972) and Jayarathnam
(1977). The highest larval population density was recorded
during February-March and August-September. In addition,
Kuwahara et al. (1996) recorded consistently high larval
populations during March—-May. Moreover, Nagarkatti and
Jayanth (1982) and Ahmad and Ansari (2010) reported the
population density of larva was higher during July-September
than other seasons.

In conclusions, the diamondback moth is an important
pest of brassica vegetable and oilseed crops in Turkey.
After three years of the study, the population density of
the pest varied in each of the sampling year and variety
of canola. In 2007, a total of 348 DBM larvae were caught
by sweep-net on five different canola varieties and
canola fields. The largest mean of DBM larvae catches by
sweep-net were recorded on 15 May on variety of
‘Lycosmos’. In 2008, A total of 1009 DBM larvae were
caught by sweep-net on four different canola varieties
and eleven canola fields. The largest mean of catches by
sweep-net were recorded on 10 April on variety of ‘Elvis’
(Atgana Ill), followed by variety of ‘Hunter’ (Demirkopri
1), ‘Sari’ (Demirkopri 1), ‘Lycosmos’ (Demirkopri I1). In
2009, a total of 75 DBM larvae were caught by sweep-
net on canola variety. The largest number of DBM larvae
catches by sweep-net were recorded on 22 April,
followed by 20 May. The highest number of the DBM
larvae were caught by sweep-net in May, following in
April in three years. In addition, the highest number of

the DBM larvae were caught by sweep-net on variety of
‘Lycosmos’, followed by ‘Elvis’, and ‘Sari’ cultivars. The
highest number of the DBM larvae were caught by
sweep-net in May, following in April during the sampling
period. In addition, the highest number of the DBM
larvae were caught by sweep-net on variety of
‘Lycosmos’, following by ‘Elvis’, and ‘Sari’ cultivars.

OzZET

Amag: Hatay ilinde farkli kanola cesitleri tGizerinde lahana
yaprak glvesi, Plutella xylostella (L.) (Lepidoptera:
Plutellidae)’nin popiilasyon yogunlugunun
degerlendirilmesi

Yéntem ve Bulgular: Calisma 2007-20009 yillarinda Hatay
ilinde farkh kanola cesitleri Uzerinde lahana yaprak
glvesi poplilasyon yogunlugunun degerlendirilmesi
amaciyla yurutllmuistir. Calisma alti farkh kanola
'Hydromel', 'Elvis', 'Sari', 'Lycosmos', 'Hunter' ve 'Sory'
cesitlerinde yuritilmustir. Orneklemeler her kanola
tarlasindan 45 cm ¢apinda atrapla 25 (ileri-geri) seklinde
alinmistir. Lahana yaprak gilivesi larvalarinin popllasyon
yogunlugunu degerlendirmek icin 6rnekleme vyeri ve
kanola cesidine gore bitki materyallerinden segilmis,
sayllmis ve kaydedilmistir. Calismadan lg¢ yil sonra,
zararlinin popilasyon yogunlugu, ornekleme yili ve
kanola gesidinin her birinde degisiklik gdstermistir. 2007
yiinda bes farkli kanola cesidi ve kanola tarlasindan
toplam 348 adet lahana yaprak glivesi larvasi atrap ile
yakalanmistir. Atrap tarafindan tarafindan yakalanan
lahana yaprak glivesinin larvalarinin en biiylk ortalamasi
15 Mayis'ta 'Lycosmos' cesidinde kaydedildi. 2008 yilinda
dort farkli kanola gesidinde ve on bir kanola tarlasinda
toplam 1009 adet lahana yaprak glivesi larvasi atrap ile
yakalanmistir. Atrap ile en yiksek ortalama yakalama 10
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Nisan'da 'Elvis' (At¢ana lll) cesidinde kaydedilirken, bunu
'Hunter' (Demirkopri 1), 'Sarl' (Demirkopri 1), 'Lycosmos'
(Demirkopri 1) izlemistir. 2009 yilinda kanola gesidinde
toplam 75 adet lahana yaprak gilvesi larvasi atrap ile
yakalanmistir. Atrap ile en fazla sayisi lahana yaprak
glvesi larvasi 22 Nisan'da yakalanmis, bunu 20 Mayis
takip etmistir.

Genel Yorum: (¢ yil boyunca, atrap ile en yiksek sayida
DBM larvalari Mayis ayinda yakalanmis olup, bunu Nisan
ayi takip etmistir. Ayrica atrap ile en fazla lahana yaprak
glvesi larvasi 'Lycosmos' cesidinde yakalanmis, bunu
‘Elvis' ve 'Sari' ¢esitleri izlemistir.

Calismanin Onemi ve Etkisi: Lahana yaprak giivesi
Tirkiye'deki Brassicaceae familyasina ait sebze ve yagh
tohum bitkilerinde énemli bir zararlidir. Ornekleme
sliresince atrap ile en yiksek sayida lahana yaprak glvesi
larvasi Mayis ayinda yakalanmis olup bunu Nisan ayi
takip etmistir. Ayrica atrap ile en fazla sayida lahana
yaprak givesi larvasi 'Lycosmos' ¢esidinde yakalanmis,
bunu 'Elvis' ve 'Sari' gesitleri izlemistir.

Anahtar Kelimeler: Lahana vyaprak glvesi, Plutella
xylostella, kanola , Hatay.
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Kirmizi biber [Capsicum annuum L. var. conoides (Mill.) Irish] hibritlerinde verim, toplam ¢ozlinebilir madde
ve kuru madde yoniinden heterosis, heterobeltiosis ve dominans etkisinin belirlenmesi
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Aims: The aim of this study is to estimate heterosis, heterobeltiosis and
dominance effect on yield, total soluble solid and dry matter of capia type
red pepper.

Methods and Results: In this study 11 capia type red pepper parents and
47 hybrids obtained from crosses of these parents were used as materials.
Heterosis in fresh fruit yield ranged from -48.23 to 80.68. The highest
heterosis were recorded for 209 YKB (80.68%), 239 YKB (60.35%), 225 YKB
(56.97%) and 195 YKB (55.30%), respectively. Heterosis rates of F1
changed between -33.70 and 30.98 in terms of total soluble solid. The
highest heterosis rates was found in 218 YKB. In terms of dry matter,
highest heterosis rate was calculated as 66.67% in 195 YKB. As a result of
the study, 39-H-2, 43-H-6 and 45-H-5 were determined as the best parents
giving the highest heterosis rates in crosses.

Conclusions: In this study, heterosis rates were highly positive direction in
terms of all three characteristics. The use of heterosis can be indicated as
a practical method to increase yield and other economic characteristics in
peppers.

Significance and Impact of the Study: These results can be used to
determine the varieties that become prominent in terms of desired
characteristics.
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INTRODUCTION number of seeds etc. (Kanal and Balkaya, 2021).

Heterosis is expressed as an agricultural phenomenon, in

Pepper (Capsicum annum, L.) is an important vegetable
crop that is widely grown in Turkey. Turkey is the fourth
major pepper producer after China, Mexico and
Indonesia in the world (Anonymous, 2020). Pepper used
in many forms, such as fresh or cooked vegetables, herbs
or spices, and various kinds of processed products. The
level of phenotypic diversity within pepper populations
is quite high. The factors that reveal the diversity are due
to features such as fruit shape, color, bitterness rate in
fruit, fruit flesh thickness, fruit flesh color, fruit size and

which growth, productivity, earliness, quality and other
features of hybrid genotypes are superior compared to
their parents. While heterosis is defined as the hybrids
having higher average values than their parents,
heterobeltiosis is the superiority of hybrids over the
parents with the highest values. Heterosis may also
occur in negative sense depending on the used features
which are highlighted (Yilmaz and Sari, 2002). Heterosis
has been widely used in agriculture to increase yield and
to broaden adaptability of hybrid varieties and applied
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to increasing number of crop species (Shresta et al.,
2011). High yielding pepper varieties are very important
in increasing crop productivity to meet consumer
demands (Ganefianti and Fahrurrozi, 2018). It has also
been applied to the expression of adaptive traits such as
increased fertility and resistance to biotic and abiotic
stress. Maximum heterosis is observed in the F1, but the
superiority of the progeny over their parents is
progressively lost in subsequent generations obtained
through successive selfing (Khalil and Hatem, 2014).
Hybridization breeding also has the advantage of
combining desirable horticultural and resistance traits
faster than conventional pure line and pedigree
selection, as it allows the combination of dominantly
inherited traits (Naves et al., 2022)

The manifestation of heterosis can be due to different
factors like: heterozygosity; different allelic interaction
(dominance or over dominance); non-allelic or epistasis
interactions. Information regarding the inheritance of
different traits is very important to design the suitable
breeding programs and orientation of selection in
different segregant populations. In this regard,
dominance effect (potence ratio) can be an effective tool
in determining the type and direction of dominance
(Soames et al., 2021)

Several studies have been conducted on heterosis in F1
hybrids of pepper in recent years. Pérez-Grajales et al .
(2009) were found the highest heterosis relative to the
best parent in the cross ‘Zongolica x Puebla’ for fruit yield
(51%). Shresta et al. (2011) used 23 hybrid and their
parents to determine heterosis. For fruit number per
plant, out of 23 tested hybrids, 20 hybrids showed
superiority to their parents. Out of 23 hybrids tested, 8
hybrids showed the negative heterobeltiosis on fruit
number per plant. Bhutia et al. (2015), found that five
genetically diverse parents selected out of twenty two
genotypes of diverse origin through multivariate
analysis. They were crossed in diallel fashion without
reciprocals to produce 10 F1 hybrids to determine mode
of gene action,extent of heterosis and dominance effect,
and to estimate combining ability for 14 quantitative
characters. The predictability ratio revealed
overwhelming response of non-additive gene action in
controlling theexpression of fresh fruit yield per plant
and most of the yield components. Rao et al. (2017)
determined heterosis rates in terms of yield and some
characteristics affecting yield in 33 hybrids obtained by
using 3 lines and 11 testers in bell pepper. Accordingly,
the highest heterosis rates were determined as 77.27%
for fruit number per plant, 131.82% for fruit weight per
plant, and 43.72% for average fruit weight. Abrham et al.
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(2017) found mid and better parent heterosis of the
fresh fruit yield ranging from -38.63 to 97.66% and from
-47.24 to 80.44%, respectively. Chakrabarty et al. (2019),
stated that the highest heterosis rate of fresh fruit yield
as 121.68%.

The aim of this study is to estimate heterosis,
heterobeltiosis and dominance effect on vyield, total
soluble solid and dry matter of capia type red pepper.

MATERIALS and METHODS

Material

Eleven parents from different heterotic groups with high
general adaptability in the Black Sea Agricultural
Research Institute pepper breeding gene pool and 47
hybrid combinations that obtained from these parents
were used as material. Morphological features of
parents presented in Table 1. Hybrid combination and
parents listed in Table 2. The study was carried out in
2018 on the research plots of Black Sea Agricultural
Reseach Institute (Samsun, Turkey). Seeds of all studies
carried out in the trial area were sown in the first week
of April. Peat and perlite mixture was prepared at a ratio
of 3:1 as seedling growing medium and vermiculite was
used as covermedium. Cultural processes such as
fertilization and spraying were applied during the
seedling growing period. Experimental areas were
prepared with mulch, embankment and drip irrigation
system, and plantings were generally done at the end of
May in 100X50X40 cm double row plots with 20 plants.
In all the studies carried out, the maintenance
procedures (fertilization, weed control, irrigation etc.)
were carried out regularly during the vegetation period.

Analytical methods

Total soluble solids (TSS) were determined by an
refractometer at 20 °C and expressed with °Brix. For this,
the puree obtained by crushing the pieces taken from
different parts of the similar fruits taken from each line
was measured in a refractometer. In the determination
of dry matter, 5 similar fruits taken from each line were
kept in an oven at 55 °C until dry. Dry matter was
determined as [100 x (dry weight/fresh weight)] and
expressed with %. For the average yield (kg da), the
yields of the plants harvested once a week were
recorded. The yields of the parcels were determined
cumulatively after harvest. The yield per decare was
calculated from the yield per parcel, and the yield per
decare was taken into account in the analysis of the data.
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Table 1. Morphological features of parents
Tablo 1. Ebeveynlerin morfolojik 6zellikleri

parent Fruit weight Fruit diameter Fruit length Pericarp Fruit color at
(g) (mm) (cm) thickness (mm) mature stage
39 H-1 162.00 48.29 23.62 4.25 Red
39 H-2 97.70 46.53 16.62 3.15 Red
39 H-16 91.70 44.61 12.5 3.59 Red
43-H-3 171.30 60.14 20.75 3.59 Red
43-H-6 123.9 55.70 13.7 5.00 Red
45 H-5 104.80 38.9 18.84 3.58 Red
66 YM-8 124.00 44.68 13.8 5.39 Red
29-2-2-3 81.11 31.84 16.37 5.01 Red
29-2-2-3-1 104.30 50.48 14.87 3.48 Red
10 YM-4-2 106.10 46.76 13.0 5.51 Red
12YM-3-2 109.65 42.42 13.20 3.34 Red

Table 2. Hybrid combination and hybrid codes obtained from crosses
Tablo 2. Melezlemelerden elde edilen hibrit kombinasyonlari ve kodlari

Hybrid code Hybrid combination Hybrid code Hybrid combination
180 YKB 39-H-1 X 29-2-2-3 210 YKB 43-H-6 X 39-H-2

181 YKB 39-H-1 X 29-2-2-3-1 211 YKB 43-H-6 X 43-H-3

182 YKB 39-H-1 X 39-H-2 215 YKB 45-H-5 X 66 YM-8

183 YKB 39-H-1 X 39-H-16 216 YKB 45-H-5 X 10 YM-4-2
185 YKB 39-H-1 X 45-H-5 218 YKB 45-H-5 X 39-H-16

188 YKB 39-H-1 X 66 YM-8 219 YKB 45-H-5 X 12 YM-3-2
189 YKB 39-H-2 X 10 YM-4-2 220 YKB 66 YM-8 X 39 H-16

190 YKB 39-H-2 X 12 YM-3-2 221 YKB 29-2-2-3 X 66 YM-8
191 YKB 39-H-2 X 29-2-2-3 223 YKB 29-2-2-3 X 39-H-16

192 YKB 39-H-2 X 29-2-2-3-1 224 YKB 29-2-2-3-1 X 10 YM-4-2
193 YKB 39-H-2 X 43-H-3 225 YKB 29-2-2-3-1 X 12 YM-3-2
194 YKB 39-H-2 X 43-H-6 226 YKB 29-2-2-3-1 X 29-2-2-3
195 YKB 39-H-2 X 45-H-5 227 YKB 29-2-2-3-1 X 39 H-1
197 YKB 39-H-16 X 45-H-5 228 YKB 29-2-2-3-1 X 39 H-2
198 YKB 39-H-16 X 39-H-1 229 YKB 29-2-2-3-1 X 39 H-16
199 YKB 43-H-3 X 10 YM-4-2 230 YKB 29-2-2-3-1 X43 H-3
200 YKB 43-H-3 X 12 YM-3-2 231 YKB 29-2-2-3-1 X43 H-6
201 YKB 43-H-3 X 29-2-2-3-1 233 YKB 29-2-2-3-1X66 YM 8
202 YKB 43-H-3 X 39-H-1 239 YKB 10-YM-4-2 X 12 YM-3-2
203 YKB 43-H-3 X 39-H-16 240 YKB 10-YM-4-2 X 29-2-2-3-1
205 YKB 43-H-3 X 43-H-6 241 YKB 10-YM-4-2 X 43-H-3
207 YKB 43-H-3 X 66-YM-8 242 YKB 10-YM-4-2 X 45-H-5
208 YKB 43-H-6 X 10 YM-4-2 243 YKB 10-YM-4-2 X 43-H-6
209 YKB 43-H-6 X 29-2-2-3-1

Determination of heterosis, heterobeltiosis and
dominance effect

Heterosis (H1) and heterobeltiosis (H2) were calculated
with the formula below.

a) H1 (%) = F1-MP/MP*100, where F1=mean value
of the hybrid population; MP = mid-parent

b) H2 (%) = F1-BP/BP*100, where F1= mean value
of the hybrid population; BP = better-parent

The dominance estimates (D.E.) also referred as
“potence ratio” was computed using the following
formula as suggested by Bhutia et al. (2015).
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c) D.E. = F1- MP/0.5 x P2— P1, where F1= mean
value of the hybrid population; MP = mid-parent; P2=
mean of the highest parent; P1= mean of the lowest
parent.

Evaluation of data and statistical analysis

Trials were set up in randomized blocks with 3
replications. The data obtained by examining the yield
and technological properties of the materials used were
evaluated by subjecting them to the SAS-JMP 5.0.1
statistical program and the statistically significant
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criteria were grouped with the Duncan multiple RESULTS and DISCUSSION
comparison test.

Yield
Heterosis, heterobeltiosis and dominance effect data on
yield of pepper are presented in Table 3.

Table 3. Heterosis, heterobeltiosis and dominance effect on yield of pepper
Tablo 3. Biberde verim yéniinden heterosis, heterobeltiosis oranlari ve dominans etkisi

Yield (kg da?)

Hybrid code ) P2 F1 MP Heterosis  Heterobeltiosis ~ DE
180 YKB 573521 4809.50  6359.96 c-m 527235  20.63 10.89 235
181 YKB 573521 434291  6897.24 a-h 5039.06  36.88 20.26 2.67
182 YKB 573521 6160.04  7416.68 a-d 5947.62  24.70 20.40 6.92
183 YKB 573521  6982.92  6988.28 a-g 6359.06  9.89 0.08 1.01
185 YKB 573521 6733.02  7434.53 a-d 623411 19.26 10.42 2.41
188 YKB 573521 5164.01  6384.95 c-| 544961 17.16 11.33 3.28
189 YKB 6160.04 535893  6358.17 c-m 5759.48  10.39 3.22 1.49
190 YKB 6160.04 233478  6379.59 c-| 424741  50.20 3.56 1.11
191 YKB 6160.04 4809.50 4494.63q-w 548477  -18.05 -27.04 -1.47
192 YKB 6160.04 434291  6845.48 a-| 525147  30.35 11.13 1.75
193 YKB 6160.04 5308.59  7580.72 abc 573431  32.20 23.06 434
194 YKB 6160.04 6733.02 5417.48j-s 644653  -15.96 -19.54 -3.59
195 YKB 6160.04 3096.98  7188.20 a-e 462851  55.30 16.69 1.67
197 YKB 698292 6733.02 7984.31a 6857.97  16.42 14.34 9.01
198 YKB 6982.92 573521  7081.10 a-f 6359.06 11.35 1.41 1.16
199 YKB 530859 5358.93  6772.29 a-| 5333.76  26.97 26.37 57.16
200 YKB 530859 434291  5633.46 h-q 482575  16.74 6.12 1.67
201 YKB 530859 434291  5938.70 e-0 482575  23.06 11.87 2.30
202 YKB 530859 573521 7013.27 a-g 5521.90 27.01 22.28 6.99
203 YKB 530859  6982.92  5829.81f-p 6145.76  -5.14 -16.51 -0.38
205 YKB 530859  3096.98  5431.76j-s 420278  29.24 232 1.11
207 YKB 530859 5164.01  4730.25 0-v 523630 -9.66 -10.89 -7.00
208 YKB 3096.98 5358.93  4944.45 n-v 422795 16.95 7.73 0.63
209 YKB 3096.98 434291  6721.24 a- 3719.94  80.68 54.76 4.82
210 YKB 309698 6160.04 6072.57 e-n 462851  31.20 1.42 0.94
211 YKB 3096.98  5308.59  5369.28 k-s 420278 27.76 1.14 1.05
215 YKB 6733.02 5164.01  6646.45 b-k 594851 11.73 -1.29 0.89
216 YKB 6733.02 535893  6176.10 d-n 604597  2.15 -8.27 0.19
218 YKB 6733.02 6982.92 6254.64d-m  6857.97 -8.80 -10.43 -4.83
219 YKB 6733.02 233478  5883.36fp 453390 29.76 -12.62 0.61
220 YKB 5164.01 6982.92  3953.78 u-y 6073.46  -34.90 -43.38 233
221 YKB 4809.50 5164.01 427472 s-y 4986.75  -14.28 -17.22 -4.02
223 YKB 4809.50 6982.92  628856d-m 589621  6.65 -9.94 0.36
224 YKB 434291 535893  4081.94 t-y 485092  -15.85 -23.83 151
225 YKB 434291 233478  5241.12 |t 3338.84  56.97 20.68 1.89
226 YKB 434291 4809.50 624036d-m 457620  36.37 29.75 7.13
227 YKB 434291 309698 5083.68m-u  3719.94  36.66 17.06 2.19
228 YKB 434291 535893 465528 p-w 485092  -4.03 -13.13 -0.39
229 YKB 434291 6982.92  5706.65 h-q 566291  0.77 -18.28 0.02
230 YKB 434291 530859 4487.49q-w 482575  -7.01 -15.47 -0.70
231 YKB 434291 309698  4289.36 s-y 3719.94 1531 123 0.91
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Table 3 (devami). Heterosis, heterobeltiosis and dominance effect on yield of pepper
Tablo 3 (continued). Biberde verim yéniinden heterosis, heterobeltiosis oranlari ve dominans etkisi

233 YKB
239 YKB
240 YKB
241 YKB
242 YKB
243 YKB

4342.91 5164.01  4205.46 s-y 4753.46  -11.53 -18.56 -1.33
5358.93 233478 6168.42d-n 3846.85  60.35 15.11 1.54
5358.93 4342091 2511.50z 4850.92  -48.23 -53.13 -4.61
5358.93 5308.59  4734.53 o-v 5333.76  -11.23 -11.65 -23.81
5358.93 3096.98  3082.34 xyz 422795  -27.10 -42.48 -1.01
5358.93 3096.98  5403.20 k-s 422795 27.80 0.83 1.04

P1: Parent 1, P2: Parent 2, MP: Mid parent, DE: Dominance effect

Total soluble solid
Heterosis, heterobeltiosis and dominance effect data on
total soluble solid of pepper are shown in Table 4.

Table 4. Heterosis, heterobeltiosis and dominance effect on total soluble solid (TSS) of pepper
Table 4. Biberde toplam kuru madde yéniinden heterosis, heterobeltiosis oranlari ve dominans etkisi

TSS (Brix°)

Hybrid code P1 P2 F1 MP Heterosis Heterobeltiosis DE

180 YKB 6.80 6.08 6.13d-s 6.44 -4.85 -9.93 -0.86
181 YKB 6.80 7.05 6.85 b-j 6.93 -1.08 -2.84 -0.60
182 YKB 6.80 5.70 6.55 b-n 6.25 4.80 -3.68 0.55
183 YKB 6.80 5.70 5.95 g-s 6.25 -4.80 -12.50 -0.55
185 YKB 6.80 7.05 7.70 ab 6.93 11.19 9.22 6.20
188 YKB 6.80 6.35 7.10 b-g 6.58 7.98 4.41 2.33
189 YKB 5.70 6.33 6.85 b-j 6.01 13.93 8.30 2.68
190 YKB 5.70 5.85 6.00 f-s 5.78 3.90 2.56 3.00
191 YKB 5.70 6.08 6.75 b-k 5.89 14.65 11.11 4.60
192 YKB 5.70 7.05 5.20 o-t 6.38 -18.43 -26.24 -1.74
193 YKB 5.70 6.60 4.98 st 6.15 -19.11 -24.62 -2.61
194 YKB 5.70 4.95 5.08 g-t 5.33 -4.69 -10.96 -0.67
195 YKB 5.70 7.05 6.13d-s 6.38 -3.92 -13.12 -0.37
197 YKB 5.70 7.05 5.43 m-t 6.38 -14.90 -23.05 -1.41
198 YKB 5.70 6.80 6.20 c-r 6.25 -0.80 -8.82 -0.09
199 YKB 6.60 6.33 6.65 b-l 6.46 2.90 0.76 1.36
200 YKB 6.60 5.85 5.95 g-s 6.23 -4.42 -9.85 -0.73
201 YKB 6.60 7.05 6.40 c-0 6.83 -6.23 -9.22 -1.89
202 YKB 6.60 6.80 7.18 a-f 6.70 7.09 5.51 4.75
203 YKB 6.60 5.70 6.63 b-m 6.15 7.72 0.38 1.06
205 YKB 6.60 4.95 7.00 bg 5.78 21.21 6.06 1.48
207 YKB 6.60 6.35 6.40 c-0 6.48 -1.16 -3.03 -0.60
208 YKB 4.95 6.33 7.10 b-g 5.64 25.94 12.25 2.13
209 YKB 4.95 7.05 6.45 c-n 6.00 7.50 -8.51 0.43
210 YKB 4.95 5.70 5.53 |-t 5.33 3.76 -3.07 0.53
211 YKB 4.95 6.60 5.55 k-t 5.78 -3.90 -15.91 -0.27
215 YKB 7.05 6.35 6.28 c-q 6.70 -6.34 -10.99 -1.21
216 YKB 7.05 6.33 7.35 abc 6.69 9.91 4.26 1.83
218 YKB 7.05 5.70 8.35a 6.38 30.98 18.44 2.93
219 YKB 7.05 5.85 6.35 c-p 6.45 -1.55 -9.93 -0.17
220 YKB 6.35 5.70 6.73 b-l 6.03 11.62 5.91 2.15
221 YKB 6.08 6.35 6.65 b-l 6.21 7.04 4.72 3.18
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Table 4 (devami). Heterosis, heterobeltiosis and dominance effect on total soluble solid (TSS) of pepper
Table 4 (continued). Biberde toplam kuru madde yéniinden heterosis, heterobeltiosis oranlari ve dominans etkisi

223 YKB 6.08 5.70 5.70 1-t 5.89
224 YKB 7.05 6.33 6.48 c-n 6.69
225 YKB 7.05 5.85 6.90 b-i 6.45
226 YKB 7.05 6.08 6.23 c-q 6.56
227 YKB 7.05 6.80 6.70 b-| 6.93
228 YKB 7.05 5.70 5.18 p-t 6.38
229 YKB 7.05 5.70 6.10 d-s 6.38
230 YKB 7.05 6.60 4531 6.83
231 YKB 7.05 4.95 5.95g-s 6.00
233 YKB 7.05 6.35 6.60 b-n 6.70
239 YKB 6.33 5.85 5.65j-t 6.09
240 YKB 6.33 7.05 6.30 c-p 6.69
241 YKB 6.33 6.60 6.88 b-I 6.46
242 YKB 6.33 7.05 7.30 a-d 6.69
243 YKB 6.33 4.95 5.40 n-t 5.64

-3.18 -6.17 -1.00
-3.18 -8.16 -0.59
6.98 -2.13 0.75
-5.14 -11.70 -0.69
-3.25 -4.96 -1.80
-18.82 -26.60 -1.78
-4.31 -13.48 -0.41
-33.70 -35.82 -10.22
-0.83 -15.60 -0.05
-1.49 -6.38 -0.29
-7.19 -10.67 -1.84
-5.79 -10.64 -1.07
6.38 4.17 3.00
9.16 3.55 1.69
-4.21 -14.62 -0.35

P1: Parent 1, P2: Parent 2, MP: Mid parent, DE: Dominance effect

When the trial was examined in terms of total soluble
solid (TSS), the °Brix values changed between 8.35 and
4.52, and the difference was statistically significant
(Table 4). The highest brix value was measured at the
rate of 8.35% in 218 YKB F1. The °Brix of these varieties
was within the range commonly reported for sweet
peppers. This result is similar to Ferreira et al. (2012)
who stated that the total soluble solids of sweet pepper
ranged between 6.37 and 8.45°Brix in their study.
Heterosis rates of F1 changed between -33.70 and
30.98%. The highest heterosis rates was found in 218
YKB. These heterosis rates are similar to AlBallat et al.
(2019). Rodrigues et al. (2012) were found the highest
heterosis rate as 12.93% in terms of TSS. While the
number of heterosis in the negative direction was
determined as 27, the number of heterosis in the
positive direction was determined as 20 in terms of TSS.
Considering the standard heterotic effects, the number
of crosses having significant heterosis in desired

direction is more than that of the crosses with heterosis
in undesired direction for most of the traits is strongly
suggesting that the genes with desired effect were
dominating. The negative heterosis are seen in some of
the crosses may be based to non-allelic interaction which
can either increase or decrease the expression of
heterosis (Rao et al., 2017). Heterobeltiosis rates for TSS
on F1 changed from -35.82 to 18.44%. Heterosis
compares the mean values of the two parents, whereas
heterobeltiosis compares the best performance value of
the parents (Sahid et al., 2020). Therefore, it is expected
that heterobeltiosis rates are lower than heterosis rates.
The over dominance has been associated with positive
alleles in hybrids that exceed +1 and with negative alleles
in hybrids that exceed -1.

Dry matter
Heterosis, heterobeltiosis and dominance effect data on
dry matter of pepper are presented in Table 5.

Table 5. Heterosis, heterobeltiosis and dominance effect on dry matter of pepper
Table 5. Biberde kuru madde yéniinden heterosis, heterobeltiosis oranlari ve dominans etkisi

Dry Matter (%)

Hybrid code P1 P2 F1 MP Heterosis Heterobeltiosis DE

180 YKB 7.48 6.03 7.80 h-n 6.75 15.44 4.21 1.43
181 YKB 7.48 7.95 7.91g-n 7.72 2.53 -0.50 0.83
182 YKB 7.48 5.28 10.52 a-i 6.38 64.88 40.57 3.75
183 YKB 7.48 6.83 7.72 h-n 7.15 7.93 3.21 1.73
185 YKB 7.48 6.49 11.02 a-f 6.98 57.82 47.33 8.12
188 YKB 7.48 8.90 11.38 a-d 8.19 38.99 27.94 4,51
189 YKB 5.28 8.23 7.77 h-n 6.75 14.99 -5.65 0.69
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Table 5 (devami). Heterosis, heterobeltiosis and dominance effect on dry matter of pepper

Table 5 (continued). Biberde kuru madde yéniinden heterosis, heterobeltiosis oranlari ve dominans etkisi

190 YKB 5.28 9.95 9.21d-m 7.61
191 YKB 5.28 6.03 7.72 h-n 5.65
192 YKB 5.28 7.95 7.611-n 6.61
193 YKB 5.28 14.64 12.38 ab 9.96
194 YKB 5.28 10.46 8.80d-n 7.87
195 YKB 5.28 6.49 9.80 b-k 5.88
197 YKB 6.83 6.49 9.30 c-m 6.66
198 YKB 6.83 7.48 6.63 Imn 7.15
199 YKB 14.64 8.23 9.32 c-m 11.43
200 YKB 14.64 9.95 9.68 b-k 12.29
201 YKB 14.64 7.95 7.79 h-n 11.29
202 YKB 14.64 7.48 10.01 b-j 11.06
203 YKB 14.64 6.83 10.47 a-i 10.73
205 YKB 14.64 10.46 11.35a-d 12.55
207 YKB 14.64 8.90 7.15j-n 11.77
208 YKB 10.46 8.23 8.37 e-n 9.35
209 YKB 10.46 7.95 10.52 a-i 9.21
210 YKB 10.46 5.28 10.87 a-g 7.87
211 YKB 10.46 14.64 13.22 a 12.55
215 YKB 6.49 8.90 8.75d-n 7.69
216 YKB 6.49 8.23 7.92 g-n 7.36
218 YKB 6.49 6.83 9.33 c-m 6.66
219 YKB 6.49 9.95 9.03 d-n 8.22
220 YKB 8.90 6.83 8.37e-n 7.86
221 YKB 6.03 8.90 7.85 h-n 7.46
223 YKB 6.03 6.83 7.46j-n 6.43
224 YKB 7.95 8.23 6.92 k-n 8.09
225 YKB 7.95 9.95 7.07 j-n 8.95
226 YKB 7.95 6.03 7.13j-n 6.99
227 YKB 7.95 7.48 9.69 b-k 7.72
228 YKB 7.95 5.28 6.510 6.61
229 YKB 7.95 6.83 7.99 g-n 7.39
230 YKB 7.95 14.64 9.59 b-k 11.29
231 YKB 7.95 10.46 7.47 j-n 9.21
233 YKB 7.95 8.90 10.63 a-h 8.42
239 YKB 8.23 9.95 9.51 b-l 9.09
240 YKB 8.23 7.95 9.22d-m 8.09
241 YKB 8.23 14.64 10.44 a-i 11.43
242 YKB 8.23 6.49 8.92d-n 7.36
243 YKB 8.23 10.46 8.69 d-n 9.35

20.99 -7.44 0.68
36.64 28.13 5.52
15.09 -4.28 0.75
24.36 -15.41 0.52
11.79 -15.92 0.36
66.67 51.12 6.48
39.74 36.26 15.56
-7.38 -11.43 -1.61
-18.48 -36.32 -0.66
-21.29 -33.89 -1.12
-31.06 -46.81 -1.05
-9.47 -31.60 -0.29
-2.47 -28.49 -0.07
-0.58 -22.48 -0.58
-39.27 -51.18 -1.61
-10.49 -20.03 -0.88
14.23 0.53 1.04
38.16 3.92 1.16
5.36 -9.67 0.32
13.72 -1.69 0.88
7.65 -3.77 0.64
40.12 36.63 15.71
9.89 -9.25 0.47
6.42 -5.96 0.49
5.16 -11.80 0.27
16.11 9.30 2.59
-14.52 -15.98 -8.39
-21.01 -28.94 -1.88
2.04 -10.31 0.15
25.60 21.89 8.40
-1.63 -18.18 -0.08
8.16 0.50 1.07
-15.08 -34.47 -0.51
-18.85 -28.59 -1.38
26.15 19.45 4.66
4.62 -4.42 0.49
13.97 12.03 8.07
-8.73 -28.70 -0.31
21.17 8.32 1.79
-7.01 -16.92 -0.59

P1: Parent 1, P2: Parent 2, MP: Mid parent, DE: Dominance effect

Fruit dry matter is very important for pepper processing
industry and best materials for processing purposes
should show the highest percentage of dry matter (Singh
et al. 2015). Results of the current experiment on dry
matter ratios varied between 6.13% and 13.22%
(p<0.01). The hybrid with the highest value in terms of
dry matter was determined to be 211 YKB. Heterosis
rates varied from -39.27 to 66.67% (Table 5). While

371

heterosis rate was determined in positive direction in 31
combinations, it was detected in negative direction in 16
combinations. Highest heterosis rate was calculated as
66.67% of 195 YKB. Singh et al. (2015) were determined
heterosis of a low magnitude (-9.65% to 2.19%) for dry
matter in pepper. They revealed that the some hybrids
with high heterosis rate involved low x low GCA parents,
revealing the importance of complementary gene action
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in heterosis expression whereas the other ones involved
either one or both good combiner parents.
Heterobeltiosis rates were calculated as lower than
heterosis rates as in other features. Heterobeltiosis rates
ranged between -51.18 and 51.12%. Data presented in
Table 5 show that 16 crosses in dry matter had positive
values with significant or highly significant heterosis over
the midparents. The estimated values of dominance
effect for dry matter changed from -8.39 to 15.71. In
hybrids with high heterosis and heterobeltiosis rates, the
estimates of dominance effect generally exceeded +1.
These results show the over dominance effect in these
combinations. These results also are in agreement with
the studies of Bhutia et al. (2015) and Kumar et al.
(2017). Generally, 39-H-2 X 45-H-5, 39-H-1 X 39-H-2, 39-
H-1 X 45-H-5 were identified as the best heterotic cross
combinations in terms of dry matter.

In conclusion, heterosis and heterobeltiosis for selection
should also be considered in the assembly of hybrid
cultivars through breeding activities. If hybrid cultivars
have the best heterosis and heterobeltiosis values but
poor performance, they cannot be easily utilized as
hybrid cultivars (Sahid et al. 2020). On the other hand
parent lines showing low performance are able to
produce hybrids with high degree of heterosis (Andrade
Junior et al. 2018). Heterobeltiosis helps in identifying
the superior cross combinations and their exploitation to
get better transgressive segregants. In the utilization of
hybrid vigor in commercial crops, only that vigor in
excess of the better parent is of significance (Rohini and
Lakshmanan, 2017). In this study, heterosis rates were
highly positive direction in terms of all three
characteristics. The highest rates of heterosis and
heterobeltiosis occurred in terms of yield. As a result of
the study, 39-H-2, 43-H-6 and 45-H-5 were determined
as the best parents giving the highest heterosis rates in
crosses.

OzET

Amag: Bu calismanin amaci, kapya tipi kirmizi biberin
verim, toplam ¢ozlinlir madde ve kuru maddesi Uzerine
heterosis, heterobeltiosis ve dominans etkisini
belirlemektir.

Yontem ve Bulgular: Calismada 11 kapya tipi kirmizi
biber ebeveyni ve bu ebeveynlerin melezlerinden elde
edilen 47 hibrit materyal olarak kullanilmistir. Meyve
verimi yoninden heterosis oranlari -48.23 ile 80.68
arasinda degismistir. En ylksek heterosis sirasiyla 209
YKB (%80.68), 239 YKB (%60.35), 225 YKB (%56.97) ve
195 YKB'de (%55.30) tespit edilmistir. Toplam ¢dzlinlr
madde agisindan heterosis oranlari -33.70 ile 30.98
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arasinda degismistir. En yliksek heterosis orani 218
YKB'de belirlenmistir. Kuru madde bakimindan en yiiksek
heterosis orani ise 195 YKB'de %66,67 olarak
hesaplanmistir. Calisma sonucunda hibritlerde en yiiksek
heterosis oranlari veren ebeveynler genel olarak 39-H-2,
43-H-6 ve 45-H-5 olarak belirlenmistir.

Genel Yorum: Bu calismada heterosis oranlari her (g
ozellik agisindan da yiksek oranda pozitif yonde tespit
edilmistir. Heterosis kullanimi biberlerde verim ve diger
ekonomik oOzelliklerin artirimasinda pratik bir yontem
olarak gosterilebilir.

Calismanin Gnemi ve Etkisi: Elde edilen bu sonuglar
istenen Ozellikler bakimindan o6ne c¢ikan c¢esitlerin
belirlenmesinde kullanilabilecektir.

Anahtar Kelimeler: Biber, heterosis, heterobeltiosis,
dominans etkisi, verim.
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Bazi yabanci badem gesitlerinin Gaziantep ekolojisindeki verim ve meyve 6zellikleri

Yield and nut characteristics of some foreign almond cultivars in Gaziantep ecology
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Aims: In this study, yield and pomological properties of Texas, Nonpareil,
Mandalay, Marta, Ruby, Padre, Primorski, Picantili, Desmayo Larguetta
and Sonora almond cultivars which were planted on the seedling
rootstocks in Gaziantep ecological conditions were tried to be determined.
Methods and Results: In the study, yield per tree (kg/tree) nut weight (g),
nut dimensions (length, width, height) (mm), shell thickness (mm), the
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Keywords: kernel weight (g), kernel dimensions (length, width, height) (mm), kernel
Almond, cultivar, adaptaion, yield, ratio (%), fat and protein ratios (%) were determined. As a result of the
Gaziantep. study, the yield per tree was ranged from 4.18 kg (Primorski) to 7.83 kg

(Marta) in 2018 and 3.67 kg (Primorski) to 8.67 kg (Padre) in 2020. Average
lowest nut weight was obtained from the Sonora cultivar (1.43 g and
1.52g) in the two years of the study and the highest was obtained from D.
Largueta cultivar (3.17 g and 3.44 g). While the kernel weight was low in
Primorski and Pikantili cultivars, it was over 1 g in Mandalay, Ruby and
Sonora cultivars. In the analyses carried out in 2018, the fat content ranged
from 39.20% (Ruby) to 50.82% (Primorski), and the protein ratio ranged
from 17.60% (Nonpareil) to 26% (Mandalay).

Conclusions: : 1t has been determined that Primorski cultivar is not suitable
for the region due to its low yield and low kernel weight. The result of the
research has also revealed that D. Larguetta cultivar should not be
recommended in Gaziantep ecological conditions due to the low kernel
percentage.

Significance and Impact of the Study: The present study concerns the
assessment of yield, nuts and kernels physical traits of ten almond cultivars
recently introduced in Gaziantep ecology. The aim is to identify the best
cultivars, which best adapted to the climatic conditions of favorable for the
cultivation of almonds in this region. Because the characteristics of fruit
species and cultivars vary according to ecology. Adaptation studies are
important for high yield and quality.
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GiRiS hal aldig icin ‘sert kabuklu” meyveler icerisinde
degerlendirilmektedir (Ozbek, 1978). Badem sert
kabuklu meyve tirleri icerisinde gerek Uretim ve
tiketimi, gerekse icermis oldugu besin maddeleri

Badem (Prunus dulcis (Mill.) D.A. Webb), sistematik
siniflandirmada Rosaceae familyasinin Prunus cinsine

dahil edilmektedir. Botanik acidan sert cekirdekli bir
meyve olan badem diger Prunus tirlerinden farkli olarak
mezokarp olgunlasma asamasinda kuruyup derimsi bir

nedeniyle 6nemli bir yere sahiptir. Bu 6zelligi badem
Uretiminin her yil daha da artmasina neden olmaktadir.
Nitekim 1990 yilinda 1.315.419 ton olan diinya badem
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Uretimi %169.28 oraninda artigile 2019 yilinda 3.542.148
tona ulasmistir. Bu lretim icerisinde ABD (1.936.840 ton)
ve ispanya’nin (340.420 ton) énemli paya sahip oldugu
gorilmekle birlikte, iran (177.015 ton), Fas (102.185 ton)
ve Turkiye (150.000 ton) gibi Ulkelerde de 6nemli
miktarlarda badem (retimi gerceklestirilmektedir
(Anonymous, 2022).

GUnUmuze kadar neredeyse c¢cogir bitkilerle Gretimin
gerceklestirildigi  UGlkemizde bademin anavatanlari
icerisinde olmasi ve bademin ekolojik isteklerine elverisli
alanlara sahip olmasi nedeniyle Uretim miktar
bakimindan siirekli bir artis goriilmektedir. Oteki meyve
turlerinde oldugu sekilde meyve 6zellikleri ¢esit tercihini
belirleyen en 6nemli faktor olarak gérilmektedir. Meyve
kalitesi  ylksek  cesitlerin badem Uretiminin
gerceklestirildigi Ege, Akdeniz ve Glineydogu Anadolu
bolgelerindeki bahge tesislerinde ekolojik gereksinimleri
gozetilmeksizin kullanildigi goérilmektedir. Bu durum
disik verimle karsilasiimasina neden olmaktadir.
Bademin erken ciceklenen bir tiir olmasi Glineydogu
Anadolu bolgesinde tesis edilen bahcelerde ilkbahar gec
donlari zararini da beraberinde getirebilmektedir.

Tesis edilen bu yeni badem bahgelerinde kullanilan
cesitlerin basta bolge ekolojisine uyumlari, meyve verim
ve kalite Ozelliklerinin belirlenmesi ve bolgede
olusabilecek biyotik ve abiyotik stres kosullarina olan
toleranslarinin bilinmesi gerekmektedir. Ayrica, meyve
yetistiricili§inde bahce kurulum maliyetleri oldukca
ylksektir. Meyve agaclarinin yasadigi genclik kisirhg
donemi ise bu maliyetin karsilanmasini geciktirmektedir.
Bu gibi sebeplerden dolayr meyve bahcgesi tesis etmek
isteyen Ureticinin yetistirecegi meyve tir ve gesitlerinin

yetistiricilik yapilacak bolge ekolojisindeki
performanslari  hakkinda  bilgi  sahibi  olmasi
gerekmektedir. Bitkisel Uretimde ekolojiye gore

yetistirilecek meyve tir ve gesitlerinin segcimi dnem
tasimaktadir. Bir bolge igin ¢esit seciminde dikkat
edilmesi gereken 6nemli faktorler ekolojik kosullarin
uygunlugu olup sicaklik ve sulama kosullari meyve
yetistiriciligini en fazla sinirlandiran faktorlerdendir. Bu
nedenle farkl ekolojik kosullarda, ekonomik anlamda
yetistiriciligi  yapilabilecek tlirlere ait ¢esitlerin
performansina yonelik calismalar 6nem kazanmaktadir
(Karaat, 2019).

Belirtilen nedenlerden dolayr gerceklestirilen bu
arastirmanin amaci 10 adet yabanci badem cesidinin
Gaziantep ili ekolojik kosullarinda verim ve meyve
ozelliklerinin belirlenmesidir.
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MATERYAL ve YONTEM

Arastirmada materyal olarak Gaziantep ili ekolojik
kosullarinda yer alan Texas, Nonpareil, Mandalay, Marta,
Ruby, Padre, Primorski, Picantili, Desmayo Larguetta ve
Sonora badem gesitleri kullaniimistir. Badem bahgesi 36°
57’ 25.20” K ve 37° 28’ 17.80” D koordinatlarinda yer
almakta ve deniz seviyesinden yiksekligi 702 m’dir.
Coglr anaci Uzerine asili bitkiler 2008 yilinda 5x5 m
araliklarla dikilmistir. Deneme alani sulanmakta ve
kiltirel ve bakim islemleri gerceklestiriimektedir.
Arastirmada, badem cesitlerinin meyve o6zellikleri 2019
ve 2020 yillarinda 3 yinelemeli ve her yinelemede 20
adet meyve olacak sekilde toplam 60 meyvede Giilcan
(1985) ve Bayazit’a (2007) gore gergeklestirilmistir.
Pomolojik analizlerden ortalama kabuklu meyve agirlig
(g), meyve boyutlar (en, boy, ylkseklik) (mm), meyve
sekli indeksi (en/boy), kabuk kalinligi (mm), ic badem
agirhgi (g), ic badem orani (randiman) (%), ic badem
boyutlar (en, boy, ylkseklik) (mm), ic badem genislik
indeksi ve ic badem kalinlik indeksi belirlenmistir. Ayrica,
ic badem rengi, tiyltlugi, purizliliga ve i¢c badem tadi
subjektif olarak belirlenmistir.

Protein orani (%); Denemede kullanilan badem
cesitlerinde Kjeldahl metoduna gore (Kacar, 1984) azot
tayini yapilmis ve belirlenen azot miktari 5.30 ile
carpilarak protein oranlari hesaplanmistir. Yag orani (%);
Soxholet cihazinda Akytliz ve Kaya (1992)’ya gére asagida
formilde verildigi sekilde hesaplanmustir.

Balon i¢indeki yag agirligi (g)

% Yag = 100

Kartus icindeki 6rnek agirlig

Kabuklu badem sekil indeksi (en/boy); meyve eninin
meyve boyuna boliinmesiyle verilen formdl kullanilarak
belirlenmistir. Kabuklu badem sekil indeksi <40 ‘cok dar’;
40-48 ‘dar’; 49-55 ‘orta’; 56-65 ‘genis’ ve >65 ‘cok genis’
olarak degerlendirilmistir.

Kabuklu badem sekil indeksi = 2s-cemstikmm) . 4 6
Ort Boy (mm)

ic badem genislik indeksi verilen formil kullanilarak
hesaplanmistir; Genislik indisi 50’den kiicik ~ olanlar
‘dar’, 50-60 aras! ‘genisce’ ve 60’dan biyiik olanlar ise
‘genis’ olarak siniflandiriimistir.

Ortalama Genislik (mm)

Genislik indisi = Ortalama Boy (mm) x 100

ic badem kalinlk indeksi verilen formil kullanilarak
hesaplanmistir. Kalinlik indisi 30’dan kii¢lik ise ‘yassI’, 30-
38 arasl ise ‘kalinca’ ve 38’den buiyuk ise ‘kalin’ olarak
degerlendirilmistir.

Kalinlik indisi = 25taiama Kalnhk (mm) o 4

Ortalama Boy (mm)


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(2): 374-383

Arastirma Makalesi / Research Article

Varyans analizleri SAS paket programi (SAS Inst 1990)
kullanilarak yapilmistir. Coklu karsilastirmalar Tukeyin
HSD testi ile degerlendirilmistir.

BULGULAR ve TARTISMA

Denemede yer alan badem cesitlerinde agac¢ basina
verim 5 bitkiden ayri ayri hasat edilen meyvelerin
gblgede kurutulduktan sonra her agag icin ayri ayri
tartilmasi ile elde edilmistir (Cizelge 1). 2018 yih
Olcimlerinde en dusik verim 4.08 kg/agag ile Nonpareil
cesidinden elde edilirken, en ylksek verim 7.83 kg/agac
ile Marta c¢esidinden elde edilmistir. 2020 yili
Olgimlerinde elde edilen degerler ©&nceki yilin
sonuglarindan farkli olmus, en distk verim 3.67 kg/agac
ile D. Larguetta cesidinden, en yiksek verim ise 8.67
kg/agac ile Primorski cesidinden elde edilmistir.

Verim meyve tiir ve gesitlerinin bir ekolojiye uyumlarinin
temel gostergelerindendir. Bu nedenle  bircok
arastirmada verim degerleri belirlenmistir. Kaska ve ark.
(1993), gec cicek agan 16 yabanci ve 3 yerli badem gesidi
icerisinde agac basina verimin en yilksek Ferragnes
cesidinde 1620.27 g/agac¢ olarak elde edildigini
belirtmislerdir. Denemenin yiritildGgi Gaziantep ili ile
benzer ekolojik kosullara sahip Sanliurfa ekolojisinde
gerceklestirilen bir arastirmada ise badem cesitlerinin
dikiminden 3 yil sonra verime vyattiklari, en yiksek
verimin 4.45 kg/agac ile Picantili cesidinde, en distk
verimin ise 1.75 kg/agac ile Ferraduel c¢esidinde
gerceklestigi belirtilmistir (Kaska ve ark., 1998).

Atlive ark. (2005), sulu kosullarda 101-23, 17-4, 48-5, 48-
2, 300-1, 48-1, 101-13 yerli badem genotipleri ve
Nonpareil, Ferragnes, Cristomorto, Picantili, D. Largueta,
Garrigues, Drake, Tuono, Primorski, Nikitski, Texas,
Yaltinski ve Ferraduel yabanci badem gesitleriigerisinden
en ylksek verimin 572.6 kg/da ile Ferraduel gesidinden
elde edildigini bildirmistir. Ath (2019), 2 yerli ve 19
yabanci badem ¢esidinin  Gaziantep ili ekolojik
kosullarindaki performanslarinin saptanmasi amaciyla
gerceklestirdigi arastirmada 8 yash bitkilerde verimin
cesitlere gore degistigi ve 2012 yilinda en disilik verimin
Sonora cesidinden 4.128 kg/agac, en yiksek verimin
Guara cesidinden 12.805 kg/agac; 2013 yilinda ise en
duslk Ferrastar cesidinden 4.253 kg/agac ve en ylksek
Guara cesidinden 11.918 kg/agac olarak elde etmistir.
Gaziantep ekolojisinde gerceklestirdigimiz bu
arastirmadan elde edilen verim  degerlerinin
arastiricilarin bildirdikleri verim degerleri ile uyumlu
oldugu gorilmektedir. Verim yetistiriciligin  temel
amacidir ve birim alandan en yiiksek diizeyde uriin eldesi
de temel hedeftir. Verim genetik yapiya bagh oldugu
kadar ekolojik kosullardan da etkilenmekte, oOzellikle
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uygulanan kilturel islemler elde edilen Grin miktari

Uzerine onemli diizeyde etki etmektedir. Bu nedenle
ayni  ¢cesitler ile  farkh  arastiricilar  tarafindan
gerceklestirilen arastirma sonuglari farkhlik
gostermektedir.  Gergeklestirmis  oldugumuz  bu

arastirma sonucunda ve Atl’'nin (2019)'da elde ettigii
sonuglarda oldugu sekilde badem cesitlerinden elde
edilen verim degerlerinin vyillara gore de farklilik
gostermesi cevrenin genetik yapi lzerine olan etkisinin
sonucu olarak degerlendirilmistir.

Kabuklu badem agirliklar cesitlere ve vyillara gore
degisiklik gostermis, ortalamalar arasindaki farkhliklar
istatistiki olarak 6nemli bulunmustur. 2018 yilinda en
distk kabuklu badem agirligi Sonora (1.43 g) ve
Nonpareil (1.55 g) cesitlerinden elde edilirken, en yiiksek
kabuklu badem agirligi D. Larguetta ¢esidinden (3.17 g)
elde edilmistir. 2020 yili Olgimlerinde de 2018 wyili
Olciimlerine benzer sekilde en diisiik kabuklu badem
agirhigi Nonpareil (1.64 g) cesidinden, en yiksek kabuklu
badem agirhg D. Larguetta (4.43 g) cesidinden elde
edilmistir.

Meyve agirhg cesit 6zelligi olmakla birlikte, bitki yasi,
arin durumu, uygulanan kultlrel islemler, bitkinin
yetistirildigi ekoloji gibi bir c¢ok faktér tarafindan
etkilenmektedir. Nitekim, Abderahmane (1990), Fas
ekolojisinde Desmayo Larguetta, Nonpareil ve Teksas,
cesitlerinin kabuklu meyve agirliklarini sirasiyla 5.0 g,
1.47 g ve 2.48 g, olarak bildirmistir. Kuzudere (1999),
Ceylanpinar Tarim isletmesinde Texas ¢esidinin kabuklu
badem agirhgini 1.52 g olarak belirtmistir. Akcay ve
Tosun (2005), Yalova ekolojik kosullarinda Picantili ve
Nonpareil badem cesitlerinin kabuklu badem agirliklarini
3.40 g ve 2.65 g olarak bildirmistir. Hanine ve ark. (2014),
Fas ekolojisinde vyetistirilen Texas badem c¢esidinin
kabuklu badem agirligini 4.66 g, Ferragnes ¢esidinin ise
4.60 g olarak bildirmistir.

Bu arastirmadan elde edilen sonuglarin oteki
arastirmalarin sonuglari ile uyumlu oldugu
gorulmektedir. Ayni badem gesitlerine iliskin farkl
arastirmalardan farkl sonuglar alinmasi agag¢ yasinin,
cesitlerin  yetistirildikleri ekolojilerin ve uygulanan
kilturel islemlerin farkli olmasindan kaynaklanmaktadir.
Sert kabuklu meyve tirlerinde kabugun ince ve saglam
olmasi istenilmektedir ve onemli meyve
ozelliklerindendir. Yabanci badem c¢esitlerinde 2 il
slreyle gerceklestirilen bu arastirma neticesinde kabuk
kalinliklari  cesitlere gore degisiklik gdstermistir.
Denemenin 2 yilinda da en disik kabuk kalinligi (Sonora
cesidinden 0.45 mm ve 1.10 mm) elde edilirken, en
yuksek kabuk kalinligi Marta cesidinden (2.45 mm ve
3.06 mm) elde edilmistir. Bilgin (2020) Demirci/Manisa
ekolojisinde Nonpareil ¢esidinin kabuk kalinhgini 1.79
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mm olarak bildirmistir. IBPGR badem descriptoriinde
Texas ¢esidinin orta ince kabuklu, Nonpareil gesidinde
ise kabugun c¢ok ince oldugu bildirilmektedir (Gulcan,
1985). Gergeklestirmis oldugumuz bu arastirmadan elde

edilen Nonpareil cesidine ait kabuk kalinligi sonuglari
Bilgin’in (2020) sonuglari ile yakin olurken, Badem
descriptoriinde verilen sonuglari da desteklemistir.

Cizelge 1. Badem gesitlerinde verim ve kabuklu badem 6zellikleri

Table 1. Yield and nut characteristics in almond cultivars

Agac Basina Verim (kg/agag)

Kabuklu Badem Agirhigi (g)

Kabuk Kalinhg

Cesitler (mm)

2018 2020 2018 2020 2018 2020
Texas 5.01c 5.67 ba 1.64f 1.88 ef 193¢ 2.45a
Nonpareil 498 c 7.00 ba 155¢ 1.64f 2.39ab 131a
Mandalay 6.80 ab 6.67 ba 2.82b 291c 2.34b 3.14a
Marta 7.83a 5.67 ba 2.72¢c 2.62 dc 2.45a 3.06a
Ruby 490c 6.67 ba 2.02d 2.08 e 1.75e 2.83a
Padre 4.67 c 8.67 a 1.67f 2.52d 1.87d 2.89a
Primorski 418 c 3.67b 1.77 e 1.96 ef 1.68f 2.17a
Picantili 5.07b 7.33 ba 2.68c¢c 3.72b l62g 2.14 a
D. Largueta 6.42 b 6.33 ba 3.17a 443 a 1.73 ef 2.60a
Sonora 6.30b 7.00 ba 1.43h 1.78 ef 0.45h 1.10a
LSD (%5) 1.06 4.26 0.08 0.34 0.06 2.62

Kabuklu badem boyutlari (en, boy ve yikseklik) ¢esitlere
gore degistigi gibi yillara gore de degisiklik gostermistir.
2018 yilinda kabuklu badem eni 16.66 mm (Sonora) ile
21.18 mm (Picantili), kabuklu badem boyu 24.12 mm
(Padre) ile 37.67 mm (Picantili) ve kabuklu badem
yuksekligi 10.21 mm (Sonora) ile 15.36 mm (Mandalay)
arasinda degismistir. Kabuklu badem eni, boyu ve
yuksekligi degerleri 2020 6l¢limlerinde sirasiyla 18.64
mm (Sonora) ile 25.74 mm (D. Larguetta), 26.17 mm
(Texas) ile 37.93 mm (D. Larguetta) ve 11.04 mm
(Sonora)ile 16.30 mm (D. Larguetta) arasinda degismistir
(Cizelge 2). Bu arastirmadan meyve boyutlarina iliskin
elde etmis oldugumuz degerler 6nceki arastirmalarin

Cizelge 2. Badem gesitlerinde kabuklu badem boyutlari
Table 2. Nut dimensions of almond cultivars

sonuclari ile kiyaslandiginda cesitlere 6zgl degerlerin
optimum dizeyde elde edildigi gorilmektedir. Nitekim,
Kaska ve ark. (1994), 1988-1992 yillari arasinda
Sanliurfa’da, Nonpareil ve Teksas badem cesitlerinin,
kabuklu meyve genisligini 12.65 mm ve 11.34 mm;
kabuklu meyve uzunlugunu 22.22 mm ve 21.14 mm
olarak tespit etmislerdir. Akgay ve Tosun (2005), Yalova
ekolojik  kosullarinda ge¢ ¢iceklenen  Ferrastar,
Nonpareil, Cristomorto, Tuono, Ferragnes, Picantili,
Yaltinski ve Garrigues badem cesitlerinin kabuklu meyve
eninin 21.07 mm ile 28.83 mm; kabuklu meyve boyunun
27.58 mmiile 38.97 mm, kabuklu meyve kalinliklarinin ise
13.70 mm ile 20.83 mm arasinda degistigini bildirmistir.

Kabuklu Badem Eni (mm)

Kabuklu Badem Boyu (mm)

Kabuklu Badem Yuksekligi (mm)

Cesitler

2018 2020 2018 2020 2018 2020

Texas 17.25f 18.73 ed 26.55 e 26.17 e 12.95d 13.48 bc
Nonpareil 18.27 e 21.22 bd 31.25b 32.61dc 12.79 de 12.82 dc
Mandalay 2043 ¢ 21.22 bed 35.92a 33.94 bc 15.36a 14.75 bac
Marta 18.45d 19.32 ecd 31.09 ¢ 31.07 dc 13.73 ¢ 14.79 bac
Ruby 1794 e 19.54 ecd 26.66 e 26.30e 14.21b 14.31 bac
Padre 17.46 f 21.44 be 2412 f 30.07d 13.58 ¢ 15.62 ba
Primorski 18.20d 19.56 ecd 32.21b 30.82 dc 12.53 e 12.95 dc
Picantili 21.18 a 23.72 ba 37.67a 32.55dc 13.43 ¢ 14.80 bac
D. Largueta 20.78 b 25.74 a 30.97c 3793 a 13.55¢ 16.30 a
Sonora 16.66 g 18.64 e 29.86 d 37.00 ba 10.21f 11.04d
LSD (%5) 0.34 2.54 0.40 3.56 0.35 2.42
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Denemede yer alan badem cesitlerinin 2018 ve 2020
yillarinda gergeklestirilen sert kabuklu meyve goézlem
sonuglari  Cizelge 3’de verilmistir. Cizelgeden de
gorilebilecegi gibi gozlem sonuglari farkh ekolojilerde
gerceklestirilmis dnceki arastirma sonugclarinda da ortaya
konulmus sonuglar ile ayni olmustur. Nitekim, Nonpareil
ve Sonora badem cesitlerinin ince kabuklu (el bademi),
Texas badem cesidinin denemede yer alan 6teki badem
cesitlerine kiyasla kabugunun daha yumusak oldugu
bilinmektedir (Kiden ve ark., 2010). Bununla birlikte
kabuk sertligi, sert kabukta goézeneklilik durumu, sert
kabukta acilma gibi 6zellikler genetik yapi tarafindan

kontrol edilmekte
etkilenmemektedir.
Denemede yer alan badem cesitlerinde meyve sekil
indeksi ve meyve sekli gozlem sonuglari gesitlere gore
degismistir. Ruby, Padre ve D. Largueta cesitlerinde
meyveler ‘cok genis’, Sonora ¢esidinde ‘orta’ olurken,
denemede yer alan 6teki badem cesitlerinde meyve sekil
indeksi ‘genis’ olarak belirlenmistir. Badem deskriptori
(Gllcan, 1985) baz alinarak gerceklestirilen gdzlemlerde
ise Texas, Ruby ve Padre cesitlerine ait meyveleri ‘oval’,
Sonora ‘cok dar’ olarak degerlendirilirken, 6teki cesitlere
ait meyvelerin ‘kalp’ sekilli olduklari belirlenmistir.

ve cevre kosullarindan

Cizelge 3. Badem cesitlerinde kabuklu meyve sekli ve 6zellikleri (2018 ve 2020 yillari)
Table 3. Nut shape and characteristics in almond cultivars (2018 and 2020)

Cesitler Meyve Sekli indeksi Meyve Kabuk Sert Kabuk Sert Kabukta
Sekli Sertligi Gozeneklilik Agilma

Texas 0.65 Genis Oval Sert Az gozenekli Yok
Nonpareil 0.58 Genis Kalp El Sik gbzenekli Yok
Mandalay 0.57 Genis Kalp Cok sert Sik gozenekli Yok
Marta 0.59 Genis Kalp Tas Sik gbzenekli Yok
Ruby 0.67 Cok genis Oval Sert Az gozenekli Yok
Padre 0.72 Cok genis Oval Sert Az gozenekli Yok
Primorski 0.56 Genis Kalp El Az gozenekli Yok
Picantili 0.59 Genis Kalp Cok sert Sik gbzenekli Yok

D. Largueta 0.67 Cok genis Kalp Cok sert Sik gozenekli Yok
Sonora 0.49 Orta Cok dar El Cizgili Cok genis

Sert kabuklu meyve tirlerinde tohum vyenildigi icin
tohum (i¢ badem) agirliginin ve tohumun tim meyveye
olan oraninin (randiman) yiksek olmasi gerekmektedir.
Bu acidan denemede vyer alan badem cesitleri
degerlendirildiginde 2018 yili olglimlerinde i¢ badem
agirhgr 0.68 g (Primorski, Picantili) ile 1.13 g (Sonora)
arasinda degismistir. 2020 yili 6lciimlerinde ise i¢ badem
agirhklarinda 2018 yil 6lgim sonuglarina gore bir artis
gbzlenmis, 0.81 g (Texas) ile 1.36 g (D. Largueta) arasinda
degismistir (Cizelge 4).

Badem gesitlerinde i¢ badem orani (randiman) gesitlere
gore degismekle birlikte, ayni gesitler icin yillara gore de
degisiklik gostermistir. Bununla birlikte i¢ badem orani
badem cesitlerinin genetik 6zelliklerinin geregi olarak,
onceki arastirmalarda da elde edildigi sekilde ince
kabuklu badem gesitlerinde yliksek elde edilirken, kalin
kabuklu badem c¢esitlerinde disiik elde edilmistir.
Denemenin 2 yilinda da en yiiksek randiman Sonora
cesidinde %70.52 ve % 66.67 olarak elde edilmistir.
Benzer sekilde Nonpareil (%58.87 ve %62.12) cesidinde
de i¢ orani ylksek olmustur. En dislik i¢ badem oranlari
ise 2018 yil olgimlerinde Mandalay (%37.47), Marta
(%36.49), Picantili (%25.28), D. Largueta (%31.14)
cesitlerinden elde edilmistir. 2020 yili 6l¢ciimlerinde de
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2018 yili galismalarinda oldugu sekilde Picantili (%33.44),
D. Largueta (%33.78) cesitlerinden elde edilen i¢ badem
oranlari 6teki cesitlere kiyasla ¢ok diisik gerceklesmistir
(Cizelge 4).

Kuzudere (1999), Ceylanpinar Tarim isletmesinde yer
alan17-4,48-1,48-2,48-5,101-9,101-13, 101-23 ve 300-
1 yerli badem genotipleri ile Cristomorto, D. Larguetta,
Drake, Ferraduel, Garrigues, Nonpareil, Primorski, Texas,
Tuono, VYaltinski, Nikitski ve Ferragnes badem
cesitlerinde en yiiksek i¢ badem agirhiginin Picantili (1.73
g) ve en dislk i¢ badem agirhginin Texas gesidinde (0.82
g); en yiksek ve en disik i¢ oranini da sirasiyla Drake (%
58.88) ve D. Larguetta’da (% 10.08) gesitlerinden elde
edildigini belirtmistir. Yesilkaynak (2000),
Kahramanmaras ili ekolojik kosullarinda 19 yabanci
badem c¢esidi ve 8 vyerli badem genotipinin
performanslarini saptamak amaciyla gergeklestirdigi
arastirma neticesinde en yiksek i¢ agirliginin 1.89 g ile
Yaltinski ve Drake cesitlerinde; en yliksek i¢ oraninin %
68.88 ile Nonpareil ¢esidinde gerceklestigini bildirmistir.
Egea ve ark. (2000), Marta gesidinde i¢ oraninin % 32 ve
ic badem agirliginin 1.5 g oldugunu belirtmislerdir. Atli ve
ark. (2005), Gaziantep ekolojik kosullarinda D. Largueta
badem c¢esidinin i¢ oranini % 25.9 olarak bildirmistir.
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Aslan (2015), Sanliurfa ili Ceylanpinar ilcesinde 2014-
2015 yillarinda gergeklestirdikleri arastirma sonucunda
Nonpareil badem c¢esidinin i¢ agirhgini 1.63 g olarak
bildirmistir. Karaat (2019), Adiyaman ili Besni ilgesinde
Ferragnes, Ferraduel ve Marta gesitlerinin i¢ badem
agirhgini tim gesitler icin 1.1 g olarak belirlemistir. Yildiz

arastirma neticesinde elde edilen sonuglarin verilen
arastirmalarin sonugclari ile uyumlu oldugu
gortlmektedir. Gerek gerceklestirmis oldugumuz bu

arastirmada gerekse ayni  ¢esitler  kullanilarak
gerceklestirilen  oteki  calismalarda ic  badem
agirhiklarinda ve oranlarinda degisiklikler

ve Perdahgi (2019), Usak ili ekolojik kosullarinda gozlemlenmistir. Buna karsilik i¢ badem oranlarinin
Nonpareil ve Texas gesitlerinin i¢ oranlarinin sirasiyla cesitlerin  Ozelliklerine gore elde edildigi de
%53.5 ve %52.7 oldugunu bildirmislerdir. Gaziantep ili gorilmektedir.
ekolojik kosullarinda 2 yil silreyle gergeklestirilen
Cizelge 4. Badem gesitlerinde i¢c badem agirligi ve orani
Table 4. Kernel weight and ratio in almond cultivars

Cesitler ic Badem Agirhigi (g) ic Badem Orani (%)

2018 2020 2018 2020

Texas 0..73f 0.81e 44.85d 43.06 c

Nonpareil 0.91d 1.02c 58.87 b 62.12 a

Mandalay 1..06b 1.27 ba 37.47 e-f 43.53 ¢

Marta 0..99¢ 1.07 cd 36.49f 40.75 ¢

Ruby 1.07b 1.04 dc 53.01c 51.93b

Padre 0.89e 1.12 bed 53.32¢ 44.29 ¢

Primorski 0.68¢g 0.84 ¢ 38.55e 4290 c

Picantili 0.68¢g 1.25 ba 25.28 h 33.44d

D.Largueta 0.99c 1.36a 31.14¢g 30.78d

Sonora 1.13a 1.18 bc 70.52 a 66.67 a

LSD (%5) 0.03 0.16 1.30 5.75

ic bademin iri olmasi tiiketiciler tarafindan tercih
edilmektedir. Bununla birlikte kigik ic bademlerinde
badem sekeri gibi sanayinin farkli alanlarinda kullanildigi
da bilinmektedir. Denemede yer alan badem cesitlerinde
ic badem boyutlari (en, boy, yikseklik) cesitlere gore
degismistir. Buna karsilik kabuklu badem boyutlari ile ig
badem boyutlarinin yakinhg: dikkat cekmistir. ic badem
boyutlari denemede yer alan badem cesitlerine gore
degistigi gibi yillara gére de degisiklik gdstermistir. ic
badem en, boy ve yiiksekligi 2018 yili élgimlerinde en
disiik 10.95 mm (Texas), 19.58 mm (Texas), 6.85 mm
(Nonpareil) olurken, en yiiksek 15.73 mm (D. Larguetta),
27.57 mm (D. Larguetta), 8.52 mm (Ruby) olarak elde
edilmistir. Bu degerler 2020 yili 6lgiimlerinde en disik
9.73 mm (Texas), 19.98 mm (Padre), 6.26 mm (Picantili)
olurken, en yiksek 12.83 mm (Picantli), 25.79 mm
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(Mandalay), 8.29 mm (Padre) olarak elde edilmistir
(Cizelge 5).

Texas ve Primorski cesitlerinde i¢ badem en, boy ve
yukseklik degerlerinin  dusukliga dikkat c¢ekmistir.
Bununla birlikte cesitlere iliskin elde edilen degerler cesit
ozelligini gosteren degerler olmustur.

Akgay ve Tosun (2005), Yalova ekolojik kosullarinda geg
¢iceklenen Ferrastar, Nonpareil, Cristomorto, Tuono,
Ferragnes, Picantili, Yaltinski ve Garrigues badem
cesitlerinde i¢ badem eninin 13.15 ile 15.98 mm; ig
badem boyunun 21.78 ile 27.25 mm ve i¢ badem
kalinliklarinin ise 8.65 ile 11.18 mm arasinda degistigi
bildirilmistir.

Bu arastirmadan elde edilen degerler Akgay ve Tosun
(2005)’un ortak kullanilan gesitleri i¢in belirtmis oldugu
degerler ile uyumlu olmustur.
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Cizelge 5. Badem cesitlerinde i¢c badem boyutlari

Table 5. Kernel dimensions in almond cultivars

ic Badem Eni (mm)

ic Badem Boyu (mm)

ic Badem Yiiksekligi (mm)

Gesitler 2018 2020 2018 2020 2018 2020

Texas 1095¢g 9.73f 19.58 f 20.00 e 7.67 bac 7.67 bc
Nonpareil 13.25 chd 12.26 bc 23.68 dc 21.70 dc 6.85 ¢ 7.10d
Mandalay 12.94 ced 12.00 c 25.39 bc 25.79 a 7.45 bc 7.20d
Marta 12.35 fed 12.66 a 23.13 dc 23.30a 8.15 ba 7.30dc
Ruby 12.16 fe 12.62 ab 20.26 fe 21.40d 8.52a 7.78 a
Padre 13.43 cb 11.15d 22.64 dce 19.98 e 7.27 bc 8.29a
Primorski 11.53fg 10.30 e 21.04 dfe 22.03 dc 6.92 c 6.42 e
Picantili 14.53 b 12.83 a 24.67 c 22.70 bc 7.70 bac 6.26 e
D. Largueta 15.73 a 12.03 ¢ 27.57 a 24.80 a 7.38 bc 7.14d
Sonora 12.26 fed 11.00d 27.30 ba 25.00a 6.92 C 7.15d
LSD (%5) 1.06 0.36 2.77 1.10 0.99 0.37

Denemede yer alan badem cesitlerinde i¢ badem kalinlik bademlerde ‘acilik’ hissedilirken, oteki badem

ve genislik indeksi Cizelge 6’da verilmistir. ic badem
kalinhik ve genislik indeksi degerleri cesitlere gore
degismis, ic badem genislik indeksi Texas, Mandalay,
Primorski, D. Larguetta ve Sonora ¢esitlerinde ‘dar’, 6teki
badem cesitlerinde ise ‘genisce’ olarak belirlenmistir. i¢
badem kalinlik indeksi ise Mandalay, Primorski, Picantili,
D. Larguetta ve Sonora cesitlerinde ‘yass’, Texas ve
Padre cesitlerinde ‘kalin’ ve denemede yer alan oGteki
badem cesitlerinde ise ‘kalinca’ olarak elde edilmistir.

Uzerinde calisilan badem cesitlerinde i¢c badem tuiyliiliigi
‘dislik’ olarak gozlemlenmistir. Texas badem gesidinde i

cesitlerinde i¢c bademler ‘tatl’ olarak belirlenmistir.
Gergeklestirilen gozlemler neticesinde Nonpareil, Ruby,
Primorski ve Sonora cesitlerinde ic bademler ‘diz’, D.
Larguetta cesidinde ‘plrGzli’ olarak belirlenirken,
denemede yer alan Oteki badem cesitlerinde ‘orta’
olarak gdzlemlenmistir. ic badem rengi de cesitlere gére
degismistir. Nonpareil ve Sonora gesitlerinde ic bademler
‘cok acik’, Ruby, Primorski, D. Larguetta cesitlerinde
‘acik’, Marta cesidinde ‘koyu’ olarak gozlemlenirken,
oteki cesitlerde ‘orta’ olarak gézlemlenmistir.

Cizelge 6. Badem gesitlerinde i¢ badem genislik ve kalinlik indeksi
Table 6. Kernel width and thickness index in almond cultivars

. ic Badem Geniglik indeksi ic Badem Kalinlik indeksi ic Badem ic Badem

Cesitler . e Lete
Rengi Parazlaluk

Texas 48.69 Dar 38.78 Kalin Orta Orta
Nonpareil 56.46 Genisce 32.51 Kalinca C. aclk Diz
Mandalay 47.51 Dar 27.75 Yassi Orta Orta
Marta 54.47 Genisge 31.18 Kalinca Koyu Orta
Ruby 58.91 Genisce 36.32 Kalinca Acik Diz
Padre 56.03 Genisge 41.85 Kalin Orta Orta
Primorski 46.72 Dar 29.12 Yassi Acik Diz
Picantili 46.40 Dar 22.65 Yassi Orta Orta
D. Largueta 48.52 Dar 28.74 Yassi Acik Plrtzla
Sonora 45.09 Dar 28.75 Yassi C. acik Dlz

Denemede yer alan badem c¢esitlerinde 2018 yilinda
gerceklestirilen yag ve protein analiz sonuglari Cizelge
7’'de verilmistir. Cizelgeden de gorilecegi gibi badem
cesitlerinde yag ve protein degerlerine ait ortalamalar
arasindaki farkhhklar istatistiki olarak 6énemli olmustur.

Badem cesitlerinde yag orani %39.20 (Ruby) ile %50.82
(Primoski), protein orani ise %17.60 (Nonnpareil) ile
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%26.00 (Mandalay) arasinda degismistir. Ayni ekolojik ve
kilturel kosullarda yetistirilen badem c¢esitlerinden elde
edilen yag ve protein oranlarindaki farkhliklar genetik
yapinin bir sonucu olarak gorilmektedir. Elde edilen yag
ve protein oranlar farkl ekolojilerde farkli badem gesit
ve genotipleri ile gerceklestirilen dnceki arastirmalarin
sonuglari ile uyumlu olmustur. Nitekim. Kester ve Asay
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(1975), 100 g taze i¢ bademin; 19 g protein, 54 g yag
icerdigini bildirmistir. Kader (1996), cesitlere gore
degismekle birlikte bademde yag oranini %52.2 ve
protein oranini da %20 olarak bildirmistir. Agar ve ark.
(1997), yabanci gesitlerden Nonpareil, Drake ile 101-13
nolu yerli genotipte yag oranlarinin % 52.08 ile %57.49
arasinda degistigini bildirmislerdir. Barbera ve ark.
(1994), Sicilya (italya) Bdlgesi’nde farkli anaglar iizerine
asih Ferragnes ve Tuono badem cesitlerinin protein
iceriginin  %22.53 (Ferragnes) ve %25.85 (Tuono)
oldugunu, yag iceriklerinin ise %52.25 (Tuono) ve %56.19
(Ferragnes) oldugunu bildirmislerdir. Ahrens ve ark.
(2005), Carmel, Texas ve Nonpareil badem cesitlerinin
yag oranlarinin %43.37 ile %47.50 ve protein oranlarinin
%20.68 ile %23.30 arasinda degistigini saptamislardir.
Ayadi ve ark. (2006), Nonpareil badem c¢esidinde yag
oranini %55.30 olarak bildirmislerdir. Parlakgi (2008),
Sanlurfaili, Bozova ilcesinde bulunan ¢égiir anac Uzerine
asih Ferragnes, Ferraduel, Lauranne, Bertina ve Felisia
cesitlerinde protein oranlarinin ¢esitlere ve yilara gore
degistigini; 2006 yilinda, %26.23 (Ferragnes), %25.37
(Bertina), %24.49 (Ferraduel), %23.70 (Felisia) ve % 22.39
(Lauranne). 2007 yilinda ise, %27.48 (Lauranne), %26.08
(Bertina), %24.76 (Ferragnes), %22.84 (Ferraduel) ve
%22.21 (Felisia) oldugunu bildirmistir. Ayrica arastirici bu
cesitlerin toplam yag oranlarinin da; %54.75 (Bertina),
%51.01 (Ferragnes), %50.62 (Lauranne), %50.19 (Felisia)
ve %46.17 (Ferraduel) oldugunu bildirmistir.

Bu arastirmadan elde etmis oldugumuz sonuglar yerli ve
yabanci badem cesitleri ile gerek Ulkemizde gerekse
yabanci (lkelerde gerceklestirilen calismalardan elde
edilen protein ve yag degerleri uyumlu olmustur. Ayni
badem cesitlerine iliskin elde edilen farkliliklarin ise agag
yasl, uygulanan kdltirel islem farkliliklari, ekolojik
farkhihklar gibi nedenlerden kaynaklandig
distnulmektedir.

Sonug olarak, teknolojinin gelismesi ile birlikte bademin
besin igeriginin anlasilmasi protein, yag ve 6zellikle yag
asitleri kompozisyonunun insan saghgi Gzerindeki olumlu
etkisinin belirlenmesi bademe olan talebi artirmistir.
Ayrica oteki meyve tirlerine kiyasla diinya genelinde
Uretiminin az olmasina bagh olarak market satis
fiyatlarinin cok yiiksek olmasi da badem (retimini tesvik
etmistir. Cesit gelistirme calismalarinin yetersiz kalmasi
nedeniyle yabanci badem cesitleri Gilkemize getirilmis ve
farkli bolgelerdeki performanslari  saptanmaya
calisilmistir. Bu arastirmalar neticesinde tesis edilen
bahcelerde sadece Ferragnes, Ferraduel, Texas ve
Nonpareil badem cesitleri ile ticari badem bahgeleri tesis
edilmeye baslanmistir. Bu durum cesit sayist sinirli
kalmasina neden olmustur.
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Cizelge 7. Badem cesitlerinde yag ve protein oranlari
(2018)
Table 7. Fat and protein ratios in almond cultivars (2018)

Cesitler Yag Orani (%) Protein Orani
(%)
Texas 48.18 ab 20.95d
Nonpareil 41.41 ab 17.60 f
Mandalay 45.16 ab 26.00 a
Marta 48.58 ab 20.09 de
Ruby 39.20 b 24.38 bc
Padre 47.17 ab 19.10 ef
Primorski 50.82 a 19.58 de
Picantili 39.39b 18.02 f
D. Largueta 40.69 ab 25.79 ab
Sonora 49.01 ab 23.76 ¢
LSD (%5) 10.41 1.53

Bu nedenle farkh ve yeni badem c¢esitlerinin farkli
ekolojik kosullarindaki performanslarinin saptanmasi
Onem arzetmektedir. Bu amagla gergeklestirilen bu
arastirma da 10 farkh badem cesidinin Gaziantep il
ekolojisindeki verim ve meyve o6zellikleri 2 yil sireyle
belirlenmistir. Gergeklestirilen arastirma sonucunda
Primorski ¢esidinin disik verimli olmasinin yaninda ig
badem agirhginin da disiik olmasi nedeniyle bdlge igin
uygun olmadig diisiiniilmektedir. ic badem oraninin
diisik olmasi nedeniyle Gaziantep ili kosullarinda D.
Larguetta c¢esidinin de oOnerilmemesi gerektigi de
arastirma sonucu ile ortaya konulmustur.

OZET

Amag: Bu calismada, Gaziantep ili ekolojik kosullarinda
dikimi 2008 yilinda gergeklestirilmis ve ¢6glir anaci
Uzerine asili Texas, Nonpareil, Mandalay, Marta, Ruby,
Padre, Primorski, Picantili, D. Larguetta ve Sonora badem
cesitlerinin verim ve meyve Ozellikleri 2 yil sireyle
belirlenmistir.

Yéntem ve Bulgular: Arastirma kapsaminda agag¢ vasina
verim (kg/agac), kabuklu meyve agirligi (g), kabuklu
meyve boyutlari (en, boy, vyikseklik) (mm), kabuk
kalinligi (mm), ic badem agirhgi (g), ic badem boyutlari
(en, boy, yikseklik) (mm) ve i¢ badem orani (%)
belirlenmistir. Aga¢ basina verim 2018 yili 6l¢limlerinde
4.18 kg (Primorski) ile 7.83 kg (Marta) ve 2020 yilinda ise
3.67 kg (Primorski) ile 8.67 kg (Padre) arasinda
degismistir.  Ortalama  kabuklu  badem  agirligi
arastirmanin iki yilinda da Sonora cesidinde (1.43 g ve
1.52 g) diistik olurken, Desmayo Largueta ¢esidinde (3.17
g ve 3.44 g) yiiksek olmustur. i¢ badem agirhigi Primorski
ve Texas cesitlerinde dusuk olurken, Mandalay, Ruby ve
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Sonora ¢esitlerinde 1 g’'in tizerinde gerceklesmistir. 2018
yilinda gergeklestirilen analizlerde yag icerigi %39.20
(Ruby) ile %50.82 (Primorski) arasinda, protein orani ise
%17.60 (Nonpareil) ile %26.00 (Mandalay) arasinda
degismistir.

Genel Yorum: Gaziantep ili ekolojik kosullarinda 2 yil
sireyle gergeklestirilen bu arastirma neticesinde
denemede yer alan 10 adet badem c¢esidinden cesit
ozeliklerine yakin degerler elde edilmistir.
Gergeklestirilen arastirma sonucunda Primorski cesidinin
distuk verimli olmasinin yaninda i¢ badem agirliginin da
distk olmasi nedeniyle bolge icin uygun olmadig
diistiniilmektedir. ic badem oraninin disiik olmasi
nedeniyle Gaziantep ili kosullarinda D. Larguetta
cesidinin de onerilmemesi gerektigi de arastirma sonucu
ile ortaya konulmustur.

Calismanin Onemi ve Etkisi: Diger sert kabuklu meyve
turlerinde oldugu sekilde bademin besin igeriginin
anlasilmasi ve Oteki meyve tirlerine kiyasla diinya
genelinde Uretiminin az olmasina bagl olarak market
satis fiyatlarinin cok yiiksek olmasi badem retimini
tesvik etmistir. Bu amagla gesit gelistirme ¢alismalarinin
yetersiz kalmasi nedeniyle yabanci badem cesitleri
Ulkemize getirilmis ve farkli bolgelerdeki performanslari
saptanmaya calisilmistir. Bitkisel Gretimde ekolojiye gore
yetistirilecek meyve tir ve cesitlerinin se¢imi 6nem
tasimaktadir. Bir bolge icin cesit seciminde dikkat
edilmesi gereken onemli faktorler ekolojik kosullarin
uygunlugu olup sicaklik ve sulama kosullari meyve
yetistiriciligini en fazla sinirlandiran faktorlerdendir. Bu
nedenle farkl ekolojik kosullarda, ekonomik anlamda
yetistiriciligi yapilabilecek meyve tiirlerine ait cesitlerin
performansina yonelik calismalar 6nem kazanmaktadir.

Anahtar Kelimeler: Badem, ¢esit, adaptasyon, verim,
Gaziantep.
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CIKAR CATISMA BEYANI
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